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Pulp Bleaching Effect and Ionization Rate of Chlorine
Dioxide by Additives and Various pH Conditions (II)

- Effects of Additives on Chlorate Reduction and
Bleachability of ClO, Bleaching -

Byung-Ho Yoon' and Li-Jun Wang

ABSTRACT

In ClO, delignification and bleaching process, formation of chlorate corresponds to a loss of
20-36% of the original ClO, charge. Because chlorate is inactive and harmful to environmen-
tal, it will be of benefit to find methods that can reduce the formation of chlorate during chlo-
rine dioxide bleaching.

Chlorate is mainly formed by the reaction HCIO + CIO, — H* + CI' + ClO5'2 On the other
hand, AOX in chlorine dioxide bleaching is formed also due to the in-situ produced
hypochlorous acid. Thus both AOX and chlorate could be reduced by addition of scavengers
of hypochlorous acid. Some papers on the reduction of AOX by additives appeared,®® but
systematic data on chlorate reduction as well as pulp and effluent properties are not available.
Thus this paper focused on the effects on the reduction of chlorate and chlorine dioxide
bleachability.

The additives, sulfamic acid, DMSO, hydrogen peroxide, oxalic acid were found to elimi-
nate chlorine selectively in chlorine and chlorine dioxide mixture. However, when they were
added to bleaching process, sulfamic acid and DMSO showed significant reduction of chlorate
formation but hydrogen peroxide and oxalic acid did not, and significant amount of hydrogen
peroxide was found resided in the bleaching effluent. In addition, sulfamic acid and DMSO
decreased the bleaching end pH values while hydrogen peroxide and oxalic acid did not,
which also indicated that hydrogen peroxide and oxalic acid were ineffective. The difference
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might be ascribed to the competitive reactions of hypochlorous acid with lignin, chlorite
(Cl0O;) and additives.

Sulfamic acid and DMSO showed better pulp brightness development but less alkaline
extraction efficiency than hydrogen peroxide, oxalic acid and control, which means that in-
situ hypochlorous acid contributes to the formation of new chromophore structures that can
be easily eliminated by alkaline extraction.

DMSO decreased the delignification ability of chlorine dioxide due to the elimination of
hypochlorous acid, but sulfamic acid did not because the chlorinated sulfamic acid had stable
bleachability. In addition, sulfamic acid, and DMSO showed decreased color and COD of
bleaching effluents, hydrogen peroxide decreased effluent color but not COD content, and
oxalic acid had no statistically significant effects. No significant decreases of pulp viscosity
were found except for hydrogen peroxide.

Based on our results, we suggest that the effectiveness of hydrogen peroxide on the reduc-
tion of AOX in literature” might be explained by other mechanisms not due to the elimination
of hypochlorous acid, but to the direct decomposition of AOX by hydrogen peroxide.
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Table 1. DoE Bleaching conditions
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Table 2. Data illustrating the reactivity of additives with chlorine or hypochlorous acid

Sulfamic Acid #7}(mmol) 0.00 0.51 1.03 1.54 2.06
Residual OXE(mmol) 1.29 1.25 1.21 1.22 1.21
DMSO 71 (mmol) 0.00 0.32 0.64 0.96 1.28
Residual OXE(mmol) 1.69 0.95 0.36 0.00 0.00
H;0, A7}%(mmol) 0.00 0.50 1.00 1.50 2.00
Residual OXE(mmol) 2.13 0.81 0.13 0.34 0.42
Oxalic Acid 37} (mmol) 0.00 0.06 0.12 0.24 0.47
Residual OXE(mmol) 3.10 1.67 1.12 0.28 0.02

Note 1: Additive solutions and chlorine solutions were mixed at 25°C for 10 minutes and the
residual oxidation equivalent (OXE) was measured by iodometry method.
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(CH3)SO+HOC— (CH3)280,+ HCI 3)
H202+ Clg_> 2HC1+ O, (4)
HOOCCOQH +Cl,— 2HC1 +2C0, (5)
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Fig. 1. Reaction of hydrogen peroxide with
chlorine dioxide at various pH values
at25°C.
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Fig. 2. Effect of additives on the end pH val-
ues of Do bleaching (SA: sulfamic
acid, OA: oxalic acid).
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Fig. 3. Effect of additives on the residual oxi-
dation equivalent of bleaching efflu-
ent.
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Fig. 5. Effect of additives on the color of chlo-
rine dioxide bleaching effluent.
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Fig. 6. Effect of additives on the COD of
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Fig. 10. Effect of additives on chromophore
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tion.
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