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The puriose of this investigation was to dotermine the Jiffusion
coefficimts of severzl sinrisean’ mualti-comuonent soluntes, an? to
anteblish the relations hetween the 3ifTusiviity, the solute commozition,

ie)

and the Afffasion rate, Such information rertinont to the sxbraction

e

ren not be Tomd in lit-~rsturs,

@

and leachine onerations,

The nrocedure develoned by Piret,

invnlving obzorvation of the aviraction rr

Ppom stroioht assillaries, waz adopted wnd verifizd on o Ynowm soliom

chloride-gater avston.

Tn the souras of the sy -oipontal work A nsim co2

acid, and trisalritin in

serg Aatoprined Tor ursolic acidy

mathl isobutyl Fetons, Tho wesults comparcd well with welnuse eati-

o,

mated by the emsirieal tilke correlstion (31). Diffusinon conffici nts

of sodine ehloride, potassinn sulfate, cudriz anlfete atehyirate, and

he dn asraemont

: . . \JPRURPUIT S T L g
saerosc in mier wove also deternine’, and fommd to

yalngte AifPusion aonffisionts of wixad aolubes fror avoeri-

0"21

nEnhs

of comwnants fn the sixture,

covernsd by the rolative d3fTusio

o atraicht line volation wmg obteines

2resdvity 2o Bhe anlute somuosibion, The role

foun® o anvly well to most systoma tosted,

[
e

[



To correlate d4iftusion coefficientz with the ez-erimental ex-

traction reate data, introduction of a factor correcting for the

A

deviation from Fick's Taw wes found to be necessary., This faector, besed
on the solubility of sointes, is anslorous to that srodnsed by Arnold

(1,3,) for licuidevznor systams,

Praotissl value of the eatsblished relatimms ics in the ahility

to mratist the Aif ™ usion coofPict-nts and the extractism ratos of

solubcs in lisoadd,
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was made for practical reason to enable better temnerature control,

as well as, the application of salvents othsr than water.

The ten liter constant tewmperature bath, which served as a sol=
vent regervolr, waz equlmed with an a~itator, gubnerescd cirvounlow
tion pums, an” a therwostut, controlline temierature at 25 1T 0,011%

(*0.029F),

The marnifeine glass used was a FTlagh~O-Lense =nounted on an
adinstable stand. 4 sesle stehed diroetly on the lens enabled readings

accurate to 00,0025 e,

In noreal odoration, 2 eanillary loaded with a two=-phase system

wa? “agtened to a seals czlibrated in millimeders in such a manner as

to rrotrude with the onnn end one millineter gbove ths seals, and in-
serted into the bottonm of the sxiraction tvbe., The cirsulation of the
solvont was then bemmn, and continued for sevoral days, keeping the
temperature constant at 25%0,0117°C. The level of solid in the capillary
in relation to the canillary snirance was observed at intervels by
means of the Flagh-O~lense snd recorded, To test the results, a loga-
rithrmic nlot of lev:l drown of the solute bhed versus time wms wnrepared,

a3 showvm in Fipure £ Tor Tms < 11 and # 13,
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ivaluation of Exnerim-ontal Procedure

(o)

Pofore the Finnl oroecsinre was adowted, seversl effects vhich
@l ™t canse sxzevirontal error were investlisated, Factors nonsiderad
ware ¢ divection of anlvent clrauletion, rate of solveont clrculztion,

turbulence 2t the ecanilicry entrance, ez illary dismeter, Jensity of

aanillary lesding, a sasition of cenillary in the extrachion tuhe,

Intonaity of tarbulence at th~ canillary snbrance wz
by cirenlatine wzier throawh the sxitraction tohe nast capillaries
#1113 with ink, Instantansovs »enstration of solvort Jssy into the
zasillary was ohserved with ractically 21l flow rates diveoeisd dome

gh

ard bows

Jary ontrance, & g2intliar effect nooured with

ward flovs in exacss of 740 cﬁ.fmiﬂ., sorresnondine to the turbulent
flow rerion. Oirenlstion uyard helow this ra's, on the othar hand,
produesd vory little tnrbulenes, causing a meximem aolvont denetrae

tion inteo tha e2aillary of ahinut 0,002 ew. oniy.

Onantitative morformance of the aoamarstns mas evalnated with the
gnt i ehloride-gstor svahom, & serisa of ewserivental rms wers mede

Adum ehlpride in vater wmdar Alvarse onersting

conditiong was Jeterminad, The regolts sre summarizod in Table 1.
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Fvaluation of the Txverimental “ethod
Soluts @

Solvent

Table 1

Sodium chloride

Fater

Temparature ¢ 25 +0,011%

Hater Clreulation

i
lee. fming)

Dirention

Aovwraard 40
" L0
9 Z 0
n 1 3{}
u 206
" 2000

wrrard LG
" 120
R 10
" im0
¥ 150
" 150
" 132G
L) 30,0
n 600
" 2000

Rate

Capillary

Inside Dia,.

(mm.)

1.37
1.37
1.32
1.40
1.40
1.37

1.20
0,85
0.92
1.32
1.40
1.40
1.40
1.40
1.40
1.40

Loading

a

0,591
0,502
0.631
0.66/,
0.547
0.612

0.629
D.611
0.624
0. 622
0.6L6
0.A36
0459
0.650
0,613
0,620

De
x195

{sg.em./sec,)

1,40
1.42
1.3¢
1.55
1,62

1,53

1.28
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Rans 1 theoush YL denonstrated extreme sensitivity of the anpa~
ratus to downward flow, They indicated that under such sonditions the
true diffusion zosffici-nt can hardly be ohtained due to Its strons

™ow rate,
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diffusion cn=ffici-nts of these materials calaonlated from exveri-
monbal duta of Fioure 5 eomuare well with values detormined by other

investientors { 19,35,20,30,31),
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Evaluation of the Exserimental Method

Solvent @

Table 1Y

Temperature ¢

Circulation Rate & 300 ce/min., foward

'ﬂﬂter

R 4 Solute Capillary Exnerimental From Iiterasture
Loading De Dy Reference
SJ a 8 x10° %107
(gm/ce) (ec/ec) (sq.om/szec.) (ac.em/ase.)
1la Sodimm cloride 1.397 0,645 1.5 1.55 25
1.52=-1.61 29
1.526 30
11v Sucrone 1,052 0.665 0.244 0,263-0,298 25
Oe 24 10
1lle Cupric sulfate
pentahyirate 1.5587 0.693 0,422 0.490=0, 504 25
12a Potagsiom sulfate 2.185 0.823 1.25 1.24 =1,34 31
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1.3inzle = Component Solutes

The exnerimental work was done with three comnonents of cran-
berry skins, soluble in methyl isobutyl ketone: ursolic aecld, nal-
ritiec acid, and itrisalmitin. The purpose of the exbraction of these
eompounds from easillaries was to deterwmine their 4{ffusion coeffi-
ciznts in methyl lgso'mtyl ketone, to compare these valucs with “ata
frowg 1iteraturs, and to establish in such a manner a sound hasis

for further expsrimontal work with mixed anlutes,

Fmnloying the orevionsly deserited method, two-vshase mixbures
of palmitic azcid, ursolie acld, ond trinalmitin wore extracted from
capillaries durinz Runs ¢ 2la, Zlb, and 21e, regsectively. In the
course of extraction sharp sradvally receling solid-liquid bounderies
were ontsined enabling sn geeunrate reating of the rate of interfacs
drop with time.Plotted in Figure 6 these datz save straight linss of
0.5 slope recuired by Houation (13) to varify that diffusion took

place and was rate controlline,

Diffusion coefficisnts of nalmitie acid, ursolic acid, and tri-
pelinitin wera calenlated Trom exuorimental deta, and comoarsd with
values dstornined by means of the emoirieal Wilke correlation (31).
Samnle Calewlations # 1 end " 2 describe the methods, Yosults

summarized in Table II1 indicate a satislactory sgreemsnt between the
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experimental and the estimated values. Slightly lower diffusion
coefficiznts of palmitic acid and trinalmitin obtained experi-
mentally suegest the effect of snlute on the viscoszity of solvent
which was nezleeted by the Filke correlation. On the oth=r hand,
hisher exporimental Aiffusivity of urgolic azid can be explained by
the abuor.al behavior of 143 solidegstursted solviion mixture, which
in the pregence of a limlted amount of methyl isobutyl ketone had a
tendeney to transform into a hard semi - transparent, quasi -
homogenons substonce, Avnarsently, the solubility of ursolic acid in

methyl isobutyl ketone under such concitions ig somehow effected,

“he nerformance of the aoparatus with methyl isobutyl ketone
was found to be as satisfactory as with water. The exverimental 4iffu-
sion coefficients of different solutes obtained in these two solvents
indicated also that the method is a»nlisble, equally well, to polar

and none-nolar systems.
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Table III

Diffusion Coefflcionts of Single-fomnonent

Solutes in Yethyl Isobutyl ¥etone

28

at 25°C
Run#  Solute 4ya a Cyq Der Dw Dewﬁw 100
x105  x10° \ D,
o (EEL sq.cn, /ag.cmy Feviation
(55:} \ ee, Q sec | | sec, |
21a Palmitic aeild 8.723%  0.7%2 0,1124 1.110  1.142 wdy o7
21b Trsolic acid 0,717 0,741 0,00413 1,037 0,903 +12.9
21e Tripalmitin 0.620 0.683  0.0044% 0,567 0,543 _ -2y



2.Hulti-Comnonznt Solutes

The prima~y objective of currsnt investipation was to find a
relation hatusen the Aiffusivity and the composition of solntes
Aiffusing from a aolid=licuid interfece, To stuly such systems,
samples of palmitie acid; ursolie acid, and tripalmitin wrre blended
in various proportimms, placed inte the ecanillarics, then extracied
with methyl isobutyl ketone in a manncr similar to that sopliod %o
sinvle=consonent goluates, Tn each nase the iInlts? eavpillary charse
conaint=d of a twoephase mixture of a zolube of Unowm somoosition,
and of its szinrated wethel igohutyl kotone solution, It shonld be
noted that the tore "milti-comconent solute® or "mixed anloute® wag
naod in this »aner ta deseribe the mixture of tvo or more ainsle
=comaonsnt solates only., The 2olvent, zlthourh ovessnt in the solid
=1liguid mixture initially chareesd into the cezpillary, —as not con=-

ai‘er=3 as one of the solutes hecaunme it Aid not diffase in the same

divaction +ith othor solutes during the extrasction.

Firyreg 7, &, and P presemt exzarimental data from Sums ¢ 22, an?
£ 23 Auring vhich several two=comoonont, and one three-combonsnt
mixture of palmitic acid, ursnlic acid, an?® trionalnitin weore extracted,
Formation of sharp, sratvally recoding boundaries was obsgerved, in-
Aicatineg that extrastion of cach comionent in the mixture haz talken
nlree Trom the solideliguid intaerface at the rate proportional e the

composition of the solate hed, az postulat-d., fn thiz hasis A1fTuzion

coeffici=nts of mixad golutes wore sommied from exnorimeontal Asta
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Rans 1 theoush YL denonstrated extreme sensitivity of the anpa~
ratus to downward flow, They indicated that under such sonditions the
true diffusion zosffici-nt can hardly be ohtained due to Its strons

™ow rate,

Gencrnienas on

it

S8low eiraulation of wster emnloyed durine Timg 7 1 sn® " 5 oro-
dun-d 1w M fTusion ooofficd nts, orobably Aus in the formation of a

gtamant laver immediately ootside the

of Bung

itk terhulent flow ra

Poadon eon?Maolonts wers srmined 1

v

sanilizry.,

Cemsistant Aiffusiviiy of srooer mommituds ortsined with all

giraulation hobooen 120 nﬁ.fmin. ana

"
2
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P
o
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Q
s
2
3
e
g
i)
2
)
tn
3
v
T
°72
Pl
o]
=
Y]
Sl
ot
3
3
o
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The dats nf that an weellont dunlisstion of

hasia woward Plor 2ata of 300 &c./min.

reculhs with the sigen 2rtess was onusitie, Thiz i5 ghown by AiTfusion

o LA Ry ! k : 2

cnsffieiont values celauist:d frow Tyma 7 A thronoh 0, wmiopr the

BTN -

eoniitions of which

X ,
2 2 t > i i haed S . % T
oi sodium ehleride 34 nnt voeend 1,52 €M7 seeem, fene, 10045 7,

Fourthzr pheohs with saorase

%

o

ntakwdeats yrri T ol sabisfackory saviwmonne of “ro goparatua, The

aticn af the aramrinm atal J3%Pesion 2enffielen?t



A
The verification of the experimental resulis by the dsta from
literature enhanuces their validity. It not only proves the relation
between the diffusivity and the comoosition of =olutes, but also
Justifies, indirectly, the use of the proposed concent of the intere
face composition for the calculation of the diffusion cosfflelents
of mixed solutes from exverimsntal data, as well as, substantiates
the mechanism of diffusion of mixed solutes from gz golid=liguid
interface, In such a manner a better insicht into the nature of this

phennmenon is secured.

The established relationghip hetuwcen ths diffusivity and the comw
position ensbles prediction of the diffusion coeficisnts of solutes,
The method should prove essecially valuable to multl - comoonent S0

lutes whore exnerin-ntal data are practially non - cxistent,
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Table TV
Diffusion CoofPiclonts of Malti<Comronent

Solutes in Yethvl Isobutyl Yetone
at 2500

Bun<  Solute Comuoaition 0f S011d Seluta
In 3nluts Fed At Interfooe  (x)
(waiht 7)Y {(mole %) {w-4oht 7)
2la Falmitic acld
=Tripalaitin 100-0 1000 1000
23n H 7 S 36 G0, 4m9,6 1.0-08,1
22b # E0-50  7H,9-24,1 G b7 00,36
22e u 2575 £),2-47,9 ), 2200778
2le " OmINd  O=100 N=100
23a Tesenlic acid
=Trisalnitin B ) A3, 2m26, 2 28,311 2
30 Trsnlic acid
wiglmitic gnid S0=50 ELI T Y | 972,11«1,%0
23c “aluitic acid 33.3 53,2 A
wrgolic acis —33‘3 23,0 ”?59.1?
=~Trimalimitin w33 16,0 w0 0

(x) Interfece botusen tha solute hed and the solvent; composition of

intorface satinmated on the bagis of relative 41FPusim retes
of golutes in alxturs.



Table IV (Continued)

36

Diffuaion Coefficisnts of lulti-Component
Solutes in lethyl Isobutyl Ketone

at 25°C
. ‘ : 5 - /
Run * Car, _3 & D210 Dyl D =D
a hd %100
Pg

om [erm [sa em 8g om .

(EE) (EE; ( 566 ) ( 36C ) (#Deviation)
“la 0,113 0,772 0,782 1,130
228 1. DOACO 3,789 G847 1.048 1.040 + 0,8
2%b 000474 . 320 N0 0,050 1.240 +1.1
22e 0.00471 G, 76 G. 950 0,722 0.5%0% w2 b
#?»38 G. 005;0{? D"?!.Q {}"7@9 O' "QQ Ou 6%3‘9% ”1,'2
23b 0.00343 3771 .26 1.003 1,020 +1.2
23c 0.00321 T hB6 0. 487 0.978 0,970 + 0.8

{xx) Deviation from straisht line rolation hetwesn the Aiffusion
coaffalont and the solute comuosition {Pefor to Fisures 10,11,

and 12),
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Table V

Diffusion Coefficients of Multi-Component

Solutes in Water

at 259C

Run# Solute Comnosition of Solid Solute
In Solute Bed At Interface (x)
(Weight %) (Yole %) (veioht %)
12y Sodimm chloride
=Motagssimm Sulfate 50~50 74.8-25,1 Q,24-90,76
12e Sodium rhloride
- Sucroge 2B75 $6,1=33,9

1.90-98.10

{x) Interface betwesen the solute bed and the solventjcomposition of
interfgce eatimated on the basis of relative diffusion rates of

solutes in =ixture,



Teble V (Continuved)
Diffuzsion Coefficients of Multi~Component

Solutes in Water

at 25°C
Rm# Ol a a De D, DDy
g 5 x100
x10° %10 D,
(gm am (sn.nm (sq,am Weviation (%)
EE) (EE) sac ) sec )
17b 0.1242 1,420 0.5%  1.46 144 +144

(xx) Deviation Trom straicht line relatinon between the diffusion
acetficient and the aolute eomnosition (Refer to Figure 14).
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Table VI

Diffusion Coefficients of Ions
and Tonic Compounds in Water
at 25°C (Ref.29)

Bclute Compogaition of Solute Dy D$ D _-D
r 8
5 x100
%107 x10- b,
. ®
(mole %) sq.cm.) (SqeCm, (#Deviation)
EEYR ( EELR
gt 100 9,32
Na 100 1.332
BaT * 100 05456
c1™ 100 2,025
Hydrogen
chloride 50-50 2.94 LeB0 -31,6
Soium .
Barium
ﬁhloriﬂﬁ 3303"’66"7 1.?’,»! 1.{51 “4‘6

(%) Deviation from straight line relation hetween the diffusion
eocfficlent and the solute cornosition (Refer to Figure 15) -
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3.Diffusion Coefficient vs, Extrection Rate

The proper use of the diffusion coefficionts to practical problems
reqguirss knowledrse of thsir rzlatinn to the diffusion rste. &n attempt
was made to find auch a relation, For this purpose the rate equationm,
repregented hy Flek's Firat Law, was emoloyed. The applicability of the
latter to the diffusion of solutas "rom a receding interface has been

mentioned on Page 13, and discussed by other investipators (1%),

The proceiure described in Semnle Caleulation # 4, involved cal=
culation of 4iffusion ratoes, Ng s directly from known composition
of the solute bed and the rate of its level drop during the extraction,

The wvalues thus obtained were substit-ted into the Plek's First law

aguation
' AC
Xav
and the apparent diffusion coefficiente, De s determined,

Thage coefficionts were compared with the experimental diffusion co-
efficients in Tahle YTI, The dlscrooancy between the two velues indi~
cated that for conditions encoantar-d duri-g leaching operation a
certain deviation from Fick's Law exists, "lotted in Pigure 16, this
geviation was foomd to he a “unction of golubility, On this bacis a
generalized factor, Ct%‘ correetiny for the devistion from Fick's

Law, was established
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srature search revealed thet & similsr factor correcting for the
Litsrat h led that imilar factor o etine for the

Second Law has bheen nronns-d by Avnold (1,3)

“eylatlion from Fiek's Se

for diffasion in an evavoratine system, Toth factors are conpared in

g
~1

Terle 97

aoalying the oroocozed gowrascting to the Pickls Firs

2 ginzle rolation betwerm the synerirentel 430 1an coe!

Dy 5 and the setual diffusion rate, H, s of a solute diffu-

siny “rom a solid-licuid interfaee, was obtained

AC
. (+e (20)

The nzcessity for the corraction factor lizs in the Tact thzt De

diffuaivity 2t infinite dilution, whoereas, Aurine the ex-

3
a3
3
3
10
w
D
3
o
[

hetwaosn the saturated

3

traotion stfied 2iMMuzion kes taken olace

bols

lution at the intorfuce and the solnhiom of weglisible concontration

t the oconillary -nirancs

w

tha aataplick-~d davistion from Fick's Law

It is tn be notad thot

found 4o hold ecually w11 to sinvie«, as woll ss mu‘tiwﬂﬂm onend

uld he expechtad from nreviong Als-

oy
RExs

I
UL
-

solutes. In the latier
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cussion, to caleulste overall averase exiraction rates of mixed
solutzs, the use of the efsctive interface coneontraztion, Clo

LA

wWaS Naleszary.
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Table V1T
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Table VIII

Comparison of Factors Indicating Devisztion

from Flek's law for Diffusion in Lignids

S0lid=-TLiouid Svsten
Cq Factcr,CF1

(am/cc) (14.Qsl.6)

and Vanors.

Ticuid - Vapror System(1,3)
Y, Factnr,c#?v

{mole fraction) l/(1~y0)2/3 anprox.

0.0 1.00
0,25 1,100
0.50 1,330
C7h 1,596

1.00 2,000

.0 1.00
0e25 1.108
0.50 1.20%
.75 1.564
1,00 ' >



J
L%

The value of curvent investisations lisg in the gomirehansive

stiudy of the 1isoid phage
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1. Houres owd gslite of Chamie-in

Commreoially syeilobls matsrisls veve amilnyed “urinz weaont

O A K4

axoerimental vork,.

Sodine chloride, notsasiim sulfste, cuprie sulfate entehydr-te,

and sueroszs rere of a ravnlar rongent
Mriadtie peldy owectd o1, eare Prom “sthason-Coleman snd Bell

Govooany. Sourcss mmimal Fats: meoe %--6100; nomnogition by ~as chronmsto-

0y

Catesric acid, 1,00 myristic asid

cranhy: 900 salemitic acid,
( 0y dsomar, nreobahly), 057 ventatecylic aeld, snd 0,017 mzrescice

waid,

Teinpsloiting tochnieal; sunplisd by Distillation Products In-

<

25, a Myvicion o Nestmon-Yodrk Comnany, wag renorteod to contrin
from three to 3iz wwreeent of “inaleiting snd 4o have 2 roliiny point

of 47700,

bosrht Tron ins Lehoratorizs,

Fal work, naterisl weg surdfisd follove

{ranherry Association's Faseareh
Loboratory “ooort W7 1082, The = lting 2wint of ourified oroduct

favorably with

Dietilled vazter and methyl fsohobyl kodome =sre naed as dnlveants,
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r was fron 112.09C to 114,590,

Pe Physicsl

o
&
fgd
g

anwlades of tha
and the dangsity of 30w

From 1itevature wwore

s and ursolic and

#}

1y not Fonpd

Imitic gcid, trianiniiin

T barel anton method {(A,0,0,1,

Gf71Leial Usthod Ce 10b-35, wevissd Ucbobrr, 1051 {22},

L

trianleiting

heir eicturas in methyl isobubyl ketone ~as o v my Rewliy and

G

XY

W

O
€ TREY

R

od (7)), The o

P
toohnin

.. - )
lownntgaaiom sulfete

of zotimm ehlorido=micross and aniim ollord:
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Solute

oy Ty

R AR

Density of ¢

at 259

Snuree

Cunric zulfute JS5HH0
Potassiun sulfate
S3odium chloriis

Sucrcas

Palmitie acid

Trioelmitin

N

]
s

3

£
.

Trnol Toxl

Hote 1o Determincd by ¥ryer and Ceston metho

Txnarinental (Tote 1)

-l



Table X

Solubility of Solutes in VWater

57

at 259C
Solute Composition Soluhility Source
( % by wt,) Cy(zm/ee)
Cupric snlfate 51,0 100 0.3122 (13)
Potassium sulfate 100 0,114 (~0)
Sodium chloride 100 0.3171 (:0)
Sucrose 100 0,9050 (20)
Sodium chloride
~Potassiom sulfate 50=50 04397 Experimental (Vote 1)

Sodium chloride

~2usroge R5=75 1,136 -l

Note 1, Determined by Reylly and Rse mothod (27),
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Table XI

Solubility of Solutes in Xlethyl Isobutyl Ketons

=zt 2590
Solute Comnosition Soluhility Sourecs
{ 4 vy wte) Cs(gm/bc)
Palmitic acid 100 C.1124 Exnerimental (Note 1)
Trinzlnitin 100 000442 w-em
Trsolic aci?d 100 000413 i)
Pglmitie acid
«Tripalmitin T5wlb 0,1070 i
w-tee 50=50 0.1070 -t
L 25«75 G,1070 e
Palmitie acic
=lrsolic seld 50=-50 00,0647 ol
Trinalmitin
frgolic acid 50=50 0.00995 -l
Pelmitic aci? 33.3
Sripalmitin =33.3
=Trselic acid ~3343 0.0937 -t

Note 1, Determined by Reylly and Rae mothod (27),



Table ¥II

Density of Saturatod Solutions

=t 58°C

Solvant ¢ Vater

Solute

Comnosition

{ ¥ty whe)

Denmasity

:§%{¢MJCC)

Soures

Potasstam zalifzte
Soiam ehiorite
Sucross

Soiom ehlaridie
=Potaasim sulfate

Sodian oshloride

=S UCEO0

@

¥ote 1. Detormined on

i
2

100
100
100

100

1,711

1,026

1.107%

1.3340

1.2.9

pore estohal balanea (24},

Wxperinentsl (Mote 1)



Table ATTT

Density of Satnratad Solutions

Solvent ¢

at 25°0

dethyl Isobutyl ¥etone

Note 1, Determincd on & foor-iestnhzl balance (26),

Solute Compnsition Density Source
( 4 by wt.) :gs(zm/cc)
Palmitic anid 100 0.8072 Vxprrimental (Yote 1)
Trinslmitin 100 07975 -t
Trenlic acid 100 0,7077 e
Prlimitic aci?
~Triaimitin AT 0.,R071 -to
- 50=50 0,R071 e
=M 2575 0,%071 =M
Palmitic acid
=hreolie acid 5050 02040 et
Trisglmitin
~Traolie aeid 50-50 0.7933 -l
Palmitiec a-id 33.3
=Tripalnitin -33,3
~rsolie acid -33,3 07062 -t
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Sample Crleulstion #.1 - Diffusion coefficient of 2 sinole-comno-

nent solhe zalenlated from evnevimental data,

Basis Aun ¢ 21e
Solute 1 Trinzl=itin
Solvent ¢ Methyl Isohuatyvl “etone

Temserature : 250C

Caleulation of ?a and 2
o
Data ¢ ‘8t = 0,922  emfece

.93
Cq

Canillary wolume ¥V = 0.,0173% ce

= 0,797 on/cc

= 0,00442 gm/ecc

Weirht of total cepillarv losdins B = 0,01530 om

Solvine Tor “s and gsubatituting

Vi (0.222) (0.01735) -(0.,01520)
t - = 0.00439

)’2 t/ 3, -1 0e922/0,707h=1

iﬁs =



Then fractions occusisd v solid end soluratad solution, sre

v, = /ﬁ = C0LT/ 0774 = 000550 ce
= S 5

Vt = t/St = O "10"1/ u. Coz = ':J!Olloé (819

v = D,01735 en ah ok
gnd
. 4 . -~ -
Ya = W/ Vo= 0,010017 001735 = 0,60
& .

A= VW = 01/ 001735 = 0,673
g

Culenlation of 4Ail7Fuzion coa™finiant

Sunation (12} iz oolwed by trial and error usins the Followine

Sats $ 88- = {3,620

a0 = 0. -0 = "1.{3'\!("‘"
[y

ﬁ [ga-(l-g u{l = _Wl 620=(1-0,473) 'f,.r*ou*‘)] = 1.2

]
o
fb
3
]
ok
o]
63
i
3%
o
)

= {0,573} (0,00447) = 0,00305/

sanems io= 0,06H5
8 AU=S

calanlste — = (,04505 - = (3,02044
B i

obtsin from the srobebdlity tohlas, Heference {14)
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» ) £Gmg
- f]%f __> = 0,075 o

anit munatitnits the

-

23

values into Feuation {(12)

3,05973 jas

Got the relstionshis botween % and t, "rom Vguation ()

2ot js\ 27t

2
!

(0.020723) = ©0.1793 D,
£ '9 G.’ﬁQi?l

Solva for

Frmm Boupe

Xy = 0,139 em

(0,139 em/0,1173)"

e -
i —
fiY

NeSA7 % 1077 asa.om,/as
(4000 « AD)zee,

‘ LT - s L8 Py
thiz is the ©° Yusion agnaffic’ b ol

£ otringloaitin in welh

250G palovlatsd from exnorivs

irmertal data

Wl
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Senple Csleulstion # 2 - Diffusion coefficiznt of a sin-<le-com-

sonent selute calenlated from emnirical 1lke correlation (31)

Solata ¢ Trismlnitin
Felvent ¢ Mathel isobutyl ketons
Tamaeratupe ¢ 3520
'ethol inve. vas a-mlication of the follovins saguact-n
\Ge5
o (xr50) (1)
Dw = T b x 1D -~
(m) (r)©+f
wharae xt = 1 a8%

#Y o= 100,16 wolesnlar wei~ht of methyl isobutyl
ratone

’Q = 0,522 ep, viscosity of solution {in “his csse
vigeosity of pure solvent is taken
due to small solubility of tri-wmlmitin
in wethvl isebutyl ketons

T = 208 0% ahaolute tororsture
¥ = 11794 moizl volume of soluts 2t noral

boiling ~wint, estinmatad fron atonmie
volnmes




Samople Coleulstion © 2

¢4

Lata

TrR a2

calonlahsd Tron exevdnes

Run 7 22D
Palmitic

by waishi
Cath ol Isobutyl ¥etons

25 +0,011°C

TR e WA

65

= Diffusion costficint of & Hro=con onend

Al mixturs

+inn

s For palsitic anid C.. = 00,1134
Ssh
wl
Doy = 1110107
for tringleitin Ggﬂ = (.,00442
. -
B = 80,20
2 ”
Por E07=S0% wixture

Relativae difTusion rsts of oslnmitiec acl

is

datermined from Fonation (14)

3 (1.11%10™2) (0.1124/256.42)

to that of drirmeleitin

Il

(2.567x10~5) (0,00448 /207, 20)




fegty “rom ecowvosition of solute in

=T funties anosition of

gt

“rom i

+1on

Céw; =

Galenlation of

j
9

Tata @ Q =
Jt
.

which &% ebive inborfucs

from Youation

0,007

3 "’:r,wc "%./'g{.‘l“‘!z“ =
EQT wh, /RO7,20 =

1(5‘ ‘: .'l't .

509 wh, =

K“.}‘ .v-‘—t‘. "’: 15 i-',?

1’3{."(' W‘!}. v e

4

4 - pa % - % -
{(n.o28)(0,50) + {0,0979) 0,
O,
[ 0052

02790

r

s

1)

(0.1122 % D,00AL + 0,00/4% w 0Q,7036)

—

~m e 00,0 7w,

aonoontrotion of seluts in 80l

-~
wJe

QA
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Date 3 X 0,20

0
Il

o
len
3
1!
o
o
3
o
Lrve
w3
At

.c:;__
=
]
o
".,
o
.1!
B .
) -
3
If
|
—=

] N Y N = P
erbinate 5 o= abl, = (0.70)(0.0007) = 0,004
P 2010
: ¥o= 0,0
s Al =g
— = O,l‘,f‘iwl B e = H."‘}aé{:&rf

obtain "rom nrotability tebles, Referenc.

.
et
o

R

. = irt R
i :\} ‘ Cz’”n{;} rat V:\ /t Ligt TS

] w({" ‘ﬂ\r}fxl}-‘
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Get desired relationship batween X, and t from Eousie
tion (A)
2Dt a2
x, = Y =
’ a \?f.‘/
2 YDt
= (0.04796)
0,230
= 0.1072 bt
Solve for Dy » Substituting valusg of X ans t from

Fimure 7, (Pun § 22b)

Bl at t = 2000 mnin.

0.115 om.

o
w
il

(0.115 em./ D.1078)7

o
it

(2000 x 60) see,

= 0,950 x10™7 sq.cem./sec.

This iz the Aiffusion coefficiant of a 50%=50% by weight mixture of

acid = tripalnitin caleulatsd from axnerimental data,

ol A X
nalmitic
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Samvle Caleomlation # 4 = Deviation from Fick's Law estimated

from exporinsntal exirvaction rate data

vk

jasis ¢ Hun Y lla
Solute ¢ Sodimm chloride

Solvent @ Uater

Calenlation of diffusion coefficiant from Eounation {lﬁ), ansuming

nuasi-stoady-state conditions (Ref,17)

INH
(15)

X
av

Dets ¢ 3 = lo 30'7
a

0.545

B
i

0.5+10,5 enm.

Fad
o
<

1

2200 nin, {Prom Fipure 5)

ot
"

If total solute oxtracted Srom initisl solute bed in the e-pillary

is exoragned by

P = (a)fjt) + (1-a) (Cy)
(0.545) (7,163} + (0.355) (0,3171)

"

= 1,502 om,/ce,

P
3
it

then experimental 4if"usion rate ¥ y BRSWTY 1 sgecm,
‘ &

arosg=uoctiongl area, ecuals
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{1,50%) ma,fes, (1.0) ce.fen.om,

B
a7 .
(2300 ¢ BD) sce.
= 1,143 +10~5 Te/S 4 nMe =200,

Suthatitutine this valve into Fovation

A

the ameront AA0fuxion coeffioisnt ia

X
s

Y
aC

= (1,102 €10 ) om./

{

n

4
e
b
o
bt

!

1.534 #107°

)
l!“ﬁ —

¥/

2
the daviation Trom Fic

il

CTRNPS 415 1 "“:“jecg

ets Lavy

(15} an® =olvin~ for Do

obtzined

v,

leon

o7 Wve

1,202 <107 sq.om./sec,

bacomeay

= 17.6%

Thiz Javiation, fomnd to ba &

Piowre 14, ant from the slop

¥

~mntion of solubitity, Is plotted in

Al *ha Tine tha Pollovineg velstion



rom Tickts Jew

£ axtn o~
Prom which re X

(it
)
o
3
3
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