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TOM TAT

Titan va cdc hop kim cia né dwoc sir dung trong hang khéng, hang hdi, y té, héa hoc va cdc
linh viec khac vi cac dac tinh wu viét cia chung, chcfng han nhw mdat do thcfp, ch(fng an mon tot,
dé bén va tinh twong thich sinh hoc cao. Bdi bdo trinh bay nghién civu khd nang ché tao titan kim
loai tir xi titan thir cdp bang phuong phdp nhiét magie. San pham qud trinh dwoc phan tich, ddnh
gid bang cdc phwong phap nhiéu xa tia X (XRD), phé tan xa nang lwong tia X (EDX) kinh hién
vi dién tir (SEM). Két qua nghién cuu cho thay, phuong phdp nhiét magie co kha nang ché tgo Ti
kim logi truc tiép ti xi titan thir cdp véi hiéu sudt thu hoi cao. San pham thu dwoc 1a titan xép c6

do tinh khiét cao, ham luong titan lén dén 94,68% (khéng lan cdc tap chat bat lpi), dap immg yéu
cau cho san xuat hop kim titan chat lwong cao.

T khéa: Xi titan thir cép; Titan; Nhiét magie; SEM; EDX; XRD.
1. MO PAU

Trong cong nghiép khai khoang titan, Binh Pinh 1a m¢t trong nhitng tinh c6 trir lugng titan
16n & mién Trung véi tong trir lugng 2,5 tridu tin sa khodng titan. Riéng Cong ty cd phan
Khoang san Binh Dinh (BIMICO) dang khai thac viing mo vdi trir luong 334.597 tin. Trong qué
trinh san xuét titan 92%, Cong ty cd phan khoang san Binh Dinh d thai ra rt nhidu xi titan thir
cip c6 ham luong TiO, dén 85% (thanh phan thip khong thé xuit khiu dugc). Do do, viée tan
thu duogc rat nhidu san phadm phu xi titan ¢ gia tri ré dé str dung 1am nguyén liéu ché tao cac san
pham c6 gia tri kinh t& cao hon 14 rt can thiét.

Titan x6p duoc san xuét thuong mai bang quy trinh Kroll. Quy trinh nay gém 3 budc chinh
[1]: 1) San xuat TiCl, bang cach sir dung Cl, va C clorua hoa nguyén li¢u TiO; 2) Hoan nguyén
TiCl, bang nhiét Mg, qué trinh ‘nay thuong cho Ti xop va MgClz noéng chay va mdt lugng nhiét
16n phat sinh; 3) Dién phan mudi néng chay MgCl, dé thu héi Mg va khi Cl,. Qua trinh khir nhiét
magie dugc tién hanh ¢ nhiét d6 800 - 900 °C trong moi truong khi argon [2]. Ngoai titan, san
pham phu kém theo 1a MgCl,. San pham phu nay dugc loc dé nhan duoc titan xdp voi muc tap
chat clorua 1500 ppm hodc nh6 hon [3]. Nhin chung quy trinh Kroll tao ra titan chat lugng cao,
tuy nhién gi4 thanh san phdm cao do quy trinh gdm nhidu buéc, ton nhidu thoi glan va day la
quy trinh tirng mé nhiét do cao. Hon nita, quy trinh Kroll phirc tap, su 6 nhiém sit tir thanh 16
phan tmg 1a khong tranh khoi va sinh ra chat thai clo trong qua trinh clo hoa giy 6 nhiém moi
trwong [1].

Trong nhitng nim qua, nhiéu nha nghién ctru trén thé giéi da nd luc tim kiém cac phuong
phap dé ché tao titan v6i chi phi thdp. Mot trong nhitng huéng nghién ctru d6 1a nghién ciru sy
khir nhiét magie ddi véi titan dioxit bang cach bd sung MgCl,, MgCl,-6H,0, NaCl, Ca(OH),
trong moi truong khi argon, hydro, hodc nito dé thu dugc titan, hydro titan hodc titan nitride [4 -
9]. Tuy nhién, qua trinh khir magie dwoc thuc hién trong ca hai loai 10 ho va kin, khong chuyén
ddng véi hdn hop TiO, va Mg déu tao ra cac san pham khong ddng nhat [10]. Vi magie c6 diém
s0i thap hon so véi canxi, nén nd dugc sir dung lam chat khir dé co thé tiét kiém ning luong
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trong qué trinh khir so v&i canxi [11]. Bén canh d6 thi gia thanh Mg ciing thdp hon so v&i Ca.
Ngoai ra, Mg c6 hoat tinh hoa hoc thip hon Ca nén yéu cau vé bién phép an toan lao dong, bao
quan, sir dung it nghiém ngit hon. Vi nhitng uu viét 6 thi Mg 1a mot tac nhan khir duge nhiéu
nha nghién ctru quan tam, sir dung trong khir hoan nguyén titan.

Bai bao nay trinh bay nghién ctru ché tao titan kim loai tir xi titan thi cp cua sa khoang Binh
Dinh bang phuong phap nhiét magie. Nguyén liéu phdi tron ban diu 14 xi titan thir cip (san phim
phu qua trinh luyén xi tir quing titan Binh Dinh), Mg (& chat khir) va MgCl,.6H,0 (d6ng vai trd
1a chat tro chay). Két qua nghién ciru cho thiy, bang phuong phap nhiét magie co thé thu hoi
duogc Ti kim loai tryc tiép tir xi titan thir cAp qua mot budc nhiét phan, thoi gian phan Gng ngén,
dap tmg yéu cau cho san xuat hop kim titan chat lvong cao (ham lugng titan cao, khong 13n cac
tap chat bt loi).

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Héa chét, thiét bi va dung cu
2.1.1. Héa chdt

Magié kim loai (Mg, 99%, dang hat ¢ = 6 mm, héng san xuat Xilong, Trung Quoc Magié
Clorua MgCl,.6H,0 (dang bot, ham lugng > 98%, hang san xuat Xilong, Trung Qudc; Xi titan
thu cép (Cong ty CP Khoang san Binh Dinh, kich thude hat chii yéu tir 0,08-0,35 mm chiém 96%
khoi lugng).

2.2.2. Thiét bi va dung cu

Céan phén tigh PA 213 QHAUS; 10 nung KJ-T1200R, b rdy kich thudc hat, bat sir, c¢bi chay

str, chén nung, ong dong, coc thuy tinh, pipet.

Hinh 1. H¢ Lo 6ng quay KJ-T1200R.
2.2. Ché tao titan kim loai tir xi titan thir cAp bang phwong phip nhi¢t magie

Hoan nguyén titan tir xi titan thir cip bang phuong phap nhiét magie duoc tién hanh theo so
dd thé hién trong hinh 2.

Xi titan thir cap duoc nghién bang may nghlen bi, sau do duoc ray dé thu dugce bot xi titan thir
cép kich thude < 0,08 mm. Bot xi titan thir cap va mudi magie clorua duoc sdy ¢ 100 °C trong
vong 2 gid. Can khéi lwong nguyén liéu hoan nguyén theo ty 18 phdi liéu: 30 g xi titan thir cAp;
20,543 g magie; 30,955 g mubi magie clorua. Nguyén li€u duoc tron déu cho vao chén nung, va
cho vao 10 nung KJ-T1200R.

Chu trinh gia nhiét dugc tién hanh nhu sau: Tién hanh gia nhiét tir nhiét &6 phong dén 300 °C,
giit nhiét 300 °C trong 20 phut dé tao sy dong déu nhiét trong 16p bot va loai bo hoi nude. Tiép
tuc gia nhiét dén 500 °C va giit nhiét 500 °C trong 20 phut dé tao su ddng déu nhiét trong toan b
hén hop. Sau do6 tiép tuc gia nhiét dén 900 °C va giit nhiét 900 °C trong 4 giod. Sau d6, mau dugc
dé nguoi tu nhién ciing 16 vé nhiét ¢ phong. Toc do nang nhiét trong toan bd qua trinh 1 10
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°C/phit. Trude khi nung hoan nguyén xa khi argon véi luu luong 1 L/phut, trong 15 phat, sau do
nglmg xa khi argon va hut chan khong lién tuc cho téi khi nhiét 6 dat 500 °C. Tiép theo tit bom
hut, xa khi argon cho dén khi dat 4p suat khi quyén, khoa van hai dau.

Mau sau hoan nguyén duoc ngam rira bﬁng nudc cat va axit HC1 5% tdi du, sau d6 loc rua lai
bang nudc cat dén khi pH vé trung tinh. San pham sau loc rira dugc say kho & 100 °C thu duoc
san phim hoan nguyén.

TiO, (xi titan th cip) MgCl,.6H,0.

Nghién, ray Say kho Mg

Tron déu

t°: 900 °C
Hoan nguyén nhiét Mg Thoi gian: 4 h
Moi truong: khi Argon

HCI .
Hoa tach san pham
H.0 .
(rtra, loc)
Say kho
San pham

Hinh 2. So do quy trinh ché tao titan kim loai tir xi titan thir cap bang phirong phdp nhiét magie.
2.3. Phuong phap danh gia dic trung vit liéu

Hinh thai hoc dugc xac dinh theo phuong phép hién vi dién tu quét SEM, thanh phan hoa hoc
dugc xac dinh bang pho tan xa nang luong tia X (EDX) trén thi€t bi Hitachi S-4800. Thanh phan
pha ‘Vélt liéu dugc xac dinh bang k¥ thuat nhiéu xa tia X (XRD) trén thiét bi X Pert sir dung
nguon tia X CuKa véi A = 1,5406 A, 45KV, 40 mA, budc quét 0,1 °/s, gbc quét tir 5° - 90°. Phén
b(f) c0 hat dugc xac dinh bang phuong phép tan xa lgser thuc hién trén thi€t bi do phén b0 c& hat
bang tan xa laser LA-950V2. Dién tich bé mat, thé tich 16 x6p, kich thudc 16 xop cua vat lidu
duoc xac dinh bang phuong phap BET trén thiét bi TriStar II Plus. St dung phuong phap xac
dinh khdi luong riéng theo tiéu chuan ASTM D1895A dé xac dinh khdi lwong riéng d6 khoi cua
vat liéu.

Hiéu suat hoan nguyén titan dugc tinh theo cong thirc:

H="5.100% (1)
™

Trong d6, m 1a khdi luong titan trong nguyén liéu hoan nguyén, m; 1a khéi lugng titan trong
san pham hoan nguyén.
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3. KET QUA VA THAO LUAN
3.1. Hinh thai hoc ciia titan xép
Hinh thai cua xi titan thir cAp va san phdm sau khir nhiét magie duoc quan sat bang phuong
phap chup anh kinh hién vi dién tir quét (SEM) ¢ cac dd phong dai khac nhau. Hinh dnh duogc thé
hién ¢ hinh 3 dudi day.

IMS-NKL 5.0kV 5.6mm x5.00k SE(M) 10 Oun

IMS-NKL 5.0kV 5.6mm x100k SE(M) 500nm

Hinh 3. Anh SEM ciia xi titan thit cdp (trén) va san pham sau khir nhiét magie (dwdi).

Theo hinh 3 (trén), xi titan c6 dwong kinh hat nAm trong khoang (100- 300) pm. Sau khi khu
nhiét magie thu dugc Ti kim loai ¢6 hinh bat dién khong déu Yéi kjch thu('yc hattir 1 - 1() um nhu
trong hinh 3 (dudi). Bé mat cua cac hat Ti tao dugc tuong doi xop. K&t qua nay co thé 1a do xi
titan duoc tron déu voi bot Mg, khi phan tmg ¢ nhiét d6 cao, hoi Mg s& khu xi titan, dan dén su
hinh thanh titan kim loai ¢6 cau trac xop.

3.2. Thanh phén héa hoc ciia titan x6p

Thanh phan cac nguyén t6 trong Xi titan thir cdp va san phﬁim sau khir nhi¢t magie dugc xac
dinh bang phuong phap pho tan xa nang lugng tia X (EDX), két qua thé hién ¢ bang 1 va hinh 4.

Bang 1 va hinh 4a chi ra rang xi titan c6 ham lugng Ti twong d6i cao (3’5,3%), sau do la Fe
(2,83%) va luong nho Al, Si, Mn. Theo bang 1 va hinh 4b, xi titan thir cap dugc xu ly bang
phuong phdp nhiét magie, sau khi loc rira san pham thu dugc c6 ham luong Ti rat cao 94,68 %,
con lai 1a cac tap chat (Mg, Fe, Si, Al, Mn) v6i ham luong rat nho. Pay ciing 1a cac nguyén tb
hop kim héa duge sir dung trong qua trinh nau luyén hop kim titan c6 tac dung tang co tinh va
tinh bén an mon cho vat liéu. Chinh vi thé, trong qua trinh ché tao titan x6p khong céan loai bo
cac nguyén to nay. Theo cong thire (1) hi€u suat hoan nguyén titan dat 79,8%.

26 P.K.N. Ho, ..., L. . Duong, “Nghién ctvu ché tao Ti kim logi ... phwong phdp nhiét magie.”



Nghién ctru khoa hoc cong nghé

Bing 1. Thanh phin % theo khoi heong trong xi titan thir cdp va san phdam sau khir nhiét magie.

TT | Nguyén té | Xi titan thir cdp | San pham sau hoan nguyén
1 Mg - 1,10
2 Al 1,11 1,65
3 Si 1,58 0,64
4 Ti 35,30 94,68
5 Mn 1,97 0,92
6 Fe 2,83 1,01
7 @ 57,22 -
Tong 100,00 100,00

0 1 2 3 4 10 11 12 13 14 15 16 17
ull Scale 2413 cts Cursor: 15.271 keV (3 cts)
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Hinh 4. Phé EDX ciia xi titan thir cdp (a) va san pham sau khir nhiét magie (b).
Khac voi phuong trinh phan tmg ¢ quy trinh Kroll [1] da néu trén, trong phuong phap nhiét
magie, Mg c6 thé khir dugc Ti ¢ hoa tri cao vé Ti kim loai. Theo [12], Mg c6 thé khir FeTiO3 —

Fe,TiO, - T1,04 - Ti,03 —»TiO — Ti. Can ctr két qué thu dugc tir nghién ctru, phan ng hoa
hoc ¢6 thé duoc dién ra theo cac phuong trinh sau:

3Fe,TiOs + 10Mg — 6Fe + Ti30s + 10MgO (2
2Ti30s + 9Mg — TigO + 9MgO (3)
TisO + Mg(Ar) — 6Ti + MgO (@)
3.3. Céu tric caia titan xop
T F: Fe,TiO,
T: Ti
*: TigSiy
ER
= I T
g ks C L0
‘g I ki I
a F
a) F FF fFF .

2theta

Hinh 5. Gian d6 nhiéu xa tia X (XRD) cua xi titan thit cdp (a)
va san pham sau khir nhiét magie (b).
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Gian d6 nhidu xa tia X (XRD) cua xi titan thi cip (a) va san pham sau khtr nhiét magie (b)
thé hién ¢ hinh 5 cho thay trén gian d6 co xuat hién cac peak dic trung ciia pha F e2TiOs
(pseuobrookite). Sau khi dugc xir Iy bang phuong phap nhiét magie va loc rira, xi titan da chuyén
thanh pha Ti kim loai, thé hién r3 rang trén phé XRD san pham sau khir nhiét magie, ngoai ra 1an
it pha tap chat nhu TisSis (hinh 5b). Cac peak trén phd XRD cua san phém sau khur nhi¢t magie
tuong ng v6i pha Ti va pha TisSis. Nhu vy, bang phuong phap nhiéu xa tia X da ching minh
dugc san pham thu duge c6 chira titan kim loai v&i do tinh thé kha rd rang.

3.4. Tinh chit vat Iy caa titan xop

Mot s6 dic trung vét 1y clia cac mau nguyén liéu va san pham ciia qua trinh khir nhiét magie
da duoc danh gia do dac. Két qua danh gia khéi lwong riéng ctia miu xi titan thir cép va san
pham titan x6p dwoc danh gid theo ti€u chuin ASTM D1895A (phuong phap d6 khéi) 1an luot 12
2,35 va 1,30 g/cm® cho thay khdi lwong riéng cuia titan kim loai giam gan mot nira so voi xi titan
thir cap.

Kich thudc hat va dién tich bé mat (d¢ xp) cua titan kim loai ciing dugc danh gia va két qua
dugc ghi lai & hinh 6 (trai) cho thay kich thudc cua hat titan x6p phan bd khong dong déu, léch
vé phia kich thudc nho véi kich thuge hat trung binh la 11,1 pm. Két qua nay tuong d6i tring
voi ket qua danh gia kich thuoc hat théng qua chyp anh SEM. Dién tich bé mit theo BET ctia
titan x6p co gid tri 1a 82,179 m%g, thé tich 16 xp va duong kinh mao quan trung binh tinh theo
phuong phap BJH lan luot 13 0,1 cm3/g va 6,826 nm cho thay vat liéu thu duoc kha xop voi thé
tich va duong kinh 16 xép thudc phan loai vt li¢u co kich thudc mao quan nho.
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Hinh 6. Phdn bé cé hat (trdi) va dwong dang nhiét hdp phu N, (phal) clia titan xop.
4. KET LUAN

Di ché tao dugc Ti kim loai tir xi titan thir cAp cua sa khoang Binh Pinh bang phuong phap
nhiét magie. Ddc trung cua vat liéu thu duoc sau khir nhiét magie duoc danh gia bang cac
phuong phap: SEM, EDX, XRD. San pham thu duoc ¢ do tinh khiét cao, co ham luong titan Ién
dén 94,68%, cac nguyén td khac ton tai trong thanh phan déu 1a cac nguyén tb hop kim hoa c6
loi cho san pharn ung dung nhu Mg, Fe, Si, Al, Mn v6i ham lugng nho, khong lan tap chét bét
loi. Hiéu sut thu hoi cao 79,8%, dam bao cho qua trinh nau luyén hop kim tiép theo. Hat titan
tuong ddi x6p, c6 hinh bat dién khéng déu, kich thudc hat phan bd khong ddng déu, 1éch vé phia
kich thudc nho, kich thude hat trung binh 1a 11,1 um, khdi lwong riéng dat 1,300 + 0,013 g/cm®.

Loi cam on: Nghién ciu duoc sy hé tro tir dé tai ccfp Vien Hoa hoc-Vat liéu do phong Vit liéu Vé co
dam bao kinh phi.
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ABSTRACT

Study on fabrication of metallic Titanium from secondary Titanium slag
of Binh Dinh titanium minerals using magnesiothermic reduction method

Titanium and its alloys are used in aviation, marine, medical, chemical and other fields
because of their superior properties, such as low density, good corrosion resistance, high
strength and biocompatibility. This paper presented a study on the possibility of producing
metal titanium from secondary titanium slag by magnesiothermic reduction. The prepared
products were characterized using X-ray diffraction (XRD), energy dispersive X-ray
spectroscopy (EDX), and electron microscopy (SEM). The research results show that the
magnesiothermic reduction method is capable of producing Ti metal directly from the
secondary titanium slag with high recovery efficient. The resulting product is high-purity
porous titanium, with a titanium content of up to 94,68% (without unfavourable
impurities). The properties of Ti meet the requirements for the production of high-quality
titanium alloys.

Keywords: Secondary titanium slag; Titanium; Magnesiothermic; SEM; EDX; XRD.
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