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TOM TAT

Trong nghién cizu ndy, thugt toan Claisse — Quintin (C — Q) duwoc img dung dé hiéu chinh
hiéu 1fng matrix trong phan tich hupnh quang tia X cho cadc mdu gom ba thanh phan Cr-Fe-Ni. H¢é
pho ké hupnh quang tia X dwoc sir dung bao gom dau do ban dan Si(Li), tién khuéch dai ITRP, bg
phan tich da kénh ki thudt sé DSA-LX va nguén dong vi phong xa **Am. Cac mau tham khdo dieoc
chudn bi ¢ dang bét véi kich thiée va mdt dé khoi lwong Qiong nhau, nhing cé sw thay doi ham
lrong cuia cac nguyén to Cr, Fe va Ni trong mau. Cac hé sé anh hwong do hiéu ing hdp thy va
tang cwong giira nhiing nguyén té ndy duroc tinh todn dira trén thugt toan C — Q. Tir d6, ham lwong
cuia cac nguyén to Cr, Fe va Ni trong bén mdu khdc nhau dwoe xdc dinh. Két qud dat dweoc cho
thay c6 su phl hop tét giiza ham lwong do dwoc va gia tri tham khao véi dé sai biét twong doi lon
nhat 1a 3,0%; 3,8%:; 0,9% lan Lot cho cac nguyén té Cr, Fe, Ni. Bén canh dé, mét sw khac biét
dang ké dwoc quan st thdy giira két qua phan tich bang phirong phdp chudn ngoai tuyén tinh
(khdng hiéu chinh hiéu ing matrix) va gia tri tham khao véi dé sai biét nrong doi lon nhat 1a
11,4%; 31,7%; 8,3% lan lwot cho cac nguyén to Cr, Fe, Ni. Két qua nay chi ra rang viéc hiéu
chinh hiéu #ng matrix 1a can thiét trong phan tich XRF va thudt toan C — Q c6 thé duroc ing dung
dé phan tich chinh xdc cho truong hop cc mau gom ba thanh phan Cr-Fe-Ni.

Tar khoa: Claisse — Quintin; hiéu ttng matrix; huynh quang tia X

1. Giéi thigu

Huynh quang tia X (X-ray Fluorescence — XRF) la mét phuong phap phan tich dinh
lrong ham lwong cua cac nguyén té trong mau chwa biét. V6i wu diém 1a khdng phé huy
mau va kha ning phan tich nhanh, phuong phap nay da duoc ung dung rong rai trong
nhiéu linh vic nhu cong nghiép, néng nghiép, mai trudng, dia chat, khoa hoc vt liéu va
phap y (Beckhoff, 2006). Tuy nhién, mot vin dé duoc goi 1a hiéu tng matrix phat sinh khi
phan tich XRF cho cdc mau da nguyén to, trong d6 mdi nguyén t6 cd thé lam suy giam
(hdp thy) hoic ting cudng cudng d6 tia X huynh quang cia céc nguyén té khac. Do do,
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viéc hiéu chinh hiéu @ng matrix trong phép phan tich XRF la can thiét dé dat duoc két qua
chinh xac.

Ning luong tia X K, cua cac nguyén té Cr (5,41 keV), Fe (6,40 keV) va Ni (7,48
keV) 1a xap xi nhau, diéu ndy dan dén sy anh huong cua cac hiéu tng hap thu va ting
cudng giita c4c nguyén tb nay duoc thé hién rd rét. Vi du, két qua nghién ciu cua Gillam
va Heal (1952) di cho thay sy anh huong dang ké cuia nguyén té Cr 1én cuong d6 tia X K,
ctia nguyén t5 Fe va nguyén té Ni 1én cuong do tia X K, cia nguyén té Cr khi phan tich
cac mau hop kim Cr-Fe-Ni. Xét trén khia canh hoc thuat, mau gém ba thanh phan Cr-Fe-
Ni 1a trudong hop dién hinh dé khao sat su anh hudng caa hiéu tng matrix trong phan tich
XRF. Bén canh dé, cac nguyén té Cr, Fe va Ni 1a nhiing thanh phan quan trong cua thép
khong gi. Trong nganh cong nghiép thép, ham lwong caa cac nguyén té Cr va Ni trong mau
thép 1a co s¢ dé phan loai thép khéng gi (austenitic, ferritic, duplex, martensitic). Do do,
viéc nghién ctru phuong phap hiéu chinh hiéu tng matrix trong phan tich XRF cho céac
mau gém ba thanh phan Cr-Fe-Ni di thu hat sy quan tdm cua nhiéu nha nghién cau trén
thé gisi (Jongh, 1973; Rasberry, & Heinrich, 1974; Tertian, 1976; Lachance, 1993). O Viét
Nam hién nay, c6 rét it cong b khoa hoc vé viéc hiéu chinh hiéu wng matrix trong phan
tich XRF. Huynh va cong sy (2015) da hiéu chinh hiéu tng matrix cho cac mau hai thanh
phan Fe-Cr bang thuat toan Claisse — Quintin. Tuy nhién, theo su hiéu biét caa nhom tac
gia, cho dén nay van chwa c6 nghién ctru trong nuéc nao thuc hién viéc hiéu chinh hiéu
{rng matrix cho c4c mau ba thanh phan.

Trong nghién cuu nay, chang téi thuc hién viéc hiéu chinh hiéu trng matrix trong
phan tich XRF cho cac mau ba thanh phan Cr-Fe-Ni bang thuat toan Claisse — Quintin. V&
nguyén Ii, thuat toan Claisse — Quintin xem cac hé sé anh huaong khdng 1a mot hang sé
(nhu trong thuat toan Lachance — Traill) ma ching bién dbi theo ham lwong cua mdi
nguyén t6 matrix. Do d6, thudt toan nay s& phu hop khi tng dung dé phan tich cho cac mau
ma ham luong nguyén té bién thién trong khoang rong. Tinh hiéu qua cua thuat toan duoc
danh gia bang cach so séanh két qua phan tich véi gié tri tham khao cua ham lwong nguyén
t trong mau.

2.  Phwong phap tinh toan
2.1. Thugt toan Claisse — Quintin

Trong thuat toan C — Q (Claisse, & Quintin, 1967), méi lién hé gitta ham luong cua
nguyén t6 i (Ci) va cuong do tuong dbi cua nguyén t6 i duoc xac dinh theo phuong trinh nhur
sau:

C,= R, 142 (a,a,Cy ) O+, Y, 2 C G | 1)
trong d6: Cj va Ck 12 ham luong cua cac nguyén t matrix;

Cw la tong ham lugng matrix;

aij, aijj Va aijk 1 cac hé s anh huéng cua matrix ddi véi nguyén té i;

Ri 1a cuong d6 twong d6i cuia nguyén té i va duoc xac dinh bai phuong trinh:
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l;
Ri= I 2

véi li va i) 1a cuong d6 tia X dic trung cua nguyén to i trong mau phan tich va mau tinh
khiét. Trong trudng hop khong ¢6 mau tinh khiét, cuong d6 twong ddi cua nguyén td i
dugc xac dinh dwa vao mau so sanh voi ham luong da biét:

|

R, =|_iWi,st (3)

trong do, list VA Wist1a cuong do va ham luong ciia nguyén td i trong mau so sanh.
Hé s6 ajj va ajj duoc xac dinh tir b mau so sanh hai thanh phan i va j. Khi do,
phuong trinh (1) trg thanh:

i,st

C= Ri[1+cj(aij +aijj'CM)] = Ri[l+Cj(aij +aijj'Cj)] (4)
Phuong trinh (4) ¢6 thé duoc viét lai thanh:
=h-1=a;.C 4y C, (%)

Céc hé s6 anh hudng ajj va aijj dugc xac dinh bang cach 1am khop gia tri %-1 theo

ham lugng Cjdua trén phuong trinh (5).
Hé s aijk trong phuong trinh (1) dugc xac dinh tir b mau so sanh ba thanh phan da
biét trudc ham lwong cac nguyén té Ci, Cj, C.

C=R; [1‘*' (aij +aiijM) Cj+ (aik +aikaM) Cct+ aijijCk +aikaka:| (6)
V6i céc hé sb hiéu chinh ajj, aijj va aij tinh duoc tir bd mau so sanh, ham luong Ci, Cj
va Ci trong mau phan tich dugc tinh theo cac phwong trinh sau:

C"V=R, [1"' (aij+a 'C(n;)) CP + (aik +aikkc(nr)|)) C +a,CP"CY +aika(kn)C(kn):| (7)

ijj

(n+1) — (n) (n+1) () () (n+1) ~(n) (Wrel)
o _Rj[1+ (a;+2;,CY) C™ + (a2, CY ) C¥ +a, CICY +a,,C! ck} (8)

jii
(n+1) — (n) (n+1) (n) (n+1) (n+1) ~(n+1) (n+1) ~(n+1)
Ck _Rk |:1+ (akj+akijM ) Cj + (aki +akiiCM ) Ci + a‘kjicj Ci +akiiCi Ci :| (9)

Sai sb tuyét dbi cua ham lwong cua cac nguyén té i, j, k trong mau phan tich dwoc

tinh toan dua trén phuwong phép truyén sai s6 tir cac phuong trinh (7), (8), (9).
Quy trinh hiéu chinh hiéu &ng matrix trong mau gém ba thanh phan trén co so ap
dung thuat toan C — Q dugc mo6 ta nhu sau:

Buéc 1. Po cudng d6 tia X dic trung ciia c4c nguyén té trong mau phan tich va mau
chuan hay mau so sanh.

Buéc 2. Tinh cudng do twong dbi cua ting nguyén té thanh phan theo phuong trinh
(2) hoac (3).
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Bueéc 3. Tinh hé sb aijva aijj theo phuong trinh (5) dua vao dir liéu thu dugc tir bo mau
so sanh hai thanh phan.

Bueéc 4. Xac dinh hé s6 aij theo phwong trinh (6) dwa vao dir liéu thu dugc tir mau so
sanh ba thanh phan.

Buéc 5. Tinh ham lwong Ci ciia nguyén t i va sai s6 twong (ing trong mau phan tich
theo phuong trinh (7) véi gié tri ham luong nguyén té j va k khai tao 1a R;j va Ru.

Buéc 6. Tinh ham lwong Cj cua nguyén td j va sai s6 twong tng trong mau phan tich
theo phwong trinh (8) véi gia tri ham lwong nguyén t6 k khai tao 12 Rx.

Buéc 7. Tinh ham luong Ck ciia nguyén té k va sai s6 twong tng trong mau phan tich
theo phuong trinh (9).

Bueéc 8. Lap lai bude 5, 6 va 7 nhiéu lan dén khi gid tri gia tri ham luong nguyén t6 hoi tu.
2.2. Phwong phdp chudn ngogi tuyén tinh

M&i lién hé giira cudng do tia X dic trung va ham luong cua nguyén td i dugc thé
hién trong phuong trinh Sherman nhu sau (Sherman, 1955):

]

siny,  siny,
l; (E;)=Q;G,l,C, (10)
(E)=QuGols a(Ey), H(E)
siny,  siny,
voi Q=B ¢ o p MEJRL, ¢ g =[[[ dsde,d L 0(E) 1ahieu
if A7 ki ki 4 I, ki =ki™ 0 1 Zsin\lll’ i J

suat ghi cua dau do ddi véi nang lugng Ei; t,, 1a hé s hap thu khdi quang dién cua nguyén
t6 i ung voi 16p K; o, 1a hiéu suat phat huynh quang tir I6p K cta nguyén t6 i; f la ti lé
gitta cuong do mot vach dbi vai toan bo 16p phan tich; wi 1a ham lwong caa nguyén té i; p
la mat do khoi lugng ciia mau; p(E, ) va u(E,) 1a hé s6 suy giam khdi tng véi niang luong
Eo va Ei; w1, w2 la goc t6i cua tia X so cap va goc 16 cua tia X thir cap.

Xét trudng hop mau day vé han va ngudn kich thich don niang duoc sir dung, phuong

trinh (10) dwoc bién di thanh:
C.
1, (E;)=K | (11)
(B n(E)
siny, siny,

Véi K=G,1,Q,

Phuong trinh (11) cho thiy ring, trong trudng hop cac mau so sanh cé thanh phan
tuong ty nhau thi cudng d6 cua tia X huynh quang cua nguyén té i thu dwoc tir mau ¢6 méi
lién hé tuyén tinh voi ham lwong nguyén té i. Dua trén co so li thuyét nay, mot phuong
phap duoc goi la chuin ngoai tuyén tinh di duoc dé xuit dé xac dinh ham lugng cua
nguyén t i.
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Trong phuong phap chuin ngoai tuyén tinh, mot bd mau so sanh c6 thanh phan
matrix twong tu Voi mau phén tich duoc sir dung dé xay dung dudng chuan tuyén tinh giira
cudng do tia X huynh quang va ham luong cia nguyén t quan tam.

l.=a+b*C. (12)

Ham luong nguyén t6 Ci trong mau phan tich duoc tinh dwa vao phuong trinh duong
chuan (12) véi cudng do tia X dic trung Ii thu duogc tir thuc nghiém.

Sai s6 tuyét dbi cua ham luong cia nguyén té i trong mau phan tich dwoc tinh bang
phuong phap truyén sai s6 tir phuong trinh (12).

3. Thuc nghiém
3.1. Chudn bj mdu

Céac mau str dung trong nghién ctru nay duoc chuan bj tir cc hoa chat Fe2Os, Cr03 va
Ni2O3 & dang bot véi do tinh khiét trén 99%. Céc hda chit nay dwoc pha tron véi céc ti 18
khac nhau dé tao thanh 3 miu so sanh don chat (CR, FE, NI), 21 mau so sanh hai thanh phan
(CF, FN, CN), 4 mau so sanh ba thanh phan (FCN) va 4 mau phan tich (PT). Théng tin ham
lwong cua cac nguyén té Cr, Fe, Ni va O trong bo mau so sanh va mau phan tich duoc trinh
bay trong Bang 1.

Cac mau dugc chuan bi theo quy trinh nhu sau: mdi loai hda chat duoc loc qua ray
mau co kich thudc mat 16 45 pm dé chuan hoa kich thudce hat, sau d6 chung dwoc say bang
dén hong ngoai trong hai gio. Hoa chit sau khi sy khé dugc can bing can phan tich véi do
chinh xac 0,0001g va pha tron theo ti 1& nhu trinh bay trong bang 1. Sau khi pha tron, khoi
lwong miu duoc can bang 10,5 g va duoc nén vao dia chira mau véi bé day 2,3 mm va
duong kinh 50 mm sao cho cac mau tao ra 1a ddng nhat vé khéi luong va kich thuéc. Mat
d6 khéi lwong caa cac mau la xap xi 2,33 g/cm®. Hinh 1 cho thay hinh anh thuc té cua mau
do dugc dung trong nghién cuu.

Bdng 1. Ham lwong c&c nguyén té Cr, Fe, Ni va O trong bé mdu so sanh va madu phan tich
Ham lwgng (0/9)

Ki hiéu mau Cr Fo Ni 0
CR 0,6711 - - 0,3289
FE - 0,7000 - 0,3000
NI - - 0,7108 0,2892

CF1 0,3911 0,2999 - 0,3090
CF2 0,2933 0,3999 - 0,3068
CF3 0,3421 0,3500 - 0,3079
CF4 0,4381 0,2518 - 0,3101
CF5 0,5864 0,1001 - 0,3135
CF6 0,0979 0,5998 - 0,3023
CF7 0,1956 0,4999 - 0,3045
FN1 - 0,3000 0,4062 0,2938
FN2 - 0,4000 0,3047 0,2953
FN3 - 0,3500 0,3554 0,2946
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FN4 - 0,2500 0,4569 0,2931
FNS - 0,1001 0,6092 0,2907
FN6 - 0,5988 0,1028 0,2984
FN7 - 0,5000 0,2031 0,2969
CN1 0,3999 - 0,2954 0,3047
CN2 0,3500 - 0,3472 0,3028
CN3 0,2500 - 0,4512 0,2988
CN4 0,2999 - 0,3992 0,3009
CN5 0,0978 - 0,6092 0,2930
CN6 0,4997 - 0,1917 0,3086
CN7 0,5757 - 0,1127 0,3116
CFN1 0,3241 0,2000 0,1754 0,3005
CFN2 0,2028 0,2502 0,2489 0,2981
CFN3 0,3040 0,1999 0,1961 0,3000
CFN4 0,1521 0,3000 0,2503 0,2976
PT1 0,1823 0,2000 0,3208 0,2969
PT2 0,2027 0,1999 0,3000 0,2974
PT3 0,3546 0,1999 0,1442 0,3013
PT4 0,1602 0,1917 0,3519 0,2962

Hinh 1. Mdu do duwoc sir dung trong nghién cizu

3.2. H¢ phé ké hupnh quang tia X

Hinh 2 biéu dién so d6 bd tri thi nghiém cua hé pho ké huynh quang tia X duoc sir
dung trong nghién ciu. B ngudn ddng vi phong xa 2**Am (do hang Eckert va Ziegler
cung cap) duoc sir dung dé phat ra tia gamma téi kich thich cac nguyén tir bén trong mau
do. B6 ngudn nay gdom c6 3 nguodn diém, véi tong hoat do 1a 50 mCi, duoc dit cach déu
nhau g6c 120° trén mot vong tron ban kinh 12 mm. Mét ng chuan truc bang chi, ¢6 chiéu
dai 50 mm va duong kinh 15 13 5 mm, dugc dat gitta nguon phong xa va dau do dé hap thu
cac tia gamma phét ra tir nguédn di truc tiép dén dau do. Mau do duoc dat vubng goc véi
truc dbi xang cua 6ng chuan truc va nam cach céc ngudn phong xa 15 mm. Pau do béan
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dan Si(Li) loai SL80180 (do hang Canberra cung cip) duoc sir dung dé ghi nhan phé caa
tia X huynh quang phat ra tir mau do. Pau do duoc két ndi vai bo phan tich ki thuat sb
DSA-LX, thiét bi ndy c6 chirc ning cung cap dién ap cao cho dau do, khuéch dai tin hiéu
va phan tich da kénh. Ph6 gamma duoc thu nhan bang phan mém Genie-2k phién ban 3.3.
Viéc xt I dit liéu duoc thuc hién bang phan mém WinAxil (do hdng Canberra cung cap)
dé thu duoc dién tich tai cac dinh quan tdm trong phd do mau. Luu ¥ ring, cac dién tich
dinh nay ti 1& voi cudong do cua tia X huynh quang twong (ng phat ra tir mau dén dau do.
Thoi gian thuc hién cac phép do mau duoc didu chinh dé dat duoc dién tich tai cac dinh
quan tam ti thiéu 12 10° sb dém. Thoi gian chét cho tat ca cac phép do déu nhé hon 0,5%.

R S S e |
i ‘ Miu do ‘ i
i ;
1
1 A X
; Tia gamma t6i Buong mau
1 ¥
i i
1 2 4 A A ]
i Nguon Nguén !
i MHlam, H4lAm, i
0 0 0 0 0 0 e D D A - A e e o

=

-]

i

('hg chuan g Ong chuin
trwec Chi E trwec Chi

e

)

=

mQ

L
Diu do Si(Li)

Hinh 2. So d6 bé tri thi nghiém phan tich hupnh quang tia X

4.  Kétqua vathao luan

Hinh 3 biéu dién phd do XRF cho mau phén tich PT2. Qua d6, ta c6 thé quan sat thiy
cac dinh phd tuong Gng voi cac tia X K, va Ky cia cac nguyén té Cr, Fe, Ni. Tuy nhién,
cac dinh phd twong ng véi cac tia X dic trung cua nguyén té O da khong dwoc quan sat
thy trong tat ca phd do dwoc, mic du rang nguyén té O hién dién trong cac mau véi ham
luong tir 29% — 33% (theo Bang 1). Piéu nay cho thiy ring hé do khong thé phét hién
dugc nguyén té O va day 1a han ché chung cua hau hét cac hé phd ké XRF. Nhu vay, mot
van dé khé khan 1a cac hé s6 anh hudng cua nguyén t6 O I&n nguyén té khéac trong mau
khong thé dugc tinh toan. Trong nghién ciu nay, ching toi boé qua sy anh huéng cua
nguyén t6 O va chi xem xét dén hiéu tng matrix gay ra boi cac nguyén té Cr, Fe, Ni
trong mau.
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20000

15000 5 .

10000

S6 dém

5000 -

Ning lugng (keV)
Hinh 3. Phé do XRF cho mdu PT2
Bang cach thyc hién cac budc dd mé ta trong muc phuong phap tinh toan, hé s anh
huong aij, aij, aijk duoc xac dinh va trinh bay trong Hinh 4 va Bang 2; hé sé cia duong

chuan bang phuong phap chuin ngoai tuyén tinh dugc trinh bay trong Bang 3.

4.0 1 y =-2.6197x% + 7.5107x - 0.1422 0.0 0.6
R? =0.9995 0.00 )
- 3.0 -
g 0.10
[ -0. -
e 2.0 - —
4 n:c 0.20
O 10 - S
(9]
0.0 . . . O -0.30 - y= -0.9153x2 - 0.0054»
: 0.0113
CCr CFe
1.00 - y =-1.159x2 + 0.0907x + 0.9688 3.0 1y =-2.8732x2 + 6.4448x - 0.1715
0.90 - R?=0.9958 R?=0.9953
i Lo |
'20.80 - 520 1
£ £
2 0.70 A g.)i 1.0 -
0.60 -
0-50 T T T 1 0.0 T T 1
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6
cNi cFe
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0.0 0.2 0.4 0.6 0.8 2.5 - y =-0.7624x2 + 3.8431x -
0.10 _W 0.0515
y=-U. X -0. X+ 2.0 - ~
0.0498 R?=0.9996
0.00 - R2=0.999 A 1.5 -
- -
o] £ 1.0 -
&h -0.10 - :2
da 0.5 A
-0.20 -
O-O T T 1
0.0 0.2 0.4 0.6
-0.30 -
cNi CCr
Hinh 4. 6 th xdc dinh hé 6 danh hieong aij, aijj va aij.
Bdng 2. C4c hé sé hiéu chinh ajj, aijj, aij trong phirong phap C-Q
Heé sb Gia tri Heé sb Gia tri
arecr 7,5107 £ 0,2580 acrni -0,2371 + 0,0337
arecrcr -2,6197 + 0,3702 acrNiNi -0,3498 + 0,0460
aFeNi 0,0907 £ 0,1030 aniFe 6,4448 + 0,6587
AFeNiNi -1,1590 + 0,1419 aANiFeFe -2,8732 + 0,9068
acrre -0,0054 + 0,0627 anicr 3,8431 £ 0,1518
acrFeFe -0,9153 + 0,0861 anicrcr -0,7624 + 0,2165
aFeCrNi -3,3992 + 11,1187 acrreNi 2,1205 + 1,6285
aNiCrFe 0,6487 + 1,0466

Bdng 3. Cac hé s cuia dwong chudn ham heong bang phirong phdp chudn ngoai tuyén tinh

Nguyén t6 Fe Cr Ni
Hé s a -1,7664 + 0,1002 0,3087 £ 0, 0168 -0,2699 + 0,1597
Hésd b 13,9727 + 0,4154 5,4241 + 0,0658 9,3939+0,7254

Ham lugng cia cac nguyén td Fe, Cr va Ni va sai s6 tuong (mg duoc tinh toan bang
phwong phap chuan ngoai tuyén tinh va hiéu chinh matrix dya trén thuat toan C — Q duoc
trinh bay trong Bang 4, Bang 5 va Bang 6. Két qua dat dugc cho thay c6 su phu hop tot
gitta ham lugng tinh bang thuat toan C — Q va gi4 tri tham khao véi do sai biét twong dbi
I6n nhét 13 3,0%:; 3,8%: 0,9% lan luot cho cac nguyén tb Cr, Fe, Ni. Bén canh d6, mét su
khéc biét dang ké dugc quan sat thay giira két qua phan tich bang phuwong phap chuan
ngoai tuyén tinh (khdng hiéu chinh hiéu ¢tng matrix) va gia tri tham khao véi d6 sai biét
tuong d6i 1on nhat 1a 11,4%:; 31,7%; 8,3% lan luot cho cac nguyén té Cr, Fe, Ni. Két qua
nay chi ra rang viéc hiéu chinh hiéu (g matrix 1a can thiét trong phan tich XRF; thuat toan
C - Q c6 thé duoc ung dung dé phan tich chinh xac cho truong hop cadc mau gom ba thanh
phan Cr-Fe-Ni va sy hién dién caa nguyén té O khdng gay ra sy anh huong dang ké I1&n két
qua phan tich.
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Bdng 4. So sanh két qua phan tich ham lirong nguyén té Fe tinh tir phirong phép chudn
ngoai tuyén tinh, va hiéu chinh matrix bang thudt toan C-Q véi gia tri tham khao

) Phwong phap chuan ngoai Thuét toan C-Q Gi4 tri tham khio
Mau Ham hrong D sai Ham lwong D sai (90
(9/9) biét (%) (9/9) biét (%)
PT1 0,2388 £ 0,0147 194 0,1924 + 0,0199 3,8 0,20000 + 0,00150
PT2 0,2312 +0,0145 15,6 0,1944 + 0,0205 2,8 0,19995 + 0,00150
PT3 0,1942 + 0,0131 2,9 0,1993 + 0,0191 0,3 0,19994 + 0,00150

PT4 0,2525 + 0,0150 31,7 0,1897 + 0,0189 1,0 0,19168 + 0,00144

Bdng 5. So sanh két qua phan tich ham lirong nguyén té Cr tinh tir phurong phép chudn
ngoai tuyén tinh, va hiéu chinh matrix bang thudt toan C-Q véi gia tri tham khdo

) Phwong phap chuan ng-oz_l-l Thuat toan C-Q | Gi4 tri tham khio
Mau Hamlwong  DPosaibiet  Ham lugng P sai (g/9)
(9/9) (%) (9/9) biét (%)
PT1 0,1763 + 0,0052 3,3 0,1857 +0,0214 18 0,1823 + 0,0014
PT2 0,1973 £ 0,0056 2,7 0,2050 + 0,0221 11 0,2027 = 0,0015
PT3 0,3578 +£0,0071 0,9 0,3562 + 0,0200 0,4 0,3546 + 0,0027
PT4 0,1420 + 0,0045 11,4 0,1554 + 0,0198 3,0 0,1602 + 0,012

Bdng 6. So sanh két qud phan tich ham lirong nguyén té Ni tinh tir phurong phdp chudn
ngoai tuyén tinh, va hiéu chinh matrix bang thudt toan C-Q véi gia tri tham khdo

Ph hép chua [ Thuit toan C-
] wong phap chuan ngoali uat toan C-Q Gia tri tham khio
Mau Hamlwong D saibiét  Ham lwong Pj sai (g/0)
(9/9) (%) (9/9) biét (%)
PT1 0,3389 + 0,0437 5,7 0,3214 + 0,0585 0,2 0,3208 + 0,0024
PT2 0,3106 + 0,0417 3,6 0,2991 + 0,0554 0,3 0,3000 + 0,0023
PT3 0,1476 + 0,0285 2,4 0,1448 + 0,0272 0,9 0,1442 +0,0011
PT4 0,3812 + 0,0469 8,3 0,3514 + 0,0621 0,2 0,3519 + 0,0026

5.  Kétluan

Két qua caa nghién ctu ndy chi ra rang viéc hiéu chinh hiéu tng matrix trong phan
tich XRF 1a can thiét dé dat duoc két qua chinh xac. Ddng thoi, tinh hiéu qua cua thuat
toan Claisse — Quintin cho viéc hiéu chinh hiéu &ng matrix cho c4c mau ba thanh phan Cr-
Fe-Ni dd duoc x&c nhan. B4i véi cac mau duoc khao sat trong nghién cau, su hién dién
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ctia nguyén t6 O trong mau khong gay anh hudng dang ké dén do chinh xac cua két qua
phan tich. Tuy nhién, can c6 nhiing nghién ctru day da hon dé danh gia vé sy anh husng
ctia cc nguy@n té ndm ngoai ving phét hién 18n két qua phan tich. Két qua caa nghién cau
la tién dé dé phat trién ki thuat phan tich XRF cho viéc kiém dinh chat luong cia mau thép
khéng gi.

% Tuyén bé vé quyén loi: CAc tAc gid x4c nhan hoan toan khéng cé xung dét vé quyén loi.

< L& cam on: Nghién ctru nay dwoc tai tro béi Trirong Dai hoc Khoa hoc Tw nhién,
Pai hoc Quéc gia Thanh phé H& Chi Minh trong khuén khé Dé tai nghién cdu khoa hoc
cép Trwong ma sé T2018-32.
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ABSTRACT

In this study, the Claisse — Quintin (C — Q) algorithm was applied to correct the matrix
effects in X-ray fluorescence analysis for Cr-Fe-Ni samples. The X-ray fluorescence spectrometer
used in this study includes a Si(Li) detector, ITRP preamplifier, DSA-LX digital multichannel
analyzer, and #**Am radioisotope sources. Experimental samples were prepared in a powder form
with the same dimensions and density, but there was a change in the concentrations of the Cr, Fe,
and Ni elements in the sample. The influence coefficients due to the absorption and enhancement
effects between these elements were calculated based on the C — Q algorithm. Then, the
concentrations of the Cr, Fe, and Ni elements in four different samples were determined. The
results show that there is an agreement between the measured concentrations and control values
with the maximum relative deviations of 3.0%; 3.8%; and 0.9% for the Cr, Fe, and Ni elements,
respectively. Besides, a significant difference was observed between the results using the linear
calibration method (without correcting the matrix effects) and the control values with the maximum
relative deviations of 11, 4%; 31.7%; and 8.3% for the Cr, Fe, and Ni elements, respectively. The
results show that the correction for the matrix effects is necessary in XRF analysis, and the C - Q
algorithm could be applied for accurate analysis in the case of Cr-Fe-Ni samples.

Keywords: Claisse — Quintin; matrix effects; X-ray fluorescence
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