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On Observation, Identification and Determination of Nonmetallic
Inclusion and Precipitate in Steel
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i) Al;O3 ‘and Alumino-Silicate, J),k) Exogenous inclusion, 1) Exogenous alumino-silicate

Photo. 1. Nonmetallic inclusion and precipitate in steel.

Table 1. Distribution of various elements in steel.
Element | Dissolved | Carbide Nitride Nonmetallic inclusion
(Fe) Fe,C FeO, FeS
Si Si SigN, Si0,, Silicates: (Fe, Mn) O-Si0,, Al;O;-S10,, (Fe, Mn) O-
- AL O;-S810;, Ca0-AlLO;-S10,
Mn Mn (Mn, Fe) O, MnO-5i0,, (Mn, Fe)S
p | P
S S Sulphides
Ni Ni
Cr Cr Cr,;Cy, Cry,Cy Cr,N CrzOy, (Fe, Mn) O Cr, Oy
Mo Mo Mo,C, MC, M,;Cs| MoyN
w w W,C, MC, MG | WoN
Ti Ti TiC (TiN) TizOy, (Fe, Mn) O Ti;Oy, TiO, TiS, Ti3S,, Tiy(C, N),S,, TiN
Zr Zr ZrC (ZrN) ZrO,, ZrO8S, ZrS, Zr, (C, N),S,, ZrN
Hf Hf HfC (HfN) HfO,, HfOS, HfS, HfN
A\ v vC VN FeV,0y, V,0,;, VO
Nb Nb NbC NbN FeNb,Og4, NbO,
Ta Ta TaC TaN FeTay,04, Ta,Op
B B Fe; (C, B) BN
Al Al AIN Al O, (Fe, Mn) O-AlLO;, Ca0-AlLO;, AlOgNy
Cu Cu
Pb (Pb)
Y Oxide, Sulphide
La * La,O;, La(OS), LaS, La,S,
Ce Ce,0O,, Ce(08S), CeS, Ce;Sq
U U0, US
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Table 2. Acid method for extraction and isolation of nonmetallic inclusion and precipitate.

Nitric acid-------------e-
(1+3), (5+1)

Hydrochloric acid
A+1)~(1+4)

Sulphuric acid -«
+D~1+4)

Phosphoric acid

@2+1)

SiO,, AlLOs; TiO, (Fe,Mn)O-AlLO; (Fe, Mn)O-Cr,0; FeO-TiO,; FeO-:Ti,O,
3A1,0,-25i0,, 3(Mn, Fe)O-Al,0,-35i0,, Ca0-6AL,0,

..TiC, ZrC, VC, NbC, TaC, BN, Si;N,, TiN, ZrN, VN, NbN, TaN, AlOxNy,

$i0,, ALO,, TiO; (Fe, Mn)O-AlLO;, (Fe,Mn)OQ-Cr,Oy, FeO-TiO;, FeO-Ti,Os,
3ALO,-25i0,, 3(Mn, Fe) O-ALO,-35i0,, Ca0-6Al,0,

TiC, ZrC*, VC, NbC, TaC, BN, SigN,, TiN, ZrN*, VN, NbN,
AlLOy, (Fe, Mn)O-ALO,;, (Fe,Mn)O-Cr;Oy FeO-TiO,, FeO-Ti,Oy,
3A1,0,-25i0,, 3(Mn, Fe) O-Al,0;:3510,, CaO 6Al,0,

CryC,, Cr,Ci, CryCe TiC, ZrC*, VG, NbC, TaC, Mo,C, W,C, (Fe, W)C,
(Fe, Mo)sC, (Fe, W, Mo, Cr)¢C, BN, SizN,, VN, NbN, TaN, Cr,N, AlO;Ny,
8i0,, Al,0,;, TiO,, (Fe, Mn)O-Al,0O5, (Fe, Mn)O-Cr,O;, FeO-.TiO,, FeO-Ti,O,,
3A1,0,-25i0,, 3(Mn, Fe) O-Al;0;3-3510,, Ca0O-6Al,0;, CaO-2A1,0,

TaN, SiO,,
FeO. VgOg,

* Decompose gradually.

(Decomposition velocity depends on the states of nonmetallic inclusion and precipitate in steel, and the

condition of extraction and isolation of those compounds from steel matrix.)

Table 3. Halogen method for extraction and isolation of nonmetallic inclusion and prec.pitate.

Chlorination method

Chlorination Si0,, Al,Os (TiO,), (Cry,Oy)
Electrolysis extraction Si0,, AlO,, TiO,, (Fe, Mn) O-AlL,O;, (Fe, Mn) O Cr,Oy, FeO - TiO,, FeO-Ti,O,,
~+ Chlorination 3A1,04:25i0,, 3(Mn, Fe) O-Al;0,+35i0,

Halogen-Organic solvent method

Bromine methyl acetate
Bromine methyl alcohol
Iodine methyl acetate
Iodine methyl alcohol

AIN, BN, Si,N,, TiN, ZrN, VN, NbN, TaN, Cr,N, AlO;Ny, (Fe, Mn)O%,
MnO¥, SiO,, ALO, TiO; (Fe, Mn)O-AlO,, (Fe, Mn)O.Cr;0;, FeO-TiO,,
FeO-Ti,O5, FeO-V,0s, 3A1,0;-25i0,, 3(Mn, Fe)O-Al,0,-35i0,, CaO-7ALO;,
Ca0-6ALO,, Ca0-2A1,0, CaO-Al0,; 3Ca0-AlL0,; 12Ca0-7A1,0;,

CaO.

ALO,-25i0,, 2Ca0-ALO;-SiO,

* Decompose gradually.

(Decomposition velocity depends on the states of nonmetallic inclusion and precipitate in steel, and the’

condition of extraction and isolation of those compounds from steel matrix.)
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Table 4. Electrolytic method for extraction and isolation of nonmetallic inclusion and precipitate.

Neutral Electrolyte

5~159,Na-citrate-
1:0~16%KBr-0°1~0°62,K1

FesC, (Fe,Mn),C, TiC, ZrC, VC, NbC, TaC, WC, CryCs,
CrpsCe, (Fe, W)eC, (Fe, Mo)eC, (Fe, W, Mo, Cr)¢C, BN, Si;N, TiN,

Cr,C;,

ZrN, VN, NbN, TaN, CrN, AlOxNy, FeO, MnO, SiO, AlO,,

524, Na-citrate-19,KBr-

0-69%KI-194,(NH,),-H,S50,

(Anode) 159%Na-citrate-

1:294,KBr-0-12,KI
1024, CuBr,

FeO.V,0,,

(Cathode)

Acid Electrolyte

794HC1-39,FeCls-ethylene
glycol (Fe, W)4C,
159, Na-citrate~
309, citric acid-1:29,KBr
(pH=3"0)

TiO,, (Fe, Mn)O-ALO;, (Fe, Mn)O-Cr,O,,
3A1,0,-2Si0,,
Ca0-6ALO,, CaO-2AL,0, CaO-ALO,,
25i0,, 2Ca0-Al,0;-5i0,, (Fe,Mn)S, MnS, TiS, Ti,S,, ZrS, TiOS,
Tia(C, N)3Ss, Zra(C, N)5S,

TiC, ZrC, VC, NbC, TaC, WQC, CryC,,
(Fe, Mo)C,
VN, NbN, TaN, Cr,N, AlOxNy,
Al,Oj, (Fe, Mn)O.Cr,04, FeO-TiO,;, FeO-Ti;O3 FeO-V,05 3ALO,:
25i0;, 3(Mn, Fe) O-AlL,O4-3Si0,,
2A1,0,, TiS, TigS,, ZrS, TiOS, Tiy(C,N),S,, Zr,(C,N);S,

FCO'T‘Oz,
3(Mn, Fe) O-Al,04-38i0,,
12Ca0-7A1,0,,

FeO - Ti, O,
Ca0-7A1,0,,
Ca0-ALO-

Crq,Cs, CryCq, W,C,
(Fe, W, Mo, Cr)¢C, BN, Si;N,, TiN, ZrN,
SiQ,, ALQO,;, TiO,, (Fe,Mn)O-
CaO.

Cao M 7A1203, CaO M GAlzos,
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a) Aluminum oxynitride (tetragonal)
b) Titanium carbo-nitride sulphide (hexagonal)
¢) Zirconium carbo-nitride sulphide (hexagonal)

Photo. 2. Aluminum oxynitride, titanium and zirconium carbo-nitride sulphides in steels.

% 1 DOWED» LRMANC S FRERICRESITTH &
ELDTHRETH D, Lo > THIHS HEEE D B
G U CEEICGERER TS 2 LBRSLETHS.

(3) R {b-EHBET 5 R RLEIR R ORI,
T b bflhic B 58 4 DML B O FR
hex ASRENCEEZE L, &5 ITRMORERK X ORELS
2rhdp 5 WO X CEAEER PS5 Zh
SOLEMOELEHECIRET 5 L EBLETHS.

(4) FLBEOIMBESHEERRI RO SHFERIC
A5 LIAHEL, Uit d> TS RO ERERO
FESZ, 70 b bl Eirko MER LMD e b UM
BEFITREZAEC T2 LEND D,

X [
1) il W7 Rk, 12 (1962), p. 148
2) pEm: g :4W, 58 (1972) 10, p. A132
3) JIS G-0555, (1956), “fHDFEE&BNEHD EHK
GIRBB B

4) T. R. ALLmanp and J. R. Branxk: Iron Steel
Inst., Spec. Rep., 112 (1968), p. 47

5) D. M. CorringHAM, D. M. Marsa and K. R.
WarrtingTon: Iron  Steel Inst.,, Spec. Rep.,
112 (1968), p. 31

6) J. L. Baver, G. H. Denton and R. E. Hassel:

— 100 —

ASTM, Spee. Tech. Publ.,, 430 (1968), p. 118

7) K. A. RipavL: Iron Steel Inst., Spec. Rep., 112
(1968), p. 40

8) R. Casting: “Optique des Rayons X et Micro-
analyse” (1966), p. 497, [Hermann]

9) BHE: gkrg@, 46 (1960), p. 19; 47 (1961),
p. 1704

10) G. L. Keni, H. STEINMETZ and W. J. McGon-
NAGLE: Metallurgia, 55 (1957), p. 151; p. 329

1) pRE: 9 B Xt &miE T GE, (1972),
p. 35, [B&{bELS AARSIFILESR]

12) J. H. 8. Dickenson: JISI, 113 (1926), p. 177

13) BAREMIRMASE: “giBd®H " (1956),
(3]

14) &3F, #4: &EESSWM, 5 (1966), p. 121

15) W. Kocu and J. BrucH: Arch. Eisenhiittenw.,
24 (1953), p. 457

16) fe4xA, BA: &4, 57 (1971), p. 1883

17) MP: §k&5, 58 (1972) 10, p. Al44

18) pRH, #%: $ &8, 57 (1971), p. 1006

19) M, #7A: gk&M, 58 (1972), p. 1332

ZOEFPHEPONEDE XCHUHOHME, AEsX

U O MOV TR L &, TN EN

LI O S5 R EIT DO W Tk L8, 52 (1966),

p.- 1098; 53 (1967), p. 1024 2 H&MXh .



