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Abstract

In this paper, a new material hydroxyapatite compound was synthesized on Tra Bac _act_wated carbgn with 30 %
w/w. SEM images, XRD pattern and FTIR diagram of the material were analyzed. Equilibrium adsorption isotherms
and kinetic models of fluoride adsorption process on the activated carbon impregnated hyqroxyapatlte were
investigated. The experimental data were analyzed by Langmuir, Freundlich models of adsorptlfm. The fluoride
adsorption on the material was well fitted to both Langmuir and Freundlic isotherms and the maximum adsorption
capacity was found to be 1.342 mg/g at 30 °C. The kinetic data obtained at different concentrations have been analyzed
using a pseudo-first-order and a pseudo-second-order equation. The experimental data fitted very well the pseudo-

second-order kinetic model.
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1. DAT VAN PE

Theo t6 chirc Y té Thé giéi (WHO), néng d6 téi da
cho phép cua florua trong nuéc in udng 1a 1,5 mg/L.
Florua mang dién tich am s& tuong tic véi canxi
mang di¢n tich duong trong xwong va ring din dén
cdc bénh nhiém doc florua véi cic biéu hién cimg
khop, gidm can, gion xuong, mit men ring, thiéu
mau va suy nhuge."! Bé xir Iy florua, cac phuong
phép thudng duoc sir dung 1 keo tu, két tua, trao ddi
ion, thim thau ngugc, dién thim tach va hip phy.
Trong do, hap phuy duge cho 1a phuong phap hiéu
qua nhat vé chi phi, thiét ké va van hanh.
Hydroxyapatit (HAp) 1a mét dang khoang chét
¢6 trong ty nhién cua canxi apatit véi cong thire
Cai0(PO4)s(OH),. HAp c6 cu triic mach théng, cic
lién ket Ca-O 1a lién két cong hoéa tri, hai nhém OH-
dugc gan voi hai nguyén tr P & hai diu mach, Ion
OH' ¢6 the bi thay thé boi ion florua, clorua hogc jon
cacbonat.”’! Hydroxyapatit dugc {mg dung véi nhidy
muc dich khac nhau. Do cé hoat tinh sinh hoc, cg
kha nang tuong thich véi cac ciu tric Xuong va‘; cod
tinh dan xuong t6t nén HAp duoc img dung dic biét
rong rai trong y sinh hoc nhur ché tao réng gi.é Sira
chira nhimg khuyét tit cua ring, ché tao m3t gié’ ché
tao n}‘u‘mg chi tict dé ghép xuong va sira chira n!’r -
khuyét tit cia xuong.® Nhy nhém P-OH {ra lm.
Enéjt H;}p hqat dong nhu cac tam hép phu, H Ape::lﬁ::e
uo ] A - A L A 2 i
oc biet dén nhu mot vat lidu hap phy ly fudng cg
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d6 bén cao trong cd méi trudng oxi héa va khi, d
tan trong nuéc thip, tong hop da dang vdi chi phi
thap.[%)

Cac img dung HAp lam vt liéu hép phu da dugc
cong bo tap trung vao xir Iy hop chit hiru co nhu
metylen blue, phenol, fulvic axit, cic loai phim
nhuém,””) cic kim loai ning Zn, Cd, Cu, Pb, As,
s N G o _ché hip phu duoc cho 1a nhd cac phin
tmg trao doi ion, phan img tao phirc bé mit véi
E?otphat, canxi, nhém OH hoic phan (mg dong ket

a.

. Xuit phat tir thyc té trong ty nhién nhém OH ¢
the bi thay thé b florua tao thanh khoang floapati,
trong nghién ciru nay hydroxyapatit dugc tong hop
mang Ién than hoat tinh nhim ting kha ning phin
‘an va thir nghiém xir 1y loai bo florua trong Mo
ruong nuée. Mo hinh ding nhist va dong hoc cia
Aua trinh hap phy ion florua trén than hoat tinh 4

hydroxyapatit duoc 4 VAL <
i Wp t é trong bl
béo nay. OC tap trung nghién ciru trong

2. THUC NGHIEM

2.1. Quy trinh 3 s han
hoat tinh g hop hydroxyapatit trén

Hydroxyapatite d 5 X hdp
AR uQc tong hop bang phuong PHE
Ket tha sir dung Ca(NOy), 4H.0 vi (NH:):HPO
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Dung dich (NHs2:HPO, ndng dj 0,24 :
tr tirg vao dung dich Ca(NO;), 0,29 M.Mkht?;yqfnnhﬁ
trong 1 gid & nhiét d phong 30 °C, gia hogy tron ?;4
gio. Ty 1¢ Ca/P 13 1,67. Trong sudt thi nghiém dbun
dich Ca(NO:s)2 duoc gitt & pH = |1 bg; dun;‘; dicﬁ
NH; 25 % d¢ tranh két tha cacbonat. Hydroxyapatit
(HAp) tao thanh theo phuong trinh phan mng:

10Ca(NO3): + 6(NH4),HPO, + 8NH4OH —s

Ca1n(P04)h(0H)2 +20NH4NO; + 6H,0

Ham luong phan trim HAp mang 1én than hoat
tinh dugc tinh toan 1a 30 %. Than hoat tinh Tra Béc
kich thu6e 0,5-1,5 mm dugc oxi hoa bé mit bing
axit HNO; trude khi tién hanh tim HAp. Vél ligu
sau khi tao thanh, say kho & 80 °C duge xem xét
hinh théi bé mit, dic tnmg céu tric va gid tri pHpy.e
tai diém dang dién.

2.2. Nghién ciru qua trinh ding nhiét hip phy
ion florua trén than hoat tinh tim hydroxyapatit

Qué trinh xdy dung mé hinh dédng nhiét hép phu ion
florua trén than hoat tinh tam hydroxyapatit dwoc
tién hanh vé1 nong d dung dich florua nghién ciru
lan lugt 1a 5, 10, 20, 40, 60, 80, 100 mg/L, ti 1¢ dung
dich chit bi hép phu/chat hip phu 1a 50 ml/1gam tai
thoi gian can bing hap phu, ¢ pH trung tinh va diéu
kién nhiét d6 phong 30 °C. Tit ca cac qua trinh hip
phu va phan tich florua trong nghién ciru dugc thyc
hién trong binh nhya dé tranh an mon thuy tinh.

Hai mé hinh hdp phu ding nhiét dugc nghién
ciru gdbm Langmuir va Freundlich.

2.3. Nghién ctru dgng hoc qui trinh hép phu ion
florua trén than hoat tinh tam hydroxyapatit

Mb hinh dong hoc biéu kién bic 1 va bac 2 duge xdy
dung cho qué trinh hap phu ion florua trén than hoat
tinh tim hydroxyapatit dya trén phuong trinh
Lagergren.!”] )

Céc nghién ciru dong hoc cua sy hap phu dugc
tién hanh & cac ndng do florua khac nhau lan luot la
5, 10, 20, 40, 60 mg/L tai cac thoi diém hap phu
dugc khao sat nhu mot ham so theo thoi gian. leng
lugng hip phu & thoi diém t, q. (mg/g), duge tinh
bang cong thirc:

G =_(C0'Ct)\” m (mg/g) P :
Cova C,(ppm) la ndng do florua o thai diém ban dau
va thoi diém khao sét, V 1a thé tich dung dich (L), va
m la khéi luong vat li¢u sir dung (g)-

Phuong trinh tuyén tinh mé td mé hinh déng

hoc biéu kién bac 1 co dang:

log(qe - Q1) = (logqe - kit)/2,303
Xay dung d6 thi tuyen tinh cua log (‘51“ - (!') lPe?
thoi gian t thu dugc hang s0 ti 1€ ki va ge tir hé so
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Phuong Théo va cong sir

goc va doan cat truc tung cua phuong trinh
duong thing tuyen tinh.

Phuong trinh tuyén tinh mé td mé hinh dong
hoc biéu kién béc 2 co dang:

_ t/qe = 1/kaqe® + 1/qet
O day, dung lugng hip phu can bing (q.), hing
s6 bac 2 (k2) dugc tim ra bang thyc nghi¢m tir d6
ddc va doan chin coa d6 thi t/q. theo t.

Bing viéc so sanh h¢ s6 tuong quan, néu do thi
ndo cho thiy su tuyén tinh ciing véi hé sé tuong
quan t6t hon sé& chi ra ring cong thirc cia Lagergran
theo m6 hinh do 1a thich hop hon, dong nghia voi
qua trinh hdp phu tuan theo mé ta do.

2.4. Phuong phap phin tich

Trong nghién ciru, nong d¢ florua dugc xéc dinh
theo phuong phip 4500 F-D.: SPADNS™ theo “Quy
chudn kiém dinh nuéc va nude thai” cia Hiép hoi
bao vé sirc khoe Hoa Ky APHA. Mdi phép do dugc
thyc hién ba lan va ldy két qua trung binh.

Céc phuong phép phan tich hinh thai bé mat vat
liéu va ddc trung cau trac duge sir dung géom kinh
hién vi dién tir quét SEM, phé nhidu xa Ronghen
XRD va phd hdng ngoai IR do trén céc thiét bi tai
Truong Dai hoc Khoa hoc Ty nhién.

3. KET QUA VA THAO LUAN

3.1. Hinh dnh bé mit vt lidu va diic trung céu
tric cia vAt liéu than hoat tinh tim
hydroxyapatit

3.1.1. Hinh dnh vt liéu than hoat tinh tam
hydroxyapatit

Hinh anh bé mat vét liéu than hoat tinh sau khi tAm
véi hydroxyapatit dugc chup bang kinh hién vi dién
ttr quét the hién trén hinh 1.

Hinh I: Hinh anh bé mat than hoat tinh sau khi tam
hydroxyapatit thong qua kinh hién vi dién tir quét

Hinh anh thu dugc cho thdy da hinh thanh lop
hydroxyapatit trén bé mat than hoat tinh. Diéu nay
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A A -5 4i lye lon voi
lam ting 50 hrgmg' tam "“P.P"‘;"]“;a‘:“,"[ g phin
florua dong thoi giup ting di¢n tich DE T
ning cao tai trong hap phu.

3.1.2. Gidn do nhiéu xa Ronghen

Két qua XRD cho thiy gidn dd lht? hién rat 10 sy
twong dong cua vit li¢u hydroxyapatite (HAp) va vat
lidu than hoat tinh tim hydroxyapatite ‘(HAanAnC)
véi cac pic dic tnmg o vi tri 26 = 230 2(1‘,. ?9 ,'30 -
35°, 49° phi hop véi két qud da duge nglueg ciru va
cong bd déi véi Hap.!¥) Nhu vy, cd thé khang dinh
hydroxyapatit dd dugc tong hop thanh cong trén
than hoat tinh.

Intensity (cps)

|

| W o x T HAp
nﬁ.’m-x-\.»_.-'.d‘l "\.‘N‘ivr W™, ‘ﬂ‘"f 'L"‘-‘L—, L

15 20 25 30 35 40 45 50 55 60
2-theta (*)
Hinh 2: Gian d6 nhiéu xa XRD ctia hydroxyapatit va
than hoat tinh tam hydroxyapatit

3.1.3. Phé hong ngoai FTIR

Phé hdng ngoai FTIR dugc chup cho cic miu vat
liéu hydroxyapatit (HAp), than hoat tinh tim
hydroxyapatit (HAp/AC) va than hoat tinh (AC).
Trén phé cia HAp (a) va HAp/AC (b) déu c6 xudt
hién céc dai hip phu & vi tri 632 dén 567 cm” va
1033 em™ dic trung cho dao ddng cua nhém PO,
Viing 3570-3420 cm™ dugc gan cho nhém OH- trong

”\ﬁwﬁ:’ﬁ‘\w:

(@)

% Transmittance

Wavenumber (cm™)
Hin{: 3: Pho FTIR cua cac vit ligu: (a)
hydroxyapatit, (b) than hoat tinh tim hydroxya ati
va (c) than hoat tinh SRt

M6 hinh hp phu dang nhigt v

cAu tric HAp. Ngoai ra, cac pho vm dao dong i
1530 dén 1460 cm’' ddic tung dao dong clia phg
CO4* do trong HAp con lan mot lugng nho tap ch
COs* trong qua trinh dlclzl che vi !mp thu khi o,
trong khong khi. Trén pl:o F_TIR cua th’an hflal tn
(c) hoan toan khong xuat :hlf_:l'l cdc ;buoc s0ng dj
trung ciia OH™ va POs>. Ket qua pho FTIRzmét lin
nita khang dinh hydroxyapatit da dugc téng g
thanh cong trén than hoat tinh.

3.2. Kbt qué nghién ciru qui trinh ding nhigt hip
phu va dong hoc hip phu ion florua trén thy,
hoat tinh tAm hydroxyapatite

3.2.1. Két qua nghién ciru qud trinh ddng nhiét hip
phu

Qué trinh hdp phu florua trén than hoat tinh tim
hydroxyapatit dugc md ta thdng qua h_ai mo hinh
dang nhiét hip phu Langmuir va Freundlich.

Céc hing s6 hap phu va h¢ so hoi quy mo t
qua trinh hiap phu trén than hoat tinh tim
hydroxyapatite so sanh véi qué trinh hap phy trén
than hoat tinh nguyén khai dugc tong hop trong
bang 1.

Bang 1: Hing s hip phu va hé s hdi quy céc
phuong trinh tuyén tinh Langmuir, Freundlich mé ta
qué trinh hap phu ion florua trén than hoat tinh vi

trén than hoat tinh tim hydroxyapatit

M3 hinh ding nhiét hap phu ~ AC HAp/AC
Langmuir

Qmax (Mg/g) 0,303 1,342

b (L/mg) 0,071 0,098
R? 09804  0,9897
Freundlich

K 0,034 0,205
-2 2,006 2317

R 08384 0,980

. K@t qua nghién ciru déng nhiét hip phu cho
thay, qua trinh hap phy florua trén than hoat tinh tam
hydroxyapatit ph hop véi mé ta ciia ca hai mo hi
Langmuir (R? = 0,9897) vi Freundlich (® =
0,9805), khic hn so véi qué trinh hép phu flor®
trén than hoat tinh chy yéu tuan theo mo i
L?ﬂgmulr. Dicu nay c6 nghia 1a trén than hogt ﬁ“l}
Xay ra ch yéu qué trinh hip phu vit 1y, don 1p, b¢
poe Vat liéu hap phy dong nhit, sau khi duoe 25

ydroxyapatite da xuét hién cac tam hap phy ™'
khién be mit khong con ddng nht va qué trinh B
phl;l h(fa hoc xay ra c¢ twong tac qua lai gilf i
plla" tr chat bi hap phy véi nhau va voi tim hap pht
trén ba mit, ’
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Dung lugng hap phu florua cye dai trén (han
hoat tinh tam hydroxyapatit xic dinh dure ‘m
phuong trinh Langmuir quay bing 1,342 mg/g gfp
4,4 1an dung lugng cuc dai trén than hoat tinh ban
dau. Hang so n tinh duge 1'& mé hinh Freundlich > |
ciing chimg to qua trinh hap phu florua trén vat ligy
than hoat tinh tam hydroxyapatit dién ra thudn iqi_ ;

3.2.2. Két qua nghién ciru dong hoc ,f;.g‘-'p phu

Pong hoc qua trinh hap phu ion florua trén than hoat
tinh tam hydroxyapatit dugc xdy dung theo hai mé
hinh biéu kién bac 1 va bac 2 nhu biéu dién trén hinh
4 va 5. Hang s0 toc do hap phu va dung lugng hip
phu tinh tr phuong trinh tuyén tinh dong hoc hip
phu biéu kién bac 1 va béc 2 duge tong hop trong
bang 2.

1 (phiit)

y=-0,0074x - 0.2916
R*=09787

0 20 40 60 80 100 120 140
|

¥ = -0.009x - 0.2968 I

|

—_ ..\:-\J“\—-_\_;_h Py e
FEE 4 y=o0T 0
2 + —Ri=09M
. Sy
-2 4 :
| = -0.0103x - 06968
1=09474
25 y=-00125x-09633

R¥= 0929

F—— e I

eimgl elomel A20mgl e40mgLl *60mgl

Hinh 4: M6 hinh dong hoc biéu kién bic 1 qua trinh
hap phu florua trén than hoat tinh tam hydroxyapatit

Phuong Théo va céng sw

L ¥ =49051x+ 52104
R7=09986
-

B0 i *
7 yeassnenmn
= = TR e 09
= / —_'_'_.-.
100 e o
: Y 16959x+ 2848
* // = A:anm‘r’x
200 » e *_,fr-’ 00%5x+ 19 241
A o i L
100 | ;,:Eii_,z*rr—;——- T y=090Tx+ 13945
| % R=0993
ot . . —= * ?
0 20 W0 60 80 100 120 140 160
t (phist)

eSmgl el0mgl A20mgl >40mgl ¥ 60 mgL

Hinh 5: M6 hinh dong hoc biéu kién béc 2 qué trinh
hip phu florua trén than hoat tinh tam hydroxyapatit
Téde d hap phu ciia mé hinh dong hoc gia bac 2
cia vit ligu tinh theo cdng thic: v = kag’
(mg/g.phut) duge thé hién trong bang 3.
Bdng 3: Téc d6 hap phu cia md hinh dong hoc gia
béc 2 cta vt liéu than hoat tinh tam hydroxyapatit

Co ka q v
_(mgl) (g/mgph)  (mg/y)  (mg/gph)
PorEs. 00,460 0,204 0,0192

10 0,198 0,390 0,0301

20 70,101 0,500 10,0351

40 0,063 0,909 0,0520
60 0059 1,103 00717 |

Khi tﬁng'néng do chét bi hép phu kha ning tiép
xtic gira chat bi hap phu va bé mat chat hap phu
tang dan dén toc do hap phu tang.

Bang 2: Hang sb tc do hap phuy, hé s6 héi quy va dung lugng hap phu
tinh theo mé hinh déng hoc bicu kién bac 1 va bic 2 so véi thye nghiém

Qeexp Dong hoc bic 1 Dong hoc bic 2
Colmg/L) (mg/g) ki (L/h)  Gecal (Mg/g) R? ka (g/mgh)  qeca (Mmg/g) R2
5 0,192 0,0288 0,109 0,929 0,462 0,204 0,9986
10 0,363 0,0237 0,201 0,9474 0,198 0,390 0,9974
20 0,533 0,0269 0,380 0,974 0,101 0,590 0,9982
40 0,833 0,0207 0,505 0,9075 0,063 0,909 0,9890
60 1,060 0,0170 0,511 0,9787 0,059 1,103 0,9930

4. KET LUAN

Qué trinh hép phu florua trén vit liéu tong hop than
hoat tinh tm hydroxyapatit dién ra thuan lgi, dung
lugng hép phu cuc dai dugc tang cuong so vai than
hoat tinh nguyén khai, gitp mé rong pham vi ung
dung cta than hoat tinh. Qué trinh hép phl.} ion
florua trén than hoat tinh tim hydroxyapatit pha hop

v6i ca hai mo hinh hip phy ding nhiét Langmuir va

Freundlich chimg to dién ra dong thoi ca hai qua

trinh hap phu vét 1y va héa hoc, dung lugng hip phy

cuc dai tinh theo mé hinh Langmuir dat 1,342 mg/g.

Qua trinh hip phu florua trén than hoat tinh tim

ll;ydroxyapatit tuan theo md hinh dong hoc biéu kién
ac 2.
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