Vietnam Journal of Catalysis and Adsorption, 15 —issue 2 (2026) 71-78

Vietnam Journal of Catalysis and Adsorption

Tap chi xdc tac va hap phu Viét Nam

https://jca.edu.vn

Loai bd Cd?* trong méi trudng nudc bang hydroxyapatite: nghién clu hdp phu-giai hdp

Removal of Cd®* from aqueous solution using hydroxyapatite: study on adsorption-desorption

L& Thi Duyén'?, L& Thi Phuang Thao'?, Bli Hoang Bac®, Lai Thu Hué*, Céng Tién Ding '+

"B6 mén Héa hoc, Khoa Khoa hoc ca bdn, Trudgng Bai hoc Mé - Bia chdt, 18 phé Vién, Béng Ngac, Ha Néi
2Nhom nghién ciiu BSASD, Trudng dai hoc Mé - Dia chdt, 18 phd Vién, Béng Ngac, Ha Noi

3 Khoa Khoa hoc va Ky thudt Bia chdt, Truong Dai hoc Mé - Bia chdt, 18 phé Vién, Bong Ngac, Ha Noi

4Trung tam Phan tich va Kiém dinh dia chdt, Cuc Bja chdt va Khodng san Viet Nam, Km 9 ducng Nguyén Trdi,

Thanh Liet, Ha Noi

* Email: congtiendung@humg.edu.vn hodc congtiendung81@gmail.com

ARTICLE INFO

Received: 07/06/2026
Accepted: 21/06/2026
Published: 30/06/2026

Keywords:
Hydroxyapatite;
Adsorption; desorption;
Cd?* ion

ABSTRACT

Hydroxyapatite (HAp) obtained from a chemical synthesis method was
used to remove Cd** ions from an aqueous solution and investigate
the effects of different factors on the adsorption capacity and efficiency
of HAp for Cd?* ions. The optimal conditions determined were 0.05 g
mass of HAp per 50 mL of solution, initial Cd** concentration of
50 mg/L, contact time of 60 min, pH of 6.48, and room temperature
(25 °C). Under these conditions, the adsorption efficiency and capacity
obtained were 94.994 % and 47.497 mg/qg, respectively. The adsorption
process was studied using non-linear adsorption isotherms according
to Langmuir, Freundlich, and Redlich-Peterson. The adsorption kinetics
were investigated using non-linear lines according to two pseudo-first-
order and pseudo-second-order kinetic models. Desorption
experiments were conducted with a deep eutectic solvent based on
choline chloride and urea (Reline) by electrochemical method. The
results showed that 94.12 % of Cd metal could be recovered from 0.1g
Cd-HAp by electrodeposition after 8 h, using a cathode current of
5 mA at 60 °C.

Gidi thiéu chung

hoi va tach bang mang. Két tia héa hoc két hap vai
dong tu la mot trong nhitng phuang phap thudng ducc

Hién nay, su tién bé trong cdng nghiép va dé thi hoa da
dan dén sy 6 nhiém kim loai nang. Cac ion kim loai ning
khéng bi phan huay, ma duac tich ty, 1ang dong trong
mai trudng, dan dén vugt qua gidi han cho phép va lam
maét can bang méi trudng. Cac phuong phap phd bién
dugc dung dé xtr ly loai bd kim loai nang trong nudc
thai: dong ty, trao ddi ion, két tla hoa hoc, két tla dién
hoa, hap phu, chiét tach bang dung moi, ky thuét bay

©2026 by the authors. Licensee Vietnam Journal of Catalysis and Adsorption.

st dung dé loai bd kim loai ndng trong nudc. Tuy nhién,
viéc tao ra qué nhiéu bun trong qué trinh nay lam tang
thém bét Igi khi thuc hién ky thudt trong cong nghiép.
Phuong phap trao dai ion dung nhya trao déi ion cho
hiéu qué cao va chon loc nhung dé bam ban va qua
trinh tach 1ay kim loai kho khan dong thdi & nhiém nhya
do cac vi khuan va chat hitu co. Mét phuong phap khac
cho hiéu qua cao trong viéc loai bo kim loai nang dugc
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st dung la loc bang mang nhung chi phi lai cao. Trong
khi d6, phuong phap hap phu la mét phuong phép
dugc Ung dung rong rai dé loai bo hiéu qua cac ion kim
loai nang ngay ca & néng dé nho, déng thai thuan Igi
cho su gidi hdp phu va thu héi kim loai nang khi tién
hanh trong mot thé tich nho vdi néng do ion kim loai
cao s& cho hiéu suat thu hoi cao, chi phi thuc hién hap
ly. Canxi hydroxyapatit hay hydroxyapatit co cong thic
Can(PO4)s(OH); (viét tat la HAp), mét vét liéu dugc Ung
dung réng rai trong cudc séng. HAp tng hap co cau
trdc va dac tinh sinh hoc tuong tu nhu HAp tu nhién (Ia
thanh phan chinh cla xuong, rang va mé cling cla
ngudi va dong vat). Vi vay, HAp téng hop 13 vat liéu than
thién vai moi truang. HAp ¢ kha nang hap phu loai bd
mét s6 chét va ion doc hai cd nong do cao vugt qua
tiéu chuan cho phép trong nudc: Cu?*, Pb?*, Zn?*, Cd?*,
Co?*, Ni?*, Fe3* [1-7], phenol, nitrobenzen, do cong gb,
NOs-, F, ... [8-12] vdi khad nang hap phu tuong duong
hoac cao hon so véi mét s6 vat liéu hap phu phd bién
nhu: than hoat tinh, nhdm oxide, silicagen,...

Nam 2010, Yuan Feng va cac tac gia da dung HAp co tu
tinh dugc téng hgp bang phuong phap két tla vdi dién
tich bé mat riéng 142,5 m2/g stt dung dé hap phu Cd(ll)
va Zn(ll) véi dung lugng hap phu cuc dai tuong Ung la
1,964 mmol/g va 2,151 mmol/g. Qué trinh gidi hap duoc
thuc hién vdi 4 dung dich EDTA, HCI, Ca(NOsz): va NaOH
cho thdy, chat hiéu qua nhét cho qua trinh gidi hap la
EDTA vdi 66,2 % va 67 % cua Cd?* va Zn?* tuong Ung
gidi phéng ra [13]. Ronghai Zhu va céc cong sy tién hanh
t6ng hop HAp bang phuong phéap két tla hoa hoc dé
xU i Cd?* trong nudc. Két qua nghién cu chi ra rang
dung lugng hap phu dat 260,42 mg/g khi pH nam trong
khodng tir 5 dén 8. Hiéu suat hap phu tang khi tang khéi
lugng HAp, néng dé Cd2+ trong dung dich giam i1 173,2
mg/g xubng con 42,1 mg/g khi tang khéi lugng HAp tU
0,5 g/l 1én 10 g/l tuang Ung vai hiéu suat thay déi tir 17
% |én 84 9% [14]. Trong mot nghién clu khac, cac tac gia
d& so sénh kha nang loai bd Pb?+, Cd?+ va Ni2* bang tinh
thé n-HAP trong dung dich nudc va chi ra rang kha
nang loai bo cac kim loai theo thir tu Pb®* > Cd?* > Ni#+
va hiéu suét x ly tang vdi sy tang ndng do cac ion kim
loai nang co trong dung dich. Nghién ciu ciing chi ra,
dung n-HAP cho hiéu qua cao trong viéc loai bo cac kim
loai nang trong nudc thai cong nghiép [15]. F. Fernane
va cong su nghién clu sy hap phu cac ion Cd?* va Cu?*
trén HAP t6ng hop va HAP ty nhién & 22 °C va
pH = 5, két qua cho thay ca hai loai HAp déu loai bo tét
cac ion Cd?* va Cu?* mac du thanh phén va hinh thai
khac nhau [16]. Chat hdp phu hydroxyapatite pha tap
dong thai cac ion natri, silicate va carbonate (Na-
SICHAP) dugc diéu ché bang phuong phép két tia déng
thai siéu am. Khd nang hap phu t6i da (Qm) cla Na-
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SICHAP dadi vdi cac ion Pb2+ va Cd2+ & 303 K Ian luct I3
698,68 mg/g va 129,6 mg/g theo mé hinh hdp phu
Langmuir [17]. Nano hydroxyapatite (nHAp) va vat lieu
composite nano-hydroxyapatite chitosan (nHApCs) da
dugc dé xuat dé loai b ion Cd?* trong xtf ly nudc & pH
= 5,6. Khd nang hap phu Cd?* clia nHAp va nHApCs lan
luot 1a 92 mg/g va 122 mg/g va hiéu suét loai bd t&i 92
% [18]. Su két hop cla cac nhom chic hitu co vao
hydroxyapatite cho thdy hiéu qué cla apatit pha tap
trong viéc loai bo cadmium (gm = 457 mg.g™). Két qua
thuc nghiém phu hap vdi mé hinh déng hoc bac hai cho
qua trinh hap phu hoa hoc. Hai co ché kiém soat sy hap
phu kha thi ctia ion Cd (Il) trén bé mat apatit, d6 |a su
tao phuic va su hoa tan/két tha [19].

O nudc ta, d& cé mét s6 cdng trinh nghién ctu vé HAp
va cac hgp chat téng hgp trén co s& HAp nhu HAp pha
tap va nanocomposit HAp/polyme. Tuy nhién, cac két
qua mdi chi ding lai & viéc tim cach t6ng hgp cac dang
khac nhau cia HAp va HAp pha tap bang céc phuong
phép khac nhau [20-22] va ché tao HAp tU ngudn
nguyén liéu tu nhién nhu mai muc, vé so, vo tring,
xuong bo, ca tra, xuang ca bién, xuong lon, ... [23-27]
dinh hudng Ung dung trong y sinh, dugc hoc. Cac
nghién cfu Ung dung HAp, HAp pha tap va
nanocomposit HAp/polyme trong xuf ly moi truang con
it [28-32]. Nhém nghién cltu clia ching toi d tong hop
thanh céng bot nano HAp, dang mang, dang hat, dang
composit clia HAp va HAp pha tap mét s6 nguyén t6&
dinh hudng Uing dung trong y sinh va x{ ly moi truong
véi hiéu sudt x7 ly va dung lugng hép phu cao [30-32].
Trong bai bdo nay, ching téi nghién ciu kha nang hap
phu ion Cd** trong nudc dung vat liéu hydroxyapatit
t6ng hop. Sau do, giai hap phu va thu hdi Cd kim loai
bang phuong phéap két tla dién hda trong nén dién i
Reline.

Thyc nghiém va phuong phap nghién cu
Téng hop vét liéu bdt HAp

BSt HAp dudgc téng hap bang phuong phap két tla hoa
hoc trong maéi trudng nudc véi nguyén liéu ban dau ti
Ca(NO3)2.4H20, (NH4)zHPO. va NHs (phuong trinh (1)
1311

10Ca(NO3)z + 6(NH4):2HPO4 + 8NH3 + 2H:0 —
Can(PO4)s(OH)2 + 20NHNG3 (1

BSt HAp t6ng hap thu dugc cd mau trang, hinh que vai
dién tich bé mat riéng xac dinh theo phuong phap
Brunauer, Emmett and Teller (BET) thu dugc la 91,42
m?/g va gia tri pHez thu dugc tf phuong phap do do
léch pH 13 7,34.
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Hdp phu Cé* bdng bét HAp

Khéo sat thai gian hap phu bién déi tir 10 — 100 phut, pH
thay doi tr 2,7 — 7,5, khdi lugng bt HAp thay dai tu
0,01— 0,08 g va ndng d6 Cd?* bién déi tir 10 — 100 mg/L
dén kha nang hap phu clia bét HAp doi vai Cd?* trong
50 mL dung dich. Hon hgp sau do dugc khudy vai téc do
400 vong/phut. Sau khi hap phy, loc tach chét ran, lay
phan dung dich dé dinh lugng ion Cd?* con lai bang
phuang phap khdi phé plasma cao tan cam Ung (ICP-
MS) trén thiét bi ICAP Q ICP-MS (Thermo Scientific,
Germany) tai Truong Dai hoc Mo-Dia chét.
Dung lugng hdp phu va hiéu sudt hdp phu dugc xéc
dinh bang phuong trinh (2) va (3) [19]:

Q=(Co-OxV/m (@)

H=((Co—C)/Cg) x100 (3)
Trong doé: Q (mg/g) va H (%) lan lugt la dung lugng hap
phu va hiéu suét hap phu; Co (mg/L) va C (mg/L) lan luot
la néng d6 ion Cd2* ban dau va con lai sau hap phu; V
la thé tich dung dich hap phu (L); m 1a khéi lugng bot
HAp (g). Kha nang hdp phu Cd?* cla HAp dugc tinh
toan dua trén dudng hap phu dang nhiét Langmuir,
Freundlich va Redlich-Peterson (cac phuang trinh (4)-
(6)) [33]. Béng hoc clia qua trinh hép phu dugc nghién
clu theo hai m6 hinh déng hoc: mé hinh gia bac 1 va
mo hinh gia bac 2 (phuong trinh (7), (8)) [34].
Phuong trinh phi tuyén tinh Langmuir:

K.C.

QE_Q”"TKL.CE &)
Phuaong trinh phi tuyén tinh Freundlich:

Q. =K..C!" (5)
Phuang trinh phi tuyén tinh Redlich-Peterson:

— K.‘?P'CE
© 1+a,.C’

(©)

& day, Ce(mg.L™) & ndng dé ion Cd2* & trang thai can
bang, Qe (Mmg.g™) & dung lugng hap phu & trang théi
can bang, Qm (mg.g™ & dung luong hép phu cuc dai,
K la hang s6 Langmuir, K va n & céc hang s6
Freundlich, Kge la hang s& Redlich-Peterson, age 1& hang
s6 can bang va b 1a s6 mi cia mé hinh Redlich-
Peterson.
M® hinh phi tuyén tinh gia bac 1:

Q=Q (‘I - e"‘"f) (7)
M® hinh phi tuyén tinh gia bac 2:

k,.Q°t
Q — £ QE

8
< 1k, Qt ©

Trong do, Qe (mg.g™) va Q: (mg.g”) la dung lugng hap
phu & trang théi can bang va & thai gian t; ki (phut™) va
ka2 (g.mg.phut™) 1a cac hang s6 toc dé bac 1va bac 2.

Gidi hdp phu ion Cd?* va thu hdi Cd kim logi bdng
phuong phdp két taa dién héa

Nén dién li st dung trong qua trinh giai hap Cd?* bang
phuong phap két tla dién héa la dung méi Reline ¢
diém otecti sau (DES). Reline dugc tao ra tif choline
chloride (ChCl) va urea (U) bang cach tron 1an hai chat
ran vdi ti 1é mol 1:2 va khudy déu & nhiét d6 60 °C trong
3h cho tdi khi thu dugc chat 1dng khdng mau va déng
nhat [30].

Nghién ciu duang von-ampe vong (CV) ctia Cd?** trong
nén dién li Reline trén thiét bj von-ampe vong gém 3
dién cuc nhung trong mét dung dich dién phén (Reline):
dién cuc lam viéc (WE) I3 dién cuc Au (S = 0,0201 cm?),
dién cuc so sanh (RE) la dién cuc Ag/AgCl/Cl-va diéen
cuc phu trg/dién cuc doi (CE) la dién cuc lusi Pt. Diéu
kién do CV: 0,5 g bot Cd-HAp trong 5 mlL Reline & budc
nhay thé 0,005 V, téc dé quét thé 0,02 V/S, khodng thé
quét: -0,2 = -1.2 (V).

Két qua va thao luan
Nghién cau hdp phy
Anh huéng cia thoi gian:

SU bién déi hiéu suat va dung lugng hap phu clia HAp
theo thdi gian dugc gidi thiéu trén hinh 1a. Trong
khoang thai gian khao séat, dung lugng cling nhu hiéu
sudt hdp phu tang nhanh trong 20 phit dau, sau do
tang cham hon, tUr 60 phut trd di dung lugng va hiéu
suat hap phu tang rat cham va én dinh khoang 70 mg/g;
84 % do su hap phu dat tdi trang thai can bang. Dé thu
dugc dung lugng va hiéu sudt hap phu cao va thai gian
hap phu khéng kéo dai thi thai gian hdp phu thich hop
dugc tién hanh trong 60 phat va dugc sit dung cho
nghién c(u tiép theo.

Anh huéng cia pH:

Viéc loai bo ion Cd?* phu thudc nhiéu vao pH cta dung
dich vi pH 1am thay déi tinh chat bé mat cla chat hap
phu. Vi pHpzc cla vat liéu HAp 13 7,34 nén cd thé thay
rang HAp sé& c6 dién tich bé mat chl yéu la duong khi
gia tri pH clia dung dich khao sat nho han 7,34, con khi
pH > 7,34 thi bé mat HAp chui yéu cé dién tich &m thuén
lgi cho su hap phu cac cation kim loai. Tuy nhién, dé
tréanh hién tuong tao két tia Cd(OH); trong mai truong
kiém (pH = 8) [19], anh hudng cla pH da dugc khao sét
trong diéu kién pH < 7,5. K&t qua theo dai bién thién
dung lugng va hiéu suat hdp phu clia bét HAp theo pH
dugc gidi thiéu trén hinh 1b. Két qua cho thay, trong
khoadng pH khao séat, hiéu suat va dung Iugng hap phu
tang khi pH tang. Diéu nay dugc gii thich la do trong
mdi truong axit, HAp bi proton hoa va khi dé bé mat
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cla hat sé tich dién duong nén lam gidm sé lugng tam
hép phu cla hat va xay ra su hdp phu canh tranh gia
ion H* va ion Cd** do dé lam giam kha nang hap phu.
Khi pH tang dan thi dién tich dm trén bé mat hat tang

90 76
(@)
831 5 _a—t—4¥tn
/f/ijf"!—_—-"‘—i )
=2 804 /* L 53 o
X Ppr - 3
I 4 —e—0Q E
75 4 (=)
64
704
- 60
65

0 20 40 60 80 100
t, min

dan, thuan lgi cho sy hdp phu ion duong Cd?*. Tuy
nhién, dé thuan lgi cho qua trinh x ly nhat la x ly vdi
lugng 16n, pH ban dau bang 6,48, dugc chon cho nhiing
nghién c(u tiép theo.

=90
904 (b)
o - 80
75- ./ 70 -
-/ o
2 60 — Talfe £
T (<]
45 - 50
- 40
30 -
- 30
15+
T 20
2 3 4 5 6 7 8
pH

Hinh 1: Anh hudng ctia thdi gian tiép xtc (Ccs?* = 50 mg/L, m = 0,03g, pH = 6,48, T = 25°C) (a) va pH (Ccs2* = 50
mg/L, Muap = 0,03 g, t = 60 phdt, T = 25°C) (b) dén kha nang héap phu Cd?*

Anh huéng cia khéi lugng chdt hdp phy:

Két qua khdo sat anh hudng cla khéi Iugng bot HAp
dén dung lugng hap phu va hiéu suat xir ly Cd?* 50 mg/L
dugc thé hién trén hinh 2a. Khi khéi lugng chat hap phu
tang tir 0,01 dén 0,08 g, dung lugng gidm nhanh tu
92,80 xuéng 30,884 mg/g va hiéu suét hap phu tang
nhanh tlr 37,12 dén 82,72 % do su tiép xtc giTia chat hap
phu va dung dich tang, s6 lugng tam hap phu tang [21],
sau do hiéu suét hap phu tang chadm va dat dén 98,83
% do su hap phu tién tdi trang thai can bang. Dé thu
dugc dung luong va hiéu sut hdp phu déng thai cao
thi c6 thé sir dung lugng chat hap phu trong khoang
0,02 dén 0,05 g. Tai khoi luong bét HAp 0,05 g, dung
luong va hiéu sudt hap phu dat 47,497 mg/g va 94,994 %

Anh hudng cda néng do Cc=:

K&t qua nghién cliu dnh hudng clia ndng dé ion Cd?* ban
dau dén dung Iugng va hiéu suat hap phu dugc thé hién
trén hinh 2b. Khi néng dé Cd?* tang, dung lugng hap phu
tang dan con hiéu suat hap phu giam dan. Dé dat dugc
hiéu sudt va dung lugng hép phu déng thai cao, néng do
Cd?* thich hgp c6 thé Iya chon trong khodng 50 + 80
mg/L. Tai néng dé 50 mg/L thi hiéu suét va dung luong
hép phu dat 94,994 % va 47,497 mg/g.

Budng ddng nhiét hdp phu:

Hinh 3a va Bang 1 minh hoa dudng cong hap phu cla
cac ion Cd*" trén HAp tdng hap, dugc méd phdng bang
cac phudng trinh Langmuir, Freundlich va Redlich—

https://doi.org/10.62239/jca.2026.027
74

Peterson. M6 hinh Langmuir cho két quéa phu hgp t6t
véi hé s6 R? 13 0,9097. Dung lugng hap phu t6i da (Q.,)
la 75,62 mg/g, va hang s6 Langmuir (K)) 1a 1,106 L/mg,
cho théy i luc lién két manh. M6 hinh Freundlich cho
két qua phu hop cao hon (R? = 0,87142), vdi gia trin =
4,221 (>1) xac nhan sy hdp phu thuén Igi. MO hinh
Redlich—Peterson cho két qua tuong quan tét nhat (R?
= 0,9849) va sai s6 nho hon nhiéu (SSE = 51,646) so vdi
mo hinh Langmuir (SSE = 361,666) va Freundlich (SSE =
162,837), két néi ca mo hinh Langmuir va Freundlich, véi
b = 0,819 cang khang dinh co ché hap phu lién quan
dén ca tuong tac bé mat don |&p va khdng déng nhét.

Boéng hoc hdp phu:

Dua trén két qué nghién cliu vé anh hudng clia thai gian
hap phu dén kha nang hdp phu Cd?* trong diéu kién
sau: nong d6 Cd?* = 50 mg/L, nhiét d6 (T) = 25 °C,
pH = 6,48, khéi luong bét HAp = 0,05 g, do thi cla
phuong trinh déng hoc gia bac nhat (theo phucng trinh
(7)) va phuang trinh déng hoc gia bac hai (theo phuong
trinh (8)) da dugc xay dung, va két qua dugc thé hién
trong hinh 3b va bang 1. M6 hinh gia bac hai cho gia tri
RZ cao hon (0,8944) va SSE nhd han (4,1189) so vai mo
hinh gia bac nhat (R? = 0,6010 va SSE = 15,5575), vai gia
tri Qe dugc tinh toén la 70,869 mg.g™, gan vdi dif liéu
thuc nghiém (70,648). K&t qua do dugc cho thay, sy hap
phu Cd?* dugc mé ta t6t hon bdi mé hinh gid bac hai.
K&t qua nay phu hap vai mét s tai liéu da dugc cong bo
vé déng hoc hadp phu kim loai nang 1én bé mat vat liéu
trén ca s& HAp [5,14,16-19]. Su phu hgp vugt tréi cia mo



hinh gia bac hai cho thay rang qua trinh hap phu thé hién
tuong tac hoa hoc lién quan dén su cho electron, lién két
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cong hoa tri hoac trao déi ion gilfa cac ion kim loai va cac

Hinh 2: Anh hudng clia khéi lugng bét HAp (C = 50 mg/L, t

nhém chic trén bé mat HAp hon 1a bdi sy khuéch tén
dan gian hodc su chuyén khéi.

105 140 L 90
—_—
aL — 100 §— .
90 4 120 —— () / 75
— /.
- 100
75 - - 90 - 50
=] b
A o
R m— F80 9 S o
= 604 —e—aq E £ g. v (¢ E
Lso O /' o
45 o L 30
\.\- - 40 70 ./ —H
30 —e— ) 15
L 20 t/
r r r . 60 +———r————————————————
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= 60 phit; pH = 6,48, T = 25 °C) (a) va néng

dd Cd?* ban dau (Miap = 0,05 g, thigs wac = 60 phit; pH = 6,48, T =25 °C) (b) dén kha nang hap phu cla

HAp

(@
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T
100

Hinh 3: Dudng dang nhiét hap phu clia Cd?* theo mé hinh Langmuir, Freundlich va Redlich—Peterson (a) va dong
hoc clia qué trinh hap phu Cd?* 1én HAp theo phuong trinh gid bac 1 va gid bac 2 (b)

Bang 1: Cac hang s6 thuc nghiém tinh todn theo cac phuong trinh Langmuir, Freundlich, Redlich-Peterson va cac
mo hinh déng hoc gia bac 1, gia bac 2

Langmuir Freundlich Redlich-Peterson
Cm KL RZ SSE n Kr RZ SSE Kgp arp b R2 SSE
75,62 1,106 4,226 38,18 430,72 9,632 0,819
+5,21 +0,342 0.9097 361666 +0,372 +1,95 09593 162837 +164,77 14138 0,021 0.9849 51646
Mé hinh déng hoc gia bac 1 Mé hinh déng hoc gia béc 2
Qe . kj . > ccr Qe _ ka2 , 5 ccr Qethuc ng_;‘h|em
(mg.g™")  (phit? (mgg?)  (g/mg/phit) (mg.g™)
68,920 0,254 0,6010 15,558 70,869 0,017 0,8944 41189 70,648
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Hinh 4: Hinh anh SEM cla vat liéu HAp ban dau (a),
HAp sau hap phu Cd?* (b) va EDX cla HAp sau hap
phu Cd?* (c)

Kha nang hép phu cla cac vat liéu trén ca s& HAp doi
vai Cd?* thay ddi dang ké tly thudc vao ban chat véat
liéu, phuong phap téng hop va sy bién ddi cau tric.
Trong nghién clu nay, HAp tdng hgp cho thay kha nang
hép phu t6i da Cd?* (Qm) & 75,62 mg.g™ thudc nhom
cac vét liéu HAp khéng bién tinh c6 hiéu qua cao, cao
hon so vdi carbon hoat tinh tir b& mia (49,07 mg.g™),
chéat thai cong nghiép cheé (11,29 mg.g™), vo dau den
(39,99 mg.g™ va quang apatite (43,94 mg.g™), nhung
thdp hon so vai nHAp (142,86 mg.g™ [5] va thdp hon
nhiéu so véi HAp bién tinh: SEE-HAp (208,66 mg.g™ [1],
Na-SiCHAP (129,6 mg.g™) [17], nHApCs (122 mg.g™) [18].

https://doi.org/10.62239/jca.2026.027
76

Co ché hdp phu

Hinh anh SEM cua vat liéu HAp ban déau, HAp sau khi
hap phu Cd2* va EDX clia HAp sau khi hdp phu Cd?* thé
hién trén cac hinh 4a, 4b va 4c. Hinh dang cla vat liéu
HAp ban dau va Cd-HAp kha giéng nhau, déu c6 dang
hinh que. Ph& tan xa nang lugng tia X (EDX) clia HAp
sau khi hép phu Cd?* (Hinh 4c) cho théy céc dinh dac
trung clia Cd-HAp. Diéu nay phu hop véi co ché hép
phu dugc dé xust nhu sau:

Giai doan dau la su hap phu ion Cd?* trén bé mat HAp.
Giai doan th(f hai c6 su hoa tan mét phan cia HAp va
sy trao ddi ion cla Cd?* véi Ca?* trong HAp hodc su
khuéch tan cla ion Cd?* vao trong céu tric mang cla
HAD tao thanh Cd1(PO4)s(OH)2 hoac
CdxCao-x(PO4)s(OH)z. Su hdp phu hay su tao thanh Cd-
HAp theo hai phuong trinh [5,35]:

HA-(OH); + Cd?* - HA-O»-Cd + 2H* 9)
HA-Ca?* + Cd** —» HA-Cd*r + Ca* (10)

Khi thay thé Ca?* trong tinh thé bang Cd?* thi do dién
tich hai ion bang nhau con ban kinh ion khac nhau
khéng nhiéu (Reg = 0,95 A; Res = 0,99 A) nén nhin chung
Cau trdc tinh thé cla vat liéu HAp khong thay doi.

Gidi hdp phu Cd?* va thu hdi Cd kim logi

02

@ _ HAp/Reline
0.1 4

0.0 +

-0.1 4

J (mAJem?)
\

-0.2 4

-0.3 4

0.4

40  -08 06 0.4 02 0.0 0.2
EM

08
(b)

06- Cd-HAp/reline
0.4-

0.2 1

| (mAJer?)
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-0.4
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Hinh 5: Buang CV clia HAp (a) va Cd-HAp (b) trong
Reline
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Trén co sa tinh chét dién hoa clia Cd?* trong dung mai
Reline, dong thdi quét von-ampe vong cla Cd-HAp
trong Reline (hinh 5) cho thay, ion kim loai Cd** 6 thé
duagc giai phong ra trong qua trinh dién phan Cd-HAp
va két tla trén bé mat dién cyc miéng Au trong nén
dién li Reline. Do do, co thé dé xuat ca ché giai hap phu
ion kim loai nang Cd?* tir vat liéu HAp da hép phu (Cd-
HAp) va thu hoi kim loai Cd bang phuong phéap két tla
dién hoa nhu sau:
Giai doan 1: Phan (ng tao phuc clia Cd®* trong Cd-HAp
vdi ion CI" trong Reline:

Cd-HAp + nCl - CdC.®" + HAp
Giai doan 2: Xay ra qua trinh khir Cd®* trong phic CdCl#
" thanh kim loai Cd két tla trén bé mat dién cuc Au:

CdCl#m + 2e - Cd + nCF

Cac ion Cd?* dugc gidi hap trong dung méi Reline bang
cach phéan cuc catét (dién cuc Au) & diéu kién thich hop:
01 g bét Cd-HAp vdi cuong do dong dién
5 mA, thdi gian dién phan 8 h tai nhiét do 60 °C. Hiéu
suat thu hoi Cd dat 94,12 %.

Két luan

Vat liéu HAp t6ng hop da dugc st dung dé nghién cu
qué trinh hép phu va giai hap ion Cd?* trong méi trudng
nudc. Két quéa thu dugc cho thay, tai nong do Cd?*
50 mg/L & diéu kién hap phu thich hop, dung lugng va
hiéu suat hap phu dat 47,497 mg.g™ va 94.994 %. Qua
trinh hdp phu tuan theo mod hinh dang nhiét hap phu
phu hop nhéat Redlich — Peterson va tuén theo mé hinh
déng hoc gia bac 2. Qué trinh gidi hap phu Cd?* va thu
hoi Cd kim loai phu thuéc vao cudng dé dong dién va
thai gian dién phan. Hiéu sudt thu hoéi Cd dat tdi
94,12 % & diéu kién thich hgp. K&t qua nay md ra trién
vong cho viéc Ung dung HAp loai bo ion Cd** trong
nudc bi 6 nhiém va thu hdéi kim loai Cd tranh 6 nhiém
thif phat cling nhu téi st dung vét liéu hap phu.
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