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ABSTRACT

This research is a study on fabrication of artificial wood from poly{viny! chloride)
mixed with natural rubber fiber. Raw materials, i.e., PVC, natural rubber fiber, a
stabilizer (monohydrous tribasic lead sulphate and normal lead stearate), and a plastizer
(diocthyl phthalate: DOP) were compounded with different fiber content and DOP, and
premixed in a high-speed mixer at a speed of 4x103rpm; subsequently, blended in a
single-screw extruder. The temperatures of the feed zone, compression zone, and
metering zone of the extruder were 150, 160, and 170 °C, respectively. With an
increase in fiber content, tensile strength, modulus at 3% strain, impact strength, flexural
strength. and flexural modulus increased up to the limit of compatibility between PVC
matrix and-the fibers then decreased. Hardness increased with the fiber content. From
thermogravimetric analysis, the decomposition temperatures of the composites with
fiber contents of 10, 20, 30, 40 and 50 phr were in the same rangz of 280-400 °c. 1t
indicated that fiber content had no effect on the decomposition temperature of the
composites. From the differential scanning calorimetry thermogram, the melting

temperature (T,) decreased when the fiber content increased, but heat distortion



temperature (HDT) increased. The glass transition temperature (Tg) increased with the
fiber content to 30 phr then decreased with an excess of the fibers. The water
absorption of the composites increased because of the hydrophilic fibers. The specific
gravity of the composites slightly changed with the fiber content.

In case of the effect of DOP, tensile strength, modulus at 3% strain, flexural
strength, flexural modulus and hardness decreased with DOP; however, the impact
strength slightly increased with DOP.  The TGA thermogram indicated that the
decomposition temperatures of the composites with different DOP content were in the
same range of 220-370 °C showing that there was no effect of DOP. The T, HDT, T
and the specific gravity of the composites decreased with an increase in DOP. From
this work, the composites with good mechanical properties and can be processed into a
sheet by a single-screw extruder compose of PVC, natural rubber fiber, stabilizer, and

plasticizer of 100, 30, 15 and 10 phr, respectively.
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CHAPTER 1
INTRODUCTION

1.1 Rationale

There have been efforts at various places in the world to preserve forests,
however, the speed of deforestation far exceeds the growth of trees. It is an undeniable
fact that the destruction of forests on a global scale is progressing everyday. Many
species of animals are becoming extinct due to the destruction of green forests.

The cultivation of the natural rubber wood in Thailand has the second most area
after Indonesia. It is greatly cultivated in the east and the south of the country. The
natural rubber wood has been economically grown for latex products in Thailand. The
natural rubber wood is transformed into furniture, ready-made products, e.g., officeware,
toys, kitchenware, construction materials, parquet flooring, etc; and the fibers for
plywood and particle board materials. Figure 1.1 shows the products made from the
natural rubber wood.

Basically, there are high demand in many wooden articles to serve mankind
lifestyle. An artificial wood is an option to replace a natural wood. A method to fabricate
the artificial wood is a composite between plastics and reinforcing agents. Figure 1.2
shows the examples of the composite products, which can be cut, fastened, and
finished just like the natural wood. The natural wood has an attractive texture and
strength. Howevér, it cannot resist to the weather, water, rottenness and termites, in
contrast to plastics, which possess a chemical and moisture resistances, dimensional
stability and outdoor uses.

This research involves a study on fabrication of the artificial wood from a natural
rubber wood (Hevea brasiliensis) fiber-poly(vinyl chloride) composites. The fibers used

as the reinforcing filler, whereas poly(vinyl chloride), PVC, is a matrix in the composites.
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2.7 Composite applications [4]

The types of composites and composite design technologies adopted by
different sectors of industry can be quite specific to the particular requirements and
practices of that particular sector. Since weight reduction in a structural design is
critical to the aerospace industry and usually low-volume production is involved, more
expensive fibers and resins, long fabrication time, and less automated processing
techniques can be tolerated. However, in consumer-oriented industries, for example
automotive and sporting goods, high volume and high production rates are normally
required. Automated fabrication, short processing time, and minimization of cost are

vital to the success of these industries.

2.8 Natural rubber wood [11-12]

The genus Hevea is a member of the family Euphorbiaceae and comprises 10
species, of which the Para rubber tree, H. brasiliensis, is the only planted commercially.
The most important product of the rubber tree is the latex and all efforts to improve the
rubber tree have been from the point of obtaining higher yield of latex. Till recently,
most of the wood from the felled trees was used as fuel. With the depletion of forests in
many parts of tropical regions, leading to shortage of wood for many industrial and
engineering uses, attention has been given to rubber wood as an alternative source of
timber. Research and development activities on the industrial applications of rubber
wood are only of recent origin. New developments indicate the possibility of wider use
of rubber wood for a variety of purposes. Table 2.1 lists the products which can be

made from rubber wood successfully in different countries.

Table 2.1 Industrial articles‘from rubber wood [12]

Apron sets Garden sets Plywood

Bedroom sets Gift boxes. Pulp

Benches Hardboards Restaurant furniture
Bread boards Ice buckets Railings

Building components Irradiated timber Rocking chairs

Block boards Kitchen cabinets Salad bowls




Table 2.1 (continued)
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Cabinets

Carving boards
Chairs

Chests

Chopping boards
Cement boards
Charcoal

Dining sets
Doors

Drawing room sets
Drawer faces
Fiber boards
Folding chairs
Fruit boards

Furniture

Knife blocks
Living room sets
Lumber
Magazine racks
Molded hardboards
Moldings

Match splints
Match boxes
Packing cases
Pallets

Paneling

Paper

Particle boards
Picture frames

Parquet flooring

Screen partitions
Serving trays
Shelves

Spice racks
Steak plates
Stools

Suitcases
Tables

Tea trolleys
Television cabinets
Toilet gears
Toys

Treated lumber
Wine racks

Wood racks

2.8.1 Chemical compositions of rubber wood

Rubber wood is a lignocellulosic material, which contains various

amounts of cellulose, hemicellulose and lignin. Table 2.2 shows the major chemical

composition of rubber wood.

Table 2.2 Relative proportions (vol %) of the major chemical composition of rubber

wood [13]
Cellulose Hemicellulose Lignin
49.41 17.17 18.06

2.8.2 Physical and mechanical properties

Like most of the wood species, the dynamic properties of rubber wood,

i.e., mechanical behavior under dynamic forces are higher than the static properties. In

other words, under impact loads, rubber wood is capable of taking loads nearly twice
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that under slowly applied loads. However, it may be noted that the static properties of
rubber wood in dry condition are higher than those in green condition. .

In some countries it is customary to explain the mechanical behavior of
any species for a specific function or end use, in terms of the mechanical behavior of a
popular species, widely used for a variety of purposes or for the same function and end
use. In India teak is one such species and so the mechanical behavior of all species is
compared to that of teak as 100. The comparative figures are known as ‘suitability

figures’ or ‘suitability indices’ and the same are indicated for rubber wood in Table 2.3.

Table 2.3 Comparative suitability figures of rubber wood, taking teak as 100 [12]

Parameters Rating
Weight or heaviness 93
Strength as a beam 62
Stiffness as a beam 77
Suitability as a post 52
Shock resisting ability 75
Shear 92

. Surface hardness 74
Splitting coefficient 75

From the table it may be seen that rubber wood is very near to the weight
and shear properties of teak, and fairly comparable in other properties except in
suitability as posts. However, rubber wood has to be used cautiously where
compressive forces along the grain come into play. The suitability figures are derived
by combining suitably the various properties in green and dry conditions that become
important for the particular function or end-use. These figures serve only for comparison

and not for any design or calculation of natural forces that come into action.

2.9 Poly(vinyl chloride)
Poly(vinyl chloride), PVC, a polymer prepared from vinyl chloride monomer

(VCM),
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where n = 700-1500, holds a unique position among all the polymers produced today. It
is relatively inexpensive and is used in such a wide range of applications that its
versatility is almost unlimited [14)]. It can be utilized in rigid compounds or blended with
plasticizers to produce flexible grades [15].
2.9.1 Commercial manufacturing processes

There are four commercial processes for the manufacture of PVC.

1. Suspension

2. Bulk

3. Emulsion

4. Microsuspension

The resins from the suspension and bulk processes are used for
extruded pipe and profile. The emulsion and microsuspension processes produce
resins which are used in plastisol applications, for example, coated fabric, roto-molding,
and slush molding [16].

Most PVC is made via suspension polymerization. A small amount is
made by mass polymerization or bulk polymerization. The organosols is produced by
the emulsion process [15]. The major ¢haracteristics leading to specific usages are

showed in Table 2.4.

Table 2.4 Major types of PVC resins [19]

Types Properties Usages
Mass High purity and porosity, Film, Bottles,
Excellent transparency Containers, Cables,
and electrical properties Pipes, etc.
Suspension Overall good properties, Pipe, Fittings, Leather cloth,

High particle size Cables, Footware, Bottles, etc.
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Table 2.4 (continued)

Types Properties Usages
Emulsion Very low particle size, Leather cloth, Rotational &
Low DOP absorption at Slush molding, Coatings

room temperature,

Not very pure

2.9.2 Properties of PVC

Morphology plays a very important role in PVC processibility and its
properties. In general, PVC can be regarded as an amorphous polymer with head-to-tail
atactic structure. However, commercial PVC has about 8-10% crystallinity arising out of
its small syndiotacticity [17].

Among the range of polymeric materials produced today PVC is unique
because the bulky chloride atom imparts a strongly polar nature to the PVC polymer
chain, and the essentially syndiotactic conformation of the repeat unit in the chain leads
to a limited level of crystallinity. This results in good mechanical properties, particularly
stiffness at low wall thickness, high melt viscosity at relatively low molecular mass, and
the ability to maintain good mechanical properties even when highly plasticized [14].

The crystal structure of commercial PVC has been shown by both
infrared and thermal analysis to melt over a wide temperature range, from about 105 to
210 °C. Crystals have a wide melting range because of different degrees of perfection
(low perfection-low melting) or because the crystals are small and of varying size (small
size-low melting). There is substantial evidence that PVC melts over a wide range for
both reasons. It has also been shown that annealing PVC in the melting range 105 to
210 °.C produces more perfect or larger crystals that subsequently meit somewhat
above the annealing temperature. Either a melting and recrystallization or some other
annealing process must be occurring at these temperatures [18].

In the rigid PVC case, it is generally processed at temperature between
160 and 200 °C. PVC is thus processed within its crystalline melting range and the
presence of unmelted crystallinity at these temperatures can and does cause vestiges

of the original particle structure to persist right through into the finished product [18].
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Commercial PVC has its glass transition temperature at 80 to 85 °C. As
the PVC cools through this temperature, the molecular motions are reduced to a rate
where the molecules can no longer change conformation rapidly enough to follow the
equilibrium conformation that the drop in temperature would dictate [16].

PVC resin is self-extinguishing. In a fire, however, it produces
hydrochloric acid and other toxic and corrosive chemicals [15].

Table 2.5 indicates the relation of PVC K-value, viscosity and molecular
weight. Higher K-value increases inherent viscosity and the molecular weight. Increase
in molecular weight results in stronger polymer with increasingly superior mechanical
properties and also improved thermal stability. On the other hand processibility is better

with lower molecular weight due to lower melt viscosity.

Table 2.5 Relation of PVC K-value, viscosity and molecular weight [17]

K-value Inherent No. ave. MW,
viscosity MW. distribution
1% Cyclohexanone ASTM g/mol wt. ave./ no. ave. MW.
51 0.55 30,000 -
54 0.62 36,000 1.94
57 0.67 40,000 -
62 0.80 50,000 -
65 0.88 55,000 2.54
68 0.95 60,000 -
70 1.01 64,000 3.13
74 1.13 73,000 3.56
- 1.35 90,000 5.37

The various applications and processes associated with these

end-products and the range of K-value are listed in Table 2.6.



Table 2.6 Applications and processing of PVC [17]
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Applications Processing K-value
Rigid
1. Rigid transparent fiims Calendering extrusion blown 57-60
Bristle pack Calendering
Bottles, Containers Blow molding
Blow molding Stretch blow molding
2. Rigid opaque bottles Blow molding 57-62
Containers Blow molding
Pipe fittings Injection molding
3. Rigid transparent films Extrusion blown 65-69
4, Rigid pipes, Profiles Extrusion 65-69
Conduits, etc. Extrusion
Flexible
1. Leather cloth Calendering 65-69
2. Flexible films Extrusion blown 65-69
3. Cables Extrusion 65-69
4, Footwears Injection molding 65-69

2.9.3 Compounding fundamentals [18]

PVC compounding essentially involves adding the components to the

base PVC resins that will allow it be processed into a finished product with desired

properties at the minimum cost.

probably fall into one of the following classifications:

1. Plasticizers
Stabilizers
Lubricants

Impact modifiers

Fillers

N oA N

Colorants

Processing aid resins

The ‘families’ of materials that will be chosen will
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8. Miscellaneous, for example, antistatic agents, ultraviolet absorbers,
antiblocking agents, smoke control agents, flame-retardants, fungicides, odorants.

Adding the proper type and amount of plasticizer, stabilizer, lubricant,
pigment, and so on as outline above to the PVC resins results in a compounded mixture
that can subsequently be processed on properly designed equipment into a satisfactory
finished product.

2.9.4 Formulating rigid vinyl compounds [18]

Rigid PVC occupies a unique position in the field of major
thermoplastics. It can generally be considered as a low-cost engineering thermoplastic
providing excellent physical properties, excellent aging characteristic, rigidity, chemical
resistance, and high impact strength. Rigid PVC is processed by the traditional means
of extrusion, calendering, injection molding, blow molding, and compression molding.

The materials are as follows:

1. The basic PVC resins

2. A stabilizer system to prevent degradation during processing and use

3. Lubricants to facilitate processing

4. An impact modifier to enhance impact strength

5. A processing aid to facilitate fusion and provide ease of extrusion or
molding

6. Pigments for proper color and to provide light stability, if required

7. Fillers to reduce cost or to improve impact or certain other properties

8. Plasticizers

9. Miscellaneous additives such as heat distortion improvers, light
stabilizers, and antistatic agents

2.94.1 PVC resins

Almost all PVC resins used for rigid applications are suspension
polymerized homopolymers. The physical properties are enhanced as molecular weight
increases, but lower-molecular-weight resins provide higher flow and are generally
easier to process. Compounds intended for extrusion are usually based on medium-
molecular-weight PVC resins of which its inherent viscosity is 0.90 to 1.0. Injection

molding or blow molding formulations will be based on resins with inherent viscosities of
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0.75 t0 0.90. Resins with inherent viscosities as low as 0.5 are chosen for injection blow
molding applications or for injection molding of intricately shaped products.
2.9.4.2 Stabilizers

PVC resins are inherently one of the most heat-sensitive polymers
of the major commercial thermoplastic resins. Nevertheless, virtually all vinyl
compounding and fabrication techniques require heating PVC resins. Furthermore,
many fabricated vinyl articles are exposed to varying degrees of heat and aging during
their normal service life. Consequently, all PVC compounders worldwide, independent
of location, application, or processing technique, have a need for PVC heat stabilizers.

Heating unstabilized PVC above its fusion point initially gives rise
to yellowing, followed quickly by gross discoloration, the evolution of hydrochloric acid,
cross-linking, and ultimate charring to an infusible, unprocessable, corrosive black
mass. To inhibit the degradation that unmodified PVC would undergo at processing
temperatures, a stabilizer is added. Other purposes of the stabilizer are to react with
any hydrogen chloride liberated and prevent the formation of color in the vinyl plastics
as it is being processed.

A major group of stabilizers can be divided in five families: leads,
organotins, mixed metal, antimony mercaptides, and stabilizer lubricant one-pack. The
last two families are special classes. Stabilizers used in rigid compounding in the
United States can be divided into six basic families:

1. Alkyltin mercaptides
Alkyltin carboxylates
Barium-cadmiums
Calcium-zincs

Leads

o 0 » N

Antimony mercaptides
2.9.4.3 Lubricants
Lubricants used in rigid vinyl formulations generally are classified
as being either internal or external in nature. The function of an internal lubricant is to

facilitate the flow of the polymeric molecular network through the processing equipment.
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The function of an external lubricant is to provide a barrier between theﬂp‘olymer melt
and the processing equipment, promoting flow and inhibiting adhesion.

The proper type and amount of lubricant depend on all the other
compounding ingredients and the specific processing techniques used. To a great
extent, proper lubricant selection has been a trial-and-error proposition. The materials
used for lubrication of rigid PVC formulations are metallic stearates and laurates, stearic
acid, glyceryl mono- and diesters, fatty alcohols, paraffin waxes, stearamides, montan
wax esters, low-molecular-weight polyethylenes, mineral oils, and organic stearates.

2.9.4.4 Impact modifiers

Choosing a suitable resin, stabilizer, and lubricant system will
allow manufacturing of rigid vinyl products by most of the standard processing
techniques. The product will be fairly brittle, however, to achieve better impact strength,
certain rubberlike materials so called impact modifiers are often compounded into the
formulation. Such materials generally have a limited degree of compatibility with PVC,
forming a heterogeneous, two-phase system of vinyl and rubbers. The most widely
used impact modifiers are ABS (acrylonitrile-butadiene-styrene) or MBS (methacrylate-
butadiene-styrene) terpolymers. Impact properties can be moderately improved
through the addition of ultrafine calcium carbonates with particle sizes in the range 1 to
2 pum.

2.9.4.5 Processing aids

Processing aids are designed to provide ease of processing
while having a minimum adverse effect on final product properties. In calendering they
contribute to the development of a more uniform, free-flowing bank, and in extrusion
they facilitate the achievement of a smooth extrudate. Three basic commercially
available'processing aids are the acrylics, the styrene-acrylonitrile copolymers, and the
chlorinated polyethylene.

2.9.4.6 Pigments

Pigments chosen will be governed basically by the color
required. One additional point to be recognized is that some pigments are based on
metallic salts of lead, selenium, antimony, or copper. The metals in such pigments can

react with the sulfide groups in tin mercaptide stabilizers, leading to internal sulfide
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staining. High concentrations of light-stable pigment (e.g., 10 phr TiO,, phr = parts per

hundred parts of resin, by weight) markedly improve light stability and are often used in

outdoor applications.

2.9.4.7 Fillers

The term "fillers” encompasses a very wide range of materials.

For ideal filler, the characteristics should include the following:

1.

S o <

Low cost

Availability

Low oil absorption

Good surface wetting and bonding
Good chemical resistance

High strength

2.9.4.8 Plasticizers

In processability of rigid PVC, plasticizers may be regarded as

processing aids. They reduce meit viscosity and generally aid in producing a smooth

end product.

Plasticizers for vinyl resins can be divided conveniently into the

following seven chemical classes:

1

2.
3.

4.

Phthalates — general purpose

Epoxides — stabilizers

Esters of aliphatic dibasic acids — low temperture
Phosphates — flame retardant

Polyesters — permanent

Extenders — low cost

Miscellaneous

2.10 Solid vinyl compound systems

There are three processes that must be completed to convert a PVC formulation

into a finished product. It is possible that mixing, compounding, and shaping may be

completed independently of one another, it is just as possible that two or all three of the

steps may overlap.
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2.10.1 Mixing

Synonymous with “dry blending,” mixing is considered to be a process
by which all the ingredients of a PVC compound are blended together mechanically to
obtain a uniform distribution of the ingredients, including adequate plasticizer
absorption, if it is a plasticized compound. Since mixing is normally a “batch” rather
than a continuous process, any quantity samples drawn from the completed mixture or
dry blend should contain the correct proportion of each component of the formula.
Maximum distribution, absorption, or coating may not have occurred, but the mixing
process needs to be carried on to the extent required for the particular succeeding
process step [19].

Intensive dry mixers are used for dry-blending PVC resins with
plasticizers and other additives. A typical mixer essentially consists of a high speed
propeller-like impeller located at the bottom of a container. Heat generated during the
blending cycle is continuously removed to stabilize the dry blend and to improve flow
characteristics [17].

2.10.2 Compounding

Compounding is considered to be mixed and heated on a molecular
scale until a continuous polymer matrix is formed, which is then said to be “fluxed.” The
fused mass may be processed directly into an end product or shaped into pellets and
cooled [19]. This process is achievable by a mill or an extruder. The single-screw
extruder functions as a mixing device, because it subjects materials to laminar-flow
deformation.

2.10.3 Shaping

Shaping includes processes to form in a final product. These can
include milling, extrusion, blow molding, injection molding, and calendering of dry-blend
mixtures and/or semifluxed or fully fluxed compounds into end products ready for sale,
or the shaping of compounds into pelletized or diced form for later shaping into an end

product [19].
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2.11 Test methods

With the advent of science and technology, the concept of testing is an integral
part of research and development, product design, and manufacturing. The following
are some of the major reasons for testing:

1. To prove design concepts

2. To provide a basis for reliability

3. Safety

4. Protection against product liability suits

5. Quality control
6. To meet standards and specifications

7. To verify the manufacturing process -

8. To evaluate competitors’ products

9. To establish a history for new materials

2.11.1 Mechanical properties [20]

Among all the properties of plastic materials, the mechanical properties
are often the most important property because virtually all service conditions and the
majority of end-use applications involve some degrees of mechanical loading.

The basic understanding of stress-strain behavior of plastic materials is
of utmost importance to design engineers. One such typical stress-strain (load-
deformation) diagram is illustrated in Figure 2.7. For a better understanding of the
stress-strain curve, it is necessary to define a few basic terms that are associated with
the stress-strain diagram.

Stress. The force applied to produce deformation in a unit area of a test
specimen. Stress is a ratio of applied load to the original cross-sectional area
expresséd in N/m”.

Strain. The ratio of the elongation to the gauge length of the test
specimen, or simply stated, change in length per unit of the original length (Al/]). ltis
expressed as a dimensionless ratio.

Elongation. The increase in the length of a test specimen produced by a

tensile load.
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Yield point. The first point on the stress-strain curve at which an increase
in strain occurs without the increase in stress.

Yield strength. The stress at which a material exhibits a specified limiting
deviation from the proportionality of stress to strain. Unless otherwise specified, this
stress will be at the yield point.

Proportional limit. The greatest stress at which a material is capable of
sustaining the applied load without any deviation from proportionality of stress to strain
(Hooke's Law). This is expressed in N/m.?

Modulus of elasticity. The ratio of stress to corresponding strain below
the proportional limit of a material. It is expressed in F/A, usually N/m’. This is also
known as Young's modulus. A modulus is a measure of material’s stiffness.

Ultimate strength. The maximum unit stress a material will withstand
when subjected to an applied load in compression, tension, or shear. This is expressed

in N/m’.

C break

Stress

e Sy et Sy — U Gt — —— So— " s mo—— o

Strain

Figure 2.7 A typical stress-strain curve [20]
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6.10 Effect of DOP on water absorption
The water absorption of the composites increased with DOP. This is due to an

increase in free volume and voids by the plasticization effect of DOP.

6.11 Effect of DOP on specific gravity
As expected, the specific gravity of the composites decreased with DOP
because of free volume and voids from the plasticization effect of DOP. This is the same

reason as the water absorption.

6.12 Effect of DOP on morphology
It could be observed by the SEM micrographs that increasing in DOP caused a
number of voids from fiber pull-out during fracture in the composites. The dispersion of

the fibers in the composites also increased with DOP.

6.13 Fabrication of an artificial wood sheet
From this work, the composites with good mechanical properties and can be
processed into a sheet by a single-screw extruder composes of PVC, natural rubber

fiber, stabilizer, and plasticizer of 100, 30, 15 and 10 phr, respectively.

Further studies:

1. The fiber surface should be modified to increase the interfacial compatibility between
the fibers and the PVC matrix,

2. The effect of the fiber length on the properties of the composites should be studied,

3. Other reinforcing agents should be experimented.
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APPENDICES

APPENDIX A Thermogravimetric analysis (TGA) thermograms

Ssmple: KWDOD Aun:

8ize: 40,0035 mp Kcelld: 0.8000

Nethod: A TGA Operstor; A
Coament: N

100

%

Nright {X)

3

v 2o abo 7.5
Tempspators (°C) muPont €

Figure A-1 TGA thermogram of wood

Ssapla: BLANK fum 2
Size: 10.7982 ng Kcell: 0.S000

Method: A TGA
Comment:
100

Opsrator: A

Height (X)

400
Temoeraturs (°C) DuPont €

Figure A-2 TGA thermogram of PVC



100

Samplm: 10X400D Run: 9
Bize: 14.8837 80 Kcell: 0.68000

Msthod: A TGA
Coamant:

Oparator: A

1

B0

Wsight (%)

o

2bo 460 &0 0
Teopersture (°C) DuPont 8000

Figure A-3 TGA thermogram of 10 phr fiber

sesple; ROXNOOD Run: 4
Bize: 410.35084 mp Keell: 0,3000

Mathod: A TGA Operator: A
Coomants

Weight (X)

40

&

400 0
Tempersturs (°C) DuPont 8000
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