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A glass-bead technique has been prepared under low temperature using a low flux-to-
sample ratio molten mixture for the determination of the fluorine in calciumsilicate-fluo-
ride composite materials by X-ray fluorescence spectrometry, because fluorides lose
unnegligible amounts of fluorine at high temperature and the analytical line FKe for flu-
orine has low sensitivity. In the case of a 1 : 1 flux(LiBOs)-to-sample, the test piece of
this mixture began to contract at 640C, became globular at 710C and became transpar-
ent glass at over or around 760C. A glass bead of a 1:1 flux-to-sample was successfully
obtained by melting at 780C for 10 minutes. Under these conditions, the reproducibili-
ty of the preparation of glass beads for samples containing artificial cryolite, which lost
fluorine at high temperature, was found to be 0.154% as the relative standard deviation.
In spite of the kinds of fluoride which were in the fluorine source, the samples could be
homogenized by the glass-bead technique. The fluorine calibration equation can be
regard as a CaO-CaF; binary calibration according to the JIS correction model, making it
possible to calculate the theoretical matrix correction coefficients(d;). The calibration
also necessitated an overlapping correction for FeLo and MnLeo. The fluorine calibra-
tion equation showed good precision, with 0.017 mass% as the standard deviation; it was
possible to determine the fluorine from 0.2 to 12 mass% in many kinds of calciumsilicate-
fluoride composite materials.

Keywords : fluorine; X-ray fluorescence spectrometry; low dilution glass bead prepared
under low temperature; calciumsilicate-fluoride composite.
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HUDZRHEHREVNCEI AMEERN T2 B
&, RYHBR CIIEEL 2o 2 FER T OREBHIEL Y
DF—Z MR BRI L2 HETH L. ZOHER,
XRF 254 EF0 MBI 2 CIERERE % D Al 2,
BCEL OB THBEINTEBY, FEHELD, Zokk
KO TVICEBALTE 2. LaL, Tk
LAREOEBAOZ L, BHRESHEF MY Y A
(Na) PLEDRFEFS 2R OINEOBIY % F4hE T2
bOT, 7vE F) ~OBHALLEDE, ki XES
FROEBEE RS OBB A 5 7~ OB 1%
HHHOD, FRELELVE SRTEED, ZoHE
ELTHE, FORIRTOERMEY, FoHi FKa
(1.832 nm) 2B X TH 5720, RHBBEIE W
ERENPBRITONS.

GB HAHIC L Cix, FHEOBRENH 225779, £
CEMATEY 7724 (LisB,Or) ZHWTEHBHIT,
BMEBEEEIFOSMEENE LERESPOEAT
950C, ZDfTit 1000C LETH 3. T2, HB &
BRI, EESDEDT1I 10 LEARETHS.
—7, Eastell'” RIHLSYIZ, XFFx T8I F 7 A4
(LiBOy) & LisBOs % 4: 1 O TRA L-RARHA %
HAwT, Ml 1: 2 0EAGMGB #EHL TV 525,
BB RE X 1100 205 1200C £ BEW., T XS, &
B GB ORFHRE L, R LisBsO; K UF LiBO, DRl
917C RV 845C ICHAHEBB VOV ERETH A, Lh
L, LisO-BsOs-SiOs RAFH X' 1Z & hiE, Sio, &
LiBO, D ILEM L, A ORE L ) HAH LR CER L
Twb., 72, LiBOs-LiF ZHFEH X' X 1id LiF
(FIF) O X > TERAEARBEEMET LCnb.

ZEHOLIE, DEo L) gk, SEEgHEY I
v 7 AL LTCHEHRNTERH 4T M PAEESRTYS
TABANT T A-T7 vALWEEM BT OF (1~10
mass%) & RHI, BAER - KIERH GB/XRF D #
FALZE 2479 T Lic L7z,

RFCiE, T, 7yt TRIEZRTRIAMTO
¥R ST B RET R ORE B RER T B LB S,
B & BURIRE O RIS OWTHRE L, KAR - KR
Blf% GB/XRFEDEH LB L L DIT, 4kW-T VT A
XBEEATRBESETFLEM L/ XREEE T,
Ty VFAYINING A—F— (FP) HEHVTHRRE
MO 2TV, FOBETEBEICT) ZEITERIIL
72D TUTICHET 5.
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2:1 EERUHER

7 v AL B OSBRI A A SR O BV AL OMISE 12
i, BEERIRERSNEE (TGA/DTA) Thermo
Plus2/8401D 2, FFPHEA A & L TZEA 400 ml/min %
it LCHW2., 7 vk om#ic X %S0 bo il
AL, [ EGE SR X e E (H-XRD) RINT
2200 X4 -0 VY AR SREHRAFHARERI VY —%
Wy, FEAF AL LTZEEA 50 ml/min 2 L,
AR okw $ X B % 40 KW-40 mA W2 HIN L TH W
7oo F7o, BEERIERR AW ORI OBIEIL, 1=
F Ot ERE E RS E HM4122 12, €Y 77V
FA == —2WY /T TV ITFERAT TITo
7=,

GB OYEEIZIE, JIS R 22167 @ Fig. 1 (Z#9° 20K
DHE-% (95%-5%) S&#AHEE, BIEO LS
A DRI 4 FRBAERF (BRI 2HW/ F
? XRFE HTICE, BEER TR EAR XRF EE
RIX3100 12, ANLEMEESHETF RX35 & i BH 4 kW
T T A X E R AT .

2.2 B

AL, Merck # LiBOy % 650C T 4 BREIREME LT
JAv7zo 7 ok, maERoO TR & EZEREE o TR
D7=HIZ, NIST180 (CaFs 98.80 mass%) % 110C T2
Bf, AR LTER 7 vk b U 7 4 (NaF99.99
mass%, JIS K 8005 & &M FIRRHERE) KUK 1MbE
BABIKFEA [NasAlFs, F = 53.45 mass% ({LF5H71H) ]
K4 600C T 1 RHFZE LD D% W,

Bz, EBREFOMBOLDIC, S seT
Bt 4 & (V) (SiOp = 99.999 mass%) % 1050T T'1
i, WIS EED LYY A (CaCOs = 99.99 mass%)
% 200C T 2WeM, AGMER - MBIV T A
(CaSiOs) % 1050C T 1K/, FH 545278y
Y+ A (LisPO) % 650C T 28E, KU Merck
BREES MY 7 A (suprapur, NaxCOs;) % 600C T 1
PRSI L7 d 0%, F8ZH8WE L L Tt K
&8 JRRM203 (IF\V ), 410 (%722 7), 4D
B VA 6331 K OV E B k850 BCS682-1 %
%% 1060C T 1 M L 72 0% iz,

2:3 RAER(E
2:3-1 REEFPOREGE  ERERIIE, A%
ROPEME 2 ia L 726k 2 vz, EBRRE
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Table 1 Composition of test sample A

Weight/ Composition,

Reagent o mass%

Calcium carbonate 0.7139 40.00 (as Ca0)

Silicon dioxide 0.3500 35.00 (as SiOy)

Sodium carbonate 0.1710 10.00 (as NayO)

Artificial cryolite 0.1500 8.018 (as F)?

a) Other components contained in the artificial cry-
olite: 3.29 mass% as Al,Os, 5.25 mass% as NagO

A, bk, BHE EFHR - KRB GB/XRF 2L % CaSiO; HAMEH O F o i 975

Table 2 Experimental condition of x-ray fluores-
cence measurements for the determina-
tion of fluorine

Spectrum

X-ray tube

kV-mA

Dispersion device
Pulse hight analyzer
Detector

20 angle/degree
Measuring time/s

FKo (1.832 nm)

Rh target of end window type
30-130

RX35 (LSAY)

100~ 300

Gas flow proportional counter
40.10

300

Temperature/°C
400 60

0 200

800

Rising rate:10 °C/min

Weight loss,mass%
I
pre

Atmosphere
-20 :air 400 ml/min
Sample taken:10~30 mg
..25 -
-30
Fig. 1 TGA curves of carbonate containing sam-
ples

O : test sample A (CaCOs + NagCOs; + SiOg +
NasAlFs), @: CaSiOs + NayCOs + SiOy + NasAlFs,
M testsample A + LiBOs (rate, 1 : 1)

i, 0.1mg I CTIERICHAINLE LS TATAZH
TINHREZEYVY, DO ATHIEALTH
87z, Table 1 ICEBRRE A OWEHIZ/RT. WML
7o RERIEE, Fig. 11RT X912 800C LT CEERED
CO ML TBiLtE 5. B, AHkTlE, EBR
A EARA & LT MERICH .

2:3:2 GB DPAMBV XRFAFEHE Bkt
RS TR 8.000 ¢ & A B ORA & IEHEICE Y HL
D, OOIAKTHIRAELLE, CBRAREBRICBL
AN, BRERCRMEL, WHLTGB 2ERL. 4
b7z GB (HE 34 mm, EA3mm) &, AiHERH
X BEBEEE LTERRR VY —IZEE L, XRF
EEOREEICAN, Table 2 1R ESLEM T FKa
DX BEE (L) ZHEL, EBRAKADGB DO X#H
SRE (L) KRORE CaSio; DA (EERHAF B) O GB
DX BEE (B) 26 XHWEENR 1=k~ )/ —
L)1 R Boh XBEEL & Bk -0
B DEHR, FPIEIL X o TR 2-BRAFR SR IE

a) LSA: layered structure analyzer .

Temperature/°C
0 200 400 600 800

1000

L

_10 -
Rising rate:10°C/min

-15 Atmosphere:air 400 ml/min

Weight loss,mass%

-20 | Sample taken:10~30 mg

Fig. 2 TGA curves of fluorides
O: CaFy, @: NasAlF,, ll: NaF

B (d), RUERDPORD-E2VHIERYE () %
X(1) DS HEMEBMRNICTRALTFEAREFH
L7z,

W= (al* + bl + ¢) (1 + Zd;W) + ZL,W,
X=alP+bl+¢

(1)

- > )
e ey,

W:FEAHE (mass%), X:HRERER, I:F
DX MR, d: j RS ORIER S WIERE, W RS
DEAFE (mass%), §: jEISOEL D HIERE, abe:

MREAR
3 FHERLER

3:1 7 v{LtHOMBEZEHRDHKRES

FREMEE2ZE%L GB2ERTL-ODEES
BIRT 572012, 7 v LY OMBASHE % -7, Fig. 2
(2RI NaF, NasAlF 2 UF NIST/CaF, @ #E & 547
(TGA) MERHEREERT. NaF RU CaF VMBI X ©
TIEEALEEZELL TORWVDITH L, NasAlFs &5
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1.0 T T T T O T
L O : Na,AlFy O : NaAlQ, g ' g ]
 ®: a-ALO, ©: B-ALD, | R B )
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Fig. 3 XRD patterns of cryolite at each elevated temperature

e D IKIED S EERD Z 1D, 900C DLETZEOWA )
AMIZEoTEY, FIoPIIMBRIZL o TRALDOE
2RI LTWVWASE. 2T, H-XRD IZ & o TR
NasAlFs D M#IZ X 522 W E L7z (Fig. 3).
800T BLF Tl, NasAlF BAHTH BAHPED Sl
2%, 850C Tk, o KT B-ALOs DY — 7 288, BIZ
1000T Tl NasAlFs D ¥ — 7 DS54 2 TH L Vi
FaAH NaAIO, BN T W 5,

2D &) ABE, NasAlFs OMEELOEERE K
HAHDIT, TO1gxHAEL2ITITEYIY, BEEH
T 850T & 1000C TH 2B 2B LT, TDH
BERDILEZAH, ENEFN 0.9 mass% & 11.2 mass%
Thotz, INOOMBBORBEDIHLIZLZ A,
1000C MEBFEH» 51X F A% 11.2 mass%, Al A 1.3
mass% O Na % 0.5 mass% B4 L CTwi, —J7,
850C OFRBL T E A ERD BV RO N2 7.
F 72, FEREIC L T 10007C T 30 - fmsk L7234 o
BRI, 24mass% TH Y, B O »ITMEBEICIE,
TR & & D ITMBREF AR ECEE L TnA I LS
MRENL., Zhic L, WdRO TGA D4, &5
10C OFEECT—BREIIRFTLHIIELARLTY
i b5 3, HEBRIT500CHPSHBED
850C T 1.4 mass%, 1000C T 7.5 mass% & HHETH -
72. F OERIED—D I ZBIASHE S Tw b
A, TGA DI D X9 R BHE L mEgEO—Bix, FH
KHAL LTHRLTWARRATOES (K5F) 12&oT
FEZ o 2BIMKSROWERMEE 5 »pobEs, 7B, 2
DOREIBIE, BREMEBETLZORBMLEIH &L LT

ZZ26N5DT, WO Y- TE, MBREE
IMEES & & BT, MAZRBRTROBRSMIOWT AR
THEULBERHLEEZOLNS.
DEDREREPS, DTO GBERAGOWE T, 22
ZBEI OV VWERIFE HV, 800T LT OKIE CTHER
M OB % JRIED T 2 kic L.

3.2 HFRIFL ERARE CBIY 245
FEEBGE A LA (LiBOy) D 1:172°5 1: 10 DK
G % ¢3 X H3 mm IZHTE L7 ER % R i g2
FEOFRIZAN, B0 5C OEECTHIRIELIOR
BROELEBE L/, Fig 4Bl LT1:1RBE
WoOMBEZBISELERERT. BB, 640C
fHELSIEZ IR, B4 L LEOMBTNALL DY
(690C), 710C TIEIFAMAE L THRRICZ-oTWAE. 2
O, B L aHl O RE TR oA KA KR, 710T
IZBWTIRIZTRRIREBI ko b #EZ2 605, HIZ
me$ 5L, 760C A 5EROHOERIZE 2 WEjSH
AL, 800C 0% b L HIHHILZ-TWAE, ZOW5
WER I, BRERR B L CEWHLR TS ARICRY, H
5 ZAL L7 5L ~ A0 & 3 I BB 2 e LT
L72bDTHb. Fig. 5 IZFERIC K o TH S Nz RH I
& GHEIRE, RRIRE R OEHALRE O BRE R Y. Bl
REIIHAL L LD ICHL o TnE, Fiz, 1:7
ROv1:10 T, BEMREEE (HE&H) onhid
BMXT, BB BbAERE LD 2LRIRE 2
D, BRLBELRDLZENTE kol B, E
B S N8B, 1: 105 1:4FTiEHI X
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View of
test piece

Temperature | Room temperature(25°C)

640°C

View of
test piece

Temperature

690°C

Fig. 4 View of fusion process at various temperatures

Size of test piece is ¢ 3 X H 3 mm.
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Flux/sample ratio

Fig. 5 Relationship among flux/sample ratios,
temperatures and molten states

B: contraction beginning point, @: fusion begin-
ning point, 4: point of glass transparency

WRTHo72A% 1:5 LETIEEEL THRBEL T,

INSDREREE I, BMHILIZHHH FRa DRED
2O b EBEFRRO 1 1 FREEEwRS N, T/,
GB TESLRE & BURERRIE, 1.1 OFFEMHTE L R
BEBMLTAT, BEALORBCHEATELZ LA
FESR X7z 780C - 10 T TE L7,

Table 3 Reproducibility of glass beads

Glass X-ray intensity, F content”, Weight/
bead keps” mass% g
S1 3.1245 8.036 5.9964
S2 3.1188 8.022 5.9965
S3 3.1123 8.005 5.9956
S4 3.1187 8.008 5.9954
S5 3.1176 8.019 5.9944
Mean 3.1174 8.018 5.9957
SD 0.0048 0.012 0.0009
RSD (%)® 0.154 0.154 0.014

a) cps: count per second, b) Content: calculated
value as follows; F (mass%)= X-8.018/3.1174 [X: X-
ray intensity, 8.018: fluorine content in test sample
Al, ¢) SD: standard deviation, d) RSD: relative
standard deviation

3-3 GB {EREHIBE DRE

Table 3 ICHEERAF A D GBS HDM Y E LI/EEKERE
277, GBOFRBEIKEE IIHENEERZERSD T
0.154%, F#HBERUELFZE SD T 0.012 mass% TH b, —
75, FRE XREHEUE I 3117 cps X 300s = 935100 7 7
Y ThEIS, METEREITIT AT Vb (FBE
0.008 mass%) TdH 5. HetdZEE, F—F B oM
DELUBIBICEI MW R2IEL2ETHY, XHMlEL
BIONLVWEETHL., ZOMKEFEEE X BHEI
FoTHELNZ 5O GB DIEREIBEEOHEINIIZHE
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BELWVIZ LI, XBUNETIXEOEIRBTE v
FEMADGBHPREL THERINTVWEZ EE2ER
L, SOLHRXEELZGBPELNTWSEZ &iX, B
DbaBETERRAE AP NasAlFs 2° 5 D F D&
PERETVWRZVWIEZENITLZLDEE LS. Table 4
ICEBRE A % 10, 30 KU 60 50 F CRlf LU TR L
72 GB DHIERREZRT. BARH»EL Z-oTHFE
PEIPLELTBY, KRTORBYI BN EE R S
EBGA.

$7:, Table 3SR L7z GBEE L IEHICHRE LK
RE52TBY, 780TCT-10 FORMHLMLEZFTHL T
5.

34 HERSOELY EERVHERKROEY

HERSOE L D MIERBUE, SRR OEIESMEC
Lo THREENZBETH B0, EBRRE A, EBR
#t B KU CaSiOs IZ K FIAFR G 2 RN L7z GB R H#lE L
THEIMLZ, BEL2)HERS & LT, BRETZF0E
BROBFECOEABRGETICER SNLBH T, FRad
EEECANRY MUHHFEET B LD EA. Fig. 6122

Table 4 Measured results of glass beads after
being molten at 780C in a electric fur-
nace for 10, 30 and 60 min

Melting time/min 10 30 60

3.1097 3.1089 3.0946
1.0000 0.9997 0.9951
8.018 8.016 7.979

X-ray intensity, kcps
X-ray intensity ratio
Calculated F value, mass%

KAGAKU Vol. 48 (1999)
NS GBOFE T 1 VERYT. FRa (20=40.100°) O
IREICIE FeLa B U° MnLo D LB K & % ¥ — 2 237F
L, RBHZ X o TR=ZX 54 VIZEBIFHDSNS.
Table 5 \CEBRERROCELR ) HERKROGTEER LR
§. Fig. 6 5 FHEN72X H 1T, FeLo KLU MnLa ®
BEIIKRE W, —7F, ZriLa KU PKa i =K#, MgKa
BB TH D720, WEIMMEHNC L > CTER Y OB
PELALERTELIEZENZIL BoTWD, 72,
FRKa DY —27 55 14.34° BENL 72 NaKa DB RO 5
N7z, Nalid, NayCO,;, NaF K U NasAlFg & L Tk
CHBNEHEETAOT, BELIHEEZTHIZLICL
7z.

35 REBEOHKS
I ABIN T A -T AL EMR RO F
i, WETERoBYBREELRLTERENS, 7

45
3
40 | S
'S
35 )

28 angle/degree

Fig. 6 X-ray profiles of FKa (40.10 degree) area

Table 5 Overlapping spectrum around FKo obtained from spectrum table of RX35 (LSA), and overlapping coef-

ficient obtained from actual measured data

Component Spectrum Results of overlapping

Oxide Addition, Spectrum 26 angle/ X-ray intensity Coefficient
mass% (order) degree ratio” )

Na;O 10.0 NaKo (1) 25.77 0.0025 0.0020
FeyO3 3.0 FeLo (1) 38.45 0.0082 0.0219
ZrOq 3.0 ZrLo (3) 39.32 —0.0009 —0.0024
PyOs 3.0 PKo (3) 39.91 0.0012 0.0032
MnO 3.0 MnLa (1) 42.71 0.0116 0.0310
MgO 5.0 MgKa (2) 42.96 0.0001 0.000

a) X-ray intensity ratio was calculated with the following equation.

Where; [is X-ray intensity ratio.
L— Iy

—]A_Ig

I is X-ray intensity (cps) of sample.
Iy is X-ray intensity (cps) of bead of test sample A.

Iy is X-ray intensity (cps) of bead of test sample B.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

WX

A, ik, B ARHKR - KRR GB/XRF HEIZ L % CaSiOs AMBHD F o h:

979

Table 6 Chemical composition of calibration samples using chemical reagents and results of measured x-ray

intensity ratio

Chemical composition, mass%

X-ray intensity

ne- SiO2 NaO CaF; ¥ CaO (T. Ca0) ratio

NF1 46.55 8.69 4.650 (2.263) 40.11 (43.45) 0.2660
NF2 43.97 12.38 9.298 (4.525) 34.36 (41.04) 0.5454
NF3 41.38 16.07 13.948 (6.788) 28.60 (38.62) 0.8403
NF4 38.79 19.76 18.596 (9.050) 22.85 (86.21) 1.1555
NF5 36.21 23.45 23.246 (11.313) 17.10 (33.79) 1.4805
CF1 46.55 8.00 1.977 (0.962) 43.45 (44.87) 0.1119
CF2 45.562 5.00 6.917 (3.366) 42.48 (47.45) 0.3868
CF3 42.93 5.00 11.856 (5.770) 40.07 (48.58) 0.6674
CF4 41.38 3.00 16.796 (8.174) 38.62 (50.68) 0.9502
CF5 36.21 8.00 21.736 (10.578) 33.79 (49.40) 1.2667

{note> These calibration samples were made using the reagent CaSiOs as the source.of SiO; and CaO, reagent

NayCOs as the NayO source, and reagent NaF (NF1 — NF5) and reagent CaF; (CF1 — CF5) as the F source.

The

CaF; figures were calculated from the F content, and the CaO figures were obtained by the following equation.
CaO = T. CaO — 0.7183-CaFs, where, T. CaO is CaO calculated from CaSiOs and reagent CaFs.

Table 7 Matrix correction coefficient (d;) calculat-

ed by FP method
Component Composition d;

SiO, 35.0 =0.00170
AlyOs 5.0 —0.00207
Fe;Os 0.5 —0.00305
MnO 0.5 0.00144
CaO 30.0
MgO 5.0 —0.00260
NaO 10.0 —0.00351
KO 2.0 —0.00061
ZrO, 0.5. —0.00610
PyOs 0.5 —0.00133
CaF: 12.0

g FEPEEDO 7 oAbl b0 THS. LarL,
COFRETE, 7o IEWICHY TR OBEREIE
FlicEREN, RBHEBROBETITKIEIIZ 100% % LA
b, ZOize, FEHKAT100% 2% 5 &) ICRAE
THIELEERET D FPEE AV 4 % EOFHE
i, CORRFEEZZOIIAMATLIENTE 2,
—7%, GBHTO FXFMEN7 vt OEE IR
BRY—IZHBLTVEDT, GB/XRFIEICBITAF
DR, 7y RFEICr»rbY R GBHRIZERIIES
N3 CalDIbEW CaF, & LTHERVWEEZ BONS.
bbb, REMAER 413, CaO-CaF. LR %H
ELTFPEIRRE - THENTES.

Table 6127 v EiF & L THIE NaF K U NIST/CaF,

VTR L - MEHR A RESRAR (GB) DMK
RUZD X HAEMSEREZRT. 72, Table 712 FP
12 & o TRD 2 CaO-CaF, ZTERMEBMOI 4 %R
. JISERIC X BB o DREUE, N—ABS5 D Ca0
PRRBAE R F /2% (dao=0) HThb. ZD720,
JISEIC L 2 MHIEREHRNTIX, Caz ERNRESTF
(= CaF,) ~NEHL, YD Ca%k CaONBET LR L
DB 2D IFEITEHAH R, Table 81, Lk
OREMAAEN JISEIC X A HERER L % EHL
TREREEDTILOLDOTH L. BEHNIL, EAHI
EoH CaF, % FICHE L TRL .

BRERZ L, REERER (@) OBESD
0.2776 mass% THAHDIZX L, FPIEIZ L o TR OH-HE
i dy (Table 7) ROEERfEEL LTHL AV HIE
BEHRRX (®) OS2 0.0580 mass% & KIFICE
ENTwa, Lal, IKRBERENaFZIHRIML7
NF1~ NF5 ([ZIED %A%, 72 NIST/CaFy 2 WML 72
CF1~CF5 ICRADBEENBDOLNS. Table 6 I2ALN
% & 91T, NFRFE NaF iV Na,O %% <, CF
AN NagO 23070, &0 NagO &8 R D2 D5 RT
WCIE - BOBREZ AL XELIERE 272D TIZ VA
LERZONS. Thbb, BEOEREL LTI, NaO
XA hEROIODWNEENEZ NS, —DI%, &
FAHRTO Na DHEHEOMETH A, Nal, IR
RKE D HNIMICENT COREABELHEE ShbZ Lt
HbH. TOL) LA, BRBERHETH L0 058H
oo BBIETE R\, b5 —DOW RS, B dvao
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Table 8 Determined fluorine content in calibration samples calculated by calibration equation obtained from
actual measured data

Standard value Value calculated by uncorrected and corrected calibration equations

(Addition value) Uncor. value Diff? Correc. value Diff. Regfes. dnayo  Diff. Measu. dwa,o — Diff.

@ @ @-0 ® ®-O© @ @-O© ® ®-0©
dnaso —0.00351 = 0.00440 —0.00464
Equation a -1.0757 -0.6076 -0.4112 —0.3579
coefficient b 9.4696 9.8948 9.7680 9.7323
c ~0.1549 -0.0161 0.0227 0.0335
Accuracy” mass% 0.2776 0.0580 0.0171 0.0219
Calibration ~NF1  2.263 2.288 0.025 2.273 0.010  2.270 0.007  2.269 0.006
samples ~ NF2  4.525 4.690 0.165 4.560 0.035  4.527 0.002 4518 -0.007
NF3  6.788 7.043 0.255 6.840 0.052  6.788 0.000  6.773 -0.015
NF4  9.050 9.351 0.301 9.136 0.086  9.075 0.025  9.059 0.009
NF5 11.8313 11507 0.194  11.841 0.024 11.296  —0.017 11.284 —0.029
CF1  0.962 0.891  —0.071 0.951 —0.011  0.968 0.006  0.972 0.010
CF2 3.366 3.347 —0.019 3357 —0.009 3358  —0.008 3.356 =0.010
CF3  5.770 5.686  —0.084 5735  —0.041 5744  —0.026  5.747 -0.023
CF4 8.174 7.872 —0.302 8117 —0.057  8.180 0.006  8.197 0.023
CF5 10.578  10.114 —0.464  10.492 —0.086 10.583 0.005 10.608 0.030

@ Addition value is fluorine content in calibration samples. @ Uncor. value is fluorine value calculated by
uncorrected calibration equation. (3 Correc.value is fluorine value calculated by corrected calibration using d; in
Table 7. @ Regres. d is fluorine value calculated by corrected calibration using d; in Table 7 and dya,0 obtained
from multiple regression equation. (& Measu. dyuo is fluorine value calculated by corrected calibration using d

in Table 7 and da.,0 estimated from measured data.
a) Diff. is the difference.

tion curve.

tion curve.

HAEOMBETH S, HER dvuo 2ROBLDIIHV LN
% FRa 23§ 2 BEWIIREE, Bt Vv F—ERED
BELELRY, TMRICL TR R EPGZ 5N T
720, BEORE, SHFTLAENBVLRTHZ) L
T, DFLIRELEERZRVONERDL S TH 5.
ZHDZOOWTNOHEEIZL A, dvgo HAREICES
LTWHRWITEBEENEZZ 6D, 22T, RETWFET
HHIEMBEIFEIR &, EBRIFEICL 5T dyo 2
st L7z, Table 8@ iF, Na,O DAMZHH 4, % H W
dnaso DA% JERBARFTETCRD 25O TH L. Hin
dnao — 0.00351 % —0.00440 ICEET B2 LI2L o T,
XD 0017l mass T TYUEHEEIN TS, T/,
Table 8 ® 1, EERHIIIKD 72 dyo & T NUSMTHEH
GEAVTEE LB TH S, EBRIE duold, CaO-
CaFy; ZICRICBIT B X— A5 CaO D—#H % Na,0 &
BEPZLZFECL-TROBLBILENTESL, 22T
X, EBRHAE A PO Na,O E% 20 mass% #HE (CaO

fluorine content (mass%s).

b) Accuracy was calculated with the following equation.
Where; o is the accuracy of fluorine.
¢ is the number of coefficients obtained (here, n = 3).

n is the number of samples used for the calibra-
Wis the
W is the fluorine content (mass%) from calibra-

ZEERHE) L7z GB LIRRTEERKED 10 mass% I
B (COZFEWE) LGB EMAEL, FO XK
EARAELCERIBADGB LD XHMEOEE K
W, EOEEFEAFICRE L2 LT NapO O#BET
B LT NagO DA EETLR2Y) O (duyo) ZRD7.
DX HITLTHES N 20 mass% B & KUY 10 mass%
T D dao 1, —0.00480 BT —0.00447 TH o 7.
Table 8 ® @ dy,o — 0.00464 iX, Zh SEEBREOFY
ETH D, IEMEMBEEE TD dugo — 0.00440 & HIE
BLTBY, ® DEBRME duo & HVZHERERKXO
XD 00219 mass% L RIFTH 5.
PLEDERA2IEIZARBTIE, duo ICD2WTDHR FP
WL AHEHMEICRAT, IFRBERHBECL > THELNR
7z =0.00440 ZIRHTHZ LI L. 2B, dao, 1D
T, BEERE & IEMABIRR A E R OV ERES R —38
LI EEMALTYS, T, Er0ORSEEEENE
WOT, ENEND IR BH o728 LT ERIT
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Fig. 7 Calibration curve for fluorine in calucium-
silicate-fluoride composite materials

The presumed basic value()A() of fluorine was calcu-
lated by substituting dnw,o in Table 8@, d; in Table
7, the chemical composition in Table 6 and the /jin

Table 5 into the following equation®”.

g W-Zi W
1+Zd; W
A presumed basic calibration curve was expressed as
follows; X ==—0.4112 I* + 9.7680 I+ 0.0227 (Table
8@). (O is the fluorine content(W) in calibration
samples (NFI-NF5). []is the fluorine content(W)
in calibration samples (CF1-CF5). @ is the X of
NF1-NF5. M is the X of CF1-CF5. O—@ and []
—M are the difference between Wand X, [=X-%d;
W+ Xl W]

g, bk, BHE . EAR - EER#E GB/XRF 2 & 5 CaSIO: HAM B DO F OER

981

INEWEEZ, HEREE AW/, Fig. 7. Table 8@
X AMERBBEZRT. JoMERBHERZ, E@RL
72X 9IRS 0017 mass% THDMETELHDE

e w

BA5b.

36 BREBICLIZFOER

BONTREBERIET 5720102, I NaAlF, %L
ELERRUEEO 7 vt ERE L2 REHOA
Bk (Table 9) &, RAx—F VB S VIEEYHE 2
HIZ Fig. 7T OMEMEBHLCF oM L. #HRE
Table 10 /2R, MERIE, SEFABINVS I L-7
L EEMEFD 02 ~12mass% D F ZRERE
BL, FLEEIMYELEERTILIRAT TOGHICD
BHTETWA.

TABANT T A-T v LHEEMEFOFOERER
Hege LT, AR - AKIRAH GB/XRF 5 OKE %17
W, DT owREE.

(1) NasAlFs I HBIMIKBTF O—#E BB ST 5
BWEPFEDOLNEDT, TALEELRABOMBITITE
ZRFEEBETITILENH S, (2 EAHR - KiRRHF
GBI, 3B - @# (LiBOy l1:10RAWE 780T
TI0ERETAZ LI TERTEL., 204t
T NasAlFs L& L7238 F O GBERBHKE X
RSD = 0.154% T&» Y, FOERIZIZLALHD LN
v, (8) AR GB TORFRS DEBMIEICIE, JIS

Table 9 Chemical composition of synthetic samples and reference materials
Sample Chemical composition, mass% Addition fluoride®
name” SiOy Al;Os CaO Na,O FeoOs MnO MgO KO F NaF CaF. AF
AF1 50.00 0.73 40.00 8.33 0.00 0.00 0.00 0.00 1.604 — — O
AF2 45.00 1.94 45.00 5.54 0.00 0.00 0.00 0.00 4.276 — - O
AF3 45.00 3.16 35.00 12.76 0.00 0.00 0.00 0.00 6.949 — — O
AF4 40.00 4.37 40.00 9.97 0.00 0.00 0.00 0.00 9.621 — — O
AF5 30.00 5.58 40.00 17.19 0.00 0.00 0.00 0.00 12.294 — - O
NCA  35.00 3.27 3986 11.15 0.73 0.05 5.37 0.10 7.339 o O O
NC 30.64 1.80 49.54 1391 0.64 0.04 0.45 0.09 4.667 O O -
NA 39.33 3.52 21.61 31.18 0.81 0.05 0.34 0.11 4.935 O - O
CA 39.37 853  49.94 2491  0.82 0.05 0.50 0.11 5.077 — O O
N 30.64 1.80 45.99 20.09 0.64 0.04 0.45 0.09 0.226 O — —
S7 20.5 2.1 44.0 0.1 FeO=187 5.3 6.7 0.04 1.05 CryO3 = 0.46
S8 39.9 6.8 36.5 0.1 FeO=0.8 4.7 57 0.3 2.0 Cr.Os = 3.7

a) Synthetic samples, AF1-AF5, were made using reagents SiO,, CaCOs, NayCO3; and NasAlFs.
samples were made using reagent Na,COs, reference materials and fluorides.
b) AF means NasAIFs, O means addition, — means none.

materials.

Others synthetic
S7 and S8 are Swedish reference
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Table 10 Analytical results of synthetic samples
and reference samples by XRF method

)

Sample X-ray int. Std.value®”, Found, Difference
name ratio mass%  mass%  (Fnd-Sed)”
AF1 0.1860 1.604 1.584 -=0.020
AF2 0.5018 4.276 4.303 0.027
AF3 0.8485 6.949 6.880 —0.069
AF4 1.1788 9.621 9.625 0.004
AFbH 1.5732 12.294 12.346 0.052
NCA  0.9070 7.339 7.386 0.047
NC 0.5709 4.667 4.684 0.017
NA 0.6642 4.935 4.890 —0.045
CA 0.5859 5.077 5.083 0.006
N 0.0329 0.226 0.218 —0.008
S7 0.1944 1.05 1.06 0.01

S8 0.2515 2.0 2.0 0.0

a) Std.value shows addition values or certified values.
b) Fnd = Std shows Found — Std. value.
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HAT&5%.

AFEEI) L0147, BB M) IS
it v 7 —IHHBRIRICZ S DBFEZ V2w,
ZHL LTS

X L3

) BARH: AL T I v 7 ABKERBE#EESR

KAGAKU

2)
3)
4)

5)

Vol. 48 (1999)

TEE, p. 22 (1994).

PEEBRET . “HOL XMW OFI, % 40K p.
90 (1993).

BHEAST, & BB, BRA 558 HZEERNR
DHTERM BRI TRE, p. 27 (1995)

I, BEAERA, KINER, HHE—: 4
Widts (Bunseki Kagaku), 19, 1476 (1970).

H. Bennett, G. J. Oliver: “XRF Analysis of Ceramics,
Minerals and Allied Materials”, (1992), (]J. Wiley &
Sons, Chichester).

6) JIS R 2216, i KALA B OV KE IV &V DHEOE X

7)
8)
9)
10)
11)
12)
13)

14)

WA Tk (1995)
ISO/DIS 12677, Chemical analysis of refractory
products by XRF fused cast bead method (1997).

HAEFER, =B A XEBEOWOHER, 21, 93
(1990).

EFER, INHBGRS, BEAM: XMook

A%, 30, 73 (1999).
A %, S8 OA, BIASER: iAWY, 40, 696

(1988).

mERR, BEM—, PWeFHE: mllEE, 27,
87 (1983).

K. Sato, I. Tanaka, T. Otuki: X-ray Spectrom., 8 (2),
68 (1979).

R AR, KEFEE: X @O O£, 3, 243
(1972).

RER A2 X BT OHES, 3, 250 (1972).

15) J. Eastell, J. P. Willis: X-ray Spectrom., 19, 3 (1990).

INHEAER, WEPALE, AH 5P XEo ok

B. S. R. Sastry, F. A. Hummel: J. Am. Ceram. Soc.,

I. 1. Kitaigorodskii, T. A. Popova, O. K. Botvinkin,
Izv. Sektora: Fiz. -Khim. Analiza, Inst. Obshch.
Neorgan. Khim., Akad. Nauk SSSR, 6, 139 (1933).

H. Bennett, R. A. Reed: “Chemical Methods of
Silicate Analysis —A Handbook—", (1971), (Aca-

THRERE, BHIER, EEIERE: XMoo &

16)
A%, 26, 33 (1995).
17)
43, 24 (1960).
Bl 18)
1999 4 3 H, HAR LS 19)
W74 BFERTRE
demic Press, London).
20)
A, 17,143 (1986).
= g

rABANY T A-7 vALWEAMETFO 7 v ZOERIEAR - ARRBM S T R € — F/EDE X

SATED B % X - 72.
DL B L7

HEE AT RYBRIFTLOHEEILL1: 1205 1: 10 DREWIZD W CRUEIR
, 101 R RIR TR 5 2 L0 o7, 1:1 T, 640T T8 H1F 4 ([ ElfF

DA, AFERTEBY T LAORA (845T) L H HEW780C TI10HHBHT A LIZL > TH IR
V— FEERT LI ERTEL. ZoOLEMIZEINE, 7y ZOBRPHR SN OKEAGEEHET 58
OH I AV — FaREEBFEEEE (RSD) 0.154% THERTE . APFPICREED 7 v LW TEE
T2, FIAE-FTHIEICL o TS OMEFRETNEBHT LI LA TE, CaO-CaFy =

TRBEBRE L7y ZORHEIERERREZRDL Z EHTE.

FeLa XU MnLa DE% Y HIEBLETH - 7.

MEHTIE, FRa DEFBICEET S

Bonl-wMERERNIZ, 7yREEE02~12

mass% ORFHEHTE, MEBBORKES (SD) &, 0.017mass¥% L EEETH 72,

NI | -El ectronic Library Service



