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Binh Thuan is an area with great potential for titanium ore in the red sand
layer. In previous studies, a suitable scheme of mineral processing and
types of equipment had been designed for improving the quality of
titanium ore concentrate. However, the existence of manganese in Binh
Thuan ilmenite has not been clarified, and therefore, an effective method
of separating Mn from ilmenite has not yet been proposed. In this study,
X-ray diffraction analysis (XRD), and scanning electron microscopy (SEM-
EDS), and Raman spectroscopy method are used to determine the
mineral-chemical composition of Binh Thuan ilmenite. The analytical
results show that in the study area of ilmenite ore, there was a certain
proportion of Mn in the Binh Thuan ilmenite ore with an average of about
3.0%. Manganese is found to exist as a partial isomorphic replacement
between Mn2* and Fe?* ions in ilmenite mineral crystals, creating an
intermediate mineral ilmenite-pyrophanite with the formula (Fey,Mn;.
«JTiO3. The obtained research results contribute to the orientation in the
separation process, in removing Mn effectively from Ti concentration ore.
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Binh Thudn la khu vurc ¢6 tiém ndng lém vé qudng titan ndm trong tdng cdt
dé. Trong cdc nghién ctru truwéce ddy, quy trinh cong nghé va thiét bi phu hop
dé'tuyén cé hiéu qud ngudn tai nguyén khodng sdn nay da dwoc xdc Idp. Tuy
nhién, trong cdc nghién ctru nay, vdan dé vé dang ton tai ciia mangan trong
tinh qudng ilmenit con chwa dwoc lam sdng to va do vdy ciing chwa dinh
hwdng phlro'ng phap xur ly tdch manganra khai tinh quang ilmenit mot cdch
hiéu qud. D€ gép phdn lam sang to dang ton tai cua mangan trong tinh
qudng ilmenit, trong nghién ctru nay da tién hanh st dung t6 hop cdc
phlro'ng phap phan tich trong sa, phan tich nhiéu xa tia X (XRD), kinh hién vi
dién tir quet (SEM- EDS) va phwong phdp quang ph6 Raman nhdm xdc dinh
thanh phan khoang vdt, thanh phan héa hoc cta tinh quang ilmenit, ciing
nhuw xdc dinh cdc nguyen tik trong tinh thé ilmenit. Két qua phan tich da chi
ra rang trong tinh qudng ilmenit khu vwc nghién ctru cé chira Mn voi ti 1é
nhdt dinh, trung binh khodng 3,0%. Mangan dwoc nhan dinh ton tai dudi
dang thay thé dong hinh mot phan nhé gitka ion Mn?* va Fe?+ trong tinh thé
khoang vat ilmenit, tao nén khoang vdt trung gian ilmenit- pyrophamt voi
cong thitc (Fex, Mnl-x)T103 Két qua nghién cizu dat dwoc gép phdn cho viéc
dinh hudng trong qud trinh tuyén luyén, nhdm loai bé Mn dat hiéu qud cao.

© 2021 Trwong Pai hoc M6 - Dia chat. Tt ca cic quyén dwoc bao dam.

1. Patvan dé

Bui Tat Hop, 2010; Nguyen Tien Dung va nnk,
2017). Theo Quyét dinh phé duyét Quy hoach va

Viét Nam la quéc gia c6 tiém nang 16n vé tai
nguyén quang sa khoang titan - zircon ven bién,
phin bo chi yéu doc cic by bién mién trung
(Lwong Quang Khang va Khwong Thé Hung, 2016;
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phan vung tham do, khai thac quang titan giai
doan dén nam 2020, c6 xét téi ndm 2030 ctia Tha
twéng Chinh phti ndm 2013 thi téng trit lwong va
tai nguyén du bao quang titan ca ca nwéc khoang
650 triéu tin khoang vat nang (trong dé khoang
78 triéu tin zircon) (Quyét dinh s6 1546/QD-TTg,
2013). Trong do, trir lwong va tai nguyén dy bao
khu vic Binh Thuin khoang 599 triéu tan, chiém
929% tOng trir lwong va tai nguyén quang titan Viét
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Nam. Qudng titan khu vwc nay phan bo trong
tang cat do v&i bé day tang cat do chira quing
trung binh khoang 85m. Ham lwgng quang titan
trung binh dat 0,7% TiO-. Cac khu vwc phan bd
chi yéu quang titan & Binh Thuin cé khu Tuy
Phong vé&i tai nguyén dw bao 1a 23,9 triéu tin,
khu bic Phan Thiét véi tai nguyén du bao 476
triéu tdn, khu nam Phan Thiét véi tai nguyén dw
béo 56 triéu tAn va khu Him T4n 1a 1,6 triéu tin
(Téng cuc dia chiat va Khoang san - B Tai
nguyén va Méi truedong, 2010).

Trong nghién ctru “Piéu tra, danh gia tiém
nang sa khoang titan - zircon trong ting cat do
vung Ninh Thuén, Binh Thuin va Bic Ba Ria -
Viing Tau” ciia Tong cuc Dia chit va Khoang san,
B6 Tai nguyén va Méi treong da danh gia so bd
vé thanh phin vat chit cua do6i twong quang nay.
(Téng cuc dia chat va Khodng san - B Tai
nguyén va Moi trweong, 2010). Két qua nghién
ctru da chi ra rang, ham lwong titan & day thip
hon va ti 1é mun sét nhiéu hon so véi quang sa
khoang chira titan trong I&p cat xam va cat vang.
Ngoai ra, ham lwvgng mangan trong quang tinh
chtra titan trong khu vuc nay kha cao, gdy anh
hwéng khong nhé cho qua trinh luyén kim.
Trong cac nghién ctru tredc day, quy trinh cong
nghé va thiét bi phu hop dé tuyén c6 hiéu qua
nguon tai nguyén khoang san nay da dwoc xac
l1ap (Nguyén Thi Hong GAm, 2016). Tuy nhién,
dang ton tai cda mangan trong tinh quing
ilmenit con chwa dwoc lam sang t6 va do vay
cling chwa dinh hwéng phwong phap x ly tach
mangan ra khéi tinh quang ilmenit.

Theo Waychuna (1991), 5 khoang vat trong
nhém loat ilmenit bao gém cé ciac khoang vat
ilmenit (FeTiO3z), hematit (Fe:03), geikielit
((MgTi03), pyrophanit (MnTiO3) va
ecandrewsit (ZnTiO3). Gitta nhitng khoang vat
nay, c6 nhirng dang trung gian & gitra, tao ra do
su thay thé dong hinh gitra cac ion cé cing mirc
héa tri va nang lwgng twong tw nhau nhuw gitra
ion Mg2+-Mn2+, Fe2+-Mn2+, Fe2+-Mg?+. Do vay cé
thé thay theo quan diém nay thi cong thirc ly
tuwdng cua khoang vat ilmenit sé la FeTiO3 va
khoang vit pyrophanit 1a MnTiOs. Sy thay thé
dong hinh gitta ion Fe2+ va ion Mn2+ theo bat ky
ty 1é nao trong cdu tric mang tinh thé khodng
vat ilmenit sé tao thanh khoang vat trung gian
va dwogc goi chung la ilmenit-pyrophanit, cong
thirc héa hoc tong quat sé 1a (Fex,Mn1)TiOs.

Trong bao cao nay, tip thé tac giad sé gidi
thiéu mét s6 két qua phan tich gép phan lam
sang té dang ton tai cda mangan trong tinh
quang ilmenit. K&t qua nghién ciru dat dwoc sé
la théng tin quan trong cho viéc dinh hwéng x
ly loai bé mangan trong ilmenit nham thu dworc
san phdm dat yéu ciu cua nganh céng nghiép
tiép theo.

2. Mau va phwong phap phan tich

2.1. Mdu nghién ciru

MAu quing nguyén khai dugc 14y tai cdc mé
quang titan trong ting cat do khu vuwc Binh
Thuan. Mau quing nguyén khai dwoc Phong
Cong nghé Tuyén khoang thudc Vién Khoa hoc
va Céng nghé Mo - Luyén kim (VIMLUKI) truc
tiép trién khai 1y mau tai hai khu vuc chinh 1a
khu vuc x3 Hoa Thang, huyén Bic Binh va Ham
Thuin Nam thuéc tinh Binh Thuin. Pong thoi
mau dwoc gép véi miu thudc dé an thim do
khodng san sa khoang titan - zircon khu Lwong
Son I, huyén Bic Binh, tinh Binh Thu4n (do Céng
ty C6 phan Dia chat va Khoang san - Vinacomin
cung cap cho VIMLUKI). Mau dwgrc gia cOng gian
lwge va lwu thanh cac miu phuc vu qua trinh
phan tich va nghién ctu tht nghiém (Nguyén
Thi Hong GAm, 2016). MAu nghién ciru 1a san
phdm tinh quang ilmenite da thu hoi trong qua
trinh tuyén vit thu hoi khodng vat nidng va tuyén
tir. MAu dwoc hong kho trong 10 sdy & nhiét do
60°C. Tuy phwong phap va muc dich phan tich
kh4c nhau, mau dwoc tién hanh gia cong véi cac
quy trinh khac nhau vi du nhw ddc epoxy dé cat
va mai bong, phu carbon hay nghién min bang
c6i ma ndo.

2.2. Phwong phdp phan tich

T6 hop cac phwong phap phan tich dwoc st
dung nham gép phan lam sang t6 cac dic diém
thanh phan héa hoc cta ilmenit khu vic nghién
ciru bao gom: phén tich trong sa va phén tich
kinh hién vi dién t&r quét (SEM-EDS) tai Truwong
Dai hoc M6 - Dia chit; phan tich nhiéu xa tia X
(XRD) tai Vién Dia chit - Vién Han 1am khoa hoc
va Cong nghé Viét Nam va phwong phap quang
phé Raman tai Pai hoc Quoc gia Ha Néi.
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3. Két qua nghién ciru va thao luin

3.1. Phan tich trong sa

K&t qua phan tich trong sa cho thiy rang, cac
khoang vat ilmenit chiém chu yéu véi khoang
80,00% tong cic khoang vat nang (Nguyén Thi
Hong Gam, 2016). Hinh dnh chup mau ilmenit
dwéi kinh soi néi cho thiy cac khoang vat ilmenit
c6 dang hat kha tron canh, d6 mai tron kha tét,
mau den va c6 dnh ban kim (Hinh 1).

3.2. Phan tich XRD

K&t qué phan tich XRD cho mau quang ilmenit
dwoc thé hién & Hinh 2. Gidn d6 cho thay xuit hién
cac dinh dwoc cho l1a c6 su ton tai ciia khoang vat
pyrophanit (MnTiOs3) cung véi ilmenit (FeTiOs).
Khodang vat ilmenit dwoc dic trung bang cac dinh
nhibu xa tai 2,74 A; 1,72 A; 2,54 &; 1,86 &; 1,50 A
va 1,47 A. Trong khi d6 khoang vat pyrophanit thé
hién tai cac dinh nhiéu xa 2,76 A; 2,55 A; 1,74 A;
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~
o
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Hinh 2. Gidn do XRD ctia mdu ilmenit nghién ciru.

1,88 A; 1,52 A va 1,48 A. Tuy nhién, do mang tinh
thé ctia khodng vat ilmenit, pyrophanit va khoang
vat trung gian gitra ching kha twong dong véi
nhau, do viy viéc phan biét sy tén tai ding cia
khoang vat ilmenit, hay khodng vat pyrophanit,
hay la khodng vat trung gian gitra chung trong

Hinh 1. Hinh dnh mdu tinh qudng ilmenit nghién ciru.
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mau nghién ctru st dung két qua phan tich XRD sé&
gap nhirng kho6 khan nhat dinh.

3.3. Phan tich SEM-EDS

Trong nghién cru nay, phwong phap phan
tich kinh hién vi dién tir quét (SEM-EDS) dworc st
dung dé kiém tra va xac dinh sw c6 mét ciia nguyén
t6 Mn trong khoang vat ilmenit. Két qua cho thay,
ddi véi mau khoang vat ilmenit gin két, mai lang,
phan tich thanh phan hoéa hoc bang ning lwong
tan xa tia X lién két véi SEM cho thiy dinh tan xa
déc trung cho Mn xut hién (Hinh 3). Hinh 3a thé
hién phd tan xa tia X trong phéan tich SEM cho bé
mat cia mét hat ilmenit con hinh 3b thé hién phé
tan xa tia X trong phan tich SEM d6i véi mot dién
tich trén bé mat 16i cla mot hat ilmenit dwoc cat
va mai béng. Két qua bin EDS déu cho thiy
nguyén t6 Mn xuit hién trong tit ca cac diém va
dién tich ban ctia khoang vat ilmenit dugc phan
tich. Tuy nhién, dinh tan xa ctia nguyén t6 Mn nay
¢6 cwdng do khong 1én va khac nhau tuy thudc vao
ty 18 Mn tai diém phan tich. Pinh tan xa dic trung
cho nguyén t8 Ti va Fe van 1a cic nguyén t6 chi
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dao trong thanh phin khoang nay. Ngoai ra, Si va
Al cling xuat hién véi ham lwgng nho.

Két qua xac dinh ban ham lwong nguyén to
Mn trong ilmenit nghién ctru tai mét s6 diém va
vung ban EDS dwoc tAp hop & Bang 1. Két qua cho
thdy, ham lwong Mn tai cic di€ém ban EDS dat
trung binh khoang 3,0 %, con lai 1a ham lwong Ti
va tong Fe. T4t ca cac diém phén tich EDS cho thiy
c6 mat dong thoi nguyén té Fe va Mn. Nhw vay,
buéc dau c6 thé dwa ra nhan dinh rang, c6 thé xay
ra qua trinh thay thé d6ng hinh mét phan nho cta
ion Mn2* cho ion Fe?* trong mang tinh thé khoang
vat ilmenit va tao ra khodng vat trung gian
ilmenit-pyrophynit ((Fex,Mni4)TiOs. Trong qua
trinh phan tich, chwa tim thiy khodng vat chira
Mn, pyrophanit.

3.4. Phan tich quang phé Raman

Phan tich khodng vat ilmenit (FeTiO3) va
pyrophanit (MnTiO3;) bang phwong phap quang
ph6 Raman da dwgc nhiéu nha khoa hoc quan tAm
nghién ctru ciu truc mang tinh thé (Wu X,, Qin S,,
Dubrovinsky L., 2010; Guan X.F. va nnk,

13 26 39 52 65 78 91

104 17
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Lsec: 28.7 0 Cnts 0.000 keV Det: Octane Pro Det

Ti

13 26 39 5.2 65 78 91 104 117

130
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Hinh 3. Hinh dnh va két qud phan tich SEM-EDS cho mdu ilmenit hat (a) va mai béng (b).
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Bdng 1. Ham lwong cdc oxit tai mot s diém ban EDS.
Oxit Ham lwong (%)
Diém 1 Diém 2 Diém 3 Diém 4 Diém 5 Diém 6 Diém 7
TiO; 48,12 48,19 48,15 48,11 48,08 47,98 48,76
MnO 2,94 2,90 2,93 2,97 2,96 2,98 3,02
T.Fe 42,44 42,60 42,04 42,18 42,11 42,22 42,16
Tong 93,50 93,69 93,12 93,26 93,15 93,18 93,94
Ghi chu: T.Fe: Téng sat
Bdng 2. Vi tri dinh ctia gidn d6 phé Raman va cdc pha dao ddng twong trng d6i véi MnTiOs.
T 203 237 264 335 | 359 | 467 | 601 | 685
(cm
K},, 5 5 4 4 3 3 2 1 1
Pha
dao | Mn<>0 | Mn<>0 | TiOg¢ <-> Mn | TiO¢ <-> Mn | O-Ti-O | O-Ti-O | O-Ti-O | Ti-O | Ti-O
dong
Bdng 3. Vi tri dinh ctia gidn d6 phé Raman va cdc pha dao déng twong ttng d6i véi FeTiOs.
Vitd 151 217 280 320 374 | 598 | 690
(cm-D)
Ky hiéu Eg Eg Agt A Eg3 Ed | A
Pha dao dong| Fe<-> 0 TiO¢ <-> Fe TiO¢ <-> Fe 0-Ti-0 0-Ti-0 Ti-0 Ti-O

2013). Cac nghién ctru trwde da chi ra rang, cac vi
tri dinh cda gidn d6 Raman dwoc thé hién cho
khodng vat pyrophanit (MnTiOs) bao gbm 166,
203,237, 264, 335, 359, 467,601, 685 cm'! (Bang
2) (Wu, Qin, Dubrovinsky, 2010). Cac dinh tai
151, 217, 280, 320, 374, 598, 690 cm! dwoc thé

hién cho khoang vat ilmenit (FeTiOs) (Bang 3)
(Guan X.F,, Zheng]. va nnk, 2013).

K&t qua phan tich quang ph6 Raman cho miu
ilmenit trong nghién ctu nay thé hién cac dinh
Raman tai 258, 327,369,450, 578, 681 cm! (Hinh
4). Tlr két qua & Bang 2, 3 cho thay, vi tri dinh cac

intensity (a.u.)

681

300 400

500

600 700 800

Raman Shift (cm™)

Hinh 4. Gidn do quang phé Raman ctia mdu phdn tich.
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pha dao dong phé Raman cta ilmenit (FeTiOs) va
pyrophanit (MnTiO3) c¢é nhiéu gia tri twong tng
véi nhau. Cac vi tri dinh cac pha dao dong khac
nhau thé hién sy anh hwdng cia ion Fe?* va Mn2+
trong cAu tric mang tinh thé ctia khoang vat. Gian
d6 phé Raman ctia mau ilmenit trong nghién ctru
nay khéng trung khép véi phd dao dong dién hinh
cia ilmenit (FeTiO3) va pyrophanit (MnTiO3)
dugc cong bd. Dieu nady chi ra rang cé su thay doi
nhit dinh trong mang tinh thé cta khoang vat
ilmenit nghién ctru.

DE c6 nhan dinh mot cach hé thong, cac tac gia
st dung két qua phan tich TEM tir nghién ctru
trwdc dé thao ludn (Tran Thi Hién va nnk, 2015).
Hinh 5 1a hinh dnh céc hat ilmenit duwéi kinh hién
vi dién tir truyén qua (TEM) cung gian d6 pho EDS
biéu dién cic nguyén t8 c6 mat trong thanh phan
mot s6 hat khoang dién hinh (ngoai trir dinh Cu do
lwé6i ddng chira mau). K&t qua cho thiy rd rang véi
nhitng diém ban EDS c6 dién tich tiép xtc rat nho,
dang kich thwéc nano (Hinh 5), déu cho thay sw
ton tai ctia ion Mn va chiém ti 1& % nhat dinh. Két
qua nay gop phan Ung hd nhin dinh trong miu
nghién ctru, chd yéu ton tai khoang vat trung gian
ilmenit-pyrophynit v&i sy ton tai mot phan nhd
ion Mn trong mang tinh thé khoang vat.

Nhu vdy, cing véi két qua phan tich bang
phwong phap SEM va TEM cho thiy sy ton tai cia

iom Mn2+ trong ciu tric khodng ilmenit nghién
ctru véi ti 1€ nhit dinh. Mot phan ion Mn2+ da thay
thé dong hinh ion Fe?* trong ciu tric mang tinh
thé khodng ilmenit, tao thanh khoang vit trung
gian ilmenit-pyrophanit ((Fey,Mn14)TiO3). Nhan
dinh nay phu hop vé6i thuc té rang viéc tuyén
luyén tach Ti tinh khiét theo phwong phap vt ly
cho quang khu vire nghién ctru gap khé khan do sw
ton tai Mn trong ciu tric khoang vat. Do vy,
phwong phép tuyén luyén theo phwong phap hoa
hoc cho qudng ilmenit khu vuc nghién ctru dwoc
lwu y dé xuit.

4. Két luan

K&t qua nghién ctru chi ra rang trong thanh
phéan vét chit ctia quang ilmenit trong thanh tao
cat d6 khu vuee Binh Thuén cé thanh phén tap chit
MnO. T6 hop cac két qua phin tich XRD, SEM-EDS,
va quang pho Raman da cho thdy Mn khong ton tai
dudi dang khoang vat doc lap (khoang vat
pyrophanit (MnTiO3)) ma ton tai dwéi dang ion
thay thé Fe?+ ciu truc tinh thé khoang vat ilmenit
(FeTiOs) tao thanh khoang trung gian ilmenit-
pyrophanit ((Fex,Mni4)TiO3). Do viy, d€ ning cao
gia tri quang tinh ilmenit cin thiét phai nghién ctru
cac qua trinh cong nghé ché bién siu dé tach tap
chit Mn trong c4u truc tinh thé khoang vat ilmenit

Hinh 5. Két qud phdn tich TEM-EDS cho cdc hat ilmenit (Trdn Thi Hién va nnk, 2015).
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hop ly, nhdm nang cao chit lwong tinh quing
ilmenit.
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