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ABSTRACT 
 
     Rotational  moulding has been available as a processing method for plastics for about 45 years.  
However, it is only within the last decade that substantial developments have started to take place so that 
the process can now be competitive with injection moulding and blow moulding for the production of 
complex shapes.  This paper reviews the current state-of-the-art and highlights the aspects of rotational 
moulding which are relevant to moulders and designers.  The outcome of research activity at The 
Queen’s University, Belfast is summarised and projections are made as to how these will change the 
nature of the process in the future. 
 
INTRODUCTION 
 
     When designers are considering the use of plastics they have a wide range of manufacturing methods 
at their disposal.  The major processes are injection moulding, extrusion, blow moulding and 
thermoforming, and the choice is generally based on the geometry of the product, the numbers required 
and the plastics to be used.  Rotational moulding has been available for 40-50 years but it has tended to 
be regarded as a minor process because of perceived difficulties with slow production rates and a limited 
choice of materials.  However, over the past decade there has been a changing attitude to rotational 
moulding as designers recognise the advantages it has to offer in terms of the economic production of 
complex, stress-free articles.  At present, rotational moulding is showing a growth rate of about 12% per 
annum.  This has stimulated the research and development interest which is necessary to ensure that the 
understanding of the technology keeps pace with the ever-increasing demands on product quality, 
complexity of shape and reduced cycle times. 
 
DESCRIPTION OF PROCESS 
 
     The principle of rotational moulding is simple.  The process begins by placing a pre-weighed charge 
of plastic powder (or occasionally, liquid) in one half of a shell-like metal mould.  The mould is then 
closed and rotated about two perpendicular axes in an oven. Fig. 1. so that its surface becomes hot.  The 
speeds of rotation are relatively slow (typically 10 rev/min) so that the powder tends to lie in the bottom 
of the mould. 
 
     After a time, the mould wall is sufficiently hot so that some of the plastic powder melts and adheres 
to the inner surface of the mould as it passes through the powder pool.  This process continues until all 
the powder has been converted to melt on the mould wall.  At this stage the plastic melt contains a large 
number of air pockets.  It is necessary  to continue the mould rotation until such time as the air pockets 
have disappeared. 
 
Just before the air pockets have totally disappeared, the rotating mould moves out of the oven and into a 
cooling bay.  The mould is then cooled as quickly as possible, the actual permissible cooling rate being 
dictated by the need to avoid warping or to maintain good mechanical properties in the end product.  A 
mixture of forced air (slow cool) and water spray (faster cool) is used in various combinations to achieve 
the desired quality. 
 
     It will be noted that there are several unique features about rotomoulding.   
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     Firstly, the plastic feedstock and the mould begin the cycle at room temperature.  Thus a complete 
cycle is quite long because the plastic and metal have to be heated up to 200 – 250o and back to room 
temperature.  This can take a relatively long time depending on the wall thickness of the mould and the 
plastic product.  Typical cycle times are 15 – 20 minutes.  Production rates can be increased by having 
more than one mould on the plate of the machine  or having multiple arms.  The latter means that one 
arm containing a set of moulds could be in the oven while a second arm is in the cooling bay.  A third 
arm could be in the de-moulding/charging areas as it is being prepared to go into the oven when arm 1 is 
removed.  This type of multiple arm machine is called a carousel machine and in some cases 4 or 5 arms 
may be used on the one machine.  
 
     Importantly, no pressure is used to cause the plastic to take up the shape of the mould.  There is very 
little melt flow during the process and a key property of the feedstock is good dry powder flow.  It is this 
characteristic which dictates how well the powder will flow into recesses in the mould to reproduce 
surface detail.  The fact that no pressure is used, means that there is relatively little residual stress in the 
end-product.  Some stresses may be set up due to differential cooling, crystallisation or restriction of 
contraction due to geometry or the presence of inserts.  However, these stresses are still considerably less 
than those found in injection moulded or blow moulded products.  This is regarded as a major advantage 
in rotational moulding. 
 
     Polyethylene accounts for about 90% of the industry and PVC accounts for the majority of the 10%.  
The remainder of the market tends to be in specialist areas where polycarbonate and nylon find 
applications.  Significant advances being made in the development of new materials and grades and the 
rotational moulding process is enjoying a boom The technical development of rotomoulding and the 
current growth is to a large extent due to the ingenuity of the moulder rather than the sophistication of 
the equipment or any sustained R&D effort. 
 
     Fortunately this situation is now changing and this paper describes the major advances which have 
emerged from the research laboratories at The Queen’s University of Belfast. 
 
PROCESS SIMULATION 
 
     There are a number of areas where rotational moulding can benefit from process simulation. 
 
These are 
(a) distribution of powder within the mould 
(b) heat transfer 
(c) mould position within the oven. 
 

Although rotational moulding appears simple, the dynamic movement of the mould and the phase 
changes which occur within the plastic when it is in the mould mean that analysis of the process is 
complex.  Let us consider each of the above items in turn. 
 
(a) Powder Distribution 

 
     Normally the moulder wishes to achieve a uniform wall thickness in the end-product. The only 
variables available for control are mould speed and speed ratio.  The speed ratio is defined as: refer Fig 
2. 
 
     Consider a general shape of mould as illustrated in Fig. 2.  In a practical situation the mould could be 
symmetrical about all 3 axes (A=B=C, sphere) or it could be elongated in any combination of 
dimensions A, B and C.  Moulders have “rules of thumb” which enable them to decide on the best speed 
ratio for a particular mould shape sitting at a chosen location relative to the plate and arm axes. 
 
     If the mould is of a spherical shape, one might reasonably expect that from the symmetry of the 
shape, the speed ratio should be 1/1.  In fact any rotomoulder will tell you immediately that the correct 
ratio to achieve a uniform wall thickness distribution in a spherical mould is 4/1.  To see why this should 
be so, a computer simulation was set up (9).  In this, a mould with variable dimensions, A, B and C 
(Fig.2) was rotated at different relative speeds about the major and minor axes.  Each time a point on the 
surface passed through the lowest extremity in the y axis, this was tagged so that the locus of all points 
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passing through the powder pool could be tracked.  This showed very clearly that for a spherical mould, 
a speed ratio of 1/1 resulted in large areas of the mould surface never coming into the powder pool.   
 
     An interesting outcome from this simple simulation was that a non-integer speed ratio is best if a 
uniform wall thickness is desired in rotomoulding. A non-integer speed ratio means that there is an off-
set after each repeat cycle and so more areas of the surface have the opportunity to enter the central area 
of the powder pool.  In practice, when moulders intend to set a ratio of say  4/1, the inaccuracies in the 
speed control more often mean that the actual ratio is more likely to be 3.8/1 or 4.2/1 which is beneficial. 
 

(b) Heat Transfer 
 
     To extend the simulation it was of course necessary to take into account heat transfer.  It is one thing 
to know whether or not a point on the mould surface comes into contact with the powder pool.  The next 
question is to determine whether or not that point is sufficiently hot to cause the powder to stick to the 
mould surface.  There are a number of situations which could exist at a point on the surface of the 
mould.  These are illustrated in Fig. 4.  In one case there may be heat transfer through the metal mould 
because no powder or melt is in contact with that point.  Alternatively there could be powder in contact 
with the metal surface but no bond is established and no melting has occurred because the temperatures 
are too low.  In subsequent stages there will be melt adhering to the metal and there could also be loose 
powder moving over this melt.  Heat transfer analysis is, therefore, not straightforward.  The situation is 
also complicated by the fact that even within the melt zone there will be a gradual transition from melt to 
powder as shown in Fig. 5.  This means that thermal conductivity, density, specific heat, etc will not 
only be changing with temperature but will also vary due to the nature of the plastic – melt,  melt with 
air pockets, partially melted powder, un-melted powder, etc.  As no data exists it was necessary to 
measure these properties for all the powders studied (10 – 12). 
 
     Initial simulations (9,10) which included the heat transfer gave good predictions of wall thickness 
distributions under a wide variety of process conditions.  Fig. 6 illustrates one important result of this 
work in that mould contact time is not the full story in terms of wall thickness distribution.  Once heat 
transfer is taken into account, two additional factors come into play. These are (i)  there is a natural 
tendency  towards a uniform wall thickness distribution because as plastic builds up in one area, this 
reduces the heat transfer in that zone and this discourages more thickness build up, and (ii) if plastic melt 
does build up in any particular area then it will not remain as a peak – there will be a tendency to even 
out the surface as the plastic melt flows from the peaks to the troughs. 
 
     Full details of the heat transfer analysis and powder flow tracking are given in reference (9).  
Subsequent refinements of the analysis (11-15) have built on the early work of Throne et al (16 – 19) to 
provide very accurate predictions of behaviour of the plastic during rotational moulding. 
 

(c) Mould Location in Oven 
 
     As a final practical aspect of the computer simulation of rotational moulding, it is important to 
recognise that the oven  (or heating zone) may not be a homogeneous temperature environment.  As the 
mould rotates about the arm and plate it will move to a wide variety of locations in the oven.  If 
temperatures are not the same in all parts of the oven then it will be difficult to achieve a desired wall 
thickness distribution because different parts of  the  mould will experience different thermal gradients. 
 
  To assist with an understanding of this problem a computer based study examined mould movement at 
different speed ratios (14).  Fig. 7(a) shows a particular situation where the mould is placed off axis 
relative to the arm and plate.  Fig. (7b) shows freeze-frame locations of the mould in the oven as it is 
rotated at a specific speed ratio.  At this stage this work is incomplete because the information in 
diagrams such as Fig.7(b) has to be correlated with a map of temperatures in the oven and cooling bay.  
This information has then to be linked into the computer simulation of the full process – at present this 
assumes a uniform thermal environment for heating and cooling. 
 
PROCESS CONTROL 
 
  A major factor which has hampered the development of rotational moulding is the lack of process 
control.  Due to the rotation of the mould, it has always been difficult to get instrumentation on to or 
inside the mould to determine the condition of the mould or the plastic powder/melt.  Attempts have 
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been made to use slip rings to take electrical signals from the mould but generally these have proved 
unreliable.  Hence, moulders have had to depend heavily on trial and error methods and experience to 
optimise process conditions. 
 
     Fortunately this situation has changed dramatically with the development of a telemetric device 
developed at Queen’s University to monitor the temperature of the air inside the mould (20).  Using this 
equipment, it is now possible to control precisely all aspects of the process and remove the trial and error 
element completely.  Fig. 8 illustrates the temperature-time profile for the air inside the mould during a 
typical rotational moulding cycle. 
 
     During the initial stages of the process, up to point A, the mould rotates but does not achieve a 
sufficiently high temperature to cause any of the powder to stick to it.  At point A the first powder 
particles begin to adhere to the mould.  Over the region AB, the air temperature rises less quickly 
because the thermal energy is absorbed by the melting of the plastic powder.  At point B, all the powder 
has been melted and is bonded to the inside surface of the mould.  However, it is a fairly loose powdery 
mass with a lot of trapped gas pockets.  Heating must continue therefore to allow time for these gas 
pockets to dissipate (12, 21-26).  During this time, the internal air temperature increases at a rate 
approximately equal to that observed in the initial stages of the cycle. 
 
     Eventually the melt has consolidated to the extent that good mechanical properties will be observed 
in the final product.  Hence at point C, the rotating mould comes out of the oven.  The cooling rate in 
region CD is crucial.  If it is too fast then the crystal structure will not form uniformly and warpage will 
occur accompanied by a deterioration in properties.  At point D the melt solidifies and this is easily 
observed on the internal air temperature trace because heat is released by the solidification process.  This 
causes the rate of decrease or internal air temperatures to be much less than before.  After solidification 
the air temperature once again decreases at a rate dependent on the method of cooling used.  Faster 
cooling (eg water spray)  is permissible at this stage because the structure of the plastic has, to a large 
extent, been formed. 
 
     The temperature trace in Fig. 8 is extremely important for process control in rotational moulding.  
Not only does it provide a “fingerprint” to maintain consistent quality from moulding and batch to batch, 
it also provides information to indicate when the mould should come out of the oven, when de-moulding 
can begin, etc. 
 
     A key quality control parameter is point C.  For polyethylenes it has been shown that if the peak 
internal air temperature is maintained at about 195oC ± 5oC then good quality products will always be 
obtained (27).  Thus quality can be maintained consistently, independent of the vagaries of local 
conditions, oven efficiency, oven temperature, oven timers, mould material, plastic material, shot size, 
heat transfer parameters, etc.  By measuring the temperature of the air inside the mould, the condition of 
the most crucial zone is being  monitored.  It is at the inside surface that the powder will fuse last to form 
a smooth surface and it is at the inside surface that degradation will begin if the mould is left in the oven 
for too long (3,28). 
 
IMPROVING CYCLE TIMES 
 
     It was stated earlier  that the inherent nature of rotational moulding makes it a relatively slow 
processing method for plastics.  The mould and plastic both have to be taken from room temperature to 
200 – 300oc and back to room temperature in order to produce a moulding.  Production rates can be 
increased by using multiple moulds and multiple arms but there is always a need to trim minutes off the 
basic cycle time.  Recent research (11, 12, 29) has shown that this is possible without impairing product 
quality – indeed in some cases, product quality is improved. 
 

(i) Bubble Formation and Removal 
 
     When powdered plastics are used in rotational moulding it is unavoidable that air pockets will get 
trapped in the melt.  Fig. 9 illustrates how irregular pockets are formed as individual particles stick 
together at their melted surfaces.  As time progresses, the irregular pocket transfers into a spherical 
bubble.  Originally it was thought that these bubbles then move up to the free surface and out of the 
melt.  This was supported by the evidence that when a good moulding is sectioned, there are no bubbles 
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close to the outer surface ( in contact with the mould) but there are small bubbles close to the inner, free 
surface. 
 
     However, video recordings (21) and a simple force balance (12) show that the bubbles tend to remain 
static where they form.  In the vast majority of cases, the viscosity of the melt is too great to facilitate 
movement of the bubble.  The video recordings show that bubbles form into spheres and then gradually 
decrease in size until they eventually disappear.  This occurs during region BC of Fig. 8.  The reason 
why no bubbles are seen at the outer surface of the moulding is that they have formed first and have had 
more time to disappear.  The bubbles close to the free surface have had less time and so get frozen into 
the cross-section when the mould leaves the oven and enters the cooling bay.  It is commonly accepted 
by moulders and has been confirmed by tests (27) that it is desirable to produce a moulding with some 
internal bubbles (pin-holes) remaining in the cross-section.  If the mould is left in the oven until all the 
bubbles have disappeared then with most plastics, degradation will have started to occur at the inner free 
surface. 
 
     The rate at which the bubbles disappear in the melt is time-temperature dependent for a particular 
polymer.  Extensive experimental trials (22) have produced data of the type shown in Fig. 10.  In this 
bubble diameter, φ, is related to the original size of the bubble, φo, and the temperature at the bubble 
location over a period of time.  Classical sintering analysis is based on the work of Frenkel (30).  
 
      Hot plate tests and full-scale rotomoulding trials with various grades of polyethylene (22) have 
provided a semi-empirical relationships. 
 
     Although the above semi-empirical analysis is necessarily linked to a specific mould, moulding 
machine, etc it can nevertheless provide conclusions which are of generic value.  Unfortunately, process 
improvements based on this analysis are marginal because quite often the heating rates are close to 
optimum in a real situation.  This has occurred through a process of evolution  because any moulding 
operation which is significantly away from the optimum conditions is unlikely to be economically 
viable. 
 
     Instead, in order to make a significant breakthrough in the reduction of cycle times, it is necessary to 
take a more fundamental approach.  For example, Spence (12) has shown that the rate of bubble 
disappearance can be increased by introducing additives, such as stearates, into the plastic.  These appear 
to decrease the surface tension forces and enable bubbles to collapse quickly.  Fig11(a) shows a 
moulding produced from a normal rotational moulding grade of polyethylene.  Fig. 11(b) shows the 
effect of adding 1% stearamide to the plastic powder.  Both mouldings were produced under the same 
conditions.  It should be noted that surface pinholes and internal bubbles tend to go hand in hand.  If one 
exists then the other will also be observed.  Similarly if one is removed then the other will disappear 
also. 
 
     The important conclusion from Fig. 11 is that additives such as Stearamide can reduce cycle times 
because as the bubbles disappear more quickly it is not necessary to leave the mould in the oven for so 
long.  The only thing which one needs to be careful about is the choice of additive and the amount used.  
There are many types of additives which will reduce viscosity and/or surface tension, (12) but the vast 
majority of them will also reduce the mechanical properties of the plastic.  Stearamide does not have a 
detrimental effect for additive levels up to 1%. 
 
     It was stated earlier that rotational moulding does not involve the use of pressure.  Indeed a vent is 
provided in the mould to avoid any build up of pressure within the mould.  However, it has been shown 
(12, 33) that the introduction of a pressure or a vacuum during the rotational moulding cycle can have a 
dramatic effect on the removal of bubbles and pin-holes.  Fig. 12(a) shows a polyethylene product 
moulded under normal conditions.  Fig 12 (b) shows the effect of a 1 bar pressure applied for 50 seconds 
during moulding.  Figs. 13 and 14 illustrate the results achieved using the technology with nylon and 
EBA – the latter material is known to be notoriously difficult to mould without pin-holes. 
 
      The underlying principle of the technology is that it is necessary to create a pressure differential 
between the inside of the bubble and the general surroundings.  Hence the points at which pressure or 
vacuum are applied are crucial.  In the case of pressure, it is essential that the pressure is not applied 
until the bubbles have formed. 
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     Thus pressure should not be applied before point on the internal air temperature profile (Fig. 8).  
Tests have shown that the best time to apply the pressure is about 2/3 the way along the curve BC.  
Although the higher  the pressure the better and more rapid the effect, bubbles can be removed using 
very modest pressures (0.5 – 1.0 bar).  As moulds for this process are thin shells it is important not to use 
excessively high pressures.  Fortunately the effect works if 0.5 bar is applied for a short period, say 1 
minute. Once the bubbles have gone the mould can be taken out of the oven.  The remainder of the curve 
(Fig. 8) will be parallel to CDE and so the overall cycle time can be reduced by up to 20%.  In addition, 
since the plastic is not in the oven so long, it is observed (12) that the mechanical properties of the end 
product are improved.  For example, impact strength was found to be 15% - 20% better than for a 
normally produced moulding. 
 
     When vacuum is to be used it is important that it is introduced early in the cycle (before  point A in 
Fig. 8).  The vacuum is then released about 2/3 the way along BC and this causes the bubbles and pin-
holes to disappear instantly.  The reduction in cycle time and improvement in mechanical properties will 
be as described as above. 
 

(i) Internal Heating and Cooling 
 
     Another reason why rotational moulding is relatively slow is because heating and cooling occurs 
from one side only (the outside).  It seems reasonable to expect that if the plastic could also be heated 
and cooled from the inside of the mould then this would reduce cycle times in a major way.  In order to 
quantify the likely benefits, a computer model was set up (29).  To simplify this so that the general 
effects could be observed, the powder inside the mould was assumed to be static.  For the purposes of 
this investigation it was considered that the heat transfer was one-dimensional and that it was equivalent 
to the situation in a packed particle bed (34 – 37).  The approach taken was as follows:- 
 
HEAT TRANSFER IN PLASTIC BED 
 
     The heat transfer in the plastic bed is much more complicated than that in the mould wall.  Since it is 
being proposed that in the heating period, hot air is introduced into the inside of the mould to heat up the 
plastic particles, the heat transfer problem is a combination of heat transferred by conduction from the 
mould wall and by convection from the hot air.   
 
The internal heating takes place before the melting process of the bed completes.  However, the 
changing of the plastic from solid particles to melt, or vice versa, involves a latent heat of fusion term 
which must be supplied during melting or taken away during cooling.   
 
FUTURE DEVELOPMENTS IN ROTATIONAL MOULDING 
 
     It is an often quoted statement that rotational moulding is a manufacturing method which has 
tremendous potential.  Cynics say that it has always had great potential but it is destined never to achieve 
it.  So what does the future hold for rotational moulding?  Although for many years there were very few 
developments in the rotomoulding industry, the pace of change is now very rapid.  Recent years have 
seen major changes in machine design and process control, new materials are arriving on the market at 
regular intervals and significant improvements in mould design make them more efficient and more 
convenient to use. 
 
     Recent surveys by the Association of Rotational Moulders (ARM) have identified what the moulders 
see as their main problem areas.  These are, in descending order of priority:- 
 
1. Improved mould design and construction to achieve faster heating. 
2. Improved methods to predict shrinkage. 
3. Improved mould design to provide more uniform heating. 
4. Methods to reduce cycle time. 
5. New rotational moulding materials. 
6. Better information in regard to recycling. 
7. Better information on the effects of processing on properties. 
8. Product design (stress analysis). 
9. Internal mould release agents. 
10. Improved impact test. 
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11. Improved venting. 
12. Improved quality assurance (incoming materials). 
13. Improved quality assurance (moulded products). 
14. Mould strength guidelines. 
 

MOULDS 
 
     Items 1, 2, 3, 11, 14 and, to some extent, item 4 are all related to mould construction or design.  This 
is the biggest collection of items, so presumably moulders feel there is considerable scope for 
improvement in this area. 
 
     What is the purpose of the mould?  Clearly at the most basic level, the mould is required to give 
shape to the plastic.  It must provide rapid heat transfer to the plastic and it must be rigid enough to 
withstand the forces exerted on it by gravitational and thermal effects.  The two basic requirements of 
heat transfer and rigidity are conflicting – to meet the former the mould should be as thin as possible but 
to meet the latter, it should be as thick as possible.  The best compromise is complicated by the fact that 
different mould materials are available offering different trade-offs between strength and thermal 
conductivity. 
 
     So how can mould be improved?  It is well known by the mould makers that many advances can be 
made but the moulders must be prepared to pay for the higher performance.  For too long, too many 
people in the industry have demanded  “cheap and cheerful” moulds.  The industry has paid the price in 
terms of a poor image – low quality products with internal porosity and surface pores. 
 
     Although faster heating and more uniform heating are high up the industry “wish list”, in fact the 
mould does not represent a major development opportunity.  Research has shown (42) that even if the 
mould is heated more quickly, in most cases, the plastic is close to its saturation point for the absorption 
of heat.  The plastic itself presents a much greater barrier to heat input than does the mould.  The key 
question is not “How do we heat the mould faster?” but “How do we reduce the cycle time?”  As 
indicated earlier in this paper, this can be achieved in a number of ways. 
 
(a) The addition of heating and cooling inside the mould can have a very major effect on cycle time.        

Internal cooling will also help to reduce warpage by balancing the rate of temperature decrease on 
the inner and outer surfaces. 

 
(b) The application of pressure to the mould can reduce cycle times very significantly and product 

quality is also improved. 
 

In addition, rather than ask, “How do we heat the mould more uniformly?” the more fundamental 
question is “How do we heat the mould in a controlled manner?’  Recent advances have shown that 
moulds with quite different heat input rates in different areas can be designed and manufactured.  
These moulds present tremendous opportunities to the moulder – for example, the ability to provide 
precise wall thickness control in different areas of the mould.  This may also lead on to a means to 
control shrinkage and warpage. 
 
     Moulds in the future must develop along the lines of injection moulds.  Higher quality finishes 
will be demanded as rotomoulded products compete more directly for complex, high profile 
products where surface finish is of the essence.  Also, moulds must become more convenient to 
manufacture and use.  Thus standard mould parts, more uniform clamping and standardised 
mounting will undoubtedly become the norm.  This will facilitate automation and fast mould 
changes. 
 
     Improvements in mould venting are easy to achieve but the increased complexity which they 
necessitate requires a change in attitude from the moulder.  Precision venting which avoids material 
spillage, facilitates new charges to be introduced, provides access for process monitoring and 
facilities internal heating/cooling is available but it requires much more careful handling than is 
currently afforded to mould vents.   
 
     In the more distant future, what mould developments are likely?  The demise of release agents 
seems likely through the use of internal lubricants in the plastic, or permanent release coatings on 
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the mould.  Co-forming is also likely to become more popular as it has in other sectors.  This is 
where plastic is formed around existing plastic or metal parts to provide novel or much more near 
market products.  It is also likely that directly heated moulds with very uniform temperature 
distributions will be available in the near future.  Such development may necessitate a complete re-
think of the nature of the rotomoulding process. 
 
MATERIALS 
 
     The next most important factor in the minds of rotomoulders appears to be the material.  Items 5, 
6, 7 and 9 relate to this in a variety of ways.  The request for new materials is a perennial plea from 
moulders and designers.  In theory there is nothing to prevent all thermoplastics and most thermosets 
from rotomouldable.  The process simply involves causing a plastic melt to coat a mould surface.  
The stumbling block appears to be the need for a specific, controlled viscosity in the melt state and 
an inherent thermal stability to withstand the relatively long processing cycle. Graham (43) has 
defined the ideal rotmouldable plastic as follows: 
 
“It should have a high surface tension and a low zero shear viscosity to facilitate good fusion.  It 
should have a well-defined sharp melting point but low enthalpy of fusion.  It should have a high 
thermal conductivity in the melt and solid state:  It should have a low break elongation for grinding 
but high elongation to break when in service.  It should have good thermal stability when processed 
in air.  The ideal material should be as stiff as possible, have high impact strength, good tear 
resistance and low notch sensitivity.  It should have food contact status and low flammability.  It 
should be easily re-cycled.  The material should have adequate shrinkage to facilitate easy de-
moulding and possess no environmental hygiene issues upon moulding or handling.  It should be 
paintable and allow graphics adhesion and be melt colourable.  It should be keenly priced”. 
 
     For the future, rotomoulding materials would be enhanced if their inherent heat transfer 
characteristics could be improved -–through chemical formulation and/or physical additives.  
Conducting polymers are currently available so this may not be such an unreasonable request.  
Although laminates are entirely possible in rotomoulding (eg PE/Nylon for improved permeability), 
the modern trend is to move away from this type of concept – not least because recycling can be 
difficult.  Multi-layers of solid/foam in the one material are preferred and are becoming much more 
popular.  These can offer superb benefits in terms of improved stiffness.  As process control 
becomes more sophisticated and mould design more advanced these types of laminate structures can 
be achieved without difficulty.   
 
     Finally, recent research (44) has shown that it is feasible to introduce reinforcing fibres into 
rotomoulded products.  This is not easy due to the natural sieving action which occurs when 
chopped fibres are mixed with powder and tumbled in a mould.  However, with special types of 
fibres and combining the advanced technologies referred to above it is possible to obtain mouldings 
with considerably enhanced mechanical properties. 
 
MOULDING, MACHINERY 
 
     Rotational moulding equipment remained largely  unchanged for several decades and precise 
process control was almost non-existent.  Although, over the years control equipment appeared to 
get more accurate, the fundamental flaw was that, at best, it is the oven temperature which is 
controlled.  Not surprisingly, this temperature bears little relationship to what is happening to the 
plastic.  However, from being in a situation where rotomoulders lagged way behind injection 
moulders and blow moulders, recent developments have enabled them to leap ahead of the other so-
called “more advanced processes”.  To-day rotational moulding has available a sophisticated level of 
process control.  Rotational moulders can access primary feedback data from inside the mould.  The 
unique nature of rotational moulding means that there is an air-space inside the plastic product when 
it is within the mould.  It is this inner space which is the most crucial to the process – it is where 
degradative damage will occur to the product and it is the zone which receives heat last.  Therefore, 
if the temperature is monitored in this zone it enables the process to be controlled in a manner which 
is independent of all other machine, mould or material variables. 
 
     Thus rotomoulding now provides the control engineer with the ideal situation – the prime process 
variable as a direct feedback signal to control their machine.  In the future, it seems certain that all 
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rotomoulding machinery will be controlled from a temperature signal from inside the mould.  This 
will enable heat input rates to be controlled on demand and cooling rates to be balanced to avoid 
distortion. 
 
     Machines of the future will also have multiple feed pipes through the arm of the machine to the 
mould.  These will facilitate mould temperature control, mould atmosphere, mould pressure and 
mould charging.  It is also feasible that there could be indirect or direct monitoring of wall thickness 
distribution (using, for example, ultrasonic or optical systems).  This information could then be used 
to control the rotational speeds so that desired wall thickness profiles could be achieved.  It also 
seems highly likely that new types of machine will emerge.  For example, the need for an oven is 
already being questioned.  Direct mould heating could facilitate banks of rotating arms with direct 
material feed and automatic de-moulding. 
 
     As indicated earlier, rotational moulding is at an exciting stage in its evolution.  New process 
control has arrived and new materials are becoming available every year.  Much though is being 
given to mould and machine design.  These developments, coupled with the inherent ingenuity of 
the rotomoulders means that the process has a very exciting future. 
 
CONCLUSIONS 
 
     From the research work on rotational moulding reported in this paper, the following conclusions 
may be drawn: 
 
1. Non-integer speed ratios are preferable during rotational moulding if a uniform wall thickness is 

required in the moulded product. 
2. The temperature of the air inside the mould gives the most direct means of controlling the various 

stages in the rotational moulding process. 
3. The peak air temperature inside the mould is a good quality control parameter to maintain the 

mechanical properties of the moulded article at the desired level. 
4. The use of additives such as stearamide can have a significant effect in reducing the occurrence 

of pin-holes and bubbles in moulded articles. 
5. The use of the pressure introduced after the powder has melted will remove completely pin holes 

and bubbles from rotationally moulded plastic products.   
6. The use of vacuum, applied before the powder melts and released after the powder melts also has 

the effect of removing the pin-holes and bubbles. 
7. Early removal of bubbles from rotomoulded products improves mechanical properties up to 20%. 
8. Internal heating and cooling can decrease cycle times by factors in the region of 30-40% 
9. Solid skin, foamed core rotationally moulded products can now be manufactured by placing one 

single charge of material into the mould. 
10. Rotationally moulded products containing fibres can be produced in order to enhance strength 

and   stiffness. 
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