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SUMMARY

STUDY ON THE PROCESS OF SIMULTANEOUS DETERMINATION OF U
AND THORI ORE SAMPLES OF PA LUA MINING USING ICP_MS

In this paper, the process of simultaneous determination of U and Th has been investigated by
ICP-MS method. The method showed good performance in the concentration range from 3 to 10° ppb.
The LODs were 3.173 and 2.603 ppb for U and Th respectively. The LOQs were 10.58 and 9.68 ppb
for U and Th respectively. Spike recoveries were from 101 to 110% and the repeatabilities were lower
than 5% RSD. The method has been applied for investigation and exploration of U and Th at Pa Lua
mining.

1. MO DAU

Hién nay uran, thori va cac nguyén t6 dat hiém (NTPH) c6 vai tro rat quan trong
trong cac nganh cong nghi¢p, lam nguyén li¢u chinh cho cac nganh nang lugng, cac nha
may dién hat nhan nguyén tr, cdc nganh cong nghiép vat liéu tao ra céc vat li¢u c6 kha
nang chéng lai sy &n mon trong cac moéi truong khac nhau & nhiét d6 cao [1, 2]. Viéc
khao sat phan tich, danh gia ham lugng uran, thori va cac NTPH trong quang tho, trong
ché bién va san pham thuong mai dong vai trd quan trong. Phuong phép phén tich cam
g cao tan plasma ghép ndi khéi pho (ICP- MS) 13 mét trong nhitng phuong phép phan
tich hién dai nhat hién nay, phan tich dugc dong thoi va nhanh cac nguyén t6 ¢ dang vét
c6 do chinh xac cao, it bi anh hudng bdi cac nguyén td khac, co khoang dong hoc rat
rong [3, 4]. Do vay, viéc nghién ctru xay dung phuong phap xéc dinh U, Th va cac
NTPH trong quing bang k¥ thuat ICP-MS 1a rit can thiét.

Trong bai bao nay, chung t6i nghién ctru qui trinh xac dinh dong thoi U va Th
bang phuong phap ICP-MS.
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2. THUC NGHIEM
2.1. Héa chit, thiét bi

Céc hoa chét sir dung pha phan hay mau gom HCI (37%; d = 1,19¢/ml), H,SO,
(98%:; d =1,84g/ml), HF (40%), HNO;3 (65%; d = 1,39%), HCIO, (70%) déu 1a hoa chét
siéu tinh khiét ciia hing Merck. Cac dung dich chuan don nguyén tb uran, thori dugc
cung cap bai hing Merck. Nudc cat dung trong tit ca cac thuc nghiém xir 1y va phan
tich mau déu dat chat luong 18,2 MQ; TOC <10 pg/ml).

Thiét bi phan tich khéi phd ICP-MS 7700 cia hing Agilent Technologies (M¥) c6
kha nang cho phép str dung cac loai khi H,, He, Xe, Kr lam khi mang.
2.2. Chuin bi miu

Qui trinh chuan bi mau dugc dua ra ¢ so do trén hinh 1. Miu dem phan tich phai
c6 ¢& hat < 0,074 mm va duoc say kho trude dén khéi lugng khong d6i o nhiét do 105 +
110 °C trong 2h. Can chinh xac 0,5 g mau (+0,0001g) trén can phan tich cho vao mau
vao chén st dét & nhiét 6 550 + 600 °C trong 2h. Chuyén mau vao cc 250 ml, thém
vao céc chira mau 15 ml HCI (1:1) va 15 ml H,S0, (1:1). Pay nép kinh ddng hd dat cbe
lén bép dién dun nhe, lay cbc ra dé ngudi tia nép kinh ddng hd (b6 nap kinh dong ho ra)
va tia xung quanh cdc, sau do6 dit 1én bép dién dén thoat hét SOs, lay ra dé ngudi. Thém
vao 25 ml HNOjs (1:1) day nap kinh ddng ho dun soi nhe, lay ra tia nap kinh va xung
quanh céc dé ngudi, thém vao 50 ml nudc cat lanh hoic nude d4, khudy déu, dé cach
dém. Loc qua gidy loc bang xanh vao binh dinh mac 250 ml. Rta phan khong tan trén
gidy loc dén hét mau vang, dé kho gidy loc va phan khong tan, cho vao chén st dét ¢
nhiét 46 650 °C dén chay hét giay loc (khong con tan den). Lay ra dé ngudi chuyén vao
bat bach kim. Thém vao10 ml H,SO, (1:1) + 15 ml HF 40%, dat 1én bép dién bdc dén
thoat hét SOs. Tiép tuc thém 10 ml HCIO, dam dic co dén kho, lay xudng dé ngudi
thém vao 15 ml HNOj3 (1:1) dun s6i nhe (khong duoc ban mau), lay ra dé nguoi ding
diia thuy tinh co rira bat bach kim bang dung dich HNO3 1 % vao cbc 250 ml, dé cach
dém, loc qua giay loc bing xanh vao binh dinh mac 250 ml chira dung dich ban dau, rira
gidy loc dén hét mau vang, giy loc va phan khdng tan bo di. Dung nudc cat dinh muc
dén vach va lic déu (dung dich 1). L4y chinh xac 10,00 ml (tiy vao ham luong céc
nguyén t6 c6 trong mau) vao coc 100 ml, c6 khé (khong dugc chay), cho vao 10,0 ml
HNO3 (1:1) dun sbi nhe dén tan trong. P& nguoi va dinh miic vao binh 100 ml bang
nuéc cat siéu sach (dung dich 2), lic déu dem phan tich trén may khéi pho ICP-MS dé
xac dinh U va Th.
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Hinh 1. So' d6 chudn bi mau qudng cho phdn tich ICP-MS
2.3. Xay dung dwong chuin

Pha dung dich chuan cac nguyén t6 dat hiém, U va Th ¢ cac ndng do 100; 200;
400; 800; 1600 ppb (ug/l) tir chat chuan vao binh dinh mutc 50 ml trén nén axit HNO3
2%. Lay dung dich chuin vao 6ng do va dé vao khay bo ldy mau ty dong AS
(Automatic system). Qua trinh phan tich U va Th dugc thuc hién trén hé thiét bi Agilent
7700 x ICP-MS.

2.4. Panh gia phwong phap bing thong ké

+ Xéc dinh gidi han phat hién LOD va gidi han phéan tich dinh luong LOQ cho
phan tich U va Th tir mau quing:

Qui trinh xac dinh LOD, LOQ cta phuong phap dugc xac dinh theo phuong phap
3o [5].

Muoi dung dich miu tring chira HNO3 2% va mot mau chuan nong do céc
nguyén t 20 ppb U, Th; duoc xt ly cling véi chuong trinh ding cho xir Iy mau U, Th
(thay 0,5 g mau bang 0,5 ml dung dich chuan). Mau sau khi phan hiry xong duoc dinh
mtc 1én 50 ml. Nong d6 sau cling cuia cac nguyén tb trong dung dich chuan 1a 20 ppb U,
Th. Tat ca cac mau duoc ghi pho sir dung chung mot phuong phéap diéu khién, thu nhan
dix liéu ICP-MS d t6i uu.

+ X4c dinh d6 tuyén tinh ctia phuong phap:

Khoang tuyén tinh cia mdi nguyén t6 & mdi sé khdi (m/z) khac nhau 1a khac
nhau. S6 khdi phén tich nao c6 cudng do (sb dém trén gidy, CPS) cang 16n thi khoang
tuyén tinh cang hep. Do d6, dé xac dinh U, Th ta phai xay dung duong chuan dé tim
khoang tuyén tinh ctia phép do.

Dé nghién ciru va xéc dinh khoang tuyén tinh khi phan tich U, Th, chiing t6i xay
dung duong chuin cta U, Th & céc cép n@)ng do sau: 0; 10; 25; 50; 125; 250; 500; 1000;
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2000; 5000; 10000 (ppb) tir dung dich chuan 1000 pg/ml U va 1000 pg/ml Th trong
mdi truong HNO3 2%.
+ Khao sat sai s6 va d6 lip lai ciia phép do:
Dé danh gia sai s6 va d6 lap lai cia phép do, chung t6i dung dudng chudn véi
3 diém chuan rdi thyc hi¢n do mdi diém chuan 10 lan.
Sai s6 duoc tinh theo cong thirc:
Yoxep = 152 x 100

Do lap lai phép do tinh theo cong thirc:

P ———
5 = |E|i5.-.' (Xi—Zep)
LY m-1

RSD =100 x ==

trong do:

% Xg: Sai sO twong dbi trung binh gitra cac 1an thir nghiém (%)

Si. Do léch chuan

RSD: D6 léch twong ddi (%)

Xt: Gia tri trung binh ctia mau thir nghiém

Xch: Gia tri mau chuan tham chiéu dugc chap nhan 1a dung
2.5. Phan tich urani va thori trén hé théng thiét bj ICP-MS

Lay dung dich 2 vao 6ng do ctia bo 1ay mau tu dong AS, dé dng do vao khay cua
AS. MAu trang: stir dung dung dich axit HNO3 2 % lam mau tring.
Phén tich mau trén hé thdng thiét bi ICP-MS Agilent 7700x.
2.6. Céch tinh két qua

Ham luong timg nguyén t6 dat hiém, U, Th duoc tinh theo cong thirc:
%M =10"° x =x 0,25 x 10 x 100
Trong do:

10°°: hé sb quy tir pg/l ra g/l;

C: ndéng d6 U, Th, ppb (ug/l);

G: khéi lugng mau dem phan hity, g;

Hé s6 0,25 1a quy tir 250 ml ra lit;

Heé s6 10 12 hé s6 lam giau
3. KET QUA VA THAO LUAN
3.1. Chon diéu kién phéan hity miu

Khi xac dinh U, Th bang ICP — MS ngudi ta ¢6 thé ding méi truong axit HNO3
hodc HCI it khi ding H,SO4 va H3PO4. MGi axit ¢6 wu nhuoge diém riéng nhung axit
H,SO,4 va H3PO4 c6 nhuoc diém rat 16n 13 tao thanh két tha voi nhidu ion, anh hudng
dén @6 chinh x4c cua cac két qua phan tich. Méi trudng axit HNO3 duoc chon 13 méi
truong nén tdi wu do nd it co kha ning tao thanh cdc manh da nguyén tir ciing véi cac
diéu kién phan tich khac nhu nuée, khi argon c6 thé gy anh huong cho qué trinh phan
tich. Hon nita, cac dung dich chuan hau nhu dugc pha trong méi trudng axit HNO3 nén
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axit ndy dugc chon lam moi trudong dé xac dinh U, Th. Qua nghién curu va khao sat, moi
truong axit HNO3 c6 ndng do 1a 1-5% thich hop cho xéac dinh U, Th bang ICP-MS,
3.2. Chon ddng vi phan tich

Viéc lya chon déng vi phan tich dya trén ba ti€u chi, do 1a nhiing déng Vi phé
bién nhét trong cac déng vi ty nhién, sy d&nh hudng boi sy chén khéi phai khong c6 hodc
bé nhét va sy hiéu chinh anh hudng cia cac ion oxit phai don gian va cang it cang tét.
V6i cac miu quing chira cac nguyén t6 phong xa va dat hiém, sau khi khao sat ching
t6i da lya chon ddng vi phén tich cho U va Th tuong tng 1a “*U va ***Th. Khi phan
tich, may chi thu tin hiéu ctia cac dong vi di chon theo nguyén tic phan giai khdi bang
bd truong tr cuc. V&i do nhay va do phan giai rit cao cua thiét bi ICP-MS, pic phé cua
cac nguyén to U, Th thu duoc rit rd nét. Cac pic phd cb cuong do rat 1on ngay ca véi
dung dich chuan U, Th c6 ndng d6 thap va cac dong vi da chon hau nhu khéng co sy
trung 14n nhau.
3.2. Xac dinh giéi han phat hién va gié¢i han dinh lwgng ctia phwong phap

Bang 1. Két qua xac dinh LOD, LOQ ctia U va Th

S6 thi Nguyén to

nghiém U Th

1 19,759 19,814

2 20,234 20,124

3 20,052 19,832

4 21,396 21,945

S 18,114 19,214

6 20,37 20,425

7 19,985 19,875

8 21,345 21,125

9 18,437 18,986

10 19,686 20,235

% 19,937 20,158

SD 1,0578 0,8677

LOD, ppt 3,173 2,603
LOQ, ppt 10,58 8,68

Két qua xac dinh LOD, LOQ cua U va Th dugc chi ra & bang 1. Gigi gian phat
hién LOD caa U va Th lan luot la 3,173 va 2,603 ppb, gigi han phan tich dinh luong
cia LOQ cua U va Th lan luot 1a 10,58 va 8,68 ppb. Nhu vay, phuong phap nay hoan
toan phu hop dé xac dinh luong vét va luong siéu vét U va Th trong d6i tuong 1a cac
mau quing cua Viét Nam.
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3.2. Xac dinh khoang tuyén tinh ciia phwong phip
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Dé danh gid sai s6 va do lap lai ciia phép do, chung toi dung dudng chuan vai 3
diém chuan rdi thuc hién do mdi diém chuan 10 1an. Sau khi tinh toan két qua, ddi chiéu
gi tri tinh duoc voi gia tri yéu cau do lap lai téi da chip nhan tai cic nong do khac nhau
theo AOAC [6] trong bang 2.

Bang 2. Do lap lai 16i da chcfp nhdn tai cac néng do khac nhau theo AOAC

TT | Ham lwong % | Ty Ié chat Pon vi RSD (%)
1 |100 1 100% 1,3
2 |10 10° 10% 1,8
3 |1 10°° 1% 2,7
4 [1.10" 10°° 0,1 % 3,7
5 [1.10°¢ 10 100 ppm 5,3
6 |1.10° 10 10 ppm 7,3
7 110" 10° 1 ppm 11
8 [1.10° 10’ 100 ppb 15
9 |1.10° 10°° 10 ppb 21
10 [1.10° 10°° 1 ppb 30
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Chung t6i xdy dung duong chuan véi 3 diém chuan c6 ndng do nhu sau: 0.5ppb,
25ppb, 50ppb (U, Th). Két qua tinh sai s6 va do 1ap lai cua phép do U, Th duoc trinh
bay trong bang 3.

Két qua khao sat cho thdy & diém dau dudng chuan (1 ppb) co sai sé 16n nht, sai
sd & diém 25 ppb va 50 pb 1a twong dbi nho. Didu nay c6 thé giai thich 1a do khoang
tuyén tinh cta phép do ICP-MS rit rong (theo két qua phan 3.2), diém 1 ppb kha gan
can dudi ctia khoang tuyén tinh nén co sai s6 16n; con hai diém 25 ppb va 50 ppb duoc
coi 1a nam giira khoang tuyén tinh nén sai s6 nho va xap xi nhau. Déi chiéu d6 lap lai tbi
da chip nhén tai cac ndng do (1 ppb, 25 ppb, 50 ppb) theo AOAC 1a 15 - 30% thi sai s6

& ca 3 diém nay déu dat gia tri cho phép.

Bang 3. Két qua tinh sai sé va do Idp lai ciia phép do U, Th trén hé thiét bi
ICP - MS Agilent 7700x

Néng do thuc nghiém do duoc
T U Th
1 ppb 25 ppb 50 ppb 1 ppb 25 ppb | 50 ppb
1 0,988 25,124 50,925 1,012 25,98 50,898
2 0,854 25,104 50,425 0,912 24,975 49,893
3 0,884 24,624 50,902 1,463 26,124 51,753
4 0,743 26,101 50,120 0,912 25,254 51,855
5 1,113 25,024 49,920 1,255 24,957 50,764
6 0,897 25,623 51,780 1,098 24.975 51,459
7 1,084 25,979 50,836 1,103 26,102 51,459
8 0,974 25,101 49,125 1,103 25,987 49,875
9 0,915 24,224 51,882 1,108 26,421 49,893
10 1,044 25,087 50,791 0,940 25,254 51,459
z 0,95 25,20 50,67 1,09 25,60 50,93
S 0,1187 0,5725 0,8518 0,1871 0.5706 0,7935
vl 504 0,80 1,34 9,07 2.41 1,86
RSD 12,50 2,27 1,68 17,16 2.23 1,56

Két qua xac dinh do thu hdi cia U, Th trong cac mau quang chuan duogc chira ¢

bang 4. Két qua cho thay phuong phap c6 do thu hoi tot.

Bdng 4. Bé thu héi U, Th trong cdc mau chudn

Nguyén to U Th
Mau chuan, % 3,00 0,10
Két qua phan tich, % 3,02 0,11
Do thu hoi, % 101 110
Mau chuin monazite, % 0,10 3,00
Két qua phan tich, % 0,11 3,03
Do thu hoi, % 110 101
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3.4. Phan tich U, Th mé Pa Lira va danh gia thong ké

Bdng 5. Két qud xdc dinh U va Th trong qudng tai mé Pa Lira

Méu 232-|-h 238U
sO Nongdd, | RSD | Nongdo, | RSD
ppb ppb
1 38,8 1,1 2.269,2 1,2
2 36,3 31 7425 4,2
3 40,7 2,6 618,1 2,3
4 40,1 3,8 2391,3 3,2
5 44,5 3,4 73,7 3,8
6 40,0 35 24622 4,0

Két qua xac dinh U va Th trong quing tai mé Pa Lira duoc chi ra & bang 2. Cac
mau duogc iy & cac diém khac nhau tai mo. Két qua cho thdy, ham lugng Th phan b
kha dong déu, con U thi sy phan b6 khac nhau. Phuong phéap xay dung 14 hoan toan phu
hop dé xac dinh U va Th trong quing véi sai s6 nho.

4. KET LUAN

D3 xay dung phuong phap phan tich U va Th trong quing bang phuong phap
ICP-MS ¢6 d6 nhay cao LOQ < 3.2 ppb, d6 thu hoi dao dong tir 101-110% va do chinh
x4c cao ngay ¢ ham luong thap. Pa tng dung thanh cong phuong phap dé xac dinh
nhanh va déng thoi U va Th trong quing cia mo Pa Lira.
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