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or by introduction of 
recovery stage.

pulping
About

pulp is done in kraft mills (1). The reason 
may be attributed to its superior pulp 
quality, relatively shorter cooking cycle,

A kraft mill, even by utilizing the best available technology, 
cannot be made completely odour-free. However, there are several 
sulphide-free and non-sulphur pulping methods. Among these, soda- 
anthraquinone (AQ) pulping process seems to be promissing.

INTRODUCTION
The most practised chemical 

to-day is the kraft process. 
95% of the present production of chemical
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Pulp yield can be increased by using polysulphide, H2S or AQ 
in the cook. The first two are used exclusively in kfraft cooking, and 
so the odour problem cannot be overcome. AQ on the other hand, 
is also suitable in a sulphur-free cook which eliminates the odour 
problem of the pulp mill. Soda-AQ pulping is more suitable with 
hardwoods.

Kraft pulping, in spite of its wide practice, suffers from some 
serious disadvantages, such as the odour problems, lower pulp yield 
and high investment requirements. To overcome these difficulties 
considerable efforts have already been made. In this paper, feasibi­
lities of alternative methods to kraft pulping have been examined and 
discussed.

There is an ample opportunity of reducing the investment cost 
in a kraft mill by replacing the conventional recovery furnace with 
alternative devices now under development or by eliminating some 
of the steps in the recovery cycle. There are also possibilities of 
eliminating the causticizing step and the lime kiln in any alkaline 
pulping process by replacing NaOH with disodium borate in cooking 

TiOa, FeiO or ilmenite (FcO. Ti Oz) in the
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METHODS OF REDUCING ODOUR 
PROBLEMS

The use of anthraquinone (AQ) in 
alkaline sulphite pulping has also been 
investigated (8). The addition of AQ in the 
cook reduces the cooking chemical charge 
to the level of the kraft process, but the 
cooking time is still longer and cooking 
temperature higher, Attempts were also 
made to eliminate the kraft odour problems 
but retaining the kraft pulp properties by

The kraft process is notoriously famous 
for the malodourous sulphur compounds 
consisting of hydrogen sulphide, methyl 
mercaptan, dimethyl sulphide and dimethyl 
disulphide originating from NaaS of the 
kraft white liquor (2). About 75% of the 
bad smelling sulphur compounds emitted by 
a kraft pulp mill originates in the recovery 
furnace and the direct contact evaporators ; 
some 20 % comes from the cook, and the 
remainder from different sources (3). In 
the conventional process, the malodourous 
gases can be reduced by black liquor 
oxidation (4j 5). In spite of that some 
odours are emitted. In serious cases, gases 
may be collected and destroyed to render 
them odour-free (6). Some of the measures

In view of the problems associated 
with kraft odour, considerable researches 
into sulphide-free and non-sulphur chemical 
pulping methods have been conducted 
during the last few years. Alkaline sulphite 
pulping, known for many years, was 
reassessed and thoroughly investigated by 
Ingruber and Allard (7). They demons­
trated that this process gave both pulp 
yield and strength properties comparable 
to those of kraft process. The alkaline 
sulphite pulps are brighter and have consi­
derably better brightness stability than the 
kraft pulps. The advantages of the alka­
line sulphite spent liquor over the kraft 
black liquor are its high degree of oxidation, 
low and inoffensive odour and low toxicity 
to fish when released to streams. The 
major disadvantages of the alkaline sulphite 
process compared to those of the kraft 
are the high chemical requirements, longer 
cooking time, higher cooking temperature 
and the necessity to convert the high sulphi- 
dity green liquor to sodium sulphite pulping 
liquor containing also sodium hydroxide. 
These constraints strongly disfavour pulping 
by the alkaline sulphite process.

have been economically feasible, but 
additional installations tend to increase 
investment costs. Over and above, the 
kraft mill cannot be converted in such a 
way to make it totally odourless.

fully developed recovery cycle and high 
production flexibility (nearly all pulp 
grades can be produced and any fibrous 
material can be used). In spite of all these 
advantages, this process suffers from some 
serious disadvantages, such as its odour 
problems, lack of specificity in delignifi­
cation, i. e., while lignin is dissolved, a 
significant amount of carbohydrate material 
is also dissolved resulting in a lower yield 
of pulp, and high capital investment require­
ments. Hence to face the stringent pollution 
regulations and economic crisis, 
disadvantages must be elimated.

Thus, while searching for the alterna­
tives to the kraft process, the approaches 
should be directed to solving the deficiencies 
of this universal process and main­
taining its inherent advantages. Hence, 
alternative methods to do away with the 
disadvantages of the kraft process are 
discussed in this article.
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unbleached pulp, in particular the tearing 
strength, is not as good as that of kraft 
pulp (3,10,14). However, if the soda-oxygen 
pulping method is aimed at attaining 
a pulp quality similar to that obtainable 
by the kraft method, the soda stage needs to 
be continued to the fibre liberation point ; 
but this offsets the yield (10).

More recently, the discovery of addition 
of anthraquinone (AQ) to the normal 
soda cook, to the order of 0.05-0.15% on 
OD wood basis, promises of being the 
most dramatic breakthrough in the quest 
for an odour-free pulping process (15-17). 
The mechanism of its action during pulping 
is not completely understood, but in effect 
it enables to produce pulps in kraft yield 
and with lower active alkali typical of the 
kraft process.

Both unbleached and bleached pulps 
obtained by the soda-oxygen process 
provide yields which are quite comparable 
with those obtained by the kraft process 
(3,10) and the same type of raw material 
can be utilized (3). The strength of the

One of the widely studied odour-free 
pulping processes is soda-oxygen pulping 
(10-13). The process involves three steps : 
(l) initial soda cooking by the use of sodium 
hydroxide to a higher lignin content 
than the normal, usually to a Kappa num­
ber in the order of 50 for hardwoods and 
80-100 for softwoods (11), (ii) mechanical 
fiberization of the softened chips to ensure 
maximum surface transfer area and finally 
(iii) subsequent delignification with alkali 
and oxygen under pressure. The objective 
of the final oxygen stage is to reduce the 
lignin content to the level of normal 
chemical unbleached pulps, which cannot be 
attained by the soda process alone. Thus, 
the oxygen stage delignifies the pulp from 
a much higher lignin content to a lower 
lignin content without serious degradation 
of the pulp, to be ready for subsequent 
bleaching. The degradation of the pulp 
however becomes serious from Kappa 25 to 
15 and below (11).

As the soda and the oxygen stages 
together consume more alkali than does 
the kraft process, the recovery system, in 
particular the causticizing system, needed 
is larger than that required for the kraft 
process. Moreover, an oxygen reactor for 
high pressures and additional equipment 
are required for operation of the oxygen 
stage. As a consequence, the soda-oxygen 
pulping may not be cheaper than the kraft.

From the viewpoint of environmental 
pollution, AQ itself or the emissions from 
AQ-soda pulping appears to pose no 
significant hazards (11). It is indicated as 
non-carcinogenic and of low toxic potential 
when encountered in dust form, although 
it can be a minor irritant to allergic skins. 
As the AQ applied in pulping is virtually 
destroyed when the liquors return to the 
recovery cycle, only traces appear in the 
waste wash liquors and the final pulp and

using AQ-neutral sulphite process ( 8,9). 
With this process substantially higher yield 
of pulp is obtained. Many paper making 
properties of the pulp are exceptionally 
good in spite of higher pulp yield. No 
foul odour is emitted in the system. But 
the disadvantages of higher cooking tempe­
rature and longer cooking time cannot be 
eliminated. Moreover, the preparation of 
cooking liquor containing NaaSO3 and 
Na^COa is rather complicated.
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(27), hydrogen 
anthraquinone 
possibilities 
can be

When any yield increasing method is 
developed, it may be asked whether this 
increase in yield is still attainable after

two 
thus 

cook.

liberation and then following a mechanical 
defiberization step. The pulp is subjected to a 
secondary delignification treatment with 
hydrogen peroxide and sodium hydroxide 
at atmospheric pressure. Peroxide pulp 
compares favourably wi:h kraft pulp in 
respect of yield and strength properties 
(except burst strength). The disadvantages 
include high sodium hydroxide consumption, 
added installation cost for fiberizing and 
peroxide stages, high peroxide dose (1-2% 
on OD wood), elc.

It is well recognised that the yield by 
the kraft process is lower resulting in higher 
production cost of pulp than the sulphite 
process. Moreover, in the future the 
increase in the production cost of 
pulpwood is expected to exceed that of the 
market price of pulp (25). In addition, 
it is likely that there will be a dearth of 
pulp wood in years to come (26). These 
factors together create a large challenge to 
kraft pulping to achieve more effective 
utilization of wood.

paper. These traces range from below 
detection limits to a few parts per million 
range. Extensive studies have shown no 
environmental consequences from AQ in 
pulping.

There are many other approaches of 
sulphur-free pulping. Pulping with organic 
bases, such as soda amines (18-20) is 
practical and efficient from pulping view 
point and can offer pulps equivalent to 
kraft. The problem yet to be seriously 
investigated lies in recovering and recycling 
of the bases and/or the utilization of 
the amine-lignin complexes. At present 
the use of amines in soda pulping is not 
economical as they react irreversively with 
the pulp and are not fully recoverable 
(21, 22).

Another sulphur-free process is the 
“Pollution-free” pulping process (23) which 
has been tested in a lOt/d pilot plant in 
Japan. In this process chlorine chemicals 
and sodium hydroxide are used as delig­
nification and bleaching agents for the 
defiberized pulp. The pulp yield ranges 
from that of normal for the kraft process 
to more than 60% and the quality is reported 
to be comparable to that of kraft pulp 
in many respects. As the wood chips must 
be initially mechanically fiberized, some 
doubt exists whether the results achieved 
with hardwoods will be as satisfactory with 
softwoods. Moreover, the installion and 
operating costs of the process exceeds those 
of the kraft process.

Recently, there has been another app­
roach of obtaining kraft-like pulp. This 
is by peroxide delignification of soda pulp 
(24). The process is comprised of initially 
a soda pulping stage with partial delignifi­
cation to the point of incipient fibre

For the time being, from the point 
of view of increasing the yield, three 
possibilities may be considered : polysulphide 

sulphide (25, 28) and 
(15—17). The first 

include sulphur, and 
practiced only in kraft 

Anthraquinone, on the other hand, is also 
suitable in a sulphur-free cook, eliminating 
the odour problems of the kraft mill.
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yield with the H2S process, there is a net 
gain in bleached yield. The H2S pulp is 
weaker than the kraft if comparison is 
made at the same Kappa number of 
unbleached pulp (28). If compared at the 
same yield, the difference in the strength 
properties are either negligible or very small 
(3) ; but there is no sense in the produc­
tion of pulp of equivalent yield by the use 
of a more complicated method. The odour 
problem is also a serious disadvantages of 
the process.

bleaching and whether the quality of the 
pulp is comparable to that of normal kraft 
pulp.

The other yield increasing method is 
the hydrogen sulphide pulping, which is 
carried out in two-stages, the first stage 
being a treatment of wood chips with 
hydrogen sulphide in presence of sodium 
hydrogen sulphide, followed by delignification 
in a second stage under approximately 
normal kraft cooking conditions (25, 
28). The authors obtained an increase of 
unbleached pulp yield of 5-6 percentage 
points for pine compared with normal 
kraft. There is no difference in bleaching 
yield between the H2S and the kraft pulps 
(28). Thus, with higher unbleached pulp

o

* 50

Recently, the catalytic effect of 
anthraquinone on alkaline pulping (15—17) 
has been established. Small addition of AQ, 
in kraft and soda cooking markedly 
enhances the rate of delignification with 
improved yield (Fig. 1) AQ addition in 
the order of 0.05-0.15% on OD wood 
basis is sufficient to provide the benefits 
(15,17,32). The catalytic effect of AQ is 
more effective in soda pulping than kraft 
pulping (Fig. 1). It is not unlikely that 
soda-AQ pulp can surpass the conventional 
kraft in respect of rate of delignification 
and pulp yield (15,21). Thus, it can represent 
a solution to replace the kraft process.

I |1-------L
15 ’6 17 18

KAPPA NUMBtR

Fig. 1. Increased delignification and yield 
due to addition of AQ
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Kraft pulping with the addition of 
polysulphide results in an increased yield. 
The polysulphide cook can be done by 
using elementary sulphur in a portion 
of white liquor (27). Alternatively, 
polysulphides or sulphur can be obtained 
from white liquor (29), green liquor or 
black liquor (27). The largest yield 
increase per unit weight of added 
sulphur was found to be 1.5 to 4% 
sulphur based on wood (30). 
yield is 1.5-2 times the added sulphur, 
laboratory study (27) showed that 
yield increase was retained after further 
delignification by oxygen-alkali. The 
strength properties of the polysulphide 
pulps are comparable to those of kraft 
except for tear factor (27, 30, 31). Which 
is considerably lower. Another limitation 
of the process is reduced brightness of 
unbleached pulp (31). Over and above, 
it retains the odour problems associated 
with the kraft mill.
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METHODS OF REDUCING 
INVESTMENT COST

• R w.j

I
I
i

Chemical pulping is very capital 
intensive as many sub-processes and functions 
are essential for a high level of self-suffi­
ciency in energy and expensive chemicals. 
If the sub-processes can be simplified or 
the number be diminished without 
diminution in self-sufficiency, the investment 
cost can be reduced.

pine as shown by Holton, cited by MacLeod 
et al (33) and in Pinus radiata (34). 
Other strength properties compare favourably 
with the kraft (33). In the case of 
bagasse and a mixture of hardwoods, the 
soda-AQ and kraft pulps were quite similar 
in all strength properties. The quality of 
kraft-AQ pulps is equivalent to its kraft 
counterpart (33).

At present, the application of AQ is 
limited to mills already practicing soda 
pulping and to those kraft mills which are 
under environmental pressure to switch to 
soda (32). In the future, this trend 
is expected to increase leading to such 
conversions as the pollution regulations 
become more stringent.

i

More economic benefits in soda-AQ pulp­
ing are obtained with hardwoods than with 
softwood (15, 16). As regards the quality 
of soda-AQ pulps, no gencrilization can 
be made. It appears to be dependent on 
wood species. Soda-AQ pulps from black 
spruce have about 20% lower tear than 
kraft pulps (Fig. 2). Douglas fir (Fig. 3) 
showed a tear reduction of about 10%. 
Contrary to this, the tear was not impaired 
in a mixture of spruce, balsam and

■BURST INDEX BREAKING TEAR INDEX
. , LENGTH

Fig. 3. Tear reduction in Douglas fir

Thus, there is a certain potential for 
simplication of the recovery cycle. This 
can be achieved by replacing the conven­
tional recovery furnace or by eliminating 
some of the stops in the recovery cycle. 
Development of a recovery furnace is in 
progress around the world and examples 
may be cited of the wet-combustion, partial
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In a kraft mill the machinery costs are 
about 48% of the total investment, of 
which about 27.5% is in the chemical 
recovery plant (35).
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Fig. 2. Tear reduction due to AQ addition
KRAFT SODA AQ

LEGEND

TOO 
x 
&

£

U.

UJ

5



to

REFERENCES

BANO BTQOYAN PATOKASO

to Janson (36) the net change in energy 
consumption implies larger savings than 
losses and the total gain in energy amounts 
to about 6 USD/tp. The author showed 
savings in the overall operating costs of 
3 USD/tp when the borate replaced the 
NaOH.

2. Sarkanen, K. V., Tappi 53(5) : 766-783
(1970)

3. Palenius, L, PPI 21(3) : 64-67 (1979)

4. Collins, T. T., Jr., Paper Trade J. 146(30) :
39-48 (1962)

5. Suzuki, M. and Osawa, A., Tappi 60(11) :
143-145 (1977)

6. Douglass, I. B., J. Air Poll. Control Assoc.
18(8) : 541-544 (1968)

1. Kleppe, P. J., Norsk Skogind. 32(6) : 
134-140 (1978)

wet combustion, fluidised bed, hydro­
pyrolysis, SCA-Billerud methods, etc. There 
are also possibilities for eliminating some 
of the steps in the recovery cycle by replacing 
NaOH by disodium borate (Na2HBO3) 
in kraft and soda pulping (36) and by 
introduction of titanium dioxide (37), ferric 
oxide (38) or ilmenite (39) in the recovery 
furnace or outside it in reaction with the 
smelt.

The disodium borate works in the 
cook with the same alkalinity as sodium 
hydroxide (36). Thus, it is possible 
replace NaOH in the soda or kraft cooks 
(with or without additive). There is very 
little difference in the pulp yields from the 
hydroxide and the borate based pulping, 
nor are there any differences in pulp 
properties. From the point of delignification, 
replacement of NaOH by Na2HB03 works 
better with hardwoods than with softwoods. 
The special feature of the process is that 
the smelts obtained in burning black 
liquors is autocausticized. It regenerates 
the cooking chemical and no carbonate 
appears in the green liquor as with the 
hydroxide based cook. Thus, complete 
causticizing and lime cycle may be avoided, 
with consequent elimination of the buildings 
and equipment concerned. As a result, 
the investment cost in a pulp mill 
is significantly reduced : to the order of 
about 7.5 million USD for a mill of 600 
t/d capacity (36). From the energy point 
of. view, the borate based pulping is also 
advantageous. Elimination of the lime 
kiln means savings in oil. Part of this 
oil saved is burnt in the recovery furnace 
to compensate for the heat losses caused 
by the extra load of inorganic chemical in 
the recovery process. However, according

Introduction of titanium dioxide, ferric 
oxide or ilmenite in the recovery furnace or 
outside it in reaction with the smelt in 
capable of regenerating NaOH from the 
black liquor. These metal oxides react 
with Na2CO3 in the recovery furnace to 
form mixed oxides with sodium liberating 
CO2. The mixed oxides when dissolved in 
water, NaOH is regenerated with the 
formation of the original metal oxides as 
precipitates. The metal oxides are then 
removed from the white liquor and recycled, 
so they do not enter in the cooking 
stage. Thus, the conventional caustilizing 
and the lime kiln system can be eliminated. 
These chemicals are better suited for non­
sulphur cooking than for kraft cooking (35).



7.

8.
21.

Appita 33(4) : 249-252

Saul, C.M., Appita 32(5) : 345-350(1979)11. 24.

25.

18.

JAN-july/84 : 13 (1 & 2) 81

!

Ingruber, O. V. and Allard, G. A., Pulp 
pap. Mag. Can. 74(11): 84-99(1973)

Hartler, N. and Olsson, L. A., Svensk 
Papperstid. 75(13) : 559-564 (1972)

Lachenal, D., Chouden, C. de andMonzie, 
P., Tappi 63(4) : 119-122 (1980)

Kettunen, J., Virkola, N. E. and Yrjala, 
I., Paperi Ja Puu-Papper 0, Tra 61 
(11) : 685-700 (1979)

14. McKelvey, R.D., Van Drunen, V.J. and 
Nicholls, G. A., Tappi 61(12) : 40-42 
(1978)

13. Worster, H.E.,Pudek, M.F. and Harrison, 
R. E., Pulp Pap. Mag. Can. 72(12) : 
69-73 (1971)

28. Hartler, N. and Olsson, L. A., Sevensk 
Papperstid. 76(3) : 116-122 (1973)

16. Hanson, J. P. and Michaels, W. T., Pulp
and Paper (May), 86-90 (1978)

17. Holton, H. H., 63rd Annual Meeting of
Technical Section, C. P. P. A., Feb. 
1-2, Montreal; A107-112 (1977)

23. Asaoka, H., Nagasawa, T. and Morita, 
M., Tappi 60(12): 110-113 (1977)

27. Kleppe, P. J., digester, Tappi 58(8) : 
172-176 (1975)

22. Fullerton, T.J.,
(1980)

12. Worster, H. E., Pulp Pap. Mag. Can. 75 
(10) : 45-50(1974)

10. Saukkonen, M. and Palenius, I., Tappi 
58(7) : 117-120 (1975)

15. Forssum, G., Hagglund, S. and Lindqvist, 
B., Part 2. Soda pulping, Svensk 
Papperstid. (16) : 455-460 (1980)

Kubes, G. J., Fleming, B. I., MacLeod, 
J. M. and Bolker, H. I., Tappi 61(8) : 
46-50(1978)

19. Kubes, G. J., MacLeod, J. M., Fleming, 
B. I. and Bolker, H. I., Cellulose 
Chem. Technol. 13 : 803-811 (1979)

Kubes, G.J., Fleming, B.I., MacLeod, 
J. M. and Bolker, H. I., Wood Sci. 
Technol. 14(3) : 207-228 (1980)

26. Stockman, L., Pulp and Paper Technology 
2000, CPPA Technical Section, 
Annual Meeting, Jan. 29 Feb. 1, 
Montreal : 2017-2021 (1974)

9. Kettunen, J, Raimo, P. and Virkola, N. E., 
Tappi Press, Atlanta : P. 425-435 
(1980)

29. Smith, G. C., Knowles, S. E. and Green, 
R. P., paper Trade J. (May 1) : 
38-41 (1975)

20. MacLeod, J.M., Kubes, G.J., Fleming, 
B. I. and Bolker, H. I., Cellulose 
Chem. Technol. 13 : 793-801.(1979)

30. Clayton, D. W., Pulp and Paper Manu­
facture, Vol. 1, Ed. Macdonald, R. G. 
and Franklin, J. N., McGraw-Hill, 
N. Y., St. Louis., etc., P. 430-435 
(1969)

31. Rydholm, S. A., Pulping processes,
Interscience publishers, N. Y., etc., 
P. 649 (1965)



32.

A. F. M. Akht ar uz zaman, Divisional Officer, Forest Research Institute, Chittagong, Bangladesh

BANO BIGGYAN PATRIKA82

38. Kiiskilaj E., and Valkonen, N., Paperi 
ja Puu-Papper o. Tra 61(8) : 505-510 
(1979)

36. Janson, J., EUCEPA symposium. June 
2-5, Helsinki 15 : 1-15 : 17 (1980)

39. Kiiskila. E., Paperi ja Puu Papper o, Tra 
61(9) : 564-577 (1979)

37. Kiiskila, E., Paperi ja Puu-Papper o. Tra 
61(6-7) : 453-463 (1979)

Holton, H. H. and Chapman, F. L., 
Tappi 60(11) : 121-125 (1977)

33. MacLeod, J. M., Fleming. B. I., Kubes
G. J. and Bolker, H. I., Tappi 63(1) : 
57-60 (1980)

34. Farrington, A.,
Vanderhock, 
207-209 (1979)

35. Kiiskila, E. and Virkola, N. E., Paperi
ja puu-Papper o. Tra 60(3) : 129-132 
(1978)

Nelson, P. F. and 
N., Appita 33(3) :


