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TABLE OF NOMENCLATURE

Defined by equation (1)

Molal average normal boiling point, ©R
Weight fraction of component 1

Molal average molecular weight

A correlating variable used instead of the
molecular weight for gases containing nitro-
gen

True critical pressure, lb./sq. in. abs.

Molal average critical pressure, 1b./sq. in. abs.

Pseudo-reduced pressure, ratio of pressure to
molal average critical pressure, dimensionless.

True critical temperature, °R

Molal average critical temperature, ©R

Pseudo-reduced temperature, ratio of temperature
to molal average critical temperature, dimension-
less.

Mole fraction of component 1

Weight average equivalent molecular weight.

The equivalent molecular weight of a non-varaffin
is determined by its normal boiling point from
the boiling point-molecular weight curve for
normal paraffins. An exception is nitrogen
which has been assigned an equivalent molecular
weight of 16.



SUMMARY

1. Experimental apparatus and nrocedures have been
developed for the determination of the volumetric and phése
behavior of very volatile mixtures at low temperatures and
high pressures.

2. The apparatus and procedures have been tested and
used at temperaﬁures as low as -200°F and pressures as high
as 1306 1lb./sq. in. abs.

3. The volumetric behavior, phase boundary curves, and
critical nressures, temperatures, and densities of ten hydro-
carbon mixtures containing up to 24.4 mole percent nitrogen
have been determined. The comnositions and critical proper-
ties of these gases are tabulated in Table T.

L. Existing correlations for estimating the critical
temperatures and pressures of hydrocarbon mixtures have been
modified and extended so as to apply to the mixtures of this
study.

5. A new correlation for estimating critical tempera-
tures of mixtures has been developed. This method has been
shown to apply to mixtures containing nitrogen and hydro-
carbons from methane through the heptanes as well as small
amounts of comnronents heavier than the heptanes. The method
predicts the critical temneratures of binary mixtures and
reduces to the critical temperature of a2 single component as

the fraction of that commnonent nresent increases.



Table I PROPERTIES OF GASES STUDIED

Gas oM "A700/770" "AT700/840" "A700/9L.0"
Carbon 1.20 1.09 1.00 0.91
Dioxide, Mole %
Helium “——— ———— _—— -——=
Nitrogen — 8.8 16.11 2L b1
Methane 90.89 82.8 76.25 68.70
Ethane 4.0 L.o1 3.69 3’3&
Propane 1.91 .74 1,60 1.
i~-Butane 0.33 0.30 0.28 o.ﬁo
n-Butane 0.60 0.55% 0.51 0.40
i-Pentane 0.21 0.19 0.18 0.16
n-Pentane 0.13 0.12 0.11 0.10
Hexanes 0.15 0. 0.12 0.11
Heptanes 0.18 0.1 0.15 0.1
Crit. Pressure 925 - 955 968 973
1b./sq.in.abs. :
Crit. Temp.,°R -— 381 368 356 340
Cri}. Density, 0.230 0.2h2 0.279 0.311
g./ml. A
Mol. Av. Crit. 676 659 6l.6 631
Pressure ,
Mol. Av. Crit. 369 356 346 33L
Temperature
dt. Av. Crit. -~ ]109 386 368 349
Temperature L : h
iflol. Av. Mol. Wt. 18.L0 19.25 19.9 20,
dt. Av. Equiv. 22.26 21.47 20.80 20.33
Mol. Wt. (W)
lol. Av. 218 211 205 199

B.P. (B), °R



Table I. CONT. PROPERTIES OF GASES STUDIED

Gas napn "AB?OO/BOO" "AB700/9h0"
Carbon 0.4l 0.30 0.20
Dioxide, lole %

Helium ———— " e ————
Nitrogen - 11.30 2l.00
llethane 96.68 85.80 73.6l
Ethane 1.60 1.50 1,20
Propane 0.70 0.60 0.53
i-Butane 0.1l 0.12 0.10
n-Butane 0.20 0.18 0.15
i-Pentane 0.07 0.06 0.0
n-Pentane 0.05 0.0k 0,04
Hexanes 0.05 0.0% 0.0h
Heptanes 0.07 0.0 0.05
Crit. Pressure 6 0 81
1b./sq. in.abs. 705 7 >
Crit. Temp, °R 359 343 329
Crit. Density, C.183 0.220 0.225
g./ml.

llol. Av. Crit. 674 653 630
Pressure _

liol, Av. Crit. 353 339 322
Tempe rature

It. Av. Crit. 370 . 341 320
Temperature :
Mol. Av. liol. Wt. 16.90 18.11 19.56
Wt. Av. Equiv. 18.5) 18.00 17.62
Mol. ¥It, (wm)

lMol. Av. 207 199 . - 191

B.P. (B), °R



Table I. CONT. PROPERTIES OF GASES STUDIED

Gas

Carbon
Dioxide, liole %
Helium
Nitrogen
liethane
Ethane
Propane
i-Butane
n-Butane
i-Pentane
n-Pentane
Pentanes +
Hexanes +

Crit. Pressure,
1b./sq.in.abs.
Crit. Temp.,°R
Crit. Density,
g. /ml.

liol. Av. Crit.
Presgsure

IMfol., Av. Crit.
Temperature

Wt. Av. Crit.
Temperature - '
lHol. Av, liol. t.
.it. Av. Equiv.
liol. ilt. (dm)
liol. Av,

B.P. (B)

"B"
0.13

%;oo
11,

76;%5
5.51
3.35
0.35
0.90
0.17
0.15

0.33
1143

376
0.266

6Ly
358

397

20.02
22.85

213

|lcll
0.20

0.60
13.50
75 15

6.10

i
0.50

- o o= o

0.20

1107

370
0.270

ann
35k
380

19.98
2i.2g

210

HD"
0.25

0. 3;
7.0
85.42

.11
1.98
0.37
0.39

0.22

918

0,270
658
35l

379

18.60
20.19

209



INTRODUCTION

Distillation is the most common method of separating
hydrocarbon mixtures. Extensive research on the vapor-liquid
equilibrium data necessary for the proper design of distill-
ation equipment has resulted in such general correlations as
the 1. W. Kellogg Equilibrium Constants (31). However, as
is discussed in the following section, much work remains to
be dono to establish the vapor-liquid equilibria at low
temperatures. '

Knowledge of the critical temperature and pressure of
a mixture is important since the critical temperature is the
highest.at which the mixture can be complk tely condensed,
and the critical Rressure is the pressure at which this
condensation will take place. The "convergence-pressure"”
method which utilizes the fact that the compositions of
vapor and liquid approach each other as the critical con-
ditions of the mixture are approached has been proposed (25,
82) to correct for the effect of pressure upon vapor-liquid
equilibria. The application of this method requires know-
ledge of the critical conditions of mixtures. Correlations
are available (12, 37, 73) for the prediction of critical
pressures and temperatures of various types of hydrocarbon:
systems, but the validity of these has not been tested for

very volatile mixtures and for systems containing nitrogen.



Knowlcdge of critical temperatures and pressures is of
particular importance in low-temperature processes because
of the necessity of refrigeration and high pressures for
the condensation of vapors.

Various correlations such as that of Standing and
Katz (7l) have been presented for the estimation of densities
of hydrocarbon mixtures, but again, these have not been shown
to apply to very volatile systems at low temperatures.

The removal of nitrogen from natural gases by low-
temperature distillation has recently been proposed (11,44)
as a means of improving the quality of some nitrogen-rich
natural gases and of increasing the capacity of existing
pipelines, This treatment is especially attractive to
Kansas producers, because the gas from the Hugoton Field,
the largest in the state and one of the largest in the
country, contains an unusually large amount of nitrogen,
averaging about sixteen percent. The safe design of‘plants
for this treatment will require knowledge of the behavior
of natural gases at low temperatures.

In view of the interest in low-temperature processes
and the scarcity of the data required for their design it
is apparent that experimental study of the phase and pressure
volume-temperature behavior of hydrocarbon systems at low

temperatures is needed. Such a study has been made possible



by grants to the University of Kansas from the Kansas
Industrial Fellowship Fund. Gore (19) has described the
construction and testing of the apparatus used in this
study. This thesis describes the apparatus and experimental
procedures. Phase and pressure-volume-temperature data for
ten very volatile mixtures (including the one described by
Gore) are presented. Correlations for estimating the
critical pressures and temperatures of such mixtures are

described.



PREVIOUS EXPERIMENTAL WORK

The existing lowutemperaturevvapor—liquid equilibrium
data for hydrocarbon systems and for mixtures of hydrocar-
bons with helium and nitrogen are summarized in Table II.
Most of these data are for simple systems, and the data of

/) {:‘f .
Stutzman and Brown (77) at 100 1lb./sq. in. are the only data

on a natural gas. Brown and Stutzman (8) developed a corre-
lation for the equilibrium constants of nitrogen, methane,
and ethane down to -300°F. However, the correlation was
developed from data on widely varying types of mixtures and
has no parameter to allow for the composition of the system.
Large differences between experimental values and those
predicted from the correlation indicate that it leaves much
to be desired.

The existing critical data for systems containing
hydrocarbons are given in Table III. Most of these data are
for binary systems at temperatures above the ice-point.

The only data for complex systems at low temperatures are
those of Eilefts et al. Further, only Ruhemann's data for

methane-ethane give information about the critical locus of

binary systems containing large amounts of methane.



Table II EXISTING PHASE DATA ON HYDROCARBON=-
NITROGEN-HELIUM SYSTEMS AT LOW TEMPERATURES

System Temperature, °R Pressure, 1b./sq.in.abs.
Min. Max ’ Min. IMax. Reference
He-N 0.l 196.2 16 L3Lo 17
2
122.5  201.5 L.79 3675 33
126 198 58.8 220.5 15
He-.cHLL 162 191 emme-- 2350 1
162 229 2645 3380 1&
N,-CH 152,3  193.7 1.7 .7 41
27 162.0 239, .7 17 7
CH ~CoH), 228.5 Lss. 9.0 6L.0 80
30l I 7.3 588 32
3oL L92 73.5 735 21
CH), -CH,, 320.5  336.L L1 588 38
CHy,~CoH),~CoHg  304.5  L91.7 73.5 735 22
CZHMCBH8 u38,o 582.0 25 794 2
Natural Gas 221.7 330.2 100 100 76

Gas-Condensate 395 736 .l 5000 13
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Table III EXISTING CRITICAJ, DATA FOR SYSTEMS CONTAINING

HYDROCARBONS

System Temperature, °R Pressure,lb ./sq.in.abs. Reference
Min. Max., Min. Max. '

CHh-czﬂé 351 h92 550 1205 21,60
CH, -C 3Hg 528 656 622 156 56,65
CHu-nCuﬂlo 520 726 550 1924 L6,62,63
cnh-icuﬁlo 560 680 1035 1679 50
CH),-nCgHyp 566 792 hoo  24hs 68
CH),-nCy gHpp 560 920 313 5310 55,66
CHy -CoH) =Colg 30k 492 673 735 22
CHLl_-Csﬂla"Nz 537 61#5 2380 2570 5
CH), -CgHy), =Np 537 6L5 2950 3140 Ly
CH, -C,H 4Ny 537 L5 3560 3730 6
C,H) ~C,H, 510 550 712 745 35
C o) ~CoHy g 509 1973 28 1516 30
C ¥y, ~CoHg=CoHy 500 520 Lely 822 39
CoHg=CoH, 505 535 500 826 35
Colg-CO0, 508 53l 672 977 35
CaHé-ChHlo 550 766 551 1924 28
02H6—07H16 550 973 396 1263 27
CoHg=N,0 bor 550 L03 1058 3k
C4Hg=CoH, 56l 656 667 925 140
C4Hg~HC1 632 699 --= 1690 2l
C3Hg=1C) Hyg 724 72l 600 600 7
CyHg=C  H, 56l 666 617 935 Lo
C3Hg-CO, - oh8 666 617 1073 5,57
C4Hg-1C) Hg the 742 €00 600 70
C3Hg-nC) H, 666 765 551 638 L7
C4Hg-nCcH, 5 530 680 622 671 50.
C3Hg-1GcHy 666 830 483 663 79

nC) H, 5-C0, 5L 8 766 551 1181 L8,sl
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Table III Continued

System Temperature,®R Pressure,lb./sq.in.abs.Referenc
min. max. min, max.

nC) Hyg-nCoHyq 766 973 396 596 29
nCghy 5~C0p s48 847 U483 1l 5l
nCgHyp-nCoHyg 846 972 397 g2 9

nCeH,) ~Water 680 695 60 N 71
Naphtha 1063 1063 slio sho 3
Gasoline 1743 11% 98 598 3
Naphtha-Hy 589 8 ﬁ 32 1198 26
Natural 652 652 3470 3470 81
Hydrocarbon

12 Volatile 51k 6L9 1706 2900 36,37
Hydrocarbons

2 Volatile 555 559 1987 1994 23
Hydrocarbons

50 Refinery 1010 1260 325 680 sk

Mixtures
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APPARATUS

A flow diagram of the apparatus used in this study is
glven in Pig. X dnd prhotogranhs are shown in Figurcs 2 and
3. Referring to Fig. 2 the low-termerature bath is mounted
in a‘triangular frame at the left behind a stecl plate with
a safoty slit. The gas ressrvoir is contained in the box
in the centzr behind the control »anel. The oil pump and
the mercury rescrvoir are located at the lowsr right of the
control panel, 4The liquid-nitrogen container and its acces-
sorios arc shown in FigL 3 at the left of the low temperature

bath.

Low-Temnerature Bath

Fig. L is a photograph of the iow-temperature bath
7ith the steel safety nlate Premoved and #ith the Dewar flask
which contains the bath liquid lowered from its normal
nosition in order to make the other portions of the bath
visible., PFipg. 5, a horizontal cross-section through the
bath, shows the relative positions of the various items
which are susnended in the bath. |

The cylindrical glass Dewar flask, 5-1/2 inches 0.D.
by -1/l inches I.D. and 15-3/LL inches deep is wrapped with
adhesive tane to prevent flying glass in case of rupture of
the equilibrium cell. Unsilvered strips on opposite sides

of ths flask allow visual inspection of the interior of the
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IG. e GENERAL PHOTOGRAPH OF APPARATUS (RIGHT)




FIG. 3 GENERAL PHOTOGRAPH OF APPARATUS (LEFT)




i e L e PR e e AL NTRRIR R e PR 4
- )‘:l‘linw.avs W a . S g e N ety LS

4

L
—
<<
a
wl
o
-
-
<
o
L
a
=
w
-
!
=
O
-l
V.
o
X
a
<
o
O
O
-
O
" =
a.
<
o
w




DRAFT TUBE AGITATOR

HEATER /NITROGEN OUTLET.

NITROGEN
INLET

TUBE NITROGEN

VAPORIZER

MAGNET J THERMOGOUPLE

~ EQUILIBRIUM CELL
" INSIDE DIAMETER OF DEWAR FLASK

SCALE® FULL SIZE

FIG. 5 HORIZONTAL CROSS-SEGTION OF
LOW-TEMPERATURE BATH



18

bath when the flask is in its normal position. The bath is
illuminated’by a fluorescent tube mounted behind the resar
slit. A wooden coverkanchored to the frame closes the\bath
when the flask‘is raised to ité'normal position.

,. The equilibrium cell is aﬁchored near the front of the
bath by a vise which clamps the 1/8 inch 0.D. by 0.025 inch
I.D. steel tubing connecting the_celi to the gas reservoir.
A horscshoe magnet suspended from the bath cover by two
vertical rods may be moved along the'length of the oeli by a
1/8 inch brbnze rod, -in order to move a steel ball which
agitates the contents of the equilibrium cell,

The nitrogen vaporizer is a copper cylinder 1l inch in
diameter and L inches high. A copper inlet tube leading
from the nitrogen containérAenters the cylinder tangentially
near the top, and a vapor outlet tube leads from the top
of the cylinder, down one side of the bath, up the other
side and exhausts at the ton of the bath.j This sevarator
arrangement prevents liquid nitrogen from passing through
the bath without vaporizing, as occurred shen a simple coil
vaporizer was used. |

The heater consists of two ten-foot coils of 30 gage
constantan wire wrappéd‘afound ceramic insulators, connected
in parallel énd enclosed in a Plexiglas tube. The power
input to the heater is controllaed by a 0~-130 volt variable
transformer which controls the primary voltége'éf_a 25 volt

output transformer.
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Agitation of the liquid bath is accomplished by an air-
operated Precision Aero-llix Stirrer, senior model. Circulatic
of the bath liquid is encouraged by a draft tube nmounted
coaxially with the agitator. The draft tube}is made of thin
conper sheet with windows of trgnsparent acetate plastic
along the lengths of its front and reaf surfaces to permit
illuminatioﬁ of the cell from the rear.

The liquid—nitrogen is contained in 25 and 50 liter
metal Dewar flasks manufactured by.the Superior Aierroductsk
Company. The 1iquid‘nitrogen is caused to flow out of the
flask, through an eductor tube by means of gas pressure
exerted over the liquid. The pressure is brought to the
desired level by admitting compressed aif,to the flask, and
is contfolled at that level by a Cartesian lianostat which
allows gas to escape from the flask as nitrogen evaporates
as a result of the heat leak into the Dewar flask.  The
amount of liquid in the flask is deterﬁined~by slowly
bubbling é‘nitrogen~helium mixture into{the bottom of the
liquid through a 1/8’inch 0.D. copper tube. The diyfer-
ential pressure required to produce this flow is measured
with é carbon tetracﬁloride manometer,'and the flow is
indicated by a glass capillary flos meter and a meréury

mnanometer.

Equilibrium Cells

Cross-sections of the various equilibrium cells used
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are shown in Figures 6, 7, and 8.‘ Photographs of these cells
are shown in Fig. 9; All of these cells were made of High
Pressure Pyrex gége-glass tubing of 3/8 inch or 1/2binch 0.
D. Agitation is effected by moving the steel ball in the
cell with a horseshoe Alnico magnet. The neck of cell G,
which was used in studying the first gas, was constructed

of 2-1/2 ym.I.D. by 10 mm 0.D. tubing, and the volume of the
neck was reduced with a steel insert. All'later cells had
necksvmade of 6 mm,0.D, by l/éfmm. I.D.,tubing¢l Connection
was made to the 1/8 inch 0.D. tubing by means of a fitting
developed during this work and praviously reported (10).

The 1/2 inch 0,D. by 0.31l inch I.D. cells burst with-
in thirty minutes whenfexposéd to a pressure of 1500 1bs./
sq. iIn, gags but would withstand a pressure of 1300 1bs./sq.
in. at least as 1ong-és 2l hours. Cell No. 25 was used .
over a period of four'moﬁths at temperatures as low as ~-200°p
and pressures as high as 1296 1b./sq. in. gage without
failure, however, cell G burst at 800 lb./sq. in. after
being tested to 1250 1b./sq. in. énd used successfully at
pressures ag high as 1000 lb./sq. in. Stch behavior made
it impossible to assign»reasonable factors of safety to the
glass cells, and made it necessary to heavily armor the low
témperature bath. Sdme attempt wés made to’use cells having
greatér wall thicknesses with little or no-success. Small
bore tubing was found to be able to resist considerably

higher pressures; test cells made of 2-1/2 mm. I.D. by 10
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o | 25
mm. 0. D. tublng burst at 3100 3300 1b. /sq; in,
The cells Were callbrated by addnng water from a cali-
brated lo ml burette by means of a capillary tube small
enough to pass through the neck of the cell These cali-
bratlons were accurateeto to.oz,ml callbratlons fof all
‘cells used are shown in Exhibit A. The amounts of liquid
were. determlned from scales afflxed to the cells. In the
case of cell G a paper scale was attached to the cell but
clater cells were callbrated with a platinum ink (Liquid
flstinum Bright No;505-X obtained frcm the Hanovia Chemi-
cal and Manufacturlng Company, Newark New Jersey) which
'ewas permanently fired on the glass. ’
| The volume of the line from the neck of the cell to
valve l4Was'made as small as possible in ofder to minimiZe
J'errors in calculatlon of amount of gas metered to the cell.
This volume amounted to 3.7 to k. 0 ml., however whlch was
~too large to neglect. It was determlned by filling the cell
 with mercury into the neck, then metering methane from the
‘Jergusoh gages}and observing the increase of pressure. The )
details of,thislmetﬁcd end the‘data.obtained are given in
Exhibit B. This method was precise to +0:1 ml. and the
increase of VOlume:of thellines due to expansion of the
Bourdon tube with pressufe was less than 0.1 ml. Failure
to observe any change in the mercury level in the 1/2 mm.
I.D. neck with pressure‘changes of looo‘lb./sq;'in.

assured that the expansion of the cell dde to pressure was
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less than 0.02 ml.

The chénge of volume of the cell with temperature was
'ﬁot experimentally detsrmined. The Corhing Glass Works
recommended a value Qf 0.00037 for the fractional decrease
~in length of this‘glass (No. 77L0) on cooling from 25°C to
-100°C, This represents a fractional decrease in volume of

0.0011 and was neglected in all calculations.

Gaé Rééer#oir

The gas reservoir consists of two identiéal liquid-
level gages which serve as high preSsuré burettes. Manis
folds and valves connect these gages to the rest of the
apparatus, and an air bath serves to maintain fhe gages at
a constant known témperature; |

The liquid-levél»gages; manufactured bykthe Jerguson
Gage and Valve Company areyéf the two-section transparent
type, Model 25-T-40. They have an internal volume of |
‘approximately 75 ml. each, and have been tested to 8000 1b./
sq. in. by the manufacturér. ; ‘

The manifolds were gohstructed from 1/l} inch 0.D. by
3/32 inch I.D. stainless-steel tubing, American Instrument
Company catalog No. hO6-lldA. The stainless-steel union-
jtype high;préssure fiftings and series 30,000 lb./sq. in.
stainléss-steel valves were manufacturéd by Autoclave
Enginéers, Inc.

The Jerguson gages and manifolds are enclosed in a box
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37 inches high, 32 inches wide, and nine:ipches deep. The
front, sides, top and bottom of the bdx are insulated by a
layer of fiberglass éovered by a sheathing of 1/ inch ply-
wood, and the back of the-bok is covered by’a‘removable
sandwich of tWwo layers of plywood and onéilayer of fiberglas:

Two vertical slits, 3/h inch wide by 21 inches‘high cut
in the front and back plates perﬁit visual observation of
the sight glasses of the Jerguson gages. These slits are
covered with 1/l indh’sheets of P.lexiglass, and two fluore-
scent tubes mounted over the rear slits illuminate the in-
terior of the box. v‘

Each of the Jerguson gaées is supported by two lengths
of angle-iron welded to the top and bottom of the box. All
valves are bolted to the front plate, and the stems of the
valves extend through holes drilled in the plate.

The box is pivoted on two 7/8 in¢h stee1 shafts which
bear on a pair of pilloﬁ blocks suppbfted by a welded frame
of angle-iron. This arrangement allows the box to be rotated
to a horizontal position when it is necessary to remove the
Jerguson gages. It also permits agitafibn of the contents
of the.Jerguspn gagés, should it be desired to obtain phase
equilibrium data at room teﬁperatures and above, ‘

A 1/30 horsepower centrifugal blower mounted between
the Jerguson gages girculates a stream of air through the
box to maintain a uniform temperatﬁre. ‘A 200 watt heater

mounted in the discharge stream of this blower and‘controlled
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by a Variag serves to~regulate the témperature which is
indicated by three Jeston dialjtype thermometers which ex-
ftend through holes drilled in the front plate, ‘Thése
thermometers agreed to 1°F with a Bureau of Standards
ﬁhermbmeter. When‘the box is allowed several hours to
reach a steady state the three thermometers indicate a
temperature uniform to w1th1n 1°F.

One of the Jerguson gages was calibrated for internal
- volume by delivering mercury from the gage 1nto‘a calibrated
burgtte through valve 7, énd observing the change in mercury
,1evél on a paper scalelcemented to the ffont glags of the
gage. Viewing the‘mercury level through a movable sight
tube mounted over the front slit effectively reduéed parallax
It was necessary to calibréte only one gage since the other
gage served only'as a reservoir of high pressufe gas.

The calibrations of'the“gage are given in Exhibit C.
Check calibrations at pressures from 100't§-2500 1b./sq. in.
" and over intervals of several months showed that the cali-
~bration was sssentially linear and did not vary with pressure
or with time, although slightly‘different calibrations re-
sulted when the gages glasses were removed)and the gaskets
replaced. A calibration cohsﬁanf §f~0.891 ml./cm. was used
for Gas "A"and 0.888 for all later work; Thiévconstant»was
known to less than O 002 and readings of the mercury level
could be duplicated to #0.1 cm., so that the uncertainty of

the volume measurements is 0. 2 percent or 0.1 ml., which-
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ever is larger.

Pressure Generator

The pressure required to force the gas from the reseras
'vsir into the equiiibrium cell is developed by a manually=-.
operatéd hydraulic jack, BlackhaWk Model P-76. 0il delivere«
from the jack displaces mercury from.a‘fsservoir into the
Jerguson gages, thus compressing the gas contained in the
gages. The mercury,resefvoir consists of a vertical steel
cylinder, 3-1/2 inches 0.D. by 1-1/16 inches I.D. by 2l
’inches long, to the top of which is attached the oil inlet
line from the jaclz, and to the bottom of which is attsched
the mercury delivery line leading to the Jerguson-gages.
Pressures as_high as 5000 lb./sq. in. have been produced

with this equipment.

Pressure lieasurements

- The pressure in the equilibrium cell is‘measured by a
16-inch dial Bourdon tube gage having a range of 0 to 2000
1b./sq. in. gage and graduated at intervals of 5 1b./sq. in.
The pressure in the gas reservoir is'measured by a similar
gage having a range of O to 5000 lb./sq.‘in. gage and
graduated in 10 1b./sq. in. increments. These gages, manu-
factured by the Héise Bourdoﬁ Tube Company, were certified
to be accurate to one-half a scale divisisn when new. They

were compared with an Asheroft dead-weight tester at inter-
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vals of several months and the results are shown in Exhibit
D. It is believed that the uncertainty in pressure measure-
ment‘s‘ is %3 1b./éq. in; above 800 lb./sq.‘ in. and ¥2 1b./sq.
in. at lower pressurés; No corrections were applied to the
readings of the pressure gages, and absolute pressures were
computed by adding 1l 1b. /sq. in. to the gage readings.

In order to reduce the volume between valve ‘1 and the
neck of the equilibrium nell the O to 2000 1b./sq. in. gage
was evacuated and filled with mercury.. A U-tube as shown

 in Fig. 1 was made of 1/8 inch 0.D. thin~walied steel tubing
to ﬁrevent the mercury from funning into the manifold when

the cell was evacuated.

Temperature Measurement

The temperature‘of the low-temperature bath is measured
by a four- junction thermocouple‘the E.M.F. of Which is
measuréd by a Leeds & Northrup Type K-2, No. 7552 potentio-
meter and a Type R, No. 2500-& galvanometer. The thermo-
couple consists of four individual couples of No. 2l B & S
gage glass-insulated copper-constantan wire connected in
series and inserted in a8 six mm. I.D. thin walled pyrex tube.
The position of the thermocouple in the bath is indicated
by the cross-section in Fig. 5. The junction of the couple
is immersed approximately 12 inches below the surface of the

bath liquid and the reference junction is immersed the same



31
depth in a mixture of ice and water contained in a DeWar
flask. Tests indicated that with immersioné of this mag-
nitude there is no detéctable effect of immersion on indi-
cated temperature. |

The thermocouple was calibrated by comparison with a
Leeds and Northrup platinum resistance thermometer. The
details of this comparison are described in Exhibit E.

The deviation of this‘thermocouple fromva standard calibra-
tion curve (72) is shown by Fig. 10. The precision of the
temperature measurements is judged toxbe *£0.1°F and the
accuracy to be 10.59F at -200°F and proportionally more
accurate as the ice-point is approaéhed. This increase in
accuracy as ﬁhe ice-point is approached is due to the fact
that the deviation of this thermocouple from the standard
thermocouple must become zero at the ice-point. The cali-
bration of the thermocouple is such that 15 microvolts

represents approximately 1OF,
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EXPERTMENTAL PROCEDURE

‘Generai Features of Mefhod

A modification of the dew-point bubble-point method was
vchosen because of its simplicity and because this niethod
permits accurate determination of the crltlcal point. In
the usual method of operation a fluid is confined in a éell,
and the volume of the system is changed by the addition or
removal of’mercury at constant temperature. Since this
method cannot be used belowythe’freezihg point of meféﬁry
a modification was used in which the preésure was varied at
constant temnerature by 1n3ect1ng fluld into a constant-
volume cell. |

Procedure for Determination of an Isotherm

Several hours béfore'the'isotherm was to be run the
heater and blower in the gas reservoir were turned on and
.the reservoir brought to a constant and unlform temperature
somewhat above that of the room, in order to permit the
" control of temberature by addition of heat. l/hen the reser-
voir temperature approached thé desired lével the Dewar\
flask which encloses the 1ow;ﬁemperaturékbathk(Fig. L) was
filled with liquid pentane and raised into position. The
.cell was evacuated at room tehperature to remove traces of
heavy hydfécarbons“which were found to'materially affect the
dew-point. The Jerguson gages were then evacuated through
valve 5 (Fig.l)and the gas to be studied was admitted

through valve 6. The gas was then compressed to the desired
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vpressure by alternately filling the right Jerguson gage with
gas and forcing the gas into the left gage by admitting
mercury through valve 9. In order to remove the last traces
of air the Jerguson gages were flushed from 500 1b./sq. in.
to atmospheric,pressurekseveral‘times.; Five‘different
mixtures,were prepared by mixing nitrogen wiﬁh other gases
in the gagee;'this procedure is described in the section
entitled "Compositions of Mlxtures Studied”,

The equilibrium cell was filled with gas to l oo 1b. /sq.
in. and flushed to atmospherle‘pressure_s1x or seven tlmes,
then fiiledkto 20 to 25 1b./sq. in. gage, all at room temp-

- erature. The cell was,then placed in the cold bath with
lines attached. The efficiency of this flushing method is
shown by thekflef cheracter of the isotherms for gases "A"
and "AB" at high percentages of 11quid. R

The temperature was controlled by adjusting the Cartesian
lianostat so as to maintain a constant pressure of approximate:
7 1b./sq. in. gage in the liquid nitrogen container and
regulating the flow of nitrogen with valve 13. Fine adjnst-
ments were made by use of the Variac whieh controls the
power input to the‘electrical heater, The temperatnre was
indicated by a coppersconstantan‘tnermocouple and a K-2
potentiometer which would indicate temperafure changes'of the
order of 0,01°F. The contrbl of temperature required the

full attention of one man. hen no gross heat‘effects

occurred the temperature of the bath could be controlled to
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* O-1°F; The condensation of large amounts of gas produced
temoerature changes as 1arge as 2°F, but the temperature was
always brought to within 0,1°F of the control point before
readlngs were made., |

Gas was added to the cell through valves l and 2 while
maintaining a constant pressure in the manifold by raising
the mercury level in the left Jergusoh.'»Thefmixture was
agitated after each addition until the pressure did not
change further with time; fhe~pressure iﬁ.the cell and the
new mercury le;el ih the reservoir were then recorded. The
pressure at which the first dew appeared on'fhe ball was
recorded this pressure being con31derably below that at
which measurable 11qu1d formed. ithen liquld was present the
mixture was agitated‘uﬁtil neither‘pressure nor ligquid level
changed with time; thiS'required from one minuﬁe at low
pressures to ten minutes in the regien of the critical point.
Successive incrementslof gas were added until the bubble-
point or the upper dew-p01nt was reached~ in some cases.
additional gas was added to obtain the compressibility in the
single~phase region.

It is essential that no fluid be removed from the cell
while two phases ere present since this would result in a
change ofhcomposition of the system. ./hen the upper dew- -
point was reached at temperatures a few degrees above the

critical point, the bath was cooled 2 or 3°F, causing a

decrease of pressure and returning the system to the two-
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phase region. More gas was then added at this new tempera-
ture level untiiian upber dew-point was reached above the
c¢ritical temperature or a bubble-point at iehberatures below .
the critical point. This procedure yielded more detailed
iﬁformatioﬂ about the critical régioﬁ without the necessity
of deterﬁininé'a large number of complete isotherms. Approti-
matély three ﬁours wes requiréd for each comﬁlete isothern.
The percentage of liquid in the cell waé-calculated by
dividing the volume of liquid present by the total volume of
the cell, this total volume being obtained by filling the
cell with water 1/2 inch into the 1/2 mm. I. D. neck. While
the vefy’sméll diameter‘of the'neék makes it immateriagl
exactly where this botndary is chosen in the cése of small
percentages of liquid and for the determinatidn'of fluid
density, it could conceivably cause significant errors in
the location of the bubble;point preséure. ‘For this reason
an inverted cell (No. 51, Fig. 8)‘was used so that the final
bubble of vapor could.be observed. The results thus obtained

agreed with those obtained with the regular cells.
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- COMPOSITIONS OF GASES STUDIED

Since é&nsideréble difficulty was encountered in
determining thé coﬁpoSitions~of the gases studied and since
the accuracy of\analysis is probably the controlling experi-
mental factor in the correlation of the measurements, it was
coﬁsidefed desirable to describe the determination of these
compositions in detail. The compositionS‘of'the ten gases
studied are tabulated in Table I along with somé measured
properties and correlating variables, which were calculated
from the gas compositions and the accepted prbperties (1)
of the pure componehts. The énalyses and calculated compoe
sitions are shown in‘Exhibit H. A detailed discussion of
these analyses follows: | | | _

Gas "A" xvd§ obtained from the Phillips Petroleum
Company. Its composition was reportedvin connection with
earlier work (53).

Gases "A700/770, A700/840, and A700/940" were
prepared by adding nitrogen to gas "A", which ﬁas contained
in Jerguson gages at 100°F and 700 1b./sq. in. gage, until
the pressure rose to 770, 8&0; and 940 1b/sqg. in. gagé,
respectively. The gases were then mixed by passing them
back and forth between the two Jerguson gages. The relative
amount of nitrogen added was computed from the pressure rise
using the compressibility factors of Standing and Katz (7,
7&). The scatter of the bubble-point data forkthe various
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gases showed that this procedure was precise to less than
1% nitrogen. Analyses (Exhibit‘ﬁ) by low-temperature
distillation, slow combustion, and mass spectrometer confirmec
the mixing and calculatioh procedure to less than 1% nitrogen.
These analysis were consistent w1th the accepted compos1tion
of Gas "A", | |

Gas "AB" was prepafed ﬁy’adding Gas "A" to Phillips
Pure Grade methane at 82°F until thefpressure in the methane
cylinder rose from 522't0‘738 1b./sq. in. gage. No samples
were removed from the cylinder for 72 hours.“The composition
of gas "AB" was calculated as described above, and the
calculation was'confirmed by a mass spectrometer analysis.

Gases "AB700/800 and~AB700/9hO"~were pfepared by
adding nitrogen to gas "AB" as described above. Gas "AB
700/800" was analyzed by a mass spectrometer and Gas “AB
700/9L.0" by a mass spectrometer end Ey slow combustien; The
analytical results for gas "AB?OO/BOO" indicated nitrogen
content about 1-1/2% hlgher than calculated while the results
for gas "AB700/940" indicated nitrogen content about 2%
lower than calculated. In view oﬁ the earlier confirmation
of the calculation method, the accepted composition was
weighted toward the calculated value, but it must be admitted
that the nitrogen (and therefore the methane) content may be
1 - 2% in error., Uncertainty in the sum of nitrogen and

methane is 1/2% or less as is true of all of these gases.
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Gas "B" was obtained through courtesy of W. /. Bodle
of J. F. Pritchard Company from a well in western Kdnsas.
Results of low-temperature distillations, mass spectrometer
| analyses and slow combustion are shown for this gas in Exhibi
H; The results of these analysés'are in good agreement
eXéept that the nitrogen-methane split obtained by low-
temperature distillation is inaécurate, as is generally knowh

Gas "C" was.obtained from a pipeline at Lawrence
through courtesy of Cities Service Company. Analyses by low-
temperéture distillation; mass spectrometer, and slow
combustion are shown in Exhibit H.

R Gas "D" was prepared by adding gas "AB“ to gas et
at 87°F until the préssure‘rose from 193 to 585 1b./sq. in.
gagé. The composition of gas 'D" was calculated”as_before,
and a low~-temperature distiliation wés obtained.

The 10W—temperature'distillatiOns were ﬁade by Tulsa
Testing Laboratories?y Analyses by mass spectrometer were
made by the Consolidated Engineering Corporation, Pasadena
and by courtesy of the Phillips Petroleum‘Company. Analyses
by slow'combustion (Orsat method) were made by Quentin
ilheatley, a graduate student in chemistry at the Univérsity

of Kansas.
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EXPERIMENTAL RESULTS

Phase Equilibrium Data

The experimental data for all gases investigated are
tabulated in Exhibit I. The volume percent liquid is plottec
against pressure for each experimental isotherm in Exhibit
Charts of preésure versus temperature with‘volume percent
liquid as a parameter are given as Figures 11-20. These
pressure~temperature charté were prepared from the experiment.
isotherms of Exhibit J by cross;plétfing at cohstant percent
liquid. The critical temperature apd,pressure were deter-
mined és the point at which all constantyperéent liquid lines
converge. These critical conditions are'inciuded in Table
I.whére ofher properties of thé gases are summarized.

‘The pressure-temperafure charté:of Figures 11-20
’represent three'interdependent quantities -- témperature,
pressure, and volume ?éfcent liquid. The precision of the
temperature measurements is approximately +0.1°F, the
accuracy +0,5° at -200°F to jO.i° at -4 O°F. Pressure
measurements are accurate to +2 1b./sq. in. The absolute
error in percent liquid 1s +2 percent at 10-90% liquid and
decreases to approximately 1/2 percent af very low and very
high amounts of liquid. The absolute efrbrs at thé‘dew;y
points, determiﬁed by thé detection of traces of moisture on

the s teel ball used to agitate the mixture, are considerabiy
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. less than 1/10 percent liquid. Critical temperatures are
,belioved to be accurate to +1°F andkcritical pressures to #
10 lb /sq. in. Further comments concerning accuracy of
measurements are given in the discussions of the charts for

each gas.
Gas "A" (Fig. 11)

The bubble-point (100 pcrcent liquid) curve and the
upper dew-point’curve are seen to be continuous, meeting at
the critical point without a cusp. This behavior is con-
sistent wiﬁh other hydrocarbon systems. The critical point
is seen to be -79°F and 925 1b./sq. in. abs. Thefe is a
large retwograde region above -79°F and 925 1b./sq. in. abs.
where condensation occurs upon decrease of pressure or upon
increase of temperature, As would be exoected from the fact
that this gas contalned 91 percent methane and no component
more volatile than methane, the pressure increases Very
rapidly with the first liquid'oondensed and very slowly as
the bubble point is anproached; this may be seen more |
clearly in 3xhibit J. The flat character of these lsotherms
‘at large amounts of liquid is‘evidence of a uniform temper¥

ature within the cold-bath.
Gas "A700/770" (Fig. 12)

This gas was prepared by adding 8.8 percent hitrogen
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to gas "A".The critical temperature wasAlowered to -92°F,

j and the critical pressure was increased to 955 1b./sq. in.
abs. The bubble-point pressure increased 80 1b./sq. in. at
~200°F and lSO'lb;/sq; in.(at\-lOO°F above the curve for gas
fA",  The preséure bhange during the condensation of the
last 50 percent of the mixture incrdaSed, but the form of
the curves was otherwise 1ittlekchanged.

Gas "A700/840" (Fig. 13)

This gas was prepared by adding 16.1 percent nitrogen
to gas "A". The critical temperature was‘lowered to -104°F,
and the critical pressure Wasvihcreased to 968 1b./sq. in,
abs. The‘bubbleapoiht pressure increased 150‘1B./éq. in, at
~200°F and 200 1b./sq. in. at -110°F above the values for
gas "A". There iska further~ihcréase in the pressure chaﬂge
during‘the condensation of'the iast 50 percent of the mixture
and the slope of the bubble-point curve is noticeably less.
The lack of scattef of points along the constant-liquid
lines shows that there was less than'lbperéenﬁ,variation in
the amount of nitrogen added to tﬁe gas for different iso-

therms.
Gas "A700/940" (Fig. 1k) B ,

This gas was prepared by adding Zh.h’percent nitrogen

to gas "A", The critical temperature was lowered to -120°F
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and the critical pressure was raised to 973 lb./sq. in. abs.
A plot of critical pressure'versus percent nitfogen shows'k
that this is near the maximum critical pressuré to be obtainec
by adding nitrogen to gas"A". The bubble-point increased

230 1b./sq. in. at -200°F and 430 1b./sq. in, at -120°F above
the curve for gas “A". There was a further increase in
pressure change during the condensation of the last 50

percent of the mixture.
Gas "AB" (Fig. 15)

This gas was prepared by adding methane to‘gas nan
until a mixtﬁfe contéining 96.7 percent methahe was obtained.
The criﬁical temperature of this mixture was -1019F and the
critical pressure was 765 1b./sq. in. abs. The bubble-point
pressure was 1 1b,/sq. in. lower than the boiling point of
methane at -200°F and 23 lb./sd; in. lowef at ~120°F.’ The
ﬁressure changed‘anly‘a few 1b./sq. in. during the condensa-
tion of the last 50 percent of the mixture. All of these
characteristics are to be expected since éas "AB" is nearly
pure methane. It is inﬁeresting to ﬁote that the critical.
pressure is extremely sensitive to impﬁrities; 2.3 percent
heaﬁy ends increased the criticalytemperature;or methane

15°F, and the critical pressure was increased 92 1bs./§q. in.'
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Gas "AB700/800" (Fig. 16)

This gas was prepared bykadding 11.3 perceﬁ%vnitrogen
to gas "aB"., The critical temdereturekwas loweree to -117°F,
and the eritical pressure was increased to 790klb,/sq. in.
abs. The bubble-point pressure and the'pressure-change
duriﬁg the condensation of the last 50 percent of the mixture

were increased, as with gas "A",
Gas "AB700/940" (Fig. 17)

This gas was prepared by adding 2l percenﬁ nitrogen
to gas "AB". The critical temperature was lowered to -131°F
and the critical pressure was increased4to 815 1b./eq. in.
abs. ‘”he bubble~poiht preSsure and the‘preeeure“increase
during the condensatlon of the last SO percent of the mlxture
were again increased as w1th gas "A" It appears that the
maximum critical pressure would occur at a somewhat largev
amount of nitrogen than with gas RUR but this meximum

critical pressure would be near 825 1b./sq. in. abs.
Gas "B" (Fig. 18)

Gas "B" was collected from the first-stage'separétor
of a well in western Kansas. It contained 1.0 percent helium
in addition to 11.5 percent nitrogen. The critical temper-

ature of this gas was ~8h°F, and thet:ritical pressure was
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1113 lb;/éq. in. abs. This gas was received at low pressure,
and due to the difficulties in compressing it from a nearly-
empty cyvlinder no data were collected below -15L4°F. Aside
ffcm the highef critical pressure, the most notable differenc
between gas'"B" and the "A" series lies in the greater increas
~of pressure during the éondensation of the last 50 perdenﬁ

of the mixtufe.‘ This property is caused by the pfésenpe‘Of

helium as is discussed below.
Gas "¢" (Fig. 19)

This gaé was collected from a pipeline at Lawrence,
Kansas and was similar to gas "B", both in cdmﬁoéition and in
measured properties.‘ The critical temperature was -90°F
and the cfiticalkpreésure 1107‘1b./sq. in. abé.  A peculiarit-
of the‘géses which contain helium is the great increase of
pressure during the condensation of the lést few‘percént of
the mixture. This effect is especially marked at low temp-
eratures; at -200°F the pressure rose 50 lb;/sq.;in.'during
the con&ensafibn of the last 2 percenﬁ of thé mixture.
Mullins (L3) reports a calculated phasé diagram of similar‘
form for é natural gas containing heiium; Such behavior is
to be expected from the faéﬁ that the solubility of helium
in nitrogen and in methéne’goés through a minimum as the

'temperature~is lowered. Kay (26) has reported a phase
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diagram for the system hydrogen-naphtha in which the bubble-
'vpoint pressure falls, riszs, then falls as the temperature

is lowered,
Gas "D" (Fig. 20).

Thie gas Was prepared by mikiﬁg’gas "AB" and gas "C".
The critical temperature was -96°F and the critical pressure
918 1b./sq. in. abs. The general form of the phase diagram
is similar to that of gas "C". It is notable that helium
has a deflnite effect at’ lov temperatures. although the helium

content is on]y 0. 3 percent.

Utility of Phase Diagrams

The main utility of tﬁe phase diagrams presented is
believed'to lie in their use to test existing bf‘proposed
corfelationS‘of équilibrium constahts. This test can be
carried out along the boundary curve of the two-phase region,
where the composition of one phase is known. Gore (20) has
calculated bubble-point curves for gases At and("AB" using
the M. J. Kellogg Bquilibrium Constants, aﬁd has obtained
satisfactory agreement with the‘expefimental data for these
gases. Bertuzzi is presently engaged in developing a set
of equilibrium constants for nitrogen which will be consisten

with the experimental results of this investigation.
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The phase diagrams of these gases can also be used
to estimate the amount of condensate formed in natural gas

pipelines.

Volumetric Data

- The volumetric dataLwhich were obtained in this
investigation were determined by metering gas into the test
¢ell from a reservoir at temperatures from 100 to 110°F and
at pressures from 750 to 1300 1b. /sq.'in. gage. The
den31ties of the gases in the PeSQPVOlr were computed from
the correlatlon of Standing and Xatz (7L). This correlation
has been shown (7) toAbe accuratekto'approximately 1 pertent
for dry gases contalnlng up to 7 S percent nitrogen within
the pressure and temperature range mentioned above. The
correlation has not been tested for high concentrations of
nitrogen, but the success in calculating the composition of
mixtures of gas "A" and nitrogen indicate that it is probably
correct within 2 peroent Future 1nvest1gatlons of the
volumetric behav1or of natural gases contalnlng large amounts
of nltrogen may materlally reduce thls uncertainty. |

The experimental‘determination of the density of
saturated liquid propane at 32°F-is shown in Exhibit F. The
results agreed to 0.2 percéﬁt with the’recognized value (75).
Other data indicate tho reasonableness of the results of

this investigation. For example, the compressibility factors
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ofkgas "AB"vagrée'with those of pure methane (7) to less than
1l percent at a reducéd temperature of 1.10 and a}{ reduced
pressures up to 0V6 At akreduced’pressure of 1. OO the
comnressibility factor of gas "AB" is O 650 as compared with
0.682 for pure methane, showing ‘the effect of the condensatic
of the heavy ends in gas "AB". It is believed that the
compress1bllity factors are correct w1th1n 1 percent as far
as the experimental determlnatlons are concerned uncertainty
of the correlation of Standlng and Katz increases the overall
uncerﬁainty to appfoximately 3 perceht;

‘ The‘volumetric data weré calculated as compressibility
factors (PV/RT). A sample calculation of the éompressibility
factors aiong one isotherm is given in Exhibit G. These
compressibility factors scattéfed greatly at very low
densitieé, but’these errors were avoided by extrapoléting
the accurate portion of the compressibility curve to Z =1
at zero pressure. Cﬁmpressibility charts thus prepared were
cross-plotted to obtain‘COmpressibilities at’even values
of reduced teﬁpérature.y Thesekchartsléfe~given for each
gas in Exhibit K. The charts in Exhibit K were averaged to
obtain the mean bompreésibility factor at various reducéd
temperatures and reduced pressures.' The mean compressibility
factor chart is shown as PFig, 21, The'staﬁdard deviations
of ﬁhe valges used to calculate‘mean'comprésSibilities were

computed; the probable errors of the mean’compréssibility
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factors, calculated as 0.67 times the standafd deviations,
are entered on Fig. 21. For conveniénce, the data of
Standing and Katz are also entered.

The maximum reduced temperature of this investigation
is about the same as the minimum feported by Séanding'and
Katz. The agreément is good 'up to redﬁoed pressures of 1.0
as is shown by Fig. 21 and by Exhibit K. Figure 21 shows
that the mean chart may be used with an error of less than
2 percent wheh the reducedytemperature ié'greatér than 0.90
and the compressibility factor is greater than 0.6. Very
large errbrs‘ﬂre shown where fhé reduced temperature is less
than O.90kand the redﬁced pressure is 0.2 to 0.8, ‘In general
it may be said that large errors are to be expe§ted where
large amounts of‘liquid'arebpresentlénd‘where‘the dehsity
of the liQuid-is much greater than that of thekvapor.

Figure 21 is presented tovéhpw that the volumetric
behévior of natural gases may be représented to a fair
degree of accuracy on a singlé compressibility chért; even
at high pressures, 16w temperaturés and well into the two-
phase region. Actuallj; it is not recommended that Fig. 21
be used in estimating thevvolumetric’behévior of any natural
gas. dJhat is recomnended is that the compressibility factor
chart of Exhibit J be chosen which describes the‘behavior

of the gas having the composition most nearly like that of

the gas in question. Tt is suggested that compressibility
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factors not be uéed»in the region where the reduced pressure
igs less than 0.8 énd the estimated compreSSibility factor is
less than 0.5. Invthis region it will be’necessary to
calculate the amount and density of each of the two phases

present.
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CORREﬁATIONS OF CRITICAL TENMPERATURES AND PRESSURES

Critical Temperature

Various correlations have been proposed fpr esti@ating
the critical temperature of hydrocarbon'mixtureg. Méyfield
(4l2) used the weight‘aVerage critical temperature as the
estimated critical temperature for binary mixtures. Smith
and Watson (73) correlated the‘criticgl temperatures of
mixturcs as a function of the weight average boiling pdint
and the A.P.I. gravity. This method requires the use of
fictive densities for the volatile hydrocarbons. Kurata and
Katz (37) correlated the‘éritical temperatﬁre as a function
of the molal'average critical temperature and implicitly ofj
the molecular weight, with a correction factbrvté be’used
when methane is presént. Edmister and Pollock (12).corre4
lated the criticalltemperatures of refinery ffactions as a
function pf the A.S.T.M. volumetric avefage boiling'pbint
and the A.P.I. gravity of the mixture. Organick (SZ)yhas
recently correlated both critical temperatures and cfitical
pressures as functions of the molal avefage boiling point
and the weight average equivalent molecular‘Weight. B

None of these methods is completely general., The
methods of Smith and Watson, and of Edmister and follock do
not apply to volatile mixtures. The method of Kurata ahd

Katz appears to be completely general as far as the volatilitr
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of the mixture is concerned, but does not allow for non-
hydrocarbons such as nitrOgen and carbon dioxide. Parameters
could presumably be added to allow for such COmponents,(but
would considerably complicate the method, since methane is
alreadj‘treatéd in this way. Organick?s method seems t6 be
hgeneral for complex mixtures but does ﬁot apﬁly satisfactoril
to binary syétems or to pure compounds,‘ .

The first attempt to correlate the critical temper-
atﬁres of the mixtﬁres.investigated wéé to apply the method
of Kurata and Katz. The predicted critical temperatures
were 25 to §h°F greater than the experimental value for the
gases which contained no nitrogen, and the deViatiohs were
much greater for gases cohtaining nitrogén. This method -
was modified so aé to predict lower critical temperatures
for mixtures very rich in methane, and thefhitrogen cbntent
was added as a parameter on the chart used to correct for
the presence of methane. Thié method was fairly successful
but considerable errors were found when applied to.the
systems methane-butane, methane-pentane; and methane-decane.

- This modification of the method of Kurafa‘and Katz was dis-
carded in favor of the method to be discussed. |

Existing data for hydrocarbon‘éystems show crit-
icalltemperature of mixtures that are not equal to the
weighted mean of the critical temperatures of the components

on either a molal or a weight basis. The true critical
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temperaturs ié greater than the molal average critical
temperature, a fact which was used by Kurata and Katz (37).
The weight éverage criticgl temperature is more_nearly equal
to the'true(critical temperatufe, but is greater than the
true value. ‘The difference between the weigﬁtkgverage éhd
the true critical_temperature for binary miktureé is greatestv
at near equal weight fractions of the two components. This
differehce can be‘approximately'represeﬁted:by:

Té-mTc' = A, m My R (1)
where Tc is the true critical temperature, mTc' is" the weight
average critical tempefature, my is the weight fraction of
component 1, mé is the weight frabtion of’compohentVZ, and -
A;,z is a constant peculiar to the given’binaryﬁﬁixture. The.
quantity A;,, my mz suggests a reaction between like mol=-
ecules; if such be the case it>shou1d be poés;ble to extend
equation (1) %o pfedict the criticai temperatﬁres of complex
mixtures. The form in which this extension was attempted
was: |

Tc-m?c' % Aliz mlbm§\+ A;:éyma m; + Ax:u m m, o+ ;.1

+ Ag,5 mp my + A‘Z’LI- Mg mh + ee.

3

Aa:u Mg mu*'Aa,S msmsé;,, k -
+Au,5"hm5+’.. ) ’ (2) .

where a term is included for each possible binary system.

The best way to test equation (2) would be to apply it to a
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tefnary system for which the behavior of all the binary
éYstems is known. Unforﬁﬁnately,sudh data were not
available, and it was necessary to use data for complex
systems. PFurther, it was necessary to usc a trial-and-error
procedure to estimate the characteristics of’those component
binafy systems for which da&awerenot available. The con-
stants which were obtained frém existing binary data and
from trial-and-error calculations are givenvin Table IV.
The results of applying equation (2) to a number of mixtures
are sumﬁarized in Table V. ©No attempt was made to apply
eduation (2) to mixtures having large amounts of high—
boiling constituents, the binary data for which were not
known; Before the method could be applied to Systems such
as Roess!'! mixtures, data would have to be obfained~on_the
critical temperatures of binary systems made'from nafrdw
cuts of such mixtures. ’

It is not claimed that Ai,, my mp best expresses the
effect of the binary mixture composed of components 1 and 2,
but it permitted this effe¢§ to be characterized by a single
number which gréatly facilitated the trial—and4errof caléu— |
lations necessépy when binary critical déta were not avail-
able. It might seem more reasénable to meke the corrections
on a molal basis, but the corrections to the average critical
temperature are more complex than when a weight bésis is
used. TFuture experimental data will permit direct determin-

~ation of the constants of equation (2) and Willfprobaﬁly
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0 =30

~100 =180

-300 -150

-500 =400
© -600 -40O

A1 j for Equation (2)
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-100

+10

-50

. -50
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-0 0
0 -25
10 ~100
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Table V COMPARISON CF ESTIMATED AND EXPERIMENTAL
CRITICAL TENPERATURES

Mixture Expt T. Error, °F Error, °F Error, OF
‘ °R Organickt's Equatlon (2) Kurata's
Method (52) | Method (36,37)

A 361 0. -5 +3),

A 700/770 368 +1 -1

A 700/8L0 356 -2 | 0

A 700/940 339 0 +3

AB 359- -2 +3 . +25

AB 700/800 3.3 o - ;

AB 700/940 329" -1 -ﬁ

B 376, -5 : S+l

C 365v -5 - =3

D 36 +1 ; —

Standard Dev1at10n 2.8 3.3
Volatile Miztures

S~ 2(36 37) 515 =17 =6 +5
S= f 569 -1 +11 +3
S5 2 KT i 0
S-5 " 630" +15 ‘ +25 =3
-1 " sil -32 -11 =3
T- " 525 ~27 ~6 +3
- ﬁ : 5&0 | -28 o +3
T-5 " 6 2 =11 +26 42
B-1 " 53 +10 45 ‘ -8
B-2 " 576 -6 211 +10
B- i " 602 -12 -17 =3
B " 610 +6 -12 -5
A (23) 559 - 41 -1 -1l
B " 555 -7 . *+9 ~ 0
Standard Deviation 18.2 1.0 - 6.6

L]

8 Naturally océuring Coh&ensate'déses and Volaﬁilek
Crudes, Critical Temperature Range 460-760 °F (L9, 51, 78).
Critical Temperatures obtained by extrapolation (52)
Standard Deviation (52) 23 : ———— 96



50 Refinery Mixtures, Critical Temperature Range
1010-1260°R (59)
Standard Deviation (52) = 7 L akee ‘ ———

Standard deviation calculated for

N cases by . ;(observed—Predicted)2

i
,xf assuming

1]

‘.‘f

! N-2

N-2 Degrees of freedom

67
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make it necessary to modify the fbrm of the terms, but in the
meantime the use of equation (2) is proposed as a method
which gives good agreement‘with expérimental datakfor’single
components, binary systems, and complex'syétéms'whérever it
has heen possible to test the method, | |
After eﬁuation (2) had been develobed Organick's
correlation became available (52). This correlation extended
from 0° to BO0°F. Using the data of this investigation |
Organick's correslation was extended to -160°F (Fig.22) with
good results. Table V shows errors involved in prédicting‘;
criticalltembefatures of several mixtures by various methods.
Table Vkshows that Organick's method has the most
general range of applicability of all methods for prediction
of critical temperature, but it is less accurate than either
Kurata's method or equation (2) for volatile'mixtures.k
Organick's method is plainly superiof in estimating
'critical temperatures of very complex systems such as
refinery mixtureé,and naturallyéoccurring_hydrocarbons, but
it has the disconcérting property of failing to predict the
critical temperaturesAof pure componehts and of binary
mixtures. It is thereforeVSuggested that Organick's method
be used for very complex mixtures and equation (2) for |
others. Itvshould be pointed out that all of these methdds
depend upon the analyses of the mixtures for their applicatior

and that the errors shown in Table V may be due more tokerrors
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"in anélyses than‘in the correlatibn- With respect to the
ten mixtures studied in this investigation; thekexperimentai
error in determining the Qritical temperatﬁre is 6fkthé order
of 1°F; and uncertainties in the‘énalyses could eésily cause
this large an error in the predicted critigai temperatufe. |
Thusvboth Orgénibk's method and equation (2) predict the
critical temperatures almsst fb within experiméntal efrors."
Particular caution is to be used in abpiying‘any of the se
correlations to mixturcs whose_énélysas showklafge/amounts‘ﬂ

of heavy ends of unknown composition.

Critical Pressure

The estimation of critical pressures:hasvbeen a more
serious problem than has the estimation of critiéal temp~
eratures. While crltical temperatures could be estlmated
with some degree of accuracy by averag1n~ processes, either
on a weight or a mole basis, critical pressures may be as
much as ten times the ﬁalues,calculatodfbﬁ averaging processe.
| | There are a number of methods for predicting the
critical pressures of mixtures. Mayfiéld‘(MZ) has presentéd
a method for binary mixtures of hydrocarbons.‘vSmith and

Watson (73) correlated the ratio Pc/Pc' as a function of

Tc/Tc'.'Where P, and T, are the true critical pressure and
temperature respectively. Po' and T,' are the molal-average

critical properties. Xurata and Katz (37) plotted ToP,'/p,
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versus Td' with the molal average holecular weight, M; as
a parameter.

| The method of Smith and Watson showed the genefal
trend of the critical pressure data of this investigatiop,
but with a considerable scatter. The method of Kurata and
Katz, applied to the’two mixtures of this inﬁestigation whiclk
contained no nitrogen; predicted criticai pressures which'
were 20 and 150 pounds per squafé inch too high. The curves
of the correlation Were easily re~-drawn in thisbextrapolated
region to reduce these errors to less than 10 poﬁnds per
square inch. The adjusted chart is shown as Fig. 23. This
chart predicted values of’critical pressﬁré for the nitrOgen~
bearing gases which were several times too large. This
discreﬁancy was at first treated by’aSSigning a fictive
molecular weight to nitrogen. The fictive mdlgculér Weight
was found to be a function largely of the mole fraction of
nitrogén in the gas, but showed a considerable soatﬁer when
plotted versus the nitrogen content. It was‘found to be
more satisfactory to assign a fictive molecular weight, M,
to the mixture‘and.to plot IMt/M versus the mole percent of

nitrogen in the gas. The modified correlation thus is a
1 ) ' k |

plot of TQPG /P, versus T.' with M% as a parameter, For

hydrocarbon mixtures M is the same as M, while for gases

containing nitrogen, M:#/M is plotted versus the mole percent

of nitrogen on an inset to Fig. 23. The errors involved in
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'estimating critical pressures with Fig. 23 are shown‘by
Table VI. Fig. 23 is iddntical to the correlation of Kurata
and Katz for mixtures having'a molecular weight'greatér than
2l . | |
After this modifiéation was completed Organick's
correlation became available and waskextended to the low-
tempefature region as was~discdssed in connection‘with the
correlation of‘critical temperaturés. This method éimulta-
neously predicts-criticalktemperatures and critical preséures
and is shown as Fig. 22, The errérs in estimating critical
pressures by Organick's method are shown in Table VI.
’Table VI shows that Organick's method gives the better
results for_natﬁrally occufring mixtures and for refinery
mixtures. The modified correlation of’Kuratakand Katz
(Pig. 23) gives better results for volatile and very volatile
mixtures. It is sugrested that the correlation used be
chosen accordingly; In particular, it is suggested that
Fig. 23 be used for Systems which épproach binary mixfures

or which approach»being pure components.
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Table VI ‘COMPARISON OF ISTIMATID & EXPERIMENTAL
CRITICAL PRESSURES

Gas Bxptl Error Error Error
P, Kurata's Organick's Modification of
v Method Method Kuratat's Method

A 925+ +150 +85 o+l

A 700/770 955 B +15

A 700/840 968 422 +6

A 700/940 973 #3453  +33 =20

AB 765 5 +20 v =20 -9

AB 700/800 790 2200 +21

AB 700/940 81& : -15 +7

B 1143 41057 -3 - - -80

C 1107 ‘ - <10 V -100

D 918 -38 . +18

Standard Deviation bli.2 . L.l

VOLATILE HNIXTURES

S=2 2387  +227 - -137. +227
s-& 257l 456 =2l | +5
S- 2537 43 +13 | +3
S-5 2615 465 ~165. +65
T-1 2605 435 =305 - +%5,
T3 2675 b5 <125 - =65
T-I 2730  +60 +120 ] - 460
T-5 2900  +10 -300 +10
B-1 1826  +1ly -6 +1ly
B-2 1797 =9 +3 -
B~ﬁ 1796  +} -96 +
B- 1706 '+% -56 +%
Heanson A 199k - -+ +8 +
Harison B 1987 =7 +13 o =7
Standard Deviation - =~ . 73 ' 158

8 Naturaliy Occurring Condensate Gases and Volatile
Crudes, Critical Pressure Range 2600-5400 1b/sq. in. abs.

(49,751, 78).

Standard Devia- ~ .
tion (52) 1196 ' 260 96



75

50 Refinery Mixtures, Critical Pressure Range 325-

680 1b./sq. in. abs. (59).

Standard Devia-
tion (52) —— 28 .

Standard Deviation calculated for N mixtures by

{ , ‘
\\ S (Observed-Predicted)?
4 N = 2 |

assuming N-2 degrees of freedom
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SAMPLE CALCULATION OF CRITICAL TEMPERATURE USING EQUATION (2)

Gas B
Aij Table IV

i I 1w
C, 0.083
N, 63 0.074
Ch 0.036
Cg 0.011
Cy - 0.017
c
7
N, 0.160
CH 0.083
c, 0.074L
C, 0, 0.036
c5 0.011
Cq, 0.017
c
Ci o0.614
o, 0.07L
o 0.036
c
2 CS 0.011
| Cy 0.017
C
T
C, 0.083

Obs. A

Aij

+50

+25
0

-100

-300
-500

e

_30

-180
-150
-},00

T'
me

Te

-21 °F

FmiALj

+30.7
+2.1

-3.6

-3.3
-8.5

7.

-20.1
-2.2

"6,05
-1.6
. -6.8

-37.2
-1.0

-0.6
-0.8

Calc A

Error

397 °R
376

miEfmj ALj

+2.8

-2218

20
+1°p
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Exhibit A Calibration of Equilibrium Cells

A 1oné~capillary tube‘was sealed to the end of a
calibrated 10 ml. burette, and water was metered from the
burétte into the cell. Calibration of the bottdm portion of
the gell was made with the ball resting uvon the bottom and

#ith the ball raised above the liquid interféqe.

Cell G
Ball Up
Vol. Delivered .Cell Reading Volume
from Burette ‘ Percent
ml. o " Liquid
0.15 0.10 1.1
0.25 0.28 1.8
0.50 0.50 - 3.6
0:.75 0.75 , 5.5
1.00 0.95 7.3
Ball Down
0.30 0.70 3.6 -
0.75 0.90 5.5
1.00 1.15 7.3
1.25 1.0 9.1
1.50 - L.60 11.0
1.76 1.90 12.8
2.53 2.62 185
.00 3.02 21.9 .
.00 ; 3.9 . 29,2
5.02 \ lp.88 36.6
6.01 : 5.81 3.9
7.00 6.70 5L.1
8'. OO 7059 5805
9.00 .51 65.7
1000C ’ 9. ?3.0
11.00 10.40 80.3
13.01 12.26 95.1
13.50 12.73 93.5
100.0

13.70 13.30



Exhibit A Cont. Calibration of Eguilibrium Cells

Cell No. 18

Ball Upn
Vol. Delivered Cell Reéding  Volume
from Burette Percent
ml. o Liquid
0.15 | 0.10 : 1.5
0.L0 0.30 3.9
0.75 0.50 7)%
1.00 0.66 9.
1.30 0.85 12.7
1.60 1.05 15.7
Ball Down ‘
o.Ll.O O'hg . 3‘9
0.75 0.65 7;%
1.00 0.85 9.
1.30 1.05 12,7
1.90 1.49 18.6
2.71 2,00 26.6
L.15 g.oo o7
5.62 .00 55,1
7.08 ' 5.00 69.hL
8.55 6.00 83.8
9.93 7.00 97.4
10.13 7.30 99.3
10.16 7.40 100.0 -
Cell No. 29
Ball Up | |
Vol. Delivered | Cell Reading . Volums
from Burette ] " - Percent
ml. _ ‘ Liquid
0.15 0.25 1,5
0.35 0.45 3.
0.70 0.70 6.9 |
0-95 0085 903 o
Ball Down.
0.35 0.58 3.0
0.95 1.00 ' 9.3



Exhibit 4 Cont. Calibration of Egquilibrium Cells
o Cell No. 20 Continued ’

' 2;u8 | 2.00 2l3
3.91 3.00 38.3
5.0h2 , {00 53.1
6.92 o 5.00 67.8
8.35 " \ 6.00 - 81.9
9.8l 7.00 96.5

- 10.10 7.30 99.0
10.18 7.60 ' 99.8
10.20 - 8.00 100.0

 Cell No. 22
Ball Un | ‘
Vol. Delivered Cell Reading ' Volume
frowu Burette o ' Percent
o ml. . ' R Liquid
0.19 | 0.25 1.8
O.SL‘- 0050 5‘3
Ball Down . -
0.19 0.35 1.8
0.5l 0.60 5.3
0.038 0.80 8.6
1,17 1.00 11.L
2.60 2.00 251
4,08 E;oo 39.7
S .SS !-.. OO . Sh" O o
7.05 5.00 - 68.6
8.55 6.00 83.3
Q.97 7.00 97.1
10.22 - 7.0 99.5
10.27 7.80 100.0
Cell No. 25
Ball Up ’
Vol. Delivered Cell Reading Volume
from Burette ‘ Percent -
ml. ’ Liquid
0.12 0.l 1.1
0.30 . o.ﬁo 2.7
0.50 0.2 le.s

1.21 0,95 10.9



Exhibit A Cont. Calibration of Equilibrium Cells
| Cell No. 25 Continucd '
~ Ball Down

- 0.22 0.38 2.0
0.54 0.60 4.9
0.86 0.81 7.7
1,13 1,00 10.2
2.64 - 24,00 23.7
4,13 3.00 37.1
5.63 4,00 50.6
7.14 5,00 64 .2
8.66  6.00 77 .8
10.186 7.00 "91.3
10.80 . 7.40 . 97.0
10.96 7«60 98.5
Cell No. 24 (3/8" Straight)
Ball Up
Vol., Delivered Cell Keading Volume
from Burette - Percent
ml, _ ’ Liquid
0,05 0.06 ' , 1.1l
Ball Down
0.11 0.22 . ' 244
0.48 , ~0.85 10.3
1 0.98 - " L.70 ' 21l.1
1.66 “ - 2.90 . . 35.8
2.18 . 3.80 . 47,0
3.50 : 6.00 - T5.4
3.96 ' 6.80 : 85.3
4,45 7.62 : . 95,9
4,52 ‘ - 7.75 97 .4
4.58 © 7.83 ‘ 98.7
4,61 7,99 9.4
4.63 - 8.20 99.8

4,64 "~ B.50 - 100.0 -



Exhibit A Cont. Calibration of Equilibrium Cells

Cell No. Bl (3/8" Inverted)
Ball in Liquid

Vol Delivered  Cell Reading  Volume

from Burette " Percent

' ml. ' Liguid
0.05 ‘ 0.05 98.1
0.21 - 0.34 ) 91.8
0.53 ‘ 0.88 79,3
0.79 ’ 1.33 69.1 .
1,10 : - 1.90 57.0
1,23 ‘ 2.10 , 52.0
lq53 ' 2.59 ) 40.2

2.25 BJ79 12.1
2.56 | 4.60 0



89

Exhibit B. Detornination of the Volure
‘Between tho Gas Rescrvoir and the Equilibrium Cell

The volume, VS’ between valve 1 and the neck of the

.

equilibrium cell was determined by £illing the cell into

the capillary tube of tha2 neck, metering methane into the
volunie and measuring the résulting increase of pressurg.

(The initial pressurs-in-all casés Was‘atmosphéric; different
final pressurss were used in order to evaluate the increase
of volume with pressure. The volume' is given by:

vV = P1 R,
s J

Il

ihere Py final preésure in cell which in all cases Was
the same as the pressure in the reservoir, 1b./
sq. in. abs.

P =1l 1b./sq. in. abs.; the initial atmospheric

pressure.

pos
i

change in level of mercury\in the calibratéd

Jerguson gage, cmnm.

Mj = calibration constant of Jerguson gage, ml./cm.

4 = compressibility>factor of methane at the nressure
P,, and the tomperature of the volume VS which
was also the temperaturé of the Jerguson gage.

Z, = dompressibility factor of methahe'ét the préséure

P,.



Exhibit B Cont. Determination of the Volume Between
the Gas Reservoir and the Equilibrium Cell-

The equation reduces to the following form within the

precision of the measurements.

Vs: Pl RJ M,
Py - Po

The following data were obtained.

Cell -Pl Average Ri Mj : Vg, ml,
G 714 4.80 0,89 4,35
18 - 414 - 3.98 0.89 3.67
20 . 414 ' 4,21 0.89 - 3.88
22 414 : 4.25 0.89 ‘ 3.91

25 464 4,24 0.888 | 3.88
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Exhibit ¢ Calibration of Jergusoh Gagé

‘ The Jerguson gages were calibrated by removing the
mer;ury from valve no. 7 (in the case of the left Jerguson
gage) while admitting gas from the other gage in order to
maintain a constént pressure. Tﬂe amount of mercury remove
was measured in a calibrated 25 ml. burette.

Left Upper Gége,fSeptembér, 1981

at 100°F. and 2500 lb/sq. inch gage

bcale Reading o Vol. delivered, ml.
5800 . ’ ' C.0
31.9 ' - 5.21
23.6 , 12.78
14.3 . 21.10
7.4 “ 27.29
1.2 32.75

at 1009F and 100 1lb./sq. inch gage

38.0 , ' 0.00
21,7 14,32
13.7 21,57
5.3 S S 30.76

_Left Jerguson Jergusoh'Gages

at 100°F and 1000 lb/sq. inch gage

Upper Gage

Feb. 16, 1951 - August .15, 1951
Gage Keading Ml Delivered  Gage Reading Ml. Delivered

38.0 0 38.0 0 :

36.0 l.72 3341 4,18

34 .0 5.62 28.2 ‘ 8.53

32.0 5.34 20.2 15,67

30.0 ‘ 7.04 12.1 22,98

28.0 8.85 " 2.0 ' 51,91

26.0 10.55 : S

24,0 12.40
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Exhibit C Cont. Calibration of Jerguson Gage

22.0 14,18
18.0&‘, 17.70
16.0 ™~ 19.58
12,0 23.10
10.0 24.96
6.0 28.56
4.0 30,31
2.0

31.96

Lower Gage

39.8 36.41
38.0 57.76
56.0 350 .48
34.0 S 4l.11
30.0 44 .68
28.0 46.50
26.0 48.15
24 .0 ‘ 49.85
20.0 53.35

Jerguson Gage was dismantled and equipped with new
gaskets February 1, 1951, but was'not‘adjusted between

February 16, and August 15, 1951,
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Exhibit D Comparison of Pressure Gages witﬁ
’ Dead~Weight Tester

The folioWing data were obtained when the Bourdon-
tube gages were compared with an Asheraft 10,000 lb/éq‘ in.
dead-wgight tes;er in January, 1951 after theylhad been in
service for one year. Since at this time the tester was
new and would not seal at low pressures, no reliable
comparison could be made below 600 lb./sq. in. iThe’
precisibn of the comparison was judged td be
tn.ib/éq; in.  0-2000 1lb/sq. in.  0-5000 lb/sq. in.
Dead-weight téster Bourdon Gage Bourdon Géga’

lb/sq. in. gage lb./sq. in. gage 1b/sq. in. gage

600 - 600 : | 602
700 700 E - 702
800 800 | 800
900 900 901
1000 1000 | 1002
1100 | 1101 1102
1200 ‘ 1200 | 1200

The gages were again compared with the dead-weight
tester in August, 1951 at increasing and deéreasing
pressure. These results are shown below. |

Dead-weight Tester  0-~2000 lb/sq. in.  0-5000 1b/sq. in.

Bourdon‘gage - Bourdon gage
lb.4sq. in. gage lb./sq. in. gage lb./sq. in. gage

0 | 0 . 0
100 ‘ 100 ‘ 101l

200 200 - 200
300 300 ; 302
400 400 ‘ 400
500 500 ' 501

600 600 | 602
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700
800
900

1000

1100

1200

1300

1200

1100

1000
900
800
700

800
500
400
300
200
100

0

Comparison of Pressure Gages with

Dead-Weilght Tester
701
800
900

11002
1102
1202
1303
1202

- 1103
1002
900
800
700.

-~ 600

500
400
300
200
100
1

700
800
900

- 1002

1102
1202
1303

1203

1103
1002

900 -

800
700
600

500

400
300
200
100

9L
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BExhibit E Comparison of Thermocouple

with Platinum Resistance Thermometer

The bath thermocouple wés compared in July bf 1050 witt
Leeds and Northrup Thermohm No. 755972. Temperaturss were
calculated from the resistance of the Thermohm using the
van Deusen modification of the callendar internolation formmul:

' , ‘ 3
N L e
C R 100v 100 100 \ 100

0

where t represents temperaturs in degrees centigrade; Rt

represents resistance at the temveraturs t, and R_ the
, - o

resistance at the ice poiﬁt;n3Tﬁe specifiC'cbnstantsywere
certified by the National Bu;%_eau of Standards to be

= 0.0039260l |

1.h920

0.110L (below 0°¢)

d
b

il

The resistanqg Ry and R were determined by passing
a current of 2 milliamperes through the Thermohm connected
in series with a Leeds and Nérthrup lQO ohm resistor (List |
Number hOBO) which was maintainsd at lOO°F'in a stirred oil
bath. The poténtial‘terminals of the 100 ohm resistor were
connscted to the F.H.F. terminals of the‘potentiomoter;
Connectcd in-this way, the rcading of the potentiomctor
was proportional to tho resistance of the: Thermohm. The
2bscnce of spurious E.M.F.'s was cstablished by duplicating

the resistance R, with the current through the Thermohm



Exhibit E Cont. Compérison of Thermocouple with
| Platinum Resistance Thermometer
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reversed, The E.M.F. of the thermocouple was determined

with the K-2 potentiometer and an Eppley standard cell.

| Since the temperature of‘the bath drifted slowly this re-

quired plotting the readihg of the Thermohm versus time to

obtain simultanesous values of temperature and of thermocouple

E.lf.F., The following data were obtained:

Interpolated Temperature Thermocouple
Resistance Thermometer °F Reading ‘
Reading ' ‘ illivolts
0.26076 \ Ice Point 0
0.2182) - =hl.20 5.9008
0.17935 -107.20 10.661
0.17292 -118.10 11.370
0.15831 -142.53 12.953
0.15755 -1413.79 13.030
0.15596 -146.43 13.223

o The glass tube of the Thermohm was accidgntally broken

before this comparison could be completed, and the Thermohm
was returned to Leeds and Northrup for repair and re-calibrati

The specific constants were reported &o be:

¢ = 0.00392611
da = 1.492
b = 0.1107

“The thermocouple was again compared with the Themmohm
in Febrﬁary of 1951. In this comparison thé resistance of
‘the Thermohm was determined by measuring the notential drop
across the Thermohm and across the 100 ohm fesisﬁbr with the
K-2 potentiometer, /ith this arrangement fhe'resistance of.
the Thermohm is 100 times the ratio of the two potential

drops. The following data were obtained:
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Exhibit E Cont. Comparison of Thermocouple with
Platinum Resistance Thermometer

Thermbhm - Temperature Thermocouple
Resistance / °F ; E.M.F., Millivolte
5 -~ Ice Point ‘ ‘ 0
99 -19& 06 16, 003
15 1 ; 13, OO
131 ' % . 13 E :
E 161 | Z 4
1l.153 -166 oo ‘ 1u uoo

Another comparison was made on August 15, 1951 Dv Dl&Olno
both thermocoupls and Thermohm in a six inch ssction of 3/h
inch cowoeL tubing closed at the. bottom and immersing the
assembly in 2 mixture of solid and liquid ventane contalned
in a Dewar flask. The following‘déta were obtdined:

Thermohm Temperature Thermocouple
Resistance °F E.il.F., millivolts

11,932 ‘ ~203.55 B | 16.500
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Exhibit F Density of Propane at Icepoint

Phillips Pure Grade Propane - Cell Fo. 22
Temperature 32°F Cell Vol. 10.27ml.
Reservoir Pressure 100 1lb./sq. in. Sep. Vol. 3.9 ml.
_Reservoir Temperature 100°F

Change in Bquiilibrium Liquid Percent
liercury Level, cm Pressure ' in cell Ligquid

1b/sq. in. abs.

Filled to 10 Psig at B80°F

o . ‘ , 21 dry 0
3.2 69 1.1 12.7

,01.9 71 7.7 100

Calculation of Density of Saturated Liquid Propane at 32°F.

#Properties of pronane are taken from Stearns & George, Ind.

& Eng. Chem.,'35; 602-607 (19L.3).

Initial propane in cell at 80°F and 10 Psig is lh 2X x
5.36L

0.016018 = 0.0l 2L grams
Propans added from Jerguson gége is

401.9 x 0.891 x 0,016018

= 1
1.0561% 5431 grams

Prowane in separator at z2nd of run is -

3.9 x 0.016018
1.7100:¢

= 0}0365

Provane in cell = 0.042 + 5.431 - 0.0361 = 5.137 grams

Density = 5.4.37 _ 0.529 gfam
10.27 a1

Stearns and Gsorge give

0.016018
e re2 = 0.530 rams
Gro30m0% 0530 B2
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EXHIBIT G. SAMPLE CALCULATION OF COMPRESSIBILITIES

Gas "c" : . T = -69.38°F = 390.31°R
Cell Vol =V, = 11,1 ml. P', = 4L .45 Psia
Sep. Vol = Vg = 39 m1, T', = 354.84°R

M = 19.975 gm /gm. mole T' 1.1000

£ 669.1 psi ml/R
Filled at 8 °F Shh°R u8 psia

, ' SLI-’-L ‘ o1 -
T e, TR Teo dR, = oos

From Katz, Brown, et al (7) p. 33 Z = 0.994

il

]

Initial Gas = Eivs+ Vc) = )8 1.0
2T x 669.1  0.99% “689.1

PV - e
7 = *'c . Vc 11.1 ; =5
—e; Yo o 111 = 1.250 x 10
n RT RT 669.1 x 390 31 h-2s *
Reservoir Pressure = 131h Psia Temp. = 110°F‘=‘S70°Rf
=570 _ . o o131 |
2l = 1,606 P = 2.039
b8l M6l ls - o
= 0.861 (From Brown, et al (7) R Bé)
- P S _ 131y

<

= 0,004001 g.moles
ml.

669.1 x 2 x T 669.1 x 0.861 x 570



CALGULATION
Gas "C"
P ig
37 2.0
220 5.4
352 8.0
L6L 10.5
601 14.0
737 18.1
869 22.7
946 25.9
1031 29.9
1111 34.1
1176 37.9
1176 11.0
1222 14.0
1249 15,8

Sat. Density = 0.1299 = g.011
v 7 0.0 70‘

OF COMPRESSIBILITIES - CONTINUED

T = 390.31%R

<
[ AP
o0

Nig

0

.0120
. 0212
. 0300
.0L28
.0572
.0736
.0848
«0992
1140
1276
.1276
.1384
o 1LLly

e s o o s 2 O

O RRREFRFO~IVIW
*
F ONO OV N EWIVIWO

WAL N NN

NTotal

,:00i9§

.0140
.0232
.0320
<0430
0592
.0756
.1012

L1160

.1296
- 1404
<1464

Ng

+0004
40025,

40040

.0054
.0073
.0N93
.0120
.0132
JO1LL
.0153
.0159
.0165

100

T, = 1.1000

Ne

i00159

~.0115

£0192
. 0266
.0357
.0501
0663
.0748
.0880
.1016
L1143
L1245
.1299

Z

+989

813
7

«7h

. 715
.625
557
<537
498
. Ll-65

437

- L17
409

i !
PI.‘

0.0574
0.341%
0i5462
0.72d0
0.9326
1.1436
1.3484
1.4679
1.5998
1.8248
1.8248
1.8962
1.9381

gm. moles/ml.

= 0.01170 x 19.975 = 0.2337 gram/ml.



EXHIBIT H

ANALYST
METHOD
DATE

° 3t

iC AHl 0
nCLHiO
iCEHIZ
nCSElB
Hexeanes

Heptanses <4~

Iso- and normal
of "A700/9h0. 1"

SUMMARY OF ANALYSES

Phillips
- Pod
May., 1950

1.200

- - -

90.899

L. 395
1.912

N, o
PARE
.:> 0034

0.148
0.180

10l

GAS "A"

Accepted
Composi-
tion

- oo - -

- -

- -

distributions calculated from analysis
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EXHIBIT H CONT.  SUMMARY OF ANALYSES~ -GAS "A700/770™
ANALYST ' Calculated Accepted
METHOD From "A" & - Composi-
DATE Z Factors ‘ tion
co, 1.09 | 1.09
O2 | —— | ———
He bahdendond . . - -
N2 8.8L 8.84
CHL ‘ 82.86 , 82,86
02H6 ’ | L.01 ; , . h.OLl
03H8 1.74 , l.7h
iC H : . , .
1 1110 | 0.30 0.30
£

I:].C l.leO . ) 0/5 0.55
nCc H .12 ‘ .

5712 ' ool 0.12
Hexanes - 0.14 0.14

Heptanes 4 0.16 ) - 0.16



EXHIBIT H

ANALYST
METHOD
DATE

lChHlO‘

“nchHlO

1Q5H12

nCEHi2

- Hexanes

Heptanes +

SUMMARY OF ANALYSES

Calculated‘
From "A" &
2 Factors

1.00

- -

16.11
76.25
3.69

1.60
0.28
n.51
0.18
0.11

0.12
0.15

103

GAS “A?no/sho"

Consolidated Accepted
Mass Spectrometer Composi-
November 12, 1951 . . tion

6.7 16.11
75.6 | 76 .25
0.5 - .28
// - 0.15
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EXHIBIT H CONT. SUMMARY OF ANALYSES GAS MA 700/9L0"

ANALYST Calc. Tulsa T.L. Q. Wheatley Consoli- Accepted

From © dated Composi-
METHOD "A"& Z Pod . Slow Comb. M. S, tion
DATE Factors 6-25-51  9-10-51.. 11-12-51
€O, 0.91 0.5 0.69 0.4 0.91
0, 0 0.1 0.30 - ——
He L PN - - - Lo —é; _.-...a..
N, 2l L1 30.9 23.92 22 2l 1
CH, 68.70 62.3 ~ 67.0 68.70
CH, 3.33 3.47 3.7 3.33
C,4fig 1.4 1.49 1.1 1.4
nC),Hy g ¢ 0.46 0.0
10H,) 5 :>o}26 0.1 0416
nCcHy 5 y 0.09 0.10
Hexanes 0.11 0.1 0.11

Heptanes+ 0.1l 0.16 ' 0.1



EXHIBIT H CONT. SUMMARY OF ANALYSES GAS "ABM

ANATLYST
METHOD

. - DATE

002

02
He
N
2
CH,
u

Coty
03H8
iChHlO
iCSle
nCSH12

Hexanes
Heptanes -

P
::> 0.12

‘Calculated

From Z
Pactors

ol
0.00

0
0

96.68

1.60
0.70

Phillips
Mass Spectrometer
August 29, 1951

- - .

0.2

0
0.l
96.6
1.6

0.9

S

Accepted
Composition

0.4l
0
0
0 .
96.68
1.60
0.70
0.1
0.20
\0;07
0.05

0.05
0.07

105
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EXHIBIT H CONT. SUMMARY OF ANALYSES GAS "AB 700/800"

ANALYST  Calculated Consolidated Accepted

METHOD from Z and Mass Spectrom- Composi-
: Analysis of "Aw eter tion
DATE » 11-12-51
cO, . 6.39 | 8.2 0.30
" He - - - - . -
v, 11.3h 12,9 11.30
c:fdlbr - 85.71 » 8h.l 85.80
CH 1.2 1.7 - 1.50
C3H8 0.62 0. , 0.60
10) Hy 0.12 | 0.1 | - 0.12
nC) iy, 0.18 ) 0.2 0.18
1C H, 0.06 N 0.06
5712 \ ‘
C_H , , ‘
‘Hexanes 0.0 A 0.0

Heptanes-- 0.0 , : 4 0.0
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EXHIBIT H CONT. SUIT'ARY OF ANALYSES GAS "AB 700/9L0"

ATALYST  Calculated Phillips Q. lWheatley Consoli- Accepted
From : dated ‘Composi-
[TETHOD Analysis Mass Slow Comb. Mass tion
of "AB"& Z Spectrom- ' Spectrom-
Factors eter eter
DATE 8-29-51 9-12551 11-12-51
: : - Air 34.8%
co, 0.33 -—- . 0.36 0.2 0.20
0, —— 0.1 0.23 -—
He -—— 0 0 -—e
N, 2l .81 22.0 20.l7 31.9 2l .00
CH, 72.70 75.2 | 1 65.8 73.6L
C Hy 1.20 1.3 \\ 1.4 1.20
03H8 0.53 1.2 \\ 0.2 0.53
1ChHlO 0.10 \\ » | f78.9u 0.1 0.10
nC, H_ 0.1 t0.2 \ 0. | .
ic H 0.0 < / )
512 ' ;5 ,,’/ \ 10.05
nC H 0.0 v 0,2 0.0
s Rt ! 40l
Hexanes 0.0k / 0.0l
Heptanes 4 0.05 ' 0.05



EXHIBIT H

AFALYST
METHOD

DATE
€O,

0
He

N2

CHA

CaHg
C3H8
iChHlo |
nCquo

105H12
nCSH12
Hexanes -

CONT.

Saybolt,
Tulsa T.L.
Pod

1-8-51

0
0

\\

/
80.29

5.21
3.0
0.33

0.97
0.17

0.20
0.21

9.22

Tulsa T.L. Phillips Q. Wheatley

Pod

8-13-51

0

AN

:}1u.38

7h.70
5.51
3.32
0.36
0.91
0.18

0.1l

o416

SUMTARY OF ANALYSZS GAS "B

lMass
Spectrom-
eter

Slow. Comb,

8-29-51 8-28-51

-—— 0.15
0 0.25
1.0 \712.8h
1.3/
77.0 -
5.6
3{& ‘ 3
N1.2  jBb6.76 -
/ /
\\ /
;>o.s | |
y v

1n8

Accepted
Composi-
tion

0.13

- -

1.00

11.146
76.65

5.51
3.35

0.35

0.90
0.17
0.15
0f33



EXHIBIT H

ANALYST
HETHOD

"DATE
Cco,

<

0,

He
N2
CHh
CoHg
C3H8
iC, H

4710
?CquO
5 12

- nC_H

5712
Hexanes —-

Tulsa T.L.

Pod
8-13~51
0.2

\\517.21
/
72.25

6.16

3.25
0.36

0.57

\
0.20
/
/

'SUILIARY OF AITALYSES GAS '"c"

Phillips Q.

Mass Slow Comb.

Spectrom-
eter

8-29-51 . 8-28-51
-—- ' 0.18
0.1 0. 2&
0. 6 \ ‘
75 1

6.1

3 3

///8u .ol
oeo/ ‘

109

iheatley Accepted

Composi-
tion

10.20

- - -

0.60
13.50

75.15
6.10
3.27
0.38
0.60

N .20
/



EXHIBIT H CONT. SUMMARY OF ANALYSZS GAS "D"

ANALYST

METHOD
DATE

He

CHQ

CoHg
C,Hy

iCquo :

nchhlo
105H12

Hexanes -

Calculated

0.31
0.03

N
‘/>7.36

85.42
3.95
2.0l
0.26

0.1

*0.22

Tulsa T.L.  Accepted
Composition

Pod
8-29-51

0‘20
0

~

83.39
L.27
1.93
0.47
0.38

/\m

o 8.95 |

0.25
0.31
7:05

- 85.h2

h.ll 
1.98
0.37

0.39

\>o,22

/

110
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EXHIBIT I  ORIGINAL DATA

GAS IDENTIFICATION "a" CELL TYPE 1/2" Strt NO. G
TEHPERATURE -19.95°F CELL VOL.13.7ml. SEP.VOL.l.3ml.
THIRHOCOUPLE, MV. .255 RESERVOIR TEMP. 100°F

Reservoir Mercury Equilibrium Liquid  Volume z

Pressure Level in Pressure in cell Percent

1b./sq. Reservoir  1b./sq. Liquid

in. gage ' in. abs. - :

1000 3.2 29 ——
n 8.0 a3 01927
t 10,%‘ 3h3 0,902
" 12. I 0.925
" 1.6 51 0.803
" 16.1 géu 0.867
) 17.4 61l Trace  Trace 0.866
1 lg.u él2 it 7 " . -
" 19.0 66l " i 0.835
" 20.0 691 it " - en o v
! 21.0 720 ! ! 0.811
" 21.9 7] 5 n i - e -
" 22.7 767 " " 0.783
! ol .S 791 " " ———
t 2l .6 817 ; } - 0.761
H 2503 839 1 ] 0.757
it . 26, 863 i o .
" 27.i 890 144 i 0.731
" 28.2 910 " " 0.722
" 29.1 91,0 " T aeees
" 30.% N goly " " 0.70L
it 31. 992 1t 13
" 32.6 101l " " 0.680
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ORIGINAL DATA |
GAS IDENTIFICATION A"  CELL TYPE 3/8" Strt NO. 2l
TEMPERATURE  -39.8l°F CELL VOL. li.6Lml.SEP VOL.3.8ml.
THERMOCOUPLE, MV. 5.80  RESERVOIR TZIMP. 100°F

Reservoir Mercury Equilibrium Liquid Volume- Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. Liquid
in. gage in. abs.,.
1500 2.6 22 dry 0

" Il 29 dry 0

" .2 1179 dry 0

" 8.7 71l 0.10% 1.5

i 11.7 a9 0.12% 1.6

i 13.3 1051 0.1l 1.8

" 1&;8 11ﬁo 0.10% 1.5

; 15.6 1181 0.06 0.8

' 16.1 1213 dry 0

* Read with agitator ball raised above the interface.
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ORIGINAL DATA L .
GAS IDENTIFICATION "A" = CELL TYPE 1/2" Strt NO. G
TEMPERATURE -59,80°F CELL VOL. 13.7ml. SEP VOL.l.3ml.
THERMOCOUPLE, MV. 7.30 RESERVOIR TEMP. 100°F

Reservoir Mercury Equilibrium Liquid Volume Z

Pressure Level in Pressure in cell Percent

1b./sq. Reservoir  1b./sq. Tiquid.

in. gage in. abs. ’

1090 o ;—é 3%. : 0
" 9.l 261 "0
" 11.0 Pﬁl‘ Trace  Trace
" 15.0L 18 0.05:% 0.7
" 22.0 21 ~0,10s% 1.0
" 28.5 751 0.50 1.8
; 35.7 863 0.65 3.1
" 38.L 897 0.72 3.8
n WA 897 0.72 .8
| 52 0% 080 e
" 12.0 988 0.92 5.5
" 1.9 101l 0.95 5.6

* Read with agitator ball raised above thekinterfaoe.
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ORIGINAL DATA

GAS IDENTIFICATION "A" CELL TYPE 1/2% Strt NO. G
- TEMPERA URE =69, 74 °F CELL VOL.13.7ml SEP VOL.L.3ml.

THERMOCOUPLE, MV. 8.03 RESERVOIR TENP. 100°F

i

Reservoir Mercury Bquilibrium Liquid Volume Z

Pressure Level in Pressure in cell Percent

1b./sq. Reservoir  1b./sqi . Liquid

in. gage in: abs. ‘ ' :

1000 3.8 22 dry 0 e
" 6.5 128 dry O 0.908
" 9.2 122 dry 0 eeee-
" 10.7 . 270 Trace Trace 0.720
i 12.2 316 Trace Tracé 0.807
n .2 73  Trace Trace  e—===-
" 15.8 119 Trace  Trace  0.746
" 16.6 1193 0.0 0.8 0.713
" 21.2 555 . 0.20% 1.5 0.686
" 23.8 60 o,zﬁ* 1.8 04653
" 26.8 66 0., 3L 2.3 bk e i
g 29.8 71l 0.1 0% 2.8 0,582
" 32,5 754 - 0.50% 3.6 -----
g 36.8 810 0.88 5.0 0.517

1200 3.8 810 0.88 5.0 0.517
" 8. 868 1.10 6.6 0.470
" 104% 891. . 1.25 8.0  e-eee
1 12. 910 1.40 9.2 0.L32
" 1.2 932 1.66 10.7 —————
" 17.8 9%0 1.85 12.8 0.lol
" 19.5 963 2,00 1%.0 —————
: 21.8 976 2.26 16.0 0.363
" 26;2 983 2.30 16,2  —eces
" 2«;% 991 2.38 17.0 0.348
y 25, 996 - 2.20 15,5  =ce-
" 26;% 1000 1.90. 13.2 0.336
" 27 100l 0.90 5.5  ==la
" 28.8 1009 Single Phase O 0.322

Read with agitator ball raised above the interface.
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.~ ORIGINAL DATA

GAS IDENTIFICATION "A"™  CELL TYPE -1/2" Strt NO. G
TEMPERATURE ~ =-74.76°F CELL VOL.13.7 ml. SEP VOL.l.3ml.
THERMOCOUPLE, MV. 8.39 RESERVOIR TEMP. 100°F

Reservoir Mercury Bquilibrium Liquid Volume Z

Pressure Level in Pressure - in cell Percent.

1b./sq. Reservoir  1b./sqi : Liquid

in. gage in. abs.

500 3.3 35 0 o —————
" 12.0 181 0 0. 0837
" 22.7 350 Trace Trace 0.792
" 29.2 ﬁ36 : 0.15% 1.2 0.753
i 35.9 512 0.20% 1.0 0.709

1000 3.1 512 0.20% 1.0 0.709
i 9.1 622 0.35% 2.% 0.627
" 1.3 709 0,701 3. o;g7u
t 22.0 801 1,063 6.0 04495
" 31.1 872 1.71% 11,6 0.420
" 38.0 912 2.10% 17.2 0.377

1200 10.8 912 2.1i0% 17.2 0.377
" 16.5 o1 .53 25.8 0.338
" 20.3 956 .72 .9 0.316
i 21.0 959 5.37 io.l . 0.313
n 22l 965 None VisibleNone VisibleO.307
" 25.0 992 Single PhaseSingle Phase0.300

% Read with agitator ball raised above the interface.
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. ORIGINAL DATA |
GAS IDENTIFICATION "A" CELL TYPE 1/2" Strt NO. G .
TEMPERATURE = ~-77.67°F CELL VOL. 13.7ml. .SEP VOL. L.3ml.
THERKOCOUPLE, V. 8.60 RESERVOIR TEMP. 100°F

Reservoir Mercury Equilibrium Liquid  Volume

A
rressure Level in Pressure ~ in cell Percent
1b./sq. Reservoir  1b./sq. Liquid
in. gage ‘ in. abs.

1000 21.6 75l - 0.62% LT
" 260.1 79 1412 7.0
L 28.0 - 81 1.2l 8.0
" 30.1 829 1;%0 9.1
" 31.7 8.0 1.60 10.7
i 3.0 856 1.82 12.5
" 3&.5 868 2.10 1.6
f 6.9 868 2.10 .1%.6
" 9.0 878 2.38 16.7
" 11.1 888 2.68 19.1
L 13.6 898 3.13 22.8
" 1.6 902 3.31 2l.1
" 17.5 912 .90 28.7
o 19.5 920 A7 33.k
. 21.0 92 .95 743
il 22.0 92 5.38 30;5
t 23.3 936 5.98 h5.3
" 2.0 931 - 6.50 ug.ﬁ
" 2.3 932 6.87 52,

" 2.8 93& , 7.75 59.5
n 2%;9 93l None VisibleNone Visible
" 28.9 963 Single PhaseSingle Phase

‘Data at lower nressures was discarded when 1t was found that
there was no ice at cold junction.
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ORIGINAL DATA

GAS IDENTIFICATION "A"  CELL TYPE 1/2" Strt NO. G
TEMPERATURE -80.46°F CELL VOL.13.7ml. SEP VOL.l.3ml.

THIRMOCOUPLE, MV. 8.80 RESERVOIR TENP. 100°F

Reservoir lMercury Equilibrium Liquid Volume zZ

Pressure Level in Pressure in cell Percent

1b./sq. Reservoir  1bi/sq. Liquid

in. gago : in. abs.

1000 3.0 22 dry 0
" 5ol ) Trace Trace
" 8.0 - 21 Trace Trace
" 11,2 1§~ 0.05% 0.5 0.8h2
" .7 il - 0.08% 0.6 =me-e
" 19.0 517 S 0i16 1.0 =====
i 23.8 - 560 0.55 2.5 0.583
" 31.0 715 0.85 7 smeee
" 37.0 773 T2l 7.8 0.482
, 2.6 773 1.2 7.8 mmeae
K 12l 838 2.13 15,0  ==---
; 22.1 880 3.76 27.6  0.3L3
" | 30.% 903 - 6.60 50,2  m==--
" 32, 908 None Visible 100~ 0.297
" 3.2 912 1001 80.0 0.287
" 3.9 913 None Visible 0 0.28l
" 3.0 938 Single Phase 0 0.279

Read with agitator ball raised above the interface.
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| ORIGINAL DATA
GAS IDENTIFICATION ™A™ CELL TYPE 1/2" Strt NO. G
PEMPERATURE -81.53°F CELL VOL:13.7ml SEP VOL.l .3ml
THERMOCOUPLE, MV. 8.875  RESERVOIR TEMP. 100°F

Reservoir Mercury Equilibrium Liquid' Volume Z
Pressure Level in Pressure’ in ¢ell Percent:
1b./sq. ‘Reservoir 1b./sq. : Liquid

in. gage in. abs.

1000 23
1 80
136
190
220
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# Read with agitator ball raised above the interface.
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ORIGINAL DATA :
GAS IDENTIFICATION "A" CELL TYPE 1/2" Strt NO. G
TEMPERATURE - -8y .69°F CELL VOL.13.7ml SEP VOL.lL.3ml
THERIOCOUPIE , MV. 9.10 RESERVOIR TEMP. 100°F .

Reservoir Iercury Equilibrium Liquid Volume Z

Pressure Level in  Pressure ~ in cell Percent

1b./sq. Reservoir  1b./sq. Liquid

in. gage in. abs. :

500 5.8 - 27 0 0 ema—e-
" 13.5 162 Trace ‘Trace 0.885
" 20.2 268 0.05 0.5 0.841
" 30.7 96 0.06 0.5  —-m--
i 38.3 i?é 0.60 3.0 0.663

1000 8.1 %76» o.go 3.0 0.263
" 13.7 7 0. 3.2  0.600
" 20.1 6ZA 0.8% 5.0 0.525
-1 27.3 - 733 1.28 8.2 0.455
‘ 38.3 797 2.3 17.2  0.369
) 7.3 797 2.3 17.2  0.369
" 1.8 827 -3.&7 26.1 0.327
; 23.2 8%2 5.6 -%1;0 0.287 .
3 30.0 8 8.37 li.3 0.263
" 35.1 874 11.56 89.5 0.246
. 37.5 875 None Visible 100
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: ORIGINAL DATA '
GAS IDENTIFICATION "A" CELL TYPE 1/2" Strt NO. G
TEMPERATURE = ~-91.53°F CELL VOL. 13.7ml SEP VOL.l.3ml
THIRMOCOUPLE, 1V.9.58 RESERVOIR TaIiP. 100°F

" Reservolr lercury Bquilibrium Liquid Volume Z-
Pressure Lzvel in Pressure ~ in cell Percent
1b./sq. Reservoir  1b./sq. : Liquid
in. gage .in, abs.

1000 6.7 B eeee- ---
" 11.0 203 - Trace Trace
" 17:5 368 0.0 0.7
" 22.0 - 470 0:07% 0.9
" 25.2 529 0.25:% 1.8
" 29.1 537 0.45% 3.2
:‘ 33.0 637 0.90% 5.7
‘ 36.3 63l 1.40 8.3
" 8.2 63l 1.0 8.3
! 15i7 730 2i13 15:0
" 1943 7Ll 2.67 19.1
" 23,0 70l 3.75  27.5
T 28,2 772 o 4.52 33:7
" 3.3 786 17 - L6.8
v 38.6 793 7.l 57.1

# Read with agitator ball raised above the interface.

Upon addition of the next increment of gas the equilibrium
cell burst, preventing completion of this isotherm.
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ORIGINAL DATA .
GAS IDINTIFICATION "A" CELL TYPE 3/8" Inverted NO. 51
TEZlPERATURE - -97.60°F CLLL VOL. ===
THERMOGOUPLE, MV. 10.00 RESZRVOIR TELP. ---

Reservoir hercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. Liquid
ini gage ‘ in. abs. ,
21 dry 0
. 116 dry .0
206 dry 0
12 dry 0
o7 dry 0
502 I3 -
559 L.l ——-
60l I 13 ——-
652 u 00 -
71l 3.55 18

769 Single Phase 100
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ORIGINAL DATA
GAS IDENTIFICATION "A" CELL TYPE 1/2" Strt NO. G
TELPERATURE = -102.92°F CELL VOL. 13.7ml. SZP VOL.lp.2mlt
THERIOCOUPLE, 1iV. 10.366 RESERVOIR TEL:P. 102°F

Reservoir llercury Equilibrium Ligquid, Volume Z
Pressure Level in. Pressure - 1in cell Percent
1b./sq. . Reservoir  1b./sq.’ , Liquid
in. gage . ' in abs.
500 316 19 —_— ——c e
" 5.8 65 --- BT ————
" 9.6 122 -—- -—- 0.921
" 12.% 16l - e eme——
" 15. 21 Trace Trace 0.851
! 19.4 26 Trace Trace ————
" 22.0 301 Trace Trace — —====
" 25,1 336 0.20 1.2 0.765
" 27.7 36 0.30 1.2 eeeen
y 29.8 8 0.Lo 1.5  —=--a
' 33.8 uzB 0.20 2.0 —~é£"
‘ . 7 0.60 2. 0.
1000 3.2 L67 0.60 : 2.8 ----%‘
! 6.8 517 0.80 %.5 .....
" 11.8 572 1.08 5 mmeee
S T e
' 0. 1.9 13, 0.413
) 2b;% L6 2.76 20.0  —=-a-
! 29. 65 3.50 23.5 .....
. 35.5 671 ;.58 Ll ameem
" 38.0 675 5.10 - 38.2 0.285
) 3.0 675 5.10 38.2 o0.285
1 6.5 681 5.87 W2 —-a L
! 10.5 685 6.7  S1.2  —ooo-
, 1.7 689 7.78 £9.3  cmmm-
' 19.l 69L 9.00 69.3 0.220
N 2l.2 695 9.4h2 72.5 mmeme-
o 22. 698 9.90 76,5  emee-
' 2%-h. 699 10.30 79.6 —-aeo
. 26.1 699 10.76 83.3 —m-e-
N 27.2 700 11.00 85.0 mmen-
! 28.7 702 11.143 88.6  0.195
;, 30 703 11.90 . . 92.3  -_lT
! 31.8 70l 12.3l 95.7 ~=-m-
" 33.0 705 12.70 98.2 0.185
o 33.6 707 13.00 99.3 0.185
! 35.3 7 13.30 100 0.183

716 None Visible 100 ool
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ORIGINAL DaTA ‘
GAS IDENTIFICATION "a"  CELL TYPT 1/2" 8trt NO. G
TILPERATURE e119.£3°F CELL VOL.13.7ml. SEP VOL.l.3ml.
THERI:OCOUPLE, I1V.11.8 RESERVOIR TEMP. 106°F

Reservoir Illercury Bquilibrium Liquid Volume Z
Pressure Level in = Pressure in cell Percent
1b./sq. Reservoir  1b./sq. Liquid
in. gage in. abs.

7‘50 307 27 0 0 . - . - -
' 5.6 62 Trace Trace 0.70
! 7.6 118 Trace  Trace 0.83
" 9.7 161 ~ Trace = Trace 0.87l
! 11.9 210 _ Trace ~ Trace - eeaea
:: 1%.3 252 Trace Trace  ceeen
f 16.2 278 0.1 1.0 0.8L5
': 13.2 312 0.2 1.6 . 0.696
y 21.l 35l o.a% 2.1 a-olo
" 23.9 80 0.4 2.7 0.610
. 26.2 1,08 S 0.5% 3;5 ———
Ny 29,2 k30 0.6 .3 0.546
. 32.6 152 0. 753 5.5  o-loo
. 35.6 k72 1.18% 7.4 0.493
. 38.2 L79 1.35% 8, 0.1L6
) 3.5 L79 1.35% 8.6  0.4Lh6
. 5.9 1186 1.55 10.2 ———
) 8.5 195 1.80 12.2 0.399
. 11.9 502 2.10 .3 2222
" 15.2. 509 2.i5 17.1-  0.350
i 19.2. 517 2.90  20.5 mm——
. 22.8 521 3.30 23.6 0.305
" 26.5 525 i.73 27.0 --Z.1
. 31.9 529 .27 31.0  —oce-
. 36.5 533 l.99 36.6 o.247
" 3.6 £33 L.99 ié-é 0.247
" Zsh 535 5.88 3.5 emean
. 16.0 538 6.65 49.5  0.209
. 23.h ol 7.60 57.2  —aal
; 28,5 Shily 8.30 62,7 = aeee-
. 34.0 ohs 9.00  68.0  0.172
m 3 "Z S}J-E - 9' OO . 68 . O -----
. 10. 548 10.00 76.1 oo.
y 19.8 i) 11.20 8.9 0.149
, 2.0 550 11.90 90.5 = ammee
N 26.7 551 12,25 93.0-  0.1h41
. 28.9 552 12.58 95.2 —————
" 29.8 553 12.70 96.0  —eoo.
. 31.0 | 553 12.96 97.1  0.136
o 31. 553 13.08 98.5  --ola

31. 55k 13.20 99.8

i ’Read with agitator ball raised above the interface.
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, ‘ ORIGINAL DATA -
GAS IDENTIFICATION "A" CELL TYPE 1/2" Strt NO. G
TEMPERATURE ~139.34°F CELL VOL. 13:7ml. SEP VOL.lL.3ml

THERIOCOUPLE, MV. 12.7 RESERVOIR TZLP: 100°F

Reservoir lercury  Equilibrium Liquid Volume Z
- Pressure  Level in. Pressure = in cell Percent

1b.i/sq. Réservoir 1b./sq. » Liquid
in. gage in. abs. -

590 310 .30 0 T - i
" 515 72 Trace  quaee 1.000
: 23 B Ee mme
;: 12.6 165. Trace gisgz ?;?&f
; .7 192 0.0z ol 0.797
| 17.0 213 0.05:% - 0.8 0.7%
" 22.6 - 268 0.23% 1.6 0.71%
" 25.6 290 0.30% 579 0.577
" 29.7 313 0.68 3:h _____
" 35.7 337 0.90 5.1 0.525
) 2.6 337 0.20 21 0.528
" 2.9 363 1.60 10.8 0.330
) 25.8 373 2.28 160 i
" 31.6 . 376 2.68 9.2 —mme-
" 38.2 o381 3.10 25.5 0.279
" 2.8 381 3’10 22.5 0.279
28.9 R B

. 390 . 0.0 0.196
" - -
f 2.8 390 2:3%  Lo.o 0.186
" 18.8 393 .EO ug.s _____
’ 322 390 T 512 e.s3
:: 163 ST T 1 S
" 2.3 397 9-15 70,5 mmeea
] 3.1 399 9.0 768 0.123
| 2.6 99 99 gele T2
; 1.l 100 10.56 81.6 R
| 19.7 100 11.15 86.)  ememm
; 30.0 Lol 11.92 92.5 0.10%
| 3.5 Lol 11.92 2.8 STl
" 8.8 / o1 12.35 96.0 —————
. 12.% 10 12.65 37.8 el
it 13. Lo 12.80 ‘8. ‘ 0.101
| 27.0 1118 None Visible 14p° 0.0975
28.0 Lhl Single Phase g9 0.103

* Read with agitator ball raised above the interface.
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ORIGINAL DATA o ,
GAS IDENTIFICATION "A" CZLL TYPE 1/2" Strt NOoi 15
TILIPERATURE . -140.06°F CELL VOL.11.80ml.SEP VOL.3.7ml.
THERIOCOUPLE, V. 12.804 RESZRVOIR TENP. 100°F

Reservoir llercury Equilibrium Liquid Volume Z

Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. © Liquid
in. gage in. abs.

Filled to 12 Psig at 80°F
Lower Left Jerguson Gage

1000 21.7 1 dry 0 0.607
" 23.0 6l dry 0 0.768
) 2@.6 11l ary 0 . 0.715
" . 26.2 16l dry? 0?2 . 0.730
" 27.9 21l 0,08% 1.0 =eme—-
x 30.1 261 0.12* 1.7 o.ggg

33.1 307 0.25:% .0 0.
. 328 B olge %.s S
33.2 -3 0.55:% .3 0.4h9
~ Upper Left Jerguson Gage ‘
" 3. 372 1.30%. 1&.7 0.322.
" 10.5 381 - 2.21 2.7 0.252
" 16.5 387 2.90 3.8 eeeee
u 22.i 389 . 3.55 31;8 0.18L
" 27. 390 1,09 48.3  e-eeo
i 32.3 392 .67 56.1 0.150
" 36.L 392 5.11 61.4 - 0.139
Refill Upper Left Jerguson Gage
" 2.9 392 5.11 61.4 0.139
! 9.6 - 392 5.89 70,1 =mee-
" 16.7 394 6.70 81.1 0.112
. 2l.0 395 " 7.50 91.1 0.1018
)y ———— 398 8.00 97.7 ——————
; 30.L 98 8.5  99.5 0.09L6
30.8 21 Single Phase 100 0.0999
X

Read with agitator ball raised above the interface.
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ORIGINAL DATA
GAS IDZNTIFICATION "A" CELL TYPE 1/2" Strt NO. G
ZMPERATURE  «169,29°F CELL VOL. 13.7ml. SEP VOL.lL.3ml
THIRIOCOUPLE, MV. 1l.59 RESERVOIR T .iiP. 100°F

it

Reservoir Ilercury Bquilibrium Liquid Volume Z

Pressure Level in Pressure in cell Percent
1b./sq. Reservoir 1b./sq. ~ "Liquid

in. gage o in. abs.

Filled to 13 Psig at 73°F

500 2. - dry L
:: 6.3 77 Trace Trace 0.950
" 10.2 119 0.0 0.7 0.823
| 1.5 157 0.134% 1.2 0.719
. 20.2 187 0.36% 2.5 0.589
. 23.9 198 0.55 3.9 0.5F3
; 29.5 206 1.06 6.5 0.421
. 3.2 208 1.28 © 81 0.361

38.7 212 1.57 . 10.5 0.321

1000 2.2 212 1.57 - 10.5 0.321
iy 9.5 213 1.9 13.5 0.225
| 20.1 216 2.55 18.3 0.160
y 2.9 218 2.89 20.7 0.13
y 38.1 219 3.65 26.7 = 0.10
; 3.9 219 ﬁ;és 26.7 0:106
. 9.7 219 158 iu.o 0.0950
Y 18.& 221 571 3.0 0:0335
. 27. a2l 6.86 51.8 0.0735
. 38.1 222 8.17 62.5 0.0648
| 2.2 222 8.17 62.5 0.0648
| 26.0 223 11.2 87.0 0.0510
. 30.1 223 11.7 91.0 0.0l493
. 36.6 225 S12.70  98.0 . o.oﬁ?o
" 9.5 225 12.70 98.0 0.0L70
" ‘11.5 229 12.88 99.0  0.0473

——— 385 HNone Visible 100 W acccaaa

*¥ Read with agitator ball raised above the interface.
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| ORIGINAL DATA -

GAS IDENTIFICATION "A"  CELL. TYPE 1/2" Strt 10 G
TRIEPTIRATURE -198.90°F GELL VOL. 13.7ml. SEP VOL. L.3ml
THIRIIOCOUPLE, V. 16, 27 R SEPVOIR TTIMP. 1009F

Reservoir Iercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percent
1b/sq. Reservoir  1b./sq. - Liquid
in. gage in. abs. o
500 L.6 28 -0 0 meee-
" 5.8 Ll 0 0 0.909
) 7.6 63 Trace  Trace 1.082
; 10.0 86 0.0 0.7 0.718
y 12.2 ol 0.15 1.3 0.636
. 1.6 99 0.30 2.1 0.532
, 17.6 102 0.50 3,6 ==---
" 20.2 105 0.60 L.k  0.376
X 22.2 105 0.70 5,2  mm—--
. 23.9 106 0.80 6.0 0.310
» 26.1 107 - 0.92 7ol meme-
. 28.8 107 1.30 8.5  0.252
" 32.0 108 1.48 9.8  0.223
N 36.0 108 1.66 1l -----
| 38.0 108 1.76 12.0 0.187
. 2.8 108 1.76 - 12.0 0.187
| 9.6 108 2.10 1.6 0.156
iy 17.8 108 2,52 18,0  -----
. 27.2 109 3.05 22.1 0.110k
| 37.9 109 3.62 22.6 0.0935
. 3.9 109 3.62  22.6  0.0935
. 16.8 110 IL.33 32.h 0.0795
. 26.5 110 ..o+ 36.7  0.0713
y 38.2 110 5.50 31,5 0.0633
. 2.0 110 s;ﬁo 1.5 0.0633
y 38.% 110 7..0 56,5 0.0468
. 2. 110 7.40 56.5 0.0468
" 13.3 111 3.70 67.0 0.0l39
38.0 115 11.L5 88.5 0.0391

# Read with agitator ball raised above the interface.

+ Agitator of the mixture in the cell could not be effected
above this level because the agitator Jammed



128

ORIGINAL DATA
GAS IDEYTIFICATION A700/770 CELL TYPE 1/2" Strt 10. 25

T IPERATURE -59.80°F CELL VOL:i1l.1iml SEP VOL.3.9m
THERNOCOUPLE, VL Ti 30 RESERVOIR TENP. 100°F
Reservoir Mercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percont
1b./sq. Reservoir  1b./sq. Liquid

in. gage in. abs.

Filled to 10 Psig at 75°F
| 18 o R 0.922

1250 7.8

o 9.6 132 -—— — 0.923
" 11.lh 233 Trace Trace 0.875
" 114..5 388 ‘ Trace Trace 0.812
, 19.0 587  0.07s% 0.3 0.733
. 23# %7 10,103 0.6  0.662
" 27.2 8 0.18% 1.2 =———-
" 30.3 o7 0.20% 1.4 0.577
" 3.2 103l 0.20% Y
i 37.2 1091 0.20% 1., 0.502
1 29.0 1091 0.20: 1. 0.502
" 31.7 1143 0.18: 1.2 0.h81
; 3h.6 1197 0.10% 0.6 0.159
" ~—-- 1220 0.02:% 0.1  ===--
" 37.4 1239 0 o 0.438

Read with agitator ball raiscd above the interfacs.

0.01056 gm mols/ml.

Upper Pew pt. Density
0.2033 gms./ml.
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. ORIGINAL DATA
GAS IDENTIFICATION A700/770 CELL TYPE 1/2" Strt NO. 25 .
TEMPERATURE -78.64°F CELL VOL. 11.1ml SEP VOL.3.G
THERMOCOUPLE, V. 8.7k RESERVOIR TEMP. 100°F

Reservoir Mercury™  Equilibrium °~Liquid  Volume Z

Pressure Level in  Pressure  in cell Percent
1b./sq. Reservoir 1b./sq. Liquid

in., gage , in. abs.

Filled to 15 Psig at T70°F

1250 2.3 22 dry 0.970
7 .% 148 Trace 0.258
! .6 ‘ 261 . Trace 0.85L
" 10.9 - L6 0.07% 0.3 0.770
! .7 596 0,17 1.0 0.692
" . 20.0 7hs 0.30% 2.i 0.602
! 26, 8l43 0.60 I, 0.L78
" 31.0 ol 0.79 7.0 0.Lg
; 36.5 1002 - 1.00 10.0 O.hoi
" 6.0 1002 1.00 10.0 0.liol
' 9.6 1038 0.67 5.1 0.37%
! - :o.oﬁl 0.30% I
" 10.6 100k " dry 0 0.367
" 1,7 1119 dry 0.356

% Read with agitator ball raised above the interface.
Upper Dew pt. Density = .01118 ‘gm.  mols./ml.
= .2152 gms./ml,
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‘ ORIGINAL DATA
GAS IDENTIFICATION A?OO/??O CELL TYPE 1/2" Strt NO. 25
TEIIPERATURE -89,68°F CELL VOL.11l.1lml SEP VOL.3.9ml
THERMOCOUPLE, MV.  9.45 RESERVOIR TIliP. 100°F

Reservoir Mercury = Equilibrium Liquid Volume Z
Prassure Level in Pressure in cell Percent
1b,/sq.  Reservoir 1b./sq. o Liquid

in. gage in. abs. ‘ ' ‘

Filled to 12 Psig at‘80°F

1250 3.3 19 dry 0 0.979
" %.Z - 108 Trace Trace 0.895
" . 281 , Trace Trace O.gg%
" 9.5 1 0.11% 0.7 0.

" 12. ﬁsu 0.1 1.0 0.743
L 16.5_ 53l 0.2 1.9 emmee
" 19.9 673 0.35: 3.0 0.591
" 2.9 769 0.55% 5.2 m=-=-
" 29.0 828 0.90 3.9 0.h60
! 33.1 874 1.27 .0  e-e--
y 37.1 909 ©1.71 21,0  -----
L 38.9 92l 2.00 23.8 0.363
Reserveoir Refilled
" .3 92ly 2.00 23.8 0.363
" <9 937 o 2.27 27.8  mmm--
n .5 9 8 2. 56 31,7 ===
0 7.6 956 . 2.83 35y e----
L 8.3 961 3.00 37.2 0.329
§ --- 962 3-10 8L e
noo _— 96l 5 9,2  memmm-
" e - 965 3 R
" 9.2 ’ 967 None VlSlble None Visible0.323
Cooled to 9 58 mv (-91.53°F) :
0 9.2 950 - b30 sh.3
" 9.2+ 950 None Visible NoneuVisible

Cooled to 9.70 mv (-93.26°F)

i 9.2+ '. 936 .60 58.0
Cooled to 9.79 mv (-94.56°F)
I 10.0 931 . 5.6 72.1

% Read with agitator ball raised above the interface.
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ORIGINAL DATA
GAS IDENTIFICATION A700/770 CELL TYPE 1/2" Strt NO. 25
ZTHMPERATURE ~=100,52°F (CELL VOL.1ll,1ml SEP VOL.3.9ml
THERMOCOUPIE, MV. 10.20 'RESERVOIR TELP. 100°F

Reservoir Meréury Equilibrium Liquid Volume Z

Pressure Level in  Pressure in cell Percent

1b./sq. Reservoir 1b./sq. ‘ Liquid

in. gage in, abs. ‘

1250 - 10.6 A ,
" 10.6 21 dry 0
" 12,1 : Zh . Trace Trace
" 13.8 167 Tra ce Trace
L 16.7 a7 : Trace Trace
L 20.8 bk 0.10% 0.5
" - 25.0 51 - 0.25% 1.9
" 290 60 0.37% 3.1
" 33.3 - 666 0.55:% 5.2
" 37.0 708 0.78% 8.1
" - 39.2 719 0.88% 9.6

Resaervoir Refilled
" 20.9 - 719 0.88% 9.6
" 25.3 755 1.31 1.5
" 31.8 791 l.gl 23.0
" 36.2 825 2.85 ﬁs.s
" 39.0 839 3.h40 2.7
Reservoir Refilled

" 3.6 839 3.0 La.7
: 7.8 857 Ligo 870
" 9.%, 862 . L.90 62.6
" 11. 871 5.90 76.5
" 13.2 879 6.90 82.7
" 14.0 880 7.38 9 ;%
" 1L 882 7.60 8.
" .7 88 7.80 99.2
i 1.9 880 Mone Visible 100

V)

* Read with agitator ball raised above the interface.
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, ORIGINAL DATA
GAS IDENTIFICATION A700/770 CELL TYPE 1/a" strt NO. 25
TENPERATURE -119.53°F CALL VOL.11l.1ml SEP VOL.3.9ml
THTZRIOCOUPLE, V. 11.48  RESERVOIR TZIP. 100°F

Reservoir llercury Equilibrium Liquid Volume - Z
Pressure Level in Pressure “in cell Percent
1b./sq. Reservoir 1b./sq. Liquid

in. gage - in. abs. '

Filled to 11 P51g at 75°F

1000 3.7 16 Trace  Trace 0.887
" 7.5 157 Trace Trace 0.761
" 13.9 0.15:% 1.0 0.703
" 19.0 : Lou 0.4 2.5 0.592
i 26,3 55& 0.82 S 7.5 meeaa
d 38.6 1.96 23.2  0.347

| Reservoir Refilled

t 3.k 631 1.96 23.2 0.

" 10.0 631y 2.80 3&.9 o.%%g
f 18.1 681 - L.oo 50,7 emman
i 2l..3 700 ly.90 62.5 0.236
" 29.9 713 5.93 77.0  —eaZ-
" 38.0 729 7.0 96.8 0.196

Reservoir Refilled« \

L 21.7 729 - 7.40 96.8  0.196
§ 23. 73k 7.72 99.1  0.194
i 23, 3 7.90 99.5  0.192
i 28.0 910 Single Phase 100 0. 226

#* Read with agitator ball raised above the interface.
0.01685 gm. mols./ml.
0.324ly gms./ml.,

~ Bubble pt. Density

il
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| ORIGINAL DATA

GAS IDINTIFICATION A700/770 CELL TYPE 1/2" Strt NO. 25
TE}PERATURD -149,26°F CELL VOL.1l.lml SEP VOL.3:9ml
THIRNMOCOUPLE, IV.. 13.38  RESERVOIR TENP. 100°F

Reservoir llercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sd. ‘ - Liquid

in. gage in., abs. :

Filled to 13 Psig at 75°F

750 2.0 17 dry 0 0.956
n 10.0 202 0.13% 0.9 0.732
n 20.5 339 0.58 4.3 0.533

L 29:0 380 1.06 . 11.0 0.11.02

" 38.0 o6 1.6l 19.5  0.318

" 2.0 o6 1.6l 19.5 0.318

) 15.2 uPl 2.60 ,iz.o - 0.2L5

:: : 2 .2 Li.l_l.é ﬁ.HS %05 """"

, , © 38,0 57 .ﬁl 56.0 0.176
" 2.0 Ls7 L. 56.0 0,176

i 10.3 166 5,10 65.2  ceea-

! 20,1 h?i 5.90 76.5  0.145

, 30,0 1,8 6.7U 87.8 - ea--C

2 38.0 1,88 7.50 97.8 0.12l

: 3.0 u88 7.50 . 97.8 0.12}

| .0 439 7.90 99.5 0.121

_ 12.0 7&& Single Phase 100 - 0,177

Read with agitator ball raised above the interface,

Bubble nt. Density = 0.01895 gm. mols./ul.
4 0.36l8 ems./ml.
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ORIGINAL DATA
GAS IDENTIFICATION A700/770 CELL TYPE 1/2" Strt NO. 25
TEMPERATURE- -199,6l°F CELL VOL.11l.1ml SEP VOL.3.9ml
THERNMOCOUPLE, MV. 16.31 RESERVOIR TEMP. 100°F

i

Reservoir Iercury Equilibrium Liquid = Volume Z
Pressure Level in Pressure ~ in cell  Percent
1b./sq. Reservoir  1b./sq. Liguid

in. gage in. abs, : :

Filled to 25 Psig at 70°F

1000 5.3 21 ~ Trace Trace 0,937
" 6.3 52 Trace Trace 0,866
" 8.5 100 0.17% 1.0% 0,696
" 11.5 121 0.38:% 3.2 o.hhh
" 15.6 130 C0.77 7.8 0.303
" 19.6 1&3 1.09 1.2 eeeee
" 23.9 151 1.0 16.3. 0,190
" 30.1 159 S 1.92 2.2 amnlo
" 3.8 165L~ 2.30 28,0 ..
! 39.1 170 2.63 0 32.8. 0.118
! 2.9 170 2.63 iZ-B ©9.118
) 10.1 176 ©3.20 0.0 " ccmas
! 18.7 181 i.93 %9-7» 0.086
i 27.9 187 .73 o 2% [
TR R -

. ’ . . 0.06

" 28.0 196 6.2 83.6 _ 2T
x 36.0 199 7.08 92.1 ..
. 39.0 1200 7.32 95-5  0.032
. 11. 200 7.32 95.5 0,052
. 11;§' 200 7.52 S 95.5 ...
! 13. 200 7.56 98.2 0,051
. 15.6 202 8.5 100 0.050

18.8 1167 Slngle Phase 100 0.113

* Read with agitator ball raised above the interface.
Bubble pt. Density = 0;0231& gnl. mOis./‘ml.
= 0.Lhsl gms./ ml.
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ORIGINAL DATA
'GAS IDENTTIFICATION A700/8L0 CELL TYPE 1/2¥Strt 10, 25
TEMPERATURE © =79,91°F CALL VorL.11.1ml. 33P VOL.3.9ml
THZRIOCOUPLE, MV, 8,76 DBRVOLR PRESSURE 1300

‘ - RISERVOIR THIP. 100°F

Reservoir lIercury Fquilibrium Liquid Volunie - Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. Liquid

in. gage in, abs. :

Filled to 25 Psig at 70°F

1300 3.6 29 dry 0.938
== 2? Trace = —=mea-
Tl Trace - 0.72
ML oabe o1 T
1.0 522 0.16:% 1,5 0.683
——— 670 0.20% 1.6 a--.l
21.9 785 0.29:% 2.5 0.507
——— 901 ' o 7‘ 3.7 emee-
30.1 971 # Loy eeeas
3h.b 1o%u O u9- 5.2 0,457
———— 1085 0.9 E.a.‘ _____
38.0 1100 0.y 73 .9 0.l28
20.6 1100 047+ .9 0.l28
-———— 112l O L1 h.2  aeo_-
23.7 1143 0.35% SN 0.407
S 1152 0,273 2.5 eece-
——— - 1169 0.17% 1.5 ——
26.6 1191 dry 0 0.392
Cooled to 10.56 mv (-10l.91°%)
‘ Rescrvolr refilled to ]1 7 & 1000 Psig
1000 1.7 937 2.77 ih.S 0.299
' llLo 7 95"" ' a.o 30 } 1'. 2 ------
18.3 971 .55 58.2 0.276
- ' 971 RIS 51.8 = oaoaa
——— 972 -2.70 33.5  ee-e-
——— 972 olnﬂ‘le rhase 0 W «eeao
Cooled to 10. 60 mv (~106, 37°F)
960 5.5 S 71.1
960 6.8 88.5
Cooled to 10.70 mv (-107.8L°F)
949 5.5 71.1
952 5.9 - 768
952 7.2 94.0

952 Single Phase 100

¥ Read with agitator ball raised above interface.
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ORIGINAL DATA

GAS IDENTIFICATION A7oo/840 CELL TYPE 1/2"Strt 0. 25
TEIBERATURE ©=09.78°F  CELL VOL. 11l.lml. 3EP VOL.3.9u
HET

THERIMOCOUPLE, MV. 10.15 - RESTRVOIR PRESSURE 1250
‘ , RESERVOIR TEMP. 100°F

Reservelr. Ilercury Equilibrium Liquid - Volune Z
Pressure Level in Pressure in cell Percsesnt
1b./sq. Reservoir  1b./sq. Liquid

in. gage : in. abs. :

Filled to 25 Psig at BO°F

3.7 27 dry 0 0.929
—-——- 73 Trace Trace -————
6.6 165 Trace Trace 0.763
12.7 925 0. é2% O.2~, 0.7P5
3 50.3 0.23% ; 0.6l
2l 728 o.Lme S [ -___!’é
31.1 83 0.95 9.5 0.LL8
38.1 - 910 1.49 16.9 0.385
2.9 910 1.49 16.9 0.385
7.4 oL9 2.00 23.9  =meie
11,5 982 2.5k 31.5 0.329
L 990 2.70 33.5 i
-—— 999 - 2.h0 0 29.3 mmeee
———— 1001 lone 0 ————
15.1 1016 Wone 0 0.313

Read with agitator ball raised above the interface.,

U, D. P. = 0.01197 g. mol/ml. = 0.2387 g./ml.
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ORIGINAL DATA '
GAS IDENTIFICATION A700/8l,0  CELL TYPE 1/2"Strt. 0. 25
TZLIPERATURE B -110.2L4°F CELL VOL.11l.1lml. SEP VOL.3.9
THERIOCOUPLE, 1V, 10.86 REISEAWOIR TEIIP.100°F

Reservoir Hercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percent
1b./sqi Reservoir 1lb./sq. : Liquid

in. gage in. abs.

- Filled to 18 Psig at 80°F
1000 2.0 23 dry ¢ 1.011
f

- 65 dry 0 emea-
; a7 1 ﬁ ' Trace Trace 0.892
" 7.0 2h5 - Trace Trace 0.811
i 1 15.0 %Sf 0.17% 1. 0.697
n 25.0 3L O.f“& 3.9  o0.541
" 38.1 756 1.1 15.9  0.4o3
" 2.0 756 1.0 15.9 0.103
} 12.0 822 2,50 31.1 0.338
" 20.0 867 3.89 9.0 = 0.302
i 26.0 892 5.65 73.2 . . 0,278
i 29.6 908 7.58 9. 0,267
" ——— 912 7.82 99.2 ccoe-
i 30.6 922 Single Phase - 100 0.267

Read with agitator ball raised above the interface.

B. P. = 0.01479 g. mol/ml, = 0.2949 gm/ml.
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. ORIGINAL DATA ‘
GAS IDENTIFICATION A7oo/8uo CELL TYPE 1/2"Strt NO. 25
TEPER.TURTE © =129.80°F CELL VOL.1l.1lml. SEP.VOL.3.9u
THZX0COURPLE, IV, 12. 15  RESERVOIR T=ZiiP. 100°F

Reserveoir lMercury Equilibrium Liguid Volume - Z
Pressure  Level in ' Pressurs in cell Percent
1b./sq. Reservoir  1b./sq. : Liquid

in., gage in. abs.

Filled to 27 Psig at 70°F

1000 3.2 27 dry 0 0.935
5.2 105 - Trace Trace. 0.879
8.5 21 0.11% o 8 0.790
12.8 3l O.ﬁO% g ———

- 20.0 172 0.0 3 0.56
28;7 269 1.11 11.8 ‘_?_Z
38.2 21 1.89 22.9 d.350
3.0 621 1.89 22.9 4_35“
13.0 666 i.01 37.2 0.290
23,1 702 L2 56.0 0.2,8
30.1 i 5.56 71.9 0.206
37.8 Thly 6.90 - 89.5 -
10.0 7%& 6.90 89.5 oo
13.1 752 7.49 97. 0.199
———— @5l 7.85 99. ﬁ -—-?-
16.2 821  Single Phase 100 - 0,209

# Read with agitator ball raised above the interface.

B. P. = 0.01713 g. mol/ml. = 0.3416 gm/ml.
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ORIGINAL DATA . |
GAS IDENTIFICATION A700/8440 CELL TYPE 1/2"Strt NOi 25

TEZMPERLTURE  =159.92°F CELL VOL.11l.1lml. SEP VOL.3.9:
THERIIOCOUPLE, Vs 1,03 = RESERVOIR TEiiP. 100°F
Reservoir lercury Equilibrium Liquid  Volume zZ
Pressure  Level in  Pressure in cell Percent
1b./sq. Reservoir  1b./sq. , ~Liquid

in: gage “iin, abs.

i

Filled to 25 Psig at 65°F

1000 6.1 27 Trace  Trace 1.075
8.2 95 Trace Trace 0.81
10.7 166 0.13% 0.9 0.7kl
Ul 250 0.23% 1.9 0.647
18.9 309 0.l L.0O —-mee
2l .8 35k £ 1.00 10.2  0.Lo7
31.3 8l 1.50 17.0 ==---
38.0 ilo - 2,10 25.2 0.274
3.8 1110 2.10 25.2 0.274
11.3 I3l 2.82 5.0 0.233
20.8 L57 3.79 é7.8 0.197
30.0 L7l [L.80 1.1 =—mee
37.7 L87 5.59 72.2 0.150
3.1 4,87 5.59 72.2 0.150
11.2 1,99 6.50 8.5  0.136
17.5 507 7.19 93.8  cmma-
19.6 509 7.47 97.4  o0.12
2l.3 510 7.73 99.0 0.123
23.5 634 Single Phase 100 0.149

“% Read with agitator ball raised above the interface.
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ORIGINAL DATA ‘

GAS IDENTIPICATION A700/8LL,0 CELL TYPE 1/2"Strt NO. 25

TEMPERATURE - =199,64°F CELL VOL. 11.1ml.SEP VOL.3.9n

THERMOCOUPLE, MV. 16.31 = RHSERVOIR PRESSURE 1000
RESERVOIR TEIP. 100°F

Reservoir Ilercury Equilibrium Liquid; - Volume Z

Pressure Level in  Pressure in cell Percent
1b./sq. Reservoir  1bi/sq. Liquid

in. gage -ini page

i i

Filled to 16 Psig at 70°F

1000 1.9 1% Trace Trace 0.797
. - 8 Trace Trace ————
8.0 123 0.23% 1.9 0.481
15.0 152 0.86 8.0 0.278
20.2 169 1.23 13.5 ———i—s
26.2 179 1.72 21.1 0.176
30.1 186 2.05 2li.g =
3.1 191 2.38 29.0  =mm--
39.0 198 2.7k 3.1 0.127
2.0 198 2.7 .1 mm——-
10.0 212 .38 2.1 ===
18.1 22l i.oé 1. . 0.100
26.0 233 L.73 60.1 . =m=m-
32.0 238 5.21 67.0  ===--
39.0 25 5.80 75.1  0.079
2.0 2l 5 5.80 75.1 - 0,079
7.0 251 6.25 81.3 . ==m=-
13.0 25l 6.75 87.8  =----
17.0 257 7.12 92.9 0.069
20.0 259 7.38 96,2 = =mm=-
23.0 262 o 7.78 99.2 0,066
28.0 699 Single Phase 100 0.169

Read with agitator ball raised above the interface.

B. P. = 0,02376 gm mol/ml. = 0.4738 gm/ml.
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RIGINAL DATA
GAS IDINTIFICATION A700/940 CELL TYP? 1/2“ strt 170. 25
TE.PERATURE -72 +9L°F  CELL VOL.11.lml SEP VOL.3.9ml
TEERMOCOURLE, V. RESIRVOIR TZiIP. 100°F

Reservoir liercury Equilibrium Liquid Volume Z
Pressure Level in Przssure in cell Percent
1b./sq. Reservoir  1b./sq. - - Liquid

in, gage ih. abs. -

i

.Filled to 17 Psig at 81°F

1250 2.2 2l dry 0 1.017
” - ol Trace Trace  ==w=r-
it 9.0 381 Trace Trace  0.840
" - li7s © 0.10% 0.7  wemmene
5 15.0 628 - 0.1l 1.0 0.737
" -———— 6li6 0.18 1.2 emeen
5 22.0 - 849 0.23 1.6  0.6lo
" i alj2 0.28 2.2 mmmew
. 30.0 1045 0.29 2.2 0.556
" 3L.0 1128 0.30 2. 0.520
t 3.0 1128 0.30 2y e
" 38.0 1205 0.80 2.0 0.9l -
" 20.0 1205 0.26 2.0 = =--==
i ‘ 23.0 1266 0.16 1.0 ~ 0.476
" ——— 1287 0.13 0.9  ====-
i 25.0 1306 0.12 0.8  0.467

Read with agitator ball raised above the interface.

Run terminated because of hazard of high pressure.
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ORIGINAL DATA
GAS IDENTIFICATION A700/9L0 GELL TYPE 1/2" Strt NO. 25

TZLIPERATURE -99.78°F CELL VOL.1ll.1lml SEP VOL.3.9ml
TIIRIIOCOUPLE, V. 10.15 RISZRVOIR TEHLP, 100°F
Reservoir Illercury BEquilibrium Liquid Volurne oz
Pressure " Level in Pressure in cell Percent
1b. /sq. Reservoir  1b./sq. Liguid

in. gage in. abs. .

irmal

Filled to 27 ﬁsig at 78°F

1250 2:0 26 dry .- 0 o 855
i 15.2 s7L 0.18: 1.1 0.671
" 26.5 3Ls 0.l 2% 3.9 O.EB
d 35.3 102] 0.73% 7.5 0.Lz
" 2.0 102l 0.73% 7.5 ———
" 7.6 1091 0.60% 5.9 0. 388
" -—- 1119 0.50:% ﬂ,7 —
i 11.0 1136 . 0.30% 2.5 0. q,3
! ———— 1140 . 0.20% 1.5 ——ee

% Dead with agitator ball raised above the interface.’

Bath too cloudy for further observations.
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ORIGINAL DATA S
GAS IDEFTIFICATION A700/9L,0 CELL TYPT 1/2" Strt NO. 25
TEIPERLTURS ~110.24°F CELL VOL.ll.1lml SE? VOL.3.%ml
THEZRMOCOUPLE, 1V. 10.8 RESZERVOIR THElip. 100°F

Reservoir Mercury Bauilibrium Liquid = Volume 2
Pressure  Level in  Pressure in cell - Percent
1b./sq. Reservoir  1b./sq. : Liquid

in., gage in. abs.

-

Filled to 18 Psig at 76°F

1250 20.6 21 Trace Trace 0.895
" R 89 Trace Trace -
" 2345 172 Trace Trace 0.678
L 27.2 333 0.10% 0.5 0.799
L 32.4 505 0.20% 1.3 . 0.681
f 38.1 652 0.40 2.1 0.591
4 2.0 652 0.40 2.1 ————
1 11.2 830 0.72 6.1 0.486
s 16.9 898 1.00 10.1 0.L27
" 2.8 062 1.80 22.1 0.364
i 32.0 1009 1.86 22.7  —emmn
i 32.2 1012 dry 0 0.320

Read with agitator ball raised above the interface.

Upper Dew Point Density

il

0.0135 g, moles/ml.
0.2801 grams/ml.

It
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ORIGINAL DATA
GAS IDINTIFICATION A700/9L0 CELL mYPE 1/2” strt ¥O. 25
TEIiPERATURE -119,83°F CELL VOL.11l.1 ml SEP VOL.3.9m
THERIOCOUPLE, Iv. 11.50 RESERVOIR TEiP. 1C00°F

Reservoir Ilercury Bquilibrium Liquid Volume Z
Prossure Lovel in  Prossure in cell Percent
1b./sq. Rescrvoir  1b./sq. Liquid

in. gage in. abs. :

Filled to 23 Psig at 78°F

1000 2.7 27 dry 0 1.0L€
" - 6l Trace  Trace mmmw-
" 5.0 11l 0,10 0,5 0.883
" 7.9 2¢7 0.15-» 1.0 0.81c
" 12.5 0.16% 1.0 0.728
! %fxi 527 0 g% %;2 0.65);
‘ I" D ‘ ‘ O. 7
L 30.1 699 0.68 5.l --??-
i 38.0 731 1.02 10.6  0.Llk3
" 3.0 7381 1.02 10,6 eea-l
ﬁ 19'§ ggs 1.13 16.1 -_-é_
! 5, 31 1.92  23.1 0.3
" 21.0 921y 2.60 32.1 ____Z
" 2l..0 ol.2 3.01 7.1 0.328
" ——— 95& 3.39 2.2 =-=--
" ——— 96 3.70 L6.5 ———-
! 28.0 967 EZ 0 L9.5 0.31L
‘ ————— 979 .69 59.5  =====
t 30,3 979 L.65 59.0 0.307
! 30.3 979 dry 0 1 ee——-

Cooled to 11.75 mv (-122.65)
939 - 5,20 66.6
- 947 6.20 80.5
951 7.19  93.8

055 Single Phase 100

Read with agitator ball raised above thes interface.

-

0.0135 gm mols/ml.
0.28301 gms/ml.

Upper Dew Point Sat. Density
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- ORIGINAL DATA o
GAS IDENTIFICATION A700/940 CELL TYPE 1/2" Strt NO. 25
TEIiPER: TURE © =129.80°F CELL VOL.1l.1ml SEP VOL.3.9ml
THIRUOCOUPLE, V. 12.15 RESEZRVOIR TEIP. 100°F

Reservoir lercury Boguilibrium Liquid . Volume = 2
Pressure Level in - Pressurc in cell " Percent
1b./sq. Reservoir  1b./sq.’ Liquid

in. gage in. abs.

Filled to 12 Psig at 70°F
1000 2.1 16 dry
1" .

0. 0.865

- : 53 Trace Trace —====

" %.3 102 Trace Trace  0.855
" .8 25 0.05% 0.k,  0.803
L 1.8 1.0 0.20:% 1.3 0.677
" 20 516 0.146 2.8 0. Zo
a 30.2 639 - 0.90 - 8.7 o.g 9
! 37.8 701 1.0 15.7 0.Lo1
b 2.0 701 1.1.0 15.7 e
" 15.9 782 2.86 3”;%‘ 0.318
" 25.0 828 ly.32 ,Sﬁ; 0.283
B 29.5 8lié 5.27 67.7 = weee=
. 3.1 365 6.46 8.0 acaa-
iy 37.5 875 7.1.9 97.5 0.24l
! 1.7 875 7;%9 A 97.5 e
4 2.2 876 7.0l 9.8  cmaea
" 2.6 376 3.55 1100 0.241

Read with agitator ball raiséd above the interface.
Bubble Point Density = 0,016ll; gm mols/ml.
0.3411 gms./ml.
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ORIGINAL DATA
GAS IDENTIFICATION A700/9L0 CELL TYPE 1/2" Strt ¥0: 25

THE.IPERATURE

~-159.92°F CELL VOL.11l.,1ml SEP VOL.3.9ml.

THIRI:OCOUPLE, V. 14103 SJRVOIR TENP. 100°F
Reservoir. Iercury Bguilibrium Liquid =~ Volume Z
Pressure Level in Pressure in cell Percent
1b,/=q. Reservoir  1b./sq. Liquid
in. gage in. abs.

Filled to 23 Psig at T70°F

1000 2.5 23 Trace Trace 0.96l
L 13.6 12 0,28 2.1 0. 12
n 23.6 26 0.93 9,0 0.4
it 30.8 1168 1.50 17.0 0.302
L 38.2 507 2.10 25.3 0.309
I 2.1 507 2.10 25.3 ==---
f 10.1 % 2.88 35.8  0.267
L 23.2 568 - L.38 550 0.215
it 30'3 587 5-21;- 6705 ‘ 0‘197
" 38.1 60l 6.19 30.2  0.180
" 2.0 60l 6.19 80,2  =----
a 10.3 619 7.30 95.2 0.165
" 13.6 635 Single Phase 100 0.162

Recad with agitator

Bubble Point Density

ball raised above the interface.
0.01892 gm. mols/ml.
0.3926 gms/ml.

]



ORIGINAL, DATA

GAS IDENTIFICATION :A700/9l0

TELPERATURE -199,6l.°F
THAIRMOCOUPLE, MV. 16.31‘

147

CELL TYPE 1/2" Strt NO. 25
CELL VOL.1l.1lml SEP VOL.3.9ml
RESERVOIR TEIP. 100°F

>Volume Z

Reservoir Iercury Equilibrium Liquid

Pressurc Level in Prassure in cell 2Percent

1b./sq. Reservoir  1b./sq. Liquid

in. gage in. abs.

Filled to 27 Psig at 75°F

1000 2.0 2 Trace Trace 1.303
" 8.0 18 0.25% 2.0 0.586
i 15.0 203 0.77 . 6.8 0.368
i 28,0 231 1.&% .16.0 - 0,215
" 30.2 251 1.7 22,0  m-ee-
" 39,8 272 2.6 30.1 0.174 -
" 2.0 272 2.6 3001 emne
t 10.2 289 . 3.10 38.5  0.152
" 18.0 302 .73 - L7.00 meee-
" 2&.0 311 l..28 o ol.0 0,123
i 34.0 319 5.10 65.3  =e-es
) 39.8 325 5.5h 71.7  0.10k4
it 2.0 325 5.5l TL.7 ===-=
" 10,0 332 6.25 81.3 0.096
" 18.0 336 6.95 90.2 0.088
" 25.6 3&3 7.52 G8.0  m=-=-
L 25.6 343 7.84 98.L,  0.083

i+ Read with agitator ball raised above the interface.
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ORIGINAL DATA
GAS IDENTIFICATION "ABR" CELL TYPE 1/2"Strt NO. 25
TEMPERATURE -79.91°F CELL VOL.1l1l,lml, SEP VOL.3.9ml
THERMOCOUPLE, MV.8.76  RESERVOIR PRESSURE 1250

‘ RESERVOIR TEMP. 100°F

Reservoir Mercury Bquilibrium Liquid Volume Z
Pressure Level in Pressure - in cell Percent
1b,/sq. Reservoir 1b./sq. Liquid

in, gage in. abs. o

Filled to 22 Psig at 75°F

5.5 - 25 dry 0 0.916
- ?g ' dry 0 meee-
- 1106 Trace Trace - —————
8.9 200 Trace Trace 0.766
- 293 Trace Trace - ====- .
12.1 iﬁé Trace Trace 0.756
- 12 0,123 0.8  =~--wo
16.2 52, 0.13:% 0.9 0.696
20.8 5 0.1l 0.9 0.621
25.6 774 0.15% 1.0 0.533
55-~ g§7 0., 1l 0.9 --gg-
. 9 0.13% 0.9  0.4ho
3&-2 91l dry 0 0.436

s,

#* Read with agitaﬁor ball raised above the interface,
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ORIGINAL BATA
GAS IDENTIFICATION "AB"  CELL TYPE 1/2"Strt N0« 25
TEMPERATURE ~  -97400°F CELL VOL.1lilml. SEP VOL.3.9ml.
THERMOGOUPIE, MV. 9.96 RESERVOIR PRESSURE 1000
RESERVOIR TEMP. 100°F

Reservolr Mercury Equilibrium Liquid Volume Z

Pressure . Level in  Pressure, in cell Percent
1b.#sq. Reservoir 1b./sq. . Liquid
in. gage in. abs.

Filled to 17 Psig at 72°F ,
1.7 23 ary 0 0.992

- 7 dry 0 =+ mee--
—-— 125 dry 0 ——m——
5.5 191 ' Trace Trace '0.615 .
——— % Trace  Trace ~==-=
10,1 , Trace Trace 0.881
13.6 - Trace Trace 0.768
17.8 561 © 0.10% 0.5 0.682
22.0 639 0;22 1.1 0.603
26.8 701 0. 2.1 0.528
28. 716 0.0 2. 0.509
32, é 7l 0,48 ﬁ«s, 0.452
33. 75 - 0.56 .3 0.439
———— 766 0.63 %;9 -----
38.3 780 0.75 .5 0.392
2.0 780 0.75 6.5 0.392
“ee 78 0.77 6.9  ee-a-
.- 72 0.80 2.2 -----
--- 7 0.77 9 e
- 787 0.7k b —eee-
- 791 0,67 ﬁ.e -----
6.0 792 0,58 W1 0.357
~=- 794 0.39 . 2.1 ——-e-
6.8 79 Single Phase O 0.351
11.7 81 Single Phase O 0.320
25.2 - 899 Single Phase 0 0.270

#* Read with agitator ball raised above the interface.
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' ORIGINAL DATA
GAS IDENTIFICATION "“AB" CELL TYPE 1/2"Strt NO. 25
TEMPERATURE - =99,78°F CELL VOL.1l.lml. SEP VOL.3.9ml.
THERMOCOUPLE, MV: 10.15 RESERVOIR PRESSURE 1250
RESERVOIR TEMP. 105°F

i

Reservoir Mercury Equilibritm Liquid: Volume V4

Pregsure Level In  Pressure in ¢ell Percent
1b./sq. Reservoir 1b./sq. Liquid
in. gage in. abs.

Filled to 2l Psig at 88°F ‘
0.936

2.0 26 dry 0

5.0 176 Trace Trace 0.811
11.0 22 0,101 0.6 0.730
18.5 2 0.17% 1.2  0.573
25.1 713 0,39 3.3 0455
31.9 755 0.90% 10.0 0.389
38.0 775 dry 0 0.311

% Read with agitator ball raised above the interface.



151

ORIGINAL DATA ,
GAS IDENTIFICATION "AB"  CELL TYPE 1/2"Strt NO.25
TEMPERAT URE -102.86°F CELL VOL.1l.lml. SEP VOL.3.9ml.
THERMOCOUPLE, MV. 10.36  RESERVOIR -PRESSURE 1000

: RESERVOIR TEMP. 100°F

Pk

[\ S

Reservolr Mercury Equilibrium Ligquid Volume
Pressure Level in Pressure in cell Percenﬁ
1b./sq. Reservolr 1b./sq. ~Liquid
in. gage in. abs,
Filled to 21 Psig at 75°F
1.7 26 dry 0 1.007
- 125 dry 0 -
7.0 22 Trace Trace 0.813
-— 313 Trace Trace —————
12.1 ﬁgl 0,10 0,5  ==-=--
- 5 0.11% 0.6 ~--=-
16.9 51 0,123 0.7 0.648
22.0 603 0.19:% 1.2 =----
29.2 681 0.39% 3.3 0.467
37.8 727 1.10 11.7 0.373
2.5 727 1.10 11.7 0.283
9.8 746 2.1 1 - ———
1.8 753 1 3.91 L9.3 . 0.286
---- 753 L.30 5%.3 -----
~=- 75 L.63 56.5  -----
75l 5.33 88.5  -----
15.8 75l 7.05 91.9 = 0.277
16.0 75l None Visible None V

isible0.276

% Read with agitator ball raised above the interface.
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ORIGINAL DATA v ‘
GAS IDENTIFICATION "AB" CELL TYPE 1/2"Strt NO. 25
TEMPERATURE ~-112,30°F CELL VOL.11.,1lml. SEP VOL.3.9ml. -
THERMOCOUPLE, MV. 11.00 RESERVOIR PRESSURZT 1000
RESERVOIR TEMP. 100°F

Roservoir Meveury Equilibrium Liquid  Volume 7

Preéé@re Level in Pressure in cell Percent
1b./8q} Reservoir 1b./sq. Liquid
n. gage in. abs.

Pilled to 2l Psig at 81°F

2.0 26 dry 0 0.955
.5 129 Trace Trace 0.82&
10.2 310 Trace Trace - 0.7
16.3 367 0.12% 0.8 0.491
22.0 561 0.26% 2.0 o.gys
29.5 621 0.81 7.5  0.430
38.1 6lL6 1.96 23.3 0.335
3.2 6l 6 1.96 23.3 0.1335
10.3 657 - ?.20 10.0 0.262
16.0 661 1e33 - 5.8 0.23
21.0 666 5.5 71.8 0.226
25,0 668 6.5 85,0 0.210
28.2 670 6.5 95,2  0.200
29.8 673 6.59 100 0.195

(7

# Read with agitator ball raised above the interface.
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ORIGINAL DATA

GAS IDENTIFICATION "AB" CELL TYPE 1/2"Strt No. 25

TEMPERATURE - =149,91°F CELL VOL. 11l.1lml. SEP VOL3.Oml,

THERMOCOUPLE, MV. 13i42 RESERVOIR PRESSURE 1000
RESERVOIR TEMP,100°F

Reservoir Mercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. Liquid

in. gage in. abs.

Filled to 22 Psig at 82°F

2.3 _ 26 dry 0 1.123
- 6l Trace Trace =  =e===-
l,.8 117 Trace  Trace 1,062
8.9 231 0.1l 0.9 0.741
15,1 322 . 0.52 3.8 0,529
22.8 3110 1.2l 13.9 0.339
30.1 345 2.00 23.9  0.251
38.2 37 2.82 35.0 0.197
2.2 347 2.82 5.0 0,197
10.0 349 3.6& is.a 0,162
18.6 349 .53 57.2  0.1336
26.3 351 5.40 69.6  wemm-a
32.0 351 5.99 77.6 0.1066
38.0 351 6.59 85.8 . 0.0976
3.7 351 6.59 | 8?.8 0.0976
10.3 351 7.22 9lL.3 10,0892
.5 35  Single Phase 100 0.0855

* Read with agitator ball raised above the interface.
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| ORIGINAL DATA | o
GAS IDENTIFICATION "AB" CELL TYPE 1/2"Strt NO. 25
TSMPERATURE -199,86°F CELL VOL. 11l.1lml. SEP VOL.3.9ml
THERMOCOUPLE, MV. 16.32 RESERVOIR PREZSSURE 1000

~ RESTRVOIR TEMP. 100°F

-l A F

Reservoir Mercury - Equilibrium Liquid Volume Z
Pressure Level in  Pressure in cell Percent

- 1b./sq. Reservoir 1b,/sq. Liquid .
in. gage in. abs. :

Filled to 28 Psig at 85°F

1.9 22 dry 0
- 6.2 105 0.20% 1.
16.3 S 112 1.11 11.
38,2 113 2.85 35.3

2. 11 2.85 = 35.3
23.3 11 l..50 57
37.8 11l  5.63 73

Run not completed because nitrogen supply was exﬁausted.

* Read with agitator ball raised above the interface.
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ORIGINAL DATA |
GAS IDENTIFICATION AB700/800 CELL TYPE 1/2" Strt NO. 25

TEMPERATURE -99, 78°F CELL VOL.11l.1lml SEP VOL.3.9ml
THERMOCOUPLE, MV. 10.15 RESERVOIR TEMP. 100°F
Reservoir Mercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percent
1b./sq.. Reservoir 1b./sq. Liquid

in. gage ‘ in. abs.

e . i C
i i

Filled to 22 Psig at 75°F |
1000 2.6 27 dry 0 1.020

t - 125 dry 0 -
:' 6.5 185 ary 0 0.853
v -— 262 Trace? = Trace? awe--
}' 10.1 23 Trace Trace 0.832
:: --—ﬁ | ﬁll - Trace Trace —————

15. 81 Tm ce Trace  0.737
" 20.0 59  0.12w 0.8 0.668
" ——— 698 0.13% 0.9  —mae-
N 30.2 770 0.13% 0.9  0.540
" 35.4L . 829 0.1l 1.0 0.487
" 38.0 8s, 0.1l 0.1 0.162
" 2.7 85l 0.11% 0.7 0.L62
| - 861 Trace Trace  —==--
" 5. 'é 875 dry 0 0.438

11.6 932 dry 0 0.398

Read with agitator ball raised above the interface..
U. D. P. = 0,008297 g mol/ml. = 0.1503 g/ml.
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n ORIGINAL DATA
GAS IDBNTIFICATION AB700/800 CELL TYPE 1/2" Strt NO. 25
TEMPERATURE - ~110.2L°F CELL VOL.1l.1lml SEP VOL.3.9m
" THERMOCOUPLE, V. 10.8 RESFRVOIR TEMP. 100°F

ReServoir lercuby . Equllibrium Liquid ‘Volume z

Pressure Leveljin_ Pressure . in cell Percent
1b./sq. Reservoir lb;/sq. ; Liquid

in: gage ‘ ihi abs.

TEONGY SUTT I P e i TSRS TR SR SRIVAI S O . B B SETI-VIR B TR LI

Filled to 22 Psig at 80°F

1250 2.0 25 dry dry 0.965
" : %. 110 dry dry 0.863
" .ﬁ 238 Trace Trace 0.825
" 10.0 - 392 Trace Trace 0.772
" 15.0 ' gh7 gragef‘ Trici 0.664
n 20.0 59 .18 . 0.571
. . 25.2 733 0.31sx - 2.6 0;387
" 30.8 785 0.63 L.9 o.h1h
i : ———— 817 0.79 7.0 ————
i ———— 827 0.9 .5 eeeee
L —— 832 dry - Y —————

Read with agitator ball raised above the interface.
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ORTGINAL DATA
GAS IDENTIFICATION AB700/800 CELL TYPE 1/2" strt NO. 25

TEMPERATURE - =113i51°F CELL VOL.1ll.1lml SEP VOL.3.9m:
THERMOCOUPLE, V. 11.08 RESERVOIR TEilP. 100°F
Reservoir Merbury Bquilibrium - Liquid, Volume Z
" Pressure Level in Pressure in dell Percent
1b/sq. Reservoir 1b./sq. Liquid
in. gage in. abs.

Filled to 2l Psig at 76°F

1000 - 1k.9 27 dry 0 0.988
f 17. 127 Trace? Trace? 0.895
" 20. 29 Trace Trace 0.829°
" 26,0 o7 - = Trace Trace 0.733
" 32.0 sl 6 0.10:% 0.6 =eme-
" 33.0 610 0.20% 1.4 0.553
" 1.6 64,0 0.20% I
" 10.1 722 0 0.52 3.5 0.448
" 15, 787 0.80 7.2 0.398
; 20. o781 1.13 12.0 0.360
" ' 2lL.9 801 1.40 15.7 0.332
" ——— 807 1.6 16 —eee-
" ——— 8o8 1.16 12,5 —=-e-
; ——— 810 - 0.66 Lo —--aa-
" 2745 811 . dry 0 0.318
" 38.0 - 879 ary 0 0.282

Read with agitator ball raised above the ihterface.

U. D. P. = 0.01101 g. mol/ml, = o.199h gram/ml.
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ORIGINAL DATA
GAS IDENTIFIGATION AB700/800 CELL TYPE 1/.2'l Strt NO. 25

TTMPERATURE ., -118. 1 8°p CELL VOL,1l.1lml SEP VOL.3.9m:
- THERMOCOUPLE, MV. 11.&1 RESERVOIR TiMP. 100°F
' ’ ' o
Reservoir lercury Equilibrium Liquid Volume Z
Pressure Level in  Pressure . 1in cell Percent
1b./sqa Reservoir 1b./sq.’ ~ Liquid

in. gage in. abs.

- . i e S b P

Filled to 25 Psig at 76°F

1000 8.3 , 26 dry 0 0.930
" - 11l dry 0 e
" 12.7 189 Trace Trace 0.820
" 18.2 61 - Trace Trace 0.,73L
" -——— , 17 0.10% - 0.7  w-e==
" 2.1 503 0.12% 0.8 0.650
" 30.7 ‘ 608 0.2l 1.9 o0.5hb
" 38.0 677 - 0.63 4.8  0.053
" 7.3 YA 0.63 - L.8 0,453
" 15.1 72 1.27. 13,8 -iZIE
" 22.5 756 2.29 27.8 0.326
\ ---= 775 .82 L8.3  —----
" —— 778 - 1 .60 58.0 ~—e--
" 30. : 779 5.73 7h.2  0.285
" 30. 779 ©None VlslbleNOne Visible0.263

Read with agitator bgll raised above the interface.
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‘ ORIGINAL DATA o ,
GAS IDENTIFICATION AB700/800 CELL TYPE 1/2" Strt NO. 25 -
TEL:PERATURE £119.83°F CELL VOLill.1lml SEP VOL.3.9mI
THERMOCOUPLE, V. 11.50  RESERVOIR TEMP. 100°F

Reservoir llercury Equilibrium LiQuid; Volume Z
Pressure Tevel in Pressure . 1in cell Percent ‘
1b./sq. Reservoir  1b./sq. ' Ligquid
in. gage in., abs. - '

Filled to 30 Psig at 77°F

1000 2.0 31 dry 0 1.009
" 3.8 107 dry 0 0.950
" 6.5 21k Trace Trace  0.900
" 11.9 388 Trace Trace 0.792
" 19.3 shl 0.18 2.1 0,635
n 28.0 61,8 0.64 4.9 0.,98
" 38.0 706 - 1.60 18.5 0.385
i 2.6 706 1.60 18.5 0.385
" 12-3 7)-:-0 Q'Zl‘. %005 —————
i 18.1 756 %.8& 61.9  0.284
" 21.2 766 .09 78.8  aeeaa
" 23.5 770 7.0 - 96.8 0.260
! 23.7 770 7.55 984 eeees
" 23.9 771 Single Phase 100 0.258
" 31.0 838 Single Phase 100 0.2L2

* Read with agitator ball raised above the interface.

B. P. = 0.01312 g. mol/ml. = 0.2376 grams/ml.
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: ORIGINAL DATA |
GAS IDENTIFICATION AB?OO/BOO CELL Tva 1/2" strt NO. 25

TEHPERATURE . «128.25°F CELL VOL:11l.1ml SEP VOL.3.9ml
THERIHOCOUPLE, V. 12‘05 , RES?RVOIR TEWP. 100°F
: M oy [ .
Reservoir liercury Equilibrium Liquid Volume. 7
Pressure Level in Pressure - in dell Percent
1b./sq. = Reservoir 1b./sq. Liquid
in. gage in. abs. ' S

Filled to 23 Psig at 80°F

1000 2.7 25 dry 0 .0.985
1 — 7 . dry o " - o - e
" 6.7 ‘ 173 Trace Trace 0.833
" IQ.E 269 Trace . Trace 0.796
" 15.1; 23 0.12% - 0.8 0,694
ﬁ 21.7 . 517 0.29:% 2.2 —c—ia
’ 30.3 599 0.92 9.1 0.4L0
v 38.2 630 1.75 21.5° 0.359
" 2.8 63l 1.75 21.5 0.359

10.3 657 2.75 k.0 0,303
L 18.8 680 - Lh.20 53.0 0.261
" 27.0 698 5.91 76.5 0.229
1. 706 6.90 89,6 0.215
" 3&. 710 7.51 97.8. ————
" kI 712 Single Phase 100 0.207

Read with agitator ball raised above the interface.
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ORIGINAL DATA :
GAS IDENTIFICATION AB700/800 CELL TYPm 1/2" Strt NO. 25

TELPERATURE =158.58°F CELL VOLtlltlml SEP VOL.3.9m:
THERMOCOUPLE, MV. 13.95 RESERVOIR TEIiPs 100°F
Reservoir Hercury Equilibrium quuid " Volume 7
Pressure Level in Pressure - in ¢éell Percent
1b./sq. Reservoir 1b./sq. Liquid
in. gage in. abs. |

Filled to 23 Psig at 83°F

1000 .2 2l dry 0 1.041
" i.h : 10 Trace Trace  ==-==-
" 11.0 257 0.12% 0.8 0.734
" 16.0 346 0.70 5.9  0.481
. 26.2 355 1.go %g;g 0.353

32.1 | 1.87 . ————
; . 38.0 ﬁou 2.k 30.0  0.248
! 2.0 LLoly 2.1l 0.0 0.248
! 10.2 1120 .29 31.0 -----
" 18.0 L33 3.12 52,1 - 0.181
' 26.0 W3 5,00 bl..o - 0.159
" 32.0 450 5.67 73.5 = ==---
" 38.2 Ls7 6.36 82.6  0.136

2.2 L57 6.36 82.6  ---c-
" 8.l L6l 7.05 91.9  —==-e
, 12.3 Lély - 7.57 8.  0.120
! 13.9 1165 7.72 99.0  =-=--
1

1.8 199 Single Phase 100 0.126

# Read with agltator ball raised above the 1nterface.

B. P. = 0. 01919 g. mol/ml. = 0.3475 grams/ml.
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ORIGINAL DATA
GAS IDENTIFICATION AB700/800 CELL TYPE 1/2" Strt NO. 25
TELPERATURE -199.86°F CELL VOL.11l.1ml SEP VOL.3.9m:
THERIOCOUPLE, MV. 16.32 RESERVOIR T7HMP. 102°F

Reservoir NMercury mqullibrlum quuid Volume Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. | Liquid

in. gage " in. abs.

Filled to 28 Psig at B5°F

1000 2.0 22 dry? 07 0.943
. -—- 9 Trace Trace ~— —-caa
L 6.2 119 0.17% 1.1 0.661
. 10.4 139 0.7 .2 0.391
. 16.1 157 - 1.02 10.5 ...
) 25.9 17 1.80 22,2 0.176
. 38.0 13 2.70 33.6 0,126
. 1.9 138 2.70  33.6 0.126
" 15.1 202 i.78 L47.5 0.099
! 28.1 211 .87 2.1 0.081
J 38.0 215 5.6 73.2  eeees
. 30.7 215 5.6% 7302 mmeee

38.0 219 6.2 81.1  0.072
" 15.5 219 6.26 - 81.1 0.072
x 25. 223 7.01 91. 5 0.060
" 32.0 227 7.63 -~ 98.8 . 0.057
32.7 227 Single Phase 100 0.057

# Read with agitator ball raised above the interface.
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ORIGINAL DATA
GAS IDENTIFICATION AB 700/940 CELL TYPE 1/2" Strt KO. 25

TEMPERATURE -104..91°F CELL VOL.11l.1 ml.SEP VOL.3.
THERIMOCOUPLE, V. 10,50 RESZRVOIR TEMP. 100°F
Resorvoir Mercury - Equilibrium Liquid Volume A
Pressurc Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. , Liquid
in. geage ' in. abs. ’

Flllcd to 20 Psig at 76°F o
25 - dry  dry 1,008

1000 1.9
" e 137 Trace? . Trace? 1.001
" 8.5 291 Trace Traco 0.878
" 13.0 L1 . Trace Trace  0.805
" 19,1 60l Trace ‘Trace 0.717
" ' 25.5 735 Tracc? = Trace? 0.631
" 33.2 368 Trace?  Thace? = ===m==
" 38.0 934 Tracc? Trace? 0.516
" 10.0 o3, - Trace? Trace?  ====-
" i5.9 1009 SRR ? - 0.478
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ORIGINAL DATA
GAS IDENTIFICATION AB 700/940 CRELT. TYPE 1/2"Strt NO. 25

TEITPERATURE -119.83°F CELL VOL.1ll.1lml SEP VOL.3.9r
THERMOCOUPLE, HMV. 11.50 -~ RESERVNIR TEMP. 100°F
Reservoir lercury Equilibrium Liquid Volume Z
. Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. Liquid
in. gage in., abs.

FPilled to 23 Psig at 75°F

1250 2.2 26 dry 0 0.999
" R 68 Trace Trace  e—=—w=-
i 5.9 200 Trace Trace 0.827
" 9.5 51 Trace - Trace 0.779
L _ 13.5 éeé 0.12% 0.8 0.712
" 18.1 610 . 0.16s 1.0 —<ee-
" 23.1 712 0.18% 1.2 0.555
" 271t 77k 0.20:x 1.3 ~—————
i 30.L 811 0.21% 1. 0.465
n 33.0 8110 0.18% - 1.1 ==—--
" ——— 84,8 o 0.12% 0.8  ~e-a-
" 3l.4 85l dry 0 0.4h25

Cooled to:12.15 mv (-129. 80° )
Gage Refilled to 17.2
" 22.6 813 1. 59 18.1 0.3lh0
iy -—— 817 15.9  =-=--
it - 819 o 96 9.  =-=--
it 2h.s 821. Single Phase 0  0.326
: Cooled to 12.L1 mv (-133.83°F) N
" 26.1L 797 .01 Lg.5  0.300
" ——— 801 .65 8.9 mm-e-
, -—— 802 5.18 66.0  —----
L L 80 5.90 76.h ————
i 28.5 80l Single Phase 100 0.285

# Read with agitator ball raised above the interface.
Upper Dew pt. Density (-119.83°F) .008829 gm mols /ml. =
1727 gms/ml,

Upper Dew pt. Density (-129.80°F)

.01108 gm mols/ml. =

» .2167 gms/ml.
Bubble pt. Density (-133.83°F) = ,01228 gm mols/ml. =

.2L02 gms/ml.
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ORIGINAL DATA
GAS IDENTIFICATION AB 700/911.0 C:iLL TYPE 1/2" Strt NO. 25
TEMPTRATURE - ~130.56°F CELL VOL., 11.1ml.SEP VOL.3.9Q
THZIRIIOCOUPLE, IV, 12.20 RESZ VOIR TEiiP. 100°F ‘

Reservoir Hercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir 1b./sq. Liquid

in. gage in, abs.

Filled to 25 2sig at 76°F

1000 2.0 26 dry O 10,96l
" L.l 119 dry? 0°? 0.923
I 8.0 236 Trace Trace 0.815
" 12.8 26 Trace = Trace 0.625
n 16.6 73 0.11% I T
t 2lh..s 600 0.3 . 2,6  0.565
" 29.3 653 C.51 3.3  =e=m--
" 38.3 723 1.05 11.0 0.415
i 2.0 723 1.05 11.0 =----
" .2 757 1.63 19.2  ====-~
2 1.0 788 2.30 28.0 0.334
" 20.1 812 .60 Ls.2 0.305
L 21.L 817 .05 51.5  0.299
n 21.L 017 lione Visible lNone Visible ===
" 28.3 874 Single Phase Single “hase.28l

3 Read with agitator ball raised above the interface.

Upper Dew pt. Density = ,01261 gm mols/ml.

.2467 gms/ml.

i



166

'ORIGINAL DATA
GAS IDENTIFICATION AB 700/940 CELL TYPE 1/2YStrt NO.25

TEMPERATURE -136.82°F CELL VOL.11l.1ml. SEP VOL. 3.
THERIIOCOUPIE ; IV, 12.60 RESERVOIR TENMP. 110°F
Rescrvoir Mercury Bquilibrium Liquid Volume Z
Pressurc Level in Prcssure in cell Percent
1b./sq. Reservoir  1b./sq. Liquid
in. gage in. abs.

Filled to 22 Psig at 77°F

1000 2.0 2l dry 0 0.986
b fen ' 12l ary? 0?2 ====-
" 6.0 169 Trace Trace 0.851
" - 271 Trace =~ Trace =====
" . 12.5 359 Trace = Trace 0.741
1 ———— ' 0 0.12:% 0.7  =====
U 18.6 L92 0.17% 1.1 0.643
" 2l .6 581 0.32:% 2.7 0.554
" 30.3 637 0.59: 5.7 emanl
i 38.1 691 1.26 ,1ﬁ;o 0.403
i 2.6 691 1.26 1,0 e----
" 8.5 719 1.8 22.5 -----
" - 15.0 751 2.85 35. 0.322
" 22.0 777 L2 56.0  ==-e-
" 2.0 78l 5.12 65.6  —----
" 25.8 790 5.96 7742 0.275
" - 79 6.59 85.6  -----
" - 79 7.30 95.2  =-=-=
" 27.9 797 Single Phase 100 0.268
L 38.0 928 Single Phase 100 0.25L

# Read with agitator ball raised above the interface.
.01377 gm mols/ml
.2693 gms/ml.

Bubble pt. Density
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ORIGINAL DATA
GAS IDZWTIFICATION AB 700/940 CELT, TYPE 1/2" Strt NO. 25

TTMPERATURI -1l19.91°F CELLVOL. 11.1ml, SEP VOL.3.9ml
THERMOCOUPLE, MV 13.&2 RESERVOIR THIIP. 100°F
Reservoir llercury Equilibrium Liquid Volune Z
Pressurc Level in  Pressure in cell Percent
1b./sq.  Reservoir  1b./sq. Liquid
in. gage . ~in. abs.

Filled to 2L Psig at 80°F

1000 2.0 25 dry o . 1.022
" 6.0 162 0.10:% 0.6 0.859
" 10.0 195 0.10% - 0.6 0.530
" 17.2 L26 0.22: 1.8 0.6,8
" 25.2 v 511 0.70% 7.1 0.503
T+ I U B o
! . ( . 'q-o u3
" 2.0 578 2,05 2h.5 ----?
" 10.0 611 .00 372 e
" 18.2 636 ﬁ.lo 51.8 0.269
" 2.0 65l 5.03 S T
L 30.0 669 6.08 78.8 0.229
" 35.2 682 7.07 92.1 0.216
ot 20.0 682 7.07 - 92,1 emeean
it 22.6 687 7. % 97.5 = =me—-
! -——— 687 5 98.9  —eeeo
it 23.5 695 Slngle Phase 100 0.209

# Read with agitator ball raised above the interface.
Bubble pt. Density = .01603 gm mols/ml.
= ,315L gms/ml.
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ORIGINAL. DATA

GAS IDENTIFICATION AB 700/9L0 CELL TYPE 1/2" Strt NO. 25
TENPERATURE 192.86°F CELL VOL 11.1lml SE? VOL.3.9ml.
THIRI‘OCOUPLE, V. 16,32 RESERVOIR TEHP. 102°F

Reservolr liercury Equilibrium Liquid Volume Z
Pressure  Level in  Pressure in cell Percent
1b./sq. Roscrvoir  1b./sq. Liquid

in. gage in. abs.

.

Filled to 31 Psig at 87°F

1000 2.0 26 dry 0
" 7.0 17 0.13% 1.1 0.711
L 12.0 183 0.57 .1 0.449
i 22.0 225 1.21 13.2  0.278
L 33.1 252 2.16 26,0 aema-
i 33.0 2560 2.53 . 31.3 0.179
" 2.0 260 2.53 1.3 —emee
" 16.0 28l 3.59 és.o 0.141
i 23.1 297 -.7& 0.0 aeea-
! 38.h 305 6.1 79.7  0.104
ot 2.0 305 6.1 797 eeeea
" 16.4 319 6.90 89.6  0.091
! 22.3 " 325 7.45 97.2  0.087
i 25.2 325 Single Phase 100 0.08l

% HRead with agitator ball raised above the interface.

Il

Bubble pt. Density = .02225 gm mols/ml.

L1352 gms/ml.

]
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~ ORIGINAL DATA | o
GAS IDENTIFICATION "B" CELL TYPE 1/2"Strt NO. 20
TEMPERATURE ~39.8lL°F CELL VOL. 10.2 ml.SEP VOL.3.9ml.
THERMOCOUPLE, MV. 5.80  RESERVOIR TEMP. 100°F

Reservoir Mercury Equilibrium ILiquid Volume Z
Pressure Level in Pregsure - in cell Percent
1b./sq. Reservoir 1b./sq. o Liquid

ini gage : in. abs. -

Filled to 8 Psig at O°F Hg in Cell to 0.2%

1200 6.8 19 ary 0 0.203
" 9.9 213 Trace  Trace 0.836
" 13.5 1,08 Trace  Trac 0.788
" U5 02l 0,253 0.5 03912
n 16.2 i 0.2G% 0.9 0.73
" 21.5 765 0. 3l 1.8 0.695
" 2.6 905 0.4L1% 1.9 0.661
" 29.0 1052 0.60 2.8 0.607
" 31.0 1112 0.60 2.8 0.586
" 33.1 117k 0.60 2.8 0'568
" 3L.5 121l 0.61 2.9 0.55

* Read with agitator ball raised above the interface.
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ORIGINAL DATA o
GAS IDENTIFICATION "B" CELL TYPE 1/2"Strt NO. 20 '
EMPERATURE -59,80°F CELL VOL. 10.2 ml.SEP VOL.3.9ml.
THERMOCOUPLE, MV. 7.30  RESERVOIR TEMP. 100°F

Reservoir Mercury Equilibrium Liquid Volume Z

Pressure Level in Pressure . in cell Percent
1b./sq. Reservoir ib./sq.’ Liquid
in. gage , v in, abs.

Filled to 17 Psig at 75°F

1200 L6 2l | .dry
" 7. 183 dry? 67
" 9.& 305 Trace Trace
" 11.0 i89 O0.dh% 1.0 -
1 13.2 oly 0,204 1.3
" 15;& 585 0.23:% 1.6
y 17. 667 0.29% . 2.0
20.9 790 0.51 2.9
n 2%;3 892 0.60 3.8
" 28.2 996 0.70 5.0
" 30.4 1050 0.77 6.0
" 32.L 1092 0.80 6.7
: Erah 1os I

* Read with agitator ball raised above the interface.



171

ORIGINAL DATA

GAS IDENTIFICATION "B" CELL TYPE 1/2"Strt NO. 18
TEMPERATURE -73;6h°F CELL VOL.10.2ml. SEP VOL.3.70ml
.74  RESERVOIR TEMP.100°F

THERMOCOUPLE, MV,

Reservoir Mercury Bquilibrium Liquid Volume %
Pressure  Level in Pressure in cell Percent -
1b./sq. Reservoir 1b./sq. : Liquid

in. gage in. abs| '

Filled to 12 Psig at 76°F
dry 0 0.990

1000 5.0 20

" 8:3 166 . dry 0 0.802

" 10:2 203 - dry - 0 0.837

" 11,2 288 - Trace  Trace =w=--4=-

" 12.3 340 Trace - Trace 0.729

" 1%}1L ﬁOS 0.10% 1.3 —meil

" 16i2 182 0.13% 1.9  0.732

:: 17.9 ggg 0. 16 | 2;i -*ési
19.7 { 0.17% 2. 0.67

" 23.0 Sy 0. 2ysx £;3, 0.630

" 26.2 750 0. 30% w0 0.593

" 28;% 795 - 0.37 5.0 —=---

" 30. 8li2 0.60 5.1 0,54k

" 33.0 866 0.67 6.5  0.509

! 35.3 917 0.77 8.5 ~--ee

" 36.6 93 0.82 9.5 0.L87

" 384 961 0, 783 11,0  0.472

" 16;3 961 0,78 11.0  0o.h72

" 19, 996 1.05 13.0  0.4L6
1150 26,3 996 1.05 13.0 0.4l6
" 29.3 1038 1.23 15,0  —oca-

" 35.0 1107 1.70 21.8  0.391

" 38.0 115 2,08 27.5  0.367
1250 21.0 115 2,08 27.5  0.367
" 22,1 1156 2.30 31.ﬁ 0.359

" 22,6 1158 1.82 e%.o 0.355

" 22,7 1160 1.32 16.  0.355

" 23.3 116l Single 0 0.351

Phase

* Read with agitator ball raised above the interface.
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ORIGINAL DATA

GAS IDENTIFICATION "B" CELL TYPE 1/2"Strt NO. 18 «
TEMPERATURE -8l1'.69°F CELL VOL.10.2 ml. SEP VOL.3.7ml.
THERMOCOUPLE, MV. 9.10 RESERVOIR TEMP. 100°F

Reservoir Mercury Equilibrium Liquid  Volume Z

Preéssure Level In  Pressure in cell Percent
1b./sq. Reservoir 1b./sq. Liquid

in. gage ~ in., abs.

"

Filled to 12 Psig at 75°F

1000 9.6 17 . ary [}

: 13.7 198 Tradce  Trace
19.0 399 0.15% 2.0

" g 655 045 2.5

" 31 5 729 0.55 lL.0

" 3.3 773 0.61 5.1

" 38.0 806 0.73 8.0

" 13.7 806 0.73 8.0

" 17.0 855 0.85  10.0

L 20.8 901 1.01 12.3

: 2 5% TR A

n 31.3 100 1.62  20.%

" 33,0 101 1.76 22.7

1150 1& 9 101l 1.76 22.7

" 18,1 1052 2.1l 28.7

" 2.1 1120 3.50 L8.L

: 25.7 113% 3.82 . 53.0
25.8 [y.18 57.8

" 26.0 None 7isible None

" 26.1 11uu - None Visible Visible

Leaks were present in apnaratus, invalidating density
measurements.

*  Read with agitator ball raised above the interface.
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| . . ORIGINAL pATA |
GAS IDENTIFICATION "B"  CELL TYPE 1/2"Strt No, 18
TEMPERATURE -89.68°F CELL VOL.16:2ml, SEP VOL.3.7ml:
THERMOCOUPLE, MV. 9.45 RESERVOIR TEMP.100°F

Reservolr Mercury  Equilibrium Liquid 'Volumé 7

Pressure Level in  Prewssure in cell Percent
1b./sq. Reservoir  1b,/sq. : Liquid

in. gage in. abs.

——

Filled to 8 Psig at 75°F

1000 .2 - - —— mmeee
. 2%.1 - 743 0.59 . 0.553
" 31.7 8%1 o.gg 1%.?-, ,O.Ega
" 38.0 909 1.30  16.0  0.436
1150 2.7 909 1.30  16.0  0.4136
" 8.0 971 1.86 2h.3 0.392
" 12.1 1020 2.43 a3.o 0.367
I SO A R
" 19.0 1088 3.55 62.9  0.329
" 20,2 - 1098 5.63  78.3 0.324
n 20.l; 1101 6.58 91.8 0.323
" 20.5 110l Single Phasel00 0.323

Data at lower pressures discarded because of lack of ice
at the cold junction.
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‘ ORIGINAL DATA :
GAS IDENTIFICATION "B" CELL TYPE 1/2"Strt NO. 18
TEMPERATURE -98.52°F CELL VOL, 10.2ml, SEP VOL.3.7ml.
THERMOCOUPLE, MV. 10.13 RESERVOIR TEMP.Not controlled

Reservoir Mercury Equilibrium Liquid Volume 2

Pressure  Level in  Pressure -  in cell Percent
1b./sq. Reservolr 1b./sq. Liquid
in. gage in, abs. ‘ ;
15 . 0 0
149 Trace Trace
280 Trace  Trace
86 0i19:% 2.6
180 0.20% 2.8
561 : 0:30% 3;8
62 0i55 pe2
676 0469 7.0
772 1,08 13i2
857 - 1.70 21.8
910 2.1 33.0
99 .85 67.2
103 .00 83.8
1091 Single PhaselO0
*

Read with agitator ball raised above the interface.



175

ORIGINAL DATA

GAS IDENTIFICATION "B" CELL TYPE 1/2”Strt NO. 22 o
TEMPERATURE ~119;ﬁ3°F CELL VOL.10:27ml; SEP VOL.3.9ml.
1. ’

THERMOCOUPLE, MV. 11.48  RESERVOIR TEMP.100°F

ik

i

Reservoir lMercﬁry Equilibrium Liquid" Volume 2
Pressure  Level in Pressure -  in cell Percent
1b./sq. Reservoir 1b./sq." Liquid

in. gage : in. absi

P

Filled to 16 Psig at 75°F

1000 3.0 21 dry 0 0.877
" ~ 6.0 . 2 Trace Trace  0.791
" 9.0 25l 0.12% 0.9 0.774
" 12.0 Pﬁ3 0.20% 1.5  0.697
" 15.3 127 0.32% 3.0 0.640
" 18.3 1,87 0.54 5.0 0.581
" 21.2 536 0.68 6.6 0.536
" T 27.0 - 611 1.06 12.0  0.459
L .32.% 659 1.50 18.4 0,400
L 38. 721 2.11 27.2  0.357
" 2.8 721 2.11 27.2  0.357
" 9.1 748 2.86 38.0 0.312
" 15.5 782 .75 50.6 0.281
" 20.0 812 ﬁ.uo 60.0  0.267
" 25.6 8l6 5.2 7h.8 o.2ﬁ1
" 32.0: 932 6.30 87.5 . 0.249
" 3h.9 995 6.70 93.2  0.255

1200 3%.9 995 6.70 93.2  0.255
" 36.5 1067 7.19 98.L  0.267
" 37.2 1097 7.28 99.1  0.272
" 37.6 111k 7.50 100 0.274
" 38.0 111l 9.00 100 0.272

* Read with agitator ball raised above the interface.
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ORIGINAL DATA S o
GAS IDENTIFICATION "B" CELL TYPE 3/8" Inverted -
TEMPERATURE -119.53°F RESERVOIR PRESSURE ---
THERMOCOUPLE, MV. 11.[B  RESERVOIR TEMP. =---

Reservoir Mercury -~ Equilibrium Liquid  Volume - Z
Pressure Level in Pressure in cell . Percent
1b./sq. Reservoir 1b./sq. : Liquid
in. gage - 1n,. abs, ' ‘
17k None 0
hi1 li.26 ———-
571 .10 -—--
728 3.23 25.1
819 2.07 52'.(5,
887 0,77 82.1
917 0.25 oh.1
0.07 97.8

9}38 Q.
94ly  Single Phase 100
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' ' ORIGINAL DATA . "
GAS IDENTIFICATION "B" -~ CELL TYPE 1/2"Strt NO. 20 :
TEMPERATURE ~ =-152.8L°F CELL VOI. 10.2ml. SEP VOL.3.9ml.
THERMOCOUPLE, MV. 13.60 RESERVOIR PRESSURE 1000

RESERVOIR TEMP:100°F

+

el b .

Reservoir Mercury Equilibrium Liquid Volume A

Pressure Level in Preasure in cell Percent
1b./sq. Reservoir 1b./sq. : Liquid

in. gage in. abs.

Filled to 16 Psig at 75°F
Hg in bottom of cell to reading of 0.20%

1000 5.2 19 dry | mme—— 0.96lL
" 7. - 8¢9 Trace Trace 0.893
" 12.0 : 216 0.30s% 1.5 0,681
" 18.2 33L 0.72 6.5 0.525
" 25.6 93 1.29 1.5 0.378
n 38.2 53 2.2 21.9 0,262
" 3.8 153 2.2 21.9 0.262
" 13.0 LL92 &43& Lh.8 0.220
" 22.0 518 .32 58,8 0.190
L 27.1 535 u'.23 67.L  0.176
" 3%.1 562 5.66 78.0 0.165
L 38.0 580 6.08 8.0 0.160
" 7.0 580 6.08 8l..0  0.160
{ 9;% 591 6.33 88,0 0.158
" 13. 620 6.82 95.0 0.186
" 16;% 6l7 T 1T 98.5 0.157.
" 17. - 665 7.38 99.2 0.159
" 18.6 695 Single Phase 100 0.16l

* Read with agitator ball raised above the interface.
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ORIGINAL. DATA

GAS IDENTIFICATION "B"  CELL TYPE 3/8"Inverted NO. 51
TEMPERATURE ~152.8l°F CELL VOL.=--

THERMOCOUPLE, MV.13.60 RESERVOIR TEMP. ---

Reservoir Mercury Equilibktium Liquid = Volume - Z
Pressure Level in Pressure in cell  Percent
1b./sq. Reservoir 1b./sq. LiQuld
in. gage in. abs.
- dry
21 dry
25 - dry? o
9 , 3.90 10.3
151 3.35 22.8
L7s 2.73 37.4
sli.3 139 68.0 -
579 0474 82.7
607 Oilyy - 89.2.
61k | 0,34 92,1
623 0i27 93.6
630 - 0.20 . 95,3
637 0.1k 96.5
€1 S 0.11 97
6ly5 0.09 97.4

658 Single Phase 100
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ORIuINAL DATA
GAS IDSWTITICATION ‘c" CELL TYPE 1/2"Strt WO. 25

TN TTY
241

T PERATURE =69.38°F CELL VOL.1ll.1ml. SEP VOL.3. 9w1
THERI'OCOUPLE, MV. 8.00  RESZRVOIR TTiP. 110°F

Reservoir liecrcury Equilibrium Liquid Volume %

Prcasurc Level in Presasure in c2ll Percent

1o/sq. - Reservoir  1b./sq. Liguid

in. gage - in. obs.

Filled to 3l Psig at BLOF ,

1300 2.0 37 dry 0 - 0.989
" ——— 116 Trace Trace ———
" 5.4 390 ~ Trace Trace  0.813
" 3.0 E ' Trace TraCA, 0.779
" 10.5 u 0.10% 0.7 0.74h1
L 1.0 0.6+ C1.1 0.715
g 18.1 _ 73? 0.28% 2.2 0.625
" 22.7 869  0.50 3.2 0.557
" 25.9 o6 0.59 4.5 0-?37
n 29.9 1031 0.71 6.0  0.498
" 3.1 1111 - 0.81 - 7.l 0.Lb65
il ——— 1147 0.83 7.2 -----
" 37.9 1176 0.80 7.2  0.L37
" 11.0 1176 0.80 - 7.2 0.L37
i 1.0 1222 0.55 3.9 0.L17
it ———— 12&6 0.12: 0.9 eeee-
d 15.8 12149 Single Phase 0 0.109

Read with agitator ball raised above the interface.
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‘ ORIGINAL DATA ‘ | g

GAS IDTHTIFICATION Mg CELL TYPE 1/2"Strt NO. 25 ~
TTI PERATURE -79.64°F CZLL VOL. 11.1ml. SE? VOL.3.9ml.
THERMOCOUPLE, V. 8.74  RESERVOIR TI1P. 110°F

Reserveir lisrcury  Equilibrium Liquid Volume Z
Pressure Level in Pregssure in cell Perccnt
1v./sq. Reservoir  1b./sq. Liquid

in. geage in. abs.

Filled to 39 Psig at 86°F

1250 2.6 L1 dry 0 1.080
n - 95 Trace Trace —m—==
" 5.9 209 0.11: 0.6 0.829
" 8.2 352 0.1l 0.9 0.78L
" 11, 172 0.19% = 1.3 0.731
L 1%;9 556 0,27 2.0 0.657
" 18.1 677 0.3l 3.0 0.633
it 22.6 7ol 0.58 IL.0 0.57%
" 28.1 911 0.61 7.5 0.51
" 32.L 085 1.0k 10.9 0.473
it ——— 1017 1;15 12.3 —————
i ——— 10L2 1.2 13,7 m——e-
i 37.8 106l 1.3l 15.0 0.1.30
i 12,2 106l l}ih’ 15.0 0.l130
it 13.3 1079 1,40 15.6 0.h22
i 1%.5 1093 147 - 156.L 0.l
i 16,1 1118 1.55 17.9 01102
" 18.2 1139 1.58 18.2 0.391
i ——— 1147 1.51 17.1 0 eecee
it ——— 1152 1;&2 15.8 ——
L 19. 1161 1.20 13.1 0.382
L 20, 1169 dry o 0.378

* Read with agitator ball raised above the interfacs.



ORIGINAL DATA

GAS IDEWTIFICATION "¢ CELL TYPE
TEMPERATURE -86.8l.°F CELL VOL.

THERLIOCOUPLE, V. 9.25 RESERVOIR

1/2"strt WO

181

. 25

11.1 ml. SZP VOL. 3.9

TENP. 110°F

Reservoir ilercury Equilibrium Liguid

Volume

Pressure Level in Pressure in céll Percent

1b,/sq.  Reservoir  1b./sq. Liquid

in: page in. abs. ‘

Filled to 13 Psig at 81°F

1250 3.8 19 dry 0 » 0.922
n 5.3 89 Trace Trace  0.7760
& 7.1 181 Trace  Trace 0.797 -
g 10.0 : ﬁzé 0.10% 0.6 0.801
t . 13.7 . 6l 0.30 1.1 0.705°
" 17.2 577 0.38 1.2 0.648
"o 23.8 752 0.60 L6 o,ggo~
" ' 30.0 372 0.90 8.7  0.4.90
i 38.L 939 1.51 17.1 0.hlg
L 2.9 989 1.51 17.1 - 0.Ju15
L 10.0 - 1069 2.29 27.9 © 0,369
t 11k 1082 2.h2 2G.8 © 0.369
L 13. 1108 2.79 3%.5 - 0.349
it ———— 1117 2.90 36,0  =eeae
it -—— 1119 2.98 36,8 —nm--
l 15.5 1123 3.00 37.0  0.340
it —— 1128 3.10 38.1L —————
" ——— 11130 3.07 38.2 a-s--
it ———— 1131 2.99 36.9  eeaas
it - 1132 2.90 36.0 —-ee-
i ———- 1132 2.70 33.5 m————
L 16.3 1134  Single Phase 0

#* Read with agitator ball raised above the interface.



ORIGINAL DATA

GAS IDZUTIFICATION "G' C3LL TYPE 1/2" Strt 0. 25

182

TE; IPERATURE -89.68°F CELL VOL.1l.lml. SIP VOL, 3.9ml.

THERIOCOUPLE, V. 9.45 RESERVOIR TEHP. 110°F

b

Reservoir llercury Zquilibrium Liquid  Volume

Pressure Level in Pressure in cell Percent
ib./sq. Reservoir  1b./sq. Liquid

in. gage in, abs.

i

1250 2.8 33 drw 0

" 3.9 3 Trace  Trace

" 6.2 21l Trace Frace

" 8.6 27 0.12% 0.9

: %1;1 él@ O.lK% 1.0
3.7 13 0.- 1.5

" 17.5 618 0.93 2.3

" 21.6 725 o;zo , .5

g 28.3 8L9 0.96 9.3

L 3%.8 o5 1.Lh5 S 16.1

" 38.4L 986 1,81 22.3

il 3.0 986 1.81° . 22.3

" 9.7 106 2.5l 31.3

i 11.3 1072 3.02 37.3

" 12.9 1087 3.40 2.6

" —— 1098 3.76 %7.2

" 15.0 1109 ~5.30? 3.09

" 15.0 1109 1one Visible Hone Visible

Filled to 32 Psig at B86°F

Read with agitator ball raised above the interface.

U Onemd 1 00 CONONO
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ORIGIWAL DATA
GA> IDZUTIFICATION "¢ RELL TYPE 1/2" Strt 0. 25

P PERATURE -9l..70°R C“LL VOL. 11.1 ml. SB2 VCL. 3. le
d:PLOCOUPLE, V. 9.80  RESERVOIR T7HP. 110°F

Reservoir lercury Equilibrium Liquid  Volume 2
rressure Level in Pressure in cell ©Percent
1b./sq. Reservoir  1b./sq. Liquid

in. gage in. abs.

Pilled to 19 Psig at 82°F

1250 8.8 2 dry 0 . 0.933
n -~ 6% . Trace Trace = =~—===
i —— S 116 Prace Trace - —=—=- ‘
" 11.6 165 Trace - Trace 0.82l
" .7 , 299 0.15% 1.0 0.759
L . 17.8 La1 0.20: 1.3 0.709
it 21,1 597 0.305 2.1 0.653
s 26.l P 0.60 .5 0.569
" 32.0 0.90 8.5 o.ﬁgg‘
U 38.0 862 1.30 1.8 0.0436
i 3.2 862 1.32 15.0 0.4.36
i 13 5 97l 2.51 - 31.0 0.360
" , 9 1051 %.29 5l.o 0.325
" 2& 1079 .80 88.8 0.312
" 2l 1083 8.50 100 0.311

% Read with agitator ball raised above the interface.
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ORIGINAL DATA : T
GAS IDZINTIRICATION “'CH CELL TYPE 1/2" Strt HO. 25
TIVPIRATURS -99.78°F CELL VOL. 11,1 ml. SEP VOL. 3.9ml
THZRIIOCOUPLE, V. 10.15 RESERVOIR TEHP. 110°F - .

Reservoir LRercury Baquilibrium Liquid Volume Z

Pressure Level in Pressure in cell Percent . -

1b./sq. Reservoir 1b./sq. Liquid

in. gage in. abs.

Filled to 23 Psig at 806°F

1250 27.2 26 dry 0 - 0.995
K ———— 8l Trace Trace ====-=
it 25.5 131 Trace Trace 0. 77k
it 31.5 229 0.13% - 0.9 0.788
i 3h.3 2 0.18% 1.2 0.730
it ———— » 125 0.21% O et
i 338.0 L6l 0.25:% 1.9 0.652°
& 2.6 16l 0,25% 1.9 0.652
i 6.3 - 559 0.6 3.9 0.606
i 11.0 eh 0.67 5.0 0.521
it 16;& 775 1.01 10;P ~o.ﬁ76
i 22. 839 1.53 17y 0408
i 23.7 Q07 2.30 28.0 0.36l
! 33.1 950 ﬁ.oa 38.1 0.338
L 33.0 992 .19 52.9 0.315
" 2.6 992 L.19 - 52.8 0.315
L - 1021 5.49 70.9 —————
n 9.0 1clo 7.25 olL.6 0.288
i - 1045 7.60 98,7  emem--
L . 9.l 10L7 Single Phase 100 0.288

Read with agitator ball raised above the interfacs.



ORIGIITAL DATA

185

GaS IDENTIFICATION ¢ CELL TYPE 1/2% Strt H0. 25
TEI'PERATURE . ~139.99°F CELL VOL. 11.1ml SE? VOL. 3.9ml.

THERI'OCOUPLE, V. 12.80 ﬂ?SZ“VOI? T3HP, 100°F

Reservoir Illercury Equilibrium Liquid Volune Z

Prsssure Level in Pressure in cell  Percent

ib./sq. Reservoir 1b.fsq. Liquid

in. gage ; in. abs.

Filled to 19 Psig at 86°F

1000 3.9 2 - Trace Trace 1.075
" 7.1 13% Trace Trace 0.818
i 12.8 - 28 - 0.22% 1.5 0,650
i 18.0 369 o 50 , 3.2 0.539
U 26.2 163 o 10.9 0.h22
| 31.0 96 1 L2 -~ 16.0 0.369
" 38.0 536 2.03. 2.1 0.315
i 2.3 536" 2.03 2h.1 0.315
" 13.6 537 i.lé 39.3 0.257
i 22.6 623 Lo1l 52.3 0.227
M 30.2 653 5.09 65.1 0.208
i 38.E 686 6.06 78.3  0.192
f 3. 686 6.06 78.3 0,192
i 11.5 72l 7.02 01.5 0.182
! 16.9 753 7.72 99.0  0.177
i 17.2 ?67 Single Phase 100 0.180
i 20.9 o8l Swngle Phase 100 0.223

Read with agitator ball raised above the interface.
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ORIGIITAL, DATA

‘GAS IDIWTIFICATION "¢ CIL7, TYPE 1/2" Strt NO. 25 ~
Tl PERATURE =176.31°F CELL VOL. 11.,1ml 8EP VOL. 3.9ml

THERIOCOUPLE, lV. 15.00 RZ3Z0VOIR TEIP. 110°f

Reservoir IHercury Equilibrium Liquid  Volume A
Pressure Level in Pressure in cell:. Percent
1b./sq. Reservoir 1b./sq. ; - Liguid

in. gage in. abs.

Filled to 22 Psig at B87°F

1000 2.1 21 Trace Trace 0.983
" 5.8 117 0.13:% 0.9 0.673
i 11.8 211 0.50 . 3.2 S 0.09l
" 18,1 256 0.94 , 9.% 0,364
i 26.2 , 292 1.55 17. 0.27h
e 32.0 31l 2.0h 2.k 0.237
it 38.0 327 2.5h 31.2 0,205
i 2.6 327 2.5@ | . 51.2 0.20
i 12.8 358 6.40 | 120 0.17
i 2.0 86 Lo SF;S 0.151
! 37.9 119 5.70 7.0 0.132
" 27 119 5.70 7.0 0 0,132
i 31.7 1h3 6.33 83.0 0.127
i 33.0 72 6.93 90.0 = 0.125
f 2.9 72 6.93 . 90.0 0.125
) 3.0 50 7435 96.0 0.126
' 10.1 53 7.53 38.0. 0.131
it s 5ﬁ8 7.68 8B.9  —==ia
" S 11.7 5L.9 8.5 100 0.132

Read with agitator ball raised above the interface.
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ORIGINAL DATA

GAS IDEUTIFIC.TION " chL TYPE 1/2" Strt 0. 25 ,
T2NPERATURE -199.86°F CZLL VOL:1lilml. SEP VOL. 3. 9m1
THZERIIOCOUPIE ; Ve 16.32 Rdad VOIR TELP. 110°F

Resorvoir Morcury = Equilibrium Tiquid  Volume Z
Pressures Lsvel in Pressure = 1in cell  Percant
1b./sq. Reservoir  1b./sq. - Liquid

in. gage in. abs.

Filled to L3 Psig at 835°F

1000 3.4 27 Trace . Trace

0.829
, 7.5 112 0.203% 1. 0.596
f 13.7 15l 0.72 . 6.2 0.351 -
i 18.5 173 - 1.09 11, 0.271
i 22.8 192 1.39. 15.5 0,237
" 29.0 207 - 1.37 22,8 0.194
" 33.8 227 2.58 31.8 0.154
" 20.6 227 2.58 ,51.8 0,15l
! 30.2 - 245 5.36 42.0 0.131
" 33.0 259 t.00 - 50.7 0.1180
i 3.9 259 1,00 " 50.7. 0.1180
t 11.0 271 .55 57.4  0.1090
" 20,1 290 5432 - 68,5 0.101
i 28,7, 310 6.05 . - 7845 0.096
' 38.0 3L7 6.80 88.L 0.066l
T T B et
! me== ﬁﬁh 7.3 90,0  —====-
it 30.2 173 7.6 93.9 0.1273

" | 31.6 555  Single Phase 100 0.1365

Read with agitator ball raised above the interface.
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GAS IDZEFTIFIC.TION "¢" ~ CELL TYPE 3/8" $n1t1a1 I'0.51
TZPERATURE ~199:86°F CELL VOL., ===
TAZINI0COUPLE, IV. 16.32 RISIRVOIR TDH?. 1OS°F

Reservoir llercury Equilibrium - Liquid . Volume Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. ' Liquid
in. gage in, abs.

Filled to 26 Psig at 81°F
1000 2.0 25 Trace Trace

" 9.2 207 3.50 19.1

§ 12.7 237 2.85. 3.5

" 16.0 260 2.26 ’ %8.5

il 13.9 231 1.72 2.8

" 22.3 313 1.05 76.0

" 2lf.3 )uf 0.65 8h.8

! 25.5 69 0. L7 39.3

3 iyt 123 0.2l ol 2

it 28.0 : u76 0.10 97k

P

)

i'itrogen exhausted before next addition c

ead with agitator ball raised above th

ould be made.

e interface,
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ORIGINAL DATA
GAS IDENTIFICATION *D'  CELL TYPE 1/2%Strt NO. 25
TEMPER/AT URE - -79 91°F CELL VOL. 11.1lml.SEP VOL.3.9ml.
THERMOCOUPLE, MV. 8.76  RESERVOIR TEMP. 110°F

Reservoir Mercury Equilibrium Liquid Volume Z
Pressure Level in Pressure in cell Percent
1b./sq. Reservoir 1b./sq. _ “Liquid

in. gage in. abs. ' :

Filled to 25 Psig at 79°F ’

Drop of mercury in bottom of cell equivalent to readlng of
0 12'"

1250 2.7 29 dry 0 0.966

—— 117 dry 0 m———
- 16l Trace? Trace?  ==w==-=
6.2 212 Trace Trace — 0.834
——— 26& Trace Trace =====
9.5 a ‘Trace Trace 0.739
- 0,173 (o 100 R

13.0 2 , 0.18% 0.4 0.711

———— 0,19 0.5 —————

17.2 0.21% 0.6 0.63l

20.0 71 0.27% 1.2 0.599

23.0 783 0,33 2,1 0.55

27.0 858 .52 2.7 0.50

30.8 916 0.61 a.g 0.0.6l

3Lh.0 95k 0.69 .8 0.433

38.0 999 0.60 3.7 0.4.00
9.7 999 0,60 3.7 0.4.00
- 1007 | 0.51 2.8 R

10.7 101 0,34 2,2 0.39

11.5 101 0.214 0.6 0.38

11.8 0 0.383

1021 Single Phase

* Read with aglitator ball ralsed above the interface..
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ORIGINAL DATA ‘

GAS IDENTIFICATION "D" CELL TYPE 1/2"Strt NO. 25
TEMPERATURE ~ =-89.97°F CELL VOL. 1l.1lml. SEP VOL. 3 9ml.
THERMOCOUPLE, MV. 9.4.7 RESERVOIR TEMP.110°F

Reservoir Mercury Equilibrium Liquid Volume = - Z

Pressure Level in Pressure in cell Percent
1b./sq. Reservoir  1b./sq. ' ' Liquid
in. gage ~ in. abs, S

Y4

Filled to 25 Psig at 81°F

28 . © dry o 0 952

1000 2.1
3. 1 Trace Trace 0.972
S.E ‘125 Trace Trace 0.871
9.0 300 - Trace Trace . 0.821
16.0 516 0.17% 1.1 0.717
22.9 661 0.39 3.2 0,607
28.l 748 0.50 .o 0.537
,3%;2 819 0‘69 5.6 0.430
38.0 85l 0.89 9.3 0.l
2.0 85l 0.89 9.3 'Oxhhg
6.8 895 1.13 12,0  0.40
11.5 925 1.40 - 15.7 0.37
.7 s 1.h7 16.3  0.35
15.3 L7 1.40 S 15.7  0.35
15.8 951 1.25 13.8 0.3
16.5 95k 0.72 6.2 0.35
16.8 95 0.40 2.0 0.3
16.2 957 Single Phase o 0.3
20.¢ 992 Single Phase 0 - 0.33

WUV O\Ww =~ O~

# Read with agitator ball raised above the interfacé;~
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ORIGINAL DATA
GAS IDENTIFICATION '"D" CELL TYPE 1/2"Strt NO. 25
TEMPERATURE = =98.32°F CELL VOL. 11.lml. SEP VOL.3.9ml.
THERMOCOUPLE, MV. 10.05 RESERVOIR TEMP. 110°F ‘

Reservoir Mercury Equilibrium Liquid Volume Z

Pressure Level in ' Pressure in cell Percent
1b./sq. ‘Reservoir 1b./sq. | Liquid

in. gage in. abs.

Filled to 26 Psig at 82°F
1000 2.8 19 dry 0 0.602

" - ol Trace Trace  =ww-=
n ' p— " 89 Trace  Trace - =====
" - 115 Trace  Trace  ===-=
" 6.5 175 Trace Trace 0.828
" - .8 291 0.10% 0.8 0.771
" 16.5 86 0,19 1.1 0.687
" - 23.5 26 0.3l 3.0 0.586 ~
L 30.3 718 0.70 - 5.9 0.501
" 37.9 785 1.16 12.5 0.422
" 21,2 785 1.16 12.5 - 0.h22
" 27.4 829 1.75 21.5 0.377
" 32.2 85l 2.1 29.7  0.3L5
" - 38.0 882 3.53 W2 0.315
" 2,9 882 .53 Wr.2  0.315
" 6.3 895 .60 58.1 0.299
" 8.1 903 .03 78.2 0.292
" 8.6 905 6.93 90.2 0.290
" - 905 7.38 196.1 SREPET.
" 8.8 8.5 100 0.290
f 12.5 9&& Single Phase 100 0.283

% Read with agitator ball raised above the interface.
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ORIGINAL DATA
GAS IDENTIFICATION "D" CELL TYPE 1/2"Strt NO. 25
TEMPERATURE =~11L.56°F CELL VOL. 11.1ml. SEP VOL.3.9ml.
THERMOCOUPLE, MV. 11.15 RESERVOIR TEMP 110°F

Reservoir Mercury Equilibrium' Liquid Volume CZ

Pressure  Level in  Pressure in cell Percent
1b./sq. Reservoir  1b./sq. ‘ Liquid

in. gage ~in. abs.

Filled to 28 Psig at 8l.°F

=

1000 2.0 28 "~ dry dry 0.93
" %;8 12l Trace - Trace 0.76
E 3 2h9 ‘Trace  Trace 0.767
" 1.0 1102 0,208 1.3 0,666
" 19.8 510 ooe 2.7 ~.O;E?2
" 22.3 61& 1.00 10,1 0.2
" 36,2 667 - 1.80 22,2 0,358
B 1.8 667 1.80 22.2  0.358
" 10.1 705 2.83 0 35,0 0,312
" 17.1 727 3.86 éB.? 0.270
" 23.6 7%7 5,00 .0 0.25
" 28,2 ‘ 762 5,89 7601 0.235
" 32.3 77k 6.70 87.0 . 0.220
" 35.2 781 7.3 96.0 0,213

" 37.3 791  Single Phase 100 = 0,209

% Read with agitator ball raised above the interface.
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ORIGINAL DATA

GAS IDENTIFICATION "D"  GBLL TYPE 1/2"Strt NO. 25
TEMPERATURE - =134.40°F CELL VOL.1l.lml. SEP VOL.3. 9m1.
THERMOCOUPLE, MV: 12.4li  RESERVOIR TEMP. 110°F

Reservoir Mercury = Equilibrium LiQuid Volume

Pressure  Level in  Pressure in cell Percent
1b./sq. ‘Reservoir 1b./sq. " Liquid
in. gage ‘ inc abs., ’ ’ *

Filled to 30 Psig at B1C°F

1000 2.0 28 dry - O 0.92l
" 3.7 91 - 'Trace  Trace ~ 0.875
" 9.0 25l 0.12% - 0.8 0.7l0
" .7 37% _ 0.40 2.1 0.609
" 21,0 n 0.7 - 6,6 0.483
" 30,2 1197 1.51 17.2  0.358
" . 38.0 526 2.30 28.0 0.294
", 2.0 526 2.30 28,0  0.294
" 10.0 sl8 .20 Lo.0 o 0.2h9
" 20.0 572 ﬁ;ue 56.5  0.211
iy 30.1 5oL 5.7l 7h.3 . 0.183
" 38.2 613 6.77 87.8 0,168
" 19.4 613 6,77 87.8  0.168
" 25,0 629 7.50 97.8 0.160
" 25.7 632 7.63 98.8  0.159
" 26,2 638 7.80 99.2 0,160
" 26.8 659  Single Phase 100 0,164
" 33.1 96ly  Single Phase 100 0.22

# Read with agitator ball raised above the interface.
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ORIGINAL DATA
GAS IDENTIFICATION '"D" CELL TYPE 1/2“Strt NO. 25
TEMPERATURS -176.31°F CELL VOL.1l.1lml. SEP VOL. 3 9ml.
THERMOCOUPLE, MV. 15.00 RESERVOIR TEMP. 110°F

Reservoir Mercury . Equilibrium Liquid °~ Volume 2
Pressure - Level in = Pressure in cell Percent
1b./sq. Reservoir  1b./sq.’ - Liquid

in. gage , ~ in. abs. S

Filled to 37 Psig at 79°F

0Q0 2 29 Trace? Trace  0.933
1 L
"o - | 62 ~ Trace  Trace  =====
" 6.1 9L 0.11% 0.7 1.376
. 9.0 157 0,19 1.2 0.6k
" -~ 12.5 197 0.39% 3L 0482
" 16.5 219 0.80 7.2 0.397
" 22.0 236 - 1.20 . . 13.1  0.295
" 29.L 252 1.81 22.2 . 0.22
" 38.0 267 - 2.53 © 31,1 0.176
" 2.2 267 2.53 1.1 - 0.176
" 12.0 281 .36 ﬁ2.0‘ 0,143
" 22.1 29l ﬁ;asr © 53,8 .9.122
" 32.2 307 5.67 73.6  0.107
" 38.1 315 5.69 73.8  0.100
" 2.5 318 5.69 73.8  0.100
" 12,1 332 - 6.52 8&;9 0.0930
; - 21.7 362 7.33 _95;2 10.0906
" -=n 377 7.59 98,6  ==----
" 25l 386 8.10 100 829
" 30.5 802  Single Phase 100

% Read with agitator ball raised above the interface.
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\

ORIGINAL DATA )

GAS IDENTIFICATION "D" CELL TYPE 1/2“Strt NO. 25 :

TEMPERATURE ~ -199,86°F (ELL VOL.11.1ml. SEP VOL.3. 9m1.

THERMOCOUPIE, MV. 16.32  RESZRVOIR PRESSURZ 1000
RESERVOIR TEMP. 110°F

Reservoir Mercury ‘BEquilibrium Liquid Volume - Z
Pressure Level in  Pressure ‘in cell Percent S
1b./sq. Reservoir  1b./sq. , Ligquid

in. gage in. abs. - |

Filled to 30 Psig at 82°F

2.0 23 Trace . Trace

A ‘ - 0.929
10.0 iah 0.57 5.2 0.350
, 18.0 il 1,15 12,3 - 0.215
26.2 157 1.81 22.4  0.151
38.0 172 - 2,71 33,0  0.113
2.0 172 2.71 '33;6 0.113
12.0 182 o348 L3 0.0952
22.2 192 i;ag Sh.1 - 0,0823
30.3 199 4.93  63.0 . 0.0746
38-.0 209 -~ 5.58 72,0 .  0.0700
2.0 209 5.58 72.0  0.0700
10.0 221 6.21 . 80.8 0.0667
19.6 2l 6 6.92 89,9 0.0663
25.2 27l 7.35 96.0 - 0.0696
27.8 300 7.57 98.L 0. 07% ‘
30.6 399 Single Phase 100 0.096L
'36.0 962 ° Single Phase 100 0.227

* Read with agitator ball raised above the interface, -
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