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2. R Co® BRI /58 S0 S A A RE(Cu®* jons-imprinted attapulgite/chitosan composite materials, Cu®*-IICA)

?%$ﬂé@4£1&u%1jﬁ‘ﬁf FE, KRR AR KRR 1 moL/L SRIRPEFHZ I 24 h, 4T Cu®*-TICA 3
Iy B RILlAL, SR BN 2SI VTR 1 Cu®*-TIC A 2l A A P e F i A W B — T B AN 2h AR W B — b T 204

rr SRR, Cu®-TICA S0 i AR B~ T B R 45 1 A Cu™ BRI EE 20.00 mg/mL. W fHEE 25 C.

pH H 5.0, fEHTI 6% HNO;(JF /3 H0)WE I BN e tE 44T EREIRIE 40.0 mL/h.  EARBUAFR 60.0

mL. fEHTAHFE 150 mL. MNP 60.0 mL/he FERALSAAE T Cu* -IICA X HAT R IR BE R g

WA Cu™-IICA 4y Baifb ), Ml B AL AT 8.06% 3 KEI4iLI5 ) 92.78%, w1 T 11.5 fif.
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Purification of copper from low grade copper ores with
Cu’' ions-imprinted attapulgite/chitosan composite materials

SHI Ying-ying, ZHANG Qiang-hua, CHEN Jing, XIONG Qing-ping, WU Fei, XIAO Li-jing

(Key Laboratory for Palygorskite Science and Applied Technology of Jiangsu Province,
School of Life Science and Chemical Engineering, Huaiyin Institute of Technology, Huai’an 223003, China)

Abstract: The enrichment and purification of copper from acid leaching solution of low grade copper ore by Cu®*
ions-imprinted attapulgite/chitosan composite materials (Cu*"-IICA) were studied. The copper ore was soaked by 1
moL/L HCI for 24 h, and single factor test method was used to optimize the technological conditions of enrichment and
the purification of copper by static and dynamic adsorption—desorption experiments. The results show that the optimum
technological conditions of static adsorption—desorption experiments are as follows: the initial concentration of Cu®" is
20.00 mg/mL, adsorption temperature is 25 ‘C, pH value is 5.0, and eluent solution is 6% HNOj; (mass fraction) solution.
The optimum technological conditions of dynamic adsorption—desorption experiments are as follows: the flow rate of
sample solutions is 40.0 mL/h, the sample volume is 60.0 mL, the flow rate and the dosage of eluent solutions are 60.0
mL/h and 150 mL, respectively. Cu®"-IICA has good selectivity and adsorption properties to copper under the optimal
conditions, and the copper content increases from 8.06% to 92.78% after purification, increased by as much as 11.5 times.
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K e R ARAEM £ b, PLCo” NN, SR BT ED
IR, & X Cu® AT PR P I R 1 25 7 B e
FE B/ A Y)(Cu* -TICA) o TR R 2 S H %%
Cu-IICA XTI H T Cu® (PR R i PE R,
Ptk Cu”-TICA (Vs R4l T 255
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1.1 SKIGY=R

S0 A BT A 2 A SR R o 6 G EE v
TAS-990(Ab 5T AT 40 T HS 8\l A2 7). AT
DZF—6020( /5 Z R AR HIEAT PR A w242 7K E
MR &% SHZ-82(In i ubEAEs )  A2™) L R
Mettler Toledo AGI35( b g K-V ALEE) A/7).
PHS—4CT 5% 1 B2 v (B R A BR 2 ) A7)
B ACHAE(d 15 mm X500 mm). 3 B 1 A
S—3000N( H A H 3728 w] A7) Al L AR 4 21 A1
Nicolet 57003 [ F4 g iy 7 A 2\ A2 7).

1.2 KR 5iF

bR AR R 2 A (046 S B v A RE 2 Ak
), RAEIOGISAE). R, . L RENGEK
AN 2 F(EGDE) 40 273 7135 o A A i, SEEB6 FH K
R A eV I 2R K

R ATV T2 m AR X AN A PR A W], sy
(RSB T : 8.06%Cu(7.42%%E 4L, 0.45%0% 4k
Hil. 0.19%%545 1), 11.82%Fe, 0.53%Mn, 0.23%Ti,
3.33%Ca, 1.42%K, 9.21%S, 8.09%Si, 3.71%Al,
1.17%Mg.

1.3 SKAZE
1.3.1 Cu*-IICA FHEEIIEE A MI(N-Cu -TICA) il
%
1) Cu*"-TICA (4%
¥ 20 mL SERPERRUE T AL E T, A

20~30 mL 251 /KFiRE, £ 50 C TR 1 h )5, 22
I 13.30 g FTEAL] 0, RRgzinAdii b 3~4 h Ji5
HE 30 min, P8, EUFT 55 CNEATES FE
THE, 1578+ (CA). B 5.00 g 5eS8 B
U4, T 100 mLCu” #x#EH (500 pg/mL)F, T
pH=4.5 M4 AF PO B Z=A0RT, 98, 3EUFF 55 CF
AT T, £ Cu® B o Spl ek 1.
I e 1) Cu™ ASTHR e SROB S 1k 111 N 50 mL E T
A, 4 CuP AR 52 B ek I - 5 A I 14T =
EOIELf, 2218 EGDE ACHER], T 50 'C Rtk
B2 h JEiLEE, BEDET 55 CHAETREE FREE,
73 Cu” BRRAC BRSSO Ak YT = o BOE B Cu BEAR A
I 5E SRBl SO T, FARFR 3408 3% (1) HNO, fi##T 22
RN T SR IR e BT EIBOEEE)A 0 JE s
LT, HEE PRSP, S, &, 5
Cu*"™-1ICA.

2) N-Cu®'-IICA 7%

BRAS IR Cu 4k, A EY Cu® -TICA K]
A BIHF, 15 N- Cu®'-IICA.

1.3.2  Cu*™-IICA HEAE

B M MR R . CAL Cu™'-TICA J&
RN Z5 K FEAT WA 2 s SR R ik CAL
Cu*"-IICAN-Cu**-IICA ] Nicolet 5700 {# 3725 42T
ARG GEAT A A0, S L Y 4000~400
em ' HERN 4 em L FIEEIRECH 32 Ik, KA h
DTGS KBr. %4 0.6329 cm/s. Y& A 100%, i
EIE KR 5 AR, 75 SOGIE A B SRARFE TR
1.3.3 1 (R AL B RRE Sl s 9 ) ol %

BN AR B AN 0.5 mm, HERIFRIL 10.00 g
B £k T 100 mL KR, A 20 mL 1 mol/L (¥
HCl %, HAE AR 2 h, iy, JEREBE 25 mL
B, HESTRMBERZIE, 85, 9855
“h 32.24 mg/mL PRSI A FE R EUR AT
it S 1%HNO- 328 257 ¢ 111 i o
1.3.4  Cu'-IICA X0 F1 haaifn T 24t

1) glifh TSR br

Cu”-IICA X4 A 4 FR) i A ] B A 455 R B 0 ft
MIPAN RS, RItl, LR FR bR B BE A S e R
FEATRFAE (R B 5 (Oe) s AT 5 (Qa) R IT 28 (D) K 53
W5 %E Cu® ' -TICA S 1 HH 4 [FIR B FTARATT R <

0. =(py=—p )V /m (1)
Oy =p,V,/m (2)
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K 0. W&, me/g: Q4 WENTE, mg/g: DN
fERTE, Ys po AFEMWILAIRIE, mg/Ls py KW
R, mg/Ls po NFENTHOREE, mg/Ls Vi Ik
SRR, Ly v AMNTIARL, L m A Cu®'-IICA
P, go

2) AR B AR AT S v

YERAFREL 1.00 g Cu®*-IICA T 100 mL H.ZEBE 1=
FO, N 40 mL — @R AR S, (EEE
N, TEIRR R B — e I R S A 30 min, MR
W E Cur AL, THERE R IR Cu’-TICA,
¥ Cu-IICA & T 100 mL EIEEE =4, oA
40 mL fENTI, PRGMENT—E RS, I uE, D
I Cu™ & ht, TS AT R . RS
Cu™-IICA ‘& Sl 2 P RE SR BT AR B
pHE . W Pl B FOfEATT FIFI S T 25

3) B)AWLPH RN S T v

YERAFREL 7.00 g Cu**-IICA, KHIEIN d 15
mm X 500 mm JZHTEEF, FHRAFS 20 mL. F=EA
155 mm (153 84T, M5 HESE R pH (ARSI 2 i
WP 2 BT, HTE ISR — 2 AR R i LA
by ) = i M ropi US4 L B e s o W A S g S
AR, R 10 mL RATIR,  He S0 U7 I
b cu®' i, EREESHUS, MR B FKIER R
WRTCt, P AR BT 77 DI B AT A AT
BtF Cu®'-TICA 14, EMTBH A3l e e it
£, FEE WA 10 mL AT A% S0 J7 R D E T
Cu' i, FEF s g, fh LRSI, LAY
WH R TR FUE R AT IR B S 5.

2 HR5ITR

2.1 Cu*-IICA BIRIE

ST R AT JE = CA R Cu® -TICA FI 3141 Hi s b
LLAMETERATRAE, 25353 i 1 F1 2 fios.

HHIEL 1) AT, ML EA b A T AT 4
AW, =Y NS RS, Tt 5
JE A AHEE, CACULIE 1(b)) TS AR JE iR B2k
HESEMR, Cu*'-TICA(c) 3 B TCE R R/ NEA
— IR A, SRS Z BLCEZ A S, 7F
KRALFIEAFAE R INIFLER, R Vi )
Ve AR B 1, A2 ST B AR BN A R R T,

B1 ML, CA I Cu®-IICA /) SEM 4
Fig. 1 SEM images of attapulgite (a), CA (b) and Cu*"-IICA
(©)

HAEARRII4 AR,

B 2 R IILIAN G T S, CA 7 3400 em ™ 4k
A ARSI, S 5e SR h E L1 N—H 1
Aifesh. 1€ 2910 cm ' ARFIRICIE Jhy FFE i F
C—H MM ZAa Rl Cls s 75 1630 em™ Ak (iR i e 2
FEIERE T RS A M 1L A7 AE 1081 F1 1030
em” ' B IR 2 Si—O—Si 1 Si—O HIRTFRFIA
S BRI P SR AE W I, 1018 em ™" Ak FRIWR AL U6 S
Si—O—Al ' Si—O [IFFEWE, 985 cm ' AbAML I
P e SUR ik o (O SRR T

5 CA ML, Cu®-1IICA "h—NH, fil—OH
C—N FI C—O Z4 {1 1A MRFAE RIS 1) G I8 2507
WA E), Ui A B RN, H—NH, fIl—OH
RAT oAk 1 LA FARMER H Cu®'-TICA
L N-Cu®"-IICA 11X 51 .
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Fig. 2 FT-IR spectra of attapulgite (a), CA (b) and Cu*-IICA

(©)

2.2 BRSURBARRRATSRIE
221 A b RS AR S R PR KW B P 5

Fo i AS W PR S8 T7 9%, A6 IR BHELIE 43591k 25 35
45 F1'55 °C, pH{HM 5.0 FI4AE R, I Cu®'-IICA %}
Cu™ L IHHR B 4350 4 1.00, 3.00 5.00. 7.00. 10.00-
15.00. 20.00. 25.00 A1 30.00 mg/mL F AL 5L I BGE
FTWLRR, DA SERE S ah vk BE AR EXT Cu® -TICA T
Bt Cu® R R, S5 R 3.

40

30

20

4—257C

Adsorption capacity/(mg-g™")

I =—35C
10 v—145C
e—55°C

0 g 16 24 32

Initial concentration of Cu?*/(mg-mL™")
3 Cu AR RIR XS Cu W B 52
Fig. 3 Effect of initial concentration and temperature of

sample on adsorption of Cu”>" to Cu**-IICA

P 3 R, BEAE AR Cu IR IR B
Cu’'-TICA FEAR[FRRFESAE R Cu® 10 PR it 35 32
B, CUFES I WAL T 20.00 mg/mL B,
Cu®'-TICA IV B e i o5 AR 1) 08 Jon 1) 8 394K (8 2k
Z v i P<0.05), “4iRALAF] 20.00 mg/mL K,
Cu®'-TICA IR T- 1487, 57 4k S84 A S (R ik

F&, LW BB INASE 2(P>0.05) . FE R ERIT S,
Cu”-IICA XAl LUH IR FERE il Cu P B 1
BIBEA%, BEW] Cu*-IICA XJFE S Cu® W B A
TR N, ARIRA ) TP S B (AT o R, 7R T
SEIG R, ARSCE R F B KA D BRI B R
L, i AT 25 CIF, WP RN A &, i,
KH Cu*'-IICA Xt Cu* BEATAEALIN, Cu* IIMIUHIRIE
FLIEFE 20.00 mg/mL, W B Tk HE 25 °C,
222 FESHEI pH TR B 5

FUEp A 26, E CuP HIGR I 20.00
mg/mL. WP 25 CHIZAT T, H Cu®'-IICA 4
%5 pH {E 4 3.0 4.0, 5.0, 6.0, 7.0 8.0. 9.0 A1 10.0
(R A A il T VR R AT WP, 5 SERE R pH (B XY
Cu”-TICA WL R A5, 45 LK 4.

M 4 w750, B pH (MK, Cu*-TICA Xt
Cu’ (YIS Bt i 2 5 R B R AR Ak 3, 4 pH /T 5
INF, W B BE pH (B K TZE WG, 4 pHAE R 5
W, WP A R (E 42.36 mg/g, A7 4kE K pH H,
FLOR B BT N R, 2 pHAE KT 7.0 1, W B o ]
TF, BRYERRTEGAT Co®'-IICA X Cu 1ML
Ht, Cu®-IICA Xf Cu™'f4rEsslifh, HIEFEFE T
W pH {4 5.0.

50

40

301

20

101

Adsorption capacity/(mg-g™")

0 L Il 1
2.5 4.5 6.5 8.5 10.5

pH
4 BRI pH D Cu™-IICA W Cu™ 24 SR 1 5%
Fig. 4 Effect of pH value of sample solution on adsorption of
Cu** to Cu*"-1ICA

223 A[FEIHEE HNO; SO AT RCR 1 5

PR AR 9258 U v, X CuP-TIICA W B Y
Cu™ (W Pk 42.36 mg/g VAR ES 4 1%
2%+ 3% 4% 5% 6% 7% 8%K1 9%[¥] HNO; %
WHEAT AR, VHEIF LA IR B HNO, I il AT
HRAERE b Cu™ i, BRI HNO; Wil
X Cu™-TICA LW Cu™ g R, 45 LK S,
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Hil& 5 AT, B AT HNO; AR 20 25 4
K, CO' PR ARBIE R, M2irr fh co® s
HIHIL T et S At . pTRh HNO; Wk
M, Cu” ) M Cu*-1ICA LAgHT, HAhr b,
SRIM, 4 HNO; PR B, R AR P 6 2 4t )
IHEHT, SFEALRES D CP S R AR TR, R
MAEHTI HNOs A KT 6%, ST 2 58 A
W] 2 (P>0.05), i i% AR BN gl RE i Cu?
BRI B (Cu™ E O 87.61%), HIfEXT Cu®-IICA
B Cut HEAT AR, EERE 6% HNO; JyfiR
Hr#l

100 100

75 75

50 50

Desorption rate/%

25 25

Mass fraction of Cu®*/%

*—Desorption rate
a—Mass fraction of Cu?*

| 1 | 0
1 3 5 7 9

Volume fraction of HNO;/%
5 HNO; iR X Cu T 52

Fig. 5 Effect of concentration of HNO; on Cu*" elution

2.3 EhESIRFFNAEATSEI8
2.3.1 RIS

Cu™-IICA Xt Cu* HIWL 4y Balifh i i, e
Cu™-TICA FIAFINS Cu™ HITa W B FH TR, 4k
WA 3 7735 N, Cu®-IICA % Cu® MR MHER ¥ 2
Kikdg, HAEWK, M, CoBEEBE IR, U
TR Cu S A IR BT 48 1 15 0 i £k B
XF PR AT B R, R0k, b Tk Cu?'-TICA
WL B Cu R AR U FH B, %8 AW RS2 56 5 2%,
4391 LL 20.0 40.0. 60.0. 80.0 A1 100.0 mL/h F{IiLE,
T 25 CH¥ pHAH K 5.0, Cu> WIEAWE 4y 20.00 mg/mL
(RE SV AT, 22 AN IR R 1980 h 28,
SR 6.

WP 6 R4, BEAE FARBGE N, Cu*'-TICA
St Cu MR R ORI i AR 22, /N B R AT
FIF Cu®'-IICA Xf Cu* Wit 2 20.0 mL/h f) A
TR L P R R i, AT REJRIR R S R,
Cu™'5 Cu™'-TICA it [R5k, ok Cu®-IICA
RS TER SRR, $E Cut'E CuP-IICA B

[\

~
T

*—20 mL/h
=—40 mL/h

Concentration of Cu?*/(mg-mL™")

T +—60 mL/h
v—80 mL/h
+—100 mL/h

) 44 38 132 176 220

Volume of eluent solution/mL
6 Cu®-TICA Xt Cu> Wi i ()35 1t 2%
Fig. 6 Adsorption leakage curves of Cu** to Cu*'-IICA

WA TEA . BRI, ST R, 4 R
20.0 A1 40.0 mL/h I}, Cu®*-IICA X} Cu® W B 3 TG B
WZER(P>0.05), HRERE/N) EARRRE, JLERE
BRI K AR, [RS8 2 RS R A e T AR, B
R, BASIRBE FARRE R 40.0 mL/h, £ S
AFANHERL 60.0 mL i, Cu®-IICA X FE ST
Cu” B8 A S5 AT 20 Ff

2.3.2 RTINS

MBI TE BT, DA s A T D 1 g 7
X Cu*'-TICA _EWR IR Cu® HEA T 25T, T cu®
(15 B alife KA B BA T EZENEL. AT
i 328 S P PRI AT AU R 77 FH L, F sl A AT SK
)7k, UMARNTI T Cu® S s T i AR, 4
S HIREMT ISR A 40.0. 60.0+ 80.0- 100.0 A1 120.0
mL/h (BN MRTIIZE, 253 LK 7.

d 7 w0, S Cu?-IICA BB Cu® figthr
FUAR T 1 (1l e 5 R A s JIT ) S P T AR ) R At A 6 B
(S8R S, B E RN AT (P>
0.05) i AT 771 FH S5t 50 B A0 3 10 39 I 2 3 15 K (P<

30
x—40 mL/h
*—60 mL/h
+—80 mL/h
201 «—100 mL/h

°o—120 mL/h

(=)
T

Concentration of Cu?*/(mg-mL™")

(=
A

Volume of eluent solution/mL
7 WRHHAE Cu*-IICA b Cu sl it ih 2%
Fig. 7
Cu™"-1ICA

Dynamic elution curves of Cu’’ absorbed on
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0.01). MfAENTFITHE N 40.0 mL/Mh I, HARKTROR %
Uf, RN SN SR, ST R, M
4 40.0 A1 60.0 mL/h I, ICARKT BRI &= 1) 2%
FAE(P>0.05), {HJE, A BARTTE I HpE
[ IES, ZRG5 EMTRCR BRI 8], W BT
Cu™-IICA L Cu” HIf@HT HiEFE 60.0 mL/h FIfENTIR
o EZAIE T, AR 150.0 mL (YT RER
Cu-IICA _FWLFH ) Cu” 58 AT

2.4 Cu™'-IICA X% A F i A 2h 1k 55 SR I8 E

FESEI AR e T2 4F F, Hl Cu®'-TICA.
N-Cu*'-TICA FlFE e~ 45 e i R 7ot 435 v 1
AT oy alifh, S5RERW], 07 4% Cu’'-IICA 7
aifb ), A AT 8.06% 3 I 4li4k J5 1)
92.78%, #E T 11.5 £, Cu*-IICA 4 & 4ifb 135111
PE A A Y BN N-Cu”-IICA Al fi— 2R 45 bt
JIE HR R S B 1) 4.25 550 1.92 % . 3X R WA Cu®-1ICA
Koy B Ay A b AR 1 VAT AT .

3 Zig

1) ARt (S HAT B FH R R S R T A
Cu’'-TICA HEATHI A BH S fihiT, i ik B DR 2 R B s
Ky, RILE Cu® MIWILGRE A 20.00 mg/mL. WL PR
JEoh25 °C pHAE A 5.0 B, S KRB & 4 42.36 mg/g;
FERFASAE T FAR FAAR 2 0 HNO; X Cu®
HATIENT R I, H 6% HNOs S B T IR BTI , fghT 2
HIUF, AT R

2) AR AR R Sh R e, R
Cu” H Cu*'-TICA T BB K flbT, 7E AR pH
54 5.0« EFEBAIE N 40.0 mL/nh. ERERAAR A 60.0
mL I, WP RO G #7114 6% HNO; #H
fiEE BT AR AR 150 mL. ST A 4 60.0 mL/h K,
W BT Cu®-TICA _Lfg Cu™ Bl T o

3) Cu”'-TICA X} Cu® LA KA (R Bk Rk B ik
fiE, R Cu*'-IICA KA» B Al bR S AT A1 P T I
PRl R, VAT SR A A A g
A5 202 N
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