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Enrichment of Silver from Water Using Nanoscale Zero—Valent Iron (nZVI)

Gu, Tianhang*’ Shi, Junming*” Hua, Yilong“’ Liu, Jing*’ Wang, Wei***
Zhang, Wei-xian***
(“ State Key Laboratory of Pollution Control and Resource Reuse, Shanghai 200092)
(® College of Environmental Science and Engineering, Tongji University, Shanghai 200092)
(“ School of Chemical Science and Engineering, Tongji University, Shanghai 200092)

Abstract Increasing evidence suggests that nanoscale zero-valent iron (nZVI) is an effective nanomaterial for the enrich-
ment and separation of heavy metals from water, especially for recovering precious metals such as gold and silver from trace
level sources. In this work, a nano-iron reactor, consisting of reaction zone, separation zone and reuse facilities, is applied to
recovery of silver from aqueous solution using nZVI. We demonstrate that nZVI could sequester Ag™ (ca. 1 mg/L) and be
transformed into high-grade (32.0 mg/g) silver solids (“ore”) as nZVI is recycled in this “reaction-separation-reuse” system.
Besides, increasing hydraulic retention time (HRT), from 10 min to 60 min, could enhance the enrichment efficiency and
finally improve silver content in solid phase. We further demonstrate that there is a positive correlation between solution oxi-
dation-reduction potential in reaction zone and Ag" concentration in effluent, and this relationship can be used to regulate the
reaction kinetics and separation efficiency. Data from oxidation-reduction potential regulating experiment are presented and a
mathematic formula is provided, proving this system is reliable and controllable. Solid phase characterizations with X-ray
diffraction and X-ray photoelectron spectroscopy confirm that Ag” is reduced to metallic silver (Ag"). Images acquired via
high-resolution transmission electron microscopy reveal that Ag® (<10 nm) is deposited on the surface of nZVI (Ag-nZVI).
Pure silver nanoparticles (AgNPs, 9~32 nm) could be acquired by simply processing Ag-nZVI with sulfuric acid and poly-
vinyl pyrrolidone. Batch experiments confirm that nZVI is far more efficient and less pH-dependent, comparing to other ma-
terials (e.g., mZVI, a-Fe, 03, nTi0,). 99% Ag* (1000 mg/L) could be sequestrated in less than 15 s with 1 g/L nZVI. And the
separation coefficient of nZVI for Ag” reaches 3.2X 10*, which is several orders of magnitude higher than that of conven-
tional adsorbents and reductants (102~741). This study demonstrates that nZVI is a powerful candidate to recover Ag from
water (e.g., industrial wastewater, groundwater) with trace level silver and produce valuable AgNPs.

Keywords nanoscale zero-valent iron; silver; enrichment; silver nanoparticles; nano-iron reactor
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Figure 1 The scheme of silver enrichment with nZVI reactor

211 #EBAFETRE

AERY LT T NIR fEAN[A HRT MI44F T (&
Sy Ag I E SRS DUNES T (Na )Y AR L
LN Ag R E EROR, JEIEIIRBIX E, 1284k, B
HE 5 Ag BHEBEMRR.

24 HRT =10 min (& 2A), H7kd Na iR bk F
Tk, 2 h JG 584 % ([Na Jux=[Na"Jux), 1 9.5 h J5 Ag"
WA T E KR EE ) 20%. 7] W nZVI %t Ag™ BA K
SR AR B AE S (BB K >80%). 24 £ 4 HRT A 30 BL 60
min(& 2B~20)i, KM #5T Ag BRI, R
FUEAN RS Ag BAVRRIENL T, 24 HRT 10 min ZEK
% 60 min, Ag' Fx KFIERH 19.0%M4 % 4.1%, XA HE2
N HRT WIZEKININ T Ag™ 5 nZVI K4l A, fii &
N AR ST

ANF HRT 640K, RBX E, AR Ag ik

Acta Chim. Sinica 2017, 75, 991—997



1 F F ®R

RIE

A — MM 2A~2C). B4 HRT=10 min i, H
K Ag IRIERUS N XA Ey (AR AT 3 N A
Bt MYBL1(0~5.5h) B, POE BT, HK Ag WRERGETE
40 ug/L LL R (C/ICy<<0.04); BBt 2 (5.5~9.5 h) E, 4EFFfa
5, HK Ag IREPUE EF. ELERPIM Y& A C/C, 1H,
435 1 0.035 I N4 0.194 (HRT=10 min), 0.013 &
0.057 (HRT=30 min), 0.011 % 0.028 (HRT=60 min).
Uk, TESEPRN R, ARE B, 5 HK Ag IRE KR,
A By VENFELR K Ag IRIERIZSHL, IRYE EL 1)
A A3 P B T EE nZ VT SR H 40 135 X [ AR 4 ()
N [A] A5

PL HRT=10 min B} 4558 A6I(E 2A), E, FIHK
Ag IREARI R AT RS (DB 1 R H, 25X
R K S HAR[0.566 m/(m?eh) | KT nZVI Bk g 2505 5
(R FR 22 T 7K 77 7467 [0.100 m*/(m*eh)], #5753 nZVI BEH!
KA, M E, EFHEBER, RIS R X 4 A FE 1)
nZVIE ik Ag Hbodifa e &4, B2 AR OB X Py
nZVI KRR, nZVI B KRR ED, Fit E, R
IR E, RMIX nZVI IRESR SRS Ag NE
SRR, HKh Ag WREE & PO SRS R
F B B AE i nZVI; (2)B BE 1 nZVI Bk b Fe &
B, EJREESEGR, ATIREEE Ag', MIEME 2,
nZV1 & EEAKRT [ FIE 8 A2 2] HO. R

1ol A 1500
300
100
) z
o 100 W°
-300
-500
1.0 |C 1500
0.8} 1300
. 06l 1100 >
S o4l 1100 W
0.2} 1300
0.0f 1500

0 10 20 Bb 40 50
Time/h

B2 REKIEEREZET Ag'&

PRI E AR (B) RS &

410 Oy B NOy K& 1h, Fe S EMFIK, EIRAES
TS, KT LETEAL, BRI AE S R R Hh 5 70 2 B[]
HE S S [ A4 R

FRIEYPRLSF T, WTANfEAN R HRT 4544 F (b2
17.1 L FHJEK), nZVI Xt Ag" TP EH£EN: 93.3%
(10 min)<<98.6% (30 min)<<99.5% (60 min), F—KiF
BIEEK HRT w425 nZVI 8 808 (K 2D); 24 HRT
B 10 min ¥5I01% 30 min B, “FEEERER T 5.3%,
M 30 min £ 60 min K}, P35 ERNEER 0.9%, %
EHEE BRI AF R, HRT ¥4 10 min 5% 30 min
BAAE. A, AT NIR N =4 (Ag-nZ V)
ARE BN 21.5 (10 min). 30.2 (30 min). 32.0 (60
min) mg/g(¥ 2E). # EF| nZVI £ A4 (R B,
SERRER o WA T R = AME, (BT LR
F(6~10 mg/g)™, F IR nZVI 0K 53 B S 7
IR E SR, FFkds 2 B B RO E B 7K HE.
212 EREARERE

Wt 2.1.1 K Ag IRERIRNIX Ey IR, 1]
R LLF 458 B AR B R nZVIXT Ag I E 4
A, N TP IRUE X PR, LT 1A NIR P [A)ER
PERIE i nZVI B RE0UE1T IR EE. RBIFF LR )
SN X AN 0.5 g #if nZVI, 2 J5RHK E, TR g %
0.1 g HEE nZVIEHEIN 3 IX).

1oL B 1500
0.8k 300
06} 100
&) £
© 04l -100 W
0.2+ -300
0.0 , , ) -500

0 5 10 15 20 25
Time/h

= 80 o
= (o)}
o

K] 100 €
S 60 20 <
e =
5 £
£ 8
2 110 &
c =
w20 b

0 0

10 30 60 10 30 60
HRT/min

FEL K Na SR S R (X Ey B2 4k: (A) HRT= 10 min; (B) HRT=30 min; (C) HRT=60 min; (D)
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Reaction conditions: nZVI dosage=0.5 g, [Ag" J;;=1.0 mg/L, initial pH=7.0, 25 C
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Reaction conditions: material dosage=1.0 g/L, [Ag+]o: 100 mg/L, initial pH
=35.0, rotating speed =200 r/min, reaction time=4 h, 25 C
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Reaction conditions: material dosage=1.0 g/L, [Ag Jo=100 mg/L, rotating
speed=200 r/min, reaction time=4 h, 25 C
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Figure 6 Effect of nZVI dosage toward Ag"™ enrichment

Reaction conditions: [Ag+]o: 1000 mg/L, initial pH=>5.0, rotating speed=
200 r/min, 25 C
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Reaction conditions: [Ag " Jo=1000 mg/L, nZVI dosage=1.0 g/L, initial pH=
5.0, rotating speed =200 r/min, 25 C
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Reaction conditions: [Ag+]o: 1000 mg/L, nZVI dosage=1.0 g/L, initial pH=
5.0, rotating speed =200 r/min, 25 C
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W Ag HIE EAIA 32.0 mg/g, AR BUER VEIR & S A
W I i) 5 B, LIRS S PR, AT B NIR & 4R 80R,
B K Ag IREEISHITERARAKCT. A EL T Ad A
B8 JEATEL, nZVI BN RO R, % pH EM/N,
W B RAER X Ag MR K E B AL 5.3
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R AT A5 31 15 45 R I ERTEZ (10 nm) G KR (AgNPs) 5L .
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AER T T ARRP S R FE 146G pH K nZVI
BN Ag BRI,

W FEAS R R 20, [\ 50 mL B I 40
mL AgNO; % i([Ag' 1=100 mg/L, pH=5.0), BN &4l
HS(>99.999%) 30 min J5, Zr AN 0.04 g [l A4k
E TEERE AT (25 °C, 200 r/min) N 4 h. 738 25
K it A X4 frow:
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ARG PG Ag R VL K E G EM - Ag 1
T
WFFRVEWAIIE pH X nZVI. mZVI E45 Ag’ (100
mg/L)FI52 S, f#H HNO; (0.1 mol/L)Ff1 NaOH (0.1
mol/L) #1465 pH W74 3.0, 4.0, 5.0, 6.0, 7.0, 8.0.
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BEFE nZVI BSR4 Ag' MmN, f£2 0
B A 1000 mL AgNO; % ([Ag 1=1000 mg/L,
WG pH=5.0), AR 30 min J&5, 7551400
0.10. 0.25. 0.50. 1.00 gnZVI, [A]R&E— B (8] BRI 52
RAWHR AR Ag IRIE.
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nZVI 5 AgNO; N5 BIFE A= 955 Awifr. Hod
— P RE AT AT AT AL FE, B Ag-nZVI, 54 Ff 5
H PVP (4 g/L)Fd EMIRERALEE, Pt AR R AR At
20%, PVP IKJE 4 /L, fHIR(60 C)/KB MG &0, B
JEFRUTIE, MRTEAE 4 g/L PVP . X HR-TEM. XRD,
XPS M A BHESR . YIAH R T Ag IANAS.
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