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The water cooling to optimize and control the 
metallurgical properties of steel

C. Marique
Director – Programme Coordination
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“Bridge between science and market. 
Turning inventions into value creation”
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A team of 230 researchers and technicians 

Provides solutions in the field of R&D, Technology & 
Innovation

In the scope of Steel, Metals & related Materials
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• Product Application
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ArcelorMittal and Tata Steel)
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S
C

SCT

FCT

TT�r�r�r�r�r�r�r�r

MsMs

ACC with ideal CR

ACC (Accelerated Cooling)ACC (Accelerated Cooling)

tt cc FCT

TT�r�r�r�r�r�r�r�r

MsMs

SCT

DQ (Direct Quenching)DQ (Direct Quenching)

tt cc

DQ with high CR 
plus subsequently 

lower CR
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timetime timetime

C
S

FCT

timetime

TT�r�r�r�r�r�r�r�r

MsMs

DQST with high CR 
for short time with 

self tempering

DQST (Direct Quenching + Self Tempering)DQST (Direct Quenching + Self Tempering)

tt cc

SCT

SCT : start cooling temperatureSCT : start cooling temperature

C      : temperature in the coreC      : temperature in the core

S      : temperature at the surfaceS      : temperature at the surface

Ms    : martensite start temperatureMs    : martensite start temperature

tc      : cooling timetc      : cooling time

: cooling installation: cooling installation

FCT  : final cooling TFCT  : final cooling T �r�r�r�r�r�r�r�r (at equalisation)(at equalisation)
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Plates for tubes
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��� Process development in TPCM to produce heavy plates in high strength steel grades - A. Streisselberger, H-J. Kirch, V. Schwinn (TMP’2004 Liege)

��������

0.
20

 C
V

0.
12

 C
N

bV

0.
06

 C
N

bT
i

0.
08

 C
, M

oN
i

N
bT

i

0.
05

 C
, M

oC
uN

iC
r

N
bV

T
i B



A
ll 

rig
ht

s 
re

se
rv

ed
 f

or
 a

ll 
co

un
tr

ie
s.

 C
an

no
t 

be
 d

is
cl

os
ed

, 
us

ed
, 

or
 r

ep
ro

du
ce

d 
w

ith
ou

t 
pr

io
r 

w
rit

te
n 

sp
ec

ifi
c 

P
riv

ile
ge

d 
In

fo
rm

at
io

n 
-

C
R

M
 G

ro
up

 p
ro

pr
ie

ta
ry

 i
nf

or
m

at
io

n.

Cooling technologies & processes 
developed by CRM
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Tempered
MartensiteAustenite Ferrite - PearliteMartensite

[�rC]

1000

TEMPCORE

Tempcore cooling nozzle 
with tangential water flow
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CCT diagram

0.1 1 10 100
Time [s]

1000

800

600

400

with tangential water flow
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470

0.7

0.6

C + Mn / 6 [%]C + Mn / 6 [%]

decrease in CE :

B �+#3!%"+ C��
��������
�
���
�

�2Nancy – SF2M

©
C

R
M

 G
ro

up
 -

A
ll 

rig
ht

s 
re

se
rv

ed
 f

or
 a

ll 
co

un
tr

ie
s.

 C
an

no
t 

be
 d

is
cl

os
ed

, 
us

ed
, 

or
 r

ep
ro

du
ce

d 
w

ith
ou

t 
pr

io
r 

w
rit

te
n 

sp
ec

ifi
c 

au
th

or
iz

at
io

n 
of

 C
R

M
 G

ro
up

 -
C

O
N

F
ID

E
N

T
IA

L 
-

P
riv

ile
ge

d 
In

fo
rm

at
io

n 

improved
Ductility

320
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0.3

0.2
15 20 25 30

Elongation 10d [%]Elongation 10d [%]

decrease in CE :

improved

Weldability
Bendability

470
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Selective Cooling of the flange-web connections
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Intermediate Mill final flange thickness

up to 140 mm
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QST

SCT

FMIM
SC

flangeT �r�r�r�r

T�r�r�r�rat FM entry

without 
SC SC

with 
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final final flangeflange thickness up to 140 mmthickness up to 140 mm

«« HISTARHISTAR » products from Arcelor» products from Arcelor--Mittal DifferdangeMittal Differdange

H entry 
(900�r�r�r�rC)

QST cooling 
installation
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cooling bed
QST

SCT FCT 
(TT)

saw

FM

H exit 
(600�r�r�r�rC)
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« QST » for heavy and large beams and 
piles

Too high CE values Too high CE values 
to be used in practiceto be used in practice

CE [%]

0.6

0.8
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0.4

Re [MPa]255

355

420

460

500
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Water-spray cooling design 
and control to obtain 
pearlitic steel for rails

with exceptional wear resistance
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cooling bedQST

SCT FCT

FM
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Cooling technologies & processes 
developed by CRM
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« Transfer Bar Cooling » for strips in HSM

T4 targetT1 measured T2 target model amodel b

Water flow 
Number of banks
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Transfer bar average temperature drop Transfer bar average temperature drop (th ~ 30 to 35 mm)(th ~ 30 to 35 mm)
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•reduction of rolled-in scale defects

•productivity increased by 2 - 3%
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� correct cooling method > homogeneity of 
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� correct shape at cooling entry
� correct cooling method > correct profile and 

rectitude
� “quality actuators” > to avoid distortions
� model (from experiments, practices)
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F : flange

W : web

E : external

I : internal

T : top
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Relationship between the final cooling temperature variation 
and the shape defect at the entry of the cooling ma chine
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Plates 4.8 x 2500 mm and 6.4 x 2600 mm
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