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FEE. LU R R AL ERE LIk | B S IR L& T a9 K B 4 B 5 IS 1k (NZVI/SAC) , TR X kAT
S TR X SRR FRE R S AR T T b, S5 GUORE M PIBURILL 50 ~ 150 nm BIAE FERIEIE 25 11
ERAEM BRIt b B NZVI/SAC R BA — 2 DI S I8 S FEA R AR, XKk Cr(VD) i RBR IR,
NZVI/SAC f&=—FhiE FH T m M Cr( VD) IR K B9 BEAT R NZVL/SAC Z2B7Kk Hr Cr( VI) BYHL ) S22 D 2 10 -5 % e [RD 4
pH < 4 i} NZVI/SAC X Cr( VI) BIEBRLUIEFEAER A T, pH > 4 BEEERXT Cr( VD) BBk 3222 2L NZVI FT SAC A AR FH ok
Ty MR 30% , pH =2, IREE N 30°CHT, 2 g+ L' NZVI/SAC fE#F 100 mg-L~" Cr( VI) 7E 10 min P3| LA
W N R e 2R BRRIK 100% .
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Preparation of Nano Zero-valent Iron/Sargassum horneri Based Activated

Carbon for Removal of Cr( VI) from Aqueous Solution

ZENG Gan-ning', WU Xiao’”, ZHENG Lin’, WU Xi>”’, TU Mei-ling’, WANG Tie-gan*, AI Ning*""

(1. Ocean College, Zhejiang University of Technology, Hangzhou 310014, China; 2. College of Chemical Engineering, Zhejiang
University of Technology, Hangzhou 310014, China; 3. Zhejiang Province Key Laboratory of Biofuel, Hangzhou 310014, China;
4. Zhejiang Mariculture Research Institute, Wenzhou 325005, China)

Abstract: Nanoscale zero-valent iron supported on Sargassum horneri activated carbon (NZVI/SAC) was synthesized by zinc chloride
activation and incipient wetness method, and characterized with X-ray diffraction (XRD), Scanning electron microscopy (SEM) and
X-ray photoelectron spectroscopy (XPS). XRD confirmed the existence of nano zero-valent iron, and SEM revealed that the material
consisted of mainly 30-150 nm spherical particles aggregated into chains of individual units. The valence state of iron conformed with
the nuclear-shell model. The effects of NZVI loading on AC, pH and the initial concentration of Cr( VI) on the removal of Cr( VI)
were investigated. The final Cr( VI) removal percentage was up to 100% under the following conditions: 30°C, pH =2, NZVI/SAC
dosage of 2 g+L.™" and the amounts of NZVI loaded on SAC of 30%. And the equilibrium time was 10 minutes. These results showed
that NZVI/SAC could be potentially applied for removal of high concentration Cr( VI). By analyzing the chemical change of NZVI/
SAC, we demonstrated that Cr( VI) was mainly reduced to insoluble Cr ( Il ) compound in the reaction when pH was less than 4, and
adsorbed by NZVI and SAC when pH was over 4.

Key words: Sargassum horneri; active carbon; nano zero-valent iron; hexa-valent chromium; adsorption; reduction
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A I I K B R KRR R IR, BE AR R 10 ~ 20
mg- L1 T 52 BR Tl 2B 7= B K £ 8 90 ~ 120
mg- L™ Y R B Co (VD) BEAKMT IR 5 - 4k — b
B T P T R AR I K 3 R T s
KRB T2, L RBR SR B Cr( VD) JE K.

BT UL, ARG B e BRI T BB S oA R 2
B Cr( VD) HE 7 A0 e S v i ™) A R i 5 40 K
TR AN B2 0L S s e A e v v e L, 3R
15 —Fhm PERE I 25 R B AR, LU, I T2 R
FEBU Tl & Cr( VD) KRR NI RE T Cr( V) &
PRikgs, 4T NZVI figk & | pH, Ce( V) #I Rk
JE AR R A [ R Cr (VD) B £ BR LRI EAT T
G3HT.

1 RS

L1 AR
111 eGPk (SAC) By il 4

K ZnCly 545 s R TE R > F A
e, T iR 80 Hifi; LI 1:45 ZnCl,
BA IMA—E 8N LB TF/KER 2 hy FARmY
FEEN, KA FIE1E 2 hy BWHIEH 1 mol-L™" HCI
JNFE W 30 min, KU IR Y HCL F125 8 5K
Ve, TR H.

1.1.2 390 oK A0 k- e 9 0% M ik (NZVI/
SAC) Byl &

SR £ 12 U 45 60 28 A0 K A K A
BEiEPE R, B—E B FeSO, + TH,0 Bt T 15
TR, 55— R 4 TR 1 R SR 40 IR 5T 24 h;
FEAE N, 40, 300C F FEEEL P EEBE 4 hy
RAE1E HVKICE K BL B 1Y NaBH, IEWAE N, . 7KK
W FIRJER 2 hy ol UE, TG TEK R TE A
RIS TR 3 K T 75°C BLas A b 10,
TRAEAE N, S,

1.2 NZVI/SAC [34E

S 4 K 41 B 17 22 PANalytical (MAZAR)) 2
A A2 XPert PRO B X ST A (XRD ) |
R 254 M8 L 40 kV | B LT 40 mA, X 2R A
g Cu #8 Ko HF4E (A = 0. 154056 nm) , 494 74 [
(20) 2} 0° ~90°. Ff & 1Y R HIE & FI R H H A
Hitachi 2\ & HitachiS- 4700 3714 H 7~ i 435485 46 ).
FE R T RN S SR H AR HE-KRATOS
/N Kratos AXIS Ultra DLD 5 X 5486 TRk
ARSI, 45 & Be TS Je ik Cls (455 fiE = 284.6
eV) HEATHEIE , 3% 81 5% F XPS Peak 436 55 4 b 31

BB C%-mR A, — B2t 1:5; b
HROGT ] — A i ) 0 2N TR 285 1) 451 W g 06 9
Ferfla), B RN 2.7 eV R M AT E A
BB (2p,,, F1 2p, . ) 08 JE FEPRRF 20 1, L9 04 [a] 5 [
FELE—EH.
1.3 WERFacEs

IS0 mL —EWE R Cr( VD) T 100 mL
JEHET, FH 0.1 mol-L~" ) HCI FI NaOH % ¥ V8 55
pH J&, IMA 0.1 g & 41 NZVI/SAC, F (30 +
1) CHEIRFE IR B ¥R R b 2Py, 500 2% 48
NZVI i & (0, 5% . 10% . 15% . 20% . 30% .
40% . 50% . 60% . 70% . 80% ) . pH(1,2. 3, 4.
5.6.7,8,9,10)FCr(VI) %]t # (50, 100,
200, 400 mg-L~") XFCr( VI) LR REAEIR. FREH
SCYGATSCRS 3 2. SR R RR B B O
PRI R AR B 2R A R VR Ce( VD) | B
B R IR AR IE R 6 e L 2 s Ak
SR i

2 ZER5iTie

2.1 NZVI/SAC fIZFRAE
2.1.1 X SFAT S A W B o A

1 & SAC 1 NZVI/SAC FiFp 1K XRD &
4. 1 SAC #HI ,NZVI/SAC 15 26 = 44. 772° kb iy g
UEBH T4 s M ok B AN R A, H ORI
W1 T NZVI/SAC [ Sk, 182 2 SAC AU 2
BRI NZVL/SAC MRHEFHE L T YRR, b
AT LT AT b 7 281 ] g TR T A e 3R T 4 K AN A R
AETE, SR Fe® R WERIE | HOR AR IEATE 50 ~
150 nm Z[8], H.PA 50 nm K &, FAKGFEREE S 1R
RIE I ) 2 F2E A5 1.
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Fig. 1 XRD photographs of SAC and NZVI/SAC
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(a) SABEELTRHE ¢ (SAC) 5 (b) i 34K 10% A LR L0 M ¢ (NZVI/SAC-10) 5 () JiE R 4340 30 %0 40k Hek i o 365 1
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E 2 SAC, NZVI/SAC-10, NZVI/SAC-30, NZVI/SAC-50 BIia# e sE E 1%
Fig. 2 SEM images of SAC,NZVI/SAC-10,NZVI/SAC-30 and NZVI/SAC-50
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1 3 A 1 3840 K Z5 0 4 Al e R T M R 1 X 5
Yot FREIE G R, M 3 (a) AT LA, NZVY/
SAC MR R EZALY C, O, Fe iX 3 Fiot .
X} Fe JGE 1) 2p BUIE X A W EAT o 1 4 P 3] 1]
3(b). 45 NZVI/SAC £ Fe TTEMNMASH
AT H Fe, 0, Hl Fe, 0, , X T8 &t T NZVI i§
AR S SRR Y 0 5 H,0 OB KR )2 LU
BRI AL SN L Y 5K 3 (a)
Kit O TCE M FAAEAE—L

2.2 Cr( VD)W=
2.2.1 NZVI fi# a2

PL2 g L™ UR 38 (0% . 5% | 10% . 15% .
20% . 30% . 40% . 50% . 60% . 70% . 80% ) [
BRF5IXE 100 mg- L' A9 Cr( VI) % WAE pH =2, 30°C 5%
R AT AL B A ] B 22 Cr ( VD) AP 36 3 5400 4R
WM R (c/c,) T 4 R, 2M38E <30% ,
Rifi 2k 4% 1 A 44 K, NZVI @A A T 5 b e (VDD
BN, 528 MR Cr( VD) B 25 B 238 528 i 1 K5
MR 30% W, SN B R FE 4T, AR ORE X
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Fig. 3 X-ray photoelectron spectroscopy (XPS) for NZVI/SAC
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Cr( VI) B9 25 B3R 3A 100% ; M8k & > 30% , M &
AR RGN, NZVI/SAC R Cr( VI) (92 55K 38 i
REARG, XS PR A 24 T 2k A 4R oK A ks ik 22 i, oKk
TR 23 3% SETG PE AR A BR | T B00 1 2 W B
REAEG, DT B5CFL B P 18 490 K A SR 422 fiok 5 G 0 11
JUEEAH X ol L 1 5 i A PHASCSRL

Xof 3% 38 4%k . NZVI, SAC il NZVI/SAC-30 43
TTEAT I W B 528, 45 SRR W] NZVI, SAC Fl NZVL/
SAC-30 X Cr( VI) Y9 84 LBk (K 5) . H
Hi NZVI 1 NZVI/SAC % 100 mg-L~" Cr( VI) f) 2

cleg
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.
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FRFENTIK 100% ,SAC 1 L BRF K 96% , 4101 B 15
TEYH. Al SAC FI NZVI AH L, 738 T
NZVI J (4 44 Ak () S i 155 6] 23 531 1 120 min 1 30
min 45455 10 min. 3% 1 & H R E N AN 2T 7 388
YORFTAM R 2B b Cr (VD) B BRA SR, 3 2 X He
AT DL IR A 0 P A A Ay AR 171 R K 2 4k
Jei , HLF BRI AR At A A SRy FRARL 33X ] B2 A
Sy B RGN FE A A 1) T A AR A B Ce ( VI) B ] 5
ST A 1 W A SSVE FHAT R NZVE 5 Ce( VD) 19
Bz fih , 2[R E FHAE B v BE = K.

0.30

- 200 mg-L™" Cr(VI)
0.25
0.20
0.15 -
0.10 -
0.05 L L L
10 20 30 40 50
kN %

4 30°C,pH =2 if, SAC 1 RE# 28I NZVI/SAC %t 100 mg-L -1 #1200 mg-L ' Cr( VI) BIER

Fig. 4 Removal of 100 mg+L =" and 200 mg-L =" Cr( VI) by SAC and different amounts of NZVI loaded on SAC at 30°C and pH =2

xR1 HHBENAENHESHREBRAKFR Cr( VI) BHFATIR
Table 1 Research status of Cr( VI) removal by supported NZVI composite material
Ak B % BHAMAE  GODEE T ERA/% il
/gL /mg-L /min
] R T 2k 30 2 100 10 100 AHIFSE
TREEL 50 5 50 180 99.9 [26]
£ — 4 20 60 98.73 [27]
TRAAKAE 33 0.1 20 120 98 [28]
LB P A 10.9 10 20 10 99 [16]
ARBEIEPE 25 0.5 10 60 96 [29]
T B 4T 4 63.4 — 70 10 67 [30]

2.2.2 pH By

pH J&5 1 NZVI/SAC ZBECr( VI) EZH R
Z—. LEHRH 2 g-L™" NZVI/SAC-30 F 30°C .
A pH 4 F(1,.2.3.4.5.6.7.8.9.10)5
100 mg-L~" Cr( VI) ¥ IEAT W B S5, 25 R sl 6
Pz, pH =1 B, Ce( V) P8 H B2 0. 27 mg-L7",
FBRECR R pH =2 B TR pH =2 B, NZVI/
SAC XFCr( VI) i L BRBCR e bt , L BRF35 100% ;
pH H} 2 ~4 Bf, Cr( VI) BI-Fi7 e BE R pH 38 K%
Wi 24 pH IKE 4 J5, Bl pH (34K NZVI/SAC-
30 XFCr( VI) B ZBBRRIEARGEREE. 4 pH <4 i,
DR Y & f B pH 3 KB W FEAL; 24 pH > 4

iF, 4k Y - i vk B JLF- 4 0. Ui BH NZVI/SAC 2Bk
Cr( VD) yad 78 =2 e B, i S de[m/E ;. Hodk
FUEARTCr( VD) LB 76 pH <4 544 F, DLk
RN A FE pH =2 BHA BRSO A9 5T Rk ok ; pH
>4 J5 , MOBE Ce( V) B9 R BRr F 228 NZVI Fil SAC
(R AR FH DR
2.2.3  Cr( VD) WIERvR B 52

TE30°C ., pH =2 &M T, RH 2 g-L™' NZVI/
SAC-30 XF A [ W1 LA vk BE 1 Cr (VD) 8 (50, 100,
200, 400 mg-L~") #EAT KBRS, 45 R A 7 PR,
M Cr( VD) WIERVR BERARET , 52 & 4 kL RE 76 J5 1) [R] 7Y
P S I 58 4 J R EBEE Cr( VD) W) IR vk B2
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1o b —u— ek 1.0 —m— 50 mg-L"!
: —e—NZVI VK —A— 100 mg-L™!
—A—SAC \ —e— 200 mg-L.™!
08 —v—NZVI/SAC-30 08 v\ —v— 400 mg:L™!
y— '\
0.6 0.6 \'
B “E_ \1 v
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i . —
.H_'"""H—- ™ ] .\‘
0.2 H \ 02 H —
‘\ xl
ik A
0 Ly ——g—f—" —% T ad —‘—-—' 0 " " o . " "
0 50 100 150 200 250 300 o p 100 0 200 250 300
t/min

B 5 30°C,pH =2 BfZEHEKM ., NZVI, SAC,
NZVI/SAC-30 3§ 100 mg-L~"' Cr( VI) &K
Fig. 5 Removal of 100 mg+L=" Cr( VI) by iron, NZVI,
SAC and NZVI/SAC-30 at 30°C and pH =2
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E
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1 1 L | |
0 2 4 6 8 10
pH

B 6 30°CH,NZVI/SAC-30 7=
pH &HT3Cr( VI) &R
Fig. 6 Effects of different initial pH on Cr( VI)
removal by NZVI/SAC-30 at 30°C

TS, NZVI/SAC 25 Cr( VD) BSF- £ Bisf (7] i =22 %8
K. MArhh M 1K F] 200 mg- L' A1 400 mg-L™'
ff, S i B 18] B 10 min 43 3] ZE 4K %8 30 min F1 50
min , [F] I B BRARAA PR, X2 2 Cr (VD) %)
GR35 i B, NZ VT PRt 5 Cr( VI 32k & 2B 38 R
N, HoF B A i B Cry Feyy OOH Al
Cry 7 Feq 35 (OH) , B RR R 20 40 7= ) % i b 2 ¥
Y pH B0 BT R SRR Y HEAT , NI KT R
IO S ] AR S I 3 3%

3 REE#FEE XPS 4

8 A NZVI/SAC-30 AbFH 150 mg-L " Cr( VI)

t/min

7 30°C,pH =2 B} ,NZVI/SAC-30 3t
AEMHRERCr( V) BRHER
Fig. 7 Removal of different initial concentration

of Cr( VI) by NZVI/SAC-30 at 30°Cand pH =2

WWAHAR P Cr( VI | A Cr () ¥R AY 28 1k
Mgk, &5 1 s BeCr( VI) ¥ 1 150 mg-L ™" 1R
W ZE 81 mg L' [FA Cr( D) AYHEEH 0 mg-L~!
AR 44 mg- L', 25 206 Hofh SRy 59520, 1 W AE
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