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The machinery and equipment designed for tho rotational
moulding will be suitable for moulding, without excriing
any pressure, open and closed, seamless hollow parts

of more than 10.000 litres in volumc, For this purposo

all thermoplastic materials, except polyproylenc, can

be used and most recently also the monomeric nylon 6

with much success, After referring to the processing de-
velopmonts you will find en introduction into the products
which are feasible by rotational moulding,

The rotational moulding process is all the more of interest
as relatively low investment and nearly no costs for wages
will be involved, In large parts, the raw matorials will
mke up to 80 to 90 percent of the total costs iavolved,
The rotational mouldiag process will become more and more
interesting with every wage increase,

The moulds uned will be of wetal of closed design, operat-
ing without a'ny pressure and are rotating around mutwally
perpendicular gzee, T™e rotatiag apeed

is below 30 rpm; in general theve will be mo cuntrifugal
forces .

Both pasty plastic materials and polyweric plastic powder
can be used, The processiang of monomeric lactam fer rould-
ing nyloa hollow parts has bees most successful receatly
siance the monomeric materials are less than 30 peroent of
the costs javolved ia aylom pellets er sylo. powder,
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The melling tempurature fo. polymeric powder 1o in geacal
from 3007¢C to 4500C. By heating and cooling the mould,
which is rotating around two axis, the plastic material
will be melting and is cooling down afterwards, The pro-
duced wouldings are practically free from any stress nor
tension, For heating, air, oil or direct firing will be
used, The rotational moulding machincs of lrtest design
are operating automatically and they will also be set and
controlled automatically,

For hot air machines singlc wall moulds will be uscd,
whereas the moulds for liquid machines are double walled,
The hot air machine allovs to reach temperatures above
300°C, but its precision in maintaining the vualues sot
for hoating or cooling by water and air, will be limited,
Precision is by far above by the liguid heatod machinery
where temperatures upto 300°C will practically do for the
procesring of all thermoplastics, In principle, it will
be possible to manufacture rotational moulding machines,
which may operate either with hot air or oil, allowing
ia this way to use single wall wmoulds for try-aout and

to iastall double wall moulds only afterwards for pro-
duction after the product gives ontire satisfaction,

Por the anionic polymerization, the monoweric liquid
material of a viscosity like water, will be supplied iato
the mould cavity and during the heating operation, the poly-
werizing process takes place at the same time as thc mould-
ing of the hollow part in one operation and with short
cycle times, In this way fuel tanks of more than 2000 1

in volume have been producocd in Germany at costs, which
are by far below steel tanks,




In addition the weight of plastic tanks is by 80 percent
below that of steel tanks and tho design of the product
nced not ta: into consideration the rules for vacuum
forming and blav moulding, Furthermore, :such scamless
design had never been possiblc before by any other method,

The liquid heated rotational moulding machines allow
furthermorc (o mould sandwich designs without stopping
the operations, comnrising foamed materials with massive
laycrs inside or in hetween,

As only the proccssing temperatures make a diffcrence in
the mouldinyg of hollov parts of nylon 6 and othor theruo-
plastics, a special mould doesign will allow to supply
monomeric nylon into a mould, which is meant for moulding
parts such as tanks demanding special reosistance against
solvents, fucl oil or similar, or to supply polycthylcne
pouder into the same nmould for moulding containers for
storing and transporiing acids and alkaline materials,

Tho cost estimates, wvhich have heen made up in particular
for hollov parts above 1000 litres in volume, have shown
quit @ clearly that the manufacturing costs are below thoso
involved in parts ¢4 glass fibre polyethylene, Such a part
of 2000 litres can be seen on Fig. 1, In front you will
+ae the polymerizing and metoring plant for monomeric
aylon 8, the rotatioanal moulding machine is in the back,

The Fig. 2 shows the heating and cooling system in the mould
of a liquid heated rotational moulding machine, mcdoel MRA,
The inert gas can bo supplied into the mould cavity




through the rotary arm at "a" in horivzontal direction

through tlie crankshaft during the rolating operation: this
will contribute to keep the moulding atiached to the inside
wall of the mould cavity, especially during the cooling and

after shrinkage where difficull materials are concernced,

The heating madium (synthetic 0il) will be supplicd at the
left side through bushings at "b", After transmitting its

heat through the mould cavity wall, the oil will flos back on
the same way and leaves at “c¢", As the heat tronsmission co-
efficient of fluids is above that of air, the MRA machincery
has bhcen recognized all over the world (by nearly 60 nachines)
for itsclosce temperature control and its ceconomy which are
both superior Lo the hot air systonm,

In general, the cycle times arc shorter for small parts when
hot air machines are used, As you will sce on Fig, 3, these
hot air machines are running .n principle on two arms, onc of
which is turning mound the axis and the other one inside the
axis,

The wax.mum cylindrical diameter and height of the finished
product r~=sults from a and b,

The Fig, 4 shows such a hot air rotary carrousel machine,
system McNeil/Krauss-)affel, “

For medium-sized articles of lower quantitics, the automatic

air machines of the model LRA of SINGLE or DUPLEX design have
also stood all tests most successfully (Fig., 5). In this case
one or two driven carriages with the moulds will pass through

one henting station and two cooling stations The
dimensions of this large hot air machine can be seen on
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Fig, 1
The Table 2/gives the overall dimensions of the liquid heated

machines, In particular the dimensions above 3000 liters are
most interesting, this means the modcl MRA 3 and above are

being used most successfully,
Fig. 8
The Table B/ﬁill give you a certain reference as to the use

of the three models of rotational moulding machines as des-
cribed, The double wall design of the moulds for MRA michinery
can bhe seen on Fig?fbl You will see quite clearly how the
spacers are holding the corresponding two steel walls, The
mould is nearly frce from all pressure both in the cavity,
where the product will be moulded, and hetween the walls,

As you will also see from Fig. 6, the design of these moulds
allows to install automatic mould opening and closing equip-
ment as these are not exposed to heat, contrary to the hot air
machines, This is a current equipment where compressed air or
nitrogene will he supplied through the rotating arm,

The so-called model RT 5 - directly fired rotational moulding
machine ~ is specially designed for moulding PVC balls or toys,
Such a machine car. be seen on Fig?Q§) By means of a fow

moulds, the machine will be suitable for producing with ute
most precision more than 300 balls/h on a space of 4,5 sq.m,

The machine can be operated by one man, who will have to take
out the moulded balls and'do the metering into the noulds,
The complete operation is automatic, The advantages of this
machino are that the two rotary axis will meet exactly in

the centre of the products in order to assure uniform wall
thickness, but minimum quantity of raw material, The machines
of this type have stood all competition in Germany and
abroad,

As regards the use of our plants for the anionic polymaiz-
ation of monomeric nylon G, you will see on the Fﬂévcﬂan 9)
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the plant as it has been arranged by onc of the most inport.
ant stccl companies, In many cases the melering unit {(h) will
be placed on the drive (g) of the rotational moulding machines;
for the production of serial products such as 2000 liter fuel
tanks, the ccuplete opcration is automatic, including tho
metering operation for scveral times of the monomeric liquids
by means of a tiltable arm, In the end the machine will o into
stop position so that the operator will only have Lo take off
the finished product, No matter of the volume concernced, tanks
of several thousand liters volume can be produced within loss

than 2 minutes,

For the rotational moulding process not the volume of the
moulding will ho decisive for the cycle time, but only the
wall thickness. The cycle time will be just the same for fisher
net balls of 9 mm wall thickness and 2000 liter containers of
9 mm wall thickness,

On Fié?(ﬂ)you will see a lateral arrangement of the metering
plant,

The Eig1.3(10)w111 show unbreakable light globes of latest design,
which are made of plastic instead of glass., The special rotational
moulding machine of our make will be able to produce 20 pieces

‘each hour of these parts,

On Fig'ﬁ(lO a) you will see light glohes of polystyrene which
are made of multi-colour pellets; these products are most
popular and provide for perfect heat elimiration,

The Fig!séy)showa such a rotational moulding machine of special
design with five rotary stations, where all stations arc arranged
this way that the two rotary axis will coincide with the centre
of the prmduct, This machine is beyond any competition for
moulding light globes in particular in ball form. The process
takes place under inert gas and by the use of vacuum and
compressed air in accordance with the demands by the used

raw material,




The cycle time for light gglobes is below 15 minutes and it
will thus be possible to producc morc than 20 light-globes
each hour up to 870 rm in diameter, which will rd: need any
subscqauent {inishing,

The Fig? 12)shows a wmould for 300 liter transport containers
and picturc no?&ia)shows the product from this mould, which

has already hcen placed into a grid box, Fvery 32 to 36 minutes
one cach container of 800 to 1000 liters volumo will leave the
mould and the operator must not rest at the machinec during this
cycle time, Nuring this half an hour,'the operator can be
occupied with the comnletion of the container,

The Fig!séd)shnws the universal use of the rotational mould-
ing process, For a 100 liter container it will be use to
mould in onc piece at tho same time the flange and the 80°
socket just like covers at the same time with the moulding
itscelf,

9
The Figﬁ Qs)shows the production of 18 transport and storage
tanks of 2500 liters in volume and of nylon 6, production ob-
tained in approx, 6,5 hours,

The use of polystyrene is becoming more and more interesting for
the p;?du%écﬁa of furniture parts by the rotational moulding
procesg X Cohtfary to the usual furniture parts, the rotational
moulded furniture will neither be plane on the surface and
cold when touching it, nor of low wall thickness as usually
previously, There will be concerned hollow parts which will

be of up to 50 mm at the thinnest place; there is a most com-
fortable fecling and they can be varnished in various colours,
unless the rav materials have already been coloured before,

The cycle time is from 7 to 17 minutes according to wall thick-
ness and melt index of the processed polystyrene or similar of
nylon 6,

Another most interesting and modern rotational moulded furniture

part is shown on Fig. 2n a,(lG a) a much more ;conomic way than
glass fibre in the past,




rig?167)sho'xa A multi-purpose double walled boat (with
motor, for rowing or sailing), which ias been produced by
the rotationa. moulding process, 2217 Q) 23/17b) Rotntional
moulded parts like these bcats, have been tested for months
under most keen conditions, but they stood all tests,

Fig. 24 (17c) and Fig. 25 (17 d). The wmanufacturing contsof
rotational moulded parts are practically a matter of the raw
material costs and the rotational moulding process of such
holiday products will be successful in future also for large
dimensions and most attractive desin, This hoat can be pPro-
duced within approx. 43 minutes cycle time; it is of 50 kg
weight; it is double walled and PE foam will prevent it from
going down, Single wall boats can also be moulded,

The variation and the univorsal use of the rotational moulding
process can also be seen on the picture ao.(}a) this is a
packaging palette which will be most promising on the markot
for transportation of food and in cooling houses., This part
will prove that not only ball like open and closed parts

can be rotational moulded,

The Pig. n&?(w) sho.s the possibility to mould today most
difficult threads with key locks which can be moulded wmost
reliably owing to the swivel equipment on the URA machinery,

rig, 289%‘).-11 reinforced bottom construction of a sel f-boar-
ing transport and storage container 4000 liters of

PRy
Fig. n:‘ﬁ the product,
rig. 30: mould
Fig. 31: A fur- ture design vhich is wost resistaat to torsiee
like the shown btoat

(194)
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Fig. 32: Sandwich wall with foam and/or glass fibre,
The Fig’ﬁ@ﬂ)shows the production of approx, 10,000 liter tanks
on the rotational moulding machinec model NMRA 4,

On Fig?%él)you can see the design of seamlcss, rotational
moulded bhath (wet) cabhins or similar of approx., 2 meter-s

in height, which are ready for installation. By a sandwich
design of such parts, cousisting of a solid outside skin of
high-density polyethylene and of foamed polyethylenc inside,

even large parts, may be caravans or small houses like cells,
can probably be rotational moulded in future,

The picture ngiéz)ahows the rotational moulding works of

one of the most important steel conpanies in Ehrope, llessrs,
Thyssen, for the production of 20 liter fucl tanks of
nylon 6. These products are already lecss expcnsive than steel
tanks; for this reason they gave up the latter ones as soon

as the rotational moulding works started operation,
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Procedure of Rotational 'oulding

a) Monomers as Basic Material
In the metering and polymerizing plant, the rcactive
compound, 98,7 percent Ipsylon caprolactam, will be
produced within shortest time by mixing a few hundred
grammcs of activator and catalyst into the monomeric
basic material (hetween 50 to 200 kg/min,), This com-
pound with a viscosity similar to water at a tcemperaturo
of 120°C will be fet into the rotational mould by means
of a special fced pipe, After completion of the feeding
opcration of less than one minute, the mould, which is
automatically controlled, will start rotation and both
the polymerizing of the material and the moulding of the
product will take place siwultancou%@y.

At first a pool of melted wmaterial is gathcring at the
lovest end of the rotational mould, With the viscosity
incrcasing with the polymcrizing operation, the material
will be spread over the inside mould surface and each
rotation of the mould around two axes causes a layoer of
the mclted material to ho deposited on the accurately
heated inside mould wall, The spced ratio of the

rotation for the two axes, is top secret by the moulders
and must be ascertained before being sc{ in the automatic
programmiang of the machiuc for production purposes, In
general, it will take 4 to 6 parts for findinr, out the
best speed ratio. These values will then be taken up into
the automatic programme which will then run automatically
for 10 to 15.000 serial parts/year,




For noulding loarge parts, 10 rpnm will in general not bhe

surpassed in the primary axis and in the secondary axis,

At the end of the polymerizing operation of approx, three
minutes cach and the corresponding metering, the cooling
will start automatically by maintaining the mould
rotation, Thc mould temnerature is approx, 175°C and the
temperature for unmoulding 1is 140°C.

The process is most interesting and economic as practically
one single t of 252 is taken to and fro. In this case
the moulding of nylon G of up to 2 meters in length will
be of stable shape as to allow to unmould it at 140°C.

Due to the poor thermal conductivity of the nylon G, this
temperature is of interest as it is maintained for a long
time, As som¢ of our customers do, various shapes of the
moulding can he obtained by blowing compressed air of
approx, 1 to 1,5 kp/cmginto the hot moulding by mecans of

a sp-ccial cquipment, This process caﬁ simply he named
"rotational polymerization blowing" and it allows to mould
spacial shapes for example for reinforcement, without
affecting the mould costs nor 1ncreasiué the cycle

time, This most promising procedure is only at its very
beginning,

The trend is now going over to high wall thickness of approx,
10 to 12 mm for nylon 6 and 20 mm for very large polyethylene
tanks; in this case only a quantity of the liquid monomer
corresponding to 2 mm wall thickness, can be introduced

into the mould:; otherwise the wall thickness will be in-
accurate,
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The mouldings of wall thickness below 4 to 5 mm, should

be caused to ahsorb approx, 1,6 to 2 percent water in hot
water of 70°, or saturated stcan of 100° or by storing

them in the open air during scveral weeks: in this wvay

the nylon G products will become practically indestructible,
For higher wall thickness abovo ¢ mm, such conditioning
will no longer be neccssary under normal Lemperaturcs as

it takes place only in the surface of the wall,

b) Powvdered Polymers
The amount of powder rcquired to make a particular item
with a given wall thickness, is fed into the open mould,
This is folloved by the automatic rotation around two

axes by simply pushing on a button,

For moulding threads or other difficult particularitics,
the rotational moulding machine comprisecs the autonatic
swivel device ir order to avoid forming of bridges or
other inconveniences in special moulding shapes,

The powder of grain size from 300 to 1000‘my is rolling
along the mould surface and flows by its gravity tovards
the deepest end of the mould., After. completion of the
fusion, the heating of the mould by pressure and sucking
pumps, which have been dimensioned under consideration of
the requiremonts by the process, will be automatically
switched off, Without stopping the rotational motions,
the hot oil will be replaced by the cold oil, which is
pressing the hot oil out of the mould, The heat from the
mould wall and from the product will be taken off by
means of the oil, which will be cooled down in a cooler,




The advantapge is that the preciscly adjuwsted and con-

trolled temperature will cause no thermal degradation
to the material, In addition, nitropgcn or vacuumn can be

fed where more sensible materials will be processed,

At the place where you vould lige to mould a manhole for
examplo, the double wall design changes over into a single
wall, where no melting will take place and the moulded
product «ill in this way nced practically no finishing
aftervards, Such a zone, which is not heated, can also

be provided for between the cover and the product itself,
in order to allow the moulding of parts with the cover

or double mouldings, As tho use of high dcnsity poly-
ethylene is becoming more and more current as i.s properties
are most valuable with respect to resistance to cold

and weather, notch stren: th and rigidity, the usc of the
rotational moulding machine of the model MRA turned out

to be most succewsful in particulay for processing high-
density nolyethylene,

These material qualities demand carefully controlled
cooling unleas there will be a lot of waste as with the
hot air machincry, The cooling sysbom in the 'FA machinery
will allow for slow cooling in the beginning and faster
cooling afterwards, For this purpuse, the pr ogrammed
operation af the MRA machines will be of advantage as

at the ead of the caaling aoperat fon, they will go auto-
matically inte uinmoulding positjon whore the moulds wilil
opin avtomatically by & pheamatle myatem,
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Our astomers are most proud of their output, which is

free from any waste,

For moulding sandwich walls consisting of high-density
polyethylene of a few mms and of foamed high-density
polyethylene of 12 mms and more with a density of approx,
0,3 kg/ m3, the moulds will be equipped with feed hoppers,
Jhe first rate for the outside skin will be supplied into
the open mould, After this first quantity is melted for
the first layer, the material of the first feed hopper will
be fed automatically by mecans of an automatic valve, This
latter material includces some foaming agent and will pro-
duce the central sandwich layer; as soon as this is melted,
the last feed hopner will be discharged withou? stopping
the rotation in order to produce, if desired, the inside
skin,

Te highly stabilized and costly materials will only be of
interest for the outside skin which is exposed to special
stress, As this matter material will increase the 8afety
stability for example against UV and sun rays, the un-
stabilized material can be used for and fed by the feed
hopper for the sandwich layer in between,

In this way it will also be possible to mould layers
consisting of polyethylene and powdered polymeric nylon
by the use of foamed polyethylene as this fcamed layer
will compensate he different shrinkage by the various
materials, In this way it will also be possible to com-
bine thermoplastic materials of different qualities,




Profitability of thc Motational Mouldinpg Proccss:

For considering the economy of this process, the following
should not be left out of view:

The invkestment reqrired for the rotary machines and the
moulds, are only .pprox. 25 to 30 percent those required
by different plastic processing methods for the production
of parts up to 1000 1 in volume, As the manufacturing
costs comprise up to 30 % for depreciation, the costs cach
hour are considerably lower for the rotational moulding
process, According to the type and the sizes of the mould-
ings, a profit is given sometimes by a few thousands

parts already,

For products above 1000 1 contents up to 10,000 1 and more
there is no other process in competition with fotational

moulding,

Furthermore, the rotational moulding process allows to
mele full use of the raw material as there is no loss by
cuttings or flashing, Wall thickness may he varying
without changing the mould, The fed quantity of the
raw material will determine the wall thickness,

As the complete procedure devebps aﬁtomatically, there
‘will be no costs for wages during the operation of the
rotational moulding machine, except for unmoulding and
motering,

As regards the tolerances, detailed statements can be
found in the VDI directives,
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With respect to profitability, it should be taken into
account that the rotational moulding machine of the
model IMA, will be amortized within one or two years
provided the product has been designed accordingly and
legislation will allow to do so,

In addition a market will be able to accept 5000 to
10,000 parts a year more easily than much more as obtained
from a blow moulding machine operating in three shifts,

The rotational moulding process will become more and more
of interest with every wage increase,
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Because of low investment and labour coste rotational moulding can be regarded
as a process in which raw-material costs embody 80-904 of total costs. The process,
suitable for hollow articles of up to more than 10 litres, is based upon charging the
raw-material, in the form of powder, paste or as in the case of Nylon 6 the monomer,
into a single or double-walled mould which is rotated as below 30 r.p.m. around two,

mutually perpendicular axes.

Hot air, oil or direct firing ocan be used for heating the mould and air or

water for cooling.
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wWhile the process can be employed for all thermoplastics excrtpolypropylene
it is particularly suitable for the in-situ polymerization and casting of - > -

caprolactam, which in the monemeric staiec costs less than 50, than Nylon 6 pellets.

A hot air rotary carousel machire, a double-wall machire embodying means for
automatic mould opening and closing and a direct fired machire for PVC ariicles

are described.

Cycle times, embodying for example one heating stage and two cooling stages,
are conditioned solely by wall thickness. Articles produced by this process may

range from transportation and storage tanks, PVC play-balls and a small boat.

Detailed description of the process relatel to caprolactam, powder polymers
and sandwhich structures embodying solid outer layers enclosing foamed cores

are included.

Because of the favourable balance of investment and production costs numbers

in the range of 5,000 to 10,000 parts per year are economic.









