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new family of 3% a , _
chlorinated bisphthols. "These can be: use
resins (by reactidn with epichlorchydrin). Our interest in theae
resins was aroused by the possihility they offer fcr (1) new
markets for Aroclors; (2) possible patent protection; and (3)vp§
improved flammability, adhesion, and dielectric properties,” which
might be conferred by the high chlorine content. With this in

mind, a detalled study of the hydrolysis, glycidylation reaction

and application of the epoxy resins in varicus outlets was under-
taken.

NS, o

The major current use of epoxies is in the preparation of sur-
face coatings. Because of this, much of our work was cdirected
towardi the preparation of drying-oil fatty acid esters and then .
to tha apyplilication and evalua-ion of these esters in coatings.

We r-rea that such an epoxy res:n might fulfi1ll the requirements

2T a nigh temperature, thermcsettinrg and flameproof metal-metal
2jhesive. This report describes e sris to deveicyp such an —
adhesgive The scope of study was broadened briefly to include
tagtling. poiting, and laminating acpplications of the unmodified
Aro¢lor epoxles., o
Cihier stuiles were almed at using nydreljzed Arc:zlors as curing
2g2nt3 in peosyeseeers, and the =2pcxy =-hers as viny. stabilizers

ari as resins

; m:jzf:ersl&:r alkyd

Pols(e.P‘X./cs
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n drolysis of Aroo or 1268 under pressur
gatédil iThe: process studied 'is similar to the Organio
ivi ‘hydrolysis of tetrachlorobenzene to 2,k,5-
trichlorophenol and of hexachlorobenzene to pentachlorophenol
(Ref. 1 & 12)" Varlables studied were time, temperature, excess
: NaOH and water concentration. The product was isolated as
= dihydrolyzed Aroclor 1268 (dihydroxypolychlorobiphenyl)

Glycidylation of dihydrolyzed Aroclor 1268 was accomplished most
satisfactorily by adaptaticn of the tetrachlorobisphenol A
glycidylation procedure developed by Organic Chemicals Division
Research (Ref. 2).

The glycidyl ethers are hard, brittle, amber colored solids,
capable of the typical epoxy reactions.

We evaluated these Aroclor epoxy resins as surface zoating
resins, studying in detail thelr esterification with drying

01l fatty acid. By comparison with conventional epoxies, these
new resins react very rapidly. The resulting esters were
evaluated both as varnishes and as pz2ints. Particular atten-
tion was gilven to the properties which would make ‘hese resins -
attractive as surface ccatings. At the same time, detailed
studies were made in efforts to develop sultable formulations
for adheslve, potting, and laminating applications. Noteworthy
characteristics are the high heat distortion values and ad-
heslon to glass.

The Aroclor epoxies were examined and found promising also as
stabilizers for‘polyvinyl chloride, and curing agents for high
acid value alkyds. Exploratory studies on styrene-soluble
Aroclor epoxy fumaric acid volyesters were made.

This work was carried out during the period May 25, 1355 to
December 1, 1957

,.,?’fiv.ﬁ‘:%gvat._
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~ can be obtained by e methanolic hydrolysis procéss. -Bydrolyzed
“ Aroclor 1268 having meutral equivalents equal to theory’ was
obtained reproduciblys and consistently.

,eL_ :
The diglycldyl ether can be prepared reproducibly in good yleld

and high oxirane oxyen content (91.2% of theory) from this
hydrolyzed Aroclor I¥8. Epon 828 1s 85% theory.

The diglycidyl etherof hydrolyzed Aroclor 1268 reacts very
rapldly with drying 1 fatty acids to produce esters having
good color, low visemsity, and enhanced tolerance for hydrocarbon

solvents. Reaction emperatures may be 60°C lower than with con-
ventional epoxies.

These esters, when usd as coatings, show satisfaztory drying

tilmes, excellent adbstion to metal, good water resistance, high
flexibility and tougimass.

Pigmented samples shos excellen: ueather stability and flame-
proofing

the resistance to wemhering in unpigmented films 1s not as good
as conventional epoxy =sters.

The Aroclor-epoxies <& be readily cured with most zconventional
epoxy curing agents. Best results property-wise are obtained
by using high melting curing agents which can be dry blended
with the resin. Thess cured resins have fair adhesion to glass
and ceramics, but verz poor a2dhesion to metal.

f£3

l, . The alkall resistances 3f these coatings i3 relatively poor and
l The rapid reaction of Aroclor-epoxy resins with dibasic acids
could lead to plasticizers, polyester resins and non-drying
alkyds. The Aroclor-gzioxy can be used to cure high-acid- value
l alkyds to give interesing new surface coatings.

The dihydroxy materia” iftself can be used to cure regular epoxy
resins, ylelding hari, brittle, nonflammable castings.

Tre Aroclor 1268-epoxy ts comparable to Paraplex G-60 and s
Epon 828 as a heat an:,light stabilizer fdr plaaticized poiy-s :

vinyl‘ chloride .

DSW 621257
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As industry interest develops, it would be advisable to under-
take further process studies on the hydrolysis step, aimed at
lower costs and’better color of the diphenol, since cost and
color may be the chilef obJjections to this product. '

Application studlies aimed at broadening the uses of the diphenol
should be instituted. Potential markets exist in polycarbonates,
epoxy resin curing agents, and polyesters, in addition to the
surface coating uses outlined here.

Further applied'research i1s indicated on the Aroclor-epoxy-alkyds,
on the glass—glass adhesives, and on flameproof coatings.

The hydrolyzed Aroclors should be promoted as flameproofing

epoxy curing agents - comparable to HET anhydride - and as —
modifiers generally for epoxy resins.

ecase see References 3, 4 and 5.

et e o RS

l For additional suggestions on the use of hydrolyzed Aroclors
ol

DSW 621258

8 A e

f

- weewrae M-

STLCOPCB4095288



185 ' 165
H + b NaOH-) NaO @——@ ONa + 2 NaCl +

2 0
(Ls8) o He0
-Clg 5. Cle.5
o@———@ONa + 2 HC1 - HOMOH + 2 NaCl
(411.2)

The molecular weizht of the Aroclor was calculated from the chlorine

analysis (67.°% C.) nd from this the thecreti{zal neutral equivalent .

was Jdeterminr-i a: 25,6, .
ﬁ The inltial nydr Ivsls product was substantially 90% dipnenclic.

Application atudtex par*‘~u1arl in the flell of adhesives and Saan

t2tting comopounds indicatei the desirabilizy of a 1CC% diphenol.
{ Synthesls werk w:- itrected to this goal and by the use of ex- -

2! sclution, essentiaily % dihydrolyzed

1 mazerial was ~biilns {(Ref. 1)
1 W2 have shown thz: Increasing the excess NaCH :n the hydrolys!s
: ~f Aroclor 1228 =!znificantly increase: the phenollc content of
: the product (\Figur~ 1) ‘

Increasing the2 reacticn temperature from 190°C to 240°C did not
increase the phencllic content as much as anticipated. The effect
of increased temperature 1s summarized below:

EPFECT OF TEMPERATURE ON
YYDROLYSIS OF AROCLOR 1268

1900+ 240° : -
5 v
: 20% excess NaQH 21C N,E, *+ 216 XN.E. . 3
4C% excess NaCH 211 21iC R 4
: 4 - *One hour hcld period in mééhaﬁol o & %f %$ s % bk .
Ry NE. - 205.60 srgpegiot

l casa NaCH in metrnan

the reaction time at 190°C rrOm 1 ncur to 3. hours,,
CeSSrNaO (Buns 1 andi4 ]
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(205 6 *alﬂulated)

Dimethyl ether, 1dent1fied as a by product 1n‘other methanolic
NaOH hydrolysis reacticns, appears tu be the ‘main by-product.
Abcut 30 g of a low boller was trapped during venting of Run 17
(Experimental Section). PFormation of dimethyl ether would ac-
count for the pressure build-up during the reaction hold period
(see Pigure 2). At present, it is assumed that methoxide ion
attacks the methanol by an Sy, mechanism displacing the hydrcxyl
group as hydroxyli 1ion.

CH-0© + CH.OH - CH:OCHx + OH®
3 3 x 2

The methanol “e*ﬂvo“y for Run i6 {Table II) was Q6%, (u2% of
material conta‘ning 83% methanol ani 17% water). In Run 14,
assuming the same ~atio of methanol to water, methanol reccvery
was B84%. Recycle ~f methanol was not attempted.

rn wate: alone falled at 24C°C, owlng %2 insciubilicy
5f the Ar or. H- wever, about 4% (about B5% diprenni)

hy ireclysis Tao y.i2e in 50% methanol-water during * nours as
1cc°C {Run h) Siﬂg 20% excess base. These same -~oniltlons
should te a-tempiei using 80% excess NaOH.

’J

A*semp s %o hydr2lrze Aroclor 1268 in a 5-gailon vibrator-stir:
Biaw-Kn>x aut-:lave resulted in very 1itile nydrolysis. This
atsritu-ed to inaZequate agitaticn resulting from tod snert a
stroke on the vibrating discs.

Scale-uz from
Run 1€ in whi:
high pressures bu
cient agitation

er to 2-gallicn went smocothly except for

arge a batch was attempted. , Abnormaily
u
°

1

[
r<Hm
D r= D

e

i
e et

)

p due to a small vapor space. Insuff:-
ed in incomplete hydrolysis.

]

The reacti‘on appears to be sligh exothermic when 1722°C :s

-
c.¥
first reached. Hernce, some coo‘irg 15 always necessary uc
tne reaztion at 150°-1959C (see Pigure 2).

Acidifization was carrled out abov= QGOC since below this —=m-
perature the rroduct precipitates a3 a nydrate (Ref. ?) Azlds-
ficaticr was dcne cautiously since foamlng was encountersed at
the beginning of the acidifization n almost all tat:hes

The neutral equivalent was determinel by the methoi >f D. K.

Lynch, St. Lduls Research, and was estimated by :E. M. Hubbard
to be * 14 accurate. Based or this figure, material analyzing
2¢5.6 to 207.6 N.E. was assumed o0 contain theory diphenol

§
51 i %:onte
y;ric(in f,sta
methqd,
_Pﬁ t?:o¢

v

SEEEEE S B bR RERE b RAGE NS &
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ic1ding measure’ of: purity.

erent diffioult
ion was used as the d - .

ing*phen psas n e
rthe OH ysis, the N.E. determinat

1§A11 products melted at 60 68°C the fange-being attributed tb
~ the presense of isomers. .

BIOLOGICAL EVALUATION Table S of the Appendix contailns a

brief summary on the blological evaluation data on hyarolyzed
Aroclors 1242, 1248, 1254, 1262, 1268, 1270 and 1271. Only %he
last two are difunctlonal compounds, the others are mixtures of
mono- and dlhydroxy Aroclers (difunctlonal hydrolyzed

Aroclor 1268 has not been tested as yet) The lower :chlorinated
Aroclors undergo incomplete dihydrolysis. Biclogical data failsd
to show special new leads werithy »f further investiga-ion.

GLYCIDYIATION The chemistry of diglycidyiation s as fcllows:

e

A catalytic NaOd -
< :CHoCHGH Lt >

" OCHpCHCHy + 2 NaOH .,
- 1

0 C1

_VOCHoCHGHy + 2 NaCl + 2 Hy0
\ s .
o

(323)

he adagwation of the §t§ Louis tetrach¢oro ,bisphenol A glycic)l-- 3

tfon procedure (Ref f 2) ‘zives glycidyl ‘ethers of dihydrolyzed )

Aroclor 1268 which are high in epoxy content and very low in

hyd, 01 zable chlorine . the epoxy content é .30-5.56% oxirane

A et K _ a _°15*a-* he - wc dy etger . T
: ¥ ; 'gth
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Rk
The diglycidyl ether is a 1light 'amber resin melting a
Products withi lower epoxy oontent have hiﬁher melting. pf n -
perhaps due to the presence of "polymeric  units. The otting
and encapsulating trade would prefer a liquid glycidyl: ether,
but this cannot be obtained from dihydrolyzed Aroclor 1268.:
The lower-chlorinated hydrolyzed Aroclors might yield liquid
glycidyl ethers, but these hydrolyzed Aroclors are not completely
difunctional. The surface coating applications (which consume
the greatest quantity of epoxy resins) on the cther hand, pre-
fer the high melting resin such as this.

No measure was made of a shorter dehydrohalogenation step, nor
was the use of higher temperature, toluene, or chlorobenzene as
reactlion solvents tested. At thls early stage of investigation
our main goal was to prepare reproducibly high epoxy-content
diglycidyl ethers, free of alkall, for Applied Research.

APPLICATION STUDIES

Esterificatlon The structure of conventional epoxy resins is:

CHx OH CH=

/% A A
CH,CHCHp - o<:::>-c (9 )OCHQCHUHQ o(\r~ g£;§>OCH20HCH2

CH} n CH}

Since "n" 1s an average, 1t may have fractional values.

This structure can react with carboxylic aclds to glve esters
in two ways (Ref. 6):

1) Reaction of oxirane oxygen

Q OH
R-COOH + CHp-CH--- —> R-COOCH,-CH---

The ester group may be on either the d or f carbon atom.
No wg?er 13 liberated but a hydroxyli group 1is, rq{med
Reaction of carboxylic acld with hydrexyl. This is a
. conventlonal esterification with 1oss of water
§ ;9 v 1 zma be ;elfher th»
ini 1),_

DSW 621266
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ot HR L BT ERELET ¥ ¢
tion, the following may occur in varying degrees depend-
ing on reaction conditions: i . ¢ '
o ETE Y sF e

t -

%;) Ether formation
' 1

--CH- + CHy-GH--- —>  --CH--
Y |

9H
-OH 0

-CHp-CH- -

4) Hydration of epoxy by water
,0\ 9H
HOH + CHQ-CH—— -_ HO‘CHQ-CH--

- It has been shown that in the uncatalyzed reaction at 200° of
caprylic acid with an epoxy resin, the first three reactions
occur in the approximate order of 2:1:1. Reactlon (4) 1s sup-
pressed by the removal of water by azeotroping with xylene.

Our study of the esterification of the diglycidyl ethers of
hydrolyzed Aroclors i1s divided into several well defined areas:

ethers based on 30% dihydrolyzed Aroclors.

2) Esterification of oxlrane oxygen only of ethers based
on 1092 dihydrolyzed Aroclor.

3) The preparation of more completely esterified epoxies,
i.e., oxlrane oxygen plus some hydroxyl esterification.

Our initial work was on diglycidyl ethers derived from hydrolyzed
Aroclor 1268, from the St. Louis pilot plant, which was 90%
difunctional. The diglycidyl ethers derived from this phenol
were found to be unsatisfactory for casting purposes because

of their lack of 100% difunctionality. However, they did make
satisfactory coating resins. The presence of 10% morofunctional :
material apparently does not detract from this material's film .
forming characteristics. 3

We used soya fatty acid as a standard unsaturated acid, but made
some esters from tall oll to observe color and drying times.

l 1) Esterification of oxirane oxygen only of diglycidyl -

i % b cE oy kL
Veryéegrly in our work, we noted a marked variance in the rates
of esterification of the oxirane oxygen of the several ethers;

as sho n the following T e I1L and graphica in . Flgure 3.

w3t s3YTTIREITTLY
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Glycidyl Ethers of severol biphenols plus
Soya FATTY ACIDS

Disappearance of ACID
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gOYA PATTY ACID ESTERS OF GLYCIDYL ETHERS
(Oxirane Oxygen Only)

Ester % Reasction T%-e Reaction
No. Derivation Epoxy Hrs at 200°C Rate

354868-1 Aroclor 1270 3.83 . Rapid : %
354872 Aroclor 1262 5.39 Slow 3

N O

Slow

Slow
V.3low
V.3low _{
V.Slow ' 3

354873 Epon 1004 éBisphenol A) 1.68
354874 Aroclor 1268 : 5.10
354875 Tetrachlorobisphenol A 6.44

354877 Tetrashlorobiphenol 6.17 1
354881 Epon 828 (Bisphenol A) Q.4

QO = O\
~ooowunmuuu

The extremely fast reaction of 354868-1 was very interesting and
exciting when compared to the reaction time for Epon 1004. As

l further data accumulated, it was found that the fast reaction was
not limited to derivatives of Arcclor 127C, but also occurred in -
those of 1268 and 1262. The only significant difference that was

I found between fast and slow reacting diglycidyl ethers was one re- ..
lated to ¥ epoxy and consequent molecular size or "n" value. This

I correlation is shown in Table IV and 1n Pigure 4.

TABLE IV

SOYA FATTY ACID ESTERS OF DIGLYCIDYL
OF HYDROLYZED AROCLOR 1208 {90% DIFUNCTIONAL)

Mol. Wt.
Ester % (Based on Hydrolyzable Reaction Time Reaction
No. Epoxy % Epoxy) n Chlorine Hrs at 200° Rate , f

359068 5.16 620 0.17 0.35
354874 5.10 628 0.19 0.62

7.4 V.Slow
2
359060 4 g3 648 0.22 0.48 q
1
(0

5 Slow |
75 Slow o

359061  4.53 -706  0.35 0.0i5 00 Past

359062 ¢ §3.90 ¢ §820: ¢ 5+ ¢ Past

359094-1" 3.37 - 950 g

0

0 ©0.20° ¢
o _
359094-2 3,24 988 0.
i b B190i i .3
9

.5 V.Past
.5 V.Fast
E v V.Fast

559056 - 4 0,
%éipg
Iy
 51Y

RS ERE L 5l |

s 3
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FIGURE 4,

COOKING SCHEDULE

i268 + Soya FATTY ACID

Glycidy! Ethers of Hydrolyzed AROCLOR I
Tisappeo-rance of FATTY ACID l
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From this, an the' data, 1t appeara thc esterification of theA;
oxirane oxygen‘offthe iglysidyl ethers of 90% dihydrolyzed )
Aroclor is slow whel ﬂn is less than ‘0.3, rapid when "n" approxi-
mates 0.3. The uppe 1ilit for "n™ has not been well defined,

but it appears to be less than 5.4,

The observation of molesular size as a determinant in the rate

of esterification is supported by the following series of esters
made from the diglysidyl ethers of tetrashlorobisphenol A (Table V
and Figures S5 & 6) received from Organic Research (Ref. 7).

TABLE V

SOYA FATTY ACID ESTERS OF OXIRANE OXYGEN OF

DIGLYCIDYL ETHERS OF TETRACHLOROBISPHENOL A [Figures 5 & 6)

St. Louis 4 Reaction Time

N,;B, Reference Epoxy n Hours at 2C0° Reaction Rate —
A84890 6.4 0 3.8 Slow ]
AB8a980 33 1.2 14 Past
AB8LkgG8> 1.98 2.7 10 V.Past
A84982 1 06 6.0 2.0 Past

1.0 6 2 Very slow, incomplete
X The commercial epoxy resins further support our concept. Epon
1004 (n = 6) esterifies more rapidiy than Epon 828 (n = O). See

Pigure 3.

We observed that hydrolyzable chlorine 1in gross amounts 18 detri-
mental to a fast reaction. 1In preparation No. 359064, "n" was
0.82, and the esterification should have been rapid. However, -
hydrolyzable chlorine was 3.51% and the reaction was slow. The
series of esters reported in Table IV shows that hydrolyzable
chlorine content is not too eritical as ohloride contents range
from 0.00 to 0.89% and the distribution of values 18 random in
the series.

. At an early stage 1n O%E work,, 1t was fe.t that the,analysis for . .S
* epoxy ‘content was open %o queetion and that our seemingly slow » L
reastions were due to attempts to react more fatty acid than was L
- warranted by the actua ; oxirane content. Acoord&ngly, tvo ex-
perinenta?in gh-“i op 1P peri ] e ea dd . maing smal
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FIGURE 6.
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2 ited ¥
conventional epoxies (or those based on’ tetraohlorobisphenol A).
Reduction of time:in the kettle should be of economic lmportance
to the paint vehicle manuractuge;,_as ggoun in Appendix B.

As a result of our success with the 90% difunctional compounds,
additional successful efforts were made to inerease the di-
functionality of the hydrolyzed Aroclior., Our later esters were
all based on diglycidyl ethers of substantially 100% dihydroxy
polychlorinated biphenyls. The bulk of the samples have had an
"n" value of ca. 0.09. The reaction rates are rapid, but are
significantly slower than when the 9C% difunctional material was
used. We have no explanation for this. A number of esterifi-
cations are tabulated ‘n Table VI.

1 TABLE VI
Mol Reactlorn Time Rea2x:i:zn
Wi -~ Hours at 22¢° Rate Comments .
566 0 In 1 0C Fas: Ca{OH)p addes
, 580 ¢ (¢ 4 hp Slow -
s8¢ ¢ ¢ 3.25 Sicw Ca(OH)p adiet
ES Y 6.25 V Sisw
gcec o o= C-C 5 V Pas-
1CCC 1 ¢ C-C.S V Pas:

evidence we rave on the 1CC% bifunctional restins tends
=r3al U5 osuppirt our oneept - Tnat molecua.ar size influen e
ate of reaction nera are some exceptions

e I

Exrariments 367968 and 3 using a resin with 2= "n" vaiue of
¢ .*3, should have giver :ast reactions. They were slow even wn2n
l1ime was added %o catalyze the reaction. Tne method of synthez:z

of this particu:ar resin was different than the method used for
cther resins An attemp: was made to lncrease the "n" value by
reacting a digly.idyl e np" o "n" = 0 value with dihydrolyzed
Arocior 1268.. Each molecule of the i!phenol should react with
two of diglycidyl ether to give a mciecule with "n" = 2. The
resultant "n" of the resin was railsed to 0,35. However, this
¢ : method of synthesi® should not have’ beéd the reason for the slow
reaztion since Experiments 367955 and 56 used resins prepared in
a simila -manner and the reactlon was very Pas\..
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Lime in'small amounts, 0.15 to 0.20% based on epoxy, was effec-
tive in eatalyzing the esterification iIn some cases. It improved
the reaction rate in Run 367970 in which "n" = 0.06. However,
lime .was not so effective in other cases; fcr examole, Runs

367960, 367968 and 9269,

Only the esterification of the oxirane oxys=n has been described
<0 this point. Epoxy esters raving up to 0% ot their functional
groups esterified are the usuali commerclal! praducts.

The preparation of a number of tne more complev=ly esterified
esters 1s tabulated iIn Table VIT

TABLE VII

ESTEHRS OF PATTY ACID w./EPCXY JESINS

(C.5 20 2.% equivaient) "“I‘
Tome
Patty Ester Acid  A- Max - .
NBP Derivation Acld Leve. Viiue T=qr Teng. Comment - _ I
252097 Epon 10C4 Soya  50% il T IAnTg
254861 " " " 6C¥ 55 = 7 26C
234862 " " ) 50% L3 &ou ZEG I
259077 Aroclor " 80% 5.8 L0 2o n = (.35,
1268 % hydroxyl = 7._4%
259080 o " oTey 4 5.8 =3 270 n = 0.35, l
% hydrcxyl = 7 .4%
-264202 Epon 1004 Tall 90% 2.5 5.7 280
264203 Aroclor I
1268 " SC% .6 T o 220 n = 0.88
267972 " " Soya B0% 15.3 17.2 240 n = C.06,
: Ca(OH), presen:
Z72a9h5 " " " 7C% 8.8 4 nrz 23C n = 3,2 !

“ton of the Aroclor-

¥e found that the 50-90% complete esterifi-a I
.  epoxies takes place at tempe"avures 60°C iswer than the similar
E N esterification of Epons! This isinotewcrri.; and could be of con-
siderable economlc importance. The °xampl s c:ved are based on l
C This was

o~

S Y S
TR CTEYICOTREICOCFTIL
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The Aroclor-epoxies all show good stability during: the esterifi-
cation reaction. Nelther HCl nor Cl, was ever detected in the
off gases from the reaction. However, the esters do reach a
minimum acid value and if held at high temperature for periods
beyond thils, the acid values increase. No explanation is offered
to account for this phenomena.

These esters are quite fluid by comparison with Epon esters.
This does not seem to be attributable to molecular size as we

at first supposed. Number 372945 1s a 0.7 equlvalent soya fatty
acid ester of an Aroclor 1268-epoxy. Its molecular size is
intermediate between Epons 1001 ana 1002 and should be simlilar
to an ester of Epon 1004. ts viscosity 1s ouly A-3 on -the
Gardner-Holdt scale compared to a literature (Ref. 8) viscosity
of I to K for the Epon ester. This fliuldity would be advan-
tageous 1in spray or dlp appilcations wnere a high solids loadlng
with low viscosity 13 desir:ibie.

We attemp-ed to increase the viscosity of these esters by re-
placing par: of the soya fatty acidé with dimer acid. The vis-
cosity in Ran *67388 was inzreased from A-2 %o G.

ch to Increasing viscosity by 1ncreasing the

Another accroa
122 was made in experiment 367067 by reacting 0.141
b

molecular
mol of diglyr

2
v "a" vai.e of .06 with 0.023 mol of
phthalilc anny This "enlarged" diglycidyl ether was esteri-
fted with scoya fat acid Vis¢osity was not improved, remaining
atv A-4%_  However, s reac:ion demorstrated that phthalic
anhydride rea:zts iliy with digly~:dyl ethers, at least in
limited amounts. 8 property may be useful in making mixed
epoxy-alkyd <yre ins,

Skinning and gelation of the soiations of the esters of cthe
Arocior-eposxies takes place tec a lesser degree than in Epon
esters. No gquantitative measure of this was made, but the
results were definite. )

The Arocior-epoxy esters are more soiuble in hydrocarbon sol-
vents than zonvenwional epoxies, as shown:
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SOLUBILITY OF: EPOXIES IN XYLENE AND ACETONE
7 Xylene

Mol. w Ml Acetone

Epoxy n wt . igmé (m1) to Dissolve
1001 2.3 990 2 5 i.3
1004 : 5.5 1900 2 5 1.5
Aroclor 1270 0.76 834 2 5 c.5
Aroclor 1268 3.2 2100 2 g 0.8

This tolerance for hydrocarbon solvents by the Arocler-epoxy
could be of considerable economic importance. "Varnolere" may
be used instead of xylene, with simliar results.

We have shown in Experiment 373345 that the Arccior 1268-epoxy “,‘vé
; will cure high-acid-value alkyds.  American Cyanamid s Rezvl 7
) 1102-5, with an acid value of 28, was ased.
TABLE IX - l
CURE OF ALKYDS I )
Rezyl Xylene  Curing Res!stancze to Sclvents T
1102-5 (ml) Agent Xyierne A~=tone (C% NaOH 5% A1l l o
50 gms 35 none Jood Pailed Patlied Good I o
5C gms 35 Pb, Co, Mn ;
= driers Good Pailed Fatled Good .
50 gms 35 3.2 gms¥* I - .3
0.63 equiv. Good Fzi.2d  Improvei  Good w0y
50 gms 35 6.4 gms* 'H gy %
1.3 equiv. Softened - Improved Good e
50 gms 35 12.7 gms¥* Sorf tened - Rest - Good ' : 'é
S 2.5 equiv. No Attack .. B e
E#i bovd T A R ' - I b

*Aroclor 1268—3p_0xy L

&

§
A i ‘ 3 3 3
i it{‘ il: ;, "

DSW 621278
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' other 81Ky 2 1s effefted Hy¥

urea reains. Sush an alkyd system was successfully gured by
the Aroclor epoxy to give coatings of high gloss, fafr hardness,
good detergent resistance. and good flexibility. Resistance to
xylene and alkali was only fair. s

s

Coatings The estera prepared from the diglycidyl ethers of
90 and 100¥ dihydrolyzed Arcclors were evaluated as surfaae
coatings. Cobalt naphthenate drler was added equal to 0.04%
cobalt based on the weight of resin. Advance Solvent and Chemigcal
Corporation anti-skinning agent was used at a concentration of
0.25% based on vehicle sollds The vehicles prepared from the
100% dihydrolyzed material were also tested as enamels pigmented
with Titanox RA 50. The finlshes were coated on steel panels
and alr dried. They were eva.uated as to dry time, physical

and protective properties. and exoosure In the Weatherometer

and on the outdoor test racw.

The following soya esters o! the 2C¥ Aroclor-epoxy along with

contrcls based on Epons we=e e2va:uated. All are oxirane esters
except 354862 which 1s a SU#% equivalent ester.

TABLE X

DRY TIMES FOR VARNISHES MADE FROM EPOXY SOYA ESTERS g

Degree Print
Ester No. Derivation <! Ester  Set Free Tack Free
2548773 Epon 1CO4 Gxirans 10 min 1 hr 2 hrs
154862 Epon 1CO4 ~ % L0 min 2 hrs overnight
34881 Epon 8268 Ox:rane 2.9 nrs cvernight not after
, 4 days
354868-1* Aroclor 1270 " iC min 3 hrs overnight:
25u868-2% Aroclor 1270 " 20 mln 3 hrs overnight
A5U87Y Aroc .or 1268 - " 1 5 nrs overnight overnight
354872 Aroclor 1262 " 2 hrs overnight overnight
354875 tetrachloro - not after
. Dbisphenol A " 2.5 hrs overnight, % days
354377 ¥ - ¥ tetrachloro- R ‘ - f‘
" diphenol model " 2.75 hrs overnight not afte“

MR ESSEE L EakS & SRk al

compound

P E oy

DSW 621279
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CHARACTERISTICS OF EPOXY ESTER COATINGS

Mar Sward Alkali

Ester - Resis- Hard- Resistance Water

No. Derivation tance Adhesion ness 2% NaOH Resistance
354873 1004 Average V.Good 15 Good Excellent
354862 1004 Good Good 18 Good Excellent
354881 828 Poor Fair 4 Poor Pair
354868-1 1270 Average V.Good 17 Good Good
354868-2 1270 Average V.Good 18 Good Good
354874 1268 Average Good 10 Poor Poor
354872 1262 Average Good 13 Poor Fatir
354875 TCBPA Poor Good 10 Poor Fair
354877 TCBP Poor Fair 6 Poor Poor

In general, while the esters of Epon 1004 were best,

they were

closely followed by the derivatives of hydrolyzed Aroclor 1270,
1262 and 1268 in that order. The hydrolyzed Aroclor ester films

were much better than those of tetrachlorobisphenol A4,

ehlorodiphenol and Epon B28,

tetra-

Mar resistance is a8 qualitative measure of the resistance of the
films to fingernall scratching. The ratings reflect the surface
toughness of the longer chaln Epons as c¢pposed to the shorter:

chain chlorinated epoxies.

Adhesion was measured 1n two ways; first by scratching with a
knife and attempting to broaden the scratch, and by bending a
thin panel around a 1/4" mandrel. The chlorinated epoxles were

equivalent to the Epons in this respect.

films,

the Epon 1004 and much better than Epon 828.

¥

“n 5

¥
S B B RS &

The hardness of ﬁhe Aroclor-epoxy esters was as good as that of
the esters based on Epon 1004. Epon 828 and TCBP both gave soft

The materials rating good in alkall resistance resisted soften-
ing for ten minutes in 2% aqueous NaOH. Those listed as poor
were dissoived inifive minutes or less: The esters based on
hydrolyzed Aroclor 1270 were almost as good as those based on

« vy o+ om ot "*z'! A ?1
:'-‘rr-f-'gi“
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* ¥ elosely follo ed? :
All the films were more. resistant to water than they had been _'

to alkalli.

TABLE XII

PERFORMANCE IN WEATHEROMETER

Time to Pailure or Comment (Based on
Ester No. Derivation Completion of Test Visual Exam.)

354873 Epcon 1004 640 hours No failure
354862 Epon 1004 ' 640 " "
354881 Epon 828 640 " "
5 4868-1 Aroclor 1270 160 Failure
154868-2 Arocclor 1270 120 "
154874 Aroclor 1268 12¢

154872 Aroclor 1262 120

254875 TCBPA 12¢C

354877 Model Compound 12¢

Pailure was accompanied by a 2compiete loss of gloss and the
development of a dark brown color, starting at the center of
che panel and spreading o th2 ocuter edges of the panel as
exposure continued.

The esters based on 100% d‘hydrolvzed Aroclor 1268 and on Epon
1004 were similarly evaluated. Clears and pigmented esters at
+he oxirane oxygen and O 7 eguivalent level were tested., A
commercial epoxy ("Eponal"-Lowe Brothers Paint Co.) was included
for comparison. See Table XIIT

Tne pigmen-ed enamels were ie up according to the following
formulaticn:

Parts by Welght

Tizanox RA 5C ) 142
Resin Solution (5C% soin.) 284

o,

- NN AN DEN N N I N B N By B
" Bl RN SO

Either xylene or methyl 1sobutyl ketone (MIBK) was added to
give a suizable viscosity for grinding. Grind 24 hours in a
pebble mill adding_coyalt Arler and anti-skinning agent as

DSVV621281
-"l! LEY mr

T T RAFTIIIITIIITIINITINET

5
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RACTERISTICS OF ENAMELS MADE FROM

EPOXY ESTE

i :

RS

s. Eponal Qrey

These varnisnes and enamels were coated on steel panels.

. CHA
Viscosity
¥hite No. 4 Solvent
No. NBP Ford Cup 1bs/gzal. {(Other than Xylene)
w1l 267974 19 9.74 MIBK
w2 367976 52 10.38 MIBK
W3 367978 14 11.08 -
wh 367979 13 11.0C -
w5 367982 77 10.42 -
w6 367982 59 10.48 -
w7 367981 13 10.85 -
w8 C-17238 - Lowe Bro

MR R RASS LELRE AL EERRE b Eaks

The
dry time, and water resistance was as follows:
TABLE XV N
DRY TIMES AND WATER AND ALKALI RESISTANCE
Dry Time (Hours) Water Alkali
Coating Epoxy Dust Pree Dry Hard Resistance Resistance
c-1 10ch 0.5 1.3 Excellent Excellent
c-2 1CCh 0.5 1.5 " "
c-3 1268 >e<18 >2<18 Good Good
c-4 1268 >2<18 >2<18 " "
c-5 10cL S1<17 >1<17 Excellent Excellent
c-6 1cch 2 2 " "
c-7 1268 2 2 " Poor
c-8 Commercial 1 L " Excellent
w-1 “gok 0.5 1.5 Excellent Excellent
w-2 1coh 0.5 1.5 " " .
W-3 1268 >6<22 >6<22 Good. ~ @ood i
; Wil 1268 >6€22 { >6<22  Excellent ' i ‘Poor ;
- W=5 1c04 2 2 " Excellent
-6 . 1004 ¢ )
iTe .
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THe?
table:

PROPERTIES OF COATINGS AS PREPARED

Coating Degree Sward Flex1-

No. Derivation of Ester Hardness bility Adhesion
c-1 Epon 1004 Oxirane mn Good Pailed
c_2 n 1t 39 11 n
c-3 Aroclor 1268 " 6 " Pasaed
0_4 n n 8 n "
c-5 Epon 1004 0.7 equiv, 10 " "
Cc-6 " 10 " "
c-7 Aroclor 1268 " 6 " "
c-8 Commercial - 4 Pair "
w-1 Epon 1004 Oxirane -21 Good Passed
w-2 " " 24 Pair "
w-3 Aroclor 1268 " 9 Good "
H—u n n 9 n n
Ww-5 Epon 1004 0.7 equiv. 10 " "
'_6 " H 8 " n
w-7 Aroclor 1268 " 6 " "
w-8 Commercial - 22 Fair "

The marked difference between the hardness of the oxirane esters
and the Epons 1s understandable in terms of o1l econtent or
"length". The Epon esters are very low in o1l content, while

the Aroclor-epoxies are medium o1l length materials and should
be softer because of the increased 01l content. Note Table XIII.

The Aroclor-epoxies are excellent with respect to flexibility
and adhesion, equal to or better than the Epon esters.

Samples were coated on steel and Placed in the Weatherometer
for 400 hours.

STLCOPCB4095314



© .  PROPERTIES OF COATINGS AFTER 400 HOURS IN WEATHEROMETER o

Sward Hardness :
Coating Hours Exposure After 400 Hours
No. Derivation O 200 3200 300 Plexibility Adhesion
C-1 Epon 1004+% 41 50 60 50 Failed Failed
c-2 " * 37 50 68 4o " n
c-3 Aroclor 1268*% 6 8 6 4 " "
C-4 " * T 10 12 4 " "
c-5 Epon 1004 10 38 50 40 Passed Passed
Cc-6 " 10 48 58 50 " "
c-7 Aroclor 1268 6 22 38 24 Failed Failled
c-8 Commercial 4 Ly 62 48 " "
W-1 Epon 1004# 21 26 24 32 Failed Falled 2
W-2 " » oY 7\6 }6 38 n "
wW-3 Aroclor 1268+ 9 10 12 1C Passed Passed
w-4 " * Q 18 18 12 " " -
w-5 Epon 1004 1¢ 26 34 32 " "
H-6 n 8 36 3 30 H " o
w-7 Aroclor 1268 6 12 18 16 " " ] . 3
w-8 Ccmmercial 22 3y 26 28 Failed Failed SR

*Oxirane esters

The performance of the pigmented Aroclor epoxies with regards to .
flexibility and adhesion was most gratifying. They are equal to -7}
or better than the corresponding Epons or the control.

DSW 621285
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PERFORMANCE 0

¢

B N

R

N OUT-OF-DOOR

Coating
No. Derivation
c-1 Epon 1004+
c-2 " *
c-3 Aroclor 1268+
c_u ”" -*
c-5 Epon 1004
c-6 "
C-7 Aroclor 1268
¢-8 Commercial
W-1 Epon 1CC4+*
w_2 " ¥
W-3 Aroclior 1268+
w'u n »
wW-5 Epon 1iCCh4
w_6 "
w-7 Aroclor 1268
w-8 Commerclal

*Oxirane oxygen

Weeks Exposure
o 23 &8 8

41
41

Sward Hardness

58
58
14
22
22
24
20
16

26
3y
12
12
14
16
10
30

50
52
14
12
24
26
12
18

2u
22
14
14
18
18
ie
32

EXPOSURE_(DAYTON, OHIO)

After 8 Weeks

Flexibility Adhesion

56 ~ 50
ne 42
8 ¢
8 :
26 30
22 26
b 8
624
2 32
30> 24
20 L4
i2 18
16 2u
18 28
ic .23
32 28

Poor
n

Good
n

Poor
"

Pair
"

Poor
Falr

Good
"

"

This data parallels that for the Weatherometer very ¢liosely.

We conclude that the Aroclor-epoxy-esters are as good or better

than the corresponding Epon-esters,

: .
CET AT g E¥LITECc gy oo

-
X

inciuding the zommercial

RLRREEE

sample, as far as physical durability is concerned.

et
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appear £ the esters 1s indicated in the f llowing
table: .

TABLE XIX

400 Hours 8 Weeks
Coating Initial Weatherometer Qut-of -Doors
No. Derivation Color Gloss Color @Gloss Color Gloss

|
O~ OWN BN -

Epon 1004 Clear a5 Clear 81 Clear 88
n " " 85 1t 9 1
Aroclor 1268 " Brown 9 Brown 28
" " [1] 6 " 2 8
Epon 1004 " Clear 83 Clear g5
n n n 85 " 9 5
Aroclor 1268 C Brown 21 Brown 23
Commercial - Clear B8 Clear 95

aQaoaaan
]

Epon 1004 White % White 4y White 75
n n G " 55 n gu
Aroclor 1268 " < 13 Sl.Yellow 95
n n 27 n 90
Epon 1004 " ; 83 White 92
" - 1t 82 " 92
Aroclor 1268 " 65 Sl.Yellow 93
Commercial Grey 77 Grey 5 Grey 50

Ittlttttt
= VN =0 D =

The clear Aroclor-epoxies developed a grainy type of alligatoring.

The clear Aroclor-epoxy finishes could not be recommended for
outdoor service, due to their loss of gloss and darkening. The
pigmented finishes, however, stand up quite well out of doors.
These results illustrate the problem of correlating Weatherometer
data with outdoor performance.

The soya ester of the oxirane oxygen of Aroclor 1268-epoxy has

a chlorine content of 53%. This should give a good degree of
flameproofing to a paint prepared from it. A palnt was made up
based on the recommended formula of The Baltimore Paint and
Varnish Production Club Technical Commitzee on Fire-Retardant
Paints (Ref. 9). A control was also made containing a conven- .
tional non-chlorinated epoxy ester. The formulas are ag follows:

s ‘ K

‘;.}§€§§§
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S R SRk Pooae
Antimony Oxide . . 13.5 . 13.5 , l
Titanox RA-50 ) 9.0 9,0

Magnesium Silicate 13.5 13.5

Vehicle 64.0 64.0

(No. 367957, oxirane (No. 367970, oxirane
ester Epon 1004, : ester D.G.E. hyd. Aroclor
504 solids) 1268, 50% solids)

no chlorine 8.6% chlorine

Mill the ingredients in a pebble mill for 28 hours and add driers
and solvents as required.

Sticks of pine 3/4" square by 18" long were used 1n testing the
paints. Each stick was given two coats of the test paint The
sticks were dried in alr for 1 week following the second ccat

Tests were run in the hood with an aluminum foll shield around l
three sides of the test plece. The stick was hung in a verticai ——
position. The procedure was a much simplified version of the
ASTM Method D 1361-55T. Ignition was by means of a gauze wizk I
soaked with 4 ml of 95% alcohol. The height of the flame was T
taken at 10 second intervals for the filrst 100 seczcnds after Ig- .
nition. The weight loss of the sticks was also observed  Photo- l
graphs of the test pleces before and after the test show the
results of the fire tests (Pigures 8 and 9). The designatioa of e
the sticks are as follows: B 1s an unpainted stick, E the Epon ‘..
; ester, and C the Aroclor epoxy ester. The results are tabulatved I
¥ below:

TABLE XX

Height of Flame (1inches) for -
Sample B Sample E Sample C

__. ﬁ.,.‘.‘
]p“@ﬁoooooo

R A )

A GRES A EAEE & § Bl b B aled kS & DRSS DRGSR

STLCOPCB4095318



STLCOPCB4095319

DSW 621289




Aroclor-epoxies are superior to conventional epoxiea in fYame
retardancy as measured by flame height degree of charrin&,and
weight loss. ; . ‘..

Resin Curing A brief discussion of the mechanism of curing
epoxy resins should afford the reader a better insight to the
considerations involved in a curlng study of ep~xy resins.

34

Amine cures Primary or secondary amines react with th
epoxy group giving a secendary or tertiary amine and an
a-hydroxy group.

*H

0
R-NHp + CHy-CH-R' —> RNH-CHp-8u-:

-~
S

-
~o -

Ro-NH + CHQ;PH-R‘ B RQN—CHQ—CH—

o
The nitrogen of a tertlary amine can furiner r=at wi'h 3an eGIXY
ring to form a quaternary ammenlum comprunt foilowed bty chain
propagation. Polyfunctional primary ani z&: hlar, amines can
react as above or as cross-iinking agents by Tne f2l.owing
reaction:

HoNRNH, + 2CHy-CH-R' — R'-CH- ?H CHz-N-R- $ CHy-CH-R?

)
CH i H éH

If R* groups in the foregoing reaction coniain Other epoxy
groups, a cross-linked, thermcsetting polymer (s obttalned

From this brief discussion 1t can be apprexi=z-=i “hat a long

zhain will be formeil if the ratio of dlamine :5

2poxy 1Is stoichlo-
metric (ratio of avallable amino hydrogzens "< aroxide oxygen 1s
i:1) and that less than the equivalen: guan-i:y of diamine would

result in gaps in the chain. Purthermore, If the equivalent
i amount: of diamine 1s doubled,f each epoxy grcupd could react with
an amlne group without any coupling involved. )

ST T iyyTTUTTOC
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enoxlide group at room uemperature

Polyfunctional amines by themselvg;, or those, produced in the
initial reaction, can cduple epoxy resins.

At elevated temperatures and i1n the presence of certaln amines, I
other coupling reactions such as those involving the hydroxyl
groups can occur. Dibasic acids cure epoxy resins by esteri- l
fication.

Ccocunling can oc
e
ul

ur if two hydroxyls are situated on differenc
volymar mole S

~
-
o

Aciis may also react with an epoxy group T, ionating a hyiromen
{“h the formaticon of an ester linkage.

|

Tne total cure with an acid anhydride prccably iavolves toth
of the above ne:hanisms In general acil curing requires
t a

Y

U

s.udy of the varlables in the curling of eroxy resins involves

- unknowns. Anhydride-tyve equivalency (per epoxy equivalent)
about 85% of “heory, due to epoxy hydroxyls which, as they
-rm, serve as reactive centers and account for about 15% of
reaction. Amine equivalency appears near normal generalily,

ut equivalencles can deviate from 65 to 125%, depending pri-
marily on steriz factors. BFz adducts, t-amines, polymeric
curing agents, estc., all requlre detatled study.

O ot FY e o
3O Wi

in zeneral, 1n regards to the variables mentioned, Aroclor-epoxy I
>~zins resemble ~ommeru1a1 epoxies. Exrverience galned Iz curing
37udles of commzrcial epoxies can be applied to the Aru-lor- I
~xles within resasonable limits. ; The presence of the cnlorine

3

1

1:7 the Aroclor-epoxy resins apparently does not greatly alter .
:vs general reactivity with a wide variety of zommon curing
2zents for epoxy resins. However, in some instances the curing

>

.ents for Aroclor- -epoxy rnsins agg too reactive, so that insolu-
can'o"cun,, & -

T EEI N m%
some mOfo’unctional speg ’
) g 2p variet

Fi

x*es contai 1ng

3
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with the curing agent, and the evaporated prior to curing.

<~ Thls always led to superior cured products compared to that §
- obtained from a dry blend of the reactants, . -

A low melting epoxy resin (92°C) prepared from hydrolyzed %
Aroclor 1268 (90% difunctional) was cured with 6-15% by weight
of varicus polyfunctional amines. Optimum cure times were de-~
pendent on the size of the mass, the rate of development of
exothermie heat and the dissipation of this heat Best results
in terms of "high softening temperature products" were obtained
when using 6% triethylene tetramine, dimethylaminop“opyxdm*ne
or diethylaminopropyl amine. As the concentration of the amlne
was increased to 10%, the softening temperature of the cured
product was significantly lowered. This was probably due to
a high amine/epoxy equivalence, leading to a lower degree of
cure.

ith the development of a reliable oxirane-oxygen analysis for
Aroclor epoxies, curing studies could be performed on a quant!-
tative basis. The primary variable for study was then reduced
to the effect of epoxy content on the properties of the cured
product.

Our early work had indicated that with malei:z anhydride curing C
systems, the best results were obtained with Aroclior-epcxies &
of fairly low epoxy content and high hydroxyl content. (Such
materials contaln considerable amounts of the Di-a-giycerol-

monochlorohydrin derivative (GMH)). Prom the stoi:zhiometry,

1t appeared some additional reaction must be cccurring since 3
a large excess of anhydride was requlred for curing. If ©
stoichiometric equivalence of anhydride to epoxide oxygen
was used, abnormally long curing cycles were required and
lower heat resistance was exhibited by the cured product.

It was concluded that in these low epoxy resins tne excess an-
hydride must be reacting with the hydroxyl present and that
the products resulting from excess anhydride was no: some
phenomencn unique with the Aroclor-epoxy system.

Duplication of ‘earlier Aroclor/polyfunctional amine zuring
studles indiczted several problems with Aroclor-epoxies. As
resins of increasing epoxy content became available, the ex-
pected improvement in properties of the cured product, did not
materialize. Aroclor-epoxies with epoxy:contents apnroaching%
those of commercial resins behaved quite differently in the
Sense that extremely brittle products were always obtained.
o ,;variations in curing agent andicuring time appeared :to:al

; ¢ \ £ DOXY gihg & g b1l

DSW 621292
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Difunctional Aroglor-epoxies
dicted importance of complete difunctionality in Aroclor-epoxy
resins, an evaluation was made on the bisglyeidyl ecther of
4,41-p1-(2,6-dichlorophenol). This model compound (made via
ohlorination of dlhydroxy biphenyl)should be free of the mono-
functional, chain-terminating epoxides known to be present in
the eariy Aroclor-epoxies.

A model-compound epoxy, containing 91 5% of the calculated epoxy
content and very low (0.41%) hydrolyzable chlorine, exhibited
excellent resin-forming properties with several curing agents
(phthalic anhydride, p-phenylene diamine arnd HET anhydride).

Best results, in terms of high heat resistance and s-reungth,

were obtalined with epoxy compound cured with HET annydride at
85% sto:‘chiometric equivalence of anhydride.

It was noted that as the epoxy content of the model :cmpound
increases the melting point rises, probably a consequence of
the increased molecular symmetiry; a meltlng polnt of :83°C was
found for 6.7% epoxy material. It shouid be recogn'zei that
this high melting point Imposes some limltation as iz the type
of curing agents one may use. Many polyfunctlional amines used
in conventlonal curing formulations are volatile a: tempera-
tures ccnsiderably lower than this (1839C). Por th's reason,
the curing agents used in this study were restricted to higher
melting solids - particularly anhydrides - which cou.d be dry
blended or formulated with the resin in the melt.

Curing studles on an epoxy reslin derived from completely di-
hydric Aroclor 1268 containing 83 .5% of the calculat=d epoxy
content and very low hydrolyzable chiorine (0..7%) wers en-
couraging. This difunctional epoxy exhiblted excel‘ew: resin
forming properties with several curing agents,., partiz.al arly

i phthalic anhydride at 85 to 100% stolcniometric equi-alence

of anhyd“ide to epoxide oxygen.

Hith the preparation of a larger slze bau‘. (3. 5 1b.) of com-

pletely dihydrig Aroclor 1268 (5.42% oxirane oxygen and 0.18%

nr%pgiv udiga on larger size castzngg~vsu1table fon
cal measur Qta, ‘eould be made. This Aroclor-epoxy ex-'’
esin- forming properties w;th?phtna‘lc

DSW 621293
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Adhesive Studd,

Aroclor-epoxies containing monofunctional species Early

experiments 1ndicated that the Aroclor epoxy resins did not E
possess the inherent adhesive characteristics normally associated 3
with conventional epoxy resins (Appendix C, Table 4). g

Our initial study on metal-to-metal epoxy-adhesives was directed
largely toward obtaining good 2luminum to aluminum bonds with

the Aroclor epoxies. Efforts :to obtain the necessary shear
strengths to meet military standards were unsuccessful. The
highest shear strengths obtained with the Aroclor-epoxy were

ca, 400 psi as compared with 2C00-5000 psi for commercial epoxy _ __.
resins (Gov't minimum is 2500 psi).

Several experimenta were made, designed to "bulld-in" additional -
adhesiveness into Aroclor epoxy resins. A formulation containing
Aroclor epoxy {(ca. 40% by wt.), plus liquid phenolic resin and
hexamethylene tetramine did exhibit adhesion to wood, paper, and
aluminum. However, the shear strengths obtained of aluminum/—
aluminum bonds (200-400 psi) were far below target values. Fifty
parts by welght of Aroclor epoxy resimn (FD-4) was blended with
commercial Epon:834. The two components are compatible in all
proportions, We hoped that by using mixtures of Aroclor epoxies
with commercial .epoxies that synergistic effects of adhesion to
metal, high heat resistance and flame-proofness might be realized
with the cured product. It was found that the shear strength of
an aluminum/aluminum bond of Shell Epoxy/Aroclor epoxy mixture
decreases 2almost linearly) with »he amount of Aroclor- -epoxy
present. Appquix C, Table 4). ;i

To an epoxy Aroclor (218392) was addet 33% by welght of finely
divided aluminum powder. This was done by melting the epoxy .
and stirring: "luminum powder until ;a paste-like consistency‘
was obtained? chis mixture was fad ed dime;hylaminopropyl
‘aming {a’ {a gent‘ The' mithr§ ‘then dsed as ¥a bon
“Very poor bond atrengths were obtained

)"'
e 2

DSW 621294
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‘adhesive charaate
-/nvestigated :This oomplete
rom 4, 4'—bi (2,6- dichlorophenol

hydrolyzable ochlo) d exhibited good resin-forming prope
" with several different ouring agents. However, no improveme
in metal adhe io Vwas .ob ained

:i Dirunctional ep ; sin derived from Aroclor 1271 and Aroclor

1268, 1like the model compound, exhibited poor adhesion to
aluninum. However, the epoxy resin derived from Aroclor 1268
(5.42% oxirane oxygen and 0.18% hydrolyzable chlorine) appeared
to have fair adhesion to glass and porcelain. Equipment limita-
tions precluded astual measurement of these values. The shear
strengths of the aluminum to aluminum bonds were ca. 110 psi”
with phthalic anhydride cures. Some improvement was obtained
with bisaniline A cures in which values of 550-600 psl were
measured. These values are still far below the 25CO psi target
strengths.

These results cast a pessimistic outlook to the use of Aroclor
epoxy resins in an unmodified form in any adhesive applications.

Because of the limited time available for our study of completely

difunctional Aroclor-epoxy resins, no study was made on formu-
lation variations that might be expected to iead to improved
adheslion. However, on the basis of data obtained to date, the
use of Aroclor epoxy resins as metal adheslves does not appear
promising.

i
Casting and Potting Applications

¥
Aroclor epoxies containing monofunctional apecles
Attempts were made to translate findings from curing studies to
development or casting and potting applications.

Minlature electronic components were encapsulated using a varilety

‘ of Aroclor/curing?agent ‘systems. In most instances the residual
stresses developed during curing were sufficient to srack and
., rupture the casting :Varliations in curing conditions did not

: change. the; 1nherentgbr1ttleness of the final products. Similar.

i ;eftects?were not{ \n thin rilms and ‘glass laminates prepared

-y yro g TU TSP TTIIPFTITR]
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" ‘Metal:Inserts, 1 o rated intote Ly
" ‘were firmly’anchored'with no’ visu&i voldar

This 13 partioularly true |
applications where incomplete adhesion of the’ resin to the
potted component results in minute "free spaces” in the casting
which can lead to elesctrical break-downs or performance varia-
tions.

this type applioation. in eleotrioal

This area of application would requifé:6 nsiderable additional
study before the potential of Aroclor- epoxy resins could be fully
evaluated for potting use. g

Hydrolyzed Aroclor as an epoxy curing agent Curing
studies have shown that the hydrolyzed Aroclors themselves ef- —

I fectively cure Epon 828 to give hard castings. These castings

have improved flame resistance similar to that obtained when
HET-anhydride 1s used as a curlilng agent. Our data are listed T
in Table XXI.

TABLE XXI

du Al

(NBP - 3b2792) “7¥

2
Curing

Epoxy Curing Agent Agent Soluble Comment -

Epon 828 _Hydrolyzed - 20 Yes-70° . slowly. at§190 2
Aroclor 1268 : £ 5 . 7 ‘ped, Fbrattl&EE

" . 33 - ~rapid, .190- 20gJ ,

: S o - ) brittle‘r n 4f1ammab1e.;

DSW 621296
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BisphrnOI:A' LT .
Tetraschlorobisphencl A 3.49
% Hydrolyzed A_A;.jggﬁlorr 1270 3.37

% E F

The values were determined in 1-1 dloxane-water solution, using
a glass electrode.

Less than stoichiometric amounts of hydrolyzed Aroclor 1268
oould be caused to reast with and modify conventional Epons.

Aroclor-Epoxy Resin as a Stabllizer The epoxy resins have been

used as HCl acceptors and stabilizers for chlorine containing

resins, particularly polyvinyl chloride. The digiyc!dyl ethers

of tetrachlorobisphenol A and hydrolyzed Aroclor 1268 were equal

to Paraplex G 60 and Epon 828 in stabilizing polyvinyl chloride -

plastioclzed with tricresyl phosphate against the effect of heat I

and light. ,

TABLE XXII

PVC - 70O parts .
Tricresyl Phosphate - 30 parts
Stabillizer - 2 parts

Weather-
: Heat Stabiligy Ometer - Qutdoor
No. Stabilizer 5 Hrs at 150°°C 100 Hrs. 2 Weeks

i1 Paraplex G—60; - ¢lear-reddish clear- very slight
’ ' brown water white bleach &

- equals 1 equals 1 not as good

. . _ AR
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_ HYDROLYSIS The experimental details on hydro ys

4.

- HCE (Te

previously ‘reported (Ref. 1) and are’ repeated here
of completeness

1.5-Liter Batch (Run No. 14, Table I) Into a 1-1ite
Erlenmeyer flask was placed 1HL g reagent grade NaOH pellets

(3.6 moles, 80% excess) and 400 g methanol (C.P., Carbide &
Carbon). The temperature rose on shaking, due to heat of solu-
tion. After a short bolling period on the steam bath, some
makeup methanol was added and the methanolic NaOH was decanted
into a 1.5-11ter, 316 stalnless steel bottom-stirred Aminco
autoclave. The residual NaOH was dissolved in about 35 g dis-
tilled water and this solutlon was chargeld to the autoclave.
Monsanto production grade (Lot B86) Aroclor 1268 (224 g or 0.5
mole) was charged to the autoclave which was then sealed, flushed
out thrice with No (to 300 psig) and heated with stirring as
follows: —

Temp. Pressure e
Time Y psig Remarks -
o845 35 0 Both heaters on
o945 173 345
951 181 420 : Pixed heat off, 97 volts on variac
1001 190 510 Slight cooling required
1016 192 550 ‘
1101 193 605 Cooling water on
1308 25 ho

The bomb was vented slowly without agitation, opened and the
dark solution poured out, and the bomb was rinsed out with
water (ca..200 ml), which dissolved the solid NaCl. Distilla-
tion to a head temperature of 98°C yielded 423 g of methanol
plus water. The thick residue was diluted with distilled water
to 450 ml and filtered on coarse filter paper at about 50- -60°C,
to remove the small amount of solid. The solutlion was heated
to boilingiand acidified at reflux (Ref. 3) with’ 190 ml}cone.
i% grade ) henﬂ@ nk éxtra {HC1 was: added Aan 3
continued at ireflux: for about 30 min.. ‘The still*aci&

,was alloved-to stand overnight and: decanted
' : 12

DSW 621298
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Erlenmeyer, glasks were divide 08 g (25.2 moles or 80% ex-
cess)*NaOH and’ 2800 g methanol. The mixtures were shaken,
heated gently on steam baths and, after addition of some
makeup methanol, combined. Most of the remaining NaOH was
dissolved in about 250 ml distilled water and all the solu-
tions plus undissolved NaOH were charged to a 2-gallon, top-
stirred Autoclave Engineers autoclave. Aroclor 1268 (1568 g,
3.5 moles) was then charged and the autoclave sealed, flushed
with 3 x 300 psig No and then heated with stirring as follows:

Temp. Pressure
Time o¢ psig Remarks -

1130 35 atmos 95 Volts on both heaters

1205 116 50

1212 144 100 Cut bagsk to 90 volts

1225 166 200 ’

1227 Fixed heat off, exothermic reaction

' to 186°cC

1228 178 400 Intermittent heat on

1235 181 425

1245 187 50C

1248:30 ,190 525 Cracked cooling water iniet valve for
o a few seconds to control temp.

1255 - - ¢193 S+ 600 s F :

1300 192 600

1338:30 192 625 Cooling water on

The bomb was vented through a dry ice-acetone trap 1ln which
30 g of a low boiling material, probably dimethyl ether, col-
lectedﬁ,.Thegbomb was opened, the ‘batch was siphoned out and
the reactor was washed out with one“liter of distilled water,
The methanoliwas distilled to a head temperature of 94°¢ and
2565 g of} methanol and water (17% water by Karl Fisher titra-
tion): peooverﬁg.q The batch was diluted with water to a final
(volume jofga ,b‘ L9 liters and; filtered hot on coarse Lilter .

R 7ef#5hal1 famdunt bf ‘sol1fiidatdrialt wasfremoved: § ¢

é% wasgacidified carefully at aboub 95-1 oC ‘with

3 {HC1§ then 25 mlse cess acid was :

&
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the residue wagim
yield was 1300 g

GLYCIDYLATION

O
e,
TG

Expt. NBP 367489 Dihydroiyzed Arocicr 1268 (0.5 mole, 206tg,
N.E. zou made by J. R. LeBlanc NBP 365470) and Shell epichloro-
hydrin (6.0 moles, 556 g) were placed in a 1l-liter, u- necked‘
flask equipped with a mechaniral stirrer, dropping funnel
denser ind tnermometer. The mixture was heated to 90°C, then
05 mole of NaOH as a 50% agueous sc.ution was added over a ¥
14 minute perlod A miidly exctuerm:. reaction took place and

brougnt ihs mixture to rer! ix In 3% mlautes. the solution be-
came neutrai. Excess epich! .ronydrin and water were distilled
at 20 mt pressure, and at a maximum pot temperature of 100°C. . .~

The hot residue was diluted witn /30 x of tenzene and one mole

of NaOH as 2 50% agqueous Bo.ition ‘a S0% molar excess) was added.:
The mixture was refluxed wit- s;irring “or 7 © hours and water
was remcved azeotropically The 30.uatilon was diiuted with

benzene and washed to nedtra:iiy w:-n . 8-iiters of water, at
whilch po2int tne neutral water wash remaincs ¢liear on acidification.
The benzene solutilon was dried by distillaticn. then the solvent
was removed Pinal traces cf tenzene were removed at 120-30°C
at 2-4 mm, or at 150°C at 20 mm. for 20 minutes. The’ product
(221 g) 1s a light amber res:n. m p 46-7°C. The yleld 1s

84 5% based on dinydrolyzed Aro-.lnr .268 charged.

Anal Pound: % Epoxy - > &

s

a tnree-fn:d scale up experimen

Expt NBP 367491 °  This :s

from tne previous with tne a:fleren e that a lower (1:6). &
hydroivzed Arocior 1258 to ep:-n!ororydria mo.ar. ratio was u
In this run, the odium sh.lor:de forw-: was:extracted with
before the ex epls 1orohydr1n ased was distilled off.
separation’was 1% ¥ THe restidue iwas d! h¥ed with benze
treated with the gxceas #odlim nydroxide’as’in previous
. ment then was{ ashed,to meutrality with vaterv(emulsionL

DSW 621300
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£ ldly exothermic regﬁtion took place
after 7 minutes whe ol 1 NaOH had been added, and the mixture
refluxed. In 40 minutes:the solution became neutral. Excess
eplishlorohydrin and water were distilled off:at”"20 mm pressure

at a maximum of 100°C. - The hot solution was diluted with ben-
zene (4.8 moles, 3h40 g) refluxed, and 2 moles of NaOH was added
as a 50% aqueous solution (a 50% molar excess). This was re-
fluxed for 6.5 hours as given in experiment }6"h89. The solution
was diluted with 400 g of benzene, and the residue washed with
more benzene. The flltration was slow and the washing was in-
complete since the filtration residue contained 57 g of water-
insoluble material (glyecidyl ether). The filtrate was dried by
distillation, then the solvent was removed. PFinal traces of
benzene were removed at 1-2 mm at 100°C. The product (442 g)

i3 a 1light amber resin, m.p. 49-5C°C_. The yield 1s 84 5% based
on dihydrolyzed Aroclor charged. The material 1s slightiy
alkaline.

Anal. Found: % Epoxy - 5.33; 5.47
% Hydrolyzable Cl - 0.07; 0.09
Alkalinity - 0.013 Milllequivalent N20H@gw resin

The 1dentical experiment (NBP 367467) made at a 0.25 mole scale
gave a 92.8% yield due to more complete washing of the fliter
cake; thls cake contained 4.4 % of water insoluble materiai.

The final product analyzed 5. 4hg epoxy oxygen and 0.10% hydrolyz-
able C1, S I S

ESTERIFICATION Our esterifiﬂations follow the method re-com -
mended 1n Reference 8

The reaction was: car“ ' out in a four-necked flask. fitted with
:a stirrer, gas inl ) 3gvgnt tube, and thermometer. Nitrogen
e at approximately;b- bles/sncond was pz'::ased"=
kg g § reacbion mixture : g E X g., Foood f .

ks .
M NN N N N BN N N NN EN =N M O  ER l!' -

DSW 621301

AEil sy i XA

"1?7‘"?”*7*3¥?ﬁ1i¥5'

STLCOPCB4095331



“The reactants were heated

ture until a low acid yalue was p
5 minutes to reach an aoid=vdlu 5
.5 minutes after reaching 200°C.
dissolved in an equal weight of xy e.
poises (25 - Gardner- Holdt), Color ='7.

Expt. NBP 35&868 Esteriflcétion*bf 6£iiane oxygéh of
diglycidyl ether of hydrolyzed Aroclor 1270.

125 gms Diglycidyl ether of hydrolyzed Aroclor 1270
3.83% Epoxy "n" value 0.76

84 gms Soya Fatty Acid (Armour Neo-Fat 127). g

. Initial acid value = 81 i

The resin and fatty acld were heated to 200°C. Aft er a total

time of 1 nr, 55 min, and 30 min after reaching 200°, the acid
value was 1.47. After this the acid value started to rise.

At a value of 2.25, the ester was divided, one-half was dis-

solved in an equal weight of xylene and the other half heated

for a tctal of 5 hrs, 15 min at 200°, and 8 hrs, 5 min at 260°. ——
The acid value finally rose to 20.0. The off gases were

scrubbed to remove HCl during thils experiment; no 1lndication

of chloride ion was found in the gas scrubber. The viscosity

of the portion heated to 20C°C was 35 centlpoises, Gardner-

Holdt N. The color was 7. -3

Expt.. NBP 359094 Esterification of oxirane oxygen of
Higiycidyl ether of hydrolyzed Aroclor 1268.

50 gms Diglycidyl ether of hydrolyzed Aroclor 1268,
3.37% Epoxy oxygen, "n" value = 0.85 :
29.5 gms Soya Fatty Acid (Armour Neo-Fat 127). e
Initial acid value = 37.0

LT

The previously described cycle was followed. After 1 hr,

10 min total, and only 15 min at 200°C, the acid value was
2.13. During the next 30 minutes the acid value started to
rise. The ester was cooled and dissolved 1in an equal weight

of xylene,

Ta11 rattyg ;ést%r of Shell Epons

¥ AR =
E;pt NBP }6&202
0.9 equivalent.

H ;oiéué it b
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s point and the“ba L

Expt. NBP 364203 Esterification of diglyeidyl ether of
hydrolyzed Aroclor 1268 with Tall Patty. Aoid 0 91 eater.

150 gms Diglycidxl ether of hydrolyze " Aroclor 1268,

3.3%4 Epoxy "n" 0.88

143, 8 gms Tall Patty Acid (Arizona Chemical Acintcl FA 2)

Initial acid value = 98

The usual procedure was followed. The temperature was held at
226°%¢ The total time to an acid value of 9.6 was 10 hrs,

10 mt n. of which 7 hrs, 50 min was at 220°C., 1If the reaction
had been stopped at an acid value of 13.8 comparable to the
12.5 of the preceding ester of Epon 1C0O4, the time would have
been 6 hrs, 25 min at 220°C., The ester was dissolved in an
equal welght of xylene,

Exp-. NBP 354809-4 Preparation of poiyester.

4,2 gms Hydrolyzed Aronlor 1270 diglycidyl ether 253864
1.5 gms Benthal
0.5 gms Fumaric acid

The ingredlents were heated on a hot plate 15 minutes at 400°F.

The product was cooled and ground in a mortar. 2.1 gms cf

above resin was dissolved in 0.9 gms of Styreme. One drop of °

cobalt naphthenate and a trace of benzoyl peroxide was added.
The material was heated in a hot water bath to yield a rubbery
resin which became hard on standing overnight. This material
would burn in a flame, but would not support combustion.

Exps. NBP 359094 Preparation of polyester. . % I

4,17 gms Diglycidyl ether of hydrolyzed Aroclor 1270
1.29 gms Benthal . _
0.25 gms Malelc anhydride

0430 gms . i '

v o w o W g - - .- 2 = v oee - T
i ; i TTTTTRYTT :

i
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Joya Fatty Acid and

_gns Diglyoidyl ether of hy zed'Aroolor.
“H0 gms Soya Patty Acid (Amour?)uo—rat 127)
5 gms Dimer Acid (Bmery - HNGI R)

Materials were heated at 260°C for one hour to obtain an acid
value of 13.28. The acid value did not“fall any lower but-
began to rise. The final viscosity of this material was a
Gardner-Holdt @.

CURING STUDIES

l Melt Mixing Curing studies on Aroclor-epoxy resins were per-
formed on a 5 g scale by several different techniques, dictated

. largely by the solid state of the resin. In the melt technique,
five grams of resin were added to a test tube (which had been
well lubricated with silicone), melted and the curing agent _—
added. This method imposed several limitations; one, if the

l melting point of the Aroclor was higher than that of the boiling
point of the curing agent (which i1s often the case with liquid v
amines), the curing agent would be partially flashed, and the i sy

I stoichiometry of the curing reaction would be unknown; two, at
the temperature required for melting the Aroclor epoxy, .addition
of the curing agent often led to violently exothermlc reaction.

In addition, at the high mixing temperatures, the curing agents
are often so reactive that insolubility occurred before suffiocient
reaction time ensued. For these reasons, melt mixing was re-
gstricted to slower-reacting, solid curing agents such as acid
anhydrides.

Dry Blending with Liquid Curing Agents In instances where a
low-bolling, liquid curing agent was to be used, 1t was dry-
blended with the Aroclor-epoxy, at room temperature. Although
this method leaves a lot to be desired in terms of dispersion
1t did lead to fairly satisfactory results.

of the curing‘agent,

r

. ;. An alternate procedure was to dissolve the Aroclor-epoxy and )
Rk f% tthe fourif fﬁgent in a mutual ‘s6lvent, fe vﬁporate the fsolventf, § @t ¢

’ i and .reco er: the mixture. One difficulty!encountered in this
‘qethod

inding a sufficien ly low- boiling solvent which can
d jgd “
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cing w - Q
however,’ the difrioultiea mentioned \
are similarly troubleaome. i

The Use of eaotive Diluents: The use of reactive diluents a
both solvent and curing agent, sush as allyl glycidyl ether, ete.,
was not extensively studled. Such reactive diluents are known

to lead to lower heat distortion products. Since heat resistance
was one of the expested "plus" values of Aroclor epoxies, use of
such diluents could effectively mask this important property.

Curing Conditions Optimum curing temperatures and times must
be determined emplirically for each suring agent. 1In general,
acld and anhydride cures require longer times and higher tempera-
tures than amine cures. The addition of catalytic amounts
(€1.0%) of amine will sometimes accelerate anhydride cures

Evaluation of Cured Products Our oriterion for cure, adapted
to a micro-scale, was the behavior of the cured product on a
melting point bar and 1ts solubllity characteristics 1n a seriles
of selected solvents. 1In general, a product which exhibited no
visual change in appearance at temperatures up to 300°C, and re-
mained unaffected by the selected solvents, was considered fully
cured. Most of the early Aroclor epoxies (found later to con-
tain monofunctional derivatives) led to cured products which
were very brittle in nature and "soluble 1in" or "attacked by"
a variety of solvents. Such behavior 18 not assoclated with
high molecular welght, highly cross-linked epoxy resins,

i

ek s

In the evaluation of the completely difunctional Aroclor-epoxy,
larger size castings were made, from which test specimens for

heat-distortion temperatures were cut. l{!’he measurements were .
made in accordance with A.S.T.M, procedure oo
Adheslve Studies : Our method oonsisted of lap-bonding aluminum
strips (Bl gx 1" x 1/16") which haveifirst been degreased in |

£ trichlorogfhiylend Bnd & e § lruricaacid/dichromate‘
Z solution.{
- test area

S S

=5 :A‘." o

. 17‘?_— ._??._.,.. gt S .iT.,:?.......‘??:., T’v’ P A2 b -’y..
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nd fensapsulation ‘expe
dding uin:lature elestronie par 8
omulations. : )

Glass Laiiﬁating - Both wet and dry lay-up procedures were
employed ro aration of glasa laminates.

In one 1nstanoe glass oloth was covered with a dry blend of
Aroclor-epoxy and curing agent, and a sandwich structure built

x adding alternate layers of glass cloth and epoxy mixture.
The sandwich"” was contained in a mold and cured, _
Another method ‘consisted of dipping glass cloth into a solution
of Aroclor-epoxy and curing agent, evaporating the solvent, and
repeating the operation untll a sufficient thickness of resin
on glass was obtalned.

In both of these instances, the cured products were too brittle
to be of any interest. There was no opportunity to evaluate

the completely difunctional Aroclor epoxies in this application,.

:T - YTY
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Patent disclosures have also been submitted for the
uses of hydrolyzed Aroslor:

1.

‘ohibrinated polyphenyls, to give complete phenolis difunction-
ality. (p2472) , . 1t . :

% : g — BEsisx
u 8:-been ‘submitted covering the use of at
0% excess NaOH in the hydrolysis of Aroclor 1268, poly-

Ly &

following

The reaction of hydrolyzed Aroclor with compounds containing
an epoxy group, e.g. epichlorohydrin. (D1869)

Hydrolyzed Arcclor as industrial preservatives. (D2078)

Glycidyl ethers derived from hydrolyzed Aroclor as

stabilizers for polyvinyl chloride and as plasticizers,
(D2320, D2%21)

The preparation of fatty acid esters of diglycidyl ether T
of hydrolyzed Aroclor. (D2335)

The preparation of casting resins by the reacticn of
equimolecular quantities of diglycidyl ether of hydrolyzed

Aroclor, benzoic acid, and fumaric acid and cross~linking
with styrene. (D23555

The preparation of a thermosetting resin by the reaction

of diglycidyl ether of hydrolyzed Aroclor with a dicarboxylie
acid. (D2356)

Diglycidyl ethers of hydrolyzed Aroclor as a8 curing agent
for epoxy resins: (D2477, D2506)

The use of catalytic amounts of lime in €poxy reactions.
(D2567)

"
e TS
o

The use of diglycidyl ethers of hydrolyzed Arocloré to
cure high acid value alkyds. (D2568) s

TEITT T COTRYT IR
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by J. R. LeBlanc, dated July’l

R. C. Cass, St. Louls Researah Report No. P—762,?'Suégested
Procedure of the Preparation of Diglycidyl Ether. of Tetra-
chlorobisphenol A." s S

Dazzi (1), "New Epoxy Compounds Derived from Aroclor", Memo
to the Idea Review Committee dated 11/16/54.

Dazzl, "New Organic Chlorine (Aroclor) Derivatives", Memo
to the Idea Review Committee dated 4/26/55, :

"The Aroclors and Other Halogenated Aromatics as Chemical
Intermediates," Memo to Dr. C. A. Hochwalt from J. Dazzi,
dated 1/16/56; Part I1 - continuatlon, "Sulfur Containing
Compounds", dated 12/14/56; Part III - continuation,
"Nitrogen Containing Compounds", dated 11/7/57. L
Schecter, L. and Wynstra, J , Division of Paints, Plastics
and grinting Ink Chemistry, Preprint Book, Vol. 15, No. 1, -
p. 280.

Letter - John F. Palmer to J K. Craver, March 28, 1957.

"Epon Resin Esters for Surface Coatihgs,“ Shell Chemical
Corp.

"Studles in Pire Retardant Paints III,“ Official Digest,
Vol. 28, p. 942,

"High Strength Epon Laminates,” H A.D.C. Report No. 52-5 -
Supplement 3.

Earhart, K. A., and Montague, L. G., Division of Paint, :
Plastics and Printing Ink Chemistry, Preprint Book, Vol. 16,
No. 2, p. 200.

Kosmin, M., R&E Division, Research Dept., TR-9, R&E 1957,

- "Hydrolyzed Aroclor 1268 Process."
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) Percent epoxy - determined by analysis, reported as per cent
* oxirane oxygen.

Epoxy value -

Epoxide oxygzen content (% Epoxy)
16

1 16

Epoxy value ~ % Epoxy
(grams of resin containing one gram equivalent of epoxide)

x 100

3. Epoxy equivalent weight =

4, Equivalent weight = grams of resin required to esterify
completely, one gram mol. of a monobasic acid, e.g., 60 gms
acetic acid.

5. Calculated molecular weight = 2 x Epoxy equivalent. .

"n" number = Mols bisphenol-1l, or
Mols epichlorohydrin-2, or -

Number of hydroxyl groups, or

I Calculated M.W, - Wt. outside bracket in formula
i

Weight 1inside bracket in formula

Functionality = Mols eipchlorohydrin + 2, or
« 2 *Hols biphenol + 3, or

L : : LoF

n+h.
Percent hydroxyl = determined by analysis.
Percent hydrolyzable chlorine = amount of chlorine,

other than that attached to the aromatic nuclei, left
; L in the resﬁn. '

L

‘Calculations for‘Epdxy Esters Ref. 1) For preparatlion of the
i ,0xirane ester of;the diglycidyl etners, the calculation 1is as
?Gfollows. :

Rkl

i

)

DSW 621310
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caloulati thefambunt of ratty ac1d ¥or th ﬁmore c
teririedgdiglyoidyl ethers, two poasibre methods can

If the equivalent weight 1s known.
, ,
Required Fatty Acid = "918*";_843"“?1 ether y Eq. wt. of
Eq. Wt. © Patty Acid

If the equivalent welght 1s not known, the following course
may be followed:

Furctionality = n + 4 by definition

Caiculated Molecular Wt.
n+ 4

= Eq. Wt. (calculated)

IWt" )r“a*? y:fdy’ efhg; X Eq. Wt. of Fa-ty Actid | x Fractional
Eq W calzulatei) |7 amount of
complete
esterification

APFENDIX B

bl culations* for Preoarau-un of 20C Gallons of Epoxy Ester
-O_equivalent]

Charge <o kettle - Charge to kettle <
148z 1b Evon 1004 627 1bp diglyeidyl ether
627 1b Soya Fatty Ac:d 630 1b Soya Patty Acid

Sparge with CO2 and heat. as S00n as melting is complete, start
agilation. Bring to requlired tempe"ature and hold for desired;
azid value, - B <

260°C (5000F) 20coc (39201?)3 S
for up heat - 235 hours Time for up heat -
Acid value - 6 9 . cid value'
' ' 7 ﬁimerto acid vaTus
- l houri(to 3500) _ Cool - 1 hour

1nd p ritrs -~ 0.5 pr b i Ln

T
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Triethylene Tetramine

Dimethylaminopropyl Amihe
Diethylaminopropyl Amine
Phthalic Anhydride
Pyromelletic Dianhydride
Durene Diamine

Diethylene Triamine
Phenylene Diamine

Maleic Acid
Diaminodiphenylsulfone
Dimethyl Aniline

- ' Al . - :
ik Shlieladieds S cnlinde Sedidialinde B dh el 3. Ao bt 2 R A 1 G di-b & S fcls s Sl &
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'EFFECT 'OF CURING VARIA

Lo
W b

Sample PPH of % 7 Todring  Softening
~wzldentl-  Curing : ¢ ; - ik ., .;Conditions Temperature
- ""fication’ Agent ‘Hegs R

Aroclor . 12 1-Cyanoguanidine
310448

1-Cyanoguanidine

’

>

1-Cyanoguanidine

.

1-Cyanoguanidine

ANOWMOoOW UOWOUW VIOUIOW ...\ OW O

.

l~Cyano§uan1dine

" =
2N N it O OO NN -O NN = O N0 NN

p-Phenylene Diamine
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e
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Sample
Identi-"
ficatilon : Agent

Aroclor = 12 o-Phenylene Diamine
310888 ;4 . |

Glutaric Acid

NN =O OO
yTowvowun wvowunmowm

Ethylene Malelc
Anhydride
Triethylene Tetramine

Diethylaminopropyl
Amine

Dimethylaminopropyl
Amine

.

Maleic Anhydride

%Ethylene Maleimide

2
2
2
2
2
2
2
2
2
2.
0
1
1
2
2
0
1
1
2

2

. . - - - . .
SOoOouvowum vowuowm [oNeXel [oNoNe] oo owm

AR ®
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P
ol eXeo)

© O oooo

?fbiethylene Tetramine
Diethylaminopropyl
Amine

Diethylaminopropyl'
Amine
Triethylene Tetramine
Diethylaminopropyl
Amine ’
Triethylene Tetramine

IR 5 Il & gy |
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, 91-4, 96-99, 356400; 365951, -2, -k,
’,~ 763{ '69; 3659707 ‘1: -3, ')4, ‘5,7,7—6.

e %

351 5t0 354881 incl., 354884 to 354900 1nel.;

© 359051 to 359054 1inel., 359056 to 359083 inel.,
359094 to 359100 incl., 364201 to 364207 inel.,
364245 to 364247 1ncl., 366951 to 366952 inel.,
- < - 366955, 366972 to 366974 inel., 366977-78,
.o 366991 to 366995 inel., 373940, 373945,

Grant - 367951 to”
379803; ..
Craver - 342751, 342752, 342792, 342797, 342798.

Herbig - 322801-07, 10-13, 23-27, -32, -34, -43;

o4, . -07, -08 %-15, =15, 19-21, 23-44, 46;
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310448; 316057, 098;.323108, 131; 328956; -
0 :I,go;%3h6529ﬁ£52; 78; 353864, 865é.8%
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Diglycidyl ethe

Epon 1004 and 828 l
Epichlorohydrin
Soya Fatty Acid .
. Tall Fatty Acid l
Dimer Acid M-461- R
Allyl Glycidyl Ether
Maleic Anhydride I
Triethylene tetramine
Dimethylaminopropyl Amine !
Diethylaminopropyl Amine . Carbide I
Phthaliec Anhydride i Monsanto : o
Benthal - Lh o Monsanto @ - . .
Pumariec Acid . Monsanto - ) l
Styrene "~ . Monsanto
Pyromellitic Anhydride ; DuPont
Durene diamine -« Experimental

° Diethylene triamine : " Carbide ¢ I

: Phenylene Diamine : - Mallineckrodt
E ‘ . Maleic Acid , - Tennessee-Eastman 3
. i . Dia.mino :diphenyl sulfone : o ¢ Expenimental I
“% Dimethyl Aniline- = - T Egk g

Rezyl :1105 . I

rachndy f dudulicls 2 bt T & e -
" ¥ 1 3 g T o - S

STLCOPCB4095359



-~ blsphenol
'*iEsters of Digl_cidy Ethers (100% difuncmonal)

. Cure of Alkyds s .
‘Dry Times for rnishe Made from Epoxy

Soya Esters:
Charasteristics of Epoxy Ester Coatings
Performance in Weatherometer
Esters Used in Evaluatlion of Coatings

,TCharacteristics of Enaméls Made from

kS

Epoxy.Esters

Dry Times and Water énd Alkall Reslistance

Properties of Coatings as Prepared

» Properties of Coatings After K00 Hours in

Weatherometer

" Performance on Out-of-Door Exposure
a‘Appearance after Weatheromeuer ‘and

or Epoxy = - 3
ons on Aroclor

I TYT T TNYY

STLCOPCB4095360



'Errect of Excess NaOH on }Lvdrolysia

Aroclor 1268 :

Figure Time-Temperature-Pressure-Data
Hydrolysis of Arocclor 1268

Figure Cooking Schedule - Glycidyl Ether of Several
Biphenols plus Soya Fatty Acid

Figure Cooking Schedule - Glycidyl Ethers of
Hydrolyzed Aroclor 1268 + Soya
Fatty Acid

Figure Unreacted Patty Acid in Reacted Mix vs.
Time at 200°, Glycidyl Ethers of
Tetrachlorobisphenol A

Filgure Esterification as a FPunction of Time and
"n" Value

Figure 7 Cooking Schedule of Diglycidyi Ethers and
Soya Patty Acid

Figure Wood Sticks Before Pire Test

Figure Wocd Sticks After Fire Test

el L _ o R , - v :
R I T T T T T SN - . .
, ¥ LI B A B O Sl & | T Lk TT TTIT

STLCOPCB4095361



Conten

PURPOSE

SUMMARY

CONCLUSIONS

L

RECOMMENDATIONS

-]

) V., DATA AND DISCUSSION g
Hydrolysis S
Blological Evaluation 35
Glyclidylation 5

pplication Studies N}
Esterification 16
Coatings 25 T

41
Amine cures 1 -
Curing generalizations 42
Aroclor-epoxles containing
some monofunctional species 4z
Difunctional Aroclor epoxies 44
Adhesive Studies ac
Aroclor-epoxies containing .
monofunctional species . 45
Difunctional Aroclor-epoxy 16
Casting and Potting Applications 46
Aroclor-epoxies containing :
monofunctional species 46
Difunctional Aroclor-epoxy 46
Hydrolyzed Aroclor as an epoxy
curing agent i%

Aroclor-Epoxy Resin as a Stabilizer
£ S SR ‘. :

I Resin Curing

?

1

%
;
3
;s
,
2

R L REEROREEE A5
STLCOPCB4095362



EXPERIMENTAL DETAILS

Hydrolysis i
1.5 Liter’ Batch
2.0 Gallon Batoh
Glycidylation
Expt. NBP 367489
Expt. NBP 367491
Expt. NBP 367469
Esterification
Expt. NBP 354873
Expt. NBP 354868
Expt. NBP 359094
Expt. NBP 364202
Expt. NBP 364203
Expt. NBP 354899-4
Expt. NBP 359094
Expt. NBP 367988
Cu"ing Studles
Melt Mixing
Dry Blending with Liquid Curing Agents
ry Blending of Sclld Curing Agents
The Use of Reactive Diluent
Curing Conditions
Evaluation of Cured Proiucts
Adhesive Studles
Po<:ting Experiment
Glass Laminating

PATENT STATUS

REFERENCES

RN I k2 - e ;- o - - - - e
TY T T SAIIRY I cr e rEY e T Yy

DSW 621333

W e -

IR

“IT T 73T,

STLCOPCB4095363



Calﬁ tions for Epoxy Esters

‘Caloulation for Preparation of 300 Gallons

~ _of Ester

"Key to® Abbreviations

Curing Studies on Aroclor Epoxies

Curing Studies on Aroclor Epoxy

Effect of Curing Variations on Aroclor
Epoxies

Shear Strength of Epoxy- Aluminum/Alumlnum
Bonds

Biologlcal Toxicant Evaluations of
Hydrolyzed Aroclor

Esterification of Diglycidyl Ethers
(oxirane oxygen only) ’

Esterification of Diglycidyl Ethers
(oxirane oxygen only)

Higher Esters of Diglycidyl Ethers

List of Notebook Pages

List of Raw Materials

List of Tables

List of Figures

Table of Contents

STLCOPCB4095364



