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Abstract

The object of this work is to study the effect of the

environmental conditions ( ultra violet as well as humidity and
temperature) on the mechanical and thermal properties of samples
of tubes made of high density polyethylene inforced with carbon
black which are employed in agriculture irrigation processes and
which are manufactured at the general company for mechanical
industries/department of spray irrigation. The origins of the raw
materials from which these tubes are made are ( French, Belgian,
Denmark and Arab United Emirates), to choose the most
convenient one suitable for the Iraq environments.

To achieve the objectives of this research, several samples
of different dimensions were prepared and were cut in accordance
with the international standard measurements (ISO, ASTM) to
carry out mechanical and thermal tests. These samples were
subjected to UV with wavelength (320)nm and radiation intensity of
(2.3) W/m? for different periods (100,200,300) hours to study the
response of mechanical and thermal properties. Samples are also
subjected to humidity for different periods (4,8,12) weeks at (23)°C
to observe its effects on the aforementioned properties. The under
test properties were also studied at different temperatures
(23,40,55)°C for a period of one hour.




Results obtained showed that the values of mechanical and
thermal properties of the samples (tensile, modulus of elasticity,
flexural strength, shear stress, impact strength, hardness,
compression, creep and coefficient of thermal conductivity),
increased after (100) hours to UV exposure as compared with
untreated samples, but a decrease in these values was observed
after treatment for (200,300) hours. Also an increase in the values
was observed after subjection to humidity for (4) weeks, but a
decrease in these values was recorded after increasing the
humidation periods to (8,12) weeks. Increasing the temperature
from (23)°C to (40)°C and finally to (55)°C caused a decrease in
the values of the properties except impact strength and coefficient
of thermal conductivity which showed an increase with increasing
temperature.

It was observed that the effect of environmental conditions
on mechanical and thermal properties was different. Temperature
was the most effective factor followed by humidity and then UV,
under the laboratories conditions used.

Also it was found that the Belgian sample was the best under
Iraq environmental conditions followed by the French and Denmark

and finally that of Arab United Emirates.
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Appendix -A

(A~ 3=l

odny 5 aadilll J8 HDPE z 3l (UTS) (s saail) 28 0l o 235 (1) Js2a))

Ultimate Tensile Strength (UTS) MPa

Samples As Received After UV Irradiation
100 hr 200hr 300hr
1 23.942 26.670 25.873 19.905
2 23.599 25.870 24.670 18.876
3 23.793 26.292 25.530 19.920
4 23.101 25.321 24.287 18.265
Ly dgh )l 00 J8 HDPE z3kid (UTS) s sl 2811 dilie ol il (2)J g2a])
Ultimate Tensile Strength (UTS) MPa
Samples . After Water Sorption
As Received AW SW oW
1 23.942 25.135 18.668 16.913
2 23.599 24.612 17.482 16.225
3 23.793 24.975 17.646 16.814
4 23.101 24.216 16.879 15.314

cBoloallds ) S s HDPE 73kl (UTS) (s seaill 2l 43l o o5 (3) Js2al)

samples Ultimate Tensile Strength (UTS) MPa
(23+2)°C (40+2)°C (55+2)°C
1 23.942 16.982 13.900
2 23.599 15.121 12.720
3 23.793 15.865 13.813
4 23.101 14.487 12.711

s3as 5 aanitill U HDPE g3l (E) &5 all Jalae o il (4) Jsaal

E(Gpa)
Samples . After UV Irradiation
As Received 50 200hr 300hr
1 0.998 1.672 0.989 0.782
2 0.809 1.598 0.967 0.722
3 0.908 1.563 0.974 0.720
4 0.779 1.321 0.949 0.693

Wy s 4 sh )l L 38 HDPE g3l (UTS) 4ssall Jalae o il (5) Jsaall

Samples

E(Gpa)

After Water Sorption

As Received

4W

| 8w

| 12w
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Appendix -A (A — G=lah)
|
1 0.998 1.136 0.908 0.712
2 0.809 1.021 0.857 0.682
3 0.908 1.127 0.889 0.710
4 0.779 0.991 0.834 0.667
B)loallds )y it ae HDPE 73l (E) 45 all dalaa ad &3l (6) Jsaal)
Samples E(Gpa)
(23+2)°C (40+2)°C (55+2)°C
1 0.998 0.757 0.511
2 0.809 0.631 0.453
3 0.908 0.712 0.489
4 0.779 0.612 0.449

od=y @u.ﬁﬂ\ Jsé HDPE CJLA.J (FS) cLaaay) Aslia ?Tﬁ c.\Lu (7) d}l;l\

Flexural strength (MPa)

Samples As Received After UV Irradiation
100 hr 200hr 300hr
1 169.832 180.355 151.389 137.980
2 160.567 175.895 143.875 129.700
3 164.550 179.125 147.585 136.815
4 155.370 170.780 139.125 125.470

Warss dggha)l 8 38 HDPE gileil (F.S) b1 Alia ol il (8) Jsaal

Flexural strength (MPa)

Samples , After Water Sorption
As Received AW SW oW
1 169.832 178.666 150.701 135.220
2 160.567 173.010 139.921 125.770
3 164.550 175.240 141.232 130.117
4 155.370 171.111 135.201 124.330

30l all A 3 55 ae HDPE gkl (F.S) slisiV) Ailie o =il (9) Jsaal

Samples Flexural Strength (MPa)
(23+2)°C (40+2)°C (55+2)°C
1 169.832 149.567 120.237
2 160.657 135.332 116.078
3 164.550 143.109 117.237
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(A~ 3=l

| 155.370

130.370

115.193

oy 5 a2l J8 HDPE z3leil (1) Uil algal a8 &35 (10) Jsanll

Shear Stress (MPa)

Samples As Received After UV Irradiation
100 hr 200hr 300hr
1 2.990 3.220 2.875 2.530
2 2.645 2.875 2.415 2.185
3 2.875 3.105 2.530 2.400
4 2.400 2.645 2.300 2.070

 Wasns 5 %5k i) il U8 HDPE g3kadl (1) il el o il (1) Jsoal

Shear Stress (MPa)

Samples , After Water Sorption
As Received W SW oW
1 2.990 3.005 2.793 2.460
2 2.645 2.760 2.390 2.100
3 2.875 2.990 2.472 2.250
4 2.400 2.630 2.355 1.976

CB)lallas )y sl ae HDPE zaladl (1) padl) dgal a8 &1 (12) Jsasl)

samples Shear Stress (MPa)
(23+2)°C (40+2)°C (55+2)°C
1 2.990 2.631 2.300
2 2.645 2.300 2.070
3 2.875 2.530 2.197
4 2.400 2.170 1.899
s32y 5 panilll U8 HDPE gz 3lail dediall da slia a il (13) Jsaal
Impact Strength (kJ/m?)
Samples As Received After UV Irradiation
100 hr 200hr 300hr
1 25.792 30.593 25.963 18.122
2 27.750 31.185 26.965 19.677
3 26.121 30.741 26.019 18.503
4 28.012 32.815 27.852 19.987
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(A~ 3=l

Wasy 5dg skl Ll Jid HDPE ziledl deaall dalia ad milis (14) Jsaal)

Impact Strength (kJ/m?)

Samples . After Water Sorption
As Received AW SW oW
1 25.792 29.741 22.212 15.550
2 27.750 30.851 23.743 16.965
3 26.121 30.172 22.971 16.240
4 28.012 31.160 23.991 17.213

) all da j0 sl ae HDPE g aledl deaiall da glia il (15) Jsaadl

St Impact Strength (kJ/m?)
(23+2)°C (40+2)°C (55+2)°C
1 25.792 28.037 35.122
2 27.750 29.111 36.333
3 26.121 29.963 35.720
4 28.012 30.407 36.852

p3ny 5 gl U8 HDPE g3l Jiy g 830s o il (16) J s

Brinell Hardness No.

Samples As Received After UV Irradiation
100 hr 200hr 300hr
1 4.246 4.870 4.373 3.862
2 3.712 4.336 3.877 3.311
3 3.969 4521 4.009 3.562
4 3.512 4.196 3.789 3.326

Wamy 54 ol )l 135 Jd HDPE z3lail Jis g 330 ad il (17) Jsaal

Brinell Hardness No.

Samples . After Water Sorption
As Received W SW oW
1 4.246 4.621 4.293 3.792
2 3.712 4.392 3.921 3.422
3 3.969 4.386 3.923 3.413
4 3.512 4.000 3.601 3.007

(5l An 3 s aa HDPE el Jis 5 535Ua o il (18) Jsaal
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|
samples Brinell Hardness No.
(23+2)°C (40+2)°C (55+2)°C
1 4.246 3.472 2.841
2 3.712 3.248 2.474
3 3.969 3.300 2.853
4 3.512 3.039 2.268

oAxy ¢ @\a.ﬁ;ﬂ‘ d.\ﬁ HDPE C.JLA.A LL&L@:Y\ aﬂjm (\.IS CE\L (19) djdaj\

Compression Strength (MPa)

Samples As Received After UV Irradiation
100 hr 200hr 300hr
1 48 65 48 41
2 44 60 45 39
3 46 63 47 40
4 42 59 45 38

Lany 545kl il J8 HDPE giledl Labecai¥) da lie o 05 (20) Jsoal)

Compression Strength (MPa)

Samples , After Water Sorption
As Received AW SW oW
1 48 62 47 40
2 44 57 42 36
3 46 61 43 36
4 42 56 40 35

. EJ\)AM 4.;)) ):\:_1 o HDPE CJLA_\S .LL’..AJ‘}“ 4—4}13-6 ﬁgé\u (21) djdaj\

Samples Compression Strength (MPa).
(23+2)°C (40+2)°C (55+2)°C
1 48 44 38
2 44 40 34
3 46 41 35
4 42 39 34

sy 5 il J8 HDPE galadl s 3l Jazs o 05 (22) Js0al)

Samples

Creep Rate * 10 (min)*!

After UV Irradiation

As Received

100 hr

| 200hr

300hr
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|
1 0.8 1.0 0.8 0.7
2 1.1 1.2 0.9 0.8
3 0.9 1.0 0.9 0.7
4 1.3 1.5 1.1 0.9

Lany 54 skl il Jd HDPE z3ledl Cas 3l Jasa a3l (23) Jsaall

Creep Rate * 10 (min)*

Samples . After Water Sorption
As Received W SW oW
1 0.8 1.0 0.8 0.6
2 1.1 1.3 0.9 0.7
3 0.9 1.1 0.8 0.7
4 1.3 1.4 0.9 0.8

L3)ad As 50 S e HDPE galedl (K) os 3l @l o8 il (24) J s

Creep Constant (k)
Samples . After UV Irradiation
As Received ™55, 200hr 300
1 0.085 0.106 0.088 0.072
2 0.104 0.123 0.098 0.082
3 0.093 0.114 0.096 0.077
4 0.113 0.132 0.103 0.096

axy 545k Nl il J8 HDPE g3l (k) <ia 5 cull o il (25) J sl

Creep Constant (k)
Samples , After Water Sorption
As Received W SW oW
1 0.085 0.101 0.085 0.070
2 0.104 0.125 0.091 0.080
3 0.093 0.110 0.088 0.076
4 0.113 0.130 0.093 0.081

s30y 5 il U8 HDPE g3kl (K) sl yal) Jian il Jalao o il (26) U522

Samples

K-value (W/m. °C)

As Received

After UV Irradiation

100 hr

200hr

300hr

1

0.285

0.416

0.372

0.283
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|
2 0.243 0.379 0.306 0.242
3 0.267 0.413 0.313 0.279
4 0.239 0.375 0.304 0.237

55kl 58l 08 HDPE gibd (K) goloal deva sl Qe o8 gilss (27) Jpand

Ly
K-value (W/m. °C)
Samples . After Water Sorption
As Received AW SW oW
1 0.285 0.358 0.323 0.281
2 0.243 0.342 0.294 0.240
3 0.267 0.340 0.298 0.282
4 0.239 0.340 0.283 0.235

5l da 2 ks o HDPE g3 ((K) sl divo sl s o s (28) s

Samples K-value (W/m. °C)
(23+2)°C (40+2)°C (55+2)°C
1 0.285 0.447 0.453
2 0.243 0.367 0.386
3 0.267 0.350 0.396
4 0.239 0.274 0.313
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