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Nghién ctru tong hop TiO: tir tinh quing limenit
bang phwong phap kiém néng chay
Synthesis of TiO2 from limenite ore using the molten salt method
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TOM TAT

Da nghién ctru téng hop TiO; ttr tinh quéng ilmenit (chira 80,48 % TiOy; 9,65 % SiOz; 4,84 % ZrOy; 1,36
% Fe20s3,... ) bdng phwong phép kiém néng chay. Tinh quédng limenit duwoc khdo sét trong qua trinh thiéu
kiém véi céc ché do: ti 1é NaOH/ilmenit (0,9 - 1,2), nhiét d6 (500 - 650 °C) trong 60 phut. Két qué nghién
ctru cho théy hiéu suét thiéu dat két qua cao nhét la 95 % khi ti 16 NaOH/ilmenit Ia 1,1/1,0 & nhiét do 550
°C trong 60 phut. Thiéu phdm sau dé duroc hoa tach trong nuéc tao thanh H.TiO3 va mét sé tap chét hoa
tan vao nwéc duoc loai bé céc chét tan. Hop chét ran tiép tuc duoc hoa tach trong axit HCI va khéo séat &
cac ché dé nhu: nbéng do axit (10 — 25 %), nhiét dé (25 - 80 °C), thoi gian (45 - 90 phat). Hoa téch trong
axit HCI ¢6 néng dé 20 % & nhiét d6 60 °C trong thoi gian 60 phut dat hiéu suét téi da la 97 %. Két thic
qua trinh, dung dich hoa tach duoc thiy phén & 100 °C thu dwoc két tia TiO(OH),, két tia duoc nung &
900 °C trong 120 phat, sén phdm dat 92 % TiOs.

Ter khod: tinh quéng ilmenit, titan dioxit, kiém néng chay.
ABSTRACT

In this study, the titanium dioxide was synthesized from ilmenite ore concentrate (containing 80,48 %
TiO2 9,65 % SiO2 4,84 % ZrOy 1,36 % Fe20s,...) using the molten alkali method. The alkali roasting
process was investigated under various conditions: NaOH/iimenite mass ratio (0.9 — 1.2), reaction
temperature from 500 to 650 °C for 60 minutes. These experimental results showed that the highest roasting
efficiency was 95 % when NaOH/ilmenite ratio was 1,1/1,0 at a temperature of 550 °C for 60 minutes. The
roasted product was then leached in water to form H>TiO3 solid and remove soluble impurities. The solid
was further leached in HCI acid under different conditions: acid concentration (10 — 25 %), temperature (25
- 80 °C), time (45 — 90 minutes). The highest leaching efficiency of 97 % was achieved under the condition
of 20 % acid concentration at a temperature of 60 °C for 60 minutes. At the end of the process, the leached
solution was hydrolyzed at 100 °C, resulting in a precipitate that was calcined at 900 °C for 120 minutes,
producing a product with 92 % TiO».

Keywords: ilmenite, titan dioxide, molten alkali method.
1. MO PAU trong trong coéng nghiép nhw: son pha, gidy,
nhwa,...Theo théng ké, trén 95 % lwong quang

Sac 10 fitan dioxit (TiOz) khong doc, ben chtra titan dung cho san xuét TiO,, san xuét

mau, bén nhiét, bén hoa hoc va c6 dé phan

_, A i R i titan kim loai va cac hop chét khac [1,2]. Viét
chiéu cao. Sac t6 TiO; la san pham rat quan
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Nam cé tri¥ lwgng I&n quang titan (khoang 650
triéu tan khoang vat titan cé ich), chu yéu la
duwéi dang ilmenit sa khoang ven bién. Hién
nay, tinh hinh ché bién quang titan & nwéc ta
mé&i chi dirng lai & khau lam giau quang va co
mot sb co s& luyén xi titan v&i ham lwong TiO;
khoang trén 80 %. Hang ndm, nwdc ta van
dang phai nhap kh4u té¢i hang ngan tan sac t6
TiO2 [3]. Cho dén nay, sac t6 TiO, dwoc san
xuét quy md cong nghiép bang hai phuong
phap sunfat hoac clorua [1,3]. Quy trinh céng
nghé va thiét bi ché tao pigment bang hai
phuwong phap nay kha phic tap, khéng phu
hop véi nguyén liéu chiva ham lwong titan thap
(nghéo titan) nhw tinh quang Ti va xi titan. Hon
mot thap ky gan day, ngoai hai phwong phap
néu trén, cac nha luyén kim thé gi¢i da va dang
nghién ctru mét sé phwong phap méi, trong dé
c6 phwong phap kiém néng chay [4-13].
Phuwong phap kiém néng chay dwoc nghién
ctu rdng rai véi nguyén liéu cha yéu la xi titan
v&i ham luong TiO2= 80 %. Tuy nhién gan day,
mot s6 nha nghién clru trén thé gidi da nghién
clru qua trinh nay bang cach s dung truc tiép
tinh quang limenit v&i ham lwgng TiO2 < 60
wt.%) dé tdng hop TiO2 [11,13]. Xuét phat tir
thwe té trén, bai viét nay dé cap dén hudng
nghién cru téng hop TiO2 tir tinh quéng ilmenit
(chtra 80,48 % TiO2; 9,65 % SiO2; 4,84 % ZrO2;
1,36 % Fez0s,... ) bang phwong phap kiém
néng chay sé thu duoec titan dioxit chat lwong
cao ttr nguyén liéu la tinh quang ilmenit.

2. THU'C NGHIEM
2.1. Nguyén liéu

Nguyén liéu dwoc st dung dé nghién ctru
la tinh quang ilmenit (hinh 1), két qua phan tich

nhidu xa Ronghen (hinh 2) cho thdy thanh
phan khoang vat cla tinh quang la Fe,TiOs,
FeTiOs, rutin va anatas. Thanh phén héa hoc
cla tinh quéng ilmenit dwoc danh gia qua két
qua phan tich huynh quang tia X (XRF) (bang
1), ham lwgng 80,48 % TiOg; 9,65 % SiO2; 4,84
% ZrO, va mot sbé hop chat khac, trong d6 c6
1,36 % Fe20s, phan I&n sat da dwoc loai bd
sau khi tuyén tlr quang ilmenit.

Hinh 1. Tinh quang ilmenit

Anatas
Rutile
Fe,TiOs
FeTiO,

<o n

Cuong do

20 40 60
Goc 2 theta

Hinh 2. Gidn d6 nhiéu xa Ronghen cta tinh
quéang ilmenit
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Bang 1. Thanh phan héa hoc tinh quéng ilmenit

Thanh phan TiO2 | SiO2

ZrO; AlbO3z | SnO, | FexO3 | Khac

80,48 | 9,65

Ham lwong (wt.%)

4,84 2,44 1,78 1,36 1,89

2.2. Quy trinh thwe nghiém

Quy trinh thyrc nghiém dwoc cho trén nhw hinh

3.

Tinh quang Ilmenite

v
Thiéu @— NaOH

v

Hoa téch trong nwéc  [«€— H,0
v

Can (Khoéng tan)
v
Hoa tach trong axit ——HCI

¢ Dung dich TiOCl,

Thuy phén

¢ Két tua TiO(OH),

Nung

v

TiO,

Hinh 3. So dé thuc nghiém
Qua trinh thiéu dwoc thwe hién nhu sau:

Tinh quang ilmenit tron déu voi NaOH theo
tinh toan. Phéi liéu dwoc cho vao cdc niken va
nung trong 16 budng dé thwc hién qua trinh phan
hay tinh quang ilmenit.

Muc dich cda qua trinh thiéu tinh quang ilmenit
trong NaOH 1a chuyén TiO thanh Na;TiO; theo

phén ng 1-3 va mot sb dxit tap vé dang cac mudi
tan [6].

2FeTiO3 +4NaOH + %202 = 2Na,TiOs + Fe03 +
2H20 (1)

Fe-TiOs +2NaOH = NazTiOs3 + Fe203 + H20 (2)
TiO2 +2NaOH = NaxTiO3 + H20 (3)

Hiéu suét thiéu tinh quang ilmenit 1a dai lwgng
danh gia lwgng titan phan huy tir tinh quang ban
dau va duoc tinh bang cong thirc:

n (%) = (Ham lwong titan sau khi thiéu
(NazTiOs)/Ham Iwgng titan trong tinh quang
lImenit) x 100 %

Qua trinh thiéu phan hdy dwgc nghién clru
khao sat cac yéu td nhiét do, ty 1& khdi lwong
NaOH/ilmenit nhw sau:

- Ty I& khéi lwong NaOH/ilmenit: 0,9; 1,0; 1,1;
1,2.

- Thoi gian (phut): 60 phuat
- Nhiét do6 (°C): 500; 550; 600; 650.

San phdm sau thiéu duwoc hoda tach trong
nwéc & 60 °C, ty 1& L/R (thé tich, mi/khdi lwong,
g): 10/1 trong 15 phut.

NaxTiOs dwoc hoa tach trong dung méi nwéc
tao thanh H.TiOs (ran) theo phan trng 4, mot sb
tap chéat (Mn, Al, Si, ...) hoa tan vao nwéc dwoc
loai bé sau qua trinh lgc, rtra [5,10]:

Na,TiO3 + H20 = H2TiO3 + NaOH 4)

San pham ran tiép tuc dwoc hoa tach trong
dung dich axit HCI theo phan t&ng 5:
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H,TiOs + 2HCI = TiOCl, + 2H,0 (5)

Céc thdng sb khao sat trong qua trinh nay la
nhiét d9, thdi gian va néng do axit. Cac ché do
dwoc Iwa chon la:

- Nhiét do (°C): 25; 40; 60; 80.
- Ty 1& L/R: 10/1.

- Néng d6 axit HCI (%): 10; 15; 20; 25.
- Thai gian (phat): 45; 60; 75; 90.

Hiéu suat hoa tach duwoc tinh bang cong thirc
sau:

1 (%) = (Lwong titan tan vao dung dich/ Luwong
titan trwdc khi hoa tach) x 100 %

Dung dich sau hoa tach dem thiy phan & 100
°C thu dwoc két tha TiO(OH),. Sau dé, két tha
TiO(OH)2 dwoc nung & 900 °C trong 2 gi¢ thu
dwoc san pham TiO..

3. KET QUA VA THAO LUAN

3.1. Qua trinh thiéu tinh quang ilmenit trong
NaOH

Dé Iwa chon ché dd thiéu phu hop, cac yéu td
anh hudng dén qua trinh nhuw: ty 18 khdi lwong
NaOHy/ilmenit, nhiét d6 thiéu da dwoc khdo sat.

Anh hwéng cla nhiét d& dén hiéu suét thiéu
ilmenit trong NaOH da dworc trinh bay & bang 2
va hinh 4. Qua d6, nhan thay khi nhiét do thiéu
tang tlr 500 I&n 550 °C thi hiéu suét thiéu TiO;
cling tang (ttr 87 1én 91 %) do sw chdy lodng cua
NaOH. Tuy nhién, trén 550 °C thi hiéu suét thiéu
TiO2 thay déi khéng dang ké&, cé xu hwdng gidm
nhe khi tdng nhiét d6 dén 600 °C (90 %). Diéu nay
c6 thé Ia do khi thiéu & nhiét dd qua cao thi san
pham sé bi déng ran lam cho kha nang phan (rng
bi giam, gay kho khan cho qua trinh hoa tach tiép
theo [4,10,12].

Bang 2. Anh huéng cua nhiét d6 dén hiéu suét

thiéu TiO2
STT | Nhiét do (°C) 1 (%)

1 500 87
2 550 91
3 600 90
4 650 90
100 ¢

S

o) i

e 0 .ﬁ.‘_.

3

2

-1‘5 80 B

2

=70

500 550 600 650
Nhiét d6 (°C)

Hinh 4 Anh huéng cta nhiét do thiéu dén hiéu
suét thiéu TiO.

Anh huwéng cuta ty 1&6 NaOH/ilmenit theo khdi
lwong dén hiéu suét thiéu da dwoc trinh bay &
bang 3 va hinh 5. Két qua thwc nghiém cho thay,
tang ty 1& NaOH/ilmenit tr 0,9 dén 1,1 thi hiéu
suat thiéu TiO, tdng nhanh tir 87 1&n 95 % va ting
khong dang ké & ty 1é 1,2. Tang lwong kiém sé
lam tang kha nang phan &ng, tuy nhién tang chi
phi tiéu hao nguyén liéu va xt ly méi treeong [12].
Nhw vay, ty 18 khéi lwong NaOH/ilmenit 1,1/1,0
dwoc lwa chon cho cac khao sat tiép theo.
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Bang 3. Anh huéng cua ty 16 NaOH/ilmenit dén
hiéu suét thiéu TiO2

STT NaOH/ilmenit n (%)

1 0,9 87

2 1,0 91

3 1,1 95

4 1,2 96

__ 100

S

'S 90 | /

B

=i

\<§ 80 |

= 70 . . . .
0,9 1.0 1,1 1.2

Ti 1€ NaOH/Ilmenite

Hinh 5. Anh huéng cua ty 16 NaOH/ilmenit dén
hiéu suét thiéu TiO2

Nhw vay, ché dd phan huy dwoc Iwa chon cho
qua trinh hoa tach la:

- Nhiét do: 550 °C

- Th&i gian: 60 phat

- Ty I&€ NaOH/ilmenit: 1.1/1.0
3.2. Qua trinh hoa tach trong axit HCI

Qua trinh hoa tach dwoc khao sat bdi anh
hwéng cta cac yéu t6: ndng dd HCI, thdi gian,
nhiét do.

Anh huéng ctia ndng dd axit HCI dén hiéu
suat hoa tach TiO, d& dwoc trinh bay & bang 4
va hinh 6. Két qua cho thay, hiéu suét hoa tach
TiO2 tang tir 91 1&n 97 % khi tdng ndng do axit

HCI tir 10 1én 20 %. Trong qua trinh thwc nghiém,
khi tdng néng dd6 HCI da xay ra qua trinh thay
phan nén lam giam ham lwong TiO2 trong dung
dich do cac tap chat khac dé bj hoa tan vao dung
dich gay khé khan cho qua trinh thdy phan. Mat
khac, néng dd axit cao dan dén nguy co &n mon
thiét bi, gidm tudi tho cua thiét bi. Vi vay, néng do
axit HCI 20 % dwoc chon cho qua trinh nghién
ctu tiép theo.

Bang 4. Anh huéng cta nbng do axit dén hiéu
suét hoa tach TiO;

STT Cw Hei (%) n (%)
1 10 9
2 15 95
3 20 97
4 25 95
~ 100
s
"O: /./.\'
= 90 |
=
8
g
< 80 f
\.(E
(5-
w70 . . . .
10 15 20 25
Nong d6 HCI (%)

Hinh 6. Anh huéng ctia nong dé axit HCI dén
hiéu suat hoa tach TiO;

Anh huéng cla thoi gian dén hiéu suét hoa
tach TiO, da dwoec trinh bay & bang 5 va hinh 7.
Két qua cho thay hiéu suét TiO, tdng nhanh khi
thoi gian tir 45 dén 60 phat. Nhwng néu kéo dai
thoi gian hoa tach (trén 60 phat) thi hiéu suét hoa
tach giam, ham lwgng titan trong dung dich hoa
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tach thap cé thé xdy ra hién twong thdy phan
TiO2, két tha titan di vao can gay ra hiéu suét lai
giam. Nh¢ vay thoi gian hoa tach 60 phat dwoc

chon.

Béng 5. Anh huéng cua thoi gian dén hiéu suét

hoa tach TiO>

STT | Th&i gian (phut) n (%)
1 45 78
2 60 97
3 75 89
4 90 88
100
X
;U 9 F
g
= 80 |
7
5.

T 70 - : -
45 60 75 90
Thoi gian (phit)

Hinh 7. Anh huéng ca thoi gian hoa tach dén
hiéu suat hoa tach TiO;

Nhuw vay, ché dd hoa tach phu hep la:
- Nhiét do: 60 °C
- Th&i gian: 60 phat
- Néng d6 axit HCI: 20 %
-Tylé L/R: 101
3.3. Qua trinh thuy phan

San pham cla qua trinh hoa tach 1a TiOCl,
duwoc thdy phan & nhiét dd 100 °C tao két tha
TiO(OH),. San phdm dwoc nung tao TiO..

Ti** + 2H,0 = TiO(OH), + 2H* (6)
3.4. Nung tao TiO;

Két tha TiO(OH)2 dwoc nung & nhiét d& 900
°C trong 2 gi¢ theo phan &ng:

TIO(OH)z 5 TiOz + H20 (7)

San pham clia qua trinh nung TiO, dwoc phan
tich thanh phan héa hoc bang thiét bi phan tich
huynh quang Ronghen cho thdy san pham thu
duwoc chira 92% TiO2 (bang 6). Thanh phan pha
xac dinh b&i nhidu xa Ronghen cho thdy san
phém TiO2 c6 céu tric dang anatas va rutiler
(hinh 8).

Bang 6. Thanh phan héa hoc san pham TiO2

Thanh phan Ham lwong (%)
TiO2 92,38
ZrO2 4,21
SiO2 2,72
K20 0,30
F6203 0,10
Nb2O3 0,29
- @ Anastase TiO,
= Rutin TiO,
e
o
£
..u"!
.
Tl e
It i | .'\ 1 oe ©
[— M“M \-..-J\"‘ *W\M-n

10 20 30 40 50 60 70 80

Goc 2 theta

Hinh 8. Gidn d6 nhiéu xa Ronghen san phdm
TiO>
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4. KET LUAN

Titan dioxit dwgc tbng hop tir quang ilmenit bang phwong phap kiém néng chay NaOH. Tinh quang
duwoc thiéu véi NaOH & nhiét d6 550 °C trong th&i gian 60 phut va ty 16 NaOH/ilmenit 1,1/1,0; hiéu
suét thu héi 95 %. Ché dod hoa tach axit HCI 20 % & nhiét d 60 °C, thdi gian 60 phuat dat hiéu suat
hoa tach cao nhat. San phdm TiO2 sau khi nung c6 d6 sach 92 %. Két qua nghién ctu cho thay tinh
quang limenit & Viét Nam c6 thé st dung dé diéu ché TiO2 c6 do tinh khiét cao va sé dwoc tiép tuc
nghién cru dé xac dinh cac thong sb tbi wu nhét trong thoi gian toi.
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