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Tém tit: Neodim florua (NdF;), prazeodim florua (PrFs) va disprozi florua (DyF;) - nguyén
liéu cho qua trinh didu ché neodim (Nd), prazeodim (Pr) va disprozi (Dy) kim loai di duoc
diéu ché tir Nd,Os, PrsOy,, Dy,05 va mudi NH,HF,. Anh hudng cua ty 1€ chat phan tGng, thoi
gian va nhiét do phan tmg dén su hinh thanh mudi florua da duoc chi ra. Thanh phéan pha, ciu
trac tinh thé ciia cac san phdm sau qua trinh diéu ché duoc xac dinh bang phwong phap nhiéu
xa tia X (XRD). Phuong phap phan tich nhiét dugc ap dung dé nghién ctru qua trinh phéan ng
ctia hdn hop tir d6 xac dinh dai nhiét 6 nghién ciru. Két qua nghién ciru cho thay cac mudi
NdF;, PrF; va DyF; khan vé6i d6 tinh khiét cao dd duoc hinh thanh & cac didu kién phan Gng:
thoi gian 2h, nhiét do trén 350°C, ty 16 mol/mol ctia NH,HF,/oxit d4t hiém 16n hon hodc bing
3,5/1. San pham thu dugc hoan toan phi hgp cho qué trinh didu ché Nd, Pr va Dy kim loai.

Tw khoa: Prazeodim, neodim, disprozi, florua, khan hoa, dat hiem.

I. MO DAU

Diat hiém (RE) duoc sir dung rong rii trong viéc ché tao cic nam cham vinh ctru, vat
lidu tir gido, vat lidu siéu dan, thiy tinh quang hoc, chat xuc tac, laser...[1,3]. Chung thuong
dugc sir dung dudi dang cac kim loai, oxit hay cac mudi riéng ré. Trong do, kim loai dat hiém
(REM) 14 san pham cudi ciing cta chu trinh ché bién khoang san dat hiém va 1a san pham c6
gia thanh cao hon ca.

Phuong phap diéu ché REM thuong duge 4p dung bao gom hai phuong phap chinh 13
dién phan mudi néng chay va nhiét kim tir cac mudi halogen dat hiém [2-4]. Tuy thudc vio
tinh chét héa 1y ciia chung ma cac phuong phap dugc ap dung phu hop. Nguyén li¢u dau cho
cd hai phuong phap trén la cac mudi halogen ctia RE. Trong s0 cac muoi halogen RE, chi
REF; va RECI; duoc st dung nhu 1a nguyén heu dAu. REBr; va REI; ¢6 tinh an mon cao (‘101
v6i vt liéu 16 va chén phan tmg. Trong hai mudi dugc st dung nhu 1a nguyén liéu dau, mu01
clorua c¢6 nhiét d6 nong chay thip hon florua. Mudi clorua RE lai c6 tinh hit 4m cao va rat
kho khan hoéa, trong khi mubi florua lai khic phuc duoc nhuge diém dé. Tuy thude vao timg
nhom RE, nha san xudt s& sir dung clorua hay florua hodc ca hai loai mudi [2].

Dé diéu ché mudi florua khan, ¢ hai phuong phap 1a phuong phap wdt va phuong phap
kho [2,3]. Phuong phap udt dua vao phan ung sau:

RECI; g.dich + 3HF g.gich—> REF3.nH20 40 + HCI g gicn ey
bé thu dugc mudi RE florua khan va loai bot ion florua du trong san pham,
REF;.nH,0 can dugc khan hoa & nhiét d 200-600°C doi khi dén 900°C nhu phan tmg sau:
REF3;.nH,0 15— REF; rén + nH,0 (2)
Phuong phap khé 14 phuwong phap phd bién hon. Nguyén liéu cua phuong phap nay 1a
cac RE,Os, cac tic nhan phan tng thuong 1a khi HF hodc mudi florua. Cac phan mg dién ra
nhu sau:



RE»O3 10 + 6HF ihi—> 2REF; 15, + 3H70 1 (3)
RE;0; i + 6NHAF.HF 13s—> 2REF; 0 + 6NH,F yi + 3H0 @)

Tac nhén phan Gng NH4F.HF (NH4HF>) duoc va chudng hon HF vi lugng oxy trong
florua san phan nhd, d¢ dang trién khai trén quy mo 16m.

Viét Nam ndi chung va Vién Cong ngh¢ xa hiém noi riéng di c6 kinh nghiém trong viéc
nghién ctru cac phuong phap tuyén, thuy luyén va phén chia riéng ré mot s0 nguyén t6 RE
nhu La, Ce, Nd va Pr [1]. Nham nang cao gia tri kinh te clia ngudn tai nguyén dat hiém trong
nuéce, viée nghién ctru diéu ché cac REM can duoc tién hanh. Trong bao cdo nay, chung toi
nghién ctru st dung phuong phap kho voi tac nhan phan tmg la NH4F.HF va cac oxit Nd,O3,
Pr6011, Dy,03 lam nguyén li¢u dé diéu ché cac mudi NdF;, PrF;, DyF3 Anh huodng cua céac
diéu kién phan tmg, tac nhan phan g dén sy hinh thanh ciia cac mudi florua s& dwoc chi ra
trong bdo céo nay.

2.THUC NGHIEM

Cac hoa chat duoc sir dung bao cdo nay bao gom Nd,03, PrsO1; c¢6 do tinh khiét 99,9%
(dugc cung cap boi Trung tim nghién ciru va chuyen giao cong nghé dat hiém — Vién Cong
ngh¢ xa hiém), Dy,03 (99,9%, Trung Quéc) va mudi NH4HF; (PA, Trung Qudc).

Véi mdi thi nghiém, 5g oxit riéng ré dugc tron déu voi mubi NH4HF, theo ty 1€ xac
dinh. Hon hop sau d6 dugc tron déu, nghién béng cbi ma ndo rodi chuyén vao thuyén nung
(lam bang AL,O;) va nung trong 10 nung dang ong kin. Téc do nang nhiét cua 10 nung la
5°C/phut. Khi argon duoc nap vao 16 trong sudt qua trinh nung voi tbc do 5 lit/phut. Nhiét do
nung dao dong tir 150 dén 650°C, thoi gian nung tir 0,5 dén 3h. Ty 186 NH4HF,/oxit duge lya
chon tir 3/1 dén 5/1 mol/mol. Lo nung dugce dé ngudi tw nhién vé nhiét do phong khi hét thoi
gian phan tmg. San pham sau khi nung dugc phan tich XRD dé xac dinh thanh phan pha.
Phuong phap phén tich nhiét dwoc 4p dung nham nghién ctru qua trinh phan mg giita céc
nguyén liéu ban dau tir d6 lya chon khoang nhiét d6 nghién ctru phu hop.

3. KET QUA VA THAO LUAN
3.1. Xac dinh qua trinh phin hiy nhiét caa hén hop Nd,O3, Pr,03; va NH4HF,

Cac oxit Nd293 va Pr¢Oq; dugce tron riéng ré voi NH4HF, theo ty 18 NH4HF,/oxit 1a
3,5/1( mol/mol). Hon hop phan tng sau d6 dem di phén tich nhiét trong moi truong argon.
Toc dd nang nhiét 1a 10°C/phit. Két qua duge thé hién trong Hinh 1.
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Hinh 1. Gian db phén tich nhiét cuia hdn hop Nd,O; va NH,HF, (tréi); PrsO;; va NH,HF,; (phai).
Két qua phan tich nhiét & ca hai mau thi nghiém cho thiy su xudt hién cua ba hiéu tng

nhi,ét tuong ung véi ba pic thu nhi,ét & céac nhiét d6 59, 145, 249°C tuong (mg véi d6 giam
khoi lugng 11,25, 4,76, 10,58% doi truong hop cua neodim (trai) va 70, 154, 251°C tuong



Umg voi do giam khéi lugng 11,25, 4,76, 10,58% db6i voi trudng hop prazeodim (phai). Cac
pic thu nhiét xut hién ¢ nhiét d6 nho hon 70°C tuong Ung voi qua trinh mat nude tu do co
trong oxit va/hodc mubi NH,HF,. Céc pic thu nhiét xuét hién & nhiét do tir 145 dén 252°C
tuong Ung voi qué trinh mat nudc hydrat, qua trinh phan tng ctia mudi NH,HF, voi céc oxit
dé tao thanh san phém REF; va céc khi tir d6 dan dén su sut giam manh vé khdi lugng mau.
Qué trinh phan tng giita oxit va mubi NH4HF, (phuong trinh (4)) trong thuc té xay ra theo hai
giai doan dudi day.

RE303 rin + 4NH4FHF dn—> 2REF3NH4F réin + 2NH3 khi + 3H20 khi (5)
REF;.NH4F 5, — REF; 4, + NH4F (6)

O dai nhiét do cao hon, khong thﬁy xuét hién céac pic thu/téa nhiét, khéi luo:rlg mau sut
giam mét lugng nho hon 4%. Nhu vay, qua trinh phan Umg gilra cac oxit dat hiém va mudi
NH4HF; c6 thé xay ra & ghiét do tir 145°C. Cac mudi khan duoc hinh thanh & nhiét d6 16n hon
3OQ°C. Anh huong cu thé ctia nhiét dd dén sy hinh thanh ctia muodi florua s€ dugce chi ra trong
phan tiép theo.

3.2. Anh hwéng ciia nhiét d9 phan tng dén sy hinh thanh NdF; va PrF;
~ Dwa vao két qua phan tich nhiét thu dugc ¢ phﬁq 3.1, anh hudng cta nhi¢t 4o phan ung
dén hi€u qua chuyén hoa oxit dat hiém thanh muoi florua d3 dugc nghién cuu. Ty 1€

NH4HF2{oxit duoc lya chon 13 3,5/1 mol/mol. Mau nghién ctru duoc nung tai nhiét do tir
150°C dén 650°C trong thoi gian 2h.
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Hinh 2. Gian dd XRD cuia cac miu NH,HF,/Nd,O; (tréi) va NH,HF,/PreO (phai)

Két qua phan tich XRD (Hinh 2) cho théy, tai nhiét d6 150°C chwa xuét hién pic dic
trung cho pha tinh thé REF;. O nhiét 6 250°C cac pic didc trung cho NdF3 va PrF; xuat hién
v6i cudong d6 nho, kém theo do6 1a sy ton tai cac pic dic trung cho mudi NH4NdF, (trai) va
NH,4PrF, (phai). Diéu ndy ching t6 qua trinh phan tmg van dang dién ra va thoi gian 2h &
nhiét d6 nay chua du dé phan tng xay ra hoan toan. Tiép tuc nang nhiét do dén trén 350°C,
phan g da xay ra hoan toan voi sy xudt hién céc pic dic trung cho cac mu01 REF;. Tai cung
mot nhiét do, sy hinh thanh mudi florua, cac hop chét trung gian la glong nhau d6i véi hai
nguyén t6 dat hiém nghién ctru. Nhu vay, nhiét d6 trén 350°C 1a phi hop dé didu ché NdF; va
PrF; khan tir cac oxit tuong ung.

3.3. Anh hwéng ciia ty 1é phan wng dén sy hinh thanh NdF; va PrF;

Ty 18 NH,HF,/oxit duoc thay doi tir 3/1 dén 5/1 (mol/mol). Cdc mau nghién ciru dugc
nung ¢ nhiét d6 350°C trong thoi gian 2h. Gian d6 XRD cua cac mau thu dugc sau khi nung
duoc thé hién trong Hinh 3.
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Hinh 3. Gian d6 XRD cua cac mau diéu ché & ty 16 NH,HF,/RE,O; khic nhau.

Két qua phan tich XRD (Hinh 3) cho thiy, vai ty 16 mol 3/1, san pham sau khi nung c6

su ton tai ciia cua cac mudi RE diflorua (NdF,, PrF,) bén canh pha tinh thé ctia NdF; (trai) va
PrF; (phai) véi cudng do thap. Diéu nay chimg to phan tng giita cic RE,0; va NH4HF, chua
xay ra hoan toan hay noi cach khac lugng NH,HF, chua dii dé phan tng vai cac oxit. Khi ty
1¢ mol ctia cac hon hop phan tmg dat 3,5/1 tré 1én, pha tinh thé REF; ton tai v6i do tinh khiét
va cudng do cao. Nhu viy, ty 1& phan ung 3,5/1 1a di dé chuyén hoa hoan toan Nd,O;3 va
PrcO;; thanh cac mudi florua tuong Ung.

3.4. Anh huéng cia thoi gian phan tng dén sy hinh thanh NdF; va PrF;

Dé nghién ciru anh hudng cua thoi gian phan tmg dén hiéu qua chuyén héa cac oxit
thanh mudi florua, chung t6i da tién hanh thi nghiém véi diéu kién nhu sau: NH;HF»/oxit 1a
3,5/1 (mol/mol), nhiét d§ 350°C, thoi gian 0,5-3h. Két qua nhiéu xa XRD cua cic mau thu
duoc sau khi nung dugc thé hién trong Hinh 4.
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Hinh 4. Két qua nhidu xa XRD clia cac mau nghién ciu.

Két qua thu dugc cho thay, trong khoang thoi gian phan tmg tir 0,5 dén 1h, cac hop chét
trung gian cua Nd (trai) va Pr (phati) xudt hién voi cudng d6 nhé. Khi nang thoi gian phan tmg
1én 2h, hdn hop phan (mg méi chuyén hoa hoan toan thanh NdFs va PrFs. Céac hop chét trung



gian khong xuét hién khi ndng nhiét do phan tng I1én trén 2h. Nhu vy, thoi gian phan Gng 2h
la du dé thu duoc NdF; va PrF; tinh khiét.

3.5. Di¢u ché mudi DyF; theo phuwong phap khd

Céc két qua trong phén 3.2-3.4 cho théy, mubi florua hai nguyén t6 dat hiém nhom
nhe (Nd va Pr) co the diéu ché & cung mot diéu kién. Duya trén cac két qua nghién ciru anh
huong cua cac yéu t thoi gian, nhiét do, ty 16 NH4HF,/oxit phia trén, chung t61 tién hanh diéu
ché DyF; tir Dy,0O3 va NH4HF, & céc diéu kién: NH4HF,/Dy,03=3,5/1 (mol/mol), thoi gian
nung 2h. Nhiét d6 nung duoc khao sat tir 250°C dén 450°C.
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Hinh 5: Gian d¢6 XRD cta hdn hop NH4HF,/Dy,0; nung ¢ cac nhiét d§ khac nhau.

Gian @6 XRD (Hinh 5) cho thiy DyF; chwa dugc hinh thanh & nhiét d6 250°C. Cac pic
dac trung cho DyF; xuét hién tai nhiét d6 350°C nhung vdi cuong do thép hon so v&i mau
dugc didu ché tai nhiét @6 450°C. Nhu vy, mudi DyFs ¢6 thé diéu ché tir Dy,05 va NH4HF,
theo phuong phap kho. Nhiét d6 phan tmg trén 350°C 1a du dé hinh thanh pha DyF; khan c6
do tinh khiét cao.

4. KET LUAN

Qua4 trinh diéu che mudi NdF;3, PrF; va DyFs khan tir cac oxit twong tng bang phuong
phap kho sur dung mubi NH4HF, 1am tac nhan phan Umg da duoc nghién ctru. Két ‘qua cho
thdy & cung diéu kién phan tng, su hinh thanh pha tinh thé, hop chat trung gian 14 giéng nhau
véi hai oxit ciia Nd va Pr. Pha tinh thé véi do tinh khiét cao cuia cac mudi NdFs, PrF; va DyF;
dugc hinh thanh khi ty 1€ NH4HF,/oxit I6n hon hoac béng 3,5/1 (mol/ mol), nhiét d0 phan ting
trén 350°C, thoi gian phan tng trén 2h. San phdm dat hiém florua diéu ché duoc ton tai dudi
dang khan, hoan toan phi hop dé diéu ché Nd, Pr va Dy kim loai.
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STUDY ON THE PREPARATION AND DEHYDRATION
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Abstract: In this report, neodymium fluoride (NdF;), prasecodymium fluoride (PrF;) and
dysprosium fluoride (DyF;) — the materials for the preparation of neodymium (Nd), praseodymium
(Pr) and dysprosium (Dy) metals were prepared from Nd,Os, PrsOy;, Dy,O; and NH4HF, salt. The
effect of the reactant ratios, reaction time and temperature on the formation of rare earth fluoride salts
has been shown. The phase composition and crystal structure of the obtained products were analyzed
by X-ray diffraction (XRD). Thermal analysis techniques were applied to determine the temperature
range of the study. The results showed that the dehydrated salts of NdF;, PrF; and DyF; were formed
at the conditions: reaction time of 2h, reaction temperature of 350°C or higher, NH,HF,/oxide ratio of
3.5/1 (molar/molar) or higher. The products are perfectly suitable for the preparation of Nd, Pr and Dy
metals.

Keywords: Praseodymium, neodymium, dysprosium, dehydration, fluoride, rare earths.



