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Ché tao vit liéu to hop TiO J/HAP bing phwong phap thuy nhiét
va ung dung quang xic tac phan hily pham mau dét nhugm
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Tom tat:

Trong nghién ctru nay, vat liéu hap phu va quang xtc tac trén co s6 HAP (tl‘r tién chit Ca(NO,),, NH H,PO, va HAP
¢6 dinh oxit titan (tl‘r TiCl, - TiO /HAP) dwgc ché tao bang phu’(mg phip tong hop thuy nhiét. Vat lleu che tao dwge
dic trung tinh chit: nhleu xa tia X, hién vi di¢n tir quét Kkét hop phin tich thanh phan nguyén t6 (SEM/EDX), xdc
dinh dién thé bé mat - thé Zeta. Kha nang hap phu va quang xuc tic cia vat li€u dwge danh gia théng qua thi nghiém
phan hity mau methylen xanh (MB), alizarin vang G (AYG), xanh hd thiy (XHT) 12 phAm mau dét nhudém thu thap
tir h gia dinh lang nghé, phAm mau truée va sau xir Iy dwoce xac dinh qua phép do quang pho UV-Vis. Két qua dic
trung tinh chét cho thiy, oxit titan di dwoc ¢ dinh va phan tan dong déu cung vat liéu HAP; cac hat c6 kha ning
on dinl} tot trong‘mﬁi trwong phan tan. Kha nz“l,ng quang xtc tac oxy hoa \"‘21 pl}ﬁn hiy cua vat li¢u TiO,/HAP df)i voi
ciac phim mau déu dat trén 90% sau 3 gio’ chiéu sang UV. Qua dé cho thay tiém ning irng dung cia vat liéu to hop
TiO,/HAP trong xir ly quang xuc tac cac chit mau 6 nhiém.

Tir khéa: hydroxyapatite, pham mau, phwong phap thity nhiét, quang xiic tac, TiO,/HAP.
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Abstract:

In this study, the HAP-based adsorbent and photocatalytic materials, including hydroxyapatite synthesised from
Ca(NO,), and NH H,PO, precursors and titanium oxide-immobilised HAP (TiO,/HAP) derived from TiCl,, were
produced using a hydrothermal method. The obtained materials were characterised by several techniques: X-ray
diffraction, scanning electron microscopy coupled with energy dispersive X-ray analysis (SEM/EDX), and surface
charge determination via zeta potential measurements. The adsorption and photocatalytic performances of the
materials were evaluated through degradation experiments of methylene blue (MB), alizarin yellow G (AYG), and
indigo dye (XHT - textile dye collected from household-scale traditional weaving villages), with dye concentrations
before and after treatment determined by UV-Vis spectrophotometry. Characterisation results indicated that
titanium oxide was successfully immobilised and uniformly dispersed within the HAP matrix, and the particles
exhibited good stability in the dispersion medium. The TiO,/HAP composite exhibited photocatalytic oxidation and
degradation efficiencies exceeding 90% for all tested dyes after three hours of UV irradiation. This highlights the
potential application of TiO,/HAP composite materials in the photocatalytic treatment of dye pollutants.
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1. it van de

Oxit titan (TiO,) va cac TiO, bién tinh 1a mot trong nhirng
vat liéu duoc quan tim nghién ciru trong nhitng nim gan day
nho tinh chit quang hoé hodc quang dién hoa xuc tic phan
huy céc hop chét hitu co doc hai [1]. Tuy nhién, TiO, ¢6 kha
nang hip phu thip dbi voi cac chit giy 6 nhidm va toc do
tai to hop nhanh cua cac cip electron - 16 tréng, 1am giam
hiéu sudt xtic tic quang cua vat lidu [2]. Hydroxyapatite,
Ca,(PO,)(OH), (HAP) dugc biét dén la vat liéu duoc sir
dung nhiéu trong cac qua trinh hap phu xt ly cac chat hitu
co doc hai, cling nhu cac kim loai nang [3, 4]. Do do, tao
vat liéu composite TiO,/HAP dugc mong doi s€ két hop cac
uu diém ctia HAP v6i TiO,; va ¢ thé cai thién kha nang hap
phu ctia TiO, dbi véi cdc chat 6 nhiém dong thoi giam su téi
hop ciia cac cip electron - 16 tréng. Hién tai, vat liéu t6 hop
TiO,/HAP da bat dau thu hiit sy cha ¥ clia cdc nhém nghién
ctru, va str dung nhu mot chat xuc tic quang dé xur 1y cac
chat 6 nhidém trong méi trudng nudc [5]. Trong nghién ctru
ctia S. Murgolo va cs (2018) [6], vat liéu to hop TiO/HAP
dugc ché tao bang cach nung Ti(SO ,), Vo1 HAP tu nhién
dugc tach tir xuwong ca tuyét (nhiét do nung tai 800°C), dé
phan huy diclofenac. Vat lidu nay thé hién kha ning quang
xtc tac vuot troi so voi vat liéu TiO, hay HAP, hi¢u SUAt xir
ly dat 95% sau 24 gid chiéu sang dudi dén UV. Trong mot
nghién ciru khac, vat liéu to hop trén co s TiO, va HAP
(TiO, chiém 10, 30 va 50% khdi lugng, dugc diéu ché bang
phuong phép sol-gel kém theo nung nhiét trong diéu kién
toi wu: 500°C/50 phut; tir alkoxid Ti, Ti(C,H,0), va HAP,
dugc 1ay chu yéu tir xwong va moém xwong); thé hién hiéu
qua quang xdc tac trong qua trinh phan huy thudc nhuém
acid red B. Ty 1€ phan huy acid red B (dung dich 10 mg/I)
dat dugc khi sir dung 3 loai vat lidu trén (hat ran 1 g/l) lan
luot 1a: 92,41, 87,25 va 82,13%; vuot trdi hon hin do phan
htty 74,32% khi sir dung vét li¢u TiO, tinh khiét [1].

Gan day nhat, composite TiO/HAP dugc ché tao bang
phuong phép téng hop thity nhiét tir tién chat: TiOCI, CaO,
NH,H,PO,, cetyl trimethyl ammonium chloride tai nhiét do
150°C (ty 18 Ti thay ddi tir: 5, 10 va 20%) dé xur Iy methyl
violet (MV) trong nghién ctru [7]. Két qua phan huy quang
phim mau MV dat t6t nhat (96,46%) véi vat lieu TiO,/HAP
chira 20% Ti, sau khi chiéu sang UV - 2 gid, trong diéu kién
sir dung 1 g/I hat vat liéu, dé xir Iy MV ndng d6 20 mg/l.
Trong nghién clru nay, chung t61 da sir dung phuong phap
tong hop thuy nhiét véi tién chat: canxi nitrat, amoni dihydro
photphat, TiCl; dé ché tao vat lidu composite TiO,/HAP v6i
ty 1¢ lva chon 30% khéi luong TiO, trong composite, & diéu
kién phan tung 150°C/7 gio; 1a diém khac biét so v6i cac
nghién ciru khac. Muc dich nham tao vat lidu voi su két hop
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cac uu diém cia HAP va TiO, dé c6 thé céi thién kha ning
hap phu/phén hiy quang xuc tic clia TiO, dbi v6i cac chat
hitu co kho phan hiy/6 nhiém c6 trong méi trudng nude. Co
ché tao composite TiO, trén co so nén HAP trong qua trinh
phan ung thuy nhiét cling dugc trinh bay thong qua phép do
dac trung dién thé bé mit - thé Zeta. Tiép dén, khao sat hoat
tinh quang xtc tdc phan hiy mau cia vat liéu composite
TiO,/HAP ché tao dudi anh sang dén chiéu UV d6i véi cac
phidm mau co ban va pham mau nhudm vai thu thap tai lang
dét lua Van Phuc. Cubi cung, danh gia kha nang tai su dung
cua vat liéu. Tir d6, gop phan lam sang t6 hiéu ung hiép
dong cia TiO, va HAP trong vat li¢u composite TiO,/HAP
(ché tao theo phwong phap thuy nhiét) ddi voi qué trinh oxy
ho4 quang hoa phan hity cac chit mau khi so sanh dbi ching
v6i vt liéu tron co hoc gitra HAP va TiO, ¢ cung ty 1& khéi
lugng.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit liéu

Céc hoa chat stir dung gdm: canxi nitrat (Ca(NO,),.4H,0,
>99%, Trung Qudc), amoni dihydrophotphat (NH,H,PO,,
>99%, Trung Quéce), TiCl, (>12%, Sigma Aldrich), KOH
(85%, Merck), TiO, thuong mai (99,4%, Roha DyeChem
Viét Nam). Cac pham mau gém: methylen xanh (99%,
Trung Qudc), alizarin vang G (>95%, Trung Qudc), va xanh
ho thuy - tén thwong mai chit mau dét nhuém cong nghiép
su dung trong qua trinh nhudém vai (dugc thu thap tai hg gia
dinh, lang dét lya Van Phuc).

2.2. Ché tao hydroxyapatite va vit ligu t6 hop TiO /HAP

Hydroxyapatite duoc diéu ché truc tiép tir tién chat mudi
canxi nitrat bang quy trinh thuy nhiét [3, 8] nhu sau: dung
dich NH,H,PO, va Ca(NO,),, ty 1¢ Ca/P=1,67; dugc khuéy
déu lién tuc & nhiét d6 phong. pH hdn hop duge diéu chinh
bang dung dich KOH dén pH~10. Chuyén hdn hop phan
(g véo binh thiy nhiét bang Teflon, tién hanh phan tng &
150°C/7 gio. San pham sau phan tng duoc loc loai bo ion,
va sdy & 90°C/12 gid, nghién min (vat liéu duoc ky hiéu
HAP).

Vat liéu composite TiO,/hydroxyapatite (TiO,/HAP)
duoc ché tao theo quy trinh sau: HAP diéu ché & trén duoc
phan tan trong nudc cit nho thiét bi siéu am. Dung dich
TiCl, duoc thém vao hdn hop (sao cho ty 1 TiO,/HAP chiém
30% khoi lugng theo tinh toan ly thuyét), khuay déu lién
tuc va thém tiép KOH dé hdn hop phan tng dat pH~12. Sau
d6, thuc hién phan tng thiry nhiét ¢ diéu kién 150°C/7 gio.
San pham sau phan tng dugc loc loai bo ion va siy kho,
nghién min. Mau vat liéu duogc ky hiéu HAPTi30.
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2.3. Cac phwong phap khao sdt dac tinh vt liéu

Céc vat liéu ché tao duoc do nhidu xa tia X trén thiét bi
XRD PANalytical Empyrean voi birc xa CuK  (4=1,5418 A,
20/steps=0,03°/step). Hinh thai bé mit hat vat liéu va thanh
phan nguyén t6 duoc phan tich trén thiét bi chup SEM/EDX
(Hitachi-4800 tich hop dau do EDX). Phan b6 vé kich thudc
hat cta vat liéu xac dinh trén thiét bi Shimadzu SALD-2101.
Dién thé Zeta cua cac hat vt liéu duoc xac dinh trén may do
Zeta phoremeter IV (CAD instrumentation) trong cac diéu
kién sau: nhiét do phong, mau duoc phan tan siéu 4m trong
dung dich KCI 103 M. Gan ding Smoluchowski dugc sir
dung dé tinh gia tri thé Zeta, mdi mau duoc thuc hién do tdi
thiéu 15 l1an, tir 46 cho phép tinh gia tri trung binh cta dién
thé bé mat cac hat.

2.4. Khdo sat khd nang quang xic tac xw ly mau dét
nhuom

Mot lugng 0,50 g/l vét ligu HAPTi30 dugc phén tan déu
trong nudc cat nho thiét bi rung si€u am trong 5 phut, tiép
d6 bo sung dung dich phdm mau (methylen xanh, alizarin
vang G, hodc xanh ho thuy) dé dat ndng d6 dau C,=50 mg/l,
khuay déu. Sau khi dat trong t6i 30 phut dé dat can bang
hap phy/giai hap; hé tiép tuc duoc chiéu dén UV (cong sut
9 W, sat bé mat dung dich miu) dé khao sat kha niang phan
hiy quang xtc tac trong diéu kién nhiét do phong. Thiét bi
quang phé UV-Vis (D4000/HACH) dugc sir dung dé xac
dinh ham luong phim mau con lai theo thoi gian (C); tai
moi diém thoi gian, 10 ml dung dich mau phan tich dugc
léy va tach loai hat vat liéu nho hd tro cua thiét bi li tam
trude khi do. Dya trén d6 hip thu quang (Abs) cuc dai ciia
cac phim mau va dudng chuan. Cac miu dung dich khi do
quang déu duoc pha lodng twong tmg va dwa vao dudng
chudn dé tinh ndng do, tir d6 cho phép tinh toan % luong
pham mau con lai (X%) hodc hiéu suat phan hiy mau (H%)
theo biéu thire:

X% =(C,/C,) x 100%
H% = {(C,— C)/C,} x 100%

(M
2

Véi thi nghiém quang xtc tac hdp phu/phan huy MB
trén vat liéu HAP: st dung 2,00 g/1 vat liéu, dung dich phém
mau nong d6 C,=20 mg/l, miu duoc chiéu sing dudi dén
chiéu UV cong suat 28 W. Mau pham mau MB d0i chung,
véi nong do C ;=20 mg/l, dugc thuc hién song song trong
cung dicu kién thi nghiém.

Budc song sir dung ctia cac pham mau khao sat twong
ung: methylen xanh (4,,=664 nm), alizarin vang G
(4,yc=418 nm), xanh ho thuy (4,,,,=618 nm). Duong chuan
Abs vao nong d6 duoc xay dung trong dai nong d9 chat mau
tir 1 dén 10 mg/1.
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3. Két qua va ban luan

3.1. Két qud khdo sat dac trung tinh chit ciia vit lidu
ché tao

Hinh 1 1a gian dd XRD ciia mau bot HAPTI30, va anh
chup trén kinh hién vi dién tr quét (SEM) & cac d6 phong
dai khac nhau (hinh 2), quan sat trén mau vat liéu HAP va
composite HAPTi30.

et et e ool e

=
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Hoan-khHOA-HAPDTTI30
Hydroxylapaite 99.8 %
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Hinh 1. Gian d6 nhiéu xa tia X cua vat liéu HAPTi30.

Trén gian d6 XRD thu dugc chu yéu pha tinh thé véi
cac pic nhidu xa dic trung cua vat liéu HAP (hé tinh thé
lyc phuong, thuoc nhom khong gian P6,/m voi céac hang
s mang a=9,423 A va ¢=6,875 A [3, 7, 8]. Céc pic nhiéu
xa ddc trung cua TiO, (dang anatase) [1, 9] dugc xac dinh
v6i ham lugng nho, cod thé do cac vi tri pic nhiéu xa bi che
lip boi pic nhiéu xa cta vat lieu HAP; hodc vat liéu hat
TiO, ché tao trong diéu kién phan tng thuy nhiét c6 do két
tinh kém. Qua trinh phan ung thuy nhiét khong tao pha
perovskite (nhu CaTiO,). Trén anh SEM (hinh 2A, 2B) c6
thé quan sat théy su hinh thanh cac hat HAP ¢ dang hat hinh
que kha ddng déu vé kich ¢& (khoang 100-150 nm). V&i
vat liéu HAPTi30, trén anh SEM ¢ cung d6 phong dai, quan
sat théy cac dam hat nhé hon, c6 thé minh chung cho su
xudt hién cua cac nano TiO, c6 dang gan cau bam dinh/bao
pht xung quanh cac hat HAP hinh que (hinh 2C, 2D).

Két qua phén tich nguyén t6 (EDX) trén ving dién tich
15%20 um ctia mau HAPTi30, duoc trinh bay trén hinh 3
(kém bang thanh phan cac nguyén t6 co6 mit trong mau).
Ty 18 Ca/P~1,694 (so sanh v&i gid tri 1y thuyét 1,67); bén
canh nguyén t6 Ti chiém ty 18 4,98% vé s6 nguyén tir (hay
10,29% vé khdi lugng), mot lwong nho nguyén t6 K ciing
duoc phat hién (do phan ng thyc hién trong mdi truong
KOH du), ion K* ¢6 ban kinh nho (=1,33 A) c¢6 thé di chui
vao trong cau triic cua HAP.
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Hinh 3. Két qua phan tich nguyén t6 EDX cua vat liéu HAPTI30.
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Hinh 4. Gian dd phan bé dién thé bé mat. (A) Hat HAP, (B) HAP thém TiCl,; (C) HAP da thém TiCl,
va sau do thém KOH; (D) Composite TiO,/HAP (HAPTi30) ché tao thly nhiét, va so dd mo ta co ché
hinh thanh vét liéu composite TiO,/HAP twong tng.

‘ KHORHOC [P

Dé minh hoa va giai thich co
ché tao vat liéu t6 hop TiO,/HAP,
nhom tac gia da thuc hién thi
nghiém mo phong sau trén thiét bi
do thé bé mat hat - thé Zeta. Dung
dich chtra cac hat HAP véi duong
phan b dién thé bé mat thé hién
trén d thi hinh 4.

Nhan thdy, bé mat hat HAP
ban dau co dién thé am (dinh pic
tap trung tai -50 mV, gia tri trung
binh -29,85 mV, hinh 4A) nguyén
nhan do sy cd mat ciia cac nhom
hydroxyl tao lién két trén bé mat
hat HAP trong mdi truong kiém
cao cua phan ung thuy nhiét [10].
Khi thém TiCl, vao h¢ thi nghiém
chura cac hat phan tan HAP, gia tri
dién thé bé mat dich chuyén vé
phia duong hon (dinh pic tép trung
0 +1mV), chimg t6 khi thém TiCl,,
cac ion Ti*" da hip phuy 1én bé mat
hat HAP va lam dich chuyen dién
thé bé mat hat vé phia duong,
gia tri trung binh cua thé Zeta la
-12,25 mV (hinh 4B). Khi thém
tiép KOH vao h¢ thi nghiém, co
su dich chuyén dién thé nguoc vé
phia 4m, dinh pic tap trung hau hét
& khoang -50 mV (hinh 4C), diéu
nay cho thiy cac ion OH" di tiép
tuc hap phu 1én trén 16p ion Ti** da
hap phu trude d6 trén bé mit cac
hat HAP, tao thanh cac hydroxit
titan Ti(OH),/Ti(OH), (v6i su c6
mat cua oxy hoa tan trong moi
truong phan tmg). Trong diéu
ki¢n phéan ung thuy nhiét, da hinh
thanh cac hat TiO, bam dinh/phu
xung quanh céc hat vat liéu HAP
dé tao composite TiO ,/HAP. Mau

composite TiO,/HAP sau diéu ché
thiy nhiét co dmh pic tap trung tai
-60 mV, véi gia tri thé trung binh
la -35,37 mV (hinh 4D). Gia tri
dién thé 4m trén bé mit cac hat
HAP va TiO/HAP minh ching
kha nang | ben phan tan trong moi
truong, hd trg cho qua trinh twong
tac hap phu cac phan tir mau trén
bé mit va tiép tuc xdy ra qua trinh
tuong tac véi cac goc tu do trong
phan ing quang xuc tac phan hiy
mau.
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Hinh 5. D6 thi biéu dién kha ning hap phu - phan hiy mau methylen xanh ciia cac mau vat liéu khac nhau theo th&i gian chiéu dwéi anh
sang UV (A); dac trng quang xtc tac phan hdy cac pham mau theo th&i gian chiéu sang UV ciia HAPTI30 (B).

3.2. Khdo sdt khd nang phdn hiiy cdc chit mau

Hinh 5A trinh bay két qua thi nghiém hép phy/phan hiy
mau methylen xanh trong diéu kién phoi chiéu duéi anh
sang cua dén tir ngoai (cong sudt 28 W) duoc khao sat véi
cac mau vat liéu HAP, mau vat liéu HAPTi30TM 1a mau
tron co hoc 70% HAP voi 30% TiO, thuong mai vé kh01
luong (Roha DyeChem Viét Nam, vat ligu c6 phéan b6 vé
kich thuéc hat dugc xac dinh: 50-100 nm), mau dung dich
methylen xanh khong chira vat ligu dugc st dung lam déi
ching (ky hiéu MB). Riéng mau composite TiO,/HAP
(HAPT13O) duoc khao sat dudi anh sang dén chiéu UV cong
suat 9 W.

So sanh v6i mau ddi chung (MB), vat lieu HAP tng
hop gan nhu khong thé hién tinh chat quang xuc tac ddi voi
qua trinh phan hily mau methylen xanh, ngoai trir kha nang
hap phu. Vat liéu tron co hoc HAP vé6i 30% khéi lugng
nano-TiO, thuong mai, (HAPTi3OTM) hap phu/phan hity
mau MB khoang 27% trong cung diéu ki¢n thi nghi€ém (4nh
sang chiéu UV cong suat 28 W, ham luong hat ran 2,00
g/l, dung dich mau MB, C =20 mg/l). Trong khi do, vat
li¢u composite TiO,/HAP (HAPT130) ché tao theo phuong
phéap thuy nhiét, cho kha niang hdp phu va phan hiy mau
methylen xanh t6t hon han: dat khoang 85% sau 180 phut
chiéu dudi ngudn sang UV (cong sudt 9 W), nhung chi st
dung ham luong hat rin 0,50 g/l dé xu ly dung dich mau
MB, C=50 mg/l tuong (mg. Két qua cho thiy, vat liéu
composr[e TiO,/HAP ché tao tir phuong phap thiy nhiét co
thé da thé hlen hiéu tmg cong huong gilra hai vat li¢u TiO,
(hoat tinh quang xtc tac bén canh kha ning hap phu) va
HAP (kha ning hip phu), tir d6 ting kha nang hap phu/oxy
hoéa quang hoa phan hity méau ddi véi MB. Co ché hoat dong
quang xuc tac trén vt ligu TiO,/HAP c6 thé duoc giai thich
tuong tu nhu trén TiO [1 1], duoc biét téi do vat liéu twong
tdc voi photon tir nguon chiéu sang va chuyén sang trang
thai hoat dong; trong dung dich, chung tuong tac véi cac
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phan tir nude, hodc oxy hoa tan va sinh ra cac gbe hydroxyl
tu do (OH®)/O,* la tac nhan chinh tham gia qua trinh oxy
hoé phan hily mau methylen xanh. Khi vat li¢u composite
TiO,/HAP tuong tac véi photon ca hai thanh phan TiO,,
HAP trong vat li¢u cung hd tro chuyén sang trang thai hoat
dong, va tang cudng hd trg qua trinh sinh cac goc tu do [7,
12-14], 14 nguyén nhan thiic ddy nhanh qua trinh phan huy
mau chit hitu co. Co ché quang xtc tac oxy hoa phan huy
cht mau i v6i vat ligu TiO,/HAP, ma dic biét v6i TiO, 1a
thanh phan quang hoat chinh trong composite c6 thé dugc
viét lai nhu sau [7, 13, 14]:

HAP/TIO, + hv — HAP/TiO,-h " + HAP/TiO-¢ - (3)
H,0 + HAP/TiO,-h * — H* + HAP/TIO -OH* (4
OH-+ HAP/TIO,-h ;" — HAP/TiO,-OH* (5)
0, + HAP/TiO,-¢,— HAP/TiO,-0,* (6)

MB + HAP/TiO,-OH* + HAP/TiO,-O,* — San phim
trung gian (7)

Nho hiéu ung hiép df")ng [14] gilra TiO, va HAP trong
vat liéu composjte TiO,/HAP, qué trinh quang xtc tég phéan
hiy mau céc chat: MB, AYG va XHT (Hinh 5b) c6 thé dugc
giai thich voi sy tham gia dong thoi ciing luc ca 3 qua trinh:
(7) qué trinh hap phu cac phan tir mau tai bé mat cac hat rin
TiO,/HAP, (ii) cac goc tu do (OH®)/(0,*) méi hinh thanh
tai bé mat vat liéu s€ oxy hoa phan huy truc tiép cac phan
tor mau tai ranh gidi bé mat, 2 qué trinh dién ra déng thoi va
lién tyc, (iif) kém theo v6i su phan hity mau truc tiép dudi
anh sang chiéu UV. Dong hoc phan tng cta qua trinh phan
hiy quang xtc tac cta vat liéu HAPTi30 trén cac phém mau
MB, AYG va XHT duoc gia dinh gan ding theo dong hoc
phan tng bac 1 [1, 7, 14], qua viéc biéu dién mbi quan hé
gitia [— ln(C /C,)] va thoi gian chiéu sang dudi anh sang UV
(9), duoc bleu dlen trén hinh 6. Két qua cho théy, cc phan
tng phan huy mau cua vat liéu TiO,/HAP dudi cac diéu kién
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thi nghiém gan nhu tuan theo dong hoc phan tmg gia dinh
bac 1. Hé'mg sb toc do cua phan ung bac 1 dugc tinh toan
tir d6 thi (k) 1a: 0,5088, 0,9798 va 0,7272 gio™', tuong ting
cho MB, AYG va XHT. Két qua thu dugc trén hinh 5B va
hinh 6 cho thy ring, kha ning hoat dong quang xtc tac cia
vat lidu TiO,/HAP tang dan ddi v6i qu trinh phan hily mau
theo thir tu: MB<XHT<AYG.

Hinh 7 biéu thi két qua thi nghiém danh gia kha ning tai
su flung vat liéu composite TiO,/HAP (HAPTi30) trén 2 loai
pham mau AYG va XHT (5 chu ky) theo quy trinh: sir dung
0,50 g/l vat liéu quang xuc tac dugc phan tan trong dung
dich phdm mau c6 ndng do dau C =50 mg/l; qhiéu sang dudi
den UV (9 W) lién tuc trong 2 gid/chu ky. K&t thiic moi chu
ky chiéu sang dudi dén UV, dung dich chat mau duoc 1ay ra
khoi hé, tach va loai bo vt liéu rdn nho ly tdm va xac dinh
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Hinh 7. BDanh gia kha nang tai str dung vat liéu composite TiO,/HAP v&i pham mau alizarin vang G (A) va xanh hé thay (B).

Bang 1. So sanh hoat tinh quang xuc tac phan hiy cac chat hivu co’ déc hai cla TiO,/HAP dwéi anh sang UV.

Tién chit sir dung, Khdi Chit hiru co,

Hiéu suit phén hity (%),

Hiing sb toc do

phwong phap téng hop lwgng hat  ndng dd thoi gian chiéu sang k (gio ™) Tai str dyng Nguon
B -

Ti(SO,), va HAP tir xuong cé SZ;’ g fl;?,)

£ - o g : 0 }
;{itﬁg?%utglﬁetﬁ(())of (1,45va 4¢1 Diclofenac, 5 mg/l Pén XX-15 BLB UV, cuong [6]

’ ong 2 do sang 1,80 mW/cm?
TiOCl va CaO dé tao HAP, thiy . s .

T PV Methyl violet, 20 . 7 lan (moi chu ky

0, 0, 0,
r%}il(l)qzt)ISO C (20% khoi lugng 1gl mg/l thém H,0, 3% 96,46% (120 phat, UV 20 W) 0,720 3 i), 96-93% [7]
2
TiO,: HAP tir Ca(OH), (ty 1¢ khi Methylen xanh, 10 o ) .
lugng 1:1), dong két tia ppm 90% (180 phit, UV-Vis) [15]
HAP (tur xwong dui ctru) Titanium A x.
. . A 10 lan (moi chu
isopropoxide (TTIP), ty 1¢ TTIP/ Methylen xanh, 20 o . s
HAP=2 ml/g, Sol-gel, nung nhiét g/l M 93% (250 phut, UV 12 W) 0,4458 19(; 49& %1:)5,0/ [16]
500°C/120 phat ,9-84,5%
. . X 50 mg/1 a) 84,44%

HAP, tir Ca(NO,), HAPTi30, thuy o a) 0,5088 X x. . A,
nhiét tir TiCL, 150°C (30% khéi 0,5 g/l a) Methylen xanh — b) 96,00% b) 0,9798 > lan (moi chuky  Nghién ciu
hrong TiO,) S b) Alizarin vang G ¢) 93,52% ¢)0.7272 2 gio) nay

one M ¢) Xanh hé thuy (180 phut, UV 9 W) ’
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luong phém mau con lai, tir d6 tinh hiéu suét phéan hily mau
theo phuong trinh (2). Sau mdi chu ky phoi sang, b6 sung
dung dich phim mau gdc vao hé dé dua vé ndng do dau C,
va lap lai thi nghiém. Tu két qua thu duoc, doi voi pham
mau AYG, trong ca 5 lan tai sir dung ham lugng mau déu
bi hip phu/phan huy trén 90% (hiéu suit phan hiy mau dat
trung binh khoang 91,3 dén 93,1%, hinh 7A). Trong khi do,
v6i XHT, phan trim mau phan hity ¢6 xu huéng giam dan.
O 1an tai st dung thir 5, mtc d6 phan huy mau XHT chi con
dat trung binh khoang 71,8% (hinh 7B). Bang 1 so sanh két
qua xur ly quang xuc tac cua TiO,/HAP v6i mot sO nghién
ctru khéc nhau trén the gidi.

4. Két luan

Trong nghién ctru nay, vat liéu composite HAP ¢ dinh
TiO, (30% khoi luong) da duge ché tao theo phuong phap
thuy nhiét tir tién chat TiCl, va HAP (tu ngu(‘)n canxi nitrat).
Vat liéu thu dugc voi pha tinh thé thudc cau triac luc phuong
dac trung cua HAP; ¢6 hinh thai dang que, kich thudc khoang
100-150 nm, kha déng déu, cung véi su cd mat cua cac hat
nano TiO, bam dinh va bao phu xung quanh bé mat HAP.
Vit li¢u TiO/HAP thé hién tot kha nang quang xtc tic phan
htly mau céac chat mau véi hi¢u suat phan huy khoang 85%
(methylen xanh); 96% (alizarin vang G) va 94% (xanh hd
thily) sau 3 gio chiéu sang dudi birc xa tia UV cong suét 9 W.
Panh gia kha nang tai str dung trong 5 chu ky lién tiép/2 gio
chiéu sang UV cho thay vat lidu dap tmg kha tdt trén pham
mau alizarin vang G, hi¢u sudt dat trén 90% va duy tri on
dinh. Phim mau xanh ho thity cho kha ning tai sir dung vat
liéu thdp hon va suy giam con khoang 71,8% sau 5 chu ky.
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