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Our country is facing a problem of growing propor- 
tions: more hazardous wastes and fewer locations to  
store or treat them. As the number of storage sites di- 
minish, treating the waste or hauling it greater distances 
to the remaining sites will require lqrge amounts of en- 
ergy, which in the long-term is a limited and expensive 
resource. 

an tstrategy should refocus to look 
rs of 30 days. Today’s short-term 
for disposal a re  not addressing the de- 

ferred costs of cleanup of contaminated land areas and 
aquifers. The Love Canal case may be all too typical of 
massive cleanup costs that could have been av 

the waste was generated. 
a ‘coordinated program 

-encourage and reward processes emphasizing yolume 
reduction, product recovery for reuse, and minimum 
overall ‘energy consumption. Inevitably, society will 
have to bite the bullet and expect to pay “up front” for 
waste treiitment. The goal now sh6uld be to find or de- 
velop processes or combinations of 5rocessG-t 
siparate out recyclable materials, detoxify waste mate- 
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rial, be low in energy consum 
handling huge volumes of m 

It is unreasonable to expe 
complish this task, so the ne 
caded processes. Many treat 
able are either too energy 
(incineration and solvent extpcthn),-or too slow to 
handle the volumes generated#-$ii-fgad ._ , ~. filtra- 
tion). In addition, land 
cesses are both faced wit 
ma ted ,  €or example ,  t h  
hydrocarbons in a land farm 
air. 

Other new processe 
high-temperature fluid wall, pl-%mLqc and super criti- 
cal fluids (see Pollution EngeeEing, Dec. 1986, pg. 37) 
are cost and energy-intensive and tend to be specific for 
certain product streams Whi may be useful and 
cost justifiable in  some 
less specialized waste s 
practical. 

Figure I .  Multistep process for waste minimization. 
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Multi-step treatments 
A multi-step waste treatment process, instead of the 

current single-step approach, offers an overall im- 
proved system of treating waste streams and results in 
much smaller waste volumes for disposal. While the 
present cost of this approach may be higher than cur- 
rent lowest cost disposal methods, the foialcosf of prop- 
er long-term treatmenVdetoxification of the same mate- 
rial at a Superfund site is surely well in excess of the cost 
of properly treating the material at the source as it is 
generated. 

For instance, consider the treatment of heavy-end re- 
f ine ry  wastes which contain wide range molecular 
weight hydrocarbons, water, and solids consisting of 
dirt, clays, rust and heavy metals. If we take 1000 tons 
of that waste, the current low-cost landfill is a poor in- 
vestment toward the deferred and myth higher cost of 
cleaning up that site later. The energy costs of incinerat- 
ing the wet solids will be prohibitive in the long run, and 
doesn’t take into account the loss of the valuable recy- 
clable material. The scheme in Figure 1 shows a pro- 
posed multi=step treatment of oil refining wastes. 

De-watering by centrifuging or filtering can reduce 
the volume considerably-to about 400 tons. The re- 
maining hydrocarbon-saturated solids can then go 
through a separation process to return the hydrocar- 
bons, (200-300 tons) back to the refinery as burner fuel 
or for reprocessing. This recycle component will help 
defray the costs, particularly as oil prices increase. The 
remaining solids (100-200 tons), if low enough in hydro- 
carbons, can be used as building material or taken to 
clean landfill. 

If the material is such that the separation is incom- 
plete, and the solids still contain significant amounts of 
hydrocarbons, these costs will be driven up as final 
treatment is considered-either incineration, land farm 
or as a last resort, disposal in a toxic waste dump. In any 

case, the overall volume has been reduced tenfold and 
the actual hydrocarbons reduced even more. If inciner- 
ation does follow, this would mean less wasted hydro- 
carbon resources and fewer combustion products te- 
leased to the atmosphere. 

For land farms, the reduction of organic matter 
would ease the burden in  the soil and al low a much 
smaller acreage to service a pven refinery. Spreading 
materials of 30 percent hydrocarbons would eventually 
overwhelm a land farm that can only function at levels 
of up to about 20 percentaverage hydrocarbon loading. 
Spreading solids with 1 percent hydrocarbon could keep 
the farm functioning indefinitely. In the case of toxic 
waste disposal, the volume may be low enough to allow 
encapsulation. 

New technology 
The most difficult step in the 

tern is the separation of hydroca 
technology is needed, If possible, t 
able to  handle a wide range o 
many different chemicals satura 
such as catalysts and filter clays. 

quired as long-term supplies will be short and prices will 
be high. The emergence of a new itdustry such as waste 
treatment with high energy needs_could shift a precar- 
iously balanced energy industry back into tight supply. 

One new patented process for the separation of solids 
from water insoluble hydrocarbons results in recovery 
of 85 to better than 99 percent hydrocarbons (de- 
pending on the nature of the f eam), and in some 
cases renders the solid portion of the  stream reusable. 
The process is based on low-temperature aqueous 
chemical solutions that effect release (displacement) of 
hydrocarbons from solids follo by a three-phase 
separation. The hydrocarbon m I can be skimmed 

New processes must be consci 

- -- - 

Figure 2 .  Cluypro process for treating peirolecon wasies. 
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off the top for recycle or for burner fuel depending on 
the purity and value of the recovered material. The re- 
leasing reagent is recycled in the process. 

The concentrated solids in the lower phase are fil- 
tered out of the releasing reagent. Depending on the ef- 
fectiveness of the release process and the type ofmate- 
rial being separated, the solids can be dried and reused, 
or used as clean fill or for composite building material 
such as concrete. If the solids are still contaminated, 
economics will dictate whether a second release treat- 
ment is justified or whether land farm or incineration 
would be best. For both the latter cases, volume reduc- 
tion is the important feature. 

The releasing solution process has been shown to be 
appropriate for the industrial wastes shown in Table 1.' 
The fluid catalytic cracker (FCC) fines and additive fil- 
ter cakes have been treated successfully on a pilot plant 
scale. The others, as well as an oil-soil material from a 
hazardous dump site, have been treated success 
the laboratory. 

Catalytic cracker fines 
Of the 15 million barreldday of petroleum processed 

in U.S. refineries, five million barrels of residual stocks 
are cracked in FCC units. In the process a bed of fine in- 
organic catalyst is fluidized by a flow of heavy crudeoil 
fractions which pass through the bed at temperatures 
approaching lo00 F. 

As the gaseous hydrocarbons pass through the cata- 
lyst, fine catalyst particles (fines) are entrained in the 
gas and carried out of the catalyst bed into the effluent 
stream. The effluent gases pass through cyclone separa- 
tors which knock down and recycle the Iarger particles. 
Particle sizes under 20 microns escape, however, and 
pass over with the cracked fractions into a distillation 
unit where the products are distilled. The bottoms from 
this distillation column is called a "slurry oil" and the 
fine catalyst particles accumulate in this fraction. 

Most refineries send this material to large tanks 
where it is allowed to settle. Every three to five years 
the tank is removed from service and the oil is with- 
drawn from the top, leaving a residue of 3OOO to 8OOO 
tons of slurry oii/FCC.fines mixtures. 

The catalyst fines contain toxic metals such as nickel 
and vanadium, but they exist in solid solutions in the 
catalyst and cannot be eluted with water or acids. Thus, 
when free of hydrocarbon, the solids can be disposed of 
in landfill or used in concrete production at  little or no 
cost to the refinery. The slurry oil is a heavy, black oil 
normally used as residual fuel for utility plants or bunk- 
er fuel for use on ships. 
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Total 707,000 
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Oil recovered in the process, as shown in Figure 2, 
can be recycled back into the plant. The recovered 
fines, damp with water, can be disposed of much more 
readily than the original mixture. They are still hazard- 
ous, but the oil content has been reduced by at least 90 
percent and the material does not have to be solidified. 
This result produces significant savings to the refiner 
because of the reduced disposal tonnage, in addition to 
the recovered value of the oil. 

r 

Lubricating oli manufacturing 

tion of lubricating oil additives. A final 
moves solid particles from the reaction mi 
duce a clear liquid. Filter material is diatomaceous 
earth, commonly called filter aid. The process produces 
a waste filter cake which cont 
lubricating oil additives and w 

Another application for the process is in the produc- 

cent. Present dis 

Some additives 
and some companies have begunzusing centgfuges to 
removecthe- insohhles pri 
process remveri essentially all 

Hazardous waste site c 
This potential market for r e  

quiring cleanup, and th 
$8 billion over the next fi . Each site $11 have 
different soil types and l i k e l y d l  have different organic 
contamination. -This material variability will pose the 
toughest technical separation challenges of all those de: 
scribed. But preliminary studies using the aqueous re- 
leasing solution technique have been encouraging. 

Alternatives and lncentiv 
As regulations curtail the easy, low-cost methods of 

waste disposal, itis up to ind@try to develop efficient 
alternatives to land fill. A stimulus to this effort should 
be government encouragement through tax incentives 
for companies reducing waste at the source. Also, di- 
rect sponsorship or tax-related support of research on 
new methods for treating hazardous waste streams is es- 
sential to attract private sector investment into compa- 
nies working on new and innovative processes. 

Concern about 2iie cost of such programs shouid be 
offset by the reality of the expense of retroactive clean 
up programs such as Superfund. With economicincen- 
tives from government, and by concentrating on waste 
management and resource recovery processes, we can 
go a long way toward solving our disposal problems. PE 

" -  

T. 0. Caulfield is president and J .  H. A d a m  is on the re- 
search staff of Claypro Corp., Poini Richmond, CA.  
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