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IR AN B e R AR IR~ BL-BRAKORL 1 A
PR G K Cd™ i 25 Bx

T EEARL KA M, F3g! T2
. KBEM T REEGRFFE AR, KF 130022; 2. FEBLFFEAICHIE 540l A BT, K#F 130102

W E NTFR PSS EBREWE S CAaE K IR, AN GE DL 3R £ R AR 18] 22 0 R R 16 R T (SRB) Al
BRI G & AR i £ T TR B2 B Cd> 3 P 2 W T Bk (SSNF), 9 388 o Xof E AN TR) 1 361 52 £ A el ok 45 3F R o P
AR R CAP E BR AR . B AT e AR R RS i, pHL, RN IR BB 4R CdP Yk BE AR T T SSNF 2 B Cd g
i, HEEE W 3h ST T SSNF X Cd> 1 25 bR 2 Sl MLl . #5528, Y8 -YORE RN 03¢, pHN
7. FNIFE] 5 d. Cd*W)HE W E S 400 mg- L' B, SSNE 2= [ #& 0] ik 2] 100 %, WK & 103.86 mg-g's 2R -4 %
SRB 2Bk C&*' HA W B R SAER , B SMEZsh J1eaii il DA HE R o 32, B b il . &
F 28 4 sl A W VR AT BB SSNF IR BfY CA™ oy ML . ) Jo T A R OK X 1s PR A WY Ok i AT Bk i, R
R 3G, WERVIREIRFFE = M R BRBE ) o B 5T 45 R n O i e & A e Wk B Cd™ s e 19 19 K ) A b B R
KHEIR Al BRERER A A B R A KR T ARtk CdIE K

PEHRE , SRR TN & ERA 3.9<10 ", WfEhEtRmNESEZ —, B
A ) RFREFAN AT AL A I TGRSR AE . B L D RE R AT AN RS P, $RE A
AL B ER 5 kb Ca™ 1y I IR IAAE LT o

B 2 £h 38 U (sulfate reducing bacteria, SRB) 1E iy — P &% (6 3 (R 1) < b CA* WA R v, IL4E
KO ZHN Tz KEY, SRBAE M B IRE I T N ALY, ALY ] 5 &R B IR AR TOE
AR B KRR CE Ry H BT, 3 g 4 B 5 i DN - 3 vh o3 B 2l Ak T R PR BUUF 9 SRB, X
40 mg-L' Cd*'1 KRR AT IKH] 75 %, SRB HARXS K f Cd* BA B hF L BRACR (B AFETE AR 73
B URIE . R R e M A IR R, sz B PR A O

TR DL BT, T AR R VE 25T G K SRB ] E 7E 3 A BRI s e R T
M, e BER s R, WO A Y 0 B TE P, TS A R AR Y R EE RS,
AP SRB AR ENE H o T 00 B0, M SR N2 — R B SR rh 4R IR RAR 20, T =X
AW R AR AR ARRR, BTG R T SRB MEE L A . sk, ik —2 425 SRB Xf
CA* I ERRF, IHR L RAZEM G KR T (Fe®) &4 SRB, I TR A7 #2652 75 Y 1 T 7k 1),
Wi EEA: 2021-12-13; EFAAHA: 2022-03-30
EEWE: B4 {75 R R B BB TR L W B (XDA28010502); t E BE 2 B B WF AL RS R 4 BF ) 5 E ¥ B
(YIKYYQ20200013); 7 b Bl & 2 1130 H (20210203007SF)
F—1EE: M (1995—), &, WEBsE, 652352100 @qq.com; BREEMEE: T (1972—), B, W5, yuhw@iga.ac.cn
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PEDRO U fifi [HF AN 8 gl K b 1 (Fe’) 5 SRB E &5, HXF Cd* ) L BR R v 155 99.8 %, ZHANG
U R 5B, T BEPR M [ %E SRB Al Fe® AL 49 mg L™ 1Y Cd**, LB ATIAE] 99 %, it L
LR & B, SRB 5 [ 52 b b4 KA 45 A 78 b BRI M B A CA™ it 34 B A B i i S PR AE 1. SR AT,
VT AE SR Tolk /K b Cd™ 3 e MOk iy, AR MESE B 58 4 R BRIE K P @ vk FE A cd™ s ok, 14
Fe' X Cd* B A BAF AL BERE 7, (HHERIA 5 7 A AT H .5 84k, DA R AR CH i H 5 4

T UL EFFEERE, A FR —Fhm e A bR m v B CA K I s, AW o8k s R4 Jm iR
5 Fe" (BIKTE A B4 S QKR+ 2 5 R ny, L EA RAF 0 phfe Pk, ARG Fe 8 46 52 1 i
PEH A ZLREAR Fe® (5L, BB N4 T 40 KORE 3 7 55 4 T AR 16 LAY i A4 52 1 7% 4 9 s v
AR AR, BT LL, AW ST AR T LV 988 1R A O IS [T 5 27 -2k Rl SRB 1 A= 4 1k (SSNF), 4R
T SSNF X CE M By e bRtk fig, %48 THR-BRUS NG . pH. Cd>"0) fA ik B Fn W B B[] % SSFN 1z
B CA*RE T FE R, DAY R Ak B vk B CdP S YR K RIS
1 #RFE*

1.1 WREREE R REAE T

S5 U B RE S S5 = 0 2B 49 2 19 SRB,  # H k B # Postgate C 15 5% % (0.5 ¢'L 7' KH,PO,,
1.0 g'L"' NH,CIl, 1.0 g'L"' NaSO,, 0.1 g-L"' CaCl,-2H,0, 2.0 gL 'MgSO,-7H,0, 2.0 gL' DL-ZLFR &,
1.0 g L7 BEREERHUY), 1.0 gL' Resazurin, 0.5 g'L7' FeSO,-7H,0, 0.1 gL' i LREH, 0.1 gL' 44
% C, pH A 7.8, 121 C K& 15 min) LA 10 % By AR, 76 100 mL SRV H T 37 C fH R
W FRAA AT SRB #EATH F¢ . YW P A K R A DLIE W) s B AT 3R 17 5 22 52 56 o
1.2 BR-$MHE

ERSSA T, TESH 02 molL! i) FeSO,-7H,0 ¥ Wi 19 = 1 B2 3 v % A 0.4 mol-L™' i
NaBH, I8, ZiRAMFT, B HEEIR G 25 RV R b W22k m] gk [ Fe'(a (1)), M
MG B 3] Fe® g oKoRi -1, i 25 B9 7k ik 3 IR Fe® QK IBURL , H510 Fe® 44 K Tk 5 0.03 mol-L™!
Y75 K B PR B B I, 1fil 2 75 B AR RO 4 8 4l oKk Ok (2 (2))0 FH QB 25 B8 17K 43 Sl v i 490 DKk 1
HRZ AN SO, M Na B ¥, HHEZSR T 24 h,

Fe(H,0)2"+2BH; — Fe’ | +2B(OH), +7H, 1 (1)
Fe’ + Ni*" — Fe** + Ni’ ®))
1.3 SSNF W&l &

1) T PEAE P sk (SSNF) il 85 . B 2.0 g TSR BN 70 mL 25 &5 /K oA H R0, =
JEK W G 25, IPA 30 mL B R (B 5L 298 4.18x10*-mL™), 20l A 0.1, 0.3, 0.5,
0.7. 0.9 g BHA & BAKALT, AW, HEHEZEHE A EH 2 %CaCl, (WD, B 1~2 cm
RIERIER, 7637 CAEIREE SR T 10h 5, HEEFRKZRIEH/NEK, 4 CHRESH.

2) Vi 95 i -+ TR k8 B fER (SS) Y A% - B 2.0 g VR R AN A 70 mL 2% B F AK o i
PR, SEKE R ERER, A 30mL G HE®, AW, A Em2mmAR &4
2%CaCl, IR, M 1~2 cm AUBIER, 7837 C [EIRE M Pk 100 5, AEE F/KESRIE
T, 4 CIRAERH.

3) W PR AN TER (S) I A5 . L 2.0 g W ERMR AN N A 100 mL 25 85 FoK rh e b 2 in i, &k
KEEAHEER, A EZEMAR S 2%CaCl, (ER T, A 1~2 cm (ERIE, 4L 10 h
G, MEBTFRKZWIERET, 4 CRAF
1.4 SSNF X CA* B9 FI 14 e 5 FRAE

W il 25 19 SSNF. SS. S i Ek 45l B 5.0 g in A £ 50 mL, % 300 mg-L™" Cd*' & i (0.5 gL
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KH,PO,, 1.0 g'L' NH,Cl, 1.0 g'L™' NaSO,, 0.1 g'L™' CaCl,-2H,0, 2.0 g'L™' MgSO,-7H,0, 2.0 g-L™
DL-ZLFR %, 0.5 gL' FeSO,7H,0, 0.1 gL' I LR, 0.1 gL' diEE O REM T, fEE IR
(37 °C, 180rmin"), ZFWIAELE 1. 2. 3, 4. 5. 6. 7dHkE; WHROE T 0.45 pm R U8, I E
N HJE W CA* R SO R EEARfb o THR I i . SEER I 3 AT

T Ao F R A A B TR R S A (ICP-5000) 0 A2 S5 I HiF Je i R P Cd> ik 3 AR A 5 i aod Hi JEoR
G IR F K& 36X (ICPS-7500) W 7 2 b HiFJ5 WS S Je R A8 4k . Cd™ ¥k BE RN S o6 2R i A9l 22 75
W5 15 WG 3 0.45 pm P8 R 98 5 #4702 o i A =X 40 i {X (BD Accuri C6 Plus,” Flow Cytometer) il
S TR VR TR R RS . (TR AR B R R N i S 9 SSNF AT (8 BE 21 AR 3% (Spectrum Two ) 43
BrAE ; 4 1 B% (JSM-IT500) X 52 37 1 5 B9 SSNF, 5 -2k F1 SRB 1) % 11 BI85 0k 47 20 s R
X B AT 51 R (D8 Advance, Bruker, Karlsruhe) 43 A SSNF 5z v/ /i J5 R R B9 A8 1k o S0 R & 75 75 FH
EBEFK e, B AR TG AT 20 A6 RS | 1 T A X 2R A A RS A
1.5 NEEZE X SSNF [ 45 5 19 52 M

rAIEL 0.1, 0.3, 0.5, 0.7, 0.9 g Bkl & IE AW HER, RIE 908 5.0 g /NER 2 A £
50 mL & A7 A [\) 5 B R B B Cd>7(100, 200, 300, 400, 500 mg-L™") & Mk 09 R A b, 38 i 1l
HCIE{ NaOH 5 pH 2 4, 5. 6. 7. 8. 9, fHIEIKH 37 C, 180 rmin"), JF4HIFESH 1. 2, 3.
4.5, 6, 7T KREFHUFE, WL 0.45 pm JERE U8, Al AUIBHE G &5 B9 0 & 61500 7 B i fe
CA™ W . THAE MM, LI E 3 P17,
1.6 SSNF BYFF st

a3 A SIS I 0 A W R S AT AT . I A A AR N iR T TR R
YK AE pH 2 7. 50 mL Cd*'(300 mg L") A& B YLK £, HIEIRS 37 €, 180 rmin™) 5d
Ja, ERGIESE )G, HRE A KRG U Th, P & ERFREP S 2h 5 T~ —
JAMASER , Wb E R 3k, I THRE B UG IS A RN CAT R SO I LB . LI E
3 H W17,
1.7 WHIEh %

SSNF Xt Cd* W i 35 1 253 . B 5.0 g SSNF fdBk (BR-k A4 0.3 g) A pH 24 7, 50 mL
i 300 mg-L™' CA* & Bl W R, 37 C MEIRR (180 rmin™"), 2 BIEZE 1, 2. 3. 4. 5,
6. 7 KM . WWGE L 0.45 pm DM T U8, 38 o o BRE 5 55 2 M & S G50 22 2 W /TS Cd™ ik
JE, M SRR E . R — s 2 i B (R (3)) AN gl 2O R R (4)) e M SR e B
P, P — 250 F U A B R R X (S)) A BT I B ATL BT

k,
In(g. —g,) = Ing, — ——
n(q. —q,) = Ing. 7303" 3
t 1 1
—= +—t 4
9 kg q. @
g =kt +C )

Ao g M2 W R, mgg's g MEHER AR, mgg's  AWHERTE, d; k hiE—
Rz N RERHER TR, 7 ke MHE RS A B R, g (med) sk, ORI B R
mg(g:d"?)"s CHEE ., hAZNFEE, mgg'.
2 HFR5WE
2.1 FEERST Ca* B IR BT 4 e

N T BBk 4 Cd® A W B il Ao A AR Ak B P 1) B R o ZE RS FER I fF e B & 22 . Ho
SSNF X} Cd*'fiy fiz K W Bff 2 15 %) 80.40 mg-g ', 5 F SS(74.79 mg-g™") Ml S(50.99 mg-g ™). 1H 4 %) 4
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Cd™ % &t/ 400 mg-g ' B, SSNF X Cd™ ¥ £ K W Fff 5 15 %] 103.86 mg-g™ , 5 T SS(90.6138 mg-g ™),
HAREZES . XJEH T SRB o] LUK G R £k i R i fb =, b &5 Ca*TE ik CdS WiyE™. i
A= (6) A= (7) s,
2CH,0 + SO +2H" = H,S + CO, + 2H,0 (6)
H,S+M = MS(s)+2H* (7
Krf, CHLLOZAIY, MEHEESEEF. H-KEA (23 SRB 5E 48 b EH . Fe® fER A %
PR AREE Gy Ae K h A AR B HL(X (8)), AT 4 4t i £ i SRB i J5i i R £6 (X (9) A1 =X (10)). 24
Ni” 5 Fe’ My HREF, Ni° AT e et i S i, DTN e 5 B8 0 = (1) 2 56 7 =X (8) A=kl (10)
RN, B-xt SRB HAT WM RIfESE/EF, {45 SSNF A4 T SS Al S b B /K v i) Cd> 8 LA #

Fe’ +2H,0 — Fe’* + H, + 20H" (8)
Fe’ — Fe’ +2e” )

SOZ +4H, +H" — HS™ +4H,0 (10)
4Fe’ + SO +9H* — HS™ +4Fe™ +4H,0 (11)

i AR AR M v/ R SRB 76 M 02 B 3845 . 1 IED 1(by il UL, B0 1R R e ot i (] 4 2 Ak 52 2 TR B
JE R E R . X H T SRB XF CA (il W B 000, 4 00 DR 187 R AS A3 B ke T 40 R 4 i 36
THT 7 0 B % B R R 5 CAP b R, T PR FR 0 Ca™t BAT — 8 WL B RE ) o DA B &5 R 3R
W], SSNF X} C&*"H AR LFREEST, P, a4 SSNF #4175 225050 .

80 - 1700
1 600 |
T 00T = 1500 P
eh F = = *F— % %D
) 5 1400}
I8 40 =
= 7@ 1300 F
= i
Bl —=—SSNF "‘\, 1200
O 20 ——SS 8
S —_—
7 1100 _._SENF
——S
0 1 1 1 1 1 1 1 1 000 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8
SN ]/ d S it a]/d
(a) ANRIRERXT Cd> i T B (b) NFfER S Cd> 52 i J5 T W B R AR rry e 2 A Ak

1 AREIERXT CA™ B WK B = F0 5T EL AR A9 5210
Fig. 1 = Influence of different microspheres on Cd*" adsorption capacity and sulfate

2.2 SSNF By45# =1

1) FTIR AL/ 87 K] 2 2 SSNF 5 Cd* e i Tiif Ji /9 FTIR SGik [ . #E 3 434~3 435 cm™ Ak Y RRAIE
U Ay B T A -NH 3 AT A 25 0 0 8 SR L B, FE 2 972~2 974 em™! AT 621~592 em ™! Ab L %% F] 2
CH, AT BRA 48 IR 3l , 5 88 7 5T v i o 356 R0 35 18 40 19 B I % 5 CHL, 5% [A1 A0 X 102 B2, 1 629~
1627 cm™ Ab (1) 06 AT B2 85 (1 BT al B i) C=0 i 4i4ik 2l . 7€ 1 420~1 380 cm™" B 3T 119 5 04 3% W FR L 1Y
FAE, HEMES S C=0 A —% ., 1088~1091 cm ' &b HylJE Z R C—O MR sh . 45 R %
B, SSNF [Y4FAF WA 45 v T 1 420, 1 629F1 3 435 cm ™' B2, >4 SSNF 4bHH C&*'V& Wi, FTIR Jti
Pl rh AR N 0 AR T R AR AR B RS . £0AM IS AN 1380 et B 1420 em™ A7 B I i e BE AR AL
KR M C=0Z25 T SSNF 5 CEMH I o WM 1627 em™ F| 1 629 cm™' 3 B ¥ 3 R 4h 5%
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i

2 16 %

SRB i H R S 5 T C M. i T
3434 om0 SR BE G AR, 3% B IR R R AN ok
SRB 1 R FE A B 2 5 T Cd™ i ) 1 P,
I, AT DL B R 1R VAT i R B SRB R AR A |
BRI MRS IS A TR ERER .

2) SEM 43 #r . i1 3(a) AT 0L, RVRL-#k H
B, BUEREBRERRGEAT, RSEA 80~100 nm,
M & 3(b) I L, SRB R HEMREE M, RFh 2~
3um. XFHCE 3@ fME 3T ULAEL, Y
Cd* [ W Hif, SSNF ks, HAEKMLFE
A, H SRB &4/ ; SSNF 5 Cd™ & b 5
2 LB D> B A R s A LG UE , R -

3434
et 720
1420 621
2974 1629 1091
3435

4000 3500 3000 25002000 1500 1000 500
WE/em™!
2 SSNF 5 Cd” & M Ai/EHY FTIR 1% &
Fig.2 FTIR spectra before and after the reaction
between SSNF and Cd**

BRJEIHIAY SRB & & W & & . b nl #EM, UOTE Y A ad -2k 5 SRB Y A AL A R AE F R AR 1
CdS. Fe,0, fil Fe,0,, Vs R a0l L PR3 SRB AU G P, FEAE Ca> % Ho= A py 8tk [RIB, B8-8k
AJ DA 38 % A SRB A KR A%, 8 HonT DAFE SSNF 22 i K & AR K, M SE B SSNF X 15 vk

CAd* i 2Bk .

3) XRD 73 #7. [l 4 o JCPDS 37-0474 478k B9 bR ifE R ™, JCPDS 10-0454 & CdS fyAn#fER F o
m I 4 AW, SR EIRE S A 1A B B AR AR LR 44.74°, B AR R0 (110) 5 9 S . ROV R
TE 27.31°, 44°F11 81.09°4 3 4~ i (R AE 06, 3 L)@ T+CdS 19 (111), (226) I (422) Fi 5t i . X %6
B SRB R KR 3 (9 SO 38 SRk ST, (W Cd> 54kl CdS ULie,  HL7E SN S 45 -k 1 R A 0
WA AR A o K TS S IO R AR AR Y S RRAIR AN AT B AE Fe,O, 51 Fe, 0,1, DL 45 RL3RW], SSNF

¢{ s 4 P

(c) SSNFfEk 5 Cd* S ST (1) SEMIA]

(d) SSNFfk 5 Cd> 5 v J5 HISEMIK

3 $2-$%. SRB 1 SSNF R{EkHI SEM 43 #
Fig. 3 SEM images of ferronickel, SRB and SSNF microspheres
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AbEEE CA¥ IR K A T AAb R IR FIL e, % (111

Wrh CA* R L) CdS TivE B =08k L k. 226 4n)
23 SEMA MMTRE M E B ST s
(110)

1) SRR VR i % SSNF 2% Bk Cd™' ik ) 11 3% NP ISRV.... 24

W . 7E Cd* 0] 4R i & 9k & o 300 mg-L™', pH N CdS(JECPDS Card:10-0454) \
7 RNEEFTE] Ny 5 d B SO SRR, TS Fe,Q,(JCPDS [Card:33-0664) | B

Fe 0,0CPDS Card26-1136)
- 1 N | 1

AN TA] J5 A AR -4 ) 45 SSNF sk, %28 T Hoxt
CA*EBRBE S By m . &l S) 7] W, SSNF , , , ,
X Cd> 1Y 2 o 6 Bifi B K WA o ok (%) 38 Mm 22 41 184 20 =~ 20 o0 80

JE U R A, SRR N B 0 15 m# 0.3 Be sl N B E i XRD B

g I, SSNF Xf Cd™ff 2% B 5 1 75.799% 4 Jin 1 Fig. 4 XRD patterns before and after the reaction between
99.41%; 44k &L 14 N4 -2k, SSNF X Cd* ) SSNF and Cd**
EBRFAE TR A, |t nl # 2 SSNF

BRI AR I 0.3 g0 LR ATRESE . BRI i i AR B, XS SRB AR B Cd* R P IR 2
PEAE BN, SRBAEKEEd K, S5 SRBXEFYIRA TS, MNP AED A K, B
SSNF Xf Cd* By K BRACHE s MAh, B TER-BEAwWYE, S ARERALD, Bl S8 -gny s n &
i Znt, TR SRB R, Wi/ T SRB S0 MR iy 42 il i A1, 52 e AR MRy E R A, AT
R T SSNF Xf Cd* i 2Bk % .

2) J 7 5[] X SSNF 5B CA* 52 o 78 Cd*' 40 b o i R o 300 mg-L™' . pH oA 7. SSNF fi Bk
MR- N i R 0.3 g BF, SSNF X Cd™ iy 2% Bk 2 b I (] 22 £k 4 51 5(b) BT 7 o AT LAE i, SSNF Xf
CA*' () bR R 2, SR T 40 i AR AF o W B #2400 2 B Be . 0~1 d PRk 5Bk
BrBt, ZEBRFiLE] 77.53%; 2~5d M PR B, FESE 5 d AR P, LBRFILF] 99.98 %,
0~1d B}, mFH-ZEA MR SRBIEJFEHAERMIVER, SSNF Bk HAT B8 A v s, (LK 5|
Pk LBk CA RIRUR s 1~5 d i, SRB i AT B KA e ), T 5 48 69 fPEE AR 4
RAET, A MESEIER, FER X CP 2 bREE ) B IR TG ™, 530 SSNF X Cd> i) 2 B R 1 <
G 5~7dmF, SRBUEARET M, BR-BK T8 RN R kAR AL N S BUOL R R BE T RN,
JIT LA SSNF X Cd* (1) B R IEA K T4 . Ik, SSNF 5 Cd* f i i fe A4 -l Bk (8] 2 5 d.

3) pH X} SSNFE 5B C& 5200 . 78 Cd* W) IR B i MR 2y 300 mg L' [ W B[]y 5 d B BR -8
MK 0.3 g i, N[E pH X SSNF 25k CA* (152 Wi 25 5 WL & 5(c)o v WL, Ffi pH R34, SSNF X
CA* ) 25 B R e KR D/ N Ra 34 . 24 pH Ry 4~7 BF, R BRR R 88.59% 1 K 99.31%; 4 pH N
T~9BF, EBRAH 99:31% /N E] 97.21%, MW ULAT 1, 4 pH R 7 BF, SSNF X} Cd* 9 2 FR 2% i
U o 3XATRE S W TR B 5 A Y RE AT ER A S VR TR G, TR pH AT, SSNF Xf
CAd*' M LR m TR pH &4 T, W RTERAML pH &10F, BlP HEERE, Ha 5 G mg
SSNE f{ i 5, Rl H'4: 5 SSNF 26 1 (1 -OH £ [ 45 45 T8 it -OH,", M i fifi SSNF 2% i ‘B fig [ 45
IEHL T 2> SSNF 5 Cd™ % = A 5 P Y3 pH R 9 i), Cd(OH), B e B 1 R T % B B
B, BEBR VWO AF E CA(OH), ULE , JIr LA BC IR 1) 25 B A48 F pH ol 8 B A T2 7. 7E 4% = pH 4%
4~ . SSNF & [fii i) -OH # L 25 sty 71 L B 4R (—O-), L nT HEJx BB 08 I i Cd** (%) SSNF L s 1 FL 1)
FEPA U8 T PG SSNF X Cd> Ay 2 B fg

4) Cd* W] Iy W& %+ SSNF 25 Bk Cd* () #2 . 7F SSNF H AR ks in 4 0.3 g IR R 5 d.
pH Ry 7 1, 5T AR B CA> W1 IR e X+ SSNF L BRAE S A2 . @i 5(d) s, BEE CAIRIERY
g, HEBRRE VR TGS, Y C Kk EH 100~400 mg- L' B, SSNF X H (1) LB

Ni/Fe(JCPDS Card:37-0474)
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100 100 -
90 80
® 80t T 60}
70 - W o40F
60 | 20
50 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 1 2 3 4 5 6 7 8
BRIt /g % B ] /d
(a) BR-as Xt SSNF £ BRCA> [ 54 (b) Wit B[R] XFSSNF 2 BRCd> (1 5210
100 105 ~
90 I/./I\I—_. 100 L
ol L }/4\;—41\!
i 70 | A9 ¢
60 85
50 1 1 1 1 1 ] 80 L 1 1 1 ]
4 5 6 7 8 9 100 200 300 400 500
pH CA* WM/ (mg - L)
(c) B pHATSSNF X R Cd> 5211 (d) CA* WLk e B2 4T SSNF 2 R Cd> g 52 )

B 5 FREIEZEST SSNF & &8 1189820
Fig. 5 Influence of different factors on Cd*' removal by SSNF

LT A F] 100%, Hfe KW ik E] 103.86 mg-g ' 24 Cd* i ¥ B 4 500 mg-L™' A, SSNF X} H:
B EBR R T R 95.25%, 24 C& R E HAKM), SSNF HA BB M &, HAS S cd 452,
AN, B -8k ATl SRB i B AE KA R AR ET , B B 1Y Ca> K BR % . Y Cd> MR BE i &
SSNF 114 5 ;A7 A 32 i A S, HL e B 1) Cd> & X%t SRB P= AR B AR, T H0 A2 19 R il 3% 67 05,
SRB 4= K32 B, 53 SSNF % Cd* il [ 5 F [,

2.4 SSNF BB 7

WAV Ik LS SWIEARHAHE, Xt

Cd* (1 2 B 2R M SO,> 1Y TH #E 1% & an &1 6 TR o 0ol
SSNF Xf Cd*'fiy 2 £ Fr 4 v/ 19 25 B %, i

2 Ccd SO}

SO I FE B WAL V1R T 4.4 %. 15454 or
W1 45 S PR R £h O BT 8 7 AL TR S ol
SRB, SSNF 7E T LA™ A fEXT Cd™ PR %

15 BB T . BB, R BOR T 1L “l
SRB, MTTFEAR Cd>%f H = A= g 2R AE L A 20r
mf, N5 A e B8R -BR 5 AT fie #E SRB 5
Cd*"h A ik B BRIV, AT R 355 482 v Y 25 B iE
1o AR VARG, BORBA R EWR,; 2
TEG 2 A, ok R AR R, AT RETE Fi : .

ig. 6 Influence of reuse experiment on active
B BR N ) ot 68, AT AR AT 9 M Rk biomicrospheres

(LEER€
6 EELEXEMEYMMIKAF N
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Removal of Cd** in sewage by sodium alginate immobilized sulfate-reducing
bacteria and nickel-iron nanoparticle biological microspheres

HE Rui', KANG Zhichao®, ZHU Guopeng®, WANG Qirong', YU Hongwen'*"

1. College of Life Science and Technology, Changchun University of Science and Technology, Changchun 130022, China; 2.
Northeast Institute of Geography and Agricultural Ecology, Chinese Academy of Sciences, Changchun 130102, China

*Corresponding author, E-mail: yuhw@iga.ac.cn

Abstract In order to find an efficient method to remove high-concentration Cd*" contained in wastewater,
sodium alginate was used as a carrier to immobilize sulfate-reducing bacteria (SRB) and nickel-iron bimetallic
nanoparticles, and a type of active biological microspheres(SSNF) that can efficiently remove Cd** was
prepared. Through the comparison of different immobilized materials, its effect on high-concentration Cd*"
removal from wastewater was explored. The Cd*' removal ability by SSNF was discussed with the variations of
the amount of ferronickel, pH, reaction time, and initial Cd*" concentration, and the adsorption kinetics was
combined to study the Cd*" removal process and related mechanisms by SSNF. The results showed that when
ferronickel addition was 0.3 g, pH=7, reaction time was 5 d, and Cd*" initial concentration was 400 mg-L™", Cd*"
removal rate by SSNF reached 100 % with the adsorption capacity of 103.86 mg-g™'. Ferronickel has an obvious
synergistic promotion effect on Cd**removal by SRB, and it conforms to the quasi-second-order kinetic model,
and was dominated by chemical adsorption with physical adsorption as supplement. Ion exchange or covalent
electron interaction may be the main mechanism for Cd*" adsorption onto SSNF. The research results can
provide a technical reference for solving the problem of high concentration-Cd** wastewater treatment.

Keywords  immobilization; sulfate-reducing bacteria; nickel-iron bimetallic nanoparticles; biological

microspheres; Cd”" wastewater
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