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ABSTRACT

A preliminary investigation of the preparation and propertios of cellu-
lose nutrate-acetate mixed esters was conducted, These mixed esters can
be prepared in a wide range of amounts of substitution of hoth acetare and
nitrate groups either through acewylanon of cellulose nitrate or nitration
ot cellulose acerate. The degree of polvmenzation of the products, as
estimated from viscosity data, shows the occurrence of chain degradation
for both procedures. The hygroscopicity of the cellulose nitrate-acetate
esters was found to be a linear funcuon of total substtution. Films pre-
pared from these mixed esters showed tensile strength at least comparable
to that of films of cellulose nitrate or cellulose acctate. The impact sensi-
tvity of the mixed esters varied from 6 to 18 inches for a 2-kilogram
werght depending on the subsutution of nitrate groups.

The results of the Taliani heat stabthiny test showed nconsistencies.
which are discussed. Under the conditions of the explosion temperature
test, the mixed esters decomposed violently without igniting. However,
the minimum decomposition temperature appears to be the same as for
similarly substituted cellulose nitrate. Some mechanistic speculations are
advanced to explamn the kinetics preceding 1pniton or decompesition.

CONCL USIONS

The cellulose nitrate-acetate mixed esters may offer Jdo e advantages
over cellulose nitrate when considered for use either in propellant formu-
lations or in the manufacture of combustible cartridge cases. For both
types of applicaton. the mitrate-acctate mixed esters, with therr relauvely
high sluggishness to impact detonation (6 to 18 inches as compared two
3 inches for cellutose nitrate of military wnterest), would certainly be
attractive from a safewe point of view. tn addizion, their resistance o rpm-
rion might prove to be an interesting feature for some partcular apphica-
ton. With regard to other properties examimced 1 this preliminary study,
such as hygroscopicity, heat stabihity, and tensile strength anyv mprove-
ment over cellulose nitrate woull be somewhat marginal, Only with respect
to the heat of explosion and restdue on 1gniton Jdo the cotlutose nierare-
acetate mrxed esters show hmitations 1 compartson with cotlulose niran
toas realized, however, that some ot the results presented mothis work arn
potentially subject o future revision, Time Jid notallow a thotouvh ~tuhy
of the vartous propertres examined. Such an endeaver coulbinet bo conteme
plated ac this time. For properties such as tenstle streneths mmpace sensi-

}

tvity, hear sabtlity, and temperature ot explosion. a Large number of




experiments must be conducted 1o achieve a reasonable gegree of conti-
ience. The limited number of determinations undertaken 1 this seudy can
only suggest trends rather than serve as a basis for definitve conclusions.

Both methods of preparation of the cellulose nitrate-acetate mixed esters,

i.e., acetylation of cellulose nitrate and nitration of cellulose acerare,
have been shown to have cnough merit o warrant further work toward the
achievement of optimum conditions. With regard to the nitration of cellyloge
acetate, as s suggested under ""Discussion of Results, '’ one possible
means of reducing the degradative processes might be through the use of
cellulose triacetate as the starting material. Other nitrating agents such

as the complex boron trifluoride-nitric acid, or a nitrating mixture known
not to produce degradation (such as the phosphoric acid-phosphorus pent-
oxtde-nitric acid mixture, could be considered.

RECOMMENDATIONS

On the basis of the information gathered from this stdv as well as the
results obtained at other laboratories in the past, the authors would recom-
mend that cellulose nitrate-acetate mixed esters be sertously constdered
and further evaluateéd for possible application cither as propellant tngredi-
ents or in the manufacture of combustible cartridge cases.

o e



INTRODUCTION

I the manufacture of solid propellants, cellulose nttrate occupres a
place of unique importance. As a binder. it has shown preat versanlin
and even with the more complex formuiations recentty develeped. celbu-
lose nitrate has been effective in producing a homogencous grain with
satisfactory mechanical properties over a wide range of temperatures.,
Another feature that makes cellulose nitrate atiractive for use in propel-
lant formulations is 1ts high oxygen content: in this respect, 1 can be
properly classed among the few high encrgy binders so far discovered,
llowever, durtng rec - svears, the immense efforts directed rowards the
development of new propellants and the discovery of a variciy of new

applications has nghtened the requirements which propellant binders must
meet. Already cellulose attrate has shown madegquacy in ncenag some of

these requirements.

For exanple. in some new applications the toughness of cellulose ni-
trate based propellants has been inadequate. in other 1nstances, ther
dimensional stability with temperature changes. cither during cvcling or
simpiy under standing conditions, failed to meet the required specifica-
tions. In addition, it has been shown that, in the manufacture of propel-
lants containing solid contents in excess of 607 by weight, cellulose
nitrate does not posscss the necessary binding characteristics to produce
a grain of acceptabic mechanical propertics,

Some of these difficulties were partially resolved through the addition
of cross-hnking agents in the cellulose nttrate based formulations, which
resulted 1nan increase 1 toughness, dimensional stabihiey, nd binding
power of the cellulose nitrate. As would ke anticipated, however, the nse
of cross-hinking agents, although very promising at this stage of develop-
ment, does create new problems and certainly much more work 1s needed
before this approach becomes commonh aceepted. This s not surprising
when one constders that through cross-haking new chemical bonds ar
formed which mav sometimes change the identiy of the hinder d desoro

some of 1ts destrable properties,

Very hitde attention has been poven o chemical modificanon of Cellu-
fose nirrare as a means of improving 1es phvaacal and mochanical proper-
tes, s cortatn that rephicing the resy fual hvidroxy tie functnons by sach
groups as - orees, cthers and acerais choubd stgmtrcantdy attecr the prop-

craes of cethibose nitrate. Atthough 10 woubd be hitrcube to predier the
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{irection of the changes in these properties, 1 nould nevertheless seem
yustficd that some effort be expended on the stwdv of these cetlulose
denvatives. Consequently, an investigation of the svathests and proper-
ties of several cellulose mixed osrers was mitiated 1n this laboratorny,
with cellulose nitrate-aceraie as the first derivatve submitted to our

5(ru:’.1n}‘.
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A compreheive hiterature survey on cellulose nitrate-acctate mixed
esters was undercalen covering the period 1900 to the present time. In
order te Jisseminate this information. the significant aspects of this sue-
vey were organized into a summary which 1s presented in the next several

pages.
LITERATURE SURVEY

Durtug the 1900—1940 period, the needs of the film industey for a less
flammable and mere stable film stumulated research towards the modifica-
tion of celiulose nitrate. It was felt that this could be accompiished
through acewlation of cellulose nitrate. The preparatios of celiulose
nitrate-acetate mixed esters was approached from 2 number of dircctions.
The simaltancous nitration and acetylation of cellulose was attempted by
Kruger (Ref 3). This fatled to give the expected siirate-acetate, only the
nitrate being obtained. Evideatly. under the condittons emploved by this
author. the acetic anhvdride acted as a dehydrating agent only. 1f, on the
other hand. the arric acid concentration n the esterification mixture was
kept very low (approximatelv 270, only celiulose acetates were produced
(Rei 4). In 103%, a Brinish patent was issued claiming the successtul
preparaten of ceilulose nittate-acetate be reacting anhvdrous cellulose
at room temperature with a mixture of acetic and eitric acids (Ref 6.
Howcever, this is the onlyv reported evidence for the preparation of the
mixed attrate-acetate estor in a single operation. One vear later, in 1930,
Centola concluded afrer fruitless attempts that the synthests of the mixad

ester in a single step from cellulose 1= improbable (Ret S).

A more promising method consisting 1a the ntiration of cellulose tri-

acetfate was recommended by Kaetscher (Ref 15) i 1919,

Centola (Ret SYn 1939 reported the successful preparation of the
nitratc-acetate mixed earer through the nitration of cellulose acerate. This
author clatmed that this approach leads to homogencous products, Morc
recentlhy, Gra and Mancini (Retf 13) of the Universite of Turin, Tralv, 1n the

course of their study on cellulose esters, prepared the nitrate-acerate by




reacting a mixture of cotton and cellulose acerate 1n a ranto of 4 to 1 with
nitric acid and sulfuric acia. The jroduct, which contained 10.30% attrogen
and 4.71% aceny ] group, was shown to have greater therma! stabilite than
either cellulose nitrate or a mixture of cellulose nitrate and ceilulose
acctate.

By far the most explored method for the nitrate-acetate svnthesis has
been through acetvlation of cellulose aitraze. It was reasoned that since
nitrate groups are more resistant to hydroivsis by acids than are acetate
groups, acetylation of cellulose nitrate should be favored over nitration of
cellulose acerate. As carly as 1919, Kaetschet (Ref 19) recommended this
method. In 1930 Kruger (Ref 3) mnvestigated this method and reported that
ceilulose nitrate of a high nitrogen content is resistant to acewvlation
mixtures containing sulfuric acid. In the same paper. he also reported that,
if use 1s made of cellulose nitrate containing 11% nitrogen or less. acety-
lation proceeds more readilv. 1t was also observed that, 1n this latter
ins:ance, denttrazion becomes significant and it was suggested by the
author that denitration may have promoted acetylation. Berl and Smith
(Ref 6) acetvlated cellulose nitrate containing 12.4% and 12.97 nitrogen
and obtained products containing between 2.647% and 4.19% nitrogen and
17.74% o S4.53% of combined acetic acid. Evidently the conclusions
reached bv Kruger, mentioned above. are valid onlv for one sct of condi-
tions. The apparent contradiction between the results of Kruger and Berl
1s explamed in the work of Atsuki {Ref 7). who found that the larger the
amount of sulfuric acid in the acewlating mixture the greater the denitra-
tion and, as a result. acetvlation proceeds further. Atsuki’s resules were
verified by a team of Tapanese chemists (Ref 10V 1 1939, Comparable
results were reported 1n 1938 in a German patent {Ref 91 Cellulose nitrate
containing 12% nitrogen was acetylated by acetic anhvdride in the pres-
ence of sulfuric acid. The product acalvzed for 1.407% nitrogen. SO.28
acetic actd and 3,347 combined sulfzric acid.

As a whole, these investgations indrcate thata largc rumber of nitrate
groups in cellulose nitrate were hvdrolvzed duning accrvlation, Since both
free and regenerated hydroxy ! groups were acetvlated in the fial proguct,
it may reasonably be assumed drae denttration precedes acervlation in the
scquence of events. In 1950, Dantlov (Ref 120, 1n the course of 'y studies
on cellulose nitrate-acetate mixed esters, eported the reaction ot cellu-

lose nitrate with acetic acrd and sulfurrc acrd mma ratte S to .

Since the presence of sulfuric acrd i the acawvlation mixture was ap-

parently responsible for the occurrence of denitration, and Oddo (Ret 81 in

gL,




1919 conducted the acervlatioa of celiulose nirrate with boiling acenc
anhyvdride alone. Another modification of the method of acetvlation was
ceported in 19490 in a French patent {Ref 11) which described the prepara-
non of.cellulose nitrate-acetate mixed esters by reacung cellulose nitrate
with acenc acid or acetic anhvdride in the presence of lithium acetate
instead of sulfuric acid. A few more publications in the literature were
founi to deal with cellulose nitrate-acetate mixed esters. However, since
their synthetic approaches did not differ from those already discussed,
thev will not be mentioned here.

It seems to be the consensus that cellulose nitrate-acetate mis: d esters
have many properties which differ markedlyv from those of etther cellulose
nitrate or cellulose acetate or a phvsical mixture of these two. Relauvelv
high tensile strength and good thermal stability have been reported .
(Fef 14) for the nitrate-acetate mixed esters. They have been used in pro-
pellant applications as a gelatmizer-stabilizer. Replacing the residual
hydroxyl groups in cellulose nitrate by acetyl groups does improve the
dissolving power of the polymer in a variety of common plasucizers. How-
ever, other ester groups beside the acetv] have been shown to increase
the compatibility of the polvmer towards convenrtional plasticizers. The
same behavior was found. for example. with cellulose aitrate-faurate and
cellulose nitrate-palmitate, which were prepared bv Gault and Ehrman
{Ref 2) 1n 1927, Although cellulose nitrate-acetates have been found to
possess good thermal stability. it has been noticed that, on storage. they
develop acidity more rapidly than either of the single esters. There are.
however, goed reasons to believe that this behavior of the nitrate-acetate
may be associated with the use of sulfuric acid in the processing proce-

dure rather than an inherent charactedistc of the polvmer ttself.

In conclusion, it shouid be said that the ground work laid by these
vartous workers from ditferent countries Jduring the first half of this cen-
turv on cellulose nitrate-ucetate mixed esters has demonstrated that these
polymers have attractive features and consequently should be given more
serious constderation by propellant chemists. The svnthesis of these
esters 1o a vartety of wavs has been demonstrated to be possible. How-
ever, no consistent svstematic studv dealing with therr synthests or their
phvsica] and mechanical properties has v et been reported i the literarure.

This 15 accounted for by the difficul

tes wherent in the stuldy of such
molecules and is also due fargelv o the ek of dependable analvucal
methods tor the quantitative determin e ton of the substrtuent groups. Al

though methods have been known tor a long tume tor the determination of




Mitrate and acetate groups, 1t wouid scen that when both these functions

are present 1n the same polvmer backbone, cach interfcies with the deter-
minztion of the other.

RESULTS AND DISCUSSION

Synthesis

Three svntheuc approaches were chosen for the preparation of cellulose
nirate-acetate mixed esters covering a broad spectrum of substitution. The

first consisted of reacting cellulose diacetate with a mixture of nitric and
sulfuric acids. This approach consistently vielded products having a ven i
low content of acetate groups. In addition, this method appears. trom solu- |
biliry experiments, to give a mixture of products rather than one unigue

specie. It did nct seem that this method would be fruitful: consequently.

1t was abandoned early in favor of a method whereby cellulose diacetate

was nitrated bv 98% nitric acid without the intervention of a catalyst. The

third method investigated consisted in reacting ceilulose nitrate with ace- 1
tic anhydride in the presence of perchloric acid. Perchloric acid was pre-
ferred over sulfuric acid as catalvst because. as far as is known, it does

CEME L W s T R T

not react with cellulose or the residual hyvdroxyl groups of cellulose ni-

e

trate to form perchlorates. Sulfuric acid. in contrast, reacts with the hy-
droxvl groups of cellulose or celiulose nitrate to form cellulose sulfates
and these sulfate groups have been shown to te respensible for the insta-
bility of cellulose nitrate. Onlv by boiling cellulose nitrate with a dilute
sulfuric acid solution for fong pericls of ume. which treatment removes

the sulfate groups. can cellulose nitrate with good thermal and storage
stability be obtained. It is clear. however, that this stabilizaton proce-
dure could not be used in the case of the mitrate-acetate mixed esters
which contain easily hvdrolvzable acetate groups. Therefore, an estenii-
cation procedure had to be devised in which the formation of sulfate groups

would be avoided.

Accordingly, a number of expertments were conducted usig acetic anhy-
iride in the presence of perchloric acid as the acewlanng agent. The reac-

tion was allowed to proceed in merhylene chloride at the potling point of

the solvent. Two tvpes of cellulose nitrate were subjected o this acewla-
tion procedure. Once had a nitrogen content of 1237 (DS 230 an i a desre
of polymerization of 215 as determined from viscosity measurements i
acetone. The second had a comparable degree of polvmertzanon, 240, but
a higher nitrogen content, 12.6% (DN 2600 The degree of substitution of |
the products in both nitrate and acetate groups was determmned by means




of infrared spectroscopy. To gain some knowledge of the nawre of the reac-
tion, the following parameters were bricfly cvaluated: the content m acetic
anhydnde, the content in perchloric acid, and the tume of reacuon. The re-
sults of these expeniments are given in Vables 1and 2 (pp 36 and 37). It
should be mentioned that some experiments were alse conducted at ambi-
ent temperatures. These results, however, were not reproducible and con-
sequently are not reported. It would appear that refluxing in a hererogene-
ous system of this kind 1s bencficial probably because there is beuer
penctratton of the fibers by the acewylating agent. A number of salient
points arc revealed upon examination of the data. Perchloric acid is neces-
sary for the reacuon to ensue (Expertments 10, 11, and 26). Also quite
evident 1s that the once-nour reaction time is sufficient to give complete
acetyiation (Experiments 2 and 13 through 22). It is very interesting o
note that, although denitration occurs, 1t seems that in most cases 1t is
confined to the very early period of the acetylation reaction (Experiments 1
through 7 and 13 through 22). This obscrvation, coupled with the previous
finding that maximum acetylation is achicved within a one-hour reaction
time, provides strong evidence for the stabtlizing effect of the acetyl group
on denitration. For example, Experiment 26, where no acetylation occurs
(because of the absence of the perchloric acid catalyst), gives the rate of
nitrate hydrolysis for cellulose nitrate where a large excess of acetic an-
hydride 1s used. The degree of subsutution in the nitrate group suffers a
significant drop for the first hour, from the onginal 2.6 w0 2.1. When this
experniment 1s repeated, however, with 0.2 ml of perchloric acid o catalyze
the substitution (Experiment 23), denttration 1s quite retarded, only 0.2
nitrate group per anhvdroglucose unit being lost.

Comparison of Experiments 9, 12, and 23 through 28 shows that perchlonc
actd 1s much more instrumental in causing denttration than 1s acetic anhy-
dride. The extent of denitration appears to be a function of the perchloric
acid content, as Experiments 27 and 28 show. When both acenc anhydride
and perchloric acid are used in larger quantities (Experiments 9, 24, and
25), the denitrating effects of these two components appear to be additive.
As to the mechanism of the acetvlation reaction, 1t is safe to conclude 1n
the light of thesc results that only the hydroxyl function on the anhydroglu-
cose unit i1s acety lited. Very hitde of any acetvhirton occurs through a

transestenfication process.

Although molecular werght determinations will be discussed moa tollow-

g sccton of this repore 1t nay be nmentioned ac this ame thar the acevla-

aon procedure leads to some degradation of the celluiosic chinn. boas also




further indicated that this degradanve process i1s caused principally by
the presence of perchloric acid. Hence both processes. degradation of the
chains and denitration, have a common promoter, perchloric acid.
.

The results of the alternate approach (nitration of cellulos. ar-rare by
98% mitrtc acid) are given in Table 3 (p38)Y and Figure 1 (p 40 ). Smooth
curves showtng the change with time 1n degree of substitution for both
nitrate and acctate groups are obtained. The followtng stmultancous reac-
tions probably occur under the conditions of the experiments: hvdrolvsis
of acetate groups (deacetylatton), nitration of the free hydroxyl groups.,
and transestertfication of acetate by nitrate groups. Evidently, the ob-
served rate for this reaction is a composite of these individual processes
and a kinenc wreatment would be outside the scope of this report. It s ob-
served, however, that from 24 hours onward, for cach acewvl radical lost a
attrate radtcal 1s fixed. Consequently, the observed rate of reaction tor
thts portton of the curve mav represent the rate of the transesterification

process.

Having prepared from both synthetic methods a number of mixed esters
varyiag 1n nitrate and acetate content, the possibtlity that a correlation
might exist be tween the amount and type of substituents on the cellulose
chain and various properties of interest to the propellant manufacrurer was

next explored.

X.ray Diffraction Study

Some knowledge of the crystalline tructure of polymers 1s aiwavs de-
sirable not only from a fundamental point of view but also as a means of
predicting or at least explaining some of their properties. Although the
chemical properties of polymers are evidentiy for the most part determined
b e chemical structure of the monomeric ur.t, the physical properues
and, more spectfically, the mechanical properties are, on the other hand,
greatly influenced by the degree of organizanon of the chatns and verny
probably by the architecture of the unie cell of the erystalline clements.
The structure of crystalline cellulose has been farly well established as
a result of the extensive work of various vesngarors and more particu-
tarly as z resule of the important contributions of Mark, Mever, and Misch
(Refs 16=21). Misregarhing the finer theorcucal aspects, which snll awat
a final decision, the cellulose erystal structure may be desanbed asy
general, consistng of a monochnie cell contaming two anhvdrocellobrose

2

restdues, the cell having the following dimensions a0 R3S A/ b 103 A




= o o =, = ! -
< -2 A B B35 :Ret 184 From the avial leagth © which mensures 7.0 A,

3 . C H
he pranes of the cetlulose chatn mole-

-
-~
-
S
r
oo
-
-
[
o
L
¥
.
e
5 P
=]
e
g
=F
1
Ie
s
-3
s
)
-y
s
=)
-
-
[PRoR——

t we tike tnto account the thickness
of the collobtose unie, which s approvinately 203 A, the free space be-
rveen the chaing 15 toumd to be of the order of 1.5 AL Simtlardy, from the
axtal length a, which measures 8,35 A, 1 s tound that the closest approach

m the fatemad Jintance of the celloblose nags 15 of the order of 1.1 AL

l: ts evidend that replacing the hvdroxy! proups of cellulose with bulkier

substituents would jead to overcrowiding of ihc cell. Tt would then be anti-

T
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date the modified chains. In gomg 1rom ccilu'&m»‘: @ cellulose mitrate. 1t

fias been o‘s\s; ¢d tron )

N-ray study that the outer 002 rine changes 1s
postrron relatively hitde but that the mner 11910 ring moves steadtlv towards

the center as the anrogen contensincreases. The inzcrprc{ ton given to
this has been that the additien of the nitrare groups has tacreased the
lateral distance between hexagonal nags 1 the 10013 znj 0421 planes in
which thev lie but has not increased the soparation of these planes from
each other. However, ta the monograph of Mathicu 7Ref 193 both the lateral
distance and the plane’ s separation are shown to he increas-d as 1s shown
by the following dimensions for collufose tinftrateza 12.5A b 103 A,
¢ = 9.0 A. The number of anhvdroglucose residues m the cell has also

imncreased from four o ten. As would be exyected from the bulk of the ace-
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tate group. the change in :hc crvstaliine structure m go
to cellulose tnacetare 1s more pmnnuncvi than m going from cellulose o
cellulose nitrate. The unic cell fimensions reported arez a 24,5 A,
b 1043 A0 ¢ 11.56 AL

Examoation of molecular models 5 vony infommative tn this respect. Re-
placing the hyvdroxviic tunctions of celluiose by nitrate groups does m-
crease the bulk of the molecule and, us 2 consequence. the space require-
ment of cellulose artrate ts rsed as compared o celulose. However,
stnce the nitrate group is planar, ant turthermore since hvdrogen bonding
s sull permissible with this groaps 1o may be anticipated thar the <ol
dimensions would nor be drasucally mo btied. On the other hand. replacing
the bvidroxvl tuacoon of collulose by the wetare group ts much more otfee-
trve n disrupting the geometny of the anh froplucose anit. The space re-
quirement of the ccetate group appear. b vportant enough to torce the
anhvdroglucose rings o preterre Toenticaranons relattve to cach other,
It o 1s shown by the atomie moded crte tegurrements of the ace-

N s 1
tate group gro mdon gl or than those ot the mtrate ETOUn, 1 s reas onablc
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to anutcipate that, 1 going from cellulose nitrate w cellulose arrate-
acetate mixed esters, the change in crvstalhine structure of cellulose ni-

trate would occur at a rather low degree of substitation 1n acerate groups.

To test this peint of view, three powdered samples of cellulose nitrate-
acerate mixed esters prepared in the course of this studv were submitted
to X-rav analvsis using the method of Debve-Scherer. The Debve-Scherer
fiffraction patterns are given in Figure 2 ip 47) and the calculated spac-
ings are listed in Table 4 {p 35.. For purposes of comparison, ceilulose.
cellulose nitrates of various degrees of substitution (DS, and cellulose ;
acetate with a DS of 2.45 are aiso included. It 1s worth noting that the
crystalline structure of the nitrate-acetate samples change. from that of
nitrocellulose to that of cellulose acetate sorewhere between 0.4 and
1.0 degree of substitution in acetate groups. If attention 1s focused on the
sharpness of the rings. 1t is observed that the strong characteristic ring
spaced at 5.4 A n the nitrate-acetate sample conraining only 0.4 acetate
group per anhvdroglucose unit 1s substantially more diffused than the
corresponding ones in the cellulose artrate samples. 1t 1s evident then that
the arrangement of the chains in cellulose nitrate becomes disorganized

quite carly upon addition of accrtate groups. Since the nitrate-acetate sam-

ples containing a degree of substitution 1n acetate groups of ene or above

have no vestige of a cellulose nitrate structure. 1t 1s reasonable to assume
that the nttrate-acetate mixed esters are homogencously subsuruted along

cach cham.

The results of this N-ray studv suggest that the nitrate-acetate mixed
esters with a low substitution in acetate groups should have physical and
mechantcal properties rore akin to those of cellulose acerate than those
of cellulose nitrate. This last observaton will, of course, be accurate
only 0 the extent that the crvseal structure of these polvmers s effective

tn controlling these properues.

Viscosity

T acervlation of cellulose nitrate and the nttration of cellulose ace-
tate have been done under condrttons which 1n all probability would tnduce
some ¢leavage of the aceral links berween by iroglucose untes, Ot the
vartous methods available tor the actermmarion ot molecular werghes o
degrees of polvmertsation, viscosin onc of the most simple with regard
to destgn of apparatus and expentmentaton. However, the relattonship be-
tween viscostty and molecolar werght soli roats on emparcal grounds wath

no aell establiched

quantitative theony to ponrt calculation ot




contribution of various other facrors besides molecular werght to the vise

costty. Consequently, viscosite cannot be ysed direc tly ro determine the
molecular weight of polymers. The cquation relating viscesity and molecu-
lar werght contains two constants, Ky and g, which tave to be determined
empirtcally for cacli tope of polymer and which vary not onlv with the tem-
perature and the solvent but abso with the chain lengeh iselr {Refs 23,
Afthough the values for Ko, ard a have been determined for celiufose ni-
trate and ceilulose acetate, in the case of the nitrate-acetdte mixed esters
no such information is available. Therefore, the use of viscomerry rvoin derer-
mining the molecular weights of nitrate-acetite mixed csters would seem a
very questionable choice. Viscometn cortainly could not be considered as
dependable as, for example . the mers dircct methods. osmometry and ulira-
centnfugation. Unfortunately . viscometny nas the only method avatlable

Juring the course of this work,

Having no other alternative, the possibiliry of using the ntrinsic vis-
cosity data to determine the molecular e 1ghts of the products was inves-
tigated. Evidently this is nof an easyv task . mﬁ' the approach nf{'-«.'c-i in the
following discussion is onlv tentative, bemng justified simply by the lack
of a betier procedure. It would be perinent gt his point to mention briefly
one previous publication (Ref 131 describing the preparation of cellulose
nitrate-acetate mixed esters in which the authors claim the Jdetermination
of molecular weights from intrinsic viscosity daia. However, as 1s shown
below, their mathematical treamment is nor ac ceptable, the fundamental
error being that Equation | presupposes no change in molecular weight in
going from the starting material {cellulose acetate? to the product iceltly-
lose nitrate-acetate). Conscquently, ia a roundabout wav, they have simply
determined the molecular weight of the starting material, cetlulose acetate.

Thev proceeded as follows:

I, N
i 1)
N
/0 INNSIC viscastty of celly acetate {1
1 o .
/i S hi T TR sty of cerlulove niratesacetate product
K Staudinger constant for co sSe acetate




Tho value of K was then substituted 1n the Mark-Houwink cquation

where M was supposed to represent the molecular weight of the produce
nitrate-acetate. It is evident, however, that if the value of K, in Equation
1 is substituted into Equation 2. this results in the cancellation of 41,
the 1ntrinsic viscosity of the product

17]} K [yl Y

mU
7’ 32

gl =K, »* (3
™,
Therefore, M in Equation 3 stands for the molecular weight of the starting

matertal, cellulose acetate.

Conscquently, since ne information can be found in the literature in
regard to the Staudinger relation for cellulose nitrate-acetate mixed esters,
the only possible means for estimating viscositv-molecular wetghts for
these mixed esters will rest completely on speculations based on the
known relations for cellulose nitrate and cellulose acerate. In the case of
celiulose nitrate, 1t has been shown by Wannow (Ref 259 that the intrinsic
viscosity [5] rises with the attrogen content of the sample < Fig 3. pis L
This increase in (3} was not onlv caused by the increasce in molecular
weight due to the introduction of additional uitrate groups but. as could be
anticipated. by a marked change in the theological properties of the mole-
cules in solution. In order to make use of the intrinsic viscosity-molecular
weight relationship for cellulose nitrate samples of different nitrate substi-
ttion, Lindsley ard Frank (B f 26) have proposcya that the intrinsic vis-
cosity of the sample be corrected to that of cellulose trinitrate | fplosugs

gested as a common reference, and that this value of j | he mserted in

Equation 4 for the calculation of the molecular weight,
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Iy}~ Ohaerved or calculated intrinsic viscosity for the sample of

celluiose nttrate

Qr[l.l — Adrusted intrinsic viscosity for the corresponding cellulose

trinrate
K. = Staudinger constant for cellulose toimitrate
ia = Taken as unitv
N = Nitrogen content (%) of the cellulose nitrate sample

Consequentlv. b simply multplying the sample intrinsic viscosiny by
a factor Ry, ttself a function of the degree of substitution (Fig 4. p 19),
A value 1s obiatne  for the tutrinsic viscosity which can be tserted into
Equation =, The best value of K. for uniractionated cetlulose trinitrate
material in acctone appears to be 19,4 = 1077, This value is only pro-
visional, however. since Km 1s a function of e polvdispersity of the .

sample.

it has been reported (Ref 223 dhat, in contrast to that of cellulose ni-
trate, the mrinsic viscosity of cellulose acetzte in various solvenis,
mncluting acetone, haprens to be a decreasing frnction of the degree of
substitution (DS This findmg rested on measurcments done on samples

4

2.7 In accrere, however, the fecreasc in vis-

ratngtag in DS from 2.2 1o 2

costty was only about 77 for this range 1 DS The K values for untrac-
. - DU )

ttonated cellulose accrate, taken from the da of Howletr, et al (Ret 22

were plotted agatnst the degree of substitation iFig S0 p sol and the

. ! . 1 + . Y .
stratght Hine obtained by the wethoo of last squares was extrapolated to

a DS 30 The extrapolated K value T por cetlulose trracetate
tn acvtone o summarize the wtornation avatlable at present, 1t scems
H R
that the beso N values Tor untracnonate b cellulose tnorerate and celiu-
| 1 - '
fose triacetate moacetone are T o] anad 2, ! Crespuectively.

' 3 } 1 ’ - [ . 1T .
the o pendence of these K vatues 1o Sor denmanves on the depree o
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van be estumated 1o more than one way, depending on what assumption one
wishes to introduce.

The simplest approach would, of course, rest on the assumption that the
acetate groups in the mixed esters bring a contribution to the mtrinsic
viscosity comparable to that of the nitrate groups. In such a case, then,
the intrinsic viscosity can be adjusted by means of the Lindsley and Frank
trcatment according to Equations S, 6, ana 7 to vield [, ). However, the
value of N would be that corresponding to the total substitution, i.c., that
of both nitrate and acetate groups. Evidently it would be anticipated that
such an approach is unrealistic since, as was shown above, the K values
for cellulose acetate and cellulose nitrate differ by a facror as high as S,
and in addition, these two derivatives show opposite dependences of sub-

stitutior: on their respective K values.

m

A second approach to the calculation of molecular weights for nitrate-

acetate mixed esters would take into account the Km values ot cellulose

nitrate and cellulose acetate. Then, on the assumption that thise K val-

ues are not changed by having both functional groups in proximity on the
same molecular chain, one would be justified in using their weighted value

in the Mark-Houwinck equation 1s shown in Equation 8.

Iy} Dp (8
DS . DS
“j&" l.\m ¢ "‘l }\m}
Ds DS
t t
DS, - Degree of subsntutton in nitrate groups
DSp = Degree of sabsnitation in acetate groups
DS, = Towal degree of substwuton (DS plus DS
PP~ Degrec of polvmerizanion
K., = Staudinger constant for cellulose nitrate for vdegree ot subsu-
tution correspending to DS L These R ovalues were taken trom
Rannow’ < data (g 3, pash,
[N Staudinger constant tor cellulose acetate tor ad ¢ ot subst-

tution corresponding to DS U These K values were taken

Howlett'  data (Fag S, p S0,




tgl — Experimental satunsic viscosity, &1, obtained from a suespoint
determnation and application st the Baker- Philipoft cq.xazmn as
shown 1n Equation §

Bigs - 1)
C

7 = Relative viscosity

b4

€~ Ceneemration in gram per liver.

If for the moment attention is focused on the intrinst. vi 1scosity alone
fTable S, p 30), it is observed that [3] decreases with the time of reaction
iExperiments 1-3 and 10-12). Also. while acetic anhy-iride does not bring
about any lowering of the viscosity (Experiments I, 4. and 7). perchloric
acid 15 very cffective in this respect (Experiments 4, 7, 8, and 7).

The degrees of polymerization corresponding o these viscosities were
obtained as follows: for the nitrate-acetate mixed esters (Experiments 16
and 146-121, use was made of Equation S: for the products containing only

the nisrare fuaction (Experiments 7, 8, 13, and 14}, the Lindslev-Frank

‘method of calculation was applicd (Equations i="% in the case of cellu-

lose acerate {Experiment 15), a K, value of 1,01 < 1077 taken from the
curve (Fig S0 p 90y was used. It ximu’ be reavizedd, however, that these
methods of caleulatton are anly valid for degrees of sebsttution above 2
This stems from the face rhat the Linds h,_ -Frank relation becomes very
maccurate &t nitrogen conients below 117, The reason for this lmitation

ts evtdenr from examination of Figure ¢ p %0 The derivatve 1R. N

takes up increasiogly large values i gome toward lower nitrogen contont ~.
Hence, below 117 nitraven, the experimental crror 1n the eterminarion of

the nitrogen content introduces excrssive fouatons i the ce~eling R

values In atlirion, for Tow degrees of subaritution the ~olubilite of thewe
celtulose femvatives in acctone vven ar o Concentration 1~ ncwer Com-
plete an i i nltraton step s necessary o remove the maolubles, This on-
platns whe no degree of polvaenzaton vatues are quoted for Experimons 3

an iy,

Phe resales crven m Table @ Clear® Wb w rhat acens Laton of cellufon
mrrrare un for the con frrrons dosorbo tra e s work Jeads to degra laton of
the polvmer oo an b almost o complore o Dromg of the aceral bon b weey
e astne amoeunts of perchlorte acr o To mmrmree such degrafatnion i the
Proparation of the muxed esters, the reaction tme, porchlonc aord conrent,

anacoe anhv frede conreat shoud d be hopr to a cnmimum., Henoe, e woad

o
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probably be advantageous 10 modify the procedure by adding both the
acetic anhydride and perchloric acid dropwise during the reaction.

Experimeats 10—12 in Table S {p 9\ which refer to the nitration of
cellulose acetate {DP 340), demonstrate the strong degradative effects of
nitric acid as 2 reaction medium. After 16 hours reaction time the average
degree of polymerization value has dropped to less than *; the original
value, and the degradation reactions are still proceeding at 72 hours reac-
tion time. Since degradation of the chains still progresses at long reaction
times, this would suggest that the nitrate-acetate products are being split
in contact with nitric acid. It would be interesting to know whether the
starting material, cellulose acetate. and the nitrate-acetate products are
equally sensitive to degradation under these conditions. Evidendy, such
inforration would help greatly in determining the optimum conditions for
the preparation of the nitrate-acerare mixed esters by this method with a
minimum of degradarion. Considering that a large excess of nitric acid was
used, the dcgradation process should have proceeded in accordance with
first order kinetics if no selectivity occurred during the destruction of the
acetal bonds. Using the average number of acetal bonds avatlable in licu
of the concentration. and applving the integrated form for a first order
process {Equation 10), the rate constants k were caleulated anld therr
magnitude was found to change with time. as shown 1n Table 6 ip 300

5
20 log .2 i1
t a-x
a avatlable posiuons on anhvdroglucose unit ar beganing of perniod

a — x avatlable positions on anhvdroglucose umt at end of periad

~

tume, or length of period, n hours

There 1s a significant drop in the rate constant k facter of S gomng
from 15 hours to 2§ hours reaction time while, for the remaining 8 hours,
the rate constant remains practrcally the same. This change i the rate
constant from 19 hours on cannot be explamned by a change in the mitranng
medium brought about by the nrogress of the reaction. Nitric actd was
used 1n such a large excess “hat s concentration varred onlyv neghigrbly
anl. smmilarly, the total water content an thas mediam i nor change o
anv significant exeent from its nroal value, One oo then ot o believe
that pos<ibly 1he nitrate-acetare mned ester produces are fess seasinve

to depratanion than the <tarting cellulose acetare. This morease

s
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resistance to degradation may be caused either by the presence of nitrate >
groups in the molecular chain or, as seems to these authors more probabie,

by a higher degree of substitution in the products (DS 2.9} than in the

cellulose acerate (DS 2.45).

If this speculation >hould prove to be correct, it would then be expected
that using cellulose triacetate instead of the commercial cellulose acetate
used for this study (DS 2:45) should lead 1o much less degradation of the
chains under the same conditions.

Hygroscopicity

Since dimensional stability in propellants is closely connected to the
moisture uptake or regain of the binder, hygroscopicity experiments were
conducted at a temperature of 20°C and a constant relative humidity of

7%. The profiles of the hygroscopicity curves are given in Figure €
{p 51}). Except for cellulose acetate (DS 2.45), all of the samples reached
their equilibrium absorption before one hour of exposure at this rempera-
ture and humidity level. At this point, it xould seem pertinent to recall a
hy pothesis formulated in 1926 by Will (Ref 27) which stated that the ab-
sorbed water in cellulose nitrate esters is fixed by the free hydroxyl groups.

A simple linear expression was found which relates the hy groscopic ab-
sorption H, in prams per 100 grams of cellulose nitrate, to the nitrogen
percentage of cellulose nitrate esters. This relation. known as Will' s

rule, states that the sum of the hygroscopicity (%) and nitrogen content

(2 values of any cellulose nitrate ester should give a constant. 14.5, as

expressed in Equation 1.

H 136N (1

This rule rests on a great number of experimental investigations carried
out at 25 C and at approximately 1007 relative humidiey. Later on,
Démougin. who carricd out further invesrigations on the subject. concluded
that Will" s hvpothesis can be true only for low saturation of vapor where
probablv only chemisorption would be acrive (Ref 281, Whatever the tunda-
mental relation beoween hygroscopicite ani degree of substitution (DX for
cetlulose dervanves mav e, e is nevestheless a fact that, in the case ot
cellulose nrtrates, a very simple madhenarical expression can adequarels
expross this relation. However, of Wil < vpothests, el the absorbed
water being fixed by the free by droxs b zroups alone, is correct to a tirst
approximation. then the simple relation as expressed by Fquation 1]

should il persicoupon replacement ot some of the nitrate groups with




other functional groups. This extension of Will's hvpothesis was 1ested
with some of the cellulose nitrate accrate samples prepared as described
carlier. As Figure 7 (p 52) shows. a linear relationship was found between
the percent water absorbed and the total degree of substitution of the
cellulose nitrate-acetates. The dara fit ¢ - simple linear expression
(Equation 12) similar te that of ¥ill.

DS — Number of substituents per anhydroglucose unit.

It is evident from Equation 12 that, for a degree of substitution of zero
{t.e., that of cellulose itself), the hvgroscopicity value is calculated to
be 7.15%. The hygroscopic value for cellulose under 2 relative humidity
atmosphere of 70-75% extracted from Démougin’s woriz is ~.0-7.3%, which
is in perfect agreement with Equation 12. This could of course be a coin-
cidence and certainly more work is needed to confirm these results.

Tensile Strength

Films of cellulose nitrate-acetate mixed esters were cast from cthvl
acetate, and their tensile strength was determined on an Instron Tester
under constant load. For these samples, which were prepared by acetvla-
tion of cellulose nitrate. an apparent correlation was found between the
degree of substiwtion in acetate groups and the tensile strength, As Fie-
ure 8 (p 53) shows, the tensile strength decreases with an mncrease m
acetate content. The least square hine through the expertmental poins

~obeys Equation 13,

Tensile strength, pa 17,300 - 7 100 DS o 1

By way of companison with these values, which were obrained tor cclalose
nitrate-acctates, the tensile strengrh of the cellulose nirrare usc i the
svathests (DS 2.3) was tound to be 1P 90 par which 14 pood apreenent
with the value of 12,500 psi frequently quoted by other authors Ret 1o

It 1s interesting o note 1 this connection that the values raken trom the
ltterature apply to films cast from an acetone solutton, wintle for this srudy
the films were cast from cthyl acerare. Vdhough v has often boen ob-
cerved that the castng solvent s an amportant parametor 1 tensile streneth
measurements, o would seem thae cthv D acotare and accrone conteare the
same overall cohestve energy towards celluiose artrare an fhenoe those
solvents court beinterchanged withour <ubstanaal otteor on the ool

strength values,

it



It has been reported (Ret 20 that cellulose acctate, 32,87 acctic acid
vield, ander expenimental conditions very close to those ased in this study,
vields films haviag an average tensile strengtlr wid elongation in the
neighborhood of 13.000 psi and 57, respectively. In addition, the ensile
strength did not change to any significant extent when the films were pre-
parcd from fracuons ranging in DP from 20 down to 82, For all practical
purposes. then, the cellulose nitrate and cellulose acetate unplasticized
films have comparable tensilc swengths. approximately 12,500 and
13,000 psi. respecuvely. If we compare the results shown in Figure 8
'p 53j and Table T ip i1) with these values, it would appear that nitrate-
acetates with fow DS 1a acetate can form films as strong as or possibly
stronger than those of either cellulose nitrate or cellulose acerate. With
regard to the apparent correlation exhibired i Figure 8 between the wn-
stle strength and the DS in acerare. the authors cannor at this time decide
whether this relanonship is real or only cotncidental. No really convincing
arguments can be advanced to explatn such a trend. For example, 1t cannot
be explained on the basis of molecular weight variation since the relation
cannot be extended wo cither time of acetvlation or ntrinsic viscosit of
the nitrate-acctates. Neither could ic be explained by invoking the concept
of hygroscoptcity of the films twater plastacizing acuon) or the extent of
solvent retention 1n these films. In atiiton ne similar reladonship could
be observed with either DS in nitrate or roral DS The possibihies that the
relationship indicated in Freure 815 real cannor be disregarde 4 however,
more work 15 necded o clarity this pome,

The formation of films from samples preparad by nrtravion of cellulose
acetate proved to be extremely Jifticuin. For most rrals, the films couid

e L 1
not be removed from the glass plarte. 1hey adre oo britde and w-aally

B
-

broke tato small preces. Only with vne ~anpic could films be prepared anld
tested, As Table 7 shows, the tensile stronem s very Jow, adicaune char

this sample has a DP approaching the croical value.

Impact Sensitivity

1

The impact sencrtvinn of the ceflulone nirate=roetite mixe & osfors was
measured oo a Prcatinny Arsenal machime asing a teo-kilogram drop werehi,
The procedare used has boen Tosonbe Do wonad before (Ret 300 The -
pact test values quoted ot report oo on o the snmmum horehican
mches from which the mipacc of the dohios weteht Causes onplosion of the
sample moat feast one of e mal Iy fBes ot e Shock sensarin oy ot
propellants, atte apts have been mado o rolare sensrovy to cortain pios

pellant propertic <. For exvanple, ar Yilcesm Badirsoe Laborarers Ret 43




1t has been proposed that the card-gap sensinvity of propeilants could be

related to the hear of explosion according to the following cauation:
H E Y

V.oA-B- W -V Ry
v card-gap value -
\Hg heat of explosion of binder plus the solid oxidizer
Aand B constants which apparently characterize the oxidizer
v, specific volume of the propellant

In an attempt (o find a similar relationship. the heat of explostion of var-
ous cellulose nitrate-acetate mixed esters prepared in the course of this
study was plotted against the drop height in inches. with a two-kilogram
weight, necessary to produce an explosion (this value being preportional
to energy); and, by means of the least squares method, a line was then
drawn through the experimental points as shown in Figure 9 {p S47. A rela-
tionship seems to exist although a large deviation is observed. This func-
tion is given bv Equation 15.

H 258 - 0,08 \H, t1%s
H drop height 1n inches (2-kg wr)
\H heat of explosion. Keal mole

A much better relationship was foun i, however, between the degree of
substitution in aitrate and the drop height or encrgy as shown in Figure 10
ip 55 The strarght line through the experimental points was obrained by

the method of least squares and obevs Equation 16.

TR S L T

3
3
If extrapolation of the curve hevond the experimental points 1« valid, then
these values would lead o the predicton thar the sensitivin of cellulose

trinitrate (DN 5 would be approximarch 2.8 inches while tor coHuloae i

acctate, explosion or vielent decompositen would occur ar around 27 mches,

Evidently, the curve in Frgare 11 7p S0 must bend upward for deerce of
substitution fnitrare below 1T simnce coliclone acetare 1~ known to he -

sensitive to impadct for drop herghrs over v mches.

It has been reporte b eRer 300 thar Colldose artrate whosd nitrogen «on-

tent vartes trom 1000 up to approntmate s oo well unfer the <

otdy iRt bk sl



experimental conditions give an impact svnsitivity valuse of 3 inches, which

is surprisingly close to the cxtrapolated value of 2.5 (from Figure 10). Con-
sequently, it can be said that nitrate-acetate mixed esters are character-
1zed by a resistance to impact significantly superior to that of cellulosd®
aitrate of military grade. It is not possible, however. to reach a definite
conclusion as to whether this increased resistance to impact is simply due
to a decrease in the number of nitrate groups on the anhvdroglucose unit
or whether the presence of acetate groups is largely re-ponsible. Some
arguments could be advanced in favor of the latter point of view. For exam-
pie, as is pointed out above, in going from a cellulose nitrate with nearly
theoretical substitution down to 12.6% N (DS 2.4-2.5), the impact sensi-
tivity was the same, 3 inches. It has been found recently in this laboratory
that cellulose nitrate of 11.6% nitrogen (DS 2.1) has an itpact sensitivity
of 3 inches. So, for cellulose nitrates, dc—crcasmg the number of nitrate
groups per anhydroglucose unit from 3 to 2 does not produce anv change in
impact seasitivity wkile, in the nitrate-acetate mixed esters, the same
degrec of substitution jn nitrate raises the’impact vaiue to 10 inches. In
addition, closer examingtion of Figure 10 {p 55) will show that the (wo
points below the curve (DS 1.7 and 2.3} 2orrespond to samples with low
substitution in acetate (Table S, p 42). Thi< again could be taken as an
ir fication that the acetate function in the polymer coull act as an efficient
stamb relauve to the hydroxylic functiorn.

.

Heat Stability .

-

An examination of the i mcrature reve als that mam proceduies have been

developed to evaluate the szabllu} of organic nitmates, thacis. their resist .
ancc to spontancous decomposition. Of the three metheds currentdy in use.
the 134.5 C heat test, the Bergman-Junk test, and the Tatiani test, the
last was considered most suitable for this investigation. This judgment
rested on the extensive work carried out jointdy by the United Sates
Forest Products Laboratory and Picatinny Arsenal (Ref 33) on the <tabilit
of cellulose nitrates. The interpretation of nitrate stability was found to he
strongly dependent upen which of these current methods 1s used in making
the measurements ince cach 1s differendy influenced by a number of vari-
ables. However, the conclusion was reached that the Taliant procedure
provides the wost meaningful interpretation of nitrate stability.

The apparatus and test procedure adopred some vears ago at Picatizny
Arsenal are essentially those established by Pauling and co-workers
(Ret 34y and desenbed in o Purcau o) Orduance Publication (Ref 350, In

this moditicd Taliann test, powder camples are heated at 110 € ia a




closed svaem. .
losed svstem, at constant volume, undes an atmosphere of nitragen o air

N o ) . .
ot ulffl.!'( at Lmdpusn:mns can h(' {;Ul’l’t;d[i‘x! E\‘ comparning lhi'l.’ ;‘!{"»\ﬁ:’t’ A
fime curves,

The pressure-uime cunves for a series of nitrate-acetats mixed ester sam-
ples prepared in the course of this work and a sample of the starting cellu-
lose nitrate are grven in Figures 11 and 12 ipp Seoand ST,

On the basis of an examination of the thermal behavior of a numb r of
samples prepared through acewvlation of cellulose aitrate tFig 11 1e 1s
observed that four out of five samples tested have their pressure-tine
curves closely grouped, the onset of the accelerated decomposition rates
{used as end point} ranging from 120 to 155 minutes heating time. The
accelerared decomposition rate for the fifth sample was not recorded. From
the shape of the curve, however, it could be tentatively located scnewhere
between 400 and 500 minutes heating time. In contrast. the starting cellu-
lose nitrate has its thermal end point located ar 240 minutes.

For the sake of clanfication. 1t should be remarked ac this point that the
criteria commonly used to express stability or the basis of Taliant pres-
sure-time curves are varied and somewhat different irom the one chosen for
this study. In general, the stability is expressed by quorting the slope at
a given pressure in millimeters, by recording the time necessan to reach
100 mm pressure in the system, or by recording the slope at 100 minutes.
This lack of uniformity in cxpressing the thermal stability as measured by
the Taltani method can be understood from examination of a large number
of curves obtained for various compositions susceptible to thermal decom-
position. The profiles of these curves are extremely varied and no criterion
can alone satisfactorily describe the decomposition phenomena for a broad
range of compositions. For this studv. hoewever, the curves hate in genceral
been characterized by one very sharp change in the rate of gas evolution,
and the time at which this change oceurs, here called the end point. is

offered as the criterion which best retlects the thermal rabilie of the

samples.

The unique behavior ot the sample labeled 2 cannot he traced to the

substitution in nitrate, acetate. nor the na e ot reaction. € onscquentiv,

this coull be taken as an indicaton thar the Tower stabihiny of the

samples of nitrate-accrate mav be fue 1o causes other than structaral,

ble Causes tor the Jow srabithities, the stabtiisation

uther

Among various possi
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solytion of s dtum carbonaie for Lo frowrs abrer & predsmimany wash with

distfied waters That this milf Lase was offoo e i remot e the maror
portton of the restdual aceds v the sanpios with aoresuluag improvemen:
imosdbilery oowell tlastated in Table S 1 2t Howeter, no assarance

can he grven that the amount of base or tae of redtmen: was exten=ive

enough to remove all resrdual acid in the samples. Another aspect fo cons
sider s the fact the the . mixod oster samples were prepared in the

removal. This hvdrophobic solvent could have acted as a prowcnve shell

for swall amounts of acid during the stabilization treatment,

Only three samples of atrate-acerare mived esters prepared by the
alternaie svnthetc route, Lo, attrarion of collulose accetate. were avail-
able f:vr thermal stabilite swdies, As s imdicared m Table Yip 135 one
of the samples shows a stability 2t feass as zood as that of stabilized
cellulose nitrate while the second pives wo sian of decomposition up
400 minutes of heating tme. The cod point for the third samples 1s com-
parable to the end points obscerved with the Tour samples prepared by
acerylation of celwlose nitrate. Although there 15 apparently some cor-
relation between the thermal stalilin values for these three samples an

therr substitution patterns, in the light of the preceding discussion and

the himited number of tests, there Joes nor scem 1o be ~ufftorent su~tfiva-

tion for suggesting that this correlation 3w real.
Combustible and Consumable Cariridge Coses

When this study was initated one important objective was to investigate
the possibiliey of applving these collulose nitrate-acctate mixed esters as
substitutes for cellulose nrrrate i the manufacture of combustuble and con-
sumable cartridge cases. Towas reasone d that the presence of acewrv] groups

in the polymer might raise the deflagracon remperature and censequently

eliminate cook-off T during continuous tiring, Furthermore, the presence
of acewv] groups could poscablv improse hoth the thermal stabiiite and the
storapge stabilite of the case. On the o band, the restdue on i_znir.inn.
which t~ of fundamental mmportance 1 o e cnon with cartrrdee case
apphications, would of course marca o ar o subarrution ot acon ] groug
Evidendy, the upper tolerance Tomee v cveoin o subsrrrurion vy oxpocte
to be somewhat low tor true combustubic ©entdee canes, while tor con-

sumable cases this Trmrc coul b he rarae §ro conardorah, . heher saloes.




Conscquently, in addition to the intormation already provided on the
mechanical and thermal propertics, it seemed pertinent to include the

results of tests done on the explosion temperature. the heat of explosion,
and, finally, the residue on ignition.

Temperature of Explosion

The temperature of explosion was determined on four samples of cellu-
lose nitratc-acetate mixed esters covering a wide range in substitution and
on three sampies of cellulose nitiate having degrees of substitution of
2.1. 2.3, and 2.8. The determinations were carried out by means ot the
standard test (Ref 30) which simply consists of immersing hollow copper
cvlinders loaied with S mg of sample tnto a metal bath maintained ar the
desired temperature, and recording the ume at which an cipiosion of ilash
occurs. Although it has been common practice "o use 20 me of sample for :
this test, the results discussed in this report were obtained from deter-
minations done on S mg samples. The smaller samples were used hecause
the amount of material available was limited. However, since it has been

previously reported (Ref 42) that the time to explosion 1s verv nearly inde-
pendent of the size of sample, it 1s believed that the results are not af-

fected by this modification.

The temperature-time curves are given in Figures 13 and Fipp 58 and
S0y Each point on the graphs represents an average of five determmations.

The average standard deviation for the low temperature (210 C) determina-
tions was 10 while for the Figh temperatures 270 Oy with short time to
decomposition the standard deviation amounted to 1277, This reproduci-
bility across the whole range ot temperarures 15 considered exceptionally

good. when the crudity of the technigue 1 consrdered. The plots ohtained

with the three types of cellulose nitrare Thig 130 are indicative of an
cxponential function with an asvptoric value estumated somewhere between
30 and 210 . The nitrate-acetate mixed esters (Fig Ty give sumilar J

curves with the exception of the sample with the highest acetvl conteat, |
In thic last instance. the asvmptotic value apparenty hies close o 200 O

In fact, the results at this temperature were very erratc. violent decoms
posttion berng observed at 10 ~econ f« tor some determmations, while at

other times there was no sten of Jecompesinon alter S s conds tmmer

Ston,

The asymptotic values quoted trom the o oXPUriments mas fat e went
the Towest posstble exploston romporatines for the compoun fantor =it




They should only be regarded as represenaanie of the relanve case widh
which these x‘uz!}“uun{ reach uncongroliable i comp osttion. This opinon

-L

has alrealy been exprossed by Henkin anmd McGell sRef 20 e tr paper

on the rares of decompositton of explosines

All samples of celulose nitrate-acetates fitfered from the sam, los of
cellalose nutrate 1 thetr thermal hehavior e one major aspece. $bile the
samples of cellulose nirate literally exploded ar deflagrare ! o these tem-
peratures, the nitrate-acetate mixed osters Jud not ipnie but rather exhib-
tted decomposition with cuolution of smoke. This ditference m behavior
between cellulose nit=ates and celiulose nitrate-acetates even with low
substitution 1n acetyl can perhaps be explarcd n the light of the informa-
rton available from the literature. It has been known for some tme tha
when cellulose nitrate is heated above 180 Cooae will 1gnite atter a simrz
inductior period (Ref 305 This induction peried. called "tme lag o 1gni-
tion.”” has been found to obev an Arthenius-tvpe relatonship.

It has often been supgested that the controliing reaction e the complex
decomposition process i1s the dissoctation of the nitrate grouping. Study
of the thermal decomposition of cellulose nitrate by difterential thermal
analysis (Ref 43) scems to bear out ihis hvpot hesis, The thermogram ex-
hibits a sharp symmetrical exothermic peak in the T00=107 Corepron,
Other organic compounds containing the nitrate group for example. dhe
pentacrithritol series) show similar thermograms. However. the decompost-
tion of cellulose nitrate does not alwavs fead o rgnition. Churchiil an
his collaborators iRef 36) have found, tor examplel dhac under o strvam of
hot carbon dioxide or nitrogen gase s pyrocsHulose Joes ot ignite con-
sistently and have concluded that oxidation reactions are controlhig n
the meclianism of ignition. Conscguent’s . although the cellulose mrate-
acetate samples decompose v a fashion similar to that ot celludose mrate.

as 1s indicated by the similariee o the carves in Frgures T3 an by opp s

and SO, the former suppresses tgnition. esibly by the release of aceni
acid into the atmosphere above the <amplos which couli chanee the coms

position of the pas phase cnough o prevent reniten,

bis not probable, however, that acrn aoeivonlt be e leased throuch
f1vsoctation of the acotate groap. Tho roelvsas of orcanie e chite - o

vicl b unsaturation and acern acrt Ko N ovie e atenrtioant oty 1
the neivhborhoo ! of 300 CL Ao, Bittcroeia thoenag anal sis ot oot

Tose tridcetate Ret 370 prves a thormos R R TEE

Lar exothermie peak with the manemus Dot Bar D Cobonmequons . o

e




dissoviation of acctate groups in ceilulose nitrate-acetaic at the tempora-
tres used here, 210-270 € would be expected to be negligible. A sec-
ond possibility. however, would be that acetic acid is released during the
initial phase of the decomposition. through acid hodrolvsis of the acetate
groups. This hyvdrolysis would be promoted by the presence of a small
amousnt of water 1a the sample. At these temperatures and in the presence
of water and acidic oxides of nitrogen, hydrolysis could proceed extremely
fast. The saponitication of cellulose acetate by a solution of nitric acid
has been shown to proceed with an energy of actvation of 14.4 Keal mole
{Ret 441 Evidendy. the hydrolvsis weuld become immeasurably fasc ar the
temperatures used 1n these experiments (Ref 45

From these cousiderations, the mechanisw for the thermal decomposttion
of cellulose nitrate-acetate mixed esters as carried out under the condi-
tions of the explosion temperature tesi is ienratively submitted as pro-
ceeding according to the following sequznce of events: the aitrate groups:
are, upon absorption of heat, dissociated (or possibly hydrolyzed) to pro-
duce nitrogen oxides following the same kinetics of decomposition as are
observed with cellulose nitrate. After only a small amount of these nitro-
gen oxides are ‘ormea, the fast hvdrolysis of the acetate groups occurs to
form acetic acid, which is released above the surface of the sample. The
prescuce of acetic acid in the gas phase would result in a dilution effect
in the mixture of oxy gen_and the reactive gases which would interfere with

the oxitdation reactions,

Some very interesting information was obtained when the data of Fig-

ures 13 and 14 (pp 5% and 301 were fitted into an Archenius-type equaten,

l.
oy RY (1
af)
# ume lapg roognitgon
I N energy ot activation
A frequency factor
% o
l.ng e R Fog A 1Ny
D a0sR 1

Plots of Tog © versus the reciprocal of absolute temperature tor cellufose

nitrates an | cellulose nirare-acetate mised esters vield the curves shown
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the methiod o3 Jeass squaren. The CReTEIC s o actanen b gnd rige -
queney tactors 23 were calvubated 4 the alues are grvenoan Fabl ]

P Ao orfing to the darg on gl nrafe. borh the COroy ot gt

vaton an i the frequency factor hate 3alues Proportonal o the ~abharrgron
monntrate. This s i Contraticrion to rie

Mol Ret 30wk

- ahoobseried that swo sampies of cellulose nireare ol
leprees of suhsté{uzimz ot Jopand 2os
of

resalts reporte f by Heabon ag

respoctivelv, were charactertecd by
the same energs activation of 26,5 K41 "Kef il However, the magns-
twde ul By foun? in the rresent work 25— 30 Kealt s comparable o thie
value of 26.5 and 10 turn both values are sebstantiallv Jower than those
found 1n the thermal decomposition of aitrate esters in gencral which, de-
peadiag on the nitric esrer. raﬂgc" from 31 ro 40 Kca! mole. These s

values are associated with the ener v oreguired for the fission of an 0=\
bonl in agreement with the value of 3% Ko a! reported for the dissociation
encrgy of the O=N bond from Spectiroscerte fata, Svimilarly. the temperatire-
wdeperfent factors 1A ohserved for (e thermal tecomposition of nirrate
esters are of an order of magnttude 100 - 1Y sipmificantly higher thans
those observed i the present work for collislone nitrate 100 = 105  on-
sequenty, one would be more justtiedin regarding the medhanism of le-
composition of cellulose nitrate ant rher nitrate esters unfer the condi-
rtons of the exploston tempoerature fostas proceciimg through hv drobo e

of the nitrare tunction rather than be 1 wmple thermal dissociation of the

O=NCThis view appears well foan b ! ahien one constders tha

the 1otiva-

2

tton energy for the by drolosts of alipnane nerare osters sanses hetaen
Jhand 24 Keal mofe Ref o

Examinanion of Table 4 reveals thar se acinanon cactey  F vans

frequency factor A values tor the o Hulone nrare-acetare samplos bav
magmtu fes comparable o e values ob e aaeh cellulose artrate an
that, excepr for one samplo, the ~hirre o, boy ant A walues tor nn
cellulose nirrare-acenates seem to b timctmons of the sabet o 1
nrtate yroups alone, This s herrer woon shon the energy of activarion
R o the troquency tacror A plosne §uersas the sabsnireton
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NITate of the same JCETer of SABSTITUTION I TUTAe Sroule RITh to s ! te

the explosion temperature.
Heot of Explosion ond Residue on Ignition

The heat of explosion and the residue on 1ga1ton Rere determmed tor a
few samples of the cellulose nitrate-acetates. The rescits of these ests
are given in Table 11 'p 45 All samples burae? under an mert armosshere.
The lowest value 1339.3 cal ¢ tor \H; corresponds to a sample contain-
tng DS 11 INOy1 and DS 1.8 /O A¢, The restiue on tgnition tor this sample
s evidentdy oo high for 1t to be conssdercd as a posstbic cant fate tor a
trufy combustble cartrripe marcerial, Toacel s aprear that coelialose niraze -
ACCLAte MINCS CSIUTS CORTAIMING JP fo 0Nt dCenile grour por anh drogiu-
cose untt could, under gun firtng coniittons, pive clean burang athout

the formation of excessive smoke.
EXPERIMENTAL PROCEDURES

Nitration of Cellulose Acetote

n ~

Cellulose acetate 27 g, 0.07S mole' of 34187 acety! content, corres-
ponding to a DS of 24S, was addcdro et ml of OR77 thy wershr natric
acid and the mixture was kepr ar room remperature tor sinteen hours with

occastonal stirring. A the end of tins pertod, the mintyre was pourced with

strnng imto D lirers of water contarmng crache forees The producr was
tsolatcd by filtration and washod on e trlrer with nsndled warer, The

product was then botle d tor 4 hours 1 warer an ' for an athional 4 hours
i a .01 M agueous sofum carhonare solutten, and was then niltere Dand
further washed with hienlled warer, The producs was dned by heanne o
S C tor 3 hours unter reducet prosarc, Analvsiss No S s S cHLcO)]

2T Corresponds o €, HLOCNO 0 CHLeO L Thies oxpenimiont
was repeate b the same temperatare but worh roacton nmios of

72 hours.
Acetylation of Cellulose Nitrate

To cellulose mrrate S0 o0 T mode T mitrogon corre poen iy

. . ; ) . (. .
toa DS ot M3 suspende Dan 120 ml ot mormcdore chion el D o acetn

L1

anhvadrrde was g tiehant the mrnture wa o aeatate Fros P omanmtos al Dowa

’ i i ' - TEVE T T
temperature, Phis was tollowe f by me e mon ot 0% s of b

ric act b ant by hoanae to rotban o Ve lt o et L o G eI T
] i ! 090 .0 @ pocf i
Foolutron of brown fume = was obee ve 1o mnne e setiusiny jore M

product was tsolarc F b tibreanon s w
»
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chlorrde, arr fried, then washed with soucous sodium carbonate ani, tin-

by owrth fisndle D warer, Arter the profucr was boslet tor  hours 1 wartes
tollowed by 4 onoars borb e a L01 M aqucous sodtum carbonare selunon,
was filtered and further washed arth diselled water, The prodact was dned

|

b heatipe at S

S5 for S hours under reduce d pressure. Amahosis N L
CHL OO, S S50 Corresponds to CHOONO - D CH OO (I goaunher
of experiments the followine paramerers woere rarted: ame of readtion,

avens anhvdnde contents, and perchlonic acnd content.

X-roy Diffraction Photographs

The X-rav diffracoion patterns were obtamned trom o Phibips Elecorome

Corporation X-ray unit, with Ca targetand Ny clrer, The powdero ! samples,
£ 1 !
mounted 1n a captllary and rofarcd. were exposed tor Ui heurs. The meas-

urements were Jone following the Debve-Scherer technique.
Viscosity Determination

Reagent-grade acctone was further punitied by keepme 1t overnight over
potassium permanganate tollaacd he finndlanon over calowm seltare. The
distHate was kept over calium sultare overmgho and then disolicd o g

dry flask and srored.

Dilute solutions ot the ~amples i acetone 1 eram por biter aere res
pared and rheir viscosing was determme Vi oa Cannoa-bUBbelob o viscomerer
ar 25° - 01000 The relanive viscostry calue tount ar this concepfrafion
was then entere dinto the Baner-Phibipont cquation Pguarion V1o prve

INLINSIC VISCOSIIL .

i
Nt .
I . &
{
i foraltnt *
{ EETTINCRIY S S| lites:
Hygroscopicity
The samples had been provrou=de v 7 Cumter 4 duve b oo
of 0.7 mme A quanoiey of these &0 0 arprostmatels Deram rood

nearcst mtllreram, was worghed i oo woehm e borties ant atees
quentlv, placc b a consrant tompone g Coan Rt
OO Tor v rtats Time Pertodss 0010 00 o and b hoaras Phe camomewoache

Wae fhen toenr e fan poroant of e orretnal worehr,
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Tensile Strength Mcusurements

Preparation of Films

A werghed quantiey of cach sample was fisseived i reagent grade cthvl
acetate to form a (.77 solution. By means of 4 variable thickness Spreadcr,
the solution was spread on a 1o-bv-"0-inch glass plate which had been pre-
vieusly theroughly cicaned wnd made tree of fust. The solvent was let:
cvaporat:ng at room temperature overnght. A trickle of water was then
peured on the dry film to facilitate its removal from the plare. 1-bo-S-inch
strips of film were cut with a scaple knife and conditioned for tao wecks

In a room maintained at 25 € and S57 relative humidite. Oaly films having

. thicknesses between 0,901 and 2.0015 inch were used for tensile strength
measurements. }
The 1ndividual strips of film were pulle i n a recording instron tenstle ’

tester with a S0-pouni scale load and cross-head and chart speeds of
2 inches per minute. The distance between the jaws was kept at 2 inches.
Fifteen strips of {ilms were puiled for cach sample. Those films ahich

i

showed =vidence of slippage or which broke at the jaws were notincluded

in the resales,

. Impact Sensitivity ;

This test was Jone with a Picatinay Arsenal apparatus on S-myg quant-
ties of sample tor cach trial. The procedure is descrtbed o detarl o

Reference 306.
Heot Stability Test (Tolioni)

The apparatus and test procedure adopted for determining the rates of
decomposition at 110 C are deseribed in Reference 35, The powdered
samples (0,100 g) were heated at 11O € ma closed system at constant
volurr, under an atmosphere of air and in contact with the gascous decom-
position projucts. Every half hour, the pressure developed i the svstem

was recorded in millimeters. Each sample was run n fuphicate. As s men

tioned carly in this section, the samples had been previoashv stabilized s

boiling for 4 hours with a 0,01 M aquecous solution of ~odam carbonate.

Temperature of Explosion

(A

This procedure is descnbed o fetatl in Reterence 39, Ten hollow oy

. o . 1e YRS e
per evlinders iNo. 8 commeraral blastong capstwere foaded with 0 00s ¢




of powdered sample cach and the samples were compacted zentdy. The
loaded caps were then immersed in a metal bath, and the temperature and
ume of immersion required to cause cach to flash or explode was recorded.
The apparates censisied of a muluple-unit clectne tumace, equipped aith
a rheostat to control the temperature and a calibrated thermocouple 1m-
mersed in the molten metal bath. The bath 1tself consisted of 7S ¢ce of an
allov tmp, 65.3 C) of the following composition: 307 bismuth, 257 lead.
12.5% nn, and 12.5% cadmium.

Heot of Explosion ond Residue on Ignition

These determinations were Jone on 3.0-g samples using a regular Parr
Calorimetric stainiess steel bomb of 350 m! capaciny. The samples were
exploded under helium at a pressure of thirty atmospheres.

Nitrote ond Acetate Determination

An analyucal procedure based on infrared spectroscopy was developed
for the quanttative Jetermination of nitrate and acetate groupings in celle-
lose nitratc-acetates. Accurate weights of the samples, previousiv dried
under vacuum, were Jdissolved in speciro-grade tetrahydrofuran to make an
approximately 0.5 solution. The Jeterminations were done on a Perkins-
Elmer Double Beam Model 21 spectrophotometer cquipped with sodtum
chloride optics. The solutions were transferred into calibrated colls wirh
lead spacers and compensated with pure solvent in the reference beam,

1
-1

The peak heights for the absorption banis at 6.y (104 em™ b and 5.7

(1755 em™ ') were measured and. from comparisons with standard curves
established with cetlulose nitrate and cellulose acetare, the concentra-
tons were calculated. The concentrations capressed as percent NO - and
percent CHLCO can be converted w degree of substtution by means of the

simple reladon

AT

nS NG, P (10
R 154
DS CH OOy Y08
R li‘.y
X percent by werght ot cotro group o sample
¥ percent by werghr ot el group o sample
R percent by werght -t resedue C RO 10 sample

R 1 - N -y

rv

- e
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Sample

s

10

1

Acet:c Anhydride, g

None

Added St-ichiometry®

1.6
1.6

I.s

TABLE 1

U.20

0.20

0.08

0.04

(1,08

J 20

None

,\',“!‘!'

(.20

. . N . I 1 B
Milltiliters of acetic anhadride ke ubaied 1or ¢
X

function and the water pre

nt in perchloric i

S

Perchloric Time,

Acid, ml Hours

0.3

1

[$]

16

G

-0

16

Substitution

Acetylotion of 5.0 g Cellulose Nitrate, 12.3% Nitrogen (DS 2.3)
Solvent: Methylene Chioride (Reflus)

I8

2.3

9,3

0ad

0.1

O,

w
RS

None

Nitrote Acetote Totol

26

3.0

2.3

2.3

orgplete reacton with the b droovl




TABLE 2

Acetylation of 5.0 g Cellulose Nitrote, 13.1% Nitrogen (DS 2.6)
Solvent: Methylene Chloride (Reflux)

Acetic Arhydride Perchloric Time, ____Substitution o

Sample Added Stoichiometry” Acid, ml Hours Nitegte Acetote TVTotal
13 2.0 L0 0,26 1 Jed 0.6 0
Li 2.0 1.0 .20 g 08 VRS 2.8
s 2.0 1.0 0.0 3 Sl {,s S
16 2.0 1.0 . )1} i et 0.5 200
- 2.0 1.0 0,20 S ‘o .0 L0
18 2.0 1.0 0,20 o 2.8 ()i 3.9
19 2.0 1.0 . 2u - 2.3 0.9 2N
Y 2.0 1.0 0,20 9 2o 0.6 3.0
21 20 1.0 0.4 1 A 0.0 oo
Ak 2.0 1.0 0. u 12 2ol Dats 0
23 20.0 1.0 0,20 1 Jud 0. a0t
R 20,0 & 1.3 1 0.8 oo 3.0
25%x 20.0 S0 1.3 1 (i.ty o { L0
26 20,0 3o None ] A None A
2" None 1.0 .20 ] S22 None S0o
None A 1.30 ] 1.1 Naone 1ot

.
Mellihiters ot weac anbavdorde cadculared tor vomplone reacrion wirh the byosross

tunction and the watcr jresent an porchlons aond,

Chlveotorm was usen s oolvenn tor thi ey oo crcthnng




TABLE 3
Nitration of Cellulose Acetate (DS 2.5) ot Room Temperature
Substitution
Somple Reaction Time, Hours Nitrate Acetote Total
Ju 118 I.1 1.6 R
iy 16 | | | 2.8
3l 16 1.1 1.8 2.9
3 24 | 1.5 2.9
33 T2 N 0.~ 2.9
TABLE 4
X-ray Diffraction Study
d(A)° Intensity
Cellulose .30 W broad
S.80 M
S.18 M
.30 M
3.80 VVS
2.57 M
Cellulose Acerate (DS 2,15) 9. 11 (Hale) M
S 18 M
3.43 (Halo) \S |
3,70 M
Cellulose Nitrate (DS 2.1) 9.03 ¥ broad
6.50 YV'S broad
.86 M broad
3.1 M
2.06 ¥ sharp
Cellulose Nitrate (DS 2.3 11,48 W broad
().-}() . V'V~ broad
3,85 M broad
3.4 M broad
298 W sharp
Cellulose Nitrate (DS 2.8) 1Ly W broad
(1 S2 VVS hroat
N0 A broad
3.000 W sharp
L0 M broad
D= W sharp
Cellulese Nitrate- Acetate (ol VS broad
(DN 22D 000 L0 M road
RS W sharg
Cellulose Nitrate-Acerate ol Hale A\
(DN 1,905 L.y .50 (Halo M
{ cllulose Nitrate-Acetate 004 (Haloo \f
(DS 1,1-DS 1o Lso (Halon \f
TR Spacing
38
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TABLE 6

Rate of Depolymerization During Nitration
of Cellulose Acetate by Nitric Acid

Period Time, Hours Rote Constont, k, Hrs ™~
0 - 1n 16 T (P
In — 2 S 1.0 - 1o
4= "2 i Lo - 10

] BRI RN 4

L3 ———— YR oo =

t 4 - X
4 DP ar beginning of pernod

4 =X DP arend ot pertod

t tme 1in hours




R
ne_ Loyl , :mf._ 1 ‘5 - < entu Is0[niiay
- - - 9°C L0 o'l 2
- - = s v 0°1 .
21P130F IS0N|[ad
- -4 oty 6% L N jo vonenny
. 0% 0s8°01 0% 60 i*c
"t N 0011 0% 8% A
SRS %0 0ul't] ary t°0 1 ‘
ﬁ
AN i°C 0L 9SGl 0°C ¢°0 U
| SIBNIU IS O[n[|a2
| 0% 0% 099°s 1 ST o T jo vonepiiaoy
:
uoiobuo|gz 7, uoiIoIAI(g &, 15d ‘yibuang apsua g joio} 30530y Qv 21npasosy
uouniIysqng

$13)S3 Paxip 34043y -20aiIN I50|n||3) jO :o_.umeo_w puo ...m:o:w aisuay

L378vi

)
i
|
i
]
]
|

ii
)




Impact Sensitivity of

TABLE 8

Cellulose Nitrate-Acetote Mixed Esters

Degree of Substitution Impact Sens:itivity,
Nitrote Acetote in. 2kg
23 (i3S O
O " 1
Do U8 10
21 0,9 10
1.8 3.9 I
1.7 0.3 Il
Lo LS 1o 1
I.1 1O I8 .

5
]
|
|
|
|
|
|
|

N .
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TABLE 10

Energy of Activation and Frequency Factor for
Cellulose Nitrate and Celluiose Nitrate-Acetate

Substitution EA' ,
Nitrate Acetate Kcat sec ™
2.4 = 20,4 1. jon
23 - 20,2 s -t
21 - 25.0 REEE T1E
2ot 0.4 7.8 SEEED FH
.1 0.9 234 o10°
2.0 0.9 29.0 I (0
1.1 1.8 17.¢ 1107

X
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