Tap chi phén tich Héa, Ly va Sinh hoc - Tap 25, S6 1/2020

MOT SO PAC TiNH CUA VAT LIEU TO HQP HYDROXYL APATIT (HA)
PHU TREN TiO, PHA TAP NITO (HA/TiO,-N)

Pén toa soan 10-1-2020

Nguyén Thi Hué
Vien Cong nghé méi triuwong, Vien HLKH&CNVN

SUMMARY

PROPERTIES OF COMPOSITE MATERIAL HYDROXYL APATITE
COATING ON TiO; DOPED NITROGEN

Hydroxyl apatite (HA) is a porous structure substance and having high adsorption capacity, so it is
widely used in biomedicine. N-doped TiO; is a photocatalytic activity and this material is capable of
working in visible light. The combination of HA and N -TiO; has created HA/N-TiO, material that is
both adsorbent and redox.

The structural characteristics of the material are determined by XRD. The morphology, properties of
pores as well as the composition of elements were confirmed by SEM, BET and EDS, respectively.
Identify functional groups of samples by FTIR as well as evaluating the shifiing light region by UV-Vis
spectrum.

N - TiO; synthesized at the ratio of N: TiO; = 1: 1 is used as a substrate for HA. N-TiO; has a rod
crystal structure, about 5 nm x 10 nm in size, length of 10 - 500nm. Ca/P ratio of 1.7, is the best value
for HA formation on the surface of N-TiO,. Comparing TiO: -P25 with HA/TiO»-P25 material showed
that HA/TiO»-P25 has better photocatalytic activity.

Therefore, HA/N-TiO: material has great prospects in the application of treating pollutants in the
environment.
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1. GIOI THIEU dang tran lan khip moi noi. HA tao ra tir qua
Hydroxyl Apatit (HA) 1a mot chat duoc biét trinh két tinh thudng c6 cau tric tinh thé hinh
dén va sir dung rét rong réi trong y sinh vi do cdu, khi phu trén TiO; thi dién tich tiép xtic bé
tinh x6p va kha ning hap phu rat t6t cua no. mit ciing chua duoc cao. HA ¢ céu tric tinh
Tuy nhién, HA lai khong c6 tinh oxihoa, trong thé dang thanh, véi dién tich tiép xtc ting gip
khi d6, TiO; pha tap nito (TiO,-N) - vét liu nhiéu 1an so véi HA dang cau, khi duoc phu
hoat dong dugc trong ving anh sang kha kién trén nano TiO, da lam gia tang dién tich tiép
¢6 tinh oxi hoa khir cao nhung khong c6 kha xac voi cac chit 6 nhiém 1én nhiéu lan so véi
nang hap phu. Su két hop vt liéu HA véi TiO, tinh thé dang hinh ciu. Chinh vi vay, muc dich
(HA/TiO;) dé tao ra vat liéu hdn hop ciia bai bao nay 1a (1) nghién ctru, téng hop
(composit) co tinh ning vira hip phy vira oxi HA dang bot c6 ciu trac tinh thé dang thanh;
hoa - khir, c6 kha ning xir 1y dwoc mot sb chét (2) Ché tao HA/TiO»-N va (3) danh gia dic
6 nhiém trong méi truong khong khi (VOCs, trung, tinh chdt quang xtic tic — hdp phu cua
CxH,, NOy, CO, vi khuan, virus) 1a van dé rat vt liéu.

can trong giai doan hién nay, nhat la dich virus
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Trong khoang 20 nam tré lai day, HA madi
duoc nghién ctru ung dung dé lam sach moi
truong, chi yéu la khir khuan vi HA c6 dic
tinh sinh hoc giéng nhu xwong, x5p nén hit vi
khuan rat t6t. Khi cac bé miat TiO, duogc phu
HA (HA/TiO») va dugc chiéu xa, kich hoat,
khi d6 TiO, sinh ra cac gbc oxi héa nhu OHe,
0, - va H,O;, tin cbéng va phan hiy
phospholipids, phad v& thanh t& bao va mang
ngoai cua vi khudn [1]. Ngoai vi khuédn, vat
liéu nay con c6 kha nang khang ndm, & nhiét
d6 phong, chi sau hai ngay, c6 nAm méc phat
trién trong cac thung nhuya polystyren, nhung
khong c6 trong cac thung nhya cé6 phi HA
(thdm chi sau mot tuan) [2]. Ngoai kha ning
khang khudn va khang nim, vat liéu HA/TiO,
con c6 kha nang xu 1y khi NOx [3], hoac cac
aldehyt [4], [S].

Vit liéu HA/TiO, phu trén sgi cotton dugc
tong hop bang cach ngadm soi bong trong dung
dich gom TiOSO, 30 mM va H,O, 30 mM &
80°C trong 24 gio. Sau do, ngdm TiO,/soi
cotton trong dung dich gia huyét twong
(pseudo body solution) trong 1 ngay thu dugc
HA-TiO2/s¢i cotton [6]. HA-TiO2/sgi cotton
da dugc thir nghiém hoat tinh khang khuén véi
4 loai vi khuin (S. aureus, E. coli, S. aureus
khang methicillin (MRSA) va M. luteus). Hi¢u
qua khang khuén ciia n6 di dwuoc quan sat dudi
céc diéu kién chiéu anh sang UVA, kha kién va
trong bong tdi. S6 lwong vi khuén séng sot
giam theo thoi gian chiéu xa va hoat tinh
khang khuin cao nhit & 24 gid kich hoat [1].
HA/TiO, duoc tAm pht trén than dugc vat li€u
xuc tac quang khong nhitng c6 tinh chat hip
phu, d& tai ché ma con ngin ngira dwoc su
chuyén hoa than hoat tinh thanh CO hodc CO,
[7]. Sau 5 gio dung vat liéu c6 phu HA/TiO,
1én gach, twdng nha, cac khi NO, CO véi nong
d6 7 ppm, da bi xt 1y triét dé [8].

Tiép nbi cac nghién ciru trude d6 ciia nhom tac
gia [9], dung dich gia huyét twong dugc pha
ché theo céc ti 18 ndng do (mol/L) lan luot tir
cic hoéa chit NaCl: KCl: MgCl,.6H,0:
CaClz.2H20: NazHPO4.12H21 NaHCO3 =
142:1,5 :25:103:10:27. Bot TiO, sau khi pha
tap nito (N-TiO») dugc cho vao 1 lit dung dich
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gia huyét trong, bot N-TiO, duoc phan tan déu
trong dung dich nho siéu am va gia nhiét. Khi
d6 dung dich HA/N-TiO, dwoc hinh thanh, tién
hanh loc rira nhidu lan bang nudc cit dén khi
pH = 7, lam kho & 60°C thu dugc bot HA/N-
Ti0,.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chit, thiét bi phan tich miu

Céc hoa chét ding dé tao dung dich gia huyét
twvong gdm ciac  mubi  MgCl.6H,0;
CaCl.2H,O  NaCl; KCl;  KH,POy,
Na;HPO,.12H,0 va NaHCO; la cac hoa chit
c6 do tinh khiét phan tich.TiO, cta hang
Degusa P25 (Ptc) va TiO, (Trung Qudc) co
kich thuéc tinh thé ¢& 100 nm duoc sir dung
trong nghién ctru nay. N-TiO, dugc nung &
800°C va duogc pha tap (doping) nito voi ty 1€
TiO»: N 1a 1:1 ding dé tao mau t6 hop
(composit) vai HA.

Thiét bi siéu 4am méiu co tan s6 35 kHz ding
trong qud trinh tao mau. Thiét bi XRD
(Siemens - D5000), SEM (Hitachi S _ 4800),
EDX (JED - 2300), BET (Micromeritics),
FTIR (IMPACT 410), UV-Vis (Jasco V670)
dung dé phan tich ddc trung ciu tric va hinh
thai cua vat liu.

2.2. Chuén bi miu

4 mau HA c6 ti 1& thanh phan Ca/P khac nhau
duoc ki hi¢u 1a S5,S7,S10 va S15, twong ung
véi ti 1& Ca/P 1a 1,46; 1,53; 1,70 va 1,83. Mau
¢6 thanh phan TiO,-P25 va HA/Ti0,-P25 ciing
duogc tao ra dé so sanh tinh chit quang xuc tac
cua vat liéu.

3. KET QUA VA THAO LUAN

3.1. Pic tinh ciia miu di dwoc tong hop
Hinh 3.1 1a phd FTIR cia cac mau bot N-TiO,
trude va sau khi phu HA cho thdy, tai budc
song 1650 cm™! xudt hién ¢ tat ca cac mau la
vach phd cta nhém OH". Vach phd niy trén
mau HA/N-TiO; ¢ cuong do va do rong 16n
hon so v6i nd & mau N-TiO,. Cac vach phd tai
cac budc song 1100 cm™! va 1050 cm™ 14 cta
nhém PO4*. Tt ca nhiing vach ph dic trung
nay chi ra HA da tao mam hodc két tua ling
dong trén N-TiO,. Ngoai ra con xuit hién cac
vach phd tai cac bude song 1490 cm™ va 1460
em! 14 cta nhom COsZ. Két qua nay kha tring



hop voi cac ket qua cua Nonami [7] va céac
cong trinh khac da cong bo.
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Hinh 3.1. Phé FTIR ciia mau bét N-TiO> va
cdc mau HA/N- TiO

Qua trinh hinh thanh cdc mam két tinh trén bé
mit TiO; 1a do tuong tac tinh dién giira bé mat
tich dién am cua TiO, va cac pha tich dién
duong cua apatit. So sanh thoi gian két tinh
clia HA trén bé mit TiO, trong 2 khoang gia tri
thoi gian (3 gid, 6 gid) cho thdy, toan bo két
tia HA ling dong trén bé mit TiO, 6n dinh
trong khoang thoi gian nay. Do sy hinh thanh
HA lam giam mét lugng dédng ké OH" trong
dung dich nén cic két tia HA ludn co xu
huéng tan ra trong dung dich dé can bang cho
moi trudng. Nhu vay, khi ngdm TiO, trong hdn
hop gia huyét trong & nhiét d6 37°C, pH tir 6 -
8, thoi gian ngadm 6n dinh tir 3-6 gid.

3.2. Anh hwéng ciia ndng dd cac ion Ca?* va
PO+ dén tinh chit ciia vat ligu HA/N-TiO».
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Hinh 3.2. Gian dé XRD ciia cdc mau HA/N-
TiO; (Ss; S7, S10 va Sis)
Céac maiu tao ra duoc ki hiéu 1a Ss, S7, Sio va
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S5, d6 1a mau HA/N-TiO; c6 nong do Ca®* va
PO,* khac nhau. Hinh 3.2 14 tong hop céac
gian d6 XRD ciia cac mau nay. Nhin trén hinh
ta thiy, cuong do dinh nhidu xa ciia HA ¢ 20 =
31,6° ting dan theo chiéu ting ndng do cua
Ca* va PO4>.

Kich thudéc va khoang cach khong gian giira
céc thanh HA/N-TiO; tao nén cAu triic bé mit
x6p ciing dugc thay ddi theo chiéu ting ndng
do Ca?* va PO4*. Mau N-TiO; c6 céu tric tinh
thé dang thanh, kich thuéc khoang 5 nm x 10
nm, chiéu dai 10 - 500nm, ton tai cac khe rong
giita céc thanh gitip cho qua trinh van chuyén,
khuéch tan cic chit tham gia phan tmg. Nhin
vao anh SEM (hinh 3.3) cta cac mau cho thay,
mau Ssva S7 co cac thanh N-TiO, véi hinh
dang sdc nét, mau sang. Kich thudc cic thanh
ting 1én trong mau Sy va khoang khong gian
giita cac thanh hep dan so voi cac mau Ss va S7.
MAau Sis c¢6 kich thuéc cic thanh 16n hon,
khoang cach hep hon va xuét hién nhiéu hat
nho, c6 thé 1a HA két tinh lai véi nhau.

S4BO0-NIHE 1 1,00

Hinh 3.3. Anh SEM cua cac mau HA/N-TiO;
tir S5- S5
Két qua do phd tan sic ning lugng EDX trong
bang 3.1 cho thdy, % HA ting khi ti 1& thanh
phén Ca/P ciing tang.
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Bdng 3.1. Gid tri do ciia phé EDX ciia cdc mau

nghién ctru
Méu Ca/P % HA
Ss 1,46 26,48
S7 1,53 28,29
Sio 1,70 31,41
Sis 1,83 32,69




3.3. Kha niing hip phu anh sang ciia vat liéu
HA/N-TiO2

Két qua do phd hip thu UV-VIS cua cic mau
HA/N-TiO; so sinh véi mau HA/TiO; - Pos
duoc trinh bay trén hinh 3.4. Mau TiO; - Pys ¢
bo hip thu khoang 399nm. Con cac maiu
HA/N-TiO; -3h va 6h c6 by hap thu chuyén
dich vé ving 4nh sang nhin thiy véi bude song
hap thu twong Gmg khoang 436 nn va 426 nn.
Nhu vay, mau HA/N-TiO,- 3h c6 su hdp thu
4nh sang ving kha kién t6t hon so véi mau 6h.
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Hinh 3.4. Phé UV-Vis ctia cdc méu TiO> - Pos,
HA/N-TiO; -3h va 6h.

Diéu nay ciing dugc chimg minh boi gian do
XRD cua TiO,-P25 va HA/TiO»-P25 (hinh
3.5a). Mau dugc phu HA theo cac diéu kién

IMS-NKL x100k SE(M)

IMS-NKL x100k SE(M)

ché tao t6i wu da xuat hién dinh phd ciia HA tai
vi tri 20 =31,6° v6i cudng do rat rd. Mot lan
nira ta c6 thé khing dinh phuong phap phu HA
1én bé mat TiO, c6 tinh 6n dinh trén nhiéu ciu
triic tinh thé nano TiO,. Hinh thai cia mau
TiO; - P25 tinh khiét c6 dang hat, kich thudc
trung binh khoang 25 nm, dugc phi HA, bé
mit ciia mau HA/TiO; - P25 c6 trd nén bong
min va kich thudc 16n hon so voi TiO, - P25
tinh khiét (hinh 3.5b).
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Hinh 3.5a. Gidn dé XRD ciia méu
TiO>- P25 va HA/TiO; - P25

o
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Hinh 3.5b. Anh SEM ciia mau TiO,- P25 va HA/TiO -P25.

4. KET LUAN

Céc chét 6 nhiém dwoc hap phu boi HA va bi
khtr ngay sau d6 nho TiO». Viéc pha tap N vao
TiO, da lam tang kha nang lam viéc cua vat
lidu trong ving anh sang kha kién. N-TiO, co
chu trac tinh thé nano dang thanh, c6 nhiéu wu
thé hon céac vat liéu co kich thudc tinh thé dang
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hinh ciu, do c6 nhiéu khe rdng s& lam diéu
kién thuén lgi cho su dich chuyén cac chét, lam
gia ting sy twong tic cua vat liéu véi cac chat
6 nhiém trong moi trudng.

Ti 1 Ca/P 1a 1,7, day 1a gia tri tot nhat cho sy
hinh thanh bung phat mam két tinh HA trén bé



mat N-TiO,, rat ngén thoi gian tao mam két
tinh ctia HA trén TiO».

Vit liéu t6 hop (composite) HA/N-TiO, vira la
¢O hoat tinh hép phu lai vira c6 tinh oxi hoa
khir, day 1a vat liéu day htra hen trong xir 1y
cac chit 6 nhidém trong giao thong (NO, CO,
VOCs), dung moéi (benzene, toluene, xylen)
hay hop chit POPs.
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