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Abstract

Rotational molding is one of the fastest grow g
processes In the plastics ndustry today. However, this
grow th has been som ew hat restricted by the num ber of and
types of resins availlble to the molder. Polyethylene has
traditionally been the w orkhorse for the Industry because of
is ease of processing. Unfortimately polyethylene lacks
stiffness, along w ith otherm echanical properties, com pared
o the resins used I competitive processes. This paper
outlines methods t nprove the performance of
wtom olding resins using processing techniques, m odifying
the design of the part and by the Inclusion of stengthening
additives in the polym erm atrix.

Introduction

Before considering ways to Inpmove the stffness of
wtationally m olded products, it is In portant to understand
the properties of the m ost comm only used resins. Table 1
lists a num ber of comm only used polyethylene resins. The
properties listed highlight the relationship betw een density
and flexural m odulus ie. higher density = higher flexural
modulus. The vast majrity of these resins are Linear
Low M edim D ensity Polyethylenes. These m aterials are
typically used in densities mnging from 920 t© 944 kg/fn’
and m elt indices ranging from 2 0 t© 7.0 g/10m nutes. This
com bination of density and m el flow index yields flexural
modulus properties ranging from 480 to 830 M Pa - as
measured by the ASTM s@ndarxd D 790. The flexural
m odulus value is an ndication of the m aterial’s resistance
o bending under load ie. is stiffness.

D eflection Theory

Singk Layer Structures

Undersanding the laws that govem the deflection or
bending of a single wall under load is extrem ely in portant if
Inprovem ents to the stiffness properties of a m olded partare
desired. Considerthe example illustated I Figure 1. Fora
horizontal beam subjected o transverse flexural loading, the
maxinum deflection, §,w illbe given by™ :

6=aFL®/EI a)

where: o = a consantthatdepends on the type of loading
I= the ssoond momentofara (I= W D°/12), fora
rectangular cross-section beam )
E =modulus
F = applied force

The stiffness of the m aterial is given by the applied force
divided by the conesponding deform ation :

F=0EIL) Q)

From this theory it is gpparent that if the size of the
product and Joads applied © the product remain constant,
then the options for the designer to achieve the required
stdffness mchide:

Stiffness,

¢ Thcreasing the thicknessofthewall D)

¢ Selecting a differentm aterialw ith a higherm odulus E)

¢ M odifying the surface of the product to include load-
bearing featureseg.rbs @).

D esigning for Stiffness
Ribs

R Ios are w ithout doubt the m ost comm only used design
featinres t© enhance the stffness of wtatonally molded
products. Figure 2 fustates a typical rb cross section,
highlighting key param eters that can be adjusted o provide
the best resistance to the applied Ioad. The daftangle on the
rb is an mmporant feature and is necessary to aid part
removalfiom themold.

Research work carried outby The Q ueen’s University of
Belfast has extensively mvestigated the stuctumal
contribution that ribs offer to tatonally moled parts®.
This work nvestigated transverse loading, both paraliel and
perpendicular to the direction of the rbs and axil lbading
perpendicular to the direction of the rbs. The results fiom
thisw ork dem onstrated that:

¢ W dephalow rbs yielded the best resisance t© both
pemwendicular axial oading and pamllel tansverse
Jading.

¢ Nanowfesp rbs yeElded the best mesisance t©
perpendicular transverse loading.

Tt should be noted that the second mom entof area, I, is
the key param eter that defines the transverse load bearing
capabilities of any rb design. The conclisions from this
work showed there was no single optin al design, but that
each case should be treated dividually.

Craw ord” applied existng engheering principles
better understand  the hterrelhtionships between stiffness
and the geom etry of the rb. He confim ed that the atio of
the depth of the rb to the thickness of the rib has the greatest
Ifluence on the stmictral load bearing capabilities of the



part. Tn additon, the balnce of transverse t© axial loading
was Investigated 1n an attem pt to optan ize the rib depth and
width. A geneml rroommendation was given for design
guidelines recomm ending a rib depth/height of 4 times the
wall thickness and a rib w idth of 5 tim es the w all thickness.

Tt isaleo worth noting that the use of com puterpackages,
such as Fhie Element Analysis FEA ), has added a new
Eevel of predictability to the perfom ance ofm olded-n rbs®.
FEA not only ensures that the rb desion is capable of
resisting the applied loads, but also predicts when excessive
1 depth m ay result n failre due o bucklng.

K iss-off Joints

K issoff pints are a unique capability of the mwtational
molding process. This reinforcem ent pont is form ed when
two walls become attached t© each other. The desiogn
considerations for this feature have been docum ented™ and
are illustated n Figure 3. Alhough no data exists the
enhancement t© the load bearing capabilites of the part
pemwendicularto the jpintare obvious. Forsom e gpplications
the actual kissing-off is not desirable as i can result in
w Inessm arks In the exposad surface of the part.

CoreH ols

Core holes offer another potential avenue to ncrease the
Joad bearing capabilites of a wtationally molded part. A
hole protruding through the part can be used t© jon one layer
wih another, providing enhanced stiffness characteristics
pemendicularto the hole (see Figure 4). How ever, lke kiss-
off pints, core holes can adversely affect the aesthetic quality
of the part.

M olded-in M etallic Stiffeners

T extrem e circum stances m etallic stdffeners are m olded
o the plastic forenhanced perform ance. D epending on the
design, it can be difficult to attract enough heat t© the
meallic sdffener to achieve a sufficient coating of plastc.
Alwp, the wo materials have incompatble shrinkage rates.
H ow ever, the benefits are significant, asm ostm etals are 100
tim es stiffer orgreatey) than polyethylene.

UseofFoam to Im prove Stiffness

Polyethylene Foam

The utdlization of polyethylene foam is a relatively cost
effective way to ncrease the stiffness of a mtationally
molded part. Polyethylene foam can eitherbe used to form
a second layer - the first being a s0lid skin, or to fill a
cavity between two solid layers. The advantage of using
foam is primarly a cost reduction due to less material
being needed, combined wih an enhanced stffness to

welght ratio. Tt should be noted that the foam layerhas in
itself significantly reduced m echanical stength com pared
to a solid layer. However, the foam cell stucture has the
potential to Increase the wall thickness of the partby 8-10
tim es for the sam e am ount of polyethylene material. I is
this fact, combied with the outer skin layer that yields a
stiffness to shotw eight advantage forthe foam ed product.

Skinfoam Structure

Th order to determ Tne the stiffness advantage offered by
a skin/foam Jayer, it is necessary to know the second m om ent
of ama, I, for the section. This can be achieved by
considering the two differentm aterials as a single equivalent
section®, as flustrated 11 Figure 5. This equivalent section
willform a ‘T’ section and the thickness of the web is simply
given by:

by = Ef/Edbe
3)

where: Eg=modulusofsolidmaterial
E¢=modulusof foam m aterial
br = width of foam section
by = equivalentw idth of solid web

The only problem w ith equation @) is thatalthough i is
notdifficult to get the m odulus, Eg, of the solid m aterial, itis
not as easy t© detemm ine the value of the foam m aterial, Es.
However, the density of a foam ed m aterial can be elatvely
easily determ lned . Know Ing the density ofboth m aterials, an
existing wlationship” can be used to caloulate the modulus
of the foam :

€t/Ed = p:/ps) @)

where: pg= density of solid m aterial
pr= density of foam m aterial

Sandw ich Structures

A sinificant enhancement o a two-layer skin-foam
product is o add another layer of solid material, hence
creating a sandw ich constmiction.  Sim ilar theory applies t©
determ ne the second moment of arma of the equivalent
section, which locks ke an ‘T' beam . For the example
shown In Figure 6, the second m om entof area isgiven by :

I=Dbs CD+d:)’ A2 -bs @) /12 + by )’ /A2
6)

This type of stuctire m axin izes the stiffness to weight
1ato, however it also creates a new level of com plexity t©
the mold process. Other advantages from using
polyethylene foam Incluide the mproved nsulation
properties and noise dam ping properties. These advantages



are som ew hat offset by the additional cost of a drop-box
(for som e applications) and extended cycle tine.

Polyurethane Foam

Polyurethane tends to be used to foam -fill parts after
they have been m olded. This type of foam doesnotreadily
bond to the polyethylene skin layer and therefore acts as a
support when the extemal surface of the part is loaded.
The foam does nothave m uch com pressive strength and o
the benefits related to stiffness enhancem entare lim ited.

U se of Fillers to Im prove Stiffness
FiberR einforcem ent

A research projct camred out by The Queen’s
University of Belfast mvestigated the use of fiber
renhforcem ent to Inprove the stiffness of polyethy]a’le[g].
A gain In flexural m odulus of 127% was achieved when a
critical m olding recipe nvolving the follow Ing patam eters
wasused :

Fiberquantity

Fiber length

Fiberm icro-pelletization
Fibercoupling agent

M ultiple layers

M old pressurization

* & & O 0o o

The research w ork dem onstrated that the use of fiber
rehforcem entw as feasible and that significantgains in
stiffness could be achieved.

Talcand M ica

Another research program , curently ongoing at The
Queen’s University of Belfast”, is investigating the use of
M ica and Tale prin arily to in prove stiffness. These fillers
are comm only used I otherplastic processes for the same
pumpose. The cunent research program has dem onstrated
that both additives have the potential to improve the
stiffness of rotationally m olded polyethylene by 40-50% .
Like the inclusion of fibers, a critical recipe is required to
achieve the best results, which ncludes the use of a
ooupling agentand an optim al addition level.

H Igher Stiffness Polyethylene R esins

Recent developments by polyethylene material
suppliers have yielded a range of very high density resins
that have inproved stffness properties beyond what has
been comm only used by the ndustry. Table 2 lists some of
these resins, along w ith their respective property data sheet
valies.

New Resins

As you would expect, the densities of all of these
resins lised In Table 2 are higher than those commonly
used In the mdustry today. However, there is notan exact
conelation wih density and flexural modulus ie. the
highest densities do not have the highest flexural m odulus
valies. The masons for this could be due to subtle
differences In the test methods used by the suppliers,
different additive packages, different polym erization
m ethods, different co-m onom ers etc.

There are always trade-offs associated w ith changing
som e of the prim ary properties of the resins, such as is
density. Increasing density to achieve greater stiffness
results In som e properties being in proved, such as : tensile
strength, hardness, heat distortion and chem ical resisance.
O ther properties are effected in an adverse way, such as :
Envimnmental Stress Cmacking Resisance ESCR),
Increased shrinkage and reduced in pact strength.

Processing

Processing can alo be wibred t© nfluence the
stiffness of a rotatonally molded resin. W ork carried out
by Nova Chem icals™ demonstiated that the density of a
0938 kg/n® s could be creased to over 0941 kg’
wih a slow @Il air) cooling cycle or decreased to 936
kgm® wih a fser @l water) cooling cycle. These
changes In density conelated t© differences in flexural
modulus, w ith the high density having a flexural m odulus
value of approxinately 700 M Pa and the lowest density
having a flexuralm odulus of 550 M Pa. How ever, the gain
T propertes has to be offset by extension to the processing
cycletme.

LessComm only Used H igh StiffnessR esins

Polyethylene represents approxin ately 85-90% of the
m aterial used by the rotationalm olding industry . How ever,
several other resing are used In sm aller quantities that offer
enhanced stiffness properties™’ . These resins are listed in
Table 3.

Nylon 6 (PA6) rpresents the highest stiffness of any
moldable resin that is availbble t the Industry. However it
should be noted that the stiffness of this m aterial is directly
rlated to s m oisture content. Thism aterial is hydroscopic
and w ill absorb m oisture from the sunounding atm ogohere
untl it reaches equilbrim . This w ill cause the m aterial to
plasticize, mducing is flexural modulus significantly.
Polypropylene (PP) is anotherm aterial used because of its
enhanced stiffness properties. Unforunately its Jow inpact
properties Iim its its use. Polycarbonate (PC) isalso used o
a lin ited extentbut can be difficultto m old.

These materials (PA6, PP and PC) are availlble to the
rotational m older at a m uch greater cost than polyethylene
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R eferences
Property ReshA Resh B Resh C ResnD Resn E
Density kg ) 924 932 935 937 939
M elt Index @/10m in) 45 52 59 50 34
ESCR hours@ 100% Igepal) >1,000 >1,000 >1,000 >1,000 >1,000
FlexuralM odulus M Pa) 414 504 642 752 834
Tensile Strength atY #ld M Pa) 11.7 159 183 19 20
H eatD istortion Tem perature C) 45 49 56 63 64
Low Tem perature Im pact (J) Nodata 70 79 92 95
Tablkel CommonlyUsedRotationalM olding Polyethylene R esing
Property ResnF Resh G ResnH Resin T Resin J
Density kgjn®) 952 948 945 955 948
M elt Index @/10m in) 62 8.0 12 40 50
ESCR hours@ 100% Igepal) 10 11 >1,000 No data 16




FlexuralM odulus M Pa) 1241 1,014 1,000 966 828
Tensile Strength atY ld M Pa) 26 2 224 24 14 2117 22 07
H eatD istortion Tem perature C) 74 72 66 77 57
Low Tem perature Im pact (J) 40 54 95 88 66
Table 2 H gherStffness Polyethylkne ResinsA vaibblk to the RotationalM olding hdustry

Property Nylné6 Polypropylene Polycarbonate
Density kgt ) 1130 900 1200
M elt Index @/10m in) 45-10 12 -20 5
ESCR hours@ 100% Igepal) No effecton Nylon 6 >1,000 N o data avaikble
FlexuralM odulus M Pa) 17380 -2 620%* 1,035-1.240 2275
Tensile Strength atY ld M Pa) 517 -724%* 193 -276 62
H eatD istortion Tem perature C) 148 -177 79 - 85 135

Table3 LessCommonly used H igh StiffnessResing (* N ote: H ydrosoopic resin - properties decrease w ith m oisture absorption)
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Figure 3 K issoff oints (Com plete and icom pkte)

Figure 4 ThroughHolk




Figure 5 EquivalentSections for2 Layer Structures Figure 6 EquivalentSections forSandw ich Stmictures
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