ESDU Copyright material. For current status contact ESDU.

: 83015
=HS L

E S D U September 2005

Thermal conductivity of liquids:
Heterocyclicnitrogen compounds

Endorsed by
The Ingtitution of Chemical Engineers Documents

Document Sharing Hub

Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,

No reprod!
Full

on

ucti m IHS
document details: ESDU 83015 A 2005

or networking permitted without license fro Not for Resale,


http://www.avadocuments.com/doc/esdu-83015-a-2005
http://www.avadocuments.com/doc/esdu-83015-a-2005

=41 83015

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 al 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unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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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THERMAL CONDUCTIVITY OF LIQUIDS: HETEROCYCLIC NITROGEN
COMPOUNDS

1 INTRODUCTION

This Item presents values of thermal conductivity at saturation pressure, in tabular form, for liquid
heterocyclic nitrogen compounds.

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.

Referencesto sources of supplementary information aregivenin Section 6. Reference6isauseful summary
and contains the older data sources used in the preparation of this Dataltem. All the data sources consulted
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) mwW/m K
A’ constant for each liquid in Equation (4.1) mw/m K
B’ non-dimensional constant for each liquid in Equation (4.1) -
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
o 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 mwW/m K = 0.8598 x 103 kcal/mh °C"
2.3885 x 108 ca/lcm s°C’
0.5778 x 1073 Chu/ft h°C”
= 05778 x 103 Btu/ft h °F
= 6.9335x 103 Btuin/ft2 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
41 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:

A= AL+ (203)(1-TH7.

For theliquidsconsidered in thisItem abetter representation of the datais obtained, over awidetemperature
range, from the modified equation which was used in some earlier ESDU ltems:

L= AL+ B(1-T)7). 4.1)

Therangeof applicability of Equation (4.1) islimited for most compounds; recent datafrom several sources ?
show that there may be marked deviations in the regions of the triple point and the critical point from -
extrapolations of Equation (4.1) fitted in the intermediate region. !

ESDU Copyright material. For current status contact ESDU.

For the liquids considered in this Item agood representation of the data’ between the melting temperature
and T, = 0.9 isobtained from the equation:

r= AL+BA-T)®+ca-1)"+pa-1). 4.2)

M easurements of thermal conductivity have been madefor relatively few liquidsat T, > 0.9 and so, because
of the uncertain variation of therma conductivity in the critical region, data are presented only for
temperaturesup to T,~0.9. The equation extrapolates in a physically realistic manner to within a few
kelvin of the critical point.

The critical temperatures for these compounds have been taken from ESDU 77019 (Reference 7). In this
Item, the critical temperatures should be regarded as correlating parameters only and should not be taken
as a source of accurate values.

" Experimental data at temperatures below the normal boiling temperature, t,, areoften 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,, is not significant.
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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 8 and 9. For
the pyridines, quinolines and isoquinolines in this Item, it was found that C and D are directly related to
B, aswas observed for non-hydrogen-bonded compounds such as the alkanes. Correlated values of the
constants A, B, C and D were used to estimate constantsfor liquids for which no experimental dataexist.
Using these values with the values of T givenin Table 7.1, values of A in mW/m K have been cal cul ated
for each compound from Equation (4.2) and are presented in the data sheets. For userswho require values
of A in other units, Equation (4.2) may be used with the coefficient A converted to the appropriate unit
(see Section 3) and with B, C and D asgivenin Table 7.1.

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 a number of liquids up to 12 000 x 10° N/m?
(=12 000 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:

hp/h~ 1+ 02p x 1078, (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. Compounds for which no
experimental data exist and for which A, B, C and D were estimated as described in Section 4.1 are
indicated by an asterisk against their compound number in Table 7.1. Values of the thermal conductivity
are given in the data sheets at 10 kelvin intervalsin K and °C from either the melting temperature, or an
appropriate starting temperature where the melting temperatureisunknown, to atemperature corresponding
with T, ~0.9. Melting temperatures were taken either from ESDU 77019 (Reference 7), the literature or
estimated.

ESDU Copyright material. For current status contact ESDU.

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.

The experimental data from the most reliable individual sources have arepeatability of about +1 per cent
although differences in technique used by different workers (and possibly aso 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 all the compounds considered, nor over the whole temperature range covered. Although
itisconsidered that the correl ation procedures adopted keep the errorsin the val ues presented to aminimum,

*

C =1-3BandD = 3B.
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the user should in genera allow for an uncertainty of +5 per cent unless the value in the data sheet is
truncated to a whole number. Where whole numbers are given the uncertainty increases to £10 per cent.

Somefluidshavepoor thermal stability coupled with ahigh critical temperature. Valueshave been tabul ated
for all fluids up 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.

The structural formulae of all the compounds in this Item are given in Appendix A.

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. Pyridine 620. 62.1 2.2 -5.6 6.6 -422 to 290
2. 2-Methylpyridine 621. 60.6 18 -4.4 54 -67.2 to 290
3" 3-Methylpyridine 645. 60.6 1.8 -4.4 54 -182 to 310
4" 4-Methylpyridine 646. 60.6 1.8 -4.4 5.4 -6.2 to 310
5. 2-Ethylpyridine 634. 58.6 1.6 -3.8 4.8 -63.0 to 300
6. 3-Ethylpyridine 661. 59.1 16 -3.8 4.8 -77.0 to 330
7. 4-Ethylpyridine 663. 58.6 1.6 -3.8 4.8 -90.0 to 330
8. 2,3-Dimethylpyridine 655.4 59.7 1.6 -3.8 4.8 -70  to 320
9] 2,4-Dimethylpyridine 647. 59.7 1.6 -3.8 4.8 -60.2 to 310
10."  2,5-Dimethylpyridine 644.2 59.7 1.6 -3.8 48  -162 to 310
11" 2,6-Dimethylpyridine 623.8 59.7 1.6 -3.8 4.8 -6.2 to 290
12. 3,4-Dimethylpyridine 683.8 62.3 1.6 -3.8 4.8 -122 to 350
13 3,5-Dimethylpyridine 667.3 62.3 1.6 -3.8 4.8 -105 to 330
14. 2-Methyl-5-ethylpyridine 662. 62.0 14 -3.2 4.2 -700 to 330
15. 2,4,6-Trimethylpyridine 645. 63.8 14 -3.2 4.2 -440 to 310
16." 2-Methyl-5-vinylpyridine 675. 63.4 14 -3.2 4.2 -70 to 340
17. Quinoline 782. 66.2 1.0 -2.0 3.0 -152 to 440
18. Isoquinoline 803. 63.5 10 -2.0 3.0 248 to 450
19." 2-Methylquinoline 787. 63.5 1.0 -2.0 3.0 -20 to 440
20." 4-Methylquinoline 797. 63.5 10 -2.0 3.0 90 to 450
21" 6-Methylquinoline 797. 63.5 1.0 -2.0 3.0 330 to 450
22" 7-Methylquinoline 793. 63.5 10 -2.0 3.0 390 to 450
23" 8-Methylquinoline 791. 63.5 1.0 -2.0 3.0 20 to 440
24 3-Methylisoquinoline 808. 63.5 10 -2.0 3.0 64.0 to 460
25" 2,4-Dimethylquinoline 807. 63.2 1.0 -2.0 3.0 150 to 460
26" 2,6-Dimethylquinoline 804. 63.2 1.0 -2.0 3.0 57.0 to 460
27. Pyrrole 639.8 106.0 35 -8.1 6.0 -232 to 310
28." 1-Methylpyrrole 596. 98.0 35 -8.1 6.0 -570 to 270
29." 2,5-Dimethylpyrrole 661. 93.6 35 -8.1 6.0 -70 to 330
30. Pyrrolidine 568.6 67.5 35 -8.1 75 -582 to 240
3L Piperidine 594. 39.2 35 -8.1 9.0 -92 to 270

* An asterisk against the compound number indicates that no experimental datawere found and the constants A, B, C and D were estimated.
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CgHsN  PYRIDI NE" (AZABENZENE)

»= AlL+BL-T)Y2+c@-T)?2+D-T))
where

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

T, =TT, T = temperature (K)
T. = 620.K

ESDU Copyright material. For current status contact ESDU.

T A T A t A t A
K mw/m K K mwW/m K oC mw/m K o°C mwW/m K
230.95 (181) 400 (130, -42.2 (181) 130 (129)
410 (127. -40 (181) 140 (126
240 (178.) 420 (124.) -30 (177.) 150 (124.)
250 (175.) 430 (122.) -20 174.2 160 (121
260 172.0 440 (119) -10 171.0 170 (118)
270 168.8 450 (116, 0 167.9 180 (116,
280 165.7 460 (114 10 164.7 190 (113)
290 162.6 470 (111 20 161.6 200 (111.)
300 159.5 480 (109.) 30 158.5 210 (108.)
310 156.4 490 (106.) 40 155.4 220 (106.)
320 153.3 500 (104.) 50 152.4 230 (103.)
330 150.3 510 (102.) 60 149.4 240 (101.)
340 147.3 520 (100.) 70 146.4 250 (99))
350 (144.3) 530 (97.) 80 (143.4) 260 (97.)
360 (141.4) 540 (95.) 90 (140.5) 270 (95.)
370 (138.5) 550 (93.) 100 (137.6) 280 (93.)
380 (135.6) 560 (91.) 110 (134.7) 290 (91.)
390 (133) 120 (132)

" Theuseof azineas asynonym for pyridineisforbidden in the [UPAC 1993 Guide for the nomenclature of organic compounds.
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2-CH;C:H,N 2-METHYLPYRIDINE (2-PICOLINE, 2-METHYLAZABENZENE)

»= AlL+BL-T)2+c@a-T)?2+D-T))
where

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

T =TT, T = temperature (K)
T, = 621.K
> A = 60.6, B = 1.8, C = -44, D =54
2
s T A T A t A t A
IS] K mW/m K K mwW/m K °C mwW/m K °C mW/m K
c
o
§ 205.95 (171) 390 (122.9) -67.2 (a71.) 120 (122.2)
E 210 (170.) 400 (120.5) -60 (168.9) 130 (119.7)
:’é 220 (167.0) 410 (118.1) -50 166.1 140 (117.3)
th 230 164.3 420 (115.7) -40 163.4 150 (115.0)
3 240 161.5 430 (113) -30 160.7 160 (113)
8
= 250 158.8 440 (111 -20 158.0 170 (110.)
5 260 156.1 450 (109.) -10 155.3 180 (108.)
2 270 153.5 460 (107.) 0 152.6 190 (106.)
= 280 150.8 470 (104.) 10 150.0 200 (104.)
g 290 148.2 480 (102 20 147.3 210 (102.)
Q.
o
2 300 145.6 490 (100.) 30 144.7 220 (99.)
g 310 143.0 500 (98.) 40 142.1 230 (97
320 140.4 510 (96.) 50 139.6 240 (95)
330 137.8 520 (94) 60 137.0 250 (93)
340 135.3 530 (92) 70 134.5 260 (91.)
350 132.7 540 (90.) 80 131.9 270 (89,
360 130.2 550 (88.) 90 129.5 280 (88)
370 127.8 560 (86.) 100 127.0 290 (86.)
380 (125.3) 110 (124.5)
JAMIESON, D.T. Unpublished data, National Engineering Laboratory, East Kilbride, UK,
1983.
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3-CHCH/N  3-METHYLPYRIDINE (3-PICOLINE, 3-METHYLAZABENZENE)

»= AlL+BL-T)2+c@a-T)?2+D-T))

where

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

T =TT, T = temperature (K)
T, = 645.K
= A =606 B=18 C=-44,
o
5 T ) T
o K mwW/m K K
S
@ 254.95 (160.) 420
© 260 (159.) 430
2 270 (156.2) 440
o 280 (153.6) 450
3 290 (151.0) 460
2
= 300 (148.5) 470
= 310 (146.0) 480
i 320 (143.4) 490
= 330 (141.0) 500
‘é: 340 (138.5) 510
§
S 350 (136.0) 520
g 360 (133.6) 530
370 (131) 540
380 (129.) 550
390 (126.) 560
400 (124.) 570
410 (122.) 580
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D =54
A t
mW/m K °C
(119.) -18.2
(117.) -10
(115.) 0
(113) 10
(110.) 20
(108.) 30
(106.) 40
(104.) 50
(102)) 60
(100.) 70
(98.) 80
(96.) 90
(94.) 100
(92) 110
(90.) 120
(88.) 130
(87.) 140
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A

mw/m K

(160.)

(157.9)
(155.3)
(152.8)
(150.2)

(147.7)
(145.2)
(142.7)
(140.2)
(137.7)

(135.3)
(132.8)
(130.)
(128)
(126.)

(123)
(121)

t
°c

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310

mwW/m K

(119.
(116,
(114
(112)
(110,

(108.)
(105.)
(103.)
(101

(99.)

(97.)
(95.)
(93.)
(91.)
(90.)

(88.)
(86.)
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