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APPENDICES

Appendix A
1) Differential Scanning Calorimetry data of B-a monomer.

Tg(°Q  Heat of reaction
26.81 216.6

2) Differential Scanning Calorimetry data of B-a cured at 155 T

Curing Time'~ tqcc)  Heat of reaction

0mn - 4157 3144
Omn 39,03 309.2
i 291.2
2h  T378 2110
3h  109.22 229.3
4h 12201 2003
5h 12550 1%.3
oh 13270 1707
h 12928 1785
8h 13684 157.9
9h 13699 15538

10h 14152 1386



3) Differential Scanning Calorimetry data of B-a cured at 165 T

Curing Time  Tg(°C)  Heat of reaction

J0mn 4094 3143
OHmn 4302 315.7
1h 6065 280.2

2h 12501 1904

3h 13313 166.4

4h 14386 1346

bh 14596 1298

oh 14697 1290

7h 15253 1038

8h 15107 1181

9h 15951 1589

10 h 15468 82.57

4) Differential Scanning Calorimetry data of B-a cured at 175 T

Curing Time ~ Tg(°Q  Heat of reaction

0mn 4.3 307.0
Hmin 5208 2938
1h 10598 239.5
2h 13861 1499
3h 15710 87.21
4h  157.33 89.70
5h  160.39 1361

6h 16122 1316



Curing Time  Tg(°Q  Heat of reaction

7h 16136 36.80
§h 16297 53.05
9h 16450 39.60
10h  165.96 45.23

5) Differential Scanning Calorimetry data of B-a cured at 185 °c.

Curing Time  Tg("c>  Heat of reaction

0mn  86.76 269.6
AOmn 13011 199.8
Ih 1444 1242
2h 16376 59.75
3h 168.22 34,78
4h  169.88 23.66
5h  166.28 21.66
6h  167.66 12.32
7h 168,08 5,268
8h  168.26 4,034
9h  168.45 3.796

10h  167.98 1633
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- American Society for Testing and Materials (ASTM D792)

Standard Test Methods for

Density and Specific Gravity (Relative Density) of Plastics by

Displacementl

This standard is issued under the fixed designation D 792. the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the year of last revision A number in parentheses indicates the year of last reapproval A
superscript epsilon (<) indicates an editorial change since the last revision or reapproval

This standard has been approvedfor use by agencies ofthe Department o f Defense to replace method sal | and 5012 of Federal Test
Method Standard 406 and 14011 and 14021 ofFTMS 601 Consult the DoD Index o fSpecifications and Standards for the specific year

of issue which has been adopted by the Department of Defense

1. Scope

1.1 These test methods describe the determination of the
specific gravity (relative density) and density of solid plastics
in forms such as sheets, rods, tubes, or molded items'

.12 Two test methods are descrlbed
r L2.1 Test Method A— For testing solid plastics in water,

122 Test Method B— For testing solid plastics in liquids
other than water.

Note |—Alternatively. Test. Method DI505 may be applied to
naf/ts%ch forms, asne‘Yasto films and1 sneeting Y14

13 The values stated in SI units are to be regarded as the

14 Th| standard does nmi) rport to address alt of the

g ro Iems If an assoclated with Its use HIS the
res ? p shro thls stan %rd to estabﬁ]ls ro-
Br, es e'[F eat ractices.and determine the applica-
ility ot regulatory limitations prior to use.

2. Referenced Documents
21 ASTM Standards:

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing2

D 891 Test Methods for Specific Gravity of Liquid Indus-
trial Chemicals3

D1505 Test Method for Density of Plastics by the
Density-Gradient Technique2

D1622 Test Method for Apparent Density of Rigid
Cellular Plastics2

D 1898 Practice for Sampling of Plastics2

E 1Specification for ASTM Thermometers4

E 12 Terminology Relating to Density and Specific
Gravity of Solids, Liquids®and Gases5

E 380 Practice for Use of the International System of
Units (S1)6

: 1These lest methods are under the jurisdiction of ASTM Committee D-20 on
Plastics and are the direct responsibility of Subcommittee D20.70 on Analytical
Methods (Section 20.70 0 1).

' Current edition approved July 15, 1991 Published September 1991 Originally
published as D 792 - 44. Last previous edition D 792 - 86

3Annual Book 0f ASTM Standards. Vol 08.01.

3Annual Book of ASTM Standards, Vol 15.05.

* Annual Book of ASTM Standards, Vol 14.03.

3Annual Book 0of ASTM Standards, Vol 15.05.

6Annual Book of ASTM Standards. Vol 14.02.

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of'a Test Method6

3. Termlnology

3.0 Definitjons:

3.1.1 Specific grawty (relative density)—the ratio of the
mass in a|r of a Unit volume of the impérmeable portion of
the material at 23°C to the mass in air of equal density of an
equal volume of gas-free distilled water at the same temper-
ature. The form 0f expression shall be:

Specific gravny gelat Ve 9 sjlty) 23/23C

Note 2—T IS deflnltlon ﬁessennally ngvaIent the, de |n|t|o
arent S ed ravi aren L% Jw ermlno %Y ﬁ
use th s ﬁerce a d ence |ntro ed by not correcting for
e huoyancy ot a r|S|n3|8n| cant O Most purposes.

312 densny—the mass in air in kilograms

metre of |mpermeab e
form of expression shal

D23 kg/m3(Notes 2, 3, 4)
k h‘nEt ero coTnQ?ertSI dejnnsllttyofndgnsn% tgs dgﬁswgdlnl gPra%nce

e 4—8 Y%23/23°C can be convened to density 23°C.
o g equation:

DZBc kg/m3=sp gr 23/23°C x 997.6

4. Summary of Test Methods

4.1 Determine the mass of a specimen of the solid plastic
inair. It is then immersed in a liquid, its apparent mass upon
immersion is determined, and its specific gravity (relative
density) calculated.

5. Significance and Use

51 The specific gravity or densn of a solid is a property
that can be measuréd conveniently o |dent|5y a material, to
follow physical chan?es in a sampe to. Indlicate degree of
uniformity among different sampl |nrq units or spemmens or
to indicate the average, density of a farge. item.

5.2 Changes in den3|tyofa3| TgIe spemmen may be due to
changes in crystallinity; loss of” plasticizer, absorptlon of
solvent, or to other causes Portlons of asample may differ in
density because of difference | |n crystallinity, thermal history,
porosity, and composdmn (types or proportions of resin,
plasticizer, pigment, or filler)

Note 5—Reference is made to Test Method D 1622

geg cubic
Portlon of the material at 23°c. The

3F0 15

mgW
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cost-weight ratios.

6. Sampling

6.1 The sam Ilng_ units used for the determination of
specific gravity (relative densﬂ,y%shall be representative of the
quantity” of product for which the data are required, in
accordance, with Practice D 1898. _

6.1.1 Ifit is known or suspected that the sample consists
of two or more layers or sections having different specific
gravities, either complete finished parts or complete cross
Sections of the parts or shapes shall be used as the specimens,
or separate specimens shall be taken and tested from each
layer. The specific grawty érelatlve densﬂy?_ of the total part
cdnnot be obtained by ‘adding the specific gravity of the
layers, tunless relative percentages of the layers-are taken into
account.

7. Conditioning

.1:1_Conditioning—Condition the test specimens at 23 +
2°C and 50 + 5 %" relative humidity for not less than 40 h
rior to test in accordance with Procedure A of Practice

618, for those tests where conditioning is required. In cgses
of disagreement, the tolerances shall”be rc and *2 %
relative umldltg., _

7.2 Test Conditions—Condugt tests in the standard labo-
ratory atmosphere of 23 + 2°C and 50 + 59 relative
humidity, unless otherwise specified in the test methods or in
this specification. ﬁn cases of disagreement, the tolerances
shall be rC and £2 % relative humidity.

TEST M(E}PE%%@%E R%S%yg(; SOLID

8. Scope

. 81 This test method involves weighing a one-piece spec-
imen of 1to 50 g in water, using a sinker with plastics that
are lighter than water. This test inethod is suitable for plastics
that are wet by, but otherwise not affected by water.

9. Apparatus

91 Analytical Balance—A balance with a precision
within 0.1 "mg, accurac%/ within 0.05 % _relative (that is
0.05 % of the'mass of the specimen n_air), and equipped
with a stationary support for the immersion 'vessel above the
balance pan (“pan straddle”)

ote. 6— ASSUrANCE that the balance meets the performance require-
me%ts staﬁulﬁ% rovl gr&% frequent %ci(s 0 padEJustments oﬂ 2810

oIt and sensitivity an eriodic calibration Tor absolute accuracy,
Bsmg standar nﬁstges y

9.2 Wire—A corrosion-resistant wire for suspending the
specimen. , _ , ,
p9.3 Sinker—A sinker for use with sgeumens_of plastics
that have specific gravities less than 1.000. The sinker shall:
7) be corrosion-résistant; (2}1 have a specific gravity of not
ess than 7.0; (i) have smooth surfaces and a regular shape;
and (4) be slightly heavier than necessary o sink the
specimen. The Sinker should have an opening to facilitate
attachment to the §Peu en and wire. ,

9.4 [mmersion Vessel—A beaker or other wide-mouthed
vessel for holding the water and immersed specimen.

Density IS useful for calculating strength-weight and

9.5  Thermometer—A thermometer with an accurac
+ 1 ¢ is required if the lest is not performed in the standar
laboratory atmosphere of Practice D 618, (refer to 17.4). 2

10. Materials ;
101 Water—The water shall be substantially air-freel;

distilled, or demineralized water.
o e
gggeca tlon;yLPsepoesan shJelIJ In k ;’1}\6 traoe? p}o%l .
AR A e st
11, Test Specimens

111 The test sPeumen shall be a single piece of the
material under test of any size and shape that can conve-
nlentIY be prepared and tested, growded that its volume shll
be not less than 1cm3 and Its surface and edges shall ke
made smooth. The thickness, of the specimen should be &
least 1 mm for each 19 of weight. A specimen weighing 1to
5 g usually will_be found convenient, but specimens Up fo
approximately. 50 g may be used (Note 8). Care should e
taken in cutting Specimens to avoid changes in _density
resulting from compressive stresses or frictional heating.

 Sopcificaiore f . , -
e o e o A R el 3 e

11.2 The specimen shall be free from oil, grease, and other
foreign matter.

12. Procedure

121 Weigh the specimen in air to the nearest 0.1 mg for
specimens of mass 1 to 10 ? or to the nearest mg for
specimens of mass more than 10.to 50 % _ -

12.2 Attach to the balance a piece of Tine wire sufficiently
long to reach from the hook above the pan to the support for
the Immersion vessel. Attach the specimen to the wire such
that it is suspended about 25 mm above the vessel suppon.

Note 9—The specimen may be weighed in air after hanging from te
wie. 1n s casepere rg hey m gpte. ecimen, ag:ggmass
Specimen + wire, in air) —(mass of Wwire In air).

12.3 Mount the immersion vessel on the support, ad
completely immerse the suspended specimen (and sinkers, if
usefféJ in water (10.1) at a temperature of 23 + 2°c. The vessel
must not touch wire or specimen.. Remove any bubobles
adhering to the specimen, wire, or sinker, paying particular
attention to holes in the specimen and sinker. USually these
bubbles can be removed by rubbing them with anothér wire
If the bubbles cannot bé removed by this. method or if
bubbles are continugusly formed (as from dissolved gases)
the use of vacuum is recommended (Note 11). Determine
the mass of the suspended specimen to the required precision
12.1) (Note 10). Record this apparent mass as b (the mass of
he specimen, Sinker, if used, and the partlall}q Immersed
Wire In Ilquld). Unless otherwise specified, weigh rapidly in
order to minimize absorption of water by the specirnen.
Note 10—II may be necessary to change the sensitivity adjustmené

of the balance to overcome the damping effect of the immerse
specimen

Note . 11—S0me specimens may contain absorbed qr dissolved ggs*
cglﬁgeulantlﬁs WAICh fen tP tragjalrrby\)rhfes; arr11¥ o? ste mag/g?fgeb
the dersity Values ootained. In SUch cas™s, the immersed specimen nay

of
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f hubbles

LB
Ademonst that the use 0 nique leads to restilts of
Sired degree of precision.

U:|2.4 _Wei?h the wire (and sinker, if used) in water with
mersion {0 the same depth as used in the previous step
"Jjotes 12 and 13). Record this height as
inliquid)

foTE 12—It ISconvenient to mark the level of immersion by means
Ofa shallow notch filed in the wire, The finer the wire, the gréater the
tolerance which ma%;vbe permitted in a%ustmfg the level of immersion

orTin

[icweeri weighings. With wire Awg No. er, disregard its degrees
ofinunersion and, if no sinker is Used, use the mass of the ware in air as

R AR

(mass of the wire

1 Note 13—If the wire is left attached to the balance arm du_rin? a
seri« of determinations, the mass a ma)f be determined either with the
adofa tare on the other arm of the balance or as in Note 11, |n sych
ses, care must be taken that the change of mass of the wire (for

mple, from visible water) between readings does not exceed the
desired precision

125 Repeat the procedure for the required number of
specimens. Two specimens per sample are_ recommended.
etermine acceptability of number ‘of replicate test speci-
mers by comparing results with precision data given in
Tables Land 2 of Séction 23. Additional specimens may be
required to give the desired precision.

13 Calculation
131 Calculate the specific gravity of the plastic as follows:
Spgr23/23T=al(a+ -- b
where:

a = apparent mass of specimen, without wire or sinker, in
arr, ,

b = apparent mass of specimen
completely immersed and o
mersed in”liquid, and _ ]

Y = apparent mass of totally immersed sinker (if used) and
of parti II¥ immersed wire, _

132 Calculate the density of the plastic as follows:

D23C, kg/m3=sp gr 23/23*c x 997.6

14 Report
141 Report the following information:

éand of sinker, if used)
the wire partially im-

1411 Complete identification of the material or product
tested, including method of specimen preparation and con-
14_.1.2q 'Average specific gravity (relative densit

specimens froma sampling unit, reported as sp gr /£3/C3-
....... = m )
1413 A measure of the degree of variation of specific
éravity or density within the “sampling unit such as the
standard deviation .and number of determinations on a

ditionin
) Jordl
lor average density reported as D23C
homogeneous material or the averages plus these measures of

32

192

dispdersiton on different layers or areas of a nonliomogeneous
roduc
P 14.14 Any evidence of porosity of the material or spec-

imen,

d14.1.5 The method of test (Method A of Methods D 792).
an

14.16 Date of test.

15. Precision and Bias
151 See Section 23.

(IGUIOA"DRAPR Bl iR ssEe Y o o g

16. Scope

16.1 Test Method B uses a liquid other than water for
testing one-piece specimens, 1to 50 g] of plastics that are
affected by water or which are lighter than water.

17. Apparatus

. 171 The apparatus shall include the balance, wire, and
Immersion Vessel ofSecHon 8. and, optionally, the following:

172 Pycnometer with Thermometer—A ™ 25-mL specific
grawt%/ bottle with thermometer, or

17.3 Pycnometer—A pycnometer of the Weld type, pref-
erably with a capacity of about 25 mL and an external cap
over the_stopper’ ,

174 Thermometer—A . thermometer having not fewer
than four dgdélons per_ Cover a temperature range of not
less than or 10T above and below the “standard
temperature, and having an ice point for calibration. A
thermometer short enough to be handled inside the balance
case will be found convenient, ASTM Thermometer 23C
ﬁee Specification E 1) and  Anschutz-type thermometers
ave been found satisfactory for this purpose.

175 Constant-TemRerature Bath—An appropriate con-
stfl%-temdperature bath adjusted to maintain a temperature
0rZ3x0re.

18. Materials

181  Immersion Liquid—The liquid used shall not dis-
solve, swell, or otherwise affect the specimen, but should wet
It and should have a specific_gravity. less than that of the
specimen. In _addition, the immersion liquid should be
nonhy%_roscoplc, have a low vapor f)ressu,re, a low viscosity,
and a high flash point, and should leave little or no waxy or
tarry residue on evaporation. A narrow cut distilled from
ker0sine meets these requirements for mam{, plastics. The
specific, gravity 23/23°C ‘of the immersion liquid shall be

etermined shortly before and after each use in this method
to a precision of at least 0.1 % relative, unless it has been

TABLE 1 Test Method A Specific Gravity Tested in Water

Material Mean
Polypropylene 09007
Cellulose Acetate Butyrate 11973
Polyphenylene Sulfide 11708

Thermoset
Polyvinyl Chloride

13136
13396

y Sl l, l«
000196 0.00297 000555 0 00841
000232 0 00304 0.00657 0 00860
0 00540 0.00738 001528 0 02089
000271 0.00313 0.00767 002171
000243 0.00615 0 00688 001947
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# D792
TABLE 2 Test Method B Specific Gravity Tested in Liquids other Than Water
Material Mean , Se l
¢ 9023 000139 000239 000393 , -

rope Ve Cath 000109 000195 000308 ooers

HOPE C9678 000126 000189 000356 001007 1

Thermoset 13130 000160 000217 000453 001282
established experimentally in the particular ap(flrcation that Spor2323C=(ax I( +.- b
a lesser frequency of determination can be used to assure the
desired precision. 22. Report

I
c,orD Ing.{ 0
|ves crfrc rvr |nse Specific gravity I
e°°r’2 ene su este eISrtro% aera ‘req ermine the

%ﬁtﬁ% g{ean B/Egléhneg?elgh\l\lh[h ermometer 10 tﬂe neart 81

yenometer vvrth Water 121
0ale ent thermo te sto ge{ excess e
through the si de |tt tovrrarm
rru? ermo sf ropo era th
Ly e aea r pid
outsr aEe y dagee%d)etemass fthefr
the nearest. i Iﬁ){ﬁnome er d and

attgethoet s%rec%é gravrty 28?% Eﬂa teaﬁdmd one V%"t
d=(b-

vr/ne_ea arent Mass 0 emgtx( rﬁ Cnometer

?b-t Egaren Mass o[ mgiwrtn Yvater at 8 . and

arent mass o cnome
onstant-tem er ure Water %3'[ IS a Ie d pycnometer

fa
wrtlhouta ome (R]
ne san ob ectn# as héen ound safisfac-

£

L i

watera'?fa CIU

tory Torth ers ermometerPummet 66
arﬁ norma gr ca ate rgeasurements at temperatures
other than ﬁ ) t t recalibration 1S necessary for the
pUrposes oft ese methods.

19, Test Specimens
19.1 See Section 11

20. Procedure

20.1 The procedure shall be srmrlar to Sectron 12, except
for the choice of immersion r ur and the temBerature
during the immersed weighing (12.3) shall be 23 +

21. Calculation

21.1 The calculations shall be similar to Section 13

except that d, the specific gravity 23/23°C of the liquid, shall
be pPaced }n the nLPmerato% / |

22.1 See Section 14

23. Precision and Bias7

231 Tables land 2 are based on round robins conducted
in 1985 |nvo vrnE five materras tested by six laboratories for
Test Method A. Four materials were testéd with Test Method
B hy. six laboratories. Each test result was based on two
individual determinations. Each laboratory obtained four
test results for each material.

2 In Tables 1and 2, for the materials indicated, and for
mean values that are derived from testing two specimens:

2321 s the wrthrn laboratory standard deviation d
the mean andl 2.83 ﬁSee 23.2.3 for application of I,

22 RIS the between-laboratory standard deviation
the mean, and 1* = 283 /. (See 23.2.4 for application o!

%3 2.3 Repeatahility—In comparing two mean values fu
the same material obtained by the same operator using tr
same equipment on the same day, the means should tv

%ed not equrvalent if they differ by more than the 1, valu,

hat material and condition.

2.4 Reproducibility—In comparing two mean valut
for the same . material o{)tarned by different operators s
different equipment on different days, the means should !
ud ed note |vaIent if they differ by more than the I/, val
or tat material _and condition, '(This applies betwet
different laboratories or between different equipment with
the same laboratory.)

23.2.5 The E;Sudgments per 23.2.3 and 23.2.4 will have
apgroxrmate % &0 95? probability of being correct.

326 Other materials may givé somewhat different

23 3 . For further information on the methodology useo
this section, see Practice E691.

24, Keywords
241 density; relative density; specific gravity

rsuEponrriig da13 arc ava,»lc from ASTM Headquanov R
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards. 1916 Race St.. Philadelphia, PA 19103
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