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Synopsis 

Cellulose samples of bleached sulfite and sulfate pulps have been treated in columns 
with 0.1N radioactive hydrobromic acid and subsequently washed with water. The 
experiments show that after washing with small amounts of water (about 50 ml./g. 
sample) the radioactivity of the effluent is very low corresponding to a hydrobromic 
acid concentration of less than O.OOO2 peq./ml. Radioactivity measurements made 
directly on the cellulose specimen after washing verified that insufficient acid is present 
in the fibers to affect the titration estimation of the carboxyl groups. 

I n  most methods for the determination of carboxyl groups in cellulose 
samples the fibers are first treated with acid in order to convert the car- 
boxyl groups into the hydrogen-ion form. Because strong mineral acids, 
e.g., hydrochloric acid, are used for this purpose, it is naturally important 
to know how easily the excess acid can be removed from the fibers by 
washing with water. Careful studies have previously been made on this 
problem, and the experimental evidence accumulated shows that the 
acid can easily be washed out of the fibers-at least to such degree that the 
residue does not significantly interfere with the determination of carboxyl 
groups. l s 2  Although opposite conclusions have been drawn from other 
 experiment^,^ it was later shown that these conclusions were partly based on 
an unsatisfactory experimental technique.2 
however, it was again stated that the washing of acid from cellulose fibers 
proceeds with great difficulty and quantitatively only if special precautions 
are taken. Because this conclusion is partly based on a new experimental 
procedure, we found it pertinent to initiate the present study and also 
examine the results of Ant-Wuorinen and Vi~apaa .~  In order to obtain 
unambiguous experimental evidence the present measurements were 
made using a radioactive tracer technique. Hydrobromic acid was used 
instead of hydrochloric acid because radioactive bromide (BrS2) is meas- 
urable at much larger dilutions than radioactive chloride (C136). Radio- 
activity measurements were made on the effluents from washing as well as 
on the final (washed) cellulose samples. It is probable that hydrobromic 
acid behaves similarly to hydrochloric acid with respect to its retention in 

377 

In a recently published paper, 



378 E. SJOSTROM, P. HAGLUND, AND R. CHRISTELL 

TABLE I 

Data Obtained with a Well-Type Scintillation Countep 
Washing Out of Hydrobromic Acid from Bleached Pulps: Experimental 

Fraction 
volume, 

ml. 

25 
25 
45 
30 
50 
50 
50 
50 

Counts/min. 
~~ 

sulfite pulp Sulfate pulp 

Sample Ah Sample Ba Sample Ab Sample Bo 

High activity 
25,000 2,900 26,400 2,900 
6,900 2,OOo 8,600 1,800 
5,500 1,400 2,100 2,100 
2,100 1,600 2,200 1,400 
1,500 900 1,000 1,00(J 
1,OOo 900 1,800 1,00(J 

800 1,200 1,000 1,200 

a A sample of 5 ml. was taken for the measurements. The data are not corrected 
The activity 

Sample A (1.00 g. aa moisture-free pulp) waa washed with water in equilibrium with 

0 Sample B (1.00 g. aa moisture-free pulp) waa washed with water free from carbon 

for the background value. 
of a standard solution, containing 8.0 X 10-8 g. Br, was 8,930 counts/min. 

atmospheric carbon dioxide. 

dioxide. 

The background value waa 490 counts/min. 

cellulose fibers. Ant-Wuorinen and Visapali4 also used hydrobromic acid 
in their recent work. 

EXPERIMENTAL 

Preparation of Radioactive Hydrobromic Acid 

A sample of 0.98 g. ammonium bromide (Analar), corresponding to 
0.80 g. bromine, was irradiated in the R1 reactor of AB Atomenergi, 
Stockholm, for 16.5 hr. a t  a neutron flux of about 1.6 X 10l2 n./cm.2-sec. 
The sample was allowed to stand for 2 hr. after irradiation in order to 
reduce the activity of B P  which is formed simultaneously with B P .  The 
radioactive salt was then dissolved in 10 ml. water and passed through a 
cation-exchange column containing about 15 ml. Dowex 50W (50-100 
mesh) in the hydrogen-ion form. The column was then washed with water 
to obtain an effluent volume of 100 ml. The final 0.1N radioactive hy- 
drobromic acid solution, corresponding to about 100 mc. BP, was used 
for all the experiments. 

Acid Treatment and Washing 
The experimental technique was the same as described earlier.2 The 

cellulose samples consisted of bleached, paper-grade sulfite and sulfate 
pulps. Each sample, corresponding to 1.00 g. moisture-free pulp, was 
suspended in water and poured into a column and then treated with radio- 
active hydrobromic acid (15 ml.). After 1 hr., the sample was again treated 
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TABLE I1 
Washing of Hydrobromic Acid from Bleached Pulp 

Total amount of hydrobromic acid in each fraction, peq. 

Sulfite pulp Sulfate pulp 
Fraction 

Volume, ml. Sample As Sample Bb Sample As Sample Bb 

25 Large amounts 
25 0.01460 0.00145 0.01540 0.00145 
45 0.00684 0.00162 0.00864 0.00135 

0.00066 0.00114 0.00114 30 0.00360 
50 0.00190 0.00130 0.00200 0.00110 
50 0.00120 O.OOO50 0.00060 O.OOO60 
50 O.OOO60 O.OOO50 0.00150 0.00060 
50 0.00040 0.00080 0.00060 0.00080 

~~~~~ 

a Sample A (1.00 g. as moisture-free pulp) was washed with water in equilibrium with 

Sample B (1.00 g. a8 moisture-free pulp) was washed with water free irom carbon 
atmospheric carbon dioxide. 

dioxide. 

with hydrobromic acid (10 ml.). Finally, the washing of the sample was 
started and the effluent collected into fractions. Separate experiments 
were made with the use of deionized water only and with deionized water in 
equilibrium with atmospheric carbon dioxide. 

Measurements of the Radioactivity 

A sample of 5 ml. was taken from each fraction for the measurement of 
the radioactivity. The standard was prepared by diluting the original 
solution lo5 times, and 1 ml. of this diluted solution was measured together 
with the samples. The measurements were carried out by means of a 
scintillation detector. The time for 104 electrical pulses was registered and 
then recalculated to counts per minute. The concentration of hydrobromic 
acid in each fraction was then calculated by means of the standard and 
background values. After completion of washing, the radioactivity of the 
cellulose samples was measured as described for the solution. 

RESULTS AND DISCUSSION 

The experimental data are collected in Table I. The amounts of hy- 
drobromic acid in the fractions have been calculated from these data and 
the results appear in Table 11. It is evident that most of the hydrobromic 
acid is washed out of the fibers with the first 25 ml. fraction. In  the third 
fraction, only extremely small amounts can be detected, corresponding to a 
concentration lower than 0.0002 peq./ml. This observation is in good 
agreement with our earlier results,2 which showed that, within the sen- 
sitivity limits of the analytical method used (0.004 peq. HCl/ml.), the 
effluent was free of hydrochloric acid after washing with two portions of 
25 ml. of water. On the other hand, our figures are quite different to those 
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of Ant-Wuorinen and Visapaa (Table I1 in ref. 4). Using our technique, 
these authors found 0.04 peq. HCl/ml. in the corresponding (third) effluent, 
which is at  least 200 times the amount we found. This substantial dis- 
agreement cannot be explained by the differences in the corresponding 
experiments. For instance, it has been shown that the duration of the 
acid treatment does not markedly affect the washing step. 

Because the radioactive tracer technique employed is specific and ex- 
tremely sensitive, the present results appear conclusive, indicating that 
the titrimetric technique used by Ant-Wuorinen and Visap%i4 led to er- 
roneous conclusions. In their interpretation of the titration data no 
consideration was given to the following facts. Firstly, bleached pulps 
contain traces of salts which, during prolonged washing, diffuse from the 
fibers to the surrounding solution and are simultaneously replaced by the 
hydrogen ions bound to the carboxyl  group^.^ Even traces of salts present 
in the original washing water are exchanged and result in the formation of 
acids. It is not possible to avoid these impurities completely, even when 
using water purified by repeated distillations. Secondly, samples of sul- 
fite pulps were used, and these contain xylan which is relatively tightly 
branched with glucuronic acid units. As shown in a recent investigati~n,~ 
some of the xylan is easily removed from the pulps. Even if only a very 
small part of the xylan is washed out of the fibers, this amount will con- 
tribute to the consumption of alkali. 

Further, as can be seen from Table 11, the radioactivity of the effluent a t  
the end of the washing is approximately the same as the background value, 
which means that not more than O.oooO1 peq. HBr/ml. is present in the 
last fractions. It appears also that washing with water containing carbon 
dioxide results in effluents free from hydrobromic acid. 

Finally, the results from measurements on the pulp samples are shown in 
Table 111. The observed radioactivity corresponds to a hydrobromic acid 
content of about 0.01 peq. HBr/g. sample. It is possible that the pulp 
contains traces of basic groups originating from proteins and these are 
able to bind anions. Also, it is possible that part of the radioactivity is 
attributable to the elemental bromine which is formed during neutron 

TABLE I11 
Determination of Hydrobromic Acid in the Pulp after Washing 

Sulfite pulp Sulfate pulp 

Sample A* Sample Bb Sample As Sample Bh 

Radioactivity, counta/min. 1 . 1  X lo6 1 . 3  X lo6 1.1 X lo6 1 . 0  X 106 

Residual HBr 
Carboxyl content, meq./100 g. pulp 4 . 7  4 . 7  5 .3  5 . 3  

w d g .  Pulp 0.013 0.016 0.013 0.012 
% of the carboxyl content 0.03 0.03 0.02 0.02 

Sample A (1.00 g. as moisture-free pulp) was washed with water in equilibrium 

Sample B (1.00 g. as moisture-free. pulp) waa washed with water free from carbon 
with atmospheric carbon dioxide. 

dioxide. 
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irradiation of ammonium bromide.6 However, even if it is assumed that 
all the radioactivity originates from the hydrobromic acid, the amount left 
in the fibers is negligibly small. Thus, compared with the carboxyl content 
of the samples, the error caused by the acid is smaller than 0.03%. It can 
further be concluded that the error due to the residual acid is also negligible 
after the fibers have been washed with about 50 ml. water subsequent to the 
acid treatment. The washing out of acid from the fibers thus proceeds 
very easily, in agreement with earlier 

Ant-Wuorinen and Visaplili4 have also used viscosity measurements and 
an x-ray emission spectrography method for the detection of residual 
acid in the fibers. The aim of this work, as well as that of our earlier 
investigation,2 has been to establish if the acid-treated pulp after washing 
with water contains sufEcient acid to interfere with the determination of 
carboxyl groups. It has now been verified that this is not the case and it is 
beyond the scope of our work to investigate whether or not traces of acid 
under this limit are present. However, in order to clarify the problem it 
may be appropriate to interpret the viscosity data found by Ant-Wuorinen 
and Vi~.apiiii.~ These authors measured the viscosities of the washed sam- 
ples after drying them overnight a t  105OC. It was observed that when acid- 
treated samples were shaken eight times with 100-ml. portions of water 
under nitrogen, the viscosities of the final dried samples were nearly 
identical to those of the original samples after drying. However, the 
samples which were washed in columns eight times with 25-ml. portions of 
water showed lower viscosities after drying. Because depolymerization 
occurred under drying, the authors concluded that the fibers after washing in 
a column still contain traces of acid. Surprisingly enough, it was found 
that batch-wise washing results in a completely acid-free sample only if the 
experiments are carried out in an atmosphere free from carbon dioxide 
(under nitrogen), whereas carbon dioxide does not affect the washing when 
the column-technique is used. 

If the last traces of acid would lead to a depolymerization of cellulose 
during drying, then the hydrogen ions originating from the carboxyl groups 
must have a catalytic effect on the depolymerization. In view of the 
extremely low hydrobromic acid content in the fibers after washing (Table 
111), it can be concluded that most of the hydrogen ions originate from the 
carboxyl groups. This is even the case if only a very minor part of the 
carboxyl groups, say 1%, is dissociated. It is therefore surprising that i ~ o  
decrease in viscosity was obtained when the samples were washed batch- 
wise. Perhaps, even more surprising is the finding that the viscosities of 
the dried samples were about the same when they were washed in a column 
once or eight times, (Table I in ref. 4) as, after the first washing with 25 
nil. water, considerable amounts of acid are present in the fibers. 

It is apparent that more experiments1 evidence is needed to explain the 
viscosity data of Ant-Wuorinen and Vi~apaa.~ However, it is possible, 
that the increasing viscosities are due to a partial replacement of the hy- 
drogen ions of carboxyl groups by metal ions. Also, as mentioned, some 
of the acidic xylan is dissolved during water treatment, which will lead to a 
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TABLE IV 
Influence of the Ionic Form on the Pulp Viscosity after Dryin% 

In t ri ne. i c 
viscosity, 

Sample Treatment cm.a/g.b 

1 50 ml. 0.1N HCl + 250 ml. water + 
50 ml. O.1N NaCl + 50 ml. water 

2 50 ml. 0.1N HC1 + 250 ml. water 380 

4 100 ml. water containing COZ 900 

1065 

3 50 ml. 0.1N NaCl + 50 ml. water 1033 

~~~ ~~ ~~ 

Samples corresponding to 1.00 g. moisture-free pulp were treated in columns and 
then dried overnight at 105°C. according to AnbWuorinen and V i ~ a p a a . ~  

b Method of Scandinavian Pulp, Paper and Board Testing Committee.7 

higher degree of polymerization of the pulp. The risk of xylan dissolution 
as well as replacement of hydrogen ions is naturally greater in those ex- 
periments where large amounts of water have been used with simultaneous 
mechanical treatment of the pulp. 

In order to prove the hypothesis as to whether the free carboxyl groups 
influence the viscosity, samples of sulfite pulp were pretreated with dilute 
hydrochloric acid and sodium chloride solution, respectively. After 
being washed with water, some of the acid-treated samples were then treated 
with sodium chloride solution in order to replace the hydrogen ions by 
sodium ions. The results from these experiments appear in Table IV. 
As can be seen the viscosity of sample 2 (only HCI-treated) is considerably 
lower than the viscosities of the other samples. However, the viscosity 
of sample 1 (HCI-NaC1-treated) and sample 3 (NaC1-treated) are practi- 
cally identical. It can further be seen that a partial replacement of sodium 
ions with COz-water also results in decreased viscosity (sample 4). 

These observations strongly support the view that the decrease in 
viscosity found by Ant-Wuorinen and Visapaa4 is rather a positive indica- 
tion of the presence of free carboxyl groups than due to  the presence of 
mineral acid. 

The authors wish to thank Dr. L. G. Erwall for helpful advice and for placing the 
We are also indebted facilities of the Isotope Techniques Laboratory a t  their disposal. 

t o  Dr. Roland Grundelius for the Viscosity measurements. 
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R&Ulll6 
Echantillons de la cellulose d’une plte blanchie de sulfite et  sulfate ont 6t6 trait& 

en colonnes avec un acide hydrobromique radioactif de OJN, aprhs quoi ils ont 6t6 
laves avec de l’eau. Les expkriences ont montr6 qu’aprhs un lavage avec de petites 
quanties d’eau (environ 50 ml pour 1 g d’echantillon), la radioactivitk du liquide 
6coul6 etait trhs faible, correspondant a une concentration d’acide hydrobromique de 
moins de 0,0002 /&quiv./ml. Les mesurages de l’echantillon de cellulose faita directe- 
ment aprbs lavage ont v6rifi6 l’insuffisance d’acide dans les fibres pour interferer l’ea- 
timation du titrage des groupes de carboxyl. 

Zusammenfassung 
Celluloseproben, bestehend am gebleichtem Sulfit- und Sulfatzellstoff, wurden in 

Kolonnen mit 0,lN radioaktiver Bromwasserstoffsaure behandelt und dann mit Wmer  
gewaachen. Die Experimente zeigten, dass schon nach Waschung mit kleinen Wasser- 
mengen (ungefahr 50 ml pro 1 g Probe) die Radioaktivitat dea Durchlaufs sehr niedrig 
war entaprechend eine Konzentration der Bromwasserstoffsaure weniger als 0,0002 
pxquiv./ml. Die Messungen der Radioaktivitat direkt an dem Cellulosepreparat zeigten, 
dass die Mengen an zuruckgehaltener Bromwasserstoffsaure so klein sind, dass sie 
nicht die titrimetrkche Bestimmung der Carboxylgruppen storen. 
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