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NiCID) A2 BR 243500 26.0 % .45.0 %6 .72.0 Y0 » 2P J5 B 5 PR BB AT BN AL KB TH S AR S B i 14 hn %1 0.5 ¢/L
At ,nZVI.Fe’ @NH,-SiO, \WD-Fe’ @NH,-SiO, %f Ni [[ ) LR 5E%] T 67.4%.95.4% .100% , X &
P S Bk (5 A5 0 P 57 A R B, B 22 ) T SRR A R PR 2 NiC D L U FE A F R 0.5 g/L
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g b E B WY BE . 5~25 min N8 L IFB B, 25 min J5 RN A 3K ). nZ VI Fe” @NH,-Si0, , WD-Fe’
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FET A4 1% H 17.7% 3 J& T NH.-Si0, #9528 IR 19 7 1S nZVI B2 ZE/N B #3847 . 5 NiC D
%) 2% fio T AR 5 R T T nZ VT B 5 5 NiCTT) % A W B Rz 0
2.4 WD-Fe' @NH,-SiO, 3t Ni( I ) B9 &R E

F TG WD-Fe’ @NH,-SiO, X} NiC [1) 1 & BRMLEE X B B A 5 #E i 2547 XPS #RAE 87, 25 R an &l 7
JroR B 7 () WD-Fe @NH,-SiO, I Hif 5 sl il B, 520 i J5 BT Re Rl it Fe 2p BZ5 G 68, H 5 FE i
Rt Ni 2p 45 A Re. LT B 7(b) 2k Fe 2p K2k 14, 45 & RB7E 707.6.710.8.715.1,724.1.730.3 eV &b 433l
XA Fe’ \FeO B 2p3/2 . FeC 1) FeO # 2p1/2 Fl Fe M1 52 3 B J& H4 BERG ) Fe® By WA , 5z I Aif ##
din O B Fe B At A 285 2 PR A AR Bl 81k L R J5 B i b R B Fe ) oAt A0 25 2 TR R AR i 1 SR PR DA e Fe?
5Nl &4 T AE LB 7(e) A Ni 2p K 4% &, 45 A 8 7E 852.6 eV Ab XTI 4 J@ 88 . 7F 857.1,
864.4 eVALXF N K 2p1/2 By NiC 1) 1 NiO. 7E 870.2,873.8.880.1 eV ALXF % & 2p3/2 A4 B NiC 1) F1
NiO™, & @B IEE A B UL T Fe' K302 NiCID #EFT 38 J5, g J5 #E & i B NiC I 208 T A¢
vl 2 T B 08 NLC I 3 A 38 20 I A & A S AR 3 D 2 g S 7 Jis R i o ) R A 3000 1 25 1 B Fn N C T a3 B
WD-Fe’ @NH,-Si0, ZB& NiCIl) (%2 78 [ ) 77 78 4k 2% 58 J5t A SRR R C 15(284.8 e V) BRifEIEXT XPS
TR AT A A BB IE. B 7(D R C 1s AHANIE R, 455 BEFE 284.8.286.6 eV AbXf 14 C 1s 1) C—C fl C—O.
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Fig.7 XPS spectra of W[)fl-‘o“@\llh;Si()h, before and after reacting with Ni(I[)

Jg T #E— L AE WD-Fe @NH,-Si0, #il Fe" @NH,-Si0, %f NiC[[) 89 2£ BALH, % — R 5 )44
TURIUE — 90 8y 1 2 BERUG NiCID B 22 B R BEAT LG ARG 18] 6 (o) i 52 30 B4l i 47 2 ) B R AL 45, 0
HEERWNE 8 Fn. P 8(a) h WD-Fe! @NH,-Si0, Hzh 124 A K- fE— Rl J2E M a MR B R N
0.918, M 8 S WA M CRE R 5 0.999. FH P & 8(b) i Fe' @NH,-Si0, 13 1 2= & K, i — 3
TRV AR REC R 2 0.984 1 9z )i G AHE R B R Oy 0.993.UE— 2 3l J) 27 B AU 3 ] T4 #E L
BiF - 9400 S0 AR L T T R g g S A A S S Al 2 W R i R A R e R A A PR R RO R
£, B L WD-Fe® @NH,-SiO, il Fe® @NH,-SiO, X NiCI[ ) 25 5 i 7 b 2 LA — 9% 5l 7 24 B8 (fh 2 g
By 53X 5 RO BRI DL K XPS JCE M & T 4 R —EL

3 g
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SiO, &AL B SEMEDS . XRD . XPS £ fl FAE T B FE & JE 4T R AE 04T, 25 238 7R i B iR 4 i A=
K AR RE/NER S 1A B B FeS ROk fh K, FeS 2008 JFUS A2 i T 4042 5~10 nm 9 Fe* JHORL, I
B 22 B DR P S o — SR Tk 3 TR D) 67 48 T 40 LA /N 19 8 A1 2k 40 DK BB AR A 5% 34 2% 58 T AN [) s 0 2% 2 4
BES B 1A NICID ) o v BE s 7 B 1) 45 28 3 NiC LD 25 B 3R A0 55 )L W8 FRF 552 60 UF 552 i 25 1% A o5
T B 30 RN AR & NiCID) BB Rt  HRE 2 NiCID P 2B 7E 5 min 58K 73 41, WD-Fe’
@NH,-Si0, XL K d NiClLD 5 2 BRACE A B T nZVI Fl Fe’ @ NH,-Si0, 43 3142 F+ 7 44.1%
17.7% s WD-Fe’ @NH,-SiO, X} NiC 1) By e KW 25 i A ) 362 mg/g. 55 » A X SO0 L FHE 1 (XPS)
X B2 R IS R G TC B M S AT AT 45 S WD-Fe @NH,-Si0, % NiCIl ) W fif 3l Jy 2 4580, #EW) . WD-Fe®
@NH,-SiO, % NiCI) 8 2 Br L DA A2 0 B 3 5.
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Thiourea-mediated synthesis of highly dispersed silica-supported nano zero-valent
iron: adsorption performance and mechanistic understanding for Ni( [[ ) removal

Shi Dongyang' s Liu Shuping®, Wu Xiaofang', Zuo Jingying',
Li Yan', Zhang Ling', Tian Yingying', Su Guang'

(1. School of Materials Science and Engineering; Xinxiang Engineering Research Center for Wastewater Treatment Energy Saving
and Emission Reduction; Henan Key Laboratory of Advanced Cable Materials and Intelligent Manufacturing, Henan Institute of

Technology. Xinxiang 453003, China; 2. Center for Library and Archives, Henan Normal University, Xinxiang 453007, China)

Abstract: A well-dispersed Fe’-loaded composite material, WD-Fe” @NH,-SiO, , was successfully synthesized via the
liquid-phase reduction method using NH,-SiO, as a carrier and thiourea as a structure-directing agent for efficient removal of
heavy metals from aqueous solutions. The structure and composition of WD-Fe’ (@ NH,-SiO, were characterized by scanning
electron microscopy(SEM) . energy dispersive spectrometry (EDS), and X-ray diffraction(XRD). The influence of thiourea’s
slow-release behavior on controlling the particle size of Fe” during immobilization onto NH,-SiO, was systematically investiga-
ted. A systematic investigation was conducted to evaluate the effects of dosage, initial concentration, and reaction time on the
Ni( [[ ) removal efficiency. The adsorption experiments demonstrated that the adsorption capacity and removal efficiency of
WD-Fe’ @NH,-SiO, for Ni( Il ) were 362 mg/g and 90.5%, respectively, representing a significant improvement compared
with those prepared without thiourea(308 mg/g and 76.9%). Finally, X-ray photoelectron spectroscopy(XPS) was employed to
investigate the valence state evolution of nickel in the samples before and after adsorption. Integrated with kinetic modeling, the
results confirm that Ni( [| ) adsorption onto WD-Fe’ @NH,-SiO, proceeds predominantly via chemisorption.

Keywords: nano zero-valent iron; amino-functionalized silica; thiourea; NiC [l )
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