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Oxidative pretreatment of Southern p b e  wood with alkaline 
hydrogen peroxide increased its rate of delignification durlng 
subsequont kraft and SOda-AQ pulping. Effective pretreatrant 
required the r-a1 of tfaMltion metals prior to oxidatioa at 

(c45 .in.). -ared with reference pulping, pretreatment with 
1.4% H202 and 3.3% YlDH ar wood r.bucsd pulplng tlme to 35 
kappa mrbar by 30 minutes (at 170.C). Pra-oridation resulted 
In pulp with yield-kappa nrrbsr and viscosity-kappa nubar 
relations equal to or grhater than those of corresponding 
reference pulp. 

For both kraft and sodsAQ pulp, bleachability. in terms of 
chemical charge ud final wbCo8lty. YM unrffMted by 
pra-oxidation while total bleached yield ues Increased by about 
2% on wad. Handsheet strengths for unbleached and bleached 
kraft pulp were unaffected by oxidative p r e t r e a m t  rrhareas 
those for unbleached soda-AQ pulp were laproved to kraft-like 
levels. Houmver bleached soda-AQ pulp strengths, both with and 
without pre-oridation, were less than those of corresponding 
bleached kraft pulp. 

high pH ( 121, 1- temperature (5O.C) arad Short reaction t l w  
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286 ALLISON AND GRATZL 

Oxidative pretreatments prior to alkaline pulping have been 
studied extensively on the laboratory scale, using such oxidants 
as peracetic acid (1.2)-  hydrogen peroxide (3 ,4 ) ,  nitrogen 
dioxide (5-81, oxygen (9-101, potassiu pemanganate (11) and 
2.3-dlchloro-5.6-dicyano-l.4-benzoquimxle (DDQ) (12,131. The 

main a h  in these studies has been to modify lignin in a way 
that increases its reactivity in fra-ntation reactions, thus 
accelerating delignification. Pre-oxidation may further 

accelerate delignlflcatlon by introducing hydrophilic Eunctim 
In lignln enhancing its solubility. In s e e  cases oxidative 

pretreatments increase pulp yield, presumbly through 
stabilisation of carbohydrates tauard alkaline peeling reactions. 

The key to accelerating alkaline deligniElcation through 

increased lignin reactivity lies in modifying its structure to 
enhance B-dry1 ether cleavage in non-phenolic units. 
scission is believed to strongly influence the rate of bulk 
Lignin removal (15). Efforts to date have focused on replacing 
hydroxyl groups adjacent to the karyl ether l lnk  with 
substltuents such as phenols (16). sulfonic acids (17) or 
CarbonylS (18). Cartnmyls are of Interest here since they can 
be introduced through oxidative treatments. 

This 

Previous rock on pro-oxidation with alkaline hydrogen 
peroxide has shown that it accelerates soda delignification: 
however. its efEect on alkaline pulping systems in which strong 
nucleophiles are present, i.e.,kraft and soda-anthraquinone (AQ) 
pulping. Is undetomined (3,4). While oxldised functions such 
ass- andr- carbonyls In lignin proPote side-chain cleavages in 
W r t a n t  non-phenolic B-aryl ether units (especially in the 

presence of hydrosulfide or anthrahydroquinone anions (19,201). 

known reactions between native lignin structures and 

hydroperoxide anion do not generate these oxidised functions 
(21). On the other hand. radical species generated durlng 
peroxide decolpositlcn. such as HOO- HO. and singlet 02, are 

highly reactive electrophiles which may initiate such oxidations 
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OXIDATIVE PRETREATMENT WITH HYDROGEN PEROXIDE 287 

and thus affect the c w s e  of subsequent alkaline deligniflcation 

(22) .  

All radical and ionic oxidants in the alkaline peroxide 
systar are able to oxid- carbohydrate reduclng end groups to 
more stable aldonic acids (23). Thb should help to raduce 
base-induced stepul.se depolperisatiar (peeling) reactions and 

increase carbohydrate retention during subsequent pulping. 
Unfortunately, radicals present. especially HO-. can also attack 
carbohydrates by oxidising hydroxyl groups along carbohydrate 

chains to carbonyls. thereby sensltlring polysaccharides to 
glycosidlc bond cleavage by B-eliminations (22). This not only 
lowers final pulp vixosity.but also praotos yield loss through 

stepwlse depolymerlsatlon of generated fragwnts with reducing 
endgroups (secondary peeling). 

The purpose of the present vork was to study the effects of 
peroxide pretreatment of uood prior to kraft and scda-AQ pulping. 

Effects on dellgnlfication kinetlcs. pulping selectivity, and 
pulp strengths and bleachability were exspined. To achleve the 

greatest pre-oxldaticm effectiveness with hydrogen peroxlde. 

radical reactions with carbohydrates m s t  be rinkisad. 

Preferential reaction with lignin capnents will be favoured by 
caplete penetration of wood with alkaline peroxide and 
controlled decomposition oE peroxide to maintain low steedy- 
state concentrations of radical species. In initial laboratory 
studies, wood leal (Sarthern pine)  was used to ensure caplete 
penetration of the chemicals into the vood. and teflon- lined 
equipment was chosen to reduce peroxide decaposition. 

kraft process was selected to determine optimal pre-oxidation 

conditions. 

The 

RKSULTS M D  DISCUSSIOY 

vood Heal Studies 

Table 1 s h a n  that oxidative pretreatment of uood meal with 
2% l i 2 O Z  on uoc4 at pn 13 significantly accelerated subsequent 
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288 ALLISON AND GRATZL 

kraLt delignification when compared with reference pulping 
without pretreatment, 1.a.  final kappa nubar w a s  lowered 18 to 
26 units. Similar alkaline pretreatment without peroxide had no 
eZfect on delignification and resulted in lcuer total yield. It 
should be noted that mod oeal pulping experbents ware performed 

at high liquor-tovood ratio (40 dm /kg) in order to maintain 
nearly constant chemical concentration throughout the pulping 

period . 

3 

TABLE 1 

Effect of Acid Washing and Mgncsiu Addition on Oxidative 
Pretreatment wlth H202 (Southern Pint Wood ?leal) 

ere trea tment 1 Kraft pulping2 

YIloH Kappa Total Visco- 
No. Yield sity 

Acid Hg2+ HZ02 
Wash3 (I¶) consumed cons- 

($14 ($14 ($14 (mPa.s) 

Reference kraft 

Alkaline pretreated 
No 0.001 - 3.2 
Yes 0.001 - 3.6 

Pre-oridlsed 
- No 2.0 3.9 

No 0.001 2.0 3.8 
Yes - 1.8 3.8 
Yes 0.001 1.4 3.6 

52.7 
53.8 

54.3 
$3.1 

27.0 
28.3 
36.1 
31.5 

48.1 
48.4 

41.6 
47.8 

39.6 
41.5 
44.6 
46.1 

18.9 
22.1 

19.0 
21.4 

11.0 
9.4 
17.3 
19.4 

1 Pretr atrsnt: 0.04 ?I H p 2  (when indicated) h 0.5 ?I NaOH; 
15 dm /kg; 4s minutes; 80-C. 

Kraft3pulpLng: 23 g / l  M (as was): 258 sulfidity; 
40 dm /kg; 955 H-factor. 
Soak at 2S.C In 0.1 M HC1 for 4 hours at 40 b3/kg. 

wash to neutral pH. 

9 

Water 

' B a J a d a n w o o d .  
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OXIDATIVE PRETREATMENT WITH HYDROGEN PEROXIDE 289 

As controlled peroxide decaposition is likely to be 
important for effective pre-oxidation. the effects of rewving 
catalytic transition metal ions f r a  yood meal and adding 
ragnesim stabiliser to the pretreatrant liquor were exlllFned. 

To remove metals. wood meal was soaked in dilute acid for several 
hours then washed to neutral pH with doionbod water. This 

treatment reduced mganese Content E r a  79 ppm to less than 
1 ppm. copper content f r u  5 to 1 p p ~ ,  and iron content f r a  
to 7 ppa. 

Acid washing to remove metals had no effoct on extents of 
delignification for either reference kraft pulping or pulping 
after alkaline pretreatment, although pulp viscosities ware 
saeuhat improved (Table 1). It was essential, however. to 
raosove metals when using oxidative pretreatment. in order to 
obtain the benefit of incredsed delignification at acceptable 

levels of total yield and pulp viscosity. 

residual peroxide Indicated that peroxide deccrpositlon and 

The presence of 

6 

consrrption uas more controlled when the concentration of metal 
ions was m i n i m b e d .  

pre-oxidation also contributed to Improved pulping selectivity 
in terms of both yield-kappa n u b a r  and viscosity-kappa nrrbar 
relations (Table 1). 

Inclusion of mgnesiu cation during 

The effects of varying pre-oxidation reaction conditions 
uere studied using a system in which Mgnesiu was added and 

also wood m a 1  w acid washed. 

was reduced steprise from 12.9 to 10.1, fastest delignification 
resulted at about pH 12 when alkali concentration uas 0.1 ?l NaoH 

(Table 2). 
pretreatment pH. 

When initial pretreatment pH 

Pulping selectivity was relatively unaffected by 

Varying peroxide level f r a  1 to 4% H 0 on wood 2 2  
increased its consuption during pre-oxidation but had relatively 
little effect on firm1 kappa n-r (Table 3 ) .  Since this 
series of pre-oxidations was run a higher pH than optha1 (0.5 R 

rather than 0.1 1( NaoW), the -11 decrease in kappa nunber with 
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290 ALLISON AND CRATZL 

increased peroxide cancentration MY have been partly due to a 
pH effect. 1.e.. pH was lowered to nearer opt- level by the 

addition of acidic hydrogen peroxide. 
Increasing pretreatment time and terpcrature above initial 

increased peroxide consmption, levels oL 45 minutes and 80.C 

but not the extent of delignification during subsequent kraft 
pulping (Table 4 ) .  In thls experimental series. delignification 
was Improved only when prraxidation temperature was reduced to 
70'C. Further study indicated that reaction temperatures and 

times as low as 50'c and 15 linutes resulted in effective 
pre-oxidation. 

The response of oxidative pretreatment to changing conditions 

suggests that there may be two competing types of reactions 
between peroxide species and uood during pre-oxidation. 
BeneEicial reactions appear to be both rapid and finite in nature 
since optimal pretreatment effect occurred at low temperature 
and w a s  Largely unaffected by increased peroxide consmptlun. 

These results suggest that oxidative reactions which accelerate 

delignification involve specific lignin structures and radical 
decolPposition products. ck'l the other hand, there s e a  to be 
rival reactions which reduce pretreatment benefits. These 
reactions are slowar, and thus more extensive under harsher 
pretreatment conditions. They cwld possibly be attributed to 
excessive radical attack resulting f r a  uncontrolled peroxide 
decoeposition. or alternatively to mschanlsms Involving ionic 
species and high activation energies. 

Q\IP studies 

Purther preoxidation studies wre performed under w r e  
conventional pulping conditions using wood chips and a lower 
liquor-towood ratio. 

with acidified DTPA (diethylmetriaainepentaacetic acid) to 
reduce transition metal content to levels similar to those of 

aciddrastled uwd wal. chip pretreatment involved rapid 

Southern plne chips were first treated 
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OXXDATIVE PRETREARIENT WITH HYDROGEN PEROXIDE 

TABLE 2 

Bffect of pH on Oxidative Pretreatment with 2% H s 2  
(Southern Pine vood neal) 

29% 

P r e-ox id ised 

12.9112.8 0.5 1.4 3.6  34.5 46.1 19.4 
12.4/11.8 0 . 1  1.3 3 . 3  31.8 45 .6  20.1 

1 .3  2 . 2  38.2 46.7 19.0 
11.2/10.4 0.0154 2 .0  - 43.1 47.0 21.7 11.W9.6 0.05 

10.V9.9 0.2Ss 2 .0  - 44.8 46.9 21.4 

1 Pretreatment: 0.04 II H S 2 .  UaOH as indicated C 0.001 II ?lg2+; 
15 d d / k g ;  45 minutes. 80.C. 

Kraft pulping: 23 g / l  M (as Nafl); 25% sulfidity; 40 &13/kg: 
955 *factor. 

2 

3 B a s o d d o n .  

4 

5 

Buffered with 0.49  I( Y a 9 3 .  

Buffered with 0.38 r! blaHC0-j. 
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292 ALLISON AND GRATZL 

impregnation under vacuum with hot alkaline peroxide solution 
followed by vapour-phase reaction under optlmal conditions. as 
determined frca yood meal studies. concentrations of hydrogen 
peroxide and alkali were adjusted to give consmption levels 
s h i l a r  to those for wod meal. Pretreated chips were not 

washed prior to pulping and alkali carry-over (typically 0.4% 

active alkali on wood) was accaunted for i n  reported pulping 
charges. 

At consuptions of 1.4% H202 and 3.3% NaOH. oxidative 

pretreateent with chips accelerated delignification for both 
kraft and sodsAQ pulping (Table 5). Pulping time at 170'C to 

reach 35 kappa nuber w a s  reduced by about 30 minutes. As shown 

TABLE 3 

Effect of Hydrogen Peroxide Level on Oxidative 
Pretreatment (Southem Pine Wood Heal) 

Prevxidisad 

0.02 1 .0  0 .9  3.4 31.5 46.6 20.0 
0.04 2.0 1.4 3.6 34.5 46.1 19.4 
0.08 4.0 2.3 4.1 33.4 45.8 20.8 

1 Pretreatmnt: H S 2  as indicated, 0 .5  ?¶ NaOH h 0.001 M Mg2+; 
15 d d / k g :  45 minutes: 8O.C. 

Kraft pulping: 23 g/l AA (as Was): 25% sulfidity: 40 dd/kg: 
955 H-factor. 

2 

3 BasedonWood. 
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OXIDATIVE PRETREATMENT WITH HYDROGEN PEROXIDE 293 

TABLE 4 

Effect of T h e  and Temperature on Oxidative 
Pretreatment with 2% H202 (Southern Pine Uood Heal) 

Pre-oxidised 

70 45 1 . 1  3 . 1  30 .9  45.3 19.6 

80 45 1 . 3  3 . 3  31.8 45 .6  20.1 
80 90 1.5 3 .4  36.9 46.3 19.7 

90 45 1.7 3.5 34.0 45.6 16.8 

100 45 1 .9  3.8 36 .9  45.8 18.0 
100 60 1.9 4 . 0  37.8 45.7 19.2 

90 90 1 .8  3 .8  36.1 45.7 17.9 

1 Pretreatment: 0.04 R HS2.  0 .1  R N s O n  C 0.001 R Rg2+: 
15 &3/kg. 

2 Kraft ulping: 23 g / l  M (as N a s ) :  25% sulfidity: 
40 J / k g :  955 H-factor. 

3 Based on yood. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



294 ALLISON AND CRATZL 

5- 

4 -  

3- 

2-  

1-  

for kraft pulping, alkaline pretreatment without peroxide also 

accelerated delignification but to a lesser extent (Table 5). 
These effects were =re clearly demonstrated in second-order 

kinetic plots of delignlflcatlon (Figure 1). The rate of 
delignification h e n  pulplng alkaline pretreated chips was 

intermediate betueen those for reforence kraft pulplng and 

pulping prboxidised chips. Ratios of rate constants determined 
E r a  regression slopes indicated that pre-oxidation accelerated 
kraft dellgnificatlm by 50\ and that m e  third of this improve- 
ment was attributable to the alkalinity of the pretreatmnt. 

REFERENCE KRAFT 
0 OXID. PRETREATED 
mALK. PRETREATED 

1 I I e I I I 
20 40 60 80 100 120 

TIME AT 170°C (MINUTES) 

FlGUEE 1 - Effect of pretreatment on kinetics for kraft 
delignification. 
Regressions : 
Ref. kraft (Kt1-1 = 0.0046 + 3.23 x 10-4(t) 

r = 0.99 
mid. pretreat. (K#)-l = 0.0059 + 4.90 x lO-4(t) 

r - 0.99 
Alk. pretreat. = 0.0060 + 3.83 x lO-'(t) 

r = 0.99. 
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OXIDATIVE PRnaUTPlENT WITH HYDROGEN PEROXIDE 

Alkaline pretreatwts. both with and without peroxide, 

resulted in increased alkali concentrations during subsequent 
pulping of pretreated chips (Figure 2). Alkali -tion 

during pretreatment (3% NaXi on wood) reduced the large alkali 

denand normally observed during initial phases of alkallne 
pulping. Thus higher alkali concentrations were present to 
accelerate important bulk-phase delignification. 

TABLe 5 

Effect of Oxidative Pretreatment on Alkaline 
pulping (Southern Pine Chips) 

295 

Kraf t3 

73 34.8 46.2 29.7 Reference 
45 52.2 48.2 34.8 Ref erence 

Pre-oxidised I. 4 3.3 45 34.3 47.0 31.3 

Soda-AQd 

100 36.3 46.5 14.1 Reference 
Prroxidised 1.4 3.3 70 36.0 46.7 15.5 

- 
----- yona ------ 
----- me --_--- 

Alk. pretreat. - 3.1 45 44.1 47.7 - 

----- yone ------ 

1 f.pregnate with 0.3 H H f i .  0 .5  H NaoH 6 0.001 H Hg2+ at 
6 d / k g ;  react 45 minutes at 50.C. 

2 Basedonwood. 

3 Kraft pulping: 20% M (as Was): 25% 
80 minutes to 170.C. 

Soda-AQ pulping: 20% AA (as N&-$); 0 
80 minutes to 170.C. 

4 

sulfidity; 5 d d / k g :  

1% AQ on wood; 5 dm3Ikg; 
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296 ALLISON AND GRATZL 

Pulping selectivity. in terms of yield-kappa nuber 
relatias. was not significantly hproved by pre-oxidation 

(Figure 3). Special attention was dirocted at the low kappa 

region where kraft pulping characteristically loses selectivity 
due to a reduction in delignification relative to carbohydrate 
degradation (24) .  Prcoxidation had no effect on the kappa 
nuaber at which selectivity decreased. (indicated by increased 

regression slope in Figure 3). Apparently,gains in carbohydrate 
stability through oxidative conversion of native reducing end 

groups were offset by increased lability toward alkaline chain 
cleavage and secondary peeling. 

Pulping selectivity. in terms of viscosity-kappa nlnber 
relations. was howaver Improved by pro-oxidation. especially at 
kappa number greater than 35 (Figure 4 ) .  over 10 units of 
viscosity w r e  gained by oxidative pretreatment prior to kraft 

pulping to 45 kappa n-r. i.e.. 44 versus 33 mea.s. 

z 
0 c a a 
I- 

.REFERENCE KRAFT 
OOXID. PRETREATED 

W 
1 

TIME AT 17OOC (MINUTES) 

FIGURE 2 - Effect of oxidative pretreatment on resiqual active 
alkali concentration during kraft pulping. 
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OXIDATIVE PRETREATnENT U I T H  HYDROCEN PEROXIDE 297 

56 - n 
0 
0 
3 52-  
z 
0 

E 48- 
s w > 

U 
I- 

44- 

2 

- 
REFERENCE KRAFT 

0 OXID. PRETREATED 

I I I I I I I 1 1 

FIGURE 3 - EfEcct of oxidative pretreatment on yield-kappa nuber 
relations for kraft pulping. 

50 

h 

00 40- 

E 
> 
!z rn 30- 
0 

5 

I2 
Y 

$ 
20 

- 

- 
0 REFERENCE KRAFT 
0 OXID. PRETREATED 

1 I I 1 I I I 
20 30 40 50 60 70 

KAPPA NUMBER 

PIGOBE 4 - Effect of oxidative pretreatment on viscosity-kappa 
n e r  relations for kraft pulping. 
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2 98 ALLISON AND CRATZL 

In order to exmine the effects of pre-oxidation on pulp 
strength properties. full handsheet evaluations were perforred 
on kraft reference and pre-oxidised pulps at about 45. 35 and 27 

kappa nimber. 

was also evaluated. Handsheet strengths, M Indicated by tear 

index at 90 U.dg tensile Index, were similar for all kraft pulp 
pairs despite differences in pulp viscosity (Table 6). Bxtended 

kraft pulping to law kappa nrrbcr ( 27) for either reference or 
pre-oxidised pulp resulted h reduced pulp strength. At 35 kappa 

nmber. soda-AQ pulp f r a  pre-oxldised chips was stronger than 
reference soda-AQ pulp and similar In  strength to corresponding 

kraft pulp (Table 6). 

A similar pair of soda-AQ pulps at 36 kappa nubec 

TAELE 6 

Effect of Oxidative Pretreatment on Unbleached Alkaline 
Pulp Handsheet Strengths 

95% Confidence Interval for Tear 
PUlP Kappa Viscosity Index @ 90 bl.m/g Tensile Index 
Type No. (-a.s) (mN . &gI 

Kraft 

Reference 43.8 33.3 15.9 2 1.7 
Prcoxidised 46.3 43.9 . 16.6 2 3.9 

Reference 33.5 31.1 17.7 2 2.2 
Pre-oxidised 35.3 33.5 17.3 2 1.3 

- 

Ref erence 26.4 25.4 
Pre-oxidisad 28.5 28.7 

Soda-AQ 

Ref erence 36.3 14.1 
Pre-oxldised 36.0 15.5 

14.7 f: 0.9 
14.0 2 1.2 

14.4 2 1.4 
18.1 f: 1.2 
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OXIDATIVE PRETREATMENT W I T H  HYDROGEN PEROXIDE 299 

Bleachability 

Kraft and soda-AQ pulps (-35 kappa nubar) f r a  reference and 
pretreated c h i p s  were fully bleached under similar conditions 
with either a (C+D)gDBD or an O(C+D)ED sequence (table 7 ) .  

ccaparhd with roPerence pulps. pulps t r a  pra-oxidised chips 
were of slprilar final brightness and viscosity while total yields 
were Improved by 2% on wood. 

dellgnlficatlon and chlorlne bleaching were higher for pulps from 
Treatment yields after both oxygen 

TABU 7 

Effect of Oxidative Pretreatment on Alkal ine  
Pulp Blsachabllity (Unbleached Kappa Mmber-35) 

Reference 3.2 1.8 
Pre-oxidised 2.9 1.7 

01 tC+D) ED 

Ref erence 1.2 1.1 
ere-oxldlsed 1.3 1.1 

4.4 86 42.1 27.6 
4.2 87 44.0 24.7 

6.4 87 42.2 17.8 
6.4 86 43.9 16.7 

Ref erence 3.3 1.8 
Pro-oxidlsed 3.2 1.8 

4.5 85 41.9 13.3 
4.5 85 43.7 14.1 
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300 ALLISOW AND CRATZL 

CI 9 18- 

3 

E 
2 
E - 16- 

n 
Z 14- 

I- 12-  

oxidatively pretreated chips. thus indicating that some prc- 
oxidation effects on carbohydrates had carried over E r a  pulping 
to InCluence subsequent oxidative bleach treatments. Unbleached 
handsheet brightnesses were 2 to 4 points highr for pulps E r a  
pre-oxidised chips but unfortunately these benefits did not 
translate Into higher final brightness after s h i l a r  bleaching. 

Handsheet analysis shwed that bleached kraft and kraEt/02 
pulp strengths were unaEEocted by oxidative pretreatment 
(Figure 5). Fully bleached soda-w pulp, on the other hand, had 

lower strength when pro-oxidation was employed (Figure 5 ) .  This 
was opposite to the trend sham by unbleached soda-w pulp where 
pre-oxidation led to greater overall strength at 36 kappa nwber 
(Table 6). After bleaching. confidence intervals for tear index 
at 90 N.m/g tensile index were 18.6 2 1.0 and 17.2 2 0.5 W.mL/g 
for reference and pretreated soda-AQ pulp. respectively. The 

2or KRAFT & KRAFTlO1 
0 REFERENCE 
o OXID. PRETREATED 

o OXID. PRETREATED 

SODA-AQ 
m REFERENCE 

I I I I I I I I 
1 0 0  110 120 130 140 150 160 

TENSILE INDEX (N.rn/g) 

FIGURE 5 - Effect of oxidative pretreatment on bleached pulp 
strengths . 
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OXIDATIVE PRETREATHENT WITH HYDROGEN PEROXIDE 301 

reference soda-w pulp Increased substantially in tear versus 
tensile strength after bleaching. This effect is c o ~ l ~ n  for 
most pulps when carefully bleached in the laboratory (2s). 

Pre-oxidation. houoVer. s a e t ~ ~  prownted this from occurring for 
soda-AQ pulp. 

Potential Amlications 

The a h  of oxidative pretreatment with hydrogen peroxide was 

to bprove delignification and selectivity. 

in turn bo utilised in the mill to: 

These benefits could 

(i) increase pulp production E r a  existing equipment. 
(ii) extmd delignlfication in the digester to lower kappa 

n m r  , 
(iii) Improve pulp quality through less carbohydrate 

degradation. 

Work here has daonstrated that pre-oxidation can help to 
achieve objective (1) by shortening pulping cycles in the 
digester and incr-ing bleached pulp yield. 
pretreatmt system wwld be relatively siqle since it uses 

non-pressurised equipsbnt ud chemicals required are cclpotible 
with existing recovery processes. Effective treatment to rewve 
metals E r a  uood chips prior to pre-oxidation. however. would be 
difficult to achieve occmaically an an industrial sale. In 
addition the high cost of hydrogen peroxide and sdiu hydroxide 

must be considered. ?he cost of the latter as well as Its impact 
on the sodidsulfur balance in the recovery system light be 
overcQld by use of new recovery technologies. 
Tampella's 'LBP (26) can efficiently regenerate haft pulping 

liquor as well as provide a side stre- of pure alkali suitable 
for oxidativo pretreatment or oxygen bleaching. 

Retro-fitting a 

For e-le, 
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302 ALLISON AND CRATZL 

attaqts to employ pro-oxidation to extend dalignification 
while Paintaining pulp quality ware not successful. 
nmber, kraft pulp strength. as indicated by tear index at 90 
W . d g  tensile Index, was dirinished both with and without 
pre-oxida t ion. 

At 27 kappa 

men kraft pulping pro-oxidised yood to greater than 35 
kappa nurbar, the large viscosity improvewnt may allcu 
environstntally favourable modifications to conventional 
processing uithout sacrifice of pulp quality. It is well kncun 
that viscosity-pulp strength relations are non-linear and that, 
above a certain threshold viscosity. large increases in pulp 
viscosity result in  little improvement i n  strength (27). 

Nevertheless. high viscosity in unbleached pulp Is useful. since 
there is a reserve of vlscosity above the threshold value to 
buffer the effects of using less polluting. but also less 
viscosity-selective methods. to further rarwe llgnln. Such 

methods include treatment with non-chlorine compounds, for 
example oxygen. ozone. or hydrogen peroxide. The three-stage 
process of pre-oxidation. kraft pulping to high kappa nrraber, 

and further delignification with il non-chlorhe treatment. 
produces bleachable-grade pulp which Is lower in kappa ntmber. 
but similar in viscosity. to conventional pulp, prepared i n  cme 

stage by kraft pulping to about kappa nubar 30. 
Pre-oxidation was sharn to similarly lmprwe delignification 

rate, vlscosity and total yield with soda-w pulping. For 
unbleached sod&AQ pulp. pulp Strengths were also increased by 
pre-oxidation and -re similar to those of corresponding kraft 
pulp. m5s latter impravement wer-s one of the major 
drawbacks of using soda-AQ pulping with softwoods and thus 
enhances its attractiveness as a non-sulfur alternative to kraft 
production of unbleached pulp. 
pulping, however, was l u t e d  here and more extensive study is 
required to fully deElne the scope of oxidative pretreatment 
with this process. 

The data W e  for soda-AQ 
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OXIDATIVE PRETREATHENT WITH HYDROGEN PEROXIDE 303 

Oxidative pretreatment with hydrogen peroxide significantly 
accelerated kraft dclignification. Kinetic studies showed that 
pro-oxidation increased the rate of kraft pulping by 50% over 
that €or similar pulplng of untreated chips. About one-third of 
the rate Increase was attributable to alkali conslnption durlng 
pretreatment while the rest was due to the action of hydrogen 
peroxide. Uhen producing bleachable-grade pulp of 35 kappa 
nuber. oxidative pretreatment reduced pulping time at maximum 

tcllperature (170.C) by 30 minutes. Effective pretreatment was 
achieved with consumptions of 1.4% H20Z and 3.3% NaOn on 
vood. 

As with m t  pro-oxidations. pretreatmt with hydrogen 
peroxide led to reducod pulp viscosity after a given pulping 
period. 
the same period, viscosity - kappa nubar relations for pulps 
f r a  pro-oxidized chips were equal to or better than those for 
reference pulps. Yield-kappa number relations wore similarly 
affected. me greatest Improvement in selectivity for viscosity 
uas achieved when pulping was terminated at high kappa n m r .  

Since kappa nuber was also substantially reduced over 

Effective pretreatment depends on controlling decomposition 
of hydrogen peroxide. 
metal ioru prior to pretreatment and using mild  reaction 

conditions. Uear-optiral conditions were high pH ( 12). low 
temperature (50'C) and short reaction time (<45 minutes). 
Increased hydrugen peroxide consqtion did not lead to improved 
pretreat-nt effects. Beneficial prtoxidation reactions appear 

to be limited and c o n s m  only small (YoUnts of peroxide. 

This was  achieved by r c w w b g  catalytic 

Handsheet strengths of unbleached kraft pulps from pre- 
oxidised chips were similar to those of corresponding reference 
pulp. When pulping to 35 kappa nubar. pro-oxidation irproved 
unbleached d a - w  pulp strength to kraft-like levels. 

me bleachability of kraft, kraft/O2 and soda-kp pulp was 

unaffected by oxidative pretreatment with hydrogen peroxide. 
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304 ALLISON AND GRATZL 

Handsheet strengths of bleached kraft and kraft/02 pulps were 
unaffected by pre-oxidation while those of bleached soda-AQ pulp 
ware slightly dirinished. Treatment yields after chlorine-based 

bleaching and oxygen deliginification were greater for pulp from 
pre-oxidlsed chips. 

pulp, total yield f r a  pre-oxldlsed chips was increased by about 
2% on wood. 

capared with yield for bleached reference 

yood source 

The wood material w a s  air-dried loblolly pine (Pinus taeda) 
3 at 440 kg/r basic density. 

Uiley MI11 fitted with a 2.0-IE screen then classified with a 

Ro-Tap testing sieve shaker. 
(425 -1 and w a s  retainsd on 60 mesh (250 JD). Chips were 

screned on a Ullliaas classifier and the accepted sanple passed 
718 mesh and ~NIS retained on 318 mesh. 

vood meal was prepared with a 

The accepted sarple passed 40 mesh 

vood Heal axm r b n t s  

To remove metals from wood meal. air-dried samples were 
3 soaked in 0.1 CI HCl for 4 hours at 40:l dm /kg liquor-to-wood 

ratio and 25.C. 
water to neutral pH then air-dried €or storage at rool 
temperature. 

Treated wood meal w a s  washed with deionized 

vood meal pretreatments were performed in a 200-ml 
teflon-lbed autoclave fitted with magnetic stirring and heated 
in a temperaturecontrolled glycol bath. vood meal (10 g 0.d.) 
and alkali solution were heated to the desired temperature prior 

to injection of concentrated H 0 to give a final 
llquor-to-uood ratio of 1S:l d. /kg. Mter reaction. the 
autoclave uns rapidly cooled in ice water. Pretreated wood meal 

was washed with distilled water to neutral pn and residual 

liquor was analysed for peroxide (iodaetric titration) and 
alkali (TAPPI Standard T 613) contents. 

232 
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OXIDATIVE PRETREATMENT WITH HYDROGEN PEROXIDE 305 

Alkaline pulping was performed in a 4SO-rl stirred autoclave 
3 at 40:l dr /kg and 170.C maxian temperature. For pretreated 

wood meal. chaical application levels were calculated on the 
original sample weight. Active alkali. sulfidity and AQ levels 
were as noted. Anthraquinone was reduced and solubil1z.d with 
warm aqueous glucose prior to liquor addition (1:1.3 sole ratio 
oE AQ to glucose). Uood meal and pulping liquor were soaked at 

rocm temperature rrnder v a m  for 30 minutes to aid penetration. 
Heatup to rsxiar t m r a t u r e  yas 90 minutes. After reaction, 
the reactor VBS rapidly cooled Ln ice water. Yaterlwhcd pulp 
was analysed for total yield (gravlmetric). kappa nuber (TAPPI 
Standard 1236) and viscosity (TAPPI Standard T 230). All 
unbleached pulp samples were dclignlfied with acid chlorite 

prior to viscosity determinations ( 2 7 ) .  In sow cases residual 
active alkali in the spent pulping liquor was also determined 

(TAPPI standard T 625). 

ChiD rbents 

To remove metals Era wood chips. air-dried m l c s  ware 

soaked under vacta~ in 0.1 W H SO 

for 4 hours at 8:l  dr /kg and 25.C. 
centrifuged then washed with distilled water for three cycles. 
each cycle consisted of a 2 hour soak in water at d:1 dm /kg 
and 25.c followad by centifugation. After the final wash. chips 
were air-dried md rtorod at coQ temperature. 

and 0.003 ?l Na5-DTPA 

Treated chips were 
2 4  3 

3 

For chip pretreatrant, air-dried sarples (1% g o.d.1 Yare 

reacted In a 2-litre glass kettle fitted with Inlet lines, 
heating mantle snd thermocouple. After chips ware loaded to the 
preheated kettle. alkaline peroxide liquor at the desired 
reaction temperature w drawn into the kettlo for a 2-minute 
Impregnation period under vacuu at 6:l & /kg. 

Impregnation liquor uaa thon drawn off and the reactian mas 

continued in the v8pow phase. Residual iqrognation ud Chip 

liquors were analysed for peroxide and alkali content. 

3 Excess 
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306 ALLISON AM) GRATZL 

Alkaline pulping was performed wth 150 g 0.d. sampler (based 
on original wood for pretreated chips)  in 2.6-litre autoclaves 

at 5:l dm /kg and 170.C maxiam temperature. 
were heated in on, pulping cycle in a circulating hot-air oven. 
Active alkali, sulfidity and AQ levels uere as noted. 
pulping liquor were soaked at r o a  temperature under vacum for 
30 minutes to aid penetration. Hsatup to rarirr t-rature 
was 60 minutes. After reaction. autoclaves were rapidly coolad 
in cold water. 
stirrer prior to screening on a 0.2- rlottod flat screen. 
Screened pulp was centrifuged and fluffed before analysis for 

total yield. kappa rtmbet and viscosity. Black liquor w a s  

analysed for residual active alkali. 

3 Pour reactors 

Chips and 

Pulped chips were dlslntegrated by a propeller 

Bleachinq 

For oxygen delignification. pulp (150 g 0.d.) was Impregnated 
with 5% MaOH and 0.1% Hg2+ by soaking for 15 minutes at 5% 

consistency then pressing to 20% consistency. -act application 

levels oE alkali were determined by acid titration of the 
pressate. After fluffing, Impregnated pulp was loaded in 
2.8-litre autoclaves which were then purged of air and 
pressurlsed wfth 690 kPa oE roa-temperature oxygen. 

reactors were heated in a circulating ho-air oven to 110.C in 
50 minutes and held Lor 30 ninutes. After reaction. the reactors 

were rapidly cooled in cold water. Oxygen-treated pulp was 

washed with tap water then centrifuged and fluffad prior to 
storage at 4.C. 

charged 

Pulp was ana1ys.d for yield. kappa nubar and 
viscosity. 

For chlorination, pulp (150 g 0.d.) YIW reacted in a plastic 
bag for 1 hour at 3% consistency and 25%. 

charge (percent on 0.d. pulp) uus calculated as 0.20 x kappa 

nmber. 
chlorlne dioxide m l x e d  with chlorine water just prior to 

application. 
hand-sqwezed prior to further treatment. Residual bleach 

Available chlorlne 

IWactly 10% of total available chlorlne was supplied as 

Chlorhated pulp was washed wlth tap water then 
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OXIDATIVE PRETREATIlENT WITH HYDROGEN PEROXIDE 

liquor uas analysed for available chlorine (TAPPI Standard T 

611). 

For alkallne extraction. pulp was reacted in a plastic bag 
Applied NaoH (percent for 1 hour at 10% consistency and 70.C. 

on original pulp) was approximately 0.5 x percent available 
chlorine for B1-stage and 0.5% YaoH for B2-stage. 
pulp was washed with tap water then hand-squeezed prior to 
further treatrant. The El-pulp was analysed for extracted 
kappa nuPbar. 

Extracted 

2 For chlorine dioxide treateent. pulp w a s  reacted'rith C10 

In in a plastic bag for 3 hours at 10% consktenq and 70.C. 

the D -stage. 1.0% C102' and 0.4% WaOH (on original pulp) was 

applied. 
applied. Pulp was washed wlth tap water after treatment. 
D1-pulp was sampled €or brightness (TAPPA Standard T 218) then 

hand-squeezed prior to further treatment. After the D2-stage. 

pulp was centrifuged and fluffed prior to storage at 4.C. 

pulp was analysed for bleach yield. brightness and viscosity. 

1 
In the D -stage. 0.5% c102 (on original pulp) was 2 

mhis 

Hadsheet Analvsls 

nandsheet analysis was performed according to standard TAPPI 

procedures after beating pulp in the PFI rill (20.5 g o.d.1 at 
10% consistency with an applied load of 3.7 N h m .  
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