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Electron-Microscopic Observation of A-Type Nonmetallic -
Inclusions in Ball-Bearing Steel. ‘

Kiyoji Deguchi, Tomitaka Nishimura and Hivoshi Suyama

Synopsis: ! .

A-type nonmetallic inclusions in ball-bearing steel were examined by an optical microscope,
acid test and extraction method, however it was not easy to identify each inclusion by these
methods. Therefore, the inclusions microscopically observed were extracted _onj:carbon films.
and observed by an electron microscope, and then each inclusion was respectivély identified
by electron diffraction. ) . :

Moreover, to confirm the results obtained, the materials similar to these inclusions iden-
tified were combosed exlﬁerimentally .and examined by an optical microscope, X-ray and elec-
tron diffraction. ' .

In consequence, the following conclusions were obtained: _ .

A-type nonmetallic inclusions in ball-bearing steel were classified into two groups. That
is, the one belonged to such substance as a— cristobalite (e — SiOg) +rhodonite(MnO-SiO:) and
the other as manganese sulfide (MnS) +iron sulfide (FeS) or manganese sulfide only. There-
fore, it was supposed that the combositions of many silicate type inclusions in this steel v;vere
in coexisted range of Si0O: and MnO-Si0; in MnO-SiO, system, and those of sulfide type inc-

lusions in coexisted range of MnS and FeS or MnS range in MnS-FeS system.
Besides, the nonmetallic inclusions above mentioned, there were a few inclusions which
were composed from other components and could not be identified by electron diffraction.
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MUT E DL T, 20 PIEbHEE 75 & OO MR & B &
mm?a:am,%ﬁ@ﬁﬁ%@iﬂﬁm%%mu,%
DBIERREER Y 5 LTt 2 52 5.

Uhs L7eAs SEERIT A b T W BB T 5 d B Vi
B D X EAIR £, B4 DIEG RAIEN B NS
EEM DDA T L O WL ATRFER TR, B
TEE TH < DIHENISIITEA TN T Vs B 1T b doodo
BF, RIROMZMFOIELENENOMIERE T
THEVWEEELERY SN TEVI . £ 2Tind 5B
ROW—HE LT, H— K EERICE D2 b5 4
Y2 LT Y MRODTHMZMRD & FO 4 BATED
ZIHE L, T oW CEFRBESEZGE X OB TFER
TR DFEERSI. XORR, Bk LOCHRNMEMIC
PWTRINDPIIRTE D72 dIE & A SRR
R DRI DI, ARNEMCOVTIRAES Db D
W L TEF AP TEDT, LEIZATRO S DT
i LIED T Liz. o

LA D CARGS I, 03250 A RIE LB E 1o 3
LETFE XD AR E, COREE»BHEH LA -
HOIEEENEWICELOWITEERK L, Zhbicown
TEAMSIEEE: LXK, WA 2l D7l &
Z FEBCHRGT U C, ifid A i 0 32 BEMLAK AR 1 D v O
2L DTH D,

- II. : £l

BlaAnh ZMx SUT 3 T OILSEpS5 v Table | &
ELTHD. % 50mm DE Ly b DhOEE ST
H2 HRB 2RI L, Zha 1000°C X 30mn B
BEAZTIEV, FEGIBATEMOLETEL, RIBMD R
% SEAN NG X4 T LB & 2D 7-.

Table 17 Chemical composition of
specimens (%).
C , Si ‘r Mn i P
102 0°54 L0799 | 0022
s cc | Ni | cCu
0012 { 1°00 | 0-07 0°12

II. T+ 520> 3> 7Y AOHES

HFERESE X B SBAENOMEL, A X0
HIREEAEMEHET SR CEELER» D 2 5 B
CERDLBRATH DR, b7 COER L F—DIESL
BAEMIOVTOEFERIZ X 5 REHE & e

RHE S B0 SRS BN % & 0 —[BIEL < HEF
DILLENTES. Lo LudbyEHissEClEL-3E
EENEME T OF T EFREMS R THA S X >R
HIIVER D E V{ThebhTWwigv. £ o CHEidg, v7F
Uﬁm%%ﬁmzuowr%@b@ﬁbtwg,zh%
DED L 5 K TERINICER L 7. |

e bR B ARSI CRIE L s S B
ETLIEENENORAICEA 72 Fa—-vTe—
VDT S%ES ) LEEF NI~ VT —K SRR T
WV, DERTFINENNR X P Lo —bF LB
WERIH L7525 v 7 ) mic ko CREOREN %
BREL, Lo digh—RokERTo%. £0B%SIk
U HETAMSI THIZ LA b e — s DRIBE b & LT
L*Smm BREOWALE % DIHbDOS D H — K o jE%
EERELT, S%MHE 7 Vva — VRICEEILL 7Y B
BizBARME 2. 2 LTCxbhiLr P Y HEEE
THBEROY — b 4 v v FTB T, BWE T 53k
SENEMDBTE » v AORCA BTN, Zhd
WA HRMEBIEZE S TE R <K 5D T Booker® DI L
feliEkwEILIT LT Photo. 1| Tk HEEEFMIEL, T
NIRX D HWE T I EEMAEWEIEE T # » v IO
iz B X S Lic

Photo:wrf Apparatusfor replica prepdration.

Tib LB BRHBEOHME LD A Dy ¥~ L
HHRE, V7 HEESEERASIE (A) oduliL
WOKEICOAT S, COTRHBY— b2ty L FTRS
(B) 3 ZEDRETH (C) #@LT 3O AF
(D) ITXOTLEF, AEFACABCBIHL S 5. 18
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EPEL, ¥ CHE LS DY AR MEIF F i ko
THAC EFEBNET BIEEBATEMIEE T Y —
b Xy vHORIIEAOND., ZOEBERTIXANT S
v nAELUERCHRNTH O, kY
Y p e, FRELZ Y HEO—IIC Au EHETEL
EFEEFAERERE L L.

| IV. EBRERBLUEE
(1) EpatiRic & H¥E

Bt o ARIESEAE N B RS TEME CHET 5 .

LIZE AT RCONEDIL2BER»ORIKEEE

L, XOICEEMCHEIZET 5 & AENICIXEEE ORI BE,
CERSEELTWE., Lh 2T onbhE—ofEh bk

5L DTN LRSS,

SEILINS I OWCIEEERY &7 2 &I 5,

w:hgwA%%ﬁﬁﬁE%mm%auepmm;OTﬁ_'

LA ESTPBBEICEOTLE 925, TORICIE5%
JEEE T V3 — vd B UL 20% Fh{LAKZERIBHIC X DT
BABEOEEBET HLOBHBOT, BF, BHKO
#2235 X O ERE T X 5 T TR W T OH
Bl b 5 B AREBEA D & AN EMOEFI S 275D
KegETH ot
SR % Table 2 WiRT.

(2) BFEFCXBFRE

B > D SR OEEBNENZ —>—2 =% A b
55y 2L P Y B THI UEFER &Y, £ 0Ok
ERLBEANEME LTHET 5LELONLEEDL

é%LCO\/\'CQ)_Q.S.T.M.» 7)) X—}'ay powder diffra--

ciéion card &iﬂﬁ"bfc- %Bﬂ’b?’:ﬁ% mﬂ:%&@@ﬂﬂ
BT s, ERBENIENTRERILAENRO 2 DIk
BT BT ENTER. TRLDOEKROEHRKRD 5 bh
SICEIL 2, 3 OFIERE LTUTIBMET 5.

| 201 OEA Photo. 2 IRT T & X ATH
5. Tiob b FRMEGMBIF ()DL L, ok
BAEMEIeoBe s B0 REEEL, —HIibo
Bt L B 5Be0XELRFFRDOLNE. L0
%&Eﬁﬁ%%l#zbﬁﬁvayvaﬁfm&ﬂ%
FERMEEEIES L o BIER(b) DT E ST LK, 2KE
g X BIRDZE L L —ROBIESRD LN B, AL
PN EFAMETHELIDLFE—WTH 5. 2ho

KB B E TICRMARIEC X BEBES

Photo. 2.
(a) Light micrograph of silicate-type non-
. -metallic inclusions.
(b) . Electron micrograph of the nonmetallic
inclusion shown in mark of (a).
(¢) Electron diffraction pattern of the non-
metallic inclusion shown in (b).

WFENFRIERA ()D& LBAFERIkER L, T03E
SIRAFENH FEREIC XD T8 IS X Uk S0 Tk e &
D TWBE Ebn 5. TOMITFERIE Table 3
DLELT, Si0: (a-s YR PN TA b, MHE) &

MnO-8i0; (8 FF4 b, 2R »HEDT 2.

Photo. 3 X Z DFE 1 DEEOFIIAT78hH DTH D,
e S FEMSEALELE (2 ) CIEIIRVIE & 2 U7 R TP
SR VN7 BB A OR F BB SIS, F(b)ikoh
A L CEFHAMBEZ L b0 T, BETRIFEIF
()DTELTHD. TR LkR SiOz(a-2
Z kT4 &, SLEfR), Cr:0s (7 v —afg{bn, X
&) kX 2MnO-Si0; (F7wv 4 b, F#hfm) KET
HBHTEHEOIR. _

DECE 2OBHETET BAEWE LTk Photo. 4,

CSIRTCEEhO0d 5. FFIAMMEMEE Photo. 4

(a) iM% 7 LTHET Ho0B i m U/ kE DIk
SBATENTHY, thErzdxabIsv v T ID
T LT IS Lo RIER (b) T, 1RE

OF 2 YRR I X B—3ROIE HASTRD DL S0 52 ICF
— W TH DT LB, b, ThOoBFRFRIEFE(c)T

Table 2. Chemicai composition of residue extracted by hot nitric acid (%).

Total oxide ’ SiO, ‘ FeO

- MnO

\ AlLOs Crs0s ~ ‘

0°00765 [ 0°00078 |

0-0033 0000039 ‘ 0°0030

0+00030 ]

— 29 —



708 ' % & W @ HEA4sE 7B

Table 3. Lattice spacings of the extracted nonmetallic inclusion shown in Photo. 2.

° i t
Electron diffraction | SiO; (e-cristbalite) ' MnO-SiO; (rhodonite)
No. —e e B - — e
Spacing A . Int !i Spacing A Int : Spacing A Int
1 4+04 w 404 1°00
2 3+53 s 3-54 0°20
"3 2+98 s 2497 0-90
4 2+94 m 2'94 1+00
5 2-84 s 2:85 020
% 2+50 s 2+48 030 . 252 0*20
7 p 215 A : 217 0°20
8 ’ 2+05 m 2:06 0°20
9 1+88 s 187 0-12
10 1+73 w . 1°722 0°20
11 158 w t+59 0-01
12 1+53 s 152 006" 1°554 0°60
13 1°44 w 1°43 0°05
14 1-34 w 1+339 0+03
15 1427 w 1-279 0-03
16 124 w 1-235 001
17 1°16 W 1181 = - |- 0°02

vs (véry strong), s (strong), m (medium), w (weak) and vw' (very weak);
«diffraction line intensities. ‘ ‘

, - ) N ,‘ ‘\Q., »‘ £ . ¢ . (&J

8 ” ¥ L

oy

V'ITJ %”f’,,’\:,’;«;l"ﬁ ut'u wd . é -.lo _ R &:---c o ‘ e

Photo. 3. Photo. 4. -

«(a) Light micrograph of silicate-type nonme- (a) Light 'micrograph of sulfide-type nonme-

tallic inclusion. tallic inclusions. )

A b) Electron micrograph of the nonmetallic (b) Electron micrograph of the nonmetallic
inclusion shown in mark of (a). inclusion shown in mark of (a).

-(¢) Electron diffraction pattern of the non- (c) Electron diffraction pattern of the non-
metallic inclusion shown in (b). - metallic inclusion shown in (b).

LN LIRERIE Table 4 OZ&<T MoS (4 [@#fic X 5B SOMMBE L XG5 — % — DR LD
&) & FeS (KF&) #BLE>T 5. _ MIiCii S S OMESRD L. ko, Roibad
Photo. 5(a)d Zh X[ USE%E BT 2L BAED B BIFEBAED, BFEHFHEIZX bhipBFE<T

“ThBHH, BFERER(c)IZ MnS OFEOZ &5 L
FeS WBREDLNAA, DIz, Lo THE2 0Ba it
MnS & FeS ##EFT 5354 & MnS »¥hciEaS
SGEEBH O,

BB BRI 2 o050 wShioncy, BF

ERDOR LD ST HELE. SRUWEHEOT 2
< Al, Si, Mn, Cr 7 XD 0-& OFMADENTER
HEL TV AHATE, ARESBAEDIIINLOR
{EMDREIEED 5 ST D R b DI s L
FRIN LY, U LOBRTHRE ALO: REEIELS
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Table 4. Lattice spacings of_ the extracted honmetallic inclusion shown in Photo. 4.
I ' ‘Electron diffraction MnS FeS
No. — = - . —
i Spacing . A . Int Spacing A Int Sp:z_tc_ing.-vA Int
1 3°00 v s 3402 011 2497 033"
2 2°86 w ©288 0-04
3 2°63 - m 2°61 - l'OQ © 2°65 ‘0°33
4 2°04 VW 2°06 1-00
5 187 s 1+85 067
6 1°76 vw 1-71 0°+33
7 - 161 VW . o 1°61 007
8 1°56 s 1+58 0:04 ' -
‘9. 1°51 w 1451 . 0°20
10 130 w 1+309 0-08
11 1°28 \AS 1-299 0-05
12 121 m 1°20 0:01
13 108 w 1°07 0°11 -
14 1°05 W 105 0°07
115 1*01 w 0°995 001
Table 5. Chemical compos1tlons of silicate

Ve

" Photo. 5.

(a) Lxght micrograph of sulﬁdet -ype” monime-
tallic mclusmns
(b) Electron m1crograph of the nonmetalhc

~ inclusions shown in (b).

samples (%),

No. SiO, MnO
T 1 4850 . 48°81
2 - 72+65 2374

FeO & D EioWTHE LT V575,
WE T C B IRD BN A DO,
Dk DR R A AN IR R DR R DL B
Fid MnO-SiO; 255%® MnO-SiO,, SiO, Ht77#iH
Wb, ERFLWRAENDThiE MnS-FeS R
MnS, FeStAFHEHICH 5id Lk MnS BB THE
BENTVBEZERALNG. . .
(3) AMBEHCOVCORE - .
EAEDRERZHERE L, é%b@d%mx5t®a
h&@#%ﬁ TEW L OWMEEARE LT, ThitD
CCCERMEHERE OFEE, X ik XOETHEN 2 3R

HEELR

-
—

MOFEIITE A E RS RixpDfk. ZOfh Porter 7= %M@F%m%%%w)ﬁ%ﬁvréwvvﬁ¢?
vin®, Whiteley®/s E13 CrS & 5\ IHi{Lin 2;Mn0, filc VRO L, SBER< t&b%” T /f_ﬁﬁqu’
= 5 06 © ) - IO
- | - T ss00)— { | /{/ 1T}£&fmft/\m—r‘bgo‘7 *c e ),
- -f,g@F-gm—; l-/ﬁt-¢: MnCO; % B2 THSHE L TIED7 MnO #
€ TR L Tase , .
- e e N 2 g i Bt s LT OIS BAENOBT HRER
5 N V : guid § 1200 —t
éum wm'em;/\\ 1 nzr:gyx_mi ;ﬂd g/m fmml \l\\ PO BN LRERAHM R & LT Fig. 1
o Tbrate ], ' L3 5 (M, Fe) S L e bt e
/zaa;‘;:;lk E};ﬂ’t - *Ifl!-fwff ! ’! iﬁ) i \\ (a)®» MnO-SiO, %:lz@-lllkﬂﬁ_g[?)l 9y MnO-
00— —+# R R o S Si0y B XV MnO-Si0:+Si0; D pk#EIFHIC
#n0 H0-50, MOS0, S0r fes MaS , weight %) 43
rohrote, ‘/?llfe?;ﬂhie(%) &) BB 46% SiOz B X 75% SiO: EL&DHD -
[c3) ~za - by e - 4
Fig. 1. Phase diagrams of MnO-SiO; (a) and CERRY, To2EBEERBRL, Lrskahb

FeS-MnS system (b).

ﬁuaa’ft'ﬁ'%f"?fbb"“f’\f 1150°C X3h {3Ff
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Uiz, B OSSR Table 5 O &L TH 5.
o DFEOWKE XiREHT LRz Photo. 6
DT E LT sample 1 }X MnO-SiO;, sample 2 i
MnO-Si0;+Si0; Thotc. 7 b0 HHOPE
D F F ONHFABEEMENT Photo. 7 TR & 2 < T
sample 1 DOWTiko F+ 4 FOFEEDERD LI, [
22w Tiko Fra4 boIEsiz gtk a-2 9 2 b s

100% SiO; |

75% Si0. ]

46% SiO; |

100% MnO §

P}xoto. 6. X-ray diffraction photographs of silicate samples.

Sample 1 ~ Sample 2
Photo. 7. Microstructures of silicate samples.
) X400 (2/3)

.. MnO

714 FBBRDLhR. 2ERINOOWMEKE S — K

- RICR D EFEIR R T o%h, BT LR X

LR L2 FAKRTH .
sample 2 OL &Rt
DELFILWRIT OV TCIE FeS &, MnCly Ki%ik
W NHS %2z T#e>7k MnS #Fgle LT, #@ho
FEBENEMZOVTED SN0 & FREED B
: ® & LT Fig. 1(b) ® MnS-FeS$

L flE LT Table 6 i

R FARGEED 75 MnS, FeS 2485
i Si0s FREIEH B 15, 20, 30% MnS
+MnO-8i0;  ELA® 3 3Hes X U° MnS El# ki

M BE B L#E 2 bbb 80% MnS

| MnO-Si0:  meostprRe, BBELENO
e LRRICBER U, oS

S5y Table 7 DL LT, sa-

mple 6 I—IC&BHDHE 24
Ul DFERS LR LTV S.
IS DB DOKFR Z XHBEH LcFER, Sample 3~5
IWOWTiE MnS & FeS 73, sample 6 129V Tl
MnS :bFhic FeS OFEIFERINE.

Photo. 8 B Zh &0 % HEER 1% BEREE TR
L 7= EROYC2E BRI D 1 #|C, sample4 T MnS
EWEH & MnS, FeS 35200, sample 6 1%
MnS BEFHEESSLRD BRI FeS & Bisiv A5k HER
DHND. DELINLORBEERIELENROLE
LRBRE L CEFER LR X MERORE L £
A FBRCH 2. —HlL LT sample 5. DEF I
$i5 H LOCBETFEHFRE Photo: 9 WiRkt. BROE
FEMETERM (2) RO LN ERE LM T, #— &
IR BB TR Lo DIt TR0 TH
5. EHARE (b) BETaRAS K & VD ICHRE L7 HES T

Table 6. Lattice spacings of sample 2.

Electron diffraction © Si0; (a-cristobalite) MnO-Si0O: (rhodonite)
No. — —
Spacing A i Int f Spacing A Int Spacing A Int
L 404 .8 404 100
2 3°54 w ) 354 020
3 3+08 w 308 060
4 297 S 2°97 0°90
5 2:94 S 294 100
6 274 m : : 276 0°80
7 2*46 m 248 0-32 247 010
8 234 m 2+37 0+30
S 163 m 1+61 012 1*61 040
10 1°37 m 1+37 003
11 1°30 m 1*30 0+03
12 1+255 m 1°235 0+01
13 1°07 m 1-095 0+03 .
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Tal;le 7. Chemical compositions of sulfide DWSHIEDOWT S, I—F U ELEEPNINGD
samples (%). : WROBEFEITIC & DRIERE & XHic X BHE L1355

No. | MnS - | - Fes £IC—HL, ERTFEHMOMMNEE S XH7— & —

» CRTHENERL—FHLTV5. L,7‘:7}§O'C§éﬁ,,‘k§[ﬁ

3 1501 54+50 AT B I S AEIC VT X B BT B

; 30:79 7055 DIEAIREE & X5 — & — i3 1 BARHREE & DR —3

: OWVTR2EDXSEFEZONS. Tibbifithoz

WL OEEBAENISEEC L VAR SN BISIT, &<
‘m%oﬁ@n@@@%@mg%@<mwf%ﬁ¢m&a
hbib %@ﬁh@%% PEF EUFRE I B b 7= %
EBbND. EEROREBEA LI 2 B
tﬁw AmﬁMwﬁwﬁﬁﬁh%vr bENBT &
T 2 HESFRER AR T 5 £ amféﬁ#Otﬁ é%
CEHES SN NEB DA 7 BE S 03 2 IV ORIk %

TW»3530LEFELENS. - .

'V.' @ . &
Cu Wb FAENOHTE 5 & L T3, ST
Sample 4 Sample 5 22, MBERASRIE, WMEHRA IS H B0, TN ITEME
Photo. 8. Microstructures of sulfide samples. 72 HRT b“)f‘ DI B biﬂﬁlfz DA EEMCVLERE TS 7

4 2/3
XA CID s EoR & DRI L v, L

72930 Thhb M Z It & BAE DI D\ T L5
HEEET B LRI, LENEMETZIRA LT s 4
U ABECE DL L, ChOBETERIC X 5FEE
BB I. FOR, ARFELBAEDCH LTS
‘A&é%%®%ﬁME%%%kﬁm?é;tbfg%
éartwﬁ%%mmié%@a'im@“a<ur

Photo.9. Electron micrograph (a) and - - HIBA L7 ARIFSBATEY L EROMBEERLT, ©
electron diffraction pattern (b) of sul- ' NIZOVWTEBA AT HI.. FOBEMARDIESIENE
le 5. :
fide sample NOFERREE L Latom ), DF¥OT L T4
5z bhi-p, Table 8 DI & < fifhf Xhui-. EHDHLENTET.

e T & {HEBRILAETHRS X OHLRE BRER %§%¢A%#%Eﬂ%HM$ a-7 ) A hNT A4 b

Table 8. Lattice spacings of sample 5.

Electron diffraction FeS ' MnS.
No. : '

Spacing A Int Spacing A Int Spacing A Int
1 3°04 ] . 302 0*11
2 2°65 S 2°65 0-33 .
3. 2+61 Vs : 2°61 1+00
4 2°07 S . 206 1°00
5 1+85 S 185 067
6 1°73 s 1°71 0+33
7 1°595 m 1°61 0°07 1°58 004
8 1°49 m 1+48 004 151 0-20
9 1°32 w 1°321 0°13 i
10 1°15 w 1017 0+23 .
11 1°05 w 1050 0-07
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(a-Si0;) t v F+4 + (MnO-SiO;) DILFIRAEX Y
e AR RAEM L, MnS & FeS DOFRED D
VWi MnS BikiE X » R aWibmR AEmE D20
ORI E NI, Lich D THBRIENEM ORI
Si0:-MnO Fh D Si0; & MnO-SiO, DILFFHMAIC
b, ELFILHRAEMDLNIZ MnS-FeS R D
MnS - FeS D3t7#ifAdH 5\ 3 MnS HRICH 5D
DEEZLNS. DEOEBAEMOML, RO
DAL h i AWM R TOCERFEHC Lo TRFEZE
T E PO NEDIL TN TR EBEFELK.
O IIRLAEHIRORREFH T S NIRFIRE,
BB LR RN o7k bk, EEMWIERE, &
RAWIFEEREL O B RFEHCL, FROMEELER
FT5EEHIT, FIFLOMTHHETRIC DR KE,
BAFR B £ O OBRANLICEILE L LU 5.
(FB%n 34 4E 2 AHRD
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(Ni 2ERRASHCHET IHE V)

B & JI X BR**

Comparison of Mechanical Properties at Elevated Temperature
of Some Commercial Ni-base Heat-Resisting Alloys.

(Studies on Ni-base heat-resisting alloys—V)

Synopsis:

“Taro Hasegawa

Mechanical properties at elevated temperature of six commercial Ni-base heat-resisting
alloys were investigated, and the effects of Co, Mo and Nb on mechanical properties were

compared.

When compared the mechanical properties of Ni- Cr were with Ni-Cr-Co alloys, Co was found
to be effective to increase strength at high temperature and long time test, and it also increased

ductility at room & elevated temperature.

Mo was found to be effectxve to increase strength at high temperature, but it gave effect

to decrease at high and long time test.

M252 which contained 10% of Mo was found to have

a lower creep rupture strength above 750°C than Inco 700 which contained lower Mo, but higher

Ti, Al and Co.

But M252 had the highest creep ductility at high temperature.

Nb was found to be effective to increase high-temperature strength as well as Ti & Al
But its effect was not clear in short time test of tensile strength. Therefore, Inconel X-550

had the hlghest stress rupture strength among Ni-Cr alloys.

Creep ductility was decreased

remarkably by the addition of 1° 2% Nb as Ni-Cr alloys which contained high Ti and Al

AR 33 44 AXSBEAKLTHER ** EXSBIRKKHAMN
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