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The chemical components in alumina-chrome (AC) refractories were determined by X-ray flu-
orescence spectrometry (XRF) using glass beads (GB). AQ refractories which contain much
Cr:0s can not be fused with only LisB4O;.  Thus, LINOs must be added as an oxidizing agent.
The fusing conditions for the GB were chosen as follows: sample (0.2000 g)-LisB4O7 (3.0000 g)-
LiNO; (3.000 g), 1250C-10 min. Complete fusion of the Cr-containing sample was suspected
to have been proceeded by the formation of CrO4*", caused by the oxidation of Cr(IIl), convert-
ing it to Cr(VI). This possibility was investigated by the CrK-edge X-ray absorption near-edge
structure (XANES) spectra. According to preliminary results of Cr(VI) by XANES, the Cr(VI)
content in a GB prepared with only Li;BsO; was merely 7% against the total Cr, but in the GB
with LisB4O7 and LiNOs it was 839%. Moreover, the Cr(VI) content in the GB with Nay,B4O7 and
NaNOs, which could be easily fused, but could not be used for actual analysis, because of the
contain Na,O content, was 95%. The GBs used for the calibration curve were prepared by
accuratly weighing alumina system reference materials and reagent CrosOs on a micro-balance of
1 pg accuracy limit and fusing them with LisB4O7 and LiNOs.  As a result, the accuracies (SD) of
the calibration curves prepared with these GBs were very satisfactory for Al,Os: 0.21 mass%,
Cr:0s: 0.07 mass %, SiOs: 0.027 mass% and so on.

Keywords : X-ray fluorescence spectrometry; refractory; alumina-chrome refractories; glass

bead; AlyOs; CreOs; ash melting furnace.
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Table 1 Analytical conditions for determination of chemical components in glass beads using X-ray fluorescence

spectrometer” ®
Condition

Component L
line p Time/ i PHA Peak Background, 26/deg.

s CO DE UL LL Crystal 26/deg. + off —off
SiO, Si Ko 100 C FC 100 300 PET 109.00 - —
AlOs Al K 100 C FC 100 300 PET 144.70 2.30 4.50
Fe.Os Fe Ko 20 C SC 100 300 LiF200 57.44 ‘ 1.50 1.58
TiO: Ti K 100 F FC 100 300 LiF200 86.18 1.56 1.66
CaO Ca Ko 20 C FC 100 300 LiF200 113.10 2.50 2.40
MgO Mg Ko/ 100 C FC 100 300 TAP 45.20 2.15 2.40
NaoO Na Ka 200 C FC 150 300 TAP 55.15 - -
KoO K K 20 C FC 100 300 LiF200 136.65 2.95 2.50
CryOs Cr Ka 50 C SC 80 300 LiF200 69.28 1.44 1.46
ZrOy Zr La 100 C FC 100 300 Ge 136.85 2.95 2.90
HfO; Hf Mo 100 C FC 100 300 PET 118.85 2.60 2.70

a) A Rigaku RIX3100 X-ray fluorescence spectrometer with Rh target X-ray tube of the end window type was used for X-ray intensity
measurements. An X-ray tube was used at 40 kV-90 mA. b) The abbreviated words are as follows: CO, collimator; G, coarse; F,
fine; DE, detecter; FC, gas flow proportional counter; SG, scintillation counter; PHA, pulse height analyzer; UL, upper level setting;
LL, lower level setting; +off and — off, offset background positions relative to peak. c¢) In case of SiO; and Na,O, calculation of
determination was carried out with only peak intensity. d) Background counting times at each position were as follows; 50 s for Mg,
30 s for Zr and Hf, 20 s for Al and Ti, 10 s for Cr, and 5 s for Fe, Ca and K.

LTH SN GB O GB i BASRKHEM % X AR H &
L, XRFBIEERFN ¥ — 285 LT Table 1 DR ESE
BICXoTHEL, XBHREZ RO, RICJISHIEET

Table 2 Relationship between fusing condition and
fusing time with lithium system flux

Temperature/ LisB4O7/  LiNOs/ Fusing time/min

VR T ¢ B8 5 0 15 w
1150 3 1.5 > @
Wi = (alf +bl; + ¢) 1+ X dW)) - X LW, (1) ; ig =0 ~e
4 2.0
W_'_Zl*i%:a]?‘i’bli"‘ﬁ (2) 4 2.5 E>O
1+ d;W,
1250 4 1.5 = O
4 20 O

I, WMIRHMERS i D AE (mass%), FIZHER > O

91O XA (eps), WIZIHAFBLIT j DEHH (mass%), Sample: JORM R 031 0.100 g + reagent Cro0s 0.100 g

& \ZITER ST j O RGWIERE, §ERFRT jOE @ : incomplete fusion(including non-fused matter); O :
ROBERK o b o FHREERECTHZ. F72, X COmpleeluion
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4 2.5

()T 7 FAYZNING A—F— (FP) HhiZk-T
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3.1 RMERMGOBRE
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EV ) BEOBMBEMETTVTCIE, CrOs SF R 7 mass%
BEICTORMLIPBMBCEL o7z, 22T, 270b-
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Table 3 Relationship between fusing condition and
fusing time with sodium system flux

Temperature/ NazB,07/ NaNO;/

C 8 g 510 15 20
1150 3 0 > &
3 0.5 = O
3 1.0 = O
1250 3 0 > @
E 0.5 = O
3 1.0 =0

Sample: JCRM R 031 0.100 g + reagent CryO3 0.100 g
® : incomplete fusion(including non-fused matter); O :
complete fusion

TE&7, BUEZO GBAKRIELCnBHDIZx LT, AC
BTRI00HTEL2CAMBLTCGBPELNTVS, F
BRI 1250C TOMHE DORIFRRE % LT 5 &, LisB,O; &
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KYORBRSESEE LT, 2ux, b E2HRITIENTE
5 CM Hif K & R U4t (GRE 0.2000 g, LisB,O;
4.0000 g, LiNO; 2.0000g % 1250C T 10 45f) %IRHT
HTZEIZLT.

32 Cr0; DRI EEICEE T 245

NagB,O7 i3 EWH S E LT NayO 24 BICEALTWBR
W, Na,O 2 EBBKS LT 5 AC HT XK o HH 3 M
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HY, LiB,O; DRI 930C (EEMEICL S, 917C &
OIS HB) 1A 200T < BEV 20, LisBO;
WCHARBEEIERCWE EEZ bNA, £2°C, REHT
1& NasB,O7 & LisB,O; DB ARIF & LTHY, WMFIT X
5 GBEIETAZ L0 TRUBBBOMIEZN S Z &
12 L7z, Table 312 NagB,O; & NaNO; 12 & % Bl ERAY
BERT. FF0.200 g 12 NayB,O; 3 g & NaNO; 0.5 ¢ &
M2 284a, 3BT 1150C T 20 2, $£721250CT T
10 B TREICEEIN TS, §iB O Table 2 128V
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Fig. 1 The CrK-edge XANES spectra of glass beads

and reference samples

a is the reagent CreO;. b is the reagent mixture
(KoCreO7: Cry0Os = 1:2) and a 18 : 82 Cr(VI)-to-
Cr(IIl) ratio. c is the reagent mixture (KoCreOy:
CroOs =2 : 1) and a 46 : 54 Cr(VI)-to-Cr(IIl) ratio. d
is the reagent mixture (KeCroO7: CryOs=5:1) and a
68 : 32 Cr(VI)-to-Cr(IIl) ratio. e is the reagent
KyCreO7.  fis the glassbead of a 10 : 1 LisB4Orto-sam-
ple (CryOs-= 7 mass%, 0.279 g BCS 394 and 0.021 g
CryOs) ratio. g is the glassbead of a 20:10: 1
LisB4O7LiNOssample (CrOs = 50 mass%, 0.150 g BCS
394 + 0.150 g CryOs) ratio. h is the glassbead of a
30 : 10 : 3 NagBsO7»-NaNOs-sample (CrsOs = 50 mass%,
0.100 g BCS 394 + 0.100 g CryOs) ratio.
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NasB,O; [T Cr(VI) AR LR T SRR HDIX, ¥E
IBHIRRAL & L T® LiyO & NayO DG4 + VDY 75%
L 80% LRV, LisBiOr DT A NagB,Or L D b AT
ZALDE S % 75T, CrOs” OMBIBEA F v & LTk
HLEOTE AP EHRIND, 2B, Fig. 203
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(a) (b) (e)
1.2 1.2 12
ol ol (o | ormsseonvesk
[ b )
g os | €08 € 0s
2 2 £
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Fig. 2 Fitting of synthetic CroOs - KoCroO7 XANES spectra against glassbead XANES spectra
(a) LisB4O7 + sample, (b) LisB4O7 + LiNOs + sample, (c) NazB4O7 + NaNOs + sample
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Table 4 Chemical compositions of calibration beads
Base Cro0s/ Content”, mass%

No. RM” g SiOy  AlOs  Fe0s  TiOy  CaO  MgO  NaxO KO  CrOy  ZrO,  HfO,
1 R705 80293 1.19; 38.4y 0.084 1.210 0.114 0.27; 0.18¢ 0.01, 41.35 16.7, 0.290
2 R705 70026 1.29¢ 41.65 0.09. 1.313 0.124 0.29¢ 0.195 0.01 36.39 18.14 0.31s
3 R708 80028 0.325 47.7, 0.48 0.61¢ 0.705 0.98, 0.053 0.443 40.19 7.7 0.62¢
4 R708 60029 0.38 55.65 0.56¢ 0.71, 0.82 1.159 0.06 0.529 30.29 8.99 0.723
5 R708 50052 0.404 59.69 0.60, 0.765 0.87 1.234 0.067 0.55¢ 25.25 9.65 0.775
6 R710 20023 5.06, 74.0¢ 1.03; 2.70, 0.209 0.044 1.27, 0.57; 10.94 2.6; 1.36¢
7 R710 10023 5.345 78.1; 1.09, 2.8by 0.214 0.04; 1.345 0.60, 5.9 2.8y 1.435
8 R309 30061 1.80, 76.33 1.08; 3.27; 0.86¢ 0.24; 0.35¢ 0.783 15.05 0.04 nd?
9 R309 10010 2.014 85.34 1.215 3.66; 0.97, 0.274 0.40, 0.87 5.00 0.03 nd

10 R310 40065 0.329 75.7, 0.0y 1.65, 0.03¢ 0.784 0.065 1.06, 20.05 0.00 nd

11 R310 30018 0.35¢ 80.5¢ 0.02 1.754 0.03¢ 0.83, 0.06¢ 1.12, 15.0, 0.00 nd

12 C302 30070 0.00, 84.9; 0.00, 0.00¢ 0.000 0.00, 0.00, 0.00, 15.05 0.00 nd

13 G302 40024 0.00; 79.99 0.000 0.00¢ 0.000 0.000 0.00, 0.00, 20.0, 0.00 nd

14 Co031 20028 3.105 81.54 1.58, 2.855 0.01s 0.02; 0.01s 0.01s 10.0¢ 0.27 nd

15 G031 40069 2.759 72.44 1.40; 2.535 0.01s 0.024 0.01s 0.016 20.0g 0.24 nd

16 B394 40083 3.99 71.30 1.525 2.49; 0.064 0.09 0.015 0.01¢ 20.1o 0.1, nd

17 B394 10070 4.75, 84.7, 1.815 2.96; 0.07; 0.114 0.01o 0.01o 5.0s 0.14 nd

a) The base RM is base reference material. The base RMs (300000-CrzOs) ug were weighed to accuracy of £20 ug. R in R705 is
short for JRRM( Japan Refractory Reference Material). The G in G302 is short for JCRM (Japan Ceramics Reference Material).
The B in B394 is short for BCS (British Chemical Standard). JRRM 705, 708 and 710 are alunina-zirconiasilica refractories. JRRM
309 and 310 are high alumina refractories. JCRM 302 is calcined bauxite. JCRM 031 is high purity alumina material. BCS 394 is
calcined bauxite. b) The small value of the last figure is only an uncertainty value obtained by calculation. ¢) nd means no data.

Table 5 An example of theoretical matrix correction coefficients for the JIS method for AlyOs- CreOs system refracto-

ries”

Correcting  Chemical com- Analytical component to be corrected (% 107°)

component  position, mass% Si0;  ALOs FeO;  TiO, CaO  MgO Na,O KO  CrOy ZrOy  HfOs
Si0; 1.9 ~37 21 18 16 4 4 14 20 8  —66
AlyOs 69.9
FesOy 0.7 -15 17 =51  —44 62 59 -40 57 17 —14
TiO, 1.8 -50  —18 411 ~65 28 30 ~67 376  ~54 —49
CaO 0.3 -59  ~25 418 357 20 21 -54 389 —62  —58
MgO 0.4 -7 31 —12  -—10 -9 -5 -9 -11 -8 -8
NayO 0.2 -15 18  -29 -2  -22 65 -22 =27  -17 -15
KO 0.4 ~-67  —32 412 343 302 13 13 380 —69  —66
Cry04 19.7 - 34 0 653 —61  —65 44 44 - 62 ~38 33
7r0, 4.0 -22 -1 955 254 239 34 27 230 261 - 25
HfO, 0.8 160 9 303 302 292 38 24 286 310 171

a) Figures in this table were calculated using AlyOs as base component and CryOs as second base component. Sample to flux ratio is

1t0 22.2 (LiyO = 5.7 and B,Os = 16.5).

JRRM ¥Y — X ®D SeRM 2372\, £ 2T, 22 THELZ
A Cr0s & JRRM % EOREWH 7 1 pug £ THAHIN
HEBECAVALTRYEDLELDOFEMBEL T, BEH
FGB #E® L7, AC B AWITIE 20 mass% LN CHE
ftynva=ws (2r0y) 2ELLDOVHLDT, ZrOy %
EETHMENMT GB HIER L7z, Table 4 ICHAB SN
HEMH GB DILAHEZRT. T 5% Table 1 D&M
THEBETO X BHMELWEL, 2°3-210L > THEM%
e L7z, (1) ROY (2) HofEED S L, 4 13HllE
B or DN IAFT B j T & o TRT 5 TR
BTHhy, a¥a—FE2HWZFPIEILL > THEERIL

B EOEBHEREZRVCRES #EHdLn)).
TIT, TR 4EHVASIEICL7, Table 508
—N— ARG R ALOs & L, BTN XS (Al,Os D
WAEMOBEDAR, N=AKFETEH) & Cr0s & L
THLN-RERH GB OFHMBRIC BT 5 HiE d &R
T. %k, AHOBMBIH VA LINOs & BBEZR &%
LRSS, REMICIE LINOs DE RO 21.7 mass%
WY 5 L0 E LT GBHICHESNS. £2°T, 4
BB A B ORISR, 2226 (LiO 5.7
B, ByO3 16514%) & L7, TOXHIZLTHELALEK
5D X B & Table 4 DA ER U 4 %, N(2)
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Fig. 3 Examples of calibration curves for AlyOs- CreOs refractories

The presumed basic value (X) of the analytical component was calculated by substituting the
theoretical 4 obtained by the FP method, the / was obtained by the regression calculation
analysis method (in the case of Na;O and SiOg) and the calculated value in Table 2, into the
following equation.

W+ "W, Q is the certified value (W), @ is the presumed basic value (5().

1+ Xd;W,

XA——."
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WCHRA L CHEE A E L R, FUREMEIC X - TRERE
BORER L7z, Fig. 31220 X HICLTHL NS
DEERBMEBES (SD) 2R, HPICERED X
MRBREE & e A (@) ROE#EM (O) oMEER
3. ZZTSD i, BMEHEEIMER, S/ HECEME
WAL L CROLBEFEOMBETH L. B, SO
U NayO ORER T, Si Kad¥Zr L ROTHE MB D, %
T NaKad Zr B RO Zr La D{/ZRIBDER ) Fik% %
F20T, KHaA¥—2 by TRIEODAZHV, S0, TR
ZrOy & HIOy @, F 72 NayO TliX ZrO, DE % Y HE# %
fiL7z. Fig. 3 DMEMEZ A5 L CaO, NayO KU KO
DY (XHWEE) ARSI AL RoTWA, ZD9 b,
NagQORNy 7759 FORELTINVEY ) v A
(TAP) #&ZHWTXHRELZ Y -2 by TOAHIEL
TWAI EPLBEHNDL. LAaL, CaO & KO Ty
7759 FEELFIWAAY MREZHWTWLDT,
ARPERIFEEZBEY, YHEIETER2ETTH5.
DL BVKRERTIADEERLZDIE, LD

KAGAKU Vol. 49 (2000)
Bkl GAB o 20 £5) ROBILA! (105) ZHVwTwabi:
O, BELLINOHGRAERFRELEL TV AINLDOHKG
W, BB RICEE L2 L) IER S THER:
bOLEZOLND, F72, BT NaO OWHED
—HITAEOREEZIT TV A REEITK & v,

3-4 BRREERKE L SD O

AEHFHAE R ORER O SD OMFHICIE, RER
DI L BRI, EEYE &R Cr0s 2 TATA LT
20 ug INOFETCEY EbETHAELZGB %, 33D
MEMRCTER L CTRD. Table 6 IZFARE GB 5 Mz
LB BRLUEBIBEZL, F/2 Table 7 ICEAERB O
WAEREZRT. Table 6 12BWT, Y ELIEERFS
(SD) &, &HZED 10 mass% L E OG- OBA, /NS
LI 2172, 7210 mass% RiGDE5DO%4, /NEADL
T30 ETHAWCEHELL. BE2RsL, Wl
EREE D B0 RAME R BEREIL, EHT0 ALO; BT
Cr:03 IZ BV THIME#ERZE (RSD) T 0.2 XU 0.1 mass%

Table 6 Analytical results and reproducibility of combined sample” examined by XRF analysis using glass bead

method

Calculation Analytical value Reproducibility”
Component

value, mass% (mean), mass% SD, mass% RSD, %
Si0; 0.44 0.46 0.00, 0.4
Al,Os 63.6," 63.65 0.10 0.2
FesOs 0.64 0.63 0.00, 0.3
TiO; 0.82 0.83 0.004 0.5
CaO 0.94 0.93 0.004 0.4
MgO 1.32 1.34 0.00, 0.4
Nay,O 0.07 0.07 0.009 13
KO 0.60 0.60 0.00; 1.2
CTQOg 2024 2013 002 0.1
ZrOq 10.27 10.2¢ 0.01 0.1
HfO, 0.83 0.8 0.004 0.5
ZrOs( + HfOy) 11.1o 10.09 0.01 0.1

a) For combined samples, JRRM 708 160 mg and reagent CryO3 40 mg were weighed by a precision microbalance to an accuracy of 20

ug. b) Number of samples is 5. SD is standard deviation.
only an uncertainty value obtained by calculation.

RSD is relative standard deviation.

d) The small value of the last figure is

Table 7 Analytical results of combined reference materials(RMs) by XRF analysis using glass bead method

Name of o Chemical composition, mass%
] Category O ——

combined RMs SiO;  ALOs  Fe,O3  TiO: CaO  MgO  NaO KO  CryOy
JCRM R033-Cr203 Standard 0.07 69.85 0.01 0.00 0.01 10.00 0.04 0.00 30.00
(ratio=17: 3) Analytical 0.07 69.7; 0.00 0.01 0.00 0.00 0.04 0.00 29.9
JCRM RO33-JRRM307-CrsOs  Standard 4.39 71.9s 1.19 0.49 0.07 0.25 0.46 0.95 20.0,
(ratio =4 : 4 : 2) Analytical 4.36 71.7, 118 0.48 0.06 0.24 0.43 0.95 19.9;
JCRM RO33-JRRM308-Cr,O3  Standard 5.16 78.23 0.21 0.90 0.06 0.03 0.15 0.06 15.01
(ratio =3.5:5: 1.5) Analytical 5.26 78.23 0.18 0.91 0.04 0.02 0.14 0.05 15.05
a) Standard values were obtained from the certified value of RMs and reagent CreOs.  Analytical values are our analytical values. The

small value of last figure is only an information value obtained by calculation.
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Table 8 Analytical results of actual refractories by XRF analysis using glass bead method
Chemical composition, mass%
Sample Maker o
Sio‘g AIQOS F€203 T102 CaO MgO NaQO KQO CI‘203 ZI'OQ( + IifOQ)

No.1 Company A 3.04 62.5 0.68 0.33 0.48 1.12 0.29 0.11 25.2 3.67

No.2 Company B 1.23 74.2 0.52 0.39 0.93 0.15 0.30 0.01 21.2 0.06

No.3 Company B 2.54 58.0 0.02 0.58 0.99 0.23 0.30 0.01 36.4 0.05

No.4 Company C 1.60 70.6 0.27 0.10 0.49 0.02 0.20 0.11 19.3 7.07

a) ZrOy(HfO,) means content added of ZrO, and HfO; contents.

THYBRTELDLDTHS., Thid, HEERH KUK
CroOs DRV EEE2 220ug DNE L2200, &
DRI > THELZHEMNBRELFHE E£{2%(0.02/
200 X 100)%? = £0.014 mass% DN & Lz & #Ez 5
N5, AEOBE0Img DTATAZHVIZHEG, &Y
WL AR ESZTT+00Tmass% L AT L 2E
2B L, B L bREROMERRBESIEE OB ER
IZBWTIE, +20ug UADIEETORDI ) HRH71 -
bl BIRLTWAEEEZL, T2, —RICHMERS O
DELEBEEL, MEOMERTRITICE > THELZ
JFReTnizw, 33 OMEBOETHERLL I, LEIC
Tz 65N T 5 LisBsOr B U LINOg FF DAl O BB H
DELEN2DY, NagO & KO 2BV TIEH DB I
RRLLFOHD SD LU RSD FRD SN b DD, HAIEN
TORMP ORI D WL ) TIERITHMETE S RNE
LNTWB, Table 7%, MEFERIZERANOEEYE
EHWT220ug DNORBE TR DD 2 EiE L THRER
DO SD #ME LR THD, sHEAICRLEEEDK
EL B0, ERCHETEI/BEIBOLATHEEEZ
5.

ULOHR»S, SRIME L7 GB/XRF Z WA Z &
&Y, ACEMKYEABERSERTELZ LW G-
72. BEETIZ, Table 8 IIRBEIZ L 2 EBRAB O
ROWERT. RE oML CHEL EBTE .

AT TIE, CrOs DRARIEICOVWTE 2R 2 ET 54D
Zuv. FlEREAMFAERPTH L. B, XANES TORIIZH
WO, BT () X P e O RBRICHER D L BELE
B wi, Bl EIT 5.
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i3 5

BALT7 VI =y A-E by o (D BiAY (ACHIHKY) ~0¥F 5 A¥—F (GB)/#% X #oH
(XRF) EO#EHAEZR -7z, AC BB KBFIZIZLED CryOs BWEHR IN TV 5720, REOMAIT LisBO,
BT TEY, BLAE LT LINO: 2T A LIk o TR E oo 7. GB EBLSARIE, 3B 0.2000
g-LiyB,;O; 4.0000 g-LiNOs 2.000 g, 1250C-10 4 & L7z, Cr AR ORBFIL, Cr(I) 2% Cr(VI) I8
L3N, CrOS A F Ve BB I EICEoTHEITTHIEPMONTEY, TDI L% CrKWIUHD X HK
I A (XANES) A7 MVIZ X o THER L2, XANES 12X 5 Cr(VI) OPEEESIERIC X
5L, LitBsOy HHTRIE L/ GBHFTIZLE CrDI LD 7% IZB X H - 72 Cr(VI) DED, LigBO4 12
LINOs #1256 Z L1280 39% I TEOLNT W, $/2, EBESD NaO 25 EHTH-0EHRTE
VDS, BURDSIER ICE S 725 72 NagB,0; 12 NaNOs # 1 2. 72 GB Tl 95% &% Cr(VI) X7 -> TWwiz. RE
HH GB & JRRM 7 E O BUR Y E & SRS Cr0: % 1ug £ THRARNIHEHEI F 0 TATALT
BNVELELLDE GBIZTAZEIZE > THEHETE ., BMEROEREFZEIZ ALO; T 0.21 mass%, CrOs
T 0.07 mass% TH Y, WERTICOVTHHETELLDThHo 7.
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