
Post-consumer recycled resins 
in film applications 
Mark A. Wendorf 

ABSZliHCT The d i t i o n  of recycled h&h-higpobet&he 
resins t o j h s  was studied to &tmine their @ect onjlm properties 
as wellas to +ne my limiutions to using such bh id  inJEexzble 
pucka@ng. GaeruL& teur strength and opticu/properties &creased 
while stzfsess increased with dikion of increusing heh  of tbepost- 
consumer resins. Pbysiculproperties were afected signijkantb by the 
level of contamination in the reycled resins. 

KEywoRDs.. Film, JEexible packaing, b&b-&ivpo&et!yhe, 
impurities, pbysicu/properties, postconsumer wastes, recycling syn- 
tbetic polymers, utiLiution. 

ajor issues in the packaging in- M dustry continue to be recycling 
and the subsequent use ofrecycledmate- 
rials in packaging. This is especially 
true for plastic packaging. While the 
recycling of rigid containers such as 
polyethylene terephthalate sodabottles 
and high-density polyethylene (HDPE) 
milk and detergent bottles is substan- 
tial and growing, recycling of flexible 
packaging is still in its infancy. This 
presents a problem for film converters 
who may wish to use recycled plastics 
in their film. 

It is estimated that recycled resins 
will supplant 77,000 metric tons (170 
million pounds) of virgin resins in gar- 
bage bag applications alone by the year 
1995.' Since a consistent supply of re- 
cycled film resins is not yet available, 
many converters are beginning to ex- 
amine the use of homopolymer HDPE 
recycled resins in various film applica- 
__ 
'Leaversuch, R., Modern Plastics 68(2): 
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tions because they are readily avail- 
able in the marketplace. This study was 
initiated to determine the effects of add- 
ingpost-consumer milkand water bottle 
resins to low-density polyethylene 
(LDPE) and linear low-density poly- 
ethylene (LLDPE) films. 

Experimental work 
Post-consumer recycled (PCR) HDPE 
homopolymer was obtained from do- 
mestic sources and blended at per- 
centages of up to 40% with LDPE and 
LLDPE film resins. The melt indices 
and densities of the resins used are 
given in Table I. Butene and hexene 
LLDPE blown films and LDPE cast 
film were produced from these blends 
at a gauge of 32 microns (1.25 mils). 

The films were tested for tensile 
strength and elongation, secant modu- 
lus, Elmendorf tear strength, impact 
strength, haze, and gloss. The data 
were analyzed using analysis of vari- 
ance and t-testing, where appropriate, 
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to determine the significance of the 
results at a 95% confidence level. 

D P E  blown Hm 
For the LLDPE blown film trials, PCR 
HDPE was dry blended at lo%, 25%, 
and 40% levels in the virgin LLDPE 
resin. A 100% virgin LLDPE control 
was also run in each case. All films were 
produced at a 2:l blow-up ratio with a 
gauge of 32 microns (1.25 mils). The 
results for the butene and hexene co- 
polymer resins were similar in nature 
and are therefore summarized together. 

Tear strength 

Machine direction tear strength showed 
a significant decrease in properties at 
increasing levels of PCR addition in 
both LLDPE types. Tear strength in 
the transverse directionincreased. This 
result can be attributed to the linear 
nature of the PCR HDPE. The film is 
oriented duringextrusion causingaten- 
dency b split in machine direction and 
anincrease oftear strengthin the trans- 
verse direction. The hexene trial in- 
volvedtwo different PCR suppliers. The 
resin from supplier A was found to have 
sigdkantly lower MD tear than that 
fromsupplierB.Italsoexhibiteda1arger 
number of gels by visual inspection. 

Impact strength 
Impact strength decreased signifi- 
cantly with PCR addition due to the 
addition of the linear HDPE resin and 
the effects of contamination. At a 10% 
PCR level, materials from both suppli- 
ers showed no differences in impact 
strength. At higher levels, however, 
product from supplier B was signifi- 
cantly better than that of the other 
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supplier. This difference is most likely 
due to the higher level of gels, contami- 
nation, orboth inresin fromsupplier A. 

Tensile properties 
Tensile strength and elongation exhib- 
ited no sigruficant difference between 
100% LLDPE and blends of up to 40% 
PCR in both the machine and trans- 
verse directions. 

Secant modulus 
Secant modulus increased significantly 
as PCR was added to both LLDPE 
types. This change is due to the in- 

Tear strength 
Machine direction tear strength exhib- 
ited different behaviorwhen compared 
to results from the LLDPE blown film 
study. There was an increase in MD 
tear strength over the LDPE control 
at up to 26% PCR. Only at a 35% level 
did the MD tear drop to below the 
control value. The reasons for this be- 
havior are not yet understood. A simi- 
lartrialusingadifferent LDPE resinis 
planned to verify this phenomenon. 
Transverse direction tear, however, 
increased with PCR content as in the 
LLDPE studies. 

1. Description of resins used 

Melt index Densify 
Resin type (g/lO min) (kg/n?) 

Recycled HDPE -0.6 s960 
LDPE 6.0 91 8 
Butene-LLDPE 1 .o 91 8 
Hexene-LLDPE 1 .O 91 8 

HDPE and LDPE resins: and the in- 
herently poor optics of HDPE resins. 

Conclusions 
and recommendations 

creasing density of the blends as PCR From this study the following conclu- 
HDPE is added to the LLDPE resins. Impact sions can be made: 

As PCR HDPE content increased in 
Optical properties the blends, impact strength decreased. The addition of PCR HDPE to 

This result follows the same trend as LJL"E film resins ~ ~ u l t e d  in a 
The addition Of PCR reduced Optical the LLDPE blends. Although impact significant loss in machine direction 
properties as measwed by haze and strength2 tends to be related to tear tear strength and impact strength. 
gloss in the LLDPE For the strength, this was not the case for this The addition of pCR HDpE to 

example. The poor impact most likely LDpE did not significantly reduce 
was observed until the PCR results from contamination or gels direction tear un- 
reached 40%. The control film (100% which are points of in an impact til the 35% PCR level. 

LLDPE and LDPE resulted in an 
increase in stiffness and reduced 
optical properties. 
The quality Of PCR resins had a 
significant impact On film proper- 
ties and appearance- Variation be- 
tween suppliers was evident and 

no 

virgin resin) had poor Optics so test. The virgin control resin as well as 
that the impact ofthe PCR on Optical the blends exhibited impact values The addition O f  PCR HDPE to 
properties was not evident until the 
40% PCR level. 

For the hexene LLDPE blend study, 
avirgin HDPE regrind was also blended 
with the LLDPE at the same levels as 
the PCR HDPE. m e  samples had 
reduced optics at the 10% level, the haze 
andglossofthe samples ConwngPCR 
worsened with increasing PCR levels. 
The regrind blends have optical proper- 
ties which level off at that point. This 
difference illustrates how the reduced 
optics are the effect of contamination 
rather than resin in the 25% and 
40% PCR samples- There Was not a 
significant difference between the two 
PCR Suppliers in haze and gloss7 even 
though material from supplier A did 
have n-" gels by visual observation. 

LDPE cast film 

which are low. 

Tensile properties 
Tensile properties were also affected by 
the addition of PCR to the LDPE. Ten- 
sile strength increased at PCR levels 
above 16%. Elongation at break was 
slightly reduced with increasing levels of 
PCR addition. N h M U s  increased with Post-consumer homopolymer high-den- 
PCRcontentduetoahigherfilmdensity. sity polyethylene is suitable for use in 

nonfood flm applications. Its use is de- 
Optical properties pendent on the required film properties 
optical properties of the pCR blends and the properties of any component 
were significantlylower than the 100% added to the blend. Gel levels of PCR 
virgin LDpE. The increase in haze lev- resins may vary from supplier to sup- 
eled the 16% level, while gloss plier. Thus the suitability of a resin for 
did not change significantly from the film applications will ultimately be de- 
26% to the 35% PCR level. The poor pendent on the PCR supplier's resin 
optics are the result of the PCR con- quality. m 
tamination, the incompatibility of the 

for film applications* 
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Cast film was evaluated at 16%, 26%, 
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and 35% PCR levels in an LDPE resin. 

of32microns (1.25mils) ona55.9cm (22 2383(1991). 
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