Blow Moulding
Basically, blow molding in intended for use in manufacturing hollow plastic products, such
as bottles and other containers. However, the process is also used for the production of toys,
automobile parts, accessories, and many engineering components. The principles used in
blow molding are essentially similar to those used in the production of glass bottles.
Although there are considerable differences in the process available for blow molding, the
basic steps are the same: (1) melt the plastic; (2) form the molten plastic into a parison (a
tubelike shape of molten plastic); (3) seal the ends of the parison except for one area through
which the blowing air can enter; (4) inflate the parison to assume the shape of the mold in
which it is placed; (5) cool the blow molded part; (6) eject the blow-molded part; (7) trim
flash if necessary.
Two basic processes of blow molding are extrusion blow molding and injection blow
molding. These processes differ in the way in which the parison is made. The extrusion
process utilizes an unsupported parison, whereas the injection process utilizes a parison
supported on a metal core. The extrusion blow-molding process by far accounts for the
largest percentage of blow molded objects produced today. The injection process is, however,
gaining acceptance.
Although any thermoplastic can be blow-molded, polyethylene products made by this
technique are predominant. Polyethylene squeeze bottles form a large percentage of all blowmolded products.
Extrusion Blow Molding
Extrusion blow molding consists basically of the extrusion of a predetermined length of
parison (hollow tube of molten plastic) into a split die, which is then closed, sealing both ends
of the parison. Compressed air is introduced (through a blowing tube) into the parison, which
blows up to fit the internal contours of the mold. As the polymer surface meets the cold metal
wall of the mold, it is cooled rapidly below Tg or Tm. When the product is dimensionally
stable, the mold is opened, the product is ejected, a new parison is introduced, and the cycle
is repeated. The process affords high production rates.
In continuous extrusion blow molding, a molten parison is produced continuously from a
screw extruder. The molds are mounted and moved. In one instance the mold sets are carried
on a rotating horizontal table (Figure 2.32a), in another on the periphery of a rotating vertical
wheel (Figure 2.32b). Such rotary machines are best suited for long runs and large-volume
applications.
In the ram extrusion method the parison is formed in a cyclic manner by forcing a charge
out from an accumulated molten mass, as in the preplasticizer injection-molding machine.
The transport arm cuts and holds the parison and lowers it into the waiting mold, where
shaping under air pressure takes place (Figure 2.33).
A variation of the blow-extrusion process which is particularly suitable for heat-sensitive
resins such as PVC is the cold perform molding. The parison is produced by normal extrusion
and cooled and stored until needed. The required length of tubing is then reheated and blown
to shape in a cold mold, as in conventional blow molding. Since, unlike in the conventional
process, the extruder is not coupled directly to the blow-molding machine, there is less
chance of a stoppage occurring, with consequent risk of holdup and degradation of the resin
remaining in the extruder barrel. There is also less chance of the occurrence of “dead”
pockets and consequent degradation of resin in the straight-through die used in this process
than in the usual crosshead used with a conventional machine.

Injection Blow Molding
In this process the parison is injection molded rather than extruded. In one system, for
example, the parison is formed as a thick-walled tube around a blowing stick in a
conventional injection-molding machine. The parison is then transferred to a second, or
blowing, mold in which the parison is inflated to the shape of the mold by passing
compressed air down the blowing stick. The sequence is shown in Figure 2.34. Injection blow
molding is relatively slow and is more restricted in choice of molding materials as compared
to extrusion blow molding. The injection process, however, affords good control of neck and
wall thicknesses of the molded object. With this process it is also easier to produce
unsymmetrical molding.

Blow Molds
Generally, the blow mold is a cavity representing the outside of a blow-molded part. The
basic structure of a blow mold consists of a cast or machined block with a cavity, cooling
system, venting system, pinch offs, flash pockets, and mounting plate. The selection of
material for the construction of a blow mold is based on the consideration of such factors as
thermal conductivity, durability, cost of the material, the resin being processed, and the
desired quality of the finished parts. Commonly used mold materials are beryllium, copper,
aluminum, ampcoloy, A-2 steel, and 17-4 and 420 stainless steels.
Beryllium–copper (BeCu) alloys 165 and 25 are normally used for blow molds. These
materials display medium to good thermal conductivity with good durability. Stainless steels
such as 17-4 and 420 are also frequently employed in blow molds where durability and
resistance to hydrochloric acid are required. Heat-treated A-2 steel is often used as an insert
in pinchoffs where thermal conductivity is not a concern and high quality parts are required.
For blow molding HDPE parts, aluminum is commonly employed for the base material,
with BeCu or stainless steel inserts in the pinchoff areas. For PVC parts BeCu, ampcoloy, or
17-4 stainless steel are used as the base material, with A-2 or stainless inserts in the pinchoff
area. For PET parts, the base mold is typically made of aluminum or BeCu, with A-2 or
stainless steel pinchoffs.
The production speed of blow-molded parts is generally limited by one of two factors:
extruder capacity or cooling time in the mold. Cooling of mold is accomplished by a water
circuit into the mold. Flood cooling and cast-in tubes are most common in cast molds; drilled
holes and milled slots are the norm in machined blow molds.

In multiple-cavity molds, series and parallel cooling circuits are used. Series cooling enters
and cools one cavity, then moves to the next until all the cavities are cooled. The temperature
of the water increases as it moves through the mold, and this results in non-uniform cooling.
Parallel cooling, on the other hand, enters and exists all cavities simultaneously, thereby
cooling all cavities at a uniform rate. Parallel cooling is thus the preferred method but it is not
always possible due to limitations.

Rotational Moulding
Rotational molding, also called rotomolding or rotational casting, is a thermoplastic
processing method for producing hollow parts, from the most simple to the very complex.
Working Process
The principle of rotational molding of plastics is simple. Basically the process consists of
introducing a known amount of plastic in powder, granular, or viscous liquid form into a
hollow, shell-like mold. The mold is rotated and/ or rocked about two principal axes at
relatively low speeds as it is heated so that the plastic enclosed in the mold adheres to, and
forms a monolithic layer against, the mold surface. The mold rotation continues during the
cooling phase so that the plastic retains its desired shape as it solidifies. When the plastic is
sufficiently rigid, the cooling and mold rotation is stopped to allow the removal of the plastic
product from the mold. At this stage, the cyclic process may be repeated. The basic steps of
(a) mold charging, (b) mold heating, (c) mold cooling, and (d) part ejection are shown in
Figure

Fig. Rotational Moulding
Materials
Currently polyethylene, in its many forms, represents about 85% to 90% of all polymers that
are rotationally molded. Crosslinked grades of polyethylene are also commonly used in

rotational molding. PVC plastisols make up about 12% of the world consumption, and
polycarbonate, nylon, polypropylene, unsaturated polyesters, ABS, polyacetal, acrylics,
cellulosics, epoxies, fluorocarbons, phenolics, polybutylenes, polystyrenes, polyurethanes
and silicones make up the rest.
General Relationships between Processing Conditions and Properties
The rotational molding process is unique among molding methods for plastics in that the
plastic at room temperature is placed in a mold at approximately room temperature and the
whole assembly is heated up to the melting temperature for the plastic. Both the mold and the
plastic are then cooled back to room temperature. Normally, the only controls on the process
are the oven temperature, the time in the oven, and the rate of cooling. Each of these variables
has a major effect on the properties of the end product and this will be discussed in detail in
later chapters. At this stage it is useful to be aware that if the oven time is too short, or the
oven temperature is too low, then the fusing and consolidation of the plastic will not be
complete. This results in low strength, low stiffness, and a lack of toughness in the end
product. Conversely, if the plastic is overheated then degradation processes will occur in the
plastic and this results in brittleness. In a commercial production environment the optimum
cooking time for the plastic in the oven often has to be established by trial and error. In recent
years it has been shown that if the temperature of the air inside the mold is recorded
throughout the molding cycle, then it is possible to observe in real time many key stages in
the process. At this stage an overview will be given of the relationships between processing
conditions and the quality of the molded part.
It is important to understand that rotational molding does not rely on centrifugal forces
to throw the plastic against the mold wall. The speeds of rotation are slow, and the powder
undergoes a regular tumbling and mixing action. Effectively the powder lies in the bottom of
the mold and different points on the surface of the mold come down into the powder pool.
The regularity with which this happens depends on the speed ratio, that is the ratio of the
major (arm) speed to the minor (plate) speed. The most common speed ratio is 4:1 because
this gives a uniform coating of the inside surface of most mold shapes.
When the mold rotates in the oven, its metal wall becomes hot, and the surface of the
powder particles becomes tacky. The particles stick to the mold wall and to each other, thus
building up a loose powdery mass against the mold wall. A major portion of the cycle is then
taken up in sintering the loose powdery mass until it is a homogeneous melt. The irregular
pockets of gas that are trapped between the powder particles slowly transform themselves
into spheres and under the influence of heat over a period of time they disappear. These
pockets of gas, sometimes referred to as bubbles or pinholes, do not move through the melt.
The viscosity of the melt is too great for this to happen, so the bubbles remain where they are
formed and slowly diminish in size over a period of time.
Molders sometimes use the bubble density in a slice through the thickness of the molding
as an indication of quality. If there are too many bubbles extending through the full thickness
of the part then it is undercooked. If there are no bubbles in the cross section then it is likely

that the part has been overcooked. A slice that shows a small number of bubbles close to the
inner free surface is usually regarded as the desired situation.
Other indications of the quality of rotationally molded polyethylene products relate to
the appearance of the inner surface of the part and the smell of the interior of the molding.
The inner surface should be smooth with no odor other than the normal smell of
polyethylene. If the inner surface is powdery or rough then this is an indication that the oven
time was too short because insufficient time has been allowed for the particles to fuse
together. If the inner surface has a high gloss, accompanied by an acrid smell then the part
has been in the oven too long. Degradation of the plastic begins at the inner surface due to the
combination of temperature and air (oxygen) available there.
Even if the oven time is correct, the method of cooling can have a significant effect on
the quality of the end product. The most important issue is that, in rotational molding, cooling
is from the outside of the mold only. This reduces the rate of cooling and the unsymmetrical
nature of the cooling results in warpage and distortion of the molded part. The structure of the
plastic is formed during the cooling phase and rapid cooling (using water) will result,
effectively, in a different material compared with slow cooling (using air) of the same resin.
The mechanical properties of the plastic will be quite different in each case. Slower cooling
tends to improve the strength and stiffness of the plastic but reduces its resistance to impact
loading. Fast cooling results in a tougher molding but it will be less stiff. The shape and
dimensions of the part also will be affected by the cooling rate.
APPLICATIONS
Rotational molding produces parts for many different industries including automotive,
furniture, industrial equipment, lawn/garden, marine, materials handling, road/highway,
sporting equipment, medical, toys, and transportation.
Agriculture
Vegetable growing trays, feeding/watering troughs, chemical tanks.
Consumer Products
Baby strollers, child car seats. Containers Storage tanks, 55-gallon drums, carboys, septic
tanks.
Furniture
Children’s beds, chairs, planter pots, tables.
Industrial Equipment Tool
carts, equipment housings, safety helmets, battery containers,
fluid reservoirs.
Lawn/garden Garden tool carts, composting bins. Marine Boats, kayaks, sailboards, canoes,
boat bumpers.
Medical

Syringes, dental chairs, testing equipment housings, anesthesia/ oxygen masks, ear syringes,
squeeze bulbs.
Materials Handling
Stackable pallets, forklift containers, shipping containers.
Road/Highway
Safety barricades, lane markers, litter bins, portable toilets.
Sporting Equipment
Bike seats, athletic pads, footballs, juggling pins, helmets.
Toys
Playhouses, outdoor gym equipment, balls, rocking horses, picnic tables, wading pools, pool
floatables, doll parts.
Transportation
Camper tops, motorcycle saddlebags, bicycle trailers, tool chests for trucks, truck bed liners,
air ducts, fuel tanks, seat back head-restraint covers.
ADVANTAGES AND LIMITATIONS
Key advantages of rotational molding:
• Molds are relatively inexpensive.
• Rotational molding machines are much less expensive than other types of plastic
processing equipment, such as injection molding machines and blow molding machines.
• Different parts can be molded at the same time.
• Straight-wall parts can be made (no draft angles).
• Very large hollow parts can be made.
• Parts are stress-free.
• Very little scrap is produced.
Limitations of rotational molding:
• Cannot make high-tolerance parts.
• Large flat surfaces are difficult to achieve.
• Molding cycles are long.
• A limited number of resins are successfully processed.

Comparision of Blow Moulding, Thermoforming and Rotational Moulding
shown in Table 1.2

Thermoforming
When heated, thermoplastic sheet becomes as soft as a sheet of rubber, and it can then be
stretched to any given shape. This principle is utilized in thermoforming processes which
may be divided into three main types: (a) vacuum forming, (2) pressure forming (blow
forming), and (3) mechanical forming (e.g., matched metal forming), depending on the means
used to stretch the heat softened sheet. Since fully cured thermoset sheets cannot be
resoftened, forming is not applicable to them. Common materials subjected to thermoforming
are thermoplastics such as polystyrene, cellulose acetate, cellulose acetate butyrate, PVC,
ABS, poly (methyl methacrylate), low- and high-density polyethylene, and polypropylene.
The bulk of the forming is done with extruded sheets, although cast, calendered, or laminated
sheets can also be formed.
In general, thermoforming techniques are best suited for producing moldings of large area
and very thin-walled moldings, or where only short runs are required. Thermoformed articles
include refrigerator and freezer door liners complete with formed-in compartments for eggs,
butter, and bottles of various types, television masks, dishwasher housings, washing machine
covers, various automobile parts (instrument panels, arm rests, ceilings, and door panels),
large patterned diffusers in the lighting industry, displays in advertising, various parts in
aircraft industry (windshields, interior panels, arm rests, serving trays, etc.), various housing
(typewriters, Dictaphones, and duplicating machines), toys, transparent packages, and much
more.
Vacuum Forming
In vacuum forming, the thermoplastic sheet can be clamped or simply held against the RIM
of a mold and then heated until it becomes soft. The soft sheet is then sealed at the RIM, and
the air from the mold cavity

FIGURE 2.40 (a) Vacuum forming. (b) Plug-assist forming using vacuum.

is removed by a suction pump so that the sheet is forced to take the contours of the mold by
the atmospheric pressure above the sheet (Figure 2.40a). The vacuum in the mold cavity is
maintained until the part cools and becomes rigid.
Straight cavity forming is not well adapted to forming a cup or box shape because as the
sheet, drawn by vacuum, continues to fill out the mold and solidify, most of the stock is used
up before it reaches the periphery of the base, with the result that this part becomes relatively
thin and weak. This difficulty is alleviated and uniformity of distribution in such shapes is
promoted if the plug assist is used (Figure 2.40b). The plug assist is any type of mechanical
helper which carries extra stock toward an area where the part would otherwise be too thin.
Plug-assist techniques are adaptable both to vacuum-forming and pressure forming
techniques. The system shown in Figure 2.40b is thus known as plug assist vacuum forming.
Pressure Forming
Pressure forming is the reverse of vacuum forming. The plastic sheet is clamped, heated until
it becomes soft, and sealed between a pressure head and the RIM of a mold. By applying air
pressure (Figure 2.41), one forces the sheet to take the contours of the mold. Exhaust holes in
the mold allow the trapped air to escape. After the part cools and becomes rigid, the pressure
is released and the part is removed. As compared to vacuum forming, pressure forming
affords a faster production cycle, greater part definition, and greater dimensional control.
A variation of vacuum forming or pressure forming, called free forming or free blowing, is
used with acrylic sheeting to produce parts that require superior optical quality (e.g., aircraft
canopies). In this process the periphery is defined mechanically by clamping, but no bolt is
used, and the depth of draw or height is governed only by the vacuum or compressed air
applied.

Mechanical Forming

Various mechanical techniques have been developed for thermoforming that use neither air
pressure nor vacuum. Typical of these is matched mold forming (Figure 2.41). A male mold
is mounted on the top or bottom platen, and a matched female mold is mounted on the other.
The plastic sheet, held by a clamping frame, is heated to the proper forming temperature, and
the mold is then closed, forcing the plastic to the contours of both the male and the female
molds. The molds are held in place until the plastic cools and attains dimensional stability,
the latter facilitated by internal cooling of the mold. The matched mold technique affords
excellent reproduction of mold detail and dimensional accuracy.

