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Abstract

TiO, was manufactured from ilmenite ore by the ammonium sulphate method. This process is composed of three
stages: calcinating the mixture of the ore and ammonium sulfate; hydrolyzing the products of the calcination; and then
releasing water to obtain titanium dioxide. The products of the calcination of ore and ammonium sulfate and of the last
step were specified by XRD, EDX and SEM techniques. Products obtained at the condition: the mass ratio of
ore:ammonium sulphate was 1:7, the calcination held at 400°C in 2 hours were anatase. The withdraw efficiency of the
process reached 93,6%. This process has overcome the limitation of the acid method which uses condensed sulfuric acid
to decompose ilmenite ore which leads to releasing acid into the environment.

Keywords. Ilmenite, TiO,, ammonium sulfate, pigment.

1. MO DAU

Nho ¢6 cac tinh cht nhu d6 che phu cao, dd thim
dau t6t, bén moi truong, pigment TiO, 1a mot phu
gia mau tiéu biéu trong nganh cong nghiép san xut
son, myc in, pham nhudém, ... va la mot thanh phan
khong thé thiéu trong nganh hoa my pham [1].

TiO, trong cong nghiép dugc san xuat tir
nguyén liéu chinh la quang ilmenite (FeTiO;) hodc
quang rutile (TiO,) chi yéu bang phwong phap
sunphat (sulfate process) va phuong phap clorua
(chloride process).

Phwong phdp phén giai quing bang axit sunfuric
dugc tng dung tr cach day trén 80 nam, trong dé
quing ilmenite hodc xi titan ¢ ham lwong TiO, thap
(< 75%) dugc phan hity bang axit H,SO, dam dic
(98%), 1a phuong phép thong dung dé san xuét TiO,
dang anatase, tuy nhién néu kiém soat dwoc qua trinh
két tinh thi cling c6 thé san xuit dugc TiO, dang rutile
[2,3]. Nhuoc diém cua phuwong phap nay 1a luong
chét thai (axit sunfuric, FeSO,) 16n, nén viéc xur ly
chat thai phirc tap va ton kém [4].

Quy trinh clorua dugc thuong mai héa boi cong
ty Du Pont vio dau nhimg nam 1950 [1]. Cong nghé
nay khic phuc dugc van dé thai sat va axit trong qua
trinh sunphat. Pay la phuong phap don gian hon, thu
dugc TiO, tinh khiét cao, it chit thai hon (thuong
0,2 tan chat thai/tan TiO,), thiét bi cong nghé gon

nhe, ning sut cao. Tuy nhién, nhugc diém 1a
nguyén liéu déu vao yéu cau khit khe, ton nhiéu
nang luong va thai ra méi truong mot lugng 16n khi
COvaCoO, [5].

Ngoai 2 phuong phap truyén thong trén con cé
mot s6 phuong phap méi dugc nghién ciru, tidu
biéu nhu phuong phap phan giai quing bing céc
hop chét cua flo, nhu amoni florua (NH4F) HF,
NH,HF, [6, 7], phan gidi quing xay ra o pha ran nén
han ché duoc chat thai long, khong can thiét bi c6
dung tich 16n va ché d6 kiém soat &n mon cao, san
pham thu dugc s€ cd do tinh khiét cao, ham luong tap
chét thap tuy nhién vin dang vuéng vio van @ in mon
thiét bi cn phai giai quyét [7]. Quang ilmenite ciing
dugc phan huy bang dung dich KOH (ndng dé khéi
luong 80 %) [8] dé thu duoc TiO, ¢6 d6 tinh khiét
98,3 %.

Nhom tac gia [9] da sunphat hoa quing ilmenite
bang amoni sunphat (NH4),SO4) va thu dugc san
phim TiO, (ham lugng dat > 92 %). Quy trinh sir
dung cic hoa chit théng dung véi khoang nhiét do
khong cao, khong ton kém vé chi phi san xudt va
han ché dugc nhuge diém vé lugng axit thai loai ra
mdi truong cia phuong phdp sunphat dung axit
sunfuric dic.

Trong ndi dung bai bao nay trinh bay két qua
nghién ciru phan hay xi titan (titanium slag,
BIMICO) bang amoni sunphat dé thu TiO,.
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2. THUC NGHIEM
2.1. Héa chit, thiét bi

- Céc hoéa chét su dung bao gém: (NH4),SO, (tinh
khiét, Trung Qudc); xi titan cua quing ilmenite Binh
Dinh (BIMICO) chita 85 % TiO, (ky hiéu mau: MG-
02-07/14).

- Thiét bi, dung cu: 10 nung nhiét d6 cao; ti siy;
thiét bi khudy tir-gia nhiét; may hut chan khong; cac

Nghién cieu ché tao TiO, tir qudng...
dung cu thuy tinh.
2.2. Quy trinh ché tao TiO,

Qué trinh diéu ché TiO, tir quang ilmenite bang
phuong phip amoni sunphat gom 3 giai doan co
ban: nung hén hop quing va amoni sunphat; thuy
phan TiOSOy; sy, nung két tia TiO,.nH,O thu
TiO,. Quy trinh cy thé dugc thé hién trén hinh 1.

Quing + amoni sunphat

\L Nung (2+8 gio; 360+600°C)

Nudc cit | —>| gQan phém ran

Khudy 1 gio

Cén khéng tan
Dung dich lgc (TiOSO,)
Nuée loc Thuy phéan 100 °C, 1 gio
Két tiia trang
H,TiO;

\LSéy 100 °C, 2 gid

TiO, anatase

Nung loai luu
huynh, chuyén pha

TiO, rutile

Hinh 1: Quy trinh ché tao TiO,

Hiéu suét thu hdi TiO, dugc tinh theo cong thire:

nﬁﬂz thu diree

T
H(%) = g5 * 100

guing
2.3. K¥ thuat danh gia

- Thanh phan pha cic mau dugc phéan tich bang
phuong phép nhidu xa tia X (XRD) trén thiét bi
X’Pert Pro tai Vién Héda hoc - Vit li€u (Vién
KH&CN Quan su).

- Hinh thai hoc dugc xac dinh thong qua anh
chup hién vi dién tir quét SEM tai Vién Khoa hoc
Vat liéu (Vién Han 1am KH&CN Viét Nam).

- Phan tich thanh phan héa hoc bing phd tin xa
nang lugng tia X (EDX) tai Vién Khoa hoc Vit ligu
(Vién Han 1am KH&CN Viét Nam).

3. KET QUA VA THAO LUAN

3.1. Qua trinh nung quéing ilmenite véi
(NH4),S0,

Trong qua trinh nung quang ilmenite voi (NH,4),SO4
xdy ra cac phan ung chinh la:

(NH4),SO4— NH4HSO4+ NH;1 M
FeTiO3 * NH4HSO4 =

(NH4),Fe(SOy), + TIOSO, + NH;1 +2H,O1

Do vy, hdn hop rin sau qua trinh nung quing
nay co phﬁn quang chua bi phan huy hét, NH,HSO,,
(NH4),Fe(SO4), va  TiOSO,. Tuy  nhién,
(NH,),Fe(SOy), va TiOSO, c6 thé tiép tuc bi phan
hiy siu tao ra cac san pham oxit khong tan trong
nude theo cac phan tng sau [9]:
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2(NH4)2F€(SO4)2 -
2FeSO, + 2H,0 +2S0,1 +4NH; 1 + 0,1 (430 °C)
©)
4FeSO, — 2Fe,05 +4S0,1 + 0,1 (500°C) (&)
2TiOSO, — 2Ti0, + 280,71 + 0,1 (540°C)  (5)

Trong gian d6 XRD miu sau nung hdn hop
quing va (NH,),SO; (ti 1¢ khéi lugng 1:7) & 400 °C
trong 2,5 gid (hinh 2) dd xuat hién thanh phan pha
ctia TiOSO,. Piéu nay chimg t6 ring phuong phap
phan hily quing bing amoni sunphat da 16i kéo duoc
titan ¢ trong quing ilmenite ra duéi dang mudi
titanyl sunphat c6 kha nang tan trong nudc.

Counts

N1

o + (NSO, NHHSO!
900

400

100

10 20 30 40 50 60 70 80
Position [*2Theta] (Copper (Cu))

Hinh 2: Gian d6 XRD cua san phdm nung hdn hop
ilmenite/ (NH4)2$O4

3.2. Khao sat anh hwéng ciia cac yéu td t6i hiéu
suat thu hoi TiO,

3.2.1. Anh huéng ciia thoi gian nung

Bang 1 thé hién két qua khao sat anh huong cua thoi
gian nung hon hop quéng va mudi amoni sunphat
dén hiéu suat thu hoi TiO, trong diéu kién thi
nghiém: ti 16 khéi luong quing:(NH4),SO, = 1:14,
nhiét d6 nung 360 °C [9], thoi gian 2-8 gio.

Bdng 1: Anh huéng cua thoi gian nung quéng dén
) hiéu suét thu hoéi TiO,
(ti 1€ khoi lugng quing:(NH,4),SO4 = 1:14; nhiét do

nung 360°C)
Thoi gian (h) 2 2,5 5 8
H (%) 324 | 582 | 757 | 81,0

Két qua trong bang 1 cho thiy trong khoang 5
gid dau, thoi gian nung ting hiéu suit thu hdi TiO,
tang nhanh sau d6 hiéu suat thu hoi ting cham khi
tang thoi gian nung mau 1én 8 gio. Trong diéu kién
khdo sat, thoi gian nung mau 5 gio la du dé thu hoi
dugc TiO, véi higu suat cao dong thoi tiét kiém
duoc thoi gian nung mau & nhiét do cao.

Lé Thi Phuong Thao va cong su

3.2.2. Anh huéng ciia nhiét dg nung

Anh huéng cta nhiét d6 nung hdn hop quing va
mudi amoni sunphat dén hiéu suit thu hoi TiO, duge
khao sat trong diéu kién thi nghiém: ti 1& khéi luong
quiang:(NH,),SO, = 1:14, thdi gian nung mau lya
chon la 2 gio [9], nhiét d6 nung khdo sat trong
khoang 360-600°C. Két qua duoc thé hién trong
bang 2 cho thiy khi nhiét 46 nung quing thay di thi
hiéu sudt thu hdi TiO, 6 sy thay doi dang ké: & 360
°C hiéu sut thu hoi TiO, thip, chi dat 32,4 %, khi
nhiét d¢ tang lén 400 °C hi¢u suat thu hoi TiO, tdng
vot 1én 73,7 %; tuy nhién & 600°C dudng nhu khong
thdy tao két tua TiO, trong qué trinh thiy phan, &
500 °C thi hiéu suat thu hoi chi dugc 18,3 %, miu
TiO, c6 mau vang nhat, d9 tinh khiét khong cao.

Bang 2: Anh huong ctia nhi€t d6 nung quang dén
) hiéu suat thu hoi TiO,
(ti 1€ khoi lugng quéng:(NH,4),SO4 = 1:14; thoi gian

nung 2 gio)
Nhiét d6 (°C) 360 400 500 600
H (%) 324 | 73,7 | 183 -

Két qua nghién ciru ndy cé thé duoc giai thich
nhu sau: (NHy),Fe(SO,); bi phan huy thanh FeSO, &
khoang 430 °C, va FeSO, s& bi phan huy tiép thanh
Fe,0; ¢ 500 °C (phan tGng 3, 4). TiOSO, bit dau
phan hiay & 540 °C [9] (phan ung 5), do vay trong
diéu kién khao sat, khi nhiét d6 nung tang 1én cao
qua 500 °C thi ¢6 sy phan huy ctia TiOSO, thanh san
pham TiO, khéng tan trong nudc nén sau khi thuy
phén thi khong thu dugce két tia mong mudn. Trong
diéu kién khao sat, 400 °C 1a nhiét d6 cho hiéu suét
thu héi TiO, tét nhat.
3.2.3. Anh  huéng khéi
quang:(NH,),50,

cua i lé luong

Anh huong cua ti 18 khéi luong quang: (NH;),SO4
dén hiéu suét thu hoi TiO, dugc khao sat trong diéu
kién thi nghiém nhiét d§ nung 400 °C, thoi gian
nung mau 2 gid, ti 16 khéi lugng quéng:(NH4),SO4
khao sat trong khoang 1:7+1:10. Két qua duoc thé
hién trong bang 3.

Véi cac ti 16 khéi luong quing : (NH,4),SO, khao
sét thi hidu suat thu hdi TiO, déu dat cao hon 73%,
cao nhét dat 93,6 % véi ti 1€ 1:7. Khi ti 1€ quéng:
(NH,),SO, ting thi hi¢u suat thu hoi lai giam. Hién
tugng nay cé thé dwoc giai thich 1a do khi luong
mudi amoni sunphat ting 1én nhiéu so véi luong
quang, qua trinh khir quing sdu tao ra cac san pham
cudi cung 1a cac oxit khong tan trong nude nén hidu
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suét thu hoi TiO, theo quy trinh trén khong cao.
Bdng 3: Anh huéng cta ti 18 khéi luong

quang:(NH,),SO, dén hiéu suét thu hoi TiO,
(nhiét d6 nung 400 °C; thdi gian nung 2 gid)

Ti 1& khoi lwong
- y 1:14 | 1:10 | 1:8,7 1:7

quang:(NH4),SO4
H, % 73,7 | 80,0 89,2 93,6

3.3. Pic trung cia TiO, ché tao tir phwong phip
amoni sunphat

Sau khi thily phan dung dich titanyl sunphat TiOSOy,
ta thu dugc két tia 1a axit metatitanic H,TiO; (phan
g 6). Say H,TiO; ¢ 100 °C trong 2 gio (phan tng
7) thu duoc TiO,. Két qua do XRD, EDX va chup
SEM TiO, thu dwoc duoc thé hién trong bang 4,
hinh 4, hinh 5.
TlOSO4 + 2H20 - H2T103 + HzSO4 (6)
H2Ti03 - TIOZ +H20 (7)
Tir két qua bang 4 va hinh 3 thdy rang, trong két
tia H,TiO; di loai bo hiu hét céc tap chat, ngoai trir
S (3,7 %). Piéu nay la do trong qua trinh thuy phan
dung dich TiOSO, thi TiO, ngdm nudc ¢od thé da hép
thy mot lugng ion SO,*, do d6 san phdm c6 chira
luu huynh.
Két qua chup XRD hinh 4 cho thiy TiO, thu
dugc & dang anatase, tuy nhién cuong dd cac pic
thép, chung té d6 tinh thé cua vat liéu chua cao.

AN M A
! ',‘\kn*' b g 4

fig Wil

Hinh 4: Phé XRD va anh SEM cita TiO, sau khi say o 100 °C

Nghién cieu ché tao TiO, tir qudng...

Hinh anh SEM cho thay vét liéu TiO, dugc diéu ché
gom cac hat c6 dang hinh cau kha dong deu.

e S NN i e

g 10 M 12 13 14 15 16 17 18 19 W

2 3 H
ul Scale 256 ¢1s Cursor: 8045 ke (2 cts) kv

Hinh 3: Phd EDX cua TiO,

Bdng 4: Thanh phan héa hoc ctia TiO,

Nguyén t6 Ti 0 S
% Khéi lugng | 4828 | 48,02 | 3,70
% nguyén tir 24,47 | 72,74 | 297

Thanh phan ctia miu TiO, c¢6 thé duoc mo ta
nhy hdn hop TiO,.xH,0.ySOs. Bé loai bo H,0 va
tap chét Iuu huynh ra khoi mau, tién hanh nung mau
& cac nhiét do khac nhau. Két qua chyp XRD va
EDX cho thdy miu nung & 650 °C trong 2 gio da
loai bo duge tap chit S va ¢ 750 °C bat diu co su
chuyén pha tir anatase sang rutile (hinh 5-6).

é

IMS-NKL 5.0kV 4.1mm x5.

Hinh 5: Gian d6 nhiéu xa tia X cta vt liéu TiO, sau khi nung & 650 °C (trai), 750 °C (phai)
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Nguyén tb Ti O
% Khoi lugng
% nguyén tu

I

all S 1091 cin Curmor 15T b 11 ol =

Hinh 6: Phé EDX va két qua phan tich thanh phan
héa hoc ctia vat liéu TiO, sau khi nung & 650 °C

4. KET LUAN

Pi ché tao thanh cong TiO, bang phwong phép khir
quang ilmenite (xi titan) bang mudi amoni sunphat.
O diéu kién ti 1& khoi lwong quang:(NH,),SO, 14 1:7,
nhiét d6 nung quang 400 °C, thoi gian nung 2 gio da
dat hiéu suit thu hoi TiO, 1a 93,6 %. San pham thu
dugc co mau tréng, 0 dang anatase, dugc tach loai
Iru huynh khi nung dén 650 °C va chuyén pha thanh
dang rutile & 750 °C. Vi quy trinh nay da khic phuc
duoc han ché thai loai axit ra moi trudng cuia
phuong phap khir quing ilmenite bang axit sunfuric
dac.
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