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Tém tit: Qua trinh phan huy tinh quing xenotime — dat hiém photphat bang axit sunphuric di
dugc nghién clru trong bao cdo nay. Tinh quing dat hiém duoc tron véi axit sunphuric rdi
nung & cac diéu kién nhiét do, thoi gian khac nhau. Mubi sat (IIT) sunphat di dugc sir dung
nhu mot tac nhan phan ng voi xenotime ¢ nhiét d§ cao nham lam giam luong axit sunphuric
su dung. Qua trinh nung hdn hop tinh quéng va axit sunphuric theo hai giai doan ciing da dugc
nghién ctru. Cac két qua chi ra rang hiéu suat thu nhan dat hiém dat gia tri cao nhét khi ty 16
axit/tinh quing (A/Q) =1,2/1,0, thoi gian nung 2h tai va nhiét d0 nung 300° C. Hi¢u suét thu
nhan dit hiém giam dan khi nhiét d6 nung 16n hon 300°C Qua trinh nung mau theo hai giai
doan lam giam tap chét nhung cling lam giam hiéu suat hoa tach dat hiém. Su c6 mit ciia mubi
sat (IIT) sunphat lam ting hiéu sudt hoa tach dat hiém.

Tir khéa: Xenotime, sdt (II1) sunphat, axit sunphuric, dat hiém.

1. GIOI THIEU

Mo dét hiém Yén Phu (Yén Bai) chira khoang vat dat hiém dang xenotime (REPOy).
bay la mo giau cac nguyén t6 dat hiém nhom trung va nhém nang (chiém gin 50% trén tong
khdi lugng cac nguyén t6 dat hlem) Téng trit lugng oxit dat hiém cua mo nay vao khoang 20-
30 nghin tan nén c6 gia tri kinh te cao. Qua trinh ché bién dé thu nhan tong oxit dat hiém trai
qua cac giai doan giai doan: tuyén (lam giau quang thanh tinh quang) va thiy luyén (chuyén
hoa d4t hiém photphat thanh cac mudi dé tan thong qua qua trinh nung phan huy, hoa tach
mubi dit hiém vao dung dich, loai bo cac tap chat va két tia tong dat hlem) Trong giai doan
thuy luyén, qua trinh chuyén hoéa — phan huy tinh quing anh hudng rat 16n dén hiéu suét thu
nhan tong dat hiém ciing nhu chi phi san xuit va méi truong nén dugc quan tim nghién ciru.

Hai phuong phap chinh dé phan hay xenotime 1a phwong phap axit va phuong phap
kiém [1-3]. Trong d6 phuong phap phan huy bing axit thuong duoc sir dung hon ca. Véi
phuong phap nay, tinh quing dugc tron voi mot lugng du axit sau d6 nung phén hiy ¢ nhiét
d6 200-300°C. Trong qué trinh nung, cic hop chat ctia dat hiém va cac tap chét khac nhu: Fe,
Al, U, Th, Mn, Mg...phan g véi axit dé tr& thanh mudi sunphat. O nhiét d6 200-300°C cac
mudi nay chua bi phan hiy. Két qua 1a chung bi hoa tan dong thoi vao dung dich trong quéa
trinh hoa tach hdn hop sau nung véi nude. Viée tach loai cac tap chét nay dac biét 1a U, Th va
Fe ra khoi dat hiém khé phic tap, tiéu ton nhiéu hoa chit va 1am mét nhiéu dat hiém. Thém
vao do, viéc st dung mot lugng du axit sunphuric din dén mot s6 han ché nhu sy bam dinh
ctia hdn hop vao thanh 10 dan dén tic 10 theo thoi gian, tén kém trong qua trinh xtr 1y nude
thai va khi thai.

Nham thu duge dat hiém véi hiéu sudt va do tinh khiét cao, Teixeria va cong su [6] da
dé xuét phuong an sir dung 200-340kg axit/tin quing dé tron voi quing dat hiém. Quing sau
khi tron axit duoc nung nhiét do 700°C rdi hoa tach voi nudc. Két qué chi ra rang hiéu sut
hoa tach dat hiém dao dong tir 74,23-85 ,34%, trong khi lugng sit bi hoa tach dao dong trong
khoang 0,39-6,25%. Tac gia ciing chi ra rang trong khoang nhiét d6 tur 80- 720°C, phan tmg
pha rén gitra d4t hiém photphat va sit, nhom sunphat c6 thé xay ra dé tao thanh dat hiém
sunphat theo cac phan tng sau:



2REPO4 + FCQ(SO4)3 — REQ(SO4)3 + 2F€PO4 (1)
2REPO, + AL(SO4); — RE»(SO4); + 2AIPO, )

Nho cac phan tng (1) va (2) ma hiéu sudt thu nhan dét hiém ting Ién. Cing ¢ khoang
nhiét d6 nay, dat hiém sunphat chua bi phan hiy thanh oxit, trong khi mudi sunphat cua cac
kim loai khac nhu Fe, Al, Th, U...lai bi phan huy thanh céc oxit. Cac oxit nay bi giir lai & pha
rin - bi thai trong qua trinh hoa tach gitp dung dich hoa tich dat hiém c6 do tinh khiét cao.
Khi nhiét d6 nung 1én hon 720°C, dat hiém sunphat bi phan hity thanh oxit nén can khong ché
nhiét d6 nung nho hon 720°C dé tranh mét dat hiém.

Tai Viét Nam, qua trinh phan huy tinh quing xenotime Yén Pha bang phuong phap axit
da dugc thyc hién [2,5] tuy nhién, cac nghién clru trén sir dung mot lugng lon axit dan dén
dung dich hoa tich dat hiém chira nhiéu tap chét, tir d6 gdy kho khin cho cac qué trinh tinh
ché dit hiém va 1am ting chi phi xir Iy nudc thai, khi thai. Trong nghién ctru nay, ching t6i
tap trung nghién ciu qua trinh phan hay tinh quing bing axit sunphuric. Mudi sit (IIT)
sunphat ciing dugc nghién ctru thir nghiém nhu mot tac nhan phan tng nhim lam giam khéi
lugng axit sunphuric.

2. THUC NGHIEM

Céc hoa chat dugc st dung trong nghién ctru nay bao gdm: axit sunphuric dic 98%
(AR, Trung Quoc) Fey(S04)5 (99,5%, Trung Qudc), tinh quang dat hlem Yén Phu (da say
kho) cung cap boi cong ty dat hiém Yén Phu. Ham luong cac nguyén td dat hiém va cac tap
chat chinh trong tinh quang dugc chi ra trong Bang 1. Theo do, cac nguyén t6 dat hiém chiém
16,06% theo khéi luong trong tinh ‘quang. Nguyén t6 dAt hiém c6 ham lwong 16n nhit 13 Y véi
3,85%. Ham lugng cac nguyén t6 nhom trung va nhom ning (Y, Sm-Yb) 1a 6,8% (chiém
42,34% trén tong nguyén t6 dat hiém). Céc tap chit c6 ham lugng 16n 1a Fe, Ca, Al va Mn,
trong d6 st chiém t6i 16,79% trén téng khdi luong tinh quang.

Bang 1: Thanh phan tinh quing dat hiém Yén Phu

Nguyén to Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho

Har?o/h;“ng 385 294 306 0,69 257 06 005 057 01 065 0,13

Nguyénto Er Tm  Yb Si Al Mn Fe Mg Ca Na K

Han(lo/h;‘mg 046 005 034 008 193 197 1679 037 279 0,09 0,14

Dé phan huy tinh quang dat hiém, 20g tinh quang (trén moi thi nghiém) va luong axit
sunphuric (v6i khdi luong tinh toan) dugc tron déu trong chén nung (bang gbém, thé tich
100ml) trong vong 5 phut. V6i mau nghién ctru anh huéng cua mudi sat (IIT) sunphat, tinh
quang dugc tron lugt voi mubi sit roi dén axit sunphuric. Sau khi trén, chén nung dugc
chuyén ngay vao 10 nung tinh dé nung phan hiy. Nhiét d6 nung dugc khao sat trong khoang
200-700°C, thoi gian nung tur 2-4h, téc d6 nang nhiét 300°C/h. Két thic thoi gian nung, mau
duoc dé ngudi ty nhién vé nhiét d6 phong, nghlen min va hoa tach bang nudc cit véi ty 1€
khdi lugng nudce/tinh quing 1a 10/1. Hon hop hoa tach dugc khudy trén may khudy tir véi toe
dd 300 vong/phut, thoi gian khuéy la 1h, nhi€t do hoa tach 1a nhi¢t do phong. Két thuc thoi
gian hoa tach, hdn hop dugc loc bang may loc hut chian khong dé tach riéng pha dung dich va
pha ran.

Dung dich hoa tach dugc phan tich thanh ph?m,céc nguyén t6 trén thiét bi ICP-OES
(HORIBA, Ultima’Z, Phap) tai Vién Cong nghé xa hi€ém dé danh gia hi€u suat hoa tach dat
hiém va céc tap chat.

3. KET QUA VA THAO LUAN

3.1. Qua trinh phén @ng ciia tinh quing véi axit sunphuric va sit (IIT) sunphat



Pé danh gia qua trinh phan ing cua tinh quang voi cac tac nhan phan tng va lya chon
khoang nhiét do nghién ctru ching toi tién hanh phén tich nhiét TG/DTA cua hon hop tinh
quang+H;SOy4, tinh quang+ H,SO4+Fey(SO4); va muoi Fey(SOy)s.
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Hinh 1: Gian d6 phan tich nhiét cia mot sé mau nghién ciru.

Gian dd phan tich nhiét TG/DTA cua ba miu nghién ctru cho thay qué trinh mat nudc tu
do va nudc hydrat xay ra & nhiét do nhé hon 205°C. Tai hai mau tinh quing + H,SO,, tinh
quang+ H,SO4+Fes(S0,);, dudng DTA ¢ xu hudng di 1én trong khoang nhiét do 200-520°C.
Piéu nay cho théy su chénh 1éch nhiét do mau thi nghiém va nhiét o mau chuin tang 1én hay
n6i cach khac phan tng gitra tinh quing véi axit, mudi sunphat dién ra manh m& ¢ giai doan
nay. Ciing trong khoang nhiét do nay, mudi sit (IIT) sunphat chua bi phan huy. Két qua nay
duoc x4c nhén tai gian d6 phén tich nhiét ciia mudi Fe,(SO4)s. Theo do, khéi lvong mau thay
d6i rit nho trong khoang 200-640°C. Ca ba gian d6 phén tich nhiét xuat hién mét pic thu nhiét
& khoang 600-640°C, cing d6 1a sy sut giam khéi lwong 16n va su di xudng cua dudng DTA.
Cac tin hleu trén tuong ung voi qua trlnh phan ung cua tinh quang voi HQSO4 va Fez(SO4)3 da
xay ra gan nhu hoan toan va mot sb hop chat sunphat trong d6 dang ké nhit 1a mudi sit
sunphat bi phan hity nhiét dé tro thanh sit oxit.

Nhu vay, dé qua trinh sunphat hoa tinh quéngNdét ’hié'm dat hiéu qua cao thi nhiét do
phan ung nén nho hon 520°C. Nhiét d0 16n hon s& dan dén su phan huy ‘muodi sat sunphat co
trong hon hop. Phan ung gitia tinh quang va axit sunphuric nén dugc dién ra ¢ nhi¢t d§ nho
hon 330°C, do & nhiét d6 cao hon thi axit sunphuric bi phan hiy boi nhiét do.

3.2. Anh hwéng cia ty 1¢ khéi lrong axit sunphuric/tinh quing

Trong phan nay tinh quang duoc tron v6i axit sunphuric voi cac ty 16 khéi luong
axit/tinh quing (A/Q) thay d6i tir 0,6/1,0 dén 1,4/1,0. Hon hop sau khi tron dugc nung & nhiét



d6 300°C trong 2 gio rdi hoa tach bang nudc. Hiéu sudt hoa tach dat hiém va sit duoc chi ra
trong Bang 2.

Bang 2: Hi€u sudt hoa tach dat hiém, sit theo ham lugng axit sunphuric

TT Ty Ie¢ A/Q (w/w) Hié¢u suat hoa tdich REE (%)  Hi¢u suat hoa tach sat (%)

1 0,6/1,0 57 63
2 0,8/1,0 81 80
3 0,9/1,0 86 85
4 1,0/1,0 90 88
5 1,1/1,0 97 89
6 1,2/1,0 99 91
7 1,4/1,0 98 93

Két qua chi ra trong Bang 2 cho thay hiéu suat hoa tach dat hiém tang khi khdi lwong
axit ting. Hiéu suét dat gia tri cao nhit 12 99% tai ty 16 A/Q=1,2/1,0. Khi ting ty 1é axit/tinh
quing 1én 1,4/1,0 thi hidu suat giam xudng 98%. Ty 1& hoa tach sit ting ty 1& thuan voi
khdiluong axit sunphuric st dung. Tai ty 18 A/Q =1,4/1,0 lugng sit bi hoa tach 1én dén 93%.
Axit sunphuric du trén 20% theo khdi lwong so véi tinh quing 1a can thlét dé hoa tach trigt dé
dat hiém. Tuy nhién, luong tap chat bi hoa tan vao trong dung dich ciing rat 16n. Didu nay gay
kho khan (mat dit hiém, tiéu ton hoa chit) cho qua trinh thu nhén dat hiém tinh khiét, lam
tang chi phi xur 1y khi thai cta qua trinh nung phan hay. Thém vao d6, hdn hop axit va tinh
quing sau khi tron tré thanh mot hdn hop nhao (khi ty 18 A/Q 16m hon 0,8/1,0), tir d6 gay khé
khan cho qua trinh nung lién tuc khi sir dung trong 10 nung quay.

3.3. Anh huwéng ciia nhiét do dén hi¢u suit phin hiy

Gian dd phan tich nhiét trong phan 3.1 cho thiy nhi¢t d¢ c¢6 anh hudng dén qué trinh
phan tmg cua tinh quing v6i axit va mudi sat (I11) sunphat. Dé danh gia chi tiét anh huéng cua
nhiét d6 dén kha ning hoa tach dat hiém va sat, chung toi tién hanh nghién ctru qua trinh phan
huy tinh quing véi HSO4 ¢ cac nhiét d6 tir 200-650°C. Ty 1&€ A/Q=1,4/1,0, thoi gian phan
ung 1a 2h.

Bang 3: Hiu suét hoa tach dat hiém va sit theo nhiét do phéan ng

T Pidu kién nung Hiéu suat hoa Hiéu sqét hoa
: tach REE (%) tach sét (%)
1 200°C/2h 78 80
2 230°C/2h 90 -
3 250°C/2h 92 -
4 300°C/2h 98 93
5 350°C/2h 95 -
6 450°C/2h 76 _
7 550°C/2h 66 45
8 650°C/2h 20 25

Két qua chi trong Bang 3 cho théy hiéu suat hoa tach dat hiém va sat ting 1én trong
khoang nhiét do 200- 300 C va giam dan khi nhi¢t do do phén huy tang Ién. Tai nhiét do
550°C va 650°C hiéu suét thu nhan cac nguyén to trén giam xudng rat nhanh. Diéu nay 1a do
sw phan huy axit ¢ nhi€t do cao, sy khan hoa mudi dit hiém din dén giam kha ning hoa tach
va sy phan hiy ciia mudi sit sunphat. Nhu vy, nhiét do nung cao giup lam giam lugng tap
chit trong dung dich hoa tach nhung ciing 13 giam hi¢u suét hoa tach cac nguyén t dat hiém.
Nhiét d6 phan tmg 300°C trong trudng hop nay 14 tdi vu cho viéc hoa tach dat hiém tir tinh
quang xenotime.

3.4. Anh huéng cia ché d9 nung
Trong phan nay tinh quing duoc tron vai axit & cac ty 1¢ 0,6/1,0 va 0,8/1,0. Hon hop sau



khi tron khong bi chay loang nén phu hop cho qué trinh nung trong 16 nung quay ¢ quy mo
16n hon. Hn hop phan tng duoc nung theo hai giai doan: giit & 300°C dé qua trinh sunphat
dién ra hoan toan va gitr & 520°C dé nghién ctru qué trinh sunphat hoa chon loc giita xenotime
va cac mudi sunphat sit va nhom.

Bang 4: Anh hudng cta ché d6 nung dén hiéu suat hoa tach dat hiém va sit

Hiéu suat hoa tach Hiéu suat hoa

TT Ty 1lé A/Q biéu kién nung REE (%) tach sat (%)
1 0,6/1,0 300°C/2h 57 63

2 0,8/1,0 300°C/2h 81 80

3 0,6/1,0 300°C/2h, 520°C/1h 40 16

4 0,6/1,0 300°C/2h, 520°C/3h 39 14

5 0,8/1,0 300°C/2h, 520°C/1h 48 30

6 0,8/1,0 300°C/2h, 520°C/3h 49 28

Két qua chi ra trong Bang 4 cho thiy c6 su suy giam hiéu suat hoa tach dat hiém khi
nung phén huy hai giai doan. Viéc kéo dai thoi gian nung & 520°C tir 1h 1én 3h khong lam
thay doi dang ké hiéu suat hoa tach dat hiém nhung lam lam giam mot luong 16n tap chat sat
vao dung dich. Luogng sat bi hoa tach 16n nhat chi 1a 30% khi nung mau & 300°C/2h va
520°C/1h voi ty 18 A/Q=0,8/1,0. Gia tri nay thap hon nhiéu so v&i 80% sit bi hoa tach khi
nung mot giai doan & diéu kién A/Q twong tw. Nhu vay, viéc nung hai giai doan trong nghién
ctru ndy chi mang lai hiéu qua han ché tap chat chir khong c6 hiéu qua trong viéc ning cao
hiéu suit thu nhan dat hiém tir tinh quang.

3.5. Anh huéng ciia mudi sit (I1I) sunphat

Trong phan nay, cac mau tinh quing dugc tron véi axit theo ty 1é A/Q trong khoang
0,32-0,8/1,0 va mudi sat (III) sunphat véi ty 1& Fea(SO4):/Q=0-0,2/1,0. Ty 1¢ A/Q=0,32/1 0
dugc lya chon do ¢ ty 1€ d6 axit sunphuric du dé phan tng (theo tinh toan) voi cac nguyén t6
dat hiém, cac kim loai kiém va kiém tho cé trong tinh quing. Cac miu thi nghiém dugc nung
& nhiét do 700°C trong vong 2h.

Bang 5: Anh hudng ctia mudi sit sunphat dén hiéu suat hoa tach dat hiém

H>,SO,4 Fez(SO4)3 Di éu kién nung Hiéu suat hoa Hiéu suat hoa

—
—~

/TQ /TQ tach REE (%) tach sit (%)
1 0,32/1,0 0 700°C/2h 32 -
2 0,32/1,0 0,1/1,0 700°C/2h 36 -
3 0,32/1,0 0,2/1,0 700°C/2h 42 -
4 0,8/1,0 0 700°C/2h 60 -
5 0,8/1,0 0,1/1,0 700°C/2h 66 -
6 0,8/1,0 0,2/1,0 700°C/2h 69 -
7 0,8/1,0 0,1/1,0 700°C/4h 74 3
8 0,8/1,0 0,2/1,0 700°C/4h 80 4

Két qua cho thay ring su c6 mit cta sat (I1T) sunphat da lam ting hiéu suat hoa tach dat
hiém. O ty 16 A/Q=0,32/1,0, hiéu suét hoa tach dat hlém tang tr 32% 1én 36% va 42% tuong
g véi viéc ding 10 va 20% (theo khdi lwong) mudi sit sunphat. Ket qua nay cling tuong tu
khi nang ty 1¢ A/Q 1én 0,8/1,0. Tai ty 1¢ nay, khi cho thém 20% mubi sat sunphat, hi¢u suét
thu nhan dét hiém dat 69%. Gia tri nay thap hon so v&i miu nung & mau & 300°C/2h (81%,
xem Bang 2) nhung cao hon han so v6i mau nung hai giai doan (49%, xem Bang 4). Hiéu suat
hoa tach dat hiém tir tinh quing tang 1én dén 80% khi nang thoi gian nung tir 2h 1én 4h. Nhu
vdy, su ¢6 mat cua sat (II) sunphat gitip nang cao hiéu sudt hoa tach dat hiém, lam giam
lugng axit str dung tur d6 giup qua trinh nung lién tuc co thé dién ra & quy mé 16n do hdn hop
sau truge khi nung khé. Bén canh do, viéc nung mau & nhiét d6 cao (& day la 700°C) giip han
ché sy hoa tan cac tap chit khong mong mudn vao dung dich cing véi cac nguyén té dat



hiém. Két qua chi ra trong Bang 5 cho thay luong sat di vao dung dich chi tir 3-4% khi nung &
700°C trong 2-4h.

4. KET LUAN

Nghién ctru ndy di chi ra anh hudng cta cac yéu tb nhu ham lwong axit sunphuric; mudi
sat sunphat; thoi gian, nhiét d6 va ché @6 nung dén hiéu suét hoa tach dat hiém va tap chét sit.
Céc diéu kién t6i wu dé hoa tach triét dé dat hiém tir tinh quing 1a ty 16 A/Q>1,2/1, nhiét d6 va
thoi gian nung lan luot 13 300°C va 2h. Su c6 mit cua mudi sat (1) sunphat 1am ting hiéu
sudt hoa tach dit hiém tir tinh quing, 1am giam lugng tap chat di vao dung dich va lam giam
luong axit st dung. Tuy nhién, qué trinh nung phan hity khi c6 mit cua sat (IIT) sunphat can
thuc hi€n ¢ nhiét d¢ cao. Qua trinh nung mau theo hai giai doan 300°C va 520°C khong lam
tang hiéu sut hoa tich dat hiém nhung 1am giam dang ké kha ning hoa tach tap chat sit. Viéc
sir dung sét (III) sunphat va nung phan hity theo hai giai doan méi chi dimg lai & nghién ciru
tham do, can phai nghién ctru siu hon nhim danh gi4 tinh kha thi.
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Abstract: The decomposition of xenotime ore concentrate — rare earth phosphate by sulfuric
digestion has been studied in this report. Xenotime was mixed with concentrate sulfuric and
roasted at different condition on reaction time and temperature, heating steps. Fe,(SO,); salts
have been used as a reactant in order to convert rare earth phosphate into rare earth sulfate at
high temperature and to reduce the amount of sulfuric acid. The results show that the yield of
rare earth extraction reaches the highest value when the acid / concentrate ratio (A/Q) is greater
than or equal to 1.2/1.0, the roasting time is 2 hours and the temperature is 300°C. The
decomposition yield of ore concentrate decreases gradually when the roasting temperature is
greater than 300°C. Two-stage roasting process is effective for reducing iron impurities and



also reduces the yield of rare earth recovery. The presence of iron (III) sulfate salts increases
the efficiency of rare earth extraction.
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