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THE EFFECT OF PH OF HYDROGEN PEROXIDE SOLUTION
ON KRAFT PINE PULP DELIGNIFICATION'

by Adam Wojciak

Institute of Chemical Wood Technology, Agricultural University of Poznan

The investigated pulps are characterized by different reactivity to hydrogen peroxide both in acidic and
alkaline conditions. Residual lignin of pulps with lower kappa number (30 and 16) was considerably de-
graded in acidic conditions. Acidified hydrogen peroxide solutions caused yet severe degradation of carbo-
hydrates in all the studied pulps. Oxygen delignified pulp (kappa number 16) revealed the smallest
differences in yield and selectivity of delignification in dependence of the reaction conditions (acidic/alka-
line). The most efficient protection of Mg'? ions was found for the same pulp in alkaline conditions. Our re-
sults show that studies should be continued on the chemistry of hydrogen peroxide treatment of the kraft
pulps before as well as after oxygen delignification.
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INTRODUCTION

The stringent ecological requirements of the last decade have forced the producers
of wood pulp to use hydrogen peroxide, not only as the brightening reagent but also for
delignification. Hydrogen peroxide together with other oxidizers (oxygen, ozone) can
successfully reduce or totally eliminate the use of harmful chlorine and its compounds
from pulp bleaching process (Rutkowski and Perlinska-Sipa 1991, Rutkowski 1994a,
Rutkowski 1994b).

Hydrogen peroxide dissociates in an aqueous solution and forms perhydroxyl an-
ion (O,H"). However, efficient oxidation of lignin with O,H™ requires the presence of
carbonyl groups. Since the number of carbonyl groups in residual lignin of cellulose
pulps is negligible, perhydroxyl ion can not be the important delignification factor
(O,H  ion itself can not oxidize the phenolic ring — Agnemo and Gellerstedt 1979). The
most important factors in delignification process are the products of H,O, decomposi-
tion: hydroxyl radical, superoxide anion radical and oxygen generated in free radicals
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reactions. Their strong delignificating activity is observed at high temperatures (min.
80°C) and high pH (approx.11). The negative aspect of such severe technological re-
gime is the possibility of degradation of partially oxidized cellulose due to OH" and
0," free radicals (Chirat and Lachenal 1994). As an alternative to the treatment in al-
kaline conditions, H,O, can be used in acidic conditions. Hydrogen peroxide was used
together with acetic acid (Desprez et al. 1994, Glinski and Nicholls 1997, Jakubikova
and Suty 1995, Liebergott 1996, Rutkowski 1994c¢) or with formic acid (Hortling et al.
1990). Delignification of cellulose pulps and wood with monopersulfurous acid pro-
duced by the addition of concentrated sulfuric acid to hydrogen peroxide solutions was
also studied (Desperez et al. 1994, Liebergott 1996, Springer 1990). It was confirmed
that hydrogen peroxide used in the two-stage treatment (in alkaline and acidic media)
increases the efficiency of bleaching of the mechanical pulp (Hobbs and Abbot 1991,
Kempf 1981, Lachenal 1986). Laser flash photolysis studies suggest that the efficiency
of bleaching by hydrogen peroxide is mainly due to the elimination of a-carbonyl
groups, irrespectively of the treatment conditions (Wojciak et al. 2002). It was also
confirmed that acidified H,O, solutions in combination with alkaline extraction could
remove chromophoric groups from the cellulose pulp with the same efficiency as alka-
line peroxide solutions (Wojciak et al. 2000). Although test results show the possibility
of using H,05 as the delignification and bleaching agent in acidic conditions, also for
the so-called chemical paper-pulp, no sufficient literature is avilable on this subject
(Fossum and Haggstrom 1980).

The aim of this work is the evaluation of chemical and technological factors
of kraft pine pulp delignification by hydrogen peroxide in alkaline and acidic
conditions.

MATERIALS AND TEST METHODS

Three types of kraft pine pulps were subject to the oxidation treatment:

*  A: kraft pulp with kappa number 58, produced by the continuous cooking method at Frant-
schach S.A — pulp mill, Swiecie.

B:kraft pulp with kappa number 30, produced in the Institute of Chemical Wood Technol-
ogy, Agricultural University of Poznafi. Wood material in the form of air-dried industrial
pine chips (Pinus sylvestris L.) was used. The chips cooks were carried out in stainless
steel Haggliind autoclaves heated in a glycerine bath. The conditions for the kraft cooks
were as follows: total alkali— 66.4 g/dm’, active alkali — 58.4 g/dm’, liquor to wood ratio of
3.5:1, sulfidity — 20.4% and heating-up time — 90 min. The yield of pulp equalled to
47.9%.

*+  C: kraft pulp with kappa number 16 after oxygen delignification, produced in International
Paper — pulp mill, Kwidzyn.

The material A was taken from the dewatering drum while material B was filtered off,
manually disintegrated and then dried at room temperature. Material C was prepared in form of

soft sheets (Modrzejewski et al. 1985).
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In order to determine metals profile (before oxidation treatment), cellulose pulps were sub-
jected to mineralization in microwave oven (Star 6 CEM) by nitric acid and hydrogen peroxide
solution. Heavy metals (Pb, Cu, Mn, Fe) and Mg were determined by atomic absorbtion
spectroscopy (AAS) using Perkin Elmer A Analyst 300. Limit of accuracy was less than or
equal to 2 ppm for Pb, Cu, Mn and Fe and less than 5 ppm for Mg.

Decomposition of H,O- depending on pH and metals profile in hydrogen peroxide solution
(p-a.) was tested in zip-lock polyethylene bags at 80°C. The pH index of the reaction was
controlled by the addition of NaOH (pH 11) or H,SO, (pH 2.5). Measurements were also made
at pH 5.3, which is the standard value of the commercial H,O- solution. Metals were introduced
with HNO; solution (Pb, Cr, Mg, Fe, Cu, Mn— AAS standards) that adjusted hydrogen peroxide
at pH 2+ 0.5. Concentration of metals in the solutions was equal to 0.12 pug/cm’. Initial concentra-
tion of hydrogen peroxide was 0.13 M/dm3. The H»O, consumption was determined by io-
dometric titration using saturated ammonium molybdate solution as a catalyst. Standard de-
viation of the results was less than or equal to + 0.34%.

Oxidation treatment of cellulose pulps was carried out with the use of 5% H-0- acqueous
solution (p.a.). Prior to the addition of pulp, pH of hydrogen peroxide solution was adjusted: pH
2.5 by the addition of H,SO4 and pH 11 by NaOH. Hydrogen peroxide stabilizer MgSO, - 7TH.O
(0.25% vs. o.d. pulp) was added to several pulps oxidized in alkaline conditions (Bouchard et al.
1995). The treatment was also conducted at pH 4.5. Pulps were oxidized in zip-lock polyethylene
bags at 10% of pulp concentration. The bags were heated up in water bath (80°C). Reference
samples (treated in the same conditions of pH, peroxide and pulp concentration as above) were
kept at room temperature (22°C). Hydrogen peroxide consumption was determined by iodometric
titration (see above). The treatment was continued for 3 hours. After completion of oxidation
treatment, materials were washed in Biichner funnel to neutral reaction and then dried at room
temperature. Some of the pulps after treatment in alkaline and acid conditions were subject to
alkaline extraction with 2% acqueous NaOH solution with pulp concentration 10%, tem-
perature 70°C, extraction time 1h (Allison et al. 1996). After extraction, pulps were washed to
neutral reaction and dried as the other ones.

Moisture content, yield, kappa number (Modrzejewski et al. 1985) and viscosity according
to TAPPI T 230 om — 89 were measured.

Delignification value was calculated as the decrease of the kappa number in relation to its
initial value (AKappa No / AKappa Noj,.1) — (Rutkowski and Perlinska-Sipa 1998).

Selectivity of delignification was calculated by two methods:

* as the decrease of lignin content (conversion coefficient of the kappa number to lignin con-

tent — 0.13) versus yield loss of pulps (AL/AY) — (Rutkowski and Perlinska-Sipa 1998),

* as the quotient of percentage reduction of kappa number and viscosity

{AKappa No / AViscosity) — (Brown and Dawe 1996).

ANALYSIS OF RESULTS

Catalytic decomposition of acidic hydrogen peroxide
As opposite to alkaline solutions, hydrogen peroxide in acid conditions shows
stability in considerably wide range of pH 2.5 — 5.3 (Fig. 1). The influence of heavy
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Fig. 1. The influence of pH of solution on hydrogen peroxide decomposition.
Trends are shown for pH 2.5 and 5.3

Rys. 1. Wplyw pH roztworu na rozklad nadtlenku wodoru. Zaznaczono linie trendu dlapH 2,51 5.3
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Fig. 2. The influence of heavy metal on hydrogen peroxide decomposition (pH 2 £ 0.5).
Trends are shown for Cr and Cu
Rys. 2. Wplyw metali cigzkich na rozklad nadtlenku wodoru (pH 2 + 0.5).
Zaznaczono linie trendu dla Cri Cu
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Table 1
Tabela 1
Metals content in pulps
Zawarto$¢ metali w masach celulozowych
Metals A | B | ¢
Metale [ppm]
Mg 149 750 228
Fe 50 7 54
Mn 107 214 -
Pb 82 74 57
Cu - = .
Pulps codes in Table 2a
Oznaczenia literowe mas jak w tabeli 2a
Table 2a
Tabela 2a

Effects of pH of the H.O, solution on chemical and technological indices of pulp treatment
(treatment temperature 80°C)

Wplyw pH roztworu H.0. na wskazniki chemiczno-technologiczne obrobki mas
celulozowych (temperatura obrobki 80°C)

Pulp pH
Symbol masy 25 ] 45 ] 1" ] 11 Mg"? added
Yield [%]
Wydajnos¢ [%]
A 94.3 93.4 89.4 91.4
B 86.2 85.7 85.4 85.7
c 93,6 94 89.3 93.8

H20 consumption [%]
Zuzycie Hz0; [%]

A 66.7 28.6 100 100
B 25 22 100 100
C 6.7 1 100 100
Kappa no
Liczba kappa
A 45.0 441 248 279
B 9.6 15.8 8.1 9.8
c 9.8 1.1 52 5.7

A — pulp kappa number 58; B — pulp kappa number 30; C — pulp kappa number 16

A — masa celulozowa o liczbie kappa 58; B — masa celulozowa o liczbie kappa 30; C — masa celulozowa
o liczbie kappa 16




























