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Introduction

The purpose of this study was to define the catalytic effect of various propellant
ingredients or potential additives on the rote of reaction of a model alcoho!-isocyanate
reaction, The object was to define those species and factors which contribute to a
short pot-life in hydroxy-terminated polybutadiene (HTPB) bound propellants and to
test various maans of sequestering these species or, alternatively, of removing them,

The reaction between an alcohol and an isocyanate, the reaction occurring in
the cure process of HTPB propellants, is highly susceptible to both catalytic and steric
influences, These factors have been treated in recent reviews.‘ Research in the area
continues at a significant pace as evidenced from the flow of publicaﬁons.2

It has been known for some time that either acidic or basic compounds may
catalyze alcohol-isocyanate reacfions.] Basic compounds supposedly attuck at carbon
to give an activated intermediate, Of those studied DABCO is one of the besi basic

catalysts known (See Eq. 1). In the second step of the reaction, the alcohol reacts

Lol

o
RNCO + !N/’S}J: —» R-N =C\/ ROH_ uvethane
~ Nt + (M
((N:! DABCO

with the activated intermediate to displace the DABCO and form the urethane linkage,
In the absence of added catalysts, the alcohol or the product (urethane) may act as
basic cafalysts] resulting in kinetics which deviates from true second order, Thus for

proper treatment instead of the simple exprassion:
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r
rate =k [alcohol] |isocyonate]

the expression for the observed rate, kt, becomes:

kt = ko + kc [cafalyst]
where ko is the rate nonstant for the uncatalyzed reaction and kc is rate constant for
that portion of the reaction which is catalyzed, Rate measurements are further com~
plicated by an induction period of unknown origin.

Bronsted catalysis is not often used, Organometallic species, however, can be
powerful catalysts, and that may be occurring by the organometallic species acting
as a Lewis acid, A number of studies have appeared relative to the kinetics of
catalysis where organometallic species are involved, but the mechanisr: of their
action is not weil known in many coses.] There well may be different mechanisms
for different organometallic species. Studies of the steric effects operative with
ferric acetylacetonate, DABCO, and for the uncatalyzed reaction, definitely
indicate a different mechanism for DABCO and Fe(acac)ﬁ.3 The results of Komratova
et g_|4 and Bruenner and Olaerfh5 are also significant in determining the mechanism
of action. A complex mechanism is indicated and apparently the site of involvement
with the catalyst is the isocyanate oxygen and not the carbon or nitrogen. -

Kinetics of Model Isocyanate/Alcohol Reactions

As a model reaction to use to study the effects of catalysts on the cure reaction
in propellants, we chose n-butano!l and cyclohexyl isocyanate. The reactants were

purified by distillation and stored in a dessicator to prevent uptake of moisture.,




A kinetic method was selected which made use of the absorption of the urethane
linkage and alcohol group in the near infrared region. Kog;c:n6 had reported using
the appearance of the urethane absorption as a means of following the kinetics of
such reactions, We found that his method was insensitive to the first portion of the
reaction, Thus, using observations made by Orﬁz,7 we decided to use the dis-
appearance of the alcoho! as our means of obtaining rate data, Solvents were tested
for their suitability and most polar solvents were eliminated because they failed to
give a straight baseline. Carbon tetrachloride was chosen as the solvent for our

system, In this solvent the n-butanol absorption is at 1,406y and the system foliows

Beer's Law,

Initially a number of kinetic runs were made with no added catalyst to determine
the desired temperature and concentration. From runs at 50, 65, and 68.5°C ’
induction periods of 15-35 minutes were observed and an activation energy of 14,95
keal/mole was calculated for the spontaneous reaction. At 50°C the uncatalyzed
reaction was quite slow, but trial runs with iron-containing catalysts showed short
reaction times. Thus because of the solvent chosen cnd the rates likely to be en-
countered, a temperature of 50°C was selected as standard for our model reaction.

A 10cm jacketed sampie cell was consitucted out of quartz material, A Haoke
circulator was used to circulate water through the cell to maintain the temperature
at 50.0+0.5°, Leaving the infrared lamp on for about thirty minutes generates
sufficient heat to increase the temperature of the sample by about 2°C. This was

not a problem in most runs since the lamp was only on during the measurement of
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a kinetic point.
A major effect, casting doubt on the validity of some earlier runs, was observed
after the majority of scheduled kinetic runs had been completed, In an attempt to

observe the effect of light on ferrocene catalysis, some runs were made with ferrocene

with the lamp off. All previous runs hud been made with the lamp continuously on

since ferrocene reactions were generally complete in less than a half-hour, The
difference in light-on and light-off rotes was indeed significant, The specific results
will be discussed later ot an appropriate time. The result of those studies, however,
led us to discover thai the basic isocyanate reaction can be photo-catalyzed by
ultraviolet light. We were somewhat surprised to learn that the near-ir source
emitted significant amounts of uv light and that the isocyanate reacted differently under
the influence of light. This, thus, affects all data to some extent, with the exception
of those runs made using light filters, Since oxygen is a retarder for the light-assisted
process and since most reactions were not run with continuous light, most data is still
valid, For example, the light-assisted process does not affect any of the heterogeneous
systems since they were all run‘in a different reaction pot as described below.,

The cell described above was not appropriate for use with those materials found to
be insoluble in carbun tetrachloride, Thus, a new process was designed, -A 1000 ml
reaction flask was fitted with an efficient stirrer and a septum for extracting samples.
The system was charged with the reactants, flushed with Nz, and stirred immersed in
a bath at 50.0°C,

For any reaction, homogeneous or heterogeneous, where a very slow reacticn was
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observed by the near ir method, the method was checked by gas chromatography to
see that both alcohol and isocyanate still remained unreacted, This precaution
prevents the misinterpretation of results since isocyanates are known to undergo
dimerization processes. The unreacted cyclohexyl itocyanate is easily observed
by gas chromatography.

The data presented here norrﬁally represents at least duplicate runs. In some
cases the average of several runs is included.

Results and Discussion of Heterogeneous Catalysts

The results of kinetic studies employing heterogeneous catalysts are shown in
Table I. From the relative rate data, it is observed that one gram of 200y AP is
more catalytic than an equal quantity of freshly ground 3u AP. Increasing the
quantity of 200H also causes a rate increase up to about 15 grams where stablity is
approached, It cannot be argued that our results confirms that an increase in
surface area is the reason for the increase, since the 3jt AP should have been faster
than 20011 AP, Perhaps the AP was prepared differently causing a different effect.
Alternatively, the data can be explained by the presence of some acidic
present in the AP, possibly perchloric acid, which acts as an acid catalyst for the
reaction, Regardless of the reasons, A® appears to be a rate acceleratior,

When coated, AP acts differently. TCP, which is a rate retaider, does not
significantly affect the rate when used as a coating on AP, Alon C, which isa
mild retarder, also produces a retarding effect in Alon C coated AP, Upon
increasing the amount of Alon C coated AP, the large rate increase is somewhat

surpressed.,




e

€L°0 o Ol X 46°G 1 dol
S¥°0 01 X80°C 10 J uojy
FAS | oL xZL9 S°¢C 01 O Uo|vyiim pajood gy
60°0 0L x2C°y §°2 L DUOjy titm vu*ooo dv
» auipiizojyya
et LoLx01L°9 t L L:. _owﬂ._ou dv
6v°1 _OLXy6°9 9t i dOl1Yitsm paypooo gy
S6°0 SOLX¥P'y € I dOl Y#m pajood gy
61°/1 0l X€0°8 002 Gl dv
lr've Lo Xyl 002 0] dv
0L°2C £ 0L X90°1L NT s av
TA ] w0l XS62°L 00z A dv
cs'v 20l X01L°Z 002 L dv
8¢°¢€ 201 X 2971 00z S0 dv
VA A1 01 x/8°9 € L dv
00°1L LOoLX/[9°¥ SuoN
a0y aAlp[ay  (dos-ajowl/iayi|)aipy paalasqO (M) 9zi§ ajdiHod (wb) pasn ybiom BA|pioD

* 06 4P @plojudD3 | UOgIDD) UL [OYOI |y [A40g-u W °0 Y4 230UDAd0s] |Axeyo)o4LD)

<<— 0 3O suoljoDaY pazA|pipD) sNOSUIBOIAIB} Y} 10§ SIUDISUOD) DIDY JOpIO PUOdS

'13718vl




"3y 71 < Wl U0i09y (g

Ty ZL >awiy uoydoay (o

,
2166 401

86°1 _ 0L x€2°6 L Z6ES IV SPouAsy
£8°0 _0L x98°¢ L :owm__.mﬁx uod |y~ |y
AN _0LXZZ°s L 4016515-1V 003y
1670 _OLX2Zy L 2% pizg-1w ooty
L1 _0L XZg's L 0€Z IV
1671 _O0L X ¥6°8 _ 09H IV
8g"1 _OLxgp"9 _ | OLH IV
£8°0 _0L x68°¢ ,, SH IV
£V’ L0l X09° ~ qPPU102 02
¥9°0 _0L %00°¢ L poupjee ey
WA..._. UIO— X \U:Onm, l ° mumw)_wuwh SD aFOW@H_

94Dy aAlD|BY Auwm..m_oE\._ut._v aJoy paatesqO (M) 2zi§ 9|21HDd (wb) pasn ubrap 18410400

‘penuyuol ‘1 318vl




for e ¥

Aluminum and iron oxide samples gave most unusual rate data, With most
grades of aluminum, the reaction rate was close to that of the uncatalyzed reaction
until, after some unpredictable time interval, an extremely high rate would occur
for a brief period after which the rale would return to the earlier, slower level.

With the same grade of aluminum, this higher rate might appear within an hour of
mixing or might not appear during the entire 12 hour kinetic run, Due to the
unpredictable nature of these rapid rates, accuraie kinetic data could not be

obtained and therefore, the rates reported are those obiserved during the slower periods.
The iron oxide'us received"displayed a constant rate after a short induction period,

but the calcined sampled behaved in a manner similar to the aluminum catalysts except
that the rate enhancement was not as large and the time interval (before rapid reaction
began) the was much lorger with the iron oxide sample, The effect is not really
understood, but may be caused by the exposure of catalytic sites on the metal surface
by the action of the reactants or by the stirrer, Rapid reaction would occur until the
catalytic sites were again deactivated,

Homogeneous Catalysis Siudies

A number of potential propeilant additives were tested for catalytic activity in
the model isocyanate/alcohol reaction, In this section, those which were soluble in
CCI‘ are treated, The data in Table II Vig's tha averags rates for severs! compounds
or mixtures. Of interest is the fast rate shown by iron-containing compounds and
the siow rate by MAPO and MT-4 and the lack of reaction with tetramethylthiurom
disulfide present, Most of the other compounds were more or less non-catalytic, The
ferrocene compounds cre acting as catalysts for the photo-dssisted veaction, discussed

later, as well as catalysts for the jonic reaction, Fa(acac)‘ enly catalyzes the ionic
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reaction thus its effect shown here is real. Catacene is not as good a catalyst as
ferrocene.

Several synergistic catalyst studies were run to determine if certain com-
pounds could act as scquestering agents for the good catalysts, These data are
summarized in Tables IIl and IV, Ferric chloride activity is significantly reduced
by a number of additives probably by complexction of the ferric icn, and ferrozene
is sequestered best by thiuram derivatives, The terrabutyl derivative was synthesized
and tested since it is « liquid while the tetramethyl derivative is a solid.

Effect of Light on Reaction of Isocyanate/Alcoho’ Reaction

As mentionad earlier, the isocyanate/alcohol reaction was found to be
catalyzed by light. Through the use of certain additives and the use of optical filters,
the process was found to be one possibly involving the formation of a triplet isocyanate,
This process should not occur in rocket motor curing, Both ferrocene and benzo-
phenone are known photosensitizers, but only ferrocene speeds the rate of the
photoreaction possibly because insufficient light exists at higher energy to exciie
benzophenone. Use of filters showed that ferrocene was still o catalyst in the ubsance
of light. The 650 filter (Table V) cuts out all light that ferrocene absorbs in its
electronic spectrum, but allows the near IR light to pass. Without light catalysis,
ferrocene still catalyzes the reaction so that it cccurs about 20 times faster ihan the
uncatalyzed reacticn, When ferrocene was expotied to light for vhirty minutes prior to
its addition and the reaction was run without uv light present, it was a better catalyst,
Thus light sholuld be excluded from ferrocene at all stuges of its handling, Catocene

is not a5 susceptible to light activation as ferrocene (compare 650 filter run vs. no
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filter in Table V). Without light, however, catocene, freshly purified, still
makes the reaction go 10 times faster than the uncatalyzed reaction. Table VI
she vs the effect of concentration of ferrocene on the light-assisted process.
Note that without a nitrogen atmosphere, the reaction is slower. ~his is due

to oxygen retarding the photo-assisted process.

1&~ "W~




0L X 7oy (1) syownquodoiyig
5 29°0 0L *sz' 8z"» L0l X58°Z ; Myi1p wnpos + “|Deg
> §UIL .01 x0e°g 89°¥ 20l XZl°g (1:1) (odan)
3pIXQO sutydsoyq jAinquay + Dy
> v/ .0l Xgi°y 897 L0l xzi°g | (1:1) OdOL + D24
) Z°v .0l % p°g 89°y L0l XZi'g ; (1:1) jownquosoIyig
K 1A4132p wNIpOg +-{394
> 62 »OL X 8°G 89" LOLxzite (1) apmpReorysq + “[324
. . . K ;6
5 6'v 0L g% 89°¥ WOUX2e () oN (R ™M) + ey
> 't L0Lx peg 89"y LoLxzlg (1:1) Odww + 1294
9’0 §°05 .0t X107 89y WOl Xzl (1:3) Odww + ausdamiay
[ » 0L x2 00°S - suoN
(.0l xW)
(HQ= = OON-) W) (o130%)
24Dy "295-3jou/tayy S4uDjonay (s) 1s4ib403 uoouIqwoy 15410407
SUoWay ‘e 20y ‘SGO ‘aAy 4o °duo) jo-2u0) -

"2,06 0 w_UU Ul |oupjng-| Yim 9ouDAD0s] _\.xmmo_oxu 40 suo;jonay
pazA(oyn)) snosuabowoy ay; 104 S{UDJSUOD) Bioy J8PIC) pUODRS Il 3igvl

L e T S LT A = S VUt P gy




14

"OPIjinsIpuoInOIYy |Aysewcugs, 5y CsNDBw)

P

"8U0433D Uy poajossip 5414 som .._Um.._ 944 sP500 awos up *xoq A2p b us PRiputy puo paundad Ajysay som n_Uomo

TUOLS Al Soam:p_f uo yybi1

q
smos,xa:m 3iqnop st suad0ua4

o]

“yby wosj 1 ajoud oy uaos asom suoginooaud ou nq

: OLX ¥t - gy
pP’‘op 26°0 £ 0l X387t 8y “.ro— Xcg*z AamUZ 3V} + susvomay
P‘q’o VA 0l Xge°/ 89°p Lol X2l°e (k) wﬁ amUZ nos.e + duadoua 4
p* zs'g =01 X €07/ 89°¥ »OL XZ1°g (171 CsoN o) + *joey

0l xgg°¢gi (¢:1)
. -
5 og &0l X2 9Ly W 0L X227 (1) 0doL + a4
[STETD) -
(HO- = O3N-) w)

3iny *995-3 [ow/aa41| SjuDJoDoY (s) .ﬁbu,_ou ﬁo:oxv

sUoway -y 240y °sqQ ‘aay 40 *2uo0n 40 *3uop uolouIqwo?) 154030

panunuo) ‘I 318vL

e B T L T S SN D T L TR POty L s [,
A i




*uo14oDas LG @
Bupinp uo jybiq o1z S 01 X387 S5y L0l x90°9 (€1} ('SON 0g) 4 aussouay
. ) L0l Xg0°¢
“uUo1ODas . . . v éc 3
Bupsnp uo yyB11 J'ee A 98 ¢ L0l xZ1°¢ (1:1) (soN ng)
! ! + 3uddous
*uo14o03. . : d e
Supnp uo y6i1 z'sl 0L *XZT°8 LY WOl X/zL°g (1:1) suaspojued - g4y
. ausdoueg
*uoi§apal
Bupinp uo jyby £°61 _ 0l X0g'g 98 L0l xzz°¢ auadcLay
‘ub2s 0y ]
ideoxa 440 1615 00°t 01 X80°¢ 00°g SUON
*uo1yopas
Buyinp uo yy61 00°1 LOLX2Zy'g 00°¢ suoN
UcHO DY ("oes 0L % W)
Bujpuodsalion -sjow/in) (H O-=0DN-) W)
9} 240y ainy SJUD§ODaY
S3IDWDY aAlD|RY paAlasqo 3o 3ueD () sshjoio) jo ,2U0D A0y

i

*wsaydsouwy

uabouayiN J06 4o w_UU Ui [o4odfy [A1ng-u yiim 34puphoos] (AxayojoLa)

30 uoi§oD3y paz4|oip) snNoaUIBOWOH 3y} 40§ SJUDISUOT) Dby JapI() pu023g

Al 3718Vl

frammnf

remd  puwl W




16

1daox3 g0 4y61q Z10°0 2 0l X867 ¥ L 0L X8L°1 ('SON ng)
*upds o} . G
ydsoxa y40 1617 8e°0 Il xeg/ 98y L0l x2Z2°¢ { SON ng)
“Uo142031 ) 2 g
Busnp uo yyb) 6€°0 cALXpicz 98" ¥ 0l X2Z°¢ ('SON ng)
I TIETEY oL X ep°1
Burinp uo jub: . 01 x05°8 ay — z
e oo " 201 %98°Z 1) (sDN"ng) + sussouay
("oss (_OL xXW)
uotiooay buy  -ajow/13417) (HO-= ODN-)
-puodsz1i07) of =T S4UsJODIY w) L1010
s:upbuiay 340y aAlyDlRY paalasqO 30 ©,2u0D (5) sAJpIDD jo  duc) 154§pyo2)

psnuyuoy Al 378VL




T

V7

*sjuabpal

Joyjo jo uoirjippo
8i033q “ulw OF
10§ SUDL|14 4NOYFIM

poipipoli; susooua - 01l x0Z°i 059 ow...w .Top x7Z°¢ EUELCTTE R
Ot x/€°9 059 98°¥ LOoLXZ’E auadoLa4
Ol %X/¢°8 oSy 98" ¥ SOL X A AR aUa2019 4
Ol x86°Z 0oV 98"y LOL YAARS ETEL N
Lot2¢ge’y auoN 98 ¥ 12 S A ETEELITER]
aaaydsow o uaboi N 0oL XgE" L auoN 26V ?l0° auouaydozuag
asaydsowp uaboiyiN 0l X82°§ 049 'y AN auouaydozuag
aseydsowyo uaboupN 0t X 227§ QUON] 'y FA auouaydozuag
*upss .
oj jdeoxa yjo 617 R0l X80°Z QUON] 00°¢ auopN
a4jjua Joj uo Eu._.mm Ol XT¥°s auoN 0c°s auoN
(508 oL X (W)
-ajow/494:]) PN 494 (HO-=ODN-) (w)
JuUD§sUC)) jp21dO SjUDJOPY 15A|D30D
3 oway jo ooy  sspd Buol 40 2u0) jo "avo) onmx_oﬁuu
*2,06 o apiio]yaDa§a | UOGIRD Ul |OYOd|Y jAng-u Yypm ajpupAo0s] |Axayo}zLD o
uoioDay Y} 40§ sisA|pjp) snoausbowoH 3o Aj1Aigoy 3y uo ybi jo 118443 ‘A 378V1

M R T s e e

s ~

I]

—




18

‘woos pauaxiop ur paiodaud suoynjes §sAjogoo |1y (o)

¥ & ,
_OL x/8°8 059 98’y L 0lLxZL°E C " (00)es
. . ¥ €
0L X00°S os¥ 98°y  ,0LXZZ'g (°H 2) (024
__OL X0§°9 suoN 98y ,O0LxzL'e (°H ") (02)e4
m...o— x80°2Z 0S¢ 98 ¥ L 0L X YA 3ua20y07)
_ 0L XZ¥'6 0s¥ 98" L0l XZZ°¢ aua3040)
Ol X6v°8 SuUON 98°y SOl XZT°€ aua204D>)
(oL X (W)
("des-ajour/1a4ij)  pasn sadjtd (HQ—=O0DN-) (W)
jupjsuod joondo SJUDJODIY $41040D
s>JDway Jo 94y ssod Buoy jo suo) Jo *2u0) ©) $5L1240D
*panuLjuod) “A 318vi

sl SR  PABE e feed e

B gresen] ] peead geiesd pmord W Y




19

ataydsowp uabouyiu W.S X0p°¢ ¥8' ¥ zz'e
asaydsowyo uaboujiu 61z" &% 1°91
Ol xgeg 8y [AAE

€

20l X91°} 6y [ ¥l
20l X96°Z 8y P A A
- 2.0l xg9°7 YA 4 191
asoydsow o uabodyiu , Ol x0g°g ¥8° zze
20l X9G5°¢ 8y TAA
ol xglz AN 4 L4 4%

- 0l Xg8°| 8y 0091 ;
Sypowsy (995-3 jow /1331]) (_0f XW) G o1 xw)

Sjubysuo’) ajoy AIO.. = ODN-) Suadoua :

sjuabipay jo 420D jo 22U0D ‘

_UU ul SS 4P Joyod vy |Aing-u Yim 20:?38~ [Axayo a4

30 UoioD3y 4o ajoy ayy uo UOHRiU3dU0T 3uadolay us sabuny jo Pay3 IA 318VL




oo

Degradation of Ferrocene Derivatives by AP

The possibility exists that the oxidation reaction that undoubtedly occurs in the
fue! mixture between the catocene and the large excess of ammonium perchlorate
might form a better catalyst for the cure reaction than had previously existed. The
oxidation products from the ferrocene derivative might include only a ferricinium
derivative (Fe(ll) to Fe (III) oxidation), or might involve oxidation of the ring
positions or formation of decomposition products from the Fe(IlI) compound, The
product of the reduction of the perchlorate might also prove a more active catalyst
thon the perchlorate,

In order tc investigate the oxidation reaction, one mole of unccated, finely
ground (3u1) ammonium perchlorate was suspended under nitregen at 55 for 10 days
in each of the following solutions: 0.1 mole of sublimed ferrocene in CCI‘ , 0.1 mole
of deionized catocene in CC|4, 0.1 mole of sublimed ferrocene in xylene and
0.1 mole of sublimed ferrocene in CCI4 that was 0.2M in n-butancl, In each case,
dark blue-green precipitates formed, indicative of ferriginium salts, but the de-
gradation was less complete in the reaction containing butanol and stiil less complete
in the reaction in xylene, The solvent was removed under vacuum from re resent-
ctive aliquots of each reaction, and the residues were studicd by NMR, and IR and
visible spectroscopy. The 90MH_NMR spectra in d,-acetone of the residues from
the degradations in xylene and in Ioutanol--CCl4 showed considerable broadening of the
one band in the ferrocene spectrum, but no new peaks were observed, The breaden-
ing was attributed to the formation of the paramagnetic ferricinium complex,

Extensive paramagnetic effects prevented NAMR spectra from being obtained for the
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other two samples. The nujol-mull infrared spectra were badly obscured by the
large excess of AP preserit in the residues, but some undegraded metallocene
could be observed in each product. The visible spacirum of the residue of the
degradation of ferrocene (by AP in CC|4) in water showed the same cbsorntion

maximum (at 6170A) as -an independently synthesized sample of ferricinium
perchlorate.

Since the uegradations were run before the light sensitivity of ferrocene wes
completely understood, all the above reactions were run on the desk top under
normal laboratory lighting. To make certain that the ferrocene degradations
could be caused by ammonium perchlorate in the obsence of light, the degradation
of ferrocene in CC|4 by AP was repeated in a flask covered with aluminum foil.
The degradation occurred at approximately the same rate,

All metallocene degradation products were then investigated as heterogenecus
catalysts, The results are summarized in Table VII, To provide a basis for
comparison, samples cf ferrocene and ferracene or catocene plus AP which had not
previously been subjected to degradation conditions were also studied. Although
the variation in rate constant was not large, the more extensively degraded samples
display slightly less catalytic activisy. This lessened activity is presumably the
result of the limited solubility of metallocinium ion in the reaction medium. These
heterogeneous catalytic reactions were also run before the light sensitivity of
ferrocene catalysis was known, but all were run undsr oquivelent lighting condit-

ions. It appears from this study that ferrocene {or catocene) will readily be
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oxidized to the ferricinium ion by insoluble AP in a nonpolar medium, such as
HTPB. Toward the cure reaction, however, the resultant compounds, have about

the same catalytic activity as had the starting materials,
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Degradation of Ferrocene by Air Oxidation

Throughout this study it was noted that ferrocene and its derivatives showed
variable rates when old solutions or old samples were used. Although ferrocene
is easily purified, it is easily oxidized by oxygen. Solutions prepared in carbon
tetrachloride begin to collect a solid residue after standing in a lighted roon:
for « few hours, In one experiment we exposed a carbon tetrachloride solution
of ferrocene to the near ir source light without taking precautions to eliminate
air. After thirty minutes, a precipitate had formed in the cell and a scan of the
visible spectrum indicated that ferricinium ion was present. Thus, uv light and
oxygen . ‘¢ apparently photooxidizing the ferrocene. In later kinetic runs,

oxygen was excluded to prevent this mode of degradation.
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Summary and Recommendations

A large number of kineti= measurements hove been made on a model isocyanate/
alcohol reaction to determine the effect that the catalysts may have on the HTPB
propellant pot life. It was determined that AP is catalytic but that tha effect appears
to be other than of a surface effect. It could be impurities such as a small amount
of perchloric acid, metallic impurities ¥s»m its preparation, or some unknown
impurity of another nature. Iron-containing compounds are generally active
catalysts, The specific activity is due to the state of purity and history of the
sample. Ferrocene derivatives are especially succeptible to degradation in the
presence of light and are highly catalytic when exposed to light, Fe(acac)s is
fairly stable and its catalytic activity is not affected by light.

We recommend that some attention be given to the further investigation of how
AP acts as a catalyst, We further recommend that any ferrocene derivatives used
should be subject to purification by deionizaticn prior to use, After purification
they should be stored under nitrogen in the dark and not exposed to air or fight
during mixing if possible.

Some of the bitter sequestering agents, for example, some mixtures containing
MAPO, some thiouram derivatives, and some AP coating agents should be carefully
screened in small motor processing to measure the effect of pot-life in actual
motor mixes, Coatings for iron oxide may also improve pot-life since that specic

seems to act unpredictably as a catalyst,

We are further investigating the photoussisted reaction aside from this stusly

since its niechanism is intriguing.
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