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Abstract 
Many jobs are leaving rural America because of the 

negative attitude toward large animal production 
units. Most of the negative attitudes regarding animal 
production units are the threat of odor problems and 
pollution caused by the high density of animal produc­
tion. There is a critical and immediate need for the ani­
mal production sector to find value added and envi­
ronmentally acceptable uses for its animal manures. 
Traditional uses are typically low value fertilizer prod­
ucts which are in many cases equally socially and envi­
ronmentally unacceptable particularly in high volume 
or confined animal production units. 

One of the alternatives is to use animal manures in 
industrial products. Based on past research at the For­
est Products Laboratory in the area of wood and agri­
cultural flours and fibers as fillers in thermoplastics, 
this research program uses swine and cow manures as 

Rowell: 

Professor, Department of Biological Systems Engineer­
ing, University of Wisconsin, and Pioneering Scientist, 
USDA Forest Products Laboratory, Madison, Wisconsin, 
USA 

O’Neill and Krzysik: 

Forest Products Technologists, USDA Forest Products 
Laboratory, Madison, Wisconsin, USA 

Bossmasn, Gallaway, and Hemenover: 

Principles, PNC Products, LLC, St. Louis, Missouri, USA 

reinforcing fillers in high-density polyethylene 
(HDPE) and high-density polypropylene (HDPP) 
composites. This is a win-win situation as it increases 
the value of the animal manures, decreases the cost, 
and improves the mechanical properties of the ther­
moplastic composites. 

A 40-percent blend of dry swine manure with 
HDPE and 2 percent maleic anhydride polyethylene 
(MAPE) gives a composite with modulus of elasticity 
(MOE) in bending of 1.31 GPa and modulus of rupture 
(MOR) of 34.7 MPa as compared to the unfilled HDPE 
MOE of 0.75 GPa and MOR of 15.1 MPa. 

A 40-percent blend of dry dairy manure with HDPE 
and 2 percent MAPE results in a composite with a 
bending MOE of 2.18 GPa and MOR of 21.9 MPa as 
compared to 40 percent pine flour with 2 percent 
MAPE which has a MOE of 2.98 and MOR of 33.4 MPa. 

Introduction 

Livestock production in the United States has be­
come increasingly concentrated. This concentration is 
the result of consumer demand for consistent and low 
cost animal protein. Both of these demands are being 
met with livestock concentration; however, there has 
been the unintended consequence of high volumes of 
animal waste in small locations. This unintended con­
sequence is causing the rapid demise of livestock pro­
duction because local communities and neighbor­
hoods are refusing to allow new construction of 
livestock production facilities. 
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Animal agriculture is under increasing pressure 
from consumers to reduce the volume and impact of 
its wastes. Increasing cost of solving waste problems 
will be a certainty unless new technologies are devel­
oped. Traditionally manure was an asset to the animal 
producer, now it is a cost. Animals that were a welcome 
part of a community are now considered intruders by 
some. 

Livestock manures are all very different. Pig, 
chicken, duck, and cattle manure differ in both con­
tent and odor. The most available manure is from con­
centrated cattle feed lots and dairy operations. This 
will be the first manure to be investigated. 

Animal agriculture has changed so dramatically in 
the past generation that many historic norms no lon­
ger exist. Fundamental problems and solutions need a 
new approach and as with most business changes, re­
search and technology play a major role in solving the 
problems. To remain competitive, animal agriculture 
must solve the serious environmental and manure 
disposal problems. 

The ultimate processing of manures will use the pe­
troleum industry as a model to separate the useful 
components. These end products could include chem­
icals and biologically useful fractions such as fatty ac­
ids, proteins, sugars, and fiber. 

Changes in animal production have evolved size 
and scope from small family farms to very large pro­
ducers of today. Confined animal feeding operations 
(CAFO) are an entirely new animal agriculture entity 
and have significantly impacted modern methods of 
animal protein production. 

CAFOs are any operations which include a large 
population of animal confined in a relatively small 
space. CAFOs are viewed by the non-informed public 
as negative. The negative attitudes come from several 
perceptions: factory-type of feeding implying poor an­
imal well-being practices, large corporate ownership 
instead of family farms, poor animal husbandry caus­
ing the use of high levels of antibiotics, and large 
amounts of animal manure which frequently have an 
unpleasant odor for several miles. Figure 1 shows one 
of these CAFO operations for dairy cattle, and Figure 

2 shows the same for swine. 
CAFOs have evolved for many reasons but are pri­

marily based on the economics of livestock produc­
tion. Changing mechanical technology allows larger 
operations to operate at lower cost; improved genetics 
promote faster and more efficient growth and chang­
ing animal nutrition to take advantage of the new ge­
netics are all examples of how technology has changed 
the livestock production system. 

Historically, manure was used by producers as fer­
tilizer on their own land which they also used to grow 

feed for the animals. The amount of manure used was 
relatively small and since all the neighbors did the 
same, the odor problem was either overlooked or ig­
nored. With today’s CAFO’s, the dynamics are hugely 
different. The neighbors do not all have animals, the 
amounts of manure are very large, and the rural dwell­
ers who work in town do not want their lifestyle af­
fected by the unpleasant odor. 

Animal agriculture produces nearly 50 million tons 
of animal waste annually. As a single example, 1,260 
dairy cows produce 25 million pounds of milk a year 
and generate 51 million pounds of wet manure. 

Currently many state and local zoning restrictions 
prohibit the construction or expansion of CAFOs. This 
not only increases the CAFO size at the few local sites 
which accept them but also threatens the entire U.S. 
animal feeding industry because many foreign coun­
tries are aggressively pursuing large-scale animal pro­
duction. In short, our animal industry is going 
overseas. 

Finding non-fertilizer uses for animal waste is criti­
cal to the continued long-term animal protein produc-

Figure 1. ~ Very large dairy operation. 

Figure 2. ~ Very large swine operation. 

372 ~ 9th International Conference on Wood & Biofiber Plastic Composites 



tion in the United States. Preliminary research indi­
cates that there are several opportunities that need to 
be developed. One area of great interest is the incorpo­
ration of animal manures as a reinforcing filler in 
thermoplastic composites. 

Interestingly, the animal industries use a wide vari­
ety of plastic products including egg trays, feeding 
bays, internal walls, slotted floors, hutches, frames, 
and partitions, as well as building materials such as 
farrowing pens and paddock fences. The first applica­
tions of these manure filled thermoplastics is likely to 
be used in the same industry that generated the 
manure. 

The purpose of this research was to incorporate dif­
ferent levels of both dairy and swine manures in 
HDPE and HDPP and investigate strength properties. 

Experimental 

Materials 

Dairy manure that was mixed with straw bedding 
was collected from the University of Wisconsin experi­
mental farms and dried. The dried manure was pro­
cessed through a hammer mill and the fraction of less 
than 5 mm was collected. 

Swine manure was collected from a farm in North 
Carolina, mixed with waste from a cotton mill, com­
posted for 30 days, pelletized, and dried. 

Methods 

Different levels of dry dairy manure was com­
pounded in a twin-screw extruder with either an Ex­
xon Mobil HDPE or HDPP with or without a com­
patibilizer (maleic anhydride modified high-density 
polyethylene, MAPE) at 163° to 176°C (325° to 350°F). 

Different levels of dry swine manure were com­
pounded in a twin-screw extruder with an Exxon 
Mobil HDPE with or without MAPE at 163° to 176°C. 

Different levels of dry pine flour were compounded 
in a twin-screw extruder with either an ExxonMobil 
HDPE or HDPP with or without MAPE at 163° to 
176°C. 

The extruded ribbon from each compounding was 
water cooled and chopped into pellets. The pellets 
were dried at 105°C overnight. 

Each type of dried pellet was extruded in a single-
screw extruder into standard bending test specimens. 
The sandard ASTM three-point bending test was run 
on each type of manure- and pine-filled thermoplastic. 

Swine manure specimens were placed in a 90 per­
cent relative humidity (RH) room at 27°C and the in­
crease in weight was measured as a function of time. 

Results and Discussion 

Table 1 shows the bending test results of dairy ma­
nure-filled HDPE. As expected, MOE and MOR in-
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crease with increasing levels of manure in the mixture. 
The addition of MAPE increases MOR but has little ef­
fect on MOE. 

Table 2 shows the bending test results of dairy ma­
nure-filled HDPP. Again, as expected, the MOE and 
MOR increase with increasing levels of manure in the 
mixture. The addition of MAPP increases MOR but 
has a negative effect on MOE at the higher filling 
levels. 

Table 3 shows the bending test results of 20 percent 
and 40 percent swine manure-filled HDPE with and 
without MAPE (2%). MOE and MOR increase with in­
creasing levels of manure in the mixture and the 
MAPE addition resulted in higher MOR values as 
compared to specimens without MAPE. Comparing 
the data in Tables 1 and 3, dairy-filled HDPE has 
higher MOE and MOR values as compared to swine-
filled HDPE. 

Table 1. ~ Bending tests of dairy manure-filled HDPE. 

Manure 
fraction MAPE MOE MOR 

- - - - - - - - - (%)  - - - - - - - - ­ (GPa)  (MPa)  

0 0 0.75 15.1 
20 0 1.25 21.8 
20 2 1.26 23.3 
30 0 1.57 24.6 
30 2 1.60 27.4 
40 0 2.08 27.8 
40 2 2.18 34.7 
50 0 * * 
50 2 2.87 38.7 

* Not possible to process mixture. 

Table 2. ~ Bending tests of dairy manure-filled HDPP. 

Manure 
fraction MAPE MOE MOR 

- - - - - - - - - (%)  - - - - - - - - ­ (GPa)  (MPa)  

0 0 1.60 31.9 
20 0 2.63 39.2 
20 2 2.34 42.7 
30 0 2.67 39.5 
30 2 2.67 46.5 
40 0 3.68 41.8 
40 2 3.10 48.5 
50 0 3.81 36.8 
50 2 3.77 48.6 
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Table 3. ~ Bending tests of swine manure-filled HDPE. Table 4. ~ Bending tests on pine flour-filled HDPE and 
HDPP.Manure 

fraction MAPE MOE MOR Wood HDPE HDPE HDPP HDPP 

- - - - - - - - - (%)  - - - - - - - - ­ (GPa)  (MPa)  fraction MAPE MOE MOR MOE MOR 

0 0 0.75 15.1 - - - - (%)  - - - ­ (GPa)  (MPa)  (GPa)  (MPa)  

20 0 1.05 18.1 0 0 0.75 15.1 1.60 31.9 

30 2 1.02 19.3 20 0 1.54 23.3 3.65 48.4 

40 0 1.53 22.7 20 2 1.38 23.5 3.04 47.9 

50 2 1.55 26.5 30 0 2.11 27.3 3.70 48.7 
30 2 2.10 29.7 3.76 52.5 
40 0 2.88 29.4 4.58 49.5 
40 2 2.98 33.4 4.46 52.3 
50 0 * * 5.69 48.5 
50 2 4.03 35.3 5.73 51.9 

* Not possible to process mixture. 

Table 5. ~ Moisture sorption of swine-filled HDPE plus 2% MAPE at 90% RH, 27°C. 

Weeks Manure 
fraction 1  2  3  4  5  6  10  15  19  23  28  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (%)  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­

0 0 0 0 0 0 0 0 0 0 0 0 0 
100 18.7 21.2 21.2 21.2 -­ -­ -­ -­ -­ -­ -­ -­
20 0.2 0.4 0.5 0.5 0.6 0.7 0.9 1.1 1.3 1.4 1.5 1.6 
30 0.3 0.5 0.7 0.8 0.9 1.0 1.3 1.5 1.8 1.9 2.1 2.2 
40 0.5 0.7 0.9 1.1 1.2 1.4 1.8 2.2 2.5 2.7 2.9 3.2 
50 0.7 1.0 1.3 1.5 1.7 1.9 2.5 3.0 3.5 3.8 4.2 4.5 

The difference may be due to the small fraction of 
straw in the dairy manure that adds some higher level 
of fiber reinforcement. 

Table 4 is presented for comparison of different lev­
els of pine flour-filled HDPE and HDPP with and with­
out MAPE. In general, the dairy-filled HDPE has 
lower MOE and MOR values as compared to pine-
flour filled HDPE with the exception of the 40 percent 
dairy-filled HDPE with 2 percent MAPE. In this case, 
the values for MOE and MOR are almost the same. In 
the case of pine-flour filled HDPP compared to dairy-
filled HDPP, MOE and MOR values for dairy-filled 
HDPP are lower as compared to the pine-flour filled 
HDPP. 

Table 5 shows the moisture sorption at 90 percent 
RH, 27°C over 32 weeks. The pure HDPE specimens do 
not sorb any moisture during the test period. The pure 
swine manure has an equilibrium moisture content 

(EMC) of 21.2. As the level of swine manure increases 
in the mixture, moisture sorption increases with time. 
All levels of swine manure specimens continue to gain 
weight with each passing week indicating that an EMC 
has not been reached for any of the specimens. The 
highest level of swine manure (50%) has a weight gain 
of 4.5 percent and continues to increase even after 32 
weeks. 

Conclusions 

The results of this research show that animal ma­
nures can be used as a reinforcing filler in thermoplas­
tics. Specimens filled with both dairy and swine ma­
nures are not as strong as pine flour-filled thermo­
plastics, but strong enough for many applications. Re­
search is continuing using other types of manures, and 
commercial applications are underway. 
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