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Removal of fluoride ion from ammonia-route desulfurization slurry by

homogeneous membrane electrodialysis
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Abstract: In view of the harmfulness of fluoride ion (F~) in slurry generated by ammonia-route desulfurization of
flue gas,the homogeneous membrane electrodialysis is employed to remove F~ on the premise that ammonium sulfate is
hardly affected.Influences of electrodialysis operating parameters and slurry properties on F~ migration are studied and the
retention effect of sulfate is also investigated.The results show that F~ migration increases with the increases of voltage
and circulating flow, but too high a voltage will increase energy consumption and excessive circulating flow will reduce the
probability of mass transfer and the amount of F~ migration. The preferred operating parameters for homogeneous
membrane electrodialysis include that voltage is 15V, and the circulation flow rates of both concentrated and fresh liquid
are 200 L-h™".As the temperature and F~ initial concentration increase ,F~ migration increases.( NH, ),S0, concentration
has little effect on F~ migration.The homogeneous membrane electrodialysis has better retention effect on SO;”, and can
better retain ammonium sulfate in the desulfurization slurry while removing F~.

Key words : ammonia-route desulphurization; fluoride ion; homogeneous membrane; electrodialysis; ammonium

sulfate

SRR A PR AR 0% = | Rl = ] B R AR
) FH A5 P o5 T A B ORG 1 22 i 1 R T R ) A
Ra' Wreh AR Be i R 23 L HF I SIF,
I HE L, R 5 Bl = 4 Ak B 4 I AT 9 W A, LA
FE A TR P 28 38 B H s i ik
FETT IR 20 o/L, i BEW ¥ 0 S 51 A 3 45 1 )5
Tt ] A5 e IR A 1 45 s A BE E HE I A B 8
K A T5 G I s S A 4 A A S R X K AR
B HECE SR /NT 1.5 mg/L SR, H AT
(IR S 7 1k #AS BE BB T 4 o &2 4% 0 B
VBT TR TR R S A R R 3 K e
BRI P TR H PR R,

YT UL, 253 SR 40 RS H 98 B o o3k 2325 MOt

KW P R0 T BB s fT 280 (R R R 3R
D) FIHERE BT (SR WL | F R0 46 T A SO3
PIRAWSE ) KT F AL d Y2 R, JF X L S A R 2
ARG A AR A0 78 B AR,

1 321§

1.1 EIEEFnitF

ZD-2 BV AV 3 E A ; pHS -2 BIBR & 11, 1.9 %8
AN Y66 EE T, NH,F FT(NH, ) ,S0, ¥ k17 & 4
Mradi
1.2 XEFEE

B RE F BN 1 frs, #EIE i d
Z ) S BEA TR 20 X RSF R 200 mmx400 mm F)

s HEA.2018-11-14; & [E HHA :2019-06-09
E£WmA . FHEKARPHEEETH (21676144)

TEZ BN R (1992-) , 5 W 0F 984, WSS 5 [0 R85 B 45 541 K], 18118823667@ 163. com; B IGPR (1955-) , B Wi+, 82, W 58 5 ) g 3R

WA SR, IR R A, wjwei@ njtech.edu.cn,



2019 FE 8 B

PPRH B 1 SR B B 7 S 8 JE A R T AR
1.6 m?, BEADUBE A IR (IR BEAR ', IR K
(M) AR, R TE R BRI HTT R
FHHRITE T (F(S0% ) i 5 B e 1 52 465 1) 1E A%
T, 52 2 BB 1A B R BELES I Tk vh ik
PR RS 5 (NHG ) 35 5 B8 - 58 46 5 1] 672 A 1
¥, 2 BIE T A P AR T E T, T
FHEH B 7 S e T — AL/ AT TR AR
BN PR, e R AR R R S05 KER
O3S TR, LA 52 A AN 52 i J3E A
ST SOL MRTHE T BRI F-

Wik
Wik
AME | CME | AME | CME
soz- 502
F- F-
NH; NH;
pmmrneen| 1| Adokokm)

AME: BABFACHE CME: BHESFacHui
M1 eBirik FRERER

1.3 BFREMNNZE

SR FH U 105 15 R AR N AL O At 2
() F VR B 5 3 e IR AL A0 D1 ' 0 AR UL At 2%
Wbl SOT e

2 FHR5ITE

2.1 HEESEESEX FEBHEN
2.1.1 @wENFEHa%a

HLIB T L TR B R R ) Bk 3l g, B
SET B TIEREE" | SR BT E IR
PEFRAL A 200 L/h A8 BB S R B M 30°C (F-
WItR R E W EE A 10 g/L, (NH, ) ,S0, & 53 8h
40% M}, BLE (9,12 V 1 15 V) ¥ F~ T8 & 1Y 5 i
mE 2 prR, % E Am(mg) BHE AN .

Am = CV, - C,V, (1)

12000
10000+
8000+
6000
4000

2000
o+

F-EB &/ mg

0 10 20 30 40 50
B} 1] /min

1—9 V;2—12 V;3—I15 V

K2 FEEETFEBEMHEENREL

FRFE IIBEREBBMRRRERRRRPEE T - 121 -

K€, M C, A3 B HIAT A ¢ B2 F- BT e i
mg/L;Vy FlV, 53 SRR AN ¢ B 2R L,
M 2 AT LA AR TR E] Y F a8 bl L
88 KT K L iz 47 50 min B FTIE AR 10 g,
HE SRR B FE B fEn 28 7, d R R
F~ IR R R | iR R
FIAN, BT IE AT B FF 5 TR R B A U RO
(m,%) FREFE(E, W -h/g) , HAt5E 03000 -
m = [(CV. = CV,)F]/(1000 - an;Id‘) (2)
K on MBEXECH 3 F AR w5 AT, s; C,
R E T B2 PR E, mg/L; C, MIRE ]
B W, me/L; V, RHWRE T ¢ BF 2R L v,
R EIIERTR Ly M R BE IR BT 5 1 AL, A
E = (f;U[dt)/Am (3)
K U MBI TR, VT T, At EFE], s;Am
HFERE, e,
ARV R W HL AR S RERE NI 3 T

18

N

~

8 %
%6 14~
X 5
ES \\ -

- 12 8

- \\
B5 . I -
b - 110
4 9 12 15
HE/V

1—HUH 2 REAE
K3 FEEETHEREES G

ME 3 FTLLE ), B3R B A L A 3G K
P, X 5B PR RRHESN A G, A, R
KA AN G T 22 BOFK B B G, T &
T HURRSCRREAR T RERE . (HE e i R R BUK
LR RO SN BERE, RIL, R 15 V h
Mozt R,
2.1.2 PR EA F 463w

706 B Tt o 2 AR S - A8 46 R [) 3 1) I B R
A NS 2§ 1T 8, AR S i e d s o
15 V FSEAUNAR 3 MR B 8 30°C  F W) 4R o it ViR &
410 g/L (NH,),S0, B350k 40% ), 1 A i
(100,150,200 L/h 1250 L/h) %} F-iE R & 15
WA 4 Fios

M 4 7] LR FEPE PR IR T 200 L/h 1
F~ By A% 1k bl 25 10 20 U £ 0 35 0 g G, H g Y



122 - A, A T 39 BESH
14000 - 2.2.2 F ks mEkEsF EB0 0
T2, UMLK F o TR 2 B () A9 22 4k

0 10 20 30 40 350 60
6] /min

1—100 1/h;2—150 1./h;3—200 L/h;4—250 /h
H4 FEGEFRET F L5 E M E A

EER LA 250 L/h BEER RO R, X2 H T
WA /NS Bt O P O S ) 184 I, 8 ) it 3
FEEEHAR | B T3S I R 1T i L2 AR B T AR
GyiE Rt AP, PR LA B s 3 5 (E 2 4 7 G 34
e i e A BRSO AR B = R I B i T e
eSS TR RS 19 T 1) T 1, 46 6 T S TR A
JZ W R IR B R ST RS N st ek op ok, B
R T BLED P TR R,
2.2 RHEERX FEBHEIN
2.2.1 RRBEMNF ESGHh

TR B ARk 25 5 R R FE A4, 25 5 )
BP0 3h KoK TS A2 B R /NS S M
BHTERIER 15 V HRIREAIE R 4 200 L/h F-
WG W FE 4 10 g/L. (NH,),S0, B8
40% M}, IR IR E (10 .20°C F1 30°C) X F- 1B & 11

FEMANE S s,
14000
L A
b012000 .
100001 P
fg 8000F / e
'»;g 6000} ys /
| r o
&, 4000 P N
20000
op+~— T
0 10 20 30 40 50 60
] /min

1—10C ;2—20C ;3—30C
A5 FEEETF I8 EME ST

MIEL S BT LA Y B IR EE A T B R A%
W3R X PO R T R TP RO
(A2 B, FEE AR T 3 T80 L BEL 5 ] o8 58 ) 28 P
I, 3205 1 F ARV P B0 O L 5 TR 2 il 2 A1
R A —E R EE R I K, B~ SN 25 2 ZE RN A7 1T
P, N A i 4 R B TR i v 2 R K A
BERE I, £ 5 SR 25 RIS A B BT RE 7R 32 1Y) il 2
PR, RGO L 30°C

MTE3N, BT LA SR F 406 o e vie B X6 3 B k145
W, FEFLECN 15 V IRIRWEIE P G 200 L/h JK
TR 9 30°C (NH,),S0, FihH 380 40% i) 54
T EE F IR BRI (5.10,15.20 o/L H125 ¢/L)
TEX R H B BT A5 47 30 min B O IF &, 45 3
Kl 6 Frs,

50000 |

i 40000 /

@ 30000} ;
200001 )

H -

= 10000+ B

ol e

5000 10000 15000 20000 25000
F-HI48 e e B  (mg - L)

K6 FREFWERERETFWIHE

MIEL6 W LAE H FEE B R0 46 oo v RS 3
FrE s in, a2 BRI hnR B v FERE n %
WAL I ¥R BN 5O Ah R LT R
bl o e o Y8 R R N N SR SRS T
AN E] FOIE RS S AER
2.2.3 (NH,),S0, W4 i & 5 43 F it 4 & 84
e

PR35 1) I8t A A R ot R e, L 5 i ok
19 S0T 25 F /R sa i i, BIAHIE RS 7 i
R 15 V RGP 54 200 L/h BB AT
W BE A 30°C  FT 4R BT vk BE O 10 o/L B
(NH,),S0, B34 (10% .20% 30% F1 40% ) %f

FrIER B AN 7 Fs
20000

15000

g g
s S

F-dH i /mg

=]
T

:

0 10 20 30 40 50 60
B} i8] /min

1—10% ;2—20% ;3—30% ;4—40%
K7 FFE(NH,),S0, Wi R ED» BT
F T E
LT HRT DL B R B o i A B 4
T ¥R RS i W IO N, PR Sk i IR e T i A ALY
BTN T WA R B SOT BB TR R L
FR, Bt LU AR B X PR s AR K,



2019 FE 8 B

2.3 MHEESSEE SO HBMEXIL
(NH,),S0, &2k o T 9% J5 AL A H ¥ 5, %

TR TR R XS 7™ AR K ] DR I AT 6 T e
XFSOT MBERCR, FEHREN 15 V HIRIBIEIA I
A 200 L/h BB I WOREE S 30°C \F W) 4R it
%WE% 10 g/L\(NH4)2SO4 E%ﬁﬁﬂ? 40%%’#’:
T, SR B 5 SR A X SO i A R A 5 v 4 1] 8
B .

100

251

SO B R /(g L)

0 10 20 30 40 50 60
B} /8] /min

I3 AR L  2— SR ARG
K8 HAEfEARALE T SOT Wit % &

M8 AT LA H, SO; IE#% Bl 4 i) ] ) 344
PG AR SRR SOT IEAS fE 5 4 R 4
FEH R RAR 22, AL B T2 4T 60 min B, S AH
SOT MiER i RIM BT w1 3 5424, S A
R A i PR R A o A 50 LA B O S
AR 43T B AL SR BRI S R G5
BT AC R P 5 R oy BRI AL S B ) Oy
G BEIRG R —  BRA LR RN, 1 8 kAR
BRI SOT BOMEZ i AR I B 7 sc 4 st . R, 1
FRREEXT SOT I R AR T S AR, AT L B 4 el £
B O 2 P B A 1T WA i 0B R B

3 &g

(1) F 3B it Bl 5 L A 388 i3, (H 5
18 H, s 25 S BOUK R TS I BEFE ; Bt 118 24 370 & 19 184
TR 1N, AH 04 B I 23 R IR AT T
LR AT FaE R & T R, SR I 2 A £
BT S BN E N 15 V, & RGN & R
200 L/h,

(2) Bt T 2R F 400 e o VA B 0 T, AT
R, T (NH,,) ,S0, Bt /34y inxt ¥ ik #%
TR,

(3) 55 AR b, YRR B 2 T % SO5 By
BRSO AT T AR RR F A [ B 8 4 b £ 8 58 A
FWE B R AL TSR R B

FRFE IIBEREBBMRRRERRRRPEE T - 123 -

S 3k

[1] Huang R,Ran Y,Hao W et al.Investigation on the removal of SO,

in ammonia-based WFGD system [ J ]. Chemical Engineering
Journal ,2016,289:537-543.

[2] Wang G,Luo Z,Zhang J,et al.Modes of occurrence of fluorine by
extraction and SEM method in a coal-fired power plant from inner
mongolia, China[ J ] .Minerals,2015,5(4) :863-869.

[3] Guo Shaoqing, Yang Jianli; Liu Zhenyu, et al.The fate of fluorine
and chlorine during thermal treatment of coals[ J].Environmental
Science & Technology,2006,40(24) :7886—-7889.

[4] Wang S D,Wang Q,Li J,et al.Study of N-1L corrosion of carbon
steel in acidic desulfurizer performance[ J].Applied Mechanics &
Materials,2014,670-671:37-40.

[5] Khandare A L,Rao G S.Uptake of fluoride aluminum and molybde-
num by some vegetables from irrigation water[ J].Journal of Human
Ecology,2017,19(4) :283-288.

[6] WRiiE, RRIGAE KA SIS Qe i 1B 2 S8 1E [ 1] H s Rl 27
H5H K ,2011,34(4) :60-63.

(7] EFEAE, 5, BOe R, 45 0 E (2K PRI B n i) i ik 1
ITBRZL SRR [ )] PR S T 4L % 1, 2014,39(1) :28-31.

(8] BLEESS , JA 5T bRt | 25 AR AT K K 5 LB 7K Aub BB AR ML B B
FEHERE[ T ] RAL TR AR, 2012,38(4) . 7-11.

[9] Ravulapalli S, Kunta R.Defluoridation studies using active carbon
derived from the barks of Ficus racemosa, plant[ J ] .Journal of Fluo-
rine Chemistry,2017,193.58-66.

[10] Shen J,Richards B S,Schifer A I.Renewable energy powered mem-
brane technology ; Case study of St.dorcas borehole in tanzania dem-
onstrating fluoride removal via nanofiltration/reverse osmosis [ J].
Separation & Purification Technology,2016,170:445-452.

(1] FEPL, D IELE, SRHObk, 25 LB i I B 2R I SO A 3
PSR F[ )] AL TF R ,2018,38(2) :175-179.

[12] B MESE TR BB B PO IS 8 R 7 i2: i WI4R [ D ]
FAT: B Tl R, 2013,

[13] Camacho L M, Fox J A, Ajedegba J O. Optimization of
electrodialysis metathesis ( EDM ) desalination using factorial
design methodology[ J].Desalination,2017,403 :136-143.

[14] Barros K S, Scarazzato T, Tenério J A S, et al. Evaluation of the
effect of the solution concentration and membrane morphology on
the transport properties of Cu( Il ) through two monopolar cation-
exchange membranes [ ] ]. Separation & Purification Technology,
2017,193.184-192.

[15] Frioui S, Oumeddour R, Lacour S. Highly selective extraction of
metal ions from dilute solutions by hybrid electrodialysis technology
[J].Separation & Purification Technology,2017,174 264274

[16] Z=gs , Jharik, 8RS, 45 QU E-BARAE M K IR A Hh i) R 552 5

BFFE( 1) [T]KAbTHEE A 2016, (12) :100-103.

BB AL TS 4 AR ML AEET Ak Tl Hh Ak,

2015.1

[17

[



