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Abstract: Cu/SiO, catalyst is prepared via ammonia evaporation method.Using Cu/Si0O, as precursor, Fe,Mn and Cr
as active metals are respectively loaded by equal volume impregnation method.The influences of Cu/SiO, ,Fe-Cu/SiO,,
Mn-Cu/SiO, and Cr-Cu/SiO, catalysts on the arsenic removal efficiency of Daqing atmospheric distillation tower top oil
are investigated.These catalysts are also characterized by BET,FT-IR , TEM ,XRD ,XRF and H,-TPR.The results indicate
that the arsenic removal efficiency by Cu/Si0O,, Fe-Cu/SiO, , Mn-Cu/SiO, and Cr-Cu/SiO, catalysts are all better than
the current commercial catalysts. Compared with commercial catalysts, Cu/SiO, possesses the better texture and dispersion
properties ,which can improve its arsenic removal and adsorption performance.As for bimetallic arsenic removal catalysts,
the secondary loaded active metals such as Fe,Mn and Cr all can promote the further dispersion of copper species in the
Cu/Si0, catalyst,thereby improving the performance of arsenic removal.In addition, the redox performance of Cu/SiO,
system is enhanced by the secondary loading metal , which has an effect on the arsenic removal performance. Among them,
Cr-Cu/Si0, has the strongest reducing ability and exhibits the best arsenic removal effect, with a 99.19% of arsenic
removal rate.

Key words: bimetal ; catalyst for removing arsenic; Cu/SiO,; redox property

FL R BT T 20 32 R FH I R e e S5t I SRR S IR T, R AR (e 2

fift 2 M7k MR A 22 L 22 FLATRHC 20 M8 fR I AsH, , 558 Bl S5 R 4 JE A SO, B 2 Al
W REE AR A JEOREM S AR AR A i R R AT R Pt X TR PR TP I A B A AN A AN B
SR PEG R A5, W 7R A AR R T, A 2 A A4 H sty HRVRER S 53R , i S0 MBE f Ss E RE aod iy, 4 o (L

I fs BH#A.2019-04-09; & E H . 2019-12-18

BEE&TH . HFEARBEIEETH (21476101) ;10 T4 AARRHARE AT H (20170520251) 53 TABE )T # B3 B (L2017LFW008) ;1L 7 4 ik

TRZERM IS sh 342 (2017X]]-006)

YEB B TR (1986-) , 5 W58 A 5T 7 1) ki it JBEA 50 9 1) 485 R A, mengxiangqi1234@ 163.com; filiFA (1977-) , B, 14, Ml 2,

WA= T BE5E T ] AL R B & T LA 7 T2 Sl IR R A shiyan1816@ 163.com,



2020 F 28 ZFHEF :BIRWERE Me-Cu/Si0, BAFINAKETUH G 8RR IE - 119 -

AN RIS IS 3 A 5 e, B 2615 % sl foff LA Ak ) 2
T, BB AT A0 U0 it () S e, DR O T R O At e
JE R AERIIRBR Ty s o A DR A% GE W BT e 5] A AR
R ZS /N PEREPEZE Fee M 22 S5 U H RTFIE
S, BRI 3 B A A AL R R AR TR A BT
B 1 SR fe & A s i 2 A0 ik o — e AL
1 2 A SR AR AR D2 I R CASE 52, 2 T 8 e O e
fit, ZHEEHIFHZIR Cu/sio, WM AEHE
TR & HAIFLAE, I EH Cu IANHE Cu/Sio, KA
SARES] Sy EURE AR TR AR A A A
BTN B AR b R v, BRI DL Tl
KRS, 22T 2R CusSio, X T K P T
IREEIPERE , Ak, E—24% Cus/Sio, 1R R34,
3K Fe Mn  Cr 3 i AL SR BEAS [R] 935 P
SR IRASREIE T AL ) S AL TR B X K IR
T AR () 2 )

1 SCIEE 4y

1.1 SEIERkF

BSPRA , AT 2l , KT EE A 404k T RIS 2
FE B, S bT Al REETT R RS ik T i A
P AR ERAR M A, TR BH AL AR A BR A F AR
FEETRAR , 40 b2, Yo PH T R ) AR = &K (5
MR 25%) , R GRS Al Ak T 58 i A
TRV IS (T 0 500 30%) , Tl 9%, e A 1k A ik
A HEE
1.2 EEFIHE

PRI T it A R A A 25 B K, 2= i 41
T SEARVSARIG A3 UM E ) i 2K, T B
AW, PN L) 5 RE S BV WL, 2 T 4
12 h J5, KB I E 90°C , 28 & S, PP LR IE Y,
AT pH N 6. 5 5= 1E T, 025 52 4 38 15 20t
TEW, 28 oK UE U THR BB, 1R BIA KA Cu/
Si0, BEAF . M Cu/Sio, BN IK %N 225% , 24k
FRBC T 109% R IR Bk | = i FR B | 1 % R B VA L,
FRE T Cu/Si0, H1,120°C T4, 400°C 1B, 145
X4 @ AL 7] Fe—Cu/Si0, . Mn—Cu/Si0, , Cr—
Cu/Si0, ,
1.3 {EHLFIRE

FIFH 3 E 22 s AR 22 ) AE 72 (1) TriStar 11 3020
AN, Py SR RSO0 AR 2R 47 3R AE, 7E - 196°C T
T2 Y R o 46 T 4k | L R T R RIFLAR 43T

| FH 75 [ A & 5e 2y ®) 4R 72 1) D8 Advance

XRD GBSO AT AT 50 BT, >R FH A6 i By ik il 47
FERL, Cu ko $, 45 A BE R 0~ 900, 4 2 i Oy
0.1°/s,

PSSR AT R R A7 B FTIR-660+7%!
FT-IR G SO0 i Ak 35 E 17 R AE, 6 1% ¥ Bl 400 ~
4 000 cm™ ,ﬁ;ﬁﬁij\j 2 em”™! SRS E R 0. 05 em™',

FIH B A B F iR 22442 72 B9 JEM-2100F %!
B ST HLEE (TEM) XML 1T SR E AT 4 , 455 B
4 0.19 nm, LA HER Ny 0. 14 nm, I L
80 kV, fiiiA}f -k 259,

I FH 7 ] A 5 5d 2 B AE 77 S8 Tiger B XRF
SN FEAT /08, B S 1 000 nm, 2754 1 nm,

I 52 [ FRHE 3 7] A2 7= 1) TPD/TDR - Pulsar #!
TPR W& BHMSOH AL R 31T A, Hy/ Ar ATHE R
800°C , SR FH I S A I 5 AE £ A N
1.4 fEALFIEG

DA P& TOUH R oo SR ity , PRI S 4 sk
it 500 mL B T HERDE T 23S A A B A ) K
Tk B 7] 5 o, R4 2s < 40C TR HHE 4 h )5,
b SRR R A SR RO
I AR )9 e

2 HREITE

AN T ot 60 751 %) £ % g BELA 2 P R AN R 1 BT
Ro WA LIE AR R Cu/Sio, L7
LR MR 519.4 m*/g, 12K Fe Mn, Cr 3% P41 57
J&i , He T LR I — e AR TR, 435I 5010,
452.7.439.0 m*/g, {HERABALLEIIA S T T
M7, H AR RS AN Ak 36 M4 A Y 2 e
F A 3 A%, R FE O F FHZE k6145 1) Cu/
Si0, EATFRIR RIS, 48 B0 A s b s 7

F1 FRELANNABSHLER

E LB o
wefen @RV (em’ A RS
(meg") ¢y A am W ISR

&)@ B A %

Jt e oMb ) 422.1  0.62 61.2 30.65 10.8 —
Cu/Si0, 519.4  0.69 53.2 8.77 31.4 —
Fe-Cu/Si0,  501.0 0.87 69.5 4.14 28.1 9.4
Mn-Cu/Si0,  452.7 0.82 72.5 5.32 29.6 8.5

Cr-Cu/Si0, 439.0 0.87 87.2 4.81 30.5 8.9

AL T AT R B XRE SRAE AT, Sk RE
Scherrer AFUIFHEARH



- 120 - FAX AL L

4 21 13 R 7055 Ml R0 e R o 46 2k B AL AR
SR 1R, K L(a) ATRLE 1,3 SRR
BIF56 TUPAC 43 26hRiEr i IV AL, b A [ 2k i
BEUF AR FEANR], UEHA 5 F 56 ff 70 14 U 2 o A7 7 22
5o MEI1(b) ol LLE H, Fe—Cu/SiO, ,Mn-Cu/
Si0, | Cr - Cu/Si0, 4 5 AL 4341, 43 514 3.0,
8.5 nm A&7, 1M LA P B A Ay 28 4 1 T I At 71
AXAE 7.7 nm 2647 3 BLAL WG, 78 W% BRE B A 1 B vy
rh 5 3 R A A TR LA X i A s 1o R BB S A
TEFRBMFEI . T A7 7E T30 5 b i o =X 3L
Sy Faikg s R, B R E T i fL AR 2l R AN TR
B2 285 B0 AR S P O B, DT i s R A 5 A I e
AN TIOE-4

= el
‘.enﬂl e _:;?r
5 -
2T e
<[ " " ez
B 3o e
=27, " o
B o Feeemee I
s J—
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

AAXHETI(p/p,)

(a) W HH4F IR 2R
~|
g N e
A 2
1 =
Bl e 4
B Tl . 5

50 100 150 200 250 300 350 400 450 500 550
/R
(b) fLARSr 1

1—Bh Tl 51 ;2—Cu/Si0, ;3—Fe-Cu/Si0, 5
4—Mn-Cu/Si0, ; 5—Cr-Cu/Si0,
B1 R [ 5 B R 4 38 & A
L&A
4 TS A A AL B9 XRD RS I E 2 B,
K 2w Al LLE 220 Si0, SR LG, 31.2.35,
57.2.63. 1°4bIH &8 F )2 R Cu/Sio, MFRHiEIE, Cr-
CuSiO, £ 27.35.38° B Cr,0, Y B 45 AF 1%, 30
B Cr $FPAE Cu/Sio, LA Cr,0, FIRAIIE AFAE
KPR 2] Fe \Mn JUE AR CRHIE I 5L RH 2 Fhgy)
FRITE Cu/Si0, H 30 BE A OIRAS . X LL 4 4144
AEFIRESL Y XRD EIERT LA H, 24 Cu/Sio, fi#k b
ANFIEE 4R, Si0, IR IR 06 I R kA | Lo i
B4 B R B, A 28 Fe Mn, Cr M5 HY Cu/SiO,

E405E 2 H

TR 7 LAY A5 A8, TE P R R AFLIE N, 2
HALEA FRER TR 78 3 20 S i Ab ) v )2
AR Cus/SiO, FRFEIE F A AN (R 72 B2 Y Dok 555 sl if 2%
{HEIAREHH] CuO, Cu,0 WM SCRFIEIE X & T
TR IE PR G R A T Cu ARG E— 25 o)
AL, HRAIE IR 2 551k

e *—Si0, ¥— Cu/Si0, *— Cr,0,
e v

- T 1

3 WJM
é Aot 2
2] M O it 3

L
Mt 4
-

1020 30 40 50 60 70 80 90
20/(°)

1—Cu/Si0, ;2—Cr-Cu/Si0, ;3—Mn-Cu/Si0, ;4—Fe-Cu/Si0,
B2 F R B A XRD E %

NI B A A AL ) 9 FT-TR 3 N &1 3 ff i,
H P 3 AT RAE L FE 800 ~ 1 300 em™ R K0 X 4y
Si—O FEA AR E S, 1 040 em™ HBL T Si—O
MgEiREN%, 800 .1 100 em™ N IETEHY Si0, {45
PRBNE, 16 670 em™ Kb H B2 IR ik R 4 A9 —OH i
aPrahig , XFH Cu/Sio, B, Fe—Cu/SiO, \Mn—Cu/
Si0, ,Cr—Cu/Si0, = ZHAF i v J2 R Ak 1 i) 1) R A1 0
PSRRI 551k X IR Z 5 XRD R HE T —
B, UEB] RGBS (R R ) A AL
FUAAH R IE— 80, 4 RE S AE 960 em™ 24514
K Cu(OH), B—OH %P gl , i — 20Uk
WS R B I R AR Cu/Sio, Y Cu HHIFHIE
B, £ Fe-CuSi/0, FEM i E T 537,548 cm™
Fe—O FY4FNEIE

16300

/”Q‘\“‘Im N )

537 o
548 T~

500 1000 1500 2000 2500 3000 3500 4000
Be¥/em!

1—Cu/8i0, ;2—Cr-Cu/Si0, ;3—Mn-Cu/Si0, ;4—Fe-Cu/Si0,
M3 R R B 6 FT-IR H
XRD FT-IR FAELRE IR Cr PIFIE S LK
Fe HIRfifE AT A B AR DGR , S ) M 3R

4 Fe Mn 7£ Cu/Si0, TFTERIFIEE X 4 41k
AT TEM J HRTEM ZRAE, 455 aE 4 rs, M



2202 8 SHEE . BRIRNERE Me-Cu/Sio, BEFIXT ARKETTUH 52 B b A8y 2201 <121 -

B 4 ] DLE 1 Cu/Si0, S HUET MR 5 R 40 1
PN S B2 ), 33 008 T 350 2 e > v b 3 1T AR
RIRFLESS I E LR, Y Cu/Sio, gk T
e IR Z 5 OIS0 e A 88 3 B2, 3X 5 Sk [ 4-
7] B — B, 7E HRTEM 4347 A, I A 22 5]
Cu/SiO, R HAATE 4 & f s 57 80, X 5 Cw/Sio,
Yyh B S B 4 B A 8 RV R OC, T AE Fe—
Cu/Si0, Mn-Cu/Si0, ,Cr—Cu/Si0, KR H ¥ LB T
FHN 45 J& Fh g SR B AEAE , 43 XTI Fe, 04 400 1
[ (PDFO0 — 024 - 008 ) , Cr,0, 220 & [ ( PDF 03 -
065-1388) .MnO, 002 #fii (PDFO0-030-0820) , it
A7 000 15 P 4 8 Y S) M A A AE Cu/Sio, fLIB 2
], 16 4(b) K 4(c) LR &L e 4(d)
B TR KBRS, X5 XRD FAF 245 R 1
R T —3,

(a) Cu/Si0,

(d) Cr-Cu/Si0,

c)Mn—Cu/SiO2
B4 B AR TEM B K

Me—Cu/Si0, X4 Jag M 751 75 il 5 iok 7% v %
HIIETELL S Fe Mn Cr ¥ 0B &8, b T iE— 24
AT ERA 3 FIEE S BN Cu/Sio, bR TR
A5 B, FIH H,-TPR % 4 LA AL BE i 2k 17 8
—RAE RN 5 R, BE S FTRLE ), Cu/
Si0, 7£ 252. 2°C HBL T Cu® —Cu” 1938 JF I, 24 5351
T Fe Mn . Cr il PR 505, 6 SR TR 35 IR
i) 5 Y R R, 409 A 240.5.235.9 .230. 1°C, B
& Cu® — Cu” i J5UHF 1 W T AR AT A4S B A, g0, <
Arecarsioy <Avn-cusio, <Acecusio, » A XRD FT-IR KAk
SyFTAS AR IR AEAR HE Cu Wi e fh A0 R A4 A
S3E R] I | 2 (i HAE 9 T 2 68 B 22 I 07 1
Y fil i S U DU S 0 B S G AR PR RE . A

H,=TPR FALAT H A5 A S A P BE ) Al A7 1
#H Cr-Cu/Si0, >Mn-Cu/Si0, >Fe—Cu/Si0, > Cu/
Si0, , X5 T3 JE A B 1 A AL PERE LX) Cu/Sio,
g T REIA L,

2522C

5C 1

BRI /a.u.

100 200 300 400 500 600 700
REE/C

1—Cr-Cu/Si0, ;2—Mn-Cu/Si0, ;3—Fe—Cu/Si0, ;4—Cu/Si0,

BS  F [ B AL R B H,-TPR &%
3 RREHFIVEM

TERNE I Ry 40°C FIR AR ) F b7 5 5k
5, LT RIE N2 R, %58 4 44 B A A FE S
JE A R ) R 7] LA B Tl 350 o R o g, 5 SR n 3k
2R, ANFR 2 AT LUy, % T A A 4 5k
609. 97 pg/g HIRPEH T, 5 bR Rt T
AN TR P P A R | T £ 3 P 28 0 Pk 1)
Tl 30 4 JBE T R K 99, 49% | Cu/Si0, FY i T %y
96. 02% ,Fe—Cu/Si0, LA ZH 97. 35% , Mn—-Cu/
Si0, MBI % 99.01%, Cr— Cu/Si0, 1 it fif %

49 99.19%.,
=2 AEELFIGRIERE
R/ (pg- L) A2/ %
Tl 5 30. 56 94. 99
Cu/Si0, 24,25 96. 02
Fe-Cu/Si0, 16.18 97.35
Mn-Cu/Si0, 6.03 99.01
Cr—Cu/Si0, 4.93 99.19

H T Cus/Si0, A B iy sy He a0 AR E Tl 5] 3
hy iz WIALAR A3 AT e 40 o A v 1) 3 HIORE R 2
MiapPERE L T Tolk A Ay FZ A L CusSio, H
HIEAA TR G S B Z )5, T Fe Mn . Cr 4
B GRSt — 2023t Cu YFTE Cu/
Si0, AHH A 3L A T 22 G R IS
M, T Fe Mn Cr F S7EMEA I F 18 DL S ALE
A3 HCA [ By R 3 M 67 a5 A, DA 3 el 7 2 28 i
B A A B A, R B RE S 0F AR 53R 1 Py



- 122 - FAX AL L

TR M IR R 5 A, 6 I 07 2 < i A FRE AR 1 2R
HE S I AR A SE R AP PR RE R SCHE . (ELRE
A HEALFL I PERE A0 i , B 3 B 2 MK 1t T 7
ot e e e e ) ) S A3 A BE X i A S8R A A
S, S AR RERE , B E T BRSO TR
A A A A S A ik SRR AR T AR Y
AR SR SRR, As () B 2AETE M B AR )
SITEMEAL R AR S A R As (V) 2l A 3R T L H
for,ER D 5 IEM S M ESRAAL ST, B,
Cu/Si0, .Fe—CuSi/0, ,Mn-Cu/Si0, , Cr-Cu/SiO, it
P PEREAFAE W] 2257

4 &g

ZRAER ) Cu/Si0, HEALTIDN BAT BN K ik
MFLA ALAR R B R R A Cu B, FE PR SE 50
R TR R R P RE, B WO T B AT Tolk
W], PR A B AR I REAS R AY Fe \Mn | Cr
YIRS WA T Cu WIFRITE Cu/Sio, MAH P i)
i — 253 HI ISR T Cu/Sio, 1R R ELTERE, 23
Cr—Cu/Si0,>Mn—-Cu/Si0, >Fe—-CuSi/0, ##, Hit
[ RF, B3 A 3 P i A e 1) 30 i P R F) 494 it T A 5%

R,

S% Sk
(1] Frb, S, Aok B R BF SR L)) 4L T 3%, 2002, 21

(1):17-19.

(2] %R BiapsrIprseat ()], Ligfk1.,2004,7(3) :36-39.

[3] e, RO A AL 50 T AR i bR i S R AEL T ] AL T
#EE,2010,29(3) :579-584.

[4] Wang X, Zhuang J, Chen J, et al. Thermally stable silicate
nanotubes[ J ]. Angewandte Chemie ; International Edition, 2004 43
(15) :2017-2020.

[5] Wang Y Q,Wang G Z,Wang H Q,et al.One-pot synthesis of nano-
tube-based hierarchical copper silicate hollow spheres[ J].Cheical
Communications 2008 , (48) :6555-6557.

[6] Yue H R, Zhao Y J, Zhao S. A copper-phyllosilicate core-sheath
nano-reactor for carbonoxygen hydrogenolysis reactions[ J ] . Nature
Communications ,2013,4(9) ;:2339-2343.

[7] Vasiliadou E S, Lemonidou A A.Kinetic study of liquid-phase glyc-

erol hydrogenolysis over Cu/SiO, catalyst [ J ]. Chemical

E405E 2 H

Engineering Journal ,2013,231;103-112.

[8] BT, BEVK, P/, %5.Cr, 0,/Si0, ML EY 5 0k R — Z BE 401z
Je AL RN [ 1] AL TR ,2011,30(5) :1019-1023.

(9] ZRLTH, BN . =0 Jy 1 il 4 4 Bt 94 K A8 02 B LB
PEREXS LTI ] E A kL, 2018,37(2) 1 127-132.

[10] BGRET, THA, 24 | 45 36 T4 VR 1Y o e 1 B 550 1 B 1 2 %
WY B LEE ] o RS R24 ,2018,38(9) :3373-3379.

[11

[

Jie Ding, Tiberiu Popa, Jinke Tang.Highly selective and stable Cu/

Si0, catalysts prepared with a green Method for hydrogenation of

diethyl oxalate into ethylene glycol [ J].Applied Catalysis B: Envi-

ronmental ,2017,209:530-542.

[12] Cesar Nieto-Delgado, Joel Gutiérrez-Martinez, J. Rene Rangel-
Méndez. Modified activated carbon with interconnected fibrils of
iron-oxyhydroxides using Mn?* asmorphology regulator, for a
superior arsenic removal from water[ J ].Journal of Environmental
Sciences 2019,76:403-414.

[13] WLt , 38, B, 2. Cr—Cu/Si0, fEfLF_EIEFFI1,4-T —
B S ] ABSE2441R,2008,66(11) £ 1287-1293.

[14] Yang Chaojun, Miao Zhili, Zhang Fan, et al. Hydrogenolysis of
methyl glycolate to ethanol over a Pt-Cu/SiO, single-atom alloy cat-
alyst: A further step from cellulose to ethanol [ J].Green Chem,
2018,20:2142-2150.

(157 XS, g, 22 35 ) 55 FCC Vi W B Al 350) fr) SR AT K% Jt
L[] AN T.,2019,35(1) :0028-0035.

[16] FhK—.Fes0, L& HROGHE LS A/ W KT IR 2 2 BRok o
FIWFSE[ D] WA R W /K I Tl K%, 2018.

[17] Prem Singh, Kalpana Chauhan, Vishal Priya,et al. A greener ap-
proach for impressive removal of As( ll )/As( V) from an ultra-
low concentration using a highly efficient chitosan thiomer as a new
adsorbent[ J].RSC Adv,2016,6:64946-64961.

[18] Cheng Wei,Zhang Weidong, Hu Lijuan, et al.Etching synthesis of
iron oxide nanoparticles for adsorption of arsenic from water[ J].
RSC Adv,2016,6:15900-15910.

[19] Gong J L,Yue H R,Zhao Y J,et al.Synthesis of ethanol via syngas
on Cu/Si0, catalysts with balanced Cu®Cu* sites[ J].Journal of the
American Chemical Society,2012,134(34) :13922-13925.

[21] Zhu Jin,Lou Zimo, Liu Yu,et al. Adsorption behavior and removal
mechanism of arsenic on graphene modified by iron-
manganesebinary oxide ( FeMnO,/RGO) from aqueoussolutions
[J].RSC Adv,2015,5:67951-67961.

(217 SKREMF, Wil e, 5 RS , 55 512880 NiFe B4 J@ M AL % K 5

R [ 7] BARMET,2018,38(11) : 178-182. 1



