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Abstract

The synthetic process of TiO, from ilmenite ore by hidrosulphate method has been established with different
conditions of decomposition and hydrolysis. In order to prepare pure TiO, products for many different applications,
especially improving photocatalytic activities for environmental treatment, the factors affecting the final product
composition were surveyed and evaluated. The evaluated results showed that the hydrolysis conditions and the calcined
temperature of the intermediate product affected the content of iron and sulfur impurities in TiO, finished products. In
particular, the iron removal pre-treatment step was carried on before hydrolysis which obtained the most effective
removal, while the calcined temperature was 450 °C which helped to remove completely the sulfur content in TiO,. The
synthetic material was also investigated for the photocatalytic activity under visible light by measuring the
photodegradation of methyl blue solution which obtained the good result.

Keywords. Ti0O, ilmenite ore, hydrosunphate method and photocatalyst.

1. GIOI THIEU

Quang ilmenit va cac hop chat titan dugc sir dung
nhiéu trong nén kinh té quéc dan. Viét Nam ¢6 nguon
tai nguyén titan dang ké bao gom ca quang sa khoang
va quang goc voi trir lugng trén 10 triéu tAn xép thur
11 trén thé gidi.l'! TiO, 1a mot trong cac san pham ché
bién sau quan trong cuia quing ilmenit cung vdi titan
kim loai va titan hop kim. TiO, dugc dung rong rai
trong nganh son, nhua, in, gbm su, thuy tinh... Dic
biét, gan day TiO, dugc khai thac nhu mot chat xic
tac quang trong linh vuc xur Iy moi truong dé loai bo
cac kim loai ndng, cac chat hiru co doc hai®* va nhiéu
qua trinh sinh hoa khac nhu diét khuén, lam vat liéu
y sinh.

Quy trinh téng hop TiO; tir quing ilmenit da dugc
xay dung dwa trén qua trinh phan hity quing bang cac
axit manh nhu H>SO4 va HCI hoac st dung kiém
manh nhu NaOH va KOH & nhiét d6 cao. Mdi
phuong phap va quy trinh déu co nhirng uu diém va
han ché nhat dinh, tuy nhién, trén thé gi6i dén nay,
phuong phap dugc ap dung & quy mo cong nghiép
nhiéu hon ca 1a phuong phap sunfat. Cac nghién ciru
thoi gian trg lai déay tép trung cho viée t6i wru hoa cac
quy trinh ché tao bang viéc sur dung céc tic nhan phan

huy quang khac nhau, cac diéu kién thuc hién khéc
nhau nham ting hiéu suat thu hoi TiO,, giam chi phi
san xuat, giam thiéu 6 nhiém moi trudng va tao ra cac
san pham TiO, c¢6 nhiéu tinh chit cho cic muc dich
st dung khac nhau.[**!

Cong trinh nay cong bb mot s6 két qua khao sat
kha nang loai bo sit va luu huynh nhim tao ra sin
pham TiO, c¢6 do tinh khiét cao & cac diéu kién ché
tao khac nhau bang phwong phéap hidrosunfat thong
qua k¥ thuét thity phan va nhiét phan. Dong thoi khao
sat, danh gia kha nang x1c tac quang cua vat liéu trong
xtic tac quang xir 1y hop chat hiru co doc hai co trong
moi tredng nudce.

2. THUC NGHIEM
2.1. Héa chat
- Quiing sa khoang ilmenite Binh Pinh kich thudc hat
0,08+0,35 mm c¢6 ham lugng TiO> > 52 %.
- HoSO4 98 % cua Viét Nam. ’
- KHSO4 tinh khiét cua Trung Quoc.
2.2. Quy trinh ché tao

- Tron déu hdn hop quing vai KHSO4 ty 1€ 1:7 sau do
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nung ¢ 600 °C trong 3 gio.

- Nohlen hén hop sau nung va ra véi nude cat
trong 5 phut vai ty 1€ quy doi gitra lugng quang nung
va thé tich nudc sir dung khac nhau, cu thé 1a 5 g/100
ml, 5 g/200 ml, 5 g/300 ml va 5g/500 ml.

- Tiép tuc hoa tan hén hop sau rira trong dung dich
H.S0: 3 % ty 1 quy ddi 1a 5 g quang/500 ml dung
dich.

- Thuy phan dung dich sau khi loc bo cin ran cta
qué trinh hoa tan ¢ 90 °C trong 2 gio.

- Tiép tuc nung hén hop rén & 150 °C, 300 °C, 450
°C, 650 °C va 900 °C trong 2 gior dé thu san pham
Ti0-.

2.3. Ky thuat danh gia

- Thanh phan héa hoc dugc phan tich bang phuong
phép nhiéu xa tia X (XRD) trén thiét bi X Pert Pro tai
Vién Hoa hoc - Vat liéu (Vién Khoa hoc va Cong
ngh¢ quan su) va phuong phap phd tan xa ning luong
tia X (EDX) tai Vién Khoa hoc Vit liéu (Vién Han
lam Khoa hoc va Cong nghé Viét Nam).

- Nong d6 ion kim loai trong dung dich duoc xac
dinh bang thiét bi ICP-MS 7900 tai Vién Cong nghé
moi (Vién Khoa hoc va Cong nghé quan su).

- Pé danh gia kha nang xuc tac xir Iy hop chét hiru
co ¢ trong moi trudng nudce, thi nghiém dugc thiét
lap nhur sau:

+ Cho mot lugng vt liéu voi ty 1€ 0,1 g/1 lit vao
dung dich MB 8 mg/I.

+ Dat dung dich vao budng tdi trong 60 phiit r0i
tiép tuc chiéu sang dung dich trong ti quang hoa véi
anh sang mo6 phong anh sang mat troi c6 budce song
400-700 nm, cuong do anh sang 15.000-16.000 lux,
khoang cach dén dén bé mit dung dich 15 cm.

+ Sau cac khoang thoi gian khac nhau, loc lay
dung dich bang mang loc PTFE.

+ Nong do6 metylen xanh duoc xac dinh thong qua
ky thuat trac quang UV-Vis trén thiét bi Drawell DV-
8200 tai Vién Hoa hoc - Vat liéu (Vién Khoa hoc va
Cong ngh¢ quan sy) tai budc song 662 nm sau khi da
xay dung duong chuan & khoang ndéng do tir Img/l
dén 10 mg/1.

3.KET QUA VA THAO LUAN

3.1. Danh gia nguyén cong rira dén kha ning loai
bé sat

Qué trinh nung dugc dién ra theo phan tmg sau:
2FeTiO; + 2KHSO4 — K,Ti;0s + FeSO4 + 2H20 (1)

K,Ti,05 khong tan trong nudc trong khi cac mubi
con lai trong hén hop ma chi yéu la mudi sit sunphat

Nguyén Ba Cudng va cong su

tan dugc trong nude. Nguyén cong rira nuoc giup loai
bo cac tap chat trong do co sat.

Hon hop trudce va sau khi rira nude voi ty 1& 5
g/SOO ml duoc loc tach va siy kho ¢ 80 °C trong 2 gio
va xac dinh thanh phan héa hoc bang ky thuét nhleu
xa tia X. Két qua duoc trinh bay & hinh 1 cho thy
thanh phan hoa hoc ciia miu quing sau nung c6 va
khong co nguyen cOng rura nudc cho thay co su khac
biét ctia pic mudi sat xuat hién & mau chua tién hanh
rura nudc so bo.
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Hinh 1: Gian d6 XRD cta mau san pham phan huy
qudng trude khi rira va sau khi rira bang nudce

Dé xac dinh chinh xac hon sy t6n tai cua nguyén
td st trong san pham trung gian, tién hanh hoa tan
hén hop san pham sau rira trong 500 ml dung dich
H>S04 3 %. Dung dich sau khi hoa tan hoan toan duoc
x4c dinh ndng d¢ Ti*" va Fe’* trong dung dich bang
phuong phép ICP-MS, két qua dugc trinh bay trong
bang 1.

Trén két qua cho thiy, viéc rira nhiéu 1an v6i nude
s& gitp loai bo dugc ion Fe’* trong dung dich trude
khi thuc hién qua trinh thuy phan ché tao TiO.. Trong
khao sat nay, ty 1¢ nudc su dung cho qua trinh loai sat
trong hon hgp sau nung téiuula 500 mlcho S g quang
ban dau. Theo két qua nay, ham lugng tap Fe co trong
hdn hop rén duge giam di dang ké, chi chiém 3 % vé
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khdi Iwrong so véi ham lugng Ti.

Bdng I: Nong d6 dung dich hoa tan quing sau phan
hiy trong dung dich H>SO4 3 %

Panh gid kha néng logi bé sit..,

qua trinh thiy phan dugc dién ra theo phan tmg sau:
TiOSO4 + 2H,O — H,SO4+TiO; + H,O (2)

TiO, két tua trong qua trinh thily phan duoc loc
tach va nung & cac nhiét do khac nhau. Thanh phan
héa hoc cua san pham sau nung dugc xé4c dinh thong
qua ky thuét chup phd tan xa ning luong tia X (EDX).
Két qua duoc trinh bay tai bang 2 va hinh 2.

Bang 2: Thanh phan héa hoc cac nguyén t trong
san phém TiO; sau nung & cac nhiét d¢ khac nhau.

Tylé quing _Nongddion, g/l Ty ¢ tap
nung/nudc, g/ml  Ti** Fe’* Fe/Ti
1 5/0 4,378 3,726 0,85
2 5/100 4362 1,235 0,28
3 5/200 4367 1,012 0,23
4 5/300 4,384 0,633 0,14
5 5/500 4,370 0,126 0,03

3.2. Panh gia nhiét d nung dén kha niing loai bé
luu huynh

Dung dich sau khi hoa tan san phér,n phan hiy quang
trong dung dich H2SO4 3 % duoc tién hanh thuy phan,

Ul Scee 347 ots Cursce 8223 bV (4 dls)

Nhiét do Ham lugng nguyén to, %
nung, °C  Ti O S Tapchat
1 150 46,94 49,03 4,00 0,03
2 300 48,57 48,63 2,79 0,01
3 450 55,66 44,34 - -
4 650 57,70 42,30 - -

T 7 T T S
1 2 i € s 3 7
8 Scabe 265 15 CQursce B 825 4rY Qcls)

L S S i M S At M S A S A

(c)

Full Scaie 321 ct3 Qursar 3519 kav (0 cbs)

Hinh 2: Ph6 EDX ctia san pham TiO; sau nung & cac nhiét d¢ khac nhau
(a) - 150 °C; (b) - 300 °C; (c) - 450 °C; (d) - 650 °C

Bing vige xéac dinh ham lugng cac nguyén t6 6
trong san pham TiO,, ta c6 thé thay, khi nung san
pham 1én dén 450°C thi trong san pham da khong con
sur ton tai ctia nguyén t S. Piéu nay co thé thay, trong
san phidm nung phan huy quing c6 thé co sy ton tai
cua TiO2.xH20.ySO;, va ddy chinh [a nguyén nhén co
sy xudt hi¢n cua S trong, san pham trung gian. Khi
ting nhi¢t d), phan (rng sau s¢ dién ra:

Ti02.xS03.yH,0 — ATiO, + xSO31 + yH20 (3)

Phan (g nay khong xay ra trong qua trinh thuy
phan (phan mg (2) da néu) ma chi thyc hién dugce khi
tang dan nl)iét do lén. ,

Trén két qua phan tich thanh phan cho thay, khi
tang nhi¢t do 1én trén 300 °C, phan (rng nay c6 thé xay
ra va ¢ 450 °C thi phan tmg xay ra hodn toan gilp cho
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viée loai bo S ¢o trong mau TiO; ché tao theo quy
irinh ndy duoc dién ra triét dé.

3.3. Diac trung vat li¢u TiO;

vit liéu TiO2 sau khi nung ¢ cac nhiét do khac nhau
dugc xdc dinh thanh phan pha thong qua ky thuat
nh1eu xa tia X. Két qua dugc trinh bay ¢ hinh 3 cho
thdy mau nung & nhiét d6 150 °C da hinh thanh dang

Counts
1600 -

HITO3

Nguyén B4 Cuong va cong s

anatas, tuy nhién, do tinh thé cua vat liéu tao thanh
chua cao. O 450 °C, san phdm c6 cac pic dic trung
dang anatas ¢ 25,5°, 37,8° va 48,0°. Trong khi do, ¢
650 °C thi san pham thu dugc ngoai sy tén tai cua
dang thu hinh anatas con c6 su xuat hién cac pic dic
trung cua rutil ¢ 27,5°, 36,8° va 42,0°. Con khi nang
nhi¢t d§ nung 1én 900 °C thi dang thu hinh cua TiO:
hoan toan 12 rutil dugc thé hién & céc pic 27,5°, 36,8°,
42,0° va 53,8°.
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Hinh 3: Gian d0 XRD cua vt liéu TiO; sau khi nung & cac nhiét do khac nhau.
(a) - 150 °C; (b) - 450 °C; (c) - 650 °C; (d) - 900 °C

Tir két quéa khao sat nhiét do nung hinh thanh
TiO,, ta c6 thé thay sy hinh thanh cac pha thu hinh
cia TiO, ché tao tir ilmenit bang phwong phép
hydrosunphat phu thugc chu yéu vao nhiét do nung.
San pham tao thanh c6 thé 1a dang anatas hoic rutil
hodc hon hop phu thudc vao nhiét do nung. Pac trung
vt liéu hinh thanh & cac dang thu hinh khac nhau
cling khac nhau, tuy thudc vao muc dich str dung vat
liéu ma ta c6 thé lua chon va diéu chinh nhiét do nung
hinh thanh san pham phu hgp. Cong trinh nay huéng
to1 viéc ung dung TiO> cho muc dich xuc tac quang
phan hiy hop chat hitu co doc hai trong mdi truong

nude. Két qua khao sat dugc trinh bay ¢ phan tiép
theo.

3.4. Panh gia kha ning xic tic quang phin hiy
metylen xanh

Buong chuzfm metylen xanh dugc xay dung ¢ nong do
tr Img/l dén 10 mg/l dugc thé hién trén hinh 4 va
bang 3.

Bang 3: Su phu thudc cua cuong do hap thu quang &
budc song 662 nm vao nong d metylen xanh

TT Cwma, mg/l Abs [662nm]
] 1,00 0,166
2 2,00 0,359
3 5,00 0,842
4 7,00 1,148
5 10,00 1,581

Phwong trinh dudng chuan duoc thiét 1ap la:
Cwms = -0,22293 + 6,37460.Abs vo1 R = 0,9984

Céc mau vat lidu duoc khao sat danh gia kha nang
xu ly metylen xanh dugc lya chon bao gdbm mau
anatas nung & 450 °C, mau hon hop anatas va rutil
nung & 650 °C va mau rutil tao thanh khi nung & 900
°C. Két qua so sanh kha ning xtic tc xir 1y cua céc
mau vat liéu khac nhau dugc trinh bay trong hinh 5
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dudi day cho thiy véi nong d6 ban dau 1a 8 mg/l, sau
khi chiéu sang 60 phit thi mau vat liéu hon hgp MB-
RA c6 kha ning xic tac xir Iy MB tot hon ca. Diéu
nay cho thay, vét liéu TiO, dang thu hinh anatas nung

[mg/]

8,04

6,0+

Conc

4,04

2,0+

0 0 1 L ] 1] L) L] ]
0oc 02 040 060 080 100 120 1,40 160

Abs [aU]

(AU]

8 2,00
3
1,004

Danh gia kha nang logi bo sqt..

& 450 °C (MB-A) c6 kha nang xuc tac quang tot hon
dang rutil nung ¢ 900 °C (MB-R). Tot hon ca la Vit
liéu hon hop cua ca hai dang thu hinh nay véi miu vat
liéu nung & 650 °C (MB-RA).

4,004
3,00+

0,00

. 1,00 T T 1 i |
400 450 500 550 600 650 70
WaveLength (nm]

Hinh 4: D6 thi duong chuin MB & ndng do tir 1 mg/l dén 10 mg/l twong tng véi do hap thu quang & bude
song 662 nm

~==MB0
e M B- R
e MB-A
“—eMB-RA

Value, AU

Wave length, nm
Hinh 5: Ph6 UV-Vis ctia dung dich metylen xanh
trude (MBO) va sau xtr Iy quang x1c tac vdi cac mau
vat liéu khac nhau

Mau vt liéu hon hop ctia hai dang thu hinh anatas
va rutil nung ¢ 650 °C dugc danh gia kha nang quang
xuc tac xir Iy MB bang anh sang kha kién véi thoi

gian phan g khac nhau.
14

—MBO
——MB-RA
e MB-RA120
e VM B-RA180
s MB-RA240
e M B-RA360
e M B-RAA00

Wave length, nm
Hinh 6: Pho UV-Vis cua dung dich metylen xanh
trude (MBO) va sau xtr Iy quang xtc tac voi mau vat
liéu hon hop RA sau cac thoi gian khac nhau

Két qua thu dugc tai hinh 6 va bang 4 cho thay
voi vat liéu hon hgp ndy c6 kha nang xur ly MB bang

anh sang mat troi sau 240 phit voi hiéu suat xir [y >
90 %. Tuy nhién, khi kéo dai thoi gian phan (g thi
hiéu suat xir 1y khong tang dang ké. Véi dir liéu nay
ta ¢6 thé lya chon diéu kién tmg dung vat liéu trong
thuc té.

Bang 4: Kha nang xtr Iy quang xtic tac metylen xanh
cta vat li¢u TiO, dang thu hinh hon hop.

TT Kyhiéumau Abs, AU Cys, mg/l  H, %

1 RA-60 0,5445 3,248 59,40
2 RA-120 0,3845 2,228 72,15
3 RA-180 0,2425 1,323 83,46
4 RA-240 0,1409 0,675 91,56
5 RA-360 0,1278 0,591 92,61
6 RA-400 0,1122 0,492 93,85

4. KET LUAN

Két qua nghién ctru va khao sat qua trinh loai bo st
va luu huynh c6 trong thanh phan san pham TiO;
duoc ché tao tir quing ilemnhit Binh Dinh bang
phuorng phap hydrosunphat cho thdy, viéc rira nhiéu
lan v&i nude sé gitp loai bo duoc ion Fe?* trong dung
dich trudce khi thyc hién qua trinh thuy phan va loai
bo S triét dé & nhiét do nung tao thanh pham 1a 450
°C. Ngoai ra sy hinh thanh cac pha thu hinh cua TiO;
ché tao tur ilmenit bang phwong phap nay phu thude
chu yéu vao nhiét d6 nung ma san pham tao thanh co
thé 1a dang anatas hodc rutil hodc hon hgp. Vi the
viéc lua chon k¥ thuét va ché do cong nghé san xut
TiO; dugc thyc hién tuy thude vao ung dung sin
pham. So sdnh kha ning x{ic tac xtr ly cua cac mau
vat liéu khac nhau cho thdy, vat liéu TiO, dang thu
hinh anatas nung ¢ 450 °C c6 kha nang Xuc tac quang
t6t hon dang rutil nung & 900 °C va tot hon ca 1a vat
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. +Anhop cua ca haj dé::lflg thu hinh nay véi miu vat
jieuh s 650 °C. Vat li€u hon hop nay c6 kha néﬂg

ligu 1

bang anh sang mat trdi sau 240 phuat véi

1 ,
ﬁ}’éuysuét i 1§ > 90 %.
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