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ESDU DATAITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision of,
professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both published and
unpublished, and are invariably supported by original work of ESDU staff engineers or consultants. The whole process is
subject to independent review for which crucial support is provided by industrial companies, government research
laboratories, universities and others from around the world through the participation of some of their leading expertson ESDU
Technical Committees. This process ensures that the results of much vauable work (theoretical, experimental and
operational), which may not be widely available or in a readily usable form, can be communicated concisely and accurately
to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your use of our
data, or any suggestionsfor new topics or information that might lead to improvements, will help usto provide abetter service.
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Formula Name Alternative Name(s)
ALKANENITRILES
1.CH3CN Ethanenitrile Acetonitrile Cyanomethane 7
Methyl cyanide
2.CH3CH,CN Propanenitrile Propionitrile Cyanoethane 8
Ethyl cyanide
3.CH3[CH,],CN Butanenitrile Butyronitrile 1-Cyanopropane 9
Propyl cyanide
4.CH3[CH,]3CN Pentanenitrile Valeronitrile 1-Cyanobutane 10
Butyl cyanide
5.CH3[CH,],CN Hexanenitrile Capronitrile 1-Cyanopentane 11
Pentyl cyanide
6. CH3[CH,]sCN Heptanenitrile Enanthonitrile 1-Cyanohexane 12
Hexyl cyanide
7.CH3[CH,]¢CN Octanenitrile Caprylonitrile 1-Cyanoheptane 13
Heptyl cyanide
8.CH3[CH,],CN Nonanenitrile Pelar gononitrile 1-Cyanooctane 14
Octyl cyanide
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Formula Name Alternative Name(s)
9.CH3[CH5]gCN Decanenitrile Caprinitrile 1-Cyanononane 15
Nonyl cyanide
10. CH3[CH,]oCN Undecanenitrile 1-Cyanodecane 16
Decyl cyanide
11. CH3[CHJ]1oCN Dodecanenitrile Lauronitrile 1-Cyanoundecane 17
Undecyl cyanide
12. CH3[CH,]11;CN Tridecanenitrile 1-Cyanododecane 18
Dodecyl cyanide
13. CH3[CH,]1,CN Tetradecanenitrile Myristonitrile 1-Cyanotridecane 19
Tridecyl cyanide
14. CH3[CH,]13CN Pentadecanenitrile 1-Cyanotetradecane 20
Tetradecyl cyanide
15. CH3[CH,]14,CN Hexadecanenitrile Palmitonitrile 1-Cyanopentadecane 21
Pentadecyl cyanide
16. CH3[CH,]15CN Heptadecanenitrile Margaronitrile 1-Cyanohexadecane 22
Hexadecyl cyanide
17.CH3[CH,]16CN Octadecanenitrile Stearonitrile 1-Cyanoheptadecane 23
Heptadecyl cyanide
ALKENENITRILES
18.H,C=CHCN Propenenitrile Acrylonitrile Cyanoethene 24
Vinyl cyanide
19.trans-(CH3)HC=CHCN trans-But-2-enenitrile  Crotononitrile trans-1-Cyanoprop-1-ene 25
20.H,C=CH(CH3)CN 2-Methylpropenenitrile Methacrylonitrile  2-Cyanopropene 26
ALKANEDINITRILES
21.NCCH,CN Propanedinitrile Malononitrile Dicyanomethane 27
Methylene cyanide
22.NC[CH,],CN Butanedinitrile Succinonitrile 1,2-Dicyanoethane 28
Ethylene cyanide
23.NC[CH]3CN Pentanedinitrile Glutaronitrile 1,3-Dicyanopropane 29
Trimethylene cyanide
24.NC[CH,],CN Hexanedinitrile Adiponitrile 1,4-Dicyanobutane 30
Tetramethylene cyanide
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THERMAL CONDUCTIVITY OF LIQUIDS: ALIPHATIC NITRILES

1 INTRODUCTION

ThisItem presentsvalues of thermal conductivity at saturation pressure, in tabular form, for liquid aliphatic
nitriles.

The data on which these recommended values of thermal conductivity are based are the most reliable
available and the temperature range covered is from the melting temperature to approximately 0.9 of the
critical temperature. Quantitiesare expressed in Sl unitsand conversion factorsto other units are provided
in Section 3.

Section 4 describes the procedure used to obtain the values of thermal conductivity presented and indicates
the effect of pressure. Section 5 gives an explanation of the Tables and indicates the uncertainties in the
values presented in them.

References to sources of supplementary information are given in Section 6. The data sources for each
particular compound are listed on the appropriate data sheet.

2. NOTATION AND UNITS
The Sl unit of thermal conductivity is the watt per metre kelvin (W/m K). A convenient submultiple Sl

unit for the range of thermal conductivity in this Item is the milliwatt per metre kelvin (mW/m K); hence
that is the unit adopted here.

ESDU Copyright material. For current status contact ESDU.

A constant for each liquid in Equation (4.2) mW/m K
A’ constant for each liquid in Equation (4.1) mW/m K
B,C D non-dimensional constants for each liquid in Equation (4.2) -

p pressure N/m? (Pa)
T kelvin temperature K

t Celsiustemperature, T — 273.15 °C

A thermal conductivity mw/m K
Subscripts

C denotes value at the critical point

p denotes value at pressure p

r denotes reduced quantity, e.g. T, = T/T,..
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3. CONVERSION FACTORS

1 mW/mK = 0.8598 x 103 kca/mh °C"

= 2.3885x 109 ca/cms°C’

= 05778 x 103 Chu/ft h°C”

= 05778 x 1073 Btu/ft h °F

= 6.9335x 102 Btuin/ft? h °F
10° N/m? = 1bar

= 14.5038 Ibf/in?

= 1.0197 kgf/cm?

= 0.9869 atm

= 750.062 mmHg.

* The values used for the calorie and British Thermal Unit are International Table values.

4. THERMAL CONDUCTIVITY
4.1 Thermal Conductivity at Saturation Pressure

In Reference 2 Riedel showed that the experimental data for the thermal conductivity of normal (that is
unassociated) liquids along the saturation line could be represented by the egquation:

A= AL+ (203)(1 - TP (4.1)

The range of applicability of Equation (4.*1) islimited for most compounds. For the liquids considered in
thisItem agood representation of thedata between the melting temperatureand T, = 0.9 isobtained from
the equation:

ro= AlL+B(L-T)P +caa-T)*+pa-1)1. 4.2)

ESDU Copyright material. For current status contact ESDU.

Measurements of thermal conductivity have been made for relatively few liquids at T, > 0.9 and so,
because of the uncertain variation of thermal conductivity in the critical region, data are presented only for
temperatures up to T, = 0.9. The equation extrapolates in a physicaly readlistic manner to within a few
kelvin of the critical point.

The critical temperatures for these compounds have either been taken from ESDU 80001 (Reference 6) or
estimated from correlations of ESDU valueswith chemical structure. InthisItem, the critical temperatures
should be regarded as correlating parameters only and should not be taken as a source of accurate values.

The derived valuesof A, B, C and D givenin Table 7.1 are a correlated set of values giving the best fit
to the experimental data, not only as individual compounds but also as members of their chemical series.
This method of correlating data for a series of compounds has been described in References5and 7. For
thealiphatic nitrilesinthisItem, it wasfound that B, C and D remainconstantT, aswas observed for other

' Experimental data at temperatures below the normal boiling temperature, t,, are often at 1 atm pressure. Asindicated in Section 4.2 the
difference between valuesof L at 1 atm pressure and at saturation pressure below t}, is not significant.
T B=3,C=-65adD = 6.
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hydrogen bonded compounds such as the alcohols and amines. Correlated values of the constants A, B, C
and D were used to estimate constants for liquids for which no experimental dataexist. Using these values
withthevaluesof T giveninTable 7.1, valuesof A inmW/m K have been calculated for each compound
from Equation (4.2) and are presented in the data sheets.

4.2 Effect of Pressure

At temperatures up to the normal boiling point, the effect of pressure from the saturation pressure to
50 x 10° N/m? (up to 50 atm) isto increase the thermal conductivity by approximately 1 per cent and, for
most practical purposes, valuesat saturation pressure may betaken asequal to thoseat atmospheric pressure.

Reference 1 gives measurements of thermal conductivity for anumber of liquids up to 12 000 x 10° N/m?
(=~ 12000 atm) at 30°C and 75°C. A generalised correlation of these resultsis given in Reference 3, but
aknowledge of the critical pressure of the substance is required for its use.

For pressures up to 500 x 10° N/m? (=~ 500 atm) between the melting temperature and the normal boiling
point avery approximate relationship:

Aplh ~1+02p x 107, (4.3)

may be used where A is the thermal conductivity at pressure p and A is the thermal conductivity at a
pressure of 10° N/m? ( ~ 1atm), both at the same temperature.

EXPLANATION OF TABLES

The constants of Equation (4.2) are given in Table 7.1 and on the data sheets. Values of the thermal
conductivity are given in the data sheets at 10 kelvin intervals in K and °C, from within 10 kelvin of the
melting temperature, or an appropriate starting temperature where the melting temperature is unknown, to
atemperature corresponding with T, ~ 0.9.

The sources are given in the data sheets and extrapolated values are indicated in parentheses.

For uniformity and ease of interpolation the data are presented and can be read to more significant digits
than is warranted by their estimated accuracy.

ESDU Copyright material. For current status contact ESDU.
(&)

The experimental data from the most reliable individual sources have a repeatability of about +1 per cent
although differences in technique used by different workers (and possibly also in the purity of samples)
can increase the uncertainty in the absolute values to about +2 per cent. However, such reliable data are
not available for al the compounds considered, nor over the whole temperature range covered. Although
itisconsidered that the correlation procedures adopted keep the errorsin the val ues presented to aminimum,
the user should in general allow for an uncertainty of +5per cent unless the value in the data sheet is
truncated to a whole number. Where whole numbers are given the uncertainty increasesto +10 per cent.

Somefluidshave poor thermal stability coupled with ahigh critical temperature. Valueshave beentabul ated
for al fluidsup to T, ~ 0.9 but many of these fluids will decompose at elevated temperatures. As most
compounds will decompose rapidly at temperatures above about 300 °C, uncertainties of greater than +10
per cent may occur for temperatures > 573K.
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6. REFERENCES

The references given are recommended sources of information supplementary to that in this Item.
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7. TABLES
TABLE 7.1 Constantsfor Equation (4.2)
Compound T. A B C D Range of
Applicability
K mwW/m K °C
1. Ethanenitrile 545.35 94.6 3. -6.5 6. -50 to 230
2. Propanenitrile 561. 75.5 3. -6.5 6. -90 to 240
3. Butanenitrile 581. 69.0 3. -6.5 6. -110 to 260
g 4. Pentanenitrile 604. 63.4 3. -6.5 6. -100 to 280
o 5. Hexanenitrile 626. 60.0 3. -6.5 6. -80 to 300
E 6. Heptanenitrile 646. 58.1 3. -6.5 6. -70 to 320
§ 7. Octanenitrile 664. 57.2 3. -6.5 6. -50 to 330
é 8. Nonanenitrile 681. 57.4 3. -6.5 6. -40 to 350
2 9. Decanenitrile 697. 57.6 3. -6.5 6. -20 to 360
§ 10. Undecanenitrile 712. 58.1 3. -6.5 6. -10 to 380
? 11. Dodecanenitrile 726. 58.6 3. -6.5 6. 0 to 390
'E_ 12. Tridecanenitrile 740. 59.3 3. -6.5 6. 10 to 400
% 13. Tetradecanenitrile 752. 60.3 3. -6.5 6. 20 to 410
g 14. Pentadecanenitrile 764. 61.2 3. -6.5 6. 20 to 420
% 15. Hexadecanenitrile 775. 62.0 3. -6.5 6. 30 to 430
% 16. Heptadecanenitrile 785. 62.7 3. -6.5 6. 30 to 440
S 17. Octadecanenitrile 795. 63.2 3. -6.5 6. 40 to 450
3
= 18. Propenenitrile 540. 78.0 -6.5 -80 to 220
19. trans-But-2-enenitrile 590. 71.0 -6.5 -50 to 270
20. 2-Methylpropenenitrile 560. 68.2 -6.5 6. -40 to 240
21. Propanedinitrile 710. 110.5 3. -6.5 6. 30 to 370
22. Butanedinitrile 760. 91.3 3. -6.5 6. 50 to 420
23. Pentanedinitrile 780. 77.8 3. -6.5 6. -30 to 440
24. Hexanedinitrile 790. 70.1 3. -6.5 6. 0 to 450
This page Amendment A Documents
""" 5 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 00021 A 2005


http://www.avadocuments.com/doc/esdu-00021-a-2005
http://www.avadocuments.com/doc/esdu-00021-a-2005

=IHS

ES DU

00021

ESDU Copyright material. For current status contact ESDU.

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 00021 A 2005

This page isintentionally blank

6

Licensee=/, User=,
Not for Resale,

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-00021-a-2005
http://www.avadocuments.com/doc/esdu-00021-a-2005

=IHS

EsSs DU

00021

| CHL,CN ETHANENITRILE (ACETONITRILE, CYANOMETHANE, METHYL CYANIDE)

A= A1+BA-T)B+c@-T)?3+DA-T)
where

A = thermal conductivity at saturation pressure (mW/m K)

T, =TT, T = temperature (K)
T, = 545.35K
A = 946, B = 3, C = -6.5, D = 6.
)
a T A T A t A t )
i: K mW/m K K mW/m K °Cc mW/m K e mW/m K
o
5 220 (236.) 370 (182.9) -50 (235)) 100 (182.0)
2 230 (232.5) 380 (180, -40 (231.2) 110 (179)
5 240 (228.6) 390 (177.) -30 (227.4) 120 (176.)
& 250 (224.8) 400 (174.) -20 223.6 130 (173)
3 260 221.0 410 (171) -10 219.8 140 (170.)
5
‘g 270 217.3 420 (168.) 0 216.1 150 (167.)
L 280 213.6 430 (165.) 10 2125 160 (165.)
© 290 210.0 440 (163 20 208.8 170 (162.)
o 300 206.4 450 (160.) 30 205.3 180 (159.)
e 310 202.9 460 (158.) 40 201.8 190 (157.)
<
‘é: 320 199.4 470 (155.) 50 198.3 200 (155.)
) 330 (196.0) 480 (153) 60 (194.9) 210 (152.)
o 340 (192.6) 490 (151.) 70 (191.6) 220 (150.)
5 350 (189.3) 500 (149.) 80 (188.3) 230 (148)
ek 360 (186.1) % (185.1)
MAMEDOV, R.T. I2v. Vyssh. Ucheb. Zaved., Neft. Gaz., Val. 31, No. 10, pp. 59-60 and 70,
GUSEINQV, S.O. 1988.
LEl, Q.-F J. Chem. Eng. Data, Vol. 42, No. 5, pp. 971-974, 1997.
LIN, R.-S.
NI, D.-Y.
HOU, Y.-C.
JAMIESON, D.T. Unpublished data, National Engineering Laboratory, East Kilbride, UK.
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