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ABSTRACT 

This report summarizes results of thermal resistance of cellular plastic 

insulations following long-term outdoor exposure. In addition to thermal 

resistance t-rs physical properties: Water Vapour Transmission (WVT) 

coefficient and specimen density were determined as means of material 

characterization. 

Key words: thermal resistance, thermal conductivity, polyurethane, cellular 

plastic thermal insulation, aging. 

INTRODUCTION 

Polyurethanes, and a number of other cellular plastic insulations are 

filled with fluorocarbons during the manufacturing process. As gas-filled 



c e l l u l a r  p l a s t i c  i n s u l a t i o n  ages,  a i r  d i f f u s e s  i n t o  the  c e l l s  and f luorocarbon 

d i f f u s e s  out .  The ne t  e f f e c t  i s  a reduct ion i n  the thermal r e s i s t ance  ( i . e . ,  

an inc rease  i n  t h e  thermal conduct iv i ty)  of t h e  c e l l u l a r  p l a s t i c .  

Analysis of the  long-term performance of gas- f i l led  c e l l u l a r  p l a s t i c  

foam under f i e l d  condit ions is f a r  more complex than t h a t  f o r  s imi l a r  m a t e r i a l  

aged i n  con t ro l l ed  labora tory  environments because the ex ten t  to  which 

environmental f a c t o r s  may a f f e c t  t h e  r a t e  of aging i s  not c l e a r l y  understood. 

A long-term f i e l d  exposure s tudy was undertaken t o  determine the change 

i n  thermal r e s i s t a n c e  during aging. Three kinds of commercial polyurethane 

products  were exposed a t  each of t h ree  Canadian s i t e s :  Halifax,  Ottawa and 

Saskatoon, i n  order  t o  observe t h e i r  r a t e  of aging and determine whether o r  

not  d i f f e rences  i n  c l ima t i c  condi t ions  would cause a measurable d i f f e rence  i n  

t h e  aging r a t e s .  The main t a s k  of t h e  research was t o  determine the  magnitude 

of  changes i n  the thermal r e s i s t a n c e  of polyurethanes. However, to  provide 

a d d i t i o n a l  information about t h e  ma te r i a l s  and t h e i r  s p d c i a l  v a r i a b i l i t y ,  

measurements such a s  ma te r i a l  dens i ty  and water vapour t ransmission 

c o e f f i c i e n t s  were a l s o  taken. 

The samples were placed a t  the exposure s i t e s  f o r  t en  years ,  and l a t e r  

s to red  i n  t h e  l abora to ry  f o r  4 years.  Unfortunately,  these  samples were not  

proper ly  randomized p r i o r  t o  the  shipment t o  d i f f e r e n t  s i t e s .  Therefore, a 

s t a t i s t i c a l  eva lua t ion  of t h e  r e s u l t s  could not  be made. 

Specimens of these  samples were t e s t e d  a f t e r  1, 2 and 3 years  of 

exposure. Xore r ecen t ly ,  because of increased i n t e r e s t  i n  methods of 

eva lua t ing  the long-term performance of gas - f i l l ed  c e l l u l a r  p l a s t i c s  and i n  

r e s u l t s  of such eva lua t ion ,  a d d i t i o n a l  l abora to ry  determinat ions of thermal 



resistance of these samples were made. Results of the thermal resistance 

measurements are presented in this Internal Report. 

The purpose of this report is to draw attention to variability in the 

measured thermal resistance, variability derived from both differences in the 

initial thermal resistance as well as differences in the rate of aging. 

EXPERIMENTAL PROCEDURE 

A number of 60~120~7.5 cm sheets of polyurethane were placed on a layer 

of sand and protected with a permeable cover. The cover was used to eliminate 

UV radiation and direct contact with snow while permitting some rain water to 

penetrate. To avoid water ponding, the site was drained around the perimeter. 

The edges of the sheets were placed so that they were in contact with each 

other and were surrounded by an extruded polystyrene buffer to provide a 

uniform layer which would minimize distortions of the temperature field. 

Figure 1 shows a number of test samples with the protecting cover removed. 

Three types of polyurethane were tested. They were manufactured in the 

form of slabs without skins. Types "A" and "B" were manufactured by the 

traversing head technique, while type "C" was manufactured by a press 

injection process with a frothed foam system. All materials had densities in 

the range of 28 to 32 kg/m3. 

Since specimens for testing were cut out of the exposed batch and sent 

to the testing laboratory, the results relate to different pieces from the 

same material batch. The following properties were determined after one and 

two years of exposure: 



(1) thermal resistance on the moist specimen (see Appendix l), "1 

(2) density after drying, 

(3) water vapour transmission coefficient. 

After three years of exposure, only thermal resistance was measured. 

RESULTS AND DISCUSSION 
4 $ 

\ ;  3 

Results obtained on each of the materials A, B and C after 12 months of 

exposure at three sites are shown in Table 1. 5en$ity and water vapor 

transmission results determined on four specimens are shown separately for 

each. In the same manner, Table 2 reports results detzrmined after 24 months 

of exposure. 

A number of observations can be drawn from the Tables 1 and 2. Firstly, 

one may observe that the density of the specimens taken from material A, and C 

is uniform. Water vap.iur transmission (WVT) results, however, show large 

variation for different batches of the same material (exposed at different 

sites). For example, from Table 1, material A, after 12 months' exposure, 

shows WVT of 1.3 to 1.5 ng1Pa.s.m for the sheets exposed in Ottawa, but 4.7 

ng/Pa.s.m for the sheets used in Saskatoon. Similar WVT results may be 

observed in Table 2 for the same material aftzr 24 months' exposure. 

Table 3 summarizes all results on the thermal resistivity of these three 

materials, measured after one, two and three years. In addition, the thermal 

resistance retained after five and fourteen years (ten years of outdoor 

exposure plus four years in the laboratory) are included. 



The following points may be highlighted from the results shown in 

Table 3: 

(1) The variability between material batches delivered to the three 

locations were as or more significant than the reduction of thermal 

resistance of the same sample over 3 years' time. Although 

differences in the thermal resistance of various samples decrease 

during the material aging, some differences hetween the material 

batches remained over the whole period of the study. Some 

exceptions to the trend in reduction of thermal resistance with 

exposure time are observed. For example, after two years in Ottawa 

and Saskatoon, material B had a higher thermal resistance than it 

did after only one year of exposure. These exceptions may be 

explained by material spatial variability (different specimens 

tested) which in turn appeared as variability in the aging rate. 

(2) While initially, and in the short term, materials showed 

significant differences in thermal resistance, with the exception 

of one case those differences disappeared and the long-term thermal 

resistance (5 years or 14 years) approached the same value for all 

samples from materials A and C. It was about 38 m.K/W for material 

A or approximately 40 m.K/W for material C. 

Material B shows long-term thermal resistance of approximately 40 

m.K/W (5.8 ft2.hr.0~/~~u.in) for two hatches (Halifax, Saskatoon) 

but the samples exposed in Ottawa retained higher thermal 

resistance. After 14 years of exposure, the retained thermal 

resistance was approximately 45 m.K/W (6.4 f t 2.hr0~/~~~.in). 



CONCLUDING REMARKS 

While materials produced 15 years ago may not be representative of the 

product currently on the market, the relative trends shown in Table 3 are, 

however, characteristic for various gas-filled cellular plastics produced 

today. 

The results reported in this note illustrate the difficulty encountzred 

in this material evaluation. One may establish an average aging curve by 

measuring thermal resistance changes over time on a large number of randomly 

selected specimens. Large material variability will, however, result in a 

large standard deviation, and results from testing one material batch may fall 

far apart from the average aging curve. The only way to reduce the large 

number of measurements required is to develop a method of material 

characterization at the initial stage that would correlate to the aging rate. 

Such a method of initial material characterization could be used for the 

systematic selection of the samples for long-term aging as well as for the 

assurance of quality in the manufacturing process. 
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Table 3 
Thermal r e s i s t i v i t y  of t h e  PUR i n s u l a t i o n  a s  rece ived  

( mo i s t )  from d i f f e r e n t  exposure s i t e s  i n  m.K/W 

M at e r i a l /L oca t i on  

M a t e r i a l  A 

Ottawa 

H a l i f a x  

Saskatoon 

M a t e r i a l  B 

Ottawa 

H a l i f a x  

Saskatoon 

M a t e r i a l  C 

Ottawa 

H a l i f a x  

Saskatoon 
- 

3 yea r s  

41.0 

40.4 

35.4 

48.5 

41.5 

39.0 

38.76 

17.02 

36.19 

1 year  

43.2 

43.6 

37.1 

49.1 

47.4 

42.9 

40.9 

37.9 

42.2 

5 yea r s  

38.1 

45.8 

40.1 

2 y e a r s  

43.3 

41 .O 

36.5 

52.5 

43.7 

46.5 

39.8 

37.1 

37.5 

1 0  yea r s  
outdoor  + 
4 yea r s  i n  
l a b o r a t o r y  

- 

- 

37.7 

45.1 

39.3 

- 

39.3 



FIGURE 1 

OUTDOOR EXPOSURE FOR PUR SAMPLES 

WITH PROTECTING COVER REMOVED 



APPENDIX 

Thermal proper t ies  determined i n  a moist s t a t e  may contain some 

cont r ibut ion  from t h e  heat  t r a n s f e r  associated with evaporat ion,  d i f f u s i o n  and 

condensation of water vapour, i . e . ,  a con t r ibu t ion  of moisture movement. 

Figure 2 i l l u s t r a t e s  e f f e c t  of moisture movement on the measured heat flow 

r a t e  on a specimen enclosed i n  a sea l ed  polyethylene bag and t e s t e d  i n  a HFM 

apparatus.  The i n i t i a l  reduct ion i n  heat  f l u x ,  12.9 t o  12.7 w / m 2 ,  t h a t  could 

be a t t r i b u t e d  t o  r e d i s t r i b u t i o n  of moisture i s  r e l a t i v e l y  smal l ,  and t akes  

p lace  during t h e  f i r s t  day of t e s t i n g .  After  90 hours t h e  specimen was turned 

over ,  i .e . ,  i t s  hot  s i d e  was placed i n  contac t  with the  cold p l a t e  and v ice  

versa.  The r eve r sa l  of temperature gradient  introduced a maximum poss ih l e  

cont r ibut ion  of moisture movement. Even i n  t h i s  case the  hea t  f l u x  stabilized 

within 24  hours. Thus, t h e  measurements of thermal r e s i s t ance  on moist 

polyurethane specimens were performed s i m i l a r l y  t o  those on dry specimens, 

using ASTM method C518, except t h a t  a 2-3 day period was used t o  ensure a 

" s t ab i l i zed"  R-value. 

1 2  
0  2 0 4 0  60 8 0 1 0 0  1 2 0  
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F I G U R E  2 

H E A T  F L U X ,  w i m 2 .  A S  A F U N C T I O N  O F T I M E  D U R I N G  
T H E R M A L  R E S I S T A N C E  T E S T I N G  A C C O R D I N G  T O  
A S T M  C - 5 1 8  M E T H O D .  


