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Abstract: In recent years, membrane separation
technology has become the focus of industrial waste acid
treatment and recovery with many advantages. As a kind
of environmentally friendly membrane separation
technology, diffusion dialysis is widely used in the field
of waste acid. The experiment was carried out with 0.5~5
mol/L hydrochloric acid as raw material. Besides, the
effects of operating parameters such as the flow rate of
feed acid (6~20 mL/min) and flow ratio of water and acid
(0.6~1.4) were examined. The transport of hydrochloric
acids through anion-exchange membrane DF-120 in a

counter-current continuous dialyzer was investigated in
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detail. The important parameter, permeability coefficient of the membrane, was optimized by polynomial fitting. A

simpler mathematical model of lumped parameters established, which could predict the hydrochloric acid recovery rate

during the diffusion dialysis process. These obtained points were investigated to verify the mathematical model and it

was proved excellent. The model was used for predictions under more detailed experimental operating conditions. It

also provided reference methods and arguments for actual industrial production.
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Table 1 Properties of DF-120 type anion-exchange membrane

Ttem Specification

Water content/% 42.34
Thickness/mm 0.34
Burst strength/MPa >0.9
Stability (pH) <9

Ton exchange capacity/(mol/kg) 1.8
Weight per unit area/(mg/cm?) 8~12
Moisture content/% 40~70
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1. Diffusion dialysis membrane module 2. Peristaltic pump
3. Hydrochloric acid-filled device 4. Water-filled device
5. Residual liquid 6. Recovered acid
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Fig.1 Principle diagram of the experimental device
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PEGSITE R, BN IBIE R 2 2 R S AN
BRI EE R g2 U81, f T AR S50 48T FH 1Y) DF-120 JEAE 5T
A, KO)FENBIE R P SURRETRNERES
Ko Bk, BEARFIEMSLIEE PR 2 R S5
VIR BE 2 (A 2, ET G153 P 5HIMARRIK L
Z AR R A2 A AT I o

S H I SRR AN 25 B 1K &= 4408 10 mL/min,
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it
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%, WXADFTR:

P=(xC; +yC* +2C; +a)x107 (11)

o, x,p,z Ml a 739 8 40E 2 TR 26 1 2400 x=0.1
m'%(kmol*-s), y=-12978 m’/(kmol*s), z=6.1346
m*/(kmol-s), a=3.3111 m/s.

R2 TEFHTEREWE EMBSERHK P
Table 2 Acid recovery rate £ and permeability coefficient P at
different conditions

Feed acid Recovery acid Recovery Permeability
concentration, concentration, rate, coefficient, P/
Cg/(mol/L) Cg/(mol/L) E/% (x107 m/s)
0.5 0.445 89.00 6.190
1.0 0.910 91.00 7.965
2.0 1.865 93.25 11.51
3.0 2.810 93.67 12.50
4.0 3.762 94.05 13.57
5.0 4.710 94.20 14.03
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Fig.3 Estimation algorithm of mass transfer coefficient and acid

recovery rate in diffusion dialysis

43 REIH BUEITTIERR N

WRIEAL LR, EELLSY RS iridiEd, %50
L5 Z BB B AR AR, N ITTIA FHE AR
AR BRH g /N R, R R ATAE — AR AR
BERGE AR T ELJE P A Ik R A2 i 8 1 A e fE T A R
i, B AR 5 B I AL, (AN BEAP MR Bty
AN BRI 3G AR T B AR R, Bl 2%
1 1 B AR 11T A B I 8 S o HERHIR
Uit BX A TR [0 A SR A5 B I 18] £ 5 10 A& A LT
(o DRI, FAT FUESEY O AR fh R R I R R R
AR R KRR FA= #8101, 220538 0.5, 1.0,

2.0,3.0,4.0,5.0 mol/L EhFE A AL, 8RR I & 6
B ESEALN

HE 4 v LA H, BEHEERMEH 6 mL/min 3
JNE] 20 mL/min, FRESCERIZHFEAC, X028 B TEHRNR
SIS T S LR R T 5 5 AR R o RN K
T HARAL TR R B RN T R RS, 5 B A% R
RBRN o LESZBR T AR, R kN B RS HAr
B TR) A P2 RE T (0 B, 17 9 2 P 384 A ) £ e R e A 6 o
i, BRI, SRR E RN T AR BRI L g . 5
G, SEFAFIRE R R, MR RRR R R, A
JSL PR RIS 5 e o Bl AR R IR FE 3 0, RV VR B 3 ey
AL, (HHTIRERMERERTL T ZZE, A
T 3B T R A X el BRI D5 e s ok
/NG SRR, AL 2R Hh S e T SR S I A A
A&, R\MAIISEOT LRIE R PERE, Rl
SRR IR

Recovery rate, £/%

Flow rate of feed acid, Qp/(mL/min)

B4 ERHBRIA BN IR [l YSe 4 A S

Fig.4 Effect of flow rate of feed acid on recovery rate
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Fig.5 Effect of flow ratio of water to acid on recovery rate
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Fig.6  Effect of feed acid concentration on recovery rate
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Fig.7 Recovery rate of acid under different conditions obtained
by model simulation (Cr=2.5 mol/L)
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mol/L HCI A1 0.1 mol/L AICI; FIRSHR, [ e HER KR
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H, BT3B ER R A SRR “ R RN7, SR B T
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Table 3 Hydrochloric acid recovery rates under HCI+AICl3
system

Flow/(mL/min) 8 9 10 11 12

Recovery Theoretical 94.68  94.10 93.57 93.06 92.44
rate/% value
Experimental 9486  94.63 94.02 9341 92.82

value
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