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STUDY BY THE RADIOISOTOPE TRACER METHOD

(Source of Non-metallic Inclusions in Steel Ingots—I)
Tunezo Saito, et alii

Synopsis: :

A study on the origin of non-metallic inclusions was carried out by the use of radio- 1sot0pe
tracers. The radio-isotope #Ca or'%Zr was impregnated in the pouring. refractories which were
' the fertile source of inclusions. Mild steel was melted and refined in a 1S0KVA. Héroult
furnace, tapped into the tagged ladle, and an ingot of about 90kg was obtained. Non-metalli¢
inclusions extracted from the ingot, ingot scum, slag and all other radio-active products
were collected, weighed and counted.

Thus, the behaviors of the eroded refractory materials carried along by the pouring stream
were quantitatively traced with the following results:

When nozzles, stoppers and fireclay mortar were tagged (pouring temperature: 1550°C)
70°071 g of the tagged parts was eroded, 6°04% of which was once transported into the ingot
case. 52°3% of the transported refractories was floated as the ingot scum, and the rest {47°7%)
was retained in the ingot as non-metallic inclusions. The ratio of the non-metallic inclusions
of the tagged refractory origin to the total inclusions in the ingot was 2°86%.

In the case when 2all the refractories of the ladle were tagged (pouring temperature:
°C), inclusions of refractory origin amounted to 8°749% of the total content of inclusions.

The behaviors of the eroded refractory materials were found to depend largely on pouring
conditions. For instance, when pouring temperature increased, the erosion became stronger,
but a larger amount of the eroded materials was floated as ingot scum than in the case of
lower pouring temperature, and a cleaner ingot was obtained.
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Table 1. Composition of refractories used.
Composition (%)
Refractory - - .
| $iO; | ALO; | Fe;05 | MnO | CaO . | MgO. | Cry05 | Na0 | KO | TiO
“Nozzles stopper- . . . . . ', . ' .
hezzes, Stopper ‘ 58°32 | 36752 | 2+32 { Tr. | 022 | o064 | 005 | 0's8 | Tr. 106
Ladle bricks . | 63°22| 31°89 | 176 ' Tr. 022 | 0°56 | -0°10 | o+10 | Tr. 1°15
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Table 2. Composition of ingots and condition of ingot-making practice.
Composition of ingots (%) l Conditions of ingot-making practice 11
Ingots il ! ! : i ; . L Average | Remarks
i i A ‘T P 1 t :
C FMn Si| P S Cu ;~N1 Cr E Al ?gxﬁlﬁg t%lr]rfg.lg wgigg(ixt Ve;gf:g]gd |

| l !| °C) - °C) i (kg) (kg/sec)

— | ] * Nozzles, stopper-he
Cazloradorsdorin — | — | —| ||~ | L] e e 2 | Mumrommen
K ; ! ! | 3 . ¢ with 45Ca0(ca. 2.9mc).

; ! ] ' ! ﬁ { ﬁozzles, séopper-heads

0Nt NN N . o129 e . N . N sleeves and mortar
Zr-9 0 zar 000°280°0140°C050" 130050 owo 005/ 1,650 | 1,550 | 83-0 2:8 | e and o
[ ‘ | i ! ) 95Zr: (ca. 3mc).

’ ‘ :

' | ; Ladle lini .
Zr-40° 17IO°63]O‘30!0‘0140'0060' 160-04,;0-01 0°005| 1,640 | 1,540 94°8 17 (ggd zv_iiﬁx)nagsz“r'gi rag

! ] i . ‘ ca. 65mc).
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M. ho 4 — (MPETEKK.S, GSC-3 #!, 100,
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FAZTEHN U Fio, PZrOx FHEKOBRICIIE S
2mm 3RO H 7 AFHITHEE AN T FRERE 7RO
BRI L. Tor mEEshER G.M. gty
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Table 3. Recovery of radioisotopes after electrolysis.
_A) Addition of refractory powder tagged with %ZrO; to electrolyte
(electrolysed for 8h, counted by the scintillation counter)

(A) FESBATENOEN R ,
ZFMBROFEBAEDEEMMELT, T055

| D% ERE S N ARRRTT A ICIRE T 3 & it AEsk

BEOWIE I X0 ki, ZOBEHRHEENED F o
$CaQ &5\ X BZrO; O—EABAMA~IFT X5 L&
EERETATER V. XD TEMLIEFIC ST 5%Zr0,
BBV IIPCa0 DI G E > FOFHERIC X H HE
L7z FiebbERIER & F—08 TR L g &
BTREE M i A, © R R TR OB R R %
Tip ol BRI & BN U € 2 O AEIREE O Ik
SFlgwkdiz. Table 3 (A) X ®ZrO; o,

Table 3 (B) 13 $Ca0 {Eit D ERIEETH D . AEH» D
18 & H B AR (P BIEEZS) D30T X D 125 R.IL

DERRE HET 5 & BZrO,; o B4 1K 85% 104t
L9CaORE DA 1250% 3 5 WIZEN T CH 5. %Zr0,
(Table 3 (A)) & %CaO (Table3 (B)) & TIXEM
AR E LI B2 B OF » Wl T vt BZr0,
WO H B EAFEN DB VIV TR ~SEH L7
%Ca % Table3 (B)DZ & < L& X b $CaC;0,
—#Ca0 & U TEIRT % &4y 95% ArE TEINEE RSN
T B, TORETEMEL L D SHERT 5 ICWIRET
BB BLr FEHOEE DR o B R EI L CTEHK
NI L7 15% 2EILT S 2 LITE SR, FRi
BEOHDFETHIE—FED85%FEWTE B T & 2HED
L 7c D TOZrE O 4 I VIR D> B O %475 %5Zr0,
EIILALER % 505 U TR & 3 0 47
FIERA DT 15% OMIER
Mz &Lz,

N ber. Amou;lt of Refractory Filtered residue . 4R, VITiWTh #Ca0%
umf Nsteel dissolved powder added |(refractory powder-inclusions) ERFT & U CHIEWDIERERS
oT . S 1SS01V g N ey
test (g) Weight | Count |Weight| Count {Récovery of R.I. ERBBIAT TN 225, NEME
: (mg) | (cpm) | (mg) | (cpm) (%) fRIh Ok,  ®Ca MBS
1 14°3850 7°2 | 101,000, 32°5 87,600 ger7 <~ EBBHETHZ EEEREL VR
3 lhgaso | 530 | 743000 81-0 | e2n000  sys T PWREbOIELILL.
4 14°3658 70°5 1mm@ 80°2 87,754! - 878 TTHERUEED 5 E, iR
B) Addition of refractory powder tagged with 45'CaO_ to electrolyte
(electrolysed for 30h, counted by the G.M. counter)
~ Filtered residue CaO extracted from
Number Amoofunt E‘?Vfé-:f tggé’e d (refrdctory powder electrolyte. Total
of steel p +inclusions) (including carrier) recovery of
test dissolx;ed Weight | Count | Weight| Count '%EECORV?W Weight| Count R:fc%v(i:ry R(};;;;).
(g (mg) (cpm) .| (mg) (cpm) (%) (mg) | (cpm) (%) -
1| 89-2226 | 54°0 1,453 | 575 584 | 40°2 714 794 54°6 948
2 91+4210 536 5,690 68°5 2,886 507 896 2,491 43°8 :94'5 .
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Table 4. Results .of tracing .of non-metallic inclusions in ingot Zr-9.
Specific radio-activity of tagged refractories: average 5,700 cpm/mg
] (1 )_‘ ) . ,' Inclusions originated from | |
Amount of Inclusions - extracted tagged refractories ) R N
Specimens | specimens | () . Specific | = - . o - Remarks
dissolved |Weight | Wt.9%/(1) | radioactivity] Wt.%/( 113 V‘(’ggt
» (g) (mg) (cpm/mg)
F-1 1348062 | 14°2 0-104 . 89 ﬂ 184 0°263 rioizle
F-2 155278 * 13°¢é 0-087 174 ! -3°59 0-488 - i stopper énd
F-3 .16°9935 12*9 0:076 133 : 274 0°353 mof‘?ar were
C-1 14°6116 ' 14°1 0-0%96 107 2°21 0312 4 ooed
C-2 1671633 :© 98 | 0706l 191 3°94 0'386 | -2BEEC. .
mean 0085 ‘mean 2.86
L * Corrected by 15%.
Table 5. Results of tracing of non-metallic inclusions in ingots.
Comparison between %Zr and ¢Ca experiments.
tngots ,: Inclusions in ingots Inclusion originated from tagged refractories
) [ ' P ‘ i
Number 'Weight(kg)ﬁAverage wt.%/ingot wt. Weight(g) | Average wt.%/total inclusion iWeight(mg)
Ca-2 948 | 0035 33°2 050 ' 166
Zr-9 830 0°085 .- [ 70°6 i 2 86* | 2,019%
Zr-4. 89°0 0049 436 5-88* ' | 2, 564*

SRR AR EERRE L TR L7z Ze-4 AR E, 7 X, R
bwt—, HIbZEEGL CEILL - Ca-2 (Fisks)
I XX Z1-9 BRI OV T X OS5I EER, B NS E
Table 2 R L 7. Zr-4 S OWCEETGCOHE BT
BRERFEZET 2 LHIISERECHRZLDTITE
Wb, Ca-2 & X OZr-9 fiilic oW CFHE L7z. Table4
i Zr-9 SAMIC DWW CORBEERTH B, MBLNE D
BN EDRE* BRI T2 T ERENSETRETH
55 Table 5 ik Zr-9 A S T O FHkkE:
i (Tabled) OFfE%E Ca-2 35 X Zr-4 §ABLD &L
BLEHLERLRE.
WTNEROERBREZE L TSE S Sichit e
WHFETHDHH, YZr EROFEREENTHLOE
DEEDTHD. ’ ‘
Tihbb, HhOEBNENEED S B 500/
0'85=5°88% IIXIREMBHILA HERL, ~ X, X b v
JS—7g EAn BV 2743/0°85=2"86% HNRA L7z

(B) bk nifit kb8 Biis R
PHRABR IR W T KM BBREENT, 03585
PN TIREALNMEDE LTRE LA WEHEDES
DTHDH, MOBMEOTHZEHLHFREISED
EBDTHB., VT

Table 6 /3 Zr-9 §HRIC DWW CERBICEMITE &
HBRNDOERANE . EOMHREEBT T30 T_CTTET

* Corrected by 15%.

BICRIR LR L TX OIURREEES A, SIEAD M o
XN b DDITHFBM L ERTHS. REPLD

E LI NI L OOKEBSIIINEICREALTE?2

Iighds X O | B4 (Fig. 1) it Aof. Table 6 OFlE
RN S 2 200, A b w—I YO XNsd QO
ik 707071 g EEHEIENA. ThiEs X, R b vt
—7 EASFH 0 7mm RSN SN L, BE
BEPHLORMMY e D—F L. F7- Tableé %
BIU T, &HHED 5 B W) H-TRHNTRMP L, &
WICRA LIS D, TibbiREicGiihicdo
2601078 &,@ R b 28— %G DOTH LIS, X

T LT O, TinhbbBicEehEiiidn43-9es

g HETHE Table7(A) D 2B DT H 5.
Ca-2 ERIL DOV T O IHEREZFAE® LD LTz,
Table 7 i JNWITERRIIA M o2titts  (Zr-9 SR
BVTIE 707071 g, Ca-2 $BLTIE 204424 ) DFFF
WIRIECH 58, WE Zr-9 ERICOWTHEARML
5LOEDLENThHD. Tihbb, MHE 70°071g
D3 260107g (37°3%) (IR v —%BCETD
BlicaehsndDTHY, BY 43:964g (62°7%) 1%
J ANVERFOBRGBEENI LD THES. » ANVEET
LicE (43°964g) ©5H 9'6% (TinhbbitheEo
6°04%) 13— B #BEPICIRA LIy SB35 2 IRAR
AR L. E, SIBERNEALLDOD S H52°3%
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Table 6. Results of tracing of eroded materials 1 (Zr-9 ingot) .
Specific radioactivity of original refractories: average 5,700 cpm/mg

! ! Sp_eciﬁcg_ | Material originated from tagged refractories.
Radioactive material Weight | rad;(;?;tl i - - —_—
| : o /(] i ' Wt.o
| (g) | (cpm/mg) Wt.%/(1) Weight (mg) i W:t./0/?0,q71 mg
~ Inclusions in steel 825 139~ 2+86 2, 360" 3°37
Al el 523 0°92 561 080 *
B| 13 63240 11+10 1,440 2406
c| o 887 155 140 0°20
Ingot scum DI 15 222 0°39 58+5 6+08
E| 6 11°0 0°19 1104 0°02
F| 12 0°1g 0004 103 0000,
G| 215 1°4 0-02 43 0°00g
) A| o5 1250 -19 10°9 0702
Nozzle drip B| 2 1780 3°12 6244 0°09
Ladle slag adhered to a stopper | 135 294°0 | 5416 6970 099
. ‘ A | 250 456 080 2,000 -85
Primary ladle slag B | 430 - 144 002 8670 013
Secondary ladle slag 2,900 1230 2415 62, 640 89+39

Total amount of erosion of tagged refractories: 70,071

mg

(equivalent to erosion of average 0*7mm thick)

ERELTELEL, & 147°7% »IESEENMEBE LT
MBI L. '
- (C) & %

Zr By (Table7 (A)) & Ca ZEEy (Table 7 (B))
LIMERO RI W3z &7 nhs, R, $hAREDSE
ARFA—FHETERLIDOTHS. Ca-2 fiEDOHA
BER Zr-9 i X D 272 D vy (Table 2 £18) 25
KM ORI Ca-2 o4 (204°424g) 13Zr-9

(70°071 g) WIHARFBEFE LS, Ca-2 OB HERE
WOBHHR~DEBARIES.Ca2 O 1°399g,1°14%
R, Zr-9 VX 4°234g,9°6% THDH. Fic, BN
CETHDNEDBOF LKA E A5 L, FHAREDOE\Ca-
2 TiE 87°7% FLELTLHDICH L, HAREDEN
Zr-9 T 52°3% T, NEWMEOPRY SR E K
o7z, DEOBGRERRTS L Figi 2 oLk TRE
thosziz b vse—%H)% ¥ T O Z primary erosion

" Table 7. Results of tracing of eroded materials I .
Comparison between %Zr- and #Ca-experiments.

A) %Zr-experiment (Zr-9 ingot)

Materials originated from tagged refractories
Materials -
Weight(mg) Wt. %
» o Scum 2,215 52°3
Tagged material Flowed into ’
ﬂ&;ve’d down ingot molds | lnclusions 2,019 47,7
96 1G0-0
from the Total 4,234
primary ladle Others 39,730 90*4
. Total 43,964 62°7 100°0
Tagged material floated up in the primary ladle 26, 107 37°3
- ¥ ‘Total amount of erosion 70,071%* 100°0

*¥ Equivalent to erosion of

average 0*7mm thick
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B) *Ca-experiment (Ca-2 ingot)

£t Material originated from tégged refractories
Materials
' Weight (mg) : Wt. %
‘ Scum 1,234
. 877
Tagged material ©1oWed into | S
- ; { Inclusions 165 12*3
flowed down | ingot meolds .
‘ Total 1,399 . .
from the i . 5 D ,l* {4 10070
primary iadle E)thers 122, 0}6 - 98+86
Total : 123,415 60°4 1000
Tagged material floated up in the primary Jadle 81,009 39°6
‘Total amount of erosion 204, 424%* 1000

** Equivalennt to erosion of average 1°8mm thick
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i 2 80 Pk vEOTTY 28 dofec /

o - - e . 7| SECHOARY LAE SIAG
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N ) / / A .zmwzomwoar
2 /
, .
Fig. 2. Destination of eroded refractory

materials. Effect of pouring temperature.
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THE ORIGIN OF SAND MARKS |
' (The Study of Non-metallic Inclusions—V)
| Masao Kawai, and Hivoshi Kimura

Synops1s

The origin of sand marks is caused by the ingot defects, and those defects are not changed
macroscopically by the heat treatment, but will be deformed by forging or rolling.

Generally, the origin of sand-.marks is considered as ingot defects, such as non-metallic
inclusions, blow holes, pin holes, cavities and segregations But the sand marks of the steel ;
‘rod appear more or less (mostly) in all the steel rod and its surface anywhere, therefore

 the origin of sand marks must be the defects that’ appea1 very frequently in ingots.

(A) Blow holes, pin holes and cavities
(a) By experimental results, generally, those defects (blow holes, pin holes) appear rarely
in ingots.

(b) Many cavities appear.in the.center.of long and smali diameter .ingots, byt those cavities
are welded by rolling. Therefore, it is considered that, when cavities, blow holes and pin
holes in ingots have not oxides in the inside, they are welded by rolling ‘or forging and do
not appear as flaws (such as the sand marks) of ste€l rods.

- (¢) If the small blow holes of H; are the orlgm of sand marks, the sand marks are to appear .
with more umformlty than they are.
(@) Surface blow holes, and p1n holes of ingots, .cut by about 4~5mm 1nsxde from the
periphery, are seldom. Lo

Therefore, the origin of sand marks is not caused by blow holes, pin holes and cavmes of
mgots

(B) Segregatlons :

The segregation sand mark is very rare, and it has or1g1n only in high- C steel such as
bearing steel.

(C) Non-metallic inclusions .

(a) Non-metallic inclusions appear very often and every where in ingots. :
(b') Non-metallic inclusions are deformed and elongated by rolling or forging. - . S
(c) In parallel to 1ncrease of the forgmg ratio, non- metalhc 1nclusxons are e]ongated
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