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Investigation of Non-Metallic Inclusions Constituting
Sand Marks by Electron-Diffraction Reflection Method.

Kiichi INarita gnd Kenji Mori

Synopsis: .

Electron-diffraction reflection methd is applied for the identification of nonmetallic inclu-
sions in steels. .

The local analysis of nonmetallic inclusions is very difficult with the exception of use of an
electron probe m:croanalyser developed recently. Notwithstanding the use of the electron.
probe microanalyser, only the composition of elements constituting the nonmetallic inclusions.
can be known. On the other hand by means of a crystalographical determination, the:
modification of the compound constituting the sand marks, could be identified. Hence an
electron diffraction method may be considered preferable for the purpose which presume
the origin of the sand marks from the knowledge of nonmetallic inclusions constituting it.

The results obtained are as follows: ]

1) Corundum (a Al;O;) and Hercynite (FeO-AlQO;) are identified in the nonmetallic
inclusions constituting the complicated or mixed type sand-marks in Cr-Mo steel deoxidized
with aluminum

2) Titanium nitride (TiN) is identified from the sand marks in 18-8 stainless steel con-
taining titanium and molybdenum.
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Incident electron beams

Etched metal

Fig. 1. Relation between the surface topography
of the etched metal and an electron-diffraction
reflection method.
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Table ‘1. Chemical composition of steels. (%)

; i i -

Steel C Mn Si | P E S Cu Ni Cr Mo
A 017 073 027 00124 | o013 0-18 017 1700 0-25
B 0°17 068 Q25 0°015 i Q+008 017 011 1+04 023
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(a) Stesl A " (b) Steel B x400 (2/3) SEWHITLALH), KAEFEIT -

Photo. 1. Complicated er mixed type sand marks in EERE oMK REWEELYZF TS
Cr-Mo steel A and B. DT, EIREITH S D ED

FHELDEREZOLND. Thbb, ZOFETREDS
MUPTFELRWEVSEREIT I LBTER V.
z)z 25 F 4 FRABEOH EF ‘
KEIZHAVWON I E T TV~ bE Ly P IT
MTOECHEHEEINIZDDTHE. i O—f&ILERK
o EF@ Table 3 CRTLELEHTHD.
JETEM ST X D R bk k& BAEDE
B ' Photo. 3 i/RT X5 #HERVWLEED %tgﬁﬂ'c&;'
(@) Steel A S Sfeel» B v, BELTEESFMICGESE VEmmOEX DM S b

Photo. 2. Electron-diffraction reflection patterns THEERLTWAS
obtained from non-metallic inclusions shown in SRR O EVER (10%) 73 —-JW%“H?UP’C“

A d B, Photo. 1. _ e
- ° BREL TR I D/k. ZOXS5BBETIIEBFED S

FEHID HILED, EMAOBEFIZIS LA (- WIHESLSHOBETEIREAD, EFEOBKICI ST
ALOy), M BOMETIINVLF A4 b (FeO-AlLOs) hEENEFFRE LR V. ZTORDHIWE TR CTHEIEICER
BHDHVRENOGEVWETEREF >DACA NV EEZ DR DOENEVIRBOVETECEFHRAEREINTHE0%TE
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Table 2. Lattice spacings of non-metallic inclusions in Cr-Mo steels obtained by an.
electron-diffraction reflection method.

Photo 2(A) Photo. 2(B) a Al,Oy* FeO- Al,Oz** aFe
«d.0bs.(A) Int. |d.Obs.(A) Int. | d(KX) Int. | d(A) , Int. | A(XKX) Int.
4+70 20
342 M 3°47 50
‘ 2°87 60
2457~ S.Br 2°55 75 -
2+43 2440 VW 2°37 30 245 100
2+28 M :
206 w 2+08 100 ;
1°99 M 199 VS 202 80 201 100
1+74 VW 178 VW 174 50
1+68 VW <
161 VW | 164 16 ‘
158 S 156 VW 1°59 100 ;| 1°56 40
154 5
1°50 - 5 |
1443 M 143 S 1402 40 143 80 1428 15 :
139 M 1370 50
1423 W 123 M 1233 20 123 12
117 M 1°17 8 l 1°166 38
v 4

* Kuso and Kato; Chemical analysis by means of Xray diffraction, (1955), N1kkankogyo shinbunsha.
#* ASTM X-ray Powder Data File.
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Table 3. Chemical composition of steel. (%)

Table 4. Lattice spacings of non-metallic inclu-
sions in austenitic stainless steel containing

C Mn i Si 5 P : S Ti and Mo obtained by an electron-diffraction
' ; i reflection method.
0°035 | 1°14 | 0°26 | 0032 | 0°009 , o
Photo. 4 TiN* . yFe**
Ni Cr | Mo Ti d.Obs.A Int. | d(A) Int. d. Cald(A)
12°89 ! 17+80 [ 2°18 Q27 2+44 w 244 77
2°11 w 2°12 100
2+05 M 2°09
; 1480 M 1+82
) - 1°59 VW
i 1°51 W 14496 56
‘ 128 S L1277 jals 100
. 1°223 . | o
{ 1+NQ S ) “ 1°09
i 05 VW 1+059 7 ' 1°04
5 0-972 11
’ 0°2948 22 0-91
04874 VW 0865 21
0+823 M 0-83
0809 M 0816 — 0°81

X400 (1/1)°
Sand mark in austenitic stainless
steel containing Ti and Mo.

Photo. 3.

HEBIESBETE, BETOMEEZRTEHZ DTS
ZENEFE L. Photo.4 iz Photo. 3 WRL X

TORFEFEEZTRT. *OEFEE, 5k 7# 7-m
f5% Table 4 T L7-. : ' o '

’Photo4 4 éctrdn—diﬁfééiiorr;remﬁéctio-n
pattern obtained from non-metallic
inclusions shown in Photo. 3.

EHER, & TN & yFe 253» bhic. rFe 11
matrix OF — 7+ 4 MEGOLIOTH Y, FELEN
Efr: TiN LEx2 56N 5.

TiN $10 TiC REBITAVE 74 FLEWTH

9, ERFIVREOEFEL I > THRTFHROES

* ASTM X-Ray Powder Data File.
**  Calculated from lattice constant.

EDE B TH B, %7 TiN % X8 TiC D&
JERF—T® 0 EIER» ST 2 B48FE2E TS
2, BEEHELOEFIFERLE TiC OBFFHREELRLT
INLOIEEBATEME TiC L1E% 2 bhil . :

VAgksh o TiN OBBREFE» L, ChbLOEEEN
EMTBARBICRE WV TT TR LTWB E# 2 5,
B D Ti L RKFDOEREDRIEIT X 5D D LHR]
5.

V. &

#2:i  Electron probe micro analyser T X2>T3E
WENCETI o2 R 270 5 2 L B LRIE S ok
2, WEFEBET BEEBAENL, TOAIILE
FDIDCHREMD L LPEETHE. EE O
BIERC Lo CHEBAENEFAET 52 LT KD
SR ML R S — BRI I I & T DR & HEsE L
55LEx, REEFEHZDE FOMRITEALZ.

G OERE Al TRER L7 Cr-Mo $iic il X 7= iR
/-D\?,!EQ%@:('CP:}: S #8058 (a Al:O3) B IO~ F
4 b (FeO-ALLO3) %, Ti XWX Mo #imlLic#
— 25 F A FRFGBMOWE F Tz TIN 22 FNniR
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Systematic Study on the Mo-V Low Alloy Heat-Resisting Steel.

Kiyoji Deguchz', and Haruo Nakajima

Synopsis: ‘ ‘

The effects of adding Cr, Ni, Mo, V, Si and Mn on the low-alloy heat-resisting Mo-V
steel of the base component 0715% C, 0°8% Mo and 0°3% V were systematically studied.

The results obtained are as follows.

(1) S-curve is affected by Mo more remarkably than by V. When Mo and V are added
together, then the noses of A; and A, transformatxon curves appear at about 770 and 700°C
respectively and the bainite transformation at below about 575°C. By increasing Si, Cr and
Mn, the beginning of A; transformation is retarded down to below about 700°C, and also that
of bainite transformation down to below about 500°C, according to the decrease of temperature.

(2) By the X-ray analysis of the precipitated carbides extracted electrolytically from
the isothermal transformed steels, My Cy, Fe3C and VC are found in Mo-V steel, but only
Fe3C is found in plain Mo or V steel. No differences are found in the kinds of carb1des off
Mo-V steel even by changing Cr, Si, Mn etc.

(3) By adding Mo and V together, the hardness as quenched is far higher than by
adding them independently of each other, and the hardness increases further by adding Cr,
Mn, Si etc. respectively. These results are well understood according . to the effects of the:
added elements on S-curves. The maximum Charpy impact value is obtained by tempermg
at temperatures between 730~750°C after quenching from 970°C.

(4) The tensile strengths of the Mo-V steels at room temperature are far hi'ghef than
those of plain Mo or V steel and the ratios of the vield points to the tensile strengths are
also high. As far as the variations of Cf, Si‘ Mn and Ni of the Mo-V steel are less than
those described above, the required mechanical properties are obtainable by tempering at
the adequate temperatures between 730~-750°C.

(5) By the results of creep-rupture tests of Mo-V steels at 500°C, the followings are con-

. firmed; the effect of Si between 0°08~0°42% is not distinct; by adding Cr up to about 0°93%,
the strengths are apt to decrease after long time; by those containing about 0°459,Cr, the
strengths are higher when Mn is lower; by those containing Cr and Ni up to the upper
limit of specification the strengths are higher than those containing no Cr and no Ni.
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