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Nghién ciru florua hoa dyspr(m oxit bang tac nhan
amoni biflorua diéu ché muoi dysprozi florua
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Tom tit:

Trong nghién ciru nay, dysprozi florua (DyF,) - nguyen liéu cho qua trinh diéu ché dysprozi (Dy) da dwoc didu ché
tir qua trinh florua héa dysprom oxit (Dy,0,) bang mudi NH HF,. Anh hlr(rng cia thoi glan va nhiét do phan ing
dén sy hinh thanh ciia mudi florua di dwoc nghlen ciru. Thanh phan pha va céu tric tinh thé ciia cc san pham thu
dwge sau qua trinh diéu ché duwgce xac dinh bang phuong phap nhiéu xa tia X (XRD). Phuong phap phén tich nhiét
dugc ap dung dé xac dinh dai nhiét d¢ nghién ctru. Hinh thai hoc va thanh phz“ln cic nguyén t6 hoa hoc ciia cic miu
thi nghiém dwoc xac dinh bang phu'o’ng phap kinh hién vi dién tir quét (SEM) va pho nhiéu xa ning luong (EDS).
Két qua nghién ctu cho thay, mudi DyF, véi dg tinh khiét cao di dwoc hinh thanh tai nhiét do >350°C, thoi gian
nung >1 h. San pham thu dugc hoan toan phu hgp cho qua trinh diéu ché Dy kim loai bang phwong phap nhiét kim.

Tir khéa: dysprozi florua, dysprozi kim loai, florua hoa, nhiét kim.

Chi s6 phén loai: 1.4
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Dysprozi - mét trong cac nguyén t6 dat hiém (RE), 1a
thanh phan khong thé thiéu trong san xuit nam cham Nd-
Fe-Dy-B, vét li¢u tir gido terfenol-D, vat liéu laser, vat liu
hap thu notron va nhiéu img dung c6ng nghé cao khac. Ngay
nay, cung véi su phat trién manh mé ctia nganh ché tao 6 to
dién - xang (hybrid), 0 td6 (xe may) dién, turbin gio... thi
nhu cau Dy néi riéng va cic nguyén td dat hiém khac nhu
Pr,Nd, Tb, Y... 1a rat 16n [1-4].

Hai phuong phap duoc sir dung chu yéu dé diéu ché Dy
n6i riéng va cac kim loai dt hiém (REM) n6i chung la dién
phan néng chay va nhiét kim cac mudi halogenua dat hiém.
Céc nguyén to dat hiém nhom nhe (tir La dén Nd) c¢6 nhiét
d6 nong chay thap (<1030°C) nén c6 thé diéu ché bang ca
hai phuong phap. Trong khi d6, cac nguyén to dat hiém
nhém trung va nhém nang (tir Sm dén Lu va Y) c¢6 nhiét do
noéng chay cao nén thuong duoc diéu ché bang phuong phap
nhiét kim [2-10]. C4c muodi halogenua dat hiém REF, va
RECI, dugc sir dung nhu 1a nguyén li¢u cho ca hai phuong
phap trén. Trong hai mudi dugc st dung, muo6i RECI, co6
nhi¢t d6 nong chdy thap hon REF, nén thuén lgi hon cho
qua trinh di€u che¢ REM. Tuy nhién, mudi RECI, lai c6 tinh
hat am cao va rat kho khan hoa, trong khi mudi REF, lai
khac phuc dugc nhugc diem do6. Tuy thude vao kim loai dat
hiém can diéu ché va chat khir (d6i voi phuong phap nhiét
kim) s& str dung mudi clorua hay florua cho phu hop [2-10].
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Pé diéu ché mubi REF, khan, ¢6 hai phuong phéap la
phuong phap w6t di tir dung dich RECI, va phuong phap
kho di tr oxit RE O, [4, 11-13]. Phuong phép kho la phuong
phép pho bién hon do qua trinh thyc hién dé dang va khong
phai khan héa mudi trong qua trinh diéu ché. Cac phan tng
florua hoa dién ra nhu sau [4, 11-13]:

REO, . + 6HF — 2REF, . +3HO (D)

REO +6NHFHF —>2REF +6NHF +3HO (2)

4" khi

Tac nhan florua héa amoni biflorua NH,F.HF du’(_)rc ua
chudng hon vi qua trinh dé dang trién khai trén quy mé 16n
va yéu cau thiét bi don gian [11-13].

Trudc day, Vién Cong nghé xa hiém d3 thuc hién céac
nghién ctru ché bién quing dat hiém, tir giai doan tuyén thu
nhan tinh quing dat hiém va thuy luyén thu nhan tong oxit
dat hiém (TREO) dén phan chia tinh ché riéng r& TREO dé
thu nhan mot sd nguyén td RE c6 do sach cao nhu La, Ce,
Nd, Pr va mot s6 nguyén t6 RE nhom trung, nhém ning nhur
Sm, Eu, Gd [4, 14-16]. Mt khéc, Vién ciing da thyc hién dé
tai khoa hoc cong nghé cap nha nudc thugc Chuong trinh
KH&CN trong diém vé cong nghé khai thac va ché bién
khang san [4]. Nham nang cao gia trj kinh té clia ngudn tai
nguyén dét hiém trong nude, viéc nghién ctru diéu ché cac
REM can duoc tién hanh. Trong nghién ctru ndy, chiing toi
sir dung phuong phap kho voi mudi NH ,HF, va oxit Dy,O,
la cac tac nhan phan ung dé dieu ché mudi DyF, dung lam
nguyén liéu dé didu ché kim loai Dy.
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Abstract:

In this report, dysprosium fluoride (DyF,) - a material
for the preparation of dysprosium (Dy) metal was
prepared by the fluorination of dysprosium oxide
(Dy,0,) by ammonium bifluoride (NH,HF),) reagent. The
effect of reaction time and temperature on the formation
of dysprosium fluoride salt has been studied. The phase
composition and crystal structure of the obtained
products were analysed by X-ray diffraction (XRD).
Thermal analysis techniques were applied to determine
the temperature range of the fluorination. Scanning
electron microscopy with energy dispersive spectroscopy
(SEM/EDS) was used for external morphology
observation and chemical elemental composition
analysis. The results showed that the high purity phase
of DyF, was formed at the conditions: reaction time
and temperature of >1 h and >350°C, respectively. The
product is available for the preparation of Dy metal by
metallothermic reduction.

Keywords: dysprosium fluoride, dysprosium metal,
fluorination, metallothermic reduction.
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Hoa chat va phucong phap nghién ciiu
Héa chit

Céc hoa chat dugc sir dung bao gom DyZO c6 do tinh
khlet 99,9% (xuat x{r Trung Quoc) va mudi NH_HF, (>98%,
xuit xr Trung Quoc) V61 moi thi nghiém, 5 g DyQO duoc
tron déu voi mudi NH,HF theo ty 1¢ NH,”/Dy*" duoc luya
chon 1a 3,9/1,0 (mol/mol) _tuong Gng voi luong NH HF,
du 30% so v6i Iy thuyét. Hon hop dugc cho vao chén nung
molypden va nung trong 10 6 ong kin khi. Khi argon dugc nap
vao 16 trong sudt qua trinh nung voi toc do 5 lit/phut. Nhiét
d6 nung duoc thay doi tir 250 dén 450°C, thoi gian nung dao
dong tir 1 dén 3 h dé danh gia su hinh thanh cta vat liéu.

Phwong phap nghién ciru

Phuong phap phan tich nhiét (sir dung thiét bi SETARAM
Thermal Analyzer tai Khoa Hoa hoc, Truong Dai hoc
Khoa hoc Ty nhién, Pai hoc Qubc gia Ha Noi) duoc ap
dung nhim x4c dinh qua trinh florua héa, tr d6 xac dinh
khoang nhiét d6 khao sat. Phuong phap XRD (sir dung thiét
bi SIEMENS D5005 instrument tai Khoa Hoa hoc, Truong
Pai hoc Khoa hoc Ty nhién, Pai hoc Qudc gia Ha No6i)
dugc sir dung dé xac dinh thanh phan pha cua nguyén liéu
cling nhu san phim sau nung. Phuong phap SEM/EDS (st
dung thiét bi JEOL JSM-IT100LV instrument tai Vién Cong
nghé xa hiém) dugc st dung dé xac dinh hinh thai hoc va
thanh phan cac nguyén t6 hoa hoc; kich thudc hat duoc xac
dinh thong qua anh SEM va phan mém xu 1y anh Image].
Phan mém Origin duoc str dung dé dung lai gian 46 XRD
tir file data gdc.

Két qua va thao luan

Nguyén liéu Dy,O, dé dugc so b danh gia cu trac tinh
thé va hinh thai hoc bang phuong phap XRD va SEM (hinh
1va2). Két qua danh gia cho thay, nguyén liéu Dy, 0, duoc
su dung ¢6 cau tric 1ap phuong va kich thudc hat tuong ddi
ddng déu, nam trong khoang 2-10 pum.
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Hinh 1. Gién d6 XRD ciia nguyén liéu Dy,0..
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Hinh 2. Anh SEM ciia nguyén lidu Dy,0,.

Xdc dinh khodng nhiét dp florua héa Dy,0, béng tic
nhin NH HF,

Qua trinh florua hoa Dy, O, bang tac nhan NH HFE, dién
ra & nhiét d6 cao. Pé xac dinh khoang nhiét do phan tng
florua héa dién ra, phuong phap phan tich nhiét duoc thuc
hi¢n: bot Dy, O, dugc tron voi NH,HF, theo ty 1¢ NH,/Dy**
12 3,9/1 (mol/mol), sau d6 hon hop dugc phéan tich nhiét
trong moi truong khi argon; nhiét do khao sat tur nhiét do
phong dén 800°C, téc do nang nhiét 10°C/phut. Két qua
phén tich TGA/DTA cung v6i duong DrTGA duoc thé hién
trong hinh 3.

Pudng nhiét trong lugng (TGA) cho thiy c6 sy hut khéi
lwong tir 50 dén 350°C. Trong d6, sw mat khdi lugng dién
ra manh mé trong khoang nhiét d6 125 dén 250°C, twong
ung voi mot pic 16n trén duong DrTGA véi dinh pic tai
199,87°C. Nhu vay c6 thé nhan théy r?mg, hi¢u tng héa hoc
dién ra manh mé trong khoang nhiét do nay.

Puong phan tich nhiét vi sai (DTA) cho thdy mot sb
hiéu tng toa/thu nhiét khac nhau. Tai nhiét do dudi 80°C
xuét hién mot pic toa nhiét, twong tng vdoi d6 1a mot pic
¢ cuong d6 nho trén duong DrTGA. Piéu nay duoc nhan
dinh 1a do su bay hoi cham cua mudi NH ,HF, truge khi qua
trinh néng chay ciia mudi nay xay ra [11-13, 17-19]. Khi
lwong miu bay hoi trong truong hop nay 1a khong dang ké.
Pic thu nhiét xuat hién ngay sau d6 véi dinh pic tuong ddi
bang tai nhiét do khoang 125°C, cuing véi hiéu mg rat nho
trén duong DrTGA. Piéu nay 1a do sy nong chay ciia mudi
NH,HF, [11-13, 17-19]. Sau khi néng chdy, qua trinh bay
hoi van ti€p tuc dién ra voi mot pic tda nhiét tai khoang
150°C. Sau nhiét d0 nay, qua trinh sut giam khéi lugng dién
ra rAt manh cung v&i pic thu nhiét cé dinh tai 199,63°C.
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Diéu d6 cho thay phan tng giira Dy,O, va NH HF, dién
ra manh mé&. Qua trinh phan (g giira hai chat trén dlen ra
trong thuc té tuong ddi phirc tap v&i nhidu san pham trung
gian dugc hinh thanh. Phuong trinh phan tng dugc mo ta
theo phuong trinh sau [11-13]:

Dy,O,. + 4 NHFHF, — 2 DyF.NHF,( + 2
NHSkhl’ + 3 H2Okhi (3)
DyF,NH,F, — DyF,. + NHF,, (4)

Phéan ung (3) xdy ra trudc trong giai doan nhi¢t do tur
150 dén 250°C. Sy sut giam khdi lugng manh mé (41%)
trong giai doan nay la do su bay hoi ctia cic san pham khi
NH,, H,O va mt phan nhé cia mudi NH,HF,. Két thuc giai
doan nay san phdm trung gian DyF ,-NH,F duoc hinh thanh
va tiép tuc bi phan huy khi nhié¢t d6 tang 1én. Nhi¢t do hinh
thanh va phan huy cac hop chit trung gian khong dugc xac
dinh mot cach chinh xac. Tuy nhién, qua trinh két thac phan
(g c6 thé dat trudc 400°C do khong c6 hidu ing nhiét ciing
nhu sy sut khdi luong nao dang ké khi nhiét do 16n hon
400°C. Khi nhiét 6 16n hon 700°C, duong DTG cho thay su
sut giam khdi lwong twong dbi cham. Puong DrTGA khong
xuét hién dinh pic, ciing v6i d6 1a khong xuat hién hiéu tng
thu/toa nhiét trén dudong DTA. Diéu nay co thé 1a do su
chuyén hoéa tir tir ciia mudi DyF, do nhiét do cao.
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Hinh 3. Gién db phan tich nhi¢t ciia hén hop Dy,O, va NH HF,.

Nghién ciru qua trinh florua héa Dy ,0, bt%ng tac nhdn
NH HF,

Duya trén két qua thu dugc tir phuong phap phan tich
nhi¢t, nhi¢t d§ khao sat qua trinh florua hoa Dy, O, béng
NH_HF, dugc lya chon ¢ cac nhi¢t do 250, 350 va 450°C.
Qua tham khao céc tai li¢u [11-13], nhom tac gié lua chon
thoi gian cta qua trinh florua hoa Dy,O, tir 1 dén 3 h. Cac
nghién ciru duoc thyc hién véi cac diéu kién néu trén, két
qua phan tich XRD ciia cac mau thi nghiém dugc chi ra
trong hinh 4.
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Hinh 4. Gizn do XRD ciia cic miu thu dwoc & cac diéu kién nhiét do
va thoi gian khac nhau.

Két qua phan tich XRD cho thay, tai nhiét do 250°C hau
nhu chua xut hién cac pic dic trung cho DyF, tai tat ca cac
thoi gian nghién ctru. Qua trinh phan ung van chua dién
ra hoan toan ma méi hinh thanh hop chat trung gian nhu
DyF,-NH,F tai nhi¢t d0 nay. Tai nhi¢t 4o 350°C, cac pic dac
trung cho pha tinh thé cta DyF, da xuét hién mot cach rd
nét. Cac pic c¢6 cuong do 16n xuat hién trong khoang goc
20=18-30°. Gian d6 XRD tai nhiét do nay ciing cho thiy
cuong do pic tdng 1én khi thoi gian nung tang, thoi gian 1-2
h 1a chua du dé phan tng dién ra hoan toan. Gian ¢6 XRD
ctia cac mau thu dugc khi nung & 450°C cho thay DyF , da
xuat hién ngay tai thoi gian 1 h. Cuong d¢ cac pic cua mau
nung trong 1 h twong dwong véi mau thu duge khi nung &
nhiét d6 350°C/3 h. So sanh cac pic tai thoi gian nung 2 va 3
h nhan thiy, v6i nhiét d6 450°C, thoi gian nung 2 h 1a du dé
thu dugc duge san pham DyF, ¢6 d6 tinh khiét cao.
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Dé danh gia chinh xac hon d¢ tinh khiét ciia san pham
thu dugc ¢ cac thoi gian va nhiét do khac nhau, nhom
nghién ctru tién hanh phan tich EDS cac mau thu dugc khi
nung & 450 va 350°C/3 h. Két qua duoc chi ra trong bang 1
va hinh 5.

Bén,g 1. Két qua phan tich EDS ciia cic miu thi nghiém va miu tinh
khiét.

Thanh phén nguyén tir trong hep chit (%)

Nguyén tir

350°C/3h  450°C/Lh  450°C2h  450°C/3h  DyF,
Dy 31 27 29 31 31
F 69 73 71 69 69
Tyl F/Dy 2,23 2,70 2,45 2,23 2,23

Két qua & bang 1 cho thay, ¢ tit ca cac mau thi nghiém
déu kh6ng ¢6 su xuat hién cua nguyén tr oxy (0). Piéu nay
cho thay Dy,0O, da duoc chuyén héa hoan toan thanh cac
hop chét florua. Két qua nay ciing di ching minh nhén dinh
dua trén két qua phan tich nhiét 1a qua trinh florua héa dién
ra manh m¢ tai nhiét d khoémg 200°C. Thanh phan nguyén
tir Dy va F trong hop chat DyF lan luot la 31 va 69%; ty
1& nguyén tir F/Dy 1 2,23. Di véi cac miu nghién ciru, ty
1¢ F/Dy phu thudc rat 16n vao thoi gian nung. Tai thoi gian
nung 1 va 2 h, ty 1& F/Dy lan luot 13 2,70 va 2,45. Diéu nay
ching to con du mot luong ion flo trong san pham cubi
cung. Tai thoi gian nung 3 h (d6i véi ca hai nhiét d6 nung
350 va 450°C), ty 1€ trén la 2,23. Gia tri nay tuong duong
voi gid tri cua DyF, tinh khiét. Didu d6 noi 1én rang nhiét
d6 nung 350-450°C va thoi gian nung 3 h 14 du dé phan tng
xay ra hoan toan.
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Hinh 5. EDS ciia mui DyF,.

Két qua nghién ciru ciing cho thy kich thudc hat ciia
cac mau thu dugc khf)ng ¢6 su thay d6i nhiéu so véi nguyén
ligu DyzO (hlnh 6). Bé mit cac hat khong con nhin nhu ban
dau ma xuét hién nhiéu 16 x6p. Piéu nay chung to qua trinh
phén tng dién ra trén bé mat hat oxit Dy, 0O, rdi tién dan vao
bén trong hat. Cac hat thu dugc sau khi phan ting khong bi
co cum ma van c6 bién giéi hat rd rang.
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Qua trinh diéu ché mudi DyF, tr Dy,O, bang phuong
phép kho str dung mgéi NH,HF, lrém tac nh’én florua hoa da
dugc nghién ctru. Ket qua cho thay hgp chat DyF, da dugc
hinh thanh khi nhiét d6 nung dat 350°C. Cac hat hinh thanh
¢6 bién gi6i rd rang va kich thuée nhé hon 10 pm. Dé loai
b6 tap chét flo con lai trong san phdm cudi cing thi qua trinh
phan tng phai dugc thuc hién ¢ nhiét do >350°C va thoi
gian phan tmg >3 h. San pham thu dugc c6 thé dugc sir dung
12 nguyén liéu cho qua trinh nhiét kim diéu ché Dy kim loai.
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