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ABSTRACT

In chlorine dioxide delignigication or
bleaching, chlorate is mainly formed by the
reaction between chlorite and hypochlorous
acid, thus
hypochlorous acid can be used to reduce the
formation of chlorate which is unfavorable to

scavengers of chlorine or

environment.

In this study, additives such as sulfamic
acid, DMSO, hydrogen peroxide, or sodium
chlorite was added to chlorine solution or
pure ClO2z solution to check their reactivity
with Clz and ClO; These additives were
added directly ClO:
solution which contained certain amount of
then the additive-treated CIlOq
solution were used in bleaching stages.

also into general

chlorine,

The aim of this procedure was to remove
the original amount of chlorine that was
thought to be possibly the main reason for
the formation of chlorate and AOX.

The additives were found to be able to
eliminate chlorine very fast and selectively,
but HzO2 should be used under pH 4,
otherwise it also reacts with ClO, After
the additives reacted with Cl;, DMSO
turned into an inactive product (CHz)2SOs,
while sulfamic acid turned into HCISOzH
that still remained active in oxidation, and
NaClO; produced ClO2. The addition of
NaClO: showed significant improvement in
delignification but the deeper delignification

led to higher formation of chlorate. When
the additive-treated chlorine dioxide solutions
were used in bleaching, both sulfamic acid,
DMSO, and hydrogen peroxide showed no
significant changes of DE brightness and
Kappa number. The formation of chlorate
was reduced by addition of sulfamic acid,
DMSO and hydrogen peroxide.

A&

EHe AXAFTH B4 B2 THEZRS
W &ste Aotk EAGE F olitdgLa
2L A%E 5% BUaARE 2EY &
dutE AAL XT Yoy chlorateyh
AOX 22 #54 ERE wWiEdde v
S 7}A 32 th. ©]F chlorates F el A

pH J9oiA gadz e &7 4§
o o]Atgd 49 AstE S &4AA EY R
I}Eg A3AI 7o

Aol M= BHA dig BHY FE
A3A ole3t FHEA HAE Has &
F e 98/ $HEYd #S A7 g
3] AP U

I Fo)A sulfamic acid(HNSO:H), DMSO
(CH3SOCH3), hydrogen peroxide (Hz202),
sodium chlorite (NaClOz)¢} #& HIMAE
o] &34 chlorine& A AA#A chlorate®] ¥
AL Y ¢ U $HE dFsAT. =3

(s}

olg3 HIAES HAFPSE A C ¥
ClO:%te]l w4 el Fwlo mxlEs o
FEL AF3I

Aguy

2 dAFdA AHEE Pulpe FSiEZ
UKP2X Kappa Number® 17.6, Brightness
£ 29.15%°] 3, A=+ 19.0 cpso)t}.

E AT AMgEE oidddis 84
& AA 3% (R3 process)ol A dwraoR

— 84 —



AL E = olitsld A 8 AT Zo] <zhe
F27b EFE ol gargde A£34
o F da go] AA oitsEA: 49
T AEE o 7% HFHEE AP,

ol AFdME ol#d H7tAl (sulfamic
acid, DMSO, hydrogen peroxide, sodium
chlorite)£& Clo& o FY43t Che AA
FE FAHA v HIMAIEo] ClO9 =
WSS A HH o] Abst g re] AsE S A
A TheAol doerZ ClO&ddx A
7HAE FAAA ClO29t9 weAS 3els)
[k wRRoz "Ik "Itz o)itEl Y
2o Ewlgmel EWMA chlorate? A4 ol
o)X= dFeE ZAE

ut

2% 2 2

NE-"

1L.&7FAl o] 2% chlorine®] A A
1.1 Sulfamic acidell 9% "4 AA

Sulfamic acid®} Cl9] ¥H&-2 o283 o}
HoNSOsH + HOCI — HCINSOsH + H.O (1)

Table 1. Reaction of Cl; with sulfamic acid

Original Cl
(mmol)
Sulfamic acid added

(mol)
Consumed NazS;03

(mé)
Residual active chlorine

0.664|0.664|0.664 | 0.664 | 0.664

0 10.510{1.030|1.540]2.060

12.88]12.85|12.82{12.84|12.86

0.644|0.642|0.641 |0.642|0.643

(mmol)
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Table 2. Reaction of Clz with H2O»

HyO; Added | O |0.4650.930]1.395 | 1.860
Reacted Clz | 0 |0.465|0.930|0.945 | 0.945
Reacted H:0; | 0 |0.464 | 0.928 | 0.943 0.944J

Clz + H:O — HCl + HCIO 3
(CH3)2SO + HOC! — (CH3),SO: + HCl (4)

Table 3. Reaction of Clz with DMSO (mmol)

Original Clp 10.8420.8420.842)0.8420.842

DMSO added 0 10.320|0.640{0.960{1.280

Residue Chlorine|0.842|0.520|0.201| O 0
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+ OXE from residue chlorine or

(OXE : oxidizing equivalent)
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Table 4. Reaction of Clz with NaClO;

Original Clo(mmol) | 1.43] 1.43| 143143} 143

NaClO; added(mmeq) 0| 218| 4.35(6.53|10.88

s % OXE(mmeq)| 1.43| 361| 578|7.96|12.31

#-8-% F OXE(mmeq)| 143 359| 5.76,7.92|12.28
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Table 5. Effects of additives on ClO2
delignification and chlorate formation.

Treat- Do DoE Kappa | Chlorate
-ment | Bright.(%6) | Bright.(%) | No.(DE) | (ppm)
Control 53.89 59.67 6.60 1335
SA 53.71 58.44 6.71 95.8
DMSO 51.67 56.75 6.92 65.5
H202 50.75 55.53 7.73 51.2
NaClO2 | '62.75 66.25 4.77 2055
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