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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 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unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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: HALOGENATED ALIPHATIC
HYDROCARBONS
Part 1. Halogenated methanes and azeotropic mixtures
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THERMAL CONDUCTIVITY OF LIQUIDS: HALOGENATED ALIPHATIC
HYDROCARBONS
Part 1. Halogenated methanes and azeotropic mixtures

INTRODUCTION

This Item presents values of thermal conductivity at saturation pressure, in tabular form, for liquid
hal ogenated methanes and azeotropic mixtures.

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 units and conversion factorsto other unitsare 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.

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.

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)
kelvin temperature K
t Celsiustemperature, T —273.15 oC
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/m K = 0.8598 x 103 kcal/mhe°C”

= 2.3885x 1078 cal/lcm s°C”

= 0.5778 x 1073 Chu/ft h°C”

= 0.5778 x 1073 Btu/ft h°F"

= 6.9335 x 1073 Btu in/ft2 h °F"
10° N/m? = 1bar

= 14.5038 Ibf/in?

= 1.0197 kgf/cm?

= 0.9869 atm

= 750.062 mmHg.

* Thevalues used for the calorie and British Thermal Unit are International Tablevalues.

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+ (208)(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)?. (4.1)

Therange of 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 is obtained from the equation:

ro= AlL+BA-T) P +ca-T)P+pa-T1)] (4.2)

Measurements of thermal conductivity have been madefor relatively few liquidsat 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 redistic manner to within a few
kelvin of the critical point.

The critical temperatures for these compounds have been taken from ESDU 90015, 90019 (References 8
and 9). Inthisltem, thecritical temperatures should be regarded as correl ating parameters only and should
not be taken as a source of accurate values.

' 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 L at 1 atm pressure and at saturation pressure below t,, is not significant.
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The derived values of 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 asindividual compounds but also as membersof their chemical series. This
method of correlating data for a series of compounds has been described in References 5 and 6. For the
hal ogenated methanes and azeotropes in this Item, it was found that C and D are directly related to B", as
was observed for other non-hydrogen-bonded compounds such as the 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 the values of T givenin Table 7.1, values of A in mW/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) is to increase the thermal conductivity by approximately 1 per cent and, for
most practical purposes, valuesat saturation pressure may betaken asequal tothose 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°C and 75°C. A generalised correlation of these resultsis given in Reference 3, but
aknowledge of the critical pressure of the substanceis 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:

A/t 1+02px 107, (4.3)

may be used where A is the thermal conductivity at pressure p and A isthe 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 datafrom the most reliable individual sources have arepeatability of about +1 per cent
athough 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 all 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 +5 per 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 coupledwithahigh critical temperature. Valueshave been tabulated
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 > 573 K.

C=1-3BadD = 3B.
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6. REFERENCES

The references given are recommended sources of information supplementary to that in this Item.

ESDU Copyright material. For current status contact ESDU.

1. BRIDGMAN, PW. The thermal conductivity of liquids under pressure. Proc. Am.
Acad. Arts Sci., Val. 59, No. 7, pp. 141-169, 1923.

2. RIEDEL, L. New measurements of the thermal conductivity of organic liquids.
(In German). Chem. Ing. Tech., Vol. 23, No. 13, pp. 321-324, 1951.

3. LENOIR, JM. Effect of pressure on the thermal conductivity of liquids. Petrol.
Refiner, Vol. 36, No. 8, pp. 162-164, 1957.

4. JAMIESON, D.T. The thermal conductivity of liquids: a data survey to 1973. HM SO,

IRVING, J.B. Edinburgh, UK, 1975.
TUDHORPE, J.S.
5. JAMIESON, D.T. Thermal conductivity of liquids. J. Chem. Eng. Data, Vol. 24,
No. 3, pp. 244-246, 1979.
6. JAMIESON, D.T. Thermal conductivity of associated fluids. J. Chem. Eng. Data,
CARTWRIGHT, G Vol. 25, No. 3, pp. 199-201, 1980.
7. BS Recommendations for names for chemicals used in industry. British
Standards I nstitution, BS 2474, 1983.
8. ESDU Vapour pressures and critical points of liquids: Halogenated
methanes. Data Item 90015, ESDU International plc, London, UK,
1990.
9. ESDU Vapour pressures and critical points of liquids: Halogenated
ethanes. Data Item 90019, ESDU Internationa plc, London, UK,
1990.
10. HMSO A guide to the tariff classification of chemicals in the combined
nomenclature. HM SO, London, UK, 1991.

11. MCcLINDEN, M.O. A survey of current worldwide research on the thermophysical
HAYNES, W.M. properties of alternative refrigerants. National Institute of Standards
WATSON, J.T.R. and Technology Interim Report, NIST IR 3969, Nationa Institute
WATANABE, K. of Standards and Technology, United States Department of

Commerce, Washington D.C., USA, June 1991.

o Documents
4 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 940211994


http://www.avadocuments.com/doc/esdu-94021-1994
http://www.avadocuments.com/doc/esdu-94021-1994

=I5, 94021

ESDU Copyright material. For current status contact ESDU.

7. TABLES
TABLE 7.1 Constantsfor Equation (4.2)
Compound Te A B C D Range of
Applicability
K mwW/m K °C
1. Fluoromethane 310. 107.6 25 -6.5 7.5 -140 to 10
2. Chloromethane 416.3 90.3 2.0 -5.0 6.0 -100 to 110
3. Bromomethane 463. 55.1 1.0 -2.0 3.0 -100 to 150
4. |odomethane 527. 41.7 1.6 -3.8 4.8 -70 to 210
5. Difluoromethane 351.45 80.4 2.9 -17.7 8.7 -140 to 50
6. Chlorofluoromethane 428. 65.3 2.7 -7.1 8.1 -140 to 120
7. Dichloromethane 510. 63.0 2.0 -5.0 6.0 -100 to 190
8. Bromochloromethane 560. 64.8 1.5 -35 45 -900 to 240
9. Dibromomethane 610. 47.7 1.45 -3.35 4.35 -50 to 280
10. Diiodomethane 750. 33.8 2.3 -5.9 6.9 0 to 410
11. Trifluoromethane 299.3 56.1 3.2 -8.6 9.6 -160 to 0
12. Chlorodifluoromethane 369.3 47.4 3.2 -8.6 9.6 -150 to 70
13. Bromodifluoromethane 413. 40.5 3.0 -8.0 9.0 -150 to 110
14. Difluoroiodomethane 472. 379 2.7 -7.1 8.1 -120 to 160
15. Dichlorofluoromethane 451.25 454 2.85 -7.55 8.55 -140 to 140
16. Bromofluoroiodomethane 600. 395 2.4 -6.2 7.2 -70 to 270
17. Huorodiiodomethane 630. 37.9 2.7 -7.1 8.1 -70 to 300
18. Trichloromethane 536.5 50.5 2.0 -5.0 6.0 -60 to 220
19. Dichloroiodomethane 655. 425 14 -3.2 4.2 -70 to 320
20. Chlorodiiodomethane 770. 34.1 2.6 -6.8 7.8 -50 to 430
21. Tribromomethane 685. 40.5 1.6 -3.8 4.8 10 to 350
22. Tetrafluoromethane 227.7 36.0 4.0 -11.0 12.0 -190 to -60
23. Chlorotrifluoromethane 302.15 33.9 3.9 -10.7 11.7 -180 to 10
24. Bromotrifluoromethane 340.15 335 2.85 -7.55 8.55 -170 to 40
25. Dichlorodifluoromethane 385.05 34.3 35 -95 10.5 -160 to 80
26. Bromochlorodifluoromethane 426.9 35.6 3.2 -8.6 9.6 -160 to 120
27. Dibromodifluoromethane 471. 34.7 2.0 -5.0 6.0 -140 to 160
28. Trichlorofluoromethane 471.15 36.5 3.0 -8.0 9.0 -110 to 160
29. Dichlorofluoroiodomethane 560. 40.5 2.2 -5.6 6.6 -100 to 240
30. Tetrachloromethane 556.3 435 2.0 -5.0 6.0 -20 to 240
31. Bromotrichloromethane 606. 37.6 1.9 -4.7 57 -10 to 280
32. Tetrabromomethane 740. 355 1.75 -4.25 525 90 to 400
33. Refrigerant 500 378.65 39.03 3.3 -8.9 9.9 -160 to 80
34. Refrigerant 502 363.15 37.47 3.3 -8.9 9.9 -170 to 60
35. Refrigerant 503 292.55 43.46 3.2 -8.6 9.6 -170 to 0
36. Refrigerant 31 + refrigerant 114 415.15 438.00 25 -6.5 75 -150 to 110
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CHs;F FLUOROMETHANE (METHYL FLUORIDE, REFRIGERANT 41)

A= AL+BAL-T)Y+c@-T)23+DA-T)
where

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

T, =TT, T = temperature (K)
T. = 310.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 °c mw/m K °c mw/m K
130 (314 210 (223) -140 (310.) -60 (220.)
140 (302.) 220 (213) -130 (298.) -50 (210.)
150 (290.) 230 (204.) -120 (286.) -40 (201
160 (278) 240 (194) -110 (275) -30 (191)
170 (267.) 250 (185.) -100 (263) -20 (183
180 (256.) 260 (177) -90 (252) -10 (174)
190 (245) 270 (169.) -80 (241) 0 (167.)
200 (234) 280 (162.) -70 (231) 10 (160.)
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CH,CI CHLOROMETHANE (METHYL CHLORIDE, REFRIGERANT 40)

A= AL+BAL-T)Y+c@-T)22+DA-T)

where

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

T =TT, T-=
T, = 4163K
S A =903, B =20
o
(%)
p T A
8 K mW/m K
c
(]
o 170 (244.)
>
= 180 (238)
@ 190 (231.)
S 200 (225,
5 210 (219,
£ 220 (213)
= 230 (207.)
5 240 (201.)
o 250 (195.)
= 260 180.
o
> 270 183.3
o
O
-}
o
(%)
i
KARDOS, A.
GRIFFITHS, E.
AWBERRY, JH.
POWELL, RW.

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 940211994

temperature (K)

280
290
300
310
320

330
340
350
360
370

380

D =60
A t A t A
mwW/m K °c mw/m K °c mwW/m K
177.7 -100 (242.) 10 175.9
172.2 -90 (236.) 20 170.5
166.8 -80 (229.) 30 165.1
(161)) -70 (223) 40 (160.)
(156.) -60 (217.) 50 (155.)
(151)) -50 (211) 60 (150.)
(147)) -40 (205.) 70 (145.)
(142.) -30 (199)) 80 (140.)
(137)) -20 (193) 90 (136,
(133) -10 187.2 100 (132)
(129.) 0 181.5 110 (128.)

Verein. Dtsch. Ing. Z., Vol. 78, No. 19, p. 592, 1934.

Department of Scientific and Industrial Research (GB), Report, Food
Investigation Board, pp. 271-274, 1939.
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CHsBr BROMOMETHANE (METHYL BROMIDE, REFRIGERANT 40B1)
A= AL+BAL-T)Y+c@-T)23+DA-T)
where

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

T, =TT, T = temperature (K)

T, = 463.K
S A=551 B=10,  C=-20, D=30
A
- T A T A t A
8 K mW/m K K mW/m K °C mW/m K
c
o
o 170 (126.) 300 (97.3) -100 (125.)
= 180 (123.5) 310 (95.1) -90 (122.8)
@ 190 (121.3) 320 (93.0) -80 (120.6)
< 200 119.0 330 (91.0) -70 118.3
= 210 116.8 340 (88.9) -60 116.1
(8]
2 220 114.6 350 (86.8) -50 113.9
= 230 112.4 360 (84.8) -40 111.7
I3 240 110.2 370 (82.8) -30 109.5
2 - 250 108.0 380 (81) -20 107.3
= - 260 105.8 390 (79.) -10 105.2
oD
§ 270 103.7 400 (77) 0 103.0
o 280 101.5 410 (75.) 10 100.8
= 290 99.4 420 (73) 20 98.7
o

ABAS-ZADE, AK. Teplofiz. Svoistva Zhidk., Mater. Vses. Teplofiz

DZHAMALOV, R.M. Veshch. Viys. Temp., pp. 82-85, 1970.
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e

80
90
100
110
120

130
140
150

A
mw/m K

(96.6)
(94.5)
(92.4)
(90.3)
(88.2)

(86.2)
(84.2)
(82.1)
(80,
(78.)

(76.)
(74.)
(72)

. Konf. 3rd, Svoistvam
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CH,l  IODOMETHANE (METHYL IODIDE)

A= AL+BAL-T)Y+c@-T)23+DA-T)

where

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

T =TT, T-=
T, = 527.K

S A =417 B =16

[m)]

(V0]

- T A

8 K mW/m K

c

o

o 200 (108.)

=}

= 210 (106.)

@ 220 (103.)

S 230 (102.)

5 240 (100.)

£ 250 (98.)

= 260 (96.)

5 270 (93.7)

e 280 (91.7)

= 290 (89.8)

.ED

2 300 (87.9)

S 310 (86.1)

= 320 (84.2)

it 330 (82.)

340 (81.)

RIEDEL, L.
SCHUHMANN, H.
MARKEFSKI, M.
LAABS, R.
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temperature (K)

350
360
370
380
390

400
410
420
430
440

450
460
470
480

mwW/m K

Mitt. Kaltetech. Inst., Karlsruhe, No. 2, 1948.

(79.)
(77.)
(75.)
(73)
(72.)

(70.)
(68.)
(67.)
(65.)
(64)

(62.)
(61.)
(59.)
(58.)

e

-70
-60
-50

-30

-20
-10

10
20

30
40
50
60
70

A
mw/m K

(107))
(105.)
(103)
(101.)

(99)

(97,
(95.0)
(93.0)
(91.1)

89.2

(87.3)
(85.5)
(83.6)
(82.)
(80.)

°C

80
90
100
110
120

130
140
150
160
170

180
190
200
210

mwW/m K

(78)
(76.)
(75.)
(73)
(71)

(70.)
(68.)
(66.)
(65.)
(63.)

(62.)
(60.)
(59.)
(57.)

Wiss. Z. Tech. Hochschule, Magdeburg, Vol. 14, No. 8, pp. 869-871,

1970.
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=I5, 94021

CH,F, DIFLUOROMETHANE
(METHYLENE DIFLUORIDE, METHYLENE FLUORIDE, REFRIGERANT 32)

»= All+BL-T)3+c@a-T1)?2+D(-T))
where

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

T, =TT, T = temperature (K)

T

. = 35L45K

A = 804, B=29 C=-77, D =87

ESDU Copyright material. For current status contact ESDU.

T A T A t A t A

K mW/m K K mW/m K °c mW/m K °c mwW/m K
130 (266.) 230 180.9 -140 (263.) -40 1785
140 (256.9) 240 173.3 -130 (254.0) -30 171.0
150 247.8 250 166.0 -120 245.0 -20 163.8
160 238.9 260 158.9 -110 236.2 -10 156.8
170 230.2 270 152.1 -100 227.4 0 150.1
180 2215 280 145.7 -90 218.8 10 143.7
190 213.1 290 140. -80 2104 20 138.
200 204.7 300 (134) -70 202.2 30 (132.)
210 196.6 310 (128.) -60 194.1 40 (127.)
220 188.6 320 (123) -50 186.2 50 (122))

TAUSCHER, W. Kéltetechnik, Vol. 20, No. 9, pp. 287-290, 1968.
Documents
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CH,CIF  CHLOROFLUOROMETHANE (METHYLENE CHLOROFLUORIDE, REFRIGERANT 31)

A= AL+BAL-T)Y+c@-T)23+DA-T)
where

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

T, =TT, T = temperature (K)
T. = 428.K

T A T A t A t A
K mwW/m K K mwW/m K °c mW/m K °C mwW/m K

130 (226.) 270 148.4 -140 (224.) 0 146.9
140 (219.7) 280 143.5 -130 (217.8) 10 142.0
150 (213.8) 290 138.7 -120 (212.0) 20 137.2
160 (208.0) 300 (134.1) -110 (206.2) 30 (132.6)
170 (202.2) 310 (129.5) -100 200.4 40 (128.1)
180 196.5 320 (125.0) -90 194.7 50 (123.7)
190 190.9 330 (120.7) -80 189.1 60 (119.9)
200 185.3 340 (117.) -70 183.6 70 (115.)
210 179.8 350 (113) -60 178.1 80 (111.)
220 174.4 360 (109.) -50 172.7 90 (108.)
230 169.0 370 (105.) -40 167.4 100 (104.)
240 163.8 380 (102.) -30 162.1 110 (101.)
250 158.6 390 (99)) -20 156.9 120 (98))
260 153.5 -10 151.9

POWELL, R.W. Bull. Int. Inst. Refrig., Annexe, Commission 2, pp. 79-88, 1966.

JOLLIFFE, B.W.

TYE, R.P.

LANGTON, A.E.

TAUSCHER, W. Kaltetechnik, Vol. 20, No. 9, pp. 287-290, 1968.
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CH,Cl, DICHLOROMETHANE

(METHYLENE DICHLORIDE, METHYLENE CHLORIDE, REFRIGERANT 30)

A= AL+BAL-T)Y+c@-T)22+DA-T)

where

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

T, =TT, T = temperature (K)
T. = 510.K

T A
K mW/m K
170 (185.)
180 180.9
190 177.2
200 1735
210 169.8
220 166.1
230 162.5
240 158.9
250 155.3
260 151.8
270 148.3
280 144.8
290 141.4
300 138.0
310 134.7
KARDOS, A.
BATES, O.K.
HAZZARD, G
PALMER, G
RIEDEL, L.
DJALALIAN, WH.
JAMIESON, D.T.
HASTINGS, E.H.
TAUSCHER, W.

SADYKOQV, A.Kh.
GABRAKHAMNOV, R.G
BRYKOV, V.P.
MUKHAMEDZYANQV, GKh.
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320
330
340
350
360

370
380
390
400
410

420
430
440
450
460

mwW/m K

131.4
(128))
(125.)
(122.)
(119))

(116.
(113)
(110.
(107.)
(104.)

(101.)
(99.)
(96.)
(94.)
(91.)

t
°c

-100

A
mW/m K

(183)
179.7
176.0
172.3
168.6

165.0
161.4
157.8
154.2
150.7

147.2
143.8
1404
137.0
133.7

°C

50
60
70
80
90

100
110
120
130
140

150
160
170
180
190

Verein. Dtsch. Ing. Z., Vol. 78, No. 19, p. 592, 1934.
Ind. Eng. Chem. Anal., Vol. 10, No. 3, pp. 314-318, 1938.

mwW/m K

130.4
(127
(124.)
(121
(118))

(115.
(112.
(109))
(106.)
(103))

(100.)
(98.)
(95.)
(93.)
(90.)

Forsch. Gebiete Ing. Wes,, Vol. 11, No. 6, pp. 340-347, 1940.
Bull. Int. Inst. Refrig., Annexe, Commission 2, pp. 153-165, 1964.
Proceedings of the 8th Conference on Thermal Conductivity, Purdue

University, Indiana, USA, pp. 631-641, 1968.
Kaltetechnik, Vol. 20, No. 9, pp. 287-290, 1968.

Trudy Kazan Khim. Tekhnol. In.-ta, No. 47, pp. 35-39, 1971.
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