NGHIEN CUU XAC PINH PONG THOI CAC NGUYEN TO
Sn, As, Bi, W TRONG PAT DA QUANG BANG PHUONG PHAP
QUANG PHO PHAT XA PLASI\/IA CAM UNG (ICP-OES)
NGUYEN VAN DINH, NGUYEN THI HIEP, DUONG QUANG NGUYET, VU MINH THANH
Trung t&m Phdn tich Thi nghiém, Lién doan Bdn do Pia chat mién Nam, 200 Ly Chinh Thang, Q.3, Tp. Ho Chi
Minh
Tom tdt: Phurong phdp phan tich quang pho phat xa nguyén tr dya trén nguyén tic do
cuong do vach pho phat xa cua cac nguyén to co trong mau nghién ciru khi bi kich thich
bcjng nguon nang heong cao. Cuong do vach pho phu thuge vao ham lwong ciia cac nguyén
to chira trong mau va duwoc ghi lai bang detector. Dya trén nguvén tac nay, nghién ciu cac
diéu kién toi wu cua thiét bi cing nhu cdc tac nhan anh huong dén vach pho cua cdac
nguyén 7o W, Sn, As, Bi trong mau quang, dat da. Tir d6 xdy dung dwong chuan va quy
trinh cu thé cho phuong phap xac dinh W, Sn, As, Bi bang phuwong phap ICP-OES.

l. MO’ DAU

Cong tac didu tra dia chét, thim do khoang san ngay nay luén doi héi cac phong thi nghlem
phai nghién ctru Gmg dung cic phuong phap khoa hoc hién dai méi dé dat duoc cac yéu cau ngay
cang cao trong cong tac nghién ciru thanh phan vat chat ciia dat d va quang. Cac phuong phap do
phai c6 d chinh xé4c cao, do lap lai t6t, khoang ham luong xac dinh phai rong, ton kém it chi phi
va thoi gian.

Pé xac dinh cac nguyén t& W, Sn, As, Bi trong quing, dat d4 phuc vu cho cong tac diéu tra,
tham do khoang san, cac phong thi nghiém da nghién ctru dua ra nhiéu quy trinh dé ap dung. Mdi
mét phuong phap, mot quy trinh déu co nhiing vu nhugc diém nhat dinh. Dé x4c dinh ham luong
cac nguyén t6 d6 thudng phai sir dung bang nhiéu cac phuong phap phan tich khac nhau nhu: phan
tich hoa dbi véi chi tiéu Sn, phuong phap hap thu nguyén tur d6i voi As, Bi va so mau ddi
v6i W [1]. Tuy nhién, nhém nguyén t6 d6 1a nhiing nguyén t6 dé bay hoi nén nhiing phuong phép
phan tich trén gap nhiéu han ché nhu: c¢6 d6 nhay thap, d6 lip khong cao, thoi gian pha huy mau
lau gay ton kém chi phi, doc hai [8]. Pé khac phuc duoc nhitng nhugc diém nay, ngay nay ngudi
ta thuong st dung cac phuong phéap hién dai c6 do nhay, do chon loc cao nhu ICP-OES, ICP- MS
[5]. Song, trong phuong phap ICP- OES, qua trinh nguyén tir hoa mau va ion hoa cac nguyén to
phan tich thuong c6 mat cac ion khac trong mau s¢€ gay anh huong dén két qua phan tich. Bén canh
do qua trinh phan huy hoan toan mau phai sur dung mot s6 hoa chat, diéu nay tac dong khong nho
dén d6 nhét co trong nén mau [2, 6,7, 9] De xac dinh dong thoi ham lugng cac nguyén tb trén,
cong trinh nay nghién ctru mét s6 cac yeéu t6 anh huong dén cuong d6 phat xa cua cac nguyén tb
can phan tich dé tim ra cac diéu kién t6i vu cua thiét bi va tir 46 x4y dung dudng chuén ciing nhu
xay dung mot quy trinh cu thé dé xac dinh nhitng nguyén to W, Sn, Bi, As trong miu quing, dat
da bang phuong phap ICP-OES.

Il. THU'C NGHIEM

1. Thiét bi, dung cu va héa chéat

- May quang pho plasma cam tmg ICP- OES, DV 5300- Perkin Elmer (M¥);

- Acid clohydric HCL 36,5% Specpure, Merck;

- Natriperoxid Na2O: loai PA;

- Dung dich chuan cac nguyén t6 W, Sn, Bi, As 1000 ppm ctia Merck;



- Céc fixanal chuan gbc dung cho ICP ctia hang Merck v6i ndng do 5.000ug/ml cta cac nguyén
t6: Si, Al, Fe, Ca, Mg, K, Ti, Mn;

- Nudc siéu sach;

- Khi argon 99,999%.

2. Nguyén ly caa phwong phap

a) Xi Iy mau:

Mau dem phan tich 1a dat d4, quing c6 ham luong cac nguyén té W, Sn, As va Bi phd bién tir
0,01% dén vai phan traim. Mau dugc phan huy bang dung dich NayO; trong 10 nung chay, hoa tan
khéi chay. Pun k¥ dung dich trong coc dé dam bao mau dugc hoa tan hoan toan. Sau d6 chuyén
toan bd dung dich vao binh dinh mirc va do quang phd phat xa trén thiét bi [CP-OES.

b) Po phé phit xq:

Phuong phap phan tich quang phd phat xa nguyén tir dya trén nguyén tac do cuong do vach
phd phét xa cua cac nguyén t c¢6 trong mau nghién ctru khi bi kich thich bang ngudn nang luong
cao. Cudng do vach phd phu thudc vao ham luong ciia cac nguyén t6 chira trong mau va dugc ghi
lai bang detector. Ham lwong cua cac nguyén t6 can phan tich duoc tinh toan ty dong nhd phan
mém tin hoc chuyén dung [1,3].

lIl. KET QUA VA THAO LUAN

1. Khao sat cac diéu kién cua may

Céc thong sb cua may gém cong suit cao tan, toc do khi argon, luu luong khi b tro, toc do
hat dung dich, kiéu d6 thi chuén ché do do doc truc hay xuyén tdm, vach pho lwa chon, diéu kién
ghi ph6 déu 1a nhing yéu t6 6 anh huong kha 1on dén dén do nhay va d6 chon loc cua phuong
phép ICP-OES. Cac thong sO nay rat can thiét phai xem xét va toi wu. Nghién ctru sy phu thude
cta cuong do vach pho vao cac diéu kién ctia may, chung toi str dung ndng do cac nguyén t6  trong
dung dich phan huy mau twong ng voi ham luong thuong thdy cta chung c6 trong cac mau dat
da. Nén mau ciing duoc tao gan giéng véi nén mau sau khi phan huy. Két qua khao sat dugc biéu
dién trén cac Hinh 1-4.

Khdo sat heong khi argon tiéu thu: C6 dinh cong sudt cao tan & 1.300 W va khi bd trg 1a
0,5 I/phut. Twong quan giita lugng khi argon tiéu thy va cudng do phat xa (Ipx ) dugc thé hién trén
Hinh 1. Khi tang lugng khi argon thi cuong d6 cua cac vach pho Sn, W, As, Bi ¢6 xu huéng tang
lén sau d6 giam dan xuéng. O murc luong khi argon la 15 I/phut thi cuong d6 cua cac vach phd
Sn, W, As va Bi dat cuc dai va 6n dinh.

60000 —

f}

40.000

30000

20000 f\‘ —
00

s 2 o <r —.

Cuomg 46 Ipx

b=3
o

Lugng Khi Argon ti¢u thy (Vphut)
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Khdo sdt lwong khi argon bé tro: Ciing tuong ty nhu qua trinh khao sat luong khi tiéu thy,
ching t6i khao sat lwong khi argon bd trg bang cach ¢d dinh cong suat cao tan 1a 1.300 W va
khi argon tiéu thy 1a 15 I/phat. Khi ting khi argon bd tro tir 0,2 I/phat dén 0,8 I/phit cudng do cia
cac vach pho ting, tuy khong thay d6i nhiéu nhung agron ting & mirc 0,5 1/phut thi cic vach phd
ting & muc tdi vu (Hinh 2).

Cuong d0 Ipx

é———o—a—*——»——v—'
BT P
l oc 1lc.- Khi bo trg (Vphut)
Hinh 2. Cuwong do phat xa 1, thay doi theo leomg
khi argon bo tro

Khdo sdt toc dé bom nhu déng (toc dé hit dung dich): Tc 46 hut dung dich c6 lién quan truc
tiép té1 cuong do phé hay noi khéc di co lién quan truc tiép dén do chinh xac, do lap lai va gidi
han phét hién ctia phuong phap. Do d6 can khao sat Iya chon mét toc d6 thich hgp. Trong phan
khao sat nay, ¢ dinh cong suét cao tan 1.300 W, luong khi tiéu thu 15 I/phat, lvong khi bo tro 0,5
I/phut. Khi tang téc do ciia bom nhu dong tir 1,5-1,8 ml/pht, Ipx ting dan mot cach tuyén tinh
nhung khong 16n. Néu xem xét trong mot khoang hep hon tir 1,8-2,1 ml/phut thi Ipx cua céc
nguyén t6 khong thay d6i hodc thay doi khong dang ké, do d6 gia tri toc do dugce chon la 1,8
ml/phut. V&i dung dich do phd 1a méi truong vo co khong phirc tap nhu dung méi hitu co nén gia
tri da chon trén co thé chap nhan dugc (Hinh 3).

Khdo sdt cong sudt cao tan: ¢ dinh lugng khi Ar tiéu thu 15 I/phut, luong khi argon b6 trg 0,5
I/phit. Cuong do phat xa Ipx ciia cic nguyén to ting dan khi cong sut cao tan vao khoang tur
1.000-1.300 W. O 1. 300 W, cudng do Ipx cua ba nguyén t6 nghién ciru (tror W) déu 6n dinh va
cao. Cong | suét cao tan dat tir 1.400- 1.600 W, cuong do cua cac nguyén to hau nhu giam xudng
va khong 6n dinh (Hinh 4). Chinh vi vy, chung toi ding cong suét cao tan 1a 1.300 W phi hop
dé do pho phat xa plasma.
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Hinh 4. Ciwong d¢ vach phat xa I, theo cong suat

cao tan,

Ngoai cac thong s6 quan trong da khao sat ¢ trén thi mot sd thong sb khac ciing duoc
khdo sat va lya chon, nhu tom tat & Bang 1 duédi day

Bang 1. Cac théng sé dwoc chon dé dinh lwong W, Sn, As, Bi

o = Gia tri dugc o . Gid tri dugc
Thong so chon Ihong so chon
Cong suit RF 1300 W Than gian do 10 giay
Luu hrong khi Ar bo trg 0.5 I/phut So lan do 13p 3 lan
Toc d§ argon tao Plasma 15 ml/phit Tée dg khi Argon bom rura 4 l/phit
Toc d6 hat dung dich 1.8 ml/phat Tée do khi argon lam sach camera 80 ml/phit
Ap lyc khi argon 25 psi Ché 4§ do Xuyén tdm

2. Nghién ctru lwa chon cac bwéc séng dé dinh lwong Sn, W, As, Bi

Trong phan tich phd phat xa nguyén tu, mdi nguyén td can phén tich c6 rt nhiéu vach
pho (budc song) khac nhau. Déi véi thiét bi phan tich quang phd Plasma déng thoi cac vach phd
hen ké chénh Iéch bude song <0,01 nm s& gay nhiéu nhau. Viéc lya chon cac budc song ciia nguyén
t6 phan tich 1a rat can thiét dé lam sao cac budc song duge lya chon khong bi anh hudng cia cac
bude song khac va phéi c¢6 d6 nhay cao, d6 lap lai 6n dinh.

Trong cac loai mau quing, dat d4 ngoai cac nguyén t6 can phan tich thi sy c6 mit cua cac
nguyén to chinh nhu : Al, Fe, Ca, Mg, K, Ti, Mn chiém dang ké, ham luong cta ching thuong tir
mot vai phan tram dén vai chuc phan tram trong khi cac nguvén to Sn, W, As, Bi thi chi chiém
khoang tir 0,01% dén vai phan trim. Dé lya chon nhitng budc song it anh hudng dén nhau qua céc



nghién ctru khao sat ching t6i di lya chon dugc nhitng budc séng tdi wu cho cac nguyén to can
phéan tich ¢ Bang 2:
Bang 2. Cac vach phd téi wu lwa chon dé xac dinh W, Sn, As, Bi

STT Nguyén té Budrc song (nm) STT Nguyén té Buéc séng (nm)
1 W 207,912 7 Ca 317,993
2 Sn 189,927 8 Mg 285,313
3 As 188,979 9 Ti 336,121
4 Bi 223,061 10 Mn 259,373
5 Al 198,042 11 K 766,491
6 Fe 238,204

3. Nghién ctru anh hwéng cta nén mau

Cuong do vach phé bi anh hudng rat 16n vao d6 nhét cua dung dich nén mau. Trong khi mau
dugc pha hiy hoan toan nho nung chay véi NaO, va hoa tan bang acid HCL 30%, boi vay viéc
nghién ctru khao sat ndng do ciia Na2O2 va HCI thich hop dé cuong d6 vach phd cac nguyén
t& W, Sn, As, Bi 16n nhét va 6n dinh nhat. Nho viéc nghién ctru nay dé tinh toan dua vao phan huy
mau mot lugng NapO, va HCI thich hop dé tao dugc nén mau it anh hudng nhét dén cudong do phat
Xa clia cac nguyén td can phan tich.

Khdo sat nong dé Na trong dung dich: Khao sat cudong do phat xa cua cac nguyén to
W, Sn, As, Bi trong nén dung dich c¢6 chira HCL 2M va nong d6 Na,O, dua vao dung dich khao
sat tir 1% dén 4,5%. Cuong do phat xa cia W, Sn tang dan 1én, cua As, Bi tang lén c6 xu hudng
giam xubng. Nong d6 Na02 cang cao thi dung dich cang nhét. Vi vay chon ndng d6 Na202 la
2,5% 1a t6i wu cho cudng d6 phat xa cua ca W, Sn. As. Bi (Hinh 5).
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Hinh 5. Sir phu thuoc cua cweomg do phat xa 1, vao

nong do Na (7).

Khdo sat nong dé acid HCI: Dung HCI trong cong doan hoa tan mau thanh dung dich do nén
cua HCI 6n dinh it bi nhiéurvé dé dang chuan bi. Chinh vi nhitng vu di€m do, ching t6i1 tién hanh
khao sat luong HCI nay. Két qua cua qua trinh khao sat dugc trinh bay trong Hinh 6.
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Hinh 6. Cuwong d¢ phdt xa Ipx thay doi theo lwong HCI.

Khi lwong HCI & trong khoang tir 20- 40 ml thi cudng do phat xa Ipx cia hdu hét cac nguyén
t6 kha 6n dinh. Vi thé, chiing t6i chon mirc trung binh nhat va 6n dinh nhat 1a 30 ml (twong tng
v6i ndng d6 2M).

4. Xay dwng dwéng chuan

a) Nghién civu anh hwong ciia cdc nguyén t6 da lwong lén cdc nguyén té Vi lwong:

Khi phan tich quang pho phat xa, ngoai vi¢e phai xur ly cac nhiém nhiéu quang pho, vatly, hoa
hoc,... ngudi phan tich con phai xir Iy nhiéu cua cac nguyén t6 da luong 1én cac nguyén té vi lugng.
Cac anh huong nay c6 thé 1am ting hay giam cac tin hiéu that do dugc. Trong pham vi phén tich
cua nghién ctru nay, khao sat mot s6 ion kim loai co6 trong dung dich sau khi phan huy mau chu
yéu 1a cac nguyén t6 c6 ham luong 16n gom cac nguyén t Si, Al, Fe, Ca, Mg, K, Ti, Mn luén luén
hién dién trong mau cung voi cac nguyén t6 can phan tich. Viéc khao sat nay nham xtr 1y cac nhiém
nhidu do nén mau gy ra téi phép do ICP-OES cua cic nguyén t6 can phan tich bang cach pha vao
cac dung dich chuan cac ndng do da lugng twong dwong cé trong mau phén tich. Nong d6 cua cac
nguyén t6 trong 4 dung dich chuan A, B, C, D va dung dich tring dugc thé hién trong Bang 3.

b) Po diy chuin, dwng dwong chuan:

Puong chuan ctia cac nguyén to W, Sn, As, Bi va cac nguyén to da luong duoc xay dung
bang phan mém tin hoc Winlab 32" (Hinh 7).

Bang 3. Néng dd day chuan cua cac nguyén té phan tich va cac nguyén té anh hwéng

S6TT v Nong d§ cac nguyén td trong cic diy chuin (ppm)
Nguyén to
A B [ 6- D E
1 W 6 3 1,5 0,6 0
2 Sn 6 3 1,5 0,6 0
3 As 6 3 1,5 0,6 0
4 Bi 6 3 1,5 0.6 0
5 Mn 30 15 7,5 3 0
6 K 100 S0 25 10 0
7 Mg 200 100 50 20 0
8 Ca 300 150 75 30 0
9 Fe 500 250 125 50 0
10 Al 500 250 125 50 0
11 P 40 20 10 4 0

12 Ti 50 25 12,5 S 0
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Hinh 7. Puwong chuan cua cac nguven to,

5. Nghién ctru gi®i han phat hién
_Trong phén tich quang phé theo Kaiser thi giéi han dudi cua phuong phap tmg véi mot vach
pho nhat dinh dugc xac dinh bang 3 1an dao dong ctia nén va duogc tinh theo cong thire sau :
MDL = 3o(n) =3 (lv - In)

Trong d6: o(n): dao dong ctia nén do pho; In: cudng d6 cta nén do phd; Iv: cuong do phat xa
ctia vach phan tich tng v6i ndng d6 Cmin 14 ndng do nho nhat, ma tmg voi cac ndng do6 Cx NAo
nho6 hon nd, vach phé khong xuét hién. Nguoc lai voi cac néng d0 Cx 16n hon no, vach phé XUét
phét rd rang, c6 thé quan sat duoc.

Dua trén nguyén ly nay, véi quy trinh ¢6 lugng mau dem phan hiy theo phuong phap 12 0,1 g
va dung dich dinh mtrc 100 ml, dé xac dinh gi6i han phat hién, tién hanh pha ché dung dich chuan
cho timg nguyén td. Mdi nguyén tb co tdi thiéu 3 mirc ndng do, trong dé X1 1a ndong do nho
nhét, tiép theo 1a cac murc X2....Xi. Po phé phat xa s€ tim duoc céac gia tri cuong do phat xa hodc
cac mirc nong do tuong tmg: y1, yz,...,yi. Can cir vio cac gia tri ndng d6 da cho gidi han phat hién
clia tirng nguyén td phan tich duogc tinh toan va dua ra trong Bang 4 duéi day:



Bang 4. Gi&i han phat hién cua cac nguyén té phan tich

Nguyén GHPH trong dung GHPH trong  GHPH trong miu phurong

¥ to dich dang do (mg/l) miu (ppm) phip hod (ppm)
| W 0.01266 10 100
2 Sn 0,00748 10 1.000
3 As 0,02106 20 20
4 Bi 0.00600 10 3

Nhu vy, gi6i han phat hién ctia cac nguyén té duoc xac dinh 1a: 10 ppm d6i voi w, Sn va Bi;
20 ppm ddi v6i As trong mau quing

6. Quy trinh phan hay mau

Véi cac khao sat vé nén mau, nguyén t6 anh hudng, giéi han phat hién, cac tac gia dua ra mot
quy trinh ché hda mau nhu sau:

Can 0,1000 g quang vao chén Niken 50 ml da co sin3 g Na202, dung diia thuy tinh tron déu,
lau dau diia bang mot manh gidy loc khong tro va cho manh gidy d6 vao chén, phi 1én bé mat hon
hop 1g Na>O2 nira. PBat chén vao 16 ¢ nhiét 46 600- 650°C voi thoi gian khoang 10 phut. M lo,
dung kep lac chén d& ddo déu hdn hop nong chay. Pay nap 10, gitt nhiét do trén khoang 10-15 phut
nita. Gap chén ra khoi 1o, dé - ngudi bot, trang sach phia ngoai chén bang acid chlohydric lodng
(10%) va sau d6 bang nudc cét [5].

Cho chén vao céc thuy tinh dung tich 250 ml, rot tur tir vao d6 50-70 ml nude cat nong, day
nap kinh dong hé. Sau khi ngimg phan ing, trang nap kinh, dung dta thuy tinh co dau boc cao su
rira, 1ay khéi chay ra khoi chén. Rura chén bang nudc cat, sau d6 bang 5-10 giot acid HCL (1:1) va
trang lai bang nudc cat. Thém 30 ml acid HCL dam dic, dun s6i k§ dung dich va taa trong cdc
dén hét nhirng bot khi nho. Pé ngudi dén nhiét d6 phong.

Chuyén tit ca dung dich va tiia vao binh dinh muc dung tich 100 ml, thém nudc cat dén vach,
lic déu, sau do loc kho. Dung dich thu dugc dem do trén may ICP-OES.

Tién hanh xir Iy mAu tring song song véi mau phan tich. Mau tring 1a mau khong can quang,
trai qua cac budc gidng nhu phan hity mau thue dé loai anh hudng ctia cac ciu tir nhiéu trong qua
trinh xir Iy mau.

7. Két qua xac dinh cac nguyén t6 trong mau chuan

Ap dung cac thong sb t6i wu 6 Bang 1 va nhiing két qua khao sat nén mau va nhimng nguyen t6
anh hudng nhu trinh bay ¢ trén dé phén tich mau chuan quéc té. Két qua phén tich cic mau chuan
nay duogc thé hién ¢ Bang 5.



Bang 5. Két qua phan tich mau chuan quéc té

- Nguyén Miu tiéu chuin quéc té
) to 323-73 324-73 168-71
cert pt . cert " : cert ot
(%) (%) Z-score (%) pt(%) Z-score (%) .1”’ Z-score
| W 0,278 0,290 -1,72 0,071 0,074 -1,37
2 Sn 2,21 2,29 -1,98 0,40 0,39 1,11 1,5 1,52 1,05
3 As 0,024 0,0232 0.98
4 Bi 0,024 0,0254 -1.59

Ghi chi: cert: ham leomg mau chuan; pt: ket qua phan tich cua dé tai; Z-score: diéem 7.

Bang 5 cho thay tit ca cac gia tri Z- score dao dong trong khoang tur -1,98 dén +1,11, nam
trong gio1 han cho phép tir -2 den +2, diéu d6 cho thay ap dung quy trinh pha mau néu trén de Xac
dinh ham luong cac nguyén t W, Sn ciing nhu cic nguyén to di kém As, Bi bang ICP-OES cho
két qua hoan toan dang tin cdy va c6 do chinh xac cao. Tir d6 c6 thé thay rang quy trinh vira xay
dung hoan toan co thé ap dung duoc trong thuc té phong thi nghiém dé phén tich hang loat mau.

IV. KET LUAN

ICP-OES 1a mdt ki thuat phan tich c6 do nhay va do chon lgc cao cho phép nghién curu xac
dinh déng thoi cac nguyén to W, Sn, As, Bi trong quing, dat d4 mot cach thuan loi va thu duoc
két qua chinh xac v6i do tin ciy cao. Viéc nghién ctu chon diéu kién tdi uvu dd cho phép han
ché anh hudng ciia nén hay cac nguyén té da luong tdi phép do. Két qua dinh lugng trén mau thyc
té cho thay c6 thé phan tich dong thoi cac chi tiéu Sn, W, As, Bi chinh xac, nhanh chong, giam
chi phi phuc vu t6t cho cong tac diéu tra co ban dia chat va tim kiém khoang san. Bén canh do,
cling nhan thiy phuong phap ICP-OES c6 ‘nhiing uu diém hon han cac phuong phap trudc day
thudng st dung, mang lai nhitng loi ich thiét thuc cho cong cudc hién dai hoa, hoi nhap qudc té.
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