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ABSTRACT
‘A.@s??&l&%%&m wap devéloped for estimating binary
gas diffusion coefficients hgtgh@ refersnes substance
mothod, in thiz cese uwsing the viscoslity of eir and
@ﬁh%@@mﬁﬁslg i¥s eorresponding temperature. The deriva-
tion wes wade by the linear least sguavre analysis of 65
diffevont %ia&r? syateoms comprising 161 separats data
polnts a% Semperatures ranging from 193°K. to 1200°E.
A% any glven tempersturs only the eriticsl molal volume
and the woleculaw w&igﬁ%& of the two gases of interest
ars reqguired to saleulate the diffusion ecefficlent.
The corrslation based on the viseoelty of air had an
average orrvor of T.67%. The eorvelation using temnpora-
ture had an av@wﬁgé orroer @fh&&8§%ﬁ Also developed w@r@
equations to prediet the diffusion seeflflielent at any
tempepature wheon the eoceffieient is known at 298°K., and
to prediot the sosffieient of any system when the soeffi-
elent L& knowm for any other system sontalining one eome

pongnt of the desired pair.
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PREFACE

The work reported im this thesis ia concerned with

Zh o

tha @@%:E

aslopnent of 2 pathenatiosl correlatien for eutinnte
ingz binsry ges phose diffuvsion coefficients as & fungbien

of ¢

emporature, polesuler wolght, and eritisal volums.
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I, IUNTRODUCTION

Ae . Obfoct

The oblect of this thesls wes to develop a eorrela-
gion Por the cstimntien of ges phose diffusion soelfi-
&%@ﬂ%&g:‘& ougber of sorralations havoe been derived by other
workevs w&%& varions srpaogozents »f physiesl parameters

gush

e moleeular volght, tempevature, sritical volunme,
and pobential onergy. For this work the correlation of
D.Fe Othmor and H.T» Gh@@baaa chooen as the basiec esguation

from whieh further modifieations could be developod.

Avallebds diffusion date from the literaturs wag uaed
o &@&23&&-%%%«%@@&% cguabion and to ezamine the effeet of
varisble tomporature. An oguitlion of luproved reliability
“was gonght. The work reported herein was conducted over the

period Crom September, 1968 %o fpril, 1970.



IT. SHECORY

As_ Plel's Laws of DLffusien

Diffunion in a gos is the trensport of nasg sCross A
coacsntrabion gradient,. Tho diffusion evefflciont D is
$he numbor of moloculess por sesond croesing unit area

undor unit coneontratien gradient.

The prinviples of diffusion mre expresssd most gensope
aily eod 4dsnlly by equations known as Flek's first ond
coepond lawse The first lew, whon applied to & binary
pyedom aB sboady sbnte, ctntas that the diffisive fluzes
of the tuo coumponsnts of the mizturs are squal end ocppoaite
ond thed these flizes ore dircotly proportiocnal o the con-

esntration gradients in the direeticn of 4iffunion.

fixg

Rioplr, thet iz the diffusion of component A in e binawry
aysbon @@ﬁ@@%&ﬁ of A ond B ¢skes plass beeause of é“@@am
eantration gradient of 4., The first lew expression is

upitten below:

. dx%
J& g ”gﬁ = “@g}&g ég: élé

whore J, end Jy are the molar fluxes of components A end B
in meles por unit eren per wnlt time, o is tho molar den-

84ty of the systen ip wmeles per unlg v@&mmwﬁ‘mﬁg is t&@
vinapy diffunion sooflicient in ares per unit time, and

&%, /&r expresnca the change in mole fraction of A rleng &



L3

Aifforontial distanes perpendieuler to the plane of
diffusicn.

The basic exprassion used %o formulate more geoneral

diffusion equations is

and
3 - 2
(}ﬁ = Dyy V% (3)
» P
For an one dlasnsional diffusion, Equation (3)
woy be redueed to
ES . " 3
3 z, oo 3 xy ()
: = ¥ - 1y
% AB d r

Tols iz the so-ealled Fiek's second law.

B, Kinotle @h@@@g of Diffusion

| The Eﬁw@%i@(%h@@wy developnents for a pure gos {molew
eules of the same size, shape, and mase) of the rigld
@@h@ﬁﬁ‘%aéﬁi at low density, with nezligible effects of
tomporature, progsure and veloelty, have h@@é expressed &g'
8xT

moan moleonlar apoed = G = e £5)
7w



B
1

wnll eollision frequeney = /. = 'ﬁ' ni (&3
: / .
mean freo path = ""‘Vrg‘”"r']" d‘"‘;‘ > {7}

whevs k is the Boltsmenn eonstant, m is mess, n is mole=
guisg por unit volume, ond 4 iz wolecular diasmster. On
the average the molecules voaching & vlane had theolr last

epllislon at & distence & from the plans so that

a = 2/3 A (8}

Prom those relsations one way conslder the molar {lux
'ﬁgg'@f gpoeion A4 ssress any plane of coenstant v in both
positive and negative direstiens under s conecenbtration
gradient dx,/dy. This leads to an expression, for speeies
& snd A%, ofs

LY

1 | ax
¥ ®m oA ; P y — 8] Y )
Mo yg(ﬁgg %~ﬁ&%¥} 7 A . - (9]

%@ﬁ@%&m@% iz made to ﬁi@ég Stewart, snd Lightfeot (2),
 §&5$@ 509-510, fer the debtalled prosedurs for arriving at
Equation {9}« Of interest here is th&ﬁ the above equatien
Ban h@ yeduesd to & form of Fiek's law for the y-eomponent:

L7 Tovr 9&3 wWe BNel

&%

s

Dyn 2 A (10}

Bivd, Stownrt, and &i@hﬁf@@% ge further and use the



idenl gos law to represent the diffusion cooffieient &5
follows: ;

2 13 312 o
Paws = 5[ 3 2 (n)
' &ﬁ By ?ﬁ&

Tn the following ecstions of this discussion of theory 1%

will be moted how Equation (11} wes variously expressed by
the workers 4a this field in developing tho bosie eorrelie
tions for estimtting diffunicon ceelficlents.

G, Preamurs - Tempersture Effests

Diffunion coefficlontn of games 8% low presours
ineresss with tenperature {epprozimately as yiﬁﬁv@% wiil
" ba ghown in thizm work), very inversely with pressure, and
there i little effost fﬁ@%7@@m§@@igi@@§ In the diggute

siong that follow on other correlations the

temperpture
faator will oppear g8 a deofinite point for seme differonces
in results, vhereas most vork has beon condusted ot EtmOSw

pherie presgure whon obbteining cuwperimental values.

gver, the eorrelntions develeped gve gencrally erpresse:

etion of DP vhere P i presswre dn stmospheres oo

&5 to obtaln reosulte st vorious pressure lovels,

AR S PSR e

D, Peintine Cerpelations

do Arenid (1}, The Armold corvolation for the ealéue
lotion of diffusion constents in goscons systems 8% foy
temperaturo i based on the theorstical investd,

matiions mode



by &tefon (22), Mearwoell (15), and Sutherland (23). @@n@lg
,am&%y%@ﬁ-%@% goneral form of the squation developsd by
thoese workers ond situdisd that eguation with avalileble
grporimentnl 4iffusion data to arpive at & reliable sot of

portienlar constonts fer evniuvating the eguation.

The ﬁrw@l@ eauation utilises the wolecular weights,
- ¢he zoleculsy volumes ¥ at the bolling point, the tomperde
bure and the Sutherlend sonstant to caleulate the diffusion

sooffictent {em. fﬁ@ﬁﬁﬁ as follows:

0.00837 \V H, + T, +5/2 (12
(077« vi7) reo) 0

ﬁ .

s T @ ac./pennlie 88 bolling pglnt
g = diffusing %@m%@gﬂanwwg OF.
& = Butherland constand

- .

9o epply the sbove cguation Arnold uses caleulated valuss

af ¢ from the sxprossion

¢ = 1.hF P\ ?3 Ty By (13}
where Ty e the sbsolute belling temperature and P iz glven
aa 5 Penetion of the molal wolumes at the boliling peint.
Hote thirs sro theso exeopbiong: experimental values ars

use@ for hydrogen (72) and bolliuam (78).

Ag ﬁ%&@k&&@@ sbove, Arnolid w@vk@ﬁ from the general

@Q@a%&&ﬁ
{1k}

T 0




oy

, £
ohe enleniotion of € was fized, and M and T valuss had only

i

o be pubstituted. A value for the ponstant B bad $o bs
dsealopad, £8 well os for the 87 term which is the molscular

‘wolune paroamstor.

i@h@’&x&&&&&ﬁ&a for & was
8w vl“fg v, ¥/3 (15}
%&%@h bad ¥ roloted %o Kﬁ@yﬁﬁ iaw {(molal volume iz an
@ﬁﬁﬁ%ﬁ@@ funection of the etomie volumes of the eonstitucnta

of & melseonle} end ¥ ean be found by the values developed

for atowie volumes by LeBas {li). For referense 3% ir

noted that thess valnes ars given in Perry's Handbook é&ﬁ?a
page 538

%o evaleats the eonstont B, Arnold investigated the
d@sffunieon roloationships of Chepman (L) and Jeans §§i§g
Tho volns of 0.00837 wee frow Jeans and wes fiﬂﬁ%ig @h@%@ﬁ
p8 16 zave the bobbter agrosment between obgorved D end
eslovisted D by Arnoldts equation,

8y 011113004 é@ﬁﬁ ﬁﬁ%&&i&aﬁ recognised the f&ﬁ@&@%§M'
%@1 @@mwﬁﬁmﬁ@ of Mamwell (15) and Stefen {22) gamt ag Arnold

834, Howosver, Sroeld vefined the earlier representationg

by %mﬁ'%%@ of Sutherlsndfs ecnstant, bubt 0111iland eoncluded
in his vork that this Suthorland modification was not

‘&@ﬁ&ﬁ%& Te Those findinge wors baszed on the evaluntion @ﬁ'

'%@ﬁﬁgﬁﬁ 2ble exporinental dete aecumulsted by GL1liland



versus esloulated rooults.

To bo coungistent ia prosenting the equabtions by variows
workers an originglly pubiished, it is spproprints te shese
Momwalllo couation bolew 4m the form from which GALLAlend
workeds

[ éﬁ?‘%‘fﬁ \/B%E v@«?{:ﬂg»
3%p

&

'éiﬁﬁ

whers My, M, = molesular wolghto

P = otsl pressure -

8 = distence botwssn the eonters of the 4w
uelike solecules 8t golilision

D = diffunion coafficient

T = pheclute fonporatur

A = p gonntond

Bopation {16) eon bo compored o Dauntion (1) &ﬁw¢@wﬁ@ﬁ

' ymﬁﬁﬁﬁmm&v@ The 4ifferonce boinz in Arnoldis ﬁﬁ@$$@%$@%%@%‘

‘of the Sutherlend eomstont tern,

Perther
develor

more, G81lilasd contimued to follew Armaldl
sent by using the relationahip that molel volwns
& 1iguid ot its norenl boilimg podnt 4 in proportispsl €O
gubs of the E&ﬁ§m§=®§ the solesule, end thus G11idlisnd

) ﬁ‘f ?ﬁ ?; | ZER“’
By e

1/ . o 387

;%&§x'@~@@ ¢ B te Lo
"&i%@@&%mwﬁ %@m@ﬁwﬁwﬁiy over five hundesd syot
plotsed on lop-log goordinabes oo oxdinstes versus the wﬁ

e

srainnted,. DMffenicon dota foon ¢ha

3 podnts) m%%%



&

hand nember of Fevation (17) (withous B of courscal as

sheedoons. Alsoe plotted fopr comparison wos the Arpoide
75

type Bquation (12) having the edded w57 term.

T wos found that the plot with Bauatlon (17} gava tha
Botter sorrelation. Tho copivienl eenstant B wen detors
mined to be 0,0043. OC41liiand’s oouation ig:

0.0m3 2/
(38}

LM, s

&
which hed 4teolf beon an irvestigation of Chepmen end Covildng

(L). The eppronch thers differs somowhat from Arzeld end
04234k end In tho uso of the collision %ﬁ%@gf@luﬁ_@ﬂﬁﬁw,ﬁ%@;ﬂ
potential onorgy of mttrzetiom batwmen gapes. The colifisfon
inbecrel wan eoleuleted by Hircehfeldor, Bird ol Sy@%ﬁlﬁﬁ
a funetion of k T/g {k = Boltememnt®s eemstanty T = OF;

€ = Lompurd-Jdones forzo conmtent) and woalucy wore chownm 4n
& tobin. They also develepsd the rolation betwosn eolliginn

‘diemoter 6 end molal volume &% the erdtical poiet V, &

06006

¢ = 0.5694 ¥, (19)

Aiee developed,

e/ = 1276 T,0-906% {20}



10
The diffusion coefficient squation of Hirachfelder, Bird,

pod Spotz i s follevm:

%
0.001858 3/ S |
= ( L5 —"?) (e

Fa
(fm S o

DiaP =

Ghen and Othnorts Investignblien wag dirsoted Lewsrd
Celrpldfying Baguation {(21) by climinating the wis of the
soilizion intogral seble. Chen (35) roduged the table to on

aquation where

N 1.075 . p {22)
m B £
Gﬁ\@alﬁ&% (1(3 %’gi‘} s?z} }@&E é’l@m ) B
Y

9 €5
&}Eﬁ E Py
Chen end Othuer forther pinmplificd Ecwasion (22) by wsinm
Bountdon {20) o derive

T

= 7 >@a&.5:3 (&)

m 5]

@?'@ I‘fgﬂ
 ww gubneguent mandpulations with E@uﬁ%ﬂ@w (&%é led oo

0.001858 13/% (\"?%5“ M,

0. ¢ g &
& 5 ,}‘?. S t
P ec} E‘}&}?}{( €1 ) * g&'@e )] A [(m P NI Xy B

£

gy

are A end B wore $o bo dotermined.



| 11
Anglysis of experimentsl data on log-log eoerdinatesn

pesuited 4n o finsl corrolation es follows:

LA | 3\ 0.5
G403 ( """"\} ( S >
3100 ?@% Ha

o ‘ (25)

0.1405 Q.4 O.b1 2
pl ey Ten) Te,\ " + <L@3 —g
\ 10,000 100 100 j

g Equation (25), Chen and Othmer caleulated Dyof for

66 binfiry oystoms with en eversge abrolute deviation {AAD}
of §5.60%, By comparison, for the eome 66 sysbony the AAD
wos 16.01% by thae drnold meothed, 16.807% by the G41lilemd
mothed, end 6.12% by the Hirsehfelder, Bird, and Spota

oothod using force comstants fyom visconity date.

ke Othmow end Chen (37). The Othmer snd Chen cormte
laticn &5 baosed on the physieal relationship of ﬁ&ﬁfﬁ%&@%._
goeffisionte and viecosities of games. This ﬁ@i@@%@ﬁﬁ&%§, 
gnd the use of the Othmer (16) refercnes zubstance plos weg
veed Yo eorrelate . diffusion eoafficients in binory goo
gyotens with visgesities, with alr being the referance @a@é

asenen.  This mothed hao the desireble quality of esing

&
porsuater, the visgesity ef air, which has boon dotermined
veliably over & wide temporature ronge, 8s one of the prins

eiple torme.

Ta addition te requiring the viscosity of elr {x,0p.)



18
st o given diffusing temporaturs, this corrolation alae
w@gairﬁﬁ dntr on the eritieal molal volumes évggﬁagfgj@ |
moinl epd the moleculdar vodghtes (M) of thes o ganes vhosn
diffesion ecoofficiont 45 to be ¢aleulated. Tha Othmere

Ghen corrolntion fellovm:

—

-
¢ Lok
Q%_. + wi;5®@§

S ) o
M, el

e
&

3@?&? i@%?

Dy = {2,538 X m‘?;ﬂ

iy &«'ﬁ

g(}wé‘f’ g @a&z
(E?@:a T Veq >

Koo -

whore 91? = diffusion sooffigient, cemponent I throuch
- component 2, cm.“feec. ‘

and P = presouvre, ato.

As etated 4n the Introduoticn of thia thesis, the
ohiest of this work wos to develop & new sorrolstion hosed

. R

on the Dnndamental strusture,end correoponding denivotion

&
ef the Othmer-Chon eguution. For this reasen, 4% in noeew.

pary %o ezoming in debzil the preeise monner 4n whideh the

#ubject eguation wag develepud,

5

T%& initial rclationship used chowsd that ¢the loge
erithmis plot of DioP of eny systen versus the visconity
ef & gon 1o linenr, as follews:

log DyoP = Gy log u+ Cp (Cmsonst.). a7}
The gbove chatement woo prodiested on the idesl grs vordiss

Prone

tion of the diffusion ceefficlient with tewmpersturs and
gure {6},



DyP = ar’ (28}

and the varistion of vieconity of gmses with tezperaturs (18],
Mo grd {29}

Utbmer and Chen plotbed {lognrith

ms) the diffusicn coelfie

aients of varicus grotons versus & Loewporature soels

dapived fron the vizeosity of air snd obtalnsd 2 &%ﬁﬁ%ﬁ%ﬁ
slepe of 2.7h for Equatien (27) sush that
log B&g? @ 2.7h log M+ G {0}

Te ovaluate € in Beuation (30) the v&%%“&@ m@m%wiﬁw ﬁ&ﬁ;

wis rewritten as

1\ D5
| 23 .
(5%3 ’ ﬁz&)
B, P = £ -

v

a?

whers d oguals the distence batween centers of walike
molecules on impoct. Expreesing the Lennard-Joned forcs

congbant an ,
&= o.589h 7,00

pubsequently 4 is represented &s

Gy 0

S w Sa% %2 e é}gi
d = Oy 2 0,207 (1, %4+ v, 204) wm

hense . ‘ ]
gé gﬁ )é}wﬁ
ByoP = ﬁ”{fg @gs%w @&

Vome



ih
Baguation {33) was plotted ns DqpF versus function M,

- ¥, at eonstant temporaburs of 2089, and for & linoar
repessentation the following squation was derived:s
L ﬁ»ﬁh)

v zgx 5&;{,
log (DyaPlagg®x = 1423 G?* R v Gh 2 |*Eeh
| . % )

{35}

A value of 0.,0182 ep. wes used for the viseoaity of aip
in Bguasion {30} end the resulting equation wes ecombined
with Bountion (35) te yileld:

G oa)

O s 7,0 2

= 1.23 X@g +7 oly (36}

‘%
- Gombining Boustione (20} end (36} Othmer and Chen
avpived a% thelr flnal form ég the correlation whieh w&@
prasouted above as Bguation {36}, {They indiesated that
posults from Bauation (26} for hellus aystems sheuld de

maltipiied by 1.39 ¢o govrset inherent devistlionsl.

5 @uiiﬁwm &%ﬁ@%ﬁ?ﬁﬁﬁﬂﬂnﬁ %%&éimg& (71 Fuller,
ﬁﬁhﬁﬁﬁﬁﬂﬁﬁ end Ciddinge (P80} began thelr corrslation

@ﬁ%@&@?@%ﬁ% with tho Stefern-Mazwell hard sphere model and
the prireiple of additive atenmls volumes firat used by
- proeld ond g2)iiland. Using the Chepman-Enskog (L) form

B o i s T gy
Dy = o 5@@@; { = (1/1, + 1/\31,3)] {37}
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Dyp = binery diffusion ceeffiefent, em.’ /sec.

= betal %@R&@m@ﬁﬁ?%@% of both speseies, moleculenfes.
T = temporetuwre, K.

& = the Doltsmann constant, ergs/ K.

1y, My o moleoular masg, grors

Coap = 32 {0y +06p), ecollipion dlameter, om.

?3& elaimed that the above E&@%ﬁ&@& £37) won limited

velues are usuelly 1.6 to ﬁﬁﬁg sl by {?) loek of mvadleble
dsta en the values of 0 . FS0 cemmented on the vee of the

| 0.4 powor of the ﬁﬁi%ﬁ%@&y%@ﬁ&&@ by Cheon and Othmor sawing

4% won else & limited

wers not wi

approach in thet ompe

dely available for eritieal valaw@%@

The following generalised funotion won fitted to the
dats by PSG: |
| er® (11, + /i)

D, =
AB ?{(Z&%‘)ﬁiﬁ, s (= E%ﬁg F&g

Lant

(38)

G = gn &w@%@w%?? Gons
P = gregours, &4m.
g%& ’% w pol. W Whep @iﬁaﬁ‘@xf@@&@

A &@@%@&@@a@yﬁ anaiyeie vas uned o @@&%ﬁﬂ%%e

b = temporabture powsr é@§@ﬁﬁ@n@@

v = diffasion pavrsmeters %0 bo svemed over
ntong, proups. o2nd structurel featuran
of the diffesing oposien :

& = prdisroyy oxponond

nniyeis of 153 4ifforent bintry systens (340 @%@%
yvﬁﬁﬁﬁﬂﬁi regulied in the folleving eguation



ib6

«w t }%
2,00 x 2072 775 (1, ¢ /) (39)
- 3} = . N ?3 TR VE V b v
- vaB ‘?gz&mﬁf - (gg%) fj;l;

Values for the dilffusien velumss wore developed and are some
10 fe 184 swmallor then the LoBas volumes. 4 ecomparison |
wan mods of the sbhove Bouation iE%? with results on ¢he

pone 240 dats points by othor eorrslations. P30 roporied
an &@@%@g@ por gont error of L.3% snd other salenlated
orrores vore 16.6% for Birveehfelder-Bird~-Spotz: 10.79 fop
ptbmor-Gheni 647 for Chon-0thmer; 6.04 for Gillilands

sond 8,98 for Arnolds It was in the interest of establishing
further eliability to the Othmer-0hen egustion than the

- shove 10,7% errov indleates that this thesis investigation
was underbakon,
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I1%.  INVESTIGATIONAL FPROCEDURE

“he Belestbion of Expevimental Diffusien Dots

In owder %o snalyss the Othmer-Chen sorrelabion, 1%
was nossRsary to first ebtnin & set of experimentel data
with vhish %o sompore the esloulated results. A Iiteratuys
 seavesh vovealed thet Fuller, Schettler, and Giddings (F0)
{7} compiled quite en cxbensive and adequate listing of
 £§§§%&&@% @@@?§&@%&@@& for 340 rofersnce points. ‘This
@@m@%i&%ﬁ@m ¥as eolected a2 the one from which to ehooss
: puffliciont polntes for study. I% iz pavrtieulerly m@%&wa%@%y
) %ﬁsﬁ PG seleulated the peresntage arrop wgéalﬁ&mg from the
@%ﬁ %f‘%&@iﬁﬁg @@m@%ﬁ@aggyﬁm@inﬁﬁng Othmor-Chen, for the

fotal duta precentod,

| PSG developed their corrglation from e nonlinear lemst

v%%@&@@@"@a&&ygiﬁ eof 183 differont binary systems edhprising
%§@ 3%§ data points. Howowor, their epprosch wes with iﬁﬁ@mﬁl
%@~§iﬁ@@%1§‘%@@iﬁ%@ o temportture depeondence term and, thorgs
ﬁ&?&g %&@*@&%ﬁ@m analysis wvaed reference points oveyr 2 bomw
porature ponge Crom 909K, to 1200°K., The work conducted
&%@@Qm‘%&ﬁ‘fiwﬁ@vﬁ%ﬁ@@%@@'ﬁ@wamﬁ a wonstant temperaturs
- polabion, with later modiffention for temperature effestss
Por thls rossen, & tobal of 65 data points wers solected
Trom thoeso presented by FSG; eanch representing a diflerent
bioary aysabom, at approximately 290%L. Aectually tho teme

poreture range was from 288%K. to 311°K.
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Adddzional data wors reeuired to fully investigete the

rolationship between diffusieon eoefficient and (1} Semperte
2 (2) viseomity of alr. Those stedies will bo dige
eunsed in detedl din 4 later segtion. In this case, data |

bure &

wore needed on the some sysben over & ronge of Lerperaburod.
0f ¢hs syotons conpddered, ell nd ons were teken Lfron the
gyoten groups evailable 4n FEG. The ens

sption, whieh was

found to be most reliable, was (0p-lp data frem Pehurar and

Ferron (18).

‘B, Methed of Celewlevion

ALl ealeulstions wars dome by hand using five-plage
leparithon, with the asoistapse of o deosk

ealonlator.

Lingor Lesot sgquare antlysis of the resulting woprete

glons vwos escomplished by eomputer,

£s..Deterninat urg Dependence

n_of temneratuws,

S4moe the Othmer«Chen eorrelstion tokez s ive prinsiple

3. DAffenion ecefficientn en o funet

peletionship that there iz & distinet comnectien betwesn
C@iffunion coofficlient end vizsonity, 4C wans &@pﬁ@?ﬁ%&%@ that

k | nt of this
As diseuvssed previcusly, Othmer end Chen uzed ¢he

- Anitial fnvestigation be on the mede ef ﬁ@@@ﬁ@%ﬁk

rolotions

valforenes tubstence technicus to ezpross the ¢ffect of to

g@m
aturs bosis & corresponding viscosmity of alr ot & given
SOERITELure.
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FPuller, Schettler, and G4ddings (7) derived & tenpurt-
durs pover dopendence of 1.75. In other words, & plot of
diffueion eocfficiont (v) voreus abselute berpernture (n)

oo & logarithmic groph hes & cortadn linesyr slope. Chen
god Dthmer (6) found this slope te be 1.81. Tho verdstion
of diffunion @é@ffi@i@m@ with temperaburs wag chown &3
Eguation {22), repsated below:

Dy P = arP (28)

To chosk this power @ﬁ@@ﬁé@ﬁ@@; six different pyshems
 wope chosen on the Bisis of sufficient availeble polints to
mﬁk@ g wvalid reprosentation of the slope. Theoe %g@%ﬁ@@-%mﬁ
tho Dy P {@ﬁeg ptm./zoe. ) end T(°K,) data are prosented im
- Pable V of the Appondim, pages 54-63 . Letst equare sofle

yote of 21l six systews Dog DP va. log T) indiented quite

‘reedily thet too fow dota pointa were used in the snnlysis

of 211 but twoe systhens. Table V alpe progents Prosuits.

S s
A wad B

Toble VA , pege 54, chowing C0y=H, way fels to be

et

pepresentative of the DP-T offegt. A plope of 1.79
gulated and i plotted dIn Plgure T , pige 20 . Table I 4
poge 21, oummarlaes 813 resundta.

Re Biffusion scofficients os corralsated with the viss

Wm:xﬁ‘w;m

LIRS,

anlty of efr, . The neut coop woa to cboorve thesa moms

o

data sinilerly in torms of the viscosity of edrs Valusn
for the vigcesity of sir wore ebbuined {from the Interpaticonsd

grisienl Tobles {30) for the remge 2739, « 77398, ﬁ@@m@ﬁ.



FIGURE T

DP vs, T FOR COp=Ny SYSTEM

T %
S VUSRI O S




TABLE T

. DIFFUSION COEFFICIENTS A8 A FUNCTION OF TEMPERATURE

Boomly o

| ﬁiﬁﬁmﬁﬁ
Beowiy
Hoelly
Hoely

Apelyr

Doga Polrin

Ld
45
p XY
6

7

yon DP/les T

1.79
1.78
i.65
1,63
1,61,
1.90

B
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outeide this range wore calculated from Sutherlend?s foroeln

{50}
273

5%
/’45 +C

(]

u 273 + G ( T ) 3.5

an given in ?@vry (19}, vhere

T = %@?@@?@ﬁayg .

A= vipegosity of air at T, GD»

Hom yineesity of alr ab ?7%@Rﬁ w047 ep.

¢ = gongtant = 114 for air

The six gystems and the Dy P and M ... date are pree

gented in Table VI of the Appendix, pages O4-73. As ipdicated
previously when checking tesperature dependende, not sll

gyshens mited data. Hows

gove savtisfoectory regults due to 14

ever, the (O0g-Hs oyotem as expested indicated o gmooth eors
ralation for the DP= v slope vhieh wes 2.60. Leant squors

gmalysis resulte éiég op w&@~1@g,&(} ere chowvn 4n Appendism, j
Table VI, Teble II, page <23, summarises 21l resultn. |

Figure II, page 24, i3 2 leg plet of the DPe u dats
for the C0y-H, system.

Renall that Othmer end Chen obtained 2 @l@@@ of 2.7 for

tho DP= p Gatn, oo wes ghown in Equation (30}. Busiam the
rooults diseussed above it was decided to modify Boussien (30)
to roeflogt the pow slope 8 follows:

log Dy,P = 2.6 log u + C ﬁ%&?i



TABLE I
DIFFUSION CORFFICIENTS AS CORRELATED WITH THE
VISCOSITY OF ATR

Bats Polnbs Sleope: log DP/les M mw

Pt bl
L I

B
]

238
.2.55
2.60

el
Lo

" S

| Hawis L

b
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{26}, tbnt the torm conmtazining the molesular welighso end
eritingl voluwm

28 wro written e follewn:

Dy,P = £ 1 m

It wan decided that £ ohsek ghould boe mode on the
'Wg&.ﬁ.ﬁ%ﬁ:& ty of using ths 0.5 powsr an the exponent ef tha

doverse molesuler wolght tevm. Sizty five dats polnts 2
‘the 1ist 4n the Fuller, Schottleor, oad Q%&éﬁmgﬁ paper torece S

mm@mﬁ {en dizeussed in Seetien ITA) for meking the
@%Mymg To gvaluvate the funstion in Eountien i&v&?g :
valuzs for ¥, were obteined from Bimd, Stowerd, gnd ?ﬁg@gﬁ%%% -
5&”@@% (2), poge 744, erd 18 wes poted thet these in turs %ﬂ%
| bean obfolned i‘mzza Kebe end Leon (18} Thene ¥ ‘i‘#ﬁ«ﬁm@
‘ropresent eslouloted mumbers from ZRT ofPge Teble VI ﬁé‘;‘
the dppondixz, poge 7.4, presoents the voriove legard it%.ﬁﬁz
valeez of the funetion an @&lm&mmg plong with the 'ﬁ‘g

values, versus the eorrespopding DP, The imverss m&w@w‘.
,'wm@% torn we incerdted with thres different
woe Lagter; 0.4, 0.5, apd @@6‘:&

%m@%&%@% ? ﬁm @i ?fﬁ ’
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Lenst squars avhlvels of Eguation (42) imdiessed

thers wor 1itsle differencs in the sdequaey of & o

At
in Teble IIL,
page 27 Tho percent ervor wos 10.35 and 10,39, prespese

&

- #9% using olther 0.5 or 0.6 evponents, as shew

‘tively, ond choolute range Of POr Cont LrTOr OB £ CUNpRUwe
an T 53 ofs ?ﬁiﬁﬁﬁ verous 86.%. The 0.5 3

%ﬁ%%@&%“ %ﬁﬁ}iﬁ% gﬁ@m ﬂ&‘ﬁ’

be undosirable with o 12.69 por cont error. Donds %@% V
‘plight smalysis edgs foverding the 0,5 poves

nd 468 relis

_ghiliey in omrlicr corroleticws 40 wes balieved sppropTis

o

ste thab the 0.5 expoment bo retadnad in this tnvessigrsion.

Thega pesults are tobulated 4o the Appendim, Te
page 8%
B Horyine

nent of epitiosl wvoluns tews

o3 ;@gﬁﬁﬁi

hing the 0.5 power &7 the oxzponent of the invoris

Cmolegular wolght term, en entlypds wis made te £im the
ewponent of the eritical volums %Lerm. The Othner-Shen

. | 3} s
gerrelstion used the prosomtation of é?gﬁﬁﬁﬁ s §§@§»@§ oy

‘Reesll from Bguoslon (12) that Armeld woed &.?@%53 ﬁﬁ‘éﬁﬁf

 §%§%&%@%§ in Equotion {17}. On this basis the @ﬁ@&@&@ﬁ_;

o e £ 2% : .,
b gten v,030 uning Equetion (49).

made to som

 Omte &

Cgpd 04ddines were used for the smalysis as @@@%ﬁ%&%i@*%ﬁ“

cadn the 65 dots points fyon F@ﬁﬁﬁwﬁrﬁﬁﬁﬁﬁﬁﬁgg :

 ‘§ﬁ sngeindng the oxponent of the moletuler welght tern b -
‘the procosding eestion. Heéwever, therse vis ons ALfferéns

4n the evaluation of Bquation (42) in this esse compars




Wﬁ%@?@@‘%@%&&%%%

DT

0.5 20,35 <221 to 303 ,\
10,39 oRb.6 to 33,7 60,0
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that in Seetion IIT. De.l. The values for V, used previcusly

WePH %&&jﬁaﬁ@é on the ZHT,/P, ealenlation. This is satlo-
ﬁ@@%@ﬁy for nost eompounda, bub there tenda to be errvor intro~
ﬁ&@@ﬁ_ﬁf~@hi@ appronch 15 uvsed for the 1lght elemente Hp

end H@,%m@ for the neble gsees Fe, Ar, Er, To. The aore
assoet proesdure for these olemeonta iz to use the sollisieon
‘dfamster & to esleulate ¥V, by the following empirical

raletion froo Rird, Steward, and Lightfook, page 223

- s \3
Vo & (g@ (133

whors 6 48 4 Angotrem unigs for whieh values ere given

in ﬁﬁﬁﬁg Stewart, end Lightfoot oa page Thli. The Equatien
{h3} e voted im primarily valld only for the elements
,@@&%i@mﬁﬁyﬁhﬁvﬁﬁ h@%_@i@%ak@gig the Bquation {(L2) @@&%@l&m
tlom woe asalyzed for all 65 polints with the Eawatlon (L3}
‘substiiution for all Vg Table IX of the Appendixy page 92,

progents the data used,

Leaed square anelysis rovealed that the 0.l emponent
ﬁ@? ¥§ was the beoitor sheieo basils en avevage pepr cend erroy
'@fklig?&&ﬁ gouparsd to 11,07 sprer for the 0.33 oxzponenta
Granted ¢his iz & very winow @iﬁﬁ@r&m@é in error and eould
rightfaully be a@gi@@ﬁ@@ and the tuo eases eonsidersd sguive
aleonta ﬁ@w&vﬁéﬁ the 0. expenent situabion had 32.4% of all
points with less thoen S% evror sompared to 27.7% fer the

0:3% ezponent eitusbion, It wes decided that the 0.h



' . &%
azpontnd would be retalned for its slightly better vall-

obility end on the stroogth of its demonsirated aecurasy
in the Othmapr-Chon eorreleticn. Table X of the Appendin,
pagoe 98 gives the error results for this enalysis of

oritical volume exponend.

%s  Finel eorpelabion salectlon. Basis the Tindings
& :

diseusred in the ebovs Secdions IXX.D.l. and 2., the sorre-

latien funstion was eateblished as. originally presanted
- dn Eovetion (b2}, repeated below for convenience:

vy

i L o @E:;
% . 4
(EF v = )
i, 2

<? Calt , mgé,) z (L2}
%y

' ﬁ%ﬁ = £
G2

= et

It was montioned in @h@ explenation of the oritienl
@@E&@@ @ﬁ@%ﬁ@mﬁ soloction that the empirical zorroletion
of Fquntion (L3} should bs used for V, for certain elemmnts,
in eonjunetion with the ZRT,/P, ealoulation of V, fer the
remaining compounds . To aseortain the procision of Eguatien
(L2} im the propep m&ém@wg the appropriate v, vaives wors
uoed %o naks a finel eheek of the eorrolation. Table XX
ot the sppondiz, page 109, procents the Ve v&kué@’&n@ the
oz value of tho Tunstion in Boustion (L2}, with the salenw

Inked PP and per gont OPVOT.e

4 wlopo of 1,096 wss cbserved from the least sguars
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gnalysis, with an intercept of 2.27L such that the follow

ing expression could be written:

- ‘ T (k)
( _}}:._, &= P 0.5
?*EE_ f‘ig

l@%gﬁ?}ﬁggﬁzg”m §‘,§ﬁ§§& 1@3& <i;f’ {:3@‘55, . ¥ Qgé&&) g e @a?«%ﬁ?é}g
e B

Reesll the gbove souation i considered walid only sround

2989, smince this was the tesperature referense of the

selected data (see Section III.4., page 17].

The least squore smalysis resulted in an 8.27% ervor
for this final correlation on the total 6% pointe that have
besn esspmined througheout this work. Of the caloulnted
velues, 67.7% had less than 5% error. Thus the DP eorvelfs
tion

was gonsidered sufficiemtly firm to procesd to develop
the complets egquation for czleulation of binsry diffusien
goefficients,.
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IV, DERIVATION OF FORMAL DIFFUSION COEFFIGIENT BQUATION

A. Mathematical Derivation of Equation Based on Vige

casity of Air

It was determined in Bsction III that Equation {44)

was representative of the desired relationship at 298°F.:
i 4 Qor
Ao L g

g Fgy
10@: (327}298m 1@@96 lOg <‘¥» {}ak ' O i{. 9 ’%" 2@2?!@,
o 78 .\}L !& & Sy -~
o Cn
i )

(&)

The intent was then to expand Equation (LL) to encompass
2ll temperature mituations. Equation (41) d%v@l@p@d
| carlier, was next used in this resard:
log DP = 2.6 log H + C (£1)
Uning & value of 0.0182 c¢p. fqr the viscosity of air at
298%L,, Equation (41) beconmes: .
log %ﬁ?}zgg = 2,6 log {(.0L32) + ¢ {15}

fubstitusion of Equation {44) into Equation (45) gives:

[ RN (46)
My I\ﬁz)
Q L @90?6 10@ / @.h‘ Q !‘i‘\ 2 + 242?1# “256 1@%{@@182}
V‘% ‘g’. v & } Swr “
L ey ¢z wf
- 0.5
1 4,-4_1.,,)
Wy T, : :
* + 6,794 {27)

C = 1.096 leg

e ek O\ 2
¥ +V
< @31 Cg )

L~

J
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Bauation (41) and Equation {47) are then combined teo
yield:

5T Asg)
U 0.5
” iﬁi ;45\2 ]
3‘@-% g}? g 4«&& l@@/{'{ % 1&\@§é ? Q !.# .&' 1;? Qeééa 2 '%' 6& {@é}"
}"%;m "§*.}z., 0“55 | lg@?é
6,  as| (7
ﬁ? W iﬁa@g x 10 }/(,( e _Qd@, + Ouks ped iéir%}}
€1 52

' %ﬁﬁ@@'jx is the viscosity of alr in centipoises at the
Aiffusing
& finsl form if one wishes to work with A

temperature. Bguation {49) can be considered

air values.

~ The above @%mﬁtiaa was a@@ﬁ to cslculate DP for 161
: §@im%@ rmprﬁﬁﬁﬂ@ﬁmg the 65 ﬁ&ﬁ&?&ﬁ& binary systems that
wore vneed in the developmont. Table XII, Appendixy page
108 presents the values used to meke these calculations

| and %h@ resulting DP obtained, along with the per cent
k.@ww@@a»“ﬁywﬁy was ?ﬁé?%a In 8ll, 72.0% of the points had
“less that 107 error,

GComparisen of Derived Viscosity=-Type Equation with
Theorotical Devolopment
The

. ghe referance subsbtance plot, i.e. it was keved te the

sbove derivetion ef Bguation (49) was based on

'ﬁ?mzﬁ< coprrelation from whence was developed the 2.6

. ezponent for the viscesity of air (Bection ITX.C.2.).
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However, there is a theoretical development that follows

fron Hirschfelder, Bird, and Spotsz, Equation {21} in
Section II.D.3. The: collision integral J(lp can be shown
gs & function of kKT/€ . This function can be plotted
nnd shown o éxhibi% a characteristic curve which containg
twe distinet regions marked by an obvious change in slope.
{8¢e Uthmer and Chen for an illustration of this graph.)
The ecorrelation between [l {which in turn can be shown
as & function of DP) and kT/¢ isvaush that the follows
ing relationships can be shown to exist:

| Por kT/e < 2.5 log DP = 2,0 log u + Gy {50)

For kT/e > 2.5 log DP = 2.5 log 4t + Op {51}

‘The development of the above can be followsd in detail in

Othmer and Chen.

The impertant point of interest here is that .Eeuation
{49} developed in this thesis differs from the sbove kT/¢
relationships in that only one exponent 2.6 suffices for
all energy levels, a form of the type!

log DP = 2,6 log «#4 + C (41}

| It was thought that some refinement of E%u%ﬁian {49}

eould be attained if the axponents 2.0 or 2.5 were sube
gtitvted for 2.6 for the appropriate conditliens wherse the

(%yﬁﬁ@m of interest had a kT/& value below or sbove 2.5.

Reeall Equation {44} could be used to calculate
log €§?§g%8s Substitution of Equation {44} inte Equatien {50)
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gives:

" . 0o . {52}
ﬁim gL
6 e B 2 2,0 log {£182)
e & 1y = . o ° o . & v
Gl 1@’,_}; *‘*Q&n gf &“’@L& + ¥ {Jaé& \ 2 3 ?!,&. @&z.
XQZ%.. “z /]
_ 0.5 -
G v )
’fdr g /
Cy ™ 1,096 log v *ou3 - vt IR L (53)
s} €2 )

Baustion {50) snd Equation {53} conbine as:

‘ : {55}

{.( :g' N }“ ){34’5

\ My Ha ) |

v Sy s},f@} g |t 973k
©2

log OF = 2.0 log g + 1.096

L
(};{» ‘;7;3:‘ (}05 - 1&@9{}
‘ 2.0 My - M ) \
OF = (5068 x 10%) 4 * ot e (55)
\ €1 °2
i J

when kT/e < 2.5.

The above procedurs was repeated for the relationship

ghown in Equation (51).

LS -
@m%g\$’ | (56)
By B, ‘

gg m iaﬁ@é 1:;‘?; é‘? &w‘w&i&, v L,“,t:?‘i oy - 6368[‘9




Then from Bogvetionm (51):

1.096
. ~ ‘ (;; + % \>Q 2
e £ ) 2,5 |\ 2
OF = i@ﬁ% x 10 3 fA' ’ i ({g Ol . ¥ {%%) 2 45?}
\Gl e )

when kKT/E > 2.5,

- The above Equations (55) amd (57) were used to cal-
gulate DF for the same 161 points used to check Equation.
:@égﬁg Table %111, appendiz, page 116 presents the F@@ﬁlﬁ%;
e improvement cver Bguation (49) could be showm. The
arrey was 7.77% compared with 7.67¢ by Bquatfon (L9). 4s
| wan %ﬁ@@%@@ﬁ there was 1little difference in the resulis
from Bguations (49) and {57) since the similar 2.6 and
2.5 exponents wers Anvolved. . However, Equa tion (49) was
better than BEquation {(55] mﬁt& 59 points being applieable!
:f@?’ %%!é < 2.5, BEguation {49} for those points had en
@?ﬁﬁ? of 7.4b% wheress the Bauation (55} errer was 7.75%.
It was coneluded that the derivations of the thepretical
from the astual phenomena are accounted for by the larger
g ﬁﬁ@%ﬁ%ﬁ% in the derived correlation.

€. Develepment of Reference Plot for Diffusion Cgefficjent=.

"?@ﬁﬁxﬁﬁxgyﬁ Helation |
To simplify the obtainimg of a diffusion coefficient

_&%.ﬁygéwﬁm temperature when the evefficient is known at

- 208°K,, a graphical presentation was developed. & total of
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136 data poinmts representing 33 different binary systems

was seieeted from the Fuller, Schestler, and Giddings
compilation. ¥For each point Tf?zg@ and DP/DP,gg were
galeulaeted. These data are presentsd in appendix, Table
X1Y, page 127, Then a least square abalysis was made of
log &?f@?a§g versus log T/Tagg. The resulting slope was
1.70, Figurs III, page 37 provides s plot of this slope
for ready reference in obteining «ny 0¥ frem mvailadble
DPpop and T[ngg values. Calewlations are reperted in the
tppendix, page 13, on how the plot was drawn. The mathe-
matieal exrregsien for this plot is shown below as Hquation

{58}

. _Derivation of Final Boustion Based on Tempergture

Belztion
Proceeding with the develeped temperaturs relation,

it cam be writt@m that:

oy T
log = 1.70 log — = 03,0048 {&8)
. Op , 28
ng%ﬁ pratgs
. T ,
= o7 LOE 8 * log C {50}
where 1@& £ = «,0048
and © = (.989
Thus:
1.7

{C.989) {50}

P = (DP)gog (Eiégfg}
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FIGURE ITI

'DIFFUSION COEFFICIENT - TEMPERATURE RELATION

T/Tagg

DP/DPygg VS,

2.0

£HO

a.ﬁi

T// Ts08
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7 \1¢?
log DP = log (BPygg) + log (g@g, + leog (.989) (61)

and recslling that:

i

{44}
) I
(4«3 ’

&‘*’2 2

¥
?‘é -

= 1 .06 g - ; 5| b 2a27h
; g%ﬁ i Qy& Lﬁg {? Q@é .y Geldy Ed 74
s | ¢z

Equations (61) and {44} cen bs combined as:

f3 %g§”> 0.3

.7 B .
& azﬂ # % ) ) : . -
~ - 2 © a? v E’v@ iy
G472 b 108 (38)
2/

Ls7

19@ DP = 1¢Q§ﬁ l&g v C.b 4+ ¥
§31 ¢

+ tog (.089)  (62)

0.5 3,096 {63)
_%%%» ? 1 L7
. 3 : . ;
OF = f? Uels %bg Goky P (ié7®§} (ﬁggi §¢§$§§
e ¥

¥hich finally yields the fellowing eouvation as the formel

oxpressien for cslevlating any DP at any temperabure:

| } ? h(%?h%xg%ﬁﬁaﬁ " la@?é
. AN S
DP = {186] <§§§> v Ok gy Cok\ 2 {Eh)
‘ (@l €q ,/

Table Eﬁg‘@gganﬂixg page 135 presents the values @&@@
in avaluvating ﬁg@&tia@ {64}, showing the calewlated DP and
‘the per cent error from the exparimental data of 161 points,
Brror was 6.89% and 70.8% of the points he@ less than 108 error,
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B, Heiticowponsnt Rolabionahip
An @3@?@&@%@@ was developed o relate the 4iffusien
- epefficdendtn of two nystems at the same temperabturs. Am

- expression was desired of the typs

- o 1,096

o

— (65}
BF,p

whars o w

b

A Bobel of i3 multicomponent combinations at 298%K. wero

aghosen from %he 65 wystems veed in ths general developmont

of the DP Pauetion (L49)s These L3 combirnations ears shuwm

in Tables XVI of the ﬁgy%&ﬁ&ﬁﬁ page 1h3. Coumbinstionsz of the
Ly ﬁ%wﬁgﬁ E%wﬁﬁg?&mﬁ ﬁamﬁgﬁgfg ﬁamaé%glg were examined, |
that ié~&% t AGe

| 1096 1, 096
For essh combination mEﬁﬁfﬁ?ﬁﬁ and ¢ g /ot ﬁgﬁ ?

wers enlonlated. Then 2 lesst aguare snalysis ves made of
R : _ i 1095 O .

ing ﬁﬁﬁgfﬁﬁﬁﬁ and log ol ﬁﬁ@ gl ;X &§@Q}&@ The zlopo

found wes 1.02. Figwre IV, page 40, is e plot of this

relationship. Caleulations ars w@p@?ﬁéé in the Appendix,

page 146 on the graph presentation. Then

DP |
log —42 = 1.02 o[ 0% e oons (se)
DFa \o¢ o095
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FIGURE TV
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(where o< is MW,




b1
1:09
= 1,08 log ff&g + log o £673

1,095
oLy *7

vhers 1og & B ~00LY
Cand o = 3@%9

- Ohuss

L 1,096\ 1,02

PFyn o [ Xan (5.95} (68)
DPAC - | P ﬁéf@{}%’

Gvsrall per eont errer for this relsti-nabip was Bhd,

Prom Bquation {68} one wny ealeulate DPy g 4F Dy

is lmown ot 290K, Then if DP,n 45 desired et sowe other

ﬁ‘ K
tomperatire one esn use Bountion {60} whero DPpe 18 &
‘ e

funstion of DP, .
ABzon

shortensd ¢o the use of Eguatien {&L) vheve any DF . @%@

« OFf pourse thies procedurs sapn bs .

be saleuleted divostiyv.



V. RESULTS

In summary, the fellewing significant resulés wovs

gbtained from the investigation reported hersing
{1} =& sevrelation of diffusion ecelficlent with the
9 viseozlty of eiv,

Qﬁ*g 7 3«@&?&‘

ol

:.‘ &e%ﬁ" £ eme % N
%3‘3}_' @g

{2} =& vefeorence plot for ﬁifﬁm@i@m @@@ff&&i@@% versus

e

tomperature, plobted an
z}?fﬁ?ggg Vi o ?g’ﬂ gg% g
whore ﬁ?fﬁgg%g = g%%$§§§%f?g?gél“?

{3} a roference plot for multlicouponent relationghips &b

298%. vhero

1096 1.02

AB
1,096 {0.99}

AG

e

PPap/DP g of

and
{h) sn eguation for calenlseting diffusien coefficlont

vasie & correlation with tempercturs,



e a? '! -gg- ka :Tf?
[T \ My W) .
nP = 136 (i&?\ v Gk {641)
i

4 aide by side comparison of the result of this @@ykg
g@%@az@ﬁ {641, and the Y20 corrolstion was made on an
'@fﬁﬁﬁvﬁwiiy chosen point, Ha=00, st J00°E. Detailed caleus
lations sre shown in Appendix, page 155. For this ezample
the fellowing resulte wers galsulatad:

PPinis work © Ue16h

%}FE';Q = (e }»ﬁ%
P obs = Gel73

It 18 spperent thet the differense in the two methods is
¢hlefly in the use of eritical volums wersus the diffusion

maramsters of Fuller, Schettler, and Glddings,



Li,
Yi. COMPARISOK OF RESULTING CORRELATION WITH

SXPERIMENTAL DaTa AND OTHER CURHELATIONS

The finzl equations doveloped are p?@%%ﬁ%@ﬁ aa Eguaticon
{64} and Bouation {(49). The velus of UF was galeulated for
161 points from the 65 systems used in thse development and
eomparasd with exporimenmtal data., Hesults by the Othmare
Chen correlation, and by the FEG method were aslso compared
with experimental data. In checking the preeicion of the
Othmer-Chen and FSG methods, the per eent error for all the
points of interest was taken directly from the FS& work,
theon summed and averaged to obtain the average per cent

errov. 2be following comparison was made:

Hethod % ¥rror
FSG 3.63
Thig work, Eg. (64} 6,89
This work, Eg. {(49) 7.67
Uthmer-Chen Cs 34

It is noted that the FSC method is apparently the
most acgurate of the four (basis the data points analysed
hera), whersas the equations developed in this thesis
appear to be a slight improvement over the Uthmer-Chea
gguation. 4 ca@plat@ listing polnt by point showimg per

cont arror for F5G, Hqguation {64}, and Cthmer-Chen is

presented ia the 4Appendix, Table XVII, pags 1.7«



LE
Table IV, page L€ presents a summary of the resulis
by the above methods by cowvparing absclute average per cent

grrors for the particular systems examined,



TABLE IV

COMPARISON OF DIFFUSICON COEFFICIENTS

Systen Type

o SRS

Adr

Bydrocarbon

411 Feointe

vi:;»
o

BY THIS WORK, PeG, AND OTHMEU-CHEN

Ko of

Lxptl, Pis, shsolute aversge % Errop

This vork FSG  Othmer-Chen
Eg.{49) Ea.(6a)

16 6.78 6,36 L.60 b oSl

27 9e23 . 5.56 4,10 19,93

L8 6,35 6.86 3.69 677

L8 6,31 G.95  3.47 9.07

p 663 6.78  2.35 348

31 8o k¥ T80 3,17 4,01

53 579 672 415 10.72

16T 767 6,86  3.63 9.34



57
Vi, CONCLUSIGHS

The ecrrelation devsloped herein as a funetion of
topporature is considered satisfactorily relliable for use
in eatimating diffusion ecefficients within the secursey of
oxperimental data and with reasonable agreement with exis®-
ing eorrelations. Overall this development 1s a slight
imprevement of the Othmer-Chen correlation, but mot sullli-

glently so to disclaim the walidity of that relationship.

When compared with the Uthmer<Chen relation and ths
Puller, Schettler, and Giddings relation, this work was
found te have a 6.89% error for the 161 experimental
points examined, where Othmer-Chen was 9.34% asnd FSG was
2.63%. Im general-this only indicates primavily the rela-
k%i?% aceuracy of the thrae m@%ﬁ@ﬁ@ as applied to %ﬁ@ seleabed
group ﬁf‘ﬁﬁﬁ%@ However, it is comeluded that ﬁi@@ééieﬁally
the same relative acturacy would be exhibited within any
given random selection of data invelving more than ssveral

separste gap systems.

Theé FEG correlation would appear most accurate for all
the soparate systems studied. However, the correlation from
thizs work compares faversbly for systems vhere one component
48 air or hydrogen. This work hes an improved precision
over the Othmer-Chen methed for hydrogen systems, hydro-

eserbon systeus, and nitrogen systems.



1B

Having sonsluded that this work 1s & rellable sstimobe

ing procedure, it also hes several favoreble adrandages ovap
othor wothods . Hamely the use of the tempevature term

rathor than the visessity of air greatly simplifies this

covrolation end olinipates the nesd for the additionmal

e

visepaity datn in order %o epply this wmethod.



59
7111, RECOMMENDATIONS

It iz recommended thot the correlaticon developed
herein, based on the sbhsclute temperature, be utilised
for the ostimstion of binary gas diffusion coefficients
in the sbsence of experimental data. However, szoms caution
‘shouvld be exercised if this correlation ia spplied to
systems noet considered in the developmeont ss here reported,
although it is believed the overall aversge error would

be close €0 the 6.86% shown by this worl.

Becommended further inveatigation mipht inelude the

following items:

{1} development of 2 separate ecrrelaticn for use with
sysboms contalning a hydrocarbon componant, end

{2} adddtional refinement of this correlstion by testing

with different systems and & grester number of

experimental diffvsion ecoefficient valuss.
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TABLE V,A.

Temperature Dependence Studles

Temperature Function

COz-Na
ggig& _dop T DP, em. “atn. /oeq.
273 2.h362 0.144
286 2,459k 0.158 <0, 8013
293 2,4669 0,160 «0,7959
205 2.4698 0.159 0. 7986
298 2.4722 0.167 «0. 7773
200 24773 0.17 0, 7696
500 2,6021 0.30 «0.5229
500 2.6990 0.4 ~0.3566
6o0  2.7782 0.6 50,2147
700 2.,84,51 0.79 0,102
800 2.9031 0.99 w0, 00k%
900 2.9542 1,21 0.0828
1000 3.0000 1,45 0.1634
1160 3.0414 1.70 . 0.2305

slope: leg DPflog T = 1.79



TABLE V,A. (CONT?D}

pP, eale,

O.1h4
0.159
0.164
0.166
0.167
0.171
0,286
0.426
0.591
0.779
0.999
1,22
1.48

L.75

Resultas

% _Error

&

oW
vy O

&

B3

@

bk
0.0
0.6
bo7
3.2
3.1
1.4
0.9
0.8
2.1
2,9

aveg. % erropr 1.9

55



TABLE V.B.

Temperature Dependenge Studies

Temperature Function

Data
2 R T 34 ~AoE DB
298 2.4722 0. 754 «0,1226
317 2. 5011 0,7958 =0, 0986
risd 2.5092 0.809 «0,0921
346 2.5391 0,924 ~0,0351
353 2.54L78 0,978 =0, 0097
354 2.545%0 0.979 =0, 0092
383 2.5832 1.122 10,0500
5§13 2.6160 “1.237 0.092h
518 2,6212 1.398 0.5458
£43 2 .6464 1.501 O. 146k
473 2.6749 1,612 0.2074
198 2.6972 1,728 0.2375
500 2.6990 1,860 0.2695
2600 3,0000 6.250 Q.7959
1100 3. 0ALL 7,380 0.8681

slope: log DP/leg T = 1,78



DP, cale.

TABLE V,B, {CONT'D)

Resulba

0,726
©.400
0.827
©.935
0.969
0,974
1,121
1.283
1.310
1.453 .
1.633
1.790
1.80%
6.205
7.354

avg

I
& !{:3

ol

]

%

ror

ISR

3.7
Oaly
2.2
1.8
0.9
0.5
0.1
3.7
6.3
3.7
1.3
3.6
3.1
0.7
Oody

error = 2,1



TABLE V. C.

Temperature Dependence Studies

Temperature Functien

Aog T

2.4362
24595
24580
2 L7228
2ALFTL
2.L829
2.50797
2.5999
2.6021
2.6532
2.704h2
2,7582

DP, cole,
Q.68
0,751

Dota

DP

0.708
0,743
0.763
C.779
0,800
0.252
©.903
1.289
1.270
1,541
1,883
2,417

log DF

0, 1500
=), 1290
~0.1175
«(.1085
~0,0969
=0, 0696
=0, 0643
0.1203
0.1038
O.1878
0.2749
0.3833

glope: log DPflog T = 1.65

Results

% Lrror

2.4
i.1



PARLE V.0, {(CONTID)
Reosults {(eont'd)

DF, enlg, % Ervor
G777 1.8
0. 791 1.5
0. 80k 0.5
0.822 3.5
0,904 0.1
1,283 0.5
1.294 1.9
1.572 2.0
1.908& 1.3
2.3k 3.0

avg. % error = 1,7



TABLE V.D.

Temperature Dependence Studies

Temperature Function

Ha<C0s
Data
T log T_ Dp _los DF_
298 2.4722 0.612 ~0.2132
317 2, 5011 0.6607 -0,1805
323 2.5092 0,678 «0.168¢
346 2,5391 0.764 «0.1169
353 2.5478 0.800 =0.0969
383 2.5832 0. 884 00,0535
613 2.6160 1.040 0.0170
L3 2,646k 1,133 0.0542
573 2.6749 1.279 0.1069
L8 2,6972 Loklh 0.1505

glope: log DP/log T = 3.63

Results
% _Erroxr
2.5
0.6
1.2




TABLE V.D. (CONT'D)

Results (cont'd)

DP, ecale, % Error
0.793 0.9
0,906 2.5
1.025 Lok
1149 1.4
1.280 0.1
1.392 1.6

Bvg. % error = 1.3



T
273
288
303
318
353
573

TABLE V.E.

Temperatyre Dependencs Studies

Tenparature Function

dog T
2.4362
2,459
2.5814
22,5025
2.5478
2.6749

0.30%
0.327

353
0.418
0.870

He=Ar

o

0.276
0.300
G.327
0.357
Ouhld
2.671

log DP
=0 5591
=0, 5229
=0, 855
wQ o b d7T3
«0.3430
=(.17332

glope: log DPflog T = 1.61

Rasulos

% Brror

0.0
0.3
G.0
1.1
3.0
0.l

avg., b error = 0.4

62



Temperature Funetion

TABLE V.F.

Temperature Dependence Studies

Q4362
24594
24815
2.5025
2.5578
2.5707
22,6749

DP, enle.

0,147
0.130
0.143
0.156

S I 0 8

0.2312
0.332

Ap=Kr

Dats
BB
0.319
0,128
0.140
0.153
0.197
0,216
0.327

log DP

«0,9245
=0, 8928
«0, 8529
=0, 8153
-0, 7055
«0,6655
«0 LEES

gleopa: log DPfileg T = 1.90

Results

% Error

L e

L7
1.6
2.1
2.0
3.0
1.9

1.5

svE. & error =

2.0

63
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- A000
1100

Temporgture Deopendence Studies

TABLE VI.A.

Alr Viscomity Function

O18L
+OLED
0183
LOLES
0229
CURGE
~030h
0328
0367
392
+OLLE
» O& 1O

COnelg

- slope: log DP/leg 2t = 2,60

Log U

wl . 7670
~1.7545
=l TH23
~1.7399
~1.7375
«1.7352
«1.6402
w1, 5729
«1.5171
«1.4841
w1.4353

-‘?’:Ev & 3?%%
*”’}k & 3 §€%§

0. 8416
=3, 8013
~0.7959
~0.7986
=0, 773
-0, 7696
0. 5229
~0.3566
0. 2147
«(3, 1084
w3, Q0LE
6. 0828
0.1614
0.2305



TABLE VI.A. {CONT'D)

Results
P, sele. % Brror
0140 7.8
0.15% Lok
0,163 1.9
0165 3.8
0. 167 0.0
0,170 0.0
Q.20 0.0
0.451 2.5
0.627 2.8
0.765 3.2
1.03 4.0
1.28 Q.8
Loble 0.7
1.64 3.5

BVE. % ervor = 2.

o



SRR

298
337
323
s
353
356
343
L13
UM R
b3
73
L9e
500
1000
1100

Tenperature Devendence Studies

o R e
TADLE VI.D.

Alr Timeomity Purnction

. AL
0.,0183
0.0193
0.0195
0.0205
0.0208
0.0208
0.,0221
0.0233
0.0236
0.0246
0,0256
0.,0266

0.0268

0.,0418
G .OLLO

g Ly

Jata

alope:

log £
«1.7375
~1. 71kt
=1.7100
=1.6882
=1,6819
=1, 6819
=1.6556
-1.6326

dop DP

“"(} L E.Q?ié
”ﬁ & @%g&

«0,0921

=003 kL
=0, 00G7
«(, 0092
0.0500

- Q.0924

0.1455
0. 1450
0.2074
0.2375
0.2695
0.7959
0.8681

log DP/log o = 2.65

&6



TABLE VI.B, (CONT'D}

P, ecalc,
0.585
Q. 7490
0,811
0. 924
0.963
0,963
1.131
3.301
1.345
1.508
1.669
1.848
1.084
£.122

7015

Besults

BYZ. 0 QTYOT

o]

3.

67



TABLE VI.C.

Tamperature Dependencg Studies

HooN,,

Data
b A dog . 2oz DB
273 0.0171 «1.7670 =0, 1500
288 0.0174 =i, 75h5 =0, 1290
204, 0.0182 =1,7399 =0,1175
297 0.0183 «1,7375 (1085
300 0.018, ~1.7352 «(, 0969
304 0.0186 =1.7305 =0,0696
322 0,0195 «1.,7100 w0 o Oh4y3
368 0.0224 ©L.6521 0,1103
L00 0,0229 =1,6402 0.1038
450 0.0249 ~1.6038 0.1878
506 0.0269 =1, 5702 0.2749
573 0.0293 - ~1.5331 6.3833

aslope: log Q?fleg/u w 2,25

Ay Vimecosity Tunetion




TABLE VI.C, (CONTID}

Results
DP, eale, % Error

0,682 3,7
D727 2.2
0.784 2.7
2794 1.9
. 804 0.5
0. 825 33
0.914 1.4
1.303 1.1
1.31% 3.6
1.589 3.4
1.892 Q.5
2.293 5.1

avg., L error =

2oty
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298
337
3a3
3h6
353
383
513
bh3
L73
498

TABLE VI, D,

Temperature Dependence Studies

Adr Viseosity Function

S —
0.0143

0.0193
0.0195
0.020%
0.0208
0,0221
0.0233
0,025
0.0256
0.0266

DP, cale,

0.593
0,669
0.685
0.767
0.793

He«(0q
§§g M
=1.7375
=1 71hi
=1,.7100
wl 6802
=1,.6819
»L.6556
=1.6326
w1 6091
=], 5918
=1 . 5751

glape:
Tesults

log DPfleg u =

ilogs DP

=0, 2132
-0, 1805
-0, 1688
«(, 1169
-0, 0969
«0.0535
0.0170
G.0542
0.3069
0. 1505

%_Error -

3.1
1.2
1.0
Ol
0.9

20,287

70



TARLE VI,D. (COHT'D)

Results {(cont'd)

DP, cale, % Error
0.910 2.9
1.026 1.3
1.160 1.2
1.270 0.7
1.386 2.0

aveg. % error = 1.5



273
288
303
- 318
353
173

TARLE VI.Z,

Temperature Dependence Studies

Adr Viscosity Function

S —

0.0171
0.0176
0.0186
0.0193
0,0208
0.0256

He=Ar

Data

log A log DF
«1.7670 =0, 5591
«ls 7545 =3, 5229
=1,730% =0 LE55
=l 7Lk =0 k473
~1.6819 =0.3830
-1,5918 «-0.1733

slope: log DP/log «

Results

DP, cale,
0.276
0.293
0,331
0.359
0.422
0.663

£

o
Q.7
2.3
1.2
0.6
1.9

1.2

= 2,18

o Lrror

eve., & error = 1.3

g
3



273
268
303
318
353
373
k73

TA

BLE VI,

¥,

Temperature Dependence Studies

Adir Viscosity Function

el
0.0171

0.0175
0.0185
©.0193
G.0208
0.0217
0.0256

DE, gale.
0.117
0,126
0.145
0.159
0.192
0.214
0.327

Ar-ir
Data
1@g¢ﬁ | iog DP
=1.7670 =0.9245
=1.754L5 -0. 8928
17305 «(. 8539
wlo 7Lk %8153
=l 6819 =, 7055
=1.6635 =0.5655
=1.5918 =0, 4855
slops: log DP/log u =
Besults
% Error
17
1.6
3.6
3.9
2.5
G.9
0.0

avg. & error = 2.0

2.55

fad



Foter

Datas

TABLE VII

Effeet of Various Exponents

for Molecular Welght Term

iog «( term data show

agponent use for X

Systen

DP

ioe DP

i
€q

§@§

o

in ovder 0.h,0,5%, 0.6

Th

(2 +1 #
%3 ‘ ﬁg

N
N 1

Yo &
& + ¥

‘@g

y

ﬁémgﬁ
Ho=bp
Hy=C0p
Bp-HH,

ﬁ@”@g

Ha-aAp

07790

0.8250

06560

0.8%60

CsTh30

07540

m@ﬁl@@&ﬁ

0508197

018977

wﬂg.é?ﬁﬁ

=0, 128901

0412263
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TARLE VII (CouP'n)
Vo ¥
Systen pP log DP 1 % log =<
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PABLE VIZ (CONT'D)

| v v
...Synten DP leg o _°L % tog <
ALp-Br, 0,0910 =2.04096 B86.6 " 1hl,  -2.78076
«2 91569
"@3 «@5&53
Aive 0.07ThO =1,.13077 86,6 308,  «2,94516
wﬁlﬁwﬁ‘ﬁéﬁé _
*"3 @@%EL&E
‘“’3 Ggl?é?
@agﬁ“@"&?hﬁiw ¥ @ﬁg‘?@ =3, ﬁ%@&g % aéﬁ 335 a? - a?l‘:?&éi :
acobete
«3 05303

~3.10608



Y
"

TABLE VIIX

Resultg: Effect of Verious Dxponents

for Molecular Weirht Tern

Hote: Three consecutive results calculated for each systen
refer to use of 0.4,0.5,0.5 exponent (see Data,
Table VII)
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« 550 1.9
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He=Ar 640 754 i1.5
HE7 i5.1
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TABLE VIIT ({COET'D}
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Systan P £ Error
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TABLE IX

Dota: Effeet of Variocus Exponents for

ﬁ?i%i@&IVVGEQm@ Tarm

- Potot E@g o« torm data show in order O.lh end 0.33 exponent

-

uso for ¥. /1 s L 0ol
og i ¥ ¥\ @
Ve ¥e (?@1 v v@a J

iR AERT. log DP 1 2 < _ :
HyoHy «0.10846  Li.6 83,9 -2, 16486
| ~1.91420
Hgehr ~-0.08197 Ll.6 67,1 =2,12590
=1 8834k
B, =00, «0,18977 Ll.b 107 -2,21930
) ~1.95908
Hy~NHy -0.06753 bl.6  89.5 2.1724h
' ~1.91930
Howlin -0,12901 28,7 83.9 ~2 245081
-2,00381
HowAr | «0,12263 28,7 67,1 ~2,20891
” =1:97501
HowC0, ~0.21325 28,7 107 . -2.308%9
_ ~& 05551
Ho«WH, =0,07k69 28,7  89.5 «2.25073
| | -2.00801
air-00, =(3478252 9.6 107 =2 o T96%h

=2 52130 .
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«24 1771
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-2 053110
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| ~2 57026
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| ~2 62563
605G 5Tlg -1,06399 107 218 3402937
2472087
shr-CHy “0.64975  T9.6  93.9 ~2+65909"
238770
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=2:53427
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___Systen log DP_ Yey Ve 1o
ﬁgwﬁ%ﬁm 053760  Bl.6 34T -2 118958
~2 o LTI 02
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TABLE X 7

Results: Effect of Various Exponents for

Critical Volume Term

Hote: The two results caleulated for each system refer
o uns of Q.4 and 0.33 exponent, respectively
{Ses Data, Table IX)}

Syaten ——___DP % __Error
calculated ohserved
Hpell, 795 <779 2,06
792 | 1.67
~ Hao-Ar Shh 828 14.0
- 860 3.87
Hp=00, 693 646 7.28
| 701 .51
HoelHy . 780 856 8,88
| 781 8,76
He-N, 65T o713 12.9
f 621 16.4
He=dz 712 754 5.57
o671 11.0
Ee=C0, 553 612 .64
540 - 11.8
HewlH, NIA o BL2 23.9
| 619 25,3
adp=CO, 162 165 1.82

0153 T &7
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. 24T
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12.6
17.0
2,42
7.88
2o45
12.2
la33
8.4
3.61
Iye12
2,83
#.96
4.1
18.5
17.1
5.73
10.6
2.13
6ok
12.5
Q.21
2.63



TABRLE £ {CONT'D)
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m 2 Zrror
galenlated gchserved
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0 373 16.9

HoenGol, . 284 »283 Co35

« 326 ‘ 15,2
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| , 0 268 324
BwCgHg 2433 o L0k 7,38

o 467 15.6
B2, TP 312 -2G7 5.15
<353 18,0

ﬂa*mﬁ7ﬁlﬁ 0 214 » 265 I9.3
a240 5.67

Ha-ntgH, 5 « 169 2248 31.8
« 1905 1.0
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méﬁa%ﬁé <162 ¢163 G.01

157 3.68
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iy 4 Error
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TABLE %I

Proclsion Check of the Finel DP Fuunstion

, 0u5
1,1
(%, @’%33
&

(%mia N %fﬁm 2 | mroe

1 2 |

o Bysten o2 log =< DP eale % Error
CHgelip 90,1  =2.1790L o747 1.8k
BoeAr 67.1  =2.12590 877 £.92
Bo=00, IMal  =219290  oTL1 We?

| HpeWHg T2l ~2.13076 867 1.29

| Hoely 901 =2.26187 o622 1643

| Bsehn 6701  ~2.20891 o711 5.71

 He-00, OO  52,28101 593 3430
| He-mHly T2, ~2,20639 716 1540
Alpe00, olie®  =2.78772 «165 w060
SAr-HEy | Taudy  =2.66119 227 8.10
Ha-00g 9he0  =2.79002 164 0 o6l

. Beehv 67.1  ~2.52000 - 318 2,75
 He-00 $3,1  ~2.26889 611 13,0
Howhs 67.1  =2.72456 | 194 0e0

| HgG0 93.3 =2eTULGY L1204 13.2
gl T2up  =2.66521  .225 9,28

. Ap-Rp T1:9  =2.79204 2363 6ely
Ao=00 931 =2.73062 «191 1o60

 AwenBy

T2 ekt «2 60273 =238 2 =58



TABLR XI {eonTn)

lop X

DPF eals

106

£ Brrow

e ByBtOn
Go-g0,
%@”ﬁﬁg
'Qﬁgwgﬁﬁ
Adr=fly
ALpeBEp
G000
Y
AES A A
*E§W$gﬁ%.

HpenlyByn
' ﬁ&“ﬁ@ &ﬁzﬂ% :
Hy=oyolohon

Baelglly
| &§W$§&ﬁﬁ@§i
. %$W%§?ﬁ§§"
HewnfigHyp
- He=2,h Dup
- Ea-Cglg
"ﬁgﬁﬁﬁﬁg

Ty o
260,
993
84
2604

993
e
&5%,

2o TIE69
w2 wHTLLY
=2 88623
=2 87336
~2591969
w2 o 37305
»2 68320
=@ 03689
302605

2416816
w2.26367
 =2.41309
250180

=2 46009

«ZsBH016

wg o 57320

- »2.441952

2 :E3661
w@ (H5036

. 2468526

2252337
=2 . T9623

» 162
Bl b
» 139
+133
«118
« 103
»215
s
+090
2 TS0
«550
«[326
« 337
8 377
»308
280
s 18
s 311
«233
21k
236
«322
8 162

658
792
18:8
T o265
297
19.8
ba02
1435
625
331
487
18,0
6.2
8.2
8.8k
170
3elib
baTe

e )

1347

10,3

1642
061



~gthylaccts 86.6

TARLE I (CONT'R)
Byaton %@$ ?gg leg ©<
Hamuly By g 255, =~3.00349
HgedCyHy g 263.  =3.01055
HporOgHy 368, «3,10815
Hoegpelohen Q0.1  308. =3 . 006683
Hp-ICP 90,1 319,  -3.07413
 HperSylly ¢ 90,1 &26.  =3.14698
90.1 420,  =3.14334

901 485, ~3. 18240

; | 90.1 260,  =3,02643
OpenBgHy,  Thek 368,  =3,10577
Opegytlohex Thel 308, w3 O6206
0 l0P Thel 319,  «3.07078
Op=nl gty Thely b85S, -3.1830¢
Og=Cellg Pheb 260,  =3,02138
Arenlghy, 67.1 368,  -3.12806
tr-cyolobex 67.4 308, «3,08438
pEs 67:1 319, ~3.09230
“&@m%@?gkg C 67.1 426, ~3.17046
CAreZ, b WP 6701 420, -3,16656
ArenCgll g 67.1 485,  =3.20888
 §g%;§3§g 96.3 200,  =2.99663
4dre CL B 86.6 308,  =3.08141
' 266,  =3.08303

DP eale

096
0G4
074
082
«0BO
2067
- 067
061
wﬁ?ﬂb
007
2082
+O8L
061
062
+070
078
«077

063
063

057

097

+079
085

0,0
330
2.63
7.90
5.27
Yobi
945
16.5
1i.8
1.33
10.8
9047

el

107

% Erroy

8.91

6.06

gﬁB% '
5.48

455
4o 85

339

12,8

6.76 .
2430
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TABLE AT
Fraluation of DP = (6,22 x 10{’3} / L 206 o 1096
Bystem - z LA 3”% 10° pBP . & Iprop
’ eailmisted sbserved

Hpell, .193 1020 2305 .368 17612
200 1,29 .315 40T 2iehS

253 2.09 o511 400 Vo83

273 2,51 613 08 1342

288 .62 609 #Th3 To27

29k 3.02 +738 «TH3 3,28

297 3.02 T3 T B

300 3,02 »738 - 200 775

304 3,16 772 .852 .39

322° 3.55 868 903 3.88

398 R 1o32 1.209 hell

10O 56h9 1.342 14270 5467

hse 6,92 1,691 1.551 972

508 8.32 2,033 1.883 787

573 10,8 24556 2417 618

BymAT 288 2.82 w821 828 085
350 k526 1240 3.111 12061

18 5,88 1.712 1714 0,12

Bp=G0y 289 2.82 693 619 13495

&98 3.02 oTh2 Bl 105



TABLE XI1 _(CONT'D)
Systen T W 26, 492 DF 4 Error
' il ' caleulated ohaerved
HgelH 273 2.51 o721 oTLS 3,22
263 2,95 848 . 834 1.68
297 3.02 - 868 ~856 1460
333 3,80 3.092 1,021 6.95
513 5.75 1.652 1.535 15,12
£33 8.7% 2.503 20149 16,47
 Heelly 500 3.02 621, W73 16,02
| 323 3.55 -723 P66 ka3l
353 k.26 LE8 893 Lok
383 Le78 - 987 1,097 2,36
413 5,75 1.187 1,200 1,08
B3 6461 1.365 1,289 5.90
473 7.2k 10495 1566 Le72
K98 8.13 1,679 1,650 1.6
600 11.2 2,313 2,400 3.63
SO0 2lek bo bl ko 760 7016
1200 3ke7 7.166 7 P40 P 42
He-ir 276 2.63 .620 X 5,02
288 2,82 665 657 be59
298 3.02 712 754 5,57
317 3.39 759 757 0.25
323 2.55 L8337 » 809 346



110
TABLE XII (CONT'D)

Syatem T.. A 26110 LP 4 Brrov
' i ca.iculated ohserved
346 407 .959 9L 3.79
353 he26 1,004 G978 2466
383 478 1.127 1,122 045
513 5.75 1.356 1.237 .62
L18 5,88 1.386 1.398 0,86
W3 6.61 1.558 1.401  11.21
473 Te2h 1.707 1,612 5.89
498 8.13 1.917 1,728 10.94
500 8,32 1.961 1.860 543
1000 26.3 £,200 6,250 0. 80
1100 28.8 6.729 7380 8,01
He-C0g 276 2.63 517 531 2,57
| 208 3.02 .59 612 2.9
317 3.39 666 661 0,76
323 3.55 668 678 2,95
366 k07 .800 T6h  heTR
353 he26 637 00 he63
383 lo78 540 88, 6433
413 5475 1.130 1.040 8465
by 3 6,61 1,259 1,133 14665
873 7.2 1,423 1,279 11.26

L98 8,13 1598 Lokld 13.01



TABLE XTI (CONT'D)

System 7 /A‘?;“éx ﬂ;};,ﬁ;% %ﬁ%%‘&giﬁ ) % Zrror
A P-COs 276 2.63 L4, 142 1okl
| 203 2.95 161 165 2,42
317 3,39 .186 177 5,08
| adrediy 295  3.02 .227 247 840
Hy=CO, 289 2.82 .153 -158 3426
293 2.95 161 163 1.23
298 1,02 164, 165 0.61
300 3.02 o164 2173 5.20
600 11.2 610 605 0,83
QU0 21.4 1,165 16237 be27.
1200 3h.7 1,889 1.976 Lokl
Ha=ir 165 1420 127 153 16,99
273 2.51 .265 271 2.2
288 2.82 <268 L300 Q.67
303 3.16 334 327 . 2.1k
318 3439 .358 «357 0,28
353 bo26 450 AP 8.70.
K73 72 766 671 1h,16
Hew00 296 2,02 612 702 12,82
=00 250 2,62 172 211 18.48

296 3.02 184 212 13.22



_ 112
T4BLE XIT  {CCHT'D)

Systenm ¥y Mg“ézg li}ﬁ ‘ or % Error
g eniculsted ohserved

Ho-lHy 295 3,02 225 o248 9.27
Ky 200 1,29 070 072 2,78
273 2.51 2136 .126 794

268 2.82 .153 128 19.53

303 3.16 171 JIH0 22034

318 3.39 .18 153 20,26

353 426 s 231 s LE7 17.26

373 Lo7G . 260 +216 20,37

473 7ol .352 327 19.88

Py 206  3.02 192 188 2,13
Ar~1iil 295 3,02 .239 232 3,02
CO~C0g 296 3.02 o162 2152,  6.88
€O~y 205 3,02 222 240 750
COp-H,0 195 1420 055 053 3.77
273 2,51 <116 099 17.17

287 2.82 +130 0107 2150

298 3.02 139 2117 18.4¢

313 3.39 ,156 128 21,88

363 ko557 2211 »168 25460

dr-Cip 203 2,95 ,130 A% b8y
4ir-Brs 293 2.95 116 081 27.47

'gggmsgﬁg, 294 3.02 +103 086 19.77



TABLE XIT __(CONT L) 133
Systen T .. i zgﬁg; 10” )y £ Brrer
4 calcuiated observed -

Eir=CHy 289 2.82 L R02 219 7. 76
295 302 o216 224 3.57

Hg=Calig 298 3.02 2146 A8 1035
AdpeCghg 268 3.02 051 096 .22
308 3.09 093 102 8.62

HyeCH, 208 3.02 751 726 Bobh
HyeCallg 298 3,02 ¢ 590 537 G,87
Hpen,Hy o 288 2.82 <398 W361 10,25
354 ko 26 601 807 1B.5h

K30 6,16 870 763 14,02

HgenCeH, , 28¢ 2,82 316 0290 8,97
HBo-ayslohax 289 2.82 «353 <319 10,66
e 303 3216 .322 283 13.78
Hg-nlyily g 303 3,16 . 297 277 722
Hawl gl 31k 3631 o459 o4Ok 1327
Ho~2,4 B 303 3616 - 326 297 9.76
ﬁ%wﬁﬁ?ﬁl& 33 3016 . 246 265 7017
- He-nOgH, g 203 3016 224 248 9,68
HawRyl DMP 303 3.6 i2L8 <263 570
Ho-Cgg 298 3.02 .323 385 15.89
523 6.17 660 610 8.20



114

TAPLE XII {CONT'D)
Systen P w8y 30% np % Brrop
d ' caleulated cbserved
463 6,92 740 715 3050
503 8.32 -850 815 9,20
523 8,71 <932 -861 B.25
Byl 298 3,02 (162 2163 0.61
| Haenl, B o 298  3.02 096 086 o
Hg-4C, By g 298 3,02 054 <091 3030
Bg-nCghHy , 269 2,82 069 076 921
Ha~cyelohex 289 2.82 076 =076 0
Ba-lLP 289 B.82 075 076 1.32
NaenCof 6 303 3.36 070 07h  Bebl
Bom, 4 DHP 303 3.16 071 oO7h ka0
Npenfghy g 303 3.16 064 073 12,33
Ha-CgHE 311 3,31 <099 102 2,94
Dz-nleH, 289 2.82 069 075 .00
Ogpeeyelohex 289 2,82 077 0Tk bo06
DgulP 287 2.82 076 074 1035
Ogerlglly 303 3416 064 071 9,86
0peC cHyg 311 3.3 +100 101 9,90
ir-nCghy, 289 2,82 ,065 066 1.52
 4re-eyclohex 289 2.82 073 072 1.39
ApeHCP 287  2.62 072 . 073 1.37
AeerCylly ¢ 303 3.16 066 066 . O



TARLE XIX_ (CONT'D)

115

Ayaten 1 ﬂAg&ﬁx 10° E&i&&ia@gi ohaerved & Brror
he=R,4 DIP 303 3,16 066 L0665 0
hr=ai gBy o “ 303 3.16 - 060 059 1,70
B40-CqHg 298 3,02 058 LO86 13.95
&ir-Chl Bs 299 3.02 L07% Royd £.76

313 3a39 089 079 12.67
333 3,80 099 090 10,00
Ll pegthyle '
‘ acetate 299 3.02 085 Naly 2030
33 3439 ,065 066 1,06
333 3080 « 107 » 106 0.9



TABLE XI1I
Bvalustion of DP = (.20 z 100}, 35 o 140%

aod ﬁﬁ%miﬁ@éﬁ x }p@@}ﬁﬁai@ < 1.094

KR/ e

e 2T B BT T, 1:30 Tp ’Mgﬁgx wgﬁ, DP_eals % Error
Hp~iy 193 7 265 1.86 2320 13.04
T g5l 08 200 1659 342 170
253 3,15 .5h3 9450
273 3473 638 9,88
288 Iy 026 0733 1035
291 iohi7 o770 0,92
297 b ols7 770 1,15
300 lols? 2770 3075
304 68 805 5.51
322 €.37 923  2.28
398 7,94 1,36 . 581
Koo 769 1,36k 740
150 9 B8 1700 1@®3g
506 1240 2,065  9.67
573 15,1 2.595 7+39
CHpemr 268 > 2.8 Ia25 836 1.22
T 57069 38y 6.31 1250 1261
118 | 8.51 1,675 2,26
5,003 289 > 2.8  he26 0T ie22

7™ 101 298 bols? Th1 Upe70



TABLE XIIX (CONT'D)

o Byaten T ;g%ﬁf} f'gﬁ /M‘?;"%z 10° P cale FROE
B, iy 273 2.5 3,71 719 349
T=116 293 bab .863 3,58
297 Lok .865 1.05

333 5.62 1.088 6,56

413 8.41 1.630 13,60

533 13.2 2,555 18,90

 He-H, 00 > 2.5 hok7 623 16,15
2257 323 5.37 750 2.1k
| 353 6,31 880 1.46
383 7.08 985 9,33

B3 8.51 1.187  .1..08

043 D edily 1.315 2,02

573 10.7 1490 Lo 79

458 11.5 1.604 2.76
600 15.8 2,205 8,85
900 30.6 Be270 10430

1200 46,5 6,490 16,18

Ho-Ayp 276 >3.5 3,68 »634 1.86
Te=28.2 288 oo 26 678 2.72
| 298 bok? .71 570
317 5,01 797 0.00
323 5.37 855 5.70
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TABLE XIIT {CONT'D)

KT/E =

Bysten z 2230 T /ﬂ%f’ﬁx m§ DF enle 9 Brrop
36 5.88 - 9336 1,30
353 6,31 1.050 737
383 7,08 1.128 0.5k
£33 £.51 1.354 G.47
418 .51 14356 3eld
k3 9ol 1.501 71k
473 10.7 1,703 5.64
598 1L.5 1.831 5.96
500 11.7 1.862  0.01
1000 35.5 5,650 10,62
1100 39,8 6.340  16.40
Hewln 276 > 2.5 3.98 528 0.55
T, = 40,0 292 bo b7 » 594, 2,94
| 317 5,01 665 0,61
323 5.37 71k 5e3L
310 5.68 780 2.10
353 6,31 837 be63
383 7.08 o Gk 6633
513 8.51 1,130 8.65
b3 9 b 1.253 10,59 -
573 10.7 1.420 11,03

498 11l.5 1,527 768



f= 232

Ho-ir

~ ?@ = 82,0

195
273
288

- 303

318

353
573

TABLE LIIT (CONT'D)
EPSE = ,
xgéa T j;fg“ﬁg 19° DP esle
> B8 boh7 718
E”Qx 1@5
< 8.5 3.02 <151
3,31 s 165
3,63 L 181
< 2.5 3,31 228
< 2.5 3.16 « 157
%031 o165
5,31 «168
2.47 o173
> 2.5 pzz”ﬁxiéﬁ
lef}g 35855
3;@2’ Aall@
L.78 1.758
>' gb% . z\séé 0,3,33
- 3,71 265
ho26 <304
PANE: + 32358
5.01 £ 358
{:.3@3-1 «ﬁgﬁi
10.7 TGS

119

% Error

1472

E.34
0.00
2.28

7.69

.63
L.23

0.0

0.00



TABLE XITI _{CORT'D)

RT/E =

Systen 7. 130T x%7x10° DF eale
He-C0 266 > 2,5 Lok 612
T = 260k
Howdr 263 > 2.5 bk 0193
T = 138
Hg=C0 290 > 2.5 ko 26 175
T = 129 296 | bab7 184

0
. V (%&iwmaééi
e, 295 < 245 3.31 .226
Ty = 172
éﬁwm EQ@ < gag Ka?& mﬁégé‘
'g@ = 198 273 2.88 s 142
288 ' 3&1& @l§é
303 Jebb «173
318 3.63 «179
‘ /Jéf gsﬁig. 1{35
353 > £e8 631 «231
373 7.08 . 259
&73 10,7 . 391
a0 296 > P25 b e 0192

% Error

12.82

.52

4,88

1950
12,70
17495
22,14
17,00

17.26
19.90.
19.58

2.13



TABLE TIII _(CONT'D

KT/ =
System T 130 T 200, 1@5 DP eale & Errop
‘%2&,‘,‘&% A E’:;; 2@% < E - i:; 3 ® 3’1 ® 23‘3 2 ® 5‘5@
Te = 248
Q@Mﬂ@g g%ﬁ < BB 3@3}~ 162 G §g
gﬁwﬁﬁﬁ 2?% < 2@'& ) 3 @32 @ 222; ?@ ﬁg}
Te = 232
0,10 195 < 2.5 1.66 070 32,10
To = 307 273 2.88 121 2221
287 3.16 0133 1955
298 3.31 »139 18,80
313 3.63 <152 18,78
363 4.57 192 14.29
Air-Cly 293 < 2.5 3031 .133 7426
Ty = 235
Adp-Brg 293 < 2.5 3431 2118 29.70
T, = 279 |
3 L2088 < 2.5 3.3% <103 16,77



Syaten

dip-gyalohexn
Ty = 259

Hg-CoHe

Ty = 206
L T
To = 296

- HyeOR,
&ﬁﬁ' w ?@ag

Hp-G,Hg

2o 10O

Hy~uC, Hy o

T, = 130

Hp-oyelohex
Te = 136

Te = 134

42%:0% 0% DP gale

TLPLE ZTIT  {CONT'D)
kT/E =
. 3230 Tp
23% < 3a§ 3@&‘5
295 3.31
268 < RaB 331
ﬁ@g < ﬁﬂﬁ 3.3
308 346
;&Rﬂﬁx %Qﬁ
208 > 2eE d AN A
208 T R.8 L A
2848 7265 Lo.26
354 6,31
5#3{} gqr(,;}.
289 > 2.5 4e26
289 > 2,5 oo 26
303 > 2.5 bo68

¢« 206
e 216

0140

091

2095

+753

2590

« 506

»602
L850
«322

370

« 322

122

% Ervor
593
3657

S d.35

987

12,45
28.73
1%.89

11.02

16,00

13.78



TABLE XIII (CONT'D]

Te = 189

Systen T

T, = 138

ﬁgwﬁéﬁé 311

Hpw2,4 DIP 303

Ty = 132

Tg = 53.3

He-C gl 8 303

?@ = 8he7

He=2,4 DMP 303

e = 52.3

‘He-Cglg 293

%?@ = Sheby k23
563
503
523

Ba=CoH,, 298

123

KT/E = , ,
gﬁéﬂ Tye 2@2‘5x 10° P eale % Brror
> 2.5 b.68 . 296 6,86
> 2,5 5,01 WLEY 16,310
> 2.5 L.68 327 10,01
> 2.5 bob8 246 T
> 2.5 L. 68 . 225 G.68
> 2.5 468 248 5,90
> 2.5 bib7 2323 15.89
2.91 6hl, 5,87
10,0 .722 0.98
12.0 866 5,89
12.6 LOL10 §$3g
ﬁ&z,ox 1Q5 ~
< 25 T e 34 <162 G.61



Syaten

TABLE ZXIT (CONT'D)

2%?‘” ﬁ;ﬁ é{,ﬁ }Q {3

Ty = 230

. %gg%iﬁ & Eﬁl@
Fg = 22T

HarnCehy,

T, = 253

: ﬁﬁmayglﬁﬁﬁm

To = 264

Po=blP

‘Eg = 359

| BaeaCoH, o
T = 261
Hae2, b DHP
Te = 256

Ty = 268

HgeCgly

By = 266

25%

2689

28¢

03

303

303

313

< 28

<245

< 2s5

< 2eH

""{gaﬁ

< 2.5

P2 P% 207 DE eale

3.31

3.31

- 3616

316

3.16

Bakfs

BWQ@

346

3063

2066

«070

078

SOTT

070

071

& Qg%&

+099

124

A Eryor
0.00

330

8.57



To = 282

125

/L(E*Qx ;@5 OP eale % Error

TLPRED EIIT (CONT'D)
%‘\..é £ o=
gﬁ?ﬁﬁlﬁ‘ﬂ 7 % i Ty
Qgﬂﬁ’ﬁ&ﬁlg ‘2?%5?{% < Raﬁ 3@1@
T = 280
%mg:wm hesx z8¢ < 28 3.16
T, = 292
@a“miﬁ 3@? < gmf}? ’ @3%16@
7, = 267
%’“‘%«wgﬁg’ ,3@3 < E@ﬁ 3&4‘%@
= 200
g}%‘&'ﬁ@%& 33«3« < Ee&f} ‘ 3@@3
?f@ = q9%
, Mﬁﬁ?ﬁéﬁ&@ 280 L 2:5 3,16
Gy =27
aregyelohex. 289 < 2.5 3.16
g™ 269
&Eﬁww 2@? £ gﬁﬁ ,Bap}:é
?@ w 28k
- arenbyllyg 303 < 2.5 346

«O7L

U079

Ryl

o101

067

U785

073

066

5+33
6.76
ko0
6,86

000

4o 00
.00

0,00



W&%&%

sf&?mg@ 5@ mﬁ

Adp=-Chl Bn

Tg = 290

Alpesthyl-
' agstate

Ty = 26k

TABLE XIII

{COHT D)

Lt

303

303

268

299
313
333

255

BTfs =
}fmg 20 T

i

< BeB

< Zeh

éﬁaﬁ

£ 2.5

kYR

EPYAL

331

2e3d
363
3.58

332
363

Y
3.58

P sals
& €.§i{‘~ {3

OG0

Ry

074
087
083

L 70

13.95

H76
1042
G b

&8 30
L0
257



TAPLE LIV e

Data: Reforence Plot for Diffusion

Coaffieient - Tomperature Relation

system, (Tgga) (2Ppog) T/To98 BP/0Paog
Hp-Dy  (295) {1.250) 0,976 0.993
e, (297) (0.779) 0.650 0473
~ 0.674 C.515
0.852 Q.70
0920 D.008
0.968 0,654
0.9%1 0.580
1.01 1.03
1.02 1.09
1.08 1.16
1.34 1.65
L.35 1.63
1.52 1.98
1,76 2,42
1.93 3.10
Hpedr  (288) (0.828) .23 1.34
1ek5 2.07

Ha=00p (298}  (0.646) - 0.970 0.958



Syeteom, |

3

TLELE XIV

{CONT*D}

{DPaogl

Hg~Ha0

ﬁgmmﬁ %

Hae-nls

{307}

(297)

{307}

{288)

{300}

£1.020)

{0,856}

{0.488)

% @@:@éz E

{0743}

1.07
1.15

0,918
0.987
1,12
Le 39
179

0,932
1.21
1.36

1.23
1.49

1,08
1,18
1.28
1.38
IR
1.58
1,66

2.00
3,00
5,00

§ o
DB/DPacq

Lod0
1.18

G. 470
0,978
1.1%
1,68

251

00868
1:61
1.83

1080
2.11%

1.03
1.20
LedS

. 1.62
1.74
2,11
2,22

3.23

bebl
10,4



TABLE XIV {COHT'D)

Systen,  (Tpon? (PPaen) 2208 DF/DFa98

ﬁ@%ﬁg (323} {0.809} 1.09 1.22
1,19 1639

1.28 1o 5k

1,37 1.76

1446 1,97

3s6h 2.08
Ha-dr {298} (0.756) 0. 926 0.856
| 0,666 0,024
1.06 1.06

1,08 1.07

1ol 1.22

1,19 1430

1,15 1.30

1.29 149

1.3% 1.6k

1.0 1,85

148 1,86

1.59 2.1k

1.67 2.29

L.68 247

3,36 &.,29

3,69 .79

P
P
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TABLE_XIV

{CONT'D)

Faog) (DPa08)

. Ha=-410

%@wﬁgﬁ

' ﬁ@m@éﬂﬁ@

{3173 (0.768)

{298} (0.612)

(298} {0.908)

{298} {0.384)

T/Ta98

APk T IR

0.571
1,09

DP/TPpey

£.816
1.18

0,889
1.08
1611
1.25
1.3
Lekd
1,70
1,85
2.0
2,31

0.992
.13
1.23

1.59
1,86
2,12
2.24



- TARLE XTIV {CONT'D})

L33
Systen, {Togg) (DPsgpl T/Tp08 DPF/DPaog

Hewothanol {298} {(0.494) 1eh2 1 .66
3"*'@5% ‘z‘wa?

%ﬁéﬁ %@Eﬁ

1.76 Za37

Hp00p (298} {0.165) 0,970 0,957
@@9@& @g@@@

.01 1.05

201 3.67

3.02 Fe37

Q3 12.0
HpE0  {308)  (0.256) 1,07 18
' La18 LG
Qn=Hal {308} ({0.282) 1.07 C1a4l3
| 1old 1.25

Hewar {303} . {0.327} S INE 0.k68
0.901 0,829

0,950 0,917

3"“9@5 1&@?

Lel% 1287

1.56 2,05
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TABLE X1V {CONT'D)

Syaten, {Tooa) (DPpog) /T98 DP/DPaop

Ha-Ky {203) £0.266) 0,501 0,838
0,950 0.902
1.05 1,07

%y@%g {303} {0.140} 0.659 Oeblh

05901 9. 90L
0. 950 C.914

3‘4@{}5 2&@@@
117 141

1.23 %1
l¢§ﬁ l : 3@%& ‘

C0g-l0  (298) (0.217) 0.655 0.453
| 06926 0.845
0,963 0.95
1,05 1,09
1.22 1ob3

CH=Hao (308} (0,292} 1.07 1.13
| 1.lh 1.22

GgH, -0 (308) (0,204} 1.07 1,14
' lmlﬁ% E.,»Zlﬁl



TABLE XIV

{CONT'D)

Systom,  (Tpon) (DPpog)

air=Cly {292} (0.165)
sdr-tolmene (299) (0,086)
mém@m Bz (299) (0.074)
, éix§@&&&&%é {299} ﬁﬁa@?%}

fir-2 proe- | )
panel (299} {0.099]

adrebutanol (299} (0.087) .

&ﬁ?w& penta= , ‘
ol €39§2§$a$?§2

- aeevate  {R99) (0.087)

T}Tgys
G943
1.08
1O
1,11

1.04
1,11

wﬁmﬁ

0.£60
1.07

1.07
1,22
1,07

1,22

1.07
1,22

1.08
122
1.06
1e20
1.07
.21
1,08
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ﬁa&cul&tiﬁn for %F/@ngg VS T[fg§g Plot

50k

3&g’y‘w 170 log x - LQULE
a4t ¥ = 1
O = 1.70 log x - 0048
log x = 00262
;= 1,007

at. y = 3
 leg 3 = 1.70 log x = LCOLS
log x » JA819/1.70 = 284
x = l.923

Plot yo= 14 x=1

ym;% x = 152

L
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Taluabion of DP = (136])(9/298) "1  1e0%

SByoten {(w/298) }“3@? o Le0%6 _Dbp ¢ szamx?

| sals Sbae -
 Hpelig W78 001409 o365 L2368 1,00
+507 2336 401 Z.7h

757 ET6E L6000 l1.00

.837 B3IT ST0B 10,03

) 719 LTh3 3.2

978 Thls G763 2.9

2998 CI5T W779 2.8

16009 68 L8006 k00

1,034 . WT8T o852 il

11l 868 2903 3.88

1463 1.250 1,289 3,00

165 1,256 1,270 130

2,01 1.530 1,581  0.71

207 1,860 1.883 0,16

3403 2,306 2417 LS9

ﬁ@wﬁgﬁ OB LO0LAB 822 828 0,72
1.34 166 1,131 195

L7758 1.5k 1.7 992
Hye00, 4950 00395 698,619 12476

1.0 @?35 aé!;;g} 313 ﬁ?@
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gynten g%/a%;;ia? o 1,096 Dp % Rrpop
' ‘ o OB81LG, QD8 o
Ho iy | #2362 00462 JTHO  oTHS 0467
973 836 L83k 0 .2h,
2995 855 LB86  0.12
14207 1.039 1,027 176
1.Th 1ei95  Lel35 he1B
2469 2,311 2.149 2489
| Heely 1,009 00332 L624  oTh3 16,02
1e145 ST08  WT66  TW57
iaggg 823 W8%2  7.04
1e532 SSLT 1077 12,07
1eTh 1,075 1.200 10.b2
296 1,211 1,289 605
220 1.360 1,569  13.32
2,39 1577 1650  10.48
3,28 2,027 2,400 15,5
6 ¢Sl LeOk2 1760 15,08
10,3 6.365 TeThO 17,89
HaweAr 877 +00379 ~ 518 blb bad3
| w95 £66 69T lpahS
1.0 JT05 ST 6,50
1,109 W782  WTIT 1.E8
115 L07 809 0,28

1,289 » 908 oEHE LT3
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TABLE XV_ (CONT'D)

(/298 *7

o< l@@%&

a~00,

16332
1.532
Te7h
1,778
1496
2,20
2439
2ebt 3.
T3
9,20
+858
1o
10109
1e1h8
1,287
1,332
1.532
LeTh
1096
2,20
2239
+995

+0G316

+00382

€816 ﬁihﬁ@
0939 R970
1.080 1,122
1227 14237
1.251 1L.398
1.332  1.h01
1.551 1.612
1.688 1,728
<713 1.860
545208 6.250
6.006 T.380
2505 B3
508 612
652 BBl
673 678
o757  #Thh
<783 800
+201L L83
1,023 1.040
12152 1,133
1.29h 1279
1805 Lehily
LTO7T  WBh2
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e g%fg@g}1¢? o @%lﬁg@P@hﬁm A %§$%§
Air=G0y 5877 Al L1hR 1.1
973 2160 2165 3403
1309 £182  L177 2,82
AlpNEy +983 00121 22 «2h7 10453
H,e00p 0950 000875 G155 L1858 1690
973 2159 «163 2ehs
1.0 163 L1685 1,21
1,009 64«17 Se20
3.20 535 L6005 13057
b o5k 1.066 36217  12.41
1063 1679 1976 . 15,03
Va4 ol 86 400170 15,183 0.65
.837 26 WBTL 2458
KN «299 L300 0633
16031 326 L4327 0,31
101118 «353 L3857 1:12
1.332 NSRRI 369
| 2,20 695 W71 2.09
Ho~00 990 200326 600 4702 1he53
Hy=Ar 975 00103 G187  L19hL 363
H G0 - «956 000901 W17k L2131 125k
#390 180 L212

18.09



TADIE XY (CCnTIn)

(p/298) 1T  o¢ 14096

Apeily

e
Av-Niy
¢o-08,
60~
60,150

asecy,

| AlyeBr,

2. Berow

+983 Q0120 21T L2LE

tird LO0871 2082 072

oPhE #1853 L1280
1.031 JIHT  LILO
1318 L1381 L1583
1,332 -3 (RS &
Lokl o237 #2236
2,20 0356 W327

+290 Q0102 388 L3188

o 3 S 4 - "
<983 G027 W232 232

90 TLO00863  LAE9 L,152

=125 007118 -3 RN i

«l4R6 W00074HL o067 o053
«B37 L1 .099

«973 000709 . L1205 .12k

SFTT  LO000631  L11k 091
1 é&% ' .§€3§3@§§5 L » 108 a@éﬁ.&:‘%

11459
Te%h
19653
19,39
18630
sfé
8,67
&
i
f.61
10,42
27,27
2150
1795

17419

_ 3&@3

3.23
25 L7
1060



PABLE XY {CONTD)

10

Svetem  {P/298) Lol o 16096 DP % Brrop
‘ ‘ ‘ o GRIC, ObB, '
ALp-CE, £950 ,00115 203 .219  7.31
2933 o210 W22h 628
Ng=C o 1.0 2000778 45 W48 203
Al M, 1.0 000432 090 L0956 628
| 1087 095 o102 6286
Hp-CH, 1.0 +00400 SThls 2726 2.8
Ho=G Ty 1.0 20031 58l .537 8475
ByenGE 9L 00227 2399 L3261 10,52
1e3l 565 L507  Lldh
- 16863 786 J763 308
Ro=ndgHy, +950 +00180 2318 .290 Debb
Hy~syelohox «950 00201 8355 #319 13028
Hyn0eHyg 1.031 +0016l 31 o283 2438
Hy-nGgHyg 1031 +00151 $290 o277 Iys69
Hy~Cyft, 2..07h 00223 L6 W40k 30438
Bye2,l DUP 1.031 00166 +319  ,297 PUSEE
HoondqH,, 1,031 00125 (239 L2685 Q.81
He=nGgily o 1,031 «0011Y 219 $2hB 11,68
wilgly DUIP 1.051 00126 o241 5263 8,37
Howtg, ¥ 150 200172 2320 o30L 16468
Leh2 WS81 610 be76
L1554 HTT 718 Be32
1688 JTT8 W81 bhaeBh
1.785 «803  LO0h1 &wTh



TABLE XV__ (CONT'D)

sesgan  (n/2983%T g 1e0%6 oP___ fBreom

‘ ‘ ‘ : | gale. DRE '
BgeCall), 1.0 000862 L1600 163 100
- HpealpHyg 1:0 H005LL L095 096 140k
ety Heg 10 Q00502 093 LHIL  Bei
BaenlgHyy, #9250 000392 L069 LOTH 982
Eyesyelobex «950 «D00k36 07T <076 Le3E
Hpel3P +950 000127 075 076 132

- HgenGylly, 1,031 4000354 068 LOTh 8,13
Ho=2,b BT 1,031 2000359 069  WOTh 576
Hp=ul gl e 1,031 000325  .062  L073  15.08
Ny~ 1,074 000482 097 L1102 4490

| OpmulgH,, #3950 J000395  L089  L075 - IR,H0
Oyeyelohex »950 T ,000439 073 «OTh Sahl
Qp=IDP 940 000431 075 WOTh 238
0genGgilyg 1,031 J000325 G062 071 12,68
el By | 1,07 s000488 098 (101 297

AreneHy 350 5000373 066 066 o
Apeggoiohes 350 B00L16 073 072 1439
Ar-uEP «F0 000408 4071  _.073 2:Th
| Apenleilys 14031 000335 W06l 4066  3.03
A=l WP 1033, 000338  .065  L066 1s52
1,031 00030l <052 4059 0

1.0 «000520 097 S0806 12,79
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PABLE XV _ {(COovTiD)

_ Bysten (g/egmyte? 1409 pp g popes

s | GRiG, OB s
| AiveUbibz 3,005 000420 078  LOTh sk
| 1,087 085 LOT9 7.5
| 1.200 O 090 lealil
Lir-ethryisectate 1,008 000451 W08L 087 3ehE
1.087 091 09 3019
1208 2101 L1056 ha?2



TABRLE XVI

Multicowporent Helaticnship

HgeCHy,

1.0% 1,096
DPup/DPya™ £ olys/ o« A5

Fos Syaben gombination  DPan/PPac
o ‘ ohd, $RiGe

i HpeHp
2 Ep=bp /2 LT L8B3
3 H,-G0, /3 126 1,02
b HpvH, i/ - .910 873

g Ho-lgy |
& Ho=ir - 5/6 L8 L8613
7 Ho-00, 5/7 1.21 1.0k
8 HowNHqy 578 883 088
9 ALr=G0y /, ,

10 ALr-TH, 9/10 £68 LT

1L Faw=dr
12 Hp=OD 11/12 «916 1.0k
i3 Bp»BHy 11/13 «T82  oBLT

i AreEp
15 areg0 WAE LS Bh2
16 AP-EH, hA416 b0l 672

G0-004
COSRH, 17/18 633 ST17

19 alvr-Gl,
20 mm@% 19420 136 1.1l
21

6.3
19:0

g@@i
123
o0

2.8

6o9

136l
8.2

13.0
113

'%3&%

18y
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ws R &5 B

Yo

"
5 2]

N A

ot

2

L

Systen

HyeC ol

Hoouf, By g
Hyemglly )
gﬁﬁzm?&ggié

’ ﬁ@m% @ﬁ}pﬁ

Ra-lgHe

Eﬁwféi -] fﬁv 3—3‘?@?

ﬁ@M%ﬁ?ﬁig
He=8CgH,
Hew2, 4 DHP
Ho=Cgliy
Bg=Call,
Upee€,Hy g

| ggwm

ﬁﬁwﬁﬁﬁﬁz&

g | Qg;%%&wﬁﬁgng

TAELE ZYI (COMT®D)

36/35
34/ 35
3/ 37
338
34439
35780
Y45t
3b/b2
34/43

OF o/ ™% 10

Lih

% Brrer

ﬁ?ﬁ&
1.35
2.01
250
2.28

2,56

2,62

180
%@fég

107

- 1.0%

+£%0

1.70
&»??

2.1k
L 2.14

2.14
2.20
220
2,23
1.60

Gok€s
1.26
1.77
24 2h
2,00
Zaly5
2,69
Lo &0

@M%

}m’}

M

L.09

1.7C
1.73
2,22
1.98
2.03
CIA

2.43
2,69

180

6.7
11.%9
10.4
12,3

Lal

2.7

.

Cody

2.9
3.0
346
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TARLE IVT  {CONT'D)

Systen Combimation 2 A/ Fag % Erpor,
| ' ) oba.  galt.
0 meyelohes G/ L5 1.01 888 1.9
OnelTP Ly /1,6 1.0% +508 G.9
0, 8S gH, b/ 1.05 1220 1he3
0,=CgHy T 52,798 7.6
Ar-BC R, ,

- Ar-gyelohex L9/50 <918 .385 3.6
Ar-lOP 19/51 904,902 0.2
apenCoty ¢ 46/ 52 1.0 1.10 10,0
b=,k DHP 19/53 1.0 1.09 9.0

| ArenCgh, o 49/51 1.2 1.22 8.9

He-01 B
dpeethylacetate  55/56 LH50  L.919 8.1

Overall $ Error 8.5



Galenlation for ﬁé?&ﬁfmﬁﬁvm wwf o

1.096 1.096
AC

Plot

log ¥ o 1,028 log = - O0LS
at ¥ = 1
| 0 = 1,02 log xm ~ Q0LE
log = = »004h1 |
x o= 1,010

cEt y w2
log & = JL816/1.02 = T2

R o= &&?@5

Piobh o= lt z = %éi

Cym 3 opomow 2,97

k6



Differont Methods

Eysten.. mﬁé This Vork,ig. i@fg} Eﬁ%%% B m@%ﬁa@@wﬁm&m
Hpeliy 193 1.09 372 19,05
3.7k 5696 16.49
b o 00 5,16 18.12
16.03 8.19 14030
.23 Lol 19,13
2.49 3.01L 20.57
2.82 3,18 20,31
5,00 belb 19,06
Ball 8,17 14408
2: - 3.88 3,60 19.08
298 3.40 2,56 19.38
o0 1.10 0,12 22.38
450 0,72 1,18 22,53
506 0.16 1o64 21.69
573 be59 1.56 16,19
| HgeAr 288 0.72 11416 b7
| 384 5.9 4087 12,00
518 9.92 17.61 3.63
Hg=COg 289 12,76 2,34 25,99

zos 13,78 16328 ' g?mg?
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TABLE XYII _{CONT'D) |

= e v
273 067  ha50 1,00
293 Q.24 3.37 G 90
297 0,12 3,74 0.63
333 1.76 1.29 bol3
513 PRT: 2.37 §400
| 2.80  6.82 13.68
Hoela 16.02 4o65 6.24
| 7.57 5,36 2.38
781, 5.57 3617
12,07 0.95 1.79
10042 3,38 0.04
6,05 8. 80 4,70
13,32 0.2k o310
10,48 La 3L B.70
L5584 .Q@?& 742
15.08 1,78 10,43
17.89 3.55 13.27
Hewdsr be33  2.56 9,75
heh$ 2.89 9,97
6.50 565 11.55
188 0.65 6.59
0.25 2 o bsdy 5,93

La73 1,11 6.22



TABLE XVII (CONT'D) 149

Srehem . L% “Ea. (BRT ﬁ ﬁﬁgww CEhnar-Chen
353 3.95 1.03 8.23
383 3.7h 0,50 793
533 0.81 2,98 5,00
L18 10.52 7,02 14027
£43 1.36 279 8,51

572 3.78 0.18 857
598 249 2,27 6,70
500 790 bo 39 12,80

1000 11,68 L .29 19.53

1100 12,11 bo2d 20,69

He<tO, 276 490 5.82 2.52
298 3.92 6.53 287
317 1.36 3.53 047

323 Ou7h 2,86 . 1.23
346 .92 2,85 1,28
383 . 2.13 3.8L 0037
383 192 Ge37 4.8
53 C1.63 0 2,66 1.52
43 S 1.68 - 1,01 5.6
b73 137 0.35 he82
£9% Q.64 0.67 2.91

| HoollH, 297 16.03 7.00  24.08



Syaten

43 p=C0sn

Boap

CABLE XVIT

{CORT D)

11657
3*4‘;3& 5%*:@.
15,03

T .65




TARLE XVIT (CONT'D)

i

~Sxston Lok

| SN GYY)
@ﬁwmg | 295 31,69
hpelly 200 13,89
=73 7 oS
288 19,528
303 19,29
2318 18,30
293 D6l
ey Y73
| L73 8,87
Apefil 296 G 2,66 Oodl
Axwiiliy 295 o 543 226
CO=00g 296 LB koGl 790
CGeHifly 293 1042 2ob6  1he3n
£0,+8,0 295 26.42 2,89 7.58
272 1727 Gel5 LoBh
- agw 21050 0.79 0,83
298 17,95 el 1,22
243 17.18 0 223 073
263 14e88 3,61 D53
| direCl, 203 3.2 .08 1,04
d =By 293 85,27 ) Gollly
Cog-C4H, 298 18,60 695 0.62




T4BLE_XVIT  (CONT'D) 152

gxgben TR . % Error

CEbgar-Lhen
0.32
1,61

HpeCally 298 2.03 0.37 1.36

air<Cgllg a9t 625 6.96 6,59

- 308 6.85  7.23 632

H,GH, 296 2.48 5.33  27.25
| Hyelaflg 298 8.75 3.33  29.24
Ho~24H, o 208 10,52 0.35  31.04

354 1Lekb 1.9 35.20

| 530 3.02 L85 26,1b

HpenCelly, 289 9.66 3.0 34.72

H,-eyelohes 269 1128 4.9 30.60

| HyenGoH g i 24038 6.85  39.9%

Hy-nGgH. ¢ 5.69 227 33.85

| Hy=Cgh 311 10.38 0.82 26,21

Hp=2,4 1P 7ebd 1.87 3hobl

 He=ulaHy g 9.81  5.68 6.36

@mm%;z% 8 303 11.66 6,12 6,30

How2,4 DEP 303 8,37 4o 6 8,02

He-CgHig 298 16,68 18,39 10043

- £23 LeT6 5420 5097

463 5032 5027 5096

503 lyo 5h 3.93 7.38

523 674 2,65 é.73

BAywCRy 289 7431
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TABLE E¥II  (CONT'D} 153

ot “¥a: ié&}"%‘?wgwﬁy Sthmer-Laen
298 1.8 hl68 0.30
298 1.0k 3.72 2,02
298 220 10.03 9.18
289 $,22 0,50 bo3h
- Hy-cyelohex 289 1.32 0.79 0.93
Hym 0P 269 1,32 0a79 Qo bl
HomnGslly ¢ 303 £.11 2.06 Lo bt
lp-2,4 DHP 303 6,76 1.46 004
Hp-nlgty p 303 15,08 3.28 6,95
Bg=Gglg 313 ba G0 1.é2 3.4a
 OgenGH, , 289 12.50 3615 2o48
Ugmeyalohen 289 Bebd 0.27 3.56
Oa-EDP 287 1,35 0.91 o 1519
| OgemSgia g 303 12,68 3,96 be26
0,8 Hg 311 297 3.6 3o7h
- ArentgH, 2e9 o 2,40 9.28
dregyeiohes 2EY Le3% 3.82 11.39
ArelGP 287 2.7k 6431 34,13
Apenilytly ¢ 303 3.03 .84 8.36
bR, b DMP 303 1.52 3032 6,88
Lrenighy ¢ 303 0 6.75 5.25

%ﬁﬁ%@mgﬁﬁig . 298 12.79 L.35 5,06
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TLBLE XVII  {CONT'D}

e BN ak T Y R e el
Adr-Chi Bs 299 5.1 8,12 6,78

313 755 9,42 8,98

333 botaly 7.39 8.15
iiresthylacetate 299 30k5 0,88 1.95

313 3,19 0.84 1.20

332 ot 2 ULl 1,02



Compare Caleulations for DP of
Ng~COp at 300 °E Using
This Vork's Cervelation Eq., {64}

versus FSG Cerrelation

. - g i@@ 5?
I“ «;%M «1 \)if; 1 G
AN O ) :
By = |7 o ;ﬁv wawy (7720817 (186)
{gﬁl S e )]
vorsus
CEEN
L,,,}‘ j}?;; \ 1s75 =3
ﬁ%g&& <§§§f§:§ + ¥ BBJJ zp T (1)

BT

5{@{2@%}**? {186} = g}@@féygﬁg*? {126) = 187.7
273 073y = 300375 (1073) = 216

¥ = ?{}k}»

Ve, = 90 (¥ ) 2 - (12,2102 = 145,08

a&é} . Gé{}
G % V@ ,

2

‘gfg il gé@@ (?}’»33 B 1@,2@33} 2 o (5»55}2 . Bi}eg



.;1

= 00784
FSG

PPpy = (8,75 = 1070 (2,877 = 10%) = 0.6y
DPoa® (7844 = 107H) (0,236 x 10%) = 0,169

BPopg™ 0173



157
%, REFERENCES

hrnold, J.H.

Ind, Bng. Chem. 32, 1081-9% (1930},

ﬁ?ﬁﬁ%ﬁg@é@ Phenomena®
John Wiley & Sonsm, Wew York, 1960.

- Chapoan, S.
. Tpoms, Rey. Ses. (Lendon) 211, 433 (1912).

© Chapman, B, Q@%&iﬁgg Telo

#The Hothematlieal Theory of Hon-Uniform Gasea®
Cimbridgs Univ. Propg, Hew York, 1939.

Chem, E;§¢

Inde gﬁg@ Chem. é&g zx‘!@géié'% €}«§§@§e

. Chen, M.H,, Othmer, D.F,

gﬁ% ﬁtﬁ%ﬁ@@ ﬁmﬁ@ ﬁma ,Z,g 3?“&3» §i§6?ﬁ}$

Puller, E.N., Schettler, P.D., Giddings, J.C.
X@’ﬁ& gﬁﬁg@ G%ﬁ@&%a ‘é’g’g Eu%m‘g? (l@ﬁﬁ)e .

Gillilend, B.R.
Ind. Eng. Chem. 26, 681-85 (1934).

Hirgehlelder, J4.0., Bird, R.B., Spots, E.lL.
Trons. ADME 78, 92137 (1949).



158
Chom. Reva. é&;ggg 205-31 {&9&%)3

J. Chem. Phys. 16, 968-81 (1948).

{10} Pesionsl Remenreh Counedld
| Internatienad Criviesl Tobles
Vel. I, p. 102, Vel ¥, Pala
MaGraw-iill, New York, 1926.

{33} desns, J.H.
- ¥Dynapiesl Theory ef Gases”
Third edition, Cashridge Univ. Press, New York, 1921.

" §Mi§§ Kﬁﬁfkg R&Ep@ Qﬁh@@fg D.F,
. *Ensvelopedis of Chenieal Technology™
Vole ¥, p. 88, Interseience, Hew York, 1949.

‘ g?é.%} K@m@ Kﬁ&a‘gg z:s?ﬁﬁg lf%?@g ﬁ;gja
Chem. Rov. §2, 137-236 (1952).

{1k} Lebes, C.
| "The Molooulsr Volumes of Liguid Chemical Compounda®
Lonoman, Londen, 1915.

(15) 1=

(16} Othmer, D.F. |
' zﬁ’&@ @ﬂga Chem, &%& %ﬁa €}»§§£€»$)o



ii?a '*ﬁ’f naFug ﬁh@?mg HeTo

Ind. Eng. Chem., Proc. Design & Develop. 1, 249 {1962).

{18} Palarer, T.h., ?@y@aaﬁ 3R
Ird. Eng. Chenm, Fundomentals 5, 553-557 (i%éé)&

g 2@9 E Por 5 deHe ¢ Editor
"Chemienl Engineers® Handbook"
??&Eﬁ @ﬁﬁzt i@g}&ﬁ ﬁ@ﬁk‘%w gé ll @ E‘g@ﬁ Y@z’k 3«% EQ &

1 * } ﬁ@i@g ﬁg& & g 3%@%’&@5@9 ?mgm
. nThe Properties of Goses and Liquida®
Holraw-Hi11, New York, 1956.

{21) 8m4th, J.M., Vén Ness, H.C.
| eTntrednction te Chemlenl Engineering Thermo

dynamian® -
%@@@m& Editdion, %@&w~wwﬁill5 New York, 1959,

{22) stefen, J.
ﬁﬁ%ﬁ%@@, é%@:mg

Wiss. Wien. §3, 63 (1871).

Ai%ﬁ} Suthorland, Y.
Phil. Mag. 38, 507 (1893).



XI. YVITA

wynond G, Bailey

Borm:  April 2, 1943, Houston, Texan

Pre

ment Addrosg: 3 Van Delfy Dr., Apt. 3
South Aeboy, New Jersey 08379
Educntion:
Eidins High School, Houston, Texes, 1959
University of Hounten, Houston, Temes B.3.Ch.E., 1963

 Profencionsl Activity:

wtitute of Chemies)l Engineera

hmoriesn I
Ratiennl Society of Profenaional Engineers
Reglatered P.E, in Temss, No. 28771

Ruployment:
Peroee Ine., Petrechemlen) Dept., New York, Hew York
{eith Temsco sinee June, 1963)



	Copyright Warning & Restrictions
	Personal Information Statement
	Title Page
	Abstract
	Approval of Thesis
	Preface
	Acknowledgments
	Table of Contents (1 of 3) 
	Table of Contents (2 of 3) 
	Table of Contents (3 of 3) 
	Chapter I: Introduction
	Chapter II: Theory
	Chapter III: Investigational Procedure
	Chapter IV: Derivation of Formal Diffusion Coefficient Equation
	Chapter V: Results
	Chapter VI: Comparison of Resulting Correlation with Experimental Data and Other Correlations
	Chapter VII: Conclusions
	Chapter VIII: Recommendations
	Chapter IX: Appendix
	Chapter X: References
	Chapter XI: Vita

	List of Tables
	List of Figures



