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X-ray Fluorescence Analysis of Superconductor YBa,Cu3O7—s by
Glass Bead-FP Method

Shigeyuki MoRI and Yoshire MATSUMOTO

Synopsis :

In the accurate analysis of ceramic powders with few or no available standards by X-ray fluorescence
spectrometry, the glass bead technique combined with the Fundamental Parameter (FP) method is suit-
able. As an example of ceramic powder analysis, we determined Y303, BaO, and CuO in a superconductor
YBa,Cuz0,_ s with this combined method.

The results obtained were as follows :

1) Satisfactory glass beads with near-infinite thickness to both incident and fluorescent X-rays were
found to be prepared from 10 g of NayB407, 1 g of sample, and 0.20 g of potassium iodide.

2) The calculation of the absorption enhancement effects for the YK,, BaK, and CuK, lines got the re-
sults below. The YK, line is more absorbed by substituting Y,03 in the mixed reagents (Y,05-BaO-CuO)
with either BaO or CuO. The Bak, line is enhanced [a little more absorbed] by substituting BaO in the
mixed reagents with CuO [Y,03]. The Cuk, line is more absorbed [a little enhanced] by substituting
CuO in the mixed reagents with BaO [Y,03].

3) Y,0s, BaO, and CuO in the superconductor were determined with the good accuracies (o/s) of 0.11
wt%, 0.18 wt%, and 0.19 wt%, respectively by the combined method.

Key words : elemental analysis; X-ray fluorescence; ceramics; superconductor ; glass bead; fundamental
parameter method ; accuracy.
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ARG, REHE LBEER YBayCus0,.5 2 H W
7. BARKFE L 110°C T 1h #8 L 2RE Y,0,,
BaCO;, KU CuO (B BOHEE 99.99 wt% LL L) %
Y,03;, BaO, KO CuO 2 @BEEKREFELENIIZER S
LI ENFN 0.1720g, 0.5990 g, 0.3620 g #& Lk
HLzbor v/ GREE AR 1.0000g). #BE
AR (FEFEE 99.9 wt% LA E) 13 L w 5 BRI C AR
L72bD%, 110°C T 1h s 721% 1.0000 g &
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%700 BERIEIZO W T Bak, # T OS5 O IEFE
% BaL, % COIEREREE & H# L 72, Bal,, KU° YK,,
CuK, 5B O WE 13 EER o #E X o (B
FEBETRAME 3270E &) #Hv7:. #lE5ME Bal,
Bitds F-PC (7 o —BIHLBIGHEE), XM ALEA 65°,
XAREUH A 40°, EEREDHN 50 kV-60 mA, KU ¥ — 7
EHAE 87.18° k%, Table 1 £ [H—Tdh » 7-.
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NRLXRFV 2k o/, 2o7uasy s A ERE (7
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| BHE-YK,, BaK,, CuK, MIEKRDOHEE -AEE S % A
Z§& 17 3} N, #9 A€ - KIS WIER CRIUEHE 417 5 =
5K 3 £ AT R0 RETREALA T B L 7o AUBYEEME T 12,
(mm) HIAE—- P KIOEAERE XD E LA, SOXIHIC
Fig. 1. 95wt%Pt-5wt%Au crucible used for L CTRAREH Y03 BaO, RV CuO EEHELYH
experiments. L, SnoofitBEREOHEITIE 100 wik i<,
Table 1. X-ray analytical conditions.
Tube target Rh
Target angle 90° Tube : Machlett OEG-75H
Be window thickness 0.127 mm
Analyzing crystal LiF . (200) :
Detectors SC* for YK,, BaK,, and IK,, S-PC*2 for Cuk,
X-ray incidence angle 90°
X-ray take off angle 34°
Tube voltage and current 60 kV-10 mA
Sample mask SUS 30 mm¢
Sample rotation 60 rpm

X-ray irradiated surface Lower (Contacts to crucible)
Diffraction angles (Peaks)
Diffraction angles (BG)

X-ray counting time

Peaks : 100s, BG : 50s

YK, :23.80°, BakK, : 11.02°, CuK, : 45.03°, IK, : 12.40°
YK, :23.10°, 24.50°, BaK, : 10.30°, 11.70°, 1K, : 11.70°, 13.10°

* SC : Scintillation Counter *2 S-PC : Sealed Proportional Counter
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RBEBAROBA121E 99.33 wt% (3:3 T35 Y504,
BaO, KU CuO DiEFALFHHTEOF) (BT 5
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72O LE L % HEBEEERT O Y,0;5, BaO, KU CuO
SR (UITREM) 2 AToXH L TRDZ.
BaO o #L#EfE X, X 0.3~0.5g % WERE 1%,
BaSO, 2 HER & + 5 EESHE? TR, Y50,
DRHEMIE, FICRBRIAT T REET M) Y AKEWTH
%, BEEE-FEEE- M) 7 A& I T pH & 5~6 12
REL, FAREEF MY ABMCED CuPt 2R
LK, FLL/ VALY IURBRELLT
EDTA #EEEP (1/100 M) 12 X h ko 7z, CuO 0 i
iz, FAmERT b)Y AERMOMIE Y0, 0 LHEME
Zakd BB L FEICIEE LT Y053 & CuO DEEEK
D71k, Y03 DREEMEELFIC I EICEDKRD L.
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— IR BT A DI, EElic a s ol
TUH ) ERRIML T, A2iF B Lot
B L HEMN TR T, —F Eh oSk E
B < 7oz, R R PR (500°C Hifk) TORFFE
DBEABESHV SR TWAEIY, P Eogidile
o TEHLTLHULETER L, HEER 2 kREAR
BAEL LCTOHBERPEAENDOAL WA T AE—F
PELhLEELH 5.

%= Nay,B,0;, % 10g & L, (Na,B,O,/3 % [iR
Gst]) EEM % 5/1, 8/1, 10/1, 20/1, 30/1, KU
40/1 L2 L s# T KL % 0~0.20g"iRIN4 % 2 & &
DHFAE— Fedil URBErE B L 2R~z 20
R % Fig. 2 1RT. E&H 5/1 K0T 8/1 T3 KI R
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(NazB~07/YBCO') wt ratio
O Good, ® Cracks, @ Cracks and sticking

% Y303, BaO, and CuO mixed reagents with superconductor
YBayCu307-5 composition

Fig. 2. Effect of KI addition on sticking and
cracking of prepared glass beads (Na,B,07 : 10g).

Mo0.10g LT THEMEAEL, KI % 0.10~0.20 g ¥
ML= ZAHEE L2 AEL 2, ZhistL,
EE 10/1 KU 20/1 T12 0.15~0.20 g » KI #NT
FIMESRCENROAEL 2oz, BRI 30/1 RO
40/1 T E 524 7%\ 0.05g @ KL RN CHEEEAE
CENOENH T A — FHEOLRL. hHDOREM
4.2 TIR<B X 512 BaK, O BITE TEREH LD
BVEEH T AY — FEIFXEHICERE SIS
THEDERENMNET LI Ent, HFAL— FHR#M
BoEET 10/1, KIFENEY 0.20g LEDT7.

KiIZESR 10/1, KIEME 0 KT 0.20g » 2 M
DH I AE— FIZ2WT EPMA oo X 0 TR
& s L 7.

T KIERMTHE L 2HBEEOEVST 7 AE-F
RN B 0T D SHIBE ST (FnEit)) Bl
F % Photo. 1 (a) \Z/R$. A2l & ofEmim (TH)
D) HLbRREMESABOICRIL b2, 61
Photo. 2 I2 R T X o1, BRI ELEML CWiHoro
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HhOALFERISRE -l s hD, ZOFTAE=F
BHE OBEES, S BEEERY 5 T Cu, Pt, XU Na
» EPMA #5247 - kR % Fig. 3 1R ¥. BEL
D Cu BE I BEHICHNTERNW E2%bhb. THIZ
L Pt iBEEIEAL, @EHELICBG LV THo
oens, BREMobhizkysoiEd Ptid (o
TEHELRD 201Fh Aud) BBLEh G WwEERA.
¥ 7- NaK, #EEASBE I IS E~NBAFH TR RL T
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Photo. 2. 95 wt%Pt-5wt%Au crucible aftersam-
ple fusion without KI.

Dark area ; _ Normal area
e
(723
§I XI0
o
CuKa
> Q_.'I.mm
‘@ PtMx  X25
8| A At A P
= —CuKa }BG level
Position »NaKa

Fig. 3. EPMA line analysis results for normal
and dark area of glass bead (Acc. volt. 20 kV).

WKHRTBOTHAH. —F, %2OTKEOEEHLH
5 IEFIRE % MY > T Cu O Pt ® EPMA #9#1 %
1T 72 45F % Fig. 4 ¥, FERIRED Cu[Pt] iREE
BRI EEANTEY (K] S e2bh s, DEok
Eh o, KRN TEERRRT C®™ 13— Cu i
BILEN, HOIITEET Pt LASLLAEEZONRS,

(a) Without KI (b) With 0.20 g-KI
Photo. 1. Glass bead prepared
with (Na,B,0,/YBCO™) wt ratio
10/1.

* Y203, BaO, and CuO mixed reagents with
superconductor YBazCu30O7-, composition

Stained area = Normal area
[723
&
%} PiMx
PtMa  "Wwwrmn X5
= O£5mm
'g CuKa
E CuKa CuKs }BG
Position PtMax ) level
Fig. 4. EPMA line analysis results for normal

and stained area of 95wt%Pt-5wt%Au crucible
(Acc. volt. 15kV).

Ba Ba Ba
WWW
Q.lmm
_-é‘ (%) —
g 90)1 Cu Cu Cu X2
£ D s e
Glass S m X2
Upper  head Y Y Y
surface
Lower Lower Center r_Cuks
surface pogition surface ace==YLa }BGIevel
T *BalLa
Position

Fig. 5. EPMA line analysis results for Y, Ba, and
Cu in direction of glass bead thickness (Acc. volt.

20kV).

CHIZAHL KL % 0.20g iRINL CHRRLAT T A
¥— Fid, #EEM 4 E { Photo. 1 (b) IIRT X ) 10E
HThol., SHIZIOFIAE—-FOMENH B, T
W, Wk, KO LE%E EPMA 85 L 72&E, Fig. 5
WKRT EBOEMEX# YL, BaL,, XU CuK, D& A
B b ST ERENIRE—R Th o 72, T,
HIAE— FEEHETHY, Ba, LU Cu OFEHIZ
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626 oL o %76 4 (199) H4 F

INE Y,

CHEDZENSHEE LRI AV — FORESMN%,
EEN10/1 RO KIFME 0.20g & L, 5Tk
COFENTHIAE-FerRPETLILE LA,

3-:2 TRBICETZNv VT NRERVEL VHHIE

FP kTR T % -0 IS LE % KR IERR O 58P %
Barl-oiid, BGRHERVELDHIE*EST S,

BG # 1F &, YK,, BaK,, & O° 1K, # ¥— 2 T i
(Table 1) T BG #iE 2 #llE L, ¥— 7 {/i& TOAF
fEx ¥ — 7 AEMENLELII I EICENfTTo72. Th
12 L, BaL, XU CuK, D& Tid BaK, K U IK,
WMOBEICHEFEICR SN D BG OBA (FF7 A — FiC
EB—=RXBOBENX D) AN Eh sl (E—2
HERRIE D 0.2% LLF), BaL, XU CuK, # 7 BG #§1E
IR L7z,

—%, EAOMERMLTOLS LA YK, BakK,,
BaL,, MU CuK,  #iBED S bE LV OEEZZIT D
MiF BaK, .U BaL #0ATHA. 205 Bak, #
(ol 4 /5 : 11.02°) D Y5 &, W& 1K, , (B 97
10.95°) AT E AR A, %2 T Bak, #IEKDH
oRE, FTFEL2)OEY IK, 0 BG #iE#E
PEEL, KICIK, #E K, MEDMELE LT
TIBr-TII # & (KRS-5) ToO % HME 1:0.195 (3CHk
'O & —8) #HVT 1K, MIEROEE LRI L,
Ih%t BGHIERD BaK, E»HAELE[I 2 &
X0fro/. THhica L BaLl, # ([E#7f4 :87.18°) o
b, WiEH IL,, ([N147£5 : 86.20°) OFE % 0 ixFRHY
TLAb BaL, MICK T 2% 1L, MMBEHIHRTE 513
EIhE W (V= EHBEOK TS 1% LLT). #2T
BaL, MO EZL ) #IEIEHEEL /2.

3-3 BAEERUBESGFOTE

BERELRABE LT3 1 OFEFTHBLAY T R
Y — FiZo & Wi 2 e L. AR D S RiHES
DIFFETHER L 72 IEROBEL v, 77 AE— MK
LREEED Y,05 BaO, KU CuO HEEBED o5 23K
D7z, FOEF, Table 2 1R &850 BaK, % Hw
12AFNZFR 0.05 wt%, 0.07 wt%, 0.09 wt% & »7:
IhomepiFeESESR. 72750 o, BHEFOE
AR, SREFEMEOTHHE L. —F BaL, #i%
BHuwizigsa, FhEFh 0.07wt%, 0.15wi%, 0.13 wt%
E BaK, xRV BEI LR RE& L 2 72,
hiz (¥—27/BG) BELP+HHICIEKEL W
BaK, o4& (Ro&M Tl 22) TH, Bak, #
EHOBE*HWVD I EiICX ) FP ETIERZ O
TEHIEERRLTWVS, 2 TUBOHIETIE Bak,

Table 2. Analytical results for Y,03, BaCO3; and
CuO mixed reagents using either BaK, or BalL,

line.
(wt%)

Found
Taken

Sample Using BakK,

Y203 BaO CuO | Y203

Using BaL,
BaO CuO [ Y03 BaO CuO

17.6 46.5 35.9|17.6 46.6 35.8 |17.7 46.6 35.8
17.4 46.9 35.8 |17.4 47.0 35.7 |17.4 47.0 35.6
16.9 47.1 36.0116.9 47.2 35.9 [16.9 47.2 35.9
17.6 46.5 35.9 |17.6 46.4 36.0 |17.6 46.4 35.9
16.6 46.8 36.6 [16.7 46.8 36.5 |16.7 46.9 36.5
16.8 46.7 36.5116.9 46.7 36.5 |16.8 46.6 36.6
16.6 47.5 35.9 |16.6 47.6 35.8 |16.6 47.8 35.7
17.1 46.8 36.1 117.0 '46.8 36.2 |17.0 46.8 36.2
17.8 46.4 35.8 17.8 46.4 35.8 |17.9 46.4 35.7
16.7 46.8 36.5 [16.7 46.8 36.4 [16.6 47.0 36.4

o* | 0.05 0.07 0.09| 0.07 0.15 0.13

/ S(X—C 2 14)17)
*O'd = ““% X:Found C: Taken

n : Number of samples

SORNNDUT AW -

—_

Table 3. XRF analytical results for the supercon-
ductor.

Sample Determined value (wt%)

No. Y503 BaO Cu0
S1 17.0 46.9 35.5
s2 17.0 46.9 35.5
-S3 17.0 46.7 35.6
S4 16.8 46.7 35.8
S5 16.9 46.4 36.0
S6 16.8 46.6 35.9
S7 16.9 46.4 36.0
S8 16.9 46.6 35.8
$9 17.0 46.7 35.6
S10 16.9 46.7 35.7
Si1 16.9 46.5 35.9
X 16.9 46.6 35.8
a* 0.11 0.18 0.19

* Standard analytical values for d'*'") calculation : Y903 17.02 wt% ,
BaO 46.60 wt%, CuO 35.71 wt% (Chemically analyzed)

WEHWLZ L2 L.

KICGBEEFE LB E LTLED o, ¥3KDT2. 0, %
KD 7D LB & A B EEEART Y,0,; BaO, KU
CuO H#EfHIZ1X, 10 MO EBKILF D O TFHE (Fh
R 17.02 wt%, 46.60 wt%, 35.71 wt%) % fH 72,
Y,03;, BaO, KU CuO OEEE DA 100 wt% LA
T (99.33wt%) & 7z » 72D, BEELR YBayCuz0;-5
PELFBRELY OBELBRRICEFTH-0THSH
(6<0.5). Lt fbEmiifis i ¥ 2 LI X
h, WEEALRTD Y,0,5 BaO, KU CuO EBEED g, i3,
Table 3 IZRT B Y FNZEN 0.11 wt%, 0.18 wt%,
0.19wt% & &2 D ILBMWEIFTh 7. HEEARZES
LBt k~RBARELER L 2HE (Table 2) 2
% oy NS o=, B BEEROM DS
W —ChwivtBbhs,
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4. E =

4-1 Cu0 BEFEHAFBRBOMBER

EEFE, Na,B,O;, Fo@mHAIcEML 2, HE
ERBILT ABENLEVEOMEHT I AH T A E—
FiEc#E S 2w, LA LA BOSBH I HFT 5
Bk, SRRt ZRPTRERTAI LI DEREN
RS BEILED, &5 WA IS BaO,, CeO,,
NaNO; EDEEALHE % ifmN$ % 2 L2 X 0 HEHA R
BIAHOBERT ¥ v VEERL LS &R ¥ BRL
LoDoHF7AE—- FERETLEOTE TLATY
B9,

—F, EB~BEILTENL TV Cu0 % 721F NiO %%
GHTARBON T AV — FA BT LA, OEDLD
EDSDOFEMEAE N, Dz, ~aF LT va Y
ERXRMLULY A= F2 BT HEFHVS R
%3,

3:1 Tk CuO BEFEAECTH L "THELEKMAKD
HREAE) £+ KIERMTHEMLTRB L7 A~
NIZKIEEPEASE <, T O—E0C Cu MR A5 WA
HhHIEERN SHIZHDIEFDH H I OFES L
LTwizifsmid, EB bRz L Cu L a8t L Tuwi.
CORKIE CuO OF-MEEFIT A 1000°C T 107 * &R
WKEFTETAHY, £ Culx Pt & 1000°C TLRERFH
T2 O2HPLUTOL) ICHHECTESL, RET
(K) 28175 CuO /MBI ORE#EH R T 4L ¥ — &1L
AG® ik

CuO = Cu 1/2 Qyrereverreerereeseneareninnnicens (1)

AG°® (kcal/mol) =36390—20.40T (298< T<
1356)!®

SC(1)ROEEER K&, q % i DER, Po, %
BERFy Iy VETDHE,
K= acupozl/z/acu()
HEIRE (gecu= acwo=1) S ToOBEE T F Vv ¥—
24t AGRLTOL) IC% 5.

AG=AG°+ RThhK

= AG°+ RTIn gcuPo,"*/ aceo o (2)

W, EBRFE 1000°C TlREMED SRV oIS
AR Po, 3ZEXPOMESTELFHL Db DL
T5E,

Po,=10.2
% 72 Nap,B,07-Y,03-Ba0-CuO @EH O gewo 122 W
TOF— 7 PHNDT, fRIZ CuO HAADIFRIZH L W
o R

acwo = 1

-
—

WosT (2)RIBRDE I I24 5.

AG (kcal/mol) =8 385 + 5 826 logg.c
ZORE, aca<0.01 THIZERRE T D Cu®t 28
Cu lZBEILER (CuO D 027 #51/20, 2L = 1)
Pt LG5I EDBTFMICWRETH A Z L &R
LT,

WoT, ¥7AY - FORBEEL R $T5720104,
OBATOBERT v vy VEFO A T LI X kT
Cu*" OBETHBNEMIIARTREEL T 5, QtfEL» 55
DI~ OH O FEFEB) G 7 HE AL 5 72012
WEHEDBNELEL TS, O FErZE2o6N05. {8
BRVEO 5 B EhF P BRI 2 3T % i Lo
HEE, NasrALT VA VEERNT 5K LR
DB ERS S -LDTHA, ~Nar AL T7 A )i
Flamt ic — 8 EET A o, IRMEFLRTH -
72D EREESRW EBERPoEs YL KR, HEEMT
REFHRYGG T D L FHEENL., TD T &id Fig. 2
T (ARl EELL 5/1, 8/1 ORI KL iEDL %
NEN0.15g 0.20g TRENEROGNIHLDODH T
AY— FOHEEL 703t L, KELIRIMEAZHRLUTIC
b LML e ho R E—HTH. T/, EE
OB E &b I HIEEPER L3 2 KL InE S L
72013, EREREOMAL &L ICEET O Cu?®t s
KT L C®" & Pt OBMBEEIKTLALZLZODTHA
9. ,

4-2 BaTEBICRIFTHSIAE-FREEOEE

R T A — FEOBETEREHEORB I AL
oA L 2 EERENLXBOREHRE L, SATREE
SOEBFSIRTV. JOBBE, EEIEICFP
FEERWLI LKD), SREHIER L LA EVWIGE
BEMECHIETRETH L. L Leds, Btk ok
MAEL AT A= FIZEALLAELGEAIIE—F
TERBEALOHRLELEEILLDLANDI L, HAal
S50 Al—Tdh - T b PE DEE X AR T DY
BER—E TV, FEBRENFEATS. ZORKR
i Fig. 6 IWRTHEAN T CHBTE S, Gk &
2 A7 O E EFHTAEOEE T L A LELT %
7o, BEHE DL RKICEET S, flxiE Fig. 6 10
FEMREFR TR L BHHIE TIOR8 7% 5
THD, HEXBREICELET S, > T FPETE
BETAHHETH, FHARES £ —RXBREPHEXH
Wt LEERRE S (2E0 A 2 &2k, TEOFHEED
METHIEIIEA.

FIT, COERESIZOVWTOFERZEL-DI2,
HON X HRERAE I SUT T AT alRHE S 0 g8 & Rk £
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Fig. 6. Schematic diagram of fluorescent X-ray
intensity changes due to uneven glass bead thick-
ness {Unevenness is emphasized in figure).
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wt ratio
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O6%a s 12 16

Glass bead thickness (g/cm?)

Solid line : BaK,-RXI
Dashed line : YK, - RXI with (Na2B407/YBCO¥) wt ratio 19/1
RXI is relative value to K, -line intensity from infinite-thick
glass beads with various (NazB407/YBCO™) wt ratios.
* YBayCu307-, with 0=0.5
Fig. 7. Calculational results for relation between
glass bead thickness and K,-RXL
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L D&HETTEHEL Fig. 8~Fig. 10 /R L7z &
DD RXI O3, Bz YK, HTIRE S 0.96
g/em®, (Na,B,0,/Y,05) BRI 10/1 ®H 5 A — K
& L. Fig 8~Fig. 10 F O BEER &L F—D
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1 BaO wt%-BaK,-RXI, BJ{% i1 #% &, BaO % CuO
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1.0
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B=Ba0 Q),*
0.8 C=Cu0 o
Cu 4
=< 0.6}
-
!
$5al
>_0.4
0.2F

0] 20 40 60 80 100
Y203 (wt %)
RXI is relative value to YK, -line intensity from glass bead with
(NagB407/Y203) wt ratio 10/1.
Fig. 8. Calculational results for relation between
Y,03; wt% in mixed reagents and YK, -RXI
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RXI is relative value to BaK, -line intensity from glass bead with
(NagB407/Ba0) wt ratio 10/1.

Fig. 9. Calculational results for relation between
BaO wt% in mixed reagents and BaK,-RXL
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RXI is relative value to CuK, -line intensity from glass bead with
(NayB407/Cu0) wt ratio 10/1.

Fig. 10. Calculational results for relation between
CuO wt% in mixed reagents and CuK,-RXL
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