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L. _INTRODUCTION:

The market for e y resins has been prajected to substantial
quantities: by 1 (Ref. 1). Mousanto has a basic position 1in
bispnenol-A end other polyhydric phenols wilcn are used in these
products. Considerable caplital is lnvested in manufacturing
facilities for thermosetting resins which may be threatencd
somewhat by epoxies or which might be advantageously supplemented
by a 1line of epoxy resins.

The manufacturae of anoxy resins has been considered previously
and the opportunity to enter the field as a licensce rejected,
As the use of epoxy resins nas grown, the question of thelr
manufacture periodically recurred. Up to the present time no
thorough patent search, process study or economic evaluation has
been made and these form the only sound basis for defining Mon-
panto’s interest in these products.

This report reviews the research contribution to the several
projects listed above - a study of the chemistry of epoxy resins
with emphasis on the use of Monsanto polyhydroaromatics, the
g development of laboratory processes for commercial epoxies and a

- search for technological advantage which might result through the
use of new chlorinated diphenols (hydrolyzed Aroclors and
tetrachlorobispheriol-A) (Ref. 2 & 3). % also includea the re-
sults of economic analyses by Division rngineering. '

J—

This work was supplemented by a thorough patent survey concerning
the epoxy resins, made with the cooperation of the Springfield
Patent Department. The 1initial intent of this work was to ex-
plore the chemistry of epoxy resint based on bis-phenol-A (BPA)
and other Monsanto dihydricphenols as it pertained to the use of
these products in thermosetting resin systems. It developed,
however, that these raw materials might be better exploited by
] entry into the epoxy resin field. It was recognized, that
N although chlorinated polyhydric phenols might find a place in
— the epoxy market, entry into the resin field would be determined
. principally by the economics based on bis-phenol-A.

. I1I. SUMMARY:

An economic analysis was made of the manufacture of the three
basic epoxy resin types in use today:

f e . Epon 828% - pased on bdis-phenol-A and epichlorohydrin;
: liquid, high epoxy content, used as an
industrial adhesive.
Epon 1001%*- based on bis-phenol-A and epichlorohydrin;
solid, low epoxy content, used in surface

coatings.
Epon 562* - mased on glycerol and epichlorohydrin; liquid,
o high epoxy content, used as an adhesive and

in textile treating.
*Shell Chemical
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The studies were based on laboratory procedures developed for the
products based on bis-phencl and on a patent procedure for the
glycerol based product.

A recommendation to enter the epoxy fileld as a resin manufacturer
can not be made based on the following results ol this economic
analysis:

Return on Investment After

' 508 Tax
> Selling Price Marxket BPA Integrated BPA
5 Epon 1001 type
*3,000,000 1lbs/yr. $0.605/1b. 6.0% 5.0%
#5,000, 000 lbs/gr. 6.7% 10.7%
Epon 828 type
#1,000,000 1bs/yr. $0.90/1b, 9.2;
*3,000,000 lba/zr. : 26. 22.0%

Epon 562 type ' —

- 1,000,000 lbs/yr.  $1.10/1b. 8.
: *3,000,000 lbs/yr. 21

‘ *Monsanto Salas,

T The most profitable products and those with the greatest growth
potential are tinose which do not allow Monsanto to tuke full
advantage of its raw material position. Epon 823 uses an excesas
of epichloronydrin which contributas most to raw material costs.
EBpon 562 uses no Monsanto products. Without a basic position
in epichlorohydrin, the economics are not sufficiently at-
tractive to encourage capital investment.

Laboratory procedures were developsd for the synthesis of liquid
and s0l1d epoxy resins based on bis-phenol-A (BPA) in good ylields.
The diglycidylether of tetrachlorobisphenol-A (TCBPA) was
prepared in quantitative yields, and a patent application on the
: process was flled, A series of polymeric epoxies were aynthesized
E in moderate to high yields by reacting epichilorohydrin with
- TCBPA and mixtures of TCBPA and BPA. Tetrachlorobisphennl-A
. gives epoxy resins of high epoxy content whicn are solid, fast
o curing and of good color. This raw material should definitely be
T exploited in the resin field.

Hydrolyzed Aroclors (chlorinated bi-phenyls) form another series
of dihydric aromsatics. A laboratory procedure for the prepara-
tion of the diglycidyl ether of hydrolyzed Aroclor 1262 was
developed and a tent application filed. The initial samples
~of hydrolyzed 1202 were not nhomogeneous with regard to dinydroxy
content; thcy were as much as 2 pono-hydroxy. This contributed
markedly to the poor performance of the resins. It is suzgested
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that a new hydrolysii procedure be eatablished which will furnish
ull dihydroxy components, This raw material snould then become
attractive as another building block for epoxy resins.

A fairly complete patent survey of the epoxy field was made con-
csrning manufacture, curing and use in other thermosetting systems,
including a search in the Washington Patent office. It 1s concluded
that a competitive line of epoxy resins based on BPA can rot be de-
veloped without infringement, More patent possibilities exist witn
systems based on phenolic lump resins, TCBPA and mixtures of BPA

and TCBPA. Epoxy resins can be used in comblnation witii many thermc-
setting systems. Those of principal interest to Monsanto are
phenolic-protein adhesives, melamine, ureaz and phenol formaldehyde
resins, polyurethane, nylona, polyacrylonltriles and sulfonated
polystyrene. In the curing of epoxy reains, most of the coverage

18 specific ani covers a broad range of materials.

IIT. CONCLUSIONS:

Monsanto'!s potential sales in the epoxy resins field wolild be
reasonable at the following levels:

Epon 828 type 3,000,000 lbs/yr. —_
Epon 1001 type 5, 000, 000
Epon 62 type 1,000, 000

At current prices, using market priced raw materials, only Epon 828
showa a return on investment sufficiently attractive for capital
investment. As this product 1s used in greater quantities result-
ing in lower price, the return quickly becomes marginal. Integra-
tion of the bis-phenol-A facilities has little effect on these
returns due to the relatively low proportion of BPA coapared to
Epichlorohydrin. Epon 562 coes not use BPA and the profitability
of Epon 1001 is not effected markedly by integration of BPA
racilities, Epichlorohydrin 1s common to all of the materilals,
however, and only through integrated manufacture of epichlorohydrin
can this line of products become interesting economically and thers
is little else to warrant the manufacture of epichlorohydrin.

Epoxy resins of the types described can be manufactured in con-
ventional processing equipment similar to that now employed for the
syntnesis of solid and heavy viscosity thermosetting products.
Mcnsanto is thoroughly experienced with the techniques involved.
Good yields of high quality products have been synthesized in the
laboratory from bis-phenol-A, tetrachlorobisphenol-A and hydrolyzed

Aroclors.

It would be most difficult to enter the epoxy resin fleld without
infringement of patents as reaction products of bis-phencl-A and
epichlorohydrin are well covered, Reains based on TCBPA,
mixtures of TCBPA with BPA and hydrolyzed Aroclors are relatively
free of infringement as are products based on phenol-formaldehyde
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(highly alkaline, liquid phenolic resins),

-4

resins. These products, however, are speclalty items and it is
questionable whether the vnlume will reach major proportions.

The use of epoxy resins as modifiers for Monsanto's 1line of
thermosetting products 1s definitely the most promising immedlate
means of utilizing the properties of epoxies, These modifica-
tions are essentially patent free and in certain areas viz.
phenolic-protein adhesives, offer interesting products.

IV. RECOMMENDATIONS:

1. Monsanto should not enter the ficld of epoxies as a resin
producer.

2. Tetrachloro-bis-phenol-A, hydrolyzed Aroclors and similar
dihydric aromatics are definitely attractive raw materials
for epoxies and the program now in effect at Organic and
Dayton for developing these products should be encouraged.

3. The use of epoxy resins and epoxy chemistry in thermosetting
systems based on phenol, melamine, etc., 18 worthy of de-
tailed study.

&, If manufacture of epichlorohydrin and its related by-products
is ever considered, the manufacture of epoxy resins will war-
rant re-examination.

Y. PATENT 3TATUS:

A patent application 1s pending on the process for the production
of the diglycidyl ether of tetrachlorobisphenol-A and the ether.

A patent disclosure claiming the process for the preparation of
the glycidyl ether mixture of hydrolyzed Aroclor 1262 has been
filed. '

The results of a fairly cowmplete patent search are summarized
below: )

Manufacture: :

onsanto can - manufacture epoxy resins based on phenolic lump
resina, tetrachlorobisphenol-A, and mixtures of TCBPA with BPA
within certain limits.

Monsanto can not - develop a competitive line of epoxy resins
based on BPA without infringement.

Use:

Monsanto can - incorporate epoxy resins in phenolic-protein ad-
hesive mixtures and probably prepare resins by reacting epichloro-
hydrin with water solutions of the sodium salts of methylol phenols
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Blend epoxy resins with melamine, urea and phenolic resins witain
certain limits. Ternary blends are mostly free of infringement.
Blend gpoxy resins with polyurethanes, nylons, acrylonitrile,
acrylamide, furans, rubber, sulfonated or carboxylated styrenes.

Curing:
Monsanto can - develop specific curing systems and obtain patents,

Monsanto can not - cure with well known curing agents including
curboxylic acids, anhydrides, sulfonic acids %and their chlorides),
isocyanates, isothiocyanates, poly alcohols, phenolic hydroxyl
groups or phosphoric acid. Many specific curing agents are

covered which include amines, polyamides, amides, etc.

It may be concluded that the most fruitful area for circumventing
existing patents 1s the synthesis of epoxy resins based on pheno-
lic lump resins and from mixtures of BPA and TCBPA.
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VII. EXPEHIMENTAL:

The syntheses of epoxy resins involve atraight forwara techni-
ques of reaction, neutralization, extraction and distillation.
Common laboratory equipment designed for these purposes are
satisfactory.

All of these reains are synthesized according to similar pro-
cedures:

1. Reaction of epichlorohydrin with a polyhydric compound.
This is generally exotharmic and careful control 1s
required. The initial reaction products are chloro-
hydrin et.ers.

2. Where>an excess of epichlorohydrin is used, viz., in nigh
epoxy containing oroducts, the excess is recovered by -
vacuum distillation, : '

G 3. The crude product 1s treated with excesa base and dehydro-
halogenated to form the epoxy compounds.

4, Usually, several water washings are required to remove the
inorganic salt and unreacted base.

5. The final product is dehydrated under vacuum to a relatively
high end temperature.

6. The products are characterized by analysis for epoxy oxygen,
hydrolyzable chloride and asn. The results are translated
into percents of diglyoildyl ether and ether chlorohydrins.

Detalled experimental procedures are given below for the prepara-
tion of all products synthesized in this study.

A. Apparatus

The reactions were carried out in standard laboratory equip-
méent except as indicated under separate procedures. This
consisted of a 3-necked flask fitted with a stirrer and two
U-shaped acdapters. The latter were fitted with two Fried-
richs condensers, a thermometer dipping into the reaction
mixture and a stopper. The falsk was heated by a Glas-Col
mantle. For the synthesis of the high epoxy containing
products, an ice bath was always included in the experimental
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B. Procedure

+ 2 Z_\.-gu

OH 1

—vlf‘ XN —Ce

é Time (Min.) Temp. (°C)
- 0 81+

:. 5 99-100

- 7 99-100

: 10 100-101
i . 14 9% °

recovered,

(1) Tetrachlorobisphenol-A (TCBPA)

(a) Preparation of the diglycidyl ether of TCBPA

M, CHCH
./ ‘

A )
f’)\\L ‘
(U3 er ¢

A
l::[)éE UK, éH-\( H,

The initlal condensation of TCPBra witn ECH 1=
it 1s absolutely necessary to have an ice-HpO
6 running this action.

TCBPA (1281 g, 7 eq.) and 1298 & ECH (13.8 eq, 100% XS) were
mixed and heated with stirring to 84°.
tions were as follows:

Remarks

The Glas-Col mantle was removed.
185 cc of NaOH stock soln (7.7 N) were
added at once (1.%2 eq).

The system refluxed (2 phase reflux)
An ice bath was applied intermittently
to contain reaction but the temperature

was held above 95°.

Solid phase appeared (NaCl)

Reflux subsided

Heat was supplied and tae reaction
mixture was held at 95-100° for 2.5

hours.

The excess ECH was then removed under a continually decreasing
‘I’ pressure and continually increasing temperature to a final pot
temperature of 122° at 20-22 mm.

DGMH —

hiahly exothermic:
bath ready when

The procedure and observa-

1.7% of the excess ECH was

C CHy =1L

11X (' oot

DSW 621034

STLCOPCB4095063



_9-'

‘ To the residue from the distillation (at 110-111°) were added
819 co NaOH stook soln. (7.7 N, 6.3 eq., 10% overall excess).
The mixture cooled to 82°. The mixture was reheated to 112° a.d
kept in the range 110-113* for 8.75 hours. The mixture was
allowed to cool over approximately 2 hours. During the reaction
with NaOH and cooling, samples of the aqueous phase were removed
and arilyzed for total alkalinity. The results are shown 1in
Graph I.

The resin was then washed with H 0. Hot water was added and the
mixture heated to 95-102° and kept in this range for 1/2 hour,
The mixture was then cooled to about 65-75° and the HoO decanted.
The first wash was with 750 ml HpO and the succeeding 4 wasnhes
were 1000 ml each. The washes were analyzed for chloride and
hydroxyl lous. The results .are shown in Table I.

- ©  TABLE I
. Wash No, Total eq. Cl Total eqg. OH
1 4, 0.35
— 2 1.7 0.12 )
N 3 0.22 0.013
4 0.02 Q.002
5 0.01 Neutral to Litwmus

The product was then dehydrated under vacuum as described below:

Time (Min.) Temp.{(Pot °C) Pressure (MM) Remarks
(o] 90 - Yacuum applied.
Variac at 8ov.
5 65 ca-70-80 The mass was too
f viscous, the vacuum
. was released and the
! mass was reheated.
10 80 120-125 Distillation was
. : satisfactory
) 15 65-70 120-125 Pressure was slowly
) lowered .
) 25 7 75 -
e 35 10 30 Variac was set at
M 55v
A 60 125 25-30 Xariac was set at
] . 5V
S 75 125 25-30 ‘Distillation was
S complete

The decrease in weight of the original mams was 138g (9% by weight
of resin obtained).

The yield of product was 1664g. The product was odorless, sligntly
yellow and &lightly ocloudy and it crystallized slowly on standing
at room temperature (m.p. 95-98°). - - -
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Analysis: Epoxy Oxygen: 6.39, 6.39% (95.4
Hydrolyzable Chloride: 0.4&, 0.§826?g.65$ DOMH )
Ash (1600°F): 0.00

The percentage yield was 99.8%4. The basis for caloulating tne
yield is given in the Appendix.

A portion cf the product was filtered through a medium porosity
fritted glass funnel at 130-145° under vacuum to glve a parfectly
clear, slightly yellow product. The filtration was a very slow

process.

(v) a 8Q11d ¢ icidvl ethe PA

A sample of dehydrated tacky product, 458 g, was melted and
poured slowly into 1500 cc ice cooled methanol witn vigorous
stirring. The mixture was then atirred for 1.75 hours at room
temperature. The mixture was filtered. The solid was tritura-
ted under a small porticn of MeOH and filtered. The so0lid was
dried at room temperature overnight. The {iltrates were evapora-
ted to dryness to yield a residue of 25g. (5.4%). After drying
overnight, the solid was warmed at 50-60° and dried in a deaic-
cator under vacuua for several days. Tne yieid oi wnite irece
flowing powder was %18g. (92%).

A similar result was obtained using ethanol as a solvent:
Melting point range: 93-98°C.

Analysis: Epoxy oxygen: 6.52% (97.4% DGE)
Hydrolyzable cnloride: 0.16% (1.2% DXMH)
Ast: (1600°F): 0.019%

The infra red spectrum of this product is shown 1n Appendix D.

(c) 1Isolation of initial condensation product

The same procedure deacribed for the preparation of the diglycldyl

ether of TCBA, through the recovery of excess ECH was followed,
using 183g TCBPA (1 eq) and 185g (2 eq) ECH. Cooling was not
necesaary but nevertheless, an ice-HpO bath was kept handy. A
one liter flask was used for the experiment.

T¢ the residue at about 100° were added 300 cc dioxane (purified
by refluxing with solid KOH and distilling). The mixture was
filtered and the dioxana filtrate distilled at 30-40 mm to a pot
temperature of 120-130°. Yield: 269 g.

Analysis: Epoxy Oxygen: 1.11, 1.13%
Hydrolyzable Chloride: 10.70, 10.49%

DSW 621037

-0-:!. ‘y,._,.'.

STLCOPCB4095066



-11-

(d) Preparation of the d15;¥3191;_ether of TCBPA in
dioxane molven

To the product obtained as above (228g) were added 400 cc dioxane
and the product dissolved by warming and then finally heated at
g7-98°., To the solution were added 10Okcc NaOH solution (7.5 N,
31.2g NaOH, 10% excess). The temperature dropped to 76°. The
two phase system was heated to reflux at 92-93° and refluxed for
9.5 hours. During refluxing NaCl precipitated. The mizxturs

was cooled and filtered. The filtrate was poured into a
separatory funnel and the lower aqueous layer withdrawn at room
E temperature. The upper dioxane layer was transferred to a flask
L and the dioxane distilled off at 30-40mm to a final pot tempere-
: ture of about 125°C. Yield: 198g (97.5%).

Analysis: Epoxy Oxygen: 6.45, 6.49%
Hydrolyzable Chloride: 0.30%
Ash: 0.00 (1600°F)

- (e) Preparation of Glycidyl Polyethers .

MmN na

This involves the reaction of ECH with TCBFA in theée molar ratio
2 to 1. TCBPA (183 g, 1/2m) was mixed with ECH (92.5 g, lm) and -
warmed to 100°, The mantle was removed and to the soluticn were
acded 45 cc of 7.5 N NaOH solution (13.5g, 0.336 eq). The tem-
3 perature drcpped to 95° and almost immediately rose to reflux
at 105-106° (pot temperature). The procedure and observations
were as followa:

Time {(Min) Temp (Pot, °*°C} Remarks
0 105-106 Refluxing
3 - - Mixture turned cloudy
12 95 Heat suppliad to maintain the
reaction mass at 95-105°
13 ‘95 50.56¢c 7.5 N NaOH solution added

B (15.2g, ©0.38 eq). Temperature

' dropped to 84°, The mass was
reneated to 95-105°,

61 97 50.5 c¢o 7.5 N NaOH solution

- added (10% excess). Tempera-

ture dropped to 87°. The mass
was reheated to 95-105°.

136 105-119 The reaction was discontinued.

The taffy like product was washed twice with 300 ¢o water at
95-100°, 1/2 hour for each wash. The water washes analyzed
0.974 eq chloride ion.

The residue from tihe wash was deh¥drated under vacuum (30-40 mm)

e to a final pot temperature of 138°C. The resin was a slightly
yellow, sligntly cloudy soft solid at room temperature. Yield
230 g (96.4%

Analysia: Epoxy Oxygen: 5.34%, 5.35%
- Hydrolyzable Chloride: O0.41, 0.36%
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‘ (f) Reaction of Ec-_l*_l- fth TCBPA in tne molar ratio
° Io Q

This reaction was carried out in a steam Jacketed laboratory kettle
normally used for preparation of phenol-formaldehyde resins, The
speed of the anchor agitator was about %0 RPM, To the kettle were
charged 1830 g (5 m) TCBPA and 3880 g of 108 (by weight) NaOH
solution, The mixture was stirred and warmed to 45° by circulating
100° H,0 in the jacket. At a batch temperature of 45*, 726 (7.86m)
‘BCH wePe charged rapidly to the kattle. Tha témpsrature s5iowly
rose to ~4° when a clear solution was obtained. WwWithin five
minutes the mixture turned cloudy and the tomperature r-.se rapidly
to reflux, The reflux stopped at four minutes. Steam was cir-
culated in the jacket and the mixture brought to reflux and kept

at reflux for about 80 minutes. The aqueous phase was decanted

: and the resin given 4 one-hour wxater-washes at 95-100° with %000

. : ce 0. The washed resin was dehydrated under vacuum, first at

3 abouf 310 mm and finally at about 40 mm to a final pot tempera-
ture of about 150-160°C. Yield: 2065g (about 90%).

The resin was a yellowish and almost clear brittle solid at room
temperature,

Analysis: Epoxy Oxygen: 2.41, 2.39%

(g) Preggrationi of Resins from Mixtures of

TCBPA (9.15g, 0.05 eq), BPA, (108.3g, 0.95 eq) and ECH (92.5 g,

1 eq) were mixed and heated to 8%0°. To the mixture were added
67oc NaOH solution (0.15 g NaOH/cc). The temperature rose rapidly
and withiag five minutes the solution clouded. After 10 minutes
stirring, 67 cc NaO4 solution wer: added and the mixture heated

to reflux (101-102°, Pot Temp). After 25 minutes at reflux, 80 cc
NaOH solution (0.3g NaOH/cc) were added and the mixiut-e heated to
reflux (108-109°). After 1/2 hour, the mass was cooled to 60° and
the aqueous phase was decante!. The resin was washed with Hy0 at
90-100° until neutral to litmus and practically free of caloride
ion. The resin was dehydrated under vacuum to a final pot tempera-
ture of 150°C at 3% mm., Yield 159 g. The product was yellowlsh,
slightly cloudy and almoat solid at room temperature,

9

Analysis: Epoxy Oxygen: 4.87, 4.87%

(h) Preps lycerolmonochlorohydrin

ration of the di-« -¢
[DOMH) of TCBPA

This derivative was prepared from a mixture of DGMH and DGE by
hydrolysis of tne DQE present with agqueous HCl. The material used

in the reaction 1s described under Run No. 3 Table XII, and is refer—
red to as "subatrate" below.
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To 250 cc dioxane was added SO0cc ENHC1 (2% excess cver DOE present)
and the mixture was warmed to 50°. To the mixture was added drop-
wise 100 g of substrate dissolved in 200 cc diloxane. No vigorous
reaction was observed after the addition of about 15 cc. The
mixture was heated to 85-92° and the rest of the substrate was
added dropwise over 1.25 hours, After complete addition, the mixture
was heated at 92° for 1/2 hour. Dioxane was distilled off to a pot——
temperature of 115° at 760 mm during 2.5 hours. The residual cloudy
mixture was washed.twice with 400 cc portiona of HpO at 70-90° for
0.5 hours each wash. The wash HpO from the second wash was neutral
to litmus. After decanting the wash HoO, the residue was dehydrated
‘i’ to a final pot temperature of 136° at about 20 mm. Yield: 110g.

Analysis: Caled. for Cp}HooC1604:
Hydrolyzable éhioride: 12.86%

Pound: Hydrolyzable Chloride, 12.48%

The infra-red spectrum of this prolduct i1s given in Appendix D.

The product showed no tendency toward gellation on mixing with
triethylenetetramine and heating at 160°C for 5 minutes.

The resin had a dry rubber of 15 seconds at 150°C with triethylene-
tetramine,

(2) Hydrolyzed Aroclor 1262

(a) eparation of the Glycidyl Ether Mixture of
rolyze clor n Dloxane Jolution

The addition reaction of hydrolyzed Aroclor 1262 and spichlorohy-
drin (ECH) 1s highly exothermic. An ice bath should always be
handy when attempting this reaction.

To a five liter flask, adapted as already described were charged
1326g (6 eq) hydrolyzed Aroclor 1262 and 1116 g (12 eq, 100%

e excess) ECH. The mixture was warmed to 75°. The procedure and
observations were as follows:
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Time (Min.) Temp. (Pot, °C) Remarks
0 ' 76 Glas-Col mantle removed; 47.6g

NaOH was charged (1.19 eq) as a
solution whose normality was

about T7.5.

1l 570' -----

3 0 —————

5 L S ——

§ %

92 @ eeee-

9 97-98 = eeee-

9.5 99-100 The reaction was moderatedwith
the ice bath in such a manner
that the reaction mixture was at
95-101°.

11 100 = eeee-

11.5 101 NaCl started precipitating.

13 9 @ e----

21 97  =---- .
38 7 The reaction was discontinued and

the zystem adapted for vacuum
disti. ation for recovery of -
excess ECH and HpO.

The reaction mixture was subgected to distillation at 30-40 mm to a
final pot temperature of 102°.

The distillate was a 2-phase system

Lower phase: 481 g.
Upper phase: 173 g.

The temperature of the distillate was 11.5°. At this temperature,
the lower phase is 98.7% ECH and the upper phase is C.5% ECH
(Ref. 11). The distillate t.erefore contained 486g. ECH and 162 g

H0.

The distillation was continued to a pot temperature of 105° at 1-2
mm; 43g of a single phase distillate were obtained. The total ECH
recovery was 528.5 g. This was 95% of the excess used if the
stoichiometric amount reacted to form the product.

The residue from the distillation was dissolved in 20C3 g. dioxane
(purified by refluxing witn KOH pellets and distilling). The mix-
ture was filtered and the filtrate was returned to the flask and
warmed to 90-95°C. To it were sdded 693 co of 7.5 N NaOH solution
(5.2 eq, 10% excess). The temperature dropped to 75°. The mixture
was reheated to reflux ($2°) and refluxed for 3.25 hours, During
this time NaCl precipitated and the system finally consisted of

2 1iquid phases and a solid phase. The mixture was cooled to 51°
and filterad, and the filter cake washed with 100 cc dioxane.

DSW 621041
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Tre riltrate was placed in a separatory funnel and the layers S
separated after removing an additional small amount of NaCl which B
precipitated as the dioxane cooled. The lower dioxane layer was

withdrawn, placed in the separatory funnel and allowed to stand

overnight, Duriag this time an additional swmall amount of aqueous .
phase ?upper layer) separated out. The djoxane layer was separated .
and the dioxane distilled off at ¥0-45 mm to a pot temperature of A
105° and finally at 2 om to a pot temperature of 135°C. The yield

of pale yellow, slightly cloudy resin was about 1625 g. (101%%.

Analysis: Epoxy Oxygen: 5.55, 5.5%% o
Hydrolyzable Chloride: 0.15, 0.17% »

(b) Isolation of the Intermediate Reaction Product in
the Reactlon ol Hydrolyzed Aroclor 12tZ and
rxcess rCH.

The same procedure was used as described under (1) through the

solution of the product in dioxane and filtration, using equi-
valents of hydrolyzed Aroclor 1262 and 1.6 eq NaOH (as a 7.5 N .,
NaOH soiution). - B

The dioxane aclution  'was subjected to vacuum distillation to a pot . ; —
temperature of 100° at 34-37 mm and t.uen to 127°C at 2 mm. - :
Yield: 2296 g.

Analysis: Epoxy Oxygen: 1.15%, 1.14%
Hydrolyzable Chloride: 9.01, 9.1¥K
Ash (1 *P): 0.00%

The theoretical epoxy oxygen for the glycidyl ether of hydrolyzed
Aroclor 1262 1s 5.76% and the theoretical hydrolyzable chloride
content of the A -glycerolmonochlorohydrin is 11.3% (Appendix).

The above prod:ct therefore hay a glycidyl ether equivalent per-
centage of 1.1 -l

-

and a chlorohydrin equivalent percentage of 9.0
9.07 as the average Cl analyses. — X 100 = 80.2%, using

- (c)

To prepare t.ese mixtures, dioxaneg solutions containing the initial
addition product were reacted with a limited amount of NaOH, cal-
culated to give the approximate amount of dehydrochlorination desired.

Example: Torpveparc a mixture composed of about 70% GMH and 30% GE.
Diocxane solution (785 g) containing 487 . adduct (9.29% hydrolyz-

able chloride = 82.3% GMH) wqs diluted with one liter of dioxane and
heated at 85-90° with 7.6 g NaOH in 15cc Hp0 for 1/2 hour.
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The mixture was filtered and the filtrate subjected to vacuum
‘ distillstion to recover the product as previously described. -
Yield: 417 g

Analysis: Epoxy Oxygen: 1.50, 1.52%
Hydrolyzable Chloride: 8.32, 8.19%
15
By calculations described on page=86, tne product 1 73% OGMH and
Qgﬁ GE. 1In the above example, the amount of NaOH t¢ be used was

calculated as follows:
481 X 0.113 x 0.12 x 40 7.6 NaOH
.5 x 0.

where 487 = grams resin, 11.3% = theoretical hydroljzable cnloride
for the GMZ, 12% = percentage by which tne chloride should be re-
duced, %0 = mol. weight NaOH, 35.5 = equivalent weignht chloride

i and 97% = ourity of !aOH.

{d) Preparation of a Glycidyl Polyether of Hydrolyzed
Aroclor 1262.

To a one liter flask, adapted as already described, were charged

238.5 ¢ (1.08 aq) hydrolyzed Arcclor 1252 and 10C g {1.08 aq) ECH.

The mixture was warmed to 77° and tha procedure followed and ob- -
servations made are given below:

Time (Min.) Temperature (Pot, °C) Remarks

0 77° Glas-Col mancle removed, 53 cc
of 7.5 N NaOH solution were
added. :

2 9°  —eee-

4.5 100° The system waa refluxing

6 102° The solution turned cloudy
12 105°  eeee-
17 100° Glas-Col mantle was replaced

and the mixture heated.

To the mixture at 103° were added 53 cc 7.5 N NaOH solution and the
alxture was heated at 105-110° for 1/2 hour, At the end of this
time 53 cc 7.5 N NaOH solution were charged (10% overall excess)
and the mixture was heated at about 110° for one hour. The resin
was then washed twice with 300 ¢c of boiling water for 35 min. each
time. The water was removed by decantation. The washed resin was
dehydrated to a final pot temperature of 130° at 30-4%0 mm., The
resin was cooled slightly and dissolved in 300 cc methyl ethyl
ketone. The mixture was filtered and the filtrate subjected to
distillation under vacuum (30-40 mm) to a final pot temperature of
about 125-130°. The resin was pale yellow, slightly cloudy and
brittle at room tamperature. Yield 287 g.

Analysis: Epoxy Oxygen: 3.93%
6 Hydrolyzable Chloride: 0.31%
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() Reaction or a Basic 3olution of Hydrolyzed
Aroclor 1202 with ECH (Refl. Ié).

Hydrolyzed Aroclor 1262 (662 g, 3.02 eq) was dissolved with
heating in a solution of NaOH 120.8 g, (3.02 eq) dissolved in
885 co Hy0 (12% by weight) and heated to 65°. The ECH was then
added dropwise and the following observations were made:

Time (Min.) Temperature, °C ml ECH added Remarks
0 65 o) Heat off. Glas-Col

mantle and flask.
ECH addition started

5 65 9  mee--

11 66 20 0 eeea-

18 67 39 Glas-Col mantle
removed.

26 67 54 Mixture getting
viscous

34 67 -- Mixture turned
lighter in color _ .

40 67 ' % se==-

55 67 100 A whitish vircnusr

‘ mass was obtained.

65 68 125 The mass was more
viscous.

80 67-65 150 The mass solidified
and could not be
stirred.

The theoretical amount of ECH required for an equivalent E;tion was
230 cc, Therefore 65% of the required ECH was added (175.5 g,

1.9 eq). The reacting molar ratio ECH/hydrclyzed Aroclor 1262 was
1,.9/1.87 = 1.02. This ratio was much too low to produce a satis-
factory product,

A small portion of the product was washed by trituration under H20Q
and air dried; it contained only 0.96% epoxy oxygen.

(3) Bisphenol-A (BPA)
(a) -Liquid Resins (Bpon 828 type)

BPA §S70 g, 2.5m), 929.5 g (10.04m, 100% excess) ECH and 15 cc
H20 (1% by weight of reactants) were charged to a 5 liter flask,
adapted as already described. The mixture was warmed to 75°. To
the solution were added %0 g (0.97 m) NaOH pellets. The procedure
and observations were as follows:

DSW 621044
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system was then adapted for vacuum distillation.
excess ECH were distilled off first at about 200 mm to pot tem-
perature of 97° and then at about 95 mm to a pot temperature of

Time (Min.) Temperature (Pot, °C) Remurks
0 75 #40g NaOH were added
’ 12 91 Glas-Col mantle was removed

13 99-101 The mixture refluxed

' slightly.

19 95 —m——

20 93 40g (0.97 m) NaOH were
added. The temperature
rose rapidly to 99-100°.
The mixture was cooled with
an 1lce bath to 91°.

22 91 Tha NaOH pellets were com-

o pletely dissolved.

25 58 40 g (0.97 w) NalH rallcts
were added.

26 96 The mixture refluxed

27 a7 The mixture refluxed

3 &8-85  wog (

31.5 -89 40g (0.97 m) NaOH pellets
were added

32.5 87 The mixture refluxed

39 9 50.5 g (1.22 m) NaOH pel-
lets were added (2% overall
excess)

43.5 98.5 The mixture refluxed. It
was cooled to 95°

%6 99 The mixture refluxed

- 50 96.5 The mantle was replaced
' and tne mixture was heated
to reflux.
The reaction mixture was allowed to reflux for 0.75 hours. The

The HpoO and

The two phase distillate, 409.5 g lower lager and 89g upper

layer, was calcul:cted to coatain 409.3 g ECH and

ECH consumed in the reaction was 929.5 - 409 3 g =520.2¢g (5.62 m)
The apparent

The residue was

and the H,0 formed was 89.% - 15 = 74.4 g (4.15m).
reacting molar ratio ECH/BPA was 5.62/2.5 = 2.24.
cooled to 100* and wasihed as follows.

Method of
wWash g Temp., Time Removing wWash g.
No. HoO ‘C. (hrs.) H,0 and temp. HoO
1 1161 100-102 1 ?ypho?ed off 1359¢

100°*
2 1016 52-7% 1/2 Decanted (749 796
3 1007 55 1/2  Decanted (559 907
5 995 60-75 1/2 Decanted (75" 990
® 5 1022 95-100 1/2  Separatory

Funnel (95-100°) 1066

6 1013 95-100 1/2 Separatory 1214g

Punnel (95- 100‘)

9.4 g H>0. The

Remarks

Clear wash
HgO
V. cloudy
wash HpO
V. cloudy
wash HpO
Cloudy
wash HoO

Practically
clear waah

g?ear waph
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The washed resin waa dehydrated under vacuum first at about 310 mm

to a pot temperature of 115° and then at about 95 mm to a pot 1

temperature of 168°, ey
Weight distillate: 195 g. N
Yield of Resin: 827 g. (92%) ;
Analysis: [Epoxy Oxygen: 7.24%
Hydrolyzable Chlorice: 1.13% .
Epoxide equi.alent: 221 .

[
[

Small Scale

BPA, (114 g. 0.5 m) was mixed witn a solution of NaOH 38.8 gz
(0.97 m) in 340 cec HoO0 in a one liter flask, adapted as already
described, and heates. The procedure and observations were as

follows:
Time (Min) Temperature {Pot °C) Remarks

0 25 Variac was set at 50 V. A slur-
ry was present. R

8 43 Variac was set at 40 V. o

10 " 43 72.5 g (0.784% m) ECH were - ¥
charged rapidly. S

12 ks eeee- B

14 55 Practically all solids were in B
solution.

15 gg The solution was turning cloudy.

16 64 aea

18 gg -----

21 Resinous material siarted
forming.

25., 8  eacaa _

2 87 Variac was set at 60 V., .

35 95 A moderately viscous material *
was present.

59 .97 Variac was set at 40 V.

The mixture was heated at 97-100° for an additional 80 minutes.

The mixture was cooled to about 70" and the aqQueous phase was
decanted. Volume 319 cc. The resin was washed with 400 coc portions S
of Hy0 each at 101-102° for 20 minutes eacn wash. After each wash -
the mixture was cooled to 70-75° and the aqueous phase was decanted. SR
The reju.is are as follows:

Wash No. Vv,l. Decanted OH (eg{ Cl ‘mcgl
Original Aq phase 19 0.025 650.76
1 15 0.002 ‘ 103.26
2 90 0.000 .697
: % : o 5
236 0.13“ i T;'
5 00 - -
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‘ The total chloride ion analysis was 0.77 eq. Tnis cowpared with
0.78 equivalents of chloride introduced as ECH.

The washed resin was dehydrated by distilling off tnhe HpO at T60
mm to a pot temperature of 125° and then to 165° at 40 mm.
Yield: 149g. The resin was yellowlsh and slightly cloudy.

Analysis: Epoxy Oxygen: 3.10, 3.1 Average 3.11%
yg ’
;n Epoxide Egquivalent: 518

Hydrolycable Chlorida: 0O 2U& Moy

The hydrolyzable chloride analysis was based on the fact that only
0.01 eq ECH was not accounted for in the wash HpO. This is
35.5 x 0,01 = 0.355 g of chlorine in 149 g resin or 0.238%.

Large Scale

For this experiment a 22 liter laboratory scale reactor was used.
This consisted of a 22 liter wide neck flask on which was fitted a
head through the center of which passed a stirrer shaft and which___
was adapted for carrying a reflux condenser, a tnermocouple well,
and a stopper. The flask was heated by a Glas-Col mantle.

To the flask were charged 2280 g (10 m) BPA and 776 g (18.82 m)
NaOH dissolved in 7756 g HoO. The slurry was heated to 45° and

‘i’ 1450 g (15.69 @) ECH were charged rapidly. The mixture cleared
and almoat immediately started turning cloudy. Within 20 minutes
the temperature rose to 100°. During this time t..e resin phase
formed starting first as gliobules and gradually coalescing into
a continuou3 mass. The mixture was held at 100-101° for an
additionial 1.5 hours. The resin phase was allowed to settle
about 4 minutes) and the aqueous phase was decanted. Weight,

28 g. The resin phase was washed five times with about 8000 g

portions of H20 at about 100° for 1/2 hour each wash. The Ho0
phase was in each cass decanted at about 95-100°. The results
of the washing are given in Table II.

ABLE II

Wash Ha0 H,0 Analyaia‘ OH Net H>0
No. Charged (g) Decanted (g) €1 (eg) (eq) Helgh@ -]
1 8047 693k 0.832 0.180 6878
2 8206 8250 0.1 0.050 8238
3 824 8324 c.054 0.000 8321
y 802 7715 0.018 - 7714
5 8256 ggog 0.007 - 'r?og
02 - 28 g 14.3%0 3.298 45
' ' Totals 15 430 3 528 R6514

*1 . Obtained by subtracting from the gross weight of alkaline, saline
: HoO its analyzed equivalent of NaCl and NaCH.
®*2 1Initial Hp0 phase dacanted from the reaction mixture.
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The wastied resin phase was dehydrated under vacuum first at about
400 om to a pot temperature of 89° (1.25 hours) and finally to
170° at 85-135 mm. ’

Weight distillate: 1762 g

Weight Resia: 3002 g (95.2%)

Analys!s: Epoxy Oxygen: 2.78%
Hydrolyzable Chloride: 0.30% maximum
Epoxide Equivalent: 575

The hjyirolyzable chlorice content of tne resin was calculated on
tne tzsis that 15.69 ~ 15.43 = 0.26 eq chloride was not accounted
for. This equaled 35.5 x 0.26 = 9.2% g Cl in 3002 g resin which

equals 0.30%.
MATERIAL BALANCE

Percent
Charged Discharged Difference Difference

C1 18.69 eq 13.43 eq -0.26 eq 1.66%
OH 18.82 eq*l 18.96 eq +0.14 eq 0.74%

H20 48,816 g® 48,276 ¢ -540 g 1.1%
Total Mass 53,044 g 52,320 g -724 g 1.36%

*1 Calculated as 97% minimum NaOH
*2 This figure includes 278 g HpO produced in the reaction

(15.43 eq).

The 1css of chlorine is probably too high and the figures given
are on the assumption that the ECH used was 100% pure. The ECH
used was not analyzed before use because a satisfactory method was
not availabie. )

losses taking place during manipulations (by splllage, incomplete
transfers, evaporation losses) were considered the chief reasons
for the lack of complete recovery of materials.

VIII. DISCUSSION:

(Ag Reaction of excess ECH with (a) TCBPA, (B) hydrolyzed Aroclor
1262, {(C) bisphenol-A, (D) preparation of polymeric epoxides from
these gnenols. - (E) Additionally, although practically no wcrk was
done on the preparation of epoxies from glycerol, a section 1s
included which notes relevant factors of this preparation. (F)
Economic evaluation of (C) and (D).

{(A) Reaction of Excess ECH with TCBPA

When a limited amount of aqueous NaOH was addad to a solution of
TCBPA in at least 100% excess ECH at temperatures above 55°, the
following reaction took place exothermically:
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This reaction proceeded to completion very rapldly; when the equi-
valent ratio NaOH/TCBPA was between 0.05 - 0.20 and the relative
amounts of II and III1 produced depended on this ratio. At the
end of this initial addition reaction, excess ECH and HpO were

o distilled off and the residue was dehydrochlorinated to give a

» nigh yield of I1I, contaminated with traces of III. Table XII

' (Appendix) lists the. results for all the runs made.

The reactions of TCBPA or hydrolyzed Aroclor 1262 with excess ECH
— do not follow the same pattern as the reaction of BPA witn excess
S ‘ ECH. The reactions of these diphenols with limited amounts of
jo - ECH are probably the same nhowever. This will be evident from the
data given in the discussicn. It is therefore convenlent to dis-
cuss the experimental work as follows:

For an optimum yield of II, and an optimum recovery of excess ECH,
several variables were recognized: (1) ECHATCBPA ratio, (2)
NaOH/TCBPA (3) temperature and (4) concentration of NaOH.

(1) For the preparation of II the equivalent ratio ECH/TCBPA
must be 2/1 or greater. At a lower ratio, polymer forma-
tion would undoubtedly take place. Higher ratios would
have no effect on the nature of the product, but heat
dissipation from the exothermic reaction would be muca
better.

(2) Graph II shows the exothermic rise of temperature of the
reaction mixture when various amounts of aqueous NaOH
were added to a solution of TCBPA in excess ECH at the
same initial temperature. It is seen that as the ratio
NaOH/TCBPA increased from 0.05 to 0.80, the reaction
becomes increasingly uncontrcllable because of the rapild
rise in temperature. Ggraph III shows the effect of this
increasing ratio on the total analysis of the products
obtained. The inflections in the curve are considered
to be meaningless; given a more accurate method of analyses,
the infleotions would probably disappear. Thils compariscn
was useful because the departure from 100% analysis :

DSW 621049

STLCOPCB4095078




| (seanaTy) I

DSW 621050

-3 §

H:dmnuﬁuo.&a,
RN N
I1 Hdvdd

AR R 2.1 ‘O3 WISRT ® 1LA4NXY wﬁx
e ti-ege HONI 1 3KL O 01 X O1

STLCOPCB4095079



STLCOPCB4095080

DSW 621051

. XQUIVALENTS NaOH

[
G R el e kS

NTWIXHOHOTHD $ + WSHIN "TAAIOXTO ¥ SISXTVNY 'TVIOL
P " li-ess wowi T amioioixor I°M Q




-23-

indicated polymer formation., A very adverse effect
at high NaO A ratios was the simultaneous destruc-
tion of ECH, as indicated by lowered recoveries of excess

ECH.

At a8 canstant NaOH/TCBPA ratio of 0.2/1, the temperature
at which thz NaOH solution was added nad very little
‘effect, 1f any, on the nature of the products obtained
peiow 1007, put does eiiecti Luie Baoiueirm. OCragh IV
1llustrates the latter point. For each temperature used
in this set of experiments, the product had a very high
percentage of II. Above about 100° however, it was noted
that the recovery of ex.ess ECH was lower, indicating
that EZCH was destroyed at the hig.er temperature.

The concentration of NaOH used -in the preparation pro-
cedure 1s important in the recovery of excess ECH from
the reaction mixture. ECH is recovered by distillatica of
the two phagse system ECH-HpG from the reaction mixture.
Since ECH 18 soluble 1in HoO to a slight extent, the

r the conceatration of Nadhn, the Ligher 1s the lczs of
ECH to HpO phase for a constant amount of NaOH used.
From an eccnomic standpoint, therefore, the concentration
of NaOH should be high, if tae aqueous paase from the
distillation is to be discarded.

The second phase of the reactlion, the dehydrochlorination of the
adduct obtained with caustic solution after recovery of excess
ECH, has not been extensively studied. The approximaete speed of
HCl elimination was shown ir Graph I under Experimental Procedures
(p 10-11). Considerable improvement 1n the rate could undoubtedly
be obtained by an increase in the percentage of excess NaCOH used
or by counter-current techniques.

The washing of the product obtained was also a slow process, and
improvements could be introduced; washing by the counter current
tecinique would be much more efficient.

The product as obtained by dehydration was always somewhat clcudy.
It is thought that this 1s cdue to the presence of traces of HoO.
Prolonged heating during dehydration would reduce the Ho0 congent
of tne product but it would appear that drying with a thin film
evaporator would be more efficient.

The product could, of course, be isolated with tihe aid of organic
solvents, such as benzene; although this would be a much more
rapid process, the necessity for solvent recovery units would be
disadvantageous.

(B) Reaction of Exceas ECH witn Hydrolyzed Aroclor 1262

The same considerations which were diacussed under (A) arz2 ap-
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VII, by reaction with the excess ECH present and additional
NaOH added, may react again to yield the chlorohydrin derivative.

Thus 1o the case of BPA, it is not possible to perform tke initial

addition reaction, recover the excess ECH and then react tne pro-

duct obtained with caustic (as with TCBPA). An excess of ECH

must be present throughout the course of addition of NaOh. If

one proceeds with BPA 25 With TCOTA using toe &gquivaleéail raiiu

NaOH/BPA ratio = 0.3, then the product ig not a high epcxy con-

tainin% material but one which has an epoxide equivalent of about
T

400. he epoxide equivalent of V is 170).

The above observations were made in conjunction witu experimental
work being performad on TCBPA. When a program for obtaining cost
estimates for the production of BPA epoxies was initiated, the
processes described in the patent literature were fcllowed. 1In
the process for the preparation of Epon 828 type resins (Ref 13),
solid caustic 18 added in portions to a solutlon of BPA in 150%

excess ECH and contalning about 1% HpO. Upon completion of S

caustic addition the excess ECH is recovered by distillation
and the preduct 13 laolated from benzene. Although the process
is capaople of reproduction, 1t was decided that in this study,
the benzene system would be eliminated.

In the process which was studied during this program, BPA was
dissolved in 100% excess ECH and 1% (by weight of reactants)

HpO was added. To this solution, starting at 75° NaOH pellets were
added in 5 portions in the equivalent ratio NaOH/BPA = 0.194 for
four additions, and a final portion of 0.244 (2% overall excess).
During the additions, the mixture was cooled with an 1ce-Ho0
bath in order to maintain the reaction mixture at about 95-100.
The excess ECH was recovered by distillation, the residue was
washed with H-O and the washed resin dehydrated under vacuum.
The product ogtained by this process was an amber colored fluid
resin whose hydrolyzable chloride content was about twice that

of the commercial product (1.1% va. 0.5%4). From the analytical
data it was shown that by further dehydrochlorination of this

_product (X to 0.5% Cl), Epon 828 would result. In one experiment,

an attempt was made to reduce this content by introducing caustic
(5% excess) -into the first HpO wash but the attempt was unsuccess-
ful since a part of the product gelled during the washinyg cycle.

Because of limited time spent on this process and because the
data obtained were somewhat inconclusive, future work should in-
corporate the following ideas.

(a) It 1s believed that 100% excess of ~CH 1s sufficient
for obtaining the proper product but that for better
heat control it may be necessary to go as high as 150%.
Graph V 1llustrates the temperature variations during
the reaction cycle using 100% exceas ECH.
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{(b) The method of cuustic addition is probably satiofactory,
but it may be necessary to increase the time between
additions in order to effect better dehydrochlorination.

(c) The recovery of excess ECH by distillation is considered //-?
satisfactory. ‘3

(d) The washing and removal of wash waters should be con-
ducted at about 90-100°C. Some additional work mav be
desirable with respect to addition of caustic to the
first waan {(a smaller excess than in the case given
above) with tne 1dea of effecting a part of the dehydro-
chlorination here.

(e) Since the products obtained by dehydration were slightly
cloudy, 1.e. HpO may have been present, it may be ncces-
sary to prolong the dehydration or to revert to a thin
film evaporator.

(£} The analysis suculd be expandsd tc include hydroxyl
determination and molecular weisht deteprminaticn., The -
former would especlally be useful 1n obtaining a more - .

preclse determination of the ECH requirements of the
process.

{p) Preparation of Polymeric Epoxides

The proceases followed for the preparation of polymeric epoxides .
were those described in the patent literature (Ref 14). 1In these .
processes the nature of the product 1s determined predominently
by the molar ratios ECH/BPA and NaOH/ECH, and the manner of
addition of the caustic. Graphs VI and VII illustrate the varia-
tion of epoxide equivalents and softening points of resins with
the variable ratio ECH,/BPA.

For the preparation of solid type resins from BPA the synthesis

of Lpon 1001 was undertaken. For the preparation of this resin
the molar ECH/BPA ratio was 1.57 and the NaOH/ECH ratio was about
1.25. The preparation procedure consisted of dispersing BPA in
the caustic (10%), heating to about 45°, and charging the ECH
rapidly to BPA-caustic mixture. The tempera ;'e was allowed to .
rigse to about 95-100 (heat supplied) and kept at thts range for R
about 80 minutes. The product was washed with hot water, dehydra- K
ted under vacuum and discharged from the flask while hot. In this

procedure, the following variables were recognized: (a) ECH/BPA R
ratio, and NaOH/ECH rwtio, (b) rate of addition of ECH, and rate L
of stirring, (c) heating period, (d) washing cycle (e) dehydration B
and (f) yleld. Additionally, (g) concentration of caustic must ‘

be considered because this factor determines the capacity of the

charge. These varlables are treated separately below.

(a) Molar ratio ECH/BPA and Molar ratio NaOH/ECH '

The ratio ECH/BPA = 1.57 and the ratic NaOH/ECH = 1.25 was chosen
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by comparison of the published properties of Epon 10Cl and the

preparative procedures and properties given in the patent litera-

ture. Additionally, the approximate molar ratio ECH/BPA, con-
und by calenlations from the specifica-

tained in the resin, was fo
tions of Epon 1001. (Appen

dix P, page u49).

(b) Rate of addition of ECH and rate of stirring

the

ECH must be charged rapidly and the stirring shculd be very
efficient. The reactions which are probably "balanced" in the
whole process are (a) addition reaction of ECH with BPA and the
polymers formed and (b) tne addition reaction of BPA with the
It B thought that slow addition of

ECH or inefficlent stirring would emphasize reaction (b) and

BPA glycidyl etuers formed.

lead to a product whose epoxide equivalent 1s too high.
somewhat borne out by the scale up to a laboratory kettle of the

BPA charge from 1/2 m to 10 m, to a kettle, where in the last two
The———

eanan tha stirring was not as efficient 3s in the 1/2 m runa.
epoxide equivalent for those runs was higher than in the 1/2 m
runs, where the correct equivalent was obtained.

Table III shows the results from these runs.

Scale and Equipment

1/2 m, Common lab

1/2 m, Common lab

10 m, 22 1 reactor

10 m, 22 1 reactor

5 m, 3 gal. lab kettle
5m, 3 gal. lab kettle

{¢c) The neating period

TABLE III
% Epoxy Oxygen

This 1s

(average) - Epoxide Equivalent
3.22 493
3.1 515
2.8 557
2.7 575
2.60 615
2.48 645

A beating period of 80 minutes was found to be satisfactory for
obtaining a product whose hydrolyzable chloride content was very
low and comparable to the commercial product.

made to reduce this TEme v/ LUL,

(d) Washing cycle

The factors considered in t
of washing and at decantati

he waahin% cycle were (1) temperature
volume of wash watei used and

on and (2

No attempts were

(3) time of washing; (2) and (3) were important from the standpoint

of capacity.

(1) It was found by trial and error that the most efficlent pro-
cess was in washing at a temperature of 95-100° and decanting as

DSW 621059
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as soon as the resin settled. Very clear wash waters could be
decanted using this procedure in contrast tc considerable
cloudiness when decantation was carriec out at lower temperature.

(2) No study was made of the efficiency of washing with reepect
to volume of water used per wash. It was found however that the
volume could be reduced from 8000 cc to J000 cc on the basis of
a 10 m BPA run for a resin yleld of about 3000 g.

(3) The time factor was not studied either. Washes of one-haif
Gicur €acin were chosen arpitrarily. This element could easily

be determined by removing aliquots of wash at various time in-
tervals and analyzing for chioride and hydride ions. From these
data a time limit for most efficient washing could be chosen.

(e) Dehydration

The washed resin retalned about 50% HpO by weight of resin ob-
tained. It is thought that the dehydration as carried out under

reduced pressure (the latter was datarmined by the softening noint

of the resin, about 75°) represents the limit available with this
proceas., A significant improvement could be introduced however
by the use of a tnin riim evaporator from the standpoint of
continuous operation and perhapa obtainment of a clearer product.

f Yield

This factor 1s difficult to evaluate properly and no attempts
were made in this study to determine the reasons for the ap-
proximately 95% yields obtained; it would appear that the yilelds
shiould be almost quantitative. Some resin was definitely lost
to the wash waters (as suspended material, probabdbly not greater
than 1%). The best guess would be that the loss in yield is in
the BPA, by virtue of its contaminants (e.g. phenol, but only

a small percent) and by 1ts incomplete reaction end removal as
the sodium salt in the wash waters. The latter could certainly
be quantitatively ascertained by analysis of the wash waters for

BPA.

{g) Concentration of Caustic

It is easlly seen that the use of 10% caustic limits the capacity

of this process severely. Since this is the concentration used

in the patent procesaes, 1t was used in this study. A few "spot"

experiments using 30 and 20% caustic were unsuccessful, the re-

action mass being unstirrable. It appeared from these experiments
that about 14-168 caustic may be the workable limit with the pre-

sant process. Although the effect of concentrated caustic on
the resin is not known 1t would appear to be small since in the
preparation of Epon 828 type resins, very concentrated caustic
is present in the preparation mixture without any drastic loss
of epoxy groups. ' '

DSW 621060
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(E)

Work on the preparation of tnese epoxides nas been carried out
at Seattle by R. G. Neville (Ref 15).

Preparation of Epoxides from Glycerol

PR I R N

In this laboratory no study was made. 1t appeared Gesiravle o
include a section in this report on the chemlistry of this pre-
paration since an economic survey was made on this basis. The
chemistry in turn was to a good extent deduced from data gilven
in the patent literature (Ref 16).

Epoxides from glycerol have reached only the developmental stage;
the resin available from Shell is Epon 562. This resin is pre-
pared by the bulk reaction of ECH and glycerol in the presence

of about 1% by weight of reactants of BF3ET20 (Ref 17) followed
by dehydrochlorination by salts suca as RaAloe, NaZnQOp, NapS103
in an organic solvent such as dioxane. The inorganic salts are

filtered off and tne solvent 18 distilled to recover the resin. L
- The treoretical reactions are as follows:
' CHgOH )
E BF {CH20 CHp CH-CHpCl)
CHOH + 3ACH201 3 i { 2
e ) é —_—— OH
R @ HoOH

CE-0-CHp C'H—CHQCI
OH
I

Dioxane;> (CHQOCHQ-CH-ebHQDZ
NaAlOp + 41 RefTux | + Al1Cl3y + 2 H20
CH-O0~CHp CH-CHp

~0’ + NaCl

AlCl3 + 3 H0 ------- >  A1(OH)3 + 3HC1
NaAlO, + HpO + HCl ----% NaCl + Al (OH)j3

The last two reactlons show that Ho0 must be added to the dioxane,
as indicated in the patent literature. The NaAlOp is recovered
from the reaction:

A1(OH)3 + NaOH ----p NaAlOp + 2 H20,

The process in effect consumes NaOH in the dehydrochlorination
reaction.
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The above reactions are complicated by interfering reactions, such
as polymerization of ECH by BF3, further reaction of I with ECH,
hydrolysis of II by HpO, and by products arising from the in-
complete reaction of glycerol and ECH.

it is interesiing to compare the properties of lLpon 502 witn tne
stoichiometry of this preparation. The reaction of equivalent

quantities of ECH and glycerol followed by reaction with excess
NaAlCs should yield apprexXimately egquivalent guantitiea of epoxy
oxygen in the product, 1.e., the epoxide equivalent of the

product should be about 87. The commercial product has an epoxide
equivalent of about 145 indicating that undoubtedly the resin
contains a large percentage chlorine. This may be due to an in-
complete reaction of NaAlQOpo with the chloronydrins or the fact tnat
chlorine -atoms are present whose functlionality 1s not like that

of the cnlorohydrin, 1.e., they are not as easlly removed as HCl
(Ref 18). These views must be taken into consideration if any
additional work for the preparation of glycidyl ethers of polyols
i1s undertaken by Monsanto,

{F) Economic Evaluaticn of the Production of Epon 562, 828 ang
1001 Type Realns

This section contains a summary of the work performed by J. Chunga
of Division Engineering (Ref 4, 5), M. F. Drumm and the writer. '
It 1includes;

Ea; Production of Epons 562, 828 and 1001. (Mr. J. Chunga)

b Flow diagrams for the production of these resins.

Mr. J. Chunga) _

(c) onographs showing variable returns on investment for
variable cost of BIA and ECH and variable selling prices

of resins. (Dr. M. P. Drumm and Dr. S. E. Gebura)
Production of Epons 562, 828 and 1001.

Table IV - Facility A. 1,000,000 1lbs/yr Epon 828 and
. 3,000,000 1bs/yr Epon 1001.
Table V - Facility B. 3,000,000 1lbs/yr Epon 828 and
5,000,000 1bs/yr Epon 1001.
Table VI - Faoility C and D. 1,000,000 and 3,000,000
: lbs/yr Epon 562. .
Table VII- Pacility E, F and G 20,000,000 1lbs/yr Epon 828,
20,000,000 1bs,yr Epon 1001 and 20,000, 000
1bs/yr Epon 562.
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TABLS TV

ANNUAL PROFIT AND LOSS STATEMEWNT
FPACILITY "A"

(In Thousands of Dollars)

£Zpoi. B2r mpon 1001
Production Froducticn

An.iual Net Sales
Quantity, 1lbs. 1,000,000 3,000, 000
Unit price, list,$/1b. © 0.80 0.605
Freignt charge, $/1b. 0.01 0.010
Net Price, $/1b. 0.79 0.595
Amount ANS 790.00 1785.00

Cost of Goods Soid
Manufacturing
Raw Materials 425,60 1179.90
Direct Conversion 91.01 133.11
Depreciation 17.21 26.82
Indirect Conversion 24 .53 38.1C
Packaging & Shipping 20.00 30.00
Royalties of 5% AGS 40.00

90.75
Total Cost Goods Sold 618.45 1498,68
Gross Profit 171.55 286,32

Deduct SARE at 104 ANS 79.00 178.50
Net Income Before Taxes 92.55 107.82

Income Taxes at 50% 46 .28 53.91
Net Income Before Taxes -

Earnings After Taxes 46.27 53.91

CAPITAL LESTIMAT: 3SUMMARY
FACILITY "A"
(In Thousands of Dollars)

New Property to be Installed:
Buillding 26.4
M&E 202.0
New Pixed Capital .

Share Existing Property: ! s
at 30% NFC 68.5
Total Fixed Capital 296.9

Working Capital
Inventory 66.8

All Others at 15% ANS 118.
Total Working Capital Egg:g
Total Operating Inveatment .

Return on Inveatment 9.5%

STLCOPCB4095092
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TABLE V

ANNUAL PROFIT AND LOSS STATEMENT

FACILITY "B"
(In Thousanda of Dollars)

Annual Net Sales

Quantity, 1lbs.
Unit nh‘iﬂn ldiat 0./1 .

Freight Charg;:‘s/lb.
Net price, ¢/1b.
Amount ANS

Cost of Qoods Sold
Manufacturing
Raw Materials
Direct conversion
Depreclation
Indirect conversion

Royalties at 5% AGS
Total Cost Goods Sold
Gross Proflc

Deduct SARE at 10% ANS
Net Income Before Tax2as

Income Taxes at 50% Net

Income Before Taxes
Earnings after Taxes

Epon 828

Proguction

3,000, 000
0.800
0.010
0-790

2370.00

1276.80
149.22
20 .49
41.43

~
£C.C0

120.00
1667 .94
702,06
237.00
465.06

232.53

232.53

CAPITAL ESTIMATE SUMMARY

PACILITY "B"

New Pronerty to be Inastal
Buillding
M & E_

New Fixed Capital

Share Ex1sting Property at 30% NFC

Total Pixed Capital
Working Capital

Inventory

All others at 15%4 ANS
Total Working Capital
Total O-erating Inveatmen

Return on Investment

led:

t

DSW 621064

Epon 1001
Production

5,000, 000
0.605
0.010
0.595

2975.00

1966.50

216.15 .

41.40
59.060

[ ¥ oW oYl
AV RV

151.25
.30

490.70

297.50
193.20

65.60
96 .60

6.7%
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Epon 562

Since the product is not marketed in commercial quantities at
the present time (small quantities are sold by Shell at a
"development" price reported at about $1.50 per 1b.), the
€6iUimatss at LOLL pruduction levels nave peer, made at tnree
product prices.

Case A: 20.90/1b., list
Case B: 1.00/1b., lisat
Case C: $1.10/1p., 1list

As was anticipated, the price range chosen was sufficient to
indicate the sales conditions for poor and good returns on
investment.
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ANNUAL PROFIT AND LOSS STATEMENT

Facility C: 1,000,000 1b/yr Epon 562 type resin
FPacility D: 2,000,000 1b/yr Epon 562 type resin

(In Thousands of Dollars)

Facility C Facility D
1. Annual Net Sales

Quantity, 1lbs. 1,000,000 3,000,000
Unlit price, list $/1b Case A: 0.90 0.90
Case B: 1.00 1.00
) Case C: 1.10 1.10
Freight charge, $/1b 0.01 0.01
Net price, $/1b Case A: 0.89 0.89
Cace 2: 0.09 c.22 -
g Case C: 1.09 1.09
5 Amount ANS Case A: 890.00 2670.00 . e
k- L ) Case B: 990.00 2970.00 ey
: Case C: 1090,00 2270.00 ;
18 " 2. Cost of Goods Sold
- e Manufacturing
5 Raw materials 617.50 1853.10
b7 — - Direct conversion 109.89 172.38
R . Depreciation 27.05 39.96
B “Indirect conversion
- Case A: 27.66 52.44
: : Case B: 2&.84 53.01
Case C: 28,02 53.55 :
¢ Packaging & Shipping 20.00 60.00 b
8, Royalties at 5% AGS E
N Case a: 45.00 135.00
. Case B: 50.00 150.00
. Cas= C: 55.00 165.00
g Total Cost Qoods Sold
. - Case A: 847.20 2312.88
3 Case B: 852.48 232845
e Case C: 857.66 2343.99 :
- 3. dQross Profit 4
3., Case A: k2.70 357.12 L4
g - Case B: 137.52 641.55 o
3 Case C: 232.34%4 926.01 :
4., Dpeduct SARE at 10% ANS
’ Case A: 89.00 267.00
O Case B: 99.00 297.00
S Case C: 109.00 327.00
DSW 621066
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’ ANNUAL PROFIT AND LOSS STATEMENT
(Continued)

Facility C Facility D

5. Net Income Before Taxes

Case A: None 90.12
Case B: 38.52 344 .55
Case C: 123.34 599.01

6. Income Taxes at SO% Net
Income Before Taxes:

Case A: -——- 45 .06
Case B: 19,26 172.28
Case C: 61.67 299.51

7. Earnings After Taxes

Case A: — 45.06
Case B: 19.26 172.27 o
Case C: 61.67 299.50

DSW 621067
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° CAPITAL ESTIMATE SUMMARY
v Paeility C: 1,000,000 1b/yr Epon 562 type resin
1 4 Pacility D: 3,000,000 1b/yr Epon 562 type resin

(In Thousands cf Dollars)
Facllity C Facility D

A. [HNew Froperty to be Installed:

Building 60.0 97.0
M&E 208.2 422.0
New Fixed Capital . .
B. Share Exlisting Property:
at 30% NFC - 110.6 164 {
C. Tctal Pixed Capit2l 47q9.1 713.7
D. Working Capital -
Invertory 75.7 222.6
. All Others .,at 15% ANS o
D Case A: 133. 400,
’ Case B: .
Case C:
’ Total Working Capltal
-8 Case A: 205.2 623.1
D N Case B: - -
' Case C: /2 yoxmy
2 E. Total Operating Investment
Case A: 688.3 1386.8
N Case B: 703.3 1381.8
g Case C: '718.3 1426.8
. F. Return on Investment® |
R Case A: no return 3.4%%
: Case B: 2.7% 12.5%
. Case C: 8.6% 21.0%
c *By extrapolation, at a selling price of $1.20 per pound, v
A S the returns would be . 4
. for Facility C: 14% .
for Facility D: 29% L
DSW 621068
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TABLE VII

ANNUAL PROFIT AND LOSS STATEMENT
(In Thousands of Dollars)

Epon 828 Epon 1001 Epoan 5362
Production Production Production

A. Annual Net Sales

Quantity, lbs. 2Q, 000,000 20,000,000 «,000, 000
Uni- price, list, $/1v. 0.80 0.605 1.00
Preight charge, $/1b. 0.01 ¢.C10 0.01
Net price, $/1b. o.ggo 0.595 o.gg
Amount ANS 15, 11,9000 19,800
B. Cost of goods Sold —_—
Manutacturing
Raw Materials a,aég 7,866 12, 354
Direct Comversion 40 5
Depreciation 64 96 98
‘ Indirect Conversion 126 120 160
Packaging and Shipping 400 200 koo
Royalties at 5% AGS 800 605 1,000

Total Cost Goods Sold 10,362 9, 327 14,592
C. (Qross Profit 5,438 2,573 5,208
D. Deduct SARE at 10% ANS 1,580 1,190 1,960
E. Net Income Before Taxes 3,858 1,383 3,228

F. Incoma Taxes at S50% 1,929 692 1,614

Net Income Before Taxes

G. Earnings After Taxes 1,929 6951 1,614

DSW 621069
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CAPITAL ESTIMATE SUMMARY

{Trn Mhaiisarda Af DAllana)
sancs of Dallaral

\wee e ee

20,000,000 pounds per year
Epon Epon iﬁgl Epon 562

Production Production Production

A. New Property to be Installed:

Building 83 61 302
M & E. 732 1,140 1,410
New Fixed Capital 81s 1,201 1,712

B. Share Existing Property:

at 30# NFC 24y 360 514
C. Total Fixed Capital: 1,059 1,561 2,226 )

D. Workiaog Capital:

ALl Othevs at 15% ANS é;ﬁéé i;iéé %,ugg
Total Working Capital 3,609 2,945 k,454
» E. Total Operating Investment: 4,668 4,506 6,680
; F. Return on Investment: 414 15% 24¢
s @
DSW 621070
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“'#poxy Resin (Epon 828

Type)

Return on investmont after tax of 50%, as a
function of cost of Bisphenol-A and Epichlorohydrin.

Selling price: $0.79/1b net.
gelling price reduces return

Volume

434

Lo

39

38

e e e

Net Return on Investment after 509 Tax

A one cenct drop 1in
on investment by 1.65%,

3,000,000 1bs/year

T

24

25

L o6

- 27
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Return on investment after tax of 50%, as
a funoction of cost of Bisphenol-~A and
Epichlorohydrin,

Seiling prise: $0,595/1b. net., A one cent
drop in selling price reduces resurn on
invastment by 1.5%.

Volume: 3 x 106 lbs/year

22 +

|

Net Return on Investment after 50% Tax.

. Cost af Eplohlorohydein, ¢/1b.
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Bpoﬁy Resin (Epon 562 Type)

Ret'rn on Investment - After Tax 50%

‘ As a Punction of Cost of Epichlorohydrin
and Glycerol

(*Described in patent literature)

A one-cent drop in selling
price reduces return on
investment by 0.6 percentage
polnts.

Het Return on Investment
After Tax of 50%

10

35 1

'§ 1
15
o T
a +
£ .
I Z
] 30 4 25 o
2 =
5 1 20 3
(&) <+ g"‘
5t :
-t L
5 o
£ ‘ S
g -+
j= i 25 5
(o}
£ + r
- 1 - :
a .Q
.3 25 -+ 20 ;),
oy 1 *Predicted optimum process will =
- 1 20 add 13.8 percentage units to .~
~ these returns on investment. °
gt T »
g 1 :
© ‘[ Selling Price: $1.00 per pound:$0.99 net °
) Volume: 3,000,000 1bs/year
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XI. MATERIAL JPECIFICATIONS, AMALYTICAL PROCEDURE:

Source of Materiala:

Hydrolyzed Aroclor 1262. This materisal was prepared from

Arocler 1262 which is a chlorinated biphenyl. Plash distilled ‘5.2

hydrolyzed Aroclor 1262 (Monsanto, St. Louls) was used. The
tgpicél material was a glass at roowm temperature whicu analy
48.83% chlorine and wiich had an equivalent weight of 221.

Tetrachlorobisphenol-A. Monsanto, St. Louis, Lot No. Z2046.
Bisphenol-A. Monsanto, St. Louis.

Epichlorochydrin. Shell Development Corporation, 98% min. Na

Mallinckrodt, Analytical Reagent, 97% min.

Prcoduct spscifications. The developmsnt ol laboratory
ses for epoxy resins from BPA was directed to producing
products with the following specifications.

y procc

Liquid resina (Epon 828 type) Epoxide Equivalent: 190-210
Hydrolyzable Chloride: 0,5%

zed

OH. -

Solid Resins (Epon 1001 type) Epoxide equivalent: U450-525 :
’ Hydrolyzable Chloride: O0.2% Max. - E

Iiquid Resins from Glycerol ' ;
(Epon 562 type) Epoxide Equivalent: 140-165 oo g

Aromatic Chlorlne - The aromatic chlorine content of the pro
obtalned Trom hydrolyzed Aroclor 1262 was determined at Dayt
under the direction of Dr. John Dazzi.

Epoxy Oxygen - The procedure followed for epoxy oxygen determina-
EEon was %Ee standard pyridine hydrochloride method (Ref. 19).

Apparatus - 100 ml single neck RB flasks, reflux condensers.

ducts
on

Reagents - About 0.2 N pyridine hydrochloride solution prepared
by gIIuEing l6cc corecd HC1 1 k1 to 1000 ml volume with Fizcher

certified Reagent pyridine; about O.1N standard NaOH, phenol
phthalein indicator.

Reactions
S
ROCHoCH~CH, + E:;l Pyridine ROCH,-CH - CH
2 - e ux 7 2' 2
HC1 OH
I
I1I
(Excess)

11 (Excess) + NaOH 3 NaCl + HoO
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Procedure .

The pyridine nydrochloride was compared with astandard NaQH uslng
phenolphthalein indicator. The volume of NaOH required for 25¢e
of reagent was recorded. (Aa)

The sample to be analyzed was weighed directly into a flask. To
the flaak were added boiling chips and 25 cc reagent. The flask
was warmed siowly and swirled occasionally to dissclve the sample
The solution was refluxed for 1/2 hour. The {lask was cooled in
an ice - HpO bath. Four drops of phenolphthalein were added and
the solution was titrated witn standard NaOH to the pink end
point. During the titration the flask was kept in an ice H30
bath. The volume of NaQOH used was recorded (B). The percent
epoxy oxygen was calculated from the eguation

% Epoxy Oxygen = ‘A-B} g X 0,016 x 100

o~ =Yoo ¥~V
~ o veT \ny

where N 18 the normality of the NaOH

Hydrolyzable Chloride

The procedure described here was not applicable to solid resins
from BPA because of their insolubility in ethanol.

Hydrolyzable chloride was determined by converting the organic

chloride into soluble inorganic chloride and analyzing by the
Volhard method (Ref 20).

Apparatus - The equipment used for epoxy oxygen analysis was
aguo used here.

Reagents - Standard AgNO3 and KSCN, FeSOy, KENO3 (6N), nitrobenzene
and approximately 0.5 N &thanolic KCH,

Reactions - HOCHQ?H - ?H2
L e e n s o,
ROCH,oCH - CHpCl
(l)- OCHoR
KOH (Excess) + HNOJ P Hp0 4 KNC3
KCl + AgNO3 (Excess) —————3y AgCl + KNOj3
AgNO3 (Excess) + KSCN 5 KSCN + KNO3
Procedure
The sample was weighed out into a flask and to it were added 10
ml ethanolic KOH. Boiling chips were added and the mixture was
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. heated and swirled occasionally to affect solution. The wmixture
was then refluxed for one hour, During the reflux the mixture

was swirled ocoasionally in order to keep the mass well dispersec

in the ethanolic solution. The mixture was cooled, diluted

with 10-15 cc distilled H,0 and acidified with HNO3. The soluble

chloride was analyzed by ?he Volhard mathod,

% Hydrolyzabdble Chloride = ‘c-D) x 0.03545 ? 100
, welgnt sampie (g

where C = ml A3N03 usad x its normality

and D = ml KSCN used x 1its normality

-XII. TOXICITY AND HAZARDS:

(1) Epichlorohydrin {ECH)

: Epichlorohydrin may polymerize violently in the presence of acidl .
- catalyets. Caution must be observed in order that large volumes
of ECH do not come in contact with these catalysts (Ref 21).

Bisphenol-A

Bisphenol-A 18 moderately irritating to the skin 2and eyes. It
should be removed from the skin with scap and waier and flushed
" from the eyes with clean water, if contact occurs. Oral LD50
to rats 18 6.5 g per kilo. The chemical 1s not considered
.o hazardous to nandle, but contact should be avoided or promptly
. remedied as above (Ref 23).

Tetrachlorobisrhenol-A and Hydrolyzed Aroclor 1262

: The toxicity of tnese new materials 18 unknownn. It may be as-
- sumed that the precautions used for working with phenol itsell

can be applied nere. For phenol, the liquid or solutions are very

corrosive tc the skin. Phenol is readily absorbed through the

skin and mu‘:ous membranes. It can also be absorbed through the

lungs as gastroirteatinal treact. After absorption the toxic

effects are exerted primarily upon the central nervous system

but following sufficient exposure, there can be edema of the lung:s,

kidney, liver, pancreas and spleen. Exposure to toxic amounts

usually results 4n death in a few hours (Ref 24).

[ - Bisphenol-A Epoxides

Studies to determine acute toxicity have shown that the resins

(Epon type) are practically non toxic. The oral administration

of more than 6¢cc liquid resin {(Epon 834 type) per kilo of body

. weignt was tolerated by white mi:ce without symptoma. There was

e no hazard from vapor expcsure, 'The solid resins (Epon 100l type'
!! present no hazard whatever in ordinary industrial use.
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Cases of dermatitls amoag worhars haudiin_ liquid resins {£pocs

A28, 834, 562) have established that the latter will cause ski-
irritation in hypersensitive individuals. Ia t.e normal indiv:.dual,
..andling met.ods which minimize skin contact would ordinarily sur-
[ice as a precautionar) measure, The latter 1.acludes gloves,

1.eavy aprons and full face shields. In case of contact protective
creams, such products as Merpt.enex, Acid Mantle and Kerodex have

‘been found beneficial (Ref 25).

Tetrachlorobiasphenol-A and Hydrolyzed Aroclor 1262 Epoxides

The toxicity of these new materials is unknown. It may be assumed
tnat the precautions necessary for handling bisphenol-~A epoxide
resins are applicable here also.

BF3 - Etnerate

This material is flammable and can cause exploslons. It is easily
innaied because it is volatiie. 1t is toxic. The f{luoride con-
teat of this material renders it an irritant to the skin, eyes and
mucous membranes. The material sho:1d be used in closed systems,

if possible. Personnel exposed to it should wear protective —
elothinx, safety gogzles and a respirator. The material should

ve stored in a coqQl place out of direct rays of the sun away trom
areas regarded as acute fire nazards (Ref 26). ,

Glycerol

A combustible liquid and a moderate fire hazard, It is considered
relatively .aon toxic. It can cause iritis, slight internal oon-
gestion and slight necrosis. Personnel who handle large quantities
should protect the eyes with chemical safety goggles. To fight
fires of this aterial, water (fog or spray), oarbon dioxide,
carbon tetrachloride and dry chemical may be used (Ref 27).

Dioxana

A flammable liquid and dangerous fire hazard. The liquid 1is
dangerous to the eyes and can cause lackrymation. One of the
earliest symptoms of intoxication 1s misty vision. It also produces
irritation of the lungs and prolonged exposure can cause narcosis.
It nas insidious long range effects and prolonged exposure can
produce damage to the liver and kidneys. Toxic amounts may be
absorbed througn the skin. It 1s capable of forming peroxides

and it can explode when distilled,.

Dioxane snould be used in closed systems or with adequate exhaust
ventilation. For protection of the eyes personnel should wear
chemical safety goggles. If the concentration 1s over 50 ppum, a
respirator should be worn. It should be atored in a cool, well
ventilated place away from acute fire hazard or powerful oxidizing
agenta, To fight fires of .this material carbon dioxide, carbon
tetrachloride and dry chemical may be used (Rer 28).
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XIV: APPERDIX:

The conclusions drawn from the U.S. patent survey concerning epoxy
resins are given below. The report on this survey will be lassued

separately.

It should be noted that purchase of epoxide resins permits their
curing or blending without patent infringement.

Manufacture of Resins

Monsanto can manufacture, without patent infringement, resins from
bisphenol-A (BPA) by reactions where the molar ratio of epiciloro-
hydrin (ECH) to BPA 18 1.5 - 1.9 to 2.1 to 3.9. These ratios give
products whose properties are such that they would not provide

a competitive line of epoxide resins and result in a narrow range
of properties. PFatents prevent the manufacture of resins from BPA
by reactions where the molar ratio of ECH to BPA 1a 1.1 - 1.5,

2.0 or 4.0 or greater. A variety of resins from tetrechlorobis-
phencl-A (TCBP-A) or mixtures of TCBPA and BPA can be manufactured
which could very well be competitive in the epoxide resin field.

Patents pravent the manufacture of monomeric glyoidyl etheres frouw

polKhydric phenols where the molar ratio ¢f ECH to polyhydric phenol
is 4.0 or greater. Resins of high molecular weight cannot be pro-
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duced from low molecular weilght resins or monomeric glycidyl
ethers by further reaction with dihydric phenols without patent
infringement. The production of the adduct of glycerol and ECH
in the presence of fluorine containing catalysts is claimed by
patents., Monsanto can produce this adduct however, in the pre-
sence of other acid aoting ostalysts, eg. FeCl3j, H2304 etc.

Monsanto cannot produce the epoxide resin derived from this

adduct by hydrochlorinating 1t with sodium aluminate, zincate or
#ilicate in an orgario solvent. It may be possible to prepare this
resin by other dehydrochlorinating proceases, whether a particular
process infringes the patent literature will be determined by tae
nature of the product obtained, i.e. its chloride content and

type of chloride,.

No patents were found which claim the processes or products of the
epoxidation of phenol aldehyde novolacs. Since this 1is being done
commercially in England, British patents may exist and may be
conending in the 11, g,
Although the epoxidation of the alkali salts of methylol phenols
is covered by only a single patent, 1t is thought that this patent
could be troublesome. The claims would tend to include the
Monsanto West Coaat resins which have a high content of monomeric
meéthylol phenols. .The oclaims do not include the polymerioc one .
atage phencol formaldehyde resins.

Curing

The patent literature describes a large number of curing reagents.
for the moast part these are specific reagents for which specific
advantages are claimed. Monsanto could, therefore, easily enter
into the field of utilization of hardeners by deveioping new curing
systems or specific curing reagents possessing superior properties
to those diaclosed so far. The functional groups which are not
completely blocked by the patent literature include aminc, carboxy-
lic acid, mercaptan, amide aldehyde, ketone, and various combina-
tions of these functional groups or their derivatives. Patents
prevent the use of hardeners which contain in general one to three
of the functlonal groups carboxylic acid anhydride, sulfuric a=ids or
their chlorides, isocyanate, 1sothiocyanate, polyol (contalning at
least two primary OH), phenolic hydroxyl, phosphoric acids and
derivatives. . In addition Monsanto may not use the specific curing
reagents which are listed in Table VIII.

Blends of Epoxide Resins

(a) Phenol, melamine or urea aldehyde condensates. The patent
situation concerning the blending of epoxide resins with aldehyde
condensates of phenol, melamine or urea 1is extremely complex.

It is not possible to state any definite conclusions with raespect
to these blends until a thorough examination of the situation

by the pateont department is made. With this reservation, it is
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possible to reach the following conclusions: (a)  Monsanto can
formulate ternary or higher blends which may be improvements on
the binary systems covered in the patents; (b) in a limited
number of cases, it may ba possible to formulate binary blends
which fall outside the patented limits of components; (¢) patents
prevent the formulation of higher blends of epoxtides with these
condensates which are listed in Table IX,

(b) Other polyméric systems - Monsanto cannot utilize those blends
of epoxies with other polymeric systems which are listed in
Table X.

The blends of polymeric systems with epoxies which have not been
unaovered in the patent survey include polyurethane, Nylon type,
acrylonitrile, acrylamide, furan, thiockol, rubber, vinylidene
cyanide sulfonated or carboxylated styrene, terephthalic and
isophthalic acid types and various copolymeric systems which are
not listed in the tables.
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KEY TO TABLES:

. . N. S. Not stated in broadest claim

_ A Aliphatic polyepoxide
R DHP Dihydric phenol epoxide 3
PHP Polyhydric phenol epoxide .

DGE Diglycidyl ether

BPA Bisphenol-A
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U.3. Patent
No,

Date
No. of Type of
Clains Epoxide

—
R= alkyl, phanyl - %= OH, alko:gy
= 1-2 - n= 0.01-3 -l+n<
(b) terephthalic or 1so phthalio

acids or lower alikyyl esters
(o) glycerin

Blend of
Epoxide with

2,528,360

2,521,511

2,521,912

2,687,397

10/31/50 PHP
21
9/12/50
13

9/12/50
7

8/24 /54
9

Alkylated condensate of N.S.
aldehyde and amines or amides
polyhydric phenol R.8.

Phencl-aldehyde condenasate Equal parts to 3-1/3
s epaxide to condcnu.u
alkaline catalyst . sudatantial percentage”

Phenol-aldenhyde condenaste Ratio of cpoxld.o groupc to

phcnglic is 1.

alkaline catalyst “substantial amount"”

Urea—CHy0 condensate N.S.

Neutral salt of amine arnd Small amount
a sulfonic acid

amine; ET,NH, ET3N, 1-PrpNH,

aniline, pyridiné, morpholine,
cetyldimethylamine

2,703,765

é'631,138 -

2,587,396

2,637,716

2,637,715

2,458,796

“*

3{2/55

3/10/53
12

8,/24 /Sh
2

5{3/53

5/5/53
15

1/11/49
21

Urea=CHg0 condensate —  7-19% b¥ weight
epoxide ’cu -Cﬂe 10-17

33.@(“20&)“

2=(CHo)x

n=l-3

RiRoR.=H, alkyl, aryl
Solvyefit

Butylated urea-CHo0, melamine-
CH;0, or propylated ures - CHp0
condensates

Salicyliec acid, S-chlorw
salioylio aaid. acetyl
salicylic aaid

Alkylated‘urea -~ CHaO - N8, -
condensate

Hydrocarbon containing N.S.
1-3 SO3H or 302CL groupt

1. A phenol -CHpO resin 5-20%
reagtion product of
2. (a) RyS1Xx04~ ('35'“-) 60-80%

R= alkyl or phenyl
X- O, alkoxy {10-30% epoxide)
me 1-2, = 0,01-3

(v)
coa.i

C%H Cl 6028

or lower estert
(c) glyoerin

Polybasic carboxyic acid or 1/8 - 6/5 equivalent
anhydride; polyamine

alkyl ether of CHsO condensate N.S.

of phenol, urea, melamire or

dicyandiamliaen

Polybasic acid or anhydride 1/8 - 6/5 equivalent
0.06

dicyandiamide 0.6 m.
alkyl ether of CHp0 condenaate N.2.

of phenol, urea, malamire or

dioyandiamide

Dicyandiamide; ether of CH-0

condensates of urea, phenol,
melamine or dicyandiamide

DSW 621087
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Date

¥.3. Patent Wo. of Type of Hand of
No. Claims Epaxide Epoxide with Raiige
2,511,913 6/20/50 PHP Aldehyde-aromatic amine N.S.
14 condensate -
2, 594,295 110/50 PHP Aldshyde-aromatic N.S.
- 6 sulfonsmide condensate

®,707,177 4/26/55 A Trisllylcyanurete N.S.
20 PHP T T
Triallyloyanurate N.S. [
Plastisol of a vinyl halide N.S.
resin or vinyl ocopolymesrs
2,705,223 3/29/55 A Polyweric polyamide N.S.
12 PHP containing free amine and
carbaxyl groups
2,699,413 1/11/55 DHP Alkaline condensation product 0-50 to
8 of CH,0 and a mono or dialkyl epoxide to 20%
phenol or mixtures condensgate
H,POy - 5-20%
301lvent
2,602,785 7/8, DHEP Polyvinyl ester of a . minor ortion
1{52 fatty acid (1-10 rop
2,596,737 5/1%/52 Unsat fatty Styrene . Containing 10-T5% by weight
acid ester of polymerized styrene
of an epox-
ide of a
DHP
2,591,539 4/1/52 PHP Monotasic aold modified 25-75%
2 aliyd )
aldehyde-amide or amine 10-25%
cendensate

5-504% epoxide

2,542,664 2/2(6)/51 A Phenol-vegetable oll 20 parts/18 epoxide
ocondensate {2:11) containing 166 parts/16 epoxide
at least 2 phenclic OH

. .- . . . Bty B L vt . . - P e
2,502,145 8/28/50 PHP Phenol-veptable oll™ 50-50
8 condansate (2:1) containlng 3 parts epoxide to 1 of
at least 2 phenolic QH condensate
2,604,464 1/22/52 DJE of Styrens-acrylic acid o 1 mole DGE for every two
10 BPA methacrylic acid from at COoH groups

least 50 parts styrene and

at least 5 parte aciad

Amine or quartenary 0.5 by welght of copolymer
ammonium compound

2,662,870 12/15/53 DHP Copolymer of One epoxide group for eash
10 a) styrere (50 parts) CO,H group
b) acrylic or methacrylic acid

{at leaat 5 parts)
(¢) vinyl pyridine
(0.05-1.0 parts/100 parts (a b)

2,736,717 2428/56 Nat. drying {(a) styrene or alkyl or N.S.
0ll aocid halogen subst. atyrenes N
ester of an (b) drying or semi-drying oil N.S.
aepaxide of
a DHP

2,713,565 7/13/55 PHP Polyvinylacetal resin 0.2-3%
2 alrenyloxybenzene N.8.
containing 1-3 CHpOL “roups

2,689,834 9/21/54 Epoxy ester Styrene ) Containing 7-35% polywerized
2 (castor otl styrene |
dehydrated
acids)
2,626,223 1/20/53 PHP Polyeater-amide Reacted in ratios to glve
14 specified softening pointe
2,782,448 a/il/% BPA Alkyl orthotitanate N.S.
B-hydroxyamine or polyanine N.S.
2,687,398 8/24 /54 BPA Reaction produci of !
1 (a) R,Sixou-émn) 70-20%

R= alkyl, phenyl - x= OH, alkexy
m= 1-2 - ne 0,01-3 - m + n 4
(v) terephthalic or 1so phthalic
acids or lawer aligrl esters
(¢) glycerin

DSW 621088
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TABLE X

- con't

Date

K U.S. Patent No. of Type of Blend of
No. Claims Epoxide Epoxide with Range

2,695,276 11/23/54 DHP Polymerie silanol 25-75%
5
2,709,664 5/31/55 PHP Metal coating
23 lst coat - A polyvinyl acetal

coat - Pigmented eporide resin ~
T4 coat - Epoxide resin

2,528,017 10/3%/50 A Phenolic pitch appreciable proportion
PHP
2,731,437 1/17/56 DGR of a ( xe?l-cnezs-a N.S.
1! bisphenol KO
R=
-(C2H400H,00H,88),, -
CoB,OCH,0CoH) -
2,555,169 5/29/51 A Halogen containing organic . N.S.
8 substance, K.W.D> 2000
2,559,333 7/3/51 Mixture Halogen contwlning organic N.S.
15 of A and substance, X,W,?) 2000
] . PHP
2,564,194 8/14 PHP ¢ material containing 0.2-5%
e /}0/51 m‘;n, n.D162
2,590,059 3/18/52 A Organic matter containing 0.1-10%
9 PHP 10-75% halogen, M.W.> 2000
Cadhiium or alkaline earth
salt of a carboxylic acid
2,595,€19 5/6/52 A Halogen contining polymer N
¥ 15 PHP diamides of carbaonic acil
5 and derivatives
2,609,355 9/2/52 A Vinyl chloride copolymers .
- 12 - . + ocontaining .at least. 70% EVC R : ..

ester of unsat alcdhol and

a dicarboxylic a-id containing
an olefinic bon”

Salt of a carbo.lic acil

whose lonization constant 1a
less than that of phthalic acid

DSW 621089
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Appendix B: :
e
Definitions

Epoxide Equivalent. The epoxide equivalent welght of an epoxy

resin 1s the welght of resin required to yleld 16g (one equivalent) ,

of oxirane oxygen. The value os obtained by dividing 16 by tine .
analyzed percent of epoxy oxygen (E.0.) and multiplying by 100.

Epoxide Equivalent =» 16 g éOO

Equivalent weight to esterification. The weight% of resin required
to completely esterily GJg acetlic acid or 280y Cl€ fatty acid is
the equivalent weignt to esterification.

Calculations

Vialda - The y101d arlculationa for the diglygidyl athara of TCBPA
and hydrolyzed araclor 1262 and for the polymeric resins are com-
plex. The fuctors which were not considered 1n calculating the
yields are:

7]

{
A

|

For the diglycidyl etners of TCBPA and hydrolyzed Aroclor 1262 it - 3
was assumed that tne material was 100% pure and that its conversion 3
in the reaction was omplete.

\ Comnoattian ~f the dihvd=is sShon
/ vvavu‘\-‘vll ~ A s ULIA’UA‘\- ynnvl

or phenolic derivatives present.
The purity of the epichlorohydrin
The HpO content of the resinc

The hydroxyl analysis of the products

[e el =4

The extent of the conversion of the material to the diglycidyl

ether and to the corresponding chlorohydrin derivatives was deter-

mined by analysis for epoxy oxygen and hydrolyzable chloride, The =
expected yield was then compared with the actual yleld.

Example - Referring to the product obtained by the procedure given
on page %10)

The epoxy oxygen and hydrolyzable chloride analysis were 6.39% and ;
0.47% (average) respectively. Assuming that only monomeric products R
were formed, these values represent 6.;8 X 100 = 0.954 conversion .

to diglycidyl ether and 0.4 “conversion to the chlorohydrin ; i
derivative. ) 1278% = 0.0365 4

Since seven squivale .ts TCBPA were used and since the equivalent T
weights of the diglycidyl ether and the corresponding chlorohydrin R
derivatives are 239 and 275.5 respectively, the expected yleld for
100% conversion of TCBPA was
7 x 239 x 0.954 = 1596 g weight ether expected
7 x 275.5 x 0.0365 = 70g weight chlorohydrin expected
1 g expected yie¢ld

DSW 621090
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The actual 3ield was 1664g. The percentage yleld was
1663 x 100 = £9.8%

For the polymeric solid resins, it was assumed that the materilals
were 100% pure were completely incorporated into the product and
that the molar amount of ECH used represented the molar amount

of HC1 split off.

Example: Referring to the product. obtained b, tne procedure des-
cribed on page (4+@. described—en page 20

Expected Yield = 2280g (BPA) + 1450g (15.69m) ECH
- (36.5 x 15.69) g HC1l = 3157g.

The actual yleld was 3002g. The percentage yield was
g%g% X 100 = 95.2%

For the 1iquid resins from BPA, it was again assumed that 100%
pure reactants were used and that BPA was complehely converted,
1t was also assumed that the ECH consumed in the reaction was 1in-
corporated into the product.

Example: Referring to the product obtained by the procedure des-
cribed on page (17 ex. 3).

The amount of ECH incorporated into the product was 520.2g (5.52M).
Of this amount 827 x ,0113 _ 0.264p APPeared as ECH in tne product

(827g) by virtue of 1ts hydrolyzable chloride analysis. The amount
of HCY to be =plit off was therefore 5.62 - 0.26 = 5.36m = 190g HCl.
The expected y!eld was therefore 570g BPA + 520g ECH - 190g HCl =
900g. The actual yield was 827g. The percentage yield was thera-

fore 82 X 100 = 92%.

Calculations for the Recovery of excess ECH.

The excess ECH was recovered by distillation from the reaction

mixture of the two phase system ECH-HpO. The system was allowed o
to separate and its temperature was adjusted by warmlng under the ey B
hot water tap. The separate layers were then removed and weighea. Y
The ECH and HpO contents of the phases were calculated on the

basis of the table reproduced on following page (Rerl 11).

DSW 621091
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Weight & ECH

Temperature (°C) Lower Layer Upper Layer
0.0 98.91 6.48
10.0 98.74 6.52
20.0 98.58 6.58
25.0 98 .4 -
30.2 - 6.60

Calculations for the composition of Epon 828, 1001 and 1004 1in
terms of BPA and ECH.

By using the epoxlide equivalent weight of resin and the equivalent
weight to esteriflcation, it was possible to approximate tne

ratio ECH/BPA contained in the resin. For these celculations the
following constants were used.

Epon Resia cpoxide Equivaleat Average Ester Equlvalent

228 19¢-~21¢ 200 8s
1001 450-525 4,88 145 .
1004 870~-1025 S47 190

] . g The equivalent weight of ECH incorporated into the resins is

b 92.5 - 36.5 = 56g.

(a) Epon 828

Calculate the epoxy equivalence for the esterificatlion equivalent
(85g) from the epoxide equivalent of 200:

2%% = 0.42 equivalents opoxy oxygen

This value 1s equivalent to 0,04 equivalents of hydroxyl to esteri-
2 fication. Therefore in the esterification equivalent 1-0.84 = 0.16'
28 equivalenta of hydroxyl is present from ECH incorporated into the
S polymeric chain and chlorohydrin portion of the resin. The total
equivalents ECH 1ncorgorated is therefore 0.42 + 0.16 = 0.58
equivalents. Since 50 1as the equivalent wei ht of ECH incorporated
into the resin 56 x G.58 = 32.48g ECH equivalent in the resin

In 85g of resin, therefore, 85-32.5 = 52.5g (0.23m) BPA is 1in-
corporated.

The molar ratio ECH/BPA in the resin is therefore 0.28 - 2.4

Proceeding in the same manner for Epons 1001 and 1004 the ECH/BPA
ratio is found to be 1.52 and 1.25 respectively.

DSW 621092
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Notebook pages containing the experimental data.

209264 - 209300
217251 - 217282
217293 - 217300
218901 - 218950
221151 - 221200
223601 - 223650
226401 - 226450
226001 - 229050
231551 - 231600
238401 - 238450
233401 - 239450
244401 - 244450
249451 - 249500

Phyaical Properties of Matari

! a
Teg = -~ ae Py

Bisphenol-A (Ref 23).

Empericai Formula: C15H1602

Molecular Weight: 228.28 ‘
Appearance: White flakes

Melting Range: 150-155° (Solidification Range)

Solubility: H20 - 1insoluble

ETOH - soluble
CCly - slightly soluble
(CH3)2CO - soluble

Tetrachlorobisphenol-A.

Emperical Formula: Cis5H12C1402
Molecular Weight: 366 .
Appearance: wWhite crystalline powder

Hydrolyzed Aroclor 1262 (Ref 29).

Appearance: © Clear, light brown glass
Equivalent Weight: 219-221

Epichlorohydrin (Ref 11).

Capsrical rorwula: C3ﬁ5061
Molecular Weight: g2.53
Boiling Point: 116.1
Specific Gravity (20°*): 1.18066
e Refractive Index (20°): 1.43805

pSW 621093
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Epon 828 -(Ref 30).

Appearance:

Epoxide Equivalent:

Esterification Equi-
valent:

Gardner Viscosity:

Bpon 1001 (Ref 30).

Appearance:

Softening Polnt:

Epoxide Equivalent:

Esterification Equi-
valent:

Epon 562 (Ref 30).

Appearance:

Epoxide EqQuivalent:

Esterification Equi-
valent:

Gardner Viscoalty:

Dioxane.

Molecular Weight:
Specific Gravity:
Melting Point:
Boiling Point:
Solubility:

-51-

Light brown clear liquid
190-210

85
50-150 poises

Light yellow clear solid
64-76°C (Durrans)
450-525

145

140-165

65
C-F

88.1

1.033 20°/4
9.5 - 10.5°
101.1

HoO - infinite
ETOH - soluble
ET20 - soluble

‘Very pale yellow clear liquid

DSW 621094
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Polyhydric
Phenol

\BLE X1

REACTION PRODUCTS OF POLYHYDRIC PHENOLS AND EPICELOROHYDRIN

Epichlorohydrin/
Polyhydric Phenol Ratio

Pnysical
Rate

Percent
Epoxy Oxygen

Percent
lyzable

Epoxide
Chloride Equivalent

DSW 621095

TCBPA 100% Excess tacky solid 6.39 0.47 250
white pdr. 6.52 0.16 246

TCBPA 2:1 semil solid 5.3% 0.38 300

TCBPA 1.57:1 brittle 2.39 670
solid

Hydrolyzed

Aroclor 1262 100% Excesa Closs 5.5% 0.16 288

Hydrolyzed
Aroclor 1262

100% Excess

Gloss

1.51

1060

nydrolyzed brittle

Aroclor 1262 2:1 soliad 3.93 0.31 o7
TCBPA - BPA semi

(8.4% - TCRPA) 2:1 solid

SPA

Amber liquid

7.24

1.13

221

BPA

Brittle

solid

3.11

0.2% max.

515
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TABLE X1

REACTIONS OP TCBPA WITH EXCESS ECH

DSW 621096

% ECH Total
RUN TCBPA ECH  NaOM Temp. Recovered % E.0, ¥ Hyd. Cl Anal, %
3% No. (Bq) (EQ) (EQ)*l *2 *3 (% voE) (% DoMH) DOR *$ DOMH  Yield Conditions for Second Stage of Reaction
1 0.9 2 0.2 115 85.5 - 10.6 P - -
(82.4) !
a “ 2 1 2 0.2 120 86.7 1.12 10.5 99. - -
| (16.7) (82.3 !
L 6.47 0.30 99.1 97.5% Dioxane solvent; 10% excess NaOH;
g (96.8) (2.3) Reflux 9.5 hours
or W 3 1 2 0.2 97 93.4 4,64 3.7 98.7 9% 10% excess NaOH; 100-105° for
sh : (69.5) (29.2 1/2 hour
4 1 2 0.2 995 93.4 6.58 0.2 100.5 99% 10% excess Naun; 11i0-1iT fos & hours
ir (98.4) (2.1
5 7 13.8 1.4 85 95.5 m.uw c...w 99.2 99.7% 10% excess NaOH; 110-13° for 8.75 hours
a: , (95.3 (3.65
6 14.98 30 3.0 83 97.8 6.44 0.2 98.6 - 10% excess NaOH; 111-112° for 11 hours
(96.4) (2.17
. 7 8 16 1.6 85 96 6.52 0.16 98.6 Y95% 10% excess NaOH; 110-115° for 10 hours
(97.5) (1.2) ,\
8 1 2 0.10 85 93.4 5.44 0,20 97.9 233g 10% excess NaOH, 112° for 9.75 hours
(96.4) (1.55)
9 1 2 0.05 85 96.8 6.46 0.18 98.1 198g 10% excess NaOH 112-113° for 9.5 hours.
i (96.7) (1.44 . Product isolated from banzene
! , 10 1 2 0.35 85 98.4 6.16 0.48 959 234g 10% excess NaOH 114-115° for 8.75 hours.
i (92.2) (3.74) : Product isolated from benzene *5.
,,_ 11 1 2 0.80 85 72 4,51 2.60 87.9 232g 40% excess NaOH, 77-78° for 1.25 hours.
! (67.4) {20.5) “ Benzene molvent
12 1 2 0.2 55 96.5 6.38 - >95.5 211g 10% excess NaOH; 112-16° for 9 hours.
(95.5) R Product isolated from benzene *4
: 13 1 2 0.2 75 83 - - . 230g 10% excess NaOH; 111-113° for 9 hours
1

N

*1 NaQH solution, 0.30g/oc
*2 Temperature at which NaOH was added
*3 Assuming 954 minimum ECH
*4 After filtration through a Celite bed

*5 Without filtration through Celite
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Appendix C: Composition of Hydrolyzed Aroclor 1262 and its
rivatives.

The nydrolysis of Aroclor 1262 at Dayton and St. Louls has ap-
parently produced a mixture of mono and dihydroxy derivatives.
Analysis for chlorine and equivalent weight has glven results
which indicate strongly that the product is a mixture of hydroxy
materials. To our knowledge, this has not been considerd pre-
viously,

Considering hydrolyzed Aroclor 1262 as a mixture of mono and
dihydroxy products, the percentage composition can be calculated
in terms of (a) 1ts chlorine analysis and (b) 1ts equivalent
welgnt, From these data, the theoretical aromatic chlorine
content of the derivatives of hydrolyzed Aroclor 1262 can be
calculated.

It 1s also possible to visualize a reaction of hydrolyzed Aroclor
1262 to 1ts glycidyl ether and chlorshydrin derivatives, in which
structures are ignored and only the equivalent weight 18 con-
sldered. By reference to the chlorine analysis of hydrolyzed
Aroclor 1262, the aromatic chlorine content of the glycidyl ether

and chlorohydrin derivatives can be calculated. -

From the calculations the following conclusions have been reacned:

a. The chlorine analysis and equivalent weight determlnation
are in agreement with each other,

b. Hydrolyzed Aroclor 1262 may contain as much as 24% of the
monohydroxy derivative, according to calculations lLased on
the equivalent weight,

c. Caloulations based on the chlorine analysis of hydrolyzed
Aroclor 1262 gave a percentage composition from which the
correct aromatic chlorine £ for the derivatives could not
be calculated. It was found, however, that only a small
difference in the chlorine analysis of hydrolyzed Aroclor
1262 €about 1%) reflects a large difference in the per-
centage composition calculations.

Analytical data supplied with hydrolyzed Aroclor 1262:

% Cl: 48.83
Equivalent weight: 221

I. Reaction of hydrolyzed Aroclor 1262 to its glycidyl ether,

< :
Substrate _ﬁ“fjf““zgﬂgcbft-glycerolmonochlorohydrin (GMH)-HC1.
%Cl, 48.83 E.wW. 92.5 ’
E.wW., 221 E.w., 313.5

(1)
Glycidyl ether (GE)
E.W., 277

DSW 621097
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Calculation of per cent epoxy oxygen (E.Q0.) for G E and percent
aliphatic chlorine in GMH, based on the HY 1262 eguivalent welght
221 which 18 a determined value.

% E.0. = 16 X 100 = 5.77
wn

# uliph, Cl = g?.u6 X 100 = 11,31

The percent
multiplying the percent chlorine found for hydrolyzed Aroclor 1262
by a8 factor indicating the increase in the E.W. »f OMH and GE.

For GMH, # Aromatic Cl = 221 X 48.83 = 34.42
313.5

For GE, % Aromatic Cl = 221 X 48.83 = 38.85
igrd

Tne percent of GE in any mixture of GMH and GE 18 found by dividing;ﬂ_
the  E.O. found by *he maximum value of E,0. possible.

% GE = % E.Q0. Found
5077 °

The percent GMH 18 similarly found by dividing % aliphatic chlorine
found by the maximum value aliphatic chlorine pussible.

% GMH = % Aliph Cl Pound
11.3

The thecretical aromatic chlorine for any mixture of GMH and GE 1=
the sum of the percent QE and GMH found in the mixture multiplied .
the theoretical % Aromatic Cl for each component respectively.

For any mixture containing only GMH and GE:

% Aromatic Cl = §$ Aliphatig ghlorlne Poundg 3442 + éz EQ Foundg381i

% Aromatic Cl « % Aliphatic C1 x 3.04 + ¥ E.0. x 6.73

Results:
% Aromatie Cl

Sample % E.O. % Aliph Cl Calcd. Found*
opmplé La

EP 1262 3.38 4,98 37.8 37.18
EP 1262 5.38 0.55 37.8 39.00
EP 1262 3.52 4.53 37.46 36.38
EP 1262 5.3 0.23 35.69 39.09
Bp 1262 5.4 0. 38.37 39.10
EP 1262 1.14 9.0 35.27 35.49

3Afcer aubtraciing % Aliph Cl rfouna.

DSW 621098

STLCOPCB4095127



-54-

The fair agreement between the calculated and found values for
aromatic Cl indicates that the analyzed perdent Cl and E.W. of
hydrolyzed Aroclor 1262 are in agreement.

II. Calculation of the percentage composition of hydrolyzed
Aroclor 1262 from the equivalent weight 221 (analytical value):

| . "
!‘ ’1 NAOH Q If- | ( 3) .
\7/ \(L - - 7 /\\/ L P AVAY ) \j" '\‘( C s "‘_ 3
.-’\\ll/ €7 l\'\/ I/1\l/
l—‘,\- - ’\."C(LL'[ ol ({”’ ~o/l()- a7 /,

[ - %(('J
LA - 7y -
Assuming that only the species (A) and (B) are present,

Let x = % A 1n the mixture

Yy =% B in the mixture ‘ :i g

175 (.01x) = Contribution of (A) to the equivalent weight.

368 (.0ly) = Contribution of (B) to the equivalent weight.

X 4+ y = 100
1.75x = 3.68y = 221

And X = 76,2
y = 23.8

Tnan

Ir i1t 1s assumed that only 4 components can be present in the
reaction mixture resulting from HY 1262 and epichlorohydrin,

fOHCd ~Chy € Cuap~cn, OO, Ge ey o
N iy 7 e ~ in L
% .- ~

lq/\(cy’ - é,YL\ 7 /Lll’ /X 1;\1/(5 \

o . ’ QD e

07(. : ’,,“\( f M2 i (:c.;__c//~c,/, L€ 4 5

M“""élﬂ'lk"/—ﬁbﬂ 92 TEO 23,77 e 31y
. 0. 4.

! DAL ysf.. A
'Vo"“r‘"‘"( {J(:ll'a\' "J(f){'tb[l T

o’ e wy o= Yi.0y

then the % arcmatic chlorine, £ E.O., and % aliphatic chlorine 1is
found by adding the contributions of each component to that per cent.
The contributions are in turn found by wultiplying the theoretical
constants listed under each component by the percent of that com-
ponent present in the mixture, calculated in the equations (2).

For GMH: &% Aromatic Cl = 31'4%8(.762) + 44,27 542333 = 34.51

Aliphatic Cl = 12, (.762) + 7.70 (.238) = 11.64

#
For GE: % Aromatic Cl = 36.45 5.762) + k8.08.5.238g = 39.21
% E.0, = - 6,92 (.762) + 3.77 (.238) = 6.06

DSW 621099
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Using the same argument discussed previously, for any mixture
containing GMH and QE,
% Aromatic Cl = gf Aliph Cl Found; 34.51 + gE.O. Foundg 39.21
o4 ) ' 6.06

= % Aliph Cl1 (2.96) + ¥ E.O. (6.47)

Results:
Sample % E.O. % Aliph C1 % Aromatic Cl

., alcd, Found*
EP 1262 (FD-3) 3.38 4.98 36.65 37.18 +0.52
EP 1262 FD«%A) 5.38 0.55 36.%0 39.00 +2.6C
EP 1262 (FD-4) 3.52 %.53 36.18 36.38 +0.2C
ZP 1262 FD-GBg S.Eg 0.53 36.21 39.09 +2.70
EP 1262 FD-EA 5. 0.4 36.91 39.10 +2.0%
EP 1262 (FD-8) 1.14 9.0 34.26 35.49 +1.2°

*After subtracting & Aliphatic Chlorine found.
Llthough the sprehd in calculated and found values for aromatic
chlorine 1s much greater than in the preceeding case, the data
nevertheless indicates that hydrolyzed Aroclor 1262 contains a
substantial percent of the monohydroxy derivative.

Calculation of theoretical chlorine for hydrolyzed Aroclor 1262 bas-
cn the percentage composition found from the analytical equivalent
velght 221:

k8.1 (.762) + 55.3 (.238) = 49.81%
This is 0.98% off from the found value of %8.83%.
This same method was used to calculate the percentage composition of
hydrolyzed Aroclor 1262 Lot No. Z-2201 for which the analyses were
50;0’ Cl and B.H- - 219.
Based on the E. W. 219, the percentage composition was calculated

to be:
£ A= T77.2 2d1-hydroxy)
% B = 22.8 (mono-hydroxy)

From thls percentage composition the theoretical chlorine was
calculated:

48,1 (.772) + 55.3 (.228) = ho.74%
This is only 0.26% off from the found value of 50.0%.
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III. Calculation of percentage composition of cydrolyzed.

Aroclor 1262 using the chlorine analysis 48,8% which was obtained
on a sample with an analytical E.W, of 221.

The same rnecles used under II are considered.

Let x = % A; 48.1x = Contribution of (A) t. Cl anal.

y=% B;755.3y = Contribution of (B) to Cl anal.

Then X + y = 1
48,1 x + 55.3 y = 48.8

tnd x = ©.903
y - 0.097

By reference to the components listed on page (5)

For GMH, % Aromatic Cl = 31,47 (.903) + 44.27 (.057) = 32.72

% Aliphatic Cl = 12.88 (.903) + 7.70 (.097) = 12.38

. Por GE, &% Aromatic Cl « 36.45 (.903) + 48.08 (.097) = 37.57
% E,0, = 6.92 (.903) + 3.77 (.097) = 6.60

y, - Using the argument previously discussed, for any mixture containir-
-t GMH and GE,

E (% Aliph C1 Pound (g E.0, Found -
= % Aromatic Cl = { 'EETSH“““} 32.72 + 6.50 3 37.5

E" ' = % Aliph C1 (2.64) + % E.O. (5-69)

Results:
‘- % Aromatic Cl
2 Sample % E.O. % Aliph Cl. Caled. Found*

EP 1262 (FD-3) 3.38 4.98 32.38 37.18 +4.80
- EP 1262 FD-EA) 5. 38 0.55 32.05 39.00 +6.95
: EP 1262 (FD-h) 3.5 u 53 31.99 36.38 +4.39
EP 1262 (FD-6B 5. % 2 31.96 39.09 +7.13
EP 1262 (FD-TA 5 8 32.47 39.10 +6.63
EP 1262 (PFD-8) 30.46 35.49 +5.03

f~ #After subtracting # Aliph Cl found.
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The wide spread in the calculated and found values for aromatic
chlorine indicated that the percentage composition calculated from
€ Cl, found for hydrolyzed Aroclor 1262, is not a suitable criter-
lon for calculating theoretical aromatic Cl for OMH and GE. It
should be noted here, however, that a difference of cnly about 1%
in the chlorine analysis of hydrolyzed Aroclor 1262 reflects a
large difference in tne percentage composition calculations. Thus,
ir 1t 1s assumed that the theoretical % Cl for nydrolyzed Aroclor
1262, as calculated from the E. W. = 221 (pg.55), is correct, then

X +y =1
48.1 x + 55.3g = 45.81
X = 76."’ §% A?
y = 23.6 (¥ B

A difterence of 0.98% Cl has reflected a difference of $90.3 - 76.%
13.92 in percentage {(A) 1n the mixture.

Similarly for Lot No. 2-22Cl, a difference of 0.264 Cl was found
tc reflect “ference of 4.68 in the percentage (A) in tre mixtu.-

IVv. Calcula 8 of the equivalent weight of GE using the percent.a; T
composition deteriined by (a) E.W. = 221 and (b) ¥ C1l = 48.5:

(er components listed on page 54)

(a) 231 (.762) + h24 (.238) = 277

(b) 231 (.902) + 424 (.097) = 250
‘he experimentally determined equivalent weight of GE was 281.
Tnerefore, the reaction (1) and the percentage composition deter-
nined from the E.W., = 221 equations (2) gave values for the
Aquivalent welght of GE which were in close agreament witn the fourd
value, while the percentage composition determined by ¥ Cl = 48.8

equations (3) gave a value for the equivalent weight of QE
which differed widely from the found value.

Appendix D: Infra red Spectra

The 1infra red spectra were obtained on the solid phases of the

compounds using a NaCl resin and a Perkin Elmer Model 21 spectro-
meter.

A. Tetrachlorobisphenocl-A
B. Tetrachlorobisphenol-A diglycidyl ether.
The band at about 11 &4 was taken to be the oxirane band.
The spectrum shows only a negligible amount of hydroxyl ab-
I sorption. :
v ’ C. Tetrachlorobliaphenol-A di- X-glycerolmonochlorohydrin.
In this spectrum the oxirane band is abaent and the OH band
appeared as expected. :

The spectra of the epoxides of bisphenol and glycerol have been pub-

lished previously. In these spectra the band at 10.95 & was assigned
to the oxirane grcup (Ref 31),.
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B. TETRACHLOROBISPHENOL-A
DIGLYCIDYL ETHER
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C. TETRACHLOROBISPHENOL-A
DI- -GLYCEROIMONOCHLOROHYDRIN
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drolyzed Aroclor 1262. This phase of the epoxy program was
carried out cooperatively with Dr. J. Dazzi and Mr. J. Herbig

at Dayton. Because the composition of hydrolyzed Aroclor 1262 was
a mixture whose composition varied, it was desirable to track the
course of 1ts addition reaction with ECH by cor.iidering the
equivalent weight of the mixture only. (Aromatic chlorine
analysis was also considered but was rejected because the oxyzen
analysic of the initial mixturea received for epoxidation were
inconsistent with a dihydroxy preduct}. The nature of the products
wayg reasoned from the ECH stoichiometry of the reaction, epoxy
oxygen analysis, hydrolyzable chloride anilysis and total

chlorine analysis. PFrom these data it was possible to obtain

some a1pproximate calculations from which it could be shown that
hydrolyzed Aroclor 1262 was & mixture of hydroxy materials whigh
contained as much as 24% of monohydroxy derivatives. These calcu-
lations and their results are shown in Appendix C.

{C) Reaction of Bispherol-A with Excess ECH

When a limited amount of aqueous NaOH 18 added to a solution of
BPA in excess ECH above 45°, the predominant exothermic reaction
which takes place 1s:

E . C 4 N

X ~CH,eh - \
N N7 «Cu, M, e
i N v
f < ¢ & B
i [T - -
CAC .+ L0, + NAOH -1 . g
) g 2 - e c((x{,\: + c(c ey,
\

7 Iy
|
SO CH-CH

=z W

CIESN
I
=

The reaction is however, incomplete. Part of the unconverted BPA
reacts with V which has formed to give t.e higher polymer:

L H u

| BPA == CHAR-Cl, o o ol o — '

i . NL + P,\ \. }“ Ch, ((_:‘\> (| «»___}oc».,;“ —~C Hy-C //_\;/\>-(,_./\_>_0’*
- - e LH) N (n\

i
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