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Recrystallization of Austenite of Carbon Steel in Sequential Hot-rolling

Hiroshi YADA, Nobuhiko MATSUZU, Yoshikazu MATSUMURA and Jiro ToMINAGA

Synopsis :

In order to clarify the structural change during high-—speed sequential hot rolling, the prior-austenitic
microstructures of quenched carbon steel with 0.44 to 0.83%,C content were studied by (a) mill-motor-stop
experiment in a wire-rod mill, (b) experimental one—pass high-speed rolling and (c) hot deformation simu-

lator experiment.

From the results it was concluded as follows :

1) After passing through a train of wire-rod rolling, austenite is fully recrystallized and the grain diameter,
d, is approximately predicted from ZENER—HOLLOMON parameter Z, d reducing with higher Z,

2) Especially in higher Z, the grain diameter is larger than that of dynamically recrystallized austenite,
possibly showing the contribution of static growth of grain after partial dynamic recrystallization.

3) Even in lower Z, the distribution of the grain diameter is positioned to the larger side of the dynamically
recrystallized grain. This phenomenon is possibly due to the grain growth after dynamic recrystalljzation.

4) The fraction of recrystallization is higher in the wire-rod rolling than in the simulator experiment.
This possibly shows the effect of additional strain in the caliber rolling.
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Table 1. Chemical composition of steels used.
(wt %)

Steel |[C |Si [Mn | P S |A2 | N |JIS Code

A 060|020 |079]0.018] 001
B 044|023 062|001 |0.013] 0.023( 0.00% | SWRCHa5K
c |o.ssf0s|077|0016]0.012] 0.09 000 | SWRHZE
D

0.019 | 0.0034 | SWRH62B
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Table 2. Rolling conditions of wire-rod rolling in mill-motor-stop experiment.
Intermediate L .
Rolling train Finishing train
Condition [ 14th 1, o T ctn | 17¢h [ 18¢h | 19¢h | 20¢h | 215t | 22nd
stand
R°"(‘%’)‘i°“ a,b 238 | 128 | 225 117 | 21.7 | 7.9 | 166 | 17.1 | 5.6
Strain a 38 40 72 | 102 | 96 | 158 | 200 | 126
rate -
(s™) b 19 20 36 51| 48 79/ 100 | 63
Time to a 0.63 | 0.78 | .76 | 0.23 | 0.17 | 0.15 | 0.13 | 0.12 | *0.21
next std,
(s) b 1.26 | 1.56 0.46 | 0.33 | 0.30 | 0.25 | 0.24 | *0.42
* Time to the entrance of cooling trough,
Table 3. Test result of wire-rod rolling,
Rollin, Extraction Finishing Temperature Finishing Mean diameter of
conditigon Test temperature speed after 16th temperature prior austenite
C {m/s) st. (°C) (prm)
a 1 1030 22 900 980 15
b 2 1070 11 790 780 9,3
b 3 940 11 740 745 7.2

T OEBEFIRE 1M THETH D, BERKkEShTH 3.
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Work roll Buffer blind Steel : B (0M4C)
Furnace . Glgmching 1200 [Rolling }
Guide 0% 406 255mm( 37%)
’ Speed : 1130 rpm (§=638s1)
%] - g 1100
j’ / 2
3
T 100
Water 2
(or straw ashes) £
Q
. - s '-
Fig. 1. Schematic of the equipment used in 0

experimental rolling.
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Fig. 2. An example of calculated temperature
change of specimen with time in experimental
rolling.
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Photo. 1.

vs(m/s) T 4(°C)
(a) 22 980
(b) 11 780
(c) 11 745

: 00#

vy : finishing speed, T : finishing temperature

Prior-austenitic microstructures of 0.60C steel wire-rods in the mill-motor-stop and

quenching experiment in the different rolling conditions (at the center).

&

experimental hot-rolling in high strain rate.
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7 : reduction, ¢ : strain rate, T : calculated
finishing temperature

Photo. 2. Prior-austenitic microstructures of 0.44C steel quenched 0.2-0.4 s after one pass
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«Steel :B(0.44C)

+Heating temperature ; 1200 T(Nyi=15)
» Quenching ;| 0.2~0.4S after hot rolling

T Fraction of recrystallization
- g™ (%)
Rommn | ax
80| O 510~700
m
8
S A
g
30|
E A?l.@?
2

800 900 1000 1100
Calculated finishing temperature (TC)

Fig. 3. Dependence of fraction of recrystallization
on the reduction and the calculated finishing
temperature in 0.44C steel (experimental rolling).
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(a) Steel: B and C Reduction : 19~27%
(b) Steel: B (0.44C) Reduction : 40~61%

Fig. 4. Relationship between mean grain diame-
ter and Zener-HoLLoMON parameter, Z, in 0.44C
and 0.83C steel (experimental rolling).
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Photo. 3. Prior-austenitic microstructures of 0.44C
steel in 9 hits hot deformation simulator experiment
simulating wire-rod rolling.
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Steel : D (057C) .
Heating temperature - %71=4-2)

Deformation schedule : 9 hits
oo aerolling condition a ( Table 2)
oom ” b ( 7 )
(® W actual rolling )

100k °
&100 ® 9,’
N /"I
5
-
- 8
o= %
5§
£
o
L8
we 0
!6 —48
g 5
& B £
5 _ -
c
ij 8
o £
g 6 Ji2s
s o
2 1

1000

Finishing temperature ('C)

Fig. 5. Dependence of fraction of recrystallization
and mean grain diameter on the deformation
temperature and the delay time to quenching in
9 hits deformation simulater experiment simu-
lating wire-rod rolling.  Comparison with the
results of wire-rod rolling is also made.

Steel : D (057C) 1000 T
Heati temperature :
ing tempe (No, = 42)

Deformation schedule :

1hit O0®

8 hits{AA (interval 50ms)

V ¥ (Block mill )
actual rolling W

§m
<
0
-
58 %
c®
°¥
i
e,
8
s
® 5
£ 8
8 €
-] 10 E
.E:_ 10
8> L
o "]
6 2 ¢
i 5
sz ¢4 Y

700 800 900 1000

Finishing temperature (C)
Fig. 6. Dependence of fraction of recrystallization
and mean grain diameter and the delay time to
quenching in the two deformation simulator
experiments, (a) 1 hit with large reduction and
8 hits with very short time intervals (each 50 ms
and 70—15ms as in the block mill in wire rod
rolling). In each experiment total strain is set
equal to that in 9 hits experiment in Fig. 5.
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IeABHR & L TEODBEBRECHTTHRTHZ LN TE
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2 5. & TOWTIEDDOELEE L PR REGE N

Deformation temperature (T)

Strain on accumulated strain

Fig. 7. Effect of deformation temperature and
strain on the mode of recrystallization, and the
supposed state of strain accumulation in wire-rod
rolling inferred from experiments.
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Fig. 8. Comparison of mean grain diameter
between wire-rod rolling, experimental rolling,
and simulator experiment.
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OCTHATHEMET 5.

4.2 BNEHEEBEERICNT IEAEETR

LR 5 — 2 DR LT e¢ DEIEERFED
TN EMNEEL AR OT VAR, DAL & A
DEIHEBRERN—FKT A L THERINE. ZoC
ERRERIER I R TV W RSO T T B LT
5.

— B IR RN ORI D T BR T HLEE
WD D B TCTHS. Lo LRFACK O UREIRE D
FZLLEBRLEVGCOIBELDH VY, ThicXs ERAD
M EERELAEBEC L OTELEOAC L VRED
LB, BT IEAER & B BT E IR
BIRPMELELTWBZ EEELD L, CONMAOERME
EADHBEC I OTRELIBCELL & SCHELE
PERT 2 EEZNWIBEORWENTE L. k&L
D % 5 MG IO TRAERPRE 3015 HBo X
EIBRFRETHEA 5.

B ERSAEOERERO R SRBAMINTY $ 2 v
— % —TO BEARTY BLTHEBILINTWIWTH
HEH, BERETE & b TR B EATDH
Dyyn VEVWERESENARONS. BEREED L XE
R TZ D X 5 IR AT OV THET 5. Hi-
LLERT I L » 5% btz Fe o A D mobility M %
0.035 exp(—17700/T) (M*/],s) TH 50, ¥R O
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BEEE o RAEBBAEEC IO TN 5 LT o=
MAGZ/Va) TH z2bhBaMS, KRABE © BKEH
(BALBRREY D) 4G p/Viy BRDBZENTES. K
IR T RAELEE 700571 o4, 900°C To
Diyn 13892 pm LR E N 523 (Fig. 8 1 0),7%40.1
DEC 2T OERNR SO & LTRB I HET 3

& LAx103J/M2 i h s, CRIEBERIC/R LD 25
20 5HH Lic Z oo @it E 0 1/2 i
5. FAEENNITFHE oL XI5
L. BIBAD XS BRATOIRING L BWTHAH 5
L, &0 FERofh Tt ok s hBENRE2TwW30
L —MigD T, WHAEH = 3 1 ¥ —~D 2 —FHHEL
BRI h IR A3 Tx 5.
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Fig. 5 OBRMEEY : o V—v 2 v CIIERESEN
Eholch, ZhIZASABTOBPEIE D kXL
KEEADREI DIV EBbh s, B o
R THEIRD test 2, 3 TIXT & A EBHERRILE
TOTWEREWESTHE. ZDXHBETH Bk o
(b) DB TINTHRCERRICH s b BRI 2S,
CORNBIPPNBERBERNEI D ILR D KEL kS,
Fig. 8 TEXERBRDOF—x (test 2, 3) OREIBINHE
RRRRBLIORDREVZ LR ChCHE T L E
bhs.

—7J5 Fig. 6 © X 5 ARBEREAEVGE AT 1 <=
RKETOHEGLEEAEELLRVWNTEGE BN 2
2, ZHEASABTOBPEEIVNI W &, B
RRLD NARIT IR EA CBET S BREIAS b &b
BHTELXS. ZLTC Dl B/ bR sre
Dayn 20 MIHBEMMT Dyg w32, Fig. 8
PR LB 2 S0 1M EIED 7 — 2 58 Dayy X%
FETC2RBEULEREVWC L, 2o Lot
5LBbhbhs.

WA EIETOEL D RERBL HHRCERTS &
REEL D, AEBROBREREND | A AFBREHEL
TH&R Fig. 7 iR/ Ui, & Y A —FETIREY
BRI BHBEARD 2EEER DTV B LHEEIRS.

5. % B

M ERE 2 256 5 & U C ik oD SRR 2 ) FE SEE D B4 hn
THBOMAERAL. FETOERILDEAER, &

WIFHEER, BRIMT Y o v —% —FERATOTLUTF
DREERPEBLM LY.

R EEIESS O BRI T e h OERMEET T
SELCHERBEL TR, ZTORBRIEESME»DLRD S
% ZENER-HOLLOMON 235 2 — & — s BIRIT—FHIIC
R Edh s, ZORBIXBINERZBRE L bR kE W
2, S oI FEE UT BNERE SR Lol R X
L0 LBhs. KR (BZ) CZOENKEVLA,
IO BN ERE R DOBRREO D EEZ bR
%.
AERO L 5 IEEEETIIY § o v —  EROBH
BRI EROERE L 1 DX /0%, ThidiR
MEED S V) A~ —EETH D 1D EHELILEER X
D) KEL O T Wb b EELLRS.
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