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Abstract

This paper reviews the gpplications of niobium bearing deds for the attomotive and heavy
trangport indudtries and assess the chalenges that face the stedmaker particularly with respect
to the on going use of niobium in the future when there is little doubt that a larger volume of
even higher drength deds will be required. Condderation is given to the application of
niobium bearing ultra-low carbon, interditid-free (ULC IF) stedls, and niobium as an addition
in micro-aloyed and advanced high srength stedls.  The future chdlenge facing the sted/auto
partnership is reviewed relaing to the introduction of advanced sed products, especialy
modern high-strength stedls with improved properties such as the new multiphase steds, which
will gan more and more importance in the future. In the case of these new deds, the role of
microdloying dements such as niobium is discussed, from which it is considered to play an
important rolein future sted developments.



Introduction

For more than a decade the internationad sted industry has worked in close partnership with
leading automotive design and materid experts to respond to the chalenges posed by the pace
of change within the automotive maket. The competitive pressures to offer atractive
guarantees againgt corroson not only had a mgor impact on grip sed manufacturing  but
focussed even more atention on surface quaity and other styling related issues, some of which
had an important influence upon the forming and fabrication processes traditiondly used by the
automakers.

The demands for conggtently high qudity, continuoudy coated, deep drawable deds set the
trend for product development initiatives throughout the early 1990's. Competitive pressures
dso focused atention on light-weghting initiastives promoted initidly by the duminium
producers.  This in turn led to the formation of sted industry consortia and collaborative
projects amed a edablishing cost-effective light-weighting autobody structures, the first and
most popular being the Ultra Light Sted Auto Body (ULSAB) project. This project helped
convince materids gpecidids and production managers in the automotive sector that
lightweighting and performance targets could be achieved usng higher drength deds in
combination with innovetive desgn and modern manufacturing processes.

These drivers to upgrade qudity and performance, and to manage costs continue today with
even greater emphasis now being placed upon passenger safety, dynamic performance, control
of emissons and other environmental concerns. These new chdlenges to steelmakers are being
addressed in the latest Consortium project — ULSAB/Advanced Vehicle Concepts (AVC).

Previous papers presented a this Internationrd Symposium have conddered in depth the
processing and metadlurgy of niobium bearing steds that have been and continue to be used to
meet these severe chdlenges. The am of this paper is to review the gpplications of these
products and assess the chdlenges that face the stedmaker particularly with respect to the on
going use of niobium in the future when there is little doubt that a larger volume of even higher
strength steeds will be required.

The following sections of this pgper condder the gpplicaiion of niobium bearing ultra-low
carbon, intergid-free (ULC IF) steds, niobium as an addition in micro dloyed and advanced
high strength stedls and reviews the future chalenge facing the sted/auto partnership.

Development and Application of ULC Steels

The rapid growth in the development and application of ULC geds for autobody congruction
is one of the best examples of supplier response to a rapidly changing market requirement. The
inherently varidble qudity of duminium-killed, batch-anneded deds chdlenged the ability of
sedmakers to respond to the need for zinc or zinc aloy coaed steds tha met customers
requirements with respect to corroson resistance coupled with the necessary surface finish and
formability. Electro-gdvanised strip dteds were specified for many surface critical gpplications
but high processng costs were a problem and the soft zinc or zinc/nickel coating could be the
cause of concern during fabrication or use.

The market demanded a range of continuously processed hot dip zinc coated stedls that offered
an atractive combination of excdlent formability, fird cdass surface finish and trouble free
weldability, coupled with the corroson protection needed to promote the end product in the
showroom. Mgor grip sted suppliers to the automotive sector responded by massve



investment in gedmaking, processing and continuous coding facilities focussng upon a
commitment to supply arange of highly formable ULC stedls.

The successful development and widespread use of ULC steds however, has been possible only
as a consequence of the in-depth underganding of the stedmaking and drip processng
methods to dlow the cost-effective manufecture of the range of products presently available to
and used in autobody construction.

Teking the metalurgical basics, which have been covered in earlier presentations, for granted,
the detall most relevant to the present audience relates to the understanding of the roles of
titanium and niobium to dabilise nitrogen and carbon in ULC deds.  Of particular interest is
the edablished preference to use a dud dabilised composdtion when  manufacturing
galvanneded, bake hardenable or higher strength ULC dtedls.

Mot mgor producers of ULC IF deds offer a range of highly formable titanium and
titanium/niobium  stabilised products and additionaly higher drength grades which usudly
feature the addition of manganese, phosphorus, slicon or boron as solid solution strengthening
elements to provide drip with 0.2% proof sress levels of up to or even higher than 300MPa (1).
The influence of drengthening eements on mechanical properties has been reviewed by Engl
and Gerber (2) and their summary is reproduced in Table I.  An increesng number of
manufacturers are dso supplying titanium/niobium ULC bake-hardening grades normdly with
proof strengths up to 260M Pa.

Table| Reaults of regresson caculations illugtrating influence of key elements on
s0lid solution strengthening of IF steds (Engl & Gerber (2))

- Tensle Uniform Total
Element Unit Ylel(cliVISIthgth Strength Elongation Elongation

(MPa) (%) (%)

C 0.001wt% 2.3 19 -0.25 -0.26

Si 0.1wt% 9.7 13.3 -0.52 -0.85

Mn 0.Iwt% 2.7 34 -0.28 -0.34
P 0.01wt% 3.5 7.1 -0.38 -1.2

B 0.001wt% 8.0 4.2 -4.42 -

One of the clearest demondrations of the benefits of titaniumyniobium stabilised IF stedls was
reported by Carless et al. (3) who had invedigated the influence of cold-rolled surface texture
of both titanium and titaniunvniobium ULC dgrip on the development of the FeZn phases
during the continuous gavanneding process. Surface texture was found to have little or no
influence but they did show that subdrate chemistry controlled the initid reactivity in the
gavanisng bath and had a sgnificant influence on the consequent development of the FeZn
phases during the gdvanneding cycle. Using a Rhesca Hot-Dip Smulator they observed that
in the titanium deds initid phase growth in the pot was dominated by the formation of
outbursts with the bulk of the Sructure being the (d) phase. In contrast the titanium/niobium
grip was found to be less susceptible to outburst behaviour and produced a thin continuous
layer of Vand d) crysdlites. This was dso linked with a dightly faster dloying resction in the
titanium grip asillugtrated in Figure 1. Thisin turn would tend to produce athicker (G) phase.



Fe Content g/m2
10

TIECT

——

i3 w1 | TINbECT
8 - e =

Sy S

-
- —
e

S -y TIEDT
6l M"l:f ——
v TINb EDT

-
= a
P o

0? M 1 " 1 " 1 i 1 i | L 1 "
0 5 10 15 20 25 30 35
Galvanneal Soak Time @ 500 C

Figure 1. Influence of soek time on dloying kinetics of titanium and
titeanium/niobium ULC |F stedls (Carless et al.).

After completion of the gdvanneding treatment both seds showed a much increased level of
surface roughness with the titaniumyniobium grip being sgnificantly rougher than the titanium
only product. The authors relate this to an increase in crater dendty in the titanium/niobium
drip, which is, in turn, a consequence of crystalographic differences and the dominance of the
preferred {111} orientation.  Furthermore the adheson of the coating to the subdtrate as
measured by the lap shear test confirmed that the titaniumVyniobium product had consgently
higher interfacid shear strength asillugtrated in Figure 2.
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Figure 2: The effect of soak time on interfacid strength (Carless et al.).

The titanium/nicbium variant aso exhibited a higher proportion of FeZn phase remaning
attached to the surface after tegting. The authors suggest this could be explained by a reduction
in the brittle (L) phase a the inteface or be reated to crysalographic texture as previoudy
mentioned.  Either way the end result is an impressive reduction in the susceptibility to
powdering of the coating of the titaniunVniobium sted as summarised in Figure 3.

It is very much as a consequence of work of this nature that the sted industry has been able to
produce such a range of highly formable ULC deds to meet the very demanding qudity
requirements for outer body paneds. In these circumdtances yidd or tendle drength is of
rdaivey little importance dthough the desre to kegp mass to a minimum encourages the



condderation of the use of thinner gauge higher strength steds where the chdlenge is dways to
baance gauge reduction with adegquate resstance to oil canning and denting. This trend has

focussed attention on the more recent development of the current range of bake hardenable
ULC deds.
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Figure 3: Powdering performance of titenium and titanium/niobium ULC strip
(Carlesset al.).

Over the past three years the atention of the steelmaker has turned more to the future as the
ULSAB Advanced Vehicle Concepts (AVC) Project atempts to anticipate and respond to the
demands that will face the Automotive Design Engineer in the decade that darts in 2004. The
AVC programme embraces a range of critica issues that have to be resolved so that the
persond freedoms we enjoy today can be preserved for the future in a manner that addresses
the concerns of society. Consequently the AVC programme will ddiver sted based concepts
for the car of the future that will:

- meet or surpass future safety requirements

- retanthe current level of affordability

- befud efficient and meet proposed CO; pallution control levels
- retain the environmentaly friendly image of sedl.

The find results of the AVC programme will be published early in 2002 but information that
has dready been rdleased has emphasised the importance of design innovation and sructurd
effidency (4-9). So far as this paper is concerned the two most important factors are the use of
computer aided desgn and performance smulaion and the inevitaole increese in the use of
higher strength stedls that is being proposed. Whilst the latter subject will be addressed in the
following pat of this paper, the rdevance of the former point may require some eaboration
here.

The beneficid influence of a higher rate of drain causng an increase in the drength of deds is
well appreciated. An andyss of what red benefit would accrue from the use of dynamic
properties was performed by computer smulation using the origind body structure from the
firss ULSAB project. Simply using the appropriate dynamic properties in computer andyss it
was demondrated that this sted intensve dructure was more crash resistant than convention
suggested (10). Clearly a dedgn tha is optimised to teke full advantage of the dran rate
hardening behaviour of steds will provide the ded/auto patnership with a highly vaued



opportunity in the coming years.  The results of the AVC project will provide a good example
of what can be achieved.

For the moment it is interesting to note one or two key factors that relate to the future choice of
ded grade for a crash sendtive component of a vehiclee. Marsh et al. (11) clearly demonstrated
the potentid for the use of ULC IF steds and has shown that the low strength and high work
hardening capacity of these products is conducive to the promotion of stable folding modes of
gructura collgpse that asorb large amounts of energy in a crash dtuation. The extent of Srain
rate induced drengthening is not so dgnificant when the notiona datic srength levd is
increased.

It thus appears that the research and development into steels for autobody construction has not
yet provided dl the answers and needs to consider some new questionss The high work
hardening characterigics of the advanced dud phase high drength deds that feature so
prominently in the ULSAB AVC Project (9) could be very advantageous. Even so it may be
that the performance of titanium/niobium UL C steels may be hard to match!

Development and Application of Microalloyed and Advanced High Strength
Nb-bearing Steels

Hot-Rolled Microdloyed Steds

Figure 4 shows the development of hot-rolled and cold-rolled stedls during recent years (12).
Microdloyed stedls were developed more than 20 years ago (13). By usng the micro-dloying
eements niobium, vanadium and titanium in combingtion with control of temperature during
hot ralling, it was possble to obtain high strength steds with properties sgnificantly superior to
those of dructurd steds known previoudy. Chiefly the mechaniams of gran refinement and
precipitation hardening were used to increase the strength of these steds.  The carbon content
usudly remained less than 0.12% so that the carbon equivdent, which is important for the
weldability, can be kept low even with yidd drengths greater than 355MPa.  In combination
with thermomechanicd rolling, this made it possble to obtan hot-rolled seds with minimum
yield strengths of up to 700MPa. Stedls in the normalised condition aso benefit from the afore-
mentioned microdloying dements.  They are avalable today with minimum yied srengths of
up to 420M Pa.

PM-steels

RA-steels (TRIP)
HSZ steels

High strength IF-steels

Bake-hardening steels ZStE 180-300 BH
Dual-phase steels DP 500-600

Phosphorous alloyed steels ZStE 220-300 P
Microalloyeld steels ZStEI 260-420, SS?SMC-S7OOM?
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Figure 4. Sted development over timePM - patidly martendgtic; CP - complex

phase; MS - martendticRA - resduad augenite TRIP - transformation-induced

pladticity; | F - interditid-free.



These too are usudly produced today by rolling with controlled temperature, so that additional
heat treatment is no longer necessary. Significantly better surface qudities are possble by
avoiding heat treatment. Subsequent normdising anneding or hot working does not
ggnificantly modify the mechanicd properties of these steds, whereas such heat treatment is
not possble with thermomechanicdly rolled steds because it would result in a dgnificant loss
of drength. Soon afterwards the concept of microadloyed steds sarted to be used aso for
producing cold-rolled stedls. The recrysdlising annedling process leads to the loss of a large
pat of the hardening potentid, therefore the achieved yidd strengths of 420 and 460MPa are
somewhat lower than those of hot-rolled steds. In the course of the following years, sted
devdopment was primarily concerned with improving the combination of drength and
formability, whereby the recently developed multi-phase steds, which will be consdered later
in more detal, play a specid role.  Niobium can be used to advantage for these seels too. In
the course of time microdloyed stedls have become established as important materids in the
automotive indugtry, and their advantageous properties ae now proven in NUMerous
aoplications (Figure 5).

Figure 5: Application examples for hot-rolled microdloyed stedls.

Although the concept has been known for more than 25 years, further development of the
production conditions and chemica compodtion of these deds has continued.  Primary
attention was thereby given to reducing the scatter band of the mechanical properties in order to
relax the processing conditions.  For example, the scatter band of the mechanica properties of a
QSIE500TM ged can be hadved by changing the dloying concept from nichiumftitanium to
niobiumivanadium.  This is aitributed to the fact that vanadium is congderably less sengtive to
fluctuationsin the rolling temperature, compared with titanium (14-15) (Figure 6).

Niobium deays recryddlistion, thus permitting thermomechanicd rolling with the resulting
fine-grained microstructure of thermomechanicdly rolled seds. However, niobium aso deays
grain growth during augtenitisng. This pogtive effect can dso be used for heet-treated steels to
improve their mechanical properties.
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Figure 6: Reduction in the scatter band of Y.S. in the case of SSES00TM .

Quenched and Tempered Fine-grained Structural Steels

Fne-grained dructurd deds have a wide range of goplications in modern utility vehicle and
mobile crane condruction by virtue of thar excdlent forming propertties  The utility vehidles
used in the various fidds of materids handling technology and transportation, such as trucks,
tank vehicles mobile cranes and trough dumping trucks must fulfil specific requirements for
their respective tasks.  Fne-grained dsructurd deds are frequently used in particularly
important places such as the sde members and cross beams for trucks, rear axle casings,
frames, supports and gruts, structura pipes, tank vessals and for components of mobile cranes,
such as underframes, live rings and telescopic jibs. By exploiting the specific sted advantage
of high strength combined with excelent processability mekes possble to have constructions
which have high load capacity combined with a favourable ratio of useful load to dead weight.
The highest strength and toughness parameter demands, in particular for large plate thicknesses,
are fulfilled by quenched and tempered fine-grained Structurd steds. Today stedls with 690 to
960MPa, recently adso with 1100MPa minimum yield strength, are of the greatest importance.
The high drength of these steds permits material and production costs savings by reducing wal
thickness. The reduced dead weight of the Structure can reduce the operating costs of transport
vehides In many cases particular congdructions are only possible by utilisng high drength
steels. Figure 7 shows atypica gpplication.

The chemica compodgtion, shaping and heat trestment of quenched and tempered Steds are
adjused such that the minimum yield srengths can be guaranteed. The find microstructure of
these seds condsts of martendte and fine-grained bainite.  With increasing plate thickness it is
necessty to use dloying dements such as manganese, molybdenum, nicke, vanadium and
boron in order to obtain a suitable microstructure giving the required meaterid properties in the
plate core too. Such a microgructure, which has an extremdy fine-grained substructure with
findy dispersed precipitated carbides, possesses a good combination of strength, toughness and
deformation capecity.
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Figure 7: XABO 960 / mobile crane LTM 1800 of the company Liebherr.

The dloying dement boron in the dissolved date has a key role with regard to achieving good
full quenchability and temperability. However, no increase in hardenability can be expected if
the boron present in the ded is chemicadly bound in the form of boron nitrides and boron
carbides. The favourable effect of smdl quantities of boron on the hardenability of quenched
and tempered steels nakes possble partia replacement of expensve dloying eements such as
Mo, Cr and Ni. To achieve the full benefit of the hardenability increase associated with the
presence of boron, nitrogen is usudly dmost completely and stably bound by titanium, so that
boron is present practicaly only in the dissolved form (Figure 8). However experience has
shown that the toughness propertties are negatively affected by the precipitation of titanium
nitride.  This can be avoided by usng niobium ingead of titanium, Snce effective protection of
boron againgt nitride formation can aso be achieved with niobium.
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Figure 8: Toughness properties of a quenched and tempered SIE690.
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Wear-resistant Fine-grained Structural Steels

Plates of wear-resgant specid dructurd seds having minimum hardness up to 600 HB ae
widdy used for dructures subjected to wear in utility vehicdles condruction such as truck
troughbutts, or for components of mining and excavating machines. In these steels niobium is
often used as an additiona dloying eement in order to obtain plates which combine high wear
resstance combined with good toughness and perfect processng behaviour. Fgure 9 shows



typica gpplications for wear-resistant stedls.

CATERPILLAR

Figure 9: Application examples of wear ressting XAR-gedls.

Cold-rolled Microalloyed Steels

As dready mentioned, microdloyed cold-rolled stedls for mass production were Hill & a very
ealy dage of devdopment in the eghties.  Whereas hot-rolled steds were utilised in numerous
goplications a that time, the equivdent cold-rolled seds were utilised only to a very limited
extent. Therefore an extendve research project was carried out together with Porsche from
1979 to 1982 in order to determine the potentid for microdloyed seds in light automotive
congruction (16). Cold-rolled geds in the yidd point range from 275 to 420MPa and hot-
rolled stedls in the range from 355 to 520MPa were taken into consderation. Surface coated
sheets were partly included in the investigetions (Table I1).

The example of the Porsche modd 928 showed that a weight reduction of up to 20% could be
achieved through the use of these high drength steels without loss of datic strength.  Further
17% of the weight, compared with mild steels, could aso be saved if dynamic dress factors are
included, such as encountered in a crash (Figure 10). The investigations dso showed that
microaloyed stedls could be assembled using conventiona welding procedures.
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Figure 10: Crash — behaviour of microdloyed-stedlsin comparison to amild sted!.



Table |l Stedsusad in VDEh — Porsche programme

Steel Type — Yield Strength in MPa
Sheet St14 | P275 | FeE275 .... 420-HF FeE355 .... 560TM
Thickness [ cold-rolled Strip Hot-rolled Strip
(mm) <210 | 275 | 275 | 355 | 420 | 355 | 420 | 560
4.00
3.40
2.50
2.00
1.75
1.50
1.25
1.00
0.88
0.80
0.75
0.70
0.65
0.60
- Without coating With and without coating EG, HDG, GA
Steel type %C (103 | %Mn (102 | %Si(10?) % other (10?)
St14 39 -56 21-24 2-3
P275 48 — 86 40-51 2-8 Phosphorus =7 -9
FeE275HF 10-61 26 - 69 2-27 Nb=2-4;Zr=0-11
FeE355HF 58-70 68-74 2-3 Nb=6-7
Fe420HF 68 - 76 80 -92 35-39 Nb=6-8;Ti=12-14

The Mercedes models W201[1982] and W124[1984] are an example of the utilisation of
niobium microdloyed deds in said production (17). Fgure 11 shows the conssent
utilisation of ZStE340 for structurd components of the passenger cabin and the crash dructure
in the moddl W124 where in the latter it comprises 17% of the body structure.

StE340:
17%

St12:
8%

St14:
75%

Figure 11: Use of microdloyed-stedls in the Mercedes modd W124.

An oveaview of the utilisation of higher drength seds in Europe in 1994 is summarised in
Table I11 which was compiled from a market sudy. The contribution to the body sructure
ranges from 1 to 20 % depending on the manufacturer. Microdloyed seds are ill used
chiefly in sructurad components. One Japanese modd at this time dready had 46% of high
drength Seds



Table 1l Use of high strength stedls in Europe 1994

high strength steels in % of outer parts structural parts
total sheets BH M R BH M R
A P °
B o P ®
C ®e P o P 0 0
D 0 ® ®
E P Lee 00
F P o L o P
G P PeL PeL
H P 00 |
J o0 o0
K PeL oPpP oP
M* | eee® L
N** ( X X ]
0 P o00
P P
BH = bake-hardening-steels ® |ow amount
M = micro-alloyed steels 0@ mean amount
R = phosphorus-alloyed steels 0@ high amount
L =serial production
P =trial production

Ultra Light Steel Auto-Body (UL SAB)

In 1994 an internetional consortium of 35 sed manufacturers commissioned Porsche
Engineering Services, Inc., with the execution of the project mentioned above. The god was to
assig the automotive indusgtry in the production of light, safe and cost-optimised bodies for
weight-optimised vehicles.

On a codt-neutral basis, a weight reduction of 25% with improved structurd properties was
achieved. The basis for this success was the utilisation of higher srength stedls available on the
market and the utilisstion of advanced production technologies such as talored blanks,
hydroforming, 3D laser welding and sandwich components. Of the 90% higher srength
fraction, microaloyed steels congtituted about 80%.

In 1999 a smilar internationd consortium also commissoned Porsche Engineering Services to
introduce the design and engineering work to develop advanced vehicle concepts that would
increase the use of sted's whichwould become commonly available by 2004 and beyond.

Multi-phase Steels

As shown in Figure 4 sted development has concentrated on devisng new high srength steds
with good formability and shape retention. This has given rise to a new ded family, namdy
the so-cdled multi-phase steels (19-22). Microgtructurd hardening in particular is exploited
here, apart from the known work-hardening mechaniams such as grain refinement, precipitation
hardening and s0lid solution drengthening. By this means it is possble to cover a drength
range from 500 to 1200MPa Sgnificant improvement of the formability compared with
conventiona dteds was achieved in particular for dud-phase steds and residua-austenite phase
(RA) (TRIP) stedls. The available strength range of hot-rolled steels was dramaticaly extended
by the use of both complex and martendte phase stedls (Figure 12).
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Figure 12: Mechanica properties of hot-rolled sedls.

The specific properties of these steels are the result of the tailored combination of hard and soft
microgructura components.  Dud-phase (DP) steels have a badc ferritic matrix in which up to
15% of martendte is embedded as idands. The martendte fraction is increased up to 60% in
the patid martenstic (PM) deds. This achieves dgnificantly greater srength vdues. The
gpoecid feature of resdud-augenitic (TRIP) deds is a resdud audenite content of 8-16%
remaning in the microdructure, responsble for the unusualy good shaping properties of these
deds. The extrendy fine-graned bainitic basc sructure with embedded idands of ferrite and
martendgte, as well as precipitation hardening, are respongble for the very high srengths of
complex-phase (CP) stedls. The greatest drengths of dl ae obtaned with the chiefly
martensitic microstructure of the martenste-phase (MS) stedls.

An interesting aspect is the vey pogtive effect of niobium in hot-rolled dud-phase and
resdud-augtenite (TRIP) steds. For example, with the same basic composition (CMnCrP), the
addition of niobium produces ggnificant gran refinement in DP-ged and therewith gives a
strength increase of about 100MPa. In both cases a typicd ferritic basc matrix with embedded
martendte idands was obtained for the DP-stedls.

For the resdud-audenite (TRIP) steds dso, the microdloying eement niobium contributes in
many ways towards the improvement in materia properties. In principle, these effects can be
grouped in two categories.  Niobium in solid solution lowers the martensite starting temperature
and thus gives a larger production window in the region of the coiling temperature.
Furthermore, in dissolved form it suppresses carbide precipitation in the temperature range of
bainite formation, with consequent increase in the residua augtenite content and its carbon
content, so that greater eongation parameters can be achieved. In precipitated form as carbide,
nitride or carbonitride, niobium has a gran refining effect increesng the tendle srength. The
tendle drength and yidd drength are dso further increased by precipitation in the ferrite
Furthermore, niobium suppresses undesired pearlite formation in TRIP-stedls.

The acid-soluble fraction of the niobium, reaive to the tota niobium content in the dloy,
corresponds to a firs gpproximation to the fraction of niobium in solid solution.  If this quotient
is large, the fraction of niobium in solid solution is large too, so that the precipitated fraction is
correspondingly smal.  Within the scope of laboratory rolling experiments it was found that the
acid-soluble fraction increases with increasing total niobium content in the dloy (Figure 13).
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Figure 13: Precipitation behaviour of niobium in hot rolled retained augtenite Sedls.

This phenomenon can be interpreted in the sense that the niobium content above a certain basic
fraction remains predominantly in solid solution and is not precipitated. This reinforces the
benefits of niobium in solid solution described above. A further parameter for controlling the
precipitation fraction of niobium is the finish ralling temperaiure.  The higher the finish rolling
temperature, the greater is the acid-soluble (solid solution) fraction. For whedls, hot-rolled DP,
Ferite-Banite (FB) and MLE deds are dready used in 44% of the current whed ded
production a TKS.
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Figure 14: Consumption of high-strength cold-rolled stedds in Western Europe.

Summary and Future Challenges

A maket sudy by Pariser Letner reveds a clear trend towards further increases in the
utilisation of high srength hot-rolled stedls.  In addition this study forecasts a paticularly large
increese in the use of cold-rolled high and higher drength sted types (Figure 14) with a
smultaneous increase in the fraction of the surface coated version.

Although the proportions of the different grades of steds will vary condderably from company
to company or model to modd, the future use of a much higher proportion of higher strength
stedlsis beyond reasonable doubt.



A future chdlenge facing the sted/auto partnership will relate to the introduction of advanced
steel products, especidly modern high-strength steels with improved properties such as the new
multiphase seds which will gan more and more importance in the future. Also in the case of
these new deds microdloying dements such as nicbhium will play an important role in sted
development.

Technically sophigticated solutions will not be adopted without a clear andysis of process cost
benefits and the use of expendve dloying additions will have to be fully judified through well
directed research and development.
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