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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
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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-
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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:
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i 1)
N
/0 INNSIC viscastty of celly acetate {1
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/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.
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the o pendence of these K vatues 1o Sor denmanves on the depree o
