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FABRICATION METHOD OF FLAT-ROLLED PRODUCTS MADE OF ZINC-BASE ALLOYS

INTENDED FOR USE IN BUILDING ENGINEERING

(57) A fabrication method of flat-rolled products in-
tended for use in building engineering, made of Zn-Cu-Ti
alloy with a chemical composition in accordance with the
EN-988 standard, composed of at least two basic steps
- continuous casting process of metal strip and not inte-
grated rolling process of finished product in form of
sheets, is characterized after casting step of metal strip
with a thickness from 4 mm to 16 mm and width from 500
mm to 2000 m the strip is submitted to process of heat
treatment in soaking-pit at a temperature of 250 °C to
350°Cfor atime of 10 minutes to 48 hours, then is subject
to cooling down to ambient temperature, whereafter is
heated up to a temperature ranging from 160 °C to 200
°C before starting the rolling operation and is being rolled
in at least three roll passes until the finished product is

obtained.

In the course of rolling process the Zn-Cu-Ti alloy
undergoes dynamic recrystallization at initial rolling tem-
perature ranging from 160 °C to 200 °C, through coagu-
lation of the zinc-titanium particles in Zn-Cu-Ti alloy
microstructure achieved on the way of heat treatment.

The reduction ratios in individual roll passes of the
rolling process are less than 35 %.

Afinished product is susceptible to bending atatem-
perature > +5 °C.

Zn-Cu-Ti alloy contains from 0,08 wt. % to 0,24 wt.
% Cu, from 0,06 wt. % to 0,12 wt. % Ti, not more than
0,015 wt. % Al and rest Zn and also tramp elements Cd,
Fe, Pb and Sn.
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Description

[0001] Zn-Cu-Ti alloy sheet metal products designed
for the building industry are manufactured in accordance
with the EN-988 standard. The finished product has to
fulfill several requirements regarding the usable and op-
erational properties. One of the critical requirements is
the sheet metal plasticity, also at temperature below
10°C. This fact is conditioned by the way of fitting of the
roofing panels ontheroof according tothe standing seam
technique, which requires that the sheet metal be bend-
able (including bending out) lengthwise in the rolling di-
rection in order to make the joint of individual roofing pan-
els during assembly of metal roof. Furthermore, it is re-
quired that the metal panel gives no evidence of cracks
and fractures at the bending edge. An additional require-
ment, which is particularly difficult to be fulfilled in case
of Zn-Cu-Ti alloy sheets, is securing the above men-
tioned technological properties of the sheet metal at out-
door temperatures below 10°C. This requirement is con-
ditioned by the typical outdoor temperatures at the be-
ginning and termination of the building season.

[0002] A number of manufacturing methods of Zn-Cu-
Ti alloy sheet metal products has been worked out with
particular regard to the desired bendability of the finished
product, since the usable properties of 2n-Cu-Ti alloy
sheet metal, especially the mechanical properties, there-
in bendability (including bending out), are formed mainly
in the course of the rolling process. It is widely known
that the technological parameters of the rolling process,
such as the rolling temperature or plastic deformation
speed, the last one understood as both the rolling speed
and number of roll passes during rolling process with the
reduction ratios resulting of the mill feedstock and fin-
ished product geometry, impart the mechanical proper-
ties of metallic materials in wide range of their variability,
typical for a given alloy.

[0003] In case of the Zn-Cu-Ti alloys intended for fab-
rication of the flat-rolled products for the building industry,
the patent specification Number GB1191994A discloses
a sheet metal manufacture method, wherein the usable
properties of Zn-Cu-Ti alloy sheets with the content of
the main alloying components in form of Cu (from 0,05
to 2 wt.%), Ti (0,005 wt. % to 0,4 wt. %) and tramp ele-
ments such as: Ag, Cd, Fe, In, Pb, Sn are being shaped
in the course of rolling process, where the mill feedstock
temperature ranging from 230°C to 270°C and the re-
duction ratio in the first roll pass amounting to 80 % - 95
% were shown to be the most critical technological pa-
rameters being a requisite of the desired usable proper-
ties of the finished product with given chemical compo-
sition.

[0004] Similarly, the U.S. patent specification Number
4051887 discloses a production method of Zn-Cu-Tialloy
sheets with the content of main alloying components in
form of Cu (from 1,5 wt. % to 5,5 wt. %), Ti (0,05 wt. %
to 0,25 wt. %) and the remainder being Zn, wherein the
strip casting process accomplished in continuous way is
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integrated with the rolling process in such a manner that
crystallized strip with a width from 500 mm to 1500 mm
and thickness from 6 mm to 24 mm and temperature
amounting to 360°C leaving the casting machine under-
goes directly the rolling operation in five roll stands po-
sitioned one after the other. Each roll stand reduces the
thickness of the metal strip by 50, at temperature of plas-
tic deformation amounting to 270°C before the first roll
pass what ensures the desired usable properties of the
finished product.

[0005] In case of both above mentioned production
methods of Zn-Cu-Ti alloy sheets the usable properties
of the latter are shaped through dynamic recrystallization
of alloy in the course of rolling process, which is a result
of relatively high plastic deformation temperature and
high values of the reduction ratios.

[0006] Similarly, the Polish patent specification
Number PL195433 discloses a production technique of
Zn-Cu-Ti alloy sheets designed for use in building engi-
neering though a process consisting of casting operation
of Zn-Cu-Tl alloy strip with chemical composition in com-
pliance with EN-988 standard according to the Twin Roll
Casting (TRC) method and dis-integrated rolling process
being characterized by reheating the strip before rolling
operation up to the temperature of 190 °C and following
rolling during 11 roll passes with a predetermined value
of individual reduction ratios, as shown schematically in
FIG. 1. However, this process does not provide fully re-
crystallized microstructure, and thereby the product ob-
tained in this way does not fulfil the highest expectations
regarding the plasticity of sheet metal, especially in tem-
peratures below 10°C.

[0007] From Polish patent specification Number
PL195253 itis also known a similar production technique
of Zn-Cu-Ti alloy sheets (cf. FIG. 2), which differs from
the above mentioned method in reduced to 9 number of
roll passes and supplementary heat treatment of the fin-
ished product, i.e. sheet metal after rolling process, aim-
ing atrecrystallization annealing assumed to improve the
usable properties of sheets, and in particular to enable
repeated bending and bending out without cracks or frac-
tures, which is not the case in the method coming from
patent specification Number PL PL195433.

[0008] The bendability (including bending out ability)
of Zn-Cu-Ti alloy sheets is strictly connected with the
fraction of recrystallization of metal microstructure in dy-
namic conditions of the rolling process, which is the case
in the techniques disclosed in patent descriptions
Number GB1191994A and US4051887 or recrystalliza-
tion of the finished product in form of sheets in static
conditions, which is the case according to the Patent
Number PL195253. Itis proposed hereby a quite different
method of inducing the dynamic recrystallization in the
course of rolling process in order to solve the issue of
limited plasticity of the sheets fabricated inrolling process
from the strips coming mainly from continuous casting
operations.

[0009] A restoration of microstructure through recrys-
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tallization, particularly in dynamic conditions, consists in
two basic steps: nucleation and growth of new grains
within the alloy microstructure deformed by the plastic
strain. The privileged nucleation sites of the new alloy
grains are considered to be the boundaries of original
grains, the particles of another phase and also the lattice
defects formed in consequence of strain. Since the newly
formed grains have lower inner energy than the strained
zones, there is a propelling force aiming at growth of the
recrystallization nuclei and consumption of neighbouring
strained zones. The relocation speed of boundaries of
the newly formed grains is a diffusive factor depending
strictly on temperature in such a way that the higher is
the system temperature the bigger is the propelling force
and relocation speed of grain boundaries. The essential
factor limiting relocation of the grain boundaries within
the material microstructure are the atoms of alloying and
tramp elements located in the metallic matrix.

[0010] In case of Zn-Cu-Ti alloys the hitherto known
sheet metal production techniques, wherein the usable
sheet product properties are obtained owing to the re-
crystallization taking place in dynamic conditions of the
rolling process, we can use a possibility that a moving
grain boundary passes through the atoms of alloying
components and tramp elements thanks to creation of
adequately high temperature in the system, which pro-
motes the displacement of grain boundaries on the way
of diffusion mechanisms.

[0011] According to the newly proposed sheet metal
fabrication technique the dynamic recrystallization is en-
abled through removal of obstacles impeding the move-
mentofgrain boundaries, i.e. atoms of alloying and tramp
elements, without delivering additional energy to the sys-
tem in order to obtain higher temperature of plastic de-
formation, whichis the case in hitherto known sheet metal
production methods with utilization of the dynamic re-
crystallization effect.

[0012] Aiming at accomplishment the above men-
tioned concept it is necessary to carry out a suitable heat
treatment of the strip cast from Zn-Cu-Ti alloy before
sheet metal rolling process in order to dear the metallic
matrix of alloying and tramp elements randomly scattered
in the crystal lattice. The heat treatment process is done
in a soaking pit enabling a uniform heating up of metal
strip, which in rolling mill conditions is usually wound in
a coil weighing a few tons.

[0013] A significance of the invention consists in the
following procedure: after continuous casting operation
a strip of metal having a thickness from 4 mm to 16 mm
and a width from 500 mm to 2000 mm undergoes the
heat treatment process in a soaking pit at temperatures
from 250 °C to 350 °C during a time from 10 minutes to
48 hours, then the strip is subject to cooling down to am-
bient temperature, and subsequently undergoes a heat-
ing up operation to temperature ranging from 160°C to
200°C before beginning of the rolling process and rolled
successively in atleast three roll passes until the finished
product is obtained. During rolling of Zn-Cu-Ti alloy the
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strip is subject to dynamic recrystallization at initial rolling
temperature in the range of 160°C - 200°C through co-
agulation of zinc-titanium particles in alloy microstructure
achieved by heat treatment. The reduction ratios ob-
tained in particular roll passes of the rolling process are
less than 35 %. The finished productis subjectto bending
at temperature starting from + 5°C. The Zn-Cu-Ti alloy
contains from 0,08 wt. % to 0,24 wt. % Cu, from 0,06 wt.
% to 0,12 wt. % Ti, not more than 0,015 wt. % Al and rest
Zn and tramp elements such as Cd, Fe, Pb and Sn.
[0014] The final microstructure of metal strip cast from
Zn-Cu-Ti alloy is composed in principle of two primary
phases - zinc matrix and particles of another phase -
Zn45Ti - typical for alloys with chemical composition un-
der consideration, occurring in the strips coming from
continuous casting operation in form of small particles
with sizes from several hundred nm to several pm dissi-
pated in the whole volume of metal strip and possibly in
form of big eutectic particles located mainly in the strip
axis with sizes of tens pum order, as shown in FIG. 3.
[0015] A production method being subject of present
patent application comprises fabrication of Zn-Cu-Tialloy
strip according to the continuous casting technique and
its subsequent heat treatment, which leads to coagula-
tion of particles of another phase occurring in microstruc-
ture through atomic diffusion, i.e. random thermally-ac-
tivated movement of alloying and tramp elements atoms,
as shown in FIG. 4. Thereby an effect consisting in clear-
ing the metallic matrix from individual atoms of alloying
and tramp elementsis obtained. During subsequenttech-
nological step, i.e. rolling process, a microstructure of
this type enables the occurrence of dynamical recrystal-
lization process at significantly lower temperatures than
in case of hitherto known production methods and
achievement of fully recrystallized microstructure of the
finished product, as shown in FIG. 5.

[0016] The Zn-Cu-Tialloy with a chemical composition
containing 0,15 wt. % Cu; 0,07 wt. % Ti; 0,003 %,. Aland
remaining tramp elements such as (among other things)
Cd, Fe, Pb, Sn and rest Zn is cast in continuous manner
according to the Twin Roll Casting (TRC) technique in
form of strip with thickness of 8 mm and width of 1100
mm, which is wound in coils weighing 6 tons. The coil
has a temperature amounting to 100°C and is cooling
down freely to the ambient temperature. In the next tech-
nological step the metal strip is subject to heat treatment
operation at temperature 320 °C for 2 hours. The coil
dwell time in the soaking-pit comprises additionally the
time of heating up of the furnace and coil of Zn-Cu-Ti
strip until reaching the set temperature. After soaking the
coils are removed from the soaking-pit and cool down at
ambient temperature for at least 24 hours. After expira-
tion of this time the coil is placed once again in the soak-
ing-pit in order to heat it up to the rolling temperature
amounting to 180°C. When the strip placed in soaking-
pit reaches the set temperature across the whole coil
section, the coil is conducted to the rolling process, which
is accomplished by means of roll stand in four-high re-
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versing system.

[0017] The rolling process of metal strip with input
thickness of 8 mm is carried out until one of the set thick-
nesses of finished product defined in EN-988 standard

is obtained, in 8 roll passes with reduction ratios amount- &
ing to 25 % - 35 %. When the rolling operation is com-
pleted the coil has a temperature of 70°C and then cools
down in ambient temperature. An example of application

of the proposed method in fabrication of Zn-Cu-Ti alloy
sheets was illustrated schematically in fig 6. 10

Claims

1. Afabrication method of flat-rolled products intended 75
for use in building engineering, made of Zn-Cu-Ti
alloy with a chemical composition in accordance with
the EN-988 standard, composed of atleast two basic
steps - continuous casting process of metal strip and
not integrated rolling process of finished product in 20
form of sheets, wherein after casting step of metal
strip with a thickness from 4 mm to 16 mm and width
from 500 mm to 2000 m the strip is submitted to
process of heat treatment in soaking-pit at a temper-
ature of 250 °C to 350°C for a time of 10 minutesto 25
48 hours, then is subject to cooling down to ambient
temperature, whereafter is heated up to a tempera-
ture ranging from 160°C to 200°C before starting the
rolling operation and is being rolled in at least three
roll passes until the finished product is obtained. 30

2. The method of claim 1, wherein through rolling the
Zn-Cu-Ti alloy undergoes dynamic recrystallization
at initial rolling temperature ranging from 160°C to
200°C, through coagulation of the zinc-titanium par- 35
ticles in Zn-Cu-Ti alloy microstructure achieved by
heat treatment.

3. The method of claim 1, wherein the reduction ratios
inindividualroll passes of the rolling process areless 40
than 35 %.

4. The method of claim 1, wherein the finished product
is susceptible to bending at a temperature > +5 °C.

45
5. The method of claim 1, wherein the Zn-Cu-Ti alloy
contains from 0,08 wt. % to 0,24 wt. % Cu, from 0,06
wt. % to 0,12 wt. % Ti, not more than 0,015 wt. % Al
andrest Zn and also tramp elements Cd, Fe, Pb and

Sn. 50

55
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