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PREFACE

This reportwasput togetherin 1977but for severalrewonsh~ not beenmadereadilyaccessible.

The data was publishedin the LASL Shock-Databook in 1980edited by S. Marsh. However,the

data regardingthe Hugoniot cusps and Carter and Marsh’s ide~ concerning the re~on for the
cusps have not been available. We have taken it upon ourselvesto make an LA-seriesreport as

it would have appeared in 1977 so the data and ide~ expressedby the authorscan appear in a

coherent form. Although other shock work has been done on polymers since then, no definitive

informationregardingthe real time chemistryis yet available,hence theseauthors)ideasdeservea

modern consideration.—J.N. Fritzand S. Sheffield.
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HUGONIOT EQUATION OF STATE OF POLYMERS

by

William J. Carter and Stanley P. Marsh

ABSTRACT

The Hugoniot equationsof state of a large numberof representativepolymershave
been obtained. Two aspectsof the resultsare particularlystriking:

a) The u~(uP)Hugoniots of all the polymers extrapolate to bulk sound velocities
higher than the ultrasonicvalues,an indicationof a rapidly varying rate of change of
compressibilityin this region. This is attributedboth to the two-dimensionalnatureof
polymer compressionand to the form of the interchaininteractionpotential.

b) A relatively high pressuretransformation(in the range 20–30GPa), character-
ized by a change in slope of the u~(uP)Hugoniot and sometime by a large volume
change as well, is observedfor all of the polymers. This transformationis probably as-
sociated with pressureinducedcross bonding. In particular,for those polymerswhich
contain rings in their monomerstructureand which displaythe largestvolume change
at transformation,it is proposed that garbon-carbon covalentbonds along chains are
broken and tetragonalbonds betweenchainsare formed in a manneranalogousto the
graphite-diamondtransformation.



I. INTRODUCTION

Although polymers are widely used in engineeringapplicationsinvolving high pressure,there

exist remarkablylittle data on theircompressivebehaviorabove a few GPa. There are some static

data availablein the range O-2GPa for a few materiakl, and considerableshock-wavedata have
been amassedfor materib such w polyethyleneand polymethylmethacrylate2and epoxy3. There
have been phase changesreported in a few polymersin the low-pressurerange, notably the spiral

transformationin Teflon at about one half GPa, which have been thoroughly studied using x-ray
difiraction4,5. However,the generallack of dynamichigh-pressuredata h= promptedthe Present

study. The polymeric solids studied (which include both thermosettingand thermoplastictypes)

are listed in Table I alongwith pertinentthermophysicalpropertiesat zero pressure.Most of these

materialswerefabricatedby Group CMB-6 of Los Alamos underconditionswhich are both known
and reproducible. An exception was the polyphenylquinoxaline,an experimental,highly aromatic

polymerwhichwaskindlysuppliedby the UnitedStatesNavalOrdnanceLaboratory. A few other

materiab were obtained in bulk solid-formfrom commercialsources.

II. EXPE~MENTAL PROCEDURE

3 hichutilizehighexplosivesto generatetheshocksandstreakStandardshock-wavetechniques , w

cameras to record the wave-arrivaltimes, were used to obtain shock-wavevelocities, us, through
the samples. The impedance-match,techniquethen sufficedto determinethe associatedmaterial

velocities, UP. The well-knownRankine-Hugoniotrelationshipsbetweenthese experimentallyde-

termined kinematicquantitiesand the pressureP, volume V, and energy E then determinethe
equationof state along the locus of final shock states,or the Hugoniot. Although energyis known

alongthesecurves,the temperaturecan only be crudelyestablishedbecausethe volumedependence

of the specific heat and the Gruneisenparameterfor polymers is not well known7. Hence, quan-

titative thermodynamiccalculationsare of dubious value. In particular,no attempt was made to
calculateoff-Hugoniot loci, such as isotherms.Our compressioncurvesinclude temperatureeffects

and thereforewill lie above

regions.

Sound velocities at zero
been previously described.

those determinedby static means, especially in the higher pressure

pressurewere obtained using a puke-echo technique which has also
Both longitudinal(cl) and transverse(ct) modes were measuredand

combined to form the ‘(bulk sound speed” cb through the relation c? = c? – (4/3)c~. This may

not be appropriate for materiab which have a high enough crystallinityto be non-isotropic on
a macroscopic scale. However,even for linear polyethylene,rotation of the sample in its holder

resultedin no noticeableanisotropy.Shear-modeechoesweresometimesdifficult to detect so that
first-arrivaltimes throughsamplesof varyingthicknesswereusedwhennecessary.These velocities

are listed in Table I.
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III. RESULTS AND DISCUSSION

The Hugoniot curvesare reasonablywe~ definedfor each of the polymersconsideredhere,and

the resultsare summarizedand fisted in Table I. Here, the data have been fitted to segmented

finesof the form u, = c. t SUPby the method of leazt squares,with the rangeof Wdity of each

fit given by minimum and maximum dues of UP. Listed dso are the transitionpressuresand
compressions(discussedbelow) and an estimateof the ~sociated volume changeat transition. A

detailedfistingof the data points is given in the appendix. Figure 1 showsa typical Hugoniotof a
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Figure 1: Hugoniot u~(uP) (a) and P(V/Vo) (b) data for polystyrene. The Hugoniot
for this material is typical for most of the remainingpolymers both in number of data
points and qudty of data as indicated by scatter from a hnearfit. It dso showsthe two
characteristicsfound for au polymers: a sound velocity that ties we~ below the Hug~
niot intercept and a we~-definedbut pressure-dependenttransformationwhich begins at
20GPa.

polymer (polystyrene) in both the U.-up and P-V planes,and illustratestwo of the featureswhich

areprominentin the Hugoniotsof most of the remainingmaterials.These featureswarrantfurther

discussionand wi~ be consideredin detail.

The first such feature common to d the polymer Hugoniotsis the failureof the high-pressure

data to extrapolate to the zero-pressureultrasonicmeasurements.This is dso strikinglyevident

in a comparison between cb, the ultrasonic sound speed, and the correspondingdues of coo,

the zero-pressureintercept of the lower segmentof the Hugoniot, from Table I. ordinarily, this
behavior is an indication either of a low-pressureph~e change or of a high shear-strengthwhich

does not flow the one-dimensiond Hugoniot to relw to the hydrostat in times short compared

to the measurementinterval. With a few exceptions, the static data do not show any phase
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changes in this low-pressureregion. It is known that some polymers become quite brittle upon
impact, but capacitor and magnetic probe free-surfacerecords show that the Hugoniot elastic

limit of polymers is imme~urably small. Early dynamic experimentsby Evansand Schmidt8 on

polymethylmethacrylatealso showedconsiderablecurvatureat the low-pressureend ,of the U.–up

locus and it was surmisedthat this effect would appear in other polymers as well. Considerable

theoretical progress has been made in understandingthis behavior, at least for the simple case
g 10. His developmentdepends on the fact that the forces betweenof polyethylene, by Pastine ~

adjacent chains in a polymer are at leastan order of magnitudesmallerthan the forces along the

backbonell. Hence, the initial compression,assuminghydrostaticity,will be of a tw~dimensional
rather than a three-dimensionalnature on a microscope scale, with the distance between chains

decre~ing but length along the backbone remainingrelatively unaffected. That is, to obtain
the initial compressibilityof a polymer it sufficesto specify only the interchainforces (and, of

course, the geometricalarrangements).For polyethylene,and probably for most polymers w well,

the dominant repulsiveforces are those betweennon-bonded nearest-neighborhydrogensand the

dominantattractiveforcesareof the Londondispersion(vanderWaak) types. That is, the potential

is of the generalform12

~ = Ae-ri’o – B/r6 (1)

where r is the nearest-neighborhydrogendistanceand the individualpotentialsmust be summed

in a mannerappropriatefor the crystalstructure.It is assumedby Pastinethat this relationholds

for amorphous polyethylene as well, except that the exponential term takes a slightly different
form. Straightforwardcalculationof the pressurefrom this potential, ~suming that the polymer

is compressible in two dimensionsonly, then yields a P(V) relation which shows considerable

curvature when transformedto the US–UPplane. Similarlow-pressurebehavior can be expected

for all polymersprovided only that the dominantforces determininginitial compressionare those

betweennon-bonded hydrogensin neighboringchains..

Experimentalquantitativeverificationof theseideasis found in the Hugoniotdata for polyethy-
lene. We have examined two densitiesof polyethylenerepresentingdegreesof crystallinityof ap-
proximately 90% and 55%. The low-pressureHugoniot data are shown in Fig. 2, along with the

theoreticalHugoniotsderivedfor thesedensitiesfrom the purelycrystallineand purely amorphous

calculationsof Pastine. The agreementis seen to be excellent. Abo shown are the static data of

Warfieldl for the highly crystallinematerial,corrected from an isothermalto an isentropicinter-

cept but with no shock heatingincluded,and Bridgeman’suncorrecteddata13 on normal density

polyethylene, These data lie in preciselythe region of curvatureof most interest,and again the
agreementwith theory is quite good. It is tempting to extend these ideas, at least qualitatively,

to account for the curvaturein the lowerpart of the U.(UP)Hugoniotsof other polymers. This is
probably justified in general. However,it should be rememberedthat low-pressurephase changes

do occur in a fewpolymers. There alsoarealternativetheorieswhichwouldyieldequivalentresults;

for example, the elastic-plasticflow model proposed by Schmidtand Evans8,in which yielding oc-
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Figure 2: Low-pressuredata for polyethylene. The fines (sofid and dashed) are the
theoreticalcalculationsbreedon the workof Pastine,whilethe symbolsareeitherdynamic
dataor static data transformedto the U=–upplanethroughthe conservationrelations.The
agreementbetweentheory and the variousexperimentaldata is exce~ent.

curs in a complex manner over a range of stressesand cannot be assigneda definitevalue, dso

predictsextremecurvatureat low particlevelocities. These possibtitiesshouldbe furtherexplored,

but wi~ probably requireuseof more sophisticatedexperimentalshock-wavediagnostictechniques

than have been used here.

A high-pressure(20–30 GPa), high-temperature(2000K) phase transformationis the second
feature common to d the polymers with the possible exception of two of the fluoroplwtics. For

many materialsthe ~sociated volumechangeis extremelylarge. Clearly,this is not a polymorphic
transformationin the usual crysttiographic sense,in that the transformationparametersappear

to be insensitiveto the degreeof crysttinity (polystyrene,for example,is completelyamorphous).
Sincesimilarbehavioris observedon both thermosettingpl~tics and thermoplastics,the possibility

of the transformationbeing ~sociated with eithermeltingor vaporizationappearsto be ruledout.

Furthermore,it is untikelythat the glass-transitionphase fine extends to this region of pressure
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and temperature, and our calculationssupport this expectation. Also, at lemt at low pressures,

the glasstransitionis not normallywcompanied by a measurablevolumechangeand there is little
reasonto expect this situationto changeat higherpressures.

The most likelyexplanationof the natureof this transformationhesin an extensionof the ideas

already encounteredat low pressures. At zero pressure,the elastic constantsof polyethyleneare

knownlo and C33 (which definescompressionalong the backbone chain) is found to be at le~t a

factor of 20 greater than the elastic constants~sociated with the other two crystal axes. How-

ever, this situation obviously cannot continue long before forces between chains other than the
H-H repulsionand van der Waab attractioncome into play to stiffenthe el~tic constantsCll and

C22, eventuallymaking them comparable in magnitudeto C33. This implies that at sufficiently

high pressures,the compressivebehaviorof polymersis similarto other normal three-dimensional

solids, a fact which is reflectedby the linearportion of the Hugoniot below the transition. At the

transformationa major reorderingon the molecularlevelis suggestedsince the volume changesfor

some polymers can evidentlybe quite large for this process. A possible type of such reorderingis

the following: when the distance betweenchains has been reduced by pressureto the point that

interchaininteractionsbecome possible. This effect would be most pronounced in those polymers

containingcovalent-bondedcarbon atomsin open structuressuchas benzenerings,sincethe break-

ing of covalentbonds withinchainsandsubsequentreformationof tetravalentbonds betweenchains
could lead to very largevolumechanges.Of coursethe concept of a chain-likestructurein polymers

loses meaning after this point, and one is dealingwith a more normal solid above the transition

consistingof an unspecifiedbut definitearrayof the originalconstituentatoms.

These idew are strengthenedby the resultsshownin Table I. Here,an attempt has been made

to estimatethe volume contractionat transitionfor eachof the polymersby measuringAVt on the

Hugoniot in the P-V planeand ignoringsuch importantthermodynamicdetailsm the slope of the

phaseline and temperatureeffects. The enthalpychangeAHt at transitionis similarlyestimatedas

(PAV)~. Representativemonomerstructuresfor each of our polymersare shownschematicallyin

Table II, and it is clearthat thereis a strongcorrelationbetweenAH~ per unitvolumefrom TableI

andthe numberof benzeneringswhichareavailablefor decompositionfromTableII. This is further
indicated in Fig. 3, where the u~(uP)Hugoniotsfor five selected polymers are shown along with

their representativemonomerstructures.Clearly,the transitionbecomes increasinglypronounced

as the number of benzene rings in the backbone chain increases. The linear hydrocarbons and

fluorocarbons, representedin Fig. 3 by polyethylene,display little more than a change in slope

in the transition. Extremelyopen structuressuch as polysulfone and polyimide have transitions

characterizedby large volume changes. Polymers such as polystyrene also exhibit large volume

changes,but the singlering in a styrenemonomeris containedin a pendantchain and is therefore
physicallycloser to the neighboringbackbone fibers. In every case, the mixed-phme region of the
US(Up) Hugoniot abo displaysa slightlypositive slope Which is probably indicative of a pressure

energy dependenttransformationsuch as would be expected if our model is correct.
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Figure 3: Hugoniot u= UP)data for severalpolymers. It is seen from Table II that, in
\general, those materials aving more open units such as benzeneringsin their monomer

structuredso displaya more pronouncedtransition.

The picture which emergesthen, is one in which the compressionof a polymer underpressure

is two-dimensiond in natureuntil the interactionbetweenchainsbecomes appreciable,titer which
the materialcompressesin a mannermore typical of a three-dimensiondsohd. C-C interactions,

primarilythose between carbons in benzene rings belonging to differentchains,grtiuWy become
importwt, eventudy overridingthe relativelyweakcotient bondingof the ringstructure,forming

strong tetragond bonds between chains, and effectively destroying the chain-fikenature of the
polymer in the process. This results in a volume change directly related to the numberof such
bonds broken and reformed. The process is one which is analogous to the we~-knowncarbon-
diamond transformation,which dso arisesfrom the breakingof covalentbonds in a ring (lying in

a plane rather than along a chain) and the formation of tetragond bonds (betweenplanesrather

than betweenchains). This carbon-diamondtransformationis dso accompaniedby an extremely
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large volume change.

It is very difficult to do quantitativefirst-principlecalculationsof the relativeenergiesof these

two phases. Although the C-C and C-H bonding energiesare well-knownat small compressions,

thesequantitiesare not knownat compressionsas largeas 0.4. Also, the densityof ringssubject to

decompositionis required,a quantitywhich is not availablefor all our polymers. Finally,of course,
many of these polymers contain open structuresother than benzenerings which are abo subject

to decomposition and reformation,and the crystallographicarrangementsof the final states are

entirelyunknown. We haveattemptedto verifyor disproveour proposedtransformationmechanism
by recoveringandcheckingthe degreeof crossbondingof samplesshockedabovethe transformation

pressurein expectation that the high-pressurephasemay be metastable,but the recoveryprocess
hasproveddifficultand, so far, unsuccessful.If our model is correct, the high-pressurephaseshould

have unique and possibly quite usefulproperties.
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APPENDIX. Hugoniot Data for Polymers.
Shock vdocities in the unknown(u.) and in the standard (~~.td) are the meaauredquantitiesfrom whichparticle

vdocities (UP) are deduced from the continuity conditions. The remainingquantitiespressure (~), relative volume
(~v~, and density~) meobtainedfromthe conservationrelations.The integer Aue in the data tables under
st in icates the stan ard used in the experiment. A 40 indicates a bulk vrdueobtained from ultrasonic data. Data
used for the standards in the experimentalanalysisare given in the fo~owing table. Off-Hugoniot EOS information
;sqa~::d~::dculating cross-curves for the standardsis obtained by usingthe assumptionthat dE/dP)v = l/(~)

EOS Data for Standards

Standard std Po s 70
g/cm3 (k:/s)

2024 Aluminum 1 2.785 5.328 1.338 2.00
921-T Aluminum
Copper

2.833 5.041 1.420 2.10
1; 8.930 3.940 1.489 1.99

Polyethylenefinear (Marlex EMN 6065)

PO P v/v. P std u~~td
(g/cm3) (k:;,) (k:;s) (GPa) (g/cm3) (km/s)

0.954 2.170 0.000 0.0
0.954

1.000
3.985

0.954 40
0.721

0.00
2.7 0.819 1.165 1

0.954 4.174 0.752
5.93

3.0 0.820 1.164 1
0.954 4.355 0.921

5.96
3.8 0.788 1.210 1

0.954 4.399 0.986
6.11

0.954
0.776

5.147
1.230

1.398 ::;
6.16

0.954
0.728 1.310 :

5.755 1.808
6.54

0,954
0.686 1.391

1::?
1

5.779 1.824
6.92

0.954
0.684 1.394 1

6.873 2.493 16.3
6.94

0.637 1.497 1
0.954 6.835 2.497 16.3

7.59
0.635 1.503 1

0.954 7.056 2.643 17.8
7.59

0.625 1.525 1
0.954 7.076 2.657

7.73
17.9

0.954
0.625

7.434
1.527

2.882 20.4
7.75

0.612 1.558 i
0.954 7.760 3.098 22.9

7.97
0.601 1.588 1

0.954 7.774 3.162
8.19

23.5
0.954

0.593
8.079

1.608
3.377

8.24
26.0

0.954
0.582 1.639 :

8.464 3.650 29.5
8.46

0.569 1.677 1
0.954 9.072 4.136

8.73
35.8 0.544 1.754 1

0.954 9.631 4.411
9.21

40.5 0.542 1.760 1
0.954 9.946 4.697 44.6

9.51
0.528 1.808 1

0.954 10.265 4.921 48.2
9.79

0.521 1.832 1
0.954 10.736 5.305

10.02
54.3 0.506 1.886 1

0.954 10.797 5.326
10.40

54.9 0.507 1.883 1 10.43

Polyethylenelinear (Marlex 50)

PO u, P v/v. P std u~~td
(gfcm3) (km/s) (k:;.) (GPa) (g/cm3) (km/s)

0.954 2.130 0.000 0.0
0.954

1.000
3.968

0.954 40
0.721 2,7

0.00
0.818 1.166 1

0.954 4.131 0.754 3.0
5.93

0.818 1.167 1
0.954 4.332 0.922 3.8

5.96
0.787 1.212 1

0.955 4.361 0.987 4.1
6.11

0.954
0.774

5.157
1.235

1.398
6.16

6.9 0.729 1.309 :
0.954 5.764 1.807 9.9

6.54
0.686 1.390 1

0.954 5.734 1.827
6.92

10.0 0.681 1.400 1
0.954 6.862 2.494 16.3

6.94
0.637 1.499 1

0.954 6.753 2.504
7.59

16.1 0.629 1.516 1
0.954 6.939 2.654 17.6

7.59
0.618 1.545 1

0.954 7.061 2.658 17.9
7.73

0.954
0.624 1.530 1

7,371 2.888 20.3
7.75

0.608 1.569 1
0.954 7.751 3.099 22.9

7.97
0.600 1.590 1

0.954 7.788 3.161 23.5
8.19

0.954
0.594 1.606 1

8.056 3.379 26.0
8.24

0.581 1.643 1
0.954 8.493 3.647 29.6

8.46
0.571 1.672 1

0.954 9.657 4.408 40.6
8.73

0.544 1.755 1
0.954 9:978 4.675

9.51
44.5

0.954
0.531 1.795 1

9.980 4:693 44.7
9.77

0.530 1.801 1
0.954 10.390 4.906 48.6

9.79
0.528 1.807 1

0.954 10.786 5.327 54.8
10.02

0.506 1.885 1 10.43
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Polyethylene(branded Phtips)

Po P v/v. P std ~astd
(g/cm3) (k~;s) (k~;s) (GPa) (g/crn3) (kmIs)

0.916
0.916
0.918
0.916
0.918
0.918
0.916
0.916
0.918
0.916
0.916
0.916
0.916
0.916
0.918
0.916
0.916
0.918
0.916
0.916
0.916
0.916
0.916
0.916
0.916
0.916
0.916

1.896
3.817
4.001
3.813
3.853
4.229
4.246
4.980
4.986
5.100
5.602
5.546
6.540
6.777
6.713
7.102
7.321
7.285
7.473
7.728
8.077
8.421
8.406
9.029
8.978
9.548
9.574

0.000
0.759
0.764
0.766
0.831
1.001
1.044
1.403
1.419
1.447
1.766
1.832
2.441
2.494
2.541
2.705
2.833
2.946
3.042
3.243
3.469
3.665
3.766
4.138
4.152
4.510
4.528

0.0
2.7
2.8
2.7

:::
4.1
6.4
6.5
6.8

;::
14.6
15.5
15.7
17.6
19.0
19.7
20.8
23.0
25.7
28.3
29.0
34.2
34.1
39.4
39.7

1.000
0.801
0.809
0.799
0.784
0.763
0.754
0.718
0.715
0.716
0.685
0.670
0.627
0.632
0.621
0.619
0.613
0.596
0.593
0.580
0.571
0.565
0.552
0.542
0.537
0.528
0.527

0.916
1.143
1.135
1.146
1.170
1.203
1.215
1.275
1.283
1.279
1.338
1.358
1.462
1.449
1.477
1.480
1.494
1.541
1.545
1.578
1.605
1.622
1.659
1.691
1.704
1.736
1.738

40
1
1
1
1’

1
1
1
1

:
1
1
1
1
1
1
1

1
1
1
1
1

0.00
5.95
5.96
5.96
6.01
6.16
6.20
6.53
6.54
6.57
6.87
6.92
7.50
7.56
7.60
7.77
7.90
7.99
8.09
8.28
8.51
8.71
8.79
9.17
9.18
9.55
9.56

0.916 9.969 4.827 44.1 0.516 1.776 i 9.86

Polyvinyl CMoride (Boltaron-Mosites)

PO. us up P’ Vjvo P std u~~td
(g/cm3) (km/s) (km/s) (GPa) (g/crn3) (km/s)

1.376 1.930 0.000 0.0 1.000
1.376

1.376 40
3.353 0.716

0.00
0.786 1.750 1

1.376 3.717 0.942
5.95

::: 0.746 1.843 1
1.376 4.375 1.359 8.2

6.16
0.689 1.996 1

1.376 4.397 1.362
6.56

0.690 1.993 1
1.376 4.962 1.700

6.57
1!:; 0.657 2.093 1

1.376 5.017 1.760 12.1
6.91

1.376
0.649

5.853
2.119

2.368 19.1
6.97

0.595 2.311 i
1.376 5.907 2.396 19.5

7.59
0.594 2.315 1

1.376 6.127 2.536 21.4
7.62

0.586 2.348 1
1.376 6.140 2.563 21.7

7.77
0.583 2.362 1

1.376 6.366 2.753
7.79

24.1 0.568 2.424 1
1.376 6.734 3.043

7.99
28.2 0.548 2.510 1

1.376 6.826 3.092
8.29

29.0 0.547 2.515 1
1.376 7.082 3.258 31.7

8.35
0.540 2.548 1

1.376 7.357 3.413 34.5
8.53

0.536 2.567 1
1.376 7.417 3.499

8.70
35.7 0.528 2.605 1

1.376 7.752 3.648
8.79

38.9 0.529 2.599 1
1.366 7.797 3.676 39.1

8.97
0.529 2.584 1

1.376 7.812 3.679 39.5
8.99

0.529
1.376

2.601
7.959 3.889

9.00
42.6 0.511 2.690 :

1.376 8.148 4.081
9.21

45.7 0.499 2.756 1
1.376 8.368 4.155

9.41
47.8 0.503 2.733 1

1.376 8.427 4.228
9.51

49.0 0.498 2.761 1
1.376 8.818 4.382

9.58
53.2 0.503 2.735 1

1.376 8.736 4.409 53.0
9.77

0.495 2.778 1
1.376 , 8.699 4.416

9.79
52.9 0.492 2.794 1

1.376 8.640 4.420
9.79

52.5 0.488 2.817 1
1.376 9.100 4.564

9.78
57.2 0.498 2.761 1

1.376 9.062 4.614
9.98

57.5 0.491 2.803 1
1.376 9.592 4.907

10.02
64.8 0.488 2.817 1 10.36
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PolyvinyhdeneFluoride (Kynar-Pennsdt)

Po up P
(g/cm3) (km/s) (km/s) (GPa)

1.768 1.850 0.000
1.766 3.562 0.642 :::
1.766 3.604 0.662 4.2
1.766 3.897 0.816
1.766 3.963 0.869 ::!
1.766 4.573 1.255 10.1
1.768 5.136 1.569 14.2
1.768 5.167 1.627 14.9

I
1.766 6.057 2.192 23.4
1.766 6.042 2.215 23.6

J
1.766 6.279 2.341 26.0
1.766 6.355 2.359 26.5
1.766 6.569 2.536 29.4
1.766 6.891 2.809 34.2
1.766 6.910 2.864 34.9
1.766 7.264 3.004 38.5
1.766 7.400 3.164 41.4
1.766 7.479 3.242 42.8
1.766 7.785 3.419 47.0
1.766 8.152 3.789 54.6
1.768 8.479 3.916 58.7
1.768 8.730 4.091 63.1
1.766 8.652 4.101 62.7
1.768 8.931 4.238 66.9
1.766 9.055 4.240 67.8
1.766 9.412 4.578 76.1

v/v. P

(g/cm3)
1.000
0.820
0.816
0.791
0.781
0.726
0.695
0.685
0.638
0.633
0.627
0.629
0.614
0.592
0.586
0.586
0.572
0.567
0.561
0.535
0.538
0.531
0.526
0.525
0.532
0.514

1.768
2.154
2.163
2.234
2.262
2.434
2.546
2.580
2.767
2.788
2.816
2.809
2.877
2.982
3.016
3.011
3.085
3.117
3.149
3.300
3.285
3.327
3.358
3.365
3.321
3.439

std u,mtd
(km/s)

40 0.00
1

:
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1

5.93
5.95
6.11
6.16
6.56
6.91
6.97
7.60
7.62
7.77
7.79
7.99
8.29
8.35
8.53
8.70
8.79
9.00
9.41
9.58
9.79
9.78
9.96
9.98

10.36
10.331.768 9.208 4.578 74.5 0.503 3.516 1

Polychlorotrifluoroethylene(Kel F-Fluorocarbon)

PO P v/v. P std u~atd

(g/cm3) (k:;s) (k:~s) (GPa) (g/cm3) (km/s)

2.133
2.131
2.131
2.133
2.133
2.134
2.132
2.134
2.134
2.131
2.133
2.134
2.132
2.132
2.134
2.133
2.132
2.134
2.133
2.134
2.132
2.132
2.132
2.132

1.501
3.132
3.152
3.485
3.465
4,113
4.113
4.669
4.658
5.462
5.517
5.796
5.974
6.483
6.779
6.913
6.907
6.959
7.156
7.484
7.971
8.590

‘ 8.658
8.631

0.000
0.604
0.689
0.869
0.905
1.221
1.247
1.546
1.565
2.052
2.088
2.295
2.343
2.745
2.841
2.900
2.912
2.934
3.064
3.305
3.652
4.017
4.064
4.068

00
4.0
4.6
6.5
6.7

10.7
10.9
15.4
15.6
23.9
24.6
28.4
29.8
37.9
41.1
42.8
42.9
43.6
46.8
52.8
62.1
73.6
75.0
74.9

1.000
0.807
0.781
0.751
0.739
0.703
0.697
0.669
0.664
0.624
0.622
0.604
0.608
0.577
0.581
0.581
0.578
0.578
0.572
0.558
0.542
0.532
0.531
0.529

2.133
2.640
2.728
2.841
2.887
3.035
3.059
3.190
3.214
3.413
3.432
3.533
3.508
3.698
3.674
3.674
3.686
3.689
3.730
3.821
3.935
4.005
4.018
4.033

40
1
1
1
1
1
1
1
1
1
1
1
1

1
10
1
1
1
1
1
1
1

0.00
5.90
5.98
6.17
6.21
6.56
6.58
6.93
6.95
7.52
7.56
7.80
7.87
8.34
6.69
8.56
6.77
8.60
8.76
9.05
9.48
9.94
9.99
9.99
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Polytetrtiuoroethylene (Teflon-Dupont)

2.152
2.152
2.153
2.152
2.153
2.153
2.152
2.153
2.153
2.152
2.153
2.153
2.154
2.152
2.156
2.154
2.152
2.153
2.153
2.152
2.152
2.155
2.152
2.149
2.152
2.152
2.152
2.152
2.152
2.152
2.152
2.151
2.152
2.152
2.152

1.139
2.889
2.822
3.255
3.235
3.707
3.913
3.907
4.512
4.518
4.457
4.645
4.903
5.453
5.430
5.516
5.717
5.729
5.770
5.895
5.927
5.990
6.036
6.291
6.379
6.655
6.551
6.723
6.751
7.084
7.377
7.625
7.673
7.910
7.848
8.003
8.040
8.390
8.575
8.664
8.602
8.604

0.709
0.847
0.921
1.087
1.206
1.263
1.540
1.550
1.569
1.687
1.788
2.046
2.072
2.109
2.242
2.289
2.321
2.378
2.409
2.410
2.425
2.606
2.614
2.748
2.856
2.897
2.921
3.062
3.261
3.377
3.451
3.508
3.565
3.711
3.748
3.818
3.987
4.008
4.050

4.1
4.3
5.9
6.4
8.7

10.2
10.6
14.9
15.1
15.1
16.9
18.9
24.0
24.2
25.1
27.6
28.2
28.8
30.2
30.7
31.1
31.5
35.3
35.9
39.4
40.3
41.9
42.4
46.7
51.8
55.4
57.0
59.7
60.2
63.9
64.8
68.9
73.6
74,7
75.0
75.5
86.2

(g/cm3) (km/s) (km/s) (GPa) (g/cm3) (km/s)

2.151 0.000 0.0 1.000 2.151 40
2.152 0.662
2.153
2.152
2.153

0.771
0.749
0.740
0.715
0.707
0.692
0.677
0.659
0.657
0.648
0.637
0.635
0.625
0.618
0.618
0.608
0.600
0.598
0.597
0.594
0.598
0.598
0.586
0.590
0.587
0.564
0.569
0.567
0.568
0.558
0.557
0.550
0.557
0.546
0.536
0.534
0.545
0.535
0.537

2.792
2.875
2.909
3.010
3.045
3.110
3.181
3.267
3.278
3.323
3.379
3.389
3.446
3.480
3.486
3.542
3.587
3.600
3.614
3.629
3.601
3.599
3.675
3.646
3.665
3.820
3.781
3.788
3.790
3.857
3.863
3.911
3.867
3.943
4.013
4.030
3.949
4.022
4.005

0.529 4.067
0.526 4.091

1
1
1
1

10
1
1
1
1

1;
10
1
1
1
1

10
10

li
1
1
1

10
1

10
10
10

1:
1
1
1

10
10
10
1
1
1
1
1

0.00
5.94
5.98
6.14

‘ 6.21
4.92
6.53
6.58
6.91
6.92
6.94
5.50
5.61
7.52
7.54
7.59
7.75
6.12
6.15
7.91
6.24
7.95
7.97
8.19
6.46
8.38
6.69
6.75
6.77
8.76
7.13
9.16
9.24
9.33
7.45
7.60
7.64
9.72
9.92
9.95
9.98

10.01
2.152
2.152 4.078
2.152 9.153 4.375 0.522 4.123 1 10.40
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Polypropylene (Avisun)

PO P v/v. P std ~astd
(g/cm3) (k~;s) (k~;s) (GPa) (K/cm3) (kmIs).-. ,,

0.904 2.140 0.000 0.0
0.904

1.000 0.904 40
3.939 0.730 2.6 0.815 1.110 1

0.904 3.983 0.753 0.811 1.115 1
0.904 4.295 0.933 ::: 0.783 1.155 1
0.904 4.332 0.997 0.770 1.174 1
0.904 5.019 1.447 ;:: 0.712 1.270 1
0.904 5.509 1.846 0.665 1.360

::;
1

0.904 5.678 1.887 0.668 1.354 1
0.904 6.710 2.538 15.4 0.622 1.454 1
0.904 6.702 2.575 15.6 0.616 1.468 1
0.904 6.979 2,725 17.2 0.610 1.483 1
0.904 7.193 2.941 19.1 0.591 1.529 1
0.904 7.567 3.157 21.6 0.583 1.551 1
0.903 7.646 3.216 22.2 0.579
0.904

1.559
7.673 3.273 22.7 0.573 1.576 ;

0.904 7.706 3.334 23.2 0.567 1.593 1
0.903 8.340 3.712 28.0 0.555 1.627 1
0.904 8.448 3.769 28.8 0.554
0.904

1.632
8.628 3.955 30.8 0.542 1.669 :

0.904 8.802 3.977 31.6 0.548 1.649 1
0.904 9.269 4.400 36.9 0.525 1.721 1
0.904 9.570 4.563 39.5 0.523
0.904

1.728
9.831 4.771 42.4 0.515 1.757 :

0.904 9.704 4.783 42.0 0.507 1,783 1
0.904 10.040 4.967 45.1 0.505 1.789 1
0.904 9.832 4.970 44.2 0.494 1.828 1
0!903 10.163 5.000 45.9 0.508 1.778 1
0.904 10.440 5.327 50.3 0.490 1.846 1
0.904 10.613 5.339 51.2 0.497 1.819 1
0.903 10.411 5.418 50.9 0.480 1.883 1
0.903 10.507 5.435

10.40
51.6 0.483 1.871 1 10.43

15

0.00
5.93
5.95
6.11
6.16
6.56
6.92
6.97
7.59
7.62
7.77
7.97
8.19
8.24
8.29
8.35
8.73
8.79
8.97
9.00
9.41
9.58
9.79
9.78
9.98
9.96

10.02
10.33
10.36



- –.—

Poly-(4-methyl-l-pentene) (DX81&Imperid, TPX)

Po U* up P v/v. P std U.nt.d

0.830
0.830
0.830
0,829
0.830
0.830
0.829
0.830
0.831
0.831
0.830
0.831
0.831
0.831
0.829
0.830
0.830
0.830
0.829
0.827
0.829
0.830
0.831
0.827
0.830
0.827
0.831
0.831
0.830
0.829
0.827
0.829
0.830
0.829
0.827
0.829
0.829
0.830
0.830
0.829
0.830
0.830
0.829
0.829
0.829
0.830
0.830
0.830
0.830
0.830

3.019
3.706
3.738
4.032
4.464
4.446
4.927
4.951
4.910
4.918
4.902
4.947
4.939
5.073
5.146
5.167
5.239
6.199
6.242
6.262
6.451
6.419
6.666
6.634
6.808
7.078
7.078
7.094
7.160
7.313
7.547
7.553
7.779
7.925
8.038
8.428
8.344
8.657
8.698
8.721
8.800
9.080
9.329
9.575
9.309
9.606
9.715
9.426
9.777

0.000
0.489
0.594
1.009
1.013
1.225
1.459
1.461
1.766
1.804
1.805
1.816
1.816
1.859
1.860
1.873
1.912
1.951
1.976
2.546
2.595
2.662
2.772
2.773
2.806
2.904
2.945
3.248
3.248
3.250
3.258
3.359
3.464
3.562
3.620
3.777
3.798
3.952
4.129
4.261
4.275
4.310
4.474
4.516
4.575
4.602
4.801
4.836
4.994
5.013
5.040

(g/cm3) (km/s) (km/s) (GPa)
----

(g/cm3) (km/s)
0.829 1.806 0.0 1.000

2.798
0.829 40 0.00

4.331.1

;:!
3.1
4.1
5.4

;:;
7.4
7.4
7.4
7.4
7.6
7.6
7.9
8,2

:::
13.1
13.4
13.8
14.8
14.8
15.5
16.0
16.6
19.1
19.1
19.1
19.3
20.3
21.7
22.3
23.3
24.8
25.3
27.6
28.6
30.6
30.8
31.2
32.7
34.0
35.4
36.5
37.1
38.6
40.3
39.2
40.9
47.9

0.825
0.803
0.728
0.729
0.696
0.673
0.671
0.641
0.636
0.632
0.631
0.629
0.624
0.624
0.631
0.628
0.622
0.623
0.589
0.584
0.575
0.570
0.568
0.579
0.562
0.567
0.541
0.541
0.542
0.545
0.541
0.541
0.528
0.535
0.523
0.527
0.531

,0.505
0.508
0.509
0.506
0.492
0.503
0.510
0.519
0.484
0.497
0.486
0.468
0.484
0.469

1.005
1.033
1.141
1.137
1.192
1.233
1.235
1.294
1.307
1.314
1.316
1.320
1.331
1.333
1.314
1.321
1.334
1.333
1.407
1.415
1.442
1.456
1.462
1.428
1.476
1.458
1.536
1.536
1.532
1.521
1.530
1.532
1.571
1.551
1.580
1.572
1.561
1.643
1.635
1.630
1.641
1.688
1.649
1.627
1.596
1.714
1.672
1.708
1.773
1.713
1.770

10
10
10
1

10
1
1

10
10
10
10
10
10
10
1
1

1:
1
1
1

10
10

1:
1

10
10
10
1
1
1

10
1
1
1

1:
10
1
1

10
1
1

:
1

1;
1
1

4.41
4.75
6.14
4.93
6.53
6.53
5.39
5.42
5.42
5.43
5.43
5.47
5.47
6.89
6.93
6.96
5.57
7.52
7.56
7.62
6.26
6.26
7.77
6.38
7.90
6.67
6.67
6.68
8.19
8.28
8.39
6.95
8.54
8.68
8.72
8.88
7.45
7.57
9.18
9.21
7.75
9.42
9.49
9.54
9.68
9.74
9.88
8.22
9.93

0.830 10.328 5.484 10.36
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Polyaide (Nylon 6/&Polypenco 101)

Po P v/v. P
(:;s)

std
(g/cm3)

uastd
(k~~s) (GPa) (u/cm3) (km/s).-. ,

1.140 2.208 0.000 0.0
1.140 3.938

1.140
0.762

40
3.4

1.139
::%

4.334
1.414 1

1.017
1.140

0.765 1.488
;::

1
4.944 1.348

1.150
0.727 1.568 1

5.124 1.374
1.150

0.732
5.689

1.571
1.728

1’
1;::

1.150
0.696 1.652 1

5.642 1.738 11.3
1.140

0.692 1.662 1
5.540 1.748 11.0

1.140
0.684 1.666 1

5.678 1.800 11.6
1.150 6.691

0.683 1.669
2.366

10
18.2

1.150
0.646 1.779 1

6.805 2.386 18.7
1.150

0.649 1.771 1
6.870 2.555 20.2

1.150
0.628 1.831 1

7.022 2.565 20.7
1.150

0.635 1.812 1
7.147 2.694 22.1

1.150
0.623

7.140
1.846

2.778 22,8
1.140

0.611 1.883 :
7.134 2.807 22.8

1.140
0.606

7.331
1.880 10

2.926 24.5
1.150

0.601 1.897 1
7.548 2.976 25.8

1.150
0.606 1.899 1

7.545 3.083 26.8
1.150

0.591 1,945 1
7.831 3.302 29.7

1.140
0.578

8.078
1.988

3.462 31.9
1.150

0.571
8.341

1.995 1:
3.777 36.2

1.140
0.547

8.297
2.102

3.789 35.8
1.150

0.543 2.098 i
8.599 4.027 39.8

1.150
0.532 2.163 1

8.739 4.113 41.3
1.140

0.529 2.173 1
9.041 4.312 44.4

1.150
0.523 2.179 1

9.481 4.675 51.0
1.150

0.507 2.269 1
9.528 4.709 51.6 0.506 2.274 1

1.150 9.453 4.755 51.7
1.150

0.497 2.314 1
9.436 4.790 52.0

1.140
0.492

9.580
2.336

4.795 52.4
1.150

0.500 2.282 ;
10.032 5.144 59.4 0.487 2.360 1

0.00
5.98
6.22
6.54
6.57
6.92
6.92
6.92
5.50
7.56
7.59
7.75
7.77
7.90
7.97
6.41
8.12
8.19
8.28
8.51
7.02
8.98
8.98
9.24
9.33
9.53
9.92
9.95
9.98

10.01
10.03
10.40
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Polymethylmethacrylate(khm md Hus 11, Pletiglas)

PO u, up P v/v. P std u~~td
(g/cm3) (km/s) (km/s) (GPa) (g/cm3) (km/s)

1.189 2.229 0.000 0.0 1.000 1.189 40
1.191

0.00
1 5.64

1.187
1.190
1.186
1.187
1.186
1.186
1.186
1.190
1.189
1.186
1.189
1.186
1.186
1.187
1.187
1.187
1.187
1.186
1.187
1.187
1.187
1.189
1.187
1.187
1.187
1.184
1.187
1.189
1.187
1.187
1.187
1.187
1.187
1.187
1.185
1.183
1.189
1.187
1.189
1.189
1.189
1.187
1.187
1.187
1.187
1.187
1.186
1.184
1.185
1.187
1.187
1.186
1.187
1.187
1.187
1.187
1.187
1.187
1.186
1.187
1.187
1.187
1.187

3.345
3.350
3.389
3.446
3.501
3.612
3.709
3.702
3.604
3.757
3.718
3.741
3.836
3.908
4.029
4.008
4.014
4.070
4.050
4.392
4.453
4.519
4.667
4.573
4.688
4.683
4.589
4.701
4.704
5.143
5.181
5.230
5.275
5.136
5.306
5.291
5.292
5.303
5.507
6.241
6.324
6.324
6.641
6.641
6.621
6.790
6.938
7.182
7.235
7.206
7.228
7.440
7.549
7.602
7.757
7.677
7.677
7.964
7.860
7.951
8.320
8.196
8.194
8.104

0.375
0.469
0.530
0.546
0.570
0.700
0.706
0.717
0.719
0.756
0.765
0.788
0.841
0.918
0.941
0.942
0.966
0.968
0,980
1.172
1.210
1.267
1.344
1.346
1.367
1.367
1.371
1.419
1.461
1.672
1.689
1.723
1.732
1.744
1.759
1.774
1.775
1.866
1.866
2.367
2.387
2.478
2.639
2,639
2.640
2,766
2.872
3.052
3.091
3.092
3.093
3.402
3.468
3.500
3.581
3.586
3.586
3.855
3.863
3.883
3.905
3.914
3.914
3.944

1.5

;:;
2.2

:::
3.1
3.1
3.1

:::
3.5
3.8
4.3
4.5
4.5
4.6
4.7
4.7
6.1
6.4
6.8
7.5
7.3
7.6
7.6
7.5

::;
10.2
10.4
10.7
10.8
10.7
11.1
11.1
11.1
11.8
12.3
17.6
17.9
18.6
20.8
20.8
20.7
22.3
23.7
26.0
26.5
26.4
26.5
30.0
31.0
31.6
33.0
32.7
32.7
36.4
36.0
36.6
38.6
38.1
38.1
37.9

0.888
0.860
0.843
0.842
0.837
0.806
0.810
0.806
0.801
0.799
0.794
0.789
0.781
0.765
0.766
0.765
0.759
0.762
0.578
0.733
0.728
0.720
0.712
0.706
0.708
0.708
0.701
0.698
0.689
0.675
0.674
0.670
0.672
0.660
0.669
0.665
0.665
0.648
0.658
0.621
0.623
0.608
0.603
0.603
0.601
0.593
0.586
0.575
0.573
0.571
0.572
0.543
0.541
0.540
0.538
0.533
0.533
0.516
0.509
0.512
0.531
0.522
0.522
0.513

1.342
1.380
1.411
1.409
1.418
1.471
1.465
1.471
1.486
1.489
1.493
1.506
1.519
1.550
1.549
1.552
1.563
1.557
1.565
1.619
1.630
1.649
1.670
1.682
1.676
1.677
1.689
1.700
1.725
1.759
1.761
1.770
1.767
1.800
1.775
1.783
1.780
1.834
1.805
1.916
1.910
1.955
1.970
1.970
1.974
2.003
2.025
2.063
2.067
2.076
2.075
2.187
2.194
2.200
2.205
2.228
2.228
2.301
2.334
2.318
2.237
2.272
2.272
2.312

10
1
1

10
1
1
1
1
1

;
1
1
1
1
1

10

1:
1
1
1
1
1
1
1

;

1;
10
10

:
10
10

1;

;
2

10
10
10

;:
10
10
10
10
10
10

1;
10
10
10
10
10
10
10
10
10

4.33
5.78
5.79
4.41
5.92
5.93
5.94
5.94
5.98
5.98
5.76
6.05
6.12
6.15
6.15
6.17
4.75
6.18
4.93
6.40
6.45
6.53
6.52
6.55
6.55
6.55
6.59
6.43
6.84
5.39
5.42
5.43
6.91
6.93
5.47
5.47
6.86
5.57
7.55
7.43
7.52
6.26
6.26
6.26
6.38
6.47
6.64
6.67
6.67
6.68
6.95
7.01
8.68
7.12
7.12
7.12
7.37
7.37
7.39
7.43
7.43
7,43
7.45
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1I
Polymethylmethwrylate (cont.)

PO u~ up P v/v. P &d u~,td
(g/cm3) (km/s) (km/s) (GPa) (g/cm3) (km/s)

1.185 8.147 4.025 38.9 n 506
1.185 8.146

2.342
4.025 38.9

1.189 8.285 4.075 40.1
1.187 8.474 4.120 41.4
1.186 8.412 4.161 41.5
1.186 8.596 4.273 43.6
1.186 8.596 4.273 43.6
1.189 8.463 4.275 43.0
1.186 8.562 4.275 43.4
1.186 8.554 4.276 43.4
1.186 8.537 4.277 43.3
1.186 8.916 4.531 47.9
1.185 8.888 4.534 47.8
1.186 9.101 4.613 49.8
1.186 9.253 4.632 50.8
1.187 9.344 4.635 51.4
1.185 9.210 4.639 50.6
1.187 9.208 4.646 50.8
1.187 9.148 4.651 50.5
1.187 9.092 4.656 50.2
1.197 9.048 4.659 50.0
1.185 9.045 4.661 50.0
1.188 9.191 4.666 50.9
1.187 9.192 4.667 50.9
1.186 9.280 4.750 52.3
1.185 9.190 4.764 51.9
1.185 9.159 4.768 51.7
1.187 9.195 4.774 52.1
1.187 9.358 4.827 53.6
1.187 9.332 4.829 53.5
1.189 9.806 5.075 59.2
1.186 9.684 5.219 59.9
1.185

0.461
9.688

2.573
5.220 59.9

1.185
0.461

9.676
2.569

5.222 59.9
1.185

0.460
9.671

2.574
5.223 59.9 0.460 2.576

-..
0.506
0.508
0.514
0.505
0.503
0.503
0.495
0.501
0.500
0.499
0.492
0.490
0.493
0.499
0.504
0.496
0.495
0.492
0.488
0.485
0.485
0.492
0.492
0.488
0.482
0.479
0.481
0.484
0.483
0 J82

2.343
2.340
2.311
2.347
2.358
2.358
2.402
2.369
2.371
2.377
2.411
2.416
2.405
2.375
2.355
2.388
2.396
2.415
2.433
2.447
2.445
2.413
2.411
2.430
2.460
2.472
2.469
2.452
2.460
2.464-. .
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:
10
1

10 ‘
10
10
10

::
10
1

1;
1

10
1

10
10
10
10

1;
10
1
1
1

;;
10
1
1
1
1
1

9.21
9.21
7.57
9.33
7.65
7.76
7.76
7.75
7.76
7.76
7.76
9.76
9.76
8.08
9.89
8.11
9.89
8.11
8.11
8.11
8.11
9.89
8.13
8.13

10.00
10.00
10.00
8.22
8.28
8.28

10.35
10,46
10.46
10.46
10.46



Polystyrene (Styrolux-Westlake)

PO us P v/v. P std ~~~td
(K/cm3) (km/s) (k~~s) (GPa) (g/cm3) (km/s)

1.046
1.044
1.047
1.044
1.047
1.047
1.044
1.049
1.047
1.049
1.047
1.047
1.046
1.047
1.047
1.047
1.044
1.047
1.044
1.047
1.047
1.047
1.047
1.044
1.045
1.045
1.047
1.049
1.047
1.047
1.047
1.045

1.890
3.638
3.506
3.519
3.850
3.913
4.591
4.679
4.679
5.195
5.281
6.251
6.233
6.560
6.742
6.994
7.019
7.091
7.257
7.528
7.851
7.873
8.145
8.352
8.818
8.784
8.888
8.980
8.879
8.848
8.949
9.570

0.000 0.0
0.759 2.9
0.760
0.825 :::
0.994 4.0
1.034 4,2
1.406 6.7
1.429 7.0
1.433
1.794 :::
1.798 9.9
2.463 16.1
2.507 16.3
2.671 18.3
2.799 19.8
3.217 23.6
3.418 25.0
3.466 25.7
3.707 28.1
3.968 31.3
4.189 34.4
4.215 34.7
4.288 36.6

1.000
0.791
0.783
0.766
0.742
0.736
0.694
0.695
0.694
0.655
0.660
0.606
0.599
0.593
0.585
0.540
0.513
0.511
0.489
0.473
0.466
0.465
0.474

1.046
1.319
1.337
1.364
1.411
1.423
1.505
1.510
1.509
1.603
1.587
1.728
1.750
1.766
1.790
1.939
2.035
2.048
2.134
2.214
2.244
2.254
2.211

40
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.00
5.96
5.96
6.01
6.16
6.20
6.54
6.57
6.57
6.91
6.92
7.56
7.60
7.77
7.90
8.28
8.46
8.51
8.73
8.98
9.21
9.24
9.33
9.51
9.77
9.79
9.92
9.96
9.95
9.98

10.01
10.40

1.045 9.556 5.367 53.6 0.438 2.384 1 10.43

4.468
4.713
4.736
4.869
4.900
4.912
4.953
4.973
5.336

39.0
43.4
43.5
45.3
46.2
45.7
45.9
46.6
53.4

0.465
0.465
0.461
0.452
0.454
0.447
0.440
0.444
0.442

2.245 1
2.245 1
2.267 1
2.315 1
2.309 1
2.343 1
2.378 1
2,356 1
2.362 1

CelluloseAcetate (Tenite l-Eastman)

PO us up P v/v. P std us~td

(g/cm3) (km/s) (km/s) (GPa) (g/cm3) (km/s)

1.255 1.592 0.000 0.0 1.000 1.255 40 0.00
1.260 3.339 0.672 2.8 1.799 1.577 1 5.90
1.260 3.799 0.995 4.8 1.738 1.707 1 6.19
1.260 3.799 0.995 4.8 0.738 1.707 1 6.19
1.260 4.458 1.374 7.7 0.692 1.822 1 6.56
1.260 5.050 1.781 11.3 0.647 1.947 1 6.96
1.260 6.013 2.406 18.2 0.600 2.100 1 6.59
1.260 6.322 2.593 20.7 0.590 5.136 1 7.79
1.260 6.484 2.857 23.3 0.559 2.252 1 8.04
1.260 6.767 3.141 26.8 0.536 2.351 1 8.32
1.260 6.918 3.306 28.8 0.522 2.413 1 8.49
1.260 7.198 3.531 32.0 0.509 2.473 1 8.72
1.260 7.730 3.855 37.5 0.501 2.513 1 9.07
1.260 8.833 4.638 51.6 0.475 2.653 1 9.91
1.260 9.016 4.785 54.4 0.469 2.685 1 10.06
1.260 9.425 5.117 60.8 0.457 2.757 1 10.41
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Epay (Epon 828-Shell)

PO- us up P V/v. P std , Uaatd

3.265
3.355
3.421
3.805
3.709
3.?98
3.703
3.717
4.312
4.168
4.225
4.190
4.086
4.129
4.480
4.575
4.558
4.742
4.718
4,742
4.681
5.305
5.305
5.370
5.365
5.327
5.311
5.349
5.330
5.626
6.343
6.281
6.380
6.628
6.433
6.509
6.603
6.641
6.881
6.880
7.166
7.201
7.214
7.343
7.471
7.612
7.652
7.697
7.624
7.954
8.388
8.244
8.063
8.286
8.483
8,627
8.592
8.896
9.159
9.158
9.201

, 9.369
9.739
9.756
9.989

0.410
0.494
0.639
0.699
0.716
0.742
0.780
0.924
0.926
0.960
0.961
0.989
0.998
1.151
1.194
1.195
1.345
1.340
1.366
1.425
1.701
1.701
1.717
1.735
1.746
1.787
1.798
1.811
1.893
2.358
2.393
2.400
2.410
2.520
2.553
2.575
2.610
2.753
2.761
2.844
3.023
3.177
3.190
3.361
3.558
3.576
3.590
3.608
3.784
3.891
3.949
3.954
3.968
4.143
4.220
4.254
4.495
4.556
4.678
4.703
4.823
5.098
5.128
5.131

(g/cm3) (km/s) (km/s) (GPa) (g/cm3) (km/s)

1.192 2.256 0.000
1.184

1.192 40
0.370

0.00

1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.180
1.180
1.180
1.180
1.184
1.184
1.180
1.184
1.184
1.180
1.184
1.184
1.180
1.184
1.184
1.184
1.184
1.184
1.180
1.181
1.180
1.180
1.184
1.180
1.184
1.180
1.180
1.184
1.184
1.180

0.474 2.496

1.180
0.486

9.757
2.426

5.189 59.7 0.468 2.521 10.44

1.335
1.349
1.384
1.423
1.459
1.459
1.481
1.498
1.507
1.522
1.532
1.537
1.562
1.556
1.593
1.602
1.605
1.653
1.652
1.663
1.702
1.702
1.743
1.740
1.750
1.762
1.778
1.784
1.793
1.785
1.885
1.913
1.898
1.861
1.946
1.941
1.941
1.944
1.967
1.978
1.963
2.034
2.116
2.094
2.145
2.223
2.223
2.212
2.247
2.258
2.208
2,273
2.324
2.264
2.309
2.310
2.337
2.393
2.348
2.421
2.414
2.432
2.485

10
1

1:
1
1

:
10
1

;:
1

1:
10
10
1
1
1
1
1

10
10

:
1
1

10
10
1
1
1
1

10
1
1

i
1

10

1:
1
1

;

1:
10
10

1;
1

10
1

:
1

10
1

:
1
1
1

4.24
5.67
5.75
4.47
5.93
5.94
5.96
6.00
4.72
6.14
4.75
4.75
6.19
6.20
4.92
4.96
4.96
6.53
6.53
6.55
6.60
6.60
5.41
5.42
6.91
6.92
6.95
6.97
5.50
5.58
7.54
7.57
7.58
7.61
6.15
7.73
7,76
7.79
7.74
7.95
6.46
8.21
6.75
8.38
8.54
8.74
8.76
8.77
7.13
7.30
7.42
9.16
7.45
9.17
7.64
9.44
9.46
9.72
9.80
8.14
9.94

10.06
10.36
10.39
10.42

0.0
1.4

;:;

::!
3.2
3.3
3.4
4.7
4.6
4.8
4.8

::;
6.1
6.5
6.4
7.6

;:;
7.9
7.9

10.7
10.9
11.0
11.0
11.2
11.4
11.4
12.6
17.7
17.8
18,1
18.9
19.2
19.6
20.1
20.5
22.4
22.5
24.1
25.7
27.1
27.7
29.6
32.1
32,4
32.6
32.6
35.6
38.6
38.5
37.8
38.8
41.5
43.0
43.1
47.3
49.2
50.7
51.1
53.3
58.8
59.2
60.5

1.000
0.887
0.878
0.856
0.832
0.812
0.811
0.799
0.790
0.786
0.778
0.773
0.771
0.758
0.758
0.743
0.739
0.738
0.716
0,714
0.712
0.696
0.696
0.679
0.680
0.677
0.672
0.664
0.664
0.660
0.663
0.628
0.619
0.624
0.636
0.608
0.608
0.610
0.607
0.600
0.599
0.603
0.580
0.560
0.566
0.560
0.533
0.533
0.534
0.527
0.524
0.536
0.521
0.510
0.521
0.512
0.511
0.505
0.495
0.503
0.489
0.489
0.485
0.477
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.,”.

PhenoEc(DuriteHR30&Borden)

PO P v/v. P std ~s~td
(g/cm3) (:;s) (k~;s) (GPa) (g/cm3) (km/s)

1.388 2.440 0.000 0.0 1.000 1.388 40 0.00
1.388 3.973 0.689 3.8 0.827 1.679 1 5.95
1.379 4.032 0.698 3.9 0.827 1.668 1 5.96
1.388 3.895 0.760 4.1 0.805 1.724 1 6.01
1.389 4.188 0.916 5.3 0.781 1.778 1. 6.16
1.388 4.299 0.950 5.7 0.779 1.782 1 6.20
1.388 4.923 1.320 9.0 0.732 1.896 1 6.57
1.388 5.339 1.664 12.3 0.688 2.016 1 6.91
1.388 5.424 1.720 12.9 0.683 2.032 1 6.97
1.388 6.252 2.321 20.1 0.629 2.207 1 7.59
1.388 6.109 2.345 19.9 0.616 2.253 1 7.60
1.388 6.406 2.460 21.9 0.616 2.254 1 7.73
1.374 6.518 2.522 22.6 0.613 2.241 1 7.79
1.369 6.835 3.035 28.4 0.556 2.462 1 8.29
1.387 7.160 3.241 32.2 0.547 2.534 1 8.53
1.370 7.261 3.429 34.1 0.528 2.596 1 8.70
1.388 7.713 3.645 39.0 0.527 2.631 1 8.97
1.388 7.979 3.876 42.9 0.514 2.699 1 8.21
1.388 8.555 4.199 49.9 0.509 2.726 1 9.58
1.388 8.880 4.378 54.0 0.507 2.738 1 9.79
1.388 9.162 4.524 575 0.506 2.742 1 9.96
1.388 9.607 4.861 64.8 0.494 2.810 1 10.33
1.388 9.740 4.922 66.5 0.495 2.806 1 10.40
1.388 9.656 4.960 66.5 0.487 2.851 1 10.43
1.388 9.656 4.960 66.5 0.487 2.851 1 10.43

Phenoxy (PRDA806@UniOnCarbide)

Pa up P v/v. P std u~etd

(g/cm3) (k~;s) (km/s) (GPa) (g/cm3) (km/s)

1.178 2.173 0.000 0.0 1.000 1.178 40 0.00
1.181 3.699 0.666 2.9 0.820 1.440 1 590
1.181 4.088 0.993 4.8 0.757 1.560 1 6.19
1.181 4.769 1.374 7.7 0.712 1.659 1 6.56
1.181 5.385 1.781 11.3 0.669 1.765 1 6.96
1.181 6.344 2.413 18.1 0.620 1.906 1 7.59
1.181 6.642 2.603 20.4 0.608 1.942 7.79
1.181 6.870 2.862 23.2 0.583 2.024 i 8,04
1.181 7.133 3.150 26.5 0.558 2.115 1 8.32
1.181 7.199 3.327 28.3 0.538 2.196 1 8.49
1.181 7.415 3.563 31.2 0.519 2.274 1 8.72
1.181 8.920 4.631 48.8 0.481 2.456 1 9.84
1.181 9.236 4.837 52.8 0.476 2.479 1 10.06
1.181 9.684 5.169 59.1 0.466 2.533 1 10.41

Polycarbonate (Lexan)

PO P Vfvo P std u~~td

(g/cm3) (k~;s) (k~;s) (GPa) (g/cm3) (km/s)

1.194 1.928 0.000 0.0 1.000 1.194 40 0.00
1.196 3.566 0.724 3.1 0.797 1.501 1 5.94
1.196 3.891 0.938 4.4 0.759 1.576 1 6.14
1.196 4.517 1.357 7.3 0.700 1.710 1 6.53
1.196 4.599 1.396 7.7 0.696 1.717 1 6.57
1.196 5.194 1.750 10.9 0.663 1.804 1 6.92
1.196 5.115 1.750 10.7 0.658 1.818 1 6.91
1.196 5.112 1.781 10.9 0.652 1.835 1 6.94
1.196 6.069 2.379 17.3 0.608 1.967 1 7.54
1.196 6.515 2.793 21.8 0.571 2.093 1 7.95
1.196 6.671 3.106 24.8 0.534 2.238 1 8.24
1.196 6.750 3.251 26.2 0.518 2.307 1 8.38
1.196 6.766 3.336 27.0 0.507 2.359 1 8.46
1.196 6.815 3.388 27.6 0.503 2.378 1 8.51
1.196 7.023 3.615 30.4 0.485 2.465 1 8.73
1.196 ‘ 7.072 3.640 30.8 0.485 2.464 1 8.76
1.196 7.705 4.009 36.9 0.480 2.493 1 9.16
1.196 8.187 4.208 41.2 0.486 2.461 1 9.39
1.196 8.592 4.524 46,5 0.473 2.526 1 9.72
1.196 9,305 5.179 57.6 0.443 2.697 1 10.39
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Polycarbonate (Merlon)

PO U* up P v/v. P std u~atd
(g/cm3) (km/s) (km/s) (GPa) (g/cm3) (km/s)

1.191 1.924 0.000 0.0
1.191 2.949 0.420

0.00
1.5

1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.191
1.192
1.192
1.192
1.192
1.192

3.189
3.380
3.506
3.465
3.987
3.861
3.815
3.880
4.191
4.321
4.522
4.378
4.529
4.541
4.979
5.113
5.133
5.123
6.040
6.092
6.305
6.215
6.512
6.666
6.652
6.649
6.811
7.082
6.989
7.527
7.673
7.769
7.788
8.152
8.550
8.562

0.501
0.647
0.727
0.752
0.931
0.940
0.976
0.999
1.159
1.279
1.358
1.359
1.378
1.429
1.684
1.752
1.760
1.818
2.384
2,408
2.438
2.530
2.796
2.872
3.186
3.212
3.247
3.642
3.651
3.992
4.017
4.149
4.192
4.218
4.535
4.6?1

1.9
2.6
3.0

:::
4.3

:::

:::
7.3
7.1
7.4
7.7

10.0
10.7
10.8
11.1
17.1
17.5
18.3
18.7
21.7
22.8
25.2
25.4
26.3
30.7
30.4
35.8
36.7
38.4
38.9
40.9
46.2
47.6

1.000
0.858
0.843
0.809
0.793
0.783
0.766
0.756
0.744
0.742
0.723
0.704
0.700
0.690
0.596
0.685
0.662
0.657
0.657
0.645
0.605
0.605
0.613
0.593
0.571
0.569
0.521
0.517
0.523
0.486
0.478
0.470
0.476
0.466
0.462
0.483
0.470
0.454
0.428

1.191
1.389
1.413
1.473
1.503
1.521
1.554
1.574
1.600
1.604
1.646
1.692
1.702
1.727
1.712
1.738
1.800
1.812
1.812
1.846
1.968
1.969
1.942
2.009
2.087
2.092
2.286
2.304
2.276
2.452
2.494
2.536
2.500
2.558
2.582
2.468
2.536
2.621
2.785

40
1
1

10
1’
1

10
1
1
1

10
1
1
1
1

:
1

1:

i:
1

10
1

10
1

10
1
1

10
10
1

10
10
1
1

10
1

5.67
5.75
4.47
5.94
5.96
4.72
6.14
6.17
6.19
4.92
6.45
6.53
6.52
6.55
6.59
6.84
6.91
6.92
5.50
7.54
7.57
7.61
6.15
7.95
6.46
8.31
6.75
8.38
8.76
7.13
7.45
9.16
7.60
7.64
9.39
9.72
8.13

10.391.192 9.108 5.213 56.6

Polvester (Clear Cut)

PO up P v/v. P std uastd
(g/cm3) (k~;s) (km/s) (GPa) (g/cm3) (km/s)

1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210
1.210

2.070
3.610
3.928
3.984
4.611
4.638
5.182
5.200
5.234
6.159
6.186
6.443
6.735
6.920
7.148
7.497
7.612
7.800
8.439
8.636
8.678
8.925
9.296
9.311

0.000
0.701
0.896
0.999
1.359
1.386
1.737
1.768
1.798
2.417
2.425
2.617
3.147
3.391
3.558
3.810
3.822
4.047
4.376
4.580
4.685
4.732
5.095
5.099

4.8
7.6
7.8

10.9
11.1
11.4
18.0
18.1
20.4
25.6
28.4
30.8
34.6
35.2
38.2
44.7
47.9
49.2
51.1
57.3
57.4

1.000
0.806
0.772
0.749
0.705
0.701
0.665
0.660
0.656
0.608
0.608
0.594
0.533
0.510
0.502
0.492
0.498
0.481
0.481
0.470
0.460
0.470
0.452
0.452

1.210
1.502
1.567
1.615
1.716
1.726
1.820
1.833
1.843
1.991
1.990
2.038
2.271
2.373
2.409
2.460
2.430
2.515
2.513
2.577
2.630
2.576
2.677
2.675

40
1
1
1
1

1
1
1
1
1
1
1
1

0.00
5.93
6.11
6.20
6.54
6.57
6.91
6.94
6.97
7.59
7.60
7.79
8.29
8.53
8.70
8.97
8.99
9.21
9.58
9.79
9.89
9.96

10.33
10.33
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Polyimide (Melden Pi-Dixon)

PO up P v/v. P std
(g/cm3)

us~td
(k~;s) (km/s) (GPa) (g/cm3) (km/s)

1.414 2.332 0,000 0.0
1.414

1.000
3.681

1.414 40
0.644

0.00
0.825 1.714

::+
1

1.414 3.670 0.706
5.90

0.808 1.751 1
1.414 3.999 0.935

5.96
0.766 1.846 1

1.414 4.594 1.330
6.17

::: 0.710 1.990 1 ‘ 6.56
1.414 4.685 1.334 8.8
1.414

0.715
5.210

1.977
1.675

6.57
12.3 0.678 2.084 :

1.414 5.153 1.714 12.5
6.90

0.667 2.119 1
1.414 5.980 2.037 19.5

6.95
0.614 2.302 1

1.414 5.931 2.312
7.56

19.4 0.610 2.318 1
1.414 6.135 2.516

7.56
21.8 0.590 2.397 1

1.414 6.060 2.562 22.0
7.77

0.577 2.450 1
1.414 6.096 2.636

7.80
22.7 0.568 2.491 1

1.414 6.200 2.648
7.87

23.2
1.414

0.573
6.374

2.458
3.052

7.90
27.5 0.521 2.713 :

1.414 6.311 3.128 27.9
8.28

0.504 2.804 1
1.414 6.486 3.286 30.1

8.34
0.493 2.866 1

1.414 6.514 3.341
8.51

30.8 0.487 2.903 1
1.414 6.762 3.530 33.7

8.56
0.478 2.958 1

1.414 7.165 3.794
8.76

38.4 0.470 3.006 1
1.414 7.742 4.178

9.05
45.7 0.460 3.072 1

1.414 8.299 4.503 52.8
9.48

0.457 3.091 1
1.414 8.364 4.552

9.84
53.8 0.456 3.103 1

1.414 8.517 4.573 55.1
9.90

0.463 3.054 1
1.414 8.578 4.626 56.1

9.94
0.461 3.070 1

1.414 8.542 4.632 55.9
9.99

0.458 3.089 1 9.99

Polyphenylquinoxyline(NOL)

PO P v/v. P std u~~td
(g/cm3) (k~;s) (k~;s) (GPa) (g/cm3) (km/s)

1.205 2.270 0.000 0.0
1.207

1.000 1.205 40
3.404 0.710 2.9

0.00
0.791 1.525 1

1.199 3.720 0.735
5.93

3.3 0.902 1.494 1
1.209 3.583 0.799 3.5

5.96

1.208
0.777 1.556

3.738 0.906
6.01

4.1 0.758 1.594 :
1.209 3.945 0.960

6.11
4.6 0.757 1.598 1

1.206 4.530 1.365 7.5
6.16

0.699 1.726 1
1.205 5.025

6.54
1.767 10.7 0.648 1.859 1

1.206 5.129
6.92

1.776 11.0 0.654 1.845 1
1.210 6.059

6.94
2.427 17.8 0.599

1.205
2.019

5.981
7.59

2.447 17.6 0.591 2.039 ;
1.208 5.808

7.60
2.453 17.2 0.578 2.091 1

1.206 5.821
7.59

2.463 17.3 0.577 2.090 1
1.198 5.918

7.60
2.610 18.5 0.559 2.144 1 7.73

1.204 5.962 2.618 18.8 0.561 2.146 1
1.206 6.055

7.75
2.862 20.9 0.527 2.287 1

1.204 6.174
7.97

3.095 23.0 0.499 2.415 1
1.209 6.352

8.19
3.135 24.1 0.506 2.387 1

1.209 6.515
8.24

3.359 26.5 0.484 2.496 1
1.209 6.839

8.46
3.629 30.0 0.469 2.576 1

1.209 7.505
8.73

4.088 37.1 0.455 2.655 1
1.209

9.21
8.000 4.354 42.1 0.456 2.653 1

1.209
9.51

8.357 4.622 46.7 0.447 2.705 1
1.209 8.666

9.79
4.837 50.7 0.442 2.736 1

1.209 9.274
10.02

5.182 58.1 0.441 2.740 1
1.209 9.178

10.40
5.225 58.0 0.431 2.807 10.43

1.209 9.178 5.225 58.0 0.431 2.807 : 10.43
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Polysulfone (P 170&UnionCmbide)

PO

(g/cm3) (k;;s) (k:;s)
P

(GPa)
V/v.

1.235
1.235
1.235
1.235
1.235
1.235
1.235
1.235
1.235
1.235
1.235
1.235
1.235
1.236
1.236
1.236
1.235
1.235
1.235
1.235
1.235
1.235
1.235
1.235

1.980
3.482
3.434
3.869
3.868
4.576
4,494
5.125
5.119
6.113
6.111
6.104
6.287
6.311
6.407
6.549
6.580
6.729
6.995
7.034
7.421
7.983
8.493
8.751

0.000
0.729
0.729
0.957
1.001
1.384
1.385
1.766
1.799
2.418
2.419
2.444
2.591
2.617
2.827
3.153
3.212
3.397
3.559
3.652
3.840
4.224
4.573
4,752

0.0
3.1
3.1
4.6
4.8
7.8

11:;
11.4
18.3
18.3
18.4
20.1
20.4
22.4
25.5
26.1
28.2
30.7
31.7
35.2
41.6
48.0
51.4

1.000
0.791
0.788
0.753
0.741
0.698
0.692
0.655
0.649
0.604
0.604
0.600
0.598
0.585
0.559
0.519
0.512
0.495
0.491
0.481
0.483
0.471
0.462
0.457

P

(g/crn3)

1.235
1.562
1.568
1.641
1.666
1.771
1.785
1.884
1.904
2.043
2.046
2.060
2.101
2.112
2.212
2.383
2.413
2.494
2.515
2.568
2.559
2.623
2.675
2.703

std

40
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

(km/s)

0.00
5.95
5.95
6.16

s 6.20
6.57
6.56
6.94
6.97
7.60
7.60
7.62
7.77
7.79
7.99
8.29
8.35
8.53
8.70
8.79
9.00
9.41
9.78
9.98

1.235 9.295 5.100 58.5 0.451 2.736 1 10.36

Polyurethane(CPR Polycast 1009-78)

PO P Vjvo P std u~std
(g/cm3) (k:;s) (k:;s) (GPa) (g/cm3) (km/s)

1.265 2.068 0.000 0.0 1.000 1.265 40 0.00
1.262 3.644 0.659 3.0 0.819 1.541 1 5.90
1.262 4.007 0.983 0.755 1.672 1 6.19
1.262 4.681 1.358 ::: 0.710 1.778 1 6.56
1.262 5.269 1.762 11.7 0.666 1.896 1 6.96
1.262 6.298 2.376 18.9 0.623 2.027 7.59
1.262 6.570 2.565 21.3 0.610 2.071 i 7.79
1.262 6.795 2.821 24.2 0.585 2.158 1 6.04
1.262 7.099 3.100 27.8 0.563 2.240 1 8.32
1.262 7.177 3.273 29.6 0.544 2.320 1 8.49
1.262 7.389 3.505 32.7 0.526 2.401 1 8.72
1.265 7.836 3.749 37.2 0.522 2.425 1 8.99
1.262 7.801 3.844 37.8 0.507 2.488 1 9.07
1.262 8.975 4.542 51.4 0.494 2.555 1 9.84
1.265 8.877 4.602 51.7 0.482 2.627 1 9.89
1.262 2.019 4.610 52.5 0.489 2.581 1 9.91
1.262 9.245 4.750 55.4 0.486 2.596 1 10.06
1.265 9.516 5.009 60.3 0.474 2.671 1 10.33
1.262 9.764 5.066 62.4 0.481 2.623 1 10.41
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