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ABSTRACT

Some tridswith gragphite Hi-Cr iron ralls
have been done mainly in Japan, for the rolling
of dainless sted. This materid could lead to
good compromise between oxidation, wear and
thermd behaviour.

By usng themd andyss ad
ressometry, the conditions for secondary
graphite formation have been dudied. The
amount and volume of free gragphite may be
strongly increased by a suitable heet treatment,
alowing a good thermd conductivity as wel as
high wear and mechanica properties.

1. INTRODUCTION

For long time ICDP rolls were used in
dl the finishing gands of many hot drip mills
About twenty-five years ago they have been
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replaced by high chromium (Hi-Cr) iron rollsin
the front gand of finishing mills

For the last years high speed deds
(HSS) ralls have been introduced in the hot strip
mills. Nowadays they are used in the front stand
of a finishing section (mainly in Jgpan). HSS
rolls are wear resstant and can therefore be
used for longer ralling campaigns, increasing the
hot strip mill productivity.

As far as the finishing section is
concerned, some trids done to use Hi-Cr rolls
ends to falure due to dicking problems
connected with the oxideation behaviour of roll
surface. HSSrolls are used in those stands only
in some millsin Japan.

Lag finishing suffers from high wear
which affects gauge accuracy, drip profile and
frequency of roll changes. ICDP rolls offer a
good compromise between res stance to therma
dresses exiding a that stage of the mill and
good wear resistance.

For devdopment of a new grade the
main requirements are

- good oxidation and therma behaviour,
- high wear resistance
- good resstance to ralling incidents.

Hi-Cr cast iron possesses excellent wear
resistance due to the presence of hard chromium
carbides but its therma conductivity islow. A
graphite precipitation could contribute to an
improvement in therma conductivity and serve
as lubricant prohibiting the gicking.  In high
chromium cast iron only chromium carbides are
present.  However, it is possble to get
ayddlised grgphite in the as-cast state by
adjudting the compostion.



Some trids with graphite Hi-Cr rolls
have been donein hat grip mill, mainly in Japan,
for therolling of dainless sed.

In the first part of this paper, we will
compare the properties (mechanicd and
chemicd as well as in sarvice such as hot
hardness ...) of the roll materids currently used
in hot grip mill i.e. Hi-Cr iron, HSS, ICDP to
the properties of grgphite chromium iron. We
will point out the good results of this last one
which can lead to an optimised compromise
between oxidation, wear and thermal behaviour.

In the second part, we will summarise
the results of a study amed to examine the
graphite formation conditions in a high chromium
iron and the effect of an austenite destabilisation
heat treatment on the graphitisation. The amount
and volume of free graphite may be strongly
influenced by a suitable heat trestment, alowing
to increase the thermd properties.

2. COMPARISON BETWEEN ROLL
GRADES USED IN THE FINISHING
SECTION OF HOT STRIPMILLS.

During hot rolling, work rdls are
submitted to dternate cycle of heating and
cooling. That themd faigue induces the
appearance of cracks at the roll surface. To
reduce the cracks depth, ultimate tendle strength
as wdl as compressive yield strength have to be
as high as possble. Moreover, well dispersed
carbides in the matrix reduce the propagation of
the cracks.

The interface between the roll and the
drip is ds0 of prime importance. It is well
known that a low friction coefficient reduces the
rolling force and power. On top of that, sticking
friction conditions must be avoided. They can
lead to local welding or to rolled in scde. The
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control of the oxide layer on both roll and strip
surface is deciding.

As fa as the lagt finishing Sands are
concerned, the low rolling temperature met in
those gands involves that the roll oxidation must
be adjusted to ralling conditions.

2.1  New dloysfor work rolls

In the early dands of the finishing
section, work rolls mugt sustain hot wear and
have a good fire cracks resstance. The use of
high chromium iron in those dands is dill
common in many hot srip mills.

Recently, dloys semming from the high
temperature tool seds (HSS) have been
introduced in those stands. Due to the presence
of very hard MC carbides, as well as M;C and
M.C carbides, their wear resstance is very
often more than twice the Hi-Cr iron one.

However spdling resstance of HSSrolls
IS sometimes very poor compared to high
chromium iron rolls. Marichd-Ketin developed
@ anew grade which gives a good compromise
with regards to a low friction coefficient as well
as a high crack and wear resstance.

The 16 - 18 % chromium content of
high-chromium iron rdlls explans ther low
oxidation kinetics and why they are not suitable
for the last stands of the finishing section. HSS
rolls have an outstanding wear resstance but are
sengtive to cobbles.

In most of the HSM, ICDP rolls are ill
used inthe lagt gands. Their low leve of
chromium favours the oxidaion Kkinetics
However, that grade suffers for a poor wear



resstance due to the low hardness of its
carbide : Fe,C cementite.

A good compromise between these
dloys could be founded in credting a specid
grade based on a high chromium ron with free
graphite. That new grade contains, like the Hi-
Cr iron, M,C, carbides which are harder than
the cementite carbides present in the ICDP.
Free graphite which is thought to delay the crack
propagation is dso found as in the ICDP.
Moreover the presence of graphite could
contribute to the improvement of thermd
conductivity and serve as lubricant prohibiting
the thermd gticking.

It is posshle to obtan crysalised
graphite in the as-cast sate by modifying the
compogtion of chromium ironas shown in the
literature?3) .

Two laboratory castings G1 and G2 , in
the range defined in table I, have been used to
identify the possihilities of the grgphite chromium
iron. G2 possesses lower nickel content to
optimise the oxidation behaviour as it will be
seen in the pat concerning the oxidaion

properties (Fig.3).

High levd of Ni and S ae usd to
obtain free graphite precipitation. The
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microdructure of the aloy conssts of nodular
graphite, M,C; chromium carbides and a
martensitic netrix. In the as cast ate the leve
of resdud augteniteis rather high due to the high
nickd content. A tempering hesat trestment
leads to a destabilisation of the austenite. To be
effective the trestment has been done between
490°C-510°C (fig. 1) kading to a hardness in
the 650-700 HV 30 range.

700 T

Hardness (HV30)

6707 CGrephi te chromium iron)

t t t t t t t
470 480 40 500 510 520 530 540 550

Tempering temperature (°C)

Fig. 1 - Hardness of graphite chromium iron
after heat trestment.

2.2.  Propertiesof thedloys

The properties of the grgphite chromium
iron have been compared to those of ICDP, Hi-
Criron and HSS.

Alloy C Si Ni Cr Mo Vv \W
% % % % % % %
ICDP 3235 0911 4.2/4.5 1.6/1.9 0.3/0.4 - -
Hi-Cr 2.7/2.8 0.4/0.6 12/14 | 17.0/180( 12/14 - -
HSS 1520 | 0510 | 1.0/25 | 50/70 | 2.0/5.0 | 3.0/50 | 1.0/3.0
Hi-Cr 3.3/35 | 1.8/22 | 40/5.0 | 7080 | 1.3/15 | <0.50 -
+graphite

Table| - Compostion of the ICDP, Hi-Cr , HSS iron and graphite chromium iron.



a Hot hardness

The temperaure in the roll ggp where a
diding between the drip and the roll occurs
ranges between 500 and 600°. It is wel known
that a high hot hardness a these working
temperatures leads to a good wear resistance.

Fig. 2 compare the hot hardness of the
different dloys.
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Fig. 2 - Hot hardness of ICDP, Hi-Cr, HSS
iron and graphite chromium iron.
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The HSS and Hi-Cr iron have the highest
hot hardness. For graphite chromium iron the hot
hardness is higher than ICDP. It can be expected
that in the working conditions its wear resstance
will be better than ICDP.

b. Mechanical properties
Table 1 illugtrates the results.

Mechanica propertiesin compresson are
higher for graphite chromium iron than for ICDP
and Hi-Cr iron. But éongdion is rather low
which may increese the sendtivity to rolling
incident. The role of thermd trestment is rather
important and a higher trestment temperature
could increase the ongation.

The ultimate tensle srength is higher than
the one of ICDP. With regards the Young
modulus a room temperature, it equas 200.000
Mpa.

C. Oxidation kinetics
Sticking problem of the grip to therallsin

the last gands of hot strip mill is often connected
to theroll oxidation kinetic.

Alloy Compresson | Compresson | Compresson |Ultimate Tendle| Hardness
Yidd grength Rupture Elongation Strength
strength
(MPa) (MPa) (%) (MPa) HV30
ICDP 1400-2200 1800-2500 1t03 350-450 650-700
Hi-P 1600-1800 2000-2800 5t010 700-800 600-650
HSS 1900-2100 2800-3000 17to 19 1000-1100 620-640
Hi-Cr +graphite| 2000-2200 2600-2800 2103 550-600 690-710

Table Il - Compression and tensle tests results (20°C).




The oxiddion kingic in  humid
amosphere was measured by a smulation of
oxidation conditions exiging in the roll gap. The
samples of the tested materids are kept in a
tubular furnace heated at 575°C during 24 hours.
This furnace is charged by wet air saturated by
water at 60°C. Fig. 3. illugtrates the results.
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Fig. 3 - Oxidation behaviour of ICDP, Hi-Cr,
HSSiron and graphite chromium iron.

ICDP
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ICDP iron is the dloy tha is more
sengtive to oxidation dloy. This observation fits
wel with the indudtria experience. Hi-Cr iron
and HSS dloys show a dow oxidation kinetic.
These dloys could not replace the ICDP iron in
the last sands of a finishing mill. However the
oxidation kinetic of the graphite chromium iron is
nearly as fagt as the ICDP iron. We may think
that the gticking problem of the drip upon the
rolls could be avoided be usng this new dloy. In
top of that a better control of the oxidation
kingics is possble by optimisng the
composition : we can observed that the oxidation
is higher for the G2 dloy containing less nicke
than the G1 dloy.

d. Reaults

The graphite chromium ironisan
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excdlent dternative to be used in the last ands
of finishing mill and to replace ICDP.

Its oxidation kinetic is likely to avoid the
gticking problem like ICDP. The hot hardnessin
the 500-600°C range is higher than ICDP leading
to higher hot wear resistance and the mechanica
properties are aso better than ICDP.

These positive results lead us to conduct
further studies in order to optimise the properties
of the graphite chromium iron.

It has been pointed out that the presence
of grephite is thought to dday the crack
propagation, contribute to the improvement of
therma conductivity and serve as lubricant
prohibiting the thermd gticking.

The shape and the amount of grgphite is
thus rather important.

That is why laboratory researches have
been conducted on the improvement of graphite
precipitation during solidification and during heat
trestments.

3. STUDY OF GRAPHITE PRECIPITATION

The technique of differentid thermd
andyss (DTA) was used to sudy structura
tranformation and especidly the graphite
preci pitation.

Differentid thermd andysis (DTA) is a
technique in which the sample is heated (or
cooled) following a temperature schedule and
which can detect any endothermic or exothermic
type transformation. Any phase change leads to
vaiaions in the sample temperature.  The
difference in temperature between the sample and
the programmed temperature is monitored against



time or temperature while the temperature of the
sample is programmed. With the DTA method,
any tranformation even the smdl one, can be
detected (fuson, solidification, decompostion,...).

3.1.  Solidification

The solidification of G2 (table 1) graphite
chromium iron was studied by DTA. The sample
was heated from 20°C to 800°C with a speed of
10°C/minute and then from 800°C up to 1500°C
a 2°C/minute.

The sample was maintained at 1500°C in
the liquid gtate during 15 minutes and then cooled
up to 400°C with a congtant speed of
2°C/minute. The solidification curve is illustrated
at the figure 4. Three different peaks have been
reported a high temperature during solidification
(table V).

Solidification
Peak T dart T Max Ted
peak
49 S 49
1 1491.09 1435.32 1360.32
2 1360.32 1348.78 1331.47
3 963 950 921.86

TableV - DTA results - Solidification of
graphite chromium iron.

The two high temperature peaks (1, 2)
are related to the formation of the carbides M-C;
and to the eutectic M;Cs-g. Thethird pesk (3) is
related to the formation of primary graphite. The
graphite maximum peak temperature (950°C) is
the same as in reference @,

The presence of graphite is due to the
influence of the aloying eements such as
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Fig4 - DTA curve - Sdlidification of graphite
chromium iron.

nickd. Following © without the presence of
nickel and glicon, it is difficult to form graphite.

3.2. Audenite destahilisation heat treatment

DTA expeaimets and RX
measurements have been used to Sudy the
formation of secondary graphite during high
temperature heet trestment. As the precipitation
of graphite has been shown to appear at 950°C,
the temperature range for heat treatmert is higher
because in that case the therma activation of the
transformation is more favourable.

The sample has been heated to 1000 -
1050 and 1200°C at a speed of 10°C/minute,
hold during 30 minutes at this temperature and
then cooled a a speed of 5°C/minute.  The
heating and cooling transformations have been
dudied usng DTA.

During this destabilisation heet trestment
the matrix is transformed into augtenite and some
dissolution of the chromium carbides and primary
grephite gppears.  During cooling the free
graphite diffuses together and forms clugters.

The temperature corresponding to
secondary graphite formation ( Tpesk Max)



during cooling increases with the temperature of
heet treatment as shown in table VII.
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T trestment T peak Max
graphite formation
1000°C 960°C
1050°C 965°C
1200°C 985°C
Table VII - T° secondary graphite formation
- DTA experiments.

Due to thermd activation resulting from
treestment a higher temperaiure the moving of
carbon atoms and their concentration is easier
and occurs at higher temperatures.

To confirm these results different
techniques have been used differentid
caorimetry, dilatometry and ressometry. The
generd principle of these techniques is to andyse
the variagions of a propety (heat capacity,
therma expangion, resdtivity) depending closely
to the dtructure as a function of the temperature
programme.

Differentid resdivity is a very sendtive
method to study microstructure transformations
and is wdl adapted to confirm our DTA results.
We find again that the temperature of the
secondary graphite precipitation increases with
the temperature of the heat trestment and aso
with the cooling rate as shown in table VIII.

The same conclusions have been made in

gmilar caorimetry and dilatometry experiments
@

After trestment by DTA and resistometry
experiments, the specimens were used for
microgtructure studies. The samples

| T trestment | cooling rate | Tpeak Max |

graphite

formation
1000°C 5°/min 963°C
1000°C 1.25°/:min 971°C
1100°C 5°/min 965°C
1100°C 1.25°/:min 980°C
Table VIII - T°secondary graphite formation

- resdivity experiments.

have been examined using scanning eectronic
microscopy  (SEM)  and  scanning Auger
microscopy  (SAM). The Auger eectron
spectometry is atypica surface chemicd analyss
technique . In our case it dlows us to obtan
good chemical andysis of the phases with depth
and laterd resolution such as fine particles could
be andysed without interference.

Figure 5 illugrates the microstructure of
heet treated (in DTA experiments) samples. We
can observe the presence of carbides, the matrix
and graphite flakes. The amount of graphite is
greater than the one observed in as-cast sample
(fig. 6). We noticed that the amount of graphite
increases with the temperature of destabilisation
treatment : we have 3 % of graphite for treatment
at 950°C, 6 % of graphite at 1100°C and 10 %
graphite a 1200°C. In comparison, the amount
of graphite in the non-treated specimen is in the
range 1 to 2 %.

This is in totd agreement with the
obsarvations of DTA and resdivity: the
concentration of carbon atoms is greater after
trestment a higher temperature. This alows the
formation of bigger duster during cooling.

RX examination on these samples lead to
the same conclusions. The intengity of the pesk
corresponding to graphite is rather weak
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Fig5- M |crostructure of heat treated sample
- (DTA - 1200°C) - etched sample.

Fig.6 - Microgiructure of as-cast sample
- etched sample.

in the as-cast sample (fig. 7). Graphite appears
during heet treetment (fig. 8). The intengity of this
pesk is greater after DTA treatment at
1100°C(cooling rate :5°/min - curve a )than at
1000°C(cooling rate :5°/min - curve b).

After thermd treatment, the shape of
graphite is rather irregular in comparison with the
shape before treatment (fig. 9).

By usng backscatered  dectron
microscopy analyss on these graphite flakex(fig.
10) the structure is well defined : in the center we
have a dark compact structure of pure graphite
and around this core, graphite
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Fig. 8 - RX spectrum on DTA samples.

mixed with carbides. Further on the structure is
made of round particles of graphite dispersed
with carbides.

It is quite clear that graphite precipitation
occurs during heat trestment manly by
decompogdtion of the complex chromium
carbides.

Microgtructure chemicd andyss after
heat tretment usng Auger  Electron
Spectrometry indicates that the graphite phase
contains (in weght) 98.95 %Carbon, the
carbides contain Carbon (12.34%), Chromium
(31.2 1%), Iron (50.31%), Vanadium (2.35%)
and Molybdenum (2.15%) and that the matrix is
composed of Iron (84.64%) with Chromium



(5.25%), Nickel (3.14), carbon (3.45%) and
Silicon (1.85%).

Fig.9 - Microgtructure of heet treated sample
- (resdtivity - 1100°C - 5°/min)
SEM - etched sample.

Fig.10 - microstructure of heet trested sample
- (resdtivity - 1100°C - 5°/min)
- SAM - non etched sample.

4. CONCLUSIONS

In the ascast conditions graphite
precipitation in high Ni and S chromium cast iron
occurs at a temperature of 950°C. It is possible
to increase the amount of graphite up to 10% in
volume by secondary graphite precipitation. This
can be obtained by high temperature austenite
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destabilisation. The shape and the amount of
graphite depend on the treatment temperature.
Graphite precipitation occurs by decomposition
of the M;C; chromium carbides. The amount of
secondary graphite is also greater after treatment
at higher temperature.
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