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(57) Abstract: Blank (1) of corrosion-resistant steel is coated with coating (2) of water glass with thickness of 20 to 150 um, cured
at 15 to 60 °C, and heated in an induction furnace to the temperature of 1180°C to 1260°C. The heated up blank (1) is without cool -
ing by water descaling transferred into an extrusion press and extruded here, while the coating (2) is broken to pieces and largely re -
moved. Then drawing in a horizontal drawing press and necking are performed. After forming to the final shape of the cylinder,
lettovers of coating (2) are removed by pressure blasting. A corrosion-resistant thin-walled seamless high-pressure cylinder with
volume of' 5 to 260 litres is manufactured.
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METHOD OF PRODUCTION OF HIGH-PRESSURE SEAMLESS CYLINDER
FROM CORROSION-RESISTANT STEEL

Technical Field

The invention relates to the field of material forming, namely the method of
production of high-pressure cylinder from corrosion-resistant steel using the
method of hot backward extrusion solved completely specifically for the possibility
to obtain high-pressure seamless cylinder not showing hydrogen embrittiement

10 and inner surface cofrosion.

Background Art

High-pressure seamless steel cylinders are cumrently produced using the

15 method of backward extrusion and drawing utilizing the process according to the
CZ pat. 243247

When using the procedure according to the CZ patent 243247, stesl blanks are

first cut from billets of square or circular section. The stes! blanks are heated in an

induction furnace to the output temperature of 1000 to 1250 °C, after which they

20 are robotically transposed into a descaling device where a high-pressure water

ietting is performed to remove the scales from the surface of blanks. Then sach

individual blank is inserted by stacker into an extrusion press, where it is upset and

backward exiruded. The backward extrusion process is realized in two steps.

During the first step, the blank is inserted info a die with a vertically moving ram,

]
(¥4

cylindrical insert, and piercing mandrel fitted with a piercing head, where a thick-
walled hollow semi-product, which is smooth inside without protrusions or bumps,
is produced by means of extrusion from the blank. At the end of extrusion in the
extrusion press, bottom is pressed in the semi-product basically to the final
thickness, however the semi-product has larger diameter than the final product

(7%
<

After compietion of the backward extrusion in the exirusion press, the semi-
product is robotically removed from the extrusion press, turned by 80°, and seated
in this position into the horizontal drawing press, where the second step of

forming, which is backward drawing, will take place. During this second step, the
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semi-product is put on a drawing mandrel with the already final inner diameter of
the cylinder, after which it is extruded through a stripper ring and roller cartridges
fitted with reduction rollers. The semi-product on the mandrel is rolled, in which
process reshaping of the semi-product wall thickness by approximately 25 % to 85

3 % will take place, and the semi-product will acquire the desired outer and inner
diameter. In addition, the rest of scales will fall off. After the semi-product passing
through the stripper ring and the roller cartridges, insertion of the semi-product
bottom into a sizing die is performed, thus forming the final shape of the cylinder
bottom. Then, in the course of backward movement of the drawing mandrel, the

10 semi-product is pulled off from the drawing mandrel with the help of stripping jaws.
The stage of the semi-product processing by rolling is mentioned in the Utility
model CZ U 20492. After final forming by rolling, the hollow semi-products are
aftercooled with air and subseguently necked, i.e. closed by means of rotary
forming to create a steel cylinder of typical geometry.

13 Disadvantage of the existing procedures of production of high-pressure
seamless cylinders is the fact that they do not allow production of cylinders from
corrosion-resistant steels using the method of backward extrusion and drawing,
because the corrosion-resistant material degrades when conventional method of
backward extrusion and drawing is used and it is impossible to produce safe high-

20 pressure seamless cylinder from it

Currently there are also procedures that allow producing high-pressure
cylinders from corrosion-resistant pipes. These are procedures in which necking of
pipe segment is performed on both sides. In a seamless form, however, only

double-necked cylinders of a simple shape can be manufactured with these

o
N

procedures, because they do not allow seamless closure of the bottom. Cylinders
of different types of alloys such as chrome-molybdenum can also be produced
using these procedures. However, because it is not possible to produce sufficiently
thin-walled tubes as the starting semi-product for these procedures, all such
pressure botlles made using production methods based on pipes have thick-
30 walled structure, and thus they have considerable disadvantage in a very big
mass. Especially in the case of bigger and big volumes, such big weight of
cylinders complicates handling, storage, and transporiation. Existing thick-walled
cylinders have another disadvantage in low strength.
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in the steel industry, the use of water glass is known in the field of foundry
practice for protection of casting moulds against damage. . In this field, the inner
surface of the casting mould is sometimes provided with a coating of water glass

so that this coating could prevent direct contact of molten metal with the mould

5 surface and thereby increase the service life of the mould. This coating is resistant
to high temperatures used in the foundry practice. Water glass is used in the

foundry industry also as a cementing component for the production of foundry
moulds of sand.

16 Disclosure of Invention

The above-mentioned disadvantages are eliminated by the invention. New
method of manufacturing seamless high-pressure cylinder from corrosion-resistant
steel is designed allowing the production of thin-walled seamiess version of the

15 cylinder from caorrosion-resistant steel even for larger and high-volume high-
pressure cylinders.

The invention starts from the existing method of manufacturing seamiess high-
pressure cylinders. The starting part in the form of a steel blank is heated in an
induction furnace and then inserted into an extrusion press where # is upset and

20 backward extruded in two steps. From this, during the first step, the blank is
inserted into a die with a cylindrical insert and a vertically moving piercing tool, and
here it is moulded by means of extrusion untit a thick-walled hollow semi-product
having an inner cavity, walls and botlom is moulded from it. After that, the semi-
product is removed from the extrusion press, turned by 80°, and seated in this

25 position into a horizontal drawing press, where the second step of forming, which
is backward drawing, takes place. During this second step, the sami-product is put
on a drawing mandrel with the diameter corresponding to the desired final inner
diameter of the produced cylinder, while in this drawing press, the semib-product is
extruded through a stripper ring and roller cartridges fitted with reduction rollers by

30 means of which it is rolled on the mandrel. This rolling is performed so long untd
the semi-product acquires the desired ouler and inner diameter corresponding to
the required final dimensions of the produced cylinder. Then the final shape of the

cylinder bottom is formed by inserdion of the semi-product boltom into a sizing die
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and subsequently, in the course of the backward movement of the drawing
mandrel, the semi-product is pulled off from the drawing mandre! with the help of
stripping jaws and is aftercooled. Finally, the semi-product manufactured in this
way is necked, by which the shape of the manufactured cylinder is finished. The
5 essence of the new solution according to the invention is that even before heating
irt the induction furnace, at least 85 % of the blank surface is coated with coating
from material based on water glass with thickness of 20 to 150 um, this coating is
cured by drying at the temperature of 15 to 80 °C and only after this curing, the
blank is subjected to heating in the induction furnace.
10 The material based on water glass is applied to the blank for example by
spraying with nozzles or brushing in the form of water glass suspension, The water
glass suspension stands here for suspension containing 20 to 40 % w. w. of
sodium silicate or potassium silicate or mixture of these silicates, and 80 to 40 %
w. w. of water, while in the case of presence of admixtures such as borosilicates
andfor corrosion inhibitors, these admixtures are confained in the amount of

oot
)

maximum 20 % w. w.

The blank with coating from material based on water glass is heated in the
induction furnace to the temperature of 1180 °C to 1260 °C.

Then, when the blank with coating is heated up in the induction furnace, the

20 blank with coating is taken out of here, and during persistence of its temperature of

minimum 1110 °C, it is inseried into the exirusion press, preferably without
performing water descaling between the removal from the induction furnace and
insertion into the extrusion press.

During the first step of mechanical working. in the course of piercing, the coating

fovs
h

of material based on water glass is broken to pieces by purposeful pushing of the
piercing tool to the blank, while it is cracking off during extrusion in the extrusion
press until at least its major part is removed, meant as thickness of layer.

Then, when the final shape of the cylinder is formed from the semi-product, the
leflovers of coating based on water glass are preferably removed from the surface
30 of the semi-product by pressure blasling of its outer as well as inner surface with
abrasive.

The blank is made preferably from corrosion-resistant steel while the resulting
cylinder is made as a seamless cylinder in the volume range from 5 litres up to
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280 litres, as a single necked or double-necked cylinder for any volume within the
said range.

Thin walled seamless high-pressure cylinders of the abovementioned volumes

are preferably manufactured with the help of this invention. In the second step of
5 forming, the semi-product wall is pressed fo the thickness of 2 to 21.5 mm,

The invention is ulilizable for manufacturing of seamless high-pressure
cylinders. it makes possible to manufacture these cylinders from corrosion-
resistant steel and that in the corrosion-resistant version, even for larger and high
cylinder volumes from 5 {o 260 jitres. The invention makes possible to

1o manufacture these cylinders in the thin-walled version from significantly wider
range of high-strength corrosion-resistant steels than the existing methods. Using
this invention, substantial reduction of the mass of high-pressure cylinders is
achieved as compared to the present state of art, and savings of material for their
production. The seamiess thin-watled version with these volumes was not possible

s so far. The cylinders according to the invention exhibit high mechanical resistance
as well as pressure resistance. They have relatively very low mass, which as
compared {o the present state of art facilitates manipulation, storage, as well as
transport. As compared to cylinders currently manufactured for example for scuba
diving, respirators, for calibration gases stc., the cylinders according to the

20 invention are by as much as two thirds lighter. The option to use corrosion-
resistant steel for the production makes possible to use these cylinders even for
raw natural gas and for gases and mixtures that in the case of existing cylinders
from common chrome-molybdenum steel are causing hydrogen embrittiement and

accelerated carrosion when reacting with the gas under high pressure.

Brief Description of Drawings

The invention is Hlustrated using drawings, where Fig. 1 shows the blank with

applied coating of water glass in cross-section, Fig. 2 shows the phase of curing of

30 the coating on the blank, Fig. 3 shows the phase of relocation of the blank from the
induction furnace directly info the extrusion press, and Fig. 4 A, B shows process

of pressing of the blank in the extrusion press, from which A shows the phase of
extrusion of the future cylinder cavity in the blank and B shows the subseqguent
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phase of breaking and falling off of the coating from the semi-product during
pressing.

RBest Mode for Carrving Out the Invention

5
Example of embodiment of the invention is visually demonstrated with the help
of Figs. 1 to 4 and the hereinafter-described method of production of corrosion-
resistant high-pressure seamless cylinder for storage, transport, and use of natural
gas.
10 Parts of the size needed for the manufacture of cylinders of the produced

volume are first cut from billets of corrosion-resistant stesl having square or
circular section. Each individual pad, i.e. the starting stesl blank 1, is on at least
85 % of its surface coated with coating 2 from material based on water glass. The
thickness of applied layer is 20 to 150 um. Suspension usually called water glass

(5 is used as the material based on water glass. For the purposes of the invention,
the suspension based on water glass stands for suspension containing 20 10 40 %
w. w, of sodium silicate or potassium silicate or their mixiure and 80 10 40 % w. w.
of water. Admixtures of borosilicates and corrosion inhibitors such as hexamine,
fenylethylamine, phosphates, elc. and/or possible other admixtures can be

20 contained provided they do not exceed the amount of 20 % w. w. in the
suspeansion.

Examples of material composition of the suspension are given below.
Suspension |

25 Material weight % in the suspension
Silicates (sodium or potassium silicate or theirmixture)....... 20
= OO U SNTROTR PR OPREUROIURIOSIUON 80
AGIMIUTES .ottt st s rae s s s e n v e s s 0

30 Suspension i
Material weight % in the suspension
Silicates (sodium or potassium silicate or their mixdure).........o.ccveiinnes 40
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ALIMIKEUTES e 0
Suspension

Material weight % in the suspension

Silicates (sodium or potassium silicate or their mbxture)................... 30

= S U TSR RSP SRUSROUNURP SRR 60

Admixtures (borosilicates and corrosion inhibitors in quantities 1:1}) ... 10

Suspension 1V

Material weight % in the suspension
Silicates (sodium or potassium silicate or their mixture).....ooooen 40

MV BEET et et s s 40
Admixtures (borosilicates and unidentified admixtures) ............... 20

This coating 2 can be applied by brushing or spraying. After the application, the
coating is let to dry at the temperature of 15 to 60 °C until curing. Sufficient curing
will not take place in the case of curing below the temperature of 15 °C, so that
unwanted cracking and falling-off of the coating 2 layer would take place during
subsequent heating in the induction furnace. In the case of curing above 80 °C,
unwanted cracking of the coating 2 will take place as soon as during drying.
During curing within the said range, creation of homogenous layer acting as a
protective jacket on the surface of the blank 1 takes place. For the drying process
or after it, the blank 1 is placed into the induction furnace, where it is heated up by
gradual heating to the temperature of 1180 °C to 1260 °C. During heating, neither
high-temperature oxidation of the surface of blanks 1 contained in the induction
furnace nor forge welding of mare pieces of blanks 1, imminent in the case of
heating without the coating 2, takes place. The heated up blank 1 with the coating
2 is removed from the induction furnace by robotic feeder 3 and immediately after
removal from the induction furnace # is inserted into a die 4 of extrusion press
without significant cooling down, with continuation of its temperature of at least
1110 °C.

When compared with the process used until now, the step of descaling by water

jetting of scale, which is always performed during the existing process between the
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removal from the induction furnace and insertion into the extrusion press, is
skipped. Skipping of the up to now necessary step of water jetting of scale is very
significant, because this is preventing cooling down by more than 80 °C, thus

gliminating formation of temperature gradient and temperature fluctuations that are

1

typical during the clearing of high-temperature-heating generated scale by means
of high-pressure water jet descaling. In addition, the possibility of precise control of
the blank 1 temperature is achieved by skipping the descaling.
in the extrusion press, the blank 1 and fater the semi-product & created from it is
ypset and backward extruded in two steps. From this, during the first step, the
10 blank 1 is placed at the bottom § of the extrusion press die 4 and here it is pressed
by vertically moving ram ended with a piercing mandrel constituting the piercing
tool 7. The blank 1 is moulded here by means of extrusion until a thick-walled
hollow semi-product 5 having an inner cavity, walls, and bottom is moulded from it,
as shown on Figs. 4 A, B. During this first step of mechanical working, in the
15 course of piercing, the coating 2 of material based on water glass is broken to
pieces by pushing of the piercing tool 7 fo the blank 1 and the semi-product 5
made of i, the coating 2 cracks off, and approximately all this coating 2 is removed
during extrusion in the extrusion press. During extrusion, the water glass
admixtures will make their way from the coating 2 into the surface layer of the
20 semi-product 5 to the depth of maximum 10 um, these leftovers are remaved later
by blasting. The aforementioned extrusion tgkes place during continuation of the
semi-product § temperature at 1100 fo 1200 °C. Homogenous moulding of the first
semi-product 5 does not take place and transversal cracks appear on the semi-
product 5 body at a lower temperature. On the contrary, when exceeding the
25 temperature above 1200 °C, oxidation of primary austenitic grains occurs and so
called burning out of the material takes place and hence its irreversible
degradation. Without using the coating 2, the semi-product 5 could not be
extruded and drawn to the required shape, or the corrosion-resistant steel could

not be used as the material and/or the result could not lead to the production of the

£,
<

thin-walled seamless high-pressure cylinder of required mechanical and pressure
strength.

Atter completion of processing in the extrusion press, the semi-product § is
removed from the exirusion press, tumed by 90°, and seated in this position into a
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horizontal drawing press, where the second step of forming in terms of backward
drawing takes place. During this second step, the semi-product 5 is put on a
drawing mandrel having the diameter corresponding to the desired final inner
diameter of the produced cylinder, and in this drawing press, the semi-product 5 is

Ly

extruded through a stripper ring and roller cartridges fitted with reduction rollers by

means of which it is rolled on the mandrel. Rolling is performed so long untll the

semi-product § acquires the required outer and inner diameter. Then the final

shape of the cylinder bottom is formed by insertion of the semi-product 5 bottom

into a sizing die and subseguently, in the course of the backward movement of the

10 drawing mandrel, the semi-product 5 is pulled off from the drawing mandrel with
the help of stripping jaws, aftercooled, and subsequently necked by already known
method by means of rofary forming or die forging process. The shape of the
manufactured cylinder is finished in this way.

Leftovers of the water glass based coating 2 are removed from the surface of

15 the semi-product & by pressure blasting of its outer as well as inner surface with
abrasive for example of steel-shot and cast-iron grit.

Corrosion-resistant seamless pressure cylinders in the volume range from 5
fitres up to 260 litres can be manufactured using the method according to the
invention for any volume within the said range as single necked or double-necked

20 cylinders. In the second step of forming, the invention allows pressing the semi-
product & wall even to the thickness of a thin-walled cylinder without loss of
qualitative properties of the manufactured cylinder. The semi-product § wall is
pressed even o the thickness of 2 to 21.5 mm. In so doing, the cylinder wall
thickness is selected in concrete terms within the above said range depending on

3
wr

the required cylinder volume, pressure for which the cylinder is designated, and
requirements for qualitative properties and mechanical strength of the cylinder.

Figures Fig. 1 to 4 illustrate only the steps related directly to the new steps of
the process of production of the cylinder according to the invention. The ather
steps and processes that are already known in this field and are described in the
30 Background Art paragraph do not need to be illuminated using figures.
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CLAIMS

1. Method of production of high-pressure seamless cylinder from corrasion-
resistant steel, in which the starling steel blank (1) is heated in an induction
furnace and then inserted into an extrusion press where it is upset and backward
extruded in two steps, from which during the first step, the blank (1) is inserted into
a die (4) with a vertically moving piercing tool (7}, and here it is moulded by means
of extrusion until g thick-walled hollow semi-product (5) having an inner cavity,
walls and bottom is moulded from it, after which this semi-product (5) is removed
from the extrusion press, turned by 90°, and seated in this position into a
horizontal drawing press, where the second step of forming in terms of backward
drawing takes place, when during this second step, the semi-product (B) is put on
a drawing mandrel having the diameter corresponding to the required final inner
diameter of the produced cylinder, and in this drawing press, the semi-product (5)
is extruded through a stripper ring and roller cartridges fitted with reduction rollers
by means of which it is rolled on the mandrel, while this rolling is performed so
long until the semi-product () acquires the required outer and inner diameter,
after which the final shape of the cylinder bottom is formed by insertion of the
semi-product (5) bottom into a sizing die and subsequently, in the course of the
backward movement of the drawing mandrel, the semi-product {5) is pulled off
from the drawing mandrel with the help of stripping jaws, aftercooled, and
subsequently necked, by which the shape of the manufactured cylinder is finished,
characterized by that even before heating in the induction furnace, the blank (1}
is coated on at least 85 % of its surface with coating (2) from material based on
water glass with thickness of 20 {o 150 um, this coating (2) is cured by drying at
the temperature of 15 to 80 °C and only after this curing, the blank (1) is subjected
to heating in the induction furnace.

2. Method of production of high-pressure seamiess cylinder from corrosion-
resistant steel according to claim 1, characterized by that the material applied to
the blank (1) for example by spraying or by brush consists of suspension
containing 20 to 40 % w. w. of sodium silicate or potassium silicate or mixture of

these silicates, and 40 to 80 % w. w. of water, while in the case of presence of
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admixtures such as borosilicates and/or corrosion inhibitors, the admixtures are

contained in the amount of maximum 20 % w. w.

3. Method of production of high-pressure seamless cylinder from corrosion-

“hH

resistant steel according to claims 1 and 2 characterized by that the blank (1)
with the coating (2) from material based on water glass is heated in the induction
furnace to the temperature of 1180 °C to 1260 °C.

4. Method of production of high-pressure seamless cylinder from corrosion-
1 resistant steel according to any of claims 1 to 3, characterized by that after the

blank (1) with coating (2) is heated up in the induction furnace, the blank (1) with

coating (2) is taken out of here and during persistence of its femperature of

minimum 1110 °C, #t is inserted into the extrusion press without performing water

jetting of scale between the removal from the induction furnace and insertion into
13 the extrusion press.

5. Method of production of high-pressure seamiess cylinder from corrosion-
resistant steel according to any of claims 1 to 4, characterized by that during the
first step of mechanical working, in the course of piercing, the coating (2) of
20 material based on water glass is broken o pieces by pushing of the piercing tool
{7) to the blank (1) and the coating (2) cracks off during extrusion in the extrusion

press until at least its predominant part is removed.

6. Method of production of high-pressure seamless cylinder from corrosion-

25 resistant steel according to claim 5, characterized by that after the final shape of
the cylinder is formed from the semi-product (8), the leftovers of coating (2) based
on water glass are removed from the surface of the semi-product (5) by pressure
blasting of its outer as well as inner surface.

e 7. Method of production of high-pressure seamless cylinder from corrosion-
resistant steel according to any of claims 1 to 6, characterized by that the blank

{1} is made of corrosion-resistant steel while the resulting cylinder is made as 3
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seamless cylinder in the volume range from 5 litres up to 260 litres, as a single
necked or double-necked cylinder for any volume within the said range.

8. Method of production of high-pressure seamless cylinder from corrosion-

resistant steel according to claim 7, characterized by that in the second step of
forming, the semi-product (&) wall is pressed to the thickness of 2 to 21.5 mm.

N
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