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ABSTRACT 

The effects of various surfactants have been considered on soda pulping of three lignocellulosic materials. So, wheat 

straw, populous and forest hardwood mixture has been cooked with and without surfactant based as soda method. In 

order to evaluate the surfactants effects, pulp properties including the screen yield and kappa value have been 

measured. The results showed that in case of wheat straw and populus pulping, it has not seen any remarkable effect 

on kappa number, but the pulp yield improved and the screen rejects has been approximately vanished. In case of 

forest hardwood mixture, a different trend has been observed; so that in successive replicates of control pulping, a 

variety of amounts has been observed for the pulp yield and kappa value. As a matter of fact, it is not logical to 

expect a constant amount for yield, kappa number. In fact, different ratio of species with different amounts of lignin 

and holocellulose would cause not to obtain an approximate constant amount of the yield and kappa number in 

successive replicates. However, the positive effects of surfactant application including yield improvement and kappa 

reduction have been observed in this case, too.  
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INTRODUCTION 

 

The main motivation of surface active material usage in pulping is reduction of the 

surface tension between the liquor and chips caused by this group of material. In case of 

softwoods, the blocked vessels with extractives could be opened via saponification and 

emulsification caused by the surface active material (Chen, 1994). Usage of the surface active 

material which named ‘surfactant’ in then, would result in efficient penetration and diffusion of 

the cooking liquor and effective wetting of the chips' surface. This gives rise to more uniform 

cooking with lower kappa number, lower screen rejects, lower resin content, and improved black 

liquor residual active alkali (Dugiralla 1999, 2000). As a matter of fact, the positive effects of 

surfactant usage have been proved in case of some softwood. Utilization of seventeen kinds of 

the surfactants in pulping and bleaching of Pinus pinaster has been considered via Baptista et al. 

(2004). They observed that the value of kappa number, chemical consumption, and screen rejects 

were decreased, while brightness was increased. As well as, they stated that nonionic surfactants 

gave the best results among the cationic, anionic, nonionic and amphoteric kinds. Dugiralla 

(2000) observed that the addition of 0.1% surfactant to kraft pulping liquor (on oven dry wood) 

resulted in a more uniform cook with a significant decrease in kappa number; moreover, it led to 

an increase of about 0.5 to 1% in the yield value at a constant kappa number. Since that the 

surfactants act based as surface tension reduction between the surfaces of two reactants, it could 

be tested surfactant uses in pulping of the sources with less amount of extractive and fewer 

vessel bottleneck. In fact, it is expected surfactants would probably be effective in case of other 

raw materials i.e. hardwoods and nonwood. In this field, Guo et al. (2003) indicated that the use 

of PEG in hardwood kraft pulping improved the delignification rate, selectivity, and yield value. 
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In addition, Mishra et al. (2007) used some non-ionic surfactants in the pulping of a bamboo and 

hardwood mixture. This approach resulted in reduction of extractives, kappa number, COD, TSS, 

and screen reject. In addition, the brightness of the unbleached pulps improved. Santiago et al. 

(2007) showed that the application of an alcoholic surface-active material in pulping of 

eucalyptus globules improved the pulp viscosity in a constant kappa number without any effect 

in pulp yield in comparison with conventional pulp. Therefore, it is aimed to consider the 

surfactant utilization as soda pulping additive of three of most abundant raw material in Iran 

including wheat straw, planted populus (non- forest) and forest hardwood mixture. 

 

EXPERIMENTAL 

Raw material 

 

Wheat straw, populus and a mixture of forest hardwood have been used as raw materials 

in this study. Wheat straw samples were prepared from wheat farms of Golestan province in Iran 

and then transported to the laboratory to convert to the suitable dimension useable in pulping 

process. In this case, the clusters were removed using by farming clipper and the rest of the stalk 

was cut to fragments about 2 to 2.5 centimeters. In case of populus, the prepared disc samples 

were chipped to the suitable dimension (3 centimeters in length and width and 4 millimeters in 

thickness) using by laboratory chipper. The samples were prepared from shast kalateh forest, 

Gorgan, Iran. Finally, the forest mixture which included forest species i.e. beech, populus, birch, 

hornbeam, alder, parrotia with a non-determined ratio, have been prepared from the Choka wood 

factory's yard in northern Iran. The prepared samples were in the chips forms and therefore in 

this case only, it does not need any chipping operation. All three kinds of samples including 

wheat straw and populus and forest hardwood mixture, were transported to the pulp and paper 

laboratory.  The samples were air- dried. At first, the samples separately kipped in polyethylene 

bags in order to avoid the air exchange. Then, the moisture contents were measured for three 

kinds of samples. To this purpose, in case of all three samples, two samples weighting 2 grams 

were selected from the polyethylene bags (air-dried weight) and kept for 24 hours in the oven in 

temperature of 103 centigrade (based as the related After passing the time, the samples were 

weighted again (oven-dried weight). Finally, the moisture content was calculated for the three 

samples according formula 1 below:  

 

* 100 
Oven dry weight 

 %Moisture content= Formula1: 
Air dry weight 

 

Methods 

The pulping operation was carried out in a set of cylindrical rotating digesters based as 

soda method with and without some surfactants. In fact, some parallel cooks have been designed 

for each of the samples; conventional soda and modified with some of surfactants usage which 

named in then "soda-surfactant". In other words, in the soda-surfactant cooks, a variety of the 

surfactants have been added to cooking liquor. The process conditions for the three samples have 

been separately described in next.  

 
Wheat straw pulping 

Firstly, conventional soda cooking (code W1 in table 1) was carried out with the 

following conditions. Straw weight: 100 grams (based on oven dry), liquor to straw ratio, 7:1, 
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maximum temperature, 160 ºC, active alkali (based as NaOH) of %20 on oven dry of the straw 

and times at maximum temperature of 90 minutes. These conditions were chosen after some 

pretests in an effort to achieve a kappa number less than 20 (bleachable pulp). Afterwards, 

surfactants were used at 0.5 and 1% dosages based on oven-dry straw (codes W2 to W5 in table 

1).  

 
Table1. All treatments of soda and soda-surfactant of wheat straw 

Raw material Surfactant type Surfactant dosage Code 

Wheat straw 

- %0 W1 

lauryl alcohol ethoxylate 7 mole %0.5 W2 

lauryl alcohol ethoxylate 7 mole %1 W3 

Poly ethylene glycol 1500 %0.5 W4 

Poly ethylene glycol 1500 %1 W5 

 

Populus pulping 

In this case, the control treatment (code P1 in table 2) was carried using 100 grams of the 

populus chips based as oven dry. Liquor to wood ratio was selected 5:1, active alkali (based as 

NaOH) of %25 on oven dry of straw and times at maximum temperature of 120 minutes. This 

condition has been selected after some pretests in order to obtain less amount of the screen 

rejects (< % 3) and achievement of the kappa less than 20. In next step, three kinds of surfactants 

were solved into cooking liquor in three different dosages of %0.5, %1 and %5 (codes P2 till P10 

in table 2).  

 

Table2. All treatments of soda and soda-surfactant of populus 
Raw material Surfactant type Surfactant dosage Code 

Populus 

- %0 P1 

lauryl alcohol ethoxylate 7 mole %0.5 P2 

lauryl alcohol ethoxylate 7 mole %1 P3 

lauryl alcohol ethoxylate 7 mole %5 P4 

Poly ethylene glycol 1500 %0.5 P5 

Poly ethylene glycol 1500 %1 P6 

Poly ethylene glycol 1500 %5 P7 

Kenol   %0.5 P8 

Kenol   %1 P9 

Kenol   %5 P10 

 

 

Hardwoods mixture pulping 

Alike to the two above mentioned material, in case of hardwoods mixture, firstly the soda 

pulping has been done without using any kind surfactant. To this purpose, 100 grams of the 

hardwoods mixture were pulped using by %25 of NaOH for 120 minutes. The L/W was 

considered 5:1 (code M1 in table 3). A variety of surfactants with two dosages of %1 and %4 

were used (codes M2 till M9 in table 3). 
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Table3. All treatments of soda and soda-surfactant of the forest hardwood mixture 

Raw material Surfactant type Surfactant dosage Code 

Hardwood 

mixture 

- %0 M1 

Dodecyl sulfate sodium ammonium 
%1 M2 

%4 M3 

Poly ethylene glycol 6000 
%1 M4 

%4 M5 

Poly propylene glycol 
%1 M6 

%4 M7 

Poly ethylene glycol 400 
%1 M8 

%4 M9 

 

 

Pulp properties evaluation 

First and foremost, accept yield and screen rejects were separated. To this purpose, when 

cooking were ended, each pulp samples was separately washed by using tap water (non-distilled) 

on a 20 mesh screen and collected on a 200 mesh screen. The retained parts on the 20 and 200 

mesh screens realized the reject and accept value, respectively. Then, based as accept pulp, the 

kappa number was measured for the all treatments (tables 1, 2 and 3) according to TAPPI 

Method T 236 om-85. The effects of surfactants usage on pulp properties were analyzed by using 

one-way Anova, and the means were compared by using Duncan’s multiple comparison tests at 

95% confidence level. 

 

RESULTS and DISCUSSION 

Wheat straw treatments  

 

 The results of surfactants addition to soda cooking liquor are shown in figure 1. 
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Fig1. Results of using surfactants on soda pulping of wheat straw 

 

Figure 1 indicates that both surfactants caused to increase the accepted yield among the 

treatments W2 to W5. As seen, in contrary, the kappa number was decreased. The increase in 

accepted yield was much more significant in the case of PEG 1500 in comparison to lauryl 

alcohol at comparable kappa number. The lowest accepted yield is related to W1 (control 

treatment) and the highest increase has been observed in W4 with %0.5 usage of PEG 1500. In 
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could be concluded that treatment W4 with %0.5 usage of PEG 1500 is the optimum condition 

among the four modified pulping. The yield increase is resulted from the surfactant effect in 

decreasing of surface tension between the liquor and straw chips. In fact, surface active agents 

could improve penetration rate of the pulping liquor and therefore cause to more efficient usage 

of the liquor. Better penetration of the cooking liquor into the chips can result in faster 

defiberation of chips, reduction in rejects, and perhaps improvements in pulp yield (Ahluwalia. 

1991 and 1992; Parthasarathy. 1996).  

The difference effects of the three used surfactants on pulp properties are maybe resulted 

from difference in HLB values of the surfactants. In fact, the different hydrophobic-hydrophilic 

balance between two surfactants affects the surfactant efficiency in pulping reaction (Salager, 

2002).  

 

 

Populus treatments  

Pulp properties including acceptable yield and kappa number compared to control 

treatment, were illustrated in figure 2. As seen, when using lauryl alcohol and Kenol, the yield 

value has been increased and the highest increase has been observed in case of the treatments P2 

and P8 related to %0.5 of lauryl alcohol and %0.5 of Kenol additions, respectively. Moreover, it 

has been found that there was no effect on increasing both surfactant dosages from %0.5 to 1 and 

from %1 to %5 on the yield amount.  Next, the effect of the lauryl alcohol and Kenol addition on 

kappa number was considered. As illustrated in figure 2, both of the additives caused to increase 

the kappa number of the pulps. The treatment p1 (control sample) showed significantly less 

kappa value in comparison to the treatment which have been modified via charge of lauryl 

alcohol (treatments p2, p3 and p4) and Kenol (treatments p8, p9 and p10). In fact, usage of lauryl 

alcohol and Kenol had a positive effect on pulp properties. In opposite, addition of PEG caused 

to reverse outcome; so that the yield and kappa amounts has been decreased with PEG 1500 

usage. Figure 2 shows that the treatments p1 (control sample) obtained higher yield and less 

amount of the kappa number. In fact, usage of PEG had a negative effect on pulp properties.  

 

 
Fig2. Results of using surfactants on soda pulping of populus 
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Forest hardwood mixture treatments  

 

 In this case, at first, the soda pulping of forest hardwood mixture has been carried out. As 

illustrated in table 4, a variety of the kappa and yield amounts have been observed in the 

successive replicates.  

 

Table4. Yield amount for soda pulping of forest hardwood mixture (treatment M1) 
 Replicate 1 Replicate 2 Replicate 3 Replicate 4 Replicate 5 

Yield 46.4 39.1 38.43 35.7 33.4 

 

As a matter of fact, in the treatments with different ratios of the species mixture, a 

different amount would be obtained for the kappa number and yield. This phenomenon is related 

to stock of the Choka’s yard. In other words, various ratios of the species mixture are used in the 

successive cooking operations.  

 Next, the modified treatments with surfactants addition have been carried out (treatments 

M2 to M10). As expected, alike to the control treatment (M1), a variety of yield amount has been 

observed in the successive replicates of each modified treatment. To resolve this factor, each 

process has been repeated more than 5 times and then the results have been considered based as 

the mean values of the replicates. Finally, the mean values for the kappa and the yield amounts 

have been summarized in figure 3. It has been showed that, the addition of all four surfactants in 

each two dosages (%1 and %4) has caused to improve the yield amount. Among the all modified 

treatments, highest increase has been obtained in yield amount in the treatment M8 with %3.4 

relative difference. In opposite, the treatments M2 showed about %0.4 decrease in yield amount 

compared to control treatment (M1). Totally, it could be concluded that usage of each four 

surfactants had a positive effect in the yield amount of forest hardwood mixture pulping. 

Moreover, it has not been observed a remarkable difference with an increase in the dosage of the 

surfactants from %1 and %4. In other words, %1 usage of surfactant is preferred that is important 

from economic point of view, too. In fact, it would be possible to obtain a high rate of increase in 

yield amount with less usage of surfactant. The increase in pulp yield may be due to higher 

selectivity of delignification (lower dissolution of carbohydrates at certain amount of lignin 

dissolution), which was affected by surfactant that can act as a co-solvent (Dugiralla. 1999; Guo 

et al. 2003; Baptista et al. 2006, Ghafarzade et al. 2011). 

Afterwards, the kappa variation has been considered among the soda and soda-surfactant 

samples (treatments M1 to M9). As seen in figure 3, the kappa numbers of the modified pulp 

samples are in a lower range. In fact, surfactant addition has a positive effect in lignin dissolution 

in pulping process. This phenomenon is resulted from the decreasing effect of surfactants in the 

surface tension between the liquor and chips which resulting in wetting of the chips’ surfaces. 

This gives rise to more uniform cooking with lower kappa number and lower screen rejects 

(Dugiralla. 2000; Baptista. 2004; Mishra. 2007). The decreasing of the screen reject values 

verifies these results. The value of screen reject was about %5 in control treatments whereas in 

modified treatments (M2 to M9), this parameter has been decreased to less than %0.5. The 

increase in yield may be expected as a result of a decrease in screen rejects (Santiago and Neto. 

2007). 
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Fig3. Results of using surfactants on soda pulping of the forest hardwood mixture 

 

 

CONCLUSIONS 

 

1. In case of wheat straw pulping, addition of the surfactants lauryl and PEG 1500 significantly 

improved the yield value at the approximate same kappa number.  

2. In case of populus pulping, addition of the surfactants lauryl and Kenol improved the yield 

but the kappa value has been slightly increased; on contrary, addition of PEG declined both 

the yield and kappa value. 

3. The yield and kappa varied in the various replicates of the control treatment for forest 

hardwood mixture pulping; but, each four surfactants caused to enhance the yield and reduce 

the kappa value. These results were significantly remarkable. 
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