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The work that has bden done on the oxidation of cellulose,
consists,for the most part, of studies om the properties of
oxycellylose and the final products of the oxidation reaction.

The work reported in this thesis shows a somewhat different mode
of attack, in that the progress of the oxidation reaction was
studied.

Preliminary experiments on this problem based on an article
by Forster and Pearman?;wo;e discussed in a senior report by the
author.

The oxidation of cellulose and the resulting products involve
80 many complications that Emil Eﬁuser **has sqid, "The further we
penetrate into the field of cellulose chemistry, the less explored
it becomes, the less clarity prevails about the course of the
reactions and the nature of the derivatives. This is especially
true of the oxidation of cellulose and its important oxidation products,

the oxycelluloses, so named by their discoverer, Witt."

* Forster and Pearman, "The Bleadhing of Trade Sulfite Pulps and Cotton
with Calcium Hypochlorite Solutions", Jr. of Soc. of Chem, Ind., 13925,
Vol. 44, No. 20.

*® Pext-book of Cellulose Chemistry, Emil Heuser. Translated by West

and Esselen. McGraw-Hill Book Company, Inc., New York, 1924.



Feld Flower brand muslin, boiled and thoroughly washed several
times with distilled water to remove the sizing, was used in this
study.

The *lime water bleach" liquor was made by mixing 100 grams of
bleaching powder (2H$ chlorine) in a mortar with lime water. This
was poured into & liter graduate, made up to one liter with lime water,
allowed to settle, and the supernatant liquid was filtered through
filter paper. More lime water was added to the solid material and the
supernatant 1iquid filtered. The two filtrates were mixed and diluted
to one liter with lime water.

The "distilled water dleach” was made in the same way, except
that distilled water was used in place of lime water.

These bleach solutions contained from 12 to 15 grams of chlorine

per liter.

Conditioning of Samples
4All the cellulose and modified cellulose samples and the
Gooches containing filter paper were conditioned and weighed. This
conditioning was accomplished by leaving them in a normal atmosphere
Jar until a constant weight was attained. The normal atmosphere jar
was a dessicator in which a condition of 65% relative humidity was
maintained by the 35.7% sulfuric acid which replaced the usual drying

agent. *

* Widson, Joumnal of Industrial and Engineering Chemistry, Vol. 13,

p. 328.



Method for Bleaching

Ninety cubic centimeters of bleach liquor wag poured over a
weighed sample of cellulose contained in a 125 cubic centimeter
glass bottle provided with a rubber stopper carrying an open tube to
allow the escape of gases formed during the oxidation process. The
bottle was placed in a water bath where a constant temperature was
maintained. After a time the bottle was removed from the watér bath
and (1) & 5 cubic centimeter portion of the bleach liquor was removed
with a pipette, and the chlerine determined by adding KI and HCl and
titrating with standard N328203 nolution-using starch solution as an
indicator; (2) the remaining bleach liquor was filtered through a
conditioned and weighed Gooch crucible with quantitative filter paper
on the bottom, and the filtrate saved; (3) The cellulose was washed
with distilled water, reagent HCl, then washed free of acid (litmus
paper indicator) with distilled water, dried in the air, conditioned
and weighed in the Gooch.

In the two series run in 3926, the tube in the stopper carried
& pinch clamp and the pressure was released every 15 or 30 minutes.
The bottles were shaken about every half hour.

In the remainder of the work the tubes were left open and the
bottles were shaken every 10 minutes.

Bleach solution kept at H0°C for four hours showed no decrease
in oxygen content. Therefore, it can be assumed that the oxygen

disappearing from the bleach has reacted with cellulose.

Determination of Solubility in 3% NaOH
A sample of cellulose was boiled in a reflwx condenser for

1 hour with 100 parts by weight of 3% NaOH. The solution was filtered



through filter paper in a conditboned and weighed Gooch, the filtrate
saved, and the residue washed with reagent HCl, then with distilled
water until free of acid (litmus paper indicator), dried in the air,
conditioned and weighed. The loss of weight of the sample was
calculated. The original commercially bleached Field Flower mmslin

was 3.9% soluble in 3% NaOH.

Comparison of Lime Water and Distilled Water Bleaches
TIME - From a study of Tables I, II, III, and 1V, and Figure I
it is obvious that less time is required to use all of the oxygen from
the distilled water bleach than from the lime water bleach, and that
the critical period when oxyjen is consumed at & greatly increased
rate appears socner in the distilled water bdleach than in the lime
water bleach. It has been mentioned before that the two series domne
in 1926 were under slightly different conditions than the later series.
Therefore, the work shown in Table I can not be expected to chesk with

that showmn in Table III, or the work in Tadble II with that in Table IV.

Rate of Oxygen Consumption

It is also shown in the tables and in Figure I that the amount
of oxygen used per gram of cellulose increases gradually for a time,
then there is a sudden marked increase, followed by a gradual decrease
in the rate of oxygen consumption.

In every case this critical period appeared later in the lime
water bleach than in the distilled water bleach. The study of the
alkalinity of the bleach liquors which 1s discussed later shows that
the critical perbod begins just as the reaction of the dleach passes

from alkaline to acid. The approach of the critical period &s retarded



by the higher alkalinity of the lime water bleach.

Table I

Series 1 - (1926) Distilled water bleach on Field Flovef muslin at 50°C.

5 c.c. original bleach used 15.9 c.c. 6f 0.1075N N128293

tWeight of:Hours im :C.c. of :Orams  :Per cent :Grams O
:samples . :bleach :Nhesgoz - :los8s in :loss of

:Per cen!
:soluble

tNaCH

e
<

1.1020 : 3.524
.6758 :

5257 ;:

5776 ¢ 14,27
6339 : 25.45
.6588 : 30.62
.6357 : 38.98

No. :in grams : . iper .ciweight :weight in:per gram :per gram :in
: : tbleach : ¢ bleach :sample

1 : 2.5380 : 1 : 14,87 ¢ L0143 5634 : .00621

2 :2.5369 : 2 : 14,12 : .O403 : 1.6950 : .0107L

3 :2.5055 : 3 : 13.07 ¢ .0820 : 3.2740 : .01728

b 2.4972 : 12,14 : .1120 : 4.4810 : .02357

5 1 2.5850 : : 10.54 : 1420 : 5.4920 : .03173

6 :2.4906 : : T7.01 : .2146 : 8.6770 : .05H62

7 : 2.5492 : s 341 ¢ .2901 : 11.3800 : .O7498

8 :2.5539 5 : 1,29 : .3526 : 13.8000 : .08753

9 :2.5061 : 5k 50 3 .398 : 15.9100 : ,OMO03 : .%912 3 41.b6

Table II

Series 10 - (1926) Lime water bleach in Field Flower muslin at 50°C.

5 c.c. original bleach used 15.9 c.c. of 0.1075K la28203

:Weight of:Hours in :C.c. of :Grams tPer cent :Grams O
:samples :bleach :laes§02 tloss in :loss of

Per cen!

: :soluble

No. :in grams : :per .ciweight tweight in:per gram :per gram :in

) H tbleach : tbleach :NaOH
10 : 2.u4855 : 14.83 : .0150 : .6034% : .000587: 1.0915 6.38
11 : 2.5288 :13.90 : .0520 : 2.0500 : :  6.29
12 : 2.4808 $12.90 :  .0912 : 3.5920 : :  7.06
13 : 2.5135 : 12.60 : .1078 : 4.2900 :
4 : 2.4907 12.07 ¢ .1113.: 4.4680 .H265H :  8.2u¢

9.02

15 1 2.5265 ;
16 : 2.5552
17 : 2.5357
18 ; 2.4923

1696 ¢ 7.1990 :
3,00 : .2840 : 11,1200 :
1.5 :  .3245 : 12.7800 :

80 :  .3531 3 14,1900 :

07725 s:
66

LA43025 ¢ 17.7
s 34,55

s 38,00

38, S






Tadle III
Series 50 - Distilled water bleach on Field Flower muslin at 50°C.

5 c.c. of original bleach used 18.28 c.c. of 0.09541N Na,$,0;

:YWeight of :Hours in :C.c. of :Grams tPer cent :Grams O5 :Grams Op
ssémples :bleach :NaQSE tloss in :loss of :used tused
c.c:

No. :in grams : per weight :weight in:per gram :per gram
: 2 3bleach : :bleach :sample 11088 in weight
50 : 2.5039 :1 : 17.1 : 0309 : 1.235 : .CO6UT6: 659
51 : 2.5082 : 1' 30" : 16.48 : .0515 : 2.053 : .009781: .4806
52 : 2.5089 : 2 :$15.9% ¢ .C784 : 3.125 : .01281 : .4ym1
53 s+ 2.4997 = 2' 30" : 13.1 ¢ L1430 : H.T72 s 017U ¢ L3055
54 1 2.5103 :2' 4n% : 9,14 : .2M15 : 9.62 ¢ .05002 : .52
55 ¢ 2.5030 : 3' 20" : 2.7 : 3677 : 14.68 : .08553 : .5821
56 : 2.5040 : 3' 34" : 1, : 4225 : 16.87 ¢ .01 : .5619
BT :2.4998 : 4 $ 0.1 ¢ .4429 s 17.72 : .09991 ; .H639
Table IV
Series 60 = Lime water bleach on Field Flower muslin at 50° C.

5 c.c. of orgginal bleach used 17.95 c.c. of 0.09H41N l32§203
:Weight of :Hours in :C.c. of :Grams tPer cent :Grams Op :Grams )
tsamples :bleach :Na,5; tloss in :loss of :used sused

No. :in grams : tper H c.ciweight tweight in:per gram :per gram
H $ :bleach  : sbleach  :sample :loss in weight
b0 : 2.5027 : 1 : 16.2 : .0335 :  1.338 : .009607: .[177
bl : 2.5050 : 2 :15.18 : .078 : 3,130 : .01519 : .usu2
62 : 2.5015 : 3 : 1446 ¢ .0984 ¢ 3,934 : .01918 : .4BT3
b3 : 2.5005 3& $13.52 ¢ J1125 : 4,489 3 .02u28 3 .5410
o4 3 2.5093 s 10.5 $ .1680 3 6.695 : .04O79 ¢ .6093
65 : 2.5040 3 Uk ¢ B,16 ¢ .2862 ¢ 11.430 : .07566 : .6620
66 : 2.5033 : 5 : 1.96 ¢ .3363 : 13.430 : .08776 : .b532
67 ::2.5029 : 5h CO $ .3939 : 15.740 : 09469 : .6017
68 : 2.5092 : 6 3 .04 3 L4253 s 16,950 3 .09806 : .H786




Series 20 - Distilled water bleach on Field Flower muslin at 40° C.

5 c.c. of original bleach used 18.51 c.c. §/10 NepS,0;

tWeight of:Hours in :C.c. of :Grams :Per cent :Grams O, :Grams Op :Per cent

tsamples :bdleach  :NaosSp tloss in :loss of :used iused tsoluble
No. :in grams : sper 5 E.c:iweight sweight in:per gram :per gram :in

: : _ibleach : :bleach :sample :loss in :NaCH

: : : : sweight :
20 : 2.4985 2 17.59 0242 .968 : .005302 : .B4T7H L.ob
21 : 2.5299 : 3' 50" : 16.40 .0626 2.475 : .01201 : .4855 9.58
213 : 2.5069 : 4' 30" : 16.70 0762 ¢ 3.040 : 0104 : .3421 b. 46
21 : 2.5319 : 5 :15.59 & .0702 3 2.773 : .01456 : .5251 : 9.37
21y : 2.5195 : 5t 30¢ 15.46 : .08%8% : 3.524 : .017ul : .4958 : 12.25
22, : 2.5282 : 6 11.30 : .1528 : 6.043 : 04107 : .6797 : 21.b6
23 : 2.5109 : b' 25" 8.4 : .2379 : 9.475 : .05488 : .5793 : 30.22
2&} : 2.4938 : 6' K5O" : b.bb : .2849 :11.420 : .06843 : .5991 : 32.uk
24h : 2.5162 : T' 16" : 5.00 4783 ¢ : 07731 : .MO67 : 40.91
25 :2.5092 : 7'36" : 3.58 .3686 & 14.790 : .08572 : .5834 : 37.51
26 :2.5182 : 7' 5T : 2.4 .3609 3 14.33 : ,092 : .6H2 1 39.25
27 :2.5086 : 8' 17" : 2.33 i 3660 : 14,59 1 09289 : .636M : 4l.23
28 : 2.4979 : 8' KO" : 1.62 : .3704 : 14.83 : .09813 .6567 : U1.73
29 : 2.5275 : 9 18" 1.1 .33602 3 13.3 :_.09%64 LJ455 : 3b.lb
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SOLUBILITY - The first part of the curve in Figure 2 shows that the
cellulose is gradually being modified in such a way that it is soluble
in the dleach liquor, and Figure 2 also shows that during the critical
period an increased amount of oxygen is regquired to oxidize a unit weight

of cellulose to soluble material.



e

-

SRR
i
[

>y

R
ek ued p
S ‘m

i
.

DEPARTMENT OF MATIHEMAT



The acidity of the bleach liquor may account for the critical
period. It is delayed by alkalinity. This was indicated by the
following experiment. Three 2.5 gram samples of cellulose were placed
in distilled water dleach at 4O° C. After 3 hours 10 cubic centimeters
of 10% KOH were added to Bottle, No. 1, 5 cubic centimeters of 10%

KCOH were added to Bottle, No.2, but nothing was added to Bottle, Nb.}.

Table VI
At 3 hours approximately 16.8 c.c.Na25203 would be used for 5 c.c.

of bleach from Series 20 - 29.

No. 1 No. 2 No.3

Eours in:C.c. of

bleach :Na28203
iper 5 c.c.
:bleach

Hours in :C.c. of

Hours in:C.c. of :
bleach ::NayS503 :
iper § H

bleach :NasS5,0
c.c. sper 5 ¢c.c

tbleach

b!' 20" : 14.10 6! 5"

7' 15% : 13.8 UL TR

7' 20" : 3.3

joe o0 Jee o0 00 o0 oo oo
00 00 oo 00 oo o0 lee oo

00 ao oo oo oo oo

The sodium thiosulfate used in these titrations was 0.0988N
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That some of the oxygen disappearing from the bleach was used
to further oxidize products soluble in the bleach was shown by the
following experiment.

OGne 2.5 gram sample of sellulose was bleached with distilled
vater bleach at 50°C for 1% hours and another sample for 24 hours.

The partially exhausted bleach was filtered, cooked, a sample titrated
with Na28203 solution, 50 c.c. added to 40 c.c. new bleach and this
mixture kept at H0° C. |

The chlorine in the mixture was determined at certain intervals.
The amount of oxygen in the mixtures decreased which showed that
oxidation products of cellulose soluble in the bleach could be further
oxidized. That there is an accummlation of these soluble products is
shown by the fact that the oxygen disappears more rapidly in the second

mixture than in the first.

Tedble VII

5 c.c. of original dleach used 17.82 c.c. of 0.09541N H325203

.1% hour filtrate 3 16.02 c.c. NayS;04 23 hour filtrate : 53 c.c. Na 5,03

Mixture HH Mixture
Hours H C.c. S $s Hours ¢ C.c. Na, 5,0
0 : 1:?32203 H o : 10.862 "3
1 : 16.70 2 1 ) 5.26
2 : 16.44 2 13 s 3.66
: 16.42 ] :
4 : 16,33 32 :

When the s0lid residues from the bleach were boiled for 1 hour
with 100 parts by weight of 3% NaOH, the solubility increased with the
degree of modificetion. During the critical period the per cent solubility

in NaOH increased much more rapidly than the per cent solubility in the

bleach liquor, as shown in Figure 4.
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It 1o stated by Hidbbert and Parsons*® that oxycellulose is
not as resistant as cellulose to aqueous alkaline solutions. It
appears that during the critical period oxycellulose is being formed

very rapidly. (Figure 4)

* Hibbert and Parsons, Journal of the Society of Chemical Industry,

Vol. XLIV, No. 41, Oct. 9, 1925.
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Effect of Temperature and Concentration of Bleach.

In this series the 90 cebic centimeters of bleach were placed
on cellulose samples weighing 5 grams, 2.5 grams, 1.25 grams, and 0.62
gram. The temperatures used were 40°C, 50°C, and 60°C. At suitable
intervals, a H cubic centimeter sample of the bleach was removed and
its chlorine content determined. The time when cloudiness and gassing
occurred was observed. These results are shown in Tables VIII to
XIII and Figures 5 to 9.

1. Keeping the temperature constant but doubling the weight
of the cellulose caused one half the total oxygen to be used in less
than one-half and more than one-third of the time reqnifod by. the
smaller sample. (Figure 5)

2. Using the same weight of cellulose and increasing the
temperature 10°C caused one-half the total oxygen to be used in less
than one-ﬁalf and more than one-third of the time required at the
lower temperature. (Figures 6 to 9)

Thus, every 10°C rise in temperature more than doubles but

does not triple the speed of reaction.
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Effect of Previous Modification of Cellulose

The modified cellulose was prevared by oxidizing 2.5 grem samples
at 50°C. Distilled water bleach was used for series 50 - 57 and lime
water bleach for series 60 - 68. At suitable intervals the reaction was
stopped. In this way two series of modified cellulose were obtained
in which the degree of modification increased from member to member.

These modified celluloses were treated for one hour with fresh
bleach ( 90 c.c. on & sample) at 50° C. This is called the (a) series
or 50 a - 57 a and 60 a - 68 a.

The residues from 50 a - 57 & were treated with fresh dleach.
for one more hour. This is called the 50 b - 57 b or the (b) series.

In Table XIV a comparison is made between the grams of oxygen
used per gram of cellulose in the 50 =57 series and the 50a - 57a series.
Considering number 52 and 52a, it is seen that more oxygen was used per
gram sample in the additionsl one hour than in the preceding two hours
of continuous bleaching. Since unmodified cellulose used a certain
amount of oxygen per gram in one hour, this figure (.0065) was regarded
as a blank and was subtracted from the figures obtained in the (a) series
to show the increase in the amount ofroxygen consumed due to previous
modificetion of the cellulose. The same calculations were made on the
(b) series with similar results. From these figures ig:Zoncluded that
the partially oxidized cellulose was more easily attacked by oxygen and
that this susceptibility to further oxidation increased with the degree
of previous oxidation. The table shows that this increased amount of
oxygen consumed caused & great increase in the per cent loss in weight

of the sample.
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Table XV shows a similar comparison of results obtained from
lime water bleach. The effect of previous oxidation of the cellulose
is the same in this series as in the K0 - 57 series. The most notable
difference is shown in the time factor. It has been mentioned before
that the action of lime water bleach is slower than the action of
distilled water bleach.

In Tables XVI and XVII the following data was calculated on the
basis of the weight of the original sample :

(1) total grams of oxygen used in all the bleaches,

(2) total loss in weight in all the bleaches,

(3) total grams of oxygen used per grem loss in weight,
(4) total per cent loss in weight.

In Figure 10 it is shown that gore oxygen is required to cause
1 gram loss in weight in 2 hours intermittent bleaching (50a) then is
required to produce this loss in weight in 2 hours continuous bleaching.
This is true also of (50) and (50b). The first part of these curves
is explained by two facts. (1) Bleach liquor that has been used one hour
is more alkaline than bleach that has been used 2 hours. It has been
ghown that alkalinity inhibits the oxidation process. (2) The first
few minutes of the bleaching period are required for the temperature
of the liquor to change from room femperature to 50°C. It has been
shown that the rate of reaction is greatly influenced by changes
in temperature.

As the curve of 50 - 57 turns upward at the critical period,
oxygen is being used to further oxidize soluble products. When these
soluble products are removed, more of the oxygen from the bleach liquor
acts on the insoluble but modified cellulose. Since the amount of

soluble products that could accumulate in one hour would be comparatively



small, the decrease in the amaunt of oxygen required to produce a
definite loss of weight indicates that the modified cellulose is
more easily oxidized to soluble material, and that this effect
increases with the degree of modifications.

This conclusion is not in accordance with the results of
Clibbens and Ridge *. However, they used lower temperatures and a

weaker bleach.

The same reasoning avplies to the curves shown in Figure 11.

* Clibbens and Ridge, Journel of Textile Institute, Vol. XVIII, No.l,

April 1927.
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Study on Acidity of Bleach

Twenty cubié¢ centimeters of the bleach filtrate was decomposed
by boiling with 10 cubic centimeters commercial hydrogen peroxide
solution. It was then cooled and titrated with sulfuric acid and
sodium hydroxide using methyl orange as an indicator. The normality
of the acidity or alkalinity of the bleach was calculated.

In every series studied the alkalinity of the bleach decreased
gradually for a time, but at the beginning of the critical period the
bleach liquor became acid and the acidity increased rapidly for a time.
Toward the end of the critical period the acidity decreased. These

resulte given in Tables XVIII to XXI are shown graphically in Flgure 12.

Table XVIII
Series 5@ - 59. 2.5 grams cellulose in distilled water

bleach at 50°C.

No. Hours in bleach Alkalinity Acidity
50 : 1 :  .006815N :

51 : 13 :  .006580N :

52 : 2 : . s .001789N
5 : 2? : : .01531 N
5 : 2% : ¢ .02798 N
55 : 3 : : .01692 N
56 H 31 3um : ¢ .009125N
57 : y : :  .0080uU5N

"Table XIX
Series H50a -58a. lkiodified cellulose treated for 1 hour with

fresh distilled water bleach

No. Hours in bleach Alkalinity Acidity
50a : :  .OO4EOHE :

518 : : :  .OO4BLN
Hea : : : .0173 N
53a : : ¢ .02141N
Sha : : :

5ha : : ¢ 01177N

56a .M16oW

—an N PN, ey



Series 60 - 2.5 grams of cellulose in lime

..3 9..

Table XX

water bleach at 50°C.

No Hours in bleach Alkalinity Acidity
60 : 1 : .01200 N :
61 : 2 : .009595N :
62 : 3 : .00601 N :
25 : 3% : :  .000609N
: Yy : : .0l658 N
65 : L3 : : 02336 N
66 : 5 : ¢ .01201 N
67 : 5% : : .00228 N
68 : 6 : :+  .0005 N
Table XXI
Pime - Water bleach filtrates from 1926 series at 50°C
At time of bleaching Three days later
No. Time Alkalinity Acidity :: Alkalinity Acidity
5. ekl N
bleach HH
1 ¢ 1 : ©.0214uN: :: .01768N :
2 ¢ 2 ¢+ .0195u4N: 11 .01336N :
E : 3 .01699N: e : 01679
¢ 3% ¢ .0123h: e :  .01601N
5 ¢+ 4 ¢ .01009u: e :  .01312N
6 ¢+ Ly ¢ .01562Y :: :  .0070 N
7 : 5 :+ .02233N :: : .01038N
g8 :+ 5% : .0081 N :: :  .0061 N
9 :+ b6 : .0031 N :: :  .0029 N
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One series of bleach filtrates were kept for three days and

the alkalinity determined again. Every filtrate had become more acid.
The first members of the series PJad become cloudy on standing in the

air. The following reaction exvlains these facts.

Ca HQ(CQ3)2 + gQé = CaCQ3 + H2003
E,CO; —> Hp0 + CO,

The soluble calcium bicarbonate gives and alkaline reaction. When the
calcium 18 precipitated by carbon dioxide in the air as calcium
carbonate, a small amount of carbonic acid is left in solution. These

two things work in the same direction to produce an increase in acidity.

Summary

Observations on the general progress of the bleaching reaction.

1. The first marked change was the appearance of cloudiness in
the bleach liquor. This cloudiness was due mainly to the formation of
calcium carbonate, indicating a reaction between the calcium hydroxide
in the bleach liquor and the carbon dioxide from the oxidized cellulose.

2. At the time when cloudiness appeared, the reaction of the
bleach liquor changed from alkaline to acid. The acidity increased
rapidly to 8 maximum point which was reached a short time before
gassing began.

3. During the gassing period, considerable amounts of carbon
dioxide were evolved. During this period there was a rapid decrease
in the acidity because the accugulated organic acids were oxidized

to carbon dioxide and water. The cloudiness of the bleach liquor
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also decreases during this period, because the large amount of
carbon dioxide converts the calcium carbonate to the more soluble

bicarbonate.

The éritical period shows:tne followipg characteristics:

1. A marked increase in the rate of oxygen consumtion per
gram of cellulose in a unit time.

2. A marked increase in the amount of oxyzen required to
cause a given loss of weight of the cellulose. This was because much of
the oxygen was being used in the further oxidation of soluble products.

3. A marked increase in the per cent solubility of the cellulose
in the bleach solutioni

4. A greaterlincrease in the per cent solubility of the residue
from the bleach in 3% NaOH solution, which indicates the rasid formation
of oxycellulose during this period.

5. The amount of oxygen disappearing from the bleach per hour

increased greatly, i.e., the rate of oxygen consumption increased.

The rate of the oxidation of cellulose is greatly influenced
by changes in temperature. A 10°C rise in temperature more than
doubles but does not triple the speed of the reactionl

Cellulose that has sugfered attack by &xidizing agents is
more susceptible to further attack, and this susceptibility increases

with the degree of previous oxidation.
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