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Mechanism of SO, ultrasonic desorption from citrate solution

XUE Juanqin, LAN Xinzhe, DU Shiyi, LI Weida, MENG Ling’ ai
(School of Metallurgy Engineering » Xi’an University of Architecture and
Technology, Xi’an 710055, Shaanxi, China)

Abstract: The mechanism of ultrasonic desorption of sulfur dioxide from citrate solution was investigated
mathematically based on the characteristics of ultrasonic wave. The factors influencing ultrasonic
desorption of sulfur dioxide were discussed theoretically and the mechanism was verified by
experiments. The results showed that it was feasible to remove sulfur dioxide from citrate solution with
ultrasonic field in theory and on the laboratory scale. There was a greater effect of ultrasonic frequency and
gas content in solution as well as solution properties on sulfur dioxide desorption. The sulfur dioxide
desorption efficiency could be improved rapidly by introducing cavitation bubble nucleus, such as adding
trace argon gas. A lower ultrasonic frequency might result in higher desorption efficiency. Giving a proper
stirring to the solution, the SO, desorption efficiency enhancement could be increased by 20%—30% over
the control value. The higher the initial concentration of sulfur dioxide in citrate , the higher the desorption

efficiency.

Key words: ultrasonification; desorption of sulfur dioxide; mechanism research; sonochemistry

P25 S B — TR 5 2 iy S TR TR
Hh ™ A s A S T B 2 A RO i g R A — Tl R
GRPVEL, LA RO B ARRERE . D5 gLl
SR SR S € R = e N o BN 7 P B 2
Z IR

SR FH V8 T A W% 125 3 PRI R B2 SO, AR 1B <

iF

R R R AR R T 2 X 10" Hz B k. Bl
KT 2 U ) 45 ol 2 RO S R C 2 B S Tz 4R KL
i 6 P O AE AR TR 4 P B R R ST AR B TR
& PRI T — TV s g B ——F e .

TR P Al 2 5 R R R 7 R A= B R
BT ORI TE . DL A SR AR O IBORT Y

2006—07—07 WeRIWIF . 2006 —08—28 W FN & M .

BRARE—1EH: WIHE (1966 . &, M+, ml#HEz.

EEWAB: EEARBFEETH (50244012) 5 Beyi4 7=l
LI H (02JC37),

S M LR R Vs R T B A R A — R ik
W AP ERBR SRR A 7 ¥ 0 20 4 70 AR

Received date: 2006 —07—07.

Correspond author: XUE Juangin, associate professor.
E—mail: xuejq0305@sohu. com

Foundation item: supported by the National Natural Science

Foundation of China (50244012).



Bal

BEIASRSE . WA DR R AR B R VR T SO, B i R L B « 945 -

I 30 0 i A 2 R AR R T BB £ 4 R U5
BRI TR0 £ BE 1 2% RSB0 MR WA F P A TRk T TR
PEAT AR . AT o R T 14 5 i A ORI P T R
SOMBARRE R . eIk A BRSO A UMM BERE R L A
FERAR . W iem 2R A T LR AR,

P A BN T SO, i i B, & — IR 7
B B RO T R L — e R, R
B, SR T UiE g, MR RATS . B BR TR
h— FOET R AL BT B, AT N 7R VR 2 05 IR
R AR SCHEBT T R A SO, LB A B i
bRl T HAE A SRS S R T
PR b B AR TE s A . i A R A R TR e
A I SR R B S T b T B9 A T . DT S B
SO, 114 fiff W A0SR PG PR AT TR s AR 3l 7
YRR S B — B A RO B R, R
G AZ IS R this WA & . i iR i 5
e TR BR AL, IR T R SO, i A
LRER . HOPEE R R SO, i3 i i 4 fit T 44
AR IR AN Tl BRI T — e 1y 3
fil K304 BB

1 A5 R R AL R

SO, Bl A7 168 1R 1 T 2 e B fide W ol 7 1) Ak 27 I
N AR

SO, (g) == S0, (aq) oY

SO, (aq) + H,O== H" 4+ HSO, (2)
H" + Ci* == HC{* 3

H" + HCi* == H,Ci~ 4

H" + H,Cim == H;Ci 5

Horp, Cl R, SO, By, F R 1) 45
PEAT s FRWR, RO SR T . B, Bk SO, 5
PR IR AR WO £ 42 HoCi, HSO, , HY

FE A 7E U R AR P AR — A B AT, 2
KBRS ACAE I, 72 R R ) 9 R
25 AR 15 B T P Y 5 v ek B R 0 v AT LR X
(6) Fizk (7)) fE .

T = Tmn[3ﬁ515?11} (6)
be
ba
Poex = Pe [w} 717 )
De

A Too WERBEHREE : p HIBNZESE: pu WP
Bl J1s v WA IRAREL

TR o g, B p, = 1.013 X 10° Pa, y=
1.33, p,=2.33X10°Pa, &t it EHF pon =

9. 80X 10"Pa, T...=4290 K, 40 & 0y 6 & fl &
J1 A A A BUE WA AR RN (1) FR (2),
Wi, SO, 73 78 LN AR TE . 0 A
FEER FZEER Tl 8) Hil.

R(iﬁ)+%(%€> -

%[0%+%9(%)M7%L7m+pwmwﬁ ®

X ROV S ERE: po NIRIKERET: o
HREK I REG K W ZBHREG pa s FEAR IR
w KPR, WA PR (BOEE) M
WIRE—B 2], SRk &S rHE,
ol R=R,+r (r<<R)., LA (8, "[{53%|

&r Py

d7+w§r:pRQsinw“t 9
IRTERGIHLT » 0B (10) 4
2 1 20’ 2
w, = E[BK(‘DI‘+R7L>7R7(T:| (10)

s TR TSN o H9WE IR R R R
S A RIHRBR 18

ﬂzﬁkfﬁﬂm an

BB SO, J&5 B FF R B W o= 1000 kg « m ™ *,
pr=1.013X10"Pa WM. K=1, MH=L AD
LIS f,R.=2.8,

R 7 A R 5 s A Y AR L PR R R A A
B, A BRI B A S R ARG, IR AR AR
FA S A A e = AR B B s A B . SR (R
w.=w) KT, B (9 135

P,
20R .’
XFARLE R R g, 148 1.7Wecem .,
B py = 2lpc A[iF W pa = 2.2 X 10° Pa, M
MATLABHE > 515 45 k2 42 i s 1) 1) 725 4k
Mk, 1B 1~1&l 3 S [a] 75 A0 38 e A6 IR 1 W
Hp s Ak 2 A2 4 B T il 2K

HE I~E 3 TUES, EHEMFERT. -~
EEONAERIE R SN N AR (AU E I GRS S o N i
HABET R AN R . 2 =20 kHz B, #1462 N
156 pm (25 46 I TE 0. 8 /> A5 I Ja] 300 P 3R o 15t 4wt
I HAEAR N, AR E A . 2 =60 kHz i,
WItEEAR A 140 pm B2 ARITE 2 A BRI AN
ATt . 4 =100 kHz B}, #1EEFEHE KT 70 pm 1

r= (sinw, ! — w,1COSw, 1) (12)



946

e

e

o
pd

% 58 &

cavitation bubble radiusx10¥m

cavitation bubble radiusx10%m

cavitation bubble radiusx10%m

cavitation bubble radiusx10%m

0 0.2 0.4 0.6 0.8 1.0
timex10%s
(a) R.=156 ym

0 0.2 0.4 0.6 0.8 1.0

timex10%s
(c) RQ:7O ‘u.m

(=)}

~

(3]

|
(3]

|
N

cavitation bubble radiusx10%m
(=)

0 02 04 06 08 10
timex10/s

(b) RQ:14O ‘um

cavitation bubble radiusx10¥m

20L . . . .
0 0.2 0.4 0.6 0.8 1.0
timex10Ys

(d) Re =47 pm

Bl 1 20 kHz @A PR T . AR M i i b 2= 10 0 2 42 9 1 8] i 2%

Fig. 1 Relationship between radius of cavitation and time at frequency 20 kHz
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Fig. 2 Relationship between radius of cavitation and time at frequency 60 kHz
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Table 1 Experimental installation
No. Name Ordinance/Model number Producer
1 electromagnetic relay JOX-13FCE(220V,10A) Guohua Instrument Plant(Changzhou)
2 temperature indicating controller WM2K-01 Huachen Medical Instrument Co. Ltd. (Shanghai)
3 water circulating pump DR-405(1000 L « h™',1.2 m) Fine Workmanship Void Equipment Plant (Linhai,Zhejiang)
4 electric heating bar 300W Guohua Electric Appliance Co. Ltd.
5 reinforcement motor stirrer JJ-1(160W) Guohua Instrument Plant(Changzhou)
6  supersonic generator ACQ-300 Xiangda Ultrasonic Technique Project Department(Shaanxi)
7 supersonic reactor $180X 200 Xiangda Ultrasonic Technique Project Department(Shaanxi)
8 face & interface tension instrument DCAT 21 Dataphysics(Germany)
9 viscometer Proll + Brookfield( America)
10 Mesa pH/ISE test instrument 828 Orion Research,Inc.
m 80 L
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dial $ 60+
= g50}
-
=
) gas distributor *%_ 40
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Fig. 4 Schematic diagram of experimental facility
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