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STUDIES ON THE FLUIDITY OF MOLTEN IRON (I11I)
Yosaku Koike

Synopsis: . .
. The flowing propertxes of various molten irons were measured by the weight which flowed
out through the capillary (2.3mm diameter, 15mm length). The flowabilities of these capil-
laries were determined by the mercury at room temperature. The flowing properties of
the molten irons consisting of the almost same composition (C, Si, Mn, P, S) were different
by its molten state, especially by the oxygen content or excess deoxidizer.

Now the authors measured the flowing properties of mercury, molten tin and bismuth by
the same capillary which was used for molten iron, and obtained the relation between kine-
matic viscosity (v=»/o) and thé time (r) required to let flow constant volume of the metal.

By the theory of hydrodynamics, r is the function of », so that from the above relation
for mercury, tin and bismuth the value of v corresponding to which was experimentally
measured about the molten -iron could be obtained. The viscosity of molten iron was
calculated from the value of » . '

The viscosity of molten pig generally used was 0.0156~0.0120 at 1250~1400°C, while that
of steel (0. 3% carbon) was 0.0195 at 1535°C. The viscosity of steel at 1620°C was estimated

*
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as 0.016% by exterpolation, when the rate of viscosity-change of the molten steel against
the temperature was assumed to be the same as that of molten pig.

I #%

WSS DFEMEI SBADE, 2 DILERISEE P RIS
ERPDELEBREZCKEBEHEYET 5.

HELE (1942)V, Thielmann £ (1927)2 &35%
BiRic & D, R, BRI (1942)13 EisME
& h RSO MEFARMERAIE L. WMo
W Z DFRHIEDOFER 2728 Di2 20 { H.Schenck®
12 1927 48 Thielmann EERMRCE D 3°85%
carbon OIEFRTDINT T o7 EEEER % N IEL T,
1600°C ITfRIT AYEEOFEMT 0010 x5 {E% 5 A 72

&3 15mm, £ 2°3mm O MgO JHHFLZHERL
TEHEDBEHI IRy — EHED H & CEHE LY
RE DR FCERENMRREDS 2 DTGB T T T8 » A
- UTRERIEBRCERE U1, SEIR ChEOHRBIERK

U2 DG 5 NI & b ESkO B AR D I
PHE 2RO UESROBIGERZER L ETA & & LTz

II. RBEORMERELANERROEE

(1) BRI DN T ORI .
FEIIHIEFESRDED TH %)% Fig. | OIHEHEFES
F N8 head 137mm O FIZEFE 2°3mm, B3 15
mm DY HFL 2 U T HEBRSHROmHER 2T Oz,
EHFLI AR A IR RV TR O pRH R X
h, ZTOWHEEAZHEL 12 8 © TH 5. TBEFk
500kg EAEUFIC TR L—ElREE R UIsHE 5 oTHE
LTh%* Fig. | OB BicliE$ 5. Bidd o
U 600°C itz s TR b | EDERERIT T 65kgD B
gEAINS. A LOEBY BRBIHHALAZZEHL
ZNnizd 5 U Stopper T SN Tk h HEHE
%, Stopper 2L T— R HIICHHHT 2 BSOE
TRHE L2 ERlojiikEicid Stop watch & {EFE L

i

-
ash
melt y

A ﬁ(ﬁ P 27502° L;

=t el
| T !
i [T &[]
Fig. 1. (2) Fig. 1. (1)

Table 1. The fluidity of molten. pig
generally used

!

Weight of,
: pifgl Whj;hj Time
i owe required
Sample T:emp.: tg‘;}t b | fo let ! Composition | Remark
No. molten'(nq capi. | fi';wp?g's |
. pi
LS T @ |
: - (gm) 1
1400 3155 | 8°56° |
2 | 1330 3070 | 8°80
1160 2935 | 9°20 |
4 [ 1300' 3280 823 !
11270. 3216 | 840 !
l 1400 5 3330 : 8 11 |
4 11330! 3181 @ 849
, 1255 | 3090 ! 8'74
| 1360 | 2945 | 9°16 :
7 | 1320 | 2903 930 ; C Tho fowa-
1260 1 2823 | 9756 | 3°3~36 |the sapi-
. S S S Si llstry‘ is t(z
(1850, 2998 9°01 . 26 lpasign
8 112801 2900 932 mercury
[ 1260 2800 | 9+38 ¢ ~ Mn for 30
, i 0*40~0*50 |seconds
| at the
| 1410 | 2935 9+20 { P mean head
© | 1340 | 2853 | 9746 | 0°20~0°30 |of %0mm
1250 1 2770 | 975 | g |
' 1 0°05~0°10 ;
1o | 1810} 2980 | 9-15
1230 | 2845 | 9749
; ! ‘
21300 ¢ 3132 | 8rez
11 ' 1275 3098 , 8'72 | !
1230 ¢ 3021 | 9°94 | :
1390 | 3214 840 I :
12 | 1330 | 3180 849 ! t
| 1240 | 3104 i 870 ! ,
" I
L1360 . 3269 | 826
13 1310 3237 | 8'34 . |
; 1260 | 3162 854 l
; | .
s 1300 | 2307 | 11°7 | - m
01250 ¢ 2142 | 12'6 | | (padition)

7. XIEFOEREL Pt-Pt Rh 2@ % Fic 3 Lida

HIBAIATE 60 HEME LI ROIRE 2 Hl%E L1z-

Table

| R EDOBSGR OB ESkicBHR Al (ixFe-Si)
HMUIZE DIDNTD 2,3 DREEZ= L7 Table
2 13 CHRY 0°35% DEASEHETCH 0°30% ok
OV T ORIEE R R LIz

Table 1 X¢r Table 2 X WEB 5020 A0 58k, 18
FHRIT T DBEERRBIT X D IFENED K R 3, BERKS
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B AL TR D MR LT B EAPRARTE & DA5

WEMEII A & £, BREICKT 2 2R HINVT & 2EH]
E$54 L7-. Table | F¢~° Table 2 OpEiROD HhEE4S

Table 2. Fluidity of molten Steel

@ﬁ@ﬁbﬁf BEALD MEL%E{?}W}FD THEL

72.

(2) Hg, Sn, Bi, H;O {2 TOHl%E

BERIC DWW D

w BoEE & AFEOmHIL
elght of i
. tee ‘ .
“Telglp. which Ti;ned ] 2 @i L Fig. 2 on<
cofl d T r o . -
Sample . Sglten\ 3&9 ?:%ulei Composi-i Remark ° g. o head 46°5Smm DT
. t ti a ° -
No. ! (fé?)l :?ﬁ:"c‘:%li’_ gfgﬂg tom § : o 45ccd Hg, Sn, Bi, &
i " llary for asteel i o |H ° . rer
i | 90 sec. (Z) H o|® : & H0 DOWIES 5 R
! L (gm) i °
— l , : 3 5 R L. BB EERIC
1 1545 2950 915 Ni-Cr oo
2 | 1537 | 2997 | 9°01 | low the flowability IEARET BN TRA
3 | 1535 2730 | 9°89 | alloy {F0emPen AL vl TIED,
4 1543 ’ 2870 | - 941 | steel |out 1154g, = 3 7 I
; mercl:iry gofhao CNITHAER IS B EE
5 1535 3150 | 8°57 oan hoad Of 3 AFVE S F e
6 1540 ¢ 3080 | 877 | 0394 |somm . ANNVESUF F e T
7 1550 | 5900 | 902 ¢ UBTeDIREEICE LT
: , steel Rz AT/i00kg i by ot — B X IR
8 155 | 1860 | 14°50 Steel aadition” Fig. 2 7kt - RS B
o !1540 . 2880 | 938 ¥5. WHED & ) —EEH U UIRFFE Ofthssn
10 11550 ; 2060 | 13°10 10.2kg Al/100kg  CHODEBIBT 5 £ TORH%Z stop watch 1 THIE
T B steel addition . :

WENMELG K CIREITX T 5 256D/ B 4 D28,
IN2(EE E—ZFEEHE (3300gm) O HERCEE L
7z. Table 3 2 #1271

Table 3 ITRWTHETHIE & N IRHEES 100cc
OWES T 2 ERCEBE Uz, KicZ O 2B
Ik 5 Wk D RIS LR O T HIFLI A D 25 LA

L.
Table 4 izt Hg, Sn, Bi, H-O0 OWEERINC
O % head 137mm, FHHIE 100cc i HEE L7
D, FIINEDMHES HRDIIIFRGREE (), FrH
B3 (¢), Reynolds No. (Re) 275 1L.7:-

IL. #IRROdEME 7 & TRHTOB v OB

Table 3. The time required to let flow out 100cc molten iron through the capillary
(2*3mm dia, 15mm length)
\ Time required to let
. Temp. of Time . flow out)loocc molten A
Sample iron required iron (sec VA Addition
OC . —_— —
‘( ) (sec) Non corre- | Corrected
'cted value | value for
for temp. | temp.
Pig 1250 9554 ' 19798 |  20-38 8'68 '}
. . 13C0 94°30 1972 2010 8*57 .|Molten pig generally
The woight which 1350 93-01 19+45 19+84 8+45 used
. 1400 ‘ 91°96 1923 19+61 8*36 .
3300gm, mean 1250 | 140°70 29+40 29799 126
head is 137mm 1300 | 12880 2690 2744 11°7 }AI addition
Steel 1535 94°56 2049 20°90
Same as pig 1620 )

Remark: The calculations are carried out by the following assumptions.
(i) Pig: The specific gravity at 1250°C is 6°9 and the expansmn coefﬁment

at this temp.
(ii) Steel:

is 1x10—*

The specific gravity at 1535°C is 7°15.

(iii) MgO: The linear expansion coefficient is 1°6X 10-% at 20~1540°C.
(iv) The value of total correction for observed temp. is+2/100.

—_ 11 —
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Table 4. Relation between the time (second) reduired to let flow out the unit volume
through the capillary (2°3mm dia, 15mm length) and v, C, Re

| ti ired ! !

Sub. | lTUernp. ime required (r) ; .,} : n/o(¥) v C Re4
S0 (°C )" |Non- ICorrected| i ¢ %1073 %10
B corrected | L - :

: | 240 | 16°09 ' 20°80  6°99 | 0+0185 = 2646 1159 | 0°7068 1+007

Sn 280" 15°90 20°56 6796 0°0169 2428 112°2 0°7147 1°110

. © 320 . 15'75 . 20'36 6793 0°0154 2'222 | 118" 07220 1°226

. 280  15°05 | 19+46 10-08 } 0°0164 1627 12378 077549 1750
Bi 310 14+93 | 19°36 10°02 . 00157 17566 124°9 07616 1°835
: 340 © 14°82 | 19°16 '  9-98 0°0151 1313 125°8 07671 1914
10 1725 | 21°37 | 100 070131 | 1310 112°8 06879 0° 1980
ILO 20 ;1671 | 20%47 0°998 070100 10°12 118°3 | 0°7214 07269
2 40 | 1575 19°51 0°992 0°0067 6°75 123°5 0°7531 0421
60 | 15716 | 1881 0°983 00046 467 128° 1 0°7812 0641
22 14°26 18744 1354 0°0158 - 17167 1307 017970 2°576
o 35, 14°17 18733 13*51 00152 - 17125 131°5 0°8019 2°686
"Hg | .45 14712 . 18726 13+48 0°0147 ! 1091 132°0 0°8049 2°783
' 60 14704 ' 18716 13445 ' 0+0142 | 1056 1327 08092 2890
80 | 13°94 | 1803 | 13°40 0:0134 | 1000 133°7 0°8153 3075
Remark (i) actually measured value is the time required to let flow out 45cc at the
. mean head of 46*5mm. i ’
(i) corrected value is calculated as the time requieed to let flow out 100cc
at the mean head of 137mm.
Gi) v=— @ Q  _o410 Re=2E _ ¥de o2 =164
T a2 T a2 v 7 s N/295{ s ,\/ZgH
4 ’ 4 :

WHE THEOWEORIENGTIE SN2 HEa1id b . Reynolds No.: Re=vd/y -coeeeeeeee. R 3
VBV 5N S. HOBAd Poiseulle D—BRDIR C=f (Re) eovmvmeresvncnnnnns (4)
3L, Hagenbach OEZMNEE ULWERIES.

LD AENHABEL /A3 L, REFLO
B3 EUHHFLOBRDEDER L 25 B CBESAETITH y
h, X Reynolds ¥dsfEifis 725 I s> A v
TR IIETE HI5U. LEORBTRE 2°3mm, &2 sn/”
15Smm OIFHFLI & b HHBEZEIE L TW 5D TRIZ - &
TR AT ¢ & D ARy 2 RD B & /
- 20
E L.
(1) = & v LOBMR , ’ (sec)
. BRHNOBEIEE He, Sn, Bl 12O\ TH—HHH Bi E{E‘
FHPMHHL head H ¢ igiiE Q@ ¢ 2—%E & ULTHH /]
BRIV, TEHE o & JEEREME v & OBRRREK /9
DB RHEFZOWTE—HRFLIZ LY « 2| Ui
WRDIZ vy ERI DT D ¢ LTS v 2RDB-
w=ov THBH 57 2T 5 E & HHRE. ”—‘fég
T &y EDBERRIIRKOBEITH 5. /8 Jr 3
N = T L T IV, - RSP (1) /%16 2x/0™3 X103
p /' 4 ' 1)=%
T T A N e L 2
o E o=/ @ Fig. 3.
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Q/Z- &</ vEE —f( Q/—4- d“f/v

r=¢ (vHQ) (F.Q 12 CORSE.) »esreereeens(5)

Sn, Bi, Hg, H:0 122\ T O HIFBHE{E: Table

4 DEDTH B,
137mm, WHyE 100cc WBHE LIS Ol « &

TGk v & OBEtRIZ Fig. 3 DI TH 5. L

CHEHOAE BRI 5 RERE; iz Table 3 Om@D
T
Sk, chdb v 25HT 5 & Table 5 O TH

‘

5.

Table 5.
Sample Templ T ' v | 7
1250 | 6.90 | 20°38 2°26x 10~ * 0*0156
" P 1300 | 6°87 | 20°10, 2°07 "7, 0-0142
18 1350 | 6°83 | 1984/ 1°90 # | 0*0130
1400 | 6°80 | 1961 176 7 | 0°0120
- . ]
Steel | 1535 | 7°15 | | 2271 7 00192
: Hzpy”/
08 5
. g m“/
o
I o
. ,, . /
)4 .
0.7
Loxig? 20 20 -
—_— R . .
Fig. 4.
(2 C & Re
%,&Ik,mowobfﬁctﬁm%&MME

(Table 4) X bk -WmEFRE C & Reynolds No,
Re L OBEfR2RULIZE DA Fig. 4 TH 5. BWEHERK
FEROAEEICR I 2« X b Table 6 OfH<
C 23HU, Fig. 4 © curve thed Cikxid 3
Reynolds No. 2k¥®%. Re {2 vd/y/e TH 2D 5,
Table 6 DN » 25T 2 C & psHisk 5.

h 2Bk OB & LEED head

BIICROT. o—y ffES D LD c i T B v 2 -

ko B B3 2k (1)

~

Table 6.
Temp, § ‘
Sample oC 1 T v C | Re 7
1250 | 20°38] 118°3|0°7213|1*22x 10> |0*0154
Pi 1300 | 20°10; 119°9,0°7311{1*35 7 0°0140
€ | 1350 | 19°84! 121°5/0°7409/1°50 7 [0-0127
1400 | 19° 61| 122°7|0°7482(1"62 # [0°0118
Steel E1535| 0°97 7 0019t
Sn
2.018F .
Hg /
00167 d f
' Temp.|Second) Y
0014} Gg o 7t [
v O Oy 12| e Eor
45 | 18.26 |0.0/47
0.012} 60| 876 00r42
. (Sn) 80| /6.03 00134
pAREA
a0/ ' cai|320 2036 | 00154
cApE
0.0081 ol 3291 19ve |0.0rs i
. 20, 012137100137
0006 40 fé:‘é? %/057
60| 18.81 |0.0046
0.004
/7 18 /9 20 21 22
— Time regur'rea/
Fig. ©5.

(1) (2) OFEEL HRDIBEFEORME » DEIITA S

CRERPRLAERBE-HUTWASESE) T EWHEKS.

FHBEDI-H Sn, Bi, Hg, HoO OFK <N T ¢
&y EOBEFREEAYT S & Fig. 5 O< T Sn, Bj
Hg OOfn & BRIESEIC S b TizFk« Deurve 5 Rey-
nolds BCEA« HHIL TN TS, HO Dfnd¥iff
1wd b T Reynolds &+ FEiz 7 @%EE@@EEOD%im
BT,

C(3)  1620°C ITHRIT B ERIHOD HhkE

1535°C 1 jRiT B IBFORMIRAROMm < it LTRD
T SEBEEOKE, HKEZOBRTECEREDRE
SOWEMNEDHIE BT H D72, BHOES SR
%19 % FEMEDILRHIELDBE L AR TH 5 L REL
Fig. 6 WRTHH S 1620°C %CF‘H%M'[!%O)JEU@ER
»iid 0°0169 3:?;5

IV. EBERCHNTEER

CEESECEEERIZ 7 OBEMRRRIT X b REME ST A T
LEHEREE UISED TH 5. WEOHEHICOVTZD
B L MM & DEMR 2RI b D% Fig. 6 wwRLTz
EET Al ® Fe-Si 2BA LIz DIt Tid, 2
OWEET = BELLARLBDOTNBDT Fig. 3 %
¢f Fig. 4 Ok bk 3 & \mEN KR E L 2 h D
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@ : Majima, Thielmann
@®©@: Saito, Matsukawa
0,030 \ DE): koike

0.028
0026
Pig \
0.024 \
Taozz
¢ 20 | ® \\
00 . ’
Steel B \
2018
\\ N\
0016 @ \
P \ 2ig
0.014 ] —%
5 \Qﬂ\
0.012 P9 O~
0.0/0
200 1250 1300 350 MO0 pig
1550 7600 1650 Steel
Temp, °C —>
Fig. 6.

JE23RK® 3 C &2k h3Z O {EIZFESIT AR <
REECXT A2 LRI LW 52 & MBI
%. Fig. 6 (3T WREE4E, Thielmann KXV
B, BJIME & b fllE S W o k2 >0 m
ATCRUN. FHEMEE Thielmann KT Xk 3 H|EE
BB EAE-HLTOAED, ThEIFE, BINERL
DEEEE 13 Z DHSHHEICRNT S, ZDEFITHENT
HEULVEDD B . AEBRITROT 3 BEEOBRR RS
WSk ® [0] LEMERTSRE OBBRIC K D AR D K &
HERFPLUN- MUTHERKKAINTO BB Z
OUSHEIT RV TR R, )L NEE S FEl
DEFRZ R UIZH, RENT 2RI TIEIHEE
@z, Thielmann EROAIEHE & R, BJIMEEOH]
EEOPEOREE 5o, XEBSE dhic&iic Al
Fe-Si D k& 5 s BT 2 WM LIz $ DIt Z DWHENED

MR & BT ABMER I BH TRE L B2TND
DT, % ORI FUE 1Y, Thielmanni ORIEEICE
WHDEEL LGNS

PESAODFEMET D WT ISRIZERII NIz S O P <,
H. Schenck i Thielmann FOESEITRET % HIE
FEE R MIE LT, 1600°C 1THRT % BRSO FaEERE0 010
WWhREZ . SRUCNIREEERD b @ DOYREEE DEE
{bhssesic continuous itfi b3 L &, RIZDHOD
FEDEDETEINILDTH Y, S 1535°C Hix
IR BB ONTORANEL bk dic Dl H-
Schenck EKDORDIZH DL HEER DK & { 1620°C i
FAWNT 070169 & 7x-Diz. XEBHODBS & B Al 278
LIz b OREHPE < KX { iz b, Fig. 333 Fig.
4 DR L kD B T LREsRITh DI, ZORMEDS
TERHKELZDOTWE b DEEZ NS . Fig. 6 ©
HREE KT {5k a: Table 7 OEBEHTH 5-

V. #&

PREELIIERI Ko aMEeR & 2 D ERERR
WTIEHFIRARIC B B D EDH T, T OWENMEICHYOER
A, NEEZETFT U OHIERFF S BESIEZODHE
B R EFREER AR 52 OTHIZEERER Y A& 2
i 5. ARBIIRBESRGE OIRERITRY 5 B&HD
WEMERHEEL, % b & & UTHERENRMEDIER
%KD b DTTLERED b DITE~B & FEEOHs
EIBIRBOSERYB DL IDEELLNS.

AT HAL A HTE HET O EERE s A HIEEI X 5
ADTHY, HEIIFHEBEIC OV TIZEIERE
¥, ZEMBHEROMEER PN DTH 5. ERIT
B = vr uFR st = bRt BRE A OEERIT X
WHEOLNIZIDTHS. CRELKRBOE»ET 3.

(RBF0 30 481 A5
3 Bk

1) ME: BEBF 3 (1924) 51 _

" 2) H. Thielmann: Stahl und Eisen 47(1927) 389

3)  FREE, I g, 17 (1942) 502

4) H. Schenck: Physikalische

uji

Chemie der

Table 7.(
Observer -C Si Mn i 1P S [ Remark
~ - l . -
(A) Majima Thielmann 3°50 |
(B) Saito Matsukawa 2°84 1°52 0°58 0+17 0°10 |
CYy 7 7 364 1°32 037 018 019
(D) Koike (Pig) 3'3~3'% | 1°6~2°0 | 0°40~0°50 | 0°20~0°30 | 0°05~0"10
(E) 7 (Steel) 0°30~0°33 | 0*18~0°20 | 0°31~0°35 {0*034~0*036/0*035~0"036
‘ c i ! .
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Eisen hiittenprozesse B 2, 203 : (i) #2439 (1953) 1171
5) it (D) $k24d 39 (1953) 948
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(EEAVMOSEERE RN
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STUDIES ON THE HOT-WORKING STRENGTH OF STEELS (II)
(ngh Temperature Deformmg Strength of Various Steels)
Katsuro Inouye
Synopsis:

By the use of the high-temperature and high-speed tensile testing machine mentioned in
report No. 1 (Tetsu-to-Hagané vol. 41 (1955) No. 5, p. 506~515), the author petrformed

tensile tests of the following combinations in regard to 15 kinds of steels (refer to Table 1)
 to be used for seamless tubes. .

Spéed -
\ 77]S 7/S 0.8/S
_Temp. -

1230°C
1030
830

For all of these, the author obtained both the nominal stress-strain curve and the true

stress-natural strain curve. The values of deforming stress (at. 20% strain) were listed in
Table 2. These data conformed to those of other authors already developed.
Among such factors -as deforming stress o, deformation (strain) e, deforming speed & and
temperature (absolute) 7%, the author obtained the following equation.
o=k . e®. ™. eA/TK

In this report the above relation was fully discussed.’ ‘

_—h (I LTt BRARNTIC & b BB R E D B L. R

= BrR OMIE DBS B 69MTENE Table 1 KR4 B b Th

B 1SR ICRW TR EREEEFER VEBEE 5. : o
ZEHL, KEZKEEMIC 20 CTEREEEIRB 24T HBMEFIZE T Table | iy, TILHEER
W, BRSEERLRDIZOT, ZORREHRNS. 77(S, 7]S For 0°8/S, HEEREESIZ 1230°C, 1030°C

_ . Frk 830°C & U, ASMHEEICHE LM DMAED 9 bk
. & B R S

-ﬁﬁﬁﬂ& FA IWRITAER RO T2, BRICHRNIHIT, = TCEBOEIE
HBEE UTEAIZDR Table | 1W/RT 15 S8 e s, HUHELZ0OMOEEEENT CERIN
THsd. FEI<v A A-vERCIIMBEMUMNERE 25868558008 ~FT2HHTX 5. EBIIHLHEE

WHERL TS DT, BB HERZEN D OBAIY 2-3 @O D4 b%ﬁb\,ﬁﬁ[ﬁ;%ﬁ@?ﬂ Utze - *
H5, T@ 15 METHERE 3N TV 2 WERMBPHIF : =
AEEPRETHS. BEHIIEE 100mm FBEDSE * HRfn 29 410 E_E‘IZEMI%W%Y:"AF’T’\'C%&
A X b REHRS D 3 O 2B, »EEF 25mm o HRKERMTHRASE

DB L, Table 1 1R LI EYLEE 2 i U T % wRE g2 gARFN 30 48 5. A% 506~515.
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