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The Effect of the Recovery and Recrystallization Processes
on the Mechanical Properties of a Mild Steel

Heishichiro TakauasHi, Hiroshi Urtsuka and Taro TAKEYAMA

(Received August 1, 1974)

Abstract

The effect of recovery and recrystallization on the mechanical properties of a mild steel
were investigated after rolling from 10 to 409% reduction in thickness and annealing in a
temperature range between 200 to 800°C.

After annealing below 500°C, both the yield and the ultimate tensile stresses became
higher, and the elongation decreased with increasing reduction in thickness.  Also, with the
rise in annealing temperature above 200°C, the strength decresed gradually and the elongation
became larger.  Dislocation structures observed alter annealing in such a temperature range
still showed well-developed cell structures, but were not rearranged into stable low-angle
polygonization boundaries, i.e., subboundaries.

When the annealing temperature exceeded 500°C, the yield stress and the ultimate tensile
stress of the materials after 30-40% rolling rapidly decreased, and in contrast the elongation
became very large. While, in material after 10% rolling a relatively larger elongation was
obtained without a great decrement of sirength even after annealing at elevated temperatures.

From an observation of the corresponding dislocation structures, it was clarified that the
change of the mechanical properties of heavily defomed materials contributed to the occurrence
of recrystallized grains, and on the other hand high strength and large elongation after
annealing above 500°C of the weakly deformed materials took place by the stable subgrain
formation.
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Table 1 Chemical compositions of specimen (wt%)

c N | o | si | M | P | S | H Cr

i
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Fig. 1 Change in vickers hardness as a function of annealing temperature for
specimens rolled to different reductions in thickness
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for the 40% rolled specimen
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Photo 1 Transmission electron micrographs and optical micrographs of etched
structures. (a) and (b); structures after 10% rolling, and (¢) and
(d); structures annealed at 800°C for 1 hr




198 [ i o S R 11U N2 6

al micrograph of etched structure of the specimen annea ed
at 600 C for 1 hr after 20% rolling

JEDTEAE MR I N T\ Do & DRSS ORL AT R E I B ALY T B 5 BRI O TR % 7=~
LTWwboe L2 L, 2OXSREEETL D 0% EEMCIEIBERR2BETs Lixce T
HifE B T DM CH Do 2D &tk Photol (d) o= v F o MK DLW BN TH Do
Tiebb, RBEHichic > T 7 » VOUEE R OEEELBIL ST 5 0 R R ORI
LD BRI, 20 EIEHR OB X 5 BIGEMARRL 3F 10 % L RS & w3 2%
Photo 2 io/R"3 2 &L BB TIED BT E 600°C CHERBAFEE LTV 2,

X BICBELE L & % DMK EEA Photo 3 (a~d) /"7, Photo 3 (a) 1 30% EEHKDE
B TH Do I0YFEIEM & 0 LB TE L e A SRR LT\ Do FD A DS E L
COe A ERMOMBIG L < 7 7 VETH ) IFHCHK 8- Tl %o

Photo 3 (b) WA—ARD=»F &y VY ERETH D, AREHEIC=» F & v } - EEY
WIhTWwbe L, BEMHMMCAR BRD X 5T Ceh Ul e v G 3 % € » bk
FEE IRV MTIREERZ T T e v PR bR WEBRE LT, ZORETIHL
ST L o TGEA IO RELERC L AREFHEERE LTOFT 2 v~ 3 VIR
toyrtetesh & Bbib,

Photo 3 (¢) 1& 30%FEEER 500°C € 1 MefHIBESE L7c & E ONIIEAMRTH Do MO
ek (R) ORENBLEIND, X OROFMIE/N S WL BRI Bt Th A h &l
i R FRUTIE AT A & b T O BRAL D4 T BELSI & TR L Tuig b

Photo 3 (d) % Photo 3 (¢) LRA—KD= v F v VEETIL LAERROPE LWF
R OFENRD B o

DX 5T 30% DFEETIERETILD 558 500°C CHEAESRNARLE LT 5, UL,
FOEERLDOEIGITIEF A Te o

40% O ERES BERLILTR T & 30% & MR/ BEBLERE % £ 5o Photo 4 (a), (b) X, ThZh
500°C, 600°C ¢ 1 WFfBES L7 X D= v F €y NEETH b, 500°C CHAE MBI NEE IR
600°C TIEFFSRIIIFF T2 < 7o b 202 [EIEM O F— 0B X b 4 B 529 B b EA T
VB o

Photo




7 TGO BEBRIOMEENC 3 a3 I X O G Sl o s 199

Photo 3 Transmission electron micrographs and optical micrographs of
etched structure. (a) and (b); structures after 30% rolling, and
(¢) and (d); structures annealed at 500°C for 1 hr
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(b)
Photo 4 Optical micrographs of etched structures of the specimen annealed
at (a) 500°C for 1 hr, and at (b) 600°C for 1 hr after 40% rolling
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