KHOA HOC CONG NGHE

TONG HQP VAT LIEU NANO TIO, TU TITANIA THUONG MAI BANG PHUONG
PHAP THUY NHIET

Nguyén Hoang Lwong Ngoc, Ping Thanh Phong
Truwong Pai hoc Cong nghiép Thyee Phdm TP. Ho Chi Minh
Ngay giri bai: 04/11/2015 Ngay chap nhan ding: 15/12/2015

TOM TAT
Nano TiO,dang soi dwoc tong hop tir bot titania thuong mai bang phwong phap thiy nhiét, mau
dugcphan hay bang dung dich NaOH 10M trong autoclave. Cac tinh chit dic trung cia TiO, nano soi dugc
danh gia biang cic phuong phap héa 1y hién dai: nhidu xa tia X (XRD), hap phu dang nhiét N, va xac dinh bé
mat riéng theo ly thuyét BET, kinh hién vi dién tir quét (SEM) cho thay san phiam thu dwoc c6 cau triic don pha
anatase, dang soi phan b6 dong déu, kich thudc soi tir 10 - 20 nm, chiéu dai khoang 250 - 300 nm ¢6 bé mat
riéng duoc ting cudng dat 71 m?/g. VAt liéu TiO,nano soi ¢ hoat tinh quang héa tét, duoc kiém chung bing
qué trinh mat mau dung dich xanh metylen trong diéu kién c6 chiéu bic xa UV, &nh sang mat troi va ngay ca

Halogen.

Tur khoa: TiO,, sgi nano, hoat tinh xdc tac, vat liéu composite

SYNTHESIZE TITANIUM OXIDE NANOROD FROM COMMERICAL TITANIUM OXIDE BY
HYDROTHERMAL METHOD

ABSTRACT

Titanium oxide nanorod was synthesized from commerical titanium oxide by hydrothermal method of 10
M NaOH solution in autoclave. The prepared samples were characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM), and nitrogen adsorption measurements (BET). The results showed that anatase
phase was dominant and its morphology consisted of uniform nanorod with 10 - 20 nm in scale,lengths of the
TiO, nanorods were 250-300 nm, its surface area as high as 71 m%g. TiO, nanorod exhibited excellent photo-
calalytic activity for degradation of methylene blue under UV, sunlight and even halogen radition.

Keywords: TiO,; Nanorods; Photocatalytic activity; Composites.

1. PAT VAN BPE

Vit liéu nano TiO; rat bén, khong doc, cac tinh chat quang hoc va sinh hoc cho phép
chung duoc (ng dung trong linh vuc xir Iy méi trudng, cac chat 6 nhiém va diét khuan. Pic
biét, TiO, dang anatase kich thudc nano c6 hoat tinh quang xuc tac rat manh [8]. Duéi tac
dong cua tia tir ngoai vat liéu nano TiO, sé lam phat sinh cac tac nhan 6xy hoa cuc manh nhu
H,0,, 0%, OH  c6 thé phan huy hau hét cac hop chit hiru co, khi thai doc hai, vi khuén, réu
méc bam trén bé mat vat liéu thanh nhitng chit vo hai nhu CO,, H,0.

Viéc diéu ché nano TiO, di tir cAc nguy@n liéu titanium alkoxide thu dugc san pham
c6 cap hat dong déu, kich thudc hat ¢& nanomet, c6 kha ning xuc tac quang hoa tét, 1am mat
mau xanh metylen, metyl do, oxi héa dugc phenol thanh CO, va H,O. Tuy nhién, do céc
nguyén liéu dau rit dit tién da han ché kha ning tng dung cua san pham vao thyc té. Gan
day, viéc st dung cac ngudn nguyén liéu: quang ilmenite (FeTiOs) rutile (TiOy), ... trong tu
nhién dé tong hop nano TiO, da duoc cac nha khoa hoc quan tim. Tuy nhién, do di tir quing
nén viéc xir ly tap chat, dam bao d6 tinh khiét cua vat liéu kha phic phuc tap [1], [5], [7].

Viéc tong hop vat liéu nano TiO; tir bot TiO, cong nghiép c6 do tinh khiét cao s& giam
duoc nhiéu cong doan xtr ly tap chat phac tap, dam bao d6 tinh khiét cua vat liéu. Bai bao
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nay trinh bay nhitng két qua nghién ctu tong hop vat liéu tir bot titania cong nghiép bang
phuong phap thay nhiét va khao sat qué trinh quang xdc tac cua vat liéu théng qua qué trinh
lam mat mau dung dich xanh metylen.

2. THUC NGHIEM

L4y mét luong xac dinh bot TiO, cho vao binh teflon dung tich 200 ml, thém vao 100
ml dung dich NaOH c6 ndng thay doi tir 5M + 10M. Khuiy déu mau trén may khudy tir trong
2 gio, tranh cho bot khdng bi von cyc. Tién hanh thuy nhiét trong autoclave, qué trinh thuy
nhiét mau duoc thyc hién & nhiét @6 120 - 180°C, trong thoi gian 12 - 24 gio [2].

Sau khi thay nhiét, dé ngudi tir tir dén nhiét do phong, hdn hop phan tng thu dugc &
dang sol trang, rira gan nhiéu lan bang nudc cat dé loai bo bot lwong NaOH du, trung hoa
bang HCI 0,1M, tiép tuc rira két tua bang nudc cat dén khi pH cua dich loc hau nhu trung
tinh. Loc két tua bang may hat chan khong va siy kho & nhiét do 80°C trong 5 gior dén khdi
luong khong d6i. San pham duoc phan tan vao dung méi etanol, rung siéu am trong 15 phat
véi cdng suat 500W trén thiét bi Sonics & Materials (M¥). Mau dugc say khd cho bay hét
dung méi sau d6 nung mau trong khoang nhiét d6 450 - 600°C trong thoi gian 45 phuat dé thu
duoc san pham nano TiO,.

Thanh phan tinh thé caa mau duoc xac dinh bang nhidu xa tia X trén thiét bi D5005
(Siemens, Dtc) véi bic xa CuK, (A = 1, 5406 A). Cap hat va hinh dang bén ngoai dugc quan
sat bang hién vi dién tir quét (SEM) JSM Jeol 5410LV (Nhat Ban).

Hoat tinh quang xUc tac cua vat liéu dugc nghién cau théng qua qua trinh phan hay
xanh metylen trong diéu kién c6 chiéu buc xa UV ( cdng suat dén 20W). Mat do quang cua
dung dich duoc do trén thiét bi T89 UV/VIS spectrometer & 665nm [9], [10].

3. KET QUA VA THAO LUAN.
3.1. Thanh phin pha va kich thwéc hat cia bat TiO2 thwong mai

Hinh 1 trinh bay gian d6 XRD cua bot TiO, thwong mai, mau ky hiéu 1a T0. Két qua
cho thay trén gian d6 xuat hién cac pic nhiéu xa dic trung ctia anatase voi cuong do bé ¢ cac
goc nhiéu xa 25,3° twong trng véi mat (101), 37,8° (004) va 48,05° (200). Ngoai ra, trén gian
d6 xuat hién rat nhiéu pic nhiéu xa co cuong do rat bé. Két qua nay cho thay: ngoai mét phan
ton tai & dang tinh thé anatase, phan I6n TiO, ton tai & dang vo dinh hinh hoc vi tinh thé.

Hinh thai va kich thuéc hat cua bot TiO, thuong mai duoc quan sat bang hién vi dién
tr quét (SEM) duoc trinh bay & hinh 2. Két qua cho thay: hinh thai cua hat TiO, thuong mai
c6 dang hinh ciu, két tu thanh timg dam, kich thudc hat khong dong déu, dao dong trong
khoang tur 150 - 350 nm.
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Hinh 1. Gian d6 XRD bdt TiOsthuong mai Hinh 2. Anh SEM bét TiO,thuong mai
3.2. Tong hgp vat ligu nano TiO2 bang phwong phap thay nhiét
3.2.1. Céc yéu té anh hwéng dén qué trinh téng hep nano TiO2
Bdng 1. Diéu ki¢n tong hep nano TiO, ¢ nong dé NaOH khac nhau

Ky hiéu  Khbi luong Thé tich Nong do Nhiét d6 thay  Thoi gian thuy
mau bot TiO, (@)  NaOH (ml)  NaOH (mol/l) nhiét (°C) nhiét (gio)
T-5M 2,0 100 5 180 24

T-10M 2,0 100 10 180 24

T-15M 2,0 100 15 180 24

Piéu kién tong hop nano TiO, & nhitng nong dd NaOH khéc nhau duoc trinh bay & bang
1, & c&c nhiét do thuy nhiét khac nhau duoc trinh bay ¢ bang 2, ¢ cac thoi gian thuay nhiét khac
nhau duoc trinh bay & bang 3.
Bdng 2. Piéu kién tong hep nano TiO, ¢ cac nhiér dé thity nhigt khac nhau

Ky hiégu  Khbi luong Thé tich Nong do Nhiét do thay Thoi gian thuy
mau bot TiO, (@)  NaOH (ml)  NaOH (mol/l) nhiét (°C) nhiét (gio)
T-120 2,0 100 10 120 24
T-150 2,0 100 10 150 24
T-180 2,0 100 10 180 24

IMS-NKL x100k SE(M) ST Boonm | IMs-NKL x1 00k SE(M)
e

IMS-NKL x30.0k SE(M)

Hinh 3. Anh SEM cia cac mdu nano TiO, ¢ cac nong dp NaOH khac nhau
Bdng 3. Diéu kién téng hep nano TiO, ¢ cac thai gian thiy nhiét khac nhau
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Ky hiéu  Khbi luong Thé tich Nong do Nhiét d6 thay  Thoi gian thuy
mau bot TiO, (@) NaOH (ml)  NaOH (mol/l) nhiét (°C) nhiét (gio)
T-12H 2,0 100 10 180 12
T-18H 2,0 100 10 180 18
T-24H 2,0 100 10 180 24

Khi ting nong d6 NaOH 1én 15M (T-15M), cau trdc sgi nano bi pha va, cac hat TiO,
kich thudc 16n hon va c6 xu hudng két tu thanh ting dam, phan bé khdng ddng déu do sy v
vun cua cac sgi nano.

IMS-NKL x150k SE(M)

Hinh 4. Anh SEM ciia cac mdu nano TiO, & cac nhiér dé thizy nhigt khac nhau
Anh SEM & hinh 4 cho thy: khi ting dan nhiét do thuy nhiét, hinh thai cua san
pham chuyén tir dang hat sang dang soi kha rd rang. Mau T-120, san pham ton tai ¢ dang
hat véi kich thuéc khoang 50 - 55 nm két tu lai thanh timg dam, hinh thanh cac tam mong.
Mau T-150: hinh thé&i cia san pham ton tai ¢ dang soi kha rd rang, tuy nhién van con mot

luong 16N san pham ¢ dang hat. Mau T-180: cac soi ¢6 cu tric dong déu, chiéu dai cac soi
nano Ion hon so v&i mau T-150, kich thuéc khoang 10-20 nm va chiéu dai khoang 250 —
300nm.

Véi céc thoi gian thity nhiét khéc nhau, hinh thai san pham thaly nhiét ciing hoan toan
khéc nhau. O mau T-12H: san pham thu duoc |a c&c soi nano. kich thudc khong dong déu,
duong kinh cac sgi khoang 25 - 40 nm, Khi tang thoi gian thuy nhiét 1én thanh 18 va 24 gio
(T-18H va T-24H): san pham thu duoc & dang soi kich thudc dong déu hon. Dic biét mau T-
24H bao gom cac soi nano véi do phan tan cao, dudng kinh céc soi nano trong mau nay
khoang 10 - 20 nm, chiéu dai khoang 250 - 300 nm, phan b dong déu, bé mat céc soi nano
nhan.
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IMS-NKL x100k SE(M)

IMS-NKL x100k SE(M)

Hinh 5. Anh SEM cia cac mdu nano TiO, véi cac thei gian thiy nhiét khac nhau
3.2.2. Pic trung vit liéu nano TiO2 tong hep
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Hinh 6. Gian do XRD cia mau nano TiO,  Hinh 7. Puong dang nhigt hap phy - khie
nung & cac nhiét do khac nhau. hap phu N, mau T-10M )
Hinh 6 trinh bay gian do XRD cua cidc mau T450, T600 va TO. CO thé nhan thay

thanh phan pha cua cac mau TO va T450 chu yéu & dang vo dinh hinh hoic vi tinh thé. Céc
pic nhiu xa dic trung cua anatase di xuat tai cac goc nhidu xa 25,3° 37,8° va 48,05° tuy
nhién véi cudng do bé. Khi tang nhiét do nung 1én 600°C, cudong do cac pic nhiéu xa dic
trung cla anatase ting 1én rd rét. Didu ndy ching to khi nung vat liéu TiO, & 600°C da
chuyén TiO, tir dang v6 dinh hinh thanh dang tinh thé anatase.
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Hinh 8. Db thi biéu dién sw phu Hinh 9. Db thi biéu dién sw phu
thugc caa do day trung binh caa lép thugc tuyen tinh caa t va V,

hap phu t va thé tich khi hap phu Va , )
Hinh 7 trinh gian d6 dudng dang nhiét hap phu - khir hap phu N, ¢ -196°C cua mau T-

10M cho thy, theo phan loai cia UIPAC, duong dang nhiét hap phu - khar hip phu N, cua
mau T-10M thudc loai IV dic trung cho vat liéu mao quan. Diém ngung tu cia hé & ap suat
P/P, kha cao két hop voi dang diéu, duong dang nhiét c6 mot vong tré kiéu H3, chang to vat
liéu thu duwoc c6 mao quan trung binh bén tinh thé (2 - 50 nm), mao quan nay la mao quan
giita c&c sgi nano. V&i vong tré trai dai tir 4p suat trong dbi 0,82 dén 1,0, vat liéu c6 mao
quan dang hinh khe.
Cac thong s6 bé mit cua vat lidu duoc trinh bay & hinh 8, hinh 9 va bang 4.
Bdng 4. Cac thdng s6 dic trung bé mat caa vat liéu nano TiO,

Théng sb Kyhiégu Ponvi Giatri
Dién tich bé mat BET SgeT m°/g 71,0
Dién tich mao quan TB Spore m°/g 66,2
Dién tich vi mao quan Smic m°/g 4,8
Thé tich vi mao quan Vmic cm’g  0,0015
Thé tich mao quan TB Voore cm/g 0,59
Puong kinh mao quan TB Dpore A 33

3.3.  Hoat tinh quang xuc tac caa vat li¢u TiO2

Pé nghién cau kha ning xuc tac quang héa ciia nano TiO, dudi bic xa UV, birc xa
mat troi, den halogen, chuan bi mot diy mau khao sat chira dung dich xanh metylen véi bé
day 1a 15cm c6 nong d6 2,5 g/l, thém vao mdi mau 10 mg vat liéu nano TiO, T-10M. Tién
hanh chiéu bic xa, thoi gian chiéu bac xa thay d6i tir 10 - 50 phit cho mdi mau véi bé day
dung dich 1a 15cm. Mau MO Ia dung dich xanh metylen ban dau khdng ¢ nano TiO,, dung
dé so sanh. Mau khao sat sau khi chiéu xa duoc quay ly tim (3000 vong/phdt) trong 10 phut
dé tach huyén phu. Mat d6 quang cua dung dich duogc ghi & budc séng 665 nm trén may tréic
quang T80. Két qua khao séat kha ning xuc tac quang héa cua nano TiO, dudi bic xa UV
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(dén UV-20W), birc xa mat troi (thoi gian giita trua 10h-12h, nang gat), bic xa halogen (dén
Halogen EGK JM-500W).
Bdng 5. P chuyén hoa xanh metylen cia vt ligu T-10M dwéi tac dung cia bic xa UV

Ki hiéu V dung dich xanh Khéilwgng  Thoi gian D6 hap thu Do chuyén
mau metylen 2,5 mg/l (ml) bot TiO,(mg)  (phat) quang hoa (%)

MO 100 10 0 0,804
M10UV 100 10 10 0,370 53,9
M20UV 100 10 20 0,262 67,4
M30UV 100 10 30 0,143 82,2
M40UV 100 10 40 0,092 88,6
M50UV 100 10 50 0,045 94,4

0.8 4

0.6 4

Mat
do 0.4 -
quang

0.2+

0.0

5(I)0 I 5éo I 6(I)0 I SéO I 7(I)0 I 75I>0 I 8(I)0 I
Budéc song (nm)
Hinh 10. Phd UV-Vis ctia xanh metylen véi vat liéuT-
10M dudi tac dung cua biac xa UV

Hinh 11. Cwong d6 mau khao sat ciia cac mau theo thoi
gian chiéu xa UV

Két qua cho thay khi chiéu birc xa UV, &nh sang mat troi thi do hap thu quang cuaa xanh
metylen giam rat manh sau 10 phat. Khi ting thoi gian chiéu xa, d6 hap thu quang cua dung
dich cang giam, mau sau khi chiéu xa 50 phat duéi birc xa UV d6 chuyén hoa dat trén 94%,
dudi &nh sang mat troi thi d6 chuyén hoa dat 91,9%.

Bdng 6. Pg chuyén hda xanh metylen ciia nano TiO, téng hgp theo phwong phdp bazo
dwdi tac dung cia bt Xa mat troi

V dung dich xanh  Khéi lugng bot  Thoigian Do hap Do chuyén
metylen 2,5 mg/l TiO;, (mg) (phat)  thuquang hoa (%)

Ki hiéu mau
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(ml)

MO 100 10 0 0,804 -
M10UV-Vis 100 10 10 0,439 45,4
M20UV-Vis 100 10 20 0,277 65,5
M30UV-Vis 100 10 30 0,194 75,9
M40UV-Vis 100 10 40 0,138 87,3
M50UV-Vis 100 10 50 0,065 91,9

0.8 / MO
067 M10UV-Vis
Mat
dé 04 M20UV-Vis
quang M30UV-Vis
024 M40UV-Vis
M50UV-Vis
0.0 4

5(‘)0 5&0 660 Géo 760 7;0 8(‘)0
Bwdc song (nm)
Hinh 12. Phé UV-Vis ciia xanh metylen véi vat liéu T-10M
dwoi birc xa mat troi
Tir hinh 12 va bang 6 nhan thay rang khi st dung anh sang mat troi dé chiéu xa, sau

10 phat thi d6 hap thu quang ciia xanh metylen giam nhanh, do chuyén hoa dat gan 45%. Sau
thoi gian 50 phut thi d6 chuyén hoa dat 91,9%. Chuang té nano TiO, tong hop bang phuong
phap bazo c6 hoat tinh quang xuc tac tét dudi tc dung cua birc xa mat troi. Mic di anh séng
mit troi chi chtra 5% birc xa UV, nhung d6 chuyén hoa xanh metylen cua TiO; khi chiéu bic
Xa mit troi dat gan twong ty voi buc xa dén UV.

Bdng 7. Pé chuyén hda xanh metylen cia vt liéu T-10M duéi ciia birc xg Halogen

Ki higu \rﬁ]gt“yr;gndécg r’f&:‘ Khéi luong bot  Thoi gian Do hép thu D6 chuyén
mau (mI5 TiO, (MQ) (phat) quang hoa (%)
MO 100 10 0 0,804 -

M10Hal 100 10 10 0,572 28,8

M20Hal 100 10 20 0,482 40,1

M30Hal 100 10 30 0,396 50,7

M40Hal 100 10 40 0,202 75,9

M50Hal 100 10 50 0,095 88,2
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Hinh 13. Phé UV-Vis ciia xanh metylen véi vat liéu T-10M
dwéi birc xa Halogen
Khi chiéu xa dén Halogen, d6 chuyén hoa giam cham hon so voi birc xa UV va anh

sang mit troi. Sau khi chiéu xa 50 phut, d6 chuyén hoa dat 88%. Nhu vay, nano TiO, tong
hop ¢6 hoat tinh quang hda tét dudi birc xa UV va birc xa miat troi, twong dbi tét dudi buc xa
halogen.
Hinh 13 trinh bay pho UV-Vis ctia xanh metylen véi x(c tac nano TiO, tong hop khi
chiéu xa bang UV, anh sang mat troi, dén Halogen trong thoi gian 10 phiit.
C6 thé thay rang, cing mot lugng xUc tac nano TiO, va thoi gian chiéu bic xa nhu
nhau, d6 chuyén hda xanh metylen giam dan theo trat tw UV > &nh sang mat troi > dén
Halogen.

0.6 /////////M10Hm

0.5 1

M10UV-Vis
0.4

Mat
do 0.3 1
quang
02

0.1 1

0.0 +

5(‘)0 ' 550 ' 6(‘)0 ' GéO ' 7(‘)0 ' 750 ' 8(‘)0 '
Buéc song (nm)
Hinh 14. Phé UV-Vis ciia xanh metylen véi vt ligu T-10M
dué6i tac dung cia 3 ngudn birc xa khac nhau
KET LUAN
Pi xac dinh duogc cac diéu kién thich hop dé tong hop vat liéu TiO, ¢6 cau tric nano
dang soi. Véi néng do NaOH 10M, nhiét do thuy nhiét 180°C trong autoclave, thoi gian thay
nhiét 1a 24 giod, san pham thu duoc ton tai & dang soi phan bd dong déu, kich thudc soi dao
dong tir 10 - 20 nm, chiéu dai khoang 250 - 300 nm. Thanh phan pha tinh thé caa san pham
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thu duoc sau khi nung ¢ 600°C trong 45 phut chu yéu 1 anatase, dién tich bé mat cua san
pham dat 71 m%g. Vat liéu nano TiO, tdng hop dwoc duoc déu c6 kha ning xuc tac quang
héa tét 1am mat mau dung dich xanh metylen duéi bic xa UV, anh sang mit troi va ngay ca
Halogen.
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