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Synepsis:

History of contingous annealing (CA) technology has been re-
viewed from a metallurgical viewpoint, and manufacturing principles
for some new products developed by CA process are described as
follows: (1) In 1936, Hague et al. proposed the CA principle
characterized by the process including over-aging. Commercial CA
lines for cold-rolled sheet steels were installed at Japanese steel com-
(2) Dual-phase high-strength steels were
(3) Drawing
quality steels (below DO grade} with low C steels, hot-coiled at a

panies in the 1970s.
developed by applying the rapid cooling potential.

high temperature, were produced by the CA process including rapid
(4) Ti- and/or Nb-added extra-iow C
steels provided CQ to EDDQ grade sheet steels with no over-aging
CA process.  {5)
were developed by the high temperature CA process with Nh-bear-

cooling and over-aging.
Bake-hardenable and extra-deep-drawable steels

ing extra-low C steels, (6) From the view points of productivity
and product quality, it is predicted that the CA process will globally

evolve in the future,
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Fig. 1 Process flow of continuous annealing compared with conventional box annealing process
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Table 1 History of continuous annealing technology for cold-rolled sheet steels

Line  installation
Year Metallurgy Product
Company nama Cooling type
Low G stesl
1836 Proposal for sheet CAL
(by Hagua & Brace}
1958 High CT in hot-rolfing
{by Blickwede)
1064 Rapid coofing & overaging
{by Blickweds)
1972 NSC (Kimitsu) Gas jat Mild steel
NKK {Fukuyama) Water 1CQ grade)
1975 Dual phase steel High strength
steels
1976 NKEK {Fukuyama) Water, Roll
1979 NSC {Yawata} Gas jet
1980 New IF steel KSG (Chiba} A gas jat EDDQ mild &
{Extra-low C steel) L——l high strength steels
1981 SMC (Kashima) Gas jet
Novlipetsk Water
Sidmar Gas jet
1982 NSC (Yawata) Mist
NSC {Nagoya) Mist
NSC {Hirchata) Mist
Kobe (Kakogawa) Roll
S8AB Water
1583 inland Water
Bathlehem Water
1984 Bake-hardenabla ‘ KSC (Mizushima} ‘ FReit EDDQ-BH stesls
{BH) steed
Rasszalstein A. gas et
GSN Gas jet
1885 Cockexit Hot water
1986 Usinor Rafl
Hiésch Roll
Posco | RAclt
Nigshin (Sakai) Al
1987 NKK, {Fuuyama) Roil
ISCOA Roll
Sollac A. gas jet
[o1:1 Aoll
1988 KSG (Chibal Roll
* A gas jet : Accelersted gas jet cooling

Table 2 Typical mechanical properties of dual-phase high-
strength sheet steels

YS TS YR* El
Grade (egffmm®)  (kgfmm?) (%) (%)
CHLY40 22 43 51 40
CHLY®0 33 62 53 31
CHLY®&0 46 82 56 25
CHLY100 68 103 66 17

* YR=(YS/TS) x 100

Fr b, YRABEWEWSZ L, BERSVOR VAR
IS ECIG D CEBEEBI B T20TC, BBLPTWI L2E
BT B, o« HONFELXHMT B EICLD, THLDTHECEED
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Fig. 2 Efect of cooling rate after intercritical annealing (soak-
ing temp. 770°C) on mechanical properties of 0,05 wt.%
C-1.7 wt.%Mn and 0.05 wt.2%C-1.2 wt.%Mn-0.5 wt.%
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Fig. 3 Metallurgical principle of annealing processes using low
C and extra-low C steels for drawing quality sheet steels
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Fig. 4 Effect of cooling rate hefore over-aging on mechanical
properties of 0,035 wt,%C-0.020 wt. %Al steel
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Photo 1 Scanning electron micrographs showing the effects of
cooling rate and overaging temperature on carbide mi-
crostructures etched in nital
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Fig. 5 Potential of extra-low C steels for manufacturing for-
mable cold-rolled sheet steels with continuous annealing
process
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Fig. 7 Mechanical properties as functions of C and Nb contents
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Fig. 9 Effect of reheating temperature before hot-rolling on
mechanical properties of extra-low C cold-rolied sheet
steels with Nb or Ti
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Continuous Annealing
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Fig. 10 Processing principle of bake-hardenable and extra-deep drawing sheet steel
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Fig. 11 Situation of bake-hardenable and extra-deep drawing

sheet steel (EDDQ-BH) compared with conventianal
mild sheet steels
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