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Determination of Alloyed Elements in Special Steel
by Fluorescent X-ray Spectrometry.

Kozo Momoki, Shize Hirano, Takeji Koizumi and Fumio Sawai

Synopsis:

Fluorescent X-ray spectrometry was successfully apphed to the determmatlon of alloying
elements in special steels, including super-heat-resistant alloys, as follows:

Tungsten, 2 to 199 in high speed steel,

3 to 5% in super-héat-resistant alloy, and 2 to

© 9% a in a low-alloy steel, were determined with standard deviation .of 0°349, 0°16%, 0°083%

tungsten, respectively.

Molybdenum, I to 8% in high speed steel, 3 to 5% in super-heat-

resistant alloy, and 0°2 to 0°7% in low-alloy steel, was determined with standard deviation
of 0°15%;, 0°119%, 0°:0182, molybdenum, each. Cobalt, 2 to 129, in high speed steel, was
determined with standard deviation of 0°15%, cobalt. Vanadium, 1 to 5% in  high speed steel,
was determined with standard deviation of 0°053%, vanadium. Nickel, 7 to 149, in stainless
steel, 18 to 22 in super-heat-resistant alloy, and 0*2 to 3% in low-alloy steel, was determined
with standard deviation of 0°074%, 0°096%, 0*056% nickel, respectively. Chromium, 13 to 229, .
in stainless steel, 18 to 229, in super-heat-resistant alloy, and 0°2 to 5% in low-alloy steel,

‘was determined with standard deviation of 0°0819%, 0*087%, 0°056% chromxum each. N1ob1um

0'5 to 5% in super-heat-resistant alloy, was determined with standard deviation of 0°060%

niobium.

The method was found to be very simple, rapid, and accurate, enough to be apphcable for
a routine analysis of these alloying elements in many types of special steel samples.

I. ,’ﬁ%<

Xﬁ%ﬁﬂméfﬁﬂ%ﬁmﬁ#Q%%féﬁ&Xﬁ
FEIEL CIROILREOERERLTTR 5 &N XBIHT
B®iE, EBEOHSEEBIZVWHEBLLIFEEL, BT
BWTT T TESF O HECERIEESE ©
FEEE LTERL TWBP™D. SRS OZEHICI W T
b X DR £ L CRERZES S CREEE, 201
DALZST TR ERHEZET 5, BH4RLBiiEe4
ROERSTTEOIEREDRELERL L 2V ITESHITH
WEBNA Y AT Xm0,

AER N OFHHTOERS EEDER L OWVT
HLHBETREDEN TV HEEX S ITEOEKIRS T~

DB ZBRALADDOTHS. FERTIEIEEOERK
 REAL, EEEWR, RHW, Eied, BE4H0
ﬁ%%éﬁmbt@,iﬁ%ﬁ¥f&5W'MmNi
Cr,Co,V,Nb 0 7 tH%, ! TLHEY IS LIANDTE
ék%%%ﬁﬁrwbﬁﬁ?«smﬁﬁkﬁﬁfa%%
WLEBBZ E2BE»rtLik.

II. SEBLPRRTE
(1) #HPlotEmk

il

FERTHERE LRENHES W, W, HEE

i, BHEEEOHFHRASk Tbi ) EREOEV- il
THhote. XFAHBOERCIIWTHhE Ltkg O MY
AP ORI HFY 4X4cm, 0 7cmEDFH A& T 2
)=V —CHML, EFEO 1EEZ 100FDONV T T
AV F —TIBLFTR—REMD YA A2 X5
FHAE LT % L CXBRIBHEE L.

T (2) BRXBOWEE

HETFHELEELHFERL - ukX&%thmm-
lette OEG 50-W &R, 4)cic LiF THEigsHE Qd=
4:05A), s Nal (T voFu —v o VRIS
# M\, pulse height analyzer gL 7=. F7=V/
—Z7~—AY v biX 0*15mm rh@%@zﬁﬁ\( 7z,

(3) S iaEORlE Lt

ATRC OB GE I 5 TYEAL L 72alBHaRE + X0
I E O BLBEES A, LERXBEHALTRO
BT X D FHMIEEOLEEN D bNIDT, Wit
TIGD I L7z, YR Y BOHME X 52D Hn%

* B 35 F4ARRBEAIITTHRE
OREREMAFETIER

R RRARFE TER
e RRE@EGR S

— 48 —

.

¢

A



BRXBOFEC I 2BHRIEPOEIRITHEOELR 989

B—HIEDLO5REBE L. FLXBEHNOERE
—EITT B 1°5x20cm O Al #l= 22 #3EE
BIICEIZE L TEICEIE L 2.

SiTHisREOBRIE I, 7T EFIAMEL <&

DR — 2 RIE (20) Bikidie. DWTEHEER ©

nED 20 CAELLEEENTNOMBIS F BT

FOVF — S FighiRE ke, ThicWwT pulse height

analyzer @ gain, base line, window % 4&LEL
CEDZ. S OICERELEER EMIALEREZERE L e
# (fixed count) ZWEL, TR LD 3~4 @D
eIz X2 T cps (counts per second) Z3kwiz.
B ORI TR OV TIEBNICHEE L 729,

5 L TEITRITHT 2 0HTRIC 2 T T IRE
ERRBELMEE Table | OZEFLOTHDR. &
By 7T FIREROTE L Em s ORI T
HEL 7283, WFhoSReaTdbobiihick s
ZRIGTEALEDENEL D7D TELENRNy DT

v FORIERTTRbDIRPD7.

I £ 8 & 8

(1) HREBOER
EETEOSITIFBRE (cps) L VX DRE (%) #*
MBI DOMBIRICIE, ThDOTLREIPEYLIRETE
FNIATUER BRI 2 AL A2 TEITR IS X O Y/ TS,

WHD TNV —F T el L BRI L Az, oo
CHEA U RS ERI O ITE, WA, ey, =8T%
DiREEGEA% Table 2 iRT. MEBROIMEHIZE
) NP OBEIC OV T D JIS BELEAH [ o FifE
ZERALKE.

BON7AER Fig. 1~7 THRT T & <ETERL

DV TREUREEER, THIE, BNNss, Ked

FOATEITKINT A ENTERL. SLITGEEHNHDBDO
Mo, Co, V BWWEITX b, E7F R0 Cr xNig
b, LINEEINTHESEIN. IAElEhEase
OV THFEBOBRRT Co £E4E%kd1C Fe Ha&
SRBEBECE T 528 ,roks, W, Mo, Nb ¢
BTix Co & Fe RoMEfilsE@—#HTslL
LT, Ni BXO Cr kW, 2EhvnblsLWn
EBRLNSXSTHDo. INLDOBRER ITONT
YoupeEN DFEPIT L2 D TRD A IEi(F%E% Table -
3ZRL Tz ‘

(2) WogEs

BRI E R AR L B it X 58 ER RN T
BEHIT Fig. | X3 Thote. &I BEEFOHR
BRIz X BHIEDK X REBHRE D724 B bbb Ty

T, BHEBASPEASHOR-ADEDF L B

Db DOTHBEMSE DD TEEL TRTICMET 3
AL IHBRIR. EREROREREZSPRREN

Table 1. Conditions for the determination of alloying elements in special steels by the
 fluorescent X-ray spectrometry.

, ‘ P eék x | Pulse height analyzer X-ray tube | Fixed- Statistical
Element |Spectrum (26) Sample = oy —— E——— A counts |deviation
. ase line 1maow oltage mpe- 3
- Gain {°%%, o (kV% ragel(’ma) (x108) 7 (%)
A 5 5 20 40 10 64 040
w Loy 42059/ C 5 5 20 | 40 10 64 040
D 5 5 20 40 20 64 0+40
- i A 5. 18 20 40 5 64 040
Mo K, 20°—15! C 5 18 20 40 5 64 0°40
! D 5 18 20 40 10 64 0-40
Co K, 520—47! A 5 6 12 40 5 128 0°28
v K, | 76°—56! A 7 4 20 40 20 - 32 0°56
B 5 4 20 30 5 128 0*28
Ni - Kg '48°—40' C 5 4 20 40 5 64 0+40
D - 5 4 20 40 20 32 0*56
B 5 4 20 40 5 64 0+40
Cr K, - 69°—21" C 5 4 20 40 5 64 0+40
D 5 4 20 40 10 32 Y0456
. . !
Nb K, 21°0—20' C 5 18 20 40 5 64 0°40

* A: High speed steel, B: Stainless Steel, C: Super-heat-resistant alloy, D: Low-alloy steel.
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Table 2. Standard samples for the calibration curves.

No. of Composition (conc %)
Sample type i
samples Ni Cr w Mo A Co Nb
Mo- hlgh speed steel 3 — 4 * 2~ 8 2~6 1~2 — —
Mo, Co- 4 5 —_ 4% 5~ 7 5~.8 1~3 2~12 —_
w, V- y 3 — 4 % 9~13 — . 4~.5 5 —
W,CO— 5 — 4 * 18 1 1~2 5~10 —
W- 7 3 — 4% 18 —_ 1~2 — —
Cr-stainless steel 4 — 13~16 — — — — —
Ni,Cr- 4 5 7~14 16~22 — — — _ —
Co base, super-heat- N T - 4
resistant alloy 4 18~22 18~22 3~4 ’ 3~5 —_ 41~44 3~5
Fe-base. super-heat- ~ . .
resistant alloy 2 19~22 16~22 1~4 2~4& _ 17~21 | 0°5~1 5
Ni, Cr-low alloy steel 4 1~3 0" 1~0"8 — — — — —
Cr,W,V- 4 5 —_ 0°2~2"5 | 1'5~ 6 — 0°*14~0"15 — —
Ni,Cr,Mo- # 7 0*1~4°5]| 0°5~ 7 — 05 — — —
Cr- V4 3 — 05~ 2 —_ 0°5 —_ — —
Cr,Mo- ” 3 — 1 — 0°5 — —_ —

* Determination of Cr in high speed steel has not be obtained in this report.

Table 3. Standard deviation of each calibration curves in Fig. 1~7.
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Table 4. Precision of the fluorescent X-ray determination. '

,Soﬁrce of devi»atioh*l I, I I V-
Elements (conc %) ‘W (187379%) | Mo (4°73%) | W (6°42%) iW (18°22%) | W (18°229)
Average C.P.S. 2227 . 1027 1233 ‘ 2171 . 2515
Std. dev. (C.P.S.) . 59 6°6 7 240 30°5
Coeff. of std. dev. (%) - 0°26 0°65 113 121

0-57

* ] =change of samples.
tube voltage and amperage.

‘T =resetting of goniometer.
IV =total, including.
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Table 5. Precision of the fluorescent X-ray determination .for a week
(element, observed; W)

Intensity (C.P.S.) for W Intensity ratio for W
Da
Y Sample | Sample I, Sample I, of sample I of samplel
W=7"119, W=12°459, W=18"209%, to samplel to sample I
1 1365 1997 2691 1463 1348
2 © 1292 1899 2583 1470 - 1360
3 1380 2014 2723 14459 1°352
4 1365 2016 2727 1°476 1°355
5 1319 1938 2630 1°469 1356
6 1347 1986 2700 1+475 ~1+380
7 1338 1971 | 2667 1-473 T 1+353
Average, C.P.S. 1344 1974 2674 1+469 1°355
Std. dev. (C.P.S.) 304 414 52°*3 000619 0°00441
Coeff. of std. dev.(%) 2°26 2710 1°96 0+42 033
Table 6. -Results of the fluorescent X-ray determination of W, Mo, Co
and V in high speed steel.
w Mo Co v
Sample type ‘Chemi-Differ- "Chemi-| Differ- Chemi-|Difer- Chemi- | Differ-
: X-ray|ca) ence X-ray |ea) ence X-ray (ca) ence X-ray ica) ence
. (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Mo-high speed steel 6°70| 6*32|+0°32| 5°64 | 5°74 |—-0*10] — — — | 2°99 | 286 |+0°13
” ) 8*10] 8+34|—0°24| 6°85 | 669 |+0°16] — — 273 | 2°67 +0°06
Mo-Co-high speed steel .|  6°15 6°20|—0°05| 525 | 5°83 |—0°58] 7°99.| 7*91 |+0-08| 2°56 | 2*65 |—0°09
- ” 6°30| 6°25/+0°05| 543 | 5°66 {—0*23] 7°85 | 7°94 |[—0°0%9 2°80 | 2°78 [+0°02
W-V-high speed steel 11-01] 11-00[+001 — 4*9]1 T 487 |+0°04] 424 | 4°05 |+0°19
) 4 . 11°05[ 11°02|+003] 0°82 | 0*86 |—0°04] 4°98 | 494 |+004| 4*35 | 4°09 |+0*26
W-Co-high speed steel 18-28| 18°18|+010] 0*85 | 087 |—~0°02 9*58 | 9°75 |—=0°17| 1°20 | 1*24 |—0°04
4 18+05| 1805 0*00|  — — — 500 | 5°13 |—0°13| 126 | 1°27 |—0*01
W-high speed steel 17°65| 17*70|—0°05 — — — 1*00 | 105 [—0*05
4 ' 17°86| 17°74{+0°12] — — — 1°08 | 109 |—0°01
Table 7. Results of the fluorescent X-ray determination of Ni and Cr in stainless steel:
Ni ’ Cr
Sample type, X-ray Chemical | Difference X.—ray- ’ Chemical | Difference
(%) (%) (%) (%) ‘ (%) “ (%)
Cr-stainless steel —_ — — 1355 l 13°51 +0°04
¥ — . — — 13°65 | ©13°70 —0°05
Cr-Ni-stainless steel 10°39 10+35 +0-04 17°85 1807 —0°22
4 ’ 10°25 10+ 20 -+0°05 1882 1873 —+0°09
4 11713 11*32 —0°19 1906 19°23 —0*17
Table 8. Results of the fluores:ént X-ray determination of Ni, Cr
and Mo in low alley steel.’ :
: : Ni Cr Mo
Sample type X-ray Chemical | Difference X-ray Chemical| Difference X-ray Chemical | Difference
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Cr-steel — — — 1911 | o1e1t 000 | — — —
v —_— — —_ 134 1+30 +0°04 C— — _—
Cr-Mo-steel — — — 1°05 1+05 000 021 0°21 0°00
4 —_ —_ 121 1+14 =+0°07 024 0-22 +0°02
Ni-Cr-Mo-steel 1°98 1-88 +0-10 055 054 +0°01 0°26 0-27 —0°01
4 1°89 185 +0°04 0+59 0°60 —0-01 025 026 —0-01
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Table 9. Results of the fluorescent X-ray deiermination of W, Mo, Ni,Cr
and Nb in Co base super heat resiotant alloy.

2 w ‘ Mo Ni

o
Ez X-ray [Chemical | Difference | X-ray |Chemical | Difference | X-ray | Chemicall Difference
« (%) (%) (%) (%) (%) (%) (%) (%) (%)

\ : '

1 4-12 4°14 —0-02 | 441 4+45 —0-04 20+28 19°95 +0°33

2 412 3°85 +0°27 4+40 4430 —+0-10 © 1978 19-80 —0°02

3 366 3-87 —0-21 4+42 4+ 14 +0*28 2023 20°15 +0°08
2 Cr Nb

(=] - .
5 4 X-ray | Chemical Difference X-ray Chemiecal Difference
v (%) © (%) (%) (%) (%) (%)

1 1945 19°53 | —0°08 3+93 377 +0°16

2 19+71 19°93 | —0°22 425 402 +0°23

3 20706 20024 { —0°18 4+18 4-47 029
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