1878 - % & &

B 47 4F (1961) £Ei14B

BB XGRS HEHES b I N T EAEE

WEIBE, EASETEGRSHIEIEREE, Bve

BTG PRERTK, ERITHH X o B,

AEREFX DI OHK, WL OERME S iR

BTSN/ RIATERRAY, B 25 e

HIZESHHEEZERT 5. (FBFN 36.4E 6 BEHHD
4 [

1) F. D. Ricuaroson: ““The Physical Chemis-
try of Melts” p. 77~95: 1953, Institute of
Mining and Metallurgy, London

2) F. D. Ricuaroson, J. H. E. Jerres and G.
Wituers: J. Iron & Steel Inst. (U.K.), 166
(1950), p. 213~234

3) J. C. Furton and J. Curpman: Trans. Met.
Soc., Amer. Inst. Min. & Pet. Eng., 200

(1954), p. 1136~1146

4) K%, ZAK: HELR®LH, 5 (1961), 2,
p. 139~143

5) C. J. B. Fincuam and F. D. RicHARDsON:

- Proc. Roy. Soc: Ser. A., 223 (1954), p. 40

~62

6) P. T. CarTer and T. G. MACFARLANE:
J. Iron & Steel Inst. (U.K.), 185 (1957),
p. 54~66

7) M. Rey: Rev. Mét., 46 (1949), p. 849~858

8) L. Yang, C. L. McCase and R. MILLER:
‘“The Physical Chemistry of Steel Making’’
p. 63~64, 1958, John Wiley & Sons Inc.
New York. '

9) ELLioTT: ‘MW & BHLERT p. 287
(BERMWLRT, BT ZHE)

A A EY) O EMBIOTAE & (LA
B & OFERI R

REER - INBEIE . g g

On the Microscopic Structure and Chemical or Crystalline

Composition of Nonmetallic Inclusions in Steel.

Tomizo ONUKI, Yosaku KOIKE and Tomio CHIBA

Synopsis :

The remarkably large streak seams occurred under particular operational conditions
or experiments were observed to study precisely the mutual relations among their microsco-
pic structures, chemical compositions, - crystalline structures with an X-ray diffraction and
polarizing microscope and by measurement of microhardness and etching grade. Most of
these inclusions were artificially composed in order to identify the compositions of inclusions

and to research the process of such occurrence.

(i) The physical and chemical characters of a- alumina, SiQ;, MnO, MnO-FeO, sulphide,
comparatively simple silicate and aluminate were sufficiently ascertained.

(ii) Microhardness test on inclusions was easily carried out in general case and re-
cognized to be effective for the determination of various inclusions.

(iii) Grades of etching caused by reagents on each crystalline compositions of inclusions
were different respectively, but often difficult to be decided quantitatively.

(iv) According to these eéxperiments, chemical or crystalline compositions of streak seams
can be nearly detected by their microscopic structure and microhardness.

(¥) a-alumina inclusions were sometimes produced from the . mullite in chamotte, when
the deoxidation product which contained a high percentage of MnO reacted with the refractory

chamotte.
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D, FOHFE, LisoTCrOREEMS T ENTEN
EEOH IR, ZhdTAEMEELLNEY, ALD
RSO D ORBWVWTHEERE O £ 5 FH TR
v ZhBEREETSEMT, b URRIOERN
PERIC R\ T REFMC R4 L RRCKTE ORI A
B X 0 EIEI A EE L T LA, X REHR 3 & ORIEHRI
BT X DA OMREE R FERT 5 & L DR INLRIES
IO T FEONEM OB, ERR JUE
MR OBUNEE, RBIC X HEEORER C2RBR LA
L ORRERDI. B ENIEMEEKETER L,
T DT BRI ST bR ETON TN 2 &
RLFEEL ..

L % B # &

FEONEIH B/ IMEETZAVv-7c. BILHOS D
CiEd 5L T, EEOEISERTE VS DIBHDIH,
TRIHEEEA R L. EIERME 50g,100g, 2008

1L, 200g OPEOWESLPELRINDGY, EH

EEX 2N EREDE. FaT VR TOTELLE
L L K ELMERICHEOTL TWEVD DI,
S EOR X b HIREEEZ KD 7.

Applied load (kg)
Contact area of indenter(mm?)

NEWHRFE ORI X EERBRIT Table 1 XD

Fleofe. 4
Sample

Hy=

Baici Fig. 1| T &L E5F
BRkoVy FiT, EER
Bl & 24—V EIVE, it
KA a Vs
4 BRI DB & TR D72
Fig. 1. Eh L OBIRITE Y 2
Special crucible. o FL T, Fig. | DA
Wy FEELLEEAR, ARECGEWKETT oL
B l, MMy FEERLEVESETE
Lin%.
B LR TE OMFEASE L LT Si0s, Al:Os, MnO
kO FeO THBRZ EiTX D, BEMOERITHLT

Téble 1. Etching test.
Reagent (gllnn_]es )
20% HF 10~0
10% HNO; in alcohol 0~5
5% HCI in alcohol 5~0
Aq. Sol. of 10% H:CrO, 5~0
T Sat. SnCls in alcohol = - TTB~0T

NI DEKE

ALLARHEIEE T

1 SiOs, AlO;, MnO % XU SiO; MnO, FeO &
SRR ELTENS OSTTRERZ R L LT, B
ROl s Ewi. Fiib#icovTik MnS,FeS, MnO
FeO ORMEEFFIELL. ERBEMOAMNICLY, »
¥ Ey FOEPIHEDO MgO, MnO:, Si0: &5\t
ALO, Dy KEFHA LK. TOBERTIEY Tz
NAF—E L, BERIEE 1,350°C & L.

III. % & & #F

(1) s OOk e E

(i) e7nvid, B7VITAED

T REERM PRI ERXNS DL LTI (2) @
7 v & F OFEEHRT
D OHEHKIC
HEEL DD,

(Photo. 1(a))

(b) Mn, Fe-
silicate 7z XD
Kbarviwzr
BFEEEINTVS
% ¢ (Photo. 1

(b)), (c) Fhkc
ERIEOWRIC a7 Sy )
WV D OFE
FRLBELTVS

BORERDS.
Zhbg E%@%%%ﬁiz’hMeZkﬁLt X
@ﬁkib(a)hiw(b)¢®%aﬁa7W<%T
Ho, (b) DI IEEE D Mn-Fe-Al TH5H T

Table 2.

(x400)
a-alumina and
high-alumina inclusions.

Photo. 1.

Chemical composition of alumina
and high-alumina inclusions.

Comp.{%) O
’ Al,O; Si0; MnO FeO
Samp. marks . : ‘ '

(a) | (100)
(b) 70°0 | 12°2 7°5 61
(¢) 397 | 32°0 | 27°3 06

Microhardness of a-alumina

Table 3.
’ and matrix.

Microhardness
Sample ° k — -
ple marxs « ALO Silicate
M3 ! matrix

(2) a-alumina

(b) a-alumina in matrix [1800~2500| 850~900
(¢ ) a-aluminan in matrix {2000~3000] 800~850
o 2500~-3500 T

© Natural corundum
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LHHEPD L. INLNEWMBSIORRED TS
F LT DOWTHRUMERE #I5E U §5 8 % Table 3 1257
T ORE MR REINS®ILT R AE o EE
(MHv) BA2ICRT X 5 1ICE#E 400~900 THITED B
NDHLTA FRDILDTY 1,500 BEZHIE XN, a
TN FEINEDRNEMITH UEL <HEAKE W
B, ETBOSETHIE L4512 Photo. [(b) R X}
#IRT Photo.4(c), (d) X & CEFHEOH
XD OHRICIR R DT RLA 5. BEEE 1400~1500 [REFE
TIREBEOWHEIZ XD CHBLAWMEE S5, a7
R EEPBRCERT A EATES.
Photo. 1 (a), (b), @FEFa7niFi 20% HF
ERITE LB F v pS Photo. 2 OHLOIEEEEIX 20%
HF REKITIHTS.

(i)  HERIE

T BRFEMAPICRER S ha BEEsiE & LTk (d)
MnO 10% FEEHD LD (Photo. 2(d))k X1 (e)
MnO 30% L) t,Si0; 50% IBED L @ (Photo. 2(e))
BELC (1) fAHISEVOD 3EESH 5. T0{k

(d) O (e)

' (% 200)
Photo. 2. Silicate inclusions.

(2) (h)

(X 200)
Photo. 3. MnO-FeO inclusions.

.Samp. mark\s\\x '

Table 4. Chemical composition of silicate
inclusions.

T ‘Comp. (%)

- SiO. Al;O; | MnO FeO
Samp. marks ~~_

(d) 454 267 11°4 13°4
(e) 50°2 82 34°3 86
(£) 610 28°9 2°5 3°5

Table5. Microhardness of silicate inclusions.

Microhardness
Inclusion samiples :
Matrix | Crystal
(d) MnO about 10% 620~680
MnO over 30% . ~
(e) {SiOz about 50% 580~620 | 750~-850
(£) Similar to refractory 670~730

Table 6. Chemical composition of MnO-FeQ
inclusions.

T~ Comp. ('}{:)‘l
-

MnO FeO Si0: | AlOg

(g) 550 | 28+7
(h) 526 2143

-
[S1e))

O W

HoWi{tiZ Table 4 TR L7, X BEHT © §213,

(d) IIESHE® Mn-silicate, (e) i3IESITOEM
HOHIT 2 ) A RRF A4 POWE LD DTHSZ LA
W sbni. '

72, TN ONEMOEE ZBIE L/ fEH % Table
5177, (e) Offfh (2 VAP NTAD) 3h AL
HEREEMETETERJAZESNTYWS. Tk, 208
GRIIIBERIC I VLI DL BEZH BRSNS, Hidkxic
BhrEIhs

(iii) MnO-FeO #%

)& FEIICHERSHS (g) MnO-FeO RAEMS
XU (h) MnO-FeO @3» iz Si0;, AlLO; DEFL
HEINcb oD% Photo. 3(g), (h) WRlLk. Fiox
DILEMAKIE Table 6 DT E L TH5B. XpEFoks
R (g) T@~r#/74%4 b+ (FeO @&iF), (h) iTit
<L H %A b (FeORIA) L7704 beamnin
7z,

KK EHIRDOERS (MnO-FeOREK) DOmEEEIT 440
~460 T, JREDKWREZF(F 704 b)) DEEIF 580~
630 T» 5. FeO, MnO dfiix 10% HNOg 7,030 —
NTFFEAEBPEI NIV, 5% HCl 7 v 0 — iz
BrEN5b. v — bOWRE 10% HNO; 702 —
WTVEARE, 5% HCl 7o —nitii | s snb.

EL S
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Table 7. Composition of a-

alumima and aluminate.

Sample | Metallic | Metallic . ) _ . Max.temp.

No. Mn (g) | Si (g) Al (g) Scale (g) erc1ble a-alumina (°C) Atmosphere
1 08 08 Chamotte | Found 1,620 | Mostly air
2 06 0°3 1°5 y None 1,670 //
3 06 0°3 1*5 4 Found 1,670 ”
4 04 03 1*5 4 7 1,670 ”
5 04 0°2 0°2 1°6 ” % 1,670 4
6 1°5 015 2°0 - MgO None T 1,670 4
7 09 1°6 04 , 80 7 7 1,670 [ 4
8 {(Mg‘%?) ' 0735 Al,04 - Found 1,740 ”
9 02 2*0 4 None - 1,740 4

Fi 2 H=hst FHRECRSNS FeO ZNEM
VX 90% FREAS FeO T, BHEFRRBEEZEL, NMEW
DOWIEEIT 460 BBETHS. FeO. 1 5% HCl 73—
NTEPENS'

(iv) Bfbm®

Chﬁ—ﬁﬁiﬁﬂ&hfwé%wf,ﬁﬁﬁ@%ﬁ
By B RKEfEERL, I8 HAMENLLOTH
%. MV MnS (FeS) 3% x &L/ NERE ORIZEE
13 280~320 ThHB.  DWALIIZ 10% HNO; 7ov 3
— v, 5% HCI Fov I —VICIBT 5.

(2) GRNEDOLEFERE L L ORHE

(i) a7nwiFBIVO7EHLED

MR D a 7V T F OAFGRIRIC DV TR—ARITIRER
FleLTo AlOELICE5dOT, WXk (v xEv
R D ALOy 25 < ZHOTRHELEVEEZ BRTY
4. 2SO E X SICEL»TT S Table 7

CRTHBMARSRET Ok, vy bvy KEERALR
BAVE, Wy EBREFBOT, NEOY ¥ EY FOHRK
B ATHER LA LI L A LR TH o1
Table 7 O 1, 2, 3, 4 Ofif% Photo. 4(a),
(b),(¢),(d) WRLA. X MEHF X OREIHAME
X ATIEORE BB 1, 3 4 REOHERESIE «

(2) (d)
Photo. 4. a-Alumina and aluminate.

— 1

FAEFTHD, R, 475EOERDLVRAROH
KRB PRSI A T F Y A4 R I TN T A b
AERSETHLOTHY, B2, 4R EDHEDR
VIRIREHFEFIEL T A M THD, HOBFEELA
55 AEThHD T LD, Table 7 O
¥iNo. 4,5,8 XL BHTEL Al ZimL7cbd
CoRBEDha 7V FBEOLNTVE. E, WE
1O ELLED MnO vy Ty MO & T4 LO
Si0: X EISLT ALOs BiHET B4, ¥ rEv b &
Da7viFORENEDLNE, B 1IT Si0: 23t
HEEHE 22 AlZTEINLTH Si0: ORERDS
Va7 i a TV E FREDSNEVI L BH 5. K
Foenre< AlOFEMbavy KigEix b AlOs
DU b B A RIS IC a ALOs IFERD B,
AR X OUREER X DB & s O 2 <BUR 8 X
ALO; * MnO X ¥ MnO-AlLO; & MnO ¥7:i37
WIFE, RO FeO & ALO; X h FeO-
AlLOs ZFAX BB DTHS. T OHRER TlI o T4
FOFEEIY ¥ By bvy KEFERA LSRRV
4, Photo.4 O T & K &L DETDBMBEDOLNIZ. F
1~ 9 3 XU, 700°C IR LT A T 4 M EATH
Xy v v b (ALO; 40%) U)%ﬁuﬁ%ﬂﬁ@%ﬁﬁ
o HES HlE LA fR% Table 8 IWRL
7o. BEOBEICSWTIEE 20% HF kb,
A FNEFEIELTA R (3A1,04-28i07)
HEAEhT, #7%494 ~ (MnO-ALOy),
A F 4 b (FeO-AlLOs) IEBITLEAER
'ﬁéﬂ&bﬁ,th%ﬁﬂ@m&ﬁofwé%_
BEBIE G L B» S5

(i) MnO-FeO %

MnO-FeO % %7:ii. MnO ZENEMOR
- AR FET Bl Table 9 OEMAAEZ
(% 400) otz 2 2 Tl MnO-8i0: &%k &

D MnO LA dOTHY, HER Mo

1] —
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Table 8. Microhardness and structure of a- Silicate T % ¢ 2 % X#EIH 3 X CREBEME T X v
alumina and aluminates, etc. Ve L7, E7 2 ORPCHEAIET D FED MnO 2338
J 1 [ =0y A > e
Sample | Crystal | Microscopic states | Micro- Bhhze. B3 MnO-FeO%, 413 MnO,
No. structure} hardness Si0:, FeO £ X ¥ MnO-FeO %, #fl 51X MnO,
Alumina (i) }V%felfiifogrﬁly grain| | EERIELDOTHS. W3, 4 OREEHME T
! !Hercymte;(m)0§bic . L350 o EnPhote.s (e), (f) KFRLi. ZHLRBIOMN
ays on-crysia €
Silicate | 1 ma?rixy n 700 INEERBEE LD © BIUHKE Table 10 TR L
— 7z. @1 T MnO-FeO OBESHBICEREINS D
Mullit (i) (Pale gray, 1.550 . —
2 ulhte Orthorhombic 2090 DEYTHOE MgO OEELL 5 bDEBbnb.
Silicate Similar to 1 (iii) 850 FBREOBEICS2VWTIE MnO kXt MnQ-FeOl
@ Similar to 1(i) | 4,000 10% HNOs 7ova Lo 7
Alumina VIEIIEE A S
4 Mullite Similar to 2(i) | 1,600 . T =
- White gray, PERNIVAS, 59
| Galaxite {dendritic, cubic 1,150 Sni /0
Silicate |'s’ Similar to 1(iii)] 750 HCl17wva—wig X
s | Mullite Similar to 2¢i) | 1,400 L REDTHES SN
Silicate Similar to 1(iii) 700 5.
g (353 pds e LB
8 Golaxite White gray 1,100 (i) i
MnO Light gray 370 FERR ¥ 7o VI EEERIE
9 Hercynite White gray - 1,300 RRIEV DR SAF : :
%aﬂﬁ -‘J’ 5 7c bbs —
Cha- Mullite Similar to 2(i) | 1,400 e e (e)(x400) (£)x100)
motte | Silicate Similar to 1(iii) 880 Table 11 DHfFA Photo. 5.
‘ Em T2z, B MnO-FeO inclusions.
Table 9. Composition of MnO and MnO-FeO.
Sample | MnO, | SiO: Fe Al Mn Scale . At h Max. temp.
No. | (g) | (&) | (&) | (&) | (g) | (g) [|Crucible| Atmosphere (°C)
1 5 5 1 MgO- | Mostly air 1,670
/3 s .
2 33 {(CS)}B} 1°5 MnO: |- Reducing 1,650
3 2°0 2°0 7 o 1,670
4 {(g}% 10 2°5 ” v 1,670
5 08 1-0 35 ” ” 1,670
6 1°5 30 4 “ 1,770
7 1°5 30 7 Argon 1,670
Table 10. Microhardness and composition 1, 2% SiOs 3k} 312 MnO, 3E 413 a-ALO; %
of MnO-FeO, etc. MHIEL>LLb0THD, 1 HX03 0ME
Sﬁ\’f:f_’le Microscopic states ]‘gifggéss Composition ZxX X Photo.6(g), (h) iTRL7z. BAEDERSE
BIOFREA FEOWTRUMNEEZEIE LDk X
White gray grain 530 )
1 { Gray boundary 710 MnO-FeO (MgO) ) )
> { White gray graini . 350 |MnOQO ’ Table 11. Composition of silica and silicate.
Gray boundary | 640 [Mn-silicate , :
3 |White gray grain: 440 [MnO-FeO . | Max.
4 {White gray grain, 350 MaO(FeO) S el Va3 |Sa e{crucible |Almo- | temp,
Gray boundary | 750 |Mn,Fe silicate b co
White gray grain' 390 {MnO(FeO) . s
® | Gray Houndary | 740 MaO\AROWFO 3 (Wodd | B3] €9 | sy | HED
6 |White gray grain| 400 (MnO 3 |05 2°0 MnO; | air 1,670
Vi White gray grain, 360 {MnO 4 11°0 0'9,‘ 1°0 B'O;E Al:03 } 1,700

— 12 —
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UM Rk% Table 12
ot el kX
U2 DRERKGZITD
5L, HEEPTERR
THERETELHE
EETHB. hix
XgE s X R
BAMMEE W X 5B D
R, 7Y RRNT
A NTHDT LETE
LA ERIERE
DREFT A TILER
DEERRTH D7, Tk 1, 740°C ihnEiad Lic o v
ZRNT A CRFEEATRER & ok, FoRE 3
XMEFOMKE, <o H /44 bOFEHEF 704 L0
WRILVIEDOTWBZ EPBEDLNI. FREOBEILD
IR SiOs 1 20% HF WiBid 5 270 3 DR
T oV, BREEERIE, < UM UHEMRIE 20% HF
CERMEING. SREEEEE 5% HCl 7iba—b,
10% 7 o AEEKIBIICIE Jisvh, <o # o EEIER

(g)(x100) (h)(x400)
Photo. 6. Silica and
silicate inclusions.

Table 12. Microhardness and composition of
silica and silicate.

Sample|] Microscopic Micro- s
aI{TnOI.’ states halfggess COmpOSltlon
1

850 | aiq:
| Gray crystal (about) Silica

White gray matrix Fe-silicate

620
2 |Gray grain (ab7o41?t) Silica
3 White gray grain| 340 | MnO “
Gray matrix 650 Mn-silicate
4 Gray crystal 1,800 | « Al:Os

White gray matrix] 1,200 | Fe.Mn.Sialuminate

‘Quartz |[Non-crystalline [850~930
PP Cristobalite 800~850
:(about)

bTPCEPEND LS5 TH 5.

(iv) - Bt ’

LA c >\ T D iEHRE B s & UM AL AR O B NS O
BlEkER % Table 13 [Z7RL72. MnS 1% 10% 27 o A
Bk VAT X ORI | $hfafnrov o — ViTiEsd 555,
FeS gL ALBUHRVE 9 ThbH. TDIFErDORE
X LT MnS, FeS 11ldhICiEl 5.

V. & -

W OTEMEENTEEE, (LY RS, ARFEEROXHRE
W, ERFEMES, MUNEER X OBRL EORBETL
HEOBGRERDS & LB, ThLAEDMEERLT
R ETERL, T roREARIIOE 2, 3DE
B AT o o

(i) a7z F, Si0;,  MnO-FeO, MnO, FHift4y
X OEBERBIE R 7 v T A — DV TE QW
F VAL AR R B & T L 7. '

(i) BMEBDC DV TR D THIEZ R a 713
FREOH B TEROREMR S ) 2 NT4 b
B ERESBIEASTRE TS D, a7V i F2 Si0 b T
DESTFERE VP2 OTESTHINLED. MUNEE
DRIEIIBREDOHEIHITH 5. ‘

(i) WEOAMRITREC X W BEOBESINE
NEL DY, BRBECHEREELSSHE LS CEML
FHHRATE TV XV, B :

(iv) FWHERBRORBE, WIEORAMBNISS X
CHUNEER L ) Bk Dhhtr OREHE LSS sE 2
SR, . : ,

(v) Al WXBREEERIPE a7 v FDORLARR
e EhTwsa, MnO ORICEVIRERERDHY v
Ty MCERTBBEE, 494 LD ar v F O
T B AR D D, (BFN 36 4 6 AEM)

Table 13. Composition and microhardness of sulphide. V

. . Max.
Sample Mn FeS S - Atmosp- . e
No. (g) (g) (g) Crucible here teg)né)) Microhardness Composition

1 247 1°6 MgO  [Reducing | 1,670 {%‘ﬁi frgaé frai“ 1 ggg MnS

2 30 Al1;04 11,400 White gray 220 FeS

. . . . Pale gray grain 260 MnS

Y/, v
0%9 1*5 1 - 075 ALOs -7 1,600 {White gray ° 190 | FeS




