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The effect of recycled plastic and 
compound additives on the properties of 
an injection-moulded polypropylene 
co-polymer 
Part 1 Study materials and experimental methods 

D E R F E L  W I L L I A M S * ,  M I C H A E L  B E V I S *  
Department of Non-Metallic Materials, Brunel University, Uxbridge, Middlesex, UK 

A comprehensive analysis of the effects of recycled material, recommended pigments, 
pigment concentration, and selected stabilizers on the microstructure and impact proper- 
ties of a polypropylene co-polymer has been undertaken. This paper reports on the study 
materials, which includes details of more than sixty compounds used in the investigation, 
and the experimental methods which were used to characterize the injection-moulded 
specimens to be reported in the following parts of this work. 

1. In t roduc t ion  
Scrap material inevitably arises during the manu- 
facture of thermoplastic artefacts. In injection- 
moulding, for example, scrap can arise in the fol- 
lowing ways: 

(a) in the form of sprues and runners which 
can represent a large percentage of the shot weight, 
as determined by the design of the injection mould 
and the complexity of the finished artefact; 

(b) during setting-up and colour changing 
operations; 

(c) reject mouldings or trim. 
Large quantities of thermoplastic can also be 

recovered after use and can, with the aid of various 
washing, filtering and densification methods, be 
used either solely or as a percentage of feedstock 
for the manufacture of artefacts. For example, 
boxes, twine and crates arising in the horticultural, 
agricultural, produce and brewing industries are 
examples of polypropylene produces which arise in 
large quantities and provide sources of materials 
for recovery and re-use. Crates and boxes can be 
recycled following communition by granulation, 
washing, separation of impurities (heavies) by 
sink-float methods, drying and melt-filtration. In 

Europe, a high proportion of recycled plastic has 
been successlully used in the manufacture of some 
types of crates. Pressures of an ecological or eco- 
nomic nature tend to encourage the practice of 
using reground or recovered material. However, 
apparent economic gains in this practice have to be 
balanced against deterioration in the properties of 
finished parts, compared with those prepared from 
virgin materials. These properties include impact 
strength, appearance, reproducability of dimen- 
sions and reject rate, all of which may arise from 
one or more of the following reasons: 

(a) contamination by foreign particles such as 
barrel residues of other thermoplastics, dirt par- 
ticles, grease etc.; 

(b) decrease in thermal stability and irregu- 
larities in melt-flow characteristics arising from 
thermal degradation of the polymer; 

(c) loss of additives such as plasticizer, lubri- 
cants and anti-oxidants, or changes in the nature 
of the filler particles such as a change in glass fibre 
length or dispersion with successive reprocessing; 

(d) variable hopper flow characteristics as a 
consequence of using a non-uniform particle size. 

Various studies of the influence of using re- 

* The authors were formerly in the Department of Metallurgy and Materials Science at Liverpool University where the 
initial work reported in this paper was carried out. 
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ground material have been carried out and the pre- 
viously published papers report work on the effect 
of  recycling on the properties of  moulded poly- 
carbonate [1],  polystyrene and polyethylenes [2] 
and polyethylene melt theology [3]. Some of  the 
chemical problems which arise in the recycling o f  
plastics have been reviewed by Scott [4] and 
aspects of  quality control and quality maintenance 
in reprocessing thermoplastics have been exten- 
sively studied by Hermann [5] and ZoUer [6] and 
Nightingale [7] has undertaken a study of  these 
aspects, specifically for nylons. Plastics differ 
markedly from one another in the ways in which 
their properties change following successive pro- 
cessing operations and therefore it is necessary to 
consider the different plastics individually. 

In general, the previously reported investiga- 
tions have tended to concentrate on a single ther- 
moplastic compound in each case, and have ex- 
cluded a detailed consideration of  the influence o f  
processing conditions, pigment type, percentage 
of  reground material, percentage o f  pigment and 
presence and percentage o f  other additives on the 
microstructure and consequent mechanical proper- 
ties o f  mouldings. The aim of  the investigation re- 
ported in this paper was to study, in a systematic 
manner, the influence of  these parameters on the 
properties o f  polypropylene co-polymer injection- 
mouldings in which part, or all, o f  the feedstock 
consisted of  recycled material. 

2 .  S c o p e  o f  t h e  i n v e s t i g a t i o n  

The complete survey will be presented in four 
papers and, in addition to providing a compre- 

hensive analysis of  the effects of  reground material 
on the mechanical properties of  a polypropylene 
co-polymer, it will provide a basis for comparing 
the relative effects of  recommended pigments, 
pigment concentration, stabilizers and the per- 
centage of  reground material on the mechanical 
properties. 

In this paper, the study materials and the ex- 
perimental methods used in the work are des- 
cribed and the results of  the survey will be pre- 
sented in Parts 2, 3 and 4. In Part 2 the influences 
of  percentage reground material used on the im- 
pact strength o f  moulded plaques and the mould- 
ing reproducibility and microstructure of  mould- 
ings in unpigmented polypropylene co-polymers 
are reported. The results obtained also provide a 
basis for the comparison of  the properties o f  pig- 
mented and ultraviolet light stabilized compounds. 
Part 3 concentrates on the effects o f  incorporat- 
ing three different pigments, three l~igment con- 
centrations and the proportion o f  reground 
material on the microstructure and impact proper- 
ties o f  the same co-polymer. The results o f  work 
on the influence o f  compound formulation on the 
weathering properties will also be reported. The 
influence of  ageing as well as weathering time on 
the mechanical properties of  the same range of  
injection moulded polypropylene co-polymer com- 
pounds will also be reported in this paper. Part 4 
reports on the effects of  incorporating a UV stabil- 
izer, together with selected proportions of  re- 
ground material, and of  the type and concentration 
of  pigment on the microstructure and material 
properties of  co-polymer polypropylene. 

T A B L E I Tabulation of the compotmds from which the results to be presented in Part 2 were obtained. All of the 
compounds were free from pigments and were based solely on a proportional content of recycled plastic. The notation 
used to identify the range of 19 compounds is described in the text 

General description Increasing pgr- Increasing per- Increasing per- Material recycled Continuously 
of feedstock centage of ma- centage of centage of pel- three and four recycling at 

terial recycled material letized material times 10% level 
once recycled once recycled twice 

Unpigrnented V V V V - 100G3 
containing no V -  10G1 V -  10Pl V -  10G2 V-100G4 
additional V -  25G1 V -  25P1 V -  25G2 
stabilizer 

- 50G1 V -  50P1 V -  50G2 

V - 100 G1 V - 100P1 V - 100 G2 

v 
v -  10G1 
V -  9G1 

1 G1 
V -  9G1 

- 0.9 G2 
0.1 G3 

V -  9G1 
- 0.9G2 
- 0.09 G3 
- 0.01 G4 
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T A B L E II Tabulation of the compounds from which the results to be presented in Part 3 were obtained. All of the 
compounds contained 0.1%, 0.5% or 2% phthalocyanine blue, ultramarine blue or carbon black pigments, and include 
a proportional content of recycled plastic of the same pigment composition 

General description Virgin Virgin material with 
of feedstock material 0.1% pigment; 

with no increasing percentage 
pigment of recycled material 

Virgin material with 
0.5% pigment: 
increasing percentage 
of recycled material 

Virgin material with 
2.0% pigment; 
increasing percentage 
of recycled material 

Phthalocyanine 
blue 

Ultramarine 
blue 

Carbon 
black 

V 0.1A - 0GI 

0 . 1 A -  10G1 

0 . 1 A -  25GI 

0.1A - 100GI 

V 0.1B - 0GI 

0 . 1 B -  10G1 

0 . 1 B -  25GI 

0.1B - 100GI 

V 0 . i c  - 0GI 

0 . 1 C -  10Gl 

0 . I C -  25GI 

0.1C - 100GI 

0.5A - 0G1 2.0A - 0G1 
0 .5A-  10G1 2 .0A-  10G1 
0 .5A-  25G1 2.0A- 25G1 
0.5A - 100G1 2.0A - 100G1 

0.5B - 0G1 2.0B - 0G1 
0.5B - 10G1 2 .0B-  10G1 
0.5B - 25G1 2.0B - 25G1 
0.5B - 100G1 2.0B - 100G1 

0.5C - 0G1 2.0C - 0G1 
0 .5C-  10G1 2 .0C-  10G1 
0 .5C-  25G1 2.0C- 25G1 
0.5C - 100G1 2.0C - 100G1 

3. Study materials and notation 
The range of compounds reported on in Papers 2, 
3 and 4 are identified in Tables I, II and III, respec- 
tively. The compounds will be identified using the 
following notat ion.  The first letter will represent 

the pigment type. For the UV stabilized grades 
this letter will be followed by an S, and preceded 
in both cases by a number which will represent 
the weight per cent concentration of pigment. 

The type of pigmentation is represented by the 

letters V, A, B and C which correspond to virgin 

unpigmented polymer, phthalocyanine blue, ultra- 

marine blue and carbon black, respectively. 

The second half of the notation represents the 
concentration and type of reground material. The 
first number represents the weight per cent con- 

centration of the reground material in the feed- 
stock, the following letter represents the form of 

the reground material where P and G represent 
pelletized and granulated material, respectively, 

and the following number represents the number 

of times the material was recycled prior to the 

final injection-moulding cycle. GW is used to re- 
present material in the form of plaques which had 
been weathered prior to granulation. 

For example, V S - 2 5 G  1 represents unpigmented 

UV stabilized polymer containing 25 wt% re- 
ground material in granulated form, which had 
been recycled once prior to the final injection- 
moulding cycle. To give another example com- 

pound 0 .5B-25G1 represents polymer containing 
0.5 wt% ultramarine blue pigment, and containing 

T A B L E I I I Tabulation of the compounds from which the results to be presented in Part 4 were obtained. In addition 
to pigment-free virgin polypropylene and compounds based on recycled virgin plastic these compounds contained 
weathered plastic, ultra-violet light stabilized grade of polypropylene which also contained 2% of phthalocyanine blue 
ultramarine blue or carbon black pigment 

Unpigmented virgin 
material with in- 
creasing material 
recycled once 

25% of material Unpigmented UV 
weathered and stabilised virgin 
recycled material with in- 

creasing percent- 
age of material 
recycled once 

2.0% phthalocyanine 2.0% ultramarine 2.0% carbon black 
blue pigmented UV blue pigmented pigmented UV 
stabilised virgin UV stabilized stabilized virgin 
material with in- virgin material material with in-' 
creasing percentage with increasing creasing percentage 
of material re- percentage of of material re- 
cycled once material re- cycled once 

cycled once 

V V VS 2.0AS - 0G1 2.0BS - 0G1 2.0CS - 0G1 
V - 10G1 V -25GW1 VS - 10G1 2.0AS - 10G1 2.0BS - 10G1 2.0CS - 10G1 
V -  25G1 V S -  2 5 G 1  2.0AS- 25G1 2.0BS - 25G1 2.0CS- 25G1 
V -100G1 VS -100G1 2.0AS -100G1 2.0BS -100G1 2.0CS -100G1 
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25wt% reground material in granulated form 
which had been recycled once prior to the final 
injection-moulding cycle. 

4. Preparation of feedstock 
4.1. Natural compounds 
The natural granules were moulded in the as- 
supplied condition. The co-polymer used through- 
out the work reported was a commercial injection- 
moulding grade, with a Melt Flow Index measured 
at 230 ~ C, according to ASTM D1238, of between 
3 and 4 grams in I0 minutes, and a density of  
0.905 g cm-3. The initial work, reported in Parts 
2 and 3 was limited to a general purpose grad e 
which was stabilized at a level sufficient to pre- 
vent excessive thermal degradation during normal 
injection-moulding, and which did not contain 
any additional ultraviolet stabilizer or anti-oxidant. 
The regrind was prepared under very clean con- 
ditons in order to reduce the possibility of con- 
tanimants affecting the results obtained. A Bone 
Cravens Daniels 350-120 and a Stubbe SKM 76- 
110 reciprocating screw injection-moulding mach- 
ines were used to mould virgin polypropylene 
granules into plaques. The hopper, barrel and 
screw of the injection moulders were stripped 
and cleaned thoroughly, and the cleaning process 
was completed by purging the machine prior to 
moulding with a new compound. The mouldings, 
sprues and runners were then reduced to small 
particle size with a Leesona 1216 granulator. The 
stripping and thorough cleaning of the granulator 
prior to its use for preparing regrind was con- 
sidered to be essential because this part of  the pro- 
cess more than any other is likely to introduce 
contaminants into feedstock. The regrind so ob- 
tained was in the form of irregular shaped par- 
ticles with dimensions determined by a 10 mm 
screen. 

A proportion of the reground natural material 
was subsequently injection-moulded into plaques 
and granulated to give material which had been 
recycled twice. By repeating the procedure feed- 
stock which had been recycled three or four times 
was produced. In order to study the effect of  an 
additional heat cycle and of particle shape some 
of the regrind was extruded into strands with a 
Johnson Spartan 40mm Extruder and subse- 
quently pelletized to a uniform particle size. The 

different types of regrind were then mixed with 
virgin granules to give feedstocks containing 0, 
10, 25, 50 and 100 % regrind. 

The recycling of the polypropylene co-polymer, 
according to the thermal processing determined 
by the injection-moulded cycle described in Part 
2, gave rise to a change in molecular weight charac- 
teristics. The melt flow index (MFI) values accord- 
ing to ASTM D1238 and the number-and weight- 
average molecular weights as determined by gel 
permeation chromotography* for virgin unpig- 
mented polymer and 100% recycled material after 
successive recycles are given in Table IV. The 
natural polymer was also continuously recycled 
at the 10% level to give the substantial quantities 
of feedstock required for injection-moulding. The 
composition of the four feedstocks in terms of the 
percentages of G1, G2, G3 and G4 are given in 
the last column of Table I. 

4.2. P igmented  c o m p o u n d s  
Feedstocks consisting of pigmented polypropylene 
co-polymer were also prepared. The phthalocy- 
anine and ultramarine blue pigments were separa- 
tely tumble mixed with natural polymer and a 
small quantity of spindle oil for a set time to give 
0.1, 0.5 and 2.0 wt% concentrations of pigments. 
Carbon black was introduced in master-batch form 
and blended with natural granules to give 0.1,0.5 
and 2.0 wt% concentrations of  pigment. 

The pigmented compounds containing recycled 
material were prepared in the same way as the 
natural compounds, with particular care being 
taken to minimize cross-contamination of the 
different pigments. 

All three pigment types were recommended for 
use by the manufacturer of the co-polymer. The 

T A B L E IV The melt flow indices and number average 
molecular weights of pigment-free polypropylene after 
consecutive injection-moulding cycles 

Number of Melt Flow indices Number average 
passes (g per 10 min) molecular weight 

(X 104 ) 

0 4.5 6.33 
1 5.2 5.24 
2 6.3 4.32 
3 7.2 2.,48 
4 7.5 2.53 

* These measurements were carried out by the Polymer Supply and Characterization Centre at the Rubber and Plastics 
Research Association. 
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carbon black was selected for the investigation 
because it is widely used as a pigment. The master- 
batch contained 30 wt% of a medium size par- 
ticle (17 mm) furnace black. The enhancement of  
weathering resistance by the incorporation of the 
carbon black has been substantiated. A good dis- 
persion of 2 % carbon black is recommended by 
the polymer manufacturers for artefacts subject to 
outdoor applications. Carbon black has been re- 
ported as having an adverse effect on the efficiency 
of anti-oxidant systems [8], a factor which could 
prove to be important in recycling operations. 
The ultramarine and phthalocyanine blues were 
both supplied in powder form. Two pigments of 
the same colour were chosen because they absorb 
in approximately the same region of the visible 
spectrum yet have different chemical compo- 
sitions. The use of copper phthalocyanine allowed 
the reported [9, 10] adverse effect of  copper on 
the stability of  polypropylene to be investigated. 

4.3. Ultra-violet light stabilized compounds 
The UV stabilized polymer and the unstabilized 
co-polymer, referred to in Section 4.1., were the 
same, except that the former contained an additi- 
onal UV stabilizer. The stabilized co-polymer was 
purchased from the polymer manufacturer as a 
standard compound. Compounds based on this 
material were prepared using the procedures des- 
cribed above to give pigmented compounds and 
to give compounds containing several levels of re- 
cycled material. In this way a more complete 
range of compounds, and compounds which were 
more typical of those encountered in practice, 
were provided. 

5. Injection-moulding 
In all, more than 500 kg of material, representing 
more than 10000 mouldings, were prepared on 
the Bone Cravens Daniels 350-120 and Stubbe 
SKM 76-11- injection-moulding machines. Great 
care was taken to ensure that no machine varia- 
tions effectd the results obtained, and the first one 
hundred mouldings manufactured during start- 
up operations were not included in the study. 
Moulding was continuous during runs of up to 
ten hours for each condition being tested, using 
polymer from the same batch supplied by the 
manufacturers. All machine parameters were 
kept constant and the machines were kept scrupu- 
lously clean to avoid anomalies due to contami- 
nation. 
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Two moulds were used in the reported pro- 
gramme of work: a 3 mm thick, double film-gated 
plaque mould and a 6 mm thick, fan-gated plaque 
mould. The geometry, location of mould tempera- 
ture sensor (Y) and cavity pressure sensor (X) are 
shown in Fig. 1. 

The Dynisco FT444 strain-gauge transducer 
was located behind a dummy ejector pin, and the 
changes in cavity pressure and temperature during 
mould filling were continuously monitored. 

The optimum conditions for injection-moulding 
virgin granules were identified, and included a 
consideration of first and second stage pressures, 
mould and melt temperatures, cooling and injec- 
tion times and the geometry of the moulds and 
sprues. 
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Figure 1 Schematic diagram of the mouldings used during 
the course of the reported investigation showing dimen- 
sions (in ram) and the location of pressure (X) and tem- 
perature (Y) sensors. 



Optimization of the moulding conditions was 
realized with the aid of cavity pressure profiles, 
particularly in relation to the magnitude and 
timing of injection and hold-on pressures. Once 
the optimum conditions for the virgin granules 
had been established they were kept constant for 
the feedstocks containing recycled material, so 
that any differences in the moulding properties 
would be due to differences in the formulation of 
compounds and not to changes in the machine 
variables. 

It is widely realized that satisfactory mouldings 
can be prepared under a wide, range of processing 
conditions, and it would generally be considered 
unwise to base an investigation on just one set of 
processing conditions. However, in a situation 
where a wide range of compounds is being investi- 
gated it soon becomes impractical to consider using 
a range of processing conditions, in view of the 
considerable time and cost involved in moulding 
and the critical assessment of the performance of 
the moulded parts. The authors were faced with a 
dilemma over which route to take, and eventually 
decided on the former. Work is now in progress, 
however, to assess the extent to which changes in 
processing conditions can influence the results 
presented in the following papers, particularly in 
relation to Parts 3 and 4 of this work. 

The use of feedstock which consists of irregu- 
larly shaped particles can result in marked changes 
in the reproducability of shot weight and in the 
dimensions of finished parts [11-12] .  Extrusion 
and pellet formation, whilst giving a more regu- 
larly shaped particle, cause further molecular de- 
gradation and changes in bulk density which effect 
the heat transfer characteristics during injection 
moulding. The use of recycled material and 
changes in particle size distribution will therefore 
influence pressure and temperature profiles in 
moulding which consequently effects shot weight, 
microstructure and the properties of the moulded 
parts. The reproducability of cavity pressure and 
shot weight was relatively easy to monitor with 
changes in compound formulation, and for this 
reason the variations in shot weight and cavity 
pressure were measured throughout the moulding 
runs reported in Paper 2. The variation in shot 
weight and peak cavity pressure measured for 
individual mouldings with changes in compound 
formulation will be presented, together with mean 
weight and mean peak cavity pressure, and the 
variance, standard deviation and coefficient of 

variation results, as calculated from data gained 
from the last thirty moulding produced from any 
one compound formulation. 

6. Weathering 
Molecular degradation and toss of additives may 
occur during processing and result in an increase 
in free radicals and active chain ends. Mouldings 
prepared from recycled material may therefore be 
more susceptible to weathering effects than 
mouldings prepared from virgin materials. The 
case for investigating the effects of weathering on 
the properties of the range of compounds identi- 
fied in Tables I - I I I  was further reinforced by 
reports [8, 13, 14] that certain pigments accelerate 
the degradation processes. 

The 6 mm thick plaques containing no pig- 
ment but containing various percentages of re- 
cycled materials were artificially weathered using 
a Marr weathering machine. They were exposed 
for 1160 h under a kW carbon arc, which is ap- 
proximately the equivalent of one year of out- 
door exposure. One half of the 3 mm thick plaques 
made from the compounds identified in Tables II 
and III were tested soon after moulding, while the 
other half were exposed to natural weathering for 
6 to 12 months. 

The recommended standard practice for out- 
door weatherings according to ASTM D1435 was 
adopted. The test plaques were placed on racks at 
45 ~ to the horizontal and so positioned that ex- 
posed surfaces of the samples faced the equator. 

The test site for plaques discussed in Parts 3 
and 4 was at Brunel University for test periods 
beginning in May 1978 and ending in October 
1978, and beginning in January 1979 and ending 
in June 1979, respectively. The set of compounds 
consisting of increasing percentage of recycled- 
once material containing no additional stabilizer 
or pigment (compounds V, V-10G1, V-100G1 in 
Table I) was common to all sites and periods 
tested and provided a means of  comparison be- 
tween the three conditions studied. 

7. Mechanical testing 
7.1. Impact testing 
The drop<lart impact test was selected as the main 
mechanical test method because of its sensitivity 
to molecular weight changes, and therefore to 
differences in which may arise when recycled 
material is used as feedstock material for injection- 
moulding. The advantages of this form of impact 
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test for the characterization of complete moulded 
parts have recently been described by Cole [15], 
who also made clear both the need to reproducibly 
locate the site of the impact test, and the need for 
the tester to arrive at a suitable and practical 
criterion of failure which can be used quickly and 
routinely. 

The ASTM D2444 and D3029 standard falling 
Tup test methods were adopted by the authors 
where practically possible. The C type Tup with a 
nose radius of 6.35 + 0.05 mm and a weight range 
from 3 kg to 4.5 kg was used for all but the most 
brittle specimens. The point of  impact for each 
specimen was the centre of the test piece. Because 
of the nature of the test, at least twenty-five speci- 
mens for each compound were tested, and the 
results presented are based on results taken from 
more than 10 000 specimens. 

The ductile-brittle transition temperature for 
plaques prepared from 100% unpigmented virgin 
material was shown to be approximately 16 ~ C. 
A ductile-brittle transition temperature of 23 ~ C 
was measured for the plaques prepared from 
twice recycled natural material (V-100 G2). Impact 
tests were conducted at -- 10 ~ C and at 23 ~ C, in 
order to simulate impact in the ductile and brittle 
temperature regimes, and in the former case under 
conditions which simulate unfavourable conditions 
likely to be encountered in practice. 

All of  the specimens that failed at -- I0 ~ C did 
so in a brittle manner and provided a straight- 
forward criterion for failure. For the tests at 23 ~ C, 
the failures were of a ductile nature and the criter- 
ion for failure was the visual detection of a crack 
which had propagated through the thickness of 
the test plaque. 

7.2. Tensile testing 
Tensile testing was carried out according to ASTM 
D638 at 23 ~ C and 60% relative humidity (r.h.). 
The test specimens were cut from the 3 mm thick 
plaque mouldings so that the tensile axis was 
either parallel or perpendicular to the injection 
direction. The edges of  the specimens were hand- 
ground using five grades of emery papers in the 
range 180 to 600, and finally polished by hand 
using a-alumina, distilled water and selvyt cloth. 

8. Microstructure characterisation 
The effects of  processing variables upon the mor- 
phology of injection-moulded polypropylene 
homo-polymer and co-polymer have been reported 

by several investigators. Kantz, Newman and Sti- 
gale [16] used X-ray diffraction methods and 
transmitted light microscopy of microtomed 
sections to reveal the presence of three distinct 
zones of  different microstructures through the 
thickness of the mouldings. These were identified 
as the skin-, shear- and core-zones. The skin-zone 
showed no perceptible crystalline development but 
the molecules were highly orientated with the flow 
direction as evidenced by pronounced bi-refringence 
effects. The shear-zone exhibited negatively bi- 
refringent rows of Type III spherulites of the 
metastable hexagonal form. The core-zone or 
region which usually makes up most of the vol- 
ume in injection mouldings was shown mainly 
to contain the positively bi-refringent monoclink 
Type I spherulites. 

Marked changes in the area fraction of the 
different zones and the morphology of the spheru 
lites were shown to occur with changes in the pro. 
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Figure 2 Schematic diagram showing the location and 
orientations of the thin-sections used for the micromor- 
phological characterization of the injection-mouldings. 
Dimensions shown axe in mm. 
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Figure 3 Light micrograph obtained using a thin section 
taken from a typical moulding prepared from the virgin 
polypropylene compound (V). The micrograph shows 
the characteristic skin-, shear- and core-zones which ex- 
hibit different micromorphologies. 

cessing variables. These changes were readily identi- 
fied by transmitted light microscopy examinations 
of thin sections prepared by microtomy from the 
bulk injection-moulded specimens. 

The authors have adopted the transmitted 
light microscopy examination of thin sections as 
the primary method for the characterization of 
specimens prepared from the compounds listed in 
Tables I - I I I .  Previously reported observations 
[16-20] indicate that the technique would be 
capable of identifying changes in micromorpho- 

logy associated with either changes in molecular 
weight due to recycling or with changes caused by 
the addition of pigments with different nucleation 
characteristics. 

In all cases the thin sections were prepared 
from the injection-mouldings by microtomy with 
a sledge microtome and in the orientations rela- 
tive to the injection direction shown in Fig. 2. A 
typical section obtained from an injection-moulded 
plaque made from virgin material V in Table II 
is shown in Fig. 3, which also details the spheru- 
lite morphology. 

Several investigators [ 16, 17, 21 ] have examined 
the micromorphology of polypropylene mouldings 
in more detail using etching and X-ray diffraction 
techniques, with the objective of explaining the 
occurrence of the different zones, which can be 
further sub-divided when the mouldings are pro- 
duced under selected processing conditions or with 
particular additives [22]. An example of the influ- 
ence of pigments on the microstructure of co- 
polymer mouldings is illustrated in Fig. 4 which 
shows a transmission light micrograph of a section 
taken from an injection-moulding of 2.0A-OG1 (see 
Table II). The use of techniques other than trans- 
mission light microscopy of thin sections was 
considered to be unnecessary because of the 
effectiveness of the latter, and also because the vol- 
ume of work that would have been involved in the 
examination of the large number of moulded com- 
pounds by several techniques could not be justified. 

Figure 4 The two micrographs (a) and (b) illustrate the marked effect on the micromorphology of incorporating 2 wt% 
of recommended pigment into polypropylene injection mouldings. Showing (a) a virgin unpigmented polyp~opylene 
(V) moulding and (b) a 2 wt% phthalocyanine blue pigmented virgin polypropylene (2.0A-0G1) moulding, dearly 
showing the strong nucleating behaviour of the pigment. 
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9. Conclusion 
Parts 2, 3 and 4 will describe the results of  the 
application o f  the characterization and test 
methods described above to the range of  com- 
pounds identified in Tables I, II and III, respect- 
ively. Addit ional  variables in the form of  com- 
pounding additives were introduced into the 
programme to be described in the following Parts 
2, 3 and 4, and it was therefore necessary to suc- 
cessively reduce the extent  o f  characterization 
work and the number o f  compounds studied. This 
could be justified from the earlier results which 
indicated that  some variables caused little change 
in properties.  For example,  the results to be pre- 
sented in Part 2 will show that  the reproducibil i ty 
of  injection-mouldings for any one compound is 
not changed with increasing percentage of  reground 
material,  even though such an increase produces 
changes in the mechanical properties of  mouldings. 
On the basis of  this result it was considered that  
moulding reproducabil i ty studies with the pig- 
mented compounds would be unnecessary. Work 
to be reported in Part 3 showed that  changes in 
pigment type had far greater effect of  structure 
and properties than the incorporat ion of  reground 
material,  so that  in the studies on the effect o f  
ultraviolet stabilizers in Part 4 it was possible with- 
out significant loss of  useful results to reduce the 
number o f  study compounds containing reground 
material. 
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