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THE: DRF L WIARN( CMS b, R R R 2458 R AL VA R AR E M2 NZVICMS )
WeF7l. SR SEM. FTIR, XRD #l TEM XAUKEM L (NZVI) Fl NZVIICMS FITORESHIET T RIE, H5
TR AEXT NZVI A NZVICMS BB PO PERERGRE IR . 451 iR . NZVI RIh f#kdE CMS I, fE)Ehy
NZVI /3 Ecte i i, ARMSKAERA 8RR, CMS BRI/ NZVI BB ER . R TR 2 NZVI
H NZVICMS I 53504 0.05 F10.01 g, P> WI4A IR ER EE 43310 600 F1 400 mg/L, W ftAsHiE] % 120 min,
W BRI EE N 30 °C, PO IR pH 2034 4.5 A1 4.0 IfF, NZVI il NZVI/CMS %t Po? (R Bl ok, 435120 390.3
1 535.5 mg/g. TEAML LG FR I, JE3F 3 IRJG, NZVI B4 98.6 mg/g, 1 NZVI/CMS 7% fif £ 7] ik 469.7
mg/g, NZVI/CMS 2L b NZVI LR EER i FHERE .
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Carboxymethylated Salix Psammophila Powder Supported Nanoscale
Zero-Valent Iron: Preparation and Adsor ption Behavior
toward Pb** in Aqueous Solution

HU Jia-qi, WANG Li"
( College of Material Science and Art Design, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia,
China )

Abstract: A new adsorption agent, carboxymethylated salix psammophila (CMS) powder supported
nanoscale zero-valent iron (NZVI/CMS) was prepared by liquid phase reduction method with nanoscale
zero-valent iron (NZVI) as a carrier. The micro structures of NZVI and NZVI/CMS were characterized by
means of SEM, FTIR, XRD and TEM. The effects of different adsorption conditions on the adsorption
capabilities of NZVI and NZVI/CMS for Pb*>" were studied. The results showed that NZVI was successfully
loaded on CMS. In addition, the introduction of CMS efficiently resolved the reunion of NZVI particles and
improved the dispersibility of NZVI particles. The adsorption results indicated that the maximum
adsorption capacity of NZVI/CMS for Pb** reached 535.5 mg/g when the dosage of NZVI/CMS was 0.01 g,
the initial mass concentration of Pb*" was 400 mg/L, the adsorption time was 120 min, the adsorption
temperature was 30 °C, and the pH value of Pb*" solution was 4.0. However, the maximum adsorption
capacity of NZVI for Pb>" was only 390.3 mg/g under the optimum adsorption conditions of NZVI dosage
0.05 g, initial mass concentration of Pb*" 600 mg/L, adsorption time 120 min, adsorption temperature 30°C,
pH value of Pb*" solution 4.5. The cyclic adsorption experiments revealed that after recycling for three
times, the adsorption capacity of NZVI was 98.6 mg/g, whereas that of NZVI/CMS was 469.7 mg/g,
indicating that NZVI/CMS had better reusability than NZVI.
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1.2.1 NZVI 85 4] &

FRHL 9.66 g FeCly-6H,0 I& T34 40 mL /K Z
FEEFN 10 mL ZE4R /K B = VR, H 89 £ 20 min,
SRIE L HI 4 100 mL ¥ N 2 mol/L ) NaBH,
TR WA A = FVRE T, 5F NaBH, W0 N 58
Ee, PHAEPE 30 min, (HEWE AR TR0
FEREA S N 3 B P — Bl AR SRY . RN SE A
ATHUE B, IR TOK QBT VR, aE ok
1 NZVI 7E 50 °CH.Z5 THAE T4 6 h, 15 NZVI
2.0g, FASAH . R RRIN T R

4Fe* +3BH;+9H,0—4Fe’ | +3H,BO5+6H,1+12H"
1.2.2  CMS ¢4 &

2.0 g WHIARMHRHAETT 850800 15%89 2
AALEKE P 12 h, IR TR A = D5,
B INA 20 mL Jo/K L BEI - FEAT, 2.0 g
AT =HmA 3 Dk, =R T A 30 min
J&, 7E 60 °C TN 2 h, g, Hr=PEF 10 mL
ZEMRK T, ISR 5 AKARFREE R 1 0 1 MBS R KA
FHAZR pHIE 2 7.0 J5 K HAEA 100 mL ook 4 EEH,
FEAR [ FPR 15 min 543, T 85 CCHEA T
Mih T2 h )5, BIWEUEES, 5% CMS 1.8 g.
1.2.3 NZVI/CMS # %) %

FREL 9.66 g B FeCly-6H,0 I T34 40 mL Jo/kK
ZEEFN 10 mL ZEWE/K A = DB, A 2.0 g il
FIH CMS, R 30 min i ZIRAHE], R
J B BE 1 4 1) 100 mL ¥ FE >4 2 mol/L () NaBH, /K %
WA A = FBEiH, FF NaBH, i3 W noc &2
FEAEFE 30 min, BN A FE — EE A B AR
JR 58 56 JE AT IR AT 8, IF I JCK S T e
SRR NZVI/CMS 78 50 °CE 25 THA 1%
6h, 5% NZVI/CMS 3.8 g, 4%,
1.2.4 HWFEE

PO> ARiE I LM R . p=7.358024+C

( p N PO AYSRAEEIREE, mg/L; 4 AWOLE; C N

WL LA R BN 0. 9990 ),

TR WA 4> MR H 50 mL ¥) 44 i i e B h 600
Al 400 mg/L [ PO ¥ T W TR, 20k
pH J# % 4.5 F1 4.0, 735 A 0.05 g ) NZVI £ 0.01
g [ NZVI/CMS, BHEE 5 Ba A 30 °CKGE
RIRZ AR (120 r/min ) P77 120 min, WSS RS
FHES.LHL (4000 r/min ) 45 W B 500 A1 PO> 5 W 40 85
FHOBOE B8 A0 =] 0L 4356 0' B 1100 8 1 B 3 v
POY YRR B, e B AT AR R O,

Oc=(po—pe) X Vim

AP O—W M (mg/g); po—Pb? VAR W) 1A R
R (mg/L); pe— WG # B P I A PO> 1Y i it
WeHE (mg/L) ;V—Pb™ WA AR (L); m—W 57
AR (g)o
1.2.5 BLW =%

He W BFE PO I AN B IR BRI E T 100 mL AT IR
Hr, AR EE A 0.05 mol/L ) HNO; % 50 mL,
P HEIE 55 B 5 i A KR IR IR G de b (30 °C,
120 r/min ) £3% 60 min, 17k S5
1.2.6  PEIRKIH £ 56

J T %85 NZVI Fl NZVI/CMS BTG ER 1,
X} NZVI Fl NZVI/CMS 3547406 30 W B ARG B S 46 o 1)
P& A 50 mL Po> WI4R M B 4051 R 600 Al
400 mg/L . I pH 43510 4.5 1 4.0 (9 P> %Y
HEFEH 43 A 0.05 g () NZVIA10.01 g i NZVI/
CMS, 7E 30 °CFWZRH 120 min, WEFFFE5 R G, Brme
BRI PO VA VR AT TS L I RE VR PO B R R
IR, SRS, BB SE U B R B R T
JE o I EA TR S 56, IR RRT 25 SRS, K IR B AR A
WLy B ORI RO LA T T, TR S i
AT — U B —E B S, R BRE— B B 25 528 1 3K
— B, T U B Y R R
1.3 R
1.3.1 #5945 (SEM) 547

fifi 37 & B F1 8 B F BB X NZVIE Rl
NZVI/CMS SATRORESFI 73BT o 445 i s W R AR
i b BUE A NZVI AT NZVI/ICMS TS H i I
P A [ 2 e P R O R R B0, SRS X RE
T BEEAbEL, FENER R S kV, BORAREL
k1 40000 9 554 N BEA TSR
1.3.2 #4hkiE (FTIR) o547

fifi FH 8 HL AR e 41 A0 6 RS AU X NZVI A
NZVI/CMS AT AMGE T, i KBr & Ak
H, APERNR 4em”, WHGEFN 500~4000 cm ™,
HRREL 160 K.
1.3.3 X H&ATH (XRD) 947

fdi X BHRAT ST NZVI FI NZVI/CMS HEF7
XRD 4307, KEFEME T2 AN A L, RSE%
ABESE, AWK A 0.514 nm, HHFEEE A
10°~90°, FHEHEEE N 4(°) /min, FHEEFEN 0.02°,
Cu #ll Ka H14:,
1.3.4 #4%4: (TEM) 5 #F

fdi BSR4 X NZVI Fl NZVI/CMS #E47
JESLA AT, BRI e TR E T, 7 L
100 kV T XIHE B ST W%
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2.1 NZVI #1 NZVI/CMS B &4 9 #7
2.1.1 SEM o#7

NZVI (a) F1 NZVI/CMS (b) ) SEM & IiL
El 1. HIE 1la iTLUA W, NZVI Uk BRoR ol 2k
PR R i U 3R A2 BUHE 5 1B 16 AT LA NZVI
e CMS FJi, NZVI BRI 7 Bk #c i, A5
PRSI A, FH CMS REMSAALPHIE NZVI Y
[ZIE 38

Bl 1 NzVI (a) fINZVI/CMS (b) [ SEM K
Fig. 1 SEM micrographs of NZVI (a) and NZVI/CMS (b)

2.1.2 FTIR o #f

NZVI(a)5 NZVI/CMS(b) LI AMEIE I UL 2.,
2 TRLEH, NZVIZE 3400 em ' b 2 FE 36 1 {
AR shigl ) 1643 em ™ AbJEFRH WK O—H A
R SRS 1410 em ! b AR TP OINA B
JCERIM =AM B—O M4 ahE ", 1021 em™ &b
52 Fe,05 B4R AE W i 1525 JNZVI/CMS H1,3400 cm™!
b ¥R L A 4 e 2 0 R SE R K, O 1) i 2
3500 cm ' A0 A5, UEEH NZVI/CMS _EEEEHCH B
Wi, 31907 K 1685 cm P4y H I CMS
H—CH,—Hl—C =0 ik, 1643 cm™
AE R K O—H (25 iR 2h i NZVI
AT, 1130, 946, 823 cm ' &b Bl A AL Bk
BRI RIS, 618 em ™! bl Fe,05 MUAFME
RO FRAMTEB], NZVI I NZVI/CMS #5837 5|
TR R AL, B NZVI I #7E T CMS |,

1410 194

a 1643—>

4000 3500 3000 2500 2000 1500 1000 500
v/iem™

€2 NZVI (a) fl NZVI/CMS (b) BIZLAMEE
Fig. 2 FTIR spectra of NZVI (a) and NZVI/CMS (b)

2.1.3 XRD 5 #7

NZVI(a)5 NZVI/CMS(b)AY) XRD % & WL 3,
HE 3 ATLIEH, NZVI Fl NZVI/CMS 1E 26=44.7°
YA — A i, XF R T a-Fe $AEAT SR>,
BRI BORE i R 8k 1 R 2B AN o-Feo 5 NZVI A HE,
NZVI/CMS 7E 26=15.5°, 18.0°, 31.5°, 35.0°%:4b
BT — LR AT, S8 T CMS, Ui
NZVI Pt A4 CMS I,

18.0°

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
20/°)

K3 NZVI (a) FINZVI/CMS (b) ) XRD %]
Fig. 3 XRD patterns of NZVI (a) and NZVI/CMS (b)

2.1.4 TEM o #7

NZVI (a) 5 NZVI/CMS (b) i TEM R H L
K 4, mE 40 LIEH, NZVI BoREER, H IR
FE—, 3 T0RE 22 A)AH 5 | i A B,
NZVI/CMS B4 HPE B BT NZVI, Uil CMS i
F A NZVI Bk 4E T .

K14 NzVI (a) FINZVI/CMS (b) [ TEM f&H
Fig. 4 TEM images of NZVI (a) and NZVI/CMS (b)

2.2 WRBHEHEEXT NZVI #1 NZVI/ICM S BBt Pb* gk
A
221 TR 63 B 2R B 69k
FE Pb> VR TR D4R W Ak 600 NI
400 mg/L, WHFItE] A 120 min, &N 30 °C, Pb**
VW pH Bk 4.5 FI 4.0 &MFF, NZVI
NZVI/CMS A8 W B Po> 1 fil (52 i LA 5
SEE TR 1.2.4 795 R S AT 0L, BEE B p
fin, NZVI F1 NZVI/CMS XF Pb>" () 0 fhf 4 5 Bl 4%
IR FR#HE, 24 NZVI # NZVI/CMS 3
394 0.05 F10.01 g iF, NZVI Fil NZVI/CMS X
Pb> " (1% Bt it 3k B 5K, 43004 390.3 1 535.5 me/g.
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XEH T, B NZVI I NZVI/CMS $hn g 3s hn,
NZVI 1 NZVI/CMS FA7 L LG22 AR AR X 35 K
Pb’" 5 NZVI Fl NZVI/CMS | 50 B s RE % 78 43
Pefil, A BY T Pb™ B NZVIad it B3 {2 i b Pb?
B o IR R — Y, R B Ef, h R
7 = RN W 51 Y4 B B | BB N A At e
W Fff 2 R R . NZVI/CMS IR Hh 0.01 g if
W B e R, T NZVI B 0.05 g B I B d5e
K, XA UL NZVI fgk 7 CMS bW AR 2
RS T NZVI R4 .

550

—— NZVI
500 |

—— NZVI/CM
450l VI/CMS

400
20350
£ 300
250
200
150 -
100
50 , , , , ,

0 002 004 006 008 0.10

W BRI N /g

5 W RR S BOINE XF NZVI AT NZVI/CMS W B Pb> % fff
LAl

Fig. 5 Effect of dosage of NZVI #1 NZVI/CMS on the
adsorption capacity for Pb*"

222 POTIERANKE R F R R E R

24 NZVI Fl NZVI/CMS E’Jf&ﬁﬂ%ﬁwﬂﬁ 0.05 Fll
0.01 g. WZFFFAFAE] R 120 min, IREEN 30 °C. Pb*"
VW pH 23310 4.5 F1 4.0 I, PoX IR O 16 T R
He BE X NZVI Fil NZVI/CMS W2 B P> 14 fike i 52 i
K6, SLErklE 1.2.4 %5, K 6 a] WL, Ff%E Pb>
VWG R B B K, NZVI I NZVI/ CMS X
Pb> i 1 B 45k 45 5 BR80T R R A a3 . 24
PO> VTR W IR R E 1K F] 600 FIT 400 mg/L i,
NZVI #1 NZVI/CMS *F Po* By ik 8l R, 4
WA 390.3 F1 535.5 mg/g. FHIW MR ETHER N,
B 7R W0h PO RYE L, 5 NZVI Al NZVI/CMS #
AT W BRHAE A 2 i) P> MG &2, i LB Pb> )R
HIRE RO, WKT &EE T LT, W
AT WERBE 0 2 PO R R B L A, IR
W48 B o R AKE, 5 H,0 BB S, Bk

HAEA TR

2.2.3 BB E] RS 0 H R

24 NZVI F1 NZVI/CMS 84514 0.05 1
0.01 g. Pb™ ¥ Wl 1 4 Jo 4 W B 43 9 o 600 FNI
400 mg/L. A 30 °C. PO ¥R pH 439k 4.5
F14.0 B, W FiF s ] %F NZ VI A NZVE CMS W[ Pb**
PERERY I WLIE 7, SEEG Rl 1.2.4 15, B 7 0]

UL, BEE WS A EE K, NZVI fl NZVI/CMS X
PO [ W B H 2 S BRI s TR e e g . #¢
120 min i}, NZVI Fl NZVI/CMS %} Pb*" W it 1 4
IRFN K, B4 390.3 F1 535.5 mg/g. T e
13 Po* AT LAFE NZVI £ . CMS E LK CMS
B P BRI B, 1 H NZ VI 38 S5 L RE W R 32

W, BT LA, B W BN A B S, IR F
RIS, W B 2 ik A
600
550 —- NZvl
w0l /\ NZVI/CMS
450} \‘\
400 | °
2350} ,/ -
=300}
Ssol
200}
150 F
100
50— ' ' ' s s s
100 200 300 400 500 600 700

pl(mg/L)

Bl 6 Pb> ISR R E XS NZVI FIl NZVI/CMS W [t
Pb> 1% Bf-E: 1) 5 Wi

Fig. 6 Effect of initial mass concentration of Pb’>" on the
adsorption capacity of NZVI and NZVI/CMS for
Pb2+

[ o Nzvi
S0 T NZVIICMS

500

5450
400 /
350} /

300

Q/(mg/g)

l:|

20 40 60

250 80 100 120 140 160 180 200

t/min
K7 WEBRH ] XE NZ VI AT NZVI/CMS W P> i Bk
B
Fig. 7 Effect of adsorption time on the adsorption capacity
of NZVI and NZVI/CMS for Pb**

2.2.4 BRI EIEEE A

24 NZVI Fl NZVI/CMS B85534 0.05 il
0.01 g. P> ¥ W) b Ji & B 2 5318 600 Al
400 mg/L . WZRFAFIE] A 120 min, Pb> 1AW pH 43 %)
4.5 F 4.0 BF, WHHEREEXT NZVI #1 NZVI/CMS
W BFF P> PERE AR IR UL 8, S k] 1.2.4 5,
H &1 8 W UL, W BAHIRLRE A 20 °C F T2 30 °ca¢,sz1
HINZVI/CMS Xt Po> (W Bt B 2 4 vy, X SR WA
—E B TE BN NZVI Fl NZVI/CMS % Pb>* it W
%uﬂ)?j@%im‘ﬁ%, T E T v A B W A Y

TR IR EER T 30 °CJ5, NZVI X Pb*' i



- 1232 - A% 4m 4t T FINE CHEMICALS 535 %
530 — 2.3 NZVI/CMS i Po* H#| 32 % 52
500 T—— S FW, CMS. NZVI Il NZVI/CMS ZEAH[F]
asol N ﬁ@%ﬁﬁﬁ%ﬁr, MR B R 0.01 g, ?bz*
® ¢ W) 06 i Y B2 7 400 mg/L . W2 B[] 7 120 min
§4°° o o o Wz FRHIR R 30 °C . P> ¥ pH M 4.0 if, CMS,
350 NZVI F1 NZVI/CMS %} Pb®" iy it 43 51 4 35.2.
ool 150.1 F1 535.5 mg/g. MMLAT UL, #ik CMS Xt

20 30 20 50 60
6/°C
&8 W FFHE X NZVIFl NZVI/CMS W it Pb? 1l b2 14
SR
Fig. 8 Effect of adsorption temperature on the adsorption
capacity of NZVI and NZVI/CMS for Pb*"

W RS et e T, BRI R RS, NZVI
X Pb>* B W B 37 1R R AR /NG T TR KT 30 °C
J&, NZVI/CMS Xf Pb>" Ay W fff w4 R e, X il
AE S o R BfE 2 CMS & CMS LA P> Fifi
& B TE G2 sh 2 e, A T eSS B0 n
JE, SO B A T BT, SRR N
30 °C,
2.2.5 Pb*A & pH 1A TR £ 6 ¥k

24 NZVI F1 NZVI/CMS 84514 0.05 1
0.01 g . Pb™ 1% Wi #1 & I &2 ¥k B 43 51 A 600 F01
400 mg/L . MRS ] A 120 min, W FFHEE 5 30 °C
i, P> WK pH XF NZVI Fll NZVI/ CMS W[t Pb**
PERERYSE M ILIE 9, SEEe kIRl 1.2.4 15, HIE 9 1]
W, FEFrEEEE pH YERIN, NZVI 1l NZVI/CMS
X PbY R W B B R R RRAY B, Y
Pb* VU pH 3 314 4.5 F1 4.0 i) ,NZVI FI NZVI/CMS
XF Pb* WL BB K, 43R 390.3 AT 535.5 mg/g.
M PO pH L RET, TR S K STESRARAY 5
PER RAE R, s m g B aE 710 B Pb>
WU pH MK, W OH %, &fF A bekok
WRIR R ETAL 2 AE NZVI R, FEAE NZVI i
T 4 T =R i bl N

550 —o—NZVI
—e—NZVI/CMS
500 -
20450
2
<400
Q
350
300 -
2 1 1 1 L 1
50 3 4 5 6 7
pH

&9 pH X NZVI Fl NZVI/CMS W2 Ff P> 1 Ffif-& it 5% 0
Fig. 9 Effect of pH value on the adsorption capacity of
NZVI and NZVI/CMS for Pb*"

NZVI/CMS W[} P> W Bt (4 48 7+ & A5 — 2 7B
(), JEZE R ARAR CMS 3 T A R BRFAS7 557, 1 I B o iy
TR B BB . NZVI/CMS K P> iy fif
BRI FEF R, NZVI g3 cMS FE, A
BPHIE T NZVI AT RIS, NZVI 5 8Ea 17
W, 8 NZVI R R, NZVI iK%
B A T RIS 3% MR 5, T S 2 PO A SR A AL
FARE, FTLL NZVI/CMS X P> i W B B A7 W it R
WA ®RFEER. 28 BTk, NZVI/CMS % Pb*
(IR B SR 2 AR CMS B NZ VT 18 2 B 1T T 7
e, Hd, 244k CMS W BT R B3 kA
XN
2.4 NZVI # NZVI/CM S BB IR E A 14 gl 2

¥ 1.3.6 WHITIEXT NZVI Fl NZVICMS 47
W o6 - 00 B 52 56 o A9 I B R O NZ VI Fil NZVI/
CMS W Bt Po> PERE AR WLIE 10, FR & 10 AT AL,
16 3 WA R B S2 36 v, NZVI X P> 1 1 B D 45
1 KA 390.3 mg/g FRERIS 4 IKAY 98.6 mg/g,
NZVI/CMS X} Pb> i i 5 SR 1 YA 535.5 mg/g
FRERIZE 4 KA 469.7 mg/g. LTI, NZVI/CMS
XF P> W B AR B IR R B RN T NZVI,
NZVI/CMS MG HPEZ T NZVIL, el T
CMS fE Rk, REfEIESR NZVI FaENE, NZVI
W JE PO M BE N NZVI K R 2 3k |, 4E
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NZVI HA 5L 96 8 FH 1 6

ENZVI
___#BNZVI/CMS

recycle number

10 FEFM B0 NZVI Rl NZVI/CMS W Bt Pb> 1
I 45 Wi
Fig. 10 Effect of recycle times on the adsorption capacity
of NZVI and NZVI/CMS for Pb**
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