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ZINC BASED COATING

(57) Abstract: The invention relates to a steel strip having a hot dip zinc based coating, the steel strip having the following composi -

tion, i weight%,: C: 0.17 - 0.24 Mn:. 1.8 - 2.5 S1: 0.65 - 1.25 Al: £ 0.3 optionally: Nb: < 0.1 and/or V: < 0.3 and/or T1: < 0.15

and/or Cr: < 0.5 and/or Mo: < 0.3, the remainder being iron and unavoidable impurities, with a Si/Mn ratio < 0.5 and a Si/C ratio >
3.0, with an Mn equivalent ME of at most 3.5, wherein ME = Mn + Cr + 2 Mo (in wt.%) having a microstructure with (in vol.%):
ferrite: O - 40 bainite: 20 - 70 martensite: 7 - 30 retained austenite: S5 - 20 pearlite: < 2 cementite: < 1 having a tensile strength in the

range of 960 - 1100 MPa, a yield strength of at least 500 MPa, and a uniform elongation of at least 12%.
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STEEL STRIP HAVING HIGH STRENGTH AND HIGH FORMABILITY, THE
STEEL STRIP HAVING A HOT DIP ZINC BASED COATING

The present invention relates to a steel strip having high strength and high
formability, which steel strip is provided with a hot dipped zinc based coating, such as
used in the automotive industry, as well as to a manufacturing method thereof.

Steel strips having balanced properties regarding strength and formability are known
in the art. Nevertheless there is an ongoing search for and development of steel types,
of which the single properties and/or balance of properties is improved.

The present invention is directed to a steel strip having a tensile strength in the
range of 960 -1100 MPa, a yield strength of at least 500 MPa and a uniform elongation
of at least 12% as a set of balanced properties. Steel strips having such a set of
balanced properties have the potential of realising weight reduction in e.g. automotive
industry without impairing other properties.

Steel strips with a comparable balance of properties are known and can be
produced on continuous lines, however without galvanic protection. Therefore the
applicability of these steel strips is limited to those applications which do not require
such galvanic protection, e.g. seats and interior parts in automotive applications. For
many of these applications the strength and formability properties suffice.

Complex shaped parts for automotive applications in the body-in-white require
enhanced (cold) formability at (ultra)high strength to allow down gauging. Weight
reduction by down gauging is important to meet increasing demands of environmental
legislation. In addition, in order to ensure an acceptable service life of these body-In-
white applications galvanic protection is required.

At present products meeting these requirements of formability, strength and galvanic
protection are manufactured in a process comprising separated process steps. In a first
step a steel strip is subjected to continuous annealing on a continuous annealing line.
Subsequently the steel strip thus produced is coated off-line in a separate step using a
conventional electro galvanising technology. However, electro galvanising of high and
ultrahigh strength steel strip has the inevitable risk of delayed fracture due to hydrogen
embrittlement, caused by liberation of hydrogen ions during electroplating and charging
of the steel strip with hydrogen ions.

Alternative cold-coating technologies like PVD, avoiding the risk of hydrogen
embrittlement, remain unproven for commercial production of large volumes of
commodity steels. Therefore hot dip galvanising is still preferred over electro

galvanising and alternative cold-coating technologies.
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Recently is has been shown that steel compositions having a so-called “rich’
chemistry can be manufactured such that they can be subjected to a hot dip
galvanisation treatment. However, these compositions require a careful control of the
oxidation state of the surface during heat treatment steps through careful and precise
control of the furnace atmosphere involving a high capital investment in suitable control
and processing equipment. Typically such a manufacturing line is also used for
manufacturing other steel product. Therefore the outcome of the process for the whole
product portfolio of the production line in question is affected. As the rich chemistry
products are only manufactured in a low volume compared to high volume commodity
products the capital investment is a disadvantage. Also from a metallurgical point of
view these steel compositions having a rich chemistry suffer from the drawback that
promoting the internal oxidation of sensitive elements may lead to the formation of brittle
oxides in the near surface region, possibly resulting in loss of ductility, degradation of
properties like bendability and deterioration of surface quality, finally resulting in a
reduction of the number or types of applications where these steel products can be

used.

In galvanising, the addition of rare-earth elements to either the substrate or the zinc
bath is known to improve wettability of liquid zinc. These rare-earth elements are
expensive and in increasingly short supply.

Separation of the annealing step and the HDG step involves additional costs and
increases the logistic complexity. Moreover, reheating to the appropriate temperature
for the HDG treatment often leads to unacceptable degradation of the strip properties.

The invention aims at providing a steel strip having a high formability, represented
by a yield strength of at least 500 MPa and a uniform elongation of at least 12%, at high
strength in the range of 960 — 1100 MPa and having an adherent, continuous, galvanic
protection layer that can be applied in a continuous process using a single
manufacturing line, without the abovementioned drawbacks of the composition of the
steel substrate and/or zinc bath, of separating the annealing and coating steps into
different processing lines, or at least t0 a lesser extent.

According to a first aspect of the invention a steel strip having a hot dip zinc based
coating is provided, the steel strip having the following composition, in weight%,.

C. 0.17 - 0.24

Mn:. 1.8-=2.5
oI 0.65-1.25
Al < 0.3

optionally:
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Nb: < 0.1 and/or V: < 0.3 and/or Ti: < 0.15 and/or Cr: £ 0.5 and/or Mo: < 0.3,

the remainder being iron and unavoidable impurities,

with a Si/Mn ratio £ 0.5 and a Si/C ratio 2 3.0,

with an Mn equivalent ME of at most 3.5, wherein ME = Mn + Cr + 2 Mo (in wt.%)

having a microstructure with (in vol.%):

ferrite: 0—40
bainite: 20-70
martensite: 7 =30

retained austenite: 5 - 20

pearlite: < 2

cementite: < 1

having a tensile strength in the range of 960 — 1100 MPa, a yield strength of at
least 500 MPa, and a uniform elongation of at least 12%.

It has been found that a steel strip having a composition and a microstructure as
defined above and also having a zinc based coating meets the above aim regarding the
balanced mechanical properties of the strip and the galvanic protection layer, without
the need of thoroughly modifying the production line in terms of annealing steps,
furnace atmosphere and control equipment, the galvanising technology and without the
need of introducing scarcely available elements in the composition of the substrate
and/or the zinc bath.

According to a second aspect the invention provides a method for producing a high
strength hot dipped zinc coated steel strip in a continuous way, comprising the following
steps:

1) providing a steel strip having the following composition in wt.%:

C. 0.17-0.24
Mn:. 1.8—-2.5
Si: 0.65-1.25
Al: <0.3
optionally:

Nb: < 0.1 and/or V: £ 0.3 and/or Ti: £ 0.15 and/or Cr: = 0.5 and/or Mo: = 0.3
the remainder being iron and unavoidable impurities,
with a Si/Mn ratio < 0.5 and a Si/C ratio = 3.0,
with an Mn equivalent ME of at most 3.5, wherein ME = Mn + Cr + 2 Mo (in wt.%):
2) heating the strip to a temperature T1 (in °C) in the range of (Ac3+20) — (Ac3-30) to

form a fully or partially austenitic microstructure:

3) slow cooling of the strip with a cooling rate in the range of 2 — 4 °C/s to a temperature
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12 In the range of 620 — 680 °C;

4) rapid cooling of the strip with a cooling rate in the range of 25 — 50 °C/s to a
temperature T3 (in °C) in the range of (Ms-20) — (Ms+100);

5) keeping the strip at a hold or slow cool temperature T4 in the range of 420 — 550 °C
for a time period of 30 — 220 seconds;

6) hot dip coating the steel strip in a zinc bath to provide the strip with a zinc based
coating;

7) cooling the coated steel strip at a cooling rate of at least 5 °C/s to a temperature
below 300 °C.

The invention entails balancing the alloy content of the steel composition such as to
balance the transformation behaviour against the cooling capabilities of typical
(conventional) annealing lines and to control the rate of diffusion of essential elements
to the surface during heating and soaking and in turn to retard the development of a
deleterious surface oxidation state prior to entry into the zinc bath. Basically the
microstructure and control of surface oxidation is achieved by the composition, in other
words by balancing the relative and absolute content of the chemical elements. As such
the chemical elements of the present composition are well known elements utilised In
conventional steels.

Regarding the mechanical properties a tensile strength of 960 - 1100 MPa offers the
abovementioned down gauging and down weighting potential. A yield strength of at
least 500 MPa prior to temper rolling allows to minimise strength differential in final parts
after shaping, offers acceptable levels of springback and provides a practical
compromise between ductility and stretched edge ductility.

With respect to the composition of the steel strip the following details are presented.

Carbon: 0.17 — 0.24 wt.%. Carbon serves to deliver strength and to enable the
stabilisation of retained austenite. Carbon content is preferably 0.18 — 0.22 wt.% in view
of upstream processability and spot weldability. For optimal properties a C content of
equal to or more than 0.20 wt.% in this range is more preferred. Below this range the
level of free carbon may be insufficient to enable stabilisation of the desired fraction of
austenite. As a result the desired level of ductility and/or uniform elongation may not be
achieved. Above this range, processability on conventional manufacturing lines and
manufacturability at the end user deteriorates. In particular weldability becomes a
concern.

Manganese: 1.8 - 2.50 wt.%. Like carbon, manganese has the function of
strengthening. Manganese is also important regarding retardation of ferrite formation

and suppression of transformation temperatures such that a fine and homogeneous
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bainitic phase is readily formed during arrested cooling in the isothermal 5" step, which
is important for attaining the final properties. Above the upper limit of 2.50 wt.% the
wettability of a steel strip having this composition is impaired. At a Mn content below the
lower limit of 1.8 wt.% strength and transformation behaviour are deteriorated. VWWhen
the carbon and manganese contents are too high spot weldability may be impaired.

Silicon: 0.65 — 1.25 wt.%. Similar to Mn silicon ensures sufficient strength and
appropriate transformation behaviour. In addition Si suppresses carbide formation due
to its very low solubility in cementite, which would otherwise consume carbon required
for austenite stabilisation. Carbide formation would also affect ductility and mechanical
integrity. In view thereof in the invention the Si/C ratio is more than 3.0, preferably more
than 4.0 in view of the processing conditions, in particular the cooling conditions as
discussed hereinafter. Preferably Si is in the range of 0.8 — 1.2 wt.% in view of
wettability in combination with suppression of carbide formation and promotion of
austenite stabilisation.

The Si/Mn ratio is less than 0.5 in view of controlling the diffusion rate of Si to the
surface, thereby keeping the rate of formation of adherent oxides to an acceptable
minimum and consequently ensuring wettability of liquid zinc and a high level of
adhesion. The Si/Mn ratio also contributes in keeping the generation of unwanted
transformation products like pearlite and coarse carbides during primary cooling to an
acceptable minimum value. Consequently mechanical properties like tensile ductility,
stretched edge ductility and bendability benefit from the balance between silicon and
manganese according to said ratio.

Aluminium: at most 0.3 wt.%. The primary function of Al is deoxidising the liquid
steel before casting. Furthermore small amounts of Al can be used to adjust the
transformation temperatures and kinetics during the cooling arrest. Higher amounts of
Al are undesirable, although Al can suppress carbide formation and thereby promote
stabilisation of austenite through free carbon. Contrary to Si, it has no significant effect
on strengthening. High levels of Al may also lead to elevation of the ferrite to austenite
transformation temperature range to levels that are not compatible with conventional
installations.

Optionally one or more of the following elements can be contained in the steel
composition: Nb < 0.1 (preferably 0.01 — 0.04 in view of costs, undesirable retardation of
recovery/recrystallization and high rolling loads in hot mill), V = 0.3 and/or Ti = 0.15
wt.%. These elements can be used to refine microstructure in the hot rolled intermediate
products and the finished products. They also possess a strengthening effect. They

have also a positive contribution to optimisation of application depending properties like
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stretched edge ductility and bendability.

Other optional elements are Cr < 0.5 and/or Mo < 0.3 wt. % in view of strength. The
manganese equivalent, calculated as the sum of manganese content (in %), chromium
content and two times the molybdenum content (ME=Mn + Cr + 2*Mo) should be kept
below 3.5, preferably below 3.

The complex microstructure of the final steel strip comprises ferrite, bainite,
martensite, retained austenite and optionally small amounts of pearlite and cementite
within the limits presented hereinabove. Ferrite, which may be intercritical ferrite or fresh
(retransformed) ferrite i1s essential for providing a formable and work hardenable
substrate. A fraction of retransformed ferrite, formed during slow cooling from the
anneaiing temperature, is desirable in those cases where an elevated yield strength is
aimed for. Bainite not only provides strength, but the formation thereof is also a
prerequisite for retaining austenite. The transformation of bainite in the presence of
silicon drives the partition of carbon to the austenite phase, enabling levels of carbon
enrichment in the austenite phase allowing formation of a (meta)stable phase at
ambient temperature. Bainite has also the advantage over martensite as a
strengthening phase that it causes less micro-scale localisation of strain and
consequently improves resistance to fracture with respect to dual phase steels.
Martensite is formed during the final quench of the annealing and results in suppressing
yield point elongation and in increasing the n-value (work hardening component), which
IS desirable for achieving stable, neck free deformation and strain uniformity in the final
pressed part. The lower limit of 7 vol.% of fresh martensite in the final steel strip gives
the steel strip a tensile response and thus press behaviour comparable to conventional
dual phase steels. The steel strip according to the invention derives its strength from
phase strengthening with appropriate fractions of bainitic ferrite and martensite. The
metastable retained austenite fraction ensures the balanced combination of strength
and ductility properties. Retained austenite enhances ductility partly through the TRIP
effect, which manifests itself in an observed increase in uniform elongation. The final
properties are also dependent on the interaction between the various phases of the
complex microstructure. Here, low levels of carbides and carbidic phases and the
presence of both ferrite and bainitic ferrite each contribute to the stabilisation of
austenite but also directly to the enhancement of ductility by improving the mechanical
integrity and suppressing early void formation and fracture.

Preferably the microstructure comprises (in vol.%)

intercritical ferrite: up to 30. Above this limit, the final microstructure will not

confain enough bainite and/or martensite, and thus strength will be too low.
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retransformed ferrite:  up to 40. Above this limit, the final microstructure will not
contain enough bainite and/or martensite, and thus strength will be too low.

bainite: 20-70. Below the lower limit, there will be insufficient austenite
stabilization. Beyond the upper limit, insufficient martensite will be present, and thus
strength will be too low.

martensite:  7-30. Below this limit, the DP tensile response (work hardening like a
DP steel when strained) is not adequate. Above the upper limit strength will be too high.

retained austenite: 5-20. Below 5 vol. % the desired level of ductility and/or
uniform elongation will not be achieved. The upper limit is set by the composition.

The steel strip has a zinc based coating. Advantageously the zinc based coating is a
galvanised or galvannealed coating. The Zn based coating may comprise a Zn alloy
containing Al as an alloying element. A preferred zinc bath composition contains 0.10-
0.35 wt.% Al the remainder being zinc and unavoidable impurities. Another preferred
Zn bath comprising Mg and Al as main alloying elements, has the composition: 0.5 - 3.8
wt.% Al 0.5 — 3.0 wt% Mg, optionally at most 0.2% of one or more additional elements;
the balance being zinc and unavoidable impurities. Additional elements are Pb, Sb, Ti,
Ca, Mn, Sn, La, Ce, Cr, Ni, Zr or Bi.

In the continuous method according to the invention in the first step a steel product
having the composition as discussed above and the desired strip dimensions is
orovided as an intermediate for the subsequent annealing and hot dip galvanising steps.
Suitably the composition is prepared and cast into a slab. Then the cast slab is
orocessed using hot and cold rolling steps to obtain the desired size of the steel strip,
which is subjected to the heat treatment and hot dip coating treatment defined in the
further steps. The first step advantageously involves thin slab casting and direct sheet
rolling without reheating in order to suppress the formation of liquid silicon oxide
formation. Such liquid silicon oxides are detrimental to the rolling loads resulting In a
limited dimension window regarding the combinations of width and thickness that can
be attained. These oxides may also cause surface contamination problems. Thin slab
casting and direct sheet rolling do not suffer from the problems caused by the liquid
silicon oxides, resulting in a wider dimension window, improvement of surface
conditions and pickleability. However, if reheating is used in step 1, then conventional
ovens of the walking beam and pusher type can be used, advantageously in a limited
temperature range of 1150 — 1270 °C in order to restrict the formation of liquid silicon
oxides. Typically hot rolling of the slab is performed in 5 to 7 stands to a final dimension
that is suitable for further cold rolling. Typically finish rolling is performed in the fully

austenitic condition above 800 °C, advantageously 850 °C. The strip from the hot rolling
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steps may be coiled, e.g. at a coiling temperature of 580 °C or more, thereby avoiding

the transformation to hard products allowing coiling in an essentially austenitic

condition. That is to say only a few percent transformation has occurred after 10
seconds on the run-out table. Prior to further cold rolling the hot rolled strip is pickled.
Cold rolling is carried out to obtain a steel strip product that is subjected to the heat
treatment and coating steps (steps 2 and further) according to the invention. The
function of the hot and cold rolling steps is to provide adequate homogeneity,
refinement of microstructure, surface condition and dimension window. If casting alone
provides these desired features, then hot and/or cold rolling could be potentially left out.

In the second step the strip is heated to a temperature T1 (in °C) in the range of
(Ac3+20) — (Ac3-30) to form a fully or partially austenitic microstructure. Next the thus
heated strip is slowly cooled to a temperature T2 in the range of 620 — 680 "C with a
cooling rate in the range of 2 — 4 °C/s and then rapidly cooled to a temperature T3 (in
°C) in the range of (Ms-20) — (Ms+100) at a cooling rate in the range of 25 - 50 °C/s. In
the following step the strip is held at a hold or slow cool temperature T4 in the range of
420 — 550 °C for a time period of 30 — 200 seconds. During this fifth step the
temperature . T4 can vary due to radiation losses, latent heat of transformation that
occurs, or both. A temperature variation £ 20°C is permissible. Preferably T4 is in the
range of 440 — 480 °C. In fact if the method according to the invention is carried out
using conventional production lines preferably the isothermal holding time is at most 80
seconds thereby allowing line speeds comparable to and compatible with normal
production schedules in view hot dip galvanising, and allowing to fully utilise the design
capacity of the production facility. If T3 < T4, this step might require reheating from T3 to
T4. The next step is the coating step wherein the strip thus heat treated is subjected to
hot dip coating in a zinc bath thereby applying an overall zinc based coating to all the
exposed surfaces of the strip. Typically the bath temperature is e.g. in the range of 420
- 440 °C. Advantageously the strip temperature upon entry into the zinc bath is at most
30 °C above the bath temperature. After hot dip coating the coated strip Is cooled down
below 300 °C at a cooling rate of at least 5 °C/s. Cooling down to ambient temperature
may be forced cooling or uncontrolled natural cooling.

Optionally a temper rolling treatment may be performed with the annealed and zinc
coated strip in order to fine tune the tensile properties and modify the surface
appearance and roughness depending on the specific requirements resulting from the
intended use.

Experiments were performed and the obtained strips were tested. The composition

and data relating to the heat treatment steps as well as the mechanical properties are
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isted in Table 1.

Laboratory melts with a charge weight of 50 kg were prepared in a vacuum oven and
ingots of 25 kg were cast. The cast blocks were reheated and roughed, subjected to a
hot strip mill rolling and coiling simulation and subsequently cold rolled to a thickness of
1 mm. For determination of mechanical properties strip samples were annealed using a
laboratory continuous annealing simulator. For testing of the galvanising properties
samples were annealed in a furnace and hot dipped galvanised in a molten metal bath
using a Rhesca hot dip process simulator.

Tensile properties were determined using a servohydraulic testing machine in a
manner in accordance with 1ISO 6892.

Hole expansion testing was carried out using the testing method describe in 1SO
16630 on samples with punched holes, burr on the upper side away from the conical
punch.

A strip (having dimensions of 600 mm x 110 mm x 1 mm) was prepared as an
intermediate product containing the elements in the indicated amounts (mass %). Then
the strip was annealed according to the following scheme in the laboratory continuous
annealing simulator. First the intermediate strip was heated to a temperature T1 such
that a fully austenitic microstructure was obtained. Then the strip was cooled to
temperature T2 at a cooling rate of 3 °C/s, followed by additional cooling to a
temperature T3 at a cooling rate of 32 °C/s. Next the strip was held at a temperature T4,
in this case equal to T3, for 53 seconds. Then the strip was brought to a temperature of
465 °C and held at this temperature for 12 seconds to simulate the hot dip galvanizing
step. The strip was cooled down to 300 °C at a rate of 6 °C/s. Thereafter the strip was

allowed to cool down further to about 40 °C at a rate of 11 °C/s , finally the steel strip

was removed.
For hot dip galvanising, samples with dimensions of 200 mm x 120 mm x 1 mm were

wiped clean using a cloth, followed by ultrasonic cleaning for 10 minutes in aceton, and
finally cleaned by a cloth with acetone. The thus cleaned sample was annealed
according to the annealing cycle described above and hot dip galvanised in a Rhesca
hot dip process simulator. The thus heat treated steel strip having a temperature of 470
°C was hot dip galvanised in a zinc bath having a temperature of 465 °C. The zinc bath
composition was 0.2 wt.% Al, the balance being zinc. The coating thickness was about
10 micrometres. Dipping time in the zinc bath was 2 to 3 seconds.

Surface appearance was evaluated qualitatively by the number and size of bare

spots present within the fillet size on the prime side.
Zinc adhesion was evaluated using an adapted version of the BMW test AA-0509.
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For each lab coated sample, a strip of 30 x 200 mm was covered with a line of Betamite
1496V glue. The line had a minimum line length of 150 mm and a minimum width of 10
mm and about 5 mm thick. The Betamite glue was then cured in a furnace at 175+ 3 °C
for a period of 30 minutes. The test sample with Betamite on top was bended to 90 + 5°
using a bending apparatus HBM UB7. The adhesion of the coating was evaluated
visually.

Further experiments were performed with a small-scale laboratory route utilising
ingots of 200-300g which was applied to generate additional microstructural data. These
small-scale ingots were similarly subjected to hot and cold rolling simulations. Table 2
shows a list of the alloys used together with the key transformation temperatures. The
last column indicates whether these alloys are inventive or a comparative example.

Table 3 shows, for a number of alloys mentioned in Table 2, process-property
combinations for different examples. For a number of alloys, the process parameters
are both inside and outside the method features of the invention. Table 3 also shows
product features such as Rp and Rm, which are sometimes according to the invention
and sometimes not. The right-hand column again shows whether an alloy Is inventive in
view of the process and product features, or is a comparative example.

In Table 4 a number of inventive examples according to Table 2 is provided, for
which the process variants are both inside and outside the method features of the
inventions. For these examples, the microstructure i1s determined. Table 4 clearly shows
that the examples are inventive when the process parameters are inside the ranges
provided by the invention, as indicated in the right-hand column.

Microstructural data were obtained using cold rolled strip from several sources: full-
scale production full-hard samples, cold rolled laboratory feedstock from the 25kg
laboratory route and also cold rolled feedstock derived from small scale laboratory
casts. The volume fractions of phases have been evaluated from dilatometry data with
the Lever rule (the linear law of mixtures) applied to the data using the non-linear
equations for the thermal contraction of bcc and fcc lattices derived in Ref. [1]. For
cooling after full austenitisation, T1 > Ac3, the measured thermal contraction in the high
temperature range where no transformations occur can be simply described by the
expression proposed in Ref. [1] for the fcc lattice. For cooling after partial
austenitisation, T1 < Ac3, the measured thermal contraction in the high temperature
range Is determined by the coefficients of thermal expansion (CTE) of the individual
phase constituents according to a rule of mixtures. Thus the analysis of dilatation data
using the expressions developed in Ref. [1] enables the determination of the volume

fractions of bcc and fcc phase in a given temperature range provided no phase
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transformations occur. The start of transformation during cooling is identified by the first
deviation of the dilatometry data from the line defined by the thermal expansion in the
high temperature range.

After the analysis of the high temperature dilatometry data, the approach discussed
in Ref. [2] was used to determine the volume fraction of retained austenite (RA) in
annealed dilatometer samples. This fraction specified the relation between the dilatation
and the total bcc phase fraction at room temperature. Subsequently, by applying the
Lever rule, the fraction of bcc phases could be quantified as a function of temperature
between T1 and room temperature. Then, after determining of the fraction curve,
fractions of bcc phase formed in a certain temperature ranges could be assigned to
ferrite, bainite or martensite using knowledge of the transformation start temperatures of

bainite and martensite. These start temperatures were estimated using the empirical

formula’s proposed in Ref. [3].
Table 5 shows for a number of alloys from Table 2 whether the steel meets the

coating criteria. The sheets are preoxidised or not, as indicated. The Mn and Si content
of the composition is copied from Table 2, as well as the Si/Mn ratio. In separate
columns the coating criteria are indicated. Wetability rating is relative and arrived at by
visual comparison with commercial AHSS reference. Adhesion is determined according
to adapted BMW test AA-0509. Whether an alloy is inventive or comparative with regard
to coatability is indicated in a separate column, and the comments why this is the case

are presented in the right-hand column.

Ref. [1] S.M.C. Van Bohemen, Scr. Mater. 69 (2013) 315-318.
Ref. [2] S.M.C. Van Bohemen, Scr. Mater. 75 (2014) 22-25.
Ref. [3] S.M.C. van Bohemen, Mater. Sci. and Technol. 28 (2012) 487-495.



CA 029b2589 2016-12-15

PCT/EP2015/025044

WO 2016/005061

12

MR T LA AN PN PN NN N AN NALELEA ML PR, AN 7 . N EITACNIN IR P YOO L2200 TALL AN CONNNN S T Attt <

N N A A A A A A N A A 3 A Eaa e ~ 0 " PATLI DI U U D O 0 O L [ LR e

Y
D SR
“
¥
S

UOIUBAUI 8y} 0] Buipiosoe = AU ajduwiexa aAljeladuiod = dwo)

AN R I NN N TAVALY Nttt LD IALLLLLH A A At

..................................................... T N T P T T T T A P TITIR TR 2 L T CORETEn)

........ T g o o OTTII] . LR

poob | z'Z|

B T T AT e N ovossssssssssdh R A N N A L AR N A TNARSTAN)
H g

AN MAM A N TN I N HODLAAZNLH

-jeadde L /dy

Nt 8 T 0 S P07 S T e s e

14
Q.
14

YAES

TITTNCS G TRt ' DIOTY I LI O

vz

T A (RIP25 L/ DBV YNNI

4

P O TOICOIICCO DD




CA 029b2589 2016-12-15

WO 2016/005061 PCT/EP2015/025044
13

1: | Ac3 | E
SIIC | Equiv. | Calc | Calc | Calc

-.”

C = comparative example, | = asccording to the invention



CA 029b2589 2016-12-15

PCT/EP2015/025044

WO 2016/005061

- 14 -

R e et et i el bbbl

—vir——Try

Ert S S A b A e A A A

SPeeee

T S e

DI Tl LE A T e e

e e gy

s o

AT

|
1
1
'
'
i
'
[

Ao AN AN N AN 0 = e & AN N o P = N o N AP ®




CA 029b2589 2016-12-15

PCT/EP2015/025044

WO 2016/005061

B e W= A s

+ AT IR

ciinsesesimesmin ase

© R NN A WA TS T TATATIARE £ ATATAT W R T S AV T ks SO A

PP P P ansnnemant ant e annnnee

e S g e g o g st S P NN S % 2 2 2 PN AN

AT OO v ey R WIS VAT AN ® oo 3 P IO LTI N -

333 Ty

N oy

VANS s ma S S

A LA L S

14,4
._ 1 %

ST g

987
71

AR s e S D iy

355¢

NSNS S B S RN S S0P B 5

1

(Ao e 3 S oAm M Ve VPl W n Vs @0 Ml e AN, T A

Ay

PRI T IRT XYy

e e e e L = 0 57 5 5 P S A a AR

A

AT - T e e o

-iesiesiminsiminsinsimingis

o piepiesiesiiesinsimcinsinsma ol

P ——

NIRRT




AT AT MR AT TR A T T . T —

™D
{2

D
S

WO 2016/005061

| 830
| 730 |
1 760 |

680

680

680 |

.........

1420

PFIITUTOMN -~ T

éé;4?0'i

| 730

760

680 |
680
680

CA 029b2589 2016-12-15

-16 -

046 |

é; 729
553‘458 1
| 502 |

| 1378:52
| 820 |

...........

760

845

| 680

600

1 420

845

845

_ 680

600

1 470 |

| 543

e

ceett . 0 RO T | I P TP T TTTrTrIey
A ity Gttt At

| 470

o lo oo |o oo |o oo oo |o

| s62_|
| 638

| 1278 |
| 1335 |
| 1350 |

| 1479
| 1082 |
1197 |
| 1160 |
1135 |

PCT/EP2015/025044

....................

C = comparative example, | = according to the invention

O 0o o oo o jo|o

- PRy | R TN : S PO TP PR TR TPCRTSCTTRTCTE. -IPTPYPTTRRITTTTTTOUP:: - SUCTUTT PETTE. . TV | PO _H..
- g . i . e i .
s
:

o oo |o




AR R G O O RN

o

CA 029b2589 2016-12-15

PCT/EP2015/025044

WO 2016/005061

- 17 -

R A R RS R YOS D

\
0
0
$
v

ini
Yo

Ba

o~

(OO XCICICEY

Ol oo

1

FIRACTLRRR

AT

35

P o maGV= 2 % £ YA A0 § SOM

.

T —————s

WL YRV T IS AT L

TCLD

ASEISAS 5 LI LA

e

£ SEEEEEEESALS S8 S N | B A et

4

L YR R Y0

1

N T DI o v vV mAOA

) Lt

PN

2

- 5
S v
8 2
S g -
: 2
b ¥
: —
. ’
: ;
: ]
: :
: ]
: :
;

]

)

:

77 SN S 77N T 2 L0 A ANASANSENASAN

LT T TS

O

Ao S LAY

XTI NN

2NN S B SR S SR SR S AN S 5 % S

SRR DIy

L NS YT S 3

TR

AT DAY o Uy e/

AL

T ——

byl Sy

A e e e o e e s g essm aeim tesimprstssistssisese, soe 3

oo 4

$ SOOOOE o2 0wy 38 Y S

13

TR A bbb A

YRR,

N

FICCY

16

e

TAFIRTR

3
J

.4
b
g
d-
J

b

R LT Tl g o mr o mmmmnm 2 I s vy

PRI

RIS

H 13
: B
" '
H V3
'
. - —.
'

4 8 :
y,

¥

3

o 075 Y A AN

oo

RCEANE IR QT

PSS

WIVESS J = L UA L7

T I I TS

LG

‘
~
‘
‘
[
’
‘
:
/
s
)
;
;
\
Y
:
3\
3\
N,
3
2
)
3

095 % A

RN e LN =

A NSNS NS 15 AR ALk e e

DI

OO

e

DM O T T T T ey

785 |

P T R T

TFRTRFIINLE

tion

inven

comparative example, | = according to the

C =



CA 029b2589 2016-12-15

WO 2016/005061 PCT/EP2015/025044

-18 -

elecatircalelileameea et alleat AT AT T AR et alalldeanannntetensnsmmennnm e s e em e s oot ot l 0l 0010 o el oo e el o o m - - o - e - = = = = = = = @ = o S— = = o @ 2 e o 2 0 2 2 2 0 0 2 0 27 o e e e e 2 2 e e e e e e e e 2§ e S T ] £ 0 e e 0o o o Do o 2 2 e P 6 S P P 0 e P 0 e GG L D e ee 87 870" 0 0 0 sacPaan® aad o a0 oo o8 008 o & 80080s * %oe o o0

| Coating Observations | 1C Comment

"?W‘ ...................................... —— : = .

| Wetting | Adhesion_

B A A LR A N

4 No + 24 1 06 1 026 | ok | ok 1 C | Meets coating criteria. |
: 1 .......................... \ ............. i ' ................... . i ﬁ R C(}m pa fati\fe becu dase fai !S i

| | A~ | onproperties .
Yes | | ok | ok | c |TTPF

. .o s
Peereeey) e s, B 2 s 55 0 o e s e e a0 a w w w a w sng s s e Ml g e e e e s e e e s s n i a s n s oo B P s s e el e s s e e Sy

D)
° )
R T T T T T T Al a4 AR

No 213 ) 0.8 i 035 ok | Fully inventive example:

+ meets coating criteria with
{ or without pre-oxidation

Ne | &1 19 0,43 | Fully inventive example:

meets coating criteria with
| or without pre-oxidation

e U R R T T

Fxceeds permissable Si
| content and Si/Mn ratio

. VeryPoor | poor | C | | |
| Exceeds permissable Si

. ‘3;;5-' _______ o _— _____________ it content and SifMn ratio.
i - Pre-oxidation aids |
| wetability but not adhesion. |

A N R R R S Ty R R Ty T v AR T T T R R R N N T T T R IR R A R T T a2 e e R R T R R A R R R R e RN A R e e et N e I I N e i T D P T 3 o e T e TR R S T R R N R R R R R R R A T T T T T T T L T o T e T —

C = comparative example, | = according to the invention



CA 029b2589 2016-12-15

PCT/EP 2015/025 044 - 06-05-2016

AMENDED CLAIMS - - TE0273 WO 2016-05-03 (LIR) clean copy

1. Steel strip having a hot dip zinc based coating, the steel strip having the foliowing

composition, in weight%,:

5 C: 017-0.24
Mn:. 1.8-25
Sii 065-1.25
Al <03
optionally: ' 2 o o
10 Nb:s0.1and/orV: s 0.3and/or Ti: £ 0.15 and/or Cr. s 0.5 and/or Mo: = 0.3, f: .

the remainder being iron and unavoidabéle impurities,

with a Si/Mn ratio < 0.5 and a Si/C ratio2 3.0, |
with an Mn equivalent ME of at most 3.5, wherein ME =Mn + Cr + 2 Mo (in wt.%)
having a ficrostructure with {in vol.%): -

15 ferrite: 0 - 40
bainite: 20—-70
martensite: 7-30

retained austenite. 5-— 20
pearlite: s2

20 cementite: s 1 _ -
having a tensile strength in the range of 960 — 1100 MPa, a yield strédgtﬁ of a;
least 500 MPa, and a uniform elongation of at Ieaét 12%. |

2. Steel strip according to claim-1, wherein C: 0.18 — 0.22, preferably 0.20 — 0.22.
25

3. Steel strip according to claim 1 or 2, wherein Si: 0.8 — 1.2
4. Steel strip according to any one of the preceding claims, wherein Si/C ratio 2 4.0.
30 5. Steel strip" according to any one of the preceding claims, wherein the zinc based

coating is a galvanised or galvannealed coating.

6. Steel strip according to any one of the preceding claims 1 - 4, wherein the zinc

baéed coating is a coating containing 0.5 - 3.8 wt.% Al 0.5 - 3.0 wt% Mg,

< optionally at most 0.2% of one or more additional elements selected from the group
of Pb, Sb, Ti, Ca, Mn, Sn, La, Ce, Cr, Ni, Zr and Bi the balance being zinc and

- unavoidable impurities.

- AMENDED SHEET
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Steel s_trip according to any one of the preceding claims, wherein element Nb is

present in an amount of .01 - 0.04 %.

8. Method for producing aj high strength hot dipped zinc coated steel strip in a

continuous way, comprising the following steps:

1)

2)

3)
4)
)
6)

7)

9.

providing a steel strip having the following composition in v__vt.%:
C. 017-0.24

Mn:.1.8 - 2.5

Si: 0.65-1.25

Al €£0.3

optionally:

Nb: < 0.1 and/or V: < 0.3-and/or Ti: < 0.15 and/or Cr: S 0.5 and/or Mo: 0.3

the remainder being iron and unavoidable impurities,

with a Si/Mn ratio < 0.5 and a SI/C ratio 23.0,

with an Mn equivalent ME of at rhqst 3.5, wherein ME = Mn + Cr + 2 Mo (in
wt.%), - .

heating the strip to a temperature T (in °C) in the range of (Ac3+20) — (Ac3-30)
to form a fully or partially-austenitic microstructure; o
slow cooling of the strip with a cooling rate in the range of 2 — 4 °C/s to a .
temperature T2 in the range of 620 ~ 680 °C; '
rapid cooling of the strip 'with' a cooling rate in the range of 25 — 50 °C/s to a
temperature T3 (in" °C) in the range of (Ms-20) — (Ms+100);

keeping the strip at a hold or slow cool temperature T4 in the range of 420 -

550 °C for a time period of 30 — 220 seconds;

hot dip coating the steel strip in a zinc bath to provide the strip with a zinc based
coating; |

cooling the coated steel strip at a cooling rate of at Ieast' 5 °Cls to a temperature
below 300 °C.

Method according to claim 8, wherein the hold or slow cool temperature T4 is in
the range of 440 —~ 480 °C. |

10. Method according to claim 8 or 9, wherein in step 5) the temperature variation is &

20 °C.

" AMENDED SHEET

PCT/EP 2015/025 044 - 06-05-2016
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Method according to any one of the préceding claims 8 - 10, wherein in step 5) the
time period t is in the range of 30-80 seconds.

Method according to any one of the preceding claims 8 — 11, wherein in step 6)
the steel strip temperature upon entry into the zinc bath is at most 30 °C above the
bath temperature. '

Method according to any one of the preceding claims 8 ~ 12, wherein the zmc
bath contains 0.10-0.35 wt.% Al, the balance being zinc and inevitable impurities.

'Method-according to any one of the preceding claims 8 - 12, wherein the zinc bath

contains, in weight%, 0.5 — 3.8 Al, 0.5 — 3.0 Mg, unavoidable imbufities. the

. balance being zinc.

AMENDED SHEET
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