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I. SUMLARY

Ao This quarterly summary covers research conducted in partial ful-
fillment. of Contract N7onr-li62, Task Order I, during the period from 16
Noveamber 1952 through 15 Februsry 1953.*

B. The more important results are summarized below:

Le Chain-transfer studies of nitro compounds have been con-
¢luded with the final determination of the chain-transfer effects of bromo-
trinitromethsne. Thae results obtained to dats are adsquats to sxplain the
irregularities in the polymerization of nitromonomsrs. A special report si
this mubject will be ismued in the near future.

2. A thorough study of the polymsrization of 2,2-dinitrobutyl
acrylate has been started. This study is important for the development of
formulations with both nitropolymers and inorganic oxidizare.

3. The study of the catalytic effect of chelated-metal compounds
on polyurethane formation has bsen continued, Rate studies have revealed that
ferric acetylacetonate is the most effective catalyst for nitropolyurethane
formations It acts about 27 timea faster than vanadyl acetylacetonate,

Lo Stebility studias on postnitrated polyurethanes have been
continued. It ham been found that a sustained washing of polyurothsne I-JN
with warm sodium bicarlonate solution at elevated temperature gives a stable
product without degradation of the polymer chain.

5. Pravious work revoaled the dependence of the molecular
welght of nitropolyurethanes on ths monomer concentration. It has bean ob-
served that higher monomer concentrations cause formation of insoluble polymera
if the tsmperature during the polymerization is allowsd to rise too rapidly or
"run away." Further experiments .roved that a linear relationship exists be-
tween monomor concentration and relative viscosity,

6. The pro;ress in polyuretiiane formation is measured by de-
termination of the avlution viscosity. It has been shown experimentally that
there is a close corrsspondence between solution viscosity and relative viscosity.

s The oamcmetric datermination of the moiecular welght of
nitropolymers 1s being studied with regard to possible errors in the method;
in particular, the effect of diffusion of emall polymere requires evaluation,

8. Calculations of the specific impulses of mixtures of various
nitropolymers with ammonium nitrate and amnonium perchlorate show that low-
energy nitropolymers can be greatly improved by the incorporation of a small
amount of oxidizer,

¥Pravious work on this contract was covered in Aerojet. Reports No. 330, U5,
371, 386, 386A, Lok, L16, L17, L17a, k2L, L57, L61, L6B, L82, L9k, L9s, 515,
Shol 563i 5900 622’ 638p and 663. )

Page 1
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9e Formulation studies involvin; the polymerivation of nitro-
acrylates in the presence of disperesd nitropolyurethanes have been con-
ducted, 2,2-Dinitrobutyl acrrlate polymerizea in the pressnce of polyurethans
I-J, with which it is incompatible. However, neither 2,2-dinitrobutyl acrylats
nor methyl methacrylate gave a cured product with satisfactory properties.

10. A formulation of polyurethane I-A with mmsmonium nitrate has
bzen prepared by molding & l:1 mixture at 150°F and 7000 1b/sq inch. The
burning rate of this composite at 1000 lb preasure at 60°F was 0.12 in./sec,
or approximately ths rate determined for the starting polyurethane I-A alone.

11, Warburg-manometer measuraments and the potassium iodide
starch~paper tsst are both valuable methods for the determination of the
stability and the accaptability of nitropolymers. However, no correlation
betwean these two tests has yet bsen found,

12, A new polymerisable acrylate, 3,3~dinitrobutyl acrylate, has
bean prepared. The new compound is an isomer of the previously reported
2,2-dinitrobutyl acrylate.

13.  3,3-Dinitrobutyric acid, an intermediate for the preparation
of N-2,2~dinitropropyl acrylamide, has been prepared by two procedurest
(a) oxidation of 3,3-dinitrobutanol, and (b) oxidation of 5,5-~dinitro-2-
pentens.

1h. A new imocyanate, 6-cerbomethoxy~l,l-dinitrohexyl isocyanate,
has been prepared. This compound was converted into the ester of kL,l,12,12-
Letranitro~-7,9-diaza~8-keto-pentadecanedioic acid.

15, The msthod of preparing cyclic ketal derivatives of nitro-
diols, by means of becron trifluoride catalysis, hias been applied to a number
of dicls and extended to carbonyl compounds other than acstons and formal-
dﬂhydo.

16, Halo nitro compounds react rapidly with zinc metal to form
a white preoipitate. This precipitate has been found to hydrolyze upon treat-
ment with mineral acid to yleld keto compousiis.

17 An intensive investigation has been conducted to find a means
for converting readily the available nitrossmines into the corresponding
nitramines., However, no practical procedure has yat been found.

18. An SPIA data sheet has boen prepared for polyurethane I-J,
from 3,3~dinitro-1,%-pentane diisocyanate and 2-nitro-2-methyl-1,3-propanediol.

19. A new contract was recenily initiated to conduct rheolopical
and ballistio studies on nitropolymers. Up to the present time the major

effort on this contract has been concerned with the eetup and calibration of
new, highly refined equipment for rheological evalurtion. Accordingly, no

Page 2
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report will be made on the work st this time, A complete report on work ocon-
ducted under Contract NOAs 53=618-0will be prasented in the next quarterly
BUmMmAry. '

II. TRCHNICAL FROCRESS: NITROPOLYMERS

As VINYL POLY} RIZATION

1, Chain-Trensfer of Nitro Compounds

e Introduction

(1) It was previously observed that tetranitromethane
acted as an inhibitor in the polymerization of methyl methacrylate while
nitroform behaved as a retarder, allowing polymerization to proveed at a re-
duced rate with no induction period being observed. The question arose us
to the difference between the reactions of the two nitro compoundas. With
tetranitromethane the most likely possibility seemed lo&s of a nitro group with
& trinitromethyl radical atabilized by resonance, e.g.,

No
2
C(NO,)), + Re ——— KNO, + ozn-ffa

NO,

With nitroform it seemed likely that again the radical which would be produced
would be the one momt stabilized by resonance, e.g.,
NO

CH(N02)3 + Re ——3 RH + 02N~(}-

N02

2

Inammuch ae the same redicul would be producéd in both cases 1t was difficult
to axplain the obsarved differences during polymerization.

(2) In an effort to obtain more informution regarding
the transfer remction, bromotrinitromethane was used as a solvent in the poly-
merization of methyl methacrylate. With this nitro compound one would expect
scimaion of the weakeat bond, l.0., the carbon-bromine bond.

b. Dinscussion
(1) When bromotrinitromethane was addad to methyl
mothacrylate it was found to tranafer quite readily, However, it did not
inhibit rolymerizaticn. It behaved in & manner very similar to nitroform,

sxcapt that it trenafazed more readily. Another similarity to nitroform was
found upon plotting the solvent-to-monomer ratio aygainst the reciprocal of the

Puge 3
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degroe of pilymerizstione As with nitroform, & curve whioh implied a lower
chain-tranafer consteiit at a highar voncentration was obtained. As yet the
phenomenon ia uvnarplained. The date are presented in Tahle I,
TAHLE 1
POLYMERIZATION OF MOTHYL L JTHACRYLATY IN TH: r ESENCE
OF BROMOTRINITROMETHANE

Solvent/Monomer ¥ Converaion l 'n Fn ) I/Fﬂ Cp
0 2.92 315 7500 1.3 x107¢  —

1.1 210> 3,08 0.8l 680  1.47 x 1073 1.2
2.48 x 1073 3.08 0.27h 350 2.86 x 1070 1.1
4,96 x 10~ 3433 0.205 2bk k.10 x 1073 0.80

Average 1.0

(2) The conversion ve time curves and 1/F, vs S/M
curve are shown in Figuren 1 and 2,

2e 2 ,2-Dm1trobut]l Acrylate

A, Introduction

(1) Besed on the results of tha chain-tranafer
study of nitro compounds, the trinitromethyl group is unsuitable as a high-
eriergy grouping in a vinyl monomer. Tha high chain-transfer of this growp
leads to polymers with low molecular weights, which are brittle whan molded
and tend to ba thermally unstable., 8uch matsrials, aven though they poasess
high specific impulses, sre unsultable as propellants when used alomne. Tiie
specificationa which would be sat up for & useful propellant could not be
met by these lcw-molecular-weight polymers.

(2) It should be pointed cvut that behavior of the tri-
nitromethyl group in a monomer is & blow to the synthetic work of the program.
Thus, esters of irinitroethanol are ruled out, and the chemistry of nitroform
snd its reaction products is no longer «f value in making high-energy vinyl
monomers. New reactions must ba developed end new nitro groupinga muat be
synthesized in order to offeet the loss of the nitroform reactiona,

(3) One obvious means of obtaining polymers of
higher molecular weight 1s to vse a monomer containing nitro groups which

chein-transfer lsss readily, At the presant time. the only monomer avallabls
in sufficient qumntity for tha study of its polymerisation characteristics is
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dinitrobutyl acrylate. It 1s knowm to polymerise readily, giving a polymer
with & molecular weight of spproximately 100,000, Although poly=2,2~dinitro=
butyl acryvlate is too low in epecific impulre to be ured as e monopropellant

it may be of value as a fusl component in composits propellante or as a coating
material in the desensitization of RDX. Uurrently, it 1e beirg used in formu-
lation work as a fuel, with high-snsergy condensation polymers us the oxidizer
asomponant., :

(L) Inmsmuch am 2,2-dinitrobutyl scrylate promises
to ba & useful monomer it ia desirable to obtain quantitative informastion re=-
garding its poclymerization. Hence a study was initiated to determine the varia-
tion of rate and molecular welght with cetalyst concentration and to obtain the
overall activation energy of polymerisation. It was previously rsported that
2,2-dinitrobutvl acrvlate produced an insoluble polymer upon polymerization.*
It was also observed that certain impurities inhibited polymerization. An in=
tensive investigation was carried out to characterige pure 2,2-dinitrobutyl
acrylate and 4o develop & sultable proceas for producing it.™ Thus, only

recently has pure 2,2-dinitrobutyl acrylste beon available in sufficient quan-
tity for study, '

b.» _‘Dincuanion

~ The polymerization of 2,2-dinitrobutyl aorylate is
being studied using ago-big-isobutyronitrile as catalyet, Thue far, bulk poly-
merizations have been carried out with the results shown in Table II, The re-
pults are not consistent, but it is expected that further work will clarify the
discrepancy. '

TABLE I

VARTATION OF PATS OFf POLVWERIZATION OF 2,2=DINITROBUTVL ACRYLATE
WITH CONCEMTRATION OF AZO=bis=ISOBUT VRONITRILE

~

_ Catalyet

Concentration Rate

(mole/litar) (mole/liter/mec)
0.0097k 3.9 x 10“5
0,0182 6.1 x 1077
0.0272 6.5 x 10™°

O Experimental

(1) The catalyst is weighed into a volumetric flaak,
and monomer is sdded at 20°C to the mark on the flask: After mixing, H-ml

'?Aerojet Report No. 590.
*ﬁherojet Report No, 622,
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aliquots are placed in 18 x 150-mm Pyrex tast tubds which have been cleaned in
cleaning solution and thorou;hly washed. The tubes are purged with nitrogen
and stoppered gith rubbar stoppers encased in polythene film. The samples ar
placed in a L5”C water bath and removed aftar various time intervals. Upon
removal, the sample is cooled in diry ice and the polymer is precipitated by

pouring the semple intc ca. 100 ml of methanol.

(2) It has benn obmervad that the polymer retsaine

sonid monomer which is difficult to remove; the following procadure has been
found to give satisfactory results: The polymer cobtained from the initial
precipitation is dimsolved in acetone (5 ml for every 1 g of polymer), and
the polymer is precipitated by pouring the solution into mothanol cocled with
dry ice. The polymer is then tranaferred to fresh methanol at room tempera-
ture. Ths dissolved carbon dioxide expands the polymer to a very porous
material., It is removed from the methanol and dried over P20c by pumping off
excess solvent at 1 mm for several hcurs, The material is obtained as a
porous, somewhat brittle mass,

d. In order to detarmine suitable conditions for the
polymerization of 2,2-dinitrobutyl acrylate in ths presence of nitro con-
densation polymers, exploratory experiments were conducted using various
catulysts and promoters in the presence of stabillzers such as those used with
nitrocelluloss.

O Table TII gives the percent of yleld and relative
viscosity for various catalyst, promoter, and stubiligzer cambinations. It
appeors that the addition of both atabilizers ias baneficial, with respect to
both ylsld and molecular weight. The polymerizations were conducted at Ls%¢
under a nitrogen atmosphere.

TABLE 111

POLI TRIZATION OF 2,2-DINITROBITL ACR TAT# LITH VARIOUS
CATALYSTS aND STABILYZERS

Catalyst  Prouoter Stabilizer Yield, ¥ Ylr (1% in Acatone)

1/ nxp® o - 89 2.5
1/L% B2o0o® 6,19 DMAC - , 78 1.72
1/L% Bag02P 0.1% DIAC  1/LY% INA 82 2.08
1/h% Bzo02® 0.1} DMAC 1/h% + 1/L% Sno 91 2.5h

BAKP is methyl amyl ketone peroxide.
szgOg is benzoyl peroxide.

°DMA 1is dimethyl eniline.

dMNA is N-methyl p-nitroaniline.

®Sn 1s dibutyl tin dilaurate,
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f. Experimental

The procedure for polymerizin; the samples of DNBA with
various catelyats, ecceleratora, and stabilizers is that deascribsd in Aerojet
Report No. 663, p. 57,

Be ADDITION AND CONDENS.ITION POLYMERS

1. Polyurethanss

a, Chelated-Metal Compounds aas Catalysts for Polyurethane
Formation

(1)  Previous axperiments have shown that vanadyl
acetylacetonate and chromium acetylacetonate are superior to boron trifluoride
as catalysts for nitropolyurethane formation.® Ferric acetylacetonate™* has
now been studied in conjunction with the polyurethane I-J system. Table IV
lists the observed rate constants for the reaction of 3,3~dinitro-1,5~pentane
Gdlisocyanate with 2-nitro-2-mithyl-1,3-propanediol, using various catalysts,

TABLE 1V
RATE CONSTANTS FOR CATALY. D POLYURUTHANT I-d

Monomer Catalyst
Concantrations Concentration
Catalyst Equiv./liter  mole/liter  Ngpo» liter/equiv. hr

Ferric »

acetylscetonate 0.9L0 1 x 10" 3.6
Ferric _

acetylacetonate 0.9L0 1 x 10~k 26
Vanadyl -l -1

acetyvlacetonate 0.910 1x10 9.7 x 10
None 2.37 - 2.3 x 10~3

“Aorojnt Report No. 590, p. 27.

(2) The ferric acetvlacetonate is by far the most
effective catalyst for nitrojpolyurethane formation. In addition to prepara~
tions of polvurethone I-J, ferric acatylacetonate hus proved effective as
catalyst in the polyurethane I-A and I-H systeme.

*Aerojeb Report No. 603, p. 13.
**Ibid., pe 79.
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(3) Experimental

The monomers in equivalence were dissclved in an-
hydrous dioxsn., The appropriste amount of catalyst was added to the monomar
sclution at zero time and samples were periodically removed for {~NCO)} analysis
by’ the standard proocedure.® Tables V and VI 1ismt the observed dets, which ars
shown graphically in Mgures 3, L. and 5.

TABLE V

FERRIC=-ACKT YLACETONATE=CATALYZED POLYURKTHANE I-Jj
PATE IN DIOXAN SOLUTION AT 50°C

(Original concentration 0,940 equiv./1iter (~-NCO) and (=CH);
ferric acetylacetonate concentration 10*° mole/liter)

Elapeed Time, hr  Observed DP

0.25 1.87
0.75 3,70
1.2% 5420
1.75 1:25
a.OO 11.0

00 1h05
5:00 18,0
3.0

Keoo * G915 " 3.62 1liter/equiv. hr

(Originel concentration G.%L0 equiv./litpr (~NCO) and (=OH);
ferric wostylmcetonate concentration 10™4 mole/liter)

Elapeed Tine, hr Obssrved DP

0.25 20
0,75 29
1.25 3ﬁ
1.75 5
?.00 63
4,00 9
5.?0 a5
K50° - é%iﬁﬁ" 26.l 1iter/equiv, hr
TABLE VI

VANADYL~ACET YLAC “TONATE=CATALYZED POLYURKTHANE I-J;
RATE IN DIOXAN SOLUTION AT 50°C

(Original concentration 0,910 equiv./liter (=NCO) and (~OH);
vanadyl acetylacatonats concentration 1074 mole/liter)

Elapaed Time, hy Obnrarved DP

0.5 1.“3

1,0 2,06

1.5 2.0
NI [N o A g

K50° " %fg% “ 0.97 liter/equiv. hr

—
Aerojat Raport No. 638, p. 25,
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Pigure S
be Stability Studiles
(1) Introduction

In sontinuation of the stability studies on poat-
nitrated polyurethanes, work during thie period has been focused on homopeneous
wanhing of molutions of polyurathans I-AN with uren, Whorean satisfactory ther-
mal stebiliities havoe been obtained, revere degradation was noted, as in previoua
worke Thus, using the technique of homogenoous washlng, the problem of thermal
stability has been molved; but another problem, that of polymer depradation, has
been introduced. In viaw of other stability studies, using a warm sodium bi-
carbonate wash to remove nitric acid, the entire approach of homogenacus washing
is boing abandonodes A vacuum snteam distillation of unstable I-AN was aleo at-
tempteds but uander the conditions umed, stable polymer was not obtained,

(2) Urea Stabilization of Polyurethane I-AN in
Dioxan Solution

(a) Exparimental

Twenty-five ml of abesolute dioxan was added
to 1 g of polyurethano I-AN (JKE-1ll7-c, 7?3? = 1.13, sbabgo o * 1 min), Ona ml
of a maturated mothanol solution of urea wos asdded Lo this solution, and urea

Pega 11
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immediately crysiallized from the dioxan solution. After the urea was filtered
off, the mclution was poured lnto water in a blendor, precipitating the polymer.
The polymer wans water-washed and vacuum dried. 1In order to increass the activity
of urea in the dioxan solution of polymer, the above reaction was repsated, main-
taining the temperature of the dioxan solution for 10 min at L0°C. Relative vis-
copities were determined in acotone solution at 1.000 g/100 ml at 25°C, and ther-
mel stabilities were determined on 1l.3-g samples at 65.59C, to starch-iodide
coloration. The renults are presanted in Table VITI,

TABLE VII

UREA WASHING OF POLYURETHANE I=-AN IN DIOXAN SOLUTION

1%
Run Conditions Stab65.5° MNr
1 Urea-MeOH added at room 5-min, heavy 1.10
temp; ppt. immediately fallure
2 Urea-leOH added at hOOC; Trace in 10 ming 1.07
prte after 10 min at LO% no further colora-
tion in 2 hr

(b) Conclueions

Uren appears to bs combining with nitric neid.
The low solubllity of urea in dioxan prevents quantitative removal of acid from
the system. Degradation is sipnificant, particularly at the higher temperature.

(3) Urea Stabilization of Folyufothano I-AN in
NDimathvlformamide Solution

(a) Experimental

Six ¢ of polyurathana I-AN (JKE-122, *?E% » 1.60,

stabgs,60 = 3 min) was added to 100 ml of technlcal dimethylformamide, and alter bning
digsolved the solution was divided inte two portions. Five nl of water wam rdded to
ona portion, and after 10 min, the polymer was precipltated in water, washed, and
vacuum dried. Ten ml of a saturatod mathanol solution of urea was sdded to the other
portion and after 10 min, the polymer was precipitated in water, washad, and vacuum
dried. Relative viecosities and thermal stabilities were determined under standard
conditions, The results ere prasoented in Table VIII,
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TABLE VIIL

UREA VASHING OF POLYURSTHANE I-AN IN DILCTHYLFOH(AMIDE SOLUTION

] 2%
Run Conditions dt‘b65.5° r
1 1=AN dims. in DMF;  Trace in 5 minj 1.19

H20 added no further in 3 hr

2 I-AN diss, in DMF; No failure in 3 hr 1.11
urea~-MaOH added

(v) Conclusions

Hoere a;ein urea has effected high stability
(Myp = 1.60 drops to Uy = 1.11). Tt must be concluded that solutions oﬁ
polyurethane I-AN are extremely sensitive to bases (urea Kp = 1,5 x 10714), and
any stabilization procedure which obviatas a solution reaction is to be de-
girad,

(1)  Vacuum Steam Distillation of Unstable Polyurathane
I-AN

(a) Introduction

In an attem;t to remove occluded nitric
acid from a freshly precipitated sauple of polyurasthane I-AN, & vacuum stoeam
distillation of the unstable polymor was attempted, in the hope of either
leachin; out the acid or distilling it from the system. Under the conditions
uned, no stability was offected; howsver, thure was an indicaticn that mors
severe conditions might be effective,

(b) Experimental

A 3-1liter stesm-diatillstion flask wan
charged with M0 g of polyurethane I-AN (JKE-117, Y?lﬂ = 1.17, utubés 0" 3 min)

and about 1 liter distillod water, and the mystem vwas vacuum oteam distilled for
1.5 hr at 20°C, Four hundred ml of diastillate wes collectod. One~half the
charye was removed, and the ramainder was further distilled for 30 min at L0OC;
250 ml of distillate was collected. Measurements of pH, using e Beckman pH
metor, were made on the sevoral distillate and pot fractions. The polymers

were washed and vacuun dried. Relative-viascosity determinations were made in
acetons solution at 1,000 g/100 ml at 25°C, and thermel stebilities were de-~
termined on 1.3-g samples at 65.5°C, to sterch-iodide coloration. The results
are shown in Table IX.

Page 13
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TABLE IX
YACUUM STKAM DYSTILLATION OF UNSTARLE POLYURETHANE I-AN

pH pH Polymer . v 1%
Run Steam Dist, Conditions Distillate _ Slurry = -o°65,5° I
1 Contrel; no stesm dist. R 5.0 3 min 117
2 1.5 hr at 20°%C 5,0 L0 2 min 1.13
3 1.5 hr at zo::c
0.5 hr at L0°C 5.0 Ze3 1 min 1.13

{c) Conclusions

Under the conditions cf vacuum steam-dis-
tillation used, nitric acid was not completely removed. At ths higher tempera-
ture, the rate of removal of acid appears to be faster. Nitric acid, under
thsse conditions, is not distilled from the reaction flask. A small amount of
degradation appears to have taken place during the steasm distillation.

(5) stabilization of Polyvurethane I~JN Using a
Warm Sodium Bicarbonate Wash

(a) Attempts wore made to remove the nitric
acid with dilute sodium bicarbonate solution. Polyursthane I-J (JRF-191-A,

e * 2,52, 1% in acotone) was treatad with distilled 1004 nitric acid for
20 min at 0°C, then precipitated by pouring into ice and water in a Waring
Blendor. One portion (JRF-193-A-1) was agitated in the Blendor for 15 min
ot 25°C with dilute sodium bicarbonate; the other portion (JRF-193-B-1) was

agitated in the Dlendor 15 min at 50°C. DBoth were then washed thoroughly with
water and dried.

(JRF-193-A-1) 25°C, stabge co = 3 minj N, = 2.Ll, 2% in acetone
(JRP~193-B-1) 50°C, ababés.so = 20 min; Vi ™ 2.53, 2% in acstone

A larger amount (25 g) of polyurethane I-~J (JRF=191-B~2, 1, = S.hl, 2% in
acetone), wam treated with distilled 100% nitric acid at 005. The material
dissolved rlowly, requiring one hour for complete solution., After precipita-
tion into ice and water, tho polymer was stirrsd with dilute sodium bicar-
bonate for 10 min at 509C, then water~washed and drisd. For JRF-133,

Ne = 1,57, 28 in acetonaj atabég,goc = 20 min, Preparation JRF-193 was again
treated with dilute sodium bicarbonate. The resulte are listed in Table X.
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TABLE X

STABILIZATION OF FOLYURETHANE I-JN USING A waRli SOCDIUM BICARBONATE WASH
NaliCO0y Treetment

KI-Starch 17 *

Identification Time Temperaturs Stability, 65,57C r
(JRF=193-A) 15 min 65°¢ L% min 1.69
(JRF-193~R) 1y 50--65°0C 80 minm .M
(JRF=193~C) 2 hr 50-65"¢C >h hr 1.62

*21 in acetona.

(b) Conclusions

Thorough washing with dilute asodium bi-
carbonate soclution at 50 to 65"0 effactively removes the nitric acid, as
evidenced by the increassd thermal stability. A small =mmount of degradat.ion
occurs durlng the washing. However, it appears that extensive degradaiion
‘occurs during the nitration. This will be investigated further.

G Further Work on Polyurethanes Previously Dmecribed
(1) Intreduction

The chelated-metal catalysts have made possible
the preparation of high-molecul ar-weight polyurethanes having desirable physical
properties.* Since these catalysts behave differently from the boron tri- :
flnoride previously used, optimum reaction conditions must sgain be determined
for each of the polyurethanes previously described. Other cbjectives inolude
elucidation of the catalyst mechanism, reproducibility of product, and the ocause
of product insclubility observed in some prepsrations., The more important
variablas are concamtration of monomers and catalyst, solvent, time, tempere-~
ture, order of mixing the reactants, monomer ratin, and the prosadure used for
working up the product,.

(2) Polyurethane I-J: 3,3-Dinitro-1,5-pontane
Diisooyanate and 2-Nitre-2-methyl~l,3~propanediol

(a) Previcus work has shown that monomes con-
centration markedly effects the molesular weight of tie product.™ In the
polyurethane I-J system, most of the preparations have been oirried out at
a concentration of one mole of sach monomer per liter of dioxan solution.

*Aerojot Report No. 663, p. 29.
**Ibido s Po 1.
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vep

This corresponds to 3L.2 wi% solids. At this concontration the molution can

be atirred and the aolution viscosity can be maasured while the polymerization
ie in progresn. Small runs were made at higher concentrations bhoth at monomer
equivalence and with the diisocysnate in excess by one percont. The technique
omployed can be used only for small prsparations, in which the heat of reaction
can be reedily removed. The required samcunt of dioxsn containing the dissolved
catalynt was added to the monomers in a 125-ml glama-atopperad Erlenmeyer flask.
The dilgocysnate dissolved rapidly, followed more slowly by the diol. After
soveral minutes the heat of reaction reasulted in a rapld temperature rise and a
rapid dissolution of the remalning diol., The solution simultansously became
too thick to stir. Table XI sumuarizes the resulte.

(b) The cause of insolubility in the more con-
centrated solutions is not definitely known. It may be due to resction of
(-NCO) with urethare linkages under the influence of high temperature and the
very active ferric acetylacetonate catalyst, inasmuch as the diisocyanate was
in excess until the diol had completely dissolved. The work was repeated with
the same monomers, adding the diisocyanate portionwise to the dicl solution
containing catalyst, and keeping the tLemperature in the range from 30 to LoCc
during the addition. Table XII summariszes the results. In all casea the
product was completely soluble in dioxan,

(¢) Conclusions

Highaer monomer concentrations are de-
sirable, but the temparature must be carefully controlled during the initial
mixing of the monomers to prevent the formation of insoluble product.

(d) Another variable is the procadure used
for working up the product. If an equilibrium between low- and high-moleculer-
waight product exists, it mav be unfavorably shifted whan the viscous solution
is diluted before precipitating the volymer, espeacially in the preserice of
very active catalysts. Table XIII lists variations in the work-up procedure
and their effect on the rolative viscosity of the finished polymer. It ia
concluded that dilution with dioxan at rcom temperature, followed by precipi-
tation, doss not sdversely affect the relative viscoaity of the product. At
higher temperatures, the relative viscority of the product slowly decreases.
Treatment with dilute HC1l molution effectively removes the ferric acetylacetonate
catalyst but csuses some degradation.
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TABLE XIII

VARTATIONS IN WORK-UP UF POLYURETHANE I-J

No, Work=-ilp Procedures ywr (1% in Acetone)

JRF-195-C Diluted at 25°C with dioxen and precipiteted 1.67
within 15 min

JRF-195-D 3L¥ Solution pracipitated without diluting 1.86

JRF-195-E Diluted with dioxan and let stand § days at 25°0 1,88
before precipitatirz

JRF-195-F Diluted with dioxan containing a Small emount of 1.89
bromine, let stand 5 dayes at 25°C before
precipitating

JRF-195-0 Diluted with dioxan plus sevaral drops of water, 1.689
let stend 5 days at 259 bafore precipitating

JRF-195-J Diluted with dioxan plus several drops of 2N HC1, 1.84
end precipitated within 15 min; pure white
polymar

JRF=197-B Diluted with dioxan and ferric acetylacetnnate; 1.52
held at 50°C for 200 hr before precipitating

JRF~197-C Diluted with dioxan and 10 equiv. % 3,3-dinitro- 1.33
1,5-pentane diisocysnate; held at 50°C for 200
hr before precipitating

JRF-197-D Diluted with dioxan and 10 equiv. % 2-nitro- 1.8
2-mothyl-1, 3-propanediol; held at 50°C for 200
hr before pracipitating

JRF-197-F Control for 197 seriea; held at 50°C 200 hr, then 1.61

diluted and precipitated

(3) Polyurethane I-A: 3,3-Dinitro-1,5-pentane

Diisocyanate and 2,2-Dinitro-l, j-propanediol

(a) Using the new chelatod-metnl catalysts in
the T-A syatem, reaction times have been materially reduced, and molecular
weights have been consistently high (with diisocyanate adjustment). Of tlhe
three metal catalysts recently obtained, the ii1on salt wae selected for study,
basad on the results of previously described work in which the high activity
of the iron catalysnt was demonstrated.™ With the purpose of preparing large
quantities of etshlu, postnitrated polyurothanes for the formulation program,
recont proparations of polyurethana I-A have been moderately large. In each
cose an attempt has been made, by changing the eppropriate variablee, to de-

termine the optimum preparative conditions for this aystem. Thene data have
been suumarized in Table XIV,

fAsroJet Report No. 663, p. 22,
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(b) Experimental f

Most experimental conditions are gilven in
Table XIV. In all cases tha reaction solvent was sbsolute dloxan., and the

renctions were followad by periodic measurements of solution viscosity, and
wore terminated when the viscosity vs time curve leveled off. The work-up
procedure was ths same in oach ¢ase: The viscous polymer solutions were
diluted with dioxan to about 10 wt¥, filtered, and precipitated dropwise into
ica~water in a Waring Blendor, followed by furthsar Blendor washing in ice-
water, and lant, vacuum drying. The extreme difficulty in completely re-
moving the molvent from these high~-molecular-weight polyurethanss is shown
by the yields, some of which are greator than 100%.

(c) A study of the effact of monomer concentra-
tion on molecular weight in the I-A system was made. In other polyurethane

systems, I-H and I~0, a dependenca of molecular weight on monomar concentration
has been noted.™ Using the ferric acetylacetonste catalyst in the I~-A aystem,
i1t was of importance to determine the effact of monomer concentration. Ac=-
cordingly, five polymer runs were mads, in which the concentration wns varioed
from 1 wt¥$ to 80 wtf. A linear relationship was found between monomer

con-~
centration and relative viscosity (msee Figurs 6).
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Figure 6°

Polyurethens I-A
Effact of Monomer Concentration on Molenular Weight

*800 Aerojet Report No. 638, pp. 27, 35.
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(d) Experimental

Tha diel was weighed into a glans-etoppered,
125-ml1 Erlenmeyer flask, followed by the calculated smcunt of diilsocyanate to
pive 1% excens dilaocyanate, end sufficient absnlute dioxan to give the desired
waight percent of monomsrms. The totnl weight of monomers was sbout 10 grams,
After complete dlssvlution of monomers, ferrlc acetylacetonate was added in an
amount giving 0.05% of diisccyanate equivalants present. In the 60 and 80 wt¥
runs, 30 to 60 seconds after adding the catalyst, the reection solutions were
boiling inside the stoppered flasks. The LO wtf run warmed to sbout 60°C, and
the 20 wtf run, to about L5°C. The 1 wt% run showed no perceptible temparature
rise. After the initial heat of polymerization had been ampent, the reaction
flasks were placed in a 50°C bath, where they remained for 1L5 hours. The poly-
mers were worked up by diluting in dloxan, filtering, precipitation into watsr,
water-washing in a Blendor, and vaocuum drying. Relative viscositlies were de-
temined &t 2% in acetone. The remults are presentsd in Table XV,

TABLE XV

EFFECT OF MONOMER CONCENTRATION ON MOLECULAR WETGHT IN I=-A SYGTEM

Monumer Conoc. Physical State of Reaction Relative
Run Noe wit Soln. at Completion Vimoosity
JKE-127 60 Hard solid; small amt. of 3.08
insol. pel aftar dissclving
in dioxan
JKE-128 &0 Semi-s0lid 2.8
JKE-129 Lo Extremely viscous liquid 2411
JKE-130 20 Viscous liquid 1,61
JKE-131 1 Liquid 1.06

(e) A study of the effact of catalyst oconcen-
tration on molecular welght in the I-A system was made. In using ferric scetyl-
acotonata as a catalyst for polyurethane formation in the I-A system, only
catalytic smounts have been necomsury to give a very fast rute to & high DP. It
was deaired to ostablish a more cquantitative relation betwesn catalyst concentra-
tion anu molecular weight es meamured by relative vimcoasity. Three polymeriza-
tion runs in which the catalyst concentration was varied from 0.01 to 1% showed
thet the lower concentrations of catalyst led to significantly higher molecular
wolghte. Dats are given in Tabls XVIe.
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TABLE XVI
EFFECT OF CATALYST CONCENTRATICN ON MOLECULAR WETGUT IN I-A SYSTEM
Time to Maximum

Run No,  Cat. Conc,”  Initisl Temp Rel. Viscosity
JKE-133 0.01% 5 min 2,34
JKE-13L 0.10% 2 min 2,01
JKE~135 1.00% 20 sec 1l.b2

*tioles cetalyst per equivalent diisocyanste) x 102,

(f) Experimental

The dlol) was wsighed into a glaswy-stoppered,
125-ml Erlenmeysr flask, followed by the calculated amount of diisocyanate to
give 1% excoss diisocyanate, and sufficient absclutc dioxan to give 50 wif
solutions, The total weight of monomers was about 10 g The calculatad amount
of ferric acetylacetonate was added to give the desired catalyst concentration.
In each of the three runs the reaction temnersture rose to 60 to 70°C within
minutes after ulcling the catalyst, and then cooled slowly. The reaction flusks
were placed in a 50°C bath for 210 hours, 'Precipitation of the polymer wae
effocted in ice water in a Waring Blendor, followed by vaouum drying. Relative
viascosities were determined at 2% in acetone,

(g) In continuation of the study of the im-
portant variables in the I-A system, the order of addition of monomers has baesh
investigated. It was found that rignificantly highar molecular weights were
oblalned vhen the diol was added tc the diisocyunate, than when the order of
addition wan reversed. Two hypotheses are tenabls: (1) conditions for
imocyanate-urethane crosn-linking are idesl when diol is added to dilaoccyanate;
and (2) during the addition of the diol, the diisooyanate, being in the presence
of catnlyst, can self-polymerize. Either effect (ives rime to a higher vie-
cosity. Further work will determines which of the twe theorias bert explains
the facts.

(h) Exporimental: Diisocyanate Added to Diol
A solution of the diileocyanate in absolute
dioxan wes added dropwise to a dioxan solution of an equivalent amount of diol

over a period of 1 hour. The total monomer weisht waas 9k g, and the ultimate
monomer concentration was 50 wt®. Ferric acetylacotonate was added to tha diol
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prior to diigocyanate addition, ;iviny a concentration of 0,054 (5 x 10'L mole
catalyst per equivelent diol). At the completion of the addition of diiso-
cysnate, the reaction temperature was about 60°C. The reaction vessel was

placed in & 50°C bath, and the polymerization was followed by measurements of

the solution viscomrity. The equivslence of monomera wus subsequently udjusted
by the addition, in three portions, of a total of 1.35% by weight oxcees
diisocysnate. The reaction was tarminated in 195 hours, when the viaccsity ve
time curvs showed no tendency to rise further. Tho polymer solution wss worked
up by diluting with dioxan, filtering, precipitation in water, and vacuum drying.
The relative viscosity of a 2% solution in acetone was 2,09,

(1) Diol Added to Diisocyanate

The above~described experimont was dupli-
cated, using the same monomers, with the following exceptions: The diol waa
sdded portionwise to the diisocyanate, the total monomer weight was 151 g, and
the requirad 1.35% excess diisocyanate was added at the be:inning. Within 20
hours at 50°C, the solution viacoaity hed reached a constant value which was
far below the final value in the first experiment, indicsting that isocyanate
had been consumed in some side reaction. The addition of another 1% diisocyanate
to the reaction solution immediately caused a repid rise in the viscoait
time curve., When this curve leveled off after a total reaction time of LOB
hour'a, the reaction was terminuted, and the ‘olymer was worked up as described
above. The relative viscosity of a 2% solution in acetone was 2.57.

(3) Recently, soma doubt has arisen with respact
to eccuracy and sensitivity of the sclution viscosity vs time curves normally
uzed to follow polymerisation reactions. In the exporiment dewcribed balow a
typical polyurethane I-A run was made, and the reaction was followed by de-
terminations of solution viscosity and also of relative viscosity (determined
on samples precipitated at appropriate 1ntorvala) A close correspondence be-
twean the two viscosity ves time curves (see Fi,ure 7) establishes the validity
of the solution-vimcosity measurements. In addition, the arbitrary units used
in the nolution-viscosity measurements have beon referred to an absolute system.

(k) Experimental (JKE-12h)

To 0.228 mole of diol in LO ml of absolute
dioxan in a 500-ml resin flask wos added dropwise 0.228 mole of diisocyancte in
50 ml of atsolute dioxan. The ultimate monomer concentration was 50 wt¥. At
the outoet, 0,220 millimole of ferric acetylacetonate was present with the diol.
The heat of polymerization sccumulated rapidly, and the rate of addition of
diisocyanate was so adjusted that the reaction temperature never rose above
60°C, One hour was required for the addition of all of ths diisocyanate =olu-
tion. The resction vessel was placed in a 50°C bath imnedistely after the
diisocyanate additlon. Ths rolution viscosity was measured by determining the
offlux tims of the aolution Letwean twe marks in 6-mm Pyrex tubing 1 ocm apart,
the lower one being 1 cm above the asurfaca of the solution, and the end of the
tubing being 1 cm below the surface. At appropriate intervels, small sampiss
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were removed, diluted with dioxan, precipitated in water, washed, and veouum-

dried.

The relative viscosities of these sesmples were determined in a modified
Ostwald viscoaimeter in amcetone at 25°C, at a concentration of 2.000

¢/100 ml.

At three points during the reasction sdditional diisccyanate was added (as
indicated in Figure 7) by vigorously stirring the monomer cryetals into the

reaction aolution.

was identical to that for the mmall portions.
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was added 171 ml absolute dioxan and 29.09 g (23%) of diisocysnate.
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Fipure 7

Preparation of Polyurethane I-H:

l§
B FF

Ths reaction was terminated after 195 hr, and the work-up

1.0

3, 3=Dinitro-

1,5-pentane Diinocyanate and 5,5,5-Trinitro-

1,2~pantanadiol
(a)

Introduction

Tha marked success that has been achlaved
in obtaining high molevular woighte in the I-A and I-J mymtems, unming the iron
catalyst, had led to a program of reappraisal of many old polymer systems, for
whioch only low molecular weights had been obtained when boron trifluoride
ethiarate was used ns catalyst,

(b) Experimentnal

To 119,50 g dicl in a 500-ml resin flark
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catalyst was introduced by the addition of 10 ml of a dioxan molution containing
177 mg of catalyet (0.‘5%{. Immediate warming of the reaction solution was ob=
sorved, and within 10 minutes the temperaturs wams at 50°C. The remaining diinso-
cyanate, 95.05 g (77%), was dimsolved in 50 ml dioxan in a dropping funnel, and

added dropwisa to the disl eoluition at & rate which maintuined the temperature
between L5 and 55°C. The ultimate monomer concentration was 50 wt¥. After all

the diisocyanate was added, the reaction flesk was placed in a 509C bath, and the
polymerization was followed to completion in 258 hours by sclution-viscosity
measurements. The viacous polymer mass was diluted with dioxen, filtered, pre-
cipitated in water, and vacuum dried, A fibrous, tan-colored polymer was ob-

tained in 99% yield, The relative viscosity was 2.02 (27 in acetone) and the thermal
stability waa 10 min (starch-iodide at 65.5°C),

ITT. TECHNICAL PROGREGSs PHYSICAL STUDIES

A MOLECULAR WEIGHT DETERMINED BY OSLOMETRY
1. Qeneral

With the uee of iron acetylacetonate catalysts for the polyure-
thane condensation, polymers of relatively high molecular weight are being ohtuined.
These higher polymers require measuremant of molecular waight by the osmometric
technique, which heretofore has n.ut bean very reliable for nitropolymers, because
of the tendency of the lower-molecular-weight fractione to diffuse through ths
membrane. During the past quarter various other sources of oarrsy in the method
were resolved, and attompta were made to avaluate the molecul nr waights of some of
the high-molecular-weipht propersations. The reaults indicate that diffusion of the
lovw=molecular-weight fractione is atil) the maln problem.

24 Tompernture~G1adisnt Error

The structure of the Zimm=-Myerson osmmometer is such that the ap-
paratus oan function as a very mensitive tharmometer if it is subjected to changing
temperatures. The large cubical coafflicient of exprnmion of ucetone and the larpe
volume of the ommometer cell relative to the volume of the capillary tube produce
this sensitivity. If it ie aspumed thet diffusion of acntona through the membruna
is neglipgibly slow in comparison with the. rate of expansion or contraction of acetone
in response to changing tomperature, tho change in height in the ommotic-premnure
capillary resulting from a 0.1°C change in temperature would be about 2.1 om. The
osmometers are mounted in a mercury-thermoregulated, constant-temperature bath,
reputedly accurate to 0.01°C, However, random fluctuations in the ommotic capillary
heights sugpestive of changing temperature were observed, and it was belioved that
inadnquate stirring of the water in the bath could account for theme fluctuations.
The conamtant-temperature bath was equipped with a more efficlient stirrer, and the
st ability of the osmometer capillary heights was observed with pure acetone in the
csmometer cells, With the Improved stirrer, the capillary helghte wure perfectly
st.able, within the limlt of accurmacy of the readiny, both with acetone and polymer
solutions in the cells, Goldblum points out that temperature oontrol im esnuntial,
not only to prevent the thermometric effect in ths capillaries of the osmometers, but
becauss the slope of the n/c vs ¢ ourve may be strongly dependent on temperature,*

*K. B. Goldblum, J. Phys. & Colloid Chem, 51, UTh (1947).
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3. Surface-Tension Error

et

: The oapillary rise due to surface tension wes measured in uvne
of tho osmometera for pure acatone, and for the most concentrated polymer solu-
tion usad to date (polyurethsnes I-J, 0.016 g ml=1), The values agreed within
O¢l cm (the limit of acoursey of the reading), so that it will be amsumed in
the future that the eflwct of concentration on murface tension im neglipible.
Hookway and Townsend alac found this tc be tho case with solutions of joly-
styrone in vurious rolvents.™

e Density Error

The densities of four solutions of polyurethane I-J in acetone
were deternined. It was celculated that the maximum error resilting from using
the dengsity of 2cetond in caleculating molecular welpght instead of the density of
the actual solution would be about 2% for the most concentrated polymer sclution
used tc dates Accordingly, the actual densities of the solutlons were used
in &ll calculations,

Se Polvyurethane I-J, Preparation 195-A

Molecular-welpht runs were mado on polymer I-J, preparation

JRF-195-A, the rolyurethane of 3,3-dinitro-1,5-pentane dilsocyaniate and 2-nitro-
2-mathyl=1,3-propanediol. Several runs were wmade at each concentration, with
' the results showm in Table XVII. The equation for osmotic pressures of dilute
polymer solutions, derived from the Mugr;-ine-Flory squation for fren energy of
the molutions, as statea Ly lark and Toboleky in Lerms of concentration,’* is

RT
.‘é.-ro-—..lg?(l/Q..“)c
I P vVd
op
| where

1 = osmotic pressure, atm

i ¢ = concentration of molution, ¢ ml"1

' R » the gas constant, 82.07 ml atm mola™l %1
)

K
V_ = mole volume of &olvent, ml moie
1

T = the absolute teuperature,
1
d_ = deneity of the polymer, g ml~

¢ = interaction index for solvent-polymer, indicative
of the solvent power of the solvent for the solute

*4. T. Hookwsy and R. Townsend, J. Chem. Soc., 3190 (August 1952).
wH. Mark end A. V. Tobolsky, Phyrioal Chemiatry of High Folymeric Systema
(Interscience Publishers, New ¥orE, 1550, p. 262.
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A plot of w/c vs o is shown in Figure 0. From the intarcept of the extrapolated
stralght line the molecular weight was calculated to be 60,200, using the
relationehip

RT

2 MR CO)

The slope of the line, squal to

0 ——)0

wars ueped to caloulate i, for which a value of 0.39 was obtained for the I=Jw=

soetone system at 25°C. (The density of I-J is 1.L67 g m1~1 and the mole volume
of scetone ies Th ml,)

016“' % = l '

0.1 t |

Figure 8
Molecular Weight of Polyurethane I-J (JRI=195=A)
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6o Diffuerion Error

It is to be noted in Table XVII that preperstion JRF-195-«A dif-
fused throuph the membrans to an extent of 5 to 0f by weight. The amount of dif-
fumed polvmer wro mearuran by evaporating the acetone from the Jjacket surrocunding
the osmometer cell and wai-hing the non=volutile residue., The diffuszion was mani-
fented in the osmotlc-pressure mansurement br a continuelly decresasing pressure
heod after the neximum pressure war indioated. The diffusion error was measured
as moon at poscible alter & decressiny preerure head was noted. The pressurs
maxima were dateruined Ly setting the vemotic columna at a low value and taking
prriodic resdings untll a fallin; meniscuz was observed, In most caszes the
meximum wae reached within 1-1/2 dovs, but the fall of the meniscus continued after
the maximum, and there was no indiration of a cessation of the diffusion in one run
which was allowed vo stand ln the ommometer ‘or a pariod of & weak. The deviation
of the difiuslon meoasuraments wa. ir%e L.rr3, nn to velues of 20§ of the mean,
bacaune of the poor nrecirion of mensurement of suoch small quantities of polymer,
but in no came wan a commlete absance of diffusion observed. In a quite thorough
study of membrane parmeabilitien, Philipp and Bjlork also noted that diffusion waa
observed in all cases and that the procas~ procesded continuously.® It would be
desirable to know the cverare mnlacvulzr wel;ht of thie diffused polymer, but such
a meamuroment will bea diffionlt bectisa of the very low conosntration.

Te Effect of Diffusion on Molecular Weight

8 An sttompt wns mada to corraeot for the diffuamion error as
rigorously as possible in caloulatiny the molacular weight of preparation JRF=-195-A,
Ae 2 basls for caloulation, it was smsumad that the concentration of polymar molocules
which are small enough to be subjoot to diffusion through the membrane is the same
in the inside of the osmometer cell as it is on the outside. Tha fact that the
uiffusion process does not come rapidly to an equilibrium tends to invalidate this
assumption, but for lack of any other baamlis on which to work, it was assumed that
the diffusion is suffiociently slow that tlie difference in ooncentration on the two
sides of the membrane is negligibly small at the time &t which the pressure head was
read. The aotual amounts of low-moleculur-weijht polymer on the inside and the out-
oide of the osmometer cell will then be in proportion to the volumee of the liquid
in the cell and in the osmometer Jacket, which have the ratio of 1:313. Accordingly,
the actual weights of diffused Folymer obteinsd by the aveaporation of the acetone in
the jacket were multiplied by 14/13, to ;ive the amount of polymer "subject to
difrusion," from whioh the percentager reported in the aiphth column of Table XVII
were calculated. It wam also assumed that the molecules subject to diffusion would
have no eaffect on the osmotic preasure head developed in the osmometer, becausec their
concentration would be the same on sach uide of the membrane. The pressure head
would then bs the osmotic preasure resulting from the larpge moleculea retainad in the
cell, which are not mubjeoct to diffusion. The weirhi concentration of these large
molaculen (Column Threa, Table XVII) was obtained from the original concentration
(Colunn Two) by subtracting the smount subjest to diffusion (Column Eight). The
overall average diffusion for the runs on preparation JRF=195-A was 6.&

A

*M. J. Philipp and G. F. Bjork, J. PolymerSol. 6, 383 (1951).
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b. Am r fMret approximation, calculations based on the above
ansumptions rive a number-sverage molecular weight of 60,200 for the upper 93.6%
(weight basia) molecnlar-weight fraction of preparation JRF-195~A. The unknown
factor in this diffusion-error correction is the sfiect of the small molecules
in the oamometer cell on the activitiea of the solvent and solute in the cell,
solute in this case being defined as the polymer molecules which are not subjeot
to diffusion. Decause thi» averaya molecular weight, the molecular-weight dis~
tribution, and the aotnal number of tha molacules subject to diffusion are all
totally unkmown at present, there i1s no manner in which their effect on activitios
can be entimated,

8. Rapid-Equilibrium-Approach Techniqus

8. In an attempt to minimize the diffusion error and te
speed up the determination of osmometric molecular weipht, a technique comparable
to the rapid-equilibrium-approach was used with polyurethane I-J, preparation
JRF=195-0, and polyurethane IA, praparation JKE~128. For the first conceantra-
tion with sach of the preparations, the menlscus ahowling oamotic pressure was
lowered manually immediately after the cell raached temperature equilibrium, to
& value considerably below the expectad osmotic-pressure head. (This was the
technique umed at all concentrations for polyurethane I=J, preparation JRF-195-A.)
Observetions nf the rising pressure head ware thean taken periodically until a
maximum was obmerved; the maximum occurred within 22 to L6 hours, as shown in
Table XVII. For the second and subsscuent concentrations on preparations JRF-195~0
and JKE=128, the menisous was elevated, after temperature equilibrium was at~
tuined, to a valus just slightly below the axpected maximum, calcilated from the
approximate osmotic pressure bassd on the result of the first concentration. The
following points may be noteds

(1) The maxima ocourred at wix hours in all oanes in
which the rapid approach was nased. (No readings were taken betwesn the fth and
22nd hours,)

(2) The diffusion was smaller for preparation JKE-128
than for preparation JRF-195-A,

(3) The deviation in ommotic pressure within individual
runs at a given concentration (Column Five) is smaller with the long approaches
to the maxima than with the raepid approaches.

{+s 'The plots of n/c va ¢ for ths rune in which the
rapld approach was used (Figures 9 and 10) do not glve a rational relationship,
whareas the runs in whioh the long approach was used (Figure 8) give a pood linear
Ploto

*Aorojet Report No. 563 (31 Decoubor 1951), pp. Li2=L6,

Pags 31

CONFIDENTIAL



CONFIDENT!AL

IIT Technical Propresa, A (cont) Recort No. 686

T2
Q

0 SR =N

0 0.5 1.0 1.5
o, 10°2 g mi=1
Fgure 9
Moleocular Weight of Polyurethano I-J (JRF=195-0)
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Flgure 10
Molecular Weight of Polyurethane I-A (JKi-128)
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be Pointe (3) and (L) could be explained by assuming that
the diffusion takes place most rapidly et the beginning of the determination
ard boccmes progressively slower, although #till in progress at the end of all
of the ruma shown in Table XVII. Under this condition the pressure equilibria
(which depend on the diffusion) would he most unatable, and consequently most
erratioc, during the f{irst few hours after the osmomester cells are filled.
Consaquantly, the remilts would show better reproducibility, although not
necessarily better accuracy, with the long approach to the maximum,

Pe Molecular-Weight Distribution

The accuracy obtained with the long pressure-squilibrium
spproach will depend upon the molecular-weight distribution of the pelymer.
There are no data at present on molecular-weight distributions for nitropolymers
developed in this laboratory., A report on fractionated nitrocellulose shows a
quite uniform distribution of molecular weights between 20,000 and 150,000;*
therse fractions comprise about 25% of the total polymer. The remaining 75%
oxhibits molecular weights averaging 200,000; the ovurall number average de-
termined on the unfractionated ssmple was 97,500, so that on a relative fre-
quency basis the low-molecular-weight molecules predominates The diffuaion
data shown in Table XVII su:gest that a comparable aitustion exists with the
polyurethanes,

10, Future Plans

It is planned to continue the oamometric determinationa as
described above, using fractionally precipitated polymers in an effort to
resolve the diffusion error. If the diffusion errcr cannot be reduced to an
insignificant amount with the higher fractions of the fractionated polymere,
an atteapt will be made to correct for the difiusion by a rate study of the
decrease in osmotic pressurs after the maximum has besn rerched, and extra-
polation to zero timem. A study of the magnitude of the maximum ve the rate
of epproach to the maximum for a given fraction will be made, with correspond-
ing measurements of diffusion, preferably on one of the lower fractions. It
may 8lso bs poassible to measure the meleculer weirht of the diffused polymer
by the imoplestic method, by concentrating the molution of diffused polymar
by partial evascration of the ncetone. Values of specific viscosity will be
obtained for each fraction. The ultimaete okjective of the studies on thes
fractionated polymer is to obtain reliable molecular-weight data over a suf-
ficientiy wide range of viscosities to calculate the constante in the modified
Staudinger equation,™*

*C. F. Bjork, NavOrd Report 1988, NOTS 581, 3 September 1952,
" perojet Report No. SLO (19 September 1551), ps 12.
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B. SPECIFIC I..PULSES OF MITROPOLYWER-OXIIIZ R SYSTEMS
1. Calculations by ths Short Method

a, The ampecific impulses of syatems of nitropolymsr and
amnonium nitrate cr ammonium perchlorate are of interest. Using the "short
method" reported previously,® values were calculated at several oxidizer
compositions up to the stolchiometric for each of the following polymera:

I-A (2,2-dinitro-1,3-propsnediol + 3,3-dinitro-1,5-pentane diisocyanate)
I-AN (completely nitrated I-A)

1-J (2-nitro~2-methyl-1,3-propanediol + 3,3-dinitro-1,5-pentane
diieocyanate)

I-JN (completely nitrated I-J)
Polydinitrobutyl acrylate

The results are collected in Table XVIIY, and represented graphically in Figures
11 and 12. For the purs components, the calculated apecific impulses are:

I.pf 1b-s80/1b

I-A 17h
I-AN 233
I-J 125
I-0N 202
PINRA 138
NH) NO, 2Ll
NH, 010}, 267

b. Diflerences from the epecific impulmsea reported earlier
for thess compounds are due to the use of experimental heats of combuation
(where available) in place of the predicted values used in the earlier calcu-
1atione.

*Nerojst Report No. 991/6-2,
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TARLE XVTII

CPUCTETC 10 PULSES OF TTROPOLYMFR=-OXTDTZ 'R SYSTEMS

Stoichiometric  Tgp, 1h-sec/1b, at Followlng wt® NH)NO3

Polymor 5 “HhNoj 30 Lo So 60 65 7o 15 stoich.
I-4, [ClothN6oléjn th.5 - == 218 22k = 230 == 232
I-AN, [clonlanaolé]n 61.5 237 239 2L0 == a=  —- - 2l
I~J, [b11”17”7°1djn 81,2 - == 20k == 219 -= 2286 232
I-JN, (011“15”7°1ﬁ]n 12.6 - 22k 228 == 234 - - 236
PDNBA, [p7n10nzoé]n 82,7 - == 208 == 221 == 229 23k
Stofchiometric  TIgp, 1b-sec/lb, at Following wtd WH}Cl0)
Polymer et NNC10, - FGTTTRe Lo B0 G0 Stotehs
I-A, [?lon]hwéolé]n 0342 203 215 226 235  -- 2t
I-AN, [?10”12”801an W3 ks 2l 28 252 - - 256
1-d, [?11”17”70161n 1.8 173 194 208 222 235 2li8
I-JN, [F11H15N701Q]n 60,0 222 231 238 25 -- 252
PDNHA, [?7”10N2°é]n 73.7 101 198 213 227 238 252

CONFIDENTIAL

il S TR <

-—_ . A T T A oo e :W‘J




==

CONFIDENTIAL

III Technical Propress, P (cont.) Report. No, %86
|
. i ¢ .
2,0
1=AN o
20 o =" _,/ ‘
1=A - %
|~
euu*'l-ﬂ' _ ! ) rnum?‘/‘ | _
; T~ |
’ |
Laol |
N Y |
100} —
l
08y onma | |
*I-J | |
1 20 3 [4 0 8o F5) 100

30
weo £ N N0y

Flgure 11

Specific Impulses of Nitropolymer—NH)NO3 Mixtures
Calculated for 1000 paia by the Short Method
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Figure 12
Specific Impulses of Nitropolymer-NH)C10), Mixtures '
Calculated for 1000 paie by the Short Method
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Qe Acourecy of the Short Metticd

B, For an indication of the acouracy of the short method
ars applied to theme syateme, specific impulses of the system I~JN/NHhN03 were
recslculated at length by the exact method, for 1000-psia chmmber pressure.
The procedure assumes mobile equilibrium in the exhausi. gases. The compari-
gon ia shown in Table XIX.

TABLE XIX
CONPARISON OF SPECIFIC IMPULSE CALCULATIONS

Composition, wtd

Igps lb-rec/lb

Q
1-JN NHNO3  Short Method  Exact Mebhod  “lgp  TemPs Tos %K
100 0 202,L 202,5 -0,.1 18L5
10 0 219.5 220.1 0,6 2220
60 Lo 22L,0 224,2 ~0,2 25?2
50 50 228.L 227.6 +0.8 2liho
35 65 23h.0 23k, 7 -0, 7 2551
27,k 72,56 236,L 23L.9 -1,5 2685
(stoichiometric)

Because of the generally low flame temperstiures, diessociation effects were
iynored. The agreement obtained was excellant,

ba A similar comparison wan mude for a group of compcei-
tions containing MH)C10), With this oxidizer, flame temperatures are higher
and it ir neceasnry in nome cames to tuke dissociation into account. Purther
comparisons will be mede for such cawmeess In the meantime, ignoring dimsocia-
tion, the comparison givon in Table XX was obtained; valuen for which the in-
fluence of digsociation may be sppreciable are shcwn in parenthenes,

TABLE XX
COFPARTUON OF SPECTIFIC IMPUL' I CALCULATTIONS, TI

Isp, lb-riec/1b
Exact Nethod

(Tgnoring Chamber
Lty 3 ¥ 0
Composition Short Method Dissoci ation) AInp Temp, T.» °K
BO% I-A, 204 NH|,CLO), 202,6 206,y ~3.8 1970
80 I-AN, 20 2h3,7 (216, 3) - 3200
80 I=JN, 20 ' 222,3 22k, 7 -2.h 2l2o
50  I-JN, 50 2h5.1 (215, 3) = -
Page 37
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3. Qensralized Charts for Specific Impulses of Nltropolymer-
Oxidiger Systems

Figpuree 13 and 1L were constructed on the basis of the deta
of Table XVIII. Thay permit the repid estimation of the specific impulse of &
mixture of a nitropolymer and ammonium nitrate or ammonium perchlorate. First,
the fuel oxygen balance, Op, is calculated from the relation

0p = }‘V&E (0-20-‘%)

where C, H, and 0 are the numbers of gram-~atoms cf carboi, hydrogen, and oxygen
in a gram-fortula-welght M of the fuel, Figure 15 or Figure 16 is then used to
find the percentage of oxidiser required to oxidize the fuel to carbon dioxide
and weter. Next, the specific impulese, I,, of the nitropolymer at 1000 psia is
entimated by the short method.* Finally, Figure 13 or Figure 1L is used to
estimate the rpecific impulse of the stolchiometric mixture and other mixtures
with oxidizer. In waing this procadure it is necessary to calculate the
stoichiometric point and to confine the estimates to percentages of ammonium
nitrate corrssponding to this point or below,

OTVETTE TLET TTIY ! T BE! he
i il w ot
13 - -4 - - 4 3 =
|p,.1_; { L i aRERRNRNY g B
iR
R
o1 B . ;
8 LT L1
i I seasiet
4! i1 LT LT T T T s
L ' T LT A | ;
we H 1L Lyt tT L L gaid pdl,s
T TP T ] [ LT L TR Ay
11 T LAt T Lt rﬂ 4a
L Y "f"w ‘,M“M u""'wﬁ* ﬂ:‘:::"’fj “J
s ittt
’ 11 2O RERNT S ANEN, .
wa J!f 3t rr"” f"'ﬂfﬂifm 14 Aj
: L4 { -’ﬂ:mjrrﬁd"'»‘ ¥ " ‘HJ
o}] wla et ]
Aigrdividrabdht 4
] LT ’;?
il il
) : L ,
(] o (] ¥
Fipure 13

Specific Impulse, I, at 1000 paia for Mixtures of a
Nitropolymer of Specific Impulne, I,, with Ammonium Nitrate

“ﬂarojet Report No. 991/6=2,
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Spacific Impulze, I, at 1000 psia for Mixtures of a Nitropolymer
of Specific Impulse, I, with Ammonium Perchlorate
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Percontage of Ammonium Nitrets Required to Oxidize a Fuel
. to Carbon Dioxide and Water
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Figure 1o

Percentage of Ammonium Perchlorate Required to
Cxidize a Fuel to Carbon Dioxide and Water g

IV, TECHNICAL PROGRESS: FORMULATION STUDIES

Ao PORMITATTON OF MIXED POLYMERS
1. Introduction

Amorphous nitropolymers as such dv not possess the physical
and mechanical propertieos required for dirwct use as propellant grains, Tha
objsctive in theme formulation studies im to find a means for preparing pro-
pellant grains from the available nitropolymers. One method, as recorded in
previous reporte, is the polymerization of a vinyl monomer which acts as a
dispersing eolvent for the amorphous nitropolymers. The present report deals
with the continuation of this phase, particularly with respuct to obtaining
more information on the curing conditions neceasary with variation in monomer
type and monomer conocentration. The effect of inorganic oxidizers formulated
with nitropolyurethanus was also investigated, and the study of the stability
raquirements of nitropelymers has besn continusd.

2, Polymerization of 2,2-Dinitrobutyl Acrylate in Presence of
Polyurethane 1=y V

a. Discussion

(1) When a mixturs of 75% polyurethane I-A (high
molecular weight; 17%5 = 1.51) and 25§ 2,2«dinitrobutyl sorylate was mixed,

Page hO
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only incomplate blending wes schieved. Polyurethane I~¢ is very fluffy, and
evan an equal weight of 2,2-dinitrobutyl ascrylate was quickly absorbed to form
&n incompatible mixture. Because of this incompatibility, when such mixtures
were worked on the roller mill or pressed in the burning-rate-strand die, the
2,2-dinitrobutyl ascrvlate was largely squeesed out,

(2) The rourhly homo-eneous product prae,ared by
mixin? the components in a beaker cured readily. After partisl polymerization
of the 2,2-dinitrobutyl acr-late was achiaved, the mixture could then be
thoroughly blanded on the rollar mill without any oiling out of ths acrylate,
A homogeneous; compatible product was obtained, but some degradation of the
polymer resulted. The product obtained is tough and flexible and is being
oured further. Formulation of 75/25 I-J/DNBA by the sbove procedure does not

yield a physically satiafactory product. Work on intermediate composition
formulations is under way,

(3) A mixture of 70% polyurethane I-J (JRF-188), a
polymer which is partially cross-linked, 30X 2,2-dinitrobutyl acrylate, and
0.,5% VAKP as & catalyst curad well both with and without 1% N-methyl p-nitro-
aniline at roor temperature. The mixture was prepared by blendin; the com-
ponents thoroughly on a roller mill. No oilin: out of 2,2-dinitrobutyl
acrylete was observed, The polyurethane I-J used was & high-molecular-
weight polymer (Y]p = 2.6L, 1% in acetone) and was also incompatible with
2,2-dinitrobutyl acrvlate., The product obtained when cured ia friable. The
samples containing stabilizer cured more completely at both room temperature
and 55.,59C, as judged by the increase in viscosity of solutions of the smmples.
This experiment sug.ests the use of pertly croas-linked polymers in formulation
studies. : )

Y. Experimental

The 70/30 formrulstion sanples were prepared by mixing
the components on the roller mill, and were cured at room temparature in
dericcators containing a nitrogen atmosphere. When cured later at L5°C, the
sumplos were sonled in slasr tubes under nitrogen. The results are compiled
in Table X41,

3. Polymerization of 2,2-Dinitrobutyl Acrvlate in the Presence
of Polyurethane I-A

Ge Diacuasion

When a mixture of 70§ polyurethans I-A (composite of
JKE-118 and JKE-119) and 0% 2,2-dinitrobutyl acrylate was preparsd, complete
compatibility was observed. Judging from the relative-viscosity moasursments,
the mixture did not cure to any greater extent in the presence of any partiocular
catalysts or in the presence or absagce of stebilizers. Varlations in tem-
perature from room temperature to 65°C had little effect on curing. Other
mixtures, such as & 50/50 mixture, cured only psrtially and slowly, but

Page 11
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scmevhat more complstely than a 75/25 I-A/DNBA formulatlon. All thess formu-
lations were compatible, forming almoet complately homogenocous, viscous fluids
of tacky and rubbery consistency at room tempsrature.

b Experimantal

Polyurethane I-A, £,2-dinitrobutyl acrvlate, and
catalyst were mlxed, blended on & roller mill, and placed in well-cleaned test
tubss, flushed with nitrogen, and stoppered. When it was noted that little
incresae in viscosity of solutionas was oocurring at room temparature, the
somples were sealed in glass tubse end hested to L5°C. The data are given in
Table XXII. In view of the unsatisfactory results presented in Table XXII,
formulations containing greater amounta of polymerization catalysts were pre-
parod. These results, which are egsentially negative, are given in Table
XXIII.

TABLE XXI
CURING OF I-J (JRF-168)/DNPA® FORI'ULATIONS

AViac.b for i% Solutions

Composition Curing Conditions in Acetone
70/30 1-J/DNBA [ 5 days at R.T.d 40,29
+ 1/21 MAKPC F )
L5 days at R.T. + 92 hr st 65,5°0* +0.08 (0.37)8
70/30 I-J/DNBA | S days at R.T. 7 +0,2l
+ 1% MNAl '
S days at R.T. + 92 hr ot 65.5°%* +0.51 (0.75)€

SDNBA 18 2,2=dinitrobutyl acrylats.

beiaca is for each interval, not cumulative.
“NAKP 4w methyl amyl ketone peroxide.

dR.'l‘. is room temperature.

%65.5°C refers to the temperature, time, and general conditions of the
Warburg stability test run,
rMNA is N-methyl p-nitroaniline.

EThe bracketed Avisc. velues roprosent the total inorease,
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TABLI XXII

i CURING OF 70/30 AND 75/25 POLYURETHANE I-A/DNBA® FOR' ULATIONS
USING LOW CATALYST CONCENTRATIONS
Catalyst _ Stabilizer Curing Conditions r Oy
70/30 Formulations '

None y None; 1007 I-A None L . . 1.5 ==
1/u%  AKP®  None 96 hr at R.To~ + 700 at L5 1,36 +0.09
1/L% MAXP 1% imAC 96 hr at R.T. + 700 at LSS 1.33 +0.09
96 hr at ReTe + 700 at LET+ LB at 65° 1.35 +0.02

1/4% a20%  None 96 hr at R.T. + 192 at Ls% 1.32 +0.05
. 96 hr at ReTo + 192 at L5T+ 89 at 65° 1,33 +0.01

/L% AZ0O 1% A 96 hr at R.T, + 192 at L5%+ 89 at 65° 1.37 +0.11
96 hr at R.T. + 192 at L59C 1.35 ~-0,02

15/25 Formulations

c-1° vex s-1f 115 hr at ReTe 1,30 =0.01
790 hr at R.T. 1.30 0,00

115 hr at R.T. + 500 nr at L5°C 1.32 +0.01

115 hr at R.Te + 500 hr + L8 hr at 65°C 1,35 +0.03

115 hr at R.T, + 500 hr +168 hr at 65°C 1.31 -0.0k

. C=1 2’ of S-1 115 hr at R.Te 1.30 -0,02
115 hr at R.T. + 70 hr at L5°C 1,34 +0,02

115 hr at R.T. + 48O hr at L5°%C 1.32 0.00

115 hr at R.T. + LBO hr + LB hr st 65°C 1,33 +0.01

c-1 1/h noué 115 hr at R.Te ) 1.32  0.00
115 hr at R.Te + 22 hr at h5°C 1.33 40,01

115 hr at R.T. + 130 hr at L5°C 1.34 +0.01

0,257 MAKP 1/2% 5-1 115 hr at ReT. 1.30 +0.03
115 hr at R.T. + 22 ' at L5°C 1.30  0.00

115 hr at R.Te + W30 hr at ﬁ5°c 1,34 +0,0L

1/L’ AKP -2 115 hr ut R.T. 1.29 +0.03
115 hr at R.Te + 22 hr at hﬁ°c 1.27 -0,01

115 hr at R.T. + L3 hr at L59C 1,30 +0.03

:DNBA is 2¢,2-dinitrom:tyl scrvlata.

MANP 48 methyl aavl ketone peroxide.
CMNA im N-methyl p-nitroaniline.
4420 1r azo-bia-isobutyronitrile.
%c-1 ia 0,25% banzoyl poroxide plus 0.1% dimethyleniline.
S~1 18 equal weights of N-methyl p-nitroaniline plus dibutyl tin dilaurate.
€DBU 18 sym=dibutyl uroa.
hg 2 is 0.25% dibutyl tin dilsurate pius 1.0% N-methyl p-nitroaniline.
: oTe 18 room temperature.

A\?ix is for each interval, net cunulativs,
. Page i3
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TABLE XXIII

CURING OF I-A/DNBA® FORLULATIONS
USING 'IGHTR GATALYST CONCENTRATIONS

Raport No. 686

Ratio 13 b
I-A/DNBA Catalyst Stabiliser Curing r AVisc,
1005 I-A None None None 1.51 -—
7?25 g-2° None 20 hr at LSSC 1.2h -0.,02

15/25 0-3d 1% Sn® 20 hr at 45 1,26 =0.03

15/25 1/20-3 1/2) 8n 20 hr at L5°C 1.27 -0.03

50/50 1/2 c-3  1/2Y sn 20 hr at 45° 1.23 +0,01

15/25 C=2 None LO hr at hsgc 1,29 +0.05

15/25% C=-3 1% 8=-1 Lo hir at hsoc 1,29 +0.03

15/25 1/2 C=3 1/2% 8=1 LU0 hr at hsoc 1.29 40,02

50/50 1/? c~3 1/24 s-1 L0 hr at L5°C 1.29 +0,06

15/26  C-2 None 90 hr at L5 1.30 +0.01(+0.0l)T
75/25 c-3 1% S-1 90 hr at hs‘;c 1.31 +0,02

75/25 1/2 ¢=3 1/2% 8=1 90 hr at hsoc 1,32 +0.03

50/50 1/2 =3  1/2% 81 90 hr at L5°C 1.32 +0.03

75/25 C-3 14 5-1 160 hr at hsgc 1.3 ~0,01

15/28 1/2 0-3 1/2% S=1 160 hr at hsoc 1.32 40,00

50/50 1/2 C-3 1/26 8-1 160 hr at L5°C 1.37 +0.05

15/25 c-3 1% s-1 160 hr at LSO + 95 ut 657 1,29 =0.01(0.00) -
15/25 1/2 c-3 1/2% S~1 160 hr at L5 + 95 at 65 133 +0,01(+0.03)
50/50  1/2C-3  1/2% 8-1 160 hr at LS® + 95 ut 65° 1,39 +0.C2

50/50 1/2 C=3  1/2% 8=1 160 hr at LS® +150 at 65° 1,L2 +0.03(+0.20)

%DNBA 18 2,2-dinitrobutyl acrylate.

bTha tvisc. 12 for each tamst interval, not cumulative,

®G-2 1s 0.5% benzoyl peroxide 0.2% dimethyl aniline and 1.0% N-methyl

p-nitroaniline.

dC-) is 0.5/ benzoyl peroxide, 0.2% dimethyl aniline, 0.5% azo-bie-
imobutyronitrile, 1.0% N-mathyl p-nitroaniline and 1,04 dibutyl Tin

dilaurate.
®n 48 dibutyl tin dilaurate.

tTho bLiracketed Avisc. vrlues represent the total change for the formulation.
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Lo Polymerization of Methyl Methacrylate in Presence of
Folyurethane I1-A

a, Diacussion

(1) In view of the zreat retardation of the poly-
merization cf 2,z-dinitrooutyl acrylate by polyurethana I~A, it was considered
of interest to prepare I-A formulations in which 2,2-dinitrobutyl scrylate
was replaced by methyl methacrylate. Mkethyl methacrylate polymerizas very
rapidly to 2 high-molecular-weight polymer. It was cured in the presance of
polyurethane I~A in the ratio of 10 and 25%. The influence of I~A on the
polymerization of methyl methacrylate was determined by viscosity measurements.

Similar formulations in 2,2~dinitrobutyl acrylate were also prepared for
comparison,

(2) While hard, =0lid products were obtained, the
relative viscosity of the 90/10 1MA/I-A formulation was half that of the
polymethyl methacrylate. The 75/25 product had & etill lower viscosity.
Under the same conditions, 2,2-dinitrobutyl acrylate without any I-A added
polymerized much more slowly than any of the methyl methacrylata samples.

(3) Ten and 25 percent of polyurethane I-A do not,
however, have any marked effect on the polymerization of 2,2-dinitrobutyl
acrylete, There is a marked difference between the effect of 10 or 25% I-A
ag compered with that of 75% or even G50% of I-A.

(L) A gem dinitro group has moderately active chain-
transfer properties. It appears the polyurethans I-A, which containas two gem
dinitro groups and two active urethane hydrogens per polymer unit, is an ef-
fective chain-transfer agent. In minor amounts in 2,2-dinitrobutyl ausylats,
the chain-tranafer activity of jolyuretlizne I-A ia apparently no greater than
that of the gem dinitro group in DNBA. In higher concentration, some other
factor may become important,

be Experimental

(1) Two formulations were prepared by dissolving 10
and 25% of polyurethane I-A in a solution of methyl methacrylate containing
0.5% mothyl amyl ketone peroxide as a polymerization catulyst., Polyurethuane
I-A dimsolved very rerdily and quicklye, The solutions ware placed in sealed
tubes in the usual muiuer and cured ot room temperaturo and then L5°C, From
the data, presented in Table XXIV, the decrease in the volues of the relative
viscosities indicales atrong retardation in the polymerizeticn of MMA.

(2) Whereas & 1:1 mixture of I-A and 2,2-dinitrobutyl
acrylate seemed to form a complete solution, neither a 10%nor & 25% quaitity
of polyurethans T-A would dissolve completoly in 2,2-dinitrobutyl acrylate,
Aftor & weak!s stirring in test tubes with close clearance bstween the stirrer
and test tube wall, almost complete mixing was obtained, It appeared that some
polymerisation also occurred, The data are prerented in Table XXV,
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TABLE XXLV

CURING OF I~A/I}AY FORIULATIONS AND iWMA
AND DNBAP BY TiIR.SLLVESC

Compoaition Curing Conditions r
MMA 3 days at R.T. + 2 days at L5°C h.02
90/10 'MA/I-A 3 dave at R.T. + 2 days at L5°C 2,03
75/2% 3 days at R,T. + 2 days at L5C 1,71

1.69
DNBA 3 daye at R.T. + 2 days at LU5°C 1.33
1.3

S0ia 48 methyl methacrlate.
bDNBA is 2,2-dinitrobutyl acrylate.,
°A11 formulations contaln 0,5% methyl amyl ketone peroxide.

TABLE XXV
CURING OF 10/90 AND 25/75 I~A/DNBA2 FORMULATIONS

1%
Composition Curing Conditions Y}r
10/90 T-A/DNDA None® 2.17
10/90 I-A/DNVA 7 days at 5% 2423
25/75 T-A/DNBA None® 1.86
25/75 1-A/DNBA 7 days at LS°C 1.98

BONBA 1s 2,2-dinitrotutyl acrriate.

bQualified by an unknown amount of polymerization
of the DNDA which may have ocourred during the
weeck of stirring.

e Polvnitroursthane-Ammonium Nitrate and Polynitrourethane-
AmmonIum Perchlorste Formulations

8. Formulations with Polynitrourethane I-A
(1) Discussion

(a) Specific-impulse calculations for mixturcs
of various nitropolymera with inorgsnic oxidizeras such ss ammonium nitrate or
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smnoniuvm perchlorate show that the parformance of a relatively low-onergy
nitropolymer ocan be greatly improvaed by incorporation of a small amount of

. inorganic oxidizer (ses pe 35). Tha objectives of the preliminary studies re-
ported at this time are to detormine the effect of the amunoniwn nitrate and
smmonium parchlorate addition on the burning rate, to note the groas physical
characteristice of the strands produced, and to determine in a preliminary
vay the necessary procedures for preparing the ctrands and other test specimena.

(b)  Using polyurethanes I-A end I-J, 50:50%
mixtures havu baen prepared in a ball mill with both ammonium nitrate and am-

monium parchlorate, The material obtained is reaacnably uniform. All blends
were found more sensitive to impact and to thermal decomposition than the
starting polyurethanesz (Table XXVI),

TABLS XXVI

PHY“ICAL PROPARTIZS OF T=i AdD I-J/NHLCLOY,
50/50 FOR {ULATIONS

Flare~up

Max Temp 0

Impact Sensitivity Without Flaming fempepkture, ¢

Composition 2~kg wt, cu . ¢ 20 Beo 1 aec

I-A/NH),C10), 7-8 2Lo 250 270
50/50

) T-J/NH)C10) 12-13 252253 2€0 300
50/50

{c) Tho burning rate strands of polyurethane
I-A—ammoniuwn nitvrate were obtadnod by presring i g or 8 g of the mixture at
150°F and 7000 1b/sq inch.® Orystallization of the ammonium nitrate appears
to cocur shortly after the fused samples are released from the die. The re-
sults for 50/50 I-A—ammonium nitrate at 1000 1b prerrure and 60°F indicate no
material change in the burning rate of 0,12 in./ﬁuc previously obtained for
low-molecular-weight I-A. The burning rate for strands about 3 um thick
(using U g of material) in the smme as for samples about, twice as thick (3 g
of material), The uniform rate for the firat and second inch may be inter-
preted to indicate good uniformity of blending.

(2) FExperimental
(a) A composite I~A prepared from JKE-118 and

JKE=119 wos used. The aumonium nitrate was 0% fine and 70% coaras grade, as
used in Aeroplex formulations. The 50-50 mixture was {irst tumbled in a jar

*herojet Report No. 638, p. 67.
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on a roller for 2l hours. A samyle pressed in the burnin; rate stand die showed
obvious nonhomogsnelty. The mixture was then ball-milled in the mame jer on
a roller for 20 hours,

(b) The desired size of I-A/NHiNO3 sample was
woighed into the die and pressed at 1209F z2nd 7000 ib/sq in. on a Carver press.
After 15 minutes, the temperature was increased to 150°F for 15 minutea. The
temperature was then gradually drepped to 60°F over a half-hour psriod, keep-
ing the pressure st 7000 1b/sq in. The samples were fumsed evenly at 120°F,
and no obvious additional change occurred st 150°F. Whan removed from the
die, the samples were fairly homogeneous iii appearance and had a fused, gray-
bromn appearance. On mtanding in a etoppered tube, the swuples become more
grayish in color and "crystallized" in appearance. The I-J/NH4NO3 and the
ammonium perchlorete formulations will be burned in the near future. The
ball-milled mixture detonated at a 25- to 30~cm drop of a two-kilogram
welpht. Samplea did not explode or ipgnits when dropped inte a Wood's metal
bath at 270°C. After a few seconds they gracdually fumed off. The pressed
samples fumed off at 270 to 300°C (Tables XXVI and XXVII).

TABLE XXVII

PHYSICAL FROPERTI:S OF I-A AlD I-J/NHLNO3
50/50 FOLULATIONS

Fume~off
Temparatures
Impact Stability ¢
Composition 2~k; wt, cm 20 nsoc 1 seo
S0/50 I-A/NH)NO,, 25 to 30 265 275
50750 I-J/mﬂhnm 60 to 75 300 -
) (1 min)

(¢) The Crawford bomb burning-rate results
are given in Table XXVIII. Thenc mamples ware restricted by the usual coating
procedure with several coats of Krylor.

TABLE XXVIII
CRAWFORD-POMB BURNING-RATR® TiSTS AT 1000 LE AND 60°F

Mi1lling Batch Wt Sample, g 1-4in. Time, sac 2=in. Time, sac
1 b 8.2680 16,1430
1 8 8.0l1 16.013 )
2 l B.331 9.915(n
2 8 B4110 16,090

(a)The lead wires were fused close on one side, indicailng & flash down the
side.
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6, Mancmetric Studies

8, Dincusaion

(1) Severe stability requirements have been found to
be an important factor in the formulation of nitropolymers.™ Only the nitro-
polymeras which pass the potassium iodide starch-paper test at 65,50C and pro-
duce a minimum evolution of gam in the Warburg-mwnometer test (Figure 17) are
sultable for foimulation work. In order to find s correletion betwsen these
two teatr a meries of nitropolymers and their mixturea have besn investigated.
The resulte of this investigation are complled in Table XXIX,

Figure 17
Warburg Apparatun

*Aorojet Report No. 663, pe 60,
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TABLE XXIX
WARBIRQ STABILITY TESTS ON POLYURETHANES AND THEIR PORMULATIONS WITH DNBA®

65.5°C XI-8tarch

OJaa Evolution, ml per Peper Stability

Material Curing 100 g per hour® Test_Time
I-A, JXE 111 Nona «0.03 for 61 he® 35 min
I-H, JKE 96 None +0,11 for 87 nhr® 15 min
I=H, JKE S5 None 40,01 for 165 hr® s
I-l, JKE 120 None +0.1L for 216 hr_ -
I-0, JKE 76 None «0,04 for 188 nr’ -
I-A, JKE 11§ q one . +0.11 for 1L0 hr L+ hr
70/30 Above 1-a/u§m days at R.T,. 40,05 for 87 hr 2-1/2 hr
En above + 1% MNA L days st R.T. +0,06 for 87 nr 3nr
70/30 Above I-A/DNRAB L days at R,T. +0,08% for 87 hr i + he
Ae above + 1% MNA L days at R.T, «0.09% for 87 hr b+ he
75/25 Above I-A/DNBAJ 2k hr ot R.T. +0,15 for 87 hr -—
I~A, Compomite of

JKE 118 and 119 None +0,0L for 1L2 hr
1-J, JRF-168 None 0,36 for T5 hro 25 mink
70/ Above 1~J/DNEAL S days at R.T, ~0.0k for 92 hr® 35 min
A» abova + 1% MNA 5 days st R.T. =0.03 for 92 hr® 35 min
I-J, JRF 181 None 0,05 for WO hr k
I-J, JRF 168 None +«0,10 for 39 hy® k
I-J, JRF 169 None 40,02 for 69 hy K
I-J, JRF 192 Gomposite Nons +0,03 for 69 hr k
I-J, Componite of ebove L Nene =0,02 for 121 hr

“ONBA 18 2,2=dinitrobutyl acrylate,

hThoao figures are 100 times the bracksted values given in Tables XXXII and XXYIII of Aercjet

Report No. 663, pp. 62 end 63, Are vol/wtf per hour.

“There valuas are for polvurathsnas ea rmosived and not specially dried at Lo°C end high

vacuum, These polyursthanse =re stsbls {undsr 0,10 ml gas per 100 g per hour) but have traces
of volatiles,

dl/h% Of methyl amyl katons peroxide hasad an weight of DNBEA preaant,

R.T. 18 room temparature,

TYNA 1n N-methyl-p-nitrosmiline.

/48 of szo-big-taobutyronitrils is present in DNPA.

{fhese values are corrected for ges (Np) evolution dus to decomposition of aso catalyst.

I\ mixed cat alyst-stabilizer consisting of 1/L€ benzoyl peroxide, 0.1% dimethyl aniline, 1/L%
N-methylep-nitroaniline and 1/L% dibutyl tin dilsurate present in DMIA,

thnao polyursthznes and formulations showed verv elight dimsoloration of the paper after sbout
20 minutes or the times indicated. No marked coloration cocurred even after several houre,

1)/28 of methyl amyl ketone peroxide is present in the DNBA,

"rhis sample of I-J (JRF-188) wam thoroughly dried, as are all msterials which are not socoz-
panied by feotnotes, :
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(2) Although nitrovolyurethanes seemsd to be stable
in both teats the postnitrated polyuretha.es to date have been found to be
. somewhat inferior. Table XXX i3 a compilation of stability results obtained
by the study of various postnitrated polymera.

TABLE XXX
WARBURG STABILITY TESTS ON POSTNITRAT .D POLYURTTHANES

65.5°C KI-Starch

(las Evolution, ml Papar Stebility
Material psr 100 ¢ per hrd Test Time
I~-JN, JRF-193 1,73 for LS hr 20 min
1-JN, JRF-19L 1,66 for Ll hr 2 hr
I-JN, JRF-193b 0.91 for LS hr -—
I-JN, JRF-19ﬁ° 0.64 for LS hr —
I-JN, JrRF-19L¢ 0.94 for LS hr s
I-JN, JRF-193-A 0.96 for LS hr LS min
T-JN, JRF=193-B 1.15 for L5 hr 80 min
I-JN, JRF=193~C 1,48 for LS hr L + hr
I-JN, JRF=-193-C 1,41 for L5 hr L + hr
T-JN, JRF-208-B 1,38 for LS hr -
g I-AN, JKE~117-B —— 2 min
I~-HN, JKE-116 1,68 for LS hr -

Mhese valucs are the same as in Table X and are 100 {imes
- the bracksled values given in Tables XXXII and XXXIII of
Aercjet Report No. 663, pp. 62 and 63,

ried for B8 hr at room temperature and ljy pressure,
°Dried for B hr at L0°C and ip pressure.

dﬁricd for 8 hr at room temperature and 8 hr at Lo and
1 presmure,

{3) Mixturee of polyurethanes I-A and I-J with
ammonium niirate have been investigated in both the 65.5°C test and Warburg-
manometer test. It has been found that addition of inorganic oxidizers, al-
though it increased the oxygen balance, did not change the thermal stabllity
of the mixtures (Table xxxis
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TABLE XXXT

WARBURG STABILITY TE3TS OF I=-A AMND I-J AMIONIUM
NITRATE FORMULATIONS®

65.5°C KI-Starch
(Gas Evolution, ml per Paper Stability

Material 100 g per hour Test Tine

I-A/NHUNOy  +0.1 during first 2l hr b + hr
50/50 -0.03 for 10-day run

I-J/NHLNO3  +0.2 during firat 3 hr L + hr
50/50 ~0.06 for 12-day run

‘Neithmr formulation waa dried under high vacuum. Both
show traces of volatiles.

() In some caros negative values were chserved where
one might expect increased gas evolution. This is explained by the exparimental
procedure uased. When the Warburg reaction flask 1s placed in the 65.5°C bath,
the manometer venting stopcock is left open for 2 half hour to permit the vesrel
and contents to come up to bath temperature. A volatile component will have
time to vaporize to ita vapor pressure for 65.5°C but will not have time to die-
t1ll into the colder parts of the assembly. A certain amount of nitrogen will
be displaced before the manometer stopcock is closads In timo, however, this
volatile component will distill into the colder parts of the assembly. The
vapor pressure of this material will then drop to that corresponding to the
temperature of the colder part of the equipment and an apperent "absorption"
will ba evident in the manometer reading. Thim explanation is supported by
the fact that in one expariment the condensate was identified by means of a
mases spectrographic analysis as dioxan. This would be a likely contaminant
bacauae it 1& used as & solvent in the polyurethane preparation,

(5) On tha other hand, when temperature stability
van reached an initial rapid passing was observed, which later was completely
"absorbed," Thim observation is explainod in the same manner. When the
volatile component i1s less volatile or present to a smaller extent, the half-
hour warmup period may not be long enough for it to reach its ultimate vapor
pressure. After equilibrium is reached, it may not be volatile enough or
presant in great enough amount to condense into the ccoler parts of equipment
to produce an apparent "abmorption® (sen Figure 18),

(6) A study was carried out to attempt the identifica-
tion of the paseous producte developed from a sample of polyursthane I-JN.
Mass spectrographic analyses (Table XV) of the gassous decomposition product.s
demonstrated the presence of nitrogen and nitric oxide in significant amounts
in addition to carbon diexide. From the intensity it<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>