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FOREWORD

This progress report covers the work under Contract Da-36-034-ORD-3316-RD,
titled, "High Temperature Resistant Adhesives,™ from June 22, L1960 to June 22, 196l.
The work covered in this Report was carrsed out at the Central Research Laboratory
of The Borden Chemical Company bty Dr. E. Hoess, Mr. Howard Hoyt, Miss G. Weintrub
and the Authors. Analyses were performed by cur Analytical Greoup and Dr. Stephen
Nagy, Microchemical Laboratory, Belmont, Massachusetts. Thermogravimetric and
X-ray analyses were performed by the Laboratories of the Picatinny Arsenal,

Dover, New Jersey.

J. LDickstein
B. D, Halpern
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This report presents the results of an investigation towards the
synlhecis of high temperalture rosistant metal adhesives,

The following veprescntative phenylene- and triazine-containing polymers
were prepared:

{a) Polyphenylene

(b) Polyxylensl trom 2,(-Xylenol

(c) Polyxylenol {rom 4-~bromo-2,6-Xylenol

(d) Polyaryl cthers from o-crcsol novolacs

(¢) Mclon

(f) Condenszation polymer of cyanuric chloride and benzoguanamine
(g) Condensation polymer cf 2-amino-i4 6rdiphenoxy triazine.

{h) Condensation polymer of benzoguanamine and diphenyl carbonate

(urca-linked triazine polymer).

I'reliminary tests showed good heat stavility tor all the polymers.
The polyxylenols showed no weight lose up tn 400°C,. by thermogravimetric
analysis. Crude adhesion experiments howed excellent affinity of the
polyxylenols for stainless steel surfaces. The higher molecular weight
polyxylenols proved difficult to mold by conventional techniques although
disce preparcd from these polymers showed excellent physical properties in
regpara to strength, hardness and toughness.

Modifications made on Lhe polyxylenols included oxidation to the
carboxy derivative, side chaln bronination, attachment of quaternary amine
silde chains, and attachrment of tetraalkyl silane side chains. None of the
derivatives approached the parent polymers in properties such as temperature

resistanc:: and metal adhesion,

Modifications made on the triazine polymers in order to overcome
their refractory nature included the reduction of melon to a product
called "hydromelon™ and amine salt preparation trom "hydromelon™ and the
prepared amino derivative of the urea-linked triazine polymer (h).

As the investightion proceeded, it became increasingly apparent that
the combination of go.od metal2to-metal adhesion and temperature stability
dictated that ths ideal system should consist of a relatively low melting
or liquid peclymer capable of thermosetting under the conditions of cure.

To this end a number of glycidyloxy-s-triazine compounds were prepared with
thermosetting properties. These showed fair metal-to-metal adhesion,

Work in progress consists in the preparation of polyisocyanate derivatives
of the lower melting polyxylencls and triazines for Min situ cure on metallic
surfaces. The final phascs of this work will be covered in a future report.




INTRODUCTION

A

A. Purposc of Program:

The objective of this research i1s the development of a high temperature
recistant adhesive for 302 stainless steel which would give a minimum shear
strength of 100G psi at 1000°F, after exposure te 1000°F. in air for a minimum
of one hour. The conditions ol cure are to be at temperatures no higher
than 500°F. and preferably at temperaturcs near ambient. The impact resis-
tance of the adhesive, when curcd, is to be such as tc permit a high rate
of load as requircd by missiles in flight or by rough handling.

3. Rationale:

The fellowing factors are belicved essential to the success of obtaining
a high omperature metal-to-metal adhesive,

(a) Small molecules must be initially present in either the liquid or
low-melling solid form in order to obtain proper wetting and coveragoc.

{b) voidance of volatilc by-products during "curing®.

(¢) Proper and accessible groupings ou Lhe adhesive.

(d) Thermosotting structure in the final, cured state.

(¢) Use of mixutrcs of substances with properties contributing
to the ultimale state of the adhesive.

(f) vCuring" must occur under milder conditicons of temperature than
that withstood by the least stable component present in the
adhesive.

There are bwo manners of approach that can be follewed in producing
the desired products. Onc appreoach is to start with a polymeric material
which glves Lhe desired type of adheslve performance at ordinary temperatures
and attenpt to modify it so that it will be sufficiently stable at high
temperaturcs. An cxusuple of Lhis may be found in various polymers which
when chelated with wotals show unusual stability. Aiso lhe change from
an amorphous to a crystallipe structure can often improve the temperature
resistance.

The second approach is to seek a new polymeric type which has the
desired high tempcraturc stability and once this is discovered to modity
this fundamernital backbone to make Lhe polymer suitable as a durable metal
adhesive. This may be illustrated by siliconized epoxy resins. The silicones
are relatively heat resistant but do not have sufficicent adhesion to be
satisfactory. The introduction of thc¢ epoxy moiety overcomes this situation.

In this work we decidzd to pursue the latter course. Therefore we were
orly concerned with those polymeric systems which we believed Lo possess
back-bore structures with good thermal stability.




C. Work Frogram:

It is well known that acomatic nuclel arc morc stable szt elevated
temperaturcs than are aliphatic structures and thus polymeric chains rich
in aromatic units should show greater heat stability than are shown by the
currently available polymeric materials built on carbon chains of an aliphatic
nature. In the same manner polymeric chains containing the triavine
nucleus zhould show greater heat stabhilily bocause of the large resonarce
cnergy {grecater than 40 k. cal./mole) possesscd by this moiety. It is in
£his areca of rescnance stabilizod ring systons exemplified by phenylene
and triazine and their condeased and fusoed analogs that we decided to do
ocur research for high temperature adhesives.

The phenylene linkage in the backbone of a polymer chain is a very
desirable moiety because of the regularity and rigidity imparted to the
polymer chain by this repeating unit., as a result of these structure
characterisitics, polymers containing a signiticant f{raction of phenylenc
skelebal units are generally crystalline with rclatively high meliing points.
& considerable amount of effort, thercfore, has been and is being devoted
to the devclopment of polymers based on this structure principally for fiber-
formers. In addition to fiber-formation, however, another property inherent
in polymers based on phenylene unibs may well be exceptional toughness as
nigh impact strength in molded plastics may bLe related to the presence of
microcrystallinity.

The resonance cuergy for the cyanuric nuclceus 1s believed to be
about 40 k.cals,/mole {R.T. of benzcne = 36 k.cals./mol=). Some carlier
calculations show values as high as 2.5 k.cal./mole (Pauling, L.C., Nat.
icad. vei, 23, 615, 1937) but this is suspect. Therefore, it may be in-
ferred that with regurd to thermal stability, the triazine nucleus may be
superior to the benzenc nucleus. Thus polymers containing the s-triazine
nuclous as the repeating unit may be expected to satisfy the requirements
tor thermal stability. In addition, it 1s genecrally beliceved that the
stability of the linkages, as well as the total resonance energy of thc re-
peating unit, is cnhanced i1f the linkages themselves can take part in the
resonancl.

A consideration of thc electron system of the triazine nucleus shows
that a rather high charge exists -n the nuclear nitrogen atoms, Therefore
the chemical reactivity of tri-zine and its derivatives is higher than that
of the corresponding benzone derivatives. This enables the vreparation of
a wide varicty of wonomeric starting materials.

It was decided to divide the experimental work on this project into
two phases:




Phase I:

The preparation and evaluation of sultable polymeric backbones, based "on
phenylene and triazine ring structures. This phase covered the first two
montlic of the pr«ject.

Phase TI:

The attachment of adhesionable pendant groups to the polymers prepared
in Phasc [, the study of the extent of adhesiecn and the heat stability of
thece moditied polymers, This phase covered the remaining ten months of

the project,

i}, Literature Scarch:

e first stage in our rescearch progress conprised an extensive survey
of the cherdcal litcrature on the preparation and properties of phenylene~
and triazinc-containing polymers. In the field of polyphenyl ether polymers
thers is very little published information, this development being relatively
newk:2/, among the polymers wased on phenylenc-containing units investigated
in the paut, the most outstanding are polyethylenc terephthalate and the bis-
phencl polycarbonates., A number of other polymers have shown interesting
properties as a result of this structure including polyphenylene methylene,
polyesters of hydroxymethyl benzolc acids, polyphenylene cthylenc, polytere-
phthalic anhydride, polyphenylene phosphites, and polyphenylene itself.
bxcept tor the latter, all of these polymers contain two or more atoms
between phenylene units, and it 1s likcely that these extrarcous units tend
to decrecase both the thermal and chemical stability of the polymers.

A particular problem in the preparation of polyphenyl compounds has
been to develop techniaues whereby they could be readily obtained te yield
polymers which could be conveniently handled. For the most part, pyrolitic
technigues such as hot tube reactions as doveloped by Szwarc, Price and
others have been used.,  The melting points of the lower p-polyphenyls are
quite high and suggest that a high molecular weight p-polyphenyl should be
very high melting and guite stable. For example, p-sexiphenyl is reported
to melt at L75°C, while p-septiphenyl melts at 545°C,

The ~hemistry of triazines is extensively documented, much of it in
the patent literaturc. However, with rclatively few exceptions there is
little reference to polymeric materials derived from the triazines. In
addition to the patent literature, Chemical dbstracts and the original
referencos abstracted have been studied. Herc also relatively few rcferences
to polymeric substances exist. hAn excellent text, "The Chemistry of Hetero-
cyclic Compounds, s-Triazines and Dsrivatives™ by Smolin and Rapaport (Inter-
scicnce 1959) proved to be uscfuls




RESULTS AND DISCUSSION

Polyphenylene~Containing Polymers

1.0

1. Palyphenylene (1)

Polyphenylens, itoeelfl, was propared frer p-aichlorobenzene by
the Doloowing twe alternate procedurco:

A {dan in
R e ( . ’ \ —
( -
| Hioxane (105°C.) // \ S
~ c1-¢/ \\i \1| 7 \\_q1
i Na in \:::/ b\ =
Ry . Y !
P2+ palin (205° C.) 0
1
sobit polymers had softoending poinis greabor Lhan 400°C. and were
soluble in bonzene and chloreform. Thoe l.i. showed both structures to be

identlical xeept for the presence of some gqunieid rings in the polyphenylcene
piwpared by the sodium in tetralin proccedure. This was confirmed by the
ultraviolet absorption spoctra which showed greater abserption of this
polymer,

Chl vine end group analysis gave the following results:

_.n Mol. Wt.
KNao in Uicxance 21 2,000
Ha in Tetralin 54 i, 200

fhe preparation of pelyphenylene was also attempted by the following
diazotizalion procedure from benzidine,

. ; HQSUQ in

ril‘J v/ /
\

\\wg/f” \\— NH, ——m——- - Ne polymer
: L ?

+
] Bther, Cu
Benzidina

2. lolymericsation of 2,6-Xylenol (IT).

The polygthcr of 2,6-Y¥ylenol was prepared by the method of A. S.
Hay end co-workdersZ/. CH.

- CHL~ -
/CHj ] _/‘ 3 | /—‘/ 3 _“___/CH}
" cug Cl,, O . 74 X\ /4 \"\ ) 4 \
/ \\: -OH 2, Up - =0 o 0f - \/ -OH
n poMIE T e e i ; e
\c::€§l nitrobenzene, pyridine “ﬂhH? “——EHB <y
3 - -
n-2 IT

L.R. confirmed thec structure




7.

Higk softening peints were obtaincd (over 325°C.) and the products
vore pencrally difficult to zold.  On ono preparation a molecular weight of
cﬁuh v found by end grou: » analysis, but judged by softening point even
higher rolecular welghls were obtained in other preparations. It was found
nessible to carry out the reaction in perchlorocthylene instead of nitro-
benzene and with ailr insteac ol oxygen. The preparation proceeded smoothly
ard in pgood yield (up Lo 95%), the principle objectiosn to the procedurc being
in the Ligh depree of dilution required (about 97. 59 total solvent.)

e Polymerizaticn ol i-Bromo-2,0-kyienol ((IT).

O U
R S A By oin or o <CH
UL_T(/ -~CHy _::ig_lr."___:‘ Cil, /9 \. CH
SN CH5CO0H .
i
Br
Cig Chg CHyy Cliy

e

/ rd
TN AN ’
n Br -—\/ \\\YOH K‘BFC(CN)() Br*/’ Ny —o- / \>~O }-\ \ -CH

on KOH in aguecous ] .
"3 benzenc iy < 5 n 3

INRA
TR, confimed the structure and 21so showed
it to be identical to the product obtained
by the oxidation of 2,6-xylcnol.
L[] = 035 in CHCl3
MJWt. = 6,000 by Br analysis

M.t = ) 250°C

The above preparaticn of polymer ITI was made according to the procedurc

of Price and co-workersi/. Although, structurally polymcr III appears to
difter from polymer [T in the rcplacement of a hydrogen by bromine at one
end of theo chain, this is not quite tae casc, Price has found that polymers
preparcd under nitrogen contain ordy about onc titratable phenol group per
ten polymer molccules. this is in accord with a termination step involving
radical coupling:

. - -_— l' l
Br C8l:{8\) 92-( Br CngOo ——

it
n Bro o+ bir (chgo)n Cali, 0" -
3 CH

_P)OC Hs) Br
/Fatle),
| }::7
Br(c ”‘8”)-~{ -/

e li 4
o ‘I (\JHS

CHy @




8.

ictensive modificaticns in the original procedure werc made in an cffort
to arrive at the variables controlling melecular weight. In general, it was
found that low temperaturcs and highly intimatc mixing of the benzene and
caustic layers led to high molecular weight polymers. The highest melting
polyrncer (over 270°C,) was formed in a one phasc system in which methanol was
substiivied for benzene. The lowest melting polymer 130°C. was obtained when
no organic solvent was used. In thoe latter the polymer [ell out of the sodium
hydroxide sclution as a precipitatce as scon zs the decreasc in hjdroxyls
ldmitd 1te solubility as a polymer. I suwmmary, it is believed that for
polyricr growth, solution is cssontial.

Le Dolyaryl Ethers from o-Cresol Nevolacs (1V)

. i low cost type of raw material of interesting possibilitics
appearcd to be o-cresol novolics which, like xylenol would be difuncticnal
(04 znd ortho or para hydrojen, in respcct to the reactions giving polyethers.
The first nember of this serice might in fact be considercd a xylenol in which
» muthyl bydrogen has been replaced ty the crosol moicty.

CiH
CHy i . CH — _

AN ~ 7 CH3 PN _._.\ 2 ,L

2N < G \ /

l [ie tin - v | AN —(I oo <7 e

) RO
- AN =/ — /
~ R - gy
- Yo (1) CH. n

The higher members appearcd to offer the pousinility of polycthers in which
OM groups remained on some of the phonolic nuel -4 inasmuch as all active
hydrepeus would be missing from the ndddle aromatilc nuclei and hydroxyls
would thus predominate on setive hydrogen sites:

OH Ot { \)H

oy 2 oy A oy c:ri.j,_,/\]
) T B 4 [

LCHow | - -Clin- - CHoel

L r— 2 (] 2 [ 1 2 1 J,,:

w0 N >, S

‘ /"
4
(only cnd groups have active hydrogen on the ving)
By the oxidation routc of Hay infusible products were obtained. By
the bromination route, a very low yiold of preduct was obtained, with most

of the bromimted novelac being recoverced unchanged(by acidification of the
caustic layer).

B. Triagine-Containing rolymers
1. Melon (V)

This rather-unique high melting polymer was prepared by the
following s quenceZ/:

NaCN5 + Cl, --~--> (Pscudocyanogen) - 5=~ »




) NH it
NH 2 S
TN 2 ,/\\' i \f
. l ‘ T K T
o \\ : \\: / :
" I | o oo T Ty
SHE «l\i)\l/)_ M- N L oM=Ly

Insolubl o in all solvents except hot, concentrat.d HDSOA,

?. Peaction of Cyanuric Chloridc {ith Benzoguanamine (VI)

L CgH C¢H
~ ) Iy
-~ } AN i Cl—,/"’\/’-(ﬂ */\f 2
B T T T |
l-«L V,/J‘ Ci 2HN_{\/H“HQ el = NH - |\\)—-I\JH——(:A:C.

V1

Low yicld of Product
belicved tu be a low polymer,

3. ielymerisation of 2-imino-4,b-diphcnoxy triazine (VII).

cL NH2
,»/J\\ . ,/’J\\\
) l = ] . [ 7 Phenol
11 J-c1 NHy in Cl- cl ‘6};:‘“’
CHCL3
I‘\J!l,)
Py

N .. NH -4
ol T g Folymerized oy (o )M - cte.
675N ATt omoec, ——

with N, ! |
ObéHﬁ OcéHS

VII
Polymer with M.Pt. =7 360°C.

T.R. confirms structurc.
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Reaction of Benzeguanrine and Diphonyl Carbonate (VIID).

!
re

The following high melting polywier was preparcd in 90% yicld.

0
~ ~:[\¥H2 // 250-260°C..
o | + CH, -0 =-C - 0 - CH. S e
Ol _'\f J-NHQ 675 675 under N,
NH . N
{
= ) W - AR

[ .
’ Polymcr with M.Pt, = s 360°C.
J.R. contirms the Urca linkages.

C, Physical Studics on Polymers

1. Prcliminary Heat Stalbiliby sStudice.

Prellminary heat stability studics were conducted on the more
promising polymers prepared in Scctions A and B, The procedure uscd was
to subject known wéights of polymers to 200° C. hecat at 0.5 mm. vacuum for
26 hours. The loss in weight, color changes, and infrared speetra of the
polymers were conpared after the heat treatment. The results are summarized
in Teble I.

TABLE 1
Effect of Heat (200°C.) and 0.5 nm. Vacuum on Polymers

after 26 hour lixposurc

Polymer System 4 Loss Color I.R.
in Vt, Change Spectra
Polyphenylene (T) 3.3 None tio change
Poly 2,6-xylenol (m.pt. =2230°C.) (TI) 2.5 " nooon
Poly 2,6-xylenol (m.pt. = 31.° C.) (II) Ooliy " " 1
Poly 2,6-xylcnol (from Bromo-xylenol) {I1I) 3.3 1 " 1
Mclon (V) 3.1 " Ul il
Urca-linked triazinc polymer (VILI) 9,1 " mooon
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¥iti: the exception of the urea-linked triazine polymer (9.1%), very
little weipht loss occurred on the heat treoatment. Infrarcd spectra showed
ne effect f the heat on the chemical struciure of the polymers. Thus it
is felt that good heat resistant polymers were available for chemical modi-
fication of those polymers into adhesives (Phase II).

2. X-ray Difiraction Faitcrns.

X-roy difiraction paticrns of somc of the morc promising polymers
wore debenanined by the Propellant Rescacceh Sevetion of Pilcatinny arsenal. The
patterns wore made using a standard North amcerican Philips Company diffraction
urit. The camera had o diamcter of 114.6 mm.  and allowed rotation of the
sarple,  The sanples were ground in an agate mortar and transferrcd to soft
capillarice about 0.3 rm. in diamecter. Ten hour exposurces using nickel-filtercd
copper radiation wore iade with the samples being continuously rotated during
gxposurc, The results are pictured in Figure 1,

he tosulis show that polyphenyl (1) and melon (V) are entirely amor-
phous, the urca-linked triazine polymer (VIII) is highly crystalline, and
both polyxylenocls show some well-ordered regions of crystallinity. Polyxylenol
I171 appears wore crystalline than the Hay polymer (11).

3. Thermogravimetric snalysis

In order to obtain information regarding the high temperature
stability of polyxylenol and ite oxidized (carboxy) and bromomethyl ceriva-
tives (See Section D), these prodicts were subjected to thermogravimetric
analysis by the Plactics and adhecives Division of Picatinny Arsenal. The
polymers were heated at the rate »f 3°C. per minute under 100 micron vacuum.
The results are reproduced in l'igures 2 to 4. The original sample weights
were 205 * .2 mgs. The results show the very good stability of the parent
xylenol at temperatures up to 400°C. (Fige. 2). It is intercsting to observe
the sudden breakdown of this polymer at tumperaturcs greater than 400°C,

(n the other hand, the carboxy and bromomcethyl derivatives show inferior
temperature stability as compared to the parent polymer (Figures 3 and 4).
Although the volatile breakdown products were not collected and analyzed,
the low fractional weight of V.4 2t temperatures in excess of 400°C. shows
that carbon-containing compounds (e.g. COE) arc lost during breakdown
(Residuc of carbon should have a fractional weight of 0.8).

L. Molding Studies on Polyx:-lencle

The polyxylencls showed considerablc differences in molding
temperature, depending on wmethod of preparation and basically on molecular
weight. Moldability was determined by calendering action on 0.1 gram speci-
mens on a controlled surface temperature test plate. Table II represents
a selection of typical polyxylenols over the spectrum of molecular weights
produced in this work:




Figure 1 -~ X-Ray Diffraction Patterns of Polymers

(a) Polypheryl (I) (c¢) Melon (V)
(¢) Urea-linked Triazine Polymer (VIII) Ef) Polyxylenol (III)
(e) Polvxylenol (II) h) Standard HNaCl
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Table II - Variations in Softening Point and Moldability of Polyxvlenols

Surface Temperature °F.

Prepn.
No.[ Preparative History MIT 350 400 450 500 550 A00 H50 700
24,8-9 via bromoxylenol (Price) 7100 U 5 SM M M M M
24,8-56a it 7550 D S SM M M M M
b i i 3 sM M M A M
C i 11
227-82 1 - SM M M M M M
2L,9-101 it 1770 oM M MM i b M
248-132 1 2880 SH RIS M M M I
248-1730 it 1430 s M M M M M M
24870 via xylenol + Uy (Hay) % S SMOSM SHM M M M
248-75 via xylenol + air (Hay) = D D S SM SM M M
Noteos 3¢ Holds zlso at 300°F, M = mcidable
D = discrete particles M = initial temperature at which
3 = sinters rolding is possible.
S = semi-moldable 7 = porsibly as high as 20,000

Generally speaking, only thosc products above molecular weight 4000
gave molded gpecimens showing of strenpth and toughness., Below this nolecular
weilpght the molds were brittle. We were unable to wold material produccd by
the Hay method ix commercial compression molding cquipment.
Table IT1 - Physical Propertics of Molded Polyxylenol

Polymer Prap. 248-9 248-10 248-54 248-70

d
Tensile at 72° F. ' psi 20 2450 2500 not
Tensile at 392°F, psi 225 -
Tetisile at 5C0°1 psi failed failed faileud mold-
Flastic Modulus at 72¢F, psi 4., 5M able
Rockwell Hardness 72°F. 78 M 78
Impact Strength Notch Izod ft.lbs./in. .59 .68
Holoeular Jt, AppT. 7000 7000 7800 20,000

5. Preliminary Adhesion Studies

Although the molding studies made abcve on the polyxylenols show
the difficulty that is encountered in obtainirng flow and wetting of surfaces
by high molecular weight specics of these polymere, it was still of interest
to obtain data on the adhesion of these polymers to metal surfaces.
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Preliminary work was done on the initial strengths that could be expected
by the use of the polyxylenols and their derivatives as metal adhesives.
Lap shear specimens were prepared on degreased aluminum. In all cases a
pressure of 200 psi was employed. The results are summarized in Table IV.
All strengths were measured at room temperature.

Table IV.— Tensile Shear Tests on Aluminum for Polyxylenols

Description Temp. of Cure Press Time Shear(l)
(°F.) in Minutes Strength
psi
Polyxylenol 550 5 2046
Polyxylenol 550 2 3440
Videne 300 5 1318
Polycthylene 300 5 592

(1) Aiverage of 5 tests

The above results show that pclyxylenol, under the conditions of cure
employed, gives better strengths than Videne or polyethylene. The longer
time of closed press time may have resulted in slight carbonization, oxida-
tion or other reaction which could account for the lower tensile at the longer
time.

Polyxylenol and some of its derivatives were tested on stainless steel
(#302) for tensile shear. The steel specimens were degreased with trichloro-
¢thylene and etched with a sulfuric-dichromate mixture. The adhesion results
are summarized in Table V. The third column shows the heat treatment employed,
sll tests were run at room temperature except the last one. This attempt to
test the polyxylenol at 500°F. resulted in "no adhesion'™. The relatively
high room temperature strengths obtained, in conjunction with the T.G.A.
results (Figure 2), show that the initial adhesion was good but that adhesive
failure may have occurred under the conditions used for the strength tests.
The physical properties shown in Table III would lead one to expect these
poor high temperature results. t is for this reason we have been attempting
to get crosslinking.
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TAKLE V - Tensile Shear Results of Polyxylenol Derivatives on
Stainless Steel

No. Zescription Condition Shear
Strength
226-20-2 Parent Polyxylenol Huated to 550°F. and 550
cooled.
226-20~2 " i Heated to 550°F., held 1030
for 2 min. and cooled.
227-29-2 Parent Polyxylenol Heated to 550°F, and cocled 1512
22?_.29,_2 i 113 i it i 11 it 2550
227-65 . Carboxy Derivative of 226-20-2 i oo i n 250
227._65 it " it it it it 1 Broke on
removal from
jig
207-£8 Brominated Derivative of it wooon e 1 No adhesicn
227-29-2
22'/,.(\)3 it 1 i 1 " i1 134 A 1" i
227-705  Quaternized product of 227-65 ! L it " # "
with Trimethylamine
227-29-2 Parent Polyxylenol Heated to 550°F. for 1930
5 winutes and cooled
227292 " " 1 1 1 I 1930
227~29-2 " 1 Heated Lo $50°F. for 5 mins. No adhesion
and tested at 500°F,
D. Chemical Modification of Parent Polymers

Lo

Incorporation of Carbeoxyl Groups In Poly 2,6-X-lencl Polymers.

Attempts were made to oxiddize some of the methyl groups in poly

2,6-xylenol to the reactive carboxyl groups.

employed:
R O
< \> O 1//'/ _\\\ -L)~‘\‘. /‘/ \\,‘OH -
) - * N\ 7/ ’ nm,J
Sl N/ ' e
| ) (lIH n (l:
. ) H
2 3
CH3
. . th3
C@B .CH3 /
L7
A\ 7 Neo {\/LOH
\‘T‘j‘“// ’ ==

Two general procedures were

Dilute KMnOh

_______ — —_,

HNO3 Hp0, Steam
(()OOC . ) bath




The permanganate method proved to be the better procedure.
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The compound

was definitely altered by oxidation and originally analyzed to show a high

carboxyl content (Sec Quarterly Report No. 3). However

, ilmproved methods of

detormining acid groups in such polymeric srstems ghowud a maximum of about

3%,  T.R. spectra showed no hydroxyl. That
way by the treatment was evidenced by increased melting
tion of CO, by~-product in appreciables amounts. On the

the struclure was altered in somc

point and identifica-
other hand, thermo-

gr4v1nc:r1» analysis (Figure 3) and adhezion tests onm stainless steel (Table
V) gave results which were inferior when conpared to the parent polyxylenols.

2. Chloromethylation of Polyphenyleone

Since 1t has

often been shovn that chloromethylation in addition

te putting a reactive group on a molecule leads to an increase in the heat

stability of the material, the procedurc was
v s

A ’ A :\\.- /7: N )
Cl-—\// \\ i // AN ; + <// \ ’;-—C:L }i&%* _(/H ’)k — or 20
\\::/' — N 5-10°C
AL - 85°C,
I (4) (B)
Gil2 ~C1

N
CH2~CI

Only procedurc (B) was successful (4# chl

oromethyl groups).

applied to polyphenylenc.

H3P0,, HCL

No solu-

bility differences between this product and the original polyphenylenc could

be observed.

3. Bromination ol Side Chains of Poly 2,6-Xylenol FPolymers
CHf:; ! CH3 : /CH3 JHZ B C\: 0
~ . . =\ l N - Br
A N\N-o o\ - 0 - ¢/ \\-CH e
: / GH,- ¢ =0
—_— \ J— —/ 2
| ; CH., oy, 0 TTUTTTTTmTS =
Cle . .0 3
CHo-Br CHp-Br CHy-Br
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The abeve rcaction gave a derivative with 22% bromine in good yield., This
iz equivalent to O.4 atoms of bromine per repeating unit. The bromo deriva-
tiveproved inferior to the parent polymer in regard to thermogravimetric
analysis (Figure /) and metal adhesion (Table V).

fo  Reaction of Polybromoxylenol With Amincs

Polybromexylenol could be readily reacted with tertiary amines
in benvene solution to give the quaternary brorides.

T
C”Q"}:’n r CH:)_N [L))
. RAN RN
-(& t§3~0— 3 R jy 0=
A i N—

i -
) CHolsx // i
- 7

The quakernaries were high melting, ionic, watcr soluble products which
showed no adhesion to stainless stecl (Table V).

5. rnydrolysic of Polybromoxylenol

\
Chip-Br Clt,=OH
OH o
v \> ------- 2V
- oy,
| CHy-OH 7
Cll,~Br , n -

Low melting brominated polyxylenols were reacted with sodium hydroxide
and with potassium carbonate, the plan being to produce side chain hydroxyls
for thermosctting with polyfunctional matcrials such as aryl triazinyl
diisocyanates. Considering the case with which benzyl chloride 1s hydrolyzed
to the alcohol, thic reacticn should proceed readily. In the case of sodium
hydroxide an unanlicipated recult was obtained: the product became insoluble
in all solvents tried (although swelling to a gol in solvents normally dissolving
the parent substance.) No signs of softening were observed up to 370°C,
Analytically, bromine cquivalent to that on the side chains was removed yet
no hydroxyl groups were [ound in the product by IR spectra or acetylations.

It is believed that a Williamson type reaction may have taken place. Reaction
of sodium butylate with the brominated polymer under conditions to force out
butancl gave an insoluble, infusible product of similar physical character.
Whether or not the suggested mechanism is valid there is little doubt that

the reaction with strong bases including amines leads to inscluble high
melting polymers. This appears to reinforce the prospect for thermosetting

by means of side chain reacticns.
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In the hydrolysis by potassium carbenate no removal of side chain bromine

occurred.

{. Reaction of Polybromoxylenol And Trimelhylchlorosilanc

CH,=Br - T enmile
( , | ) Hy, 3)5 x
e SR ?
¢ N0 (o), si-ol d \>”O-
\\ ; ,5 3 N H '\ 7
= STt VoS /
CH q_i'. r 2 Na '\ A . /n
o kR SHo—Br '
/n \ L= /
/ N /

Tetraslkyl silane

The above transformation wis ce*fected in good yield. As expected,
the tetraalkyl «ailane polymer was very high melting. The derivative was
unzoubtedly cross-linked as it could not boe Mused or meolded. Therefore
adhesion tests could not be debterndned on tihiis derivative.

oo LOLLu

7. Reaction of ditrous Acid on Urea-linked Triazine Polymer

0
e o
/_ T ;—NH_C—NH- : Né?gg_» No Heaction
) ! HAS80, . ether
I . ! 2Uw§;C. -

8. Reaction of Phosphorous Pentachloride on Urca-linked Triagzine Polymer

Phosphorous pentachloride iz known to react vigorously with
amonia and urea, The PCl, is said to function as a chlorinating agent.
However, large amounts of P -~ N bonds arc found in the products.

Ve have previously tround that phosphorous pentachloride recacts vigor-
ously with both benzoguanamine and melamine, Tharefore this reaction was
applied to our urcthane-linked triazine polymer. A high melting product
resulted. The product could not be fused and was insoluble in all common
solvents, No chlorinc was detected in the polymer.

9., Heduction of Melon {"Hydromslon")

The general principle tried from here to section 15 on the highly
refractory triazine polymers (melon and urca-linked triazine polymer) was
to attach amino groups and consegquently form amronium salts with acids able
to etch the stainless stecl such as HF, HBF,, HoS1l,F, . NH,HF, and chioromethyl-
phosphonic acid with possible addition of a water—?ofming hydroxy compound.
The intention was to dissociate during cure the ammonium salts forming free
concentrated acids and if not successful in an anhydrous medium to add a few
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per cent of a polyethylene glycol to rorm small amounts of water in situ
which wmight hclp to achieve the etchimgr eft'ect on the stainless steel surface.
To achicve this goal, diffeorent ways werce chosen for both types of triazine
Melon 1s an extremely refractory material and chemical reactions
: nitrations, sulfonalions, cte. are almost impessible, However, the
pound discolves in hot concenirated sulluric acid and this vehicle was
chogen to carry out a reduction with & suitable reducing system. At first
zine dust was tried but the =zinc salts interfered and reduction went too
far (forming watcr—-soluble amines) wiien the solution was worked up. & better
aystem found was hy&ruulno sulfute which reduced only % p temperatures as
hirh as 180-170°C, to form an avine which had a VOTJ/QC ting point and was
insoluble in all media except dilutc aqueous mincral acids. That was exactly
what was Loioked for. However, whon an expoeriment was made to vrepare this
reduction product, it was Tound to he sensitive to reoxidation by air, when
dricd in thc drying oven and becane insoluble arala in dilute aqueous acid
and the vhole experiment had to be repcated. This time the product wes dried
in vicuur and therelore remaiued solnblce i dilule acid. The product is
called hydromelontts The greater sceiability of this product is believed due
to a decr Gase in the resonance energy of melon by hydrogenation of some of

the triazine rings.

systems.

¢, Amino Derivative of Urca-linked Triazine Polymer

Yhen the Lonzoguanamine-diphienyl carbonate polymer was subjected
1¢ hydragine reduction in concentrated sulfuric acid, it was found that
stabla urder these conditiono. Jcconmh ition occurrecd
a4 e amioe groupings with the liberation of carben dioxide. Thercefore
reduction € the triazine ring in this product was abandoned and the decision
was made Lo attach an amino group to the phenyl group of the henzoguanamine
portion in the fellewing manner:

Lo

th
the polymer was uol

i 6] - o - 0
{ i
U | , Lo ik
L SCNH=C-HH | HNOS o NNH-C-RH | 6(1) T i—NH C-NH
L . _.‘J___ {7 e — L
{ j:] > 1 J o
- 1,50, | |
| .‘ B
: 11")1' n P ﬂ N -i
e A )
- - - NOy NHz n

The above reaction
salts were prepared from the amino
tioned'hydronelon'.

sequence was successfully carried out.
compound as well as with the above men-—
These are described in secticns 14 and 15.

Amino Derivative of a
Polyurea

Numerous




11, Reaction of Melon with HBF#:

HMclon was reacted with a solution of fluohoric acid in methancl for
17 rours at 60-70° €, The resuliing product contained orly 0,824 fluorinc.

12,  ‘Y'reatment ol HMelon with 1F5:

liclon was reacted witk 2 solutien of iodine pentaflucride in chlero-
{form at 60-70° ¢, ‘'Iic product obtained contained 32,8% iodine and 12.2%
fluorine,

13, Treatment of Melon with Ber:

The reaclion of melon with bromine triflucride yielded a product con-
taining 23% bromine and 6.84 fluorine.

1k, Salts ol Hydiomelonic:

THydromelon'' proved Lo be a rather weal basc since salts could only
be formed with slrong acids in concentrated solution, However, melon itself
does not underpgo salt formation under these conditions. Un dilution of the
hydromelon" salt solutions, hydrolysis occurs (reprecipitation of ithydro~
melont), The following salts were prepared:

(a) HF salt - costained 8,3% HD

(L) TIluoborie acid sally - coutained 17.3% HBF,

(¢) Chloromethylphosphonic acid (CHPA) salt -  contained 42.8%
CI‘].P 1\ M )

15, Salts cf Aminec Derivative of Urea-
linked Triazine Polymer:

The followin;; salts were prepared:
{a) HF salt (2,39 HF)
(b) HBU, salt (17.7%¢ HiFy,)

(¢} Chlorgmethylphosphonic acid sait  (24,6% CUPA)
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1é. Etching Test:

The ability ot the albove described amine salls tc etch a stainless
steel surface was tesitcd as follows:

depreased stuel L“.t plates. Alier sand-

Tne salis worce applica
L

wiclking tie plates Ligether o compression at 300 C., the pressure was
released and the extent of ctching ovserved, No noticeable etching (or
adhesion) occurred with these salts. In Lhe case of the chloromethylphos—
phonic acid s&alts, sume slighl adhesion was observed upon the addition of
omail amounts of poLa ssiur hydroxide,

In conclusion il was felt thatl the Yetchiny idea’ did not hold pron-
isc and therefore was abandoncid.

e Ulyecidvloxy-s-Triacines:

1t was felt {hal cric nauner of ulilizing the heat resistance imparted by
the triazine nucleus an! renoving the highly relractory nalure of compounds
of tais class would be the abvaunuent of epoxide groupirgs directly on the
nueieus. MThis should lead to Liquids or low moitlng solids, suitable for
oper wetbting ol a nelal suritace,which could subsequently be cured "in situ¥
to hard thermoscl peoducis,

In the preparation ol these products two routes from cyanurie chlor-
ide and one from cyanuric acld were followed in our work:

e

(1) HHGCHyCHOHGH, L]

ji‘owdered HauH

_ 0

¢ 0 /\ / 0
/N CHaCH CHoyO 0CTL,CH CI\Q
(2)  HaCH-CHyOI : g

’ { - > /Q\ + polymers
Qo NaOH OCH, CHCHy
& " exXCcess
HO H
T 0
/N
oil (3 CLOH,~CH CH,y

Powdered NaOl




Route (1) gave clear, viscous, colorvless liquids of shelf 1life Irom
3 weecks te two months, which analysis indicated to be complex mixtures of
base catalyzed polycthers, typical of cpoxy compounds, The prepgrations sclf
polymericed at mederatcly clevated temperatures to give hard, glossy polyrers
and cured very rapidly with polyamines at room temperature to give from hard
Lo flexivle polymers, depending on amount and Ltype of curing agent. The -
polymers showed {air heat stability on exposure to temperatures of 500-550°F,
Lut with some emlrittlement. It was Teli tnat less highly functional start-
ing waterials would give more linear, less brittle products.

fioute (3) pgave a clear yellow cpoxy, remarkably resistant to self
polyumerization, but rcadily cured by aliphatic and aromatic diamines and

polyamines,

; . : . . . .
We were unsuccessful with route (A)*/ and in the reactions of epi-
chlorohydrin wilh benzoguanamine in isolating useful producls,

The glycidyloxy-s-trriazine obtained by route (1) gave Yepi values
of 3.65 to 5.2 milliequivalents per sram (thzory = 0.l m.eq./g.)s ‘This
may be accounted for by the nature of the by-products (all high boiling
and by the fact that step addition polymerization may occur during the
preparation. In order to arrive at a less highly functional epoxy resin,
cyanuric chloride was {irst pre-reacted with ammonia o give the mono-
amino derivative, The resultant glycidyloxy products, surprisingly, proved
to be highly unstable, being difficult Lo isolate without extensive de-
composition. Ore product was isolated as a glass solid, by stripping at
low pressure and termperatwre, On a L00° (. hot plate surface this material
decomposed violently te pgive a "Pharaoh?s Serpent" of foamed plastic with
30% loss in weight and charring in the process.

In order to obtain prelininary information on the adhesion of the
glycicyloxy-s~triazines the following crude procedure was used:

Clean stainless steel strips were lapped over thin layers of adhesive,
cured under what experiment had indicated to be the optimum curing conditions
and broken to determine lensile at break at room tenmperaturc, These results
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s no more than indicative because of the small number
cases questicnable technique in preparing the laps,

and in some c©
nce of mcderate adhesion was confirned.

However, thie pres

@

¥

Table ¥I. - Lop Tensile Tests on Stainless Steel Strdps of
Glycidyloxy Triasines

——

Cure Cure How
Hix Ho, Tine Temp, Curing Agent Lap Tensile

His. “ P, Hade psi
125-11 2 200 Versamid 140 500 e Wha 6L5
126-2 2 200 Versamid 140 500 fo Wl 1300
127-6a 2 200 Jersamid 140 Clamped 470
127-0b 2 200 id 140 500 Se Who 680
127~ 2 350 500 fia Wt 1370
126-2 2 3¢0 500 g Wha 1000

{ualitative sbservations indicate bhabt holding the slrips (Versamid curcd )
at 525¢ F, for cne hour crbrittled and slightly darkencd the bond, while pos-
sibly improving; the adhesion.

T

¥e Triagzinc Polyisccyanales:

Conmercial isocyunates showed promising behavior in qualitative tests
with metal coupons when combined with melamine or benzoguanamine, but the
results did not measure up to specified requirements, even when the compon-
ents were taken in stoichiomebric amounts and curing was done under applica-
Lion of much care, somewhal better results were observed when stoichiometric
amounts of phenols were included into these combinalions, Phenols applic
successfully were: hydroquinone and l,8-dihydroxyanthraguinone along with
benzoguanide. Kesorcinol tailed under these conditicns. The bonds were cured
at 250° G, for 20 min, under 150-200 psi pressure in an electrically heated
(arver press, oSirangely enough the bonds were extremely strong directly
after the curing when they werc still hot. They could not even be pried
apart with pliers under application of brute force and the plates bent off
bub when they werc allowed to cool to room temperaturc they could be pried
loosce easily; a strong dacreasc of tensile strengih was very noticeable
therefore, It was assumed this behavior stems from brittleness at low
temperature (high brittle point).




it was decided to continuc synthetic work in the triazine field to cobtain
more promising base compounds of this class, such as isocyanates'and poly-
phenols. Since aminobenzoguanamine itself did not hcld any promlsg, when con-
Lined with commercial triisocyanates it was decided to prepare an lsocyanate
fror: it and to convert it into polyhydroxy compeundc in the cstablished manner
by recaction with nitrous acid (diacotization) and heat converslon into tl.we hy—
droxy compounds. To achieve this aim more of the base compound, Lhe amino-
benzoguanamine had to be prepared in larger amounts, A norce successful and
cconomic method of preparation was develrped and large quantities are now on
hand.

b L ]
Kol Mo = =ty i 0Ly
~ — 2 -.('{2 1'—1:(}?
7 = COCL, “)
< L 2> (L Uneo
Niley

This direction leads to producls with only one benzene ring attached to the
triazine ring., On the preliminary cxperiments with commercial isocyanates

it was found the triphenylmetiane triisocyanate {Desnodur Ity Mondur 1M)

while having good adhesive properties to metal, had a rather poor heat r. :ist-
ance, At 250° C, it carbonized, The triisceyanate seems to be a useful prin-
ciple; but the atlachment of Lhe 3 phenyl rings to a single € atom sSeems to

be the weak spot. 1t was decided, therefore, to huild a similar triisocyanate,
With tlie NCO- carrying phenyl froups atbached to the much more heat resistant
triazine ring.

HCO@ /@NCO

NCG

Kyaphenine Triisccyanate
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In order to cobtain the triaminckyaphenince required for the above tri-
isocyanate, many unsuccessiul paths were tried. These ircluded (a) Grignard
synthesis with cyanuric chloride and p-bromoacetanilide, (b) Ullmann reac~
tion with cyanuric chloride and trichloroberizene.

The best method ol obtaining triaminokyaphenine was found to be as
Tcilows:

1 C6H§

/ . MO
LA e, Ceily 65

CH NG 3, <NHA
Léu NCZ Lél Nr&

]
" Crl . i
ON-C (] ~CH, -NO HN-C H — gty NIy
AL &', N0, 2Hi=CgH) - L

The details of the above preparation will be described in the {irst
quarterly report of the next coniracl (No, DA-36-034-CRD-3501-RD),
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EXPERIMENTAL

(Unless noted, all temperatures are in °C,)

Ao Pelyphenylene-Containing Folymers:

1, Folyp 101}/1(4*1(,'

This polymer wans prepared by the reaction i p-dichlorobenzene with
(1) a potassium-sodiwa 2llcy in dioxance, (Z) metallic sodium in tetrahydro-
naphthalenc,

(a) The iha, Method in Dioxane:

The polyphenyl was prepared by the procedurce of Ndwards and Gold~

Metallie sodium (46 g£.) and metallic potassiwm (39 g.) were placed

in a l-liter 3-neccked ilask containing 100 ml, dry xylene., The mixture was heat-

ed to reflux for 34 inws, Lo [orm the liquid alloy,.

147 g. p-dichlercbenzenc and 250 ml. dioxane were placed in a 1-
liter 3-ncecked flask, equipped with a stirrer, reflux condenser, and a dropping
fumield containing the Liquid Klan covered with 100 nl. benzene, The flask was
heated to 95°, the heat discontinued and the liquid KNa, added in small incre-
uenta over a 2 Lour period while maintaining the temperature between 100 and
110°, The mixture was refluxed [lor 48 hours wilh vigorous stirring.

The reaction wixture was cooled and waler was cautiously added to
the {Jasi with nitrogen flocding. Approximately 700 nl., water was employed.
The mixture was then heated to reflux overnight.

After cooling, the polymer was filtered, washed with 6 x 200 ml.
water, and dried overnight at £5° under vacuum,

The dried solid was suspended in beiling benzene for 24 hours
with thorough agitation, The renaining solid was removed by filtration and
placed in a Soxhlet DOxtractor, The polymer was extracted with bensene for 2
days.

The combined benzenc extracts werc pourced into 3 volumes methanol.
The precipitated polymer was filtered, washed thoroughly with methanol and
dried at 50° under vacuuwa:

<0 82,02
A Le95

aal 334 (MJt. = 2130)
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(b) The Sodiunm in Tetralin Method:

This polymerization was carried out using 147 g. p~dichloro-
benzene, 46 ge. sodium nmetal, and 250 ml., tetralin,  The rcaction temperature
was 190-205°,

9 C 91 .0V,
94 5,69 Co
% Cl 1.83  (Mevin. = 3900).

The elenentary analysis showed that a purer, higher nolecular weight polymer
was obltaired by the sodiuwm in tetralin method. Buth polyners were soluble
in benzene and chloroforie.

2. Polymerization of 2,6-Xylenol:

2/

The polymerizatiocn was carried cut by the metiiod of Hay and associates
Hodifications were nmade in the purification and icolation of the polymer,

In a 12-liter 3-necked flask were placed 20,5 5. cuprous chloride,
3.5 liters dry pyridince and 5,5 liters nitrobenzenc. Oxycen (2 1lbs.) was
passed into the selution at a slow rate to oxidize the copper. After the ad-
dition of 500 ge 2,6-xylencl, 5 lbs, oxygen was passed in at a slow rate over
a 3 hour period, The sclution was divided into 700 ml. portions and precipitated
by the additiomn ol 3 liters methanol containing 200 mi. concentrated hydro-
chloric acid, The combined precipilates were collected by filtration and
washed with methanolic hydrogen chloride. The polyner was resuspended in a
nixture of 1500 ml, methanol and 100 ml, concentrated hydrochloric acid, filter-
e¢d, washed thoroughly with methanolic hydrogen chloride, and dried at 50° in a
vacuum overl,

Mo o = 8200 (00 end group analysis).

3. DIreparation of /-Brono-2,6-xylenol:

2,6-Xylenol (346 g.) was dissolved in 710 nml. glacial acetic acid.

‘he solution was cooled to /¢ and, with consvant stirring, a solution of 454 g.
brominc in 710 ml. glacial acetic acid was rapidly added while maintaining the
temperature between 7 and 12° via a dry ice-alcohol bath.

A solution of 37 p. sodiwa bisuliitc ir 1700 ml., water was added with
stirring. The precipitate was isolated by filtration and washed thoroughly
with water. 'The brominated xylenol was recrystallized from hot hexane to yield
375 . (66%) of product in the form of long white ncedles. H,P, = 76-78¢
(Peilstein gives 79.5°.)
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e Polmerization ol h-Bromo-2,6-xylenol:

These polymers were priyared from A-brono-2,6~xylenol by a modifica~
tion of the procedure ol Frice~ , 7The following illustirates a typical run:
Table VIL shows the variations ir the preparation which were employed in order
to obtain products with lower softlenins peints for subsequent in sitw' cross-
linking,

L—~uronio~2 O—X:} lenol ( 200 {:.) was ssolved In 2000 1, benzene., ith
stirring & solutior of 112 g“u, sodium hydroxias i: 1 liter water was added,
Litrogen gas was bubbled in for 15 minutes, itk continued nitrogen bubbling,
a go¢ut¢on ol 33 ge potassium ferricyapide din 200 nl, wator was papidiy added,
while maintaining the temperatuie berow 107, The reaction mixture was sulrred
fer 1 hicur turther,

The mixture was transflerred fo a ep_rato v funncl and the henzene
layer removed. Tihe aqueous layer was extiracted with 3 » 300 ml. benmenc, The
conbined bonzene extracts were washed twice with 54 JICL solution. The benzene
sulubion was evaporaled on Lhe sican balll Lo a volwae of 1200 0. and puur
irnto 4 liters methanol., The preclipitated polymer was filtered, washed tw1co
with a diluie methanclic-HCl solution and twice with methancl. The polymer was
dried in a vacuwm oven at 50¢ overniphi.  Yield = 106 ms. (88%),

5o = T7.23
ol 6,40
B o= 1.1 (Maiite = 5700)

Table VII, - Variations in Freparaticn of Polyxylenol

284 - o 22"~

130 132 133 134, 135 136 135

Jromoxylenol g 19 10 10 10 10 10 10

125 sodium hydroxide ml 53 53 53 - 53 53 53

LO% sodium hydroxide ml - - - 10 L~ - -~
Kge(tll)y o 1.65 8.3 Lo0b 1,05 1,85 1,65 1.65
Benzene ml, - 100 - e 104 - 100
llethanol  ml. - - 100 - - - -
tenp., = °C. 29 35 25 L5 38 Sh 10
Agitation Tast fast fast slow flast slow  slow

Velghl #Ylelds

on bromoxylenol % 4 30 19 (&) 5L 5 L7
Bromine in Polymer % - - - - 35 - -
fielt Pt, *C. — darkens 130 180 - 185 165 200
softens 130 220 - 185 165 210
nelts 130 S 370+ 2204 165 280d

Mote (A): Could not separate reaction preduct,
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Of the above only those made without organic solvent gave & Luw, sharp
neltig point, ilowever, the very low yields obtaired prceciuded use of such
a procedurce. 1n all cases where low yields werc cltained (below 50%) un-~
chanred bromoxylenol was identilied as present. Ibc very nigh nelting point
obtained when the product was uade iv methanol (which save a one phase rather
Lhian a twoe phase systen) is believed te be of t! corut ical significance, All
products molded to give the Lypical brittle preduct characterictic of low
nolecular veight material,

154

5. Preparation of o-Uresol liovolac:

A low molceg}ar welsht o-cresol nevolac was prepared according to the
procedure of Hegson? , using a 4:1 mole ratio of o-crcsol to formaldehyde.
The wolecular weight determined by freezing point lowering in benzene was 582.

liko a 3 iiter, 3-nccled flask was chnrgcd 1295 ;o (1211) o-cresel
(Pitt Consol 30.5°C, min.), and 245 . 37.1% formalin containing 5 ml. reagenl
iiCle he rlask was gently heated until an ohochcrm began at 60° C. at which
poinl cooling was applied sufficient Lo maintain a temperature of about 80°C.
until the exothern suidsided., The reaction mass wag then refluxed for two
hours. The product was cooled and extracted with 3 x 200 w#il, water, It was
then strippod of water, and excess cresol al 15 mm pressare to kettle tempera-
vure of 2527 C. at wh ch voint a sharp boiling point 1ise occurred (to 218° C.).
The semi~crystalline mass, woighing 618 prams, was then transferred to a 1 liter
distil lation flask equipped with a healed condensor, L50 grame of crystalline
prodizet were distilled over a L mn pressure and boiling point of 212-218°C,
This was redistilled under the same conditions to give a middle cut of 250 grans
product boilimg ab 210-222¢ €, lielting poinl 109-119°C. Bromine consumption
via active hydrogens on the phenolic nuclei was 13(.5 1./100 go Theory for
dinmer 140, average mumber of phenolic nuclei 2.1,

A portion of the anuve novolac was brominated as follows: The pro-
duct of the above preparatien (10 grams) was dissolved in 900 grams glacial
acetic acid and the solution cooled to 10v., To this under slirring was added
147 srams bromine dissclved in 500 ml, acetic acid. Aller 30 minutes 20 grams
ol sodium bisulfite in 50 ml. water wes added. ‘The reaction mixture was pour-~
ed into 0000 nl, water with stirring., The precipitate was iiltered, washed
with water, aspirated, then dried under vacuum, Yield 155 prams. mep. 1lhb-
148° G,  Bromine LO.AJ.

6. Polyaryl Bthers from o=Cresol Nesolac

(5) For Lhe polyaerization of ~he bromo derivative Lhe precedure
as described under (4) was followed except in the use of chloroform as sol-
vent, There was substaentially no product. lfhen the caustic layer was acidi-
ficd 85¢ of the stariing material was precipitated unchanged me.p. 120-125°
recrystallized fron 70-30 etiianol-water,
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(b) Via oxidative coupling (Hay method).Essentially the same procedure
as described for the polymerization of 2,6-xylenci was used, except in that
twice the proportion of cuprous cidoride was reguired and temperatures of
40-60¢ C. Yields of about 807 .7 a polymer were isclatel which was insoluble
in all sclvents tried and which: was infusitle up to 370° C.

Be Triazine-Containing Polynmers:

1. Melon:

This interesting high-melting product was prepared according to tne
method of Lucas and Redemanns .

AR = 21,77
& H 1.43
5N W2 L0

m

The product was inscluble in all solvents excepl conce stoh_

2. Reaction of Cyanuric Chloride with Benzopzuanamine:

Equimolar quantities of the rceactants were heated together at 230~
250° ror 3 hours. After cooling, a tan solid believed to be a low polymer, was
isolated,

3. Preparation of Z-Amino-i4,b6-diphenoxytriazine:

A slurry of 184 g, cyanuric chloride in a mixtuwe of 900 ml, dioxane
and 150 ml, chloreoform was prepared, With continued stirring, a solution of
3L pgo. ammonia in 350 ml, ether was added by means of a dropping funnel while
maintaining the reacllon temperalure at 5-10°. The product was stirred for
an additional 1% minutes at this temperature., Nitrcren was bubbled in to re.--
meve ammonium chloride, Upon cooling, the product crystallized from the fil-
brate, The product was filtered and used in the next step without drying.

A solution of 60 ¢, phenol and 28 g. sodium hydroxide in 35 ml. water
was prepared and cooled te 10°, The X-amino-4,6-dichlorotriazine was added
and the suspension siirred for 2 nours. The mixture was heated to 95° for A
hours. After cooling te 50-60-, the product was isolated by filtration, wash-
ed 7 times with water and 3 times with ethanol, and dried overnight in a vacu-
wn oven at 50° to yieid 37 g. product., MJPt. = 173°,

4N = 20.5
0l = 0.84

L. Reactlion of Benzopuanamine with Diphenyl Carbonate:

214 g. diphenyl carbonate and 187 g. benzoguanamine were intimately _
mixed and placed in a l-liter 3~nccked flask equipped with a thermometer, stir-
rer, heating mantle and a pgas inlet tube. With stirring and a slow nitrogen

2

stream, the temperature was gradually raised to 250-260° over a 3 hour period
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and then maintained there for 3 additional hcurs. After cooling the product
was removed from tne flask, ground fine, and placed in another 1 liter flask
with 500 ml, dioxane, With sbirring the mixture was reiluxed for 3 hours,
After cooling, the product was filtercd, washoed with diozanc and ether, and
vacuum dried, Yield = 175 .. MJPL, = 3862°,

W showed RH . R -
T.i2s showed 1\1[2, &!nldo, C&I‘D()}:yl,

5. Folymerizalion of 2-Aminc—4,6-diphcnoxytriaszine:

30 g, 2-amino-k,i~-diphenexytriazine was seli-polymerized in the same
neral manner described in (4) above, ‘The melting point of the product was
greater than 360°,

« Chemical Modification of Tolymers:

1, Cxidation of 1"()1,‘/—2} (,‘—O(‘fj enol e

To a 3 liter 3-necked flask cquipped with a stirrer, thermomecler and re-
Tlwr condenser was added 1000 nl, water and 33 grams of potassium permanganate.
After solution at 50° C., 25 grams of polyxylenol and 500 ml. benzene were
added. The reactants were neated at reflux for two days under good stirring.
Five nl, of alcohol were Lhen added to destroy excess permanganate. [ive
hundred ml. benzene was added to the inseparable pelatinous mass in Lhe flask
and the water removed by azeoltropic distillation, using a NDean Stark trap,

Toward the end of the distillalion 20 ml. of rcagent HCL was added,
The water-irece bensene solulion was tfiltered from inorganic material and pre-
cipitated under stirring by pouwring slowly into 3 volumes of well-stirred meth-
nol. The fine, non-fibrous precipitate was f{iltered, washed with methanol
and dried. Percent carboxyl by titration was 1,94, By l.. spectrum no
carboxyl was formcd. That oxidallon had occurred in some manner was evidenced
by permanganate conswmpbion (over 854), identification of CO, by-product,
change in physical appearance, elevation of melting point and molding tempera-
ture over the original volymer,

This preparation was criginally reported to have contained 41.54
carboxyl, but improved analytical techniques now make this fizure untenable,

2. Bromination of Side Chains of Poly-2, 6-xylenol:

Polyxylenol (25 g.), benzoyl peroxide (0.5 g.), and benzene (150 ml,)
were placed in a 500 ml. 3-necked flask cquipped with a stirrer, reflux con-
denser and thermometer, The solution was brought te a boil. An intimate
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mixture of 80 g. N-bronmosuccinimide and 0.5 g. benzoyl peroxide was added

over a 20 minute period, The mixture was refluxed for 30 minutes and filtered.
The precipitate was washed several times with benzene. The combined filtrate
and washings were dried over arigydrous potassiuwa suliate ard poured into 1
Jiter methanol. ‘The slighlly-trownish product was isclated by Iiltration,
washed with methanol, and dried at 50 undor vacuum, Suftening pt. = 205°,

s

% Br oz 22,0 (aboul 0.4 _ ClL-Br groups per repeating unit),

3. Reaction of Polybromexylenol with Amines:

(a) %he tetraalkyl amicnium salt was preparea on micro scaic by the
Ireeze-dry system. 1..063 g. oi bromo-{(ilif 7200) polyxylenol was dissolved in
9 nl, benzene in a 50 ml. round bottom llask. 0.2 grawms of lriethyl amine
was added and the Plasic contents gently heated to about 50°C. for one half
hour. A gelatinous precipitate formed, ‘The contents werc cooled in a dry
ice bath while rotating tov give finely divided crystals, the flask removed
Trom the bath and quickly evaporated at 0,25 mm. until free of all solvente.
The hard, horny producl analyzed 1.78% nitrogen., [l was insoluble in all
solvents tried and infusible on a 370° C, surface hot plate.

(b) 0.5 ml. of bromopolyxylenvl (prepared from polyxylenol MW 7200)
was dissolved in 10 wl, benzene, Three ni, of @ benzene solution of trimethyl
amine (containing G,9 ;ram trimethyl amine)was added under good agitation at
roont bemperature, The immediately produced precipitate was filtered, washed
with benzene and dried, The product was Insoluble in water, benzene and sol-
vents of intermediate polarity. 11 did not mell at 700¢ F,

{c) The feollowing amines inlimately mixed at 0.25 to 0,5 parts per
1 part of bromopolyxylenol, then spread on a hot plate at 450° 19, (230 °C.)
surface temperaturc sct up quickly to give infusible pels: triethylene
tetramine, Aruour Duosmenc L (amino propyl Scya amine) Aromene 2HT (second-
ary Oé~018)p~diamine. n all cases pelation occurved very fas*, before the
mixlure could completely fusc on the hot plate.

(1) A low nolecular weipht hroemopolyxylenol (prepared from poly-
zylenol MW 4800) was intimately mixed with p-phenylene diarine in the pro-
portion of 12 parts to 1 by co~dissclving in chioroforn and evaporatiung to
dryness under mixing., The dried composition molded on the hot plate, under-
going momentary . fluxing to give a stiff rather tough thermoset product,
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ive  Hydrolysis of Polybromoxylenol:

stenoluc nucleus
2 (see bromination
ttenpt Lo hydrolyze

2]

or
fairy
[¢]

A polyxylenol which contained breomine
(Le54:4 brorine) and brouine on ihe side clain as
chaln) i. lhe avount ¢f 7.2 was used in an

m
]
&
RN
o o

(&) With MaOH: In a 2-liter 3-necked flask equipped with reflux
condenser, stirrer and thermometer 100 grams of the side chain brominated
polyxylenol was charged togelher with 600 ml, benzene and heated Lo dissolve,
Fifty prams of sodiwa hydroxide in 150 ml, water was added and the mixture
heated under retlux with good stirring Lor scven hours. ‘The gelatincus, in~
separable mass was pourced slowly inte four volumes of het methanol under
zood stirring. The precipitated solid was filtered,then reslurried in 5%
aqueous HCOL, filtcred, washed with water and dried. ‘The filter cake was
rcheated in hot benzene and reprecipitated into 5% HIC1 in methanol, washed
and dried, Yield 9¢ :rams.  Lelling point over 370° C. @ ash 0,374 as la,
Bromine 1,584, Ol by weetylabion nowe, 0 by 1.0t nonce dodium bromide
found in adqueous layer 8.1 grams. The product swelled in liot benzene, hot
cnloroform, hot dioxanc and was lotally insoluble in about L'ifteen other
solvents tried, It was infucible up to 370° C.

The desired reaciion was obvicusliy not altained and the speculation
is offered that a c¢ross-linking reaclion of undeternined mechanism occurred.

(b) With KpOirss pPotassiwm carvonate was substituted for sodiwm hy-
droxdde v the techniaue of (&), In this case an easily scparable benzene
layer was water washed and precipitated into methancl. The dried product
sontained 0.564 ash as I, 8,387 bromine, ne hydroxyl by acetylation and Z.K.
only O.l g. sodium bromide was [ound in the aqueous layer, ‘Ihe product was
soluble in chloroform and benzene and like Fhe starting broninated polymer
tolded at 500° ' on Lie hot plate, Lt must be presumed that no hydrolysis
occurred.

(¢) Witk tetraethyl amonium nydroxide: Reaction was conducted in
dioxane-water. The amine reacled to give a gel, which wvas insoluble and
infusible.
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5. Heaction of Polyhromoxylenol and Trimethyl Chlorosilane:

A solubien of 10 7, brominated polyxylenol in 100 ml, toluene was
nrepared at roow temperature, Trimethylchlorosilarc (2 z.) was immediately
added and the n17tur hcated Lo 59 Ue  sodium metal (3.2 £.) was added over

a L\ minnte n‘"I':ﬁ(l m alau 4 h\rwn'gr\ “F o woi"i.u‘\{ and_ m&lntalﬂed
thﬁre ‘or 3 hours, Altcr COOlLHﬁ rooti Lemperature, 200 ml, ethanol was

added to destroy the excess sod “he precipitate was filtered by suctione.
nlteT drying, the product was Jurrled in a mixture of 50 ml, benzenc and
100 ml. ethanel for 1 hour, ‘vhe producy was filtered, washed with methancl
and dricd, Yield J? Y £a On neating the producl didn't darken uantil
270° C, and was coupletely decomposed at 320° ¢, The compound was insoluble
in all of the common eolvents,

6. Reaclion of Phespherous Pentachloride on Urea-Linked Triazine Polymery:

in an evaporating disii 7.5 g. phosphorous pentachloride and 15 g,
uwrcd~-dinked btriazing poiyrer woere ~[L¢mdbbl\ mixed and wanr Ld gently. No
exothern was observed as is tho case with PCL,. and urea, fThe mixture was
heated te 80° €, wilth intermittent ut’rllngo fhc contents were ther w1a red
in a vacuum over overnight at 120°. The final product sofitened at 3&0° 4.
and was insoluble in the common solvents, Analysis showed only 0,33 chlor—
ine, Therelore it was concluded that Per is without effect on this
polymer,

e Freporation of Hiivdromeloni's

At first qualitalive cxperiments were attempted to achieve reduction
ol Lhe melon while dispersed or dissolved in some orianic solvent with conwven-
bional reducing agents such as Zn dusl or WaBl, , ALl of these failed., Core

plete dissolution could only be Aachieved in concentirated 112506 In Lhis

nediun Zn dust either reduced the melon completely to water-soluble produclts
or not at all, Hydrazine sulphate finally was found to be an efficient re-
ducing agent at temperaturcs of 160-170° C. in ithis nedium,

1t was found by various cxperiments that the reduction product

(iydromelon') was strongly reducing and sensitive against atmospheric oxysena
100 ;2. melon were dissolved in 250 nl. concentrated n?uol at 110° ¢, and the
Lemnerature allowed to rise te 150¢ €, To this 100 g, hydrazine sulphate was
added in portions,and the temperaturce kept bhetween 160-120° (e for 2 hours
with good agitation, under a Iy blanket., Then the mixture was cooled to roon
terperature arnd diluted Vith ice., Four grams ol unreacted nelon were recover-
ed after filtration and drying. The solution of the ‘ydromnelon® was made
basic with ammonium hleOYld“ solution and the precipitated “hydromelon' filt~
ered, washed and dried under vacuun to prevent reoxidation. 'This product re-
duces mercuric salts to nmetallic mercury. 1t is readily soluble in rioderabe-
1y conc, aqueous mineral acid under which conditions melon is not soluble,
Yield: 74 g. Hydironelou; 48,09 N content Lound,
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#, Amino Derivative of Urca-linked Triazine Polymer:

(a) Nitration of the Substituted Urea Folymer:

After finding this volymer not to withstand temperature of 160°C,
in couce HoSU; as desuribed above under the hydrazine reduction method (COn
2 % B &

formation, formalion of waiter-suluble preducts) a conventicnal synthesis of
a

a, aromatic amine via the niirs compound was started. In gqualitative tests
ihe product could be disscolved i coneentrated ip3Q, ab roon tewmperaturc or
I 2 2}

below. 38 g HNGU, (d = 1.5) and 350 g. conc. Hp3Q, vere mixed and cooled

Lo 10% U, and 50 ¢, ol the finely ground urea polyner was gradually added with
vigorous agitation and cooling by an external ice bath, The lemperature was
rsradually allowed te rise to 20° ., and the stirring continued for 3 hours
until the mixture became a homogeneous yellow mass, Thereupon it was poured
into 11 liters of ice waler under vigorous agitation and the agitation con-
tirmed ifor an additicnal 30 minutes, Then the slurrvy was filtered, the resi—
duc washed unbtil acid-free and dricd, Yield: 59.5 g. (98.2% ol theory),

() Reduetion oif the Hitrated Urea Polymer:

After wnsuccessiul atlenpls te reduce the nitropolymer with zinc
dust, the reduction was carried cut under conditions similar to the reductien
ol nitropolystyrcne (NaZSZOA in presence of Niq).  This worked, but the pro-
duct obtained was ol suchi a fine particle size that it was very difficult to
separate from the solubion by [iltration, Tedious sediuentation lechniques
had to be applied. The product thus obtained gave a very strong rcaction for
aromatic primary aminc (diazotization and coupling test with alkalinc beta
naphthol).

75 go of bhe nitro product were dispersed in 800 ml. water and 300 g.
HaZSZOa were gradually added togetlher with sufficient amounts of ammoniuvm hy-
droxide solution to keep the media alkaline., The rcaction was allowed to
procecd under & Ny planket for 30 hours at reflux temperaturc. Then the entire
reaction flask was filled with water, the slurry allowed to scttle out, the
superpatant, solution siphoned away, 7This procedure was repeated several times,
After drying in vacuo 60 g. (9077 yield) were obtained of & yellow powder which
rave a strong reaction for primary aromalic amino groups.
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9. Reaction of Melcen with Flugboric Acid:

In gualitative cxperiments melon proved to be an extremely inert and
refractory material, & solution of HBF, in MeUii was prepared by freeing it
from the water of the 509 commercial prade soluticn by calcium sulfate
treatment, After filtracion of the mixture throush a coarse sintered glass
funnel, it contained 17,75 UBIY), by weipht {sp. gr. = 0.883). Yhen this solu-
tion was reacted with melon Lor 17 nours at 80-70¢ §, in a polyethylene
praier undor agitabion with a magnetic stirrer, a sample of nclon was found to

. - (- oy N N NS - Y4
onbain, alter washing wvibh anisyydrous HeOH, only J.825% F.

10, ‘''reatment of dclon witih Ledine Pentafluoride:

2.16 g, melon were dispersed into 50 ml. chloroforin (dees nol react
with IFs5) in a nickel Leaker. A uk bure of 10 go of IF. and 30 ml. CHCY, was
added in lwo portions on the sl plate at 60-70° o, (at roon bewperature no
ceacllion ovcurred) and Lhe solvent allowed Lo evaporales 2,03 g malerial wac
recovered after washing wilh it and drying. 7The product was slightly darker

B N . - - . “~r 2 - ~ 4 - -t 4
yellow than the original melon, Analysis: 32,85 1; 37:3m N3 and 12.2% F.

11. Treatment of lelon willi Bromine 1T'rifluoride:

30 g of melon were diswversed in 100 g. of Freon 112 (s-tetrachloro-
difluoroethane ). Under agitalion a mixture of 100 g, BTFB and 100 g. Freon
112 were added in portions. aAiler each addition, the reaction temperature
rose sharpily and ultinwicly reacned 70-80¢ Co, with external cooling with a
avry-ice~Chloroforn hatli, The colvent again was evaporated after completion of
tlie reaction on the stean bath, The residue was dricd in the air oven at 100°C.
he product conteined 23% Dr;  32,.2% N (as against 55,57 of the starting materi-
al) ard 6,75% F.

2. 3alts oi Wilydronelon'iz

(a) HFF Salt:

10 poiihydronelontvere agitated in a polyethylene beaker with

110 gz, of a commercial 605 H' solutior Tor 30 minutes and filtered through a
paper filter in & polyethylene funnel and washed with 30 g, HF solution, The HF
solution was precipitated by pouring into 1 liter of acetone, filtered, wash~
cd with acetone and dried in vacuo at 80° C. Yield 8.5 g. of a white pro-
duct of the same appearance as the starting hydromelon. HF insolubles: 0.6 g.
(reoxidized melon). 'This dried iiF salt hydrolyzes strongly, as a spot Lest
on Congo red paper proved. Hi* content found: 8.25% , which corresponds to
2 molecular weight of 485 il 2 iFF nolecules were bound with the hydromelon,
(it! of melon is va. 620),

Attempts to prepare the 1,51F, salt were unsuccessful,

9]

9~
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(b) Preparalion of the Fluoborate:

In this case no acetone c¢ould be taken ifor il precipitation
step, since tlc salt was aceblunc-soluile, but isopropanol precivitated the
1t, 10 g, hwdromelon ere dicsclved in 100 ¢, of hot commercial grade 5074
(Bl °W]utLon until white {wnes appeared,  This solubtion was filtered quickly
and precipitated with 250 ml. isopronanol, Tiltered, washed 2nd dried in vacuo.
i\:ld 12 Koy I contont _Lq,ob,‘a, witicn corresponds to “‘Lr/.}: H3F, . This corresponds
o a ifif of 508, 'he product nolded readily on the hot plate but left discrete
s ul(leu,

{¢) Preparation of Salts of CGhlorometiylphosphonic Acid (CHMEA):

20 g. cryctallized (liFd (Victor Chemical ilorks, Chicago) were
ssolved into 10 i, hot water cnd 5 hydeoselon were added with stirring
ard replacement of rl°c water, The solution was precipilated with 500 ml,
e, filiered again, washed and dried, Yield: 4.5 g.; (1 content
37 I content L,QSﬁ yhinl correcponds to 8,351 GHlA,

Belter CHPA binding was lound to take place if ethytenc glycol were
substituted for the watcer as a solvent lor CHPA,

then 20 4. GilPA were dissolved into 20 g. of hoil ethylene glycol and
5 e of 'hydromeleniiadded it took tesperatures up to 150¢ C. Lo achieve con-
plete Jl“"o]ULToh. However, at this temperaturc, pas formation occurred after
1-2 minutes and the product was precipitated again. This product was mixed
with 300 ml. acetone, filtered, washed and dried., Cl conlent found 7,02%;
P content 10,154, which corresponds to 42,85 CMPL,  Yield 4.5 g,

Wiien 30 p. CHPA werce dissolved in 20 g, el the glyeol, 5 g. of the
vydronelontcould be dissolved at 100° (. without any gas formation or re-
precipitation.  Yield: 4.5 £; Ol contenl, 9.5%; G4 content 37.9%
Both products became plastic on the het plate.

13, Salts of Anmino Derivative of
Urea-Linked Triazine Pclimer:

The HF salt contained only 2.284 Hi*, The Hyuil, salt contained 9elys
Moulﬂ/ which was far short of sloichiometric reguirenents, The HBFA salt
propaaed frou ihe aqueous slurry of the amine contained 15,39 F or 17.7% HEF), .
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(a) Preparation of the CHPA Salt:

1t was found that dissolution of the amine polymer did not occur
ir. aqueous conc. CiHPA, lhercfore slyeol had to be used, 20 ., CHFA were
dissolved in 20 . glycol and 5 . of the amino polymer was added with lieat-
ing until dissolved. Whe product was precipitated with 300 nl. acetone,
filtered, wasihed and dried in vacuo, Yield 4.5 i3 color: brown. The salt
softens on heating on the hot plate. C1 content. 7.42¥%; CPa content 24.6%.

Glvcidyleoxy—s-Triazines:

1. Ypoxy 'Priagine Promn Cyanuric Chloride and
3-Chloro 1i,2~Propancdiol:

In a two liter three neck flask cquipped with a stirrer, thermometer
and powder funnel 480 =1, dioxane, 132.2 gnmo. 3-chloro-1,2-propanediol and
3¢5 fms. of cyamuric chloride iere added. Over a period of twe hours, 96
[REN of powdered HaUll was added in & z, portions cvery 10 min., using a cold
water bath to keep touwerature at 25 C, during the additions. “Then stirred
vigorously at 30-35%° ¢, for five hours, cooled, filtered precipitale and
washed with dioxane, Dricd in a 120° F. oven overnight and then put in a
descicator with 1550, under vacuun for 18 howrs. Final yield was 170 gms.
containing lo44 gms. ol frece HaQil,

The pll of vhe Iiltrate vas adjusted to 3,2 by the addilion of 1 cc of
formic acid and was then vacuw: distilled to a temperatuwre of 51 €, at L m.
vressure,  Yield was 91 rms, ol & pale yellow viscous material., The epoxide
value averaged 3.05 Heq/;uam and the chlorine was 4,29, The viscosity sgradual-
ly increased from 147 at 72° F. over 2 Gardner to 2407 in thirly-seven days,

One gram ot this material miked at room temperaturc with 0.3 gms. tri-
ctipylenelelramine thernoset with an exotherm in 25 min. at room temperaturc,

A mail sample on a 150° i, hot plate remained unchanged after one hour,
t'hen the temperaturc was raised to 200° F. it solidified in 1/2 howr.

3
5. o ., v.b/:

Lpoxy Triazine from Cyanuric .acid and Ipichlorohydrinm

In a two liter Lbhree ncck flask, equipped with reflux condenser,
sbtirrer and thernoneter comabined 1388 gms, of Epichlorohydrin plus 129 gms,
cyanuric acid plus 5 gus, triethylamine,  Cautiously brought up to reflux
(exotherm), cooling in the initial stage, to dissolve cyanuric acid and con-
pleie reaction, which was continued under reflux Tor four hours. Cooled to
roont temperaturc and added 123 gns. of powdered caustic soda cver a period
of 1-1/2 hrs, The temperature range during this addition was 25-65° C
Stirred for 3 hours, and then filitered and washed with epicirlorohydrin.
vacuur disitliled &ppruﬂiwaib'/ 300 ml. sclvent, then transferred to a beaker
and adjusted the pH frem 9.55 to 4.8 by adding a total of 7.0 cec, of formic
acid. Then continued vacuunm distillation te & temperature of 100° C, at
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1 mme pressure. Yiwld was 359 gms. of a viscous, yellow liguid. Epoxy

value was 3,15 milliequivalents of epoxide group/eran.
1 P J;

3. 2-/mino-4,6~Dichlcre I'riazine Preparation:

300 mi, of chloroform was cooled Lo avout —-40° C, and liquid anonia
added to a nel weight increase of 30 grams, To a 2 liter 3-nceck [lask, equip-
ped with stirrer, thermoneter and reflux condenser, 155 g. cyanuric chloride
vas added (Bastman Fractical), 760 ml, dioxanc and 125 ml. chloroform. The
contents were cooled to 3° €, and under stirring the chloroform solution of
armonia was added, The temperature arose to and was maintained at 10° for
1 hour. after standing cvernight, nitrogen was bubbled through for 1/2 hour,

The flask was heated to 95°, the contents filtered to remove armonium chlor-

ide, Llhe cake washied with chloroform, The mother liquor was cooled to give

a crystal crop of 70 grams of white crystals which nelted at 235%ith decorposi-
tion. % €1 50.9, mep. 235 d.  This preparation was used te react with 3-chloro-
i,2-propanediol to form the epoxy derivative,

ho Epoxy Derivative of 2-Aixino-4,6-Dichlorc Triazine:

To a 2 Liter 3-neck flask equipped with stirrer, reflux condenser
and thermoreter, 124 srams of the above preparation was charged together with
168 grams of 3-chloro-l,2-prepanedicl, ‘in 916 ml. dioxane as solvent, While
maintaining a temperature of 32-38° C,, 126 grans of powdercd sodiuwm hydrox-
ide was added portionwise over a two hour pericd. The contents were maintain-
ed for an additional five hours at 30-35° C. 5,74 of the sodium hydroxide
remained unreacted, The reaction product was filtered free of inorganic
materials, washed with dioxane., The filter cake after air drying was fur-
ther dried to constant weight at room temperature under vacuum ovei concern-
trated sulfuric acid. The filtrate was adjusted from & pH of 9 to L.h by the
addition of Q.4 ml, of formic acid, It was then stripped at 1 mm. pressurc
to a kettle temperature of 62° ¢, A\ resinous solid weighing 112 grams was
obtained,

A four gram sanmple placed in a foil dish on a hot plate surface of
200° F. semi-melled, -hen exclhermed violently to give a Pharoah's Serpent
of rigid foamed plastic, charring slightly in the process and losing 30% of
its original weight,
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B, Triazine Polyisocyanates

1, Reaction of Commercial Polyisocyanates and Triazine Amines:

(a) Into a smail beaker were weirhed 1,20 . welaaine {(0,01M)
and added from a buret 13,9 ml, Liondur ™% solution. assay of the latter
(d = 1.32) approx, 20y - Lth corresponds te 18,35 g. solution or 3.67 g
(0.0L M) (equinol aﬂtso) triphenylmethane triisccyanate dissolved in meth-
ylene chloride, .wdded werc finally 0,2 g. triethylaminc as a catalyst.
Curing was done in the electrically heated Carver press at 350° C, on stain-
less steel plates, ifour by one inches and 1/160 41 diich were de-
preased with CHCLy and ebcehed with a mixture of HNOg and lirt (1:1) (FNOy 658
assay and HE 60%) but the latter did not show a marked irncrcase in bonding
strength, In later experimcnts it was omitted therefore, since they were
qualitative and orientating in character only,

This experiment brouwrhi almost no bonding strensth at all.

(b) Under the same condilions were taken this time 0,84 £+ Melamine
(0,0066 ) and tiie sare awounl of Hondur; again complete failure.
(c) Mondur alone; same [ailure,

(d) 123 g. Benzoguananide (0.,0066 1) and same aiount of Mondur TH;
sane failure,

{e) 1.22 isocyanate ard benzoguanamine (with approx. 1 KLO group),

e
same amount of HMondur if anc failwre,

() 2,03 . (0,01 1) aminobenzoguananine, same amount of Mondur TH;
sane failurc,

2. Reaction of Commercial Polyisocyanates and rhenols:

(a) 1.9 5. (0.0L 1) oi cyanuric chloride, 1.l g. (0.01 M) hydro-
quinone, 2.4 g. (0,01 i) tullrathane M (diphenyl nPth&nedllSocyanate)
3.67 5. (0L0L) Hondur TH dry (i.e., 13.9 ml. soluticn) 0.3 g. quinoline
as a catalyst. Thig cure nad good bonding strerigth, when it was still hot
fresh from the press; allowed to coel, hovever, the strength was rather
poor.,
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(b) Same amounts of isocyanates and catalyst as with (a) 1.1 g,
) . : : PR AN :
hyvdroquinene (0,01 M) and 1.9 £. benzoszuanide (0.0L i) brought a very good
bonding strength when hot; cold again it was poor,
() Bane aneanls of inceyanabtes and catalyst 1.9 .0 benzoguanide,

susht a poor bonding strengih, even when fresh-

1ol 2. resoreinc: (0,001 W)t

d) Jwne amcunts of isceyanates, catalyst and hydroguinorie a5 in
N ’ J J Y

(b), 0005 i, 1.8 dihydroxyani:raguinone brought very good resultes when

freshly cured and hot, and the sirenglh after cooling was narkediy better

than with thie foredescribed experiments.

3. Heaction of Cyanuric Chloride and p-Breroacetanilide:

(a) Fittig-type reaction hetween cyanuric chloride
and p-bromoacctanilide in hob toluene:

6ha2 5. of p-bromoacetanilide (0.3 M) were dissolv  ito
500 ixl. of toluene under reflux., .ifter cosplete dissolution wer: dissolved
elso !9 g, of cyanuric chloride and added were gradually LY z. sodiuz wmetal
in strips under reflux, vigorcus asitation and N, blanket, The reaction was
allowed to proceced lor 2 hro. and was thereupon stopped by cooling and cautious
additions of water at 10° C, under the N, blanket to destroy the last remnants
of unreacted sodiwn mzlal, The layers were carelully separated and the aqueocus
layer analyzed by titralion for content on ionogenic halogens. 0.37% molas
of halogen Lions were found by titration., To be expected were 0,6 e VhiS
would correspond Lo an overall conversion of 624, but under the conditions
of the experiment in the subscquenil hydrolysis cleavage of cyanuric o Loride
oceurs anyway to Cl ions, so 505 irom [loresaid 62% have to be deduct:d which
leaves only 12% for the Br ions formed in the reaction or 26% of the total
Br appliced as p-bromcacctanilide, This was considercd to be a fajlure.

In another experiment ot Lhe same size with a large excess of sodiun
metal {50 g.) and & hrs, reaclion time, only 40Y Br-conversion was achieved.

(b) Above reaction with dioxane as a solvent:

Into 60 nl, of reflwdine absolute dioxane were added 19 g.
(0.09 H) of p-bromcaccianilide and allowed to dissolve completely; there-
atter were added 5.5 g. of cyanuric chloride (0,03 M) disperscd into 40
rore 1l. of absolute dicxane and allowed to dissolve in the hot reaction
nixture, Thereupon were added rradually 7 g. sodiun metal (excess) in
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strips under a Ny blanket and vigorous agitation. .fter ca, 30 min. almost
~o Na was lefit and the soluticn darkened considerably. The reaction was
stopped by coeling and drowvming, The agueous phase again was collected,
brought to 1 liter and titrated. 0,140 M ol halepger luns were Lormed in
the reaction. as expected, thic Uime U,L8 i which correswonds to an over-

all conversion of 1 the DBr apnlied had reacted,

-

L. attempl te Prepare Henzogsuanamine-dilsocyonate:

90 g. of benzopguananine hydrochloride (vre ared by combining benzo-
suanarine and cone, hydrechloric acid and drying of the product) werc finely
ground and suspended into 100 mi, of dry chlorobenzenc as 2 dispersant.
rhosgene was introduced in a sliow stream at room temperature for one hour
and thercupon the temperature alleowed to rise slowly to the reflux of the
ellorobenzene (130° C.). At this temperature the mixturce was allowed to
renain for 6 hours, Iven in this lorne time the benzoguananmine did not dis—
solve in the solvent. Formation of HCLl had ceased by this time., After
cooling to room temperature, the insoluble product wits filterced under
completely dry conditions, washed with dry methylene chloride, and dried at
70% €. in vacuuwm. Yield 55 g.3 NGO content found 12.8:% (theoretical for
one HCO group 19.7%). The WCO content did not cven reach one NCO group for
one benzopuananine, Apparenlly the solubilily <f the product in the solvent
vas teo poor during the reactior with phosgenc.
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