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TOM TAT
Bot nano Mg-HApduoc tng hyp bing phrong phép kt tua héa bc tir cac dung ith

Ca(NQy)2, Mg(NG,),va (NH,).HPO, 6 pH 10. Nfiing két qua phan tich hinh thaida tric, thanh
phan pha va din tich & mit riéngda cH ra bt Mg-HAp c6 ding hinh éu, d6 két tu I6n, kho
xac dinh kich thréc hat, voi dién tich & mat riéng 116,76 g, khoi luong Mg trong HAp 1a
0,99 % trong duong Wi hiéu suit pha ap khaing 82,5 %. Nitng yéu t6 anh hrong dén hiéu

suit va dungrong hip phu F caa bt nano Mg-HAp nix thoi gian, kibi lugng Mg-HAp, pH,
nong doé F va nhit do da dugc khao sat. Héu suit loai bo ion florua (F) dat 89,97 %6 pH 7,

khéi lugng Mg-HAp 0,2 g, nhiit 4 60°C trong thi gian 30 phit.

Tir khéa:hydroxyapaptit phaap Mg, hip ph: F, hiéu st hip phu, dung trong Hip phu.

1. MO PAU

HAp va HAp phadp ngoaitng ding trong y-argc hoc condugc dungdé xir i nude udng,
nudc sinh hat boi vi né co kh ning hip phu loai bo mot sb chit va ion doc hai nhu:
nitrobenzen, £ Cd*... [1 - 6]. HAp |a thanh pdn c6 trong o thé ngudi, khi dugc sr dung dé
xur |i nuéc khdng gay ra rimg anh hrong »au dén sic khoe con ngoi. Mg la nguyén & dang
vét rit quan tong trong © thé con ngroi, 1a tac nhan 4o vé tim mach. Nhéu nghién ¢u moi
day cH ra ing, Mgdéng vai trd quan ting trong hat dong ctong lai cac hén trong lién quan
dén 140 héa. Do &y, HAp pha #p Mg ding khénganh hréng dén src khoe con ngoi. Mg anh
huong lon dén do két tinh, hinh théi, kich tic tinh thé va sr 6n dinh nhit caa HAp. Mg khi
dugc pha ap vao trong HApda thay tié mot phan Ca,déng thoi lam giam kich thrge tinh tH,
giam do hoa tan, ang dién tich B mat riéng va ing kha nang Hip phu [5, 7]. Bai béo nay gi
thiéu két qua nghién éu bing phrong phapdo quangde xacdinh higu st va dungrong hip
phu F trong nréc cia bt Mg- HAp dugc tong hyp bing phrong phéap Et tia hda hc tir cac
dung dch chra C&", Mg** va HPQ?"
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2. THUC NGHIEM
2.1. Téng hop Mg-HAp

Bot HAp pha ap Mg duoc tong hop bing phrong phép Et taa hoa bc, tir cac dung @th
Ca(NQ), 0,475 M, Mg(NQ), 0,025 M va (NH),HPO, 0,3 M trong méc theo plrong trinh sau
[8]:

9,5C&" + 0,5Md"* + 6PQ* + 20H — Ca, sMgo 5(POy)s(OH),

Cac nhém chc dic treng dia bt Mg-HAp dugc xacdinh bing prd hong ngai bién doi
Fourier (FT-IR, thét bi Nicolet 6700) & dung K thuit ép vién KBr trong khing 4000dén 400
cm’, véi @6 phan gii 8 cni®. Hinh thai loc cia miu duoc xacdinh bing kinh hén vi dién tir
quét (SEM S4800, hang Hitachi). Thanhiploia cac nguyénbtdugc xacdinh bing phrong
phép tan x ning lwong tia X (EDX, thét bi Jeol 6490 JED 2300). &i tich k& mat riéng @a kot
Mg-HAp dugc xacdinh king phrong phap BET (tht bi Micromeritics TriStar 3000 V6.07A)
c6 gia ti 116,76 nig [8].

Qua trinh Bp phu F duoc thyc hién trong binh tam giac c6 ¢h 25 ml dung ith NaF
nong do thayddi (10, 20, 40, 60, 80, 100 mg/l) vadituong Mg-HAp: 0,1; 0,2; 0,3; 0,4; 0,5 g.
pH acia dung dch thayddi tir 5 dén 11 @iéu chinh bing HCI 0,01 M hac KOH 0,01 M) trén
may do pH PHM210 i nhiét d6 khao sat: 25, 40, 50 va 6. Khuiy dung dch bing may
khuay tr Spin Master Model No.4803-02- USAvtoC do khuay 800 vong/phat trong & gian
khudy thaydbi: 5, 10, 15, 30, 45, 75 phat. Sdd, loc dung dch Ay phan neée trongdé xacdinh
lwong F con hi bang phrong phap so mau va ngiosuy trénduong chuin sr phu thude aia
nongdo ion F theodd hap thy quang.

Do hap thu quang @a dung dch chra ion Fduoc xacdinh hing phrong phap so mauue
trén phin ung gita F voi phic mau Zr-SPADNSy bugc song 580 nm trén majo quang
DR/2010 (hdng HACK). Khi Fphan ing Wi Zr trong thibc thr tao phrc ZrR* khéng mau va
lam gikm mau éa dung dch, dodé d6 hap thu quang gim.

Dung krong va héu suit hip phu F dugc xacdinh theo hai pong trinh dréi day [5]:

=(G-G). VIm 1)
= (G - G).100/G 2)
Hiéu suit tdng hop (Hy) duoc tinh theo cong tit sau:
Hin = (Mug-Hap-Tn/Mug-Hap-LT) X 100 % (3

dat gia ti 87,35 %.
Hiéu st pha ap (Hyy) dugc tinh nhr sau:
Hpt = (Mug-tn/Mug-Lt) X 100 % 4)
dat gié ti 82,5 %.

3. KET QUA VA THAO LUAN
3.1. Nghién &u hinh thai hoc, diu tric va thanh phin ciaa bdt Mg-HAp
Hinh 1 va Bing 1 gbi thiéu ptd FT-IR cia miu Mg-HAp va ti sb cac daaiong lién Kt

cia cac nhém afrc trong phanit. Céc di hap thu ¢ 1101; 1040; 602; 571 va 457 Criéic trung
cho nhém PGY. Trongdd, daodong kéo dai Bt dbi xang aia lién Kt P-Odic trung boi 2 tin
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s6 1101 cnit va 1040 crit (vg, Vavs,). Daodong wn khdngddi xing aia O-P-O6 602 cni' va
571 cm' (vap VA vsc) [9]. CO Mot hip thy yéu ¢ tan s 873 cni'la cia nhém HPG. Dai hap thy
cia HO tr do rim & khoang #in $ 3463 cnl (daodong kéo dai aa nhom O-H hac nudc hap
thu); 1640 cnt (daodong wn cia nhém O-H [10, 11]). B ¢ khoang in & 3463 cnt ¢6 arong
d6 kha bn, ching 1 trong &n phim c6 chira nhéu nrée tr do, nrdc hap thy chua bay loi hoan
toan. Ngoal ra, trén phcon c6 cac d hap thy yéu, dic treng cho nhém Cé & tn s 1454 cm
Y do sr hdp phu CO, trong qué trinhdng hop. Nhr vy, khi pha #p vao trong HAp, Mg khong
lam anh hrongdén cac nhém alrc dic trung aia HAp.

K Bang 1.Gi4 ti cac daaiong lién Kt dic trang
35+ cho cac nhém att cia Mg-HAp.
%07 Céac nhém v (cm?) v (cmit)
g 95 HAp [12] Mg-HAp
2, v (OH) lien Két 3572 3463
§ . vz (POY) 1087 1101
1046 1040
104 5 V4 (PO 601 602
5..3“6.3...........3... 571 571
o 00 0202w 0 (00 |y, PO 474 457
v (H-O-H) 1640 1640
v (COP) 1450 1454
1420
Hinh 1.Ph hong ngai cia Mg-HAp. v (HPO?) 870 873

Hinh 2 gisi thi¢u hinhanh SEM @ia kot Mg-HAp. Céc tinh th Mg-HAp c6 ding hinh éu,
khadongdéu ve kich thréc, d6 két tu 1on, khé xé&adinh kich thrgc hat.

Hinh 2.Hinhanh SEM dia bt Mg-HAp.

Hinh 3 gii thigu pho EDX cua bt Mg-HAp. Trén pié quan sét thy nhing vach dac trung
cho cac nguyérotco trong thanh pim cia HAp la Ca, O va P. Ngoai ra, con el aia Mg,
dodé co tie khang dinh la Mgda duoc pha ap vao HAp.
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Tir s5 ligu vé phén traim nguyén i cia cac nguy@ndtco trong cac @u Mg-HAp (Bang 2)
c6 thé tinh duoc ti [é cia Ca/P, (Ca+Mg)/P, Ca/P/O va (Ca+Mg)/P/O. So sain I thuyét va
thuc nghém cia t 1& Ca/P/O va (Ca+Mg)/P/O choéh miu dr oxy do & c6 mit cia CQ?>
trong kbt Mg-HAp. Ti I¢ Ca/P éa miu Mg-HAp la 1,48 nb hon so \6i li thuyét (1,583).Ti I¢
Ca/Mg la 9,5/0,4 theo tit nghiém va 9,5/0,5 theo Ii thdy cung \6i ti 1¢ (Ca+Mg)/P (1,55) ni
hon so \6i |i thuyét (1,67), clitng © Mg pha ap vao HAp i hiéu suit nho hon 100 %.

Dya vao cdng thc phan & cia Mg-HAp (Ca sMdo s(PQy)s(OH)y), 6 the tinh dugc ham
lwong Mg theo Ii thugt 1& 1,205 % ¥ khdi luong, hamirong Mg theo tire nghim xacdinh boi
EDX 14 0,99 %. Hiu suit pha ap duoc xacdinh i cong thic 4 vadat gia ti 82,5 %.

1000

o |P Ca Bang 2.Thanh phn cia cac nguyérbttrong kit
w00 Mg-HAp va cacilé Ca/Mg, Ca/P, (Ca+Mg)/P,
i Ca/P/O, (Ca+Mg)/P/O theo li théty(LT) va thrc
nghiém (TN).
600
8
2 0] Mg P Ca
< 400 Ca
© % m 47,31 0,99 17,73 33,97
x0] || Mg/|P % a 66,94| 0,92| 12,96 19,18
Ti l¢ Ca/Mg LT: 9,5/0,5
3 ; N ; b TN: 9,5/0,4
keV
Til¢ Ca/P LT: 1,583
TN: 1,48
Tilé LT: 1,67
(Ca+Mg)/P TN: 1,55
Ti lé Ca/P/O LT: 9,5/6/26
TN: 9,5/6,2/32
Hinh 3.Ph EDX cia bt Mg-HAp tong hop Véi Tile LT: 10/6/26
ti I¢ Ca/Mg la 9,5/0,5. (Ca+Mg)/P/O

TN: 10/6,46/33,3

3.2. Khao séat cac $u té anh hwong dén qué trinh hap phu F cia Mg-HAp

3.2.1. Xay dng duwong chuin phan tich ion F

Dé xac dinh rong do ion F trong dung éth trge va sau fip phy, chang téi xay dng
duong chuin sy phy thuse aia rong do ion F theo nat d6 quang. Khi dng do F thay doi tir 0
dén 1,2 mg/l thido hap tha quang gim tuyén tinh trong khang tir 1,728dén 1,28 (Bing 3), theo
phuong trinh y = - 0,37505x + 1,7342%ivhé sd tuyén tinh R = 0,99951 (Hinh 4). Trongdo, x
la nong dé F va y la nat d6 quang. xa vaoduong chuin (Hinh 4), c6 th tinh dugc nong do
ion F trong cac nghiénuw khio sét cac §u td

HAp.
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Bang 3. Sy thayddi mat d6 quang theo éngdo F trong thi nghém xay drng duong chin.

[FT (mgll) 0 0,4 0,6 0,8 1 1,2

Mat d6 quang 1,728 1,59 1,515 1,432 1,36 1,28

y = -0,37507x + 1,73421
R’® = 0,99951

1.2 T T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
C. (mg/l)

Hinh 4.Sy phu thupe aiadd hip thu quang vao éngdo F .

3.2.2.4nh hrong aia thei gian tiép xac

Sy bién ddi hiéu suit va dungrong hip phu caa 0,2 g bt Mg-HAp trong dung @th c6 20
mg F/I theo thvi gian dugc thé hién trén Hinh 5. Trong khimg thyi gian khio sét & 5 dén 75
phat, dungong Hip phy ting din ¢ 30 phatdau, saud6 ting chim trong khang thyi gian tr
30dén 75 phat. Hiu suit hip phu ciing c6 quy ldt bién déi twong tr nhe dung trong, ting din
theo thi gian, tuy nhién sau th gian> 30 phut hju suit dat gia ti 6n dinh khaing 86 %. Do
vay, thoi gian 30 phuiduoc coi la thyi diém can Bng hip phy va dugc lya chopn cho nliing
nghién @u tiép theo.
87

2.25
./.
/./O/O
P
2.20 o L 86
— o
S 2.151 g5 8
3 p T
o
2.10 L84
o —O—H-MgHAp
—e— Q-MgHAp
(o]
2'05 T T T T T T 83

T
10 20 30 40 50 60 70
t (phot)

Hinh 5.Sy bién doi dung krong (Q) va hu suit hip phu F (H) cia 0,2 g Mg-HAp theo i gian tiép x(c.
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3.2.3.4nh hrong aia khvi lwgng Mg-HAp

Khéi lvong Mg-HAp céanh hréng 1on dén dung trong va héu suit hip phu. Két qua
nghién &u anh hrong khbi lwong Mg-HAp tr 0,1dén 0,5 gdén Q va Hduoc chi ra trén Bing 4.
Dung krgng hap phy giam khaing 3 hn va hgu suit hip phy ting khaing 1,6 in khi khbi lugng
chit hiap phy Mg-HAp ting Ién 5 4n. Tuy nhién, Hiu suit hip phi ting nhanhit 58,51 %dén
79,57 % khirong Mg-HAp ting 0,1 - 0,2 g va sadb hiéu st ting cim lai (tir 79,57 %dén
94,35 %) trong khing bién ddi khéi lugng chit hip phy tir 0,2 - 0,5 gbé dat duoc dung trong
va higu stit hap phi cao, kidi luong 0,2 g Mg-HAp 1adi uu.

Bang 4.Céc thong & C,, Q, H bén ddi theo kibi lugng Mg-HAp.

Khéi lugng Nongdo F Nongdd F con hi Dung kiong Hip | Hiéu suit hip phu
Mg-HAp (g) bandiu G, (mg/l) Ce(mg/l) phu Q (mgF/g) H (%)
0,1 8,296 2,925 58,51
0,2 4,084 1,989 79,57
0,3 20 3,017 1,415 84,91
0,4 2,058 1,121 89,7
0,5 1,125 0,929 94,35

3.2.4.4nh heeng aia pH

Dé khao satanh hrong pH bantau d¢én dung trong hip phi F ciaa bt Mg-HAp, gia ti pH
dang dién tai ¢6 bé mat Mg-HAp trung hoadién tich (pH,o d4 duoc xacdinh. Cho 0,2 g Mg-
HAp vao 25 ml dungig¢h KCI 0,01 M, pH bartiu dugc didu chinh dén céc gia tr6,07; 7,06;
8,09; 9,05; 10,05; 11,0%ihg dung ¢ch HCI 0,01 M hac KOH 0,01 M, khdy véi téc do 800
vong/pht trong 30 phit, sad tién hanh xadinh pH @a dung dch. Tr gia ti pH tredc va sau
khudy cho phép xadinh do chénh éch pH (pH) (Bang 5). Dra vaodo thi biéu dién ar phu
thuoc ApH theo gia tr pH bandiu xacdinh dugc gia ti pHy,. tai d6 ApH = 0. Ngai suy dé thi
xacdinh duogc pH,,c cia Mg-HAp khaing 7,9.

0.6 .
Bdng 5. Gia tii pH dung dch KCI ¢6 ctira 0,2 g —
Mg-HAp trude (pH,) va sau khi khay 30 phat 0.31
(PHy). 0.0+— ; ; ;
6.0 75 9.0 10.5
-0.341 pH\-
pH, pH; ApH Zoe 0 \.
6,07 6,54 0,47 <
-0.94
7,06 7,62 0,56
-1.24
8,09 7,93 -0,16
-1.54
9,05 8,76 -0,29
-1.8
10,05 9,48 -0,57
11,05 9,53 -1,52 Hinh 6.Sy phu thubc cia ApH vao pH bardtiu cia
dung dch KClI chra 0,2 g Mg-HAp.
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Tu gia ti pszC thu dugc, ching téi #n hanh kko sat dunguong va héu siit hip pha F
cua Mg-HAp ¢ cac pH khac nhau xung quanh 719&idén 11).Bang 6 béu dién anh hréng aia
pH bandau dén dung trong va héu suit hip phy ion F caa Mg-HAp. Khi ting pH tr 6 dén 7,
dung trong Hip phy ting nke tir 2,309dén 2,382 mgHg. Néu tiép tuc ting pH tr 8 dén 11, dung
lwong va héu suit hip phu lai giam. Tai pH 7, dungrong va héu suit hip phy dat gia ti cao
nht twong tng 2,382 mg/g va 95,3 %.éKqua nayduoc giai thich nhr sau: khi pH dungigh
thap hon pHy.e bé mat Mg-HAp mangdi¢n duong do & proton héa cac nhom hydroxyl tréé b
mat, Vi Vdy s& ¢0 lrc hit \bi cac ion Fdan dén dung trong hap phy tang. Khi pH bn hon pHy;
dung krong hip phu giam do s dé proton héa cac nhém hydroxyl tréé it Mg-HAp 1am cho
bé mat tichdién am [5].0 gia ti pH < 7 § dan dén lwong Mg-HAp K hoa taning [13] va do
d6 s anh hrongdén dungirong va heu suit hap phy. Do pH 7 1adiéu kién thich kyp dé hap pha F.

Bang 6.Céac théng & C,, Q, H bén ddi theo gia ti pH, bandau.

pH, Nongdo F ban | Nongdo F conhi | Dung krong Mip | Hiéu stit hap phy
dau G, (mg/l) Ce(mg/l) phu Q (mgF/g) H (%)
6,0 1,524 2,309 92,37
7,0 0,938 2,382 95,3
8,0 3,497 2,062 82,51
9,0 20 4,137 1,982 79,31
10,0 6,75 1,656 66,24
11,0 8,296 1,462 58,51

3.2.5.4nh heeng aia nhigt do

Nhiét d6 céanh hrong dang K dén dung trong va héu suit hip phu. Néi chung, khi nhit
do6 tang lam ting sr tuong tac gira ion F va Mg-HAp, dodé dung irong va héu suit hip phy
tang theo Anh hrong aia nhit do 1én qua trinh fip phy F cia Mg-HAp da dugc chdng téi #n
hanh kio saté 4 nhét do 25, 40, 50, 66C. Bang 7 ch raanh hréng aia nhiét do dén dung
lwong va héu st hip phy cia Mg-HAp.

Két qua cho thiy khi nhiét d6 ting tir 25 dén 60°C dung trong Hip phu caa Mg-HAp &ing
tir 1,073dén 2,249 mg/g va ddo, hiéu suit ciing ting tir 42,92dén 89,97 % Dé giai thichanh
huong aia nhit do dén quéa trinh Bp phy, ching téi #n hanh xaatinh cac gia irnhiét dong
AG®, AH®, AS® ciia qua trinh thong qua pbng trinh sai14, 15]:

_(c,-cv
‘ c,m 5)
AG® = AHC - TAS (6)
AG® = -RTInKy (7)

trong dd, Ky 1a hing $ phan b (ml/g), AG® Ia bién thién ring luong tr do, AH® & bién thién
entanpy AS° 1a bién thién entropi, T la nbi do (K), C, va G lan lrot 14 ong do F trong dung
dich tnréc va sau canamg (mg/l), m 1a kbi lugng chit hip phu (g), V la tté tich dung ich
(ml), R 1a king $ khi (J/mol.K).

Tu (5), (6), (7) suy ra:  InK= -AHRT +AS’/R (8)
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Hinh 7 béu dién ar phu thudc tuyén tinh @ia InKy vao 1/T theo plrong trinh

y =-6773,79877x + 27,374826MR = 8,314 J/mol.K,

cho phép xadinh duoc gia ti AH® = 56,317 kJ/mol vaS’ = 0,227 kJ/mol.K. Bng 8 cti ra cac
gia ti Kd’VéAGO tai 'cé(; nhét d6 khac nhautugc tinh theo céng ttt 5 va 7 wi thé tich V = 25
ml va khoi lwgng chit hap phu m = 0,2 g.

Bdng 7. Cac théng & C,, Q, H bén ddi theo nhét do.

Nhiét do (°C) Nongdo F ban | Nongdo F con i Dung krong Hip Hiéu suit hap phy
dau G, (mg/l) Ce (mg/l) phu Q (mgF/g) H (%)
25 11,415 1,073 42,92
40 20 4,75 1,906 76,24
50 3,844 2,019 80,77
60 2,004 2,249 89,97
8.0
y = -6773,79877x + 27,37482
R’ =0.98428
7.2-
6.4- .
%’3 ]
"~ 561
4.8-
4.0 T T T T T T T T
00030 00031 00032 00033  0.0034
uT

Hinh 7.Sx phu thue aia InKy vao 1/T.

Bang 8.Céc théng & nhiét dong aia Mg-HAp & cac nhét do khac nhau.

Nhiét d6 (°C) Ky AG°(J)
25 94,106 -11,26
40 401,3 -15,599
50 525,31 -16,821
60 1122 -19,443

_ Gia tii AH® cha qua trinh fip phu duong, gia ti AG® am va khi ing nhét d¢ thi AG® giam.
bicu nay cling 1© rang qua trinh &p phu florua la qua trinh thu nétiva tr dién bién, dodd khi
tang nhit do lam &ing dunglrgng va héu suit hap phy.
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4. KET LUAN

HAp pha &p Mg (Mg-HAp) d duoc tong hop thanh cong ing phrong phap kt taa hoa

hoc. Ham trong Mg trong Mg-HAp la 0,99 %avkhdi luong, tinh tlé Mg-HAp c6 ding hinh
cau. Bot Mg-HAp c¢6 hiu stit hap phu F lon nit khoang 89,97 %di pH 7, thi gian phin tng
30 phut i lugng Mg-HAp 12 0,2 g. Kt qua nay cho phép mra nhingtng ding tiém mng aia
viéc ché tao Mg-HAp cang khdi x6p tir bot Mg-HAp dé loai bo ion florua trong eéc ujng.
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ABSTRACT

RESEARCH ON FLOURIDE ADSORPTION OF MAGNESIUM DOPED
HYDROXYAPATITE

Nguyen Thu Phuorlg, Vo Thi HanH, Do Thi Haf, Le ThiDuyerf, Pham Thi Narh
Dinh Thi Mai Thanh

!nstitute for Tropical Technology, Vietham Acadef$cience and Technology,
18 Hoang Quoc Viet, Cau Giay, Hanoi
’Department of Chemistry, Faculty of General Science
Hanoi University of Mining and Geology

"Email: phuongvktnd@gmail.com

Nano powder Mg-HAp was synthesized by precipitatiethod from Ca(Ng),, Mg(NOs),
and (NH),HPQ, at pH 10. The results of morphologies, phase compband specific surface
area showed that Mg-HAp powder exhibited sphericdlape, agglomerated with
nondeterninable size, and the specific surface efdd 6,76 M/g; whereas the Mg content in
HAp was 0,99 % corresponding to the doped yieldbmfut 82,5 %. The factors which influence
the F absorption yield and capacity of Mg-HAp such asaagtion time, Mg-HAp mass, pH
values, concentration of Fand temperature were investigated. Yield of fleritemoving
achieved 89,97 % at pH mass of Mg-HAp 0,2 g, temperature of ®in 30 minutes.

Keywords:magnesium doped hydroxyapaptite, adsorption fleprédisorption yield, adsorption
capacity
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