WIS | SRS R s o Y LS

Physical Properties of Hydrocarbons

o PART 32—Cyclic Ethers

Roberi W. Guallant,
The Dow Chemical Co., Plaquemine, La.

THE MosT IMPORTANT cyclic ethers are the furan com-
pounds. Furfural is manufactured by treating pentosan
with sulfuric acid and steam stripping out the furfural as
itis formed. The sources of pentosan are such agricultural
vroducts as corncobs, oat hulls, and bagasse. Furfural is
ased to produce furan and tetrahydrofuran (THF). These
moducts are used as organic intermediates, extraction
wivents, polymer solvents, and in polyurethan applica~

_tions.
\)D'iox:mc is produced by heating ethylene glycol in the

tresence of dehydration catalysts. It finds wide use as a
solvent,

Critical Properties and Vapor Pressure. Kobe and
o-workers have measured the critical properties of furan,
iHF, and dioxane.! The critical temperature and pres-
swure of furfural was estimated by the method of Riedel®
“hen compared with the experimental data on the other
Lree compounds, the method gave an error of about

~ C on the critical temperature and 30-40 psi on the
nitical pressure, Lydersen’s method? was used to calculate
“ie eritical density, with a probable error of about 0.005
Tams/milliliter.

I'he vapor pressure up to the boiling point is reported
@ the literature for all four compounds.®*%%? Vapor
vrssure data up to the critical point are available for
“rant THF! and dioxave.»® The method described in
fTevious articles was used to calculate the high tempera-
“ire vapor pressure of furfural.?

{oraph 32.2 shows the vapor pressure of dioxane-water
Hiiitions, 19
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Heat of Vaporization. The heat of vaporization of
THF at the boiling point was calculated by the method
of Riedel, with a probable error of 1-2 percent.” Experi-
mental data at the boiling point are available for furan,*?
dioxane,®'? and furfural.’®* The data were extended to
the critical point by Kharbanda’s nomograph of the
Watson equation.™

Heat Capacity. Only the vapor heat capacity of furan
has been measured experimentally.* The heat capacities
of the other three compounds have been estimated,*® with
a probable error of about 5 percent.

Guthrie has measured the liquid heat capacity of furan
from —82° C to 26° C* The room temperature values
have been determined for dioxane'* and furfural.’®
The room temperature heat capacity of THF was esti-
mated by the additive method proposed by Johnson and
Huang.? The heat capacities over the 0° to 200° C tem-
perature range were cstimated by the method used in
previous articles.

Density., The room temperature densities®® ™% have

been extended by the method of Lydersen and co-workers
to the critical point.? The error is probably 1 percent or

TABLE 32-1——Physical Properiles of Cyclic Lthers

Critical Properties

Builing | Freezing e e e

Toint, oint, | Maolecular! T. l P, de
Compeund Syuonym *C hi Weight "w i PSIA | g/ml
Furan. ... .«.] Furfuran 314 —85.7 62.07 214 772 0.312
Tetrahyds o3 'FHE £3.5 - b 2.0 248 753 0.322
Dioxang. ... .o.| 14-dioxane 1014 11.8 &.10 315 155 0.370
Furfural..........} 2-furaldebyde | 1517 —=38.7 .08 a87* | 730* | 0.357*
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Fig. 32-1—Gives vapor pressures of cyclic ethers from —20° C to 4240° C.
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Fig. 32-3—~Gives heat of vaporization for cyclic ethers from 0° C to --390° C.
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Fig. 32-2—Gives vapor pressure for dioxane-water solutions.
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Fig. 32-4—=Gives vapor heat capacity for cyclic ethers from 0° C to --1,000° C.
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Fig. 32-5—Gives liquid heat capacity for cyclic ethers from 0° C to -|-200° C.
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Fig. 32-6—~Gives liquid density for cyclic ethers from 0° C to -}-380° C. i
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Fig. 32-7—Gives liguid density for dioxane-water solutions.
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Fig. 32-8—Gives vapor viscosity for cyclic ethers from 0° C to 4-500° C.
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Fig. 32-9—Gives liquid viscosity for cyclic ethers from 0° C to +-200° C.
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Fig. 32-12—Gives liquid thermal conductivity for cyclic ethers from 0° C to 4200° C.
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less. Graph 32-7 presents the data of GrifI*" and Schott*® LATERATURE: CITED
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The liquid thermal conductivities were calculated by

the method proposed by Robbins and Kingrea.** Part 33 will appear in an carly issue-
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