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Abstract: Flaky graphene oxide (GO) prepared by the improved
Hummer method was used as a carrier and template to load cobalt
ions. Then, nano-metal Co/graphene magnetic composite
adsorption material (Co/rGO) was prepared using in situ reduction
method and was applied to adsorb and remove Cu®* to provide the
guidance for the synthesis and application of remover with
efficient and reusable copper ion. The experimental results showed
that Co/rGO composite materials had super paramagnetism, and

§ K2 K
Cu(II) adsorbed on the Co/rGO material

could be easily separated by magnets as well as be oscillating
dispersed without magnetic field. Co/rGO composite materials —
had stable adsorption and desorption properties for Cu?’. The

Co/irGO

maximum adsorption capacity for Cu*" could reach 117.5 mg/g
under experimental conditions and the adsorption balance could Co nanoparticles
be achieved within 5 min, which was far superior to its raw material GO with the adsorption capacity of 27.6 mg/g in
60 min. In this work, the key factors including the amount of NaOH addition, the type of complexant, and the type of
solvent on the morphology and distribution characteristics of Co particles on rGO carrier were systematically
investigated. The adsorption effects for Cu?* of composite materials under different synthesis conditions were
compared. The properties of Co/rGO composite materials prepared in preferred conditions were characterized by FT-
IR, XRD and SEM. The results showed that the adsorption process of Cu?" by nano-Co/rGO magnetic materials was
more consistent with Freundlich model and belonged to multilayer adsorption. The adsorption enthalpy AH was 17.81
kJ/mol, and the equilibrium constant of adsorption reaction K® was 3.65 at room temperature. When the initial
concentration of Cu®" was 39.22 mg/L, the desorption rate exceeded 93%, and initial value of adsorption capacity
remained at 94% after five adsorption/desorption cycles. The residual concentration of Cu?* in the solution after each
adsorption always met the requirements of cobalt electrolyte for the removal of impurity copper ions (5 mg/L) or GB
8978-1996 level 3 (2 mg/L) of comprehensive sewage discharge, which was expected to play a role in related fields.
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ZHK Co/rGO HiIE B & IR A4 LRI & K 3T Cu* RO BT 14 RE

g{/‘% H% 1,2,3, ﬂ'{ é’é\ 1,2*, 7& %;; 1,2, E%/{*@ 1,2, %Q /}% 1,2%
1. FE RS R TR ARG S E AR E X TSI =, b5 100190
2. FERBER SR TR ARG O RES TRE QR E, Jba 100190

3. I ERFER R TN, LA 100049

&  Z: LASul Hummer V206 98 A REUAT 2205 (GO) NEUARSIRR 138G 257, S8R5 RS ALE JFIE I3 90K & 8 Co/fa
BRI RN AW RN CorGO), FHE LR T3 Cu 1R B RTBE R , LA A v 00T 52 (0 88 P Bk 70 1) A B 5 2 i it g
Fo EIAETIESE, CorGO EAMELEAMINHLTE, RENSIRTT (I8 P AT 7 B AE TR H L T IR 73 B, CorGO &
GMER Cu2 B Fase 1R B/ BB PR RS, SEIR S R X Cu BB KR P28 B A H 117.5 mg/g H. 5 min PSR P47, @i+
HIFE GO K 60 min W7 27.6 mg/g. ATAERLGHEE T NaOH A HEFIFE. BAIFRE SN EN Co KiT1E
rGO AR FIRSUA AT R 52, LU T ARG sk i R I E SRR Cu MR B R I sEmT, X IL 264 R il % ¥ CorGO
SAEMEETT FT-IR, XRD, SEM EAE, 54 REH, DK CorGO MEMEM LY Cu? (W it id FE ¥ 77 & Freundlich B2, J&
T2 2. =R TR AH=17.81kI/mol, WX Ri-F4 4 K°=3.65. 4#146 Cu? ¥y 39.22 mg/L I, % Cu W ft %
N 93.47%, TR/ R B G TR I W B 25 B AT (R TEWT LR B A 94%,  FR KRB JG V60 b ik 4 Cu R BEE B4 2 At Pl ALV X 2% o i)
BTV E 2 BRER (5 mg/L) Bk GB 8978-1996 ¥5 /KL & HESUMRAE 3 24(2 mg/L), A HBAEARAUITREER

KRR AL MIVEE SRR ROWESR: Cu? IR

SCHRFRIRES: A

FESAES: TQ460.6+4 NERHS: 1009-606X(2020)12-1472-11

1 R

A AT IR (GO) Sk JF A A 550 (rGO) T oy
PRIV D65 JI5MERE O 24 M BE I A R
2 —, FEH|4 77754 Brodie % . Staudenmaier 7% . Tour
A Hummer iE55 . KRB £ 1GO I, /KE 2 i
AR, GO S rGO MR 4~ 1 45 #a ff L
HA AL GER B AR B vy A9 s 2 AR B A, A
PRI BB 75, PRI 72 AL 38 55 4 o - R /K O T B
AR KK S18), Wang ZE4HF 72 % B GO X /KA R Cu?*
(IR 25 5N 49.94 me/g, 535 T L RERRAK S (24.5
mg/g), D8 BRI Langmuir 253557 G &0 40
T IR, RA AR R T E RIS FE . Huang
EBIHTT T 1GO MR AKIE T P> IR, S5 TR A5
PEFFE Langmuir B4, 5 KR 25 54 35.46 mg/g.

BT AT R AL SR A Al I AR, GO B rGO 7B I
T, B0 S R HE 9 3 BHHE DLM KV ok 25 1T s
BN PR A BT AT A BAE R, GO KHATAEY
T S EAT AN RIOE R v SRR T AR, I L
EER HIAR i 25 A, WPt g 0 PRIE k. Shen S5O £

FRNE/GO HEWMEH T8 Cr(VDIE/KEHE, 4
UG W B ORI AE 25 1) 40.58%. H T, W{Afi#
TR BRATRL 0 [N PE Re I i A 25 8, A2 BHLAS
YR BREAERL B R 2 W B AR AR S FH 1) = ZE B

gt ig. B0 715y B B TR,
G AT W 43 B8 T A 20 B A A 7. Hu S5 0815 1%
T Fe;04 5T1L GO ML A #EH(SMGO)HF MK
W Cu(I)ESFHIERR, B T3 Cu(Il) I
RN 62.73 mg/g(W 2 86%), L AR AR
RS MKG HMNIKIEBR /3 B . Jabeen ZEOEH AT
A GO AR, Hil# T4KkEM
IFSBIGEAMEL AT Fe*'/Fe bl HLA71(-0.44 V),
Pb(ID) kR H A7 B 155 (—=0.13 V), 1 Z I L4 @
il 5E 7E GO K1, Bk Pb(I) 755 H 585.5 mg/g.
Chen 21O i 4 26 W B A0 AN SAL R JBERE G T A 1 —
TR EEMEL, FERT & KRS HU) 5~10 nm 1)
Fe® 44K R0kE, 7 60 mg/L #EHET 120 min N2 99%
1) TCNM(= SR 2= F G 4 W B AN B i K B S T Ak
PEMEAE — TR E A MR 2% T ARG 1 23 B AN Ak B
%77, Chen U s EG M T 9K EBEE GO
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MR EMEL HRIGIK SR BAGO B A EHE K1)
SR E TR R, KRB 1 XHZA R — 2
WEFC, RSO R E Bk T R Bl e, RIEE R
SETEEREA- YA RTE

A AR o A3 S AR S T R A s R
B CotGO,  HUEE T ARl A BT IR Bl 40 Kb 1 e S
W HHPERE IS, 5L T Co/rGO EAMELR Cu? iYL
Bzh J1f A5

2 X W

2.1 #R5IG

B A SRR T AL R A ),
Hil . KMnOy, H,0,, CoCly-6H,0 J2 85%7K & HH(R AL,
SERAL), FERRR. WA EDTA K W% (T2
PRSI A ), T AR BPVP, H L
A AIRA ), DL A BT

22 ELIERE DI

PHS-3C ¥5% pH 1H( biE & AR ), JSM-7610F
FARES(SEM, HAHR RS, T27 famm 254
AMEEA(FT-IR, #8[E Bruker A ]), Empyrean %! X
S LR AT B (XRD, faf 2% PANalytical B.V.), Optima
5300DV HEJBHE & S B TR R T R IR (ICP, £
Pekin-Elmer 2 &), MPMS-3 i 14l & % 4t (£ H
Quantum Design A ).

23 LWHE

2.3.1 GO K Co/rtGO M kil %

GO 11 %%: S F Bdk Hummer J73E06 4% 85 F
1 5 1 98wt% Ik I BR UK /K I FIR A5, IIN KMnOy4
HATEA N, NSRS 30wt% H.02 i, H
2RO AR (A R B 0, HIE e . K
H 3wt%Eh BRI EE T /K. oK SRR EIL g,
Vel 2 v Ja R A 4 B T 100 °C B A T 78 2
T AT SR . B A A SR R R TR, O
B TEAC P FEAT R AR, R R B R AT R0 A
DL T ERIEREMA B, B R E I LR AN
AMA SBIR(GOYIR TR -

CotGO B EMEHAHI#: SHGUKE & 7kl
e T GO AR EALIE SR L £ Co/rGO BETEM AL H
1&T71%: 4 50 mL % 55H Ii N 200 mg CoCly-6H,0 2 0.4
ek B R B AR, IREWSE, I 100 mg GO,
FIRW TG 12 h J5 OREBRS 3 UOFEIE, KIEDH
HE 50 mL 58 VA 5 Ak S 20 B ORI B S

5B B R B K G AW, N PVP 2GR &
& NaOH, HEFEHIZIE LA 30 Ji/min [R5 E SN
2| ik GO BiF+, 80°C Fys 1 ho AHJE, £EH
TRy CEEVEELLIE, 100°CFEZ T4 24 h BIf3942K
Co/f1 B J75(CotGOYE &1 Kl
R T 255 OH 5 Co*ficth. MMEFI(Z =
BE. Ol B SERIMEEEE. IR, A
1% . EDTA)N 5 A MR B 1 1 R S50 K o Hi:
p AP
PE XL, A [E) 5 il 4 1 3k i SR Ak SR 0
(rGO): fE 50 mL ¥#&FIH NN 64.6 mg AR, fiHe
BI5)J5, N 100 mg GO, A HISA G, LEEGRGR
Tk € 3 s B 247.5 mg HIKABHAR, A
PVP 73 #U5 J & & NaOH, $i#3551 5 LA 30 fi#/min [
HE S A IR AR, 80 °C Rl 1he B HIE,
MEEFK. CRESGEEIE, 100°CFHEZ T 24 h B
I8 JE A A A 5545 (rGO)
2.3.2 Co/rGO X} Cu* FI B 25 W Fff S 56
FREL 500 mg CuSOy, V#5452 1000 mL, 435
kA 5~180mg/L. TP s238 1) Co/rGO R HL
FEABRE 5 BRI, TCP WA 53 & 43 50N 29.14%.
43 HIFREL 0.030 g Co/rtGO fIA 20 mL —EIRE K]
Cu? i, HIM HaSO4 Y NaOH ¥4 1579 pH,
BT R ARG 4 P A = IR, WP — s B[R] S E
W, DA RE SN AN IR AT G5 25 5 min J5, HX
IEWR R AR Cut R ICP W, TR 2
TR BB S R Cu HIIR B 5
R=(Co—Ce)/Cox100% (1)
q=(Co—Ce)V/m 2)
HH, g A Co/rGO A ARLG Cu> B B 75 & (mg/g), R N
W AR CorGO X Cu MR i 2E(%),  Co AHILE Cu?*
JRERE (mg/L), Ce NPT Cu? il |IK S (mg/L), V
NIEBAERA(L), m N Co/tGO ¥ EHF B (g).
3 &R51®
3.1 CorGO E &M RIFI &AM
3.1.1 OH 5 Co*'fic Lk fI 52
B A N KA X Co? I JiR 75 FE a0l
40H +2Co?*+N2H4—2Co+4H20+N21
W EAT AL, S KA AR Co* i), i OH™
(I R ) Bt/ A Co? I 2 5. RFE OH 5 Co* itttk
ST £ =DV 3 B TS5 IR e 43 ) T 1 RT3
1 Fi7s
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(c) OH/Co?*=8

(d) OH/Co**=10

(e) OH /Co**=16

K1 AR OH/Co Bt X M EHESR M (N 26 & I AR S 7))
Fig.1 Effect of different OH/Co?" ratios on material morphology (reaction conditions: ethylene glycol, tartaric acid)

#F 1 A[E OH/Co* BLbb 3+ R 2 55 OS2
Table 1 Effect of different OH/Co?" ratios on material

morphology
OH/Co?** Particle size/nm Particle dispersion
4 80~100 Good
6 50~80 Excellent
8 30~50 Excellent
10 90~100 Poor
16 80~100 Poor

SIS RKY], HERMNAERT OH/Co®>4 i,
S FEYIFaEA R, RIRR RN R A . AR, [ OH-
IR, PRI PR BTG A N S,
FERE W . SEM 45 IR, HRT 2 B AU/ ) AR
REA, B Smoluchowski FiTFHE, BANAEIAN G
KA BEORROR, SR AR IR 2 K, HAR K
AR, B ARR AR/, (H2 OH /Co?*>8 i), rGO
KA P EERLT, &R RNAGEIEFIT, AT
HTEELEN OH SBCRKRMI Co*ERA Wik
JEFU A AT KR DTIERIREE, IR T IR R 80K
WEAME SR AR KT AR, VAT ORI R FRE 2 58] oy
I AERH R, HAG W Z2REMF R, o
Z ) NaOH I, M/ NA B AR =, AU
i) J SEPR AR F= A, i B Az A R B R gk

TR, A RO AS ARHE HL7R 5y IR RN,

3.1.2 GG EZ e

Sonia ZEISIFE— IR 1 IRAH T ERA o 42 8 B
TR JENLEE, 250K, BRIEKMTT, ICJFERE IS,
MR T, BERE IR e 5 He B 5t
R4 8 B T sk S EARMG, BEMERE, 4
J& B 145 Iy AE BEAN 2% B W) R FE A A B R4S R SR
Fraa i, A BT . AN EIZSE X
YITEER B TESR I 520 53 ) an ] 2 FE 2 B

MBI AT AT, AT IR 286 77 SO0 R 2(a)],
WG AR 2P N AR ER, HRSTZ) 1 um, 240
Wk T 5 SRS A IR 1. T4 A 7R 4 AT B R RE
I 4 SR IORLIE , I G BlRE 1 7E 1GO RT3 8L
Y. EDTA FIH A7 RN Bl 55 1 i) 2% 6 e ) i s el
59(EDTA-Co*" logk=16.3, JH£1FR-Co*" logKk=2.06),
SO G Bl BT IR JE M . TATAR TR AE 48 G 77 i FE A
& (R FR-Co?  logK=12.25), A /E Co* i JR 2 |i, il
4 A AE G Co* I PRIE R, (SN S 5218
W JF5E UG » BT AR TR W E Co® 3R M i A 22 B,
BELIEE A, 2 (a4 BELRN & FEL R 70 Rl A4 0 K Sk -
BHL1E H 07,
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(c) Glucose

(d) Tartaric acid

(¢) EDTA

2 BEFFIN ML (N 26 L REETT. OH/Co*'=4)
Fig.2 Effect of complexing agent type on material morphology (reaction conditions: ethylene glycol, OH /Co?'=4)

®2 EETIMIE RS

Table 2  Effect of complexing agent type on material

morphology
Species Particle size/nm Particle dispersion
None ~1 um Bad
Citric acid 30~50 Good
Glucose 60~80 Good
Tartaric acid 80~100 Excellent
EDTA 80~100 Poor

3.1.3 EARRRR R
WEFF LRI Co B B i) 10 56 T i et 490 K

JrUST, A FH ALV 7 e ok e Kok 5 A o
fir, BRI SR SN o Li SRR H 4 22 O
KPR, M0 JF N R BETE /NG T, ATk
YRR BIER . T AT ABETS, B T ANRE AL
e, HEE. 2 EHX I CorGO B AWM B &k 1 1)
TESR B oy st rysgma, - 4y Al 3 fsR 3 firs .
A BRI ] £ v B B, KRV
BRI TR ALY 8 = A BRI, SR
BT, HT O RERE(1.99%1072 Pas)it KT 4
% (1.2x1072 Pa-s) R A BE(2.1x 1073 Pa-s), BRI MK 3 W[ E

(a) Ethanol

(b) Propanol

(c) Ethylene glycol

3 IR RIS R (N2 ATERIRZ 577, OH /Co?*=8)
Fig.3 Effect of solvent type on material morphology (reaction conditions: citric acid, OH /Co?'=8)
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Table 3  Effect of solvent type on material morphology

Solvent type Particle morphology Particle dispersion
Ethanol Rough surface General
Propanol Rough surface Excellent

Ethylene glycol Smooth surface Poor

A 2 R A R OB T R DG HOERGE,
RIBORL FH IR T SRR TE e CREFREE T i) 2% 1 Bl R
DN THTRELRE FRORA 152 7B » 7 o8 PRI T Al BT 28 T BEAE
fi ERGLERE, 2IEMRR, HIAE 1GO Kl 7k
P82 R o BT 2 210 U vGO 2T AR il <2 s R
i 50 A RO A7 S R R S, AN ITIAE (8 rp R $7 EE

ZR 13

I LE R TR, DR AR I PR A R s B 57D o
3.2 CotGO EE#MRIFVNIB L F M RERIE

3.2.1 A BT IR B RE A 5

AF A T E SRR Z A, (BSR4
BT I B P R A ST B AR 5. A 3.1 1A )
FHSIRE SRR R Cu  HEAT IR PR S 56, FERT AR B iR
JE C=39.22 mg/L %A K, WH5T T & Co/rGO FHE A
Cu R B B ARAR S AT IR P S R B %6, &5 SRk 4
fim. HEATH L, CorGO M MEMR I A RHE A [F] ()
OH /Co* L, & ik 5 1) Ll 451 (4~8) H A B8 47 119 22 B A
R, 456 SEM 25 8 n] A e 4 B B BORL IR B T 42
e S A MR B - PR B PR R o o BEAS [R] A 2% 4 77 1
R, MERRAE SIS LR RO L, HEFE RS
ZRFA K MAEA RS, IR 5w R b
2(93.47%). Dk, EFERARE] &% OH /Co?'=8.
WHIRAEEE . 25 RN B IRH & CorGO HEEL,
X TR FT

F4 TEFIEZFETHER CorGO EEMARIIT Cu RO B 14 #E

Table 4 Cu?" adsorption properties of Co/rGO composites prepared under different conditions

Complexing agents Solvent OH/Co**

Tyve Glucose Citric acid Tartaric acid EDTA C,HsOH (CH,0OH), C;H;0H 4 6 8 10 16
Co/(mg/L) 8.838 7.725 18.04 10.95 3.198 3.502 2.560 7.711 6.944 3528 1572 1645
Q/(mg/g) 20.25 21.00 14.12 18.85 24.01 23.81 24.44 21.01 21.52  23.79 1567 15.18

R/% 77.47 80.30 54.00 72.08 91.85 91.07 93.47 80.34 8229 91.00 59.92 58.06

3.2.2 Co/tGO A MR b 1 REHF 7T 120 A —n—a—n 100
UL A BRI ConGO SAMFMMR % 3 o]/ i
SUTEIRE(180 mg/LYEIIRIE T, JEE 2 1 coicos go .
LT A S R L, RN s 5 ¢ = —e Adsoptioncapacity | 60 2

I S 60 —o0— —O— Removal rate _
LS ESS e S S U
[ 4 A ZR T CorGO 5 A& MR BT it ] 2 40- o i
BT, 73 min WHORIRME Cutt, TESmin D 2 ) o et 0
EENR A T GO B Cu> 2845 % . 60 min J5 T R
AaTrr, HWR AR EZEKT CorGO E&MEL 1 2 345 1015 30 60 90
Time/min

15 Cu* WIRHIR BN 180 mg/L (L T, CorGO fIHR K
W Bt 25 5 117.5 mg/g, 111 GO [ K B 2 2N 27.6
mg/g. P ILIEIE S Co 9Kbi 7 1 & Kb R g i 2 41
TFERM R B BE . LRI T REE Co LTSI &
MEHEE SRR P AR R IR ke mak
K50 3805 2 R BT 2Rl Fe/lC E &1L
TR R B S R (TR FL3), A S M 3R T s A5 AN 47 LT
A BT sk BH B8 7 1E A R T B ROR

53 MIFIFH GO Al Co/rGO 1AM AR BT 46 Cu?
WFER 5~180 mg/L IS BIEAT BN, W BRI [R) A 5

B4 WRBRES AL Cu W it 25 21 s
Fig.4 Effect of adsorption time on Cu?* adsorption capacity

min. AR Cu WIUEHR BT B PERE RIS dn P S Ff
HEWTLUE H, AT R A GO, Co/rGO fiER R
TV B Cu PR W B 5 e 24 1k P58 O 4, 3 BH O vk
TR EE BRI TERE . Bk T A7 7E BB 1GO
FEAEE SRR I ERT R A, HAHRE A B 4 Kk 7T
P KRR, K5 rGO 1
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120 F . WG A 25 R 401 2R R SR R, — 1 T e BB/ PR O A
3 o] o Soroos - SSRERIGE FSORI o LR NI PN e
E T ST N
S ol g H TR ) Cu B A Cud), AT e 4 0 B
g ol / BEERRETEAL A, ARETEEMRATRI. F54k, BT
: % AR S S B
S L -
I -
5 20F yd
< NA—1\ AN
0 i AA/_ ;_A_A/A/ %\: 100 |- 777 Adsorption XXX Desorption
S T T S A S SO SN AN S ST W | ‘é S V };v. V/
0 20 40 60 80 100 120 140 160 180 £ 80+ /E‘?i %E‘?g
Initi i £ I / S / (S5
nitial concentration/(mg/L) g‘ 6 %::::: %;‘:‘:
2 ~ KX
BIS SIENI CaRIEA ColGO S ARPRY S min WL W At s %E;i;% %E%ii
. X
oA ‘S& 40 - %g& %E&
Fig.5 Effect of initial solution concentration on Cu?" adsorption S r %{izg %;g:::
capacity of Co/rGO composite in 5 min 2 2 ’ %::zg %E:%i
. Bl sl

3.2.3 EAMORI AR AN A

FRAE A PR TR B B R 7, ISR R
LF A fRMCERE, MRS Be 08 BRI B 2 I8 AT ik
Ao B 6 NTE 10 mg/L Cu> ¥ 0.1 mol/L HNO; 13k
A, CoitGO B AR S0 R A P A 52 FH 2
TR OB Z R BR 2, A XU B I 2505 FH 7K A 3R 4T 43
B ATLUE IR RESE N, Cu**fE Co/rtGO MK} I
(I B BE 16 TR, {H Co/rGO RN Cu* i ui Fff 4
REAE S IR B/ B O A Ji5 AT e R 45 72 ] 46 75 B 1
94%, AR PR JG VR AR Cu Ik FE 25030 i 6 PR
WO R 5T Cu? R FE £ BR 255K (5 mg/L) B GB 8978-1996
15K EHEBRE 3 K2 mg/L), EH CorGO #EE
HEAFH Co* ZERAEA RIS . FHEF rGO K
IR RISy 2 2 I BT SR AR, AT
PRFFEL i LR T AR R B i 22

Reuse times

6 Co/tGO E A MBI B/t B 3 14 iE (mCo/rGO=30
mg, Co=10 mg/L)
Fig.6 The adsorption/desorption cycle performance of Co/rGO
composite (mCo/rGO=30 mg, Co=10 mg/L)

3.2.4 HHY Co/tGO E & MBI B RAL S 544 5 #r

JFR GO e Hoi 5% 7 CorGO B AWM BTSN
W 7 B, HERAL, GO RIHATHE., YL,
SR T HELE R . CorGO RN RE — iR 2 Mgk
PORIAI RS, FLF i Rar, ReFE3S4, HAANT 100
nm. B THRF AR AR S — @ R B BB A 3800 1 2
TEAH AT A 2 () TR SR ME AR, 38 T W B A e
AR E T, 24 HTE HER A GO 1) 23.85 m¥/g &
Co/rGO [f] 74.27 m%/g.

(b) CotGO

K7 GO, ConGO EEMELR B GKAL T A L BE T SR 26AF: TIBEIAT. AR 571, OH /Co*'=8)
Fig.7 SEM images of GO, Co/rGO composite and Co nanoparticles (reaction conditions: propanol, citric acid, OH/Co?*'=8)

(a) GO

8 A GO Fl ConrGO H &KL XRD . KRS
i1, A4 SR(002) 5 T FIRTHHIE(26.47°)7E GO 9K Fr il

(c) Co nanoparticles

%o C HhIEFEMA EH 0.34 nm ¥0%] GO 7 0.81 nm
(11.74°), HRFIELE Co* (BT ¥4 0.074 nm)iE A
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Co/rfGO HAEMEL XRD iR FE M ER 5 fec,
hep WiAH. 26 4 42.78°%F R4 KA RLF hep(100) 4 I 5
44.07° Kb BT SR hep(002)F1 fee(111) & H 43 5l 0T B
FAIAT SR U ) 2 o5 T 77.19° b (I B 06 DU E T fiee(220)
A hep(110) &R TH R 8 Inr=£E12Y, - BT 52444 k) DA
HRE AR . BEME GO fiThtid ok, HIFERKZ
GO CHIEJE R rGO.

60000 - —

a000- T o
£ 20000
~a 0 7”/ il B SO U USRS |
5 4000 [ GO
= L

2000 * TR

1000 - Co/rGOs el 77.1%
0 | L | L | L | L | L | L | L | |

10 20 30 40 50 60 70 80 90
26°

K8 GO M CoirGO H MBI X AT L
Fig.8 XRD patterns of GO and Co/rGO composite

9 N GO~ /KAEWHEJER tGO K CotGO A
BHILL MGG . B4R T AE 3435 F1 2880 cm ! A4 A UK
U, VA& T B K O-H 443N, GO ¥ 1730, 1635,
1228 F1 1060 cm™ Wi 437 IHJ& T C=0. GO 431
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Fig.9 FT-IR spectra of GO, GO and Co/rGO composite
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Fig.10 Hysteresis curve of Co/rGO composite
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XTI ) Co/rGO FF fidhAT 48 X 434 Cu 1§ FFiE
17 Z VA I HE, Gn B 11(b) TR « K I Cu2pin F Culpss
AR AR 43 551 U BRLAE 952~955 F1 932~935 eV Ab. Eirh
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Co/rGO K Cu FIEF/TIENR . 1M 935.2 eV HIIEIT)E
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Fig.12 Fitting equilibrium curves of Langmuir and Freundlich models for Cu?" adsorption (mCo/rGO=30 mg, pH=3.0, /=30 min)

3.3 IRFIFIRHIIF
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Langmuirl’/fil Freundlich2014% i 455 784 X W B K4 13017401
& o Langmuir FHREHR T — NI 5J 1 HRJZ I, 0k
5 T (R B Ol R B A0 R SR D D R AR A5, TR
ZVSENEIE
Ce/Qe=Ce/Omaxt(1/Omax)K1 3)
1M Freundlich S5 A BB S o M 3R THI ) 22 JE2 W
B, FIA = (4):
1g0e=1gK+1gCe/n 4
K, Q N PHRIRES T Cu? 7EIR B 77 _E 0 B = (mg/g),
Omax N Cu FEMR PR _E (IR B BE F1(mg/g), Ce MR
SPHT E (mg/g), Kot Langmuir W50, S5 RE

ARy Ke AU 3 50 2 5 W B 25 58 R R i 32 5 1)
Freundlich % %1,

Langmuir 1 Freundlich #TX Cu W it 4L & F
frh & 12 fros. % 5 5t 7 A Langmuir F
Freundlich %5 iff e £ A (1) il £ <1 3845 IR A o (1) 4H B 2
. 5 Langmuir BIAUAHLE, Freundlich BAYAHC R %L
R*=0.992~0.995, e SR At IR A BT T IR PR AR, 2%
HFR B SRR B Cu R N 2 S B o B e P T v
Co/rGO %f Cu Ry Bt FEZ TG K, R W B i A AE B
FoAFAE T SR o

2 5 F A1, Co/rGO AN Cu )W it 75 BLAE 298
K I 5 fi%, 72 318 K I dieare JBIF 7 T S o) e i 12 e e
SO, AR AN R T R B 2 B AULE T IR B I R A
AR ALK 13, MR RS TR 6. AR
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5K B 0 5 00K Co/rGO R E 5 W BT AR AR il 26 KO Cu* VR PR 8 RE 1481

SRRV R TR A AS[I/(mol-K)]. AT HTE H
it AG(kJ/mol)F145 7% AH(kJ/mol):

=5 Cu*7E CorGO E& 1L LM Langmuir F1 Freundlich
MR EIE XS
Table 5 Parameters related to the Langmuir and Freundlich
adsorption models of Cu?" adsorption by Co/rGO composite

Adsorption temperature/K

Isothermal equation Parameter

298 308 318

Langmuir Omax —40.32  -51.81 —68.03

K -0.186  -0.175  -0.162

R? 0.542 0.626 0.661

Freundlich K¢ 6.160 7.531 8.953

n 0.580 0.626 0.669

R? 0.995 0.995 0.992
AG®=—RTInk? )
InK'=ASYR-AHY/RT (©6)

KA, R=8.314 J/(mol Ky NS, T NIF/RICEE
(K)» KO A 1252 P A 5

WA EERE R, AG N U (<15
kJ/mol), F I K B2 H & 1) HAAAE Al P i 72 « AH>0
2 WA B R PR R AR I o AR 30 (5) T 5, i 298
K, P B s S 18 o 4 K°=3.65

1.7 +

L o7
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0.00320 0.00325 0.00330 0.00335 0.00340
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Fig.13 Thermodynamic fitting of adsorption
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Table 6 Thermodynamic parameters of Cu** adsorption by
Co/rGO composite
Temperature/K ~ AG/(kJ/mol)  AH/(kJ/mol)

AS/[J/(mol-K)]

298 —3.456 17.81 72.22
308 —4.086
318 —4.633

4 %

I e a2t ) Hummer 323 1] &S840 A7 52(GO), LAJRAL
W JRIEH &Gk Co/rGO WM M A M KL, X LA
TESAANAL AT T 5307, 500 ] 24 1 72 Hh s dA R 5
M EERKIAT TN, FFRHABESREHART
Co/tGO HEMER RIS Cu HIWR PR/ B RE, 7931
LR 458

() FIFEALEJEEFTH] CorGO REEMEL ik
TFHiZ L T2 NaOH MR IR0, A0 A7 A R T f
B gRRLRE BIR I I 2 B, T BERR R T B oK
UKL 2 A IRRER T, 3 3N T 52 & M ) W B
AE. BAL SN OH /Co?'=8. VAN . 48-E 77 NKT
BR, DL X240 39.22 mg/L VA TR B 2N 93.47%.

(2) WS FHIEH CorGO H A B EFEALIR
P, AR C=C S5 RIBWE, (HHT Co Mk
YRR, V95 B 8% 1) C-OH &5 & 0m 3 ] . /T 100
nm FIFEMER & R B BRI ST A BUE R . BRI
bR GO K 23.85 m¥g % Co/rGO ) 74.27
m%/g. Co/rGO NN B, TEE BRI K MERAER T 5
TR 8 .

(3) FEWIUE Cu kN 180 mg/L 154 F, Co/irGO
F 55 KT B 25 &M 117.5 mg/g, X FE 5 min B A] 104 fff
P (BB E>90%), T GO IS KR AR EAN 27.6
mg/g, % 60 min UL BE T, B e A EE &R
SRR B G o W BRI R AT R SR T A B . b2
G LA ZER JE L FRIVER . CorGO #EL Cu i
BETERELE 5 ANIR M/ B OB IR 5 A5 e DR R AE KA UG 25 &
(1) 94%, HAEURW G M i ik ar Cu IR FE 3503 a2 il v
FERRNT 4% T A 8 VR B 2 R 25K (5 mg/L) Bk GB 8978-
1996 V57K A HERRE 3 2%(2 mg/L), FH Co/rGO #4
BERA BT 1A B 1 22 bR e SR R AERCR .

(4) Freundlich 2 )7 W B A5 Y i S 7R A 4708 44 K
Co/rGO HEMEM ELX Cu* (SR W I 2 o R B It A2 1)
WIVESHAH NIE, AG NFSHITUE, RUIRH SRR
ST BRI AT o W PR R R T v T
I iR 298 KT, IR PR B~ 2 K°=3.65 .
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