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TIEUCHUAN QUOC GIA TCVN :2025

Dat da quang - Xac dinh ham lwong Gali, Indi, Tali, Germani

- Phwong phap khéi phé cam tng ICP — MS
Soils, rocks ores — Determination of gallium, indium thallium, germanium elements content

— Inductively coupled plasma mass spectrometry (ICP — MS)

CANH BAO - Khi ap dung tiéu chuan nay cé thé lién quan dén cac vat lidu, thiét bi va cac thao
tac gay nguy hiém. Tiéu chuan nay khéng dwa ra dwoc hét tat ca cac van dé an toan lién quan
dén viéc str dung ching. Ngwoi str dung tiéu chuan nay phai tw thiét 1ap cac thao tac an toan
thich hop va xac dinh kha nang ap dung hoac cac gi¢i han qui dinh trwéc khi sir dung

tiéu chuan

1 Pham vi ap dung

Tiéu chuan nay quy dinh phwong phap khéi phd plasma cdm (rng (ICP-MS) xac dinh ham lwong

Gali, Indi, Tali, Germani trong mau dat, da quang c6 ham lvong:
Ga, Ge tir 0,1 ug/g dén 100 pg/g;

In, Tl t 0,05 pg/g dén 50 pg/g;

2 Tai liéu vién dan
Céc tai liéu vién dan sau rat can thiét cho viéc ap dung tiéu chuan nay. Déi v&i cac tai liéu vién dan
ghi n&m cdng bb thi 4p dung phién ban dwoc néu. Dbi véi cac tai liéu vién dan khong ghi ndm cong

bd thi ap dung phién ban mé&i nhat, bao gdm ca cac stra dbi, bd sung (néu cd).

TCVN 4851 (ISO 3696), Nudc dung dé phan tich trong phong thi nghiém — Yéu céu ky thuét va
phuwong phap thir.

TCVN 7153 (ISO 1042), Dung cu thi nghiém béng thuy tinh — Binh dinh mtrc.

TCVN 9924:2013, Pét, d4 quang — Quy trinh gia cong mau st dung cho céc phuong phap phan tich

hoéa hoc, hoa ly, ronghen, nhiét.

3 Nguyén tac

Mau dwoc phan hiy bang hén hop axit HNOs, HCIO,4 va loai bd silic c6 trong mau bang HF. Mau
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duwoc hoa tan bdng HNO3 ndng d6 2 %, cac nguyén té trong mau dwoc chuyén vé dung dich dang
mudi nitrat. MAu dwa vao thiét bi ICP-MS vao bang cach phun swong khi nén. Khi nang lwong truyén
tir plasma vao dong mau, nguyén té can xac dinh sé bj chuyén thanh trang thai hoi, bi nguyén t&r hoa
va ion héa. Cac ion dwoc tao ra dwoc tach ra khdi plasma théng qua giao dién chan khéng vi sai va
dwoc phan tach dua trén ty sb (ty 1) gitra khdi lwgng/dién tich (m/z) cha ching bang may quang phd
khéi.

S dung may khdi phd t& cwc quadrupole (cé hodc khéng cé cong nghé budng va cham — CCT hoac
céng nghé ngén phan &ng déng hoc DRC) hodc may khdi phé tr trwerng (khdi phd phan gidi cao). Cac
ion dwoc tach ra (dwa trén ty 1& khoi lwong/dién tich) sé duwoc phat hién va dém béng mot detector bd

nhan dién va hé théng quan ly di¥ liéu cla may vi tinh sé xt ly théng tin dwa ra két qua.

4 Thubc thir
Trong qua trinh phan tich, chi st dung thudc tht loai siéu tinh khiét phan tich va nwéc phu hop véi
TCVN 4851 (ISO 3696).

4.1 Axit nitric HNO3 d=1,4; HNOs (1+1); dung dich HNO3 2 % (theo thé tich)

4.2 Axit flohidric HFd=1,14

4.3 Axit pecloric HCIO, d = 1,6; HCIO, (1+1)

4.4 Khiagon Ar>99,99 %

4.5 Dung dich géc nguyén té Ga, In, TI, Ge dung cho ICP-MS ndéng d mdi nguyén t6 1000 mg/l
trong axit nitric lo&ng.

4.6 Dung dich géc pha loang cac mirc ndng dd clia cac nguyén té trong dung dich gbc da nguyén té
c6 thé dwoc chon tuy theo dang mau can phan tich.

4.7 Dung dich ndi chuan “Sc (10 ug/L) hodc #Y (10 pg/L) cho Ga; "Rh (10 pg/L) cho In; '®*Re hoac
2098j (10 pg/L) cho TI; Y (10 pg/L) hodc Rh (10 pg/L) cho Ge

4.8 Dung dich ndi chuan pha loing
4.9 Dung dich t6i wu héa
4.10 Kali pyrosunfat K,S,0~

S dung dung dich téi wu héa dé kiém tra va tbi wu hoa trong subt qua trinh cai dat ICP-MS. Dung dich
nay duoc sir dung cho muc dich hiéu chuan khdi lwong va dé chinh dé nhay téi da & téc d6 thap cua
cac oxit va cac ion tich dién kép. Dung dich téi wu hoa can chira cac nguyén td bao trim toan bd dai
khéi lwong cho tbc dd cao cac oxit va céc ion tich dién kép. C6 thé s dung céac dung dich do nha san
xuét thiét bi ICP-MS khuyén c&o. Néng d6 cac nguyén td nay can dwoc chon dé dat dwoc tbc d6 dém
tr 10000 dén 100 000.

4.10 Dung dich méu trang dung dich chi¥a nwéc va cing mét lweng axit nhw trong dung dich mau do
5 Thiét bi, dung cu
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Trong tiéu chuan nay st dung céc thiét bi, dung cu théng thwéng trong phong thir nghiém va cac thiét

bi, dung cu sau:

5.1 May do khéi phd Plasma cam rng (ICP-MS) (Inductively coupled plasma mass spectrometry)
May do phé khéi lwong c6 plasma agon cdm (rng lam viéc trong dai khéi lwgng tlr 5 amu dén 240 amu.
S dung cac cach cai dat thong sb ddi véi may do phd khéi lwgng cdm (ng cao tan phai c6 kha nang
phan giai chiéu réng pic 1 amu & 5 % chiéu cao pic hodc tét hon (d6 phan gidi 300). Cé d nhay dé dat
dwoc gidi han phat hién nhw trong Bang 2. C6 hé nap mau tw dong.

Thiét bj ICP-MS c6 nhiéu hang san xuét va cau hinh khac nhau, c6 hé théng phun véi bom nhu déng
xung thap, c6 bd phan kiém soét téc dd dong khi phun. C4c thiét bi twong tw can chuan hoa may truéc

khi tién hanh xac dinh chéat phan tich. Duéi day la cac thong sb thiét bi tham khao nhw Bang 1.

Bang 1 - Cac théng sé cua thiét bi ICP-MS (tham khao cac gia tri cai dat)

Théng sé may Giatri
Coéng suét cao tan (RF Power) 1550 W
D6 sau mau (Smpl Depth) 8,0 mm
Phan giai khdi lwong 0,8
Khi mang (Carrier Gas) 1,05 L/min
Khi tao plasma (Plasma gas) 15 L/min
Khi phu trg (Auxiliary gas) 0,9 L/min

Ap suét chan khéng (khi do mau)

1.10%-2.10° Pa

Ap suét chan khong (khi @& may Standby)

1.10°-6.10* Pa

Water RF/WC/IF 48 vong/min
Toc dd bom mau 0,3 rps
Téc d6 bom rira 0,3 rps
Nhiét do nwéc lam mat 22°C
Nwéce lam mat 2,4 L/min
Dang phd Full Quant
Diém trén pic 3

S6 1an do I&p 3lan

5.2 Can phan tich d6 chinh xac 0,0001 gam
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5.3 L0 nung co diéu khién nhiét d6 dén 1000 °C + 50 °C

5.4 Bat bach kim dung tich 150 ml

5.5 Chén st dung tich 10 ml

5.6 Cbc chiu nhiét dung tich 100 ml; 250 ml

5.7 Binh dinh mrc phu hop theo loai A ciia TCVN 7153 (ISO 1042) dung tich 50 ml; 100 ml; 250 mi
5.8 Céc teflon dung tich 100 ml

5.9 Micropipet

5.10 Bép gia nhiét

5.11 Giay loc dinh Iwong chay cham ®= 90 mm.

6 Chuan bi mau thir

Chuén bj va gia cong mau thtr theo TCVN 9924:2013.

7 Cach tién hanh
7.1 Phan huy mau

7.1.1 Phan hiy mau bang axit

Can 1 gam méau chinh xac dén 0,0001 gam vao chén st (5.5), dét & nhiét dd 550 °C + 600 °C trong 2
h, l4y ra dé& ngudi;

Chuyén mau vao cdc teflon dung tich 100 ml (5.8), thém vao cbc chira mau 15 ml HNO; (1+1) (4.1), 15
ml HCIO,4 (1+1) (4.3) dat cbc lén bép, dun nhe tir 2 h dén 3 h cho dén khi thoat hét khai trang, lay ra dé
ngudi.

Hoa tan bang 25 ml HNOs (1+1) (4.1) dun nhe trén bép, dé ngudi, thém vao 50 ml nwéc, khudy déu, dé
trong 8 h. Loc qua gidy loc dinh lwong chdy cham (5.11) vao binh dinh mirc 250 ml (5.7), rira phan
khéng tan trén gidy loc dén hét mau vang bang dung dich HNO3 2 %, rira lai vai lan bang nuéc, thu
dwoc dung dich ban d4u trong binh dinh mic va phan can khéng tan trén gidy loc.

Cho phan can khéng tan & bwédc 1 vao chén sir (5.5), dét & nhiét dd 650 °C trong 2 h. L4y ra dé ngudi
chuyén vao bat bach kim (5.4).

Thém vao 10 ml HCIO,4 (1+1) (4.3) va 15 ml HF (d=1,14) (4.2), dun trén bép trong 3 h dén khi thoat hét
khi tréng. Tiép tuc thém 10 ml HCIO, (1+1) (4.3) cd dén khd, I4y xudng d& ngudi thém vao 15 ml HNO;
(1+1) (4.1) dun sbi nhe, lay xudng dé ngudi. Chuyén mau vao cbc 250 ml (5.6), dé trong 8 h. Sau do6 loc
qua gidy loc dinh lwgng chdy cham (5.11) vao binh dinh mirc 250 ml (5.7) chira dung dich ban dau.
Rera sach phan c&n khong tan bang dung dich axit HNOs 2 %, sau d6 rira lai véi nwéc va bé phan can.
Dung nwéc dinh mire dén 250 ml (V), lac déu duwgc dung dich phan tich xac dinh ham lwong Ga, In, T,
Ge.

Hat 5 ml vao binh dinh mrc 100 ml (5.7), thém vao dung dich HNOs 2 % (4.1) dén 100 ml, lac déu dé

phan tich trén may do phéd khéi lwgng ICP - MS (5.1) xac dinh ham lwong cac nguyén té can phan tich.
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MAu trdng dwoc lam ddng thoi véi mau phan tich.

7.1.2 Phan hay bang cach nung chay véi kali pyrosunfat (4p dung cho nhitng mau quang khé phan hay

bang axit)

Can 0,1 gam mau da dwoc say kho dén khéi lwong khong déi & 105 °C, chinh xac dén 0,0001gam vao
chén bach kim (5.4). ThAm w6t mau béng vai giot nwéc cat réi thém 5 ml HF (4.2), 1 ml H,SO, (1+1),
ldc nhe rdi dun trén bép nong vira (khoang 70 °C dén 80 °C ) dé thoat hét khoi trang. D& nguoi, trach
thanh chén bang mét it nwéc cat roi tiép tuc cé dén kho. D& ngudi, thém vao chén mau tr 1 gam dén 2
gam K»S,0; va nung chdy & nhiét dd 500 °C dén khi thu dwoc khdi chay déng nhét. Lay ra khai 1o, dé
ngudi. Hoa tan khéi chdy va trang rira chén bang 25 mL axit HNOs (1+1) vao cbc thiy tinh 250 ml.
Chuyén dich axit héa mau vao binh dinh mdc thdy tinh sach 250 mL (V), thém nwéc dén vach va lac
déu.

HGt 10 ml t& binh dwng m&u vao binh dinh mirc 100 ml (5.7), thém vao dung dich HNO3 2 % (4.1) dén
100 ml, l&c déu dé& phan tich trén may do phd khdi lwong ICP - MS (5.1) xac dinh ham lwong cac
nguyén t6 can phan tich.

Mau trang dwoc 1am déng théi véi mau phan tich.
7.2 Do ICP-MS

7.2.1 Yéu cau chung

Méi twong quan gitra ndng dd nguyén td véi tbe dd dém do dwoc 1a tuyén tinh trén mot sé bac bién do.
Do d6, ¢ thé sir dung cac ham hiéu chudn tuyén tinh. Can dinh ky kiém tra dai néng dé tuyén tinh cta
tirng nguyén td. Thiét bi ICP-MS c6 kha nang té hop 2 detector, c6 dai tuyén tinh kéo dai, can dinh ky

kiém tra hé sb hiéu chuan chéo cla hai detector.

7.2.2 Cai dat thiét bj ICP-MS

Truéce khi bat dau cac phép do théng thuéng, can chay quy trinh cai d&t sau: Lam am thiét bi ICP-MS
& phwong thirc chay toan bé téi thiéu 20 min dén 30 min. Kiém tra dd phan giai, hiéu chuan, dé nhay
va do 6n dinh cta hé théng s dung dung dich tdi wu hda (4.9) thich hop. Dung dung dich téi wu hoa
dé chinh thiét bi ICP-MS hang ngay dé dat dwoc tin hiéu ion tdi da va tbc do oxit thap (vi du: < 2 %)
cling nhw toéc dd thap cta cac ion tich dién kép (vi du: < 2 %). Néu st dung budng va cham hoéc
budng phan (rng thi tdc d6 dong khi cta budng can dwoc tdi wu héa, d& ddm béo giam dwoc do nhiéu
cla da nguyén t&r. Néu sir dung may do phd khdi lwong c6 do phan gidi cao, thi phai kiém tra viéc hiéu
chuén khéi lwong va do nhay déi véi tirng dd phan gidi dwoc st dung. Kiém tra thdi gian nap mau va
thdi gian rira troi lién quan dén chiéu dai ctia 6ng. Néu ndng dd cta dung dich thir dw kién phu thudc
nhiéu thi thei gian nap mau va thoi gian riva tréi phai dwoc kéo dai.

7.3 Cac chéat gay nhiéu

ICP — MS chiu tac déng ciia mét sb loai chat gay nhiéu, bao gdm: déng khdi, dd nhay phd bién, cac

manh da nguyén tt, ion dién tich kép, cac nhiéu bd nhé va cac nhiéu vat ly gay ra.
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Trong quy trinh x& ly mAu, thanh phan nén mau khi dwa vao budng plasma chira cac ion gay tring khi
va cac manh da nguyén t&r gay sai sé trong phép do, vi vay can lwa chon sb khdi phu hop dé xac dinh
Gali, Indi, Tali, Germani.

Bang 2. Bdng vi va kha nang nhiéu quang phd trén méi déng vi.

S6 % doéng vi phan tich Kha nang nhiéu phé
khi
Ga Ge In Tl Nhiéu do ion ding | Nhiéu do ion da nguyén tir phu
ap va ion tich dién | thuéc vao doé phan giai khoi lwong
kép (Oxide, Hydroxide, lon phan tt, nhiéu
khac)
69 | 60,11 69Zn* (c6 thé) CrO*, CuAr*
71 | 39,89 1Zn* (rat hiém) CrO*, CrH2*, FeO*, Ar2H*
20 20,84 OGa*(rat  hiém), | CrO*
7OZn+
72 27,54 2Zn* (pho bién) MnO*
73 7,00 3Zn* (rat hiém) FeO*
74 36,28 4Zn* (phd bién) FeO*
76 7,61 6Se* (c6 thé) CoO*
113 4,29 113Cd* (phé bién) | MoO*
115 95,71 15Cd* (rat hiém) MoO*
203 29,52 | 203Hg* 0sO*
205 70,48 | 295Hg* (rat hiém) 0sO*

7.3.1 Cac chéat gay nhiéu dang ap

Céc dodng vi phan tich dwoc lwa chon c6 nhiéu dang ap thp nhat. Cac chat gay nhiéu dang &p co thé
dwoc hiéu chinh, st dung cong thire hiéu chinh nhiéu théng thwérng dwoc bao gdm trong phan mém

cua thiét bj ICP-MS. Hé sb hiéu chinh dwa vao phan tram tw nhién ctia cac ddng vi.

7.3.2 Cac chat gay nhiéu da nguyén to

Dd nhiéu gay ra do chét khi plasma, thudc th&r va nén mau co trong plasma. Cac vi du dwoc liét ké
trong Bang 2. Sé lwong cac loai chét gay nhiu nay bi anh hudng manh bdi cach cai dat plasma cla
thiét bj (vi du nhuw: ty 1é oxit), loai va lwong nén mau c6 mét. Co thé thwc hién hiéu chinh bang cac hé
sb toan hoc hodc bang cach do hiéu rng nhiéu cta nguyén t6 gay nhiéu. Hau hét cac chét gay nhiéu
da nguyén t&r cé thé dwoc gidi quyét bang cach sir dung may do phé ICP véi do phan gidi khdi lwong
lén gén 10 000.

Két hop v&i Kinetic Energy Discrimination (KED) hodc Collision/Reaction Cell (CRC): Cac phan mém
ICP-MS hién dai nhw Agilent MassHunter , Thermo Qtegra , hay PerkinElmer Syngistix cé thé ap dung
cac cdng thirc hiéu chinh tw déng dwa trén cac ché dd do va cham hodc phan (rng dwoc st dung (He,
H,, NHs...).

7.4 Xay dwng dworng chuan va dung dich thir dé do ICP-MS

10
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T dung dich c6 ndng dd 1000 mg/l, dung pipet va micropipet (5.9) hat dung dich vao binh dinh mtc
100 ml c6 nén axit HNOs 2 % dé c6 dung dich c6 ndng d6 10 ug/ml. Tt d6 lan lwot hat cac dung dich
vao binh dinh mtrc 100 ml (5.7) trong nén axit HNO3 2 % (4.1) dé& c6 cac néng dd twong tng la 0 pg/l; 1
ug/l; 5 pg/l; 10 pg/l; 100 pg/l; 250 pg/l; 500 pg/l; 1000 pg/l. Thém chuan ndi (4.6) sau dinh mc ndng
dd 10 pg/l theo Bang 3.

Po dung dich mau trdng (4.10) va sau dé do dung dich dwéng chuén. Tinh ham hiéu chudn theo
hwéng dan sir dung thiét bi. néu can, can tinh dén cac ty 1& ddng vi khac nhau gitra cac dung dich hiéu
chuén va dung dich thi.

7.3.3 Po mau

Sau khi hiéu chuan thiét bi, cAn phan tich dung dich thtr. LAy 1an lwot cac dung dich mau phan tich vao
dng do cla bo ldy mau tw dong (AS — Auto sampler), dé 6ng do vao khay do mau tw ddng nhw sau:
mau trdng, mau chuan, mau phan tich.

Mau dwoc tw déng do 1an lwot mau trdng, mau chuan, mau phan tich. Mau chuan dé lam mau dbi
ching, kiém tra do thu hdi trong gi¢i han kiém soat. Mau trdng dé kiém tra nén mau trong qua trinh
phan hly. Trong qué trinh do, do I&p lai trong khodng thdi gian thich hop (5 mau hodc 10 mau) mau
trdng va mot dung dich hiéu chuén cé ndng dod chéat phan tich phu hop véi ndng dd chét phan tich trong
mau dé kiém tra, dao dong cla dung dich hiéu chuan trong khoang + 5 % gitra 2 1an do.

T dwdng chuan khi do mAu sé xac dinh dwoc ndng do chét can phan tich (C).

8 Tinh két qua
8.1 Tinh ham lwong nguyén to6
Ham lwong nguyén td dwoc tinh theo cong thirc

(C—Co)XVXF
GXxX1000

M (ng/g) =

Trong dé:

C: Néng dd nguyén td trong dung dich do, tinh bang microgam trén lit (ug/l);

Co: Nbéng d6 nguyén té trong dung dich m&u trang, tinh bang microgam trén it (ug/l);
G: Khéi lwgng mau dem phan hay, tinh béng gam (Q);

V: Thé tich dinh mdc dung dich phan hay, ml;

F: Hé sb pha loang cta dung dich mau

M: Ham lwong nguyén té can phan tich, (g/t).

8.2 Sai s6 phan tich

8.2.1 bo lap lai (phan tich song song)

Sai léch twong déi gitra hai két qua thir déc lap, riéng ré, thu dwoc khi siv dung cung phwong phap,

tién hanh trén mau thr gibng hét nhau, trong mét phong thir nghiém, do mét ngudi thwe hién st dung
11
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cung thiét bi, trong mét khoang thei gian ngén, khdng quéa céc gidi han d trong Bang 4.

10.3. Do tai lap (phan tich déi song)
Sai léch twong déi gitra hai két qua thir riéng ré, thu dwoc khi st dung cling phwong phap, tién hanh
ther trén mau tht hét nhau, trong cac phong thlr nghiém khac nhau, do cac nguwdi khac nhau thwe hién,

st dung céc thiét bi khac nhau, gi¢i han D trong Bang 4

Bang 4 — Do léch twong déi phan tich song song va phan tich déi song

déi véi Ga, Ge, In, Tl trong mau dat da quang

TT Dai ham luong d, g/tdn D, g/tan
(H9/9)

1 T 0,05 dén nhé hon 0.5 33 41

2 Tw 0,5 dén nhd hon 1 30 36

3 Tw 1 dén nhd hon 5 27 27

4 Tw 5 dén nhd hon 10 30 36

5 T 10 dén nhd hon 20 27 32

6 T 20 dén nhd hon 50 22 27

7 T 50 dén nhd hon 100 18 20

9 Ba&o cao két qua thir nghiém

Bé&o céo két qua thir nghiém bao gbm céc théng tin sau:

a) Vién dan tiéu chuan nay;

b) Nhan dang mau thi;

c) Tén va dia chi phong thir nghiém;

d) Ngay tién hanh thir nghiém;

e) Két qua thtr nghiém, két qua dworc lay gia tri sau dau phay 2 chi s6;

f) Moi thao tac khéng quy dinh trong tiéu chuan nay hodc dwoc coi la tly chon va cac yéu té co thé

anh hwdng dén két qua th» nghiém.

12



TCVN :2025

Thw muc tai liéu tham khao

[1] QTNB 03/XH:2015 PAat, da quing — Phwong phap xac dinh ham lwong da nguyén té trén hé thiét bj
Agilent 7700x ICP — MS.

[2] GB/T 14353.13 -2014 Methods for analysis of coper ores, lead ores and zinc ores — Part 13:
Dertermination of gallium content, indium content, thallium content, tungsten content, and molydenum

content
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