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Hydroxyapatite/chitosan nanocomposite (n-HAp/ChS) was synthesized
successfully from 0.5 M Ca(NOs), + 5 % chitosan/2 % acetic acid
solution and 0.3 M (NH4);HPO4 solution at pH 10-11 using 28 % NHs
solution by chemical precipitation method. n-HAp/ChS was used for the
adsorption of Cd** from aqueous solution. The effect of factors on the
Cd’* adsorption efficiency and capacity was investigated. The
adsorption efficiency and capacity obtained 97,75 % and 58,65 mg/g
respectively at suitable condition: pHg 5.9, n-HAp/ChS mass of 0.1 g,
initial Cd?* concentration of 60 mg/L, contact time 40 minutes at room
temperature (30°C). The experimental data was described by Langmuir
and Freundlich isotherm models.

Gidi thiéu chung

Hién nay, van dé & nhiém mai trudng nudc gay ra bdi
céc kim loai ndng, ma chd yéu la do cac chat thai cong
nghiép dang la mét van dé thai su. Ba cé nhiéu nghién
clu dua ra cac phudng phép xt ly kim loai ndng trong
nudc nhu: phuang phap két tia hda hoc, phuang phap
két tha dién hda, phuong phép tach bang mang,
phuong phap trao déi ion, phuong phép hép phuy,
phuong phép sinh hoc v.v.. [1]. Trong s cac phuong
phép nay, phuong phap hap phu cho hiéu qua x ly cao
dugc nhiéu nha khoa hoc quan tdm nghién clu. Trong
nhitng nam gan day, nhiéu vét liéu da duoc st dung dé
hap phu kim loai nang trong nudc. Tuy nhién, viéc tim

ki€m nhing vat liéu cd kha ndng hap phu hiéu qua, han
ché chi phi va sau khi xt ly khéng gay déc hai cho con
Ngudi la rat can thiét.

Cadimi la mét trong nhitng nguyén té dugc phéat hién
cb mét trong ¢ thé ngudi vdi luong rat nho (Iuang vé).
Tuy nhién, khi qua gigi han cho phép, cadimi c6 anh
hudng khong tét tai stic khoe con ngudi. Cadimi khi co
mat trong cac dich ca thé s& chiém chd cac nguyén to vi
luong la Zn va Mn trong mét sé enzim va té bao, dac
biét la té€ bao ndo, do vy s& lam gidm su phét trién cla
tré em, giam stc dé khang clia hé mién dich, giam sy
phat trién tri théng minh clia tré dang I6n. Vdéi lieu hai
cao s& gay bénh than va huyét p. Nguy hiém hon nita
la Cd rét kho bi dao thai ra khoi ca thé.
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PE loai bo Cd?*, co thé dung cac chat hdp phu phd
bién nhu: cac bon hoat tinh, dét sét, zeolit, chitosan,
apatit, cac chét hdp phu sinh hoc va cac phé pham
nong nhiép [1,2] ... Trong s& do, hydroxyapatit
(Cain(PO4)s(OH) viét tat la HAp) la chat hdp phu dugc
Ung dung rong rai va la vat lieu da nang. HAp t8ng
hgp ¢o céu truc va dac tinh sinh hoc tuang tu nhu HAp
tu nhién (Ia thanh phan chinh clia xuong, rang va mo
cliing cla ngudi va dong vat c6 vu) [3]. Vi vay, HAp
t6ng hop dugc dinh huéng Ung dung trong finh vuc
cdy ghép xuang [4,5,6]. HAp 1a hap chét khong gay
doc, khong gay di ing cho co thé ngudi va cé tinh sat
khudn cao va khi pha tap mét s6 nguyén t6: Cu, Ag,
Zn vao HAp sé lam tang kha nang khang khuén [3,7,8].
Ngoai Ung dung trong sinh-y hoc, dugc hoc, HAp
dugc dinh hudéng Ung dung trong linh vuc x ly moi
trudng. HAp co thé loai bd mot s§ chat va ion gay 6
nhiém trong mdi trudng nudc nhu ion kim loai nang:
Cu?, Pb%*, Zn?*, Cd?*, Co?*, Ni%*, ... [9-13] va mot s&
chét doc hai khac: NOs, PO.*, F, phenol, nitrobenzen,
cong g6 dé [14-18] vdi kha nang hap phu tucng duong
hodc cao hon so vdi mot s vat liéu hdp phu phé bién
nhu: than hoat tinh, oxit nhém, silicagen, .... Tuy thudc
vao muc dich Ung dung, HAp dugc t6ng hop & cac
dang khac nhau: dang bdt, mang, composit va dang
gém bang cac phuong phap vat ly, hda hoc va dién
héa. Khi dua thém chitosan vao HAp dé tao composit
da lam tang khd nang hap phu. Trén thé gidi da co
mot s6 cong trinh cong bd vé ché tao nanocomposit
HAp/Chitosan va dinh hudng Ung dung hép phy mét
s& chét gay & nhiém trong mai trudng nudc [10, 16, 19].
Trong nudc, chua co cong trinh nao cong bé vé hép
phu Cd?* dung nanocomposit HAp/Chitosan.
Nanocomposit HAp/Chitosan (n-HAp/ChS) da dugc
t6ng hop bang phuong phép két tla héa hoc [19].
Trong bai b&o nay, ching téi cong bd kha nang hép
phu Cd?* trong méi trudng nudc bang nanocomposit
HAp/ChS.

Thyc nghiém va phuong phéap nghién cdu
Téng hgp n-HAp/ChS

Bot n-HAp/ChS dugc t8ng hap bang phuong phap két
tha hda hoc, di tr Ca(NOs),, (NH4)HPO, trong dung
moi nudc va chitosan trong axit axetic 2% theo sa do
phan Ung sau [20]:

10Ca%* + 6PO4 + 20H" + Chitosan
- Cag(PO4)s(OH)2/Chitosan  (2.1)

Dung dich (NH4),HPO4 0,3M dugc b sung vao dung
dich Ca(NOs), 0,5M va chitosan 5%/axit axetic 2% (khdi
lugng chitosan chiém 50% khéi lugng n-HAp/chitosan).
Trong suét qua trinh phan Ung, pH dugc gitr 6n dinh
bang dung dich NH; dac, t6c do khudy 800 vong/phut.
Sau khi thém hét (NH4).HPO,, tiép tuc khudy trong 4h,
luu mau (gia hoa) trong 18h, mau dugc rira bang li tam
véi t6c do 5000 vong/phut cho dén khi pH trung tinh.
Sau d6, mau dugc sdy & 80°C trong 24 gid va nghién
trong c8i m& ndo thu dugc bét n-HAp/ChS mau tréng.

Xdc dinh pHpzc ctia n-HAp/ChS

Gia tri pH tai d6 bé mat n-HAp/ChS trung hoa dién
tich (pHpz) dugc xac dinh bang phuong phép do dé
léch pH. Trong phucng phap nay, 0,25 g n-HAp/ChS
dugc cho vao 50 mL dung dich KCI 0,01 M c6 pH ban
dau (pHo) khac nhau, dugc diéu chinh bang dung dich
HCl 0,01 M hodc KOH 0,01 M. Hén hop sau dé dugc
khudy bang méy khudy tU trong 30 phit & téc dé 800
vong/phut. Cudi cung, loc 1dy dung dich va xac dinh lai
pH (pHs) clia nudc loc. TU s6 liéu thu dugc, vé do thi
biéu dién su bién déi clia ApH = pHo — pHs theo pHo.

Hdp phu Cd?*

Cho m gam n-HAp/ChS vao binh chda 50 ml dung
dich Cd?* va thay d6i mot trong céc yéu t6 anh hudng
nhu: thai gian hép phu, pH cla dung dich, khéi lugng
n-HAp/ChS, néng dé ion Cd?* ban dau va khudy dung
dich vdi téc dé 800 vong/phut. Sau dé, loc tach chat
ran, 1&y phan dung dich dé dinh lugng ion Cd?* con lai
bang phuong phap quang phd hap thu nguyén tir
(AAS).

Dung lugng hap phu va hiéu sudt hdp phu dugc xac
dinh bang phuang trinh (2.2) va (2.3) [10].

Q=(Co-0).V/m @.2)
H = (Co - C).100/Co 2.3)
Trong do:

+ Q (mg/g) va H (%) lan luct la dung lugng hép phu
va hiéu suét hép phu.

+ Co (mg/L) va C (mg/L) lan luct la ndng dé ion Cd**
ban dau va con lai sau hdp phu.

+ V la thé tich dung dich hap phu (L)

+ m la khéi lugng n-HAp/ChS (q).

Kha nang hap phu Cd?* ctia hat HAp dugc tinh toan
dua trén dudng hdp phu dang nhiét Langmuir va
Freundlich [10].
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Phuong trinh tuyén tinh Langmuir:
C_GC L1 2.4)
Q Qm KL'(gm
Phuang trinh tuyén tinh Freundlich:
LnQ = Lnks + S.LnC, @5

n

véi Ce (mg/L) la néng dd ion Cd?** & trang théi can
bang, Q (mg/qg) la dung lugng hdp phu & trang thai
can bang, Qm (Mg/qg) 1a dung lugng hdp phu cuc dai,
K. 1a hang s6 Langmuir, Ke va n 1a cac hang s6
Freundlich.

Poéng hoc cla qué trinh hdp phu dugc nghién clu
theo hai mé hinh déng hoc: mé hinh gid bac 1 (2.6) va
mo hinh gia bac 2 (2.7) [13].

|n(Qe - Qt) = |nQe - k1t (26)
t/Q: = t/Qe + 1/(ko. Q%) (2.7)

Trong dé Qe la dung lugng hdp phu & trang thai can
bang (mg/qg), Q: la dung lugng hdp phu & thai diém t
(ma/q), ki va ko lan luct la cac hang s6 t6c dé bac 1
(min™) va bac 2 (g/mg/min).

K&t qua va thao luan

Xdc dinh pHpzc cGa n-HAp/ChS

Sy bién déi cia ApH theo pH, dudc gidi thiéu trén
hinh 4. TUr do thi, xac dinh dugc ApH = 0 tai gia tri pHo

bang 7. Biéu nay cb nghia la pHp. clia n-HAp/ChS
bang 7.

Hinh 1: Su bién d&i ApH theo pH,

Anh hudng cta cdc yéu té dén qud trinh hdp phu CcP*
bdng vit liéu n- HAp/ChS

Anh hudng cta thoi gian hép phu

Su bién déi hiéu suét va dung lugng hap phu cta n-
HAp/ChS theo thdi gian dugc gidi thiéu trén hinh 2: ti

5 dén 20 phdt thi hiéu suét tang tU 94,3% dén 96,4%
va dung lugng hédp phu cling tang tir 28,3 dén 28,92
mg/g. Sau doé, tir 30 phut dén 50 phut thi hiéu suét
tdng cham tUr 96,8% - 97,3% va dung lugng hép phu
tir 29,05 1én 29,19 mg/g. Co thé thdy rang, & nhing
thai gian > 40 phdt hiéu suét va dung lugng hép phu
gan nhu khong thay déi. Do vay, thai gian 40 phut
dugc coi la thai diém can bang hép phu va duoc lua
chon cho nhiing nghién clu tiép theo.

295 98
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Hinh 2: Su bién déi cla hiéu suét va dung lugng hap
phu theo thai gian hdp phu, Mn-ag/chs =0,05 g; pH =
5,9; Co = 30 mg/L; T phong = 30 °C

Anh huéng cta pH dung dich

Viéc loai bo ion Cd?* phu thudc nhiéu vao pH cla
dung dich vi pH lam thay déi tinh chat bé méat clia chét
hap phu. TU gia tri pHp.c = 7, ti€n hanh khao sat & cac
pH xung quanh 7, nhung dé tranh hién tugng tao két
tia Cd(OH), trong méi trudng méi trudng kiém (pH >
7,5), &nh hudng clia pH da dugc khao sat trong diéu
kién pH < 7,5. Két qua dugc thé hién & hinh 3.
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Hinh 3: Su bién déi cla hiéu sudt, dung lugng hap phu
theo pH, Ma-nap/chs = 0,05 g; Co = 30 mg/L; t = 40
phut, T phong = 30 °C
TU két qua thu dugc cho théy, khi pH tang tir 3,4 dén
5,9 hiéu sudt va dung lugng hép phu tang nhanh 94,93
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- 96,9%, sau dé hiéu suét va dung lugng hap phu tang
chadm lai trong khoang tang pH tUf 5,9 dén 7,2 do su
hdp phu tién t&i can bang. Piéu nay dudc giai thich 1a
do trong méi trudng pH thdp cac proton lam gidm s6
lugng tadm hép phu cla chat hdp phy, vi vay viéc loai
bd ion Cd** dién ra theo phuang thic trao déi ion, tuy
nhién sy c6 mat cla ion H* trong dung dich lam cho
qué trinh trao déi xdy ra chadm lai dan dén hiéu suét
hdp phu gidm [10]. Vi véy, dé dat dugc hiéu sudt va
dung lugng hdp phu tuong déi cao (tuong Ung H =
96,90%, Q = 29,07 mg/q), déng thdi thuan tién cho
qua trinh thuc nghiém nén pH 5,9 (tlc pH ban dau) la
diéu kién thich hop dé hdp phu Cd** va dudgc Iua chon
cho nhiing nghién clu tiép theo.

Anh hudng ctia khéi lugng chdt hdp phu

32 110

30 - [ M
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/D
28 - / " °
.
./

26 4

- 90

24 4

Q (mg/g)
(%) H

22 - 80
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Hinh 4: Su bién déi ctia hiéu sudt, dung luang hap phu
theo khdi lugng vat liéu, Co = 30 mg/l; pH =5,9; t = 40
phut, T phong = 30 °C

K&t qua hinh 4 cho thay khéi lugng bét n-HAp/ChS
tang thi hiéu suat xtr ly va dung lugng hap phu tang
dan. Hiéu sudt hap phu tdng nhanh tu 68,15% dén
96,68% khi khéi lugng n-HAp/ChS tang tu 0,01 dén
0,07 g. Sau do hiéu suét va dung lugng hap phu tang
chém lai trong khoadng bién déi khéi lugng hap phu tir

0.07

0.06

0.05

0.04

y =0,0126x + 0,00323
R’ =0,99768

0.03

0.02

c/Q, (g/L)

0.01

0.00

-0.01 T T T T T

C, (mg/L)

0,1 dén 0,2 g do su hdp phu dat t&i can bang. Vi vay,
dé dat dugc hiéu sudt va dung lugng hap phu tuong
déi cao, khéi luong 0,1 g n-HAp/ChS dugc luya chon dé
hép phu Cd**.

Anh huéng cia ndng dé Cc?* ban dau

Nong do ion Cd** ban dau cé anh hudng Ién dén
dung lugng va hiéu sudt hdp phu Cd?* cia n-
HApP/ChS. Két qud nghién clu cho thay, khi ndng do
Cd?* tang, dung lugng hdp phu ting déan con hiéu
sudt hdp phu gidm dan (Hinh 5). D€ dat dugc dung
lugng va hiéu suédt hdp phu déng thdi cao (58,652
mg/g va 97,75 %), ndng dé Cd** dugc lua chon la 60

mg/L.
100 102
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D/ - 92
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T T
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Néng dd (mg/L)
Hinh 5: Su bién déi clia hiéu sudt va dung luong hép
phu theo ndng dé Cd?* ban dau, Mn-nap/chs = 0,05 g;
Co =30 mg/L; pH =5,9; t = 40 phdt, T phong = 30 °C

Nhu vay, dung lugng hép phu Cd?* cla n-HAp/ChS
thu dugc 58,65 mg/g, hiéu sudt hdp phu dat 97,75 %
tai diéu kién thich hgp va cao han so vdi tac gid Taher
A. Salaheldin va cac cong sy da lam [19].

Putng ddng nhiét hdp phu

5.0

4.5

4.0 4

3.5
y =0,38066x + 3,96102

R’ =0,93906

LnQ,

3.0

2.54

2.0

15 1 1 1 1 1 1

LnC,

Hinh 6: Buding dang nhiét hdp phu theo mo hinh dang nhiét Langmuir va Freundlich
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Tién hanh hdp phu Cd** & diéu kién thich hgp da
nghién cttu: 0,1 g n-HAp/ChS vdi thai gian hap phu 40
phut & pH tu nhién (5,9), nhiét do phong (30 °C) va
néng dé Cd?* ban dau thay déi. Sau do, xac dinh néng
Cd®* con lai & trang théi can bang (Ce), tUr d6 c6 thé
tinh dugc cac gia tri InCe, INQ, ti s6 Co/Q va xay dung
phuang trinh dang nhiét hdp phu Langmuir (Hinh 6a)
va Freundlich (Hinh 6b).

Trén co s& cac dudng dang nhiét hdp phu nay co thé
tinh dugc cac hang s§ thuc nghiém Langmuir va
Freundlich tuang Ung. K&t qua tinh toan dugc dua ra &
bang 1.

Bang 1: Cac hang sé thuc nghiém Qm, Ky, K, n trong
phuong trinh Langmuir va Freundlich

TU két qua thu dugc cho théy, cd hai mé hinh dudng
dang nhiét hdp phu st dung déu cé thé mé ta dugc s6
liéu thuc nghiém hdp phu Cd** bang n-HAp/ChS trong
diéu kién nghién ctu. Tuy nhién, mé hinh Langmuir
mo t3 t6t hon (R? = 0,99768) md hinh Freundlich (R? =
0,93906). Gié tri Qm bang 79,37 mg/g cho théy vat liéu
n-HAp/ChS c6 khad néng hdp phu tét ion Cd?* trong
nuéc.

Bong hoc cta qud trinh hdp phu C#*

Nghién cliu su hdp phu Cd?* trong diéu kién: 50 mL
dung dich Cd?* 60 mg/L, khéi lugng n-HAp/ChS 0,1 g,
pHo = 5,9 bién déi theo thai gian & 30 °C. Tu day da
xay dung dugc do thj cla phuong trinh déng hoc gia
bac 1 (Hinh 7a) va gid bac 2 (Hinh 7b).

Langmuir Freundlich
5 5 Tl cac d6 thi trén hinh 7, ¢é thé tinh dugc cac hang s
Qnm Ku R n Kr R téc dd hap phu (k) va dung lugng hdp phu & trang thai
7937 | 39 | 099768 | 2,63 | 52,51 | 0,93906 can bang (Qe). K&t qua tinh toan dudgc gidi thiéu trong
bang 2.
0,0 y =-0,0942x + 0,5182 144  y=0,0341 x + 0,0082
05 R%=0,9694 L,] RF=009904
.1’0_
_ 1,01
S 57 9 e
v 2,0 =
g 0’6_
£ 254
30] 0,4
35 . 0.2 (b)
'410 T T T T 0,0 T T T T
0 10 20 30 40 0 10 20 30 40
t (phat) t (phat)
Hinh 7: M6 ta s6 liéu thuc nghiém bang phuang trinh déng hoc hdp phu gia bac 1 (a)
va giad bac 2 (b)
Bang 2: Céc gia tri k va Qe tinh theo phuang trinh ddng hoc gid bac mét va gia bac hai
Phuong trinh déng hoc gia bac 1 Phuang trinh déng hoc gia bac 2 Qe
" K thuc nghiém
Qe (Mg/q) , R? Qe (Mg/q) , R (mg/9g)
I (phut™) o9 (g/mg/phtt)
168 0,0942 0,9694 29,33 0,1418 0,9994 29,19

TU bang 2 cho théy, gia tri Q. tinh theo phuang trinh
déng hoc hép phu giad bac 1 (1,68 mg/g) khac xa gia tri
Q. xac dinh tir thuc nghiém (29,19 mg/q), dong thai hé
s6 hoi quy R? = 0,9694, khac 1. Trong khi dé Qe tinh
theo phuang trinh déng hoc hap phu gid bac 2 (29,33
mg/g) khéng khac nhiéu so véi Qe tU thuc nghiém

(29,19 mg/g), dong thai hé sé hoi quy R? = 0,9994
trong truong hap nay rat gan 1. K&t qua nay ching to
trong diéu kién nghién clu, qué trinh hdp phu Cd?*
bang n-HAp/ChS khong tuan theo phuong trinh déng
hoc hép phu gid bac 1T ma tuén theo phuang trinh
déng hoc hdp phu gia bac 2. Hang s6 téc do hdp phu
xac dinh dugc bang 0,1418 g/mg/phut.
https://doi.org/10.51316/jca.2021.025
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K&t luén

Bot n-HAp/ChS d& dudc ché tao bang phucng phép
két tha hda hoc dugc si dung dé nghién clu qua trinh
hap phu Cd?* trong dung dich nudc. Két qua thu duac
cho théy, trong diéu kién nghién clu, su hdp phu Cd?*
xay ra nhanh va dat t&i can bang chi sau 40 phut. Qua
trinh hap phu tudn theo moé hinh dang nhiét hip phu
Langmuir v&i dung lugng hdp phu cuc dai: 79,37
mg/g. O diéu kién thich hap, hiéu suat hap phu Cd?*
cao, dat t&i 97,75 % va dung lugng hdp phu dat 58,65
mg/g. K&t qua thu dugc da md ra hudng Ung dung su
dung vat liéu hdp phu la bét nano composit n-
HAp/ChS dé xt ly nudc 6 nhiém Cd?*.

Tai liéu tham khao

1. Fu F, Wang Q. J. Environ. Manage., Removal of
heavy metal ions from wastewaters: a review (2011)
92(3) 407-418.
http://doi.org/10.1016/j. jenvman.2010.11.011.

2. Ziagova M., Dimitriadis G. Aslanidou D.,
Papaioannou X, Litopoulou Tzannetaki E.,
Liakopoulou-Kyriakides M., Bioresour. Technol.,
Comparative study of Cd(ll) and Cr(VI) biosorption
on Staphylococcus xylosus and Pseudomonas sp. in
single and binary mixtures (2007) 98(15) 2859-2865.
http://doi.org/10.1016/j.biortech.2006.09.043.

3. Sumathi Shanmugam Buvaneswari Gopal, Ceram.
Int, Copper substituted hydroxyapatite and
fluorapatite:  Synthesis,  characterization  and
antimicrobial properties (2014) 40(10, Part A) 15655-
15662.
https://doi.org/10.1016/j.ceramint.2014.07.086.

4. Kasioptas Argyrios P.C., V. Putnis Christine, Putnis
Andrew, Mineral Mag, Pseudomorphic replacement
of single calcium carbonate crystals by
polycrystalline  apatite  (2018)  72(1)  77-80.
https://doi.org/10.1180/minmag.2008.072.1.77.

5. Krylova EA., Krylov AAl SE., Plashchina 1G,
Nefedov P.V., Hydroxyapatite-Alginate Sructure as
Living Cells Supporting System, N.N. Emanuel
Institute of Biochemical Physics RAS, Russia (2004).

6. Tim V.C, Porous Scaffolds for the Replacement of
Large Bone Defects: a Biomechanical Design Study.
PhD thesis, KU. Leuven - Belgium (2005).

7. Flavio Augusto Cavadas Andrade, Luci Cristina de
Oliveira Vercik, Fernando Jorge Monteiro, Eliana
Cristina da Silva Rigo, Ceram. Int, Preparation,
characterization and antibacterial properties of
silver nanoparticles—hydroxyapatite composites by a
simple and eco-friendly method (2016) 42 2271-

10.

1.

2.

13.

4.

15.

2280.
https:// doi.org/10.1016/j.ceramint.2015.10.021.

Guangfei Sun, Jun Ma, Shengmin Zhang, Mater. Sci.
Eng. C, Electrophoretic deposition of zinc-
substituted hydroxyapatite coatings (2014) 39 67-
72. https://
doi.org/10.1016/j.msec.2014.02.023

Duyen Thi Le, Thao Phuong Thi Le, Hai Thi Do,
Hanh Thi Vo, Nam Thi Pham, Thom Thi Nguyen,
Hong Thi Cao, Phuong Thu Nguyen, Thanh Mai Thi
Dinh, Hai Viet Le, and Dai Lam Tran, J. Chem.,
Fabrication of Porous Hydroxyapatite Granules as
an Effective Adsorbent for the Removal of Aqueous
Pb(ll) lons (2019) 10 pages. https://
doi.org/10.1155/2019/8620181.

Neha G. Atul K, Chattopadhyaya M.C., J Taiwan
Inst Chem Eng, Adsorptive removal of Pb?*, Co®*
and Ni** by hydroxyapatite/chitosan composite
from aqueous solution (2012) 43(1) 125-131.
http://doi.org/10.1016/j.jtice.2011.07.009

Le Thi Duyen, Le Thi Phuong Thao, Do Thi Hai,
Pham Tien Dung, Pham Thi Nam, Nguyen Thi
Thom, Cao Thi Hong, Cao Thuy Linh, Dinh Thi Mai
Thanh, Vietnam J. Chem., Removal of Cd2+ by
hydroxyapatite adsorption granule from aqueous
solution  (2018)  56(5)  542-547.  https://
doi.org/10.1002/vjch.201800044.

Shanika Fernando M., Rohini M. de Silva, Nalin de
Siva KM, Appl.  Surf.  Sci,  Synthesis,
characterization  and  application of  nano
hydroxyapatite and nanocomposite of
hydroxyapatite with granular activated carbon for
the removal of Pb?* from aqueous solutions (2015)
351 95-103.
https://doi.org/10.1016/j.apsusc.2015.05.092.

Sheha RR., J. Colloid Interface Sci, Sorption
behavior of Zn(ll) ions on  synthesized
hydroxyapatite (2007) 31001 18-26.
https://doi.org/10.1016/j.jcis.2007.01.047.

Bahdod A, EI Asri S, Saociabi A, Coradin T,
Laghzizil A., Water Res., Adsorption of phenol from
an aqueous solution by selected apatite adsorbents:
Kinetic process and impact of the surface properties
(2009) 43 313-318.
https://doi.org/10.1016/j.watres.2008.10.023.

Deyi Zhang, Heming Luo, Liwen Zheng, Kunjie
Wanga, Hongxia Li, Yi Wanga, Huixia Feng, J.
Hazard. Mater., Utilization of waste
phosphogypsum  to  prepare  hydroxyapatite
nanoparticles and its application towards removal
of fluoride from aqueous solution (2012) 241-242
418-426.

https://doi.org/10.1016/j jhazmat.2012.09.066.

https://doi.org/10.51316/jca.2021.025
41


https://doi.org/10.51316/jca.2021.025
https://doi.org/10.1016/j.msec.2014.02.023
http://www.sciencedirect.com/science/article/pii/S1876107011001088
http://www.sciencedirect.com/science/article/pii/S1876107011001088
http://www.sciencedirect.com/science/article/pii/S1876107011001088
http://dx.doi.org/10.1016%2Fj.jtice.2011.07.009
http://dx.doi.org/10.1016%2Fj.jtice.2011.07.009
https://doi.org/10.1016/j.jhazmat.2012.09.066

16.

17.

18.

Vietnam Journal of Catalysis and Adsorption, 10 —issue 1 (2021) 36-42

Huijuan Hou, Ronghui Zhou, Peng Wu, Lan Wu,
Chem. Eng. J., Removal of Congo red dye from
aqueous solution with hydroxyapatite/chitosan
composite (2012) 21-212 336-342.
https://doi.org/10.1016/j.cej.2012.09.100.

Sanna Hokkanen, Evelina Repo, Lena Johansson
Westholm, Song Lou, Tuomo Sainio, Mika Sillanpaa,
Chem. Eng. J., Adsorption of Ni¢*, Cd?*, PO,* and
NOs™ from aqueous solutions by nanostructured
microfibrillated cellulose modified with carbonated
hydroxyapatite (2014) 252 64-74.
https://doi.org/10.1016/j.cej.2014.04.101.

Wei Wei, Rong Sun, Jing Cui, Zhenggui Wei,
Desalination, Removal of nitrobenzene from
agueous solution by adsorption on nanocrystalline

19.

20.

hydroxyapatite (2010) 263(1-3) 89-96.
https://doi.org/10.1016/j.desal.2010.06.043.
Taher A. Salaheldin, Ahmad Mohammad,

Mohamed A. Hassan, Bahgat Ezzat El Anadouli, J
Taiwan Inst Chem Eng, Development of nano-
hydroxyapatite/chitosan composite for cadmium
ions removal in wastewater treatment (2012) 45(4)
1571-1577. https://doi.org/10.1016/j.jtice.2013.10.008.

Lé Thi Duyén, D4 Thi Hai, Pham Tién Ding, Cao Thi
Hong, Nguyén Thu Phuong va Binh Thi Mai Thanh,
Tap chi khoa hoc, Trudng Bai hoc Su pham Ha N&i,
Nghién cltu t6ng hop va dac trung hoa ly cla bét
nanocomposit hydroxyapatit/chitosan (2016) 61(4)
66-72. https://doi.org/10.18173/2354-1059.2016-
0011.

https://doi.org/10.51316/jca.2021.025
42


https://doi.org/10.51316/jca.2021.025
http://www.sciencedirect.com/science/article/pii/S0011916410004352
http://www.sciencedirect.com/science/article/pii/S0011916410004352
https://doi.org/10.1016/j.desal.2010.06.043
https://www.researchgate.net/profile/Taher-Salaheldin?_sg%5B0%5D=CCTfCuDPDBypOcTjyTtl6SRvvUSMgYweLDepiYmFscCBG5lR3JCtLju2fmRJ62BEzkZxzLY.W_jNpgO1MG1X4f-MpaPXtcF3te-bcOZ5XUn1ldz4YkBVFm2Ihbh25FFdztDA3Le9ScjGwFsChEF-bPw9XcUHxg&_sg%5B1%5D=1y2gFaPPLb9GFeMgDtfDIMwvtYa2usZnvqKRKDC0lrwTzLVGo8o09qIgc-GXn1xJDCh_Q8M.880bT-x_eFYUWiZa_soQ4QTCHF_quCAthhBTUDT-z5tJdL8X6bS2ZVbEd8QU-MatYsAob1wJD5RjHL5fYm0Nmw
https://www.researchgate.net/profile/Ahmad-Mohammad?_sg%5B0%5D=CCTfCuDPDBypOcTjyTtl6SRvvUSMgYweLDepiYmFscCBG5lR3JCtLju2fmRJ62BEzkZxzLY.W_jNpgO1MG1X4f-MpaPXtcF3te-bcOZ5XUn1ldz4YkBVFm2Ihbh25FFdztDA3Le9ScjGwFsChEF-bPw9XcUHxg&_sg%5B1%5D=1y2gFaPPLb9GFeMgDtfDIMwvtYa2usZnvqKRKDC0lrwTzLVGo8o09qIgc-GXn1xJDCh_Q8M.880bT-x_eFYUWiZa_soQ4QTCHF_quCAthhBTUDT-z5tJdL8X6bS2ZVbEd8QU-MatYsAob1wJD5RjHL5fYm0Nmw
https://www.researchgate.net/profile/Mohamed-Hassan-274?_sg%5B0%5D=CCTfCuDPDBypOcTjyTtl6SRvvUSMgYweLDepiYmFscCBG5lR3JCtLju2fmRJ62BEzkZxzLY.W_jNpgO1MG1X4f-MpaPXtcF3te-bcOZ5XUn1ldz4YkBVFm2Ihbh25FFdztDA3Le9ScjGwFsChEF-bPw9XcUHxg&_sg%5B1%5D=1y2gFaPPLb9GFeMgDtfDIMwvtYa2usZnvqKRKDC0lrwTzLVGo8o09qIgc-GXn1xJDCh_Q8M.880bT-x_eFYUWiZa_soQ4QTCHF_quCAthhBTUDT-z5tJdL8X6bS2ZVbEd8QU-MatYsAob1wJD5RjHL5fYm0Nmw
https://www.researchgate.net/profile/Bahgat-El-Anadouli?_sg%5B0%5D=CCTfCuDPDBypOcTjyTtl6SRvvUSMgYweLDepiYmFscCBG5lR3JCtLju2fmRJ62BEzkZxzLY.W_jNpgO1MG1X4f-MpaPXtcF3te-bcOZ5XUn1ldz4YkBVFm2Ihbh25FFdztDA3Le9ScjGwFsChEF-bPw9XcUHxg&_sg%5B1%5D=1y2gFaPPLb9GFeMgDtfDIMwvtYa2usZnvqKRKDC0lrwTzLVGo8o09qIgc-GXn1xJDCh_Q8M.880bT-x_eFYUWiZa_soQ4QTCHF_quCAthhBTUDT-z5tJdL8X6bS2ZVbEd8QU-MatYsAob1wJD5RjHL5fYm0Nmw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jtice.2013.10.008?_sg%5B0%5D=OjOPe7BS_9gwvklK7COmuhZHwk7mY9QLaJeJ82HBmLsP058VvGpiXL9d7nZpC9vk43gZUeXWa8jJXPhGFrVAVaO2QA.HOylynfcC-EsZb81vhaodvSV7NPfiw0QbvOjdWdNuyhIetP_A6n_k7Uw4c6UnkaxLjdizZl4kP-crEVYPoOGJw



