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GlﬁoidylatA\n of hscrolyzed Aroclors, tetrachic* f
bi-(2,5-d1chlerophenol), and dihydr ydiphgpx gulfone went
smbothly This 1s 2 two step synthesis;*first, ‘the epoxy group of
epichlorchydrtn [ECH) reacts to form the 1- chlo"o-2 -hydroxy-3-glyceryl
ether; tr:is, t‘b second step dehydrechleorinatlon, re-fcrms an
epoxy rinz = N 2 glycidyl ether. The latter process step 1s
critical ar: 2qu s develcpment of speclal reaction conditions for
each componyy

Cl content
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We recommend 1nvestiga;1cn cl the glycldylat: on us;ng more :
efficlent stirring and "igber reaction temperatures, possibly by
using -chlorobenzene or dimethyl sulfoxide 388" solVenﬁs ¥

researc: > dig ! ethers derived from Aroclor
sustifi=7.

rs deriveu Srov o Arc: 54 new compositions, are

or developren f Monsanto decides to enter the

teld with a oredu ving patent protection. These
be of adgit: s nce because each molecwle ha

tWo glyeldyl srouna o .h; Trade has expressed Int e“‘r‘

ethers sce Referen-..a
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General D‘scussion f Glycidylation

Géneral features of glycidylation are given first, and more specii‘ic
data are reported separately under the subdivisions

Glycidylation of hydrolyzed Aroclors 1271, 1270, 1268, 1262, 1248,
and 5460, 4,4'-bi-(2,6-dichlorophenol), tetrachlorobisphenol-A,
p,p'- and o, p'-dlhydroxydiphenyl sulfone takes place on contacting
the phenolic compound with excess epichlorohydrin (ECH) in the
presence of alkali. This 1s carried out stepwise. 1Initially, the
phenolic group adds to the oxirane oxygen to form a l-chloro-2-
hydroxy-3-glyceryl ether, as shown in Equation 1. Alkall in less
than stolchiometric amounts catalyzes this reaction. The excess
ECH, which serves also as a good solvent, 13 distilled off and the
chlorohydrin ether 1s stirred with excess alkalli. This dehydro-
chlorinates the chlorohydrin completely, closing the ring and re- —
forming the epoxy ring system, as shown in Equation 2.

Tre chemistry of glycldylation of dihydrolyzed Aroclor 1268 is as -
folliows:

o ]
(l)

OH + 2c\,H2CH-:'~{2 NaQH (catalytic) (1)
- 7

e

?HgCHCHQ-O_—-OCHQCHtCHQ + 2NaQf ——> (2) .
‘ b

Ers

e e
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ro ut this : £o uat,t .1, .

d hgcfr-ochlor-in 4 rérbrred it as Eqhation! 2 Iietﬁer(zni g -
‘ L -rapid in the presence of excess;ECH ’
t: chdure' ’) d 1s4 zdiss 1 tq;

3 PR
m oy L T q i

STLCOPCB4095630



€po> :
( Etep 1 can emoved

fution with _ ‘astbenzene, toluene, chlorobenzene
P idfoxane, wherelipon NaCl can be filtered off. Epoxy and hydrolyz
b1 Ql%values indirate that partial epoxy ring closure occurs at :
sscondltions use Equation 1. The NaCl formed can be removed by . ; .

wateriwashing- befbre’ or- after removal’ of excess ECH. ' ,
he complete dehydrochlorination of the chloro ether to the glycidyl
compounds shown in equation 2 1s tricky. Specific reaction conditlons
had to be developed for each phencllc compound investigated; these
were time-consuming studies. The recommended process consists of
dissolving the chloro ether in a solvent such as benzene, toluene,
chlorobenzene, dlethylene glycol diethyl ether, or dioxane, than
excess caustic 1s added as a 30-50% aqueocus solution. This solution
mixture 1s stirred at temperatures between 81-110°C for a period of
time according to the rate of dehydrochlorination characteristic i E
of the compound used. The model molecule was the slowest to de- cell
hydrochlorinate and required up to 50 hr reflux. Dihydrolyzed Aroclor 3
1268 and 1270 reacted much faster and this second step was completed-

tn 8 hr or less. 1In some of the cases the water was removed during
the denydrochlorination step. This di1d not change the rate of reaction.

used by washing with water or by filtration. Final product is always -
heated with stirring at reduced pressure to remove solvent. Finally, S
the materlal was always kept for 15-20 minutes at bath temperatures :
between 100-120°C. Partly hydrolyzed Aroclor glycidyl ethers, prepared
during the early part of :this investigation, were partly polymerized . 3
%§@§§§lted above; 100°C.: iThese.were first .ground to a fine powder and : .
hern washed in a Waring Blendor. -3

2y

Solutions in benzéne, or chlorobenzene of the glycidyl ether of

hyLr-bi-(2,6-dichlorophenol), the model compound, were precipltated
by hexane addition. ' o

’g%g»gqge-glyciﬁylpgipn experiments of hydrolyzed Aroclors, poly-  i& !
efher formation tdok place.’ This undesirable reaction could not
controlled, especlally in larger size batches. We do not know
ditions whfch?cau§e this reaction. The model compound
fsimllar copditions ;always gave much ‘1

ess.polyether.; -No ex- ¢

- found fory, h;”,bquvxoré

;:hf&'ibi—(2;6- 1chlorop

l The final product can be isolated f.om NaCl formed and excess NaOH
8
|

T
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Ton ‘of 7the model scompourid
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ATE Theory: plus 10% exces
Was refluxef:fi ,36' r§to*giv :

converslon, based on diphenol charged.
of theory

Di-epoxy ¢ nten& was 90.3%

J¥being a solvent for the ether and watertw#s' added to the
chlorobenzene sclution after 1t had refluxed for 2§ hrs. This
mixture was heated for € mcre hr without increasing the €epoxXy content
(Expt 2.). Again, the ether had to be refluxed for 16 more =nr in

dloxane to 1sclate a product analyzing $7.5% of theory diepcxy and
0.1% chlor:de.

Gradual adifticen of KCH ard a reflux f
epoxy content (41.7% of theary). OCn h
more NaOH, 2 high epoxy corpound (95.%%
WS obtatne? (Exre. 2).

or only 10 hr gave a i:cwer
ezating this in dioxane with
f theory) in 90% -crversicn

cnloving: ¢ olace when the reacticn was
nece o aqueous NéOH*C*O%) at 120-¢
1ontent wacs cf vieory with 1.588 C1 .

: ’ Ptvions which led to the

B

1T was i quite unsnD

wds much slower for
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~The earliest glycidylation experiment was made by adding. the
“disodium salt of hydrolyzed Aroclor 1271 to the calculated

;. was higher (0.90%). fThese reaction conditions were repeated:"'ﬁﬁ“ié*déi

R L

3 ito 1. 48% in ;

delayed solution or earl

amount of ECH at 65°C, a product low:'(42.84) in epoxy

content (42.8%) was obtalned. A polyether type product was
prepared using less than the stolchiometric amount of ECH (Expt.
12). 1Isolated product is high melting (220-30°C ) and low in
epoxy (17%) and Cl- contents. Using an excess of ECH increased
the epoxy content immediately (Expt. 13)T

The next successful step was to use excess ECH and only part of

the alkall needed, and then to distill off unreacted ECH

(Expt. 14). The liquid residue was diluted with a solvent

such as chlorobenzene, KOH (40% excess) was added, and the

mixture was refluxed 24 hr. GQuantitative conversion to a low
melting 560 -64°C ) glycidyl ether, very high in diepoxy —
content (965.2%) was obtained. This was the first Aroclor

glycidyl ether sample which cured in a manner similar to the '
model compound. This behavior is attributed to complete ) 3
di-functionality in the hydrolyzed Aroclor 1271 used. -

Reaction conditlons developed for the model molecule (see A
Expt. 1-3) were successfully applied to di- -hydrolyzed Aroclor =
1270 using diloxane as a solvent. With shorter reaction L d
time, di-epoxy content was somewhat lower (87.57) and C1-

in a six-fold scale up (Expt. 16). The latter gave completely
dehydrochlorinated but partly polymerized product. The soluble
lower melting fraction analyzed 66.47% epoxy while the 1nsolub1e SR
material melts as high as 275 80°C and contains only 14.8%

of theory epoxy. : :

Since the scaled-up Expt.,lﬁ falled to duplicate Expt. 15, - §#
attempts were made to” reduce the heatti ng period and increase
dehydrochlorination temperature. At 120° using diethylene
glycol diethyl ether as solvent, the Cl1- content was reduced -

-4

.q’-.‘ SR I R = o -'.'.,..': -,-,- -?}vm -*?1ﬂs?*'— t‘,"_"!‘-';‘ﬂ T 3
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on of partly di ydrolyzed
dction:was:not jcomplgte -

, g experience and analyticali,
compound. For process studies
partly a1 -hydrolyzed Aroclor 1268 prepared in the St. Louls pilot
plant was used, until d4i- hydrolyzed material was made avallable
- byythe Daytorgmethanol process.giThe first large size (Expt. 22)
gave quantitative conversion and 88. 5% pure diglycidyl ether.
The only variation in the next Expt. (23) was to add the NaOH
radrally to the dloxane solution; thils caused incomplete epoxidation
%80%) retreatment with NaOH increased this to 90.2% of theory.

Attempts to force reaction 1 and 2 into one step by using theory
or excess NaOH falled to increase the epoxy content (Expts. 24
and 27).
Startirng with the scdiwun salt of hydrolyzed Arocic 8 and excess
ICH ard then heating, 35 suggested by a consultant ‘Dr. Leonard),
was no- successful; som ymer was formed (Expt. . Arnother
variation was to start w -Z sodium salt of hy Aroclor 1268
plus excess NaOH and t! C., epoxy found
was orly 57.35% of the

2. Di-hydrolyzed

This product, prepared by the metranolic-
ressure hydrolysis was used as starting matertal for . 29-35
and COHVG-LEd to tue &Elycidyl ether using the bes:t experimental
detalls .collected in previous runs. Solvents used were dioxane
a“d.bengpqg, the latter belng pgeferred {Expt. 29 and 30). Data

on %hes runs’ were ‘also given in Reterence 3.

o

anic Division re:c".enued a pllct t process which they
red for glycidylation of teueachlo"ob*snhe.ul A Trh!s was
st Zupllcated in Zxpc. 31, glving, in 92. % conv
zlyct d) Aroclor 1257 ar=‘"z‘ng g 2 3
-3n,C”‘\O._,,. Thig run wuas dt.zuicat:efq on a fo nd 31x-
gcaflé- u§'(Expt§ 22 and 35).f The Tinal product artitatively
obtained by filtration of the reaction mixture, thus removing
r v1 .and NaOH: .as sollds. A clay treatment of the melted resin

; ate fraces of 1moupiuies, product in Expt 3“
! _aOH/g resi‘

~
D
._l
(.)

LYY L g
4]

LI T}

{
)
Fi

fi

idehydroohloriqaveon
; @poxy materials to

DSW 621603

Cewe

- .? !‘?,.‘ 1 3 .’. '?" ?

STLCOPCB4095634



1" B¥very prelimin-
yeidy ‘hy yzed Aroclor
Louis ‘pllot plant . was then agsigned to
* Gebura developed:a good process usi ng
ent (R- 5).d Valuable 1nformation from Dr ~Gebura
ere thery u: ,}.‘gin ‘our work (R—G)

dioxane as
proa%ess wo

Glycidylauion of hydro*yzed Aroclor 460

New glyclidyl ethers were prepared from hydrolyzed
Ardclor =460, a mixture of di- and tri-hydroxypolychloroterphenyl.
The material from Expt. 43 contains some polyether but it is low
in C1° and cures in a manner similar teo the diglycidyl eth
Minor variatlion of the glycidylation procedure, 1l.e replawnb

dioxane Y%y benzene or chlorotenzene, should reduce the dehydro-

chlorination cycle and conseqguently reduce polyether content :rd
mr of finzl preduct.

ersa,

LS

In addition to patentabllity, <his product may be partly tr
functional. The trade is most anxlous

to get a tri-glycidyl cther
to be used In epcexy resins. Hydrolysis of a completely chlorinated
terphenyl (C44C1y.) might yleld trihydroxy polychloroterphery:
for use IiIn su h in application
f. Glycldylation of tetrachlorobispnenol A
The flrst glycidylation of tetrachloroblsphenol A fn=ide
Jonsanto was carri=d

out 1n Expts. 39-41 at the request of tnc
Organic Divisian. Products were, then cured;byﬂJ Herbig (R-3).
Glyetdylation wWent Bmdothly to obtaln ir the second attempt

i {Expt. A40) a product high in epoxy (88% of theory) and very
¥

V-

'n C17 content “(0.12%8). Conversion was quantitative, Expt.

a)du*“iﬂﬁfiﬂ“ 2f recvommended pilot plart procedare glver
naby,

bz

r

fo

A

g. Gljcid;;arionxof d‘ﬁgd"oxydi rerylﬁsuﬁfénei

T " * g; 2
1 ;& has a good p“ocess but no ma"ket for
2,p' and o,p!

h}droxydiphenyl sulfone it was logicali to investigate

the brrehponding glrecidyl
Abstﬂartsi d :teg - ¢ &

¢ i

the glycid"lati pn cof; these twg compounds ;
ethers are not dndexedii *Cbemica’

ol VR,
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Asamx:le* glycldyl 1
%1262 ‘a viscous liquid, was also submit vtf_d'f rie
lasticizer and stabilizer for polyviny Fohlori
.This product, evaluated as Lot No. -1 *, Was’ compatible w h
‘polyvinyl chloride at 40% plasticizer concentration. It had a' :
_poor flex of + 20°C,: but volatility was low (0.4%) as was kerosene
extraction (0.1%) (R<7). Costwise, P<1087 1s.out:of the plasti-— % . .
cizer price range. Nevertheless, this compound might be considered
in combination with another plasticizer (to reduce the flex) for -
specific apo‘ications requiring a very low kerosene extraction
combined with fire retarding prcperties. Contrasting to P-1087,
the glycidyl ethers of bisphencl A and tetrachlorobisphenol A
are both incompatible with polyvinyl chloride. <
As a stabilizer for polyvinyl cricride, P-1C87 1s comparable, as
expected, <c Paraplex G-62 (epoxidized soybean oil); the latter :
18 thre c*mmercial stabilizer m~s: used for PVC (R-7). Diglycidyl
278 was submitted fo tlologleal toxicant’screening as
2f ircomplete ovsin on data received, nrnc blo-

ol
.- 5-4'
ac*i"‘*y has beer uncove ed.
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; nistd) s exiglass
equipment’ ‘ \ ta d out in 3-necked round-
Sottom flasks 'uipped wi h dropping funnel, condenser and
thermometer. Excess ECH was distilled off at reduced pressure
with good stirring using a 10" Vigreux column ~ The flask was
neated by a Lotfwater bath while the'receiver was kept in 1ice’
water,

Tenydrohalogeration w
7lasks equlirred with
Zean and Stark trap c

rried out in U-necked, round-bottom
funnel, stirrer, thermometer and
reflux condenser. The flask was
neated by means of & he mantle. Low boilers of the flnal
resins were always remov 1-2 mm under good stirring. Where
necessary, heating by me-ns of an oil bath eliminates local over-
~eating.

G

[ oAl eY]
3oy 0
i,

o
D re

H & IS

I R

Materizls

-~ r
B ""3 o1

42

of b= vy (0

rs used were prepared ty the Autho‘L
under Final Report No. 1182.
similar chloro compcunds. 3t.

-hydrolyzed Aroclor, and Dayton

yzed Aroclor were 21so employed.

v*or was from the 3t. Lculs

ene glycol.
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NIRE ty et ()
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rrernylsulfore, “he p,p'- and the o,p'-isomers were
m the Organi- ,“emicals Division .
€ 8- K + §E *ﬁe * SR IETETE R =¥ 2

21 A, 3= Louis pilot planv m=terial.

Shell's trade rzme for blsaglye 1dy1 : £ blsphenol Aj;
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epichlorohydrin was A

at 100°C bath temperature; 1029 epichlorohydr*n was collected
in an ice cooled recelver. The residue was filtered from solid
KC1, washed with chlorobenuene, and diluted with more chlorobenzene
(total 1150g). It was refluxed while KOH (1.67 moles, 235 ml

1073 aqueous solution, 10% excess) was added. After four hours,
re®lux water was drawn off the Dean and Stark trap (total 60 ml ).
Zefluxing was continued for 36 more hr glving 60 more ml of HpO.
The reaction mixture, consisting of two layers, was diluted with
Z00 ml of hot water and washed with 3 x 400 ml of hot water using
a preheated separatory funnel. The organlic layer was drled by
azeotroping benzene-water mixture. The glycidyl ether was pre-
cipitated by adding the solutlon to 2.8 1. of hexare. The cooled
mixture was filtered, glving 360 g.

Anal. Found (%): Epoxy, 4.65, 4.67; C17, 4.53; Total C1,
- 35.67, 35.77; C, 47.%1; H, 3.13.

3 epoxy value only 63.5% diglycldyl ether formed.
the combined wash waters indicate a low NaOH content,
S ml N.

thi
of
8.2

partly reacted materlal (350 g) was dissolved in 1200 ml of
re, 0.75 mole NaOH was added as 30% aguecus solution, and
stem was refluxed for 14 hr. The two layers were separated
L_lte ed. The organic solution was divided into equal vol—
s and added to,2 1. of hexane each, giving 281 g ether, m {
and 18coC,* Concenuration ofﬁthe solvenu gave 31g aﬁdi%fonar 2
er II mp 182-18€°cC.

IR

oy ey

3N (D L b k) (85}

ot

MR YY)
M

v

enual to 01 .

":;versioﬁ 81.8% based on bipkenol
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fihe Wwas®added, and¥reflux cohtl
ng, there ~as obtained 410 ﬁ'
{"73 and 4.76% epoxy, and 4.15
sh water equal to-21: N ml N:

I ‘The partly reacted ether (408 g) was diluted with 1400 ml of
dioxare. To thls was added C.9 mole of NaOH as a 30% aqueous
' 'solution and the system was refluxed for 16 hr. 200 ml more. @ .
l. dioxane was added, the slurry was filtered and washed. The * % !
filtrate solution (2410 ml) was divided into equal parts and
each c7ded to 2 1. =of lrexane, ccoled and flltered to isolate
l 328 g, mp 1830"(5*:_p), cortalring 7.03 and 7.20% epoxy eqgual to
97.5% ~f theory; Cl~ was 0.10%. Concentration of hexans solution
I ed32 g, mp 135C2; 217 was .21, 0.32%. Conversion was .
, 347322, IO
l onlores 3 were the szme as in Expt. Z. The
i KoE (2 Tiled grndually, instezd of it the
: ginring, and Scroa total of 10 hr while the
l SOTuL’on Was e B The material wa3s washed, zand —
the vizsh water reacted KOH. Precipitation -
of 1920 z of sol 4451 g, mp 116-17°C, analyzing
I DR 227 hydrolyzable T1° art :
;roi:c i dinxane (1500 ml), 100
wzs aid tion, and the system was
for © zs acdded (total 1.27% moles),
Il Ty re
%1':§1 3 I;olation 3; statiaéd g;océiz:e gave 357 g, mp 185-187°¢ aja}s_%ng :
! l ¥ s 7.10, 7.12% epoxy (96.84 of theory), C17,30.25, 0.26%. ¢ BEiyd
Tongercration of texane solutiocn gave 22 g, mp 18€9¢, C1- 0. 190. .
Total =2znversior 0.E. ’
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fz21led o d 3so1ve at
ature in six noles (555 g) of epirn blo"oh"drin,;gheretd%e
o s;a“j to> add 100 g pg q% eg% chieve:golutl
P . 0 8 1s (35, ? %g vogusﬁaOH f
stém was rcfluxed fzr 2 Y. ter. ﬁ stiilin
greEyd iin cand idioxare a
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tinued -for z., hr;

&

¥

%

Zxpt. 7

;Hydrolyngle Cl was 1.

g :

product, mp 809C. (notr.shar*p)_ was 13

¥7.00% C1-: This indicates ‘only 504
lycidyléether. To complete: the dehydrohaldgena én, -
0.115 mole) was dissolved in 330 g of dioxane, 0126 mole
0% excess) of NaOH was added (2.5 N aqueous) and reflux con-
the mixturg became neutral. Total isolated
materiallwas 47 g, mp 150-1587C, analysis 0.6% C1~, epoxy: 3.92%.

‘Thétlatter value is meanLngless 8ince the product failed to

dissolve completely in the analytical reagent.

Expt. 6 NBP 341283-5

In order to keep the biphenol in solution it was necessary %o

dissolve it (0.2 mole, 54.8 g) in 600 g (6.5 moles) of ECH. Eo g

Then 10.8 ml of 30% NaOH was added and the system was refluxed C e

for 1,25 hr. The 1isolated materlal melts over a wide range ca T
100°C. It was treated with SO ml of 30¢ aqueous NaOH for &, : -
hr at 125°C bath temperature. The mixture turned solid after :

R kr stirring. The reactlor product was ground to a fine DO icer

suspended In water and washed free of NaTl, to zive 81.5 g, mp

145-7%C. -

Anal. Fourd (¢): Epo
- 17

These values reveal that only
341227, 341230

A solutlon containing biphenol (0.6 mole, 194.4 g) and ECH
+(16g2¢modes, 1600 g) was refluxed while NaOH (0.25 mole, “32.4 ml
aqueous 501ution) was added at once; no exothermic reaction .
occurred. After refluxing for 2.5 hr, exzess ECH (1320 g) was E
distilled off gilving 400 g of crude materizl. It was heated In

the ‘same cront2insr up Lo 140°C pot temperature and then 150 ml_ )
~7 30% NaOH was added; the system was stirrzd for 10 hr at 1327 -

ceth temperature (pci temperzture 110°%7).
A

“I
T ezregc ion mixture was worxed up uO g
1549C, .analyzirg 5.25 ard 5.23% epo
58%. A total of
remalned unreacted as shown by
version was 100% cal%ula ed
B b RS ki

‘e 257 g of ether, mp
1 to T2% of theory.
; nole of NaOH

ha

?

14-?_3‘?'5".?"
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Reac {on took pl
or% more hr.* ‘ irt donita -
. ' organic layer was? ed: removerexcess
ECH. To this residu ' was added 30 ml of 30% NaOH over a 4.5 hr-
period while the solution was kept slightly alkaline. Prodgct
was 1solated by stanggrd procedure to cfllect 90 g,,mp,120

Anal. Found (%): c, 46.20; H, 3.59; residue 0.12;

' epoxy, 2.99, 3.00; C1~ 6.49,

These data indicate only U1% dehydrochlorination to diglycidyl
ether.

Expt. O 341297, 347301

A mixtura consisting of biphernol (0.25 mole, 81 g) and excess ECH,
(“.4% moles, £02 g) was refluxed, ard XOH (0.1 mole, 18.7 ml of
30 o;.viﬂn) was added zt conce. Heating was continued for 1.
mere hr. After flltration, excess ZTH was distilled off. The
residue was dissolved ‘n 220 ml of chrhlorobenzene, and 93.5 ml —
. of 307 KOH (0.5 mole) was added over 0.5 hr. The turbld mixture
vas refluxed for 14 hr 2t 98-10592, and then diluted with hot
water, with good layer sepmration. This chlorobenzene solution
of the ether was precipitated hot from 500 ml of hexane to collect
100 g of 2 nlce white material ana‘vz*ng 4,39 and 4.U40% epoxy
{£0% of treory) and 5.25% C1-, This material 1s more soluble
than samples prepared in previous experiments; this could be
attributed to less cross linkage. The material (90 g) was _ .
. dissolved in 540 g o dioxane; to this was added at once, 0 152 o
“ “mole VaOH as BO%fnqﬁ‘ous Bolution. The'system*was? "ref 1uxéd? ﬁ§g S
the solution turried neutral. Total 1solated material
180°c, analyzing 0.21% 21~ and 6.71 and 6.71% epoxy,
C% of theory. Conversion was 20.3% based on = °

i reﬁlux ( 1)

1n
H:(some of 1t evap rate
38( g of white ic
1d
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11ng <
this required more . ECH

b. Glycid;lation of

Expt. 11 ¥ 310446-7

A solution of hydrulyaed Arcclor 1271 (n.25 mole, 115.5 g;
Anal. (x) C, 31.58; H, 1.12; C1, 61. 80) was dlssclved in 20C g
3 T0% NaOH and hezted at 65 C while oO. & mele {4€.3 g) of ECH

was 3d led dropwise over a l-hr period at 6:‘3. The mixture turned
wier by means of a

Anzl. Found ():

~
|, x,

Thase values were obtiined much later, zftor v nccurate ansl [ ti-
zal method was developed —
Zorversion in this run was 91.84.
TXpo. 1IZ
Thisz exper W 32 aéoar*iﬂ* to ¢ n3 glven in
T, 3. Tztent 51 )3, example 3, recommariad r the preparaticon
cf a high me 5 L1y polymerized Ti"“"“n" glycidyl ether,
Hydrsiyzed Aroclor 1’/‘70 (0.97 molej 442 g (PP 310445) was stirred
o - - y & o
2 in 1.61 moles of 10% NaOH:and4thengECH (1.25 n)leu, 11438:g) 2+ <
. was added over 85 minutes wh 1le the teﬂVV‘uva. was gradually
— incrazsad from 420 to 1009¢., ‘After 1f m) ECHM were added all
;01 was 1n solution. The formed euhﬂ" rroctpitated after 30
' ntes when a totzl »f 39 ml ‘of ECH wa3 2ided Ti.e materia?
111y s 1t was ‘heated fo :

- B
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tiwas kept “for 0.5 .
£2 g, mp 65-82°C; epoxy content 3. 32 3,204,
run after 36 days gave 3.03 and 3.06% epoxy. This experiment

. shows that excess epichlorohydrin increases the epoxy content
“of final product.

: Expt. 13 NPB 328979-80

The purpose of thls experiment was to increase the epoxy content
by using an excess of ECH. Hydrelyzed Aroclor 1270 (0.1% mole,
67 g, (NBP 310445) was dissolved in ECH (0.90 mole, £3.5 g

mole ~atio l'o) and stirred at 44°C while NaOH (0.3 mole, 30%
aqueous golut on) was added over 2.15 hr; no exothermlc reaction
occurred and all caustlc added was used up. Excess ECH was

distilled off and {inal product purified by dissolving in ethyl

methyl ketore to collect S8 g, mp 42-48£°C.
Found (¥) S, 3E.97:0H, 2.09; tot:

7. H ata 1
20.81; epoxy, 2.00, 1.929 (eguial to 38 of

&
theory). .
C ectness of the latter value is questiorable zassuming the
Y rial is free of snlvert, since such 2 low mp always )
b cat2s IIgh epoxy content.
- Expt. 14 347D
: A mlixture centalning hydrelyzed Arsclor 1271 (0.25 mole, 112.° g,
: . (hﬂP 3}h401—2, anaiyzing 7.48 and 7.72% OH) was disso lved 1in ‘
2.2 moles of ECH and refluxed whiie 0.1 mole of XOH (as 30% rt
'§é gsolu ion) was added’ at once; nd exothermlc reaction occurred,
The mixture turned neutral after 20 minutes heating, the excess
ECH was distilled off, and the residue (1liquld at 100°C) was
diluted with 200 g of chlerobterzere and refluxed whiis 0,45 male
sf KOH (407 solutlon) was added over a 3 hr perlcd. After 2L
reflnx, f‘lf“*ftan and tillati:ﬂ 2t 100°2/1 mm 5372 15 resd
A64 g, mp 50-74CC, of a yellow resin aralsz‘ng 0.3%2, 0.33% C1
jand 5,31, £.27¢ epoxy (raua‘ 3 Z5.5% of theory). <onversisn
was ;OC}. ™This “siabt cures In 3 manner similar to tre model

molecule.
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' T
go. 5% of theory
Expt' 16 353862 6n

This experiment reprecents a six fold Scale- up of the previous
run. Hydrolyzed Arocclor 1270 (1.5 mole, A£1 g from combined
samples 3289%9 and 353853) and six moles of ECH (555 g) were
heated to 85°C, then 0.6 mole NaOH as 30% solutlion was added
ard system was refluxed for 3 hr, Then 163 g of ECH and 71 g
of water was distilled off, giving 1100 g of residue. It was
diluted with dioxane, filtered, (36 g of NaCl) and the filtrate
was diluted with more dicxane to a total wt. of 2400 g. To
thls refluxing solution was added tbeor} + 20% excess of NaOH
(2.88 moles, as 30% solutlon) over six hr. The mixture was
"efluxed fnr 12 hr, and f1 ltered. The filtrate was again re-
fluxed for 8 hr while 0.6 moles of NaOH was added gradually,
<eeplng the pH at 8. Layer separation of the reaction mixture
was poor, therefore 1 liter c¢f chlorobenzene was added. The
oclution was refluxed overrnight In the presence of 0.3 mocle of
F OH as 304 solutlon. Next day the 1iquid znd solid organic
lzyer were worked up separately. The 1liquil fractien (I)
%27 g of a 1light yellow trittle resin, mp ©

Anal. Found (%): C17, ¢.089, 0.095;
(equal to 66.4% of th
H, 1.83%; no reSLdJ
EN ERE S OH,. 7.57, 8.41.
I~ conclusions can be drzwn from = lues since the resin
fziled to dissolve completely in th ¢. The solid fractionr
1I "epresents, after "Pf*ﬂLng, 193 g 21lcow powder, .mp
275-280%C, whizh is very hzat stabie o n change cclor
~r Fpat{v‘ﬂ- up )
%Anéf“ Found (%): c1-, 0.31, 0.25; epoxy, 0.79, 0.%€.

Expt“ 17 35389”;6
up exper*ment was not succ essful addib

al
eedéd 3 :Inithis rmin 6.66 hofe« élﬁlj {e, SNBP%
dly ed oclor 1270 was dissolved 1. 4 mol 8 i
. w 5

PPt YR TN RI AU TYTEICPRICCFETTUTE IS
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ture, 1200 ml of - dle thy]
solvent for the 632-g#re
120°C while 1.5 moles}
and the mixture wasj
was separated from t formed, and then distilled to re
solvent at 100°C/1 mm; total recovery of solvent was 1
1.1093, of diethylene glycol diethyl ether. The res! 20
was washed with hot water untll free of sodium chlor*de 3nd
then he attd to 120°C/1-2 mm to collect 574 g of yellow brown
resin, 589C, still containing 1.47, 1.49% of Cl-. The
resin was retreated by; dissolving it in 1200 ml of recovered
diethylene glycol diethyl ether, then 0.5 mole of NaOH was

This mixture was stirred at

smore.hr at-120°C

added as S0% solutlion, and the system was stirred at 12322 ¢
g kr ccile

of resin "“alyging 0.11, 0.10% Ci~ and L.14, 43

egual to 75% of theory). The latter value ind

d
ht The materlal was 1isolated as described above io

( b
rractlon of polyether

=xrs 18 2=3808-900

Tre evzluation groups requested additional quantities ¢f ms
similliar in epoxy content to the product prepared in Expt.
Hydrolyzed Arcclor 1270 (1.06 moles, %87 g (NBP 353982 ir
FTI727) was dlssolved in 4.4 moles of ECH. To this was a7«
Z.27 mole of MaCH (50% solu»ioq) nd the system was refluxe
for 4 hr. The excess ECH and NaCl were removed and the resi
(672 &) diluted with 1200.ml of dilethylere glycol dieth;l
faustic (1.25 moYed P& 455% %EiOﬁ) was adde? ani tre 3
w22 stlirred fcr 5 hr at 19000, then filtered. Total unrez:
Nelilwas evial to 20 ml K. © The salt fre= resin sciubior
retrented with 0.62 mole Of NaOH ‘solutlon and hsated for
mroot 120-12807,0 A small sample ;was wor«ed up separately
frer-d te te free of €17, The whéle batceh was workeld up =
searrived .n Expt. 17, §to giv':ﬁll g, mp 56-8°C, analyzin
0.27, ©.11%; epoxy - U4.3%,: 4068, ¥ ¢rhis is a good du*‘ica,i
corresnonds %o the values “eqd°5t°d by tre eyaluatiorn group.
“rom the wash water wa aé%d¥an additional 96 g of resin
np 1 25-329¢C Lotdl un 1%211 fourd in wash water was
guzl : ‘

£

¥

solution was gdded over 3 hr,
The mixture

DSW 621615

mo

91 g)

2
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yarQlyzed
of Aroclor with &, hT moles of%
‘The crude hydrolyzed mixture: (
NaOH (12%), heated to €5
.hr. The:
slated.
Anal. Found (%): ; "2.70; restiiue,

al C1, 42,27, 42.42; epo
alyzed later)

e

Ixri. 20 323128, 22
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A mixture contalning RHO g (eq"ﬁl to2 e
hydrolyzei Aroclor 1268 and 4 moles ECH ?1
at 75°C while 0.4 mqle NaOH (30%) was adde ) .
The mixture turned fleutral after .L hr' *Ex es and watér
were dlst!lled off, The residu- %
arnd thern “fitered. To the ltr*te (1 21 g) was added 1.92 mol
-8) of 30% NalH and reflux was continued for 4 hr.
& was washed Wwith et wataer to ccllect 557 5, mp LO-©
Lrown resin

ulvalents) of partl;
00% excess) was stirr

Arz21. Found {%): C, 31.13; H, 2.51; no residue; Ci~, 0.58
0.90F; =2r:oxy, 5.12, 5.13% (equ2l to 88,5
3T the- o).
s was oquantivatlve.,  Jrreacted Na0H found wes egqual to
- - s = T o - —~—
AR = o 2TT0, =, 3 3'\;(

: aled up ty SO zver Expt. 22
criitions and reagents. The only
R moles, 20% exc233) vas
zne 3dlutizn (1952 ) at the
i Tr. orn mediun was ac a pH
T, Ll : LT nan the mixsture ta d neutral.
AL twis ;:inu was addcd 0.37% NaCH sclutlon, and reflux
cor.tinuec fcr an additional 6 ;I olaxed ‘fnatéertal (848 g) *
$CIVY oorcutny 2,07, 2U00F CXT; =roxy Was 47 h Loy,
enatiorn E20 g of this materizl was
i{oxare, 2ri C.7 moie of Nau as £0%
. Aftsr 2 f.nr reflux, 75% z of reain
alysis .7, O. BA 0.36; epuxJ 5.23, :
theory ). nversioh was® 95.5% for this E
{ N

¢ wus Ung;T
d'ArD“lO"

) was diluted with dioxa

ed

e
es3
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ad with 130 of- tpl
qu ag added, and reflux
ed'dl r’(pot temperature 110°c), 23 ml of a"te
s distilled off." A small sample was collected after{} :

‘hr reflux and analyzed 3.82% epoxy. The final material"
-analyzed 3£V3$ epoxy. Some resin on the walls of the rlask
ﬁ(insolubl i niboiling toluene) contained 2.33% epoxy and .
0.68% C1-. ' This is a polymer, mp 270°C. The isolation of
the ether was complicated due to emulsion formation. Some of
the ether polymerized during the heating.

|
I Expt. 25 360240-1
i
i

Consultant Dr. N. J. Leonard suggested reactlion of hydrolyzed
Aroclor 1268 (0.6 mole 264 g) excess ECH (2.4 moles) and

1.2 moles NaOH (30%) at 60°C followed by a reflux period.
After 1 hr the mixture was neutral. ECH and water were
distilleéd off. The residue was in this case partly rubbery
and falled to dissolve completely in 450 ml of benzene. The
mixture was refluxed for 4 hr. Analysis shows 3.80% epoxy
content. Sample analyzed after 3 more hr reflux gave an ——
epoxy content of 3.72% while additional 12 hr reflux falled
to change the epoxy content (3.76% found). All epoxy values
are based on benzene soluble material; as stated above not
all material (polymer) 1s benzene soluble. This suggested
variation does not look promising.

Expt. 26 367&52

I, . . A mixture gonsisting of 0.75 mole hgd"oluzed Aroclor (330 g)
4 and four moles*ECH was heated to , then 1. 45 moles NaQH
: 0% (by mistake, wanted to add O. 66 mcle) was added at 80°C
i cver 5 minute time. The mixture was refluxed for‘ 2 nr while
k 1% turned neutral. Then it was washed, distlilled to remove
e55 ECH and water, and the residue was diluted with benzene, :
E 22 and flltered. Remcval of the solvent gave 39} reaidue, —
ey ., mp 56- Roc ~analyzing 3.99% epexy and 1.70, 1.75# CLl™.; Total g
i " €1 fouhd #n ‘Wish water equal t6 1.28 mcles of NaCl., *A #:
I portion (370 g) of the residue was dissolved in 400 ml of
benzene, theory + 50% excess NaOH (21 6 ml 50% solution) was
:,added;an r.ystem was refluxed at 81°C; 22 ml of water; Was
: solution was filtered (17 g of partly 5
l § 666; g pr filtrate 30
In n fease h2 g hf so ut

t] S R
gn 3pé§ i vt

DSW 621618
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>",_ further epoxy format
"Expt. 27 367.455-6

; & ggnxpt 29 367460 61&‘ f §§§ éi

L?
conditions used reh aé:ix'@g‘v

The use of more caustic was 1nvestigated in this experiment.
Hydrolyzed Aroclor 1268 (0.7 mole, 308 g) was dissolved in 4.2

moles of ECH and NaOH (1.68 moles, 20% excess as 50% solution)

was added over 5 minutes at 80°C. Some heat was given off.
This mixture was then refluxed for 1.5 hr, 100 ml of water was
added and reflux continued for 1.5 mor hr. A 100 ml portion
of benzene was added and solutlion was washed (good layer
separation). Total unreacted NaOH found in 2137 g wash water
was equal to 0.33 g NaOH. The ECH and water were distilled
off. The residue was solvent purified to remove all NaCl

and then heated at 140°C/1-2 mm for 15 minutes to collect

372 g resin contalning 1.52, 1.72% C1- and 4.18, 4.18% epoxy.
This material was dissolved in 400 ml of benzene and 0.27
mole NaOH as 50% solution was added. This mixture was

heated for 2.5 hr while removing water. Isolation, exactly
as glven in the first part of thils experiment, gave 349 of
resin, mp 96-8°C, analyzing epoxy, 86 3. 88%, cl-, %%

Longer heating gave agaln dehydrohalogenation and polymer;zation

but epoxy content was not increased.

Expt. 28 367457-8

Another variation tTried was to dilssolve the hydrolyzed Aroclor
1268 (0.5 mole, 220 g) in 20% NaOH (240 ml using a 20%

excess) and add this solution over a 40 minute period to 3
moles of bolling ECH. The mixture turned neutral after

1-hr heating. More NaOH (0.09 mole) was ‘added in two portions
while reflux was continued for 2 more hr. The resin was
isolated and heated at 100°C/1-2 mm for 0.5 hr to isolate

284 g, analyzing 4.41% C1- and 3.26, 3.30% epoxy (equal to
57.7% of theory Analysls of the wash water shows that

some of the caustiv charged was also used up to hydrolyze

ECH as »nown by tne 1. )3 moles of NaCl found 1n the wash
waters, ¥ A | ig -

(1) Glycidyl ethers derived from di—hydrolyzed
Aroclor 1268. MW. 116.7 .

ﬁ § i

were made from
Bla ¢ ksing

All the expe*iments described in this: sectio
i Jg

DSW 621619

o
-
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2 ard

STLCOPCBA4095650



kept at 140°C/1 mm' for 15 minutes- 28 :g;,
analyzing 4.97, 5.02% epoxy (equal to 81.9% of theorﬁ
Cl content was 1. 09%, conversion was 97 8%

Et 30 367&63 65

The best procedure found for glycidylation of partly hydrolyzed
Aroclor 1268 (Expt. 23) was used in this experiment. Di-
hydrolyzed Aroclor 1268 (0.25 moles 105. 5 NBP. 355855) was
dissolved in 2 moles of ECH, heated to 90°C and 0.1 mole NaOH
was added at once. After 20 minutes 0.1 mole additilonal

NaOH as 40% solution was added and system was refluxed for

1.5 hr. Excess ECH was removed by distillation. The residue
was diluted with 220 g of dioxane and refluxed while O.4 mole
NaOH (40%) was added over 3 hr, and reflux was continued for

8 more hr. Filtration gave 17 g of NaCl. The flltrate was
distilled and the residue was dissolved in benzene, filtered,
and solvent was removed. The residue was kept at 1ho°/1 2 mm
for 15 minutes to give 121 g, mp 52°C, analyzing C1~, 0.90, O. 93%

epoxy, 5.31, 5.32% (equal o 87.3% of theory). Conversion T
was 92.8%. Reheating of 110 g of this resin with 0.125 mole A
of NaOH (50%) in 250 g of “erzene for 1 hr at reflux gave, 2
a«fter purification, 102 g, mp 50°C, analyzing cl-, 0.17, O. 20%,

and 5.3%, 5.U40% epoxy. These data reveal that further heating

reduced the Cl~ content without 1lncreaslng epoxy content.

\

Expt. 31, NBP 367466-8

5
L3
2

Trls expprimen* is an attempt to adapt the St. Louls process

for the glycidylation of tetrachlorobisphenol A to our di-

hydrolyzed Aroclors. Di- Y}Qholyzed Aroclor 1268 °(0.25 mole,

103 g, J. R. LsRlanc’s Expts. No, 14, 15) was dissolved

in 1.5 mole of ECH. At 90°C, O. 2~ mule NaOH (=0%) was agded

over 12 minutes, then reflux was honu*nued fqr 3Q mo" minutesq

The ECH was distiiled off at 1oo°c/1 2 mm;} then*d.5 mble” NaOH *

was added as 50% solut*on over 20 minutes. The system was  :

stirred for 5.5 hr at 100°C. Next day, 150 ml1 of: be le. W
added, the mixtu“e was heated to 80°C and fi%te

] andlyzing 8 g NaOH; calculated NaCl is 29'25

i lvent. was distill £f jat-

gagigéen%ceyg + 140€ /— for QOqﬁiﬁutes t

: mp 49*500C ahalyzing Cl-, 0.10, 0:10%

AnE B

o
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e

* 5 #res1dud was diluted with 3407g“of benzene,’ refluxed?hnd 2"moles

FE-L 0

5.-ml austic had been added e remaining NaOH wa ,

he next 10 minutes. The mixture was refluxed for 40 more’
minutes then distilled givl 183 g ECH and 40 ml’ HpO.
.residue: was stirred at 1000C/1-2 mm for 20 minutes. : Thej

‘of NaOH (50%) was added over a 10 minute periocd. “Reflux was
continued while collecting 150 ml of water during the next 90
minutes. Total reflux time was 5.5 hr. Since this reaction
mixture filtered slowly it was diluted with 400 ml of benzene and
filtered (181 g NaCl~ resin mixture The flltrate was concentrated
the residue was kept 10 min. at 100 C/i mm, then 20 min at 140°C
at 1-2 mm, to give 442 g, mp 49-50°C, analyzing, 0.07, 0.09% C1~
and 5.33, 5.47% epoxy (equal to 89.5% of theory). This system
seems to eliminate completely the base since 1 g of sample 1s
neutralized by only 0.013 milliequivalent of acld. Resin found
in 181 g of salt mixture was 27 g. Overall conversion was 89.7%.

Expt. 33 NBP 367471-2 .
The purpose of this .experiment was to modify the general directions
given in the two previous runs by eliminating a part of the

NaCl before distllling off the ECH. The di-hydrolyzed Aroclor

1268 (0.5 mole, NBP 325971) was dissolved in 3 moles of ECH, and

1 mole 50% NaOH solution was added over 2 minutes. The mixture

was refluxed for 40 minutes then 350 ml of water was added. The
organlic layer was Separated from the neutral aqueous layer.

Excess ECH was distilled off; benzene (2.2 moles 170 g) was

‘added then NaOH (0.5 mole) as 50% solution was added andithe:

system was refluxed for 4 hr (5.5 in previous expt.), azeotroping
off -the water. The reaction mixture was then diluted with 200 ml R
of benzene and flltered (very fast) to give 255 g of resin,. 3
mp L47-89C 1solated by the procedure glven 1n the previous 2 4
runs. Conversion 97.6% Analysis gave C1~, 0.18, 0.21% and . <ot
zpoxy, 5.14, 5,20% (egual to 85.1% of theo"y) There is no =

i yadvantage 1n this modification, Coihoy 14 EOEE T
: - Expt. 34 : NBP 367489

: In tﬁis experiment moreq CH was used in an efforg to 1ncrease the

sﬁre‘ill 11§dnbi¥safe ade- ?emoieu%a' PF
f

ontent *inal re in solutioniwas con ged eét' waterg
C.5 mole di- ydrolyzed‘Aroclor 11268 (ﬁBP§36§
. 2t : 1
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total C1, h2.94, 43.16; 17, 0.11, 0.12;
% epoxy, 5.47, 5.65 (equal to 91.2% of
*tReory. = Total water-insoluble material
found in the salt residue was 16.3 g.
Combined conversion was 91.5%.

Expt. 35, NBP 367491-95

: The purpose of this run was to demonstrate glgcidylation on a
larger size batch. Di-hydrolyzed Aroclor 1268 (1.5 moles, 618 g)
Y . was stirred in 6 moles of ECH at 90°¢ then 1.5 moles of 50%

NaOH was added over 35 minutes. After 40 minutes the solution
was neutral. It was diluted at 58°C with 700 ml of water, good
layer separatlon. After removing excess ECH, benzene (500 g) was
added and reflux was continued 2t 87°C while NaOH (1.5 mole as
50% solution) was added at once. It was refluxed for 7 hr while
the water was collected at the rate of distillation. It was
refluxed for 8 more hr. The hot solution was decanted from salt,
and three benzene wash-decantatlons of the salt were carried

out (1.0, 0.8 and 0.8 1. benzene). The benzene solution was
filtered and washed (emulsion) then dried to glve 617.5 of
resin mp 46-47°C of excellent purlty, analyzing C1~, 0.08, 0.09%
and epoxy, 5.49, 5.54%. The yleld 1s 90.5% of theory, and

. ,conversion 1s 79.5%, not counting resin in the salt mixture. The
éréj‘?g%pxy and C1- content check very well with the values of the

4 fgp»evlous experimentﬁ?ﬁﬁ%?i N N A - e

d. Glycidylation of hydrolyzed Aroclor 1262 and 1248

E£pt. 35 316063-U4

¢ : :; Partly hydrolyzed cruaeg, Aroclor 1262 {1.33 moles, 382 g, NE
: € § 308.6) was dissolvedjint 810 .g of HRO containing 2.24 mcles of ;

 NaOH. It was neated at 40°C, then ECH (1.75 moles, 1ol g) was ° ¢ ‘
added ‘over 105 minutes.: The temperature was lncreased gradually i
£é :101°C, and kept for 1.25 hr at 102-104°C. In the same time : !
B11a ?poly,e{iher‘;_precipgated. :It!wasiworked up using a Waring .

%nggdgq{ %o’ll ggﬁzﬁqigghég%igep ,. equal to 92% conVersiE} - 5 §

o

Gct¥is” 3 HeBrithths ronl¥ 014§ {0.14%
dxyiand 'C1™, Q.bX detéerminef flater); earlier analyt
| 40280% i3 esidues total Cl; 43.14%.

2

2

Y T BT R TR T

17 3¢
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using ‘more E
¥ged Aroclor 1262+{0.3:
solved in 0.6 mole JlaOH (2.5' ‘
O°C, 0 6 mole of ECH over 1 hx-,

%;Anal. Found (%): ((;’ 42.19; H, 2.65; 01

Glycidylation of hydrolyzed Aroclor 1248

i

|

i

i Expt. 38 323114
1

i

|

One mole of partly hydrolyzed Aroclor 1248 (251 g, J. Katon,
321037-1) was dissolved in 2 moles of 10% NaOH while 2 moles of
ECH were added at 70°C over 102 minutes. Reaction was slightly
exothermic and gave, after longer heating (1.25 hr) a light
viscous resin. It was not worked up since starting phenol was
mostly monofunctional, therefore product is of no value as an
epoxy resin.

e. Diglycidyl ether of tetrachlorobisphenol A

The purpose of thils series of experiments was to supply
material for evaluating glycidyl ethers made from Monsanto
tetrachlorobisphenol A.

Expt. 39 33hohz-4

- A solution containing tetrachlorobisphenol,A ‘,(O ;xmole, 109.5
mp 134.1-134.9°C) and ECH (1.2 moles, 111 g) was stirred at

! 80°C and 0.11 mole NaOH was added as 30% solution. After a
l1-hr reflux unreacted ECH was distillec off. , The residue was
diluted with dioxane, flltered, and the filtrate was®dlluted

l  with dloxane to a total of 500 g. This solution was, treated
with 0.40 mole NaOH (30% soluticn, theory + 10% excess) and
refiuxzd for MS minutes.., Total isolated eth Wa3 l;l 8,
analyzing 3.54, 3.57% C1-, and 4.37, b. 149% ep >xy* E

l 60% diglynidyl ether content)

_ g:éI\lO }31;61156

it

fébglorobisphendg
100% excess) was;

: '&éion con’cai}hingﬁ
1 ?CH (4 moles, 370: g

DSW 621623
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+30%{NaOH;solution was added,:reflux-was {cor

4 hr. The two{layers were separated and the dioxan d:

tilled off at reduced pressure (100 C pot gmperb.tu - %o'gl
8: n 1.58

478 g residue (quantitative conversion 88 Solve
purification (by J. Herbig) increased the mp to 95-C.
-Anal. Celﬂéodzf(cwde material) o £
Calcd. Found
o 52.6 52.95
H 4,18 4,34
epoxy oxygen 6.66 5.87, 5.97 (88% of
' theory)

hydrolyzable Cl 0.0 0.12, 0.12

Expt. 41 360245

This experiment was performed much later to become familiar with
the St. Louis pllot plant process recommended by R. C. Cass (R Ly .
for the glycidylation of tetrachlorobisphenol A. It was desired
to adapt the process to the glycidylation of our hydrolyzed
Aroclors. Tetrachlorobisphenol A (0.55 mole, 202 g) was dissolved
in 3.3 moles of ECH (mole ratio 1:6) then 1.1 moles of NaOH -3
was added as a 50% solution. at 80°C over 55 minutes, some heat A
-was given off. Mixture started to reflux in 12 minutes, after 3
;23 ml of NaOH solution were added. The mixture was heated for |
10 more minutes, then distilled at 20 mm to give 139 g distilfate
containing 105 g ECH, (bath temperature to 150°C). The crude
residue was diluted with 190 g of benzene, heated to 80°c, and 0.55
mole NaOH as 50% soluition was added; reflux was continued for-
6 hr. A small sample was 1solated and analyzed 5.87% of epoxy.
A i Original reaction material was diluted with water and washed
' - 5 times to neutrality. Solution was drled using azeotroplc . ;
‘distillaticn, 2.5 g charcoal and 2.5 g of filteraid wal added§ ¢
and filtered. , The filtrate was distilled and finally kept at:
150°C (bath temperature) and 20 mm to colléct 238 g, analyzing
;0.61, 0.66% CL~: and 6.09, 5.15% epoxy (equal to 91.25% theoryj.
éConversion wad 91.5%. This confirms data reported by St Lduls

\

i

GEN M OMNN DEE SNR NN N0 W W s

: ) \lg

8
.
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figieo taining 46'22# cl°
ed;iin; ECH. (1.8 moles, . .
tadded over g .5 hr. “Pot

rom 42° to 950C, and the

?

Anal FeuhdJ(%i: c, E&112; ﬁ,>3.62} no residue; total c1,
B 42.82; c1-, T7.28, T.31.

This high Cl” content indicates 1ncoﬁp1ete'dehydrohélogenation.
This synthesls was repeated later when we had collected more
experience on glycidylation.

Expt. 3 353865-6

A mixture of hydrolyzed Aroclor 5&60 (0.2 mole, 196 g, same batch
as previous run) was dissolved in 1.6 moles ECH at 859C, then
0.2 mole NaOH (30%) was added, followed by refiux for 1.5 hr.
The excess ECH was distilled off, the residue was diluted with
dioxane, filtered, and the filtrate (350 g) was refluxed. To '*‘
this was added NaOH (0.8 mole, 30%) over six hr and reflux was
continued overnight. The solution remained alkaline. After -8
remeving the NaCl and solvent the resin was dried at 115 °¢c/1-2 mm
pressure, to give 228 of a yellow-amber resin, mp 85°C, analyzing
0.04, 0.17% C1~ and 3. go 3. 61 epoxy. The latter value shows
that some material has oolymerized. Most likely this was caused
by the relatively long heating perlod. Thils product possesses

3 good properties in coating:.application (R-3). :

5 S 3 R 2 d A gk ErEg b detE o -

Expt uu NBP 2888u42-3

Since Aroclors react smoothly with mono hydroxy alcohols an

unsuccegsful attempt was made to react Aroclor 1268 with glycerol
2gence of NaOH. : No ether was formed. It was planned to
e the glyceryl ether to the corresponding glycidyl

‘smm wm CETmm mm S R S CEN G E ,

R
-«

e g

DSW 621625
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- 7 —’% 4 o
ks, With:the cal-" ¢
s Partly polymerized.

step was: fo. start with o,p'-dihydroxydiphenyl sulfone,.
oWer cost isomer. . The sulfone (1 mole, 250 g) was dissolved
moles of NaOH (104) and to this solution was added 2 moles
of ECH at 759C over a 77 minute period. Some exothermic reaction
took place. Material precipitated in cne plece. It is not
homogenous and was not further worked up.

‘beaker container. The sulfone (0.25 mole) was again dissolved

in :10% NaOH (200 ml) stirred at 70°C while ECH (0.55 mole, ,

10% excess, 51 g) was added over 35 minutes. 1Isolation of material [
gave 70.1 g resin, mp 115-120°C. s

Anal. Pound (%): C, 57.64; H, 5.03; S, 9.42
No epoxy analysis was avallable at that time.

1. Di-hydrolyzed aroclors as curing agents for bis-glycidyl
ethers

This work was carried out by J. Schwendeman and J. K.
Craver. The purpose of these few experiments was to investigate N
dihydrolyzed Aroclor 1268 as a curing agent.for its glycidyl : :
, ether as well as for Epon 828. It was stated, by,Daye Cummings '
g f_ﬁhgng§ﬁ3828*5nd‘g1ycidy1*ethef of tetrachliordbisphenol A
do not cure with thelr corresponding bisphenols. Samples of
Epon {828 and diglycidyl ethers of Aroeclor 1268 were stirred with
dlhydrolyzed Aroclor 1268 in a 500 ml flask at 180°C under No.
Samples were withdrawn after 1 and 2 hr period, respectively.
Data on’these experiments are summarized in Table I.

l {  &£§35ext experiment was made using a high speed stirrer and a

ey

AT T T T I FURNURNEE SIS TS S

'?:plgmiéaxw'§uring gtudiesiof glycidyl Afbcfbr’lQOO'using

diethylenetﬁiamine,:succinic anhydride or malelc anhydride were

_ madgibygthe ;author using test.tube size experiments. 1In one

B .Lnsgapq,,yﬁeh,gly dyl ether prepared from partly hydrolyzed
5A§ng'g 1?@ ;and ¢

‘l'.do égg._eﬁgn ZHOR L e ey SRS

ieié%anhydride,wefe.hehtédiin*test ;qbe_an@{
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_ phienolic mater a,_been q
patents.{ As stated in the remarks ‘given ‘under: refe) ﬁc
preliminary study of the patent problems assoclate

and selling epoxy resins formed from hydrolyzed Aroclor
eplchlorohydrin was prepared by Mr. F. C. Wellington of‘
and given in the Appendix Section. )

R T

Four patent disclosures were submitted on glycidyl et r:
thelr curing and uses on work given in this report.

D-1869 Dazz!i New halogenated epoxy compounds and their
uses, dated 4-1-55,

D-2320 Dazzi Glycidyl ether derlved from Aroclors asj
stablilizers for polyvinyl chloride, dated 12-

D-2321 Dazzi Glycidyl ethers derived from Aroclors as
plasticizers for polyvinyl chloride.

D-2477 Dazzi-Herblg Hydrolyzed Aroclors as curing agents ) -—
for glycidyl ethers. o

2tszlosure D-1870 (Dazzi) New Glycldyl ethers derived from )
ilnydroxydiphenyl sulfore will be abandoned since 1t was found
in the patent literature. & 3

DSW 621627

4!1-1-31"'1?"‘7§
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V . tents s and' very {ew
pertiﬁent data are found:inia good" ‘summary "Chemist
Epoxides by R. Wegler, Angew. Chem. Vol 67, page 5 2 592,
1955. . (209 references). . Trade literature from Shell. .
teaches how to cure their glycidyl:-ethers derived from -bisphenol A
Few detalls were published on epoxy resins back in 1955 when this
work was started., Now more 13 being published in form of
symposia papers presented in U.S. and England.

1. Dazzi-New Epoxy compounds de:lved {rom Aroclor, Memo to the
Idea Review Committee, dated 11-i5-54,

2. Dazzi, "The Aroclors and other Halogenated Aromatics as
Chemlcal Intermediates”. Memec t2 Do, C. A. Hochwalt by
J. Dazz! dated 1-1€-86. Par: I (vurt IT arnd IIT a3
continuation). ,

J. H. Schwendeman. J. K. Craver, J. Dazzi, J. R. LeBlanc
and J. A. Herbig. RD-58 Final Report No. 1115 "Synthesls
and Applicatlon studies on hydrolyzed Aroclors and
Derivatives"”

Cass, R.C., St. Louls, Research Report No. P-762, "Suggested
Procedure for the Preparatlion of Diglycldyl Ethers of
Tetrachloroblisphenol A"

- Dazzi, J., to S. E. Gebura. Prepa“ation of glycidyl ethers
.grderived from hydrolyzedkAroclors 1262, 1268 1270 emo
" dated 9-6-%%5.

I !

Gebura, 3.EZ., Preparétibn ®f high epoxy oxygen resins from
hydrolyzed Aroclor 1262, memo to M. F. Drumm, Springfileld,
CC to J. Dazzi.

. . Touchette, N.W., St. Louls, EZvaluation of glycldyl ether of
~‘hyd“olvzed Arcv¢o" 126J as pnlvvinyl chlsride piasticizer and
stab¢112er, memo to J. Dazzl dated 3-1.4- 56.

Wellington,kF. .
See Appendix ¥ ok

DSW 621628
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e’ best “laboratory -
e for di-hydrolyzed Aroclor 1270 13 shown
for di-hydrolyzed Aroclor 1268 in
Wt \ngd 327 the model compound 4,4'-bi=~(2,6-
"d1chlorophenol) in¥ExpE. 1. - CEr S

.‘w“_
.
o
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‘material apecifications were set on any of the products
described. Specification for hydrolyzable chlorine in glycidyl
:qthers.derived from;biSphenol A (Epons)iis:0;25%. iLow
hydmlyzable C1 conten’t A8 very important in curing epoxy resins.

STLCOPCB4095662



Epoxy content was determined bg" the E-2-55 procedure
hydrolyzable chlorine, the C-38-

56 method was used. f;

Combustion lyses for carbon and hydrogen were run’ at 80090.
Total dhlo'ﬁn"wa"a determined by the C-35-55 and H-8-57 methods.
The latter was developed specifically for Arociors and is
Superior to previous methods. For detalls see Final Report on
hydrolysis of Aroclors by J. Dazzl, No. 1182.

STLCOPCB4095663




No toxlcity data have®been obtained on products reported®
Speclal care should be exercized in handling epichlorohydrih,?
a toxlc materlial. Longer exposure to Aroclors, octachloro-
naphthaleneand their derivatives can cause skin irritation,
which was experienced by the author.
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Gebura, Springfleld, for the process study on glycidylation
of hydrolyzed Aroclor 1262.

Most helpful 1n this project were the evaluations, suggestions i
and team work gilven by Messrs., J. K. Craver and J. L. Schwendeman #~
from the surface coating group. We thank Mr. J. R. LeBlanc

for developing a process for making completely di-hydrolyzed
Aroclor 1268,

Messrs. F. R. Short and H. W. Schwartz of the Analytical

Group developed a procedure for epoxy determinatlion for Aroclor
derlvatlves. Thelr contributions are gratefully acknowledged.
We thank Mr. J. R. Darby's group, St. Louis for screening
samples. ’
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To Mr. H. J. Krase

At Dayton, Ohlo

March 20, 1956

This 13 a summary of a prelimlnary
associated th maklng ani selling
hylroiyzed A"oc ors and epichleorohy

nfringeme

w Gluesenkamp - Dayton
Kosmin - Dayton

R. Amon Jr. - St. Louls
M. Butler - Dayton
Dazzl - Dayton

B. Sharp - Dayton

R. L. Kelly - Springfleld

(e RS ESE Sc o KT¥.. X7

EPOXY RESINS UTILIZING
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j donpounds Jeoata i |
¥ cgs mlgg; AceIVRDBIY: Y . ! ;
unexpectedly superior properties when compared with the octa-

“chloro or lesser chlorinatedfhihydroxyaiphenyl compounds. At
.the present time we know of no such superlor properties,

The use of hydrolyzed Aroclors, as a general class, in epoxy
resins 1s unpatentable over Moss (Celanese) - U. S. 2,319,876,
Carpenter et al (Courtalds) - U. S. 2,602,075, or Hatcher
(Allied Chemical & Dye) - U. S. 2,695,276, all of which disclose
the use of L,4'-dihydroxydiphenyl in epoxy resins and state
that the dihydroxydiphenyl compounds can te substituted with
halo radlcals (expressly including chlore radicals). It is
poessible that some specific halogenated dlhydroxydiphenyl com-
pound will be found to have unexpectedly superlor propertles
which will make that compound patentable over the broad class
of chlorinated dlhydroxydiphenyl. At (he present time we know
of no such properties.

possitllity for patent : 4 relative to
3 of Aroclor hydrolysis 3 e.g., chlorl-
ydipheny: or trihydrox.t heny.. However, these
evaluated.

Tre pricr arc 4 : falr degre
pztentable irvent : n respect to
@) resins, - - ; with urez,
s) or feor rg technig:es
ipon nyirolyz A lors. Thus,
that Morsanto could still obtair
Tzzk up a manufacturing ani
to hydrolyzed Aroclor epoxy res
hat the Inventlons necessary
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TABLE 1T

ANALYSIS OF PARTLY HYDROLYZED AROCLOR 1268 PREPARED IN
ST. LOUTS PTLOT PLANTI

Calculated

mono- dihydroxy

34.6 231
H 0.8 O
Se3fdue
{riorine 1) peroxide

2) Hawkins
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