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The Effect of Grain Size and Si Content on High-Temperature
Plastic Deformation of Fe-Si Alloys

Taku SAKAL, Masayuki Onaswui,
Masahumi KOzA1, and Seita SAaxkul

Synopsis:

The effect of grain size on the tensile defomation behaviour of 1 and 3 wt%, Si-Fe alloys was studied over
the temperature range from 25° to 800°C at strain rates of 10-% and 1 1/sec. The relations between the grain
size and yield stress or flow stress at a given strain in both alloys were approximately represented by the
Hall-Petch equation over the experimental range. The yield behaviour in both alloys was discussed to be
separated into the following four temperature regions; (1) the low temperature deformation region below
300°C, (2) the athermal deformation region between 300° and 500°C, (3) the region of yielding phenomenon
between 500° and 700°C, and (4) the high—temperature deformation region above 700°C.

The value of friction stress for yielding, g,, and its temperature and strain rate sensitivities in the region
(3) increased with increasing Si content. For both alloys was also observed a new yielding phenomenon
in the region (3). The apparent activation energy for this yielding was unchanged with Si content and about
93 kcal/mol, and the activation area was changed with it, i. e. 170-200 b2 in 1% Si alloy and 70-100 b2
in 3% Si alloy.

The grain size dependnce of flow stress in the regions (3) and (4) was comlicated with the change of tem-
perature and strain. This behaviour was explained qualitatively in terms of the modified work hardening
model. The change in stcady-state or maximum flow stress, ¢y, with Si content was almost the same to
that of ¢,, and then the internal stress developed during deformation, ¢; (=~ ¢y—0g,) was considered to be
nearly constant regardless of the Si content,

These results indicated that the high—tmeperature deformation mechanism in the two Si alloys was dif-
ferent from that of pure iron, and during the deformation the dislocation glide was considered to play an im—
portant role.
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Designation Si { C ' S Mn | Sol. Al
195 Si-Fe | 1.15 ' 0.004| 0.014/ 0.35 | 0.19
39, Si-Fe :2.91 0.035, O'OO5H 0.25 0.15
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1. Typical true stress-true strain curves in
124 Si-Fe (a) and 39, Si-Fe (b) over a
temperature range 25 to 800°C at a
strain rate of 2.0x10-31/s.
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Fig. 2. Effect of strain rate on true stress-true

strain curves at 600°C. (a) 19 Si-Fe
with grain size of 34.6 ¢ and (b) 3%
Si-Fe with grain size of 27.6 pu.
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Fig. 3. Grain size dependence of yield stress in
19 Si-Fe (a) and 3% Si-Fe (b) over a
temperature range 25 to 800°C at a
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Fig. 4. The changes in (a) friction stress for

yielding, oo, and (b) Petch slope, £y,
with temperatures at a strain rate of
2.0x10-31/s in 1 and 39 Si-Fe alloys
and pure iron (4).
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and 39, Si-Fe alloys and pure iron (4).
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T &RV, SRARRCIEE L -BlE SREE A v
TR E RO HORE RS SR R IC BRI < BRI DA
OB E LTEMTES I 0519719, NS )2k
» 5 RER T IR OR SRE TR < BIRSRET
HBHEEZLNI S, LB oTER K WERES
OTHBEHTIHITEAEFTTEI EELLNRS.

Fig. 8, Fig. 9 23%F¥ gor & Ky OIRELOTHIT
FES LT, LLEOREHERIC XD CEBMIICHTE
I 5. Fig. 9 CBTD do0n & Ko WHMEOBEHEIC
X oFFFh 200°C & 300°C fhECHK(ELRRT
Ps, TNSHOREREMEISHTREERRZEEIRT
IREMRRIC A DY, Z OIREHE TR OMEIaAR DI
EAFRTERa s p eV bICmAEE R REMS H
oo, L7zpioT(7), (8)XF2ix (9) ArbHLl
TV 6oy & Ky EPHIKEEZRTZENHEIND.
EIREAIRKIC BT D goy DRESIT SI BIIFVWKE
LB TRTH, L L go DOTHRIZESEILIT Si
BlrroT #hiz Y EbhX>ThH5. (Fig. 8) Fig.

= 600°C 135t 5 BUBED K, 12 0.05 O3 & LUHMAT 5DICH L,

WSt &0 K, REOOTAHETRAMLTNS. Zhidad
i L 2BIMEEHEORN O BRA LTS EHEAGNS.
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Friction stress and max. flow stress
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Fig. 10. The changes in friction stress for yield-
ing, g4, and steady-state or maximum
flow stress, o7, with Si content at tem-
peratures of 700 and 800°C and a
strain rate of 2.0x10-31/s.

10 13 700, 800°C CToOFEHFIREREN TR KESH
ou (Fig. 1, Fig. 7 X0, oum & ooy DIRKIELIT
LAEFELW) LBREIBIEN 6, @ Si HitfES>ZTL
TYT. Zhkb, EMEOMIEE Jon(=om—
do) WEBRBENTIRESZELVWEWZIBEFAS. LichH
DT, ou © Si mIEHESELIELDOREFH 0o, DF
NITX BT EDb»5.

TG o ZEALERNCY S 5 BRRFA ORI S
WEIGIT oi EBRADOREICIKEDS HEEH (E3E
BIGH) 6% LT TH R, g=0it+e* LT5L, &
NETOFER» S o¥=0,®, LichB2TC oi=doy LF
JBEAS. FELIECHMEROSIELERIE S ¢ 138
e BT 1 AT ChrRREAIEd (RS
FREE (<cl/d) L—ZWIBEHRETL, Sbicd %7-
W 1/di3oTldle< o 2EIECBHRT 5 2 H5HL
721, Table 2 ¢k 381 449 L #igh" R CRERE Y
(T 2 &) THIHHCTHERTOELRIRE SR EE
BT ZhXVHBEERRICThhE, 413 Si gic
ILFBIEHFLVWEWZS. LidoCiskiciE+s E
ADEZEEY Si FEEATES LTI, o LdZ
7o 1/d LoBMRIESi mlin X 9B bLisweE sz 5h
5. zhix Fig. 10 oERE -5+ %. Fig. 10 1o
THLU OB TLY, MBOBBTHEINIZ DA
T i BEDBLDOTHL, Si ALOLEREHE LD
5 g 13 Si moOBEMICECHEAENTED L, BT o*

Table 2. Subgrain sizes of 39 Si-Fe(l6) and
pure iron(17)deformed to high strain at
700° and 800°C and 2.0x10-31/s.(x)

Temperature (°C) 39, Si-Fe :‘ Pure iron
700 | 5.7+0.9 5.1+0.7
800 i 11.2+0.3  10.5+1.5

)
|
§

DHFHEIBMTERL LB T EMbhr b, LishoT,
MR OFIR LTI BRI E 5 AS KB T B 2 £ 2 5
NODH LIS, Si HeOBHRLW RBEEIEE
2 & R R D F D BB 4 B AR % B3
HBEEZLRS.

TER Fe-Si @O EIRL I & 6 U < iz HHi[E)
BRI o@Eshs tHioh, ¥-r0LWEMIT >
FRAIBZHEENTWEY, Ui LU LOEER : Bt
MREOCI 3.1 Hie BT 3EERABEOHE S 3.3
EiOMETEE R, Fe-Si 4 0MBLHEMIIHED 7
NEBRLY, BE&FEOLDTHLLELZBRE L
ERLTWLE 5392,

4. &7

lwt 9% Si-, 3wt % Si-Fe &40 Hif3 BELILED)
AT SRR EOREZHEL, WICTTERERLE
7o

(1). B Si 5&0BRENLCCAEZSOTATOER
JoN LEHa R & OBRIL, VWTh b AESROMBNT
Hall-Petch DBIHRIC X 0T Fdot 7=,
(2). ™ Si A&OBREEEHI()TELASE
G0 & Ky DIREETRES TS, WIETRT 4 DDiBE
BT T DR TG TE 5. ©300°C LLF o {%
IMBZEFAIR (Ky=—58, 0,(T,&) ao,(T,&)), ® 300
~500°C DIFFMUZERAE (so=—%E, K, (T, &) -D-1/2
<oy (T,¢)), @ 500~700°C DIAREEES (O ic 7
L), @700°C LA LOERLEHAA (60(T, &) +K, (T,
¢)-D-12—g (T, &)). ' .
(3). OWEHTD 0, DAEE L DR L OF HHE
DOEAFET Simizffvisinl, 2o clam Si 64 L
%K%tﬁ%ﬁﬁ%%ﬁb?-:@%ﬁ%%ﬁﬁfmﬁ
FOTEHEILIC X 5 BRI MA X N B & 55E L Cin i
FREE(ET A0+ — 13 ST IC X SFIRER C72a8 (¢ 93
keal/ mol), FEMLERNE Si BKEFMATRL, 1% Si
EE&D 170~20082 125t L 3Si 24D F i 70~10052
ThH 5.
(4) BIRERGHOKENRIKEIEILEE X 0T
FEWIEMR (LR RT A, ZoFMImIELe 7 1%

[
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Fe-Si A4 0mEERERC I ETEAREL Si aFROEE 1563

—EREIET A 2 LI X D EUMTHATE .

(5) EEBHRBENEARSERELN on O SiBICH
SELEEFDKRESD 00 OELLXBHDTHY, L
RO TERC VR T H5REIET 0i (Zom—ao) &
Si B X o F3E—FETHD.

(3), (3) ORI, Si FEOBWBLIBIT
DR ERRL Y, THIEE L RRFCIRRLO T~ 0 ER)
T+ EBCAND LERDD T EETRLTNS.

R AR DWW TR CFti g wic 2w o
BEIAHER K HIE L S ERIC SH I oW 7 /G
—, Wik of ISR LET.
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