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On the Extraction of Large Inclusions in Steel by Slime Method
and Classification According to the Size

Synopsis:

Yoshio YOsHIDA and Yoshiko FUNAHASHI

A study has been carried out to establish the rapid and reliable method of isolation of large inclu-
sions (>50y) in steels and classification according to the size. :

The results are as follows.

1) A large quantity of slime obtained by electrolysis of steel are separated from inclusions about
in an hour by ultrasonic sieving method (applied except Al killed steel) or by elutriation method

using the improved apparatus.

2) A small quantity of cementite and metallic iron particles are separated magnetically, and non-

magnetic iron rust is also separated similarly after the reduction to metallic iron.
Inclusions attached to magnet with magnetic substance

inclusions is not affected by this treatment.

The quality of

must be recovered by the Br,-CH;OH method or by picking up them observing through a microscope.
3) Using the sieves, the obtained inclusions are classified reliably according to the size.
4) The shape of silicate inclusions is hardly damaged by the ultrasonic vibration, but chemical
treatment changes markedly their composition. On the other hand aluminate inclusions are chemically

stable and very brittle.
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Fig. 1.

Apparatus for electrolytic extraction of
inclusions.
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Table 1. Chemical composition of samples. (%)
Steel No C Si Mn S Al Remarks

A | o2 0.038 0.99 0.016 0.037 trace Si sermikilled
B 0.20 0.045 0.97 0.015 0.034 trace steel

c 0.16 0.22 0.82 0.015 0.025 0.002 | Si killed steel
D 0.16 | 036 | 1.3 | 0.0 0.012 0.018

E 0.15 |  0.34 1.37 5 0.020 0.018 0.027 Al killed steel
F 0.04 f 0.8 | 0.0 | <0.02 <0.02 0.043
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Fig. 2. Elutriating apparatus used for the

separation of slime.

< N,
|

A Magnet

B N. receiver

Fig. 3. Magnetic separation apparatus.
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Fig. 4. Breaking test of inclusions under
ultrasonic vibration.
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Table 2. Damage of inclusions by ultrasonic vibration for 30 min.
7
i : Damaged amount
Steel No . Inclusion shape ?123 lSamp(lt:n\\Selght - : PE);:"c):r
# ; £ 1 (mg (%)
150~-200 11.512 1.160 , 10.0 20
300~400 3.523 0.370 ! 10.5
Globular glassy I.
200~-300 17.405 1.175 i 6.8 80
A : | 400~500 2.007 | 0.467 | 23.3
(Si semi-killed) 300~400 20.807 2.497 12.0 2
400~-500 13.050 0.895 6.9
Angular glassy
200~-300 36.522 9.097 24.9 80
400~-500 36.185 10.580 29.2
B Angular glassy >500 548.893 20.943 3.8
Si i--killed 80
(Si semi-killed)| 510 ar *> 500 97.194 65.470 67.3
150~-200 5.565 0.755 13.6 20
300~400 1.345 0.255 19.0
Globular glassy
200~300 3.740 0.725 19.4 80
D 400~500 3.047 1.057 34.7
(Al killed) 150~200 1.370 0.700 51-1 20
300~400 1.373 0.675 50.7
Angular rough
200~-300 4.207 3.775 89.8 80
400~-500 0.777 0.497 63.9
* Immersed in KMnQ, solution for 40 min at 90~ 100°C.
ib - R
' i
8
; s
f,‘;!i“
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L 500#?

Photo. 1.

TTFHRL BREHCESDTEEL, BRI L3EER

a : Before ultrasonic vibration,

B

b : Fragmenls of broken inclusions.

An example of ultrasonic breaking of inclusion extracted from Si semi-killed- steel

(Steel No. B).
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Table 3. Recovery of inclusions under several elutriating conditions.

Elutriating condition Sample Recovery
Opening of wire Water uprise | Elutriating weight

netting pore Watelr stream velocity time (mg) %
() ( m{/ min) (cm/ min) (hr) (mg) (%)
O* — — 21.619 21.247 98.3
500 800 7.20 2.0 33.637 31.804 94.6
1 000 9.00 2.0 31.040 30.425 98.0
1 200 10.80 2.0 31.065 30.145 97.0
0% — — 28.725 28.523 99.3
1 200 800 7.20 2.0 30.100 26.270 87.3
1{000 9.00 2.0 26.268 23.025 87.7
1200 10.80 2.0 31.155 28.494 91.5

Sample : Silicate inclusions extracted from steel No B, Size : 50~100p Specific gravity : 3.44 (Measured by pycnometer)

NyFlow rate : 100m!/min.
* : N; bubbling for 30 min.
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irclusions Lnclusions
Sample A 2563mg 24 mg
Siime Slime
S0 30m/
“—————— Mag. Seq. 1
" I
S o —= . 3
fe v - Y . —
Cpo YT '
EI_: O
Q03 [sXe]} o8
<— B CH;0H Soin. <— Br,-CH;0H Soln. —=
60%C X 2t a 60°C x 2hr (]
Q.26 005 1.9 35

@ : Attached to magnet by a-method (cf.4-3 (1))
B : Atiached to magnet by b-method ( n )
0O : Not attached 10 magnet

N

Sample A and F are electrolytic residues obtained
from steel No. A and No. F, respectively. (The
figures indicate the amount of inclusion (% in total
inclusion.)}).
Fig. 5. Experimental results of separation of in-
clusion from slime by magnetic separa-

tion.
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FELUKER, Table Siwmd X 9T, FvagiEAnEdT
3109 BF - x4/ — 0, EEE (149 08
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DRFEIEE R 5h7z (Photo. 2 M), T Dif4A, Table
bR T IO, GBI HUBahRnEd Ligw
EoOMmmAS RO, 20X DITE L-fitEDit &

Table 4. Experimental results of the chemical attacking on inclusions in the

heated hydrogen atmosphere.

Particle si Heating in H . ight .
ar(1;§: stze atrer?o;g%eizz z Color of particles Samlzigg\)velg Magnetism
Before as, bl, gr, or 32.93 Non magnetic
400~500 S
After | ’ 32.72 Z
Before or (transparent) 11.24 4
>500
After ” 11.24 7
Before bl 17.44 “
~ 500 (semi-trans parent)
After z 17.44 4
Before as (opaque) 8.95 4
>500
After 4 8.97 4
Before gr (opaque) 29.00 4
>500 .
After 4 29.01 7
Sample : Inclusions extracted from steel No B (Si semi-killed steel)
Healting : 350°C, lhr
Color ; as : ash bl : black gr : green or : orange Wh : white

b
+
)
-
‘_ah T000u
T SR ﬂ

a : Inclusions exiracted from Si semi-killed steel (Steel No. B.), before chemical treatment.

by : Immersed in HCI (1+9) at 90°C for 5min.

b : Immersed in 1055 Bry-CH3OH solution at 60°C for 2hr.

Photo. 2. Inclusions decolorized by chemical treatment.
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Table 5. Dissolution and decolorization of inclusions according to chemical
attacking of reagents.
. .. . . Loss in
Size Immersing in reagent Color of each particles Weight .
Sample () solution (mg) (mg) weight
(%)
50~1 X or, bl, as, gr 50.510
.. %0 109 Br,-CH,0H| © wh 25.392 55.1
A (Silicate) o2 3
s00s00 | OO G 2 X or, bl, as, gr 65.684 483
O wh 33.960 ’
X or (transparent) 75.392 3.0
500 lg()a{"CBrzl—EH"OH O or (transparent), wh 73.130
? r X gr, as (opaque) 59.350 2.0
O gr, as (opaque), wh 58.220 :
KMnO, solu- - or. bl .
B (Silicate) 200~-300 | tion. 90~100°C o p oo A 8 - _
40 min. w -
X or (transparent) 46.430
O change to gel — -
> 500 HCL149)
90°C, 30 min.
X gr, as (opaque) 53.876 56.9
O wh 23.621 :
X wh 19.960
50~100 109 Br,-CH,OH o) wh 19.315 3.2
D (Aluminate) °z 3
60°C, Zhr
200~300 X wh 2-530 4.2
O wh 5.295 )

Sample A, B and D are inclusions (chemical composition, cf. Table 6 and Table 8) extracted from steel No A,

respectively,
Color : or : orange, bl : black, as:ash, gr: green, wh : white.
X : Before immersing, O : After immersing.

No B and No D,

Table 6. Change in color and chemical composition of inclusion by immersing

in HCI (1+9) solution.

Chemical composition (%)
Sample | Immersing Color

Si Al Fe Mn Ca

Before Black (semi-transparent) 21 0.0 2.5 39 0.4

1 After White 45 0.0 0.0 2 0.2
Before Reddish orange (transparent) 23 0.1 3.3 34 0.4 .

’ After White ' 45 0.1 0.0 1 0.3

Before Ashy green (opaque) 95 0.0 1.4 33 0.5

’ After White 44 0.0 0.0 3 0.2

Sample : Inclusion (>500g) extracted from Si semi-killed steel (Steel No B).

Immersing : 90°C, 5min.
Composition : Analytical value by XMA spot analysis.

DT, BIEESH O b & T, BEHLBEEIND
(Table 2 £8). LRRERKT, X 51kgk - X 5> KRIF
WD I X oThEH N, T, B, 77 RAENED
TRERE (1+9) KX vmEL T F KT VERS VICE

£
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5-6 RMARICKIER .
Si &3 F0FESIT AL 30 FETR By, B
BEORF A L 2BEES D WHTHE, KEEELIES
e (BAECHEE (1+9) 2 21mx, 90~100°Ciz
AL, @< HUEED Y T AMBREZEMLTRAS
4 nESETBHED) WEoT SEE LS SONTEMIRE
L DOWCOHEERERS Table 7R 3. v /o8&l
At A —RER M DB ERAL, SR L 72, NERD
ETORITIEIHLS5BEFTAON, ZOEZEFELT,
Table 7 DERZRD &, FTVWEBENEDIEKRTHS
Si 3 00K, Si X FETIE BIES L WHITE
EHKIBHEC B WTANEPREZ IS —FHLTWwE LWL
5. LA»L, BHRABEETE R DEY. —F, 73
FRAEMOLE v Al v FETIRBZFRS D WHidE
W fthed 2 R bl LIKE 2 R TEAEMBED b s, Bk
DT EVE, FROX ST, FUWEENEMSEBZ RS
CxF U T HEBHBEH T H 5 8B AI S VWTE Y, 7
NI FFRNEDHREFNEFEOUIRELEFTL EiciEEL
TW5a. ZhoDMEANEwESF L, RFEIICERE L
T O MESTRRIEMEE Fig. 6 wiRTX S, &
FIS D WG TEE L KBEORIC K E L ERRED bhik
Wt Al FoU FIICTRBEFES B> Wl ogs, 50
~100 gz D HEHIHNRID DB E TS WERB R LN 5.
¥, SHRAEEN 1% Photo. 3 TRT I SiCEhHod

Table 7. Variation of amount of inclusions
(>504) extracted from steeljowing to
methods used for separation of slime.

Steel Amount of
g ! inclusions
Steel No \g’(;.{lg;’)t Method (mg/lO kg
of steel
B 4.359 us 9223.9
(8i semi-killed) 4.356 CH 2535.1
C 4.636 Uus 134.32
(Si killed) 4,631 CH 76.543
E 4,631 Us 16.109
(Al killed) 4.634 CH 29.601
A 3.500 us 3549.342
(Si semi-killed) 3.731 EL 3301.664
D L 4.223 Us 175.764
(Al killed) 4.222 EL 173.238
F 4.265 Us 39.768
(Al killed) 4.476 EL 63.213

US : Ultrasonic sieving method, power 20w, sieve 50p

CH : Chemicals (HNO3;-KMnQy) treatment method.

EL : Elutriation method, N, 100m!/min, water 1/min, wire
netting 500p.

TRETHY, ¥, TR—HESROFTHRER, Fig. 7
KRTLSITHHERTREIDOTH O

6. BEILIAZE

INFEFTOERBRER-ESE, B LAHEOHES
Fig. BI1z7RT. BFIS D WA EEE L Easai e ir v

Steel No. A (Si semi-killed }
50 . PN \
@ Amount of inclusions :
2 40 o |
S 232mg
s 30| x | 242.mg
<
£ 20}
=) -
2 10l 22 N X
0
s Steel No. D (Al killed ) 50
o‘\ Amount of inclusions : 7 3
o
\ ¢ 73mg 140 &
\
X 74mg <
\\ 430 @
X -—
SN 1%° 5
X\-x\%\ Jio £
o3 ‘_()s-_—_% 0
eol x Steel No. F (Al Killed)
o) -Amount of inclusions :
50 |- o 28mg
e 401} x 17mg
<)
5 30k
2
& 20}
-— \
5 lof SR
5]
9 L1 24 o ]
50 100 150 200 300 400  >500
$ S S 8 ) S
100 150 200 300 400 500
Size of particles {x)
Separation of slime :
O-—-0 by Elutriation method
X-—X by Ultrasonic sieving method
Fig. 6. Size distribution of inclusions extracted
from steels,
col Sample amount : 180 mg
50 O——0 : First experimental result
= Q x———x : Next experimentol resuit
(=)
c 40
8
@ 30
_E" 20}
2 10f SN y
—————p
0 1 [ B 1 1 1
5‘\0 IC;O |5$0 ZCS)O 3050 420 > 500
GO 150 200 300 400 500
Size of particles ()
Used sample :  inclusions™{extracted from Si semi-
killed steel (Steel No. B).
Fig. 7. Reproducibility of the method presented

about classification according to the size.
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a: 100~150 g

b : 400~500 g

Photo. 3. An example of inclusions classified according to the size (extracted from Al killed

steel No. D).

b: Elutriation method

Sreel Steel
ca. 5kg ca. Skg

r<——— Electrolysis = ——————>
(10%FeCl;, 5~10A, ca. 20days}

Residue 80 |Resic ue ] 8a
et ol. l (. et al. (5] |
|~ Ultrasonic sieving = Elutriating
e Filtration (50 filter ) water strenm)

ﬂ = (9OOm/mm

a: Ultrosonic sieving
method

(Cast away)

- Magnetic separation

L] (Cast away }
le- Hydrogen reduction

(350°C, Ihr)

Magnetic separation

(Cast awoy)
Size classification

T
il

Weighing

B : Cementite

B : Iron rust

(Cast away )

k- Magnetic separafion

Br,-CH,OH soln.
treatment (60°C, 2hr)

H (Cast awoy)

e Hydrogen reduction
(3507, hr)

Magnetic separation -

(Cast away!

Size classification

[

Weighing

0O : Large inclusions

| : Metallic iron particles

Fig. 8. Flowsheets for extraction of large non-

metallic inclusions and classification

according to the size.
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a : Extracted from Si semi-killed steel (Steel No. B)

v a3 S e et
b : Extracted from Al killed steel (Steel No. D)

Photo. 4. Microphotograph of inclusions extracted from steel.

Table 8. Chemical composition of large inclusions extracted from steel, their shape and color.

Size of Shape and color of Chemical composition (%)
Steel No inclusion each particles
(2) Si Al Fe Mn i Ca
50~100 1! 14.0 0.2 4.6 43.8 0.2
— ' as, bl, gr, or ! o
?Si semi-killed) ' 200~-300 g:obular, angular 10.9 1.0 3.2 | 39.9 0.2
: glassy :
>500 10.5 trace 3.6 42.0 0.2
wh
D 50~.500 globular, glassy 7.6 22.8 2.3 15.5 4.6
(Al killed) wh ) .
angular, rough Pfi}_ ‘w727'7 l 3 7.2 ,' 31 72

Method of analysis : X-ray Auorescent determination (Glass-bead method).

Color : as : ash, bl : black, gr: green, or :orange, wh : white.

¥ Table 8 £M) TH B, FEHAICIHENRRLR
AT T AL LTWBDH S padbhb.
2 E OB
1) BEWIC X D2NEDOHEE
REBF2LELONBEFREIIRITI D, BBRRNO
SRIHI T3 U < IRE) U CRRBEE Ao VIR F & ffiiZe
T5. Ei, BAPARBSWTBIEFvyEF—v aviT
HoT BET O EE BEAE~E 1005ED) 12 FE
THERNFICHENCIERT 2. chbiANdrEMmicd
LVWERERLTIDLY, NEMPBEINS LEbLN
5. HE, BETHENEDFBE, Hiwiamge B
b BWIK - F 7 REFCEBIEAEDS, B thT
BhHasB R 2o0cEHhs HFESERINTE
D, BHBENNVWPICKEVIBBIRTES. FHRO X
S, NEEMOMRR, IR, KESI, HRRER X
SEERTH Y, BN I~OMANIZED 3,5
5. HEANEDD S bRCEFRDIOE LT,
WEBNEWCRON 5 X 5 BN FREHZERE L7
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DD, BRFPLESHITR T B2/ T EL0
(Photo. 5, a #BME) B XUWTFWHELE TR VIER
MEOBWTLVIF X DR ZVIFFNED
(Photo. 6, f BlB) L EMRHTF N5,

2) KT HITHiREE

IR E 72D C, ARPLEFEEV B E T 5N
DkEEE X /i3 hid bl Edics g
5EARNEEETRE LR FORERS X UKDILEE
FREMPORA b= 2N KX DHHEShS. —F, f
ERLFIIZEF, ZEMER T 25 DO08%E <, Thaskp
KEWTENE LTERT58%FEThX, o
ENEDORMFEETELEBEC 07 D/AXWE
LB, Fi, KERPIFETISEO A 54
MIBERISIROZ DL TREDD, HKER
INLEHELCVWEEEC T+ HELEL RO~
DTHRFNEI ST, ok, BHE 3, FE 50p
JFLE 30% o BiF O KRBT S ILEOREE 8.9
cm/min (FKILE 1, Fi#EFRE 1.01C.P.) & 5 &



254 LB HDAPABIESCEANEDOHE L ST HRIZDWT 2499

XH, ZOEV FKE 990 ml/ min D & & D AKEE
P& OFFIRAIRIC 1) BKEL R EEIITESE L.
3) TVEBENEDOILERRE

{LEBREECIR2 SO 4 THAED LN, BEECXD
H 5 ABENEYIEE - ¥ 5 F KT WS Vg2 L
L, $ED0LDORERZEUCKETHRE - fifb L
72 ThIIECLSFERS PNEWRINTIEL Lz
ra. IR0z LT ATA AEREOBMHIFE

a, b : Surface of sample.
c : Cross section of sample.
e,d : Immersed in HCl (1+9) at 90°C for 5 min.

Photo. 5. Scanning electron microphotograph

of silicate inclusion extracted from
Si semi-killed steel (Steel No.B).
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&= 61 &£ (1975) #10=

f : Not Containing Si.

X100 (6/T)

"

>;3000 /7

g : Containing a litte Si.

Photo. 6. Scanning electron microphotographTof aluminate inclusion cxtracted from Al killed

steel (steel No. D).
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