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SUMMARY

A STUDY OF INDENTIFYING RARE EARTH ELEMENTS IN ORE
WITH HIGH CONTENT OF BASTNAESITE, BARITE, FLUORITE
USING INDUCTIVELY COUPLED PLASMA - OPTICAL EMISSION
SPECTROMETRY (ICP - OES)

This paper presents the main results of a study of identifying rare earth elements
(REES) in ore with high content of bastnaesite, barite using inductively coupled
plasma/optical emission spectrometry (ICP-OES). This study chooses preparing
sample methods, optimized wavelengths of REEs and an analytical procedure
which can be defined REEs independently by ICP-OES Horiba Ultima 2. The
analysis results on reference samples prove the accuracy and effectiveness of the

analysis procedure.
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1. MO PAU

Nhiing két qua diéu tra, tham do tir
nhitng nim 1950 dén nay da khing
dinh Viét Nam la quéc gia co tiém
nang 16n vé dat hiém (REEs). Cac mo
dat hiém co gia tri cong nghiép can
duoc nghién ctu khai thac va ché
bién sau phuc vu cho nhu cau ngay
cang ting & trong nudc va trén thé
gi¢i. Hién nay, Trung Quédc - nudc
cung cap 95% dat hiém cho thi truong
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thé gigi bat dau thuc hién chinh sach
han ché xuit khau d3 va dang lam
cho thi trudng dat hiém cang tré nén
s6i dong, lam ting nhu cau md mo
mai [1].

Pé phuc vu ché bién sau quing dat
hiém thi viéc x4c dinh REEs mot cach
chinh xac, nhanh va vai chi phi thich
hop trong cac dbi twong mau khac
nhau 1a yéu cau can thiét. Hién nay,
c6 cac phuong phép sau dang dugc st



dung: phuong phap huynh quang tia
X, quang phd phat xa ngudn plasma
cam ung (ICP — OES hoac ICP -
AES), khdi phé ngudn Plasma cam
ung (ICP — MS) va phén tich kich
hoat notron (NAA) [2]. Trong d6, phd
bién nhat Ia ICP — OES va ICP — MS.
Uu diém chung cua hai phuong phap
nay 1a d6 nhay cao, khoang tuyén tinh
rong, co kha ning phan tich ddng thoi
nhiéu nguyén t5. ICP — MS ¢6 gidi
han phat hién thip (c& ppb) nén phu
hop hon véi viéc phan tich REEs ham
luong nho. Tuy nhién, khi mau co
nong d6 REEs rat cao, can pha lodng
nhiéu lan s& dan dén sai sd lon.
Phuong phéap ICP — OES phu hop cho
viéc xac dinh nhitng mau c6 ham
luong REES I6n mot cach chinh xéc,
dac biét 1a mau quang, tinh quing, thé
gidu cua dat hiém va cac loai mau dia
chat khac nhau [3].

Trong khudn khd nghién ctu phét
trién cong nghé ché bién sau dat hiém
Viét Nam, Trung tdm Nghién cuu va
Chuyén giao Cong nghé Dat hiém
(RTTC) da nghién ctu va khong
ngiing hoan thién ky thuat xa Iy mau
cling nhu phuong phap phan tich. Bai
bao nay trinh bay két qua xac dinh
REEs trong mau quiang vung Lai
Chau, Viét Nam bang phuong phap
quang phé phat xa nguon plasma cam
ang ICP - OES.

2. THUC NGHIEM

2.1. Hoéa chiat va thiét bj

* Hoa chat: dung dich chuan gbc don
I&é 1000ppm cua 16 nguyén té dét hiém
(Yb, Sc, Eu, Lu, Tm, Y , Er, Dy, Gd,
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Ho, Tb, Sm, Ce, Nd, La, Pr) la hoa
chat tinh khiét phan tich (hdng Merck).
Dung dich xdy dung duong chuan
dugc pha tir cac dung dich gbc nay.

* Céac hoa chat :HNOj3, HCI; NaOH,
K,COs, Na,CO3, Na,B4O7 déu co do
tinh khiét phan tich (hdng Merck).

* Thiét bi: thiét bi quang phd phat xa
ngudn plasma cam tng ICP — OES ¢6
model Ultima 2 do hdng Horiba, Nhat
Ban san Xuét.

2.2. Chuan bi miu phan tich

Mau quang, tinh quang véi luong 1-5
g sau khi di duoc nghién min, siy
kho, dugc cho vao binh lam bing
teflon ¢ trong binh thép khong gi,
chiu &p. Mau dugc phan hiy dudi ap
suat vai 30mL dung dich NaOH 4M ¢
nhiét d6 180°C trong 3 gid. Sau phan
hay, mau duoc li tdm, loc rwra, phan
bd rin duoc hoa tan bang hdn hop
axit HCl/ HNOs (3/1, v/v) trén bép
dién 3 gio. Loc, dinh mac va do trén
ICP - OES.

2.3. Thong sé do cia thiét bi

Cac mau dung dich sau khi chuan bi
theo phuong phap trén dugc do trén
thiét bi ICP — OES Horiba Ultima 2
Vvéi cac thong sb sau:

Power 1200 (W)
Normal speed of pump 20 rates/min
Sheath stabilisation 15.0 (s)
Nebulisation flowrate ~ 0.02 (I/min)
Nebulisation pressure 1.0 (bar)
Measure points 1

Caculate points 1

Analysis mode Max
Intergration time 1(s)



3. KET QUA VA THAO LUAN

3.1. Phan hity miu quing dat hiém
Quing dét hiém Lai Chau (nhu quing
dat hiém DPong Pao...) 1a dat hiém
nam & dang Fluocarbonat RECOsF
(basnaesite, synchisite...) va dang
photphat REPO, (monazit). Ham
lwong cac nguyén té La, Ce, Pr, Nd,
Sm, Eu cao hon so v4i cac nguyén tb
con lai. Ngoai ra, con cé cac khoang
vat Fluorit CaF,, barit BaSO,; va
thach anh SiO,, aluminosilicate...Dé
co thé do trén thiét bi ICP — OES,
REEs can duoc chuyén vao dang
dung dich nuéc sau khi pha v& cau

trdc cac khoang vat va loai bo cac tap
chét F", PO4%, Si0,, AP

Dua trén cac nghién cau trudc, mau
M1 di dwoc phan hay mau bang
phuong phap néng chay, ding hén
hop K;COs, Na,CO3, Na,B4O7, nung
& nhiét d6 900°C bang chén bach kim.
Sau d6, hoa tan mau va dem do trén
ICP — OES. Két qua dugc so sanh véi
mau chuan MQ3 duoc trinh bay
trong bang 1. MQ3 1a mau tinh quing
bong Pao da dugc phan tich boi
treong Pai hoc ToKyo, Nhat Ban trén
thiét bi ICP — MS,

Bang 1. So sanh két qua phan hiy mau bang phwong phdp néng
chay véi mdu chudn

Ham lugng (mg/kg)
Ki hiéu Sc| Y La Ce Pr Nd Sm Eu Gd Th Dy | Ho Er | Tm | Yb Lu | Téng
MQ3 4| 2184 | 115314 | 157946 | 15808 | 45925| 4657 | 1095| 2774| 163| 529 65| 145 12 61 5346687
M1 5| 2053 | 117263 | 165483 | 14942 | 45287 | 5123 | 1040| 3079| 214| 630| 86| 189 16 81 7355498
M1/MQ3 | 1.25|0.94 | 1.02 105 | 095 | 099 | 110 | 095 | 1.11 |1.31 |1.19 [132 |1.30 | 133|133 | 140 | 1.03

Qua bang 1 ta thay, xt li mau bang
phuong phap nay da phan huy hoan
toan dat hiém c6 trong mau. Ti 1é giia
tong dat hiém cua miu MQ3 duoc
phan hiy bang phwong phap nong
chay vé6i tong dat hiém cua mau
chuan 1a 1.03. Véi cac nguyén tb co
ham Iugng I6n (La, Ce, Pr, Nd, Sm,
Eu, Gd, Y) thi ti I8 M1/MQ3 xap xi 1a
1. Tuy vay, phuong phép trén c6 céac
nhugce diém 14 phai ding chén bach
kim, nung & nhiét do cao, viéc lay
MAu tir chén khé khan, t5n nhiéu thoi

gian phé huay va khéng thuan lgi cho
viéc phén tich hang loat, dap ung yéu
cau cdng nghé. Do d6, mot phuong
phap phan hiy mau méi can duoc tap
trung nghién cau nham khic phuc
nhitmg nhugc diém trén. Do 1a
phuong phap pha hily mau trong moi
truong kiém dic. Co s¢ hoda hoc cua
phuong phép nay nhu sau:

Dudi tac dung cua nhiét do va ap
suit, mau bi pha huy tir bén trong va
c6 cac phan ung sau xay ra:

RECOgF + 3NaOH i—» RE (OH); + NaF + Na,COs
Al (OH); + NaOH — NaAlO; + 2H,0
REPO, + NaOH f RE (OH); + NazPO4
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SiO, tan trong dung dich kiém dic néng:
SiO, + 2NaOH — Na,SiO3 + H,0

Sau d6, mau dugc li tam, loc rua, loai
bo cac tap chat F', PO4%, SiO, , AP,
Phan b dugc hoa tan trong hdn hop

axit HCI/HNOs (3/1, viv) thi

RE(OH)s tan ra theo phan tng

RE(OH);+3 HCl — RECI5 +3 H,0
RE(OH)3 +3 HNO; — RE(NO3)3 +3 H,O

Nhu vay, xét vé co s& hda hoc, mau
quang dugc phan huy hoan toan va
phuong phép phan hiy mau trong moi
truong kiém dac 12 hiéu qua trong
viéc xéc dinh cac nguyén tb dat hiém.
Qui trinh xr ly mau trén d duoc sir

dung dé phan tich ham lwong REEs
trong 2 mau lap lai, ki hiéu 1a M2, M3
trén thiét bi ICP — OES cua RTTC va
so sanh véi mau MQ3. Két qua duoc
trinh bay trong bang 2.

Bang 2. So sanh két qua phan hiy mau bang kiém ddc véi mdu chudn

iz MQ3 M2 M3
STT | Nguyén to (ma/kg) (mg/kg) (ma/kg) M2/MQ3 M3/MQ3
1 Sc 4 4,75 5,24 1,19 1,31
2 Y 2184 1957,94 1855,82 0,90 0,85
3 La 115314 113976,68 108144,12 0,99 0,94
4 Ce 157946 149720,21 155685,72 0,95 0,99
5 Pr 15808 16162,28 14976,21 1,02 0,95
6 Nd 45925 50698,26 45469,21 1,10 0,99
7 Sm 4657 5127,24 4875,05 1,10 1,05
8 Eu 1095 985,50 963,60 0,90 0,88
9 Gd 2774 2552,08 2496,60 0,92 0,90
10 Tb 163 190,71 182,56 1,17 1,12
11 Dy 529 503,26 485,15 0,95 0,92
12 Ho 65 77,35 83,85 1,19 1,29
13 Er 145 116,00 126,15 0,80 0,87
14 Tm 12 9,60 10,32 0,80 0,86
15 Yb 61 50,02 53,07 0,82 0,87
16 Lu 5 3,75 4,25 0,75 0,85
Tong (mg/kg) 346687,00 342135,63 | 335416,91 0,99 0,97

Vé d6 lap lai, qui trinh phan tich 6n
dinh, c6 d6 lap lai tét, do léch chuan

twong ddi cua cac nguyén té nam
trong khoang 1,55 — 8,84 %.

Ng. tb

Sc

Y La

Ce

Pr | Nd

Sm | Eu

Gd

Th | Dy

Ho | Er

Tm | Yb

Lu

RSD(%)

6,83

3,79 (3,71

2,76

5,39 (7,69

3,57 [1,59

1,55

3,09 2,59

5,70 (5,93

511 |4,18

8,84

Vé hiéu qua phan huy mau, ta thay ti
¢ M2/MQ3, M3/MQ3 cua tung
nguyén t6 nam hau hét niam trong
khoang 0.9-1.1. Piéu dang quan tim
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la cac nguy@n to ham luong 16n, dic
trung cho quang Pong Pao la La, Ce,
Nd, Pr, Sm, Gd, Eu ¢ ti 1é xap xi 1.
biéu nay khang dinh viéc phan hay



mau di xay ra hoan toan va phuong
phap phan hily mau trong moi trudong
kiém dac 1a hiéu qua, phi hop, co do
tin cay cao.

3.2. Khao sat bwéc song téi wu xac
dinh REEs trén thiét bi ICP-OES
Horiba Ultima 2

Nguyén tic caa phép do ICP — OES la
dua trén su phat xa cta nguyén tir cac
nguyén t6 khi chiu su tac dong, kich
thich caa nguon plasma cao tan cam
tng. Tuy nhién, m&i nguyén té lai c6
nhiéu budc séng khac nhau. Hon nira,
quing dat hiém Dong Pao bao gém
16 nguyén té dit hiém va nhiéu
nguyén t6 khong dat hiém khac nhu:
Sat, canxi, mangan, magie... Budc
s6ng caa nguyén té nay cé thé bi chen
lan, anh huong béi budc song cua
nguyén té khac. Do d6, viéc lya chon
budc song khi phan tich REEs la rat
quan trong.

Tac gia M.l. Rucandio khi xac dinh
La, Y trong quang dat hiém va trong
dung dich bing ICP — OES di st
dung cac budc song 340.780 nm véi
Dy, 326.478 véi Er, 272.778 vai Eu,
345.660 voi Ho, 350.917 véi Th,
313.126 v6i Tm [4]. DB6i véi mbi
nguyén t5, ¢ thé sir dung cac budc
séng khéc nhau. Vi du, dbi voi Ce,

P.T. Fischer va cong su da dung & cac
buéc song 404.08; 413.77; 446.02
nm; voi La la 379,48; 398.85 nm; vai
Nd la 415.61; 444.64 va voi Pr la
414.31; 417.94 nm [5]. Dua trén céc
nghién ctru da duoc cong bd, véi mdi
nguyén té chiing toi da tién hanh khao
sat tai cac budoc song khac nhau.
Budc song duoc chon la budc song
nhay, dic trung, thé hién chinh xac
ham lugng nguyén té trong mau , it
cd tuong tac anh hudng voi Ccac
nguyén t5 1an can va c6 do lap lai tét
(RSD <3%).

Bang 3 trinh bay sy so séanh két qua
phan tich cac REEs cua phong thi
nghiém RTTC vai phong thi nghiém
ACTLab, Canada) Theo do, ti I¢ gitra
gié tri trung binh cta cac REEs dugc
phan tich bang thiét bi ICP — OES cua
trung tdm RTTC véi gia tri cia REES
tuong tng dwoc phan tich bang thiét
bi ICP - MS tai phong thi nghiém
ActLab ,Canada nam trong khoang
0.82 — 1.2. bac biét, vdi cac nguyén
t6 c6 ham lwong lén trong quing
Pong Pao (La, Ce) thi ti I¢ ndy xap xi
1. biéu nay ching to, viéc st dung
cac budc song trén cho két qua chinh
Xac va tin cay.

Bdng 3. So sanh két qua phan tich REEs giiza RTTC va ACTLab (Canada)

STT | Ng.té ?ﬁ%‘; ONG | pon vi ﬁgc_ 0ES) (Algﬁb,f/g?”ada RTTC/ActLab
1 |La | 333749 16,11 17 0.95
2 [ Ce | 418660 35,63 37 0,96
3 |pr  |422533 | mglL |6.75 7.28 0.93
4 | Nd | 430,357 29,65 335 0,89
5 | Sm | 359.260 7.75 9 0.86
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6 Eu 272,778 0,70 0,85 0,82
7 Gd 342,247 10,28 9,68 1,06
8 Th 350,917 2,16 2,05 1,05
9 Dy 340,780 13,76 115 1,20
10 Ho 345,600 3,07 2,93 1,05
11 Er 326,478 8,09 8,49 0,95
12 Tm 313,126 1,20 1,15 1,04
13 Yb 222,446 6,40 7,66 0,84
14 Lu 291,139 0,94 0,83 1,13
15 Y 324,228 90,02 87,5 1,03
Tong 232.59 236.42 0.98

Nhu vay, doi véi quing Pong Pao
(Lai Chau, Viét Nam) va thiét bi ICP
— OES Horiba Ultima 2, Nhat Ban thi

cac budc song trong bang 4 13 toi vu
va phu hop nhit.

Bang 4. Bang budc soNng toi wu ciia cac nguyén té dat hiem

STT Nguyén t6 Budc song (nm) Nguyén t6 Budc song (nm)
1 Sc 256,023 Gd 342,247

2 Y 324,228 Th 350,917

3 La 333,749 Dy 340,780

4 Ce 418,660 Ho 345,600

5 Pr 422,533 Er 326,478

6 Nd 430,357 m 313,126

7 Sm 359,260 Yb 222,446

8 Eu 272,778 Lu 291,139

3.3. Qui trinh phan tich cac nguyén 4. KET LUAN

t6 dat hiém

Theo nhiing két qua nghién cuu &
trén, qui trinh phan tich cac nguyén té
dat hiém trong mau quing Lai Chau
trén thiét bi ICP — OES Horiba
Ultima 2 dugc dua ra trong hinh 1.

Mau

* NaOH 4M, 180°C

Phén huy <

v

Ly tdm

v

Loc rira

v

Hoa tan <

v

bo ICP-OES

HCI/HNO; (3/1, VIv)

Hinh 1. Qui trinh phén tich REEs
trong mau quang
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Nghién ciu da dua ra mot qui trinh
méi, rat hiéu qua dé phan tich cac
nguyén t6 dat hiém trong mau quing
c6 ham Ilugng lon Bastnezit, Barit,
Florit trén thiét bi ICP — OES Horiba
Ultima 2, Nhat Ban. Qui trinh khong
nhitng tién loi, it tdn kém ma con co
tinh thyc té cao, c6 thé ap dung rong
rdii & nhiéu phong thi nghiém khac
nhau.

LOI CAM ON

Cac tac gia cam on su hd tro kinh phi
cuia du an hop tac gita chinh phu
Nhat Ban va chinh pha Viét Nam vé
phat trién nganh cong nghiép dat
hiém tai Viét Nam.

Xem tiép trang 152
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