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Study on purification of dilute sulfuric acid from coke

oven flue gas desulfurization by diffusion dialysis
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Abstract: Dilute sulfuric acid solution, a by-product of coke oven flue gas desulfurization, contains a large amount
of iron ions, which affects its recovery and utilization. The traditional treatment method is to entrust disposal or neu-
tralize with alkali to reach the discharge standard, which not only has high disposal cost, wastes a lot of acid and al-
kali, but also causes environmental pollution. In this paper, the recovery of the by-product of coke oven flue gas de-
sulfurization dilute sulfuric acid was studied by anion exchange membrane diffusion dialysis at room temperature.
The effects of acid mass fraction, acid flow rate, acid flow and water flow ratio on the recovery rate of H,SO, and Fe**
rejection rate were investigated. The results of dynamic diffusion dialysis showed that when the acid mass fraction,
acid flow rate, acid flow and water flow rate ratio were 2% ,0.54 L/h and 1, the recovery rate of H,SO, and Fe* rejec-
tion rate were 78% and 92%, respectively. Moreover, the residual liquid produced in the process of diffusion dialy-
sis was treated by Fenton reagent combined neutralization method, and the final produced water quality could meet
the requirements of circulating water make-up in steel plant. The operation cost of the process was 37.27 yuan/t, fur-
thermore , the zero discharge and reuse of waste acid, iron rich slag and wastewater were realized.
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Table 1  Contents of the main ions in waste acid

ERRES Fe® Al Pb** A
JEAR W/ (mg- L") 484~560  30~65  0.9~3.0  0.20~1.0
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Fig. 1 Diagram of diffusion dialysis device
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Table 2 Properties of DF—120 anion exchange membranes

i H S8
FIKEI% 42.34
JEJE /mm 0.34
i i B /M Pa >0.9
Fa g T (pH) <9
B P a8 i /(mol - kg ™) 1.8
fﬁ{ﬁﬁﬁ%ﬁ%/(mg-cm&) 8~12

i LRI A A5 B TR S 4 (Elan 6000 ICP-MS, il 5%
K4 IR BRI 52 , COD % F COD R il 72 1%
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Table 3  Diffusion coefficient of H” in sulfuric acid with

different mass fractions at room temperature
AR J5 5 4 % 1 2 3 4 5
Uy/(10° m-s™) 1.73 2.39 3.01 3.79 425
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Fig. 2 Effects of acid flow rate on acid
recovery rate and Fe™ rejection rate
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Fig. 3 Effects of sulfuric mass fraction on
acid recovery rate and Fe® rejection rate
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Fig. 4  Effects of acid flow and water flow ratio on
acid recovery rate and Fe™ rejection rate
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Fig. 5 SEM of diffusion dialysis membrane

surface before and after use
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Fig. 6 Effects of cleaning times on acid
recovery rate and Fe™ rejection rate
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Table 4 Water quality index of residual liquid

mig WETE  Fel Al/ Pb/ As/ con/
) EU%  (mg-L™") (mg-L™") (mg-L™") (mg-L™") (mg-L™")

BME 03~0.5 682~1350 75~430 2.0~3.5

0.5~1.5 560~680

FH 2% 4 ATH, 3R TP 3 A R VR B 1Y COD Rk
b ERER ST sl A 7 AT DA IR R 6B BT R R
T TR EL 2 R Y0BTSR 0 A 1 R R L {H Ak
P AR AR 23 M B 0 A 5 JORE 2 43 5 R S i
B 2 i A7 i (B A o) v, BRI W B 5 A i Bk
BT MERTE , K H Fenton i 57 48 1k i &k B 41 & 41 K
R TR R R A O L B R R R
50 mLZ% W T 250 mLBEARH , fim A — 2 & T i 53 4L
H27.5% W) H,0, 5 58 W 1) Fe™ 41 Bl S5 ik 77 2 B
BRIV Y COD, 1Y 60 min J5 , FEINA — 22 & i A
JRFLVHT pH 2= b WM h & J8 B Fe'' (AR IE
B A AR TUTE A5 R T8 A DA, U5 e 28 1 6 8
SYES R R MRS TP LA R o XA EL S 1

I 2 K AT K B 3 B a5 R LR 5

=5 WEHKKR
Table 5 Final effluent quality

| pAGIEN 5] FH K # #E (GB/T 50102—2014)
pH 7.0 6~9
Fe/(mg-L™") 0.15~0.20 <0.5
As/(mg-17") <0.1 —
Pb/(mg-1L7") <0.1 —
I EE/NTU <3.0 <5.0
COD/(mg-L™") <60 <60

2% S AT BT AR I SR B Ab B e 26 koK
Fak E] T TG PR H K B (GB/T 50102—
2014) AR K B4R T TR IRV HIK RGEAFEK K
JEAEFRER , a] [B] T TG % HIK R G A K .
27 BITRASH

G55 I SR O, AR B AR A R (T
T B05%) A FE R R 10 m*/d i, X% T 2 as A7 A
HEATAZ SR o 38k YR SRR, J2 BRI A AT 4liK
G, F 27 AT E R L RS A A R R K
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FLRARIZAT A FZ B 250 2% K 2% (A gk 5 T AL
BN TSR AL R, 250 2 NS R HCLR
PO T i (PAM) A= A7 K (Ca0) FTXLAE 7K (H,0,) Y 2%
H LA TH25.84 70 m’, HAK L 3% 65 507 52 18 FH /K itk
1.2 m*/m?, K % B4y R 4.7 J0/m?, WA A1 5.24 I6/m’;
AN PR FRAEHL 3.9 kW -h, L 28 B4 28 0.6 7T/ (kW - h)
B A5 11 2.34 70 /m? 5 B I R 75 6 77 it 13.6 kg/m®,
A Y5 AL B B M 1500 g/, AR 4 11 20.4 J6/m’;
AN T30 3.5000/m° . &5 b, RS H &5 A is 17 AR 2
37.3270/m’ . 5 BAT R A K T FTITTE 1k AL A
Ll Ah B S PR TR T 4T 24 AR 240 JT /1, A AT [l R
il YT SR A B 2k 100 5 I8 .
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Table 6 Reagents cost analysis of diffusion dialysis process

Egyl /(e B AP R A/ (TG m™)
H,0,(27.5%) 1200 350 mg/L 0.426
HCI(31%) 210 12.07 g/L. 2.534
R 330 8.56 g/L 2.834
PAM 13 500 4.0 mg/L 0.041
ait 5.835
3 e

SR P HOS BT I 2R G5 LCRR + Fenton SE AL 41 &
A1 IR FL R T2 A 3 B A S B O R
R 7 R R TR DALk R 7 A Y Ak T R K )
BACFIH S ZH . FESERWT .

(DFEPRAL THLT , BIVZE IR o it 50 B0k 2% , 1R Uik
TR 0.54 L/h, BR K it L oA 1B, 37 1B % 5 R
] i 385K 78% , Fe # B %835 92%

(2) 76 R [R5 B 20 00 45 RS 19 70% 1, R
FH 19 5 2 1% W R0 25 B8 1 /K 2 6 1k 2 38 vk o s it 4
BB BT BEHE A7 39 U B R, 08 28 8 YK S 12 5 X iR
B[R] e AT 38 5] 75% LA b U BT TR B L P
BB M RE R o

(A% B BRI HERB T, B R5 W
BATRARZ) R 37.32 0/m’ s AL A T2 AME 4l
T2 P TR VR () s A i e T R ¥ Y ) R, W oA A
PR SR P R 1) S PR A R AR IR R R 2 55

5% 3k

(1) EWR BRI, H AU B AT M A0S 2275 Y 4 i I 42 1 45 A
M RSB [T, R TR 224, 2020,20(9) :997-1007.
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