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Adsorption Characteristics of Copper in Water by the Porous Biomorph-Genetic

Composite of HAP/C with Eucalyptus Wood Template

LI Chao'* ,ZHU Zong-qiang'** ,CAO Shuang’ ,ZHU Yi-nian'?,TAN Xiao'? ,DING Hui'"

(1. Collaborative Innovation Center for Water Pollution Control and Water Safety in Karst Area, Guilin University of Technology,
Guilin 541004, China; 2. Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin University of
Technology, Guilin 541004, China; 3. Henan Electric Power Survey & Design Institute, Zhengzhou 450007, China)

Abstract ; The specific characteristics and mechanism of adsorption of Cu( I ) were studied by using HAP/C composite (PBGC-HAP/
C) as adsorbent, and using pH value of the solution system, initial concentration of Cu( I ) and particle size of the material as
influential factors. The results showed that when the solution was weak acid (pH =5) , the adsorption effect was the best; the increase
of the initial concentration of the reaction system was not conducive to the enhancement of the adsorption effect; and the decrease of the
particle size of the adsorbent facilitated the adsorption process. The pseudo-second-order kinetic model could accurately describe the
adsorption process, and the calculated adsorption capacity (0.99, 1.93, 4.03 mg-g~' ) was close to the experimental measured values
(0.99, 1.93, 4.05 mg-g~'); Langmuir model could fit the adsorption process very well, which indicated that adsorption was
monolayer adsorption and the increase of temperature was conducive to adsorption. The thermodynamics test results of AG® <0, AS® >
0 and AH® >0 showed that the adsorption process was endothermic and spontaneous. Through comparative analysis of the SEM, EDS,
XRD and FTIR of materials before and after adsorption, the results indicated that the chemical complexation reaction of Cu( II ) with
the oxygen functional groups on the surface of PBGC-HAP/C was the main purification mechanism, which was accompanied with
physical adsorption, electrostatic adsorption and ion exchange.

Key words : relic structure; hydroxyapatite; Cu( I ) ; dynamics; thermodynamics; adsorption mechanism
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HAP/C) , LA I B 5] 44 2 HCoF 85 A B2 7K 1 8 o
150 B HHUHIREAE , LA Ay ke B g 80 FH B 5 i 1
KA AR A R 2%

1 #RE5FE

L1 286 ZHAH AR

F%iL5]: Ca(OH),. (NH,),HPO,, NaOH,
HCI Al HNO, Z5¥1 M 9440, Cu(NO, ), . &K A543
Mradi, S5 K B 2tk

FEAULR . TR FRMOE TS ( PE-AAnalyst700,
KM | KIBHEIRIRG &% (SHZ-B, FifE) | X 4T
SHY (X Pert PRO, fif %) | il B 28 46 21 AR S35
(470 FTIR,3EH) | B (SX2-5-12, i) 4.
1.2 W &

FErM IR S 2 G e T . il BET L KRR
TR S AR RS TR | DB PR 10 55 T BRI B 751
PBGC-HAP/C'™ LIRS & 5 k. O ek F i AR
MYIEI ) 30 mm x5 mm x5 mm R} A, 5%
JGTE 5% M KT 100°C /KB 5T & 6 h, Lhik
TR AL BE | B 5 R 4l K e i, I F 80°C 414
TR 24 h. QTS E TS5 LL 400°C K be
4 h. QIFHEALBE 5 B o AR AT S A AL RS iR I 48
h, SR 5 FEAR A A SRS AT 0. 02 mol - L™ Wi R & 4%
WP EINR ML 5 IR, BHR 2 h, 5 7E 60°C 25 4F T
THE 24 h S AT, @RS ERE 115 RIARIA
[EDRE 2 B K b4 35 2 HAP/C B & #4BH ( PBGC-HAP/
C) W 5.
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W BRFSIZBG: . T AN [ e B 1 2 A SR 7K,
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pH AEA PN 1 ~6. HAELEPKIMA 0.5 ¢
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W BRSO AN 1 s, 4559 R pH = 1 i I B 591
XCu( 1) FEAE A LBRACE, B pH B3 K,
PBGC-HAP/C W FfHH4: Al 22 B a3 R0 pH >
3J5,10 mg-L™" 20 mg-L ™" AOIR K PR BRI R
K38 99% LA b X R RS R BRI A
F pH ALEEMA T W B 5 3% 180 H fer A PEAR B Ak
FRPE BRI P T Cu( 1) £8P i 17 4 T2
AT T SO B 0 A 5 R 5 R AR R R
REAEAERC R 2200, LR G B3R 1 i A 72 0k
BT A e (1) L R (2) 2B P Y
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VHAE H ™ Ak 2 VA ) A R T I s IO o 7] 2 1
(58 356 Wl K A 3R T A9 3 AT £ 22D =P—OH Al

=Ca—O0H, JERAELE, PT35I 47 IR
5 H P AsE . BEE pH BT, A5 )
RSB S 55, B I B R DA Cu (D) R
F. BRI, Y pH <4 B, Cu®* N E IR
A M pH 7E4 ~5 Z Y, EZIEE N Cu(OH) * F1
Cu’*; X4 pH 7E 5 ~6 Z[AIEF, =2LL Cu(OH) *,Cu
(OH), N F; 4 pH >6 BF, L Cu(OH), JLIE N
FTS B EE] pH > 5 SR R A RRE A IR BB
HIERAE , BT L PBGC-HAP/C W 50 %5 Cu ( 1) W Bt

) de A pH AE R 5, JR 225056 pH {E¥ 8 UAE.
=p—0 "+ H" == =P—0H (1)
=Ca—OH + H* —— =Ca—O0H,; (2)

2.2 U R T T R R AR R 1 R

50 mL B AR HR 43 31 5 ~ 150 mg-L~' 1Y
Cu( I HEWMAZF] 100 mL FI 5 Z 5.0, pH
BN 5. BADEOEDSMA 0.5 g hiig/hT 100
H AW B0, o5 25380 76 25°C . 150 remin ~' FEIR
PR 24 h 5 b UEHORE 435I E KA Cu (T ) VR

A 2 AT, YR BE AR 25°C  45°C Z R i), Bl
FCu( D) WA AT, PBGC-HAP/ C W 751 X
Cu( 1) Fry W B 2 320 7 38 0, W B 238 AE Ca ( T1) W0 43
WEEIRE] 30 mg- L~ Z R HA R RS E , 15 A%
WA, H BRI AR MR B R T 30 mg- L', 5
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Fig. 1 Effect of solution pH on the adsorption
of Cu( II') by PBGC-HAP/C
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IRF I K B 9.57 mg-g ™", AT BESE PR A VR BE 1Y
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Fig. 2 Effect of initial concentration on the Cu( II)

adsorption by PBGC-HAP/C
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AICu( D) ERIM AR 100 mL iR OB LE Y,
pH (N 5. RAB LA &I AR FPRLAR B
W BRI N =6 2 B 76 25°C | 150 remin = N EIRIR

24 h JE b RO, 30l E KRR Cu (1) MR
M3 AT LUE WA EE R 10 mg - LA %
B FRRLAR XS Cu (1) 9 Y 25 B 28 TG W i 5% ), X 49
U 20 mg-L~", 50 mg-L™' fCu( 11 ) ¥ W
B 23 52 e Ry . T O B SRR AR B DR/ 10
20 A150 mg-L~" Cu( ) AR BFF253 l ER 97.29%
80. 14% F 75.29% 3% fin #| 99.98% . 99.59% Fil
92.29% ; WM 0.96 . 1.57 f13.71 mg-g~' FF+
#0.98, 1.95 Fl1 4.55 mg-g~'. F£ 1 NAFRK A
PBGC-HAP/C By LR AR, AT LU 3k i 5 ok is
K/NEA W AR OG22 MR 6 141 4 130125 bk
H & S EA R FLEE , E 5 AN FLARAL
o Sl A r T OO NV N 3T A B (SRS
JEE VA sk /N AR A el A5 WA o 50 LA 45 4 A e A B8 5 €
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I R FRIIE AR 532 0] O o6 590 42 R 1) T2 2 R - AN 2 L 3
TR, W BRFFRDREAR B /DN Cu (I ) B9 8% BT 5 R 2 o 25
RIS X TR IR . OMNST
iz ) BE R AR, AR W) 5T o 04 R B 500 28 B | AR A
1o 0 A5 kIR AR Y i TR B R A v R A
Wiz s ZURERE > (0 T R B R Ak LR
R, T 5 W B 590 T R B 5 (R ARR A/ B4 AR R
BAFR)  ZEAAS Y B TR 1 T A 8, JFE [ VR 42 f
TR 15 PO B 25 o ST, B o W R 8 v A A 2, T
AR RHAR R W BRE5R) , JHE T 3 T AR 55k AR AR
ZARK B R HRA B (1) 43 G 22 FLER 4, HL 8 22
S T 8 ) HEE AR X B A2 | DA 75 | A R 28 2R 2y
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BP0 RS B R BUN T 100 HOWIE L PBGC-HAP/C > SALFEA B K , PBGC-HAP/C (11
BREFRPREAR. RIS 30 X R A O PE FI S i 7 Xk b, 255 BPICR S HAP A Y (H AR B, HA T e A fi
KRS K B A BRACR AL 95 OOF O HAP = HIH{E.
%1 AEHE PBGC-HAP/C KLt REM
Table 1 Specific surface area of PBGC-HAP/C with different particle sizes

wiiz/ H Btk 20 ~40 40 ~ 60 60 ~ 80 80 ~ 100 <100
BET &M/ m?-g~! 95. 488 110.232 101. 891 93. 420 98. 410 93. 587
25+ 7 4.0 k-
20 + 351k R B 4k ]
—— 10 mg-L™!
o T 30l —0— 20 mg-L™!
j\} 15 | & —o0— 50 mg-L™!
& Y]
i &
10 =
AR = L G iR
7P 20 EaiiaEist—3 5 3
L0007
/ g 1.5
1 0
0 (= ] vi o= O v > ~ oW Lo B =N =] 1O - § é
= = = - B B 1 I 1 1 1 1 1
T 99T T T 4 b s A S 0 200 400 600 800 1000 1200 1400 1600
R T T T - S SR S-S SRS
— o (=] =~ = - L] —
g Wy (a1 (o] o — —

7134.9~121.6

L#2 g fli/nm
E4 PBGC-HAP/C HFLEHT
Fig. 4 Aperture distribution map of PBGC-HAP/C

3 HAP/C E&##IKH Cu () BYWRHHLE SH

3.1 MRSy

TERTER R 43 )R 10, 20, 50 mg-L~", # i
40.5g,pH {8 5 54T, 5341 PBGC-HAP/C X 7K
e cu( I0) MR 3h J1 2445 4E. PBGC-HAP/C %} 7K
e Cu (I ) £ 1% B 52 i i ) ) 28 AR AN R 5 iR
MR FE W B R I B B, Cu( T1) Y W i
e % I s ] %) 285 o i PR sl i R B S 8 i
/IS o S W B 328 T PR 45 AN A 1T A B P, AR
Cu( 1) WIHEWE F 10,20, 50 mg-L ™" &4 T, W Fft
25 BER TE] A9 AE 4k 23 51 7F 30 | 60, 1 080 min J&5 & i
T A, SPIEWE N 10 mg-L™" | 20 mg- L~ "4
FE,50 mg - L ™" 47 I D0) 75 22 B K R ) A g 2k 1) A A
ST, W BN UE B B W R S R D B 2
(1A RS 0y FHLRE 6, VA o ) 8 1T A7 A K o AT R A i
RV | Pl QT DR AT =N K Rl T e
B Bt W B EA T W T A7 5 P 2 e TR
REATR:, 50 S 3o 36 i 2 AR AR

WS W B 20 1 2F R AE, 43500 T — 2, i
TR AR, s F R R

In(q, - ¢q,) = Ing, — kit (3)

f/min
B 5 WHAERNERNTL

Fig. 5 Change of adsorption capacity with time

t/q, = 1/(kyq,”) +1/q, (4)

EF h =k2qi
A, g, B g, 5300 R A AT ¢ BE 280 A R A
mgeg 'y by HIE—RE S EHRE R min 5 b, N
W Rah 1R, g+ (mgemin) ~'; h WG
W B i%%  mg+ (g+min) ~'.

AN T A SE SR 2 Fos. 251K
HEZ B I WA S B R 25 5 0. 99, 1. 93
4.03 mg-g~" FISZ 5 M A5 {H 0.99, 1.93, 4.05
mg-g B ERAT, H R =0. 998, T i — 2% 5h J12F 07
FRAA T B 45 5 5 S0 90 A5 (EAH 22 KK, Ul Bl — 2%
12 AE R BR Y | ME 9 Bl g 2 AR R RE T N A
M AR PBGC-HAP/C XF Cu( 1) W B 5 J1 24 HL .
Al 2F R T S 5 T 0 80y 2 W B i 2 22
PRI, Ot AT 4 DR 2 0 B ok AR DA Ak A R R
O W B F7 2 TR ke, RN AR W B R
he A G v B 1 I v 1T ARG, 3K PT BB R R T M
AIRIER BB, 3 A Cu ( 1) MR B, o 75 WA ot oo 72 v
LE BRI BEE e T G < e G B Cu (1) 7E WL Bf
1) T4 5 W o 3 AR 51
3.2 SEIRRH S AT SRR S A

AR A Langmuir , Freundlich 45 iz W Ff 52 74
X PBGC-HAP/C WM FiE AT S BEAT IR, 4 TS 4K
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%2 PBGC-HAP/C W MZh F1 KRS8
Table 2 Parameters for adsorption kinetic models of PBGC-HAP/C
HE— g )y 2 A S PAEy i
o deexp p k, p h k)
-1 ol e 2 e 2
/mg:L /mg:g /mg-g ! /min ! k /mg-g ! /mg- (g min) ~' /g+(mg+min) ~' k
10 0.99 4.00 x10 73 0. 005 0. 904 0.99 6.461 6. 663 1. 000
20 1.93 0.02 0. 005 0. 890 1.93 3.593 0. 961 1. 000
50 4.05 1.75 0. 005 0.732 4.03 0.182 0.011 0.998
AARAE AR A R >0.99, 7 T Freundlich Jy M1 X1, ] B
¢/qe = €/ G +1/(¢00) (5)  FWIZRR 0 2 T 2 b B K AT i, 2% Ak i % I AE
1 KB R, H 0% (8 T 555 1 2 W KE. Freundlich
Ing, = InK; + —Inc, (6) e s .
n W R R — A M 0. 1 <1 /n<0. 5 A S

T, G @ 73 A VA 2 O 25 B 0 L 045 i A I
i, mgeg ' o, N, mg- L7 b AR R
iﬁ(,L'mgf1 ; Ky H1 n >N Freundlich % %%.

SEHNER 3 Fron. AT LIS Y W B R 0 R

(W B SENAF & Langmuir W B A58 X, HAH G &

PEAT 1/n > 2 BEE LASIEAT 25 BAADL A 445 21 T 1A
A HE R B0 590 A [] 3 3 X0 ) 25 1 W B 2 B
ﬁ?,Xﬂ‘IﬂWﬁﬁl KF7 KF,—45°C >KF,—35°C >KF,—25°C ,%:z
B T e T RE AR T R X 5 S e 2 R R A —
.

%3 PBGC-HAP/C %;ERM#ERI S5

Table 3 Isothermal model parameters for adsorption of PBGC-HAP/C
25 3.36 1. 900 0.995 2.293 0.275 0. 965
35 7. 65 1. 028 0.992 3.317 0. 249 0.941
45 10. 02 0. 866 0.993 3.752 0. 240 0.957
RPN EHT R, HITEN R =1/(1 + ool ‘
bey ) , B HR/INRERS oK 265 M (O PE R, 24 0 < R, EME
<1, FRUREIEH ;24 R, > 1 AR 2 R, BT ——45°C
=1, Jg AT AL 4 R, =0, AR R I A 020
R, e, WEZRANE 6 i, A 1R HE 43 8 3 < 015k o
BOR, B/NF 1, F W% B R O B [ A ol
LR TR Ry T, 0 T LR A R I “\
Freundlich 1 B8 FIF 45 A — 2. T Q:v
KT HE— 254 5T IR AE (L% PBGC-HAP/C 1y or “:“:‘:’:' .
RS, A% SOl 3 T AT B R e (AGY) | ) 0 20 40 60 80 100 120 140 160
WEHGE CAH ) IR ( AS") el s WY I 03 e
A ,*H&?Vr%ﬁﬂﬂ?w : B6 AEEBETCu(I)REXR, BIZM
AC® = — RT Inb (7) Fig. 6 Effect of concentration of Cu( II') on R,
K’ = ( ASB/R) B ( AHG/RT) (8) at different temperature
A, T oML XHR B, K b oA Langmuir W2 Fff % %%, N
Lemol ™5 R ATAHAL,8. 314 1+ (mol -K) ~'. Weff Table 4 Thefn:dyn?mﬁ“;i:e:ef for adsorption
Ko R BRI TR nb I 1/ T (928156 2Rt A N N -
KB 4 R, 7K /K] +mol ~! /dmol ™' /K- (mol-K) !
AT E AN U DRI R N R 298 ~25.828 31175 0.192
PEATIG , ELBER RN, [ R FRBE IR, 2 R B 308 ~28.265 31.175 0.192
318 -29.642 31.175 0.192

TP W B K R BRE R 4 0 SR 310175 kJemol T
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0. 192 kJ- (mol«K) =", 1E (1) IR B & BH Wz B Sy 1l 44
A THEA R RN BEAT. 1E B9 R AS® R WITE
W% R sk R PR AL EE 3G 3 N R B £ B K o A
W6/ A8 A T e A
3.3 LR RLERAE 3BT
3.3.1 SEM/EDS Z#r

SR FH FEL - J08 AU - B A SOGB4 R T Bt Cu ( 1) i
JE AT T HEEE (R 7). WS SEM FRAE B R,
W R Cu( 1) J5 B A H 30 BH 5 1 48 4 IR 0 | T S Wy
A MR PR BRSO B T X I AR ) A A R AR 1Y
ZALE5 M, U B AE W B i B2 PBGC-HAP/C B &
A RRE S HE P4 K it el £ 47, 1A AR 8 Y 5t AR 4
¥4, EDS 3471 S , A2 W B EIT A AR ARSI TR
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i GHE eV

WA C, O, Ca, PICE M (Y IR A AR M 5
A AL JCE i Ca/P R LEHA R 2,49, 55
W KA [ Cag (PO, ), (OH) ] HY Ca/P it HUAH
2. 15 HEifT X 3 B 8 L K A1 B Ty B A A e R st
LM b ER S AR BRI T Co T, 45
4 SEM F3 45 5, r il 2 04 A4 ek S22 Bt AS ) 0 )
2L B, R T3k TR SEuE K4, i b nr 15
HH A G R R AR A LB HL BT R SR K A
(10 JE PRI ] s AR 3k, ARk 2 Pl Al R 5 L
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Fig. 7 SEM/EDS photographs of the PBGC-HAP/C before and after Cu( Il ) adsorption

3.3.2 XRD 43t

XoF W B0 F PRI AR %) XC ST S5 BT R A 7 40 B (&
8). MK 8 in] %1 PBGC-HAP/C JC W Wik Y i A 4%
¥ F W T I8, W R R AR 26 R 25. 80°
31.87°,39.57° 72.66° 1 88. 26° %5 -Ta I (AT &
WA HAP [ARHE , FEUIIE A 7EAR R 15 A5 254 | 2 g
DA LT HAPY L I B 32 08 oA L A S A, H
UG () iR L0 BB S i K SRR S R S KA S
il A A RO, #4r HFRJTER Cu AT PBGC-
HAP/C W Ca JUER 7, W BRI R v A= B T8 19
Y.
3.3.3 FTIR 437

P B I A REEAT FTIR 204, 45 & 9 B
7. 3449.06, 1575.56 F11287.73 cm ™" 4b ) 1 43
mAL IS, Cu( 1) W MAEO—H , C =0%LH] 5%
M) 1 I E iR sl A B, RIATE W M R 2 A T
fB2E R0 5 1050. 53 em ™' 40 H,PO, . PO~ AU

& IR

2580 ¢
@ {E{Lm
66

29.36
#3187
W 2.6
* 88.26
|

39.57
& ¢ 4464 7
W RCu( 11 )i 'M *

1 1 L 1 L 1 L
10 20 30 40 50 60 70 80 90
200(° )

E 8 PBGC-HAP/C WFfCu( Il ) BI/5H) XRD &
Fig. 8 XRD photographs of the PBGC-HAP/C
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before and after Cu( Il ) adsorption
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Fig. 9 FTIR photographs of the PBGC-HAP/C before
and after Cu( I ) adsorption

3.4 WRBHLERIREE 23 b

Wi A B 15 1 PBGC-HAP/C Ay W [ff
Cu( 1) FZJE LA B A = 1 0 B 3R A (] )
pH (B2 52 M W B A AL RIS 7R A &R pH < 3
B WA R P H R B3R, PBGC-HAP/C W Jff 541
I EREIL S S IE L AU 4 A T R T ey
AP IR B R E R B TR,
T AT R84 580 B 7 & A d L HE e, (00 5 7 1 TR A
T A RITEVS T pH <1 B HAP 5%
SV HAP XA 428 B 1 1 2 W A
FFAA S ECS pH = 1z Bk 390 X6 4 25 Bk sk SR AS B
. 24 pH {EAEFARTI B, W B 7 b 4 5 -k g
A i EL 6, 2R U HAP 78 pH BRI i
FEAEKEW PO, AR E T PO, 1EHIE ik
FRERDTIED X 5 FTIR FRAFLEH A0 — 20, bl
& pH T e, W B )5 AR B B /N H
B 5 4 1 T B, IRV v =8 2 AW R 8 7k 32,
FHLY PBGC-HAP/C 57 IEHL A Cu( 11 ) KA
WS |, SR B S 4 & TR AS i S R
YER. BRI ZR SCIA 40 T W B 3k 2 b o] 8 A7 6 B
(& 10) . O FLE. HAP/C &AM BMK S
AL BREE A R AT, A Cu( 1) $2 AR B A5 07,
TEA 2. 3 775 v T AR o AR R/ R o 5 A A
AT LLBE R R R . k2R B . Mot B o £F
e R AR | LA RFRARRE YRR G M
BT R A A R AR N 2 f sk R e K A

Ji LGB B HAP/C B A MR K & U E e
I (EZEh 0—H), 0 A IRXH T, /i Ca( 1) $#24E
ZEHE, T LA B 5 Cu () & A 2w 45 A 1E A
[20(9) , 2(10) ], X 7E 2 A W i ok 72 v e 39 d
ZEA. QOFEBA/ER. WHHAZR M pH {H 5w
BRI R R PR, TESS R S5 0F T, W B 50 2% T 4 £
M, BICu( 1) 55 G4 Rk 4548 1 i farfi2 (HAP/C ™)
FZRm fay £ B L AT (—O ™ FE A1) 77 A e 0 B AR
AP IR (1) | (12) ). @B FaciE M. R
PRV BRI KA A R [0 (13) ],
AR Ca( ) 75 Cu( 1) & A S5 B 738
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Fig. 10 Schematic diagram of adsorption mechanism
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XFCu( 1) W BRHL 22 i 225 G VE .

R5 FREIEMERTCu( 1) KR EE S

Table 5 Comparison of Cu( Il ) adsorption capacity of different adsorbents

WS RS SRR R Ak 25 Lkl TR SRS B SRR s Sk
Wl pH Bmit/g-L /mgrg”!

MrEAR 1 B, A e 5 20 Langmuir B mER 2.06 [41]

JEWRE KOH i%fk 7.0 10 Freundlich 2GR 5.01 [42]

A RETOKRER 6.5 10 Langmuir Bt A 5.44 [43]

fEEE L R A¥E pH 30 Langmuir A2 R i 7.49 [44]
e PR I A e 5 10 Langmuir =g AER 10. 02 AW

Yrme B NaOH itk 5 2 Langmuir LA 11.33 [45]

[3] DoM H, Phan N H, Nguyen T D, et al. Activated carbon/
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