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Preheating in Malleable Annealing

By Isao Nishimura and Tsuneya Fuji

Fukagawa Works, Hitachi, Ltd.

Abstract

According to Dr. S. W. Palmer’s study, the acceleration of graphitization in malle-
able annealing depends much upon the heating rate of annealing. For instance, in
the osed> of black heart malleable cast iron, if the following two cases, i.e. one
930° C, are hours, the other 45 hours for raising the temperature from 500°C to
requiring six compared under the same annealing cycles to be followed, the latter
case contains finer and more graphite nodules than the former. The writer confirmed
this effect especially in annealing of low Si contented (less than 1.025) white cast
iron by the several preliminary experiments.

In order to examine the effect of heating rate quantitatively, the preheating

method under the constant temperature was adopted for the purpose of determining

the temperature and preserving time. And then the diminution of the 1st and 2nd

stages of graphitization under this method was measured.
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Table 2. Effect of Preheating Temperature
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Table 3. Effect of Preheating Time
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576 | 288 | 864
64.8 | 72.0 | 136.8
= 72.0 | 86.4 | 158.4
L 86.4 | 360 | 142.4 | 141.8 | 159
03.6 | 648 | 1512
86.4 | 79.2 | 165.6
. 86.4 | 72.0 | 158.4
29 100.8 | 79.2 | 1g80.0 | 174-6 | 143
86.4 | 108.0 | 194.4
79.0 | 172.8 | 244.8 |
86.4 | 179.6 | 216.0
30 79.9 | 172.8 | 2520 | 2268 | 131
108.0 | 86.4 | 194.4

L, FIRO L 1 A 7 ko prERE & oBEIc
NTEDBNBERETHD, 2O 1Y A4 70O ER
iiE, BgEEE . B Lo OB EN BB T, FHEFHE.
5L OEENC T D[R] P SR LI B Ry
RILLZA DM My e R fl 2 & & S AUXREMERFREIC L L
T19 A4 7t h oRE LB GE D TONEND,
Pl I X 2 BIBMEs Y 4 7 L OFEHNC b B HE
ENnkb, CNEORYEZICANT, EidtkFREoO
SR X 0 (BEsi RN AR i L T\ % 15 e
B2 32Ty —Ie S NS Y TR AT 2P fi sk
e OENE L & L7z,
(4) Pl ORBESLT £ 7 M jriT D305
REOSEER X b BEst GREBESLD A4 2 VIR BT
L% 530°Cx15hr ¢ LT, Z OUFRC X D Kk

_— e



1322 B3 Fn 27 48 11 H H N &1 i B3 AE £l =

No. 1 No. 2 | No. 3

T N #Fee 3 T Ik 3 FREfE T nah 7.5 BEfH

No. 4 No. 5 No. 6 (x115)
T 2L 13 BER TRz 23 FEAT Tl ok 30 FEH

FBAR T o BF R o B ¥ (X 115) I'ig. 4. Effect of Preheating Time
£ 4 & A OB o (b 2 K &5 AR AE BB I OE BRSNS T HE A2, 4D
B0 BEEREERENT DU TRIE L 7=,

Table 4. Chemical Compositions of

Specimens A) FB-ERHMECANG P o505
- Ca) A B F ggEAix 280xZ22X15mm o
I — '

S 3 | e ,
& 5| | S M S o mRRRR-RCERREICERE L, HAEOSS

Si B T0mm 288, hyufliy b FhF R 35X
1.20% - = L. 1‘ /%‘..1 =11 ¥ || - } U R e A
5t 2X15mm oFF 16 @A vH L, —ha i 2CE-

Sj B DR & L. BBRE o b33 Si% ¢ 1.29 1),

1 " - s
1.10~ k. 1.10~1.00%5, 1.0025 LI T O=flic s, pc Sil
a - e I I, U
1.0024 % LI TOLDICEREYBW . 2 XE 4R T,
a B ORREE 10 e~ 2R TR
Si ®: 530°CX15hr P L7=d D

3E~ 392/ 2.67 | 1.47 | 0.31 [0.088 | 0.03
SE~1438 2.57 | 1.23 | 0.31 { 0.087 | 0.03

SE~1431| 2.50 | 1.08 | 0.32 | 0.088 | 0.
oE~1582| 2.57 | 1.00 | 0.33 |0.074| 0

oo
&

3E~ 461 2.61 | 0.95 | 0.32 | 0.083 (b)

oE ~1586| 2.56 | 0.92 | 0.29 | 0.068
SE~1446| 2.42 | 0.90 | 0.29 | 0.087
oE~1593| 2.74 | 0.90 | 0.24 | 0.070
SE ~1448 2.47 | 0.87 | 0.29 | 0.092
oE~1594| 2.52 | 0.87 | 0.22 | 0.071

DWW WW

cooooo
& OO

e 0



H O @&k ic R 2 F i n B 0 BF 3¢ 1323

E-NB% 6h | 8h [ 1oh ] 126 1ah ] 160 ] 19k | 206 |geden s IO
#2114 9 0 0 0 e 0 e @ fZ
(5:'!4?'5’«) . . . . . . ‘ 0 77 9 ~
| DO 000 e e e ® 1|,
(51 123%)| (B) 00 e e® o6 i
i | DO @ 0 e 0 e e v |
(S 108%) 27 o ee 0 e i |’
se~152 | D | D e o o6 v | b0
(JMJW%) @ @ @ . . 224 -
- DO| @0 0 ® @ ® i |,
(57 (ZSJ%) @ @ @ @ @ __; o Y j
se-06 | D 1D 1D @ 9@ @ @ 250 |,
(Srﬂﬁf%)@@@@o 3
se-ns (D 1O 0 @0 @@ O @ 25 |
(Jfﬂﬁﬁ%) 723 @ @ ._Q_ 75 :
st | D 1D 100 @ 0 0 9@ v |,
Wran\® | 2|9\ 2| D Q@ 55 |
#-m|D | D D 0@ @ 9 @@ 7 i
(31 087%) (B) Z) %) @ @ @ _@ . Y, :
i | DD 0 0 0 O @ @ @ s |
I I A I I AT I
D BIRBIKIIT K I5h FRIDA LD @ B-ERBBILRET
@ﬁg}ﬁ%ﬂ SR AATEAV SO @“ﬁ)"/ﬁ?/ﬂ\ﬁfrn
@ HuEmnE

#wE5Y %--PBESEERCT ZT

fii 2 o & H

Effect of Preheating on the First
Stage of Annealing
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Fig. 7. Effect of Preheating on the Second
Stage of Annealing
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Table 5. Effect of Preheating on Mechanical
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