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CASE STUDY
On the way to lubricant-free

industrial hoses production with
TPX™ based mandrels

Summary

Product type: Polyolefin Resin

Application: Mandrel for industrial rubber hoses production

Key benefits: Excellent releasability | Good heat, chemical and steam resistance | High
dimensional accuracy | Good flexibility | Overall cost reduction through increased reuse
Comparative material: PA, TPE, EPDM, PP

Industrial hoses are used for critical, high pressure applications such as hydraulic, air-conditioning, fuel
and power-steering systems. These applications require sturdy hose construction with a precise
internal diameter having accuracy in the range £0.05 to £0.15mm. Industrial hoses are built-up by
coating and wrapping, rubber, fabric, steel wires and other reinforcement materials onto a solid core
known as a mandrel. The wrapped and coated mandrel is baked or vulcanized to give the hose its
desired form and final physical properties. The material properties of the mandrel significantly affect
the quality of the hose produced. An ideal hose mandrel should have the following properties:

e Good releasability for easy mandrel extraction

e High dimensional accuracy for consistently accurate hose internal diameter
e Good heat resistance to withstand high process temperatures

e Flexibility for easy handling and storage

e High tensile strength for durability

e Good steam and chemical resistance for a long reusable life

TPX™ polyolefin resin checks all the above boxes and is an excellent substitute for PA, TPE and PP for
the production of rubber hose mandrels.

The Challenge

Mandrels have traditionally been constructed from iron, EPDM rubber and various plastics such as PA,
TPE, and PP. Each of these materials falls short on one or more counts listed above. Rubber and PA
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mandrels have low dimensional accuracy, TPE lacks steam-resistance, PP has drawbacks of poor heat
resistance and high thermal expansion while iron lacks flexibility. In addition, almost all these materials
have low releasability. The low releasability is often compensated for through the use of a lubricant.
The lubricant can release gas during production leading to loss of dimensional stability. The lubricant
may also cause the mandrel to swell-up over time leading to change in the internal diameter of the
hose. The challenge, therefore, is to find a flexible material for mandrel construction with high heat,
chemical and moisture resistance, good dimensional accuracy, adequate tensile-strength and superior
durability. Furthermore, the material should have high releasability so that it can be used without the
need for a release lubricant.

The Solution

TPX™ (Polymethylpentene or PMP) is a heat resistant multi-function polymer, from Mitsui Chemicals
Inc. (MCl), produced through the polymerization of the polypropylene dimer. It is one of the lightest
polymer materials among thermoplastics currently available for commercial use. TPX™ has a
characteristic helical structure, with a bulky side chain, that gives it some very useful properties.

Heat Resistance Tm: 220 ~ 240°C Suitable for high temperature applications
Low Density 830 kg/m3 Allows production of lighter products

Resistant  against  acids,

Chemical resistance .
alkalis and alcohols

High durability

Water/Steam Water absorption rate is . . .
. Does not swell-up in a humid environment
resistance extremely low
- . Doesn’t easily stick to other substances;
Releasability Surface Tension: 24 mN/m y

can be peeled-off easily

Table 1: Properties of TPX™ useful for production of industrial hoses

Mandrels made from TPX™ offer significant advantages during hose production due to these
properties. Figure 1 shows the schematic flow of a typical hose production process. During mandrel
extrusion, the high dimensional accuracy of TPX™ allows precise control of the mandrel diameter
which helps meet the internal diameter specification of the hose. The light-weight TPX™ material
simplifies handling during setting of the mandrel. The excellent chemical resistance of TPX™ removes
concerns regarding the effect of lubricant application on the mandrel. The need for lubricant
application can entirely be eliminated in certain applications. The high heat and chemical resistance of
TPX™ also assume significance during the vulcanization process. The harsh, high temperature
environment requires that the mandrel is constructed from a suitably resistant material. The low
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thermal expansion of TPX™ also becomes important at this stage as elevated temperatures can cause
a change in diameter of the mandrel leading to an inaccurate hose diameter. The superior releasability
of TPX™ becomes important at the mandrel removal stage where the hose can be easily separated
from the mandrel core. The released mandrel can be rolled up for reuse due to flexibility of the
material. Throughout the process, the high chemical and steam resistance of TPX™ ensures that the
mandrel retains its shape and properties maximizing the reuse of the mandrel. A study was conducted
to quantitatively compare various properties of common mandrel materials to those of TPX™.

Releasability

High releasability improves production efficiency and leads to a lower defect rate. Internal scratches
on the hose can be reduced by reducing mandrel clogging. Releasability is related to the surface
tension property of a material. A low surface tension means high releasability. Figure 2 shows that the
surface tension of TPX™ is almost as low as that of PTFE, which is well-known for its non-stick
properties. TPX™, therefore, has excellent releasability which is far superior to that of other materials.

W Mam.‘.lrel Extrusion (6) Outer Rubber (11) Rolling up Mandrel
= Extrusion Dimension > . — e
Accuracy Extrusion > Flexiblity
(2) Mandrel Set (7) Sheath layer Extrusion (12) Reuse Mandrel
- Handling < - or mm g == 3 Chemical Resistance,
Winding Sheath Steam Resistance
Tensile Strength

(8) Vulcanization
- Heat Resistance,
Chemical Resistance
Thermal Expansion

(3) Lubricant Application
on Mandrel
- Chemical Resistance

(4) Inner Rubber (9) Excluding Sheath

Extrusion
v v
(5) Winding (10) Injection Mandrel
Reinforcement = Releasability

Figure 1: A typical hose production process; the desirable mandrel properties at each stage are
highlighted in blue
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Figure 2: Comparison of the surface tension property of various materials; surface tension is inversely
related to releasability

Figure 3 shows the results of a simulated vulcanization test in which the surface free energy of a TPX™
plague was measured, at room temperature, before and after it was exposed to vulcanization
conditions. The chart shows that the surface free energy of PA and TPE is 1.3 times that of TPX. It also
shows that the releasability of TPX™ is well retained after the simulated vulcanization process.
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Figure 3: Change in surface free energy of TPX™ before and after a simulated vulcanization process

To further compare the releasability of PA, TPE and TPX™ a peel strength test was conducted. 15 mm
wide samples of the test materials were pressed with 2 mm of EPDM rubber and sulfur-vulcanized at
150°C and 1 MPa pressure for 30 minutes. The vulcanized rubber was then peeled off the sample at a
speed of 50 mm/min.
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Figure 4: Peel strength test results for different materials after vulcanization with EPDM rubber

The results in Figure 4 show that TPX™ grades MLL411 and MX002 required the lowest peel strength
of 0.9 and 1.2 N/15 mm respectively at 10 mm displacement. TPE and PA6 required more than twice
the peel strength of TPX™. The results confirm that use of TPX™ leads to easier mandrel ejection, with
lower energy use.

Lubricant-free Processing

To compensate for the low releasability of the mandrel, manufacturers of industrial hoses often resort
to the use of lubricants. Lubricants can form lumps on the mandrel leading to loss of dimensional
stability as illustrated in Figure 5. They may also give off gases during vulcanization leading to the same
problem. It is therefore highly desirable to eliminate the use of a lubricant.

Lubricant lump = Loss of dimensional stability

Lubricant gives off gas = Loss of dimensional stability

Lubricant

B |nner

Figure 5: Use of a lubricant to improve releasability can lead to loss of dimensional stability
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Releasability tests have shown that the performance of TPX™ mandrels, without a lubricant, is virtually
identical to that of TPE with a lubricant. Figure 6 shows that during a lab test, the ejection load required
to remove EPDM from a non-lubricated TPE mandrel was about 27 N whereas the ejection load
required for removal of a TPX™ mandrel was almost equal to that of lubricated TPE at around 14 N.
The performance of PA in releasability tests is similar to that of TPE. The results confirm that with
TPX™, it is possible to realize a lubricant-free hose production process.
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Figure 6: TPX™ releasability is identical to TPE + lubricant

Dimensional Accuracy

Dimensional accuracy is very important in the production of industrial hoses. The internal diameter of
the hose must be precise so that the hose fits perfectly over the designed inlet/outlet. TPX™ mandrels
can be extruded with good dimensional accuracy. Table 2 shows the high dimensional accuracy of
mandrels produced by Mitsui Chemicals R&D, in a range of diameters, using two grades of TPX™; the
two grades differ in their flexural modulus. Mitsui Chemicals advises it customers regarding optimal
extrusion conditions and suitable production equipment to achieve high dimensional accuracy.

Request a sample of TPX™ MX002, TPX™ DX560M, TPX™ MLL411
Products Today

CONTACT MITSUI CHEMICALS



https://omnexus.specialchem.com/product/t-mitsui-chemicals-tpx-mx002
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Flexural — Dimension
TPX™ Grade Modulus : Accuracy (mm)
Dia. (mm)
7.6 +0.02 +0.02
9.5 +0.02 +0.02
MX002
530
(General Grade) 11.4 +0.05 0,05
12.7 +0.05 +0.09
DX560M
+ i
(CMPD Grade) 120 24.0 £0.10

Table 2: Dimensional accuracy of some TPX™ mandrels produced by Mitsui Chemicals R&D

Mandrel Swelling

After repeated use, a mandrel can swell-up from exposure to various chemicals present in rubber and
the lubricant. The swelling increases the diameter of the mandrel which leads to an increase in internal
diameter of the hose produced. The high chemical resistance of TPX™ resists swelling and increases
the number of times a mandrel can be reused. Table 3 shows that TPX™ has superior chemical
resistance when compared to other plastic resins.

I N P PP PP PO PP

Concentrated sulfuric acid (98%) A
Ammonia water A
Sodium hydroxide (40%)
Sodium oxalate
Acetone

Methyl ethyl ketone
Ethanol

Toluene
Trichloroethylene

Brake oil A
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[25°C] A: Not attacked; B: Practically not attacked; C: Attacked (swelling); D: Attacked
(cracked); E: Attacked (dissolve)

Table 3: TPX™ is highly resistant to acids, alkalis, alcohols and solvents
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Steam Resistance

Steam resistance is also important to retain the dimensional accuracy of a mandrel in order to
maximize its reuse. A diameter change test was conducted under high humidity conditions (70% RH
140°C). The results in Figure 7 show that the diameter of a TPX™ mandrel remains stable for an
extended period of time. TPE and PA, however, show significant changes in diameter. The absorption
resistance of TPX™ is below 0.01% while the value for TPE lies in the range 0.3-0.7%; PA shows poor
steam resistance with the corresponding value at around 1.8%.
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Figure 7: Results of the steam resistance test show that the diameter of a TPX™ mandrel remains
stable

Recyclability

Recycle simulations were carried out to test the recyclability of TPX™ and PA. A cross-linking agent
(PO) was added to the polymer pellets. The mixture was repelletized and the pellets were heated to
150°C to simulate the vulcanization process. The MFR of the degraded pellets was measured at 260°C
following which the material was repelletized to simulate the extrusion process (see Figure 8). The
vulcanization-MFR measurement-repelletization cycle was repeated a number of times.
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Figure 8: Steps of the recyclability simulation

Figure 9 shows the results of the simulation. PA shows minimal change in MFR while the MFR for TPX™
changes significantly after 2 cycles. When TPX™ is combined with MB, the recyclability curve closely
matches that of PA. MB has the effect of suppressing degradation of TPX™ caused by PO.
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Figure 9: Results of the recyclability simulation of TPX™ and PA
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TPX™ Grades available for mandrel production

Mitsui Chemicals offers multiple TPX™ grades suitable for mandrel production. The physical properties
of these grades are summarized in Table 4. For hose diameters in the range 6.3mm - 15.9mm, MX002
is recommended. For diameters above 15.9mm and up to 25.4mm (1.0 inch) TPX™ DX560M (MLL411)
is recommended.

Physical Properties Methodology | pmeasure
Condition
- 833 833 856

Density Kg/m3 ASTM-D1505

MFR g/10min ASTM-D1238 25 21 35

Melting Point °c JIS-K7121 DSC Method / 298 294 297
Pellet

Vicat Softening °c ASTM-D1525 Test Piece 165 153 91

Temperature

Heat Distortion °C ASTM-D648 Test Piece 100 93 62

Temperature

Yield Stress MPa ASTM-D638 Test Piece 25 21 8

Flexural Modulus MPa ASTM-D790 Test Piece 1050 660 240

Table 4: Physical properties of three TPX™ grades suitable for mandrel production

Conclusions

TPX™ is ideally suited for the extrusion of mandrels meant for the production of industrial hoses. It
offers significant advantages over PA, TPE, EPDM, PP and iron due to its excellent releasability and
opens up the possibility of lubricant-free hose production. It has high dimensional accuracy which
helps produce mandrels (and hoses) with a precise diameter. Its low density simplifies handling while
good flexibility helps in winding and storage. The high heat, chemical and steam resistance of TPX™
extends the usable life of the mandrel, leading to overall cost reduction. Table 5 summarizes the
advantages TPX™ offers over other mandrel materials.

10



Specialhem P Mitsui Chemicals

The material selection platform

Property . TPX [ PA_| TPE | EPDM | PP

Extrusion Dimensional Accuracy Good Average Average Poor Good

HEak I.2e5|sta.\nce Excellent Excellent Excellent Excellent Poor

(Melting Point)

HESEBImERSIon Fhange Good Excellent Excellent Excellent Poor

(Thermal Expansion)

Chemltcal RESISERNES Excellent Good Good Average - Excellent

(Swelling) Excellent

Releasability Poor-

R ) Excellent Average Average Average Good

SICSIIRESISEanEE Excellent Average Poor Excellent Excellent

(Swelling & Hydrolysis) g

Tensile Strength

(Vield Stress) Average Good Excellent Excellent Good

Flexibility Average -

(Flexural Modulus) Average -Good Good Excellent Excellent Average

Handling (Weight) Excellent Excellent Good Excellent Excellent

Reusability Excellent Good Good é::;ﬁgi; Average

(Reuse Times) (#40) (#15) (#15) (10-50) (#5)
General grade:

Hose Diameter (mm) 6.3715.9 0~15.9 9.5~25.4 0~25.4 0~12.7
CMPD Grade: ’ ’ ’ ' ’

19.0~25.4
Hose Shape Straight Straight Straight Straight Straight
Hose Rolling up Method Reel Reel Reel, Pan Reel, Pan Reel

Table 5: Comparative summary of the advantages of TPX™ over other mandrel materials

Request a sample of TPX™ MX002, TPX™ DX560M, TPX™ MLL411
Products Today

CONTACT MITSUI CHEMICALS

11


https://omnexus.specialchem.com/product/t-mitsui-chemicals-tpx-mx002
https://omnexus.specialchem.com/product/t-mitsui-chemicals-tpx-mx002
https://omnexus.specialchem.com/product/t-mitsui-chemicals-tpx-dx560m
https://omnexus.specialchem.com/product/t-mitsui-chemicals-tpx-mll411
https://omnexus.specialchem.com/product/t-mitsui-chemicals-tpx-mx002
https://omnexus.specialchem.com/product/t-mitsui-chemicals-tpx-mx002

