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Correction for Na Migration Effects in Silicate Glasses During Electron
Microprobe Analysis
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Abstract: Electron bombardment to silicate glass during electron probe microanalysis (EPMA) causes
outward migration of Na from the excitation volume and subsequent decrease in the measured X-ray count
rates of Na. To acquire precise Na,O content of silicate glass, one should use proper analytical technique to
avoid or minimize Na migration effect or should correct for decreases in the measured Na X-ray counts. In
this study, we analyzed 8 silicate glass standard samples using automated Time Dependent Intensity (TDI)
correction method of Probe for EPMA software that can calculate zero-time intercept by extrapolating X-ray
count changes over analysis time. We evaluated an accuracy of TDI correction for Na measurements of silicate
glasses with EPMA at 15 kV acceleration voltage and 20 nA probe current electron beam, which is commonly
utilized analytical condition for geological samples. Results show that Na loss can be avoided with 20 pm-
sized large beam (<0.1 nA/um?), thus silicate glasses can be analyzed without TDI correction. When the
beam size is smaller than 10 pm, Na loss results in large relative errors up to -55% of Na,O values without
correction. By applying TDI corrections, we can acquire Na,O values close to the reference values with
relative errors of ~ £10%. Use of weighted linear-fit can reduce relative errors down to £6%. Thus, quantitative
analysis of silicate glasses with EPMA is required for TDI correction for alkali elements such as Na and K.
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A& v £ 7] (Electron Probe Micro Analysis;
EPMA)E °|-§3 B&2] st 24 A 240l =
A Ao XM =4 A7 (intensity) 7T A1 Zko] Al
whE} Zastal o] 2 18l FHe] AART AA 4
He @42 28 A3 €A $ithLineweaver,
1963; Varshneya et al., 1966; Vassamillet and Caldwell,
1969). A1 A S-goflX= 72k F2ld AlE (Borom
and Hanneman, 1967; Nielsen and Sigurdsson, 1981;
Spray and Rae, 1995; Zhang et al., 2016), <13]4]
(Goldoff et al., 2012; Stock et al., 2015), B4t
E(Zhang et al., 2019) SollA 278 A7) Wl Kol
it ¥is) A, o8 AR ol ==t 2
Zo M A F8] (silicate glass)E ¥4 v g2
A&, 53] Naol XM 4 M717F Askar -S4l Si,
Al 5 O 949 X A7 F7kete EAlE 7P
Z5A A5 Y the.g. Morgan and London, 1996).
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HREE it} 429 Time Dependent Intensity correction
(°]13F TDI B4 2 A7k w2 XA A7) Wslks 715
3l AAE A DL o] FAAE AlZko] 091 o R
atsled 43 229 XA Al 7] (zero-time intensity)
£ 24 71 ¥4 (matrix correction) ALl ARE-Sl=
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London, 1996). TDI ®8-& AR5l 714741t AF
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EEshE BA HE A7t g oA Yo A
gof gigh Aol AR E & o] FoA YA &
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EPMA7} Al Zsh= 21539 TDI E4HS o] &3 8
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Table 1. Glass standard materials used in this study

Name Na,0O (wt%) Type Composition Source Method Reference
Corning A 14.30 Synthetic - Smithsonian Institution ICP-OES Vicenzi et al. (2002)
Corning B 17.00 Synthetic - Smithsonian Institution ICP-OES Vicenzi et al. (2002)

SGT11 13.60  Synthetic - The Society of Glass Technology XRF Saijo et al. (2021)

81003G 8.96 Natural  phonolitic ~ Erebus volcano in Antarctica EPMA* Kelly et al. (2008)
VG-568 3.75 Natural rhyolitic Smithsonian Institution Wet chemistry Jarosewich et al. (1980)
VG-2 2.62 Natural basaltic Smithsonian Institution Wet chemistry Jarosewich et al. (1980)
A-99 2.66 Natural basaltic Smithsonian Institution Wet chemistry Jarosewich et al. (1980)
NMNH113716 248 Natural basaltic Smithsonian Institution Wet chemistry Jarosewich ef al. (1980)

A 25 pm beam at 15 kV and 10 nA was used to prevent Na migration.

37H(Na,0 ¥ 9] 13.6~17.0 wt%)°lth. A 2] A&
Z= VG-2, A-99, NMNH113716 37/l& At 2o =

Hrad freel gt VG568 i dd,
81003GE= Fiz2to] EA (phonolitic)o|th. A f-2] Al

g 9l= E5F F54 (anhydrous)QlH] 7]& AFA
=4 (hydrous) ] oA dojuhe= 28] 949 &
T 7 A oA Bo o Akl dEA
A]WH(Morgan and London, 2005), ¥ 917-o|4]:= TDI
B4 a3 B8] AFsh] 28l - fEwe ol
o= 53

=4

T frelel AR 8kek B4 SR A A X
H AAWA AAA R4 7] (Field Emission EPMA,
JEOL JXA-8530F)2 AM&-IAth. & 571¢] obd w4k
%52 7](Wavelength Dispersive Spectrometer;
WDS)E o]&3ll 107]9] 948 S8, AMggE =

£eh2 TAPH(Na, Mg), TAP(Si, Al), PETL(K, Ca),
LiF(Fe, Mn), LiFH(Cr, Ti)eIt}. 7121 15 kv, A+F
Al7] 20 nAS] AAPE ARSI R disol o
2105 ERI37| $181e] ® =715 20 um, 10 pum, 5 pm,
3um, 1 pme] oA BAIZ U S35 W 271
oA Zxle] HF W= 77} 0.06, 0.25, 1.02, 2.83,
25.46 nA/um?0|t}. Z44& Xeray 324 20%, Z}F ]
9] oA wagte=E 77t 1024 F4sAL
TDI BAS fl8lA 241 AlZE 2025 107]9] 77ke =
wro] wf 2 Zebot SA7LS 71SskES ST #5
A& A4 (quartz)Z 2534 (augite) 2.2 Si, T34
(rutile)>Z Ti, 73 (corundum)O-Z Al, | =FEfo|E
(eskolaite)Z Cr, 7 (fayalite) 2.2 Fe, W7H=Ab
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FEAmic} 2FE 7127 (chart recorder)E ©]-&3f XA Al Hke] W3} Zgko] A o o T8kl TR0l &
7] MiskE AZPER V)85t o8 AHET R 2 ¥ &S+ Probe for EPMAS] TDI EA-2 o] & ®F
ARl y-EAE Fake A AR FH B XA A Fat7] flall 2Rke] 83kl o 7sAlE ol A
712 CalcZAF 59 AZEYo]Z o) &3) 7184 A AHES = s S-S AZet) o] L 7hg X
AXE M= Fadsiof sict, < 715% TDI 7H-ES] /H5E AREA T Folgh e

Nielsen} Sigurdsson (1981)= 212 A|£5 EPMA 7F&X] (weighting factor)The RHE3IA S A AL

2 BAgk o) 92 94 Natk Ko XA =23 4717} 313, T WA 7|2% TDI 71EE 71X A2
AZbol| wE} A pH 0B sl AT ERIsl, & 29 Al WA TDI 7HLEE U] 1 A2 =

P XA ANl AAZ2E AS gho] 7ol meh B Wks WaloE AgHth o Sof 1] PR
APH o Wasithy R v Yok ST XA 7129 TDI Z4gte] S w 7HER 42 Heshd 3

A7) Wehe AYosm AgEA e A9t Wol WAl S 4l ulEs) g 2Ale] ALgEl, T
Probe for EPMA2] TDI BA-& &4 A7} 5o 4 HA S50 29 WhE, 180 Al iR SRREE
o) x4 Al7le] AARIE Adk g Aol w2 o] MA T 2 2Abe] AHEEE 4 o]t Table 2
3} @ e AY A5 2ARN 247 097 28 Coming AS 20 nA AR A71S | um ¥ =712 A}
Now RAY XA AE TE ga) 22 D912 109 243 Astsl 4 ()t 2]
e o185} BT Na X4 171 Aol 715518 4

Ly,=e " () g3k gow 24 Al ARz 248 1079

Zhuk ARG ETh Wk /A 102 A g 3 A =

Ly, =e i @ A 109, T WA s, A WA 3, ) WA

B o WA= 2 WiEstel 23 2719 gl 7t

71l [, = WAE XA A7), [, = HAEA 2 FS FE zaw E 287 gho] T4 Akl ALSH
2 28 A7 Eek] XA A7) xe & 24 Ae] 1) o o] AN 7R 102 A8 HENE AL
20]th. e o} A kS ) AfolS v]as] Bkt

TDI e ARG 2ok Yol 54

Table 2. An example of measured TDI counts and corrected Na X-ray intensities calculated by various curve fitting meth-
ods. Weighting factor 10 was used for weighted curve fitting.

Elapsed time (s) 1 (cps/nA) Inl

1 89.09 4.4897

5 67.14 4.2068

8 60.16 4.0970

12 52.28 3.9565

15 46.00 3.8287

19 40.18 3.6933

22 34.46 3.5397

26 30.24 3.4093

30 29.49 3.3841

34 26.03 3.2592

Curve fitting method I, (cps/nA) 1, (cps/nA) b a X (s)

linear 47.54 91.24 -0.03622 - 18
weighted linear 47.54 97.19 -0.03973 - 18
quadratic 47.54 107.60 -0.05508 5.389E+4 18
weighted quadratic 47.54 109.80 -0.05751 6.115E—4 18
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=4l $71E0] A159] Na,0 T3] vldsit). Sizh AlL]
XA Al7] F71= Nadl o522 o37] AJA] Wjol|4] Na®l
o] oM ol thE 94AEe] TRt
o2 F7klk= Zlo] AAFAQl YRIC)A|RE Nao] Eol&
™ Naol| o8 th& 940 XM F7F fadhke A
FEgE ¥ele] = 4 gltH(Morgan and London, 1996).
wehr] T Y94 SMm XA Al7|e] Wyt et
4 & Fig. 20014 E01=% Mgl Cae U5 Al
oAl 24 AlZbel| WE XA A7) S7HE Bl Si,
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Fig. 1. Intensity of Na Ka over elapsed time expressed as a ratio of the intensity (/) over the first recorded initial intensity

value (/).
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Fig. 2. Time dependent intensities of analyzed elements in the glass standard samples by different electron beam sizes. Elements
having no observable changes in X-ray count rates are excluded.
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Korean J. Mineral. Petrol.



AR Ao A= A 2] A5 Na ols &3 B4 463

Kos= 5624 x 10° em?/g, Al Koa= 3151 x 10° em%g, Si Ko=
2070 x 10° cm’/g, Ca Ko+= 274 x 10° cm?/g (Chantler
et al., 2005)3] 212 ¥laspd v faxe] XA 4|71 S7F
Are Naoll &3 A& 5 Al A= vlest=
RS E Ut &, 22 AF 2] dHE AN
3l Na XA 7He7} vig- sl dojube 5ol o
vz o 2 A 7#H T Na, Si, Al £]90] T2 Y49
M= XA 27 Al71o] TDI 2A4o] Bad 5= Q)7
ol AA A= o7 asit.
Vassamillet?} Caldwell (1995)= K &&o] =& 3
4 ] fElol =2 AF 2] AAlS =AY
] XS 44 7|17 B XA A7)V "isleiR] =
£.7] (incubation periody& A%l o K| XAlo] 7
sl7] A&l 73S s o] FErE X
A718] AAIE HskE @ = 2Atsl7] o HA B
EEE TDI 20| FeiA] drhe 2712 35 A5
EtH(Humphreys et al., 2006). ST, 2 ALollA] &

2

ng\_g

2 Bl

d
=

A3 AR Sollxe ARkl met K XA Al717F wsk
P4 S AHE71E BolAl SaL, 22’1 um)el

A& Nazt HIszabA] A7kl wet Zashs 43S &
T AATHFig. 2).

=M AL giHol| e H|

AlZkell whE XA A7) WS 73RS B7] 918l Na XAl
=74 A7 2427t 713 19 Corning B AIEE | um
Hog BAM3S e A3E Fig 39 E=A 8T
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oZRE AU RS W] AAE R S ol83) H]
W3H K-S AQ8la BE dago] AYPgrRT o
21k FAIE w2t Nielsen Sigurdsson (1981)0]
Na XA A1718] A= gho] A7kl wha} Ao
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ofubE 497 BeS S1E o Qv webd wses]
AP Trrte ARgEl =09 wo] RS FH s
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Fig. 3. Fitting method comparison between linear fit and quadratic fit of Corning B glass with 1 um electron beam. R-squared

values are presented.
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AL AR F Uk AYFFE AR B Nal
HAA| 7} Zo} Na,02] ghol AR R AA el Si,
Al, Ca, Mg B7o| F3A| o]Foix HAA R A
2799 Ao= daett e TDI R3S A4 &
Aol 88w YAEE XA A7] Wel FA1E AF
18k AHE 2AL WS AEls) ok gk Nask K
X8 XA A717F 2Aske 94U Si, Al Ca, MgA &
XA A7 B7ksRe A% 5 Aol wet XA A7)
7} ®ishs BE 940 tiste] TDI 248 A &3lof
T ATh(Fig. 3).

TDI 282| H&=

Z} A &2 Na,0 32 TDI HAL AA ALtsl
U3 71E % (reference value)?} Blw3dt A3E W =1
719} 578 el wet vro] Table 39 AgE]sHoict.
20 pm 71| S ARESS woll= TDI B4 glo|=
RE A8 Na 2 glo] 7155kl vz 2 94X
ke AAE Btk o] o Aol AR/ YEE 0.06
nA/um?® o|BL2 o]} FAFslA ]i‘:]' Hop e A
F 9Eo] AApS A3 Na =4S ¥]8kaL TDI
B4 glo] fel AEe] Na s Aged S48

Table 3. Na,O contents (wt%) of silicate glass standards corrected for Time Dependent Intensity (TDI) effects

Corning A Coming B 81003G VG-2 A-99  NMNHI13716 VG-568 SGT11
Reference value (wt%) — 14.30 17.00 8.96 2.62 2.66 2.48 3.75 13.60
Uncorrected
20 pm 14.11 16.90 8.88 2.61 2.67 2.55 3.86 13.60
10 um 13.52 16.22 8.60 2.56 2.65 2.54 3.72 13.51
5 um 11.73 14.05 7.95 2.55 2.65 2.56 3.54 12.33
3 um 9.75 11.26 7.08 2.55 2.63 2.54 3.41 9.71
1 pm 6.17 7.34 5.35 2.53 2.55 2.52 2.40 6.52
Linear
20 pm 14.46 17.14 9.05 2.62 2.69 2.53 3.90 13.72
10 um 14.24 16.98 9.13 2.56 2.68 2.57 3.89 13.54
5 um 14.35 17.58 9.08 2.55 2.69 2.52 3.84 14.76
3 um 14.96 18.49 9.04 2.56 2.72 2.58 4.02 15.94
1 pm 12.94 16.34 8.27 2.60 2.68 2.50 3.54 13.31
Linear weighted
20 pm 14.43 17.12 9.02 2.62 2.68 2.52 3.84 13.65
10 um 14.18 16.90 9.13 2.58 2.71 2.56 3.86 13.52
5 um 14.23 17.21 9.06 2.53 2.64 2.52 3.82 14.10
3 um 14.65 17.95 9.07 2.57 2.74 2.59 3.99 15.30
1 pm 13.99 17.12 8.62 2.59 2.69 2.51 3.71 14.48
Quadratic
20 pm 14.38 17.12 9.09 2.64 2.64 2.49 3.87 13.57
10 um 14.21 16.81 9.18 2.60 2.77 2.54 3.83 13.73
5 um 14.18 16.80 9.10 2.54 2.61 2.55 3.81 12.88
3 um 14.41 17.40 9.25 2.60 2.75 2.64 3.99 15.19
1 pum 15.54 18.63 9.39 2.54 2.72 2.53 4.00 17.00
Quadratic weighted
20 pm 14.43 17.14 9.00 2.65 2.67 2.51 3.76 13.56
10 um 14.15 16.81 9.15 2.61 2.77 2.57 3.82 13.57
5 um 14.07 16.61 9.06 2.52 2.57 2.55 3.79 12.92
3 um 14.10 17.05 9.18 2.60 2.80 2.65 3.95 14.23
1 pm 16.28 18.80 9.44 2.57 2.72 2.53 4.11 17.17
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2™ o= Morgan?} London (2005)9] A¥}ol= 2
A A|gHct.
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B9 A A4 Na9| 4o WA}, Coming A,
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A EE Na =42 10 um 1S ARE-S o °F 0.8~5.5%
R, 2 BT A WS ARETE AX 1 um WS
A3 35~57%2] wl$- & Na £=4o] @A g},
Na,0 §Fo] 22 d7dd F28d VG2, A-99,
NMNHI113716= 1 pme] 2R H-S AR-5HE 2= Nad]
Edo] FAIE F AS AERE o] TDI BA jlol=
71ER A 2 dX|ske A9E B =2 A

flo

o]7] WA= FA A et thet Na,0 §Hgol
3.75%%) ke H8) VG-568L 1 um UE AMES
o] oF 36%2] Na <=2o] WA Ao 2 u|Fo] & uj
Na 3 o]9]olle f2] A82] Na &4 Aol d3d2
H= 8]lo] S Ao FPH.

ARE-SE TDI B4 ol wa} A4k Na,0 Z2ke}
71Ewe] Al Aols MESE Yepd A9E
Fig. 4o =18}tk 20, 10, 5 um ¥ ZANAHE
SGT11S AQlslH AP e ZAR} oA 2AL &
o ZE ABAA 7155e] £5% At} olUlE o
25z Na,0 T3S A& 4= ASATH(Figs. 4b, 4d). A1
o AR} olalel A HlwshE 2 jole ¢l

7 UEe] MORE o] Al ARe Na£do] Walst  ouf Zhebl MBI O e ARE nan,
A 9F ol§7h e Na @ WEUA AFekd 2] SGTHE The AlgSe) ¥s) nazkel eaph o &
30 - . X
(b) linear (c) linear weighted
25 :

0,
ANaZOcorrected - reference (/0)

0,
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25
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<+ NMNHI113716 210 -

(d) quadratic
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Fig. 4. Relative difference between TDI corrected Na,O content (wt%) and reference value of each standard sample. (a) Uncor-
rected data is shown for comparison. The curve fitting methods used for correction are (b) linear fit, (c) weighted linear fit, (d)

quadratic fit, and (e) weighted quadratic fit.
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3 um P AMES1S W= Na,0 lo] Aukzo g =7
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et oAk & SolME olAE AL wie]
Lap Y 2 AAle] AR U9xrt F95 TDIC
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