KHOA HOC VA CONG NGHE MO

THIEU HOAN NGUYEN QUANG TINH ILMENIT
TRONG TANG CAT PO TINH BiNH DINH

NGUYEN HONG QUAN®, DO HONG NGA, .
NGUYEN HONG QUAN - Vién KH&CN M6-Luyén kim

1. M& dau

Hién nay, Viét Nam mé&i chi tap trung vao cong
nghé ché bién xi titan tr quang tinh iimenit sa
khoang trong tdng cat xam, thudc cac ving ven
bién tlr Thanh Hoa dén Binh Binh. Nguén khoang
san titan tlr sa khoang ven bién dang dan can kiét.

Theo quy hoach titan, tng trir lvgng va tai nguyén
khoang vat nang cé ich trong tang cat dé cta Ninh
Thuén va Binh Thuén la 616.230 nghin t&n, chiém
93,8 % tbng trl lwong va tai nguyén khoang vat
nang trong tang cat dé cla ca nuwéc, chiém 92 %
téng trir lwong va tai nguyén quang titan Viét Nam
[4]. Do dé, viéc nghién clru cong nghé ché:-bién sau
quang titan trong vung cat dé & Binh Thuan, Ninh
Thuan 1a van dé Ién can dwoc nghién clu trién khai.

Ngay nay, hdu hét cac nwéc cod nén cong
nghiép phat trién trén thé gi¢i da s& dung phuwong
phap luyén xi titan hai giai doan vi phwong phap
nay cé nhitng wu diém hon so voi luyén mét giai
doan nhu: cac chi tiéu kinh té ky thuat dwoc cai
thién, nhat la chi tiéu tiéu thu dién nang; cé thé
luyén dwoc xi titan véi ham lwong sat thap; thoi
gian luyén dwoc rat ngén, ting ndng suét 1o; D&
dang ap dung diéu khién tw dong cho van hanh 16
hé quang [2].

Céng nghé luyén xi titan hai giai doan gdm co:

» Giai doan I: thieu hoan nguyén quéng tinh
ilmenit bang cacbon ran;

> Giai doan II: luyén xi titan trong 16 dién hd quang.

Bai bao trinh bay qua trinh nghién ctru thiéu hoan
nguyén quéng tinh ilmenit trong tang cat dé tinh
Binh Thuan nhadm xac dinh mrc do kim loai héa
sat. Mirc d6 kim loai hoa sat cao sé gilp cho qua
trinh luyén xi titan trong 16 hd quang dé dang hon.

2. Co s& ly thuyét qua trinh hoan nguyén ilmenit

Qua trinh hoan nguyén oxyt sat va oxyt titan
trong thanh phan quang tinh ilmenit 1a qua trinh
hoan nguyén kim loai bang cacbon ran. Khi hoan
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nguyén ilmenit bang cacbon ran, sat va titan dwoc
hoan nguyén. Do twong quan vé ai lvc héa hoc,
sat dwoc hoan nguyén trudce theo cac phan (ng
(N)=(7) [7].
FeO.TiO,+C=2/3Fe+1/3[Ti;03]FeQ.TiO+COT (1)
AG’r=17,4.10*157,2T
2FeO.TiO,+C=Fe0.2TiO; +Fe+CO (2)
AGY=177.10%157,87T
5/6FeU.TiO,+C=5/6Fe+1/10TisQg+CO T (3)
AG*=15,6,10"-142,1T
FeQ.TiOp+C=Fe+TiO,+COT (4)
AG’r=16,1.10"-144,6T
3/4Fe0.Ti0,+C=3/4Fe+1/4Tiz;O5+CO (5)
AG’=18,5.10%-157,2T
5/6Fe0.TiOy+C=5/6Fe+1/10TisOg+CO T (6)
AG’r=19,6.10%-154,6T
5/6FeQ.TiO+C=5/6Fe+1/10Tis0x+CO T (7)
AG°;=23,6.10"-165,1T
Baikova. A.A. [5] nhan thay, qua trinh hoan
nguyén quang tinh ilmenit bang cacbon ran xay ra
theo trinh tw nhw sau:
FeO.TiO,>Fe0.2Ti0,>TiO,—> ;
2>Ti,092>Tiz052> Ti032>TiO. (8)
Nhw vay, st dung cacbon dé thiéu hoan nguyén
thi chi co sat bj hoan nguyén thanh kim loai, TiO,
chi bi hoan nguyén ré rét khi mirc d6 hoan nguyén
xi rat cao (FeO<5 %). Hanh vi ctia mét s tap chat
chinh trong quang tinh ilmenit trong qua trinh hoan
nguyén nhuw sau: SiO,, Cr;O3 bi hoan nguyén mét
phan; khoang 47 % P tap trung vao kim loai, gan
32 % & lai xi, lwong P con lai chuyén vao pha khi.
Khoang 40 % S chuyén vao xi, gan 15 % chuyén
vao kim loai, phan con lai chuyén vao pha khi
(ngudn sinh ra S chi yéu & than antraxit). H& sb
phan bd gitra xi va kim loai clia cac nguyén té ia
$=0,8; P=0,5; MnO khi luyén hoan nguyén khéng
dang k&, tuy nhién no lai dé‘i bay hoi (91 Thin
thwdng ham lwgng Mn tror: kim loai b# g 0.0¢
con trong xi gan 1 % I5].
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3. Thwe nghiém

3.1. Mau nghién ctru

Mau nghién ctru 1a quang tinh ilmenit do Cong
ty TNHH -MTV Hwng Thinh, tinh Binh Thuan cung
cap. Khéi lwong quang tinh dem thi nghiém thiéu
hoan nguyén la 200 kg. M&u nghién ctru dwgec tron
déu bang phuwong phap hinh non chia tw, phan tich
thanh phan cap hat bang bd ray tiéu chuan. Phan
tich thanh phan héa hoc tai Trung tdm Phan tich
hoa ly thudc Vién Khoa hoc va Coéng nghé Mo-
Luyén kim (Tiéu ¢huén Vilas 143), phan tich thanh
phan khoang vat bang phwong phap nhiéu xa tia
Ronghen trén thiét bi Siemens D5005 (Blc) tai
Khoa Dia chéat, Trwong Dai hoc Khoa hoc Tw
nhién-Dai hoc Québc gia Ha Noi.

3.2. Thiét bj nghién ciru ,

Qua trinh thiéu hoan nguyén quéng tinh ilmenit
dwoc thwe hién trong 16 nung Vecstar (Anh), moét
s6 thong sé k¥ thuat cua thiét bi nung nhw sau:

> Nhiét d6 nung t6i da 1300 °C;

» Cong suat: 9 kW.

H.1. Thiét b thiéu hoan nguyén

3.3 Mét sé tinh todn cho nghién ciru
~ » Murc do kim loai hoa sét. Mirc do kim loai hoa
" st tir quang tinh iimenit dwoc xac dinh bing cong
thiee [3]: -

0,
H My x100 /o )
M

.Trong do: H - Mtrc do kim loai héa sat, %; my - Khéi
lwong sat kim loai co trong thiéu pham; my - Khéi
lwong sat kim loai ¢é trong quang tinh ilmenit.

> Tinh toan ty 1& than hoan nguyén sat. Cac tap
chat c6 trong quang tinh gém cac oxyt cla sat,
mangan, nhém, canxi... Tuy nhién, khi tinh toan,
chi xét dén sy hoan nguyén cla st oxyt (FeO va
Fe,03) ma khéng xét dén sy hoan nguyén cutia cac
oxyt khac cé trong quéng tinh do ching hoan
nguyén khoéng dang ké trong diéu kién thi nghiém.

Coi qua trinh hoan nguyén la toan bd 100 % oxyt
sat co trong quang tinh dwoc chuyén thanh sat kim
loai. Cac phan trng hoan nguyén oxyt sat nhw sau:

FeO+C=Fe+CO (10)

Fe,0;+3C=2Fe+3CO (11)

Hé sb tiéu hao than theo:

» Ham Ilwgng cla FeO voi phan tng (10):
12/72=0,167;

» Ham lwgng cla Fe,O; v&i phan ¢ng (11):
3x12/160=0,225.

Véi ham lwgng cacbon trong than antraxit trung
binh 14 86 % thi ty 1é than antraxit theo ly thuyét
dwa vao mdi mé thiéuco thé dwoc tinh nhw sau:

[Al=[FeQ]x0,167+([Fe,03]x0,225)/0,86 (12)
Trong do: [A] - Ty |é than tinh theo khéi lwong
quang tinh, %; [FeO] - Ham lwong FeO ¢6 trong
quang tinh, %; [Fe;03] - Ham lvong Fe,O3 co trong
quang tinh, %.

3.4. Két qua va thao luan

3.4.1. Thanh phén héa hoc va thanh phéan
khodng vat.

Do dwoc tao thanh & nhitng diéu kién khac
nhau, quéng tinh iimenit thuong co thanh phan vat
chét (bao gom thanh phan héa hoc va thanh phén
khoang vat) cung nhuw nhung tinh chét vat ly khac
nhau. Thanh phan vat chat cla ilmenit lai tac dong
dén coéng nghé x ly nd dé nhan duwgc san phém
c6 dd sach cao [9]. Viéc nghién clru chi tlet thanh
phan vat chét cla quang tinh ilmenit khi muén dwa
vao ché bién [a didu khong thé thiéu vi biét thanh
phan”vat chat s& cho phep dinh hwéng trong
nghlen ctru cdng nghé, giai thich cac hién twong va
c6 thé rit ngén qua trinh nghién ctru nay.

Béng phuwong phap phan tich thanh phan cap
hat trén b ray tiéu chuan phén tich hoa hoc bang
phwong phap chuén nong dd, phwong phap nhiéu
xa tia Ronghen. Céc két qua duwoc trinh bay trong
cac Bang 1, 2, 3va H.2.

Bang 1. Thanh phan cap hat quéng tinh ilmenit
trong tang cat do Binh Thuén

Cép hat, mm Phan b, %
+0,176 1,23
-0,176+0,125 34,21
-0,125+0,105 36,86
-0,105+0,075 24,45
-0,075 3,25
Tong 100,00

Bang 2. Thanh phan hoa hoc mau quang tinh
ilmenit trong tang cat dé Binh Thuan.

Thanh phan TiO, |Fe;03| FeO | Si0;
Ham lwgng, % | 52,4 |19,15(19,69] 2.41
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Két qua phan tich thanh phén cép hat quang tinh
ilmenit trong tang cat 6 Binh Thuan cho thay, quang
tinh iimenit viing nay thuée dang twong ddi min, gan
100 % cép hat -0,176 mm. Nhw vay, dé qua trinh

luyén xi titan dién ra thuan loi, tang dd théng khi, tranh
tac [0, bay bui,... thi quang tinh iimenit da thiéu hoan
nguyén can dwoc vé vién hodc dong banh trude khi
dwa vao luyén trong 16 dién hé quang [8].
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H.2. Két qud nhiéu xa Ronghen cua quéng tinh ilmenit trong tang cét dé Binh Thuén

Béng 3. Thanh phan khoang vat quéng tinh
ilmenit trong tang cat dé Binh Thuan.

; " Coéng thire Ham
Khogng vel khoé?wg vat leong, %
llmenit FeTiO; 64
Rutil TiO, 12
Pseudo-rutil Fe,TizOq 10
Pyrit FeS; 3
Hematit Fe,O3 3
Thach anh SiO, 2
Talc Mggsi401g(OH)g 1
Pyrolusit MnO, 2
Hausmannit Mn“*"Mn”",0, 3

Tong cong f 100

Chét lwong quang tinh cho luyén xi dwoc tinh
theo coéng thirc:

. LLE " (11)

100-(TiO, +FeO +Fe,0.,)
Trong dé: TiO,, FeO, Fe;05 - Cac ham lwong TiO,,
FeO, Fe,O3 c6 trong quang tinh.

Khi a5 thi d6 1a quang tét cho qua trinh luyén xi
[2]. Két qua phan tich thanh phan vat chat mau
quang tinh ilmenit trong tang cat d@é tinh Binh
Thuan thady rang, ham lwong TiO, dat 52,40 %,
thudc loai giau thanh phan ¢6 ich. TiO, ton tai trong
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3 khoang vat la ilmenit, rutil va pseudo-rutil nhung
chil yéu & dang ilmenit (chiém 64 %). .

M&u quéng tinh cho nghién cru cé thanh phan
sat tdng (Fe,Os+FeO) chiém 38,84 % khdi lwong
quang tinh va c6 hé s6 a=6 nén la mau quéang tbt
cho qua trinh luyén xi titan. '

Thanh phan MnO 1a 3,65 % kha cao so voi
quang tinh-ilmenit sa khoang ven bién Viét Nam
(quang tinh ilmenit trong tang cat xam la thwong <1
% [2]). Khoang vat chira Mn bao gom Pyrolusit va
Hausmannit, 1a hai khoang vat chira mangan dang
oxyt. Theo mot sb tai liéu nghién ciu vé thanh
phan vat chat quéng ilmenit [6], cho thdy mangan
tdn tai trong quang tinh khéng chi & dang don chat
ma con & dang thay thé dong hinh vo&i sét
(Mn,Mg,Fe)TiOj3 trong khoang vat ilmenit.

Khoang vat chira mangan va khoang vét ilmenit
[6] d&u bi nhi&m tlr nhung c6 thé tuyén tach & cac
dai cwdng d tir trwdyng khac nhau. Bang phuwong
phap tuyén tir, mangan oxyt ton tai déc lap.da
dwoc loai bé phan Ién & cwong do tr trwdng thap
hon so v&i khoang ilmenit. Tuy nhién, khi-Mn thay
thé dbng hinh voi Fe trong khoang véat ilmenitthi
khong thé tach dwoc bdng phwong phap tuyén. Do
do, quéng tinh ilmenit s& chira nhiéu mangan. Khi
ham lwgng Mn trong quang tinh ilmenit cao sé lam
gidm chét lwong san phdm xi titan - nguyén liéu
chi yéu dé san xuét pigment titan.
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3.4.2. Thuc nghiém qud trinh thiéu hoan nguyén
quang tinh ilmenit

a. Anh hwomg cta nhiét d6 dén mdc d6 kim
loai héa sat

Theo tai liéu [1] s hoan nguyén ilmenit bang
CO hoac C rén tién hanh qua 3 vung dong hoc, toi
1100 °C 1a viing ddng hoc héa hoc, tir 1100 °C dén
1300. °C 1a ving déng hoc chuyén tiép, 1én hon
1300 °C la vang dong hoc khuéch tan. Do do, Iwa
chon nhiét dd hoan nguyén phu hop voi cac vung
ddéng hoc dé phan (rng hoan nguyén dugc t6t nhét.

Pidu kién thi nghiém nhuw sau:

» Nhiét do thiéu lwa chon tir 1000+1250 °C;

_» Thoi gian thiéu: 120 phat;

» Ty |é than antraxit: 10,8 % so Vvoi khéi lwong
quang tinh ilmenit.

Két qua thi nghiém dworc trinh bay trong H.3.
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H.3. Anh huéng ctia nhiét dé
dén mirc do kim loai hoa st

~ Két qua thwc nghiém cho thay, khi nhiét do
thiu hoan nguyén tang 1én tir 1000+1200 °C,
mirc do kim loai héa sat lién tuc tang theo. &
1200 °C, mirc o kim loai héa sét dat 92,44 %.
Khi tang nhiét do thiéu Ién 1250 °C, mirc dd kim
loai hoa sat dat 93,73 %, cao hon so voi 1200
i Tuy nhién & nhiét dd nay, san pham tao dung
- dich ran thanh phan n[(Fe, Tl)Ox2T|02]pT|02 twong
(rng v&i cdng thirc va cau tric cua anosovit [2]
nén quang-tinh |Imemt bi bién mém, rat kho xtv ly
. cho cac khau tiép theo. Do d6, Iwa chon nhiét do
thiéu hoan nguyén quang tinh ilmenit la 1200 °C
cho céc thi nghiém tlep theo.
-~ b. Anh hwéng ctia thoi gian dén mire dg kim
loai hoa sat

Tham kh&o tai liéu [1] cho thay, mirc do kim loai
hoa sét tang manh trong khoang 15 dén 30 phut
dau cla qua trinh hoan nguyén. Qua trinh nay sé
tang cham trong khoang thoi glan tiép theo do ham
lwong sat oxyt trong thiéu phdm gidm nén hoat d6
ctia FeO giam, twong ting v&i mirc dd kim loai hoa
sat tdng cham.

Diéu kién thi nghiém nhw sau:

» Ty & than antraxit: 10,8 % so voi khéi lvgng
quang tinh ilmenit;

> Nhiét dé thiéu: 1200 °C;

» Thoi gian thiéu thay dbi tir 60+180 pht.

Két qua thi nghiém dwoc trinh bay trong H.4.

Két qua nghién clru anh hwdong cua thoi gian
thieu hoan nguyén cho thdy, khi tang thoi gian
thiéu hoan nguyén tir 60+ 120 phat thi mire dd kim
loai hoa sat tir sat oxyt thanh sat kim loai tang tlr
65,39 % toi 92,44 %.

Khi kéo dai thoi gian thidu tir 120 phit t&i 180
phat, mirc dé kim loai hoa sat tdng theo khong
dang ké, dat 93,01 % véi thoi gian thiéu la 180
phut. Viéc kéo dai thoi gian thiéu nhungmic do
kim loai hoéa sat tang 1én khong dang ké la do luc
nay trong thieu pham gan nhw sat oxit d& chuyén
hét vé dang sét kim loai. Kéo dai thoi gian thiéu luc
nay chi tén thém nhién liéu cap cho qua trinh. Vi
vay, chon thdi gian thiéu hoan nguyen sat trong
quang tinh ilmenit la 120 phut dé tién hanh cac
nghién ctru tiép theo.
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H.4. Anh hwong cua thoi gian
dén mirc do kim loai héa sét

c. Anh hwong caa ty I¢ than dén mirc d6 kim
loai héa sat

Than dwa vao chi yéu dé hoan nguyen sat oxyt,
tuy nhién trong than c6 mét s6 tap chat ¢o hai nhu:
P, S,... Vi vay, can chon ty 1& than sao cho mtrc do
kim loai hoa sét dat cao nhat, tiéu hao than hoan
nguyén it nhat cling nhuw glam tap chit P, 8.
hai trong than di vao san pham xi titan.

Diéu kién thi nghiém nhuw sau:

» Nhiét do: 1200 °C;

» Thai gian: 120 phat;

» Ty |é than hoan nguyén (%): : 10.8 12.6;
14,4: 16,2 % so voi khdi lvgng guang tnh imenit.

Két qua thi nghiém duorc frinh bay Tong H.S.
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H.5. Anh huéng cia ty 16 than
dén murc do kim loai héa sét

V6i ty 18 than 9 % (tinh theo ly thuyét), lwong
than hoan nguyén khéng da cho phan (rng hoan
nguyén st dién ra, do d mrc dd kim loai hda st
thap (chi dat 65,39 %).

Thuc t€ cho thady: lwgng than st dung cho qua
trinh thiéu hoan nguyén da chwa tinh cho hoan
nguy&n cac oxyt khac va moét phan bj chay hao
trong qua trinh thiéu.

Khi tang Iwgng than hoan nguyén 1én 10,8 %, .
méc do kim loai hoa sét dat 92,44 %. Tiép tuc
tang ti 1& than hoan nguyén lén 12,6; 14,4 hay
16,2 % thi hiéu suat hoan nguyén tang lén rat it
(ttr 92,44 1én 93,31 %). ‘

Béng 4. Thanh phéan héa hoc céc mé thiéu hoan nguyén quéng tinh ilmenit trong tang cat dé

Thi Ham lwong cac nguyén td (%)
nghiém TiO, Fex. MnO MgO AloO3 C

1 61,78 27,46 3,46 0,15 0,27 0,28
2 61,57 27,36 3,50 0,18 0,31 0,35
3 61,69 27,58 3,55 0,13 0,28 0,33
4 61,73 27,43 3,42 0,17 0,26 0,29
5 61,80 27,25 3,51 0,14 0,29 0,32

TB 61,71 27,42 3,49 0,15 0,28 0,31

Nguyén nhan la do_ham lwgng sét oxyt trong
quang tinh iimenit d& dwoc hoan nguyén gan hét
vé dang sat kim loai.

Viéc tang ti 1& than 1én dén 12,6 % khéng nhirng
khéng hiéu qua ma con tang lwong than dw trong
san pham thiéu, s& dan dén tang thoi gian tuyén
tach than. Do do, lwa chon ti 1& than hoan nguyén
la 10,8 %.

Twr cac théng s cong nghé da lwa chon nhu:

> Nhiét do thiéu hoan nguyén 1200 °C;

» Thoi gian: 120 phut;

> Ty & than hoan nguyén: 10,8 % so v&i khbi
legng quang tinh ilmenit, da tién hanh thiéu 5 mé
lién tiép, mbi mé 1 kg quang tinh da phéi tron than
trong thiét bj I than hat.

Két qua duoc trinh bay trén Bang 4.

Nhan xét: thanh phan iimenit hoan nguyén dwoc
thiéu trong 16 than hat twong déng véi thiéu trong
16 mup thi nghiém.

Két qua th(r nghiém cho thdy, mirc do kim loai
héa sét dat kha cao khoang 92 %, ham lwong tap
chét co trong thiéu pham thay dbi khong dang ké
so v&i trong quang tinh ilmenit ban dau.

Khi d6, ham Iwgng MnO trong xi van kha cao,
vi vay can nghién ctu dé lya chon thong sé
cdéng nghé cho céc qua trinh tiép theo (luyén xi,
hoa tach xi,...) trong so dé céng nghé luyén xi
titan trong tang cat dé (H.6) nhdm nang cao chét
lweng xi.

BEZN conc neHice mo. sd 6 - 2017

limenit cat dé Than antraxit
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H.6. So' d6 céng nghé luyén xi titan
trong tang cat dé tinh"Binh Thuén
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4. Két luan

Quéng tinh iimenit trong tang cat dé tinh Binh
Thuan ch*a ham lwgng TiO, twong déi cao,
twong dwong voi quang tinh ilmenit sa khoang
tai mot sé tinh ven bién Viét Nam. Thanh phan
sat va.mangan cda vung nay ciing cao hon so
v&i cac vung quang ilmenit sa khoéng khac. Cac
tap chéat nay déu anh huéng dén qua trinh luyén
xi cling nhw chét lwong san pham xi titan nhan
dugec tai day.

Ching toi da tién hanh nghién clru thiéu hoan
nguyén quang tinh ilmenit trong tdng cat dé tinh
Binh Thuan phuc vy cho luyén xi titan hai giai
doan t¥ ngudn quang tinh vang nay. Ché do thiéu
hoan nguyén quang tinh ilmenit dwoc lwa chon
nhw sau:

» Nhiét dé thiéu hoan nguyén 1200 °C; -

» Thei gian: 120 phdt;

» Ty |é than hoan nguyén: 10,8 % so v&i khbi
lwong quang tinh ilmenit.

V&i ché do thiéu hoan nguyén nay, mirc do kim
loai héa séat trong ilmenit dat 92,44 %. San pham
‘clia qua trinh thiéu dwoc st dung cho qué trinh
luyén xi titan hai giai doan trong 16 hd quang.CJ
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SUMMARY
shows the result of

reduction of ilmenite
in red sand of Binh Thuén

This paper
carbothermal
concentrate

province. A method is disclosed including:

temperatureis 1200 °C, time of process is 2
hours, percent of anthracite coal is 10,8 wt
%concentrate. With the choosed method,

- 92.44 % of iron oxide was transformed to
iron metal, it was improved the two stage
titanium slag process.

r o g
UNG DUNG BIEN DOLI...
=

(Tiép theo trang 57)

SUMMARY

. The article deals with the results of |
. research on application of fast fourier |
. transforms to determine the vibration |
. frequencies of CBL-250T rotary drilling |
| machine at Cao Son coal joint stock |
. company. The authors conducted a survey, |
. measuring the vibration data with the My- |
. RIO-1900 device. The monitored signals on |
| the LabVIEW through FFT convered into |
. Vibrating Spectrum waveforms will be useful |
. for technical staff, machine's operators to |
. adjust the drilling parameters to reduce the |
. machine's vibration and ensuring the health |
- of workers and improve the efficiency of |
. drilling.
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