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'0vera11 mass" transfer coeff1c1ents (R ) va]ues were . o T

determlned for the extract1on and separat1on of coba]t and n1cke1 from j
N }

aqueous\su1phate solut1ons . A mpd1f1ed Lew1s cell was used to study 'j*

the three d1st1nct contactfng steps that are requ1red to effect the
separat1on In\the first an‘aqueous soTut1on cqnta1n1ng both meta1s‘ :\,

%S extracted us1ng a so]utton of 10% DZEHPA in. kerosene w1th tri- butyl

\

phosphate added as a phase modifier. The equ111br1um 1n ‘this stagex1s
\

‘such that. the Toaded soTvent contains both cobaIt and n1cke1 In the

second stage the Toaded so1vent is scrubbed w1th an aqueous coba1t solut1on
where the equ111br1um is d1splaced so that n1cke1 is transferred from. ’
the organic to the aqueous phase. Finally, in the third stage the scrubbed

solvent” is str1pped w1th aqueous su]phur1c or n1tr1c ac1d solut1ons to

. produce a -concentrated coba]t solution. The Reynolds number of ‘the

Y

aqueous and organic phases in the cell was varied from 1000 to 3000

and the response of K org to these variations was evaluated.
v R'org values var1ed in value from 0.9x10 -3

for co- extract1on and scrubb1ng and depended on the direction of mass

2

to 1. 4x10 em/s

transfer, organ1c,phase loading and stirrer Reynolds number., R‘org
values for stripping were found to. be 1ower than those observed in the
other contact1ng regions and were not greatly affected by change in

Reynolds number ' _ .,
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- INTRODUCTION

o, -
o

B L1qu1d 11qu1d extract1on 1s a method-encountered in the chem1ca1 ‘
_process1ng 1ndustry for the separat1on of the const1tuents of a homogeneous o
1iquid mixture The so]vent used in the extract1on process shou]d be i

-1mm1sc1b1e w1th one of the’ components of the m1xture in order to fac111tate

' T
I R S

the.separqt1on of the ?1qu1d phase;.. ‘ : o
.The Tiquid-1iquid extraction operation consists of the following
steps: (a) intimate contécting .of the solvent with the solution éontaining
the component to be extracted.(extractant'or solute) so that the solute
will be transferred from the solution to thé'so1vent and (b) separatioﬁ
of the two immiscible phases. This'unit operation is.used when a separation
cannot be achieved by other means such aslaistillatioh, evaporation and
crysta11izétion or effecting the separépion more economically. [1 ’ 2]

The initial success of 11qu1d-1iquid-exf¥action (a]éolca]}ed :
solvent extraction) ?or both tﬁéhseparation.of uranium from its ore and-
the subsequept treatmént of spent reispgr fuel to separaté ﬁ]utonium'from
uranium and its fission products [3] has led to the use of solvent extraction
to isolating metals in the meta]iurgicai industries, especially in the
. field of hydrqmet;11urgy.

Publications on the principles of these opératfons became available
in the earily 1§50s. Scon, other reagents were being considered for uranium,
S0 that thé alkyl phosphoric acids were screened [4]. It was realized that
these derivatives had a wider use, in that other valuable cationicﬁmeta?—
spehfes could be extracted, e.g. vanadium [5]. Indeed, the va]ue\of the
metal recovered was a primary driving forCe in developing the earljest
solvent-extraction units, such as the rare—earths'[&7j.EWaduaily attention
lturned toward the ]ess—vaTuable, but nevertheless important, transition
metals such as cobalt and nickel [B,Q]which the present work is concerned

i
with. '

{
{
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The Phosphorous based ac1d 01 (2= ethy] hexy]) phosphor1c ac1d

‘(DZEHPA) has been used for the extraction and separat1on of cobalt and
nickel from aqueous su]pbgte solutions [Ip-lﬂ .' Three d1st1nct contacting
steps-are-fequired. In- the. first an aqueous solution containing both metals

- is extracted using a sqlution of D2EHPA in keroseﬁe with trigbutyl phosphate

added as a phase modifier. - The equi]ibrium in this stage is such that the

loaded solvent conta1ns both cobalt and n1cke1 In the second stage the

Toaded solvent is scrubbed with an aqueous cobalt solution where the equ111-

. br1um-15'd1sp1aced so that nickel is transferred from thelorgan1c to the

aqueous phase. Finai]y, in_the third stage the scrubbed so]vent is stZipped
with aqueous sulphuric or nitric acid so1ut10ns to produce a concen/x; ed
cobalt solution. The stripped organ1c phase is pre- equ111brated’bef0re
being recycled. Little work, however,*has been carried outto determine the
mass transfer characteristics for the extraction and separation of cdba]b
from'nicke] from aqueous so1utions”ufztbeir sulphates b} D2EHPA [13-1@].

' Bench scale shake-up - tests can be used to give rough information
on the mass transfer chauacterisitcs of a separation process but are only
suitable for obtaining equ111brium data. A more precise means for the
study of extraction kinetics is the widely used Lewie [1ﬂ' cell and its
modi Fications, [17,26-32) in which an essentially flat liquid-Tiquid
interface of known aree’is agitated by two counter-rotating.impellers, one
in each phase.

In this work, a Lewis type cell was ubilized to investigate the

extraction rate kinetics of cobalt from nickel. The stirred transfer

i cell was chosen, because each phase can be stirred at speeds low enough

to avoid disruption of the known interfacial area but High enougb to ensure -

complete mixing in the main body of the phases.
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\LITERATURE SURVEY. T o AR

Many solvent extract1on processes 1nvoIve a chem1cal 1nteract1on ' f I

:between the solute-and an extractant _present in the so]vent phase. A c]assic

example 1is the. @xtract1on of iranium from an aquecus solution into a solvent

compr1s1ng a solution of tri-n-butyl phosphate (TBP) in a suitable diluent.

'For nitrate media the reaction may be represented by:

~ P

++
uo (1),

2

| + ZN,O_S + 2TBP —-—-— UOZ(‘N03)2.’2TBP
Aqg.

Aq.  Org. - Org.

1

: The distfibution coefficient is'determined by thelpoeition of

this reaction equilibrium. This can be adjusted by control of the nitrate

[

“ion concentration, taking advantage of the common ion effect, thus makirg

possible both forward and.beck—extraction. However, being an equilibrium
process, it gives no guidance as fo'the OVéFE?] rate of the mass transfer
process from one phase to the other, a factor of key importance in deter-
mining the design and perfqrmanee of continuous'industrial so{vent extraction
units. The chem;cal'reactipn can posﬁib]& indicate those solutes which could
determ1ne the kinetics of the. chemical interaction.

In most cases the overall mass transfer rate w111 be a function -
of both the k1net1cs of the chemical interaction and the rates of d1ffus1on
of one or more of the species involved between the two phases, except when
the reaction or the mass transfer is instantaneous. A process can be .
classified as either kinetic or mass transfer controlled if one rate
virtually determines the transfer resistance. ‘

Equipment of solvent extraction processes designed From equili-
brium isotherms automatically neglects kinetic effecte. However, new

processes used for the extraction of metals from solutions, involve reagents

where chemical reaction kinetics can be important. - Their



- . neglect cou]d 1ntroduce sernous errors part1cu1ar1y with the des1gn of

differential contactors In addition, d1fferences in k1net1c rates dan be .

expected to 1nf1uence the separat1ons ach1eved between soTutes in a finite

time of contact, giving separation factors either greater or 1ess than

‘would be pred1cted from distribution coefficients measured under equ111br1um

A cond1t1ons Such effects could be the cause of some anoma]ous separat1on

performances

I The Separation Process

Extensive research effort has been devoted to the prob]em of
separating cobalt and nickel, with high separation factors being obtained

when.us{ng a mixture of Kelex 100 and Versatic 911 [18}. These extractants

were reported to exhibit a synergiétic effect. Kinetic synergism was a]so |

successfuT]x/made use of for the separation of these two metals in ac1d
su]phatngjBtems us1ng a m1xture of hydroxyoxime and tert1ary carboxy11c
ac1d}[1§]. .Cobalt and nickel can also be extracted from aqueous solution
with DZéﬁrA [10]‘ane this is the basis ef a preposed process for the separa-

tion of these two metals [TO, 11]. Briefly, in this process nickel and

" cobalt were first co-extrected_at a pH of 5.0-5.5. The Toaded so]vent

was then scrubbed with an aqueous cobalt solution up to 20 g/1. The cobaTt'
then extracted into the organic phase, the nickel being recgvered in the
raffinate solution. A dilute mineral acid was used to recover the cobalt.
In view of the interest in separation of cobalt and nickel (using
DZEHPA), work was carried out to determine mass transfer coeff1c1ents and

provide data which could assist in design of liquid-Tiquid extrac-

tion equipment for separation of cobalt and picke].

~

e tre e an i etms e s m
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II Chem1stry of the Extraction Process

- Ashbrook and thcey {12] reported that dur1ng the separat1on <
_and extract1on of coba]t from nicke1 us1ng the acid form of D2EHPA,
" hydrogen ions are 11berated from the so]vent The exchange of the

- hydrogen ions lowers the pH of the aqueous,phase and s1nce the co extrac-

tion of the meta]s is pH dependent, equ111brat1on of DZEHPA w1th ammon1um'

_hydroxide is necessitated for 0pt1mum extract10n

The mechan1sm of the process may, be represented in s1mp1e terms_

as:
. .
Equ111brat10n . .
" RH + NH40H-—1r RNH + H20 \ 2) 7
Co-extraction \ .
: 2+ B o
2(RNH ) 0rg+C° q-—*b—RZCo + (NH4)2 SOy . l,.:(S?
2+ ‘ : T
2(RNHK) org R2N1 + (NH4)2 SO4 : ...(?)
Scrubb1ng
: 2+ L st : " :
R2N10rg + Coaq-—fﬂ-rRZCoorg + N1aq ' ... (5)
Stripping '
R2C°org + sto4——Coso4 + 2RH : ...(6) .

The stripped solvent is then eqpi1ibrated with ammonium hydroxide and . °

recycled to extraction.

Although the metal complex is represented in the above equations

as a 2:1 organic:metal complex, Madigan [20] showed that the complex is a

coordination compound in which the chelated metal is surrounded-by organic

radicals. Baes and Baker [2]} noted that polymeric complexes are present

in the organic phases in which D2EHPA acts as a bridging 1igand The -

degree of poiymerization depends on both the meta1 concentrat1on and thei ;

temperature. Barnes and et al [22] correTated between the selectivity of

. D2EHPA and the structure of the compiex.

- .



'1nVOIV1ng two f1u1d phases is rather complex conceptually. 1In genera1 the

These observat1ons pose the quest1on as to whether the forma--

: tion of these organometal1c comp]exes, or-their Targe mo]ecu]ar structure ii;”u.

[

contro] the overa]l ‘mass transfer. e u &

S—

IIf Equ1pment and . Corre]at1on fOr Interphase Mass Transfer

. The study of mass transfer accompan1ed by chem1ca1 react1on an

: overa]] rate of such a process 1s 1nf1uenced by the relative magn1tudes of \\;)_

'the rates of interphase mass transfer and the react10n "The number of

‘W
var1ab1es which affect the two processes is darge, some of them 1nf}uence

the rate of one, wngpeas others affect both Levensp1e1 ‘and Godfrey’ [23]

outlined an act1on response plot ef how to possmb]y d1st1ngu1sh between o

k1net1c regimes for 1nterphase mass transfer wwth/w1thout reaction.

-

. In theoretical treatments ana]yt1ca1 so]ut10ns have been obta1ned

for severa1 cases of mass transfer with chem1ca1 react&on However,

x
L

approximate solutions and results of numerical solutions are available

for quite a number of cases. Some of the equipment uséd in mass transfer
ina two phase ‘systef and the empirical correlations are presented beTow .
while othe shects of the topic are extensively dealt with in special

monographs [ 24, ‘25] ‘

Equipment

Stirred ce11s, well estab]ished fn mass transfer studies, have .
been used in severa1 instances for studying gas-liquid and liquid- 11qu1d
react1on systems Such ce]]s have been designed specifically for -
app11cat1on to gas Tiquid systems {23] and Tiquid- 11qu1d systems f17 26~
32] The uncertainties and consequent Timitations of this technique are

known ; Hanson [33] has given a comprehensive discussion.
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EﬁpioicaT'Cofrelatiohs'.. JEee S -

An emp1r1ca1 corre1at1on far the mass transfer coeff1c1ent was’

"‘deve10ped by J.B. Lew1s [1i] The resu1t1ng equat1on obeyed the re]at1on

)1 .65

k] 1. 13 X 077 1(Re ¥ Re “2’“1 +—0 0167 2 A7)

.t

where K] refers to any one phase and k the second phase Various

ObJect1ons have been raised to equat1on (7)- and as written was found
numer1ca11y sat1sfactory $40%. A criticism of. the correlation: is
deta11ed by Sherwood [34] A different emp1r1ca1 correlat1on of the
transfer across a clean 1nterface in a st1rred ceI] comes from Dav1es
and Mayers [30] ‘ .'

0.5 ,_ , 1.9 . y=2.4 o 15/6.
k2 = 0.00316 (DZ/L)(Be2 Re]) (UI/”Z) N (OTF +,n1/n2) | (Scz)
' . I . .. ' ...(8)-
1/6

where{k, varies with 02 » this dependence 1ying between that of -

quat10n and that of equat1on (7) of J B. Lewis. Th15

e

: corre]at1on is accurate in pred1&t1ng k2 to +40%~for d1fferent systems.

It suggests that the rep]acement of eiements of 11qu1d in the surface by H

turbulent f1ow is.very important, so that molecular d}ffu51on from '

these elements has then to occur’over a very short distance.

-

[32].

Another empirical correlation is that proposed py McManamey

k, = 6.4 x 107 vz(scz)“°'3 (Rep)% [ 1+ mPey ...(9)
: ‘ n'.[ R62

0.3

This equation correlates k2 with D>, and the fit to the data of Lewis

is somewhat better than that of equation (7).
An investigation by Gordon and -Sherwood [31] indicated that for isobutonal

and water

k, @ 003 (Re;)'*3  when MmN, - ...(10)

Olander and Benedict [27] found that

e e s ot he AeBmiad waem ke coen



. where the rate of stirring-N was again the same in both phases - Yet

© ok

another 1nvest1gat1on gave power of N between ‘0.9 and 1.5 (Prochazka and

S 'Bu11cka) [26] The results of Austin and Saw1stowsk1 [29] for stirring

in both phases are reasonably wel corre]ated by Co .

.‘ 'k] « D)% vy Rey {1+ |2 (Rep)? 1% (Re )2]} -5 .(2)
There isy’ however, considerable scatter of the exper1menta1 points, while
at high stirring rates, th1s express10n gives va1ues which are rather
h1gher*than exper1menta1 ‘ "

In genera], all correlations proposed are emp1r1ca1 and
therefore uncerta1n when extrapo]ated beyond the range of the or1gwna1
data espec1a11y when the data shows very considerable scatter.

‘ Because each correlation 1ncorporates‘certa1n fundamental _
assumntfons and limitations which are than inherent in the final solution,
.then it is.necessary to study tne kinetics of each individual system.
Using the "Equilibrium Extraction” techn1que, Brisk and McManamey [36]
studied the k1net1cs for the transfer of copper and coba]t between
aqueous solutions of their sulphates and organic phases consisting of
solntions of D2EHPA in kerosene. The authqrs reported that the total
resistance to mass transfer was found to be greater than that predicted
from the mass transfer resistances of the aqueous and organic phases.
The additional resistance to mass transfer being between 30 and 75% of
_tne_total res{stance. But the mechanism for the separation of cobalt
’from nickel depends on preferential extraction between the'twormetals,
on the other present metal concentration, and involves three different

stages in the process separations. Hence it was necessary that an

indepth study_of the process kinetics be investigated to better understand
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the, separatioﬁ:ﬁf-cobalt from nickel. Due to the time. 11m1tat1ons on]y '

exper1menta1 measurements of the overa11 mass transfer coe f1enents of

the system were undertaken.

IV Theory | .

Inﬁprocesses {nvo1ving mass transfer in liquid- quuid:extractfen
the equat1on re]at1ng the rate of transfer to the area ava11ab]e for |
transfer and a driving force, i.e, solute concentration d1fference, may ‘
be written as: o ' .

q ds (Caq - Caq,1) = “(13)

korg ds (Corg i Cofg)

This equation assumes that the transfer rate is proport1ona1 to dr1v1ng

A

"

dN

n

force steady ‘state diffusion exists, and that equ111br1um cond1t1ons
exist at the interface. i.e. there is no resistance at the interface.
This model was developed by Whitman [37].and known as the two film

theory From equation (]3) 'the ratio of the individval film coefficients

N\

may be expressed

kaq . Corg,i - Corg - ACor‘g . ‘ ...{18)

korg Caq - Caq i ACaq

In pract1ce, it is ordinarily impossible to determine the exact

interfacial concentration C . and € . and thus the ratio of-the

aq, i org,i )
individual film coefficients cannot be’ obtained. It is more usuaT_tb

express the rates of mass transfer in terms of overall mass iransfer‘
coefficients for the aqueous and organic, K.ag and K.org respectively.

b .
If the equilibrium curve is assumed to be a straight Tine, i.e. Corg T
. . ?

M.Caq 7» We may define a concentration Cg}g which would be in equilibrium

with C;q as



“

C* MC_

n

‘ org aq
and similarly
Corg = MC3q

On thé'basis of fﬁe_ovekat] mass transfer coefficients,
becomes:

dN =:Kfaq.d5 (Faq - C;q)l= K.org ds (Cgfg - C

and similarly

-— * - :

K.aq _ (Corg Corg)
Y - *
K.org (Caq Caq-)

By suitable elimination between equations' (13), (15),-(
with eqqatioﬁ (14)

1 1, M
7 k k
.org.  .org aq

and similarly

v 1 .1 L]
K.ag kaq M korg _

If the equilibrium line is not Tinear i.e. M varies, a

of analysis js used to evaluate M. Treybal [33] has de

of analysis. Pratt [39, 40] has suggested introducing an extra term into -

. ...(18)

...{16)

equation (13)

) .7

org
... (18)

16) and comparison
..(19)

..(20)
graphical method
tailed the method

equations (19) and (20) to allow for the interfacial resistance to mass

transfer due to any chemical reaction at the:interface

The mass transfer coefficient relationships then are:

_1 =k1 ”ﬂm] +k]
K.ag aqg ™ Torg R,aq.
1 _ 1 + M 1

= +
K.arg korg kaq kR,or‘g.

The overall.coefficients, Rlaq and K.org were obtained

from extraction data.

between phases.

N

... (22)

experiment&]]y;
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v 'DEtefminationxof Mass Transfer Coefficients

© At any time the transfer rate is given by

dC '
= . ’ ...(23
dN vor_g grg | ) o . ... (23)

hence from equation {5) and for transfer of solute from the aqueous phase )
~ to the organic phase '

V. d¢ - o S
org org = K.org ds (. _ - C_ ) ... {24)
HTT"'jl g Brg _Torg :

for constant interfacial area.

V. d¢C - e - -
= K. A(C_*-¢C . ...(25
org —org = K.org. (Corg™ = Corg) (25)
<+ K.org = Vorg 1. 4 Corg ' L. (26)
A dt (C__.*-¢C . '
org org)
integrating over the time interval t: ' ‘ .
dC ’
Korg'.at {(C *?rg ] ‘ ...(27)
‘ org org org ' ‘
The right hand integral is evaluated by plotting 1 against
C
‘ (Corg Corg)

Corg and measuring ‘the area under: the curve. Thus, mean values of K.org
relating to successive values of t or Corg can be obtained.
. For transfer from organic to aqueous an exactly analogous

equation can be derived thus:

At d C. | ;
7 T = - . org .
.K.org Vor'g ﬂcmﬂg - Corg*) . | ...(28)

and K.org can be obtained by graphical integration as before.

Where the concentration difference in the integral is the
difference between the actual concentration in the organic phase and the
concentration the organic phase would have if it were in edui]ibrium with

the existing concentration in the aqueous phase at the same instant.
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C. EXPERIMENTAL ..

'The work to be described was confined to.the measurement of mass
transfer rates for cobalt and nickel passing from one to another of two

~immiscible Jiquids. A

-

| ! Agﬁarégus \

'Tﬁe.e}periments were carried out with a cylindrical transfer
cé11 in which each phase was independently stirred by a central paddle.
The interface w;;.restricted by an annular gap between a central
circu1af‘baff1e and a circumferenti§1 wall baffle, the central baffle
preventf%g cavitation and the outer baff]e reducing irregu1ar‘wa11
effects to a minimum. Both baffles Qere béve11ed to enabfé\drdps of _ '
either phase accident]]ylintroducpd into the other to roll to the
interface. ' & .

The cell (shown in figure 1}‘coﬁsisted‘essentia11y of two pieces
.of g]qss pipe 15.24 -cm I.D;, cut éhch that the volume of the upper cell
was,1,01b ml and the 1ower_ce11 1,730 ml. The tyo glass sections were
separated by the circumferagtial baffle. hTEe contacting interface area .
was 30.5 sq. cm and the two phases were mixed by turbine, twin blade .
stirrers. The stirrers were mounted indebendent1y and were driyen co-
currently'by Zeromax model D-1 variable speed MOpors, 0-50 R.P.M. range,
corresponding to a Reynolds Number range of 0 to 4500. This equipment
was used for both the extraction and scrubbing experiments. In the
stripping and the Acetic Acid systems the dell compartments were.reversed,.

such that the upper volume was 1,735 ml and the lower volume 1,085 ml,

I1 Systems
In the extraction and separation of cobalt and nickel using .

D2EHPA there are three distinct areas of interest:
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e 1) The co-eXtraction of COba1t and nickel.
‘ 2) - The scrubb1ng of the ]oaded so]vent as coba]t preferent1a11y

concentrates in the organ1c phase.

3) Acid-stripping of the organ1c phase

e

— These three distinct stages 1n the separat1on of ‘cobalt. and nickel were

investigated. In addition, for cnmpar1son two other systems were

sthdied; ‘These were, Acetlc Acid n benzene~Water and Acgt1c Ac1d in

Kerosene- -water systems.

In a11 experiméntal runs, the organ%c phase always contained

10% volume of D2EHPA, 5% volume of T.B. P modifier, and 85% volume of
Kerosene diluent. Synthet1c aqueous so1ut1ons were prepared by d1so1v1ng
nickel and cobalt quphate crystals in distilled water. o
| The important physical properties of these systems are presented
in table (1). Chemicals used and-their properties -are given in table (2).

-

IIT Procedure

Technique |
Before 1oadiﬁg the cell for an'exberiment it was éhrefu]ly

cleaned with acetone. Great care was taken to avoid contam1nat1ng the f

cell with grease or surface active agents. . The heav1er phase was run in

until the top surface was above the mjd-poxnt of the annulus so that on

- taking the initial sample from this phase the interface fell to the

correct.level. The lighter phase was then poured into the top compart-

ment to fill it completely. The stirring rates necessary to give the.

‘correct Reynolds Numbers had been previously calculated and the controllers

set at ‘this sbeed.' Both phases were sampled at pre-determined Time

intervals, initially by inserting long hypodermic needles throUgh the -

F ORI C
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Table 1 .

v

Physical Properties of The System at 250

. -3,
p,(kg M )-.
* 10% D2EHPA + : | 0.815
5% T.B.P. + Kerosgne
29/1 Col. + 3 1.026
5 g/1 Ni
. Aqueous "Solution n
Acetic Acid in d . 0.87865
Benzene B
Acetic Acid in - 0,799
Ketosene C
10% HyS0, .Solution 1.068
25% HNOy Solution . ' .ya7]
3: ¥
Distilled H,0 . ., 0.9977.

u (kg ‘I"‘I.:l S‘-.I)

S

X10~
1.

0.

232

4
541

945 -

. 608

.181

L

.2164
.9548

“N.B. Assumed no appreciable change in physical properties of organic

" solution due to organo metallic complex formation.

low concentration of D2EHPA.'

Oue to the
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Chemical

T.B.P.
D2EHPA
Kerosene

Sulphuric
Acid

-3

Ammon i um
Hydroxide

Nickel
Sutphate

Cobaltous

‘Sulphate

- 16 -

\

-Table 2

\ - ¥
Summary of Chemicals Used

i

SuppTlier .

Anachemia Chemicals Ltd.
Denison Co., Ltd.
Shell 071 Co., Ltd.

13

Fisher Scientific Co., Ltd.

McArthur Chemical Co., Ltd.

Fisher Scientific Co., Ltd.

Fisher Scientific Co., Ltd.

Grade

Technical
Technfca1
#140 Sd1vent

Reagent

98% H2504.

Reagent

28-30% NH3

C.P,

«C.P.
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filling hole and ﬁréwing samples from thefhiaa;é of eadh'phésé.. Later
‘this procedure was altered. Samph‘né ports were installed -in :the circum- !
ferential baffle and again hypodermic needles were used {(see figure 1), °
This‘chgnge was incorporated so as to eiiminate the interfacial distufb;nce
_thaf Edok pTace with thg former techniqﬁe, and to permit the withdrawing
of a éampTe at a fixed pbsition'from the bulk phaées. In'ordér to com-
, pensate for‘the changes in the lower phase vo1umg and to maintain the
interface area unchanged in position, volumes equal to the samp]e?
removed were addéa; _ .
e The experiments were carried out over a pericd of three to four
hours, and while samples were taken, the stirrers in both phases were
stopped. This was doﬁéﬁso as to obtgin, as much as possible, instantan-
~ eous samples for analysis and possibly inhibit the mass transfer.
Also, during the extraction experiments the pH of the aqueous

' phase’was monitered. This was accomplished by measuring the pH of the

agueous sampies. 3

1

i

Operating“Equilibrium Isotherms

+ Operdting equilibrium loci data were obtained by batch shake-
out tests{ in separating funnels, at room temperature for all systems.
The starting so]utions of_the systems were used and were contactea, at
several differént‘aqueous‘to organic volume ratios. After,éhaking, the
sampfes were left over a 24 hour period to separate and settle. Samples

from each phase were then analysed.

Preparation of Solutions ' : :

AT1 solutions for ‘the experiments were freshly preparedifo as

to avoid possible decomposition due to aging, such as pH change of
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A aqueous so]ut1ons and the evaporation of. the anmqn1a that is added to the
organ1c so]ut1ons The 1n1t1a1 metal concentrat1ons in these systems are
presented in tab]e (3 )\\\V\

N RN

1. Organic 56$u§10ns T

‘(é) Extraction:
The solution comprised of 10% v/v D2EHPA and 5% v/v T.8.P., the
:third phase inhibitor, diesdlvedin‘kehosene diluent. In order to maintajp.
' the pH of the aqueous solution in the range of pH 4.00 to pH 5.5 during |
the experiment, the.orgeniq‘so1ution was equilibrated with ammonia to
form the ammonium salt of D2EHPA. A 5% excess of the sfoiehiometric
.‘amount was found to be necessary. -
" (b) Scrubbing: o
'{n preparation for scrubbing, the organic solution had fo be . |
Toaded wixh.coba1t and nickel. This was accomplished hy,simi]arly
prepa%dng the organic extraction solution, then contactfing it with the
same saTt so1ut1on of cobalt and nickel used in the extraction stage.
The same phase vo1ume ratio as in the exper1menta1 unit cell i.e, 1,725:1
was used. ;
(c) Stripping: ) . ' “
The solvent was obtained in a two sfep procedure. Initially,
the organic extraction solvent was prepared, then the orgenic scrubbing
\ solvent. After separating the phases, the organic scrubbing sd1vent was
contacted with the same salt selution of cebalt used in the scrubbing
stage, in the ratio of 1.725:7. ’

2. Aqueous Solution

~ A17 aqueous metal solutions were synthet1ca11y prepared as
metal sulphates. The initial pH of the solutions was adjusted using

sulphuric acid.
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Tahle 3-

Initial Experimental Conéentrations.

\

Extracéidn
Aqueous Oréanic‘ \
| Cobalt = Nickel Cobalt . Nickel
Experiment pH Conc. g/1: _Conc. g/1 Concr g/1 Cong{‘g{1
ran #13.02 2.0 - 4.9 0 S
Run #2 3.79 2,03 . 4.9. 0 - - ' .0
Run #3 4.0 1.973 4.9 N
el -
Scrubbing ) \
Run #1 5.0 14,75 0 K785 3.6 o
Run #2 5.6 15 0o - 2.3 4.475
Run #3 5.4 15 0 2.186 ”4;246
Run #4 5.00 5 0 1.8 \aé{8§
'StriEEing“ N |
Run #1  10% H,S0,  0.000 0.000 7.45 0.383
By weight ‘- _
- Run #2 o 0.000 0,000 . 7.303 0.466
Run #3 o 0.000 0.000 7.355 0.397
CRun #4 25% HNO; 0.0 0.000  6.000 0.000
' By weight
Extraction
Experiment : 'Orgénic | Aqueous
AC-Ben- 5% by weight of Acetic  Distilled Water

Acid in Benzene

-

AC-Kero-W 5% by weight of Acetic Distilled Water
Acid in Kerosene '
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+The initial metal concentration of the aqueous solution in the

«system are presented in table (3).

3. Acetic Acid System

v

Using glacial Acetic Acid, a 5% by weight of acetic acid:
disolved in benzene was prepaEed- Similarly, 5% by weight of acetic

acid was used in the Kerosene system.

Anaizsis

A Un1cam SP90 Atomic Absorption Spectrophotometer was used to

ana1yse the metal toncentrations.

1. Aqueous Concentration Determination

A

] (a) Standard Solution Preparation:

Prepurchesed standard solutions of 1,000 ppm of nickel and of
coba]t were diluted with distiiled water to the concentrations necessar&
to generate the des1red absqrbance mode calibration curve for the Atomic
Absorpt1on Spectrometry.

In order to correct for background cheqica1 interference and
1dss.in sensitivity due to the presence of the other metal in the
experimental samples, the standards had to be matched as closely as to
the samples. This matrix adjustment to the sfanqard solutions was

achieved by adding the appropriate concentration of the metal to the

standards.
(b) Sample Preparations:

& ~ Initially, the sampies were filtered with phase separating
paper, (silicone treated "Whatman 1PS") then subdivided to prepare two
dilutions. These were diluted to the optimum range concentration and )
detection 1imit of each respective metal on the A.A., which were

different in dilution magnitude.



\-h(c) Analysis: ’
The A.A. had to be ca11brated before each meta] analysis and ' N

repeatedly: reca11brated durTng analysis. For deta1ls refer to "Atomic

Absorption Spectrophotometry" by Peter‘Cooke. pub]ished by Unicam Instruments Lt

2. 0Organic Concentration Determination

\ Initially, the meta‘ls in the samp]esﬁere stmpped from the .
Organ1c phase with nitric ac1d d11uted and then the same aqueous mode
of analysis as described previously was used. This was found not to be
very satisfactory. épecifically, because thefe was entrapment of metal
loaded ecid in theiorganie phase, and e1soidue to the multiple dilutions
of the aeid that were needed for analysis.

The.above mentioned difficulties and becauge of the smali
incremental concentrat1on changes in the aqueous phase it was imperative
that a direct method for organic- ana]ys1s be used After a long search,
a method was achieved and is here described,

(a) Standard Squt10n Preparat10n
The chemicals used to prepare the standards and their properties

are here shown.

Available From { Nickel Cyclohexane Cobalt Cyclohexane
Eastman Organic Butyrate Butyrate

Lhemicals

Structural Formula |, (CG'H1],(CH2)3 COO)2 Nj (C H 1 (CH )3 COO)2 Co .

-

-EmpiricaT Formula CZO H34 04 Ni C20 34 0 Co
Molecular Weight 397.20 397.42
Metal Content 13.5% 15.0%°

Grams ¢f dried 0..371 gm 0.333 gm
salt necessary : ' R

to make 100 m}
at 500 ppm
concentration

¥




T sa

‘Since the sa1t1as supplied was not anhydrous, it was necessary
to dry to constant we1qht before use. Approximately 0.4 gm of the salt
was dried over fresh DhosnhoruS‘nentoxide in a de§iccato% for 72'hohrs
A 0.371 qms of nickel salt and 0.333 gm of cobalt dried salt were qu1ck1v

and accurately edich transferred to 100 m] volumetric flanks Kerosene

~ was added with swirling. The solutions were brought to 100 ml and

thoroughly mixed. This produced so]utioné having concentrations of 500

ppm nickel and 500 ppm cobalt. Again, matrix adjustment to the standard"

‘was achieved in the same manner as outlined in the aqueous section.

Fresh dilutions were prepared before each analysis, o

The proceduré'for sample preparaiion and analysis was the same
as in the aqueous technique for the exception that care had to be
exercised so as not to-produce a sooty flame in the atomic absorption

machine, For operating'detaiIs of machine see Appendix III,

3. Acetic Acid Analysis

The concentrafion of acetic acid in the aqueous phase was
determined by titration Qith sodium hydroxide and phenol phtalein as
the indicator. The organic phase was analysed by adding water to extract
the acetic acid from the organic phase and then titrating with .NaOH. It
was found that care had to.sé taken in determining the end point and ensure

all the acetic acid has been extracted from the.organic phase.

Calculation of Mass.Trafisfer Coefficients
p——
The overall solvent phase mass transfer coefficient are defined
by equations (27) and (28).
Since samples were taken from each phase dur1ng an exper1ment
the variation of Corg and C aq with time was known. For each value of Caq

the corresponding equitibrium solvent phase concentration Cgrg was obtajned



from the equilibrium curve. Thus 1/(C* - C ) cou]d be tabu]ated for
various.values of t enab11ng K.org to be*eva]uated by graphical integra-
tion of equations (27) and (28) for each time interval. Also the | ‘
- transfer coeff1c1ent was eva]uated by plotting %he Tog (C* org - Corg)
against time. Assuming K.org and -C* does not vary apprec1ab1y-at At
intervals, then the s]ope of the graph at At 1nterva15 gives d1rect
measure of the overall mass transfer coeff1c1ent

A computer program was used to fit a polynomial to tﬁe
. csncentrarfon time and equilibrium data. Then a computer program was
wrfttsn.to compute coefficients of mass transfer by both graphical and
numerical techniques. “In this way the process was followed as accurately

|
as possible. )

- IV Variables

The temperature ofrthe experiments was room temperature. The
contacting surface area and the volumes in the cells were kept constant .
The var1ab1es 1nvest1gated were the solute concentration and the Reynolds
Number effects on the three different stages of the metal separation.
The various comb1nat1ons of Reynolds Number tfigt were used in the

experiments are presented in table (4). . \
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D. RESULTS

. TN
Overall mass trdnsfer céefficients based on the oréanic phase
(Rbrg) were evéluated from experimental data for co-extraction, sérubbing .
and é%ripping. The experimental ‘data are presentéd in Appendix II. A
computer program was used to fit experiﬁenta] Qata, equi1ibrium data and
to ca1cu1§te Kﬁrg values (i) either by numerical integration or from the

—

slope of %n (C;rg - C_ .} data. Typical data‘obtained from the cohputer

org _
printout is given in table ( 5) while the remainder of the data is given

‘ﬂin Appendi% I. ;For the purpose of comparison, the res&ltg,afg arranged
in three groups according to the direéfion‘of mass transfer, The
.coefficients in each group for each metal are plotted agaiqst the organic
phase concentration taking the Reynolds number as a parameter. The
variation was chang{ng_the magnitude of Np, by a factor of two in each
phasé. In the scrubbing stage, the effect of concentration was eva1dated \
in Run #4{ and in the sf;ipping stage, mitric acid was eva1pated in Run

#4.

Co-extraction: ‘ : )

Overall mass transfer coefficients for co-extraction were
found for cobalt to be in the 1.20 x 1075 to 2.78 x 1073 cm 5'1'range.
THey were observed to depend on Reynolds number and on organic phase metal

concentration. Thus Rbr values for both.metaTs increased with increase

g
in Reynolds number in either the organic and aqueous phases, see

figure (2). It can also be seen from figure (2 ) that Rﬁrg values for
cobalt increased with increase in metal concentration in the organic

phase.
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© Similar resu]ts were obta1ned for n1cke1 w1th K é valﬁes'for'
n1cke1 be1ng higher than those observed for cobalt The range'of.the

Kerg values for nickel were in the 2.3 x 10-3 cm s'] to 1.0 x 10-2
1

~em-s”! range, see figure (3).

Scrubbingﬁ 5

In this contacting region K' é values were of the same order of

magn1tude be1ng in the 0.5 x 107 -3 to 7.5 x 107 3

-3

7! range for cobalt

anq the 0.5 x 10 © to 5.0 x 10 '1 range for n1cke1.\ These latter

values were lower than was observed foh'extractioh of nickel indicating
an effect of the direction of mass transfer‘on the value of mass transfer
coefficient. -Increese in Reynolds numbeh in either phase again resh1ted
{n an increase ih K&}g values for-both‘meta1s, see figure (4). A]Eh; an
increase of the Reynolds number, by the same 6rder of magnitude in each

respective phase resulted with higher E' values when the organic

org
Reynolds number was changed than when the aqueous Reynolds number was

doubTed. An effect of metal concentrat1on in the organic phase was noted

when the agitatign in the organic phase was ra1sed K org values increasing

with an increase in the metal concentrations in the organic phase for
_coba]t. Howeveh, the ni;ke1 Rerg values incheased with decrease in nickel
organic concentration. See figure.(S).

‘Stripping:

In this contacting region C* va1ues for stripping were approx-
iﬁateiy.equal-to zero and Rerg values could be obtained from plots of
In{C* - C) versus the ebntacting time. {(See figure 6, 7) Ehrg values
were considerably Tower than the values found for co-extraction and
scrubbing; the values for cobalt were in the 2.46 x 107% to 3.0 x 10 -4 cm

s range while for nickel values var1ed from 2.55 x 10° -4

cm s'T; The Rerg values in this contacting region were not dependent

to 2.15 x 10
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0vera11.Ma§s Transfer Coefficients for

Nickel - Co-extraction

Figure 3.

L )

0g §2 . 02

"** /9 -NOLLVMLN3ONOD OINVOHO
Gl 01 S0

4 I I

juny
x##...xlxlx.....x.lx..lx

T I

o0
000-

<00

t¥00-

900-
800~

010

210-

<10+

-t

- "9¥0 'Y

-'03S /NI



=1

S

- 30 -

Overall Mass Transfér Coefficients for

Cobalt - Scrubbing

Figure 4.
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Figure 7. Mass Transfer Driving Force for
Cobalt - Stripping

22 |- STRIPPING - COBALT

. g
' 15k —o—o Run No.I
o
63 —®—=3— Run No.2
E ' —x—x— Run No.3 *Similar to Run No.2
—8&—e— Run No.4
S 1Y ) S S I
80 20 180 . 240
S TIME(Min.) B
/



-3 -

—

\

A24SUBRU] -SSBY LLRUBAQ

,-0L X 09L°2
,-0L X 9L¥°2

X ...
-0l X 89572

Das/wl u:mwuwmmmou

"L3Y9LN

oL X

J9s/wd JuUaLILIFR0)
A94SUBL] SSBW L[| EB4BAQ

“31eq

yLO"€
A
5.9°2
9942

4] -

~uot3nios Bupddiags EONH %52+

0051
0001
0002
0001

aseyd
oruebug

0051
000€
00§
0051

aselyd
snoanby

4aquny mv—ocxwm

9 21921

Urddraas

’

: SJUILOL}}80) JB)SUBA] SSEY _Fm;mio

*ON uny



|
s ‘...35_'

on the metal cohcentration in the aduéous and there was on1y-aksTight_

1ncrease in K“ org va1ues with increase in Reyno]ds Number for.cobalt |

while the oppos1te observat1on for nickel: " See Table (6).
b
The exper1menta1 error in. the results is ma1n1y from the
measurement of concentration. The sens1t1V1ty of the atom1c absorption

spectrophotometer used was 1 ppm “for coba]t and 2 ppm for nickel. On

- dilution of samples, this deviation is amplified. The error in the metal

mass balance waé taken as the difference between the mass of metal in

initial solutions and the mass found in the final solutions. The range

of error for nickel was 2% to +5% and for cobalt £1% to £2.5%, if all
the error were fn one phase composition.

The reproducibility of the éxperimenta1 results were tested and
were found to produce a 20 to 30 percent deviation, which is not very
satisfactoryt (See figure 12, experiment 1B is a repeated Run #1.)

| Means t0 enhance reproducibility are put forward in the

Recommendation Section.



©r

-36-,'

E. DISCUSSION OF RESULTS

.-

The resu]ts indicated that mass transfer coeff1c1ent va]ues
depended not only on Reynolds numper and organic phase ]oad1ng but also
“the contacting reéion. Thus,.in co-extréétion and-scrubbihg, Kﬁrg values
were affected by change in either the aqueous ox 0rgan1c phase Reynolds
number 1nd1cat1ng that there was resistance to mass.transfer in both
phases [41]. In add1t10n, the results suggest that the mass transfer
‘rate was diffusion controlled [Eg}. The‘valueg of Eﬁrg obtained in thesei
qontacting regions are the same order of magqitude as values found for,
the expractiog of acefic acid into benzene aFlkerosene systems, wh;ch
are known to be diffusioh confro11ed‘ The integral average K org va1ues
for the systems were. eva]uated in the stirred transfer cell and are
reported in  Appendix I. The Korg values for the benzene and Kerosene
systems.were 3.31 x 10‘3 si]_and 2.33 x 1073 cm s respectively.

The var1at1on of K org values with organic phase~loading in
'these regions was, however, inconsistent f1rst1y with the. two-film theory
[41] and secondly with the report that metal polymers are formed in
DZEHﬁA [20—22]. The data indicated that during_co-extraction Eérg values
increased with increase in metal loading. However, from the equilibrium
line and operating line data (figures 8 and 9), the slope of the
ﬂequi]ibrium line, m, would have increased slightly as the run progressed
which should have resulted in a smal) dgcrease in Rﬁrg Va]uesf Polymer
formation would also be favoured by increased metal loading and a
decrease in Eﬁrg va]ues'shou1d'haée been observed. In scrubbing the
total metal concentration wqgaibproximateTy the same throughout the run
so that any polymer formation would(be constant. Also there was very

Tittle variation if any in the slope of the equilibrium line figure (10).
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The K;fg ya]ues\%hen would have been expected to be independent'of the
individual metal concentration in this contacting regfon as was observed.
: in a pulsed sieve tray c91umn [14]i However, when the organic phase
Reynolds number was increased E;rg values increaﬁedlﬁfth increase in the
individual mefa] congéntration for cobalt and for-nickgl.

These anomalies may be considered to be due to the following

circumstances which are examined herein after.

Interfacial Turbulance

1

" This is.a'spontgneous éctivity‘at the interface that occurs
whén two liquids, not at equilibrium, are in contact, such as this
‘ﬁrocess,A'Some effecfs that have been reported are spontaneous emulsification,
rippling, and twitching of the interface [43,l2§]. Such activity
1ncfeases the rate_of mass transfer by incfeasing the value of Kﬁrg over
<}nd‘ab0vé'thatIis\éﬁfTEipated from the hydrodynamic situation, and also
by increasing the measured surface area. Increases of as much as tenfold
and more 0f>£he mass transfgr rate have been observed. [43, a4, 17, 42]

“The effecf is produced by gradients in interfacial tension.
resulting from concentration gradients along the surface, the so-called
Marangoni effect which has been demonstrated to be one of the causes.
[45, 46]

Studies of interfacial turbulence in the D2EHPA cobalt nickel
"syStem should be pursued as these effects could influence the mass

transfer rate of the systems.

Equilibrium Concentration

The C* values shown in figures (8, 9, 10) are "operating"
equilibrium 1ines and are the Tocus of the points on the true equilibrium

isotherms which are dependent on the individual metal concentration in
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both phases and the pH. It is considered, therefore, that runs on this

‘system be carried out_under steady state contacting conditions [Zi].

Under these conditions C* could be estimated much more accurately while

' e]jminating the errors found at the énd of'hnsteady state data when o

~ concentration changes are small, see table (5).

- Metal loading in the organic phase is dependent on the pH of
the system, see figure {11). The initial pH of the éxperiment was fixed

for all aqueous solutions and no attempt was made to control the experi-

© ments at a constant pH value. While the equilibrium concentration C* was

evaluated at an equilibrium pH of 6.0 - 6.5 [47], much higher fhan the
unsteady state pH of the extraction experiments. -

This discrepency in the pH values effected thé meta] 1oading'1n .
the 0rgan1c phase and should be considered in future studwes of the system,
that is, copstant pH values should be adhered to for a]] aspects of the .
studies. ' |

In the stribping region, mass trahsfer would be expected to.-be |
organic phase controlled, figure (12); Thus as would be expected Rﬁrg
values were independent of organic phase Toading but onlyrvaried slightly
with increase in organic phase Reynolds number. This is in contfast with
the results obtained in the other contacting regioh.. This could be a

result of resistance due to chemical reaction or perhaps of an interfacial

resistance as suggested by Murdoch & Pratt [39] and further work is

\ required to determine the controlling kinetic region in stripping.

Q
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Qﬁerating Lines for Nicke]-Extraction'

‘Figure '9.
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Figure 10,
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Operating Lines for Cobalt-Scrubbing
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G. EQNCLUSiDNS AND RECOMMENDATIONS

The study has identified some of the controlling factors influencing
the\DZEHPA cobalt- n1cke1 system. These factors include the following:
1. cobalt.and nickel coﬁcentrations |
2. D2EHPA concentration
3. pH . |
4. Interfacial area
5.  volume ratio
. 6. organic and équeous phase Reynolds Number -
S 7. temperature , '_ v
8. reaction rate

9. contacting regioh

Of the above 1isted factors, only the effect of the Hydrodynamic on
the mass transfer was 1nvest1gated wh11e the other factors were held constant.
_ The magn1tude of the overaII mass transfer 90eff1c1ents obtained in the study

“were the same as that of the acetic ac1d-benzene~water system.

v ~ Although previous investigations have been successful in usfng a liquid--
\ T A -
iquid stirred cell for. studying mass transfer, the results of this work show

A

for hydrometa11urg1ca1 system unsteady state exper1ments are not ent1re1y
at1sfactory. The d1ffmcu1t1es assocwated with detenm1nat1ng the constant1y '
changing equi11br1um values, ‘lead to considerable exper1menta1 error. As a
result it wss hot possibie to do a complete mechanistic study in évaluating
the controlling kinetic regime.

However the results did show the magnitude of the mass transfer
coefticiept va]tes and their dependence on the contécting region. .In the
co-ektraction and scrubbing, mass transfer could be considered to be a diffusion

i ‘. . L
controlled process, although further work is reqq1red to determine the controlling

o - o 3
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kesistaﬁce. In addition, the effect of metal up-take in the organic phase an

-

Kor'g values has to be more fully investigated particularly at higher D2EHPA

concentrations.
2 . N

In the sfripping nggioh;lméSS‘tranSfef rates can be expected to be

_ much slower than' in extraction éndlsckubbihg. However, further study is required

to determine the kinetic region contro]lind mass transfer in this fegion.
-Baseqﬁon fhe résd]ts of this wufk, the following recommendations for

further studies are made: © !

"a) More precise data oﬁ gqui1ibrium studjes and'sﬁecifica]]} a

. possible correlation for these two component systems.

b) Examine the other Factors affecting the overall rate:of absorption-.

reaction by evaluating their‘effect on the overall mass transfer
coefficient: _ . '
' 1. Variation in initial metal concentration in the extraction
and scrubbing aqdeouﬁ so{ution. |
2. Variation of interfacial Eontacting area,
3. Variation of the volume phase ratio..
4. Higher concentration of D2EHPA in the Brganic phase.

5. The effects_of interfacial tension oﬁ mass transfer.
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NOTATION

Minutes

Aqueous Conceﬁfration~(g/1)

Organic Concenffation_(g/T),C

Organic Equilibrium Cohcentfatidﬁ-(§/1),c*

Area from graphical integration of (de/(c-C*)

Mass Transfer Coefficient, (cm/sec), using graphical ,

—

integration’

Organic Mediuh'Concentration

Mass Transfer Coefficient, cm/set, evaluated from

a plot of Tn{C*-C) vs t
. ‘ ~
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L1ST . i .
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3 phmTY & 0 ® A L ™
a4 PRIYT O munEeEznoocackaresscaxanEERs" t.
5 PRIIT _ ‘ : ‘
& TRINT T ¥ T ARACT LI I It RL-0RCAM1ICGs - DTeANVIO L A S
7 PRINT Mereecceanissriienaed® )
8 PRiT ‘
11 DI nftss®)
12 BIM C1E5M ; : .
13 LIt FL25]) .

a4 D1 Dr&

3N

15 PIAL 227432,

13 DIM Sr2se)
“£3 FOt 1w O TO c

25 LET Talm] ~

30 LET AC1)e(OwTr EX+(aTI+Z

ae -’ IT GLIImE T2+ (T Y

53 L=T FL1I=,.7557843.7567=A010- 3. 4529*(;\(!1")+l.2l"5>ﬁ(‘\t1]v.n

&2 LET LIIY=1/¢FC1]-GC1D)

A2 CIENT 1

63 nsnn 13 ] . 1Y
64 LET T= O .

65 TFOR I= 2 TO 33 STZP C

T35 =T SC11=((GT1+C)- GEI])-(D"IJ+C 5#(1’:’1-‘-5]-:[11)))) '

75 CIF Ef13> & GOTO 39 .

78 LEZT S[1¥=-1%3C11 .

77 070 38 :

82 LET LayaSC11/¢32.5xCnsC) =
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35 LET T=1Inil . .

S5 LET “=¢((nr1+51=-00100/7204G0L ) - .
¢5 LTT He(¢¢ LOn C(1/001+C132-¢( L3G CL/70T113) )/ CCrlZ&52) )= (0 2374 5)
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9% LET E= LOG (2

38 PRINT “TINTU, "ATU,"0F5", 006G EQU”
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122 PRIMT "l/C%=C¥, "ARZAY, AR T-2.,00", "LOC(Cx-C)"

132 ERINT DI17,5013,LLE .
131 2RIIT “ORG EDL, A~ ""Lc—r.-OO“’ '
135 PEINT "*;a-.-;««;‘.**q.*.«unn*xsx*ina.u:uu‘n**n-n.rna.w.:um-urx:.n*u*i_--mmnxu
135 Ir T=240 GOTO 136G

13 NERT 1 .

166 E=ND

161 =IO .

232 DATA T«91392-5,-5. 119453, 1.9423, -2, 5345=3, 211725, «312712
213  DATA 1818 '
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. “t*‘***#*n*#lt*t*t*lwn} -rnu\mum*n-m**rtnu*mt*nt-ma-*tnm@mm
Tz AG < orG .. O0%G =23 <
60 - l.55214 Y- Y- P! Cla.gsnin
F/C-T - ARZIA APE-K.00 LOG(Cw~C)
-. 419353 « 122243 £.245242-3 R A B
ORS MED 773384 . C»x-C Z.434a7 SLP=1s00-4.29795%-3
t*m**‘***l**#*t&****&*i***mt**mt**ﬁnﬁ*nmm**twgnm*gznggu*gm
TiNE AQ 0=5 ' onG = - - L
S0 1.5a42 +599579 Z2.30359 ‘ )
1/7C%-C - rIn ARS—K;QJ LOC(C~=C) '
+ 525289 1624 . £.421133-3 . .523323
026G MED 1.31C87 - C#=C 1.52371 SLF-5.00~44158742-3
#*t**lﬁltm*#t*!x**mv*wﬂt**E&*#**!t*ﬂ*ﬁu\!kt?***t*#*#***ktt!t* R ' '
Iz -7 Ay . 0=G . oRG 2y ’
tae - 1.4835 ° I.12225 E. 54109 .
1/Cn~C ARZIA .- ARI-&.00 LOGLC~-C)
553312 « 138715 £.515158%-3 «H13074
035 NMED 1.21475% i Ca=-C 1.519C4 SL™-U e 0-3.557755-7 -
109!ttt*t*tﬁ**ti:ﬂ!**mjlﬁklﬁ\tta*#*tt*nt*gu*ﬂ":! ***ktk*urmﬂ:tﬁ***:; _‘
TIME - .. A0 . 0RG 0nG T
153 , =——1.35186 © 1.33745 £.532%7
1/Cx~C AFES ARZ-X%.00 - LOG(C=-C)
«81€457 . | J134579 2.475552-3 822732 .
025 MID 1.38199 Cx-3 1.Z2Z24 SLT=H.00-3.57195=-3
tt*a*mmmv:t*tu*y*mx***:x-x**ma*amk**:kat*m****:ﬁ**vkmx**ts
TIME an 0=G O QRG .=h .
18¢ 1.27523 1+ 4559 Z.45509
17Cx-C AREA " ARZ-X.00 LOS(Cx-Cy |
+ 9095518 «F217101 £.23G12%-3 . 3.187245-3

ORG MEZR. 1.51153 - . Cx-C 1.22519 SLP=1%.03-3.213455-3
***v*##**ti#*********}x&#*$**t******ﬁ*mtkﬂttk*m*ﬂn$*mmmm*4

TI4E A0 o0aG : . 07§ sy
213 St 1.21495 1.55738 2.45573

1/7Cw-C AREA AlZ~%.C0 LOG(Cami)
1.1573% 9.438515=-¢ 1.745532-2 - 17147E

ORG MED 1.8545] o Cw-C 342414 SLF-H.00=2.577152-3

Moty 0N o K e M s ok o A B e o o sk o LERE T L SR L T L N L LT

TINE T Af 076G - . 0=G z72"

L2480 .. l.ls827 1.541356 £.37455

1/C%-C ARSA : ATI-~%.00 LOGCS%~3) . ©
I~ 36535 £.323%33-2 F.TRHLTI-4 =L 307737 )

07 MID 1.45052 Cx~C +733333 §LF-%.00-1.518522-3 -

- TP AT A o e o ke e OIS  oe Y Rk R o szl N NP WM ok T N R A



L Table 12 .

. . ‘ 3
J 0 - . —— . -~
Qveral] Mass Transfer Coefficients - K. : s
- . : : org: :
4. 1 c K £ L.
pzEScEERbBEESCcAZAEEET=ERESAR=d -
B . M Voo
S %X T % A G T I9att EI-0FANIICE K003 TE-ASUIQURe 33368 R 0. 3
MEEEREEENR NI B R I )
TIM= L AT onG onG ANU

0 : 4. 3971 ' 5.585802-3 3.7333%8 : |
17Cu=C APTA ATE-R. 00! LS (Zu=0) .

253855 « 243454 AL BTS382-3 1.313%1 .
ong MED L 4Q2319 ’ & Ca-0 3.7%T76 - SLE=0.20=4.4887E8Z-3
M**m*&****‘i*ntha‘ﬂl*m***ti*n&mvu\-n #k*ﬁmu‘tL*ﬂR*!!***u*:—:_t*!

TIMZ an 0:g : orng T Y .
o 3n . : P b i k) - 334Q17:2 3.73219 .

1/C%-C AT ZA ATE-X.00 LOGCGa=1) . . . .

.341517 L e2791 §+134822-3 1o 27433 : , AT
ORG N=D 1.155584 fieg z.9251% SLD=1.00-5435737770-3
Mntn*mnnmwh*****tt:hqnui »n**ﬁ**mummm*#m*-:\mhnmﬂm***nn‘\*“vﬂ-ll .

TIME AR Q%G . OnG =TV ™

49 4. 05502 o 1.53021 . 3.7359% :

1/0*—3 ATEA ACE=H.00 : LOG(C*-C)

<455 327324 236551 - 793893
onG nuh 1.5151 Ca=C E£.22175 va-..oo 5,%3%50%-3
r"****ﬂ"#**titnnnt*mm&twut**n**»Ilm-hmlt**n*mnwﬂun‘***r&***#***

TIMS AC 007G . ors Ty
ep & 3.71575 . 2.12053 3.75571 . .
17Cx-C ° AREA v ;h:r-w.oo LOGLT»=C) *

«B21510 « 399133 *7.3482332-13 Y EYR T

L 0RG URD 2.3902 Ca=-0 J.5587¢ SLT=X.00-7.17L34%-3 .

M***tﬂw#*m*********Aﬁt***t*-**rﬂ!!m*#**ﬂh**u#--rllﬁ‘c*dsr.ﬁu*-h.-nx
TINZ - A2 . oG ong T ‘ .

120 3.43926 Z.6394 3.70348
1/C%=C . AREA ARZ-X. 00 LOG(C==-C) .

fHIBE12 +515731 ‘ S A3TNT=3 3.5385815-2
OEn MID Z2.8551%2 CueC 1433927 SLF=X.00-9.13343%-3
**#*»&mﬂ-ﬁ**m****wmx*a***tt**kﬂt*R***M**s#*#m&****xa****:*n ;

TINZ A2 0RG onRGg =

180 3.21533 3466444 3.72734
1/G%=C - ATZIA A~ 20 LOGCCw-C)

1.56353 «75233% 1.35a052-2 -.allis;

05 MED 3.23329 Cx=C 6525095 LP-%.00-1.C85131=-
**;$$*$N*y*t#*l‘******#**t#*&*****t‘w*ukﬂﬁf**ﬁ* e ke ok ok ok

TINE AR G7G v osEEFJU,

180 3.049E83 3.3%513 arTe639 .
1/0*=C ABZA ARZ-X. 00 LOGCC*=3)

3.02793 v le 65556 3+5559%2-2 -1.1273%

QPG ED 3.51529 Cx-C .3322%9 SLT-1.0N-2.355272~
****#**ﬁ**#!ﬂﬁ***tt*#*#t&l&***l****n**t*m**m*mm****#tﬁn*:‘*t*
ERR 15 ¢ 96 .

Y 4.4 A3 ORG onG =74

210 2. 90911 3.63444 3.7257
1/C%-C AFE ARE~%.00 LCG{(C%~C)

16.95%3 545554 1,205482-2 -2.3941
OfG IED J.706S2 Cx=L 9.1ZZ47=Z-E GL™==11.00-32
B35

ok I o o 2% o o oW ok o 7 ol o ol o e ok o o 0K O o o ok ok ok i g 0K S A R N



... Tablel3s

" Overall Mass Transfer Coefficients - ¥

AC=TIC ACID 2E4 &

-
EECEgENACEEr S ARG okaOltRSBEEES S

EXTRAGCTI Oyt 1QI-ORGATICS 1533

P N Y R AR .-

TIMZ . AR ' DRG
[s] ] ("') L2, 344
1/Cu=C ATRZA ARZ-X.00
2. 33423E-2 . + 137561 . 4, ECLUJZ-T
QRG 'ZD 43432978 Ca=C AHZ.7 04
*****%tmtm*i****tt*at*u**ﬁ*mtﬁnnmﬁ*n*ﬁ&*nmmmnn&m*m*ma:uw*-
Tz 7 AR ors
© 36 - T«53239 37.3533
l/Cw=-C AREZA ARZ=X.C0
2, 55487=-2 +131929 £.1225852-35
ORG I1SD 35.0592 C#=C 37.5453
*******ﬂ"ﬂ*‘*‘ﬁ#*##**t***t‘t!##*h*‘*i*#*uﬂ***t*m*“*t*mﬂ**
TINE v AD ong
62 : 13.7363 3z. 763
1/Cw=-C ARIA . AFNZ=X.00
3.37242=2-2 1EDEDT 3.744156Z-3
0NG HRD 33.%325 - Cw~C 32,
ttﬁ*umt*#l*#*t**ttﬂt********L*mmattxA***w*m;m*anm*wnmmmﬁum
TINZ . i - 076
o “15.8531 °Q.U9J9
1/Cw-C " AFRZA , ARZ-%.00
« 535755 . 121331 J.ISSI"

SO MEL 27.717 Ca=C £8.7545 SL7-1.00-

L23¢CH=C)

«20=a8.251355-

LOQ(CH-C)

He 0040199765

LOS¢Cn=C)

SLP=11. 30-3. 3433523

LOF(Cﬁ-C)

$$*u”H**&K**‘ﬂ*ﬁ#**#h***#**#ﬁhﬁﬂ**#**ﬁ*#f*#**#ﬁﬂn*ﬂ*ﬂ**$##

TINS . A% ot

129 £2.7315 £5.3372
1/C»-C REA ATIZ-N. 00
3.535753=2 7.4133535-2 Z.3111z-

LOG(LA=C

QRG MID 25.4813 Cx=C £5.9236 SLE~X.00=2.39792-3
Aok 2k 2K P ok o e i ko eone e sk ko sk ool S sk O o 0k ok ok R ok e e ot e v e R O ok sk ok Tt A K e

TIME Al ) 0=G
159 25,3313 G4, 4353
1/C%=-C . AREA ATZ-N.00
4.163612~2 3.539735-2 e g--a
QNG MID £4.53231 C*x-C 23.
ma*ﬁ*t**a&z-*t:#*******ta******ttm*t*ﬁ*ﬁ*mm**mauﬁnfm*aaxtt
TIME AR . 0TG5
. 183 26. 7441 £3.5515
1/C%x-C ~ AFEA ART-it. 02
4.345552=-2 1.124852- 3-5L1§5E~5
023 M=ZD 23.533% . . Cwx=C £3.0115
****6*******#1*“t#*kﬁ***$*t$$*m**z*$#$$******4****h#*ﬂ$#*x
Mz - A0 0nG
215 26.95324 23,5857
1/Cx-C AREZA ARZ-}1.00 .
4,351512-2 «B83779 1. 17707E-3
CRG MZID 23.9534 Cx=C Z2.95
*#a*vk****m##**********t#*#**kwuui*m*#*ﬂtmtﬁsi*mﬁn$**wma$*
TIH4= Fi¥al OrG
249 £5.7143 Zh.hll]
1/7Cx-¢C AREA ATE=1.00
4,13523=2-2 - 2372479 2,35754%-5
ORG MZD, 25.3394 Cx=-C 23.5947

LAG(CS%-C)

SLP-.00-1.8%5542-3

LOS(ax-C)

SLP-K.00-4.56412-5

LOG(C#=C)

Le23 1.215242-3

LOG(C=-C2

2.333162~3

A I 2PN TR o 1T 230 0 o SOk R R 5% B0 ok A DR B ek o K C EE 15K o b 0 e R IR 3 ek
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Overall Mass Transfer Coefficients - K.
. . : . org
\
- N N - -
. ACETIC ACI1D «-. HKE®?2QDSZINEZ - A TIZRT

BHRHB:.IH:B.ﬂﬂ...ﬂﬂ‘ﬂlﬂz.lﬂﬂw:::‘ﬂ::ﬂﬂnﬂﬂ===l=====3======='ﬂ‘=

= 1235 EUY 10.

(0]

EXTR2WMC T O M EE-0RGAMIC= 153722 PI-AQUEOU

LR N N I NN

TIME - an ‘©. QRG - 0

RG ENU

2 : 0 . 39.35%3 g -

1/C*-C . AREA ‘ AFE-X.00 LOG(C==C)

2.5C591=-2 . 1148297 3.56205%-3 3.58538 .
ORG MED 37.71CS . C#=0C 37,858 ' SLT-1.00-3.557315-7

oo ate ook o o vk e ol ok ool ol o O e ok el o o o ol e N ke oA R R SRR b

TIME . - Al : 0nG onc nov

3n LT a < TAP29G 35.5%3 -~ 1.3732A2-C°
17Ca~C . ARZA ARZ=1.00 LOG(Cx=C)

. 228134 . 102634 3.E53153-3 . 3.87T073 .,
OnG.HED 33.8014 - . CA=C 35,5242  SLP-il.02-3.2587313-3
T T T e Y T eI SR L S
TIME, AQ "ORG 0N 27U

69 l.a1468 32.5357 . 3+53571%-2
1/Ce-C AREA , ARE-i. 00 LOG(Cx=C)

3.124572-% 9.603758-2 3,324458-3 3. 45557

onG NED 30.-564 Ca~C 3E.CAA4 SLF=1.20-2.515553%-3
Mt o ok ok o R o o o R o O R R R o RO SO AR L N OR k e

TIMZ . A% on3 0FG o
90 ©1.995616 £%.27133 4. 980812-2 '
h 1/Ca=C ARZA TATE-K.02 LOG(C:=C)
3.420165-2 7.C1333=%-¢ 2. 1357%2-3 3.57343
OR3 4ZL 28.27733 ' Ca=C 30,2334 SLO=N.00=-2.1973773-3
et i o ke e ot o Mo S o e A i W e i il I e TN R W TR RO TR T e ko RO R R R N LA R s R
TIHI Al - ORG : ons 3277
128 £.49374 27.325% 6. 5343432
17C»~GC - AREA ARI-%.00 : LOGCC~=C2
3.57023z-2 545368 1.48312-3 3.334%]
o 026G MID 25.7C47 : . Cw-C 27.2a83 LT, 30~ 1. 4245533
N - *w**mnmfm;**n*ﬁ*t*x*ngtmiumngt#****aa*wu*u*nnnnwna*-nu**g*
TIME -V 0%G 078 I3 )
152 : 2.96737 £5.1223 T 7.E53432-2
. 1/C%=C . AREA ARE-K.0D LAG(Z«-C2
.3334% - 1.695212-2 5.£545%3Z-4 3.23917 .
O07G NZID £5.85827 C#-C 25. 2231 SL=-%.00-3.356351Z-4
B B e L L L L Ll L L LI D PR e P P T
. et a2 ORE oG =ty
* 182 3.23715 25.6545 8,19235z-2
. 1/C%-C ARE ARZ-¥.0D LOGCCx~C)
3.9C4TAE~2 1.38379E-2 8.351%-48 3.34195
0RO tED 25.85325 Cw-C £3.5337 SLF-%.92 3.65435I-4
*x*ﬁ#**&**#*&ta*#tt**#**ﬂ**{t****t****ﬂ*t#*ﬁ**ﬂﬁmﬁﬂﬁ$$$$#x
TIMZ A2 .OFG 05G 7Y
zle . 3.433 ’ 25.2523 ¢ B.70749=-2
1/Gw=C , ARZA ATE-X.0J LOSC(C*~2)
3.8592038-2 "4.13518z-2 1.33335=-3 3.E5475
025 MZD 26.534 Cw-C 25,%133 SLP-3.02 1..2957562-3
’ g ok e e o R Tl 2 oA e o K e 3k o S o R G R i o K o o T 350 g oo o w0 e 7 ek ke ok ok ok
TTIME Al 0fG 0°G 7Y
. 243 3. 64454 2741077 9.511235=~2
~ 1/C%=C AREA : ARZ-1. 00 LOG(Cx~C)
~od 3.751433-2 357293 £.096172-3 3. 53645
: ORG MZD 23.0473 Cx-C £7.2165  SLP={.nd 2.29££93-3

e A oK 0 T30 0K o T o o e ok T e ek 9 ok MK o 0 1 oo 2 R L 3K T SO K o e

-y,
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Table. 15 _, } L

: - : o ) : I
Overall.Mass Transfer Coefficients - X. o
: . , org !
C ‘0 B A L Ts'

SCRUBBINGE?® SI-ORGANIC= 15336 RES-AJUZOUS= 1208 AWM N8. 1

TIME " AR . ORG 53 TV

<] 14.500 ©1.5137 5.5
1/Cx=C . BEA . ARZ-X.0D LAG(Cw=C)

«271543 2.85081z2-2 A A0TKE-S 1.3232% '
ORG MEID 1.85956 ‘Cw=C 3.56613 ALT-Re 00=40102933=-2
AN ook o o ol S0 A BN i S M o O o X o e O R N G 2 e e e e e The v b
TIME AQ 0kG . 0Rs ZOU-

aa 14,3942 1.53253 5.5
1/Cu-C ARZA | AFZ-%.CO LOG(Cx-C)

« 277526 2.30£555-2 a4.23521=-4 1.23075%

G MED 1.94159 Cw=C 3.59037  BLU-X.00-4.23555Z~4
P 3 S e v e o o e PR o ot ke e O ok O K R 2 R L e R TR

TIME AQ s} 0vGg =Y
60 " la.2553 1.68585%% 2.5 :
1/C»=-C AREA ARE-K. 00 LOG(C»=C)

« 34297 2.356932-2 4.335372~4 1.25773
ORG MID £.02352 : Cx=C 3.51745 SLP-H.00-4.33539%-4
N R R R TR ORI R R Rk R R AR AR RN R KRR :

TINE AQ on6 . oG =N

93 18,1755 2. 35443 5.5 : \
1/C%=C AREA ATIZI=%. 00 . LAGIC*~0)

. 291377 2.413533-2 4. A4STUE~4 123417 .

ORG MIh 2.13544 ! Cx~C 3.4353E SLE=XeJ0-d. a458a54
e T T L T L T P e PR T LT T RT U SPUIn P AP FRTERTE T8 TN

oA Al 0E3 0mG B

123 4. 0707 C.15841 5.5
1/C=-C AREA TARE-. 093 LOG(CH=C3 .
«258158 2.4735435=2 £.553362=4 lezlo3a
036 MID 2.185737 ' Cx~C 3.3535% SLT=1.33~4. 347572554
ol e ok o W sk .***“‘*“#‘***#**lﬂ**ﬁ‘\****‘i**i:‘****‘-’l‘-ﬂ’!*****t‘:?‘-ﬁ

A - AQ CRG ‘ 073 EnY

15C 13.9523 2.52333 © 5.3 .
1/C*=C . ARZA ARZ=X.09 . LOG(Cn=-C)

«375£55 25352108 £.56548045-4 1353

0G MZID 242593 Cw=-C J. 27167 SLE=H.00~8. 555E5%=4
DR e o A0 A R TR N X o R 7R KR R T T T TR TN 1 0 O R

TINZ AQ URG ORi 27U
I'sc 13.855 2.5123% 5.5
1/Cx=C AREA ATE-%. 00 LO5CC=-C)
« 313225 « BE60E3 £.737432T=-4 1. 135524

ORG IZL Z.351E2 Cx-C 3.13574 SLP-H.00-4. T2T155-2
Mo i . A e e 30 o ol Ao oo e o ok oA A K R e Kok R R Tt ok N R ok Tk e o e R TR

iz Al arec oz 37

215 13.7472 £.3%219 5.5

1/C»-C AREA’ AFE=%.00 LOGCC%=C)

F32177 2. 67134352 4,91541=-4 i.13592

©O7G MED £.43315 G- 2.13731 SL7T-i%. 00-4.91 43324

NAPE PN P oA ok e o o e ol A A ko e I R T T AT A R M Sk e I R AR T

TIHE A2 0FG org I

24c © 13.55393 . Z.4THIE 5.5

1/C%-C ARZA ATI-N.00 LOC(Cx=C)

.332482 (2. 745825-2 Sw35C4tE-4 1.1272

pR6 MILD 2.51583 Ck~C 3.3EE83 EL™=H{.20~5.4G755=-4
Ao A i O I AR S o Kk o e A o o R A KR

'
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: Table 16 .
' N
Overall Mass Transfer Coefficients - K,
. org
N| 1 c H L.
'\ ! -2-¢+ 1 %-2-% 2 % £ 1 3~ BEEIEaITEE .
L sC T 1M G 1 "RE-0BGAVIC= 1525 RE-AQUIQUS= 1552 ¥ 3.
Sh B B SIS SR EABEEEEREE y ! N ’
TIME A% K orG . 0RG £7U
0 o +01339 “3.5932 2.721351-
1/C»-C AREA ‘ ATS-%.00 LOG(Cx=LC)
N «275325 3.65555z=-2 6.745381-2 o 1.27555%
ORG 2D 3.52355 Cw=C 3.592893 £L.3-1. 00~ 5.3332
L E R I T2 SRS ELIT R SRS FTTE RIS AR AL LSRRI
TIME AOD " ORG ©ogne =Y ‘
aa = 83,52%818-2 3.46391 1.955513-3 am
1/Cu=C AREA ARZ-K.00 L35¢Cx=C) ’
233557 3.454133-2 6.35459E~-4 1.2413%
073 NID J.40517 Ca-C 3.45192.  SLFE=K.CO-% 457313~
3 Mst**!a‘lﬂtm‘vlt!l*ﬂnlllu!«!**t**#***##t**-na*t***l-!*ﬂm*' oo T ko '
- ‘ TINZ SR X arG .0ng =y
i 62 4, 7 .152as7 3.34843 .. J.FEEZAZ~3
1/C%=C i ATEA ARZ=H.00 LOZ(C==C)
‘ 203177 32140522 5.91201z-4 S -Tolr % RN
0n3 I'ED 3.29359 - Cx-C 3.3425] SLR=%e00-5.%38331S~4
S ok 7ok sk vk ol e 3k ol ok s o gl e b s o ok kN St kv PO e B AP e T R TR R
TINE AC OnG 0!G T
9¢ «2153585 3.24875. S.%514a15-3
l/7Cn=-C . AREA AT.Z-H.00 ° LOG(C»=C)
L +3091332 2.54594%-2 5.419685=4 1.17397
SOR3 MED 3.19333 CAa~C 3.2343 ILr-XKa00-5.5337302-4
. .1*‘********-1*“#!-l&#l***t‘#tﬁ**tt#*ﬁt*#*ﬂ***n!!tttmum*uu
. TIME Al 0%G ‘ 0e = '
o - 122 «2563564 3.1489 S.259%3%-3
1/Cn=3 , ATEA ATE-K.00 LNGESn~0)
: ‘ «315534 2. 8406632 4.37515E-4 1. 143357
@ OFG =D 3.12357 Ca=C 3.1335% SLP-%.00=4. 99233~
* . OO TR Pt AR b e i I T o o ol o e o ok i o e o o o ok N K K 2 R O T L
TINE A% 056G oG ECU
152 316733 3.55485 _ $.93333z-3
t/Cx-C AEEA . ARZ-%.00 LOC(Cx=C)
. « 327347 2.327135-2 A.251E52-4 1.11575
‘ORE NID 3.0E8573 Cx-C 3.05436 SLP-H. 00-2. 3293324
- ) 'lctlh#NFH*#*#*M-%t***r#*ﬂ-tﬁttﬂt##* PR3 EN I RN LERLIEE ST 3302 3 1
) IS Al 056G org U
P 182 : . «351723 £.9%546 f1.13861=-¢
* /Cs-C AREA ARZ-%.00 LOGC(Cn~C)
. «33525% 015791 3. 5459754 1.2%£35 .
. 025G ¥ID' £.94539 : Ca-C 2.93273 SLP=X.20-2.7T43712-4
W Mk 0 AR e A A S o ki T K P s ke kM ok o sk o 3t e ool s R ok il R Y R P e ko o A e
TV AR 075 . oG =20
213 » 336482 - 2.33517 1.3473253-2
1/C%~0 . AREA ATI-7.00 LOG(C*-C)
-34215 ) 1.593353z-¢ 2.9539225-4 1.3725
05 =D 2£.9/123% Cx=C Z.52259 SLPeK.N0-3. 243752 -4
M i 7S 3 3 T o G o ol ol % s e ol ok TR 3 R Tk K G TR ok v i 0 A I o R A O e T B I 2t e
“ TIME Al ars OnG =04
© o z4d J&15083 % Z.55955 1.439245-2
1/7Ca-C AREA AFE-K.00 LOS(Ck=C)
-~ \ « 347357 -G12137 4 242052-4 1.235533 »
~ ORG =D 2.37214 CCx=C 2.37466 SLE-3 Jn-¢.4157n;—a

, POR e 5 05T K ST A ok o R A Mk T 1 ol ol o T e T A 8 K TSR 1 K T e e ok
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-Table 17

“

Overall Mass Transfer Coefficients - K.

org
c 0 E A ‘L .T -
==BB='B==8HE5=2==:BB: .
L - .
SCRUS 31 M 6.t DS=3E3A17IC= 2 000 NZ-n0JEdYsS= 1500 T MG 2 e
CTIHE AR . oms 0Rg L
<} l1a.2a9 2.3937 5.5 *
1/C%-C . ARZA - ' ABZ=I. 00 : LIG(C*=-C)
«32ESAS .23 _ 4. 2313333 - l.13tes
0RG MID £.7143¢ Ca-C 3.1013 CLE=-i.0D-4. 1945523
t**m*m*tﬂ&tt*#t**!*&u***tmth*hat#ﬁ*t*t#*hﬁ4#*1*#*********?
TINE - AC ‘ 0l.G . 0%G Z2Y
33 . da. 5634 3.63103 5.5
1/Cw-C AREA AREI-14.00 LCG(Cw=-C)’ .
.A05227 +271004 %4.53368E-3 © 923302
ORG 12D 3. 38135 C#-C 2.45397- SLP-K.00=4.0E565T-3
AL AL ES L YL LER LIS T RS B R N R S R e gy
TIME Ad - 0=6G C3G InU
60 18,4365 . J.sh127 5.5
I/Cx-C ' "ARZA ~ ARE-E.00 LOG(Cn=C)
5894 . 33355 6.136543-3 « 6533807
036G I3ZD 3.S7495 . Cw=-C 1,535503 ELP=11i 00-,5. 3292532 3"
Nlllﬁ*i-tnt**n**zﬁl_lt*#**mttt*n“*ait#*ﬂ*lts****‘*‘*"l't*l'ﬂt'“\**t - !
nHE AQ . ORG 0TG EQU o
- 93 14,2372 A4.13533 ‘5.5 '
1/C=-C AREA AFE-K. 00 - LOG(Cm=5)
« 734652 4433756 M. 18131595 . 308342
GRG MID 4.37657 - Ca~C 1,36117 SLT=H.00~7.925755-3
t‘l**-****ﬂl*lt*&**t****!n!wm*t**ttt****t***&*****n****mmt
TIHZ AD QG - Qng zTou
23 . la.ou2s 4051431 5.5
1/Cm=C AREA ARE-X.00 LOG(C«=C) “
1.1292% « 596395 1.25r178=-2 -+121337

03G ZD 4.8C59 Cs-C .325495 SLP-v.00-1.195255-2
**#****-‘***lﬁtm*****tkﬂttntmn*A****t***w¢m$m$*ﬁnyﬁn*:*«m;

TIME ag fajstes 0nG =ZU

1509 ) 13.85¢83 5.83749 . 5.5

1/Cx=C. AFZA ATS~-K. 00 LOGC(Cx-C) .

2.16213 2. 455484 4e LOEATE~-Z | =.TT1L93 ’
DAG MZID S5.E2Z295 Cx~C 486257254 SL=-HeQ0=-C.97395%-2
Wow e o 2 2 ok s ol ek o ol ke o o i Pk R oK P o I Tk ok ok ok e o o e

ZRR 16 0 56

TIHE A . onG © 0FG =2y

183 . . 13. 54671 : 5.4334

1/Cx-C AREA AFZ-%.00 DGCn~C

12.9173 1.053721. - 1.923722Z-2 -2.3922335
- 0RF MID 5.5677!1 Ca=-C 9.18675=f2 © SLP~X.00-32
536

HOU 0 o oA e o o o IR DR P oK i e o o i ok o o o ke o ok o ooy

A o 3 M R
ERR 15 0 96

ERR 15 & 99 :
TIMZ AT OFG - 076 Z2V

216 13. 4864 5.72732 .3 -
1/Cw-C ARZA ATE-X.00 LOG(C*-C)

~4. 40482 «350513 1.37574Z-2 1721412433

005 NED 5.35852 Cx-C-.0E27824 SLF-.002

**#**3*“***5*****$$m##*hu***usﬁ*m*m$¥*x##$**¥*3**$m**txuﬁ$

E2R 15 3 94

R 16 6 99 C.

TI4E An 03295 Or.g =ou

243 13.3123 £.2%337 5%3

j/Cx=C . AZEA q==—n.oo ) LOG(Cx~-C)
-2.22439 ’ «3LBEET 5. 77432-5 =1.7C1412+353
"0RG NED 6.15539 C*~C-, 4935355 L3 B RN Y W

**“#m###v**-&**##*a********4u**&mttmm**mmn&xmnx*tﬁﬁmﬁxm**

*NTATY
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Table 18
Overall Mass Transfer Coefficients - K.: -
) org -
"
4] 1 c ® z L
EEOE SRR E=SCSSESRETAEED

ECRY.B3ING t TE-ANCANIC=El20 ES-AMiTovws= 1530 U vl
TINE ooan . 073 avs £

o) . 1.57152-3 4,5534 e Jvllaez-3

1/C*-C ATEA © ATI~X.03G LA (Sa=C)

~E19540 7.892352-2 L 1.51954T-3 1.51451

AN UED 8.533494 Cw=C di.54357 ALT=K.00-1. 4541 0=
LA T T R R N e N L R L E L R R L L L RS L AL L T
TINE AZ 0RG . Toeoopneoeny

3a 234751 A.12153 . BT3CET-

1/0x-C AREA . API-X.0) LAG(S%=0)

243547 L1777 £.154335=3" 1.21449

c“" 142D 3.993564 O Cx-C 4.1144 I N L R el I R Rt

AT TN W R E TS SR Y L R L L L E R LR R AL e O AL LT P

1 o AR G353 - arg =y,

53 L ABE058 3.5%5351 1.7373%7:2~2
t/Ce=C qh:\ ATI-N.00 LOZ(En=-C)

L ETRTY . 143323 £.832352%- 1. 29457
035 MED 3.424 Cx-C 3.54%4 ELT="1.00-2. 5T35234-3

"ﬂll*-l B b v e vt o o ok o e vl ol M b K T M Sk R T \***m*ﬁ*ﬁﬂh‘***t!ﬂk*tﬂ*'ﬁfﬁ
TIME Al 0=G ‘ QTG ERN

95 -496176 - 3.15219" 3. 35857%-C
1/C%=-C ATEA TE-%, 00 L35¢CH-0)

« 317323 \ + 173685 3}.87d7"-a ol.147F

075 (13D 2.92431 Cn=C 3.1515% SL:-x.oo-J.s 424%

P I L L T L L T e T N e Y P T LT LA L R T AT

L TINE T s pcte] i ong =24

2

122 ‘ . 904428

2432 © A.53145%-C

1/Ce-C ATIA —1. 00 LCG(CH~C) .0
«331328 L£33375 4. 283455-3 L 954935 )
053G 1ED E. 43047 Cx=C 2.524581  3LP=N.00-2.37303I-3
oo e s ok ok ok SRk e kT ok o i ok R R e T AR R A e RO R O R RN e ’
TIHE A2 026G : GRG ZLY

152 1.11769 2.13352 5. 221192-%

1/G8~C ARZA ATI-1.03- LOG(Cx-C)

< A4B83437 ~. +323357 . 5.0&9753-0 . 726755

C2G NMZD 1.34549 Cw~C £.35531 CLP-%,00-5.116332-2
N O o K oo e o o oK o o o O o O R R R O R Tt R ek K R

TINZ AQ 0RG ‘073 zAU

153 1.3259% 1.88%47 - 575172
1/C%=C AZZA ARE-1.02 LOG(Cx-C)
574175 » 5435544 $.99996Z-3 . 334254

05 MED 1.25435 Cx-C 1.433Z9 SLP-%.00-5.31&512-3
TN ok o sk oA o TR e o o T T R KR R R ol ok o e sttt MM e ok R

TINE A9 T 06 0FG 22U

210 1.52929 « 3552563 ' F.51272E-2
1/Cx=-C ARZA ARZ-K.00 LOG(C*=C)
1.14%25 1.71997 3.154255=-2 ~. 139109

033 MZD .55409 Cx-C .873135 SLP-H.00-2.453172=2-2
ahads 0 e T3 A ko o o o T o ol XA o M A 0l o i sk ol R ok ool 0K T O 0% e ot ol ok s TR A PR

ZRR 16 92 96

TIME A2 are CRG ENU

240 . 1.72763 . $ 361913 - 1125354

1/Cu~C AREZA ATEZ=X.00 LOG(CA~C)

4.36%44 . 573593 1. 2433 72-2 -1.47258

O%G 112D 1.55713Z-2 Cw-C 2295334 - SL7-%.03-3.1321E+35

sy g e e ol o oAt b ol T MK ST o o 3 i o B DM SE PO b sk oK I A0 3 R b ke 1A o o IO 200N A ok ol ol a0 a0 ok 0.6 o b ok e
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" Dveral] Mass Transfer Coefficients -

. . i N Ohg N
\
: C 8%'5 A L T ,
B === EREscmmosagoa ' v -
SCRUES 1IN G 1 DS-0RGAYIC= 1305 DTLATHIOUSs 3235 7T ogn,
TIME A oTs 0F6 E2U
! 145,919 2.2713 5.5
1/C%=C ASZA FE-X. 00 Los<t~—01
310313 118271 : 1393522 1.17216

CRG MZIL &. 45399
M R o O N e R o o Tk ok o R KL R

TeRe00~3. 1342523
gm;**wnﬁ*l**mhu***

CTINE an , onG 0%G 32U

3. . ta.3419 2. 537247 5,5
“1/Ca-C ATIA ART-K. 00 LOG(C%-C)

-34349 117432 2. 151532-3 1.25415 -
035 (12D Z.7%51% C#-C 2.35953 SL7-H.00-5.1535322-2
$t$m$$m¢mmcm&mam1*:&********&&****t***n*m*ﬂmm*nt***tﬂ&mnm;
1Mz AR . oRG 0™¢ ENU

60 14,7789 2.94&735 5.5
1/Cn-C .- ARZA APE-¥.00 LOGCCm~C)

391527 «117885 ‘ %. 1573423 . 935933
076G MED 3.53%75 : C*~C 2.55Z214 CLT =M. 00=2.18841%-3
akww AR A KR U M o R o ok i K RN M o R A R R K MR T e o
TIME AR 0:G QRG =2U : -

op 47817 * J.05655 5.5
1/Cn-C ARIA ARL-X.00 LOG(Cx-C)

«4404a6 . 115036 _ £.11433E-3 - 316938

23 MEID 3.35275 Cx-C £.£7235 SLP-1.00-5.1117=2-3
wm*mmntaﬂmwttnat*tttm‘*t$***mtt#***&**naat***iﬁwwm*k¢ﬂ***t
Tz )r Al 075 0TS TIY

122 . 14.6535 * 3.47535 5.5
1/Ck=C - ARZA ARE-#.00 . LOTC(Cx=C)

Lo leas3n «118337 £.025272-5 .+ 705181
072 NED 3.52115 C*-C 2.02&15% SLI=%.00-2.221252=3
EH TSN N UM Y R Bt ok R ki ok ok sk R A R R TR R 2R R R K K
TINE Ad . 0%G 0%5 =nU
"153 14.56132 ) 3.63645 3.5
l/Cx-C AZZA ARZ-1, 00 LOSCCx-C)

« 551405 . 121659 1.672248=-3 . S65E531
073G MED 3.773%5 C*-C 1. 31355 SLP~X.00-1.354955=3
*H#****ﬁm**m#* e ok v wc oo e i ook a3 o of o e Ok ok ok ok *a****rn*n*tﬂ.n*x WK kK
TIME A2 ORG 0RG =2U

153 14.5759 3.86l47 ' 5.5
1/Cx-C ATZA © ARE-X.00 LOGC(C%:~C)

«£135%3 VL 258547 1.83323-3 +A933
0RG MEL 3.93118%. ) C*-C !.53353 FLP-M.00%1..535272~3
EEE T e S Y *h*ﬁtt*ﬁm****#*-o-:luusnlt*mﬁt***x*t***t*nmn*k***tm*“

TIME AD OFG €G- E2U

218  l4.54585 4. 00239 . 5.5
 l/sCx-C ) A=RE AFE-if. 00 LOG(Cx=C)

« 867063 7.18419Z-2 1.32153z-3 ABABOG
032G [1ED 4.D58£31 ‘ Cx-C 1.49911 ELF=%.C0-1.3225535~3
t**##**t*###n*xt##t#**m**w*kmtx*mtﬂ***mm**ﬁmﬂ***nkﬂmxmusxk_

TIM__ A’l . oht ODG !:"H'.

242 14.525¢% 4. 12473 5.5 ’
1/C#=C ATZA - AneE-¥.00 LOGCC*-C)

.« T167CS «Z531 587 ) 0.2089275~4 «333223
06 MEZL 4£.15235 c$-g/?.39sa7 SLP~i.00-5.5%55355-4

**l*u***&*#**kﬁiﬂﬁtﬂ***********N*ﬂ**##***“********ﬁ#**KH*N
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: K o Table- 20
_Bverall Mass Transfer Coefficients - K.~
. S . org

| 1 c X 5 L

SZEARNCERAAEmEOgocTEO=T N
SCRUBRBBIYSG 1 TI-0TGAMTIC: 1227 TI-ATUTANGS 3030 T I
ee 1 4 4 &4 5 8 & % 4SS HFAES ! X . _)
TINZ AL N 002G nEg T

b . 215425 4.1733 3.1453Z~4
1/7Cw~C AREA ARE-1". 00 . LOG(C*-C)

33975 T 2T8518-2 1..337238=3" 1. 42523
023 1E0 4.320477 v Cw=C 4. 17243 5LE=%.00=1453563342-3
Mo o e O 0 o i o o o e ol o sk o ko i Pl i b o K R B AL KR S I R
TIZ LAY ' et 083 TAU

35 25306 3.37374 4. 24443253
1/Cx=C AREA, ) ARZ-14. 00 LOGC(Cw~C)

. 253232 T.433532-2 1e377735-3 1.353% .

QR HID 3.73931 . GwgS 3.57Z249 SLFRTL00-§-41813-3
S PR N O R ok ok N o e ok s B T e T T R T B R SRR TRk ok sk b
TIAZ Al oRG . | ong ITY

60 ) LA05977 3.59939 . 1.02%083=-2
1/Cx=C ATEA . ARZ-7.00 LAG{C=~C)

278392 7.71531z-¢ 1.416453=-3 1.27898 .
0RG MID 3.446787 - Cax=C 3.5355% SLT-1,00-1, 5556323
#ll'ﬂl**‘***A*n*tt!t*t**ﬁt##:**t*m#t&wnwwtli*i***m"x*ﬂiﬂ'ﬂ**iilhﬂ
TIVE Al - 0Fg : 073 27U =
53 5721177 3. 33485 Z2.2411583-2 .
17Cw-C ATEA AFZ=-U%. 00 LOGCCA-C)

362338 : 7.9515VE-2 1.4562358=-3 1.1378 . .
075 MID 3.£20884 ‘ Cx=C 3.310%54 SLT-X.00~-1.5156%%=3
e ok e o ok o 2 e ok ok R e ool SR S B P T O KR o e PO T e o O K
TINE Al 05G OTG T3

143 «7195653 3.23133 . (32323
1/C%~C AREA : ABZ=-K.00 " LAGLCA=C)

327976 B.19354T=2 1.527342~3 1.11£51
053 EID 2.96222 , Cx-C 3.34% SLT-X.00-. 221553
lukuf*#t*ﬂm#**m*mt**mm****&:#*mnt*#*!ﬁ****"*"*"**‘*i‘ﬂ*!!"**!*“

TIVE . A7 0BG o org =2y

153 . .B5143) 2.3426%2 L 4.19557=-2
1/C%-C ATREA ATE-3.00 LOG(CT=-C}

« 357556 . 38433 1.55235=-3 1.352935 :
07G MID 2.72%5%2 C*-C 2.3336% SLP=X,00-1.52311:2-3
Wk b R K W 3K ot oie o e b ol ol ok Xc P T o ok sk i R e i al ke A TG o s o T A0 o o 3 o v 3k R TS . e e e e e e ke i
TIME A2 ' OnG Q=G Zau

132 965465 Z.61552 +B5C376
t/Cx-C ALZA ARZ=-K.00 LOG(Cx-T)

336574 8, 63£312-2 1.597522-3 “SAZ443
605 UED 2.51823 Ca-C Z£.55555 SLP-1.00~1.55045E~3
T IR PRSI IR PR RIS ST IR IR R LRSS LA L EELS LT EEEE L L L T
TIHE . AR et . '‘OFS =4

21¢ 1.2618 2. 42584 5. 77973=~%
1/7Cx=-C | - APZEA ARZ~1. 00 LOG(Cx-C)

42625 3.515753%-2 1.5472242-3 352789
0nG EID £.35425 Cx-C 2.345C4 SL7=H. 00~ 1. 63553%3-3
4’-‘—3*15#***#4!*****.ll##**!:m**:hé:*****##*:-K-ﬁ*nn?xﬂun:ﬂ.#a’t 8'!‘***\'_!**-"!'1‘

TINE AT . 0o ) Qs oy

Z4C 1. 14041 2. £. 5225352
C1/7Cx-C ATZA ’ ATZ- L2GCCH=-C)

467238 9.13453%-C 1. % I EM-EE
0%3 M=o 2.111353 Cu=C & e CLT=.0-1.7E855312-3

S ok At 0 O K K T A o G K P R A e M T U N M T RO R T N N S R
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: Overall Mass Transfer Coefficients - E"org .

* - ’ *
- _ i _ . .
. . - rd
C -~
3 1 c X, & L .
. '—‘==-===l_ﬂ=ﬂ‘-l==l==5
]
\SCRUBDIING 1 RI-ORGANIICE SI-A2UIOVSs
ERT 15 8 50
TINE AR . ang - ong zav : o
o . -. 321948 3.8695 -4.3340773T~4
1/75w~C AREA ' ATE=R.00 CLOG(OR-C)
253355 4. 315045-3 3.853C532-3 1.3535% .
073 *MID 3.37593 Ca-C 3.,37023 SL7=%.00 5.5459E3-5
tqtﬂ*vﬁ*m**um***ut**kﬁﬁqamnvﬂJﬁuxm-m¢nmﬁtn*ntt$nw$masvaﬁam .
TIUD a AQ - ; oG - . 0ng =hd
as . 25959 ' 3.33525% T B.8394%5-3
I/C‘-C ! A:“-Eﬂ AR "‘:-o 00 LGC(G"“C)
« 3575153 5.97515:—3 1.8508533w0 1.338C2%
076G NI 3. 87576 Cx=T 3.33172 >L?-x.oo-e.q.h14-
rosk AW KNk kt‘ﬁm l-llhﬁkll‘hpt\n\wn\:\u LR TS SIS \&m*t-\tuu**n\".*n MOAIA IR IR
nv" Al 0=3 orG =°U
52 475833 3.25345 1. 31155632«2
Yrca-c ATEA ", ARI-%.00 L0G(Cn-C2
/}.cs_ 3 . Z.3®3L53-C . 8.2737&4Z-4 b. 22431
QNG MED "Cw=0 "5.33523 SLT=1%. 0053, 50LEEE -4
qn#ﬁhn*ﬂ*#lht“ﬁ:**#nu.'pu.-ilr.*mnﬂ**i:ﬂuﬁ*#ktﬂml#&*mm**“ltt*:ﬁtﬂﬂ-h*
TIv= Al ara OnG InU
93 + 732677 i 3.78577 ' 5.3%5373-¢2
1/Cx=C . ATEA - ATE=-K.00 T LAG(Cw-C)
«£57333 3.36571z-2 T.113488z=-4 1.319%
027 .1733 3.5951¢ . Cx«C 3.732% L= 0N=C. TLESRI-4
Pl PRSI REIITE RS RSE IS REE L FT SRS LR SRS Al ol ]
TI"“ Al anG aTs oz
12 RS P75 B 3. 58441 ' S.204273-2
1/C*—c, . ARZA ARZ=M.00 T LOGESH-C) . .
LE279918 5.610348=C «CG33332-3 1.273%3
DR2 UID 302739 Cw=-C 3.37055% SLE=eN0=1, 1300252
2,600 30 33 M i o Pl ok 30 TG e K ot ol R akook o ok WGk v Tk W th T MO ke R R R M R O R TN
TiME Al ors . 0rG 11
152 ' 1. 8727 3.43217 7. 053452~
so%=5 ATIA LTZ~1.090 LOZ(Cx-C)
£ .E97342 T 5657122 le&ln55%- 1.2111%
ORG UZL 3.35532 Ckx=C 3.35743 SLP-11.00-1.53%55Z-3
utnt:—<ﬂt#*#mht*trh*l‘*ﬁ-***:!nt:k!-‘*'r-:1::'.“-*-:*ti**n*##m**#**ﬂl*mv#***
Tz AR ' ars - 0nG 7Y
133 1.51c03 - 3. 15245 9.451535-2
1/C%x-C ARZA AFEZ-%.00 LOG(Cx=C)
+ 32384 L 153163 1.79763-3 1. 1275
033 MZD 5.53157 : Ca-C 3.23795 SLE=. 00-L, 332452
AR A 7 ok ok K ok o R N ok 3= o K S O SR 8 R ok o gt KA ko o G TR R TR b TR A o
A A? ong 25 =Y
215 1.77575 Z.35143 115512
1/Cx-C AREA ARZI-14.00 LOG(Cx=C) >
-3312%8 . 135133 2.54E152- o l.ZiT735
053 ED 2.734385 Cx-C £.75 a97 CLF-7.0D-2.6337%2-3
P TR A A Rk sk Tk ok X KRR ok s S R R e e Rk
TINZ AN arg . 0T Ty
247 2.06444 Z.52723 .137575
170%=C ATEA ARZ-%.00 LO3(C%=-C)
413471 139253 3.47221%-5 «371149
ORG !:ED 2.32345 Ca~C 2.35755 SLP-1.00-0.515712-2

AN oK 30 I S0 ot A o R o T LG ok A Tk F o 2L o A ks e ok o sk O TG ae o A A6 N v ke ok T
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‘Overall Mass Transfer Coefficients - K. e ' g
,\\} o h g

c o0 3 .a L. T

) \ .
ST21 P17 9 1 FZ-0UGAYNICs 22237 CEeAUIZINE= 152D LAPS A P |

L R I e A NI

TIMT AR ‘ . olste pea A

a . 3 i T.eal513 <224 .
1/7Cm=C : ATIA APEZ-H®.90 LOG(Cn=D)

<1389t P.518335-2 5.4427T-4 c.ozdy
CR3 MID 7.34335 Tn=C 7.41E13 TLT-NL D00, S8 A8T 4
L T T I LI I L R R T R Y R ey T e T T LY L L R L .

TNz o A arg ors T

33 CET9EG4 . T.£385 « 23
1/Ce-C », ARZA ARE=%. 2] LCG(Cn-C)

« 137389 1.563692=-E © 541975724 1.934%3 . -
075 UEDL T.EER3S Cw-C 7.273% SLTE=%.92=5.1%7153-4
mtmttam&s-umta»t“aa--‘mtnnnummlnninn‘-m-un-n-gm-A‘AFn-n-t
TIME AR VRt QRG IOV

63, « 5313325 71352158 224
1/7Cm=C ABZA ARI=i{. 00 LOG(Cw=C)

« 139761 1.511282-6 4.707373-4 1.95355
073G MED 7.18343 Ca=C 7.13312 SLT~H. 004, T2TL4Z-4
30k 3h 3 e o o N A R N T A N B ol i bl bk p v w b Wb i o 2 TN sk s i R B R M R
ATINE AT 233 : QTG ET

92 « 754335 .' 7.3543 .0y ~
1/Cx=C ATTA ARI-N.0Y LOG(C==C)

141529 1.348V1E-8 [ 4. 19L38-4 - 1.95314 :

LOF5 MID 74233755 A ‘ Cw=-C 7.2523 SLI-KW.023~4. 19E256T-4
2 ph B R T e R e s T e s AR v ok ke ol W RN o R O 2T o R T o A s sk e R R B % R s

TINE A? 0Eg ) SOTG IV

‘125 .552281 4. 96052 .o2 : '

1/C»-C ATIA ATI-1.20 LOG(Cn=-C)

« 14315 1.175%4z-2 3.4546543-4 1.937563
0737 MED 5.91990 ' C==C %5.%353% SLT=M.02-3.5358%533~4
W, 2 it xh kol N o e 3 TR N B DR TUIR M B e e R MR D DA wy i ph T o M B K R M Rk e kR A R A A
TIM= AC 975 . Qng ThU

150 1. 11784 . 5.379354 224
1/C»-C AFRZA ARZ-11.20 LOG(CA=C)

« 155447 9.954%53E-3 J.120871Z~4 1.927%4
0RG HED 5.8452 C»-C 5.57534 SLP=ML02-2. 1321524
*tmttttnt#*n#tktatlt--twmtﬂngnl&nsnﬁnnn;k*nuunxg*tn*m*n*n-

TIME AN 024G 036 IV

183 1.E854892 6.31124 «C24
1/7Cx-C ARZA AFZ-1.02 LO3(C==C)

. 145923 3.114962Z-3 Z.58755Z-4 1.217%3
0R5 MZD 56.78373% Cx=C %.32724 SLP-H.00-2,527273-4
LI E S EE RS R A TSN RS PRI E RN RN ST R R PSR RN RSP EELYEL Y LYY
TIME A2 Q=G 9T5 U

2l 1'.35312 5. TS48C L2504
§/7Cw=-C . " ARZA ARZ=%.00 LOG(C=-C)

. 143299 6.229332-3 ' 1.94333-4 1.22937 .

035 MED 5.733&5 Cx~C 6.73E2EZ SLP-4.03~1.542455-2
T o o L N ok ae ok e e R R R R R L R R R R A AR kAN R A e A
TIME Al 025 nrG =7

240 1.45124 . 5.TV4Z29 - 234 '
1/C&-C ATZA ARZ~¥.00 LOG(Cx=C)

«1a3nes | 4,328€2=-2 1.34134%«4 1.60354
ORn MID 5.56G345 Cx=C S.TI2Z29 [ SLE-M.00-1.34145T-4

L E R R FRT P Ny T Y R P Y Y R Y L Ny T YR Ty Wy
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Overall Mass Transfef-Cdeffﬁcienfs - K.

org

\ : ; .
T Y £ % ozoL '

EEBERCERAREMAREAONETCESCRER

TT.ATUITUGR 1533 T NS,
e s B A b A AL RAR S . o o ¥
. . L]
TN A3 975 T3 EM
c e . 033334 3T
1/Ce-3 ARZA ATI-#.09 L0G(Ca~T)
£.£3324 2.82535I-2 3.331533%4 - 572115

W e M WS DR R Bh PR T W B RS N N R MR R T e

.
SLE=%.00-9.,832332~4
RARAAREARR AR N AR R R A AR R AR
o

TIMZ A3 =3 arT LG
a3 «B1TEC © e 3Tz43 204
1/Ce-C AnzZa _ATE=Y.2D L33(C=-3)
€.713135 20434052 L ER334Z=4 - F3337
0%3 '1ZD . 343346 " Cmel 35349 CL™=N.D0=T. 3323424
LA R 2} h‘ll.‘l‘l-n‘l‘ﬂl!"-.I.-l‘.‘.ﬁI-I“l‘.,l!l‘-h (RS R £ 0 3 8 N W -
TIME ' ay o amy 1Y Lo
52 ; 3.153082-2 353513 L2247 .
}/Cx-3 ARZIA ATZ-v.2C L33CI==2) :
2.73873 Z.012412-2 5.243146Z~4 ~1.22271
CP% VID .342238"7 Cmel .353%513. SLT-1,2N=8. 2875004
--;nn-n-a--‘-a‘.q‘-t-nanlnnlnn-n-nn-nmA‘Qaﬁntllnnnanaun'un
TIuZ AT . crs o= I
.92 4.32259Z-E . 355034 .24
1/om=C ATZIA ARI-%.09 L33¢Cw=C) \
£.83725 J.553172-¢8 4.72338Z-4 ~l.Cki3a
Co3 NI .53337:1 C»-C .352434 SLTeML A0~ 4. T2 T -4
annn-qn-utnl‘n-at----anuunn»nl;----_nh--uni- LN TR R RS B R N
TIVE A7 ens 523 U
125° 5.2&1132-¢ +352335 B AN
1/75%-2 AZzA ATI-%.70 Lo (S-C)
£.33195 1.39223z2-5 3.43135I-4 -13 33747
€23 MID 345103 ‘ ’ Cm=C .345%33 FLTe.00=3. 4013324
Iﬂ.hlﬂ"HIIA'!.“...‘H"h*ll--*--‘nnﬂl AAMEAREA LA A AR LRNR AR
TIME Al o3 AR oS M
132 8,753112=-¢ «247219 BN
1/Cm=C ATZA : ATZ-%.00 LIC(Tn-C)
Z2.91359 5.,05192-3 - 1.35522z-4 ~1.25939
035 20 -3as13a4 Ca=C 3483219 AL7-K. 30~} 3388534
AR E AN R A RS SN RE AR A KA R ARAKARAR AR GERRARR K AW AR ERRARRERNA
T1ME A2 on3 : aTs WM
132 5.113T42-2 345143 L2z4
1/7C=-C APZA TZ-%.00 LOG(Cn=C)
2.93123 1.2353532-3 3.4253%Z-5 -1.27344
033 MID . 344552 Ca-C 241143 . SL™--1.00-3.4%25832=-5
x!hit'-l-n-t!l“‘—qq*‘nninnrrn&uunnmnx-nunul*‘l-*!l$#‘$mﬁ-
TIMZ Ay # % oons : 37T 29
213 . « 35148 « 344775 ) .22
1/22=C - ATZA ATZ-%.00 LO%SC¢C==-C)
2.93443 3.8798232-3 1.233475-4 -1.27553
025 b 345433 Ca-C 5427175 §L7-2.00 1.£2235332-4
-ll#‘HI!!H$4t!$"Aﬁintnﬁn‘--nhi-"!l$n$l!l‘l#l*!lﬂ$'lmlﬁk
TIM= . AT 0F4s 0= =Yy
242 ' B.§22%5T-2 S5451 L2234
1/C=-C ARZA ATZ~1. 20 POLE3(Sx-0)
2.5231% B.7945Z-3 Z2.73998Z~4 -1.27%55
073 MI5D L54AT511 - Cr-2 3421 SLT-X.00 2.72931T-4

Hiﬂiﬂatlticnnutlttu-#4nnl&kphplﬁul-‘t--h-nlmvnﬁnﬂﬂﬁﬂﬂ$mﬁﬂ4
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' - ‘ Table 24 .- .
Overall Mass Transfer Coefficients - K. © -
) N > org
c o B A L T -w ! , :

TR P19 E 1 RE=QRINIICE 2052

A¥\2 & s FAM F e A

TINE - :;{:) \ oRg oFG T
e 3 . 7.3235 L34

176+-C - AREA AREZ-¥%.0D . LO3(C+-0)

. 137052 » 313435 4. 1545124 1.93737

035 MEU.7.25181 CmeC T7.4953 SLE-K.00=4A.1347532-4
mﬂltnt**'t*tt*Qttﬂt‘n‘ntn**“annnmutn‘aw;.-uu-nlngummmm-nu

TINE . nAl ong o8RG 2

a0 ‘ . 157522 7,22313 « 23

1/Cw=-C . ARZA ARZ-K. 02 LOG¢C-C) . N

« 138906 1.34585E-2 Ao 1B4LIZT~ a1 1.775%56
QARG MID 7.15498 . Cw=-C 7.1%%13 7 SL?—ﬁ.Ob-iul”&?ﬂZ-
!ﬁtittitl*t-*nurimtalltttnx*finnntwq‘Aahaanwnxmmm&v*+n*¢*t

TIAZ : Al oORG Q=G =V

62 2312935 © 7.1355a .3ck

1/C=-C . " ATEA ANE-R. 00 LOPch-c:

- 142789 1.34965E~2 4.233843- La 965

OnRn MIL 7.053:3 Ce-C 7. 1"" ‘L”-n-ﬁu-4.¢u35‘-h
#**-n*mt--*:-u-aanatn bl I ETE YIRS L NS TN LIPS P ELEFE YL

TiME .oAr : ‘orG Pe Iy

T - « 556238 7.8116C PchEA

1/C»=-C ARZ \\\ ARE=X. 00 LOG(C==-C

- 142732, 1.35257z-2 4, 2129284 1.5£593

0G MID 5.75455 ' ’ Cx=C 7.C17cE CLP=-e22~4. 218284874
WO I R o I o o 0 TR N AT TR M T T e T A T R o M R e e e K R K R

TIME R A2 Oqa . 0=G =%

122 +517431 \6 g1745 « 204

1/Cu~C HFZIA , REZ=K.20 . LOC(C==-0)

« lalsans - 1.35533=-2 Q.EEISIE-Q 1.733%5%7

0R3 MEID 5.373%4 Cx=-C 6.%13432 LAMbel DA Jo X Aol I Jober 2o
*#‘8*‘&“!*‘*!3*#!&&!‘****‘a*»5!*“*‘&!!*1*‘ptnnnﬂn4tﬁﬂlxun ‘
TIME An ) 0xg Ong 23U

158 + 755515 £,3C441 024

l|7C%~C . A?gn ARZ-0.00 LOu{C--S‘

« 145519 . 1.357942-C Ue SEDHET-4 1.G1%3%2

CRG MID $.77342 ] Cx-C 5.302741 FLE=N. 00~ 4. 08223454
AR L LR R R S L g R A TR P N T PR g gy

TLME Al 276 ong =

igz « 2135499 S.73C4E « 224

1/C=-C ATZA ARE=¥. 00 LCC(C~=C)

- YA35ES 1.35C45=~ LeE3T4Z~4 1.92534

075 HZL 5. 536%7 . CasC 5. 70240 7 ELT™=Ue30-4.837512-4
‘*#!**tn--tmuﬂ*-nntl*m‘*t**xn*nn‘mt*mﬁnaxnnu-ﬁgntmmu*unnnﬂ

TINz . A9 07G are U

212 . 1.25355 5.5413] - T34

1/Ce=C "ATZA ARE~K.0C LOG(Cn-u)

« 152559 1.35%2748=2-2 a-chﬁaé: S . 29273

0R3 MED 5.5%55% Cx=C 5.437C ELFE=Ra 004 2441984
T MUY WK gl T e e ok e A O NSk T e Ok 2 3 O S P R T A O SRS sk o o o R R ok e A R O R

TIM= ' AL R ¢ o < ¢crn T

242 ' 1.22111 5.551567 224,

1/Cx=-C ARZA ATE=T.00 . LOG(CH-C) :

152726 1.384922-¢2 4.25133E-4 1.3791) i .
ONS MED 5.357%9 Cw=C 5.54747 ELT-UL A0~ 4. ES AT

B o N o Al O M A T i Rk M o O Kk R R R T o e O e
L.
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verall Mass Transfer Coefficients - K.
org . .
v ',-’"-, Ty L . . | -
N 1 c 14 £ L
azaceSECARRES=aC=SRERD . ~
S TP P NG R RE=DTGA'TIC= £2728 0 AEQZGTﬁF 1332 ol &

ST s s e Ep AR S

Tlve < AY - Lol . 055G =4 . o,

3 3 L » 458459 L2224 ‘
1/Gw-C - AFZA ARZ-X.00 LO3(Cw-3) ‘ D -
z2.17858 ; 1.395722-¢ 8.347332-4 -.775232 )
073 MED 451497 ' Ca=C 45259 ELT-1.00-4. 3447724
[ TIYTSTSR AL YR Y RN 0 %Y n‘ﬂl‘!.ml"‘-“h;ﬁwIl!\'-uunn-"n‘mn-\l\p
TIvE P ‘ 073 N EalaBNCAN T

R . 1.132293-2C 453323 « 224
17Ca~C ASZ _ ARZ=%.C0 Loo(Ce=-C)

£.20116 1.395552-2 4.35525-4 -. 753233 o
CH3 YED . 455151, Ca=C 454335 SLT=%.00-4.355332~4
t-ut'll-altp‘-tto—-:.-g‘-n‘launs-‘.-m----p-untaqnqa--‘;-—-J
TIMT T . A7 9eg D=3

62 Y E.1T54G2- «a51797 . 2fa
1/C=-C nnsn ARZI-¥100 - LJSKC==C) -

2.23216 1.423815-2 4.362575~4 - V5674
0n3 MED .443332 Co=C 2447597 ELf-. 0043588854
-ntnnl#l‘n‘pl‘.t'nnmnm-at‘na‘m‘-nihn-‘m!a-—t-t; L E XIS YLy R . -
TNz A2 . ons azh =in -

T . 232195 445755 .27
G- ATZA . APT-%.30 : L2S(Ca~0)

Z.26364 T T mgl43z Y 4,538%355-4 . =.215579 g
055 “IZD . 442539 © Ce-=0 .4a1755 ILT=1.00~4. 3533124
‘ﬂ-“l“lltl-.‘-uty-.C‘l-‘altilh-n--ll!tl“l!.-ﬂ'\‘ﬂ-ll&!\-!l! -

Tivz 7 aAC . . Ghn s Bl o3eis B o

123, 4y £234512-2 439513 234 . . ‘ ’//f
1/Cw-C ATzZA . ANE~4.00. LT LCmel) : L
"Z.Z29542 e L24TES-E 4.371557i-4 ~. 3231225 : =
©%G MED 435574 . Ce=€ .435513 TLP=%.90=4. 3753424
'-".‘-“.“-l"l‘n‘lth#htllﬂ-‘!t‘llnﬂﬂ&#I*I--.l‘l-l*¥l¥ﬁl
Tiv: CoAl 076G S0t 2w ' : .

132 . " 5.22053%-2 4353535 . .22 : -
l/Cs-C ARIAY _AFE-X.00 o L3Z(Se-0) *

£.32587% L1455 ‘ M.3B1E5Z-4 0 - 3AEISE '
0R3 MID 4432535/ 77 . Cesb W4ERE35 FLT-MLI2-4033TIII-4 0
l‘l‘.anhlll“'ﬂlli-n-'-“—n?mtnn.nnln“-ﬁnn‘-n‘;nﬂm:nmmanu . L , -

TIME ma - 4 one - . :

13¢ . 5.1773639E L 527537 0
1/Ce=C v AZEA T omF ATIT-T.02 Lo

2.36127 . - .214232 4,38625°4 e
CRG MED JAE4STS , C~C « 423337 335238-4
sn’R*h‘n-l.lnl‘nttnnpaa-ntt-‘-t‘u‘n*n-m’t*:n--s\-uuqman;unu- o
TIME A7 © . 0E6 C 373 I3

zie | 7.12539=2-2 -4L15t4 22

- AnZ-%.0D . Lu;(u--c} . .t
4.3953Z-4 -.373193¢ T,
Ex-C 4178518 SL¥-1.00-4.352152-4  , ¥
u*nn“t u*ututstslnntlmtti‘tFSD*-*‘*‘*“'**“"*h“*‘**‘“‘*‘* 'y '. )
076G v .. . 375 524 .
T i&45785.. L3224 . :
1/C=-C ATEA © aRZ-¥.00  * LIZ(Cw-C)

EJNES54 - 1e4i373E~5 £$.3742%92-4 -.337253¢ : -
oo oD oﬁl 349& ’ u#—c A1 TAR T Tat, 00— =4 3RAT Il
*#manlnﬂ.n*tn“*:ﬁunnnRa*ﬁ*u:n-ﬂ-nnnﬁaﬁﬁn*Aut--ahaannmnum;uu . PR ;3
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. . ..\ ‘
L Overall Mass Transfer Coefficients - K..
: org
0 B A L T
SERANE SR EODEARCE=S=SRORE . L.
STRN PI1MG 1t FRE-0TGANICH [oo2 TI-ANUINUS= PoOnT jekial S B ~
" e 0 A e “
A’ - @rg ORG =L - - .
, 3 7.3496 238
ARZA : AVI=X.00 - LOG(Cn-5) o
VL 1.4981332 4.55028Z-4 - 1.p9414 . :
‘ ORG MZD 7.29335 ‘ Ca-C 7.345% SLP-UL2A=4. 559512~
! TSR T ot o O K K RS O R o ok R R e o o
TIMZ ‘A% InG 0™G =2V
3o ’ 184294 T.E423E 224 . )
1/C*-C ARZA ) ASZ-K. 00 LOSCom=C) -~ N .
v 133132 © +2314533 . Nle8E435%S-4 1.90791¢%
OEG MEID 7.15747 : Cu=C 7.E83532 ' SLP~1,00-4. 5284034
*tt!*aa*mﬂnqtntn***-tnmn!nwmitnmtunﬁnmm$mm1ﬁnt$¥mnmanam$km
TIMZ ) Al ITG : TOTG 2 . N
83 : «3SE261 7.13413 o0 ) oo
"1/Cw-C AREA . ARZ=-X.0N0 LOSCCw=-C)
- « 1A225 1.47365E-2 4. 5920324 14954632
095 MZD 7.B3198 ) Cx=C 7.13213 SLE=H.90-4.58935T~4
mt*tmtﬁ.m-tt#’tnmt**tmnmtmt‘nt-lntt»-nvﬁmﬂaﬂ*t-lﬂ-aﬁttt-“-
2 mInE , A2 _ oG . oFg =3
L 98 . + 533331 7.22933° -2ca
BV E e APEA ATZ=¥,.00 L0G(Ca=C)
n 142332 l.45118%-2 4.55115%=-2 1.34539
QRG NI 6.97857 : . C%=C 7.232533 FLA-%.C0-4.35523%2-¢
muluuutztmtttt*m*mnxa:*t-‘a**tn:u-un:-o.nn:tinnutnatv-nxmm-\-smn-mn
TiMz Al 056G . org zow '
12 s5583515 5.92792 234 t '
1/Cx-C AREA .- ATSH. 20 LOG(Cx=C) .
«laaazy - le 4477325 L. BISESZ-a 1.53493 ’
OF5 MID 6.87315 ‘ Cx-0 5.523%% SLP-1%.00-4,52921%-4 -
- “‘ﬂltl.l-lttt#tmtt***utmttﬁ.*in*‘ll'ﬂu\lk#lm!n*i:t!ltls-unt;-u*n'!!
TIME ‘A2 . 0%s orE =oy
. - 150D +«355z282 : 5.8254 . WE2
1/Cx-C AEZA ARZ-H.20 LOS(S»-~C)
146533 «314335. He 855213=4 " 1.9%25
035 MID 6.77934 Cx-C 5.3244 SLU-X.00-4L. 455924
; m**mmat*tat*t-Attst***stmtt‘nn}t:*mntmn*m’mtmA*squsta-&*m!u**
TIvs A7 075 Coorg =y
‘ 132 - 1.22786. - 6.73127. a0y
1/C=-C AFZA . ARZ-K.0C LOG(C~-C)
Tla5849 «214183 . L4.41T754%-4 57517
. 035 MIL %.63391 : Ca-C 5.72727 SLT-%.00-4.417582-4
-*****n*****h**t*tam*i***mnt-u-n-tuxaﬁtnuam*m*-*nu*nha-*m,u-qm
TINE | A% 076 0BG Z:Iu
z2le . 1.153 . 5.53534 . 024
) 1/C%=-C AREA AZZ-1. 00 L3G(C==C)
.- t.152772 T l.&42Z14E-2 4.35731Z-4 1.3919%
' ‘ NG MID 5.55036 C=-C 5.53854 SLP-1.00-4.35572I-4
p*&:&aa.ﬂa**#!‘**n*a**‘nu*numi*atngﬁnmﬂ**mmaz‘-x;stsma:k:!-ﬂ-*'.?Hn'ul’l
TitE -A% Qr3 0FG =21 T
S c 242 1.2c1 5] 5.54419 - . 004
- - 1/C=-C g AFEA | ARI-%.00 . LOG(C=-C) !
- ' 152581 . «2133% _ 4e313%3Z-4  * |.37737
- : B7G ED 4.495:% CmeC £aB4319 ILT-X.20-%.5313333-4
**’.‘*ﬂ-’i**-‘.t-*\ﬂtt*i&!t&**ﬂ**tﬂ##a*hnn*hﬂt'.rtf‘*N'?'-J'Hpv-z'!ﬂﬂhunnxxuxan
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Table 27 e

DOverall Mass Transfer Coefficients - K.

4w 1 ¢ % £ L =
ﬂ-ﬂ’=====-=‘==ﬂ====-=

STRI1PLINVMG 3 u7-9'“‘IIC= 12C¢C "f-A'W C'-= JJGB ,Te e 3
- TINz AT fa R 076 2
e ' [ - 37385 3234
1/C»-C ATIZA -7 TARI-H.3D TLOGCCH=C)- .
C.54479 l1.134748%- C3.T721372-4 = 734049 .
oR5 MID .3%54528% . C»=C: 37295 AL7=%.00=3. T21E4E=4
taﬂ#*nnmn.-nnn»nntno;ounnn..nm-nnnnm----m YT EY R L E LY .
TiMz A’ ' onG Pl TERCIN it :
3a, 1.524232-2 .338293 L0z
170G ATZA ATE=X.0% LOG(C~-C) »
2.57%37 1.233252- . 3.TAT733E-4 - Th5554
073 UEID .33997) Cw-C 2333293 SLE-%.00-34 T4TSTE-4
‘nun-tntnvttt‘*t-gunut;*tnntn---nvﬂl—tuaku-—_ttnsum;‘a:nknm
1= A2 ITC - Q%3 3
43 - Z.017745-2 « 337549 Rpopie .
1/C~-C ATEA ARZ~.00 LG (Ca=C)
2.63655 1.2811¢18=-2 3.77ThW3E3-A '?553 S ,
QA3 MZ0 .335338 - Caxs 3530649 SL==a00=3. 7743524,
‘nmlt-‘t‘t*#-‘t-ttli--*mctat‘*‘-nnmmnu m*n‘t-ﬁtm.-um*mﬁm;n‘
TIME | - A2 ors 573 IV
90, T 2.93L12E-2 .333223 . .034
1/C»=C ARZA ARZ-H.00 © LAG(C==-C)
. 2.63333 1.5227525~2 3.32C223E-4 -.972147
oG MID . 333728 C»=-C 37922 gL w=1{,00=J.33E0AT~4
‘t‘mntlt-*ttntm‘&‘l-*‘ngawlﬂh.ualn‘;ﬁ‘.xa-uun; T EYE TR LTSNS
TNz AT . 0".G - or3 T3U .
122 . 3.314182-2 . 375420 « 304 '
17/Ca-C ’ AREA ATZ-H.00 LN3(Cx=C)
2.57873 1.2295632-2 « 232333 ~.93E2354
0F5 MED 375141 Cw=C 374459 SL2=-%.07=3. 3_731_
mtatt-ntncm;mtnn‘mh-a-nttn--tmn-nna*tttiatttatnn-:-:-tmnts
TI1#Z Coan . 0F3 TopT3 I
15¢e 4.315332-2 « 373353 . 334
1/Ce=-C . ARIA . T ARE-RK.00 LOGCC»-C)
2:73377 1-233?23—2 3.353312-4 -. 394547
QRG MSD 371577 - Cu-C .357353 SLP-X.00-3.5%5315%-
‘l“#*ttlt‘ﬂn"‘tli*ntlttnﬂ‘u.- -u‘n*nn‘Qniup-n-ts-‘sn;an*t
TIME an - 6F . BRG Z2U
132 5, 630Z5Z=-C .3593 . 234
l/C*—C ) AT.ZA -7 ATZ-4.00 . Ljh(C‘-u)
73747 \l.2ﬁ7953-2 +3.83723E-4 -1.460724&
OnG MZD 367235 " C=-C .3553 SLT-H.Q0-3.337292-4
‘**ll‘#*i“h'llt-s#-hltn!ttt“lscit*nt‘l.l*ﬂllﬁlltttmll!ll -
TIMZ AD 0F3 ., QFR5 Z2U
212 , £.3313C22Z-8 s 35477 "« LA
1/C=-C AFES ARZ-X.00 LO3(C*-C)
£.7718% 1.25734=-2 3.91531=2~4 -1.21%88
023, MED 352515 C»=-C 3577 SLE-%.00-3.G1511=Z-4
l“l*#**-ﬂll*‘$lhnﬂl‘k¥lmﬂar*‘1$n!ltttliﬂ!!l**!“*#*t“#nll
TIME s - Al . 978 c®6 2,
-7 ) 7. 3&33:;-2 L 343852 «2C4
“12Ca-C - AFREZA AFZ-%.32 77 LCG(Cx=-C)
’ 2.39592 1.£5%3382z~2 3.94528% ~-1.23E29
075 0 435922 Ca-C 335255  SLT=".232- J.anzzlz-d

m#M#ﬁu“#u##nit#*#tﬂﬁmm#tf*;&tA‘bnaﬁmamt#ﬁ&f“‘*ﬂ’*“”"“**
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‘Table 28

. S
Overall Mass Transfer Coefficients - K'org
P >
Y

c 0 5 A L T
- ﬂ====¥8§======‘=ﬂ===== ‘_. -
TO1 P2 1ING t DRE-0RBAYICE 1523 S2-ATUZ0UG= 853 ot I Do
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figure-]B, Run No. 1°. Cobalt - Extraction‘Va}iation of

Corg_and Caq With Time
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Figure 1. Run N6. 1.
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Figure 15. Run No. 2. Cobalt. - Extraction Variation of

‘_‘COrg and Caq With Time -
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Figure 16. _Run No. 2. ‘Nickel - Extraction Vam‘dtiqn of Corg
and Caq- With Time
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Figure 17. Rrun No. 3 Cobalt - Extractioﬁ--\lariatidn' 61’
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“Figure 18. -Run No. 3 Nickel.- Exffacg?%ﬂ Variation of
. Copg and Caq With Time )
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. Table 32
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"

EXTRACTION

<N

Equilibrium Loci

i
\

L

COBALT NICKEL -
Aqueous/organic Aqueous I Organic Aqueous "Organic
| Volume Ratio Concentration | Concentration | Concentration | Concentration
g/L Tog/L g/L - 9/L

0.25 -0.004 - 0.53 0.004 1.1875
0.5 " 0.04375 ' 1.038- 0.09375 2.328
0.75 0.1625 1.468 0.6 3.1125
1.00 0.375 1.745 . 1.3 3.45
1.1 0.44 1.848 1.49 N 3.586
1.3 0.60 1.976 1.9 o 3.705
1.5 - 0.725 - 2.0925 2.27 3.72
1.8 0.87 _2.25 2.6 3.87
2.0 -.0.99. 2.26 2.84 3.82
2.2 1.711 2.244 3.06 3.718
2.4 1.15 2.38 .31 3.936
2.5 1.165 2.3875 3.15 - 4.00
3.0 1.28 2.52 3.4 "4.05
3.5, 1.40 2.52 3.63 . 3.92
4.0 1.46 2.64 3.8 3.80
4.5 1.51 2.745 4.06 3.15
5.0 1.55 2.85 . 4.26 3.70
7.0 1.65 3.29 - 4.47 3.71
9.0 1.78 3.06 4.57 3.87
11.0 1.8 . 3.52 4.67 3.63

initial aqueous conc: cobalt = 2.12

nickel = 4,75
organic conc.

10% D2EHPA
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Figqre 19, Cobalt - Extraction

o~

Apparent Equilibrium Isotherm
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~ Figure 21. Nickel - Extraction _
. Variation of Equilibrium Isotherm
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Table 33
" EXTRACTION

Acetic Acid

Benzene - Mater

NRe Organic

= 1500
NRe Aqueous = 1000
Time Organic Aqueous
(min.) Conc. g/1 Conc. g/1
0 45.04 0
5 42.04 7.21
10 40.53 7.51
15 39.03 . 9.91
25 37.23 11.86
40 36.03 15.01
50 33.93 16.51
60 30.33 18.32
75 30.93 - 20.42
90 29.87 22,22
105 28.52 25.22
120 27.62 26.72
150 24.62 28.82
180 22.67 32.13
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S Figure 22. A';:étic.' Acid Extraction from Bénzené. o Tl
' “Variation Of",co'rg and Coq With Tiime
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P

. Org/Aq - Aqueous - Organic
Vo]ume Ratio  Conc. g/T Conc. g/1

8.407 0.15
-16.814 0.285
24,140 0.465
32.827 0.691
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Figure 23, _Acetfc.Acid Extraction from Benzene, -
- - - | ' Y T hewd
Variation of COrg‘and Caq at Equ1]1br1um
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Table 35\ - oL o |
- _EXTRACTION >, - R
~Acetic Acid's.Keroéeﬁe - Water
Nge Org = 1500
NRe Ag = 1000
Time - Organic Aqueous
{min.) Conc. g/1 Conc. g/1
0 - 40,75 0
5 .. 39.7 0.18
15 37.06 0.33
20.2 36.88 0.46
25 35.95 0.59
30 35.05 - 0.75
40 33.63 1.01
50 32.67 1.32
60 31.89 1.59
75 30.75 1.7
90 29.55 1.94
105 28.6 2.28 '
120 27.9 2.4
150 26.34 2.76
180 25.11 3.36
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Fiure 24. ' Acetic Acid Extraction from Kerosene Variétion
N of Corghapd Caq_with.Time
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““-Figure 25. Run No. 1  Cobalt - Scrubbing

; ' Variation of Coré and Caq With Time.. .
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Figure 26. Run No. 1 MNickel - Scrubbing
‘Var‘}atwn of Cor"g and Caq With Time |
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Figure 27. Run No. 2 Cobalt - Scrubbing
. Variation of C .~ and C.  With Time
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 Figure 28, ‘Run No. 2.  Nickel - Scrubbing
| With Time
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_ Figbre 29. Run No. 3 Cobalt - Scrubbing
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Figure 31. Run No. 4

.. Variation of Cor

Cobalt - Scrubbing. ERTS
and Caq;wyth Timg".
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~ Figure 32. Run No. 4 Nickel - Scrubbiﬁg

' Variation of Corg and Caq_ﬂ1th_T1me
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Table 40
SCRUBBING
Equilibrium Isotherm
Cobalt i Nickel
Agq/Org ‘Aqueous ~  Organic Aqueous . Organic
Volume Ratio  Conc. g/l Conc. g/1 Conc, g/1 Conc. g/1
0.10 3.47 2.875 7.315 3.2163
0.20 . . 7.17 2.4735
0.25 5.40 3.625 6.6 2.141
0.50 7.66 4.75 5.4 1.196
0.75 © 9,00 - 5.125 3.95 0.818
1.00 . 10.20 4.75 3.3 0.631
1.10 10,70 5.25 3.125 0.494
1.50 ‘ 10.60 5.375 2.394 0.341
1.75 11.95 5.5 2.025 0.387
2.00 12.45 5.75 1.806 0.319
2.25 12.45 5.00 1.644 0.233
2.50 12.45 5.625 1.5 0.181
2.75 12.70 5.312 1.363 0.184
3.25 13.10 5.437 1.15 0.1935
3.75 13.85 - 1.00 0.181
4.50 13.85 0.85 g.106
5.00 . 13.85 5.437 0.773 0.069
7.00 14.25 . 5.5 . 0.562 ¢.000
9.00. . 14.25 3.687 0.437 0.000
11.00 14.25 5.5 0.357 0.000
14.00 ) 0.281 0.000
18.00 - 14.4 6.17. 0.218 0.000
22.00 14.4 5.625 0.179 0.000
Initial Conc. Aq Cobalt = 14.75 g/1 Aq Nickel
1.

0.000 g/1

Initjal Conc. Org Cobalt = 3.931 g/1

745 g/1 Org Nickel
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FiQUrg 33;. Cobalt - Scrubbing. _
‘ Apparent Equilibrium Isotherm
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Figure 34. "Nickel - Scrubbing
) Apparent Equilibrium Isotherm
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Figure 85. Run No. 1 Cobalt - Str‘ipping' )

Variation t:\ﬁ-'(:m,g and Caq With Time
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‘Figure 36.. Run No. 1 Nickel - Stripping
~ Variation Of_COP
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Figure 37. Run No. 2 Cobalt - Stripping

Variati : . ith Ti
| i on of Corg and Caq With Time
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Figufe 38. Run No. 2 Nickel - Stripping
* Variation of C and Caq‘N1th Time
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Figure 39, Run No. 3 Cobalt - Stripping

Variation of Cor and 'Caq With T1me.
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Figurd 40. Run No. 3 - Nickel - Stripping

Varxat1onlof_corg and Caq‘with Timer / |
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Figure 41. _Run No. -4  Cobalt - Stripping

Variation of Corg apd Faq_H’th Time
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Table 45
STRIPPING
. . |
Equilibrium Isotherm
- Aq/0rg Agueous Organic Aqueous Organic
Volume Ratio Conc. g/1 Conc. g/1 Conc. g/ Conc. g/1
44.0 38,2655 6.146 - 8.668 0.292
40.0 43.88% 5.918 - . 8.74 0.270
36.0 50. 964 5.6 8.29 0.258
30.0 47.42 5.435 8.115 0.218
24.0 - 48.424 4,998 . 7.692 0.168
20.0 49.473 4.542 6.69. 0.154
18.0 54.570 3.984 6.567 0.124
16.0 53.327 3.683 6.104 0.107
14.0 54.637 3.113 5.705 0.081
12.0 . 54.401 2.482 5.154 0.059
10.0 55.40 1.476 4,635 0.025
8.0 54.053 0.215 3.876 0.004
6.0 42.07 0.004 2.907 0.004
4.0 28.047 0.004 1.938 0.004
2.0 14.0233 0.004 0.969 ¢ 0.004
1.0 7.012 0.004 0.484 0.004
0.5 3.506 0.004 0.242 0.004
0.33 . 2.337 0.004 0.162 0.004
0.25 - 1.753 0.004 0.121 0.004
0.20 1.402 0.004 0.097 0.004
0.10 ' 0.701 0.004 0.049 0.004

Initial Conc. Aq = 10% H2804
Initial Conc. Org Cobalt = 7.0157 g/1 Org Nickel = 0.4885 g/1.
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Figqre 42. Cobalt - Stripping.

~ f

Apparent Equilibrium Isotherm
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Figure 43. Nickel - Strippiﬁg

Apparent Equilibrium Isotherm
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©J APPENDIX III

* 'OPERATING PROCEDURE OF
ATOMIC ABSORPTION SPECTROPHOTOMETRE
' FOR ANALYSIS

>
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4 .
PREPARATION OF UNIT

Care and Cleaning of Burner

P

- The heart of an atomic absorption instruhent is the fTame. The air/
acetylene burner had to bf kep; in spotless condition fdf high standard of ,
ana]yticé1‘perfdrmance. The burner was c1eaned after every large batch of._
samples and after every day of operat10n |

The burner head was easily d1sassemb1ed for c1ean1ng purposes. Inorganic

.deposits ‘on the surface of the burner was removed by soaking (when cooled) in A

water, Layers of organic mater1a1 and other stubborn depos1ts was removed with

the aid of a fine emery paper. ‘A razor blade or p1ece of stiff paper served

to clean the burner slot.

Nebulization

The sampling system of the unit is Af,the nebulizer - cloud chamber -
burner type. Briefly, the nebulizer, by a pneumatic action, reéduces the sample
so]Ution to a spray of droplets of various diameters. The spray is directed
into the cloud chamber where the larger droplets are precipitated, and the air
stream qgrrieg the remaining spray ipto the bur&ér and then to the flame. The
fuel gas is introduced into the system at the cloud chamber stage, and the
sémp]e, air and fuel are thoroughly premixed before passing.into the burner.

To minimize ana]ytical interference #from éamp]e to sample, the cloud chambef
was washed continuously by aspirating distilled water between samp]es and
thoroughly washed after each batch of analysis. The air flowrate apd the
acetylene rate used were reSpectively 5 L/min and 1 L/min for both cobalt and

nickel aqueous analysis.
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~Txpes of Lamps Used

!

S1ng1e element ho1low cathode “1amps

“Nickel: Wavelength ©232.0 my
Maximum current 25 -mA
Cobalt: - " Wavelength 240.7 my

Maximum current 25 - mA

OPERATING PARAMETERS

A]ignmént and*Foousing of Lamps

To achieve optimum analytical sens1t1v1ty, detection limit and stab111ty

of ana1yt1ca1 response, it was necessary to Focus the image- of the ho]]ow cathode

onto the entrance slit of the monochromator and to align the lamp so that the

maximum of resonance rad1at1on fa11s on the photomu1t1p11er detector. Alignment

and focusing was carr1ed out to obtain a full scale meter signal (i.e., zero

N : . )

absorbance) at the lowest gain ébtting possiBIe " This ensured that the maximum

amount of resonance rad1at1on reaches the detector Lamp aTignment‘wasffechecked

after each batch of analys1s as outlined in. the mach1ne s owners manual. -

Lamp Current

Lamp current for coba]t was 15 mA and for n1cke1 at 18 mA These -

settings yielded optimum 1ntens1ty of em1551onmandnana1yt1ca1 sens1t1vity for the '

analysis.

The Resonance Line Wavelength

The best rangé of quantitative A.A. analysis of any element is from

20-200 times the sensitivity (or about 50-500 times the detection limit) qudted'

in the technical manuals. In atomic absorption the term "sensitivity" is

defined as that concentration of the element in ppm (or ug/mL) in solution

which give a’ 1% absorplion signal. Knowledge of the sensitivity-fiéure is




useful Becausé*from {t-the opfinnm goncenération range of the e1ement (i.eJ,
gIVlng opt1mum~ana1yt1ca1 prec1s1on) is computed. The most sens1t1ve resonance
11ne waveTength of cobalt is 240.7 n. . and for nickel is 232 O n. mr with an
ana1yt1ca1 §ens1t1v1ty of. 0.5. It follows that the ‘optimum concentrat1qn range
lies between 10 and 100 ppm. -~ - o

Hence, the experimental samples containing nighfhobaJt and nickel
lCOncentration would have had to be diluted by as much gé a fnctor of 100. To
avoid this, and to'minimize_the errors inhérent in tne dilution procedures, the:
Tess sensitive resonance lines of cobalt and nickel were used, The'wave‘Iengths
of the less sensitive resonance lines are Tisted below.

1

Element Wavelength Sensitivity : tdncentration Calibration

\\\ Range ‘Graph’
nm © ppm_ 7 ppm_: Linearity
. Cobalt - o 240.7 0.5 10-100 fair
' 242.5 0.65 - 10-100 X fair
252.1 0.65 . 10-100 ' fair
304.0 0.5 "10-150 . . fair®
345.4 12 20-300 | ' good
352.7 - 14 ‘ 50-1000 ' good
Nickel _ - 232. 0.5 5-100 : poor
: - 305.1 1.4 20-1000 " good
300.25- 1.7 20-1000 good - "~
341.5 1.4 20-250 . poor
352.4 1.7 20-350 . poor
234.5 1.7 20-500 © poor
2 3 - 20-750 - fair.

346.

Different wavelengths were utilized for the various expérimental conditions

studied, i.e., exfraction, scrubbing -and stripping.

N
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Slitwidth Settings

The choice 6f‘optimum s]ﬁtwidth settiﬁgs was dependent on thé type of
Tamp, the resbnanée Tine wavelength and the type of solution analysis.QOne,
j.e., aqueous solution samples or organic solution sampIeS# Generally the
sTitwidth was Kept as narrow as possible in ordér‘to achieve optimum analytical
- sensitivity. Settings varied ;}om 0.15 mp to 0.06 mm but no less than that

depending on the smaple batch.

Burner -Height and Acetylene Flowrate

Again, the analytical sensitivity was cnitica11yldependent on burner
height setting and upon small changes in acetylene flow rate,

The two parameters were strongly inferdependenti: For aqueous
analysis a setting of 1 cm burner height and a 0.7 cm burner height‘waS'use&
for organic ana1ysis; The best analytical sensitivity,Hespécia11y when daing
the organic samb1es analysis, was found to bé when the acety1ene'and air flow-
rates were decreased, while raiéfng the burner towafds the optical axis of the
1nstrumént;(%.e., decreasing the burner height setting as read from the mirror

scale behind the burner),

Organic Samples Analysis

The kerosenes solvent that was:used to qi1ute the-%ampies contributed
to_tpe cdmbustion process in the burner and it'wag usually necessary to;reduce
the.acety]gné.fTOwrate to obtain the flame characteristics assqciaféd'with B
aspiratibn of aqueous solutions. It was essential to set the baseline (i.ef;
zero absorbance signal) while the kerosene was sprayed and Edntinuously spfayed
after every sample so]ution.' Also the syphon tube (at the rear of the instrument)

was emptied of water and filled with kerosene. Failure to do this results in

'y
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poor drainage of the condensed kerosene from the cloud chambér and consequent

“popping” of the fiame,

i

‘Calibration Graphs and Their Reproducibi]ity g o . o

The nature of the hurner flames was such ‘that exact reproduc1b111ty‘

of f]ame cond1t10ns from day to day was not poss1ble simply by resett1ng the

gas flow controls to their former:pos1t1ons. The implication was that a fresh

. calibration using standard solutions, was plotted every time a determination

was to be carried out.

o






