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I 

FORWOfln 

In view of the necessity for conservation of German textile materials, 
Or. Albert Schaeffer of the Textile Application Laboratories, I. G. Farben¬ 
industrie, Hoechst, recognized the importance of fundamental studies with 
the aim of increasing the durability of cellulosic fibers such as cotton 
and rayon. A lengthening of the wear life of such materials would be a 
boon to the war economy of his country both by easing the load on the 
synthetic fiber industry and by extending the availability of the depleted 
cotton supply. 

Dr. Schaeffer's work included a systematic investigation of alkalies 
and their effect upon cellulose. Such chemicals are used in one forra or 
another in various stages of textile processing and are also present in 
both home and commercial laundering compounds. A search of the literature 
indicated that alkalies act upon cellulose to widely varying degrees. Some 
studies showed them to be quite harmful and others gave evidence that their 
effect is negligible. Data have been collected at different step« of the 
washing and laundering processes under various conditions to determine the 
action of the single components of the cleansing agents on cottons and 
rayons. 

The information compiled by Dr. Schaeffer and published in this report 
in its entirety should prove helpful to textile manufacturers, laundries, 
and manufacturers of wet processing and washing agents. The commercial 
fibers represented as Staple Fibers No. 1, No. 2, and No. 3 have been iden¬ 
tified, respectively, as Vistra, Cuprama, and Lanusa. Staple fibers No. k 
and No. 6 have not been identified, but are believed to be viscose-process 
rayons. 

It is believed that correct and reliable information has been obtained 
from the German scientists, but it should be understood that the United 
States Government is not responsible for any inaccuracies, nor can liability 
be assumed for any patent violations which may result from the use of the 
processes described herein. 

April 1947 

STEPHEN J. KENNEDY 
Chief, Textile and Leather Products 
Section 
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ACTION OF ALKALI UPON CBLLULOSS 

Part I 

Investigation of tha Effects of Conunoa Laundering Alkalies 

INTRODUCTION 

There are many references in the literature describing the action 
of alkalies on cellulosic fibers in concentrations and under conditions 
encountered in the washing process. However many different viewpoints 
are represented in this work. There were variations in the fibers used 
and the conditions under which they were treated as well as in the 
methods by which the effects were measured. Therefore it ic clear that 
the results of these experiments are often different and sometimes even 
contradictory. It is impossible to determine clearly from the literature 
the conditions under which the alkalies deteriorate the cellulosic fibers 
to a greater or less extent. However, in all publications it is emphasized 
that a mild alkaline treatment of the fibers is necessary both in the pro¬ 
cesses of manufacture and in commercial or home laundries. 

Therefore it appeared necessary to undertake a systematic examination 
of the entire subject of degradation of cellulosic fibers by alkali to de¬ 
termine the effect of each step in the process. Study was also made of 
various conditions of laundering and of the action of the individual com¬ 
ponents of washing agents. 

PRoesnims 

In all our experiments the fibers vere treated in a boiling bat.. 
Since a small number of alkali treatments have only a slight influence on 
the chemical and physical properties of the cellulosic fibers, it was de¬ 
cided to subject them to 50 consecutive half-hour boils. After each boil 
the fibers were rinsed until neutral, centrifuged, dried for one hour at 
65° C., exposed for some time in the open axr to cool, and then placed in 
a fresh bath. In this manner the fibers could be boiled three to four 
times each day and the 50 treatments could be completed in 15 to 18 days. 

Distilled water was used in all cases for preparing the baths and 
rinsing the fibers in order to eliminate the Influence of hard water on 
the test results. Thus were secured unobjectionable and uniform data on 
the action of alkalies upon cellulosic fibers. 

The treatments and examinations of the fibrous material were not con¬ 
fined to one kind of fiber, but were extended to different commercial 
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brands of regenerated cellulose and in some ©ases to cotton. However, 
as it is not the aim of the present examinfoiori to evaluate the 
different commercial fibers, in this report they are designated by 
numbers, rather than by trade names. 

The following chemical and physical methods of examination were 
used for the investigation of the fibers before and after treatment: 

Chemical Fethods of Examinatii . 

1. Décomposition of the Fiber. After the first ten and then 
after each tenth boil the bath was filled to its original volume and 
the decomposed and dissolved cellulose was quantitatively determined 
by oxidation with potassium bichromate and sulphuric acid. These pro¬ 
ducts of decomposition were calculated as cellulose 

2. Degree of Polymerization or Damage Factor (Schädigungszahl).* 
After the first and then after each tenth boil a sample of the fiber 
was withdrawn and its damage factor determined. 

3. ftbsorptic i of Alkali by the Fiber. The quantity of alkali in 
the bath was determined by titration before and after the treatments. 
Thereby the quantity of alkali absorbed by the fiber during the treat¬ 
ment could be ascertained. 

4. Ash Contents of the Fiber. Determinations were made before 
the first and after the 50th treatment. 

Physical Methods of Sxamination 

\. Tensile Strength of the Wet Fiber and Elongation at Break of 
the Wet Fiber. The determinations were made before and after the íirst 
and after each 10th treatment. 

2. Microscopical Examinations. Photomicrographs were made before 
the first and aiter the 50th treatment. 

Manner of Representing the Experimental Results 

In some cases the experimental results were presented in tables, but 
mainly in the form of curves to ensure clarity. 

* Further information regarding the damage factor appears in the following 
references: 

Kisenhut, 0. Mel. Tex. Ber. 22, 424-6 (1941) 
Vetter, H. " " ^ 22, ^26-8 (1941) 
Chem. Abs., 3B, 2212 (1944) 
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First Series of Experiments 

Effect of the Ratio of Goods to Liquor. In both home and commercial 
laundries, the ratio of goods to liquor varies with the prevailing 
arrangements and conditions. Therefore, it was important to determine 
the influence this ratio has on the action of alkalies upon the cellu- 
'losic fibers. For example, using the same concentration of alkali in 
^rams per liter, a 1 to 100 ratio of goods to liquor would give 20 times 
as much alkali for the same weight of fiber as a 1 to 5 ratio. In other 
words, it must be determined whether the change in the chemical and 
physical properties of the cellulosic fibers is dependent primarily on 
the concentration of the fikaline solution or on the ratio between the 
total alkali present and the weight of the fiber present. 

To determine this, experiments 
tions of goods to liquor: 

Series A 

1:10 
1:20 

} 1:50 
1:100 

were made with the following propor- 

Series B 

1:10 
1:8 
1:5 

Fibrous material: Staple fiber 'lo. 1 (Viscose type) 
Staple fiber Vo. 2 (Cuprammonia type) 
Staple fiber No. 3 
Staple fiber No. k 

Treatment: 50 boils each of 1/2 hour; 1 g per liter of 
analytically pure anhydrous sodium carbonate; 
1,000 cc of bath in each case. 

Determinations: Quantity of decomposed and dissolved cellulose, 
damage factor, tensile strength of the wet 
fiber, elongation at break of the wet fiber, 
and absorption of alkali by the fiber. 

Results. The results of these tests on spun rayon made from staple 
fiber 2 are given graphically in Figures 1 to 8. 

The absorption of alkali is given in the following table: 

mg Nb20 per 100 g fiber 
Ratio after each boll 

Series A 
1:10 
1:8 
1:5 

121 
117 
125 



Fiber Degradation 

Action of Alkali on Cellulose 

Influence of length of batn 
Boiling with 1 gm/l. anhydrous Na,CO, 
_i hour boil_2 3 

Figure 1 

Damage Factor 

Actjon of Alkali on Cellulose_ 

Influence of length of bath 
Boiling witr 1 gm/l. anhydrous Na.Co, 
_i hour boil z 3 

Staple Fiber 12 

Figure 3 
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Tensile Strength of the Wet Tiber 

Elongation at the Break of the wet Fiber 

Figure Figure 8 
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Ratio 
mg Na20 per lOG g fiber 

after each boll_ 

Series B 

1:10 
1:20 
1:50 
1:100 

114 
106 
115 
106 

These chemical arvi physical results show that the decomposition of 
a fiber is constant when different proportions of goods to liquor are 
used. Furthermore the absorption of alkali by the fiber in the separate 
boils does not depend on the bath ratio. 

The variations of the values in some experiments lie within the 
limit of error. When criticizing the experimental results relating to 
the decomposition of fiber and the absorption of alkali by the fiber 
using different proportions of goods to liquor, it must be considered 
that the values were found by investigating the baths, and that the re¬ 
sults were related to the quantities of fiber used. The limits of error 
relating to the volume of bath, are the same in each-casq. 

For example, where a 1 to 100 bath is used only one tenth as much 
fiber is treated per unit of bath volume as compared to a 1 to 10 bath. 
Thus, the limit of error based on the fiber weight is ten times greater 
in the first case than in the second. 

The experiments with staple fibers Mo. 1 and Mo. 3 confirm the 
experimental results obtained with staple fiber Mo. 2, so that it seems 
to be unnecessary to represent the corresponding curves and tables. 

The result of this series of experiments may be summarized as follows: 

When boiling cellulose fibers in a bath containing alkali, the changes 
of the fiber found by chemical and physical methods do not depend on the 
proportion of goods to liquor. 

Second Series of Experiments 

Action of Hifferent Alkalies Upon Cellulose. In this series of 
experiments the cellulosic fibers were subjected to 50 boils in the presence 
of alkalies generally used in the washing process and in different concen¬ 
trations. Before and after the treatments the fibers were exhaustively 
examined by chemical and physical methods. 

The cellulose fibers were treated with the following alkalies: 

1. Sodium hydroxide, analytically pure. 
2. Anhydrous sodium carbonate, analytically pure. 
3. Sodium monosilicate (sodium metasilicate), Na20*Si02*4 H2O. 
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U, Sodium disilicato. 
As this preparation was not available, a mixture of equivalent 
parta of sodium monoaillcate and sodium triailicate was used. 

5. Sodium triailicate, Na^O SiOo* 
6. Technical water glass, 38 - 39°Be, Na^OO SÍO2; 35.95Í eelide. 

7. Water (for comparison). 

The fibers were treated in baths with 4 different alkali concentra¬ 

tions: 

1. O.584 g per 1 NajO cor. 1.0 g per 1 anhydrous Waj^. 
2. 1.168 «hi* «2.0 ""l " " 
3. 1.732 « « 1 « « 3.0 " " 1, " ^ 
4. 2.920 « « 1 « " 5.0 " " 1 ■" n 

The corresponding equivalent quantities of the other alkalies are 

shown in Figure 9. 

The pH value of these alkali solutions in the different concentra¬ 
tions Aay be taken from Figure 10 (potentiometrical values st 20° C.). 
Here it must be considered that the distilled water of the treating 
baths contains varying quantities of dissolved carbonic acid converting 
the alkalies to sodium carbonate or sodium bicarbonate and thus diminishing 
somewhat the pH value of the solutions, although the contents of N^0 in 

the bath are not changed. 
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Action of AIIcrII on Cellulose 

Action of Different Alkalies on Cellulose 

Concentration: 0.584 g/1 NajO 
Equivalent to: 1.0 g/l NSgCOj 

So. of Boils 
of Fiber 

Hater 

Staple Fiber 1 

Yellcw 
Brown 

Pale 
Yellow 

Colorless 

Colorless 

Staple Fiber 2 

Pale 
Yellow 

Colorless 

Colorless 

Colorless 

NaOE 

Yellow 
Brown 

Yellowish 

Pale 
Yellow 

Colorless 

Staple Fiber 4 

Raw Cotton 

1 

2 

3 

Pale 
Yellow 

Colorless 

Colorless 

Colorless 

Colorless 

Colorless 

Colorless 

Colorless 

Yellow 
Brown 

Yellow 
Brown 

Yellow 
Brown 

Colorless 

Yellow 

Colorless 

Colorless 

Colorless 

Na2C03 

Yellow 
Brown 

Pale 
Yellow 

Colorless 

Colorless 

Yellow 
Brown 

Yellow 
Brown 

Yellow 
Brown 

Colorless 

Yellow 

Pale 
Yellow 

Pale 
Yellow 

Pale 
Yellow 

Yellow 

Colorless 

Colorless 

Color less 

Pale 
Yellow 

Colorless 

Colorless 

Colorless 

HsgO.SiOg 

Yellow 
Brown 

Yellowish 

Colorless 

Colorless 

Yellow 

Yellow 

Yellow 

Colorless 

Yellow 

Colorless 

Color less 

Colorless 

Pale 
Yellow 

Colorless 

Na20.2Si02 

Yellow 
Brown 

Pale 
Yellow 

Colorless 

Colorless 

Na20.3Si02 

Yellow 
Brown 

Pale 
Yellow 

Colorless 

Colorless 

Yellow 

Yellow 

Yellow 

Colorless 

Pale 
Yellow 

Colorless 

Colorless 

Colorless 

Pale 
Yellow 

Colorless 

Colorless Colorless 

Colorless Colorless 

Yellow 

Yellow 

Yellow 

Colorless 

Pale 
Yellow 

Colorless 

Colorless 

Colorless 

Pale 
Yellow 

Colorless 

Colorless 

Colorless 

ftaterglass 

Yellow 
Brown 

Pale 
Yellow 

Colorless 

Colorless 

Yellow 

Yellow 

Yellow 

Colorless 

Pale 
Yellow 

Colorless 

Colorless 

Colorless 

Pale 
Yellow 

Colorless 

Colorless 

Colorless 

Figure 11 
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Action of Alkali on CeiVmosg 

Action of Different Alkalies 
Concentration: 0.584 g/1 Na20 
Equivalent to: l.C g/1 NatCO, 

± Hour Boils ' 

Figure 13 

Action of Alkali on Cellulose 

Action of Different Alkalies 
Concentration: 0.584 g/1 Na.o 
Equivalent to: 1.0 g/1 Na,C0,A 

* Hour Boils * * 

Figure 14 Figure 15 

15 



Fibrous materiel: Staple fiber ^o. 1 
Staple fiber No. 2 
Staple fiber No. U 
Raw cotton yarn 

Treatment: 50 boils each of 1/2 hour. 
Proportion of goods to liquor 1:20 
Quantity of bath 1000 cc. 

At the beginning of the treatments the presence of the different 
alkalies causes the fibers and the baths to be stained more or less 
strongly yellow-brown to brown shades. These tints, however, disappeared 
after the third or fourth boil. Figure 11 illustrates the tints ob¬ 
tained by the treatment of different fibers in the first baths in the 

presence of the stated alkalies. 

Determinations were made of the quantity of decomposed and dissolved 
cellulose, damage factor, tensile strength of the wet fiber, elongation 
at break of the wet fiber, consumption cf alkali during the boiling 
operations, and ash content of the fiber after the 50th treatment. Micro¬ 
scopical observations were also made to supplement these studies. 

Results. The results obtained in these investigations were likewise 

compiled in the form of curves and tables. 

Decomposition of the fiber. Figures 12 to 15 illustrate the course 
cf the decomposition of the different fibers during the boils in the 
presence of alkali in concentration No. 1 (1 gram per liter of anhydrous 

soda). 

In the same npaner the values were obtained with higher concentra¬ 
tions of alkali. However, the corresponding curves are not shown here 
lest the report become too extensive. In Figures 16 to 19 only the total 
quantities of cellulose decomposed and dissolved in the course of 50 boils 
are plotted against the different alkali concentrations. From these 
curves the relations of the quantity of decomposed fiber to the concentra¬ 

tion of alkali can be clearly recognized. 

From these curves it may be seen that, while decomposition by treat¬ 
ment with boiling water is approximately constant for all fibers, the 
various alkalies have different decomposing actions on the cellulosic 
fibers. With regard to the decomposing action on the fibers the following 

- Strongest decomposition of fiber. 
- Somewhat smaller decomposition of fiber. 
- Considerably smaller decomposition of fiber. 

) _ Still smaller decomposition ef fiber. 
Water glass (3.3 silicate) ) , 
Water - Smallest decomposition of fiber. 

sequence was found: 

Caustic soda 
Sodium-monosilicate 
Sodium-carbonate 
Sodium-disilicate 
Sodium-trisilicate 
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Action of AlMli on Colloiooo 

Act'on oí llfferont Al 1(1(«7 

Concontration: O.tM - 2.120 N02O 

Eooiwolont to: 1.0 - fe.O |/t No]C0| 

10 B0M0 t Boor Etc* 

Fi|«ro IS 

Action of A'kili on CollolOM 

Action of Òifforont Alkolioo 

Concont ration: O.IBt - I.B20 «/1 NO|B 

Eooivalont to: 1.4 - 1.0 f/l ROgCOi 

tO Bol lo i loor taefc 
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Action of Alliai i on Cellulose 

Action of Different Alkalies 
Concentration: 0.584 - 2.920 g/1 Na.O 
Equivalent to: 1.0 - 5.0 g/1 NajCO, 

50 Boils à Hour Each 

** Staole Fiber 1 

Action nr Alkali on Cellulose 

action of Different Alkalies 
Concentration: 0.584 - 2.920 g/1 na,0 
Equivalent to: 1.0 - 5.0 g/1 HafCO, 

50 Boils è Hour Each £ * 

Figure 25 
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The differences in depree of dec'jnposition cl some fibers by the 
action of different alkalies are ver¿ considerable. For example, cotton 
shows appreciably smaller differences. When using a solution of caustic 
soda, sodium monosilicate or sodium carbonate, fiber decomposition 
increases as more concentrated alkalies are used. However, the rate of 
decomposition becomes slower with increasing alkali concentrations. 
When using sodium disilicate, sodium trisilicate or water glass the maxi¬ 
mum deterioration is already attained in most cases when working in a 

low concentration. 

No relation can be found between the pH value of the alkali solutions 
and fiber decomposition. It can only be said that comparing two solutions 
of different alkalies with the same alkali-concentration (based on NaaO 
content), the solution with the higher pH value causes the stronger decom¬ 

position of the fiber. 

Damape Factor (Schadigungszahl) 

The damage factors are graphically shown in Figures 20 to 25- Figures 
20 21, and 22 show the increase \n the damage factor when boiling with 
alkalies in concentration No. 1. Figures 23, 24, and 25 show the variation 
in damage factors after the 50 boils with different alkali concentrations. 

The damage factor of cotton was not detemined. 

An examination of the damage factor curves will lead to the same con¬ 
clusions as have already been reached by a consideration of the results on 
fiber decomposition so that no further discussion of them is necessary. 

Tensile Strength and Elongation at Break of the Wet Fiber. The re¬ 
sults of the tensile-strength tests are graphically shown in the same 
manner as those of the chemical examinations of the fibers. In Figures 26, 
27, 28, an14 29 are shown the tensile-strenpth values of yarns before and 
after bein? treated with alkalies in concentration No. 1. Figures 30, 31, 
32, and 33 show the tensile strength after the 50th treatment with the 

alkalies in different concentrations. 

From these charts it may be seen that the results of tensile-strength 
tests correspond with the results of chemical examinations of the fibers. 

In the case of elongation at the break the results are net shown be¬ 
cause the action of different alkalies upon the elasticity of the fibers 
was not sufficiently uniform to permit the drawing of any conclusions. It 
is merely apparent from these experiments that caustic seda solution, sodium 
monosilicate and sodium carbonate cause an appreciably greater decrease in 
elongation of the fibers than sodium disilicate, sodium trisilicate and 

water glass. 

Absorotion of Alkali. The alkali content of each bath was determined 
by titration before and after the treatments. In this way the absorption of 



Figure 28 Figure 29 
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Action of Alkali on 061101056 

Action of Different Alkalies 
Concentration: 0.584 - 2.920 g/1 Na?o 
Equivalent to: 1.0 - 5.0 g/l'NaiCO, 

50 Boils j Hour Each * 

^ Staple Fiber 1 

Figure 30 

Action of Alkali on Cellulose 

Action of Different Alkalies 
Concentration: 0.584 - 2.920 g/1 Na,0 
Equivalent to: 1.0 - 5.0 g/l Ha^CO^ 

50 Boils * Hour Each ^ 

Figure 31 

22 



Action of Alkali on cellulose 

Action of Different Alkalies 
Concentration: 0.584 - 2.920 g/1 ka-O 
Equivalent to: 1.0 - 5.0 g/1 NatCO, 

i Hour Boil ' 

Alkali 
g/L 

0,584 

HapO 

1,158 1,758 3,980 

kaOH 

Soda 
Sodium nonosil icate 

Sodium disil icate 

Sodium trisil icate 
Water glass 3-3 silicate 

ISO 

104 

110 

ioe 

108 

IIS 

168 

108 

106 

104 

105 

108 

- 

167 

108 

111 

107 

106 

111 
Staple Fiber 1 

Absorption of alkali by cellulose after 
each individual bgil. 
mg per 100 gms. Fiber 

Figure 3* 

Action of Different Alkalies 
Concentration: 0.584 - 2.920 g/1 Na.O 
Equivalent to: 1.0 - 5.0 g/1 NaiCO, 

1 Hour Boil ' 

Alkali 
e/ 

o,6a« 

L MagO 

1,168 1,763 8,980 

NaOH 

Soda 
Sodium monosil icate 

Sodium disil icate 

Sodium trisil icate 

water glass 3.3 silicate 

186 

184 

188 

186 

187 

186 

198 

131 

ISO 

197 

181 

184 

- 

19« 

187 

188 

181 

188 

iaa 

Staple Fiber 2 
Absorption of Alkali by cellulose after 

each individual boll, 
mq per 100 qms. Fiber 

Figure 35 

Action of 011 ferent Alkalies 
Concentration: 0.584 - 2.920 g/1 Na.O 
Equivalent to: 1.0 - 5.0 g/1 Na,C0. 

* Hour Boil * 5 

Alkali 
ST* 

0,584 

atgO 

1,168 1,768 8,980 

NaOH 

Soda 

Sodium mooasilicate 

Sodium disilicate 

Sodium trisil icate 

water glass 3.3 silicate 

146 

80 

80 

98 

60 

78 

158 

76 

00 

88 

79 

a« 

168 

81 

88 

79 

88 

06 

Staple Fiber 4 
Absorption of alkali by cell.ulose after 

each individual boil, 
mg pec 100 gms. Fiber 

Figure 36 
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Action of Alkali on Cellulose 

Action of Oifferent Alkalies 
Concentration: 0.58« - 2.920 g/1 Na,0 
Equivalent to: 1.0 - 5.0 g/1 Naico, 

1 Hour Boit J 

Alkali 
e> 

0,084 

'1 MajjO 

1,100 1,733 8,330 

NaOH 

Soda 

Sodium monosilicate 

Sodium disil icate 

Sodium trisil icate 

water glass 3.3 silicate 

ião 

13« 

130 

133 

130 

ISA 

100 

131 

117 

110 

133 

131 

- 

100 

100 

137 

ISO 

110 

130 

Raw cotton 
Absorption of alkali by cellulose a 

each individual boil, 
mq per 100 gms. Fiber 

fter 

Figur» 37 

Action of Different Alkalies 
Concentration: 0.58« - 2.920 g/1 ea,0 
Equivalent tot 1.0 - s.O g/1 Na^CO 

50 Boils Mour Eacti 
IjUtj 

AlkeU Un» 
treated 

a/« »«,0 
0,58« 1,168 1,76» a.eao 

0,83 

NaOH 

Soda 

Sodium monosil icata 
Sodium disil¡cate 

Sodium trisilicate 

water glass 3^.3 sil cate 
water 

0,14 

0,1» 

0,56 

0,36 

10,»» 

,53 

0,18 

0,33 

0,17 

0,03 

0,00 

33.73 

84.73 

staple f" bér '1 
Mineral Content of the Fiber 

After 50 Boils 
—Grans per 100 oms of Fiber 

0,8« 

0,33 

0,33 

0,70 

34,33 

»«,73 

0,3(1 

0,0i 

0,37 

1,33 

17,10 

Figure 3B 

|— Action of Alkati on Cellulose '** 
Action of Oifferent Alkalies 

Concentration: 0.58* - 2.920 g/1 Na.o 
Equivalent to: 1.0 - 5.0 g/1 Na-2CO, 

-—_jQ Boils 2 Hour Each ^ ’ 

Alkali Un¬ 
treated 

d,584 
g/L NtnO 

1,160 1,768 3,930 

NaOH 

Soda 

Sodium m 

Sodium d 
Sodium t 

Water gI 

Water 

onosilicate 

¡silicate 
risil icate 

ms 3.3 sil 

_1 

0,06 

cate 

0,74 

0,78 

0,06 

0,80 

9,63 

8,37 

0,74 

0,78 

0,70 

1,10 

0,83 

9,96 

ll,t* 

0,73 

0,76 

0,98 

0,91 

81,41 

30,63 

0,76 

0,70 

1,08 

0,98 

88,03 

86,77 

Step 
Mineral Cont 

After 
Grams per i 

0 Fiber 2 
ent of the Fiber 

50 Boils 
Op gms of Fiber 

Figure 39 
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Action or At kali on Cellulose 
Action of Different Alkalies 

Concentration: 0.584 - 2.920 g/l Na^> 
Equivalent to: 1.0 -5.0 g/1 NatCO- 

50 Boi 1 s i Hour Each ¿ ' 

Alkali Un¬ 
treated 0,584 

g/1 Mag 

1,168 
o 

1,752 2,92C 

NaOH 
Soda 

Sodium monosilicate 

Sodium disilicate 

Sodium tri sil icate 
water glass 3*3 sil 

Water 

0,62 

• 

cate 

0,52 

0,38 

0,90 

0,62 

13.31 

12.32 

0,38 

0,50 

0,37 

1,18 

1,07 

17,21 

18,73 

0,53 

0, 12 

1,22 

1,11 

22,53 

20,17 

0,51 

0,41 

1,13 

1,10 

32,80 

24,23 

Staple Fiber 4 
Mineral Content of the Fiber 

After 50 Boi1s 
Grams per 100 oms of Fiber 

Figure 40 

Action of Alkali on Cellulose 

Action of Different Alkalies 
Concentration: 0.584 - 2.920 g/1 Na?0 
Equivalent to: 1.0 - 5.0 g/1 Naico, 

50 Boi1s ¿ Hour Each ¿ ' 

Alkali Un¬ 
treated 0,684 

S/1 Na30 

1,168 1,752 2,920 

NaOH 

Soda 
Sodium monosil icate 

Sodium disilicate 
Sodium tri si 1 icate 
water glass 3.3 sil 

Water 

0,28 

eate 

0,10 

0,10 

0,47 

0,32 

8,65 

8,21 

0,17 

0,14 

0,08 

0,72 

1,02 

9,80 

.3,18 

0,11 

0,12 

0,69 

1,03 

16,21 

18,47 

0,16 

0,10 

0,63 

1,38 

25,28 

23,18 

Raw Cotton 
Mineral Content of the Fiber 

After 50 Boils 
Grams per lOO qms of Fiber 

Figure 41 
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alkali by the fiber in the course of each treatment was determined. 
The results are presented in Fi^ur^s 34 to 37. 

From these figures it follows that the maximum alkali absorption 
of the fiber is attained in each case with concentration No. 1. Higher 
concentrations do not cause a stronger absorption of alkali. It must 
be emphasized here that use of caustic soda solution results consist¬ 
ently in a greater absorption of alkali (based on Naj^O) than the other 
alkalies. From this it may be concluded that the action of caustic 
soda solution causes the formation of sodium cellulose, and that the 
action of the other alkalies merely cause an absorption of alkali by 
the fiber. The amount of absorbed alkali is different for each fibrous 
material. 

wfhen determining ..he mineral components in the fibers before and 
after 50 treatments, it was discovered that the alkali content of the 
fibers is not increased by a multiplicity of treatments. It was there¬ 
fore concluded that the alkali absorbed by the fiber during the treat¬ 
ment is washed out again in the rinsing process. 

Ash Content of the Fibers. The mineral components of the fibers 
were determined before and after 50 treatments with the different alka¬ 
lies in different concentrations, by ashing the fibers at 600° C. 

The results of these analyses are shown in Figures 38 to 41. 

From these results it may be seen that the small mineral ingredients 
of the untreated fiber either remain unchanged or are diminished by the 
treatment with caustic soda or sodium carbonate solution. 

Sodium monosilicate and sodium disilicate in any concentrations 
cause a slight increase in the mineral ingredients of any fiber to which 
they may be applied. 

However, sodium trisilicate and water glass cause a strong deposit 
of mineral ingredients in the fiber. The inorganic compounds absorbed 
depends upon the alkali concentration in the bath and on the kind of 
fiber. As the treatment of the fiber with the alkali, as well as the 
rinsing in all cases, was performed with distilled water, these ingredi¬ 
ents can be only silicic acid, since the free alkali content if the fibers 
as determined by titration had not increased but even diminished. 

In these results it is remarkable that sodium trtsilicate and water 
glass in all cases cause a significant amount of minerals to be absorbed 
by the fiber, whereas, when using sodium disilicate, only a small quantity 
could be found. However, as stated before, the sodium disilicate used is 
not a uniform product but a mixture of equivalent parts of sodium mono¬ 
silicate and sodium, trisilicate. Therefore, from these experiments it may 
be supposed that sodium monosilicate prevents the deposit of silicates in 

the fibers. 
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F¡gure 42 

Action of Alkali on Cellulose 
Aòfion of Different Alkalies 

use of Alkali Mixtures 
Total Concentration: 9.584 g/1 Na20 

Equivalent to: 1.0 g/1 Na,^)^ 
50 Boils t hour Eacn 

AUall Mineral Content tintregted_ 

untreated 

1001 Water glass silicate 

90$ Water glass 3.3 silicate 
10* Soda 
80* Water glass 3*3 silicate 
20* Soda 
50* Water glass 3*3 silicate 
50* Soda 

100* Soda 

0,14 

an,93 

18,80 

10,58 

4,83 

0.11 

Staple Fiber 1 
Mineral Content of the Fiber 

-After 50 Boil s 
Grams oer 100 qms Fiber 

Figure 43 
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This supposition wns confirmed by n further series of experiments. 
Staple fiber No. 1 was subjected to 50 boils with a mixture of water 
plass(3.3 silicate) and sodium monosilicate, and a mixture of water 
plass (3.3 silicate) and sodium carbonate. 

These alkalies were used in such quantities that together they 
corresponded to concentration No. 1 (0.534 g/1 of Na^). 

The results of these examinations are shewn in Figures 42 and 43. 

These examinations confirm former experimental results and prove 
that sodium monosilicate and sodium carbonate effectively impede the 
precipitation of silicic acid on the fiber. This is demonstrated by the 
fact that the quantity of the precipitate decreases with increasing 
amounts of either sodium monosilicate or sodium carbonate. 

This action of sodium monosilicate and sodium carbonate may b,e ex¬ 

plained as follows: 

Tn an aqueous solution of sodium trisilicate a state of equilibrium 
is reached between molecularly and colloidally dissolved silicate, which 
depends upon the concentration, the temperature and the other electro¬ 

lytes present in the solution. 

MspO . 3 Si02 (-J %20 . 3 Si02 

Molecular ^ ■ ■■■ > ) Colloidal 

It is probable that the only parts of the silicate which are de¬ 
posited on the fiber are those which are colloidally dissolved and that 
those which are molecularly dissolved do not become so absorbed. 3y 
adding sodium carbonate, sodium monosilicate, and probably also caustic 
soda solution or other alkalies forming molecular solutions, the equi¬ 
librium is displaced from right to left, i.e„, the colloidal part of the 
solution is diminished and,accordingly, the precipitate of silicate on 
the fiber also becomes less. 

Vicroscopical Observations. Photomicrographs were taken of the 
fibers before and after 50 treatments by Dr. Reumuth's phase-contrast 
method. These photographs do not represent isolated findings, but were 
selected from a large number of such microscopical observations which 
confirmed each other and give a clear conception of the changes of fiber 
structures after 50 boils in the presence of alkali. 

The photomicrographs of staple fiber No. 1 are shown in Figure 44. 

The following observations are made: 

The untreated fiber already shows a large number of cross cracks, 
the boiling operations either in water or in alkaline solutions, these 



Staple Fiber I

Concentration 
0.584 g/l NaoO

Equivalent to: 1.0 g/l Na2C03
1.168 g/l NaoO 
2.0 g/l Na2C03

Figure 44
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Concentration 
0.584 g/l Na20

Equivalent to: 1.0 g/l Na2C03
1.168 g/l HS20 
2.0 g/l Ha2C03

Untreated

Water

NaON

Na2CO0

Na20.Si02

Na20.2Si02

’"gg B
. IC 7

• >'' mwmm

1^/2'

Na20.3Si02 ■-•stISai,S5^,
Water Glass 
3.3 Si02 wM^, —'-L»1 -'

Figure 45



Untreated

Water

NaOH

Na2C03

Na20.Si02

Staple Fiber 4
Concentration 

0.584 g/I Na20
Equivalent to: 1.0 g/1 Na2C03

Na20.2Si02

Na20.3SI02

Water Glass 
3.3 Si02

1.168 g/1 Na20 
2.0 g/1 Na2C03

Figure 46



croas cracks are increased and parts of them are appreciably broadened. 
They are especially distinct after treatment with caustic soda solution 
or sodium carbonate. Sodium monosilicate has a somewhat more favorable 
effect, whereas sodium disilicate produces cross cracks to a greater 
extent or broadens them. Especially unfavorable is the action of sodium 
trisilicate and water glass which, moreover, cause a strong mineral depo¬ 
sition on the fiber. In addition to the cross cracks which in some cases 
cause a complete separation of the fiber, there can be seen that a more 
or less strong cleavage has taken place on the end of the fiber after all 
treatments, including that with water. 

The photomicrographs of staple fiber No. 2 are shown in Figure 45« 

The following observations are made: 

The cross cracks and cleavages of fibers of staple fiber No. 1 
could also be found in staple fiber No. 2, However, in the latter the 
cross cracks are more numerous and stronger. The mineral deposition on 
the fiber, when using trisilicate or water glass, is smaller than in the 
case of staple fiber No. 1 which also corresponds with the analytical 
results. 

The photomicrographs of staple fiber No. 4, are shown in Figure 46. 

The following observations are made: 

When treating staple fiber No. 4, cross cracks similar to those 
of the previous fibers are to be observed. However, these cross cracks 
apparently do not go deeply into the interior in all cases, but most fre¬ 
quently cause a superficial splintering of small parts of the fiber. The 
mineral deposition on the fiber, when using sodium trisilicate or water 
glass is greater than in the case of staple fiber No. 2 and smaller than 
in the case of staple fiber No. 1. 

The photomicrographs of raw cotton are shown in Figure 47. 

The following observations are made: 

’Then treating cotton, cross cracks in the fibers may likewise 
be observed after 50 treatments. By boiling in water numerous cross 
cracks are formed, but these extend to cleavages only in some cases. When 
using caustic soda or sodium carbonate, appreciably broader cross cracks 
appear which, especially in the case of sodium carbonate, often cause a 
complete cleavage of the fiber. Caustic soda solution behaves somewhat 
more favorable than sodium carbonate. Sodium monosilicate and sodium di¬ 
silicate likewise cause numerous cross cracks in the fiber, although thsse 
do not extend to cleavages as in the case of sodium carbonate. Water glass 
and sodium trisilicate cause cleavages of the fiber in a higher degree than 
sodium monosilicate and sodium disilicate and furthermore give considerable 
mineral deposition. 
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Inconsistent focperimental Results. In the course of the experiments 

results were"obtained which sometimes disagreed with the general findings 

and indicated an extraordinarily strorn? fiber decomposition during the 
boiling operations. At first these values were considered as mistakes 

and were disregarded. However, further experiments contir .•>'.< :.0 give such 

unusual results and the values obtained broadly agreed witi .ne values for¬ 

merly considered as erroneous. Therefore, these results could not be dis¬ 

missed as defective experiments, but it had to be assumed that extraordinary 

reactions had taken place during the boiling operations in the presence of 

alkali causing an especially strong fiber decomposition. 

By further experiments to discover the reactions causing this remark¬ 

able decomposition, it was found that oxygen dissolved in the baths was an 

important factor. The report on these experiments and on the conclusions 

drawn therefrom is presented in Part II of this paper. 

Analytical Methods Used 

1, Determination of Decomposed and Dissolved Cellulose. Determination 

of the fiber lost in the boiling process is somewhat difficult. Weighing, 

the fibrous material before and after the treatments does not indicate this 

loss satisfactorily because it reveals the quantity of mechanically lost 

fibers in addition to the quantity of dissolved cellulose. Furthermore, the 

contents of water and ash in the fiber are changed by the treatment. 

However, the determination of the quantity of dissolved cellulose - 

decomposition products by means of oxidation with potassium bichromate and 

sulfuric acid is useful, The decomposition products were calculated as 

cellulose (C6H]_o05)x” 

Before beginning the boiling treatment, the level of the liquor with 

the submerged fibers is marked on the beaker. After the boiling treatment 

this is brought to its former height and a sample is taken out of the bath 

in order to determine the contents of cellulose. In determining the total 

volume after the treatment, the temperature of treatment and the expansion 

of the.volume caused thereby must be considered. One liter of an aqueous 

solution of 95-98° C. corresponds after the cooling to 20° C. theoretically 

with 960 ml. However, since some water evaporates during the cooling, the 

volume of the solution diminishes to a greater extent. In the present ex¬ 

periments the volume diminished from 1,000 cc to 930ml.Therefore, the 

analytical values are to be multiplied by a correction factor (f = 0.93)« 

The following procedure was used: 

25 ml. of the bath at 20° C, are mixed in a 500 cc flask with 

6 '• of 0,5 normal solution of potassium bichromate, 

65 " of water and 

35 " of sulfuric acid of 76-77^» 
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The raixfcure is boiled for 3 mintr.ss and after cooling 160-170 ml. 
of water is added to bring the volume up to 300 ml. The potassium bi¬ 
chromate oxidizes the cellulose according to the following equation: 

C6H10O5 / 12 0 - 6C02 / 5f;.0 

The excess bichromate is determined ly titration with 0.1 normal solution 
of ferrous ammonium sulphate using o-phenantrolin as indicator. 

In order to adjust the unstable solution of ferrous ammonium sulphate 
to the stable solution of potassium bichromate and to determine the quan¬ 
tity of organic substances present in the baths before the boiling treat¬ 
ment, two blank treatments (one with boiling, the other without boiling) 
are performed in each series of the experiment. 

If the amount of 0.1 normal ferrous ammonium sulfate is: 

in the main experiment a cc, 
in the blank experiment without boiling b cc, 
in the blank experiment with boiling c cc, 
then the cellulose contents (x) in 1,000 cc of bath is: 

X r c-a x 810 x f mgm. 
b 

The correction factor f must be found in each case by experiment. Staple 
fiber and artificial silk generally contain sizes and other materials. 
They are mostly water-soluble organic substances which dissolve during 
the first treatment and then likewise are oxidized by potassium bichromate 
and sulfuric acid. Therefore, the values obtained, especially after the 
first treatment, are too high. In order to avoid this, these initial 
values were always reduced by those obtained after the first treatment in 
water. However, as this procedure often results in inconsistent values 
obtained after the first boiling treatment, the curves were plotted using 
the values obtained after the second treatment. The inaccuracy caused 
thereby is very small and generally is less than 1¾ of the total quantity 
of decomposed and dissolved cellulose. 

In the experiments with cotton, this correction is omitted, since 
this fiber does not contain any such size. However, in this case all non- 
cellulosic materials contained in the raw cotton, so far as they are de¬ 
composed and dissolved, ere determined as cellulose. 

2, Determination of the Consumption of Alkali in the Roiling Treatment. 
The determination of the' alkali content of the baths before the treatment is 
carried out by direct titration with hydrochloric acid, with the use of 
methyl orange or bromthymol blue as indicator. 

After the boiling treatment the bath is filled up with water to the 
original volume, then an aliquot part is taken off and used for titration. 
A titration immediately after the boiling treatment is impossible because 
of the fact that the decomposed and dissolved cellulose have a reducing 
action on the indicator which makes the final titration point difficult to 
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observe, therefore, the bsth is mixed at first with an excess of sulfuric 

acid, boiled for 5 minutes and after cooling the sulfuric acid is deter¬ 

mined by titration with caustic soda solution. 

fs some authors have maintained that the titration of sodium sili¬ 

cates aives no exact end point, this process was thoroughly examined. 

It was found that th*> accuracy is 98.9% when titrating with normal solution 
of acid and methyl orange as indicator. ’Then using methyl red as indicator, 

the accuracy is 98.0^ 

3„ Ash Content of tne Fibers. The incineration of the fibers was 

carried out in a muffle furnace at 600° C. The stated values relate to 

absolutely dry fibers. 

Summary 

On the base of comprehensive experiments the following could be 

established: 

1. 'Then treating cellulosic fibers in boiling baths with alkali, the 

physical and chemical changes of the cellulosic fibers do not depend on the 

proportion of goods to liquor in the bath. 

2. The degree to which the cellulosic fiber is damaged by the action 

of different alkalies in boiling baths depends upon the kind of fiber and 

the nature and concentration of the alkali. The extent of fiber impair¬ 

ment was found by determining the quantity of decomposed and dissolved 

cellulose, the damage factor, the tensile strength and the elongation at 

break, and by microscopical observations. 

3, As to the specific chemical and physical action of the different 

alkalies upon the cellulose tne following order could be established: 

Caustic soda solution 
Sodium monosilicate 
Sodium carbonate 
Sodium disilicate 
Sodium, trisilicate , 
’Vater glass 3.3 silicate) 
’Vater 

- Strongest decomposition of fiber 
- Somewhat smaller decomposition of fiber 
- Considerably smaller decomposition of fiber 

- Still smaller decomposition of fiber 

- Smallest decomposition of fiber 

4. 'Vhen using caustic soda, sodium monosilicate or sodium corbonáte, 

the degree of fiber damage increases with growing alkali concentrations. 

However, the rate at which the fiber is impaired is diminished as the 

alkali concentrations become greater. When using sodium disilicate, sodium 

trisilicate or water glass (3.3 silicate) the maximum fiber damage in most 

cases is attained with small alkali concentrations. 

5. There is no relationship between the pH value of the alkali solu¬ 

tions and the degree of fiber damage. It could only be observed that, com¬ 

paring two solutions of different alkalies but equal alkali concentrations 

(based on N82O), the solution with the higher pH value has the most dele¬ 

terious effect on the fiber. 
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6. The quantities of alkali absorbed by the cellulosic fibers 

during the boiling treatment depend essentially on the kind of fiber, 

but not on the concentration of the baths. 'Vhen using caustic soda in 

the boiling bath, the fibers in all cases absorb appreciably more alkali 

(based on WajO) than when other alkalies are used. 

7. Mineral deposits were observed only when using sodium trisili¬ 

cate in which case the silicate deposited depen'’'? on the concentration 

of the baths. By usinr other alkalies, especi:ij.j.y sodium monosilicate 

or sodium carbonate, the deposition on the fiber is largely prevented. 

A method of determining the quantity of cellulose decomposed and 

dissolved during the boiling treatment is given. 



Part TI 

The Effect of Drying or Oxygen on the Alkali Boll 

In Part I of this paper, two experiments were reported, in one of which 
the ratio of goods to liquor was varied, and in the other, six different 
alkalies at four concentrations were used under general laundry conditions. 
Some of the results indicated excessive fiber decomposition, the cause of 
which was investigated in the experiments described in this section. 

Since the experimental conditions were such that thermal decomposition 
of the fiber was improbable, the effect of repeated dryings after each of the 
boils was investigated. In addition, an exhaustive study was made of the 

effect of oxygen dissolved in the bath. 

Third Series of Experiments 

Effect of the Drying Process on the Fiber. In the 50 boils with water 
or alkaline solutions the action on the fiber constantly varies, the 
boiling causing the swelling of the fiber and subsequent drying causing 
its contraction. Therefore, it was the aim of the present series of experi¬ 
ments tc determine the effect of this alternate swelling and contraction of 
the fiber on its strength and other properties. 

Procedure. For the purposes of simplification, the experiments were 
divided into two groups: 

Group A: Treatment of one fiber with different alkalies in 
different concentrations. 

Group P: Treatment of four different fibers with sodium carbonate 
in one concentration. 

The following experiments were performed: 

Group A 

1) A continuous 25-hour boil. 

2) 50 boils, each of half an hour, followed by rinsing, centrifuging 
and drying the fiber after each treatment, using a fresh bath 
each time. 

Alkalies used: 

1) Anhydrous sodium carbonate, analytically pure. 

2) Sodium monosilicate (sodium metasilicate) Na20»Si02.4H20- 
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3) Technical Water Olas» 38-39° Be (Na20»3*3 SiOg)» 35.95Í* 

U) Water (for comparison). 

Concentrations used: 

The treatment of the fiber was carried out in three different con¬ 

centrations of alkali, based on NajjG. 

Concentration No. 1: 0.58/1» g/l NagO equivalent to 1.0 g/l 
anhydrous sodium carbonate 

No. 2: 1.168 p/1 NajgO equivalent to 2.0 g/l 

anhvdrous sodium carbonate 

No. 3: 1.752 g/l NagO equivalent to 3.0 g/l 
anhydrous sodium carbonate 

Proportions of goods to liquor 1:20 

Quantity of bath: 1000 cc 

Kind of fiber: Spun rayon No. 5. 

Group B 

Boils: As in Group A. 

Alkali: 1 g/l analytically pure anhydrous sodium carbonate. 

Proportion of goods to liquor: 1:20 

Quantity of bath: 1000 cc 

Kind of fiber: Spun rayon No. 1 
It « h g 
n « it 4 

Raw cotton yarn. 

determinations: Quantity of decompofed and dissolved cellulose. 

Damage factor (SchSdigungszahl). 

Tensile strength of the wet fiber. 

Elongation at break of the wet fiber. 

Ash contents of the fiber. 

Photomicrographs. 

Experimental Results. The results of this series of experiments are 

presented in the form of tables and curves. 

Decomposition of fiber: 

Figures to 50 show that considerably less cellulose is decomposed 

and dissolved by a single continuous boiling treatment of 25 hours with 

water or with alkalies in the different concentrations than by 50 boils, 

each of half an hour, followed by rinsinv and drying the fiber after each 

boil, furthermore, the quantities of cellulose decomposed by the 25-hour 

boil, using different concentrations are always nearly the same, whereas 
considerable difference in the quantities was found, when using the 50 
boils with subsequent dryings using different alkali concentrations. 
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Figure 51 shows that similar results were obtained with spun rayons 
«.d. for Stapl« fibor. 1, 2, «.d <. and wit hr a. °°tton yard. Wtbra. 
cotton the difference between the 2Vhour boll «d the » one^ali ho® 
bolle wae not aa great ae with the etaple fiber Mteriale. In thin caee, 
conaideration muât be given to the fact that pectin compounde, waxea, 
fata, and other organic impuritlee are Inherent in the raw cotton and 
are riissolvad and determined ae cellulosee 

Damage Factor (SchädigungszahlL_ According to the experimentsl re-^ 
suits, repeated boils with subsequent dryings have the effect of increasing 
the damage factor to an appreciably greater degree than does one long boil 
without dryings. (See Figures 52 to 58.) 

The differences vary according to the fibers used. Among the alkalies 
used in the treatments with or without dryings sodium monosilicate c*“«® 
especially high differences in the damage factor, whereas "®ter glass 
silicate) causes only small differences and the value of sodium carbonate 
lies between thnsa of the two other alkalies. 

The results of these determinations essentially confirm the observa¬ 
tions made in the investigation of fiber decomposition. 

Tensile Strength and Elongation at Brean of the Wet Fibers. Mechani- 
CB1 tests on the various fibers confirmed the results of chemical testa 
and showed that the effect of 50 one-half hour boils with subsequent 
rinsings snd dryings was greater than one continuous 25-hour boil. The 
loss in wet tensile strength as shown in Figures 59 to 66 was always 
greater with 50 one-half hour boils, aometimes aa much aa 50%. Results 
differed with the various fibers. Data on the wet elongation of the 
fibers confirmed the results of the tensile-strength tests, but are not 
presented here. 

Asn Content. As can be seen from the table below, the boiling treat¬ 
ment of the fiber without dryings, even when high alkali-silicate concen¬ 
trations were used, caused only a small quantity of mineral oompounda to 
be deposited on the fiber. 

Act i op o( tlkali Upon Cellulose_ 

tff.ci oi u. on in. r»t.u »» Mm 
Csnc.nt',11 on : 0.11« - 1.762 ,(1 «» «.jO 

Corr.o.n.i., t.: 1.0 - 1.0 ,/1 ol .«»j,r... »«• 

а. 26 ...r.' kolllo, .Ith.ot l.,.r..,l.t. ,0,1., 

б. 60 half-hoar hotti .1 thl.t.ra.,1at. ,r,!h, 
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Soe* • 
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Sodlue aonopilicete • 
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0. 10 
0.16 

O.bb 
o.al 
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0.10 
0.»» 

0.1» 
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0.17 

0.6» 
0.61 

0.60 
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The successive swelling and contraction of the fibers due to 
boiling and dryiner results in an absorption of inorganic materials 
which is especially large in the case of water glass. A single boil, 
even if continued for a very long period, is not sufficient to deposit 
appreciable quantities of silicate on the fiber. 

Microscopic Observations., A series of photomicrographs of spun 
rayon Mo. 5 were taken by Dr. Remuth's phase contrast- process both 
before and after treatment. Some of these are reproduced in Figure 68. 
They are typical of the results obtained and illustrate the changes in 
fiber structure. Isolated results, which may have been obtained acci¬ 
dentally, have not teen used. 

These photomicrographs show that in the boiling treatment, without 
dryings, only a few fiber cracks were formed. Furthermore, splintering 
in the middle and at the end of the fiber can be observed only occasionally. 
However, after 50 boils with dryings, cross cracks which often cause 
cleavages of the fiber are to be seen in all cases. Thus, microscopic 
observations give evidence of the effect of the alternate swelling and 
contraction of the fibers. 

Summary of the Results of the Third Series of Experiments. These 
examinations show that the fiber is considerably damaged by the alternate 
swelling and contraction caused by the boiling and drying operations. 

The results however, do not explain the causes of the extraordinary 
fiber decomposition reported in Part I of this paper. 

Fourth Series of Experiments 

Influence of the Atmospheric Oxygen Contained in the Bath on the 
Cellulose. 'When comparing the examinations of the fibers after a 25-hour 
continuous boil and 50 one-half hour boils, the influence of the oxygen 
dissolved in the bath on the cellulose must be considered. The maximum 
content of oxygen in one liter of water at different temperatures is as 
follows: 

20° C.: 0.043^ g of oxygen 
50° C.: 0.0265 g " " 
800 C.: 0.0138 g " " 

100° C,: 0.0000 g " " 

Assuming that the alkaline solutions contain the same maximum quan¬ 
tity of dissolved oxygen as water, then the maximum quantity of 0.0434 g 
of oxygen dissolved in the bath, in the 25-hour continuous boil acts only 
once on the fiber. However, in the 50 boils, wherein each boil is per¬ 
formed in a fresh bath, the maximum quantity of oxygen acts during each 
boil, i.e., 50 times on trie fiber. In the following series of experiments 
the influence of the oxygen dissolved in the baths on the cellulose fiber 
was examined. 

Procedure. The following experiments were carried out: 
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1) 50 boils each of one-half hour, in which air was continually 
introduced from ten minutes before the start of each boil 
until the treatment was completed. 

2) 50 boils each of one-half hour, using water which was first 
well boiled out. Ten minutes before the start and during the 
whole treatment nitrogen was continuously introduced into the 
baths. 

In both cases a reflux condenser was used to control the gases 
present. The ratio of goods to liquor was 1:20, and the volume of the 
bath 1,000 ml. 

Alkalies: 

1) Sodium carbonate 
2) Sodium monosilicate 

Alkali Concentrations: 

No. 1: O.584 g/l Na20 cor. to 1.0 g/l soda 
No. 2: 1.168 g/l Na20 " » 2.0 g/l '* 

Fibrous Material used: 

Spun rayon No. 1 
» " No. 2 
" " No. 4 

Raw cotton yarn 

Determinations: 

Damage factor 
Tensile strength of the wet fiber 

Experimental Results. These experiments indicate that in the case of 
cotton and spun rayons No. 1 and No. 4, there was no significant difference 
in the damage factor or tensile strength when either air or nitrogen was 
bubbled through the boiling bath. However, when spun rayon No. 2, which 
is made by the cuprammonium process, is used greater differences were found. 
Cenerally, the boils made with the introduction of air caused only slightly 
more damage than the usual process. When atmospheric oxygen was completely 
excluded by bubbling nitrogen through the solution there was, in all cases, 
less damage and in some instances the difference was considerable. Where 
there was a considerable difference in the amount of damage, traces of 
copper could be detected by microanalysis. Therefore, it is inferred that 
these small amounts of copper in the fiber act as oxygen carriers and 
accelerate the decomposition of the fiber by oxidation. 

Figures 69 to 78 show the differences of the damage factors and the 
tensile strengths of spun rayon No. 2, determined after treatment with 
admission of air and that with introduction of nitrogen. 
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Summary of the Results of the Fourth Scries of Experimenta. It has 

been found that to a large extent the oxygen dissolved in the baths is 

the cause of the increase in damage factor and of the decrease in tensile 

strength of the cellulosic fibers during treatment in presence of alkali. 

However, the oxygen dissolved in the baths is only active if the 

fibers or the baths contain an active oxygen carrier. Therefore, an 

especially strong decomposition of fiber by the action of oxygen could be 

observed when using staple fiber No. 2, since this fiber contains clearly 

detectable quantities of copper. Schwarz* has confirmed these observa¬ 

tions. He treated fibers in baths with alkalies in tlr> presence of oxygen 

and small quantities of copper salts. He observed an appreciably greater 

fiber decomposition when treating in a bath with addition of copper salts 

than in a bath without addition of these salts. 

The unusually strong fiber decomposition in some experiments can be 

explained as being the result of salts which act as oxygen carriers. They 

may occur as impurities in the fibers or the alkalies. 

Fifth Series of Experiments. 

Boiling Treatment in the Presence of a Reducing Agent. The results 

of the investigations of the action of atmospheric oxygen in the baths 

on the cellulosic fibers led to a further series of experiments wherein 

the boiling treatments were carried out in the presence of a reducing agent. 

Method of Procedure: 

Treatment : 50 one-half hour boils 

Proportions of goods to liquor: 

Quantity of bath: 1000 ml. 

1:20 

Fibrous Material: Spun rayon No. 1 

" '• No. 2 

Alkali: 

Reducing Agent: 

1 g/l of analytically pure anhydrous sodium 
carbonate 

Hydrosulfite, cone. 

Rongalite C (sulfoxylate formaldehyde) 

Hydroxylamine 

Pyrocatechol 

Hydroquinone 

4-methylamine-phenol 
4-hydroxyphenylglycine 

In each case 1 g/l of the sodium salt was used. 

Determinations: Tensile strength of the wet fiber 

Damage factor 

* Unpublished communication by Dr. Schwarz at Oppau. 
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Part III 

Chemical Reactions Possible During Treatment of Celliilose 
with Alkali in Presence of Oxygen 

After extensive investigations it has been shown that the decompo- 
cition of fibers, the increase in damage factors, the decrease of tensile 
strength and elongation, etc., in the course of the alkaline treatment of 
cellulosic fibers are caused by the oxygen dissolved in the baths. (See 
Parts I and II.) In this section the relationship between experimental 
results and possible chemical changes in the cellulose structure is dis¬ 
cussed. 

The formula of cellulose, as generally acknowledged today« is as 
follows: 

Cellulose 

H OH 

Von S\< ¿/h 

ÏVJ / 

CH„OH 
I ‘ 
'*-\r 

isLsLM-Vl 
i « « 
CH2CH h oh 

Initial Group 

H OH CH„OH 
Il I 2 

1/lrM ¿/r\f 
! I « 
CHCCH h oh 

Cel lob ¡ose 

FIGURE 87 

CHgOH H OH 

Terminal Group 

The following atoms or atomic groups of cellulose are capable of 
reacting: 

A. One primary and two secondary hydroxyl groups of each glucopy- 
ranose unit. The one additional secondary hydroxyl group of the initial 
member of each cellulose molecule may be disregarded, considering the 
numerous other hydroxyl groups in the molecule. 

These hydroxyl groupe are capable of forming alkali salts, ethers or 
esters. By the action of an oxidizing agent the hydroxyl groups may be 
oxidized, primary hydroxyl groups being transformed into aldehyde or 
carboxyl groups, and the secondary hydroxyl groupa being transformed into 
ketonic groupe. However, the aldehyde group seems to be unstable as its 
presence could not be clearly established. When oxidizing the two second¬ 
ary hydroxyl groupe of a glucopyranoae ring, the diketone thus obtained 
is transformed into the corresponding dienediol (Figure 88) since the 
diketone is unstable to alkali. In the following formulae the spatial 
arrangement of the groupa is disregarded: 
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As to the manner of decomposition of the dienediol compound no obser¬ 
vations were made; cleavage products likewise were not found. It may be 
supposed that the cleavage of the diketone in its dienediol form causes 
also the cleavage of the cellulose chain into two parts. 

B. The '•terminal group" of each cellulose chain, i.e., the hydroxyl 
group standing in the terminal member of each cellulose molecule, is of 
especial importance. As the glucopyranose is to be regarded as having the 
constitution of a cyclic semi-acetal, the hydroxyl group of the terminal 
member of the chain may act in its tautomeric form as aldehyde group which 
has a reducing action, forms aldoximes, hydrazones, etc., and is capable of 
being oxidized to the carboxyl group. 

ch2oh I :H20H H-OH 

OH OH 

semi-acetal free aldehyde group 
oxidation 

cellulose carboxylic 
acid in the lactone form 

cellulose carboxylic acid 

Figure 89 
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Co The oxygen bridges connecting the glucopyranose rings are split 
by hydrolysis when subjected to an acid treatment» The degree of splitting 

and the number and the molecular magnitude of the products thus obtained 

depend on the particular acid used, the hydrogen ion concentration, the 

temperature and time of reaction, and other experimental conditions. 

Apparently the oxygen bridges are not split by hydrolysis when applying an 

alkaline treatment. In any case, such splitting hts not heretofore been 

clearly proved. It may be mentioned here that disaccharides such as cane 

sugar, are not split by hydrolysis into glucose and fructose, when subjected 

to an alkaline treatment and that their oxygen bridges remain intact. As 

to the other actions of the alkalies on disaccharides, no exact information 

is available 

0. The glucopyranose rings, like all six-membered heterocyclic com¬ 

pounds containing oxygen, are not completely stable to alkali» The splitting 

of the pyran ring as it occurs in such substances as tetrahydropyran (pent»' 

methylene oxide) and the pyrones has been investigated« and the decomposition 

products determined Since cellulose contains the glucopyranose ring it 

would seem likely that it would split in a similar manner upon treatment 

with alkalies without the rupture of the oxygen bridge between the pyranose 

units Staudinger*« assumes and fully discusses such a splitting in the 

bleaching process» In the following formula such a splitting is illustrated: 

Cellulose with split glycopyranose-ring 

Figure 90 

The two hydroxyl groups formed by the splitting of the ring may be oxidized 

to ketonic groups. When oxidizing the hydroxyl group in position one (i.e. 

that attached to the carbon of the oxygen bridge), the ether-like linkage 

of the glucose groups changes to an ester like one: 

« Hochstetter, Amin - Monatschefter fur Chemie - 1071-1074 (1902) 

Demjanow, N. -• Cheniches Zentral Blatt §4, 2037 (1913) 

Clarke, Hans T. - Journal of Chem. Soc. of London - 101, 1788-1809 (1912) 

*« Staudinger, H. -Wel. Tex. Ber. - 22, 369 (1941) 
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This ester group is easily saponified by the action of alkali, thus 
causing the splitting of the cellulose chain: 

Cellulose after saponification of the ester-group 

Figure 92 

In this series of reactions a cellulose chain was split into two parts, 
one of which contains a carboxylic group in the terminal unit, bjr the 
following steps: (a) splitting a glucopyranose- ring, (b) oxidizing the 
hydroxyl group formed in the first step to a ketonic group, and (c) sap¬ 
onifying the ester compound obtained. 

These possible reactions when oxygen and alkalies act on cellulose will 
be considered in more detail in the later papers dealing with the experi¬ 
mental results. 

Oxidation of the Terminal Group and of Primary Hydroxyl Groups to 
Form Carboxyl Groups. The carboxyl groups in cellulose may be determined 
quantitatively“by different analytical methods. Although these methods 
are still not entirely satisfactory, yet it could be shown that the number 
of carboxyl groups in cellulose increases when it is subjected to repeated 
treatments with alkalies in the presence of oxygen. 

Whether hydroxyl groups other than the "terminal groups'* are oxidized 
has not been shown. The presence of these carboxyl groups modifies to a 
certain extent the physical and chemical properties of the cellulosic fiber. 
One of the most notable changes is an increase in alkali solubility of the 
fibers. Small changes in tensile styfangth and elongation might be expected. 
However, the oxidation of the terminal group or of the primary hydroxyl 
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group« to form carboxyl groups does not in itself cause splitting of the 
main chains of cellulose and thus give large decreases in tensile strength 
and increase in damage factors. vet. the cellulose fibers treated with 
alkali in presence of oxygen always suffer a considerable increase in 
damage factor. This proves that, besides the formation of carboxyl 
groups, other reactions are occurring which cause fiber decomposition. 

Oxidation of Secondary Hydroxyl Groups to Form Ketonic Groups. When 
treating the cellulosic fibers with alkali in presence of oxygen, second¬ 
ary hydroxyl groups of the cellulose may be oxidized to ketonic groups. 
These croups react like all ketones with hydrazines to form hydrazones. 
As phenyl hydrazine, generally used for this purpose, yields only weak 
yellow shades in the reaction with oxidized cellulose, it was replaced by 
a coupling hvdrazine of the naphthalene series, i.e. , 2-hydrnzino-8-- 
hydroxy-naphthalene-6 sulfonic acid (Figure 93) which causes the formation 
of » hydrazone capable of being more easily recognized. 

OH 

If some secondary hydroxyl groups of the cellulose have been oxidized 
to ketonic groups by the alkaline treatment in presence of oxygen, these 
ketonic groups will react with the said hydrazine to form a hydrazone of 
the cellulose. When treating this hydrazone with a diazonium solution, 
the coupling takes place in 7-position of the naphthalene compound with 
formation of an azo dye on the fiber. However, as the terminal aldehyde 
group of the cellulose and the corresponding cellulose carboxylic acid in 
its lactone form also react with hydrazines with formation of hydrazones, 
the untreated fiber will also be dyed although only very weakly. 

The cellulosic fibers were treated with a hydrazine and a diazonium 
compound before and after the repeated alkaline treatments. Thus, it was 
founfl that the treated fibers were dyed somewhat more deeply than the 
untreated fibers, but that the differences were very small. Therefore, 
it must be supposed that only very small quantities of hydroxyl groups are 
oxidized to ketonic groups by the alkaline treatment of the fibers. The 
somewhat deeper tints may be explained by the assumption that the carboxyl 
groups formed by the alkaline treatment reacted in their lactone form with 
the hydrazine. These results do not support the hypothesis that a diketone 
is formed and then changed into a dienediol by the alkali when cellulosic 
fibers are piven repeated alkali boils in the presence of oxygen. 
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Splitting of a Olucopyrwnose Rinr of the Cellulose-yaln-Chain, Oxl- 
dation of the Product Obtained to the Ester Cellulose, and Saponification 
of the Kster-Hroup. The decomposition of the fiber in the course of the 
alkaline treatment in presence of oxygen may proceed in the manner illus¬ 
trated in Figures 90, 91, and 92 as follows: By the action of alkali the 
gluccpyranose rings are split without the cellulose chain being interrupted. 
One of the h Iroxyl groups formed in this step is oxidized by atmospheric 
oxygen to a ketonic group with the formation of an ester group which is 
saponified by the alkali. By this reaction the cellulose chain is split 
into two or more parts, each of which containn a new terminal group in the 
form of a carboxyl group which may be present as a free carboxyl group or 
as a lactone compound with the formation of a ring. When assuming this 
series of reactions in the alkaline treatment of the cellulose fiber in 
the presence of oxygen, it follows that the degree of polymerization of 
the fiber must decrease and the number of carboxyl groups must increase. 
Both these effects were established by experiments. Although the above 
series of reaction have not been fully established it is believed that they 
form ■ pood working hypothesis for further investigations. 

detection of Hydrogen Peroxide Formed in the Boiling Treatment of 
Cellulosic Fibers"with Alkali in the Presence of Oxygen. If the oxygen 
dissolved iñThe baths acts upon The'cellulose during the alkaline treat¬ 
ment, it is reduced to water with the formation of hydrogen peroxide as an 

intermediate step. 

. reduction. ^ _ reduction. 
Op - -> H20p-} 2HpO 

The formation of hydrogen peroxide in the course of the alkaline treatments 
of the fibers may be determined in the following way: 

"Luminol" (Figure 94) i.e. 3-amino-phthalic acid-hydrazide,* 

when oxidized in alkaline solution with hydrogen peroxide, shows lumines¬ 
cence. The exact nature of the reaction is not known. However, if haemine 
(hexanitrocobaltiate) is added, the sensitivity is increased so that a con¬ 
tent of 3 X 10~5Ï hydrogen peroxide may be detected. 

*• Weber, Karl - 9er. 753, 565-73 (1942) 
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When boiling cellulosic fibers such as cotton and the commercial 
fibers used in ¿hia investigation for a prolonged time in the presence 
of sodium carbonate, then rapidly cooling the solution and adding "Luminol’, 
luminescence effects vxere observed. In case of staple fibers No. 1 and 
No. 2 the luminescence is just perceptible, whereas in case of No. 3 and 
of cotton it is stronglv marked. 

A solution of sodium carbonate, when boiled and cooled in the same 
manner but without any fiber, does not show this reaction. 

Vhen cellobiose is boiled with a solution of sodium carbonate, the 
luminescence effect is likewise observed, its intensity increasing when 
the solution is allowed to stand for a longer time. 

According to these experiments, hydrogen peroxide is formed as an 
intermediate product when cellulosic fibers are boiled in presence of 
sodiun carbonate. However, it must be emphasized that this luminescence 
effect does hot necessarily indicate the presence of hydrogen peroxide, as 
it has oeen observed that some alkalies in aqueous solution such as caustic 
soda, sodium monosilicate, water glass, etc., cause the same effect without 
boiling and without adding any cellulosic fiber to the solution. Further¬ 
more, in the literature some organic compounds are reported to yield similar 
luminescence effects when treated with "luminol". Thus it follows that the 
proof of the intermediate formation of hydrogen peroxide in the boiling of 
cellulose fibers with sodium carbonate solution is not completely established. 
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Pnrt IV 

The Effect of Vagnesium Silicate 

Three different staple fibers were subjected to 50 successive alkaline 
boils with and without the addition of magnesium silicate. The fibers were 
examined by various physical and chemical methods both before and after the 
treatments. 

Procedure 

The cellulosic fibers were subjected to 50 half-hour boils, «fter 
each boil they were rinsed with distilled water, dried at 65° 0., exposed 
to the open air for a prolonged time and then subjected to the next treat¬ 
ment in a fresh bath. 

Alkalies Used 

The fibers were treated with the following alkalies: 

1) Anhydrous sodium carbonate, analytically pure. 
2) Sodium raonosilicate (sodium metasilicate) NajO'SiOp^HoO. 
3) Technical water glass of 38-39° Be, Ns20*3*3 SÍO2 35.95¾ solids. 

Concentration of Alkali 

The baths for treating the fibers were used in two different concen¬ 
trations: 

No. 1: O.584 g/1 of Na20 corresponding to 1.0 g/l of NagCOg. 
No. 2: 1.752 g/l of N82O corresponding to 3.0 g/l of ^8200^. 

Addition of a Magnesium Silicate to the Bath 

The fibers were boiled in baths with and without the addition of mag¬ 
nesium monosilicate or magnesium trisilicate according to the following 

plan: 

1) Without addition. 
2) With addition of 0.1 g/l of magnesium monosilicate MgO.SiÜ2. 
3) With addition of 0.5 g/l of magnesium monosilicate Mg0»Si02. 
U) With addition of 0.1 g/l of magnesium trisilicate Mg0.3Si02. 
5) With addition of 0.5 e/l of magnesium trisilicate Mg0*3Si02. 

Fibrous Material 

Staple fiber No. 1 
Staple fiber Mo. 2 
staple fiber No. 3 
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Methods of Examination: 

1) Fiber Decomposition. After each of the first five boils and 
then after each 10th boil, the bath was filled up to the original volume 
and the quantity of dissolved and decomposed cellulose was quantitatively 
measured by oxidizing it with potassium bichromate in presence of sul¬ 
furic acid. When calculating the analytical results, the decomposition 
products were assumed to be cellulose of the formula (C^HioOj^. 

2) Damage Factor (Schädigungszahl). Determinations were made after 
the first and then after each 10th boil. 

3) Tensile Strength of the Wet Fiber. Determinations were made 
after the first and then after each 10th boil. 

4) Method of Representing the Experimental Results. The results 
were represented, for the sake of simplicity, in the form of curves, which 
are reproduced at the end of this section. The results of corresponding 
determinations are represented on the same sheet in order to make it 
possible to compare the different methods. 

Index of the Curves 

Dolling in Presence 
of 

Concentra- Staple 
tion No._Fiber Wo._Fig._Page 

Sodium carbonate 
ft tt 

»I tf 

*• »• 
If If 

ff I» 

Sodium monosilicate 
tt »f 

it h 

tt tt 

it it 

tt n 

Water glass 3.3 silicate 
«i « it ti 

tt H ft ft 

ft ff ft ft 

ft ft tt tf 

tt ft ft tt 

1 
1 
1 

3 
3 
3 
1 
1 
1 
3 
3 
3 
1 
1 
1 
3 
3 
3 

1 95-97 69 
2 98-100 70 
4 101-103 71 
1 104-106 72 
2 107-109 73 
4 110-112 74 
1 113-115 75 
2 116-118 76 
4 119-121 77 
1 122-124 78 
2 125-127 79 
4 128-130 80 
1 131-133 81 
2 134-136 82 
4 137-139 83 
1 140-142 84 
2 143-145 85 
4 146-148 86 

Results of Examination 

From these curves it follows that when the fiber is treated with 
alkali, magnesium silicates have a considerable fiber-preserving action, 
magnesium trisilicate being more active than magnesium monosilicate. 
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*s only 0.1 and 0.5 ¢/1 of the magnesium silicates were used, the 
concentration necessary for ettaininp the best protective effect cannot 
be ascertained from these experiments. However, they show that 0.1 g/l 
of magnesium silicate does not rive satisfactory protection of fiber, 
whereas, 0.5 */l rives maximum protection, but may be more than necessary. 

The following table indicates the number of boils without the addi¬ 
tion of a masmesium silicate which cause the same damage to the fibers 
as obtained by 50 boils in presence of 0.5 g/l of magnesium monosilicate 
or marnesium trisilicate. For example, in the case of staple fiber Mo. 1, 
50 boils with 0.5 g/l magnesium monosilicate and 1 g/l sodium carbonate 
dissolves the same amount of cellulose as 28 boils with 1 g/l sodium car¬ 
bonate alone. 

From this table it may be seen that, according to the kind of fiber, 
the alkali, the concentration, and the method of examination, 20 to 30 
boils without addition of a magnesium silicate causes the same fiber damage 
as 50 boils with the addition of a magnesium silicate. 

Number of Bolls 'Vlthout Magnesium Silicates 
Equivalent to 50 Boils With Magnesium Silicates 

Alkali Concentration No. 1 Alkali Concentration No. 3 
Average Average 

Decompo- Degree of Decompo- Degree of 
sition Foiymeri- Tensile sition Polymeri- Tensile 
of Fiber zation Strength of Fiber zatlon Strength 

Staple Fiber 
0.5 g/l Vg-mono-Si03 26 
0.5 g/l Mg-tri-SÍO3 26 

No. 1 Boiled with Soda Plus: 
32 22 36 
21 5 27 

14 
8 

15 
(1?) 

Staple Fiber No. 
0.5 g/l Vg-mono-Si03 34 
0.5 g/l Mg-tri-SÍO3 30 

1 Boiled with Sodium Monosilicate Plus: 
27 20 35 33 26 
19 (1?) 32 18 (1?) 

Staple Fiber No. 
0.5 g/l Vp-mono-Si03 40 
0.5 g/l Ve-tri-Si03 28 

1 Boiled with Water Olass 3.3-Silicate Plus: 
37 41 26 27 14 
31 18 18 25 (1?) 

Staple Fiber No. 
0.5 g/l Mp-mono-SKh 33 
0.5 g/l M*-tri-Si03 28 

2 Boiled with Soda Plus: 
18 34 38 

(1?) 32 28 
14 

8 
40 
19 
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Number of Bolls Without Magnesium Sillcatea (contd) 
Equivalent to $0 Boils With Magnesium Silicatea 

Alkali Concentration No. 1 Alkali Concentration No. 3 
Average Average 

Decompo- Degree of Decompo- Degree of 
aition Polymer!* Tensile aition Polymeri- Tensile 
of Fiber zation Strength of Fiber zation Strength 

Staple Fiber No. 2 Boiled with Sodium Konoailicate Plua: 
0.5 g/1 Mg-mono-SiOq U5 15 37 28 30 24 
0.5 g/1 Ug'tri SÍO3 33 12 33 27 22 17 

Staple Fiber No. 2 Boiled with Water Glass 3.3-Silicate Plus: 

0.5 g/1 Wg-mono-Si03 30 35 43 32 30 26 
0.5 g/1 Mr-tri-Si03 23 23 43 20 11 20 

0.5 g/l Vg-mono-Si03 
0.5 g/l ylg-tri-Si03 

Staple Fiber Mo. 4 Boiled with Soda Plua: 

36 21 26 33 25 
34 16 22 32 14 

Staple Fiber No. 
0.5 g/l Vg--mono-Si03 33 
0.5 g/1 Mg-tri-Si03 30 

4 Boiled with Sodium Monoailicate Plus: 
31 39 32 15 
17 8 30 8 

5 
5 

30 
22 

Staple Fiber No. 4 Boiled with Water Glass 3.3-Silicate Plus: 
0.5 g/1 Vg-ffiono-Si03 32 33 
0.5 g/1 Mg'tri-Si03 32 27 

40 
34 

32 
20 

30 
26 

20 
15 
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Part V 

Thermal decomposition of Celluloae In the Course 
of the Drying Procesa 

In the following series of experiments an investigation was made of 
the behavior of cellulosic fibers in the drying process at different 
temperatures. Since,in normal washing the fibers are frequently not 
rinsed until completely free from alkali, studies were made of fibers 
which had been rinsed until neutral as well as those which still con¬ 

tained free alkali. 

Procedure 

The cellulosic fibers were subjected to 50 boils, each of one-half 
hour, in presence of different alkalies and in different concentrations, 
after the treatments the fibers were rinsed with distilled water until 
neutral and then divided into two lots, one of which was dried and 
examined without further treatment. The other was put into an alkaline 
solution for 10 minutes at room temperature, using the same alkali as in 
the boiling treatment, but in a concentration one-tenth as strong. The 
fibers were centrifuged after the boiling treatment without rinsing and 

then dried. 

Alkalies 

The treatment was carried out with the following alkalies: 

1) Anhydrous sodium carbonate, analytically pure. 
2) Sodium monosilicate (sodium metasilicate) Na20*Si02’^ H2O. 
3) Technical water glass 38 - 39° Be, containing 35.9?^ of 

Na20*3*3 Si02. 

Concentration of Alkali 

The boiling treatments of the fibers were carried out in three differ¬ 

ent concentrations: 

Concentration 1: 0.584 g/l of Na20 corresponding to 1 g/l of Na2C03 
Concentration 3: 1.752 g/l of Na^ " 3 g/l of Na2C03 
Concentration 5: 2.920 g/l of NapO M M 5 g/l of Na^Oj 

The alkaline baths, for the ten-minute treatment at room temperature were 

of the following concentrations: 

O.O584 e/1 of Na^ cor. 
0.1752 gA of NajjO « 
0.2920 g/l of Na20 

to 0.1 g/l of Na2C03 
•* 0.3 g/l of Na2C03 
'» 0.5 g/l of Na2C03 

Concentration 0.1: 
Concentration 0.3: 
Concentration 0.5: 

87 

»• 



Prying Temperature 

1) 65° ) , 
2) 100° : with variations of 15° C. 
3) 120° ) 

Time of Drying 

One hour in each case. 

Fibrous Material 

Spun rayon No. 6. 

Methods of Examination 

1. Fiber Oecomposition. *fter -ach of the first five boils, then 
after each tenth boil, the bath was filled up to the original volume 
and the quantity of dissolved and decomposed cellulose was quantitatively 
determined by oxidation with potassium bichromate and sulfuric acid. In 
the analytical calculation these decomposition products were considered 

as cellulose (C¿Hio05)x‘ 

2. Damage Factor (Schadlgungszahl). The examinations were made 
after the first and after each tenth boil. (Results are incomplete.) 

3. Tensile Strength of the 'Vet Fiber. Determinations were made 
after the first and after each tenth boil. (Results are incomplete.) 

4. Manner of Representing the Experimental Results. Fo^ clarity, 
the results are presented in the form of curvss. 

Boiling Treatment in the Presence of Sodium Carbonate (Figures 149 to 1$3) 

These results show that drying temperatures up to 100° C. have no 
particular influence on the neutral fiber, but drying at 120° C. causes 
a strong thermal decomposition of fiber under any conditions. 

When drying at 65° C. the alkali has little effect upon the fiber, 
but when the fiber is dried at 100° C. damage by the alkali is clearly 
perceptible, while at 120° C., decided decomposition is observed on the 
alkaline fiber as well as on the neutral fiber. 

Boiling Treatment in the Presence of Sodium Monosilicate (Figures 154 
to 153) “ 

The results are similar to those obtained in the boiling treatment 
with sodium carbonate. The action of the alkali on the fiber is per¬ 
ceptible at a drying temperature of 100° C. 
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foiling Treatrnent in the Presence of Water Glflss (Figures 1$9 to 163) 

r 

T'Jhen using water glass, the alkali causes strong damage to the 

fiber even at a drying temperature of 65° C., a finding which differs 

considerably from the results obtained with sodium carbonate and sodium 

monosilicate. Probably for similar reasons, mineral deposits on the 

alkaline fiber are considerably greater than those on the neutral fiber. 

(Figure I64.) 

Mineral Ingredients of the Fiber After 50 Boils with Water Glass 

Grams of Mineral ingredients per 100 Grams of Fiber 

Prying 

Temperature 

Untreated _Alkali Concentration 

_Fiber _1__ 3 _5 

0.26 

65° C. Neutral 
Alkaline 

14.61 19.43 26.64 

17.5S 24.72 28.91 

100° C. Neutral 

Alkaline 

15.11 24.72 28.91 

18.23 25.13 29.17 

120° C. Neutral 

Alkaline 

17.43 21.32 25.37 
19.61 26.61 31.21 

Figure 164 

Experiments with Additional Use of Magnesium Silicate 

In a former series of experiments it was ascertained that the damaging 

action of oxygen on the fiber is considerably decreased by the addition of 

magnesium silicate to the boiling baths. Therefore, it seems advisable to 

determine whether it would act as a fiber protective agent in the process 

of drying the neutral or alkaline fiber. 

Method of 'Vorking. The cellulosic fibers were subjected to 50 half- 

hour boils in the manner previously described, the same alkalies being 

used in the sanie concentrations. Furthermore, the neutral and alkaline 

fibers were dried in the same manner, using only one drying temperature 

(100° C.). The following experiments were'made: 

1) Boiling without the addition of magnesium silicate. 

a) Drying of the neutral fiber. 

b) Drying of the alkaline fiber. 

2) ^oiling with the addition of magnesium silicate. 

a) Prying of the neutral fiber. 

b) Prying of the alkaline fiber. 
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3) Collins' without the addition of magnesium silicate, rinsing 

with an alkaline bath containing magnesium silicate, and 
drying in an alkaline condition. 

k) Boiling with the addition of magnesium silicate, rinsing 
with an alkaline bath containing magnesium silicate, and 
drying in an alkaline condition. 

The magnesium silicate used in these experiments was prepared by precipi¬ 
tating water glass (Na20°3°3 SÍO2) with magnesium sulfate and corresponds 
with the formula: KgO»3”3 SiC^» 

It was used in all cases in a concentration of 0.5 g per liter. 

The results of the boiling treatment with sodium carbonate are shown 
in Figure I65, with sodium monosilicate in Figure 166, and with water 
glass in Figure 16?. 

From these three series of experiments, comprising the boiling 
treatments of cellulosic fibers in presence of sodium carbonate, sodium 
monosilicate and water glass, with and without magnesium silicate, the 
rinsing of the fiber with and without magnesium silicate, and the drying 
of the neutral and alkaline fiber, the following conclusions were drawn: 

l) The greatest damage to the fiber is caused by boiling without 
magnesium silicate and drying in an alkaline condition. 

2) Fiber damage caused by the treatment described in Paragraph 1 
above, is considerably minimized if the fiber is rinsed until neutral 
before being dried. 

3) About the same damare as described in Paragraph 2 above, takes 
place when boilinr with the addition of magnesium silicate and drying 
the fiber in an alkaline condition. 

4) If magnesium silicate is added to the rinsing bath, but not to 
the boiling bath, and the fiber is dried in an alkaline condition, damage 
to the fiber is the same or less than when treated as in Paragraph 3 above. 

5) The fiber is protected to an especially high degree when magnesium 
silicate is added to the boiling bath as well as to the last rinsing bath 
and when the fiber is dried in an alkaline condition. 

6) The least fiber damage is noted when magnesium silicate is added 
to the boiling bath, and the fiber is rinsed until neutral and dried. 

These results indicate that fiber damage caused by alkaline boils is 
minimized by the addition of ma.gnesium silicate to the boiling and rins¬ 
ing baths, by rinsing until neutral, and drying below 100° C. 
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