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The Effect of Oxygen and Chlorine Dioxide during Pulp Bleaching*
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ABSTRACT

Hydroxyl radicals were detected and their qualitative yields were estimated by using
chemiluminescence method and 7-irradiation technique in oxygen or chlorine dioxide
radicals bleaching conditions. The correlation of hydroxyl radical formation and lignin
model(Apocynol) or carbohydrate model( @-D-glucopyranose and methyl-8-D-glucopyranoside)
degradation was studied in the presence of metal ion or without metal ion.
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The results showed that the presence of metal ions efficiently affected the formation
of hydroxyl radicals in oxygen bleaching process, in the order of Cu®* ) Mn®* ) Mg?" )
Fe?®, and these metal gave also rise to the degradation of carbohydrate. But it was
found that the addition of 100/m Mg2+ gave an efficient protection against carbohydrate
degradation and suppressed the hydroxyl radical formation under oxygen bleaching

conditions. And the presence of cu?*

had a detrimental effect on the stability of
carbohydrates, whereas the addition of 3um Mn?*

surprisingly had a small protective

effect on methyl-—A8-D-glucopyranoside. In the ClO2 radical bleaching conditions the
hydroxyl radical expected to generate from water or substrates was not detected in the

presence of metals.

Key word : y-irradiation, Chemiluminescence, Hydroxyl radical, Oxygen bleaching, Chorine dioxide, Radical

bleaching.
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Fig 2. Calibration curve of the carbohyrate
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Fig.3. Chemiluminscence and conversion
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Fig. 4. Influence of trace metal ions on the
consumption of apocynol(1.5mM)
under oxygen bleaching conditions
(pH 11.5, 5bar Oz, 907T).
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Fig. 5. Influence of trace metal ions on the
chemilumiscence emission during
treatment of apocynol (1.5mM) with
oxygen(pH 11.5, 5bar Oz, 90T).

O2+e—(from substrate) = O +substrate
radical -+ (1)

(D) AA Aukge FEutgoln, 71AdA
o FAtLd U FHE ATE $2d4 A
PA717] A L L9 AL g7
aeg ia #92 ol 4stelzd(pH>10)
3 % 90TCoA o] Fof 3Tt o] ZAF oA
gade wHesldEe o2dHy A48 7]’%
oz qAz HsAgdzdyged. g,
#ist ol 714 Stz geminate trlplet
pairg F4sted ojRL WEEE HEol7A
U de 342 F g vd A Age] o
cagedllX] ZAFA ool 43-25h= hydroperoxide
o ARAQ Aol 7H5E Fx Ut

238 Fol2 e HA W3 15T £4 8
o} A BEAd dal ZaAEA ZEE 5 gle
o E3 4 MdgAee e £ U A=,
238 gol g Bz itslgedel A4
o8 ¥3lstA e

202+ + H20 — Oz + OH- + HQOz— (2)

a2y RS (2)9] HEEE, F FA3 Fol2
o APAQL e FAE WP Holn AR
offF W FF FYAY FHolLe 3
390, pH 6°13A G4 Zuj ¥ste &
T B84 (3)Yd o8] 2 4 ot

re N

k=6. 10(12'PH)M'IS'1 e (3)

A&y, 294439 self-terminatione 73
a7te] §doM e FAsHA =8 W]
O2+& TId F&o|ol dia] Az F7)
(electron-pair donor) 24 z& gt}

M+ Oz= = [M(Og )} e (4)

o
i

p
o
%k

o
4
L
l..
e ¢
dr
S
10 f
1-u:
£
2
£



FHAEHRR F138 (1997) 159

oJR& ©E MgH. § Mg(OH) % 22 77t
g F 8l
ofd 2P HEL FEolLEHR A 23

Ast WstE FAAYE A4e ¥ ¢ A4

02~ + (M(0z-)"V* + H:0 - 0y +
(M(Og + )% 4 HOgm reereereerverneneeienne (5)

2hisgage 5 Ao 54 ot g
2 340ee TRD A BYUe Lo
% .

)\]-ﬁ}. g%}do 15:0].9_' DH 7]7-10]] _,]&ﬂ-
t. awdoz Mn?'7h Mn®R 23" 4 Sil
o Mn’fole {Ee wgFo
g add 7Adgdza s st g5sEs A
i}o}@i 71?4_"*:1%2 YNNG,
AL EF H& A7 FHAA GE F&o|
29 tﬂ?& A$7+ 8 + g

M™ + R > M™V 4 R« cervernnennennnnes (7)

$egsL7t AAE St o) BALD 54
7 gogel #e4e S 2A & & Utk ol
H¢ B8 Aol F50| 2o o) BV

M®P* 4 H0, » M™ + OH + HO - - (8)

21 Zulaol 22 o127 9a) Hel Tl
2o Zaglel § we A Au2 o uA
AAckah Ak ERA oldE wge F=
2348 gol o o8 o] %o} Atk

. )](n-l)+

Oz~ + M™ = (M(02 — 0 +

294 A Bee e 2o

O2= + H302 — 02 + OH + HO - - (10)

e T,

ol 9—]§} Ao ‘32}% F 9\«‘3}. °]?—W} o 7}
Fol @29, £47] Yz Y 24t
3} ol HJASFL FIAN Zo] EAE
¥ert gok. BY zAS A FavlEdge
Z2A ¥ hydrogenperoxide? €d g8 <7®
FENG 7Ist] TAE 4 Qlet,

X

ROOH = RO+ + HO - werreeremreminnienns (11)

FA7] gdde £84 &ujdA o] & 7hed
7}% 73 one-electron ASMAl F9] drtolt)
olg|g 73 AL Wi, FA7] B L
g fA7IskED Fr1sES wEA Ats
Az f71ERE g ‘:7P34 T )

o3 datan?,

1) phenoxyl ®+ mesomeric A-radical®
TFA71G8 HFY T o|FAP A
2 &7t

HO- + Ar — Ar(HO) - — phenoxyl or
B_radical ............................................. (12)

2) RTHELERE FL9%E WY

HO- + R—>R- +H20 ............... (13)
iAo whgA (12)7F < 1-28 o %
Agdn. $£47] gz F3e] wgAe] 2
71 B olH @ TR AL A FWFH
o A94¢ 238 4+ A'?. a8y ad
TZ9 3o #F &, && (12)€ A=4
gz 348 A2 24 et g8ad e
E i EiAs

ol Ho| Féolee] god u
@ d2d 2ol % ¥ mng 03 4 ¢
o8, #g (4), (5). (6). (8)
FA7) HdZY Pz dgE o
€ (98 #E (6) Furge

=



160 Y FWA] AbAs} olAbstae ¥

°] A olf Wi, 2£EH e A F
ol &9 #aAg FAZEA g2l EF NaOH
AHEgoZH AHAE NaOHE AHER A 2
= E’- °HE/~]'°]*“" Al 4] gz A
s & Ao.(Fig 4, 5) & |29 ]
Ekls Rﬂl"‘ T Ha¥E F47] guZ@ E3d
o Ao 93 %‘—%‘Qi’iﬁ}m. B A 2 5H
&L AAstL F47] Uy ANE &
2A7e ZEolE &A% olgd, DTPA F49]
& ZAEL hydrated (hydro)oxides®t & &
Lo 2FE ZRoE YA st FPHY
g Z7MY 4 Ao (s 7). W, DTPA
I Ae 53 a9 EA A 47 g
3 wed & 997 tgo] DTPAE W&
A7 dHEY O g2 A7 AejdA Aol
&L A v Zd SFES AT
olg}g o|f2, catalytic Fenton cycle(¥g
8)< H&l dag v & At Az AE
o] AAsM F4t7] grZe AY&L ¢ 7
AT A4 ¥ THPEC DTPAE H7Mge
2A AL <] A7 Uz AN §4 &
32 W WHeld ZAe olXAlolme E}
Aoyttt (Fig 4. 5)

108

\ﬂl 4

4. 250|129 a1

Fig 63 7& 42 EW ZAd A ol EA}o]
' 4259 ALy #47) Uy A¥EE
MnSO0s8t CuSOs ZZe =2 HA|F Ao
. <100xMS MnSOs% CuSOs% Z& &
A el Mn®' % Cu®tol&e o] F7iA]
H] & (o} ¥Alolm 2RO AF&3 F4b7|edZ
o] AL dFL vAge o] HYsc,
o 3xM9 =9 Mn®'% Cu’'oleg Hsle
W olEAfolx AM| & FAVET LY F&o
AAZ Hg F5S Jdehle AE 587 3§
. o3 AFE Fig 622 #AE 4 Sit}.

gdslel SNolA e FHadsiyast & JHy Azt

-
o

N W b~ OO N 0 O
A CL/At(a.u /min)

16 160 1000
MgSO4( M)

—_
-

Fig. 6. Effect of Mn>*on the rate of degra-
dation of apocynol(1.5mM) and the
rate of formation of hydroxyl radi-
cals under oxygen bleaching condi-
tions(suprapur NaOH , pH 11.5, 5
bar Oz, 90TC).
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Fig. 7. Effect of Cu®*on the rate of degra-
dation of apocynol(1.5mM) and the
of formation of hydroxyl radicals
under oxygen bleaching conditions
(suprapur NaOH, pH 11.6, 5bar O,
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A ¢ apocynol degradation rate b,
A : CL emission rate(4CL/4t)

o 92 $47] ool 4AsE Ae A%
4 Aol F&ole 2Eo| Ja Fz HVEY
A¥E AH(<3pM)dN, Bl FHolee 9
A Foi7 g (4), (5), (8)9 & $47)



FHARHRIAR FE138 (1997) 161

gz #4& FAA44 F . 284 2F
ERHA B 35029 55¢ S 4
o] ¥%7} ¢ o} A o hydroxo-bridged
poly-nuclear complex® 3437 948 &5
gtk Aolth, tdlE(polynuclear species)< h
ydrated oxides/hydroxides I dE9 &3 7}
5% E42 13E 4 dd. 2z 43g
LA, Ho] F& o] &L ojd Fxo WY
oA deFg Efste 2ot d9dE A
& 4 sith. pH 991494 Mg®*9} OH'E ¥
$5ES ISR oA BA dkd 93
(MnO(OH)J»2 8tH o] 2= MnO:2 A+3td
. 220249 MnOe B2 49 #ib7]
tze] A glo] B3 H42E FF] Hd F
Aseaz wad Badle Aoz g3A A
¥ Azxoz $47 P APLF o}xA}
ol Fee F2EY. ¥ A3}E Cu®'d)
HE 257 8 & U By oA T
A& 3uMe Aol F& o] &o] &vte] §AA
Z2o|=F IAY HAY x4 Aoge FE
o2 ojojAY,

5. Anthraquinone®] &k

Anthraquinone2 ZHZE FdA] &gad
MAAZA g 44 BA] 2d d7¢
#Este], o}¥AlolE I} anthraquinone sodium
sulphonate® A&t 4t4 g@ladd dig
ojg{ & &S 7IXE AAFsAct. Fig 8A
Raxe ZAZHE ¢ ¢ e AF Zo| an-
thraquinone sulphonate’} 1-0.1mM¢ %
oM ofEAlols AR oH JFE 0|
A=A &%ttt Anthraquinone sulphonate®
F2 sk e Jjdstedd #odsa gon £
A7) e FAdE g nAx ged

6. Mg-ion9| Y&

Fig 9& &4 EY ZA&A «-D-glucopy
ranosed] 3o} g MgS048 AHE HAF
. MgSO0s& o Bo| A7l¥+2 ¢-D-gluco-

Degradation b

24
22 |
20 |
18
16 |
14 lo
12
10

»
.
g

OoON»O®

0 0.02 0.04 0.06 0.08 0.1
AQ-SO3Na(mM)

Fig. 8. Effect of anthraquinone sulphonate
on the degradation rate of apocynol
(1.5mM) under oxygen bleaching
conditions(Suprapur NaOH, pH 11.6,

5bar 02, 90T).

120

100
_
X 80t
[
[}
QS 60
[$]
2
tlm 40 -0
9 —I—:

—t—10

© |

20 =100

o , —

0 15 30 45 60 75 0 105 120
Time(min)

Fig 9. The degradation of ¢ -D-glucopyra-
nose (1.5mM) in the presence of var-
ying amounts of MgS0Os under oxygen
bleaching conditions(pH 11.5-11.6, 5
bar Oz, 90T). :
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Fig. 10. Rate of hydroxyl radical formation
versus the amount of MgSOs added
during oxygen treatment of a-D-g
lucopranose(1.5mM) compared
with apocynol(1.5mM) treated
under the similiar conditions.
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Fig. 11. Mechanism of decomposition of a-D
-glucopyranose(1.5mM) and forma-t
ion of hydroxyl radicals in the
treatment with oxygen under blea-
ching conditions(upper) and a
possible structure of Mg®*-carbohy-
drate complex formed(low).
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Fig. 12. Comparison of the chemilumines-
cence profile between treatment
with oxygen and y -irradiation of
a-D-glucopyranose (1.5mM) in va-r
ying treatment.
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Fig. 13. Chemiluminescence and conversion
of apocynol under oxygen bleaching
conditions
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