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RESEARCH REPORTING SERIES 

Research reports of the Office of Research and Development, U.S. Environmental 
Protection Agency, have been grouped into five series. These five broad 
categories were established to facilitate further development and application of 
environmental technology. Elimination of traditional grouping was consciously 
planned to foster technology transfer and a maximum interface in related fields. 
The five series are: 

1. Environmental Health Effects Research 
2. Environmental Protection Technology 
3. Ecological Research 
4. Environmental Monitoring 
5. Socioeconomic Environmental Studies 

This report has been assigned to the ENVIRONMENTAL PROTECTION 
TECHNOLOGY series. This series describes research performed to develop and 
demonstrate instrumentation, equipment, and methodology to repair or prevent 
environmental degradation from point and non-point sources of pollution. This 
work provides the new or improved technology required for the control and 
treatment of pollution sources to meet environmental quality standards. 

This document is available to the public through the National Technical Informa- 
tion Service, Springfield, Virginia 22161. 
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SYNTHETIC PLASTICIZER INDUSTRY 

INDUSTRY DESCRIPTION 

The plasticizer industry includes manufacturers who produce primary 
synthetic organic plasticizers. Manufacturers who refine or otherwise 
upgrade natural plasticizers such as mineral oil or castor oil are not in- 
cluded. Plasticizers are materials which are added to organic polymers to 
facilitate processing, to modify the properties of the product, or both. 
In some cases the plasticizer serves primarily as a processing aid, faci- 
litating the fabrication of the polymer into its final product but perform- 
ing no function thereafter. In other cases the plasticizer determines the 
physical properties of the end product and is a critically important, func- 
tional component of the composite for the life of the end product. In 
general, workability, flexibility, extensibility and resilience are imparted 
to a polymer system by a plasticizer. Distinctions among plasticizers, 
extender oils, flame retardants, processing aids and lubricants are often 
blurred. 

Amounts of plasticizer added vary from a few percent to amounts compar- 
able to the amount of organic polymer in the finished product. Plasticizers 
compatible with one polymer may not be compatible with another. Primary 
plasticizers have a high degree of compatibility with the polymer at the 
projected use level. A second or extender plasticizer can be used safely 
only with substantial amounts of primary plasticizer for the polymer system 
to maintain satisfactory compatibility. Extenders are used to reduce costs. 
The plasticizer industry uses raw materials produced by the industrial 
organic chemicals industry (Chapter 6) and produces products which are used 
as raw materials by the plastics and resins industry (Chapter 10). There 
are more than 600 plasticizers commercially available but only about 150 
of these have industrial significance. The bulk of plasticizers used 
currently in the United States is employed in the formulation of flexible 
vinyl plastics. 

The major categories of synthetic plasticizers are carboxylic acid 
esters, phosphoric acid esters, linear polyesters and epoxidized esters. 
Most synthetic plasticizers are derived from some form of estenfication. 

Seventeen manufacturing facilities owned by 13 companies accounted 
for 93 percent of the 1974 plasticizers production capacity (980 Gg/yr). 
Numerous small firms are engaged in the production of plasticizers for 
specialty applications. 

According to the Standard Industrial Classification System, the 
plasticizer industry is included in the group of industries which produces 
a wide range of synthetic organic chemicals. Since industry statistics 
for this group of manufacturers are combined, no information was found 
describing the approximate number of workers employed in the production 
of plasticizers. 

The United States International Trade Conmission (formerly U. S. 
Tariff Commission) reported total production of primary plasticizers 
in 1974 to be 858 Gg (1.89 billion pounds). Table 1 lists the production 
figures reported by the Tariff Commission. As indicated in Table 1 well 
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over half of U. S. synthetic plasticizer production is of phthalate esters. 
Production included 70 Gg of epoxldized esters (epoxidized soya oils and 
octylepoxytallates): 16 Gg of esters of natural fatty acids such as oleic, 
sebacic and stearic acids; and 56 Gg of other acrylic plasticizers.    It is 
possible that some of the production by some of these categories does not 
refer to the synthetic plasticizer industry as it has been defined here. 

Table 1.    1974 PRODUCTION OF PRIMARY PLASTICIZERS BY GROUPS 

Plasticizer Type  Production (Gg) 

Phthalic acid esters 548 

Trimellitic acid esters 12 

Other cyclic (non-phosphate plasticizers) 38 

Adipic acid esters 29 

Epoxidized esters 70 

Esters of oleic, stearic, and sebacic acids 16 

Other acyclic (non-phosphate) plasticizers 61 

Cyclic phosphates 43 

Acyclic phosphates 13 

Complex linear polyesters 29 

TOTAL 858 

Source: United States International Trade Commission. Synthetic 
Organic Chemicals, United States Production and Sales of 
Plasticizers.    1974, Preliminary, December 1975. 

Manufacturing plants, with several miner exceptions, are located east 
of the Mississippi River.   The plants are evenly distributed north to south 
with some concentrations along the eastern seaboard.   Appendix C gives 
plant site locations. 

About 80 percent of all plasticizers are consumed in poly(vinyl 
chloride) (PVC) formulations; therefore, trends in the synthetic plastici- 
zer industry generally follow those of flexible poly(vinyl chloride) pro- 
duction.    Table 2 lists total U.S. production of plasticizers as reported 



by the International Trade Commission. 

Table 2.    TOTAL U.S. PLASTICIZER PRODUCTION FOR 1965-1974 

Year Production (Gq/yr) 

1965 587 

1966 548 

1967 573 

1968 604 

1969 627 

1970 606 

1971 678 

1972 775 

1973 850 

1974 858 

Source:    U.S. Tarriff Commission Synthetic Organic Chemicals, United 
States Production and Sales.    Plasticizers.     965 TC Publi- 
cation 206; 1966 TC Publication 248; 1967 Preliminary; 1968 
Preliminary; 1969 Preliminary; 1970 TC Publication 479; 1971 
TC Publication 614; 1972 TC Publication 681.    United States 
International Trade Commission, Synthetic Organic Chemicals, 
United States Production and Sales.    Plasticizers 1973 ITL 
Publication 728; 1974 Preliminary. 

Production of poly(vinyl chloride) resins and products dropped approx- 
imately 25 percent from 1974 to 1975.    Assuming pi asticizer production 
flowed the same trend, 1975 production would be estimated at about 645 Gg. 
This drop in production was brought on by greatly decreased demand from the 
automotive and housing industries     The only °^er«nnual decrease in pi as- 
ticizer production in the past 10 years is correlated with theJ9f ~7° ec° 
nomic slowdown.    Economic recovery is expected to return the growth rate for 
plasticizers to the 5-10 percent per year range. 

Despite these optimistic predictions uncertainties exist in the long- 
range future of poly(vinyl chloride) based products and therefore in the 
fSSe demand for synthetic plasticizers     These ^^ffSsS dlsJSSl 
solid waste disposal problems and toxicity problems.    Solid waste disposal 
problems include the nondegradability problems associated with plastics in 



general when the landfill method of disposal is used.    In addition, incin- 
eration of unplasticized poly(v1nyl chloride) resin yields 0.6 kg of HC1, 
a corrosive and toxic gas, per kg of resin.    (In a typical flexible fplas- 
ticized] product containing approximately 35 percent plasticizer the amount 
of HC1 emitted would be proportionately reduced.)   At low combustion temper- 
atures the presence of chlorine retards combustion.    Environmentally accept- 
able incineration of large amounts of poly(vinyl chloride) requires the use 
of specially designed incinerators to promote combustion, resist corrosion, 
and prevent hazardous emissions. 

Toxicity questions associated with poly(vinyl chloride) revolve around 
the discovery of previously unknown toxic properties of vinyl chloride mon- 
omer in the early seventies.   These discoveries resulted in stringent emis- 
sion standards which have raised some doubts about the future of vinyl chlo- 
ride.   The toxicity of phthalate esters has been a matter of concern.   However, 
possible effects on humans have not been clearly demonstrated.   So far, 
concerns related to the environment and safety have not influenced the 
plasticizer market nearly so much as have economic factors. 

Short-term estimates of raw materials supplies (phthalic annhydride, 
branched alcohols and linear alcohols) indicate adequate supplies in most 
cases for the next two to four years.   The long-term outlook for feedstock 
supply and price (which Impact product prices) is tied to the political and 
economic complexities associated with the increasing reliance of the United 
States on imported petroleum. 

The plasticizer industry, along with the entire petrochemical industry, 
has the flexibility to rapidly change the amount and type of materials pro- 
duced, within wide limits, in response to raw materials shortages and market 
demands.    This capacity and willingness to change production emphasis makes 
even moderate-term predictions about growth trends quite risky. 

No specific information was found concerning on-site generation of 
steam or electricity.    It is to be expected that steam, when required, will 
be generated on site.    It is believed that electric power generally will be 
purchased from utility companies by contractual agreement, even for very 
large installations. 

Raw Materials 

Most plasticizers are products of esterlfication reactions between 
hydroxyl compounds such as alcohols or glycols and carboxylic or phosphoric 
acids.    Commonly used catalysts are sulfuric acid and p-toluene-sulfonic 
acid for carboxylic acid esters and magnesium chloride for phosphoric acid 
esters.    Appendix A contains a complete list of raw materials. 

Raw materials for carboxylic acid esters are primarily aliphatic or 
aromatic dicarboxylic acids or anhydrides and C6-d3 branched chain alco- 
hols.   The most important aromatic diacid derivatives are the phthalate esters. 
This group of plasticizers employs phthalic anhydride as the aromatic diacid 
precursor.    Terephthalic acid and isophthalic acid are used to a much smaller 
extent.    The major aliphatic dicarboxylic acid used in the production of 
dicarboxylic acid esters is adipic acid.    Other less frequently used diacids 
are sebacic and azelaic acids.   Mono- and tri-functional acid esters are also 



produced to a small extent in the industry from mono- and tn-acids.    Benzoic 
acid, citric acid and trimellitic anhydride are examples of acidic compounds 
used in the production of these less widely used plasticizers.    The most im- 
portant plasticizer alcohol for combination with carboxylic acids is 2-ethyl- 
hexanol  (commonly referred to as octyl alcohol).    Other important alcohols 
include isooctyl alcohol, isodecyl alcohol and butyl alcohol.    In some cases 
mixtures of closely related alcohols rather than pure compounds are used. 

Polyester plasticizers are usually of the linear variety and are made 
primarily from dicarboxylic acids and glycols.    The acid and glycol are com- 
bined and polymerized to the required molecular weight range.    Adipic acid 
is the most frequently used acid.    Azelaic and sebacic acids are also used. 
The glycols vary and can be mixed. 

Phosphate esters of phenolic compounds are the most important materials 
produced for fire-retardant plasticizers.    The major acidic phosphorous compound 
used in the production of cyclic phosphate esters is phosphorous oxychlonde, 
P0C13, which is derived from phosphorous trichloride or phosphorous pent- 
oxide and chlorine.    Phenols are the hydroxyl bearing precursor.    Tricresyl 
phosphate is produced by the reaction of P0C13 with a mixture of meta and 
para cresols.    Mixtures of cresols and phenol will yield esters such as 
cresyl diphenyl phosphate.    Aryl-alkyl phosphates are produced in signifi- 
cant quantities from mixtures of aryl-alkyl alcohols.    The most important 
ester of this type is 2-ethylhexyl diphenyl phosphate. 

Epoxidized plasticizers are prepared from natural oils (esters) such 
as soybean oil or linseed oil or by epoxidation of synthetic esters such 
as the 2-ethylhexyl ester of tall oil or oleic acids.    The most widely used 
natural oil  is soybean oil and the most important synthetic is 2-ethylhexyl 
tall ate. 

Phthalic, trimellitic and adipic acids are derived primarily from 
petroleum with smaller amounts of raw materials coming from coal tar.    Oleic, 
stearic, and palmitic acids are made from animal fats.    Palmitic acid is also 
derived from cottonseed oil.    Laurie acid comes from coconut oil and ri- 
cicionleic acid from castor oil.    Azelaic acid is made by ozonolysis of 
oleic acid.    Sebacic acid is obtained by hydrolysis of castor oil.    Overall, 
the amounts of raw materials derived from petroleum and coal greatly exceed 
the amounts derived from non-fossil sources. 

Plasticizer alcohols can be broadly categorized as branched chain 
alcohols in the C6-Ci3 range and straight chain alcohols in the C6-Cii 
ranqe.    These alcohols are prepared almost exclusively from olefins derived 
from petroleum by the "Oxo" process, by aldol condensation, by a combination 
of the "Oxo" process with aldol condensation or by the use of aluminum alkyls 
(Ziegler catalysts).    These alcohols may be prepared by reduction of fatty 
acid esters derived from coconut oil or tallow, but currently only small amounts 
of alcohols are actually prepared this way.    Branched-chain alcohols or 
mixed isomers of branches alcohols are commonly designated by the prefix iso 
even though this usage does not conform to the strict chemical definition 
of the term.    In some cases mixtures of alcohols containing 7 to 11 carbon 
atoms are used. 



Table 3 lists several  toxicologican properties for a few alcohols which 
are used as raw materials for plasticizers. 

Table 3.    TOXICOLOGICAL PROPERTIES OF SOME ALCOHOLS 

Sinqle 
Skin 

Alcohol 

Single -  
Oral,   Penetration,          Single Inhalation Primary 

LD50,a          L050           —Täpör — skin              Eye 
Rats,         Rabbits       Concentration Time         No. Irritation,      Injury, 
g/kg ml/kg pjp_m Hocrs    Killed Rabbits       Rabbits 

1-Butanol 

Ethanol 

4.36 

21.3 

4.2 

Ethylene glycol       8.54f 9.53 

2-Ethylhexanol 7.1 

Glycerol 27.5 

isöüutyl alcohol      2.46 

Isodecyl alcohol      9.80 

Propylene glycol    26.38 

145 
145 

none 
of 6 

none severe 

20 
(killed one 
of four) 

16,000 8 none 
of 6 

minor moderate 

9.53 16,000 8 none 
of 6 

none none 

2.38 16,000 8 none 
of 6 

minor moderate 

>20 16,000 8 none 
of 6 

none none 

4.24 16,000 2 none 
of 6 

none severe 

3.56 16,000 8 none 
of 6 

mild minor 

>20 8,000 8 none 
of 6 

none trace 

FOOTNOTES: 

aThat quantity of undiluted chemical which kills 50% of exposed animals. 
Dosage is expressed as grams per kg of animal body weight. 

bA 24 hour covered skin contact with the liquid chemical» or a solid in an 
acceptable vehicle. 

CA single continuous breathing of the stated concentration of chemical in 
the stated period of time. 

dThe skin response 24 hours following application of 0.01 ml amounts to 
uncovered skin. 

eSurface damage produced by the liquid or solid chemical or appropriate 
concentration thereof. 

fSingle dose oral toxicity to humans is greater. 

Source: McClelland, C.P. Alcohols, Mono and Polyhydric. In: Encyclopedia 
of Polymer Science and Technology, Vol 1. H. F. Mark, ed. N.Y., 
Wiley, 1964. 



Products 

Classes of compounds used as primary plasticizers for poly(vinyl chloride) 
are listed in Table 4.    This list does not include mineral oils and chlori- 
nated hydrocarbons which are usually identified as secondary plasticizers 
or extenders although the chlorinated hydrocarbons impart some flame resist- 
ance and flexibility. 

Table 4.    CLASSES OF COMPOUNDS USED AS PRIMARY PLASTICIZERS FOR 
P0LY(VINYL CHLORIDE) 

Monomeric esters of dicarboxylic acids ordi- or polvhydric alcohols 

dialkyl adipates 

dialkyl azelates 

glycol dibenzoate esters (some) 

glycollates such as butyl phthalyl butyl glycollate 

trialkyl mellitates 

dialkyl and alkyl benzyl o-phthalates 

pentaerythritol derivatives 

Phosphoric acid esters 

triaryl phosphates 

aryl-alkyl phosphates 

trialkyl phosphates 

Polymeric plasticizers 

Polyesters of 

adipic acid 

azelaic acid 

phthalic acid 

with various glycols terminated with 

monofunctional groups 

Epoxy compounds 

epoxidized soybean oil 

epoxidized tall oil 

epoxy resins (some) 

Miscellaneous 

phenoxy compounds 

sulfonamides 

Source:    Coaker, A. W. M. and E. Musclaick.    Plasticizers.    In:   Modern 
Plastics Encyclopedia, Vol 51, No. 10A. Sidney Gross, ed. N.Y., 
McGraw-Hill, October 1974, p. 244-252. 
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Different plasticizers often are chosen to impart specific properties 
to the finished product.    Phthallc esters find substantial general purpose 
use in PVC film, sheeting, extrusion products, and wire and cable coatings. 
Adipates are used to impart low temperature flexibility to PVC formulations 
(e.g., vinyl meat-wrapping films).    Phosphate esters are added to PVC in 
order to restore the fire retardancy of the unplasticized polymer when this 
has been dimished by addition of other plasticizers not containing a fire- 
retardant element (P, Cl, B ).    Polyesters are more resistant to extraction 
and migration than monomeric esters. 

Although the plasticizers listed in Table 4 are used principally in 
formulation of poly(vinyl chloride) products, many are compatible with 
other polymers.    Appendix B contains a complete list of commercially avail- 
able plasticizers and includes information on physical properties, compati- 
bility with various polymers, and manufacturers. 

Companies 

The companies which dominate the industry are large, integrated chemi- 
cal or petrochemical companies which also produce a number of other products. 
In several cases the companies produce the acids and/or the alcohols from 
which the plasticizers are made. Some manufacturers produce poly(vinyl chlor- 
ide) monomer and resins as well. Thirteen companies which had approximately 
93 percent of the synthetic plasticizer capacity for the United States in 
1974 are listed in Table 5. 

Table 5. PLASTICIZER PRODUCTION CAPACITIES 1974 

Company Gg/yr % 

Monsanto Company 225 23.0 

Union Carbide Corporation 147* 15.0 

W. R. Grace & Co. 113 11.5 

United States Steel Corporation 90 9.2 

Eastman Kodak Company 64 6.5 

Exxon Corporation 59 6.0 

FMC Corporation 50 5.0 

BASF Wyandotte Corporation 36 4.0 

Rohm and Haas Company 41 4.0 

Stauffer Chemical Company 27 2.8 

Tenneco Inc. 27 2.8 

Emery Industries, Inc. 18 1.8 

B. F. Goodrich Company 16 1.6 

♦Union Carbide ceased production of phthalate esters in 1975. This 
shift significantly decreased Union Carbide's total plasticizer 
capacity, perhaps by as much as 100 Gg/yr. 

Source: Monsanto Research Corporation. Work done under Contract 
68-02-1320. 



ADDendix C lists companies engaged in the manufacture of materials 
used as plasticizers.    Plant locations and materials produced are included. 
Capacities are listed if available.    Some companies engaged in the manufacture 
of cosmetics, pharmaceuticals or industrial specialties also manufacture 
plasticizers. 

Environmental  Impact 

The synthetic plasticizer industry produces gaseous, solid and liquid 
wastes.    Waste water is the major environmental problem of this industry. 
Hydrochloric acid gas emissions, for example, are largely controlled in 
phosphate ester manufacture by gas scrubbers.    Solid waste is a minor poll- 
ution source which results from ester purification processes.    Solid wastes 
include spent activated carbon and insoluble sulfate salts. 

A major source of waste water from esterification of carboxylic acids 
is the water from neutralization and washing operations and filter backwash. 
These types of plasticizers are normally washed and neutralized to remove 
traces of HzSO* or other acid catalyst.    Waste water can contain dilute 
caustic, additives, sulfates (from acid catalyst) and orgamcs such as al- 
cohols, monoester, and small amounts of product. 

The waste water from one plant which produces diethylphthallate had 
very high values for biological oxygen demand, chemical oxygen demand, total 
organic carbon, sulfate, oil, total dissolved solids and copper.    Exact 
values are given in Process Description 1.    The waste water flow rate was 
0.65 liter waste water per kg product.    If these values are typical of 
processes involving esterification of carboxylic acids, the waste water 
problem lies not so much in the volume of water produced as in its poor 
quality.    The copper concentration found for this plant is high enough to 
interfere with biological treatment of the water. 

The waste load values from the diethylphthalate plant may be compared 
with those from a plant producing tricresylphosphate (TCP) (see Process d). 
The comparison reveals that the TCP plant had a much higher waste water flow 
rate (28 liters per kg product) and much lower waste loadings for bio- 
chemical oxygen demand, chemical oxygen demand, total organic carbon, cy- 
anide! oil.copper and total dissolved solids.    Sulfate loads were comparable 
?or the two processes.   Waste loads were higher for the TCP PJ^ss for all 
other contaminants listed.    Chloride loads were quite high for the TCP pro- 
cess.    Phenol levels are of potential concern.    Although not listed in the 
table of contaminants, permanganate is added to phosphate esters during the 
purification process and manganese will be found in wash waters. 

The contaminants listed are for untreated waste water and many of the 
potential problems with such wastes can be avoided by appropriate water 
treatment.    Plasticizer production usually occurs at a plant at which other 
organic chemicals are manufactured.    Pollutant emissions from the pUg. will 
depend on waste management practices, segregation or combination of waste 
streams, composition of wastes from other organic chemical processes conducted 
at the site, and waste treatment facilities. 



The amount of solid waste (spent activated clay or activated charcoal) 
is not large. However, if the solids are disposed of by landfill, materials 
of unknown composition may be leached and might pose a threat of local ground- 
water contamination. 
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INDUSTRY ANALYSIS 

There are some inconsistencies in reported production data.    Plasti- 
cizer production for 1974 was reported as 858 Gg by the U.S. International 
Trade Commission and as 745 Gg by Modern Plastics magazine.    These figures 
contrast with a production capacity of 980 Gg/yr estimated by the Chemical 
Economics Handbook.    Demand for plasticizers was very strong in 1974, ex- 
ceeding production.    Part of the gap between reported production and capacity 
figures can be attributed to raw materials shortages and normal plant down 
time. 

Other factors impact reported capacity and production values for 
plasticizers.    In many cases the distinction between plasticizers, extend- 
ers, fire retardants, etc. is not clear.    Different authors may define pri- 
mary plasticizers in different ways.    Second, chemicals which are used pri- 
marily as plasticizers may have other uses, and some authors report only 
production which is to be used as plasticizers.    Third, much of the equip- 
ment used to manufacture plasticizers can be used to make more than one 
plasticizer, or even materials with entirely different use patterns.    The 
capacity of a given system can be expected to be different for each material 
produced. 

The production figures used in this report represent total production 
of chemicals which are used mainly as primary plasticizers.    Secondary 
plasticizers or extenders such as mineral oil or chlorinated hydrocarbons 
are not included. 

Quantitative waste stream compositions reported in the process descrip- 
tions are the results of measurements made for processes producing one 
phthalate ester plasticizer and a typical  phosphate ester Pl«ticizer     These 
compositions are specific for the plant and product investigated and are not 
intended to represent raw waste loads for other processes.    Specifically, 
diethyl phthalate (DEP), a plasticizer not used in PVC, is produced by a 
batch process in insignificant quantities.    Since Urge scale Production 
of plasticizers used in PVC such as di(2-ethylhexyl) Phthalate (DOP), 
diisooctyl phthalate (DIOP) and diisodecyl phthalate (DIDP) generally   n- 
volves continuous rather than batch processing, the waste streams resulting 
from the production of DOP, DIOP and DIDP can be expected to have little re- 
lationship to the data found for DEP.    No information was found regarding 
waste stream composition associated with the production of epoxy-type 
plasticizers. 

Synthetic Plasticizer Processes 

Esterification of dicarboxylic acids and fatty acids with monohydric 
alcohols and the production of polyesters by esterification/polymenzation 
of dicarboxylic acids with glycols are chemically similar processes.    They 
are treated by Process Description No. 1.    Esterification of phosphoric 
acid (phosphorous oxychloride) requires special equipment and techniques 
because of the corrosive nature of the reactants and products and is 
treated in Process No. 2.    Epoxidation is described in Process No. 3. 
Figures 1,2 and 3 are flow sheets describing their respective processes. 
Production of ester and epoxidized ester plasticizers is a relatively 
simple industrial process and the flow sheets reflect this simplicity. 
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PLASTICIZER INDUSTRY PROCESS NO.  1 

Esterification of Carboxvlic Acids 

1      Function - In this process an acid or an acid anhydride combines with an 
alcohol to produce an ester.    Most plasticizers are synthesized in simple es- 
terification reactions, which can be carried out in the liquid phase in heated 
kettles with stirring and water take-off provisions.   Many plants still produce 
plasticizers by batch methods, but newer plants operate on a continuous basis. 
Esterification catalysts such as sulfuric acid or p-toluene sulfomc acid are 
removed in a washing step.    The crude product is purified by distillation, 
steam stripping, filtration, and treatment with activated clay or activated 
charcoal. 

Reactions of dicarboxylic acids (or anhydrides) may be typified those 
of phth anh^Hde. The general reactons for their formation are shown 
in equations (1-1) and (1-2) where R and R1 are alkyl groups. 

ROH oc OR 

OH 

(1-1) 

R'OH @^<*       ♦     H,0     (1-2) 

*c- 
Ö 

Reaction of the anhydride (1-1) proceeds under much milder conditions 
than does the esterification of the remaining carboxyl group (1-2). Often tne 
anhydride is reacted with an alcohol under relatively mild conditions to pro- 
duce the monoester which is then transferred to another vessel for conversion 
to the diester. If a diester with R and R' the same is desired, the same 
alcohol will be used in both reaction steps. If a mixed diester is desired, 
remnants of the first alcohol will be removed from the monoester before reac- 
tion of the second carboxylic acid group with a second alcohol. Usually an 
excess of alcohol is used and the unreacted portion recycled. Water formed- 
by the second esterification is removed from the system to drive the reaction 
to completion. 

The synthesis of 2-ethylhexyl tallate proceeds according to the typical 
esterification reaction shown in equation 1-3. The reaction may be catalyzed 
by sulfuric acid or hydrogen chloride: 

RCOOH + R'OH 2   RCOOR1 + H20 O"3) 

STÄ &« JÄ SnlSr?- Z%fu{^lX,l\n, tne 
law of mil  action, giving yields of 95 percent or better. 
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Polymeric plasticizers are linear polyesters produced by the polymeri- 
zation/esterification of an aliphatic dicarboxylic acid (usually adipic acid) 
with either pure or mixed glycols, e.g.: 

H0QC-(CH2k-C00H + X H0CH2-CH0H 

CH3 

ROH 
R^OOH 

0     0 
it      11 

Rk)-C-(CH2K-C-OCH2- ■CH- 
! 
CH3 

OR1 (1-4) 

R and R1 are monofunctional reactants which are introduced at a suitable 
stage in the reaction to control the molecular weight and residual functional- 
ity. Typically, the average molecular weight of these esters is about 2000, 
but weights of from 800 to well over 6000 are produced for specialty applica- 
tions. 

2. Input Materials - The feed to the esterification unit will include an acid 
(or acid anhydride), an alcohol, and a catalyst. The reaction vessel may be 
sparged with an inert gas (C02 or N2) to suppress unwanted side reactions. In 
some cases an inert solvent will be added. Besides phthalic anhydride, other 
dibasic acids commonly used include adipic, sebacic, azelaic and fatty acids 
such as oleic and stearic. 

Esters most commonly used as plasticizers include those produced by com- 
bining dicarboxylic acids with aliphatic alcohols containing one to thirteen 
carbon atoms and polyesters from the combination of dicarboxylic acids with 
polyhydric alcohols. The specific alcohol (or alcohols) and acid used to pre- 
pare any given ester can be determined from the name of the ester. For exam- 
ple, di(2-ethylhexyl) phthalate is prepared by reacting two moles of 2-ethyl- 
hexyl alcohol with each mole of phthalic acid (phthalic anhydride). One process 
using a "non-acidic" catalyst is reported to require 66.9 kg 2-ethylhexanol and 
38.2 kg phthalic anhydride per 100 kg of di(2-ethylhexyl) phthalate (alternate 
terminology: dioctylphthalate, OOP) product. High efficiency is claimed for 
the process, so processes using other catalysts may require more input materials 
for the same amount of product. 

3. Operating Parameters - Temperatures ranging from 35 to 180 C have been 
reported for esterification processes. In most cases, heat is required. 
Temperatures of 150-160 C have been listed for the production of di(2-ethyl- 
hexyl phthalate. Reported pressures range from atmospheric to 170 kPa. Batch 
reaction times of 6 to 20 hours have been given. 

Catalysts for esterification of carboxylic acids are acids (Lewis acids, 
species having an electron deficit in the outer shell, may be used). Sulfuric 
acid and toluenesulfonic acid are the catalysts most often used. Acidic ca- 
tion exchange resins may be used as catalysts, particularly in large-scale 
continuous processes. 

One 4.  Utilities 
lists a 
this value is representative 
for pumping and stirring and 

process 
requirement of 75 kg 

I 

formation was available in the references consulted. 

>r the preparation of di(2-ethylhexyl) phthalate 
steam per kg of product. It is not clear whether 
of other processes. Electricity will be required 
cooling water will be needed; no quantitative in- 
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mterUls  Sealed alcohols are present in process streams and wastewater. 

acid catalyst), unacted alcohol, monoester, and relatively small amounts 
of other organic contaminants. 

Table 6 lists pollutants in wastewater from a facility producing diethyl 

phthalate. 

6. EPA Source Classification Code: None exists. 

7. References - 

(1) Anon.    Adipic Acid and Its Derivatives.    E.  I. DuPont de Nemours 
& Company, Wilmington, Delaware, 1957. 

(2) Environmental Protection Agency.    Development Document for Interim 
Final Effluent Limitations Guidelines and New Source Performance      t 
slanlar^for the Significant Organic Products Segment of fe Organic 
Chemical Manufacturing Point Source Category.    EPA-440/1-75/045, 
Group I Phase II.    September 1975, p. 217, Z/3-4. 

(3) Fedor, Walter S.    Plasticizers.    The Competitive Struggle Grows 
Keener.    Chemical & Engineering News, 13 November 1961, 118. 

(4) Mark, H. F. and N. G. Gaylord, eds.    Encyclopedia of Polymer Science 
and Technology.    Voll.    N.Y., Wiley, 1964. 

(5) Phthalate Plasticizer-Chisso Corp.    Hydrocarbon Processing, 54:174, 
November 1975. 

(6) Reid, Emmet, Marvin L. Peterson and John W. Way.    Es*nfication. 
In-    Unit Processes in Organic Synthesis, 5th Ed.    Philip H. Groggms, 
ed!    N.Y., McGraw-Hill, 1958, p. 694-749. 

(7) Shreve, R. N.    Chemical Process Industries, 3rd E. N.Y., McGraw- 
Hill, 1967. 
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Table 6. RAW WASTE CONCENTRATIONS AND LOADS FOR FACILITY PRODUCING 
nTCTUVI     DUTUftl ATCla 
DIETHYL PHTHALATE 

Contaminant 
Concentratioif 

(mg/liter) 
Loadc 

(kg/1000 kg product) 

B0D5 82,600 53.9 

COD 127,000 82.6 

TOC 51,200 33.4 

Phenol .01 .00001 

NH3 - Nitrogen 1.1 .00073 

Total  Kjeldahl Nitrogen 3.9 .00258 

Cyanide .04 .00003 

Sulfate 2,030 1.33 

Oil 12,500 8.17 

Total  Phosphorous 3.29 .00215 

Zn 3.95 .00258 

Cu 97.9 .0640 

Fe 4.49 .00293 

Total Cr .076 .00005 

Cd .151 .0001 

Total  Suspended Solids 101 .0661 

Total Dissolved Solids 94,800 61.9 

Chloride 160 .104 

^Process flow of 653 liters per 1000 kg product was reported. 

3 Raw waste concentrations are based on unit weight of pollutant per unit 
volume of process waste waters. 

* Raw waste loadings are based on unit weight of pollutant per 1000 unit 
weights of product. 

Source:    Environmental Protection Agency, Effluent Guidelines Division.    Devel- 
opment Document for Interim Final Effluent Limitations and New Source 
Performance Standards for the Significant Organic Products Segment of 
the Organic Chemicals Manufacturing Point Source Category.    EPA-440/1- 
75/045.    Washington, D.C., Sept. 1975. 
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PLASTICIZER INDUSTRY PROCESS NO.  2 

Production of Phosphate Esters by Esterification 

1- Function - Phosphate plasticizers are prepared by condensation of P0C13 

(phosphorous oxychloride) with an alcohol or a mixture of alcohols.    Cresols, 
phenols or xylenols are most commonly used.    Mixed alkyl-aryl esters may be 
prepared by successive reaction with appropriate alcohols.    The reaction for 
cresols may be written: 

3m-, p-C6H-(CH3)0H + P0C13   —•►     [C6MCHS)0]3 PO + 3HC1 (2-1) 

The production of HC1 causes some processing problems.    Hydrogen chloride 
can be removed by a current of air or neutralized by the addition of alkali. 
Glass-lined or alloy kettles are used because the reaction mixture is highly 
corrosive.    The process may employ a distillation column for preliminary pur- 
ification of the alcohol feed, a reactor, an ester refining column (for wash- 
ing), a stripping column, and a filter.    Steam ejector jets and barometric 
condensors may be employed for providing reduced pressures. 

Although variations may exist in the sequence of operations and the amount 
of purification required for different applications, standard purification 
techniques are used.    Preliminary purification typically involves direct 
flash distillation of the crude reaction mixture and washing with dilute 
caustic.    The dilute caustic neutralizes residual HC1, hydrolyzes and ex- 
tracts traces of partial esterification products, and extracts unreacted 
cresylic compounds.    Addition of lime to the crude reaction mixture before 
distillation has been reported as a means of reducing corrosion.    Final 
purification of plasticizer-grade products employs further washing with di- 
lute caustic and water, steam stripping, treatment with dilute permanganate 
solution, dehydration by heating under reduced pressure, bleaching with 
activated carbon and filtration.    The use of an amphoteric metal  in conjunc- 
tion with an alkaline wash has been reported to improve the color of the 
product. 

2- Input Materials - The most common phosphate ester used as a plasticizer 
is tricresyl phosphate.    Phosphorous oxychloride (P0C13) and a mixture of 
m- and p-cresols, which may contain as much as 30 to 40 percent xylenols, 
are input materials for plasticizer-grade tricresylphosphate.    The ortho 
form of tricresyl phosphate is considerably more toxic than esters derived 
from other isomers.    Therefore, the o-cresol content of the cresol feed is 
usually less than three percent. 

3.    Operating Parameters - Condensation of cresols and phosphorous oxychlor- 
ide Ts carried out at elevated temperatures.    Depending on the catalyst 
used, temperatures range from 150 to 300°C.    A slight excess of cresol fa- 
vors complete esterification.    Condensation times of 6 to 9 hours at 200°C 
are typical when metal halide catalysts such as.MgCl2 are used.    Condensation 
may be carried out under moderate pressure to minimize loss of phosphorous 
oxychloride in the HC1 off-gas; otherwise, each process step is carried out 
under reduced pressure. 
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4     Utilities - No information was found in the literature consulted for this 
study     Steam, cooling water and process heaters will be required. 

5. Waste Streams - Emissions of cresols (and/or other aromatic alcohols) to 
the atmosphere can be expected from barometric condensers. 

Waste water comes from barometric condensers, from HC1 scrubbers and from 
preliminary and final purification steps Caustic ^«SS^« teste 
watpr containing dilute caustic, unreacted phenols and partial esters, wasxe 
I ter fSlal JuHfication contains additives washed from     e produc   sue 
as permanganate or permanganate reduction products.   Table 7 lists pollutants 
from one facility producing tricresylphosphate. 

The major solid waste from the production of phosphate esters is spent 
activated carbon from the final purification step. 

6. EPA Source Classification Code -   None exists. 

7. References - 

(1)    Billmeyer, Fred W., Jr.    Textbook of Polymer Science, 2nd Ed. 
N. Y., Wiley, 1971. 

12)    Environmental Protection Agency, Effluent Guidelines Division. 
DeveloS Document for Interim Final Effluent Limitations and 
New Source Performance Standards for the Significant Organic Products 
rgmeXol the'organ^c Chemicals Manufacturing Point   ource   ategory. 

EPA-440/1 -75/045.    Washington, D. C, Sept.  1975, p. Z17, d.n <*. 

(3) Pratt, Christopher J. PHOSPHORUS.    In:    Chemical and P™ess 
Technology Encyclopedia.    Douglas M. Considine, ed.    N.Y., McGraw- 
Hill, 1974, p. 874. 

(4) Reid, Emmet, Marvin L. Peterson and John W   Way.    Es
p^

n.^ationq 
In-    Unit Processes in Organic Synthesis, 5th Ed.    Philip H. Groggins, 
ed'.    N.Y., McGraw-Hill, 1958, p. 694-749. 

(5) Van Wazer, John R.    Phosphoric Acid and Phosphates.    In:    Kirk- 
[       Othmer Encyclopedia of Chemical Technology, Vol 15.    Anthony 

Standen, ed.    N.Y., Wiley, 1968, p. 324-6. 
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I Table 7. RAW WASTE CONCENTRATIONS AND LOADS FOR FACILITY PRODUCING 
I TRICRESYL PHOSPHATE a 

h c 
Concentration Load 

Contaminant         (mg/1iter) kg/1 OOP kg product 

1.12 

11.4 

1.96 

.304 

.102 

.344 

1.513 

.297 

.0335 

.0914 

.00197 

.0366 

.00115 

.00115 

.110 
17.2 

71.5 

aProcess flow of 28 m3 per 1000 kilograms product was reported.    These data 
are for a plant using steam ejectors and barometric condensers for each process 
step. 

bRaw waste concentrations are based on unit weight of pollutant per unit 
volume of process waste waters. 

CRaw waste loadings are based on unit weight of pollutant per 1000 unit 
weights of product. 

Source:    Environmental  Protection Agency, Effluent Guidelines Division. 
Development Document for Interim Final Effluent Limitations and 
New Source Performance Standards for the Significant Organic Products 
Segment of the Organic Chemicals Manufacturing Point Source Category. 
EPA-440/1-75/045.    Washington, D. C., Sept. 1975, p. 217, 273-4. 

BOD 40. 

COD 408. 

TOC 70. 

Phenol 10.8 

NH3-N 3.65 

Total  Kjeldahl r> 11.8 

Sulfate 54. 

Oil 10.5 

Total Phosphorous 1.19 

Zn .327 

Cu .07 

Fe 1.31 

Total Cr .041 

Cd .041 

Total Suspended Sol ids 4. 

Total  Dissolved Sol ids 615. 

Chloride 2,560. 
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PLASTICIZER INDUSTRY PROCESS NO.  3 

Epoxidation 

1.      Function - Epoxidation is defined as the reaction in which double bonds 
in unsaturated (olefinic) esters are converted to cyclic three-membered 
ethers by an active oxygen agent, as in equation 3-1. 

H    H 
i     i 

R - C = C - R' 

H    H 
i      i 

-»►   R-C-C-R' 
N0' 

(3-1) 

Hydrogen peroxide is the principal oxygen source for this conversion but it 
must be transformed into a more active form for effective use in commercial 
epoxidation.    Most production systems involve the preparation of peroxyacetic 
acid (Equation 3-2) which is then thought to interact with this double bond 
according to Equation 3-3. 

H + 

+ H„0 <3-2> H2°2 CH3C02H CHgCOgH 

H    H 
i      i 

R-C = C-R' 

O        H 
\ 
c=o 

C/H3 

H 
R-C 

.0/ 

r c- 
/ 

CH„ 

H 
C-R' 

+1 

H     H 
i      i 

R- C-C-R' 
v0' 

O        H 
w       / 

CH3 

(3-3) 

Where possible, epoxidation reactions are carried out with peroxyacetic acid 
formed in situ.    A one step reaction is employed in which the peroxyacetic 
acid is formed and used in the presence of the material  to be epoxidized. 
The hydrogen peroxide is charged to the reaction vessel or the unsaturated 
ester, a catalyst, and glacial  acetic acid.    Reaction conditions must be 
controlled to minimize subsequent opening of the epoxy ring and formation 
of unwanted by-products. 

In the widely used Archer-Daniels-Midland process, epoxy ring opening by 
the sulfuric acid catalyst is retarded because the system is heterogeneous, 
consisting of an oil  phase and an aqueous phase containing the hydrogen per- 
oxide and acetic acid.    In another process based on sulfuric acid catalyses 
(FMC Corporation) an inert solvent such as benzene or hexane is used to re- 
duce the effect of sulfuric acid in catalyzing epoxy ring opening.    Epoxida- 
tion may be catalyzed also by the addition of poly(styrenesulfonic acid) resin. 
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Resin catalyzed systems are characterized by high epoxy yields, little by- 
product formation, nearly complete elimination of olefinic structure, low 
reaction temperatures and short reaction times. Because of the relative 
expense of the resin catalyst, conservation measures are mandatory. These 
involve either recycle of the resin or the use of minimal quantities of 
resin with corresponding increases in reaction temperature and time. 

Batch production methods are used for epoxidation reactions, but con- 
siderable work on development of continuous production systems has been 
completed. Such methods have been found to offer promise and might be 
adopted if demand for epoxidized products continues to grow. 

In the FMC process described above, the reaction is carried out in a 
stainless steel reaction vessel fitted with an agitator, cooling coils, 
reflux condenser, vent, rupture disc, sample line, direct and recording 
thermometers, feed lines and a manhole. The vessel is equipped with a system 
for automatically flooding the reaction with water in emergencies. 

The Archer-Daniels-Midland system is apparently a two-step epoxidation 
process in which fresh unsaturated ester is partially epoxidized by con- 
tinuous agitation with a semi-spent acid containing 1 to 2 percent sulfuric 
acid, 25 to 30 percent acetic acid and 5 to 6 percent unused active oxygen. 
The partially epoxidized ester is then separated from the aqueous (acid) 
phase and reacted with a fresh acid (hydrogen peroxide and acetic acid with 
sulfuric acid as a catalyst) to complete its epoxidation. The acid from 
this final epoxidation is then used to partially epoxidize fresh unsaturated 
ester as described above. 

2.  Input Materials - The unsaturated ester may be a natural oil such as 
soybean oil or linseed oil or it may be one of a number of synthetics such 
as the n-butyl or 2-ethylhexyl esters of tall oil acid or oleic acid. 
Peroxyacetic acid may be preformed and added in a solvent or it may be formed 
in situ from hydrogen peroxide and acetic acid in the presence of a catalyst 
and the unsaturated ester. Table 8 lists quantities of input materials for 
sulfuric acid catalyzed batch epoxidation of soybean oil by the FMC process. 

TABLE 8. INPUT MATERIALS FOR BATCH EPOXIDATION 
OF SOYBEAN OIL (FMC PROCESS) 

Quantity 
(kg)    (lbs) 

907 2,000 

181 400 

145 320 

361 796 

347 765 

Soybean Oil 

Hexane 

Acetic Acid (glacial) 

Sulfuric Acid (50%) 

Hydrogen Peroxide (50%) 

Source: Wallace, John G. Epoxidation. InrKirk-Othmer Encyclopedia of 
Chemical Technology, Vol. 8. Anthony Standen, ed., New York, 
Wiley, 1968, p. 254. 
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In processes using poly(styrenesulfonic acid) resin as a catalyst, 
almost complete epoxidation occurs when relatively large amounts of the 
resin are used. In a typical reaction, a quantity of fatty oil or ester 
containing 1.0 mole of unsaturation is mixed with 0.55 moles of glacial 
acetic acid and 12 percent dry resin based on the weight of epoxidizable 
material. Hydrogen peroxide (1.1 moles) is added slowly to facilitate con- 
trol of the reaction temperature. After the reaction has reached completion 
the liquid is decanted or filtered, leaving the resin catalyst in the reactor 
for succeeding runs. 

Specific data relating to reaction efficiency of the various methods 
for epoxidation of unsaturated esters were not found in the sources con- 
sulted for this study. A typical materials list for the epoxidation of 
soybean oil (iodine value of 130) using the repeated resin process is 
shown in Table 9. 

TABLE 9. INPUT MATERIALS FOR RESIN CATALYZED EPOXIDATION 
OF SOYBEAN OIL 

Amount Used 
Material (mg/kg final product) 

Soybean Oil 935 

Hydrogen Peroxide (70%) 252 

Acetic Acid (glacial) 95 

Resin 10 

Source: Wallace, John G. Epoxidation. In:Kirk-0thmer Encyclopedia of 
Chemical Technology, Vol. 8. Anthony Standed, ed. New York, 
Wiley, 1968, p. 258. 

3.  Operating Parameters - The FMC process for epoxidation of soybean oil 
employs a stainless steel reaction vessel with a capacity of 2.27 m3 (600 gal) 
Common (18-8) stainless steel such as types 304 and 316 are satisfactory 
for both peroxyacetic acid formation and epoxidation reactions, with type 
316 preferred. Welds in reactors and tanks are avoided as much as possible 
since the welds contribute to decomposition of active oxygen and may be 
subject to corrosion. Storage tanks for hydrogen peroxide are constructed 
of high-purity (99.6%) aluminum. All equipment must be thoroughly cleaned 
to remove any foreign materials which would decompose active oxygen. The 
stainless steel surfaces are passivated with nitric acid or glacial acetic 
acid containing small amounts of hydrogen peroxide. Continued use tends 
to improve the passive condition of the equipment surfaces. 

Reaction times and temperatures vary according to the particular method 
used for epoxidation as shown in Table 10. 
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TABLE 10. OPERATING PARAMETERS FOR SEVERAL EPOXIDATION PROCESSES 

Process 
Name Catalyst 

Addition 
Temperature 

Reaction 
Temp. 

Reaction 
Time 

Batch 
Size 

Archer-Daniels- 
Midland 

Sulfuric Acid 50°-60° 50°-60° 13 hr. N.A. 

FMC Sulfuric Acid 50°-60° 60°-65° _a 907 kg 

Repeated 
Resin 

Poly(styrenesu 
acid) 

lfonic <60° 60° 4 hr. N.A. 

Mi mi mal 
Resin 

Poly(styrenesu 
acid) 

lfonic N.A. 75°-80° 7-8 hr. N.A. 

Reaction is continued until hydrogen peroxide has been consumed, 
N.A.-indicates data is not available. 

Source: Wallace, John G. Epoxidation. In:Kirk-0thmer Encyclopedia of 
Chemical Technology, Vol. 8. Anthony Standen, ed., New York, 
Wiley, 1968. 

4 utilities - No quantitative information was found on utility requirements. 
Electricity is required for pumping and agitation. Most process configura- 
tions require steam for initial heating and cooling water for temperature 
control during the reaction. 

5 Waste Streams - No information was available on the amount or composition 
of waste streams. Fugitive emissions of acetic acid vapors can be expected. 
In processes using sulfuric acid catalyst, spent process water will contain 
high concentrations of sulfates, be saturated with epoxidized oil product and 
contain materials added to destroy peroxides. In processes using ion-exchange 
resins the spent process water will have a lower sulfate content but will 
contain resin degradation products. Additional waste water comes from oper- 
ations which wash the product. These waters will contain the same materials 
as spent process liquors but in lower concentrations in most cases, bpent 
resin used as catalyst is a solid waste. 

6.  EPA Source Classification Code - None Exists. 
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Table A-1. CARBOXYLIC ACIDS 

abietic acid 
acetic acid (anhydride) 
acetoystearic acid 
acetyl citric acid 
acetylricinoleic acid 
adipic acid 
azelaic acid 

benzoic acid 
butyric acid 

capric acid 
caprylic acid 
citric acid 

2-ethylbutyric acid 
2-ethylhexoic acid 

fumaric acid 

hydrogenated abietic acid 
p-hydroxybenzoic acid 

isobutyric acid 
isobutyric acid anhydride 
isophthalic acid 

1 auric acid 

maleic acid 
myristic acid 

oleic acid 

palmitic acid 
pelargonic acid 
pentachlorostearic acid 
phthalic acid (anhydride) 

ricinoleic acid 

sebacic acid 
stearic acid 
succinic acid 

tall oil acids 
tartaric acid 
triacetoxystearic acid 
tri acetylri ci nolei c aci d 
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amyl alcohol 

benzyl alcohol 
butyl alcohol 
n-butyl alcohol 

butoxyethoxyethyl alcohol 
butoxyethyl  alcohol 
2-butoxyethyl alcohol 

capryl alcohol 
cyclohexyl alcohol 

decyl alcohol 
n-decyl  alcohol 
diethylene glycol 
diethylene glycol monoethyl ether 
dipropylene glycol 

ethoxyethoxyethyl alcohol 
ethoxyethyl alcohol 
ethyl alcohol 
ethylene glycol 
ethylene glycol monobutyl ether 
ethylene glycol monoethyl ether 
ethylene glycol monomethyl ether 
2-ethylhexyl alcohol 

glycerol 

heptyl alcohol 
n-heptyl alcohol 
hexyl alcohol 
n-hexyl alcohol 
hydroabietyl  alcohol 

isobutyl  alcohol 
isodecyl  alcohol 
isoheptyl alcohol 
isohexyl alcohol 
isononyl  alcohol 
iso-octyl alcohol 
isopropyl  alcohol 
isotridecyl  alcohol 

linear C7-C9 alcohol 

methoxyethyl alcohol 
methoxyl-ethyl alcohol 
methyl alcohol 
methyl cyclohexyl alcohol 

neopentyl glycol 
nonyl alcohol 
n-nonyl alcohol 

octyl alcohol 
n-octyl alcohol 

pentaerylthritol 
phenol 
polyethylene glycol 
propyl alcohol 
n-propyl alcohol 
propylene glycol 
1, 2-propylene glycol 

tetraethylene glycol 
tetrahydrofurfuryl alcohol 
tridecyl alcohol 
triethylene glycol 
trimethylolethane 
2,2,4-trimethyl-l,3-pentanediol 

sucrose 

undecyl alcohol 
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Table A-3.    ALCOHOLS USED WITH P0C13 TO MAKE PHOSPHATE ESTERS 

butoxyethyl alcohol 
butyl alcohol 

chloroethyl alcohol 
2-chloroethyl alcohol 
cresol 

dichloropropyl alcohol 
dimethyl phenol 

ethyl alcohol 
2-ethylhexyl alcohol 

isopropyl phenol 

octyl alcohol 

phenol 

xylenol 



APPENDIX B deleted. 

APPENDIX B 

PRODUCTS 

Appendix B - Producs 

Source: Reprinted from the 
October 1974 issue of 
Modern Plastics 
Encyclopedia. _Copyr1ight 

1974 by McGraw-Hill Inc." 
1221 Ave. of the Americas 
New York, N.Y. 10020 
All rights reserved. 
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