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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unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.

THE PREPARATION OF THISDATA ITEM

8 The work on this particular Data Item was monitored and guided by the Physical Data and Reaction Kinetics Committee,
o which first met in 1966 and now has the following membership:
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g Dr M. Frenkelt — Thermodynamics Research Center, National Institute of Standards &
b= Technology, Boulder, USA
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2 Dr G. Hobson — Imperial Chemical Industries plc, S.T.G. Wilton, UK
8 Dr A.E. Humphreys — Independent
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a Mr S.R. Knight — Stone & Webster Engineering Ltd, Milton Keynes, UK
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T Corresponding Member.

The technical work involved in the assessment of the available information and the construction and subsequent devel opment
of the Data Item was undertaken (under contract to ESDU) by

Dr D.T. Jamieson — Independent.

The person with overall responsibility for the work in this subject areais Mr S.J. Pugh, Head of Thermofluids Group.
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THERMAL CONDUCTIVITY OF LIQUIDS: AROMATIC COMPOUNDS
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Formula Name
AROMATIC AMINES

1. CgzHsNH, Aniline
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2. 2-CH,CH,NH,  2-Methylaniline

3. 3-CH,CH,NH,  3-Methylaniline

4. 4-CH,CH,NH,  4-Methylaniline

2,4-(CH,),CcHsNH, 2,4-Dimethylaniline
2,6-(CH3),CcHsNH, 2,6-Dimethylaniline

Ce¢HsCH,NH, Benzylamine

8. CgHsNHCH;
CeHsNHCH,CH3

N-Methylaniline
N-Ethylaniline
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4.1 Thermal Conductivity at Saturation Pressure

TABLE 7.1 Constantsfor Equation (4.2)

Data sheetsfor each of theliquidsare given in the following order:

Alter native Name(s)

Phenylamine
o-Toluidine
m-Toluidine
p-Toluidine

2,4-Xylidine
2,6-Xylidine
o.-Aminotoluene

N-M ethylphenylamine
N-Ethylphenylamine
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1
1
2
2
2
3
3
4
5
5
Aminobenzene 7
Benzenamine
2-Aminotoluene 9
2-Methylbenzenamine
3-Aminotoluene 10
3-Methylbenzenamine
4-Aminotoluene 11

4-Methylbenzenamine
2,4-Dimethylbenzenamine 12
2,6-Dimethylbenzenamine 13

(Aminomethyl)benzene 14
(Phenylmethyl)amine

(Methylamino)benzene 15
(Ethylamino)benzene 16
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Formula Name Alter native Name(s)

10. C¢HsN(CHy),

11. CgHsN(CH,CH2),

N,N-Dimethylaniline N,N-Dimethylphenylamine (Dimethylamino)benzene

N,N-Diethylaniline

NITRO-AROMATICS

12. CHNO,
13. 1,2-CH;C¢H,NO,
14. 1,3-CH,C¢H,NO,
15. 1,4-CH,C¢H,NO,

16. CgHsCN
17. CgHsNC
18. C¢HsCH,CN

19 2'CH3C6H4CN
20 3'CH3C6H4CN

21 4'CH 3C6H 4CN
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Nitrobenzene

2-Nitrotoluene
3-Nitrotoluene
4-Nitrotoluene

Cyanobenzene
| socyanobenzene
o -Cyanotoluene

2-Cyanotoluene
3-Cyanotoluene

4-Cyanctoluene

N,N-Diethylphenylamine

o-Nitrotoluene
m-Nitrotoluene
p-Nitrotoluene

AROMATIC NITRILES and ISOCYANIDES

Benzonitrile
Benzoisonitrile

Phenylacetonitrile
o-Tolunitrile
m-Tolunitrile

p-Tolunitrile
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17
N-Phenyldimethylamine
(Diethylamino)benzene 18
N-Phenyldiethylamine

19
1-Methyl-2-nitrobenzene 21
1-Methyl-3-nitrobenzene 22
1-Methyl-4-nitrobenzene 23
Phenyl cyanide 24
Phenyl isocyanide 25
Benzyl cyanide 26
(Cyanomethyl)benzene
o-Tolyl cyanide 27
2-Methylbenzonitrile
m-Tolyl cyanide 28
3-Methylbenzonitrile
p-Tolyl cyanide 29
4-M ethylbenzonitrile
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THERMAL CONDUCTIVITY OF LIQUIDS: AROMATIC COMPOUNDS
CONTAINING NITROGEN

1 INTRODUCTION

ThisItem presentsvalues of thermal conductivity at saturation pressure, intabular form, for liquid aromatic
compounds contai ning nitrogen.

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) mwW/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 mwW/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 kcal/mh °C"

= 2.3885x 10° ca/lcms°C”

= 05778 x 1073 Chufft h°C"

= 05778 x 103 Btu/ft h °F

= 6.9335 x 103 Btu in/ft h °F"
10° N/m? = 1bar

= 14.5038 |bf/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 aong the saturation line could be represented by the equation:

o= AL+ (208)(1-T)?%. 4.1

The range of applicability of Equation (4.1) islimited for most compounds. For the liquids considered in f
thisItem agood representation of thedata’ between the melting temperature and T, = 0.9 isobtained from -
the equation: :

r= An+BA-T)®+ca-1)+pa-T). (4.2)

Measurements of thermal conductivity have been made for relatively few liquids a 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 physically realistic manner to within a few
kelvin of the critical point.

ESDU Copyright material. For current status contact ESDU.

The critical temperatures for these compounds have either been taken from ESDU 78011 (Reference 5) or
estimated from correlations of ESDU valueswith chemical structure. Inthisltem, 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 References 6 and 7. For
al thenitriles, primary and secondary ami nes’ inthis [tem, it wasfound that B, C and D remain constant,
as was observed for other hydrogen bonded compounds such as the aliphatic alcohols and amines. For

' Experimental data at temperatures below the normal boiling temperature, t,, are often at 1 atm pressure. Asindicated in Section 4.2 the
difference between values of A at 1 atm pressure and at saturation pressure below t,, isnot significant.
T B=3,C=-65D = 6. for nitrilesand 5.4 for primary and secondary amines.
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tertiary amines and nitro compounds C and D are directly related to B”, as was observed for other
non-hydrogen-bonded compounds such asthe alkanes. Correlated values of the constants A, B, C and D
were used to estimate constants for liquids for which no experimental data exist. Using these values with
thevaluesof T, giveninTable 7.1, valuesof A inmW/m K have been calcul ated 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? (upto 50 atm) isto increase the thermal conductivity by approximately 1 per cent and, for
most practical purposes, vauesat saturation pressure may betaken asequal to those at 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 °Cand 75 °C. A generalised correlation of theseresultsis 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:

Aglh=1+02px 10", (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? ( = 1 atm), both at the same temperature.

5. 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 intervalsin 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.

ESDU Copyright material. For current status contact ESDU.

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.

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.

*

C=1-3BandD = 3B.
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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. Aniline 699. 79.3 3. -6.5 54 -10 to 360
2. 2-Methylaniline 710. 74.9 3. -6.5 54 -20 to 370
3. 3-Methylaniline 708. 74.9 3. -6.5 54 -30 to 370
4. 4-Methylaniline 704. 74.9 3. -6.5 54 40 to 370
5. 2,4-Dimethylaniline 714. 72.8 3. -6.5 54 -20 to 380
6. 2,6-Dimethylaniline 722. 72.8 3. -6.5 54 10 to 380
7. Benzylamine 686. 77.1 3. -6.5 54 10 to 350
8. N-Methylaniline 702. 74.9 3. -6.5 54 -60 to 370
9. N-Ethylaniline 698. 73.3 3. -6.5 5.4 -60 to 360
10. N,N-Dimethylaniline 688. 65.9 1. -2. 3. 0 to 350
11. N,N-Diethylaniline 695. 63.7 1. -2. 3. -40 to 360
12. Nitrobenzene 712. 67.1 1. -2. 3. 0 to 380
13. 2-Nitrotoluene 720. 63.9 1. -2. 3. -10 to 380
14. 3-Nitrotoluene 725. 63.5 1. -2. 3. 10 to 390
15. 4-Nitrotoluene 735. 63.2 1. -2. 3. 50 to 400
16. Cyanobenzene 699.4 60. 3. -6.5 6. -10 to 360
17. lsocyanobenzene 660. 60. 3. -6.5 6. -30 to 330
18. a—Cyanotoluene 745. 60. 3. -6.5 6. -30 to 410
19. 2-Cyanotoluene 709. 60. 3. -6.5 6. -10 to 370
20. 3-Cyanotoluene 710. 60. 3. -6.5 6. -20 to 370
21. 4-Cyanotoluene 720. 60. 3. -6.5 6. -30 to 380
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CgHsNH,  ANILINE (PHENYLAMINE, AMINOBENZENE, BENZENAMINE)

A= A1+BA-T)B+c@-T)23+DA-T)

where

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

T, =TT, T = temperature (K)
T, = 699.K
A=793 B=3, C=-65
o>
2 T by T
- K mW/m K K
@
S 260 (174.) 450
o 270 (172.) 460
2 280 170.1 470
E 290 168.2 480
s 300 166.4 490
3
< 310 164.6 500
o 320 162.7 510
= 330 160.9 520
|3 340 159.2 530
2 350 157.4 540
<
it 360 155.7 550
§ 370 154.0 560
o 380 152.3 570
= 390 150.7 580
ek 400 149.1 590
410 1475 600
420 146.0 610
430 (144.4) 620
440 (142.9) 630
WEBER, H.F.
WEBER, H.F.
GOLDSCHMIDT, R.
DAVIS, A H.
RICE, C.W.
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D =54

A
mw/m K

(141.5)
(140.0)
(138.6)
(137.)
(136.)

(135)
(133)
(132)
(131)
(130)

(129.)
(128)
(127.)
(126.)
(125

(124.)
(123)
(122.)
(121)

Wedemann's Ann., Vol. 10, pp. 103-129, 1880.

°C

-10
0
10
20
30

40
50
60
70
80

90
100
110
120
130

140
150
160
170

A
mwW/m K

(173)
171.4
169.5
167.7
165.8

164.0
162.2
160.4
158.6
156.9

155.2
153.5
151.8
150.2
148.6

147.0
1455
(144.0)
(142.5)

Rep. Phys., Vol. 22, pp. 116-122, 1886.
Phys. Z., Val. 12, pp. 417-424, 1911.
Phil. Mag., Val. 47, pp. 972-975, 1924.

Phys. Rev. A, Vol. 23, p. 306, 1924.
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t
°c

180
190
200
210
220

230
240
250
260
270

280
290
300
310
320

330
340
350
360

A
mw/m K

(141.0)
(139.6)
(138.2)
(137.
(136

(134)
(133)
(132)
(131)
(130)

(128)
(127
(126.)
(125.)
(125.)

(124.)
(123)
(122.)
(121)
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