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lan thi hai

Khao sat kha nang phan huy quang ilmenite Binh
Pinh bang axit sunfuric dac va kalihidrosunphat
Lé Thi Phwong Thao®*, Tran Van Chinh2, Nguyén Thu Ha!
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2Vién Hoa hoc - Vat liéu, Vién Khoa hoc va Céng nghé qudn su;

* Email: lethiphuongthao@humg.edu.vhn

TOM TAT

Cdc yéu t& dnh hwéng téi qud trinh phédn hily qudng ilmenite Binh Dinh chita 52% TiO; bdng
axit sunfuric ddc va kali hidrosunphat da dwoc khdo sdt: nhiét dé phan hily, thoi gian phdn
hty, ti 1¢ qudng va chdt phdn huiy. Két qud cho thdy khi st dung axit sunfuric ddc dé phdn hily
qudng, qud trinh c6 thé thwc hién & nhiét do thdp (khodng 200°C) véi hiéu sudt cao nhdt
69,25% (nung 8 gic’), thdp hon so véi khi stv dung kali hidrosunphat (khodng 85%, nung 600°C,
2 gio).

Tir khéa: [Imenite; TiO;; Kali hidrosunphat; Sunphat.

1. Gi¢i thiéu

Quang ilmenite (FeTiOs) la mot khodng vat quan trong cé gia tri kinh té, dwoc st dung dé ché
tao titan kim loai va titan dioxit - TiOz. TiO, 1a mdt phu gia mau tiéu biéu trong nganh cong
nghiép san xuit son, myuc in, phdm nhudm,... va 1a moét thanh phan khéng thé thiéu trong
nganh héa my pham [1], dong thoi dwgc tng dung lam xic tac xr Iy moi truedong, vat liéu
khang khuin hay &ng dung trong nganh dién tir [2].

TiO2 trong cong nghiép dwoc san xuit chi yéu bang phwong phap sunphat (sulfate
process) va phwong phap clorua (chloride process). Quy trinh sunphat st dung axit H2SO4
dam dic (94-98%) dé phan hily quang ilmenite & nhiét do 200-220C [3-5]. Trong quy trinh
clorua, qudng ilmenite dwoc tron véi than coc va suc khi clo di qua & nhiét dd 900-1000¢C,
thu dwoc san pham trung gian 1a TiCls [4]. Ngoai hai quy trinh thwong mai hda trén, cac
phwong phap khac c6 thé str dung dé diéu ché TiO; tir quing ilmenite s dung tic nhan phin
htly quang nhu florua: HF, NH4F [6,7] va KOH [8].

Trong céc quy trinh diéu ché TiO; tir quing ilmenite, giai doan phan hlly quing bang cc tac
nhan khac nhau c6 vai tro quan trong quyét dinh téi hiéu suét thu hoéi TiO; ctia ca qua trinh
diéu ché. Bai bao nay trinh bay két qua khao sat hiéu suat phin hily quang ilmenite Binh Dinh
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chira 52% TiO; bang phwong phap sunphat stt dung axit sunfuric d3c va kali hydrosunphat
(KHSO4), nham tim ra mét phwong phap méi xir Iy quiing va thu hoi TiO, véi hiéu suit toi wu.

2. Thwe nghiém
2.1. Héa chdt, thiét bi
- Cac hoa chat str dung bao gom: KHSO4; H2S04 98%; quang ilmenite Binh Dinh.

- Thiét bi, dung cu: 10 nung nhiét do cao; t siy; thiét bi gia nhiét, khudy tir; may hut chan
khong; bo ray phan loai kich thwéc hat; dung cu thay tinh.

2.2. Ché'tao TiO; tir qudng ilmenite
Str dung axit sunfuric ddc dé phdn hiiy qudng

Trong phwong phap nay, ilmenite hodc xi titan dwgc phan hiy bang axit H,S04 dam dic
(98%). Qua trinh nay gom 3 giai doan co ban: phan hlly quing bang axit sunfuric & nhiét do
170 - 220°C (phan trng: FeTiOz + 2H2S04 = TiOSO4 + FeSO4 + 2H,0); thily phan dung dich sau
nung quang (da dwoc tach loai FeS04) thu dworc axit metatitanic (H2TiOz hoac TiO2.nH;0);
nung tach loai nwéc cla axit metatitanic dé thu titan dioxit.

Str dung kali hidrosunphat ran dé phdn hily qudng

Quy trinh nay ciing gobm 3 giai doan co ban gidng nhw khi str dung axit sunfuric dé€ phan hay
quing, sau khi nung hon hgp KHSO4 va quing ilmenite thu dwgc sdn phdm dé hoa tan 1a
K;Ti;0s(phan trng: FeTiO3; + 2KHSO4— K,Ti,0s + 2FeS04 + H20), hoa tan sdn phdm nay trong
dung dich H2S04 lodng thu dwgc TiOSO4 (phan tng: K.Ti20s + 3H2S04 = 2Ti0S04 + K2S04 +
3H:0). Cac giai doan tiép theo twong tw phwong phap st dung axit sunfuric dac.

Cac yéu to anh hwdong téi qua trinh phin hiy quang dwoc khdo sat: ty 1€ khoi lwong
ilmenite/KHSO4|axit sunfuric dac; thoi gian phan hiy quang; nhiét do phan hay. Hiéu qua
cda qua trinh phan hiy quing dwoc danh gia qua hiéu suat phan hay:

5-m,

H,, (%)= 1100

5 la khéi lwong quéang ilmenite khao sat (g).
m; (g) 1a khéi lwong quing khéng tan sau giai doan phan hiy quéng.
2.3. Phwong phdp nghién ciru

- Thanh phén pha ctia cac sdn phdm dwoc phan tich bang phwong phap nhiéu xa tia X (XRD)
trén thiét bi X’Pert Pro tai Vién Héa hoc - Vat liéu (Vién KH&CN Quén sw).

- Hinh théi hoc cda cic san phdm dwoc xac dinh theo phwong phap hién vi dién tir quét SEM
tai Vién Khoa hoc Vat liéu (Vién Han 1am KH&CN Viét Nam).

- Phan tich thanh phan h6a hoc cac sdn phdm bang phé tan xa nang lwong tia X (EDX) tai Vién
Khoa hoc Vatliéu (Vién Han 1lam KH&CN Viét Nam).

36



Ky yéu Hoi nghi Gdan két khoa hoc co bdn véi khoa hoc trdi ddt (CBES2-2018)

3. Két qua va thao luan
3.1. Bdc diém qudng ilmenite

Quang ilmenite dwoc 1y tir Nha may khodng san Binh Dinh (BIMICO). Sau khi trai qua cac
qua trinh tuyén tach, quang ilmenite c6 mau den (hinh 1), dwong kinh hat va thanh phan héa
hoc dwoc trinh bay lan lwot & bang 1 va 2.

Bdng 1. Dwong kinh hat cta qudng ilmenite

STT Co' hatd (mm) % Khdi lwgng
1 0,35< 1,7
2 0,16 - 0,35 49,7
3 0,08-0,16 46,3
4 <0,08 2,3

Quang ilmenite c6 kich thwéc hat twong ddi nhé min, kich thwéc hat chi yéu tir 0,08 dén 0,35
mm (96% khéi lugng).
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Hinh 1. Qudng ilmenite Binh Dinh Hinh 2. Gidn do XRD ctia qudng ilmenite

Thanh phan pha clia quing ilmenite dwgc xac dinh bing phwong phap nhiéu xa tia X. Két qua
phén tich dwoc thé hién & hinh 2 cho thiy: thanh phin pha chi yéu cla quang la cic tinh thé
ilmenite v&i cac pic dac trung ro rét.

3.2. Phén hiy qudng ilmenite bdng axit sunfuric ddc

Két qua khao sat anh hwdng ctia cac yéu té dén hiéu suat phan hiy quang ilmenite Binh Dinh
bang axit sunfuric ddc dwgc néu trong cic bang 2-4.

Két qua bang 2 cho thiy hiéu suét phan hiy, Hpp, ting manh khi ting nhiét do tir 150°C 1én
200°C, ting 24,2%; tiép tuc tdng nhiét do 1én 220°C Hpyn vAn ting nhung khong dang ké, ting
2,81%; tang nhiét do lén 230°C thi Hpn c6 xu hwéng gidm, giam 2,01%. Xu hwéng tang hiéu
suit phan hiy khi nhiét d6 tang la thuin theo cac dinh luit vé dong luc hoc. Hpn ting chim lai
va c6 xu hwéng gidm khi tang nhiét do 1én 230°C c6 thé gidi thich nhw sau: phan rng thuc
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hién trong thiét bi kin va trong pha 16ng ctia axit, khi ting nhiét d, axit chuyén sang pha khi
1am gidm hiéu qua tiép xic pha clia phan tng din t¢i gidm hiéu suit phan huy.
Bding 2. Sw thay doi hiéu sudt phdn hily qudng bang H>S04 ddc theo nhiét do (Thoi gian phdn

Nhiét dog,°C 150 180 200 210 220 230

Hpn, % 30,01 47,02 54,21 56,01 57,02 55,01

Tir két qua trén c6 thé két luan khoang nhiét do hiéu qua cho phan tng phan hiy quing bang
H2S04 dacla 200-220¢C.

Bdng 3. Sw thay doi hiéu sudt phdn hily qudng bang H2SO04 ddc theo thoi gian (Nhiét do phédn
htly 200°C, ty 1 Mqugng/Vaxic = 5:15 g/mL)

Thoi gian, gior 2 4 6 8

Hpn, % 44,19 52,65 54,21 75,00

Két qua bang 3 cho thay, Hp, ting theo chiéu tang cda thoi gian phan rng. Tuy nhién, néu kéo
dai thoi gian phan &ng sé ton nhiéu nang lwgng cung cip cho phan &ng hon trong khi hiéu
sudt phan hiy khéng thay d6i nhiéu. Do vay, khoang thoi gian phan Gng dwoc lwa chon 1a 4-
8 gio.
Bdng 4. Sw thay doi hiéu sudt phdn hily qudng bang H2S04 ddc theo ty 16 Mquang/ Vaxic (9/mL)
(Thoi gian phan huly 6 gio, nhiét dé phdn hiy 2000C)

Ty 1€ Mquing/Vaxiv, /ML 5:15 5:20 5:25 5:30 2,5:7,5

Hpn, % 53,68 55,88 54,21 49,99 58,07

V&i khoang 5 g quang, khi tang lwong axit str dung tir 15 mL 1én 20 mL hiéu suit cé ting 1én
nhung khong nhiéu, ting 2,2%. Tiép tuc ting 1én 25 va 30 mL thi hiéu suit phan hiy khong
tang nita ma lai giam nhe, giam 5,89%. Mat khac, v&i cung ti 1 s6 mol nhung & ti 1€ 5:15 va
2,5:7,5 lai thu dwoc két qua khac nhau vé hiéu suit phan hiy (& ti 1€ 2,5:7,5 Hpn cao hon
4,39%). Sw khac nhau nay c6 thé giai thich do thé tich thiét bi phan trng nho, qua trinh phan
trng khong c6 khudy tron nén & ti 1€ 2,5:7,5 kha nang tiép xtic cla quing va axit tot hon ti 1é
5:15 dan t&i Hpn cao hon.

Gitra cac ti 1€ mquing/Vaxie Khac nhau, Hpn cling khong chénh l1éch nhiéu nén dé tiét kiém hoa
chit va dat dwoc hiéu qua phan huy, cé thé thwc hién & tilé 5 g/15 mL hodc 5g/20mL va ting
cuong su tiép xuic pha bang cach khudy tron hodc tang tao dd dao dong dé€ dat dwoc hiéu qua
phéan huy tot nhat.

Khi phan hiy quing ilmenite bang axit sunfuric dic theo cac diéu kién da khao sat & trén, thu
dwoc TiO; véi hiéu suit thu hoi cao nhit dat 69,25% & diéu kién: nhiét d6 nung 200°C, thoi
gian nung 6 giov, ti 1& mquing/Vaxit 5 g/20 mL, sdn phdm thu dwoc & dang anatase.

K&t qua nghién ctru trén cho thiy, qua trinh phan hily quing ilmenite chira 52% TiO2 bang
axit sunfuric dic tuy thuc hién & nhiét d6 thap nhung dat hiéu suat chwa cao.
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3.3. Phan hiiy qudng ilmenite bang kali hidrosunphat

Két qua khao sat anh hudng ctia cic yéu t6 dén hiéu suat phan hiy quing ilmenite Binh Dinh
bang kali hidrosunphat dugc néu trong cac bang 5-7.

Két qua (bang 5) cho thiy phan hiy quang & nhiét d6 600°C va 700°C cho hiéu suat phan huy
cao nhat. 0 nhiét do 700°C thi hiéu suit phan huiy ting khéng dang ké so véi & 600°C, do d6
lwa chon nhiét do tdi wu ciia phan rng phin hiy quing 1a 600°C.

Khdo sat anh hwdng cia thoi gian nung dén hiéu suit phin hiy quang (bang 6) cho thay, thoi
gian phan (ng dién ra trong 2 gir dén 3 gidr cho hiéu suit phan hily quing kha cao. Vi muc
dich gidm chi phi, chi thyc hién phan trng trong 2 gi¢ la du.

Bdng 5. Sw thay déi hiéu sudt phdn hily quing bang KHSO, theonhiét do (ty 1€ khoi lvong
qudng:KHSO, = 1:7; thoi gian phdn huy 2 gic)

Nhiét do, °C 400 500 600 700

Hpn, % 10 31,6 85,5 86,2

Bdng 6. Sw thay doi hiéu sudt phdn hily qudng bdng KHSO4theo thoi gian (ty 1€ khéi luong
Maquang'Minsos = 1:7; nhiét d phdn huy 600°C)

Thei gian, gio 1 2 3

Hpn, % 75 85,5 84,7

Bdng 7. Khdo sdt sw thay doi hiéu sudt phdn hily qudng bang KHSO,theo ty 1é khoi lvong
Maqueng: Mknsos (thoi gian phdn huy 2 gid; nhiét dj phdn hiy 600°C)

MQuing:MKHS04 1:3 1:4 1:5 1:6 1:7 1:8

Hpn, % 42 48 58 75,4 85,5 85,7

Khi tién hanh diéu ché TiO, trong cing mot diéu kién vé nhiét do, thoi gian, kich thwdc hat
clia quiing ilmenite, chi thay déi ty 1é khdi lwgng quang va KHSO, thi hiéu suit phan hay
quang tang lén theo sy tang ty 1& khéi lwong quang:KHSO4. Theo bang 7, hiéu suit phan huy
caonhat L'mg voi t}} lé Mquiang MKHS04 1a1:7va1:8.Khi téng t}‘lf lé Mquing:MKHS04 thi hléu suat phél’l
hiy quang gan nhw khong ddi, do d6 lwa chon ty 1€ mgusng:mxnusos = 1:7 12 @G d€ phan (ng xay
ra véi hiéu suit cao nhat.

Két qua thu dwoc chi ra rang, qua trinh phan hiy quing ilmenite chira 52% TiO, bang kali
hidrosunphat tuy thwc hién & nhiét do cao hon so véi khi str dung axit sunfuric dac nhung
thoi gian ngan hon va hiéu sudt phan hity cao hon han. Do vy, kali hidrosunphat ¢4 thé dwoc
coi la mot tic nhin phan hiy quang ilmenite méi véi hiéu suat phan hiy cao, dong thoi cling
tranh dwoc viéc thai loai axit dw ra moi truedrng khi st dung axit sunfuric dic dé phan hay
quang.

3.4. Pdc trung cua vt liéu TiO; diéu ché bang phwong phdp hydrosunphat

Vat liéu TiO; diéu ché & diéu kién: phan hiy quing bang kali hidrosunphat trong thoi gian 2
gior & nhiét dé 600°C, ti 1é khdi lwong (g) quang:kali hidrosunphat = 1:7 (hiéu suét thu hoi
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TiO; dat 71%), TiO; thu dwoc dwgc nung & 500°C trong 3 gi®, sau d6 xac dinh thanh phin
c4u tric pha theo phwong phap nhiéu xa tia X (XRD). Két qué dic trung dwoc trinh bay &
hinh 3.

Gian do XRD cho thdy, chi xut hién thanh phain pha anatase duy nhat va cwong do pic kha
manbh tai cac vi tri 26 lan lwot 1a 25,39; 37,80; 48,50; 53,9¢ [7]. Diéu nay chirng td, vat liéu TiO
da dwoc diéu ché thanh cong tir quing ilmenite.

R X

A= Anatas

Intensity

Position (2Theta)
Hinh 3. Gidn do nhiéu xa tia X ctia vat liéu TiO;

Phé tin xa nang lwgng tia X (EDX) ctia vt liéu TiO2 xac dinh thanh phan cac nguyén to trong
vat liéu dwoc trinh bay trong hinh 4.

°
" Nguyén té Ti 0
$ Khéi lugng, % | 58,85 | 41,15
l
|\ ‘
|
|
*
Hinh 4. Phé EDX cua vt liéu TiO; Hinh 5. Anh SEM ctia vat liéu TiO:

Gian do EDX cho thdy, chi xuat hién dinh ctia hai nguyén t6 Ti (chiém 58,85% vé khdi lwgng)
va O (chiém 41,15%), khong thiy xuat hién cac tap chat, chirng té d6 tinh khiét cao cia vt
liéu TiO2 ché tao duorc.

Ttr két qua chup anh SEM (hinh 5) cho thay, vatliéu TiO, dwoc diéu ché tir quang ilmenite c6
hinh thai ciu tric ré rang, cac hat c6 dang hinh cau kha dong déu, kich thwéc tir 0,5-1 pm.
4. Kétluan

Quing ilmenite Binh Dinh d3 dwgc phan hily bang axit sunfuric d3c va kali hidrosunphat dé
diéu ché TiO.. K&t qua khao sat cho thay, cac yéu té nhiét dé nung, thoi gian nung, ti 1€ khaoi
lwong quang va axit/mudi c6 anh hwdng téi hiéu suat phan hiy quang, cu thé:
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- Axit sunfuric ddc phan hily quang tot nhit, va & diéu kién: 200-220°C, 4 - 6 gio, ti 18 mquang :
V axit =5 g : 15 mL/20 mL, hiéu suit phan hity cao nhat dat khoang 52%, cho hiéu qua vé kinh
té cao nhét.

- Kali hidrosunphat phan huly quang t6t nhat & diéu kién: 600°C, 2 gio, ti 1é khoi lwong mqusng
: Mmusi = 1 : 7, hiéu sudt phan hdy cao nhit dat khoang 85%.

TiO; diéu ché dwgc déu & dang anatase c6 thé dwoc rng dung lam pigment hodc lam chit xtic
tac quang xt Iy cac chat gy 6 nhiém méi trueong.
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