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Recent Advances of Evaluation Methods for Non-metallic Inclusions in Steel

Hiroyuki KONDO

Synopsis :

Methods for evaluation of inclusions in steel are reviewed in this paper. In characterization of inclusions in steel, it is required to measure

their size distribution, composition and morphology as well as their amount. The size and amount of inclusions to be cvaluated have been

greatly reduced in ultra clean steel. On the other hand, a variety of oxides have to be analyzed in the oxide metallurgy where oxides are uti-

lized as precipitation sites. Conventional methods such as chemical extraction and metallographic microscope observation have been im-

proved or modified to meet these requirements. Applications of high frequency ultrasonic testing and fusion extraction using EB or cold cru-

cible have been reported regarding evaluation volume or speed. Recent developments of other rapid methods including spark-OES, laser

analyses and ESZ are also introduced.
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Table 1. Comparison of various extraction methods for in-
clusion particles.

| 'Methanol | Br-Methanol | Acid Fzgf;“;'l‘fe‘;’l'lL”e‘i’e‘;ﬁif)‘;i‘ligs
ALOs x x x 4%MS, 10%AA
Ca0O v X X X X
12Ca0-7 AkOs o x x 2%TEA, 10%AA |
3Ca0- Al:Os o x % | 2%TEABa, 2%TEA, 10%AA
Ca0- Si0: x x x 9%TEA, 10%AA
3Ca0- 2Si0: x x x 9%TEA
CeOs, CesOs X% x x 2%TEA-Ba, 2%TEA
MgO x < x 2%TEA-Ba
| MgO- AlOs x x x | 2%TEA-Ba, 2%TEA, 10%AA
Si0s x x x 4%MS, 10%AA
TiOs, Tiz0s x x x 4%MS, 10%AA
Z0: o x x 4%MS, 10%AA
CaS X X X 2%TEA-Ba
CeS, CesSs | x® x >< 2%TEA-Ba, 2%TEA
TiN | o) x X 10%AA

) Cerium-iodate are formed under oxidizing atmosphere.

%, A U 72  TEMI O R Sy A E L T U 72 B iR 3

EhTn3,

FRA R K D MR(IKER R S L2z 7 L 3 - &
HHAMEAFBL CSum®D 7 4 2 —T208IL, #
WROTI I FEKE I AZ 7 — L&l E LR
REREIC L DMEST S22k ->T, #7320y
F— 4 — & TIEHECRE A OME 2B THET &b - 7= & il
ENTWB ', FOTFEEEETIE, Wl ] REk R i
20.01~5umBETH D, KET{EMO B REH K &0
SRENBH B H, THIZHL T, FmHTEELE Tk,
200um £ TORELRET H 5, Sl EELE I & 0 i
TE L7210 um LU EO S 100 B & 2 o L1o F @
EORIIZHBERRD b e ST B Y,

2.2 FEMMSREIERA
2-2- 1 WiE#EHE

24 Y3 — FOWHRRRE TR, 2 W O ERB i 5 ik g
F3, RO ALO, R TEM & R & 5 MU I e
KT 2 & &N Tn5b, 20O &S aHilffo iy simE &
Ut s M rbh, 2 OREEIL, 1SR ASTM!O
ICHEERTWA, BlAIENSE TR, HAE & 7213888 &
N R O FEAE 5 6 & 7 8% S R 20 TR 15 mmX
20 mm % JFHI 400 {5 TRFEPEMEEBIG L T, MEDME KA,
HFEARD B,

BAETIE, ZOFEIZIGEGB i AEA S, 1F&
AEDIEESZHBIL SN TV 5,

UL, SORNEFCOMERIZMAE ) BRS A7 Bl R fi
DWTE A 545 5 N7 & B DOPEFT R & DO RIITHB A
EDM TR, 2070, FEAEIZ L ->TE R
e R 2 KNTEMED 7 — % & 302, MfEiidt
EZ K BWH AT, K DIRWEEIRIC B A A
FETHT 5 ks REt e h b,

R A0 R0 BOE R G D FEARRY L Az > B4 %




B 760

S &8 Tetsuto-Hagané  Vol. 90 (2004) No. 10

BB L 72 & & RSB B 287 — 2 OFKER.

TED N E I RE B —ED N i &0 O EIEHET
HBORARETHS, LT, ZOH4& LT, A HW
5NTOBDH, X (1HIZRT Gumbel 545" Th 5,

G(Z):exp(*exp(*(z~/1)/(1)) .................................. (1)

R(1)D G L, KiffzE TORMMER, $hbbRk
fE7n -8 2R E 525, 2210, ABKVald
FRFNMNE, RE/ST A—2 LRI 0T/8T 4 — 4
Td 5, WEHEHED TTEYEHENDIGHIZE LT, %
F, BUERRES, (mm?) A RE L, NHEFO ZhZhoBl%
#6?*ﬁf%%%ﬁﬁ%ﬁﬁbéﬁﬁ@$ﬁm,r
Narea,, & L TR®D S, KiZz# K& SOIEIZHAR, iF
u)ﬁﬁ>.¢%&éo

max, i

HoOfKEE TORMIEER %

Glz,)=i(N+ 1) =exp(—exp(—(z,= A)/ 0)) =eeeereremereee (2)

2, (1) D 5 A i HH EThiE, oL T
fm—mmMHm%7qu¢6& o DI E X
VoaDHEHTELTE S, THIHEES (mm)IZkiF 5k K
TEWEE, ZOoEHRETOR)RENAZTE LTRSS
N5, 2212, TIREAER T Y, (HATHGA LGNS,
M7 oy O—fl%, Fig. 11Z7RY,

(zl_/l)/a:_.ln(fln('l'f1)/T) .................................. (3 )

R S I Fo 0 BIEHIREDIX S D X O TIREIL, ek

SrtEiENarea,, TRE XN, I DVarea,, OHEEIZIZH
TOPEMBBIR OB R S stk a @ TE 2 28R

T\éfn'(m%)z‘“” Thabb, Jarea,, KD BT L2k
. FEHIRE A TR A TREME SR E s,

@Lﬁﬁ&~£5ﬁﬁﬁf”&@&iL®Héﬁ%@*
DL LT, REMmES, RN LUCHEBMT (7
BPHIERS) D& D FITHRVMRGET 2 &0 JAET
5hb,

FLUETHTAE SO mm? D IR KT EI X & 40 fHEIZh 725 T
WL, BEFEEAEA L TE S h e R AT TEDIE
&, EBAMEARIO 77 b E A SEMEIZ L THIE &7z
KA EMEEROL—HRERL A ERE IR TWHE 2,
T, WEMETIZ BT A THEMAE LTid, EBIEORE
(F25¢g) ORFEAZBEMBEERSICK T 2 RmRAICHREL

TR 7230,000mm? ARIRE N7z,

—7%, HUEERME L T0508mm* B LU 100mm?* & & D)
%4 12 B A R g LU TRl — o T8l % 30,000 mm?’ {2 F5 F
BRANTEMRIZE R LR, #iE O/ S0 HEEmE T
THONEFPIW L /hErob@E S TN
52, F o, EUEMFA 100~ 1200mm> D TE{L & ¢
T T I 30,000 mm® TR K TTEMIR R A HEE L 7256 R

-
[SE

10

F (%)
6r 9981 r=1/0-P
St §3§i fﬁg T=100, for 100 specimens
4F 98+ 50 :
@ 3F 95F 20
c L e |
£ g} 90 . l
~ 80 F /’ {
T / | Vet
are:
o 50 + Fad :
_qk 10 . |
1f /‘
—2L o1

0 20 40 60 80 100 120 140 160 180
Vvarea (um)

The material : SKH-S1
The unit test volume V, i.e. the volume of one specimen is
1272 mm?

Fig. 1. Cumulative frequency of the values of Varea of in-
clusions found at the center of fisheye.
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Fig. 4. Intensity ratio Al/Fe obtained by analyzing steel
samples with different insol-Al contents by OES.

o TC&E7, Fig. 41Zinsol-AlBHENEL 5200 %
LN Sy (W Al/Feﬁ@Wﬁt’i’l‘lﬁi‘bTJ\‘f

AlDOMBIZ Cae MgHF DR L BBIL 256, Tho6D
) BEROTTEARIMICEVEE LR T/ UL ANAOND
ZEnG, EARRILIOR IR Z OMAKEIE DRt H &
52 MG IR TNEHN ) il 7o+ 20E K
%, ALO,% (Al Ca),, (Al Mg), E DAL &L H]
ADFERAE OES-PDAIZ KL D EEMICFHTRETH S Z &
AR I N T 53192,

O/Fe B LD A& N5 Z &12K 5, ODIEENE
BIZOWTOREYYH S, L2rL, —HT. MnS, AIN
BLUALO %5 ﬁﬂ@ﬁﬁuth.MnkMﬂmﬂu
B RKET BN ADNS 720, AlEO0F 2L Al L NIZ
DNTL, FAFEAEEAEAL NG > OHETE
b5, o%N;m* DT 3L & — A E L 2 D RS
PRBHETH D ZERRRAFNODHERE D H VT LA,
RXOREIFEEOBRBIZHEEEA TG ok, > —KHEE L
ENnb, iy, BEOKLD (>90% VTN IFELTE
HENT 554, OES-PDA TAIFNHEE 2 BIHIL TK
WOENLETLIFNEMEL? OHFHBRBEEAENRETE
2Zk%, W% ﬂ%mﬂkaTéhfné OES-PDA
&SRR kLS T[O] & DI i3 B AT 7 AHBE A 2
. 10 ug gUT@fR %+i~bl‘féml‘*ﬂf§(5D
0.5 ug/g at 4.2 ug/g) LT 5 #49,

Wk o b BT FERHENEOM
SAEOMEDORET 0L L Eh T b,

Y N o 7424

7o, 7= ETEICBE B R DORREH I T, LA
WIS e E —DOMNBUER A TEBL . ZORKD

QR EMNTT UL I T EA2RTIHELRD 2 HFENH

HENTBY,
—HRIZ 2 S = S EFRN M T, 1S 72 0 OHNE
KL, S~8mmiET, HME L 10~50umTHD . H

BIZLTsmgll TThb. - T, HIEHEROKOHEK

KoORHEER, Sm<BanweEA OGNS, Lo, fEifErE.

PR IZ BT, o I EMRII TR IZl L TR » T
B aTFkTorn, SHREEREOUELANE LRR

12

Sampling

position LT
Ladle |a w

Tundish .

Symbol

1@“%

Lo

3 -
-4 in tho ladle
5 = @.un RN mnm)

( Number, 3 g4 mm?)

In the tundish

in the ladie
(t1er AW wntm‘)

Number of inclusion

4 8§ 12 16 20
Specific oxide area (mmz2,g)

Melted metal weight=3g Energy supply speed=1000J/s
Amount of energy =2 500J/g- steel

Fig. 5. Relationship between specific oxide area deter-
mined by the EB method and number of inclusions
determined by the optical microscopic analysis.

NEHEN T EDEHFEEN S,

2-4-2 FERERA

WO EERLOMEIZ v SRR OB A 5 R
D& BNIEMEREBES Z AWML 5D HEHIIZHE
BF— 2585720l 0B E SN ABREIEMINL TE
7oo ZO7:8, FHICE TR DAL . A ORI
Hr0@Ebd Il EARME LT, B AFRRBL . i
FRIZERMIEI HEIRET SN TE ],

EB#:S50 T, BEZET TARG L AHR S 2EH TR
FHOBF U - o524 L CHMT 5, 2oL, B
M. ERAD FEFRmIZE R LT, e R I
(77 b raft) KT 5, EE, GHE%. 77 b %
SEM-EDXFAHWT, 352 &2k, YO,
Lok K ORI ROFM AT H 5. 1~10gDiF
150~200fEASERA S Z &k <, U TR TRE A
BRAHWEN TS,

U ARSI A RIRT A5 Z 22k . o St
% 60~80% D E MR THMTE . 57 | OIGiHif & Wi

ifi Lot

HEGEN

$E DM Fig. SIZMT &2, BIFAMEBAED ST
WA Iz EES gk T5& . 400f5DRHETFE
/\F‘

DA a:sJEf‘")'l ST A L #E A B L 3STHOMY
IZHST 2281240, EBEDEHMOE S AR S,
7'7"( EBZEDOMBEM & LT, [iEC LAt R it
EDRIRPR, Z DO ES)F VG RSO #1752 &

PRSP ZET B eAH BT . KL
YnIgE - AL, KESMIMIEE S22 L, A
Ffah b,

EBEABEEROFEMTHEDIZML, 3= F o L—
CITNBRIEIKKP T R bRS, AL F LT




Cold crucible

Cooling water

Fig. 6. Schematic diagram of cold crucible.
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Table 2. Comparison of methods for the characterization of non-metallic inclusions in steels.

Time for Inspected

Chemcal

Method Size . . Advantages Drawbacks
assessment volume information
Large quantity of
MMO 4-10 h 10-100mg  Yes(2D) No information Time consuming
Quantitative
Slime Imonth 100g-1kg Yes No High representativity Time consuming
Che'mlcal yes Size distribution of 0.1- Time consuming in
extraction-Photo several hours 100g Yes . K .
. (total) 200 ¢ m in a short time extraction
scattering
US 50-125MHz several hours  40-80g Yes  Gas/Solid ¢ distribution with - Affected by heat
high representativity  treatment for sample
Accurate inclusion Low-melting-point
EB 1hr 2g by SEM  mainlyAl, 05 inclusions easily fuse
amount measured
and agglomerate
Cold Crucible- . Quick N
15 100 N Y .
XRF min g ] es High representativity No size distribution
FTD 15min 2g No Yes Quick No size distribution
OES-PDA Smin 1-10mg Yes(?) Yes Quick Less representative
ESZ real time Yes No On-line Durability of probe
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