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Abstract

Cadmium (Cd) adsorption onto the activated carbon containing hydroxyapatite (HAP) was investigated in batch experiments
and response surface methodology (RSM) using the Box-Behnken methods were applied to the experimental results. Cd
adsorption with different HAP mass ratio of from 10% to 30%. With more HAP, Cd was more adsorbed. These results suggest
that the higher HAP mass causes an increase of the ion exchange potential of the HAP sorbent. Equilibrium experimental
results from Cd adsorption was fitted to Langmuir and Freundlich isotherm models. Cd adsorption on HAP sorbent were found
to follow the Freundlich isotherm model well in the initial adsorbate concentration range. Also, Cd adsorption was a function
of the HAP massratio (xa), initial Cd concentration (x2), and initial pH (xs) from the application of the RSM. Statistical results
showed the order of significance of the independent variables to beinitial Cd concentration > HAP mass ratio > initial pH.
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vidoll FY43t9 . HAPY H7FEo] 10-30%E &7HsH4
o, FI=HY AAE 27 208 B¢ FZHSHA %JOM
2408 o FHP =LeHoer §FAE2> A7 73.7%,
94.4%%} 98.2%} F##2 1030 mg/g(0.09 mol/L), 13.19
mg/g(0.12 mmol/L), 283 13.72 mg/g(0.12 mmol/L)Lo.2 %
AFEI LT R HAPS d7bgo] 20%9 W, JtEE F3ol
FRE Y TgatA Ho] HAPY F7bgol 3%z F7tsh
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Table 1. Box-Behnken design for experiment

Code Explanatory variables
Hydroxyapatite (wt. %) Initiadl Cd (mg/L) Initial pH
Max. level +1 30% 90 8
Centrallevel 0 20% 50 6
Min. level -1 10% 10 4
Coded factor Uncoded factor
Run order
HAP cd pH HAP cd pH
1 0 0 0 20 50 6
2 0 -1 1 20 10 8
3 0 -1 -1 20 10 4
4 -1 -1 0 10 10 6
5 -1 1 0 10 90 6
6 0 0 0 20 50 6
7 0 1 -1 20 90 4
8 1 0 -1 30 50 4
9 0 1 1 20 90 8
10 1 1 0 30 90 6
11 1 0 1 30 50 8
12 -1 0 -1 10 50 4
13 1 -1 0 30 10 6
14 -1 0 1 10 50 8
15 0 0 0 20 50 6
100 T AC only M
=3 AC with HAP 10%
H AC with HAP 20%
,§ o@ 80 {3 AC with HAP 30%
g g
g § 60 4
g %
E g 40 4
= =
=
E —@— AConl &
AC only =]
3 20 —O— AC with 10% HAP o 2
—¥— AC with 20% HAP
—— AC with 30% HAP
06y . ; 0 L Ll
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Fig. 2. Effect of initid HAP mass for Cd adsorption by
activated carbon and activated carbon containing HAP

materials.
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Fig. 3. Effect of initial pH for Cd adsorption by activated
carbon and activated carbon containing HAP materials.

TS, pH WSt W2 Ft=F AASH S A9 r7] §5
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HAPS) A7HE (wt 93 271 =8 F1Fel me
ZELSS AHRY] 5t pH 69 ZAMdA F=FY

=E 5 mg/L (0.04 mmol/L), 10 mg/L (0.08 mmol/L),
mg/L (0.4 mmol/L), 100 mg/L (0.8 mmol/L), 500 mg/L (4
mmol/L), Z& 3 1,000 mg/L (8 mmol/L) &<} 30 mL%
E#0)d 01 g€ 50 mL videl FLsATh

FHvidE JtEEY FFAE5ES AHEY] 95t Lang-
muir isotherm¥@} Freundlich isotherm& ©]&3}o] Aw 9k
thFig. 4). 99 Z% F35Y FFEP A AT
oA Langmuir |sotherm°] Freundlich isotherm X.t} $-A| gk
AFZ TS0l BiFE i (Mohan and Pittman Jr., 2006). £
ATNA et G ZAel Langmuir isotherm
(R?*=0.97)¢] Freundlich isotherm (R*=0.95)E.ct © A%
Aoz ¢ gy F o= Langmuir isothermel] &
3 Aoz AlgHd.

A g HAPY 7t=f ERWPo] Bste] Zhu 5(2008)
o] AF% Ao W=, Freundlich isotherm (R*=0.99)¢]
Langmuir isotherm (R?=0.97)9] ZAAF7F © Eghon,
Elouear 5(2008)¢] apatites ©] &3t Ft=ES AAT A
T ZFE= Langmuir isotherm (R® =0.98)¢] Freundlich
isotherm (R°=0.96)¢] Z3A47} t] & Aoz xHAT
waka B Ao A= Freundlich isotherme] & o $A1%
AL Yetgtou, HAP J7F 2499 7t=F9 243 Y
Langmuir isotherm®} Freundlich isotherm =% & & 7}
5% Aoz AIZHY. vt o2 Freundlich isothermol A
Un kol 01~05 A=Y o FFo| 2 &= FFu
5ol HgHe] & AR A UrHOgata et a., 2006).
Table 2914 n< a}t—i— 2427~3.234%2 1n 2 0.309~0.412
2 03 o1¥Y #s 2 AR gAHA

D off
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0.0 EF T T T T

Equilibrium concentration (mmol/L)

Langmuir and Freundlich isotherm for Cd adsorption by activated carbon and activated carbon containing HAP

materials. (8) Langmuir isotherm, (b) Freundlich isotherm
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Table 2. Langmuir and Freundlich parameters for Cadmium sorption by activated carbon and activated carbon containing HAP

materias
Langmuir isotherm Freundlich isotherm

HAP 5 >

QMax b R AG Kt n R

0% 0.21 0.79 097 -16.54 0.08 243 0.95

10% 0.24 121 0.90 -17.59 012 3.23 0.89

20% 057 043 0.94 -15.00 0.19 245 097

30% 0.50 0.86 0.94 -16.75 0.23 2.94 0.96
32 IS EHEMN 2& gSRE =3 24 2% FaFds JYele A8 Fgol 1y
AgAAH sl 479 2H(Table 1ol Wt 7H=F o7 2439 Rl vst 43535 w2 #e dehio
& S35 23 ATE Table 3o UYeRidth o] AR AR S de AFEY HES FEFEFE 7
£ o] g3te] & 2xp4 o2 BAG Bies A AFA dois AL 1T F AT AT HPPAARZG
FE 97.3%ReH, 58 ARATE 926%E EAFIAT & pgktel 0.052(>0.05)°] 3(Fereidouni et al., 2009), &%
FABRFASTE 55 Hold R6eWE Yol e 2243+ pgrol 00260122 =29 wSEWH md9 23
e ¥ 7198S HaFa glon, o #ZHE ¥ 232 Adsive ASs 39T F oM F=A8IT
5 FEIALAA vl A HAEH F1 Je AL=R w2 tg pghel 01632 A= & He

Vbt 5 Table 304 AAS AFES] 712 @97t 2o A A5t g 23R

027 g ol& WFES ZEIAA 5IE HFE Fig. 5% 7t 53 FARES AT FaEAE
A gste] A& on wE moddS 4 (6)F Btk o7 = 71717 25 FEHV & AS et wEbA
A X, X, Xa= HAPS A7}, 7l=R9 %27 %, 181 HAP 71 4%l JlIEE S F&ste ade 27] 7t=
%7] pHelt}, F FUsE7 Mg 2 HE FEs HAPY 3A7M =
7] pH £XE2 E37F FolAe AS AT + AJTh
y=93.40410.162, —24.83x, +10.05z, (6 Fig. 29 3914 & & 9l%o] HAPY #7lZo] Zrigow

+5.74x 2, —0.687 x5 + 7.152,74
—12.1227 — 10.60z5 — 6.853

T3 AA mdol HEA 9o Table 49 IJAEA
EAEA(ANOVA)S £ A 2dd ojgA IS F
=5 =

gebsly] flste] BARN S $IAS A% HET
pgkol 0.000(<0.05)22 ZALE o] wWl¢ F2 F4E& et
e 458 T &F 23FY pg2 0.026(<0.05)=
gx E2 FoHS Ve eY, Ao 4 p#t
°] 0163 0.05 ©]&9 #E Ze ALZ ZAHAT F-

Table 3. Experimenta results of the Box-Behnken design

Run Coded factor
Cd remova (%)
order HAP Cd pH
1 0 0 0 93.4
2 0 -1 1 99.3
3 0 -1 -1 97.3
4 -1 -1 0 97.6
5 -1 1 0 315
6 0 0 0 915
7 0 1 -1 38.3
8 1 0 -1 713
9 0 1 1 68.9
10 1 1 55.2
11 1 0 1 99.9
12 -1 0 -1 47.6
13 1 -1 98.4
14 -1 0 1 729
15 0 0 0 95.3

A FE%e §450 FAHE A% 2L ARE ekl

Table 4. Regression andysis and response surface model fitting

Source DF? Seq. SS” P pY
Model 9 7915.55 20.52 0.002
Linear 3 6596.05 51.30 0.000
Square 3 995.01 7.74 0.026
Interaction 3 324.48 2.52 0.163
Residual error 5 214.28
Lack of Fit 3 206.80 18.43 0.052
Pure error 2 7.48
Total 14 8129.83

IDF : Degree of freedom, ® Seq. SS : Sum of squares,
9F : F value, and 9P : P value

HAP | Cd

100

754 —= 1 =

50 .

Mean of R%

75 P

50

Fig. 5. Results of ANOVA test for Cd removal efficiency
a main effect.
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Fig. 6. Residua plot of mode for error values.
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(8 HAP and Cd
Fig. 7. Response Surface plot (3D) for Cd remova efficiency.
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