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SUMMARY

The thermodynamic properties of trimetnylamine have
been evaluated at vemperatures from 32°F to 600°F and from
the saturation pressure to 2000 1b/in? based on available
- expsrimental data. An equation relating the pressure,
volume and temperature of the system has been derived
for the range in whioch experimental data were available
and 1t was used to evaluate the thermodynamic properties
in this range. Values for pressure, volume, temperature,
enthalpy and entropy have been presented in the form of

tables and graphs.



IRTRODUCTION

The increasing use of substituted snines in the cihem-
ical and petroleum industries makes desirable a compilation
of their thermodynamic properties under various conditions
of temperature and pressure., These data are necessary for
many engineering calculations such as plate to plate calcul-
ations in distillation or compressor design. While such
charts have been prepared at low temperatures and pressures
for dth&f‘s&bséituted amines no evaluation of these pro-
pertiee for trimethylamine has been prepared up to tnis
time. It is the purpose of this paper to present values
of tne thermodynamic properties of trimethylamine in the

easily used form of tables and graphs.

The requirements for evaluating the network of thermo-
dynamic properties for any compound are not absolutely
fixed, but they sihould include some thermal and some
voiumetric data. While it is possible using generaliza-
tions to determine values for thermodynemic properties from
direct data for the normal boiling point, specific gravity
of the ligquid and chemical structure, sucn values will be

inherently less accurate tiian those based on more couplete

direct experimental data. Complete evaluation of the thermo-



dynamic properties from experimental data requires values
for entualpies, entropies, latent heats, heat capacitles
and Joule-Thomson coefficlients as well as PVT data in

the saturated and superheated vapor regions. Usually such
complete data are unavallable and the properties are eval-
uvated by a oombinatioﬁ‘of experimental data and data taken

from averaged values for other similar materials. (1)

In the present study available experimental data
were gathered and used as a basis for evaluating the pro-
perties of trimethylamine. Extrapolation and interpolation
were used in extending the available data and in those re-
gions where experimental data were completely lacking, gen-
eralized methods of Hougen et al (2) ané Hansen (3) were

used. The need for additional experimental data 1s evident.



SQURCES OF DATA

The literature survey undertaken in order to secure
data for use in calculating the thermodynamic properties
of trimethylamine disclosed a surprising lack of material
on this compound. The exceedingly small amount of FVT
data was the greatest cause of difficulty and with the
notable exception of the determinations of Day and Felsing
(4,5) over a rather limited temperature and pressure range
near tihe critical point, PVT data were nonexistent. 1In
the course of investigation (5) the critical constants
were also determined cuite accurately. The saturated
liquid volume was available from the work of Swift (6)
over tiie temperature range O to 350C and of Felsing and
Pnillips (7) in the range -20 to +459C. At temperatures
from 45°C to the oritical point no data were available.
The deviation from ideality of trimethylamine at 0°C has
been calculated by Artiur and Felsing (19) with the aid
of an equation which relates the pressure-volume product

to the pressure.

Considerable work has been done evaluating the vapor
pressure of trimethylamine over a wide temperature range
from -90°C to the eritical point (5,8,9,10,11). The

equations derived by Swift and Hochandel (9) and by Day

and Pelsing (5) covered the temperature range of the pre-



sent investigation. The molal heat of vaporization has
been reported by several investigators (7,8,9). Aston
et al (8) have reported values at the normal boiling
point and at one other temperature which were checked
calorimetrically and appear to be accurate. These ine-
vegtigators also determined values of entropy at several
temperatures in the ideal gaseous state and there is
good agreement with other reported values (12). Kobe
and Harrison (12) using data obtained by Aston and others
(8,13) evaluated a four-term heat capacity equation from
which they caloulatedAenﬁJalpy and entropy values for
trimethylamine in the ideal gaseous state. This heat

capacity equation was used in the present investigation.



DERIVATION OF BQUATIONS USxD IN CALCULATIONS

Several hundred equations of state have been proposed
to express the PVT relationship of gases but none has been
found to be universally satisfactory, and most are applic-
able only over a limited range of ‘temnperatures and pressures,
The most generally satisfactory egquation of state is that
of Beattie and Bridgeman(14) wherein the various constants
must be determined uniquely for esch gas. Maron and Turn-
bull (15) using the approximate form of the Beattie-Bridgeman
equation, explicit in volume, have derived a series of
equations whici are complete analytical expressions for
the calculation of changes in enthalpy and entropy. Initial
work was done on this project using their method but com-
parison of the results obtained with this method, and the
available experimental deta indicated that it was unsatis~
factory, even at low pressures, nesar tne criticsl point.
Since this project covers the region below Ty = 1,2 a dif-

ferent approach was necessary.

The equation of gtate may be written
PV = ZRT (1)
where Z is termed the compressibility factor and is a

function of pressure, temperature and the nature of the



gas, Values of 4 at any temperature and pressure can be
calculated from cocpressibility data since

2= fx (2)
When values of the compressibility factor of a gas are
known, all calculations involving its PVT relationships
may be carried out by simple proportionalities derived

from Equation (1).

Experimental compressibility data for trimethylamine
were available at the following temperatures and pressures

(4,5).

t+ (0c) P (atm)
175 47-49
200 58-04
225 69«79
250 80=44
275 90-106

Using these experimental data, the constants for an em~
pirical equation for Z were evaluated. The egyuation takes
the form of a power series in the pressure; thus,

Z =1 +BP +CP? + DP3 (3)
B, C and D are virial coefficients which depend on the
temperature only. The simplest functions relating the
virials to T were sought and it was found that the follow-

ing equations gave the most satisfactory agreement:



B« b)T-1,boT"24b,1-4 (4)
c =c1T'2+02T‘3403T'5 (5)
D = d11-31dpT~ 44510 (¢)

The equation tims involves nine empirical constants derived

from the experimental data and has the form:
1 ;b2 , b 63 ,02 , 03\, (d3 dp  d
2-1+4 (';'" +@t i’ﬂ“(&? 3 5%)? *(@3+F+E% B

While this equation is valid over s temperature range from
Tr=1.1 to T, =1.28, in the range T,.=1.05 to T. = 1.1 it
was necessary to include a tentn term to reproduce the ex-
perimental values. The B virial in Equation (3) then takes
the form:

B=>byl Pl 4by T-2+4by T-34p, T4

The constants for Equation (7) were evaluated using the

following metnod:

1. Values of the compressibility factors were calculated
using Equation (2) and experimental volume data and were
plotted as a function of temperature and pressure. Since
data at five temperatures were avallable five curves
were obtained.

2. Solution of three simultaneous equations of the form:

Z =1+ BP +CP2 + Dp3
using three selected compressibility factors and cor-
responding pressures from each curve gave values of

B, C and D which enabled values on these curves to be



reproduced with reasonable accuraocy.

3. The five values of each of the constants B, C and D were
then plotted against the reciprocal of the temperature
at which they were evaluated. Figure (1) is such a
curve for values of C. Evaluation of Bquations (4,5 and
6) to reproduce the resulting curves gave the.valuea

which appear in Table I.

In as much as the thermodynamic properties of a mater-
ial can be caloulated from derived relationships, the empiri-
cally determined equation for the compressibility factor was
used to evaluate the effect of pressure on the enthalpy and
entropy of trimethylamine. It has been shown (16,17) that
the enthalpy of an ldeal gas is independent of pressure and
a function only of temperature. However, at elevated pres-
sures all actual gases deviate from ideal behavior, and
enthalpy changes with crnange in pressure particularly in the
critical region. The enthalpy of a real gas relative to the
entnalpy of an ideal gas wihen both are at the sawe tempera-
ture may be obtained by inte%xation of

@%)7 = V-7 (%TZ)P e
between the limits of existing pressure and zero pressure
where all gases behave ideally and the enthalpy becomes

independent of pressure. Thus

(wen)e- L [T (*9%—‘9()“ v/ Jr @
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The value of (hL#=H)p may be expressed in terms of the come
pressibil‘ity factor as a variable and thus obtained from
these factors for a specific material. Differentiation
of Equation (1) gives

CIARN SE ———692>” (o

(Ur’),o =z+T(5F), | 1)
combining Equations (8) and (10) ,

di .m_RTL(&Z I

&5E§T" P 37")P . ( )
6n fbstituting Bquation (7)

} 4., M.c d d. d pz

(3 le B e S S e O ke ) )

Differentiating and combining terms

@;)r Wl 2 4 ‘,ﬁ%ld{ Ko +SC;;)P+ 3 ! +-§—+7— )P , 03)

Integration between p=0 and p gives the desired expression

R o e e sapr, o ol W VE'] (1)

The entropy deviation of a gas from ldeal behavior may be

derived in a &imila:r fashion from the Maxwell relation

(&S»' pY 05)

From Hougen and Watson (17) pg. 437, Equation 24,

(75 )h=R(T=T(55), 14y
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Substitution of Bquation (7), differentiation and combin-

ation of terms giveq: C[

ke o—p(P[Th 10y ¢y 3(}.. X ] i
(S %D)T ﬁ[ E‘T{!f ) (T” T +—rr)P )P ?, (7)
Integration between p-0 and p gives the desired expreasiom

[F5h RER (e )T 2 ot ]. ()




METHOD OF CALCULATIOR

In the superheated vapor region between temperatures
of 400°F and 540C°F and pressures of 700 lb/in? to 1200
1b/in? calculations for specific volume, enthalpy and
entropy are based on the equations derived from available
experimental data. In the saturated vapor and liquid re-
gion and in the superheated vapor region outside the limits
of pressure and temperature given above, calculstions are
made using the metnod of Hougen, lLydersen and Greenkorn
(2). This method is based on the theorem of corresponding
states and the values for PVT relationships as well as for
each thermodynamic property have been obtained by these
authors by evaluating 82 different compounds for which PVT
data and the three critical constants Po, Tc and Ve were
available. All constants and equations used in this pre-
sent study in making these calculations are listed in
Table II.

The following steps were traversed in appraising the
thermodynamic properties:
l. An arbitrary datum of unit mass of the saturated
liquid at 32CF was chosen for zero value ol en-
thalpy and a datum of OOR for a zero value of

entropy. The value for entropy at 32CF in the
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ideal gaseous state at one atmosphere is 1,13534
Btu/1b °Rr (12).

The latent heat reported by Aston et al (8) as
166.95 Btu/1b was used in preference to other re-
ported values. Values of the latent heat of vapor-
igation from 32°F to the critical temperature were
computed from Aston's value using Watson's method
(18).

The following vapor pressure squations were used:

a) from 320F to 1200F (9)
 logyo P(mm) = -{2018.37/T)-6.0303 Log T +24.91300

b) from 120°F to 2709F (5)
logi1o P(mm) = -1202.2908/T+ T7.250828

¢) from 270°F to critical temperature (5)
logyo P{mm) - -738.6065/T +.0028426T 4.914884

Volume of the saturated liquid was calculated from
320F to 120°F using (7)

density (g/co) = 0.87406-4.433 x 10-47-1.29236

x 106 72, ¥rom 1200F to critical temperature
Hanson's method (3) was used. This method is based
on the theorem of corresponding states and it allows
calculation of the volume of a liquid at temperatures
from the normal boiling point to the oritical temper-
ature. The only required data are the critical tem-
perature and the critical volume, which are available

for trimethylamine.
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Volume of tie saturated vapor was calculated
using the compressibility ractors taxen Ifrom
ret (2) using a value of Ze¢ = .286 and Equa-
tion (1).

Enthalpy of the vapor at zero pressuré and
32CF was obtained by adding the isotuerual
variation of entnalpy with pressure for sat-
urated vapor to the latent heat of wvaporiza-
tion at tnis temperature. Values of the en~-
tnalpy over tiie entire temperature range at
zero pressure were obtained by lntegrating
the heat capacity Ecuation (12) at oonstant

pressure with respect to the temperature in

OF between 32°F and the temperature in question.

Values of entnalpy of the vapor at different
pressures were obtained by subtracting the
isothermal wvaristion in enthnalpy from the en-
thalpy at zero pressure. In the range 4000F
to 540°F and 700 1b/in® to 1200 1b/in° tue
isothermal ¢:ange in ent..alpy with change of
pressure was calculated from Equation (14).
At other temperatures and pressures in the
superheated vapor region and in the saturated
vapor region the isotnermal change in enthalpy
with change of pressure was obtained from

ref. (2).
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Values of the entnalpy of the saturated liguid
were found by subtracting the enthalpy of vapor-
ization from tae enthalpy of the saturated vapor
at the mamne temperature.
Values of the Entropy over the entire temperature
range in the ideal state at one atuosrphere were
found by evaluating the expression
T, -

as- [Fop
between 320F and the temperature in question
and adding this value to the entropy in the
ideal gaseous state at one atmosphere at 320F,
Values of entropy of the vapor at different
pressures were obtained by subtracting the iso-
thernal variation in entropy fronm the entropy
at one atmosphere. This variation is a com-
bination of two correction factors, one for
change in pressure under ideal beravior and a
second for deviation from ideal behavior at tue
given temperature and pressure. The isothernal
change in entropy with change in pressure for
ideal behavior is evaluated froa the expression

Py
-R 1n P
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In the renge 400°F to 540°F and 600 1b/in? to
1200 1b/in? the isothermal correction for devia-
tion from ideal behavior was obtained from Equa-~
tion (18), At other temperatures and pressures
in the superheated vapor region and in the satur-
ated vapor region the isothermal correction for
deviation from ideal behavior was obtained fron
ref. (2).

Valueg of the entropy of vaporization were de-
rived by dividing the latent heat of vaporization
by the absolute tempstature.

Values of the entropy of the saturated liquid
were found by subtracting the entropy of wvapor-
ization from the entropy of the saturated vapor
at tne same temperature.

Values of the volume in the superkh~ated vapor
rerion were computed from Equation (1) and con-
pressibility factors derived from Equation (7)
where applicable, and from ref. (2) at other

temperatures and pressures.



DISCUSSION OF RESULTS

The lack of available experimental data in the lifera-
ture makes it difficult to estimate the accuracy of this
work. Since certain portions of the work are bLased on
averaged data rather than direct experimental data, a
hign order of accuracy could not be attained. However,
generalized methods for estimating thermodynamic proper-
ties of pure fluids based upon}the theorem of corresponding
states are commonly used where reliable experimental data
or accurate equations of state for specific fluilds are
not available. These methods are satisfactory for most
engineering purposes, such as process design, where extreme
accuracy is not required. The data of Hougen et al (2)
whichh were used in this investigation are a decided ad-
vance over previous generalized methods in that a third
parameter, the critical compressibility factor Zg, has
been used to increase the acouracy. Methods have been
developed which allow certain portions of the calculated

data to be checked and this has been done.

Saturated liquid volumes in the range 32°F to 10(PF
were checked using theequation derived by Swift (6) from

experimental data, and give good agreement witii those re-
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ported in this work, The accuracy of the ligquid volume
above this temperature range is that of Hansen's method
(3) which has been reported as t8%. The equation devel-
oped by haggenmacher (20) was usged to evaluate the vol~-
ume of thne saturated vapor at selected points and these
values were compared witn the values calculated using
the compressibility factor and Equation (1). This equ-
ation is vg+ v1 = (CT/P)-2B where C= R/mol. wt. and B=
(CTo/2Pg)=vVo. There 1s no significant deviation between
the values obtained by these two methods. Values of the
volume in the superheated vapor region where Ecuation (4)
is applicable are consistent with the experimental data.
At other temperatures and pressures the accuracy is de-
pendent on the accuracy of the compressibility factor
taken from reference (2). The deviation of these values
from tne experimental data from which they were derived
is reported as increasing from zero at low pressures

up to 2.5% in the critical region and tuen diminisnhing
to 2.0% at higner pressures. The same order of accuracy

should hold in tnis work.

Aston et a8l (8) have given values for the latent
heat of vaporization at two temperatures and therefore
Watson's nethod of obtaining the latent heat of vaporizae
tion at other temperatures could be checked. Agreement

was obtained within 1% and values of the latent heat at
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other temperatures s::ould be of the same order of accuracy.

Enthalpy values in the saturated and superi.ested
vapor regions were obtained by corrxecting the entgalpy
of the ideal gas as previously descrived. The enthalpy
o thie ideal gas at the datum tenperature of 32°F was es-
tablist:ed by adding a correotion for non-ideality of 4 Btu/
1b to the enthalpy of the saturated vapor at that tesnper-
ature, If this éorrection i in error by 3C% the value
for the enthialpy at the datum plane has an error of 0.%%.
Sueh an error is well witnin the acouracy of thiis work.
The use of tne derived equation for (L#-H)f in one region
and values of (h#-l)qp from reference (2) in other regions

resulted in some inconsistencies in values ol entualpy in
trhe superheated vapor region. In this region values of

entralpy were plotted on a large scale graph and smoothed
values, to remove the inconsistencles, taxen from this

£raph are given in the tatles. Figure 2, is such a grapl

for values at 700 1b/in? abs. Although hLougen et al (2)

kave not indicated the order of accuracy obtained using

t: eir data, hougen and ¥atson (17) estimate the magnitude

of the maximum error in the correction for non-ideality which
18y Le encountered using generalized metnods as 30%. Since
the generalized metnod used in this work is more accurate

nan those for winich this estination was nade and the
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correction terms are relatively small in themselves, the

values given in this work should be more accurate tnan tnis,.

Values of tire entropy in the ideal gaseous state at
one atmosphere were obtained using the data given by Kobe

and llarrison (12) who report an average error of 0.18%.

The accuracy of entropy values at other pressures in
the real gas state are dependent upon the acouracy of the
corrections used. Hougen and Watson (17) estimate the
maximum errors in generalized nonwideality corrections
for the entropy of gas as 30%. The accuracy of the cor-
rections used here should be better than this for the
sameé reasons as given above. Agaln the use of two metnods
for obtaining these corrections, derived equation and re-
ference (2), resulted in some inconsistencies and smoothed

values are given in the tables.

The present work is the only systemétio compilation
of thermodynamic properties of trimethylamine. 1t is re-
comusended that these values be used in engineering calcul-~
ations where extreme ascouracy is not required. Further
experimental data must be collected before a morxe accurate

evaluation of these propertie- may bLs presented.
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SAMPLE CALCULATIONS

H#320F =169,65 Btu/lb; S#y ,¢n at 320F =1.13534 Btu/lb OR

Molal heat capacity 1n23tu/lb mole OF at zero pressure
Cp= 19.055 +3.9043x10"¢T=1,4186x10~ 292+ 2,1317x10~ 93

¥olal heat capacity in Btus/1b mole °R at zero pressure
Cp= -2.098 +5.3427x10~2%-1,7126x10~ 572 +2,1317x10~973

Tynbp= .6374 N, = 9867.6 Btu/1b mole
a) At T =1000F P =20 1b/1in?
w r f
Bt =169.65 5.17 [19.055 +3.9043x10-27.1 . 4186x10~ 512
59.T1 )35
+2.1317110'9T3J ar
He =194.46 Btu/1b

Eﬁﬁ:.uz (ref. 2) HweH =1,873 Btu/lb

H =192.59 Btu/1b 6
z1. 1 -2.098 15, -2 _

1.7126x10°5% 42.1317x10-97 ar

S# =1,18254 Btu/1b °R
P2
S*2@psia =S#14,7psia - Rln Py

P
-Rln ?% =0.01035 Btu/1b

S#20psia - S=0.00213 Btu/lb (ref. 2)
S =1.18254 - .01035 - .00213 =1.17006 Btu/lb °R

v‘%’%’?np % =.962 (ref.2)

V = 4.8805 £t3/1b
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At T = 500°F P =700 Psi
B =169.65+ggirr (20 [19.055 +3.9043x10-21 -
* 2
3 1.4186x10"512 4 2.1317x10- 913/ az

H# =393,30 Btu/lb
HaeH ""1.987[(68.51- 2(4’.1%06x104) 4 2(2.82%1109! P

(-9.407x102) , 3(7.£19x105) 5(8,095x1010) | B2
+( 07x10%) 1 3(7.619x109) 5(8.095x10 )) 2

. g_g_.;m,;xloh - 4{4.193x106) 6;4.%111011)) 3
where T = °K and P zatm. 3
HeeH= 26,44 Btu/ld
Using Hougen et al method (ref.2)

H#eH =24.36 Btu/lb

Values of H#-HR from these two methods were determined

over the temperature range and values of H#«H were

smoothed so that consistent resultis were obtained.

(Figure 2)

In this case

He#-H =225.73 Btu/1b

B =393.30-25.73 =367.57 Btu/lb

S# =1.l3534+-5-9%ﬁ fyw[:':-z?—!g—ﬁ—@ 1'5.5437110'2-1.7126110’592
49 +2.1317x10"91‘2]dT

S# = 1.44549
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At saturation pressure T =100°PF

VAapor pressure

logyp F(mm) = -(2018.37/T) -6.0303 log T +24,91300
where T =273.16 %

P =240 mm = 46.43 1b/in?

f%-H _ 317 (ref,2) Hu-H=4.183 Btu/lb

H <1390,28 Btu/lb
"dn?; Py
«-Rln p-i- = 03867 Btu/lb OR

S#=8 = .00573 Btu/1lb OR (ref.2)
5 =1,13814 Btu/1b °R
‘Heat of vaporization Ty =.7179

[1-1.\ 0.38

I:f;,) Mo

1-.7179\°*3®  3867.5 = 151.77 Btu/1b
e T

T sq./0 |
H sat. liquid =190.28 « 151.77= 38.51 Btu/1db

S vap - L}EE =%_%-;§1 = 0.27102 Btu/1b °R

8 sat.liquid =1.13814 - .27102 =0.86712 Btu/1lb ©R

volume of saturated vapor
Z =.300 V=1.9608 f£3/1b

volume of saturated liquid

density (g/cc) 20.87406-4.433x10"41-1.29236x10" 512
where T =CK

density at 100°F3‘.62101 g/cec

volume=,02620 £t°/1b
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so ot ogy | /=4.1206x104 3(3.52:‘5;{10;»))1;
Sre S = w1,987 L< 22 + *

-.,4072102  2(7.814x105) 4(-8.0;‘35:(1010))1:2
H(2APLE 20108 s —

2(5.19%103) | 3{=4.143x109) , 5(4.111x1011)} & 3
+< (5 é% )4+ 3 T‘*j ) 4504 T )TP_

S#e 21,237 Btu/lb mole OR

S#ed 21,08 Btu/lb mole ®R (hougen et al)
Using swmoothed values

eSS 21,11 Btu/1lb wole Ok = ,0ly7Y Btu/lb Ok
-Rln ;f“:.IZSﬁﬁ Btu/1b

§ 21.44549-.12963-.01979 = 1.29561 Btu/lb Ok
Voluue of superheated vapor

4 o= . T86 V 2.1953 £13/1b
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TABLE 1

Derived Constants for Compressibility Pactor Equation

by +68.51
by -8.2412 x 104
by +1.5316 x 1010
' +1.5247 x 107
b5 -4.514 x 10°
b3 +3.3201 x 109
by -7.1308 x 1011
o1 -9.407 x 102
e +7.819 x 102
c3 -8.095 x 1010
d; +5.19 x 103

dso +4.193 x 108

ds +4.111 x 104



TABLE II
Constants and Equations Used In Calculations
te = 160.15 o¢

Pe = 40.24 atm.

«
[+
W

Cp . 19.055+3.304x10-2% - 1,4186x10-5%%+ 2.1317x
107943 - Btu/1b mole OF

8p = -2.098 +5.3437x10°2¢ - 1.7126x10"5¢2+ 2,1317x
10343 « Bty/1b mole OR

hntf = 166,95 Btu/1b
S#(1 atm., 320F) = 1.13534 Btu/lb OR

R = 1.987 (Cal)/(g-mole) (OK)é 82.06 (ocu. om.) (atm.)/
(g-mole) 9K; 10.71 (1b/in€) (£13)/{1b-mole) °R

T OR = 459,7+ tOF
T OK = 273.16 +t°C
AH = fcp ar

as = fop g-rme



32
37.16

80
100
120

160
180
200
20
240

f::;iﬁsess.
13.21
1447
15.38
23.10
32.20
46.43
62.92
8495
110.7
142.4
184.1
225.2
277.8

Thermodynamic Properties of Sasturated Trimethylamine

Volume
£t3/1b

Liquid

0.02440
0.02453
0.02460
0.02510
0.02564,
0.02620
0.02702
0.02796
0.02890
0,02982
0.0309%9
0.03222
0.03378

Vapor
6.5795
5.9321
546547
3.8217
2.7954
1.9668
1.4581
1.0826
0.83313
0.64738
0.50016
0.40534
0.31228

TABIE III

Liquid
o
2.76
437
15.16
26.84,
38.51
50.69
62.91
75.75
88.90
100.55
113.89
128.37

Enthalpy
Btu/1b

Bvap,

168.13
166.95
166.21
161.69
156,86
151.77
146.33
140.61
134.39
127.80
120.53
112.44
102,72

Yapor

168,13
6.7
170.68
176.85
183.70
190.28
197.02
203.52
210,14
216.70
221.08
226,33
231.09

Liquid

0.78529
0.80087
0.80454
0.82556
0.84712
0.86712
0.88727
0,907,
0.92722
0494678
0.96640
0.98611
1.00709

gt
Evap.
0.35173
0.33581
0.33242
0,31094
0.29048
0.27202
0.25229
0.23435
0.21676
0.19969
0.18262
0.16535

0.14674

Vapox

1.13702
1,13668
1.13696
1.13650
1.13760
1.13814
1.13956
1.14176
1.14398
114647
1.14902
1.15146
1.15383



o oy

260
280
300
320
320.28

Abs, 338&

1t/

338,6
4092
498.2
589.9
591.4

Yolue

£63/1
dquid Vapor
0.03575 0.24658
0.,033820 0,18803
0.04353 0.13820
0.06250 0.06948
0.06858  0.06858

Enthalpy

Btu/1b
Idguid Evap.
143.15 92.65
160,06 78.68
175,05 61,06
214.89 12.60
222,30 0

Vapor

235.80
238,74
2%.11
227.49
222,30

Liquid
1.02608

1.05228
1.07191
1,12167
1.13566

obrory
Btu/1b °R
Evap.

0.12868
0.10362
0.08034
0.01615
0

Vapor

1.15566
1.15590
1.15225
1.13782
1.13566

4



TABLE IV

Thermodynamic Properties
of
Superheated Trimethylamine
from 20 1b/in? 4o 2000 1b/in2



oF
51.9
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460

Abs. press. 20 1b/in?

ft3§1b
4.4056
4.4894
4.6863
4.8805
5.0705
5.2617
5.4537
5.6472
5.8416
6.0372
6.2274
6.4184
6.6101
6.7956
6.9815
7.1678
73470
7.5337
7.7209
7.9085
8.0964
8.2846

Btuﬁib
175.42
177.31
184.85
132.59
200.51
208.70
217.15
225.82
235.08
243.86
253.19
262.35
272,50
282.47
292.66
303.02
313.25
324.36
335.31
345.95
357.82
369.42

8
Btu/lb OR

1.13682
1.14289
1.15623%
1.17006
1.18294
1.19780
1.21162
1.22521
1.23874
1.25228
1.26582
1.27944
1.29288
1.30624
1.31945
1.33344
1.34665
1.35855
1.37110
1.38426
1.39702
1.40970

35



480
500
520
540
560
580
600

ft3;1b
8.4729
8.6528
8.8339
9.0232
9.2034
9.3837
9.5735

Btu?ib
381.05
392.91
404.96
417.17
429.56
442.12
454 .84

36

| S
Btu/1b ©OR

1.42232
1.43482
1.44723
1.45359
1.47185
1.48405
1.49617



91l.1
100
120
140
160
180
200
220
240
260
280
300
320
340
%60
380
400
420

440
460
480

Abs. press. 40 1b/in?

ft3}lb
2.2666
2.3387
2.4591
2.5656
2.6708
2.7743
2.8760
2.9755
3.0757
3.1733
3.2719
3.3703
3.4660
3.5621
3.6549
3.7479
3.8410
3.9343
4.0278
4.1215
4.2151

Btuﬁlb
187.76
190.50
198.74
207.15
215.76
224.52
233.85
242.70
252.11
261.78
271.60
281.63
291.88
302.30
312.60
323.77
334,78
345.46
357.35
368.99

380.67

S
Btu/1b

1.13771
1.14251
1.15704
1.17230
1.18663
1.20073
1.21459
1.22822
1.24179
1.25529
1.26875
1.28209
1.23539
1.30950
1.32278
1.33473
1.34735
1.36059
1.37339
1.38608
1.33868

37

OR



500
520
540
560
580
600

rt3§1b
4.3095
4.4036
4.4974
4.5878
4.6801
4.7723

H
Btu/1b

%392.55
404 .63
416.86
429.26
441.83
454 .56

38

Btu/ib OR
1.41118
1.42361
1.43537
1.44825
1.46045
1.47258



116.8
120
140
160
180
200
220
240
260
280
300
320
340
300
380
400

- 420

440
460

480
500
520
540

Abs. press. 60 1lb/in?

ft3;1b
1.5328
1.5851
1.6615
1.7318
1.8012
1.8715
1.9405
2.0082
2.0764
2.1453
2.2147
2.2824
2.3488
2.4118
2.4757
2.5398
2.6043
2.6689
2.7310
2.7931
2.8556
2.9182
2.9820

Btu?lb
135.60
197.02
205.50
214.24
22%.17
232,56
241.51
251.01
260.73
270.68
280.77
291.08
301. 64
211,94
323.13
3%34.17
344.91
356.85
368.54
380.15
392.05
404.14
416,42

Btu/Ib
1.13932
1.14267
1.156395
1.17097
1.18489
1.19876
1.21256
1.22730
1.23937
1.25358
1.26711
1.28057
1.29485
1.30827
1.32037
1.33304
1.346273
1.353902
1.37183
1.38455
1.39708
1.40952

- 1.42193

39

OR



560
580
600

ft3>1b
3.0462
3.1090
3.1719

Btu?ib
428.83
441.41
454.14

40

Btu/ ib OR
1.43419
1.44641
1.45855



135.9
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540

Abs. press. 80 1b/in?

It3;1b
1.1499
1.2026
1.2230
1.3005
1.3752
1.4292
1.4823
1.5361
1.5888
1.6404
1.6924
1.7412
1.7884
1.8416
1.8913
1.9392
1.9873
2,0357
2.0820
2.1286
2.1751
2.2240

Btuglb
202.00
203.92
212.91
221.85
231.44
240.52
250.09
259.94
269.95
280,17
290.56
301.11
311.42
322.61
333.65
344.42
356.41
368.15
379.86
331.78
403.8Y
416.13

41

5
Btu/1b °R

1.14115
1.14501
1.15961
1.17387
1.18731
1.20188
1.21578
1.229062
1.24340
1.25693
1.27040
1.28467
1.29817
1.31030
1.32303
1.33631
1.34918
1.36199
1.37471
1.38726
1.39372
1.41209



560
580

600

ft3}lb
2.2731
2,3%223
2.3694

Btu?ib
428.55
441.14
453.88

42

Btu/gb OR
1.42438
1.43660
1.44875



152.2
160
180
200
220
240
260
280
300
320 |
340
360
380
400
420
440
460
480
500
520
540
560

Abs, press. 100 1b/in?

ft3jlb
0.4217
0.9661
1.0112
1.064%
1.1150
1.1605
1.2067
1.2496
1.2916
1.3341
1.3755
1.4173
1.4580
1,4950
1.5386
1.5785
1.6169
1.6554
1.6942
1.7330
1.7702
1.8074

H
Btu/1b

208.52
210.81
220.27
229.93
239.00
248,64
258,62
268.83
278.99
289.37
299.99
310.62
321.95
333,12
343,92
355.93
367.62
379.35
391,32
403.49
415,63
428.27

8

Btu/1b OR

1.14307
1.143991
1.16430
1.17888
1.19301
1.20709
1.22101
1.23487
1.24857
1.26221
1.27666
1.23016
1.30234
1.31518
1.328406
1.34133
1.35414
1.366806
1.37947
1.39200
1.40443
1.41674



44

T v B S
op £43/10 Btu/1b Btu/1b ©R
580 1.8446 440,90 1.42896

600 l.8821 453.67 1.44112



163.0
180
200
220
240
2600
280
360
320
340
360
380
400
420
440
400
480

500

520
540
560
580
600

Abs. press. 125 1b/in®

v
£+7/1b

0.7447
0.7792
0.8227
0.8743%
0.39071
0.9497
0.9815
1.0168
1.0515
1.0854
1.1196
1.1518
1.1843%
1.2169
1.2498
1.2828
1.3148
1.3456
1.3793
1.4103
1.4400
1.4697
1.4335

B
Btu/1b
213.93
218.02
228,34
237.69
247.39
257.31
267.64
276.06
288,45
299.21
309.78
321,20
332,43
343,31
355.33
367,039
378.83
390.79
402.94
415.23
427.69
440.42
453.29

45

S
Btu/1b °R

1.14518
1.15411
1.1b942
1.18383
1.19824
1.21241
1.22030
1.24023
1.25403
1.26848
1.28215
1.29434
1.30717
1.32062
1.333606
1.34647
1.35:19
1.37179
1.38430
1.39671
1.40302
1.42126
1.43341



184.3
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520 -
540
560
580
600

Abs. press. 150 lb/in

ft3}lb
0.6173
0.0017
0.7006
0.7356
0.7679
0.8000
0.8308
0.8611
0.8309
0.9202
049497
0.9775
1.0045
1.0317
1.0591
1.0866
1.1132
1.1400
1.1669
1.1938
1.2210
1.2470

Btu?ib
218.70
226.23
235.97
246.13
2560.25
260,46
276.88
287.65
298.47
309 .04
320 .49
331.80
342.66
354.74
366.56
%578.29
330,27
402.44
414.77
427.28
439.91
452.68

8

46

Btu/1b ©R

1.14703
1.16108
1.17665
1.19120
1.20527
1.21938
1.23342
1:24723
1.20184
1.27551
1.28770
1.30054
1.31393
1.32702
1.33983
1.35255
1.36520
1.37778
1.39026
1.40263
1.4143)
1.42712



197.4
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520

540
560
580
600

Abs. press. 175 lb/1n2

ft3}1b
0.5289
0.5433
0.5773
0.6081
0.0374
0.6658
0.6948
0.7228
0.7496
0.7760
0.8013
0.8281
0.8519
0.8759
0.8992
0.9246
0.3482
0.3721
0.9950
1.0180
1.0412
1.0634

Btu?ib
222.41
224.52
234,38
244,42
254.53
265.14
275.69
286,47
297.42
308,11
313.70
331,01
342.00
354 .08
305490
377.63
389,61
401,78
414.11
426.62
439.31
452.09

S
Btu/1b

1.14805
1.15284
1.16962
1.18452
1.19889

47

OR

1i21318 .

1.22722
1.24113
1.25581
1.26964
1.28200
1.29484
1.30829
1.32133
1.33430
1.34702
1.35966
1.37218
1.38406
1.39702
1.40930
1.42150



320
340

360

380
400
420
440
460
480
500
520 .
540
560
580
600

Abg. press. 200 1b/in<

f$3;1b
0.4628
0.4805
0.5137
0.5420
0.5678

a 0o5935

0.6190
0.6450
0.6686
0.6917
0.7137
047358
0.7583
0.7801
0.8021
0.8236
08443
0.8642
0.8852
0.3064
0.9276

Btu/1b
225.30
230.56
241.65
252 .55
263.29
274.10
285.15
296.10
306.9%
318,52
329.95
341.08
353.29
365,11
376.84
388,88
401,12
413.45
425.96
438.79

451.76

48

S
Btu/1b R

1.15013
1,15998
1.17608
1.19214
1.20649
1.22069
1.23484
1.24380
1.26397
1.27650
1.28950
1.30312
1.31616
1.32914
1.34134
1.35468
1.36725
1.37968
1.39202
1.40430
1.41650



228.8
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs, press. 250 1b/in?

ft3}lb
0.3544
0.3780
0.4070
0.4317
0.4539
0.4765
0.4975
0.5182
05376
0.5566
0.5753
0.5942
06134
04,6316
0.6485
0.6648
0.6813
0.6978
0.7138
0.7298

H
Btu/1b

230,22
237.16
248.07
259.45
270.67
281.98
293.33
304.42
316.14
327.71
338,84
351.18
363.13
375,13
387 .23
394.53
412 .00
424,64
437.40
450.31

49

g
Btu/lb R

1.15252
1.16589
1.18192
1.19603

1.21110

1.22575
1.24087
1.25505
1.26775
1.28110
1.29488
1.30800
1.32098
1.33382
1434660
1.35927
1.37186
1.38437
1.39673
1.40897



247.6
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs, press. 300 1b/in?

ft3jib
0.2863
0.3139
0.3352
0.3562
0.3783
043972
0.4155
0.4323
0.4493
0.4656
0.4821
044995
0.5171
0.5316
0.5469
045605
0.5735
0.5879
0.6024

H
Btu/1b
235.10
242,66

255.38

267.11

'278.55

250.16
301.39
313.37
325.07
536.33
348.80
360489
373.02
385.38
397.82
410.28
423.06
435.88
448.86

S
Btu/1b °R

1.15448
1.16720
1.18558
1.20080
1.21580
1.23109
1.24560
1.25855
1.27198
1.28594
1.29932
1.312406
1.32544
1.33830
1.35103
1.36377
1.37640
1.38889
1.40118

50



263,.5
280
300
320
340
360
380
400
420
40
460
480
500
520
540
560
580
600

Abs. press. 350 1b/in

v
£t3/1b
0.2341
0.2643

10.2845

0.3049
0.3243
0.3413
0.3510
0.3726
0.3881
044035
0.4182
0.4316
0.4448
0.4576
0.4706
0.4842
0.4975
0.5103

Btuﬁib
236.60
248.91
262.10

- 274.86

286.60
248,62
310.73
322.70
334.09
346,56
358.78
370,90
383.27
395.84
408,57
421 .48
43456
447.80

Btu/gb
1.15576
1.17312
1.19037
1.20664
1.22270
1.23755
1.25075
1.26427
1.,27822
1.29160
1.30508
1,31831
1.33130
1.34422
1.357006
1.36983
1.3823%6
1.39473

51

OR



277.4
l280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600

ft3;lb
0.1961
0.2035
0.2358
0.2562
0.2736

0.2897

0.3044
0.31390
0.3332
0.3477
0.3609
0.3739
0.3862
043986
0.4099
044209
0.4315
0.4422

4 “
Abs. press. 400 1b/in?

Btu?ib
238.30
240.47
255.63
271,03
283.56
295.84
308,22
320432
331.84
344 .58
356.93
369.19
381.56
394,26
406.99
419.76
432.85
446.09
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8

Btu/1b °R

1.155385

1.10002
1.18021
1.19844
1.21448

-1.23035
.1.24389
1425775
-1.27204
. 1.28559
1.25830
1.31213

l.32528

1.33837

1.35130
1.36407

1.37660
- 1.38897



289,.2
300
320
340
360
380
400
420
440

460 .

480
500

| 520

540

560

580

600 -

Sy B -~
Abs. press. 450 1b/in¢

ft3}lb
0.1683
0.1836
0.2120
0.2271
0.2427
042581
0.2722
0.2856
0.2986
0.3112
0.3224
043336
043445
0.3555
043667
0.3781
0.3892

Btuﬁlb
238,20
251,01
265.09
278.15
292,02
305.19
317.68
329.20
341.94
354 .69
366.95
379.18
392.15
405.01
418,04
431.26
444.63
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s
Btu/1b °Rr

1.15482
1.16760
1.18913
1.20714
1.22317
1.23739
1.25142
1.26588
1.27376
1.29342
1.30682
1.31997
1.33306
1.34607
1.35885
1.37154
1.38417



300.4
320

. 340

360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press. 500 1b/in?

It3}1b
0.1361
0.1682
0.1890
0.2089
0.2259
0.2384
0.2503
0.2619
0.2734
0.2844
0.2957
0.3061
0.3163
043260
0.3380
043457

Btu?ib
236.40
257.83
273.14
287.79
301.23
314.52
326,70
333.83
352.31
364 .83
377.60
390.43
403.42
416.46
423,81
443.18

8
Btu/1b O R

1.15280
1.17760
1.19630
1,21541
1.23081
1.24551
1.26031
1.27436
1.28802
1.30141
1.31474
1.32800
1.34118
1.35423
1.3%0715
1.37978

54



311.4
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press. 550 1b/in?

ft3}lb
0.0931
0.1182
0.1555
0.1783%

- 0.1937

0.2068
0.2197
0.2313
0.2425
0.2524
0.2025
0.2728
0.2827
0.2327
0.3029
0.3122

Bta/Lb
234.12
247.28
260.14
283.44
298.99
311.48
324.03
337+45
350420
362.72
365.62
388.58
401.71
414.75
427.83
440.34

55

s
Btu/1b OR

1.14753%

' l.}5757

1.18482
1.20745

1.22438

1.23942
1.25473
1.26329
1.28312
1.29668
1.31018
1.32343
1.33602
1.34972
1.36276
1.37550



340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press. 600 1b/in?

ft3§1b
0.1232
0.1511
0.1674
0.1810
0.1948
0.2066
0.2164
0.2265
0.2363
0.2462
0.2549
0.2634
0.2720
0.2807

H
Btu/1b

256.80
277.30
293.97
308.44
321.29
334.94

347.96

360.48
373.37
386 .34
399.46
412.40
426.51
440.15

56

Btu/fb OR
1.17108
1.19963
1.21775
1.23363
1.24910
1.26383
1.27800
1.29190
1.30556
1.31899
1.33234
1.34545
1.35649
1.37128



op

340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press. TO0 1b/in?

v
££3/10
0.06964
0.1040

. 051234

0.1331
0.1519
0.1655
0.1774
0.1861
041953
0.2044
O.é128
0.2210
0.2291
0.2368

Btu?ib
227.49
258.77
281.70
300.27

314,56

328,21

341.23 L

354.28
367.57
381.06
394 .58
398.28
422.03
435.79

57

Btu/?b o
1.13510
1.17583
1.20240
1.22150
1.23814
1.25340
1.26790
1.28197
1.23581
1.30974
1.32326
1.33637
1.34941
1.36220



340
360
280
400
420
440
460
480
500
520
540
560
580
600

Abs. press. 800 1b/in?

ft3}1b
0.05073
0.07150
0.09322
0.1077
0.1206
0.1323
0.1439
0.1533
0.1609
0.1687
0.1766
0.1848
041932
0.2012

Btu?ib
212.76
245.30
263.16
287.46
303.87
319.38
33%.97
347 .42
362.03
375.65
389.57
403.53
417.67
431.97

Btu/ib

1.11455
1.15511
1.18253
1.20349
1.22320
1.23396
1.25581
1.27056
1.28524
1.23985
1.31422
1.32817
1.34171
1.35501

58

OR



340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press. 900 1b/in?

rt3}1b
0.04509
0.05448
0.07086
0.08449
0.,09744
0.1087
0.1202
0.1272
0.1368
0.1460
0.1552
0.1637
041696
0.1750

Btu?lb
204.79
231.45
255.57
278.49
295.82
312.78
328.56
342,67
357.14
371.56
386.00
399.97
414.37
428.80

59

8
Btu/1bOR

1.10467
1.13897
1.16858
1.19293
1.21365
1.23109
1.24796
1.26338
1.27840
1.29335
1.30755
1.32167
1.33504
1.34818



Abs. press. 1000 1b/in<

ft3}1b
0.04261
0.04873
0.05783
0.0673L
0.,07940
0.08369
0.10001
0.10865
0.1171
0.1252
0.1326
0.13395
0.1460
0.1517

Btuﬁib
200.43
223.40
248.97
270.97
289.09
304.99
322.%6
336.73
357 .87
367.87
361.91
396.14
411,60
425.50

S
Btu/1b

1.09722

1.12612

1,15488

1.17923

1.,20113

1.,22060

1.23882

1.25470

1.27046

1,28591
1.30078
1,31508

~1.32013

1.34209

60

OR



340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press. 1200 1b/in?

ft3}1b

0.03889
0.04222
0.04718
0.05194
0.05926
0.06686
0.07529
0.08132
0.08944
0.03663
0,10418
0.11027
0.11541
0.12243

Btu?lb
196.34
215.22
238.55
260.68
280.12
298.26
313,91
328.70
344 .61
359.55
374 .92
389,67
404 .48
413.83

S

61

Btu/1b ©R

1.08923
1.11339
1.14030
1.16565
1.18408
1.20720
1.22576
1.24152
1.25739
1.27318
1.28873
1.30387
1.31843
1.33258



340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press 1400 1b/in2

It3jlb

0.03624
0.03326
0.04261
0.04563
0.04863
0.05839
0.06215
0,06740
0.07231
0.07914
0.08477
0.09056
0.09556
0.10220

Btuﬁlb
135.81
212.31
233,27
252,89
271.59
289.29
305.53
320.23
336.30
351463
307.27
%82.15
397.22
414.02

62

Btu/?b oR
1.08455
1.10888
1.13308
1.15573
1.17882
1.19642
1.21515
1.23109
1.24678
1.26207
1.27813
1423377
1.30850
1.32316



340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs, press. 1600 1b/in?

ft3}1b

0.03614
0.03807
0.04033
0.04295
0.04634
0.04892
0.05459
0.05822
0.06349
0.06814

.0.07304

0.07716
0.08102
0.08642

B
Btu/1b

193.30
210.20
229.31
247.35
262,70
282.43
298.87
313.490

329,96

345.57
260.80
376,48
391,94
409.01

63

3
Btu/1b °R

1.08107
1.10387
1.12587
1.14734
1.16800
1.18634

1.20440

1.22050
1.23704
1.25283
1.26856
1.28454

1.29876

1,31257



340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press.1800 1b/in?

ft3}lb

0.03462
0.030065
0.03889
0.04104
0.04394
0.04666
0.05149
0.05611
0.05943
0.06234
0.06513
0.,06776
0.07129
0.07660

Btu?lb
190.53
207.83
224.30
241.81
260.19
276.49
292.40
307.56
323.76
339.36
355.26
371.73
386.79
402.80

8
Btu/1b

1.07797
1.09942

"1.12007
1.14001
- 1.16023

1.17766

1.18572
1.21284

1.25785
1.26106
1.27620
1.29126
1.30575

64

OR



340
360
380
400
420
440
460
480
500
520
540
560
580
600

Abs. press. 2000 1b/in?

_
£%3/1b

0:03334
0.03604
0.03783
0.03367
0.04209
0.04403
0.04709
0.04S873
0.05279
0.05533
0.05898
0.06182
0.06520
0.06818

Btu?lb
189.48
205.98
222.71
239.96
256.50
273.45
288,84
304.66
319.01
335.67
351.83
308.03
384.16
3398.98

65

S
Btu/1b °R

1.07475
1.09563
1.11600

- 1.13459

1.15379
1.17246
1.18379
1.20623
1.22277
1.238490
1.25481
1.27027
1.28549
1.30050



NOMENCLATURE

P pressure

volume
Z compressibility factor
R gas constant
T absolute temperature
t temperature OF or ©C as noted
B, ¢, D viral coefficients

i ] J
by, by, bij, bg, ©1, ¢2, ¢3, d;, dz, d3, by, by, by~ con-
stants in the equation for Z

Cp specific heat at constant pressure

B enthalpy

S entropy

ﬂ heat of vaporization

* ideal gaseous state when used as superscript
P constant pressure when used as subseript

T constant temperature when used as subscript
r reduced condition when used as subscript

s] critical state when used as subscript
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