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Research Committee (London),9 except that the concentration of 
240 g of ammonia per liter, originally recommended by Clibbens and 
Geake,1O was used. The measurements were made at 21 0±0.1 ° C. 
The results are expressed as fluidity in cgs units (reciprocal poises or 
rhes) for 0.5-percent solutions of cotton and for 2-percent solutions 
of rayon. 

The percentage loss in weight was calculated on the basis of the 
weight of the dry sample before the first treatment,l1 which was taken 
as 100 percent. 

IV. EXTRACTION WITH ALCOHOL, ETHER, AND 1-PERCENT 
SOLUTION OF SODIUM HYDROXIDE 

The fibers were first immersed in water at 60° C. and conditioned 
to constant weight in an atmosphere of 65-percent relative humidIty 
and 21 ° C. Determinations of the moisture content, fluidity of their 
cuprammonium solution, copper number, and alpha-cellulose content 
were made on the conditioned, untreated material. 

The three kinds of fibers were subjected five times to a cycle of 
treatments, each cycle being divided into three steps. Samples were 
analyzed at the end of each step. 

In the first step, the fiber was extracted in a Soxhlet apparatus for 
6 hours with alcohol, was air-dried at room temperature, immersed in 
water at 60° C. for about 5 minutes, and again conditioned to con­
stant weight. The second step was similar to the first except that 
ether was substituted for the alcohol. In the third step, the material 
was extracted for 6 hours with a boiling I-percent solution of sodium 
hydroxide, thoroughly washed with distilled water, steeped for 2 hours 
in a I-percent solution of acetic acid at room temperature, washed 
with distilled water, and conditioned to constant weight. 

This is the Corey and Gray procedure, except for slight modifications 
of the equipment used for the extractions with alkali and the immer­
sion m water following the extractions with alcohol and ether. These 
immersions were intended to remove any adsorbed solvent and to 
permit the specimens to approach a constant weight from a wet 
condition. 

The apparatus shown in figure 1 was used for the extractions with 
alkali. The fiber was placed in the cheesecloth bag, D, and agitated 
in the cylinder, A, which contained about 10 liters of a I-percent solu­
tion of sodium hydroxide. This solution was freshly boiled before the 
material was introduced, and was kept boiling during the period of 
the extraction. The position and amplitude of the plunger, 0, were 
adjusted so that the cellulose was immersed in liquid at all times. A 
boiling I-percent solution of sodium hydroxide was siphoned continu­
ally from the cylinder, B, to A at the rate of about 2.5 liters per hour 
for 6 hours. The tube, 0, which was connected to a pump, main­
tained a constant level in A by removing the old solution as rapidly 
as the fresh was introduced. 

With the exception of the first cycle of treatments, alcohol and 
ether had no significant effect on either the weight of the fibers or on 

, Report of tbe Fabrics Researcb Committee, Department of Scientific and Industrial R esearch. His 
Majesty's StAtionery Office, London (1933) . 

10 J. Textile Inst . 19. 1'77 (1928). 
II Calculaten from the moisture content and tbe weight after coming to equilibrium in an atmosphere of 

55·percent relative bumidity at About 21° C. The mo!sture content was determined hy heating specimens 
of the conditioned cotton or rayon in a drying oven at 105° to 110° C to constant weight. 
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their measured properties. Cotton lost 1.7 percent of its weight in 
the first cycle, as a result of extraction with alcohol; cuprammonium 
rayon, 0.1 percent; and nitrocellulose rayon, 0.0 percent. Subsequent 
extractions with ether had no further effect on the cotton, but the 
cuprammonium and nitrocellulose rayons lost 0.4 and 0.2 percent in 
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FIGURE l.-Apparatus for extracting fibrous materials with a sodium hydroxide 
solution. 

A and B, 16-liter Monel-metal vessels; C, Monel-metal plunger; D, cheesecloth bag; E, perforated disk; 
F, siphon; G, overflow tube; H, drive-wheel for plunger; I , Monel-metal covers; and J, to pump. 

weight, respectively. The fluidities of dispersions in cuprammonium 
solutions of the untreated fibers and of the fibers after extraction with 
alcohol and ether were the same. Except for the losses in weight 
resulting from extraction with alcohol and ether in the first cycle, all 
the changes that occurred in a cycle of treatments may be attributed 
to the action of a boiling I-percent solution of sodium hydroxide. 
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The over-all effects of one and five cycles of treatments on the prop­
erties of the three kinds of fibers are shown in table 1. At the end of 
TABLE 1.-Effect on cotton, cuprammonium rayon, and nitrocellulose rayon of 1 and 

" 5 cycles of treatments, each including extl'action with alcohol, ether, and hot l-pel'-
cent solution of sodium hydroxide . 

Cotton Cnprammoninm rayon Nitrocellulose rayon 

Treatment Fluid· a-Cellu· Fluid- Fluid· ity Copper lose Loss in ity Copper Loss in ity Copper Loss in (0.5% number con~ weigbt (2%so- number weight (2%so· number weight solu-
tion) tent lution) lution) 

- ----- - ---- --------- - - - --
Rim Percent Percent Rhes Percent Rhea Percent 

Untreated ___ _______ l.l 0.01 97.4 - ------ - 4. 3 0.5 -------- 14.9 2.4 -- .-----One cycle ____ ______ 2.4 . 01 95.7 4.5 5.8 .2 4.5 18.8 . 5 16. 9 
Five cycles _________ 14. 9 .01 94.6 12.7 14.7 . 1 17.7 25.6 . 1 33.6 

the first cycle of treatments the fluidities of the treated fibers are 
somewhat higher than those of the untreated. At the end of the five 
cycles, all three kinds of fibers have very different properties from the 
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FIGURE 2.-Loss in weight of cotton, cuprammonium rayon, and nitrocellulose rayon 
in repeated extractions with alcohol, ether, and 1-percent solution of sodium 
hydroxide. 

The values given for the O-cycle represent the loss after the first extraction with alcohol and ether, but 
before the first extraction with l·percent solution of sodium hydroxide. The other values represent the 
cumulative loss at the end of each cycle of treatment. 

100926-38--6 



614 Journal of Research of the National Bureau of Standards [VoUl 

untreated fibers. It was also noted that the treated fibers were 
weaker than the untreated. 

Low copper numbers were found for all the fibers after the first 
extraction with alkali, for the reducing substances in cellulose respon­
sible for its copper number are removed by boiling with alkali. 12 

The values for the alpha-cellulose content of the cotton after one 
and five cycles are nearly the same, whereas the fluidities are very 
different. 

The loss in weight at the end of each cycle is shown in figure 2, in 
which the combined effect of the first extractions with alcohol and 
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FIGURE 3.-Fluidity in cuprammonium solution of D.5-percent dispers1:ons of cot/on 
cellulose and 2-percent dispersions of regenerated cellulose rayon after repeated 
cycles of treatment, each consisting in an extraction with alcohol, ether, and with 
1-percent solution of sodium hydroxide. 

ether is shown on the vertical axis. A continued loss in weight with 
sucressive treatments is shown for each of the three kinds of fibers. 
The amount of cotton dissolved in each treatment is nearly the same 
as is shown by the straight line that can be drawn to represent the 
losses. The rayons, particularly the nitrocellulose, lost rapidly in 
weight during the first cycle, and less rapidly thereafter. , 

The fluidities of dispersions of each of the three kinds of fibers in 
cuprammonium solution at the end of each of the cycles are shown in 

12 J . TeJ[tile Inst. 19, T349 (1928). 
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figure 3. Like the loss in weight, the fluidity increased about an equal 
amount for each cycle of treatment. There is mdication that the 
flui dity of the cuprammonium rayon, and partirularly of the nitro­
cellulose rayon, is increased more rapidly in the first cycles of treat­
ments than in the last. 

Since the loss in weight and increase in fluidity of the cotton are 
about the same in all cycles of treatment, there does not appear to be 
any "optimum" time of boiling for the preparation of a "standard" 
cotton fiber, and there is no indication that the properties would be­
come constant with further treatment. 
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FIGURE 4.-Changes in weight, fluidity in cuprammonium solution, copper number, 
and alpha-cellulose content of cotton cellulose when digested in a hydl'ochloric acid 
solution of specific gravity 1.19. 

V. DIGESTION WITH HYDROCHLORIC ACID 

T en-gram samples of cotton that had previously been subjected to 
one complete cycle of extractions with alcohol, ether, and dilute 
alkali, were placed with 250-ml portions of hydrochloric acid (sp gr 
1.19) in each of seven 500-ml Pyrex glass-stoppered bottles, which 
were then kept at a temperature of 21 ° ±2° C. At intervals of X, X, 
1%,2%,3%,18, and 120 hours, the contents of a bottle were centrifuged, 
th~ residue thor~ughly washed with distilled_ water,~ dried .. to. constant 
weIght, and speCImens tested. 

The residues varied in physical form from weak fibers for the shorter 
periods of treatment to a powdery mass for the longer treatments. 
The change was first apparent in the fibers treated for 2% hours. 
These fibers were brittle and could readily be reduced to a powder . . 
The dry residues from the 18- and 120-hour treatments were tough, 
horny masses that were difficult to pulverize. 
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Figure 4 shows the effects of digestion in acid on the weight of 
the cotton, the fluidity of its cuprammonium solution, its copper 
number, and its alpha-cellulose content. A very rapid loss in weIght, 
an increase in fluidity and in copper number, and a decrease in alpha­
cellulose content occurred during the first 3~ hours. The subsequent 
changes took place more slowly. The products differ from those 
obtained with the alkali extractions in having higher copper numbers 
than the original fiber and much higher fluidity for the same loss in 
weight. They are, of course, no longer to be considered textile 
fibers because of the loss of fiber structure. 

WASHINGTON, September 17, 1938. 


