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ABSTRACT 

 
It has been observed that acid (A) and carbonate (C) 
pretreatments of hardwoods are beneficial to kraft and 
soda/AQ (SAQ) pulping in regards to alkali demand, 
cooking time and bleachability.  Sugar maple (Acer 
saccharum) has been extensively investigated and 
preliminary research has been conducted on mixed 
temperate hardwoods and on a eucalyptus. After an AC 
pretreatment of sugar maple, a SAQ pulp with equal 
strength and brightness can be produced at a slightly 
higher bleached fiber yield than for the kraft process 
without pretreatment. Equal or less NaOH would be 
required for AC-SAQ. Fiber yield results were 
somewhat less impressive for the A- and AC-SAQ 
processes with the mixed hardwoods and were much 
lower than conventional kraft (1.1% on chips) for the 
eucalyptus. Interestingly, the eucalyptus had a mass 
fraction of hot water soluble material that was 
significantly lower than for sugar maple (13.8% vs. 
24.2% after 1h at 165oC, end pH~3.5). The A- or AC-
SAQ process for hardwoods consistently affords a 
higher fiber yield (~1.0% on chips) than for A- or AC-
kraft.  Some preliminary results on the C-SAQ process 
for the softwood, loblolly pine (Pinus taeda) are also 
presented. 
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INTRODUCTION 
 
Kraft pulping is the dominant process for the 
conversion of wood chips into pulp fibers.  The key to 
the kraft process is the Tomlinson or kraft recovery 

furnace that is quite efficient at recovering the 
pulping chemicals, NaOH and Na2S.  However, 
energy efficiency is becoming more important each 
passing year and there is some hope that gasification 
of the pulping effluent (black liquor) will replace the 
Tomlinson furnace for chemical and energy recovery.  
The current estimates are that an optimized 
Tomlinson furnace would net ~900  kWh/ton  of pulp 
(~3.2 GJ/ton) while black liquor gasification (BLG) 
would net around 2,200 kWh or 7.9 GJ/ton of pulp 
(1, 2).  BLG would allow a modified mill to become 
a net exporter of energy products (fuels and 
electricity) or use less lignin for energy generation.  
If a non-sulfur pulping process were to be used, 
simply using CO2 to lower the pH of the black liquor 
(BL) to ~8 would cause precipitation of a significant 
fraction of the lignin. The first pKa of H2S is 7.0-7.5 
in the temperature range associated with pulping and 
recovery (3).  If the pH of a kraft BL is lowered to ~8 
this will be accompanied by the evolution of toxic 
H2S.  Furthermore, precipitated kraft lignins contain 
sulfur (4) and this is rarely a favorable attribute if the 
lignin is to be subsequently converted into fine 
chemicals or bio-based products. 
 
Another sulfur related problem is that the 
regeneration of Na2S from kraft BL will be tedious 
for all gasification processes.  Some of the sulfur in 
the BL will be converted to H2S in the fuel gases 
(Eqn. [1]).  This H2S has to be selectively removed 
by adsorption onto a solid sorbent or into a solvent. 
The H2S would have to be desorbed from the solid 
sorbent and the surface reconditioned for another 
sulfidation cycle.  If the H2S is absorbed into a 
solvent then desorption into a non-reactive gas 
followed by re-absorption into NaOH or Na2CO3 
would be required.  Poor efficiency and selectivity 
was observed when direct absorption of H2S into 
caustic was attempted at an US mill where pilot scale 
gasification of kraft BL is being attempted (5).   

 
Na2S + CO2 + H2O  H2S + Na2CO3 [1] 
 
This paper describes modifications to the non-sulfur, 
soda/anthraquinone pulping process that improves its 
overall efficacy for hardwoods to a level approaching 
that of the kraft process. The two major 
disadvantages of SAQ pulping (compared to kraft) 
are 1) a pulp that is more difficult to bleach (6-9) and 
2) a higher NaOH requirement that would call for 
increased re-causticizing (Na2CO3 to NaOH).  When 
an active alkali (AA = NaOH + Na2S on a Na2O 
basis) of 16.0% Na2O and 30% sulfidity is used for 
kraft pulping, 11.2% of the AA would come from 
NaOH and 4.8% from Na2S.  In kraft recovery where 
all of the sulfur is recovered as Na2S, re-causticizing 



would be required to convert Na2CO3 to NaOH so that 
11.2% Na2O on chips is achieved.  SAQ pulping of 
hardwoods requires approximately the same effective 
alkali (EA = NaOH + ½ Na2S on a Na2O basis) as kraft 
(9). In the case above (kraft) the EA was 13.6% Na2O 
and a similar amount of alkali would be required for 
SAQ pulping but from NaOH alone. 
 
It has been observed that pre-treating sugar maple chips 
with hot water for that 160°C dramatically increases the 
rate of subsequent kraft pulping and enhances ODEpD 

bleaching (10).  One of the objectives of the present 
investigation was to se if a milder A-stage was 
beneficial to the SAQ process.  A second objective 
was to see if the carbonate pretreatment scheme in 
Figure 1 would yield beneficial results.  Instead of 
sending Na2CO3 in the amount of 14% Na2O on chips 
to the causticizing plant.  It is proposed that ~4.0% 
Na2O be added to the chips in a carbonate 
pretreatment stage and only 10.0% Na2O converted to 
NaOH for the SAQ stage. 
 

      
  
EXPERIMENTAL 
 
A-Stage:  All A-stages were performed at a 4:1 
liquor to wood (L:W) ratio in a M&K batch digester.  
The time to temperature was ~20 min. for 120°C and 
30 min. for 150°C.  The different conditions were:  
A1 – 20 min. at 150°C with 1.5% acetic acid on chips 
(end pH~3.5); A2 – 60 min. at 120°C with 3.0% 
acetic acid (end pH 3.2); and A3 – 30 min. at 150°C 
starting with 0.01 M sodium acetate (end pH 4.5). 
The free liquor in the digester was drained off after 
the A-stage and an equal volume of alkaline solution 
added for either a C-stage, kraft or SAQ pulping. 
 

 
 
C-Stage:  All C-stages were at 4:1 L:W ratio in the 
M&K digester with 60 min. to 165°C and Na2CO3 at 
3.5-5.0% Na2O on chips.  The different conditions 
were C1 – 30 min. at 165°C and C2 – 60 min. at 
165°C. The C-stage effluent was drained off through 
a condenser and the pulping chemicals added to it. 
The fortified C-stage effluent became the cooking 
liquor. 

 
 
 
 
 
 

 
Figure 1. Carbonate Recycle in Non-Sulfur Pulping 

Kraft or SAQ Pulping 
 
Performed with a 4:1 L:W ratio in the M&K digester 
and at 165°C or 170°C.  The time to temperature was 
90 minutes without chip pretreatment and 60 min. with 

an A-or C-pretreatment.  The application of AQ was 
fixed at 0.1% on chips and 0.25% Na2SO3 was added 
as an oxygen scavenger to all SAQ stages.  
Remaining alkali doses will be given in the Results 
and Discussion section. 



Bleaching Conditions 
 
O Stage:  Conducted in a Quantum Mark IV reactor at 
12% consistency, 0.72 MPa of O2, 2.0% NaOH, and 
0.5% MgSO4.7H2O on pulp at 90°C for 1 h. 
 
Do Stage:  In plastic bottles at 3.0-3.5% consistency, 
70°C, 2h with initial pH ~4.0 (before the addition of 
C1O2) and end pH 2.6-3.0.  A kappa factor of 0.20 (% 
equiv. C12/incoming kappa number) was used on all 
occasions. 
 
Ep Stage:  In plastic bags at 12% consistency, 80°C, 2h 
with 2.0% NaOH, 0.25% H2O2 and 0.1% MgSO4.7H2O 
on pulp.  The chemicals were mixed into the fibers at 
room temperature, heated to ~ 80°C in a 1.1 kW 
microwave oven then placed in a water bath. The end 
pH was always >11.2. 
 
D1 Stage:  In plastic bags at 10% consistency, 70°C, 
3h, and 0.5% C1O2 on pulp. The end pH was always in 
the range of 3.7-4.3. The chemicals were mixed into the 
fibers at room temperature, heated to ~ 70°C in a 1.1 
kW microwave oven then placed in a water bath. 
 

Hot Water Soluble Materials: Sugar maple and 
eucalyptus chips were ground to 10 -mesh in a Wiley 
mill. Samples of un-extracted woodmeal (6g OD plus 
84 ml of water) were placed in 100 ml stainless steel 
autoclaves. Four autoclaves (2 maples + 2 eucalypti) 
were placed in the M&K digester simultaneously and 
heated with re-circulating hot water. The treatment 
profile was 1 h to 165oC and 1 h at that temperature.  
 
 
RESULTS AND DISCUSSION 
 
Results for Sugar Maple 
 
The control cooks (no pretreatment) are described in 
Table 1.  Kraft pulping with a higher sulfidity and 
lower EA (10+5 in Table 1) afforded a higher yield 
(~1.0% on chips) at approximately the same 
unbleached kappa number as compared to 12+4 
cooking.  However, the 10+5 pulp appeared to be less 
responsive to O2 delignification.  The difference in 
O2 kappa number between the (12+4) and (10+5) 
pulps is believed to be significant. A 21.5 kappa 
number SAQ pulp could be produced with 12.5% 
Na2O but it was more difficult to bleach than when 
14.0% Na2O was used.

 
Table 1.  Control sugar maple pulps by Kraft and SAQ Pulping (no pretreatment) 
 
Pulping 
Process 

 NaOH 

(% Na2O) 
Cooking 
Temp, oC 

H 
Factor  

Screened 
Yield3

Rejects3 Kappa No.4

Kraft 12.0 (+4)1 165 1297 51.8 0.1 17.4 (9.2) 
Kraft 10.0 (+5)2 165 1602 52.8 

(52.9)5
0.2 17.8 (9.8) 

(18.2)5

SAQ 11.0 165 1602 51.7 8.0 42.0 
SAQ 12.5 165 1602 52.3 1.1 21.5 (12.0) 
SAQ 14.0 165 1602 52.8 0.6 19.3 (10.5) 
SAQ 14.0 170 1969 51.1 0.2 15.2 (8.7) 
1 Na2S dose = 4.0% Na2O  2 Na2S dose = 5.0% Na2O 
3 Percent on chips 
4 Kappa number of screened pulp, O2 kappa in parentheses 
5 Repeat experiment at a later date 
 
A-Stage Pretreatment 
 

The sugar maple chips were given an A1 
pretreatment then delignified by kraft (12+4) and SAQ 
(14.0% Na2O).  After the pretreatment the H-factor was 
decreased from 1297 to 968 for kraft and from 1602 to 

968 for SAQ.  The pulp properties are compared in 
Table 2. It can be seen that the A-SAQ process 
produces a brighter pulp at a higher fiber yield as 
compared to conventional kraft, i.e. without an A-
pretreatment. 

 

 
 



Table 2.  Effect of A1 pretreatment on kraft and SAQ pulping of sugar maple1

 Kraft A1-Kraft SAQ A1-SAQ 
Screened 

Yield 
51.8 51.1 52.8 52.4 

Rejects 0.1 0.1 0.6 0.2 
Unbleached 

kappa 
17.4 16.8 19.3 17.9 

O2 Kappa 9.2 10.2 10.5 10.3 
Final 

Brightness2
91.0 92.7 88.9 91.6 

Bleached 
Yield 

49.8 49.3 50.8 50.5 

1 EA = 14.0% Na2O for kraft and SAQ stages 
2 % Elrepho after ODEpD Bleaching 
  

C-Stage Pretreatment 
 
 The effects of a C-stage on kraft and SAQ 
pulping are summarized in Table 3.  If run 1 in 
Table 3 is compared to the conventional SAQ in 
Table 1 it can be seen that a 30 minute C-stage (C1 
in Experimental) decreased alkali requirement in 

the SAQ stage from 14.0% to 10% Na2O.  Kappa number 
of the unbleached pulp was slightly lower (18.4 vs. 19.3) 
while screened yield was slightly higher (53.1% vs. 
52.8%).  If C-SAQ is compared to C-kraft (Runs 1 and 6) 
it can be seen that a higher yield (1.0% on chips) is 
obtained for C-SAQ. 

 
 
Table 3  Effect of Carbonate Pretreatment on SAQ and Kraft Pulping of Sugar Maple 
  
Run 
Number 

C-Stage 
End pH  

H Factor 
in 
Pulping 

Process1 Screened 
Yield 

Rejects Kappa 
No.2

1 8.4 (C1)3 1239  SAQ 53.1 0.1 18.4 
2 7.94 (C1) 1239 SAQ 52.7 0.1 17.2 
3 8.4 (C1) 1239 SAQ5 54.7 0.8 26.4 
4 9.8 (C1) 1445 SAQ5 53.9 0.2 22.7 
5 ~7.0 (C2) 1239 SAQ 52.2 0.1 16.7 
6 8.4 (C1) 1027 Kraft 52.1 0.3 18.0 
7 ~7.0 (C2) 1239 Kraft 50.8 0.1 15.6 
110% Na2O for SAQ; 8.5% and 3.0% from NaOH and Na2S in kraft 

2 Kappa number of screened pulp 
3 Described in Experimental 
4 AQ added to C-stage instead of SAQ 
5 Only 9% Na2O in SAQ 
 

  
 Screened yield (unbleached) is plotted 
against O2 kappa number in Figure 2.  Yield loss 
was determined for key O2 stages during this 
investigation.  The values all fell within 1.6 ± 0.2% 

on pulp or approximately 0.8 ± 0.1 on chips.  
Compared to the 12 + 4 kraft, an A- or AC-
pretreatment did not improve the fiber yield of kraft 
pulping.  However, A- and AC-pretreatments clearly 
improved the yield of SAQ pulping.  A flowsheet for 



the AC-SAQ process is described in Figure 3.  
Some of the A-stage effluent would be recycled for 

acidity control and the rest forwarded to the 
brownstock washing system.  
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Figure 2. Effect of A-, C-, and AC-Pretreatments of pulp yield of sugar maple 

 

 

Figure 3. A Simplified Flowsheet for AC Pretreatment Ahead of Alkaline Pulping 



Results for Mixed Hardwoods 
 

 

A chip mixture comprising of ~60% of an eastern 
cottonwood (Populus deltoides) clone, ~20% white 
birch (Betula papyrifera), and ~20% sugar maple was 

used.  The results for kraft, SAQ along with the effects 
of A- and AC- pretreatments are presented in Table 4. 

  
Table 4.  Effect of A- and AC- pretreatments on kraft and SAQ pulping of mixed hardwoods 

 Kraft A1-Kraft SAQ A1-SAQ  A2C1-SAQ1 

 
Screened Yield 53.2 51.1 53.0 52.7 54.2 

Rejects 0.2 0.1 0.3 0.1 0.2 
Unbleached Kappa 16.7 17.1 16.6 15.9 18.9 

O2 Kappa 9.6 9.6 9.8 9.4 9.5 
Final Brightness 89.9 91.8 88.4 90.8 89.2 

CSF2 412 487  429 375 
Tensile Index2 94.4 78.3  86.1 100.2 

1EA=10% Na2O; 14.0% for other cooks  
2Canadian Standard Freeness and tensile index at 2000 PFI revolutions (light load) for O2 delignified pulps 
 
 
The A1 pretreatment afforded a SAQ pulp with higher 
bleached brightness than kraft but pulp yield was 
somewhat lower (0.5% on chips).  The milder A2 
pretreatment in AC-SAQ afforded a higher pulp yield 
than both conventional kraft and SAQ.  It also 
afforded a higher bleached brightness than SAQ but 
less than kraft.  The severity of the A-stage needs to 
be higher than A2 but lower than A1 for this chip 
furnish.  The rate of tensile development for A-kraft 
and A-SAQ was lower than for kraft.  However, AC-
SAQ had the highest rate.  It does appear that a pulp 
with a higher yield and probably more hemicelluloses 
requires less refining.  There were no significant 
differences in the tensile-tear curves. 
 
Results for Eucalyptus 
 
Preliminary results suggested that an A1-SAQ process 
would produce a much lower pulp yield than for kraft 

or SAQ.  The A3 pretreatment was developed.  
Deacetylation would generate acetic acid that would 
combine with sodium acetate to form a buffer around 
the pKa of acetic acid (4.7).  The pH after 0 min. at 
150°C was 5.0 and 4.5 after 30 minutes.  The limited 
results for this furnish are presented in Table 5.  The A3 
pretreatment afforded an A-SAQ pulp with kappa 
number approximately equal to kraft and lower than 
that of SAQ.  Unfortunately, even this mild 
pretreatment did result in a pulp yield that was lower 
than for kraft (1.1% on chips).  This was very 
interesting because when sugar maple and the 
eucalyptus were analyzed for hot water soluble material 
(Experimental) the duplicate values for the maple were 
23.8% and 24.5% while the values for the eucalyptus 
were 13.5% and 14.1%. It would appear that there are 
significant differences in the carbohydrate fraction of 
the maple as compared to the eucalyptus. Bleaching 
results will be presented at the conference. 

 
Table 5.  Effect of A3 pretreatment on 
SAQ pulping of an eucalyptus 
 

 Kraft SAQ A3-
SAQ 

Screened 
Yield1

52.8 53.1 51.7 

Rejects 0.1 0.1 0.2 
Unbleached 

Kappa 
15.4 18.6 15.6 

1EA = 14.0% Na2O for all three alkaline stages 



 
 

Results for Loblolly Pine 
  
The most interesting observation so far is that a C1 
stage followed by relatively mild SAQ pulping affords 

good fiber separation (low rejects) at a high kappa 
number (Table 6). The C1-SAQ process can produce 
a low reject hardwood pulp with a H factor as low as 
~700 in the SAQ stage. 

 
Table 6.  C-SAQ Pulping of Loblolly Pine (Pinus taeda) 
 

 Kraft C1-SAQ C1-SAQ C1-SMAQ1

Active 
Alkali 

18.0 13.0 14.0 14.0 

Effective 
Alkali 

15.8 13.0 14.0 14.0 

H-Factor 2486 1934 1934 1934 
Unbleached 

Kappa 
25.4 58.8 51.7 46.1 

Screened 
Yield 

45.3 50.4 49.8 49.3 

Rejects 0.2 0.5 0.6 0.4 
Lignin-free 

Yield2
43.6 46.0 45.9 45.9 

10.1% 2-methylanthraquinone instead of 0.1% AQ 
2Based on screened yield and using lignin (wt.%) ≈ 0.15 x kappa 
 
 
CONCLUSION 
 A mild acid pretreatment can significantly 
increase the SAQ pulping rate for hardwoods and also 
improve bleachability.  However, yield loss associated 
with the A-stage varies with wood species.  A carbonate 
pretreatment decreases alkali demand in a subsequent 
kraft or SAQ stage by ~30%.  This was previously 
reported for kraft and soda pulping in 1932 (11).  A 
carbonate pretreatment also affords high kappa number 
pulps with low rejects. 

ACKNOWLEDGEMENTS 
 
The financial support from the member companies of 
ESPRA, NSF Grant CHE 0553323, and Andritz Inc. is 
deeply appreciated. We are also grateful to Mr. Alton F. 
Brown for the technical assistance provided.  

REFERENCES 
 

1. Mansour, M.N., Chandran, R.R. and Rockvam, 
L. 2002.  The Evolution of and Advances in 
Steam Reforming of Black Liquor.  Proceeding 

of 2002 Tappi Pulping Conf. (San Diego, CA), 
TAPPI PRESS, Atlanta. 

 
2. Larson, E. D. and Raymond, D. L. 1997. 

Commercializing Black Liquor and Biomass 
Gasifier/Gas Turbine Technology. Tappi J. 80 
(12): 50-57. 

 
3. Blythe, D.A. and Schroeder, L.R. 1985.  

Degradation of a Non-Reducing Cellulose 
Model Under Kraft Pulping Conditions.  J. 
Wood Chem. Technol. 5:313. 

 
4. Gellerstedt, G., Gustafsson, K. and Northey, 

R.A. 1988. Structural Changes in Lignin 
During Kraft Cooking. Part 8. Birch Lignins. 
Nordic Pulp Pap. Res. J. 3:87. 

 
5. Brown, C.A., Leary, R., Gorog, J.P., and 

Abdullah, Z. 2004.  The Chemrec black liquor 
gasifier at New Bern – A status report. Int. 
Chem. Recovery Conf. Charleston, SC, June 
7-10, 2004. 



6.     MacLeod, J.M. and Cyr, N. 1983.  Soda-AQ 
pulps from hardwoods – physical properties 
and bleachability.  Pulp Pap. Canada 84 
(4):29-32. 

 
7.     Maheshwari, G.D., Mishra, R.P., and 

Bhargava, G.G. 1994.  Comparative pulping 
studies of eucalyptus hybrid by kraft soda and 
soda-AQ processes.  IPPTA 6(4):27-31. 

 
8. Hakansdotter, L. and Olm, L. 2002.  Soda/AQ 

pulping of softwood, the influence of cooking 
parameters on fiber properties and 
bleachability.  Paperi ja Puu 84:43-49. 

 

9. Francis, R.C., Shin, S.-J., Omori, S., Amidon, 
T.E. and Blain, T.J. 2006.  Soda Pulping of 
Hardwoods Catalyzed by AQ and Methyl 
Substituted AQs.  J. Wood Chem. Technol. 26, 
141-152. 

 
10. Amidon, T. E., Bolton, T. S., Francis, R. C., 

and Gratien, K.  2006.  Effect of Hot Water 
Pre-Extraction on Alkaline Pulping of 
Hardwoods. Session 57, TAPPI Environ. 
Pulping and Engineering Conference, Atlanta, 
November 5-8, 2006. 

 
11. Hooper, H.S. 1932.  Process for producing fiber 

or pulp.  US Patent 1, 887, 241, Nov. 8, 1932. 
   
 

 
 
 

 

 
 

 

 

 

      

  


	Bleaching Conditions
	Table 1.  Control sugar maple pulps by Kraft and SAQ Pulping (no pretreatment)
	ACKNOWLEDGEMENTS
	REFERENCES



