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Tém tit:
Cac san phém d4t hiém tinh khiét c6 nhu ciu sir dung cao trong thuc tién. Viéc dinh luong céc
tap chat dit hiém trong san phdm oxit tinh khiét nhdm kiém soat va danh gia chit luong 1a rat
quan trong va can thiét. Sy ton tai ty nhién theo nhom cé sé khéi lién tiép nhau cua diy cac
nguyén to dat hiém khién phuong phap phan tich ICP-MS gip tré ngai do cac dat hiém c6 cuong
do6 lién két trong manh oxit kim loai (M-O) cao va céc ion oxit clia cac nguyén t6 nhom nhe
chong 1én cic dong vi can xac dinh cta cic nguyén to nhom ning. Trong bdo cio ndy, viéc
nghién ctru anh hudng ciia cac manh oxit, hydroxit neodymi dén qué trinh phan tich mot s tap
chat d4t hiém nhom ning bang k¥ thuat ICP-MS/MS da duoc thuc hién. Cac thong s6 nhu cong
suét cao tan, téc do dong bom, d6 sau mau, luu lugng khi mang, nén mau anh huong truc tiép
dén su tao thanh cac manh oxit, hydroxit neodymi, gay sai s6 téi phép dinh lugng cac tap chét dat
hiém ning. Qua trinh loai trir anh hudng ctua nén mau duogc tién hanh thong qua k§ thuét do truc
tiép bang ché d6 MS/MS (0,) trén thiét bi khdi phd plasma ba tir cuc (ICP -QQQ) Agilent 8900
tai Vién Cong ngh¢ Xa hiém.
Tir khéa: Cdc nguyén to dat hiém (REE), neodymi oxit, tap chat dat hiém ndng, ICP-MS

L MO PAU

Xéc dinh chinh xac luong vét tap chat dit hiém trong cac san pham dét hiém tinh khiét
bang phuong phap khdi phd plasma cam tng (ICP-MS) thudng gip phai anh hudéng do su
tuong tac cua cac nguyén td trong nén mau giy ra (twong tac phd). Tuong tac phd xdy ra khi
hinh thanh dang isobaric va dang da nguyén tir, c6 cung khdi lvong (m/z) v6i chit phan tich
Dang da nguyen tir thuong dugc hinh thanh trong vung lanh hon ctia plasma do tap trung nong
do cao cua nen mau. Céc ion da nguyén tir nhu hydroxit va oxit cia nguyén t6 nén mau c6 thé
trung chap sé khdi véi chdt phan tich [1] (Vi du: '*°Ce'°0"/'°Gd’, “'Pr'®0"/S7Gd",
I9Tb'°0"/'SLut, 35Ba'®0"/"*'Eu’, '¥7Ba'®0"/ 'S Eu’...). Ti 1é tao thanh manh oxit/ion dét
hiém (REO'/RE") thong thuong trong nén mau lodng (ham lugng cua timg nguyén to thip)
chiém phéan nghin hodc thap hon va su dong gop ti 1é ndy véao tuong tac phd twong dbi thap, ¢
ng/g. Ti 1¢ tao thanh manh hydroxit/ion dit hiém (REOH'/RE") trong diéu kién d6 con it hon
nira va sy dong gop ciia n6 1a khong dang ké [2]. Tuy nhién, khi xac dinh lugng vét cac tap
chat dat hiém nhém trung va nhom nang trong nén oxit ciia dat hiém nhom nhe thi twong tac
REO(H) tao ra boi nén dat hiém nhe lai anh hu’O’ng dang ké dén két qua dinh lugng chinh cac
vét nguyén t6 nhom trung va nhom ning. C6 thé ké ra anh hudng ciia manh '*Nd'°OH," va
140N d!®*OH" dén vi tri s6 khdi phan tich ctia ion Dy hodc '**Nd'®O* chong chap véi vi tri ion
9Tb* va “SNd'°OH" tring véi s6 khdi phan tich cia dong vi duy nhat cua Ho 14 ion 'Ho"
trong plasma, khi phén tich luong vét cac dat hiém ning nay trong Nd2O3 ¢ do tinh khiét cao

[3].

Phén tich ICP - MS véi dbi tuong vat liéu, dja chat va méi trudng 13 mot ky thudt duoc
st dung rong rai dé xac dinh ndng d6 nguyén t6 vi lwong, boi vi né co gidi han phat hién thap
dbi v6i mot s6 luong 10n cac nguyén t6 va co kha niang do nhanh ndng d6 nguyén td, v6i chuan
bi mot lugng nhé mau. Trong do, nén mau va sy hién dién cua axit duoc sir dung dé hoa tan
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mau c6 thé gy ra hiéu tmg nhiéu trong phép do cac ion don chit don gian dugc tao ra boi
plasma argon, dédc biét 1a tir cac loai oxit va hydroxit. Vi¢c xac dinh cac ion oxit va hydroxit va
cac thong sb lién quan dén sy hinh thanh cta ching di dugc thao luan trong nhidu nghién ciru
ctiia ICP-MS [4,5]. Pinh luong cac ion oxit (MO") va hydroxit (MOH") thuong duoc biéu thi
bang ty 1& oxit (MO"/M") va ty 1& hydroxit (MOH/M"). Piéu nay di duoc ching minh ty 16
MO*/M" phu thudc vao cac thong sé van hanh nhu cong suat plasma [5], toc d6 dong khi mang
[6] va cac diéu kién 1dy mau, nhu khoang cach giita bom hit mau va b lay mau, ciing nhu
kich thude 16 14y mau va skimmer [7]. Cac thong s6 t6i uu hoa thiét bi, va viéc sir dung cong
suét plasma cao va tbc d6 dong khi nebuliser thap dé ting thoi gian luu trd [8] 1a nhing cach dé
giam va kiém soat ty 18 oxit & mic vai phan trim (<2%). Tuy nhién, ngudi ta van can ap dung
cac hiéu chinh cho cac nhiéu nay trong phan tich da yéu té théng thuong.

Sébastien Aries va cong su [9] da nghién ciru anh hudng cua cac manh oxit (MO*/M")
va manh hydroxit (MOH'/M") trong mau trim tich va miu mdi trudng. Trong nghién ctru nay
st dung phan tich da yéu t6 thong thuong ciia cic mau ty nhién, thach thic 1a tim ra cach hiéu
qua nhung don gian dé kiém soat va khic phuc cac nhiu nay, dic biét dbi voi cac kim loai
chuyén tiép, dat hiém (REE). Tac gia tiép can str dung cac hiéu chinh toan hoc trén dit liéu tho,
sau d6 diéu chinh cuong d6 téng cho cac nhidu, sir dung cac phuong trinh dua trén ty 1é dong
vi tu nhién (gia dinh rang cac ty 16 do MO'"/M" khong phu thudc vao nén mau hoic thoi gian).
Céc k¥ thuat phirc tap hon khac di dugc 4p dung, bao gébm hoi quy tuyén tinh da bién, phan
tich thanh phén chinh, mot cach tiép can dai sb cb dién Gaussian, phan tich da thanh phén va
hdi quy binh phwong nhoé nhit.

Juane Song va cong su [10] phén tich truc tiép lwong vét cic nguyén té dat hiém trong
Nd203 c6 d6 tinh khiét cao trén thiét bi ICP — MS Agilent 8800 bang nim diéu kién khac nhau
su dung cac ché d6 duge dinh sin cua thiét bi (Mode No gas; Mode He va Mode O»). Ché do
thay d6i khdi lugng Oo: Tat ca 13 REE déu phan tng voi Oz mot cach hiéu qua dé tao thanh
céc ion oxit cia REE (REE" + O, — REE-O" + O). Kha naing MS/MS cuia 8800 ICP-QQQ cho
phép loai bo cac nhidu pho trén timg thanh phan bang cach sir dung "dich chuyén khéi". Vi duy,
trong ché @6 dich chuyén khdi lugng O, tat ca 13 REE c6 thé duoc phat hién dudi dang céc
ion REE-O" ¢ mirc 16 amu so voi khéi luong nguyén t6 ban dau (M + 16). Két qua nghién ctru
chi ra ring ché do phan tng O véi sy thay d6i khdi lugng lam giam thém BEC cho Tb, Dy,
Ho, Er, Tm, Yb va Lu, so v&i ché do He.

Hién nay, dt hiém va cac hop chit dat hiém duoc quan tAm va ing dung rong trong tat
ca cac linh vyc: dién tr, ndng nghi€p, cong nghi¢p.... Nghién ciru xac dinh ham luong céc
nguyén to dat hiém da duoc trién khai trén nhiéu thiét bi trong d6 c6 ICP — MS. Tuy nhién
phuong phap ICP-MS thuong gip mot sd trd ngai do hién twong triung khéi (di trinh bay &
trén), & nudc ta voi thiét bj ICP — MS thong thudng chua giai quyét duoc. Nam 2019, Vién
Cong nghé Xa hiém lap dat thiét bi ICP — MS Agilent 8900 13 thiét bi hién dai nhét hién nay,
ché d6 MS — MS két hop cac Mode do da khic phuc nhitg nhuoc diém ma ICP — MS hay mic
phai. Trong bao c4o nay, chung t6i dua ra cac khao sat anh huong ciia manh oxit, hydroxit khi
thay d6i mot hodc mot sd yéu td cua thiét bi (cong suét, do sdu mau, téc do khi mang,...), tai
cac vi tri trung khoi 1a diéu kién can thiét trude khi tién hanh phan tich dé dam bao két qua
chinh xéc. Cac nghién cuu ly thuyét va diéu kién thiét bi hién c6 [11], Mode O; dugc stir dung
dé loai bo tat ca cac nhidu ion da nguyén tir dang oxit, hydroxit xac dinh cac tap chat dat hiém
trong Nd»Oj tinh khiét.

II. NOI DUNG
I1.1. Pdi twong va phuwong phap

DPoi twong nghién ciru: Cac tap chit dit hiém trong Nd20s (dic biét 1a *°Tb; '©°Dy;
195Ho; '®°Er). Trong Nd,Os tinh khiét, ham lugng tap chit cac nguyén té dat hiém khéac (ngoai



Nd) rat nho. Dé xac dinh lugng tap chat nay bang cac phuwong phap hoa 1y rat kho. Phuong
phap ICP — MS c6 gidi han phat hién rat nho (c& ng/kg) c6 kha ning xac dinh cac tap chat nay.
Tuy nhién sy tring khéi do nén mau (Nd) tao manh ion da nguyén tir (oxit, hydroxit neodym)
1am sai s6 két qua.

Phuong phap nghién ciru: Trong bao cdo chung t61 sit dung phuong phap nghién ctru
tai liéu két hop thyc nghiém trén thiét bi ICP — MS Agilent 8900 tai Vién Cong nghé Xa hiém.
Ché d6 MS/MS dugc tng dung trong khao sat anh hudng cic manh oxit, hydroxit neodym t&i
cac tap chat dat hiém khac. Tir d6, chung t6i dwa ra phuong phap han ché sai sé do cac manh
oxit, hydroxit tao ra bang cach sir dung mode O» xéc dinh cac tap chit dat hiém trong Nd>O3
tinh khiét.

Héa chdt va dung cu, thiét bi

Hoba chét: Dung dich Tune may, dung dich chuan riéng cac nguyén to dat hiém, dung
dich chuan cac nguyén t6 dat hiém di kém may ICP — MS, nuéc cat khtr ion 18,2 MQ, HNOs3,
HCl d = 1,42 g/ml (Merck , PA).

Dung cu: Micropipet (0 — 1000 ul), pipet: 5 ml, 10 ml, 25 ml, 50 ml, binh dinh muc: 10
ml, 25 ml, 50 ml, 100 ml, gidy loc, phéu, binh tia.

Thiét bi: May cat nudc khir ion, may cat nuwdc 2 lan, may ICP — MS Agilent 8900, may
tinh.

Tién hanh thi nghiém

Chuan bi dung cu: Dung cu dugc ngam br?mg HNO; 10% it nhét 8 gi0 (hoac sur dung
rung siéu 4m 30 — 60 phit). Sau d6 trang rira bang nudc cat 2 1an, nude cat khir ion (trang rira it
nhét 3 14n) roi say kho.

Chuén bi dung dich nghién ctru:

Mau trang: pha dung dich HNO; 1% bang cach hat 17 ml HNOs dic (65%) vao binh
dinh mtrc 1000 ml chira khoang 500ml nudce cat dé ion, dinh muc 1én vach mirc béng nudc cat
dé ion. Dung dich nay dé pha cac dung dich chuan nghién ctru.

Mau nghién ctru: pha cac dung dich chira cac nguyén té dat hiém.

+ Dung dich 200 ppb (ng/l): Hat 1000 pl dung dich chuin gbc 16 nguyén té dit hiém
cho vao binh 100 ml, dinh mtrc dén vach bﬁng dung dich HNO; 1%.

+ Dung dich 200 ppb, 1000 ppb, 5000 ppb Nd tinh khiét: Hat 500 ul dung dich chuén
don Nd 1000 ppm vao binh dinh mic 100 ml, dinh mirc dén vach bang dung dich HNO; 1%
dugc dung dich Nd 5000 ppb. Hut 4ml, 20 ml dung dich Nd 5000 ppb vao binh 100 ml dinh
mirc bang dung dich HNO3 1% duoc dung dich Nd 200 ppb va dung dich Nd 1000 ppb.

Chuan b thiét bi:
+ Chuan bj nuéc cat day du cho qua trinh chay mau va chuan bj mau.

+ Chuén bi diéu kién chay mau: bat may hut chan khong it nhét 8 tiéng, bat may lam mat, quat
hut, hé théng bom mau tu dong. Thiét 1ap cac diéu kién chay mau: cong suat cao tan, tbc do
bom mau, luu lugng khi mang, d6 sdu mau ...

Tién hanh do: Ché d6 MS/MS. Thay d6i cac thong sb: cong suit cao tan (RF); luu
luong khi mang; tdc d6 bom mau, do sdu mau ... dé dua ra cac anh huong manh oxit, hydroxit
neodymi dén cdc manh nguyén tir nguyén t6 dat hiém khac. Sau d6 tune may dat diéu kién tdi
rru may va xac dinh cac nguyén t6 dat hiém trong Nd,Oj tinh khiét.

X 1y s liéu.



IL.2. Két qua
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Hinh 1. Anh hwéng cia cong sudt cao tan (RF) dén sw hinh thanh cdc manh NdO™ va NdOH
trong dung dich Nd 200ppb trong hai ché @6 No gas va ché d¢ do He.
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Hinh 2. Anh hwéng ciia téc do bom mau dén sw hinh thanh manh NdO"* va NdOH" trong dung
dich Nd 200ppb trong hai ché dé No gas va ché d do He.
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Hinh 3. Anh hwéng cia leu lwong khi mang dén sw hinh thanh manh NdO* va NdOH™ trong
dung dich Nd 200ppb trong hai ché do No gas va ché dé do He.
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Hinh 4. Anh huéng ciia @6 sau mau dén sw hinh thanh manh NdO" va NAOH™ trong dung dich
Nd 200ppb trong hai ché @6 No gas va ché dé do He.
Bang 1. Mot sé diéu kién t6i wu mdy ICP — MS Agilent 8900 xdc dinh cdc nguyén té dat hiém
trén thiét bi ICP-MS/MS Agilent 8900



Théng s6 may
Noi dung Gidi han cai dat
Mode No Gas Mode He Mode O2
RF Power 1550 W 1550W 1550W 500 — 1600W
RF Matching 1,40 V 1,40 V 1,40 V 0,20 - 3,00 V
8,0mm 8,0mm 8,0mm
Smpl Depth 3-28 mm
(10mm) (10 mm) (10 mm)
Nebulier Gas 1,00 L/phat | 1,00 L/phat | 1,00 L/phut 0,(;3};hl2i100
Nebulier Pump 0,1 rps 0,1 rps 0,1 rps 0,0 —-0,5 rps
S/C Temp 2°C 2°C 2°C -5-20°C
Cell parameters 0 ml/phat 5 ml/phut 0,3 ml/phat | 0— 12 ml/phut
KED SV 5V 5V -50-20V
Octopole bias -18V -18V -18V -150-20V
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Hinh 5. Hinh danh tin hiéu nén phé khoi lwong cdc nguyén té dat hiém thu dwoc khi do mdu nén
HNOs 1%
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Hinh 6. Hinh dnh tin hiéu phé khoi leong cdc nguyén té ddt hiém thu dwoc khi do mdau Nd tinh
khiét 5075 ppb trong nén HNOs 1%

Bdng 2. Phan tram tin hiéu déng gop ciia oxit/hydroxyt Neodymi tai cic nong dé Nd.

o Ty 1€ tin hi¢u manh Nd*, NdO* va NdOH" (%)
Cac manh
déng vi lwa chon mode [No gas] mode [He]
Q1 - Q2 Dd Nd Dd Nd DdNd | DdNd | DdNd Dd Nd
200 ppb | 1000 ppm | 5075 ppb | 200 ppb | 1000 ppb | 5075 ppb

142 -=> 142 Nd 99,10 99,12 99,1 99,79 99,75 99,6
142 -> 158 Nd (NdO") 0,11 0,11 0,11 0,04 0,05 0,08
142 -> 159 Nd (NdOH") | 0,79 0,78 0,79 0,17 0,19 0,32
143 -=> 143 Nd 99,44 99,11 99,12 99,77 99,76 99,75
143 -=> 159 Nd (NdO") 0,07 0,11 0,11 0,06 0,06 0,05
143 -> 160 Nd (NdOH") | 0,49 0,78 0,77 0,17 0,19 0,2
144 > 144 Nd 0,00 0,01 0,01 99,77 99,76 99,62
144 > 160 Nd (NdO") 99,89 99,89 99,88 0,04 0,05 0,08
144 > 161 Nd (NdOH") | 0,11 0,11 0,11 0,19 0,19 0,3
145 > 145 Nd 1,39 2,22 2,25 99,81 99,77 99,76
145 -> 161 Nd (NdO") 98,55 97,68 97,64 0,02 0,04 0,05
145 ->162 Nd (NdOH") | 0,06 0,1 0,11 0,17 0,19 0,2
146 -> 146 Nd 0,38 0,37 0,39 99,74 99,75 99,75
146 -> 162 Nd (NdO") 99,52 99,52 99,5 0,06 0,06 0,06
146 -> 163 Nd (NdOH") 0,1 0,11 0,11 0,19 0,19 0,19
148 -> 148 Nd 99,45 99,16 99,12 99,72 99,77 99,73
148 -> 164 Nd (NdO") 0,07 0,1 0,1 0,11 0,04 0,05
148 -> 165 Nd (NdOH") | 0,48 0,74 0,78 0,16 0,18 0,22
150 > 150 Nd 99,46 99,16 99,14 99,73 99,74 99,76
150 -> 166 Nd (NdO") 0,07 0,1 0,11 0,07 0,06 0,06




150 > 167 Nd (NdOH")

0,47

0,74

0,75 0,21

0,19

0,18

Bdng 3. Két qua anh hudng cua oxit/hydroxit Neodymi dén két qua do °°Tb; %Dy, 1% Ho;
16Ey tai cac nong dé khdo sat khac nhau.

Ty 1¢ tin hiéu manh NdO* va NdOH* anh hwéng dén tin hi¢u do mot so6 dong vi
B nguyén to dat hiém Khac trong nén Nd (%)
‘V’;‘g Mode [No gas] Mode [He]|
) Dd Nd Dd Nd Dd Nd Dd Nd Dd Nd Dd Nd
200 ppb 1000 ppb 5075 ppb 200 ppb 1000 ppb 5075 ppb
9Tb 0,86 0,89 0,89 0,23 0,25 0,37
16Dy 0,10 0,11 0,11 0,19 0,19 0,19
165Ho 0,48 0,74 0,78 0,16 0,18 0,22
166y 0,07 0,10 0,11 0,07 0,06 0,06
1467)1}32 Nd[02] 159—:61775'"3 [02] . 163-;1579 Dy [02]
g 5 E ) é Min Conc: 0
165-> 181 Ho [02] — 16:1';-.1“ _E’ '32;2 - : - 169->185 Tm [02] —
E Min Conc: 0 é ) é Min Conc: 0
Hinh 7. Mét s6 dwong chudn cdc nguyén to ddt hiém trong mode O
Bdng 4. Két qua BEC cdc nguyén to ddt hiém trong nén mau Nd tinh khiét 5075ppb
Ham lwong (ng/L)
STT | Nguyén t6 | Pong vi Singer MS/MS
Mode No gas | Mode He | Mode No gas | Mode He 02
1 Sc 45 <0,000 <0,000 <0,000 <0,000 <0,000
2 Y 89 2,35 1,343 0,175 0,084 0,109
3 La 139 0,258 0,203 0,004 <0,000 0,034
4 Ce 140 0,183 0,187 0,079 0,078 0,053
5 Pr 141 0,318 0,279 0,023 0,017 0,031




6 Nd 146 5220,646 5163,918 5120,074 5108,816 | 5063,441
7 Sm 152 1,259 0,495 0,042 0,033 0,023
8 Eu 153 3,688 3,453 0,282 0,299 0,267
9 Gd 157 0,1 0,057 0,004 0,004 <0,000
10 Tb 159 21,246 4,751 4,933 2,085 1,601
11 Dy 163 31,158 6,013 1,307 0,815 0,317
12 Ho 165 2,72 0,767 0,423 0,162 0,053
13 Er 166 16,901 2,289 2,109 2,018 1,634
14 Tm 169 0,031 0,028 <0,000 <0,000 <0,000
15 Yb 174 0,117 0,117 0,016 0,027 0,014
16 Lu 175 0,014 0,017 <0,000 <0,000 0,002

I1.3. Ban luan

Ngon lira plasma c6 nhiét d6 rat cao (khoang 10000 K). Trong diéu kién nay hau nhu
vat chat ton tai ¢ trang thai ion. Tuy nhién, trong plasma khong hoan toan 1a cac ion don
nguyén tr ma con c6 mot sb trang thai ion da nguyén tir ton tai phu thudc nhidu yéu té khac
nhau cta thong s6 may. Két qua nghién ctru cho thiy, cong suat cao tan (RF) c6 anh huong 16n
dén su tao thanh cac manh NdO" va NdOH". Trong dung dich 200ppb Nd tinh khiét van phat
hién duoc cdc manh "“°Nd'®O va manh '“*Nd'OH (Hinh 1). Trong hai ché do do, ty 1¢
NdO'/Nd* va NdOH'/Nd" tai ché d6 do No gas c6 duong biéu dién cao hon ché d6 He. Diéu
nay cho théy ché d6 va cham dong hoc sir dung khi He da giam dugc su tao thanh cac manh
oxyt, hydroxyt neodymi. Su hinh thanh manh NdO*/NdOH" ting bét dau tir cong suét cao tin
1000W dén 1300W rdi giam dan dén 1550W. Két qua ciing c6 thé theo quy luat khi tao céac
manh oxyt/hydroxyt neodym tdng nén trong plasma, khi RF cang tang thi gid tri ty 1¢ oxyt,
hydroxyt neodymi s& giam dén gi4 tri nho nhat. Két qua trong Bang 1 ciing cho thiy cong suat
tir 1400W dén 1550W giam duogc ty 18 sai s6 cho cac tap chat dat hiém c6 sb khdi '“Nd'°O va
146N 150 H.

Trong Hinh 2, ché d6 do No gas: ty 1& phan tram tin hiéu cac manh NdO"/Nd" twong
d6i 6n dinh khi thay doi toc d6 dong mau (c& 0,2%), nhung ty 16 manh NdOH'/Nd" ting khi
thay ddi toc do dong mau (ttr 1,3% tai 0,3 rps 1€n 1,4% tai 0,5 rps). Trong khi do tai ché do va
cham dong hoc str dung khi He, ty 16 manh NdO/Nd* (va NdOH'/Nd" it thay ddi va thap hon
s0 v6i ché 46 No gas. Két qua nghién ciru cho thdy dé giam anh huong cic manh oxit, hydroxit
neodymi nén chon tde do dong mau tai 0,1 Ips.

Trong Hinh 3, trong hai ché do do: ty 1¢ phan trim tin hiéu cac manh NdO"/Nd" thay
d6i khong nhiéu khi thay d6i luu lugng khi mang (c& 0,2%), nhung ty 1& manh NdOH"/Nd*
tang, giam manh. Nhin vao duong biéu dién cho thdy ché d6 He c6 ty 1& cac manh oxit,
hydroxit neodymi thap hon. Tai diém 1 lit/phut cho két qua NdO*/Nd" (0,194 % ché do No
gas); NdO"/Nd* (0,079 % ché do He); NdOH/Nd* (1,377 % ché d6 No gas); NdOH/Nd*
(0,61 % ché do He) 1a gia tri thip nhat. Két qua nghién ciru cho thay dé giam anh huong cac
manh oxit, hydroxit neodymi nén chon luu lugng khi mang 1 lit/phut.

Tuong tu cac nghién ctru anh hudng cong suét cao tan, tbec d6 bom mau, luu lwong khi
mang dén su tao manh oxyt, hydroxyt neodymi, 4nh huéng ctia d6 sdu mau trén nén Nd 200



ppb duoc bidu dién trong Hinh 4. Két qua cho thiy di véi ché do do No gas ty 1é manh oxyt,
hydroxyt twong d6i 6n dinh ddi véi ty 1& cac manh NdO/Nd'. Cac manh NdOH'/Nd" ting dan
bat dau tir 46 sdu mau 10 mm. Trong hai ché @6 do, tai d6 sdu mau quanh diém 10mm ty 1€
manh oxyt, hydroxyt 1a nho nhét.

Nhin vao cac két qua khao sat diéu kién may ICP — MS/MS, chung t6i lya chon diéu
kién t6i uu dé nghién ciru xac dinh cac tap chat dit hiém trong Bang 1. V¢i diéu kién téi wu
nay, cac két qua thyc nghiém nghién ctru trén cac dung dich Nd 0 ppb, 200 ppb, 1000 ppb va
5075 ppb (bang 2) phan &nh rd cac manh oxit, hydroxit neodymi dugc hinh thanh trong qua
trinh do ICP — MS/MS. Méu nén HNO3 1% khong nhan thay tin hidu cac sé khéi '**Nd'°0 va
s6 khéi '“°Nd'®O'H (Hinh 5). Tuy nhién Hinh 6 cho thay ngoai tin hiéu cac sé khdi Nd (tir 142
dén 150) con c6 nhiing tin hidu 142 -> 158 (Nd'°0) va 142 -> 159 (Nd'®O'H).... Hinh &nh
phd khéi lwong chirng minh nén mau Nd tinh khiét anh hudng t6i cac s6 khdi khac do co su két
hop c6i nguyén tir '°0 va nhém nguyén tir '°O'H.

Két qua nghién ctru chi ra rang, khi ting ndong do Nd thi ty 16 manh oxit, hydroxit
Neodymi ciing ting theo (Bang 2). O diy manh 142 -> 159 Nd va 143 -> 159 Nd ¢6 anh hudng
truc tiép dén két qua do '*°Tb; 146 -> 163 Nd anh hudng t6i két qua do '®*Dy; 148 -> 165 Nd
anh huong toi két qua do '°*Ho va 150 -> 166 Nd anh huong téi két qua do '*°Er. Trong dung
dich dat hiém 100% Nd tinh khiét trong nén HNO3 1% thi ndng d6 Nd cang ting, % tin hiéu
Nd s& giam: O ddy cho thay néng d6 Nd 200ppb c6 su tao manh Nd'°0, Nd'°O'H thip nhét
(0,07% ché do no gas, 0,02 ché do He). Mat khac, Trong hai ché 6 do, ché do do He cho két
qua anh huéng cua manh oxit, hydroxit neodymi it hon. Piéu nay cho thiy d¢ tin cay két qua
do mode He t6t hon ché d6 do No gas.

Két qua trong bang 3 cho thay tin hiéu manh oxit, hydroxit neodymi déng gop vao cac
tap chat 1*°Tb; '%Dy; '°*Ho; '®°Er cao nhat khoang gan 1%. Diéu nay cho thay khi tin hiéu Nd
cang 16n (dung dich Nd néng dd cang cao) thi viéc xac dinh céc tap chét 'Tb; 163Dy; 1%5Ho;
1%Er cang kho khian, két qua sé sai s6 16n.

V6i nhitng anh huéng ciia cac manh oxit, hydroxit Neodymi tGi mot s6 dong vi co cing
s6 khéi nhu °Tb; '©Dy; '®Ho; '%°Er, nghién ctru da chi ra két sai 1éch khi xac dinh ham luong
cac tap chat dat hiém trong Nd tinh khiét 5075 ppb (Bang 4). Két qua dua ra so sanh giita ché
d6 do thong thudng (singer) hién nay van dang sir dung tai Viét Nam c6 sai s6 rat 16n so véi
ché 6 MS/MS (dic biét véi cac dong vi *°Tb; '©*Dy; '®Ho; '*°Er). Déi voi **Tb trong dung
dich chuan tinh khiét khi do ché d6 singer ham luong ting tir 0 dén 21,24 ppb. Ham luong nay
tuong d6i cao do anh hudng cua cac manh oxit neodym nén giy ra. Tuong tu Dy, '**Ho,
16Er ciing bi ting twong tmg 31,15; 2,72; 16,9 ppb. Néu két qua nay 1a qua trinh pha lodng
mau dic hodc véi luong cdn mau nho s& lam két qua tap dat hiém trong Nd tinh khiét 1én rat
cao (¢ 1 — 2%). Vi vay méu tinh khiét trén 99% luc nay s& khong con gia tri cao. Do d6
nghién ctru d3 str dung ché d6 MS/MS khic phuc cac han ché nay. Trong bang 4 cho thiy trong
mau Nd 5075 ppb tinh khiét, ham luong cac tap chit khac rat bé. Tb thong thuong do duoc
21,24 ppb di dugc giam xudng 1,6 ppb (giam hon 10 1an). Tuong tu cac nguyén t6 khac cling
giam sai sé dang ké. Trong cing mode MS/MS, trong ba ché d6 do khac nhau trong nén mau
Nd tinh khiét cho thdy nhimg ddng vi bi anh hudéng tir manh oxyt, hydroxit Nd dwgc xac dinh
chinh xac hon trong ché d6 do va cham dong hoc (mode He) hodc ché d6 phan tng (mode O2).
Phuong phap ICP — MS st dung ché 46 MS/MS tai Vién Cong ngh¢ xa hiém hién nay dap ung
t6t trong phén tich tap trong mau vat liéu tinh khiét, thyc pham...c6 luong tap rit bé.

II. Kétluin



Trong nghién ctru nay, ching t6i da dua ra mot s6 thong s6 may ICP-MS anh hudng
dén su tao thanh oxyt, hydroxyt neodymi nhu: cong suét cao tin (RF); téc do dong miu; luu
luong khi mang. Ty 1é manh oxyt, hydroxyt neodymi tao thanh trong ché d6 do va cham dong
hoc sir dung khi He thap hon rat nhiéu so v6i ché do do No gas. Cac két qua anh hudng t6i
manh oxit B4o céo ciing dua ra ty 1& dong gop ctia cac manh oxit, hydroxit neodymi dén cac
dong vi °Tb; '9Dy; '%Ho; 'Er trong khoang dudi 1%. Bao céo dua ra mot sb diéu kién tdi
uu cho qué trinh xé&c dinh céc tap chit dat hiém nhu: RF 1550W, tdc do bom mau 0,1 ps; luu
lwong khi mang 1 lit/phit... Dé han ché anh hudng ty 1é cac manh oxit, hydroxit dén cac dong
vi khac cung sb khéi, phuong phap do MS/MS két hop ché d6 phan tmg O, dugc sir dung trong
bao céo nay. Nghién ciru 14 co s¢ dé xay dung cac phuong phap loai trir anh huéng manh oxit,
hydroxit trong nén mau phuc tap, 1a dinh huéng cho cac phuong phap khac nhu: ndi chuén,
tach séc ky xac dinh céc tap chit cho cac mau doi héi tinh chinh xac cao. Mit khac, bao céo
nay gitp ching ta van hanh mét s tinh ning thiét bj ICP — MS Agilent 8900 mot cach hiéu
qua, tng dung thuc té.
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STUDYING THE EFFECT OF NEODYMIUM OXIDE, HYDROXIDE IN THE
DETERMINATION OF SOME TRACE HEAVY RARE EARTH IMPURITIES
IN THE PURE NEODYM OXIDE USING BY INDUCTIVELY COUPLED
PLASMA TANDEM MASS SPECTROMETRY (ICP-MS/MS)

NGO QUANG HUY, NGUYEN THI LIEN, NGUYEN THI MEN, LE QUOC VIET, NGUYEN
NHO LAN, NGUYEN THI HANG, DO THI ANH TUYET, NGUYEN THI KIM DUNG
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Abstract:

The high purity products of rare earth elements are at high demand in the practical usage. The
quantitative determination of rare earth impurities content in these products for the quality
control is very important and necessary. The naturally existed group of rare earth elements with
the continually adjacent mass causes some difficulties in the analytical method using ICP-MS
due to the strong bonding of metal and oxygen in plasma forming the ion species, in which the
lighter rare earth ions would coincide on the index mass of the heavier rare earth elements. In this
work, the effect of neodymium oxide/hydroxide species on the analytical process of some heavier
rare earth elements by inductively coupled plasma tandem mass spectrometry (ICP-MS/MS) was
carried out. The parameters such as radio-frequency power, carrier gas flow rate, samle depth and
sample matrix directly affected the formation of neodymium oxide, hydroxide species, which
might cause the errors on the determination of heavier rare earth impurities were studied. The
removal of sample matrix effect was implemented by the support of mode MS/MS (O2) on ICP -
MS Agilent 8900 device at the Institute for Technology of Radioactive and Rare Elements.

Key words: Rare earth elements (REE), neodymium oxide, heavier rare earth impurity, ICP-MS
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