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T'M he National Bureau of Standards' was established by an act of Congress on March 3, 1901. The
M Bureau's overall goal is to strengthen and advance the nation's science and technology and facilitate

their effective application for public benefit. To this end, the Bureau conducts research and provides: (1) a

basis for the nation's physical measurement system, (2) scientific and technological services for industry and

government, (3) a technical basis for equity in trade, and (4) technical services to promote public safety.

The Bureau's technical work is performed by the National Measurement Laboratory, the National

Engineering Laboratory, the Institute for Computer Sciences and Technology, and the Institute for Materials

Science and Engineering

.

The National Measurement Laboratory

Provides the national system of physical and chemical measurement;

coordinates the system with measurement systems of other nations and

furnishes essentiaJ services leading to accurate and uniform physical and

chemical measurement throughout the Nation's scientific community, in-

dustry, and commerce; provides advisory and research services to other

.Government agencies; conducts physical and chemical research; develops,

produces, and distributes Standard Reference Materials; and provides

calibration services. The Laboratory consists of the following centers:

Basic Standards^

Radiation Research

Chemical Physics

Analytical Chemistry

The National Engineering Laboratory

Provides technology and technical services to the public and private sectors to

address national needs and to solve national problems; conducts research in

engineering and applied science in support of these efforts; builds and main-

tains competence in the necessary disciplines required to carry out this

research and technical service; develops engineering data and measurement

capabilities; provides engineering measurement traceability services; develops

test methods and proposes engineering standards and code changes; develops

and proposes new engineering practices; and develops and improves

mechanisms to transfer results of its research to the ultimate user. The
Laboratory consists of the following centers:

Applied Mathematics
Electronics and Electrical

Engineering^

Manufacturing Engineering

Building Technology
Fire Research

Chemical Engineering^

The Institute for Computer Sciences and Technology

Conducts research and provides scientific and technical services to aid

Federal agencies in the selection, acquisition, application, and use of com-
puter technology to improve effectiveness and economy in Government
operations in accordance with Public Law 89-306 (40 U.S.C. 759), relevant

Executive Orders, and other directives; carries out this mission by managing
the Federal Information Processing Standards Program, developing Federal

ADP standards guidelines, and managing Federal participation in ADP
voluntary standardization activities; provides scientific and technological ad-

visory services and assistance to Federal agencies; and provides the technical

foundation for computer-related policies of the Federal Government. The In-

stitute consists of the following centers:

Programming Science and
Technology
Computer Systems

Engineering

77?^ Institute for Materials Science and Engineering

Conducts research and provides measurements, data, standards, reference

materials, quantitative understanding and other technical information funda-
mental to the processing, structure, properties and performance of materials;

addresses the scientific basis for new advanced materials technologies; plans

research around cross-country scientific themes such as nondestructive

evaluation and phase diagram development; oversees Bureau-wide technical

programs in nuclear reactor radiation research and nondestructive evalua-

tion; and broadly disseminates generic technical information resulting from
its programs. The Institute consists of the following Divisions:

Inorganic Materials

Fracture and Deformation^

Polymers

Metallurgy

Reactor Radiation

'Headquarters and Laboratories at Gaithersburg, MD, unless otherwise noted; mailing address

Gaithersburg, MD 20899.

^Some divisions within the center are located at Boulder, CO 80303.

'Located at Boulder. CO. with some elements at daither^hiiro MP)
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Preface

Standard Reference Materials (SRM's) as defined by the National Bureau of Standards (NBS) are

well-characterized materials, produced in quantity and certified for one or more physical or
chemical properties. They are used to assure the accuracy and compatibility of measurements
throughout the Nation. SRM's are widely used as primary standards in many diverse fields in
science, industry, and technology, both within the United States and throughout the world. They are

also used extensively in the fields of environmental and clinical analysis. In many applications,
traceability of quality control and measurement processes to the national measurement system is

carried out through the mechanism and use of SRM's. For many of the Nation's scientists and

technologists it is therefore of more than passing interest to know the details of the measurements
made at NBS in arriving at the certified values of the SRM's produced. An NBS series of papers, of

which this publication is a member, called the NBS Special Publication - 260 Series , is reserved for

this purpose.

The 260 Series is dedicated to the dissemination of information on different phases of the

preparation, measurement, certification and use of NBS SRM's. In general, much more detail will be

found in these papers than is generally allowed, or desirable, in scientific journal articles. This
enables the user to assess the validity and accuracy of the measurment processes employed, to judge

the statistical analysis, and to learn details of techniques and methods utilized for work entailing
the greatest care and accuracy. These papers also should provide sufficient additional information

not found on the certificate so that new applications in diverse fields not foreseen at the time the

SRM was originally issued will be sought and found.

Inquiries concerning the technical content of this paper should be directed to the author(s).
Other questions concered with the availability, delivery, price, and so forth, will receive prompt
attention from:

Office of Standard Reference Materials
National Bureau of Standards
Gaithersburg, MD 20899

Stanley D. Rasberry, Chief

Office of Standard Reference Materials

ili
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standard Reference Materials: Glass Fiberboard SRM for Thermal Resistance

J. G. Hust

Chemical Engineering Science Division
Center for Chemical Engineering
National Bureau of Standards

Boulder, Colorado 80303

The apparent thermal conductivity data that provide the basis for the
certification of glass fiberboard as an SRM of thermal resistance are
reported and analyzed. New data for the extension of the temperature range
of this SRM to 100 K are included. Detailed analysis and i ntercompari sons
of previously described NBS and other published data are given. These data
are represented by an equation describing the dependencies of the data on

temperature and density. Certified values of thermal resistance are given
for temperatures from 100 to 330 K and densities from 113 to 145 kg/m-^.

Key words: apparent thermal conductivity; density; glass fiberboard;
Standard Reference Material; temperature; thermal resist-
ance

1. Introduction

The National Bureau of Standards (NBS) has an on-going program to establish
physical property Standard Reference Materials (SRM's) as needed to improve mea-
surement reliability. The Center for Chemical Engineering (CCE) has been active
in a portion of this effort for about 20 years in establishing SRM's for thermal
conductivity over a broad range of conductivities and temperatures. The status
of this effort was recently summarized by Hust [1]. The Center for Building
Technology (CBT) has supplied calibrated transfer specimens (CTS's) for thermal
resistance of insulations for over 50 years. More recently they have utilized
the large data base of the CTS effort to provide the basis for establishing glass
fiberboard as an SRM [2,3].

During the mid 19 70 's, the American Society for Testing and Materials recog-
nized the strong need for thermal insulation SRM's. As a consequence, a task

group was established under the auspices of ASTM subcommittee C16.30 on thermal

measurements. The recommendations for establishing thermal insulations SRM's was

published in 1978 [4].

The purpose of the present publication is to describe the combined effort of

CCE and CBT of NBS to establish the first of a series of insulation SRM's as

recommended by the ASTM subcommittee. The first insulation SRM is a glass fiber-

board material. It was established as an SRM of thermal resistance by Siu and

Hust [2] for the temperature range 255 to 330 K in 1982. The new data provided
in this publication are the basis for extending this certification down to 100 K.

First, a description of the basis for the new certification is presented. Com-

parisons between this new certification and the previous certification and other
published data are also included.
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2. Material Characterization

During the past twenty five years, CBT has performed over 300 thermal re-

sistance calibrations for industry and government laboratories. Several distinct
lots of material have been used for this purpose. These lots are designated in

this publication by the year in which they were acquired by NBS, e.g., lot 58,

59, etc. The thermal resistance data from these calibrations have been compiled
and published by Siu [3]. Four lots of material (58, 59, 61, and 70) are
described by Siu [3]. The material for each lot consists of fibrous glass made
into a semirigid board with a phenolic binder. The fibers are oriented with
their lengths extending primarily parallel to the face of the boards.

Subsequent to the publication by Siu [3], two additional lots of material
were acquired by NBS and are designated as lots 80 and 81. Because the earlier
lots were rapidly consumed as CTS and SRM material , the 80 and 81 lots represent
the present NBS supply of material for SRM 1450b.

Although nominally the same, these lots differ somewhat in their thermal
characteristics. These differences are attributed to variations in manufacturing
processes and the resultant differences in fiber diameter and orientation as well

as differences in phenolic content. The bulk densities of the material in the
lots range from 70 to 150 kg/m^.

3. Measurements

The data reported and described in this publication were obtained from three
NBS apparatus:

a) The CBT square guarded hot plate with a 20 cm square plate and a 10 cm
square meter section. This apparatus has been used many years for CTS cali-
brations but is not specifically described in the literature.

b) The CBT line source guarded hot plate with a 30 cm diameter plate and a

15 cm diameter meter section. It is described by Hahn [5].

c) The CCE circular guarded hot plate with a 20 cm diameter plate and a

10 cm diameter meter section. It is described by Smith, Must, and

Van Poolen [6].

Prior to 1980 numerous measurements were conducted on four lots of similar
fiberboard material. The results of these tests are discussed in section 5.

After 1980 specimens from lots 80 and 81 were measured by both CBT and CCE.

These data indicated that lots 80 and 81 were indistinguishable and the data were
used to certify the two lots as SRM 1450b [2]. At that time, the density depend-
ence of these lots had not been well-established for low temperatures and, conse-
quently, only informational values were presented for temperatures below 255 K.

Since that time, CCE conducted low temperature measurements on specimens over the

entire density range of the 80/81 lot. The data for the 80/81 lot are reported
in Tables 1, 2, and 3 and are the basis for this certification from 100 K to

330 K.
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Table 1. CCE thermal conductivity data for lot 80.

^iTiean ^hot ^col d
Density Thickness

^obs ppprpnl" npvirci LfCiio ucv 1

(K) (K) (K)
3

(kg/m^) (cm)
-1 -1 >

(mW-m -K ^)

310 32? 560U ^ L. • -J \J\J 298.267 128. 67 2. 5367 36. 548 .68

310 322. 713 298.236 121.14 2. 5367 36.397 .81

325 337.826 312.867 121. 12 2. 5372 38. 1 74 .60

119 131. 157 105 QOO 121.46 2. 5301 14. 396 -.09

141.303 116.067 121.44 2. 5304 15. 604 -.26

139 151.448 126.301 121.43 2, 5307 16.936 .29

167.898 136 545 121.41 2. 5312 18. 563 .39

i uo 1^1. C.C\J 95. 755 1 ?1 471 C J. . T / 2. 5298 1 3 . 2 79

169 181.980 1 56 650 121.38 2. 531

7

20.412 -. 52

1 7Q 1Q1 Q4Q 1 66 843 121.37 2. 5320 21 . 587 -.39
1i -J J 171. 760 146.477 121 .40 2. 5314 19. 147 -. 92

190 202.213 176.964 121.35 2. 5324 22. 760 -.20

200 212. 243 187 005 121.33 2. 5327 23.864 -.12

210 222.335 19 7.070 121.32 2. 5330 24 . 9 70 .04

220 232.403 207.215 121.30 2.5334 26.063 .18

230 242.446 217.266 121.28 2. 5337 27.150 .32

240 252.481 227. 356 121.27 2. 5341 28.241 .45

250 262. 534 237.443 121.25 2.5344 29.313 .46

275 287. 758 262. 587 121.21 2. 5354 32.047 .32

300 312. 791 287. 758 121.16 2. 5363 34.865 -.01

300 312.829 287.870 144. 58 2. 5363 35. 592 .20

oc u 31 3 013 144. 53 2 . 53 72 38. 673 .18

108 121. 140 95. 713 144. 95 2. 5298 13.812 -.16

118 131.138 105. 792 144.93 2. 5301 14.864 -1.22

128 141. 161 115. 748 144.92 2. 5304 16.023 -1.48

139 151.599 126.064 144.90 2. 5307 17.394 -. 75

152 167.936 136. 123 144.87 2. 5312 19.293 .94

159 1 71 . 941 146. 574 144.86 2. 5314 20. 186 1.00

1 69 181.987 156. 712 144.84 2.5317 21.339 .81

1 79 192.000 166.873 144.82 2.5320 22.481 . 72

190 176. 986 144.81 2. 5324 23. 618 .69

200 187.044 144. 79 2. 5327 24.546 .03

210 222.306 197.105 144.77 2.5330 25.668 .25

220 232.246 207.099 144.75 2.5334 27.020 1.38

230 242.399 217.299 144.73 2. 5337 27.845 .50

240 252.340 227.314 144.71 2.5341 28.829 .28

250 262.529 237.387 144.69 2. 5344 29.958 .46

275 287.641 262.507 144.63 2.5353 32. 754 .54

230 242.345 217.132 144.73 2. 5337 27. 723 .11

Percent Deviation =
(^obs'^cal c^^^°/^calc
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Table 2. CCE thermal conductivity data for lot 81.

T
(Tiean not CO 1 U

Density Thickness ^nhQUDb Percent Devi

(K) (K) (K) (kg/rn-^) (cm)
1 1

(mW-m" -K"-^)

"^99 c;fi9
•JL.L. • OOc 9Qft 90"^ 1 A9 A 7i t£ . t / 9 Ci'2fi7£. OOD

/

"^fi Oftfi00. yoo ftA
. Ot

oil "^99 Q1 fi 9Qft 1AQcyo. ity 1 ftnioo . ou 9 R'^fi7£ . 000/ "^fi 9 7*300. £ /o Rl- . Oi
1 n 7i u /

1 1 Q AQAiiy.'+y't Ck'X ft9 7yo. oL 1 1 "2^ O'^ioo. yo 9 Ci90ft£ . 0£yo 1 "3 fiA'3iO. DtO 1 77i . / /

1 "^niOU itt • H /

U

n c; 070 1 "^fi ftO £ * OOU 0 1 fi AfiO1 0. 1 03 1 "^ni • ou
1 ZL«itO 1 fin 9"^^iOU. cOO 1 -3A Q 7ftiot. y /o i 00. 0 0 £. 00 iU 1 ft 9K'^iO. £00 _ A7— . t /

9 1 n c; 7Z1^iU . 0 /t 1 ftc; 9 71ioo. ^1 /i 1 7fi 77iO 0. / / 9 c:'?9fi£. 00£0 9A nAft£t.UtO - . 00
0 9-27 fioytO / • \JJ 1 CIO. JOO 1 fi 79IOU. /

£

9 S'^'^ fi 97 1 RQ A9. t £
9RQ f^nd doo . Dty 1 "^fi fift £ . JOtt 9Q fiftA£5 . OOt fil. Oi
9ftZl 009^ot • yu£ 9 fi^ A fiA^ 00 . t Ot 1 "^fi fi'3iOO. 00 £. 0000 "^9 "^A?0£ . OtO 9ft

. £0
"^nQ 9Anouy . ^tu 9ftfi^0 0. OUO 1 "^fi Rftioo. 00 9 c;'3fi9£ . 000£ "^A QAfiOt . yt

0

1 ft-. iO

0 i 0 0^0 • U DO ^DA A 7Qout. t /y 1 "^fi RAiOO. Ot 9 R'^fiO£ . oooy "^fi Q7A00. y /t _ 71~ . / i

OoD "2^7 ft9'2Of / • OcO '29A nft7o^t . uo

/

iOO. DU 9 R'^ 77£ . 00 / /
"20 "^Aftoy . oto on- . yu

000 '2Aft n 1

Q

OM-o. uiy '39A nft7Oct . uo

/

1 "^fi c:nioo. ou 9 ^"^77£ . 00 / / oy . 000 _ 91~ . £ i

00 D "247 771OH- / . / / i '29A naoo^t.uyy 1 "^fi Rnio 0. ou 9 R'^ 77£ . 00 / /
"30 Rftftoy . 000 90- . £y

"200 1 7ftouy . i /o 9ftfi fi'31£00. OOi 1 "^fi Rfti 00. 00 9 R'2fi9£ . 000£ "^A 0fi9ot . y o£ ~ . i 0

£oy . /ot 9'3ft ftc;c:£00.000 1 "^fi fifti 0 0 . 00 £ . OOtt 90 RA1£y . oti nR
. uo

9ZIQ coy • / to £00. ooo T^fi fiftioo. 00 9 R'^AA£ . JOtt 90 S77£^ • J /

/

1 7

9Qft "200 "21 1ouy . oi i 9ftfi AAI£00. Oti 1 "^fi Rftioo. 00 9 R'3fi9£ . 00 0£ 2A ftAOOt . oty - A7~ . t /

000 oto. ^io 7 9A n Q 70£t . uy

/

1 "^fi Rnioo. ou 9 77£. 00 / /
70 R'2fioy . 000 _ /I Q

. ty

ou /
^i Q 99noiy

.

clm 9QA c:fi9£yt . 00£ 1 ^fi RfiiOO. 00 £ . 00 00 "^fi ftAft00. oto 9 Ofi£ . UD
7n 7ou /

"21 Q 99AOiy. cc.'^ 9QA c;fi9£yt. D0£ 1 "^fi c:fiiOO. 00 £. 0000 00. OiO 1 1 fii . i 0

oiy OtO. OOcj 9QA fi^Q£yt . ooy 1 "^fi RAiO 0. ot 9 R'^ 7n£ . 00 /U "^7 ^fvK0 / • 0 DO ~ . 1

1

0 iiJ OH-0 • 0 / y 9QA ^^f^ft£yt . ooo 1 "^fi RAiO 0. ot 9 R'^ 7n£ . 00 / U '^7 - nfi

OOi ^A"? A1 QOH-0 . M-iy ^l Q 11ftOiy. iio 1 "^fi RliOO. Oi 9 ^"3 7c;£.00/0 ^Q A1

1

oy • tii 7fi. / D

OOi "^A"^ AAnOf0. ft

u

'2 10 9nnOiy. cuu 1 "^fi c;iiOO. Oi 9 R"? 7c;£ . 00 / 0 "^0 AAfioy . tto ft'-?. 00

OOi "2A "2 Afiftoto. too "310 99fiOiy. ££0 1 '3fi c;iiO 0. Oi 9 R'^ 7R£ • 00 / 0 "^ft ft'30oo. ooy - 79~ . / £

OOi OHO. DOU "210 917Oiy . £ i /
1 t^ c;nio D. ou £. 0000 "20 9c;fioy . £00 "^0

. oy

OOi OtO . OOD "310 19 7Oiy . i£

/

iO / . 00 9 Rl ftA£ . OiOt 00. 0 /o 1 Afi-i • to

iUD 1 1 Q noftiiy . uyo o'2 Annyo. tuu 1 "^fi 0'2iOD. yo 9 c:9Qft£. 0£yo 1 "3 '3n9iO. 0U£ - "^ft00
1 1 Qi iy 1 "3 1 1 7QiOi . i /O 1 ofi 1 nftiUD. iUo 1 "5 fi 01iOD. yi 9 R^ni£. OOUi 1 A OftAit. yot 09

. y£

i io 1 1 1 A 7iOi . i t /
inc; cft 7iUD. Oo

/

1 "^fi 01iOO. y i
9 R^ni£. OOUi 1 R n9fti 0. U£0 1 '20

i . oy

i iO 1 "21 01 AiOi . Uit inc; cmiU 0. OUi 1 "^fi 01io 0. y

i

£. OOUi 1 A ^ftc;it. 000 _9 0"^~£ . yo

ioy 1 Rl fil QiDi. Oiy 1 9fi A9 7i£0. t£ / 1 2fi ftftioo. 00 £. OOU /
1 7 AAni /. ttu fiA. ot

164 176.850 151.718 136.83 2.5315 20.217 -.69

184 197.109 171.842 136.80 2.5322 22.380 -1.27

210 222.063 197.116 136.75 2.5330 25.070 -1.20

235 247.568 222.427 136. 71 2.5339 27.937 -.30

249 259. 715 238.762 136.68 2.5344 29.693 .59

250 260. 700 238. 799 136.68 2.5344 29.472 -.35

250 260.934 238.830 135.66 2.5535 30.094 1.77

Percent Deviation = (Us'^cal c^^^^/^calc
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Table 3. CBT thermal conductivity data for lot 81.

T
mean

T
'hot

T
'cold

uenb 1 ty 1 m CKness
Percent Devi

^Kg/m ; (cmj ^mw m 'N )

29 7 309.109 284.901 122.30 2.5220 34.471 -.11

303 314.616 290.679 133.50 2.5590 35.546 .15

297 308.886 284.818 128.60 2.5310 34.453 -.61

325 336.112 313.591 128.80 2.5270 38.113 .06

255 265. 766 243.950 128.70 2.5290 29.552 -1.19

324 335.811 312.971 120.60 2.5390 38.020 .56

297 309.217 285.258 120.40 2.5680 34.457 -.08

256 267.123 245.808 120.80 2.5350 29.734 -.42

326 336. 654 314.677 136.70 2. 5530 38. 508 .26
297 309.379 285.408 136.80 2.5520 34.713 -.69

297 309.021 285.536 112.60 2.5250 34.332 .17

255 265.517 243.653 113.30 2.5260 29.204 -.85

327 338.088 316.088 141.50 2.5720 38.495 -.58

297 309.408 285.056 141.50 2.5720 34.853 -.60

258 268.459 246.639 141.50 2.5730 30.152 -1.30

314 326.265 302.564 137.80 2.5790 37.063 .06

291 302. 743 278.327 137.40 2.5010 34.003 -.46

279 289.249 268.599 132.90 2.5690 32.325 -1.12

305 317.058 293.551 133.10 2.5640 35.928 .35

318 329.630 306.632 119.40 2.5400 37.090 .25

303 314.816 290.667 119.40 2.5400 35.167 .15

269 279.396 257.635 133.70 2.5560 31.182 -1.13

326 337.591 314.999 135.90 2. 5600 38.337 -.34

302 314.482 290.506 136.90 2.5510 35.371 -.55

327 338.448 315.835 141.40 2. 5750 38. 706 -.04

297 309.336 285.056 141.60 2.5730 34.994 -.19

258 269. 522 247.073 141.40 2.5740 30.133 -1.63

297 308.844 285.114 112.50 2.5270 34.277 .12

289 301.164 277. 573 133.10 2.5280 33.697 -.61

314 324.535 302.498 133.10 2.5280 33.846 .12

297 308.933 285.002 131.30 2. 5790 34.901 .43

304 315.950 292.434 131.30 2.5800 35.893 .77

297 309.087 284. 733 126.40 2.5430 34. 776 .48

297 308.756 284.777 128.40 2.5300 34.843 .56

275 284.907 264.978 128.60 2.5260 31.894 -.69

iation

Percent Deviation =
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4. Data Analysis

This report is the basis of the certification of SRM 1450b over the extended
temperature range from 100 to 330 K with air as the fill gas at atmospheric pres-
sure.

To provide a basis for the certification, a model was selected and optimized
to represent the data for lots 80 and 81. A variety of models from the litera-
ture were examined for this purpose. None of them proved adequate for the entire
temperature range of this certification. As a consequence, an empirical modifi-
cation of the form presented in the previous certification by Siu and Hust [2]
was obtained. This model described the 114 data points from the 80 and 81 lots
with no systematic deviations either as a function of temperature from 100 to
340 K or a function of density from 113 to 145 kg/m-^. The model is given by
equation (1).

3 2

x(T,p) = + a^p + a3T + a^T"^ + a^ exp -[(T-180)/75] (1)

where the values of the parameters, a-j , are given in Table 4, p is the bulk
density in kg/m-^, T is temperature in K, and X(T,p) is the apparent thermal
conductivity in mW*m"l'K" .

The deviations of the data from this model are shown in figure 1 as a func-
tion of temperature, and in figure 2 as a function of bulk density. Two times
the standard deviation computed from the residuals of the fit, 2s, is 1.5%. For
illustration, values of x(T,p) are calculated and plotted in figure 3 as a func-
tion of temperature at a density of 130 kg/m-^, and in figure 4 as a function of

density at a temperature of 300 K.

5. Comparisons

Prior to 1980 measurements were conducted at CCE on several specimens from

lots 58 and 70 at temperatures ranging from 100 K to 330 K. In addition, the CCE

measurements were conducted with various fill gases (air, nitrogen, argon and

helium) and over a range of fill-gas pressure from atmospheric pressure to high

vacuum. The CCE measurements also involved a range of temperature differences
between the hot cold plates from as small as 10 K to as large as 100 K. These
variations in test conditions were helpful in separating the heat transfer
mechanisms in this material. The data obtained prior to 1980 by CCE have been

reported [7, 8, and 9].

To facilitate comparison equation (1) was also fitted to the atmospheric

pressure data obtained by CCE with air and nitrogen as fill gas for lots 58 and

70. The data are listed in Tables 5 and 6. The coefficients for each fit are

listed in Table 4. The large interlot variation of the a^ parameter in Table 4

is noted. This indicates that the radiant heat transfer is a small part of the

total in this material.

The deviations of the lot 58 data from the model are shown in figure 5 as a

function of temperature, and as a function of density in figure 6. No systematic
trends are observed for either variable. Two times the standard deviation of the

data, 2s, is 2.1%.
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Table 4. Coefficients determined by least squares fitting of equation (1) to the

indicated data sets.

Coefficients for

80/81 lot^ 58 lot'^ 70 lot^
i CBT & CCE CCE only CCE only

1 -2.228 -3.002 4.935

2 0.02743 0.04137 0.034

3 0.1063 0.1030 0.1128

4 64.73 X 10"^ 6.579 x 10"^ -56.42 x 10"^

5 1.157 0.4551 0.6315

NOTE: Equations describing the CBT data on the 58, 59, 61 and 70 lots are

reported by Si u [3]. \

a - The experimental data are listed in Tables 1,2, and 3.

b - The experimental data are listed in Table 5.

c - The experimental data are listed in Table 6.
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Table 5. CCE thermal conductivity data for lot 58.

T
irean

T
'hot

T
'cold

Densi ty Thickness
^obs Percent Devi;

11^^
1 it n/n\^ \\<g/m ) (cm) ^inH'in •^

)

302 314.673 289. 783 127.07 2. 5900 33.329 -.82
302 314.630 290.047 127.07 2.5900 33.258 -1.07
104 112.198 95.327 127.07 2.5900 12.750 -2.85
118 130.161 106.128 127.07 2.5900 14.503 -1.13
171 182.074 159.135 127.07 2. 5900 20.024 -1.37
225 236.819 213.318 127.07 2.5900 25.688 -.54

275 285.470 264.168 127.07 2.5900 30.726 -.22
273 28 5. 724 260.876 127.07 2.5900 30.362 -.92

230 248.759 210.312 127.07 2. 5900 26.172 -.37
251 256.752 246.112 127.07 2.5900 28.235 -.73

274 285.331 262.523 127.07 2.5900 30.653 -.17
239 244.066 233.597 127.07 2.5900 27.465 1.00
239 244.092 233.571 127.07 2.5900 27. 301 .40

273 285.589 260.570 127.07 2.5900 30 . 787 .54
101 110.958 90.614 127.07 2.5900 12.791 -.03

224 235.378 213.198 127.07 2.5900 26.050 1.15
273 285.173 260.691 127.07 2.2900 31.070 1.50
178 197.529 159.054 127.07 2.5900 21.169 .41

178 197.526 159.032 127.07 2. 5900 21.262 .85

99 106.418 91.026 127.07 2.5900 12.639 .53

99 106.430 90.893 127.07 2. 5900 12.541 -.20

122 134.455 110.134 127.07 2.5900 14.983 -.89

122 134.431 109.981 127.07 2.5900 15.316 1.37
172 184.917 159.503 127.07 2.5900 20.538 .36
172 184.938 159.565 127.07 2. 5900 20.571 .50

97 104.042 90.264 127.07 2.5900 12.155 -2.05
121 134.299 108.344 127.07 2. 5900 15.381 2.40
147 159.669 134.459 127.07 2.5900 18.060 1.48
198 210.271 185.369 127.07 2.5900 23.186 .37
248 260.628 235.379 127.07 2.5900 28.284 .64

297 308.983 285.709 127.07 2.5900 33.292 .58

297 309.110 285. 715 127.07 2.5900 33.122 .05
297 308.941 285.691 127.11 2. 5892 33.696 1.78

297 308.996 285.674 127.11 2.5892 33.342 .73

29 7 308.993 285. 790 147.23 2.5892 34.267 .96
297 309.168 285.787 147.23 2.5892 33.872 -.22

297 309.059 285.820 147.23 2.5892 33.838 -.31

297 308.969 285.818 147.23 2.5892 33.852 -.25

147 159.777 134.172 147.53 2.5839 18.661 .17

198 210.061 185.095 147.43 2.5856 23. 791 -.54

248 260. 606 235.579 147.33 2.5873 28.968 .06

297 309.021 285.894 104.90 2.5892 32.548 1.09

248 260.607 235.369 104.9 7 2.5873 27.048 -.52

100 108.078 92.556 105.17 2.5825 12.071 1.94
147 159. 732 134.898 105.11 2. 5839 16.988 .45

198 210.356 185.872 105.04 2.5856 22.061 -.72

99 104.536 93.999 114.78 2.5824 12.303 1.48

147 159.816 134.854 114.71 2.5839 17.248 -.36

198 210.341 185.143 114.64 2.5856 22.677 .43

247 256. 779 238.144 114.56 2.5873 27.591 .22

297 309.002 285.860 114.48 2. 5892 32.860 .83

298 309.022 286.138 114.48 2.5892 32.274 -1.01

298 309.135 286.178 114.48 2. 5892 32.434 -.54

349 361.286 336.523 114.39 2.5912 38.204 .66

310 322.820 298.163 116.85 2.5367 33.631 -1.20

147 160.100 134.847 117.11 2.5310 17.078 -2.03

198 210. 760 185.175 117.03 2.5326 22.381 -1.43

245 255.245 234.940 116.97 2.5340 27.274 -.44

298 309.557 286.407 116.87 2.5362 32.2 70 -1.46

298 309.664 286.398 114.43 2.5902 32.479 -.51

Percent Deviation =
{>^obs-\a]c^^°^^^ca]c
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Table 6. CCE thermal conductivity data for lot 70.
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The data for lot 70 were previously reported by Smith and Hust [7, 8, and

9], but were smoothed with a different model. For consistency, the above model
is used for smoothing. The coefficients are listed in Table 4. The deviations
of the lot 70 data from the model are shown in figure 7 as a function of tempera-
ture. No systematic trends in the deviations are observed. For the lot 70 data
the density term in the model was taken to be the average value for lots 80/81
and 58. This was done because the measured densities ranged only from 123.6 to
125.7 kg/m^ which was insufficient to determine a coefficient for the density
term. As a consequence, deviations versus density are not plotted. Two times
the standard deviation of the fit, 2s, is 1.8%.

It is desirable to compare the various lots of the NBS glass fiberboard
material (now exhausted) as well as the results from measurements on similar
materials from other laboratories to the present 80/81 lot designated as

SRM 1450b. It is most convenient to make these comparisons of X(T,p) through the
use of the models. The baseline for these comparisons will be the values as

calculated from the model for the 80/81 lot.

Figure 8 compares the following equations to the lot 80/81 equation:

1. equations for lots 58, 59, 61, and 70 from Siu [3],

2. equations for lots 58 and 70 from this work,

3. equations for the European SRM as reported by DePonte [10] for a density
of 88 kg/m3.

The data reported by Siu [3] on lots 58, 59, 61, and 70 show that the mea-

sured values of apparent thermal conductivity (and therefore thermal resistance)
within each lot agree to +2% from the mean value at a given temperature and den-

sity. Th smoothed mean values for each of the four lots differ slightly in value
and slopes but not appreciably more than the combined measurement and material

uncertainty associated with each lot.

Figure 8 shows good agreement between the present certification for the tem-

perature range 100 to 330 K and the previous certification for the temperature
range from 255 to 330 K. Figure 8 also shows that lot 80/81 (SRM 1450b) differs
significantly from all of the previous NBS lots as well as the European SRM. The

latter lots are in agreement with each other to within about ±l7o as measured by

CCE, CBT, and the European participants.

The reason lot 80/81 differs from the other lots is not clearly understood.
However, it is known that the phenolic resin content of lot 80/81 is considerably
lower than the previous NBS lots: about 14 wt% compared to about 20 wt%. Other
differences, such as in fiber diameter and orientation, are also possible ex-

planations, but these characteristics have not been determined.

6. Certified Values

For certification purposes values of thermal resistance, R, are desirable.
Values of R at a thickness of 0.0254 m (l-|^in), Rq, calculated from equation (2)

are listed in Table 7 in units of m^'K'W" •
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Figure 8 Comparison of various lots of glass fiberboard with respect to the
equation for lots 80 and 81 as a function of temperature at a den-
sity of 130 kg/m^ except for the European SRM which is for a

density of 88 kg/m^, percent difference =
(^i -^30/81

^ ^^^^^80/81

o - SRM 1450b [2] O - Lot 70 [3]
A - Lot 58 [3] + - Lot 58 CCE
n- Lot 59 [3] x - European SRM [10]
V- Lot 61 [3] 5K- Lot 70 CCE
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Table 7. Certified Values of Thermal Resistance of a 2.54 cm Thick Specimen,
Rq, as a Function of Density and Temperature (These values have been
corrected for the thermal expansion of the measurement plates.)

Density (kg-m" )

Temperature
(K) 110 120 130 140 150

100 2.143* 2.094 2.049 2.004 1.961

110 1.946 1.906 1.867 1.831 1.795

120 1.780 1.747 1.714 1.683 1.653

130 1.640 1.611 1.583 1.557 1.531

140 1.519 1.495 1.471 1.448 1.426

150 1.416 1.395 1.374 1.354 1.334

160 1.327 1.308 1.290 1.272 1.255

170 1.250 1.234 1.217 1.202 1.186

180 1.184 1.169 1.154 1.140 1.126

190 1.126 1.112 1.099 1.086 1.073

200 1.074 1.062 1.050 1.038 1.027

210 1.028 1.017 1.006 .995 .985

220 .987 .977 .966 .956 .947

230 .949 .939 .930 .921 .912

240 .913 .905 .896 .887 .879

250 .880 .872 .864 .856 .848

260 .848 .841 .833 .826 .818

2 70 .818 .811 .804 .797 .790

280 .790 .783 .776 .770 .764

290 .762 .756 .750 .744 .738

300 .736 .730 .724 .719 .713

310 .711 .706 .700 .695 .690

320 .687 .682 .677 .672 .667

330 .665 .660 .655 .651 .646

*Rq values are in units of m^.K.W-l
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= 0.0254/x(T,p). (2)

The as-tested thickness will most likely be slightly different from 0.0254 m.

The R value at different thicknesses, L, are calculated from

R = RqL/0.0254 (3)

where R is the thermal resistance at the tested thickness and Rq is the certi-
fied value interpolated from the table or calculated from equation (2).

It should be noted that this material is certified only for thicknesses
within the range of the tests reported, nominally 2.54 cm (1 in). The specimens
should be in firm contact with the apparatus plates, but not under excessive
pressure. Excessive pressure can lead to both apparatus errors as well as mea-
surable deviations from the certified thermal resistances. Compression of the
specimen to a thickness less than 2.4 cm should be avoided.

Values of thermal resistance of this SRM are expected to be within two per-
cent of the computed values at temperatures from 250 to 330 K and increasing to
three percent at 100 K. These estimates are based on the experimental data and

include both material variability and measurement uncertainty.

7. Summary

New measurements are presented to extend the certification range of
SRM 1450b [2] from 255-330 K to 100-330 K. A model is presented that describes
the data over the entire temperature and density range to within the imprecision
of the data. Comparisons of previously published values for similar material are
presented.
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tific and technical activities.

Handbooks—Recommended codes of engineering and industrial practice (including safety codes) developed in

cooperation with interested industries, professional organizations, and regulatory bodies.

Special Publications—Include proceedings of conferences sponsored by NBS, NBS annual reports, and other

special publications appropriate to this grouping such as wall charts, pocket cards, and bibliographies.

Applied Mathematics Series—Mathematical tables, manuals, and studies of special interest to physicists,

engineers, chemists, biologists, mathematicians, computer programmers, and others engaged in scientific and
technical work.

National Standard Reference Data Series—Provides quantitative data on the physical and chemical properties

of materials, compiled from the world's literature and critically evaluated. Developed under a worldwide pro-

gram coordinated by NBS under the authority of the National Standard Data Act (Public Law 90-396).

NOTE: The Journal of Physical and Chemical Reference Data (JPCRD) is published quarterly for NBS by
the American Chemical Society (ACS) and the American Institute of Physics (AIP). Subscriptions, reprints,

and supplements are available from ACS, 1155 Sixteenth St., NW, Washington, DC 20056.

Building Science Series—Disseminates technical information developed at the Bureau on building materials,

components, systems, and whole structures. The series presents research results, test methods, and perfor-

mance criteria related to the structural and environmental functions and the durability and safety

characteristics of building elements and systems.

Technical Notes—Studies or reports which are complete in themselves but restrictive in their treatment of a

subject. Analogous to monographs but not so comprehensive in scope or definitive in treatment of the subject

area. Often serve as a vehicle for final reports of work performed at NBS under the sponsorship of other

government agencies.

Voluntary Product Standards—Developed under procedures published by the Department of Commerce in

Part 10, Tide 15, of the Code of Federal Regulations. The standards establish nationally recognized re-

quirements for products, and provide all concerned interests with a basis for common understanding of the

characteristics of the products. NBS administers this program as a supplement to the activities of the private

sector standardizing organizations.

Consumer Information Series—Practical information, based on NBS research and experience, covering areas

of interest to the consumer. Easily understandable language and iUustrations provide useful background
knowledge for shopping in today's technological marketplace.

Order the above NBS publications from: Superintendent of Documents, Government Printing Office,

Washington, DC 20402.

Order the following NBS publications—FIPS and NBSIR's—from the National Technical Information Ser-

vice, Springfield, VA 22161.

Federal Information Processing Standards Publications (FIPS PUB)—Publications in this series collectively

constitute the Federal Information Processing Standards Register. The Register serves as the official source of
information in the Federal Government regarding standards issued by NBS pursuant to the Federal Property
and Administrative Services Act of 1949 as amended, Public Law 89-306 (79 Stat. 1127), and as implemented
by Fj(ecutive Order 1 1717 (38 FR 12315, dated May 11, 1973) and Part 6 of Title 15 CFR (Code of Federal

Regulations).

NBS Interagency Reports (NBSIR)—A special series of interim or final reports on work performed by NBS
for outside sponsors (both government and non-government). In general, initial distribution is handled by the

sponsor; public distribudon is by the National Technical Information Service, Springfield, VA 22161, in paper
copy or microfiche form.
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