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ABSTRACT

This document presents *the findings of a study of the =tire and inngr
tube and synthetic rubber segments of the rubber processing industry by
Roy F. Weston, Inc. for the Environmental Protection Agency, for ths
purpose of developing effluent limitation guidelines, Feaeral standards
of performancs, and pretreatment standards for +the industry, +o
implement Sections 304, 306, and 307 of the Federal water Pollution
Control Act, as amendsd (33 uUsCc 1251, 1314, ard 1316; 86 Stat 816).

Effluent limitation aguid=zlainss contained hereir set fortn tne degres of
2ffluent reductior. at+ainable through the application of the best
practicable control ==chnology currently available and tne degr=e of
effluent reduc+ion avwtainakble through +the aprlication of tne best
available technoleqgy economically achievable, which must be achieved by
existing poin*t scurcss by July 1, 1977 and July 1, 1983, respectively.
The Standards of Perrormance for new sources contained nerein set forth
the degree ot =ffluent reduction which 1is achievable through the
applicatior of +he bhest available demonstrated control <tecnnology,
procssses, op=2ratina methods, or other alternatives.

The developm=nt of data and recommendations in the docum=nt relate to
+he tire and inn=r tubes and synthetic rubber segments ot <the rubber

processing 1industry. Thzse twc segm=snts are further dividea into five
subcateqgories on th2 basis of the characteristics of <the manufacturing
processes involvsd. Ssparatz effluent limitations were developed for

each cataqory on the basis cf the level of raw waste load as well as on
+he degree of treatment achievakle by suggested model systems. These
systems include both biological and physicals/ chemical treatment, and
for +he synthetic rubb2r subcategories treatment of the secondary
effluent by carbon adsorption.
L 4

Supportive data and tha rationale for development of tne proposed
affluen+ limitation guidelines and standards of perrormance are
contained in this document.
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SECTION I
CONCLUSIONS

)
Two major and distinct segments exist within the rubber processing
industry: 1) the tire and inner tube industry; 2) the synthetic rubber
industry.

For the purpose of establishing limitations, the tire and inner tube
industry has been subcategorized according to the age of the production
facility. Waste loads and costs of control technologies substantiate
this. Factors such as the manufacturing process, final product, raw
materials, plant size, geographic location, air pollution equipment, and
the nature and treatability of waste waters are similar and further
substantiate the subcategorization of the tire and inner tube plants by
age.

Proc=ss was<te waters for both sukcategories of the tire and inner tube
industry include discharges of solutions used in the manufacturing pro-
cess, washdown of processing areas, run-off from raw material steorage
areas, and spills and 1leakage of cooling water, steam, processing
soclutions, organic solvents and lubricating oils. Primary pollutants in
“hess waste waters are oil and grease, suspended solids, and acidity and
alkalinity (pH). '

In the tire and inner tube industry, the emphasis of present environ-
mental gquality control anrd treatment technologies is placed on the
control of particulate emission and +the reduction of pollutants in
nonprocess waste waters. Control and treatment of many process waste-
waters has besn given secondary priority. As a result, no adequate
overall control and treatment techrniology is employed by plants within
the industry. A treatment system, practicakle and available to the
industry, has therefore been proposed for both subcategories. It
encompasses a combination of the various technologies employed by the
different segments of the industry to control one or more constituents
in the process waste waters. ,

Proposed effluent limitations and standards for the best practicable
control +echnology currently available are:

Suspended Solids 0.064 kgskkg (1b/1000 1lb) raw material
0il and Grease 0.016 kg/kkg (1br/1000 1ib) raw material
pH 6.0 to 9.0 .

No additional reductior . is proposeda for the limitations and standards
represented by best available technology economically achievable or for
new sources coming on stream after the guidelines are put into effect.



For the purpose of establishing effluent limitations guidelines and
standards of performance, the synthetic rubber industry has been sub-
categorized, on the basis of processing techniques, product type, and
waste water characterizations, into three separate subcategories:

1. Emulsion crumb
2. Solution crumb N
3. Latex

All three subcategories generate waste waters which contain the same
general constituents. However, the concentration and loading of these
constituents, termed "raw waste load", vary between the subcategories.
The significant waste water constituents are COD, BOD, suspended solids,
dissolved solids, and o0il and grease. Latex production waste waters,
although lower in flow per unit of rproduction than the other two
categories, have the highest raw waste loads.

The waste water parameters selected to be the subject of tne effluent
" limitations are coD, BOD, suspended solids, oil and grease and PpH.
These parameters are present in the waste water as a result of organic
contamination. Heavy metals, cyanides and phenols were not found 1in
significant quantities (less than 0.1 mg/L) in synthetic rubber process
waste waters. ’ .

Existing control and treatment technology, as practiced by the industry,
emphasizes end-of-pipe treatment rather than in-plant reductions. This
is because in-plant modifications which might lead to improved waste-
water management could affect processing techniques or quality of the
final product.

current treatment technology for both emulsion crumb and latex plants
involves primary clarification with chemical coagulation of latex
solids, followed by biological treatment. As an alternative to chemical
coagulation, air flotation clarification of primary and secondary solids
is successfully practiced. Biolcgical treatment systems include
activated sludge systems and aerated lagoon and stabilization pond
systems. Best practicable control technology currenty available for
emulsion crumb and latex plants has been defined as that achieved by
chemical coagulation and biological treatment.

Ccurrent treatment technology for solution crumb requires conventional
primary clarification of rubber solid fines followed by biological
treatment. Existing biological treatment systems employ aerated lagoon
and stabilization pond systems or activated sludge plants. Best
practicable control technology economically achievable for solution
crumb production facilities has been defined as comparable to primary
clarification and biological treatment.

Best available technology economically achievable technology for the
three subcategories has been - defined as equivalent to dual-media



filtration followed by activated carbon treatment of the efrluent from
+he biological treatment system to achieve acceptable COD removal.

standards of performance for new sources are 1identical to best
practicable control technology currently avaiable. '

The proposed effluent 1limitations and standards of performance for
plants within the three synthetic rubber subcategories are summarized as
follows:

Best Practicable Control Technology Currently Avaiable
and Standards of Performance for New Sources

Emulsion_Crumb Solution_Crumb Latex
Plants Plants Plants
kgskkg kg/kkg kg/kkg
(1b/71000 1b) (1b/1000 1b) (1b’71000 1b)
COD 8.00 3.92 6.85
BOD. 0.40 0.40 0.34
Suspended solids 0.65 0.65 0.55
0il and Grease 0.16 0.16 0.14
pH 6.0 to 9.0 6.0 to 9.0 6.0 to 9.0

Best Available Te¢hnology Economically Achievable

Emulsion_Crumb Solution Crumb Latex

Plants Plants Plants

COD . 2.08 2.08 1.78

BOD 0.08 0.08 0.07

Suspended solids 0.16 0.16 0.14

0il and Grease 0.08 0.08 0.07
pH 6.0 to 9.0 6.0 to 9.0 6.0 to 9.0
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SECTION II
RECOMMENDATIONS

]
Implicit in the recommended guidelines for the tire and inner .tube
industry is the fact that process wastes can be isolated from nonprocess
wastes such as wutility discharges and uncontaminated storm runoff.
Isolation of process waste water is the first recommended step in the
accomplishment of the reductions in o0il and suspended solid loading
necessary to meet the guidelines. Treatment of process waste waters in
a combined process/nonprocess system is ineffective due to dilution by
the relatively large volume of nonprocess waste waters. )

It is further suggested that uncontaminated waters, such as storm run-,
off, be detoured from outdoor areas where the potential exists for:
contamination by o0il or solids. This could include roofing and curbing '
of storage areas and the collection and treatment of runoff which cannot

be isolated from such areas.

Th® training of operators and maintenance personnel is important in any
control technology. Negligent dumping of various processing solutions
and 1lubricants into unsegregated drains within +the plant must be
eliminated or at least severely diminished. Washdown of potentially
contaminated areas must be eliminated whenever possible. Tne number and
location of in-plant drains should be kept at a minimum, to reduce the
possibility of process waste water contamination to as few sources as
possible.

Wet air pollution equipment should ke kept to a minimum. Discharges
from wet equipment already in service should be recycled when possible.
The wuse of dry-type pollution equipment is consistent with recovery
efficiencies and prevention of waste water control problems.

In-plant modifications should be implemented which will lead to
reductions in waste water flow, increased quantity of water used for
recycle or reuse, and improvement in raw waste water quality.

End-of-pipe treatment technologies equivalent to secondary treatment
should be applied to the waste waters from all synthetic rubber sub-
categories to achieve best practicable technology currently available.
For emulsion crumb and latex plants, chemical coagulation and
clarification should be provided prior to biological treatment.

To achieve standards for best available technology economicallf
achievable, end-of-pipe treatment technolgies equivalent to activated
carbon adsorption of secondary treatment effluent is required on all
waste waters originating in synthetic rubber plants.



Sstandards of performance for new sources, are identical to Dbest
practicable control technology currently available for all synthetic
rubber subcategories.

Synthetic rubber utility, or nonprocess, waste waters as boiler
blowdowns, cooling tower blowdowns, and water treatment plant wastes are
commonly discharged to the plants' main waste water treatment
facilities. With the exception of total dissolved solids and, in some
cases, heavy metals such as chromium and zinc, the utility wastes are
adequately treated at the main treatment facility. However, the
control, pretreatment, and treatment technologies, and effluent
limitation for nonprocess or utility waste waters in the rubber
manufacturing subcategory will be covered by effluent guideline
documents and regulations promulgated separately and at a future date.



SECTION III

INTRODUCTION

Purpose and Authority

section 301(b) of the Act requires the achievement, by not later than
July 1, 1977, of effluent limitations for point sources (other than
publicly-owned treatment works) which are kased on the application of
the "best practicable control technology currently available" as defined
by the Administrator pursuant to Section 304 (b) of the Act.

Section 301 (b) also requires the achievement, by not later than July 1,

1983, of effluent 1limitations for point sources (other than publicly-
owned treatment works) which are based on the application of the "best ;
available technology economically achievable" which will result in

reasonable further progress toward the national goal of eliminating the

discharge of all pollutants, as determined in accordance with

regulations issued by the Administrator pursuant to Section 304(b) <o

the Act. .

Section 306 of the Act requires the achievement by new sources of a
Federal standard of performance providing for the control of +the dis-
charge of pollutants that would reflect the greatest degree of effluént

Ay

reduction which the Administrator determines to be achievable <through

+t+he application of the "best available demonstrated control technology,
processes, operating methods, or other alternatives", includaing, where
practicable, a standard permitting no discharge of pollutants.

Section 304(b) of the Act requires the Administrator to publish, within
one year of enactment of the Act, requlations providing guidelines for
effluent limitations setting forth:

1. The degree of effluent reduction attainable +through the ap-
plication of the best practicable control technology currently
available. )

2. The degree of effluent reduction attainable through +the ap-
plication of the best control measures and practices achievable
(including treatment techniques, process and procedure in-
novations, operation methods, and other alternatives).

The regulations proposed herein set forth effluent limitations,
guidelines pursuant to Section 304(b) of the Act for the tire and inner
tube and the synthetic rubber sutcategories of the Rubber Processing
Industry. |

Section 306 of the Act requires the Administrator, within one year after
a category of sources is included in a list published pursuant to



Section 306 (b) (1) (BA) of the Act, to propose regulations establishing
Federal standards of perfcrmances for new sources within such
categories. The Administrator published, in the Federal _Register of
January 16, 1973 (38 F.R. 1624), a 1list of 27 source categories.
Publication of the list constituted announcement of the Administrator's
intention of establishing, under Section 306, standards of performancg
applicable to new sources within the tire and inner tube and synthetic
rubber subcategories of +the rubber processing industry which were
included in the list published on January 16, 1973. ‘

The guidelines in this document identify (in terms of chemical,
physical, and biological characteristics of pollutants) the level of
pollutant reduction attainable through the application of the best
practicable control technology <currently available and the best
available technology economically achievable. The guidelines also
specify factors which must be considered in identifying the technology
levels and in determining the control measures and practices which are
to be applicable within given industrial categories or classes.

In addition to technical factors, the Act requires that a number of
other factors be considered, such as the costs or cost~benefit study and
the nonwater quality environmental impacts (including enexqgy
requirements) resulting from the application of such technologies.

Summary of Methods Used for Development of the Effluent Limitations
Guidelines and Standards of Performance

The effluent limitations guidelines and standards of performance
proposed herein were developed in a stepwise manner.

The development of appropriate industry categories and subcategories and
the establishment of effluent guidelines and treatment standards require
a sound understanding and knowledge of the rubber industry, the
processes involved, water use, recycle and reuse patterns,
characteristics of waste water, the respective raw waste loadings, and
the capabilities of existing control and treatment methods.

Initial categorizations and subcategorizations were based on raw
materails used, product produced, manufacturing prqéess employed, and
other factors such as plant age. Published literature was consulted to
verify the raw waste characteristics and treatabilities in order to
support the initial industry categorizations and subcategorizations.
The raw waste characteristics for each tentative subcategory were then
fully identified. Factors considered in this analysis were: the supply
and volume of water used in the process employed; the sources of waste
and waste waters in the plant; and the constituents, including thermal
effects, of all waste waters together with those contaminants which are
toxic or result in taste, odor, and color in water or aquatic organisms.
The constituents of waste waters which should be subject to effluent
limitations guidelines and standards of performance were identified.



The full range of control and treatment technologies existing within
each subcategory was identified. This involved an identification of
2ach distinct control and treatment technology (including both in-plant
and end-of-pipe technologies) which are existent or capable of being
designed for each subcategory. It also included an identification in
terms of the amount of constituents (including thermal effects),. the
chemical, physical, and biological characteristics of pollutants, and
the effluent level resulting from the application ot each of the
treatment and contxol technologies. The problems,
limitations/reliability of each treatment and control technology, and
the required implementation time were also identified <o the extent
possible. In addition, the non-water quality environmental impact, such
as the effects of the application of such technologies upon other
pollution problems (including air, solid waste, noise, and radiation)
was also idzantified to the extent possible. The energy requirements of
cach of the control and treatment technologies were identified as well
as the cost of the application of such technologies.

The information, as outlined above, was then evaluated in order to
determine what levels of technology constituted the "“best practicable
control technology currently available® the "best available technology
economically achievable", and the "best available demonstrated control
technology, processes, operating methods, or other alternatives for new
sources". factors were considered. These included the total cost of
application of technology in relation to the effluent reduction benefits
to be achieved from such application, the age of equipment and
facilities involved, the process employed, the engineering aspects of
the application of various types of ccntrol technique process changes,
+the non-water quality environmental impact (including er.ergy
requirements), and other factors.

Raw waste wa*ter characteristics and treatability data, as well as
information pertinent to treatment reliability and cost evaluations,
were obtained from several sources, including: EPA research
information, published 1literature, Corps of Engineers Permit to
Discharge Applications, industry historical data, and expert industry
consultation. )

/
On-site visits and interviews were made to selected +tire, inner tube,
and synthetic rubber production plants throughout the United States to
confirm and supplement the above data. All factors potentially
influencing industry subcategorizations were represented by the on-site
visits. Detailed information on production schedules and capacities,
and product breakdowns as well as water use and waste water control and
treatment management practices were oktained. Flow diagrams showing
water uses ' and process waste water stream interactions were prepared.
Control and treatment design data and cost information were compiled.
Individual, raw and treated effluent streams were sampled and analyzed
to confirm company furnished data in order to characterize the raw
wastes and determine the effectiveness of the concrol and treatment



methods. Duplicate samples were analyzed by the participating companies
to confirm the analytical results.

General Description of the Industry

The categories of the rubber processing industry covered by this docu=
ment are the tire and inner tube (SIC 3011) and the synthetic rubber
(SIC 2822). The manufacture of +tires and inner tubes utilizes
completely different processing techniques +than the production of
synthetic rubber. In a tire or inner tube plant, stock rubber
production follows a very definite formulation or recipe, and is a
batching operation.

The mixed stock production is used to produce the five main components
of a tire: tire bead coating, tire treads, tire side wall, inner liner
stock and coated cord fabric. These five components enter the tire
building plant, where a significant amount of hand and machine lay-up is
required to produce the green tires.

The synthetic rukber (or vulcanizable elastomer) industry is character
ized essentially by the chemical process and unit operations necessary
to convert the particular monomers or starting-block materials into a
stabilized, granulated, extruded, or baled material suitable for more
conventional rubber processing. The processes are characterized by
separation of unreacted monomer, recovery, purification and recycle of
+he monomer, and processing of the converted elastomer. These reactions
are normally carried out batch-wise or batch/continuous.

In view of the fact that these two industry classifications, tire and
inner tube manufacture and synthetic rubber production, differ consider-
ably it is appropriate, from this point on, to describe and evaluate
their water uses and waste water generations separately.

Tire and Inner Tube Industry

Tire Manufacture

There are many events that have had a significant effect on the tire and
inner tube industry. The first is the discovery, by Charles Goodyear in
1839, that rubber could be cured or vulcanized with sulfur. Thus,
Goodyear was able to overcome the tacky, plastic properties of rubber,
thereby creating a product of commercial applicability (1).

The year 1906 saw the development of the first organic accelerators.
Accelerators are substances which affect the rate of vulcanization.
With the entry of such substances, better products could be produced in
a shorter period of time (1,2).

The next major event to affect the tire industry was the advent of the
Second World War. With the drastic reduction in the supply of natural

10



rubber, new sources had to be developed. The first substitute was re-
claimed rubber which, by 1943, had completely replaced natural rubber as
the basic tire material. It was not until the mid 1940°'s that synthetic
rubber, made available due to a major governmental eftort, became the
major substitute for natural rubber. By 1945, approximately 98 percent
of the natural rubber had been replaced by this synthetic substitute
(3) . The years following the war saw the return, to a great extent, of
natural rubber. However, with the technological boost given the syn-
thetic rubber industry, it would soon again become the larger portion of
the tire.

The next major event which occurred in the mid-1950's was . the
introduction of tubeless tires as original equipment on new cars. This
development sent the inner tube industry into rapid decline. The total
number of passenger car and motorcycle inner tube units dropped from in
excess of 49 million in 1954 to less than 25 million in 1955 (4).

The tire industry has had three eras of rapid expansion to coincide with
these events. The post World War I era (1916-1929) brought the first
"such development. As the automokile and truck industry expanded, so did
the tire industry. Large capacity tire plants were built in Ohio, Cali-
fornia, and New England. The depression reversed this trend however,
and it was not until World War II created an increased demand for tires
that the tire industry again began to expand. New plants were erected
in Ohio, New England, and the South. The third building expansion
started in the early 1960's and is still proceeding, again occurring
simultaneously with the expansion of the economy.

With the current expansion, tire companies are now located throughout
the United States. Whereas the older plants of the first two expansions
are located in the urban areas of Ohio, California, and New England, the
newer plants are being 1located 1in rural areas with no particular
emphasis placed on geography.

Today's tire manufacturer produces many types of tires designed for a
multitute of uses. General product categories include passenger, truck
and bus, farm tractor and implement, and aircraft. Table 1 presents a
breakdown of these products for the last five years.

The key to the performance of all tires is the selection of the raw
rubber and compounding materials and the proportion of these materials
in any particular part of the tire. Basically, the tire consists of
five parts, namely: the tread, the sidewall, the cord, the bead, and

the inner 1liner. Each part has different service requirements;-

therefore, each requires a different proportion of the raw materials.
For example, longevity and good traction are requirements of the tread,
whereas a high degree of flexibility is the requirement for sidewalls.
Basic tire ingredients include synthetic rubbers, natural rubber,
various fillers, extenders and reinforcers, curing and accelerator
agents, antioxidants, and pigments.

11
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TABLE 1

U.S. Tire and inner Tube Production (Including Retreading)
for 1967-197}

Tires (In million units)

Retreading xcccmwm

Passenger Trucks and Farm Tractor : . )
Year cars Buses and implement Aircraft Miscellaneous Inner Tubes kkg Long Tons

million units

1967 100,006 21.165 5.554 0.772 16,445 60.479 255,7h1 251,71k
1968 128.967 25.533 5.741 1.040 17.870 65,840 276,989 272,726
1969 134,540 27.211 4.058 0.892 18.421 60.875 271,681 267,403
1970 123,356 25,680 3,568 0.822 6.866 51,534 282,576 278,126
1971 138.151 28,461 4,099 0.731 9.409 55,067 276,248 271,898

1
Includes motorcycle, Industrial, garden tractor, and blcycle tires.

m_:oacaom all tire classifications,

Source: ''Rubber Industry Facts'', Statistical Department, Rubber Manufacturers Association , New York.
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A wide variety of synthetic rukbers are used including styrene budadiene
rubber (SBR), polybutadiene, butyl, polyisoprene, and ethylene-propylene
diene rubber (EPDM). Of the three categories of compounding materials
used, the fillers, extenders and reinforcers are the most important.
These are used:

1. To dilute the raw crumb rubber in order to prcduce a
greater weight or wvolume.

2. To increase the strength, hardness, and abrasion resistance to
the final product. )

Of these, carbon black and oil are the most common. A typical
rubber compound might be described as follows (1):

100 parts rubber
50 parts fillers, extenders, and reinforcers
3.5 parts curing and accelerator agents
8.0 parts antioxidants and pigments
The typical tire manufacturing process consists of the following:

1. Preparation or compounding of the raw materials.

2. Transformation of these compounded materials into the five tire
components.

3. The building, molding, and curing of the final product.
A flow diagram for the typical rlant is shown in Figure 1.
Ths basic machinery wunits wused in the compounding operation are the

Banbury mixer and the roller mill. A Banbury mixer is a batch-type in-
ternal mixing device and is the hub of this compounding operation. The

Banbury is used for two orerations. In the first, the tillers,
extenders and reinforcing agents, and the pigments and antiocxidant
agents are added and mixed into the raw rubber stock. The resulting

mixture 1is known as non-productive oOr non-reactive rubber stock.
Because no curing agents have been added, this material will have a long
shelf life, thus allowing large quantities of a particular recipe to be
made and stored for later use. In the second operation, the curing and
accelerator agents, in additon to a small quantity of the original 1list
of elements, are added. This mixture, known as productive or reactive
rubber stock, now meets the particular compounding requirements of its
final destination. Since it contains the curing agents, this mixture
has a short shelf life and will ke used almost immediately.

Carbon black and o0il are added +to +the rubber in the compounding
operation. To avoid many of the housekeeping problems created by both
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FIGURE 1

GENERAL WATER FLOW DIAGRAM FOR TYPICAL TIRE AND CAMELBACK PRODUCTION  FACILITY
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carbon black and o0il, these ingredients are added automatically. Carbon
black is a finely divided amorphous material that has the consistency of
dust and is easily airborne. The compounding area is equipped with air
pollution equipment to control this problem. Bag house particulate
collectors are normally used which can produce removal etfficienced of
essentially 100 percent when designed, maintained, and operated
corractly. .

After mixing, the compound is sheeted out in a roller mill, extruded
into sheets, or pelletized. The process depends on the type or batch
(reactive or non-re2active) and the manufacturer. Pelletizing of a non-
reactive batch enables the weighing and mixing of the reactive stock to
be done automatically. The reactive compounded rubber is always sheeted
out.

The sh2eted material is tacky and must ke coated with a socagstone solu-
*ion. This solution 1is a slurry which, when allowed to dry on the
sheeted materials, prevents them from sticking together during storage.

Bacause it is a slurry the soapstone solution is usually recirculated.
Releasing the material into a waste water stream would crzate a
difficult solids problem. Spills in the soapstone area are common and
do create a maintenance and waste water problem.

If a manufacturer wishes to exclude soapstone in his final effluent, he
mus* provide a method for coping with these spills. Current techniques
include the blocking of all drains in the area, diking of tne area, and
th= use of steel grates on the floors. The diking and sealing ot drains
pravents the slurry from entering the drainage system. The use ot steel
grates helps decrease the risk of workers slipping on spilled soapstone.

Maintenance and housekeeping problems in this area are z1urther compli-
cated by the leakages of o0il and water from the o0il seals in the mills,
and oil and dust from the dust ring seals of the Banburys. Eacn has ths
potential to become a waste water pollutant if allowed to mix with the
cooling water discharges or to be washed down and discharged without
treatment. :

The rukber stock once compounded and mixed must be molded or transformed
into the form of one of the final parts of the tire. This consists of
several parallel processes Ly which the sheeted rubber and otner raw
materials, such as cord and fabric, are made into the following basic
tire components: tire beads, tire treads, tire cords, and tire belt
(fabric). Tire beads are coated wires inserted in the pneumatic tire at -
the point where the tire meets the steel wheel rim (on which it is
mounted) ; they insure a seal between the rim and the tire (2). The tire
treads are the part of the tire that meets the road surrface; their
design and composition depend on the use of the tire. Tire cords are
woven synthetic fabrics (rayon, nylon, polyester) impregnated with
rubber; they are th2 body of the tire and supply it witn most of its
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strength. Tire belts stabilize the tires and prevent the lateral
scrubbing or wiping action that causes tread wear.

In the formation of tire treads, the rukber stock as it is received from
+he compounding section is manually fed to a warm-up roller mill. Here
+the rubber 1is heated and further mixed. Heat is provided by the con-=
version of mechanical energy. Temgerature control is provided by the
use of cooling water within the rolls of the mill. .

The heated stock passes from the warm-up mill to a strip-feed mill where
it receives its final mixing. This mill is also cooled to control the
temperature of the stock. The stock is peeled off the rollers of the
mill in a thin strip which is fed continuously to an extruder. The mix-
ing of the stock in these mills insures that the final tread will have
homogeneous properties. The heating or temperature control of the stock
is necessary to insure a proper extrusion with a minimum consumption of
power (2).

At the extruder, two types of rubber stocks originating from two differ-
ent strip mills. are Jjoined +together +to form the tire tread and
sidewalls. The tread leaves the extruder as a continuous strip while
still hot and therefore tacky. Next a cushioning layer is attached to
the under side of the tread. The tread is then cut to the proper width,
cooled in a water trough, labeled, and then cut to the proper length.
Trimmings are either manually or automatically transferred back to the
propexr strip-feed mill and reprocessed. The ends are coated with rubber
cement and the tread is then placed in a "tread book" and sent to the
tire building machines.

Wastewater problems in this area arise from the spillage of the solvent
base cements, from oil and water leakages from the wvarious mills, and
from accidental overflows from the cooling water system. The cooling
water overflow would not normally be a problem since the rubber tread is
relatively inert and therefore does not contaminate the water. However,
it does serve as a washdown agent for an area contaminated with the ce-
ments and oils.

To produce tire cords and belts, rubber stock must be impregnated onto a
pretrecated fabric. The fabric is let off a roll, spliced onto the tail
of the previous roll (either adhesively or by a high-speed sewing
machine), and fed under controlled tension (via a festooner) to a latex
dip tank. After dipping and while still under tension, the fabric is
fed past vacuum suction 1lines or rotating beater bars to remove the
excess dip before the fabric rises through a drying and baking oven.

After pretreatment, and still under tension, the fabric is passed
through a calendering machine where rubber is impregnated into the
fabric. The rubber fabric is next cooled by large water or refrigerant
cooled drums; after cooling, the tension can be released. This treated
fabric is still not ready for the tire building operation. To achieve
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ths proper bias it must be cut to the proper angle and length, and then
spliced together again. The angle and length will vary depending on the
size of the tire for which it is used and whether it is a cord or belt.
once spliced, the fabric 1is rolled in <cloth and sent to the tire

building. .

The rubber used to impregnate the fabric proceeds througn an operation
similar to that of the tread process. It passes through both a warm-up
mill and a strip-feed mill prior to impregnation onto the fabric.
Wast=water problems in +this area arise due to the liatex dripping
op=ration and to problems with o0il and water leaks and spillages which
are similar to those of the tread process. ’

Many tire manufacturers are transferring their latex dip operations from
individual plants to one large central facility. In most cases, the
reasons behind such a decision are as follows:

1. A minimal dipping operation requires a large capital
expenditure.
2. Thz fabric dipping and coating operation is one of the fastest
operations in the plant and, as such, is readily capable of
over-supplying the plant with fabric.

3. Dipped fabric is not that more expensive to ship then undipped
fabric.

4. The maintenance and housekeeping requirements of the dip oper-
atjion are limited to one facility.

In +he processing of rubber stock to tire beads, *he rubber is extruded
onto a s=ries of coppsr-plated steel wires, which are then cemented,
wrapped, and cut. The rubber stock is pretreated, as before, in a warm-
up mill and strip-feed mill. Excess rukber is trimmea from the bead
before it leaves the extruder and is fed back to the strip feed mills.
To apply cement the coated wire is passed thrcugh a trough or set of
brushes. The cement is necessary to insure the proper adhesion of the
bead when it is wrapped.

Wastewater problems can arise dque to the use of the mills or from the
spillage or overflow of the cement. They will be similar in nature to
those found in this tread formation process.

The inner lining for the tire is formed by calendering or extruding the
rubber stock in a manner similar to either the formation of cord fabric
or tread rubber. It is this inner liner that enables a tire to be tube-
less since it is light and air impervious.
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The +tire 1is built up as a cylinder on a collapsible, round rotating
drum. First *he inner liner is applied to the drum. Tnen layers of
cord are applied, one layer tying the beads together in one direction
and another layer in the other direction. The beads are attached to the
tire by folding over the ends of the cord fabric. Next the tire belt?
fabric is laid onto the cord. Finally the tire tread is placed over the
cords and fabric and wrapped around the beads. The cylinder is removed.
These green tires (uncured tires) are now ready for final processing.

Before molding and curing, the green tire 1is sprayed with release
agents. Thes2 agents aid in the release of air from the tire during
molding and of the tire from the mold after curing. Both water- and
solvent-based sprays are used. Excess spray is released +to the
atmosphere. In most plants the tires are placed in a hood during
spraying to reduce atomospheric contamination. Wastewater is generated
by wet scrubbers where used to scrub the excess spray from the air.

The potential for waste water streams exist due to the possibility of
solvent spills within this area. If wet scrubbers are used to scrub the
excess spray from the air, another waste water stream will exist.

The tire is molded and cured in an automatic press. Here an inflatable
rubber bladder bag is inflated inside the tire, causing the tire to take
its characteristic doughnut shape. The mold is simultaneously closed
over the shaped tire. Heat is applied by steam via the mold and bladder
bag. Excess rubber and trapped air escape through weepholes. After a
timed, temperature-controlled cure, the press is cooled, the bladder is
deflated via a vacuum, and the tire is removed. The tire is next in-
flated with air and left to cocl in the atmosphere. This last inflation
insures product quality and uniformity by allowing the tire to “set up"
or achieve the final limits of its cure under controlled conditions.

-

Because of the large number of presses in the typical plant, there is
always the potential for a mold to leak or for a bladder to break. This
water is released and scavenges some of the large amounts of lubricating
0il wused 1in this area. This oily water creates a water contamination
proklem if it is discharged.

After the molding and curing ogerations, the tire proceeds to the grind-
ing operation where the excess rubber which escaped through the
weepholes is ground off. If the tire is designated to be a whitewall,
additional grinding is performed to remove a black protective strip.
Most tires receive further grinding of the tread in order to balance the
tire.

The weepholes which are ground off are relatively large particles of
rubber which fall to the floor and are swept up. Their final destina-
tion is a landfill. The grindings from the white sidewall operation are
relatively small and will stay airborne for long periods of time. The
industry generally uses a particulate collection device sucnh as cyclone
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or wet scrubber to control these emissions. The discharge from a wet
scrubber will have a high solids content and will therefore be a waste-
water problem. The balancing operation suffers the same problems as the
white sidewall grinding operation.
)

After the grinding operations, the whitewall portion of a tire receives
a protective coat of paint. The paint is generally water based. This
operation usually occurs in a hooded area. Again, any wet air pollution
equipment or runoff due to over spraying of the paint will create pol-
lution problems. After inspection and possibly some final repairs, the
tire is ready to be shipped.

Table 2 presents a review of the potential sources of waste water
streams as discussed above.

The discussion thus far has described a typical tire plant, and applies
most readily to the production of the passenger tire. There are several
variations. The first of these is due to the production of truck and
industrial tires. Truck tires tend to have a greater amount of natural
rubber in their treads. Natural rubber, as received in the plant, is
much harder to handle than synthetic rubber. Additional roller -mills
are needed to break up and soften +the rubber before it enters the
Banbury mixer. There are also major differences in the building and
molding of the tires as the larger sizes are approached. The building
of a "giant off-the-road tire" requires the services of two men each for
a half a day, whereas the passenger tire can be built in 1less than 5
minutes. Larger tires are cured in giant molds which are not automati-
cally operated. Cranes or hoists are required to open and close these
molds. Curing can take up to 24 hours. Hot water, instead of steam, 1is
used in the curing operation. The process variations associated with
~ruck and industrial tire production do not have a significant effect on
the guantity and quality of the waste waters generated when compared to
those from automobile tire production.

Another wvariation 1in the typical tire production is the manufacture of
camelback. Camelback is tread used for tire retreading (2). It is pro-
duced in the same manner as tread used for newer tires. (Sce flow
diagram, Figure 1.) Since camelback production operations are usually
part of a tire production facility feeding off the same machinery, waste
water problems will be similar to those already discussed.

Radial tire production offers another variation to the overall process.
Radial tires, 1like +truck tires, contain more natural rubber, thus re-
quiring more machinery in the compounding area. Whereas bias-ply tires
are built in the form of a hollow cylinder, radial tires are built in

the doughnut shape of the final gproduct. Like truck tires, radial tires
are cured using hot water instead of steam. Again waste water problems
will be very similar to those of the typical passenger tire manufacture.
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Table

2

Summary of Potential Process-Associated Wastewater
Sources from the Tire and Inner Tube Industry

Plant Area Source
0il Storage Run off
Compounding Washdown, spills, leaks,

discharges from wet air
pollution equipment

Bead, Tread, Tube Washdown, spills, leaks
Formation

Cord and Belt Washdown, spills, leaks
Formation

Green Tire Painting Washdown, spills,air

pollution equipment

Molding and Curing Washdown, leaks

Tire Finishing Washdown, spills, air
pollution equipment

20

Nature and Origin of Wastewater Contaminants

0il

Solids from soapstone dip tank

0il from seais in roller mills

0il and solids from Banbury seals

Solids from air pollution equipment discharge

0il and solvent-based cements from the cementing operation
0il from seals in roller mills

Organics and solids from dipping operation
O0il from seals, in roller mills, calenders, etc.

Organics and solids from spray painting operation
Soluble organics and solids from air pollution
equipment discharge

m_ﬁwosr<aﬂmc_mow<mﬁm3
il from presses

Solids and soluble organics from painting operation
Solids from air pollution equipment discharge



Inner Tube Manufacture

Inner tube manufacture is very similar to tire manufacture in that the
process consists of the following steps:
[}
1. Preparation or compounding of the raw materials.
2. The extension of these compounded materials to form a tube.
3. The building, molding, and curing to form the final product.

A flow diagram for the typical process is shown in Figure 2.

The basic machinery used in the compounding operation is similar to that
used in tire manufacture; namely, Banbury mixers and roller mills. Both
non-reactive and reactive stocks are prepared. One minor distinction of
inner +ube manufacture is the high usage of butyl rubbers. In addition, .,
a soap rather than a soapstone solution is sometimes used to coat the
non-reactive stock. The soap solution is not discharged and is used in
a completely closed-loop system with solution make-up. In general,
waste water problems arising from this section are similar to those of
the typical compounding area of a tire plant; that is, leakages and
drippings of oily and particulate material. .

The process by which the tube is formed is similar to the extrusion of
the *read. The compounded rubber is fed to an extruder via a warm-up
mill and strip-feed mill. Here the rubber is extruded into a continuous
cylinder. To keep the inside of the tube walls from sticking to each
other, a dry soapstone powder is sprayed inside the tube as it is formed
in the extruder. The tube 1is 1lakelled and passed through a water
cooling tank. after cooling, the water is blown off the tube and
soapstone powder is sprayed on the outside of the tube. Excess powder
must be collected in either a dry or wet collection device. If a wet
collection device is used, the discharge will be heavily laden with
solids. Other waste water rrcblems are similar to those founda in the
tread formation process of tire manufacture.

Once extruded, the tube must be cut to length and the ends spliced to-
gether, A valve must also ke attached. There/is no potential waste-
water problem arising from this area of operation.

Once formed, the tube must be molded and cured. BAgain, this operation
is wvery similar to that of the tire manufacture. Wastewater problems
include only water leakage and spills.

After curing, the tube is inspected for defects, packaged and sent to-

warehousing and shipping. Table 2 summarizes the potential sources of
waste water streams as discussed above.
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" FIGURE 2
GENERAL WATER FLOW DIAGRAM FOR A TYPICAL INNER TUBE PRODUCTION FACILITY
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Synthetic Rubber Industry

The synthetic rubber industry is responsible for the sythesis of vuladan-
izable elastomers by polymerization or co-polymerization processes. For
~he purpose of this classification, an elastomer is a zrubber-like ma-
terial capable of wvulcanization.

The U.S. Synthetic Rubber Industry was fostered by the commencement of
World War II when it was realized that supplies of natural rubber could
be shut off by the enemy. The rukber first chosen for production was
called GR-S (Government Rukber-Styrene) and would now be grouped under
SBR (styrene-butadiene rubker). Since the war the price of natural
rubker has been subject +to great fluctuations, whereas the price
stability of synthetic rubbers has wundoubtedly contributed to their
acceptance by the consumer. Since the introduction of GR-S, many new
synthetic rubbers have been synthesized and produced on a commercial
scale.

The demand for the various *types of synthetic rubber is greatly atfected
by the needs of the tire manufacturers. Not only are ctire sales impor-
tant, but process and product changes within the tire industry also in-
fluence the relative demands for the various rubbers. For example,
radial tires at present contain considerably more natural rubber than
conventional tires. At this moment, this has little effect on the con-
sumption of synthetic rubber because radial tires constitute a small
percentage of total tire production, but it does illustrate the kind of
factor which can influence synthetic rubber consumption. The U.S. pro-
duction of the principal synthetic rubbers for the last several years is
presented in Table 3 together with the growth projections for the period
between now and 1980. It can ke seen that production of SBR-type rubber
overshadows other synthetic rubber. Although the greatest growth rates
over +*the next several years will be associated with polyisoprene and
=thylence-propylene terpolymer (EPT) productions, overall the relative
levels of synthetic rubber production will not be appreciably differernt
from what they are today because the present base productions of
polyisoprene and EPT are considerably 1lower +than tnhat of SBR, the
principal synthetic rubber (5). This supports the assumption that there
will be no radical changes in the industry, its products, and even its
production processes in the foreseeable future.

The synthetic rubbers as listed under SIC 2822 include botnh the socalled
tire xrubbers and the specialty rubbers. The tire rubbers are typically
high production volume commodities, and, as their name suggests, they
are used predominantly by the tire industry. Rubbexr used in the tire
industry is supplied in a solid form termed crumb rubber. Several
dif ferent families of tire rubber are made in order to provide all the
essential and varying properties required in a modern venicle tire.
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Years

1967
1968 -
1969
1970
1971

Projected Annual
Growth Rate (%)

1

Sources: Production data from "Rubber Industry Facts', Statistical Dept., Rubber

Table 3

U.S. Synthetic Rubber Production by Type (1,000 Long Tons) for
1967 to 1971 and the Projected Growth Rate to 1980

o Ethylene
S=-Type Butyl Nitri Polybutadiene Polyisoprene Propylene Misc. Total
1,244 14 62 201 cmmeenmmemee] 05— 186 1,912
1,389 113 71 217 mmmmmmemaneelf0ee e m——— 201 2,131
1,403 130 69 263 109 75 201 2,250
1,331 118 67 280 120 63 218 2,197
1,417 106 65 254 117 60 222 2,241
3.4 2.7 5.2 7.0 16.0 to 1975 16.0 to 1975 - -

Includes Polychloroprene (Neoprene) rubber

8.0 to 1980 10.0 to 1980

Production growth rates furnished by Chem System, Inc., New York.
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Not all tire rubber production is used in tire manufacture, however.
Much 1is used +to manufacture rubber hose, belting, electrical wire and
cable, footwear, mechanical rubber goods, and many other rubber-based

products. Due *oO their superior oil and heat resistamnce, botn nitrile
and neoprene type rubbers are used more for hose, seals, gaskets, and O-
rings than for tire manufacture. However, because their annual
production .

volume is comparable with four of the other five major synthetic rubbers
used in tire manufacture, they will Le considered here as tire rubbers.
The tire rubbsrs are grouped into seven families bassd on their
monomaric ingredients as shown in Table 4. The annual U.S. production,
polymerization process, principal end-use and other family members are
also presented.

By con*rast, the speciality rubkers are 1low production volume
commodities with more diverse compositions and end uses. The 1largest
production volume family of the speciality rubbers are the butadiene
rubbers. Butadiene rubbers are generally sold in latex form. The
production is similar to the production of all synthetic rubber latexes
(2) . Epichlorohydrin is solution polymerized with various monomers to
produce the family of epichlorohydrin co-polymer rubbers. The process
is similar to that for solution tire rubbers. Epichlorohydrin rubbers
are used for seals, gaskets, and O-rings, etc. (6). The acrylic rubbers
areproduced by an emulsion polymerization process similar tothe emulsion
processes used for the +tire rubbers. Acrylics are usea tor high
temperature service in drive=train and axle seals, hose, tubing, and
molded parts. Polyisobutylene is produced by a solution polymerization
process similar to that for butyl rubber (1). It is used primarily as a
blend in caulking compounds, adhesives, and plastics.

Three of the so-called specialty rubber families (silicone rubbers,
ur=ethane rubbers, and fluorocarbon derivative rubbers) are being studied
as part of the plastics industry and, as such, are not covered in this
document. The chlorinated and chlorosulfonated polyethylene rubbers are
manufactured by processes similar to those employed for the polyethylene
type plastics and are not covered in this document’ (2). The polysulfide
rubbers are produced by a condensation process which is different from
the general emulsion and solution polymerizations (2). In addition, the
waste waters generated by polysulfide production are highly contaminated
and deemed more difficult to treat than the waste waters produced by
conventional emulsion or solution polymerization processes. It is
therefore intended that a separate study will be made of tne polysulfide

rubber sector of the synthetic rubber industry. '

The wvarious methods of production of the synthetic rubber have much in
common. The monomers are not particularly difficult +to handle at
reasonable pressures, and suitable inhibitors have been developed to
impart storage stability. Dissipation cf the heat of polymerization is
frequently the controlling consideration. Adjustment of reaction rate
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Annual U.S. Production Polymerization
Principal Synthetic Rubber (1,000 Metric Tons/year) Process Principa} End-use Qther Family Members
Tire Rubbers
Styrene-Butadiene rubbers (SBR) 1,678 Emulsion General tire use
139 Solution Tire treads
Polybutadiene rubbers (PBR) 368 Solution Tire treads
Polyisoprene rubbers 139 Solution Tire treads
Polyiscbutylene~Isoprene rubbers (Butyt) . 163 Solution Inner tubes
Ethylene-Propylene Co-polymer rubbers (EPR) 169 Solution General tire use, non-tire EPDM
goods
Acrylonitrile-Butadiene rubbers (Nitrlle)I 159 Emulsion Hose, seals, gaskets,
0-rings
Polychloroprene rubber (Neoprene)] 177 Emulsion Non-tire use, general tire Neoprene, Nitrile-Chloro-
use prene rubber, Styrene-
Tire Rubber Sub-Total: 2,992 Chloroprene rubber
Specialty Rubbers
Butadiene rubbers 6l Emulsion Adhesives, dipped goods, Pyridine-Butadiene
paints rubber
Epichlorohydrin rubber 9 Solution Seals, geskets and 0-rings Cyclo rubber
Acrylic rubbers 2 - Emulsion Seals, hosing, tublng Acrylate type rubber,
Acrylate-Butadiene rubber
Polyisobutylene rubbers 4 Solution Caulking, adhesives,
plastics
Silicone rubbers? 10 Condensation Seals, gaskets, electri-
cal tape
Polyurethane ru!:»bers2 14 Condensation Solid tires, rollers, Adiprene, Estane, iso-
foams, fibers cynate type rubber
Fluorocarben derivative rubher52 1 Emulsion Seals, gaskets, O-ring, Viton, Fluoro rubber
high temperature service
Chiorosulfonated Polyethylen353 15 Post-polymeriza- Wire and cable, shoes, Chlorinated rubber,
tion chlorination Tinings, paints Hypalon
Polysulfide rubbersl‘ 10 Condensation Sealing, glazing, hose Thiol
Specialty Rubber Sub-Total 129
Synthetic Rubber Total 3,121

TABLE 4

Families of Synthetic Rubbers Included in SIC 2822, Polymerization Processes, and Annual U.S. Production (1972}

Although Nitrile and Neoprene-type rubbers are not normally termed tire rubbers, they are relatively large production volume rubbers and, for convenience,

can be included with the major tire rubbers.

Silicone, Polyurethane and Fluorocarbon derivative rubbers are considered part of the Plastics and Synthetics iIndustry and are not covered by this
document. .

Chlorosulfonated and chlorinated polyethylenes should be considered part of the Plastics and Synthetics Industry. They are not covered by this
document.

Polysulfide rubbers are produced by a condensation-type reaction which is not directly comparable to either emulsion or solution polymerization.
Per unit of rubber production, generated wastewaters are of considerably poorer quality and more troublesome to treat than those of either emulsion
or solution or solution processes. Polysulfide rubber production is not covered by this document. it is recommended that a separate study be made
of the polysulfide rubber industry.

Source: 'The Rubber !ndustry Statistical Report' - C.F, Ruebensaal, International institute of Synthetic Rubber Producers, Inc.
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to distribute the heat generation over a reasonable perioa of time, the
use of refrigeration cooling, and operation in dilute media such as
emulsions or solutions are necessary for +the adequate control of
polymerization reactions.

control of molecular weight and of molecular configuration has become a
very important quality consideration. The ability to control molecular
weight has 1led to the development of oil-extended rubber. It nas been
found that rubber of unusually high molecular weight and normaily too

tough to process through factory equipment can be made workable by the
addition of up to 50 ©parts of petroleum-base oils per 100 parts of
rubber. These extending oils make the rubber easier to process without
sacrifice 1in physical properties. Another improvement has been the
preparatior of black masterbatches, the name given to mixtures of carbon
black and rubber without the curing ingredients. This process 1is of
great importance to small manufacturers and tire retreaders who lack
facilities for mixing in carbon klack c¢r who wish to avoid atmospheric
pollution with the fine black.

synthetic Rubber Production

Emulsion Crumb Production

Of the several methods of polymerization employed to produce synthetic
rubber, the two most commonly used processing technigues are
polymerization in homogeneous solution and polymerization in emulsion.
Solution polymerization may ke considered to include bulk polymerization
where excess monomer serves as a solvent. Emulsion polymerization may
be considered as thz bulk polymerization of droplets of monomers

suspended in water. Fmulsion polymerization is perrormed with
sufficient emulsifier to maintain a stable emulsion. Solution
polymerizations generally proceed by ionic mechanisms. Polymerization

initiators which operate by ionic mechanisms are usually too reactive to
be stable in water, emulsicn polymerization systems are initiated by
agants which produce free radicals (2).

Emulsion polymerization is the traditional process for the production of
synthetic rubber. Since World War II (and for the foreseeable future),
the bulk of synthetic rubber has been produced via emulsion
polymerization. The use of emulsion polymerization systems is common
because both high conversion rates and high moleculiar weights are
possible. 1In addition, other advantages are: a high rate of transfer
of the heat of polymerization through the aqueous phase, ready removal
of unreacted monomers, and high fluidity even at high concentrations of.
polymer. The majority (more than 90 percent) of styrene-butadiene
rubber (SBR), the principal synthetic rubber, is produced by emulsion
polymerization. The 2mulsion polymerization process is used to produce
either rubber latex or rubber crumb. Crumb is solid and 1is usually
formed into 75 pound bales.
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FIGURE 3
GENERAL WATER FLOW DIAGRAM FOR BN EMULSION POLYMERTZED CRUMB RUBBER PRODUCTION FACILITY
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Figure 3 shows a generalized materials flow diagram ror the continuous
production of crumb SBR by the emulsion polymerization pirocess. This
schematic 1is essentially typical of all emulsion processes. In the
typical production facility, operation is 24 hours per day, 365 aays per
year. Each plant consists of several rroduction linss where different
process recipes can be applied and varicus types of SBR Can be prod?ced,
including non-extended, o0il extended, and carbon black masterbatch vari-
eties.

Styrenes and butadiene (mornomers) are either piped to the plant from
adjacent suppliers, or shipped in by tank car or tank truck. The
monomers are stored in a tank farm which is diked to retain major
mcnomers spills and leakages and, in the case of fire, to control th=
spread of flaming 1liquid. The fresh monomers are piped to tne plant
from the +tank farm and, if necessary, passed through a caustic soda
scrubber before mixing with recycle monomers. Some monomers, such as
butadiene, have inhibitors added to prevent premature polymerization*®
during shipment and storage. These must be removed petore the monomer
can be polymerized. The inhibitor is removed in the caustic scrubber by
the circulation of a caustic soda solution, approximately 20 percent.
The caustic soda solution is discarded periodically or can be subjected
to .continual make-up and blowdown. X
Soap solution, catalyst, activator, and modifier are aduec to the
monomer mixture prior to entering the polymerization reactors. The soap
solution is wused to produce an emulsion of the monomers in an agueous
medium. The principal ingredients of +this solution are gecnerally a
rosin acid soap and a fatty acid socap. The catalyst 1s a tree radical
initiator and can be a hydroperoxide or a peroxysulfate. The catalyst
initiates and promotes the rolymerization reaction. The activator
assists in generating the free radicals more rapidly and at lower
temparatures than by thermal decomposition of the cataiyst alone. The
modifier is an additive which adjusts the <chain 1length and molecular
weight distribution of the rubber product during polymerization. It is
necessary that all the abcve solutions ke made with high quality water.
Usually city or well water 1is deionized for the preparation of the
solutions.

The polymerization proceeds stepwise through a train of reactors. The
reactor system is capable of producing either " (40-45°F, 0-15 psig) or
"hot" (122°F, 40-60 psig) rubber. The "cold" SBR polymers, produced at
the lower +tampsrature and stopred at 60 percent conversion, have im-
proved properties when compared to "hot" SBR's. The "hot" process is
+he older of the two. For "cold" polymerization, the monomer-additive
emulsion is cooled prior to entering the reactcrs, generally by using an
ammonia refrigerant cooling medium. Depending on the polymerization’
temperature, the medium could be chilled brine or chillea water. 1In ad-
dAition, each reactor has its own set of cooling coils, usually contain-
ing ammonia refrigerant, and is agitated by a mixer. The residence tine
in each reactor is approximately one hour. Any reactor in the train can
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be by-passed. The reactor system contributes significantly to the high
dagree of flexibility of the overall plant in producing dittrerent grades
of rubber. The overall polymerization reaction is ordinarily carriad to
no greater than 60 percent conversion of monomer to rubber since the
rate of reaction falls off beyond this point and product quality begins
to deteriorate. The product rubber is formed in the emulsion phase c¢f
the reaction mixture. The reaction mixture is a milky white emulsiorn
called latex.

Short stop solution is added to the latex leaving the reactors to stop
the polymerization at the desired conversion. Two common short stop
ingredient are sodium dimethyl dithiocarbamate and hydroquinone. The
"stopped" latex 1is held in blowdown tanks prior +to the stripping
operation. The blowdown tanks act as flow regulating holding tanks.

Recovery of the unreacted monomers and their purification 1is an
essential step 1in economic synthetic rubber production. Butadiene,
which has a lower boiling point than styrene, is first vacuum stripped
from the 1latex. The stripping operation is generally carried out in a
vacuum flash tank at about 80-90°F. The butadiene vapors are compressed
and condensed before entering a receiver. A very small quantity of
water collects in the receiver and is discharged periodically. The
condensed butadiene is recycled to the feed area and mixea with fresh
monomer prior to the polymerization step. Styrene recovery tfrcm the
latex usually takes place in perforated plate stripping columns. These
operate with steam injection at approximately 140°F. The steam-styrene
vapor mixture is condensed and sent to a receiver where the styrene and

water are decanted. The top styrene layer is recycled to the monomer
feed stage; the bottom layer of the receiver, which 1is styrene-laden
water, 1s discharged. Both the vacuum and steam strippers foul
periodically with rubber solids. These must be removed by hand,

followed with both steam or water jets. This cleaning operation puts
the stripper out of commission and produces large quantities of waste
water.

An antioxidant to protect the rubber from attack by oxygen and ozone is
added to the stripped 1latex in a blend tank. The latex is now
stabilized and, as a result, different batches, recipes, or dilutions
can be mixed. These mixing operations take place in the blend tanks.
The latex is pumped from the blend tank to the coagulation step where
dilute (pH 4-4.5) sulfuric acid and sodium chloride solution are added.
The acid brine mixture is called the coagulation liquor and causes the
rubber to precipitate from the latex. Theoretically, precipitation will
occur with a coagulation 1liquor consisting of any combination of
2lectrolyte and dilute acid. However, the quality and intended end use
of the rubber 1limit the choice of coagulants. For example, some types
of "hot"™ SBR which are used as insulation covering on electrical wire
are coagulated with an acid-polyamine solution in order to produce a
rubber with low electrical conductivity.
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As mentioned <ecarlier, rubber can be extended to improve 1its properties
by using oils and carkon black. Carbon black and oil can be added to
th2 latex during ths coagulation step to produce a more intimate mixture
than can be ob*ained by the subsequent addition of these materials to
+he2 crumb rubb2r as is the case with conventional rubber compounding.
Wastewaters generated subsequent to the masterbatch operation (addition
of carbor. black) ars usually black due to colloidal carkon black
particles. The o0il is added as an aqueous emulsion, and carbon plack 1is
blended into the latex as an aqueous slurry (approximately 5 percent by
weight) . Therz arz various tyrpes of extending oils; some are staining
and others non-staining Rubber extended with non-staining o©il will not
mark surfaces and is required for some non-tire uses. If a non-stained
rubbsr is to be produced, not only must the sxtender o0il b= non-
s~aining, but also lighter-colored soaps, short stops, and antioxidants
must be used.

Thz coagulated crumb 1is separated from +the coagulation 1iquor on a
shakar screen. The coagulation liquor is recycled after make-up with
fresh acid and brine and blowdown of part of the diluted liquor. The
screenad crumb is resuspended and washed with water in a reslurry tank.
This op=sration servss +o remove extraneous compounds from the rubber,
particularly residual coagulation liqucr. The crumb rubber slurry is
th2n dewatersd, gencrally using a vacuum filter, and the filtrate wash
water is recycled to the reslurry tank for reuse with fresh water makeup
ar:1 as an overflow. The overflow is necessary *o blowdown accummulating
rubb2r so0lids and contaminants. The coagulation 1liquor blowaown and
crumb slurry water overflows are usually passed through ssparators.
These facilities, called crumb pits, are generally outside the process-
ing building and trap the floatable crumb rubker. The clarifiea under-
flow is discharged to the main treatment facility.

The rinsed and filtered rubber crumb is finally dried witn not air in a
continuous belt or screen dryer. After drying, the rubber is weighed
and pressed in bales and stored prior to shipment. Normally rubber
bales weigh 75 pounds and are wrapped in polyethylene film. 1Tnhe balers
are operated hydraulically with o0il or water as +the hyadraulic fluid.
Due +o the jarring baling action and the high hydraulic pressures, fluid
leaks are frequent and, in the case of oil-driven balers, the leaxked oil
should be prevented from entering the plant drain .system.

In addition to the processing operaticns described above, other opera-
tions are carried out reqularly, though not necessarily continuously,
which generate considerable quantities of waste water. These .include
equipment cleanout and area washdown orerations. Principal equipment
cleanouts include the polymerization reactors, blowdown tanks, butadiene .
flash tanks, styrene stripping columns, and latex blend tanks. In most
cases, hiagh volumes of waste water are produced that are laden with un-
coagulat=d latex solids and are characterized by a milky white
appearance. When the flash tanks and stripping columns are cieaned, the
waste waters contain rubber solids, due to premature coagulation of the
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latex, 1in addition to uncoagulated latex. Area washdowns are frequent,
and the wash waters pick up primarily latex, rubber solids, and oil.
The carbon black slurrying area is generally contaminated with carbon
powder. Area washdowns and stcrm run off typically pick up the carbon,
resulting in a fine carbon suspension.

It 1is opportuns -a+ this point to review the potential waste water
sources in a typical emulsion plant. Table 5 summarizes +the principal
wastewaters and the nature or appearance of their constituents.

solution Crumb Production

As polinted out earlier, soluticn polymerization is a newer, less tradi-
tional process for the commercial production of crumb ruboer in the U.S.
Solution polymerization systems permit +the use ot sterecspecific
catalysts of the Ziegler-Natta or alkyl-lithium types which have made it
possible to polymerize monomers, such as isoprene or butadiene, in a
suitable organic solvent so as to oktain the cis structure (up to 98
percent) characteristic of the natural rubber molecule and with a high
degree of regularity. Rubbers with the cis structure are desired since
they are usually rukbery, whereas the trans-configuration is more rigid
and similar to plastics. Cis-polyktutadiene, for example, has nighér
abrasion resistance than the usual SBR type and is being used mainly to
extend and partially replace both SBR and natural rubber in tires.
Reports indicate that tread wear is improved by up to 35 gercent in a
50-50 blend of polybutadiene and SER.

A relative newcomer on the rubber scene is based on the cheap monomers,
=2thylen2 and propylene. Although not stereo-reqular, these polymers can
be produced 1in solution plants and can use similar catalysts. The
polymer chain, based on ethylene and propylene, does not contain
sufficient unsaturation for conventional curing. The incorporation of a
third monomer, wusually a diene (thus EPDM - ethylene propylene diene
monomer) , adds unsaturation and facilitates conventional curing.

The production of synthetic rubbers Lty solution polymerization processes
is a stepwise operation, and, in many asgects, is very similar to pro-
duction by emulsion polymerization. There are distinct difrerences in
the +two technologies, however. For solution polymerization, the -
monomers must be extremely pure and the solvent (hexane, tor example)
should be complstely anhydrous. In contrast to emulsion polymerization,
where the monomer conversion 1is taken to approximately 60 percent,
solution polymerization systems are polymerized to conversion levels
which are +typically in excess of 90 percent. The polymerization
reaction is also more rapid, usually complete in one to two hours.

Figure 4 1is a generalized materials flow diagram for the production of
crumb SBR by a solution polymerization process. The processing steps
shown are essentially typical of all solution polymerization pPIrOCESSES.
As in the case with emulsion plants, solution plants comprise several
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FIGURE 4

GENERAL WATER FLOW DIAGRAM FOR A SOLUTION POLYMERIZED
CRUMB RUBBER PRODUCTION FACILITY
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processing 1lines where different types of rubber for distinct end uses
can be producsd (ircluding non-extended, oil-extended, and carbon black
mastar batch varieties). Plant operation is typically 24 hours per day,
365 days per year.

The fresh monomers are pumped to the plant from the <tank farm.
Inhibited monomers are passed through a caustic soda scrubper to rszhove
the inhibitor. The monomers are then sent to fractionator drying towers
where ex*traneous water 1is removed. Fresh and recyclea solvent (for
axample,

hexane) 1is also passed through a drying column tC remove water anld ex-
craneous 1ligh* and heavy components. The light- and heavy-components
buiild up in the system as unwanted by-products oOr unreccvered monomer
during the polymsrization step and must be removed. The purificd scl-
vent and monomers are then blended. The mixture is generally termed the
"mixed feed". The mixed feed can be further dried to remove final
traces of water using a desiccant column.

The dried mixed feed is now ready for the polymerization step and

catalysts can b2 addaesd to the solutionn (solvent plus monomers). The
catalyst syst=ms wused vary. Typically they are titanium nalide plus
aluminum alkyl combinations or butyllithium compounds. The catalysts

can b2 added to th= mixed feed just pricr to the polymerization stage'or
to the lead polymerization.reactor.

The bland of solution and catalysts is polymerized in a series of re-
actors. The reaction is highly exothermic and heat is removed conztinu-
ously by either an ammcnia refrigerant or by chilled brine or glycol
solutions. The reactors are similar in both design and operation to
thoss used 1in emulsion polymerizatior.. The mixture leaves tne reactor
train as a rubber cement, i.e., polymeric xrubber solids dissolved in
solvent.

A short stoo solution 1is added +to the cement atter wne desired

convarsion is reachsd. The stabilized cement 1is pumped to cement
storage tanks prior +o subsequent processing. At this point other
ingredients, such as antioxidants, can be added. If tne rubber is to be
0il extended, 0il can be added +to the cement. The o0il 1is wusually

blended with the cement at some point between the storage tanks and the
steam stripping operation. ’

Th2 rubber cement is pumped from the storage tank +to the coagulator
where the rubber is precipitated into crumb form with not water under
violent agitation. Wetting agents (surfactants) can be adaed to promote
the control of crumb size and to prevent reagglomeration. In addition
=0 coagqulation, much of the solvent and unreactad monomer are stripped
ovarhead. For carbon black masterbatch rubbers, the carpbon black slurry
is add=d to the coagulator in much the same manner as for emulsion crumb
rubber.
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Th= resultant crumb slurry passes to a series of strippers where steam

stripping drives off the remaining moncmers and solvent. The strippers

ar=s generally a flash tank or agitated kettle strippers. The steam,

solvent, and monomer vapors are condensed and sent to a decant system.

Th2 bottom decant 1layer, saturated in wmonomers and solvent, is

discharged. The organic 1layer is sent to a multi-stage fractionator

(described earlier). Light fractions are removed in the first columm
and generally consist of wunreacted 1light monomer (for example, -
butadiene). This is normally reclaimed at the monomer supply plant.

The second column produces purified solvent, a heavy monomer-water

fraction, and extraneous heavy componer.ts.

The heavy monomer (for example, styrene) is condensed, aecanted, and re-
cycled. The bottom water layer is discharged. The purifiea solvent is
dried and reused. The heavy extraneous compon2nt stream is a wasts
which can either be decanted before disposal or can be incinerated as a
slop oil.

The stripped crumb slurry is separated and further washed with water on
vibrating screens. The slurry rinse water is recycled in part to the
coagulation stage with water or steam makeup. The remaining portion of
the slurry rinse water overflows and is discharged. This water contains
floating crumb rubber fines and is generally passed through a crumb pit
before discharge. The crumt fines are trapped in the pit. The screened
rubber 1is passed through an extruder-dryer for further dewatering and
drying. Dewatering and drying can also be carried out with a rotary
filter and hot air oven dryer. The dried rubber is pressed into 75-
pound bales and 1is wusually wrapped in polyethylene for shipment.
Balers, identical to those employed in emulsion processing, are used in
solutionpolymerized rubber production. Cil 1leaks are a potential
problem.

In addition to the processing operations described above, area washdowns
occur. These are frequent and produce large volumes of waste water
which can be contaminated with dissolved organics, floating organics,
oils, and suspended solids. Since the majority of the processing steps
are operated on a strict water-free basis, there is 1little need for
equipment cleanout operations with water. The processing units which
are kept free of water are cleaned out with solvent when necessary.
This cleaning solvent 1is stored separately and is used solely tor the
cleanout operation. Process pumps, handling in -particular the dried
mixed feed prior to and during the polymerization stage, use a non-
aqueous fluid (usually an o0il) as a seal in lieu of water to prevent
contamination of the process streams with water. Leaking fluid is a
potential source of oil which can be picked up by area washdown waters.
Th2 carbon black slurrying area is a source of waste waters laden with
carbon fines.

The main waste water sources in a typical solution polymerization plant
are summarized in Table 6.
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Latex Production

In addition to solid crumb rubber, emulsion polymerization is also used
to produce latex rubber. Latex production follows the same processing
steps as emulsion crumb production with the exception of latex
coaqulation and crumb rinsing, drying, and baling. Only about 5 to %W
percent of SBR 1s used as latex, kut approximately 30 percent of the
nitrile rubbers (NBR) enter the market as latex. Commercially available
SBR latexes con*tain about 45- to 55-percent solids, although some can be
as high as 68 percent. Most NBR latexes are in the U45- <to 55-percent
solids class. Thes polymerizations are taken essentially to completion
(about 98 to 99 percent conversion) as opposed to emulsion crumk rubber
production where conversion per polymerization pass is approximately 60
percent.

As a result, the recovery of unused monomer is not economical. Process
economics ar2 directed towards maximum conversion on a once-through
basis.

Figure 5 is a generalized materials flow diagram for the production of
latex SBR by emulsion polymerization. The steps shown are typical of
all latex production processes. Although 1latex plants are generally
operated 24 hours per day and 365 days per year, the production runs for
each recipe or type of latex are shorter than in emulsion or solution
crumb rubber plants because latex consumption is on a smaller scale and
latex consumers are usually outside companies with varying product
needs. By contrast, the majority of c¢rumb rubber is made for tire
manufacture, is consumed by major tire companies, and is produced by
their own synthetic rubber producing divisions. This nas the effect of
limiting the number of +types o0f product and recipe, rationalizing
production schedules, and, in the final analysis, leaaing to 1long
production rurs. Latexes are used to manufacture dipped goods, paper
coatings, paints, carpet backing, and many other commoaities.

The monomers are piped from the tank farm to the processing plant.
Monomer inhibitors are scrubbed out by using caustic soda solution.
Soap solution, catalysts, and modifiers are added to the monomer to pro-
duce a feed emulsion prior to feeding to the reactors. The water used
in the preparation of the above solutions is generally deionized city or
well water. The number of reactors in the reactor train is usually
smaller than that used for emulsion crumb production. The temperature
is generally kept at approximately 40 +to 45e0eF and, therefore, most
latexes are made by the "“cold" process. When the polymerization is com-
plete, the latex is sent to a blowdowr tank for intermediate storage or
holding. Stabilizers are usually added to the latex at this point to
stop the polymerization and to stabilize the latex.

The latex passes from the blowdown tanks to a vacuum stripper where the

unreacted butadiene is removed. The Lbutadiene is vented to the atmos-
phere. The vacuum 1is pulled with either a vacuum pump or steam Jjet.
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The <cxcess styrene is stripped from the latex in a steam stripper. Ths
steam and styrene are condensed and sent to a receiver. The bottom

water layer 1is decanted off and discharged. The styrene layer 1is not
recycled but can be containerized and sent to disposal.

The stripped latex is passed through a series of screen filters to re-
move unwanted large rubber solids. The latex is finally storad in
blending tanks where various additives (for example, antioxiaants) are
mixed with the latex. The latex is shipped from the blending tanks by
tank car or tank truck, or is drummed ready for dispatch.

Since short production runs are common to the industry, the major waste-
waters generated in a synthetic latex plant stem from equipment cleanout
operations. When production is switched from one type of rubber to an-
other, reac*ors, blowdown tanks, strippers, and filters require cleaning

for the new prcduct. 1In addition, tank cars and tank trucks owned or
leased by the plant require cleaning after each trip. Area washdowns
are frequent inside the processing buildings and at the vehicle loading-
unloading areas. All the above waste waters will contain oils,
dissolved organics, and high concentrations of latex solids.

Table 7 summarizes the origins and nature of the principal wastewater
sourcas generated in a typical synthetic latex plant.

Summary

The growth of the tire and inner tube industry has been closely linked
to +ths growth of the automobile industry. Current production is over
210 million tires per year with one quarter of this production destined
for original equipment on new vehicles. The production of both tires
and inner tubes consist of the compounding, extruding, calendering, and
molding of solid raw ma*erials. There is considerable heat generated by
these processes and it must be dissipated and controlled to insure the
quality of the final product. Water used in other than for utilities,
consists of makeup water for socapstone solution and latex dip solutions.

The production capacity and output of the synthetic rubber industry are
expanding steadily and are linked very closely to consumption by the
tire industry. The relative production levels for the various types of
synthetic rubber will not change significantly over +the next several-
years to affect the operations or waste water impact of the inaustry as
a whole. Two distinct processing technologies (emulsion and solution)
exist. Process variations within each of these two technologies are
only minor. Two different tyres of rubber product are manufactured:
crumb and latex rubbers. The so-called specialty rubbers are
manufactured by processes similar to those used to produce the so-called
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tire rubbers and are in similar product forms, i.e., solid and latex
rubbers.
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SECTION IV

INDUSTRY CATEGOKRIZATION

Introduction

Industry categories and sukcategories were established so as to dsfine
+hose sectors of the rubber industry where separate effluent limitations
and standards should apply. In the final analysis, the underlyiny dis-
tinctions between <the wvarious categories and subcategories have been
based on the waste water generated, its quantity, characteristics, - and
applicability of control and treatment. The factors consider=d in
determining whether such cateqgorizations are justifiea were the
following:

1. Manufacturing Process.

2. Product.

3. Raw Materials.

4. Plant Size.

5. Plant Age. -

6. Plant Location.

7. Air Pollution Control Equipment.

8. Nature of Wastes Generated.

9. Treatability of Wastewaters.
As indicated in Section III, there are inherent differences between the
+ire and inner tube sector, and the synthetic rubber sector of <the
rubber industry; therefore, the two have been separated to produce th=

+wo principal industry categorizations.

Tire and Inner Tube Industry

Manufacturing Process

The process steps by which tires are made are similar tnrougnout the
industry. Although there are variations due to =zquipment manufacturer
and automation, these differences do not lead to significant wvariations
in the volume or constituents of process waters.

Product

Examination of existing plants indicates that the end product is not a
reasonable basis for categorization. Manufacturing steps for all tire-
production are similar; inner tube manufacture, altnough different in
some respects, ga2nerates the same type o0f process waste water streams as
does the tire production. The characteristics of the waste stream and
+he potential treatment technologies are not significantly different.
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Radial tire manufacture is different in the building, molding, and
curing operations; howsver, these differences do not signiricantly
impact on waste water quantity or quality. In addition, radiai tires
are generally produced in the same plants as bias tires.

Raw Materials

)
Since the basic raw materials for the entire industry are rubber, carbon.
black and oil, categorization based on raw material usage 1is not rea-
sonable. The quantities and form of the different raw materials re-
ceived varies, but these do not significantly affect the control or
treatment technologies applicable to the industry. The handling of raw
materials, particularly the carbon black, also varies within the indus-
try. However, +this again does not affect the process waste waters or
their treatability. ’

S e

A listing of most plants currently operating and their production rates
is given in Table 8. The distribution of these is presented in Figure
6. From inspection of existing and plant visit data, it was 1learned
that plant size has not significant effect on the quality or
treatability of waste waters. Process effluent gquantities varied signi-
ficantly but was not directly related to plant size. The only signifi-
cance of size is the cost of treatment of waste water streams, which, of
course, is related to other factors.

Plant_Age

The age of plants currently in operation will fall into three basic
categories depending on the expansion period in which +the plant was
built. The oldest plant in operation is an innet tube facility built in
1888.

As constructed, production facilities kuilt during the first two expan-
sion periods tend to be multi-storied, with process 1lines located on
many floors and confined to small areas. In addition, plants trom the
first expansion period most probably have undergone modifications in
order to update their machine processing technology (for example, the
installation of internal mixers). Most likely this would further con-
gest the processing area. Much of the equipment in these older plants
is o0ld and of designs that have since been updated to reduce maintenance
and operational costs. Process, nonprocess, and domestic wastewater
sewers exist as a combined sewer, thus making process contaminants
difficult to locate or treat once thy reach the drainage system. Engi-
neering diagrams of sewers within the plant are dated and possibly non-
existent. Drains that do exist were located for ease of washdown of
contaminants, thus making their positionr inappropriate by current think-
ing and standards.
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FIGURE 6

LOCATION OF TIRE MANUFACTURING PLANTS, PRODUCTION GREATER THAN 20,000
UNITS/DAY, AND SYNTHETIC RUBBER PRODUCTION PLANTS, PRODUCTION GREATER
WITHIN THE U. S. 1972.

’

THAN 60,000 LONG TONS/YEAR

msy ..I.7.7..l..
I \MoNT e,
, - 'll"-
TN j N.DAK. i
.’.I ..w _. !
/N : {
g X _— .T-.llu'-,.n ',
\ riw W =1 S.DAK. Y
e~ |
' \\\MV. l'lcn",uﬁ. \.lo,ll’c,.
/ / | + NEBR,
\- .’ﬁ"'ort—
J Uray  icoL, =1 .
.— ! | kNS
. / ! iKANS 3
/n T.,r’ .s —
/ lhmsN :l.—-'c,.’ : —
U i N.MEX T Y
. i S TR e
.\ “ ._ [ — 1 ' .. .4.‘.).‘. .
: ' ! rsg “ BA.
= ! ! ~.a NS AL B N
~.. i ! TS A 3
S L T e
A TIRE HANUFACTURING PLANTS N (T
@ SYNTHETIC RUBBER PLANTS '
/-'\nvl-.
’o
\
/l
~.



'nh= nawer plants of the last expansion period have the benerit ci mod=rn

d=sian criteria and updated thinking in both the sanitaxy and
maintenance engineesring fields. Buildings are single-story ana contain
more area ey process line. Equipment and area locations hava been

d2signed for a cleaner, morzs maintenance-free operation. Sewers are no
longer combined, thus making process sewer waste waters easler to logcate
anl +treat. Drains are not located in areas where contaminants can dgain
zasy &ntrance.

ry th= above r=asoning, the process waste water streams from older
plarts should be larger ir volume and should contain nigh<r loadings of
both oily and solid materials. Contrcl and treatment snoulé bpe wmdore
ditficul=. mxamination of plant waste water streams trom all these
ar=as bzars this out. ’

Tha years betwe=n 1950 ard 1960 are the transition period between <he
second and +*hird expansion period. Plants constructed in the early
1950's w=re built during the Korean War and will most likely have the
sams problems as +those built in the World War II sera. Few (1f any)
nlarts ware built after +t+he Korsan War until 1959, when tne current
zxpansion began. The vyear 1959, therefore, is the aemarcation poinrt
besween 0ld and new tfacilities. .

Plant Location

From inspzsction and waste water sampling of plants 1locatad in three
geoaraphical arsas of the ccuntry and from analysis or existing data,
vlant location will hrave no effect on the quality or quantity of <*he
process wast2 water streams. These geographical areas included the
South, th2 Far Wasst, and the Northerr Midwest. Geographical location
has a significant sffect on *he supply of water; theretore, management
of nonprocess strecams such as cooling water and steam varied from r=gion
o region. Recircula+tion of cooling water is very common in the Far
West  (where water supplies are short), whereas it is less common in
other sections of the country. Reduction of nonprocess waste waters by
recycle increases the treatability of process waste waters whén combined
with nonprocsss wast2 waters in an end-of-pipe treatment facility.
Tr=atability of process waste water streams, however, is more
affectively carried out before combination with nonprocess streams. In
addition, geography does not limit the use of recirculated water to the
Far West., Plants in other parts cof the country are also using recycle,
“hough not n=cessarily for the same reasons.

Plants visited also respresented both rural and urban areas. Plant lo-
cated in urban areas tended to cccupy and own less land, thus increasing .
treatment cost where available open land is a consideration. However,
both the location and the characteristics and quantity of the water to
be trecated are better related tc the age of the plant. Urban plants are
older faciliti=s, whereas rural plants tend to be newecr. Therefore,
location is not a reasonable kasis for categorization.
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Air Pollution Control Equipment_

The +ype of air pollution equipment employed by a facility can nave a
great effect on the characteristics and treatability of tne process
waste water streams. The use of dry equipment or the recycling or dis-
charges from wet 2quipment was observed in all areas ot tne plant which
ars currently served by such devices. Therefore, since company polic
(rather than the situation to be controlled) dictates the type Or equip-
ment used, air pollution equipment does not form a suitable basis for
categorization. ‘

Nature of Wastes Generatad

From evalua<-ion of all available data, the type of wastes generatad by
all facilitiss in +*he +ire and inner tube industry are similar. The
addition or sub+traction of *the latex dipping of fabric from tue process
line can affect the <characteristics of the process waste waters.
However, as supported by existing data, this discharge is not large and
can be easily contained. Therefore, it does not necessarily atrect the
treatability of process waste waters and does not form a basis for
categorization.

Treatability of Wastewaters

-

-

The treatment technologies employed by companies throughout tne industry
are similar. Wastewater constituents are also very similar: mainly oil
and solids. Treatability is more a factor of age than or tne specific
pollutant and, therefore, dcss not form a basis for categorizatiomn.

Summazry

only the age of the production facility forms a rational basis for
categorization. As indicated, tire manufacturing facili+ties built in
sarlier periods, although using similar manufacturing techniques, have
gr=ater waste water problems than do new plants built in recent times.
On this basis, there should be two separate categories: old plants, and
newar plants. Plants built prior to 1959 are considered old; those
built during and after 1959 are considered new. Inner tube facilities,
al*hough producing a different product, incur the same ditficulties as
do the older plants and should be included in the "old" category.

Camelback operation, a small segment of the industry, should also be
included in the "old" or "n=w" categorization of tire plants depending
on the tire facility of which it is a part. If located by itself, the
camelback should meet standards according to the date of its construc-
tion. compounding operations, another small segment of the industry,
should fall into the category of the plants with which they coexist. If
located by itself in a separate 1location, the compounding facility
should meet standards of "old" or "new" tire plants depending on its
original date of operation.
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As a cons=2guence, only two categcries are indicated for »IC code 3011,
namely "old" and "new" tire facilities. The demarcation date bstween
+he categories is the year 1959.

Synthetic Rubber Industry

Manufacturinrng Process

As described in Section III of this document, there are two Gopasic pro-
cessing techniques in common use in the industry to produce synthetic
rubber: emulsion polymerization processing and solution polymerizatiocn
processing.

Emulsion poclymzarization as a commercial process dates back to World War
IT. Nc significant changes have keen made in the basic process since
the firs+ emulsion polymerization plants were built. Emulsion polymeri-
zation processing 1is used, however, to make both emulsion crumb and
latex rubber. From both operational and waste water points of view,
crumb and latex production tachniques should be considereu separately.

Solution polymerization production facilities are dirffer=nt from emul-
sion. plants from both process and waste water points of view ana have
bezn considered as a separate sukcategory. Differences among solution
rubber production plants are mincr. All solution plants consist of fee

preparation, polymerizationm, solvent and monomer recovery, coagulation,
and1 rubber finishing opesrations. The operations that have tne greatest
was*t2 water impact in solution plants are +those operations wnich are
most similar plant to plant.

It was ther=zfor= concludeaa that there are essentially three
manufacturing process variations which merit separate subcategories:
emulsion polymerization to crumb rukber; solution polymerization to
crumb rubber; and emulsion rolymerization to latex.

Thsre are two principal product subcategories in the syntnetic rubber
industry, crumb and latex product.

Within the crumb subcategory there are several product variations which
involved the type of rubber (styrene-butadiene, or polybutadiene, etc.)
and whether the rubber is extended or not. The two principal products
made by emulsion pclymerization are SBR and nitrile rubber. The process
op=2rations for the two rubbers are identical, and the same or similar
equipment 1is used. Several +types of rubber are produced by solution
polym2rization processes; in many cases similar solvents and monomers
ar= us=zd4, =2quivalsnt processing operations are carried out, and
identical processing equipment is used.
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The processing variations involved in the manufacture of either oil-
extend=d or carbon-klack-extcended rubber are minor. 1In addition, the
0il and carbon black are very effectively tied up with the rubber, thus
reducing the potential for waste water impact.

Th2 =2ffects that the various types of latex rubkber (for example, SBR and
NBR) have on the production operations and waste waters are minor. The
same equipment and proccesses are used for all types. .

As pointed out in Section III, the specialty rubbers are essentially
similar +o thz tirs rubbers from a processing point of view, and no
separat<s catregorization is deesmed necessary.

It has b22n concluded that only two principal product subcategories are
raquired tc adequately define the synthetic rubber industry. Tney are
crumb and latzx rukber.

kRaw Materials

The monomeric raw matzrials used to prcduce the various types of syn-
+hetic have similar properties. They are usually unsaturated hyarocar-
bons with extremely low solubility in water. Chloroprene, a chlorinated
hydrocarbon used to mak= neoprene rubber, is also insoluble in water.
Ir additiorn to 1low solubility, most of the monomers used havs high
volatility and, corsequzn*tly, a monomer floating on waste water soon

avaporates. Most solvsents used also have 1low solubility and high
volatility and do not remaln 1in a waste water. The catalysts,
modifisrs, antioxidants, =tc. wused in polymerizations are generally

similar and are us=d in such low concentrations that their effect on
waste water is minimal. Their presence is generally unaetectable in the
waste waters.

In conclusion, *there is no need for a sukcategorization based on the raw
materials used.

Most emulsion and solution crumb rubber plants consist of several par-
allel and intagral processing lines. Each of these lines tends to be of
similar size. The waste waters generated by a plant, therefore, are
normally directly proportional to the production capacity.

Small production facilities (for example, latex plants), will bear a

somewhat higher treatment c¢ost than 1larger plants. However, these
plants are generally part of a 1larger synthetic rubber or organic
chemical complex, and the treatment cost can be shared. In any case,

latex plants are considered as a separate subcategory.

For these reasons, sub-categorizaticn according to plant size is not
necessary.
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Many emulsion plants (crumbk and latex rubber) were opuilt during or
shor+tly after World War II. Few have been built since. In aaddition,
~zchnoloay has not changed appreciakly since that time.

Solution plants are gen=rally newer, kut all have been built 1n the iast
12 years. The t=chnology has not changed radically during that time
verjiod. '

2n  concluded that plant age i1s not a signiticant ractor for

1+ has L=
subca*egorization.

2=paratz

Plant l.ocation

Most ot the larg2r syntheric rubber plants are locat2d in one geographic
regiorn. (kefer +o Fiqure €.) This fact 1s <closely connected to the
availalbility of the mcnomeric raw materials. The location of the plants
does no+  influesnce <cthe processing operation. However, ygeoyraphic
loca*ion can  influéence the performance of aerateaq lagoons and
stabilizaticn ponds. Comparakle secondary waste water treatment alter-
natiwves, such as activa=zed sludge, do exist, hut the perrormance is no+
dzpsnrsnt  cn geographic location. It is not necessary to subcategorize
*bh2 synsthtic rubber industry by plant location.

Air Pollution Control Equipm=nt

Generally, alr pollution control devices are not required by tne indus-
~ry. Odor probklems do exist at some plants, Fut these are controlled by
devices wnich are either dry or which do not impact on the wastewaters
of the plant.

Air pollution control is not & subject for subcategorication of the
syn*h=tic rubb=r industry.

Mature of Was+es Gencratreaed

The differences in the characteristics of waste waters generated by
production of non-extended, oil-extended, and , caroon~plack-ext=anded
2mulsion crumb rubber were not discernible. Similarly, tne waste water
characteristics produced by non-extended, oil-extended, ana carbonblack-
extended solution crumb plants were essentially identical; however,
wasta waters from emulsion crumb, solution crumb, and latex rubber
produc+tion facilitizs were significantly different to warrant
subca+egoriza+ion.

These facts indicate +*he separate sukcategories are required only for
2mulsion crumb, solution crumb, and latex rubber production.

Treatability of Wastewatzrs
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Since the was*te waters generated by emulsion crumb and latex production
raquire chemical coagulation prior to primary clarification wnereas the
waste waters produced by solution crumb plants do not, there is a dif-
fzrence in +he +treatability of synthetic rubber wastes. In aaaition,
+he COD and BOD loading from latex plants is corsiderably higher than
from <emulsion and solution crumb plants, and requires more extensive
tr=atment. R
I+ was concluded that, based on the treatability of the waste waters,
three subcategoriss were required: emulsion crumb, solution crumb, and
latex rubber production.

Summary

For the purpose of establishing effluent 1limitations guiaeliries and
standards, +he synthetic rubber industry should be separateda into three
subcategories which are based on distinct processing and proauct dif-
ferencss. These subcategories are:

1. Fmulsion crumb rubhsr.
2. Solution crumb rubber.
3. Latex rubber.
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SECTION V

WASTE CHARACTERIZATION

Tire_and_Inner Tube Industry

A general process flow diagram for a typical tire production facility is
pr=sented in Fiqgure 1. Figure 2 presents a typical 1inner tubs
production process diagram.

The primary water usage in a tire and irner tube facilizy is for nron-
conrtact cooling and heating. Discharges from service utilities
supplying cooling water ard steam are the major source of contaminants
in the final effluent. Characteristics of these waste waters ar< 0D,
20D, susparnded solids, and dissclved solids.

Table 9 presents the raw waste lcading for the combin=d [process and
recircula*ing cooling water. nonprocess waste waters or tane plants
visited. Flow variations are duse mainly +to the use of once-throuon
cooling water in csrtain plants as opposed to recirculated cocling water
in others. Irn order to adequately estimate the waste water dischargs
flow ra<ss, +he plant effluent was divided into process waste waters and
nonproc=ss waste waters. -The process waste waters consist of mill area
oily waters, soapston2 slurry and latex dip wastes, area washdcown
waters, emission scrubber waters, contaminated storm waters tfrom raw
material s+torage areas, etc. The nonprocess waste waters arc saritary
and cl=zan storm waters, utility waste waters such as once <hrough
cooling water, boiler blowdown, ccoling tower blowdowr, water treatment
wastzs and uncontaminated contact cooling water 1like tread cooling
waters. Plants A and B are new rlants using totally recirculated
cooling wat=r. Plants E and G are old facilities &a1so using
recirculated wat2r. A comparison of these four plants indicates that no
significant variations in flow exist due to age of the plant.

Plant F typifies a plant using once-through water as its primary source
of procsss cooling. COD and BOD loadings vary to a great aegree by the
+ype and amount of chemicals used in the treatment of boiler and cooling
towar makeup waters. Larger loadings for older plants indicate an ir-
crzased amount of process waste water pollutants in the etftluent. Load-
ings measured in Plant A are high due tc the practice of discnarging
washdowns of soapstonz and latex dip areas noticed during the sampling
period. This plant uses holding lagoons. Because all wastes are con-
tainsd within the plant's boundaries, Plant A discharges contaminants.
which other exemplary plants (using different techrologies) can not ac-
complish. Th=2se contaminants lead to a correspondingly higher loading.

Suspanded solid loadings evolve primarily due to water treatment
blowdowns, wastes, and boiler blowdowns. In addition, the suspended

53



TABLE 9

Raw Waste loads of total Effluent From Tire and Inner Tube mmnm_mnmmm_

FLOW cop BOD 35 T0S oL
Cate- L/kkg (gal/10001b)kg/kkg{1b/10001b) kg/kkg(Tb/10001b) kg/kkg(1b/10001b) kg/kkg(1b/10001b) kg/kkg(1b/10001b)
Plant gory of raw material of raw material of raw material of raw material of raw material of raw material

A ew 634k (762) 1.890 0.067 0.960 L.300 0.248
B ew 3430 (412) 0.184 0.002 0.047 0.159 0.075
¢? lew 8251 (991) NA NA 1.155 NA 0.794
D New 10882 (1,306) 0.142 0.012 0.092 0.879 0.009
E 01d 5453 (655) 0.100 0.001 0.440 0.00! 0.027>
F old 123480 (14,824) 3.398 0.296 1.358 0.001 0.650
G 01d 3220 (387)  0.6hL5 0.093 3.429 0.000 0.267
H 01d 72427 (8,695) 0.001 0.036 0.676 0.000 0.167
_ 01d 10610 (1,27+) 0.615 0.148 2.812 1.810 0.172

_Hzowsmmm utility wastewaters.

2 . . .
Estimated, raw material consumption not known.

3

Includes treatment by in-plant sumps.

NA - Data not availabjle
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solid 1loadings in process waste water can increase due to spills,
leakage, and soapstone discharge. ILoadings for o0ld plants tend to be
higher <than those for new plants. This is due in part to the use of
older water treatment techniques and the larger volumes of process Jwaste
water containing solids discharged by older facilities.

The quantity of dissolved solids discharged is related to the amount of
recirculated nonprocess water and the water supply source. Plants using
well water typically have higher dissolved solid loadings, than those
using municipal or river water sources.

Table 9 also shows that the plant's final end product has no significant
affect upon the raw waste loading in the final effluent. Data from
Plant H, which produces primarily truck and industrial tires, is not

substantially very different from Plants E, F, or G, which, while pro-*

ducing a combination of products, produce mainly passenger tires. Load-
ings from Plant I are similar to the others, even though this plant's
primary product is the manufacture of inner tubes.

To substantiate the data and conclusions on total final effluent, Corps
of " Engineers water discharge permit applications were obtained for a
large segment of the tire and inner tuke industry. Comparison oi Corps
permits for plants considered old and new revealed that the avove find-
ings and conclusions are substantially correct. Table 10 lists the main
characteristics and the loadings corresponding to a typical old and
typical newer tire production facility.

Raw waste 1loads 1in the process waste waters leaving the production
facility are presented in Table 11. Flow rates are estimates only,
mainly due to the intermittent nature of the waste discharges. Although
there appears to be no significant difference in the measured flow rates
as shown by data, the composition of the flows originating from old and
new plants differs greatly. New Plant A uses large amounts of washdown
water which comprises the bulk of their process waste waters. New Plant
B process waste waters consist largely of discharges from an extensive
wet air pollution train. The discharges from this equipment are the
primary constituent of the process waste waters. The process waste
water flow rates leaving older plants are due to other factors such as
spills, 1leakage, runoff from storage areas and inherent plant practices
of older facilities. Therefore the data indicate that, given the same
housekeeping policies and the same degree of wet air pollution equipment
and controls, the process waste water flow rates from older plants will
be higher than from newer plants.

Two important characteristics of the process waste waters are suspended

solids and oil. The suspended solids are generally higher from older
plants due to greater mainterance and poorer housekeeping and control
practices. The same can be said for the o0il. Suspended soilias evolve

from the powdered substances used in the compounding area and from the
ccllection of particulates by wet air pollution control equipment. The
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TABLE 10

Industry-Wide Average Values of Final Effluent Loads for Tire and lnner Tube v_msﬁm_

FLOW - L/kkg. €oD - kg/kkg SS - kg/kkg" AOmnrm\rrm bhrnrm\xrm

(gal./1000 1b.)  (16./1000 1b.)  (1b./1000 1b.) (1b./1000 1b.)  (1b./1000 1b.)
of raw material of raw material of raw material of raw material of raw material

01d Tire Facilities

(to 1958)
| Minimum 6,267  (752) 0.088 0.001 0.349 0.003
Max i mum 386,478 (146,396) 7.294 5.854 105.660 3.363
Average 37,000 (4,442) 0.7%0 1.000 12.000 0.120

New Tire Facilities
(1959 to Present)

Minimum 2,303 (276) 0.083 0.032 0.387 0.011
Max imum 48,070 (5,771) 2.020 1.397 12.980 0.187
Average 10,500 (1,261) 0.580 0.310 5.535 0.042
1
Includes utility wastewaters, .

Source: Corp of Engineer Permit Applications
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oil is primarily lubrication and hydraulic oils from in-plant sources,
and extender and fuel o0il from run-off in storage areas. Both
parameters can be treated successfully. Plant B is using a
sedimentation lagoon to settle solids collected in the compounding area
from wet air pollution equipment. It has been demonstrated by Plants ‘A
and E that solids collected in other areas can be separated easily by
conventional equipment. American Petroleum Institute (API) type
separators are being used to treat oily waste effluents of Plants B, D,
and E.

Synthetic Rubber Industry

General

Wastewater characterization data was obtained from literature, EPA docu-
ments, and company records. Plant visits (refer to Section VII) were
made to selected plants to confirm existing data and fill the data gaps.
Figures 3, 4, and 5 are generalized flow diagrams of emulsion crumb,
solution crumb, and latex production facilities, respectively; they
indicate the location of water supply and waste water generation. ‘

Data on total effluent flow and characteristics include utility waste-
waters. It is virtually impossible +to determine meaningfully total
plant effluent flows and characteristics exclusive of utility wastes.
It should be noted here that utility waste waters are amenable to
treatment by the existing treatment facilities in use and commonly
practiced by the industry.

Emulsion Crumb Rubber Subcateqory

Flow Analysis

Table 12 lists the total effluent flows for plants producing various
emulsion crumb rubber products kased on a unit of production. This data
was obtained by plant visits. Although three plants were sampled, six
cases of emulsion crumb production were studied. The waste water con-
tributions of other facilities included solution crumb production and
non-rubber commodities.

It can be seen from Table 12 that, for similar products, separate plants
appear to have different effluent flows. However, different products at
the same plant seemingly produce identical waste water flows. This is
due to the following distinct facts:

1. The water use practices in one plant for different emulsion

crumb products are based on one technology, namely that of the
company's process design and engineering.

58



Gl

ol

1e’t

gn'o
w6 ¢

€10

60°¢

(9L 000°1

/91 )633/6%

110

-a|qe|leAe jou eieg ‘V°N
+paonpad a4e S|@A3| [0 pue Spi|os pepuadsns ay3 auaym ‘sitd qunud 4O Wes.J3SUMOp paulw.a}ap peo| d}sem Mey,

-s4o1emMaIsem A3l 13In sepn|du]

79°9 9°e €961 o~

76° L1 18°2 1§ G2 (098°1) 005°61

VYN H8°2 w2 62 (098°1) 005°sl

76" ¢ 18°2 cl'g (0g6°1) 0059l

1t ¢l1'e 9L°61 (0oz2*2) 00S ‘8l

0%°2 ¢l e V geree (0z2‘2) 005°8l

¢l'e “V°N 86°11 (098°1) 000°Sl

(91 000°1 (a1 000°1 (91 000°1 (a1 000°1

/a1 Bpy/By /91 )61/ 6% /91 (654/6% /1e8)64/1
2SS aod a0 Mo14

sjue|d 49qgny qunud uols|nul Joj speo 91SeM Mey
l

ZT 3navi

anTeA URTPOW

papuaix3-uUoN Yas

papuaixj
-UON ‘,,30H,, 48S

papueix3 3oe|d
uogqae) pue [0 d8S

papusIx3 |10 ¥SS

papual
-x3 |10 34ed ¥€S

papuaix3
3yoejg uoqe) pue [!0
14ed YON pue S

12onpo.dd

Jueld




2. The inability of the sampling team to discern small differences
in effluent flows for different products at the same plant.

It can also be noted that there is no significant trend in waste water
generation rate between the various tyres of emulsion crumb rubber pro-
duct (non-extended, "hot", o0il extended, and carbon black extended).

The average effluent flow rate for emulsion crumb is 16,600 L/kkg (éOOO
gals1000 1b) of production.

Raw Waste Loads

Table 12 also summarized the raw waste loads for the six cases. It can
be seen that the parameter with the highest concentration is COD. The
BOD values are generally much lower. The high COD to BOD ratio is in-
dicative of the high resistance of many of the constituents in the
wastewaters to biological oxidation.

The raw suspended solids concentration in the emulsion crumb waste
waters were determined after separation of the rubber fines in the crumb
pits. _Since all emulsion crumb plants have separation pits, this *raw
waste load data 1is applicable to the industry. Much of the suspended
solids contribution is due to uncoagulated latex solids. The
concentration of o0il does .not appear to be related to the degree to
which the crumb rubber is o0il extended. The o0il analysis cited 1is
really "carbon tetrachloride extractables"® and will also include
insoluble monomers.

Another significant parameter in emulsion crumb waste waters is total
dissolved solids. This 1is due to the wuse of salt in the crumb
coagulation process and associated rinse over flows.

Surfactants are another characteristic produced by the emulsifying
agents. The 1level of surfactants in the waste water is considerably
lower than the parameters reported in Table 13.

Individual Waste Streams

Table 13 presents the major constituent loadings of the principal waste-
water streams in an emulsion crumb plant. The most significant
parameter 1is total dissolved solids which is produced by the acid and
brine coagulation liquors. The coagulation 1liquor and crumb rinse
overflows, along with the utility wastes, provide the bulk of the total
dissolved solids in the plant ' effluent. It can be seen that the
quantity of surfactants produced are much lower than the other
parameters. Surfactants are generated in appreciable quantities only by
waste streams included in Table 12. The suspended solids are much
higher than in +the total effluent since the crumb pits remove much of
the suspended solids in the crumb rinse overflow. Removals better than
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95 percent are common. 0il entrained in the rubber is also removed
along with rubber crumb solids.

When comparing the sub-total parameter values of Table 13 with the
average total effluent loads of Table 12, it can be seen that the threg
streams listed in Table 13 are +the major contributors to "the total
effluent.

The spent caustic scrub solution is an extremely low flow rate waste
water which has = very high CcoD, alkalinity, pH, and color
characteristics. It 1is not, however, a significant waste stream when
combined in the total effluent. It is usually bled-in at low flow rates
into the effluent. '

Area washdown and equipment clean-out waste waters are highly 1loaded
with COD and suspended solids, and, by nature, are intermittent in flow.
They cannot be characterized because they are generated on an irregular
basis and have greatly variable concentration loadings.

Chromium and zinc are present in low concentrations (0.1 mg/L) in the
final e€ffluent. They are present due to cooling water treatment, and. in
some cases can be eliminated or reduced by substitution of chromium-free
corrosion inhibitors. Heavy metals from catalysts and other reaction
ingredients are not present in measurakle concentrations in emulsion
plant waste water effluents.

Solution Crumb Rubber Subcateqory

Flow Analysis

Table 14 presents the total effluent waste water flows for facilities
producing various solution crumk rubber products. The flow data is
given in terms of 1liters per metric ton (kkg) of production. Five
plants were visited and eight types of solution crumb product were
sampled. Some plants are multi-product facilities, and the
contributions of the solution crumb facilities were accounted for.

Table 14 shows that there is no discernible difference in the effluent
flows between types of product. There appears to be more correlation
between products at the same plant site. This 1is similar to the
findings for emulsion crumb rubker production.

One plant (Plant M) has a considerably lower effluent flow than all the
other facilities. The apparent reason for this difference is the use of
a special rubber-finishing process which generates very 1little or no
waste water.

The average effluent flow for solution plants is similar to emulsion

plants, and typically approximates 16,600 L/kkg (2000 gal’/1000 1lb) of
production.
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Raw Waste Loads

Table 14 also presents the raw waste loads for the four main parameters.
It can be seen that the constituent levels are approximately one half of
those present in emulsion crumb waste waters. This supports literatuxne
and company data which indicate that the solution production processes
are "cleaner" than their emulsicn counterparts. The main factor behind
this is the absence of coagulation liquor and uncoagulated 1latex. The
COD to BOD ratio is high which indicates that a considerable proportion
of the raw waste water components are not readily: biologically
oxidizable.

The total dissolved solids content of solution crumb waste water is con-
siderably 1lower than for emulsion crumb plants. This again is mainly
due to the absence of the ccagulation liquor.

surfactant concentrations in the total plant effluent are - low.
Surfactants are used: to de-agglomerate the crumb  rubber during
coagulation and rinsing.

The solvent recovery systems do not produce any significént effect . on
the COD or BOD content of the effluent. '

One plant (Plant M) has considerably lower loadings than the others.
This is probably due to the fact that rubber for non-tire use is
produced at this plant. This rubber is used to manufacture impact-
resistant resins, and its quality and production controls are extremely
critical. 1In addition, special finishing equipment appears to be used.

Individual Waste Streams

The crumb rinse overflow produced at a solution crumb plant is similar
to that produced at an emulsion crumb plant, with the exception that un-
coagulated latex is not present. The suspended solids, mostly crumb
rubber fines, are similar to those in emulsion crumb rinse overflows;
the crumb pits produce the same reductions.

The monomer and solvent recovery wastes are comparable to the monomer
recovery wastes from emulsion plants. Although heavy slops are produced
in some plants, these are usually disposed of by drumming or
incineration. Since monomer purities must be high, recovered butadiene,
for example, is returned to the monomexr supply plant and has no impact
on the solution crumb rubber waste water.

Equipment clean-out waste waters are less of an environmental problem in
a solution plant because much of the processing equipment must be kept
dry or water free. Area washdowns are similar in volume, but do not
contain latex. These washdowns do pick-up rubber solids and 0il from
pumps and machinery areas.
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The spent caustic scrub solution, where used, is identical to that used
in emulsion crumb production. In plants where emulsion and solution
crumb rubber is produced, the same caustic scrub system is used for koth
facilities.

Catalysts and other reaction ingredients do not produce discerﬁible
quantities of heavy metals or toxic constituents. Chromium and zinc in
cooling tower blowdown are present in some plant effluents, but in
concentrations of 0.1 mg/L or less in the final effluent. These can be
2liminated or reduced by using cheromium-free corrosion inhibitors.

Lat2ex Rubber Subcategory

Flow Analysis

Table 15 lists the total effluent flows for latex rubber plants. Only
two plants are presented, but the similarity between the data values is
good. Latex plants are generally part of larger complexes, and flow
data for latex operations is difficult to obtain. The flow from latex
plants appears to be lower than from either emulsion crumb or solution
crumb facilities. The major flow contributions at latex _ plants
originate with equipment cleaning, area washdown operations, and waters
from vacuum pump Seal systems.

Raw Waste Loads

The raw waste loads of latex plant waste waters are considerably higher
than either emulsion or solution crumb rlants. Equipment cleanout and
ar=a washdowns are frequent due to smaller produce zruns, and
considerable quantities of uncoagulated latex are contained 1in these
waste waters. The high COD to BOD ratio is typical of all synthetic
rubber subcategories and wunderlines the resistance to bioclogical
oxidation of the waste water constituents. O0il concentration is lower
than in emulsion or solution crumb facilities and 1is contributed by
separable monomers, such as styrene, in the wastes. The suspended
solids in the effluent are due mainly to uncoagulated latex. Total
dissolved solid 1levels are 1lower than for emulsion plants because of
coagulation liquor stream. Surfactants are present, but in much lower
concentrations than the other parameters.

Individual Waste Streams

Tank, reactor, and filter cleaning produces considerable quantities of
waste water. These are characterized by high COD, BOD, and suspended
solids. In addition, unloading and product loading areas and general’
plant areas are frequently washed down. The characteristics of these
wastes are similar to those produced by usual equipment cleaning in this
industry. Vacuum pump seal waters contain small quantities of organics
which produce moderate levels of COD from the wvacuum stripping
operation. The stripping condensates contain condensed monomers. Most
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TABLE 15

Raw Waste Loads for Latex Rubber Plants

FLOW cop BOD $S 0lL
Plant Product L)kkg(gal) kg/kka(1b/ kg/kkg( 1b/ kg/kkg(1b/ kg/kkg( 1b/
1,0001b) 1,000 1b) 1,000 1b) 1,000 1b) 1,000 1b)
p SBR and NBR 14,900 (1,790) 36.37 5.61 6.70 N. A,
Q $BR 12,000 (1,500) 33,52 5.01 5,63 0.33
Average Value 34,95 5.31 6.17 0.33

N.A. Data not availlable.
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of these monomers are decanted from the water and re-used. The water
layer overflow from the decanter has high COD and BOD concentrations.

Spent caustic scrub solution 1is an extremely low flow waste and has

similar characteristics to spent solutions produced in emulsion ‘crumb
and solution crumb plants. '
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SECTION VI

SELECTION OF POLLUTION PARAMETERS

Tire and Inner Tube Industry

From review of the Army Corps of Engineers Permit Applications for
direct discharge of waste waters from tire and inner tube production
facilities and examination of related published data, it appears that
the following constituents are present in measurable quantities in the
waste water effluents from tire and inner tube production facilities:

BOD
COD
Suspended sSolids
Total Dissolved Solids
0il and Grease
pH
Temperature (Heat)
. Chromium .

Examination of in-plant and anlytical data obtained during the on-site
inspections of a number of production facilities indicates that certain
parameters are present only in insignificant amounts or are contributed
by discharges unrelated to the process facilities, These nonprocess
2ffluents result mainly from utility and water treatment discharges and
from domestic waste water discharges generated within the plant bounda-~
ries. Such nonprocess-related discharges are the subject otr other
studies and are covered by other EPA documents.

In the following part of this section, the rationale for elimination or
selection of the aforementioned parameters is discussed and recommen-
dations proposed.

BOD

Biochemical oxygen demand (BOD) refers to the amount of oxygen required
to stabilize biodegradable organic matter under aerobic conditions. BOD
concentrations measured 1in waste waters discharged by tire and inner
tube production facilities are very low. Their presence is due primar-
ily to the organics used in the soapstone and latex dipping solutions.
Concentration values range from less than 1 mg/L to 30 mgs/L for process
waste waters at the plants visited; most of the values obtained in the |
course of these visits wexre 1less than 5 mg/L. consequently, this
parameter was considered insignificant in this segment of the rubber
industry. Higher concentration values of BOD in the effluents did
result when domestic wastes were combined with the process and
nonprocess waters and also after combining certain chemical boiler water
treatment discharges.
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COoD

Chemical oxygen demand (COD) provides a measure of the equivalent oxygen
required to chemically oxidize the organic/inorganic material present in
a waste water sample. COD in tire and inner tube process waste waters
is attributable to principally washdown and runoff from oil
contaminated, soapstone and latex dip areas. In addition intermittent
discharges of spent soapstone and latex solutions contribute to the COD
of the process waste waters. COD levels generally range from 5 mg/L to
30 mgs/L. Accordingly it is not necessary to subject tire and inner tube
plant process effluents to COD limitationms.

Suspended Solids

Suspended solids after discharge +to a water course can settle to the
bottom and blanket spawning grounds, interfere with fish propagation, an
may exert an appreciable oxygen demand on the body of water. Suspended
solids (SS) in tire and tube plant waste waters are due to washdown and
runoff from compounding areas, discharges of soapstone solution, and
boiler blowdowns and water treatment wastes. In the normal daily
production operation, the nonprocess blowdowns and the water treatment
wastes will contribute the 1largest amounts of suspended solids.
Suspended solids concentrations in process waste waters will vary from
less than 10 mg/L (with proper in-plant controls) to over 20,000 mg/L
during soapstone solution dumping and discharge.

Total Dissolved Solids

High concentrations of dissolved solids (TDS) originate from the non-
process waste water effluents from cooling towers, boiler blowdowns, and
water treatmant system backwashes and blowdowns. In addition, high
concentrations of TDS were observed in all effluents when the raw water
supply was from deep wells rather than city water.

0il and Grease

0il and Grease (carbon tetrachloride extractables) is a measure of the
insoluble hydrocarbons and free-floating and emulsufied 0il in a waste-
water sample. O0il and grease are critical to waste water treatment and
stream ecology because they interfere with oxygen transfer. 0il and
grease exist in process waste waters due to washdown, runoff, spills,
and leakage in the process areas which pick up lubricating oil from
machinery and extender o0il from storage areas. Concentration values in
the total effluent range from less than 5 mg/L to 83 mg/L. concen-
trations in the total plant effluent are not indicative of the oil and
grease problem because of dilution by nonprocess waste waters. Loadings
in the plants visited ranged from less than 1 kg/kkg to 5.47 kgs/kkg of
raw material. Since o0ily wastes result from intermittent flows,
instantaneous values could be much higher at times.
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pH

Control and adjustment of pH in the process waste waters generated in
+he tire and inner tube segment of the industry should be practiced.
Failure to maintain adequate control can have a deleterious effect on
acquatic life, post-precipitation of solukle salts, etc. :

Temperature (Hesat)

Elevated temperatures in total plant effluents occur only when collected
steam condensate (utility waste) is not recycled but is discharged into
the plant effluent. Excessive temperatives are not encountered in
process waste waters. Consequently, a temperature limitation for
process waste waters is not considered necessary. Although <temperature
is a potential problem for direct discharge, it appears to be
insignificant in the total plant effluent when controlling and treating
process waste waters.

Chromium

Heavy Mmetals such as chromium are toxic to micro-organisms because-of
their ability to tie up the proteins in the key enzyme systems of the
micro-organism. Chromium aprears in the nonprocess discharges mainly
from the cooling tower blowdown. Chromium compounds are wused as a
corrosion inhibitor and added to the tower basin or cooling tower make-
up. Chromium and other heavy metals will normally not be a problem to
the process waste water effluent.

summary of Significant Pollutants

Oof the pollutants examined, only, suspended solids, oil and grease, and
pH are significant characteristics when considering process waste water
discharges. All three parameters, suspended solids, and o0il and grease,
and pH need to be controlled, treated, and monitored. The recommended
list of control parameters for tire and inner tube plants, therefore, is
as follows:

Suspended Solids /
0il and Grease )

pH

Ssynthetic Rubber Industry

In view of the fact +that similar processing techniques and similar
catalysts and monomeric raw materials are used in emulsion crumb rubber,
solution crumb rubber, and latex rubber production, it is appropriate to
consider the same waste water parameters for the three synthetic rubber
subcategories.
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Review of the published literature, EPA documents, industry records and
the findings of the plant visits indicated that the following chemical,
physical and biological constituents are pollutants (as defined in the
Federal Water Pollution Control Act Amendments of 1972) found in
measurable quantities from synthetic rubber plant waste water effluents:

COD

BOD

Suspended Solids

Total Dissolved Solids
0il and Grease

pH

Acidity/Alkalinity
Surfactants

Color

Temperature (Heat)

These parameters are present in the raw waste streams of all synthetic
rubber plants. Pollutants in utility and service water systems and in
water treatment system regenerations and backwashes are outside the
scope of this document and will be the subject of a separate study and
at a future date.

cop

Since numerous organic compounds contact process waste waters, COD will
occur in the plant effluent. Values range from 9.3 kg/kkg (1bs/1000 1b)
of production for solution crumb. to 34.95 kg/kkg(1lbs/1000 1b) of
production for latex rubber.

Treatment techniques reduce this contaminant, but high residual levels
still exist in the treated effluent. This is indicative of the fact
that some waste water constituents have high biological oxidation
resistance or inorganic oxygen demand.

BOD

For the same reasons as for COD, moderate to high .BOD concentrations are
present in synthetic rubber plant waste waters. Values range from 1.13
kg/kkg (1b/1000 1b) of production for solution crumb to 5.30
kg/kkg (1b/71000 1b) of production for latex rubber. Typical industry-
wide flow and production data show that this pollutant can be reduced by
biological treatment to reasonably low levels (10 mg/L).

Suspended Solids

In emulsion crumb and latex plants, uncoagulated latex contributes to
high suspended solids. These can ke removed by chemical coagulation or
air flotation followed by clarification. In both the emulsion crumb and
the solution crumb subcategories, suspended solids are produced by

72



rubber crumb fines. Gravity separation readily reduces <these solids.
Suspended solids ranging rom 6.17 kg/kkg(1lb/71000 1b) of production
(latex rubber) to 2.81 kg/kkg (1br/1000 1lb) of production (soluticn crumb)
are common in the raw waste water.

3

Total Dissolved Solids

Tha coagulation liquor used in emulsion crumb production is a major
contributor of total dissolved solids in emulsion crumb effluents. The
solution crumb and 1latex subcategories also produce waste water
containing appreciable amounts of total dissolved solids. Because of
the technical risk, excessive costs and dubious benefits involved in the
application of treatments systems for total dissolved solids removal in
this industry, no limitations for total dissolved solids have been set.

0il and Grease

Insoluble monomers, solvents and extender oils are used by two sub-
categories, emulsion and solution crumb rubber. Latex production also
utilizes the same insoluble monomer. In addition, miscellanecus
machinery and hydraulic oils are used. Moreover, genuine o0il" and
grease, measured by solvent extraction (generally carbon tetrachloride)
analytical methods, are present in the raw waste waters from these
plants. 0Oil and grease entering the waste water are treated for removal
by chemical coagulation and clarification, air flotation clarification,
gravity settling, and, to some degree, by biological oxidation.

pH

Since neutralization is practiced prior to biological treatment at all
synthetic rubber plant waste water treatment facilities, extreme pH
variations outside the range pH 6.0 to 9.0 are not foreseen.

Acidity/Alkalinity

Acidic coagulation liquors are used and discharged in emulsion crumb
production, and strong caustic soda solutions .are bled into plant
effluents where monomer inhibitors are removed. /' Incidentally, this
latter flow 1is extremely 1low and does not constitute a problem.
However, neutralization is carried out in all industry subcategories
prior to biological treatment systems, and, therefore, treated wastes
will have 1little residual acidity or alkalinity.

surfactants

Surfactants are used in all the industry sub-cateogries; however, their
concentrations in the raw waste load is very low and is further reduced
after biological treatment. Surfactants are the primary cause of foamy
plant effluents, but it is difficult to relate surfactant effluent con-
centration to visual foaming problems. Therefore, limitations for
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surfactants in effluents having foaming problems should be based on
local aesthetic requirements, individual plant 1location, and stream
guality criteria for the receiving body of water.

color )

Color is objectionable form an aesthetic standpoint and also because it
interferes with the transmission of sunlight into streams, thereby
lessening photosynthetic activity. Some waste streams in synthetic
rubber plants, such as spent caustic scrub discharges and carbon black
rubber rinse waters, have appreciable color. However, after dilution
with the combined plant total effluent and after undergoing biological
treatment, there 1is no discernible color in synthetic rubber plant ef-
fluents.

Temperature (Heat)

In synthetic rubber plants there are individual waste water streams,
such as condenser flows and crumb slurry overflows, which have high
temperatures. However, after combination with other effluent streams,
equalization and biological treatment, thermal equilibrium with ambient
temperature is approached. Consequently, a temperature parameter for
the final effluent 1is not considered significant or subject to
limitations. '

summary of Significant Pollutants

Although the pollutants represented by the previously mentioned list of
parameters will occur in synthetic rubber production, only five should
be monitored to insure that pollutant levels are minimized and gross
discharge prevented. These are:

CcOD

BOD

Suspended Solids
0il and Grease

pH
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SECTION VII

CONTROL AND TREATMENT TECHNOLOGY

survey of Selected Plants

General Approach and Summary .

In order to review and fully evaluate the waste water control and treat-
ment technologies wused in the rukber processing industry, selected
plants were visited to conduct operation analyses, review water and
waste water management programs, and evaluate waste water treatment
facilities. Th2 plants were selected as being exemplary or advanced in
their waste water control and treatment technologies, based on effluent
and treatment data from the technical literature, EPA documents, Corps
of Engineers Permit +to Discharge Applications, and individual company
+reatment data. ’

Plants producing passenger tires (both bias and radial ply), truck
tire$, camelback, and inner tukes were visited and studied to determine
if the type of product affected the quality and quantity of waste water
streams and/or the control and treatment technology employed. Both
singleproduct and multiproduct plants were included so that the effects
of combined 1lines on the plant waste waters could be evaluated;
likewise, plants of various sizes were studied to determine the impact
of production levels. Age was a major consideration because
determination of the effect, if any, of newer processing technology and
machinery on the control and treatability of process waste streams, was
one of the principal objectives of the investigative phase of this
project. Table 16 is a summary of +the products manufactured, raw
material wusage, and wastewater control and treatment technologies
utilized at the tire and inner tube plants visited.

In the synthetic rubber production segment of the industry, the field
visits included plants employing emulsion and solution polymerization
processing methods and involving all tyrpes of synthetic rubber products:
"cold crumb", "hot crumb", non-extended, oil-extended, carbon-black-
extended, and latex rubbers. As in the tire and inner tube segment, the
effects of single- and multi-product lines, plant size, and plant age on
waste water volume and characteristics and related control and treatment
technology were evaluated. A summary of the products, processes,
production capacities, and waste water control and treatment
technologies of the exemplary synthetic rubber plants visited 1is
presented in Table 17.

Tire and Inner Tube Plants

Plant_A
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Plant

Product

Passenger Tires,
Implement Tires,
Front Tractor Tires

Passenger Tires,
Industrial Tires

Passenger Tires

Passenger Tires, Truck
Tires, Tractor Tires,
Camelback

Passenger Tires,
Truck Tires

Passenger Tires, Truck
Tires, inner Tubes,
Camelback

Passenger Tires,
Truck Tires

Truck Tires, Industrial
Tires

Inner Tubes

Wastewater Control and Treatment Technologies at Exemplary Tire and Inner Tube Plants

Raw Material Usage
Kg/day

120,000

310,000

349,000
840,000

210,000

681,000

246,000

244,000

75,000

Table 18

Control Measures

Recirculation of Soapstone,
Absence of Drains in Dirty
Areas

Reclirculation of Soapstone,
Baffled 0i) Separator for 01!
Storage Area, Absence of Drains
in Dirty Areas

Recirculation of Soapstone

Recirculation of Soapstone,
0f1 Separator, Local 0il Sumps

Blockage of Drains, Local 011
Sumps and Gravity Separators,
Curbing of Soapstone Area, Re-
circulation of Soapstone

Recirculation of Soapstone,
0i1 Sump for Oil Storage Area

Recirculation of Soapstone, 0f1
Sump and Curbs for 0il Storage
Area

Recirculation of Soapstone

Containment of Soap and Soapstone

Sotutions

T Includes process and non-process wastewater control and treatment facilities,
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Primary Effluent
Treatment

Sedimentation and e
Holding Lagoon

Sedimentation and
Lagoons

Primary Settling Basins

Gravity Separator for
Boiler Blowdown, Some Water
Treatment Wastes and Wash-
down of Soapstone Area

None

Primary Settling Basin
and Clarifying Basin

None

Sedimentation Basins for
Soller Blowdown, Cooling
Tower and Water Treatment
Wastes

None

Secondary Effluent
Treatment

No Discharge due to Spray
Irrigation and Evaporation
of Wastewaters \

None

None

Discharge of Some Water Treat-
ment Wastes to Municipal Treat-
ment Facility

Discharging of Process Waste

to Municipal Treatment Facility

None

None

Discharge of Treated Wastes
to Municipal Treatment Facility

None
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This plant, built in 1961 and located in an arid rural community, pro-
duces passeng2r tires, small-implement tires, and front <tractor tires.
Production rate for passenger tires at the time of the visit was 12,000
units per day. In addition to the normal tire processing and production
lines, this plant has a 1latex fabric-dip operation. Raw material
consumption was over 120,000 kg (264,000 1lbs) per day.

The actual production facility occupies approximately 16 ha (40 ac) of
land. The plant boundaries surround another 140 ha (350 ac) of 1land
currently devoted to agricultural use.

The only source of raw water supply is well water. It is used for
cooling, steam generation, domestic use, and all other plant needs.

The principal process waste waters from this plant are warter and steam
leakages, and wash waters from the cleaning of equipment and general
work areas. Water leakage occurs at various water-cooled machinery
units, including mills, Banburys, tread extruders, and tread-cooling
tanks. In addition, water can escape from the hydraulic water system
used in the Banbury and press  areas. Water and steam occur in the
process waste water in the press area as the result of broken seals or
failing bladder bags. 0il and solid matter which have collected on the
floors are carried along by these varicus water streams into the area
drainage system. The 0il is lubrication 0il which has dripped or leaked
from 0oil seals on mills, pumps and like equipment, from open gears, from
gear boxes, and from the hydraulic water system. Additional o0il and
solid materials result from leakage at the Banbury dust and oil rings.

baily washdowns include steam and solvent cleaning of the tread books
and miscellaneous machinery parts and the cleaning of the latex dip
tank. Weekly cleanups, which occur on the weekends (non-production
days), include washdown of the steel grates in the soapstone area.

This plant was specially laid out and engineered so as to keep spills
and leakages from becoming a proklem. Drains are non-existent in the
soapstone area and in many of the mill areas. Removable steel grates
have been provided in the soapstone dip area so that spilled soapstone
solution will not create a work hazard. Housekeeping practices and
schedules have been set up to keep leaks and spills of 1lubricating oil
on the floors of the plant to a minimum. When steam and water leakages
do occur, they are directed (along with other process and nonprocess
wastes) to a collection pond. Equipment-cleaning waste waters are also
discharged to this pond.

The principal nonprocess waste waters are boiler and cooling pond
blowdowns. In addition, there is a hot-water-sump overflow. The hot-
water sump is used as a collection point for recycled press cooling
water. Contaminants in these wastes are suspended and dissolved solids.
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End-of-pipe treatment at this plant includes pH control and the lagoon-
ing of all effluents, both process and nonprocess. The waste waters,
after pH adjustment, are directed to the 11,000 cubic meter (3 million
gallon) collection and storage pond. The residence time in this pond is
approximately four days. Settling of suspended solids and the reduction
of both COD and 0il occur during this period of time. From here, the
waste waters are fed to a second pond. Water ieaving the sacond
retention pond can be used for any of three functions. It can be used
for irrigation on the company-owned farm acreage around the proauction
facility (its primary function), it can evaporate, or it can percolate
into the sandy ground below the pond. (The water table at this plant is
approximately 76 meters (25C feet) below the surface.)

In addition +to containment of all process and nonprocess waste waters,
all storm runoff from within and around the plant confines 1is directed
to and contained in these lagoons.

Plant B

This plant, located in a rural area, started operating in 1964. Plant-
owned ground is now almost entirely utilized by processing and ware-
housing buildings, parking lots, and waste water treatment facilities.

The facility produces passenger tires and heavy off-the-road tires.
Production rates are currently running at 24,000 passenger and 2,000
off~the-road +tires per day.

Water for all plant uses, including makeup for the cooling towers,
boiler and various dipping solutions, is supplied by the municipality.

The principal process waste waters from this plant are: water ana steam
leakages, runoff from the process o0il storage area, and discharges from
wet air-pollution control equipment.

Water and steam leakages occur in the press room of both the passenger-
tire and truck-tire facilities. These streams become contaminated with
0il scavenged off machinery parts and the floor. . Runoff from the oil
storage area is continuous due to the placement of a steam blowdown pipe
nearby; oil is scavenged from the area and becomes entrained with the
condensate waste water stream.

Wet scrubbers are wused to control air emissions from the compounding
area and from the green tire painting area. Collectively, these
scrubbers represent the largest single discharge in the plant.
Contaminants include COD and suspended solids, as well as some o0il
matter.

Maintenance and housekeeping practices at this plant are directed at

keeping leakage at a minimum and well contained. kunoff from the
process oil-storage areas 1is pretreated in a baffled oil separator

79



chamber before flowing to the end-of-pipe +treatment facilities. The
separator unit effectively removes o0il from the small volume of water in
the influent.

Water discharged from air pollution equipment passes into the plant's
endof-pipe treatment facility untreated.

The principal nonprocess waste waters are boiler and cooling tower blow-
downs, and water treatment wastes; these are segregated from the process
waste waters and are discharged, without subsequent treatment, into the
storm drainage system.

In addition, there are blowdowns from various presses throughout the
plant; these contain COD, suspended solids, and dissolved solids.

End-of-pipe treatment at this plant involves the use of two 1lagoons.
The wet scrubbers and steam blowdowns flow into the first lagoon, which
is used to separate settleable solids and separable oil. This pond has
a surface area of 0.21 ha (0.52 ac) and a baffled effluent weir. Wet
scrubbers, and some once-through cooling water flow to the second
lagoon. This has approximately 0.30 ha (0.74 ac) of surface area and is
also used to remove separable solids and o0il from the influent.

Plant ¢

This production facility consists of two plants, the older of the two
dating from 1945 and the newer one coming on stream within the last
decade. The facility is 1located in an industrialized area on the
fringes of an wurban center. Most of +the 1land within the plant
boundaries 1is occupied by production buildings and by the necessary
auxiliary buildings, waste treatment facilities, and parking areas. The
facility produces only passenger tires (both bias ply and radial). Raw
material consumption is approximately 349,000 kilograms (770,000 pounds)
per daye. Exact unit production rates are unknown, although the figure
is known to be well above 20,000 units per day.

The principal process waste waters are water and steam 1leakages,
overflow from various sumps, and runoff from oil storage areas. Water
leakages occur throughout the plant wherever there 1is water-cooled
machinery, such as mills and Banburys. Water and steam leakages occur
in the press area due to leaking seals, failing bladder bags, and
l=2akages in the hydraulic water system. The process waste waters
scavenge 0il and solid materials, which flow to the nearest drain. 0il
and solid material accumulate on the floor and in the various machinery
basins due to dripping and leaks from the Banbury dust rings, mill and
pump 0il seals, open gears, and the hydrualic water system. Runoff from
0il storage areas occurs during rainstorms and washdowns, and is another
source of oily process waste water.
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This plant at one time had a process waste water discharge of socapstone
solution. After extensive studies showed that +this solution caused
excessive BOD and total solids in the waste water, this discharge was
eliminated. The current practice is to recycle this solution.

Wastewater streams resulting from the use of other solutions in ‘the
plant, such as the latex dip, have also been eliminated. These streams
are dumped into a sump, which is periodically emptied into drums and
sent +to a landfill site. .

The principal nonprocess waste waters are boiler and cooling tower blow-
down, once-through tread cooling water, and water treatment wastes. In
all cases, dissolved solids are a problem, and suspended solids will be
a problem in the water treatment waste and boiler blowdown.

Process waste waters and all the nonprocess waste water (with the
exception of boiler blowdown) are combined and then directed to a
primary treatment facility. This treatment facility consists of two
settling basins, operating in parallel. Each provides 24 nour retention
for the waste streams. Settleable sclids are removed periodically
(approximately every two years), and floating o0il is removed by g belt
filter. Boiler blowdown and sanitary wastes are treated in a package
extended aeration sanitary wastewater +treatment plant. All treated
waste waters are discharged to the river.

e e s

This plant, started up in the early 1940's, 1is 1located in an urban,
industrialized area. It has recently undergone extensive modifications,
and, therefore, production 1levels are not well established. However,
past data indicate that the plant is producing 22,000 passenger, truck,
and tractor tires per day. The rlant also produces camelback. Raw
material consumption is in the neighborhood of 840,000 kilograms (1.85
million pounds) per day.

Raw water is supplied by the municipality and from company-owned deep
wells. The city water is used to supply domestic and air conditioner
cooling needs. The wells supply once-through cooling water, cooling
tower makeup, boiler feed water, and processing solution makeup.

The principal process waste waters from this plant include: water
leakages, steam leakages, a weekly washdown of the soapstone
recirculation system, equipment and floor cleaning washdowns, and minor
runoff from the o0il storage area.

Water leakages arise from the oil seals and open gears on mill calendars
and pumps and from the hydraulic water system used in the Banburys and
presses. Steam leakages occur in the press room from broken or leaking
seals and failing bladder bags. Both types of leakage are heavily laden
with o0il picked up from the seals and from lubricating o0il drippings.
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The soapstone recirculation system is cleaned out once a week, and the
effluent has high BOD and suspended solids loadings. The floors are
cleaned with an automatic sweeper that uses a soapy water solution as a
cleaning agent. Drainage from this sytem also has a high BOD and
suspended solids loadings. Steam cleaning is used for small machimery
parts, and the discharges are significantly contaminated with oil.

Water and steam leaks in the press area are pumped to an o0il separator,
where the floating* oil is removed an disposed of by an outside
contractor. Water 1leakages in the mill area are kept at a minimum by
careful housekeeping and maintenance practices, and do not appear to be
a serious problem. Runoff from oil stcrage areas is collected in sumps,
which are pumped out on an "as required" basis.

Floor-cleaning machinery discharges and steam-cleaning discharges flow
into the sanitary sewer.

The principal nonprocess waste waters are boiler and cooling tower blow-
downs, water treatment wastes, and once-through cooling water. In the
first three cases, dissolved sclids constitute a problem. Boiler
blowdowns and water treatment wastes may also contain - high
concentrations of suspended solids, depending on the treatment process
being used. COD and pH may also be problems.

Ther is no end-of-pipe waste water treatment facility which c¢overs the
entire process waste water stream. Some nonprocess waste water and the
weekly dump of the soapstone slurry are directed to a holding basin for
removal of settleable solids before discharge.

This facility which was started up in 1920, is a sprawling complex
occupying 25 major buildings and more than 74 acres of ground. Although
it is located in a very congested urban area, the plant boundaries en-
close approximately 13 acres of open ground.

The plant was originally set up to produce many rubber products, includ-
ing tires, belting, an inner tubes. However, with the passage of time
and because of specialization, production of all rubber products with
the exception of tires has been discontinued. Current production levels
are 10,400 passenger tires per day and 4,400 truck tires per day. Total
raw material consumption is 210,160 kilograms (462,900 pounds) per day.

Production facilities are located in three buildings. The Banburys and
mills of the compounding operation and the presses of the molding and
curing operations are located in separate buildings (Banbury and Press
Buildings). The mills, extruders, calendars, etc. of the tread and bead
formation lines and of the fabric-coating operations are all located 1in
a large building (Rubber Mill Building) located between the compounding
and curing buildings. The buildings are interconnected so as to
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approximate a continuous production 1line. Fabric is shipped to this
plant pretreated, and no additional dipping operations are preformed.

The plant has two separate sources of raw water supply: well water and

municipally supplied water. The well water is used primarily for
cooling tower makeup, and the municipal (city) water is used as boiler
makeup, after +treatment. The city water is also used in making the

soapstone and other solutions used in tire manufacture.

The principal process waste waters include water and steam lieakages,
steam cleaning, and wet air-pollution equipment- discharges. Water
leakages arise from water-cooled machinery, such as mills, Banburys,
tread extruders, and tread cooling tanks. In addition, water can escape
from the hydraulic water system used in the Banbury and press areas.
Water and steam leakages occur in the press building due to broken seals
and failing bladder bags. These waste water streams are heavily laden
with o0il picked up from the seals and from floor areas and basins.
Machinery parts such as gears and bearings are cleaned with steam, and
the resulting wastes contains both o0il and suspended solids. Grinding
operations within the plant are equipped with wet particulate
collectors. Effluents from these collectors are small in volume but
contain a high concentration of heavy rubber as suspended particules.
Zinc and chromium are used as corrosion inhibitors and will therefore be
present in the collector discharge.

Leakages, both steam and water, are collected in two sumps, one located
in the press building and the other in the rubber mill building. These
sumps separate the o0il, and the resulting underflow is released to a
sanitary sewer. Sanitary sewers within the plant are connected to the
municipal sanitary sewer system and eventually to the municipal waste-
water treatment plant. 0il from the sump is removed periodically by
maintenance personnel.

Steam cleaning of machinery parts is carried out in a non-congested out-
door area of the plant. Curbing and concrete flooring are used to
direct the waste waters into three small basins connected in series.
The area is supplied with a roof to prevent storm water from diluting
the wash water and upsetting the settling operation. Storm runoff from
this area is directed into the storm-water catch basins. These catch
basins act as gravity separators, allowing the separable suspended
solids to settle out and o0il to float to the surface. The effluent from
the basin discharges into the sanitary sewer. Solids and o0il are
removed from these basins periodically.

The effluent from the wet particulate collectors flows into a set of
similar settling basins, where most of the solids are settled out. The
effluent then discharges into the sanitary sewer. These basins are
equipped with automatic solids-removal equipment.
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All solids and o0il removed from the various treatment facilities are
containerized and disposed of by contract hauler to a landfill.

The principal nonprocess waste waters are boiler and cooling tower blow-
downs, and water treatment wastes. In all cases, dissolved solids are
present in the waste water, generally at high concentrations. Boiler
blowdowns and water treatment wastes also contain high concentrations of
suspended solids. The water makeup for the cooling tower which supplies
cooling water to the press building 1is treated with a corrosion
inhibitor containing chromium and zinc, and these metals are present in
the blowdowns.

At this plant, there is nc end-of-pipe treatment facility. All contam-
inated process and nonprocess waste waters (with the exception of the
main cooling tower) are discharged to a municipal treatment facility.

Plant F

This production facility, built in 1928, is located in a minor urban
area, on a large (more than 280 hectacres (700 acres)) plot of ground,
of which the actual production facility occupies only a small
proportion.

Production 1lines include passenger tires, truck tires, inner tubes,
flaps, bladders, and camelback. The plant, as currently designed, is
divided wup into separate product unit buildings for each end product.
Daily production rates are currently running at 40,000 passenger and
truck tires, 36,000 inner tubes, 13,000 bladders and flaps, and 27,000
kilograms (60,000 pounds) of camelback. Daily raw material consumption
is 681,000 kilograms (1.5 million pounds). This plant utilizes river
water for production and utility purposes and city water for domestic
purposes.

The principal process waste waters from this plant include: water and
steam leakages and overflows, runoff from process oil-storage areas,
soapstone solution spillages, and wash downs and runoff from process or
storage areas.

Water leakages occur at various water-colled machinery units, including
mills, Banburys, tread extruders, and tread cooling tanks. In addition,
water can escape from the hydraulic water system used in the Banbury and
press areas. Water and steam leakages occur in the press area due to
broken seals, failing bladder bags, and overflows from the collection
pumps. 0il and so0lid matter which have collected on the floor are
scavenged by these various water streams and are carried untreated to
the drainage system. O0il on the floor spaces is lubricating oil which
has dripped or leaked from o0il seals on mills, pumps, and 1like
equipment, from open gears, from gear boxes and from the hydraulic water
system. 0il and solid materials result from leakages at the Banbury
dust and oil rings.
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The principal process waste waters are from water and steam leakages
from presses and mills. These leakages occur at the oil seals of mills,
at the hydraulic water system, and at the curing presses. The leakages
scavenge o0il and solids spilled in press and mill basins due to open
bearings and lubrication of machinery parts. .
The principal nonprocess waste waters are the overflows and blowdowns
from various recirculating water systems, the once-through cooling
water, boiler blowdown, and water treatment wastes. cContaminants in
these waste waters include suspended and dissolved solids; these waste
waters also require pH adjustment.

Whenever possible, o0il that leaks or spills onto the floors or basin
areas is collected. This o0il either is drummed and sent to a sanitary
landfill or 1is filtered and reused. Plant engineers are currently
examining the feasibility of using this o0il as a fuel admixture in the
boilers. With the o0il on the floor kept at a minimum, less can be
scavenged by water or steam contact. There is however, no treatment at
this plant for +the o0ily wastewaters that do occur; they would be
discharged with either once-through cooling water or the utility waste
waters. .
There is no end-of-pipe treatment for the once-through (non-contact)
cooling water; except for oil ricked up due to leakages and spills this
water 1is uncontaminated, and discharges back to the xiver. Discharges
from the other utility systems, such as boiler blowdown, cooling tower
blowdown, and water treatment wastes are directed to an effluent basin,
where settleable so0lids are removed. The surface 1loading is 600
L/day/sq m (15 galsday/sq ft) and the theoretical detention time is 24
hours. There is no provision for continuous removal of solids or oil.
Discharges from the effluent basin are directed via a sanitary sewer
system to a municipally operated treatment plant.

Plant_I

This plant, built in the late 19th century, is now involved in the manu-
facture of inner tubes, valves, flaps, and similar items associated with
automobile tire applications. Raw material consumption is approximately
75,000 kilograms (165,000 1lbs) per day. This amounts to an equivalent
of over 50,000 inner tubes per day. '

The production facilities occupy a multi-story building in the downtown
area of a major city. There has been no expansion at this plant for the
last fifty years. Because of the extremely tight land situation and
because of the relatively stable +tire-tube market, no expansion is
planned in the foreseeable future.

All the raw water used in this facility is provided by the city.
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Principal process waste waters are water and steam leakages, and the

washdown of dusty areas within the plant. These streams become
contaminated with o0il and dust that 1is scavenged from floor and
machinery areas. These waste waters streams flow into a sewer and are

combined with nonprocess waste waters before discharge from the plant.
Nonprocess waste waters include once-through cooling water, cooling
tower and boiler blowdowns, and water treatment wastes. Suspended
solids will be present in substantial quantities in the blowdowns and
water treatment wastes.

The city sewers are combined sewers; consequently, domestic, process,
and nonprocess waste waters are mixed and treated in the municipal waste
water treatment facility.

The housekeeping practices in the plant are unique. Spillages of soap
and soapstone solutions do occur, but the quantities are so slight that
they tend to evaporate on the spot; soapstone solution is neither dumped
nor recirculated. In processing areas, water is not used for washdown.
Dust is such a problem (due to thy use of soapstone in dry form) that
any attempt to use water for washdown merely complicates the problem.

There were no waste water treatment facilities operating at the plant at
the time of the visit. The upgrading of air quality within the plant
has completely occupied the attention of the engineering stafi, thus
relegating concern for water effluent quality to a secondary position.

synthetic Rubber Plants

Plant J

Emulsion styrene-butadiene (SBR) and acrylonitrile-butadinee (NBR)
synthetic rubbers are produced at this plant. The annual production
capacity is 390,000 kkg (430,000 tons) of SBR and approximately 10,000
kkg (11,000 tons) of NBR. The plant is located in an 1industrial area
with land available for expansicn.

Both SBR and NBR are produced by emulsion polymerization processes. The
monomers are shipped into the complex from adjacent plants. The SBR
crumb is produced in non-extended, oil-extended, and carbon-black-
extended forms, while the NBR is produced in non-extended form only.
The crumb rubber is used principally as tire rubber. There are sixteen
coaqulation and finishing lines in the plant.

The plant's intake water comes from two sources. River water is used
for cooling tower makeup, crumb rubber washing-slurrying, and area
washdown. Plant well water 1is softened and then used for solution
preparation. The plant does not have its own steam generating plant and
purchases steam from an adjacent facility.
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The main process waste waters are generated at monomer recovery, crumb

coagulation, and rubber washing operations. Decant water trom the
monomer decant system is recycled in part to the crumb slurrying
operation. The remainder, containing styrene and acrylonitrile, is

discharged to the process sewer system and has a significant COD. The
coagulation liquor overflow is a brine-sulfuric acid mixture, with a low
pH, high total dissolved solids, and moderate COD. The crumb slurry
overflow contains COD, crumb rubber particles as suspended solids, and
oil (when oil-extended forms are produced). The crumb-laden slurry
overflow and the overflow of coagulation 1liquor pass through crumb
settling pits where the crumb separates and is removed periodically by a
SCoOop. The cleaning of the crumb pits results in a temporary upset as
the settled crumb is disturbed and re-suspended. This results in poor
effluent quality from the pits for a short period.

The cleanup wastes from the latex vacuum and steam stripping units are
another process waste water sourxce. This waste water is
characteristically high in COD and suspended solids, and contains
uncoagulated latex. The units are cleaned periodically and 1large
volumes of water are used in this operation. The resulting waste waters
are passed through settling sumps, where rubber solids settle out. -

Clean-out waste waters from reactors and holding tanks are also produced
on an intermittent basis.  These waste waters, containing COD and
suspended solids, both as rubber solids and as uncoagulated latex, are’
also passed through settling pits. Spent caustic soda scrub solution
used to remove inhibitor from butadiene prior to its polymerization, 1is
bled into the plant effluent; +this waste stream has high COD, pH,
alkalinity and color, and contains some phenols. Its lfow rate,
however, is very low.

The carbon black storage facilities, consisting of railrocad unloading
2aquipment, a storage hopper, and slurrying equipment, generates a waste-
water which is laden with fine carbon black particles. This waste water
is the result of the washdown and cleanup of carbon plack spills and
air-borne fallout. These waste waters pass through two settling pits,
which operate in parallel. When one pit is full of carbon black waste-
water, the waste water is allowed to settle and the second pit is
filled. The settling pits achieve satisfactory clarification of the
waste water.

The utility waste waters consist of cooling tower blowdown and water
softener regeneration wastes. (There is no boiler blowdown, since the
plant's steam is purchased.) One cooling tower has a very low blowdown
rate, since a high proportion of the tower's makeup is steam condensate.
The other cooling tower has a normal blowdown rate and generates waste
water containing chromium, zinc, and othe/heavy metal ions.

The plant's effluent treatment system consists of chemical coagulation
and primary settling, followed ky an aeration lagoon and a settling
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lagoon. The primary settling facility and the sludge handling system
are shown in Figure 7. In the chemical coagulation process, the pH of
the influent waste water is first adjusted using sulfuric acid and
caustic soda. Cogulation chemicals (alum and polyelectrolyte) are
added, together with clay. The 1latex and fine suspended solids
coagulate around the clay, which causes the coagulated solids in the
primary clarifier to sink. The solids from the primary clarifier are
thickened and pressure filtered, using a lime slurry and filter aid.
The filter cake is hauled away by truck to a landfill. The thickener
supernatant is returned to the head end of the plant, and the filtrate
is discharged to the aeration lagoon. The plant effluent quality is
good: -

CoD 325 mg/L
BOD 25 mg/L
Ss 30 mg/L

The high residual COD concentration is typical of the high biological
resistance of the waste water components. The plant currently is
conducting pilot studies to investigate the feasibility of wusing
activated carbon to reduce the residual COD. The results to date
indicate that a final effluent cOD of 130 mg/L could be reached, but the
company concluded that the costs to implement this system would be
prohibitive.

Plant K

The plant complex consists of emulsion and solution stryene-butadiene
rubber (SBR) production facilities. The annual production capacity of
emulsion SBR is 2,000,000 kkg (2,200,000 tons) and of solution SBR is
130,000 kkg (144,000 tons). The complex is located in an industrial
area with virtually no land available for further expansion.

The emulsion crumb rubber is produced in non-extended, oil-extended, and
carbon-black-extended forms. The emulsion rubber processing plant is
arranged into essentially two parallel operations; each operation con-
sists of a solution preparation building, a polymerization area, a coag-
ulation and - finishing building, and a monomer recovery complex. The
solution crumb rubber is produced also in non-extended, oil-extended and
carbon-black forms. The solution rubber processing facilities are simi-
larly divided into two parallel units; each unit consists of a polymer-
ization area, a crumb slurrying and finishing building, and a solvent
and monomer recovery complex. The solvent used is hexane.

The plant water supply is from on-site wells. The boiler feed water is
subjected to hot lime softening and normal boiler feed treatment chemi-
cals. The cooling tower makeup is treated with corrosion inhibitors,
anti-sealing agents, and slimicides. The process water used in emulsion
rubber production is zeolite softened. Untreated well water is used for
slurrying, rinsing, and washdcwn.
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The principal emulsion process waste waters are the coagulation liquor
overflow, the crumb rinse overflow, and the monomer recovery streams.
The coagqulation 1liquor is a sulfuric acid-brine mixture with a low pH,
high total dissolved solids, and moderate COD. The crumb rinse overflow
contains floatable crumb rubber as suspended solids. In addition, the
slurry over flows have high total dissolved solids and moderate COD.

The coagulation 1liquor and crumb slurry overflow pass through settling
pits, where the rubber solids separate. Under normal operation, the
separator pits work well, but they are not cleaned frequently enough,
and short-circuiting occurs. Furthermore, during the cleanout operation
the pit is distrubed, and the once-separated rubber escapes into the
effluent. Some pits contain an oil layer because baler hydraulic fluid-
or extender o0il leaks onto the floor and 1is washed down into the
settling pit.

The waste waters from the monomer recovery area are characterized by
high COD and suspended solids. These waste waters originate at monomer
decant systems and cleanup operations, and contain uncoagulated latex.
The wastewaters from the periodic cleaning of the monomer recovery
stripping columns contain high concentrations of COD and ot latex and
rubber solids. These waters pass through settling sumps to separate the
rubber solids and the floating oils. These pits are also cleaned out
periodically.

The caustic scrub solution is discharged to the final effluent when it
becomes saturated with inhibitor. This waste water is of very low flow
(l2ss than 1 gpm), but has high COD, pH, alkalinity and color. When the
latex storage and the blend tanks are cleaned, the latex-laden rinse
water can be used for latex blending if its solids content 1s greater
than 2 percent. Tankage rinse waters with rubber solids levels of less
than 2 percent are discharged to the plant effluent. The major
contaminant in this water is uncoagulated latex.

The carbon black slurrying area is equipped with a settling pit which
receives spillages and washdown waste waters. The carbcn black settles
out, and the waste water overflows at a very low flow rate into the
final effluent. The settling pit is cleaned out periodically with a
vacuum truck. '

The solution rubber process waste waters are very similar to those of
other solution rubber production facilities. The principal streams
originate at the crumb slurrying operation and the solvent-monomer
recovery areas. The crumb slurry overflow has moderate <COD, suspended
solids, and total dissolved solids. It passes through a settling sump,
where suspended solids are removed. The waste waters from the solvent
and monomer recovery areas are stripped condensates and decants, and are
characterized by moderate amounts of COD and floating oils.
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The utility waste waters are boiler and cooling tower blowdown ana water
treatment wastes. The boiler blowdown has high total dissolved solids
and a high pH. The cooling tower blowdown contains high total dissolved
solids and moderate 1levels of chromium and zinc from chemical
inhibitors. The spent 1lime slurry from the hot lime water treatmeht
system exhibits a high pH and suspended solids level. The 1lime slurry
settles out in the plant drain and must be mechanically removed at
periodic intervals. The waste from the zeolite softener regeneration is
a concentrated brine solution with high total dissolved solids.

The waste water treatment system consists of air flotation clarification
and biological treatment (refer to Figure 8). The waste water first
passes through a mechanical kar screen which removes large rubber
solids, and is neutralized to pH 7.0 and dosed with coagulant and
flocculant aids in a rapid-mix tank. The waste water then passes
through a flocculator tank and into the primary clarifier, whre a slip-
stream laden with air dis released near the bottom of the unit. The
rinsing air bubles carry the suspended solids and oil-type contaminants
to the surface, where they are skimmed off. The clarified effluent
flows into an aerated lagoon, equipped with six aerators, where it is
retained for 24 hours. .

Effluent from the aerated lagoon is pumped to the seccndary air flota-

tion clarifier, where biological soclids are removed. Operations include .

rapid mix of coagulation chemicals, flocculation, and clarification.
The primary and secondary sludges are pumped to an on-site sluage lagoon
for dewatering and drying. Studies are being conducted to dispose of
this sludge by off-site landfill or wvia incineration. The treatment
plant produces a high-quality effluent. Pollution parameters which are
still present at substantail levels after treatment are total dissolved
solids and COD. The residual COD underlines the inherent biological
resistivity of some of the waste water constitutents.

Plant L

This plant has SBR, polybutadiene, resin, and oil-additive production
facilities. . In addition, there is a rubber compounding facility which
produces sheet rubber as a customer service. The’ annual production

rates are:

Cold-emulsion SBR 120,000 metric tons (133,000 tons)
Hot-emulsion SBR 3,700 metric tons (4,100 tons)

Solution-type polybutadiene 52,000 metric tons (58,000 tons)
Solution SBR 10,000 metric tons (11,000 tons)

The plant is located in a rural area with land available for expansion.
Emulsion rubber production started in 1943, solution type polybutadiene
in 1960, and solution type SBR in 1963.
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FIGURE 8
PLANT K: AIR FLOTATION AND BIO-OXIDATION WASTEWATER TREATMENT FACILITY
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The cold-emulsion type SBR is produced in non-extended, oil-extended,
and carkon-black-extended forms. It is used primarily in tire manu-
facture. This type of emulsion SBR is similar to that produced at the
other plants described in this section. The process for hot-emulsion
SBR is a higher-temperature polymerization and is non-extended; this
product is used primarily for electrical wire covering. The solution
type polybutadiene is produced as non-extended and oil-extended rubbers
and is used primarily in tire manufacture; toluene is the solvent.
Solution SBR is non-extended and has several end uses. The butadiene
used in the plant is received by pipeline from a neighpboring plant, and
the styrene is shipped in by tank truck.

The plant's water supply consists of well water. The plant does not
have steam generating facilities but purchases steam from an adjacent
plant. The well water is treated with corrosion inhibitors, slimicides,
and dispersants for cooling tower makeup and is soiftened to provide
process water for preparation of the emulsion rubber solution.

The prccess waste waters from emulsion rubber production originate
principally in two areas: crumb slurrying and monomer recovery oper-
ations: These waste waters are typical of emulsion rubber production

facilities. The slurry overflow 1is passed through a crumb pit to
separate the crumb rubber fines. The monomer strippers are cleaned
periodically. The vacuum stripping vessels and steam stripping columns

are flooded with wash water, and the residual latex and rubber solids
are discharged with the wash water. The units are finally rinsed, pro-
ducing more waste water with additional suspended solids.

Both of the solution type rubbers are produced by similar processes.
The main process waste waters are the crumb slurry overflow and the
solvent-monomer recovery wastes. The slurry overflow is passed through
a pit, where the crumb rubber is separated and periodically removed. As
is the case with all the plants visited, the crumb pits are not cleaned
reqgularly, and during cleanining the crumb is disturbed and escapes the
pit. The waste waters from the solvent-monomer recovery area are
condensates from monomer decant systems and solvent distillation
condensates. They are characteristically high in COD, BOD, and total
dissolved solids. /

The plant's utility waste waters are cooling tower blowdown and zeolite
softener regeneration wastes. The blowdown has high chromium and zinc
concentrations, from the corrosion inhibitor. The softener regeneration
waste is a strong brine solution and therefore has a high total dis-
solved solids concentration.

The plant's waste water treatment facilities consist of settling ponds,
followed by aerated and stabilization lagoons. The plant's final ef-
fluent 1is treated with alum and polyelectrolyte to obtain proper coagu-
lation of latex solids and fine rubber crumb particles.
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The waste water flows through two parallel sets of two settling ponds
each, where the settleable solids and oils separate. The waste water
then flows through two further settling ponds 1in series. The total
detention +time in the six settling ponds is four days. Troublesome o0il
is skimmed from the ponds. The waste water then passes to' a
mechanically aerated lagoon, which provides approximately three days of
detention. The aerated lagoon effluent passes through two oxidation
ponds, which stabilize +the waste waters and settle the biological
solids. The total detention time in the oxidation ponds is
approximately thirteen days.

Although overall treatment provided by the facilities is good, the
effluent quality (BOD particularly) does not meet the State
requirements. It has been established by analyses that the
stabilization ponds are not producing the soluble BOD removalis that were
axpected, but the cause of the rroblem has not been determined. There
are 1indications that the effectiveness of the ponds is dependent on the
water temperature (and, therefore, the time of the year) but this
hypothesis has yet to be confirmed.

Plant M )

The total plant complex consists of a butadiene plant and a
polybutadiene production facility. The butadiene plant started
production in 1957 and the polybutadiene facility in 1961. The
polybutadiene production facility, which uses butadiene as a feed
monomer, has a capacity of 85,000 metric tons per year and is adjacent
to the butadiene facility. The complex is located in a rural area with
good potential for expansion and land acquisition.

The polybutadiene is produced by a solution-type polymerization process
using butadiene as the feed monomer and hexane as the solvent. The
crumb polybutadiene rubber 1is wused principally as a tire rubber. 1In
addition, a high-grade variety 1is wused as an ingredient in the
manufacture of impact-resistant plastic. The rubber is not oil- or
carbon-black-extended.

The polybutadiene plant has two sources for water supply, well water and
river water. The well water is used primarily for boiler and cooling
tower makeup, while the river water (after clarification, filtration,
and softening) is used in the crumb slurrying operation and for general
plant cleanup.

The principal process waste waters originate in the solvent-monomers

reclaim area and in the crumb slurrying operation. The waste waters
produced in the reclaim area originate from several operations: solvent
recovery, monomer recovery, and feed drying. The major component of

these waste waters is produced by a decant system fed from the solvent
and monomer stripping operation. This waste water is relatively clean,
its only contamination being due to hexane at saturation solubility.
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The other waste water streams from the reclaim area have very low flow
and are essentially innocuous with the exception of dissolved hexane.

Impure recovered butadiene monomer is returned to the butadiene
production plant for purification. Heavy slops (oily wastes) produced
in the hexan2 recovery operaticn are sent to the butadiene plant for
disposal or are used as a waste fuel. The other major process waste
water, the crumb slurrying overflow, is laden with rubber crumb in the
form of suspended solids. The suspended solids are significantly
reduced by in-plant screening and clarification in a pit.

At least one finishing line recovers the solid rubber product directly
from the rubber cement. No water rinse system is used. The "finishing
machine" takes cement and fproduces material ready for baling and
packaging. This machine was not seen, and presumably is some type of
extruder for removing solvent. It obviously has a potential for
reducing the effluent flow and lcading attributable to the crumb rinse
overflow.

There are two other process-associated waste waters. Sgent caustic soda
solution, from scrubbing of kutadiene inhibitor (to prevent premature
polymerization during storage and shipping), is batch discharged. This
stream has extremely high COD, pH, alkalinity, and color, and contains,
phenols. The batch discharge is containerized in a pit and bled into

t~he plant effluent at a very low flow rate. With such handling or pre- -

treatment, it poses no waste water problem.

The other waste water which should ke mentioned results from frequent

area washdowns. This picks wup primarily crumb rubber and oils. The
0oils originate from leaks in baler hydraulic systems and leaks of pump
seal o0il. In solution-type polymerization, water must be eliminated

from much of the process equipment. O©il is used to seal and lubricate
the process pumps. The washdown waste waters contribute the major
proportions of suspended solids, soluble organics, and oils in the final
effluent. .

The principal nonprocess waste waters are boiler and cooling tower
blowdowns and water treatment wastes. The waste water characteristics
of these streams are high total dissolved solids, and moderate COD,
suspended solids, and pH. The cooling tower makeup is treated with a
corrosion inhibitor containing chromium and zinc. These metals appear
in the cooling tower blowdowns.

The total effluent from the butadiene and polybutadiene plants passes
through an o0il separator and straw filter before discharge. Since the
quantity and 1loading of the waste waters from the butadiene plant are
far greater than those from +the polykutadiene plant, no meaningful
treatment data could be obtained. The raw waste water flow and loading
of the polybutadiene plant were the 1lowest of any of the synthetic
rubber plants visited.
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It is planned to expand the synthetic rubber plant production facilities
shortly. This expansion will approximately double the existing
synthetic rubber production capacity.

Plant N

s o st

Y

The plant complex consists of iosprene, polyolefin resin, polyisoprene,
and polybutadiene production facilities. The complex was completed in
1962. Polyisoprene production capacity is 65,000 metric tons (72,000
tons) per vyear and the annual production of polybutadiene is 110,000
metric tons (122,000 tons). The complex is located in a rural area with
expansion capability and undeveloped land of its own.

The polyisoprene is produced by solutiocn polymerization with hexane as
the solvent, using isoprene from the neighboring isoprene plant as feed
monomer. Sevaral types of polyisoprene are produced in this facility.
Each type requires a separate production run oOn common processing
equipment. The crumb rubber is used mainly for tire manufacture and is
not oil or carbon black extended.

Thexre are two polybutadiene 1lines which employ slightly different
processing techniques. There is no significant difference in the over-
all waste water flows and loadings from these two processes. The
polybutadiene 1is consumed principally in tire manufacture, and
approximately 50 percent of the polybutadiene is o0il extended.

The plant's water supply 1is river water. Process and boiler makeup
water receives extensive treatment, consisting of c¢oagulation, clari-
fication, filtration, chlorination, and softening.

The main process waste waters are produced in the monomer-solvent
reclaim area and the crumb slurrying operation. The waste waters
generated in the reclaim area have 1low flow rates ana, with the
exception of saturation with sclvent or monomers, are relatively clean.

Part of the recovered isoprene is sent in a slip stream to the isoprene
production plant for purification. This procedure serves tc blow down
th2 accumulated impurities. Impure butadiene recovered from the poly-
butadiene plant is hauled from +the plant as -a waste. The crumb
slurrying overflows are passed through settling. pits where the crumb is
trapped and periodically removed. Surfactants are added to the crumb-
water mix during the coagulation operation to prevent the crumb from
agglomerating into masses which are toc large. These surfactants enter
the crumb slurry overflow.

One type of polyisoprene produces a crumb slurry effluent which has a
considerably higher dissolved organic loading than the other
polyisoprenes or the polybutadiene types. This difference 1is inherent
in the chemistry of the process and is not a general or widespread
problem in the synthetic rubber industry.
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Area wash-down and cleanup is a major contributor of contaminants to the
final effluent. Crumb screens used 1inside the processing areas are
hosed down to remove coagulated rubber. The resulting waste water has
high suspended solids levels and is passed through the crumb settling
pits. Spent caustic solution from the inhibitor removal system is
containerized and bled into the final effluent. It has the typical
high, coD, pH, alkalinity, and color.

Typical wurility wast2 waters, principally boiler and cooling tower
blowdowns and water treatment wastes, are generated at this plant.
Characteristics of these wastes are high total dissolved solids, with
moderate COD, susp=nded solids, and pE. The cooling tower makecup 1is
+r2ated with a low chromium corrosion inhibitor. This produces chromium
levels in the cooling tower klowdown that are less than one quarter of
those associated with conventional cooling tower corrosion treatments.

The waste water treatment system consists of an equalizaticn basin
(four-day deten+tion), a neutralization sump, with nutrient addition,
followed by an activated sludge rlant (refer to Figure 9). The waste
activated sludge 1is first thickened and then pumped to a sludge drying
basin on the plant property. The treatment plant gives very good -BOD
c2ffluent levels (10 mgs/L), however, the effluent COD 1level is
considerable (250 mg/L). This is due to the biological stawility of
many of the waste water components such as the monomers and solvents,
which, although generally considered insoluble, do have some solubility
in water.

An apparent characteristic of +the plant's waste water which can be
attributed to the synthetic rubker production is foaming in tne aeration
basins and in the final outfall. This is apparently caused by excessive
use of surfactants by the prcduction personnel in the crumb rinse
opaeration. Another problem is poor settling of the biological sludge in
the secondary clarifier. Efforts were made to assist settling, and
achi=ave additional COD removal, by adding activated carbon granules to
the aeration basins upon which biological solids could nucleate. This
did not produce satisfactory results. The current technique which is
proving more successful 1is the addition of coagulation aids to the
clarifier influent. This, however, is proving to be expensive on an
annual-cost Dbasis. A less frequent problem, but more serious, is an
apparent high BOD slug 1loading, with associated toxicity, that
unpredictably occurs in the plant influent. This probiem is
uncontrolled at present, but appears to originate with the production of
2ither the polyolefin resin or one type of polyisoprene.

Plant O
Th= plant complex consists of polybutadiene, polyisoprene and ehtylene-
propylene dizne terpolymer (EPDM) rubber production facilities. The
commissioning of all the production facilities occurred between 1967 and
1970. The annual production capacities are: polybutadiene 56,000
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FIGURE- 9
PLANT N: ACTIVATED SLUDGE WASTEWATER TREATMENT FACILITY
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me+tric tons (62,000 tons), polyisoprene 50,000 metric tons (55,000
tons), and EPDM 25,000 metric tons (28,000 tors). The plant is 1located
in a rural areas and has considerable land for expansion. Each of the
+hree synthetic rubber products has its own production tacility and 1is
produced in a solution polymerization process. Polybutadiene rubber is
carbon black extended. The principal end-use of the crumb rubbers is in
tire marufacture. -

The plant's water supply is well water. Well water is treated with
corrosion inhikitors and slimicides for use as cooling tower makeup, and
softened for use as boiler quality water.

Principal process waste waters originate in the crumb slurrying overflow
and presumably in the solvent, monomer, and reclaim arszas. Carkon black
added at the coagulation-slurrying stage is essentially trappea in the
crumb rubber matrix. Carbon black spills and leaks pass through a
settling sump and are allowed to overflow into the final eftluent. Ths
settled carbon black is remcved by vacuum truck.

Extender oil that is not entrained in the rubker crumb can contaminate
the slurry overflow waste water. It is understood that screens, with
higher crumb removals than conventional equipment, have been installed
in this plant. The butadiene monomer is inhibited and presumably there
is an associated spent caustic scrub soluticn discharge. Area washdown .
and cleanup is on a shift-ky-shift Lasis. Whenever possible, the
material is cleaned up in such a manner to eliminate wastes trrom the
waste water system.

The plant's utility waste waters are characterized by hign levels of
total dissolved solids and moderate pH. The cooling tower blowdown has
high chromium and zinc content originating from the cooling tower
corrosion inhibitors used.

The plant's waste waters are first passed through skimming and settling
basins where +the rubber crumb is trapped. The waste crumb rubber is
removed every two to three months by dip bucket. The effluent from
these pits flows into two 1.2 hectacre (3-acre) lagoons. The process
effluent from the lagoons combines with treated sanitary, storm, and
utility waste waters before entering first a 6.0 hectacre (15-acre)
lagoon and finally a 12.0 hectacre (30-acre) lagoon before discharge to
the receiving waters. The final waste water quality is good. COD, BOD,
and suspended solids are at an approximate level of 50, 5, and 10 mg/L,
respectively. This plant, however, is particularly fortunate in having
considerable 1land for use as waste water lagoons. It is not possible
for all synthetic plants to have the same or even comparable facilities.

Plant P

This plant produces styrene-butadiene (SBR) and acrylonitrile-butadiene
(NBR) latexes. In addition, the rplant produces polyvinyl acetate
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eamulsions and hot melt adhesives. The annual production rates of the
latexes are: styrene-butadiene latex 18,000 metric tons (20,000 tons),
acrylonitrilebutadiene latex 3,000 metric tons (3,300 tons). The plant
is located in a rural area with land available for expansion.
)

The butadiene latexes manufactured at the plant are made similarly
utilizing equipment trains of a similar nature. The monomers are
shipped 1into the plant by both tank car and tank truck. The latexes
produced are used for carpet backing, dipped goods, and adhesives.

The plant's water comes from on-site wells. The water is treated in a
dual-bed demineralizer to supply bciler quality makeup water and process
water for solution preparation. The cocling tower water is treated with
a corrosion inhibitor and algicide.

The principal process waste waters produced in the plant are generated
by equipment cleanout, area washdown, and stripper condensates. Tank
cars and tank trucks are rinsed with water and the contaminated water is
discharged +to the waste water treatment facility. These waste waters
will contain monomers and uncoagulated latex. Reactors and strippers
are cleaned of solid deposits with a high pressure watergun and then
water rinsed. BRlowdown tanks, filters, compound +tanks, and storage
tanks are rinsed with water. 1In all cases the waste waters discharged
to the waste water treatment facility contain organic compounds and
latex. Latex spills and 1leakages are first coagulated with alum,
cleaned up in-place, and finally washed down. The washings are sent to
the treatment facility.

Excess monomers are stripped from the latex with steam under vacuum.
The vacuum is produced using steam Jjets and not vacuum pumps. The
exc3ss styrene, or acrylonitrile, 1is condensed and discharged to a
receiver. Although the receiver is periodically decanted and the con-
densed styrene or acrylonitrile drummed for disposal, styrene and
acrylonitrile still enter the effluent waste waters. A caustic scrub
solution is wused to remove the butadiene inhibitor, which is bled
gradually to the final effluent. Characteristics of this stream are
high COD, pH, alkalinity, and color.

Th2 plant utility waste waters enter the storm sewer system. The boiler
blowdown has a 1low flow rate but high total dissolved solids.
Demineralizer regeneration wastes are both acidic and alkaline and may
potentially produce pH peaks. The cooling tower blowdown is high in
total dissolved solids but, because the corrosion inhibitors used are
chromium and zinc free, these heavy metals do not appear in the
blowdown. The vacuum pump seal water is currently discharged on a once-
+through basis to the storm sewer system. This water picks up small
quantities of organic compounds but has only a moderate COD
concentration. Studies are being made to recycle the bulk of the seal
water and discharge the blowdown only to the treatment facility.
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The plant's treatment facility consists of chemical coagulation and
clarification followed by activated sludge secondary treatment. The
final effluent after seccndary treatment is discharged to a municipal
treatment plant. All +the 1latex plant process waste waters are
discharged to two coagulation pits. They operate so that one pit 1is
being filled with waste water, while water in the second pit is being
treated, settled, and emptied. The pH of the waste water is first
adjusted with 1lime and then treated with ferrous sulphate, a
polyelectrolyte, and 1limestone. The latex solids coagulate around the
limestone which serves to sink the solids. The settled solias are
removed from +the pits periodically when the solids depth Dbecomes
excessive. The clarified waste water ‘enters four aeration basins
operated in parallel. The basins are equipped with four 15-horsepower
aerators. The asration basin effluent enters a secondary clarifier and
overflows to a sump from which it is pumped to the city treatment plant.
The clarifier underflow is sent to a sludge thickener, while the
supernatant is returned to the aeration basins. The bpiological sludge
in the thickener is periodically removed and landfilled. The
coagulation pit solids and the thickened biological solids are not
suitable for satisfactory landfill because of their high water content.
s+tudies are currently underway to determine adequate techniques "for
dewatering and disposing these sludges. The coagulation pits provide
good quality primary effluent. The COD and BOD of this effluent are
high, however. The secondary treatment plant produces a final effluent .
having a COD and BOD of approximately 600 and 50 mg/L respectively. The
high COD:BOD ratio indicates high kiological resistance of the waste
water constituents from +this latex plant. Although the BOD level (50
mg/L) would not be suitable for direct discharge, it is very amenable to
acceptable discharge to secondary treatment plants.

Plant Q

This plant is responsible for the manufacture of stryene-butadiene
latexes. The annual production rate is approximately 21,000 metric
tons. The plant commenced production in 1952 and is located in an urban
area with limited room for expansion. The plant also has a research
facility and a pilot plant. ;

The stryene-butadiene family of latexes produced at the plant can be
classified by three groups: stryene-butadiene latex, styrene-butadiene
carboxylated latex, and stryren-butadiene-vinyl pyridine latex. All
these latexes are produced by similar processing techniques and equip-
ment. The monomers used (styrene, butadiene, organic acids, and vinyl
pyridine) are shipped to the plant by tank car and tank truck. The
latexes produced are used for tire fabric coating, backing material, and
paper coatings.

The plant uses city water for process water, boiler makeup water, and

cooling tower makeup. The boiler makeup is softened before injection.
The cooling tower makeup is treated with a dispersant, corrosion
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inhibitoxr, and slimicide. The process water, used for solution
preparation, 1is deionized before use.

The principal process waste waters generaged in the plant originate from
equipment clsanout, area washdown, and stripper condensates. Excess
monomers are not recovered. Reactors, strippers and storage tanks are
periodically cleaned of rubber build-up by hand and then rinsed with
water. Generally, large quantities of water are used for each cleanout.
The latex filters are frequently cleaned. This involves rirst removing
the trapped rubber solids and flushing the filter with water. The rinse
waters contain suspended solids, COD, and uncoagulated latex. Floors
and loading-unloading areas are flushed with water. These wastewaters
contain COD, suspended solids, and uncoagulated latex. The vapors from
steam stripping operations are condensed and discharge into a receiver.
The receiver waters which overflow to the plant sewers have a high
organic loading with correspondingly high COD and oil levels. The seal
water for the wvacuum pump serving the vacuum stripping equipment is
slightly contaminated with organics, and presently discharges on a once-
through basis. Studies are being made to collect individual seal water
discharges and recycle the bulk of them with a controlled blowdown of
contaminated water. This will reduce the total volume in tne plant's
final effluent.

The regeneration waste from the Lkoiler water makeup softener is a.
concentrated salt solution and therefore contributes high total
dissolved solids to the effluent. The process water deionizer is
regenerated with sulphuric acid and caustic soda. The discharge of
these solutions will produce both acid and alkali peaks in the effluent,
although there 1is generally an excess of sulphuric acid in the daily
regeneration discharges. The boiler and cooling tower blowdowns
contribute high total dissolved solids and moderate COD to the plant's
final effluent.

The treatment of the plant's waste waters include equalization, chemical
coagulation and settling, and secondary treatment in the 1local munici-
pality's +treatment plant. The waste waters are first pumped from the
plant effluent trench into an equalization basin, which provides
approximately 24 hours detention and is aerated with two aerators. The
pH of the equalized waste water is adjusted from normally alkaline by
addition of sulfuric acid to the neutralization sump. The waste waters
are pumped from the sump to a reactor-clarifier where alum, coagulant,
and polyelectrolyte are added in the mixing chamber. The latex and fine
rubber particles are coagulated and collected as a sludge from the .
bottom of the clarifier. The clarified effluent overflows the clarifier
to the city's sanitary sewer for secondary treatment. The clarified
sludge is sent to a thickener and finally to a sludge holding tank, and
is then loaded into a tank truck for disposal. The supernatant from the
thickener is returned to the reactor-clarifier. The treatment system
described above produces a good quality primary effluent. <COD and BOD
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are reduc=2d by approximately 70 and 50 percent, respectively. The
suspended solids and oil are decreased by 80 and 50 percent each.

summary of Ccontrol and Treatment Technoloqgy

[}

In-plant control technology covers segregation ana measures for
handling, reuse, modification of processing, and disposal o©f various
types of waste waters, including spills and leakage, washaowns, control
of runoffs, and nouscekeeping practices. End-of-pipe treatment
technology covars the treatment of various combinations of process and
nonprocess wastewaters. Separate discussions are presented for the Tire
and Inner Tube and the Synthetic Rubber segments of the industry.

Tires and Inner Tubes

In-Plant Control

In-plant measures included the proper handling of soapstone, of the
latex dip, and of discharges from air pollution equipment.

Soapstone
Soapstone is a slurry normally consisting of clay, an emulsifying agent,
and water. According to one plant representative, soapstone, if
continually discharged, will contribute a high solids and BOD loading to
the process waste waters. The standard method of eliminating a
continuous discharge of large quantities of soapstone is the use of a
closad-loop recirculation system. Such a system needs periodic
cleaning, usually on a weekly basis. This cleaning operation can, but
does not necessarily, lead to a discharge. Prior to cleaning, the

soapstone solution 1in the system is generally transferred to storage
tanks. The alternative to recirculation is to discharge <he solution
directly 1into +the process sewers. Both practices were observea during
the field survey, the first being the ketter from a waste water control
standpoint. Soapstone washwater is potential discharge which 1is
commonly sent to end-of-pipe treatment. However, it was observed that
this washwater could be stored and used as makeup for the soapstone
solutions for future operations. Alternative methods for controlling
discharges from weekly washdown include the use of substitute solutions
which require the system to be cleaned on aless frequent basis.

control of minor discharges of soapstone, such as spills and leakage, is
achieved by the use of curbing and by blocking off drains in the dipping
area. In addition, drip pans are provided for stock during the air-

drying operation. Soapstone that is spilled into the curbed area is
periodically vacuumed out and sent to a landfill site. Newer plants are
constructed without drains in this area, thus eliminating the

possibility of soapstone contaminaticn of process waste waters. Instead
of curbing, steel grates are placed cn the floor; these can be removed
when cleaning the area.
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Latex Dip

The most common practice of the larger manufacturers is to eliminate
this operation from the tire facility. Fabric is dipped by a centrally
located facility and then shipped to the tire plant. However, in plants
that still dip fabric, the accepted procedure is to seal off drains in
tha immediate area, supply the area with curbing, and drum the waste
solutions for disposal at landfill sites. The alternative 1is to dump
+he waste solutions into process sewers which are destined for end-of-
pipe trea*rment systems. The amount of waste from +this operation is
small, less than 230 liters (60 gals) per day. Drumming of the solution
is therefore preferred, since treatment of this stream once diluted with
other streams is difficult.

Air Pollution Control Residues

It is not common for manufacturers +to use large quantities of wet
particulate-collection systems. In the compounding area, in particular,
bag-houses, rather than wet scrubbers are used. Wet systems are more
common in the tire-finishing area, where they collect the grindings from
the white sidewall grinding machines, balancing machines, and the tire-
repair area.

Discharges from wet scrubbérs contain high loadings of sectleable
solids, which must be removed before final discharge. The solids
collected from the tire-finishing area can be settled out in a small
sumg. The particulates are 1large, and with a properly designed
separator, the clarified water can be, and frequently is completely
reused.

The discharges from wet scrubbers used in the compounaing area are much
finer and require longer settling times. Only one plant visited wused
wet scrubbers in this area. This plant used a 2,100 sq. meter (0.52-
acre) lagoon to separate the solids from this discharge. Unless
specifically required to meet air pollution ordinances, wet scrubbers in
this area are not recommended.

Aadditional air pollution equipment can be found in the tire-painting
areas. Stricter air emission standards and OSHA standards are forcing
tighter controls on particulate and solvent emissions tftrom this area.
Consequently, the industry is currently attempting to substitute water-
based paints and sprays for solvent-based materials, but with only
limited success. Wet air pollution equipment in this area was found at
only one plant; there was not waste water discharge, because all the
scrubber water was reused.

Spills _and Leakage

To control oily waste waters resulting from spills ana leakage, the
common practice is to provide curbing and oil sumps and to seal drains.
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In older plants, the roller mills are located in basins. The blocking
off of drains in these basins as a control measure is not feasible
because electrical machinery is located in the basins. A broken water
pipe would £ill the basin, thus shorting out the machinery. Curbing is
used to keep normal area washdown and periodic leakages and spills frbm
entering the basin and thus contaminating process waters. In newer
plants, machinery is located on the floor surface. Updated seal designs
prevent the leakage of oil. In many cases, potentially contaminating
areas have no drains, thus eliminating the possibility of o0il in these
process waste waters.

In plants where recirculated water is the primary source for cooling,
+he process and nonprocess sewers are separate. 01l sumps and API
separators can therefore be provided to treat oily process waste waters.
The separable o0il from these devices is removed either periodically by
maintenance peiple or continuously by a belt filter: the continuous
removal is considered the better practice. During periodic removal of
0il, the agitation supplied will result in a large quantity of o0il being
released +to the effluent, thus reducing the separator's overall average
removal efficiency.
In plants where the primary source of cooling 1is once-tnrough water,
process and nonprocess sewers are combined. Removal of oil must be
accomplished in an end-of-pipe treatment facility. Dilution by non-.
process waste waters directly affects the removal efficiencies of o0il in
the end-of~pipe treatment facility.

Washdowns and Machine Cleaning

common practice for prevention of process-area washdowns from
contaminating waste waters is the use of dry sweeping equipment. These
include automatic sweepers, brooms, and shovels. Oily spills are
cleaned using solvents and rags, the resulting contaminated material
being drummed and sent to a landfill. Practices employed in nonprocess
areas (such as the boiler house and storage areas) are similar.

Machines and machinery parts are normally cleaned, with solvents or
steam. Spent solvents are drummed and sent to a Yandfill. The use of
steam requires a special area supplied with curbing and an API separatcr
to remove separable 0il and soids. Discharges of untreated o0il- and
solid~contaminated steam condensate occur and constitute a significant
source of process waste waters. Although steam cleaning has the
disadvantage of having a discharge that must be treated, it eliminates
the possiblity of a careless operator discharging 1large quantities of
organic solvents into an untreated process waste water stream.

Molds from the curing presses are normally cleaned by sand- or air-
blastirg eguipment. These are dry, and involve no waste water problem.

Runoff
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Runoff from oil-storage areas occurs due to oil spills, storm water, and
various blowdowns which occur in the storage area. Handling practices
vary within the industry. Minimal control involves the diking of all
oil-storage areas to prevent contamination of wastewater by large il
spillages which can occur during unloading or due to leaking tanEs.
These dikes generally are provided with drainage ports to prevent normal
storm water from filling the diked area. This allows minor oil spills,
attributable to operator negligence, to contaminate storm runoff. A
better system involves the diking cf the storage area, the roofing of
storage area to prevent storm runoff contamination, and use of an o0il
sump to collect minor spills and leakage. Collected o0il is drummed and
sent to a 1landfill. To prevent oil' from unlaoding areas from
contaminating the waste waters, drains are diked and covered with straw
filters. This control technique suffers from the possibility of storm
runoff contamination.

Other treatment schemes include the use of separators to treat oil
storage runoff. The primary emphasis here is to treat runoffs due to
continual water running through the area. The systems generally are not
designed to handle increased loads due to storm runoff.
Solvent storage and maintenance areas are normally confined to build-
ings. To decrease the possibility of contamination due to operator or
maintenance negligence, these areas are not supplied with drains. .

-

End-of-Pipe Treatment

End-of-pipe treatment in this segment of the industry generally involves
the treatment of combined rrocess and nonprocess waste water in a
primary sedimentation basin or lagoon. Once-through, non-contact
cooling water usually is not treated even though the possibility exists
for o0il contamination from process waste water. Primary emphasis is on
removal of separable solids from the nonprocess boiler blowdowns and
water treatment wastes and from the process washdown waters (if any)
from the soapstone area.

The most effective system although not generally applicable because of
land requirements, is the use of judicious water mangement techniques to
minimize nonprocess discharges and of holding lagoons to contain all
wastes including process, nonprocess, and storm runoff. Other lagooning
systems used for treatment of all process (including once-through
cooling water) and nonprocess waste waters were observed. Residence
times varied from twelve to twenty-four hours with surface 1laodings as
high as 12,000 1liters/min/sq meter (1,200 gal/min/sq ft). Auxiliary
equipment observed included o0il skimmers and sludge handling equipment.

From the standpoint of treating process waste waters, these systems

suffer heavily from dilution, particularly in the treatment of grease or
0oily wastes. Dilution by process streams was as high as 75 to 1.
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Dilution by heavy storm runoff was an additional problem at many
locations.

Synthetic Rubber

In-plant Control

Since the synthetic rubber industry is highly technological, invelving
many proprietary and confidential processing techniques, many potential
in-plant waste water control methods would call for radical changes in
processing or product quality. Such techniques are obviousiy not
feasible. However, some potential ccntrol methods desexve mention so
that their applicability may be evaluated. ’

Crumb Rinse Overflow

It was observed that some crumb rubber plants generate crumb rinse
overflows which have a lower loading of rubber fines than other plants.
Generally, however, such losses cannot be reduced wita finer in-plant
screens since they are a function of both the type ana the ccagulation
properties of the rubber. One plant did use a proprietary method . to
finish the rubber cement in which a water slurry is not used. This
system eliminates the crumb slurry overflow and the containea rubber
fines. It is not necessarily applicable wholesale to crumb rubber
production, but does merit investigation by industry.

Coagqulation Liquor Overflow

Most emulsion crumb rubber processes use an acid and brine coagulation
liquor. One plant, however, coagulates the latex with an acidpolyamine
liquor which reduces the quantity of total dissolved solids discharged
in the coagulation liquor overflow. The use of this type orf coagulation
liquor is not always possible, but 1if employed could significantly
reduce the total dissolved solids in the final effluent.

Vacuum Systems

Several plants are converting vacuum systems from steam jet ejectors to
vacuum pumps for efficiency and waste water reasons. 1In order to
maximize the waste water benefits derived from the use of vacuum pumps,
the seal water should be recycled. An overflow is generally required
from the seal water recycle system; this overflow is normally slightly
contaminated with o0il but has a better gquality than the steam jet
condensate.

Caustic Scrubbers

In some plants, the caustic soda solutiocn used to remove inhibitors from
some monomers (notably butadiene) is replaced batchwise. The spent
caustic soda solution, usually 10-20 percent sodium hydroxide, should
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not be discharged batchwise. It should be containerized and bled into
the total plant effluent, thereby diluting its high pH, alkalinity, COD,
and color contributions.

Carbon_Black Slurries N

The wusual method is to slurry the carbon black for adadition to the
rubber with water. One plant visited employs a steam grinding=-slurrying
technique which reduces carbon black spillage and consequently washdown
and runoff waste waters laden with black fines; this technigue avoids
the need for carbon black settling pits and the associated pit cleaning
costs. )

Latex Spills

Latex spills and leakages occur from time to time in all emulsion crumb
and latex plants. In most cases, the spill is washed +to the nearest

plant drain wusing a water hose. In many cases, this produces
unnecessary washdown water and dilutes the latex so that subsequent
treatment by coagqulation is much more difficult. An alternative

technique is to coagulate the latex in situ with alum, for example,. and
remove the coagulated rubber solids with scrapers. The volume of
subsequent washdown water required is less and the latex solids in the
washdown water are greatly reduced.

As a result of the high hydraulic pressures involved and the continual
jarring action of the balers, oil leaks are frequent. Back-welding the
hydraulic 1lines, although more expensive as an initial equipment cost,
does significantly reduce the occurrence of baler o0il 1leaks and can
produce appreciable savings in baler o0il usage. In addition, plant
floor drains should be sealed and, if necessary, retention curbing
installed to keep leaked oil from leaving the baler area. Balers using
water as the hydraulic fluid are also available and are being wused in
some plants; o0il leakage with this type of machine is obviously elimi-
nated.

End~-of-Pipe Treatment

Emulsion Crumb_Plants =~ Primary

It is normal practice for crumb rubber producers to recycle part of the
crumb rinse water. The remainder of the crumb rinse water is discharged
in order to blow down accumulating fine rubber solids, dissolved solids
and organics. The rinse water discharge or overflow is clarified before
final treatment in a crumb separation pit. The trapped rubber solids
are removed periodically ky scoop. A very common shortcoming of these
separators is that they are operated as single units and are not cleaned
frequently enough. This results in short-circuiting followed by poor
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separation. In addition, when the pits are cleaned, the separated
rubber solids are distrubed and rubker solids that had previously
separated recombine with the pit effluent until the condition of the pit
stabilizes. Dual pits would solve this problem: one pit would stay in
operation while the other was cleaned and allowed to stabilize. '

Since waste waters from emulsion crumb plants contain considerable quan-
tities of latex, it is necessary to coagulate the latex in order to
achieve a good quality effluent. Chemical coagulation by itself is
seldom sufficient, because the density of the coagulated zrubber is
normally close +to that of water. Therefore, it is customary to add a
"sinker" (clay or limestone) to the coagulation mixture +to sink the
coagulated rubber and effect the separation. For a small waste water
flow, chemical coagqulation using (for example} alum, Epolyelectrolyte,
and clay in a rapid mix tank can be followed by flocculation in a
flocculator tank. Clarification can then be accomplished in a rectan-
gular clarifier equipped with solids removal equipment. Larger waste
water flows can be treated in a reactor-clarifier with rim overflow and
central sludge draw-off.

The collected sludge can be thickened and dewatered before disposal ¥n a
landfill. Dewatering studies on this type of sludge concluaed that a
plate-and-frame pressure filter performed well. The installed filter
was automatically controlled for feed shut-off, filter opening, core
blowout, filter closing, precoating, and feed restoration (refer to
Plant J).

One plant (Plant K) uses chemical coagqulation followed by air flotation
for primary clarification (6). Instead of sinking, the rukber solids
are floated +to the <clairfier surface with air bubbles and removsd by
surface solids removal equipment. This treatment facility is relatively
new and has had start-up troubles, although they have been
satisfactorily resolved. Air flotation in this application produces
primary effluent of good quality.

The collected surface solids are pumped to a sludge impoundment lagoon
where they dry out. The use of this lagoon is limited and a long-term
solids dewatering and disposal technique will have to be found.

Where adequate land is available, rubber so0lids separation has been
achieved using primary settling rponds. Chemical coagulation of the
solids prior to discharge +to the ©ponds 1is wusually necessary. The
settled and floating solids (since both types are produced) are removed
from the ponds periodically by vacuum truck or scoop.

Emulsion Crumb Plants -~ Secondary

Biological oxidation of the primary effluent is achieved 1in aerated
lagoons or 1in activated sludge plants. Generally, a nutrient must be
added. Both technologies obtain satisfactory oxidation of the dissolved
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contaminants; problems can arise in the clarification of the secondary
effluent. Good secondary clarification of effluent from an aerated
lagoon has been obtained with the aforementioned air flotation plant,
which 1is a dual system with both primary and secondary air flotation
clarifiers. )

If sufficient land is available, the effluent from the aerated 1lagoons
can be clarified and stabilized in stabilization ponds. This type of
facility is temperature dependent, of course, and performs better in
warmer climates.

Clarifiers are commonly used for seccndary clarification in activated
sludge plants. They are generally adequate, but cases exist where high
solids carryover is a problem. Secondary clarification can be assisted
with coagulation chemicals in much the same manner as for primary
clarification, but the additional chemical cost is high.

One plant in the industry, in an area where water is in short supply, is
evaluating evaporation to remove waste water contaminants (7).
Satisfactory operation has not been achieved to date because of
corrosjon and fouling of +the evaporator tubes. It is proposed that
satisfactory operation can be achieved with the use of more effective
corrosion resistant materials of construction as well as pretreatment to
reduce the quantities of certain organics and sultfides. Efforts to
demonstrate this will be made by EPA-Office of Research and Development
during 1973-1974.

Emulsion Crumb Plants - Advanced

After secondary treatment, emulsion crumb waste waters still contain
high levels of COD. A high COD level appears to be a common charac-
teristic of secondary effluents from emulsion crumb, solution crumb, and
latex plants, and indicates that certain constituents of the waste
waters generated in synthetic rubber plants are refractory to biological
oxidation.

With the exception of the evaporation treatment described above, only
one other study has been made of teritary or advanced treatment of
emulsion crumb rubber waste waters. This was carried out on a pilot
plant scale using activated carbon treatment (refer to the Survey of
Plant J - Section VII). Approximately 70% of the COD remaining after
secondary treatment was removed by the carbon.

Solution Crumb Plants - Primary

Primary clarification of the solution crumb plant waste water is carried
out in crumb pits. These pits are similar in design to those for emul-
sion crumb production facilities. To avoid re-suspending the separated
rubber solids, dual crumb pits should be used.
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Oother forms of primary treatment are not required for solution crumb
waste waters, since uncoagulated latex is not present and the fine
rubber solids separate readily.

solution Crumb Plants - Seccndary R

Secondary treatment +technology uses both activated sludge and aerated
lagoon systems. Good BOD removals are achieved, but poor secondary
clarification is a problem in most cases. The reasons for this are not
certain. A high 1level of COD remains after biological treatment,
indicating that much of the waste water constituents are biologically
refractory. :

Solution Crumb Plants - Advanced

Advanced or tertiary treatment technologies have not been wused on
secondary effluents from solution crumb plants. It is probable that
activated carbon treatment would give CCD removals similar to those for
emulsion crumb waste water, since the raw waste water constituents (for
example, traces of monomer) are similar for both types of waste water.

-

Latex Plants - Primary

Since latex plant waste waters contain uncoagulated latex solids,
primary clarification is assisted by chemical coagulation. In much the -
same manner as for emulsion crumb waste waters, clarification can be
sffected in reactor-clarifiers or systems with separate rapid mix,
flocculation, and clarification tanks. Latex waste waters can also be
clarified by air flotation.

Latex Plants - Secondary

Activated sludge plants are used for the secondary treatment of latex
waste water. High residual COD levels are a problem. These levels are
higher +than for either emulsion crumb or solution crumb plants, because
the initial coOD loading of the raw waste water from latex plants is much
higher. It is feasible that aerated 1lagoons and stabilization ponds
will produce ‘satisfactory oxidation and stabilization of latex waste
waters.

Latex Plants - Advanced

Advanced or tertiary treatment technologies have not been used on latex
waste waters. It is probable that COD removals similar to those
achieved by emulsion plants can ke achieved for latex waste water by
using activated carbon columns.

Additional Studies on Activated Carbon Treatment ot Synthetic Rubber
Waste Water
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Subsequent to the original draft of this document, additional studies
were performed by the EPA Advanced Waste Treatment Research Laboratory,
cincinnati, ohio, on the feasibility of using activated carbon
technology to reduce COD levels in synthetic rubber waste waters (8).

From the results of the studies it was concluded that COD removal® is
feasible. With the three +types of synthetic rubber waste waters:
emulsion crumb, solution crumb and 1latex rubber, COD removal with a
maximum carbon dose ranged from 50 to 97%. Estimated cost of COD
removal based on an average removal rate of 70% COD would be $369.00 per
million gallons of waste water treated.
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SECTION VIII

COST, ENERGY AND NON-WATER QUALITY ASPECTS

Tire and Inner Tube Industry

Selection_of Control_and Treatment Technologies Based_on_Costs

Two alternativz approaches <2exist for the control and treatment of
process waste waters from both o0ld and newer +tire and inner tube
production plants.

The first approach is to combine process and nonprocess waste waters and
to treat the entire plant effluent. Where land is available, end-ofpipe
treatment is the approach favored by many of the tire manufacturers.
Generally, the reasons supporting this approach are as tfollows:

1. In older plants, in-plant sewers for process and nonprocess
waste waters are usually combined, thus making combined treat-
ment more attractive.

2. Process flows are usually small relative to nonprccess flows.
3. The treatment of nonprocess waste waters has received the bulk
of industry's attention. High suspended solid loadings in

blowdown and water treatment wastes are the major pollutant in
the combined plant effluent from tire facilities.

However, end-of-pipe treatment systems also have several disadvantages:

1. The combined effluent treatment system usually requires one Or
two lagoons for settlement and retention. Lagooning of the
wastes requires large land area, which is not readily available
at many plant locations.

2. Because of dilution, the effectiveness of treatment for oil
removal from process waste water is reduced. In several of the
systems observed, oil passed through untreated (although it was
present in significant quantities), because its concentration
was below the capabilities of the treatment system employed.

The second approach employed is control and treatment of a segregated
and undiluted process waste water. This approach has been foliowed in
plants having partially or wholly segregated process and nonprocess
sewers. This would, of course, include any plant using recirculated
cooling water. The main advantages for this +treatment scheme over
combined endof-pipe treatment are:

1. Higher pollutant removal rates.
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2. Smaller land area required for treatment facilities.

The primary disadvantage of a segregated system approach 1is that
separate proc2ss and nOnprocess sewers are required.

Upon examining these alternatives, control and treatment of segrega&ed
process waste waters was considered to be most applicable to the tire
producing industry. End-of-pipe treatment of combined waste waters is
not feasible for pollution control because of: 1) tne ineffectiveness
of such systems in removal of process waste water contaminants; and 2)
+he large 1land requirements. All costs, therefore, are related to the
treatment of a segregated process waste stream.

With proper in-plant control, the process streams consist of readily
separable 1lubricatinrg and extender o©ils and settleable solids. Vol-
umetric flow rates for process waste waters are small. Therefore, the
initial +*reatment applicable from a cost and proven operation basis is
an API-type gravity separator. The rerformance and efficiency of a
gravity separator can be imprcved by addition of an absorpent filter.

Effluent quality data for older tire and inner tube and for newer tire
facilities are presented (along with cost data) in Tables 18 and 19.
The treatment technology involves the isolation of wastes with curbing,
the protection of oily areas to prevent storm runoff contamination, and
the separation of settleable solids and oily material from the waste
water.

A more detailed description of recommended facilities is presented in
the tire and inn=2r tube portion of Section IX, and a flow aiagram of the
system used as a basis for costing is presented in Figure 10.

Treatment Cost Data

Data from Corps of Engineers permit applications and plant data obtained
during inspection visits were used to obtain the average or typical
plant siz= and waste water discharge flows, and raw waste 1loadings as
described in Section V.

In order to adequately estimate the waste water discharge flow rates,
the plant effluent was divided into process waste waters and nonprocess
waste waters. The process waste waters consist of mill area oily
waters, soapstone slurry and latex dip wastes, area washdown waters, and
emission scrubber waters, contaminated storm waters from raw material
storage areas. The nonprocess waste waters are sanitary and clean storm
waters, utility waste waters such as once through cooling water, boiler
blowdown, cooling tower blowdown, water treatment wastes and
uncontaminated contact cooling water like tread cooling waters.

From these data, a typical process waste water flow was estimated to be
3.785 L/sec (60 gpm) for a plant consuming 205,000 kg (450,000 1bs) of
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' TABLE 19

New Tire Production Facility Subcategory

Estimated Wastewater Treatment Costs for Different Degrees of Treatment
based on a Typical Raw Material Consumption of 205 metric tons /day

Treatment or Control qon::o_om<_

v o o A B

Investment? $597,000 $628,000

Annual Costs

Capital Costs & 60,000 : _ & 63,000

Depreciation 119,000 126,000

Operating and Maintenance Costs 41,000 L3 000

(excluding energy and power costs)

Energy and Power Costs 2,000 2,000
Total Annual .Costs®  $222,000 $23L 000
pParameters Raw Effluyent Quality

:nm“_nrm raw anm.lm,:.v R Waste Loads A B
suspended Solids 0.319 0. 06k 0.06k
0il and Grease 0.083 0.048 0,008

_qmnrso_om< A is Isolation of Wastewaters followed by APl Gravity Separator

Technology B is Technology A followed by an Absorbent Filter

m>cmcmn 1971 Dollars
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raw materials per day. For the older tire and inner tube plant sub-
category the average o0il loading is 0.246 kg/kkg(lb/71000 1b) of raw
material consumed. The suspended solids loading for this subcategory is
estimated to be 0.319 kg/kkg(lb/1000. 1b) of raw material. Based on
these typical profiles for old and new production facilities, treatment
cost data w2re generated and are presented in Tables 18 and 19. The
costs shown for a typical older facility are based on the worst case of
having to install a completely segregated sewer system rather than
isola*ing the process waste water stream from the combined sewer line.

The toral annual costs for the rroposed BPCTCA and BATEA control and
treatment *echnologies can be interpreted in terms of incremental costs
per unit of productionn. Study of the cost data for a typical older tire
or inner tube plant cornsuming 205,000 kg (450,000 1lbs) of raw materials
par day indica*es that the treatment costs for both the BPCTCA and BATEA
is approximately 0.59 cents per kg (0.27 cents/1lb) of raw materials.
The treatment cost per unit of production for btoth the BPCTCA and BATEA
for a newer tire or inner tube facility of similar size (205,000 kg raw
material) 1s estimated to be approximately 0.46 cents per kg (0.21
cents/1b) of raw material ccnsumed. In otherwords the proposed
treatments will add approximately 6 cents to the cost of a passenger
tire manufactured in an older plant and about 5 cents to the cost of a
passenger tire prduced in a newer facility.

Investment costs have been factored to August 1971 dollars using Engin-
eering News Record cost 1indices. Depreciation was calculated on the
basis of straight-line depreciation with a five vyear 1life ana zero
salvage valu=.

Designs for the proposed model treatment systems were costed to evaluate
+he economic impact of the proposed effluent limitactions. The design
considzarations (i.e., the influent raw waste 1loads) were selected to
represent the expected raw waste load within each subcategory. This
results in the generation of cost data which should be conservative when
applied to most of the plants in this category. Relatively conservative
cost figures are preferred for this type of general economic analysis.

The capital costs were generated on a unit process -basis, with the

following “percent add on" figures applied to the total unit process
costs in order to develop the total installed capital cost requirements.
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Percent of Unit

It=m Process Capital Cost
Electrical 12
Piping 15 "
Instrumentation 8
Site Work 3
Fngineering Design and Construction
Supervision Fees ' 10
Cons*ruction Contingency 15

Since land costs vary appreciably between plant locations, it was
decided +to exclude 1land cost from the total capital cost estimates.
Land costs must be added on an individual case basis.

Annual costs were computed using the following cost basis:

Item Cost_Allocation
Capitalization 10 percent of investment
Depreciation 5-yr straight line with zerc discharge
value
Operations and Includes lakor and supervision,
Maintenance chemicals, sludge hauling and dis-

posal, insurance and taxes (com-
puted at 2 percent of the capital
cost), and maintenance (4 percent
of capital cost)

Power Based on $0.01 kw-hr for electrical
power.

The short-term capitalization and depreciation write-off perioa is what
is currently acceptable under current Internal Revenue Service kegula-
tions pertaining to pollution control equipment.

/
All costs were computed in terms of Augqust, 1971 .dollars, which corres-
pond to an Engineering News Record Index (ENR) value of 1580.

Enerqy Requirements

Energy input 1is related to the need for electric pumps to pump process
waste waters from the plant area and through the <treatment system.
Electricity costs are estimated at one cent per kilowatt hcur. The
extra power required for treatment and control systems is negligible
compared *to the power requirement of the tire manufacturing equipment.

Non-Water Quality Aspects
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The primary non-water quality aspect deriving from use of a separator 1is
the ne=d for disposal of o0il and solids. Additional solid waste results
from the use of a non-regenerative type absorkent filter.

Solid waste disposal is a major problem confronting the industry as a
whole. Typically 3,100 kg (6,800 1bs) of solid waste are generated by a
tire plant each day. Additional solid waste results from the drumming
of the waste solutions for off-site disposal. Many manufacturing
plants, particularly in the northern states, are finding it difficult to
locate and arrange for service at satisfactory landfill sites.
Fortunately, the additional solid waste generated by the proposed
treatment technology is very small relative tc the normal solid waste
generated by the production facility. not be significant. ;

Land xrequirements for +the treatment system are small; nevertheless,
certain older facilities located in highly congested urban areas will
find it difficult +o allocate space for even this minimal treatment
facility. These plants may be forced to turn to other ccntrol measures
and/or to pre-treat for disposal and discharge of the process waste
waters to publically owned treatment works.

-

Synthetic Rubber Industry

-

Emulsion Crumb Subcateqory

Selection of Control and Treatment Technologies

Four dzgrees of control and treatment were considered in weighing treat-
ment effectiveness versus cost of treatment: primary clarification;
biological oxidation; and advanced treatment to two levels of COD re-
moval.

Since emulsion crumb waste waters contain uncoagulated latex solids, it
is necessary to coagulate these solids prior to clarification. Tne cost
alternatives for the primary clarification of emulsion crumb waste water
have been developed on the basis of a treatment model involving chemical
coagulation, with a sinking material such as clay to sink the coagulated
solids. This, however, 1is only one of several possiple methods of
achieving primary clarification. Air flotation is another approach to
primary clarification which as been applied to emulsion crumb waste
waters with success. Chemical coagulation has been used to develop the
cost data because there are more cases of its successful application for
this type of waste water, and, therefore, there is less uncertainty
about the effectiveness of this technology for this subcategory.

After primary clarification, emulsion crumb rubber waste waters
invariably have high BOD and COD cor.centrations. Biological treatment
is necessary (and is commonly rracticed by the industry) to remove these
contaminants. 1In order to develop the cost alternatives for biological
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+reatment, activated sludge processes were used as a model treatment.
It is, of course, only one method for c¢btaining biologicai oxidation,
since other comparable technologies, such as aerated lagoons and
stabilization ponds exist and are used to some extent by the inaustry.
The activated sludge process was chosen as a model treatment because its
performance 1is not as temperature- and climate-dependent as is an
acrated lagoon or stabilization pond system and because the resulting
cost data are independent cf geographic 1location. 1In addition,. an
aerated lagoon or stabilization pond system requires considerably larager
ar=as, which are not always available. Activated sludge racilities, by
contrast, require minimal land.

The major pollutant remaining in emulsion crumb waste waters atter kio-
logical treatment 1is COD. 1Its concentration is much higher than the
ozher principal parameters and if advanced waste water treatment is to
be carried out, it is logical that the treatment technology should be
appliesd to reduction of the high COD levels. For the waste water flow
ra=es involved in =mulsion crumb rubber producticn, activated carbon
+reatment 1is the only technology currently applicable for COD remcval.
In order to preven*t blinding of the carkton beds and columns with fine
suspend<d solids, a dual-media filtration system is required upstream of
~he cclumns. Activated carbon adsorption of emulsion crumb secondary
effluent has been studied in pilot-scale test equipment. However, be-
cause of +hs technical 1risk with respect to performance and the un- .
certainity of the associated capital and operating costs, two levels cf
activated carbon treatment have been modeled. These two levels are
sgquivalenrt to overall COD reductions of 75 and 90 percent.

Rasis of +he Treatment Cost Data

An emulsion crumb industry profile was made, based on industry produc-
tion capacity data, to determine the typical size of an emulsion crumb
oroduction facility. The average, or typical, plant is rated at 128,000
m=tric tons par year. The waste water flow for such a plant would apb-
proximate 66 L/sec (1,050 gpm). The model +treatment plant, using
chemical coagulation and clarification followed by activated sludge
biological treatment, 1is shown in Figure 11. The .degree or treatment
afforded by this technology is equivalent to best practicable control
technology currently available. The recommended@ treatment technology to
attain best available technology economically achievable is presented in
Figure 12. This treatment technology includes dual-media filtration
followed by activated carbon adsorption.

Designs for the proposed model treatment systems were costed to evaluate
the economic impact of the proposed effluent limitations. The design
considerations (i.e. the 1influent raw waste loads) were selected to
represent the highest expected raw waste load. This results in the
generation of cost data which should be conservative when applied to
most of the plants in the emulsion crumb subcategory. Relatively
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conservative cost figures are preferred for this type of general
economic analysis.

The capital costs were generated on a unit process basis, with the

following "percent add on" figures applied to the total unit process
costs in order to develop the total installed capital cost requirements.

Percent of Unit

Item Process Capital_ Cost
Electrical ’ 12
Piping 15
Instrumentation - 8
Site Work 3

Engineering Design and
Supervision Construction 10

Construction Contingency 15

The total annual treatment costs for emulsion crumb plants can be presented
in terms of incremental costs per unit ¢f production.

The cost data cited for a typical emulsion crumb production facility

of 128,000 metric tons per year preduct that the BPCTCA

treatment will cost 0.66 cents per kg (0.3 cents/1lb) of production and .
that the additional cost of the BATEA treatment will approximate 0.37 cents
per kg (0.17 cents/1lb) of production.

Since land costs vary appreciakly between plant locations, it was decided
to exclude land cost from the total capital cost estimates. Land costs
must be added on an individual case basis.

Annual costs were computed using the following cost basis:

Item Cost Allocation
Capitalization 10 percent of investment
Depreciation 5-yr straight line with zero églvage value
Operations and Includes labor and supervision, chemicals,
Maintenance sludge hauling and disposal, insurance and

taxes (computed at 2 percent of the capital
costs), and maintenance (computed at 4 per-
cent of the capital cost).

Power Based on $0.01/kw-hr for electrical power.
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The short-term capitalization and depreciation write-off period is what
is currently acceptable under current Internal Revenue Service kegula-
tions pertaining to industrial pollution control equipment.

All costs were computed in terms of Ruqust, 1971 dollars which corres-
pond to an Engineering News Record Index (ENR) value of 1580. - '

The total capital and annual costs for the model treatment technologies
are presented for a typical emulsicn crumb plant in Table 20, together
with raw waste load and treated effluent quality.

Energy Requirements

The primary clarification and biological oxidation treatment
technologies require electrical energy only for operation of equipment
such as pumps and aerators. The filtration and activated carbon
treatment system, in addition to power requirements, needs a ruel source
+0 regenerate the carbon. The energy and power needs of the recommended
treatment technologies are deemed to be low.

Non-Water Quality Aspects

-

Sludge cake is produced by vacuum filtration of the primary coagulation
solids and the digested biological solids. Sludge disposal costs were
based on sanitary landfill. Sludge incineration costs were not eval- .
uated because the economics depend, to a large degree, on the accessi-
bility of a landfill site and on the relative costs for sludge haulage
and sites disposal. The annual quantities of solid waste generated are:

Primary coagulated solids 2,940 ca m (3,900 cu yd)
Biological solids 245 cu m (325 cu yd)

Solution Crumb Subcateqory

Selection of Control and Treatment Technologies

Only two degrees of control and treatment have been consiaered in the
evaluation of treatment effectiveness versus cost data. Since latex
solids are not contained in waste waters from solution crumb plants,
clarification with chemical coagulation is not required; clarification
in crumb pits is sufficient. 1In addition, after biological treatment,
the residual COD concentration is much lower than is the case 1in the
emulsion crumb counterpart. Consequently, carbon adsorption to only one
level of overall COD reduction (65 percent removal) is reasonable. COD
reductions greater than this would involve additional risk and
uncertainty in the costing frocesses.

The first degree of treatment proposed includes primary clarirication of

crumb-laden waste water in dual-unit crumb pits, followed by biological
treatment to remove soluble organics. The cost data have peen developed
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. « TABLE 20

Emulsion Crumb Rubber Subcategorv

Estimated Wastewater Treatment Costs for Different Degrees of Treatment
based on a Typical Production Capacity of 128,000 metric tons/year

Treatment or Control ._.mnsso_om:mmA

A b C D
_3<mmnam3nw $1,180,000 $2,002,000 $2,907,;000 $2,993,000
Annual Costs

Capital Costs $ 118,000 $ 200,000 $ 291,000 $ 299,000

Depreciation 236,000 400,000 581,000 599,000

Operating and Maintenance Costs 147,000 230,000 349,000 396,000

(excluding energy and power costs) :

Energy and Power Costs 10,000 20,000 25,000 29,000
Total Annual nOwﬁmN $ 511,000 $ 850,000 $1,246,000 $1,323,000
Parameters Raw Effluent fuality
"kq/kkg production) Wastewater A B C D
cod 20.00 12.80 ' 8.00 5.04 2.08
BOD 2.13 2.00 0.L4o 0.08 0.08
Suspended Solids 7.20 1.2% 0.65 0.16 0.16
Ji1 and Grease 1.40 0.32 0.15 0.08 0.08
Flow (L/10° kg production) 16,600

1
Technology A is Chemical Coagulation followed by Clarification.

Technology B is Technology A followed by Activated Sludge Secondary Treatment
Technology C is Technology B followed by Dual-Media Filtration plus Activated Carbon Treatment to produce 757 overall

COD reduction.
Technology D is Technology ¥ followed by Dual-Media Filtration plus Activated Carbon Treatment to produce 907 overall

COD reduction.

2 August 1971 Dollars. .
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on the basis of an activated sludge system for the same reasons as given
previously for the emulsion crumb sukcategory. Depending on land
availability, biological treatment could be aeratea 1lagoons and
stakilization ponds. The second degree of treatment consists of dual-
media filtration followed by activated carbon adsorption. Carbon
adsorption was selected because it 1is the most currently feasible
taechnique for reducing the solukle COD content. :

Basis of the Treatment Cost Data

A profile of the solution crumk rubber industry defined the typical size
of a solution crumb production facility as 30,000 metric tons per year.
The waste water flow for such a plant wculd approximate 15.75 L/sec (250

gpm) «

The model treatment plant using activated sludge biological treatment is
shown in Figure 11. The treatment given by the proposed system is
equivalent to BPCTCA.

The recommended treatment technology to attain BATEA presented in Figure
12, consists of dual-media filtration followed by activated carbon
adsorption. .

The influent raw waste loads upon which the treatment system designs
were basad were selected +t0 represent the highest expected raw waste
load in this subcategory. The same cost criteria used for emulsion
crumb plants were applied for solution crumb rubber facilities.

The *total capital and annual costs fcr the model treatment tecnniques
for a typical solution crumb plant are rresented in Table 21, together
with the raw waste loads and treated effluent qualities.

The treatment costs for soluticn crumbk plants can be expressed as an
incremental cost per unit of production. The cost data prepared for a
typical solution crumb rubber plant of 30,000 metric tons per year
indicate that the BPCTCA treatment will cost 1.05 cents per kg (0.48
cents/1lb) of production and that the additional costs of the BATEA
treatment will approximate 0.85 cents per kg (0.38 cents/lb) of
production. /

Enerqy Requirements

The only energy or power need 1is electricity, and electricity
consumption is low. The carbon is not regenerated on-site because of
the unfavorable economics of small-scale carbon regeneration systems.

Non-Water Quality Aspects

Solid waste generation with this treatment system is associated with
biological solids and spent activated carbon. The activated carbon
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Table 21

.

Solution Crumb Rubber Subcategory

Estimated Wastewater Treatment Costs for Different Degrees of Treatment
based on a Typical Production Capacity of 30,000 metric tons/year

Treatment or Control ._.mnrso_ommmmd

2 ~A B
Investment $810,000 - $1,182,000
Annual Costs
Capital Costs $ 81,000 : $ 182,000
Depreciation 162,000 236,000
Operating and Maintenance Costs 68,000 145,000
(excluding energy and power costs) '
Energy and Power Costs 4,000 6,000
Total Annual nOmﬂmN $315,000 $§ 569,000
Parameters : Raw 4 Effluent Quality
(kg/kkg production) Wastewaters A B
CcoD 6.00 3.94 2.08
BOD 0.80 0.40 0.08
Suspended Solids 2.20 0.65 0.16
0il and Grease . 0.25 0.16 0.08

_amn::o_om< A is Primary Clarification of Crumb Rinse Wastewaters followed by Activated Sludge Secondary
Treatment.
Technology B is Technology A followed by Dual-Media Filtration plus Activated Carbon Treatment to pro-
duce 65% overall COD reduction.

~>cocmn 1971 Dollars. )
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canisters may be returned for regeneration off-site by the supplier.
However, annual operating data have Lkeen based on disposal or the spent
carbon at a landfill site. The annual quantities of solid waste
generated are:

Biological solids 102 cu m (135 cu yd)
Spent carbon 140 cu m (185 cu yd)

Air quality and noise levels will not be significantly affected by the
operations proposed in these treatment systems.

Latex Subcateqory

Selection_of_ Control and Treatment Technologies

Four degrees of control and treatment were considered in weighing the

+~r2atment effectiveness versus cost of treatment. These degrees of*

treatment are the same as for emulsion crumb waste water and include
primary clarification, biological oxidation, and advanced treatment to
+wo levels of COD removal.

Latex rubber waste water contains uncoagulated latex solids and the pro-
posed primary treatment (chemical coagulation and clarification) is
similar to that recommended for emulsion crumb waste waters. The bio-
logical treatment cost data have keen based on activated sludge for the
same reasons as were cited for the emulsion crumb subcategory. The
advanced treatment cost data were modeled on two levels of overall COD
reduction, 87 and 95 percent. Overall removals greater than 95 percent
would call for undue technical risk, and uncertainty about capital and
operating costs.

Basis of the Treatment Cost Data

A latex rubber industry profile was made to determine the typical size
of a latex rubber production facility. The average, or typical, plant
has an annual capacity of 10,000 metric tons, and its waste water flow
approximates 4.4 L/sec (70 gpm).

The model treatment plant, consisting of chemical,coagulation and clari-
fication followed by activated sludge bioclogical treatment, is
illustrated in Figure 11. This is equivalent to BPCTCA.

The recommended +treatment technology to achieve best available
technology economically achieveakle , presented in Figure 12, includes
dual-media filtration followed by activated carbon adsorption.

The treatment designs upon which the cost data are based correspond to
the highest expected raw waste load within each category.
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The same cost criteria used for the emulsion crumb subcategory were
applied to latex rubber. See Table 22.

The total annual treatment costs for latex rubber production facilities
can be presented in terms of incremental costs per unit ¢f production.
Treatment cost data for a typical latex plant producing 10,000 metrig
tons per year of latex rubber solids indicate that the BPCTCA treatment .
will cost 2.51 cents per kg (1.14 centss/1lb) of latex solids produciton
and that the BATEA treatment will produce an incremental cost of 1.01
cents per kg (0.46 cents/1lk) of latex solids production.

Energy Requirements

Since on-site carbon regeneration is not proposed for economic reasons,
the only power or energy requirement of these treatment systems is
electric power for pumps and other motive equipment.

Non-Water OQuality Aspects

solid wastes are produced by chemical coagulation and claritfication,
wasted biological sludge, and spent activated carbon. For cost pur-
poses, it is proposed that these all be hauled to a landfill. The
annual quantities of so0lid wastes are listed below:

Primary coagulated solids 214 cu m (283 cu yd)
Biological solids 62 cu m (82 cu yd)
Spent carbon 126 cum (167 cu yd)

Neither air quality nor noise levels will be adversely affected by the
proposed treatment technologies.

Detailed Cost Information for All Sukcateqories

The following pages of this section contain detailed cost information
used to develop the total capital and annual costs for best practicable
control technology currently available (BPCTCA) and best available
technology economically achievable (BATEA) treatment systems presented
and discussed in Sections VIII, IX and X of this report. The individual
unit processes included in each of the proposed treatment systems are
discussed in considerable detail in Sections IX and X.

Detailed capital and cost estimates for a typically older tire and inner
tube plant and a typically newer tire plant are presented in Tables 23
and 24 respectively.

Table 25 to 27 contain capital cost estimate breakdowns for BPCTCA

control and treatment for typical emulsion crumb, solution crumb, and
latex rubber production facilities.
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Capital cost estimates are given in Tables 28 to 30 for typical emulsion
crumb, solution crumb, and latex rubber plants which represent the
incremental capital costs required to increase BPCTCA treatment to BATEA
treatment.

Tables 31 to 38 describe the annual operating and maintenance cos%s
associated with each of the BPCTCA and BATEA treatment technologies
proposed for tire and inner tube plants and synthetic rubber production
facilities.

Table 39 lists the major cost bases used to compute the amnnual operating
and maintenance costs.
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English Unit

acre
acre - feet

cubic feet

cubic feet

cubic inches

cubic yards

feet

gallon

gallon/minute
horsepower

inches

pounds

million gallons/day
square feet

square inches

tons {short) (2,000 1bs)
tons {long) (2,240 1bs)

yard

Abbreviation

SECTION XV
TABLE 44

METRIC UNITS AND CONVERSION FACTORS

Conversion factor by

ac
ac ft
cu ft
cu ft
cu in
cu yd
ft

gal

9pm

0.405
1233.5

0,028

28.32

16.39
0.76L46
0.3048
3.785
0.0631
0.7457

. 2,54
0.454

3,785

0,0929
6.452
0.907
1.016

0.9144

Metric Unit

hectares

cubic meters

cubic meters

liters

cubic centimeters

cubic meters

meters

liters

Titers/second

kilowatts

centimeters

kilograms

cubic meters/day

square meters

square centimeters

metric tons (1000 kilograms)
metric tons (1000 kilograms)

meters

Abbreviation

ha
cu m

cum

cu cm

cum

L/sec*
kw

cm

kg

cu m/day
sq m

sq cm
kkg

kkg

NOTE: Multiply the value of the English Unit by the indicated conversion factor to’/get the value of the corresponding

Metric Unit,

L.






TABLE 23

BPCTCA and BATEA Treatment Capital Costs for a
Typical 01d Tire and Inner Tube Plant
(ENR 1580 - August 1971 Costs)

Daily Raw Material Consumption = 205 metric tons
Estimated Total Effluent Flow = 2,004,000 gallons per day
Estimated Process Effluent Flow = 86,000 gallons per day

Description of Treatment Facility

In-plant Sewer Segregation
In-plant Process Sumps and Pumps
Process Wastewater Force Main

Outdoor Wastewater Segregation System
Outdoor Process Sumps and Sump Pumps
0ily Wastewater Storage Tank

0il Separator

Sub-Total

Site Work
Electrical

Instrumentation
Sub-Total

Engineering Fees
Contingency

1

2

Waste 0il Handling -
Process Effluent Sewer and Monitoring Station
Total Effluent Monitoring Station

Total Capital Cost (Investment)3

3Land Costs are not included
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Estimated Capital Cost

$ 89,000
32,000
31,000
116,000
72,000

8,000 .
52,000
17,000

9,000
18,000

18,000

$462,000
23,000
55,000
69,000
37,000
$646,000
65,000

97,000

$808,000

lIncludes sealing existing floor drains, installation of new process drains
and sewers, and oily wastewater retainment curbing

2Includes roofing, curbing, and process wastewater drains and sewers



TABLE 24

BPCTCA and BATEA Treatment Capital Costs N
for a Typical New Tire Plant
(ENR 1580 — August 1971 Costs)

Daily Raw Material Consumption = 205 metric tons
Estimated Total Effluent Fow = 569,000 gallons per day
Estimated Process Effluent Flow = 86,000 gallons per day

Description of Treatment Facility Estimated Capital Costs
In-plant Sewer Segregation1 $ 17,000

In-plant Process Sumps and Pumps 16,000

Process Wastewater Force Main 16,000

Outdoor Wastewater Segregation System? 116,000

Outdoor Process Sumps 72,000 .
0ily Wastewater Storage Tank 8,000

011 Separator 52,000

Filter ) 17,000

Waste 0il Handling 9,000

Process Effluent Sewer and Monitoring Station 18,000

Total Effluent Monitoring Station 18,000

Sub-Total $359,000
Site Work 18,000
Electrical 43,000
Piping 54,000
Instrumentation 29,000
Sub-Total $503,000
Engineering Fees . 50,000
Contingency ) 75,000
Total Capital Cost (Investment)3 $628,000

1Includes installation of new process drains and sewers, and oily

wastewater retainment curbing.
2
Includes roofing, curhing, and process wastewater drains and sewers.

3Land Costs are not included.
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Table 25

BPCTCA Treatment Capital Costs for a

Typical Emulsion Crumb Rubber Plant
(ENR 1580 - August 1971 Costs)

Annual Production Capacity =

128,000 metric tons

Estimated Wastewater Flow = 1,483,000 gallons per day

Description of Treatment Unit

Equalization Basin

Pumping Station

pH Adjustment and Coagulant Feed
Nutrient Addition
Reactor-Clarifier

Primary Sludge Pumps and Station
Aeration Basin

Secondary Clarifier

Sludge Return Pumps and Station
Biological Sludge Thickener
Aerobic Digestion

Combined Sludge Thickener

Vacuum Filter

Sludge Handling System

Control Building

Monitoring Station

Sub-Total

Site Work
Electrical
Piping
Instrumentation
Sub-Total

Engineering Fees
Contingency

1
Total Capital Cost(Investment)

]Land Costs are not included.
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Estimated Capital Cost

$ 314,000
19,000
28,000

3,000
101,000
33,000
119,000
120,000
66,000
33,000
128,000
45,000
68,000
13,000
38,000
16,000

— 2
$1,144 000

57,000
137,000
172,000

92,000

$1,602,000
160,000
240,000

—_—

$2,002,000



Table 26
BPCICA Treatment Capital Costs for a
Typical Solution Crumb Rubber Plant
(ENR 1580 - August 1971 Costs)

Annual Production Capacity = 30,000 metric tons

Estimated Wastewater Flow = 353,000 gallons per day

Description of Treatment Unit Estimated Capital Cost
Crumb Rinse Overflow Pits $ 37,000
Equalization Basin 72,000
Pumping Station 54,000
Nutrient Addition and Neutralization 2,000
Aeration Basin 62,000
Secondary Clarifier : 77,000
Sludge Return Pumps and Station 40,000
Biological Sludge Thickener 13,000
Aerobic Digestion 48,000
Vacuum Filter ’ 29,000
Control Building 13,000
Monitoring Station 16,000
Sub-Total , $ 463,000
Site Work 23,000
Etectrical 56,000
Piping 69,000
Instrumentation 37,000
Sub-Total $ 648,000
Engineering Fees ) 65,000
Contingency 97,000
Total Capital Cost(lnvestment)] 8 él0,000

lLand Costs not included.
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Table 27
BPCTCA Treatment Capital Costs for a
Typical Latex Rubber Plant
(ENR 1580 - August 1971 Costs)
Annual Production Capacity = 10,000 metric tons

Estimated Wastewater Flow = 101,000 gallons per day

Description of Treatment Unit Estimated Capital Cost

Equalization Basin $ 49,000
Pumping Station 3,000
pH Adjustment and Coagulant Feed 8,000
Nutrient Addition 1,000
Mix and Flocculation Tanks 8,000
Clarifier 34,000
Primary Sludge Pumps and Station 4,000
Aeration Basin 62,000
Secondary Clarifier - 34,000
Sludge Return Pumps and Station 4,000
Biological Sludge Thickener 11,000
Aerobic Digestion 46,000
Combined Sludge Thickener 16,000
Vacuum filter L2,000
Control Building 30,000
Monitoring Station 13,000

Sub-Total $ 365,000
Site Work 18,000
Electrical L4 000
Piping ' 54,000
instrumentation 29,000

Sub-Total / $ 510,000
Engineering Fees 51,000
Contingency 76,000

Total Capital Cost(lnvestment)] $ 637,000

]Land Costs not included.
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Table 28

BATEA Treatment Incremental Capital Costs
for a Fypical Emulsion Crumb Rubber Plant
. (ENR 1580 - August 1971 Costs)

128,000 metric tons
1,483,000 gallons per day

Annual Production Capacity -
Estimated Wastewater Flow

Description of Treatment Unit Estimatéd Capital Cost
Backwash Holding Tank $ 13,000
Filter Feed Pumps 18,000
Backwash Pumps 20,000
Dual Media Filters 145,000
Activated Carbon Columns 227,000
Carbon Charge System . 23,000
Carbon Regeneration Furnace 122,000
Subtotal ] $ 568,000
Site Work 28,000
Electrical 68,000
Piping 84,000
Iinstrumentation 45,000
Subtotal $ 793,000
Engineering Fees ' 79,000
Contingency 119,000
Total Capital Cost (lnvestment)1 $ 991,000

]Land Costs are not included
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Table 29

BATEA Treatment Incremental Capital Costs
for a Typical Solution Crumb Rubber Plant
(ENR 1580 - August 1971 Costs)

Annual Production Capacity = 30,000 metric tons
Estimated Wastewater Flow = 353,000 gallons per day

Description of Treatment Unit Estimated Capital Cost
Backwash Holding Tank $ 13,000
Filter Feed Pumps 7,000
Backwash Pumps 18,000
Dual Media Filters 73,000
Activated Carbon Columns 88,000
Carbon Charge System 14,000 g
Sub-Total $213,000
Site Work ’ 11,000
Electrical 25,000
Piping 31,000
Instrumentation 17,000
Sub-Total $297,000
Engineering Fees 30,000
Contingency 45,000
1 —__—
Total Capital Cost(lInvestment) $372,000

.]Land Costs are not included
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Table 30

BATEA Treatment Incremental Capitals Costs

for a Typical Latex Rubber Plant
(ENR 1580 - August 1971 Costs)

Annual Production Capacity = 10,000 métric tons

Estimated Wastewater Flow =

Description of Treatment Unit

Backwash Holding Tank
Filter Feed Pumps
Backwash Pumps

Dual Media Filters
Activated Carbon Columns
Carbon Charge System

Sub-Total

Site Work
Electrical
Piping
Instrumentation
Sub-Total

Engineering Fees
Contingency

Total Capital Cost(lnvestment)]

]Land Costs are not included

101,000 gallons per day
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Estimated Capital Cost

$ 4,000
4,000
7,000

21,000
38,000
- 13,000

$ 86,000

4,000
9,000
12,000

6,000

$117,000
12,000

18,000

$147,000



BPCTCA and BATEA

Operating and Maintenance Costs

for a Typical 01d Tire and lnner Tube Plant

Daily Raw Material Consumption

205 metric tons

Estimated Total Effluent Flow = 2,004,000 gallons per day

“Estimated Process Effluent Flow

Description of Cost ltem

86,000 gallons per day

Absorbent

Waste 0il Disposal
Sludge Disposal
Labor

Power and Energy
Maintenance
Insurance and Taxes

Total Annual Operating and Maintenance

Annual Cost

$ 800
300
1,100
5,400
1,000
12,900

6,500

Cost $28,000



Table 32

BPCTCA and BATEA Operating and Maintenance Costs
for a Typical New Tire Plant

Daily‘Raw'Material‘Consumption
Estimated Total Effluent Flow

Estimated Process Effluent Flow

Description of Cost ltems

Absorbent

Waste 0il Disposal
Sludge Disposal
Labor

Power and Energy
Maintenance
Insurance and Taxes

Total Annual Operating and Maintepance Cost

144

205 metric tons
2,004,000 gallons per day

86,000 gallons per day

Annual Cost

$ 800
100
1,100
5,400
1,000
11,700

5,900

$26,000



Table 33

BPCTCA Operating and Maintenance Costs }
for a Typical Emulsion Crumb Rubber Plant '

Annual Production Capécity = 128,000 metric tons

Estimated Wastewater Flow = 1,483,000 gallons per day

Description of Cost ltem Annual Cost
Chemicals
Nutrients $ 9,500
Acid/Alkali : 15,700
Coagulating Chemicals 29,000
Filter Aid 9,200
Solid Waste Disposal 11,700
Labor : | 39,500
Power and Energy 20,000
Maintenance 76,900

Insurance and Taxes 38,500

Total Annual Operating and Maintenance Cost $250,000
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Table 34

BPCTCA Operating and Maintenance Costs
for a Typical Solution Crumb Rubber Plant

Annual Production Capacity 30,000 metric tons

[

Estimated Wastewater Flow 353,000 gallons per day

‘Description of Cost ltem Annual Cost
Chemicals : :
Nutrients $ 2,500
Acid/Alkali : 3,500
Filter Aid 300
Solid Waste Disposal ] 700
Labor 14,600
Power and Energy 4,000
Maintenance 31,100
Insurance and Taxes ' S 15,300
Total Annual Operating and Maintenance Costs $72,000
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Table 35
BPCTCA Operating and Maintenance Costs
for a Typical Latex Rubber Plant
Annual Production Capacity = 10,000 metric tons

Estimated Wastewater Flow = 101,000 gallons per day

Description of Cost ltem Annual Cost
Chemicals
Nutrients $ 600
Acid/Atkali 1,200
Coagulating Chemicals 2,000
Filter Aid 1,000
Solid Waste Disposal 1,000
Labor 14,600
Power and Energy 3,000
Maintenance 24,400
Insurance and Taxes 12,200
Total Annual Operating and Maintenance Cost . | $60,000
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Tabie 36

BATEA Incremental Operating and Maintenance Cost
for a Typical Emulsion Crumb Rubber Plant

128,000 metric tons

Annual Production Capacity

Estimated Wastewater Flow 1,483,000 gallons per day

Description of Cost ltem Annual Cost
Activated Carbon Regeneration : $84,500
Labor 2l ,500
Power and Energy 9,000
Maintenance 38,000
Insurance and Taxes ‘ 19,000
Total Annual Operating and Maintenance Costs $175,000
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Table 37

BATEA - Incremental Operating and Maintenance Costs
for a Typical Solution Crumb Rubber Plant

Annual Production Capacity

Estimated Wastewater Flow

Description of Cost ltem

Activated Carbon Purchase
Spent Carbon Disposal
Labor

Power and Energy
Maintenance

Insurance and Taxes

Total Annual Operating and Maintenance Costs

149

30,000 metric tons

353,000 gallons per day

Annual Cost

$37,400
800
17,500
2,000
14,200

7,100

$79,000



Table 38

BATEA Incremental Operating and Maintenance Cost

for a Typical lLatex Rubber Plant

Annual Production Capacity

Estimated Wastewater Flow

Description of Cost ltem

Activated Carbon Purchase
Spent Carbon Disposal
Labor

Power and Energy
Maintenance

Insurance and Taxes

Total Annual Operating and Maintenance Costs
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10,000 metric tons

‘101,000 gallons per day

Annual Cost

$33,500
600
17,500
300
5,400

2,700

$60,000

v S



Table 39

Operational and Maintenance Cost Bases _ R
Chemical Costs

Nutrients

Dibasic Ammonium Phosphate $100/L.ton

Ammonium Sulfate $ 50/L.ton
Coagulating Aids

Alum $ LL4/L . ton

Clay $ 50/L.ton

Polyelectrolyte $ 1/1b.
Filter Aid $ 1/1b.
Activated Carbon $0.30/1b.

0il Absorbent

Solid Waste Disposal Costs

Power

Electricity
Fuel 0il
Maintenance

Insurance

$900/L.ton -

0il Disposal $ 5/55 gal.drum
Sludge Disposal $ 1/cu.yd.
Haulage (10 cu.yd. dumpster) $20/trip
Labor
Operator $ 5/hour
Supervisor $ 7/hour

$0.01/Kwhr,
$0.18/gal.
3.2% of Total Capital Cost

1.6% of Total Capital Cost



Zero discharge of soapstone and latex solutions is currently practiced
by production facilities in each of the subcategories. Elimination of
soapstone solution discharges involves:

1. Recycle of soapstone solution.

2. Installation of curbing around the soapstone dipping area.

3. Sealing of drains in the dipping area.

4. Reuse of the recirculating system washwater as make-up for
fresh soapstone solution.

The re-use of the recirculating system washwater is the key to zero dis-
charge of +this waste. In emptying the system for cleaning, the

soapstone used should be stored in tanks. The washwater wused should

also be collected and stored. Once the system is cleaned, stored
soapstone can then be returned to the system for wuse in the new
production batch. The collection and stored washwater can then be re-
used as make-up water to the soapstone bath during the normal production
run.

Eliminating the discharge of latex solution is achieved by:

1. * The use of curbing around the latex dipping area.
2. Sealing of all drains in the dipping area.
3. Containment of all waste waters from the area.

Several plants have already achieved zero discharge Ly these methods.
The contained and collected wastes are disposed of off-site in a
landfill.

Control and treatment of 0ily waste streams involves segregation, col-
lection, and treatment of these wastes. The wastes to be segregated
include runoff from o0il storage and unloading areas and leakage and
spills in the process areas, as shown in Fiqure 10. Press and mill
basins, when present, are included in the process area.

To minimize the process water raw waste load, all process water should
be isolated from the nonprocess waste water used in the plant. This can
be achieved by collecting drippings from machinery, the latex dip area
and the molding and curing areas, etc. in sumps. The sumps can be
either pumped +to the process waste water treatment system or collected
batchwise and hauled to the treatment or disposal area. Only as the
cost benefits would indicate, would ripping out and installing new sewer
lines be recommended. Once isolated, these waste waters are collected
in sumps located in strategic areas throughout the plant. Waste flows
will be intermittent by nature and, therefore, a sizable flow rate will
hardly ever be obtained without first collecting all wastes in
centralized locations. Wastewaters collected 1in these sumps will be
periodically pumped to an API-type gravity separator, where the
separable o0il and solids fraction is removed. To provide for large
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spills or leakage of a major water supply line, a 37,850-1liter (10,000-
gal.) storage tank is provided.

Separated o0il is removed by a manually operated slotted pipe. A decant
tank is provided to allow water removed with the o©0il to settle ;out.
Concentrated oil-water mixtures are then removed from the decant tank,
drummed, and sealed, and sent to a landfill. Water removed from the
tank is pumped back to the separator. '

Settleable solids collected in the separator are periodically removed
and also sent to a landfill. The separator is provided with two dual-
operating chambers in order to provide for uninterrupted service during
clean-out. )

The gravity separator is provided with a straw filter w0 remove any,
large o0il globules still remaining due to possible short circuiting or;
unforeseen peak overload conditicns. Additional treatment for oil°
removal is obtained by passing the effluent from the separator through

an absorbent filter.

Effluent Loadings Attainable with Proposed Technologies .

Based on the control technology data ottained from tire manufacturer
sources, and treatment ~data obtained from industries naving similar
waste water problems, it was determined that the proposed control and
treatment technologies are compatible with the following effluent
quality for both Older Tire and inner tube and newer tire racilities:

Suspended Solids 40 mg/L
0il and Grease 10 mg/L
pH 6.0 to 9.0

It is expected that the use of an API separator will result in an
effluent o0il concentration of 30 mg/L. The use of an absorbent filter
will further reduce the effluent 0il concentration to 10 mg/L.

A reduction of suspended solids to 40 mg/L will result from tne use of
an API +type separator. Additional reduction is deemed likely after
pasage through the absorbent filter.

Effluent quality is best expressed in terms of the waste load per unit
of material consumed and is thereby independent of the flow and size of
the plant. Recommended limitations for the proposed BPCTCA are as
follows:

]

Suspended solids 0.064 kg/kkg (1b/1000 1b) of raw material
0il 0.016 kgskkg (1b/1000 1b) of raw material
pPH 6.0 to 9.0
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Through the application of treatment technologies equivalent in
performance to gravity separation and filtration, two of the plants
visited are currently achieving the rroposed standarxrds for oil, Table
40. In addition, four of the plants visited are achieving the proposed
standard for suspended solids. The rlants achieving the o0il standard
are both classified as "new" for the basis of this report. However, one:
of these plants (Plant D) would technically be classified as o0ld when
applying the standards. Recent in-plant modifications to both
manufacturing and process waste water treatment and control facilities
were comprehensive. As a result this plant can be considered in the
newer tire plant subcategory for analysis and waste water management
purposes. The control and treatment technologies employed by this plant
consisted of segregation of o0il and suspended solids laden wastes and
the use of local gravity separators to treat these contaminated waste
waters. Similar modifications in other ol1ld plants, would result in
similar performance levals supporting the selection of the proposed
effluent limitations.

Although the application of control and treatment technologies designed
to reduce o0il and suspended solid concentrations in the process waste
waters for both older and newer tire plants will be similar to those
employed at Plant D, the implementaticn costs for such technologies at
0ld facilities will, in general, be higher than the costs at newer tire
plants.

Synthetic Rubber Industry

Identification of Best Practicable Control
Technologqy Currently Available

In view of the fact that all sukcategories of the synthetic rubber in-
dustry are highly technical and proprietary in nature, it is not
possible to base effluent 1limitation guidelines and standards of
performance on in-plant control technologies which might impact on
processing procedures and product quality. Instead, these guidelines
have been formulated around the best practicable end-of-pipe treatment
technologies employed by the synthetic rubber industry. In order to
achieve the contaminant reductions recommended for this guideline, the
synthetic rubber industry will require better nousekeeping and
maintenance practices, as well as in-plant processing modifications, to
assist the end-of-pipe treatment plant in attaining the required
reductions. The effluent 1limitations have been based on the effluent
quality and contaminant removal efficiencies of well designed and
properly-operated treatment facilities.

Emulsion_Crumb Subcategory

The coagulation liquor and crumb rinse overflow stream should be passed
through crumb pits to remove crumb rubber fines. These pits should be
dual units so that good crumb separation can be achieved during pit unit
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cleaning operations. Figure 11 shows a hypothetical end-of-pipe
secondary treatment facility applicable to the treatment of emulsion
crumb waste waters. This treatment includes chemical coagulation and
clarification, and biological treatment. The total plant effluent
should be passed through an equalization basin, providing approximately
24 hours detention, to smooth out waste load peaks and t6 equalize
hydraulic flow. The equalization basin should be aerated to insure good
mixing, prevent anaerobic conditions, and assist in the biological
oxidation process.

From the equalization basin, the waste waters are pumped to a mixing
basin, where the pH of the waste waters is adjusted to achieve optimum -
coagulation conditions. The desired pH value is approximately neutral
(pH = 7) and 1is suitable for biological treatment with no changes.
Nutrients to facilitate biological treatment will also be added in this
basin.

After pH adjustment, the waste waters flow into a reactor-clarifier,
where coagulating chemicals (alum and polyelectrolyte) are added in the
reactor compartment. A clay slurry is also added, to weight down the
coagulated rubber solids. The waste water flows from the reactor
compartment to the clarifier, where the settleable solids and coagulated
solids settle and are removed. The clarified waste water overflows the
clarifier and enters the biological treatment system. The clarified
waste water flows into aeration basins where it is well mixed with
biological solids. Microorganisms synthesize new biological solids from
organic matter contained in the waste water. At the same time, some
soluble matter is consumed for energy purposes using oxygen supplied by
aerators in the basin. The result is that soluble material is converted
to insoluble biological solids and the BOD of the waste water is
reduced. The mixed liquor containing biological solids suspended in the
waste water overflows the aeration basin to the secondary clarifier.

The solids in the mixed liqucr are settled in the secondary clarifier,
and the clarified waste water overflcws and enters an effluent
monitoring station, where the flow is recorded and an automatic 24-hour
composite sample is collected.

Part of the settled biological solids is returned to the aeration basins
to maintain the mixed liquor solids concentration in the basin. The re-
mainder of the bio-solids must be wasted from the system as a sludge.

The waste sludge is first thickened in a gravity thickener with the
supernatant returning to the head of the aeration basins. The thickened
sludge underflow enters an aerobic digestor, where the biological sludge
is wasted by endogenous respiration utilizing oxygen to aerate and re-
duce the bio-so0lid bulk. This process . is referred to as aerobic
digestion. '
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This digested sludge is then mixed with the primary solids underflows
from the reactor-clarifier unit and enters a secondary thickener. The
clear supernantant from this thickener is also recycled to the aeration
basins. The thickened underflow is then discharged to a wvacuum filter
for further conditioning and concentration. 8

A drum-type vacuum filter separates thickened sludge into a dewatered
cake, which discharges by belt conveyor to a dumpster bin and into a
filtrate that 1is recycled to the aeration basin. The dewaterea sludge
cake is biologically stable and can be disposed of at a sanitary
landfill. Filter aid and precoat preparations are used to assist and
maintain the quality of the filtrate.

solution Crumb Subcateqory

The plant waste waters are first passed through crumb pits to remove
rubber crumb fines. As previously noted in the discussion of the
emulsion crumb subcategory, these pits should be dual units.

Figure 11 represents a hypothetical secondary treatment alternative
which is applicable to solution crumb rubber waste waters, as well-as to
the emulsion crumb waste waters previously discussed. Since solution
crumb waste waters do not contain uncoagulated latex solids, and if ade-
quate separation of the rubber fines has been achieved in the crumb
pits, neither the chemical coagulation process nor the primary clarifier
is required. The waste waters can then pass from the pH and nutrient
addition basin directly into the aeration basin (refer to Figure 11).
In addition, since there are no primary solids, the second thickener is
not necessary and the wasted biological sludge passes directly from the
digester to the vacuum filter. The solution crumb secondary waste water
treatment facility is similar tc¢ the emulsion crumb waste waters in all
other aspects.

Latex Subcateqgory

The model secondary waste water treatment facility illustrated in Figure
11 is also applicable at latex rubber plants. Since latex plant waste
waters contain uncoagulated latex solids, primary clarification assisted
by chemical coagulation is required. However, because latex plants are
considerably smaller than emulsion crumb plants, the waste water flow
rate is much lower. The lower flow rates indicate the use of separate
rapid-mix, flocculator, and clarifier wunits, since small reactor-
clarifiers are not practicable in small diameters due to reduction in
efficiency, mixing, and settlement of solids.

Other than this basic difference (due to flow rate only) in the design
of the primary clarification equipment, the secondary treatment facility
for latex plant waste waters is identical to that described for emulsion
crumb waste water.
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Effluent Loadings_Attainable
with Proposed_Technologies

Emulsion Crumb_ Subcategory

Based on raw waste load and the control and treatment data from emulsion
crumb plants, it was determined that the described proposed control and
treatment technologies are compatible with in the following effluent
quality:

coD 500 mg/L
BOD 25 mg/L
Suspended Solids 40 mg/L
0il and Grease 10 mg/L
pH 6.0 to 9.0

The effluent waste loads, resulting from the application of treatment
technologies equivalent to chemical coagulation with clarification and
biological treatment, constitute the best practicable control and
treatment technology standards currently available for the emulsion
crumb subcategory. Recommendations for proposed limitations are: -

coD 8.00 kgrskkg(1lb/1000 1b) of product
BOD 0.40 kg/kkg(1lbs/1000 1b) of product
Suspended Solids 0.65 kgskkg(1b/1000 1b) of product
0il and Grease 0.16 kgs/kkg(lbs1000 1b) of product
pH 6.0 to 9.0

Table 41 presents the raw waste and final effluent loads for the
exemplary plants producing various emulsion crumb products. Data was
obtained by plant visits and company historical records. Although three
plants were sampled, six cases of emulsion crumb production were
studied.

The proposed BOD, suspended solids, and o0il and grease effluent
limitations for BPCTCA are commensurate with the calculated effluent
loads achieved by the selected plants. The wvalues of the proposed
limitations ' for BOD, suspended solids, and o0il and grease are based on
typical industry waste water flow rates, calculated raw waste loads, and
established performance characteristics (concentrations) of conventional
biological treatment systems.

The proposed COD effluent limitation for BPCTCA 1is higher than the
normal <COD effluent 1load from the selected plants. This value was
conservatively selected in order to produce effluent 1limitations that
reflect minor processing variations and climatic conditions. Since in
practice the effluent COD from a biological treatment facility is
essentially independent of the treatment design and operation, it is not
feasible to develop COD 1limitations for a control and treatment
technology, namely biological +treatment, that does not eiffectively
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remove COD. The important parameters associated with the BPCICA are
therefore BOD, suspended solids, oil and grease.

Ssolution Crumb Subcategory

Industry raw waste load and the control and treatment data indicate that
proposed control and treatment technologies for solution crumb rublker
waste water are compatible with the following effluent quality:

cob 245 mg/L
BOD 25 mg/L
Suspended Solids 40 mg/L
0il and Grease 10 mg/L :
pH 6.0 to 9.0

Eff luent quality can also be expressed in terms of effluent waste loads,
which are independent of waste water flow. These effluent waste loads,
resulting from the application of treatment technologies equivalent to
primary clarification and biological treatment, constitute the best
practicable control and treatment technology standards currently avail-
able for the solution crumk sukcategory. Recommendaticns for proposed
limitations are: :

COD 3.92 kgs/kkg (1b/1000 1b) of product
BOD 0.40 kgs/kkg(lbs1000 1b) cf product
Suspended Solids 0.65 kg/kkg(1b/1000 1k) of product
0il and Grease 0.16 kg/kkg(lb/1000 1b) of product
pH 6.0 to 9.0

The raw waste and final effluent 1loads for selected solution crumb
rubber plants are given in Table 42. Five plants were visited and eight
types of solution crumb product were sampled.

Since most solution crumb is produced at the same location as emulsion
crumb rubber, it was necessary to calculate the raw waste load
contribution of solution crumb process in the treatment system final
effluent. The values of the proposed 1limitations for- BOD, suspended
solids, and oil and grease, therefore, are based on typical waste water
flow rates, calculated raw waste loads, and established performance
characteristics (concentrations) of conventional biological tr atment
systems. The limitations proposed for suspended solids and o1l and
grease, are in general agreement with the effluent loads achieve. by the
selected plants. The BOD limitation, however, is marginally higp r than
the effluent loads produced by some of the cited plants. Since tne best
BOD effluent 1oad achievable by a solution crumb rubber plant is
dependent on the waste water flow and the inherent process limitations
of biological treatment, an effluent limitation has been recommended for
BOD corresponding to the effluent quality of a well designed and
operated biological treatment facility.
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The proposed COD effluent limitation for BPCTCA is higher than the COD
effluent from many of the selected plants. This value was selected as
conservative in order to produce effluent limitations that reflect minor
processing variations and climatic conditions throughout the country.
The salient parameters for the BPCICA are BOD, suspended solids, -0il and
grease, and pH.

Latex Subcateqory

Raw waste load and the control and treatment data do not demonstrate
adequate treatment of the waste water from the selectéd plants. The-
below listed performance characteristics are imposed wupon this
subcategory as justified by ‘established performance characteristics of
conventional biological and chemical coagulation systems.

CcoD 500 mg/L

BOD 25 mg/L

Suspended Solids 40 mg/L

0il and Grease 10 mg/L X
+ pH 6.0 to 9.0

Effluent quality can also be expressed in terms of effluent waste loads,
which are independent of waste water flow. These effluent waste loads,
resulting from the application of treatment technologies equivalent to
primary clarification with chemical coagulation followed by biological
treatment, constitute the best practicable . control and treatment
technology standards currently available for the latex rubber
subcategory. Recommendations for proposed limitations are:

COD 6.85 kg/kkg(1lb/1000 1lb) of product
BOD 0.34 kgs/kkg(1b/1000 1b) of product
Suspended Solids 0.55 kg/kkg(1b/71000 1b) of product
0il and Grease 0.14 kgs/kkg(1b/1000 1b) of product
pH 6.0 to 9.0

The raw waste and final effluent loads for two selected latex rubber
plants are given in Table 43.

164



Q9T

‘apge|1eAe jou ejeq “y°N

*sio3emalisem Al [13n sapn|ou| .

91°0 €€'0 z0°t £9'S e 10°§ 9 A1 (005°1) o00s‘zl ¥as o

YN "Y'N #s°2 0L'9 sL*o 19°6 29°8 L£°9¢ (06L°L) 0064l 44N pue Ys d
JUsN (343 mey  3uenijia mey  Juanijj3 mey 1UsN (433 Mey (91 000°L/1e6) Bt/

Bi/oY 110 CERYAE IS DX/b3 " aod bX%/b% "a0o mo (4 31onpo.d Jueld

|S3UBLd 439any xa3e7 404 Aj1(end 3uen|jj3 (BUld pue speoq 1seq mey

€y T19YL



-




SECTION X

BEST AVAILABLE TECHNOLCGY ECONOMICALLY
ACHIEVABLE -- EFFLUENT LIMITATIONS

Tire_and_Inner Tube_ Industry

Effluent limitations commensurate with best available technology econom-
ically achievable and best practicable <technology currently available
are 1identical for both subcategories of +the +tire and inner tube
industry.

Complete water reuse (zero discharge) for this industry does not appear
feasible. Treatment of the waste water to approach influent water
quality in a recycle system requires removal of oils, suspended solids,
total dissolved solids and trace contaminants that cannot be justified
on a technical, cost or benefit basis.

synthetic Rubber Industry

Identification of Best Available Technology Economically
Achievable

After review of the data and control and treatment technologies, it is
clear the principal pollutant load after biological treatment, for all
subca*egories in the synthetic rubber industry, is due to COD. The
other parameters (BOD, suspended solids, and oil and grease) are reduced
to comparatively 1low 1levels. Therefore, advanced treatment snould be
addressed to COD removal and reduction.

None of the end-of-pipe systems observed in use by this industry was
considered completely adequate for establishing effluent limitations
commensurate with the best available technology economically achievable.

Emulsion Crumb Subcategory

After biological treatment, emulsion crumb waste wdaters have 1low BOD,
suspended solids, and o0il and grease concentrations, and high COD
concentrations (up to 500 mg/L). The most feasible technique to reduce
residual COD content after biological treatment is by using an activated
carbon adsorption technique. This technology has been studied in pilot
scale apparatus using as feed stock emulsion crumb waste waters which
had been subjected to secondary treatment. After treatment with carbon,
the resultant COD level was reduced to about 130 mgs/L. Further studies
by EPA, NERC, Cincinnati showed that reductions of COD levels up to 70
percent are technically and (potentially) economically achievable. This
degree of removal has been used to establish COD effluent limitations
and standards of performance for the emulsion crumb subcategory.
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Figure 12 shows a hypothetical advanced waste water treatment facility
using activated carbon treatment to achieve COD removals adequate for
best available technology economically achievable.

The secondary effluent discharges into a holding tank which is normally
maintained full by a level-control signal to the feed pumps. The feed
pumps produce sufficient line pressure to pump the waste water through
the dual multi-media filters and the carbon columns.

The waste water 1is first filtered to remove the residual suspended
solids from the secondary treatment. Filtration before the carbon bed
will prevent fine particles from plugging the carbon. The filtration
media used generally are anthracite and fine graded sands. The filters
are dual or multiple units depending on the waste water flow rate and
standard equipment sizes available. Periodically, these filters require
backwashing indicated by a pressure buildup upstream or a pressure drop
across the filter bed. When filter backwashing is necessary, the feed
is switched to the dual unit, the backwash pumps are activated, and the
unit undergoes the complete kackwash cycle. Backwash water containing
trapped solids is piped to the aeration basins of the secondary
treatment” facility. The backwash cycle usually includes an air scour
and a final service flow period for resettlement of +the filter media.
The flow rate during the Lackwash cycle is considerably higher than
during the normal service cycle and therefore requires a holding tank of
sufficient capacity to furnish the necessary water for the backwash
operation.

The filtered waste water flows down through the activated carbon
columns. Depending on the waste water flow rate, two or more parallel
carbon bed columns may be required. Due to solids buildup in the carbon
columns, periodic backwashing 1is also required. Each column is
backwashed when the pressure drop across the column exceeds a pre-set
value. The backwashing water is discharged to the aeration basins of
the secondary treatment facility.

The carbon in the columns is replaced with fresh or regenerated carbon
when its activity is depleted. This is indicated by breakthrough or
leakage as detected in an automatic total carbon analyzer. The spent
carbon is discharged to a spent carbon storage bin, and a regenerated or
fresh charge of carbon is provided to the columns from a charge hopper.

The effluent from the carkon bed columns has low COD, BOD, suspended
solids, and oil and grease. The flow of this effluent is monitored
through a monitoring station where a 24 hour composite sample is col-
lected.

In most emulsion crumb plants, the carbon usage is sufficiently high to
justify on-site regeneration. Regeneration may be carried out in an
oilfired, multiple~-hearth furnace. The spent carbon is continuously fed
from the spent carbon storage bin to the furnace. The 1regenerated and
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cooled carbon 1is then returned to a carbon charge hopper and is ready
for recharging. Overflow carbon quench and slurry waters from the
regeneration process are carbon (to replace carbon 1lost during
unloading, transfer, loading, and regeneration) is added at the charge
hopper. Losses normally amount to approximately 5 to 8 percent of the
regenerated carbon weight. J

In smaller emulsion crumb production facilities, carbon usage is low and
on-site regeneration may not be feasible. The carbon can then either be
returned to the supplier for regeneratiocn or can be disposed of as sclid
waste in a landfill site.

solution Crumb Subcateqory

The hypothetical advanced waste water treatment facility illustrated in
Figure 12 is also applicable to a secondary effluent from solution crumb
waste water. The illustrated facility will produce an effluent
satisfactory for best available technology economically achievable.

Although this technology has not been used by plants in the solution
crumb subcategory, it has bLeen studied for emulsion crumb secondary
effluent. Because of the many similarities between solution crumb and
emulsion crumb waste water (e.g., use of the same monomers and similar
processing techniques by the two sukcategories), it is reasonable to
propose this advanced treatment technclogy for secondary solution crumb
waste water. The level of treatment representative of this technology
has been confirmed by the EFA National Environmental Research Center,
Cincinnati, ©Ohio.

The advanced treatment facility for solution crumb is similar to that
for <emulsion crumb, except +that in most cases the carbon will be
disposed of or regenerated off-site, instead of being regenerated on-
site. This is due primarily to the fact that solution crumb plants are
generally smaller than emulsion crumb plants, and on-site carbon
regeneration is not judged to be economically feasible at this level of
cost analysis.

Latex Subcategory

Again, the hypotehtical advanced waste water treatment facility
illustrated in Fiqure 12 1is recommended for treatment of secondary
effluent latex rubber waste waters. This facility corresponds to the
proposed best available technology ecnomically achievable for latex
rubber plants.

This technology has not been used by latex rubber plants, but it has
been studied, for the advanced treatment of secondary effluent emulsion
crumb rubber waste waters. There are many similarities in materials
used and processing operations between latex and emulsion crumb
production, and hence similarities in their waste waters. Differences
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tend to revolve
characteristics and
recommend this
latex rubber waste waters.

Center, Cincinnati, Ohio.

around the
constituents.

level of 1loadings
It is, therefore,

that proposed for emulsion crumb waste waters.

Effluent Loading Attainable with Proposed_Technologies

Emulsion_Crumb_Subcategory

Based on secondary treatment data and pilot studies of activated

adsorption,

rather

in effluent quality better than or equal to the following values:

COD

BOD

Ssuspended Solids
0il and Grease

pH

The proposed treatment will probably produce an
Suspended Solids,
the resultant 1limitations

quality
values.

for BOD,
However,

130 mg/L
5 mg/L
10 mg/L
5 mg/L
6.0 to 9.0

governed by the accuracy of the analytical methods.

Effluent quality

The effluent waste loads, resulting from the

technologies

adsorption, constitute the

are as follows:

COoD

BOD

Suspended Solids
0il and Grease

pH

solution Crumb Subcategory

Industry

crumb waste waters
solution
quality is given as follows:

were

COD
BOD

kest
achievable for the emulsion crumbk subcategory.

available treatment

2.08 kgskkg (1b/ 1000 1b)
0.08 kg/kkg (1b/1000 1b)
0.16 kgrskkg (1b/1000, 1b)
0.08 kg/kkg (1b/1000 1b)
6.0 to 9.0

130 mg/L
5 mg/L
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Suspended Solids 10 mg/L
0il and Grease 5 mg/L
pH 6.0 to 9.0

The effluent values for BOD, Suspended Solids, and 0il and Grease are
dictated by the 1lower 1limit of accuracy for the currently accepted
analytical methods. ‘

The effluent waste loads following multi-media filtratiocn and activated
carbon adsorption constitute the best available treatment economically
achievable for the solution crumk sukcategory. The proposed limita+ions
are as follows:

COoD 2.08 kg/kkg(1b/1000 1lb) of product
BOD 0.08 kgs/kkg (1lb/ 1000 1b) of product
Suspended Solids 0.16 kg/kkg (1b/1000 1b) of product
0il and Grease 0.08 kgs/kkg(lb/1000 1b) of product
pH 6.0 to 9.0

L.atex Subcateqory

Latex industry secondary treatment data and data extrapolated. from
studies on the activated carkon adsorption treatment of emulsion crumb
secondary effluent were wused to formulate the following etrfluent
qualities: -

COD 130 mg/L
BOD 5 mg/L
Suspended Solids 10 mg/L
0il and Grease 5 mg/L
pH 6.0 to 9.0

The effluent 1levels for BOD, Suspended Solids, and 0il and Grease are
dependent on the accuracy of the best accepted analytical methods.

Effluent quality can also be expressed in terms of effluent waste loads
which are independent of waste water flow. The effluent waste loads re-
sulting from the application of treatment technologies equivalent to
multimedia filtration and activated carbon adsorption form the basis for
the best available treatment economically available for the 1latex
subcategory. The proposed limitations are:

COD 1.78 kgs/kkg (1b/1000 1lb) of product
BOD 0.07 kgs/kkg (1b/ 1000 1b) of product
Suspended Solids 0.14 kgskkg (1b/1000 1b) of product
0il and Grease 0.07 kgs/kkg (1bs1000 1b) of product
pH 6.0 to 9.0
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SECTION XI

NEW SOURCE PERFORMANCE STANDARDS

Tire_and Inner Tube Production Facilities

3

Recommended effluent limitations for new sources are identical and com-
mensurate with best practicable technology currently available. ' These
effluent limitations are presented in Section IX of this report.

Synthetic Rubber Industry

Because all stated subcategories of the synthetic rubber industry are
highly technical and involve proprietary processes, in-plant control
technologies cannot be fully defined or enumerated; such in-plant
measures might impact on manufacturing practices and product quality.

Since advanced waste water treatment technologies have been proposed for
the best available treatment economically achievable (BATEA) by existing
plants by 1983, the recommended effluent limitations for new sources
prior to 1983 are identical to those recommeded as pest practicable
control technology currently available for each of the synthetic rubber
subcategories.

Pretreatment Recommendatioﬁs

A minimum level of pretreatment must be given toO new prcduction
facilities which will discharge waste water to a publicly owned
treatment works. In addition, potential pollutants which will inhibit
or upset the performance of publicly owned treatment works must be
eliminated from such discharges.

Tire _and Inner Tube Industry

Pretreatment recommendations for process waste waters from the tire and
inner tube industry include the separation of o0ils and solids in an API
gravity separator and the use of an equalization basin to prevent shock
loads of o0il, suspended solids or batch dumps of dipping solutions from
entering and upsetting the performance of a publically owned treatment
works. Oily wastes, after dilution in a public sewer system, will
remain untreated and therefore must be controlled before discharge from
the plant boundaries.

Pretreatment of other nonprocess waste waters from the tire and inner

tube industry will pose more difficult problems. These include
alkalinity in boiler blowdowns and both acidity and alkalinity in water
treatment wastes. Both boiler blowdowns and water treatment wastes will
contain high concentrations of suspended and dissolved solids. Cooling
tower water treatment wastes may contain heavy metals such as chromium
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and zinc wused for «corrosion inhibition. Potential problems such as

acidity, alkalinity, solids, o0ils, and heavy metals may require control

at the plant to conform to local ordinances for discharge to a publicly

owned treatment works. The control techniques and treatment methods are

described in earlier sections of this report. Equalization of the waste®
load and waste water flow is the key step in the control of batch dumps
of production chemicals and solutions.

Synthetic Rubber Industry

Emulsion crumb and solution crumb slurry overflow waste waters should be
passed +through crumb pits to remove floatable rubber crumb. Few pub-
licly owned treatment works have primary clarification equipment ade-
quate to handle large quantities of agglomerated rubber crumb solids.

Wastewaters from emulsion crumb and latex production facilities are in-
variably laden with uncoagulated latex solids. Since publicly owned
treatment works do not generally have coagulation capabilities, these
waste waters should, at least, ke chemically coagulatea with a sinking
agent and clarified.

-

Utility wastes often exhibit extreme pH peaks which should be
neutralized or, at least equalized, pricr to discharge to <the publicly
owned treatment works. This- problem 1is not so severe with emulsion
crumb and latex plants, where pH adjustment 1is required prior to
chemical coagulation, as it is with solution crumb production facilities
where adjustment of the waste water pH is normally not necessary. Heavy
metals, present 1in cooling tower blowdowns for example, should be
eliminated by substitution of inhibitor or equalized prior to discharge
to a publicly owned treatment works.

No compounds or species present in synthetic rubber process waste water
can be considered toxic or inhibitory to the performance of publicly
owned treatment works.

In summary, the following pretreatment requirements apply to waste water
discharges to publicly owned treatment works from synthetic rubber
plants: /

Emulsion Crumb_Subcategory - Gravity separation of crumb fines 1in
crumb pits, chemical ccagulation and clarification of latex-laden
waste waters, and neutralization or equalization of utility wastes.

Solution_ Crumb Subcategory - Gravity separation of crumb fines in
crumb pits, and neutralization or equalization of utility wastes.

Latex Subcateqory - Chemical coagulation of latex-laden waste
waters, and neutralization or equalization of utility wastes.
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SECTION XIV

GLOSSARY

Act
The Federal Water Pollution Control Act Amendments of 1972.
Activatorx

A metallic oxide that makes possible the crosslinking or sulfur in
rubber vulcanization. ;

Antioxidant

An organic compound added to rubber to retard oxidation or
deterioration.

Accelerator Agents

A compound which greatly reduces the time required for wvulcanization of
synthetic or natural rubber.

Banbury Mixer

Trade name for a common internal mixer manufactured oy Farrel
Corporation used in the compounding and mixing of tire rubber stock.

Best Available Technology Economically Achievable (BATEA)

Treatment required by July 1, 1983 for industrial discharges to surface
waters as defined by Section 301 (b) (2) (A) of the Act.

Best Practicable Control Technoloqgy Currently Available (BPCTCA)

Treatment required by July 1, 1977 for industrial discharges to surface
waters as defined by Section 301 (b) (1) (A) of the Act.

Best_Available Demonstrated_control Technoloagy (BADCT)

Treatment required for new sources as defined by Section 306 of the Act.
BODS
Biochemical Oxygen Demand (5 day).

Bag_House
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An air emission control device used to collect intermediate and large
particles (greater than 29 microns) in a bag filter. A bag filter
constructed of fabric. Common usage in the tire industry is to control
and recover carbon black in a dry state from vapors 1leaving the
compounding area. 3

Butyl Rubber

A synthetic rubber made by the solution polymerization of isobutylene
and isoprene.

camelback
Tire tread used in the retreading of tire carcasses.

Capital Costs

Financial charges in August 1971 dollars which are computed as the cost
of capital times the capital expenditures for pollution control. Cost
of capital is assumed to be 10 percent.

-

carbon Black

A reinforcing agent used in large quantities in tire rubber compounds.
catalyst

A substance that initiates a chemical reaction and enables it to proceed
at a greatly accelerated rate.

Cateqory and Subcategory

Divisions of a particular industry which possess different traits which
affect water quality and treatability.
Cement

A process stream consisting of polymeric rubber solids dissolved in
solvent. :

Cement (Tire and Tubes)
An adhesive used in tire and inner tube manufactufing.

Ccoaqulation

The comkination or aggregation of previously emulsified particles into a
clot or mass.

cob
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Chemical Oxygen Demand.
Crumb
Small coagqulated particles of synthetic rubber.

curing Agent

Curing or vulcanization agents are substances which bring about the
rubber crosslinking process. The most important agent is sulfur. See
vulcanization.

Depreciation

Accounting charges reflecting the deterioration of a capital asset over
its wuseful 1life. Reported as straight line over five years with zero
salvage value.

Dry Air Pollution_Control

The technique of air pollution abatement without the use of water.

-

Emulsion

A stable mixture of two or more immersikle liquids held in suspension by
small percentage of substances called emulsifiers.

Endogenous Respiration

Auto-oxidation of the microorganisms producing a reduction and
stabilization of biological solids.

EPDM

A synthetic rubber based on ethylene~propylene and a controlled amount
of non-conjugated diene. Polymerization is carried out in solution.

Extender

A low specific gravity substance used in rubber formulatlons chiefly to
reduce costs.

Extrude
To shape by forcing a material through a die. The operation is carried
out in a device known as an extruder. In tire and inner tube

manufacture treads and inner tubes are formed by extrusion.

Filler
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A high specific gravity (2.00-4.50) compound used in rubber mixtures to
provide a certain degree of stiffness and hardness and used to decrease
costs. Fillers have neither reinforcing or coloring properties and are

similar to extenders in their cost-reducing function. .

gpm
Gallons per minute.
IR

Polyisoprene rubber, the major component of natural rubber, amde syn-
thetically by the solution polymerization of isoprene.

Investment Costs

The capital expendistures reported in August 1971 dollars required to
bring the treatment or control technology into operation. Included are
expenditures for design, site preparation, purchase of materials, con-
struction and installation. Not included is the purchase of 1land on
which the system is to be built.

L

Liter

Latex

A suspension of rubber particles in a water solution. Coagulation of
the rubber is prevented by protective colloids. A colloid is a surface
active substance that prevents a dispersed phase of a suspension from
coalescing by forming a thin layer on the surface of each particle.

Masterbatch

A compounded rubber stock applicable to a wide variety of |wuses. Main
ingredients are rubber, carbon black and extender oil.

mg/L

Milligrams per 1liter. Nearly equivalent to parts per million concen-
tration.

Modifier

An additive which adjusts the chain length and moiecular weight dis-
tribution of the rubber during polymerization.

Monomer
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w!

A compound of a relatively low molecular weight which is capable of
conversion to polymers oxr othes/ compounds.

NBR

Nitrile rubber, a synthetic rutber made by emulsion polymerization' of
acrylonitrile with butadiene. ‘

New _Source

Any building, structure, facility, or installation from which there is
or may be a discharge of pollutants and whose construction is commenced
after the publication of the proposed regulations. .

Non-Productive_ Rubber Stock

Rubber stock which has been compounded but which contains no curing
agents. Synonym for non-reactive rubber stock.

Non-Reactive Rubber Stock

Rubber stock which has been compounded but which contains no ¢turing
agents. Synonym for non-productive rubber stock.

Operations_and Maintenance

costs required to operate and maintain pollution abatement equipment.
They include labor, material, insurance, taxes, solid waste disposal,
etc.

PBR

Polybutadiene rubber, a synthetic rubber made by solution polymerization
of butadiene.

pH

A measure of the relative acidity or alkalinity of water. A pH of 7.0
indicates a neutral condition. A greater pH indicates alkalinity and a
lower pH indicates acidity. A one unit change in pH indicates a 10 fold
change in acidity and alkalinity.

Pigment

Any substance that imparts color to the rubber. Pigment substances such
as zinc oxide or carbon black also act as reinforcing agents.

Plastic
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Capable of being shaped or molded with or without the application of
heat.

Process Water R

All waters that come into direct contact with the raw materials, inter-
mediate products. ‘

Productive_ Rubber Stock

compounded rubber which contains curing agents and which can be vulcan-
ized. Synonym for reactive rukker stock. :

Reactive Rubber Stock

Compounded rubber which contains curing agents and which can be vulcan-
ized. Synonym for productive rubber stock.

Reinforcers or Reinforcing Agent

Fine powders used to increase the strength, hardness and abrasion
resistance of rubber. Reinforcing agents used in the rubber processing
include carbon balc, zinc oxide and hydrated silicas.

SBR

Styrene Butadiene Rubber, a synthetic rubber made either by emulsion or
solution polymerization of styrene and butadiene.

Soapstone

A substance used to prevent tire and inner +tube rubber stocks from
sticking +together during periods of storage. Used in both a dry and
solution form. The major ingredient is usually clay.

Solution

A uniformly dispersed mixture of the molecular level of one or more
substances in one or more other substances. ‘

Stripper -

A device in which relatively volatile componénts are removed from a
mixture by distillation or by passage of steam through the mixture.

Surface Waters

Navigable waters. The waters of +the United States including the
territorial seas.
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Tire Bead

Tire beads are coated wires inserted in the pneumatic tire at the point
wh2re the tire meets the steel rim on which it is mounted. They insure

an air tight seal between the tire and rim.
)

Wwoven synthetic or natural fakrics impregnated with rubber. They form
the body of the tire and supply it with most of its strength.

Tire Tread

Tire tread is riding surface of the tire. Their design and composifion
are dependent on the end use of the tire.

e o e o it s s

A set of movable shelves designed for the temporary storage of extruded
tread sections between the extrusion and tire building operations. Each
shelf pivots like the page of a book, thus the name tread book.

Vulcanization

Vulcanization is the process by which plastic rubber is converted into
the elastic rubber or hard rubber state. The process is brought about
by linking of macro-molecules at their reactive sites.

Wet Air Pollution Control

The +echnique of air pollution abatement wutilizing water as an
absorptive media.
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