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SAMEVATTING ABSTRACT 

Stralingsgevormde hoiit-poiimeersamestellinp, gevormdeur 
die gedeeltelike impregnerin? van 'n aantal Pinut soorte wat 
in Suid-Afrika groei, is nagavors an vergalyk met 'n aantal 
plaaslik beskikDare edelhoutsoorte met betrekking tot 
dirnensionele stabiliteit, hardhaid, homoganitait er 
verweringieienskappe. Hierdie ondersoek wys duidalik 
daarop dat deur tegnieke van gadaaltalika impregnating ta 
banut, hout-polimeersamestellingi uit plaestike 
dannahoutsoorta verkry ka,i word met 'n aemienlike 
betparing in monomeerkoste sohder dat die balangriksta 
f isiase eienikappe van hierdie materiala ingeboet word. 

Radiation-processed wood-polymar composites produced 
from various partially impregnated Pinut species grown in 
South Africa ware investigated and compared to a number 
of locally available noble hardwoods in respect of 
dimensional stability, hardness, homogeneity and 
weathering properties. This investigation clearly 
demonstrates that, through partial-impregnation 
techniques, wood-polymer composites can be formed from 
the locally grown Pinus species with a considerable saving in 
monomer costs without sacrificing most of the important 
physical properties of these materials. 
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1. INTRODUCTION 

Oversold in the earlier days and subsequently neglected, the 
future of wood-polymer composites in South Africa 
appears to be brighter than ever before. The renewed 
interest in wood-polymer composites processed by means 
of ionising radiation surprisingly almost coincided with the 
worldwide oil crisis, and the subsequent increase in 
monomer prices which have a profound influence on the 
economic viability of these materials (1). For many years 
the Arco Chemical Company in the USA was the only 
private concern actually manufacturing wood-polymer 
composites which were used mainly for mosaic flooring. 
Recently, however, private concerns in the United 
Kingdom, Japan and India have become active in the 
production of these materials although very little 
information is as yet available on the scale and future plans 
of these undertakings. 

Since 1969 the South African Atomic Energy Board has 
investigated the exploitation of this technique for the 
improvement of locally grown softwoods. The fact that a 
mere 1 % of South Africa is covered with indigenous 
hardwoods and that most ot the noble hardwoods used in 
South Africa have to be imported [2], pointed up a real 
need for the Republic to be less dependent on foreign 
suppliers for htr noble-hardwood needs. The Pinus species 
in South Africa grow at a rate whicn is about six times that 
found for the- corresponding softwoods grown in Europe 
and Canada (3] and, accordingly, the country is 
self-sufficient with regard to these softwood species. The 
decision to investigate the wider application and 
development of wood-polymer composites by utilising the 
locally grown softwoods appears well founded. 

In agreement with the experience in other countries, it was 
also found locally that the timber indust-y was very 
interested in the material but never really considered it to 
be a viable proposition from an economic point of view. 
Although many cubic metre;, of wood-polymer composites 
were thus manufactured on a pilot-plant scale, serious 
interest in the more general application of this material 
remained at a relatively low level. In an effort to approach 
the promotion of this material on a more realistic basis, the 
Atomic Energy Board also co-operated with the South 
African Lumber Millers' Association (SALMA); this 
collaboration proved valuable. A detailed investigation [4] 
was carried out on the potential of wood-polymer 
composites as a flooring material and through the financial 
support of SALMA an experimental floor made from 
wood-polymer composites was installed in the Pretoria 
North Magistrates Office during 1976 [5]. 

Although the economic competitiveness of wood-polymer 
composites with the locally available hardwoods is 
improving steadily, the major obstacle in the way of a more 
general utilisation of this material in South Africa is still its 
price. Taking into account that, on a pilot-plant scale, 
monomer costs account for almost 8 0 % of the 
manufacturing costs [4], an obvious solution to the 
problem would be to reduce monomer costs. The main 
reason why monomer costs constitute such a major 
percentage of the overall manufacturing costs of 
wood-polymer composites in South Africa can be 
attributed to the low densities (0,5g/cm3) of the 
fast-growing Pinus species used for this purpose. 

Impregnation of these species gives rise to materials with 
very high polymer loads that can reach values ot up to a 
130 % on a mass basis, and this in tun- adversely af'ects the 
economic viability of wood-polymer composites. 

This investigation was carried out to develop suitable 
partial-impregnation techniques *or impregnating the 
locally grown Pinus species for the production of 
wood-polymer composites with gamma irradiation, to 
determine the influence of partial impregnation on the 
homogeneity of the polymer distribution in the composite 
material, to determine the influence of partial impregnation 
on certain physical properties of the composite and, lastly, 
to evaluate the effect of this technique on the cost of the 
resulting material. 

2. EXPERIMENTAL 

2.1 Materials 

Methyl methacrylate, as supolied by Imperial Chemical 
Industries, was used as the monomer throughout this 
investigation, without removal of the added inhibitor. Pinus 
patula, Pinus radiata and Pinus elliottii, with densities as 
indicated in Table I, were used in this investigation. 

TABLE I 
The timber used in the investigation 

Average 
Sample density 
number Species (g/cm3) 

1 Pinus radiata 0,69 
2 Pinus patula 0,49 
3 Pinus patula 0,62 
4 Pinur patula 0,68 
5 Pinus elliottii 0,66 
6 Pinus elliottii 0,51 
7 Pinus elliottii 0,60 
8 Pinus elliottii 0,66 

2 .2 Procedures 

Hardness tests were carried out by making use of a 
modified Janka indentation test {8]. The change in volume 
of the wood-polymer composite, after being immersed in 
water at 25 ° C for 18 h, was used as an indication of the 
dimensional stability of the material. 

The radiation polymerisation was carried out in a 300 kCi 
Medical Product Irradiator (AECL), a nitrogen atmosphere 
being maintained on the timber samples during irradiation. 
A total irradiation dose of 15 kGy (1,5 Mrad) was given to 
all monomer-impregnated timber samples to achieve 
complete conversion of the liquid monomer to the solid 
polymer. 

Experiments on the accelerated weathering of the 
wood-polymer composites were carried out by the South 
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African Bureau of Standards in accordance with SABS 
Method 182. 

The impregnation method that was followed in the 
preparation on the wood-polymer composite samples is 
given in detail under Method III in paragraph 3.1. 

3. RESULTS AND DISCUSSION 

3.1 Partial-Impregnation Techniques 

Three impregnation techniques were investigated in order 
to obtain a partially impregnated wood-polymer composite 
with a homogeneously distributed polymer load. In the case 
of ail these techniques, impregnation was carried out by 
evacuating the timber to a pressure of between 0 and 
65 kPa (1 - 400 mm Hg) and allowing it to stabilise at this 
pressure for 30 min. Subsequently the monomer was 
introduced whilst the pressure was kept at a constant value. 
The three impregnation methods then varied as follows: 

Method I. Impregnation was achieved by applying a 
pressure of 100 to 600 kPa on the immersed 
timber and maintaining the pressure for 
periods that varied between 1 and 4 h. The 
pressure was then relieved slowly over a period 
of one hour before the impregnation vessel was 
opened. 

Method II. After immersing the timber for a period of 1 
to 2h under the monomer at atmosphere 
pressure, the monomer was drained, and the 
impregnated timber was then subjected to a 
pressure that varied from 100 to 600 kPa for 
periods between 1 and 4 h. 

Method III. The timber was left immersed in the monomer 
for a period of 2 to 3 h at atmospheric 
pressure and subsequently irradiated. 

In the case of the locally grown Pinus species, both 
methods I and II result in materials with a shell 
impregnation where the polymer load within the timber is 
less than that of the outer portion of the treated 
sample - both methods thus resulting in inhomogeneous 
polymer loads. With the third method, however, partially 
impregnated wood-polymer composites are obtained in 
which the polymer load is homogeneously distributed 
throughout the timber, the specific polymer load being a 
function of the evacuation pressure, as will be discussed 
later. 

3.2 Effect of Timber Density on Maximum 
Polymer Load 

As will be appreciated, the density of the timber to be 
impregnated has a profound influence on the maximum 
monomer uptake that can be achieved, as shown in Fig. 1 
for the various Pinus species used in this investigation and 
impregnated at an evacuation pressure of 0,1 kPa. 

The monomer load obtained at various evacuation pressures 
for timber of various densities was consequently 
determined. These results are indicated in Table II where 
the monomer loads are expressed as a percentage of the 
maximum load that can be achieved at a specific pressure as 
shown in Fig. 1. An important conclusion that can be 
drawn from these results is that the monomer load, 
expressed as a percentage of the maximum load that can be 
achieved, at a constant impregnation pressure rerrains 
constant In practice this means that given a timber wiiS a 
known density, the maximum monomer load can be 
obtained from Fig. 1. 

Consequently, by selecting the required monomer load, the 
evacuation pressure to be used can be determined from Fig. 
2, where the experimental results from Table II have been 
combined for the various Pinus species. 

TABLE II 
The monomer load, taken as a percentage of the maximum 
load that can be achieved, as a function of the evacuation 
pressure for timbers of various species and densities 

Sample 
namker Species 

Density 
Evacuation Pressure IkFa)* 

Sample 
namker Species 

Density 
0,1 13 % 26 % 39 % 52 % •5 % 

1 
2 
3 
4 
5 
6 
7 
B 

P.mdiete 
P. pêtulê 
P. petule 
P. pilule 
P. eiliottii 
P. elllottll 
P. illiottii 
P. eiliottil 

0,69 
0,49 
0,62 
0,68 
0,66 
0,51 
0,60 
0,66 

88 
125 
104 
79 
90 

143 
105 
69 

82 
148 
100 
85 
85 

155 
109 
89 

94 
119 
97 

108 
95 

109 
103 
130 

72 
113 
81 
71 
82 

121 
79 
67 

83 
91 
78 
90 
91 
85 
75 
97 

57 
88 
63 
52 
69 
83 
76 
67 

65 
70 
61 
66 
77 
58 
72 
97 

42 
74 
43 
39 
56 
60 
53 
51 

49 
60 
41 
49 
63 
42 
51 
74 

31 
52 
28 
25 
44 
40 
38 
42 

35 
42 
27 
31 
49 
28 
36 
60 

'Pereentegm expreuedm percentege of mentmum polymer loed 
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FIG. 1 
The effect of timber density on the maximum monomer 
uptake at an evacuation pressure of 0, t kPa 
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FIG. 2 

The monomer load, taken as a percentage of the maximum 
load that can be achieved, as a function of the evacuation 
pressure. Results represent die average values for the 
various Pimn species 

3.3 Effect of Polymer Load on Hardnew of 
Wood-Polymer Composites 

The amount of polymer entrained in the voids of the 
timber has a profound effect on the hardness of the 
wood-polymer composites, as indicated in Table I I I . 

The experimentally determined Janka hardnesses for the 
three Pinus species are expressed in Fig. 3 as a percentage of 
the maximum hardnesses that can be obtained, as a 
function of the evacuation pressures employed. 

In the past it was observed that at a maximum polymer 
load a material was obtained with hardness properties far 
superior to those required. As follows from Fig. 4, partially 
impregnated Pinus species with a polymer load of less than 
70 % results in a material that compares very favourably 
with respect to hardness with other noble hardwoods used 
in South Africa. 

An earlier investigation (4] indicated that in the case of 
Pinus patula and Pinus radiate the standard deviation of the 
mean Janka hardness as a percentage of the mean, taken as 
a measure of the homogeneity of the material, had values of 
35,6 and 39,8 for these timbers respectively. As follows 
from Table I I I , the partially impregnated wood-polymer 
composites, even at evacuation pressures as high as 65 kPa, 
are more homogeneous than the untreated Pinus patula and 
Pinus radiata. The homogeneity of partially impregnated 
Pinus patula and Pinus radiata also appears to be superior to 
that of most noble hardwoods used in South Africa, as 
reported earlier [4]. 
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Fig 3 (a) 
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13 2 6 30 52 
Evacuation Pressure (kPa) 

Fig 3(b) 
13 26 39 52 
Evacuation Pressure (kPs) 

66 
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FIG. 3 
The Janka hardness, expressed as a percentage of the 
maximum hardness, as a function of the evacuation 
pressure for (a) Pinus radiatt, (b) Pirn» patula and tc) Pinus 
•tliottii. 
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The mean hardness of various noble hardwoods competed 
with wood-polymer composites formed at various 
evacuation pressures (polymer loads) 

TABLE I I I 
The Janka hardnau and its standard deviation, as a function 
of the evacuation pressure (polymer load) for the Pinus 
samples, as indicated in Table I 

Evacuation Pranera (kPa) 

0,1 13 26 39 52 65 
Samel* 
eamfcer h s %s h i %f h s %s h s % i h i %* h I %» 

1 820 37 4,6 815 66 8,1 658 48 83 386 48 12,4 222 47 21,2 169 22 133 
2 777 38 4,9 730 98 13,4 421 46 103 247 43 17/» 160 41 25,6 101 29 28,6 
3 820 63 7,7 776 66 8,4 469 53 11,3 301 68 22,6 204 25 123 163 38 23,3 
4 803 40 5,0 721 59 8,2 614 66 10,7 318 33 10,4 231 43 183 154 28 183 
S 800 117 14,6 798 105 13,2 574 145 25,2 461 126 273 291 83 283 287 78 273 
6 708 80 8,3 738 88 11,6 377 83 223 230 58 253 212 81 383 137 60 363 
7 781 78 9,6 770 131 17,0 454 101 22,2 240 85 35,4 286 110 383 215 103 473 
8 777 85 8,4 714- 119 16,7 486 115 23,7 326 91 273 193 84 43,5 193 119 61,7 

h : MMnJinkahtrdMM(kg) 
s : Standard deviation (kg) 
%t : Standard deviation of mainhardnmM perctntaoj of main 
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3.4 Effect of Polymer Load on Dimensional 
Stability of Wood-Polymer Composites 

A very interesting phenomenon is observed if the water 
uptake and dimensional stability of the wood-polymer 
composites are followed as functions of the evacuation 
pressure (or polymer toad). 

The percentage change in mass of wood-polymer 
composites, after immersion in water at 25 °C, as a 
function of the evacuation pressure, is shown in Fig. 5 for 
the different Pinus species and timber densities as 
summarised in Table I. 

13 26 39 52 
Evacuation Preseure (kPa) 

(a) 

13 26 39 52 
Evacuation Preasura (kPa) 

13 26 39 52 
Evacuation Pressure (kPa) 

M 

I8h 

13 26 39 52 
Evacuation Pressure <kPe> 

(d. 

(b) 

FIG. 5 
The parcantaga change in mass of wood-polymer 
composites after immersion in water at 25 °C for periods 
up to 18 h, as a function of the evacuation pressure; 
(a) Plnu» radiate with density 0,69, 
(b) Plmit pstula with density 0,49, 
fc) Plnui petula with density 9,62, 
(d) Plnu» patula with density 0,68, 
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13 26 39 52 
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; 18 h 

Í9) 

m 
2 

0 

m 

13 26 39 52 
Evacuation Pressure (kPa) 

13 26 39 52 
Evacuation Pressure (kPa) 

(h) 

FIG.S 
The percentage change in mass of wood-polymer 
composites after immersion in water at 25 °C for periods 
up to 18 h, as a function of the evacuation pressure; 
(e) Plnut eiliottii with density 0,66, 
(f) Ptm» eiliottii with density 0,61, 
(g) Pinut eiliottii with density 0,60, 
(h) Pinui eiliottii with density 0,66. 

Correspondingly, the percentage change in volume of 
wood-polymer composites, after immersion in water at 
25 OC, as a function of the evacuation pressure, is shown in 
Fig. 6 for the different Pinus species and timber densities as 
summarised in Table I. 

From Fig. 5 and 6 it clearly follows that, for all the Pinus 
species investigated, the material that is dimensionally the 
most stable is not formed at the maximum polymer load, as 
would be expected, but between polymer loads of 65 to 
75 % of the maximum load, independent of the density of 
the timber. At this point in time no explanation for this 
phenomenon can be forwarded. 
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FIG. 6 
The percentage change in volume of wood-polymer 
composites after immersion in water at 25 °C for periods 
up to 18 h, as a function of the evacuation pressure; 
(a) Pinu» rsdiata with density 0,69, 
(b) Pirn» petula with density 0,49, 
(cf Pinut petula with densit/ 0,62, 
(d) Pfmn petula with density 0,68, 
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FIG. 6 
The percentage change in volume of wood-polymer 
composhes after immersion in water at 25 °C for periods 
up to 18 h, as a function of the evacuation pressure; 
(a) Pirn» eiliottii with density 0,66, 
(f) Pinus eiliottii with density 0,51, 
(g) Pint» eiliottii with density 0,60, and 
(h) Pinu* eiliottii with density 0,66. 

Another important conclusion that can be derived from 
Figs. 5 and 8 is that the dimensional stability and rate of 
water uptake for wood-polymer composites impregnatedst 
39 kPa and at 0,1 kPa era virtually identical, 
notwithstanding the fact that a polymer load of only SO % 
of that required for the latter case is required. 

Comparing partially impregnated Pinus species with regard 
to water uptake and change in volume after immersion in 
wrter, to various other noble hardwoods used locally, 
reveals that partially impregnated wood-polymer 
composites compare very favourably with these noble 
hardwoods with regard to itt dimensional stability. These 
results are presented in Fig. 7 and Fig. 8 for the changes in 
water uptake and volume respectively. 
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FIG. 7 
The water uptake of various noble hardwoods compared 
with wood-polymer composites impregnated at various 
evacuation pressures after immersion in water at 25 °C for 
18 h. 

FIG. 8 
The change in volume of various noble hardwoods 
compared with wood-polymer composites, impregnated at 
various evacuation pressures, after immersion in water at 
25°Cfor18h. 

3.5 Effect of Polymer Load on Weathering 
Properties of Wood-Polymer Composites 

The influence of different polymer loads on the weathering 
properties of Pinus paw/a was investigated for 
wood-polymer composites prepared at different evacuation 
pressures. These samples were evaluated by the South 
African Bureau of Standards in an accelerated weathering 
test and compared to some locally used noble hardwoods. 
The samples investigated are summarised in Table IV. 

As follows from Table V, the wood-polymer composite, 
even at polymer loads as low as 37 % of the maximum load, 
appears to be far superior to the untreated P. patula with 
regard to weathering properties. It also follows that the 
wood-potymer composites behaved much better than the 
noble hardwoods investigated. Based on the experimental 
result», it appears that the polymer load has little influence 

on the weathering properties of the wood-polymer 
composite. In conclusion it must be pointed out that 
experience has shown that a good correlation between the 
accelerated weathering test and actual weathering is not 
always obtained. 

4. ECONOMIC IMPLICATIONS OF PARTIAL 
IMPREGNATION 

Tne last part of this investigation is associated with the 
influence which partial-impregnation techniques can exert 
on the cost of manufacturing wood-polymer composites. 
Based on a detailed large-scale manufacturing process as 
discussed in the Appendix, it follows that a saving of 15 to 
25% can be obtained, without sacrificing the beneficial 
properties of this material, by utilising partial-impregnation 
techniques in the manufacturing of wood-polymer 
composites, as indicated in Table VI. 
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TABLE IV 
Wood-pon/mar compositas and noMa hardwoods subjected 
to an actalaratad waatharing tast according to SABS 
Mathod 182 

Evacaattoa Polymer Percentage 
Smpla ptanara Species laad% of maximum 
«amber (kPa) (w/w) polymer load 

1 0,1 P. Petal» 99 100 
2 13 P. patula 90 91 
3 26 P. patula 87 88 
4 39 P. patula 65 66 
5 52 P. patula 53 54 
6 65 P. pttul» 37 37 
7 - P. patula - • 
8 Eucalyptus 

grandit 
(saligna) 

9 " Shore» sp. 
(meranti) 

* 
' 

10 Baikiam 
pturijuf» 

(Rhodesianteak) 

TABLE V 
Influanca of accalaratad waatharing tast on tha physical 
propartias of wood-polymar compositas and soma nobla 
hardwoods. 

Exposure Time 
SftflVpM 
MUD NT 20b lOOh 250 h 500 h 

i No defects Slight raising of grain Slight raising of grain Slight warping, few small 
cracks 

2 No defects Slight warping Slight warping Slight warping, few small 
cracks 

3 No defect! Slight raising of grain Slight raising of grain Medium number of small fine 
cracks 

4 No defects Slight warping Slight warping Slight warping with isolated 
fine cracks 

5 Nodtfacts Slight warping Slight warping Slight warping with medium 
number of small fine cracks 

6 No def acts Slight warping Slight warping Slight warping with medium 
number of small fine cracks 

7 Appreciable warping Appreciable warping and 
raising of gram 

Fina cracking with 
appreciable warping and 
grain raising 

Medium number of dense 
cracks. Mould growth on 
back of panels 

8 Severe warping Severe warping Severe cracking Severe cracking with very 
rough surface 

9 Savan warping Severe warping and fine 
cracking 

Severe warping and dense 
fine cracking 

Dense fine cracking and 
savers warping 

10 Slight warping Fina cracking Fine cracking Dans» fine cracking and 
appreciable warping 
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The 
wood-poly mar 

TABLE V I 
of polymer load 

composites 
on the cost of 

Evacuation Meaeimtlaa* PtrcaaiaaB 
pnssare asBareeMapa Mammierlaad Price ia stvimjia 
(kFk) af maximum iaka/m3 RanaVm3 maaaniar casts 

0.1 100 575 917-00 0 
13 97 558 900-00 2 
26 78 449 791-00 14 
39 61 351 6934)0 24 
52 41 23*; 578-00 37 
65 27 155 4974» 46 

6. ACKNOWLEDGEMENT 

5. CONCLUSIONS 

(i) Through the impregnation of the Pinus species grown 
in South Africa to polymer loads of between 60 and 
7 5 % of the maximum polymer load that can be 
achieved, a wood-polymer composite can be obtained 
which has properties superior, with regard to 
dimensional stability, to those of the fully 
impregnated material. 

(ii) The wood-polymer that can be obtained through 
partial-impregnation techniques is not only 
dimensionally more stable than the untreated timber, 
but compares very favourably with the other noble 
hardwoods used in South Africa. 

(iii) A partially-impregnated wood-polymer composite 
with a homogeneously distributed polymer load can 
be obtained through the application of the correct 
impregnation technique. 

(iv) Although a partially impregnated wood-polymer 
composite is not as hard as a fully impregnated 
material, the hardness of partially-impregnated Pinus 
species with a polymer load of 7 0 % results in a 
material that compares very favourably with respect to 
hardness with other noble hardwoods used in South 
Africa. 

(v) The partially impregnated wood-polymer composites 
have weathering properties just as good as that of the 
fuiiy impregnated material, and exceed the weathering 
properties of the hardwoods to which they were 
compared. 

(vi) Through part ial - impregnation techniques, 
wood-polymer composites can be formed from the 
Pinus species grown in South Africa, with a 
considerable saving in monomer costs. 

The authors wish to express their gratitude to C. 
Groenewald for his valuable technical assistance. 
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8. APPENDIX 

Detailed Cost Analysis for the Large-Scale Batch-Process 
Production of Wooo-Polymer Composites 

I. Assumptions 

Technical Assumptions 

(a) An initial cobalt-60 loading of 100 kCi is assumed, at 
an investment of R55 000-00. 

(b) The impregnated timber is irradiated to an irradiation 
dose of lOkGy(I.OMrad). 

(c) With a cobalt-60 loading of 100 kCi, operating the 
irradiator for 6 000 h per year, a production of 
260 m3 per year of wood-polymer composites is 
assumed. 

(d) The labour requirement for the operation of the 
irradiator is omitted from this costing because of the 
limited time required for loading and unloading the 
irradiator. 

(e) Based on experience, a total of 40 man-hours is 
required to produce 1 m? of wood-polymer 
composites. 

(f) A maximum monomer uptake of 115% on a mass 
basis is assumed. 

Financial Assumptions 

(a) The capital investment for the building to house the 
irradiator has not been taken into account, because 
the irradiator can be fitted easily into an existing 
building. 

(b) The capital investment of R30 000-00 includes a water 
treatment plant, two irradiation monitors, the pool 
facility itself, two irradiation containers and an 
overhead crane. 

(c) Equipment is amortisised at an annual rate of 6,0 %. 
(d) The cobalt-60 is amortisised at the usual rate of 

12,0% per annum to allow for the natural decay of 
the isotope, plus an additional rate of 0,5% per 
annum to make provision for cobalt-60 pencils that, 
for technical reasons, have to be removed after about 
20 years. 

(e) The price of the cobalt-60 of R55 000-00 includes 
shipping and insurance costs as well. 

R R 

30 000 

1 800 

1410 

II. Determination of the Irradiation Costs in Rand per 
Cubic Metre 

Initial Capital Investment 

Pool and accessories 

Depreciation on initial capital 
investment at 6 % per annum 
Loss of interest on initial capital 
investment at 5 % per annum 

Cobaft-60 

Cost of cobalt-60 55 000 
Loss on interest at 5 % per annum 2 750 
Loss on replacement after 20 years at 
0,5 % per annum 275 
Loss because of natural decay at 
30-55 per Ci 6 600 
Total irradiation costs for 260 m^ of 
wood-polymer composites per year 12 835 
Cost per cubic metre for irradiation 49-36 

III . Determination of Production Costs in Rand per Cubic 
Metre 

Material Costs R R 

Liquid nitrogen; 80 litres @ R0-05 per 
litre 
Nitrogen gas; 1 cylinder @> R4-00 per 
cylinder 

Timber; 1 m 3 @ R60/m3 

Irradiation Costs 

Labour Costs 

Basic labour @ R2-97 per man-hour 
Overheads on labour costs at 90%; 
R2-67 per man-hour 
Total labour costs per man-hour: 
R5-64 for 40 h 
Total production costs excluding 
monomer 

IV. Monomer Costs 

575 kg monomer % R1-00/kg 
Total production costs including 
monomer 

4-00 

4-00 
60-00 

49-36 

226-00 

343-36 

575-00 
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