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ANH HUONG CUA CHE PQ XU LY NHIET TOI CAC PAC TRUNG CUA TiO,
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Tom tat

Trong thoi gian gan day, xuat phat tir nguon nguyén liéu ilmenite Viét Nam, nhoém nghién
cuu thudc Vién Khoa hoc Vit liéu I'J'ng dung — Vién Khoa hoc va Céng nghé Viét Nam
da thanh cong trong viéc diéu ché TiO, kich thuéc nand mét véi viée ap dung qué trinh
thuy phan trong diéu kién vi song. Nhiam gép phan hoan thién qui trinh diéu ché xuc tac
TiO, tir nguyén liéu ilmenite, dé tai ndy dwogc tién hanh v6i muc dich khao sat anh hudng
cia ché do xu 1y nhiét nhu: nhiét d6 nung va thoi gian nung dén cac tinh chat lién quan
dén tng dung xtic tac cua nand TiO, nhu pha tinh thé, kich thudc tinh thé, tinh chit bé
mat... va hoat tinh quang cua xtic tac. Cac anh hudng nay s€é dugc danh gia thong qua
hiéu suét quang xic tac 1am mat mau dung dich thudc nhuém Amido Black 10B va ding
cac phuong phap phan tich XRF, XRD, BET, FE-SEM, TEM dé danh gia cac tinh chat
dic trung clia mau.

I. GIOI THIEU CHUNG

Trong cong nghé san xuat TiO, theo phuong phép sulfate, giai doan thuy phan
dung dich titanyl sulfate (TiOSO,) va ché d6 xur Iy nhiét 1a quan trong nhat dé thu duoc
san pham c6 tinh chit mong mudn. Thanh phan dung dich, phuong phép tién hanh thuy
phan c6 anh huéng dén ciu trac cia san pham. V&i ché do xir 1y nhiét thich hop s& thu
dugc TiO, véi cac dic trung mong mudn cho tmg dung quang XUc tac.

Nhiét d6 nung va thoi gian nung anh huéng truc tiép t6i cau trac tinh thé TiO,,
dién tich bé mait riéng va kich thude tinh thé[26]. Thong thuong nung 1a bién phap xu ly
nhiét phd blen nhiam lam ting hoat tinh quang xuc tac TiO, vi n6 tac dong truc tiép dén
céc thong s6 hoa 1y cua xuc tac[3,9].

Trong sudt qua trinh nung nhiéu qua trinh hoa ly dién ra: khir nuée, khir OH va
khtr luu huynh. Pong thoi 1a qua trinh két tinh, phat trién tinh thé anatase cling nhu xay ra
su chuyén pha anatase --> rutile. Sy chuyén pha nay xay ra ¢ vung nhiét do rong 400 -
1100°C nhung thong thuong dién ra & khoang 800-850°C. Khi nung TiO, vuot qua 400°C
xuat hién mau vang. Diéu nay 1a do sy phat trién mang tinh thé, tai két tinh kém theo su
hinh thanh nhén rutile va phat trién tinh thé[2].

II. NOI DUNG VA PHUONG PHAP NGHIEN CUU
I1.1 Piéu ché titan hydroxit tir Ilmenit bang phwong phap sulfate

San phim cua qua trinh thuy phén sau khi da loc rira that ky dugc sdy dang nhiét &
nhiét 36 110°C trong 5 gio va dé nguoi trong binh hut am. Ky hiéu mau 1a T.110, véi ham
lugng TiO; trong mau chiém 98.2%, s tinh thé c6 kich thudc trung binh < 5nm chiém ti
1€ da so trong mau (hinh 1).
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Hinh 1: Ham phan bd kich thude tinh thé cia mau T.110

Mau ban dau dd hoan tit va dugc chia thanh nhiéu mau c6 cung khéi lugng dé
chuén bi cho qua trinh nung tiép theo.
I1.2 Nung

Qua4 trinh nung duoc tién hanh trong 10 nung chuong trinh diéu khién nhiét do tw
dong. Tham khao cac tai lidu [2,3,10] két hop véi két qua phén tich TG/DTA cua mau
T.110 (hinh 3), qua trinh nung mau dugc thyc hién nhu sau: mau duge can vao chén nung
co nép day, dit mau vao trong 16 ¢ nhiét d6 phong, cai dat nhiét d6 250°C, nang nhiét voi
toc do 4°C/phit, luu dang nhiét 1 gio. Tiép theo nung dén nhiét do T,(°C), toc do gia
nhiét V (°C/phit), mau dugc luu dang nhiét trong khoang t (gid) khi dat dén nhiét o T,
(°C).

Ché dd nhiét duoc khéo sat:
+ Nhiét d6 nung, T, (°C): 250 - 900 °C.
+ Thoi gian luu nhiét (H): 2, 5,10 h.

I1.3 Phwong phap danh gia hoat tinh xiic tic quang hoéa ciia miu TiO,
e Dbi tuong nghién ciru phan huy quang xitc tic: Amido Black 10B (ABI10B,
C 16H1007N282Na2) la mdt loai thube nhudm azo c6 nguy co gay ung thu duoc tim
thiy trong cong nghiép dét nhuém. AB10B bén mau, kho phan huy sinh hoc, véi
trong luong phan tu 452,4g/mol.
e Phuong phap tién hanh phan tng quang héa xuc tac
Anh huong cua su quang phén tryc tiép (c6 mit cia anh sang nhung Vang mat
chat xuc tac) sau 180 phut. Két qua cho thay khong c6 su quang phan tryc tiép dién ra
trén thudc nhuém AB10B, ngay ca khi & ndng do thap 0.3mg/1.
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Hinh 2: M6 hinh nghién cttu hoat tinh quang xuc tac

Cho 100ml dung dich Amido Black 10B 0.5.10*M (twong dwong 30.8mg/l) vao
trong 6 becher loai 250ml, b6 sung vao mdi coc 10mg TiO,. Thuc hién twong ty trén miu
Ti0,-P25 Degussa nhdm muc dich so sanh. Hdn hop dung dich duge khdy tron trong tdi
60 phit trudc khi chiéu dén UV dé dat dén can bang hdp phu AB10B trén bé mit TiO,,
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5ml mau duoc rit ra va ly tam dé do d6 hap thu sau hip phu bdo hoa, thoi diém dau (t=0)
dugc tinh khi bat dau bat dén UV. Trong qué trinh chiéu UV, dung dich phan @mg duoc
khudy tron lién tyc bang may khiy tir (hinh 2.4). Kha ning khir mau ciia qué trinh quang
hoa dugc danh gia thong qua sy suy giam cudng d6 hip thu quang hoc ciia dung dich
ABI10B ¢ budc song hap thu cuc dai (fl max = 630 nm) do trén thiét bj quang ph6é UV-Vis
hai chum tia JASCO-V550.
Tinh toan cac théng sb ctia qua trinh hdp phu va quang héa xtc tac:
+ Kha niang hap phu (%) cia AB10B trén bé mit TiO, & thoi diém cén bang hip phu
duoc tinh theo cong thirc (1)

ABS, — ABS, <100

%Hp=  ABS, (1)

Trong d6, ABSi va ABSo tuong tng 1a d6 hip thu thudc nhuém trong dung dich ¢ thoi
diém ban dau va thoi diém cén bang hap phy.
+ Hiéu suat phan hily quang xtc tac (%) ddi véi thuéc nhuém Amido Black 10B cong
thue (2).

ABS, — ABS, y

% QH = ABS, (2) ) . .
Trong do, ABS, va ABS; tuong tng la d6 hap thu cia AB10B sau 60 phit hap phu t6i va
d6 hap thu tai thoi diém ngimg quang hoa.
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III KET QUA VA THAO LUAN
I11.1 Phan tich nhiét
Puong cong phan tich nhiét TG/DTA cua mau T110 (hinh 3) cho thiy cac hiéu
(g nhiét xdy ra trén 58.5mg mau véi tbe d6 gia nhiét 5°C/phut nhu sau:
e Hiéu ng thu nhiét trong viung nhiét do 32.5 - 250°C dac trung cho qua trinh khir
nuoc[6].
e Hiéu tng téa nhiét trong ving nhiét d6 360 - 490°C dic trung cho qué trinh két
tinh pha anatase.
e Hiéu tng thu nhiét trong ving nhiét do 486 - 874°C dic trung cho qua trinh phan
hay cac hop chét luu huynh[8].
e Hiéu ung toa nhiét trong vung nhiét do 960 - 1197°C dic trung cho su chuyén
pha anatase sang rutile.

st

Hinh 3: Gian d6 TG/DTA cua mau T110.
I11.2 Anh hwéng cia nhiét dd nung dén cac tinh chit cia TiO,

Mot series mau ciia nhiét do nung tir 250°C dén 900°C tuwong tng voi thoi gian
lwu ding nhiét 2 gid theo quy trinh xtr 1y nhiét nhu trén hinh 3 dugc thuc hién dé khao sat
nhiét 6 nung c6 anh hudng dén tinh chét céu trac, tinh chit bé mat va tinh quang xuc tac
cua TiO,.
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Trén hinh 4 trinh bay gian d6 XRD & cac nhiét d6 nung ting dan cho thiy pha
anatase hinh thanh ti 1¢ thuan theo nhiét d6 nung dén 750°C, sau d6 giam do c6 sy xuat
hién cua pha rutile.
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Hinh 4: Phé XRD ciia cac mau TiO, duoc nung tir 110°C dén 900°C.

Khi ting nhiét d6 nung, cac pic dic trung cla anatase trd nén sic nét hon, do ban
rong cua pic cyc dai giam chi ra d9 tinh thé hoa pha anatase tang ciing nhu kich thudc
tinh thé tang[1,4,7], ddng thoi dién tich bé mat ciing giam twong tng. DO tinh thé hoa
tang ctia mot s6 mau nung ciing ¢ thé quan sat trén anh FE-SEM va TEM (hinh 5 va 6).

Tur anh FE-SEM véi d6 phong dai 150.000 lan (hinh 5), c6 thé thay duoc su khac
biét giita cac mau 110°C, 250°C, 500°C va 750°C. Méu 110°C khong 15 tinh thé, dudng
bién hat khong rd rang vi thuc t& mau ndy van con ngdm nude va chit yéu 1a pha vo dinh
hinh. Khi nung & 250°C sy mat nuée da dién ra, duong bién hat trd nén 1 rang hon, pic
anatase tr& nén sic nét hon khi quan sat trén phd XRD (hinh 4). Cac tinh thé anatase dé
nhan thiy hon & nhiét d6 nung 500°C va rat rd rang khi nung & 750°C, két qua cla cac
mat tinh thé 16n 1én[1]. Két qua nay dugc hd trg thém khi quan sat trén anh TEM (hinh 6).

Hinh 5: Anh FE-SEM 6 cac nhiét d6 nung 110°C, 250°C, 500°C, 750°C.

Anh TEM (hinh 6) cho thay kich thuéc tinh thé va hinh dang hat thay doi, d6 la
két qua cua qua trinh nung[4]. 6] nhlet do 110°C, cac hat ¢ dang hinh cau kich ¢& kha
dong déu nam tiép xtic voi nhau, mot s6 ¢6 khuynh huéng khuéch tan vao nhau tao thanh
chtim hat. G 500°C phan 16n cac hat c¢6 hinh dang khong phai 1a hinh cau, két qua cia su
tao thanh tinh thé tir cac hat nho hon. Phong 16n anh quan sat thdy duong nhu cac hat

30



Hgi nghi khoa hoc lan thiv 1 — Khoa KHUD Tiéu ban: Céng nghé héa hoc

dinh ket v6i nhau. Dudi tac dung cua nhiét do, dao dong nhiét s xay ra tai duong bién
hat gan nhu mét di do chiing khuéch tan vao nhau, “hoa tan” vao nhau va cudi cing tao
thanh céc don tinh thé v6i hinh dang goc canh co kich thudc khong dong déu[7]. Pén
750°C gan nhu 1a su phat trién tinh thé tir cac tinh thé nhé hon ciing vé6i kiéu “dinh két”
v6i nhau, “hoda tan” vao nhau va cudi cung tao thanh tinh thé 16n hon hodc tai két tinh
(dudi tdc dyng cua nhiét d6 cao dan dén dao dong nhiét 16n c6 thé bé giy mot sb ndi dé
dang dan den su tai sap xép lai mang céu trac) pha rutile. Kich thudc tinh thé khong dong
déu trong mau c6 thé dugc ching minh trén ham phan bd kich thudc tinh thé (hinh 6).
Nhin chung & nhiét d6 thdp ham phan b hep va kich thudc tinh thé nho, khi ting nhiét do
nung ham phan bd kich thudc tinh thé mé rong va tinh thé 16n hon.
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Hinh 6: Anh TEM va ham phan bd kich thudc tinh thé theo phuong phap Warren-
Averbach ¢ cic nhiét dd nung (a)110°C, (b)500°C va(c)750°C.

I11.3 Anh hwéng cia thoi gian luvu nhiét dén tinh chit caa TiO,

Cac mau TiO, sau khi nung & nhiéu nhiét d6 khac nhau trong khong khi duoc
nhan dién pha bang phd XRD cho thiy sy két tinh pha anatase tir pha v6 dinh hinh va sy
chuyén pha anatase sang rutile dién ra khi nhiét d6 nung ting. Tinh 6n dinh cia pha
anatase kéo dai dén nhiét do 700°C. Béang 1 cho thdy qua trinh chuyén pha anatase sang
rutile bat ddu dién ra & 750°C-2H, thé hién & & nhiét d6 nung 750°C-5H. Trong khi &
nhiét d6 nung 700°C-10H, van khong xuat hién pha rutile.

Bang 1: Ti 1¢ anatase : rutile theo nhiét d6 nung va thoi gian luu dang nhiét

Nhiét do nung | Thoi gian luu Anatase Rutile
(W) (gi0) (%) (%)
700 10 100 0.0
750 2 98.9 1.1
750 5 97.8 2.1
800 2 86.7 13.3
900 2 18.8 81.2
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Bang 1 trinh bay két qua tinh ham luong pha anatase va rutile dya trén cac dit liéu
tir phd XRD theo phan mém , pic rutile nho & vi tri 28 - 25.7° chiém ti 1€ 1.1% tuong
tng v&i nhiét do nung 750°C-2H va tang 1én 2.2% tuong ing véi nhiét d6 nung 750°C-
SH. Khi tang nhiét 0 nung su chuyén pha anatase dién ra nhanh, & 750°C rutile chiém ti
1¢ 1,1% nhung dén 900°C thi rutile da chiém ti 18 1én t6i 81,2%. O day, diéu dang cha y 1a
su chuyén pha anatase sang rutile chiu anh huéng ciia nhiét do 16n hon nhiéu so véi ting
thoi gian luu dang nhiét.

3.3.2. Tinh chit xtc tic quang héa

Dién tich bé mit c6 anh huong rat 16n dén kha ning hap phu AB10B trén TiO,.
Xét su anh hudng nay trén 3 mau 250, 500, va 750°C tuong ung lan luot véi dién tich bé
mat 14 81.21, 56.54, va 37.61 m*/g. Sau 60phit cac phan tir thuéc nhuém AB10B hip phu
bdo hoa trén bé mat TiO,.
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Hinh 7: Mdi lién hé gitra kha ning hap phu AB10B va dién tich bé mat TiO».

Két qua trén hinh 7 cho thay kha nang hip phu cia AB10B giam khi dién tich bé
mit ciia TiO, giam. Diéu nay cho thy dién tich bé mat déng vai trd quan trong trong viée
hap phu céc phan tir thuéc nhuém AB10B.

Tién hanh phan mg quang hoéa xdc tic trén cac mau nung & cac nhiét do khac
nhau sau 180 phut phan hity AB10B. Két qua sau 3 1an thuc nghiém co so sanh véi mau
chuén P25 duoc cho trén hinh 8.
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Hinh 8: Kha ning hp phu va hiéu suat phan hiy quang xtic tac theo cac nhiét do nung
khac nhau
Hiéu suat phan hiy quang xiic tic ting dén nhiét d6 nung 500°C sau d6 giam dan
va giam dang ké sau 700°C, dén 800°C mau gan nhu khong con kha niang hap phuy 1an
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hiéu suat phan hity quang xuc tac c6 1& do su xuat hién cta pha rutile va su giam déng ké
dién tich bé mit ciing nhu kich thudc tinh thé, kich thudc hat ting nhanh va kha ning
phan tan rat kém do su két tu day dic ciia mau bot, didu nay co thé quan sat khi phéan tan
bang séng siéu am.

Két qua trén hinh 8 cho thiy hiéu suét phan huy quang xtc tic cia AB10B d6i véi
mAau nung 500°C 1a cao nhit. Ly do cho hoat tinh quang xtic tic cao nay c6 thé duoc giai
thich nhu sau: & nhiét d6 nung 500°C, day 1a diém dimg nhiét do ma cé thé téng hoa
duogc cac yéu td cdu trac, bé mat va hiéu qua quang xuc tac.

IV KET LUAN

Trén co so cc két qua nghién ctru ctia ludn vin, c6 thé dua ra nhitng két luan nhu
sau:

Véi viée ap dung qua trinh thuy phan trong diéu kién vi song, phuong phap sulfate
c6 thé diéu ché bot nand TiO, tir tinh quing ilmenite. San pham thuy phéan sau khi ria va
sdy & 110°C c6 cac thong sé dic trung sau: do tinh khiét 98.16% (tinh theo TiO»), dién
tich bé mat riéng 163m?/g, phan bd 15 xp kha hep véi kich thude 16 xp 3.4nm. Pha tinh
thé anatase dugc hinh thanh ngay trong qua trinh thay phan.

Nhiét d6 nung anh hudng rat 16n dén cac tinh chat cia san pham TiO,. Trong s
cac mau nghién cuu, mau TiO, dugc nung ¢ nhiét do 500°C (mau T500) c6 ham luong
pha anatase 100%, v&i kich thugc tinh thé trung binh 11.7nm va dién tich bé mit riéng
56.5m%/g cho hoat tinh quang hoa cao nhét, v6i hiéu suit quang phan huy dung dich
Amido Black 10B 77.5% sau 3 gio chiéu UV.

Thoi gian luu dang nhiét c6 anh hudng dén tinh chat quang xtc tac trén mau TiO,.
Trong cac thoi gian luu duge khao sat (2, 3, 4, 5, 10 gio) & 500°C, mau co6 thoi gian luu 3
gio cho hiéu sudt quang phan huy dung dich Amido Black 10B cao nhat, dat 81.6% sau 3
gio chiéu UV.
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Abstract

In recent years, our group in the Institute of Applied Materials Science (IAMS) prepared
the nano-sized TiO, from ilmenite by sulfate process with the microwave assisted
hydrolysis. In this work, the influence of the heat treatment conditions on
physicochemical properties and photoactivity of nano-sized TiO, sample was sutdied.
The prepared TiO, was characterized by XRF, XRD, BET, FE-SEM, TEM. The
Photoactivity of TiO, was evaluated by the photodegradation of azo dye Amido Black 10
B (AB10B) in water under UV rays.
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