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I. IN T R O D U C T I O N  A N D  S U M M A R Y

The present paper is intended to be the first of a series describing an 
experimental study of the structure of cellulosic rayons, with particular 
reference to the chain length (degree of polymerisation) and chain length 
distribution of their molecules. Cellulose acetate rayons were the first to be 
examined, and difficulties soon arose owing to the fact that many of them 
differed slightly in acetic acid yield. It therefore became important to have 
available methods that could be used to change the degree of acetylation 
of a cellulose acetate without changing its degree of polymerisation, i.e., 
without causing any degradation. The use of such methods would enable 
materials of slightly different acetic acid yield to be compared with greater 
accuracy, either b y  bringing them all to the same acetic acid yield, or by 
studying the behaviour of a series of samples differing only in acetic acid 
yield, so that its effect could be eliminated from the comparison. With the 
extension of the work to the regenerated cellulose rayons the need for such 
methods became even more imperative, because it proved impracticable to 
use solutions of cellulose in the ordinary cellulose solvents for all the pur­
poses of the investigation, and conversion to acetate by a non-degradative 
process would permit the application of methods similar to those developed 
for acetate rayon.

Most o f th e  lite ra tu re  on m ethods of ace ty la tio n  has been concerned w ith  develop­
m ents of th e  processes used in  in d u stry  fo r th e  large-scale p roduction  of cellulose 
ace ta te , b u t  a s  these generally m ake use o f acids o r acid-producing  c a ta ly s ts  in th e  
p re -trea tm en ts  and  the  acety la tion  process th ey  need n o t be considered here  on 
accoun t o f th e  degrada tion  involved. T he m ethods to  be  discussed chiefly em ploy a 
m ild ca ta ly s t such as pyrid ine  w ith  ace tic  an h y d rid e  as the  ace ty la tin g  agen t. 
Zemplen and  L aszló 1 used  a  m ix tu re  of p y rid in e , chloroform , an d  th e  p a rticu la r 
chloride for p rep arin g  glucose and cellobiose esters of h igher fa tty  acids; B ehrend 
and R o th 2 used acetic  an h y d rid e  and py rid in e  fo r ace ty la tin g  glucose; and  Hess and 
Messmer3 ex tended  th is  m ethod  to  the  esters of h igher fa tty  acids. Cellulose w as 
esterified w ith acid chlorides of h igher fa tty  acids in  m ix tu res of pyrid ine a n d  benzene 
by  Griin and W ittk a 4, K ita  anti his co llaborators5, and  P ringsheim , L aran d  and 
W ard6; and w ith  quinoline a s  c a ta ly s t by  K a rre r  and  Zega7. In  these m ethods th e  
ace ty la tio n  was generally accom plished by refluxing th e  cellulose w ith  th e  reagents 
fo r several hours.

T he desirab ility  of swelling th e  cellulose before ace ty la tio n  w as stressed b y  E lod 
an d  Schm id-B ielenberg8; H ess and  L ju b itsch 9 h a d  previously  used a  sw elling t r e a t ­
m en t in  d ilu te  sodium  hydroxide solution, th is  being subsequently  replaced b y  th e  
ace ty la tin g  m edium  pyrid ine  and acetic anhydride , and  th e  ace ty la tio n  continued 
for ab o u t 40 days a t  a  tem p era tu re  below 70° C. T he resu lting  tr ia ce ta te s  were 
insoluble in organic liquids, and  th e  opinion w as expressed th a t  th e  m ethod  reduced 
degradation  to  a  m inim um . S taud inger and  E ile rs10 criticised the  use of th e  usual 
acid cata lysts , an d  found  by  em ploying a m ethod  sim ilar to  th a t  of Hess th a t



T I 2 4 i i — The Structure o f Cellulosic Rayons. Part I .  The Non-

tr ia ce ta te s  from  rayons w ere soluble in  certa in  organic solvents a n d  w ere n o t 
degraded, w hilst tr ia ce ta te s  from  co tto n  o r w ood-pulp w ould do no m ore th a n  swell 
in  th e  solvents. More recen tly  S taud inger an d  D aum iller11 have m ade ex tensive use 
of th is  m ethod  of ace ty la tion , an d  a fte r  hydro lysing  th e  tr iace ta te s  found no change 
in  th e  degree of polym erisa tion  as ind icated  by  v iscosity  m easurem ents.

M uch of th e  recen t w ork, w ith , how ever, l ittle  reference to  th e  possible occurrence 
of d eg radation , has been done by  S h ettle  an d  h is co-w orkers12. In  th is work py rid in e  
w as alw ays used as c a ta ly s t in  preference to  c ith e r quinoline o r d im ethylaniline, 
an d , as ace ty la tin g  ag en t, th e  acid  chloride was generally  used in  th e  presence of 
benzene. T he e x te n t of th e  esterifica tion  was found  to  decrease in th e  order ace ta te , 
benzoate, p a lm ita te , and  s tea ra te , a n d  raw  lin ters ace ty la ted  m ore easily th an  m ercer­
ised co tto n , w hich  itself a c e ty la te d  m ore  eas ily  th a n  viscose ray o n . In  S h ettle ’s m o st 
recen t p u b lic a tio n 13 i t  is s ta te d  t h a t  a  m ix tu re  of a ce tic  a n h y d rid e  an d  pyrid ine 
is th e  b e s t a ce ty la tin g  ag en t, and  th e  presence of benzene, chloroform , or carbon 
te trac h lo rid e  is undesirable.

The com plete  ace ty la tion  of technical secondary  cellulose ace ta te  has been dis­
cussed by  B ernoulli, Schenk an d  H ag en b u ch 14, and  by  S taud inger and  D aum iller11, 
who hav e  s ta ted  t h a t  a t  room  tem p era tu re  aqueous py rid in e  and  acctic  anhydride  
qu ick ly  form  th e  tr ia ce ta te .

In the present paper several factors affecting the acetylation of secondary 
acetate and regenerated cellulose rayons by means of acetic anhydride in 
the presence of pyridine are considered. It is shown that the rayons are 
not degraded when this method of acetylation is employed, and the depend­
ence of solubility on the degree of esterification is briefly discussed. A  non- 
degradative method of hydrolysing secondary cellulose acetates while in 
solution, in order to eliminate non-random effects due to a heterogeneous 
process, or to samples having different molecular orientations, is also given.

II. E X P E R IM E N T A L  M E T H O D S
(a) M ethod of Acetylation

Partial acetylation of cellulose proceeding in a heterogeneous system 
always results in a non-random distribution of acetyl groups, and so makes 
any theoretical treatment difficult. It is therefore desirable to acetylate in a 
homogeneous system, especially when intermediate degrees of acetylation 
are required. It is at all events invariably better that the final product 
should dissolve in the acetylation mixture, so that precipitation m ay secure 
as homogeneous a product as possible.

The method generally adopted for the esterification of secondary cellu­
lose acetates was to dissolve the air-dry material (i gram) in pure pyridine 
(30 c.c.), to acetylate with acetic anhydride (20 c.c.) for various times and 
then to precipitate the samples in water. The white flocculent solids formed 
were filtered through sintered glass funnels, washed free from pyridine 
and acetic anhydride, and air-dried. In an alternative procedure, the 
materials were refluxed together, samples being removed at intervals for 
precipitation and washing.

For the acetylation of viscose rayon the following procedure was 
adopted. The air-dry rayon (1 gram) was swollen in 20 c.c. of the swelling 
mixture, and the swollen fibres were filtered, washed in pure pyridine, and 
acetylated for various times in a mixture of pyridine (30 c.c.) and acetic 
anhydride (20 c.c.). The whole was then poured into water and the 
acetylated material filtered, washed free from the acetylation mixture, and 
dried. Similar experiments in which the cellulose was refluxed with the 
esterification mixture are recorded.
(b) M ethod of Homogeneous Hydrolysis

To prepare a hydrolysed cellulose acetate a 2 per cent, solution of 
secondary acetate rayon in acetone was made and n / i o  aqueous sodium 
hydroxide solution sufficient to cause the requisite amount of hydrolysis 
was slowly added with stirring. The homogeneous liquid was then gen­
erally left for about 20 hours at room temperature in order to ensure com­
pletion of the hydrolysis, and the solution was poured into water. The 
solid was filtered off through a sintered glass filter, washed free from acetone 
and sodium acetate, and dried at 400 C.
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(c) Determination of A cetic Acid Yield

Acetic acid yield was determined in accordance with the procedure out­
lined in a previous publication18, but for convenience and completeness 
details of the method are included here.

About 0-4 gm. of the acetylated sample was dried for 3 hours at u o °  C. 
and hydrolysed over-night at room temperature with 10 c.c. of an approxi­
mately normal solution of potassium hydroxide made up in equal volumes 
of water and methyl alcohol. The amount of alkali consumed and hence 
the acetic acid liberated was estimated by adding 10 c.c. of approximately 
normal sulphuric acid, leaving for half an hour, and then titrating the 
excess acid with n/ 10 sodium hydroxide, phenolphthalein being used as 
indicator. The concentrations of the approximately normal solutions were 
such that blank determinations made in the absence of cellulose acetate 
gave a small positive titre with the n / i o  alkali, which was allowed for in 
the calculation. The acetic acid yield is defined as the weight in grams of 
acetic acid produced from 100 g. of dry cellulose acetate on hydrolysis, and 
is calculated from the following relation:

A cetic acid  y ield  =
w here / =  factor o f the n / i o N aO H ,

T =  titre , 
t =  b lan k  titre , 

a n d  W  — d ry  w eigh t of cellulose ace ta te  used.
The values recorded for the acetic acid yield of all the acetylated samples 

considered are the means of duplicate determinations.

(d) The Determination of Fluidity

The determination of the fluidity of cotton cellulose in cuprammonium 
hydroxide solution has been considered in detail by Clibbens and Geake16 
and Clibbens and Little16; the application of the method to the regenerated 
cellulose rayons has been described b y  Ridge, Parsons and Corner17. 
Cuprammonium hydroxide solution hydrolyses cellulose acetate to cellulose 
[(cellulose recovered from a cuprammonium solution of cellulose acetate had 
an acetic acid yield of 1-3 per cent.), and hence it is possible to determine 
the fluidity of cellulose acetate by a method similar to those used for cotton 
and the regenerated celluloses. It will be obvious, however, that since acetic 
acid is split off when cellulose acetate is dissolved in cuprammonium a 
weight of cellulose acetate greater than that of cellulose must be dissolved 
in order to produce a solution of given cellulose concentration. The actual 
amount of acetate required to produce a 2 per cent, solution of cellulose is 
given b y  the relation

W  =  2 v (  1 -  x I42 '9 , ' )  yioo — m 142-9 — A )
w here W  =  w eight of cellulose ace ta te  in  gm 

V =  volum e of v iscom eter in c .c .,
m  =  pe r cent, m o istu re  c o n ten t (gm. w a te r  p e r  100 gm. a ir-d ry  

cellulose ace ta te ),
A  =  per cen t, ace tic  acid  y ield of cellulose ace ta te .

For the purpose of the work described in this paper, however, most of 
the fluidities of cellulose acetates have been determined in solutions con­
taining 1 per cent, of cellulose, in order to economise on materials.

The acetic acid split off from the cellulose acetate of course neutralises 
part of the cuprammonium hydroxide, and so alters the composition of the 
solvent. It will be shown later that this has a definite but small effect on 
the fluidity, so that for ordinary purposes it is sufficiently accurate to dis­
solve the cellulose acetate directly in the solvent rather than first hydrolyse 
it to cellulose.

The fluidity is calculated as for cotton or regenerated cellulose rayons 
by the formula:
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(e) Purity of the Pyridine employed

Impure pyridine resulted in products which were not white, and for all 
this work a refined grade was dried over solid sodium hydroxide and dis­
tilled in an electrically heated all-glass apparatus fitted with a reflux return 
head. A  water-white product boiling between 114 0 and 114-5° C. was 
obtained.

(f) Cellulosic M aterials used

The samples were in yarn form except No. 2, which was available as a 
sliver of cut staple fibre; all were freed from oil, soap, or other foreign 
matter before use. The materials were chosen so as to be reasonably repre­
sentative of the various types of rayon in production.

(1) Seraceta.— Secondary acetate rayon produced by Messrs. Courtaulds 
Ltd. Yarn denier 140, filament denier 5.

(2) Celanese F S .— A  regenerated cellulose rayon made by the hydro­
lysis of acetate rayon, stretched to give high strength. Produced by Messrs. 
British Celanese Ltd. Filament denier 1.

(3) Beniberg.— A  regenerated cellulose rayon made by the cupram- 
monium process by Messrs. British Bemberg. Yarn denier 150, filament 
denier 1-5.

(4) ‘ ‘ A ”  Quality Viscose Rayon .— A regenerated cellulose rayon made 
b y  the viscose process by Messrs. Courtaulds Ltd. Yarn denier 100, 
filament denier 5.

(5) Tenasco.— A  regenerated cellulose rayon of high tensile strength 
made by the viscose process by Messrs. Courtaulds Ltd. The fluidity of 
this material is lower than that of (4). Y arn  denier 265, filament denier 2.

Figures for the fluidity and acetic acid yield (where applicable) of these 
materials are given with "the results of the acetylation experiments in which 
they were used.

III. E X P E R IM E N T A L  R E S U L T S

(a) Effect of Added A cetic A cid on the Fluidity of Celluloses

Although due allowance for the weight of combined acetic acid was 
made in obtaining the solutions in cuprammonium hydroxide yet it was 
desirable to study the effect of this liberated acetic acid on the fluidity of 
the solution, since it changes the composition of the solvent. Accordingly, 
glacial acetic acid, equivalent in amount to that released from certain cellu­
lose acetates, was added to cuprammonium hydroxide solutions of viscose 
or secondary acetate rayons, and the fluidities of the solutions determined.

The results, presented in Table I, show a small but definite reduction 
in fluidity. This has been found for most of the preparations to be 
described.
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(b) The Effect of Acetylation and of H ydrolysis on the Fluidity
In order to establish the non-degradative action of the acetylation method 

two samples of Seraceta and two of viscose rayon were acetylated for ten 
days, at room temperature and at 6o° C. respectively, then carefully hydro­
lysed out of contact with air with N-potassium hydroxide in alcohol-water 
solution, and finally re-acetylated as before. A t each stage the fluidity of 
i  per cent, solutions was determined and the results are expressed in 
Table II.

The validity of the technique described for homogeneous hydrolysis has 
also been investigated by determining the fluidity of samples of Seraceta 
hydrolysed in solution to various extents. The samples were not soluble in 
acetone below an acetic acid yield of 52 per cent., but all dissolved in 
pyridine. The changes in fluidity shown in Table III indicate that little 
degradation has occurred.

Table III

Sam ple
Acetic acid 

y ield
F lu id ity  in 
1%  solution

Seraceta  ... 54 28-0
; r 1 52 26-1
P a rtia lly  j 2 47 29-6
hydro lysed  < 3 46 27-4
Seraceta  1 4 44 27-1

I  5 43 30-8

(c) T he Acetylation of Secondary Acetate Rayons
Samples of a commercial secondary acetate rayon were dissolved in 

pyridine, acetic anhydride was added, and the acetylation carried out in 
thermostats at 25 and 6o° C. The results in Table IV  show that the rate 
of acetylation is not much influenced by temperature in this range, and sub­
sequent work on secondary acetates was therefore done at 250 C.

Further series of acetylated samples were prepared, chiefly for the pur­
pose of obtaining acetylated celluloses covering a range of acetic acid yields 
and characterised by a random distribution of acetyl groups along mole­
cules of constant mean chain length. In each experiment of the second 
series 50 gm. of secondary acetate were further acetylated; the fluidities 
given in Table V  show that no degradation has occurred in the preparation 
of the acetylated samples, which were all white flocculent solids.



It was at first considered that the slowness of the acetylation when the 
acetic acid yield approaches that of the triacetate (62-5 per cent.) might be 
due to the presence of water causing simultaneous hydrolysis. Accordingly, 
phosphorus pentoxide was introduced into the acetylation mixture, but no 
improvement was effected.

It is interesting to observe the solubility changes as the acetic acid con­
tent of a cellulose acetate rises without change in chain length. Table VI 
shows these effects qualitatively.

It is well known that secondary cellulose acetates are soluble in acetone, 
but not completely soluble in chloroform, whilst the triacetates dissolve in 
chloroform, but not in acetone. The acetic acid yield ranges in which these 
properties hold are, however, less well known. Table V I shows that solubility 
in acetone is retained up to about 59 per cent, acetic acid yield whilst 
solubility in chloroform is possible for all acetic acid yields above 57 per 
cent. There is thus a small region of acetic acid yield in which acetone 
solubility and chloroform solubility are both exhibited. It is also seen from 
the table that methylene chloride mixed with alcohol can be a solvent for 
materials at all stages of acetylation between 53-8 and 62-5 per cent.

In order to investigate the possibility of using a substantially quicker 
method of acetylation, experiments were conducted in which pyridine solu­
tions of acetate rayon were boiled under reflux with acetic anhydride in an 
all-glass (Monax) apparatus. Portions of the solution were removed at 
intervals, precipitated into distilled water, filtered through sintered glass 
funnels, washed free from the acetylation mixture, and dried. Timing of 
the acetylation was begun at the onset of boiling. The results are 
expressed in Table V II.

It is clear that in all the experiments substantially complete acetylation 
without degradation was achieved. In whiteness and fibrous nature of the 
acetylated sample, however, the treatment with 20 c.c. of acetic anhydride 
plus 30 c.c. of pyridine was by far the best, the other mixtures giving rise
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to hard and sometimes yellowish products. As expected, all the products 
were completely soluble in chloroform (the typical cellulose triacetate sol­
vent), almost completely soluble in pyridine, and about 50 per cent, soluble 
in acetone. From these results it appears that by using the same acetylation 
mixture and the same ratios of liquid to acetate rayon as those employed for 
acetylation at room temperature, complete esterification can be accom­
plished in two hours by conducting the reaction under reflux.

T a b le  V II

C om position of ace ty la tio n  m ix tu re  
per gm. S eraceta

T im e of 
ace ty la tio n  

(hours)

Acetic acid
vield,

°//o

F lu id ity  in 
1%

so lu tion

0 53-8 28-0

r 1 62-6 27-0
10 c.c. Acetic anhydride , 40 c.c. pyrid ine 2 61-8 29-4

I 3 6 2 0 26-7

f 1 61-8 25-0
20 c.c. A cetic anhydride, 30 c.c. pyrid ine 2 62-6 28-2

I 3 62-0 27-3

r i ł 62-3 25-8
40 c.c. A cetic  anhydride , 10 c.c. pyrid ine ...-! 2 61-6 27-5I 3 6 1 0 27-9

(d) T h e Acetylation of Viscose Rayon
The rate of acetylation of air-dry viscose rayon by acetic anhydride in 

the presence of pyridine is exceedingly slow, but it can be accelerated by a 
pre-treatment of the material with a reagent that produces swelling of the 
cellulose. Such swelling is produced, for example, by water, or to a still 
greater extent by solutions of the strong alkalis, and the rate of acetylation 
of viscose rayon was observed to be greatly increased by pre-treatment with 
sodium hydroxide solutions of suitable concentration. Systematic 
investigations were not, however, pursued along these lines since a sufficient 
acceleration of the process, with fewer possible complications, was achieved 
b y  a pre-treatment of the viscose rayon with a solution of water in the weak 
base, pyridine, which is a component of the acetylation mixture.

In this connection preliminary measurements were made of the swelling of
cellulose in different mixtures of 
pyridine and water. Regenerated 
cellulose sheet, previously freed 
from plasticiser by immersion in 
many changes of distilled water, 
was employed in these swelling 
experiments instead of viscose 
rayon for reasons of convenience. 
Although it was realised that 

I (quantatively) the results could 
not hold for viscose rayon yet it 

| was expected that their application 
in a general way would be per­
missible. The increase in weight 
of the cellulose sheet was used as 
a measure of the swelling, and was 
determined after swelling to 
equilibrium at 25° C. in various 
mixtures of water and pyridine. 
The results presented in Fig. 1 
show that very little  swelling
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occurs in pure pyridine, but that a m ixture containing only 20 per cent, of 
water produces nearly as much swelling as pure water.

Experiments were then made to determine the effect on the degree of 
acetylation of the time and temperature of pre-treatment and of acetylation, 
for a given acetylation mixture (pyridine-acetic anhydride) and the follow­
ing three pre-treatments:

(i) 100 per cent, pyridine.
(ii) 80 per cent, pyridine, subsequently removed by washing with 100

per cent, pyridine.
(iii) 80 per cent, pyridine, subsequently replaced by 90 per cent.

pyridine, and this again replaced by 100 per cent, pyridine.
The following general conclusions were drawn from the results.
(a) Acetylation proceeds more rapidly at 6o° than at 250 C.
(b) No real difference between the effects of swelling at 6o° C. and 

250 C. on the rates of subsequent acetylation was observed, and, further, 
no improvement occurred by prolonging the swelling beyond two hours.

(c) As expected, the use of 100 per cent, pyridine as a pre-treatment 
proved to be of no value. For instance, after acetylating for 48 hours at 
6o° C ., an acetic acid yield of only 5 per cent, was obtained.

(d) The pre-treatments (ii) and (iii) above gave practically identical 
results in the acetylation, and values of about 50 per cent, acetic acid yield 
were obtained in 48 hours at 6o° C . However, a further 150 hours were 
required to complete the acetylation to the triacetate stage.

(e) It was found that an acetic acid yield of over 60 per cent, was 
required before the material dissolved in the acetylation mixture.

It appeared, therefore, that a triacetate could be produced by pre­
swelling in 80 per cent, pyridine at room temperature for any time greater 
than 2 hours followed by acetylation at 6o° C. for 10 days.

Various changes were made in the technique in an attempt to hasten the 
acetylation process. For instance, acetyl chloride was substituted for acetic 
anhydride as acetylating agent, but proved to be less effective. The catalyst 
pyridine was replaced by dimethylaniline, which was used with both acetic 
anhydride and acetyl chloride, both dry and air-dry viscose rayon being 
used. The results were on the whole unsatisfactory; the acetylation of the 
air-dry rayon proceeded farther than that of the dry material.

T ab le V III

Swelling for 1 hour Snveiling for 24 hours

T im e of a c e ty ­
la tio n  (hours)

Acetic acid 
y ield  (%)

F lu id ity  in 
1%  solution*

Time of a ce ty ­
la tio n  (hours)

A cetic acid 
y ield  (%)

F lu id ity  in 
1%  solution" '

A cety la tio n  wi 
8 

12
A cety la tion  wi 

3 
6 

12
A cety lation  wi 

6 
12

th  10 c.c. acetic 
40-4 
51-8 

th 20 c.c. acetic  
61-6 
62-2 
60-5 

:h 40 c.c. ace tic  
5 6 0  
56-8

anhydride+ 4C  
' 2 8 1

28-4 
anh y d rid e  -f- 3f

22-7
22-3
23-8 

an h y d rid e -f-1C
22-9
29-3

c.c. pyrid ine 

12
c.c. pyrid ine

2
12

c.c. pyrid ine  

lS

Der gm. viscose 
GO-9 
53-9 

per gm . viscose
60-4 
62-3
61-7

per gm. viscose
62-4 
62-4

rayon :—  
23-7
21-7 

ray o n  :—
23-3
22-8
23-2 

rayon :—
24-0 
22-7

* T he flu id ity  of th e  u n tre a te d  viscose rayon w as 23-9

Experiments have also been conducted in which the swollen viscose 
rayon is boiled under reflux with the acetylation mixture. The apparatus 
and acetylating solutions were the same as those described for the reflux 
acetylation of Seraceta (above), but in addition the air-dry yarn was pre­
swollen in a pyridine/ water solution (80 per cent, pyridine, 20 per cent, 
water) at room temperature for 1 and 24 hours. The swelling solution was
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removed by filtering through sintered glass filters and the yarn washed in 
pure pyridine before adding the acetylation medium. (Thus two series of 
results were obtained and are given in Table V III). Viscose rayon or 
swollen viscose rayon being pure cellulose was not soluble initially in the 
acetylation mixture, but during the course of the esterification it gradually 
dissolved. No sample was taken for analysis until the whole of the viscose 
was in solution in order to eliminate any effect of chain length fractionation.

It can be seen from this table that on the whole the mixture composed 
of 20 c.c. of acetic anhydride and 30 c.c. of pyridine is the best for causing 
the greatest acetylation together with the least degradation; these samples 
were also the most white and fibrous. In this connection, swelling for 24 
hours seems to produce little improvement over swelling for 1 hour. Fur­
ther, the samples treated with 20 c.c. of acetic anhydride plus 30 c.c. of 
pyridine dissolved in the acetylation mixture in a shorter time than those 
having other treatments. For subsequent acetylation work on other fibres 
this treatment, together with swelling for 1 hour in the usual mixture was 
chosen as the most likely to yield useful results from the preparative point 
of view.

All samples dissolved completely in chloroform, and none dissolved com­
pletely in acetone or pyridine.
(e) Acetylation of Other Rayons

Celanese FS, Bemberg rayon, and Tenasco proved to be most difficult 
to acetylate. B y  pre-swelling in 80 per cent, pyridine solution followed by 
acetylation at 6o° C . the first two attained an acetic acid yield of only 59 
per cent, in ten days, but five weeks were needed for the Tenasco to reach 
this figure.

On account of these unfavourable results an improvement was attempted 
by acetylation under reflux in the manner previously described.

The air-dry samples were swollen in 80 per cent, pyridine in water solu­
tion for 1 hour at room temperature and then acetylated under reflux with 
the most favourable mixture: 20 c.c. acetic anhydride plus 30 c.c. pyridine 
per gram material.

Table IX  shows that these samples can be almost completely acetylated 
with but little change in fluidity although it would seem undesirable to pro­
long the acetylation to the longest times noted.

IV. G E N E R A L  IN S T R U C T IO N S  F O R  T H E  C O M P L E T E  A C E T Y L A T IO N
OF R A Y O N S

It is emphasized at the outset that complete solution in the acetylation 
mixture is essential before the sample is precipitated. After each of the 
acetylations described it is necessary to pour the clear liquid slowly into water, 
to filter through sintered glass funnels, and to wash the preparation free
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from the acetylation mixture with distilled water. Details are given for
1 gram of cellulosic material.

(a) Secondary Cellulose Acetate.— -Dissolve the air-dry material in 30 
c.c. of pure pyridine, add 20 c.c. of acetic anhydride and acetylate for ten 
days at room temperature. Alternatively, the whole m ay be boiled under 
reflux in an all-glass apparatus for 2 hours. Both methods give white 
products.

(b) Viscose Rayon .— Swell the air-dry material over-night at room tem­
perature in 20 c.c. of a mixture of 16 c.c. of pyridine and 4 c.c. of water. 
Filter the fibres, wash in pure pyridine, and acetylate at 6o° C . for 10 days 
with a mixture of 30 c.c. of pyridine and 20 c.c. of acetic anhydride. The 
product is not quite white. B y  conducting the esterification under reflux 
for 6 hours a white product which is fully acetylated is formed. It is per­
missible here to reduce the time of swelling to 1 hour.

(c) Other Cellulosic Rayons.— The method at 6o° C . described above for 
viscose rayon m ay be used, but often does not give complete esterification. 
Acetylation under reflux as described in (6) above is probably the most 
suitable, although an acetylation time of about 10 hours m ay be required. 
These samples will be almost white.

T he data  on the sw elling o f regenerated cellulose sheet in aqueous pyrid ine were 
supplied b y  D r. R. J. B . M arsden, o f these laboratories. P a rt of th e experim ental 
work w as done b y  M r. G. C. G ibbons and Miss E . M artin.

The paper is based on p a rt o f a thesis subm itted  to  the U n ivers ity  of London for 
th e degree o f D o cto r of Philosophy.
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