A2 EE 12
2018 4F 12 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 42, No. 12
Dec., 2018

X EHRS: 1000-0615(2018)12-1988-09

DOI: 10.11964/j£c.20171111069

FHRTREEAEYWMTIR T ER
HIEEXKTHEER

he®, #EAMW, HEFX, Ix%,

MK IR IR 5 5 TR B, 4 M 510006)

ME: FREN—MHAEDRMARTERAERTEMHELREE T, AARFUHER,
EXHFHEZHERBEE T ERUANE R AL AT G FERERELE
ERMA, AXTARAFE LG L EREER KT ELREE T [ZodD), Cul).
Cr(VDANI(ID] & ® v, @ FE WL LR E oM AN ELEE T RMAE. &
REI, pH2MCr(VD) % B % 5 %, 7£pH 6~98, Cu(l). Zn(IDFNi(ID)# % fr 5 & .
BEIMAERANECAGLE M, ANELBNERENTLAAELNE 0, AT
4 g/LEE, FIRFLFHH . Zn(l) ANi(ID) & R 225 mink & 3% 2 Ff, Cr(VDAr
Cu(IDF 18 5 i & 3 ¥ 3 R | & B Cu(ID) Zn(ID). Cr(VDANi(ID#Y & 719 7 1 A 8 .
Langmuirtf & g B F A G R AWM A AN EL BB THRMATH, XA CNETE
BB, i RO R Cr(VI) R NI(ID) B9 5 A B 2 2 9 8 & T Cu(IDAZn(ID). o =
BRM o A F T ARREF R I LE, RARM T AUCFRM Y £ R EE
BRMA ML KT RN, TELENENTMEESRER R AL, BE

WM R X 4 & K # Cu(Il)s Zn(ID). Cr(VDANI(IDASE A — 2 0 £ R R
KB FAHE; BAEA; EWEM,; RS AE;, RMEEL

hESAS: X 703;S917.3

HL B R K R — Fh & 2 Fh R N R R
K, BABIMBUEE, X AR AL
At 36 B ™ FE RS R o Y 2 R L B R K b R
&R B IR L R EOR . Ak
T2 TR B A5 FG e A R R R A Sy — i T B
WEFREAR H 45 Z B AATR B EAE A
Wy Wz B SR AR 25 BR G S O T B A BRI AR
B, HWKRE g, HARS A ki, &4
Ab PR | ARV BT JE K H T T AR
B[S pNIR a2 e ot S S AN (AP T AR B3
TE LR PR E SR, W BT 3 (Undaria
pinnatifida) %t 5 4 J& Cu(11) ) W fff 68 1 %2 K T Ni
(DY, R ¥ (Sargassum sp.)%f H 42 J& Cr(VI)Ei Ni
(IT) ) B3 R W B 25 £ 1T L 35 8] 0.6£110.61 mmol/g™;

Wi BHE: 2017-11-29  f&EIBH: 2018-02-13

MEAREE: A

LR A 2 (Ulva lactuca) Xt B 42 & 00 25 B RAK K
S Cu(ID)>Ni(ID)>Mn(11) ;41 3 K15 (Gracil-
laria sp.)% B 42 J& Cu(I) . CA(IT)FINi(ID)AY i K%
B 25540 3102 0.59 . 0.30410.28 mmol/g™, KK
Y, MWK a8, SEAMLEATES
() 4 R W B R, RN s A R m N E A
i W B A % o B A iR R A A O, L 4 i
HAEMGgEE ., R, HR%. AEZHE
ZIZ T L A Z LR, &AH KE L
H&EBETFESAMmER, BRI, mikE 6k
A, ATUASES BRG] W 48 &+, W] 54
BEFERIMETSEGEREET., RS
BB, T A SR AR, T LT
AeZREREFREEEY X E S E KR

BT EXERF 4 @1376156); 1 0T RBHE %1 (201510010204)

BEEE: E@#%, E-mailjrxia@gzhu.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20171111069
http://www.scxuebao.cn

12 44 MeaEE, e P AR R YRR T R BB K R R 1989

BF Al 32 B [/ R 58 2 R 52 i, A 36 7 WipH .
TR RS T A TR TR R R ) AR = A
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AHIRAT]), HC-700%! = £ Th ek #EHL G B T
KU T A AR F]), PB-108FR B it (11
FEL LS 7)), Tensor2 74H HL A8 217 41
TEAY (8 [ BrukerZy @), JSM700FY % S35 B 1
BB (H AR PR,

X F NaOH. HCI¥ Rysr#rat, W)
AR5, Cu(Il). Zn(I). Cr(VI). Ni(ID#x
HEAE 2 T T B KAk AR I ot o 9280
HLE KR T N T Sl g
1.2 EERMHFIAH &

FMER Bk rE R, e M B RK bk
LBy, MHEEFKPYE3R, & T60°C
U b 24 h, R TR A SRS R AL B
1ZAF0.1 mol/L NaOH¥S W 12 h, FH 28 F Kk
VR B . BT, 80 H i 5 BT TR AR
& H .

1.3 RHisEe

BEE AN AR S0, il H B R KRR
200 mL, 7 BRESR R & 45 S 0.25 . 0.50,

0.75. 1.00H12.00 g; V4% /K iw W pH 1E 5 510
2.0, 4.0, 6.0, 8.019.0; TG/ HIHE N10, 15,
20, 25F130 °C; WERFEFE 2, 5. 10, 15, 20,
30, 60, 90, 120, 150, 180, 210F1240 min, 5K
Bk EINEHEE,

14 EERBETRERNNE

W BfE S R, BB R YE R . R TRk
66 BE 43 i 5 Zn(11) . Cu(ID). Cr(VI)FI
Ni(I) e

15 MMAESERETE

Co—Co)V
qmyQZLL;l_ @
IR () = SO x 100 @

A, Con COri o 42 8 B 5 W0 4 W B - i ek
WP (mg/L) s mo B I T 35 A W B 57 4 () 5
VIH R AEFL); g B 75 i (mg/g) o

16 MMz HhFRE

WE— . R Iy F RN T B K
o G R B R B T 2E e B, DA R I
W JF 750 %oF 1 42 8 B 7 Cu(Il) . Zn(I1), Cr(VI)HI
Ni(ID) W 8h F1 273 B2, PR g B aE
HE— R Z) ) 2R

— kl
lg (g, — q;) = lgg. ( 2.303) t 3)
WE B o
t 1 1

o ki a @
K, gen g3 27 W 146 IF LK W B sk ()
Ry 19 4 ) S W B (mg/g), Ky ko g R HE
— RGN R B IR
1.7 R R&IEE
/7 ) Fl Langmuir F1 Freundlich#5% %Y 15 4k 1 X
82 BE 5000 A [7) 4 Ja 2 - 10 i B g

Langmuir £ % .
C. Ce 1
ez 5
qe dm QmKL ( )

X, gl B K45 B (mg/g); K~ Langmuir
HEL(L/mg), 5 W7 A% B RE A K
Freundlich#5 7 .

1
lg%==54gCe+igKF (6)

http://www.scxuebao.cn


http://www.scxuebao.cn

1990 KopE o R 245
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VR K EB TR, 4. 5. 6. 7,
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A C Mg B UL ARG
1.8 HENE

4 T3 T A 200 mLHL B8 B K e, 4%
A1 gHFBEW ), 7625 °CF, LA230 r/min $E %
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ESETL ik Uk -3
1.9 ZI9hkiE St

4 T30 P B A 200 mLHL B8 B K e, 4%
A1 gl BEM R ), 7E25 °C. 230 r/mind% & i
%120 min, &.0J5 7 LJEEWR, RS
VS B, 60 CCHL . K IR B RS 1 3 G
B 700 5 IR AL SR AR TR A R R, FHA B AR e 2T
AT AT AT

2 iR

21 BEEXKPEEEETRE

MR K T, Cr (VDB TSR, B3
11829 mg/L, Ni(DEFHkEERZ, 429.89 mg/L, T
Cu(IL)Fl Zn(IT) A & BE 53 51 4 8.37H115.06 mg/L(F 1),

#=1 ®BiEEAKDPCUID. ZndD. Cr(VD). Ni(DAKRE

Tab. 1 The concentrations of Cu(II), Zn(II), Cr(VI)

and Ni(Il) in electroplating wastewater mg/L
EEREET W

heavy metal ion concentration
Cu(Il) 8.37
Zn(IT) 5.06
Cr(VI) 118.29
Ni(Il) 29.89

22 pHEMNEEREEZBRENEM

LB X TAE 35 W 86 5500 W o6 b 9 2 K v o 4
BRI s, Cu(Il), Zn(IT), Ni(ID7EpH N
2~630 Fl N BRI BT, YpHK T 6l K BR
FTFRE, HCr(VDI LR A mpHE T &
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Fig. 1 Removal efficiency of heavy metal ions by
algal adsorbent at different pH

Algal adsorbent dosage=5 g/L, contact time=120 min, temperature=25 °C
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pH 4, $%fi sk 1A) 120 min, 38 & 925 °C
Fig. 2 Effects of algal adsorbent dosage on
removal efficiency of heavy metal ions

pH 4, contact time=120 min, temperature=25 °C
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Fig. 3 Effects of temperature on heavy

removal efficiency

pH 4, algal adsorbent dosage=5 g/L, contact time=120 min
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Cu(IDFY M2 (1K14), FIEEPV R BT T H1E N A&
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Fig. 4 Removal efficiency of heavy metal ions by
algal adsorbent at different time

pH 4, algal adsorbent dosage=5 g/L, temperature=25 °C
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TE— 2 Bl 7 5 A5 Y 2l i W B T 30 2 ol I
BAF 70 2 T A 7 BT R R, T HE ks o
5 TR SR 5 T I B T 2% 52 W B ) 5 TR R AT Y A
AR 0 HL 2 B RN A B S 220 i
BRF 5510 182 6 2 7 2 52 6 T AR A% 1) £5 B ) o — |
TN AT IS WE R Eh 2R R
T GF WA AR AR G B BT R R (R 2). E5E
ZEPU MY (Laminaria japonica) W [ B 4% IR /K
Au(D). Ag(D). Cu(IDFINI(IDJ5E, WG H THIBIAY
S5 o WRYEME s Jy2E OB HLER AT D AHE D
TERF A =8 Jy 27 O (W B IsE TR P, E FR
7 HBOK W B 325 1 52 el 7T L 220 W, B AP 3R Ol 1k
SRR AR, 2 R AT RE S R R RN 4 e
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Tab. 2 Kinetic constant for algal adsorbent

F3 EERMFIMRMERLESHK
Tab.3 Langmuir and Freundlich

isotherm parameters in algal adsorbent

W B A5 i R AR R

I ¥

adsorption isotherm Cu(Il) Zn(Il) Cr(VI) Ni{ID)

parameters

model

Langmuir qn/(mg/g) 1.815 1.437 24.155 6.935
K /(mg/L) 12.582 29.121 0311 12.539
R 0.9943 0.9901 0.9986 0.999 6
Freundlich Kg/(mg/L) 1.635 1.361 10.607 6.356
n 12.048 12.048 4.472 25974
R’ 09134 0.9109 0.9694 0.949 1

ANFRI P Cu(l) Zn(I) Cr(VI) Ni(Il)

kinetic model parameters

HE—2 q./(mg/g) 0.537  0.123 4452 0.560

pseudo-first .

order ky/(min™) 0.020  0.006 0.011 0.010
R 0.9802 0.4088 0.9420 0.6172

=% q./(mg/g) 1.233  0.969 14706 4.355

pseudo- .

second k/(g'mg/min)  0.092  0.623  0.011  0.106

order

R 09998 0.9997 0.9980 0.9999

2.7 RMIFRZ%

W AR A 7] 463 8 25 AT W B A TR 2 A
(#23), SFreundlichfAIAH L, Langmuirf& & g B
U b 4005 W RO RSl L D VAR S B R % 4 )
B 0 W B TR 2 W B R A R X
Cu(Il), Zn(I), Cr(VI)FINi(I)4F 4@ B 7 1Y K
W R 2553500 R 1,815, 1437, 24.155F16.935 mg/g,
G 35 W v PR 4 B T A A B Y e R I i AR
P SRR g LB K T 2
BB FHMRBIEL TX—5, XENAZ
T4 & B LA R LT, BT 22 (DX I A
SR SE G RN B T 2 1) A VR R R TR AN I
Mt A2 . sk FFEEPOH B A B (4uricularia poly-
tricha) R 22 1K 19 56 240 0 A kg A 2 W5 6RE 50 52 o6 s Tk
H1Cd™ . Cu® FIPH g 4 R, 7E3F B+
AR, M B ]2 A 0E ] 48 56w
T
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v SEI

B 5 5 S 4R, B 5 G B B $7% P 7K AT F B EEL SR [
Fig. 5 SEM image of algal adsorbent before (a) and after (b) adsorption
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Fig. 6 FTIR spectrum of algal adsorbent
before and after adsorption
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Removal of heavy metals from electroplating wastewater by
Sargassum fusiforme biomass

LIN Jinxia, HUANG Xiaona, XIA Jianrong ', WANG Jiawen, HUANG Linghui

(School of Environmental Science and Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: Algal bioadsorbents can effectively remove the single heavy metal ion in aqueous solution, but the re-
moval mechanism of coexisting multiple metal ions was relatively complicated. In this paper, Sargassum fusi-
forme biomass, pretreated by NaOH, was used to remove heavy metal ions [Cu(Il), Zn(II), Cr(VI) and Ni(II)] in
the electroplating wastewater, and the effects of pH, temperature, contact time and biomass doses on the removal
efficiency and its adsorption mechanism were investigated. The results showed that the optimum pH in the remov-
al efficiency of Cu(Il), Zn(II) and Ni(II) was among 6-9, while for Cr(VI), it was 2. The removal efficiency in-
creased when biomass doses were elevated from 2 to 4 g/L, but it maintained constant when the biomass doses
were higher than 4 g/L. The adsorption equilibrium of Zn(II) and Ni(II) was reached at about 25 min while for Cr
(VD) and Cu (II), it was slightly slow. The influence of temperature on adsorption of heavy metal ions was not ob-
vious. Langmuir model can closely describe the adsorption of heavy metal ions, which indicated the absorption
was the monolayer adsorption. The maximum adsorption capacity for Cr (VI) and Ni(IT) was significantly higher
than that for Cu (IT) and Zn(II). The adsorption kinetic can be described by the pseudo-second order kinetic model,
indicating that the adsorption process was mainly chemical adsorption. Fourier transform infrared spectroscopy
analysis of the adsorbent before and after adsorption showed that the bioabsorption of heavy metals was mainly re-
lated to carboxyl group. The results suggested that the algal adsorbent could effectively remove the heavy metal

ions in electroplating wastewater and exhibit a good application prospect.
Key words: Sargassum fusiforme; electroplating wastewater; biosorption; adsorption kinetics; adsorption isotherm
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