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F G 1 K, W T4, T Ce T2 ) M AEZLiZE
M, S5 F T2 K, V.

1 LR
1.1 SR

LDE!1 fil TAP 43t df ik & H A<+ (JEOL) H
T-HE R T F U R WIF /6 k. LDEL 4306
At A R0 R 2 43016 A R B 2 A 0 B a5, XA
LATHOREE R, BSUR PR S, 5 2 B F R IT
FIEL M2 . TAP 40 i (R FE 85 43 BT 55 40, X
SRR BERAR, (A Hr s . SEPRa AT F ot
RO, T2 O RS AR T 4T

HRAE JEOL HL F R SR A 9 F 5k i e 3 T
FK,. PKyo:— B £k [ﬁﬁﬁ(PKaﬁ)] F1Ce M, NSNS
(1) LA K % 1% LDEL #1 TAP #i #h 43 6 K B9 L A4
(F D)o L EEFESBEHT SR 26 S A O A5 9 1
[P REES, L AR ARG R

#1 FK,. PK,3. CeM I K (fl LDEIfil TAP
PRI e AT BRI L A6
Table I The wavelength (1) of FK,, P Ky3), and Ce My and L
values corresponding to LDE1 and TAP crystals.

L= Bn/l (mm)
=prsk A (nm) d
LDE1 TAP
FK, 1.832 85.493 199.154
PK,@3) 0.6158~1.832+3 86.212 200.828
Ce Mg 1.835 85.633 199.48

XFRE S FL P, Ce LR, FKMP Ky
Ce M jiI&7E LDE1 7006 AR R I Ik JF (3 1);
F K, Fl P Ko SR AE TAP 4356 b AA 5 e 2] L 43
Y, HF K, flCe M i Tvk X 4o b T iE—257
FERIRAIE F 3R T4 LA F K 350 0 THERLRE, A
PR JE AT, B KA. InP, CeAl,., LaF; #t47 @& Al
TE T

F2 ARLTBMMTPE, Py Ce ZRCRAIBRIKE

AR 52 AR df R B [ MAC 2 B AR R :
JEA . InP, KA. CeAly, LaFy(3£ 2). MUEAFER
THEB M Ce TR, F LR FRARMREHEE T 0, &
AR E BTG InP BESH AT Ce I F LR, &
W PITER, FTHRIE P CE SN F ou R &[]
(TP s Bl KA R i PSS PL Ce X T F ot
R TG CeAl, FEih T Ce JTTR M B ILES,
HAE F AP JCE, HITHIE Ce JLRIELXT F LR
WA I TP B0 LaFs b2 iiorh & F oo, A5 P
Fil Ce TLHR, AT RBI A Lu R ELIHITE
T4k
1.2 LA

EVETTERTIT R R R B sk 517 2
Yy 5 Bl 27 i 58 v 58 B, XA A JEOL Y JXA -
iHP200F & $1 L F#%F . CeAl,. LaF, [ 5iE 52K
TEARERAF T 5 e 1o 20 2 ) RN B4 2 e 52 B, 5%
4543 9k JEOL JXA-8530F 37 & 5 iy FHR 41 A
TXA-8230 H5 4T 22 ¥ F 3R, 03X 5% 14 Ay okt # e
15kV, H%i 30nA, 2K 30um, 5 B H}E 2000ms. 43
JeiuiAR LDE1 Al TAP,

MhE A TR R3S R A R 5EAT
I EVSEI, AR JEOL JTXA-8230 23T 22 v 1454t
M 45 120 g s FL R 15KV, B3 10nA, HEBE Spum,
BRI R FH ZAF RO B B 1E (35 3).

2 iR
2.1 TAP Hl LDE1 536 A T

435 ] TAP A1 LDE1 436 S A ph 2 4 .
JKA . InP FE S HEAT F oG35 4 30 1 S B
(B 1 FE 2),

TAP 536 A 1 5 M A3 i 1 v (B 1), B IR
AP Ko FIF K, 3 W6 52 42 50 FF 5 InP BESL A F
JGE, R B3 EIFE F oG R MG EA /N, R
POCE B TR W JhE ik b F oo K g 4k
R T JEF K WA, A Ce M, il . P L E MY P2

Table 2 Mass concentrations of elements F, P, and Ce in the experimental samples used in this paper.

SCRRE S JUE F &it(%) JUE P (%) JLE Ce &t(%) P2 o R A
E A RAEHEE 0 13.14 29.56 & Ce. P KF
InP 0 21.17 0 HP.ATF. Ce
B A 3.70 16.47 0.75 % F.Ce.P
CeAl, 0 0 72.23 % Ce, NI F. P
LaF, 29.51 0 0 T F, A% Ce. P
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Table 3 Quantitative analysis conditions of monazite.
pive 3 Syt A THEIE ] (s) BRI (s) FRERE FRUERE SRR LR
u PETJ 10 5 g E F ) 5 M,
Th PETJ 10 5 Th SPI M,
Ca PETJ 10 5 WA SPI K,
La PETJ 10 5 MhEA SPI L,
Ce PETJ 10 5 EA SPI L,
Si TAP 10 5 PaE SPI K,
Gd LIFH 10 5 Gd SPI L,
Dy LIFH 10 5 MEA SPI L,
Sm LIFH 10 5 MhEA SPI L,
Pr LIFH 10 5 PrF, SPI Ly
Nd LIFH 10 5 MhEA SPI L,
F LDEI 10 5 WA SPI K,
Pb PETH 10 5 kil SPI M,
p PETH 10 5 WA SPI K,
Y PETH 10 5 Y SPI L,
400 F P Ku(J) Ch2 TAP m%ﬁ#‘jj( ([z] 1)0 ﬂ‘ﬁﬁaﬂlﬁ F Kaﬂ’:‘ﬂP Ka(S)ijEj%m%Tf TAP é'}
— KA 6 b AT I AT LIX 43, {HF K, Fl Ce M 35 U6 TG 15
—_ — InP
2 L JAN
g 30 HEF o1t
o
< - LDE1 706 ah i i) Mo i v (1 2), XFF
g InP # i, 76 F K W07 4b 58 408 15 55 s Tl R A Fl
=] N S,
~ 100 | @ijf(aﬁ‘i% H1, Ce M, IIF K, %58 2T A, P Ky F
K SN]RI3 : F K, i&I§7E LDEL 43
0

Bl MEG. InP AR ORI TAP e etk

Srpri R

Fig. 1 Qualitative analysis spectra of monazite, InP, and apatite
standard samples using TAP crystal.
FK.ceM, Ch2 LDEI1
1600 | — BERA
e — InP
2 AT
S 1200 |
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B |
2800 p
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400 |,
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B2 s, P FIBEARGARHERESHIN) LDET S0k b 1
Vigiiti=15]

Fig.2 Qualitative analysis spectra of monazite, InP, and apatite
standard samples using LDE1 crystal.
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Fig. 3 Qualitative analysis spectra of CeAl, sample using
LDE1 crystal.
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5 BE AR X, FBE LT 1 s 1.

f#iF LDEL 436 AR5 BT Ce JCE & 12 R I AE
mn i, HCe M, FIF K, i 0658 2 84, IF HF Y & 1F
HE K IR FR

Xf LaF, B dh #4752 P M (B 4), AT LA
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e
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Fig. 4 Qualitative analysis spectrogram of LaF; standard

sample using LDEI crystal.

10000 .
(al) TR g, PET
8000 |
=
£
2 6000 f
=
Z 4000 |
[}
g
2000 |
0 : . . :
86 88 90 92
L(mm)
(b K,
all
§ CuKyy
Q
I 1

2] 4 6 8 10
Base level Window width

Energy(V)

La M, FlIF K, 308 2 43 FF Y, La M, FlLa M 3% i AH
X5 BE AR AR 1 2 1, DAIINTT B IE T AR SO Ce M
B AT . G H R TR M L BEE Lo B A
M BB IS L WA X 5255, 5 T B B . 55 |, M,
T R 50 AR, B 5 ML (5 B AR Y, 246 + e R
& B, M OBEZIE M, . My . M, IR AT
REXT R TC R Mg as il T4
2.3 Ce JLRIGLAT F e RGN THUBIE 7 P
MMATCER FARHIE X B S —Fhal 2L
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Fig. 5 Conventional methods for avoiding spectral line interference: (al), (a2) The difference of the PET and LIF crystals in the

spectral lines of BaTiO;; (b) The function of PHA; (c) The interference correction function.
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R ok s BE A3 B A 0 T BR AN SR, i U T RAE
(1% 5b)o AU AB T I 2 2ok A 0 PR S 4
N (1 5¢).

WS ASCEEST (B 1, B 2) il F LR TE
TAP 4356 AR LAE A 199.154mm, 7E LDEL 43¢
fm Y L {H N 85.493mm, Ce M, FIF K, %14 7FE TAP
F LDE1 43 bR S b ¥ Jeik o . WA RE 58
SHEBRAE A A F OoE, BRI F TR AL,
ELCEE, PR R0 AR B2 5 9 LDEL 2306 i
TRMNGR F JTZ, %185 Ce M, i FIF K, 214 0 —
Bk, e A ], ko es B2 43 AT (PHA) PR HIATTR,
T AAS SCR TR AE TE 5 v, BB BRI .

B, EHEE FIOLREANE Ce LR MIRFE
(#A), /] LDEL 50 CAATE S A 134T F J0HR S
W, B 2E F K, BHERRIEAL: Ley, s

5 0, EHEE Ce TREANTE F IR MR
(CeAly), ffi | LDEI1 43 J% i K #£ CeAl, I, W] &
Ce M WETE Ly, {7 B AR HTT 50 J5 B BRI ] | B
DEATR T AT HRUE: NSIR, ey o IS, $E9% PET 43¢
A A i Ce L, WAE e KA ANTER H 55 Y
BN A BRSO AT AR NSID o 3R, BT
#H# L {E (Ratio) : Ratio = N&\, ry /NS 3

55 =20, I R AR b 7 L, 07 B AL FIBR LT
S PSR [] L SR A R BT ERE: Ny, (R
W PET 4306 i (4 5 Ce L, W 7E H B K AR A b
FIBR AT 55 09 BAAL A [) L BRSO T 93 AR (A
Nowt o F ITRIET RN (Net) £

N (Net) = NJ§ —Ratiox Nyt =

Unk Std Std Unk
NFKu - NCeMC /FKu/NCeLu X NCeLu

JEOL Hi 484 H W 4K Interference Correction
RREGAT L IR LR e Sl Ratio fH, 7E#EAT
FE AT BT IR TR RS2
2.4 SERIHIEER

AR SO A A AT T E BT ( 4). Ce,0s
()55 BN 24.87%, 114 Ce M, X F K, i 6 T4/, F
JCE MG R LSRN 0.55%, @it T B IER, F ot
REIERHK 0.01%. Ik, TP EAhE) F ook
B, D0 12 Ce ML IR T4t 1, 336 - f
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Table 4 Quantitative analysis results of monazite before and

after removing the interference of Ce M peak on FK,.

i R Ce T YL 4t HBR Ce THLJ5 it
Element Mass(%) Cation Mass(%) Cation
P,05 26.84 5.53 26.85 5.53
Ce,04 24.85 2.21 24.87 2.21
ThO, 11.98 0.66 11.98 0.66
Nd,O4 11.03 0.96 11.03 0.96
La,O, 9.72 0.87 9.71 0.87
Sm, 0, 3.31 0.28 3.31 0.28
Pr,0, 2.82 0.25 2.81 0.25
Gd,0, 2.59 0.21 2.59 0.21
Y,0; 2.09 0.27 2.09 0.27
SiO, 1.8 0.44 1.8 0.44
Dy,0, 091 0.07 0.91 0.07
CaO 0.89 0.23 0.89 0.23
F 0.55 0.42 0.01 0.01
=0 -0.23 — —0.01 —
uo, 0.52 0.03 0.52 0.03
PbO 0.30 0.02 0.30 0.02
Total 99.96 12.44 99.66 12.04
0. T
3 &g

ffiF TAP F1 LDE1 S0 st A7 | B A
InP. CeAl,, LaF; S8t a4 T 1 PEFE 5017, 15
A,

(1) F K TP Ko iU FE TAP 43 i (4477 455
ﬂ VA é} ﬂ:; }E I/b\ i , FK,. P Kq@)%ﬂCe Mgijgﬁf ﬂl% 7{
LDE1 4306 fb AR 477 5 v Jo ik 43 JF, (R A SCSEBGIE B,
P Ko X F K, 304 AYS FH n] Z00%

(2) F K 1 Ce M jii j 5 Ay, [H e [ fisf
&4 Ce fl F JLRMFES, 7EHE1T F 0 HR M 7522
FECe MR MR R, k4T “THRIEIEIE" .

() W £ICE M L e o B A X B, (2
M BB ko B AL, PIRE S4BT R AT
W E, AT EM.
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Interference of the Spectral Line M, in the M Energy Level Series of Ce on
the F Element K, Peak in Monazite Samples

OIU Suwen', HU Jinsheng®, SHI Guangyu®, RAO Can', ZHANG Xiaofeng', XU Wentan®
(1. Research Center for Earth and Planetary Material Sciences, School of Earth Sciences, Zhejiang University,
Hangzhou 310058, China;
2. JEOL (BEIJING) Co., Ltd., Beijing 100089, China;
3. Wuhan Sample Solution Analytical Technology Co., Ltd., Wuhan 430205, China;
4. Central Iron and Steel Research Institute Co., Ltd., Beijing 100081, China;
5. School of Earth Sciences, Institute of Disaster Prevention, Sanhe 065201, China)

HIGHLIGHTS

(1) The interference of the third-order line of P K, to the F K, line can be ignored.

(2) The F K, line and the Ce M, line are seriously overlapped, and “Interference Correction” is an effective method.
(3) The interference of the M-level spectral lines (including M,, My, M,) of rare earth elements on the peak of ultra-

light elements needs to be taken seriously

ABSTRACT: Quantitative analysis of the ultra-light element fluorine (F) has always been one of the difficulties in
electron probe microanalysis (EPMA). High-resolution qualitative analysis and proper subtraction of spectral
interferences from major elements are prerequisites for accurate F quantification. This study focuses on F in
monazite samples with very low F content or even close to 0. Through comparison and analysis of high-resolution
qualitative analysis spectra with apatite, InP, CeAl,, and LaF; samples, it is found that the third-order line of high-
content P K, does not interfere with the F K, peak, but the spectral line M, of the M energy level series of Ce
interferes with the F K, peak. Monazite with high Ce content needs accurate quantitative analysis of F through
interference peak subtraction. The interference of the M-level spectral lines (including M,, My, M,) of rare earth
elements on ultra-light element peaks needs to be taken seriously, and the necessary interference correction should
be made through qualitative analysis of the spectra.

KEY WORDS: electron probe microanalysis; qualitative analysis; monazite; apatite; interference peak subtraction
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