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Analysis of Steel by X-ray Fluorescence with Chemical Technique

Yoshihide ENDO, Yasuharu MATSUMURA, and Takashi SUGIHARA

Synopsis:

Determination of several elements in steel by X-ray fluorescence method with chemical analysis technique
was studied. Techniques used were (A) chemical separation—glass bead method, (B) precipitation separa—
tion—direct method, and (C) gasification separation-direct method. The method of item (A) was applied to
the determination of niobium and tantalum, and of zirconium and hafnium. The method of (B) was ap~
plied to the determination of trace amount of tungsten and (G) was applied to arsenic determination. The
method of (A) enables to determine with ease the elements, which are difficult to separate each other by
conventional chemical analysis method, such as niobium and tantalum, or zirconium and hafnjum. The
method of (B) and (C) are suitable to trace analysis. These methods have several merits: (1) procedures
are simple and rapid analysis is available, (2) obtained values agreed accurately with the certified values
by chemical analysis method, (3) proper separation method is applicable, (4) it is possible to standardize
with standard reagent. k

Coeflicient of variation (GV) were 6%, 4%, 2% and 7% for the niobium and the tantalum of 0.04%,
content, the zirconium and the hafnium of 0.029, content, the arsenic of (0.001-0.005)9, content, and the

tungsten of 0.0059, content, respectively.
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Fig. 1. Calibration curves of each element.

WEXEEESNE L, BRITGEOEE L OBRFELRD
THRERETS. L, ¥IAE— FIREKE IS
Uy ADEMS, BHEVGITERERIEE TEh s T
B D THEE S (Fe0y) 5mg FREE 4Nz CRbR L
FeFH K.

(2) BB BEEEOBAREERAOLE LR
B L HITR ORI & BRI e b &b,
Bk & R ER R T 5. 2B U7cTh B PfE & 3
CH O UHEKITOIERF P ) v A TERE LI T A
— FhickE, BRTROBE LI\VIEXERE & OF
FEROWBERLETS.

(3) SILDEEOBAE S IB OB - BEEEOEE &
FRRCHEIE L, BEREERT 5.

H5AE— FNERXb Nb, Ta b0 Zr, Hf,
BEEC X AW, RERLS As It & DBRERO—1F
% Fig. 1 R+

3. REREBKLUICRAH

3.1 ZBEBLUHE HRE

(1) WX PR BRI, VXQ-130
D# (SPQ80 25 &) 7z, & O%fEIE RhX g
AT, HINLE A 45KV, 60mA THDH. A¥ pF— &
LT D4k 47LiF, & X0 117LiF Th % . Nb,
Ta, Zr, Hf, W %8} 4”LiF % As 2% 11”7LiF
i AR

(2) #3I A — bEMig Philips #h8l, PWI1234
A F\To. & OB TOE — K OERIL SR
X5,

(3) ME&Ilir Pt95%, Aud% Of4T 32mme D
LowEFH L.

(4) As figE¥E1z Fig. 2 oo A

(5) I VRT 74 A% —ITEEFHKND TM4SP ©

7 5 == 4
)
60mm 3
_\L l l 2 1 : Erlenmeyer flask
2 : Silicone rubber
. 3 : Vinyl chloride tube
180mm 4 : Vinyl chloride plate
5 : Filter paper of
AgNO; digestion
s !

Fig. 2. Apparatus for generation and collection of
A"\SHa.

— 121 —



122 |

5 65 4 (1979) # 1

BT A R 0.450, B 48mm DL O FT.

(6) RBRINCEERTZTRCETLLORE
W, KK A ARSI X B KR T
3-2 ISHA)

3-2-1 fbztbhype- v o A — Fik

(1) $frho Nb, Ta D4pEEER

(a) Pk Ak lg vl DiiEE(1+4)
40 ml ANz TEG RS 5. BRBKEINZ CTH 120
ml 235, 749 vuHE (1%)30 ml 2 A5 oJFfk-<
VT Rz, 10min BEEM L CILBA BT 5. B
BIFBL, KTHORESFT S, PSS L0 EYAS
BOIEIC ARG 650°C~750°C CRILT 5. JKik
WEEEMICEL, #KES5®BrrY va3g LB
3%, X HIENER <D BRLE 8k Smg &
Zs HWIAE— FIEEHCY — VRIERT 5,

T CIEXEEDHTERE & WV BTSRRI WX Rk
BHEL, HOLUDERLCHLBER L Y Nb, Ta

TERETS.

(b) ZHERR XOHBE REOLEHEOBIED &M
i JIS IS T B BEO A&
Wik JIS HIER R I SR T b Tl b, FEE D
DBERAEFICEVTHE LWEEAE DIz T JISH
h & Li. Nb, Ta oEIEEZ DT u,ﬁﬁf
Nb0.2mg » k X% 98%, Ta0.2mg D L X#) 97% <
Ho, 100% LZLTHI L2\, EYERES
EHEA B LC Nb, Ta OIS 4R LcDs €—F
L7 b 2.4 Gk Es{bic S W T BRIEED
BERREPRCR L, Ky —rbilicdo vk L
LR CIEXETHE LT Ui,

A7 b ARRTIEE O W18 B ek f o B R A
5 NbKa,0.746A(2), TaLa, ,1.5288 % w7z AW

40 X

-~ 3.0
3° D
= .
> )
[S) W
20 <0
X
N
AN Nb
\-x\
10}—’— = \I “]L\-o
Ta |7 ~=a !

50 100 150 200 250 300 350

Integration-time(sec)

Fig. 3. Relation between integration time and
coefficient of variation.
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Table 1. Reproducibility of analysis for Nb & Ta.

(n=10)

Element ??nd:)d T & Found v
P | Xem)| Ty | o) (o)

Nb 0.40 0.385 | 0.06 0.023 | 5.97
Ta 0.40 0.394 | 0.07 0.025 )| 6.36

Table 2. Comparison with chemical analysis of

Nb & Ta.

Method| Chemical Fl%gﬂ:ﬁfi;;ﬁgray
Nb (%) Nb (%) Ta (%)
A 0215 | G315 | olo0s
NBS 19g 0.026%* 8:8%2 228:88%
JSS 157 | 0.044% 8:832 2§8:88§
L L 0 R
JS$ 161 0.0 0ot | 00008

* 3 Standard value
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Table 3. Reproducibility of analysis for Zr & Hf.

(n=10)
Found
Element A(d[(lllegd). Vi
B X (mg)| fmexs | o (mp)| OV (%)
Zr | 0.20 | 0.197 | 0.03 | 0.007 | 3.28
Hf | 0.20 | 0.209| 0.04 | 0.009 | 4.24

Table 4. Comparison with chemical analysis

of Zr & Hf.

Method | Chemical | T 1‘2?;1?;6_?,235)_ it
Sample Zr (%) Zr (%) HE (%)
JSS 160-1 0.022+ e B g
JSS 161-1 0.062* 8'82? :28'88%

| 0.004 <0.003

B 0.004 1 0.005 <0.003

0.059 <0.003

C 0.062 0.061 <0.003

0.059 <0.003
D 0.059 0.058 <0.003

* 3 Standard value
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Fig. 4. Effect of added Nb on the intensity of W.

Table 5. Recovery of W.

Absorbance*

Ad\/%led (— logT) Found W | Recovery
itae Fgk P
() | Direct | reRitas (8) (%)
5o | 0-038 | 0.039 51 102
| 0.039 | 0.037 48 96
o | 0078 | 0076 | o8 98
0.078 - | 0.077 99 99

*; TPAC photometry
**;  Addition of lg Fe and 2mg Nb
*%% ¢ Calculated from (A)
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Table 6. Reproducibility of analysis for W.

(n =6)
Added Found W
W I
(ng) X Rmax . g (62
T () (zg) (pg) (%)
50 48.8 2 0.25 0.51
500 502 10 1.9 0.38

Table 7. Comparison with chemical analysis of W.

Fluorescent X-ray
Method | Ghemical | (Direct) (W)
Sample (W) lg sample | 0.lg sample
0.059 0.054
NBS 10le 0.056%* 0.056 0.055
0.060 —_—
0.027 0.026
JSS 604-3  0.012~0.047 0.027 0.028
0.024 _—
‘ 0.022 0.018
JSS 605-3 0.014 0.020 0.023
0.024 —_—

*;  Standard value
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¥ig. 5. Effect of Fe on AsHj; evolution.

Table 8. Reproducibility of analysis for As.

(n=6)
Added Found As
As —
(#8) | X (pg) |Rmex.(pg)| o (pg) | GV (%)
10 11.38 3.7 0.26 2.28
50 49.05 5.1 1.06 2.16

Table 9. Comparison with chemical analysis for As.

(n =6)
Method Chemical’ Fluorescent X-ray
(As75) (Evolution)
Sample (As%)
0.0043 0.0045
JSS 110-1 0.006%* 0.0040 0.0045
0.0081 0.0081
JSS 111-3 0.008* 0.0078 0.0077
0.0024 0.0025
JSs 111-4 0.003* 0.0027 0.0026
Pire ic | 0.0004 | <0.0004
ure iron —_— 0.0005 <0.0004
o ’ 0.0018 —
Pig iron ! 0.003 0.0015 —
0.0040 0.0040
E 0.004 0.0037 0.0039
. 0.0065 0.0063
F 0.006 0.0063 0.0061

*;  Standard value
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