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Quantitative Analysis of Na by EPMA: Constraints for the
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Abstract: In the quantitative analysis of electron probe microanalysis, Na belongs to the unstable element (heating diffusion
element), so it is difficult to measure accurately. Many works have been done on the problem, for example, quantitative analysis
of Na-bearing glasses and Na-bearing minerals with different crystal structures by electron microprobe shows that the Na count
decreased significantly with the extension of analysis time, and it is recognized that the decrease in the number of Na-bearing
glasses is more obvious than that of Na-bearing minerals, showing that the decrease of Na count is related to the crystal structure of
the sample, but the internal control factors are not clear. Based on previous studies, the typical Na-bearing minerals are studied
with different structures: frame type, ring type, chain type, layered type and amorphous type (Na glass). By analyzing the position,

coordination number, bond type and characteristics of Na atom in different crystal structures, as well as diffusion conditions of Na
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atoms in different crystal structures and additional accompanying anions, the internal reasons for the decrease of Na count were
discussed, and the decreasing degree of Na count in different crystal structures was compared and analyzed. The descending order
of Na counts of Na-bearing minerals with different crystal structures is as follows: noncrystalline>fram layered > circular > single
chain > double chain, with additional anion > no accessory anion, and the Na-bearing minerals with additional anions are larger
than those without accessory anions.Through the comparative analysis of Na count under different test conditions, it is found that
the change of accelerating voltage, beam current and beam spot diameter will have a certain influence on Na counting. Combining
the principle of Na count decrease of Na-bearing minerals with different crystal structures, the optimum analytical conditions for
accurate determination of Na bearing silicate minerals are summarized, that provides a reference for the accurate determination of

Na content in Na bearing minerals.

Key words: Electron Probe Micro Analysis; Na-bearing minerals; crystal structures; decrease of Na counts; high voltage electron

beam; analysis conductions
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HR A& Na 7 235 290 ZFh, (UFERERR
i OBERER . AHEREL | BRIRER . )k (EEESE,
1984a) o H1 T L TR ET 70 M BoAT Gl X 20 A B A2
1M ELJ& T b, PRI ZAE XS X 290 2517 Na
WA, HERRAY RS B BT R AN ]
PRI

TEHL FIREF o A 4k, NaJ& TAREILR
(Y HOCE ), WHRZHEBIE P (cunning ),
MELIXT AT JC R . BT ATEX 7 AR 2 A 4K
ZHMR, % Na BEBE . AN[E SSRGS M 197 Na B
Yy, TEHFIRE M B b, B 3 A st [a] ) 4E
KRS KA Na BTHEC T BER NG A0, JF B4 &
Na B335 5 & Na B9 WA LG, Na THECT RS h
JZH ( Lineweaver, 1963 ; Auteface, 1980 ; Z=FFEE,
1994 ; ZEFREFISROLEE, 1984 5 JRISIHERIEKA,
1988 ; Nnedachi et al., 1976 ; Kato, 1992 ), FH] Na
BT B S5l 0 i AR S R G, (EDR I Y TEFEE
IR IEA KGR . XA 25 F 4T 5200 Na 31
BT FEAIATR LA 2T .

ASCTERT AT A REA |, FERMAZER EkdE
HARERMERZRAR . FRR. 80k RAIREE M kR
ERANAE AR BT Na BIEIE BTN B, R IE 14
TR (NaCl) ST 0T, R A
SR Na THECASE IR o 38 5 AN ] AR RS54 Hh Na
JE ARG TP T A O AR, SRS
FARFERY AT, LGRS A B2 7, IRASR
T3 Na THECF R NTEIR R, XTHE T AR Y SR A
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HL IR ET o AT B TR A A B X P R R A Y 43
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S ATEE AL A BT R A ), B T HERI E % Na
RERERT WO A A 45 0F, A UMERR DI E & Na #”
Yy Na & 242t 2%
IR R IR

AHIFFE i FRE b S R IR L3 1, AT
TER R N AE G B AT R L ALl A5 1 58 i 52
5, TR A TXA-8100 (JEOL ), 4t
K TAP, ASSCMNAAIRE S, Rl R & 15
kV, RGN 20nA, HEEEFE 1 pm, 1EAMAA,
50 QR 1L =5 1 P~ o e 1 = L I AT B2 3
12 BN B SR S s ()RR ERE AR OISR 2R
FIT RIS AR R 15KV, HIE 50 nA, R
BEEARA 10 pm, SRR, ARAERRER R ri]
A NE R 15 KV, HR 10 nA, RBEEAR
A5 um, SCEIERE (Auateface, 1980 ) .
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Table 1  Samples and data sources used in this paper

iR UE/EA S IRAE AR Na,0 /wt% pAEiiE Sl
RIS HES ERERRER R 10.0 JAGIHER KA, 1988
A [ [ AR SR 11.46 JRGIHER KR, ASC
T Auteface 25.2 Auteface, 1980
BREEH HHi AT Auteface 15.9 [ |
A Auteface 9.9 I |
RS A TR A A 9.95 A
HA LT IR A 17.54 FN'g
FOIRGH SA ST ST e =y 11.69 AL
HeREE L il % Auteface 13.8 Auteface, 1980
R RGN P W5 LU BRAEAE B 7.57 AL

b) o TR PR R B B 2 L Si(AD—O(@) U T (44 A
FEAPANL, 25 A SIAYV—O@) PURIAR e, (HE
EIEEEILY . TCPHESIRIRES M, IR K
MR 2, FLACA ARis M An S, R HoA 4%
Al Na™ BRI B R IR Zs 3 v el i
T SiAl—0@) HifAA ST AR AL IS5 T X5
Na" B IS 1, Na® FERIRHPRITF A BE T, 4
fo e L AU A R, Bl SR iR A e
A5 FEAY B Na* K482, PIHFE Na
T E FREg kA (Bl 1ab).
2.2 ZRREHIMNI< A (Na[AISi;Oq))

BORGER K AT (Albite ), H SR S5 Ry o B
DU PREE A% M3 2, DU BREE f PR T TP T {010)
[ (Si,Al—O(4) DUTEAR PR, 5% 6 AR X ) )
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2a ( I KZFEHR R A HVFE, 1978), XFIil
Si(AL)—O, 4 Jig (4 DU T 442, Na*™' b 3 7 3 i 26 10 £
TE = RS E R LR RS B, X Rhaf e
FEJREEEME, Ak, Na™ ZEfTRAs N, B
WAHMET, MEEE TR TR SR MR, Na™
RATEEM AN E HAT SR TR E IS
(& 2b) (JESIHEFTEKF , 1988 ; Auteface, 1980 ) .
PR A B DL S AR A AR, AR TR KR S
TR T Na, HEUCZEAH R 8T 440 F, K
B Na KA 5588 (E2b) .
2.3 &M T HA (Na[AISIO,]Cl,)

Ji8AAT (Sodalite) o J& TALREARI Ry rEmRER , LA
Si(AT—O(4) VU [T A DU 7S P42 1 B ) S5 i 2
( EBESE, 1984) . A MEEM T, SiA)—0@4)

(b)

A Nalf 3

60 120 180 240 300
HUEEGE VS

F1 AR S NafEBRER B FEZEAA (a) F1 (b) AR L2575 Na 28 I IR 8] 254 Nad 50 R FAB I (R BIHERE K A, 1988 )

Fig. 1 Structure of amorphous silicate glass Na-bearing (a) and decrease of Na count in Na-bearing

glass (b) with the extension of measurement time
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Fig.2 (a) Crystal structure of albite; (b) Na counts in albite decrease with the increase of measurement time (Auteface, 1980)
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SO Nad PR BT R BRI ()  Autcface, 1980)
Fig. 3 Crystal structure of sodalite (a), natrolite(b) , and scapolite (¢) (http:/rrff.geo.arizona.edu/AMS/amesd.php ) , decrease of Na counts of
sodalite, natrolite and scapolite with the increase of measuring time (d) ( Auteface, 1980 )
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Ko, Z5G2E0, R Y e R T 2 Prim
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2.4 ZRIREHIRIENFEA (Nay[AlLSi;O, ) - 2H,0)
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o FBESE, 1984) (B 3b). Na B H,0 A7
TEH Si(A)—O(4) P 1A 2 B 19 T BT e Jhiry /oo
WL, XFPLER B RN 2.6 A,
LT AT SRR S 200 ) B, Na B 7 Rl W5 25 1 1)
SMTHE, BAEE A 7RI R FR D Na THERIR A IS
HOEUE T IR BRI . Hx a8 15 K-
Y1, HO0 S35 9.5 wi%, i H0 4135, i
i Na 71T BERIER ™5, 7230 22N Na 9T
BT 50% (P 3d), X4 S8 Na HHECF ™
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[Aly(Al,Si);Sis0,4] (CI1,C0O,,S0,)
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PR TSR 1] bl NP IR, e B AR
B BCAEAT ¢ Bl AE . A BB (SiL,AD—O0(4) DU T
PRI PU 738 (DU TR AT T o Bl ) IREs k. 7
A 2 T AL B 4 7S IR BLAZ Y Na 8 Ca(50+C1)
DLt 4 > Na 5% Ca 845 1) CI( 5% CO,) (Kl 3c) .
JiF 8] B . Na—O(5)C1=2.35, 2.54, 2.85(2) Fil 3.02 A,
(Si,A)—04)=1.61 Fi1 1.67 A ( EBEZE, 1984 ; Deer
etal., 1992) .

EMAEA Na (GH57EH 4 4~ Si—O(4) DY ia AL A%
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B, FHAS 24 Si—0@) MU A Al—0(4) U7
I R RO 25 T v (g i BRI ) o C1 TR
ETEH Si—O@) MU AL R A U 5 3. Na 5 0
M Cl Z Mg A8 T i, gk, 4560
55, MZIAEAEMEIE 2T, ESBUrrilfid
Na THECF BRI (& 3d) .
2.6 ZUREHIHISHEEANa, [Zr(Si,0,)] « 2H,0

5 A (Catapleiite ) J& F 420K JERY b i iR £h
B —5 K ) ( FEEEEE ) 1984b ; Merlino et al.,
2004), FAIRZER B = A4 Si—04) 41 ALY [Si;04] —
JCIY [Zr04) NTAMAR B BDIREE M, SXAE R 254
h HAARZ KL, RO AT SR Y Na
JE 1 HLO0 43+ ([l 4a thRIYLLEAIRIK ), &5
SRAEAE AR S5 14 vh — A T 04 2 TR R4 75 g 225 1]
W BB G R EERR Y R P AR - Na—0(6)=2.51 A,
Zr—O0(6)=2.14 A, Si—0@)=1.62 A, ML, Na 5
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(b)) st T Nali] B A ) 8 RO BRI DL S e ol e 280

Fig. 4 Crystal structure of catapleiite (a) (http://mrff.geo.arizona.edu/AMS/amesd.php ) and decrease of Na counts of catapleiite with the

extension of measuring time (b) (number in brackets is the number of measurement points)
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P AR SCHE, [ ZrOg] /N TH A3 52 3 AR T i B
RIERE, [M(1)0,] FI [M(2)On] 2 i 4 L4 2:1 A HE B
J7 A A, A P BH 25 1 L 1 DIAS [ 234
$2 [Si,0,,]", BIHFELELE 2P (Johnsen et al., 2003;
Rastsvetaeva, 2007) (K 5a, ¢)o

ISP A i A Ak 2 38 X ] Sh(FAT T e
By, Na' R 2R A e, BAHE
TE [Siy0,]"™ ML JLICER v M (1) P B, Al
[Si,00] ¥4 B = JCFR v M(2) A1 M(3) N H R, T H
TER LRI . RO Sh 25K N (1) ~N
(5) EOERMA, M—L R 45 X(1) F1 X(©2) Hhas
110 2 LA RTE 25 [Si00,,1™ 3 3 5 22 ik 3] o i
A (Cl, Fy OHL COy), ANaly B fag 25 1 A B
Fle+ (H0, TREREaBRIK), suidedepidh, 1
XL B A SR R Na (B aBkik ) 2%
Yldzfih, XH4> Na, 7EHFHE TP 2T
3 Na BTHECR T REM) K, 2R o B i F v 4

(b)

&5 jE—f‘—‘rPI'_E HEé(ﬁgé,j—f*@, (a) ﬁﬁ?c!ﬂjﬁ] s (001) i Chttp://rrff.geo.arizona.edu/AMS/amesd.php ) ; (l’)) EF“??%F‘C?EE s (IOO)E (Johnsen, et al., 2003);
(c) BRAEARBE ELAR A AT A Nad RO AR D0 0 5 207 k1)
Fig. 5 Crystal structure of eudialyte, perpendicular to c-axis (a) (http:/rrff.geo.arizona.edu/AMS/amesd.php ) ; parallel to c-axis (b) (Johnsen, et

al., 2003) ; decrease of Na counts of eudialyte by changing the size of spot (c) (number in brackets is the number of measurement points)
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RN A4 Na PTHECT B k85 T EZAE M. 1
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H WAL FAT T ¢ Bl 3 4804 . 439k 4 IKTD
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B i Na—O(8) ZIiiAsE (1€ ), 6 B
Al—0(6) NI A4E (#2406 ) (Kl 6a) (Deer et al.,
1992; FEELE, 1984 ),

Auteface (1980 ) B4 X8 T A [B] B4 S 17 H
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T (100) 7 Na PTHECR FEGGS , 7EJFERTT 60 s Y,

JL AR B 1 xd HoAt 010) F1(001) P4 & 1fi 43
B, B B R A IR, Na BT HECT REIA i,
DL 6d. MBE KL IEE , fESEET (100) 1# &
W, M AT R A S A, Na ZEREBKA, 2020
BTG HEAS S . FR AR B Si—O(4) DU T 4 B A
A1—0(6) /\ TR FREERS B RS A RE M 7M1,
It Na SLARY B LR RIME, X il et f
(100) T Na B340 A O AR N . T £E & T
(001) EAIAHTH (010) B, WREEMRHE TR, X
WA S E A B TP I A 5. XA E ] X
A T A7 0 3RS, AR R Y R 28 07 T AT (100)
FALTET (001 ) FRAGFMIRRZR Z 18] (K] 6d), X EE5L
WA REKY, FEREEREM Erh, NapyiL#
KA AERE S EE 2 ), AT T ARG T
Na B4 B0 B 5k

S —sa A SR A A,
FEH %I Na AR LR, TS0 R A1 B .
29 ZREMMER (KNagAISIO,], )

#41 (Nepheline) [ S ARZEF JE FALRILHY, 75
FEnE, LLSi(A)—O(4) DU T (A 5 7S 2R e BUZ 7S
I REERI BTG, P IEA S B REBRER DY) ( Deer

Na /wt%

X
001

60 120 180 240 300
4 A s

KEl6 i & IARZEFE (a) (100) T; (b) (010) T; (¢) (001) T http://rrff.geo.arizona.edu/AMS/amesd.php
(d) FERE EASIR] i ir b, B 6 o E] S Na b 400 R BRI 0
Fig. 6 Crystal structure of jadeite, (100) face (a) ; (010) face (b); (001) face (c) Chttp:/rrff.geo.arizona.edu/AMS/amesd.php ) ;
decrease of Na counts in different planes of jadeite with the extension of measuring time (d)
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