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Nghién ciiu ché tao Ti0, tif quang ilmenit bang phudng phap hydrosunfat

Tran Vin Chinh’, Nguyén Thi Hoai Phuwong

Vién Hoa hoc - Vat liéu, Vién Khoa hoc va Cong nghé Qudn su
Ngay nhén bai 21/12/2016, ngay chuyén phan bién 23/12/2016, ngay nhan phan bién 9/1/2017, ngay chip nhan dang 16/1/2017

IImenit 12 mét khodng vat quan trong cé gia tri kinh té, né dwoc sir dung dé ché tao kim loai titan, bot mau
titan dioxit va vat liéu xic tac quang. Bai bao trinh bay phwong phap méi diéu ché pigmen TiO, tir quiang
ilmenit. Phu’o’ng phap nay bao gom cac giai doan: nung quing ilmenit véi kali hydrosunfat hoa tan san
pham nung bang dung dich H,SO,; thiy phan dung dich va nung san pham Nghién ctru vé sw anh huwéng
cia nhiét d¢ phan ung, kich thu’(rc hat, ty 1€ Kkhdi lwgng FeTiO,:KHSO,, nf)ng do ax1t sunfuric cho théy,
diéu kién t6i wu ciia phan ung la ¢ 600°C trong 2 gio, ty I¢ F eTIO KHSO =1:7, nong do axit sunfuric

5-7%.
Tir khoa: ilmenit, pigmen, titan dioxit, vit liéu.

Chi s6 phén lai: 1.4

Study on manufacturing Ti0, from ilmenite ore
by hydrogen sulfate method

Summary

Ilmenite (FeTiO,) is an economically important
mineral, used as the source of making titanium
metal, titanium dioxide (TiO,) pigment, and
photocatalysts. In this study, a novel process
for producing TiO, pigment from ilmenite is
presented. This process includes the burning
of ilmenite with potassium hydrogen sulfate
(KHSO,), dissolution of the burnt product in
acid (H,SO,), hydrolysis, and calcination. The
significant effects of reaction temperature,
particle size, and potassium hydrogen sulfate-to-
ilmenite mass ratio were studied. The optimum
conditions were found to be 2 hours at 600°C;
using FeTiO,:KHSO, mass ratio of 1:7; and 5-7%
sulfuric acid solution.

Keywords: ilmenite, material, pigment, titanium
dioxide.

Classification number: 1.4

"Tac gia lién hé: Tel: 0989989926, Email: chinhpkkq@gmail.com

TAP CHI

HOA HOC
ONG NGHE I} Nam 14(3) 3.2017

Mo dau

Titan dioxit (TlO ) 1a mot trong nhitng vat li¢u dugc
su dung nhiéu nhét trong nganh cong nghiép héa chat,
¢6 nhiéu tng dung trong nhiéu linh vyc khac nhau.
Bot mau TiO, c6 kha nang chiu dugc su thay d6i khic
nghlet cua khl hau, khong c6 doc tinh, rat bén mau va
bén hoa hoc, ¢6 dd phan chiéu cao, nén dugc su dung
rong rai trong nganh son, cong nghiép gidy, nhudm, in
mau, lam xuc tic quang xir Iy moi truong, kem chéng
nang, vét liéu khang khuén, dién tu... [1-3].

Trong tu nhién, titan khong ton tai & dang kim loai
nguyén chat, n6 két hop vai oxy va cac nguyén té khac
tao thanh cac khoang vat. Hi¢n c6 khoang hon 60 loai
khoang ¢ chtra titan voi ham lwong khac nhau. Pho
bién nhét 1a titan ton tai trong quang ilmenit (FeTiO,),
rutil (TiO,), perovskit (CaTiO, ) sphen (CaTiSiO,)...
[4]. Trong d6 quang ilmenit chiém khoang 92% lugng
tiéu thy quang titan trén thé gidi. Viét Nam dugc danh
gi4 1a nude cd ngudn tai nguyén sa khoang titan déng
ké, dung thir 6 trén thé gidi, duge phan bé trai dai sudt
doc bo bién tir Béc toi Nam. Quang ilmenit dugc dung
chu yéu dé diéu ché pigmen TiO,.

Hién nay trén thé gidi co hai quy trinh chinh dé san
xudt pigmen TiO, thwong mai: quy trinh sunfat va quy
trinh clorua. Quy trinh sunfat su dung axit H,SO, ddm
dic (94-98%) dé phan huy quang ilmenit & nhlet do
200-220°C [5]. Trong quy trinh clorua, quang ilmenit
duoc tron véi than cdc va suc khi clo di qua ¢ nhiét
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d6 900-1000°C, thu dugc san pham trung gian 1a TiCl .
[6].

Ngoai hai quy trinh thwong mai héa trén, cac phuong
phap khac nghién ctru diéu ché TiO, tir quang ilmenit
sir dung tac nhan phan hiy quang nhu NaOH, KOH,
NH,F [7, 8]. Trong bai bao nay, ching toi nghlen ciru
kha nang diéu ché TiO, tir quang ilmenit bang cach sir
dung kali hydrosunfat (KHSO ) lam tac nhan phan huy
quang. Két qua nghién ciru trong bai bao nay nham tim
ra mot phuong phap méi xtr Iy quing va thu hoi TiO,
v6i hiéu suét t6i wu.

Thuc nghiém
Héa chit, thiét b

- Cac hoéa chét st dung bao gom: KHSO,; H,SO,
98%; quang ilmenit Binh Pinh.

- Thiét bi, dung cu: 10 nung nhi¢t do cao; tu séy;
thiét bi gia nhiét, khuay tir; may hut chan khong; bo
rdy phan loai kich thudc hat; dung cu thuy tinh.

Quy trinh ché tao Ti i0,

Hoén hgp KHSO , Va quang ilmenit dugc nung trong
mot thoi gian nhat dinh, phan ng dwoc mé nhu sau:

2FeTiO, + 2KHSO, =K, Ti,0, + 2FeSO, +H,0 (1)

San pham sau phan Gmg dugc nghién, sau d6 ria
bang nudc de loai bé madt so tap chat va hoa tan trong
dung dich H,SO, loang:

K,Ti,0, +3H,S0, = 2TiOSO, + K,SO, + 3H,0

277275 (2)

Loc dung dich thu dugc m, (g) chat rin khong tan,
thuy phan dung dich sau loc ¢ nhiét do khoang 90-
IQOOC thu dugc két tia axit metatitanic H,TiO,. Loc
két tﬁaﬂvé nung & phiét d6 400-500°C thu dugc m, (g)
san pham TiO,. K€t qua dugc tinh nhu sau:

™ 100

. A 5 —
Hi¢u suat phan huy: H, (%) =

Hiéu suét thu hdi TIO: H, (%) = —2
2,65

b

2,65 1a khoi luong TiO, co trong 5 (g) quang ilmenit
theo 1y thuyét.

Khao sat cac yéu to anh hudng t6i hiéu sudt thu
hoi va hiéu suat phan hily quing nhu: ty 18 khéi lugng
ilmenit/KHSO,; thoi gian phan huy quang; kich thudc
quang; nhiét dQ phan huay; nong do H,SO, dé tim ra
dicu kién t61 uvu cho phuong phap.
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Phwong phap nghién ciru

- Thanh phéan pha duoc phan tich bang phuong phap
nhiéu xa tia X (XRD) trén thiét bi X Pert Pro tai Vién
Hoa hoc - Vat li¢u (Vien KH&CN Quan su).

- Hinh théi hoc dugc xac dinh theo phuong phap
hién vi dién tr quét SEM tai Vién Khoa hoc Vit liéu
(Vién Han lam KH&CN Viét Nam).

- Phan tich thanh phan hoa hoc bang phd tin xa
nang luong tia X (EDX) tai Vién Khoa hoc Vat li¢u
(Vién Han 1am KH&CN Viét Nam).

Két qua va thao luan

Diic diém qudng ilmenit

Quang ilmenit duoc 14y tir Nha may khoang san
Binh DPinh (BIMICO). Sau khi trai qua cac qua trinh
tuyén tach, quing ilmenit c6 mau den, thanh phan c&
hat va thanh phan héa hoc duoc trinh bay trong bang
1 va bang 2.

Bdng 1: thanh phén ¢& hat ciia qudng ilmenit

Cd hat d (mm) % Khdi lrgng
>0,35 1,7
0,16 - 0,35 49,7
0,08 - 0,16 46,3
<0,08 2,3

Quang ilmenit c6 kich thudc hat twong dbi nho min,
kich thudc hat chii yéu tir 0,08 dén 0,35 mm (96% khdi
lugng).

Bang 2: thanh phan héa hoc cia qudng ilmenit

TiO, | FeO | ALO, | SiO,

52,96 | 39,85 | 3,23 3,03

MnO
0,93

Oxyt

% Khdi luong

Tir két qua bang 2 cho thdy, quing ilmenit Binh
Dinh c6 ham lugng TiO, kha cao (52,96%). Tap chat
con lai trong quing chu yéu 1a oxit sit (39,85%),
ngoai ra con ¢ cac oxit khac nhu Al O, (3,23%), SiO,

(3,03%) va MnO (0,93%).

Nung quang ilmenit voi KHSO,

San pham cia qua trinh nung quing ilmenit v&i
KHSO, ¢ nhiét d§ 600°C, ty 1¢ ilmenit:KHSO, = 1.7
(theo khdi luong) trong 2 gid sau khi rira bang nude
cat dugc phan tich theo phuong phép nhiéu xa tia X
va chup dudi kinh hién vi dién tir quét SEM. Két qua
dugc thé hién & hinh 1 va hinh 2.
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Hinh 1: gian do nhiéu xa tia X cia san pham nung hén hop ilmenit/KHSO,

A
5

IMS-NKL 5.0kV 4.2mm x10.0k SE(M)

Hinh 2: anh SEM ciia san phdm nung hén hop ilmenit/KHSO ,

Két qua phan tich nhidu xa tia X thdy rang, san
pham chinh cta qua trinh nung quing ilmenit véi
KHSO, chinh 1a K, Ti,O, (hinh 1). K, Ti,O, ¢6 cau tric
hinh que x¢&p sit nhau (hinh 2).

Khdo sdt cdc yéu to anh hwéng t6i hiéu sudt phin
huay quang ilmenit va hi¢u sudt thu hoi TiO,

Sw anh huwong cua nhiét do. thuc nghiém dugc tién
hanh theo quy trinh ché tao trong diéu kién nhu sau:
léy 3 mau quing ilmenit c6 kich thudc 0,08-0,16 mm,
mdi mau 5 g tron déu véi KHSO , theo ty 1€ khdi lwong
1:7; thoi gian phan huy 2 gio; nhiét d phan huy lan
luot 14 400; 500; 600 va 700°C. Két qua khao sat sy
anh huong ctia nhiét do dén hiéu suat phan hay quing
va hi¢u suat thu hdi TiO, duoc trinh bay & bang 3.

Bang 3: sw anh hwong cua nhiét do

Nhiét dé, °C 400 | 500 600 700
H, % 10 | 31,6 | 855 86,2
H,, % - 235 | 711 72,5

Tir bang 3 thdy rang, phan huy quing ¢ nhiét do
600°C va 700°C cho hiéu sudt phan hiy va hiéu suat
thu hoi TiO, 1a cao nhét. O nhiét do 700°C thi hi¢u suét
phan hay va hiéu suat thu hdi ting khong déng ké so
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véi 6 600°C, do d6 lua chon nhiét d6 tdi wu cua phan
ung phan huy quang 1a 600°C.

Anh hwéng ciia thoi gian phan ieng phdn hity qudng:
thuc nghiém dugc tién hanh nhu sau: hdn hop quing
ilmenit va KHSO, dugc tron theo ty 1€ 1:7; nhiét do
phan tng 600°C; kich thudc quang 0,08-0,16 mm; thoi
gian phan hily quang lan lugt 1a 1 gio, 2 gio va 3 gio.
Két qua khao sat sy anh hudng cua thoi gian dén hiéu
sudt phan hay va hiéu suat thu hdi duoc thé hién trong
bang 4.

Bang 4: sw dnh huong cua thoi gian

Thoi gian, gio 1 2 3
H, % 75 85,5 84,7
H,, % 39,2 71,1 70,8

Nhu vay, thoi gian phan tng dién ra trong 2 dén 3
gio cho hiéu suét phan hily quing va hiéu suét thu hdi
14 khé cao. V&i muc dich kinh té, chi thuc hién phan
ung trong 2 gio la du.

Anh hwong cua ty ¢ FeTiO KHSO,: nhiét do
phan Urng phan huay la 600°C trong 2 gio; kich thudc
qgéng 0,08-0,16 mm; ty 1€ quéng ilmenit:KHSO, tha’y
doi lan luot 1a 1:3; 1:4; 1:5; 1:6; 1:7; 1:8 (theo khoi
luong). Két qua khao sat sy anh hudng cia ty 1é quing
ilmen‘it:KHSO 47dén hiéu suit phan hay va hiéu suét
thu hoi dugce the hién trong bang 5.

Bang 5: sy anh huong cua ty I¢ FeTiO :KHSO,

FeTiOszKHSO4 1:3 | 1:4 | 1:5 | 1:6 1:7 1:8

H, % 42 | 48 | 58 |75/4| 855 | 85,7

H,, % 23,2 123,8|43,8]63,5| 71,1 | 70,5

Khi tién hanh diéu ché TiO, trong cung mot didu
kién v€ nhi¢t d9, thoi gian, kich thudc quang ilmenit,
chi thay doi ty 1¢ FeTiO,:KHSO, thi hiéu sudt phan
huy quang va hi¢u suat thu hoi tang 1én theo su tang
ty 1¢ khoi lugng FeTiO,:KHSO,. Theo bang 4, hiéu
suat phan huy va hi¢u suat thu hoi cao nhat ung véi
ty 1€ FeTiO,:KHSO, la 1:7 va 1:8. Khi tang ty 1¢
FeTiO,:KHSO, thi hi¢u suat phan huy quing va hi¢u
suat thu hoi gan nhu khong khong déi, do do lua chon
ty 1¢ FeTiO,:KHSO, = 1:7 la du d¢ phan (g xay ra véi
hiéu suat cao nhat.

Anh hwéng kich thwée hat quéing ilmenit: chuan
bi hai mau quing ilmenit c¢6 kich thudc hat lan luot
14 0,08-0,16 mm va 0,16-0,35 mm; mdi mau c6 khbi
lugng 14 5 g. Tién hanh diéu ché TiO, theo quy trinh
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ché tao: nhiét do phan huy 1a 600°C trong 2 gid; ty 1é
FeTiO,:KHSO, = 1:7; ndng d6 H,S0, 5% ta c6 két qua
nhu bang 6.

Bang 6: s dnh huong cua kich thuoc hat quang ilmenit

Kich thuéc hat quing d, mm H,, % H,, %
0,08<d<0,16 85,5 71,1
0,16 <d< 0,35 83,5 61,2

Tir két qua thu dugc thay rang, kich thudc tinh
quing cang nho thi hiéu suat phan huy cang I6n va
hiéu suét thu hoi cang cao. Quing thé hon c6 thé lam
giam bé mat tiép xuc giita cac chat tham gia phan tng,
do d6 1am giam téc d6 phan ing phan giai quing.

Anh hwong cia nong do H,SO, dén hiéu sudt thu
hoi TiO,: chuan bi 3 mu quang ilmenit, mdi mau cé
khdi lugng 5 g; kich thuéc quing 0,08-0,16 mm; ty
1¢ FeTiO,:KHSO, = 1:7; nhi¢t d¢ nung 600°C trong
2 gio. San phan sau nung dugc nghién va hoa tan bdi
dung dich H,SO, c6 ndng do 1an luot 1a 3; 5 va 7%. Két
qué sy anh huéng cta ndng do H,SO, dén hiéu suit thu
hoi TiO, dugc thé hién trong bang 7.

Bang 7: su anh huong cua nong @6 H,SO,

Nong d¢ H,SO,, % 3 5 7
H, % 78 | 855 | 86,7
H,, % 61,5 | 71,1 | 725

K Ti,0, khong tan trong nudc, nhung tan trong
dung dich H,SO,. D9 tan cua K,Ti,0, phu thudc vao
nong d¢ cua H,SO, va anh hudng t6i hi¢u xuat thu
héi TiO,. Hi¢u suat thu hoi cao, nghia la do tan cua
K,Ti O, tang. Theo bang 7, khi nong d9 axit tang thi do
tan cua K Ti,0, tang va thdy rang voi nong do H,SO,
tlr 5-7% thi hi¢u suat thu hdi TiO, la cao nhét.

Dac trung cia vit liéu TiO, diéu ché bting phuong
phadp hydrosunfat

Vatli¢u TiO, sau diéu ché duogc nung 6 500°C trong
3 gio, sau d6 xac dinh thanh phan cu tric pha theo
phuong phap nhidu xa tia X (XRD). Két qua dic trung
duoc trinh bay ¢ hinh 3.

Gian do XRD cho thdy chi xuét hién thanh phan
pha anatas duy nhit va cuong d6 pic kha manh tai cac
vi tri 20 1an luot 14 25,3°; 37,8°; 48,5° 53,9° nhu cong
trinh [1]. Diéu nay chimg t6, vat liéu TiO, da duoc diéu
ché thanh cong tir quing ilmenit.
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Hinh 3: gian do nhiéu xa tia X ciia vét ligu TiO,
Phé tan xa nang lugng tia X (EDX) cua vat liéu
TiO, da dugc chup d€ xac dinh thanh phan cac nguyén
to trong vat li¢u va dugc trinh bay ¢ hinh 4.
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Hinh 4: phé EDX ciia vt liéu TiO, duoc ché tao

Tir gian dd EDX ta thdy chi xuét hién dinh cua
hai nguyén t6 Ti (chiém 58,85% vé khdi lugng) va O
(chiém 41,15%), khong thay xuat hién cac tap chat,
ching té muc do tinh khiét cua vat liéu TiO, dugc ché
tao.

Tir két qua chup anh SEM (hinh 5) cho thdy, vat
li‘éu TiO, duoc diéu ché tur quang ilmenit‘cc') hinh t‘héi
cau tric rd rang, cac hat c6 dang hinh cau kha dong
déu, kich thudc tir 0,5-1 pum.

IMS-NKL 5.0kV 4.5mm x5.00k

Hinh 5: anh SEM cua vt liéu TiOZ
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Két luan

Dai ché tao thanh cong vatli¢u TiO, tir quang ilmenit
bang phuong phap hidrosunfat. Di€u kién toi uu cua
phuong phap 1a phan hiy quang ¢ 600°C trong 2 gio,
ty 1¢ FeTiO,:KHSO, = 1:7, ndng d axit H,SO, 5-7%.
Vit li¢u TiO, thu dugc 6 pha anatas, ¢6 dang hinh cau
kich thude tir 0,5-1 um. Uu diém ctia phuong phap sir
dung KHSO, la da chuyén quing titan sang dang trung
gian K Ti, O dé tan trong dung dich axit loang, do d6
giai quyet duoc van d& moi truong va dn mon thiét bi
nhu trong quy trinh sunfat. TiO, ché tao dugc co do
tinh khiét kha cao, kich thudc hat nho dong déu, do do
mo ra tiém nang tng dung lam vt liéu xdc tic quang,
cling nhu linh vuc san xuét son, chat déo va xir Iy moi
truong.
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