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 E TakArE cd() SRR AR, ARSCEBT WA PEIM R, G0RFNE zV) gk a
BB KT M (EG-nZVI). F| ] FESEM, EDS. TEM. XRD. FTIR % BET k2 ifi Bl 52 XF nZVI il
EG-nZVI AT RAE, /T T ZFH W E B Cd(ID) i EBRACR. 4580, &4 100 mg-L 'cd() ¥,
nZVI Ml EG-nZVI 3N 43 51355 04 mg'L ' fl 2 mgL ™', FEMEABATBIMAMET, #iR. pH8. X
M 30 min B, Cd(1T) ZBRZ5> R 56.3% Fl 78.4%. EG-nZVI Fl nZVI £ Cd (1) i P55 & 1h Z 2k sh 1
2RI Langmuir W% 45 IR AERD ;R IR B 500 2 T2 SO SRR ), 0 25 5 7R EG-nZVI X} Cd (T1) 1
ERRIEE & T nZVI, Ui BG-nZVI % nZVI A 5 & (1 Ak Ge ffa 2 k.
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Research on removal of cadmium( || ) by green synthesized nanoscale
zero-valent iron supported on expanded graphite
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Technology) , Xi'an, 710021, China; 2. College of Environmental Science and Engineering, Shaanxi University of
Science & Technology, Xi'an, 710021, China; 3. Department of Chemical Engineering,
Yangzhou Polytechnic Institute, Yangzhou, 225127, China)

Abstract In order to protect the water from the pollution of Cd(1l) from industrial production
process,two new adsorbents, nano zero valent iron (nZVI) and nanoscale zero valent iron supported
on expanded graphite (EG-nZVI) were green synthesized. EG-nZVI and nZVI were characterized by
FESEM. TEM. EDS. XRD. FTIR and BET specific surface area measurement. In addition, EG-
nZVI and nZVI were investigated on the removal of Cd( Il ) of aqueous solution. Results indicated
that, for 100 mg-L™" Cd(1I') solution, adding 0.4 mg-L ™' nZVI and 2 mg-L"' EG-nZVI respectively,
removal rate of Cd(Il) was 56.3% and 78.4% which was achieved under the following conditions: at
normal atmospheric temperature, pH 8, for 30 min and ultrasound assisted. The removal processes of
both were well fitted pseudo second-order dynamic model and Langmuir adsorption isotherm model.

EG-nZVI showed high potential to remove Cd(1Il) in aqueous solution than nZVI due to its high
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removal capability and stability after being placed in the air for different time.
Keywords expanded graphite, nanoscale zero-valent iron, cadmium(Il), green synthesis,

adsorption.

Bl Tl 9 & R, Ko 4 S B HE A SRR AR, 6 35 AR AR IRR D 2 AR AE R SRk & BEARAR, ZKAK
15 Y B4 R IR SRS Tl A B L SRR N T SR Ml AR i B o A A B R K KR Tl
e FR AR HE B A A AN BT AR 2R, RBOKR TG Y H 257 5. TS G 0K, SRIEATHERE, &3 R &
77 DX A G R R, SO AR AR, DT o B Y AR R U AN @ R SRR A AR, AR
i, BRSTE AR, BB SRR RR AN 8L & 4, & S PR AE A9 R A AN B . I L PR 2R
B 9 A4 b ) 25 L AR

YK ZE M £k (nanoscale Zero-Valent Iron, ff#% nZVI) 1 Ay 8 25 B K AR v 8 43 @ 09 b R ELA i 3R 1H
TEPE . BRIA I AR BE AR A 1, HAB S BOR © B R BT Gl b il BV T 38 J U0 AR el s Aok &
Wk o7k, BRI A Ak Clnil E 4k 4h) 5 A 5k = f 92k ER (40 FeSO,4 5% FeCly) [ I Az 40 K %
Wk, i FMEY A B T, N TR S B T 48, I AR, Hl A A i, BRI 9ok AN A
RN TR R TR . EAEE, — R ISk 0 G LN K Z M0 R 00 7 12 BRI AR ) 4 BOR 5 k3
il 5 nZVI 52 B 22235 1 F bR, 27 B S S Sk Y o, A ) TAEY S IR AR, [R50
BCAARR B, L 3L A1) AR ) B 8O 04 A8 RO 1N 22 B 2 ) o3 i Bk R i 48 nZ VIl 12,

YA B S 0L I P B R, (RS PR 22, TE 2SS — B B T s 0k B BRI, oAy T it e
T P T B 3503, AT ST LA A R SR R M k. A 85 34 P i K £ 55 (expanded graphite, & FR
EG) HAZEW . 8 MFLAH A B A LB e 2w A, % 8 4| HLA 00 R AR W BRH2R e L il
BN FM 5 MM A SAHE A 00 S5 B R], S R T X5 K rh S i L B

AL LRSS PR OB AR R W AR 2R €6 5 B nZ VI, ZEH 35 R N AR Z v, [N EG, & B Ak A1 38 17
WA K EAN B (EG-nZVI) . X —F PATRAE, FFHFSE nZVI Hl EG-nZVI MK ER H Cd( 1) B2, i
BT DR 25X BRI (A5 M, Ay ) Ay 38 5 170 280 A0 K 1% WO 0 0T 7K v B 4 T 1) 2 R B A S

1 i%\%ﬁﬁj\(]ﬂxperimental section)

1.1 MRS (R

A KA 8 (RS R 150 mL-g ', 75 5 ma B2 25 3h A0 SRl i A BRAA W), SRR (IR AR SR E R A
BN D), $RR, FeSO4 TH,O, R4, S AL, TK Ll (rdrat, 255 Ak 2718500 4 BR A /).

HL I FE RS (D2010W, b M ARER T AN A4S 1l 1 A FRA WD), # QLB (SX2-4-10, [ 15050
XA, M 47K HL(EPED-S2-90DF, [ 4% fHib TRHE A BRA R, fH iR #5 (SHZ-C, LI HE % s
INERATIRA T, HAS T4 (DZF-6096, i —{HREAUER A BR AR, KGN £ H H 45 (SHB-TI,
AL H IR ), TDL-40B #5 .0 AL(TDL-40B, b4 2Rk 22AUER ), BT IOGTE (SP-3520AA, I
WECTE LAY ), #7028 (KH-300DE, E& L AR BIH#E 75 4 4a BRA 1), 3 & §F 1 W 33045 (S4800, H
AHHAE ), 7 BT B 308E ( Tecnai G2 F20S-TWIN, 3% [ FEI 23 7] ), Fb 2 1 A1 52 {4 (ASAP2460, 35
AR ), (B 3 2T ARG (Vertex 70v, £ A6 52 28 7)), X GATHHX (D/max2200PC, H 7 #fl
ik,

1.2 RE ks
1.2.1 EG WyHI#%

¥4 5 g (AT BT RO FHR T, 78 700 °C B b PNl 60 s 5, 1S B A 584 .
1.2.2 nZVI #1 EG-nZVI ()45

FRIL 60 g 1 ZE, A 1 L 47K, 80 C /KA 1 h, i 3§, 15 B EAS S BOR & H . K 100 mL JBIS
PEPUR 5 0.1 mol-L™' FeSO, W 4% IEIRFLLL 2« 1 1218 1R &, WIRIARWIHEHE, SOV 20 0.5 h, A& s B a
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AT Yo I TR B A B A T I IR T T 5000 r-min! 2500 10 min, THE 4l K FJCK £ BT Ve MR, BT
B2 TR 70 °C THE 24 h LU, 153 nZVI RN

AR IO ) 45 18] b, FREC0.5 g EG A ] 100 mL BB 2R RO T, 70 IR S, B 0.5 AR
0.1 mol-L™" FeSO, ¥ M 1218 I A 2IRA EG MY BASTRIGR T, WARAS W2, KN 2 0.5 h, S 5
PR, S & BEG MVEMIE TR /L 0.45 pm 5 R £F 2k 08 B B 2 Jha&, K ) EG B A MBHE T
FLAS T4 70 °C T4 24 h, 195 EG-nZVI.
1.2.3  EG-nZVI fl nZVI X} 7k cd(1T) i & B

fig il 100 mg-L™" () Cd( 1) . 53 MR — % f: EG-nZVI Ml nZVI BT 50 mLCd( 1) ¥, 7E#8
PR, BoE AR A pH., BOINEEFN Cd( D) #REE, S Mi45 9 , 2R F IR T 5 S0 4306 06 BE T
FE VT E T Cd IR B, B A A RS Gy Cd( ) I R BRECR I, =l (1) Pik:

G -G,
Go

R= x 100% (D

K, Co. C, R IR IS 20 5 Ab B ¢ B 201 Cd MR, mg L.
1.2.4 nZVI Al EG-nZVI £k CA( ) Ay ik B 257 2k

AR CA(T) WIERMR BT, 43 3L 50 mL & F WA T, 2050 A—E 519 nZVI F1 EG-nZ VI,
FE 25 °C F1 50 °C F 75 46 B 3k B0 0 P, AR IO kAT CA(TT) e B2 il , 310
W B . 22 AN TRLEE T B I R A TR IR
1.2.5 EG-nZVI 1 Cd( 1) W[ 5h J1 2%

Hl— %2 nZVI M1 EG-nZVI 43515 100 mLCd( 1) i IR &, T W R 7688 75 0 4 B &40 F 90 R
5 min BEFE 1 min W AW CA(ID) W, Z )5 B S min M@ B0 CA(TL) R B, 22l W Bt 2 7 2% il
LIHPA.

2 ZEE 558 (Results and discussion)

2.1 BAMERRAE
2.1.1 FESEM #1 EDS % #r

EG Bl R WK 1(a), 2 Z I8 V5 2 55 IR SRR 2 5008 B9 A0 FL IR EG-nZVI & 7 UL A 1(b), A
FIrhr] LA H EG 2080 T 40/ ORI P B, RO KN A 4ok 9, 26 B3 9 K Ak JURL AR 76 1 Ak
A S FLBUZ R I nZVI E R WLE 1(c), NEIHRE H nZVI BIEIRIE AR 20 40—50 nm AYERIR, 43
B Ay

(a) EG, (b) EG-nZVI, (c) nZVI
Fig.1 FESEM of (a)EG, (b)EG-nZVI and (c)nZVI

i 2o B8 R SRS W AR P A T R A LB 2. B 2(a) R T nZVIR EE TR AR
C(45.08%). O(35.82%). S(1.95%). K(0.96%). Si(0.71%) F1 Fe(11.64%), i W T # b1 Kl b & 4 99 K 4.
& 2(b) @7~ T EG-nZVI B F 50 & 4 8 M C(75.93%). O(15.3%). S(1.35%). K(0.74%). Si(0.88%) Fil
Fe(6.7%), Ui T MK A 58 BAi SE 7 380 7 90K ER, i T I Ik S5 AN a0, A5 s R A C & &k
W .



3912 woooBE b % 40 &
3s00r¢ @ 10000 . @
3000
8000
) 2500 )
2 2
£ 2000f £ 6000
3 S
15001 4000 -
10001
so0k 2000 | N
Fe giPs Fe U .
K SipS F
OJH f 1 K Fe OJ w " L 4 ° 4 4 ]
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Energy/keV Energy/keV

B2 AR EDS A
(a) nZVI, (b) EG-nZVI
Fig.2 EDS of (a)nZVI and (b)EG-nZVI

2.1.2 TEM ¥

B R nZ VT B TE S5 AR AR 8 o 158 B H B ok Ui g%, L TEM B F &l 3 Bz, i IR 3 aT LB, Br
Tl 28 P 0 K R R 2 ST AR BR T 14 0K, 43 B B A, 4 R AR UKL ) R 42 24 A 40—50 nm, [] FESEM 14
HEE IR 2 7o, i LR, G A KRR BB A, 5185 T R nZVI B S 45+
AT, FCR O IR, S ] BEJE A M SR IR 9 A LY Ak i Ak

o

100 nm

B3 nzVI TEM &
Fig.3 TEM ofnZVI

2.13 FTIR 4347

EG ) FTIR W8 4. )\[&] 4a & i, EG 7F 3444 cm™ Ab AW e i f2 O—H {1 45 9% sh . 7F 2927 cm™
F1 2855 em ™" Ab B IS X B T4 AR C—H(—CH,. —CHj; DL & —CH=0) M 4E4R3); 1150 em™ Ab 51
Wi C—O0 8f C—O—C M4 IR 345 1370 em™ 40 AW s 2 C—C B 45 4R shig, 43471 7] 1 EG
R REA FRIE . LS B REMIATE. K 4b B, 73 T F N85, EG-nZVI 7 884 cm™ Fil 782 cm™
{7 B H P a-FeOOH F4FAE I iCi, DL & 520 em™ Ab B Fe,O 4FAE W e . XF HE 7 2 i EG A TS 1R v]
ST EG 18 2R A AL

Transmittance/%

4000 3500 3000 2500 2000 1500 1000 500
1

Wavenumber/cm™
B 4 KRR FTIR E
(a) EG, (b) EG-nZVI
Fig.4 FTIR spectra of (a)EG and (b) EG-nZVI
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2.1.4 XRD 4H7

K5 MASFEAE A B XRD . MK 5a AT LLE Y, nZVI B 7E 20=44.8°B T4 a-Fe 140037 75 454
B I (110) AYARFAEAT ST vE S W U JSRAR B &, T REJE i T nZVI R EHA YL i1 . 20=23°—24°
AT 1 ATEBEE, AR B 355 BRI T ALY B G2, 4 RS NE Sb
ATLLE H, EG 7E 20 24 26.08°F1 54.6°[f i HA7 £ A5 i A (002) FT (004) HYFRAEAT A 0. AT Sc T LA
L R T BN I A 5, EG-nZVI TE 20 4 26.08°F1 54.6° [ T TSR AE7E EG fii s, H 40,
F W EG 25385 MR IR 583K 5 16 20=44.92°40 A o-Fe 10037 77 8548 ST (110) A RFAE G, 2 B2k
AP AIE X ke BG R, s

Intensity/a.u.

10 2IO 3I0 éiO SIO 6I0 7I0
20/(°)
B 5 AFFE XRD A
(a) nZVI, (b) EG, (¢) EG-nZVI

Fig.5 XRD images: (a)nZVI, (b)EG, (¢)EG-nZVI

2.1.5 BET LR E I &
P R T FR I 7 45 5 s DLER 1, i T P AR T AR A B 1 24 A 5 2K, 145 EG-nZ VI Y H AR THI AR

1459 mig !, B E T BG B 137.5 m* g ' T A A B0 B ALORBR, HL AR I R < B0 4 A B

R OA[FERER B R R

Table 1 Specific surface area of different specimens

FEfh Specimen R FY/(m? -g ") Specific surface area 5z Bt B FLIARFR/ (em® -g™') Adsorption cumulative pore volume
EG 137.5 0.227
EG-nZVI 145.9 0.221

2.2 EG-nZVI Fl nZVI XKW CA(TT) B A BRACR
221 g B[] 2 R 23R B 5 )

Kl 6 Sk A [ 52 17 B[] EG-nZVI Fl nZVI %} Cd(T1) 25 18 2 5. th 8 6 0] LLE H, — % Xk
CA(IT) Y 25 B RSB W N, SR 5 # 22, 78 30 min B 3K 2 0% B SF- 6. EG-nzVI X 7K i Cd( 1) B9 2 B
U & T nZVL S0t Ik A 5 0 DS 90O RNk, FTARLB 1E 9Kk 02 0 A AL T 2R, IF 4
1B Y H R I RURM AR I, BN T R M Cd( ) A BRE .

80
70 F
& 60
8
&
= S0F
>
5
5
2 40 -
30k —s— EG-nZVI
—e—nZVI
20
1 1 1 1 1 1
0 10 20 30 40 50
t/min

B 6 SR Cd( 1) 2R ms
Fig.6 Effect of reaction time on the removal rate of Cd(1l)
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222 EG-nZVI #hnixf LB A5 m

B 7 AAFEB IR EG-nZVI Ml nZVI XF Cd(11) B EBRECR. HIE 7 7T W, BE# nZVI #l EG-nZVI #
IR s R, Cd( 1) B2 BRFBE 2 THE . 24 nZVI Fl EG-nZVI B3NN8 43 31553 0.4 gL' 12 g L™ i,
2k 25 38 A i X BR R AR A AR EG-nZVI Y e K & BR R (78.2%) B W & T nZVI(56.1%). bl &
nZV1 Al EG-nZ V1 & A4, HAT 25 bE 26 1 R AR X6 7 38 i, FF LA, BRFVE PR I 8, 2 bR R R
{E 4 ik ) — i B, AR R o R A, A Ak S AR B 5, T e SO M R R A B R B
Jz i A A2 18] TR B, B0 B AR AR 2%

a 80r p

'\_
\

70 1 *

oSS

50

\

Removal rate/%
S
(=]

Removal rate/%
\‘

40

\0

353
S
T
*

301

0.1 0.2 0.3 04 0.5 0 0.5 1.0 1.5 2.0
nZVI dosage/(g-L ") EG-nZVI dosage/(g-L™")

7 RFRE B CA(11) FBRA A
Fig.7 Effect of dosage of different specimens on the removal rate of Cd( ')

2.2.3  pHEX LBRFH5E MM

&l 8 2 pH XF EG-nZVI #l nZVI £ i Cd( 1) By 5. %5 pH BARE, Cd( 1) By & BRACR B2, J5
PRGN+ (1) 98P 18 HLO K, R o 590 8 T 2 5 I e, S8R b i Cd () HEFR , W BV LSS . (2) 1%
VI HOMR BE RS R, HPT RE 23 SV WP 9 Cd (1) 5 4 W B0 R T 149 WA R A 62 224 pHL 328 ¥ DA v ok 32 38
BaPERT, bR S PR R 98055, Cd( 1) By 22 BRACR W b 46 /55 4k 2238 K pH % 8 LU LA, #43 Cd(1T) 2E
Ji, CA(OH), YLVE, (4% Cd( ) 1y L BRBAR IR /NG G . 25 IR Bt K, S S8 ias 4, s g

A X, TR SH B 4 358 A0 4 45 Cd(TT) 9 25 BR AR 8 I O+ AN B 8, 25 40 B3k SR RN 28 5% AR TR R 2% 1
%E N pH8 BEh A

2.5

90} —®—EG-nZVI
—e—nZVI]

80+
70+
60 |
50+

40

Removal rate/%

304
204

pH
8 pH {EXFI Cd(TT) Z= R4 B
Fig.8 Effect of pH on the removal rate of dyes and Cd( 1)
2.2.4  AEWIGHEER) CA(IT) %2 BRF AT
K19 Sk Cd( 1) i BE X EG-nZVI Fl nZVI R BRGCR B2 0. L 9 AT BEE Cd( 1) #)46 Hk E
yo

TN, — XS CA(IT) 25 BRAEHFE . 15 B 24 850 Ay e B 50 i — 52 ek, ] 2 (R F 0t A7 552 A 1
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I B4, B W B T 2 R ot ) 2 AR 1 5 Y, A 2R AR 508 R R S5 (Cd( 1)) 2, ply IR RS o
AR AN A2, DRI 25 B R I i A1

100 —a—EG-nZVI
—e—n7ZVI

80|
=X
2
<
= 60}
<
>
o
5

40 F

20 F

1 1 1 1 J
0 50 100 150 200 250

Cd( 1) concentration/(mg-L ")
B9 Cd(T) ¥IhHH BT nZVI Al EG-nZVI & BRECR Y5

Fig.9 Effect of Cd(Il) concentration on the removal rate

2.2.5 EG-nZVI Hl nZVI & KT CA(T) bR 150

YRR TR S I T M R, T s AR T R 2 R T (U SR AR, I B AR ). SR T EG-
nZVI Fl nZVI B985 Ve, B il 45 09 EG-nZVI 1 nZVI JHCE T8 I BT, 55 B — B ] I 2 o) %5
T Cd( ) (2 BRBICE. K 10 S5 EG-nZVI #l nZVI 19 5 B K EE Cd(I) ZBRFR M52, 45 5 5K b
& RCE B A] 3, 3 X Cd( ) 23 B 19 5 BE T 1 35 F B, U6 B 4R 2t bl s Ao /AR, RO
T PEREAG. & 15 d J5 EG-nZVI X} Cd( 1) B9 K BRALBER 25 24 34%, 1 nZVI X} Cd( 1) B9 L BRALAET %
2y 82%, 15 EG 1 3k, HAFLAHTE — @ B LA B A nZVI B9 TP, BRSSO nZVI Y
AAER.

nZVI
E=SEG-nzvI

3
f=}
T

~
=4 =3
T

=
| ———— —— —— —

Removal rate/%
() - W
(=}

1 2 4 7 10 15
Storage time/d

B 10 EG-nZVIFl nZVI i B R Lo Cd(11) L BRA A0
Fig.10 Storage days of EG-nZVI and nZVI on the removal rate of Cd(1I')

2.3 nZVIHl EG-nZVI % Cd(1T) HyMEHHLEI
2.3.1 nZVIFI EG-nZVI 2Bk Cd(I1) 40 b 45 2 53

>k H] Langmuir 1 Freundlich W fF 35 i 75 R #E4T 9246 8040 737 . Langmuir 75 72 32 2 T i 18 52
K, 1 Freundlich J5 2 -5 FH R A 22 )2 05 B AR 408 [&1- 980 225623 2K, 3833 Langmuir A1 Freundlich 257
W FFASE TR, S nZ VT W 5 5 142 7K 1 R B 5 SR R AT R e LG, 25 SR ] 11 7R . Langmuir A1 Freundlich
S5 W MR DC S HECFIE TE R AN 3R 2 IR,

M 11 A1 2 A DL & B, Toie % F EG-nZVI b J& nZVI, XfF Cd( 1) 19 2Bk, Langmuir £ 7Y 45 2
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Freundich #5578 %) $01 &350 S B 4, Langmuir WY SRR Y (9 4 OC R 80 (R?) B, Y8 0.99 DA I, 158 HH W% B2
HZW B, EG-nZVI Ml nZVI XF Cd( 1) J i ik 72 7T BE h Ab 24 W [ . Freundich #7248 1/n 46 F 0.1—0.5
YRR, DB B R 2R S A T

081 b
@ —=-25 C 541
07 -*-50 C
52 F
06 //.
7
0 05 /// 50 F
~ - o
O 04 //' a8}
03} 74
< 46
02t
// 44 - -
01k :
0 L L L L L L L ) 42 L L n L L L
0 20 40 60 80 100 120 140 160 0 1 2 3 4 5
Co/(mg-L™) InC,
121 (o) =25 C 487 (d —=25C _
-*-50 C 461  -*-50 C Z
1.0 o
o 44 |
| 7
; 0.8 // . 42 |
= 7 =
o6t > £ 40t
&~
2 38}
04t a -
g 361
2F ” .
ozr 34 [
0 L L L L L ) 32 s L " ' ) )
0 20 40 60 80 100 120 0 | 2 3 4 5
Co(mg-L7™h InC,

11 W4 2k 94 (a) Langmuir £ (nZVI XF Cd( 1)), (b) Freundlich(mZVI %§ Cd( 1)), (c) Langmuir # (EG-
nZVI Xf Cd(11)), (d) Freundlich(EG-nZVI %} Cd(II))
Fig.11 Linearized adsorption isotherms: (a)Langmuir(nZVI on Cd(II)), (b)Freundlich(nZVT on Cd( I )), (c)Langmuir(EG-
nZVI on Cd( II)) and (d)Freundlich(EG-nZVI on Cd(1I))

R 2 AENEETFAEEESR K F cd() W4 R 2k

Table 2 Isotherm constants of different specimens adsorption on Cd( Il ) at different temperature

Langmuir 7S5 Freundlich 7758
B B Langmuir isotherm constants Freundlich isotherm constants
Specimen Temperature/K  Langmuir %% HMEIRACTHGWA I #H56A%  Freundlich %% Freundlich LB
Ki/(mg-g™) du/(mg-g™) R K /mg'g") VB PSR EE R B /n R
298 0.29 200 0.9993 56.19 0.2988 0.9138
nZVI
323 0.33 217.39 0.9991 66.109 0.2833 0.9099
298 0.31 99.01 0.9983 25.24 0.3425 0.9229
EG-nZVI
323 0.51 102.04 0.999 33.84 0.2793 0.9234

2.3.2 nZVI M1 EG-nZVI Bk Cd( 1) AW B sl S22 434
4 EG-nZVI il nZVI X Cd( 1) )L BRMLER RSN 112447 0, R —2sh Ji2p o5 # (X 2) Firth
TR 12 R GRO3) XMPEESEAT LG, S5 S E 12 Frs, BUA S EO ) 0L 3.
ln(QCq_CIl):lnch_Kl't (2)
KN, geg W VB M 1 (mg g ) g, AARTEIS 20 ¢ IR B i (mg-g ) Ky A D — 05 e W B 3 4%
(min™).

l/C]r=1/Kz'C]:q+t/qeq (3)
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Y, goq TR (mg-g™); g, FAEERSZ] ¢ FUIRE (mg-g™); Ky 90 — 92 H % (g-(mol min) ).

3 MG ML 5 h =R sh 1 i B EA SR A . nZVI I EG-nzZVI X Cd( 1) i th — 4 3h
J1% 7 FE R IR R 55057 )02 0.9692 F11 0.9956, W I =5 T Oh— 2k 5 J1 2% 7 #2 0.9135 Fl1 0.8996, th — 44 3
12507 R RAS A BRI P (geq) 5 S 30 DA 1 P15 W B 2 () TRAT . FHUL VLR nZVI F1I
EG-nZVI %t CA( 1) B2 5 0454 1 — G ok AR TR | 158 1 Al 0 o Rl A
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Fig.12  Adsorption kinetics fitting: (a)pseudo-first-order(nZVI on Cd( II)), (b)pseudo-second-order(nZVI on Cd(1I))),
(¢)pseudo-first-order(EG-nZVI on Cd( 1)) and (d)pseudo-second-order(EG-nZVI on Cd( 1I))
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Table 3 Constants for the kinetics for the removal of Cd( Il ) on different specimens

Dh— 3l )27 &) W ke i
FE il S BRSP-R B Pseudo-first-orde kinetics model Pseudo-second-order kinetics model
Specimen i qe /(mg'g!)  Ph—FIrFEM AR SR g o/ AR REL Th — 5 R B PR gy FSE R
HH ky/(min™) (mg-g") R R ky/(mg mg min'") (mg-g") R’
nZVI 142.4 0.0451 133.64 0.9135 0.174 139.16 0.9692
EG-nZVI 39.5 0.1142 31.6 0.8996 0.203 36.7 0.9956

A=A BFF A R AN R . T Fe?*/Fe A B ML B 67 —0.44, T Cd>+/Cd A i BB B 057 “—0.40, BUfif
nZVI N #% Fe J5 LR B FAEH, nZVI 5 Cd( 1) 2 [ By 2 1 35 £ 2 nZVI # 1f 8k )2 FeOOH 5
Cd( 1) 2 5] {14 2 T B A W A i £ 2 24 5 I B 221,

3 2515 (Conclusion)
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20gL '3 nZVI04 gL, K& T, pH 8, 76875 S 4 B F S 30 min, CA( 1) £ FBR#453-51°8 78.4% F1
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