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ABSTRACT T

The solubilities of highly soluble gases, of
1,3-butadiene and trans-2-butene were measured in the

§olvents, acetone,,acetic acid, carbhon disulfide, @imethyl
formamide, N,N-dimethyl}écetémide and ethyl ;cetate at .
atmospheric pressure and temperatures ranging_from 278.15°K
to 323:15%°K. It was found that the solubilities of 1,3

PN
butadiene in the solvents, carbon disulfide, dimethyl
 formamide and N,N-dimethyl acetamide were espécially higher
than those of trans—2—butene.in ?he saﬁe,solvents at the
same temperature. When posgiblg,ffhe experiﬁental results
were compared with those prediéteé by theoretical corre-
lations such as tgé ideal gasisolubilitf'and the re§dl§r
solution theory. Conéequently, it became cléaf that neither

correlation could be used for- predicting solubilities of

highly soluble gases.
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INTRODUCTION A

1

A knowledge of eguilibriym gas solubility‘is

‘indispensable for~the design.of absorption equipment for

many chemical processes. <Corresponding to the practical
needs of the chemical industry, many studies concerning gas
solubildties 'in ligquids have been reported. Several reviews

relatéd to this subject are available including those of

. Markham and Kobe (1941)(1), Croxton (1949)(2), Rowlinson >

el

and RichardsonA(1959)(3), énd'clever and Battino (19663(4)-:
From those reviews it is foﬁnd that no general’or widely '
applicable theory has ye? appeared except perhaps for geveral
original studies, which include the concept of ideal gag

solubility, the regular solution theory proposed bi
< . . .

(5} (6)

Hildebrand , the cavity madel theory proposed by bhlig .

and the thermodynamic'considerations for a gas solubility by

Reiss (7? ‘ Sherwood(s? }and Pierotti(g) . For athorsugh under-

standing of solubility phenemen;, furéher experimentai
researcﬁ as well as theoretical studies are needed.-

Among various kinds of gas solubility ;eseafbh,'
the study'of the solubility of hightys soluble gases-ié in a
unigue position as very feﬁ exéerimental re;ultg_have been

(10)

reported. In 1973, Hayduk et al reported their experiQ‘

mental results, in which the solubilities of n-butane as a
-
solute gas at 298.2°K and atmospheric pressure in hexane,
’

heptane, o¢tane and -dodecane were all approximateiy 80 mol %.



Such high values of solubility significantly change the

usual concept of gas ‘'solubility in which the gas solubility

in ligquids is normally considered to be at most 5 mol %.
In the separation and purification process of

1,3-butadiene 11} the first step usually involves a

" conventicnal fractional distillation. This process separates

2

the hydrocarbon mix%ure into a series of fra?tions having
about the same boiling point.' One of these fractions
involves the C4-hydrocarbons: isobutane, trans-2-butene,
cis-2-butene, l-butene, 1,3-butadiene, isobutvlene and
n-butane. The boiliﬂg points of thesé hydroéérbons are so
similar that the second step usually depends upon liguid
extraction or extractive'distillation in order to separate
1l,3-butadiene from the C4 stream(lz)’ (13), (14), (lSJ.
In the purification of 1,3-butadiene, the separation between
1,3-butadiene and trans-2-butene is considered the most
difficult. At this stage, the problem involves determining
which solvent is the most effective extractive medium.
Although a number of solvents have been suggested, a svs-
tematic research study has not vet been made comparing the
solubilities of various C4 components in many solvents.

In this work, the solubilities of l,3-bu£adiene
and trans—-2-butene were measured in six solvents, some

of which have been used as the extractive medium on a

commercial basis. As expected, the results obtained showed

that 1, 3-butadiene was highly soluble in some of the solvents.
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.-

The results from this @Grk are intended to give some

indication of thelsolubility of 1,3-butadiene compared

witﬁ that of trans-=2-butene, which is the most difficult

of the C4 compohents to separate from l,3—butadiene. The
- experimental results may also aié in elucidating the

~phenomenon ¢of high gas solubility.

AN



¥,

IDEAL. GAS SOLUBILITY

-y

A mathematical description of the gas~liquid-
equilibrium for the solute gas component in the binary

system is expressed as follows:

5 [T,P] (1)

» G L
In this equation, 52 ~and G, are the partial molal

Gibbs—Hélmhgitz free energy. ' The denotation, [T,P], means
that the temperature and pressure arefconstant. For a’
binary gas-ligquid system, the number of intensive p;operties
is two according to the Gibbs phase rule. That is, the
state of the sysfem can be completely described byifixing
two independent intensive properties. Thus the temperature
and pressure are gsually kept constant in soiubility
experiments.

~

The' fugacities at constant temperature of the -

solute gas component in the gas and liquid phases, sz and

sz, are defined as follows:

= G _ -G
. dGZ = RT @En f2 (2)
- I _ o
dG2 = RT din f2 (3)
E G
where o kim 3 3 =1 : (4)
P+0 “t<2°
t
- L
f2

fim =1 (5)



In the above equations Pt is the tgtél pressure,‘y2 is the
solute gas composition in the gas phase and Xs is the
composition in the liquid phase.

‘ The change in Gibbs-Helmholtz free energy of the

solute gas component during the solution process can be

obtained froh Equations (2} and (3) as follows:

'c§2 - G, = RT 4{n =—— : (6)

The combination of Equation (1} and Eguation (6)

results in the following:

5 5 (7)

’ﬁjﬂ Equation (7) playvs a very important_role in the

determination of the phase equilibria, whether the system

is at a high or low temperature, or at a high or low pressure.

This eqguation, however, is of little use for prac£ical phase
equilibrium determinations since the dependence of the
fugacities of'both vhases oﬂ temperature, pressure and
composition of the system is not known. Equa£ion }7) then
can be rewritteg in tefmé of the fugacity coefficient angd

[
the activity coefficient.

~

4 = S
¢2Pty2 1P TX (8)

-

g
In Equation (8) 95 is the fugacity coefficient defined as:



E G Pt _
=~ 2 1 3{nv . RT
tné, .= &tn ( )=—,f-[( y -———]dP(9)
2 P¥s RT 0 ;’an2 T,B,ng

When the préssure is low, it is known that gé is nearly
equal to unity. The Y, in Eguation .(8) is-the activity
éoefficient which also has a value of unity when the non-
ideality of the liguid is neglected. fhe st is the vapor -
pressure of the solute component as a liguid.

For the case when the pressure is low and the

liquid phase is assumed to be ideal, Eguation (8) then c¢an

be reduced to the following form:

P, 2 X . ’ (10)

In Eguation (10), P2 is the partial pressure of the solute
gas component. The ideal gas solubilityv is defined in Equation

{10) for a gas partial presiiigfof one atmospheres

1= 1 1)
2 T, _ .
2

- £
When the solution temperature is above the critical

temperature of the solute gas, a hypothetical saturation
pressure may be obtained by extrapolating the saéuration
curve of the puré liguid beyond its critical temperature to
‘the solution ;emperatufe. Thus a hypothetical ideal gas
solubility is available for systems in which the solute gas
is at a supercritical temperature.

Another useful characteristic of the ideal gas

-



solubility relationship is that the ideal gas solubility
becomes unity when the system temperature is reduced to the’
norﬁal boiling point of the solute gas. It may be'ébserved
from Egquation (11}, that the gas va?or pressure diminishes
- »

as the system temperature. is reduced to the normal boiling
point of the solute gas. This result can alsc be éxperi—
mentall?'justifigd. That 1is, a;very small amount of sdlvent
and a large amount of solute gas at  its boiling point wouid
tend to form a liquid phase with the solute component mole
fraction irn the liguid phase. almost egual to unity, provided
that both components were miscible and liguid did not freezé
as the temperature was reduced to the gas normal boiling
point. |

The ideal gas solubility relationships, however,
;rroneously suggests that the gas sclubility is dependent
only on thg nature of the solute and not on the sdivent,
and that for a constant partiél pressure the solubility of
a gas always decreases.with increasing temperature. Actually,
solubilities of a single gas often vary greatly from solvent
to solvent and in many instances a gas solubility increases

with increasing temperature.
4



Gaé Solubility Based on the Regular Solution Thgory

The regular solution theory was proposed by
Hildebrand‘sl fér the first.time in 1929. In this theor§
althoﬁgh other specific molecular interactions were ne;leéted,
tﬁe.heat of mixing-was téken into adcount. According to this
theory.internal energy change of component i, associated with

the solution of a gas in a solvent was described .in terms of

solubility parameter:

i

5 o= (= (12)

From thermodynamic relationship; AUz can be

expressed as follows:

au¥ = A’ - RT (13)
1 1

Inserting Equation (13} into Equation (12}, the solubility
parameter can be rewritten as:

1/ 2
tEY - RT
i

¢, = C——v—') {14)

L i

In Eguation (14) AHZ is the enthalpy of evaporation, and Vi
is the ligquid molar volume.

Using soluﬁility parameter expressea by Eguation
(}4), Hildebrand proposed an equaﬁion which can éredict a

gas solubility in a liguid:

_ L ’
inx2 = anz BT ) 02] (15).
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fhis éqﬁation (15) is referréd_ﬁo as the equation of the
regular éolutidn theorytls)' (173, (18). It is well known
that the prediction of gas solubility by this eqﬁatibn is at
least partiégig successful for solutions where both solute

and solvent are non-polar or slightly polar substances. For
épplication of the regular soluticn theory, recommended values

of solubility parameters and hyvpothetical liquid molar

volumes of various solutes are available in the literature
(17), (18) e

L)
-

The Effect of Temperature on Gas Solubility

A systematic studyv concerning the effect of
tempefature on gas solubility was made by Hildebrand et al.(ls)
They considered the simple case where the éolvent was essen-.
tiallvy non-volatileland the solubility was sufficiently low
to make the'act%vity coefficient of the solute independent of
the mole fraction solubility. .

'From Equations (2) and (3), the change in Gibbs?c;

Helmholtz free energyv of solute component in the dissolution

process can be given as follows:

G,” - G, = RT&n—= (16)
“The entropy change for the same process can be

obtained by differentiating Equation (16) with respect to T.



=L G _ -3 L G~ :
S, S, =37 (6,7 - 6, )b, n1,n,
r ' .
L?CEZL - 6,9 3 £nx%J
3 lnx2 p,T aT EZL - G2G,P
9 &n sz 3 inx
= RT T 3T 2 L G
-} nx —_
2 p,T | G2 = G2 ,P
(17)

-

" When the solvent is non-volatile Equatién (17) can be rewritten

as: ot
- 3 tn £Z 3 fnx )
st - G20 0 |2 (18)
2 2 g Enxz- BT 37T I L _ G G p

-

The general expression for fZL can be given by
=L _ L .
f2 = f2 Y X, (19)
When the activity coefficient of the solute is regarded as
being independent of Xy Equation (19) becomes:
5 = (constant) - X5 _ (20)

The substitution of Egquation (20) into Equation (18) results in:

_ 3 inx2 ‘
85; = R |5 7a7 lsat.,D (21)

where the A§2 = §2 - 5,7, sat. denotes saturation at

equilibrium.,

—

The corresponding change of the enthalpy can be

Obtained as follows immediately frgm Egquation (21)

Y
A



A
-1.#,3

3 Inx

' =~r—m_/'1?) _sat.,P (22)

The Equations (21) and (22) are physically meaning-
ful equations in that they can explain gualitatively the
experimentally determined fact that plots of log X, against
log T, and plots of log X, against 1/T éré essentially linear.
Such plots have been found linear, especially for a snort
rangé of temperature, even for'voiatile solvents and gases of
high Solubility;

The Effect of Molecular Interaction on Gas Solubility

In the dissolution process of a gas in a liguid,
the solubility depends upon the molecular iﬁteraction.between
solvent molecules, and solute and solvent mo;ecules. Sys-
tematic, studies of these effects on gas solubility, however,

are rare. The discussions are usdally gqualitative rather than

-

guantitative.
The solubility of the gas is sometimes enhanced as

a result of a specific affinity between solute and solvent

molecules. But, the strength of this affinity does not always

determine the solubility, since the solvent molecules may

attract each other much more strongly than the solute mole-

cules. Highly self-associated solvent molecules will not tend

to separate with ease. It becomes cléar, therefore, that
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solubility phenomenon is difficult to understand from a Single view point.
Several different types of affinities w1ll be conisidered.

The flrst lnvolves a reversmble chemical reactlon
between the gas and ligquid, which occurs, for example, in the
sulfurous acid-water and ammonium-water systems. In this
case, the gas solubility is highly enhanced and usually
greatly exceeds the ideal‘gas solubilityl The second tyvpe of
affinity involves hydrogen-bonding(lg)' (20). Hvdrogen atoms
linked to an electronegative atom behave as electron-acceptors.
Thus the hvdrogen atoms tend to be attracted to oéher electro-
negaﬁive atoms. When such an attraction takes place not only
between solvent molecules but:also between solute and scolvent
molecules, the éolubility is expected to increase. As an
example in this case, the acetylene-acetone system belongs to
this category. Usually solubilities for systems exhibiting
hyvdrogen-bonding, do not surpass the ideal gas solubility as
thev may in the cases in which reversxble chemical re-
actions occur. The third type of molecular interaction can
pe considered a weak physical attracﬁion between solute and
solvent molecules. The resulting solubilities are what would
be considered normal or very approximately the ideal gas
solubility.

Solvents are usually classified into two categories.
One is the protic solvent that has hydrogen attached to an
electronegétive atom, and the other is an aprotic solvent

that has no hydrogen atom attached to the electronegative

—
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atom. Both of these two types of-solvents, however, can
promote the dissolution of a solute gas by forming-a hydrégen
bond between solute and solvent molecules, provided that the
sélute gas also possesses hydrogen atoms which have a positive

nature.
~

-

In these experiments the following solvents were
usedﬁ_ carbon disulfide, acetone, acetic acid, dimethyl
formamide, N,N-dimethgl acetamide and ethyl acetate. Of all
these solvents, only acetic acid is a protié solvent because
in ‘this molecule there. is a hydrogen atom attached to an
oxygen'atom. Furthermore, this substance has another oxygen
of the carbonvl group, which is negatively charged. Thps in
the iiquid state, aceﬁic acid exists as a dimer, formiﬂg two
hvdrogen bonds. It is, therefore, expected;that.the attrac-
tive forces between a solute gas ané the acetic acid molecules
will be much smaller by compariscon, so that a solute gas
might be expected to dissolve sparingly. All the remaining
aprotic splyents except for carbon disulfide possess carbonyvl
group in which the oxygen is an electron-rich site. This
~oxygen is then expected to work as a nucleophilic atom for
solute gases which have electrophilic atoms. In these cases
solubilify will be ekpected to be enhanced. Carbon disulfide
itself is a nOn—prér subétance, but the two sulfur atoms
symmetrically attaghed to the carbon produce electro-
negative sites,, which ma? also enhance the solubility of

solute gases which have electrophilic atoms.
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Thé gases used in this work are l,3—but§diene
and trans-2-butene. It is known that hydrogen éttached
to the carbon; which are linked to another carbon by doubie
or triple bonds aredelectrophilic. Therefore, it is
expected that thoée solute gases ma& form hydrogen bonds
with solvents‘which have nucleophilic atoms in their molecules.
Havduk et al}Zl) proposed a hydrogen-bonding
factor defined as the ratio of the actual solubility to the
ideal gas solubility for the purpose of analyzing solubility
phenomena mainly for polar or hydrogen-bonding- svstems. Tney-
postulated that, for systéms which involve a hydrogen-bonding
solvent, a strong intgracﬁion between solvent molecules
results in a reduced solubility. Then theyv tried to corre-
late hydrogen-bonding factors in different solvents for which
gas solubility data we&fe available such as acetone and acetic
acid. Conseguently thev were able’ﬁo obtain a fairly con-
sistent relationship; The detailed discussicm concerning this
correlation is made later.

(22}

Mivano et al. proposed a simple correlating

equatibn of gas solubility using hvdrogen-bonding factors.

The. original simplified Margules equation is written as-

B x. 2 - . (23)

In v, = gF ¥

.
|3

In the above eguation, A is an empirical constant which

depends upon temperature.

By defining Alz = A/RT, and assuming that the

activity coefficient can be given as
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1

Xy . o X
-Yz = _—:‘c2 =1/a (2‘4) -

Equation (23) caQabe changed into a correlating equation:

‘tn a=-A (25)

2
12 ¥1

APPARATUS AND PROCEDURE

For the measurement solubility of highly soluble gas, 2

spiral tube-tvpe solubility apparatus, first proposed by

Morrisson and.Billet(zé), and then modified by Hayduk and

Cheng (24)

, was remodified. The schematic diagram of the
apb§ratus is shown in Flgure 1 anéd Figure 2.
The apparatus in Figure 1 is for degassmng the

solvent. It was constructed of glass to avoid contamination

~of the solvent during degassing. The'procedure for degassing

involved first putting a suitable amount of solvent (about

40 Cm3) into the flask which was equipped with a tape heater,
and then applving a vacuum. When the boiling-pbint of the’
solvent was high, a heater-was used to raise the*solvent
temperature eo facilitate boiling. After a. suff;czent boiling
time had elapsed to degass the solvent {usually 20 to 30
minutes) the ligquid was allowed to flow into a column packed
with glass beads where further degassing was performed for
more than 10 minutes. Then the,vacuum was released and the

degassed solvent, stored in the void space of the beads, was

withdrawn by means of syringe thrdugh the septum rubber
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'stopper installed at the lower end of the packed column.

-

By using a syringé, driven by a syringe-pump device, the
dégassed solvent was injected into the spiral tube of the
solubility apparatus. ‘ ‘ l -

A ga;-tigh£ syringe with a capacity of 5 cm3
-was used for all the expéfiments. This syringe swas combined
with one of three interchangeable constant speed motors, .
attached to a syringe infusion pump to give the necessary
soivent flows. Thus three motor speeds, 1/5 rpm, 1/20 rpm
and.1/60 rpm-weré.used‘to give the tﬁree different liquid
ratés, 0.01751 cﬁ3/min, 0.00615 cm3/min and 0.00147 cm3/ min.
These liguid flow rates wééé measured by calibration usiné |
distilled‘water at room temperature. The averagé calibration
tempefature for each flow rate was 22.0°§.,22.6°C and 23.5°%.
For calibration of the syringe pump, the guantity of water
infused into a plastic'vial during a 2 to 8 hour period was
accurately weigﬁed. ’

In Figure 2 is shown a schematic diagram of the
solubllity apparatus. The apparatus consists of a gas burette,
a spiral tube, a minjiature capillary U-tube manometer and a
solution collecting buretgé enclosed insidera ¢ylindrical
glass Jacket through which watér at constant temperature is
circulated. The top part of the spiral tube containing the
tip of a long needle of the syringe, is connected to the upper
end of the gas burette which serves as a storage chamber for

the solute gas. The lower end of the spiral tube is attached

to a capillary U-tube wheré the saturated solvent, flowing
. . >

©
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down the spiral tube, is utilized as the manometer liguid
ﬁo balance the internal pressure of the confined space
(from the free mercury surface to the saturated liguid column
observed in the U-~tube) with atmospherlc pressure. The
saturated ligquid held momentarily in thg U-tube, overflows
Ainto the solution collecting burette.

For high solubility measurements involved in this
work, several modifications were made to both the gas burette
and the spiral tube. Three different solubility devices were

3 3

constructed using burette sizes of 50 cm”, 100 cm 3

and 250 cm
depending on the extent of solubility to be measured. 'The
burettes utilized in:the experiments are much bigger than .
those suitéble for low solubility systems, the sizes of which
are usually from 5 cm3 to 20 cm3. Several different aspects

~ were qoﬁgi@ered in the modified design of the spiral tube
includingithe total length of the tube; the angle of descent
of the séiral tube, the radius of the spiral coil aﬁa the
radius of the spiral tube itself. For high sclubility sys-
tems, the liquid flow rates had to be much smaller than those
for the more common low soiubility systems to avoid the need
for extremely large sized gas. burettes.

' The residence time for the solvent liguid to pass
through the enéire spiral tube, was-usually 15 to 30 minutes
for the low solubility systems. This residence time was
determined by measuring the durafion of time from the initial

starting time of the syringe pump to the time when the liguid
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was first observgd in_the U-tube manometer for the first
time. When the appafatus using the larger and lonéer.spiraltube
was used for thg high solubility systems: the residence time
was found to be three to five times greater than when low
solubilities were ﬁeasured because of the very low llquld
flow rates. Thus modlflcatlons of the spiral tube were made
for high solubility svstems. Fortunately, the solvent was
more easily saturated if the flow was low as confirmed
experimentally by changing the so?vent flow rate. The same
solubility valdég were obtained for two different flow rates
and with resulting &ifferences in residence times. Thus a
new spiral tube which allowed the liquid solvent to flow
through the tube in a relatively short time was used ip thesé
experiments. 1In making the residence time shorter, the
number of the coils in the spiral tubes, the radius of the‘
spiral coil and the radius of the spiral tube itself were all
reduced in size -from that used in the measurement of low gas
solubilities. In addition, the angle of descent of the spiral
tube was increased to make the residence time shorter. This
also helped to promote'the meaéurement of solubility in
solvents of high viscosity.

For solubility measureménts at temperatures higher
than the ambient, the solvent was preheated té the experi-
mental temperature. A heat exchanger was attached to .the long

syringe needle to adjust the temperature.of the solvent

infused, to the system'temperature. A heat exchanger
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formerly used was attached to the syringe itself, but in that

Ef?thoé sometimes bubbles were formed in the syringe especially
during measurements a£ 50°C. It was considered that tﬂe’
formation of such bubbles inside the svringe seriously affected

. the liquid flow rates and that this effect could not be tole-

"rated. Therefore a new heat exchange method was introduced,
involving a tube containing a ticht fitting stainless steel
shegth for_the.needle.

The vertical length of the heat exchanger was made
5 ¢m in length. The inner diameter of the long needle used
was 0.9 mm. When the maximum ligquid rate of 0.01751 Cm3/min
was used, the 'liquid velocity through the needle was only
2.8 cm/min; that is, the resiéence time was approximately
1.8 minutes in the needle. This residence time was considered
long enough for the solvent liguid to be heated@ to the

'temperature of the experiment.

Briefly, the experimentai procedure was as follows:
while the solvent was being degassed, the solubility apparatus
was purged with solute gas. Then the syringe was filled with
about 4 cm® of degassed solvent and attached to the infusion
pump. The long needle of the syringe was inserted into the
spiral tube after being equipped with the heat exchanger. It
was confirmed at the beginning of each ruh that the tip
of the needle touched the wall of the spiral ﬁube in order
to ensure a continuous supply of solvent (otherwise, éldrop—
wise supply of the solvent caused an intolerable fluctuation

in pressure). Next the solvent stopcock was closed and the
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infusion pump was switched on. The sdIubiiity apparatus
was left with the solute gas flowing through the apparatus k;>‘
until a2 steady-state was achieved. Then the flow of solute
gas was‘shut off and the mercury level was raised by operating
the mercury lift. The mercury level, which was adjusted
~

according to the amount of solute gas dissolved in the solvent
in the spira; tube, balancing the internal pressure with
atmospheric pressure with the help of U-tube manometer, was
recorded everyv 5 minutes. The solubility was.determined from
a knowledge of the gas volume reduction rate and solvent flow

rate used in the experiment.

PROPERTIES OF TEST FLUIDS

Acetvlene, 1,3-butadiene and trans-2-butene were
purchased from the Matﬁeson COmpanylof Canada. These gases
had specified minimum purities of 99.6, 99.6 and 99.0%
respecéively. The molar volumes of these gases were
calculated by three parameter correlations using Lee and

Kestler(zs)’ (27)

table. These results Are shown in Table I.
The Eycldhe‘ ne, benzene, acetone, acetic acid,
carbon disulfide, dimethvl formamide, N,N-dimethyl acetamide,
and ethvl acetate, were supplied by J.T. Baker and were specified
to have minimum purities of 99.9, 99.9, 99.6, 99.9, 99.9, 9%.0, 99.5 and
99.6 respectively. Densities of all these solvents except for the density

of carbon disulfide at 278.15°K were measured in this laboratory using

a digital precision'density meter purchased from
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Anton Paar. The density of carbon disulfide at 278.15°k

was taken from the literature(zs). Vapor pressures of solvents

(26)

were calculated by Antoine's equation . Both densities'and

vapor pressures of the solvents are also given in Table I.

TREATMENT OF DATA

As mentioned in the Appératus and Procedure sectioﬁ
the three liquid flow rates were measured at room temperature,
corresponding to the three different motors of the infugion
pump. When a degassed solvent enters the solubility appara-
tus, it can be assumed that there is a slight volume expan-
sion of the solven;pbecause of ihe difference in temperature

]

betWeen the syringe'and the sclubility épparatus. Thus the
S

liguid flow rate, Fr’ was corrected so that the actuzal flow

rate inside the solubility apparatus, ¥, could be obtained.

The true flow rate, F, is given by the following expression:
F=r_ - X (26)

In the above expression P is the densitv of the solvent at
the temperature and Pg is the aensity of the solvent at the
experimental temperature.

The residGal solute gas volume decreased linearly
with time coréesponding to the constant ligquid flow rate. -
Thus the best slope of the solute gas volume-time rela;%on-
ship was calculated by means of the least squares method.

Then the mole fraction solubility, X4 and the QOstwald



coefficient, L, were calculated from the result. The i?%ter
is defined as the ratio of the volume of the solute gas
absorbed, to the volume ¢f the solvent, at a solutq gas

partial pressure equal to the total pressure. i

According to the Henry's law the mole fraétion
solubility of dissolved gas exerting a solute gas pértial

pressure, P2, can be expressed as follows:

~

Al

(27)

In the above expression X, is the mole fraction S%Iubility

-

at a solute gas partial pressure of one atmosphere.
The Ostwald coefficient can be written in terms
of the calculated slope, and the true liquid flow rate,

expressed by Y, and F, respectively:

P )
_ Y t
L =g {28)

s
t 1 27 %5 p)

2

. 3 S .
In Equation (28), the term Pt/{Pt - Pl (1 - xz,P )} is the

correction term to obtain the Ostwald coefficient at a solute
gas partial pressure of Pt.

By inserting Equations (26) and (27) into Equation

(28) P
L =,—Y-;— - t (29)
. 5.1 - Py
r 7 £~ 1 ( PyXy

In Equation (29), in order to obtain the Ostwald coefficient,

however, Xs needs to be known beforehand. To obtain the Xy
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~

value, the following procedure was taken. Initially an
estimated Ostwald coefficient L', was calculated based on a

gas partial pressure egqual to one atmosphere, as follows:

L|=—Y'-;g;' - s 1 (30)
Fr'E—;: Pt"‘Pl (l—Pz'xz}

The L'is the estimated Ostwald coefficient which is different

~from the true Ostwald coefficient in that this gquantity is
for a solute gas partial pressure of one atmosphere. This

-

redefined value L'was then related to xz.which was also
defined for a gas pa}tial pressure of one atmosphere, as

follows:
L'

V2G
X, = TT":“I‘ (31)
e : T
V2 1

G
In the above expression, V, and V,, are molar volumes
of solvent, and solute gas, respectively.
By eliminating L'from Equations (30) and (31),

X, can be given by:

*2 T 2a (32)
- - - S
where a =Y P, Py (33)
S VZG
b = - Y-Pt.(Pl + 1) + V_l Pt‘ Fr
Y . .
r s
— (Pt Py ) (34)
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c=Y-pP o (35)

]

The actual Ostwald coefficient, L, then was obtéined by
inserting Equation (32) into Equation (29).

In Aﬁpendix, the FORTRAN cgmpgter program and
the printouts of the detailed calculation results for each

system are shown together with experimental raw data.
~

RESULTS AND DISdUSSIONS

For the purpose of confirming the accuracy of the
experimental results, solubilities of acetvlene were measured
in c¢cyclohexane and benzene at 323.15°K. These syvstems were
chosen because a former worker in our laboratory, Miyano(zz)
had worked on the same systems, so that the results would be
comparable.

The "average solubility obtained for acetylene in
cyclohexane at 323.15°K was 0.00754 expressed as a nole
fraction solubility, while the result by Mivano was 0.00756(22r.
Thus the deviation between the results was found to be 0.3%.-

It was thus considered that the result obtained agreed well
with Mivano's. o

For the solubility of acetylene in benzene at
323.15°K, Mivano had indicated that Horiuti's value (29)
which was 0.116, was considerably lower than his result,

0.0132. Thus alsoc for the purpose of checking Mivano's

fesult, the experiment of this system was repeated. The



result‘obtained in this work was 0.0131, essentially
confirming Migano's result. . The deviation of the value
obtained in this work from Mivano's was found to be 0.3%.
Again good agreement between Miyvano's and this work was
obtained. It became cleaf that Horiuti's solubilities in
benzene were consistently lower than ours. It was considered
unusual that Horiuti's data, usually considered of good
accuracy, should be in error. The many expeéiments per-
formed, however, confirmed this fact. Thus the éxperimental ‘
technique and procedure were considered satisfactory. The
results of thg preliminary experiments.afe shown in Table IX.
The solubilities of 1,3-butadiene and trans-2-
butene were measured in the six solvents, carbon disulfide,‘ acetone,
acetic acid, dimethyl formamide, N,N-Gimethyl acetamide and ethyl acetate
at two different temperatures. All solubilities except for the svstems -in-

volving carbon disulfide were measured at 298.159K and 323.15%K. The solu-

' bilities in carbon disulfide were measured at 278.15°K and 298.150K,

because of low boiling point of this chemical. The results
of the experiments are .given in Table III and Table IV where
the solubilities are expressed in ;he.form of mole fraction,
and in Table V and Table VI in the form of the Ostwald coef-
ficient. Also, in these Tables the average or recommended
values and the maximum deviations.are given for each system.

As can be seen, in each gas-solvent system, the
absolute deviation of the solubility has a general tendency
to decrease with increasing temperature. In other words,

since solubilities always increased with decreasing
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temperature, - it could be said that the 1arge: absolute
devdation tended to occur at higher solubilities. It was,
however, COnSidered that despite such a tendency, experi-
mental errors were sufficiently small to make the results
useful. The overall maximum deviation from the average
was found 1.3% for the systems involving 1,3-butadiene
and 2.0% for the systems invelving trans-2-butene.
"Experimental solubility data for the same systems
as in these expeﬁiments were sought by means of a computer
éearéh procedure which is aéailable in the University. As
~a result of this séarcﬁ, it became evident that no other
experimehtal data were available for theée s%stems.

By comparing the solubilities of lﬁB—butadiene
with those of trans-2-butene, it was founé that..except for
solubilities in carbon disulfide, solubilities of 1,3~ |
butadiene in each solveni were all'higher than those-of
trans—ETbutene in the same solven? at the same temperature.
This cause for this tendency was considered to be different
chemical nature of the two gases. The 1,3-butadiene is a
diene, while the trans-z;butene has only one double bond.
Thereforé, 1,3-butadiene has more electron—acceptor hydrogen
atoms in its molecule than trans-2-butene. Thus 1,3-butadiene
probébly was more attracted to the electron-donor solvents
.in the liquids than trans—Z-buteﬂe and hence was more soluble.

The maximum difference in solubility between the
two gases in the same solvent 'was observed for carbon

disulfide at a temperature of 278.15°K. For all the other
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systems the'solubilities‘were measured at two different
temperatures, 298.15°% and 323.15°K. Thus a comparison was
made for those systems (excluding carbon disulfide) using
the relative solubility, which was defined as the ratio of
the mole fraction solubilities of the two gases. Thé results
e
of this comparison are shown in Table VII. It was found that
there was a very large ratio of solubility of 1,3-butadiene
to thaf 5f trans-2-butene in the ‘two solvents dimethyi for-
mamide and N,N—dimetﬁyl acetamide. Thus it may be concluded
that dimethyl formamide and N,N-dimethyl acetamide as well
as carbon disulfide could possibly function as an effective
solvent for the separationkof 1, 3-butadiene from trans?2-

butene.in the vapor phase. It should be noted, however,

that the selection of solvent as an absorption medium cannot

behmadé from a single viewpoint such as solubility.

The logarithm of the solubilities were plotted
against'logafithms of absolute temperature. These solubili-
‘tiés along with the normal boifing points of the solute gases
were joined by a smooth curve. These plots are shown I
Fiéure 3 and Figurel4, together wIth-the ideal gas solu-
bilities. In these‘figures it can be observed that the
solubilities; exéept for those in carbon disulfide, héve a
- general tendency to change with temperature in a way similar
to those for the ideal gas solubilities. Such an observation
has been reported by many investigators(ls).

Although there were differences in solubilities

between the two gases in the same solvent at the same

-
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temperature, except for carbon disulfide, the order of
increasing solubility was the same for botR gases. This
tendency is probably the .result of the fact that 1,3-

butadiene and trans-2-butene are similar substances in that

"both possess almost the same molecular weight, even though

there is a difference in the number of double-bonded carbons.
The solubilities of both gases were lowest in

acetic acid. This seems to result from the high association

tendency of this chemical. The three solvents, dimethyl

formamide, N,N-dimethvl acetamide and acetone, all had larger )

solubilities than those in acetic acid. These substances are

verv polar like acetic acid, but are at the same timé, aprotic

solvents which do not have electrophilic hydrogen ‘atoms in

:their molecules. .The solvent ethvl acetate is also very polar,

but less polar than the foregoing three substances. It may
be concluded that these qualitative considerations do not

provide a suitable basis for explaining the observed solu-

"libity behavior.

In the case of carbon disulfide, thé solubilities
of both 1,3-butadiene and trans-2-butene were measured at
a temperature near the normal bq};ing points of these gases
(268.7°K ana 274.OOK, respectivély). It would appear from
Figure 3 and Figure 4, that.the solubilities of these gases
approach a mole fraction of unity as'the solution temperature’

is reduced toward the normal boiling points. This phenomenon

has been observed for'dther highly soluble gases.
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In Table VIII are listed the gas and solvent
propértieg\ggcéssary to predict gas solubilities accordin§
to the regular solution theory. In the application of this
theory, it is generally recognized that the predicted values
bf this theory.agree with experimental data only when theo
system substances are both non-polar or only slightly polar.
In this experiment, however, in spite of the devia£ion from
this- condition, the regular solution theory was applied to
predict gas solubilities for the three least polar solvents,
carbon disulfide, acetic acid and ethyl‘acetate. One reason
for this was to see the limitation in applying the regular
solution theory to high solubility svstems. In Table IX
and Table X are shown solubilities predicted by this theory
along with the experimental and ideal gas solub;lities.
These results are plotted against the logarithm of absolute
temperature in Figures 5 to 10.

One of the observations that canlbe made from these
plots is that all solubilities except for that of trans-2-
butene in acetic acid; are less than the ideal gas solu-
bilities, but greater than those predicted by the regular
solution theory. In the case of acetic acid, which had the
.Iowest solubilities of all the solvents, the solubilities’
predicted by the regular sélution theory were the closest
to the experimental ones for the three solvents. In Figure 8

it can be seen that the solubility of the trans-2-butene in

acetic acid approximately agrees with the predicted solubility
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despite its polarity and self-association. For both solu-
bilities in carbon disulfide and ethyl aceﬁate, the actual

solubilities are always higher than those by the regular

_solution theory. Especially for carbon disulfide, the

difference is large, being more than 0.2 in mole fraction.
From these various results it may be concluded that the
regular solution theory mav ﬁot be useful for high sﬁlubility
systems. Its partial success with acetic acid is brobably

-

fortuitous.

Hayduk et alle)

presented a consistent correlation
diagram of hydrbgen-bonding factors in acetone and acetic acid
for several gasés. The new data obtained in thig work were
transformed into the hydrogen-bonding factors and added to
this diagram. The results are shown in Figure l11. As can be
seen in this figure, the new data for 1,3-butadiene and
trans-2-butene, also follow a consistent trend. It is seen
that the hyvdrogen-bonding factors in acetone for all the
solute gases are higher than those factors in acetic acid,
which indicates that these gases are more soluble in.acetone
than in acetic acid. In the case of solubilities of carbon
dioxide and acetyvlene, the hydrogen-bonding factors.in ace-
tone exceed unity. This means that these gases have solu-
bilities in acetone greater than the idgal gas solubilities.
It appears likely théﬁ acetylene reacts to some extent with
acetone, but not with acetic écid. The observed correlation

indicates that there is a possibility that a solubility in

either solvent can be predicted at least approximately if

5
.
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the solubility in the other solvent is known. At present,
" however, such diagfams are not available because of the_léck
of experimental data. It is hoped that more solubility data
wiil help to produce more éccurate solubility correlations.

| In Table XI and Table XII are given hvdrogen-
bonding factors and Margules constants which were calculated
from Bquétions (24) and (25), along with experimental solu-
bilities and the ideal gas solubilities. The Margules
constants were then plotted against the inverse of the
absolute temperature as shown ip Figure 12 and Figure 13,
and linearly interpolated corresponding to the solubility
changes with teémperature. Such a graph is expected to be
useful for cénverting'hydrogenjbonding factors to solubilities
or vice vefséu |

N N\

CONCLUSION

In this work it was found that the solubilities of
1,3-butadiene were always higher than those of trans-2-butene
in the same solvent at the same temperature. For this reason
it was considered that the affinities between L,3-butadiene
and‘the solvents used in the experiments were stronger than
those between trans-2-butene and the same solvents because
of the difference in the strength of hydrogen bonds.

It was also found that the maximum difference in
solubility for the two gases in the same solvent occurred with

carbon disulfide at a temperature of 278.15°K. Large

~
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differences in solubility were also observed in dimethyl
formamide and N,N-dimethyvl acetamide at 298.15°K. From these
results it would be expected that these solvents could possibly

be used as good absorbents for the isolation of 1,3-butadiene
d

from tréns—z-butene.

The regular solution theory was found unsuitable
for highly soluble gases. Its applicat%on appears to be
limited to system where the polarity and solubility are iow,
It was, however, found that the regular solution theory
'predigted solubilities relatively well for the very polar
solvent, acetic .acid. This was considered fortuitdus.

The plots of hvdrogen-bonding factors in one solvent
against those in.the other solvent for several gases were
"found useful for the purpose of a semi-empirical correlation

,

of gas _solubility. In order to produce such correlations

-~

much more new experimental data are reguired.
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Table I -
Properties of Test Fluids
Gas Molar‘Volumes, m3/kmol
Temp. °K 1,3-Butadiene Trans-2-butene Acetvlene
278.15 22.01 21.94
298.15 23.77 23.70
1323.15 25.93 25.77 26.36
Properties of Solvents .
Solvent Temp. °K Densityv ko/ m3 Vapor Pressure atm
Cyclchexane 323.15 745.97 0.3578
Benzene 323.15 848.01 0.3549
Acetone 298.15 785.38" 0.3005
323.15 858.07 0.8025
Acetic acid 298.15 1040.0 0.0199
' 323.15 1015.8 0.0745
Carbon disulfide 278.15 1285.0(28) 0.2080
298.15 1255.4 0.4721
Dimethyl formamide 298.15 943.94 0.0 (a)
323.15 920.08 0.0204(28)
N,N-dimethyl 298.15 938.07 0.0 (a)
Acetamide 323.15 917.01 0.0109(28)
Ethyvl acetate 298.15 894.11 0.1264
' 323.15 863.17 0.3759

(2) These values were experimentallv confirmed.



Table II

Acetylene Seolubility, Mole Fraction, X5, at 323.15°K
Selvent No Solubilitvy Avg. Mizéno A Horiuti
Cvclchexane. 1 0.00753 0.00754 0.07586 -
2 0.00755
Benzene 1 0.0130 0.0131 0.0132 0.011s
2 0.0135
3 . 0.0131
4 0.0131
5 ¢.0130 -

34.



Table IIT
1,3-Butadiene Solubility, Mole Fraction, Xy
Sblvent Temp . °x 1 2 3 Avy.
Acetone 298.15 , 0.2426 0.2441 0.2445 0.2437
(-0.5%) (0.2%)  ({0.3%)
323.15 ~ 0.1181 0.1159 0.1163 0.1168
. (1.1%)  (0.8%)  (-0.4%)
Acetic acid 298.15  0.1311 0.1310 0.1297 0.1306
(0.4%)  (0.3%)  (~0.7%)
© 323.15  0.0560 0.0561 0.0559  0.0560
{0.0%) (0.2%) (-0.2%)
Carbon 278.15 0.4974  0.5049 0.5012
(-0.8%) (0.7%) .
Disulfide 298.15 0.2066 0.2058 0.2055 0.2060
(0.4%)  (-0.1%) (~0.2%) |
Dimethvl  298.15 0.1964 0.1953 0.1954 0.1957
: (0.3%8)  (-0.2%) (=0.2%)
Formamide 323.15 0.0947 0.0923 0.0934 0.0935
(1.3%8)  (~1.3%) (-0.1%)
N, N-dimethvl 298,15 0.2305 0.2279 0.2339  0.2308
(=0.1%) (-1.3%) ( 1.3%)
Acetaride 323.15 0.1083 0.1101 ©0.1103 0.1096
: (-1.2%) (+0.5%) (0.6%)
Ethyl 298.15 0.3291- 0.3342 0.3317
(-0.8%) (+0.8%) :
Acetate. 323.15 ~ 0.1633 0.1663 0.1667 0.1654
(-1.3%) " (0.5%)  (0.8%)
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sz

0.0019
0;0Q22
0;0014
0.0002
070075
0.0011
0.0011
0.0024
0.006

0.002

0.0051

0.0034



Table IV

Trans-2-butene Solubility; Mole Fraction, X,

el

1 2

Solvent -Temp. K 3 AvVg.
Acetone  298.15  0-1730 0.1684 ©0.1725 0.1713
(1.0%) (-1.7%) (+0.78%)
323.15. 0.0874 0.0878 0.0878 0.0877
~ (-0.3%) - (+0.1%) (0.1%) S
Acetic acid 298.15  0.1024 0.1026 0.1025 0.1025
(0.1%) (0.1%) (0%) -
323.15  0.0429 0.0423 0.0435 0.0429
(%) (-1.48) (1.4%) - -
i o
Carbon 278.15  0.881 0.7977 0.7934
(-=0.5%) (+0.5%)
?}sﬁifide298.15 0.2423 0.2399 0.2411
, (0.5%) (=0.5%)
Dimethyl 298.15  0.1051 0.1048 0.1039 0.1046
(0.5%) (0.2%)  (=0.7%)
Formamide 323.15  0.0533 0.0524 -0.0532 0.0530
' (0.6%) - (=1.1%) ~ (0.4%)
N,N-dimethyl 298.15  0.1307 0.1332 _0.1320 -
(-1.0%) (+0.9%)
Acetamide 323.15  0.0654% 0.0652 0.0653
(+0.2%) (-0.28%)
Ethyl 298.15  0.2996 0.3078 0.3100 0.3058
(=2.0%) (0.7%)  (1.4%)
Acetate 323.15 , 0.1395 0.1402 0.1399
(<0.3%) (0.2%)
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sz'

0.0046

0.0004

0.0002

1

0.0012

0.0086

0.0024

0.0012

0.0008

0.0025

0.0002

0.0104

0.0007
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Table V

1,3-Butadiene Solubility, Ostwald coefficient, L

—

Solvent Temp. °k . 1 2 3 Avqg. AL
Acetone 298.15 101.4 102.2 102.5 102.0 1.1
323.15 45.0 44.1 44.3 44.5 0.9
Acetic acid 298.15 61.8 61.7 60.6 61.4 1.1
323.15 25.8 | 25.9 25.8 = 25.8 8.1
Carbon 278.15  366.2 376.3 371.3 10.1
! ) : % '
Disulfide 298.15 =~ 99.6 99.1 98.9 99.2 0.7
Dimethyvl 298.15 ‘74.0 73.5 - 73.5 73.7 0.5
Formamide 323.15 33.9 33.0 33.4 33.4 0.9
N,N-dimethyl 298.15 75.8 73.4 76.0 75.1 2.6
Acetamide 323.15 32.9 33.5 33.9 33.4 1.0

Ethyl 298.15 118.8 121.6 120.2 2.8

Acetate 323.15 49.6 50.7 51.2 50.5 1.6



Table VI

Trans-2-butene Solubility, Ostwald Coefficient, L

Solvent

Acetone
Acetic acid

Carbon
.
Disulfide
Dimethyl
Formamide
N,N-dimethyl
Acetamide

Ethyl

Acetate

38.

Temp . °k 1 2 3 - Avg. AL
298.15 66.2 64.0 65.8 65.3 2.2
323.15 31.9 32.0 32.0 32.0 0.1
298.15 46.8 47.0 47.1 47.0 0.3
323.15 19.2 19.0 19.5 19.2 0.5
278.15 1374 1440 1407 66
298.15 124.6 123.3 124.0 1.3

‘295.15 36.0 35.9 35.6 35.8 0.4
323.15 18.2 17.8 18.1 18.0 0.4
298.15 38.4 39.3 38.9 0.9
323.15 18.8 18.8 18.8 0.0
288.15  102.9 ~ 107.0  108.1  106.0 5.2
323.15 40.9 41.0 41.0 0.1



Table VII

39,

Ratio Solubility of 1,3-Butadiene to trans-2-butene

Solvent

Acetone

Acetic acid

Dimethyl formamide

N,N-dimethyl
acetamide

Ethvl acetate

Tenmp. OK

298.15

323.15

298.15
323.15

298.15
333.15
298.15

323.15

298.15

323.15

Ratio Solubility

1.423

1.332

1.274

1.305

1.871

1.764.



Table VIIT

Additional Properties of Fluids at 298.15°K

Liguid Mol. vol.

- 40

Substance Dipole Moment Sol. Para.
e cm3/mol (J /cm3) 1/2
1l,3-Butadiene 0.0 (26) 14.5% {17)
Trans-2-butene 0.0 (26) 14 (17)
Acetone 2.9 (26) 20. (17}
Acetic acid 1.3 (26) 21. (30)
Carbon 0.0 (26) ©20. (17)
disulfide
Dimethyvl 2.0 (31) 24.7 (17)
formamide
N,N-dimethyl 2.0 (31) 22. (17)
acetamide '
1.8 (26) 18. (17)

Ethyl acetate



Table IX

Comparison of Experimental Solubility of 1,3-Butadiene

; ' with those Predicted from Theoretical Correlations
Sclvent Temp. °k Exp't Egn. (15) Ideal
Acetone 298.15 0.2437 0.3628
323.15 0.1168 0.1795
Aceﬁic acid 298.15 0.1306 0.0756 0.3628
323.15 0.0560 0.0422 031795
Carbon 278.15 0.5012 0.1852 0.70867

disulfide '

298.15 0.2060 0.1040 0.3628
Dimethyl 298.15 0.1957 0.3628
Formamide "323.15 0.0935 0.1795
N,N-dimethyl 298.15 0.2308 0.3628
Acetamide 323.15° 0.1096 0.1795
. Ethyl acetate 298.15 0.3317 0.2002 0.3628
323.15 0.1654 0.1037 0.1795

41.



Table X

42.

\
Comparison of Experimental Solubility of Trans-2-butene

with those Predicted from Theoretical Correlations

Sclvent

Acetone

‘Acetic acid

Carbon
disulfide

Dimethvl

Formamide

N,N, dimethyl

Acetamide

Ethyl acetate

TemE. OK

298.15

323.15

298.15

323.15

278.15

298.15

298.15

323.15

298.15

323.15

298.15

323.15

Exp't

0.1713

0.0877

0.1025
0.6428

0.7934

0.2411

. 0.1046

0.0530

0.1320

0.0653

0.3058

0.1399

Eqn. (15)

0.0777

0.0432

0.1958

0.1093

S 0.2212

0.1134

Ideal

0.4355

0.2119

0.4355
0.2119

0.8616

1 0.4355

0.4355

. 0.2118

0.4355

0.2119

»+0.4355

0.2118

el
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Table XTI : - - 43,

- gydrogen-bonding Factors and Margules Constant for

1,3-Butadiene-solvent svstem

-

i
Sclvent Temp. %k X5 X2 & Alz
Acetone 298.15 0.2437  0.3628 - 0.6717 0.6957
323.15 0.1168  0.1795 0.6507 0.5509
Acetic acid 298.15 0.1306  0.3628  0.3560 1.366
. 323.15 0.0560  0.1795  0.3120 .1.307 .
Carbon 278.15 0.5012  0.7067 0.7092  1.381
Disulfide 298.15  0.2060 0.3628 0.5678 0.85978 -
Dimethyl 298.15 0.1957  0.3628 0.5394 0.9542
Formamide 323,15 0.0935  0.1795  0.5209  0.7937'°
N,N-dimethyl 298.15 = 0.2308° 0.3628 0.6362 0.7644
Acetamide 323.15 0.1096  0.1795 0.6106 0.6222
Ethyl 298.15 0.3317.  0.3628  0.9143  0.2006

acetate ) _
‘ 323.15 0.1654 0.1795 0.9214 0.1175



Table XII

}?

44,

Hydrogen-bonding Factors and Margules Constant for

Solvent

Acetone

Acetic acid

Carbon

Disulfide

Dimethvl

Formamide

N,N-dimethyl

Acetamide

Ethyl acetate

Trans-2-butene-solvent svstem

Temp. ©

298.15
323715

298.15
323.15

278.15

298.15

298.15
323.15

. 298.15

323.15

298.15

323.15

K

a

X, X, o3 .Al2
0.1713  0.4355  0.3933  1.360
0.0877  0.2119  0.413%  1.060
0.1025  0.4355 0.2354 1.796
0.0429  0.2119  0.2025 1.742
0.7934  0.8616 0.9208 1.933
0.2411  0.4355  0.5536 1.027
0.1046  0.4355  0.2402 1.779
0.0530  0.2119  0.2501 1.545
0.1320  0.4355  0.3031 1.584
0.0653  0.2119  0.3082 1.347
0.3058  0.4355 . 0.7022 0.7336
0.1399  0.2119 0.6602 0.5613

) \

\

L.

P

~



45,

e S ' TO VACUUM

THREE WAY COCK

< -PACKED GLASS BEAD COLUMN

GLASS wOOL

G

Figure 1

Degassing Apparatus



SOLUTE GAS

v,

o

L3
SR AN NNNNY r!1

=—>WATER OUT

7 B
gz‘ (0
y 7 i
L /) .. :
7
é
Figure 2 _

Sqlubility_Apéaratus

WATER IN

46.



0.5¢ AR

Solubilities of 1,3-Butadiene

>
_l: [
.=
o
>
-
o
2z OACETONE
® 0.1~ oACETIC ACID
W . — ®CARBON DISULFIDE
S [ ODIMETHYL FORMAMIDE
= [ ONN-DIMETHYL ACETAMOE
0-05+ GETHYL ACETATE
[~ ———-ldeal Solubility
i s P &
° Te Q
w0 Q| W
| || | L
240 - 245 250
LOG TEMP(°K ) |
Figure 3

47.



1.0

0.5+

>

=

=

@

=

- .

B oL ©ACETONE

& e ACETIC ACID

" | @ CARBON DISULFIDE
- ‘
Q . © DIMETHYL FORMAMIDE

0.05F ©NN-DIMETHYL ACETAMIDE
¢ ETHYL ACETATE

—-——ldeal Solubility
e i . ‘ o o
0 o
| B B i

240 . 245 250
LOG TEMP(°K) -

Figure 4

Sclubilities of Trans-2-butene .

48.



1.0

0.5
>
- -
|
@
)
I
O
%)
. O
o n
LL.. —
LuJ _
-
o .
=
. 0.05F -~
° ——— ldeal Solubility .
Lk . ._ . \
— —Regular Solution Theory - .
- ' & &’
QO © o
7 o le) ®)
Yol N 10
|| | L
. 245 250
LOG TEMP.(°K)
Figure 5

Solubility of 1,3-Butadiene in Zcetic acid

49.



1.0

0.5

Ol
- ————ldeal Solubility

MOLE FR. SOLUBILITY

' ~—~—Regular Solution Theory
0.05|- |

- 9': | 5)3 g)
O cd S
| ) L]

245 | 250
LOG TEMR(°K) '

Figure &

Solubility of 1,3-Butadiene in carbon disulfide

50.



1.0
0.5F
>_
l_ -
-
i
-
|
@
D
x 0.
LL = .
L L
. .~~~ ldedl Solubility
2 i ) :
| —-— Regular Solution Theory
0.05
O o °
) Tol O
le) oV 1
[ L
| 2.4 250
riqure 7 LOG TEMP.(°K)

Solubility of 1,3-Butadiene in Ethvl acetate

51.



1.0

C N
N AR
VN
B \ \
L \\\
- 0.51 o \ \\
i \
\ \-\ '
- \ \
\
\
. N\
- - ‘ )
BN
> N
3 AN
. O.1F
o =
LL -
Lt -
-
o -
= 0.05- - . A
- Y] —=——Idedl Solubility >
_—-——Regular Solution Theory
i o © s
<) (P O
T} aJ K>
| | | | I
245 . 250
s LOG TEMP(°K)

Solubility of Trans-2-butene in Acetic acid

52.



1.0

0.5

3 i '

|

0.1

I

— ————Ideal Solubility

-

MOLE FR. SOLUBILITY

0.05F —-—Regular Solution Theory

—25°C

o
L V "

O ___5OOC

245 25
LOG TEMP.(°K )

Figure 9

. Solubility of Trans-2-butene in carbon disulfide

53.



1.0

0.5}

-C) .
I

- ————Ildeal Solubility

MOLE FR. SOLUBILITY

0.05 —-—Regular Solution Theory

i o & o
(o] i - @)
w0 aJ w0
| | 1> |
245 250

LOG TEMP.(°K)

Solubility of Trans-2-butene in Ethyl acetate

Figuré 10 -



55,

1 10 DO T I I R 1 |

O

A9V DILIOV NI SHOLOVH ONIGNOG-H

o

0.1

H—BONDING FACTORS

IN ACETONE

Figure 11

ogen-bonding factor correlation

Hydr



N oy

56.

Az

{.

0

o

-

’ - 3.0

3 ' -1:355
Fig'ure 12 '\ IO ( TEMP (OK ))

Al values for 1,3-Butatiene in solvents

1 Acetone, 2 Acetic aéid, 3 Carbon disulfide, 4 Dimethyvl formamide,

5 N,N-dig€thyl acetamide, 6 Ethyl acetate. .

i

—



-

1.5

Aiz «

1.0

0.5

Figure 13

L35
10° (TEMP.(°K))

A, values for Trans-2-butene in solvents

1 Acetone, 2 ‘Acetic acid, 3 Carbon disulfide, 4 Dimethy formamide,
5 N,N-dimethyl acetamide, 6 Ethyl acetate.

57.



REFERENCES -

")
{

2)

(3)

(4)
(5)
(6?
(7)

(8)

- (9)
(10)

(11)

(12)

(13) .

(14)
(15)

(16)

-(17)

~ (18)
-

(1959},

LI

Markham, A.f., Kobe, K.A., Chem. Rev., 28. 519 (1941).

Croxton, F.E., U.S. Department of Commerce, Office of
Technical Service, AECU-100 (1949).

Rowlinson, J.S., Richardson, M.J., Advances in Chemical
Phvsics, Vol. II, Interscience Publishers Inc., New York

-

'Clever, H L., Battlno, R., Chem. Rev., 66, 395 (1966).

Hildebrand, J. H., J Am. Chem. Soc., 51. 66 (1929).
Uhlig, H.H., J. Phys. Chem., 41, 1215 (1937)

Reiss, H., Frisch, H.L.; Helfand, E., LebOWltZ, J I.,.
J. Chem. Phys., 32 119 (1960).

Sherwood, A.E., Prausnitz, J.M., AzL. Ch. E. J., 8,

TS19 (1962). . o

Pierotti, R.A.. J. Phys. Chem., 67. 1840.(1963).

- »

Hayduk, W., Castaneda, R., Can. J. Chem. Eng., 51
353, (1973). 2

Leonard, E.C., Vinvl and Diene Monomers, Part 2,
Wilev & Sons Inc., New York (1971)

Coogler, W.W. Jr., Hydrocarbon Process Petrol. Reflner
.{5), 166 (1967). :

Theodore, W.E., Rupert, C., U.S. Patent 2, 549, 586,

(1945). . .
N
Alexander, D. S., Henrv, W.A., U.S. Patept 2, 887, 521,

(19589). . '

"

Begrey, J.W., U.S. Patent 3, 328, 480, (1967). ’ )

Hildebrand, J.H., Scott, R.L. Regular Solutions,
Prentice—Hall Inc., NEW'YOIk (1964} .

Hlldebrand J. H., Scott, R.L., Solubility of Non-
electrolytes, 3rd edltlon, Dover PUbLiCations Inc.,

New York (1964).
Hildebrand J.H., Prausnitz, J.M., Scott, R.L., Regular
and Related Solutidns, Van Nostrand Relnhold Co.

’

Englewood Cliffs QI962)

e ksl lile
-



- (19)

(20)

(21)
(22)

(23)

(24)
(25)
(26)
(27)
(28)
.-(29)

(30)
(31)

59.

L

“Hadzi, D., “Thompson, H.W.: Hydrogen-bonding, Pergamon
Press, New York (1957). )

Pimentel, G.C., McClellan, A.L., The Hydrogen-bond,
W.H. Freeman and Company, New York (1960).

f"“
Hayduk, W., Laudie, H., A.I. Ch. E. J., 19, 1233, (197§K§_

Mivano, Y., Havduk, W., Can. J. Chem. Eng., 59, 74e6,
(1981). _ ) )

Morrisson,T.J.,- ﬁillet, F., J. Cﬁem. Soc., 2033 (1548).

Hayduk, W., Cheng, S.C., Can. J. Chem. Eng., 48, 93
(1970} . : .

Hayduk, W., Edgar, B.W., Simpson, P., J. Chem. Eng. Data,
17, 59 (1972). .

Reid, R.C., Prausnitz, J.M., Sherwood, T.K., The Proper-
ties of Gases and Liguids, McGraw-Hill Book Co., New
York (1977). ] )

Lee, B.I., Kesler, M.G,A.I.Ch.E. Ji, 21, 510, (1975).
Gallant, R.W., Phvsical Properties of Hvdrocarbons,
Gulf Publishing Company, Houston (1968).

Horiuti, J., J. Sci. Papers Inst. Phys. Chem. Res.
(Tokyo), 17, 182, (1931).

Hansen, C.M., J. Paint. Tech. 39, No. 505, 104, (1967).

McClellan, A.L., Tables of Experimental Dipole Moments,
Rahara’ Enterprises, Cal. (1974). ‘

-



APPENDIX

.’

FORTR AN

[=NeloXeRbNeoYoRo el
DOOOoOVOLOO
PP b= s et o vt b s et
M=oV &EWUN

(o]
o
)

J;

000
[+JoNb]

-~

(o)
o

3
&

£

Qo2s
0026
0027
0028
[o s Bals)
0030
2031
0032
0033
00 34
003s
0Q36
0037
00238
co 39
0040
Q041
0042
0043

~e
e

0045
V040
anNg7
0048
0049

iv

G

60.

Computer Program and. Calculation Printouts

N—
LE VEIL 21 MAIN
C MAJUR PARAMETLEINS LN THE BPRIGHANM
c LEUSTuwAlLD CUfFriCLONT :
C T=TiMe
C VEVULJMI (F SULJTE UAS DISSLLVED
c ST e T, Vs TV=LEALT SQUARE MIETHLO PARANMEITSA
C PLOSVAPRIN 12 LSy b" SULNVTANT ¢’
C VISHMULAR VL UMY uF SLLVENT
C V2=MCLAR VCOLUME GOF ¢LluT~ GAS
C PA=SATACS I LA LC Ph_:ﬁbﬁ'
C TEMP=TE W PLRATURE
r “=SL23£ ’
C F=INFUTILN RATE e
C X=MLLC thyTle SuLUUILlTY
REAL L
OIYMeNSTO T2 )-V(aDJsSYSTrM(:\J
WRITE(u;llOO)
30 READ(LWHSYJEND=ICC) (SYSTOCM(I),I=1,70}
READ{SWICC) N
READ(S+200) (T(I}sI=1.84)
READ(U209) (VI1)aIl=1,W) b
READ(L44C0) PLOSVLI V2 PALTENMNE,
ST=2. .
5TT7T=C. : ’ .
Sv=2 . .o ' T -
STV30- ’
DG 1¢ l=4-N
< ST+T( 1)
STT=STT+TW 1) %D
SV=Sv+V( 1)
oTV-JTV+TLIJ4V(I) L.
12 CUNT INJUE ' -
RN=N=3
- S={lNEST V- ST*SV)/(hNthT—bIr*°)
3S={(SV=S3ST ) /F N
WRITL(CeS500) (SYSTEM({(1).1=1,70)
ARITLE(L,y 507
hHITE(brLOO) PA.P]O.VI.V2
WRITL(Q-?QO) STosTT.SV.STV
IF(PLICaNESC ) GU TS 11
L S/F
X=1a 0/(1.0+PA#V2/(|*7h” V1l
S0 VO 12
ll A=SPAxP L
Be=={F&VZAPAL(PA=P| " J/VIHSHRPAX (700 +P 1))
L= SVPA*7LUO
WRITE(Q-LUU, AdidsCeH+488%
X (== SUhT (L2 -4, s ASCY I/ G/ A
P2Z=(PA=-FP10}/(1.0- PlOxX/Tola)
: [L=S&PA/F/(PA— fl?*(l-u-p2*X/7LC-J)
12 WRITE(e,8%0} F
WRITC(GeGU0) TEMP Ly X
WRITE{C,$10)
DO 20 I=1.N
TI=T(Ll) g
vi=v{l) .
st Vo b LR NI Y . ~;1
GO TC 290 o
35 VL=S#TI1+55 ¢ \
IF(VL.E2.C.0) GU TO 15 .

DEV=(VI-VLI/VL®100.
G0 TG 25
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A e e e X e foode Aok A e e e e e e %0 e e dle ook ek ok akak

ACETYLENE-CYCLOMEXAN:. RUN NQO.=PREPARATION=-1

1=SCLVENT, 2=50LUTZ GAS .
ATM.P= 746.70 MMHG
VAP.P= 271.90 MMHG

MOL.VOL1= 112.82 CCrmMmOL

MOL . VOLZ= 2636%9.10 CC/7MOL

ST= 510.000 STT= 25250.000 SV=
STv= 511.500

A= T 4115.838 BE=—-152540C02.000 C=
SLORPE= Q.02027 V0= -—-0.00307S
INFUSIORSRATE= 0.018222° CC/MIN

TEMP: 323.150 KEL.

0ST.CO..= 1.75
X=  0.0C753 GAS VOL .=SLOPE#TIME+VC
/ .

TIME IN MIN. VCL. IN CC DEV. IN
C.0 0.0 SEEC VO

S.00 0.10 =0.606

10.C¢C 9.21 - 3.974

15.00 0.31 24197

20.00 0.40 -1.161

25.00 ’ 0.49 . =3.174

30.00 Q.61 C.424

35.CC Na.71 C.171

40.00 ) 0-82 1.216

45.00 0.92 0.931

50.00 - l1.C1 -C.284

55.00 1.12 - Ca517

60.20 1.21 —~0+461

€S.00 1031 —0-529

70.00 1.42 . 0118

ACETYLENE-CYCLOHEXANE RUN NU.=PREPARATION-2

1=S0LVENT., 2=30LU1c GAS

ATM.P= T44,10 MMHS

VAP.P= 271.50 MMHS

MOL.VOL1= 112.82 CC/7MOL

MOL.VOLZ2= 26369.10 CC/MOL

ST= S1C.000 STT= 25250.700 Sv=
STv= 509.500

A= 4108.641 B=~1511877.000 C=
SLOPE= G.C2031 vi= —-0.0%5641

INFUSION RATE= 0.018220 CC/MIN
0ST.CO0.= 1.75
X= ~ 000735 GAS VOL .=SLOPEX*TIME+VO0

TIME IN MIM. VoL IN CC 7 DEV. IN

Q.C C.0 SEE Ve
5.00 . 0.10 5.117
10.00 0.20 . 1.693
15.00 C.3C C.€C1
25.00 Q.89 —2.251
30.00 ) 0.60 —0.468
9 3%.00 0.71 0.B801
QO.CO C.SO _00732
45,00 0.91 0.283
50.00 1.00 -0.889
55-00 1-11 “0-046
60.00 l1.22 0.656
65.00 1.32 0.488
T0.00 1.41 T =0 362

-

£

s

e e e o e 3 o Ko S e e e % o e e AT e

‘#*#***##****#***#*#*#*##****#3##*###t###****#*t*#t**
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10.330
11504.533

1C.280
11484.258



ACETYLENF-BENZENE

63.

PUN NO.=PREPARATION-3

1=SOLVENT., 2=S5CLVUTE GAS
ATM.P=E . 746.20
VAP.P= 2069.70
- MOL.VOL 1= VZ2.11 .
MOL.VOLZ2= 26356%.10
ST= 6£S.000 37275.C00 SvV= 27.680
CS5Tv= 1558.549 .
A= BE25.000 B==1874316.000 C= 283048 .793
SLOPE= 0.04286 Vo= -0.05857
INFUSION RATE= 0Q0.0186C90
TEMP= 323.150 KEL=
O0STe COe= 3+ 69
X= 0.0123% GAS .VLL «=SLURPE*TIME+VO
TIME 1IN MIN. “VOL. IN CC DEV. IN %
0«0 0.0 SEE VO
S.C0 0.20 2B.441
10.00 0.1 10.811
15.00 0. 60 2.690 .
20.C0 0.80 C.179
25.120 1.01 —0.282 =
30.00 1.22 —2.582
35.00 ledd -0.099
40.0Q0 1.64 —0.949
45.3C l1.86 ~C.535
S50.00 2.10 0.754
55.00 24 31 C.4G7
6©0.00 2.52 Ce284
GS5.00 2.71 -0.629
7300 2.52 -0.728
75.00 3.1¢° 0.1356
5‘0000 3-39 Qe 560

T L L s L R g R e N S L L T T

ACETYLENE~-BENZENE

ATHM.P=  T733.30
VARP.P= 269.70
MOL.VQOL 1=
MJL. VOL 2=

ST= 9Q27.000
STv= 2863.908
A= C4T2.320
SLOPE= 0.C4601
INFUSTIOM RATE=

X= 0.01346
TIME IN MIN.

0.C

S.00
10.92¢C
1S5.CC
20.00
25.00
30.00
35.00
40.00
46.00
50.00
55.00
50.00
65.00
70.00
75.00
80.C0

—— 86.00
90.00

VOL .«

GAS

11
10

£1387.000

E=—~1987342.000
vo=s C.C1740

0.0189%0

TEMP= 223.150 KEL.

05T COe= 3.91

GAS VUL «=SLOPE*TIME+VO

c.C

.24
0.46
C.7C
0.93
1.16
1.40
l1.60
l1.84
2.16
2+35
259
2.75
3.04
3.22
3.52
3.7C
3-90
4215
44460

IN CC

RUN NO.=PREPARATION-4
1=SOLVENT, 2=50LUTz

Sv= 43.4510

C= 26652.492

DEEve IN X%

SEE VG
~3.016
-1 ‘073
-0.817 L
~Ca.661

0.158
~1.711
-Q.9¢Ca

1219

1.378

l1.644
-1.014

1.056 -
~0.565

l.48%9

Cel 12
~1.87S
-0.206

0.259

95.20
###**xvt#«**#t#t#*###**#*#t**t*;ﬂ&**v#**#**#m##**#*#



ACETYLENE-BENZENE

RUN NO.=PREPARATION-—

1=SULVENT » 2=S2LUTZ GAS
ATM.P= 763.90 MMEG
VAP ,P= 269.70 " MMHS
MOL.VOL1= 92.11 CC/MOL
MOL.VOL 2= 26369.1C CC/7MOL
ST= 940.000 STT= £2282.000 SV=
STv= 2r72.608 :
A= Q244,582 B=-1990381.000 T C=
© SLOPE= 0.04487 vOo=  =0.02349
INFUSION RATE= (.218C290 CC/MIN
DST+ COe= 3.82
X= 0.0130% GAS VOL.=SLOPEXTIME+VD
JTIME IN MINe. vOoL. IN CC DEV. IN
0.0 0.0 SEE VO
5.00 0.21 4.544
10.00 O.4a1 -3.581
20,00 - 0.87 -0 4851
25.00 1.09 —0D.756
30.00 1.33 0.555
36.00 1.61 1.138
40.00 1.78 . 0e487
45.00 1.9% -0.287
50.00 2.21 —0.454
57.00 2653 —0.165
6N.00 267 C.045
55.00 2691 - 0.582
T2.00 3.12 C.C8Q
75.00 335 0243
80.00 3«57 0.106
- 8&-30 3-8c -—-C.925
. 90.00 4a02 0.126
* 96.00 4429 0.136

S o oo o o e A0 ok o ool e ok o e ok i ok o o % ek e ok ol e kol e e deae d ol e o R o A ok i

ACETYtLENE-BENZENE

. 1=SCOLVENT, 2=

ATM.P= 76%.85
VAP.P= 269.7
. MOL.VOL 1=
-MAL.VOL 2=
sST= 926.9029
S5TV= 2765.34
A=
SLCPE= 0.04
INFUSION RATE
TEMP= 323.15C
OSTCCO-z
X= . 001306

&

TTIME IN M

S6.00

*###***##***#*### 1‘*#*t#*****###**#*##4‘#*###* ##t#“'#*#

4

9263.953

RUN NO.=PREPARATION-6
SOLUTE GAS

0 MMHAG
C MMHG
92.11 CC /Mol
26369.10 - CC/MOL
STT= 61816.032 Sv=
8
B=-20C2853.C00 C=
485 | vo= -0.00784
= 0.018090 CC/7MIN
KEL « .
J.81
GAS VOL «=SLOPEX*TIMEFVC
INS’ VvOL. IN CC DEVe IN
0.0 SEE VO
0.21 —2.969
0. 65 —2.250
0.89 0.086
1.11 -0.315
134 0.166
1’56 —00131
1.81 1.326
2.02 0.468
2.22 -C.665
246 0.036
2«66 —-0.872
294 1.112
315 0.577
3.35 -0.185
3.57 .=0.292
3.80 —00125
4.C2 -C.224
4430 0.043

L

64.

41.780
e RE0S0 .7 45

41.850
 26105.332



65.
ACETYLENE BENZENE RUN NO.=PREPARATION-7
1=SOLVENT. 2=50LUTZ GAS
ATM.P= T760.02C MMHG
VAP.P= 26S.70  MMHJ

MOL.VOL 1= © 92.11  CC/MOL

MOL.VOLZ= 2636%.10 CC/MOL i

ST= S587.000 STT= 31077.000 Sv= 25.320
STV= . 1367.238 :

A=  9030.56&3 B=-1964234.000 C= 25447 .543
SLUPE= - 0.0%406 ° V0= -0.00322 .

INFUSION RATE= 0.218090 CC/MIN

TEMPR="323.,150 KEL.
0s573€0.= 3.76

= «0129¢€ GAS VOL.=SLOPE*TIME+VO0

THME IN MIN. vOaL. InM CC DEV. IN Z

0.0 0.0 SEE VO

S.070 ’ C.26 19.777

15.00 Q.69 4.920

20.20 C.88 . L2355

25.00 . 1.06 ~3.480"

35-00 1-_32 —1-222

40.00 1.77 0.620

45.00 1-9? _c“’}?Q

50.00 2.18 —-0.894

»T 85,00 2.41 -0.411

e S 4 60.,. 2.66 1.506

75.C0 3.32 C.573

L EEEEEELELELEE LRSS E IR LRI ESEREEEE SR 2T TR S

%



66.
%
1+3-BUTADIENE-ACE TONE RUN NU.=1
1=5S0LVENT, 2=30LUTE GAS
ATMsP= 7434560  HMNG
MJIL.VOL 1= 7oe 38  CT/MOL
MOL. VUL 2= 2377TE.00  CCr/xuL
§T= 510.000 5TT= 208000.000 SV- Lot e b2
STV: 3‘1033.000 -
A= 223451.875 HB=—3183501.000 = TeQlQéal .2y
SLORPE= 1+330L01 AVES VDens 7775
INFUSIUN RATE= Q.0172a> CT/MIN qéa
TEMP= 248,150 n~El.
OST.CQa= . 101.3y
X= Q.24258 GAS VOL «=SLUPESTIMEL+V"
TIMC IN MIN. VLiLe IN CC oLVe IN 4
00 0:6 ' SEL VO
5.00 7Te00 —4.863
15,00 ' 21.00 lalopl
20-00 2?.00 "’1-4'..)3
- 25.00 34.00 "0-299
30.00 41.00 0e5%3
35.00 : 45.00 lela
40000 54-00 -0031(1
450 00 00150 —Ool:o-{;'l
5020 6T.CO =C.72%
.22 Tieow —Jeas e
OU..00 S51.00 D.200
€5.00 B7.%0 —J.021
70.00 948.50 0.320
*****##*##*#*#$t*$$¢t¥#***$#$¥¥*¥$#41$¢$$=$#ﬁn*#####
Le 3-BUTADIENE~ACE TUNE RUN NO.=2
1=SOLVENT 2=S5CLUT: GAS
ATM, P= T43.00 MMHO
VAP.F=  228.42  ™MMHO
MOL.VOLLl= ' 73.9t CC/7MUL
MOL . VoL 2= 23776400 CCr/-0L
ST= 3104000 S5TT= 25250.000 SV CTG.303
STV= 33e97.500 -
A= 230484.5C03 bB==-3197657.000 C= Te0869.4 14
SLURE= lesd750 V0= —0.cb07y
INFUSIJON RATE= Q017530 CCrMIN
TEMP= 268.157 KEL . .
CSTaLCa- 132.24
X= 024412 GAS VUL «=SLUPEXTIME +vO
TIME IN MIN, VOLe. IN CC DEVe IN =2
0.¢C 0.0 SERE Vo
S« 00 7400 15.15%
10,00 13.50 S5.319
15.30 20.00 2.201
20.00 26650 0.771
25.00 S3432 -0.111
30-00 39-&)0 *ch‘:’“
35.00 46400 =-l.109
4500 : 60.00 0.009
S0.00 G700 c.2ue
55.0°0 73.50 04036
60.00 &£0.00 =0.260
05.00 ' 37.00 . O‘Ob“t ‘.
?O-OO 94.00 0-3?5

’***4ﬁ##t)*tt#*###v#a*l#**#k# FREXRXEACLEE R DA AL B LD KBk



67.

- 1

1:3-BUTADIENE=-ACETONE RUN MNQJ.=3
1=5S0LVENT 2=530LUuUTL GAS
ATM.P= 748.69 MMHG

VAP.P= J2Ha 42 MMHL
MOL.VUOLL= 73. 98 CC/MUL
MOLeVILE = S3TTELQJ CC /Mo '
ST= S510.0C0 37T= 25250.000 sv= 097.50C0
STV= 33302.520
A= 230902.875 3==31S4727.2300 Cc= 734607 00
“SLOvES= 1.3537C Vo= Je33020
INFUSION RATE= 2.0175630 C/7MIIN .
TEMP= 2GH.150 KEL.
CST«CU.= 13240
X= Ceil&d4ab (AS VOL=SLOPERTLIMI+VO
TIME IN MIN. VEOL. IN CC DLive IN % .

0.0 C.0 SCE vO

5.0 B.CC 12.037

10.00 i4.00 D763

15,00 21.00 1.707

204,00 ‘ 27 .00 -1.463

25.20 34400 -Qsa52

30.00 41.5C 1.447

35400 47 .50 -0.339

40.00 SQ.UO —007()3

QS.OC‘ LLCC -0-275

55,00 759.00 Q.05 :

&60.00 Bla«5%0 Q.37 .

£5.90 : 88.00 -0.207 N

72720 95,00 - CeftLd

#t*#&t#t#**#####¢$*#$*####t*&&#*#*#*v##$$#$#$#$#$$nﬁ

1.3-BUTADIENE=-ACETIC ACID RUN NO.=4
1=SOLVENT, 2=8S0LUT&E GAS
ATM.P= TS3.60 MMHG

VAP, P= i5.11 MMHG

MOL.VOL1 = 57«56 CC/MOL

MOL. VOLZ= 23778.00 CCrmldu

ST= 510.000 STT= 252530 .000 Sv= £3¢.500
STv= 267 37.500 '

A= 12131.41C B=—4057902o000 C= L10183e.0120
SLORPE= 1.06538 Vo= -0.52048

INFUSION RATE= 0.017550 CC/MIN
TEMP— Z2eaeiDd RFL -

C5T.CO.= 6175
X= - 0.13111 GAS VUL .=SLUOPE*TIMU+VC
TIME IN MIN. VvoL. IN CC PLV. IN %
0.0 Q.0 SEE VO
% 5.00 5. 00 -0.129
10.20 s 10.00 -3 226
15.00 16.00 2. 169
20.00 2l.CC C.Col
25.00 206.00 -l.1%4"
30.00 . 31590 —0.446
35.00 37.00 CeClBT
30.00 ' 42.50 - 0.485
4S.20 ¢T.50 -0.25¢
S0.00 53.00 0.097
60.00 L3..50 —C.101 &
L5400 09.00 0.102
70.00 T4+ 50 D.528

AREIEAF IR BB NG RBE R RA R KR IR RS LR O R R EAXERGR T AL bk kY X
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a

1+ 3-OUTADIENL=ACETIC ACIu

RUN NU.=S
I=S0LVENT, 2ESLLUTE LAS
ATM, = 7T52.70 MMHS
VAP, P= 1511 MMIG .
. MCLa.VULL= LT.H868  CComOL
' MOL..VOLE= E3TTH e co/ UL
ST= 21C.200 STT= c925%.0002 Sv=
. STvz 20752.5G0
= 12057.043 ==L 084396085300 c=
SLOREC= leCE3uag Vo= =0 .2%e51
INFUSIUN RATC= G0l 7580 CCrAMIN
TEMP= 248,150 KEL.
'\CST-CCoz Ol.ub
= C.13102 LAS VOL «=SLJPEsT L +v
LIME 1IN MIN. VCLa. IN CC DEV. IN X«
0.0 O.C SEZC vo
S.00 5«50 75585
10.00 10450 CeS 3
15.0¢C 1020 1.587
- 2000 21.0¢C ~0+32%
25.00 26.00 -1.404
30.00 S32.00 J.G32
35.00 37.00 -0.201
40.00" 42.5C Cald70
45 00 47400 -la.283
[T vRY D3.UU ada
55.00 S58.50 06351
GQ.00 C4.30 JetQ7
GS.C0 69400 0. 3¢y
-70.00 74.00 « 337

:t#:t****#**n*t#t#**an****«*ﬁtt*»naz*¢1*xn¢tv

1+ 3-BUTADIENE-ACETIC ACID

1=5CLVINT, 2=3ULUTE GAS,

wRAEK KL

FUN NQO.=6

ATMLP=  749.70  MMMG
VAP.P=  1S.11 “MMHG

MOL . VoL 1= S57.58  CC/MIL
M3L.VOLZ= 23778.00 CC/™MOL

ST=  51C.000 3TT= 25250.000 Sv=
STV= 20457.509 .

A= 113535.770 =-4593160.0.0 c=
JSLOPE=  1.04580 VO 0.17834
INFUSION RATE= C.217560  CC/MIN

TEHR= 2904150
0ST.C0.=
X= Vel 290G

L S S
6002

TLME IN MIN.

0e0 ‘0.0
. S.00 5.5C
10.00 10,50
15.00 15550
20.00 21450
25500 26.50
30.00 1e55 -
35.00 Bo.50
40.00 42.00
as_oo0 S7a0
50.00 52450
S5300 537.50
©0.00 64400
6%.00 GBe 00
70.00 73a00

tt*t#*#nt#tﬁ##v&tvm*#*#*v&ﬂ*ﬁ#m*¢x$¢

rd

BAS VLL-—bLLDL*TI"E+VO

' Vék' IN CC

DEVa

SEE VO
l.713
—2.3C3
o923
0.671
~0.765
=0.025

IN

C.157
FREIURC LR AR LSRN D

68.

D203

OIRGLa a3

525.500

9353134375



1o3-BUTADIENI=CARBUN OISULFIOE

RUN NUL=7

"1=SULVENT . 2=SULUTE GAS
ATM.P= Talelo MMHG

t VAP,PAx 353e 83 MMRG
MOL.VULL = 60.562 CC/7M0ou
MOL.VOULZ2= 2377300 ClsrvulL
ST= 513.000 STT= 2H379.000
STV- 2537T9.4C0 ’
A= 265922.0480 =2 78100448030
SLCPE= 1003030 Vi Q.9
INFUSION RATE= 0017570 CCAMIN

TEMP= 2984150 KilLa
CST.CUW= €. 50
X= 0.20065¢

TIME IN MIN. vC

70.00

**“**#t*i#*******#*3#*##**&4**#*##**3&-#*##

1+ 3-BUTADIENE=CARBLN DISULFIDE

Le IN

0.0
S5.00

»1CsC0

15.00

23.00.

25.90¢C
3000
35.00
40400
495.00

an _re
=Ls=LC2

58.00
63.00
CJO 0
70.00

=SULVENT, 2=30LUTZ GAS
ATM, P= 74110 MMHG
VAP.P= 353.33 MMHG
MOL.VGLL= 6C. 02
MOL.vVOL2= 23775400
ST= 510.000 STT= 252

STV= 2%020.0C0
A= 264226.875
SLUPE= CaGY¥S10

Vo=

IMFUSLIIN RATE= 0.017570

TEMP= 2384150 KCLa.
05T COW= $Se13
X= 0.20583

TIME IN MIN. vo

50 00
S5.07
60.00
65.00
7000

L. IN

o.o

5.00
10.00
15.02
2000
24450
29«52
34.50
39.R0
-v-- wv
49.50
S5¢.5C
©Y.00
G450
Ode HQ

B==27775435 .0C0

Sv=

GAD VUL «=SLUPEXTIME+V S

ccC DEV. IN X%

SEE VO
040
. Qa0

Ja0
0.0
C.0
Q.0
D0
Q.0
Qa0
D0
Jae0
Cae?
CaC
***?*#&**

RUN NO..=8

CC/aQL

CC /MO

.=
=Js20802
CCrMIN

ccC

GAS VOL.=SLUPEXTIME+VD

DEV . IN %

SEE vo
4 28%0
2ab44 ~
%16
1.5L7
- 487
-0034?—_
~0e241
':-281
~0.094%
"0-0"&.1
0-84&'
0.042
O0.C7a

A SRR ERESE N #****-‘l##Q*#*##**3«’-##5&*####»*##***#*###*

69.

L95.0¢C7
S6CLTE.L25



At

1«3=-8BUTADIENE=DIMETHYL FORMAMIDZ RUN NO.=10

o | | 70.

>

1¢3=-BUTADIENE=CARSAN DISULFLIOL RUN NU =9 ‘
1=SOLVENT, 2=SJLUTE GAS
ATM.P= Ta4la20 MMEG

VAR, P= SobedJ MMrio . .o

MOL . VOLL1= . . OlUe 2 CC/7MUL

MOL.VULZ= . 23778.00 CC/aJL

ST= 51J.320Q 2T T= 25250 .3400 Sv= 499G .000
TSTV= 24TS5T.500

A= 2¢4103.038 B==2T7T70092.002 Cc= SLH3TZ w003
SLORPE= . Qe»y9301 ves —-Je1745 .

INFUSIJIN RATE=S CaCl757°2 CC/MIN
TEZMRP= 2%83.129 nil . . .

CSTCCaW= YEL.$ 3
' xX= 020547 GAS VOL «=3LC =T INE+VO,
TIME IN MIN. VCLe IN CC DEVa. IN %

0.0 4 0.0 ‘SEE WNO

5«00 S.00 1£.259

10.20 10.80 Te404

15.00 N 14.50 L5572

2030 19 e5C 1343

25.30 24-00 ) _00:3‘:’0

30.00 29.C0 -0.585

35.00 T 346400 —0e2%8

Qa0 S99 -00 —-(ta P M

45.0C 44,00 -Cal149

5CG.00 4% .00 Q082

56.00 S54.00 0.008

€J.00 SY.CC CaTEE

£5.00 64.00 Qa116

T2.00 0J.00 - Cel158

FEEFE S E R LGN E RN F R I E A IR R K RGN KRNV A EAEA BRI PR G SR A OH AR

I1=SOLVENT, 2=30LUTE GAS
ATM.P= 75003 MMAG

VAP .P= (sl s} MMHG

MOLeVOLLl= 77e44 CC/MCL

MOLeVOL2= . 237TEL.0L . CC/MOL

sST= 5104000 STT= 2525C.C )2 SVzy €66.000

STVv= 33030.000 , -
INFUSION RATE= 0.017560 CC/MIN

TEMeT 2o l50 bkl .
CST.Cl.= 74.03 v
X= 0.16635 GAS VUL «=SLURPEXTIME+V( L
TIME IN MIN. VvOLe IN CC DEV. IN X
0.0 0.0 SCE VO
5.00 750 Talt2
10.00 14.00 3.703
" 15.00 20.00 -0.000
20.00 2L+ 5C =0.000C
25.00 33.00 0.0
” - 30.00 39.50 0.0
35.00 46400 c.C
42.00 52 .50 0.0
':“{:r‘?"j ‘-5;‘-_-")0 ":':‘""-"'.A'
$0.00 LS5«50 0,000
55.00 ’ 72,00 0000 -
€C00 Toeol Cal ™D
65.00 85.00 0.00G0
7000 “1la.50 0.000

IR FE RS E-REEEE SR i##%&-kt‘#i&##!ﬁi I FE T RS S E SRR RS E S T
-



l" .
le3—BUTADIENE=DIMETHYL FUARMAMIDE

RUN NO.=11

1=SOLVENT., 2=SLLJUTE GAS
. ATM.P= 749470 MG
Y VAP.P= 0.0 MMHG _
MOL.VUL1= - 7744 CC/MOL
MCL.VOLZ 23778.00 CC/MOL
ST= - 412 .CDJ S5TT= L425C.Ca0 Sv=
STv= 33230.000
INFUSIION RATE= (0.017500 CC/MINT
TEMP= 28150 KEL . T
0STeCUW= S T34y oo
X= g.l8520 GAS VO o=KL R x T ayn
TIME IN MIN. VOL. IN CC- DEV. IN %
C.C 0.0 SEE vQ
. 5.00 B8.00 2.401
- lO-JO 1400,0_ "1.{3:)9
. 15,00 20. 50" - -1.352
20.00: 27.00 —0.u28
1 25.6C Y 34400 1.120
30.80 = - 40400 -0.190
3500 QLT -0e"E3
a . 40.00 53.90 V.34
- 4ne U HQ.50 ool
S0.00 6600 0.171
. . 55.00 7250 Ce 221
. : 60.00 79«00 Qerne3:
. ?3-00 91-50 "Oo.?l-f

*t*t**t#*t**t*#####*tt****##***t#t*#*v#***#$*»$a##*t

1,3-BUTADIENE- DIW:THYL FORNAMIDE)

RUN NQ.=12

. 1=SOLVENT. =SULUTE GAS
CATM.P= TH9e Q-C 130T o TS
VApop'—- Q.0 M.-'ihf:“
~ MCL.VOL1l= 7744 CC/MOL
. MOL.VGLZ= 237T8.00 CC/%0L
ST= 510000 STT= 25230.000 " Sv=
STv= 32517.5C9 :
INFUSION RATE= 0.017500 CC/MIN
TEMP= 263.150 KEL. '
~ QST e Ci-= 73a
X= 0.19542 LGAS VOL L=SLORPE*TIML+VO
TIME IN MIN. vOL. IN CC DEV. IN-%
—_ 0.0 0-0 SEL VO
. 5.00 GaS0 3.602
10.00 13.00 , 2.021
15.20 19.00 —-1..035
20.00 25450 ~0.604
93 OO JZnUO -ODJ{"?
30.00 35.0C 1.121
35.30 45.00 ~0.053
40 .00 51450 C.239
45400 58.00 Qal10
- 55.00 71.00Q Na21 4
. 6000 77 .50 028D
£5.00 . 83.50 -0.31%
70.00 SU e 00 -Q.242

7% e

- 71,

(5}

c

y

650«5CC

t###!t##**$t$$*ta1#***&*##**##*#***##*;t*t$$¢#$t*t*&

.
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.

#**##1#:#6*»::###*#t#*##»q&#a*:ﬂm*v

13- BUTADIENE—N.N —OIMETHYL "ACETAMICE
2=30LUTL GAS .

1=SOLVENT s
ATM.P=  738.10
VAP, P - Qa0
MCLeVOL 1= :
MCLa.VOLZ2=
. S§T= S10.000
. STv= 32720.C00
INFUSIUON RATE=
v TEMP= P2aR.180

0S7.C0.= 73

X= 0022736

0.0

5.00

10.90
15.00
20.00°
25.00
30.00
35.90
40-00
45.00
: . SBuUaUU
. ; '55.00
”, - . ) 60.00 .
. &5.00
70.00

"TIME IN MIN.

MEHG

MMHG
SZ.80

23778400

STT= 252%C

0.C1750¢ .
“EL
- 3%

GAS VUL .=

0.0

7«00
13.00
19.50

32450

1 39.00
' *45.5C
52,00
5R.L 50
©L.00

. 7'1.00
S T7.%0
"o B4.00
90.50

VOL e IN.

26.CC 7

\ . . .
Fl
1,3- BUTAchhE =N N= DIM=THYL ACETAMIDE TOTRUN NULS13
1= QOLV?NT. 2=s50LUT= GAS
~ATMLP= 752,7C MMHG
VAP .P= 0.0 MM MG - : :
MIOL.VCLL= 92.85 CCrmiL
MOL.VOL2= 2377620 c 70,
ST= S1C.0C2 S5TT= 2L250.000 Sv=
STVS 33762.500 _ ‘
"INFUSIUN RATE=Z - Q0.017560 CC/MIN
‘ TEMP= 2084150 KtlL., L g
. CST.CU.= 7570
' R= Cel 3350 VAS YOL eT 3L uU—~EB1 Lz +V Y
TIME IN MIN. VCL's IN CC DivVe IN =%
0.0, 0.0 SEE vo
5.00 . iy D825
- 10.00 « 13%53 -1.00Q0
e 15. 20 20.00 - 1.243
- 30.03 _QC.‘?C —:‘0(,?'3
: 325.00 AT+ 00 0.220
' no, 02 S2.62 c.C3i
"'SCC:' Ul e DL Vel G
.o S0.00 6703 0.220
55.00 T 73.50 -Q.007
. ,60.00 E}C.DO _Onl‘)(
.&'-00 67-00 C-ZZG
- T7C.0C Y3.57 AR |

* Lo #*X-th#*!f&:‘l‘-x\

RUN NCa.=14

} £
r CC /MOl
CC/MIL
CC/MIN ’

-

SLUSE*TIHE+VD *
cC DEV. IN %

£ VO
3.659
-0.718
-C.326
0.069
0.182

- - 0-267 -
0.3324

- Ce387
.0.2?2
177
-hos7

. =0.028

t‘t:ttaata#*t#**t*n:*:tv**#tmctzvvna#a*;###nv;atn*t*

-

+

.- -

72.

[ 1530

(ul.000



w
) 1-3—BUTAD[ENE~N-N*DIMETHYL ACETAMIDE
1=SULVENT, 2=SULUTE GAS
ATMoP= 738,50 mMaG
‘ VAP .pP= J.0 MM HG
MOL.voLL = SZ.uD  CC/MOL
MOL.vVULZ= 23773.00 CcC/sMOL
ST= 509,202 STT= 20140.C)2
STV= 33465.500
® INFUSION KATE= Q017960 . CCrvL
TEMP= 268,150 &L, .
DST.CO.= ?5.9? '

- X= 0.23338
TIME IN,MINt Vil o IN‘CC
* ' : 0.0 Ge0

: . 500 Lol

* 10.90, 13,00

\ 152920 2Q0.00

20400 264 5C

25,00 33 .90

. 30.00 40400

s : . . 35-00 40.';0

) ) 40.00 $3.00

45,00 63. 00

. . SC.00 LU« 50

- D4 U IT2-00

X ) ~60.2C, 8C.22

€S5.,00 d6e50

* 70.00 95050

FREXX X RN K ‘****#****t#*t#**%‘:***

b

1.3—BUTADIENE—ETHYL ACZTATE

1=SCLVENT,

" 2=S5LLUTE Ga

FUN NQOL=17
S

ATML.,P=" *702.80 MHG ‘
VAP.P= 96,12 MMHG
MOL.VOL L = Y8.33 CC/MaL
MOL.V0OiL2= 23778.00 CC/MOL
. ST= 309,000 STT= 2514i.000
STV= 486247.000 .
A= 136654.563- B==3401384%.000
SLGPE= l.$2472 . . ye= T.728]
INFUSION RATE= 0.017530

CCrMInN

RUN NQ.=15

sSv=

N

cAs'voL.=SLupE£TIME+vo-

[ 1 VI
N A
SCE vo
=1 -296
=1.927
04374
0.704
Oa 1(’1
~N.227

-

. C
7

OEVa. IN
SEC vp
—J«353
-0.675 .
C.250
0a.188
‘0134

~ Fagry
L I

0.058
1.870
0.008

-0.414

: TEMPEZ 2wgeloi el .
OSTCCL}.: - IIB.bI' J
xX= 032908 GAS NDL.=StDPE¥TIME+VO -
TIME IN MIN. VOL. IN CC
. . . - -
OOO 0-0
5.00 lO0.00Q
. 10.00 19.50 .
- 15.2¢ 28.CC
20.00 38.50
. 'k 25.00 | 48.C0
. 30.09 -t 58.00
35.00Q 67.50
' 407 7«C
45'&"‘?}3 - ’f'.?""'?_e":_".?'
- . : " 50,00 $6a 00
: ) - 54.00 165,857
- , 60.09 115.00
- 05,00 124.00
. 7T2.00 153g00

-0.775.

In

73.

HT8.000

S78..000

L1042138.C0.

St



N
1+ 3-8BUTADIENE-ETHYL ACCTATE RUN NO.=18
-1=SCLVENT, 2=S0LUTZ GAS
ATMR=  762.70 MMHO
VAP .P= 95.12 MMHG
MOL.vVOL L= 98453 CC/7MI0
MIL.VOLZ= 2377 8.3 CT/omon
ST= S09.000 STT= 25141.400. Sv=
STV 439088.C20 - :
A= 142G37.750 B==534304606.5C0 =
SLCPE= 125043 Vo= Ceid240
INFUSIUN RATE= 0eJ1 7580 CCrAMIN
TEMP= 298.1%23 KEL. )
- . X= Q33322 GAS VOL «=SLOCPE=TINMIIVD
TiME IN MIN. V0L« IN CC DEV. IN %
0.0 0.0 SEE VO
5.C0 10.00 lad70
10.00 1950 Q.54
* 15.00 v 29.00 1.222
20.'3:3 39.C0O Te28%
25.00 49400 CeZ280
30.00 SLBe5V -0.197
- 33.00 O3 e 50 Je'lGa
,40.00 78.00 —0-153‘
45.00C B8.00 Celsd
- DU U :J'l‘-:)\; D e i F
54.00 B 107.00 1adga3
6020 117.00 -CallO
) 65.00 12¢.5%0 -0a«3C0
7C.0C 136.C0 =N L4062
***‘****#Q#****#¥*ﬁ#*#**&#k*##4##*#*#*‘ LR ESEEE SIS S
1+3-BUTADIENE-ACETONE RUN hu.~19
I=SULVENT, 2=50LJTE GAS
ATM . P= 75460 MMRG
VAR, P= 606.80 MMHG
MOL.VOL 1= - 7Ca04 CC/MOL
- MOL.vOL 2= . 2593%.43C CCrmaL’
ST= 3¢65.0C0 STT= 30875.000 y sV
- STv= 5337.992 .
A= 81165750 8= —-37C324+06433 C= -
BLOPE= Cal7725 WO= -0.23016 -
INFUSION RATE= O. cl8a20 CC/MIN
TEMPE 5254150 REIL.
CST-CO.z 4.).00
. X= 04115810 GAS- VUL-—SLDPL*T!ME+VU
TIME IN MIN. VOLe IN CC DEV. IN x
0.0 0.0 SEE VO
S.00. C.60 ~8.550
. 10.020 1.50 =2« 740,
15.00 240 -1l.178
2000 3e 30 =Ca449
254,30 4aZ20 . -0.027
30.00 S.10 . + 248
35.00 600 0.441
* 40.00 Le.50 ‘Va885
* - 4Z2.00 ?.E‘O - - SOGS
S0.00 B.C0 - ~0.375
' 55.00- 9450 -0.196
» 60.00 10.40 -0.047
‘65.00 11.20 o=0,807
Tde OO 12.20 0.185"°
75« 3C 13.19 C.278

#t‘*t“tt‘*#¥8t$#$$#04$¢*¥#*¥#46!###¥B*#$§*t#i'.#¢#*

~

74.

L}
GQ4% . “300

11303720200

100.702

IC14324870
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1+3-BUTADIENE-ACE TONE RUN NG
GA

=20
1=SOLVENT,  2=S0LyuT: GAS -
" VAPDF)= 0'36-86 M.V.Pib
: MOL.VOL L= TLe04 CCra,
MULeVoL2= £3939,.80 CCraL
ST= 510.200 STT= 25250.000
STv= 44560898
A= 79867 .025 BE —8724T73.4 3¢
SLOPRE= C.17427 Vo= Cell2
INFUSIJON RATE= !

2
TEMP= 323,150 ' KE
OST.C0.= sl
X= _ Dellsy2

TIME IN MIN, VOL. IN CC

0.0 0.0
S5.30 CaeSC
16.00 lettv
15.00 2«70
28400 Js0N
25. 20 - 4e50
30.00 S5.30
35000 ) Le 20
40.00 . 7T.10
SQ.00 - Ca8C
S5.00 ' 970
60.0¢C 1000
©5.00 11.40 -
70.00 12.30

tta:#*¢:¢¢tat#tvt:a:n*t##*m***an*cn**t*u$$**¢4»o«*a*

1+3-BUTADIENSE~ACE TUNE RUN NOa=21
1=SOLVENT, 2=SOLUTE GAS
ATH. P53 766.30 MMHG

. VAP, PE  (06.86 MMiG

MOL.VCL1= TOeb4G ccC racisil
MOL.VULZ2= 25€3¢.80 CCrma

5Tv= 4525.556

cA= B0T20.313 B= =378789.:379%

" SLOPE= C.L7567. vi= Celo?
INFUSIUON RATE= .D.014220 CCrl
TEMP= 222,152 KEL.

OS’-CO.= 48 e 32
xX= Cell1627 GAS VOLe=SLJPS#

TIME IN MIN. Vll.. IN CC

Sv=
35
N 1

DEV. IN-2

SEEFE VO
"c’.‘»-.'.".?:.’:
=2 802
-Oog‘—!*‘*

0.120

C.728

0.7¢3

~ -

- .

Q3

M

TIME+VD

"DEV. IN %°

., 0.0 0.0 SEE vo
5.00 Q.90 ~13.991
C-IC’) 180 _0-531
5.00 2-80 -0-1{'3'
0-00 3.60 =2.2G4
5.00 4e60 0.7%2

5040 -00?94
040 1224
7«20 ~Q.C77
Ce il - Vel
Sa00 Q438
Y«S0 O.009

11.400C ; Q.710

12.40 "0.(‘)??

MERRE RS E RN B AR E L Hok s g &

75..

F0.200

1000893 ,.535

91.700

Tl399%.C 1)



l+3-BUTADIENE~ACCTIC ACID RUN ANU. =22

*****‘*******###**#t#l#*#*&#**#*t***k#!*F*

I=SULVENT, 2=SCLUTE GAs]
AT M. P= Tl .80 MMHG

VaR.P= 56.64 MMHG .
MCLaVUL1l= $9 .08 cCc/Mou -
MJLaVILZ = 2593% .80 CCrmaL

ST= SELH.000 STT= 30375.0090 Sv=
STV= 134%3%.584 .

A= 1834.238 BE=44L 67906 .200 =
SLOPE= T +3188 Vo= CelBlas

INFUSION RATE= 0.0176Gs50 CCrmLn
TEMP= 323.150 KEL,

CST.CO.= 25. 34

X= 0.05623 VAS VOL «=SLOPTZT*TIME+VD
TIME IN MIN.  vDL. 1m Cg DEV . 1IN

0.0 0.0 SEE VO

5000 2 20 -60014

10.00 440 —-2+225

15.C0 St —Ce892

25.00 11.00 . Q.200

3020 __— 13.2C Cat70

33500 1530 0.021

40400 : 17«40 ' -0-321,

45.00 19.00 —0.075

50.00 21430 Detrn

£g.22 PR ol Te27E

60430 2520 0.40¢

65. 00 28.'20 =0+ 106

7TC00 3C.4u ) 04039

1+3-BUTADIENE-ACETIC ACID AUN NO.=23

0"“#####**##'#‘*t‘#&*#*###*#t****#t‘“*t**#

I=S0LVENT 2=S0LUTE GAS
ATM, P= 7&1.80 MMHG

VAP, pP= S5e64  MMHG
MOL.VUL1= S59.6% CC/MIL
MOLeVOLZ= 2u929.30 CC/MmaL o
5T= 511L.000 5TT= 25331.000 Sv=
STV= 1104C.833
A= 180666.250 B==-4467255.000 - C=
SLOPE=  0.43261 VOzZ  0.15150
INFUSTUON RATE= C.017680 CC/MIN
TEMRPZ 523150 REL. -
C5T.(0e= 25508 ’ .
X= Oe05614 . LAS VOL.—SLUPP*TIM=+VO
TIME IN MIN. VOL« IN CC DEV. IN
C.0 0.0 SEE VO
5000 2.20 ' -1.055
]0-00 %640 ' —I-QSI
15-00 D.OO -0.7()1
"20.00 8.80 ~0«155
25.00 11.00 C.213
3020 1.3.2C Ded55
35.00 15430 -0.018
41,00 17950 Ve 009
25.08 15400 . CeiarT
50,00 21480 0.038
55.C0 2400 - Cal189
65.00 2830 ¥ C.067
73.20 3040 —Ca.144

280C35.633

LR R TR -8R R

25Q&65.d:)

###ﬁ#*#‘



- s 77.
i - ]
f
1l+3-BUTADIENE=-ACETIC ACIOD RUN NU.=24 .
* : I1=S0LVENT, 2=SILJTE (GAS
. ATM.P= 702440  MMHG
- VaPRWP= + S6.0% MMMG
MCOL«.VOLLI= S5Y. 68 cC/M0L
MOL. VUL 2= €593%.43C CL/MUL .
8T = S1lJ.000 oT T2 L0luleul0 Sv=. 221203
STV= 109458]1.v80
A= ldul3.ss6 B=—=4473382.000 = . CaESTHT .47 5
SLCPE= Va43104 v Qelliw3
4 INFUSION RATE= 0.017958 CC/MIN
TEMP=S 223.150 KEL o
C3T.C0.= ) 29 T7TY
X= Qe CH59C GAS VOL ¢ =SLOPEXTIME+V 7
TIME IN MIN. Vile IN CC DFVae IN -2
0.0 . 0.0 SUE VO
S.00 2«10 -T+4505
i . - 10-00 4-30 -20811
v 15.00 S0 -1.212
20.00 . 8.70 -C.jch
25.00 10.%0 . 0.0¢1
3030 13-10 D.420
30 3C 15.3C 2.0585
: 40.00, 17.40 D265
\ 434 0Chd 19.% -0.05¢
. : 50.00 21 « 0 -0a4 205
HHha 10 2i-G0 N-.3210
6l.20 2L.9C “—~Ze235
65.00 25.1u —C.113
*t##tt*tt#t*##***$#¢*$¥*$$$t$##t$¢t*##*¢$ﬂ%ﬁ$tnvv$£$
1.3—BU‘AOIEN:—CAHBON DISULFIDL RUN NO=
I1=SULVENT.,. 2=530LUTE GAS
AT M. P= 79559 MAMRG
VAP.P= 158,07 I HG
~ NCL- VUL‘= 59-22 CC/-HJL
MOL.VJL2= 22011.20 <CC/MUL
. ST= 512.00) STT= 22250200 Sv= 1023.C07
STv= 50‘04205C v
A= 2329714313 L=E-23LT745.003 Cc= 112¢C127 0o
. - SLORPE= l.94825 vo= 2044432

-

INFUSION RATE= C.0206C30 CCrMIN

TEMO= 2720130 WL
0ST. ClW= 360.18 . ]
X= Deato742 GAS VUL «e=SLUGAE*TIME+VD
- L TIME IN MING VUOL. IN CC DEV. IN %
0.0 0.0 SCE VO
10.30 21.00 -5 W 249
) " - 13.00 3i1.50 ~0.546
2C0.00 41eC0 -1.000
. 25.00 51.50 0e673
. 30.00 Gl.00 Ue 169
- 35.00 71.00 0.512
40.00 B0.50" © 0150
“‘39..'0 9‘3.""3 M -0-133
’ 60492 119,00 —-0.28¢ -
: 65.00 129.00 3 -0.C£6
7C.00 139.00 *N.12%

“#t#‘w’ta‘&tt*##t#ﬁt#ﬁ"ﬁtv*ﬂ##*tﬁt&###**"rﬁ*###?#‘t %



™

1e3-BUTADIENE - =CARBON ¢

IbuLbIJ: RUN NUQe= 26
I—SuLVt\To' J:SJLUT; GAS
ATM,. Pz 734400 MMEG
VAP, P= 158,037 MMtEio,
MOL.VOLL = B 22 CCrMuL
MOL.VLL2= 22Q11.22 CCrHaL
ST = LuD.0J0 sTT= 3727L.000 Sv=
STV= PQL3T.500
A= 23933?.153 BE= 3975080009 C=

SUCRE= e 0J4 1 vo= 7520597
INFUSIUN nAT£= J-UOQOJC CC/AMIN
TEMPE 2780153 KREL .
0ST.Cl.= 376420 '
. X= C.5C4 430 GAS VUL «=SLUE*TIME+y A
TIAL IN v, ViLe IN CC ., DEV. InN
. Ce0 C.0 JtL Vo
Se00 2+ CQ R R PN A
' ICvJC 24.:0 —1"-!1..;
15-.)0 35-50 -4 486G
20-00 QU-OO —2 o0
PISE IR 57.C0 =0a.C%0(
. 30.00 C3.00 Q.%03
35.72 7% .70 CealU]
40.00 G99 OO la7G2
S.00 S Y lasE 7
5C .36 155338 SRS
55,00 118.00 0.409
Cle sy 14700 -0.n08
05.00 . IJ?QCO "0--3‘11
70.J0 1“4?.00 _Oo.:;?t‘
75428 L7000 —Q.da7
0.0 lu7.,C0 =0.303

t#ttt#tttt:m&#t#*t»n

1+ 3-8UTADIENE—=ET M

1=SGLVEN

ATM, p=

vap.Dz

MCLa VL

MOL.VOL2
=]
<+

-

ST= '
STv= 1

A= 7
SLOPE=

INFUSID
Temp= 4
0STaCO.=
X= 0.0

TIME

1
2
0
N

t‘!##*tt#t*tt###i

-

i###$¥*##¢*##*$*$$¢##t

CTvyL FDRMAHIDE RUN NC.=23
T 2=30LJTE GAS >
754429 MMHG
15.51 MMHG
= TSetts CCrAva
= 25934 .80 CCr/mL
D.C03 3TT= 2525C.92737 Sv=
d7.496
G582 B=--3b2{ 2;‘3-030 C=
CelyG2s vi= —Qea47358 -
RATE= 0 1020 corsvanwN
3348y
9473 GAS VCL-=SLUPC*TIME+VO
IN MIN, VCOL. IN CC DEV. IN =
Oa.C C.0 SFE vo
S.00 2.70 Tal21
10.230 5.70 3.323 .
S-CC 8.70 2.1C'Q
20,00 11.50 -0.074
25-00 1‘4-..’!9 -"I-“qu
30.00 17.50 -0.007
35.00 20.50 0.013
42400 25450 0.027
AT, 00 e 50 [V PRYICE]
50-33 ZJ;""O "'4.:91
55000 ..;....JO 0-\ 5
60.00 39.50 Ou.r.1
_65-00 S5 C.’(?
73420 41450 a7l
*¥¢$¢$*$#¥#t4*###!*#@#*?#*“8*##.4#

78.

14342500

1139590 .02)

LR B

2%%. 30N

3434734125



?- )
-1
[ +3-SUTADIENE=DIMETHYL FRURMAMIDE RUN NQO.=2%
F=SOLVENT, 2=30LJUTE GAS
ATM,. P= TH4 040 MMRG
VAR, P= 15.51 MG
MOL.VOLLl= 7T9.485 cC/MAL
MOL.VCL 2= Lb&JG.SO CM/HUL
- 310.9¢2 STT= 20250 .9 Sv=
STV= 14773.980
= 63lv.1%0 ==3620463.000 =
SLOPE= U«53230 vo= JellGaq
INFUSION RATE= 0016020 CCrHLIN
TEMP= 423 « 190 KEL.
CST.CU.z 32.90
X= 0.09231 GAS VOL .=5LJPLEETINE+VO
TIME IN AIN. VChL« IN CC MFw. INn ¥
' Q.0 0.0 STE VO
5.720 J.00 —QC.u59
R 10402 .00 QaUl 9
15-00 S.&O "0.‘.)37
2C.30 11.80 05:52
2'5-00 l“o?O D.OD
3C.02 174066 Ca™2¢4
: 3500 20450 Qe
- . 40,00 23440 —0.112
/7 : 4500 20640 - .87
. S0.00 2%« 20 0a l"‘l
DDV AL P ~ LN
. 60.\30 ..."'2.‘:-&0 0-.)-.2(‘
‘. . Ch.00 J8.00 JeU1 S
" 7C.2C a2 - a2
#tt#t*#t#n#t#tasa#?wu#»#xtmuv#v#**&tnvu#vtr»*.rﬁn*tv
143-SUTADIENE=-DIMETHYL FLEFMAMIDE
I=SCLVENT » 2=3LLJTL GAS
AT P= 75449 MM
VAP, P= 15.51 MMHG
MOL.VOLL1= TEL45
MCOL.VOLZ= 20% 3% « 537
ST= ., 512J.020 3TT= 25250000
STV 14uw72.977
' A= GEY35 551 . B=—36193%0 . =
SLOPE= 0540672 vo= 0- 1
INFUSIUN KATE= Q.01802C C
TEMF= 32354100 NEL e
CSTal0De= S3. 3
r= QeC9239 GCAS VUL «=SLOMEXT [MELVT
TIME M MIN. VCL. IN CC DEV. IN 2
0.0 Ca0" SE VO
5.00 3.00 -3.%%5
- 15-00 0-00 —0-()"5fl
20.00 1200 Qa0
a 25.0\.) 14.80 _001’0'5
- 30.Q0 17.80 —0,.7300
= 35.C0 2C. 82 ~C.C1C
+0.00 25«30 0208
Tl SLe LT [ P Py
5C.27 2% 7D [ 170
55,00 32060 0.011
" G000 JH. 60 Da155
65,00 - SHL 40 ~ e R
70.00 41s40 -0 122

‘**3*“6*## EREKXED P 0###&#*#&&#*##*##*****¢$$‘¢\-¢$¥#¢t

79.

2300600

S 143,

3024730

134

JI27HCuet i



L

.'1oBBUTADIENE—NoN—DIMETHYL ACEThMIDE RUN NJ.=31

1=SOULVENT, 2=SCLYTE GAS
ATM.P= 783. 860 MAHG

VAP.P= 327  MMHS

MOL.VOLL= S4evd  CCrMUL
MOL.VOL2= 25630.30  CC/7MoL '

ST= 913.C33 STT= 25250.022 Sv=,
STV= 14762.4384%

A= 3650540 D=—30950;2-030 =
SLOPE= 058559 vo= Jegdl22w

INFUSEIN RATES 0017960 CC/HIN
TEMP= 323.15¢ KEL.

O0S5TaCUe= - 3293
X= 0.10834 GAS VUL «=SLUPE*TIME+VO
TaME, iiv MiNe vl e AN LU vtV e LM
geC 0.0 SEE VI
> 5.00 2..80 -4 4770
10-00 5-80 -1-16?
15.00 8.80 . 0.043,
20.00 11.00 -1 .05%
25.C0 1+.72 327
30.00 . 17«00 Qalld
35-00 20-00 0-4“8
QOQDC 23 e4&0 --Qeld
45.00 2640 Q127
so.00 J9.22 L.0222
SDeUU Sl e 2V -0.00 ¢
60;)0 3. 20 Qelas
5«70 3B.00 =014
73.00 4100 -0 .00¢
‘*********h$¢#*#t#ﬁ***¥#l#*#**t**t**#¢&$$*#***&$*&?*
1,3-BUTADIENE-N.N-DIMETHYL ACCTAMIDE RUN NC.=32
1=SULVENT, 2=50LJUTE GAS
ATH. P= 753.50 MMHG
VAP.P= Be27 MMHG .
MCL.VCOL 1= S4e.98 CCr/7mQL
MCL.VOL2= 2593% .30 CC/MCL
ST= 510.000 STT= 25250.0J00 ov=
STV= 15093.48C -
= 3715923 ., BE=3101720.030 c=
sLorPE= 0.59004 vy= 0.,03321
INFUSION RATE= Q.0179y00 CC/7HIN
TEWMP= 2232.180 “EL -
05T.COa= 5352
= 0s11C637 GAS VOL=SLORPE*TIME+VO
TIME IN MIN. VCLe 1IN CC DEVa. IN
0.0 ‘ 0.0 SEE VO
500 3.0C0 —2.070
10.00 G.00 -0.728
15.00 9.CD -0.271
_20.00 11-90 . “0-873
25.00 *15.00 0.0G9
3T.20 18.00 C.191
3500 21.00 0.258
40.00 ) 24.00 0307
45.00 26,60 0,025
« 50400 30.00 . 0.377
55-00 32-&0 . '0-2Q6
60-00 35.80 _OOIJQ
65.00 T 38.80 -0.072
7C.00 41.80 -0.021

80.

238860

3354 TBew .03

i"‘*’ﬁ‘t###*ttﬁ*##*##*##****it#*####*t###‘*‘t###t#t



81.

l|3 BUTADIENE=NyN=DIMETHYL EURMAMIDC RUN NU.=33
1=SCLVENT,. 2=SULUTI GAS
ATMa.P= 759480 MMHG

V‘\p.p: 3.2? M?"‘Hi()

MOLL.VOL L= Y4bes8 CC/M3L

MOLeVOLZ= 2595%.80  CC/MJIL

5T= 513.000 S3TT= 25250.000 Sv= 3083 .0LC0
STV= 15268.477 ' .

A= 378%.177 B=-3102309.000 c= 34770270
SLOPE= V00223 Vo= 0.12 IbO

INFUSISN RATC=  0Q.017960 CC/HALN
TEMP= 3234150 KELo :

¢ 0ST.CUe= 33. 50
PX= 0.11333 VAS VUL .=SLOPESTIME+VO G
. TIME IN MIN. VUL IN CC CEVe I[N X%

C.0 0.0 SEE vO

5.00 3.00 -4.238

15.00 S.10 -0.602.

2C.2C 12.2% . 0277

2 15420 Da.ian

30.00 18.20 0.062

35.20 21420 C.001

‘ 340400 24,20 ‘ —0.040

E " 45.9¢C 27.2C =-C s DD
SO 00 0.0 C.22C

©0.00 Gae3C - O0.122

€54 00 39.29 1 -0.171

TO«Q0 42430 [ T2

*‘*‘*t*li**#i#*#*#*****t# T2 R LSS 223 R R R E L EE R RS L.

P1,3-BUTADIENE-ETHYL XCETATE RUN NU.=34

1=SOLVENT, =SCLUTE GAS
ATM.P= 759440 MMHG
VAP.P= 28574 MMHG
MOL.VOLL= 102.07 CC/M0L
MOL..VOLZ2= 2593¢.80 CC/MaL
ST= 510.00¢C 3TT= 25250.L0C sSv= 3006.220
STV= 15156.4856 ,
A= 130103.500 B3==21407T6L.220 C= 3460 ra4412.
SLOPE= 055658 V0= 0.03451 .
INFUSION RATE= 0018210 CCraIN
TEMPr= 53234100 RECL e
- 0STeCOu= 49455 N
X= 0.1€327 GAS VUL .= SLLP'*TIME+V”
TIME IN MIN. VOLe IN cc DEV. IN X
0.0 0.0 SEE VO
5.00 3.00 ~-1.069
12.00 5090 —-2+181
20.00 12.00 -0.217
» 25.70 15.10 0.506
30.00 18.00 —-0.122
3&).03 - “dl.CD ‘-0.\.
40.00. 244,00 ~0.0%a ‘ .
tu.ul 2T el ., Celil
5600 30.00 251045
55.00,. " 33.00 . -0.035 .
d © 6000 36400 -0.026 . .
65.00 ' 39.00 . =0a.019, :
7C.00 : 42.00 : -0.012

‘*ttt‘##*‘**‘#*#t*tt-*%*t#**#*&- 8#***##&$*‘####‘#&-6**4*

-



1+ 3-BUTADIENE—ETHYL ACEZTATE

RUN NU.=35
1=SULVLENT. 2=3JLUTE GAS - :
ATV. P= TLu2e40 MMHG . -
VaAP.P= 2854743 MMHG
MOL.vVOLLI= 102.07. CO/MOL
MOL - YULL2= 29939.92 CC/7MOL
ST= $510.000 STT= 25250.000 SV=
STV 154353477 .

AT 133108.313 L==2151985.000 =
SLNpPE= Jeu 1370 V0= —=0.2005248
INFUSIJION RATE= Calle2lo CC/MIN
TEMP= 323.150 KEL -
UST«COW= SQ0.0b
xX= 0.106630 OAS VOL.=SLOCxTIML +VO
TImo liv Mive vuLe IN (L DbV 1IN
0.0 0.0 SCE VO
S.00 3.00 Qant?
10.900 .00 -=0.931
15.30 9a.1C ~-C.253
- 2000 12.20 0.068
25.00 15.20 -0.394%
3300 18.490 Qa dbw
35.00 21.4C V013
40 .70 2447 . -0 2065
45.00 27«60 D.23¢
SC.22 Qe cell
DLeV U S3e ) Ce0zb
60.30 3680 Qe 1€ 4,
65.00 3980 -0.021
70.00 42-{30 -0-179.

DAV IR PR DA AR FK IV ILEKAARKE AN EEREETRCRE Y EX KRNI R AR RS K

Io3—BUTADIENE—E$HYL ACETATLE
1=SOLVENT,

RUN NJ.=36
2=S0ULUTE GAS

ATM.P= 7L%32F MMHG
VAP .P= 235.74 M 1S
MOL.VOL 1= 102.07 CC/MuL
. MOL.VOL2= 25%3% .80 CC/m0L
ST= 510.C0¢C STT= 25250.0C00 Sv=
STV=. 15%40.677
A= 13008C.J313 BgE=-2192612.020 C=
SLAPE= Q2272 Vo= J.425806
INFUSLIUN RATE= (.C15210 CC/MLIN
TEMP= 2221522 AL -
CSTCLle= Dl.17 o
X= Qe lGOT3I GAS VOL =SLOPE*TIME4+VO
. TIHME IN MIN. VCL. IN €C DEV. IN
Oal 0.0 SEE VO
S.0% 3.2C —-—0.551
10-00 6.40 P '3-&04
" 15.080 9.60 —1.707
20.02 12.80° -0.L24
\. 25.00 - 16.00 0.038
30.C0 19420 Naeddy
*” 35-30 22-20 -‘-U.OQS
. 40400 2560 0.257
45010 28460 - L. 0LB22
v :?0.00 31.?0 - 00437
55.00 34. BO O.’JSS
’ 6G0a.00 37 .80 0.02
65.00 40480 =-N.052
ThaCC 4380 =Ll 2

s BB AT NR IR CR AL B R AN EF AN LA PR E RN R R ARG LA DS RS LB R BR

.. . s - -
P

-

82.

356419549 %4

3

&
]

«7C0

351957029



TRANS-2~UUTENE-ACETONE RUN NU =37
1=SOLVENT, 2=50LUTE GAS
ATHM.P=  7520.60 MMHMHG
VAP .P=  228.42 SMMHG

‘MCL.VOLL= - 73.98 CC/MOL
MOL.VILZ= 23TTa4.7TS  CCoMLL

ST= 513.C00 STT= 25250.000 Sv=
STV 21902.500 . -

AT 1aH453.504 BE=2841572.C00, - C=
SLCPE= 0.55420 Vo= 05503

INFUSIUN RATE= 0.,0175u40 CC/7MIN

TEMP= 268,150 Kil.

0ST«ClW= Obh.21
X= CJ1T7323
IiME IN MING VOLe IN CC
0.0 J.0
S.00 $5.00
10499 Ya 00
15.00 13.50
20.00 17.50
. 25.30 22.00.
30.00 20450
- -35-C0 3D .52
_ aG.00 35.00.
" 45.00 39.00
DTG0 “4oeDu
55.00 4 Te50
65000 SZW.CC
65.00 S6G.00
7020 ©0.50

GAS VUL «=3LUPEATINF+VE

DEV.e IN 0

SEE V0
102
2. 142
De235
""1.3“7
O.834
0.509
Vel s
_C.1mN
—Caea31¢

0.085 -

FREIABX R I T AT R A KA A RN, R R S RN KSR R GAC AT R L LRI G2

TRANS-2-BUTENEC=-ACETONE RUN ND.=38
I=SOLVENT. 2=30LUTL GAS
ATM.P= | 749.20 MMHG
VAP.P= . 228.42 MMHG

MJL.VOL 1= 7398 CC/MIL
MQOL . VvGL 2= 2370670 CCrMUL
) ST= 5124002 STT= 25250 4C 22 ‘sv=

STV= 20377.500 -
A= 140355.0C0 B==2807320.000 c=
SLOPE= 0.823235 V= Teal8591

& INFUSION RATE= 0.017530 CC/HMIN
TONMEs ZwAhe i 550 [ S
0ST.CO.= L3.65
X= D.16836

»

TIME IN MIN. VOLe. IN CC

0.0 O.C
S.00 450
10.00 .50
15.09 12450
20.30 1650
25.00 ' 21.C0
30.00 2500
35.00 29.00
4Ca292 33.C0
ASLO0 2720
.S0.C0 41.50
55.00 45.50-
’ ' 60.00 49450
' . 65420 53.50
7000 585400

-

GAS VUL «=SLOPEXTIML +VO

Dkve IN

-~ — S5EE V0
4620
C.%90

_00256
le142
Q0+490

v 0.0?2
—0e329
-0a003

b 0..388
0+0¢9

Q0142

83.

483.500

SBTLB0.933

L 5

P
o
0
&

*0-340.

O0«.344

“**t#tﬁ*#t****##tt*##***#&###t*#*&t*t*#t##&t&#t&#&t
L

~
)
)

N
‘A

-

13
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TRANS -2-BUTENE=-ACETUNE

RUN NC.=39

84.

1=SULVENT, ~2=SULUTE GAS
ATNI- P= TA45 20 MMHG .
- MOL.VOL L= T3e9b CC/7MOuU
MOL « YOL 2= 23700 .70 CCrMoL
ST= 510.000 STT= 26250.0C0 ° Sv= 4374500
STv= 21627.509 .
A= 145223.CC0 B==-20820221.C00 C= GH 31 v enkid
SLOPE= 0848060 Va= 0.36278
INFUSION RATE= 04017300 CC/MIN
TEWMF=E 298.150 KEL «
WDETe COe= 05. 84 '
X= D.1724a¢ GAS VOL .=SLarEeTIME+vD
TimL LN miiNe Vil e i Co ViVe 1IN &7
0.0 0.0 SEE VO
5.00 QOEJC —2.92¢C
10.00 $.00 1.365
15.00 l13e C’ -00928
20.20 17.50 Q779
3020 2L+ 20 CebBTT
, . 35.00 30400 ~0.312" .
40400 34 .59 Q44875
45.00 33 .50 —-0.207
sQ.C2 13,22 Sl
53.00 4700 =0elag
60.00 S1.00 =0 .602
65.00 7 55.50 —0.0632
TCa202 GCaC3 Ge34d )
LEAE AR ES ER RS SAREERST SRR RIS SEEEIEFILE SR EREE 3 ER -2 S
TRANS=-2-BUTENE-ACETIC ACID RUN NQO«=42
1=SOLVENT, 2=5CLUTI GAS
ATM.P= 75910 MaAG
VAP. P= 15«11 MMHG .
MCL.VOL1= 57.58 CC/MIL , .
MCL.VLELZ2= 237C4. 72  CC/-MuL
ST= S10.302 5TT= 25250 .CC0 Sv= Q% .00
STv= 23270.000 . C,
A= D2C 4223 B=—4 557956000 C= 465970010
SLOPE= Q.8076v o Ve= —0.24357
INFUSION RATES= CaCl 7500 CC/HIN z

TEMP= 2¢3.:180 X
0ST.Cle=
X= 0.123233
TIME IN MIN.
0.0
- 5.00
:10.00
T15.00
20-.CC
25.00
30.00
35.00
40400
45.07"
oV.
55 .
-, bo‘ .
. 7, &5.
"T0.

BEF PR AR AR R D AU VB AR N | NI RO K AR KR EY N R REFC LTI HARR DAL L DR

’

-~

VOL

4+ .

.

GAS VOL .=SLGPESTIME+VD

IN CC DEV. IN 2%

0.0 SEE VO

4400 S.405

8.00 2.127 ‘
12.00 1.08C % ‘
16.0C C.504 '
20.00 0.257 P
24400 0.053 .
23.00 -0.092
32.00 —-0,.200
36.08 -0, 28a
40-00 - -‘0-351 . '
44400 -0.406

52.00 ~0.491

57+ C0 1.253

-

i s S D dtie



- . - . ’
¢ - . . > .
TRANSJZ—BUTCN51ACETIC ACID RUN Nu.—al
L=SULVENT, 2=30LUTE GAS
VAP P = 1511 MMHG -
VOLaviLl=. 57.58 CC/0u
MOL.VOLE= 2374 TO CC/MaL
.8T= 512.00¢0 STT= 2325C 0069 Sv= 4124000
STV= 20427.500 ) '
A= S292.257 Us=4559326.C02 C= YE73d2.314
SLOPE= O.SIOIQ ) Vo= =J e 05593
INFUSION RATE= 017560 CC/MIN
L TEMP= 298,150 NEL
~ CSTeaCOa= 2093
- X= J.10201 - GAS VUL +=SLOPERTIME4 VA »
TIME IN MINa VOL. IN cC DEV. IN x
: 0.0 o 0.0 SEE VO 2
5.00 3+ Q0 Qell: :
10.30 ’ S.CC -C.‘..:(:S
) 15-00 12-00 “'0-?65
20.00 l6a. 00 —O.")OQ
25.02 ) 20400 -0.%78
3000 . 2450, la0DZR
. 35.02 - - ES-SC o I -,
-~ _ 40.00 c32.50 O.405 .
’ . G5H.20 35«50 D-27a ’
ST .20 AR E2 c.i2L
55.00 * 44-50 “OOUOQ
-60.00 = 48.50 . ~0e1C3
05,00 S2.00 ~lsla?
73.00 57.00 Canll : . -
C N . t*#a*!*t***t**#t*****t*#t#####*#*n—*##t#*t**n#t:*n#_t:*
TRANS~2— —BUTONE—ACETIC ACID PUN NG.-Q’
1=SOLVENT, 2=SULUTE GAS . T
ATMLP=  702.10  MMHG : . /
VAP, P= 15411 MMHS . - &
MOL.VOL 1= . 27.58 CC/mMOL . o
MCL.VOL 2= 2370470 CC/MOL
S5T= 21040060 STI= 25%250.000 - SV - 4l G.50n0
STV= 2260%.000
Az 9353.1840 B=—4595%212.000 C= 470444, 25
SLUPE= - C.51224 vOo= J113323 :
INFUSION RATE= 0+0175uL0 CC/4IN
TEMP= 220,122 o e -
O0ST.CO.= 47«09 ' 7.
X= Deal0244 - GAS VUL e=SLUPEXTIME+VO
TIME 1IN MINe VOL. IN gC ., DEV. IN %
I . {
e C.C CelT & SEE wvn
A '5.00 4-00 ‘I _50570
} S 15.00 . 12.50 1.936
. . - ’ ‘ 20,00 16.50 0403
: 25.00 20.50 . 0.028
. 30.00 24.50. - =0e225
QOOCO ' 32.55 -"0.544 -
"'5;':":' t 3:—3-:33 COLSC‘ ‘e N
50.00. T 41.00 ) C.450
SS.C"J % ' {‘5.00 0-309
. . 60.50 / 45.00 0.158 o
65.00 | $3.00 0.031 . e
7000 57.00 -0.079

t*"t“‘*#»**##t*#*ﬁ#4&3*&1######*t**#**&4&*&(’3}##‘!}*#
LY . %,

A e o



{ %
86.
TR ANS-2- QUTEN: -CARJ3ON DISULFIDE RUN NO.=44
1=SOLVENT, 2=S0ULUTE GAS '
ATM. P= 757.00 MMIHG
VAP.P= 358483 MMMG
MOL. VL L= . G2.062 TCr/MI0 2
MOL.VUOLZ2= . 23704.70 CCr/sMaL
5T= S510.000 - SFT= 25250 .000 Sv= GoE.000 -
STv= 23037.500 '
A= 353124.188 =-317191:. riole) c= ToTyl0.022
SLOPE= 1.33000 vOo= Deds 16T
INFUSION RATE= 0 01:570 CC/“IN
CST«L0.= 124.57
. X= 0e2%4233 GAS VUL -.=SLuPE*TIYME+VE
TIME IN MIN. ~ VvOL. IN CC DEV. IN X )
0.0 0.0 SFEE VO
S.00 e 50 TSR L0259
10.0C 13.00C -Z.106 . .
20.00 20. 50 0.315
25.C0 33.0C 0.253
) 30.00 3950 0.211
3520 46 2C Ga.l1d1
40.00 50 0.15%9
AL~ -'-\ o~ .
T B N J}.\J\I e L
50.00 ©5.50 0.127
55.C0 7T2.00 O.116 '
£0e290 73.50Q Ce 106
v5.00 85.00 0.098
70.00 S1laC0 —0.45%5
***#*"*#*##-#?***#*%****t*####**#*#*#**#*#****#ﬁ*ﬂ-#**
TR BNS-Z—BUTLNE—”A%%JN DIsuLFlIDE RN NGe=45
1=SCLVE 2=3CLUT: GAS

AT, P= 75?.10 MM HS
VAP.P= 353.33 MY4HG .

MOL.VOLL= Lo.02 CC/MOL
MCLaVOLZ= 23704470 CC/HMGL
ST= +42.300 STT= 20350.200 - Sv= 567.007
STv= 20222.500
A= 350383b4.025 =-=3181630.020 C= TaZlT72.123
SLOPE= l.c3818 ve= J.01822 ’
INFUZIZ RATC= Sewr T LT Co/m N
TEMP= 293.150 KEL.
CS5TCOW= 123.29 '
X= 0.23693 GAS VOL .=SLOPEXTIMLC+VO
TIME IN MIN. VOL. IN CC CEvVv. IN X
0.0 0.¢C SEC V3
5.00 6«50 QD.033
10.00 13.00 0.775
15.00 19450 0.022
20.00 25.50 —-1.093
25.00 S2.00 -0.691
30400 38450 -Qea423
35.00 454,00 - =0a232
40 .:00 £2.0°2 CL.B382
45.00 56.50 - 0.686
: 50.00 . b4« 50 0.113
d 55+00 Ti1.00 0.186
(5.00 53-50 . -00290

AR IR ES SRR EL-FE LR RERS SRR IR SRR R PR SRR S EEREEE X

O o are il



"TRANS=-2-8UTENE-D1
1=283LvEN
ATM.P=

VAP, P=

MCLa.VOL L
MOL.VLL2
5T=, S1
STv= 153
INFUSIUN
TENP= 2¢
CSTeClUa=
xX= Oa1

TIME

LEL R E EE TR L s
-

TRANS-Z“BUTENE“DI
1=50LVEN
ATM, P=

MOL.VOL 1
MOL.VOLZ
5T= 51
STv= 160
INFUSICN

————— — - -
LT ]

CSTeCl0L=
X= O.%

TIME

87.

METHYL FORMAMIDE RUN NO.=46

T 2=80LUTL LAS
70la40 MM

Je0 MMHo
= TTed4 CC/MIAL
= 23734708 CCrmaL
0e0Q0C STT= 2%230.000 Sv= 3204303
744480 -

RATE= C£.017500 CC/MIN
3150 KilLe |

3604 : )

0513 . GAS VUL =SLOPERTIME+VO

IN MIN.  VGL. IN CC 'DEV. IN X%

0.0 S 0.0 SED VO

5.0C 3.390 l.123
10.00 0+20 l.135.
20.090 12.40 -0.457 u
30.00 18.50 C.rea
3500 22.00 De243
4V eUT Zna 0, 0,388
45430 28430 C.254 ,
S50.00 2l.60 C.320
55400 344600 0.000
6C.20 3780 C.063
€5.00 40.80 (e L0G
70.00 L5400 -0.203

t#x7tv#v¢¢v*¢rn*#***m¢s*¢¢:vt$ax#$¢

rd

METHYL FURMAMIDE RUN NO.=47

Te 2=SOLUTE GAS -
TO1a40 MMMHG

0.2 MMHG =

= T7<44 CC/MoL

= 23704.70 CCr/MOL

C.0200 STT= 25250.000 Sv= 323.50¢C
18.577

RKATE= 017560 CC/7MIN
£.150 Y W -

. "’S-b‘/‘ .

C478 GAS VUL «=SLUPESTIME+VO

IN MIN. VOL. IN CZ DCVe. IN X

0.0 0.0 SCEC VO

5.00 -3. 20 —{"-656
10.20 5440 -l.t54
1S5.00 9«50 -l.0646
20.00 12.30 -0.781
25.00 16.00 0.23¢%
30.00 19.20 0.454
'35.00 224 30 Cs.159
t5.00 SRL6D Tl
5000 31.80 - 0«286
55.00 346490 0.088
GCa 20 3e.10 0.277
70.00 484,20 ° -0.280

S ER R DR ATk PR

LR - 5 R-F Y P2 EXBEREXERTLEIL RS LD %



. . . 88.
w
1] " 2 -
TRANS=Z2-BUTENE-DIMETHYL FCRMAMIDE RUN Nle=48
- 1=SULVENT, 23ULJUTE GAS
ATM.P= 751440 MANHG
fAR 2.2 MMHG _ -
MOL . VoLl = TTedd CC/MCL
MCL.VOL2=, 23704.70  CC/MOL
5T= 5132.2C9 STT= 25252.0922 Sv= 320009

STv= 15858.440
INFUSION RATZS= 0.017500 CC/MIN
TEMP= 2684150 «KEL.

CSTaC0.= 3%. 57 -
X= CalC393 UAS VUL «=5LUDPERATI 1 + 40
TIME IN MING. VOL. IN CC DEVe IN u
0.0 0.0 SEE vQ
5000 3.23 '-J...Sal
: 10.20 - Gedl —-J 259
. 15.00 D50 . =-0.416
25.00 i 5. 80 0089
30.00 19.00 : Da.a82
35.00 T 22400 —C.i14%
. 40.00 25.20 . D179
’ 45.00 25« 30 n, a7
DLL.UU 21 40 el o .
60.0C0 37+ 7C CelaD
65 00 40.\.‘0 NDeL72
T0.20 43.80 —-Je213
‘**‘t******##*###$$*$$t$t#*#*$¥f###t‘ﬁ#:#tﬁ#*"*ﬁ'#*&::«X
- ' . ——
TRANS—=2— RUTENE-N \N=DIMETHYL ACETAMIOE RUN NG.=5N\
- I=SOLVENT, 2=S0ULUTE GAS
ATM.P= 760470 MMHG
VAP .P= 0.0 MMHG
MOL.WVULL = Y285 CC/HuL
MOL.VIL2= 237TJ4.70C CC/rM0L
ST= 513.000 STT= 29250.000 Sv= 228,100

STV=.17205.%80
INFUSION RATE= 0.017560 CC/7MIN

TEMP= 2938.150 KLL. - *
CoTalCle~ dwoall
X= 0.13069 - GAS VUL .=SLUORPEXTIME+VO
TIME IN MIN. VvOL. IN CC DLvV. IN =
0.C C.0 St Vo
5,00 3«50 =5.670
10000 0.90 ,_20589
- 15.00 10440 -0e540
20.00 13.80 -0.214
25400 17.20 ~C.015
30.00 20.560 Cellyg
35720 24.00 O.214
40 .20 ?7 30 -C 080
45.00 « 850 0.343
E2.22 ‘“.l“ CeTwa
. 55230 37440 ’ ~0.109
hY 60.00 40.80 -0.034 -
” C5.20 44«20 0.026 = '
72.20 4750 -0.127
‘-ﬁ*‘*#*##‘****#**#5&*#&#*#*##**t**¥¥**¢#$f#¢$#fﬂ¢##$$fp

ey



TRANS=-2-RUTENE =4 N=DIMETHYL ACECTAMIOE

(L]

RUN NC.=51

1=SLILVENT, 2=5J0LJTE CGAS
ATM.P= 7o0e70 MMHO
VAP.P= 0.0 MMho .
MOL.VOLL= 9285 CC/7MOL
M3L.VOLZ= 23704.70 CC/A ML
ST= 510.000 5TT= 25250.000 Sv=
) STv= 17407.48a .
INFUSLEIN-RATES 0017560 ' CC/7HMIN
3 TEMP= 9 3.150 KEL »
CSTaCl.~ 3velD
X= 013317 GAS VOCL .=SLURPE*TIME+VQ
TIME IN MIN. VvOLae IN CC DEVe TN &
CaC 0.C SEE VO
5«00 Jea0 —-1.407
10.00 700 1517
. 15.00 1V.4C Q6558
20.00 13.80 0.07%
25« 2C 17.20C -2e20C
30.00 20. 60 —0.%00
35.00 24410 -0.122
4C.J0 2T <0 Ce085
45.00 31 .00 -0.075
. S50.00 34.50 0086
S53.0 Aa.00 Nn.210
0CL.C0C Silens e 087
55-30 44.80 ‘-0002‘1
70-00 4-:‘.-.:’0 -OQI?C

AERFE R AT I ECE RSN AP L AT EERIECL A ELE XX KALT IR SR N B I dk R

TRANS—2-BUTENE-CTHYL ACETAT=:

RUN NC.=52

A=SCLVENT, 2=SLLUTE CAS
ATM.,P=  753.%0 MMIG
VAR ,P= 96«12 MG .
MOL.VULL= 98.53 CC/,M0OL
MOL.VOLZ2= 23724470 CC/ 3L )
S$T= 510.200 STT= 25252.00C0 Sv=
STV= 41720.0070 '
A= 119956.6568 B=-3201792.000 =
SLCPE= ft.64231 Vo= Ce33301
INFUSICN RATE= 0.017%589 CC/MIN
YEMP= 268.150 KEL.
NST. Cd.= 132.19
A= Ve 29900 G."\S' VUL «.=SLUPEXTIME+VD
TIME IN MIN. VoL IN CC DEVe IN X
0.0 0.0 SEE VO
1000 16.50 . 24463
1500 25.00 -0.517%
2000 33450 Qadl
25.00 42.00 1.080
- 30.00 S0.00C Qad?77
35-00 S8.20 0.04"4
40.00 &He U0 -0.281
. 45.00 74400 —0.534
S0.00 82.00 —0a737
D500 Y0s 50 TCedD
&E0.00 $9.00 -0.0532
, 65400 107.50 0.239
7340C 11c.090 Nald72

HARBECD B AR E AN K IR BLE TR H R L R AR RB K

~

N

PETEEY P ETC IS

301 .00

43,500

G4e a7l 020



-
[l

TRANS =2 -BUTENE«ETHYL ACETATEC RUN NO.=53

1=SCLVENT, 2=5ulJTE GAS
ATM,.P= 759 .20 MMHG

VAR, PP= SGel2 MMHG
MOLaVILLI= . Y853 CCr/MAL
MCL. VUL 2= 23704 .79 CC/xaL - -
57= 210000 STT= 25250000 Sv=
STV= 423915%.000 - .
AR 124834503 B==3245233.300 =
SLOPE= 1.7C909 V0= =J.40907
INFUSITIN RATE= Q0L 7232 CC/MIN
TEMP= 2G83.150 KEL « '
0S5 TelQe= 100e S .
X= . Deol73C GAS VUL «=SLUPERTIME+VD
TINg IN MIm, wor L I g DoV, IM
0.0 0.0 SEE VO
5-00 8.00 -0-938
10«20 17.C0- 24279
15,00 2550 Le324%
. 20.00 3400 C.854
25.00 42.\)0 .~ -00610
30.00 50.50 -0.596
35.20 59.00 - 587
40.02 LBeJ0Q C150
45.00 76450 0.C7S
BC 0D B85 .00 CeM™M1r
€5.3¢¢C 02.52 ~0.222
000" 102.00 —~0aJT%
565JC 110.50 —Jelld,
. 70420 i19.50 0280
LA R R T R Y A Y L L L LT
"TRANS-2~BUTEME~LTHYL ACETATE KUN NC.=54
1=SC0CLVENT., =3ULUTE GAS
ATM. P= 755 .52 MMHG
VAP.P= G6.12 MMRG
MOL.VOL L= J5.953 CC/MAL
MCL . VO, 2= 23704.70 CC /0L
ST= 5134000 S5TT= 252350.000 Sv=
STV= 43490.000
A= 1261624025 B==32L7067.000 C=
SLORPE= 172727 o= ~D W 2425%
INFUSTIN RATL= 0017580 CC/MIN
TEMP= 2QR.150 KEL »
C5TaClax= 10307
X= 030999 GAS VOL .=SLOPE*TIME+V(
TIME IN MIN. VCOL. IN-CC DEV. IN
0.0 Qa7 SEE VD
5.00 Q.00 T«220
10.00 17.50 2.758
15.230 26.0C 1.299
20.00 3“.:30 0057:‘
25400 43.00 . Celél
35.00 GGL.00 ) —-0.352
40 -OO N 68-50 ._COSCG
4,00 77«00 -Q.&26
‘55,20 ©5.00 : D.256
60.00 - 133.50 0103
65,20 112.00 -0.027
T70.00 121.00 0276

L E S,

L R R R g R T g A PR A A o WA

EGH L0000
GEBT7040.313

~

:;‘.lwh [ ]

E78. 320
Y9T7L40.812



T ATM,P=

TRANS=-2-QUTENE=-ACETINE

L=SULVENT

75142

o VAP.P=  ©63J0.806
. MOL.VOLL=

~ MOL. VUL E= .
\\\\iTz K12.0C2

. STV=  3029.$98
= S4719%.35%

SLOPE= 04120230
INFUSIUON RATE=

TEMP= 323.159 K
CSTuCUW= 31la
X= Q.08741

TIME IN MIN.

45470
50,00
6000
65+920
70.00

tE AR E R R A ERERAEEE LSS EREERE LI R R SIS EEREE R

TRANS=2-BUTENE-ACETIONE
.  T1=SOLVENT, 2=5C
ATM.P= 753.60
VAP.P= 620.80
MOL.VOL 1=
ST= 5124300
STv= 3229.9J8
A= S465H1.094
SLCPE= C.12000
. INFUSION RATE=
TEMP= 323.150 K
CST.l0as= dla
xX= 0.08783

TIME IN MIN.

’ 65.00
7T0.0D

tEEE R R T **ﬂ##‘“—w###*jtx#‘###*#* P E PR R NSRS R TN R

&

RUN NC =55

2=SCLUTE GAS

¥MHG
MMHG
76648 CC/MUL
25775%..50 CC/MUL
LWTT= 25290 .028 S‘\",=
Bz =735753.038 =
VO= =0.00001
6.018220  CC/MIN

EL.

&0
GAS VOL.=SLCUPS+TIME+VD
VvOile IN CC Devae "IN
0.0
0.0
l.20
1.80 c
2440 c
3«00 Q

g 4e2Q Q
4450 0
SesG c
0

9

0

0

»

0.C01

£290
?.20
7«80
840

RUN NU=56

LUTE GSAS
MMHG
MMHG
‘ TOLa04 cCr/moL
2577 5.50 CCr/Ran
STT= 25250.C00 Sv=
8= -784244.183 c=
Vo= ~0.020001
D.01Bz220 CC/MIN
EL o
T .
GAS VUL «.=SLOPE*TIME+VO
VoL« IN CC DEV. IN
0.0 SEE VD
0. 60 ND.CO1
1.20 J«001
‘1«80 0.000
2«40 C.0CO
3.0C . G.CO0
3«00 0.000
4420 0.000
480 0.000
S+40 -0.C00
e 00 oL.0CN
o GO - C.000
7420 0.000
¥ 80 0.CC0
.40 0,000

o~

9l.

6l1.200

G84 54033

o et



TRANS-2—-BUTENE=-ACETONE

RUN NO .=57

1=SLUVENT., =SULVTE GAS .
ATM, P= 750.60 -MMHG

VAPLIPS 600.80  MMHG

MCLa. VUL L= Te.04 CC /MO
MCL.VOLZ= 25775.50 CCrMuL
ST= 510,000 STT= 25250.000
STv=  2972.992

A= 5456¢€1.039 B= =784¢244.303
SLCPE= Q12000 vo= -0.10C:
INFUSTION RATE= Q4016220 cCrMl

TEMP= 3232.150 ANEL « -
CST.COW= Slewt
X= - 0.08783 LOAS VLL.—SLDPE*TIMF+VO
TI4E N MING VoLe IN cC DLVe IN
C.0 CeC SEE VO
S.C90 C. G0 20.C00.
1i0.00 1.20 G.091
15.00 le7C C.C00
20.00 2430 0000
25.00 2S¢ 0.000C
. 30.00 3.580 C.COD
35.00 4410 0.0CC
42«00 4. 7C C.0CnN
45,00 5+30 J0CO
. S50.00 S.%0 2.0C0
554290 Ge S0 QL Q00
6. 00 fall e LY
6500 770 Q.0C0
T0.C0 a20 0.000

*#t#t#t#**t»###t####u&#m#***&##*ﬁ TEEEH T U SRR E DTS D ¥

TRANS=2=RBUTENE—-ACETIC ACID

RUN NG .=58

I=SCLVENT, 2=SULJTE GAS
ATM.P= 756.4C MMIHG
VAP . P= DLBS MMM
MOL.VOL 1= SGa608 CC/MOL
MCL.VLLZ= 257T75.5C cCC/MUL
ST= 285.000 STT= 3087%.000 Sv=
STV= PG TG %38 .
A= 13756.582 B==432085%3.000 C=
SLOPE= 0.32110 vo= - Da11218
INFUSIJIN RATE= Cs017%82 CC/AMIN
TEMP = 323150 KEL o
CSTaC3u= 19. 2%
. Y= .02 GAS VUL oS UpREx Moy
TIME N MIN. VOL. IN CC CEVe IN
0.0 0.0 SEE VO
S0 l1.70 -l.02u4.
., 10.00 Se 30 =L 6S7T
E 2C.272 CeSC D522
< 25.60 B 20 0L.742
30.30 Gaad0 Je564
35.00 11a40 D.426
4020 - 12.%0 -0 4633
.)...0 1"4--.-!4- _30“25
S0.00 10.20 0.204
S5.403 T TN —" et A
£0.720 19.40 "Della
65.0C0 21.00 00749
¢ ’ 1 70«02 22«00 CeCsQ
T T5.00 24%.20 .02

‘ttt*#t*t##*t**ﬁ#t*ﬁt&*###ts#ntxur¢*#t#t$-#¢A¢##¢#ﬂ#

92.

612300

CELBu.025

139.320

18453 C e 553



TRANS=2-BUTENE=-ACETIC

ACLO

93.

RUN NU =5
1=SCLVENT, =SULUTES. GAS
ATM, = To2ea” MMIIG
VAP ,.,P= S6.04% MM
MOLe.VIL L= S .03 CC/aL
MIL.VCLZ= 2577 000 CCr il .
ST= 21lJ.G20 ST T= 29250000 Sv= 16240400
STV= BCI224aU
A= 133470024 Hz=a4305%81.090 C= I3 17823,933
sSLCPE= Dadlel AV Ced G4
S INFUSTUN RATO= O.CI?U:” CC/vIN
TNz 322.150 NEL . -
. C3T«Cla= 1399 .
X= O0.C4253 WAD VGL-=5LU"¥TI1 +\V0
TIAL In talnn foL I 24 CEv L. INox
Qa0 . C.0 SEE Vo -
507 163 . =S aAnl
10-00 30:0 —10724
15,00 bao -0«770
20.02 Lo —0.2080L
h ! 2509 8400 0.007
- w":‘ 30-‘00 Q-(‘O O.?O-}
m 3500 11.20 * Je b )
4“.0‘0 12.00 Qe
45.07 14432 - -2l 0s7
S0.00 15 .90 E e AR
- £S.C2 t7.c2 2.C000
6G. )2 1500 =T a0 2
R €500 2C. 73 DezZ20
70-03 22r2: -0-132
AEEAE TR RE BT AU R AR F AT G AN R AR AR CE R CE A RS DTN S BE L L

. TRANS-2-80TENE-ACETIC ACID TRUN NU.=62
1=SCLVENT, 2=30LUTL GAS ]
ATM. Pz 756440 MMIHS ’
VapR,P= ‘56.04 MM HG
NMaL.VGL 1= Su.bl  CC/H0L 7
MAL.VCL 2= 25775.530 CC/MOL .
ST= 512.030 STT= 20550000 Sv= €4 400
STV= 3143.G52 -
A= 13925.242 ==42110254C 20 = 1€6657.0 93
SLOPE= 0e32503 VO= —G.l11393
INFUSIJON RATE=  0.017%80 CC/MIN
A TEMP= 323.150 KEL.
L 03T+C5e= 15.45
X= 0.04345 GAS VOL.=SLUPL®TIME+VQ
T[ME .lN MIN- \'VOL- IN CC DEV. IN :;
. 0.0 0.0 SEE VO
SgOO 1-60 5n573 ?
10030 oa.u 2.025
15.00 4.80 0807
20.00 6060 0.208
25,00 3.00 —0.149
30.00 9.¢0 -0.385
35,30 11.2C -7.553
40400 12.80 -0.L78
45,00 14.00 Qa2
22.838 10520 W Se3L0
55.00 17.860 © D.20G
60400 19,49 C.0r.
65.00 .00 —0.Cth
7¢.20 22 604 -0.170

**#1#0##*4#*#*#*##*##»»##*#*‘*ﬁ#####*##‘v*#&#*¢¥#¥$t



i

TRANS=-2~BUTENE~CARBUN DIsuLrlor .

1=50LVENT, 2=S5LLUTE GAS
AT, p= T53.30 MG
VAR, P= 153.07 MMHG,
MOLevuLl= - DL .22
MCL. VL 2= 21940440
5T= 3753.072 STT= 11
STv= 238%),000-
A= 222,32.875 iz=15322
SLOPE= L eB6%70 Vo=
INFUSTIUN RATL= JeJ01440
TEMP= 278.159 KEL.
O05TeClUa= 137354
¥= N.TROLS AL VLl es
TIME IN MIN. Vulle IN
.0 C-C
S.00 8.50
10.00 16.50
15.00 25.00
~ 20.00 24400
25,228 43.CC
- . 30-00 i;.'.f.f.!O
- 35.00 C2.00
&aC .90 Ti.00
£Z.CC UGeBC
S53.00 $0.00
S5.00 99 e HG
00.00 10v.00C

LR 2 3 TR T Y e

TRANS=2-BUTENS-CARSIN DISULFLLE

I1="SCLVENT, 2=SULUTE GAS
ATM, o= T43.80 1AMHG
VAP, P= 153,07 MIMHG
. ML VUL = 53%.22
MOL.VGLZ= 21%40.40
sST= 519.030 3TT= 25~
STV= 49853).000
A= 232390.188 U==1533%
SLOPE= 190084 Vo=
INFUSION RATUE= 0.001440
TEMP= 275.150 KF| .
C5TeC0a= 143venn
xX= Q75774 GAS VUL .=
TIME IN MIN, VLL. IN
. J.0 0.C
. S5.00 10.50
] 10.00 21.00
. e . Ty 15020 304590
20.00 39.50
2%5.09 49.52
30.20 .59.50
3%.00 69 .50
4C .00 TI9.5¢C
45430 89.0¢
:.-JG.C’G -‘::3.00
55.00Q 108.00
62.230 118.50
’ 65.00 128.5¢C
7020 138.00

LR R 2B 5k 3 R PR ae

RUN NGe=01
k

Cclr/vou
CC/MOL
«LaCIY Sv=
CHeTND + C=
=Sedb 300
CC/IN
SLUTLE TN VS
cC DEv. IN
TosFE.vo
44 .45
83,315
L.7¢1)

024

0.101
0.25¢%

RUN NJe.=62

w

M

il

3G
N

SLOPEXTIME +v (0
ccC

SCE ve

- 0.3C0
3.587
1407
0.018

! O.2ug
D.508
C.110

. =Ves/lo
"OQQTO
CalE?7
Ve297

DEivae IN

**t##a*t#*##$*$*$¥¢;$k¢#&t¢&¢i{&#n$

94.

-

LUt e D0

127041543 0)

1220

1115389.000

’6-‘:?#&#*#*##*##**tt####*'ﬁ**t####TL**#



rk

TRANS=~ E—WUTE\&—DIHLTHYL FCRMAMIDE

./ . 1=SCLVENT. 2= SULuUTL

Fa ATM,P= THOL40
VAP P= 1b.51
MCOLeVULLl= .

- MOLe VUL EF

ST= 510.080 .
sTv= 3152 796
A= I7TTC.571
SLOPE= Q.32147
INFUSIION RATE=

| X= 0.05231
v TIME IN MIMN.

70.00

ﬁ*t#*i***ﬂ##u####0##*‘**t#*#*###K*t##$$$#$¢$*$»$***#

STT=

GAS

7S489

53-346Q74t-000
vo= D.TT30Y

CeD18BI20

TEMP= 323.150 KEL »

CST.COW= 183.19 .

GAS V0L .=

vOLe. IN

0.C
1.20
3.20
4a80
6.50
3a.10
Se70
Ile4d
13.20
l4.00
16,28
17.70
19«30
2100
22.50

TRANS—Z-BUTENE-D"LTHYL FORMAMIDE
=S5CLVENT s 2= SdLuTg GAS

MeP= L8700
VAR .P= 15.51
MOL . VOL 1=
MJLeVJALZ=
ST= 510.0230
STV= BC34.3588
. A= 3681.844

SLOPE= C.31454

INFUSIUN RATE=

xX= 0.05242
TIME IN MIN.

0.0
.00
10.00
15400
20.)0
25.00
30.00
35.00
40430
50.00
5520
¢ 6000
L5.00
TOCDC

D L T T I 2 R R E L R il b bl

VOL »

79445
©25775.50
STT=

B=~344544%.000
DelB31G4
CC/Min

vO=

+013020
TEMP < 323153 [
CST.C0.= 17.89
GAS. VOL--SLDPE*TIMC+V0

0.0
1. &0
3«20
4690
6«50

22.2%

CC /400
257TTH%5% CC/M0
2"’C.C30

250200 . dOOf

IN CC

NO.=649

CRPCETIME+VO

DEVa IN

SEE V2
-2.872
~1.G358
-Ca02%
-2.109
-0.183

0.681

0.543

00{635

Qe sGH
—-Q.280
- .29&

Ce.lL 3
-0.318

RUN NC.=¢5

sv=

0
"

DEVa. IN

SEE VO
—8.814
~3.828

Ca.420
-0 139

D.uU75
—0 L 9GS
—a. 2%

T=0.087

O.1C4%
De239
C.C20

1od, 520

lteTE0a3T0

7/

12004

180412277

ke



o
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TRANS=2-BUTENE—-DIMETHYL FURMAMIDE RUN NQ.=66

1=S0LVENT.,. 2=S5JLUTE UAS

. ATM.P= 75470 MMHS
- VAP.P= 1351 MMHG -
MOL.VOL 1= 7.4 CC/7MOUL
MOL. VUL Z= 2577T5.5¢C CC /ML
SY= ©19.G0C 57TT= 20250009 sV=
STv= 3034.983
A= 3743147 B==3448764.000 c=
& SL.OoPC= 0.32021 V0= =0.00046
INFUSIUN RATE= (.0150290 CC/MIN
TEMP= 323.150 KFEL.
CST.CL.= 18.12 ’
X= . 0.05323 GAS VUL «=3L0PE*TIME+VO
TI4E IN MIMN. V%F. IN CC DEVa IN
0«0 Q.0 * SEE VO
5-30 1.b0 -30636
10.00 3.20 -0.0G0
20.00 - Led? -20.037
25.00 8«00 -0.059
3000 - 9460 -C.060
QS-DO 14-4C -OOCCI
S0.00 16.10 0.003
DDevvu Lt 700 —Cauns
60.03 19.2C -0.0¢2
£5.00 29«50 —C.062
7G0.200 22.40 =CelbE

96.

165300

Leldntlenlo

-
.

RERRE PR RS R R AR B RS L A IR F S X AE X R AR LS XX RS H AR I XABT K

TRANS~-Z2=-BUTENE=N N=DIMETHYL ACETAMIDE
) L=SOLVENT, 2=SULUTE GAS

ATM.P= 7TS4.7T0 MMHG
VAP.P= S.27 MMAG
MOL. VOL1= G458 cC/M0u
MOL.VCLZ= 2577 5.50 CC/Mal
ST= 51C.200 STT= Z2923%.C20 Sv=
STvV= 8564.988
A= 20B7.130 B==2939535.020 c=
SLOGPE= De33840 V0= 0.2378¢&
INFUSION RATE= 2.017900 CCAHMLN
TEMP=" 523,152 KEL »
CoT.l0s= 1,2l
xX= 0.06540 GAS VOL «=SLUPEXTIME+VO
TIME IN MIN. vioL. IN CC DEV. IN
0.0 C.0 SEf. V9
5.00 I.BO -5.?54
10.0C 3a.6C De5C5 .
. 15,00 S.20 -1.026
. ‘20.00 6.3%0 -0.374
25.30 B.600 0.024
30.00 10.40 1.266
35.00 11.90 —0e351
40.00 3.0 -0.103
45.00 15.30 " 0.092
.55-00 18-()0 - -Oilbl
60.00 20«30 -0.010
4 ©5.20C 22.00 CellB
70.20 23020 —~0.145

FUN NO.=67

1724400

141803.9 33

%

ERERSI PP RS IR AR TR SRR E R TR XSG R AR R KRR E R AR LA R kR Rk k %



\
TRANS*E—BUTENE—N.N-DIMETHYL ACETAM]IDE FUN NQo=&9
1=SLLVENT, 2=SULJUTY GAS
ATM,P= 754.7C MMHG
VAP.P= 8.27  MMbg
MOL.VOLL = D4e58 CCrMIL
MCL.V(OL 2= 25775.50 CC/MoL
ST= S10.0020 TT= 252%3.0200 Lv=
STv=  8:£12.3353 .
SLOPE= Cel3aly Vo= JelasvT?
INFUSTON RATE= . Call7900 CC/MLN
TEMP = 3230150 Ll - :
CSTeCOex 18480
X= 006522 GAS VOL o =SLOPE*TIME+VD
TIME IN MIN,. VOL. IN CC DEV. I~
0.0 00 SELT vo -
S.3¢C 1.7¢C -C.C1 2
10.00 340 =2 4607
15,00 D72 De784
- 20.00 6e00 | —0.472
25«00 S50 ‘ ~C.033
30.00 10,20 C 0.2¢1
35002 l1.590 -0.2372
40.00 13.50 -0.109
45400 15.22 TelCT
TC.C2 ide v Ua G 7
LU0V 2d.z20 Jallu
€5.00 21.%0 Cela7
79-00 2-'5.5‘:‘ _J.103

FEARDIAB AR IR T D

TRANS=2=BUTENE~STHYL AC

R R Y *****#*K**#***$#*$¥ b4

WERL LWL B

ETATE RUN NGU.=71

1=SUOLVENT, 2=3JLUTE GAS

AT“upz 755-50 MMHS

VAP .P= 28574 MM HG

MOL. VUL L= - 102.07 cCCrmoL

MOLa.VOLZ= 25775.50° CC/MOL

ST= 21C.2020 STT= 25250 .27 Sv=

STV 12431.43a

A= 13621C.5%00 8=—-203v381.000 C=

5L PE= Oesd033c vO= .12273

INFUSI JMN RATE= 0.Cle210 CC/aIN

TEMP= 223,180 weo .

- CSTeClax 4Ua 8y
. X= 0.13953 GAS VUL «=SLOPE®TIME+VD
TIME IN MIN. VUL IN CC DEV. IN =z

0.0 0.0 SEE VO
5.00 2440 -6.0GE88
IO'OO “4090 "20&16
15.03 Te S0 .34

P 20-00 9.‘."‘0 —00200

’ 25-00 12.30 “ -‘3-559
3Ua.0¢C 14480 =0.124
35-00 17.-30 0187
40 . c 19070 "00086 -
45.00 22.20 D.152
:C-GG Z‘}-.fo 0-3‘33
55.00 2710 Q0. 130
604090 29«50 —0.048
LS-OO 310(.:? "'00198
70,00 S e ul -0.037

*t*#t##9*###&#33*#4*#**#&4#**%

TERLL KU RS RL KSR D RS Wk &

97.

172.200

e}
(4]

11643030

ba
L]

232

O
>

G4 2d)



TRANS-Z2-BUTENE-STHYL ACETATE RUN NQ.=72
. I=S0LVENT, 2ES0LUTE GAS

ATM.P= 757 a3 Q MMNG

VAR, P= 28%. 74 MMIG

-

NCL.VUL1= 1C2e27 CC/MCL
MCL.VSLE= 25775950  CCr/smuL

sST= 510,020 5TT= 25L2%0.C00 Sv=
STVE 12543452 - .

A= 100418.500 B==2024432.000 =
SLOPE= * Jea9luo V= el ?7
INFUSIJON RATE= Dedlll [

TEMP= 323150 =RK:L e

ST« CC.e= 41.04 '
X= 0.14015 CAS VUL .=3LJPLsTIME+VQ
TIVE IN MIN,. vola IN CC PLvVae INM

0.0 0.0 SEL VO

10.30 b.lO “‘1.4‘)5
15.230 7«52 ~1e7Ch
2030 10.10 T 07

. 25.20 12. 00 0402
30.29 . o 15.C0 -J.l45
35.00 . 17.50 G206
40400 : 20.006 20,305
45090 250 0.065
50-00 ‘24.9‘&) 0-253

+ 5522 27.30 Ca25
HOL 00 26T -0.170
65.20 S2e 20 ~T e U2 S,
7C.CQ 34.00 —J. 580
t*?*t*t*#**t«*tt##t*:n*:a*##sn;«#vvﬁa&mﬁu**nu&tv‘

o

98.
253.3C0
28304743

1
i

3





