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OVERVIEW

Grady-White Boats builds fiberglass sportfishing boats ranging from 171 to 281 in

length in its facility located in Greenville, North Carolina. This facility,

covering 300,000 square feet, was designed specifically to build open molded fiber-

parts workers use

the laminate struc-

glass boats. During the building process of these fiberglass

numerous hand tools to spread the glass and resin smoothly in

ture. These tools must be cleaned periodically to keep the r

the tool and making the tool ineffective. Acetone has been w

industry for cleaning tools, and has been used at Grady-White

esin from curing

idely used in th i

for many years.

on
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Current air toxics emissions regulations and the problems concerning worker exposure

to health hazards, cost of disposal of hazardous waste and flammability have caused

Grady-White to look for an alternative to the use of acetone.

Acetone usage at this facility seemed to be excessive to management personnel.

Quantities in excess of 250 gallons per day were being used on the average during

1990. This quantity of acetone not only contributed to the fire hazards within the

plant but also contributes significantly to the total VOC emissions from this

facility due to evaporation. The acetone, that does not evaporate is recovered and

distilled and is recycled through the facility, but the acetone still bottoms become

a hazardous waste, the only hazardous waste produced by this facility. After having

looked at water-based resin emulsifiers as a substitute for acetone and found them

to be very cumbersome, a different solution to this problem was needed. DBE, manu-

factured by Du Pont, was one of the first cleaning substances marketed as a substitute

for acetone which was brought to the attention of Grady-White Management. Grady-White
applied to the North Carolina Pollution Prevention Pays Program for a challenge

grant to study DBE as an acetone substitute. During the time that this study con-

cerning DBE and acetone was taking place, a number of other possible acetone substi-
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tute solvents became available to the FRP industry. Some test results for these

other solvents have been included in this study, although the emphasis of the

information provided will be on the DBE solvent. Other products that were tested

included Shipshape Resin Cleaner made by GAF Corporation, Propylene Carbonate,

which was manufactured by ARCO Chemical, Tipsolve II, which is manufactured by

Prillaman Chemical Corporation, SVC-12 manufactured by Silicon Valley Chem Labs,

inc. and Butyl Cellusolve manufactured by Union Carbide. Butyl Cellusolve, although

it works, could not be distilled on site and was discounted from further testing.

SVC-12 works, but does not work well and was subsequently eliminated. Ail of these

solvents have similar characteristics and they dissolve more resin than acetone

does before they become sticky and unusable. Due to the low volativity, they leave

a Liquid film on hands and tools, which must be shaken off before returning to work

on the parts. More information on this is included later in other sections of this

report.

The purpose of this report is to supply information to users of acetone or other

volatile organic solvents so that they may decide for themselves the replacement

solvent that is suitable for their use. This report in no way favors one solvent

manufacturer or another, it only points to which solvent would be best suited in

our particular application. All users of these or any other solvents must test

their solvents under their own specific conditions to see of they are usable, cost-

effective and practical for their use.
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SOURCE OF THESE SOLVENTS

Acetone has always been the premier solvent for polyester resin cleanup. However,

due to environmental and safety reasons, the need arose for new solvent systems

that could replace acetone on a better cost and performance basis, and certainly

better overall safety as relating to low toxicity, flash point and environmental

concerns.

Du Pont's Dibasic Ester (DBE) is a blend of the refined dimethyl esters of succinic,

glutaric, and adipic acids (all naturally occurring acids). In the production of

Nylon, an intermediate product is produced called adipic acid, it is from the pro-

duction of adipic acid that DBE has its genesis. A stream is split off in this

production referred to as the DBA (dibasic acid) stream. DBE is manufactured to

tight specifications controlling water, methanol and acid content at low levels.

This material is then esterified with methanol producing the methyl ester analogs

of the diacids.

Du Pont produces DBE in three locations within North America; Orange and Victoria,

Texas, and Maitland, Canada. DBE is sold on a global basis with sales to all the

major countries in the world at present. There is sufficient production capacity

presently in place to supply the total needs of this industry several times over.

Since DBE comes out of the production of Nylon, in order for the production of DBE

to be negatively affected the demand for Nylon would have to disappear.

DBE was first introduced in the mid-1970's and saw rapid commercial acceptance in

three functional areas:
* as a solvent, plasticizer, or reaction medium for

automotive textile lubricants
refinish magnetic memory disc coatings
OEM acrylic enamels pesticide carriers
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Pyrrolidone-based chemicals, such as GAF's "ShipShape and Prillaman's "Tipsolve II"

can perform many of the tasks of solvents being phased out. M-Pyrol-based chemicals

have been widely used for many years as solvents by producers of petrochemicals,

gases, chemicals and agricultural chemical adjuvants. They have also long been in

use as cleaning solvents in many industries.

Pyrrolidone derivatives are widely used in treatment of animal illnesses, personal

care products, surgery and preparation of alcoholic beverages. During its 30-year

history, this chemistry has been fully analyzed and proven to have minimal environ-

mental impact. M-Pyrol solvents have a low order of toxicity and are neither car-

cinogenic, mutagenic or teratogenic. Being 95% reclaimable, they impose no heavy

economic burdens.

GAP Chemicals Corporation has invested millions of dollars in an on-going research

program to examine the use of pyrrolidone-based solvents as alternative cleaners

for industries now facing the replacement of CFC's, acetones, ketones, chlorinated

hydrocarbons and other cleaners. The studies show that by treating each industry

as a unique chemical and marketing situation, many viable replacement cleaners

can be developed and offered. Potential applications exist in paint removing, pre-

cision cleaning of electronic parts, metal degreasing, cleaning fiberglass and

polymer resin fabrication tools, cleaning equipment and many others.

Prillaman Chemical has developed Tipsolve II, a new M-Pyrol-based solvent system

availabie to the fiberglass industry. Tipsolve II also has a low order of toxicity,

high flash point and the ability to hold two to three times as much resin before

becoming sticky and unusable. it is distillable and can be reused.
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Propylene Carbonate has been used as an additive for clay gellants that are widely

used as bases for anti-perspirant, lip-sticks, skin cleansers, eye shadow, mascara,

hair conditioners and other cosmetic products for many years. Cosmetic products

containing up to 20% propylene carbonate were essentially non-sensitizing and at

most, moderately irritating to human skin, non-phototoxic and non-photosensitizing.

It has been determined that propylene carbonate is safe as a cosmetic ingredient

and consequently, if proper precautions are taken, would be safe as a solvent for

use in the fiberglass industry.



USE OF THESE SOLVENTS IN THE FRP SHOP

One very important advantage is using these solvents in your fiberglass shop is

the fact that they are solvents, not detergents or surfactants as are water-based

emulsifiers. These solvents, since they handle the cleanup of resin like acetone

does, by dissolving it, can be used in most areas where cleanup is necessary.

DBE BENEFITS

Compared to acetone, DBE is safer to handle and is an environmentally acceptable

alternative.

DBE does not evaporate as quickly as acetone. In fact, the amount of acetone that

is lost in 80 sets. to evaporation would take 57,600 sets. with DBE. This fact

has several advantages to your in your shop:

* larger buckets of material can be used at one time in your operation

* with the DBE staying around to do the work, you can dissolve more resin

per unit volume of solvent than was possible with acetone

* so little DBE is vaporizing during use that there is a vast reduction in

your VOC number for your operation

cost-effectiveness of DBE is high because it can be recycled

* state air and water quality agencies recognize the value of diminished VOC's

DBE is extremely compatible with the basic resin polyester resin system. As was

seen earlier, DBE has been used for years as an intermediate for resins. This fact

has several advantages to you in your shop:

* DBE film remaining on your rollers and brushes will not be detrimental to

your laminate



* it is not necessary to remove 1OO% of the DBE material from rollers and

brushes

* if there is a local region in the bed that has a high concentration of DBE,

it will not tend to form blistering

* DBE will not prevent the cure process from your laminate bed

* DBE can be used in a multitude of operations - in gun, on tools, and some

general cleaning applications

SHIPSHAPE RESIN CLEANER BENEFITS

Shipshape evaporates 200 times slower than acetone which lowers VOC emissions.

it is easily reclaimable using a vacuum distillation with at least 90% yield of

material which was distilled. This lowers make-up solvent cost by allowing you

lsifiers.to use it over and over again. No heating is required as with

This saves time and energy. Shipshape is non-flammable, treat

environment and possibly lowering insurance premiums.

water-based emu

ing a safer work

"TIPSOLVE II" BENEFITS

"Tipsolve II" is a new blend of products that are user-friendly and environmentally

safe offering the end user the following benefits:

i. Low order of toxicity - 5 g/kg (rat); practically non-toxic

2. High flash point - 275 deg. F. (P.M.C.C.)

3. Recyclable

4. Lower VOC emissions



5. Less expensive than acetone solvents

a. less solvent lost to evaporation

b. greater percentage of solvent retained for recycling

C . lower overall cost on equipment for VOC reduction

d. less governmental red tape

e. save by reducing insurance cost

6. Safer

a. higher flash point than acetone (less of a fire hazard)

7. Several sources

8. Manufactured to a specification - it is not a by-product stream

9. Requires less equipment/tools than water-based systems

10. is resin compatible - will not inhibit polymerization

"Tipsolve II” has been formulated to function primarily as a cleanup solvent for the

removal of polyester, polystyrene and vinyi-ester resins from equipment such as

brush, rollers and gloves used in the manufacture of fiberglass products.

Due to the innocuous nature of the product and the high flash point, "Tipsolve ii!'

may be used in spray, curtain, dip or wipe applications. The material may be heated

before use to increase evaporation rate or it may be facilitated by the use of

a hot air spray or by steam if desired. However, it is not required. "Tipsolve II"

will not inhibit polymerization reactions and can be used as a coalescing aid in

paint formulations to improve color, gloss and adhesion. However, do not overload

the resin as "Tipsolve II" evaporation will appear to retard the cure time.

lve II", it is easy to forget

safety glasses, gloves and

Due to the low order of toxicity associated with "Tipso

it is an organic solvent. As with all organic solvents

proper ventilation is required when using this product.
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"Tipsolve II" must be kept clean. As residue builds

will appear as spots on the work.

 up in the solvent, drippage

TOOL CLEANUP

DBE is effective in its cleaning of rollers and brushes in the lay-up area of

the plant. Several facts should be known about DBE:

* it will leave a film on rollers and brushes since it does not

evaporate like acetone does. However, this actually is not a problem

due to DBE's basic compatibility with the FE resin laminate. A study

has been done that shows if less than 1% (by weight) of DBE contaminates

the laminate bed the physical properties will actually slightly improve.

There are ways to handle this film -

you may allow the brushes and rollers to drain into a bucket while a

second set is being used

you can tap off the rollers over a collection bucket and "wring'! out

the brushes in the same bucket

you could wipe down the handles of both with rags

you can blow off the residual DBE with an OSHA approved air nozzle

(30 psi) and collect in a bucket for reuse

* because of the film, the roller and brush handles will feel slipperier

than with acetone. Only a short period of time is necessary to get the

"feel" of working with DBE. Companies that have been using DBE say

that it is not difficult to Learn to deal with.

Tips for effective use:

k Because there is a reduced evaporation, larger mouth containers can be

the solvent and in the long runused. This allows easier access to

improves housekeeping. However, this container should have a lid
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system for non-use periods. DBE will evaporate slowly, but it will

still evaporate some, a lid system will prevent this loss.

* Drill small holes along the metal base of the brushes to allow the DBE

to drain freely after use.

* install a collection sink (a fiberglass one from the local hardware is

fine) and drop a 30 psi air line/nozzle to it. You can then blow off

the rollers and brushes and collect the residual DBE for reuse.

* While it is not theoretically necessary, installing a brush in the bottom

or side of the solvent tank does tend to speed up the resin removal

process.

* Watch for sticky rollers - this will be one sign when the DBE solvent

is getting too loaded with resin to effectively clean further.



PROCESS EQUIPMENT

CHOPPER GUNS

DBE can be used to clean chopper guns, both internally and externally. Clean

the resin out of the gun just like the procedure used with acetone; the solvent

should be purged into a reservoir. DBE is not detrimental to any of the metals

used by the gun manufacturers of today. in addition, the DBE will not be harmful

to the large rubber roller used to cut against. This external cleaning of the gun

with DBE actually serves to protect the surface with the film that is left behind.

in addition, the hoses can be cleaned with DBE safely.

-- Check the section on material compatibility --

GEL COAT GUNS

DBE can be used to clean out gel coat gun systems; internal and external. DBE

is just as effective in dissolving most gel coats as it is with resins. It is

easier to clean pressure-up systems than it is to clean hot pot systems.

Tips with gel systems:

* Use a two container collection system. In the first container shoot

the first gallon of solvent and gel. In a second container collect

the next 1-2 gallons. This second container will be mostly solvent.

This, in many plants, is being used as the initial one gallon flush

next time. The two container system also allows more effective

recover of the DBE solvent.

k With a hot pot system a slightly different cleaning technique is required.

Here it will depend on how much hose length is being used. For effective

cleaning, the hose should be segmentable in no longer than 10 ft. sections.

For instance, if you were using 30 ft. of hose, there would be three-10 ft.
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sections of hose connected by quick disconnect connectors. This will

allow short enough lengths to be cleaned effectively.

* Some manufacturers soak the gun tips in a small dish of DBE in

between uses.

* Clogged tips can be cleaned by soaking overnight in DBE (covered

container) and then mechanically cleaned with brushes and probes.

PRESSURE ROLLER SYSTEMS

DBE has proven to be very effective in flushing out pressure roller systems.

DBE has shown to be safe with the felt roller material and the plastic backing.

the following procedure can be followed for effective cleaning:

* after rolling the resin, disconnect the resin line and connect the DBE

solvent line.

* flush DBE through the line and resin delivery roller. When felt to be

clean, hand squeegee out the felt roller into the collection bucket.

* reconnect the resin line and begin to flow resin to the roller.

* roll out the roller onto cardboard just as you did with acetone. Until

you are used to the effect of DBE, roll out as many times as you would

have with acetone and then roll it once or twice more before going to

the laminate.

* one manufacturer found that with acetone, it took him 5 gallons to do

this job. To get the same degree of cleanliness with DBE it took him

1.5 qts., a dramatic reduction in the solvent volume.
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MISCELLANEOUS CLEANING SOLUTIONS 

DBE is an extremely effective general cleaning solvent for the fiberglass shop.

Many of Du Pont's customers have identified additional uses for the DBE. These

applications include:

FLOOR CLEANER

One manufacturer has found that the tar paper that is used to protect and cover

the floor during processing gets soaked with DBE as the day goes on. While this

is a potential source of VOC emissions and every effort should be used to minimize

this, it is effective in removing some of the resin and general dirt that has built

up on the floors with time.

PUMP CLEANER

DBE has slight ife

can be obtained

lubricity characteristics. This means that greater service l

from pump diaphragms and seals. Many shops are finding that

they can get many more weeks before tear down and this reduced the work

load on the plant's maintenance workers.

Even though DBE is not designed to remove cured fiberglass, one company is using

DBE to soak torn down pumps in and then using it to flush in the mechanical

cleaning process.

IN-LINE FILTER CLEANER

Several companies are using DBE to clean the in-line filter located between the

process molds and the storage tanks. DBE effectively cleans them and keeps

them well coated, preventing corrosion. The film that is left behind is

compatible with the resin so only minor care needs to be taken in removing it.
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SURFACE WIPE DOWN CLEANER

Several boat manufacturers are using DEE as a surface w

the product is released for sale. While DBE does leave

is enough water solubility with DBE to allow the follow

* wipe down dirty surface with DBE on rags

ipe down agent

a slippery 

ing procedure:

film, there

just before

* spray the cleaned surface with water from a spray bottle

* vacuum up the water with a shop-n-vac. The water sprayed on the surface

will carry the residual DBE with it.

* wipe the surface with a clean, dry rag
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SAFETY SECTION

CONTACT INDUSTRIAL DERMATITIS

DBE is comprised of dimethyl esters. This material obeys the chemistry of the

ester family. This means that if there is prolonged contact with the liquid, it

is possible to deve lop a reversible condition of slight inflammation and swelling.

it is believed that this is caused by the water on the skin reacting with esters

to hydrolyze it to the haif-acid format. in doing this, the proper environment

is set up to create the condition. In all cases that have been observed, this

condition has been only temporary and completely reversible.

TWO POTENTIAL HAZARDS WITH DBE

* CONTACT INDUSTRIAL DERMATITIS

* POTENTIAL FOR BLURRED VISION

There may be some long term operators in this industry who have become sensitized

to chemicals. These operators may be especially sensitive and gloves will need

to be worn.

There are some precautions to follow to eliminate this condition:

* use gloves when using DBE. Gloves should have been worn with acetone too.

However, it seems that some people in this industry did not wear gloves with

acetone and many cases of skin defatting have occurred.

* use a hand care program for the employees. While the wearing of gloves

will prevent direct contact with the liquid, this can also leave the hands

clammy and a good hand treatment program will go a long way to help the

employees.



* pay close attention to the type of glove that is being worn. An improper

glove will give the illusion of protection, but in reality allow migration

of DBE across the membrane barrier. When this occurs, it is one of the

itions - DBE will be trapped against the skin for pro-worst possible cond

longed periods.

gloves to use: Butyl rubber
PVA (Polyvinyl alcohol)
Nitrile rubber (for a limited period of time only;
<45 min.)

gloves to avoid: Latex

* if DBE has come into full contact with the skin for only a short duration

there may not be any problems with the average person. However, if this

happens then you must wash your hands with soap and water as soon as

possible after the contact.

POTENTIAL FOR BLURRED VISION

it was only recently seen that if DEE stays around long enough in a confined

space, enough DBE could evaporate to allow the levels to exceed the AEL (1.5 ppm,

or 10 mg/m3). This is a possibility which does not have to dramatically concern

you unless you plan on using DBE in conditions described in this section.

Du Pont has investigated every one of

found a relationship between the DBE

the

level

cases of temporary blurred vision, and have

and the styrene concentrations. That

is, when the styrene concentrations were within limits (<150 ppm) the concentra-

tion of DBE was below the AEL for DBE. When general area conditions are poorly

maintained then DBE concentrations can reach levels many times the AEL. Here are

some general recommendations to follow to eliminate this condition:

* Read and familiarize yourself with the MSDS. Temporary blurred vision is

a symptom of overexposure.
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*

*

*

Check your ventilation in the production environment where DBE is being

used.

Make a periodic check of the styrene levels to be certain that there is

sufficient air movement in the production facility. it is difficult to

predict exactly what the proper air flow necessary to keep DBE from exceed-

ing the AEL is, however, there should be at least 6,000 CFM for each

large open container of DEE to achieve a safety factor of 4.

For an average production area of 20 ft. by 10 ft. high, that would make

the velocity of air flow in the immediate vicinity to be around 20 fpm.

For this area then, this would be adequate for small surface evaporation

of about 1 ft.2; about a 1 gallon open bucket. For an operation using

greater than 1 ft.2 evaporating surface it would be necessary to run

50 to 100 fpm

While air circulation helps, the more fresh air brought in the better.

While DBE is an effective acetone substitute it cannot be used like you

did acetone - any spilled DBE will not evaporate.

Do not allow DBE soaked rags to lie around the production area. These are

sources of DBE evaporation.

Avoid spillage of DBE. Make plans to prevent it and to clean up safely

if it occurs.

Personal exposure monitoring is the most definitive way to determine whether

there is a potential for DBE overexposure. Du Pont can help you to implement

the proper procedures to insure good monitoring of DBE.

DBE air samples should be taken on charcoal tube containing 100/50 mg

charcoal at 100-200 cc/minute for 2-3 hours. The Acceptance Exposure limit

(AEL) is 10 mg/m3.

An organic vapor cartridge respirator will very effectively remove DBE vapor.



DBE exposure level monitoring was done at Grady-White Boats on two different days

with two different employees while they were laminating using DBE solvent for clean-

up purposes. Air flow monitoring was done in the areas in which they were working

to determine the air flow through the area in feet per minute. The air flow in the

areas these employees were working ranged between 60 and 600 feet per minute during

the time they were exposed to DEE depending on the workers proximity in relation

to ventilation fans. The Time Weighted Average exposures for these employees ranged

between .2 and .8 parts per million. The purpose of this test was to determine

whether the ventilation that was required to Tower styrene levels was sufficient to

to also lower DBE exposures. Adequate ventilation maintained while workers are using

DBE should totally eliminate any problems concerning blurred vision or overexposure,

if other safety practices are also followed.

SAFETY AND MATERIALS OF CONSTRUCTION
CONSIDERATIONS FOR USING SHIPSHAPE RESIN CLEANER

When a change from acetone to Shipshape is being considered wither for a major plant

trial or total conversion, the foilowing items should be in place:

SAFETY

I . Recommended Gloves:

These should be 18mm thick and made of natural rubber. These are resistant

to Shipshape and to a good degree, against styrene. Source of supply:

i. Edmont Corp., Coshoctonk, Ohio 43812
Model #26-675

2. Magid Corp., Chicago, Illinois
Model #620
Phone: 800-444-8010

I I . Recommended Shop Clothing

Disposable work suits impervious in the front and breathable in the back.

Materials of good resistance in front should be of:
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1. High density polyethylene

2. Polypropylene

3. Tyvec

Boots made of these materials can also be used for foot protection. This

will also eliminate high cost of taping presently performed in most lay-up

facilities.

I i i . Emergency Showers and Eve Wash Stations

if not already in place, put at work stations so that Shipshape and/or

resin can be thoroughly flushed if a spill or a line break should occur.

MATERIALS OF CONSTRUCTION FOR USE WITH   SHIPSHAPE

I . Recommended materials to use for O-rings, gaskets, hoses, pump, packings:

1. Kalrez - Du Pont Perfloroelastomer
Call: 302-774-6880

2. Teflon

3. Buna - S: Butadiene-Styrene Copolymer

4. Butyl Rubber

5. EP: Ethylene-Propylene Copolymer

I I . For Storage:

Ordinary 1020 carbon steel (0550) is satisfactory for storing Shipshape

Resin Cleaner. Stainless steel 304 and 316, nickel and aluminum are

also suitable.

Shipshape is a stable compound but it is hygroscopic. Therefore, shipping

and storage containers should be stored in a dry area; sheltered from the

weather.



MATERIALS & CONSTRUCTION FOR USE WITH "TIPSOLVE II"

Tipsolve II is stable under normal storage conditions. Carbon steel or stainless

steel tanks, drums, transfer lines and pumps may be used. Preferred gasket material

is Teflon(R), but EPR, neoprene, polyethylene, cork and natural rubber are satis-

factory. Buna N, Hypalon and Viton are not suitable gasket materials. Air and

moisture should be excluded from all storage vessels. Tipsolve II may assume a

slight yellow coloration on prolonged storage, but the color does not have effect

on its efficiency.

In the presence of an acid, base or salt, Tipsolve II may decompose. Protect from

sources of ignition even though flash point is high. Tanks, lines and pumps may

be cleaned with steam or water, however, they should be air dried before reuse.

DU PONT DE NEMOURS

SUMMARY OF DBE TOXICITY TESTING

ACUTE

EYE

include

SKIN

DBE shows low to moderate toxicity by oral,
inhalation and skin absorption.

Causes eye irritation; effects are moderate
and reversible. Eye contact may initially

irritation, tearing or blurring of vision.

Causes mild to severe skin irritation after
prolonged direct skin contact.

Negative were:
The Ames Test (i.e., not mutagenic).
Mouse micronucleus assay (in vitro).
Salmonella suspension assay (w and w/o
activation).
Micro-forward mutation assaying using enzymatic
activation from rat nasal olfactory mucuosa.

Positive was:
Human lymphocyte chromosomal aberration
damage only at high concentrations - such
damage is not uncommon at high concentrations
of even innocuous compounds and is unlikeiy



SUBCHRONIC

AQUATIC

REPRODUCTIVE

DEVELOPMENTAL

ODOR THRESHOLD

MONITORING METHOD

to reflect potential genetic toxicity of DBE.
(14 day exposure)
There were no compound-related clinical or
pathological changes observed by oral or
inhalation.

(90 day exposure)
All major organs and tissues were normal except
mild lesions in olfactory tissue. it was determined
that was caused by the hydrolysis to the monoacid
and not by the DBE.

DBE is slightly toxic to Daphnia (invertebrates)
and moderately toxic to Minnows.

No treatment related differences were
observed in:

* Male fertility index (number of male rats im-
pregnating females/number of females mated)

* Female fertility index (number of female rats im-
pregnated/number of females mated)

* Viability index (number of pups alive 4 days
post-partum/number of pups at birth

* Lactation index (number of pups alive at 21
days post-partum/number of pups alive at 4
days)

An inferior weight gain rate in pups whose parents
were exposed to the high doses were observed. This
was expected due to maternal toxicity. No other
reproduction parameters were affected by the test
treatment.

GEE was not uniquely toxic to the rat conceptus.
The only fetal effects occurred at a dose level that
was maternally toxic.

No tests have been conducted.

0.01 ppm 50% of test panel detected DBE's odor
0 .1  ppm 100% of test panel detected DBE's odor

(0.1 ppm is 15 times lower than the current
exposure limit).

A method has been developed and is availabie
for monitoring DBE concentrations in
the workplace.
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COMPARATIVE EXPOSURE TO DBE AND METHYLENE CHLORIDE

SUMMARY

A comparative test was conducted in which exposures to both methylene chloride

(MeC12) and Du Pont's DBE (a mixture of the methyl esters of succinic, glutaric

and adipic acids) were monitored during simulated work situations. The results

show that work practices which result in control of methylene chloride within its

recommended exposure limit will also prevent overexposure to DBE.

PURPOSE

DBE has excellent solvent characteristics and has been recommended as a replace-

ment for methylene chloride. The Threshold Limit Value for methylene chloride is

currently at 100 ppm, while Du Pont recommended exposure limit for DBE is 10 mg/m3

(~1.5 ppm). Although the exposure limit for DBE is much lower in parts per million

than that of methylene chloride, the concentration in air under similar conditions

should also be much lower for DBE because of the great difference in vapor pres-

sures (0.2 mm Hg for DBE vs. 340 mm Hg for MeC12, both at 20 degrees 2). The

purpose of the test described below was to determine what the actual exposures were

to DBE and methylene chloride under comparable simulated work tasks.

TEST SET-UP

The location of the test was in a non-air conditioned storage building approxi-

mately 24' x 38' x 20! high. Doors were opened on each end of the room, resulting

in a gentle cross breeze. A vent was located in the ceiling above the work area.

A 3' x 4' piece of stainless steel sheet was the simulated work piece. it was

supported on two 55-gallon drums, resulting on a working height about waist high.

A 2-liter bucket containing about 1/2 liter of the test chemical was placed near

one end of and slightly below the work piece. A cotton dishwashing "mop" was used
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as a swab. Two test of about one hour each were conducted. During the first test,

methylene chloride was wiped across the test piece twenty times in about one minute

and then the test subject stepped back for about one minute or until a total cycle

time of about two minutes had elapsed. The cycle was repeated thirty times. The

methylene chloride evaporated immediately during wiping operation. The test subject

wore three pump/carbon tube monitoring devices during the test. in addition, area

monitors consisting of similar devices were placed in front of and to the left and

right of the test subject. Therefore, a total of six air samples were taken during

each test.

The second test was similar to the first except that DBE solvent was used instead

of methylene chloride. During this test, the DBE did not evaporate. However, the

same motions of wiping and then standing back were used so that an equal chance

for exposure to the test chemical resulted.

ANALYSIS AND RESULTS

The carbon tubes used during the tests were sent to Analytics, inc. of Richmond,

VA, for analysis. A standard NIOSH method was used for methylene chloride and a

method developed and validated by Analytics was used for DBE.

The personal samples in the breathing zone for the test subject during the two tests

showed 44, 49 and 35 ppm (avg. 43 ppm) for methylene chloride. One analysis for

methylene chloride showed more than 25% of the front tube section amount in the

back section, so that sample may have been slightly higher than indicated. Analysis

of the DBE showed undetectable amounts (<.2 ppm) of the adipate and succinate com-

ponents of DBE and .21, .23 and .33 ppm (avg. .29 ppm) of the glutarate. All values

represent i-hour time-weighted averages (TWA). The ratio of methylene chloride to

the only detectable ester averaged 43 ppm to 0.29 ppm or about 148:1.
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DBE is Recyclable

DEE can be more fully utilized by being able to recycle the spent-DEE solvent from

your clean-up operation. Because of the physical properties of DBE, vacuum distil-

lation is necessary to effect this cleanup. This can be done in a variety of dif-

ferent ways:

   on-site distillation through use of a small, easy to use distillation unit.

off-site distillation by one of many reputable recyclers.

   by the use of a mobile distillation unit. This unit comes to your plant,

uses your water and after processing the spent-DBE, gives you all the ma-

terials back for disposal and handling.

ON-SITE DISTILLATION

There are quite a few very competent producers of distillation equipment that can

handle the distillation of spent-DBE. While vacuum is necessary to accomplish this,

the distillation of DEE is neither unusual or complicated. There are no azeotropes

formed in this procedure. However, there are some tips that will allow you to more

effectively perform this on your plant.

* 26 in. Hg vacuum and about ,280 deg. F (140 deg. C) is necessary to distill

off the DBE.

k use a nylon bag liner in the reservoir. This will allow you to more easily

remove the solids after the distillation is finished.

k instead of changing the bag after every distillation, because of the low

solids in the spent-DDE, you should be able to get two or three batches

before emptying.

k if you have a distillation unit that is in current use for acetone, contact

the manufacturer to see if it can be retrofitted for vacuum. Many systems

were originally designed to allow the reservoir to be under vacuum. if
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this is possible, then a relatively inexpensive ($2-5M) kit can be installed.

   Du Pont can identify people who can provide a suitable on-site recovery

unit.

OFF-SITE DISTILLATION

There are some recyclers that have the capability of handling the distillation of

high boiling solvents. If you are not aware of who in your district may be able

to handle vacuum distillation, check with your Du Pont Representative. Most fiber-

glass distributors are very aware of the reputable recyclers in an area.

In addition to these sources, Du Pont has identified a national recycler who is

knowledgeable in recycling DBE - SAFETY KLEEN CORP (SK). SK is a strong national

firm with vast experience on the chemistry of DBE distillation.

DBE Has Good Heating Value

DEE has about 9,000 BTU/lb heating value. in addition, DBE burns cleanly with no

residue. DEE can be used in a fuels burning program as another means of disposal.

DBE is Not on Any Known List

DBE has a non-regulated Freight Classification, not on RCRA, Prop 65 or any other

hazardous substance list. Because of its physical properties, we have confidence

that DBE will not find its way onto any type of regulatory list such as listed above.

DBE is not reportable under SARA Title iii.
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Prillaman Chemical has been in the Solvent Recovery business for over forty years.

During that forty years, as solvents, markets and regulations have changed, so has

Frillaman Chemical. With the introduction of "Tipsolve II", Prillaman has purchased

new recovery equipment that will allow them to recover the material regardless of the

vapor pressure.

With this new equipment they offer a service to users of this product. Prillaman

will pick up bulk quantities of spent solvent and distill it and return the solvent

to your facility. This is done at approximately 75% of the cost of virgin solvent

and could help the small generator reclaim waste without large initial capital

expenditure.



Data was generated on-site at a boat manufacturer. An 8 gallon per hour vacuum

distillation unit was used to distill Shipshape after it was spent. The major use

area was in tool cleaning in lamination.

(i) Non-Volatile Residue

Recommended procedure would be to take off a pre-cut which would remove the vast

majority of both water and styrene giving a higher reading for per cent solvent

returned.
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DBE, Propylene Carbonate, Acetone and Shipshape Resin Cleaner were all used in a

strength of 1% in solution to form test panels using standard resin and catalyst

ratios. The results on the foilowing page show that in some cases the strength

factors, including flexural strength, flexural modulus, tensile strength, tensile

modulus and percent elongation are actually improved when adding a small amount

of solvent in the laminate. These tests were ail done in controlled environment

conditions and could vary depending on the type of resin and catalyst that are used.

Acetone seemed to have a more detrimental effect on the laminates in some cases than

other solvents. The control panel was only marginally better than the test panels

created using 1% solutions of DBE, Propylene Carbonate and Shipshape. (Tipsolve II

was not available for testing.)

DBE, Propylene Carbonate, Acetone and Shipshape Resin Cleaner were all used in a

secondary bonding test. The test consisted of hand laying and rolling out one layer

of fiberglass mat on a test panel. These test panels were allowed to cure for four

days and then were covered with these solvents listed above. Using a paint brush,

solvent was applied to the cured laminate and allowed to stand for 10 minutes. The

acetone evaporated off of the laminate leaving no visible residue, and the DBE,

Propylene Carbonate and Shipshape Resin Cleaner all did not evaporate. Next, another

layer of fiberglass laminate was applied to this laminate and allowed to cure for

four days. When these two layers of laminate were separated using wooden wedges,

sides was as good or greater using these solvents than

which was done using no solvents whatsoever. Secondary

these solvents in any significant way.

the physical bond visible by the amount of broken fiberglass on the laminate

it was on a control panel

bonding is not affected
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COST ANALYSIS

These solvents were tested in standard production conditions by multiple workers.

The solvent loss due to evaporation, or spillage is included in these numbers. The

waste disposal cost is based on the amount of waste left in the bottom of the still

during the recycling process. The cost is assuming that this waste is hazardous

and would be shipped to a properly licensed hazardous waste facility for a fuels

blending program. (Each user of these solvents must test their own waste stream

to determine whether it is hazardous or not. The chemical solvents are not listed

as hazardous alone but the contaminates contained in the spent solvent could

possible be.)

As you can see by looking at the cost analysis, the quantity of solvents used was

one half or less than the amount of acetone used during the same time. Even though

the unit cost of these replacement solvents is significantly greater than the cost

of acetone, the fact that only 50% or less of the solvent is used in a day's time

represents a savings of approximately $300 per year per person.
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SUMMARY EVALUATION

Based on the findings of this study, DBE, Propylene Carbonate, Shipshape Resin

Cleaner and Tipsolve II are all valid usable solvents for the replacement of acetone.

All four clean resin from the tools with great effectiveness and when used properly,

do not affect the physical properties of the laminate structure or interfere with

secondary bonding. in cleaning brushes or heavy nap mop rollers, you must work the

solvents into the bristles of the brush or into the nap of the roller slightly to

enhance the cleaning process.

When converting from acetone to DBE, Shipshape, Propylene Carbonate or Tipsolve ii

there are some slight modifications which must be made concerning tools, clothing

and worker habits. As noted in the earlier description of safety suggestions,

workers should wear gloves, chemical resistant suits and possibly rubber boots to

protect themselves from these solvents. This is due to the fact that when spilled

these solvents do not evaporate quickly as does acetone. Worker habits must change

in order to prevent as much as possible the transfer of solvent from the bucket it

is stored in during use to the floor and to the parts they are laminating. Due to

the higher viscosity of these solvents as compared to acetone, more tends to stick

to the tool upon removal of the solvent and must be shaken or blown off before re-

moving the tool from the bucket. This solvent, when dripped on the floor, will

dissolve some of the surface overspray on the floor and can become very slippery.

Holes must be drilled in the bases of any brushes that are used in order to facili-

tate drainage. Any mop rollers that are used for smoothing large areas of mat can

be replaced using the standard roller frame, removing the part of the frame which

holds the absorbent roller and replacing it with one and one half inch diameter

polyethylene rod. This rod can be chucked in a lathe and a hole may be drilled

through the length of the one and a half inch polyethylene rod so that it fits
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directly in place of the mop roller. This polyethylene will not be affected by the

solvent and will not soak up the solvent but will still allow the smoothing of large

areas of mat and removing the excess resin that is contained in that mat. Any

tools such as rollers or brushes that have hollow handles must be filled so that

the solvent does not stay in the handle and drip on to the fiberglass part. This

can be accomplished easily with silicone rubber sealer. The use of a metal screen

in the bottom of the bucket which contains the solvent will allow the resin and

heavier particles to settle to the bottom of the bucket and keep the tools suspended

in the clean portion of the solvent. By allowing this used solvent to stand over

night, the heavier particles and contaminates will

allowing the removal of the clean portion from the

solvent this material can be reused on a daily basis

loaded. This settling and decanting process can ex

significantly.

tend to settle to the bottom

top and by adding additional clean

until it become totally

tend the life of these solvents

Distillation of these solvents can be accomplished in-house using stills with vacuum

attachments and solvent recovery rate is quite high. The remaining material that is

left in the still after distillation may or may not be listed as hazardous depending

on the contaminates dissolved in the solvent when it was distilled. These solvents

themselves are not listed as hazardous, but each user must determine the nature

of the waste produced in their own operation. The initial cost for distillation

equipment of this nature varies significantly. In the case of some distillation

equipment, vacuum attachments may be retrofitted onto existing equipment that has

been used for acetone and be a very cost effective way of reclaiming these solvents.

New distillation equipment can be purchased from any number of sources and payback

for this equipment will vary depending on the size of the distillation unit and the

quantity of solvents used. (Contact the solvent manufacturer-j in the case of this

study, payback for distillation equipment of the correct size would be approximately
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2.5 years. This is based only on savings represented by the reduction in solvent use

and the ability to reclaim and reuse spent solvent. Other factors which may or may

not apply to each user of these solvents would be a reduction in insurance cost due

to the non-hazardous nature of these solvents, and the reduction in flammable liquid

stored throughout the facility. if, after distillation, the users still bottom waste

is declared non-hazardous, a significant savings can be realized in waste disposal.

Another aspect which may come into effect is the possible taxation of air emissions

from a manufacturing facility. The use of these solvents, by reducing VOC emission

significantly, could save a considerable amount of money should this legislation become

law.
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I would like to thank the corporations and people who nave provided samples for

test purposes, supplied me with much of the information contained in this report,

performed laboratory testing and answered so many questions during this study.
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mild nasal lesions in rats.

HUMAN HEALTH EFFECTS:

Anticipated human health effects of overexposure include eye
and skin irritation. Inhalation may cause irritation of the
upper respiratory passages.

Overexposure may cause blurring of vision.

Carcinogenicity

None of the components in this material is listed by
IARC, NTP, OSHA, or ACGIH as a carcinogen.

Applicable Exposure Limits:

Exposure Limits for Dibasic Esters

AEL * (Du Pont): 10 mg/m3 - 8 Hr. TWA
TLV (ACGIH) : None Established
PEL (OSHA) : None Established

Exposure Limits for Methanol

AEL * (Du Pont): 200 ppm - 8 & 12 Hr. TWA - Skin
TLV (ACGIH) : 200 ppm, 262 mg/m3

STEL 250 ppm, 328 mg/m3 - Skin
PEL (OSHA) : 200 ppm, 260 mg/m3

STEL 250 ppm, 325 mg/m3 - Skin

Exposure Limits for Hydrogen Cyanide

AEL * (Du Pont): 10 ppm - 8 Hr. TWA
5 ppm - 12 Hr. TWA - Skin

TLV (ACGIH)  : 10 ppm,
PEL (OSHA)

11 mg/m3 (Ceiling) - Skin
: STEL 4.7 ppm, 5 mg/m3 - Skin

* AEL is Du Pont’s Acceptable Exposure Limit.

Safety Precautions

Avoid breathing vapors or mist. Avoid contact with eyes, skin, or
clothing. Nash thoroughly after handling.***********************************************************************~**

FIRST AID

INHALATION:

If inhaled, remove to fresh air immediately. If not
breathing, give artificial respiration. If breathing is
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difficult, give oxygen. Call a physician.

SKIN CONTACT:

Flush skin with water after excessive contact. Wash
contaminated clothing before reuse.

EYE CONTACT:

In case of contact, immediately flush eyes with plenty of
water for at least 15 minutes. Call a physician.

INGESTION:

If swallowed, do not induce vomiting. Immediately give two
glasses of water, or activated charcoal slurry. Never give
anything by mouth to an unconscious person. Call a
physician.

NOTES TO PHYSICIAN
To prepare activated charcoal slurry suspend 50 g activated
charcoal in 400 mL water in plastic bottle and shake well.
Administer 5 mL/kg, or 350 mL for an average adult.

**************************************************************************
PROTECTION INFORMATION

Generally Applicable Control Measures and Procedures

Keep container tightly closed. Do not mix with strong oxidants,
acids, alkalies.
Use ventilation that is adequate to keep airborne
concentrations below exposure limits.

Personal Protective Equipment

EYE/FACE PROTECTION 

Wear safety glasses. Wear coverall chemical splash goggles
when the possibility exists for eye contact due to splashing
or spraying of material.

RESPIRATORS

A NIOSH/MSHA approved air purifying respirator with a
organic vapor cartridge or canister may be permissible under
certain circumstances where airborne concentrations are
expected to exceed exposure limits. Protection provided by
air purifying respirators is limited. Use a positive
pressure air supplied respirator if there is any potential
for an uncontrolled release, exposure levels are not known,
or any other circumstances where air purifying respirators
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may not provide adequate protection.

PROTECTIVE CLOTHING

Wear impervious clothing, such as gloves, apron, boots or
whole bodysuit made from Butyl rubber, as appropriate.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * *
DISPOSAL INFORMATION

Aquatic Toxicity :
DIBASIC ESTERS:

96 hour LC5O, fathead minnows: 18-24 mg/L.

Spill, Leak, or Release

NOTE : Review FIRE AND EXPLOSION HAZARDS and SAFETY PRECAUTIONS
before proceeding with clean up. Use appropriate PERSONAL
PROTECTIVE EQUIPMENT during clean up.
Remove source of heat, sparks, flame, impact, friction or
electricity. Dike spill. Prevent liquid from entering sewers,
waterways or low areas. Recover free liquid for reuse or
reclamation. Recover undamaged and minimally contaminated material
for reuse or reclamation. Soak up with sawdust, sand, oil dry or
other absorbent material.

Waste Disposal

Treatment, storage, transportation and disposal must be in
accordance with applicable Federal, State/Provincial, and Local
regulations. Recover nonusable free liquid and dispose of in an
approved and permitted incinerator. Recover nonusable free liquid
and dispose of in an approved and permitted biological treatment
system. Recover contaminated water and dispose of in an approved
and permitted biological treatment system. Recover contaminated
water and dispose of in an approved and permitted deepwell. Remove
nonusable solid material and/or contaminated soil, for disposal in
an approved and permitted landfill. Do not flush to surface water
or sanitary sewer system.

**************************************************************************
SHIPPING INFORMATION

DOT
Proper Shipping Name

DIBASIC ESTER MIXTURE
Hazard Class : Not Regulated
Freight Class : Plasticizers + Solvents

DOT/IMO
Proper Shipping Name

DIBASIC ESTER MIXTURE
Hazard Class : Not Regulated
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Shipping Containers
Tank Car : 170,000 lbs
Tank Truck : 42,000 lbs
Steel Drums : 485 lbs

**********************************************************************~***
STORAGE CONDITIONS

Store in well ventilated area. Keep container tightly closed.
*************************************************************.*************
TITLE III HAZARD CLASSIFICATIONS

Acute: Yes
Chronic: Yes
Fire: No
Reactivity: No
Pressure: No

***********************t*************************************************** 
ADDITIONAL INFORMATION AND REFERENCES

The hydrogen cyanide concentration in DBE is so low as to be
toxicologically insignificant when DBE is used as a solvent.
However , when reacting DBE with an alcohol and subsequent
recovery of methanol, concentration of highly volatile
impurities to toxicologically significant levels can occur
in the light ends when methanol is topped in order to purify
the methanol for reuse. Processors should be aware of this
potential hazard.

*t************************************************************************
The data in this Material Safety Data Sheet relates only to the
specific material designated herein and does not relate to use in
combination with any other material or in any process.

Date of latest Revision : 90/04/17
Responsibility for MSDS : Petrochemicals - Env. Affairs

E.I. du Pont de Nemours & Co.
Wilmington, DE 19898
302/999-4792



PRODUCT SAFETY ALERT BULLETIN
DU PONT DBE SOLVENT AND BLURRED VISION

Recently a limited number of incidents of temporary blurred vision have been reported by users of DBE
Dibasic Esters in some solvent cleaning applications. Symptoms have lasted from one hour to several
hours after termination of direct exposure. No permanent vision impairments have been reported. Our
lnvestigations indicate that, In each of these Incidents, the DBE concentration In air was above the
recommended Iimits, and/or there was extensive and prolonged skin contact with DBE. No adverse
health effects have been reported when DBE was used in enclosed processes or when proper ventilation
was used to limit airborne concentrations. Additional tests are being conducted to supplement data from
these investigations. There have been no incidents involving use of the DBE fractions (DBE-2, DBE-3,
DBE-4, DBE-5, DBE-6 and DBE-9).

We recommend that you lmmediately ensure that the following safe handling procedures are being
practiced:

1. Provide adequate air flow In areas where DBE Is used In open containers so that the b-hour
time-weighted average concentration of DBE In air Is no more than 10 milligrams per cubic
meter (1.5 ppm), OR use a respirator to give equivalent protection.

2. Wear safety glasses at all times. Use coverall goggles to prevent eye contact, If the
possibility of splashing or spraying of the material exists.

3. Use protective clothing as appropriate, such as gloves, aprons, boots, or whole body suits
made of an lmpervious material such as butyl rubber to prevent skin exposure.

Additional details are included in the attached Material Safety Data Sheet (MSDS). Du Pont or your local
supplier can provide additional assistance if needed. Please call (800) 231-0998 to contact a Du Pont DBE
representative.

Du Pont believes that DBE is safe and effective when handled as directed and reserves the right to supply
DBE only to those users who use DBE as recommended.

E. I. DU PONT DE NEMOURS & CO.
Petrochemicals Department

Wilmington, Delaware

3/21/90

SAFETY & QUALITY are our way of life












































