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Diéu ché va khan hoa muoi hydrat techi florua
theo phwong phap wdt lam nguyen liéu tinh luyén tecbi kim loai
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Vien Cong nghé Xa hiém
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Tom tit:

Mudi hydrat tecbi florua (TbF,.nH,0) dugc diéu ché tir dung dich tecbi clorua (TbCl,) véi cdc tic nhin két tia
amonl bicacbonat (NH,HCO,) va ax1t hydro floric (HF). Qua trinh khan héa TbF,.nH,0 duwgc thye hi¢n trong 1o
nung ong v6i s ¢6 mit cia khl argon trong qua trinh nung. Anh huéng ciia cac tac nhan dén qua trinh két tia va
diéu kién khan héa da dwgc nghién ciru. Phwong phap phan tich nhiét dwgc 4p dung aé Ira chon khodng nhiét do
khan héa. Sian phim thu dworc tir qua trinh diéu ché dwgc danh gia bang phuong phap nhiéu xa tia X (XRD), kinh
hién vi dién tir quét (SEM) va pho nhiéu xa niing lu’(rng (EDS). Két qua cho thay, san pham TbF khan cé do tinh
khiét cao, kich thwéc hat dao dong trong khoang 200 dén 700 nm, phu hop lam nguyén liéu aé dleu ché tecbi (Tb)

kim loai.

Tir khoa: khan hoa, khir nhiét kim, tecbi florua, tecbi kim loai.
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Abstract:

Terbium fluoride hydrate (TbF,.nH,0) was prepared
from the terbium chloride (TbCl,) solution using
ammonium bicarbonate (NH,HCO,) and hydrofiuoric
acid (HF) as precipitate reagents. The dehydration
of TbF,.nH,0 was carried out in a tube furnace in
the presence of argon. The influential factors on the
production process have been studied. Thermal analysis
techniques were applied to determine the temperature
range for dehydration. The obtained TbF, products
were assessed by X-ray diffraction, Scanning electron
microscopy, and Energy dispersive X-ray spectroscopy
methods. The results showed that anhydrous TbF, with
a particle size of 200-700 nm can be used as a material to
prepare terbium metal.
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Nguyén té dat hiém Tb duoc tng dung rong rii trong
nhiéu linh vuc cong nghé cao, dic biét Tb 1a thanh phan
khong thé thiu trong cac thiét bi chuyén dbi dién - tir - co,
cam bién gia tde, cam bién co hoc, may phat siéu am, vt
lidu tr gido (terfnol-D), linh kién dién tu [1-8].

C6 2 phuong phép chinh dé diéu ché kim loai dat hiém
ndi chung 1a dién phan noéng chay va nhi¢t kim. Tuy thude
vao tinh chit hoa 1y cia ching ma cic phuong phap dugc
ap dung mdt cach phu hgp. Do ¢6 nhiét 46 nong chay cao
nén Tb thuong duge diéu ché bang phuong phap nhiét kim
véi tic nhan khir 1a canxi kim loai. Qué trinh diéu ché Tb
kim loai bang phuong phap nhiét kim dugc thyc hién qua
cac budc sau: didu ché TbF, khan, nhi¢t kim thu nhan Tb
kim loai tho, tinh ché thu nhan Tb kim loai c6 d¢ tinh khiét
cao [8-11]. Nhu vay, viéc diéu ch@ Tij khan 1a mot trong
nhiing cong doan cua qua trinh diéu ché Tb kim loai. Muoi
TbF, khan can phai ¢6 do tinh khiét cao dé han ché cac tap
chat nhu O, Cl, F, Fe... di vao trong san pham. TbF, sach
cling gitip cho qua trinh tinh luyén kim loai Tb tr& nen dé
dang hon do ham lugng tap chat it hon [12].

Qua trinh diéu ché TbF, khan duogc thyc hi¢n qua 2
phuong phap (w6t va kho). Vi phuong phap uét, dung dich
clorua dat hiém (RECL)) 1a san phim cua qué trinh chiét
phan chia - tinh ché dat hlem phan ng voi HF dé tao thanh
florua dat hiém (REF,) ngédm nudc, sau do mudi ngdm nudc
duoc khan héa ¢ nhiét do cao. V&i phuong phép kho, nguyén
liéu ban dau la oxit dt hiém, tac nhan florua hoa thuong la
mudi NH ,HF,, khi HF khan [13-16]. Ngoai 2 phuwong phap



trén, mot luong nho TbF, khan véi kich thudce nano hodc
micro ¢6 thé dugc diéu che theo cac phuong phap khac
nhau nhu: thiy nhiét, hoa hoc, siéu am - vi song... [17-19].

Vién Cong nghé Xa hiém da c6 nhiéu nghién ciru vé dat
hiém, tir thiy luyén tinh quing dén phan chia - tinh ché thu
nhén céac dat hiém riéng r€ do sach cao va diéu ché kim loai
dat hiém [20-24]. Trong cong trinh nay, chung t6i nghién
ctru diéu ché TbF , khan nhim muyc dich 1am nguyén liéu
cho qué trinh tinh luyén Tb kim loai. Nghién ctru st dung
phuong phap u6t v6i hai con dudng 1a két tia truc tiép va
gian tiép. Hinh thai cta qué trinh két tua, hiu suat két tua,
d6 tinh khiét cua san phém dugc danh gia nham lya chon
cach thuc diéu ché phu hop.

Hoa chét va phuong phap nghién ciiu

Céc hoa chat dugc s dung trong nghién ctru nay bao
gém tecbi oxit (Tb,0,) ¢6 dd tinh khiét 99,5% theo khoi
lugng, xuat XU tu Nga Céc hoa chat khac nhu: H,0,, HCl
dac, mu01 NH,HCO,, HF (dac) c6 d¢ tinh khiét phan tich
(PA), xut xtr tu: Trung Quoc Qua trinh diéu ché TbF, dugc
thuc hién theo 2 cach: truc tiép (hinh 1A) va gian tlep (hinh
1B). Nguyén liéu ban dau 1a Tb,0, dugc hoa tan bang axit
HCl dac v6i sy c6 mat cua H,0,. Sau khi hoa tan hoan toan,
dung dich dugc c6 dén khi sen sét (nham loai bt ion CI)
r0i dinh mirc thanh dung dich ¢6 néng d6 100 g/1 (tinh theo
Tb,0.).

Tbh4O7 Th4O~

Hoa tan bang HCl Hoa tan bang HCl

I
I

TbCls.nH.O TbCl;.nH0

Phan ung vé1 HF

| Két tia véi NLHCO; |

| Loc. ria thu Too(COy); |

i}

Phan vmg vé1 HF

TbFs Loc, rira, s"n

ThFs
(A) (B)
Hinh 1. So dé diéu ché TbF, theo phwong phap trwe tiép (A)
va gian tiep (B).
béi véi qué trinh két toa truc tiép, dung dich HF dac
(v6i thé tich da tinh toan) dugc nho tir tir vao TbCl,. Qua
trinh phan ung dugc thuc hién ¢ nhiét 46 phong trén may
khudy tir. Két thic phan ung, két tia duoc rira gan hoic ly
tam, sau d6 sdy ¢ 105°C/10 gio va nung khan hoa & 600°C/2
gid trong mdi truong khi argon. Vi qua trinh két tua gian
tiép, dung dich TbCL, dugc két tiia véi NH,HCO,2 M dén
pH xac dinh. Tb (CO ), sau do6 dugc loc, rua, phan tan lai
vao trong nudc roi cho phan tmg voi HF dic (theo thé tich
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da tinh toan). Két tua TbF, dugc loc, rLra sdy va nung khan
hoéa twong tu nhu phan ket taa truc tiép. Dung dich loc, rira
tir qua trinh két tua Tb ,(CO,), duoc phan tich thanh phan dé
danh gi4 hi¢u suat két tua. Cac qua trinh két tia, loc rira c6
mat cia HF dugc thuc hién trong dung cu lam bang nhua dé
tranh qua trinh an mon ciua HF.

San pham cta qué trinh két tiia dugc phan tich mot sd
tinh chat bang cic phuong phap: XRD trén thiét bj DS-
Advanced Bruker tai Truong DPai hoc Khoa hoc Ty nhién
(Pai hoc Qudc gia Ha Noi); phan tich nhiét trén thiét bi
Setaram Labsys TG tai Truong Dai hoc Su pham Ha N¢i;
hinh thai hoc va thanh phan nguyén t6 hoa hoc - SEM/EDS
trén thiét bi JEOL JSM-IT100 tai Vién Cong nghé Xa hiém.
Kich thudc hat dugc xac dinh thong qua anh SEM nho phan
mém Imagel. Hi¢u suét cua qua trinh két ta duoc x4c dinh
qua khéi lugng TbF, khan. Thiét bi phan tich phd phat quang
plasma cam ung (ICP-OES) tai Vién Cong nghé Xa hiém
duoc dung dé phan tich cac mau dung dich khong chira flo.

Két qua va ban luan
Nghién ciru két tiia muéi Tb(CO,),

Qua trinh két tia mubi Tb ,(CO,), dugc thyc hi¢n tir dung
dich TbCl, 100 g/l va NH, HCO 2 M. Két qua nghién ctru
su phu thuoc cua pH vao ty 1é mol NH */Tb3* duoc trinh bay
6 hinh 2 cho théy, khi cho dung dlCh mu01 NH,HCO, vao
TbCl, th1 pH cuia dung dich tir 6 giam xudng <5 Kh1 cho
tiép mudi cacbonat vao thi pH cta dung dich khong thay d6i
nhiéu trong khodng ty 1& NH,"/Tb* tir 0,1 dén 3 (hinh 2A).
DPay la giai doan phan tng két tua dién ra manh mé. Hién
tuong nay c6 thé dugc 1y giai nhu sau: qué trinh két tia cia
nguyén t6 dit hiém Tb bang tac nhan bicacbonat xay ra theo
phan tng sau:

2Tb*+3HCO, =Tb,(CO,), | +3H"
H+HCO, =H,0+CO,1

(1
)

Ngoai qua trinh két tia Tb (1) con xay ra qua trinh trung
hoa ion HCO,” theo phén ting (2). Piéu nay lam cho pH ciia
dung dich trong sudt qua trinh xdy ra phan Gng dugc duy tri
trong mot khoang nhét dinh. Sau giai doan nay, pH ciia dung
dich tang nhanh }(hi t’}"/ 1é NH4*’/Tb3*=3. Diéu nay chiing
to phan tng da gan két thuc. Két qua phan tich ICP-OES
cho thay, higu suat cuia qua trinh két tia tang dan khi ty
1¢ NH,"/Tb* tang trong giai dgan }fr 0,1 dén 3.4. Tai ty 1&
NH,/Tb*=3,4 va 3,5, hiéu suat két tua Tb la 100%. Ty 1¢
ndy cao hon ty 1¢ NH,/Tb* can thiét theo 1y thuyét 1a 3,0
do mudi bicacbonat bi tiéu ton mdt phan cho viéc trung hoa
axit con lai trong dung dich va do sy phan hay trong qua
trinh dién ra két tia. Nhu vay, dé két tia hoan toan ion Tb**
bang NH ,HCO, thi pH cua dung dich sau két tiia can >7 hay
ty 1¢ NH,*/Tb**>3,4.

48
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Hinh 2. Sw phu thudc cta pH va hiéu suét két tda Tbh** vao ty 1é mol NH_*/Tb* (A), anh SEM cua Th,(CO,), (B).

Anh SEM ctia mudi Tb ,(CO;), (hinh 2B) cho thiy, cac
hat hinh thanh khong c6 h1nh dang nhit dinh. Cac hat bj co
cum voi nhgu thanh cac hat lqn, ¢ thé 1én de~n vai chuc pm.
Qua trinh lang va loc rira mu6i Tb,(CO,), dien ra twong doi
nhanh do kich thudc hat 16n.

Nghién ciru két tiia mudi TbF,

Qué trinh két tia THF, truc tiép tir dung dich TbCL, dién
ra theo phan ng sau:

TbCl,+3HF-+xH,0—TbF,.xH,0 | +3HCI 3)

M ta qua trinh hinh thanh mudi TbF3 theo con dudng
gian tiép nhu sau:
Tb,(CO,),+6HF+2yH, O—2TbF,.yH,0|+3H,0+3CO, (4)

Hiéu sudt két tia TbF, theo phuong phéap gian tiép va
tryc tiép dugc chira & bang 1.

Bang 1. Hiéu suét két tua TbF .

. Luwgng HF cho vao
Cach ket tua
Dii Duw 10% Du20%
Truc tiép 99 97 96
Gian tiép 100 99 98

(*): phéan tich béng ICP-OES.

Trong qua trinh két tia tryc tiép, két tia tring dugc hinh
thanh ngay sau khi cho HF vao, khi cho du 100% lugng HF
vao thi pH ctia dung dich nho hon 1. D6i véi con duong gian
tiép, khi cho hét 100% lugng HF theo 1y thuyét vao thi pH
ctia dung dich xap xi 2.

Két qua & bang 1 cho thdy, hiéu suat két tia Tb cia ca 2
phuong phap dat 99 va 100% khi luong HF cho vao vira du
theo phan tmg (3) va (4). Khi tlep tuc cho HF vao thi hi¢u
suat thu nhan Tb giam xudng. Dleu nay la do mot phan TbF,
da tan tr¢ lai dung dich. Hi¢u suit theo con duong két tua
tryc tiép giam nhanh hon so véi gian tiép do pH cia dung
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dich két tia tryc tiép luon thap hon, din dén mubi TbF, tan
ra nhiéu hon.

Thoi gian lang cta két tia anh hudng dén viéc lwa chon
phuong phap loc phtt hop. Su phu thude cua thoi gian ling
vao sb lan rira gan dugc thé hién ¢ bang 2.

Bang 2. Thoi gian ldng cta két tua trong qua trinh rira gan.

Thaéi gian ling ciia két tia

Con duong . S . B

Kbt tiia Sau khi két tia  Rira gan lan thir nhat ~ Riva gan lan thir hai
(phiit) (phut) (gio)

Truc tiép 5 60 22

Gién tiép 5 30 6

Két qua bang 2 cho thy, Tb ,(CO,), hinh thanh sau khi
két thic phan tng mét 5 phut de lang hoan toan. Qua trinh
loc cho thay, loc hut chan khong mat nhiéu thoi gian (ca
ngay) do kich thudc hat két tiia rat nho. Tién hanh rira gan
két tha cho thay, thoi gian lang cua két tiia ting 1én theo s6
1an rira gan. D6i vi mau két tua truc tiép, thoi gian lang lan
luot 13 1 va 22 gio cho rira gan 1an 1 va 2, trong khi d6 thoi
gian ldng ciia mau két tia gian tiép thap hon rat nhiéu (l:‘an
luot 1a 0,5 va 6 gio). Nhu vay, qua trinh rira gan cling mét
nhiéu thoi gian. Chung toi tién hanh ly tim dé thu két tua.
Thanh phan nguyén t6 hoa hoc cta két tia thu dugc theo cac
cach két tua va rira gan khac nhau duoc thé hién & bang 3.

Bang 3. Thanh phan héa hoc cta két taa.

Ty 1¢ theo khéi lwong (%)

Nguyén t6  THF 3 Truec tiép Gidn tiép

tinh khiét Riuagan Ly tam Rita gan Ly tam
Tb 73,6 56,5 74,7 62,6 74,7
F 26,4 43,3 25,3 37,1 25,3
Cl 0 0,2 0 0,3 0
Tb/F 2,79 1,31 2,95 1,69 2,95

(*): phan tich béng EDS.



Két qua bang 3 cho théy, ion CI' dugc rira triét dé khoi
két tiia nho phuwong phap ly tim. Bén canh do, ty 1¢ phan
tram khéi lugng Tb/F trong mau thu dugc bang cach loc rira
ly tim ciing tuong duong voi ty 1& Tb/F trong mudi TbF,
tinh khiét, trong khi phuwong phap rira gan c6 ty 1¢ thap hon
nhiéu. Piéu nay chimg t6 mot lugng 16n ion F- con nam lai
trong két tha thu dugc tir qua trinh rua gan. Sy ¢6 mét cua ion
F-khong ¢6 1gi cho qué trinh nhiét kim diéu ché Tb kim loai.
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Hinh 3. Gian dé XRD cta mau két tha gian tiép (A) va trwc
tiép (B).

Két qua phan tich XRD cta 2 miu TbF, (hinh 3) cho
thdy, c6 sy hinh thanh pha tinh thé TbF , VOi céc pic dac
trung c6 cuong do cao tai gia tri 20=24,31, 25,98, 28,02,
30,67, 45,79, 46,84 va 48,80, vi tri phu hop véi cac pic
chuén ciia mudi TbF, tinh khiét theo sb the JCPDS No.
37-1487. Céu truc mang tinh thé cua TbF, dang tryc thoi
(orthorhombic) thugc nhém Prma(62) véi thong s6 mang
a~0,65 nm, b~0,69 nm, c~0,44 nm va o=p=y=90°; phu
hop v6i két qua nghién ctru duge cong b trong cac tai lidu
[16, 24-26]. Két qua ciing khong thiy su xuét hién cia cac
pic tir nhimng hop chét khac nhu mubi cacbonat, clorua nén
qué trinh két tiia da dién ra hoan toan. Nhu vy, ca 2 phuong
phap déu phi hop dé diéu ché TbF, tinh khiét.

Anh SEM ctia cac san pham két tia theo hai con duong
(hinh 4) cho thy, két tiia hinh thanh c6 d6 két tinh cao. Cac
két tia c6 hinh dang giéng hat gao, c6 bién gidi cac hat
rd rang, khong bi co cum. Su dung phﬁn mém ImageJ cho
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Hinh 4. Anh SEM cuia miu TbF, két taa trwc tiép (A) va gian tiép (B).

thdy, cac hat két tia theo phwong phép truc tiép ¢ chidu
rong 100-200 nm, chiéu dai 300-500 nm, trong khi v6i mau
két tua gian tiép kich thudc rong va dai 1an luot 1a 300-400
va 400-700 nm. Nhu vay, TbF, diéu ché theo phuong phap
gian tiép c6 kich thudc hat 16n hon. Diéu nay cling giai thich
tai sao két tia cta hon hop sau phan ting va rira gan thu
duoc theo con dudng gian tiép ling nhanh hon. Kich thudc
hat ciia ca 2 mau déu nam trong khoang vai trim nanomet,
¢ loi cho qua trinh nhiét kim diéu ché Tb kim loai do dién
tich tiép xuc 16n.
Nghién civu khan héa mudi TbF 3

TbF, diéu ché theo phwong phap w6t luén ngam nudc,
nudc trong mudi néu khong dugce loai bo s& phan ung véi
canxi va di vao Tb kim loai trong qua trinh nhiét kim, tor d6
lam giam hiéu suat khir nhiét kim va d tinh khiét cua san
pham, do dé can phai khan hoa loai bo nudc ra khoi mudi
nay. Mubi dat hiém florua hydrat néi chung ¢ dang REF,.
nH,O (v61n=0,5-1). K€t qua phan tich nhiét ciia 2 mau TbF,
két tia tryuc tiép va gian tiép dwoc thé hién ¢ hinh 5.
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Hinh 5. Gian dé phan tich nhiét TbF két taa trwc tiép (A) va gian tiép (B).

Két qua phén tich nhiét trén dudng nhiét trong luong
(TG) va nhiét trong lwong vi phan (dTG) cho thay, 2 mau
x4y ra qua trinh mat nude ty do & 112 va 107°C, twong ting
v6i d6 hut khéi 1,75 va 1,14%. Quaé trinh mat nuéc hydrat
dién ra tir khoang 110 dén 450°C, img véi 2 dinh pic ¢ ca 2
mau thi nghiém. O ca 2 mau, do hut khdi do sy mat nudc tu
do va nudc hydrat xap xi nhau, vao khoang 4,1% twong tng
v6i 0,663 H,0 (v6i 0,5 H,O dang hydrat va 0,163 nuéc tu
do). Giai doan tr 450 den 700°C, khoi luong cua ca 2 mau
khong giam. Tir 700°C dén 16n hon, khéi luong lai bat dau
giam xubng. Pay 1a qua trinh chuyén hoa mudi TbF , thanh
TbOF do sy c6 mat cua hoi nudc va oxy trong moi truong
nung [14]. Do d6, qua trinh khan héa muoi TbF,.nH,O nén
duoc thyc hién trong khoang nhiét do 500 den 700°C voi
moi truong khong ¢ hoi nude hodce dxy. Chung toi da thuc
hién qua trinh khan héa mudi TbF,.nH,0 ¢ cac nhi¢t do
500, 600 va 700°C trong thoi gian 2 gio, két ~qua cho thiy,
qua trinh khan héa thyc hién ¢ 600°C 1a du dé thu dugc san
pham TbF, khan. D tinh khiét cta san pham sau khi khan
hoa dugc danh gia dya trén két qua phan tich EDS. Két qua
phan tich EDS mau TbF, khan hoa ¢ 600°C/2 gi¢ (hinh 6)
chi xudt hién céc pic dac trung cho Tb va F, khong co6 su
xut hién ctia 6xy hay clo. Diéu nay cho thiy, TbF, da dugc
khan hoéa, c6 d¢ tinh khiét cao va dap tmg dugc yeu cau lam
nguyén liéu cho qua trinh diéu ché Tb kim loai.
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Hinh 6. Gian dé EDS cua két tua TbF, nung khan héa & 600°C/2 gi¢:.
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Két luan

TbF, da dugc diéu ché thanh cong theo phuong phap udt
voi 2 con duorng két tna (truc tiép va gian tiép). Phuong
phap diéu ché truc tiép cho két tiia ¢6 kich thudc nho hon
nhung qué trinh ling, loc rira dién ra lau hon. San pham
TbF, khan, c6 d tinh khiét cao c6 thé thu dugc khi tién hanh
khan héa ¢ nhiét d6 600°C trong thoi gian 2 gid. Kich thudc
hat két taa vao khoang vai tram nanomet, rat thuan loi cho
qué trinh nhiét kim diéu ché Tb kim loai. Hai phwong phap
két ta nay ciing c6 thé duoc dung dé didu ché mudi TbF,
cho cac muyc dich khac nhu: lam vat li€u phat quang, sinh
hoc hay tir tinh...
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Nghién ciru nay dugc thyc hién thong qua dé tai cap
B§ 2020-2021, ma s6: PTCB.10/20/VCNXH (VINATOM).
Nhoém tac gia xin tran trong cam on.

TAI LIEU THAM KHAO

[1] Brice Bellanger, Yannick Ledemi, Younes Messaddeq
(2020), “Fluorophosphate glasses with high terbium content for
magneto-optical applications”, J. Phys. Chem. C, 124, pp.5353-5362.

[2] D. Moncke, H. Eckert (2019), “Review on the structural
analysis of fluoride-phosphate and fluoro-phosphate glasses”,
J. Non-Cryst. Solids X., 3, DOI: 10.1016/j.n0cx.2019.100026.

[3] W. Jin, J. Ding, L. Guo, Q. Gu, C. Li, L. Su, A. Wu, F.
Zeng (2018), “Growth and performance research of Tb,GaO,,
magneto-optical crystal”, J. Cryst. Growth, 484, pp.17-20.

[4] J. Ding, P. Man, Q. Chen, L. Guo, X. Hu, Y. Xiao, L. Su,
A. Wu, Y. Zhou, F. Zeng (2017), “Influence of Tb*" concentration on
the optical properties and verdet constant of magneto-optic ABS-PZZ
glass”, Opt. Mater., 69, pp.202-206.

[5] H. Guo, Y. Wang, Y. Gong, H. Yin, Z. Mo, Y. Tang, L. Chi
(2016), “Optical band gap and photoluminescence in heavily Tb**
doped GeO,-B,0,-Si0,-Ga,0, magneto-optical glasses”, J. Alloys
Compd., 686, pp.635-640.

o1



[6] G. Gao, A. Winterstein-Beckmann, O. Surzhenko, C. Dubs, J.
Dellith, M.A. Schmidt, L. Wondraczek (2015), “Faraday rotation and
photoluminescence in heavily Tb**- doped GeO,-B,0,-Al1,0,-Ga,0,
glasses for fiber-integrated magneto-optics”, Sci. Rep., 5(1), DOIL:
10.1038/srep08942.

[7] P. Veber, M. Velazquez, G. Gadret, D. Rytz, M. Peltz, R.
Decourt (2015), “Flux growth at 1230°C of cubic Tb,0, single
crystals and characterization of their optical and magnetic properties”,
Cryst. Eng. Comm., 17, pp.492-497.

[8] Yosry A. Attia (1990), “Extraction and refining of high purity
terbium metal from rare earth resources”, Mineral Processing and
Extractive Metallurgy Review, 7, pp.95-114.

[9] Hang Liu, Yao Zhang, Yikun Luan, Huimin Yu, Dianzhong
Li (2020), “Research progress in preparation and purification of rare
earth metals”, Metals, 10, DOI: 10.3390/met10101376.

[10] Abhishek Mukherjee, A. Awasthi, N. Krishnamurthy
(2016), “Studies on calcium reduction of yttrium fluoride”, Mineral
Processing and Extractive Metallurgy, 125(1), pp.26-31.

[11] V.A. Ivanov, A.S. Dedyukhin, I.B. Polovov, V.A. Volkovich,
O.1.Rebrin (2018), “Fabrication of rare-earth metals by metallothermic
reduction: thermodynamic modeling and practical realization”, 4/P
Conference Proceedings, 2015(1), DOI: 10.1063/1.5055106.

[12] Trevor M. Riedemann, et al. (2011), High Purity Rare
Earth Metals Preparation, MPC Rare Earth Materials Section, Ames
Laboratory, lowa State University (USA).

[13] Jintai Lin, Qianming Wang (2014), “Systematic studies for
the novel synthesis of nano-structured lanthanide fluorides”, Chemical
Engineering Journal, 250, pp.190-197.

[14] Sofronov Vladimira, Ivanov Zakhar, Makaseyev Yuri,
Kostareva Tamara (2016), “Research of dysprosium, terbium and
neodymium oxides fluoration”, Key Engineering Materials, 683,
pp-345-352.

[15] Miao Wang, Yujun Shi, Guoqing Jiang, Yanfeng Tang
(2011), “Room temperature synthesis and characterization of different
morphological TbF, nano/microcrystals”, Materials Letters, 65,
pp-1945-1948.

[16] Wang Zhenling, Zhang Xinlei, Chang Jiazhong, Li Chunyang
(2011), “Synthesis and photoluminescent properties of water-soluble
TbF, nanoparticles”, Journal of Rare Earths, 29, pp.1018-1021.

TAP CHI

HOA HOC

NG NGHE |t Nam 64(8) 8.2022

s Khoa hoc Ky thuat va Céng nghé | Ky thuat vat liéu va luyén kim

[17] Xun Wang, Jing Zhuang, Qing Peng, Yadong Li (2006),
“Hydrothermal synthesis of rare-earth fluoride nanocrystals”,
Inorganic Chemistry, 45, pp.6661-6665.

[18] Chunxia Li, Jun Yang, Piaoping Yang, Hongzhou Lian,
Jun Lin (2008), “Hydrothermal synthesis of lanthanide fluorides
LnF, (La to Lu) nano-microcrystals with multiform structures and
morphologies”, Chem. Mater., 20, pp.4317-4326.

[19] Ling Zhu, Yangjia Liu, Xizhi Fan, Daowu Yang, Xueqiang
Cao (2011), “Rapid synthesis of single-crystalline TbF, with novel
Research

nanostructure via ultrasound Materials

Bulletin, 46, pp.252-257.

irradiation”,

[20] Nguy@n Trong Hung (2016), Nghién ciru cong nghé diéu ché
mét s6 san pham dét hiém ¢é do sach cao tir nguon khodng dat hiém
Viét Nam, Béo céo tong két dé tai cip nha nudc.

[21] N.T. Hung, et al. (2020a), “Optimization of sulfuric acid
leaching of a Vietnamese rare earth concentrate”, Hydrometallurgy,
191, DOI: 10.1016/j.hydromet.2019.105195.

[22] N.T. Hung, et al. (2020b), “Separation of thorium and
uranium from xenotime leach solutions by solvent extraction using
primary and tertiary amines”, Hydrometallurgy, 198, DOI: 10.1016/j.
hydromet.2020.105506.

[23] Noboru Aoyagi, et al. (2020), “Spectroscopic studies of
mossbauer, infrared, and laser-induced luminescence for classifying
rare-Earth minerals enriched in iron rich deposits”, ACS Omega, 5,
pp-7096-7105.

[24] N.T. Hung, et al. (2021), “Anhydrous oxygen-free rare
earth material preparation and characterization”, Materials Today
Chemistry, 22, DOI: 10.1016/j.mtchem.2021.100608.

[25] N.I. Sorokin, D.N. Karimov, B.P. Sobolev (2019),
“Anisotropy of ionic conductivity of TbF, crystals”, Crystallography
Reports, 64, pp.621-625.

[26] Yu Gao, Shan Shi, Qinghong Fang, Feng Yang, Zhenhe
Xu (2014), “Facile template-free fabrication of the hollow sea
cucumber-like TbF, and luminescent properties”, Materials Research
Bulletin, 60, pp.308-312.

92





