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SUMMARY

STUDY ON SEPARATION AND DETERMINATION OF RARE EARTH ELEMENTS
IN ORE IN VIETNAM BY CAPILLARY ELECTROPHORESIS CAPACITIVELY
COUPLED CONTACTLESS CONDUCTIVITY DETECTION

Nowadays, rare earth elements have become strategic materials for high-tech industries. The most
popular rare earth elements in ore of Vietnam are Lanthanum (La), Cerium (Ce), Praseodymium
(Pr), Neodymium (Nd), Samarium (Sm). Capillary electrophoresis (CE) with capacitively coupled
contactless conductivity detection (C'D) has been considered as a new analytical technique in
Vietnam, which is simple, low cost, automatic and able to be used in the field with small amounts
of samples and chemicals. The separation conditions of 5 rare earth elements by semi-automatic
CE-C'D were optimized. Electrolyte solution consisting of 20 mM Arginine; 44 mM Ascorbic; 6,7
mM a-HIBA and 5% methanol; pH 4,2. Detection limits in range of 7.92 to 34.8 uM were
achieved for 5 rare earth elements. The analysis of two ore samples was demonstrated. These
results were compared with the results ofstandard method (Inductively Coupled Plasma — Optical
Emission Spectrometry ICP-OES) shored the highly reliable results.

1. MO DAU Trung, chinh vi vdy, viéc nghién ciru phan

Ngay nay cac nguyén té dit hiém (NTDH)
trd thanh vat liéu chién Ivgc cho cac nganh
cong nghé cao nhu dién - dién tir, hat nhan,
vil try, luyén kim, thay tinh va gém st ki
thudt cao...Viét nam la mdt trong cac nudce
¢6 ngudn nguyén liéu NTPH twong ddi 16n
& Lai chiu va cac tinh ven bién Mién

tich va sit dung NTPDH cho nhu cdu phat
trién kinh té 1a hét strc can thiét.

Trude day, da co rat nhidu cong trinh nghién
ctru xac dinh ham lugng ctia cac NTPH trong
cac mau quing cua Viét Nam nhu: quang phd
phat xa nguyén t Plasma cam ung (ICP-
OES), sic ky long hiéu ning cao (HPLC),



phd khéi Iwong plasma cam ung (ICP-
MS),...[2,3,5]. Cac thiét bi nay doi héi trang
thiét bi hién dai, chi phi cao, van hanh phirc
tap. Trong nghién ctru nay, chiing toi sir dung
phuong phap dién di mao quéan voi detector
d6 dan khong tiép xuc két ndi kiéu tu dién
(CE-C'D) trén co s6 hé thiét bi tu ché, ban tu
dong dé phan tich cac NTBH. Phuong phap
ndy co loi thé phan tich nhanh, hiéu qua
nhung chi phi thip.

2. THIET BI VA HOA CHAT

Thiét bi: H¢ thiét bi dién di mao quan duogc
thiét k&, ché tao tai Viét Nam boi TS. Mai
Thanh Puc va ThS. Bui Duy Anh trén co
s0 hop tac véi nhom nghién cuu cia GS.
Peter Hauser (khoa Hoéa, truong DPai hoc
Basel, Thuy Si). Hién nay, cac hé thiét bi
nay dang dugc trién khai ing dung, kiém
tra, danh gia va phat trién hoan thién tai
khoa Hoéa hoc, truong Pai hoc Khoa hoc Tu
nhién Ha Noi.

Héa chit: Dung dich chuin cac NTPH:
La, Ce, Pr, Nd, Sm (Merck) va cac nguyén
td khac: Fe, Ni, K, Na... Axit HCI (Merck),

NaOH (Merck), Arginine (PA), o-HIBA
(PA); Nudc tach loai in.

3. KET QUA THUC NGHIEM VA THAO
LUAN

3.1 Khio sat thanh phin dung dich dém
dién di

bién di mao quan la ky thuat tach chét dua
vao kha ning linh dong dién di, p cla cac
cAu tr tich dién khac nhau trong dién
truong.

Kha nang d6 phu thudc vao dién tich, ban
kinh thuc té cua mdi cAu tir, duge biéu dién
bang hé thic: p = g/(6mnr), trong d6 q la
dién tich, r 1a ban kinh hiéu dung cua cAu
ta, n 1a dd nhdt cua dung dich. Viéce lua
chon pH va thanh phan dung dich dém anh
hudng t6i d6 linh dong dién di cua cac cAu
ta trong phuong phap CE, dac biét 1a cac
chit ¢ nhiing tinh chit trong ty nhau. Do
do6 trong phan ndy, cac yéu can dugc khao
sat bao gdbm pH ciia dung dich dém, ndng
d6 chét tao phuc va n(‘Sng d6 dung dich dém
dién di.

Hinh 1. Thiét bi dién di mao quan CE-C4D
I- Mao qudn; 2- Bé diéu khién cao thé; 3-Cam bién do dé dan khéng tiép xiic; 4- Buong cao
thé; 5- Khoang noi dat.



3.1.1 Khao sat pH caa dung dich dém
dién di

Trong phuong phap dién di mao quan, khi
pH cua dung dich dém thay ddi s& lam thay
dong dién di thim thiu. Ngoai ra, kha ning
tao phirc ciia cac NTPH véi phdi tir ciing
thay d6i. Hé qua 1a dién tich cac NTPH va
sau do 1a téc do cua chung thay déi, tir do
lam thay d6i thoi gian di chuyén cua cac
NTDH trong mao quan. Cho nén, viéc khao
sat dé tim ra pH tdi wu 13 rat can thiét. Trén
co sO tham khao tai liéu [4], cac gia tri pH
duoc chiing t6i khao sat g(‘Sm: 3,6; 3,8; 4,0;
4,2: 44 va 4,6. Cac diéu kién thuc nghiém
khac nhu sau: Hén hgp NTPH chuin c6
cac nSng do: La: 3.10°M, Ce: 3.10°M, Pr:
2,5.10"M, Nd: 2,1.10" M, Sm: 4,5.10"M.
Thé dién di 20 kV, thoi gian bom mau 10 s.
Bdng 1 Anh hudmg ciia pH dén do phin

giai giita cdc cap pic

pH | DO phan gidi, R cua cac cap NTBDH
La-Ce | Ce-Pr | Pr-Nd | Nd-Sm
3,6 3,6 1,2 0,5 2,9
3.8 4,2 4,0 0,9 6,2
4,0 2,2 1,5 1,8 7,1
4,2 2,9 2,9 2,7 8,9
4.4 5,7 0,8 2,3 11,6
4,6 - - - -

Cac két qua khao sat trong khoang pH tur
3,6 dén 4,6 cho thiy, d6 phan giai, R cua
cac cip NTPH thay d6i & cac pH khac
nhau, ddng thoi dién tich pic va kha ning
tach ctia cac chat cling thay doi. So sanh két
qua khéo sat thu dugc & cac gia tri cho thdy
& pH = 4,2 cac nguyén t6 dugc tach tdt
nhét, pic gon nhat va tin hiéu duong nén én
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dinh, thoi gian phan tich hop 1y. Do do, pH
= 4,2 duogc lya chon cho cac bude khao sat
tiép theo.

3.1.2 Khao sat logi dém dién di

bém dién di dugc pha ché béng cach su
dung hop phin bazo hiru co thong dung
trong phuong phap CE-C'D la Arginine
(Arg) (pK.=9,09) hoac Histidine (His)
(pK.=8,97) két hop véi mot hop phan axit
nhu ascorbic (Asc) hodc axetic (Axe) sao
cho dung dich c6 do din dién thap. Trong
d6, hop phin bazo dugc giit & nong do 20
mM va ding hop phin axit dé didu chinh
dén pH = 4,2. Cac diéu kién khac tuong tu
nhu muc 3.1.1. Tir cac két qua thu dugc cho
thdy, hé dém Arg/Asc cho két qua do phan
giai gitra cac pic t6t nhit, tin hiéu cua cac
pic cao nhit. Con hai hé dém His/Axe va
Arg/Axe cho dudng nén khong tot bang hé
dém sir dung axit ascorbic. Do d6, hé dém
Arg/Asc dugc lua chon cho cac khao sat
tiép theo

3.1.3 Khio sit nong dp dung dich dém
dién di

Trong phwong phap dién di mao quan, nong
d6 dém phai du 16n dé tao nén mdi trudng
dién ly cho cac ion di chuyén va khong tao
ra cac vung dan dién khic nhau trong mao
quan lam anh huéng dén qua trinh di
chuyén nay. Qua tham khao tai liéu, nong
dd cua cac cu tir trong dung dich dém dién
di st dung trong phuong phiap CE-C'D
thuong 16n hon 10 mM. Do d6, viéc khao
sat dugc tién hanh véi cac ndéng do tir 10
mM tré 18n, cu thé 14 hé dém Arg/Asc pH =
4,2 ¢6 cac nong do 10 mM, 20 mM, 30
mM. Céc diéu kién khac giit nguyén nhu
muc 3.1.1.
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Hinh 2. Dién di do khdo sat anh huéng cia nong do dung dich dém dién di

Két qua & dién di d6 hinh 2 cho thdy, khi
tang n6ng d6 dung dich dém dién di thi thoi
gian di chuyén cua cac NTPH déu ting
nhung tin hiéu (dién tich) pic lai giam. Diéu
ndy c6 thé do twong tac cua cac ion trong
dung dich dém tang, lam giam dién tich
hiéu dung cta céc ion dan ti lam ting thoi
gian luvu. Khi ndng d6 dém ting ciing lam
tang do dan dién cua dung dich dién ly nén,
1am giam tin hiéu cua cac chit phan tich.
Mic du ¢ ndng d6 dém 10 mM cho tin hiéu
pic 16n nhung & ndng d6 dém 20 mM cho
hinh dang cac pic can déi va sic nét hon.
Cac NTPH duogc tich khoi nhau khd tot.
Do d06, chung t6i lya chon dém Arg/Asc
ndng d6 20mM 1a didu kién t6i wu cho cac
khao sat tiép theo.

3.1.4. Anh hwéng ciia ndng dé chét tao
phitc a-HIBA

Bdng 2 Khao sdt anh hieong nong do a-
HIBA

Do phan gidi, R cua céc cdp
Nong do NTBH

HIBA(mM) | La- Ce- | Pr- Nd-
Ce Pr Nd Sm

5 1,9 0,4 1,2 4,3
6,7 35 | 24 | 2,0 7,4

10 4,1 3,8 | 2,7 12,5
15 4,5 4,6 | 16,0 | 17,2

Do cac nguyén td dat hiém co6 tinh chét rat
gidng nhau din dén tinh chit dién di va thoi
gian di chuyén gidng nhau, rt kho tach ra
khoi nhau. D& lam thay d6i dién tich, ban
kinh ion cac NTPH, ddng nghia thay dbi do
linh dong dién di va tang d6 phan giai cia
chiing, can thiét phai thém chit tao phirc a-
hydroxyisobutyric acid (o-HIBA). Qua
tham khdo tai li€u [1] chung t6i khao sat
dung dich dém c6 a-HIBA véi cac n(‘Sng do
5 dén 15 mM. Tir két qua, chung t6i chon
duoc néng dd o-HIBA 6,7 mM cho két qua
pic can dbi rd nét, khong co su chén lan pic.
Do @6, chiing t6i chon n6ng d6 a-HIBA la
6,7 mM cho cac nghién ctru tiép theo.

3.2. Khdo sat anh hwéng chaa thoi gian
bom miu

Viéc khao st thoi gian bom mau dugc thyc
hién theo phuong phap thiy dong luc hoc
kiéu xi-phong & do cao 10 cm véi ba gi tri
thoi gian bom mau khac nhaula 5's, 10 s va
15 s . Cac diéu kién khao sat khac dugc gilr
nguyén nhu muyc 3.1.1.

Céac két qua cho thdy, khi ting thoi gian
bom mau, thoi gian di chuyén cia cac chét
hau nhu khong thay ddi hodc thay ddi rat it
nhung dién tich pic ting. Diéu nay hoan
toan phu hop vi khi tang thoi gian bom mau
s& lam ting lugng miu dugc bom vao mao
quan, tao tin hiéu 1é6n hon. Tuy nhién, khi
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do6 ciing lam dich chuyén déi chat vé thoi
gian di chuyén cta cac chit ciing nhu lam
giam d0 phan giai gilra cac pic. Cac pic Pr
va Nd cho két qua tach khong tét. Do do,
chung t6i Iya chon thoi gian bom mau 10 s
1a didu kién tdi vu trong nghién ciru nay.
3.3. Khao sat anh hwéng cia thé dit vao
hai ddu mao quén

Khi 4p thé tir 10 kV dén 25 kV, thoi gian di
chuyén cua cac chit giam. Tai thé 10kV va
15kV cac chit tach nhau tot nhung thoi
gian di chuyén cua cac chit kha 16n. Tai thé
tach 10kV sau hon 10 phut pic ciia La mai

xuit hién, con tai thé tach 15kV 1a hon 8
phat. Vi thé 25kV thoi gian di chuyén cua
cac chit ngin hon, pic cua La xuét hién &
khoang 4 phut nhung két qua phan tach
giita cac pic kém. Vi khi ting thé E, dong
dién I 16n s& gay ra hiéu (rng nhiét Jun 16n
lam nong mao quan, lam gidm hiéu qua
tach. Tai thé tach 20kV cho hiéu qua tach
t6t giita cac pic va thoi gian phan tich phu
hop. Vi vy chiing t6i lua chon thé 20kV 1a
thé tach t&i vu. Piéu kién tbi wu cho phan
tich hdén hop cac NTPH duogc toéng hop
trong bang 3.

Bdng 3. Diéu kién t6i wu cho phan tich hén hop cde NTPH bang phirong phdp CE-C*D

Cac yéu to

Diéu kién

Detector CE-C'D

Mao quan silica

Dai 60 cm, hiéu dung 53 cm, duong kinh trong 50 um

Phuong phap bom mau

Thiy ddng luc hoc kiéu xiphong: 10 cm

Thoi gian bom mau 10s
Dung dich dém dién di Arg/Asc (20 mM) pH =4,2; o-HIBA 6,7 mM
Theé tach 20 kV
3.4. X4y dung cac dudong chuin
Nd Lap duong chuin cho nim nguyén to dat
2my La Cepp @ ST . e
hiém 1a La, Ce, Pr, Nd va Sm v6i diéu kién
K \ phan tich t6i wu sau khi da khao sat & trén.
d

| | | | |
200 250 00 350 400
Tho gian di chuyen (s)

Hinh 3. Bién di @6 cac NTPH La: 3.10°M,
Ce: 3.10°M, Pr: 2,5.10°M, Nd: 2,1.10" M,
Sm: 4,5.10*M phan tich ¢ diéu kién t6i wu
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Tu dién tich pic thu dugc Gng vdi tung
ndéng do, co6 thé xdy dung dugc duong
chudn cho cac chét phén tich, két qua duoc
trinh bay trong bang 4. Két qua thu duoc &
trén cho thdy, cac hé sb tuwong quan biéu
dién su phu thudc cua dién tich pic vao
ndéng do chit phan tich 1a kha tét (R >
0,9943).




Bdng 4. Duong chudn,hé s6 twong quan (R’) gidi han phat hién (LOD), gi6i han dinh luong
(LOQ) cho cdc nguyén té ddt hiém

Nguyén tb Phuong trinh duong Hé sb twong LOD, LOQ
chuén, (y=ax+b) quan, (R? uM uM

La y=0,9098x+4,7756 0,9943 8,48 28,3

Ce y=1,2351x+2,2914 0,9978 7,92 26,4

Pr y=2,5745x-8,6536 0,9962 34,8 116

Nd y=9,7857x-0,8278 0,9956 10,9 36,4

Sm y=25,5259x-25,4613 0,9992 25,4 84,6

3.5. Phan tich mdt s6 miu quing dit
hiém di 1am giau

3.5.1. Quy trinh xir li mu

Céc miu cac NTPH di tuyén ndi lam giau,
dé dang tan trong axit HCI. Can 0,5g mau,
thAm w6t bang nudc cat, sau d6 thém HCI
dac va dun néng nhe cho dén khi tan hét.
Thém khoang 5,0 ml H,O, dé khir hét Ce
(IV) vé Ce (IIl), dun tiép dé loai axit va
H,0, du, chuyén vao binh dinh muac 25 ml
va thém nudc cit dén vach (dung dich A).
3.5.2. Phan tich dién di

Lay mét luong dung dich A phu hop vao
cbe 1 ml, thém dung dich dém dién di pH =
4,2 nhu da x4c l4p & trén va tién hanh phan
tich trén thiét bi CE-C*D. Két qua phén tich
cho théy da dinh lugng duogc tt ca cac
nguyén t6 can phan tich trong ca hai miu
dugc chon dé phan tich: QA.9.23.B va
QA.9.25.B. Cac két qua nay duoc phan tich
dbi chimg bang phuong phap ICP-OES (do
Vién Cong nghé Xa hiém thuc hién) cho
thysai 1éch giita két qua phan tich bang hai
phuong phap nhé hon 10%. Cac két qua
dugc thé hién trong bang 5 va hinh 4.

Bang 5. Két qua phdn tich cdc mau quéng

Ham lu:()rng;% Sai

Miu NT (g/clgo g ma‘IlC)P_ léch
Cc'D OES (%)

La | 19,00 | 18,86 | 0,74

Ce | 18,40 | 18,70 | 1,56

QA.9.23B | Pr | 1,84 1,89 | 2,64
Nd | 4,47 4,58 | 2,37

Sm| 0,42 0,41 | 4,26

La | 18,62 | 1849 |0,72

Ce | 18,66 | 18,96 | 1,55

QA9.25B | Pr | 1,73 1,86 | 6,50
Nd | 4,11 4,12 0,24

Sm| 0,42 0,40 | 5,00

200

300

400 500

Thoi gian di chuyén (s)
Hinh 4. Dién di do ciia mu qudng OA.9.23.B

(Xem tiép trang 7)
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