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Simultaneous Removal of Cu(II ) and Cr(VI) Using Nano Iron Loading on Granular
Y Molecular Sieve from Aqueous Solution: Performance and Mechanism
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Abstract: Granular Y molecular sieve loaded with iron nanoparticles with cation exchange performance was synthesized for
simultaneous removal of Cu(II') and Cr(VI) from aqueous solution. The results show that the adsorption capacity of Cu(Il ) increases
from 46.6 mg/g to 67.6 mg/g, and the adsorption capacity of Cr(VI) is 13.2 mg/g when using granular Y molecular sieve loaded with
iron nanoparticles. The removal of Cr(VI) by the loaded material is improved due to the coexistence of Cu(Il). The removal
mechanism of Cu(Il) by the loaded material involves the cation exchange of Y molecular sieve and the reduction of Fe(0). The
removal of Cr(VI) is mainly attributed to the reduction of Fe(0), and the reductive products of Cu(Il) can promote the removal of
Cr(VI) by the loaded material.
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Fig. 1 SEM-EDS images of nano iron, granular Y molecular sieve and nano iron loading on granular Y molecular sieve
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Cr(VI) and simultaneous removal of Cu(II ) and Cr(VI)
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Fig. 5 SEM-EDS images of section of nano iron loading on granular Y molecular sieve before and after removal of Cu(II ), removal
of Cr(VI) and simultaneous removal of Cu(II ) and Cr(VI)
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Fig. 6 XRD patterns of granular Y molecular sieve, nano iron
loading on granular Y molecular sieve before and after
the removal of Cu(Il), the removal of Cr(VI) and
simultaneous removal of Cu(1l ) and Cr(VI)
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Fig. 7 XPS spectra of Cu 2p and Cr 2p of nano iron loading

on granular Y molecular sieve after simultaneous
removal of Cu(1l ) and Cr(VI)
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M 7a AT WL, 7E Cu2psp ALHIEWEY, Z5E 58
4 932.3 eV 1 934.7 eV &b HEL 2 AN53UE, il 5 RE
T Cu( I)F1 Cu( ISR T 22, R 2Bk
W FRAFAER AL 2 ANt FE. 456 SEM-EDS 7
Al XRD 4T85 58, Y 43T WUk 571 8 gl Kk A
W EB Cu(IDH A Cr(VD)IEFEH A CuO 7 dnfh e
S, RIHERTZE B 5d HOER RN 1)L T AR CuO.
FERBEEFEHF,  CupO TR Bk s o 2 AP0,
2Cu®" +Fe’ + H,0 —» Fe*" + Cu,0+2H"  (6)
TEE 7b 1, Cr 2psp &G ISR 40 3 A0
W, Hrp g &HEN 576.6 eV A1 577.7 eV AbfH) 43 1%
YR Cr(L &R, TTE 579.0 eV Ab g
XFRLT Cr(VDAGE VI RIRFE I, 2 B 7 30b Rk [R]
B Cu(I)AT Cr(VI)IF, fF7E Cr( V)& it
T o TEG RPN G132 40 K B RL B A S 52
RGN KAk = 38 I 3 iR RN B LT e A B 22 B
Cr(VD)P"%, Cr(VI)#348 J5 % Cr(I) i 5 32 30 T -
2HCrO,” +3Fe’ +14H" — 3Fe*" +2Cr’" +8H,0 (7)
HCrO,” +3Fe*” +7TH" - 3Fe*" +Cr’" +4H,0  (8)
2.7 [E# %R Cu(Il)F0 Cr(VI)HIE
A IR 3, 256 A 5 S A v A LAz
(IR 1 R, 0T Y TR 51 g oKk R 2
ZF& Cu(I)A Cr(VDHLIR
LY Cu( AT Cr(VI)F H#EI 5 #obhkLR T
B, SRR Y 430 2 TH 1 4K Bk TR Cr(VI)
WEJE K Cr(m[2(9)]» 1A BRI Fe® R4k 5 fre
A R Fe* AT Cr(VD)IE JR B Cr(ID[R(10)], T
Cr(My#k— 25 T T ie ¥/ L 0tie s Cu( )2 B
AR W KA R NaY 207kt Cu(IDY
BT A B B A AT o Cu(I0) 38 S5 A
S, PSR Cu(ID)X a4 Rl 2B Cr(VI)
AL RENLEI N : 1) Cu(ID)RE 5 Z A Bk S B A B
Fe [:0(11)]: 2) BT Fe’/Fe® Hybmtl B B 62.(0.77
eV)E T Cu*/Cu’(0.17 eV), i#id=Cu’[n] Fe’ 1y
TR AT INE Fe(ly/Fe(INHEFA[20(12)], X 2 F7TH
Bk X (10) S S AT, Inid Cr(VD I £ B
3) =Cu H M Cr(VI) & i B 1 H ik J7 T
Cr(m[(13)]
2HCrO,” +3Fe’ +14H" — 3Fe*" +2Cr’" +8H,0 (9)
HCrO,” +3Fe*" + 7TH" - 3Fe® + Cr’* + 4H,0 (10)
2Cu*" + Fe’ + H,0 — Fe*" + Cu,0(s) + 2H" (11)
=Cu’ + Fe’" > Fe* ' =Cu** (12)
3=Cu"+HCrO4 +7H —3=Cu*'+Cr’+4H,0(13)

Ak, BB AR Cr(VI)H T# 5 F30E DL
G B PEYBG 24 Cu( I B 53k RE
I, B MR ALIE JFE I B CuaO 277 AR [ (11)],
T A BREIA S, HIEATLmAENE Cr(VD
FH, 513 Cu,0 REAEBE—BHAL, THRELRRE R
GFIINL T AR T 3

R 1 HEXEXNHRERAR B

Table 1 Standard electrode potentials of several electric pairs

Metal electrode Standard Electrode Potential E//V

Fe**/Fe’ —0.44

Cr,077/Cr** 133

Cu**/Cu 0.34

cu®*/cu’ 0.17
3 &b

1) WATERT Y 2 F I BokL 5 a2t Kl
ST Y A3 PR UL R 4K Bk X Cu( I ) L bR AE
JIE NN, RIS 7850 KAE T A0KEAT Cr(VI) M
WM, BRI AE LB Cr(VI) . S 34 kX
Cu(II )~Cr(VI)& & Cu(II )l Cr( VI B} & 1] 43
AIEZF] 67.6 mg/g A 13.2 mg/g. A ELE D LR
Cu(IN)A Cr(VD)IF, FLAEMT Cr(VI)2 i f bkl
XF Cu(IDM LB, MR, AR Cu(I)2 il f14k
PRI Cr(VI) A2 .

2) M EHED 2B Cu(D)F Cr(VDEF, Xf
Cu(IHFIZEBRHLEN: Y 2 Fifist Cu(I)IIEF3L
R AT Fe X Cu( B JFAE s Xt Cr(VI)i# 2
BRHLER A . Fe® i B4 L T HE RS A1 i A ) Fe™
¥ Cr(VIIE SRR Cr'", Fsb—5 T RTie LT s
Cu( )X} Cr(VI)ERRIEHHLEIN: Cu® 15 Fe'
AR Fe* Mi=Cu", — ¥ Cr(V)i& 5% Cr'.

3) Y 4T IR RIURL 7 S K R AR T SR B R 2 2%
Bk Cu™ M CrO77 V5 3%, I HAE A—Fh ik
FARE, BT T IR AR BT V20 S SR RS TS A K
DR T T PR K AN 5235 YK A vp B 4 B AT R IR
A — 5 N FH A

SR

(1] B, IR, xIBiA], 55, Eamis KBRS 1
AT, 2021, 48(8): 179-181.
ZHAO Cixian, LIU Chen, LIU Ruili, et al. Guangdong Chem Ind
(in Chinese), 2021, 48(8): 179-181.

[2] FUFL, WANG Q. Removal of heavy metal ions from wastewaters: A
review[J]. J Environ Manage, 2011, 92(3): 407-418.

[3] kfei, Fhmave, WISEVE, 55 EeJERKAEEOR M BRI A



%550 &5 1 FE W E: Y 201 URBURL G BN K BR R 2D 5B Cu(TDAN Cr(VD) A RE A HLEE + 253
[3]. BURILT, 2014, 34(4): 38-41. [17] LI Z H, JONES H K, BOWMAN R S, et al. Enhanced reduction of

(4]

(3]

(6]

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

ZHANG Chuanlei, SUN Nannan, XIE Shitao, et al. Mod Chem Ind
(in Chinese), 2014, 34(4): 38-41.

ARRAE, fTE TS, RIS, % E4A R POKA B AR TR
KAEBEER, 2010, 36(6): 17-21.

ZOU Zhaohua, HE Sufang, HAN Caiyun, et al. Technol Water Treat
(in Chinese), 2010, 36(6): 17-21.

YT, DA GUOREM BRI A RS W At ()], fb Tk,
2017, 36(6): 2208-2214.

XIE Qingqging, YAO Nan. Chem Ind Eng Prog (in Chinese), 2017,
36(6): 2208-2214.

ZOU Y D, WANG X X, KHAN A, et al. Environmental remediation
and application of nanoscale zero-valent iron and its composites for the
removal of heavy metal ions: A review[J]. Environ Sci Techno, 2016,
50(14): 7290-7304.

FAN D M, O'CARROLL D M, ELLIOTT D W, et al. Selectivity of
nano zerovalent iron in in situ chemical reduction: Challenges and
improvements[J]. Remedi J, 2016, 26(4), 27-40.

ZHANG W Y, QIAN L B, OUYANG D, et al. Effective removal of
Cr(VI) by attapulgite-supported nanoscale zero-valent iron from
aqueous Enhanced adsorption and
Chemosphere, 2019, 221: 683-692.

SHI L N, ZHOU Y, CHEN Z L, et al. Simultaneous adsorption and

degradation of Zn’" and Cu®’ from wastewaters using nanoscale

solution: crystallization[J].

zero-valent iron impregnated with clays[J]. Environ Sci Pollut
Research Intern, 2013, 20(6): 3639-3648.

FANMY, LI TJ, HU J W, et al. Synthesis and characterization of
reduced graphene
(nZVI/rGO) composites used for Pb(Il) removal[J]. Materials, 2016,
9(8): 687.

Jigrgs, W, £, DRI IR L0 8 R & vk
53 T R SERII[T]. HeERR 2R, 2021, 49(3): 572-580.

oxide-supported nanoscale zero-valent iron

LI Xinyu, XU Jingzhe, JIANG Nanzhe. J Chin Ceram Soc, 2021, 49(3):

572-580.

W, SRAR, TS, S KPGER & T AR EE L S AR R
LB PEREL]. RERR #2441, 2020, 48(7): 1122-1127.

DAI Shiyu, ZHANG Lin, QI Pengyuan, et al. J] Chin Ceram Soc, 2020,
48(7): 1122-1127.

FEZ. NaY BT A 53 T 0 I A0 & i S AL PERERF AL (D). $5
Mz KA, 2013,

ZHANG Yizhi. Synthesis and catalytic performance of NaY zeolite
and zeolite membrane (in Chinese, dissertation). Yangzhou: Yangzhou
University, 2013.

BN, TS 2 M EME ML 58 R, dbat: B R,
2015.

TSR, WIS, XL, % 4A S TFIRERRAKCE PV Cdy Zn®
Cu PERERIFLEEL)). FREIRIE SRR, 2019, 42(5): 47-52.

FAN Xianyuan, XIE Shengchang, LIU Hong, et al. Environ Sci
Technol (in Chinese), 2019, 42(5): 47-52.

ZHAO Y. Review of the natural, modified and synthetic zeolites for
heavy metals removal from wastewater[J]. Environ Engin Sci 2016,
33(7): 443-454.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28

[29]

[30]

chromate and PCE by pelletized surfactant-modified zeolite/ zerovalent
iron[J]. Environ Sci Techno, 1999, 33(23):4326-4330.

RUAN X, LIU H, NING X Y, et al. Screening for the action
mechanisms of Fe and Ni in the reduction of Cr(VI) by Fe/Ni
nanoparticles[J]. Sci Total Environ, 2020, 715: 136822.

HUANG Y, ZHANG W H, ZHANG M S, et al. Hydroxyl-
functionalized TiO,@SiO,@Ni/nZVI nanocomposites

characterization and enhanced simultaneous visible light photocatalytic

fabrication,

oxidation and adsorption of arsenite[J]. Chem Engin J, 2018, 338:
369-382.

MUKHERIJEE R, KUMAR R, SINHA A, et al. A review on synthesis,
characterization and applications of nano-zero valent iron (nZVI) for
environmental remediation[J]. Develop Compar Immun, 2011, 35(3):
360-365.

MULLET M, KHARE V, RUBY C. XPS study of Fe(II) Fe(Ill) (oxy)
hydroxycarbonate green rust compounds[J]. Surface Interface Anal,
2008, 40: 323-328.

BRI, XL, BRE, . WO 13X 4T e R K 2o %
BRIJL. SBVLR % A IRRL 25441, 2018, 35(4): 453-459.

XU lJiyun, LIU Hong, YIN Meng, et al. J Nat Sci Heilongjiang Univ
(in Chinese), 2018, 35(4): 453-459.

QU G Z,KOU L Q, WANG T C, et al. Evaluation of activated carbon
fiber supported nanoscale zero-valent iron for chromium (VI) removal
from groundwater in a permeable reactive column[J]. J Environ
Manage, 2017, 201: 378-387.

RUAN X, LIU H, NING X Y, et al. Screening for the action
mechanisms of Fe and Ni in the reduction of Cr(VI) by Fe/Ni
nanoparticles[J]. Sci Total Environ, 2020, 715: 136822.

KRAMER G J, SANTEN R V. Theoretical determination of proton
affinity differences J Am Chem Soc, 1993,
115(7):2887-2897.

KARABELLI D, UZUM C, SHAHWAN T, et al. Batch removal of

aqueous Cu’" jons using nanoparticles of zero-valent iron: A study of

in  zeolites[J].

the capacity and mechanism of uptake[J]. Ind Eng Chem Res, 2008,
47(14): 4758-4764.

R, R, XP, S RN PURGIR T2 B T S B
R EREIR -, 2014, 34(12): 52-52.

QIN Zemin, DONG Liming, LIU Ping, et al. China Environ Sci (in
Chinese), 2014, 34(12): 52-52.

NFF, T, R, S5 A LR A + Bk RO e
R Cr(VD ISR [T]. SRR AL, 2011, 24(4): 461-466.

SUN Fang, HE Guangping, WU Honghai, et al. Res Environ Sci (in
Chinese), 2011, 24(4): 461-466.

DONG H R, DENG J M, XIE Y K, et al. Stabilization of nanoscale
zero-valent iron (nZVI) with modified biochar for Cr(VI) removal from
aqueous solution[J]. J Hazard Mater, 2017, 332(15): 79-86.

BIFIE, ML, Fbf, 5. oS bedE = HHER AL T I 5
KB F5 B K AR (VI (0 1 38 FI ], RERR 3R 2% 4R, 2014, 42(4):
514-521.

PENG Xiuda, LIU Hong, QIN Xiong, et al. J] Chin Ceram Soc, 2014,
42(4): 514-521.



