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Abgstract

& low temperature gas adsorption apparatus was designed
for the purpose of measuring the total surface area of
solids using the well known B.E.T. methoed.

The apparatus was designed so that several different
gases could be used as adsorbates without evacuating the gas
reservoirs each time a different adsorbate was to be used.
This was accomplished by providing three gas reservolirs of
sufficient capaclty to allow several determinations to be
made at moderate initial reservoir pressures of from two to
three pounds per square inch, A geparate bulb and manometer
system was supplled for determining the saturation pressures
of adsorbates used. Although the orimary objective was to
determine the surface area of expanded perlite, the gas burette
volumes of the apparatus were designed large enough to permit
the evaluation of surface areas over a wlde range of values.

Several samples with known areas were checked using Np
as the adsorbate %to establish confldence factors and the
valueg for the surface areas of several perlite samples

are reported,



Statement of Problem

The purpose of the work undertaken in this report was to
determine valuesg for the surface ares of Perlilte.

Varlious methods of measurement were to be evaluated, and
the best possible one wus to be adopbted, with the thought in
mind not only of obtalning accurate results on Perlite, but
with the possiblllty of applying tials method of surface area
meagsurement to other adsorbents.

The method of measurement chosen is to be described in

detall as to design and operation.

II



Introduction

The importance of being able to mezsure accurately the
surface areas of solids has long been recognized., Many
methods have been devised anu uged for specifiiec materlals.

The great progress made in the fleld of Catalysis would not
have been posgslble were 1t not for the development of technigues
wialch wade the accurate meuasurement of catalyste and catalyst
support areas posslble, These measurements make 1t poesible

to design catalysts to perform in specifle resctions. There-
fore, manufacturing processes bullt around catalysts can be
controlled with a greater degree of certsinty. Knowledge of
surface areas also ald in the study of molecular structures,
reaction mechanisms, and reaction kinetics,

Much theory has been developed in the fields of adsorption
and chemisorption in the pagt few years. These new develop-
ments are based on facts uncovered through knowledge of surface
area determlnations and accurate definitions of specific surface,
The specific surface of porous adsorbents and catalyzers isg
one of thelr most important properties., A knowledge of the
gpeclific surface 1s necessary for calculating the amount and
character of sorptlons, surface energies, heat of adgorption,

and for peaching basle concluelons regarding the character of

a sorption process.

111



I. General Survey

A physical examination of expanded perlite revealed
that this substance wis of a frlable and glassy nature,
The narticles viewed under a Leltz éetallurgioal microscope
appeared to be hollow grheres and segments of spherical
surfaces, Some particles had indentures or blow holes
which nearhaps developed when the raw verllte wus poppoed or
expanded. These indentures or nores do not have the regular
pore dlameter and orientation thoat is ssgoeclited with the
porous sollids or adsorbents.

An analysls of perlite ore is given below. This is a
typical anclysis of zn ore nined at the John-Claire Mine in

Roslta, Colorado. (1)

Table I
810, 69.79%
Al503 1,724
Feg0; 2.07%
HEO 1.08%
Ca 1.49%
Nas0 2.75%
K50 3.98%
HpO b, oh

MnOg trace
803 trace
€1, trace



surface areas can be roughly approximated by establishing
a shape or surface factor whlch would enable one to calculate
the specifiec surface when the characteristic dimension had
been measured. Sleving, elutriation, and sedlmentation
methods have been developed to accomplish this. It was felt
that beczuse of the friable nature of perlite and the lrregulsar
ahapes of the particles these methods would net yleld accurate
or renrcducible results,

The electron microscope, photometric or light extinetion
techniques based on absorptlion of light by solld particles
disperssd uniformly in a fluid medlum would be of dublous
value when employed to measure the surface of a translucent
material such as nerlite. Pidgeon and Dodd (2) measured
the area of quartz povder by the mlicroscopic and gas adsorption
method, The areas ecalculated by gas adsorption techniques
were consistently higher than those obtained by the electron
miecrogcope. This was perhaps due to the ablllity of the gas
to penetrate cracks and fissures that were overlooked in the
microscopic study. Pildgeon and his co-worker Dodd also reported
lower areas were obtalned by HpO permeabllity methods. This
geems To indlcate the cracks and flasures were inaccessible
to the flowing fluld. Therefore, the buoyant, pock-marked
surface and spherical shells of perlite would not lend themselves

to permeability, fluid flow, or mlcroscoplc method of surface



megagurement.

The result of heat of wetting, adsorption from solution,
gas adsorption, anc elesctron microscope surface ares measure-
ments for ZnCp nigmente are reported by Ewing cnd Rhoda (3).
They re.orted that the elcctron microscope tetiod ylelded
inconsistent resulte due to the uncertualnty of obgerving
the edges of the ciystal or outicsl illusion 4ttributadle to
refraction of 1lizht and poor resolution pover of the micro-
scope. A better correl:ztion of surface wress of Zndz wus
obtained when gas ~deorption and adeorption from solution
technigues rere employed. Dazad #11, « surface wetting zgent
of the alkyl-cryl type vas en-loyed, and the amount adsorbed
from golution was measured with an interferometer. The
irregular shapes of the perlite particlies, “non-wettable"
pores and poor adsorntion propertles indlecated that adsorption
from solution would not be a feaslble method for surface area

measurement.



Litersture Survey

The metﬁod of Erunauer, fmmett, and Teller (L} for the
measurement of surface area using gas adsorptlion has betone
well known and widely used. They postulated the theory that
the adsorption of a gas on an adsorbent causesg a fiim of
adsorbed molecules to be deposited on the surface of the
adsorbent. This film is multimolecular in charaecter. FPlotting
an adsorution isotherm of the volume of gas adsorbed V g, vs
relative pressure Pn/P,, vhere Py ie the prersure in mn of Hg
at which Vgge wis depogited, yielde u tynleal MUY shaped curve.
The Gepnositlon or adgorgfion of a unlimolecular layer of gas
molecules is said to be complete at the first pronounced
cnange in the slope of the ocurve. This »oint of change in
slope was called »polnt "BY. From the value of V, &t this
point, the number N of gas molecules can then be calculated.
The area of a gas nmolecule 1g found from equation (1).

(1) A= 4(0.866)] mu |73
ENeAd

where ¥ is the molecular welilght of the gas used, A is
Avopadrots number (6.02 x 1023 molecules /g rnol), and 4 is
the dencity. This foraula assumes two dimensionsal close
pacxing of the gas molecules on the surface of the adsorbent.
Therefore, the total area §1A = HAi.

However, in the measurement of the surface sres of most



sdsorbents, the whole adsorntlinn isotherm had to be plotted
in ordsr thet point "3% could be zaseriained withh ccrtainty.
Tiis experimental method was long an&’tedious.

In 19%8 Brunausr und his co-workers proposed & refinement

to their origlnal method.

*3

-

The equation Pp = 1 ¢ Ce
£7] AT T 7
Voo Fo=tp) b TR

o

i

uhere I'p pressure at wilch gae ls

adgorbed
¥ = caturction precsure of the gas

V., = ml. gws required for nonolayer

i
% -y iR ft ey Yt N .f)
&d‘s"' &llo i::;i—ub al8oroed \Jit i;“'
s
¢ = constant related to heat of
liguefaocticon
T3 oy
‘r = 0.05 - 2.35 for luportant
Ty B point range

iz the equation of the izotherm of the multimolecular sdgorption
theory for adsorption taking place on & free surface. It is

a linear equation, i.e., the vlot of the functilon Py
Vade(Po-Fyp)

ve. X pives & suraight line if the theory is obeyed.
Po

The intercept of the straight line is TA” and the slope
VinC
is %é%. Thus, one cwn obtaln the two constants Vy and C from
the erperimental data.’ Having found YV, the area can easily
be calculated. (5)

Adventages and limitations of the surface ares dster-

mination by gas adsorptlon are:

-5 -



3]

The exgperimental technique is slmple, If the
gas used 1s iﬁert, such &8 nitrogen or argon, the
adsorbate surface area 1ie unchanged and the
adscrbate can Me recevared intact,

The wetiiod 1s accurute, Jnsmarison -rith rasuvlte
obtzined with vieusl methnda einws relstive
surface srene wproelng ~ithio 105,

Tae ethiod i1 unlversal., It can be an-lied to
any Jorous or finely divided aéscrbent. (6€)
ihe gas sdscrotion wethod ls Limited to firely
divicded substunces., It cennot megsure the
gurfeee of coarse narticles cccurately. This
ie due to the insceouraey in mezsuring the dead
srece snd lorge dend snace corrections nust be
ayplied to snnll adsoraotion values,

In order %o get the truc surface of an adsorbent
by gas adsor~tion, one shiould use the snmallest
ges molecules. A and Ha mclecules are larger
then e, le, onc Hp, but the former are nore
inert. o chemigorntion comnliceaters the deter-
nination of thelr van cer Weals adsorntion
lzotherms. If the ndsorbent husg eoxceedingly
fine porss, Np gives erroneous resulte. Emmett

(7) found that 50% dehycrated chabasite acsorbs



Hp at 77° X, but practically no Np entered the
nvores at that temperature.
From surface area measurements, the average particle size

nay be determined.,

i

3 =z

mﬁa where § = sreciflic surface
Py

it

Pe density of adsorbent

¢ = aversge porticle dianeter
In 1948 Parkins and Jura (&) jcinted cut that She mean

erea occupled by the gons molecules used ns wdsorbetes vas
not known szecurately, Soue arece rresorted for the llp

o
molecule are 13,8 cnd 16,2 e, A cr wolascule at -193.59C,
Harring ond Jurs develeoped a usthod by which the area of the
gdgerbent could be neasurcd by vapor adcorition uithout the
assumption of & moleculur ares for the adsorbate.

log §r = B - éﬁ
o v

A plot of log ?f vs. ;% yYields a straight line over a con-
siderable raﬁge'of the plot. The slove increages as the
gurface area increases. The area then ls given by the equation
A= k8% where 8 1s the slope of the straight line and k 1is
a oconstant for a given adsorbed vapor at a glven temperature.
The value of k for Np 18 4,06 at -195.8°C.

This above theory 1s based on monomolecular adsorption in

the vapor phase., If the vapor phase condensed film is not

present, the temperature of the lsotherm wmust be lowered

untlil this two dimensional phase exists.

-7 -



Below in table II are values obtained by Harkins and
Jura on severszl metallic oxides using thelr oroposed method

and the BET modlfied procedure. (&)

TABLE II
Sample H&J . BET
T10, 13.8 n2/g 13.9 n/g
2rsioy 2.9 2.8
810, 3.2 3.2
Alp03z 9.6 9.5

Livingston (9) states that s Harkine and Jura plot
gives a straight line at from 0.2 - 0.4 relative pressures.

In 1547 Zettlemoyer and Walker (10) measured the surface
areas of zctivated magneslas using Np adsorption isotherms.
They employed both the BET and H&J methods using 15.25 sq. &
for N, area on porous solids recommended by H&J. Activated
magneslas ylelded type II and IV lisotherms. The electron
photomicrographs showed the XP magneslia to have a surface of

porous plates.



TABLE III

Surface Area of Magnesia m%/g (10)

Sample Bepoint BET H&Jd
Experimental Xp 198 230 209
2642 142 154 140
-8 ¢ 28 mesh
granular 2652 123 125 109
2641 T4 71 81.5
Burned 2661 0.73 0.79 .74

Gabriel and Cooley used & homologous series of aliphatic
acids on a non-lonie adsorbent.

Blocker, COralg, and Qrr (11) developed a steady gas flow
method for surface determinatlon., The areas obtained in
twenty minute runs were in good agreement with values obtained
by the conventional BET method. However, poor agreement was
found with substances which were ¥slow" adsorbers.

Emmett (12) found in & oritical review of the method of
Harkinsg and Jura that the value of k in the equation |

Area = k 5%, obtalned by heat of wetting or immersion in
water, was questlionable. He states that the agreement of
values for surface areas obtalned by the Harkins and Jura
method on Ti0p and the BET values was only fortultous.

Askey and Feachem (13) reported as early as 1938 that

the extrapolation of an "g¥ shaped isotherm to zero pressure

P
or §x = 0 ylelded an intercept point Vyp which gave values
)



10 - 30 per cent smaller than those obtained by the BET point
"BY method.

One objection to the use of the BET method on porous
media is found repeatedly throughout the literature, A
correct assumption must be made of the molecular area of the
adsorbate molecule in order to convert the volume of gas
adgorbed at the completion of the monolayer into total
surface area. The area of the Np molecule, used almost
universally in a BET determination, has been reported as varying
from 13.6 to 16.9 A° with peaks at 14,05, 15.25, and 16.05 32.

Additional references consulted in thls llterature
search together with short abstracts ean be found in the

appendix of this report.

- 10 =



II. Experimental Progran

A study of the various known methods of surface area
determination shows that surface areas are obtalnable
directly only by the BET and Permeablllity methods. In all
other methods, areag are obtained using other parameters.

It would uppear that the BET gas adsorpltlon technlque is

the most convenient and sccurate method yet devised. The

other methods reguire a greater number of experimental polnts
and more tedlous calculations without producing more signifilcant
or reliable area values than can be obtained by the BET or
point "B" methods.

The above reasons, substantiated by the physico-~chemical
nature of perlite and the inherent problems that would be
encountered using the known methods of surface area deter-
mination as llsted in section I, indicated that gas adsorption
techniques would be a more logical approach to the problem.

Therefore, it was decided to use the BET low tempersature
gas adsorption technigue and to design apparatus that could be
used for a variety of materlals and with several different
gases.,

The samples of perlite furnished by the Perma-Rock
Corporation were examined under a Leltz metallurgical micro-

scope. It was felt that #100 and #300 filter alds would

- 11 -






have surface ares values 1ln the same order of magnitude and
that the spherical surfeces would afford dead space values
within the 1imits of the'equipment. Dead space values are
discussed elsewhere 1in this repors,

Samples of Cellte filterald, Darco 8-51 decolorizing
carbon, and S81lex sand were obtained. The Johns-Manville
filter alde and the 8Silex sand had reported surface areas
messured at the Johns-Manville research center using the
BET method with N, as the adsorbate.

All samples vere degassed at 110°C in an oven a%t atmos-
pheric pressure for 24 hours and for one hour at 26%Hg
vaouunm prior to the test, Attemrts o degas the sample
in the sample tube while 1t was attached to the high vacuum
apparatus were unsuccessful. The sample tube collapsed on
one ocoasicn., Also, the heat from the adsorntion bulb on
sample tube was conducted to stopcock YAY, czusing the
Aplezon grease to melt. This resulted in s leak either at
the}stogcock or at the ground tapered Joint conneocting the
adsorption bulb to the gystem.

No other attempt was made to activate or aleah the
surfaces of the samples. Jack Eilgler, a graduate student
working at the Newark College of Engineering on the adsorption
of substances on Perlite, found that chemical treatment did

not increase the adsorotivity or the amounts adsorbed.

- 13 -



The samples and the apparatus were pumped down to a
vacuum of 5.0 x 1@”“ mm or lower prior to the dead space deter-
mination. It wag felt that this vacuum was sufficient and
that the number of meclecules of gas left in the system at
that pressure would introduce llttle error to the surface
area determinations. Evacuation of the Helium used in the
dead space determinations was done at room temperature at
a pressure of less than 5.0 x 1072 microns.

The sample tubes were itapped on & hard surface while
being filled in order to obtaln c¢lose »nacking and to keep
thie dead space volume at & minimum,

Hitrogen gas was used as the adsorbate in all runs.

It was felt that No gas would not ohemisord and give step
shaped isotherms in the region of 0.1 to 0.3 relative
nregsured, No is used more universelly than any of the
other gases in BET surface ares determinations, It has been
found that better correlations are obtained with results of
other methods of surface area determinations with BET gas
adsorption areas when No gas was used. No phase change has
been reported to occur for Np at -195°C over the relative
pressures range of 0.05 %o 0.2.

Liquid nitrogen, comnercial grade, supvlied by Hoffman
Laboratories, Newsrk, H. J., was used for the low temperature

batch, to provide isothermal conditions for the adsorption

- 14 -



rung. 8Saturation pregsure determinations were made at the
conclusion of every run to determine the temperature of the
liguid N, bath and corrections were applied when calculating

the values of the adsorption 1lsotherm voints.

- 15 =



ITII. Theory

If one could comnletely cover the surface of a solid
with a monolayer of gas molecules and count the moleculeg,
it would be poselible to determine the total area of the
sclid since the area covered by a single molecule of a gas
can be determiue& from known physical constants of the gas.

The volume of gas which will be adsorbed on any given
gsurface is dependent on both the temperature and pressure of
the gas. If the temperature decreases, the amount of gas
adsorbed decreases; conversely, if the pressure incresses,
adgorption of the gasg increases. In determining an adsorp-
tion isotherm and the surface area from an adsorption
isotherm, the temperature is kept constant and the amount
of gas adsorbed is controlled and measured by changing the
pressure of the gas in a closed system,

In order to minimize variables introduced by gas
behavior, the temperature used for gas adsorption should be
at or near the normal boliling pbint of the gas adsorbate.

The baslc assumption upon which the BET theory is based
is that several layers of gas can be adsorbed on a solid
surface, that is, that adsorption i1s multimolecular in nature.
Brunauer, Emsett, and Teller (1L) developed the following

formula {a) for multimolecular adsorption on a free surface:

Vads = Vp Pyl
(B [1 ¢ (G~ 1) g_z] (a)
Fo



where Vg3, 18 the volume of gas at 0°C and 1 atmosphere pressure,

Pp 1s the pressure, F, 1is the vapor »ressgsure of the gas at the

o
temperature of the adsorbent, € is a constant related to the

neat of zdsorption and’?m is the volume of gas (stp) necessary
to form a single layer of molecules over the entire area., The
develooment of the Langmuir equation and the BET modification
is covered with great detall in the reference mentioned above.

The quantities Pp, Py, and V. are determined experimen-

tally and V, and C can be obtalned by rearranging the above

equation into a linear form «né plotting Pp va fg
Pr - 1 40 f_:.:) (b)
Vads(Po‘Pr) A\ VmC\Fo
therefore the slope 8 = C-l (e)
TG
and the intercept I - 1 (a)
VmC

For woet isotherm data plotted 1in thies manner, a straight

line is obtained for only the lovwer portion of the isotherm
Py

between relative pregsures 5 of 0,05 to 0.3%30. The equations
0
P o y . * - l
(¢) and (d) ocan be solved for Vm and C., .. Vm 53T and

C=241,

1/

Vy can therefore be calculated from the slope and
intercept of the straight line portion of the curve. Once

Vp is known, the total aree is easily obtalned.

-~ 17-



Area (nf) = 4,38 Vo {(ml stp)

The constant 4%.78 was derived by condensing the conversion
factors into one number. If the average area covered by an Ny
gas molecule at -195°C 1is 16.25 %2 per molecule, assuming close
packing, (1) one ml; of gas at standard conditions would cover
an area of 4,3% m°.

Area of 1 ml Np gas 1in m® =

(16.25) Rg/moleeule (é.oz)x(1093) moleculeg (1)ml 1x10'80m2/32
22,400 ew) (0.99997) ml/emd

= 4,38 m?/ml Ny stp.
Brunauer, kmmett and Teller (15) arrived st the following
formula Ior the area of an sdsorbed gas molecule, assuming in-

duced diooles in two successive layere and cloge packed spheres.

A = 4(0.866) M e/3
TAT id

where 0,866 1s & constant cderived from
geometric conslideratione of cloce two
dimensional racking, I* is the molecular
weight, & is Avogadro's constant, and 4
is the density of the gas in the solid
pitase.
The volume of the caplllary tubing from the zero on
the gas burette to the stopcock A and the zero reading of

thie manometer is found in the following fashilon. (16)



FV =2 k
Va V, + Vi, where Vo 1s the volume of the
canillary tubing and Vtﬁ 1a the volume of geos contalned in
the gas burettes. Substituting V, 4 Vip for V, we get
PV, + PVip = K
rearranglng, PVep = K - PV,

a(rvgs) = -V,
ﬁ '

A plot of PViy ve P should glve a straight line, the

slope of wuicu i the negatlive of the free volume V..



Discussion E£ Resultbs

The surface ar=za values obtuined fronm samples run on the
equipment and srocedures outlined in thls report are not cone-
sistent wilth the reported surface azreas. The best correlation
18 within 9% deviation exhibited Ly Celite 403 with & reported
area of Sl.0 we/g. The messured area was found to be 15.1 mé/g
or 1.9 m€/g less tuan the reported urea.

However, the opposite situsation existe with the samples of
S8ilex sand., The measured ares wag larger than the reported
area by & considerable amount., The samples used as standards
had no certification ¢f correctness., It is not known whether
we duplicated the same desorptlon, activation, drying, or
degree of vacuum prior to the cdsorption runs ag waes used in
the reported surface area determinatlons,

It is generally felt throughout the fleld of surface
area measurenent by gas udsorption that an agreement within
6 -~ & mg/g oh nouporous medis lg rather good. all of the
determinations made on our apparatus fall well withln thls
range,

The znomalous results obtained for 100 and %00 Perlite
filter ale ecznnot be as readlly explained. These gcreened
fraections were not classified by the erperimentors. The
photomicrographs show a declded renge of particle size,
Therefore, one cannot conclude from the facts at our disposal,

that is, the manufacturing technigues, sizing, and screening

- 20 -



history;5¥ the Perllite samples, that 300 filter aid should
necessarlly be com-osed of s%aller perticles énd, thereforé,
have s greater external or internal surface area. Considering
the confidence faector established through the results of the
runs on known materlales, one might conclude that the zreas of
2,56 and 3.16 mP/g for 300 filter aid and 10.7 and 7.2 a?/g
for 100 éilter ald are reasonably correct. Zerhaps if a more
fortultous cholce of slone of the curve were made on the plots

of P.,./P. w8 P /5 (P,~P.,) the values of surface area for any
I 9] I O r

ads
particular naterlal vould agree nore closely with each other,
The mugnitude of that part of the experimental error
resulting from the selection of sample sirve and sample tube
sire (resulting in low dead space velues) wous kept as small
as poseible in every run. If the surface by physical ingpection
is known to be large a =mall sample should be taken, however,
for materials of amall surface aress 1t le necessary to tuke
large s.mples and use adsorptlon tubes wlth large Ge:.d 270,08
values. The spresd of the values obtrnined Tfor 100 Perlite
filter ald may be nartially attributed to the difference in
samcle gires ueed. The dead epace values vere 58,2 and 73,1 ml.
Any errore in the pressure readings tsken during the rune or
deviations from the perfect gase laws vould shov & nmsrked error
in the final resulte. Loebenstein and Deltz (17) heve shown

that the percentage error cin vary from 0.1 to 10.4% depending

on the sample slze and dead space V, used.
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fonclusion

It was £elt that the anparatur ans deceigned and constructed
workec well and thet seti<fzetory exmerinentel results were
ohtained. Howvever, when the zprarstus wae ured, seversl weak
=ointe in deslign and maninulaticn nanifested themzelves, These
@111 be discussed zlong wrlth sroposed correctlong later in this
section.
Listed below are imrortant noints thet should be con-
sildered in using thils BET apraratus.
1. 8msll adegoration or amall differences in adgorp-
tion will magnify errors in relatively large measured
volumes, large gas volume zdsor-tlons and smell
cesd space volumes are therefore decirable,

2. Diffusion of the adsorbate gus may be slow. A
range of 1C - 20 minutee may heve to he glloved
for equillbrium to come about at any gilven pressure
of Fn/P, decending on ~hat nortion of the isotherm
the particulsr roint llesz and the znount of gas
adgorbed., Thils 1s sarticularly true of ¢ substance
auch as Perlite. The adsorstion isotherm plot of
Run 13 shows inaccuracies in the noints obtained
below a relative pressure of 0.1, »resumably due to
the faet that equilibrium conditinne were not attained.

3. A system of finely éivided =olid and adsgorbzte pgas at



low pressure hes poor heat conductivity and the
neat of adsorntisn must be disclipated in order to
meintaln isothermal oonditione, The 1ijuid lewel

of the N, bath surrcunding the adsorstion bulbd

2 !
shiould be choeked frecuently and the level be

keut well above the adsorbent level,

At low pressure, P, /T and low volunes of gas adsorbed,
ataor,tion lzotherm contours mey be sensitive to the
nature of the adsorbing surface.. Step zhuned igotherms
may result, Perlite lsotherns indlcate that the
tenacity or blnding forces existing at low sressures
are not great, Tils ray result 1ln gas molecules being
adasorbed and desorbed sinulta nwou"lj, siifting ot
rondon, rezulting in unsteble eguilibrium conditions.
With reference to volumes of gae to be adzorbed and
cead gpace velues incurrved, & sanple 5f 5.10 g should
nave an areua of ot lecet 1m2. Por ureaa<<lm?, Use &
poe for an adsorbate having so lor & asturation
pressure tliat the number of molecules left in the

gas phuse curlng measuwrencnts is of the same order

of mognitude e Tinoe nebuelly adeorbed on the surface

beling nesgured,

Modatain comstont fteperature ceonditions in the



(X

laboratory housing the equioment., Sudden changes

in temvwerature introduce errors in the volume
readings.

Qutgas or »ump dovmn the equipment to the mame degree
of vacuum each time vrinr to commencing an zctual
curface area determination.

In c¢onjunction with items 2, 3%, and 4, be sure to
return the mercury level in the manometer to the
zero noint after ench sdditlon of gas., This zero
roint should be in the small canillary gsectinn of
the tubing. The zero noint used in this ork was

in the lasrge tube Just below the small canillary
nortion, It was felt that thls incressed the error
in readinge below P, /P _=0.20.

Ascertain whether the samnle 1s sintering, decrepi-
tating or breaking down in any manner when gubjected
to a high vecuun., Surface areas nmay change in this

nanner,



Regults Table 1V
B.E.T.
Sample Area Cale.
Designation Run No. ma/g
Daroo S-51 9 1,654,
8ilex Sand (C-46739) 18 18.1
¥ " “ 20 l6.8
Filter Cell (C-L6585) 12 12.75%
* ¢ # 11 15.62
#300 Perlite Filter
Ald 13 2.56
" # " 15 3.16
#100 Perlite Filter
Aid 16 10.7
" " " 17 9.3
. " " 19 7.2
Ceiite 403 14 19.1

B.EC T.
Area Reported
R

g

1,600-1,800
12.5 ¢ 0.6

12.5 ¢ 0.6

19.2

19.2

- A v i

.
- - - -

o o W D

21.0 § 1.0

The point "BY¥ method was used to determine the area of

several samples to obtaln a correlation between both methods.

The results are tabulated below.

Table V
Run Number B.E.T. Pt Bt
nl/g
9 1610
12 11.8
13 3.06
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1654
12.75
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DESIGN OF EQUIPMENT

The design of the particular system used in this series
of experiments was adopted to a large degree from that which
is desceribed by Barr and Anhorn (5).

Certain modifications were initiasted, and these will be
discussed in detall later in thils sgectlon.

Good and bad features were disclosed, in aotually working
with this apparatus, and these $oc will come under detailled
gserutiny.

Of prime importance in constructing any equipment of this
hature is & good glass blower. We were fortunate in obtalining
the services of 0Otto Grelner Company of Newark, New Jersey to
act in this capacity. With one exceptlon, work was well lald
out; and assembled in a manner which provided for ease of

operation, and minimum trouble from the standpoint of lesks,

Mechanical Vacuum Pump

In ohoosing the mechanieal vacuum pump, thought must be
given to obtaining one of sufficient capaelty te do the Job,
but not one so large as to be far beyond the range of the
meroury aifrnslon pump delivering gases to 1t. An oversize
pump will, of course, be as effective, and might lower the start-
up time; but once the mercury diffuslion pump is in operatlion,
the mechanlieal pump can only remove what i1t receives from the
diffusion punp. A large exceass ocapacity is not Jjustifiable.

The Kinney K(¢-2 pump chosen for this application has
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performed well under operating conditions. Time required to

bring the system down to 1.0 micron pressure 1s usually about

thirty minutes--providing there are no leaks and the system ls

free of moisture.

Marcury Diffusion Pu@g

At pressures lower than 1.0 mloron, the molecules of gas
remaining in the 3ysﬁ6m are too widely dispersed to effect
further evacuation by means of the mechanlcal pump alone. It
iz nere that the mercury diffusion pump enters the ploture.

In effect, the diffusion pump trape the relatively small
quantity of slow moving gas molecules in mercury vapor. As
this vapor is condensed, the number of molecules are concentrated
and thelr movement accelerated so that the mechanleal vacuum
pump ¢an remove them from the systenm,

The diffusion pump used on this particular apparatus is of
a three stage glass deslgn, fabricated by Otto Greiner Company.
The ultimate vacuum obtalnable, acecording to the manufacturer,
is about 1 x 10~% mm. This value was never reached during
operation~--due probably to small leaks which were not deteot-
able or measurable with our equipment.

A liquid nitrogen ccld trap was instdled in line between
the mercury diffusion pump and the rest of system to prevent

the molsture vapors from entering pump.
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The Mol.eod Vaeuum Gaugg

A McLeod gauge capable of reading a vaouum ag low as
1.0 x 10~? microns was conetructed for this BET apparatus,

Conglder the formula, P = 10,000 h Kg). snd Tigure (1)}.

If v is the volume in ml of gas in the top of the cloged
gaplllary, V is the total volume in ml. of the bulb and capillary,
and h ig the difference in level in cm of mercury between the
closed capillary and the slde arm eapillary, then P will be
the pressure 1n microns in the system belng measured.

For example, the volume of the large bulb including the
capillary is 250 ml and if the volume v of the gas in the

closed capillary is 0,.0250 and h is 1 om,

P » 10,000 (1) 0.0250
50

P = 1.0 micron or 1.0 x 10-3 mm mercury and the
pressure will be 1.0 mierons for each e¢m difference in level,
The constanta 10,000/250 can be divided and a simple
formula evolved to raeilitate rapid pressure reasdings. Thus,
P = h(v)40 1s the formula to be used for the MolLeod gauge on

this apparatus,
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Mcleod Gauge

Figure 1



Vacuum Reservolirs

In place of the vacuum reservoir tanks used quite frequently
in maintaining control of the various mercury columns, it was
decided to make use of 2 geocnd mechanical vacuum pump. Vaouum
reservoir tanks must be guite large to be effectivs. (On the
order of 20 to 25 liter ocapacity.) This would mean a consider-
able amount of extra space since two such tanks would be requirsd,
In addition, tﬁese tanks have to be pumped down periodically,
Thelr only advantage lieg in the vacuum reserve avallable in
cage of electrical power fallure,

The vacuum pump used in this instance was & small Cenoco
pump loaned to us by Metals Disintegrating CQompany, of

Elizabeth, New Jersey.

Gas Reaervgirs

Containers must be incorporated in the apparatus for storage
of gases used in making the runs.

These are installed 1n such & manner as to permit being
completely evacuated prior to admitting gases, and are equipped
with small indicating manometers %o check relative gas pressure.

It was declded to install three guch units each of one
liter capacity in the apparatus to permit astorage of a wider

variety of gases, and to make the apparatus more flexible in its

use,
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Mercury Seals

If the need should arise for storing gas in the gas
reservoirs st pressures lower than atmospheric, mercury ssals
are provided. Thege insure no contamination of the gages by
air (due to leaky stopeock) when operating the reservoirs at
the lower pressures. When operating at above atmospherlc pressure
with Nitrogen or Helium, it is not essentlal to operate these
seals since any leskage will be from the insilde.

when operating the cut-offs in the open position, the
mercury level is maintained just below the end of the tube
from the gas reservoir. In the closed posltion, the mercury
1g ralsed to the upper stopeock which ls then closed. To open
agaln the mercury is lowered to the original level. In the closed
posltion there is no possibllity of gas comlng in contact with
gtopeock to vaouum sectlon of system, and no chance of air

leaking into the gas reservolir,

Gas Burettes

Basically these are composed of a serles of calibrated bulbs
conneated by capillary tublng with engraved reference marks,

The purpose is to measure the volume of adsorbate gas
before admitting it to adsorption bulb., With thie 1in mind, it
was declded to install two such burettes to insure a wide range
of gas volumes (from 8.125 ml to 259,125 ml).

. Bince volume changes with temperature, these burettes

were water Jacketed, and provision was made for a thermometer
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well for temperature measurements. To eliminate temperature

fiuctuations sueh as were enoountered during the runs reported,

a oconstant temperature bath should be inatalled.

Manome ters

Manometers were constructed of 10 mm glass tubing to
lessen error due to menlaocus effeots of the mercury, Mercury
level must be adjusted to zeroc point on the pressure leg of
manometer to maintaln a constant volume in the aystem. To
avoid errors dus to capilllary erfeofs the z2ero point should
have the same dlameter as opposite leg; and to maintain a mini-
mum dead spaoce in system, zero point should be established as
close to capillary tube as possible.,

In order to avoid errors in reading the manometer due %o
parallax, the use of scales engraved on a mirror is of definite

advantage.

Adsorption Bulb

8ince sizeycf sample will vary wilth type of material
belng evaluated, no set design can be used,

In go>me systeme the adsorption bulb is fillled, and then
sealed to apparatus, When run is over, tubing must be broken
to remove adsorption bulb, 7This necessitates a falr amount
of skill in glass blowing to insurs a leak-free jJjoint.

In order to avold this situation, it was declded to cone
struoct the adsorption bulbs with a ground glass connector for

easy connectlon and removal from system.
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Gas Purification Bulbe

Thig is a series of bulbe of about 250 ml capacity each.
In order of use they contain copper wire, glass beads, and
aetivated charcoal. rurpose 1s the remowal of oxygen and
moisture from the gases used in making a run. These gas purifi-
cation bulbs should ﬁe considered as a refinement to the basic
gy stem. Unless very critical determinations are in order, the
authors do not belisve the use of these bulbs to be essential.

Originsal installation prevented use of heater on the bulb
gontaining the copper wire, and use of 1liguid nitrogen baths on
bulbs containing glass beads and charcoal, This condition sghould
be corrected by wider spacing of these bulbs if it is desired to

use them in the future,

Tubing
Capillary tubing used in adsorption section of system has

a 2,0 mm bore. Tubing of 10.0 mm bore was used throughout rest

of apparatus with fthe exceptlon of the high vacuum header. Tubing
of 25.0 mm bore was selected for high vacuum header to insure
mininum resistance of flow of the gas molecules being removed

by the vaeuum pumps,

Stcgeocka

Both two way and three way stopcocks are of tapered ocon-
struction. Two way stopcocks have dlagonal bore to minimize

possibllity of leakage. If 1t 1s necessary to regrind stopcocks,
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a dispersion of fine alundum in water works qulite well., This
ean be applied with a plece of soft cotton. Authors recommend
use of Aplezon N grease for all stopeocks. This grease 1z manu-
factured by Metropolltan-Vickers Electrlical Co. Ltd. of England
and is guite resistant to all gasez normally encountered in the

egquipnment.
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DEBCRIPTION OF EQUIPHMENT

Mechanical Vacuum Pump (D)

Manufacturer - Kinney Manufacturing Divislon
The New York Air Brake Company

Modelewmew~one Kl«2

Typee—nvemee w= Compound

Ultimate Pressur@m----- 0.2 Micron, MeclLeod Gauge
Free Alr Disgplacemente~ 2,0 CFM

RPMomm m e 155

MOEOP HoPymewmemmmnen—m= 2 (110 volt)

MO £0r APHewwew—mwmwmeeme 1800

011 Capacityme—mwwanwee § 0Z.
Coolingm—wmmmmmmmwwm——— ALY

Shaft Diameter-—we—-=—w 3/4 inch

Inlet ConnectionNe——w=—= 3/4 inch Bcrewed
Valve Typ@w—wwwmwwne--= Feather

et Welght, Completew-- 70 pounds

Mercury Diffusion Pump (F)

Manufacturer - Ottc Greiner Company
Iypem—m—ww~ww~= Three Stage

Ultimate Presgure--e--- 1 x 10°8 mm
Merecury Capa@ity---~--~- 4 pounde

Heating-w~wwcawcnweew-we Reglstance wound coil controlled
by rheostat



MeLeod Gauge (H)

Manufaoturer - Otto Greiner Company
Bulb Volume « 250.0 cc Mercury
Ultinate Reading - 10~% microns

Acouracy - 1 x 16“3 mlcrons

gas Purification Trap (J)

Contents - Reduced copper wirse

Purposeé - Operated at about 350 degrees Centigrade to
remove all but approximately 0.05% of the
oxygen from gases being used in the system.
Oxidized copper wire can be regenerated by

passing Hydrogen gas through trap.

Overflow Bubbler (K)

Contents - Mereury
Purpose - Regulates maximum pressure at which gas may

be stored in the gas reservoir (N),

@Gas Purification Trap (L)

Contents - (lass Beads

Purpose =~ Operated in a bath of liguld nitrogen to

remove moisture from gases used in systen,

Gas Purification Trap (M)

Contents - Ac8lvalsd charcoal
Purpose - Qperated in a bath of liquid nitrogen to
remove all but the inert gases from Heliunm.
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Gus Deservoirs ()

Capacity - 1 liter

Purpose - BStorage of purified gases for subsequent use.

Indicating Hanometers (0)

Purcose - To indlcate pressure of gases stored in reservelrs.

Mercury Culoffs (P)

Purpose «~ To prevent gases stored in reserveoirs from
dissolving in stopcock grease, and thereby
contaminating system or causing leaks fo
occur. This gystem also allows storage of
gases &t below atmospheric pressures since
there is no problem of alir contamination due

to & leaky stopcock.

Gas Bulb Burettes {4)

Purpose -~ To measure volume of gas admitted to adsorption
bulb.
Capacity - 1, 3, 5, 7, 10 ml. (Emali burette).
5, 15, 25, 50, 120 ml. (Large burette).
Teuperature Control - Water Jacketed to provide for close
temperature control. Constant
temperature can be acinieved by
clreulating water in a ¢losed system,
Temperature Measurement - By means of thermometers accurate

to C.1 degree Uentigrade.
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Adsorption Bulb (R)

Purpose - To hold sample of materlial undergoing test.
Capacity- Various sizes, each of which can be connected
to system by means of & %tapered ground glass

eonnector.

Manometer for Adsorption Bulb (8)

Purpose - To measure pressure of gas in adsorption bulb.

Capacity- To measure 1,000 mn of pressure,

Vapor Pressure Bulb (T)

Purpese - To determine vapor pressure of gas belng used

as an adsorbate,

Compression Bulb for Vapor Pressure (U)

Purpose - To store gas for use in determining vapor pressure.

Manometer for Vapor Pressure (V)

Purpose - To measure pressure of gas in vapor pressure bulb,

Capacity- To measure 1,000 mm of pressure.

Meter Scale (W)

Manufacturer « Sclentifie G(Glass Apparatus Company

Type - Engraved glass mirror.
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General Operatlon

The equipment was designed to be used in the following
manner,

& known weight of material (adsorbent) in a closed system
is to be subjected to a vacuum sufficient to remove all adsorbed
gas molecules.

A known volume of adsorbate gas 1sg to be admitted to this
closed system, and adsorbed under isothermal conditions.

The equipment was desligned to permlt the meagurement of
pressure, volume, &and temperature relatvionships necegsary to
facllitate the calculations of the precise amount of adsorbate
gas adsorbed on the sample,

A detuslled description of the operational procedure and

calculations are to be found on pages 4l-5§6 of this report.
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EGQUIPMENT NOMENCLATURE

Stopecock to Adsorontion Bulb

Stopcock to Gas Manifold Line
Stopoock on Mcleod Goupe By-Pass Line
Hechanical Vaocuum Pump

01l Trap, for Mechanical Vacuum Pump
Hercury Diffusion Pump

Cold Trap, for Hercury Diffusion Pump
Meleod Gauge

Tapered Groove Stopecock

Gasg Purification Trap

Qverflow Bubbler

Gag Furification Trap

Gas Purification Trap

Gas Reservolrs (3)

Indiecating Manometers (3)

Mercury Cutoffs (3).

Gas Bulb Burettes uwith Water Jackets and
Thermometer Wells (2)

Adsorution Bulb

Manometer for Adsorption Bulb

Vapor Pregsure Bulb

Compression Bulb for Vapor Pressure
Manometer for Vapor Pressure

Meter Scales (2)
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QUERATING INSTHUCTIGNS

A - 8tart-Up FProcedure - The followling five steps are Yo be

followed in sbarting up eyuipment, preparatory to meking a run.

1 - Open all stopeocks to the vacuum line with the excep~-

3

Al

tion of stopeock "AM yhieh leads Yo tﬁe sample bulb,
Heke particular note of opening stopcock "O¥ located
on the by-pass line around the MclLeod gauge. (This
permlits egualization of pregsure on the mercury in

the Mcleod gauge and reservoirs, and prevente the
mercury from bubbling.}

Start meehanical vacuum puup., As soon as pump

returns to normal, close stopcock “CH,

As soon as resding 1s obtainable on Mcleod gauge,

start mercury diffusion pump~--making sure to f£i1l

cold trap on diffuslon pump with ligquid nitrogen,

and setting rheostat st a reading of between 55 and 60,
Open stopcock *AY slowly, and allow sample to evacuate.
Continue evacuating until a reading of 1x10"g to
1x10‘6 mu ig obtained on the McLeod gauge. Initislly
this may take several hours dus to the presence of
water vapor on the walls of the epparatus. This
initial pump down time can be reduced by heating

the glass walle (not the stopcocks) with a wide-

spread flame from & Bunsen burner,
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B -« Tezating for Leska - The following procsdure should be adopted

te deternine presence of poseible leuke in the system,

1 = %When optimum vscuum 1ls recched, shut off &1l stopcocks
to the voevum line.

2 = allow appuratus to remein thie way for about fif-
teen minutes,

3 -~ Open stoncocks to various parts of the system, one
zt a time, checking the vacuum in each instance by
means of the lcleod gauge. The presence of & leask
111 be indicated by & lower vacuum reading on the
licLeod pauge.

b -« If leucks arve sresent, they are usually found in
the Joints and stopcocks, and cgn usually be
located by means of & high frequency vacuum tester

ficientific Glase Co. No. POUT70), a white smark
discharge indieating presence of gas ions and
therefore a leak,
Leaks in Jolnts and tube walls ecan be corrected by
neating and refusing that particular area.
Leaks in stopcocks can be corrected byrreleasing
vacuum and removing stopcdck, which ig then ground,
regreapsed and replaced,

5 = Procedure must be renested when any lezks are detected.

£ « Fililing Gas Reservolirs - In filling the gas reservoirs "j*

the following steps should be observed.
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i

flush gas through purification system (J,K,L,H)

-

o

allowing it to escape through outlet on YK,

ro
t

AGmit gas to its ves.ectlive reservolr until the
BHLEsc on tank reads between 2 and 3 walg.

3 « after one gas 1s stored and before another one can
be adwitted, the gas maniford sectlon of system must
be evacusted to prevent mixing of the gasss. For
exaaple, ln «dding Nitrogen and dellum, Hitrogen 1ls
added first in the prescribed manner and manifold
secetion 1s evscuatec, Hellum 1s added last since

it wili be the first gas used 1n determining the
free snace of the system. Therefore, a second

evacustion is not necessary.

D - Heasuring I'ree Space - The free gnace or volume "Vo' of the

adgorption system must be determined. Thie is the volume
of the space between tiie stopcock YAM jJust above the sample
tube, the zero point of the gas burette, and the zero point
of the manometer. Tils particular value is determined only
once for any glven system; since, unless breskage oecurs,
will remain constant.

1 - With system evacuated, stoocock "A¥ closed, mercury
at zero point Iin manometer and mercury at zero point
in gas burette; gas (Helium or Nitrogen) is admitted
through stopoock "BY¥ to give a pressure reading on

manometer of between 700 and 800 mm.
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Stopecock WBH to gas auniford is then closed «nd the
sressure dstermined wlta aercury at zero point in
gas hurette.
% = Mercury 1= lowsred to the flrst reference polnt in
burstte and nressure egain measured,
4 - This nprocedure 1s reneated at each reference peinvy
until gsae burette has been emptied of mercury.
5 « Tuls method provides o serisze of vrecsure readlngs
at kno'm burette volumes (Vtb); and assuming run was
meade st constunt temperature, «nd with a constant
znount of gos the following relationship holds true:
PV = constant = K
V= Vo ¢ Vth
Vo ¢ "Wtb = K
PYth = K - 2Vp

a(PVth) = -Vo
dp

6 - 4 plot of PVtb versus P for each point should produce
a straight line whose slope is the negative value of
the free volume (Vo).

It follows that A =« B = =V0o or B - A = Vo in ml,

2 P

PV*b

A




E - Determination of Bulb Factors {fy) - It is convenilent at this

point to construct a table of bulb faotors (f,) which are an
aid in simplifying later ocalculations of volumes of nitrogen
at standard conditions. The actual table appears on page 57
of this report, but the manner in whioch it 1s determined
will be discussed here.

Ty = (VEb ¢ Vo)(273.2)

60
where:
Vtb 1z the measured volume of each
bulb or combination of bulbs in the
gas burette.
and:
Vo 1s the free space in the adsorp-
tion system ag determined in section
D and which remains constant.
Therefore:

In determining the actual volume of
gas (Vt) at standard conditions from
the measured volumes Vib and Vo and
measured pressure (P) and temperature
(T, °K); the following relationship

may be used,

Vt (Ny), stp = £y x P
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F - Measurement of Free Volume in Sample Tube (Va) - 8ince this

determination is made at liquid nitrogen temperature, a gas
must be used which will not adsorb on the sample to be tested.
Such & gas 1s helium,

1l - A large sample of helium is introduced into the
burette system with stopcock "A¥ remaining closed.
(Normally use the total volume of both burettes.)

2 - The pressure is measured (P) and the volume of
helium is corrected to standard conditions (Vig,).

3 - Place liquld nitrogen bath around sample tube, and
allow it to come to temperature--about five minutes
is usually sufficient, Make sure level of liguid
nitrogen remains eanatént during determination.

4 - Open stopeock ®A" and allow helium to enter sample
tube. Take pressure reading (Py) and record burette
temperature (t, °C).

5 - Close stopoock "A¥, Open stopcock "B¥ and *X" to
evaau&fe system. Then slowly open stopcock "iAW gnd
evaouate helium from sample tube, and remove nitrogen
bath.

6 - This determination must be made for each run since

the size of sample tube and sample contained will vary.

G - Making a Run
_l - After removing Hellum from system, and reestablishing
vacuum at original level; close stopcocks A,X,Z.
(see drawing).
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2 - Open stopcock from appropriate gas reservolr and
allow & predetermined volume of gas to enter gas
burette.

2 =« Close stopcock B, adjust manometer £ to zero point,
and record pressure (Py), and burette temperature,

I = Immerse adsorption bulb R in liquid nitrogen bath.

5 - Open stopcock A, adjust zero point on manometer;
readjust to zero point when equilibrium conditions
are obtalned, ”

6 - FRead and record pressure (Pr) and burette temperature.

7 - Close stopcock A.

8 -~ Open stopcock B and admit a second charge of ad-
sorbate gas at a greater pressure (Py) than that of
the previous charge.

9 - Close stopcock B; adjust manometer to zero point;
read and record pressure (Py) and burette tempera-
ture for second point.,

10 - Open stopecock 4 and repeat step number b,
11 - For additlional pointe on adsorption isotherm,
repeat steps 1 through 6.

When sufficient data has been obtalned so that values of
P,/P, can be calculated for the range of 0.05 to 0.4, the runm
1s normally complete for the straight line, and point "B" methods.

If a complete adsorption isotherm is required, continue

taking pointe until Pn/P, reaches a value of 1.0.

u%n



At the
This can be

gas through

condense 1in

completion of each run, P, must be determined,
accomplished by admitting a large volume of adsorbate
stopeock Z to compression bulb U, and allowing gase %o

vapor pressure bulb T which is submerged in a liguid

nitrogen bath. BSaturation pressure is the highest equilibrium

pressure obtainable,

H - Shutdown - One ocan start shutting dcwn equipment while

vapor pressure determination is being made. This is

accomplished in the followlng manner:

l-

2 -

§ -

Shut off mercury diffusion pump, but allow cooling
water to continue passing through it.

Open stopeocks X,B,A slowly lin that order,

Remove liquid nitrogen bath from adsorption bulb.
After vapor pressure deferminatlon has been made,
open atopeock Z, and evacuate vapor pressure
section of asystem,

Lower nmercury in manometers into their respective
reservolirs,

Lower mercury in gas burettes into thelir respective
reservoirs, and shut off stopcocks on both sides of
burette.

Open stopcock C and other stopeocks on mercury reger-
volrs to vacuum line. (This equalizes pressure in

system., )

.,11.9.,



8 « Shut off mechanical vacuum pump a8 soon ag diffu-
sion pump is cool to the touch.

9 « Shut off water and all electricsl conneetions,
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SAMPLE CALCULATIONS

Nomenelature

VA(BtP)“ﬂﬁ

VR(StP)"”'

Vads(stp)-

Px-&—*‘mmnn

PR==———-— i

VR(HQ)*wuw

Volume of adsorbate gas as measured in gas bureiltes
and capillary tube. (ml)

Volume of adsorﬁate gas corrected to standard
conditions, (ml)

Volume of adsorbate gas in dead space of adsorption
bulb, corrected to standard conditions. {ml)

Volume of adsorbate gas which is not adsorbed at

each point during run, corrected tc standard
conditions, (ml)

Cumulative volume of adsorbate gas adsorbed at any
point during run, corrected to standard conditions (ml)
Pressure of each additlion of adsorbate gas as measured
on manometer. (mm)

Reasidual pressure of adsorbate gas (not adsorbed),

a8 measured on manometer, after equilibrium conditions
are obtained., {(mm)

Actual pressure of adsorbate gas to system. {(mm)
Vapor pressure of adsorbate gas. {(mm)

Initlal volume of helium gas admitted to system for
determining dead space in adsorption buldb, as measured
in gas burettes and capillary tube. {(ml)

Residual volume of hellium gas in system after ad-

mitting gas to adsorption bulb, (ml)
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P?(He)-~*—

PA-‘-“O**“

E 3 Rl -
B
PO
) S ——
T e v e o e
PR(HQ ) P———
Vpm=mmme e
VA(HE)o-ue
Ly -
Pgm = -
V‘I‘B ~~~~~~ -

Pressure exerted by initial volume of helium gam, as
measured on manometer. (mm)

Barometric pressure., {mm)

Standard pressure, (mm)

Standard temperatﬁi%. {°K)

Gas burette temperature. (0K)

Volume of adsorbate gas which forms a monolayer over
total surface of sample. {oc¢/gm)

8lope of curve.

Y intercept of curve.

Weight of sample. {gm)

Pressure exerted by residual volume of helium. (mm)
Actual volume of capillary tube. (ml)

Volume of helium gas in dead (free) space of

adsorption bulb. (ml.)

‘Gas burette bulb factor.

Adsorption bulb factor.
Aotual volume of gas burettes bulbs. (ml)
(Calibrated with mercury by Otto Greiner Company

before installing.)
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Determination of Free Space in Capillary Tube (V)

Vpp (ml) | | P (mm) BV
1.0 382.5 382.5
4.0 288.0 1152.0
9.0 204,5 1840.5

16.0 145.0 2320.0

26.0 103.0 2678.0

31.0 90.0 2790.0

From a plot of PVqy versus P, the following values for B and
A {sece operating instructions for discusslion) were obtained,
B .= 3500 4 s 250

" Therefore:

V. = B=A = 3500 = 250 = 8.125 ml
A A 25"‘%’6"'

This value remaing conetant as long ag no changes are made in

the caplllary section of systenm.
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Deternination of Free Zpuace in adsorption Buldb (V&}, and
Determination of Adsorption Bulb Factor (fy). Run 13

Vp(He) = (Vpg # V5)(T) (PgHe) (Pa) - ml (stp)
) ) ()

Vp(He) = (233.125)(273.2)(266.0)(772.5) = 105.7 ml (stp)

Vp(He) = (Vpp ¢ Vo )(T) (PgHe)( = ml (stp)

)
)

P
M) (Ps) (g

Vp(He) = (233.125)(%%.2)(%zg.gégg.g%

35.2 ml {stp)

H

Va(ﬁe) Vp(He) - Vp(He) = ml (stp)

]

Vp(He) = 105.7 - 35.2 = 70.5 ml (stp)

¥ = Vv (ﬂ&) = . 0.5 = 0.577
¢ 7 FrEey 1423

In this instance, a second determination was made, and another
value for f, was obtained.

fa = 0.595
An average value for fa of 0.586 wag used in subsequent
éalculatiena in Run 13.
Each time the adsorption buldb or sample combalned therein is

changed, this determination must be made.

Determination of Gas Burette Bulb Factor (fy)

Ty = (Vpg ¢+ V.)( T )
°Fey

ty = (9.0 + 8.125)(273.2) = 6.15
0.0

These factors remain constant for any given combination of gas
burette bulbs and caplillary tubing as long as no changes (due

to breakage) occur.
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Pressure Determination of Each Addition of Nitrogen Gas (Py)

Example:; Based on second point established during Run 13.
Py = 432.0 mm (Read directly from manometer.)

Regidual Pressure of Nitrogen Gas (Pp)

Example: Based on second point established durlng Run 13.
Py = 9.0 ma (Read directly from manometer.)

Aotual Pressure of Each Addition of Nitrogen Gas (P)

Example; Based on second point established during Run 13.
P =P - Py
P = 432,0 - 9.0 = 423.0 mm,

Note: On the first point taken on any run P = ?x since
there is no residual pressure Pgr. Each new addltion
of gas to the system however, exerts only that
pressure P equal to the %total pressure Py less the
residusl pressure P, from the preceding additlon.

Volume of Nitrogen Gas Corrected to Btandard Conditions Va.(stp)

Example: Based on second point establlished during Run 13.

Ve(stp) = f§(P) - ml
1

Vp(etp) = 6.15(4283.0) = 8.85 ml
2

. ki

Residual Volume of HNitrogen Gas Corrected to Standard Conditions
Vi {stp)

Example: Based on second point eatablished during Run 13,
Vo{stp) = f£,(Pr) = ml
R = A AL =
1
Vp(stp) = 6.12(9;0) = 0.186 ml
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Volume of Nitrogen Gas in Dead Space of Adsorption Bulb
Corrected to Standard Conditions,gﬂQ(stp)

Example: Based on second point established during Run 13.

i

Vy(stp) fa(PR) = ml

i

Va(stp) 0.586(9.0) = 5.27 ml

Volume of Nitrogen Gas adsorbed, Cumulative, Corrected to
Standard Conditions, V, ;.(stp)

Example: Based on second point established during Run 13,

Vads(stp) = Vp - (Vg¢ V) = mi

1]

Vaas(stp) 16.02 - (0.186 ¢ 5.27) = 10.57 ml

Vapor Pressure of Nitrogen Gas, Corrected to Standard
Conditions, P,(stp)

Polstp) = Po(Pp) = mm
Py
P,(stp) = 8&ok.0(772.5) = 819.0 mm
760.0

Calculation of Surface Area from the Straight Line Ploft

From the plot of Pp x 107 versus P./pP
R0

I = Y intercept = 0.1 x 103
8 = slope = (16,0 - 0.1) x 107 = 79.5 x 10~J
0.1
Vm = 1 - 1 = 0-58 ml/g
S 4 I (79.5 +» 0.1)10-5 x W
Area = 4,38 v, = 4.38(0.58) = 2.56 n°/g

Calculation of Surface Area by the "Point BW Method

From the plot of Vagg ml/g versus PRp/P,, Point B was
established, and the tangent to the curve at this point
intercepts the Y axis. This point of interception is Vp.

For Run 13: Vm = 0.70

-

Area = 4.38Vy = 4.38(0.70) = 3.06 ml/g



TABLE OF BULB FACTORS (fy)

Bulb Volume £,
8.125 | 2.92
9.125  3.28

12.125 4.35
13.125 4,72
14,125 | 5.075
17.125 6.15
22,125 | 7.95
24,125 &.66
29.125 | 10.45
28.125 10,09
34,125 12,25
44,125 15.85
54,125 15.50
53.125 19.10
103.125 37.18
233.125 83.90
234,125 8l 40
237.125 85.30
242,125 87.20
249,125 89.50
259.125 93.20

Note: This is only a partial listing, which lncludes those

values most commonly used in the experiments.
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DATA SUDET

DATE 1/19/57 RUN NO. 13
Barometric Pregsure (MR)-——--eav-cccaeee 772.5
Room Temperature (P0)w-—emmmemmmcamanaa 2443
Vapor Pressure (Pgp, Dl)e-mm—meco—cmo—e——— 819.0
BAmple DO81ENEL 10N = ~m - e e e e Perlite, #300 Filter Ald
Weight of Bample (gmg)e-mm-mmcr e 21.70
Vacuum in 8ystem (ma)e-—-—vmmm e 9.8x10”6
Volume of Helium (Vt, ml)ee-cmmmmeneana - 233,125
Initial Helium Pressure (P, mm)e-—ece———-— 366.0
Regidual Helium Pressure Pl, 771} JON—— 122.0
Burette Temperature (00)——eeom e 2.4
vt (SE) Burette Px Pr PRPx-Pr vt (NE) vt (NQ)
ml. Temp. mm, ma, mm nl nl
oQ (stp) (stp)
17.12% 25.6 343 ,5 0.0 343.5 7.2 7.17
17.125  25.6 k32,0 9.0 423.0 8.85 16.02
N " 460.0 18.0 442, 0 . 9.25 25.27
" o 478.0 530.5 Wh7.5 9.37 34,64
L " 541.0 46.0 495,0 10.33 bk, 97
" # Lg0.5 62,5 Lig.0 8.75 53.72
* ¥ 437.5 78.0 359.0 7.50 61,22
# 25,73 51,0 105.0 346.0 7.23% 78.31
" 5.1 520.0 116.5 4ol 0 8. 86.76
" 25.0 4g91.5 131.0 360.5 7.55 94,31
# 24,9 502.0 143.5 359.0 7.52 101.83
N 24,8 45,0 157.0  288.0 6.04 107.47
" 24,8 433.5 167.5 266.0 5.58 113,45
H 24,6 b63.0 177.0 286.0 6.00 119.45
" 24,6 526.0 188.0 338.0 7.10 126.55
# k.6 529.0 200.0 329.0 6.90 133,45
i 2,6 53,0 213.0 240.0 5.05 138,50
" 24,5 505.0 216.0 289.0 6.07 144,57
J 244 542,0 2245 318.0 6.70 151.27
W 24,3 549,.0 235.5 314.0 6.60 157.87



DATE 1/19/57

vVt (Np)
ml

17.125

#
W
#
#

=

TR R D X R R P X x BN

=z W O 2 F WO Rz ox OB R BT TR R

=
-

17.125

Burette
Teap.
C

L L ] . @ .
-~ RND AR EFVTOV (AD - R\ O

. *

. ¢ . L] [ ]

MO A TO R A AY RY R3O MO MO RO M) MR 1O M
PHHMMMNNM:\)?}N\NWW;—:;

Px
mm

537.0
522.0

534.0
562.0
605.0
755.0
822.0
848.0
929.0
342.0
803.0
852.0
£62.5
78005
838.5
851.0
805.0
852.5
825.5
879.0
850.0
855.0
900.0
810.0

917.0 -

922.0
932.0
906.0
906.0
960.0
915.0
906.0
939.0
Sy, 0
933.0
§32.0
947.0
953.0
936.0
1005.0
923.0
973.0
990.0

Pr
mm

246.0
257.5
267.0
272.0
281.0
294,0
308.5
327.0
346.0
367.0
384,0
396.0
§17.5
4335.5
il o
}4“}'4'9n0
461.0
4740
486.0
500.0
514.0
521.0
531.0
Hilk, 0
557.0
570.0
582.0
5585.0
606.0
618.0
622,0
630.0
640.0
651.0
662.0
666.0
674.0
683.0
691.0
£99.0
711.0
718.0
727.0
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=PX-Pr
mm

291.0
265.0
267.0
250.0
324,0
465.0
514.0
521.0
583.0
475.0
419.0
456.0

347.0
394,0
402.0
34,0
%78.0
343.0
37%.0
}36‘0
334,0
369.0
366.0
360.0
352.0
350.0
316.0
300.0
342,0
203.0
276.0
299.0
293.,0
271.0
266.0
273%.0
270.0
245.0
306.

212.0
255.0
263.0

RUN NO.

vt (Np)
ml
(stp)

6.11
5.57
5.62
6.11
6.83
9.80
10.80
11.00
12.30
10.05
8,85
9.67
9.42
7+35
8.35
8.53

-~
N
(Y]

L ] [ ] [ ] ‘ . [ ] L]
EONGBEMONO

L
03 MY N\l
OQF'O\MNEN-F-'NNOWF'NO

Ul OV O O O~ = o =d = =F Ga~d GR
L] [ 2

A IR L AW 3

[ ] L] [
Onv=d O AN
OV~ O

5.80
5.75
5.21
6.52
4,52

5.60

13

vt (N,)
ml 2
(stp)

163.98
169.55
175.17
181,28
188.11
197.91
208,71
219.71
232,01
242,06
250.91
260.58
270.00
277.35
285.70
294,23
301.52
309.52
316.79
324,83
331.96
339.06
346,88
354, 65
362,29
369.76
377.20
383.92
390.30
396.56
o2 8o
4od. 69
k15,04
k21,27
4a7.04
432,75
438,50
Wiy, 25
g, 4g
455,98
460.50
465,94
471.54



DATE 1/19/57 ; RUN NOo. 13

Ve (Ny)  Burette Px Pr P=Px-Pr V% (N,) v (nzy
ml Temp. am mm m ml nl
C (atp) (stp)
17.125 20.1 1,004.0 736.0 263.0 5.71 477.2%
# 20.1 1,000.0 Tht. 5y 256.0 5. 45 4g2,70
# 20.05 965.0 44,5 221.0 k.71 4Eg7.41
u 20.0  1,000.0 750.0 250.0 5.34 492,75
" 20.0 1,001.0 757.0 24l 0 5. 20 497.95
K 19.9 G32.0 764.0 218.0 4,65 502,60
# 19.9 978.0 771.0 207.0 Ry 507.01
# 19,9 957.0 776.0 181.0 3.86 510.87
" 19.9 96&.0 780.0 188%,0 4,01 514,88
# 19.9 971.0 784.0 187.0 3.99 518.87
# 19.8 975.0 738.0 187.0 3.99 522,86
" 19,8 965.0 791.0 174.0 3.72 526.58
# 19.8 986.0 794.0 192.0 k08 530,66
¥ 19.7  1,003.0 756.0 207.0 W, 4y 535.07
# 15.7 983.0 798.0 185.0 3.95 539.02
" 19.6 932.0 800.0 182.0 3,89 542,91
¥ 19.6 995.0 801.0 194%.0 4 ah 547.05
# 18.6 9940 803.0 191.0 L,o7 551.12
17.125 12.6 1,001.0 804.0 197.0 4,20 555,32
34,125 19.5 962.0 8ok.0 158.0 6.70 562.02
» 19.5 976.0 804.0 172.0 7.30 569.32
* 19.5 981.0 807.0 174%.0 7.38 576.70
# 19.5 agh, 0 808.0 176.0 7.46 584,16
34,125 19.5 983.5 798.0 185.0 7.84 592.00
END oF RUN



vr (lig) Va (Mg) Vads Pr/Po  Po-Pr Vads/g _ Pr
ml nl ml ml/g Vads(Po-br)
(stp) (atp) (stp) x 103
- - - - 819.0 - -
0.186 5.27 10.57 C.011 810.0 0,486 1.05
c.378 10.56 14,34 o.022 0.660
0.629 17.90 15,53 0.037 0.853
0.949 27.00 17.03 0.056 0.784
1.290 36. 60 15.83 0.075 0.730
1.610 45, 60 14,01 0.095 741.0 0.645 7.50
1.84% 52,10 17.14 0.108 0.789
2.160 61.60 14,55 0.128 0.670
2.410 £8.40 15.95 0.142 . 0.734%
2.710 77.00 14,60 0.160 688.0 0.672 13.00
2.960 84,10 1477 0.175 0.680
3,240 92.00 12,63 0.192 0.582
3.460 98. 40 11.59 0.205 0.533
3,660 103.80 11.99 0.216 0.552
3,900 110.00 12.65 0.229  631.0 0.582 2%.58
b.140 117.20 12.11 0.24k 0.557
4. 410 125.00 9.09 0.260 0. U417
4,480 126.80 13.29 0. 264 0.611
b, 640 131.60 15,03 C.274 0.691
i, 880 138.00 14,99 0.287 583.C 0.689 26.95
5.190 144,30 14,49 0.300 0.666
5. 410 151,00 13,14 0.%14 0. 605
5.63C 156 .50 13,04 0.326  552.0 0.600 37.10
5.730 159.50 16.05 0.3%2 0.737
5.920 164,80 17.39 0.343 0.800
6.210 172,40 19.30 0.358 5&5.0 0.837 29.00
6.5060 181.00 21l.21 0.376 0.976
6.9  191.80 20.97 0.378 0.964
7.330 203.00 21.68 0,422 0.997
7.756 215.00 19.31 C.hh43 _ 0,888
8.140 225,00 17.77 G. 469 0.816
8,420 232.00 20.16 0. 483 0.5926
8.860 2iL, 60 16.54 0.510 0.760
G. 200 254,00 14,15 . 530 0.650
9.450 - 260.00 16.25 .54 375.0 0.747
9.500 263.00 £1.73 0.549 1.000
9.800 270.00 21.72 C.562 1.000
10.106 277.70 21.72 0.580 1.000
10,340 285.00 21.45  0.5%5 . 0.987
10.620 293.00 21.21 0.611  319.0 0.976
10,910 301.00 20.05 0.628 0.922
11.10C 306.00 21.96 0.637 1.010
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DATE

Vr (3,’12)
ml
(2%p)

11.30
11.60
11.87
12,14
12.40
12,70
12.93
1%.18
13.25
13.40
1%.60
13%.80
14,16
14,20
14,35
14,60
14,78
14,04
15,20
15.%8
15.54
15.76
15.90
16.20
16.05
16.2C
16.40
16.54
16.62
16o70
16.78
16.90
16.9%
17.00
17.07
17.13
17.16
17.20
17.17
17.20
17.20
17.18
17.22
17.22
17.10

1/19/57

Va (Np)
ml
(stp)

311.70
318.30
326, 40
334,00
341,70
348 40
356.00
262,00
36’4“ u’o
370.00
375.00
382,00
383,00
291.00
395.00
400,10
405,00
410.00
416.00
421,00
426.00
431,00
436,00
436,00
Ko, o0
iy, 00
§ng, 00
k52,00
455,00
457.00
460.00
462,00
464,00
k65,00
467.00
468.00
k69,00
470.00
k70.50
k71,00
471.00
471,00
473.00
474,00
468.00

Veds
ml
(etp)

2% .88
2h, 75
24,02
2%.62
23.10
20.82
21.37
21,38
25.15
25 .2¢
26, B4
25.47
24,88
27.56C
29.15

29.55

29,68
31,04
29.30
29.56
30,02
30,49

- 30.80

35.21
%6.70
3775
38,20
28,47
39.25
11.18
k2,09

42,98

45,63
Lg, 66
51.00
57.89
56.75
5&, 85
62,45
67.12
73%.%2
81,14
85.)4-5
92,94
106.90

Pr/Po

0.650
0.665
0.681
0.696
0.710
0.728
O.T4L
0.755
0.761
0.77¢C
0.7%3
0.7%6
0.810
0.815
0.824
0.834
0.845
0.854
0.869
0.877

0.8%0

0.500
0.9098
0.509
0.916
0.925
0.933
0.S43
C.GUS
C.953
0.957
0.060
0.968
0.570
0.973
0.275
e.977
0.98\1
0.982
0.982
0.982
0.988
0.989
0.975

- B9

Po-Pr
mn

RUH NO. 13

Vada/g Pr
ml/g Vads(Po-Pr)
x1

1.100
1.138
1.108
1,088
1.062
1.050
0.985
0.985
1.156
1.163
1.218
1.173
1.145
1.265
1.341
1.362
1.365
1.4%0
1.348
1.362
1.380
l.402
1407
1.620
1.690
1.74%0
1.766
1.770
1.810
1.895
1.940
2.020
2.100
2. 240
2.340
2,480
2.630
2.700
2.920
3.080
3.390
3.730
3+930
L. 270
4,820












PVrs

5004

4000

3000

2000

1000

CALIBRATION OF FREE SPACE
He guas 20°C

100

200 300 400

mm Hg
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DATA SHEET

Date 11/17/56 Run No. 9
Barometric pressure (mn) 764.7
Room temp. (°0) 22.0
Vapor pressure (P,, mm) o2
S8ample designation Darco 8=-51
Welght of sample (g) 0.0413
Vaouum in asystem (mm) 1.8 x 10~
Volurie of Hellum (Vy, ul) 259.125
Initial Hellun prescure (P, mm) 257.0
Resldual Helium pressure (P;, mm) 199.0
Burette temperature (C0) 21.7
temn.
ml e mn il
54,125 22,2 20k 0
B, 125 23,2 61 52
37.125 23.2 70 56
32,125 23,2 70 61
17.125 23,2 118 64
12.125 23.2 113 73
8,125 23,2 118 77
54.125 234 2ho &3
4y, 125 23k 181 145
37.125% 23.4 191 161
32,125 23,4 194 165
17.125 23,4 304 173
12.125 23,4 28U, 200
&.125 53,4 317 214

- 67 -



DATA SHERT

Date 12/1/56 Run No. 11

Barometric pressure (maz) 756.6

Room temp. (9C) 19.5

Vapor pressure (P,, mm) 830

Sample Designation Filter Cell C-46585

Welght of samples (g) 2.6809

Vacuum in system (mm) : 9.6 x 3.0"6

Volume of He (Vg, ml) 259.125

Initial He pressure (P, mm) izl 0

Regidual He pressure (Py, mm) 349,0

Burctte temperature ("0’} 23.0
Ve H Burstte Pe(l,) P An,)
e temnp. xe r2
ml og mm mn
12,125 16.5 182 1.5

12,125 19.5 253 10.0

12.125 18.5 349 ug
12.125 19,5 245 72.5
12.125 1.5 354 108
12,125 18,5 378 42,5
12,125 1%.5 286 161.5
12,125 149.5 393 193
1£.125 1¢.5 o3 202
12.125 15.5 413 247
12,125 19.5 L5 273
12.125 15.5 Y 29k
12,125 19.5 456 316
12.125 19.5 4o 327
12,125 19.5 405 338
12.125 19.5 505 361
1z.125 16.5 555 286
12.125 19.5 562
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TATA SHEET
Date 12/8/56 Run Yo. 12
Barometric precsure (mm) 765
Room temp. {(OC) 27,2
Vapor pressure (Pg, num) 330
Sample designation Filter Cell C-4£585
Welght of sample (g) 13.7180
Vacuum in systen (mnm) 1.92 x 10-4
Volume of He (Vy, ml) 223,125
Initial He Pregsure (P, mn) bho,5
Resldual He pressure (F;, m) 230.0
Burette temp. He (©C) 23,2
Vg (Fo) Purette Px(ﬁz) Pr(Kg)
tenmp.
ml og mry mm
§.125 23,2 501 0.75
8.125 23,2 L2g.5 0.75
8.125 %, 2 566 2.0
8.125 23,2 oo 2.5
8.125 23.2 563.2 7.5
8.125% 23.3% 559 14,0
8.125 23,2 568 28
8.125 23.1 360 35.5
8,125 23.1 385
8.125 3.3 h1g 5%
9.125 24,0 81 66
9.125 ok, 5 540 &1
14,125 24,3 503 100.5
14,125 ol 5 523 120
17.125 24, 4 552 146
22.125 24,3 520 174
22.125 24,82 65 210
22.125 ol 1 532 3
29.125 2k.1 533 2g
29.125 ok.1 Lyp 275
29,125 2.1 big 2208

e
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DATA SHEET

Date 2/2/57 Run No. 14
Barometric presaure (mm) 766.1
Roon temp. (9C) 2%.9
Vapor pressure (P,, mm) 805.0
Sam;le designation Celite 403 (C-U46738)
Welght of samples (g) 2.85
Vacuum in system {(mm) 9.8 x 10~6
Volume of He (Vg, ml) 259,125
Initial He precsure (P, mr) 304
Final He pressure (Py, mm) 2ux
Burette temp, He (OC% 25,2
¥y (ip) Buretie Py (ko) Pulll,)
temp
ml mm mm
24,125 2.5 g 53
24,125 24,3 L67 148
24,125 ch,2 Lel 225
24,125 ok, 0 38L 260
24,125 23.8 198 315
24,125 23.6 g1 350
2@.125 23 .5 173 378
4,125 27, 563 119
24.¢a3 2% .2 612 hel
oit, 125 23,1 732 519
2k, 125 2%.0 812 57T
olt, 195 p2.8 813 620
24,125 £2.7 - 670
24.125 22.6 alig 701
"4.¢( g a76 724
24,1 22,3 948 736
24,105 22.3 o4y 7hg
24,18 °2.1 945 757
24,225 2.1 1000 763
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oaThs SHEZET

Date 2/16/57 Run do. 15

Barometric pressure (mm) 758.7 = 7537

Room temp. (©C) 26.8

Vapor pressure (P,, mm) 805.0

B8amnie designation 300 Perlite Filter Ald

Weight of sample (g) 21.70

Vacuum in system (mm) 2,88 x 1079

Volume of He (Vy, ml) 259.125

Initial He pressure (P, mm) 253

Final He pressure (P%. mm) 92

Burette temp. (He) (90) 21.2%
Vg (Np) Burette Px(Ng) Pn(Np)

temp.
ml Qg mm mm

34,125 24,5 4318 19
34,125 24,8 i59 48
34,125 25.0 459 T4
3k,125 £540 L5 99
34,125 25.1 Khig 125
34,125 2942 S N 14dp
34,125 251 433 164
34,125 25.2 491 185
34,125 25.1 L3y 200
34,125 25.1 500 220
34,125 25.1 582 243
34.125 25.1 528 262
34,125 25.1 650 287
34,125 25.1 627 309
34,185 5.1 674 332
34.125 25.0 635 352
34,105 24,9 6380 372
34,125 ol 8 765 398
34,125 27 Bu6 427
34,125 a6 897 457
34,1205 2,6 919 RS
34.125 244 937 514
34,125 2H3 943 S41
34,125 24,3 940 565
34,126 24,3 996 592
34,125 24,2 994 615

1
-.,J

i
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LATA SHEET

Date 2/16/57 Run Ho. 16

Barometric pressure (mm) , 7153.3

Room temp. (0C) 25.4

Vapor pressure (P,, mm) g10

Sample desgignation #100 Tarlite Fllter Ald

Weisht of samnle (g) I, U586

Vacuun in system (mm) 2.2 X 106

Volume of Helium (Vg, ml) 259,125

Initizal Helliun pressure (P, ma) e

Residual Helium pressure (Pl’ mm ) 231

Burette temperature (0¢) 2,5
vy (Hp) Burette Py (Ng) P.(Ng)

teup.
ml og mm mm

e, 105 ?5.0 LE8 ih
2,125 2L, g ik 82
24,125 24,8 41,5 119
24,125 2.7 iy3 152
24,125 oh.6 5U5 190.5
ok, 125 o5 Lgs 220.5
7h,125 ol L 657.5 264
24,125 2.3 768 315.5
2h.125 e,z 788 363
2k, 125 ol 2 3 $10.5
Ph,125 oh,1 790 uhy
oy, 105 23.9 c73 500
24,125 3.9 997 549
2h, 105 23,8 965 589
24,125 37 915 625
2h.105 239 993 660
2%.125 3.6 045 536
2k, 125 23.6 983.5 716
21,105 23.6 992 738
Pha125 23.5 o7d 761
24,185 o34 969 779
24,125 234 &85 752
ok, 125 733 735 4g
2Lk, 125 23.2 86%.5 301.5
ol 125 2%.2 983 302
24,125 73,1 979 502.5
2,125 23,0 802.5 202.5

onidl of Run
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DATA SHerT

Date 2/22/57 Run No. 17
Barometric pressure (mn) 763.5
Room temp, (©C) 21.7
Vapor pressurs (D, mm) 310.0C
Bomple deglgnation #100 Perlite Filter Ald
Weipht of sampnle (g) 4,454
Vaeuun in system (mm) 5 x 10~k
Volume of Helium (Vy, ml) 25G,1°5
Initizl Heliunm presasure (P, ma) 405.0
Resldual Helium pressure (Py, mm) 224.0
Burette temnerature (°0) 20.8
Ve(¥o) Rurette Px(Na) Pr(Ne)
tenp.
ml Ge . nm mm
el 125 21l.6 426 -
24,125 21.6 536 41.0
2k, 125 21.6 475 91.5
24,125 21,6 486.5 130
ok, 175 21.6 4g7 168
2k.125 21.5 561 20043
2k, 125 21.6 657 2375
24,125 2l.6 £93.5 275.5
2L, 125 21.6 705.5 %02
24,125 ~l.6 6£78.5 2361
24,125 21.7 §23 392.5

Ind of Bun



Date 2/22/57 Rupn Ho. 18
Barometric pressure (mn) 769.5
Roon temn, (©C) 1.2
Vapor nreassure (Py, mm) 800
Sample designation S1lex Sand C=U6739
Weight of comnle (g) . 8,200
Vseuun in eystem (mm) £.0 x 10*2
Volume of Helium (Vg, ml) 256,125
Initisl Heliunm nressure (P, mn) i35
Residual Helium pressure (P, mm) 260
Burette temperature (°0) ~ 21,6
vy (M) Burette Py (315) Ppullin)
temp,
nl 6g mn mm
i, 125 2l.6 376 -
Y 105 21.6 377 275
W, 125 21.6 502 127
iy 1o5 21.6 539 250
Yy, 125 21.5 5814 340
b, 105 1.5 563 415
uh, 105 21.5 660 L6y
iy, 106 £1.5 713 502
W 125 2L, \ 819 573
W, 1085 1.5 . 8%% 632
W, 15 21.5 933 676
W, 105 £1.5 g7l 716
b, 105 2l.5 998 741
4h, 125 £1.5 93 763
Ly, 105 1.5 975 | 776
44, 105 21..5 a71 786
44,125 21,5 901 701
End of Run

- 74 -



DoTA SHEET

Date 2/24/57

Baroumetric pressure (mm)

Room temp. (°C)

Vapor pressure (&, ma)

Bampls designation

Weight of sample (g)

Vaguun in system {(mm)

Voluue of Heliwn (Vt' ml)
Initiasl Heldium pressure (P, mm)
Reeidual Helium pressure (i, mm)
Burette temperature (00)

Vg (NE ) Burettie
temp,
ml og
24,125 15,3
ok, 125 15.7
24,125 i5.8
2k, 125 i5.9
olk, 12% 16.0
ol 125 16.1
24,105 16.2
2k, 125 16.4
24,125 16.5
2k, 125 16.6
k. 125 16.7
2k, 125 16.8
24,125 16.9

Znd of Run

Run woe. 19
770
5.8
328
#100 erlite Filter Ald
11.70C
2.0 x 107D
259,125
35340
152.0
i3
Py (sip) Pplliag)
nm rnte
k5.0 -
511.0 19.0
528.,0 45.0
552,03 69.0
574%.0 Y4, 0
708.0 115.0
714,00 148,0
756.0 178.0
770.0 206,0
852640 238.0
868.,0 267.0
S11.0 £07.0
95943 32640



Date £/24/57

Barometric pressure (wmm)
Hoom temp. (OQ} ’
Vepor pressure (g mm)
Saupie designation
weiphit of sawple (g)
Vacuum in system (man)

DATA SHEET

J'U.L".’xie Of hbliﬂ:“‘ (Ert‘ ﬂ!}«}
Initial Helium pressure (P, mm)
hesldual Heliuw pressure (Py, ma)

Burette teaperature (°0)

v, (lig)

il

PR R
S
L L -
Bt bt et bt ped fed
DEIRASIN A L IR AR R S

AT AT AR

-

AV IR A%
g

-

£ o
v s
Sl
. =

urette
tenp.
g

18.3
lb-g
-,n‘ 2

- s
J.Ut&-

15.2

Lrd of Hun
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Run Lo. 20
768.0-757.5
1703“ 17'9
C25.0
2ilex sond C-46739
8.2 .
1. = 10%D
255.125
299.0
1715
Pyll,) Ppllly)
! Lk
36640 -
“73.0 3.5
549,0 56.5
690.0 156.0
684.0 272.0
152.0 360.0
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