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ABSTRACT

An economic analysis of the partial repla-ement of optimum bitumen content ( OBC) with re -
processed polyethylene water sachets (PWS) in the production of asphalt mixes as a cost saving
measure in road works as well as its application as a pollution control strategy in an environment
invested with non degradable waste materials is reported in this paper. The OBC was first
determined according to Marshall Method for a heavy traffic binder course. The PWS emulsion,
(prepared from 1:3 parts, by weight, of reprocessed PWS and a solvent at a temperature of 120°C),
was paridally substituted for the optimum bitumen in the hot mix asphalt. The respective Marshall
Stability for the unmodified and modified binder was 1400 kg and 1150 kg with corresponding flows
of 2.6 mm and 3.2 mm. A 15% partial replacement of the OBC, that is; the proportion of the
emulsion (percentage addition to optimum bitumen binder content) in the ratio of 1% reprocessed
PWS: 5% of the bitumen had no adverse effect on the desired Marshall properties of the binder
course for a heavy traffic, and indeed a financial savings as much as 3.75 % in the cost of asphalt
concrete mix is also possible. These values proved that bitumen can partially be replaced with a
reprocessed pure water sachet for economic advantage of road works while at the same time can
facilitate the liberation of the environment of polyethylene wastes.

Keywords: Solvent, optimum binder content, reprocessed pure water sachets, Marshall Stability
and Flow.
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world, (Amjad Khan et al (1999), Wilmot
and Vorobieff (1997)); or recycled as
plastics in bituminous / asphalt mixes,
(Singh and Singh, 1983; Zoorob and
Superma, 2000; Kulsfiresniha et al, 1988,
Flynn, 1993 and Zoorob, 2000). Also the
“recycled roads™ initiative of the United
States of America by the Intermodal Surface
Transportation Efficiency Act of 1991
generated the needed catalyst which by the
middle of 1990s had encouraged many
Transportation Agencies in the US to be
using, at least any three of the fly ash,
rubber strands and chips, roofing shingles,
plastics and glass as bitumen modifiers for
pavement mixes;(Chesner, 1992) as long as
the three key criteria for suitable use of
waste and bye products for recycling in road
construction works are satisfied. These
criteria are (Collins and Gesielski (1994)) 1)
consistency in quality and meeting the
specifications requirements ii) economically
competing with the material being replaced
in terms of total life cycle costs for a 20 year
service period and iii) societal benefits of
avéided disposal costs. In most of the cited
cases of the usage of the polyethylene,
reprocessing to other forms of state were not
reported except the few attempts to strictly
solve the environmental problem as an
alternate and recycling use; (Kareem 2007)
and some concrete works; (Raji et al. 2009).

For the pure water sachets (PWS) to be used

as binder, either partially or wholly in
pavement mixes, certain reformation and or
transformation had to take place in order to
draw out on the fluid ability or viscositly
property of the sachets in solution (or
emulsion). A successful blending or partial
replacement of bitumen will reduce the
amount of bitumen binder in asphalt mixes
and consequent savings in funding of
pavement (road) works which would then
imply; a) an addition, to existing list of
probable bituminous material and the
accompanying literature b) freer
environment from flying pure water sachets,
which currently are among the main sources
of non-degradable environmental nuisances;
and ¢) a reduction in the amount of bitumen
for production of asphalt mixes, obviously
an avenue for substantial foreign reserve

depletion presently in Nigeria.

Therefore in specific terms, the paper will
examine i) the miscibility of bitumen and
polyethylene ii) a comparison of the Asphalt
Marshall parameters (of stability, flow and
stiffness, Marshals Quotient) of the mixes
produced at optimum binder with those of
the reprocessed PWS modified bitumen as a
partial replacement of the optimum bitumen
iii) the potentials of bitumen/polyethylene
blend as an amelioration technique for
environment

pollution control of

polyethylene (PWS) and iv) the estimation
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of the economic advantage of the
substitution of the optimum bitumen with
the reprocessed PWS emulsion in asphalt
mixes and hence road works in general.

2.0 METHODOLOGY

2.1 Conversion of Pure Water Sachet to
Miscible state with Bitumen.

Table | presents the comparison of bitumen
and the pure water sachet as polyethylene
families while Table 2 is a list of the
materials used for the study indicating their
respective sources and physical properties.
The laboratory work was carried out in two
major stages: - (1) Conversion of the pure
water sachet to blend able state with
bitumen and (2) Evaluation of the bitumen -
reprocessed pure water sachet blend for hot
mix, according to the

rolled asphalt

Marshall Désign method.

Some pure water sachets were heated in a

bowl, first to a temperature of 40 °C, and

then poured into another mixing bowl which
contained an excessive quantity of the
solvent in the ratio of 1 % of pure water
sachet to 3 % of the solvent. The mixture
returned to the hot

was then plate,

adequately covered and raised to a
temperature of 80 °C. Again the content was
removed from the hot plate at the
temperature to allow for effective stirring
after some few minutes when the mixed
content was then returned to the hot plate
and covered for further heating to a
temperature of 120 °C. The process was
continued until a semi liquid emulsion was
formed. However, while heating the pure
water sachet before actual dissolution, there
was noticed a slight swelling and colour
change from white to sky blue, which on
testing had a density of 0.90 keg/m’ and a

specific gravity of 0.89.

Table 1: Comparison between bitumen and pure water sachet (same polyethylene family)

Property Bitumen Polyethylene

Number

1 Viscosity It flows at temperature above a minimum | It coagulates on heat application, but
specified flows in a solvent and heat

2 Transparency Bitumen is not transparent and it is black | Has good transparency and is
brown in colour. It could brittle at very | colourless at Very low temperature.

low temperature.

3 Temperature The mixing temperature of bitumen | The melting temperature of polythene

(60/70) is 140 °C is 115 °C
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Heat It loses its toughness and pliability easily | Retains its toughness and pliability
Resistance as temperature is increased. over a wide temperature range.
Flexibility Is flexible even before heat application. | Is also very flexible even before heat
application
Strength Not hard due to irregular packing of | Not hard due to irregular packing of
polymer chains polymer chains
Solubility Soluble in most solvent (e.g.) Petrol, | Insoluble in most solvent but soluble
kerosene, diesel e.t.c. on heat application in some solvent
Adhesive Very strong and durable adhesive that | Its adhesive property is very low
binds together a very wide variety of
other materials without affecting their
properties.

Source: Shell Bitumen Handbook (1990)

Table 2: Properties of Materials for the Study.

Serial Material Description / Characteristics Sources Remarks
No
1 Polyethylene | It is colorless, density is between | Life fresh pure water Package water
091 - 094 g/cm’, its melting | manufacturing company | sachet in dry
temperature is between 110 —160 | in Chanchaga, Minna form
°C. It is flexible and is not easily Nigcr State
dissolved by petroleum produc;_gffl-ﬂ
2 Bitumen It is black in colour, having a | PW. (Nig) Ltd, Vom | 60/70 Bitumen
penetration between 60 — 700 | Plateau State. Penetration
dmm at temperature of 25°C, is
density ranges between 0.95 to
1.00 kg/lit
3 Solvent DPK (Dual Purpose Kerosene) P.W. (Nig) Ld, Vom |DPK
Plateau State.
4 Aggregate Must be hard enough to withstand | P.W. (Nig) Ltd, Vom | Igneous rock
wheel abrasion. Plateau State.
5 Water Tested and fit for consumption P.W. (Nig) Lid, Vom | Bore-hole,
Plateau State. satisfies  WHO
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standard

Bucket

metal

Cylindrical Shape and made of

P.W. (Nig) Ltd, Vom | Metal

Plateau State.

2.2. Laboratory Determination of the
Optimum Binder Content (OBC).

The aggregates and the mineral filler were
mixed the

together as determined by

appropriate job mix formula and in
accordance with the Marshall procedure,
Shell Manual Series, MS - 2. An optimum
binder content of 6 % was determined for a
wearing course for a heavy traffic pavement
based on the Marshall Specification values
for a heavy traffic.

2. 3.

Tests.

Optimum Bitumen Substitution

The optimum bitumen content was being
reduced by certain percentages of the

reprocessed PWS solution, but however

optimum binder content of 6 % was

maintained. The optimum binder content
was maintained in order to meaningfully

highlight the essence of the partial

substitution, because a binder less than the

optimum would result in lower quality

asphalt. Marshall Test specimens were

produced using the schedule displayed in
Table 3 and tested under the Marshall
the determination of the

The

machine for
corresponding  parameters. various
compositions are respectively 20 %, 5 % 70
% and 5% for the 12.7 and 9.5 mm
aggregates, the Quarry and the mineral
filler, all totaling a mass of 1200 grammes.

Table 3: Partial replacements for bitumen in

ensured that the already determined asphalt mix production
Serial Rep-rocessed
Number ’ Pure water
Bitumen sachets Total
% | gram % Gram %o gram
1 6 72 0 0 6 12
2 5 60 1 12 6 72'
3 4 48 2 24 ¢ 72
4 3 36 3 36 6 12
3 o 24 4 48 6 72
6 1 12 5 60 6 72
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2.4 The Economic Analysis of the Partial
Substitution of the Optimum Bitumen
Content.

The trend of the influence of the partial
substitution of the optimum bitumen content
with the reprocessed PWS Modified Asphalt
Mixes for the various Marshall design
properties are displayed in Fig. 1 - 6.
Considering the requirements for the asphalt
by  the General
Specifications, 1997 (Table VI-17) and

Table II1-2 of the Marshall Design Manual

mixes Nigerian

MS — 2 for a heavy trafficked pavement, the

respective  desirable  replacement  of
optimum bitumen with the reprocessed PWS
was estimated from the inspection of these
curves. The outcome is presented in Table 4
which indicated that the desirable partial
substitution of the optimum bitumen content
with the reprocessed PWS for a Hot Mix
Asphalt (HMA) varies between 17 % for the
flow property and 68 % for the stability.
This is equivalent to an average of 36 %;
that is a ratio of about 2 parts of the
reprocessed PWS to 4 parts of the optimum
bitumen content, by weight; making up the

designed 6 % optimum binder content.

Table 4: Determination of Desirable Substitution of the Optimum Bitumen.

S/N | Property Specification for | Desirable reprocessed
binder/wearing PWS partial
course, Heavy Traffic | substitution (%).

1 Optimum Bitumen content 45-8.0 -

2 Marshall Stability, (kN) , minimum. 3.5-36 68

3 Flow, mm 2-6 17

4 Voids in total Mix, % 3-8 36

5 Voids Filled with Bitumen, % 65 — 82 17

§ Voids in Mineral Aggregates, % 11-23 26

The implied savings in cost with this result can be obtained by solving equations (1) and (2).

C - Ni"c ZC;W'.
Cost Contribution of bitumen = CyW/> WiC;

where C is the unit cost of provision and

complete installation  (construction) of

asphalt pavement in a typical contract

6

(2)

project, (=N= /m3);

each component of

(1)

C; is the basic price for

the material constituting

the asphalt mix, (=N=/ton); W, is the
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fraction of the weight of each of the materials in the final form of an asphalt road
respective component of the material (%) pavement, always greater than Unity. Cy is
and M, a Magnification factor to account for the unit cost for bitumen and Wy, the fraction
the cost of the processing and workmanship of weight of bitumen in the mix. The density
over the basic unit prices of the component of asphalt concrete mix is assumed to be

2.20 ton/m’
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Figure 1: Variation of apparent density with % pure water sachet to bitumen
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Fig. 2: Variation of Void in total mix with % pure water sachet to bitumen
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Fig. 4: Variation of Void filled with bitumen with % pure water sachet to bitumen
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Fig. 5: Variation of Flow with % pure water sachet to bitumen
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Fig. 6: Variation of Marshall Stability with % pure water sachet to bitumen

With the job mix formula adopted and the
prevailing basic unit prices of the materials
used for hot-rolled asphalt
construction projects in Ondo State (2006)
and Kwara State (2005) Nigeria; M was
computed to be 2.25 while the contribution
of the bitumen binder alone was estimated

to be 22 %. The details are as presented in

mix for

Table 5. Also, the contribution of the bill
item of pavement in a road project was
computed to be as much as 50 - 70 %;
(Hassne, 2003; Makinde, 2004 and Olusoga,
1997).  The cost of the binder alone is
therefore equivalent to about 15% of that of
works

the entire road
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Table 5: Computation of M with current unit construction costs in Nigeria.

Component Material Mix Weight in the | Unit Price, C; | WG

proportion | Unit volume (per | (=N=/ton) (a, b),

(%) m3) of mix, W,

(ton)

Coarse Aggregates 57 1.254 10,000 12,540
Fine Aggregates 27 0.594 10,000 5,940
Mineral Filler, cement/ | 10 0.220 40,000 8,800
lime
Bitumen 6 0.132 60,000 7,920
Asphalt Concrete - 2.2 87,500 *

* Computed from the contract unit price of =N=3,000 per 40mm thick hot asphalt mix from.
Ministry of Works, Kwara State, and Ondo State Road projects in 2003 and 2008 respectively.

3.0 Results and Discussions.

The dissolved pure water sachet does not
add to the resistance against traffic loads.
An inspection of the Marshall Stability test
results (Fig. 6), reveals that the amount of
dissolved pure water sachet that can
successfully  replace Bitumen in  the
production of asphalt pavement without
actually affecting its traffic load supporting
(stability) properties is up to 15 %. The
apparent density curve shown in Fig. 2 for
the bitumen and dissolved pure water sachet
as the binding medium shows that at about
14 % replacement, the density dropped and
rose again at about 50 % replacement; thus

indicating that the density is appreciated up

10

to the 14 % replacement. This may be
explained by the differences in the specific
gravity of the two components that
constitute the binding medium in the mix;
0.95 - 1.00 for the bitumen and 0.91 — 0.95
for the PWS. Also, the swelling at first
instance of the reprocessed PWS during the
conversion without any gain in weight is
another reason for the gradual drop in the
density as the dissolved pure water sachet

proportion increases.

Fig. 2 shows the vanation of voids in total
mix (VIM) with the proportion of the
dissolved pure water sachet to bitumen. The

indication of this curve is that the bitumen
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ratio reduction in the mix at the initial point
has no effect on the voids since it has been
replaced by dissolved pure water sachet. But
on further replacement it was noticed that
VIM increased. Also presented in Fig. 4 is
the Void filled with bitumen (VFB) curve.
The maximum void that can be filled with
the modified bitumen, which is about 18 %
replacement after which there is a drop in
value indicates that the mix can probably be
susceptible to permeability by water. It
therefore implies that a partial substitution
beyond 18 % should not be encouraged.
Further from Fig. 5, the variation in flow
with percentage of dissolved pure water
sachet to bitumen indicates that the more the
replacement of bitumen with dissolved pure
water sachet in the asphalt mixes, the more
its potentials to deform. This has the
implication for the sliding of pavement and
durability when it is subjected to further
traffic. The Marshall Stability curve
presented in the Fig. 6 shows that the ability
to carry heavy load drops as compared with
that of unmodified optimum bitumen which
has its peak at 1,400 kg; see Fig.1. But with
a closer examination of the result and
comparing with the specified standards, it
shows that replacement of bitumen with
dissolved pure water sachet car.1 be done up
to 15 % and still maintaining the stability of
1,150 kg. This figure is still far higher than

the specified standard by Nigerian General

Specifications (1997) of 350 kg. This
implies that the resulting asphalt mix with
the PWS modified binder can withstand
heavy traffic loading of Category E and F,
(which is equivalent to 4,500 vehicles per
day of loaded weight exceeding 3 tons)
without any fear of inadequate support as at
when the optimum content of the state run
bitumen was used for the production of the

hot mix asphalt.

On the average, the production of a Hot
Rolled Asphalt (HRA) with a partial
substitution is acceptable up to 35 % of total
mix, which is bitumen 5 % and reprocessed
pure water sachet I %. See Table 4 and Fig.
2 — 6 (for the various respective parameters)
in very close comparison with the standard
Nigerian specification for a heavy traffic. It
therefore implies that about 16.7 % by
weight of bitumen can be saved with the
inclusion of reprocessed PWS in the
production of asphalt wearing mixes. The
arrangement will probably improve such
properties as the durability because of the
observed reduction in the voids and hence
the bitumen exposure to oxidation. The mix
will lose its binding properties due to the
presence of the dissolved pure water sachet
which although will not oxidize neither will
it decompose at normal temperature. The 32
the bitumen

% partial substitution of

recorded for the desired stability, implies
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that i) only two thirds of the straight run
bitumen would be needed for heavy traffic
level and ii) the optimum binder of 6 % of
total mix can be partially replaced with the
Processed Water Sachet for the Martial
Stability Value of 350 kg, normally
considered adequate for the heavy traffic
flexible pavement. Similar observations are
apparent for the other specified design

values for pavement works in Nigeria.

The corresponding savings in cost would be
7 % (22 % of 32 %) of total expenditure for
road works. The resulting sum of money of
210 million naira becomes appreciable when
one considers the three trillions of Nigerian
Naira budgeted and awarded contract for
road works in Nigeria as recently (2009)
reported in the national dailies, eg, the
punch newspapers. Aside, an amount of
three (3) billion Nigerian Naira would be
saved as a result of not burning away the 20
% pure water sachets estimated composition
of the Nigerian municipal waste (Aremu,
2009). A total fund of 15 billion naira was
estimated as wasted annually through

incineration of recyclable waste materials in

Nigeria, (Okeke, 2008).

4.0 CONCLUSIONS AND
RECOMMENDATIONS

4.1 Conclusion.

The following conclusions can be deduced
from this study:

a). The pure water sachet, a polyethylene
can be solvent dissolved at a laboratory
temperature of 120 °C to a material of
density of 0.95 g/cc which is miscible with a
60/70 straight run bitumen to serve as the
binding medium in asphalt mixes.

b) The stability of the produced asphalt
mixes shows no appreciable difference in
their values up to about 15 % replacement
but further additions in the proportion of the
emulsified pure water sachet up to 6 % of
total mix (by weight) showed a gradual
decrease in the ability of sample to sustain
deformation from heavy traffic movement
as a result of the manifestation of lower
Marshall Quotient values.

c¢) The unmodified bitumen alone has
Marshall Stability Value (MSV) of I, 400 kg
and that when replacement is being
considered (i.e. addition of dissolved pure
water sachet), it could be up to a good MSV
of 1,130 kg for a 15 % replacement of
bitumen, which is also capable of carrying
the heavy traffic.

d) The partial replacement of the OBC was
estimated to be equivalent to a savings of
375 % in

the construction of asphalt

pavement.
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¢) The conversion of the pure water sachet
to usage as a valuable partial substitution for
optimum bitumen in asphalt mixes will
reduce waste, which already constitutes an
environmental nuisance in both rural and

urban settlements.

4.2 Recommendations

Partial replacement of the optimum bitumen
content with dissolved pure water sachet to
achieve a 25 % savings in the cost of
bitumen should be encouraged for hot mix
asphalt production because it can also free
the environment of non-biodegradable pure
water sachets. A 30 % replacement is

recommended on the basis of the findings of

this study.
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