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Thermodynamical Studies on Simultaneous Desulfurization and
Denitrification by NaClO, Solution

ZHAOQ, Yi* LIU, Feng ZHAOQ, Yin GUO, Tian-Xiang
(School of Environmental Science and Engineering, North China Electric Power University, Baoding 071003)

Abstract Simultaneous remova of NO and SO, from simulated flue gas was achieved in a self-designed
bubble-reactor using acid NaClO, solution. Optimal condition and its corresponding removal efficiencies of
NO and SO, were obtained, and the reaction products were also analyzed. Based on the reaction products,
reaction mechanism and total chemical reaction equations for simultaneous desulfurization and denitrifica-
tion using acid sodium chlorite solution were deduced. Molar reaction enthalpy, molar formation Gibbs
function, partial pressure of NO and SO, and constant of reaction rate were calculated by thermodynamic
methods. The calculation results show that the simultaneous desulfurization and denitrification are available,
and the removal efficiencies are 100% nearly.

Keywords sodium chlorite; oxidation absorption; desulfurization and denitrification; thermodynamic cal-
culation

BREIAGEHE IR SO A1 NOW IR Y A HIT A4, 1 NOy
AN Z AT A T, TR O™ RS B,
H A B — ek R a KA A B T2, BARH
TEFENE ML I B FEE AR AR S5, IR RS
73 SRR U RS F A A7 AE Ve 2 BB RS AT 2 TR, o i
BUREEAE, PRI, RIS A A B A (R T 5 1 A

W SRR BN T Betm S B FOAT 5845 T 20 T4

* E-mail: zhaoyi9515@163.com

Received June 23, 2007; revised November 13, 2007; accepted April 3, 2008.

AR R B 11-R1(863 1K) (No. 2007AA061803) %t 115 H .

TOEAR. 16 NV g 25 “C 444, Teramoto 2519 2
[ BRI RE 2 HEAT T NaClO/NaOH %W e NO (13
J1%AE9%; Sada A5 AR FSPRR 2R A A T R S
Y57 T NaClO, R« pH KA NO MR B
IV SR Hsu 25 0IZEIE RE hy 30 "CI, SEIGHFSY T
NaCl O, F SR IR NO ) 124 72, 193] NO Al
NaClO, IS ¥ 5 2 F1 1, S o3 5 Bk
6.55X 10° (Lemol %)%s L. NO 5 Ak I B R340 ik



1828 % %

Eivd Vol. 66, 2008

F|T 98.8%#/1 61.5%; Brogren 25 °Jf 57 7 20 C T, ik}
FEPN NaCl O, 7 I NO #1380 112, NO I NO, ) 5 5
it 30403 59 Ay 8A% AT 77%; Chan &R B SR AE =
AT LA KA AT, 4T T NOH SO, 1
Wi, NO B3 il ik 51 80%; Adewuyi 25E7E =35
(26.7 C)&MET, FIHEHOA N ASEAT T NaClo, #
VB0 A FE Y P S 36 9F 5T, Chien 251081 F 2 Tl 5256
Wk ES B 8 TARIR 45 1F (26,5 °C) IR 1 I G IR A v ik
IR 2% A

IRHIFFE R I, NaClO, ¥ 9 it A 5 It A 34 £ AR 7L
(20~30 C)REAT, wyaa b T I0IL Lk B A A2 B
TS, MR KL 120 C, GRSl T AN,
FEH TR B0y 7 BB AL DAV A2 S N B 2 A, <
AR R J, 2 FE AR S HE s 2 5 805 R LRI 4 11
FEEE R, AR AR O SRR R AT A A AR
AT KA B R AR L2 44, AR EE P N
WE—Mh 50 CAA, AT, HASEHE XK
NaClO, ¥ ¥ [7) i i B e il T 25 Nl A2 31X — 4% k. [ 4k
WFF EARTEARIEL IR B B ko, 5 el T B I
NSO, EURIRE R & KRB 0%, [
I, BN B RCR A A S . S A E N Ah
SXoF NV S TR Ak 85 YA () T SR 7 A 1100 ) 24 0 9 R LRI,
i FHb WS RN S SO, I NO Nt 1238, 1
figf R G e B i B PR AR A 7 T D PR 4R T

AR KRR 7 SEBR T 04, T B30 e .
B H A — RIS P 5E K SO/NO, IR Sdb
R 2 FIBR A T2, 76 BAT WA/ S
NSRS b, 2% NaClO, ¥ [ Ml B . WOl
pH {E B A S AR SR SR A I AL, 7RI
HHR (B0 C)4AME N, [ I A B i R % 4 i) I8 3
100%FH1 95.2%, HX#3 7 HA SEHANME RS K. B,
I FH A 25 Jer X I S TR M 948 [ W) S i 1770 T i
PERIBR BEREAT T VR0, IR AN SR A
7 s Ot Mt A A AR T R A A

1 K@

11 KERESRE

S ke A S RO 1), e AR
BRGE . RIN RGN RGN —
J&oh 15 em, BB 1L A/NRESGE SN g, N A T
BEPORE T, DLHIIBOKKE, BEATH90#r. SO, NO, Ny i
P, et R, AR — G P PR AR
B, LAB IR R NO B%Mh NO,. I —Z gzl
HHOR IR AU, AE M B N M O FiRE I
S PIT it AR, H ST BREADU . AU

N B S N 2R AT S A OB N . SN i A4 RS
WS B S HE A RS
i

{14}

3]

el 8, —RGM; 9 G 10, BNV 11, HIHUK
EEIL; 12, THOH 13, MG 14, R E

Figure 1 Experimental apparatus of simultaneous removal of
SO, and NO

1, O, cylinder; 2, NO cylinder; 3, SO, cylinder; 4, N, cylinder; 5, pres-
sure-reducing valve; 6, valve; 7, rotameter; 8, primary buffer bottle; 9, secon-
dary buffer bottle; 10, bubbling reactor; 11, electrical water-bathing attem-
perator; 12, desiccator; 13, gas analysis meter; 14, tail gas absorber
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Figure 2 Effect of NaClO, concentration on removal efficien-
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t: 50 'C; pH: 5; total flow rate: 0.042 m3°h71; oxygen content: 10%; SO, con-
centration: 2050 mgem %, NO concentration: 506 mgem °
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Figure3 Effect of reaction temperature on removal efficiencies
of SO, and NO
NaClO, concentration: 0.005 molsL™; pH: 5; total flow rate: 0.042 m®h™*;
oxygen content: 10%; SO, concentration: 2025 mg-m’3; NO concentration:
512 mgem 3
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Figure 5 Effect of total flow on removal efficiencies of SO,
and NO

NaClO, concentration: 0.005 moleL ™% t: 50 C; oxygen content: 10%; SO,
concentration: 1996 mgem %, NO concentration: 522 mgem >
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Figure 6 Effect of oxygen content on remova efficiencies of
SO, and NO
NaClO, concentration: 0.005 moleL % t: 50 “C: total flow rate: 0.042 m°h
SO, concentration: 2009 mgem %, NO concentration: 538 mgem >
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Table 1 Five replicate experiments of simultaneous desulfuri-
zation and denitrification

1 2 3 4 5 Average &

SO, removal rate/% 100 100 100 100 100 100 O
NO removal rate/% 96.6 958 952 984 982 968 1.6
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2043 mgem >, PR AT AL LR 2.
R2 BB E

Table2 Analysisof desulfurization and denitrification products

Product SO; SO3 NO;  NO; cl- co

Sample 1 — — 4036 <0.003 131.85 44.37

Sample2 80.35 055 9.00 0.77 120.49 55.69
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5NO (g)+3ClO, (g)+4H.,0 (1)—>5HNO; (ag) +
3HCI (aq) )
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Table3 Standard formation enthalpy, standard formation Gibbs function, standard entropy and cal orific capacity

AHF /(kJemol 1)

AG? I(kJmol 1)

S°/(3°C Lemol Y C; /(J°C " temol )

NaCl (aqg) —407.27 —393.17 1155 —90.0
SO, () —296.81 —300.13 248.223 39.88
H,S0, (ag) —909.27 —744.63 20.1 293
NaClO, (aq) —306.7 —244.8 160.3 —
NO (g) 91.29 87.60 210.76 29.85
H,0 (1) —285.830 —237.14 69.95 75.35
NaCl Oy (cr) —383.3 —254.9 142.3 111.3
HNO; (ag) —207.36 —111.34 146.4 —86.6
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AGp (323.15 K)= —745.81 kJ*mol %,
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Table4 SO, equilibrium partial pressure at different reaction temperature

T/IK 290 310

350 370 390

pso,/MPa 5.17X10 * 2.76X10 "

3.69X10#

1.05X 10 % 560X 10 % 513X 10 ¥

R5 AT NO A5
Table5 NO equilibrium partial pressure at different reaction temperature

TIK 290 310 330

350 370 390

Pno/MPa 3.32x10°% 1.97X 10" %#

217X10 ¥

401Xx10° % 1.13X10 % 467X10 &




1832 %

Vol. 66, 2008

%, RYITXF NO (15 S AT A3 foe e 10 e I
. X AT HE H T SURR AR AR DA 2 — A B
PRI BN, A7 AE— R PR,

3 #Hig

I P SRR A S B T I B Ot B, P 5
FRANHIAR RS R AR Y T PR 4 B IR L v
pH fEH. SO, il NO ¥ K45 s i am AR &%, 70 fe sk
TR, LRI 24350 ik 21 100%F1 95%LL |-

HA JBE B A = o it 42 T I SRR AN v
[ S P ts R A e 82 D R, B BRI b, VAT SR RN
AT T R ORI AL 25 SN ST B RO 2 SR, dE Rk
B, 0GR v 8 ) IS O A A2 ) 4 M AT 7).

References

1 Teramoto, M.; Ikeda, M.; Teranishi, H. Jpn. Chem. Eng.
1976, 2, 637.

2 Sada, E.; Kumazawa, H.; Kudo, |.; Tondo, T. Chem. Eng.
Sci. 1978, 33, 315.

3 Sada, E.; Kumazawa, H.; Yamanaka, Y.; Tondo, T. J. Chem.
Eng. Jpn. 1978, 11, 276.

4 Sada, E.; Kumazawa, H.; Kudo, I.; Tondo, T. Ind. Eng.
Chem. Process Des. Dev. 1979, 18, 275.

5 Hsu, H. W, Leg, C. T.; Chou, K. S. Chem. Eng. Commun.
1998, 170, 67.

10

11

12

13

Brogren, C.; Karlsson, H. T.; Bjerle, I. Chem. Eng. Technol.
1998, 21, 61.

Chan, K. F. Ph.D. Dissertation, Department of Chemical
Engineering, University of Windsor, Ont., Canada, 1991.
Adewuyi, Y. G; He, X.-G; Shaw, H.; Lolertihop, W. Chem.
Eng. Commun. 1999, 174, 21.

Chien, T.-W.; Chu, H.; Hsueh, H.-T. J. Environ. ci. Health
2001, A36(4), 403.

State Environmental Protection Administration of China,
Monitoring and Analysis Methods for Water and Wastewa-
ter, 4th ed., China Environmental Science Press, Beijing,
2002, pp. 309~311 (in Chinese).

(B FIRELR RR ORFE K LTI 477750 e 25, &
Fa K SR AT 7 ik, SRDURR, T RPREEREE AR, b
X, 2002, pp. 309~311.)

Wu, W.-C.; Feng, H.-Q.; Wu, K.-Z. Handbook of Sandard
Electrode Potential Data, Science Press, Beijing, 1991, pp.
64~67 (in Chinese).

(RYEE, Duty, RITH, 454 RSz 5038 F 4, R
s, b5t 1991, pp. 64~67.)

Dean, J. A. Lange's Handbook of Chemistry, 2th ed,,
Science Press, Beijing, 2003, pp. 6.90~6.166 (in Chinese).
(72, J A, ZRAFEFHM, H MR, BB, b,
2003, pp. 6.90~6.166.)

Li, D.-Z. Chemical Thermodynamics Basement, Beijing
Normal University Press, Beijing, 1982, pp. 198~200 (in
Chinese).

(FEKRE, F# A0, Jatmye R Bt Jb,
1982, pp. 198~200.)

(A0706231 LI, L. T.; ZHENG, G C)



