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ABSTRACT

Synthesis of metal oxide nano-sized and micro-sized particles by chemical vapor-phase route
is a technologically and commercially competitive process. Linking reactor operation parameters
to the particle properties represents the most critical task in designing such process. Nanometer
sized titania particles were prepared by hydrolysis in gas phase of titanium tetrachloride (TiCl,)
in a furnace type aerosol reactor, which is valid at high conversion, was found to be improper at
high concentration and low conversion. The TiO, nano-particles are crystallized in anatase and
rutile phase depending on the experimetnal conditions. The size varies from 10 nm to 100 nm.
The main advantage of the process is operating at lower temperature (150°C - 400°C) and using
water vapour instead of pure oxygen as in the existing chloride process. The explanation of the
relationship between TiO, particle characteristics and the process conditions, a mechanism of
nucleation and particle growth will be done. The different methods as XRD, SEM, TEM, micro-
Raman, size particles distribution were used to characterize the TiO, nano-powder in order to

find the optimal conditions for the TiO, fabrication process in aerosol reactor.
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I - GIOI THIEU

Titan dioxit dd dugc st dung rong rai lam
bot mau, kem chong ning, md boi da, kem dénh
rang... ké tir dau thé ky 20 khi bot titan dioxit
tré thanh vat lieu thuong mai. Nam 1972,
Fujishima va Honda da phat hién ra hién tuong
quang xuc tac tdch nuéc trén mot dién cuc TiO,
dudi tia cuc tim (UV). K€ tir d6, nhitng nd luc to
16n da dugc danh cho cdc nghién ctu vé vat liéu
TiO,, trong d6 da dan dén nhiéu tng dung hia
hen trong cac linh vuc khic nhau nhu: quang
dién tlr va quang xdc tdc dé ché tao linh kién
quang va linh kién vi dién tr va cam bién. Vat
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liéu bot nano TiO, da dugc tng dung rong rai
trong cong nghiép dac biét tng dung trong viéc
xu Iy moi truong [1]. Vat liéu bot nano TiO, da
dugc nghién cttu va tdng hop & Viét Nam
khoang hon muoi nam trd lai day va chua yéu
tién hanh theo phuong phdp sol-gel véi quy mo
nho va tinh thuc tién khong cao [2]. Mot s6 loai
vat liéu c6 tinh Gng dung cao trong hoat tinh
xuc tac, dién ti hay k¥ thuat sinh hoc dugc san
xuat bing thiét bi aerosol & quy mo cong nghiép.
Thiét bi aerosol cho nang sudt cao va lién tuc,
gidm cdc tdc dong moi trudng va dé dang diéu
chinh chat luong san phdm. & quy mo 16n nhu
cong nghiép, quy trinh aerosol tng dung t6t cho



san xudt C den trong cong nghiép cao su, vat
liéu quang hoc va hoi silica ding trong vién
thong, TiO, dung trong chit mau. & quy m6 nhd
hon, quy trinh aerosol c6 thé diéu chinh kich c&
céc hat tao thanh. V6i quy mo nay c6 thé san
xudt AlL,O,, SnO, va cac kim loai thuoc nhém
dau nhu Pt hay Au ma tng dung lam 16p phu
mong ¢d micro, cam bién khi, cdc thanh phan
mach dién [8].

Muc dich nghién ctu cla ching toi 1a thiét
ké, ché tao, lap dit va van hanh hé thong thiét bi
tong hop bot nano TiO, st dung cdch thily phan
trong pha hoi TiCl, va t6i uu héa qua trinh téng
hop theo phuong phap quy hoach thuc nghiém
dé tim ra ché& do lam viéc thich hop véi hé thong
thiét bi tuong tng.

Il - THUC NGHIEM

N¢i dung nghién ciu: Phuong phdp aerosol
12 mot trong nhitng phuong phap duoc lwa chon
dé tong hop vat liéu nano bdi tinh thuan loi va
chi phi thap. Qua trinh aerosol dé tong hop vat
lieu duoc chia ra thanh phuong phdp chuyén
hod tir thé hoi sang hat rin va chuyén hod tir
l1ong hodc rdn thanh hat ran [5]. Cic két qua
nghién cttu da cong bo trén th€ gi6i vé qua trinh
tong hop nano TiO, trong pha hoi c6 hai xu
huéng chinh khi ding chit mang la khi O, va
khi N, [6]. Qu4 trinh t6ng hop c¢6 sl dung khi O,
lam chat mang yéu cdu hé thong thiét bi rat
phiic tap va ton kém, qud trinh téng hop dung
khi mang 1a N, st dung c6 hé thong bi don gian
hon nhiéu; hoi TiCl, tdc dung truc ti€p vé6i hoi
nudc nén qué trinh téng hop nay c¢6 tinh kha thi
cao khi xay dung mo hinh, thiét bi thi nghiém
v6i diéu kién & Viét Nam. Co ché téng hgp clia
vat liéu nano titan dioxit & nhiét do thap tir hoa
chat ban dau 1a TiCl, dva vao phan tng sau:

TiCl, + 4H,0 — Ti(OH), + 4HCI

Phan dng ti€p tuc xay ra khong cé su tham
gia cta chat kich hoat:

Ti(OH), — TiO,.H,0 — TiO,
-H,0

(amorphous) (anatase/rutile)

Hoi TiCl, va hoi H,O ti€p xic v6i nhau
thong qua 10 phan tng hinh dng chiéu dai L va

dudng kinh D. Tai trang thdi 6n dinh, phan tGng
hoa hoc xuét hién gitta TiCl, va H,O hinh thanh
HCl va Ti(OH), [7]. C4c hat nhan Ti(OH), 16n
lén boi sy hinh thanh nhiing cdu hydroxyl.
Nhiing hat nay dugc ngung tu thanh dioxit titan
& trang thai pha vo dinh hinh va trong va trong
cdc diéu kién nhiét do nung khac nhau s& cho
pha anatase v6i nhiét do nhd hon 700°C hoac
pha rutile véi nhiét do 16n 950°C [3].

Mo hinh thuc nghiém:

Khi N,

TiCl,

- —|Hiit chip khong
Thidt bi Aetosol D oL chig Khong
> 10 || NaOH

Khi pén

Hinh I: M0 hinh thuc nghiém

Hé thong thiét bi téng hop bot nano TiO,
duoc ching toi st dung trong qud trinh thuc
nghiém thé hién trén hinh 1 bao gém: Céc binh
thity tinh chita nudc cat; TiCl, cé nip kin va cé
dudng xuc khi; van diéu chinh luu luong khi;
bép dién cdp nhiét; 6ng nhua dan hoi TiCl,, hoi
nuée va khi mang N,; déng hé do luu luong hoi
nuéc va hoi TiCl,, déong hé do do hit chan
khong, thiét bi phan tng aerosol (vat liéu bing
thach anh, diéu khién nhiét do tir 0 - 700°C,
chiéu dai L = 1000 mm, chiéu dai chuyén nhiét
I = 800 mm, duong kinh d = 40 mm).

II - KET QUA VA THAO LUAN

Két qua pho nhiéu xa tia X (phé X-Ray)

Cac méau ch€ tao dugc thuc hién ¢ cdc nhiét
do khac nhau va cho cac két qua sau:
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STT Nhiét do Nypoo/Myici Dang thu hinh
1 5 Vo dinh hinh
2 12 Vo dinh hinh
3 150°C, 200°C, 250°C, 17 Anatase
4 300°C, 350°C, 400°C 20 Anatase
5 25 Anatase
6 30 Anatase

Dung phuong phdp nhiéu xa tia X dé xdc
dinh tinh chat va kich thuéc (twong doi) cla cac
méiu bot da tong hop. Trong bdo cdo nay sir
dung hai loai bot TiO, thuong phidm c6 kich
thudc khdc nhau dé€ so sanh (hinh 2 va 3), kich
thudc nano cua mau: d6 1a bot TiO, cua Nhat
Ban, don pha anatase, kich thuéc 7 nm va bot
TiO, cua Duc, kich thuéc 25 nm bao gém hai
pha anatase va rutile. Hinh 4 trinh bay gian dé6
nhiéu xa tia X ctia cdc méau bot TiO, duoc ché
tao & nhiét do 250°C véi ty 1€ mol nye/Mycs
(12 miu tiéu biéu trong s6 lugng cdc miu da
tong hop). Méau bot dugc ché tao don pha tinh
thé anatase. Gian d6 nhiéu xa nay dugc so sanh
v6i hai gian d6 nhiéu xa tia ca bot TiO, 25 nm
va bot TiO, 7 nm. Pic nhiéu xa déu mé rong hon
s0 VGi pic tuong tng trong gian d6 cla mau
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Hinh 2: Gian d6 nhiéu xa tia X cla

mau bot TiO, 7 nm

TiO, kich thudc 25 nm. Tuy nhién, cac vach nay
déu c6 ban do rong nho hon mot chiit so véi céc
vach cua mau TiO, kich thudc 7 nm. Dung cong
thac Sherrer [3]:

r=(0,89x A )/Bcos &

r: Kich thuéc tinh thé (nm), A = 0,154056
nm: bude séng tia X cta Cu.

B: radian ban do rong cta vach phd, €: goéc
nhiéu xa.

Kich thude bot TiO, duoc ché tao & nhiét do
250°C véi ty 1& mol ny,o/npas 12 25 ¢6 kich
thudc khoang 8 nm.
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Hinh 3: Gian d6 nhiéu xa tia X
mau bot TiO, 25 nm

Mau 350C
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Hinh 4: Gian do nhiéu xa tia X mau bot TiO, dugc nung & nhiét do 250°C

Két qua phan tich mau bang phuong phap
hién vi dién tir quét (SEM)

Két qua anh SEM trén hinh 5 mau bot ch&
tao & 250°C c6 kich thuGc nano mét va cac hat
va cdc hat tuong d6i déu nhau nhung doi chéd
con ¢6 su két tu nhitng hat nho thanh cdc dam
16n.

IMS-NKL x200k SE(M,LAO)

Hinh 5: anh SEM méu bot TiO, nung
& nhiét do 250°C

Két
Micro-Raman
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Hinh 6: Phé Micro Raman méiu bot & 250°C

Két qua phan tich phé Micro-Raman cua

mau TiO, 6 250°C duoc so sianh véi cdc mau
chuin TiO, 7 nm, 25 nm. Qua phd
micro-Raman cho thdy mau ché tao 1a vat liéu
TiO, don pha anatase c6 cdc dinh dic trung tai
cdc budc séng 149 cm™, 397 cm™. Két qua nay
hoan toan phi hgp véi két qua phd nhiéu xa tia
X.

Két qua phan tich tap hop kich thuéc hat
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Hinh 7: Phan bg kich thudGc hat ctia
mau bot & 250°C

Tai nhiét do 250°C su phan bé kich thudc
hat ¢6 su dong déu hon, ti 1& cdc hat c6 kich
thugc trung binh tr 0,1 - 1 (um). Diéu nay cé
thé giai thich 1a do su tich tu clia cdc hat nho tao
thanh cac hat c6 kich thudc lon hon.

Quy hoach thuc nghiém tim diém téi vu ciua
hé théng thiét bi

Sau khi kiém tra vé chat lugng san phdm, ta
tim cdc diéu kién t6i uu cho qud trinh téng hop
bot nano TiO, dugc téng hop & 250°C bing
phuong phap quy hoach thuc nghiém. Ta tién
hanh 1ap k€ hoach truc giao bac hai hai mic t6i
uu v6i gid tri cdnh tay don sao oo = 1. Ham muc
tieu 1a khoi lugng TiO, thu dugc sau moi thi
nghiém (tinh biang gam). Phuong trinh héi qui
c6 dang [9]:

A k
y=b,+) bx+
j=1

k k
2
2 b+ by
=

u, j=lu#j
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Ma tran thuc nghiém cua k& hoach truc giao  bac hai la:
STT Bién thuc Bién ma hoa y
Z, Z, Xg X, X, X X,
1 1,2 0,2 +1 -1 -1 +1 3,45
2 1,8 0,2 +1 +1 -1 -1 3,82
3 1,2 0,8 +1 -1 +1 -1 2,96
4 1,8 0,8 +1 +1 +1 +1 2,62
5 1,2 0,5 +1 -1 0 0 2,55
6 1,8 0,5 +1 +1 0 0 4,15
7 1,5 0,2 +1 0 -1 0 4,18
8 1,5 0,8 +1 0 +1 0 3,56
9 1,5 0,5 +1 0 0 0 4,23

Ta c6 phuong trinh hoi quy nhu sau:

A
y =4,449 - 0,732x; - 0,689x (*)

D¢ xdc dinh gid tri t6i wu cla hiéu suét phan
ung ta 18y dao ham hai v€ clia phuong trinh (*)
theo bién x,, X, va lan luot cho béng 0, ta dugc:
X, = 0 VA x,, = 0 (ttc 12 Z, = 1,5 lit/phit va Z, =
0,5 lit/phut). Thay cac gid tri d6 vao phuong
trinh (*) tim dugc y = 3,63. Chuyén phuong
trinh (*) vé dang bién thuc ta c6:

Y =-13,158+2,196Z, +0,689Z, — 0,732Z; — 0,689Z;

(%)
IV - KET LUAN

- D3 nghién ciu, xay dung hoan chinh hé
thong thi€t bi san xudt bot nano TiO, bing
phuong phép thiy phan trong pha hoi (phuong
phdp aerosol) va dua ra dugc phuong trinh hoi
quy thuc nghiém.

- Dba ché tao duoc bot nano TiO, véi kich
thuGc tir nhd hon 100 nm béng phuong phép
thuy phan TiCl, trong pha hoi.

- Pa xdc dinh dugc ty 1& néng do thich hop
clia Nypo/Nyey 12 25 va duogc tdng hop & 250°C va
dua ra céc théng s6 t6i uu cho qud trinh téng

hop.

Loi cam on. Cong trinh nay duoc thuc hién vdi
sut hé tro vé kinh phi hé tro ciia Trung tam Gido
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duc va Phat trién Scc ky - Truong Pai hoc Bdch
khoa Ha Noi.
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