Critical Perlite Properties
in Cryogenic and Vacuum
Conditions

Figure 1 « Thermal conductivity of expanded perlite versus
temperature and bulk density (1],

THERMAL CONDUCTIVITY OF EXPANDED
PERLITE: TEMPERATURE AND BULK DENSITY
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This document presents a comprehensive analysis of
the thermal conductivity of expanded perlite, focusing
on its variation with particle diameter, density,
vacuum pressure, and temperature. Emphasizing
cryogenic and vacuum conditions, the data highlights
perlite’s performance under extreme conditions, which
is critical for the design of relevant applications like
vacuum insulation and vacuum insulated panel (VIP)
systems. By providing insights into perlite’s insulating
properties, this study aims to support advancements in
energy-efficient solutions for cryogenic storage and
transport. The data presented have been obtained by
the bibliography, reflecting the values measured at this
time for specific sample only.

The thermal conductivity of perlite is dependent on

both temperature and bulk density, as depicted in the
Figure 1 graph containing relevant calculations made
by Adams, based on experimental measurements of
other researchers!!.

It is shown that as the temperature decreases,
the thermal conductivity of expanded perlite also
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THERMAL CONDUCTIVITY OF EXPANDED PERLITE: TEMPERATURE AND BULK DENSITY

THERMAL CONDUCTIVITY in mW/m:-K for various bulk densities (in kg/m?* and scf)

TEMPERATURE
32 48 64 80 96 104 128 144 160 192 224
°C °F 2 3 4 5 6 6.5 8 9 10 12 14
389 100 40.5 426 44.8 47.1 49.2 504 53.7 55.9 58.2 62.6 67.0
25.0 75 38.9 41.0 43.2 454 47.5 48.7 51.8 54.0 56.2 60.5 64.8
16.7 60 38.0 40.0 42.2 444 46.5 475 50.7 52.8 55.0 59.2 63.5
5.6 40 36.7 389 40.9 429 45.1 46.1 49.2 51.3 53.3 57.6 61.6
-5.6 20 356 376 39.6 416 43.6 446 47.6 49.7 51.8 55.9 59.9
-16.7 0 343 36.3 383 40.2 42.2 43.2 46.2 48.2 50.3 54.1 58.2
-27.8 -20 33.1 35.0 37.0 389 40.9 41.8 448 46.7 48.7 52.6 56.4
-38.9 -40 31.8 337 35.6 376 39.5 40.3 432 45.1 46.9 50.8 54.6
-50.0 -60 30.5 324 343 36.1 38.0 389 41.8 436 454 49.1 52.8
-61.1 -80 29.4 31.1 33.0 348 36.6 374 40.2 420 43.8 474 51.1
-72.2 -100 28.1 30.0 31.7 334 35.1 36.0 38.7 40.5 422 45.8 49.2
-80.6 -115 27.2 28.9 30.7 324 34.1 35.0 376 39.3 41.0 445 48.0
-94.4 -140 256 274 29.1 30.7 324 333 35.7 374 39.0 423 45.8
-105.6 | -160 245 26.1 27.6 294 31.0 31.8 343 35.9 374 40.8 439
-116.7 | -180 232 24.8 26.4 27.9 29.5 304 327 343 359 39.0 422
-127.8 | -200 22.0 23.5 25.1 26.6 28.1 289 31.2 327 343 37.3 40.5
-155.6 | -250 19.0 20.3 21.7 23.2 24.6 253 27.5 289 30.2 33.1 36.0
-183.3 | -300 15.8 17.1 184 19.7 21.0 21.7 23.8 25.1 26.4 289 31.5

Table 1 « The effect of temperature and bulk density on the thermal conductivity of expanded perlite under normal pressure [1].
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boundaries reduces the mean free path, thereby

reducing thermal conductivity.
Knowledge of the thermal conductivity of

Figure 2 « The variation of effective thermal conductivity with cold

vacuum pressure for different perlite grades. Measuring conditions
and properties of perlite samples are tabulated in Table 1, above.

decreases in all considered densities, implying a better
insulation performance at cryogenic temperatures. In
inorganic materials, heat is primarily conducted by
lattice vibrations known as phonons. At cryogenic

expanded perlite in terms of the vacuum pressure is
important because it explains how insulating perfor-
mance under the conditions prevail in VIP panels or
in other vacuum insulation properties. Figure 2
presents the thermal conductivity of expanded
perlite under different vacuum pressure as referred
in different studies. Information about the studies
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THERMAL CONDUCTIVITY OF EXPANDED PERLITE:
TEMPERATURE AND PRESSURE

TEMPERATURE (in °C and °F)
PRESSURE
(mmHg) | -106.7 | -844 | -62.2 | -40.0 | -17.8
-160 -120 -80 -40 0
100 29.23 31.82 3442 37.01 39.60
80 29.09 31.54 34.13 36.72 39.31
60 28.66 31.25 33.70 36.29 38.88
40 28.22 30.82 33.26 35.86 38.30
20 26.78 29.23 31.68 33.98 3643
10 2520 | 2736 | 2966 | 3197 | 34.27
8 2448 26.78 28.94 31.25 3341
6 23.33 2549 27.50 29.66 31.82
4 21.60 23.62 25.63 27.65 29.66
2 18.29 20.02 21.74 23.62 25.34
1 14.54 15.98 17.42 18.86 20.30 Mean Temperature (°C)
0.9 14.00 15.41 16.85 18.14 19.58 -100 -80 -60 -40 -20 0
0.8 13.35 14.69 15.98 17.42 18.72 & osl 50
Lo 440
0.7 12.61 13.91 15.26 16.56 17.86 I:E 02k 30
0.6 1169 | 1292 | 1414 | 1541 | 16.56 < 320 §
[S]
05 1067 | 1182 | 1296 | 1411 | 1526 £ o1F 1P E
2 007F 10 >
04 9.48 10.53 11.58 12.63 13.68 5 005k is S
03 791 | 883 | 976 | 1070 | 11.62 g . {° 2
0.2 606 | 684 | 763 | 842 | 920 s 3% 3
0.1 3.74 436 497 5.57 6.19 2" , &
o =
0.09 344 4.03 461 5.20 5.79 g 0.01 F §
0.08 3.14 3.70 4.26 4.82 5.37 E 0.007 1
0.07 282 | 337 | 390 | 444 | 498 e - - - :
-150 -100 -50 0
0.06 2.52 3.04 3.54 4.06 458 .
Mean Temperature (°F)
0.05 2.22 2.71 3.20 3.69 4.18
0.04 1.90 2.38 2.84 3.30 3.77 Figure 3 « Thermal conductivity of expanded perlite and
0.03 1.60 2.04 248 292 337 temperatures in various pressure levels (in mm Hg) [4].
0.02 1.29 1.71 2.13 2.55 2.97
0.01 0.98 1.38 1.77 2.16 2.56 REFERENCE STUDIES: PROPERTIES AND
0.001 070 | 098 | 134 | 170 | 204 MEASURING CONDITIONS
Table 3 « The effect of pressure and temperature on the thermal REFERENCE MATERIAL MEASURING

CONDITIONS

conductivity of expanded perlite [4].
Fine Perlite

and the measurements’ conditions are tabulated <0.2 mm 183 kg/m?
Lang et al. 2] .

in Table 2 Coarse Perlite

. <2 mm 73 kg/m?

T=48°C dT=10°C

Clearly, the thermal conductivity of expanded

o . . ; 132 kg/m? Boundary layers:
perlite is especially influenced by low pressures, Fesmire (3] J 195 °C a?r,md go °C
which is critical for vacuum insulation applications. 140 kg/m? Boundary layers:

Figure 3 presents the effect of temperature and Adams (4] 30°C and -198 °C

pressure on the thermal conductivity of expanded

Table 2 « Expanded perlite properties and measuring conditions
perlite. Data are presented in Table 3. ! prepop ¢

on each reference study.
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