H29 BH 1M
Volume 29 Number 1

PEHRERFR

The Chinese Journal of Nonferrous Metals

2019 1 H
January 2019

DOI: 10.19476/j.ysxb.1004.0609.2019.01.25

ST K IMTE G Ca™ B IR B4 1

HER A

KA

sl 3 B! 2

, XLk

(1. mrdefl K 2E g RSP, fRE 0710005
2. AR AM K2 WEEEEERE, ZREE 066000)

M E: DRSS AR TR, BTSN SES K FER R CdP R B RE

R AEmAEWR N pH N S,

NN 31315 K, WK 1 o/L, CERIEREN 40 mg/L AN, RSB 11 E R MR E
92.54%, HWM 10 min B, Bk FIH K F 553 93.95%; 1€ 60 min B, FEAITE B INT4T, FHSE Cd2 1 EBR

BARE. KERREERE R 3112 LR BIR T & HE s A,

Langmuir X} #4 7 %% 52504 B4 (0 40 &

Bos, BORPLIRIRI A2y 68.49 me/g. i 77 LG A1 SEM 23 R IR BT AR R A T B 728 . FTIR 20#7 82
AN, FRdE. BRAESEE REBIEN M AR O VAR, I AR AT LSS SOR R AR AR IR A o

KA EMSE; WET WERT WHHLEL; R
FESES: X703.1

EHES: 1004-0609(2019)-01-0211-11

XHMFERD: A

Bt E DU DAL R AN P & e, Bl R R
AeEra. B, B8, MLl R, et
A R T PR K P HE G B T 7K SR B o 4 el
AR RS GUMEL, B R i K ES g H
wmEP WA E TR TR, R E A
AR AAEETE LV E S, B s
IKEAEMENEE, S 5aMERAS, RAEFENR
A AR R IRIBE, WA
BEANNAA, FEFFRE. B EATE B AR, JCER S
FHURAARFEERCT, F, 2™ ESH)LERIL
Be . (EES IR BRI, ARy AR PR 7R
HA MR ERELF. EPErEim. BIGER
O, AR, W ESE LR E TR ZE T
JTZRRE. 241k, BE R T O TS Ge i
RIME o 7R L0, SHESEROUR, Hrh W
A, BB EN . E U R, ek,
MBI, WEIURIL, AR 4 1 R B i L £ A
Gl EAH OGHIT AT 2 B8R b T PR AR R 3k R B
SRR AR, i T < A T AR RIALER R A
WAL THIZ B o M s PEBAR M E R R T 5
AR R EEAR L VIR B R A R A RO SR ik
PEVELT . SERIE SRS AR B A

LB LB A TS RINKE. BE. W
Bt EREEAEF . ROOTVESE, MR AR B TR M
R — N E R R, =22 AL EE A
fityh SRPO i 5 EE 4 A LA R R B 7
ANATEGBR ) — 7y, A SCVE AL 78 70 75 S R 30
W B g2 e ) B R B, B ST T SE M SR (Sargassum
fusiforme, S.fusiforme) X} 45 & W I (12 J7 AT
%%, J8 L 9 H H 8% (Scanning  electron microscope,
SEM). fd B AR 40 21 4 1% (Fourier transform infrared
spectroscopy, FTIR)VWI 0 M- Cd™ [ T HL
B, UL HNO; fil EDTA-2Na AR BIF, W7T T ¢
WZEXT CA™ AR R, LA M S e K IR g o 4
Je 1) 25 B 77 T R A RR Al DR

1.1 MRS

AL TR

1 A1(99.999%) W H 5 FE bR BHE A BR A R
IR R ERIR 9 E PR AR A SN,
SAES . 2 DY 2 A9 E R4 M Ak .

HEEWE: WibA EREES TR “W—it” #7405 HQ2016SPGCA18); Jidb& BHET-RI ¥ BT H (17227117D)

Wi EEA: 2017-10-23; 1&ITHHA: 2017-12-25

BIEEE: xa, #%, L, mif: 0335-3150261; Email: 1iu066000 @sina.com



212 ThEA O RF)

20194 1 H

12 NE5EF

FD-1 BUA TN ARG R R R B IR A
Al: HZQ-F & iRIRG ¥ 746 M /R RBOETHIR
JFRA MR/ ; ZEEnit 700P J& T-Wotig Ay . 2 = HE
SRR A

1.3 IWAHE
1.3.1 WP i) 4%

W 2RI, FHBLAR BE4RRR R K 4,
ENMEY)EE TAKTEREM, FREEARL
1 em, TG ESAGT . FEMEUH SR, oL
BN 150 pum [IARUEST, FEESIE, TRER
T T2 T ORAT
132 SEERJ7V:

K FH Batch “PHERP, AT 57 5 0 E A SR
SR E MR SR A, RGeS, B
O RIEWL MER M RiEE T B R R R T
W

WS 7508 SRR R, 6 1~7 LHEN
AT R pH DA 5E S FE pHs 7E 0.5~10 g/L Ju Rl 4
W B FE R IR FE s 46 10~100 mg/L 2 [A] 5
CA™ WIREIREE , F4 W R 57 (R0 R B8R e KAk s ZEANTA]
(O AT R PR, Ll Ase T B X R B P48 f s i s e
AR FAD B T ORI, HRAF ST A
FR JEE K VR P 28R B 5 T

B AR S - AR B T Bk Cd” IR E
% Batch “PHE AT 8 11 #4525 . ] Lagergren #E
— B SRR W8 1AL Elovich 7 R
BT SEIOHAE, S SN X R T I B
R

PRI BRI E 25028 10, 204 40,
60. 80, 100 mg/L [ CA™ VAW, EARIEE N, #
Batch “FHi7vL AT H O S4B ES, A Langmuir #5073
Freundich #% 74 | Tempkin 4 %! J% Dubinin-
Radushkevich(D-R) 15 8 2 %2 = 4 S Ky % 457 25 1 1K
R VAR LT C

PRSI RO AR B A IR, AR B
EFETHLEGH HNOs. AHLEF EDTA-2Na, KHI%
] A% B v S AR R B 7)o 8 R R R S AR R 28 SR ) B
M

SEMSEN R TEHRFHE M KRBT Cd™ T R 2 A
R TG, W4, K 15 kv B B R HE T 36,
OIMT2E RS B T T A4S s 0 LR PR AT S5 A0 A
PR & 257 & B AT AT

SEMGER LA GG M KRB Cd™ i 6 2 A

SR BEAT TR, R, 0. B TRE RE R AR
KBr #oR$ZR &N 1:100, 7EHHSHFR A 0T B g
¥y, TR ST IERE, FERRE LA
P

1.4 HIRIBES D
DU ERE Re(%), Q)T 7 &
O(mg/g)** >, RGP Rao(%)*:

Ry =20=Pel 4 100% (1)
Po
- V
Q: (/DO pel) (2)
m
Ry, =Mx100% (3)
(Po = Pe1)

A po NIHTT pH SR T CE IIVIURIREE: pa H
W B 52 A BT R CA™ (IR B S peo AR 5E UG 1
Wrh CAMIKREE, AR mg/L: VOB RHA R
AL, B Ly m NIRRT &, AL go

A A K A3 Origin 8.6 34T 4bFE,
Hr2r A a ik B OGS 45 ROk E TXT #% 3
i, #eH CVS kU5 3 Origin 8.6 1EEMMif3 .

2 HBRES

2.1 MERRIRE
2.1.1 WP pH

B 1 s SR RSEN X Cd™" 2% 28 It R B Ak 2%
pH 7R TS ], pH 23 (7] A 5 i S [ 7] 28 T e it
PR P 4R S T I ER AR, AR A W B kR

100

90

801

Ri/%

701

60

50F

2 3 4 5 6 7
pH

1 pH {HAF SEARSEMR B Cd™ fr 52

Fig. 1 Effect of pH value on biosorption of Cd*" by

S.fusiforme



F2958 1

IKBEME, S SRR KIS Cd™ R R 213

Ak R E R AR pH B2 TR 4 A4
B, Re 2 BIH#ass, HOEEER, 7EmER IR I A &R
I, AN T PR (R R 5 B B 0 H 4,
SIS Cd ISR, BEE pH MG K, T HORE
BN, BT A In—C00. PO 4 S
Cd 3 in, w4 4m e 7 LmEl; pH £
4~6 B, LBRE R AT FEH], 4 pH SR80 K, X
B /MRS R %, T BB AR BRI VR OH MR 11
AWK, AR RS U AR AR R, SR
Bk 7) S B R B 2 T o SRR EN S A SRR BB A &
15 £ pH.
2,12 WRBRFRIAE

K 2 fionch Cd™ R BB 4 104 50+ 100 mg/L
N, AREIMR B R X Cd> F BRI . R Cd™
WIE0 mg/L) T, BRI A WG K, e+
) RE ¥J7E 91.77%LA b, (B P 28 2 R Bodal, T
HHL 0.5 o/ VENEAEWRMIFIIREE; Erh Cd™KEE
(50 mg/L) I, MBI H 0.5 g/L 35 K& 1.0g/L K,
ERER N CAT I FRBR R TR, BN ARG —
SEFREE IR, JE BRI IR E R, Re BAGHE N
B, (AR E PR, Hik, o CdY IR,
1.0 g/L Jole PRI E: BL 100 mg/L FIKRE
BEATSEES, TEORIFR S LB EMEN T, REERE
BB 7R s, 3% 2.5 g/L VR NE AR B ik
FEo FEWRPRIREE — B0, EMSER Cd™ i & BR %
W VR R B B K T R, (LR P 75— A B 2 B
i, FEWRPRE CA™ R B i, R B 75 B 2 a4 K
TN A, AT RE A DA IR AR B S E I v 1)
IREET, Xt 4@ B8 7 (R R B A2 B R Bl Cd™
WIGEAR FERIIE R, 75 208 224 1Y KR B )3 B Sk O IE R
AR,
2.1.3 CA"WIHIKkE

TEMRBRFRIR B — TS BN, AR ST Cd™ 1)
LR F B SR BT WIAE IR 38 K B, (R B 2
BRI R, B A 2SR TR 45 FA) W BT S50 4
J S (R B 5 R RE T T Eh AT . CdP TR E
40 mg/L FFHE 60 mg/L B, EHEEH Cd™ ) & F
SN PR K (6.04%), 17 PR B 25 B 10 98 A B ol
KE, LZEHEERE LR R, EORUEFEMSE
Xt CA™ MR RAE 90% A HIIZAF T, EEL 40 mg/L
VER CA* B VIR FE .
214 &R

VAT AR RO B 293.15 K ABHLE 333.15
K, AR Cd™ i ks a ik B 2% BT A PR

98F - 116
971 \ /
9%F | 112
S osh | 5
& g 2
94 r S
93 14
2+ |/ .
91l N . ‘ 10
0 2 4 6 8 10
Adsorbent concentration/(g-L™")
100 .
n s " 140
90 "
80r 130 ~
S 70r ™
4 | g/
60 120 5,
50F \
40t — 110
30f '
1 1 1 1 1 1 O
0 2 4 6 8 10
Adsorbent concentration/(g-L™")
100,
= £
Qi

501
40+

301

|
90+ { 160
80
70 / 140
60F 4
\\ 120
L
0o 2 4 6 8 1

0
Adsorbent concentration/(g-L™")

B2 IR BRTRMR FBE X 2 SR B Cd™ i s
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Quasi-first-order

Quasi-second-order dynamic equation

Elovich equation

/ dynamic equation
Poﬁ K yn q :
(mg'L™) ki/ R qe/ k! 2 Bl R
min "' (mgg!) (mgg) (gmg''min’) (mg'g''min")

10 298.15  0.0130  0.9192 73482  7.3584 0.1113 0.9999 72129 0.8862
40 29815  0.0195  0.7691 269283  26.9397 0.0499 0.9999 2.0822 0.8227
40 31315 0.0164 09344 296168  29.4638 0.0981 0.9999 22102 0.7990
100 29815  0.0149 07023  49.6026  49.2611 0.0056 0.9993 0.3539 0.8723

Note: ¢ is actual equilibrium adsorption capacity; ¢.” is calculated value.
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Fig. 9 Thermodynamic equation fitting of Cd*" adsorption by S.fusiforme: (a) Langmuir; (b) Freundlich; (c) Tempkin; (d)

Dubinin-Radushkevich (D-R)
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Table 2 Simulation of isotherm models and corresponding parameters
Langmuir Freundlich Tempkin Dubinin-Radushkevich(D-R)
TK g/ / ke/(mg - Al Ow/ K/ E/
R R R
(mgg") (L'mg™") gL (L'mg™") (mol-L™  (mol*kI?)  (kI'mol™)
1.7535 3.2531
298.15 48.2160 0.3720 0.0630 0.9913  13.1916 2.4813 0.8467 5.5881 8.9212 0.9461 , , 12.3976  0.8811
X10™ X 10~
3.8860 3.8684
313.15 68.4932 0.2140 0.1046 0.9860  12.4838 1.8274 0.9569  2.8285 13.5258 0.9585 , , 11.3690  0.9713
X10™ X 10~
Tempkin 7% R* (T Langmuir 25547, 14 B Tempkin
S 2 AN E M T R Z M A s B Dubinin- S @

Radushkevich(D-R)#E ! S50 k {H1TH WM H HAE E,
HAE N 12.3976 kJ/mol A1 11.3690 kJ/mol, ¥J7E 8~16
kJ/mol PRI P, Ut BASERE AR X Cd™ PRV B A 22
MEAE, BRAETE TR, %8R S5WH s hE
I 458 — 5
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DARE G 0T 2 A7 o W B 2R 4 S T 5 1 e R AR kAT
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Fig. 10 SEM images of Cd*" before and after adsorption by
S.fusiforme
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Fig. 11

Chemical analysis of S.fusiforme by energy-
dispersive X-ray spectroscopy: (a) Before adsorption; (b) After

adsorption
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Table 3 Energy spectrum analysis of element composition of

S.fusiforme before and after Cd** absorption

Element Before absorption After absorption
wi% x/% wi% x/%
C 56.47 66.31 40.26 52.72
(¢} 33.54 29.57 43.26 42.47
Na 0.88 0.54 1.48 1.01
Mg 0.63 0.36 0.47 0.3
Al 0.18 0.09 0.47 0.27
Si 0.21 0.11 - -
S 3.19 1.4 1.54 0.75
K 3.44 1.24 - -
Ca 0.9 0.32 1.98 0.78
Cl - - 0.67 0.3
I 0.55 0.06 - -
Cd - - 9.93 1.39
Total 100 100 100 100
—— Unloaded
----- - Ca?* loaded

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

Bl 12 EHEEWE Cd™ TS it i
Fig. 12 FTIR spectra of Cd* before and after adsorption by
S.fusiforme
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Fig. 13  Effects of desorption promoter type and concentration

on desorption
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Adsorption characteristics of Sargassum fusiforme on
cadmium ion in water environment

ZHANG Xiao-mei', BI Shi-jie', SU Hong', GUO Rui', LIU Hong-ying’

(1. College of Food Science and Technology, Agricultural University of Hebei, Baoding 071000, China;
2.0cean College, Hebei Agricultural University, Qinhuangdao 066000, China)

Abstract: The adsorption characteristics of Cd*" in aqueous solution were studied by using inactive Sargassum
fusiforme(S.fusiforme)as adsorbent. The results show that the maximum removal rate of Cd*" is 92.54% under condition
of the optimum adsorption pH 5, the temperature 313.15 K, the concentration of adsorbent 1 g/l and the initial
concentration of Cd>" about 40 mg/L, and when the adsorption is carried out for 10 min, the maximum removal rate is
93.95%, the adsorption reaches equilibrium at 60 min. The removal of Cd*" is rapid and the removal rate is high. The
kinetic experiment data conforms to the quasi-second-order kinetics model, Langmuir has a high fitting degree for the
equilibrium data of thermodynamic experiments, and the maximum theoretical adsorption capacity is 68.49 mg/g. By
means of equation fitting and SEM analysis, it is found that the ion exchange occurs during the adsorption process. FTIR
analysis show that hydroxyl, carboxyl and other functional groups play a role in the adsorption process. The regeneration
and cyclic utilization of S.fusiforme can be achieved by desorption.

Key words: Sargassum fusiforme(S.fusiforme); Cd*"; environmental factor; adsorption mechanism; desorption
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