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Fluorescence Analysis Based on the Fundamental Parameter Method.
Application to the Quantitative Analysis of Inorganic Substances

Masanao TONAN
Satoshi YOSHIDA
Tadashi OKADA

As part of our efforts to extend the application of the fluorescence analysis based on the fundamental

parameter method (FP-XRF), several inorganic substances such as stainless steel, zirconia, zeolite,

ITO and fly ash were analyzed using this method. The wvariations arising from three different

calculation methods, selection of standard samples, and homogeneity of elements in samples were

systematically examined and compared with the corresponding results obtained from chemical analysis.

Among three calculation methods examined, the oxide—type calculation gave the best results for oxide

samples, confirming that FP-XRF is comparable to chemical analysis in its accuracy when an

appropriate standard sample is chosen.
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Analysing Crystal

. Analy

Ii,obs

L sim=f (Wi, Wi, o p,@ o) eeeees ®
1
fundamental parameters
Ii,sim=Li1+1i2 eesaen @
Ii,obs =NixIi,sim «eeees @

zed element

. Interfering element

Ii,sim : Theoretical intensity

Ii,obs : Observed intensity

Io . Incident X-ray

Ii1 . Primary fluorescent X-ray
Ti2 : Secondary fluorescent Xray
Wi I Weight fraction of element i
Wi . Weight fraction of element j
P : The density of the sample
Y7 I Absorption coefficient

(] : Fluorescent yield

Fig. 1

Schematic diagram of FP theory.
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END

Fig. 2 Flow chart of iteration method by Criss!’.
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Table 1 XRF operating conditions

System3080
X-—Ray tube Rh 50kv—50mA
Crystal LIF (Cr,Mn,Fe,Ni, Zr,Y,Hf,Cu,In,Sn)
PET (AD)
RX—4 (Si)

RX—40 (Na, O)

Analytical area 10mm ¢
J8X3200
X—Ray tube Rh 30kv—0.3mA

Analytical area  20mm ¢

Table 2 ICP (Optima3000) operating conditions

RF power 1100 W

Nebuliser flow 1.0 1/min.
Auxiliary flow 1.0 1/min.
Plasma flow 15 1/min.
Pump rate 1.0 ml/min.

Analytical wavelength line (nm)

Cr 267.716 Mg 279.553
Mn 257.610 P 213.618
Fe  259.940 S 180.669
Ni  232.003 766.491
Y 371.030 Ca 317.933
Hf 277.336 Ti  334.941
Al 396.152 Zn  213.856
Si 251.611 Pb  283.306
Na 588.995

Cu 324.754

Sn  189.989
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Table 3 Analyzed sample

Sample Analyzed element

Stainless steel Cr,Mn,Fe,Ni

Zirconia Zr,Y ,Hf

Zeolite Si,Al,Na,Cu

ITO In,Sn

fly ash Na,Mg, Al,Si,P,S,ClK,Ca,Ti

Mn,Fe,Cu,Zn,Pb
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X MR E O BRIE &M Table 1 WRT,

FPAE X Appendixic R E « BEBH H 12?2 Ly
HxHIhcBHRADECriss? OFKLPETES X
(){‘%Eﬁsﬁ/{.‘j R — & 3),4),5).6),7).8),9).10)75, ;)ﬁ;bjz
LIcFP7'n 7 5 & “KAKENFPYW” %4fH Lic, M)
SX3200iciE A — h —{ERDFPIE 7 v 7/ 5 L&
LTWBbDTZREMHH LI,

BREDOGITERE L LT/ 3—F v < —#HE8ICP
FHHHTEEOptima3000% i L 7zo ICPFEIEH#T
HE O BIE S % Table 2 27”3,

(2) HH&LUREAEE

APt THW IO REE B L OSSR eF#E s
Table 3 12, T EBNFILFEDOEREGR & L THA
Lizd D% Table 4 ~R¥, Il L IcKAKENFPDH#
AL ATV VAR O ZIOM R 2 A TiT - teo *
DMOFEFRLE LT, €45 4 b, ITOBERSE, HEH
FRIK % B L1,

MARREBOMHNE TV 7 v M, S LKRFTTAE—
FEL, B rox s, & LAEBRETV 7y
MME L TEIERR & Lo




Y - 5540% (1996)

Table 4 Standard samples for empirical factor

Element Sample State
Cr,Mn,Fe,Ni  SUS304 Plate (No.240)
Zr Hf,Y ZrO,standard Briquette
In,Sn ITO standard Sintering
In In,04 Briquette
Sn SnO, Briquette
Sn(metal) Plate(No.240)
Si,Al,Na Zeolite(Na—A) Briquette or glass bead
Zeolite(Na—ZSM—5) Briguette or glass bead
Si,Al,Cu Zeolite(Cu—ZSM—5) Briquette
Na NaCOs Briquette
Cu CuO Briquette or glass besd

Standard samples
(Dcontent (%)

(®mesured net

Experimental factor
(X—ray ; Kv,mA)

Calculatin of

41

X—ray (counts) empirical factor

FP calculation

unknown Sample
mesured net X—ray {(counts)

All element calc. ] l Oxide calc. _] ] Balance calc.

l |

Iteration calculation

Decide precision( ¢ <107%) J NO

YES

Output Calc. content

@0 ]

Fig. 3 Flow chart of KAKENFP calculation.
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Table 5 Results of FP-Analysis (All element calc.) of stainless steels (%)

SUS310S SUS347

Chem. FP Diff. || Chem. FP Diff.

Std SUS304L

Element
Chem. | chem. | FP | Diff.
Cr 18.4 | 18.7 | 186 | 0.5
Mn 0.8 1.0 1.0 | 0.0
Fe 71.8 || 69.0 | 69.1 | 0.1
Nji 9.0 || 11.3 | 11.3 | 0.0

25.1 25.5 1.6 18.3 18.3 0.0
1.8 1.7 5.5 1.5 1.4 6.7
52.6 53.2 0.1 69.1 68.8 0.1
20.5 19.6 4.4 11.1 11.4 2.7

Chem. : Chemical analysis (ICP—AES)
FP ! FP—XRF analysis

Diff. : Relative error (%)=100x | (FP)—(Chem.) | //(Chem.)

Table 6 Results of FP-Analysis (Oxide calc.) of ZrQ, (%)

Std ZTOZ* 1 Zr02—2
Element

Chem. | chem. | FP | Diff. [Chem.| FP | Diff.
Zr 54.5 || 67.9 | 68.6 | 1.0 | 61.2 | 62.4 | 2.0
Hf 1.3 1.6 1.6 | 0.0 1.5 1.5 | 0.0
Y 3.3 4.2 43 | 2.4 || 1.5 | 11.0 | 4.3
Al 11.0 —_ = — — — —
Ox 29.9 | 26.3 | 25,5 | 3.0 | 25.8 | 25.1 | 2.7

Ox : Calculate 100— (Zr+Hf+Y+AD
Chem. : Chemical analysis (ICP—AES)

FP ! FP—XRF analysis

Diff. : Relative error (%)=100x | (FP)— (Chem.) | ,/(Chem.)

( 42)
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Fig. 5 Simulated relation between H,O weight per cent and relative error for zeolite analysis.

Relative error(%) caluculated by 100X {(Chem.Anal.) —(FP Anal.)}/(Chem.Anal. ).

Na—-A used as standard sample.
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Table 7 Calculation methods of FP (Na—Zeolite Sample)

Observed element compornent normarized
Oxide method Si 5 Al 5 Na SIOZ , AlgOa 5 NaZO 100%
Balance method Si, Al,Na Si,Al,Na, balance (O) non
All element method Si,Al,Na,O Si, Al,Na,O 100%

Relative error (%)

Na-Mordenite

Na-ZSM-5
Fig. 7 Comparison among three FP calculation methods.

Na—-A used as standard sample.
Relative error(%) calculated by 100X |(Chem.Anal.)—(FP Anal.) |/(Chem.Anal.).

(44)
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Table 8 Comparison of FP—calculation methods in zeolite samples

analysis
Calcutation Methods Oxide Balance All element
Average Relative error 1.9 3.1 4.6

(%)

Average Relative error (%) 2
=4/ [(1/n) £{100x ((Chem.anal.) - (FP Anal.)),”(Chem. Anal.) }*]
n=16

Table9 Results (in relative error) of Cu—ZSM-5 by fundamental parameter
method using glass beads and briquette standards

Chemical analysis FP Relatrive error*? (%)
Compornent (wt%) Na—ZSM—5+CuQ*? similar—std*®
Glass bead Briquette Briquette
Si0, 91.20 0.4 1.5 0.0
Al O4 3.86 2.3 6.2 0.8
CuO 4.94 8.9 33.0 0.0

% 1) 100X | (XRF analysis) — (chemical analysis) | / (chemical analysis)

*2) Glass bead : Mixed sample of Na—ZSM~—5 and CuQ was used as standard

for empirical factor of Si,Al,and Cu; CuO=7.89wt%

: Na—ZSM—5 used as standard for empirical factor of Si and Al

Pure CuO used as standard for empirical factor of Cu

*3) Cu—ZSM—5 used as standard for empirical factor of Si,Al and Cu
CuO=3.66wt% (by chemical analysis)

Briquette

FRC LR L, A4 5 X #£ % Fig. 7
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T =

AR D T (%)19 2, %T ..

= [(1/n) Z{100 X BAS T ~FPLHHE))/ = 0 Z
Na-X Na-Y Na-Mordenite Na-ZSM-5
QX5 bifE) 1] NazO (wt%) 19.7 12.8 4.98 4.20
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Fig. 8 Difference in accuracy caused by standard

samples on the determination of sodium
content in zeorites.

Relative error(%) calculated by
100X | (Chem.Anal.)—(FP Anal.) |/(Chem.Anal.).
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Tablel1 Relative results of ITO analysis with FP

(3) ITOWEREDSNO, 7 method by standard sample
ITOBERE A3 In:05 & SnOL D BER T #EvEERL In std.
YD1 DOThHbH, [TO*V Mixed In,0;
BE, WAL TIIITORER (K O R ERIEIC 168/ Sn std powders*?
BT D, ITO*Y 100*? 101 103
Mixed 97 98 99
Table10 Reproducibility(n=5) in zeolite analysis by FP powders*?
Si Al Na (0] SnO; 98 99 100
Ave.concent. (%) 23.3 16.8 13.8 46.2 Sn 98 99 100
R.S.D(%) 0.5 0.8 0.8 0.1

n : Repeat of experiment
R.S.D. : Relative standard deviation
O : Calculated from Si, Al, and Na

(46)

% 1) Sn0,=10.2% In,0,=89.8%

% 2) SnO; powder and In,O; powder mixed at the
rate of 1:9

% 3) Sn0;=10.8% In,0;=89.2%
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Fig. 9 Correlation between the glass bead method
and the FP method in the determination of
SnO; content in ITO.

ITO (Sn0;=10.2% In;0,=89.8%) used as standard
sample in FP method.

Relative error(%) calculated by

100X |(Glass.Anal.)—(FP Anal.) |/(Glass.Anal.).

Thb, »5HFENRKOFP—EDXIC L 55T E %
Fig. 10173 B3Rk & OHRFAZEITR K TIBH TH -
oo EDEX T A FRITO L HEIT 5 LHREAZEN K
LI TWwb, BARKIIABOTRE—E, RRC
FORBRS OFENBRELZRELS LTWHIEREH
E&hb, LiL, FP—EDXZHW TR BRI
<\ WEREAREDTLbEM105 e, EEEE
BELRDEWHFIEARD S, 3> TRARKIOEM:,
KEBSHE L L TFP—EDX 2 RE 7> F f e HiE
EEZBND,

T TR RIKGERRhC R LT R v F — BB
XREETHDL L XHEE% AV TKAKENFPIZ
L OB LR EFig. 1TR T,

Wi OFHAEMRILT L —&K L Tk Y KAKENFP®D
HERBERTHHEBMNBOFP7T 0/ 7 A LA L ¥
Brahns,

5. &

-

SRIOBFE LD UTOERRAL M E -T2,

Table12 Comparison of results from three different
analysis methods at the determination of
SnO; in ITO (wt%)

Analysys Methods
Sample
FP Glass besd | Chem.(ICP)*V
A 9.1 9.2 9.3
B 10.6 10.3 10.2
C 10.6 10.7 10.1
D 15.7 14.9 15.1
E 17.9 17.4 17.2

%k 1) Chemical analysis

Table13 Comparison of time consumption for analysis

Dry analysis Wet analysis

FP Glass bead ICP
Sample
preparation ~minutes minutes~hours day
Mesure minutes
Satndard
preparation minutes hours minutes
Accuracy good
Trace analysis difficult easy

minutes : few or sevral minutes

(47)




48 Journal of TOSOH Research Vol.40(1996)
100 ¥ _.: i 1 H . 100
| i | ®Relative error (FP-EDX)
80 _; ] <+ chemical analysis
1 -1 10
— { X
S : K
: 1,
£ R R kD g
= P s i 5
: E —i i o1 o
o L r';IIQ*” o O e __ F N
Na20 MgO Al203 SO3 K2 Ca0 TiO2 MnO Fe203 CuO0 ZnO PbO
Compornent
Fig.10 Relative error in fly ash analysis by FP-EDX.
Relative error(%) calculated by 100X |(Chem.Anal.)— (FP Anal.) |/(Chem.Anal.).
Another fly ash used by standard sample.
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Fig.11  Correlation between FP program of JSX3200

and KAKENFP in composition analysis in
fly ashes.

Analyzed elements were Na, Mg, Al, Si, P,
Cl, K, Ca, Fe and Pb.
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Appendix Derivation of Equdtion for Fluorescent X-ray intensities by SHIRAIWA etal?’
Iip:fje‘i'ge(Iipl(l)—l—IipZ(Z))-d] ............... )
[ip1(2)=—2—Qip(2) + To(2) —1
sin ¢ v (2)/sing+ p(Aip),sin¢
ip2(2)= — 1 Qin(4) * Qip(jp) + To(2)
2+sin¢g jp p(2)/sing+p(2ip),“sin¢
sin ¢ ¢ (2ip) /sin ¢ sin ¢ ¢ (ip) “sing
x[u(lip)ln{1+ p(2jp) }+u(2)ln{1+ ©(2jp) ]
. . Lori—1l oo
Qip(2)=pi(2) - Wi o i+ Rip
p(2) =Z pi(1) - Wij
Table1 Notation used in equation
i ! Element analyzed
j ! Interfering element
ip ‘ Fluorescent X-ray of element i
ip : Fluorescent X-ray of element j can excite element i o Tipl
Iipl : Intensity of primary fluorescent
x-ray (emitted by the incident x-ray)
Iip2 : Intensity of secondary fluorescent lip2
x-ray (emitted by the primary fluorescent xX-ray)
To(2) :Intrnsity of x-ray at wavelength 2 ¢ W
(incident x-ray)
2 min * Minimum wavelength of exciting x-ray \/
2 edge : Wavelength at the absorption edge .
[ : Angle between the incident beam and !
the sample surface
¢ : Angle between the emergent beam and j
sample surface
17 : Linear absorption coefficient of the sample Fig. 1 Schematic of the generation
pi * Lineat absorption coefficient of element i of primary and secondary
73] ' Linear absorption coefficient of element j fluorescent radiation.
Wi : Weight fraction of element i
Wij : Weight fraction of element j
ri ! Absorption jump of element i
(distribution of K, L, and M lines)
wi : Fluorescent yeild of element i
Rip * Intensity fraction of ip-line in the charactaristic

x-ray series which ip-line belong to

(49)
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