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Advances in environmentally benign oxidative disinfectant chlorine
dioxide generation technique

CHEN Yun , JIANG Yan-bin , QIAN Yu, JI Hong-bing
(School of Chemical Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Advances in environmentally benign technology of chlorine dioxide are reported with dilferent chemical precur-
sors including chlorite and chlorate , with emphasis on the chlorate technology with chlorine ion, methanol or hydrogen peroxide
as reducer. It is pointed oul that the hydrogen peroxide-based chlorine dioxide process can decrease chlorine and acid salt cake
[rom headspring . It is suggested that relevant domestic research institules and enterprises should exploit critical chlorine dioxide

generation techniques and establish correlative standards of purity of chlorine dioxide and chlorine dioxide generators as soon as

possible .
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R R FR 2 1) AR R A AR 7 el
LR EE S TS, BIEREZRES N A
R E T, TGS HRN 518, {5 E Pro
Minent® Bello Zon i EEEEZ N AN T EAA
KA Olin B3R K 2 vl R &K 8 W - WA R 5
HAR, B H CIFEC 138 F B £ 4K 3K (Rio Linda) 2\ A
FHAAMME- AR FAR M =ik vk 75 24
67, FoHr NaClo, WY # AL KT 85% , 7™ b M 4,
I KM R AR AR Ak 2 i (Sterling Pulp Chemicals) 23
HJF &K ECE™ME R, i dE — A R ES R A
B AR AL S S, 3K 98.4% , 3 HAYLHT NaClo, N
JFBL B T VR T A

2 [EEE

IR L LUE RN 0 1B ROR, b AL A5
REENAR. RN AL T ARNEELIFZ .
TERRYEAME T 5 AR AR FR L /8 S8R,
T R R AR R T B AR
S5, Ho R 1 A O R B AR SRR LAt 0 DA 6]
G SRR AR AR I AL 24 A A R FER L Eka

2 i A ml O R AE 7 ZAEAL R M A A
RN 7 5 Rapson B ILF I & T ECRO &tk
2 R2 ~ R12 £ 5% F1 ECRO Mathieson 3 , H: 5 8 %
MBEEZFNETRFAEEFERES . Fka AH
FET —RIUBPERE( single vessel process, SVP
B)NRBIFLES R AFMW A EAdAaHT
2000 411 SYP-LITE #: .SVP-HP % .SVP-HPA 3 .SVP-
SCW & \SVP-SCS #: SVP-GLS ¥ .SVP-GAP/S ¥,
2.1 EBEFAEEREF

i FH B EUE 1 I R R AN Ak A1 D 3R TR R AR 7
AL, SOV BRI ek R m  Ha A K&
RS BT 1 mol AL F L ERER 0.5 mol 1Y
KA E , REREFENB A S Bk R
N R A RN R ST LR 2,

2 SEFACRAN_EUERERAR
Rt BT EL I

R2.R3(SVP) .R3H.R4!! NaClO; + NaCl + H,80, —>

€10, + 172CL, + NapSO, + H,0

RS(#R R 1) \Kesting 74 ) NaClOy + 2HC1 —

ClO, + 1/2Cl, + NaCl + H,0
O ¥k Ca(ClO;), +4HCI —
2C10, + Cl, + CaCl, + 2H,0

Re(HLH A& T2)M ##  NaCl + 3H,0 —>NaCl0; + 3H,;
#H4T 2" Chemetics -1 Cl, + H, —>2HCI
NaClO, + 2HC1I  —
C10, + 1/2C1, + NaCl + H,0
R7 M 2NaClO4 + 2HCI + H,80, —
2C10, + Cl, + Na,S0, + 2H,0
Cl, + SO, + 2H,0  —2HCI + H,80,

722 ", R3.R3H.R5 M R7 & 2R FE i 2,
R2 .R3 & =R 25, R2 \R3 .R3H.R5 Ml R7 3 Hl
FERS . B R6 AN, HAM R RFVAS AR . m ik
2 AR R . R3 RN JEHE R2 B H ek HE T
WA MW TG, AR5 5 8] 97% s R3H £
T4 5 4 F R E R s Eh R LA R3 AR, DAY
IR RR AN 0 B, R4 Wil o & 40 % I I I
W56 7 S FALF O IR G IR B & 4% . R6 R (LR
WHE T L) $ZEHE T2 . Chemetics 1 R7 &
HEMNEEHEETAERRNHARGER TS, TEH
AR R D @AM A IR B LARI A .
2.2 HEEAERERERN

VUH B3k BRI R HE T vk, L2 R8 36, 2
Tk A =R R 20 ARGk EREAR, BEE



- 20 - LA

% 23 55 g Y

PR FREAILY S T ok ZkoKis 3R
A A2 SO 7 AR S Y A AR AR LR 3
®3 HEAEEFN_SLERERER

o JLRE T 7

Solvay 12! 4NaCl0, + CH;0H + 2H,80, —

4€C10, + 3H,0 + HCOOH + 2Na,S0,

R8/SVP-LITE .SVP-S5CW | 12NaCl0; + 3CH;0H + 8H,80, —

SVP-GAP/S" R9® RI10™!  12C10, + 9H,0 + 3HCOOH + 4Na;H(S0, ),

Solvay VA Ay £E 7= 0 4% R B4, BRAE J7 . R8 I
Solvay ¥ 5 R3 ¥ &4 , "B 59 SVP-LITE Ay K X
BN PR E R AR, SVP-SCW ¥ SVP-LITE —
AL SR A A O R P T 7 U R R O P R
T A TR Y I B K T B, e S P T R R AR
#{E o SVP-GAP/S F EL4F X SVP-LITE 35 7= 4 #Y
FRPETom, St gk PR R U E R A S AR, 2 B
7 W ACARS i BB 7R K 1 TR A1k B T R OB R L AR AR
PR, WE AT RS EARERSG . ROBE
W R8 I HE H 0 R 25 el R AR 7 TR RO, DA T K
YAk, BB B R A SR EHA . RI0 L2
W At 207 A B R R M T A O R R
fil5, 4> B BR 3% [l & 4 8. SVP-SCW. SVP-LITE,
SVP-GAP/S.R9 F1 R10 ¥ # B 452 % I . i sl 4y 38
PRV TR TR Y i [l OB 1R , A5 B0 vh M RS S
WA R R .

2.3 ZEUSAZEERER

DAt Ak &0 3R A, S BR SR TE B R rh ok R
TEREAR BB R SRR, BRAEER A,
EIlEAMNYENR, & —-FREARIRANTZ. D
FALE N R AR ZEALE A U TR
AR D T B A LR R R 5 BN R B B R R
e HAEREBENITFEES B, lﬂﬁﬁl‘,Edward[m
Xf LT AR B A SR IR TR LA R A
MEREER A A ALE, SR E LR A R
R, AR Y B AR Ak 238 B 959% LU
b A B R AE T0% ~ 85% 0 iR EAREH
A& Ri1 1 Svp-HP -9 SVP-HPA -9 svp-
GLS 1O Mg i B B R

2NaClO; + H,0, + H,S0, —> 2Cl10, + O, + N4,S0, + 2H,0

SVP-HP ¥ R H] H,0, & ik A, &l ™
Na,SO, , A 77 RE 131 30% ~ 100% . SVP-HPA ¥ 5
SVP-HP ¥& 9 DB 2 , BT % BT R, J5 & b o
SVP-GLS ¥R i SVP-HP $ AR , ¥ il #2728 1 £ 1 He

ffE AR TR R RS B, B R 1 3 Bl R AE#% . R12.R13 AN
SVP-SCS ¥& 7] LA F DL B B R i AF iR . R12
B AR E R R A WA AR R
R TR, 8177 NaOH. R13 38 A R12 1 B2 Y
SR AC R R B 1 FURE, T w2k " . SVP-SCS
) B — A B R T A AR S5 46 A NaOH 1R
W2, BRUG A Il % R 4100

HARRY A S B E R MURR . 2
18 R AR 3R B A ML IR R O A R R ) O i (LR 4),
FE Tolk B33 A KB F o HIL %2R F E B R ik
SR AR A R R A E R, 2R AR
JBRRE AR RETE S,

4 HUUBEAZEAN_EULESRERR

o SR 5 A2 2
weAh s 4NaClO; + C + 2,80, —

4C10, + CO, + 2N, S0, + 2H,0
Presson 1 6NaCl0, + Cr,(80,); + H,0 —
6C10, + HyCr07 + 3Na,80,
H,Cr,0; + 380, —>Cr,($0,)5 + H,0

ugkls)  2NaClO, + HCOOH + 2H,80, —>

2€C10, + €O, + 2NaHS0, + 2H,0
Se37) 2NaClO, + H,C,0, + 2H,80, —>

2C10, + 2C0, + 2NaHS0, + 2H,0
HITL 3 1s) CioHy 0y + 48NaClO; + 25H,80, —>

48CI10, + 12C0, + 35H,0 + 24Na,80,
CiHp 0y, + H,0 —>

CoHy, O (B 4B ) + CoHp 06 RN
CeHy, 04 + 24NaClO; + 12H,50, —>

24C10, + 6CO, + 18H,0 + 12Na,S0;

Er BT, b T AR RSB R AN R SR
HEEF AT/ AR ST, H R AR R,
Ty T, 7 20 B R 5 R R R A T A A
e T T AL R A 7= rp o H AT SR 208
FIEACHA L BEA SR AERRAE i IR, AL Rk &
T AACE R P AT RSB RAEER
173, B A KRB ER W ; A6 Bl T8 A
= A A T S o= W R Y N R =
FtE A RARB L. FEREERAZTHER
AL E TR AR B, AR R B R
KB BB B TS e b, R R AR R G
R 27 e KRB AT R . B WL
W T RALE ARG R LR, R GE P B BR A 1
A BRAE D 7 g R AR R — BRI . 1R
WA ™ B9 55 0 E U R R BE AP, I R2 9K



2003 £ 8 5

BES NRRBRMCHESH _ SRR ERANILE - 21

HeRl b g AR R A R3.R3H.R5 Ml SVP BB K K
X7 P 4 7 & ; R8. SVP-LITE, SVP-MeOH % T. 2 4
LB R A Y Ry o - R WS = % N I N W= s
P dExR S T ARSI A AR, JLEMAds TE
M EHE T 2% SE A ER & RS LT
7= R T AR R AR M

3 #iE

AR B LA T R 28 R AR Ui TS e IR B
Fik, MU S AR A S R Ak
AT RLAAE S R R FRAR = i P R A B W R
PR, B TUESEE NS &, B
W7 EEARNE R BEELEMAERFHAN K
JE WA R W AR, Rt B AL &R A — A AR
B HAR B BRI SR B A BT SR 9 T R T ) .
EE TN IR AN ZE S RETT T RENBIR T
PE-18-200 HRTRI T 252 R, TR B E 8 U
Frzr . IF B IR %5 A2 50 R 0 AR R AL 1
T A T R R R AN A R
BT RFAR W A E R A BOR 1 B =4k i 3]
Tolk A6 R 4 AL B Bt o

H N AR S/, BRT M RIE RS
[ A0 m AR P 09 R, 2202 05 il B A AR T
X AR PR WA B, R R TT & B A A
FEHP RS B AR R R AR H AT LA
BHIFHLAG T I 109 8 B B, ah, AR AR 4
R X7 R A A S TR PR R R
BR B, o RUBR ) R — R B R ML T AR v

SE Xk
(1] TERAL B K AL B . = S Al R AR B T IM] L b« 42

1 R4, 2000.
[2] Aieta E,Berg J D.[J].] AWWA,1986,78(6):62 - 72.

[3] Gates D J. Chlorine dioxide generation technology and mythology[ AJ.
Tn: AWWA Conference Proceedings: Advances in water analysis and
treatment [ C ] . Philadelphia, Pennsylvania: AWWA Publishing, 1989.
26.

[4] EPA 815 - 99 - 014. Alternative disinfectants and oxidants guidance
manual. Section 4: Chlorine dioxide [ S ]. Washington DC: USEPA,
1999,

[5] Gates D. The chlorine dioxide handbook[ M. Denver, Colorado: AWWA
Publishing, 1998.56.

(6] A+ B .[I] . A7 4, 2002, (1) :46 — 49,

[7]1 ChemTreat, Inc. Method for generating chlorine dioxide [P]. US
6436345,2002 - 08 - 20.

[8] Cowley G,Znajewski T.ECFTM technology : the chlorine dioxide genera-
tion system of the future[ EB/OL] . http://www . clo2. com/ water/ECF-
Technology-(iles/frame . him, 2003 - 03 - 19.

[9] Larry F G.Novel method of generation of chlorine dioxide[ D] . Oxford :
Miami University, 1995.

[10] Fka Chemicals[ EB/OL] . hitp://www . ekachem. com, 2003 - 03 - 19.

[11] Owen D, Perot P, Harrington E, et al.[J]. TAPPI J, 1989,72(11):
87 -92.

[12] ERCO Industries Limited . High efficiency production of chlorine dioxide
by Solvay process| P].US 4081520, 1978 — 03 - 28.

[13] Cowley G, Lipsziain M, Edward J B, et ol . Reduction of sali-cake and
production of caustic from a chlorine dioxide generalor[/\] .In: TAPPI
1995 Pulping Conference Proceeding [ C]. Chicago, Minois: TAPPI
Press, 1995.157 — 164.

[14] Edward B A.[J].Pulp & Paper Canada, 1996,97(5):161 — 164.

(1s] woatal, Mg, & A . —FMF 0 AU AR ETNLARE
[P].CN 1230517,1999 - 10 - 06

[16] #ifd 4L, B [J]. Wbk 12,2000, (1) :39 - 40.

(170 48 4, ohBESR L[] el HE 3 T B ¥ 4l , 1998,20(4) - 71 - 73.

[18] Qian Y,Chen Y,Jiang Y B. A clean production process of sodium chlo-
rite from sodium chlorate[ A].Tn:Tiu H B, Zhan H Y, Xie Y. Emerging
Technologies of Pulping & Papermaking[ C]. Guangzhou: South China
University of Tech Press,2002.464 - 471.

[19] AR BT R 2E . WU B4 (9 360 45 J 25 [ P]. CN 1378973, 2002 -
11-13,

[20] BRSE. b AL A3 A — AL AR R A B3k (D] ™
S AR AT R, 2003 . W

(L#% 17 1)

[18] Simon Fraser University. Forms of transition metal dichalcogenides[ P] .
US 4822590,1989 — 04 — 18.

[19] Golub A S, Protsenko G A, Gumileva 1. V, et al . [ J] . Russian Chemical
Bulletin, 1993,42(4) :632 - 634,

[20] Golub A $,Shumilova I B, Novikov Y N, ez af.[J].Solid State Tonics,
1996,91(3 — 4) :307 - 314,

[21] Kosidowski T., Powell A V.[J].Chem Commun, 1998, (20), 2201 -
2202,

[22] Powell A V, Kosidowski I., McDowall A, e al.[J].] Mater Chem,
2001, (4) : 1086 - 1091.

[23] Nakagaki S, Mangrich A S, Wypych F.[J]. Inorganica Chimica Acta,

1997,254(2) : 213 - 217.

[24] Sania Ana M A, Benavente E, Paeza J, et al.[]J]. Boletin de la So-
ciedad Chilena de Quimica,2000,45(3) :491 — 498,

[25] 4Rt (3], 4T, 1994,18(2) :19 - 21

[26] sK3ckE . [J7. 47K, 2000,25(4) 23 - 26.

[27] #kAoG. (0] M4, 1994, 18(1) :25 - 32.

(28] Chhowalla M, Amaratunga G A J.[J] . Nature,2000,407(6801) : 164 —
167.

[29] Sen R, Govindaraj A, Suenaga K, et al .[J].Chem Phys Lett,2001,340
(3-4):242 - 248.

[30] Wang ] H, Lauwerens W, Wieers E, et al.[J]. Surf Coatings Tech,
2001,139(2-3):143-152. 1



