1920 B & W E 60 £ (19749) BI3%

' IEIEENREH tH AR N R ITHTIN

UDC 543.426 : 620.192.45 : 669.14

W X BROTEE O S FEE BN B DT~ D

A B3 A ZEEBRYRR A
RE & &

Ao~ ey

WA - Tl R

A Fundamental Study of Fluorescent X-ray Analysis for Analysis of

Non-metallic Inclusions in Steel

Kiichi NARITA, Hiroshi HARA, Atsushi MivamoTo,

Kotaro YAMAMOTO, and Takeshi GoTo

Synopsis:

Non-metallic inclusions in steel are closely connected with quality of steel, and it is extremely
important for the investigation of pecuriality and effects of added elements of steels to understand
precipitated shapes, distribution and quantities of inclusion.

In this report, the results of fundamental studies on determination of nonmetallic inclusions in steel

by fluorescent X-ray analysis are described.

In the experiments, non-metallic inclusions were isolated by hot nitric acid or iodire-methanol me-
thod, and which were supported on the suitable filters to be determined by the fluorescent X-ray
analyzer Fluroprint MK-1. The analyzed elements are Si, Al, Fe, Mn and Cr.

The results were summarized as follows;

(1) According to the surface observarion of filters, which were treated with NaOH solution (8%).
by scanning electron microscope, Membran filter MF30 was found to be the most suiable as support

for residues.

(2) In the iodine-methanol method, the amorphous carbon is isolated with inclusions simultaneously

and interferes in the fluorescent X-ray analysis.

But the amorphous carbon can be removed from

residues by ignition in Platinum crucille at a temperature below 400°C.
(3) Fluorescent X-ray intensities of Si and Al are affected by Fe, Mn and Cr, but in the case of
more than 200xg of Si or Al, effect of 1000ug of Fe-+Mn is negligible.
(4) As compared with general chemical analysis on Al,O, inclusion in Al-killed carbon steel, ave-
rage and standard deviation of difference were 0-000124 and 000069,
(Received Mar, 9, 1974)
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Table 1. Chemical composition of specimens.

Chemical compésition (%)
C Si Mn P S Ni Cr Al 0] N

R-1 0-02 0-005 | 0-24 0-009 | 0-025 — 0-008 0-005 0-0500 0-0037

K-1 0-23 0-07 0-53 0-026 | 0-023 — — 0-040 0-0034 0-0081

K-2 0-26 0-24 0-51 0-024 | 0-021 — —— 0-032 0-0030 0-0058

SK-1 0-17 0-08 0-45 0-010 | 0-016 0-02 0-02 0-011 0-0210 0-0039

AK 0-30 0-29 0-74 0-022 | 0-033 — — 0-148 0-0050 0-0061

FS 0°003 | 0-54 0002 | 0-004 | 0006 — — — 0-0270 0-0059

FM 0:003 | 0-001 | 0-40 0-004 | 0°-006 — — — 0-1200 0-0061

Table 2. Operating condition of X ray.

Element Line Crystal R.C. P.H.A. Scaler Slit Aperture
Si Ka PE 10s LLV 20 WWV 30 N/1 - 0-02 Out
Al Ka PE 10¢ LLV 15 WWV 30| - N/I 0-02 Out
Fe Ka LiF 108 15-0V Disc N/4 0-01 In
Mn Ka LiF 108 15-0V Disc N/4 0-01 In
Cr Ka LiF 108 15-0V Disc N/4 - 0-01 In
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Fig. 3. Relationship between filtration diameter and
deviation of X ray intensity.
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Table 3. Effect of alkaline solution treatment on
X ray intensities.
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Al DI VWIEXBBEEITH 10% KT T20LTH 5B,
Siitxf4% Al OBEWRELL, 200ug D Si DFVR
FRIRME & A HE L g, 100pg @ Al OIETFIC X DT

Xray intensity of Si Ko
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Al (ug)

Fig. 10a. Effect of Al on Si K,.
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Xray intensity of Al Ka
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Fig. 10b. Effect of Si on Al K,.

WXL 10% 3 EET L, X bic Al 734008
HETHEH I/2ETT 5. Chid Si X0 Al i
T 5 Fe+Mn OFEEX HHFLL, —RIZEBTER
BLHRC I BBREEZ SFeTvEvbilT\vwah5, 8T
FHECF W THAESEETHPANHH L LETL
T3, L LERS—RICBRILMBRANED STV
CTIEMEEE AT 5 M@ F L FRPERSEMOo—IT
THD, Si0, FX WV ALO, BFEFIC Lo b EEBicihl
XNEBHHFREEAE L. EeI30E-2 & / — ik
REATOHETY L FEBRZDIELAETHDHDT,
FeO H 5wz MnO [RIEEEEI K 5TCEEICHE
Xhohd, HEEETIE Si0, HB5E ALO, HEE
WHET D Z ERILBECDInwEEZ NS0T, i#
B X o THHEZERTHIZE, BEONEDONEE
OHBETIRFCEORERFEHETEL IO LE LN
5.
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3-5 BREOHEEIUEAMDONEDERDIIR
~DEH

B R Y A R stk oM AR BIR L, £
Wk XUERABEMBEBZEYEER LT, 2-3 ¢
AFCFNAR Lo Tt &3 27y, W XERS T
FsUE 2 B8 LT v XsaE 2 8IE Liztob, k%
GIRC X OTCLBELTRAYER L, FWIRXEEE &5
JGXET Si, Al, Fe, Mn X Cr i oWTHERL
k.é&mﬁp%xﬁ%ﬁ%ﬁoaﬁwﬁﬁ%ﬁmié
FesbiT HHE(EBRIEN S 7 5 2 € — REETIERL L TR b
B L. R 1§l27R3 & Fig. 1l DLkDTH
A.

— RV XBORHIRRIIS2EDI S H bbb
hs.
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Fig. 11, Analytical curve of Al and Cr.

CORELBLWTIHRHIBRE2 L&D L, 2,
Cr YAV Cde,=1"2pg L7510, REROBERED R
17T 50O TREMEE CHRIBTRETHS.

SE¥R zbhicRiEfizb by, AErERETON
EMERSICEA LR 1 il RT & Table 4~
5 DEENTHS.

Table 4. Analytical results of inclusions by X ray method and chemical analysis. Hot nitric acid method.

AW-1 | AW-2 | AW-3 | Aw-4 | Aw-5 7 od
Chem. | 0-0068 | 0-0082 | 0-0081 | 0-0093 | 0-0098 | . . .
- ALOs (%) X vay | 0-0068 | 0-0073 | 0-0094 | 0-0101 | 0-0l04 | ©°0004 | 00009
q) - — ——eew — . P ————" - o — ——
= KC-1 | KC-2 | KC-3 | KC-4 | KC-5 7 od
9 - 1 i} § 1. )
= Chem. | 0-0067 | 00049 | 0-0060 | 0-0053 | 0-0054 | .. .
% | AkOs (%) xray | 0-0068 | 0-0048 | 0-0051 | 0-0061 | 0-0053 |—070004 | 0-0004
<
CF-1 cr-2 | cr3 | cr4 | crs 7 od
Chem. | 0-0043 | 0-0045 | 0-0040 | 0-0043 | 0-0038 | .. ,
ALOs (%) X'ray | 0-0047 | 0-0053 | 0-0045 | 0-0044 | 0-0o4g | 00001 | 0°0006

Table 5. Analytical results of inclusions by X ray and chemical analysis. Iodine-methanol method.

RI-1 | RI-2 | RI-3 | RI-4¢ | RIS | RI6 | 4 | od
T oo QISR CER SRS D000 oo oo
P oo S S VN S0 IER |56 oove e
T ooieo S CIEISNR OO UIE SHE - own| o
_ SS-1 | $S-2 | SS3 | 854 | SS5 SS6 | T | od
Pl oo ORSEN GNR BNS C |Z | owo oo
=
3o owoen P 0HE UNS SORINES = [Z owm oo
| oo QU 0RE SHRGHS BN - | oom oo
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COFERCINEEERE DS LEMRFTHY, T4
ERfT 52 ENTELLEZLRS.

AT T\ TR IEROBEE I X 1L
EOTH WX BAE L BEh OB TREREORGRE b
Ed7hs, (LFEHIT LD S X LIEEOBEVEFRL
ks SRR TIE, RERLOLOORKEDR i
IO ERR T COERSIWOTREV IIFTES.
LIt HETTROZEZFH LT L, #iEEZHEIThHh
WEARRE ML OB S X OHMEEIGERTE DD D LEF
Zehs.

4. &

AP X O L7-gSikE 7« v 2 — R ZFOHEEKE LT
T XS E 3 T SBEOERNLRT LI Tk
VW, ZOFEERRHEEBRMEECET LT Si, Al Fe,
Mn 35X Cr QS TEEREILERTED L, &
HlzaoE-» 2/ — VIR HEAISTRETSH 5 2 L%
FEER LU 7-.

AW CHiET R & S D ke Mh X Db SHE L
FEEOERSCERAT K, MiShaEEOER
Mie T 5 I DREMOVER LI F LR ORELBITT
HIPEDERTFEL ECHBIRmNEL, S LIRS TT

il

FOERFEE LTBRREEE Db Wi, MBI
TCORBEBOBECETOMES S ATV DTSR
BHOERFER LR FFITLROMIEER E1TonT
LA RTERIESTETHY, ZOEIEHRTIE
ERMEOM LS SITXEATE 5 HEEOIEKS AN
TE5.

BRI RO TG WX BT EZ SRR X D Hta
B LB OER ST~ U7cs, JREANCIE 7 « v
Z— LARETE LD THINTTXCCCHAMNIRET
by, & xiX Pb, Cd, Cr, As X D&EEBILESR
FL— FEEHDWEA T EHRIE S LW THET S
L EDOFEEEETNE, AESW~OBEHLARETH
5.
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