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X-ray Fluorescence Analysis of TI-Ba-Ca-Cu-O Superconductors
by Microdroplet Analysis—-FP Method

Shigeyuki MoRI and Yoshiro MATSUMOTO

Synopsis :

In the accurate analysis of the superconductor Tl,BayCa,Cu,+,0, —Hereafter, superconductor composi-
tion is written as (2223), when n=2— by X-ray fluorescence spectrometry, the microdroplet analysis
technique combined with the fundamental parameter method has been found to be suitable because of the
following reasons. The superconductor contains both poisonous and high-temperature-volatile thallium,
and has few or no available standards. By this combined method, we determined components in supercon-
ductors (2223) and (2212), and obtained the results below.

1) Specimens were prepared by dissolving 1g of sample with 10ml of nitric acid (1 + 1), followed by
dropping the solution onto formed filter papers asa much oxides as 0.353 mg/cm?.

2) Standards were prepared via the same sample solution process as specimens, from the samples of
known compositions and analogous matrices.

3) In addition, by adopting the homogeneous mixture of nitrates and the filter as a model for both speci-
mens and standards, T1,05, BaO, CaO, and CuO in superconductors were determined with the respective
accuracies o s (differences from wet-chemical values) of 0.70 wt%, 1.06 wt%, 0.17 wt%, and 0.29 wt% in the
case of (2223), and of 0.53 wt%, 0.73 wt%, 0.14 wt%, and 0.19 wt% in the case of (2212), which were fairly

good.

4) Absorption enhancement effects for TlL.;, BaK,, CaK., and CuK, under the present analytical condi-
tions were calculated. However, they were recognized only in the case of CaK, and CuK,.
Key words : elemental analysis; X-ray fluorescence analysis; superconductor; microdroplet analysis
technique ; fundamental parameter method ; accuracy ; T1,05 ; BaO ; CaO ; CuO.
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Table 1. Mixed solutions used for the experiments.
No Phase® Molar ratio of component oxides Chemical formulag
TIO, 5 BaO CaO Cu0 of salts on filters
1 (2223) 1 1 1 1.5 T1,BazCagCu3N,6057H; 8
2 (2212) 2 2 1 2 TlaBasCaiCuaNy2042H;2
3 (6126) 3 0.5 1 3 TlgBa;CazCugN24OgoH36
4 (1622) 0.5 3 1 1 T1BagCazCuaNg OggH2
5 ( 3122 ) 1.5 0.5 1 1 TlgBa1CaZCugN\3045Hu

* (2223) indicates superconductor TlyBayCayCuz0,, for example.

*2 The salts very likely to form are TINO3, Ba(NO3),, Ca(NO3)2, and Cu(NO3)2*3H,0 mixtures!?.

WL FHEECERTEEE 2 o 2D THET 5.
2. ¥ B FH &

2:1 MIRHORR

SATRE OB L HKEHERRESE T b, &
DWVEDSERERE ICEBT AL pELLORS. 22 TH
BARBREOAEC I L EHE LIS 272012,
W BEEARO BB BE L CHBERABR L,
(2223) R Ur (2212) KO BEEFREEEH ¥ Hv/2. R’
WL, Table 1 12/R$ EBD 0.2M @ TINO;, Ba
(NO3), B 2M @ Ca(NO;),, Ca(NO;), B %
MEEEKPOSENRS & HUETF (No. 1, 2), #E
AR DOJRF I (No. 3~5) & &5 X 5 IIRETHE,
KEFTERBMLUBE *BILYIBRET 20mg/ml & L
7o, HEERIRBEN X, T1,05, BaO, CaO XU CuO
DHERIZEI D AHL 110°C T1hEBEsE-bD%
1.000g FEHL L, #4EE (1+1) 10ml % h0 2 NEE R £
50ml 2 L Ci#K 20 mg/ml (ERfLipiess) & L 1.
SATERAEHE, HAEXBOHTHE A K Bio EE SR
% 50pul (ML #s < 0.353 mg/cm?) T LTS L
7:.
2-2 FHREE ORIE Rt

TIL,,, BaK, % 0 CuK, D E— 7 BREK /¥y &
75 F (BG) MEOREIE, ERESHEITER
B 2RO BE X BT RE (B ER UELRY (<
VT v 7 A 3530 BI) (FIEDAF v F—% iz Cak,
MOY — 7 mERFREEOBIEF v v AV E B CTllE
L7:. CuK, #® BG WKL, KEHKH» 5D CakK,
WIS LVwb DL Lz, s DflEEM% Table
2 WY,
2-3 EEEH

231 T FALININTA—F—E

Criss 578 OE% L7 71 79 4 NRLXRF' (2
& 57z, NRLXRF Ti(1)RICRT o Rk % BRMAE
K2 HHROBIEICLVEEL TS,

Cl_zli(aio,g,zj*iaijcj) ............................... (1 )

Table 2. X-ray analytical conditions.

X-ray tube Machlett OEG-75H, 60 kV-50 mA

Analyzing crystal LiF(200)

Detectors SC* for TIL,; , BaK,, and CuK,;
S-PC*2 for CaK,

Incident angle 90°

Take off angle 34°

Al 20 mm¢
60 rpm
Solution dropped side
TIL,, : 34.90%, BaK, : 11.02°,
CaK, : 113.09°, CuK, : 45.03°
TIL,, : 34.00°, 35.80°,
BaK, : 10.30°, 11.70°%, CuK, : 44.00°
Peaks : 100s, BGs : 50s

Specimen mask

Specimen rotation

X-ray irradiated surface
Diffraction angles (Peaks)

Diffraction angles (BG)

X-ray counting time

* SC : Scintillation Counter
*2 S-PC : Sealed Proportional Counter

SITL, CREARENMLAY i PEBTEOHEEX
MIEK D58 (keps), 1LEW i DEHFFE (wt%) T
»H5H. KA OB 4 i=TINOs, Ba(NO;),, Ca
(NO3)2, Cu(NO3)»-3H,0— A # L2 % HERIE 3,
IhoDbFREAETHEEZONBY, —THY, j
IR COMIZAH (B o — 2 : CeHyo0s) bETIA.
NRLXRF X 5 EFIEIUATOEBHDTH 5.
Table 3 (2R 9 2H#ERE O THEL - TR IERK O 56 % - B
frfEL7-EE (BE), * ADLH(1)D o ¥
RO T H. KIS, KA D TR IERO M -
B, % A L(1)3RUC & 0 BEHIE - IR IE £,
FHFBAE 2 RGBT 5. = OB - ShERm D
KA OGEUR % BB~ BB T 5 2 & %, X
W& (AC<0.05) %iME+H L THVEL, o ff
* ZOWERD A RMARHB BT 5. iRl
B, RAAE L DA KBRS —ICRAEL TS
bk LTERIH LA KA oBE R, K5
HMBEBIZI B D DODEMEIZ A AR T AHERE
M (RED ICb X B0 HECHEEL LS. £ THE
VBRI H 555 L BRILYTRRICH 25805 T
BHASI31ZT—%E (Table 3 DHLK T 1.687~1.892) TH
HIEIZEBL, REABOBEEICHBIEEENET
BtmREED 1.8 (5 TRILOFHHE) THHHD
ELTHELZ-MH12.43 mg/cm® (A +HEEEE) 2 AW
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Table 3. Characteristics of standards.

Nitrates Thickness™*2 Fraction of Hypothetical sample composition dissolved with HNO3 (wt% )

No. | Phase™ | 4iopbed (mg) | (mg/omd) nitrates

: pped tmg me/cm (wt%) Tlp03 BaO Ca0 Cu0
1 (2223) 1.892 12.47 5.373 41.0 27.5 10.1 21.4
2 (2212) 1.740 12.41 4.915 46.8 31.5 5.7 16.3
3 (6126) 1.721 12.41 4.915 64.9 7.3 5.3 22.6
4 (1622) 1.864 12.46 5.297 16.1 64.8 7.9 11.2
5 (3122) 1.687 12.39 4.762 61.7 13.8 10.1 14.3

* (2223) indicates superconductor TlBazCazCu30,, for example.

*2 Filter (5C) alone : 11.80 mg/ecm® *2 Balance as fraction of filter

7o REMFRRAMEAERINT AL L DRk w7 BaO o HEfEIZ, YRR I BREE £ 0 X

L THM S A KHEEF TINO;, Ba(NO;3),, Ca
(NO3)», K O Cu(NO3),:3H,0 &H % % T1,0;, BaO,
CaO KU CuO EHFICHE L, MEMBOMEIRAETR
OB 100wt% o, REEAE (2223), (2212) OBy
HEEREFNR 97.10wt%, 99.34 wt% (3-2 TH~NBHR
B 0 B ALFESEO M) (BB 5 stk
n, REES L EE L.

BEBIEERICE, SRAMEBICBVL TR
THREOHBL, 2o b TIL,,;, BaK,, CaK, ¥ U
CuK, T N TORENZ N ENDTFIPREE IR LI
SREE VAT 05 5 B e 2R & L, b2 R AR
&Lz HEEAEERICE, PR 3MosirEE
D) LIEED 1 M ERERERR L L s RAslE & LA

2-3-2 Lachance-Traill i

L-T #Ti( 2)5SRT o R E RIS (BEEME
DRERB O & HWEOBEH,S) ks kickD
FETAH? (m TR ICEA 2 ).

Commi L, (14 Z; ;@ T C) wvrereresnsensnnnnnns (2)
oz, FPENR(1 )%
Ci=aioli[1+Zj#i(aij/aio)cj] vesessasereereenereny ( 3)

DEHSERLLZbOLFE—BRI LI Ebrb.
FPEC FHEY BT ALDICRERED S b L-T
ERBEAZOE, COLHIICEABEICLAEE RIS
IO THAH.

2-4 BRBGOEXLEIN

XRF KL 2 BEEREERFOEERE o, * BT 5
Fe DB L 2 B EEARF O T1,03, BaO, CaO KU
CuO HEEEHE (LLTHEEME) 2UTOLSICLTK
7.

T1,0; DAL, #F 0.4~0.5 g % TEEEIAMEE (T4
BRIAWL), KEEF MU AKBWT pH & 2~3 IR
L, ¥V L/ —NF Ly I %EREL LT EDTA i#E
#® (1/100M) (2 X 9k 721D, CuO nFLiefEix, TP
WREBOBEHICHEEE-BBE > ) Y 2BEWR Mz pH
% 5~6 I %, EDAT HEk (1/100M) Xk

BaSO, * HER & T 5 HEHHE' TRo /2. CaO D
JHEMEIL, BaSO, ibBAENEOAHIZT A TN V8
AIMABRR TR 2 TIT B TRIRBT v E=Y A
THAIL, Le YBET v E=ZY A% A CaCyO, Hy0
Y HERE T LEEMETKD LY. Frave s
Beno @k, S odmfiEEic TP 2523 04 F (TLO;
xH,0) & LTk T AV 0%i<kdTh5D.

3. £ B & %

3-1 REBHRANBRERVETROKRE

AEHARE X, BILWIRE 50 mg/ml L ECHEHEER
FFHE 2 Ba(NOy), 25Hr 4 A 720 (X BB CHER),
20 mg/ml & L 7.

37, AME~OBHBELHETEY, PBIL-BRER
UXBRINEEELSUTOLH IR LA 9
(2223) MR OBREBERHETRE -2 Ta 774 Lh
53RO 7= FHHO PB & ORREEHAN Fig. 1 ISRL
7=,

HWTE 10~200u OHPMAT, PBHIETEEKAKL
EHIHRTHIENDRLD.

SIS, RAEW (Table 1 @ No.1~5) T & 10~

80 T T T T

60}

sot

P/B

BaK« x50 e,

20f /:/

00" & _—
73504. 4

0 50 100 150 200

Amount of (2223) mixed solution
dropped (u!l)

Fig. 1. Relation between amount of (2223) mixed
solution dropped and Peak-to-Background ratio.
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200pl WBFBEEN—BFIE LT TLO; &F% L TIL,,
RRIEPROGRIE & 0% (REMH) % Fig. 2 1RT. %
TEEAL L HICEE (REROMES) MERTLZE
A6, Fig. | ORER L0, BTFEIE 10~ mmu@ﬁ
PTEZEVIIEROWI EXbh b

— m%)mmmzéﬁﬁ%wﬂmw3mlw
100 K 0r 200wl % T LT F # B L, AYERYGE S
TEEDHBRE L OB LM/, Fig 3 IIRT &
BOWTE SO LT AMAM) <1, @TEE
TIL,:, BaK,, CaK, K UF CuK, #5RE & 13 BRI
ol LPLGWOMTENIS0u 2258, i
EAREE» ST NG TR ZOMRER TIL, , <CuK, <
CaK, LR AMICHE L - 72 (HERED BakK,
POBEEILE T & 200 W & TEARBEHREHEE). ftoT
TR HEEEOB TEY S0pl LTFET 52 L1I0K

60 1 L T T L

40F / 4

20F o-a

TlL a1 (kcps)
T

o OO0
0 —1-_—1_-——40—0 L 1

10 30 50 70
T1,03 (Wt %)

Amount of (2223) mixed solution dropped (ul);
O:10 O:50 &:200
Fig. 2. Analytical curves for TlL.; .

Amount of mixed solution dropped (ul)
50 100 150 200

40 T T 7 7 T

Net intensities {(kcps)

0 l lL.O ' 2.0 ! 3.0
Amount of nitrates dropped (mg/cm?)
4 :TiLey @:BaK, O:CaK, (J:CuK,
Fig. 3. Relation between amount of (2223)
nitrates dropped and X-ray net intensities
(experimental ; line with dot represents specimen
preparation conditions).

TR 30 pl DUF 0 A7 REHE, A IR EE TS 10,
BT &S KT 30~50 pl i T L7:.

, (SR I A O EARYME U 7o X R EEE A & ORRIE D
Tnlid\é (N ERFOMIEEI/NS L 5.
b7 &9 12, FHEO PB H- ORI
TR 10~200W OBEATEVIIE L, wREHE
BOWER (- T AHERE) BT 0T
S0pl DT ETBUENDH L. £ 2 THREERTIE 50 pl (1§
LHIE C 0.353 mg/em?®) £ HABABRBOBEH T2 &

LB e 17> 72, 28, @ T8 50 ul 3547
AHTAREC 1 EoORBBRET THELI L ZiTn v

WTEHBEOLIRTLH Y, ZOBAKEICHERI Y —
WILA B Z s, SHRBREENELEECTH L.
3:2 BEBRRVEBEGTEROIERE
RUEC#IE L MR S - ot 2 AL, B
BEEKVEERRCEOIEMHE 235K 7. Table 4 12
BRGSO STEL 2R MEE 0, RUOaRmaes
BO o, ( FELOX) 2R3, REBE No. 2D
Tl,0;, BaO EEBHIZZh 2R 1.12wt%, 1.28wt% &
BOLHERIFETNTO0.84wt% LT & ey Rt ©
Ho 7z REVEI No. 2 # Tl,03 K1 BaO E£ED g,
HREVDRIEE LTHREANOWBIEON ML S %K
M % Un~1(:\/2(x“—i)z/(n—l), x: EREME, n:#&
B £°0.95wt% MU 1.08wt% L KED o722 T
H5H. EAHHFE A TI,05, BaO, CaO K1 CuO E &
D o, ENEN 0.56wt%, 0.76 wt% , 0.36 wt%
RU0.25wt% & BRI Th o 72 4512 (2223) #
B (No. 1) Tid T1,053, BaO, CaO K1 CuO 1z %
42D o, (ZFHZFN0.23wt%, 0.29wt%, 0.22wt%
B 0.04wt%) 1212135 L <, #E Lo TEHiE
(ZhZn 40.9wt%, 27.6wt%, 10.2wt% KU~ 21.3
wt%) DR (Table 3) & ZIF—FTHI L 15,
EEAHICLBEZ /NS Ehbd o7,
HREAREB I L 2 IBE BT 5 FP EoHHM%
YHEPOLAMT, WL LTEEF—0RESER

Table 4. Analytical accuracies o, ’'s of mixed
solution components with five standards each™2
from respective mixed solution (wt% ).

No. | Phase®3 | TI,04 BaO Ca0 CuO n*
1 (2223) 0.31 0.32 0.26 0.09 6
2 (2212) 1.12 1.28 0.35 0.46 6
3 (6126) 0.46 0.78 0.10 0.33 6
4 (1622) 0.23 0.84 0.64 0.17 6
5 (3122) 0.37 0.60 0.44 0.10 6

1-5 0.56 0.76 0.36 0.25 30

[z 1819)
¥ oy= _S_jx_ch_ z: Found, C: Taken,
n—

n : Number of specimens
2 Specimen whose analytical line intensities were nearest to mean
mtensmes of seven specimens were chosen as a standard.
3 (2223) indicates superconductor TlyBasCazCu30,, for example.
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kmEA A L-THECLYVRABREEREL. %
DR, SRAABERD o (FFE & D7) & TlO;,
BaO, CaO U CuO 22 X Zh Fh 1.49wt, 1.98
wt%, 0.33wt% MO 0.54wt% & (3IFE%F D CaO %
BREBALZ. b bEEREMERS D 2 VWIHE,
L-THEICHXFPEOHAFLYEHIIEETEA I L
AHERR S 7.

KicHBBEAYRE L LT FP #iICX% o, (8L
SONEE DE) ¥ROL. TOLDICLEL L LHEE
@ik TL,05, BaO, Ca0, KU CuO HEiEfHIZ i, 10
8 0BRSS AT OTFIEE RV 72 FFIEIL (2223)
DIBHEFNRFN 46.24wt%, 23.11 wt%, 9.23wt% KU
18.52wt%, (2212) O HFh £ h 43.59wt%, 31.71
wt%, 6.43wt% KU 17.61wt% Tdh - 72. FTFHHEO
L&A (2223) € 97.10 wt%, (2212) T 99.34 wt% &
W R b 100wt% Kili & no 20k, BEEK
Ti,BayCa,Cu,+ 102,46+, PILFEWE LD D [/ ]
B EHTHEEL T 5 (y>0). LicofbEor
A EEEET5 2 810Xk BEEED T1,0;,
BaO, Ca0, KU CuO BED o, 1%, (2223) TENE
n0.70 wt%, 1.06 wt%, 0.17 wt%, 0.29 wt%, (2212)
TEFRFN 0.53wt%, 0.73wt%, 0.14 wt%, 0.19 wt%
LB R TH o 72, (2223) W BaO EED 0, 2%
RREVOE, WIETH 0,—1 270.92wt% EKEH o
12t ThHAb.

KEARBRECTELAREENEHEL,ICTHEN
<, Wi LTRABHRERRFROEERXNZH W FP
FEiokhBEEALEE L. Table 5 IIRTEBD,
(2223) & BaO, Ca0, CuO FEMKR UV (2212) # BaO,
Ca0 TEEMBICIMEIZ+, —, —, +, — DRENFRDS
hiz7-0ls, ThoD o, 3BEEEKL LEREE L
BACHARBR L, ThoDOBRER, WEOENLE
SHEFABEAEDATHAL L 2 EETH L, KXREHE
BehELELOLEDbRA, LA LSS, RERFL
HUO (50BAR—0) < Y » 7 2%2H T MM
O ZRE D SRR & W — O REHERAR L T
SErRABT L LICKY, EROLS ZBREGHSL
o, bIETT5Z Edbhore.

4. & =

4-1 WBEBTESL XBRIVEHIES & ORF
(2223) WEEEIETE T & (6X1073~6X10° mg/em?) &,
NRLXRF 08214 X(3)30 ¢ R0 I b /e,

Table 5. Analytical errors of high- T¢ and low-T¢
superconductors with' five standards * each from
respective mixed solution (wt% ).

2 ok Lk, THMWE e BEETAHESXEME, ELANT
o, WEAKRTHD.

Sample*?2 Ti,03 BaO Ca0 Cu0
H1 —1.4 4.0 -1.7 —0.7
H2 —0.3 2.4 -1.6 —0.4
H3 0.3 1.4 -1.3 —0.3
H4 —0.2 2.2 -1.5 —0.4
H5 -1.0 3.5 —-1.8 —0.6
H6 -1.3 3.9 —1.7 -0.7
H7 -0.3 2.6 -1.7 —0.4
H8 1.3 0.3 -1.6 0.1
o4 0.97 3.00 1.73 0.52
L1 0.4 0.6 -1.2 0.2
L2 —0.3 1.8 -1.3 —0.1
L3 0.1 1.0 —1.1 0.1
L4 —0.3 1.6 -1.2 —0.1
L5 —0.1 1.3 -1.2 0.0
L6 0.0 1.2 ~1.2 0.1
L7 —0.3 1.4 -1.1 0.0
L8 1.4 —0.5 -1.2 0.4
oy 0.59 1.34 1.27 0.19

* Standards used were the same as those in Table 4.
*2 Hn : High- T¢ superconductor TlzBazCapCu30,, La : Low-T¢
superconductor Tl;BagCaCu0,.

V(a,;/a,)C; (WF Z ) B80BO L OB UTEEX
R L OBMREEH L, XBBIBERICOWTEE
L7.

O3 b 1/a, i, Fig 4 ORT L) CHETE v—L
T w WIS L 72 mg/cm® WAL C/RT—28 0.6 (43
WRABRARNEMS LT TRE—-ETHHN, =
nE#25EMAL, w=600 THFAILZ (i= Ca(NO3),
DB ITIT—%). EERIC 2 i, Fig. 5 X3 E9
12 w<0.6 TIHIT—ETHAHN, hrilrb Bk
L, w= 600 TR L 72, WROEED TINO;< Cu
(NOs3),+3H,0< Ca(NO3), & % % ®™id (i=Ba(NO;3),
OBAIIIE—E), HFLEWIC L DRINOFESF T D
WEI KT 272D ThHDH. I/, ws0.6 T X HHIE
TR BB, ZC= Copttpe £ H%HEHIEDND
LS F O BAKICI HHIN (ZEO THAH
Eos, ERIIBIAEEE S I LICKBHE) KL T
W,

1.2 1
| 1=TINO3 | e e
0.81 l /
= fr o e -
! T
- Cu(NO3)z-3H2Q'," /'
O4F tamop, | /
—_._—_--——’/
Ba(NO3) 2
G L d L 1 1

1
o? w02 10t 1w w0

Amount of nitrates dropped (ma/cm?)

Fig. 4. Relation between amount of (2223)

nitrates dropped and 1/q;,.
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o
o
T T

BG(NO3)2

o
T

B (@45/a40) C5

J%i

P —— / -

____/
i TN
-0.8 L i L ! 1 L
1000 1072 1007 1 10 102 10° 10t
Amount of nitrates dropped (mg/cmz)

P

Fig. 5. Relation between amount of (2223)

nitrates dropped and Y (e, /a,,) C;.
FET

KT, XHPEGRRER & H Ol & & 808 XRRE o

K#bor & LB — R XMBEE T (ip) & OBERE %
gL, Pl ITHAERROES,
I(zp)——I(A) k(ip) pi (2) C
r(A), m(ip
—exp[ [sm(b+sin</1)]w]
#(A)  u(ip)
sin @ sin ¢
b A D

kCip) ALEW i FOSRITES S 54+ B HOE XA
p DRI X D T 2582

O, ¢: AHF, GULA

LA : B A K X s

LX), () : B A OXBUI B HTREL L4
W j OFEWIUEH, () =Zu(A)C

b, 0 SIATREL, LA | DR

w: BIE (EAETIARS 72 0 T )

EREN, w=0 OBFICIEEENDE w2 KT CTRE
T5HE

Iip) =51 1, (A) k (ip)( A€,

[w_%[ sm/\d)i + sml;) ]wzl

ERB. wHANEND HIZIRINIE —1/2 [(A)/sin &+
w(ip)/sin @] w? DT 5 B 720 w-1(ip) BIRIHE I

e 620w oKL &L ITRIUED X
MBI T 2G5 ESKEL 2D, BFREHIE Fig
BIRLAEIICEIINE GBI bR S

DEnz &ht, XBRIIEHIER (565> C—f%ICHIE
) MToORE» S IWEBEHTE L WmiERgEC
0.6mg/em® LA E®HILIFRFITHD I L,

13 wDHKRE &S ICHBIEOEREDTE C; KL o, (X), R ulip)
LRRTHH, w-Iip) BFRBAE LIME T 5K WIED
ATHAD.

31 CERLMERESNLD
7z,
4-2 XBBREEOMMIEHETNVICLIER

BREGEWRHTESOW (HABFEREME) <3,
Fig. 21 TI OB %R LA L) ICHREBHITIZIZEBE &
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&Uaﬁmzd)i’ﬁgtr(mnﬁémﬁfﬁﬁ%&é REIE (54K
DHEF ), O» M & WHERIEVFHE ICRA L - 4g
MR, oZfE% gL Egﬁﬁkmmté%#ih%ﬁ

DHTAEHI TV 2 3: ERT.

ZNZNDHHTHAKE T VIZDOWT, (2223) MO
THERYETR T & & WTAaIe & OBR % ke cr &
L 7-HEEMEN (NRLXRF) # W CEE L. o
5 312 € 7V H TINO,, Ba(NOs),, Ca(NO3),, Cu
(NO3)2*3H0 RU A MO EESHE (BT EICIKS) €
FTVOREE A2 AN L, BERMIE- -RIVREEEIC LD,
ETNHDLRAT DN OMTEE (RXI) 281 L
7:. RXI o3kt is, BE o O ZEEHEL» LT 25
Hrgompe & L 7z,

EFNDII 2V TORRIL Fig. 6(a) ISTRT EBD,
% TR 50 pl (8H#4R) UL ETid RXI 2SR T &2 5 0
HRIEfE (M) CHNET L, 20 TIL,, <
CuK,<CaK, ®MEIZHE Kk L 7 (BaK, % 3 F 13 T &
$). T E 25l W kT CaK, M5REEASBEIZ G A &
TARTHRTBZ L ERE, HTESOU LLETHS
W E I TREE ONEF 3 Fig 3 OEBRRER L —B L
7z, ZONER I, BaK,<TIL,,<CuK,<CaK, &k E
HRNE L G BRIE O X I 52O A KT 5 2 &
SHETED, EF VOOV TOREIL Fig 6(b) 2
Ry EBY, EFVOLEIRLVETE SO ()
DTC#TEE CaK, MM I ITITHEEHEIFETH D
Fig. 3 DEBREEL—H LA L2rLLEYMS, BTa
S0pl LAET CaK, #EE DK TRE W Fig. 3 12~k
Bwv, Thbb, @TE S0 LT TR A EAES
NIRRT B 72 O EFEOSHEREHLEF VOIS E W
A5, 50ul 22X % & Photo. 1 12kl SEM 1§ %
EHTEIEITR L&) ICHERE A A R IR+ 2 &
LN ETFTILDOIEDILbDEEDLNS. 5T, &
TESOu oo +AvsEREEICBVWT, 57
VOERELZ L RBEIETH S, 72, EFLO,H
44 % Bal,, ML, Fig. 6(b) {CRT & B0iE
TE 25ul CHRICERL»STFTANITRBEDTEY, o
TIL, ., CaK, & U CuK, i3 2 BIE#H FE 50 ul T

Db & iR LR s n
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Amount of mixed solution dropped (i)
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CaKq x 122
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0 vl 1 A 1 A
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Amount of nitrates dropped (mg/cm2)
Amount of mixed solution dropped (ul)
u 50 100 150 200
® | '
s _ Tllayx 5.4
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g 2f
BaLer x18.0
it BaKa x62.1 1
0 ol 1 i | N
0 1.0 2,0 3.0

Amount of nitrates dropped (mg/cm?)

(a) Calculated under model @ in picture
"(b) Calculated under model @ in picture

RXI is relative value to line intensity from infinite-thick nitrates
layer on filter.

Fig. 6. Relation between amount of (2223) ni-
trates dropped and RXI (line with dot represents
specimen preparation conditions).

BERTEBOBERNKE D, £I2T Ba DM
BT K, Bx v,

4-3 RINEHEZIR

WU #E s FP e CldE B85 E 0B CTHH
WCHRIE S ahs, RIUBHEE O % 215 & & i EHILK
OEEAE D DHEEOEE * Fill T 5 L TRBKE V.

Z ¢, REHEE TIL, ., BaK,, CaK,, KLU CuK,

o RXI & DEtE% NRLXRF % H Vil 5= (Table
2) LE—O&EETTHEL, 20 Lalkke CaK,
KU CuK, # o RXI £ OMfR% Fig. 7, 8 IZ/RL 7.
RXI o3, 218 CaK, #Tix Ca0 100 wt% DK
£ % Ca(NO3), DTERET A I8 {biss € 0.353
mg/cm® T L CRAM L 20kl L L7z, Fig. 8 o
OFSBEER (2223) OB ERT. Zoftus, "SR
H T1,05 wt% -TIL,,-RXL; [T # & BaOwt% -BaK,-
RXI ) BI4RMAR 1, CaO &4 FE 15wt% LT T Tl05-
Ba0-Ca0-Cu0 % R # & T1,0;[BaO] % BaO[TI1,05]
F7-i CuO TEIRLTH, %72 BaO[TL0;] % CuO
CREH LTS RIS R AN S CITIZHEB L 25D

Cu0 =0
5
T =Tl203
B =Ba0 o/
€ =Cad ¥/,
4
B-C-30%T /]
0.10} 2
. e
5 B-Cc-7081 S A
) ”’ P N\
g .
§ ”/, P Z
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L )
0 5 10 15
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RXI is relative value to CaK, line intensity from specimen com-

posed of ideally mixed Ca(NO3)s and filter. Characteristics of

simulated specimens were the same as those of real specimens.
Fig. 7. Calculated results for relation between

CaO wt% in samples and CaK _-RXIL

0.3
:Ca0 =0 Wt %
-—=--:Ca0 =15 7
’L§ /,’
%
«\9 /
0.2f 7
- S
g *®
>
3
0.1
0 1I0 2ID 30
Cul (wt %)

RXI is relative value to CuK, line intensity from specimen
composed of ideally mixed Cu(NO3)2:3H,0 and filter.
Characteristics of simulated specimens were the same as those of
real specimens.

Fig. 8. Calculated results for relation between
CuO wt% in samples and CuK -RXL

5. #& £

BB (2223) RO (2212) OIS A KA
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(1)PB b -BEXHFL, XHEBNOBEL/LSL
T ahon, OFHRBoREE, 3k 1g 26k (1+
1)10ml TN W%, A& EICERILYIRE T 0.353
mg/em® T LCTATH . ()RR, RaEE L
O Y v 7 2%H T HMBEBEHORE S, KA
S0 L Al O REARLARE ¥ B CRE L oWk 2 B
w5, (i) ERFHEROSIREET VI, HRRIEE 5

—132—



HRE-T7 7 ¥ TR I NIST X —F —EIZ X D TI-Ba-Ca-Cu-0 ZBEEML O X B 855

Amount of mixed solution dropped (ul);a:0 b:10 ¢:50 d:200
Photo. 1. SEM images of (2223) nitrates precipitated on formed filters.

MOERGKRE T S,

(2)TIy03, BaO, CaO K U CuO Bi45rE & D FHER
og (RILF DI & D7) 1k, (2223) DHEENE
n0.70wt%, 1.06wt%, 0.17wt% M U° 0.29 wt%,
(2212) OB ENEFR 0.53wt%, 0.73wt%, 0.14 wt%
RTF0.19wt% LILBMRIFRMEE % 5 7.

(3 )EEXBMB AL 2 A, RERE (L-T
%) CHNFPEOAEREL D EHICEETES.

(4)X BBRBREDOEHENS, TIL,,, BaK,, CakK,
KO CuK, BBED 5 b, CaK, KU CuK, #HEEE 12D
K3 2 WU R ABIN 7.
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