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Dat, da, quang dat hiem -
Xac dinh ham lwong cac nguyén té dat hiém - Phwong phap khbi
phd plasma cam (*ng (ICP — MS)

Soils, rocks ores of rare earth elements —
Determination of rare earth elements content — Inductively coupled plasma mass spectrometry
ICP-MS

CANH BAO - Khi ap dyng tiéu chuan nay cé thé lién quan dén céc vat lidu, thiét bi va céc thao
tac gay nguy hiém. Tiéu chuan nay khéng dwa ra dwgc hét tit ca cac van dé an toan lién quan
dén vige sir dung chiing. Ngui stz dung tidu chuin ndy phai ti thiét 1ap cc thao tac an toan
thich hgp va xac dinh kha ning ap dung hodc cac gidi han qui dinh treée khi sir dung tiéu
chuén

1 Pham vi ap dung

Tiéu chuén nay quy dinh yéu ciu ky thuat cho phrrong phap do phd khéi lrgng plasma cam (rng
(ICP-MS) xac dijnh ham lwgng cac nguyén & dat hiém riéng biét Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu (16 nguyén t6) c6 ham lwgng tir 1 gam/tan tré 1én trong céc loai m3u dét
da va quang hiém.

2 Tai ligu vign dén
Céc tai liéu vién dén sau rat cin thiét cho viéc ap dung tiéu chudn nay. B6i véi cac tai ligu vién dan

ghi ndm cong bo thi 4p dung phién ban duoc néu. Béi vai cac tai ligu vien din khéng ghi nadm cér-
bo thi &p dyng phién ban m&inhat, bao gdm ca cac sira dbi, bd sung (néu co).

TCVN 4851 (ISO 3696), Nute dung dé phén tich trong phong thi nghiém — Yéu céu ky thuat va
phuong phap the.

TCVN 7151 (ISO 648), Dung cy thi nghiém bang thuy tinh — Pipet mét mirc.
TCVN 7153 (ISO 1042), Dung cu thi nghiém béng thuy tinh - Binh dinh mt.

TCVN 9924:2013, ©4t, d4 quing — Quy trinh gia cong mau st dung cho cac phuong phép phén tich
hoéa hoc, héa ly, ranghen, nhiét,
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3 Nguyén téc ciia phweong phap

M&u degc phan hiy bang hdn hep axit HCI, H;SO, va loai bd silic ¢6 trong m&u bang HF. M3u
duwgc hoa tan bing HNO; ndng 86 2 %. cac nguyén té dat hiém trong méu dwec chuyén vé dung
dich dang mudi nitrat. Mdu dugc nguyén t&r héa rdi ion héa trong plasma agon cadm (ng cao tan.
Sau d6 dugc thu va phat hién phd khéi miZ (bing Detector) ghi lai dwgc phd khéi ICP-MS tir 6
x4c dinh dwoc ndng d6 ion clia chit. Ham legng cac nguyén t6 dugc xac dinh bing drong chudn
trén thiét bj ICP - MS.

4 Thuébc thir

Trong qua trinh phéan tich, chi sir dyung thudc thi» loai siéu tinh khiét phan tich va nwéc phi hgp véi
loai 1 cliia TCVN 4851 (ISO 3696). '

4.1 Axit clohidric HC! d = 1,19; dung dich HCI (1+1).

4.2 Axil sunfuric H,SO, d = 1,84, dung dich HCI (1+1)

4.3 Axit flohidric HF d=1,14.

4.4 Axit nitric HNO; d=1,4; HNO, (1+1); dung dich HNO3 2 % (theo thé tich).

4.5 Axit Percloric HCIO, d=1,68.

4.6 Khi agon Ar 2 99,99 %.

4.7 Kali hidro florua (KHF;) tinh thé, dang tinh khiét dung trong phén tich.

4.8 Dung dich chét chuin cic nguyén té dat hiém ding cho ICP-MS 100 mg/;

4.9 Dung dich Iam viéc cac nguyén 16 dit hiém ding cho ICP-MS 10 mg/i ding trong ngay

4.10 Dung dich chuin méy diing cho ICP-MS (tuning solution) gdm céc nguyén té Ce, Co, Li, Mg,
TI, Y ¢6 ndng dd 1 pg/l trong axit HNO;3 2%.

4.11 Miu chudn quing dat hiém

5 Thiét bi, dung cy

Trong tiéu chu&n nay sir dung cac thiét bj, dung cy thdng thugrng trong phong thir nghiém va cac thiét
bi, dung cy sau:

5.1 May do phd khéi lrgng plasma cdm (ng cao tan (ICP-MS) c6 plasma cam tng lam b phan
ion hoa, diu @bt bing thach anh, budng phun, éng phun, bd phan nap méu va bd lay mau ty dong, tiy
chon. Cac thong sé cla thiét bj ICP-MS dugc néu trong Bang 1.

Bang 1 - Céc thong sé cua thiét bj ICP-MS

Théng s may Gia trj

Céng suat cao tan (RF Power) 1550W

D6 sau miu (Smpl Depth) . 8.0 mm
Khi mang (Carrier Gas) 1.05 Umin
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Khi tao plasma (Plasma gas)

15 L/min

Khi phu tro (Auxiliary gas)

0.9 Lmin

Ap suat chan khéng (khi do mau)

110°-2.10° Pa |

Ap suatchan khong (khi dé méy Standby)

1.10°-6.10" Pa |

Water RF/WC/IF 48 vong/phut
Téc dd bom mau 0.3 rps
Téc d6 bom rira 0.3 rps
'Nhigt d nuére lam mat -22°C
i Nuéc lam mat 2.4 Liphut
Dang phd Full Quant
Thei gian do cho 1 chi tiéu 0.09 giay
S4 Ian do lap 3 14n

5.2 Can phan tich d6 chinh xac 0,0001 g.

5.3 L nung cé diéu khién nhigt do dén 1000 °C + 50 °C.

5.4 Bat bach kim dung tich 150 m.
5.5 Chén sir dung tich 30 ml.
5.6 Céc chju nhigt dung tich 100 ml, 250 ml.

5.7 Binh dinh mic phi hop theo loai A cia TCVN 7153 (1ISO 1042) dung tich 50 ml; 100 ml; 250 ml.

5.8 Tu sdy c6 diéu khidn nhiét 49 dén 300 °C + 2 °C.

6 Chudn bj mau thir

Chudn bi va gia céng mAu thir theo TCVN 9924:2013.

7 Cach tién hanh

7.1 Phan huy mau

Can 0,5 g mAu chinh x4c dén 0,0001 g vao chén sir da dugc sdy khd trudc dén khéi legng khéng dbi
& nhi¢t 6 105 °C + 110 °C trong 2 h, dét & nhiét d 550 °C + 600 °C trong 2 h cho chdy hét cac crml

hiru co.

Chuyén mau vao cdc 250 ml, thém vao cbe chira mau 15 ml HCI (1#1) (4.1) va 15 ml H,SO, (1+1)
(4.2). Day ndp kinh, dst coc 1en bép dién dun nhe, iy cbc ra d& ngudi tia rPa ndp kinh, bd ndp kinh va
tia xung quanh cbc, sau @6 dat 1en bép dién dun nhe dén thoat hét khi SO;, Hy xudng d& ngudi.

Thém vao 25 ml HNO; (1+1) (4.4) d3y ndp kinh dun sbéi nhe, ly ra tia rira ndp kinh va xung quanh cbc
dé ngudi, thém vao 50 ml nude cét lanh hodic nudc d4, khudy déu, d& cach dém. Loc qua gidy loc dinh

Iwgng vao binh dinh me 250 mi (5.6).
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Rira that ky phan khéng tan trén,gidy loc, & khd gidy loc va phan khdng tan, cho vao chén stz (5.5)
dem dbt & nhiét d 650 °C dén chay hét gidy loc (khdng con tan den). Lay ra d& ngudi, chuyén vao bat
bach kim (5.4).

Thém vao 10 ml H;SO, f1+1) (4.2) va 15 ml HF d= 1,14 (4.3), d4t lén bép dién, dun ndng dén hét khi
SO,. Tiép tuc thém 10 ml HCIO, dam dac (4.5) c6 dén khd hét khéi tring, 14y xudng dé ngudi thém vao
15 ml HNO; (1+1) (4.4) dun sdi nhe trong 5 min, iy xubng dé ngudi dung diia thuy tinh c6 dau boc cao
su cg rira b4t bach kim béng dung dich HNO; 2 %(4.4) véo céc 250 mi (5.6), dé cach dém, loc qua gidy
loc dinh qung vao binh djnh miec 250 ml (5.7) chira dung dich ban dau (dung di_ch 1), rira gidy loc 7
dén 8 ln.

LAy tia da dwgc loc cho vao chén st (5.5) dét & 650 °C cho dén khi chay hét gidy loc (trong 2 h). LAy
ra d& ngudi cho vao bat bach kim (5.4), thém vao mét lvgng nhd KHF; (0,1 g) (4.7), trén du nung &
870 °C dén khi thu dugc khéi chdy ddng nhét (khodng 10 min). LAy chén ra dé ngugi, thém vai giot
HCIO, dac (4.5) va dun trén bép dén kho dé dudi HF dw trong chat chay. Lap lai thao tac nay mot an
nira, Thém vao 10 ml HNO; (1+1) (4.4) dun nhe dén khi tan hoan toan, loc qua gidy loc dinh tinh, gdp
dung dich thu dugc voi dung dich 1An d4u (dung dich 1). Ding nuéc cAt dinh mirc dinh mic dén vach
va lc déu dugc dung dich 1.

Hdt 10 ml dung dich 1 vao cbe 100 mi (5.8), dun dén can khoé (khéng dugc chay), cho vao 10 ml HNO;
(141) (4.4) dun sbi nhe dén tan trong. D& ngudi va dinh mirc vao binh 100 mi (5.7) bing nuéc cét dwgc
dung dich 2, I&c déu, d& on dinh dung dich trong 2 h, truéc khi dem phan tich trén méy khéi phd ICP-
MS d& xac dinh cac nguyén t& dat hiém loc qua mang loc tranh sai sb..

M4u tring, mdu chuén dugc lam ddng thei voi mau phéan tich.

7.2 Xay dyng dwéng chuan

7.2.1 Chuén bj ddy dung dich tiéu chuan

Dung pipet hodc micropipet hit ldy dung dich tiéu chudn Iam viéc cac nguyén t6 dt hiém co nong do
10 mg/l (4.9) dé c6 cac dung dich ndng dd 1an lwgt 1a 0 pg/l; 1 pg/l; 10 pg/l ; 100 pgfl; 200 pg/l; 500 pg/i;
1000 pg/l; 2000 pg/l vao binh dinh mirc 50 mi (5.10) trong n&n axit HNO, 2 % (4.4).

7.2.2 Bo dung dich dwéng chuan

Truéc khi phan tich trén ICP-MS cn chay dung dich tuning (4.9) dé chuan may

Cai dat thiét bi theo huréng dan clia nha san xuét va dét Plasma. D& &n dinh thiét bj trong 2 h, t6i wu
héa viéc cai dat. Cai dit phwong phap xac dinh ham hrgng 16 nguyén t dat hiém riéng biét trong mau.

Pua day chudn vao vi tri do trén khay do mau ty ddng.
Do dung dich ¢6 ham Iwgng thip dén ham lrong cao. St dung tde d6 dém (s6 dém/sec) va cac ndng
d6 dé dyng dudng chudin. Xac dinh dudng dai tuyén tinh day chun.

7.3 Po miu bing phwong phap phd khéi lwgng trén thiét bj ICP-MS
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LAy lan lugt cac dung dich m&u phan tich vao éng do clia by 4y mAu ty dong (AS), dé ong do vao
khay clia AS nhur sau: mau tréng, m3u chun, mu phan tich.

MAu dugc ty dong do 13n lugt mau tring, mAu chudn, miu phan tich. St dyng dwdong chudn dé
chuyén tbc dd dém sang don vi ndng dd. Tir dwdrng chudn khi do miu sé xac dinh dwgc ndng do clia
nguyén t& cn phan tich (C).

Cai dat ché do do mau dé cir mbi 10 mAu thi do lai m3u chudn mdt lin dé kiém tra do én dinh clia téc
dd dém theo thdi gian

8 Tinh két qua

8.1 Tinh ham lwgng cic nguyén td dat hiém

Ham lugng cda tirng nguyén t6 dat hiém dugc tinh theo cong thire

(C-Co)xVXK
R(oM = mx1000

trong dé:

C: Néng 89 tirng nguyén t6 d4t hiém co trong dung dich do, ug/l;

Co: Néng db tirng nguyén té dAt hiém cé trong dung dich do mAu tréng, pgh;
V: Thé tich dinh mirc dung dich phan hdy, ml;

m : Lgng can mu, g;

K : Hé sé pha lo@ng; Hé sé pha lodng ciia phuong phap 1a 10.

R : Ham lgng nguyén td @At hiém cAn phan tich, git.

(K&t qua ham Iuong nguyén té dat hiém duwoc lay sau dau phdy 2 chir sb)

8.2 Sai sé phan tich
Sai léch In nhét gira hai két qua xac dinh 13p hodc tai lap co do chum Iap lai RSD khéng vuot qua gia
tri D trong béng 1:

RSD =”=*—;"*! x 100

Trong do:

RSD la d9 léch twrong dbi.

X.» 1a két qua phan tich mau co ban.

X is 12 két qua phan tich mau 13p hosic mau tai 13p.
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Bang 1 - Sai sé phan tich

T

Dai ham lwong
T (gam/tén) Eu Tb |Ho|Tm|Lu|Gd|Dy| Er | Yb|Sm|Sc| Pr|Nd|Sc| Y |La|Ce

Tir 0,1 dénnhd hon 10 [20{20(20|20(20|20|20/20|20|20|20
Tir 10 én nhd hon 100 [15{15(15|15[15|15|15|15[15|15|15|10| 10| 10{10|10{10
Tir 100 dén nhé hon 500 12[12]12[12] 121212 12]12] 12 [12[12
Tir 500 dén nhd hon 1Q00 10(10|10(10/10|10[10{10| 10| 10{10|10

Tir 1000 trer 1én 8/8(8|8|8|8|8|/8|8|8(|[8]|8

| B || p | =

9 Bao cao thir nghiém

B&o c4o thir nghiém bao gdm cac thdng tin sau:

a) Vién dan tiéu chuan nay;

b) Nhan dang mu thr;

c¢) Tén va dja chi phong thir nghiém;

d) Ngay tién hanh thir nghiém;

e) Két qua thir nghiém;

f) Moi thao tac khong quy dinh trong tiéu chuén nay hoc dugc coi la tly chon va cac yéu 16 co thé
anh hwdng dén két qua thlr nghiém.

10



TCVN 12887:2020

The muyc tai ligu tham khao

(1] TCCS 02/XH:2012 Quang d4t hidm — Xdc dinh ham Iwgng cdc nguyén t6 dat hiém - Phuirong phép
khéi pho ICP-MS.
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