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Abstract

Nanometer-sized titania particles were prepared by low thermal of vapor hydrolysis process titanium tetrachloride
(TiCly) in a furnace type aerosol reactor. Reaction model was introduced because simple reaction coagulation (SRC)
model, which is valid at high conversion, was found to be improper at high concentration and low conversion. The size
of titania particles increased from 10 to 50 nm with increasing input concentration of TiCl, from 3.06x107 to 1.59x10°
mol/ml and the residence times from 7 s to 35 s at 250 °C. The reaction model predicted the decreasing trend of the
particle size with increasing temperature, whereas the SRC model simulation predicted that the size was an increasing

function of the temperature.

Keywords: Nano TiO,, aerosol reactor, vapor hydrolysis.

1. GIOI THIEU

Mot trong nhimg lwa chon thay thé qua trinh
quan trong dé tong hop vét liéu nano véi chi phi thap
hon va tinh linh hoat 13 qué trinh tong hop pha hoi
cua cac hat nano oxit tiép tuc thu hut su chu y. Mot
sb loai vat liéu co tinh ung dung cao trong hoat tinh
xUc tac, dién tr hay k¥ thuat sinh hoc dugc san Xuét
bang thiét bi aerosol & quy mé cong nghiép. Thiét bi
aerosol cho ning sudt cao va lién tuc, giam céc tac
dong moi truong va d& dang diéu chinh chit luong
san pham. O quy mé 16n nhu cong nghiép, quy trinh
aerosol ing dung tot cho san xuét bot cacbon trong
cong nghiép cao su, vat liéu quang hoc va hoi silica
ding trong vién théng, TiO, ding trong chit mau. O
quy mé nho hon, quy trinh aerosol co thé diéu dhinh
kich ¢& céc hat tao thanh. Vi quy mé nay c6 thélsan
xudt Al,Os;, SnO; va cac kim loai thudc nhom dau
nhu Pt hay Au ma ing dung lam 16p phu mong c&
micro, cam bién khi, cac thanh phan mach dién [1].
Qua trinh aerosol tong hop cac hat nano TiO, bang
cach thity phan trong pha hoi nguyén liéu ban dau
TiCl, da cho théy anh huong cia nhiét do, néng do
tién chat vao kich thuéc [2]. Qua trinh téng hop cac
hat nano trong thiét bi phan tmg aerosol da dugc
nghién cuu va thiét ké dé thuan tién cho viéc du
doan két qua cua cac yéu to anh huong duoc thuc
hién boi nhom nghién cru Wu va cac cong su dé
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xudt nam 1988 [3]. Cac két qua nghién ctru cho thiy
kich thudc hat TiO, tdng I1én khi thoi gian luu hodc
nhiét do phan ung ting 1én. Tuy nhién mbi quan hé
nay khong duogc kiém soat mot cach chit ché. Pic
biét, tac dong cta nhi¢t do lén kich thudc dang gay
tranh cdi. Mot sd két qua thuc nghi€ém cua nhém
nghién ctru Ki Young Kim va cac cong su cho thay
rang kich thudc ctia san phém la mot ham cua nhiét
do [4]. Vi vay, ching toi dé xuat mot mé hinh co thé
du doan sy phu nong do dau vao va thoi gian luu
clia tién chat. Két qua thi nghiém xac nhan tinh hop
1€ cia m6 hinh thyc nghiém ciing dugc bao cdo.
Chat luong ciia san phdm mau bot ciing duoc kiém
tra qua cac phuong phap phéan tich hién dai nhu :
TEM, X-Ray, Micro Raman.

2. THUC NGHIEM
2.1. H¢ thong thiét bi thye nghiém

Céc binh thuy tinh chira nudc cAt; TiCl, ¢o nép
kin va c6 duong xuc khi; van diéu chinh luu luong
khi; bép dién cp nhiét; dng nhya dan hoi TiCly, hoi
nuéc va khi mang N,; dong hd do luu lwong hoi
nuée va hoi TiCly, dong hd do d hut chan khéng,
thiét bi phan ng aerosol (vét liéu béng thach anh,
diéu khién nhiét do tir 0-1200 °C, chiéu dai L = 1000
mm, duong kinh d =40 mm (hinh 1).
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Hinh 1: M6 hinh hé thong thiét bi thuc nghiém

2.2. Xay dwng mo hinh thwe nghiém

Trong phan tng pha hoi TiCly thyc hién & cac
diéu kién ciu tir H,O cho qua du nén bac cua phan
{g 1a bac 1 va ta chi quan tdm dén sy thay ddi ctia
ndng do tién chat TiCl, theo phan tng sau:

TiCl; + 2H,0 —  TiO, + 4HCI.

Cong voi thiét bi tong hop Aerosol dang 6ng ¢
ty 18 chiéu dai/duong kinh 1a L/D > 20 tir d6 c6 thé
xay mo hinh thyc nghiém dang déy 1y tuéng.

\
\\

Co Cr

AL

X Vx

Hinh 2: M6 hinh déy 1y tuéng

D6 1a md hinh c6 théng sé phan bd. Thoi gian
luu trung binh ciia cac phan tir trong vung day 1y
tuong bang nhau va bang ty sd thé tich ving day véi
lwu lwong dong qua thiét bj tq¢ = V/V,. Bién thién
ndng d6 dugc tinh theo cong thirc:

aacj =—kC (¥)hay In(C/Cy) = -kt (**) [5]
T

Trong do:
Co: ndng d6 ban dau cau ti TiCly (mol/ml)
C: ndng db tirc thoi ciu tir TiCl, (mol/ml)
k: hang sb van toc phan tng (s™)
T: thoi gian luu (s).

2.3. Nghién ciru cac dac tinh cia vit liéu

Cac mau vat liéu san phém da duogc nghién ctu
vé cdu trac pha tinh thé thong qua hé théng thiét bi:
Thiét bi nhidu xa tia X (X-Ray) Siemen D5000 (A =
1.54060 A tai 40 kV va 20 mA) va LABRAM - 1B
ctia hiang Jobin - Yvon (Phap) Ngudn sing dung dé
kich thich mau la Laser He—Ne, phat laser tai budc

65

Cao Xudn Thang va cong su

song 632,8 nm. Sir dung két qua phd nhiéu xa tia X
cho chung ta x4c dinh twong dbi kich thudc hat bang
cong thirc Sherrer [6]
r=(0,89x))/Bcos &

r: Kich thuéce tinh thé (nm), A = 0,154056 nm: budc
song tia X cua Cu, B: radian ban do rong ctua vach
phd, 0: goc nhidu xa

Ngoai ra chung t6i di nghién ctru hinh thai bé
mat mau bot san phém b'fmg hé théng thiét bi TEM
JEM 1010 (JOEL, Nhat Ban) dé xac dinh twong dbi
chinh xac kich thudc hat cia san phém thu duoc.

3. KET QUA VA THAO LUAN

3.1. Anh hwong nong dd diu vao cia tién chat
Qua trinh téng hop cac mau bot tai cac nhiét do

250 °Q, 300’°C, 350 °C, 400 °C (tai nhiét do 250 °C

bat dau xuat hién pha tinh thé ctia mau bot san

pham).

Bdng I: Thong s6 thuc nghiém tai cac nhiét do

~ ~ 0 EE gg S ;E X
BN I IRVl Bvilirc! @) > -

SE|OE| F E <
1 35| 1,9 |0,403| -1,55 | 22,2788
21 2 [34] 1,59 0,306 -1,483 | 21,6 | 77,3
305 |33]2,58 [0,678] -1,34 | 18,1 73,7
410 |32 1,71 |0473] -1,284 | 16,1 | 72,3
5 30 | 2,47 0,751 | -1,189 | 13,7 | 69,5
6 23,5 2,55 | 0,58 | -1,483 | 11,7 | 77,3
7103 |22]243| 06 | -1,4 |10,5]|753
8| 0 | 213,09 | 081 |-1,337 | 9,8 | 73,7
9 | 0 1205/ 2,19 | 0,61 | -1,284 | 8,7 | 72,3
10 19 | 3,16 | 0,96 | -1,189 | 7.4 | 69,5
11 16,5 3,74 10,102 | -1,31 | 104 | 73,1
12| 3 | 14| 2,65 |0,785| -1,22 | 11,8 | 70,4
13| 515|455 | 1,18|-135| 9 | 74
14| 0 |13,5] 516 | 1,63 | - 1,15 | 8,2 | 68,3
15 115,16 | 1,98 | -0,96 | 5,9 | 61,6
16 10 | 7,28 | 2,36 | -1,126 | 13,3 | 67,6
17| 4 | 9| 789 | 2,87 | -1,012 | 12 | 63.6
18| 0 |85 8,49 | 331 |-0,943 | 11,7 | 61,1
191 0 |75 912 | 412 | -0,794 | 11,4 | 54,8
20 7 1721 | 3,221 -0,807 | 10,1 | 55,4
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Thiét bi tong hop Aerosol voi V = 1,256 lit va
cac thong s6 thyc nghiém theo bang 1. Vi gia thiét
thiét bi tong ‘hop Aerosol c6 dang thiét bi day ly
tuong. Cac cau tu dau vao TiCl, va H,O déu duoc
do chinh x4c bang dong hd do luu luong c6 don vi
(lit/phut) va duoc thay ddi cac gia tri diu vao & cac
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Mo hinh thyc nghiém phdan ung...

nhi¢t do thi nghiém khac nhau nhu trén bang 1.
Trong d6 T: nhiét d6 phan g, nricuMmo: ty s6 mol
cia cu tir dau vao, m: hiéu suat thuy phan TiCl,.
Theo cong thirc da xay dung & mdi gia tri nhiét do s&
xac dinh dugc mdt gia tri hing s6 van toc k theo
cong thtrc: k = -In(C/Cy)/.
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Hinh 3: D4 thi so sanh mé hinh thuc nghiém va ly thuyét tai cac nhiét @6 khac nhau
(a) 250 °C, (b) 300 °C, (c¢) 350 °C, (d) 400 °C

Qua cac d6 thi & hinh 3 mé hinh 1y thuyét da xay
dung gan sat voi thuc té qua trinh téng hop vét licu
nano tinh thé TiO, trong thiét bi tong hgp Acrosol
(R hé sb twong quan) va tinh dugc cac hiang sb van
tdc phan tmg k tai cac nhiét do 250 °C, 300 °C, 350
°C, 400 °C lan luot 12 0,0404 s, 0,0631 s™', 0,0869
s',0,1114 s”. Quan hé giita thoi gian luu v6i ndng
d6 dau vao cua tién chit theo cong thirc C/Cy = ™
Vi gia tri hang sb van tdc phan tng k di tinh duoc
ta s& tinh dugc cac yéu td dong hoc khac cua qua
trinh tong hop theo phuong trinh Arrhennius:
k
In—2=_—2

E.(1 1
k;

R(T, T,
Trong do:
k: hing s6 van toc cta phan tng.
R: hing s khi
E.: nang lugng hoat hoa.

Ap dung cong thirc vao mo hinh ta tinh dugc cac
thong s6 E,: 19593,8 J/mol va hing s6 ko: 3,76. Qua
day chung toi da xac dinh dugc quan hé hang sO van
tdc phan tmg véi nhiét do ciia qua trinh tong hop bot
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nano tinh thé TiO, qua thiét bi Aerosol c6 phuong
trinh: k = 3,76exp(-5212,77/T).
-2
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=27
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-3l

=33

0.0014 0ooLs 0.0018

LT{R)
Hinh 4: D4 thi quan hé hang s6 van tdc va nhiét do

Vi viéc xay dung mo hinh trén cho phép ching
t6i da lua chon duoc cac yéu té cong nghé cho qua
trinh tong hop vét liéu cho hiéu suit cao nhit dé 1a
nhiét do 250°C vé6i nong d6 dau vao Co = 1,9x10°
(mol/ml), thoi gian luu © = 35 (s). Két qua chat
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lugng mau bot cling dugc ching toi néu ra trong
phan két qua & qua cac phép phan tich X-Ray,
Raman, TEM ¢ phan ké tiép.

3.2. Két qua phén tich X-Ray
Sau khi xay dung md hinh thuc nghiém va tim ra

ché @6 téng hop bot thich hop ddi voi hé thong thiét
bi (tai nhiét d6 250 °C).

csEBEESIBB ;Y

Hinh 5: Phd X-Ray ciia mau bot tong hop & 250 °C
qKé't qua phén tich X-Ray ¢ hinh 5 cho thdy, san
pham bot c6 cau triic don pha anatase cung voi kich
thudc trung binh ctia san pham khoang 15 nm (ap
dung cdng thirc Sherrer).

3.3. Két qué phan tich Micro-Raman

Cuong dé twong dbi
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Hinh 6: Phé Raman mau bot téng hop ¢ 250 °C

Két qua phan tich Raman & hinh 6 cho thdy mau
bot tong hop & 250 °C gdbm 4 dai phd ma cuc dai
nam & gan 148, 397, 515 va 639 cm ™, cac vach nay
dic trung cho pha tinh thé anatase cua TiO, [7]. Két
qua nay hoan toan phu hop véi két qua phén tich X-
Ray ¢ trén.
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3.4. Két qua anh TEM

Két qua anh TEM cho thdy kich thuéc trung
binh ctia san pham bot < 20 nm va tuong doi dong
déu. Két qua nay cling phu hop véi két qua nhicu xa
tia X.

20 nm

Hinh 7: Anh TEM mau bot ché tao tai 250 °C
4. KET LUAN

Pi xdy dugc cac thong sb cong nghé cho qua
trinh tong hop bot nano tinh thé TiO, & nhiét do thap
v6i loai thiét bi Aerosol thong qua viée xay dung mo
hinh thyc nghiém. Kich thudc trung binh cua san
phim khoang 10 nm dén 50 nm véi cac thong s6
cong nghé ciia qua trinh téng hop nhu: ndng do dau
vao tién chat TiCly 1a Co = 1,9x10° (mol/ml); nhiét
do phan ung T = 250 °C, thoi gian luu T = 35 (s).
Hang s6 van tdc phan tng ting theo chiéu ting cua
nhiét d6 va hﬁng s6 van toc phan ung duoc thiét lap
d6i voi qua trinh tong hop bot nano TiO, bang cich
thity phan trong pha hoi & nhiét do thip da nghién
cuu theo cong thirc:

k=367 exp(&,rzm)
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