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2.

ABS3TRACT

This report presents the results of' an investigation u-owards the
syrtthes:is of high t eimpra Lure rosistant Imetal adul.hsaves.

The following rcpro sunjtatijve ph eniylene- ZLnd t riazine-contain ing polymers,
were prepared:

(a) Polypihcrylernc
(b) Polyxylenol fromi- 2, (.-Xyienoi
(c) Polyxyloiiol I Coii 4-b ronao-2, 6-.Xylenol
(d) Polyaryl ether,; f rom o-crsoel novolacso
(o) Nio-lon
(f) Co-ndensation polymer -of' cyanurie uhloride and bcnzoguanamine
(g) Condensation polymer cf 2-arn~ino--4 ,.6rdiph enoxy t riazine.
(h) Condensation polymer of' benzoguanarnine and diphenyl carbonate

(urea-linked tria zinc polymer).

i'cbiartcisshwegodhatsabi-lity ior all the polymers.

The polyxylenols showed no weight loss_ up to 400'C. by thermogravimetric
analys~is. Crude adhbesion experuiments; :howed excellent. affinity of' the
polyxylenol.x; for stainle~ss- steel surfasýes. The1- higher molecular weight
polyxylonols proved difficult. to mold by conventional techniques although

discs prepared from these polymers showed excellent phsclpcoperties in
regarld to str'ength, hardness and toughness.

Modifications miwade on 1.he polyxyltenolsý includled oxidation to the
carboxy der'ivativye, side_ chain br'oriiimation, attachment of' quaternary amine
side chains;, an'i rtttachj!ýentf Letraalkyl shlame side chains. None of the
derivatives approached the parent polymers in properties such as temperature
resis3tamic! andj sic Li adhesion.

Modifications, rade on the2 triaziLno polymui-s in order to overcome
their refractory nature included the reduction of melon to a product
called 11hydromelon" arid amine salt preparation from "hydromelon" and the
prepared amino derivative of' the urea-linked triazine polymer 0,).

As the inves3tig:.Ction proceeded, it became increasingly apparent that
the combination of' go d inetal-ýto-mnetal adhesion and temperature stability
dictated that the ideal system should consist of a relatively low melting
or iýquid polymer capable of thermosetting under the conditions of cure.
To this end a number of glycidyloxy-s-triazine compounds were prepared with
thermosetting properties. Those ,3howed fair metal-to-metal adhesion.

Work in progress consists in the preparation of polyisocyanate derivatives
of the lower melting polyxylenols and triazines for "in situ" cure on metallic
surfaces. The final phases of this work villi be covered in a future report.
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INTRODUCTION

A. Purpose of Program:

The objective of this resoearch is the development of a high temperature
resistant adhesive for 302 stainless steel which would give a minimum shear
strength of 1000 psi at 1000'F. after exposure to l1000 F. in air for a minimum
of one hour. The conditions oef cure are to be at temperatures no higher

than 500'F. and preferably at temperatures near ambient. The impact resis-
tance of the adhesive, when cured, is to be such as tc permit a high rate
of load as required by missiles in flight or by rough handling.

B. Rationale:

The following factors are believed essential to the success of obtaining
a high tempcrature metal-to-metal adhesive.

(a) Small molecules must. be initially present in either the liquid or

low-mulLing soliu form in order to obtain 'proper wetting and coverage.

(b) Avoidance of volatile by-products during "curing".
(c) Proper and accessible groupings on the adhesive.
(d) Thermosetting structure in the final, cured state.
(<) Use of mixutrcs of substances with properties contributing

to the ultima°tc state of the adhesive.
(f) "Curing" must occur under, milder conditions of' temperature than

that withstood by the least stable component present in the
a(thesive.

There are two manners of approach that can be followed in producing
the desiredl products. One approach is to start with a polymeric material
which gvuý:; the des;ired typc of adhesive, performance at ordinary temperatures
and attempt to modify it so that it will be sufficiently stable at high
temperatures. An example of this may be found in various polymers which
when chelated with i;uctals show unusual stability. ALso Lhe change from
an amorphous to a crystallihe structure can often improve the temperature
resistance.

The second approach is to seek a now polymeric type which has the
desired high temperature stability and once this is discovered to modify
this fundamental backbone to make the 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 sufficient adhesion to be
satisfactory. The introduction of the epoxy moiety overcomes this situation.

In this work we decided to pursue the latter course. Therefore we were
only concerned with those polymeric systems which we believed to possess
back-bone structures with good thermal stability.
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C. Work Program:

It is well known that anomatic nuclei arc meore stable at elevated
temperatures than are aliphatic structures and thus polymeric chains rich
in aromatic units should show greater heat stability than are shown by the
caircnihly available polymeric materials built on carbon chains of an aliphatic
nature. In the same wanner polymeric chains containing the triasine
nucleus should show greater heat st;,ability because of the large resonance
energy (greater than 40 k. cal./mole) possessed by this moiety. It is in
stis area of resonancu stabilized ring systems exemplified by phony]one

anii triazine and their cono!asud atnd fused analogs that we decided to do

our research for high temperature adhesives.

The phonylene linkage in the backhone 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
characterins-istc, polymers containing a significant fraction of pherylene
skeletal units are rgenerally crysp-tailine with relatively high melting points.
A considerable amount of effort, therefore, has been and is being devoted
to the development of polymers based on this structure principally for fiber-
formers. In addition to fibor-formation, however, another property inherent
in polymers; based on phenylenu units may well be exceptional toughness as
high impact strength in molded plastics may be related to the presence of
mi crocrystallinity.

The resonance enc'y for the cyanuric nucleus is believed to be
about 40 k~cals,/molc (PI.E. of bensene 36 k.cals./mol-). Some earlier
calculations show values: as high as 82.5 k;calo/mole (Pauling, L.C., Nat.
Acad. -;ci, 23, 615, 1937) but this is s-uspect. Therefore, it may be in-
ferred that with regard to thermal stability, the triazine nucleus may be
su.nerior to the benzeno nucleus- Thus polymers containing the s-triazinc
nucleus as the repeating unit may be expected to satisfy the requirements
for thermal stability. In addition, it is generally believed that the
stability of the linkages, as well as the total resonance energy of the re-
peatiig unit, is cnhanced if the linkages themselves can take part in the
resonance .

A consideration of the electron system of the triazine nucleus shows
that a rather high charge exists -an the nuclear nitrogen atoms. Therefore
the chemical reactivity of tri- zine and its derivatives is higher than that
of the corresponding benzenec erivatives. This enables the ureparation of

a wide variety of monomeric starting materials.

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

The preparation and evaluation of suitable polymeric backbones, based on
phenylene and triasine ring structures. This phase covered the first two
months of the pr,;ject.

Phase II:

TChe ttachnent of adhe.-ionable pendant groups to the polymers prepared
'n Phase 1,the study of thie extent of adhes;ion and the heat stability of
these modified polymer's. This phase covercd Lhe remaining ten months of
Whe project.

0. Literature Search-:

"lihc firut stage in our research p.oress comprised an extensive survey

of the chemical literature on the preparation and properties of phenylene-

and triaziu.r-containing polymers. in the field of polyphenyl ether polymers
there :is vwry little published information, this development being relatively

new-Lk/. Among tiie polymers based on phenylone-containing units investigated

in the pasýt, the. most outttan ing are polyethylene terephthalate and the bis-
phenol polycarbonates. ` number of other polymers have shown interesting
properties as a result of this structure including polyphenylene methylene,
polyeste.rs of hydroxym e thyi bonzoic acids, polyphenyleone ethylene, polytere-
phthalic anhydride, polyphenyluzoe phos-phites, and polyphenylone itself.
fLacept for the latter, all of these polymers contain two or more atoms

between phenylene units, and it is likely that these extraneous units tend
to decrcasv both the thermal and chemical stability of' the polymers.

A particular problem in the preparation of polyphenyl compounds has
been to develop techninueo,; whereby they could be readily obtained to yield
polymers which could be conveniently handled. For the most part, pyrolitic
technioucs such as hot tube reactions as developed by Szwarc, Price and
otheris have been used. The melting points of the lower p-poiyphenyls are
quite high and suggest that a high molecular weight p-polyphenyl should be
very high melting and quite stable0  For example, p-sexiphenyl is reported
to melt at 475°C, while p-septiphenyl melts at 545'Co

The ,"hemistry of triazines is extensively docuxLented, much of it in
the patent literatur.e. However, with relatively few exceptions there is
little reference to polymeric materials derived from the triazines. In
addition to the patent literature, Chemical Abstracts and the original
references abstracted have been studied. Here also relatively few references
to polymeric substances exist- Ar-n excellent text, "The Chemistry of Hetero-
cyclic Compounds, s--Triazines- and Derivative:s" b'r Smolin and Rapaport (Inter-
science 1959) proved to be usuful.
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F?I •',LLTS AND L;UlO

Polyphclnyun-i f it,:: elf, was p;rcpa roe.- frm-diLchlorobcnzene by
J:OA):Llgtwo a fltrate pocodu.rCL;:

a -in

,, cT rlin (205' C) I

had ýOftouliing Lhuý, 0 i t:m 40('C;. and were
.;Oub;: Lr hz. mzie chorfod This sh. erwcd both structures to be
j~o~it , 'copt for tho prcsencc of sonec qurniied. rings in the polyphenylcen

bipr y tii. ,;odiumn in tcotralin proccdu.-, Thisý wa3 cconfirmed by the
ui~s ]c±abý;Orptioli ipoceLra which sh otr absorption of this

(hi ~rrnu end group analysis gave the followint, results:

11lMol. Wt.

KiNas ;A, A,.xana 27 2,000

tie in T.tr,.IJm 55 ~ 4,200

Iihic rv'eparatioin of' PcIlypheriylcn(, -,;a:- also3 Attemptud by the Following
diazo ti,,Sal.: o pnrecudurc from berizidine.

* ~177  / '~~NatNO 2
H ,NIH 2 - No polyme~r

Ether., Cu
Pcen zi di na

¾ 1olymoriz-ation of 2,6-4-ylonol (11).

The polyether of' 2,6-Xyienol was- prepared by the muthod of A. S.
,ay .and cc'-workder2j. CH

CH CH3- CH
/5 3 3

nit/bc\\* , pridiine / TI C2H~o

nl-2 II

I.R. confirmed the structure
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High softening point.; were, obtainei (over 325'C.) and the produces
were gcnrliy difficult to iold. On on- pruparatiLo a molecular weight of
8,20V f--'und by end r ana]o but jrdged by softening point even

higher e -cular weights w.ru- obtained iw other preparations. I+, was found

roG.•iAble carry out the r..-tcuion in perchlorocthylene instead of nitro-

boo, and with air inatea< of oxygen° Thu, prparation proceeded smoothly
ýma iii g yield (up -o 95`Z), he prinle. objection to the procedure being
in the ig degree of dilution required (amout 9'1.5% total solvent.)

) oPolymerizati' n of 4-Hrooo-2 6-Kieonol (1ii).

Br

3 ,< 3  , -1, cu3

r \ V.-oH. K3 Fe(CN)6 13 1/ -o / .' \ O

KOH in a.]ueousi i- , No

beonzene 11 --2 C'-'

ill

I.R. connf •mo.d the structure and 2lso showed

Ut to be identicol to the product obtained
by the oxidation of 2, 6 -xylc-nol.

L- ` ,.35 in CHICI-

M.wt. : 6,000 by Br analysis

M.Pt. = ý25o°C.

The above preparation of polymer II. was made according to the procedure

of Price und co-workers---/. Although, structurally polymer III appears to

diiffoer from polymer 1I in the replacement of a hydrogen by bromine at one

end of thc: chain, this in not quite tne c-.se. Price has found that polymers

prepared onder nitrogen contain only about one titratable phenol group per

ten polymer molecules. This is in accord with a termination stop involving

radical coupling:

Br C8 H8 0 - OX" Br C8H8 0 ........

A
n Br- + Br (CsH8O)n C8HO 8 .0 . -/"

51 .. 3 CH _ /-- Cs 8)n Br

Br(CH8 0). '-----. C-

0 6



E.,teflsivL modificatic-n.- ini the original procedure were made in an effort
to) atrt ~the variables3 controlling m-olecular weight. In general, -it was
1 ound 1"-A low, tom~cratures,- and highly iniatnixing of the benzene and

-a 1iI la r5- led to high molecular weig-ht po)lymrs-r. The highest molting
pd/olrre (a-,- r -70%.) was forn-,iu in a. unt- 1)a ; ystuem in which mc-tthanol was
0;ub -- ;'-Axi For benzene. r0 oetsiuting Polymer 130'C. was obtained when
no orgoowi ;3 olveiit was: use2d. In thec latter theý polymer fell out of theý sodium.-
hydnnxid& Joutior ais a precipitate as soon as the decreasc in hiydroxris
liJ td its; solo1bility as z oye.I usay it is believed that for

polyr~<r growth, solution is, es-sential.

Po *lyraryl Ethers from c-Creedl h11ex-lacs; (IV)

A low cost type oi raw m-rateri-al of' interesting. possibilities
anpearccd t-o be o-ercselA niovelties which-, like xyle-nol would be d-ifunctienal
ofi :nd or'-Ie or opro. hydroies; in respc~ct to thec reactions3 giving pclyethers.
iThu fvrsr 1 embe-r of this seriui. .aghu iLL fact iho- conside.red a cleInol -in which

a t'.,hy I ',urcgen has beecn repl~ace2d the; crkcio moiety.

CH- CH71 el 2 ~

k Id) 'Cli n

Thu hiigher r'ie'mbers appe-ared to offer the posszi~bIlity of polyothers in which
01'! groutps remtnn n soeif' tlmý phenol ic roislwi- inasmruch as, all active
hydrcfgslsv ~ould be miosing fromý the- middle. aromati`c niuclei- and hy-droxyls
wiould thus-- prodordnante on 'toctive- hydroge,,(n sit'2 s:

OHl 01ll OfH
Ch3<~. C Ill I- C1,o- O N

CH2 C!12 C~m

(only end group'; have; active hydrogen on the r'ing)

B3y the ox~idation route of* Hay infusible products were obtained. By
the bromination r.oute, a very low yield of product was obtained,. with most
of the bromirated novolac being recovered unehangeod(by acidi~fication of the
ease~tic layer),

1. Melon (V)

This rather-unique high melting polymer was prepared by the
following s~jqucnce3 /:

NaCNB + C12 ---- (Pseudocyanogen) .- s
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I'H 2 N-H2  NH-)

H1  -. J-Nl 11- 2

tIklorl (V)

In %1l1 solvenits except ]loll, cono> ,ntratA lf H S0 4 .

2. "eaction of' CyanjuriceChIlor-;idc tith- Run~zoguanamine (VI)

ail- C .

2 N112 T NH -N-ec

vi

Low Yield of Product
bliolcvc2d to) beI a. low polymur.

J.iclyflaeri,,tion of 21ifoj-ihloytri zine (VII).

~ ~ £ n ,~,Phenol

-C N3 inCI- Cl -----

NHH

C6 H 50 -)-ivc 2JNO NH T -1qH - tc.
2 -6CC56 H 5  -it 2,10-C.

with N2

VI T

Polymer wiath M.Ft. 736o3C.

L.R. confirms structure.,
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2.Reaction-of burizcguarurinoru and Diph.m1yj Carbonato (VIII)

The following higTh 1:elDtinig pol,%rnwr was proparced in 90% yield.

2 1/250-26!--)'
T C05-I - 0 C -0 C6 H

CFI -~NH ) ud ,
2

/ -H-Nil - CNH--c-to.

-H - NC M- T

6 15

olmrwith N!-Pt. 360C),.

JI,. confirn-s Lho Urea linkagcs.

C. PPýsica 1 tudi, o Pý3

1. Prcdii.[itiarv Heat Stabili~ ty o

Preiimiinary heat ;ta'_bility StUdios Were conducted on thc more
promising polymrilIS prepared in Sections- A and( B. The_ procedure used was

SubSIject 'Known w.6Lghts of polymers, to 2000 C. hQeat at 0.5 11un. vacuum for
26 hours. The loss ini weight, color chaniges, and infrared spectmq of the
1uolymcr~xro corlip:1rced after the heat treatme.nt, The results are summarized
in Table 1.

TABLE ~I

Eff Oct of' Heat (200'C.) and 0.5 mm. Vacuum on Polymers

after 26 hour.Exposure
Polymer System % Loss Color 1.11.

_____________________in Wt.- Ch an & Spectra

Polyphenylenro (1) :3.3 None NJo change
Poly 2,6-xyionol (in.pt. u20C)(TI) 2.5 "tT it

Poly 2,6;-zylcnol (m.pt. 31.)' C.) (11) 0 .44 it It 12
Poly 2,6-xýylcnol (from Bromqo-xylenol) (i11) 3.3 if t f
Meulon (V) 3.1 I I I

Urea-linked triazine polymfer (VIII) 9.1 tIi I?



IVtiit the exception of tho urea-linked triazine polymeiir (9.1%) . very
iittic w,-2"lit loss occurred on the heat trcatm~nt. Infrared spectra showed
110 tf f,ýc ti-i heat on the che;mical structure- of the polymers. Thus it
iS i'!t tlrjt good. huat reis:ýitantI poeiy!ruv2 weeru a-va-ilabl,- for ci-jeirilcal in'odi-
firction of tsepolymers inLca adhecives (Phase-k II).

2. X-rmv Dr.iffraction 1Patterns-

X-r.e:y daifiractioni pa;tterns of' somec of' the more promising polymrers
wer dtersiedby th.e Propellant Rusc:-ich Suetlion of Picutinny Aýrsenal. The

patte-rnsý i-ie ade2 using a standard North -murienii Philips Company diffractLion
urit. Phe cafmera had :- diameteýr of 114.6 nlarnd a'llowed rotation of' the
sanie. Yhin ,arqoles w-re grounc, in an agate mortar arid transferred to soft
capillariesý- -about 0.3 r:s-i. in diam~eter. Ten hour Qxposures using nickol-filterod
copper -radia-tion we-ru i.-ic with the, sample2- b-ing cotri sy rttddrn

expose r--. ho- res-ults3 are p ictured. ii -l F1ureý 1.

They esuls- ow thiat poiyphoýriyl (1) and. 1lilon (V) are entirely amor-
phouo, the6 urea-linked triazinc polymier (VIii) iis highly crystalline, and
both polyxylenols show some well-ordered regions of' crystallinity. Polyixrlenol
11I1 appears more crystalline than theý 1layý pulymrer (11).

3, 1heeomairietric Analy is

1n order to obtain i~nformation regardling the high temperature
stability of po-lyxylenioll and itý., oxidized (carboxy) and bromemethyl Qeriva.-
tives (See Seetiori D), these prodilcts wi;, re subjected to thermogravimetric
ainalysio by the Plastics .and Adhfe..lves Division of' Picatinny Arsenal. The
polymers were he-ated at the rate. ;f3'C. per minute under 100 micron vacuum.
The results are reproduced in l`igures 2 to 11. The original sample weights
were 205 + '2 rngs. The results show the very good stability of the parent
xylenol at temperatures up to /4000 C. (Fig. 2). It is interesting to observe
the sudden breakdown of' this polymer' at teiipe'atui'es greater than 400 0C.
(,n the other hand, the carbo.,y and bromomethyl derivatives show inferior
temperature stability a-:s compared to the parent polymer (Figures 3 arid 4).
Al1though the volatile breakdown pr'oducts were not collected and analyzed,
the low fractional weight of 0.4 %t temperatures in excess of 400'C. shows
that carbon-conitaining compounds (e.g. C02 ) are lost during breakdown
(Residue of carbon should have, a fractional weight of' 0.8).

4. iMoldirig Studies on- Pol.X1c-lncL;

The polyxyleniols showed considerablc differences5 in molding
temperature, depending on xethod of preparation and basically on molecular
weight. IMoldability was deterrmined býy caleridering 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 Polyner3

(a) Pol~ypheruyl (I) (c) Melon Mv

U)Urea-linked Triazine Polymer (VIII) ~f) Polyxcylenol (III)
(e) Polyxylenol (II) (h) Standard !NaCl
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Table II - Variations in Softening Point and Moidability of Polyxvlenols

Prepn. Surface Temperature 'F.

No. Preparative History Z'ThT 350 400 h50 500 550 600 650 700

248-9 via bromo.ylenol (Price) 7100 D S SM M N M M

248-5 6 a ir 7550 D S SM M M T i
b 0 SM 1 M M M

227-82 D - D SM M M N M M
249- 11' 1770 SM M N 'm m N
248-1" 2880 814 MT. M M M M M

248-]'J 1430 -: M M M M M M
248-7 i -a xy]_enol + %2 (Hay) 7 S SM SM SM M M M

248-75 via xylenol + air (Hay) z D D S SM SM M N

Notes: " ".lds also at 300'P,. M moldable
D discrete particles V, initial temperature at 1,hich
"-ý sinters !rýolding is possible.

semi-moldable v, po.s-,sibly as high as 20,000

Generally speaking, only those products above molecular weight 4000

gave molded specimens showing of stren*th and toughness. Below thib. molecular

weight the molds were brittle. We weTre unable to mold material produced by
the Hay method it comm*urcial compression molding equipment.

Table IIl - ]LhXpi cal ProperLies of Molded Pol xMlenol

Polymer Prep. 248-9 248-10 248-56 248-70
d

Tensile at 72' F. psi 32.0 2450 2500 not
Tensilu at 3920F. psi 225 -
Tehsile at 5C28'F psi failed failed failed mold-
Flastic Modulus at 72'F. psi 41-5M able

Rlockwill Hardness '120F. 14 78 M 78
Impa-ct Strength Notch Izod ft~lbs./in. .59 .68

ol,.ular ,';to appr. 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 obtaining flow and wetting of surfaces
by high molecular weight species of these polymcrt, 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)
(OF.) in Minutes Strength

psi
Polyxylenol 550 5 2046
Polyxylenol 550 2 3440
Vi~ene 30c 5 131-8
Polyethylene 300 5 592

(1) Average of' 5 tests

The above results show that polyxylenol, 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.

Polyxqylenol and some of its derivatives were tested on stainless steel
(#302) for tensile shear. The steel specimens were degreased with trichloro-
ethylene and etched with a sulfuric-dichromate mixture. The adhesion results
are summarized in Table V. The third column shows the heat treatment employed.
All 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. It is for this reason we have been attempting
to get crosslinking.



TABLE V - Tensile Shear Results of Polyxylenol Derivatives on
Stainless Steel

No. Description Condition Shear
Strength

226-20-2 Parent Polyxylenol Hkiated to 550'F. and 550
cooled.

226-20-2 " Heated to 550'F., held 1030
for 2 min. and cooled.

227-29-2 Parent Polyxylenol Heated to 550'F. and cooled 1512
227-29-2 if it ?f i i It 2550
227-65 Carboxy Derivative of 226-20-2 11 it " It 250
22'7-65 It it It it It if it Broke on

removal from
jig

227-68 Brominated Derivative of It it t? t" No adhesion
227-29-2

227-68 2 2 ft ,It , f ,, ft if t ,

227-7..-0'-' Quatcrnizcd product of 227-68 t ,, t if ,, I, ft

with TrimethyLarnine
227-29-2 Parent Polyxylenol Heated to 550°F. for 1930

5 minuLos and cooled
227-29-2 It ft ft It if it 1930
227-29-2 it Hoated Lo ý50°F. for 5 minso No adhesion

and tesLed at 500°F.

D. Chenmical Modification of Parent Polymers

i. Incorporation of Carboxvl Groups In Poly 2.6-X.-lenol Polymers.

Attempts were made to oxidizo SO•oC of' the methyl groups in poly
2,6-xylenol to the reactive carboxyl groups. Two general procedures were
employed:

CH3 - H3 CH•
CM C 3 Dilute KMnO4

-HN3 H20, Steam

(90C. ) bath

CH3  3

H.-3  -C 3  /H 3

" " \ - \K- 0  / OH

I OOH ICOOR , C OOM n C OOH
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The permanganate method proved to be the better procedure. The compound
was definite.ly altered by oxidation and originally analyzed to show a high

carboxyl content (See Quarterly Report No. 3). However, improved methods of
determrining acid groups in such polymeric sy.'steeis showed a maximum of about

3%. !.P. spectra showed no hydroxyl. That the •taucture was altered in some

way by the treatment was evidenced by incrcaseud melting point and identifica-
tion of CO2 by-product in appreciabos amounts:. On the other hand, thermo-

gravimecric analysis (Figure 3) and adhesion tests on stainless steel (Table
V) gavw: roesults which were inferior when cojo.pured to the parent poly.xylenols.

2. Chloromethylation of Polyphen'ylene

Since it has often been shov:n that chloroiethylation in addition
to puttiin a reactive group on "t molecule Leads to an increase in the heat

stability of the material, the procedure was applied to polyphenyleno.

• .. o-Cl HUI, Co CH2 0, ICOH,-f h--• " ,''. --. , . . .- -> . .. . .

5 -10°C. H3P0'4 , H l

S(A) 85°C.

CH2 -CI

, / : ... . -,

Only procedure (B) was successful (47 chloromethyl groups). No solu-
bility diffurencus between this product and the original polyphenyleno could
be observed°

B. Bromination of Side Chains of Poly 2,6-X)yliol Polywi•rs

GH CH3 -, CH3  CH2 - C 0

1 / /\-HN- Br

CH- 0

- ,2

0113 n~ CU3

CH2 -Br CH2 3-Br CH2 -Br

/ .H .- 3

C13 C3
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The above reaction gave a derivative with 22% bromine in good yield. This
Jisf equivalent to 0.4 atomsj of bromine per repeating unit. The bromo deriva-
tivo proved iaferior- to theu parent polymer in regard to thermogravimetric
O-.nalyL;is (Figurc 4) and mf-etal adI~~iu-Jii "'h1)iu V).

i.Reactioni of P!:'iYbroiEo~icn-oi Wvith Amines

Folybr~omuy].onoi could be readily reacted with tertiary amiines
in bons.eno solution to give the qLuaternarvy brondides.

0/

\.-_

The quaternaries werc high atelting, ionlic, water soluble products which
jh-wed no adihesion to stairnle.iz Aeol (Tabl, IV).

/ 'p. ~OH / \ r

I CH2-01
CH -1Br 'f0

Low molting broiniinated polysAylenols were reacted with sodium hydroxide
and with potassium carbonate, the plan being to produce 6ide chain hydroxyls
for thermnosettin~g with polyfunctional materials such as aryl triazin~'l
diisocyanateoý,. Consridering the ease with which benzyl chloride is hydrolyzed
to the alcohol, this reaction should procceed readily. In the ease of sodiurm
hydroxide ani unant~icipated resjult was ohtained. the product became insoluble
in all solvcrnts t~ried (although svie-lling to a gel in solvents normally dissolving
the parent substance.) No signs of' softening were observed up to 370*C.
Analytically, bromine -.quivalent to that on the s9ide chains was removed yet
no hydroxyl groups5 were found in the product by IP. spectra or acetylations.
It is be~lieved that a Wilaicotype reaction may have taken place. Reaction
of sodium, butylatle with the bromin-ated polymer under conditions to force out
butanol gave an insoluble, in-fusible 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 insoluble high
mnelting polymers. This appears to reinforce the prospect for thermosetting
by nicans of side chain reactio~ns.
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I.n the hydrolysis by potassium carbonate no removal of side chain bromine
occutrrcl.

6. Reaction of Polybromoxyienol And Trimethylchlorosilane

:|r /

C-H2-o ."c'~( H )

-(mib si-C1 o

2 Na n
': •n \CH2 -B /q

/./

eotraalkyl silane

The above trairsfornuation e Tectee in ,-ood yield. As expected,
te tetraaikyl -ila.ane polymer .%as ve'y high nielLing, The derivative was

undoubtediLy cross-linked as iL could not b(, I' or molded. Therefore
arjI-,,siou-, testo could not be deterne' -o this uurivativco

7. Reaction of' Jitrou.,., Acid on Urea-linked Triazine Polvmier

0

T1 -M[-C-NH- NaN 2  No Iteaction

12 O4, ether
yI oKioc.

8. Reaction of Phosphorous Pentachloride on Urea-linked Triazine Polymer

Phosphorous pentachlorLde iL; known to react vigorously with
amil.onia and urea, The PCI- is saiA to function as a chlorinating agent.
However, large amounts of 0 -- N bonds arc found in the products.

Wke havu previously found that phosphorous pentachloride reacts vigor-
ously with both benzoguanarnine and melamine. Therefore this reaction was
applied to our urethane-linked triazine polymer. A high melting product
resulted. The product could not be fused and was insoluble in all common
solvents. No chlorine was detected in the polymer,

9. Reduction of' Melon ("Hydromelon")

The general principle tri.,I from here to section 15 on the highly
refractory triazine polymers (melon and urea-linked triazine polymer) was
to attach amino groups and consequentlr form a.moniun salts -rith acids able
to etch the stainless steel such as HF, HBPF, H2SiF,,. NH.HF 2 and chloroinethyl-
phosphonic acid with possible addition of a water-torming-lydroxy compound.
The intention was to dissociaLe during cure the arunionium 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 plycol to ,.tO)rjj small,1 amiounts, of water in situ
which loihuhJp to achi eve~ the etching, efr'eet on the stainless steel surface.
'io achieve this p ý,l, diffeorent .V,),yso were ch-osen for both types ofL triazine
<-stermS. MA 1 a insxrie. refractory imateri~al and chemiical reactions
Ouch a:- nitratonslnations- , etc. arcý alRmostA impossible. However, the

comuon e. 0 ~y in hot concentrated _iu'Lfurie acid, and this vehicle w-as
chose1.n to ca'rry out a reduction1 w.ith a s-uitalble, reducing systemi. At first
sinc dust -was trited but the zinc salts interfered, and reduction went too
far (fe rrets friiulbl aminesý) whien the solution was wrorked up. Ai better
:ys fee found wras hydrazine s3ulfate which reduceud olty ý. pýtemperatures as

hig~h as 1'-0l(O/lOC. to1 form an, wine whiceh hA d a veryMeling point -and was
islbein all media,. eC ept dilute aquenusý- mineral acids. Th~at was exactly

w,,hat -. oa icked for, However, when -in experimenit was- made to p.repare this
reduc~iun product, it. was found to be, eonstivn to reoxidation by air, wh11en
dii ed in t'~o drying oven a-nd became i~n.- JAubjte !Iain- -zin dilute aqueous acid
aid 1' '1 I expe(_riment had to be rope -atom. I his time, the product* vias dried
in vraeuur ;!ind therefore ita'1d1eut dii uhe acid. The product is

o ýedhvdroinelon'. [he, icrc ;tei s_-oz!tib PI ' cti product is believed due
a -Iocrase in the resonance enera~y of' mie.on byhydrogenation of some of

thký tria7.inie rings.

1C. Amidno Deorivative of Urea-linked TriaýZine Polymer

1Nhm enhIe bcnýrzeguan-amane-i-dipl i en-yl earlboinat polymer was subjected
to theý hyur.azine reduc;tion in conce(_ntrated s3ulfuric acidJ, it wias found that
th'- poiyrov' was siot stable, underACY these0 conIditions, Decompositionl occurred

U jjn a te groupings1, With ithe liberati-on iT carbonl dioxide, Therefore
ro [dcotton PC thle triazane rring iL n this producýt ,was, abaindoned and the decision-
"was lrmIl attach an amino10 group tr, the; phcnyl- g~roup of the benzoguanamine
peW i-n .u! the oll n manner.-

IN-NHC-C-NfI 5(ii) -Nil-C-NH

24

Amino Derivative of a
Polyurea

iPhf Wbove reaction sequence was suecou-ýsfully carried out. Numerous
saltsc wcre- prepared from the amino compounid asý well as with the above men-
tionud~hydrsmelonui. Those are described in sections 14 and 15.
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11. Reaction of Helon with HBF,
4

Meloni was reacted with a solution of fluoboric acid in methanol for
17 h.ours at 60-70:' C. The resultin,; produict contained only 0.82Z fluorine.

12. Treatment of ieeion with ils:

Melon was reacted with a solution of _lodino pentafluoride in chloro-
form at 60-'O0 C. The product obtained contained 32o8ý iodine and 12.2%
fiuorine.

I3. Treatment ofi Melon with Brliý3 :

The reaction of melon withr brominetriflucride yielded a product con-
taining 2", broid.ric and 6.,-C fluorine.

1)4. Salts of "Hydromelon'':

"Hydromol.oni,' proved Lo he a rather weak base since salts could only
be formed with strongs acids in concentrated solution. However, melon itself
does not undergo salt formation under these conditions. On dilution of the
"hydromelon" salt solutions, hydlrolysis occurs (reprecipitation of "hydro-
melon'-). The .ollowing salts were prepared:

(a) NiF salt - co::t.tairied 8.3% IIF

(L) Fluoboric acid salt, - conLtained 17o3l. HBF 4

(c) Chloroimsthyiphosphomioc acid (CIPA) salt - contained 42-.8%
CIWA.

15. Salts of Amino Derivative of Urea-
linked Triazine Poliymer:

The f.ollowing- salts were prepared:

(a) ',!F salt (2.3' HTF)

(b) MP 4 salt (17.7,% 11L)

(c) Chloroethylphosphonio acid salt (24,6/ Ci-ffVD )
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16. E~t~chini. TPoot:

T he ab.iliIty of the aL-ove described amine sal` Ls to etch a stainless
steel. surface was to-s~ec-I as fi-A-ows:

'Prilo saLts woro doi.~u~cracJSLUC ,hCst plAtes3 Afer sandl-
,uicl-in, thec plates Lwtei'.rcoistpression at. 9UG0 C., the pressure was

released and the exoto A' cti.n'-' observed. N o noticeable etchingý (or
adh-esion) occiurred with ti-icce 3alts. In tile case of theo ehiorornethyiphos-
rihoniLLc acid se.Als,, su;:mc sdlgi,- adh&.ýAorn was observed upon the addition of
sm'all airounts of poLausrium, hydr.oxide.

In conclusion it. was felt, that the "letching- idoan'- did net held prorl-
ise and therefore was ab~ando-ned.

dIlyeidvloxy-s-T rai~in

It was felit. thIat, o.ne mnaioer of utijli-zin1 the heat, resistal-ce imparted by
tetriazinu nucleus aoh' removinf; the h ighl.y refractory nature of' ccmnouncis

of iis class would !be L!e attachmuent of eoie groupinpcs directly o h
nucio~us. '[his should lead t-) -Licuids or low rmeiJtirf-g sc"uds, suitable for
pr oror wfettinig of a i.ivLai uurfhace, which en-uld' subsequently be cured "in~ 51LW,

to ',rad tlierm0Su Lpcncu

rIn the prepar.at~ienl of these products two routes from cyanuric chlor-
ido and eone fromi cyanoviie auid wore followed in our wjork,:

'V Powdered MaauH

/l 0 0

CiKCli GI'2 I K1-)0f2~iC

,'q.NOH , / \ 4 polymers

exee ss

OH(3) hlC;IIA2 -. H~

Powdered NaOli,
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Route (I) gave clear, viscou3, colorless liquids of' shelf life from
3 weeks te two months, whicii analysis indicated to be complex rmixtures of
base catalyzed polyethers, typical of epoxy compounds0  fhc preparations sclf
polycleriscd at modcratciy elevated temperatures to give hard, glossy polymers
and cured very rapidly with po6ya-mines at room temperature to aive from hxad
to flexible polymlers, depending on amount and type of curing agent. The
polymers showed f'air heat stability on exposure to temperatures of 500-550'F,
but with some embrittlerent. It was fclt that Zless highly functional start-
ing materials would give more linear, less brittle products.

Route (3) gavU a clear yellow epoxy, remarkably resistant to self
poly;:mrization, but readily cured by aliphatic and aromatic diarnines and
polyamrine so

We were unsucces sfut with route (2)4/ and in the reactions of epi-
chlorohydrin with bensoruana-aLine in isolating useful, products.

The gi ycidyloxy-s-tri)azine obtained by route (1) gave "epi" values
of [3.65 to 5.2 rilli.quivalents per cfram (theory = IU10 m.eq./g.)o 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 first pre-.reacted with ammronia to give the rmono-
amino derivative. The resultant glycidyloxy products, surprisingly, proved
to be highly unstable, being difficult to isolate witihout extensive de-
composition. One pr'oduct was isolated as a glass solid, by stripping at
low pressure and temperature0  On a 1000 C. hot plate surface this jiaterial
decomposed violently to give a Ol'har•ohys Serpent" of foamed plastic with
30{ loss in weight aand charring in the process.

In order to obtain preliminary information on the adhesion of the
glycidyloxy-s-triazines the following crude procedutre was used:

Clean stainless steel strips were lapped over thin layers of adhesive,
cured under what experiment had indicated to be the opticaus curing conditions
and broken to determine Lensrie at break at room temperature, These resu-lts
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should be regardcd as no more than indicative because of the smaall number
tested and in some cases questionable technique in preparing the laps.
However, the presence of modcrat.e adhesion was confir'mcd.

Tabd.c tI. Lap Tensile 'fesLs on Stainless Steol Str'ips of
Gyc:idy'(xy Triamines

Cure Cure How
" o.L: Ho Time Temp. Curin 'uAen- Lap Tensile

Hrs, F. .lade psi

125-11 2 200 Versam.d 140 500 g. wt. 645
126-2 2 200 Versa Idd 14 0 500 g. IA. 1300
127-6a 2 200 Versarued 140 Clinped 470
12'/-6b 2 200 Versa C 0 5I0 g. W-t 680
12"1-1, 2 350 nolne 500 g, wbt. 1370
128-2 2 300 none 500 g1 u-r 1000

Qualitative observations indicate that holding the sLrips (VersaniLd cured)
at 525" F. for one h-.ur ombrj tled and slightly darkened "he bond, while pos-
sibly improving the adhesion.

. Triazinc PolyJsocyanates:

Couimercial isocyanates shovivd pi-ot:nsing behavior in qualitative tests
with metal coupons whein combined with melaii.ne or benzoguanaimine, but the
results did not measure up to specified requirements, even when the compon-
ents were taken Jin stoichiomIe tric amounts and curing was done under applica-
tion of much care. Jomewhat better results were observed when stoichiometric
amounts of' phenols were included into Lhese combinations. Phenols applied
successfully were: h:ydroquinone and 1,98-dihydroxyanthraquinorn along with
benzoguanide. Resorcinol failed under those conditions. The bonds were cured
at 2500 C. for 20 mimn under 150-200 psi pressure in an electrically heated
Carver press. Strann, ei-y erough the bonds were extremely strong directly
after the curing when they were still hot. They could not even be pried
apart with pliers under application of brute force and the plates bent off
out when they were allowed to 'ooi to room temperature they could be pried
loose easily3 a strong decrease of tensile stren&-ih 1 'as very noticeable
therefore. It was assurmed this behavior stems from brittleness at low
teimerature (high brittle point).



It was decided to continue synthetic work in thc triazine field, to obtain
m~ore promising base compounds of this class, such as i-socy-anatos anid poly-
phenols0 Since arminobenzoguanarnline itself' did not hcld any promise, when con-
Lined with commercial triisocyanatos it was decided tc, pi-oparai soyne

rIc IL and to convertL it, in-tc polyinydroxy opu .hd ane
by/ reaction W~ith nitrous acicd (ti~azotizýation) and heat con-voy-Licr into the hy-
droxy comIpounds. 'P- achieve -Lhis aim m~ore of' thne base corapoori(d, uth aimano-
benzoguanamnine had to be pr-epared in larger amounts 0  mr successful and
economi.1c Mebbod of proi ar ation was deveh-mr~ed and larrge quant~iies are now cri
hand.

~1i') 0 C) i

T'Phs direction leads to preIodUcLL with only one henzone ring: attached t~o the
'Griazine ring. On the preiimirinary oxporirenee with c.ommtercial isocyanateo
it was found the tr iphenyinieti ~aie Lr iisooyanab L (ue1-c1ur , £P1ondur 174)
While having good adhesive prcnp-erties to metal, had a rather poor heat r, ý,ist_
ance. At 2500 C. it carbonizeod, The triisocyanate seems to be a useful prin--
ciple, but the attachm~rent of' t1he 3 phenyl ririgs to a sing-le Catom seems to

h e the weak spot. It was dec-ided, therefore, to huil~d a similar triisocyanatc,
wlith the NCO- carrying p~he-nyl tgroups attached Lo the much aore heat resistant
triaz;,ine ring.

NrC No~ ~ CO

N CC

Kyaphenine rfriiaocyanate
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In order to obtain the triaminokyaphenine required for the above tri-
isocyanate, many unsuccessful oaths werc tried° Those irfeluded (a) Grignard
synthesis with cyanuric chlorido and p-bromoacetanilideo, (b) Ullmann reac-
tion with cyanuric chloride and trichloroberiuzne.

The best method fI' obtainiing triami nokyapheniner was found to be as
fJ.ollows:

C6 H6  3 S... . .C > C 15 C 6 c6 5

. I 4-NO C611 -NH2
6 4 6

2 0N C6 H -0 C6H -- O I I C6HZ_-Nh 2

2 64 0-4 2 2

The details of th]e above preparation will be described in the first
quarterly report of the next contract (No. DA-36-O34-0TD0-3501-RfD).



29.

EXPERIMENTAL

(Unless noted, all temperatures are in OC.)

A . Pol.Ty•henylene-Cont.ý-aininc Enlimers :

1. Pioyp}ienylene:

This polymier was prepared by the ,raction of p-dichlorobenzene with
(1) a potassium-sodium alloy J:, dioxane, (2) m.et.allic sodium in tetrahydro-
naphtha]l0.ene

(a) The df.]a 2 Method in iiioxane:

The polyphenyl was prepared by the procedure of Edwards and Gold-

Mletallic sodium (46 g.) and metallic potassiumi (39 g.) were placed
in a I-liter 3-necked flask- containing TOO ml. dry )]y.noe. The mixture was heat-
cd to reflux for 34 br,3. Lo form Lhe liquid alloy.

147 r;. p-dichlirobenzono and 250 ml. dioxane were placed in a I-
liter 3-necked flask, equipped with a stirrer, reflux condenser, and a dropping
funnel containing, the liquid iilia2 covered with 1iO TA1. henzene. The flask was
heated to 95-, the heat disconrti; ued and the liquid Kija 0 added in small incre-
ments over a 2 1,ouj. period while m-.aintaining the temperature between 100 and
110'. Thu mixture was refluxed for 48 hours with vigorofus stirring.

'The reaction rmtxturo. was cooled and water was cautiously added to
the fI ask with nitrogen flooding. Approximately '700 t L* water was employed.
The imixture was then heated to reflux overnight.

After cooling, the polym-er was filtered, washed with 6 x 200 ml.
water, and dried overnight at `5' under vacuum.

The dried solid was suspended in boiling benzene for 24 hours
with thorough agitation, The remaining solid was removed 1y filtration and
placed in a Soxhlet Extractor. The polymer was extracted with benzene for 2
days.

The combined henzene extracts were poured into 3 volumes methanol.
The precipitated polymer was filtered, washed thoroughly with methanol and
dried at 50' under vacum-a:

82.02
r/ 4.95

A4 Cl .3,.34 (M~.w1t. = 2130)
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(b) The Sodium: in Tetralin Method:

This polym.ierization was carried out using-; 147 g. p-dichloro-
benzene, 46 g. sodium imetal, and 250 mlf-. tetralin. The reaction temperature
was l90-205',

' C 91.14

/f i 5.69
G3 c1) (1.w-. 3900).

Theee ny ay showed that a purer, hi.,er olecular weight polyil:er

was obtained by the sodium in tetral--in metjhod. 13eth polr.ymers were soluble
in bonzene and chloroform.

2, Polymerization of -,6-Tylenol:

The polyi:erizat,•u was carr-ied out by the i:methiod of Hay and associates2-/.
].iodifications were made :in tie purification and isolation of the polymer.

In a 12-liter 3-necked flask were placed 20.5 g. cuprous chloride,
3.5 liters dry pyrridine and 5.5 iiters nitrobenzene. Oxygen (2 lbs.) was
passud into the solat.ion at a slow rate to oxidize the copper. After the ad-
dition of 500 g. 2,(-xyio.L, -i oxygen was passed -iin at a slow rate over

a 3 hour period. The solution was divided into 700 ml. portions and precipitated
by the addition of 3 liters methanol containingi 200 mi. c:oncentrated hydro-
chloric acid. The corm-bined precipitates were collected by filtration and
washed with methanoliu hydrogen chloride. The polymqer was resuspended in a
miLxture of 1500 ml. rniethanol an-d 100 ml , concentrated hydrochloric acid, filter-
ed, washed thoroughly with nethanolic hydrogen chloride, and dried at 50' in a
vacuum oven.

!. ITt. -- 8200 (o'H end g-roup analysis).

3. Preparation of' 4-irono-2,6-xylenol

2,6-Xylenol (346 g.) was dissolved I.n 7110 ml, glacial acetic acid.
The solution was cooled to '/0 and, with cons-tant stirring, a solution of 454 g.
bromine in 710 rl. glacial acetic acid was rapidly added while maintaining the
temperature between '7 and 12n via a dry ice-alcohol bath.

A solution( of 6? u. sodiLu.m bisulfitot in 100 ritL. water was added with
stirring° The precipitate was isolated by filtration and washed thoroughly
with water. The brorminated xylicnol was recrystallized from hot hexane to yield
375 g. (66i-/) of product in the form of long white needles. -Ii.P = 76-78'
(P:eilstein gives 79.5'.)
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4. Polymerizationl of 4ý-Bromrio2,o xylenol:

These polymers were pr pared hrorn 4-bromo-2,6-xylonol by a modifica-
tion of theO procedure of' Frice- 1 , PIeo following illtzs~trat-cs a typical run:
TPablo VII shows the variations i' the vuren-aration whichi were employed in order
to obtain products with lower soýteLnin,- points for subsequent 'Iin situ, cross-

4-;3rom~o-2, 6-xy-lcrol (200 ;,) in dislvd 2000) ml. b ensene. 11th
stirrini- a solution of 112 gums sodiumii h~yd~ro,-alo o, 1-'.-r water was added.

H irognas was bubbled in fo,-r 15 minutes. ;,'itli cour ncmd nitrogen bubbling;
asolto of3 g. potassium, ferricyanidoc ill 2,-, 1- ' 'fvi rapidly- added,

wrhimc m--'a-:intainingý the temperature(: jeo.-cw 1W. The rearulionf mixture was stirred
fcr IL hour further,

Thec mixture was transferred t.o a separatory 1 unmet1 and thc! henzene
lae rmvd.Tea(JiieOU laver was extracted won'h 3 300 ml. bc!en- The

combin-ed bonszene e-xtracts2 werc washed twice with 5¼ 110 solution. The benzene
sol-utio was evapoiwaLti UIi on u stea,. bath to a co~ti of 1-200 :.il-. and poured
in~to 4 liters meithanol. T Pho precipitated polymer wac filtecred, washed twice
with a dilute mehnjcit oliution and twice- with :.athLiuhol, The polymier was
driedi ini a vacuumi aven at 50' ox'erntith. Yield -7106 m.(8810).

5'~ H .40
.3 1.141 (M.11 - 5Y'00

Tabl~e VII . - Variation),s in 1'roparatjDien of Polyxylenol

284 - 227-
________ _1.30 1-3)2 133 1-34 -135 136 135

ll1romoxylenoul g. 10 10) it 1.0 1-0 10 1-0
121" sodium hyd-roxide nil 53J 3~ 53 53 53
60% so30dium hydroxide 1l -- - -I

Kye(C) g .65 . 6 ' 1,(15 1.65 16
P~nsn m. 004i0 - 100

10jthanol m-L. - 100 - - -
Tep =". 7 35 2ý 45 315 34 1

A.-ýitation fast f ast fast slow f'ast slow slow

on Itronoxyl-enol 74 30 19 (A) 54 5 47
Broninc in Po1Y--lymr 7- - - - 35 - -

belt Plt. o'2. - darklens 130C- 180 - 185 165 200
sot tens 130 220 - 115cv5 165 210
melts 130 - 370+F 220d t65 280d

Mote (A): Could not separate reactionl product,



32.

Of the above only tho-so made ,ril clom± or,,anic -olvoint -rave a Llw, sharp
meltiL'q point Yiwvr -h or ow vields obtair~c. ,Drccluded use Of 3Uch1
a pi ocedurc. in all cases; wnere low yicl.d5 were otLanined (below1 50,ý!) un
c inT ;ocd broImoxylenu) was3 identified as; present. £ihe vuery ig.meltingý point
obtainecd vi! el the product was .,adeý in ::ethanol (w1.i_- 'r -va a one phase rather

I.an a two, pi-ase. systern) is L'elie.ed toý he of thcoret-i-cal siuý.nificne All

prc`ýs u.ildcd to iv thu tyý,i call brittle product ~chiracberJ ~ric of low

5. P1ropuration of o-cresol Ijovolac:

A how moicctjlýar weivh o-cresoi novolac was prepared according to the
procdur of Peso~ - - a 14:1 1.io le ratio of o-cresoll to formaldechyde.

The i:molecular weight doet~i rne~d by fýreezing point lowerin{,. in benzen'e was 582.

1;ii~ a 3 iterc reeed fla:sk waL; cihairged !29b i. (12N.) o-cresol
(Pitt tLonsol 30.5'G, nciL.), and 245 r.37.'Zi ['ormal in containing, 5 rl- reagentL

iiL61, 'the riask wvas 1onti j heated until an~ exoftherm began at 600 C. at which
point, coolilig wvas applied sufficient 1,n maintain a temtperature of about 800c.
untili the exot~hcr!_ subsided. Tiie reaction nass wa,. then irefluxed for two
hours.* T~he productAL was' cooled anid extracted with 3 x 200 Kil. wrater. It was
then stripped of wat~er, and excess crosol at 1-5 1iii pressure to k1ettle toempera-
ture of 252,' (3, at whichi 00] ot a shjarp boiling< poinit riJse occurred (to 2181" C.).
Thf. se.mi-crystalline rmao s, wceighinig 618 prams, was than. transferred to a 1 liter
dist~il l ation-m flask equipped aith- a heatei-d codof~~9 crystallilne
proditrt. were disutilled o ver a _11 rzi pressure and boillin point of 212-218'G.
This was redistilled under' Lhe same conditions t-) f'ive a :ýIcddle cut of 2)50 grario
produLct' boil.iti-g at 21 C.2 I' , e.-ting po~int _09-1190(' Troiciine consumnption
via active hiydrol-ens ont the phenrolic nuclei was 13. :-./'1.00 g. Theory for
dirier .140, averagfe numho.r of' pheniolic nuclei. 2.1.

A portion of t-he airove novohlac was broi-o rirated as f ollows: The pro-
duct. of thre above prelparaLtion (10,8 gframs) was di~aolvcd ini 900 g;rams glacial
aceti~c acid and theo oolutioný coiled to 10~'. To this ur dc-i stirring was added
147 grrabromine, cli:ocolved in 500 rml. acetic acid, Aftuer 30 minutes 20 g"rams
of sodiunm bisulfite iln 50 l-,L waater was added. Thie reaction m-.ixture was sour-
ed into 0000 m-,l, water with st~irri~ng Th e preýcipi~tate was iltered, washed
with water., aspirated, then dtried under vacuum. Yield 11)I) g~rams. rm.p. 144-
1480 Gi. Bromine 40.4,0/

6. Poiyaryl Dt"heirs flrerrt o-G.rosnj_ Mcto.Lac:
a) i or the polym.Terization of e rn deiaieth pocue

as described under (/4) war, followed except in the use of -nhlorof orm as sol-
vent. There was subs tanti ally no pr-oduct. '.,hen the caustic layer was acidi-
.fiod 0 of the start~ingq material wuas prcpttdunchanz-ed ni .p. 120-125"
re crys tallisect from, 10-30 e ti laiol-water.
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(b) Via oxidative coupling (FHay -mrethod).iEssentiallyi the same procedure
a5 described for the polymerization of 2,6-xyl~enoii was used, except in that
twice the Proportion of curuschlo~ride was vtiquirei and temaperatures of
40-60> C. Yields of ab~out f0 a noy~were isIaoiwic sislue

in all sci-verits tried arvi wliiuk was infuoit~lu en to 370-~ G.

B. 'Fria -7ine -Conta ining, Polymers:

1. M'elon:

This interestiro iý mltn product. vTas prepared according to tile
.method of Lucas and iudc inanr2/.

21.77
1.83

N 14.2.40

The ,)roduct -was ifi:solalc- ir all solv] secp o~.1 2 0

2. Reaction of Ctraruri~c Chiloride wijth Tlensoi-uartamine:

Equic.iollar quanti~ties- of the recactants ware ht-ated together at 230-.
250'Q for 3 hours. After cooling-, a Lan solid believed to be ,a low polymer, was
isolated.

3. Preparation of -lo-, -ipurxyiein

A slurr-y of 1-84 r, c.yranuric chl-oridc irn a mixture of' 900 niL. dioxarie
and 150 mi. ch-loroform wa2 prepared. W1ith continued stirring, a solution of
34 g. aimmonia in 350 mi. ether- was added by means of a dropping funnfel while
mnaintainingý the reactioni temperature at 5-10'. The product. was stirred fur
an additional 15 miinutes at thin- temparaturc. Nitrc.-en was bubbled in to re--
mocve anironiwin chloride, Upon cooling, thei prodluct cr-ystLalli'zed from the fil-
trate. The product wan filtered and ueed in the next stop without drying'.

A solution of 60 tg, phienol and 2-8 ty. sodium hydroxide in 35 ml. water
was prepared and cooled to 10". TIhe 2--amlino--4,6-dichflorot1,riazinec was added
and Uthe suspension stirred for ;ý sours. The imixture was heated to 915, for 4
hours. After cooling to 50-60- the product was isoolated by filtration, wash-
ed "tines with water, and 3 times with ethanol, and dried overnight in a vacu-
umý oven at 50' to yield 37 g. product. M.Pt. ý-1730%

N 20.5
C1 oi= .84

4. Recaction of £3enzuguaniamine with Diphenyl Carbonate:

214 g. diphenyl. carbonate arid 187 g. benzoguaiamidne were intimately
mixed and placed in an 1-liter 3-nucked flask uequipped with a thermometer, stir-
rer, heating mnantle and a gas Jnlet tube. With stirringr and a slow nitrogen
stream, the teffperatu~re was gradual'ly raised to 2r-0-2600 over a 3 hour period
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and then maintained, there for 3 additional hours. Alter cooling the product
was removed from tiic flask, ground fine, and placed in another 1 liter flask-
w~ith 500 ml. dioxane. Wi1th stirring the' mdix-ture was refluxed for 3 hours.
After coo-lin.L, the product was filtered, waslicd wilt~h dixr:a.Ld other, and
vacuuij dried. Yield - YI 75IOL ~362'.

I! * . showed 'NTH-, aie ab~y

5. Polymner iza Lion ,)I 2-A.rnuinc-4, 6-diphierioxytr~iazi-ne:

30 g. 2-a:,inco-4, 6-dip ieinoxytriaz _-ine was self-polyinerioed in the same
ge-neral manner described in. (4) above, The meltin point of the product wa
greater than 3600.

C * Ohenicl od~ificati on of Pol ymer's

1. Oxidation- uf Pto -2 O-,,LonjL:

T o a 3 liter 3-nc 1 oI- flask equ.-ipped with a stirrer, thermometer and re-
flu:- condenser was added 1000 :!il, water and 3.3 gramns of potas5siumi perinanganate,
After solution at 50" G.;? 25 grams of' oolyxylenol and 500 ml~. benzene were
added. The reactarits were -neatcod, at refiux for two days under good stirring.
Five .il. of alcohol were then a2dded to destroy excess perimanganate. Five
hundred ml. benzene. was, added to~ the iniseparable, ge-latinous mass in the flask
and the water removed by avcotropic. diot~illatlon11, uIsing-1 a -)IHStark trap.

'Toward t~he enid of 'the dist~illat~ion 20 ml. of' reage-,nt 1101_ was added.
PNc water-free benveno uolut~ioni was flLtered from inorg 'anic material and pro-
cziitiatod under stirring, by pouring, slowly into 3 vo:Iumes of' well-stirred muth-
a~nol. The fine, non-fibrous prec-ipitate' waLs filtered, viashed with mothanol
-Iod dried. F'ercent carboxylL by titration was I..9/(•. By 1.11. spectrum, no
carboyyl wvas formcd. That oxidation had oc~curred in soine mnanner waq evidenced
by pornangarnaIQ consuouption (a%-ur 85/'0), identification of C02- by-product.,
cliang e in, physical appearance, elevation of mielting, point and miolding tempera-
ture over the original pol-ymer.

'Fhis preparation was Griginally repo~rted to have contained 41.5/6
carhoxyl, but improved aiialytical techniques now make th~is figure untenable.

2. idronjeation of 5ide Chains3 of PolV-2, 6 -xylenol:

Polyxylenol (25 FL.), henzoyl peroxidfe (0,5 g,,and benzene (150 nLIi )
were placed in a 500 nLa 3-nrcked flask- uquipped with a stirrer, reflux con-
denser and thermometer. TIhe so)lution was brought to a boil, An intimate
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mi:JKture of 80 g.N-bronosuccinir.uide and 0.5 g. benzoyl Peroxide was added
over a 20 minute per4 tc1 Th e ni xri .rc wa~s refluxed for 30 rinutes and filtered.
Ai'i pr-ecipitate was washcd sever al t l;ies with bcnzonae. The coimbined filtrante
and w-ashini-s were dried over ani~uydrous o~otýassiujn su.Lfateý a;-d poured into il

U(31 mo et hanoi. The 1 tI 11yc owvni 3;, product. wa:; isolate--d uY -filtration,
washed wit~h me thanol, 'andB adre at. 50' ui.duai vIGacuum. Joftening- pt. 205.

Br BZ 22.0 (abet!L<~ 0. - -B.rr gýroups per repeanting, unit),

3. fleaction of'toyrroyeo w Lii Ajaines:

(a) The tctraalkyi ajiAGcrliJsw salt was preparea an micro scale by thu
frcezu-ary systema. 1.06,3 g. o-; I ronmo-(H1R'J 7200) polyxlylenol -was dissolved in
9 1-1. benzene in a 50 n-Il., round bottoii flask. 0.,3 gram.-s of Itriethyl amine
wao added and thei flask contents -entLy heated to abueLt 501G. for one half
hour. A gelatinous precipitate forined, IThe contento we're cooled in a dry
lee bath while rotatingý to give t'inel~y divided crystals, the flask removed

'r'the bat~h and qucl-vaporated -at 01.25 inc.i, until free of all solvent.
_ý!ic hard, horny product analyzed l.78`ý nitroeen. It, was insoluble lin all
solvents tried andi ir'fusiblo )n a 3700D G. surface hot plate.

(b 0.5 lai ofbomp~~yeo (prepared from polyxylenol 1114 7200)
was dissolved in 10 1:11 le(n2nene . Three r-LL* of' a hensoera solution of' trimethyl
amiino (containing, 0.9 j~rai~ ta'i;-nthiyi anine)was added under good agitation at
roon~ Lemperature. The. i nndiately produced precipitate wvas filtered, washed
with heezene and dri wd. Ph(, product was insoluble iin water', benzene and sol-
vents of intermediate polarity, It did not miielt at 700-- F,

(c) The foillowitiig amines int-imately mixed at (0.25 to 0.5 parts per
1 part Of' bromlopol,vxY',1inoYR then, oproad ont a hot pl-ate a, 400 1". (230 of.)

ourface teiaperatur oose iii. lu -Ickly to give infusible gels: tviethylene
tetracrrne, Armeur Duo'iiene, ,, (ar~ino propyl. Soya a.,ine) Aroisene 2-HT (second-
ary 0 6 -Clg~p-diaiino. In all. eases, gelation occurred very fast, before the
mixture could completely fuse on~ the hot plate.

(d) A low molecular we hbremopol oxylcenol (prepared froin poly-
xylenol 1014 4800) was intimatoil, iixod with p-p1henylene diarilne in the pro-
portion of 12 parts to I1 by co-dj s's(clyinfr in chloroi'ormL and evaporatinig to
dryness under mixing,. The dried composition molded on the hot plate, under-
going momentary flu-xing to i'ca stiff rather tough thermosot product.
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i'ý. Hydrolysis of Poiybromnoxyicniol:

A poiyxyl-eno~L whiich rtandbrc=zine cn thJie pkonokuc nucleus
(1.54/-ý bromirL.ei) and broitino on the~ side chain as -CI 2 ,1 , (se ro.m-inat.;ion

i ~ThO.:O 1;.IA ieanout ci7.2/was used in anl aitt r.ip~l ohdlye

(a) 'With Na0il: In a 2I-liter 3-necked f'lask equipped with reflux
condenser, stirrer and the irmometer 100 gr;'ams (,f the s-idc chiain bromininated
polyxylenol was charged Logre thcr with 60 jjlJ henve-no and heated to dissolve.
fi f ty grams of s~odium hydroxide in 150 Pnil, water was added and the aixttfre
hecated under- reflux with good stirring. fox- seven hours, Tfhe gelatinous, in-
separable miass; war, poured soivrly mntc four volumes of hot methanol uinder
-0ood stirrirqL 'Jil PToc ipiitated solid was filtered then reslurried in 5'
aqueous !Wli, filterej,- washed zaith w~aLer and dried. The filter cake was
reheated in hoh beizeije and roprocipitated into 5/6 llCl in methanol, washed
andc] d:ried. Yield 9( ý-'rans. 'ica tin po~int over 37100 C,.~ ash 0.37/ý as Na,

~ro~rinC I ,3t '1eyactylat.Lioill C., if by .iR, none. tdu rmd
found in aqueous la- ev 8.1 grarts. The product swelled in hot benseme, hot
chilor-oform, hot dioxa.,u and was. totally insoluble iin about, fifteen other
L;OiVCTrt5 tried, It was irnfusibhe upr to 3~70' G.

Thu desired rcio was; obv.-iously not al~tainccd anid the speculation
lts offered t~hat a eo-lrircreaction of undeterciired mechianism occurred.

(Ii)With) Ptassiumr carbonate was 5ubs3Ltituteod for sodium by-
dii.1, bn th tcechn' wim ') (a), In this case an easil-y L;eparable benzene

layer was water washed and precipitiated 'into methanolt, The dried product
,ýontairned 0. 56)" ash. as 1,, P,58/ bromino,. no hiydroxyl by acetylation and 1 .1L
only 0.1. g. sodiuml bro;-ined was foujnd iin the aqueousi layer. The product was
ý;olubLe in ehloroforii and bnnoand like I-hie starting broninated polymer
molded at 5000 IF. o Lj io hot plate. Itt must be prest~med( that no hydrolysisý
occurred,

(r) H~it!-.te'traetiiyi arnimonium hydroxide:' Reaction- was conducted in
aioxan-e-water. Tille amino react~ed to give a gel, which waz insoluble and

.nfuai bie .
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5. ReactionJ- of Pol-ybromnoxyl-enol and Trimethyl chlnrosiiane:

A solution of 10 i;. blrora-inated polyxylonol in 100 nil.J toluene -gqas
prepared at room,. temperature. Trimctnlylchlorosilane (8 . was immjediately
added and the mlixture hecated toW-1) ."Jodium metal (3.2 ¼ was added over

a)'-_d 'i 1 -Ot iýrfC'f :~TiYi-Xi i-re 10-i sioy ai] roub,'irr n too ref"Lux and maintained
there for 3 hours. Aýfter cooiling to rociai temlperature, 200 niethanol was
added to destroy theAi excess 'o.ii he precipitate i-as filtered by suction,.
After drying, the product was uAlurried in a mi1_xture ol 50 ni-L, benzene and
100 rcIi ethanol for I11hour. 'the produLct. was filtered, washed wiith methanol
and dried * Yi~eld .1-2.'. Or, ineatingp the product didri't darkcen until
270 '/ G. and was ciueey eoosed at 3200 cu' The cormipound was insoluble
in all'! of the council; solvent~s,

6. -Lea o Dt' Phshuus PectaclIjloridO on Urea-Linked 'PriaiePoga

in ant evaporating- di~sji~ g. phosphorous penitachloride and 15 g.
QJJddtraviý_l le pt ~iylnli_ ;ere L'uwniatulyr mixed and warm.,ed gen-tly. M.o

exothermi was observ-ed as i.t; thel case With) to1, and urea. The midxture was
heated be 800 C, witUh intorairtte~nt strrng he contents were then. pla:ed
in a vacuum oven, overni;Qtt, at 1200. 'This final product softened a 3a10 U'.
and was insoluble in thre commr-on. solvents. Analysis; showed only 0.3% chlor-
tie. Therefore, i.1 was concluded that FP0KL is without effect onl this
polymer.

K. reosaratie; ul )f;rdor

At first qjualitative experiment~s were attemptedI tou achie-ve reductiont
of bhie-Lmelon whtile ipre or, dissoived in some org:anic- solvent with conven,-

tinlreducingp a.ge.nts sul;: as Zn dust cir Hait4 ,]14 All of these failed. Con-
plulbe dissolution couldl 0111;r be( _P)1rCl jecdi crctated 112ý304. In this
me.idjuiu "n dust either reducedI theC melonr comnplIetely to water-soluble products
or no-b at, all. Hlydrazise sulphate finally was found to be anl efficient re-
ducing, agunt at temperaotiires of' 160-17C)" C. in this meudiu:.,

it was found by various exper-iments that the reductlion produce
(;'Hydromelon"r) was str~ongl,-y reducing, anid sensoitive ag-ainst atmospheric oxygen.
100 i.. melon were dissolved i it 250 nil, concent~rated H2SC;1 , a-b 1100 Cý. and ti-ie
terinerature allowed to riseý toý Pi(da C, To this 100 E. hydrazine sulphate was
added in pcrtions,and th teprau epRot bectweeni 160-lo8W C'ý for 2 hiours
wiith g]ood agi tation, under a Pi,)1blanket, Then the mixture was cooled to room
temperature and diluted w-.ith ice. Four gramns of umreacted m-elon were recover-
ed after filtration and dryingr. The so-u-ion onf the 'Ihvdroiisolon" was mrade
basicý with arroniuim thydroxide solution and the precipitated 11hyvrtroielon'1 filt-

ered washed and dried under vacuumt to prevent reoxidation. Thi's product re-
duces mercuric salts to meitallic mer-cury, it is readily soluble in mtoderate-
ly cone, aqueous min~eral acid under which coniditions- me-lon iis not souble.
Yield: 74- g. iiydr-orelon; 48.0%, N conltent found,
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Deriatie ofUre-linked Triazine Polmr

(u) Nitration of' the oýubstituted Urea Polymier:

After findini, this polyi.-er not to with1-stand temperature of 160'G.
_11. eo-1c. 1)0~ as deor- e -, A!_e- under tihe hydrazinie reductio ethe (2
fcrmation, formati-on of wa-t ci ,-luble products) a conventional synthesis of'
ah aromnatic, anine via t "e ni.ýro compound was started. In qualitative tests
tnec product could be dissolved irn concentrated i[230ý4 atý ruoom. temperature or

beo.38 gý. H-N6 3 (d ý-1.5) and -)-5(-) g. cone.. i12 30 4 were miLxed and cooled
to 1-0: G. and 150 g. of the finely groiund urea polymer was g-radually added with
vigorous agitation and cooling by an externall ice bath. The temuperature was
f-radually allow-.ed to risc t~o 20>' C. and the stirring7 continued for 3 hours
uintil th-e mixture, bec;ame a h-1onorgeneous yel low mas Thereupon it was poured
into 11. liters of i1ce wat~er unde~r v- p7orous agitation and the agitat'ion co-n-
Itinued f'or an ado~itional .30 minu-fates, Then the slurry wras filtered, the resi-
due aashied until acid-free and dried. Yield: 59.5 f'. (912.2% of theory).

(b) ReductiJon of the Ill trated Urea- iolymier:

After unsuccec- ,lsul trit Leo reduce the nitrupolyrner with zinc
riust.1 the reduction wao car ri~d out under condit~ions simnilar to the reduction
of nitr opolystyrone (Ala.) 0  in presence of 1'113 )' Thisý wer~ked, but, the pro-
duct obtained wams of ouCh a'fil meparticle size that it was very difficult te.
separate From the soleiti on by .1ilt~ratlon. Tedious sedimenxtatLion Lechniques
had to be applied. TPho pordo~Ithus obtained gave a very strong reaction for

aromatic p_.rsiIarCY amýine (diiazc ti: ,ation and couplinr -test aith alkaline beta
naphthol).

715 F,. of' he n~itro product were dispersed in 800 mi. water- and 300 g
V80 4 wure gradually added toenTwith sufficient amounts of ammoniumo hy-

droxide solution to keep the media alkaline, The reactionl was allowed Uo
proceed under a N2 blanket for ')( hours at refiux temperat~ure. Then the: entire

reaction flask was filled with water, the slurry allowed to settle out, the
enLpernaltant solution siphoned away. This proce-dure waL; repeated several times.
After drying in vacuo 60 g. (90>f Yield) were obtained of an yellow powder which
ga-ce_ a strong reaction for prim-ary ari o atic amino groups.
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9. Reaction of Melon. with Flubbotic Acid:

in qualitative exporimen-ts melon proved t,, be an extrereely inert and
refractory material0 !, solution of HBF4 in -eh was prepared by freeing it
from the water of the 50% ou'U4erciac grade solution by cal]ciul sulfate
treatuclu-t. After filtraiýi, of'the mixoure through a coarse sintered glass
i''nnel, it contained /i 10'i 1.,y weigjht (sp g 0 )883). When this solu-
tion was reacted with melon for .- hnours at 0'-7?0•C. in a polyethylene
bon undo agitatio. r ,e st, irrer, a samly le of iniclan was found to
conbiln, afte.r wa~itinc_ with anlydr'ous HcOl-l, only -j.821 F.

10. Treatment of I:CLLOLi wio I odine Pontafluoride:

2.16 g. melon \c.re dispersed into 50 1Q. chloroform (does not react
with !F5 ) in a nickel ceaker. -A .1g eUro o1' 1O gof I"F5 and 30 1A, 10HC13 was
added in two portions on the ' Qt plate at {z()-'o0 ::. (at room temperature no
ruaction occurred) ad diu ,ýoluiLl, alluowed Lo evapoo.ahc, 2.03 1. material wa&
recovered af'ter washini- w;ith c and dryint_7 The product was slightly darkeryllo- than the• -X, riinaL mi... n .. An.a]. ysis: 32."' 1 10

:,ellw tha th _rgnL a._3~a i. 20 7i 37./] N; and 1.2.2/ F

11. Treatment of i4e 1 on wi' l'o"-nrne- '1; Ifluoniide:

30 g. of melon erdisoiorsed in 1O0 of Freon 112 (s-tetrachloro-
difluorocthmlne). Under aiitatfou a nhixtUre of 1LQ1 p;. BirF3 and 1-00 g. Freon
1-12 were added in porhbLionSo ,•vlcr cach addition, the reaction temperature
7030 shari:.y and ultj.naley readied 70-80( 2., with external cooling with a
di 0.- ice-Chlorofor: bath. The solvent again was evaporated after completion of
the reactionon thj e steara haulth The res'duu v•as dried in tlhe air oven at i00OC.
'iTe product contained 23`/' Dr; 32o2/ N., (as sagainstl 55.5$ of the starting materi-
a!) a.d 6.7510 F.

12. Salts of Z.i~ydrone1on:

(a) 2iT salt :

10 goihydroinelondwcro agitated in a polyethylene beaker with
110 gý. of a commercial 60/0` I'il solution for 30 minutes and filtered through a
paper filter in a polyethylene funnel and washed with 30 g" IF solution. The lIF
solution was precipitated by pouring, into 1 liter of acotonc, 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 hydrcmelon. F" "insolubles: 0.6
(rcoxidized molcn). This dried liE salt hydrolyzes strongly, as a spot Lost
on Congo red paper proved. Hi, content found: 8.25% , which corresponds to
a molecular weight of 485 if 2 iF molecules were bound with the hydrumelon.
(it;( of melon is ca. o6/0)

Attempts to prepare the Hi-12 iF1, salt were unsuccessful.
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IbN Preparation of t~he Filuoborate:

In this casec no ace'"onue cmii 4 hif a,@Rn foir ia-ercipitantion
Step, 2 ince tileC salt was acoenc--soluoic hut, ise -roanol precioitated tile
sa It. 10)i 4:,Vd11ocic-lon -teirc dizoccived ii, 100 of hot, conicircial grade :50/,,

"1`14 solution until white f~me-s a-opuared. Thois solution was filtered quickly
arnd precipitated with 250 rd.' isopronanol, filtered, washed and dried in vacuo.

imd12 Concn. Kfl:4.5 ,wich1 oresponds to -7.31 HDP This corresponds

pa ciclss of50 he product mol-ed readily on the hot plate but left discrete

(c) ýPreparatior. of Salts of Chilor~oefi-,i-Lyl-phosphionic Acid (CITA):

20 Lg. cryctallized GOMPA (Victor Chemdical Clerks, Chicago.) were
ciis-sol~ved into 10 mO_ h:-t water and 5 lvidioxielori uciev added with stirring
-a.nd re-j-aremernt ý,f 1ce\anter. hesoluti~on was precipitated with 500 rml.
acet'ýone,, filtered again~ washed and dried. Yield: 4.5 G. l content
2.83,ý; P' Content 19/hihcrepnsto- 8-35',0 iii".-

Better ("11"A bindtingý was Cound to 1ia1<c placeii ,'gyc er

substituted for then -vmaor a a sol~vurtt for I.

WIhen 20 1-.CFF-A were di-;o],l VC(d into 20 g. of' hot ethIylene glycol arid
5 ; of "iydr-xionsemr: it took, toisiperatures up to 150'1 C. to achieve com-
plete dioool uu on. nowvcvr, at this t~emperature, i-as Coruation occurred after
1-2 -minutes and 1c roduct, was p~rec:ipitated again. This p~roduct, was mixed
I-ith , )00 mil. cetollcJ t'ilterod washed andi dried. Cl content found 7.02";
11 content 10.15/,, whnch correýsponds to 42.8/_1 QMIPA. Yield 41_5g

When30 * CP ere disollied in 10 C. of[ the -lycol, 5g. of the

*'Jydrolael~on11could be dissolved at i-00, C. without any gas f-ormiation or re-
precipitatiorn. yield: 40 5 L; Gl icontent,, 9.5; IPA content 37.9/o.
Doth products becamec plastic orl the hot plate.

13. Salts of Ami-ino, Deriva~ltive of
UreaLinkd 'riavinc Pc lyrýior:

The HF salt contained only 2.28', Ili. The H12 hil' salt. contLained 9.4/Z
~i~i6 whichi was far sho(:rt of stoicshiolm.etric requirements, The 1l1F 4 salt

prepared from thec aqueous slurry of' thle amine cont~ained 15.31c F or 17.7% HDOP 4 .
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(a) Preparation of the C4PA Salt:

it was found that dissoluti(o of the amino po].ymer did not occur
ar a-ucous coJno. Ci-i1,T. fhercfore r.vco] had tD L'e uoue. ;Y. 4F C'-E, were

di soolved in 20 g gilycol a- d 5 i, of he aino polyne was added with heat-
i-i urtiL dissolved° p'i.,duct was prcip.itatec with 300 -iA acetone,
filtered, washed aud dried in. vacuao Yield 4_5 ir, color: broA. The salt
softens on heatin. on the hot plate CI. 1onteno /.Li2,ý Q,!' content 24.6/%.

D. Glvcidxloxy-s-Trianco,:

I. Epoxy Tria'Lino from Cyanuiric Chloride and
3-Chloro 1,2-Propanediol:

In a two liter throe neckl rlasl" equipped withi a stir;er, thermometer
and powder funnel 480 ml.° dioxane, 132.2 gus. 3-chloro--,2-propanediol -and
73.5 -_rs. of cyanuric chaorido wore added. Over a period of two hours, 96
gus. oi' powdered Ha(JI! was adcded in 8 go portions every 10 iOin., using a cold
water bath to keep cci.iperaturc at 25" C, during the additions. Then stirred
viEjorouoly at 30-35o CG for five hours, cooled, filtered p:recipit.ale and
washed with dioxane, Dried in a 1_200 F oven overnight and then put in a
dessicator with H2SO4 unicr vacuu:.' for 18 floLIus. Final yield was 170 ginso

containin o1.44 gnMs of freo NaO] 1.

'he pHi of the filtr1-ate was adjusted t.0 3_3 by the addition of 1 cc of
[or'd (c acid and was Lhcrn vacuu;.1 distilled to a temperature of 510 C. at I rmm,
pressur .? Yield war -! ro i a pale yellow viscous material, The epoxide
value averaged 3°65 len/iran and the chlorine was 4.,2,,. The viscosity gradual-
I, increased from ph' at '2 ' . over 2 Gardner to 240" in thirty-seven days.

One graxi of Lhis ma"toz'ia]. iiJied at room temperature with 0.3 gms. tri-
ethyleietctramino therrioset with an exotherm in 25 min, at room temperature.

small sample on a 150" F. hot plate remained unchanged after one hour.
"then the temper"ature was raised to 200W F. it solidified in 1/2 hour.

2. Epoxy Triazine from Cyanuric Acid and EpichIloro hydrin-/:

in a two liter Lhrce neck flask, equipped with reflux condenser.,
stLirrer and thermoi.ieter :ombined 1388 gEms. of Epichlorohydrin plus 129 gras.
cyanuric ac-id plus 5 gFts. triethylanine. Cautiously brought up to reflex
(exotherr.n), cooling in the initial stage, to dissolve cyanuric acid and con-
plete reaction, which was continued under reflux 'for four hours, Cooled to
room temperature and added 123 gris. of powdered caustic soda over a period
of 1-1/2 hr-s. The tenperature range during this addition was 25-65' C.
Stirred for 3 hours, and then filtered and washed with epiciilorohydrin.
"iaternn uistillod appvx'xi,:eai-~y -00 al, solvent, then trarsfn'rred to a beaker
and adjusted the pli from 9.55 to 4.8 by addinc a total of 7.0 cc. of formic
acid. Then continued vacuum distillation to a temperature of 100° C. at
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± cpressure. YiolId was 359 om's. of a viscous, yellow liquid. Epoxy

Value was 3.15 rflliequivalents of epoxide group//gram.

3.2-ormino--4, 6-D~ichlcro Triazine Preparation:

30 nml, of chilorc-foria was cooled to about -40' G. and liquid anflonia
added to a ntweigh- increase of 30 gramns. To a 2' liter 3-neck flansk, equip-
ped with stirrer, thermoimet.er and rcflux condenser, 1.55 E. cy-axiric chloride
was addod (Eastman F-ractical), '760 mdioxanc and 1206 ril ch~loroform. The
contents were cooled -to 3" C., and under stirr-ing the chloroform solution of
arnr.onia. was added, The 'Gemperatitre arose to and was maintained at 100 for
1 hour. After st~anding overni;ght, nitrogeon was bubbled through for 1/2 our.
The 'flask was heated to 951, the contents filtered to remove arrmonium chlor-
ide, thie cake washed with chloroforia. The mother liquor was cooled to -ive
a crystal crop of '70 gram.,s of whlite crystals which 'ý'i-_tnd at 2)35rwith decorapnosi-
tion. % Gl 50.9, m.p. 235 a. Tj.his preparation wias used to react with 3-chloro-
1,2-propariediol. to forum the epoýýy devivative_.

4. Epoxy Derivative of 2 -Ai-Lno-4, 6--Dic!kloro Triazine:

lo a 2 liter 3-neck flask equipped with stirrer, roflux condenser
arid therr1'ion~eter, 12/ gram oft-aoep aaion was charged together wit-h
1i1ý gram-s of 3-cliloro-l,2--prepanotdiol, 'in 916 ml. dio.-arne asý solvent. While
maintaining a temperature of '32-380 C., 126 graim-s of powdered sodium-i hydrox-
ide was added portionvrioc over a two 'hour period. The contents were main'tain-
ed for an additionial five houirs at 30-35- C. 5.7% of the sodiumi hydroxzide
remiained unreacted. The reaction product was filtered free of inorganic

matriaswashed with dioxane. The filter cake after air drying was fur-
ther dried to constant we-ight at ruoom temaperature under vacuum oveZ! concen-
trated sulfuric acid, The f'iltrate was adjusted from~ a pHi of 9 to 4.4 by the,
addition of 0.4 l.of formlic acid. It was then stripped at 1 M... pressure
to a kettle temiper atture of 62, C. A resinous solid weighling 112 gramts was
obtained.

A four grami samj-ple placed in a foil, dish on a hot plate surface of
200, F. semi-mrelted, 1he'n extomdviolently to give a Pharoah vs Serpent
of rigid foamed p~las tic, charringi slightly in the process and losing 30'10 of
its original weighit,
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E. 'friazinoe Palyisocyanates:

1, Reac tion of Conrmercial Polyisocyanates arid Tnir-azine Amn'dns:

(a) Into a s-jou±j~ beaker were weiibed 1,26 ,ý -cue~i&ne (0.01M4)
and added from a bu-tch -11 A '.. Kdur T111 colutjon, Assay of the latter
(d = 1,32) approx. :~x this corresponds to 18,55 g. solution or 3.067 g.
(0.01 M) (equimaol xants.) Lriphenylinethane trilisocyanate dissolved in freth-
yler"e ci) nride. Added were finally 0.2 _g. triethiylanine as a catalyst.
Curing- was done :Lf th;e electrical-ly heatIed Carver press at )50' C. or. stain-
less steel plates. Vnur b~y one :inclhes and l/l6ii thi-Jcknes~s w ic werec do-
g~reased with1 c 2 C1 4 arid ebehed with a mixture of fi"C'3 and ]1.,' (1:1) (Fuo 65$c
assay and F[F 6o/,,) but. the latter- did riot show a -marked increase in bonding
strength, In later exp-erJiments it was omi~tted therefore., since they were
qaalitativc and erie nt-ating in character only.

This experimeont bru' 4 al-_ost no borndinr-- stren:'th at all.

(b) tinder the samei coid~tions were taken thjis time 0.84 g. Melamaine
(0.0066 M) and the "uaj,iouij ý,tf 77ondur; again complete failure.

(c) Morelur alone; same-1 failure.

(d) 1.23 g. Bjenz oruananiidc- (0.0066 14) and samei aim-ount of' Mondur TM;
nae failure.

(e) .1.23 .iocaa" aind' Learizop--uanaminc (with approx. 1 NICb group),
samie amount Of 1HoniUr T14; same ailre

(1*) 2.03 ,(0.o1 Ii) aiorzgaainsame.I amount of Mondur TM1;
same failure.

2. Reaction of Co!-mmercial Polyisocyanates and Prhenlo'ls0:

-(a) i.90 g.(0.011 1-) s)f cyanuri~c chlloride, 1,1 gý. (0.0l M) hydro-
quinone, 2.4 g. (0.01 11-) itultratharie Mi (diphenyl m;ethanediisoeyanate)
3.67 g;. (0.01) ilondur T114 dry (i.e., 39 IMl11. solution) 0.3 g. quinoline
as a catalyst. This2 cure had good bonding, strengt1h, when. it was still hot
fresh from the press; allowed t.o, cool, howjever, the streir~th was rather
poor.
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(b) 6we amounts of' isocyanates and catalyst as with (a) -1i g
hydroquinone11 (0.01, PI) and 1.9 g.benzotzuanide (0.0i H') brough t a very good
bonding strength when hot; reild again it was pool',.

11 . rsrij o.1g bru 1 ii-ht a poor bonding. strength, even when. fresh-
ly cIured.

(d) JLfOa~nS51uccaa cscatlalyst and hydroquinone an in
(b), 0.005 I~i, 1.8. iidoyaL~a~nn brought very g-ood results when

fresly ure an ho, cnd the stengt h after cooling~ was riarkedliy better

than, witte foredescvibed experiments.

3. Recaction of Cyauiiric 'Chloride and p-Bromoacetmaiiide:

(a) 1"ti-yereaction, hetween oyani)ri c. chlJoride
and p--bromoaccLanifl-ide in hutL tolueic:

64.2 !d. of p-bromoacctalnllide (0.3 t-) were dissolv- ti

'O -l of toluene under ref'lex. After com.,plete dissolution werý dissolved
also 19 1. of cyanuric chio-rido and added were gradually 15 g,. sodiur-. i-
4n strips under reflux, vig-Lorousý afgitation anid N2 blankeot, The reaction was
allowed to proceed for 2 firs, and was thereupon stopped by cooling and caultious
additions of water at 1,,) G. under the N'2 blanket to destroyi the last rennant3
of' unreacted sodiumý imetal, Tihe layers were carefully separated and LhI aqueous:
layer analyzed by titration For content. on lomogunic halogeons. 0.3)~ ' rv])s

ofhlgen ions were found by titrationTr eexetdwreOo.

Would uorresp-ond Cu an overall conversion of 62/%l, hut under thle cond-Jtioms
of' thle experimont in the subse3quent ,dolis cleavagýe of cyanuric ill: do
occurs anyway to GI ions, so 50%'J from foresaid 2162% have to be deduc lIid which
'Loaves only 12" for the Br ions formed in the reaction. or .216 o!' tne Ltstai
,r applied as p-brorneacctanilidlc. This was considered to be a failure.

in another exper ime nt, of the same size with a large excess of sodium1-
mjetal (0.)and 6 bo eato tiin-e, only 1040 Br-conversion was achlio-ed,

(b Above reaction with dioxane as a solvent:

Into 160 m.-l. (if ref.Luinso absolute dioxane were added 1.9
(0.09 M4) of p-bromcaccbariilide and al:L owied to difsol-ve completely; there-
after were added 5.5 C. of cyamuric chloride (0.03 1-1) dispersed into 40
mcore mil, of absolute dioxane anid allowed to dissolve in the hot reaction
m-ixcture. Thereupon wiere adced g~radually 7 L-. sodium metal (excess) in
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strips under a N2 blanket and vigorous agitation. After ca. 30 risn. almost
".o N-a was let and the solution darkened considerably. The reaction was
stopped by cooihei --d .. ,e aoueous phase again was collected,
broucht to I liter and titr'ated, 0.146 H .i of'7en i.,s -er'e formed i.n
the reaction. As cexpectoed, dj: Gi.e Oo18 14 w]AhJch corresi)oords to an over-
all conversion o :o.f the Br applied had reacted.

4. tottempi e-pare Benzouanamine-diisoevonatc:

50 g. of .no<uanaeine hydrochloride (pre ared by combining benzo-
iuana!.-ine and cone. hydrochloric acid and drying of: the product) were finely
ground and suspended into 100 rl. of dry chlorobenzenc as a dispersant.
Phosgene was introduced in a siow strea~m at room temperature for one hour
and thereupon the temperature allowed to rise slowly to the reflux of the
chiorobenzcne (130i' U.). At this temperature the rdc-ture was allowed to
remain for 6 hours. -von in ti-is lonx time the benzoguananmine did not dis-
solve in the solvent, Formation of NCI had ceased by this time. After
Cooline to room temperaturxe, the insoluble product was filtered under
completely dry conditions, washed with dry methylene chloride, and dried at
7]0 C. in vacuum. Yield 55 g.; NCO content found 12°8,1 (theoretical for
one 1.100 group 19o5,•') The bCO content did not even roach one NCO group for
one bcrinoguanaisane. Apparently the solubility of the product in the solvent
was too poor during -the reaction with phosgene.
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