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Dynamic Recrystallization in 18% Cr Ferritic Steel
Hiroyuki YAGI, Nobuhiro Tsull and Yoshihiro SAITO

_ L
Polycrystals of 18% Cr ferritic stainless steel were hot-compressed at various strain rates and various temperatures, and immediately cooled
by water. Equiaxed grains surrounded by clearly etched boundaries were observed in the specimens deformed at higher temperatures or lower
strain rates. The detailed microstructural observations by optical microscopy and TEM and the crystallographic determinations by TEM/
Kikuchi-line analysis and SEM/EBSP analysis showed that these equiaxed grains are the dynamically recrystallized grains with both large
angle grain boundaries and dislocation substructures. In spite of the occurrence of dynamic recrystallization, a large drop in stress was not
observed in stress—strain curves. At a constant strain, the occurrence of dynamic recrystallization was generally determined by Zener-Hol-
lomon parameter (Z). For example, it appeared under the condition of Z< 10" s7! at a true strain of 0.8. The dynamically recrystallized grains
were very much larger than that of the subgrains formed under the same deformation condition, which suggests that the dynamic recrystal-
lization occurred by nucleation and growth mechanism. Such characteristics of dynamic recrystallization of ferrite is quite similar to that in
the IF steel previously reported. On the other hand, the Z< 105! rule did not stand at 700°C, at which a number of carbides precipitated at
initial grain boundaries and pinned the boundaries. It was also clarified that the size of the dynamically recrystallized grains is considerablly
smaller than that of the grains statically or meta-dynamically recrystallized during cooling after the same hot-deformation condition.

dynamic recrystallization; 18% Cr ferritic stainless steel; ferritic iron; hot compression; microstructure; Kikuchi-line analysis; electron back-

scattering pattern (EBSP) analysis; Zener—Hollomon parameter; grain size; carbide; precipitation.
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Table 1. Chemical composition of the 18% Cr steel stud-
ied (mass%).
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10.0016 | <0.01

0.002 | 0.038 |

| P S Cr
<0.01 | 0.002 | 0.0006

0 Ti
0.009 | <0.001
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Fig. 1. Stress—strain curves of the 18% Cr ferritic steel at various temperatures and strain rates.
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Fig. 2. Optical microstructures of the 18% Cr steel specimens deformed to a strain of 0.8 at various temperatures at a strain rate of

1.0x10%s7".
C.A. means the compression axis.

(a) 700°C. (b) 800°C. (c) 900°C. (d) 1000°C. (e) 1100°C. (f) 1200°C.
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Fig. 3. Optical microstructures of the 18% Cr steel specimens deformed to a strain of 0.8 at 900°C at various strain rates.
() strain rate of 1.0X10's™". (b) 1.0X10°s™". (c) 1.0X107's™". (d) 1.0X107 25", (e) 1.0X10 35"

THBETH S, 10°s7 TiE, FIHDRFOREE LM A 2 Sedlh;
BOBEEEINDE L5102k 5, 10757, 107257, 103571 &
OFRBEEAVNEL BB O TR ORI L |
RFRZKRELS E>TW B,
ZDESITEMEROMOMBIZZ, SahirEiEIh3
BEVBHD, Tho0ZMKIIER, KOTARELSE,
DEVRKZEFERICEZIEE ZOHRBENEZ | REHR
KEL LD, ThODFWMRONHIZIZ, TN &

V=56 LEAHMEERPBEEINIHELZ 0 FIL,

Fig. 2(e), Fig. 3(e)) o 29 L7zpIZIFSIC B TR I I
FHRBENORB Ve < AKTH B, £/, &
B LY IS DFEURIIER ISR X W= 51 B S
KTREBENERROTFIILENTES, LI, Bz
X Fig. 3128 L 72 900°CEF DB A, Sk 13K ZK 7%
., $abbROTAREETICBR IS 2, TR
TRDERIS 123K % < (Fig. 1), S SOBEH T
SENEEAENEE L N bEZRTFERMIZIZ, FHU
GHEETHZI2:220bo6 T, SHksEERI AL
(Fig. 3)» 5 Th 3,

HETHR S-SR LBNHEEERTH 55513,
Z N 5 1A FARIA (high-angle boundary)lZ [ & +v, NEBIZ#E

68

L FEMEM#AE R D3 T Th D, 22 TEREMSNIIZTS
72812, TEMIC & % B 52 ¥ & U° TEM/Kikuchi # f# H7
IZK BRI AR ZERE 21T - 72, KFFHMBEEIZE VT
FHR ABER SN /210000C, OFAHEE10's™, OFA
08EEM DR % Fig. 412/87 ., Fig. 4@)IIHRETETH

D, ZZTED SN B4 DK DI % Kikuchi #R IR IZ
FoTHEICHIEL, ThATTICNRAHMZELFEL -6
R% Fig. 402~ T, BEOHPREIZHMNZE 15 LD K
ARFRICH EhPNSIZY 7L 4 v 28T 25k R
Ehd, ZO/RKOY 4 XiE, ZoxRB L CIFIFRS
D ZHT T TER & T =388 (Fig. 2(e), Fig. 3(d))DNSEEH
B THR I ISR OERE S IRIF—KL -, Z
DFERIL, K TEHE I NS ASNEESRTH 5
ZLEREMT2EDTH 5, BINEBERAOY 7oL 4
&, ZORPERNKAER - KRET 5 EFE TR A
ENENAEE TSI LICk > TR INZEDEEZ
5hb,

Fig. 412/R U 72 TEM/Kikuchi ## TS RI% , 18% Cridic
BO2EHNHEESHORBEEHTILDTH 55, TEM
BRSBTS BRI E RT3 I T ¥l e
RENTW3, 22T, KOILEEBAHERCRAMANES



18%Cr 7 = 94 FEICH ) 280ERES 353 N

Fig. 4. TEM micrograph (a) of the specimen deformed to a strain rate of 0.8 at 1000°C at a strain rate of 1.0x107's™! and
schematic illustration (b) indicating the misorientation between adjacent grains in (a).

Fig. 5. Orientation imaging micrograph (OIM; a) and corresponding optical microstructure (b) of the specimen deformed to a
strain of 0.8 at 1000°C at a strain rate of 1.0X107%s™".
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Fig. 6. Orientation imaging micrograph (OIM; a) and cor-

responding optical microstructure (b) of the speci-
men deformed to a strain of 0.8 at 1000°C at a
strain rate of 1.0X<10's™ ",

Table 2. Occurrence of dynamic recrystallization and

Zener-Hollomon parameter (Z) in various defor-
mation conditions.
O: Dynamic recrystallization occurred.
X: Dynamic recrystallization did not occurred.
SRX: Static(or meta-dynamic) recrystallized grains
were observed.

. E1 aoee 10%s" 102 10's" 10" 0's
0] o] O | O+SRX| SRX

1200°C 1.2x10%" [ 1.2x10°%" | 1.2x10%" | 1.2x10%" | 12x 102"
0 0] o] (0] SRX

1100°c 77x10%" | 77x10%" | 7.7x10%" | 7.7x10"" | 77x10%"
0] 0] 0 (o] SRX

1000°C 66x10%" | 6.6x10"" | 6.6X10"s" | 6.6X10%" | §6x10""
(0] 0] 0] 0] x

900°C 8.2x10"" | 82x10"" | 82x10%" | 82X 10" { 8.2x 10"s"
(0] (o) X X X

800°C 16X10%7 [ 1.6x10"" [ 1.6x10%s" | 16x10%" | 1.6x10%s"
b X b X X X

700°C | 6.0x 10" | 6.0x10"s" | 6.0x10"s" | 6.0x10"s' | 6.0x10%" | 6.0x10"s"
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Fig. 7. TEM micrograph showing precipitates on an initial
grain boundary in the specimen deformed to a
strain of 0.8 at 700°C at a strain rate of
1.0x107*s7L,
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Fig. 8. The relationship between Zener—Hollomon parame-
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