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ABSTRACT

’

The calculational ‘method for*multistage, mialtd

component separatdon prgcesses developed by 19511 has

been utilized to bhuild a computatinral ~odel T imine

cfontactors and regenerators.  Use of i nodel 1s 1lius-

tratﬁg with tést bnobléms tvpical of columns operating in

natural q&s proceésinq plants. Two Eorroygfrggs of ezpvr-

imental solubility data are used 1n thO"problemS'aqd-fhe

results are shown to be sénsitive to the correlation em-
LY »

ployed.  Some ¢0n31dprat10n is also given to the use and

estimation of stage efticiencies. The 1ncodrporation of

efficiencies 1s shown to be important 1n an accurate desidany

-»/

however the accuracy of calculated values is limited by a

«

)
paucity of reliable rate data.

In addition, Ishiil's method has been extended to

produce an algprithm for the solution of multicolumn con-

fiqurations. The algorithm utilizes the hasic block tri-

dlagonal matrix fofm of the linearized steady state equa-.
’ ‘ -
tions and the sparseness of many of the matrices to pro-

duce a quick and efficient solution procedure. The alqgor-.
ithm has shown reliabxllty 1n converging for the three

~ . : )
systems tried, namely a thermally coupled distillation

.

system, an extractive Qistillation system and an amine
trgfting system. However, some problems are encountered

with certain column specifications.

iv
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>

)
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information required 1ncliudes:
(1) the numberr o s?(b;ﬁf, 1 each column
(11) type of amine and solution Pﬂncéntration
(111) the amime circulation ‘rate |

(1v) Ssteam requirements 1n the reqgenerator.

The absorption of st and ‘02 1n alkanolamine sol-
'itions is complex in that it 1nvolves simultaneous absorp-
ti1on and chémical reaction, and rate and equilibrium data
Are scarce for such systems. As a result amine systems
are most often designed on the basis of "rules-of-thumb"
derivedlfrom experience. Typical examples are the use of
approximately 20 stages in the towers, regenerator steam
loads of between 1.0 and 1.2 1b. of steam per gallon of
Circulating amine, circulation rates based on a pickup »f

-

2.5 SCF acid gas.per gallon of amine, and the cholce of

MEA solution concentrat: Hf 15 welght pDercent. The use
't thede "rules-of-thumb” no loubt tai1ls to produce an
CETImUmM design 1n many ocases., “hhus there is a need for

t better desiqgn procedure.

This study was undertaken to Jdevelop a computer
oriented design procedure which would make use of recent
advances in two areas namely:

(1) techniques‘for making stagewise calculations

for multicomponent mixtures, based on the

equilibrium staae concept.



{11) developments 1n the preparation of ¢hermodyname

13ﬁlly based correlations f «puilibrium sol-
,

s ubility rdata for H. S and 0O in alkanolamine

J . 2

solutions.
'b Considering thit the amines have a Jifferent

selectivity for st than ‘for C02, the stage

cfficiency becomes an important consideration
1n an accurate simulation gr design. Thus
some attention is,given .to the use and estim-

ation of stage efficiencies.

-

An additional aim of the study is to extend the

method described by Ishii and Otto18 for multistage, multi-

~omponent equilibrium stage calculations to multicolumn
svstems. Part of the motivation for this is that amine
svstems 1nvolve recycle streams, 1n particular the lear.
1711ne and the semilean aminee ., The l;ftnr 1% an oPtlon 1n

~

~hi1oh a partially regenerated amine stream 1s recycled

trom the regenerator to the middle section of the contac-

tor. There is some dispute ovd the nsefulness of this
configuration and an adequate model of the system J‘ll

.

permit an acgurate,eval 11 . i to be made



2. LITFRATURE REVIEW

2.1 Design Methods for Alkanolamine Units

Most current design techniques for alkanolamine
nnits rely heavily on empirical "rules-of-thumb”. In
particular, it is common practice to use 20 stages for the
contactor, and a similar stapdard number for the regener-
ator24: The circulation rate is estimated from either an
assumed acid gas pickup per gallon of ad;ne solution30,
or-.from a limit on the acid gas loadiﬁq in the rich amine,

ind steam requirements for the regenerator are assiqgned

45 a standard quantity of steam per gallon of circulating

imine
The above practices are known to overdesign units
- "
and so certain refinements to design procedures have been

proposged, primarily by Kohl and Riosenfold24 and Maddoxao.

The circutation rate has a considerable effect on capital
and operating costs,4and both authors attempt to calculate
this rate m;re accurately. The basis is to assume a per-
centage approach to equilibrium on the bottom stage, with
values used lying between 65% and 75%30. Equivalentl?,

a minimum circulation rate” can be estimated on the assump-
tion of‘equilibrium existing on the bottom stage, and the
actual rate obtained by multiplying this minimum rate by

an empirically determined factor24C29.



Another major design variable 1s the reboiler
. ' . - . 9
heat requirement. Fitzgerald and Richardson  used data

from a number of operating MEA plants to prepare a widely

used empirical correlation which relates the residual HZS

in the lean amine solution, the ratio of H,5:CO, in the
feed and the steam ratg, expressed’ in 1lb/gal. A similar
chart e}ists for the CO2 lean aminé residual.'

The so—called."split—stream" process, attributed
to Shoe1d40, has achieved some measure of atterion. The

process reduces thg‘enenqy requiréments in the reboiler24,
and is claimed to have pafticuiar advantage for gas
streams containing more than 30 percgnt acid gas30. How-
ever, capital investment in a "split-stream” piant is
higher than in a conventiona% plant, because of added com-
plegity in mechanical design, and added pumpi}q and heat
exchange costs. .

Selection of the type bf amine 1s dicpated somewhat
by the presence or absence of COS and CSz( which undergo
vxrreversible reactions with MEA24. The concentration of
the solution is also restricted by corrosion considera-
tionsBO, ;nd this is one major reason for using 15 weight
percent MEA, L>

. .
Most authors regard the complexity of the reactions

inside the contactor as sufficient justificition for usihg

a standard number of stages. However, Kohl and Riesenfeld

-

-

24



sugaest the number of stages c&n be est imated on the
basis of an empirical correlation tor the mass transfer

. Average values

coefficient and stage efficiency for (‘()2

are used for all stages and the presence of H,S ignored.

&
>

’ One dotatled cstagewicse calecalatiron of ar acid gas
L ]

-

absorber ha¢ hben published, by Rowland and Grens
Solutions th}} only one aciud gas component are used and a
number of simplrtying assumptions are made, For example’

the 1ndividual vhase mass transfer coefficients are assumed

constant on all stages. No detall 15 given of the method

of obtaining equilibrium and enthalpy data. The authors

compared stage—-to-staqge and Thicel. - Geddes tvoe calculations
and concluded that a stage-to-staqge technique is the more

effective technique for real stage 1c1d gas .absorbers.

.

2.2 Correlation of Equilibrium solubilisy Data

For H, S and CO, 1in Alkanolamine Solutions.

2

Fquilibrium solubility data mav bhe correlated bv
curve fitting the available d&fd, or alternatively a pre-
aictivo model can be established based on a suitable set
of chemical rcactions. For the. case of HES and C02 in an
aqueous aminé solition, the follewing set'of reactions

35

can be written :

X



* RNH

-
—
—_—
—
v
~
-
oy
o
|
—_—
1
-

, -
HO e 0T o OH 2-1-b)
H,S — I (o-1-
’ HE e ot e st -1
!
- ZRNH, + co‘2 = RNH;* + RNHCOO (2-1-e)
R A A (2-1-¢)
HCOS =  u’ o+ Cog“)" (2-1-q)
HZS(q) — HES(;) (2-1-hy

() - (2-1-1)
Where R denotes the group —CHZ—anfOH. If R-H

1n the above equations is replaced bwv R-R, then the aqua-
t1ons represent the chemical reactions in the H,5-CO,-DFA-

Jater system.

. . i
In addition thr. oy mayss hatl -, it an o electro-
’

meutrality balance can be written, aamel.:

[RNH,] + [RNHCOO 1 + (RNn, " m
- (amine molality)._

(2-2-a)

[HS 1 + [H281 + I mxH2S

(st molality)

(2-2-b)



’ L)

Uh”>-]'[Vu,%'h“’frd‘[NHmWhvl r Y

3
. o Y
(o molalapty) /

o

{2-2-¢)

. ©

[RNH3+]* (' ]-([HCO T )+ [RNHCOO )42 [cw;‘)’] |

3 . :

. *[OH_]+[HS-J*2[82—]) -0 (2-2-41)

* ..

Both Klyamer et‘al.22 and NasirBQ have developed
mbdels based on thisvsot of equatiodns. In the former mod&el,
-n0n~idealit£es in the liguid phase are accounted-for by
1sing activity coefficients. Nasir35 extended this refine-
ment to imclyde: \

(a) vapour phase fugacities to account for devia-

tions from ideal conditions at low temperatures

and high pressures.
(b) aA additional déoendence of the activity coef-
ficient on ¢*emperature .l mula]i}y of qlkan-
olamine, rather than™just on 1oni- strength.
(c) empirical corrections to the partial d;ossuros
of st and CO, 1n thn'reqioﬁ nf very low acid
§a§ loadings, where the predicted véluos
devidtp-mjrkndly from the Oxnérimental values.
For both models the following set of thermodynamic
equlilibrium constant expressions for equations (2-1-a) to

(2-1-1) may be written:



BN AT
F \ . o= 3
! Vo RTFSITEN '
2 R B
1 L P
K., AL fou 1 J=3mb)

K, s v — — (2-"3-0)
v YRR
2
! + ~2—
K _oomais : (2-3-1)
2C [HS™)
2 [RNH3+](RhHCOO'1
K = — ‘ (2+3-e)
-
‘ a‘ (RNH, 1< P
2 co,
+ -
Y2 [H ][HCO3 ]
Kl = r — (2-3-f)
Y 1 (co,)
. ”-
1oy ) _
K2 ‘ B = . (o= 30
Y [Heo
t = (oo v P2- -
(()2 L. Vo,
B /0 Y 21— 1
HHPS./\ (H,51/Py e (2-3-1)

s s . . .
where: v 1s the average coef frocient TOr the 10N
activity (assumed equal for all ions 1n

solution)
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1 1 (h" w Yyt oot ettt [ ll|4\<-|i ottty | t o

1t moltarity)

4 1s the ratio between thas un-1oni soed

] e aectavity RS

cthanol amine a taviety

watet

N } N

CO o oand H L4 1nom Hey .

Poquat rons (2-3 1)y and (2-13 mpla fred
ch can bhe

Iinto 1mplicit expresgilons in 0
N

solved numerically.  The exoressi

K N
W . AN R
PH - . , . . tArR) (-4
) S H . . -
2 *\1 1o ", Vot (m A-R)
p A T
O : 2 2 2
J k"\ ¥t (v s—A-R)
wheter A and Bodepoend on PH oot P respoctaively.
) )5 )
4)()
AMOCO) dorived 1 ocolubriaty morde ] based onoov et s
3
+

ferent, but chemically cquivalernd , ettt reactaon
v y1 the model ocan-

egquat ions (2-1-1) to (2 -1 [ )

rnot be disclosed here.

A different aoproach to the \hove was taken by

. 2 . . o
Kent and Ei senherqg 1 , who combined all the non- 1dealitiaes
fitted

into two parameters. These parameters weroe curve
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3

D1 pure component systems, begto shows marke b odeviations 1y

r

3 30
Trxtures
In the condensear ot the regqenerat 1, the L1 pondd
'

rhase 15 essentially 11 water. Thus v srmib ey Henr ey '

Law model ot HPS and CO, 1nowater may bhe oased. Mhe

: t ,
relevant data taken from Perry are qaiven an Table 1.

TABLFE 1: HENRY'S LAW COEFFICIENT
(atm/mole fraction)
FOR CO, AND H_ S IN WATER

2 2
t,°cC 3n 35 40 45 50 60
——— e . S
H x 107} 1.86 Y09 .33 bon AR 3.4
cO S
2
- — el
)
“H L ox 10 7 .09 b7k 4 13 R.RA4 10
I S _
PO Fathialpy Data for Acah (;,)s;l\rnm- Sy s tems
— e — el e —— e b e C—— ————— —_— — —— N N —_— -
The contribution t ., the liquild »r vapour enthaloy

of a component with newliagible heat of mixing 15 readily
determined using i1deal vapour phase enthalwiles, modified

b lTatent heats »f vapourization for the liiquid phase.

H

However, HZS and C()z have - nsiderable heats of solution

and few data are avatlable on these.



-

v, o, M
o the by a1 colubrr bt bt o, Lo ot v | !
'
caloalbatoed approxpmate cnthalae . oot o batton ton '\.' v d
Cooan both MEA and DEAL Phe valfe. ate tabulated an
. i
/\})pf‘nnlx 1. In atl case the cnt bl ot soluthiron s

Strongly Jdependent on P hee ac1ed ogas )Y ooavting, bt 1t orma-

tion to o date andieoates no tompoerature Jdenendence and n\L‘x

vaively bittle dependence on wOolut ton normality. Kohl  andd

7
Riesenfeld 4 have published Ginegle values-tor the onthal
pres of solution ot HoD and t‘)f\)) in both MEA and DEA. The

values are qgaiven in Avpendrx 1 and a1 e 1N approximate
2,07, 08
aqreement with those grven by Lee et al.
Pure component onthaalioe o he St aine I trom the
-
. 1
API Techniecal Data Book . Latent heats for the amines are

. . 11 .
found in the Gas Conditioning Fact Book , and for water

in Porry6.

J.4 Numerical Solution of Stagewise Proceases for

Mult lt'nmphnnnt M1 ¥t res

2.4.1 Algorithms for l?rnnllhr'i\nn Stage Calculations

Many algorithms axict for solvang the nonlinear
A ’ L '
system of cquations descrpbing Gteady state condaitaions an
separation devices. Most of these methods decouple the

model cquations, that is, the system of cquations 15 split

into two or more subsystems which are solved succossively
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o ,
1, ] e ) K 1)
i | ,);lv - Vel .
| K X . .
1, 1, 1 | !
% "
Yy,
\2_9)
This yiellis:
&
K, . x, . - v. - \ ;
. 1,3 71,3 1, . 1,0 .
. = S B, S
X . -y T
1.0 1,0 Ll
(2-10)
ani combining with <cquation (2-7) gives finallvy:
(K a by
ey 1 1 +1
N 1 - oxt - _— ) | - redtt
1, v K. . x.
) 1, 1,
(2-11)
Thizs model 15 1mes 1 well mixed S¢ 10, Modlr fi1ca-
.- 16
tiroons san be made 1o x‘:‘:,m'mx-iati Other raaxing models
¥ o the varirables Lt cooYy, K ;X ,
1, 1, )
Lo oind P Yree xr oW om o the roofiles at each i1ter-
v /SY 1s the surerfi~ial agas velncity In the ~ol-

Jy}n ind 7., the outlet welr height, 1

ol desiarn. This e 1 oomp et
L
) can be estimated.
' ] ‘A,
For the case of absorption <on
re1ct1o0rn, K)(‘a is gq1ven by equation
{ 3

) . o '
and k 'a are the i1ndividual gas and 1

‘

5 known for a qgiven

1y lertermined 1 f

nhlined with chemical

a
|

(2-12), where k
'y

igquid vhase resistances



L

Cin thae absence ot chempcal o reactrond oot thee Henry

law coetfircient and 1 o1s the entoaroccemeat Py Tt

S aphancement factor 1o e crre of how munch the

1te ¢ absorption 1s 1ncreased by otne presence of chem-
, -
L3
Dl ot ot aon, aned 1t s b ooexroree el fanotion o
. . : . 2 .
the reaction rate for a gilven reactlion reqglme . For

example, the penetration theory gives, for the i1nstantan-

. )
cous reaction. regime”,
D o) D
)
(@) 2
1 = (1 + ﬁ: —~, ) oo (2-113)
1 27 1
P stage Efficiencies tor Amine it s
.
Little work has been ublishel on efforts to assidn
23
tl et et r ol T1ees 171 1ML SV S tenms . Kohl staipdled
the abs.orption of C()2 into MEA solutions. He calculated
, : . : ’ - g
Murphree vapour stage efticiencies ot between 8 and 25+, -

3

the low values 1ndicating that the liquild film 1s con™

. 19 .
trolling. Rowland and Greng found a wide ranqge of

efficiency existed over a CO2-MEA absorberxr. Their values

were calculated from a fundamental approach, using con=

stant values for kqa; kLa and the liquid holdun, and



ranged trom 670 a4t the torn to le o tha 0 ot the bt tom
ot the absorber.
.I
Kohl candd Paresont s |l hoave bbby bbb v correlbat ton
for K()(,d for the absorntion of: G MEA solut rons, The
’ 'S
correlation comes from a review of the avarlable data and

strictly applies-cnly to a limited range ot conditions and

o absorption of O, an the absence ot H s. The expres-

. . 24
sion 1S :
R Y
\% . -4 0.68 .0 -
¥ L (j‘——)l..}_)(]() ,/\1 [19,1_‘)_ (()") B Yo e ( 0w 7T 3‘4{))]
OG z, 0, )
r ' 7
(-14)
’ .
where: K()(‘.] overall mass tiranster coeffileoient '
‘ 3
'.’ I1b moles / (hr, o ft " oatm)
. )
v . actual gas volume
3 2 ‘
(ft / hr.ft tray)
- Z hertaht of contact sone {(ft)
b Covisco ity,  (en)
X(,() concentratron o k"’:, i solut iton
2 N }
{molos /med MIA)
m = amine concentration Tta osolution (g moles/e)
T = temperature (CF)
) ¢
j ~ partial cossure (atm)
14

I1f. the temperature is above 125°F, T in equdation
. ‘ 23 ( N
(2-14) 1is replaced by 250-T .



‘
Relatively few srndxés‘on H,S \bsorﬁtion in amine
solutions have been publlshed,'9nd no correlations such as
equation (2-14) are available. However, KOGaucould be
estimated from fundamental rate data and equqtion (2-12).

Both Astaritaz and Danckwerts7 suggest that st absorption

occurs in the instantaneous reaction regime for the major-

ity of conditions in an amine system. For the simultaneous

abgsorption of HQSWand coz, Danckwerts and Sharma8 suggest
the following expression for the enh&ncement factor, Il'

for HZS absorption, assuming the instantaneous reaction

regime applies: ,

[RNH2] D,
2c! D, D :
2c'o 2 Dz 1
1 + —?—‘ﬁ— B—-
o,1 71
b —d
where: subscripts 1,2,3 refer to HZS’ C02 a MEA

respectively.

a
i

solubility of i
P

0,1

diffusivity of i

Q
i

Instead oﬁ using equation (2514),‘K0C 5
/ > . .

absorption could’be calculated from equation (2-12) using

a for CO

the assumption that the reaction is fast reqimez. In

this case the liquid phase coefficient is given by:



K Ik“ ' /v U—h ’ * (2-16)
I I. v ! o
whe e kl i the pseudo for 0 nander e constant tor the
reaction
Ry
CO, 6 2PMH, L REHCOO v Wil C(2-17)
In general the Timited rate data }Vgllshlv S

amine systems makes a rigorous JFftermination of stage

efficiencies diffaicult. . ' T

2.6 Multicolumn Calculations

In most process flowshe t o ntaguar sti1ons there arve

1 number of r&cyele streams.  Praior to the gdevelgpment of

digital computers, thesge  tream: made the closure of’
material balances around a process a job requiring perhaos
man-weeks of effort. As computors came into widesoroad

. 32,33,37,38
usage, various met hods I were developed to per-

form® the requir.-d itcrative calculations far more speedily.
Because héthods of performing detailed equilibrium stage -
calculations had not been déveloped-at that stage, cach
separation device or reaction unit wifhin the éystém had

to be treated in a simplified "black-box" fashion.

Therefore, a split was approximated fer each component

around cach device. Suc¢ch a

implification made the sol-

utions obtained far from rig
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.
MOre recently v tew Guthors hive nublished methods
L]

. N . A
that solve rigorously the equilibrium stage equations in

a system of separation devices. Most f these methods

.
-~

are extensions of pfevious algorithms Jdeveloped toO handle
single columns, and the majority still-emplq’ a procedure
that deqouples the gffect of some of the variables.

The “Theta method” * has beeﬁ applied to a number
of linked column probfoms. Initially Tomme an? Holland42
applied the technique to a two coluﬁn system. They termed
the conQergence method for systems the "capital” Theta
method. A generalization of phis procedure was presented -

by Nartker, Srygley and Holland34. Individual units with-

in the system may be any of the conventional separation
devices (abéorber,’rebpiled absorber or distillation col-
umn) or a special type (mixer,>prop0rtional dividér, flash
unit). The geﬁeral procedure is based on the calculation-
al procedures for a single column, with the additional use
of so-called system thetas, which forcé simultaneous con- '
vergence on all columns in the system. The Kb—method15
was used to determine stage temperatures, and the constant
composition and Q methodé15 to determine totai flow rates;
These produced a stable calculational procedure, although
the number of iterations ihcreased whenever side heatérs
or coolers héd to be introduced according to the Q

method.



-~

. . 3 . :
Later Billingsley nresente.dl ¢ simplified tormulation
of the above procedure. It involves only the theta cor-

rection factors used in formulating the equations “for a

single column, thus making the system thetas redundant.
]

v e

In addition Billingsley notes that in certain cases mat-

34-ma;y be

ricgs in the general pracedure of Nartker et al.

.nearly singulér, in which caée gross errors would occur

in the material balance around the system. He presents

a modification to the equations used which eliminates the

difficuley. |

| Petryschuk and Johnson36 employed the method of .

Nartker et a1.34.in the simulation of a complete light

ends recovery system. They utilized two other calculation

methods - a system block—félaxgtion method and a sequential

iterative method. For a particular recycle loop in the

light ends §ystem, a combination of the system theta-method

and the block;relaxation method was found to be the super-

_ioﬁ technique. This combination was up to ten times as

fast as the pure block-relaxation method, illustrating the

asymptotic approach of the latter to the final soéution.
Jelinek et a1.20 found the block-relaxation method

sdperior to the sequential iterative method.. The -* ‘

diadonal elements in the material balance matrix,

arise from recyﬁle‘streams between columns, we?e v

N

by a special modification of Gaussian elimination



All of the above met hods de o b t e ‘moatar il hals
ances from the enerqgy palances, and most would stall per-
form bubhle point calculations for the stgde temperatures.
The desirability of simultaneous solution of all equatlons'
has been recoqniséd for some time, but it 1s only recently
that methods have appeared that successfully do this. At
presént, Harc lerode and Gentryl4 are the only authors to
have published the application of siuch 1 method to a
system of columns.

The algorithm is an extension of Gentry's garlier
methodlz. In the multiple column case, the matrix equa-

tions involve matrices with a limited number of rows and
columns that are completely full. Special matrix methods
and a modified form of Gaussian elimination are used 1n
the redﬁction of the matrices to a form where back sub-
stitution will yield a solution. Roth anvedures are
speci1ally designed to inurease the efticrency of_tﬂe mat -
. 1x manipulations ani to jecrease woﬁwutlnq time. One
restriction on the me}hod 1s.rhat the svecifications for
.d column must be symmetrlcaf, i.e. the spowt?ication

must apply to the same Séaqo as thf equation it replaces.
The compiexity_of the matrix manipulationé fncreases
'markedly when composition dependent equilibrium and

‘enthalpy data are employed.



i MODEPTLING AMINE COoNUAC Ol AT REGENEPRATORKG

3.1 Stajge Moldel

A jeneralized stage madel 1s Shown o as Floagure
Thias model can represent oany ot the usual o separatiaon de-
Cloes, but o oan the present context will refer primarily o
amine absorbers (contactors) or regener vt ors.,

The steady. state model equations tor any stajge )

and component i may be represented as follows:

(1) Phase Relationships:

‘."'1,] = e . K. . x. . (3-1)

These reduce to equilibrium relationships 1if

the efficiency factors, e,

’

X are all egqual

to unity.

(2) Component Material Balanc-es:

Py Py " Taen M- T Ve Y g TS
- (V_+SV.) v . B c (3-2)
) 1, 1,
(3) Fnerqgy Balance:
F. H .+ .+ L. h. + V. H. -¢L.+SL.) h.
3 K Q] -1 3-1 J+1 3+l ‘1 j, )
- (V,+SV.) H. = E, {3-3)
J 3 J 3

(4) %ymmation Equation:

r4
0
o
Z

z x, . - 1.0 © S. or

n~n
s<
|
-
o
"
n

H.
H
-

[
-
[
~
.
(]
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FIGURE 2: GENERALIZED STAGE MODEL
/
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The following quantitiles must he spoecilfied in order
« . 4at o, tne number of unknowns with the namber of 1nde -
pendent eoquations.
(1) the total number f stages
(11) the pressure it ach st
c111) the locatio:n, too*1l rate, . w o s1tion and
, condition - ¢ ooy ch foend
{(1v) the locatiorn ani +oral cquantity of each side
stream (ligui il or wapour) -
(v the location and heat duty ob any intercoolers
&
or heaters (includin ~ondenaser and reboiler)
(vi) the values of the vapourization efficiencies.

It should be noted that any of the above specifi-

cations may be replaced by an equivalent specification

involving another variable.

In

4

particular, for reaenerator
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$.1.1 Solution Procedure

A solution to the nodel ejuations 15 obtained when
v et of values of the temperatures, T 'o, the liguii and
avour flow rates, L 's, «nJ V.o's, and the hase compos-

] ]
1tions, x| 's and vy 1";, 15 found whi v makes 111 the
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ML U andd S el Lo zero,
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t e epaatlions,

Faor the purpose ot linearication the 1re

assumed 1ndependent o)

The linearized

(1)

€
1

f temperatiare and composition.

edquat 1ons are:

Component Material Balances:

+
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(b)

tapering off *to almost constant molar flowrates

in the bottom half.

4
Liquid Flow Rates:
Once the Vj‘s have been estimated, LJ'S
are obtained from equation (3-5), with Mj = 0.

Temperature-<

For the contactor a linear interpolation
between the topn and bottom =tage temperatures
is generally sufficient. Th;: temperatu. of
the top stage can be set equal to the lean
amine feed temperature. The bottom §taqe temp-
erature is more difficult to estimate and de-
pends on the guantity of acid gas beina ab-
sorbed. If necessary approximate values of
the enthalpy of solution of H2S and COz.can
be used to calculate the expected temperature
rise in the liqui-i.

4
For the 1o qenerdator, the condenser temp-

erature is specified and the reboiller temp-

erature will normally be about 255°F. The
temper «+ re Hf the feed stage (normally the
5€COr. 1in be approximated &§f7b—40°F
above the temperature of the feed. A linear

interpolation between this temperature and

the reboiler is then used. I®& the feed stage



is not the second stage, then Stages between

"the condenser and the feed can assume the feed

stage temperature.

(d) Ligquid Compositions

For the Contactor,

(i) the bottom stage composition tor HZS and
Cbz is obtained by assuming that all the acid
gas, in all feeds, is absorbed into the rich
amine. On other stages the respective com-
positions are equated to the lean amine com-
position.

(ii) MEA/DEA and water are assumed to remain
solely in the liquid.

(iii) other components in the feed, such as

hydrogen, nitrogen and light hydrocarbons, are

assumed- to remain solely in the vapour.

For the Réjyenerator,

(i) in the condenser the compositions are set
equal to the following, where subscripts 1,2,
3, and 4 refer to st, C02, MEA/DEA and HZO

respectively:

Xy = .001, X, =.0002f x5 = .006,
Xq4 .9928, X . = .00 Z., i = 5 » NCP
i . 1
4
[}

"“?ﬁ



N {
where z, is the composition in the rich amine
feed. The same values apply tor stagjes between
the condenser- and tﬁe feea stage.

(i1) oﬁ’the feed stage H,

'H20 are assigned their respective feed com-

S, CO2’ MEA/DEA and

positions.‘ For other components, their over-
all composition in the feed is reduced by a
factor of 1060 to give the liquid phase com-
positions. |

(1ii) for stages between the feed and the

- reboiler, the HZS and’co2 cqmpositions.are
linearly interpolgted to zero at a fictional
stage one below the reboiler (to give a non-
' zero composition in the reboiler), MEA/DEA
and'water are assumed to remain solely in the

ligquid, and other com'hts have their com-

positions reduced by a factor of 10 on each
&
successive strage.

(e) Vapour Compositions

Once liquid phase compositions have been
estimated and normalized, K-ratios can be
determined. The Yy j's are then given by

’

<
equation (3~1).

33
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3.2 Determination of Equjlibrium K-ratios

The modified model of Klyamer et a1.%2, as derived

35, was used to predict the\partialvpressures'of

(see equations 2-4 and 2-5). The equilibrium

by Nasir
HZS and CO2

ratios are then given by equation (3411), where i répre-

i

sents either ﬂZS'or C02.

K = —2 (3-11)

For the condenser, where thefe is a dilute sdlution
of the acid gas componéhts in water, thé K ratios are de-
terﬁined via the Henfy's Law coefficients for st and COZ'
as tabulated in Table 1. The. temperature rafige of the
dgta in the tablé covers the normal range of condenser
temperatures. ” ; o

witﬁ only a few data points it was deemed suffic-
iently accurate tofYyse Lagrange interpolating polyndmials.
These were made to pass through the data points at temp-
eratures of 30,40;50 and 60°C, and then slight adjustments
made to thé\cbefficienés to ensure a good match at temp—
eratures of 35 and 45°C. A third.ordér polynomial w&s
chosen as this produces a curve with a small oscillatory
nature. A

The equations for the Henry's Law coefficients are

then:

)
R TN ',,g?ﬂ



(1) For H,S ' _ )

H = 0.1717 (T-30) (T-40) (T-50)
-0.442 (T—30)(T-40)(?-60)
+0.3725 (T-30) (T-50) (T-60)

-0.1015 (T-40) (T-50) (T-60) . (3-12)

(2) For CO

H = 0.568 (T-30) (T-40) (T-50)
© _-1.415 (T-30) (T-40) (T-60)
+1.165 (T-30) (T-50) (T~60)

-0.310 (T-40) (T-50) (T-60) : (3-13)

Finally the K-values are given by the equation

. H,
Ki = 5 (3-14)
where: P is the condenser pressure in atmospheres'

i refers to either ﬂzs or C02.

For othér components the Henry's‘Law coefficients
havetbeen curvefitted as a funqtién of temperature. Some
of these fit§ are quite approximate because of the
paucity of data for the solubility of hydroéarbpns in
amine solutions. fpr simplicity all fractions higher than
Cé are lumped toéether.

Raocult's Law is employed to give the partial pres-
sure, and thus the equiljibrium K-ratios are given by

, equation (3-15). P



H.
K, = =— i = 5 = NCP (3~15)
i P
T
where: P is in mm H
T g ‘ -

H, 1is in mm Hg/mole fraction,

3.3 Determination of Enthalpies

The molar enthalpy of component i as an ideal gas,
H?, is givern by the.following cubic equation in temperature,
©OR. The coefficients are taken from the API Technical Data

Bodkl and are given in Appendix 2.
o 2 ' 3
H] = {A, (T/100) + B, (T/100)° + C, (T/100)
+‘Di(100/T).+ E;} XMy : (3-16)

The molar enthalpy of the gas phase is then given -

.
by equation (3-17)
NCP o .
H = iil Y; H; - c{—- | (3-17)
For non—volatilé components, namely MEA/DEA and

water, the latent heat of vapourizatioan has been correlated

as a quadratic in temperature, °R.

. 2 -
H = {ALi + Byi T + CLi T} xui (3-18)

vap, i

The coefficients are given iﬁ Appendix 2.



The enthalpy of the liquid phase is given by:

NCP .

o

h = .X X3 (Hi T Pvap, S M) (3-19)
i=1 :

AHC;O1 is the enthalpy of solution of the acid
qas components. Values are tabulated in

Appendix 1.

3.4 Development of Partial Derivatives

Linearization of the mode! ~quations introduces a

set of partial dertvatives that must be evaluated either

-

numerically or analytically at oach i1teration. In accord-

ance with the findings of [shii'’, only those partials -

with a dominant effect on the solution need be evaluated,

namely
AK. . R I I
i, T, Ty g
“FTfl B T, And g
] 1,3 B )

The K-ratios for components other than “25 and C()2

are given by equation (3-15). Then the partial.derivatives

with respect to T and x are:

'axi . 1 HHi
)
j T "~ )
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-~ (3-21)

For H,S.and COZ’ wKi j/a’r‘j was evaluated numer,call{
usiQg a step size of 1°F.

K -

g;iLl for these two components can be derived
i3 .

analytically as follows.:

The impl%cit eipressions for the partial pressures

of H,S and CO,, are given by equations (2-4) and (2-5) as:
‘ Ky 2 A(A+B)
P = U] . L . —————— (2"‘4)
H,S K, K. HHZS aa (m-z-A-B)
p - = L. _%57 . z (A+B) (2-5)
COZ Km a (m—z-A-B77

Then using equation (3-11) with each of (2-4) and

(2-5) in turn, and rea}ranqinq vields:

(K. K. P._ H aly K

S X (m-z-A-B)
i le " T H,S H,S "H,S
' 2
- Ky YT A(A+B) = 0O (3-22)
. 2_ 2 a2
(Km.PT a a7) KCO xCO (m-z-A-B)
2 2 :
. 2 .
- vy“'z(A+B) = 0 _ (3-23)

Both of these equations are of the form

F(Kj. xj) = constant

18



Y T

where j represents Hzﬁ , 5

Then the partial derivative of Kj with respect to

xJ is given by

K . I%5/k.
T;% = IF (3-24)
3K .
i/ x .
)
(A) FEor H,S (subscript 1 H,S)
(i) | = = K, K, P_H, aK (m-2-A-B)
?xl i lc T 1 1 *
K
1
3 3A
+ Xl((m‘Z-A“B) T - 1 W—}}
. | 1
2 iA , r :
- Kw [} (2A+B) 3 + 2. A(A+B) T.;] (3-25)
X x
1 1 ,
3F o ‘ & Ao " 3A
(11) (T?_> = Ki Klb PT Hl aa x} [}m z-A-B) - Kl T?_}
1 X, P 1
- Ky, 1% (2A+B) L (3-26)
o1

The partial derivatives required to evaluate

¢ ‘aF/axl and QF/axl are given in Appendix 3.



N\

(B) For €O (subscript 2 COZ)

. oF _ 2 2 )2
(i) (-a"z)x = Ky Pp 2’ K, [(1 (m-z-A-B)

+ xz(m—z—A-B)z (21 5—)

+ 2x (m—z-A-B)xz(— .z _ B )]
. 2 VX \xz

2

B Yy  _ 2 3B 2 3z
2yz (A+B) 8x2 Yy 2z sz Y fA+B) 5;;

(3-27)

. L
(11) (%g—) = KM PT'az‘a2 X, [}m—z—AjB)z
27 x

dz JdB
+ Z _—__}
3K2 BKZ

- Yz{(A+B) (3-28)

where the required partial derivatives are given

in Appendix 3.

In the spegial case of the condensef of the regen-
erator the partial derivatives are computed by different-

iating equations (3-12) and (3-13). Thus:
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where:

corrections are added to the expressions for the activity

coefficient,

1,) (15 .4 B R MU .002]1'/)
- .
LT (74.1 L 6sT + .0247%)
K )
- .,'
RI% 0
1,
::‘ , ’?‘;‘ LY o ol 1w
T T
H B Nel . '»I
T L= T » T
ll\
‘D - NCP ~ J 'l —.' — .,‘J—A‘i“ ! ‘
o e
A
'TA,‘ CAL T e e i
, "-’\1
S U TR .
1006
“Hiyap, 1
_Vap.l gy, o+ 20 1y e
aT 1 1 1

1

.8 P

t ot

P otor

( i-‘)(’)

(4-30)

SRR

(3-32)

(3-33)

(3-34)

In the reqgion of low acil gas 151lings empirical

1 4

Yo

and to the final expressjons for the

t

41
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partial jresadares o L
corrections on ligquld composition
pected to be slight and theretore

to the partial derivataives.

o enclen
temperature

~orrections

'

[ the e

15 eX-

are made



4. APl AT T oh i TR TN B

DEST SN oF AMINE ONTTS

The 1ntention of this aapter 15 t o joemon.trate
how the gomputatxonal modeel may be ased an the fesign ot
contactors and reaenerators. Four test problems, usindg
bosth MEA and DEA as «olvents, are presente-d and the re-
Ls\Axlts' Sbhtaitned with twe litferent laty "orrelations are
Jiyen. Other uses of the model are ind1.-1ted, with
jetailed attention bel1ng focussed on evaluating the re-

l1t10onship between the lean amine resi-duals nf the aci:d
t

gJas components and t

sweet gas H .S composition. Finally,

jetails are given (wf method of oredicting the vanour=

H.+ wnd CO 1n AMmine unlts.

1zation efficienci N 2

1.1 Test Problems

The foll swin: © . or hlems At ¢ 01 t1r ovhoamine
camract ara oand operene Yt e veer oyt oo g 1t sral oSt re -
ssi1n:t o Lants., Q
Fxample Problem No. ! MPTA Tontactor

The wvroblem sLe.c1f1oar1oons o oand oot raloae s tou

are as follows:
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TOMpOS Lt 1o D Eptering Dtrerams

“smoonent Sour Gas Semilean Amine Lean Amine
o (moles/time) imoles/time) (moles/time)
H LS 18.7 54.3 1. 28
“‘: 2.95 6.3 1.57
ME A - )50 .0 62.05
wWar .91 255n0.0 e s
R4 ' Ao, 9T -
nitroden 29.53 -
methane 781.55 - -
srthane 354. 36 0.16
propane 124.02 0.42 -
n-butane 1.97 -
r
i-butane 19.69 - -

Ther sour jas i o e . aer 1 o roral o aoad oaas,
1t both lean and semilean avane st reams are 25 weilght
A ~he lean amine -~ontains 50 Jgrains per gallon

ir5al: f both H2S ind CO L, while the semilean amine
“yntains 2200 jr/qal HZS and 200 gyr/qgal C02.
N
Number of 1deal stages = 20
Feed temperatures: v
Sour gas = 95°F
Semilean amine = 120°F Rt
Lean amine = 100°F

;j)



Semilean amine enters stage 4.

Column pressure = 150 psia.

Initial Assumptions

Stage NoO. Temperature (°F) vapour Rate (moles/time)
1 110 1960
220 120 | 1960

Example Problem No. 2 - DEA Contactor

This problem corresponds to medium pressure DEA
contactors operating 1in Alberta. Specifications and

initial assumptions are:

Compositions Of Entering Streams

Component Sour as Semilean Aamine Lean Amine
o (moles/day) (moles/day) (moles/day)
H,S 6948.0 290.5 363
'002 B868.4 140.25 28.1

DEA - / 8147.5 5415.0
M,0 - 154,650.0 70,260.0
methane®* 21,130.6 ' . - -

* because the relative compositions of the light hydrocar-

bon components were unknown, all such components were
considered as methane for convenience.

A Y

N
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These compositions correspond to 24% 5 and 3« JO

o <

11 the sour gas, 31 weraht Uercenfyﬁgzrlnan amine sol-

ution with 40 grains per qallon each of H25 and CcO,, and a

23.6 weight percent DEA semilean amine solution, contain-

1ng l1fO rains ver gallon H

S anl 100 grains ver adallon

SO, The flowrates of lean and semilean amine are respec-

tively 150 and 300 gallons per minute.

Number of 1deal stages = 4
| Feed temperatures:
\
s$our gas = 100°F
Semilean amine = 145°F
Lean amine = l§5°F

Semilean amine enters stage 2

Column pressure - 712 psia.

Initial Assumpticn:

S

Stage No. Tempéraruréiiﬁl Vapour Rate (moles/day)
&
1 135 21,131
2 - 140 21,131
s ‘ 145 ) 21,131 {/
4 . 150 21,131
A :
£
L4
L=



Fxample Problem No. 3 - MEA Regenerator

The problem specifications arnd initial assumptions

are:

Feed Composition

Component - : ' Feed (moles/time) -
o H S . 11140.2°
AT '
ﬁ_g??q§°‘_ _ 101.8
! MEA " 3220.0
H,O ; - 32730.0
H, | 0.67
N, A ' ' 0.04
) CH, . ' 0.57
C,H¢ 0.32 "
C4Hg 0.34

. Number of 1deal stages = 14

Feed stage number = 2
Feed conditions: temperature = 200°F
Pressure = .100 psia
Column pressure = 28 psia
Pressure drop per stage - 0.33 psia'
Condenser: temperature = 120°F
Pressure = 27 psia

Reboiler duty = 114.11 MM BTU/time.



Y
The rich amine i#J2% weight percent MEA cdntaining

about 3650 gr/gal H,

duty corresponds to 1.3 lbs. of 55 psi1a steam per gallon

S and 250 gr/qal COZ' The reboiler
of amine solution.

Initial Assumptions

Stage No. Temperature (°F) Vapour Rate (moles/time)
] 120 1140
2 230 3420
3 240 5000 *
¢4 - - 242 2 5100
5 | 244 L 5200
6 246 ' 5300
7 248 ' ‘ 5400
8 ' 250 . 5500
9 ’ 052 _ 5600
_ ' A
10 . 254 - . 5700
11 .. 256 | 5800
12 258 : 5900 o,
13 ‘ 260 6000
14 262 | _ 6100

Estimated reflux ratio = 2.0.
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Example Problem No. 4 - DEA Regenerator

'

N

The problem specifications and initial assumptions

are: L}

-

Feed Composition

A
Component Feed (moles/time)

HZS 37.82
COZ' 123.71
DEA 290.88

‘H,O 6012.4
CH, . . 0.43
C2H6 0203
i 3 C3H8 0.01

The DEA solution is 22 weight percent and the re-
béilgr duty corresponds toO approximately 1 l1b. of 55 psia

steam per gallon of amine solution.

Number of ideal stages . o= 14 l

Feed stage number ‘ = 2

Feeé conditions: temperature = 180°F
Pressﬁfe ‘= 48 psia

Column pressure. o = 27 psia

Pressure drop per stage = 0.33 psia

Condenser: temperature

100°F

 pressure = 25 psia



Reboiler duty © 16.171 MM BTU/time
Vapourization efficienciés:

. H25= 0.7

} on all stages
CcO

2 ‘0.3A

" Initial Assumptions

Stage No. Temperature (°F) Vapour Rate (moles/time)

1 100 160
2 220 400
'3 232 700
4 234 : 850 :
5 ) 236 900
6 238 . . 905
7 240 ' 910
8 242 . 915
9 : 244 ) " 920
10 246 " 925
11 248 ' 930 °
12 250 935
13 ‘ 252 ' 940

14 254 S 945"

Estimated reffu. ratio = 1.5 .
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4.2 “1S“U5§}“”_2£,E2§l,£32320m5
The detailed .computer printouts for the test
problems are found in Appendix 4. Two different data

correlations were used for each problem:
(a) Nasir's35 modification of the work of Kl?amer

et 61?2

(b) the correlation supplied by AMOCO??

Table 2 lists a comparison of the number of iter-
ations and CPU times required for each correlation.l The
computer used was an IBM 560/67. In qenéral fewer iter-
ations are needed when employing the. AMOCO correlation,

but more CPU seconds per iteration.

TABLE 2: NUMBER OF ITERATIONS AND CPU TIMES
REQUIRED FOR TEST PROBLEMS FOR TWO

. DATA CORRELATIONS
CORRELATION T :
"l CUSED NASTIR AMOCO
| — oF | .
NO. OF CPU TIME NO: OF |CPU TIME
PROBLEM ITERATIONS | (SECONDS)| ITERATIONS| (SECONDS)
MEA : '
ﬁi, Contactor _ 6 17.2 6 17.7
DEA o
2 Ccontactor 4 1.7 3 . 1.7
MEA ,
-3 Regenerator .6 ' 6.8 5 8.3
‘ DEA ‘.'- '
1 Regenerator 10 A 10.3 7 11.3




The ldttc_‘l‘ s lquely kn;\xnnm in this AMOCO correlation
a standard set of 18 components is ysed and this resglts.
in a number of redundant multiplications when any of the
18 are not present.

' The different data correlations produce very
different results. The comparative values of important
design variables for each test problem are given in

Table. 3. It is obvious from the tabulated values that

the .results are highly sensitive to the data correlation

used. -
TABLE 3: COMPARISON OF THE VALUES OF
' IMPORTANT DESIGN VARIABLES.
PROBLEM VARIABLE * | NASIR amodo
Reflux ratio 1.87 1.79
MEA :
Moles H,S in lean amine 125.1 .94.2
Regenerator - - - e
Moles C02 in lean amine 59.3 84.3 °*
- ,
Reflux ratio 1.33 1.22
DEA
Moles H,S in lean amine 2.69 0.47
Regaenerator
. MOles\CO2 in lean amine 17.0 12.6
pbm H.S in sweet gas - 10.14 15.82
MEA 2 \ : :
-Contac . = ~
nta t°? ppm CO2 in sweet gas 0.09 0.22
DEA pPpm st in sweet gas 3.18* 1.57
Contactor j ) : Cw
pPpm CO2 in sweet ‘gas 0.40 0.10°

* not using empirical corrections to K-ratios at low acid
gas loadings. ' - - "



€

. .35 . .
Nasir's correlation lies ~loser to publlshed
experimental curves than Jdo the other throee correlations
A . . 21,222,265 o . .
referenced in this work ; However, his correlation
exhibits a limitation at very low acid gas loadings.

Namely, the empirical corrections used to force the pre-

dicted solubilities to follow the trend of experimental

curves for conditions found in the base of the regenerator,

encounter a Jdiscontinuaity at X“ e = 0.,0095, This 18 the
);1

Pl

reason the empirical corrections were not applied 1n the
DEA contactor problem. The discontinuity problem willvbéA
encountered when very low paftial pressures are achieved
in the sweet gas, and particularly iﬁ medium and‘hiqh
pressure contactors.

~4¥ﬁr3rqiven;da£a correlation, the model cén be
used to determine optimal values of variables that are.
meo:tané cost-wise,'particﬁlarly tﬁe reboiler load And
the amine circulation rate.)

The reboiler load must be adeéuate to reduce the
quantity of acid gas cémpbﬂents in the reqenerated‘aﬁine
to acceptably low levels.. In addi&ion the entering
temperaﬁure of the rich amine feed can éffect.thé amount
of heat required. Often a hotter feed may significantly
lower the reboiler.loadf"The reflux ratio is also de-

pendent -on the reboiler lvad and may be found to exceed

the rule-of-thumb criterion of being between 1.0 and 3.0,



“ 4

It too little, or too much, heat 15 cuapplied.

The amine circulation rate can be varied in order

2

option of using a semilean stream can also be 1nvestigated

to obtain an acceptable H,S level in the sweet gas. The

using the model. This involves both the composition and
quantity, and the entering stage, of the stream. For
example, if problem 1 is repeated with 4 ideal stages
(using Nasir's model) and the sémiipan ontoré on stage 3,
the sweet gas contains 14 ppﬁ HQS. If instead the semi-
lean.enters on stage 2, the sweet gas contains 66 ppm HZS‘

Incorporatinq the vapourization efficiencies
changes the results obtained. Problem 4 was run twice .
Qith a reboiler load of 17.0 MM BTU, and wiﬁh vapourization
officienéies on all stages of: |

(1) 1.0 for both H,S and co,

(11) 0.7 for }!28, 0.3 for (‘02
The Ca_lcu-lated‘ r‘eflux rati1os were r_ospoctlvol}\' 0.95 and
1.70. In the ideal stage -ase 4.04 moles st and 7.71
moles C02 rema’'ined in the reqgenerated amine; for case
(ii) there were 2.83 molés H,S and 16.59 moles CO,. The
next section illustrates how important accurate estimation
of these residuals is in reaching an acceptable H,S level
in the sweet ‘gas. S\ ©

Details of calculatinq vapourization efficiencies

fram fundamental rate data are considered in Section 4.4.



.

1.1 Dependence of Sweet as Hz:; Composition

o — e e s s memts = o T —

en Lean Amine Residuald.

The model can be used to obtaln information on the
’ ;

relationship between the lean amine residual compositions

of st and CO2

gas. Figure 3 shows the results of such an investigation

and the composition of st in the sweetened

utilizinq the model developed by Na51r35. In the figure
ppm st 1n the sweet gas is plotted against grains of HES
per gallon of circulating lean amine solution, at various
loadings of CO2 in the lean amine (gr/gal). -
The contactor used in the study hatl the-?nllowinq
specifications:
Number of ideal staqges - 1 .

Feed temperatures:

sour das = 100°F -
lean amine = 110°F
Column pressure = 500 psia

The sour gas was 20 percent total acid gas and the
acid gas loading in the rich amine was between 0.51 and
0.67 moles per mole of MEA. A 15.3 weight percent solu-
tion of MEA was used.

various ratios of HZS:CO2 in the sour gas feed were

used:; however for the contactor used the ppm st in the

sweet gas was independent of this ratio at given st and
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;rains per Jallon or greater, for feel ratios less than 3
moles of st per mole of CO, . This corresponds to the
upper lines in Figure 3. For a reasonable stripper de-
sign, the same authoﬁg indicate that HZS would be strip-
ped to a residual pf:iess than 40 grains per gallon except
In cases where the‘séur gas feed 1s vredominantly H,S.
The actual positioning of the” points on Figure 3
iepenlds on the egquilibrium lata ~orrelation emplovyed.
To 1llustrate this, three of the runs were duplicated
using the AMOCO correlation. The points are marked with
arn '"A', and it 1is seen that the predicted H25 compositions
1, the sweet gas are lower than those given by the other
~orrelation. However, neither correlation can claim
ireater accuracy than the other as the region covered bv
rigure 3 lies outside the range of any hitherto published
tata. For both data o rrelations the :redicted solu-
r.1i1t1es are therefore an oxtrapolation of trends 1n the
(o300 Lot Ligher HZS 1nadings. Experimental data 1in
‘he regqron of very low H S loadings, that 1s down to
1.01 moles/mole amine or lower, would allow a more accur-
1te evialuation of the dependence ~f the sweet das H,S

2
compositinn on the lean amine residuals.

4.4 Predict: 1, ¢ Stage Ffficiencies

The stage efficiencies for st and CO2 are
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v

cale.iated from egquation [J-D1roo Saritables an

this eruation, the nverall mass transter coefficient,
K_.a, 1s the only one not 'tr) ly obtained from thg

‘urrent values of the stags ables. For CO2 Koca will

se estimated directly from equation {2-14), which 1s a

pmreral correlation for bubble cap travs given by Kohl

and Riesenfeld24. KoCa for st will be estimated from

equation (2-~12); thus estimates are required for kqa,

(9} - . .
L v 2 and I. Values of the individual phase mass trans-

[4
far coefficients and interfacial area per volume of
i.lare are estimated via the following formulae given by

uanckworts7 for bubble cap plates

k = 7 u ) D (4-1)
3
0.5
o 0.25 -1.95
k = 11 a ° ¢ D d (4-2)
L A
" 0. o33
1 .o J (4-3)
camer vt i 1g the Aypffaesyity A H Y 1n the qas phase
mT /s, ani can he estimated as gqiven 1in
. 43
Trevbal
) S 3y ffusiv.ty ot oo o the 1111 Y vhase
A ; K
, 2
{cm” /s
u - volumetric gas flow rate per unit area of

plate (cm/s)
S = volume of liquid on plate per unit area of

plate (cmB/CEZ)



Rt -

a" - = 1nterfac-i1al area cer anirt o area O plate
2 2 A~
(e /emT) o

.k

G’ kz have units of am’s.

] N\
The column diameter can be estimated from charts

3 o : .
T1ven by Maddox 0, thus giving the -~ross-sectional area

The average depth of lig&i.®on the ; 1. . Jopeovan be cal-

. ) . -
“ilated using standard design tpchnn;uuu' . Knowina this
cnables 5 1n qguations (4=1) to (4-3) ahove to be calcul-

ated. Then the interfacial area per volume of plate is:

a = a"/z ' o (4-4)

Finally kva 15 given from K. by the equation
2

3

kCa
i kqa = —RF (4-5)

The enhancement factor I 1s estimited from equation

4 4. 0 St €61 ney
4#1 C P qtjjiwp, 1 !F'if

a

The -various terms 1n éﬁ%atxon (2~14) are calculated
15 fullows:

. _ : 11
(1) Data on the viscosity of amine solutions W

approximately carvefitted by the oguation:

¢n .. = 0.96 + 0.036(wt - 0.10) - H.011T

(4-6)

ti)



whoere |1 15 1n oo

wt werght traction of amine
T tomper ature (7F)
(11) The values ot v o, T ind p ate g1ven by the

curyent values, of the sta,e caritables,
(111) 2 is knawn from Section 4.4, and V can be

calculated from the molar tlowrate and cross-

. soectional o area.

4.4.0 H,S Stage Efficuondy

. -
e
Jne bulk phacses concentratico, o tice dnine can be
!
b
calculated as follows. The concontration of’ ymine at the

top of the absorber 1€ given by:

&

{RNH | ] = 1000 (z - 2z - 2 )/)(Mlv (4-7)

2 t()['; | 3 2 1

where: Z z .

1’ A’ }

CO, and MEA 1n the loean cmine (mole/mole solution) .

(e resreect tvely the gquantit res of ”2:;'

XMav 15 the aver.ao mioleenular ~e1ut ot the lean

amine {(g/gmole) .
b 1s the riwhsity of the mine solution (q/cm;),

and 1s given approximately by equation (4-8).

1.002 t’.Or)z(wt - .10) - .000278(T-68)

b
+ Koris - 20 we) (1-68)0°° (4-8)



e .
where wt and T are the same as in equation (4-6) .

The amount of C02 absorbed above plate j in the

columﬁ is éiVen by:
. 1000¢ V. v :
CL L) 1 -1 -
(CO3) abs = XM {}b Y2,y T L. Yz.{} (4-9)
av ) 1

Similarly the quantity of “25 absorbed above plate

j can be calculated. Then, as two §nlos of amine react

with one mole of C02, the concentratioﬁ of free amine in
. -
solution on plate Jj 1is:

[RNHZ]j = [RNH, ] - 2 - (co

2 top ) - (H,S)

2 abs abs

(4.10)
It is necessary to iterate to determine the value of
KOGQ because tho interfacial Qarti$1 pressure is unknown,
yét the enhancement factor and hence KOGa depend on 1it.

The iterative procedure is as follows:

(i) Assume the interfacial partial pressure, p

. . . i'at-
(11) Calculate I from equation (2-15). The sogubilities
' v : :
C and C are obtained from a Henry's Law
o,1 0,2

expression and the bulk phase concentration of

amine is given by equation (4-10).

(iii) Calculate Kog2 from equation (2-12).
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(iv) Calculate the mean rate of absorption of st as

va = KOGa . pﬂzs

(4-11)

-
.(v) o Calculate the actual interfacial partial pressure

as

P o= P . - 2 (4-12)
int "2.) q

(vi) Repcat steps (i) to (v) until a constant value of

Va is achieved.

4.4.3 . Example Problem Né. 5

Example problem I was uscd, with 8 stages and the
inclusion of the above methods to calculate vapourization
efficiencieé for HZS éﬁd-coz..“hll other efficiencies were
set equal to unity. The physical parameters }equired for

fhe problem are as follows:

‘Diffusivities - H,S8 - 1.2
co,, 1.4 Lx 107% (cm?/s) .
MEA . 0.77
For st absorption - k? = .033 cm/s
kgd = 1.0 x 10”% qmole/cm?atm.s

a = 4.3 cm2 interfacial

area/cm3 liquid

Column cross-sectional area = 6900 cm2

Rverage depth of liquid on a stage = 13 Bae



)

The computer printoput for the example is given in
Appendix 4.9. The vapourization efficiendcies di;play a def-
inite trend down the column for Pgth CO2 and st. They
i“ lase between the top stage and the stage on which the
semllean émine is introdiced, and then display the same

trwnd hbetween the semilean amine teed stage and the bot-

tom,

The officiencties are much greater than unity on a
numper of stages, and particularly so for COZ' These
‘numbern'méy be more familiarly represented by backing out

the Murphree vapour efficiencies using the equation derived

as follows. The Murphree efficiency is defined as:

_ Vi3 T Vil |
Foy: . = L ~ - (4-13)
MV . .. =
1,) }SL,J xl,] 1']+1
Substituting for K. j x4 i from equation (3-1),.
that 1s, K. . x. - v. /e (4-14)

ll) 'll] 1'1 1, !

and rearranging, vields

Emvi, ) ° 5 “ © (4-15)
(‘)i : _i411l.§ -1

Table 4~details the Murphree efficiencies for each
s!aqe in the column. The values show gselective absorption

.

of HZS over CQ‘LEelow the semllean feed tray, and in mag-

nitude the efficiencies agree w1th the rule of thu es
-
. . - ol



2$ and 0.3 for Coz. To 1f1ué\rate the differ-

ence between calcul®ing the efficiencies and using ideal

of 0.8 for H

stages, the same problem was run with 4 ideal stages, with

TABLE 4: MURPHREE EFFICIENCIES AS CALCULATED

FROM VAPOURIZQI}ON EFFICIENCIES

Stage 1 i 2 3 4 5 6 7 8
~ HZS 0.92 |0.84 |1.03 0.89 {0.84 |0.83 [0.82 |0.82
co, ¥.00 |0.96 ] 0.26 |0.36 {0.36 |0.35 |0.35 [0.33
]
the semilean amine feeding to stage 3. In the B-tray case

the sweet gas contained 32 ppm HZS' while 4 ideal trays

reduced the HZS to onl? 14 ppm in the sweet gaé. A fur-

ther distinction between "real" and ideal stages is that
. 4 .

absorption occurs over a larger numbef of trays in ﬁhe

former case than in the létter._ This produces a more

slowly variant vapour profile up the column for calcula-

t ions incorporating vapour.ization efficiencies.
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5. A GENERAL ALGORITHM FOR SOLVING

MULTICOLUMN SYSTEMS.

5.1 Model Equations

A general network of columns may be considered a
system of columns in which any stage may have, in addition
to an external feed . stream, one or more feed streams which
originated at another stage in the network. Thus any
stage in the general network is represented by Figure 4.
There are féur possible types of interconnected stream,
namely a liquid side stream, ﬁppour side stream, bottoms
liquid product stream or top vapour product stream. For’
convénience in the following discussion, the battom stage
of a column in the system will be subscripﬁed with the
symbol NB, and the top stage with the symbol NT. '

Equationé (3-1), (3#3), (3-4), (3-5) and (3-6)
represent the model equations for a single'column. In a
general network of columns, the material and energy bal-
ance equations for a stage must be modified to include the
sum of the contributions from interconnected streams gg&er-
ing that stage. That is, equations (3-6), (3-3) and (3—55

for stage j and component i become as follows:

&

ES AN

o
W ose
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\
Component Material Balance
13 .+ . . + . K. . X .
)] zl.) L)—l xx,)*l j+1 €1, 3+1 1,341 T1,73+1
- s+ 5 . - \Y + év. . K COX L.
([1 L1)x1,1 ( ) ))el,w 1,1 1,19
' ¢
. S=1)
' L C,1.Kk 1, (
1 &« 1 < NCP, I < ) 3 NTOTL
tnergy Balance
* + ' + v H - (L, + SL.)h
Pw HF,) Q] MR Y- 1+l ) 1> )
- (V. 4+ SV_)H_ ¢+ . E (5-2)
1 Kk Fox I
1 « 3 s NTOTL
-
veer1l]l Material Balan-ce
13 + L + 0\ - 1 LN . - SV.)
> 1 141 : N ) )
S M (5-13)

1 « 1 & NTOTL

where for the various types of interconnected stream,

and - 1ra as given 1n Table 5, with k

c,1,k’ "E,k ‘M, k

denoting the leaving stage of a particular stream. The

‘r\’



phase relation and summat Lor At 1ons Toemalrr e S e s

(3-1) and (3-4).

TABLE ©: CONTRIBIUTITON b INTERLINKED STREAM: TH

MATERIAL AND FRNEFRGY BALANCY POUATIONG

ot .
Yot >t rreeam L 'L' 1."1,-
I.Ltqul il si1de stream S, X T h 31
1 ; e YLk Kok .
Caponr si1de stream SV o W X AR SV
; k VLK 1, % 1, - < ) 8
L1qulrd product L X ., h I
1 i * 1Lk Kk K
Vapour product v e K." X. . Y H v
P ‘ R T koK X
The summation in equations (5-1) to (5-3) 1ndicates
he possibllity of more than one 1:ter - e cted stream

~ntering stage J.

Linearl1zed tguations

The e quat1on 1t wrrt e Tor et st ey In t hee
interconnecte.l system ~f -~olumns, ani *'ee linearized
.s1nd the same procedure ax tor o irva b S lumnes e

linearized egquations are:

-



[Ty Sy o 5

Ay ‘»]
: o
Compynent Material Balance , v r
BRI INCRLIL - . ] ,
. ‘Ki "
1. ' X -Y(L.+SL Y+ {0 +SV e LK, ¢+ X ——LJV * X
-1 1, 1-1 ) 1 1 ) 1) 1. 1,1V X 1. g
1,) :
K 'k \":“
+1
+ vl 91 *1(}"‘ +l . o *‘—;(—XJ—‘)"") ‘v)(1 RN @ -
! r) a Pt 1, 1+1 ’ 4
R
k
. ‘< O “ sl
L L1k Tk Ty . 1, R T }
F - 01
' P 1 g o Ty Koo
+ + ! 4 + LS LS
1, 1,) 1,1+1 ] 1’4
-
. " - X Y1 - Y. vV
, -1 Lo 1, \ LR )
. . Y +oL - (5-4)
1,1+ 1+1 K S, 1.0
. NT
K NT
\ IA\‘ +S 1. 'T‘\ + \,"‘_'Y‘ - - ~ —-,/'—'-—) ] Y
T NT R L v f \i,NT 1,NT
(B¢ 1
IR e e - l’ ,—’_/—
! a LT L SRR S * U <X \ xx N
1, NT+1
K
: . _ . . LN e
‘ Lok T R N T "NT
sV > x : 'KL NT+ ] o
NT+ 1,NT+1 1, NT+1 T ! iT“T+1
2]
i,NT+1
+ . \A\ . , l‘v + . \.'\(Y
Kok Ty Xy, NT  UNT LNt CYnT T Y NT+l UUNTHL
+ = : 5-4-a
K c.k Ci,NT ( )
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(Y LR
NB MR NB

" o,k 1, K
S o 1, NB
ot YN Y R T Ne e,
" ’ NB
L e Tt X am-1 bueed
+ = - -
" cL,k 1, NB
i
Froeeton Balance
h Y
- J,,_:'l, . 1 < i
-1 T T]—l LeL oS T
1—1 )
+H
. v 1 3t X -
+1 3 ) (A S
) .'1‘“1 IR 2
' - n AY - s Tt T ‘ \j
» —
At
" ‘ ) .hN‘ , I
- + ol - v N
T LN P ad Y A
J Al A\JT JT‘ ‘\JX
+H
NT+1
A\ = ‘T AT
* ‘ v ~
NT+1 ST | NT+l WELk K
+ ! M + N
Hyrel *Varel 7 Bk Qur

LLNE TR



MRS N . 0 for anr ibsorber or rebolled absorber.
vk
K ' B
vh A *H
NB-1 . NB .. Lo~ NB,
Na-looT NB-1 twB TT.. T UwBTUUNB! T I "Tyg
- MBS, ' ‘NB ‘ R NB ‘
- “T. + ;v~ "L ST .
PR 4 = nR- ] B wB  NB NB ']uB x E.k
- - i (5-5-b)
“NB Nt
~ ' 'Q?JB = y £for an ibsorber.
‘»‘,'-':7111 Material Balan.
1 - - - Sooe MY + T - M 5-6)
- Lj ) 141 v M, I (
St T uT
Ler = 'V s . : - M (5-6-a)
NT NT NT=+. M, b N
k
N v NB ?
) - N - WV + = - M 5-6-b)
“NB- L b NB K M.k 32 (
The rerms 1n , and in equations {(5-4: to
-%) arise from the presence f interconnected streams.
For- example, the terms y _ . in equatfon (5-1) give rise
. -, i,
to a . ; i ion -4) .
the terms ik Yok and fr,k in equatio (5-4)
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A summary of the values of 'c,i,k"Lr W _— ”Fﬂk’ IF,k

s !

and M K for each possible type of 1nterconnected stream
il

1s given 1in Table 6.

-

»

5.3 Matrix Forms

In the model for single columns, tho matrix form
o%vtho linearized equations contains 1 number ot trj-
diagonal matrices. In particular, the Coettroient mat-
rices of T;: {liquid composition oﬂrrcctlohs) in the com-
ponent material balance equations and of AT (temperature
forrections) in the enorq? balance are tridiagonal. The
ease nf.xnﬁorsion of these métrices facilitates the

.
formulation of a solution. . ]
The linearized equations for a multicolumn system

‘cquations (5-4) to (5-6)) may also be repregented in

matrix form as follows:

AT T .o ow IR S
Al 1 pl ¢ I)l ' F‘l ! 1 r
1 ¢« 2 . NCP (5-7)
PYT + Q@ "V + R 7T . ‘ (5-8)
: *
G AV + H [, = M {5~9)

However, in this case the presence of interconnectgd
M ’ . . . /7

Streams introduces off-tridiagonal elements into“the



matrices, in particular the coefficient matrices discussed
above. Thus_a non-trivial extensiqp of the algorithm
used to solve single.column systems is required.

Thé detailed form of the matrices is dgre clearly

understood by considering a particular network of columns,

say that shown in Figure 5. The example system consists
of. three columns, each having_zg_sggi§§/ There are four

)

interconnected st reams:

(l)' a vapour product stream from the top stage of columh
- I to staqé'S of column II

(2) a bottoms liquid product stream>from stage 20 of

to stage 1 of column IIT

(3) a lid® ide stream from stage 14 of column II to

stage q.of column IITI
(1)3 a vapour side stream from stage 3 of column ITI to

stage 12 of column I.
. *
s e . . 4 .
In general each coefficient matrix in equations

(5-7), (5-8) and (5-9) has the form of the matrix shown

in Figure 6. Thé matrix is basically block tridiagonal,

’

with onc diagonal block per separation,dévice: ‘Let the
s -

devices in the system be labelled I, II and III, and label
the blocks in Figure 6 in the same fashion as elements of

a matrix. Then off-tridiagonal elements, arising from

the interconnected streams, appear as follows.

-
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If an interconnected stream goes from device III -
to device I, the appropriaﬁe off-tridiagonal element sppears
in block (I,III). The exact pqsition_of the'element is |
given by the entering and leaving stages. <For examplé, for

stream (4) above it is at position (12,3) inside block .
(I,II1I). Other off-tridiagonal elements may.occupy the

. . . »
positions indicated on Figure 6. A given off-tridiagonal

posigion in the matrix wili repreéent a. unique inter- R “fﬁ
connected’stream: Also note tﬁat theoretically an off- ‘
tridiagonal element could appear in one of the diagonal
" blocks. This woyld correspQQdkto a connected stream going
beﬁween different stages off’he same devige and is not
likely to occur in pfactice. Y

Depending on the t&pe of intercqnﬂected stream,’
some Q‘f-tridiagona1~eléments in the co .'ciept matrices
may bu‘zerot(see.fable 6;. ' For intérconnected stream

-t ‘ . .
(1) to (4) given above, Table 7 lists which streams<will

cuontribute a non-zero element. The value of. these

Table 6.” . | . - ‘

non-zero elements can be read off
el ’ -



TABLE @: WN-2ZERO OFF-~TREDIAGONAL ELEMENTS
IN EACH COEFFICIENT MATRIX
_ Coefficient of:
Equation LEY N~ ¢ KT AV AL
component material 1,2,3,4 1,4 1 2
halance . : : '
energy balandg na 1,2,3,4 1 2
overall material
balance na na 1 2

na not applicable

L4 3

. ’ v
In each diagonal block the elements aj, bj and Cj

will be the same‘%s for a single separation device. Thus,

these elements are as follows for the variaqus coefficient

matrice$8 in equations (5-7), (5-8) and (5;6).

(1) Matrix X;

a

PN

NT

b

C

NT

o

3K
+ X.

- + SI -V = ‘
‘LNT "NT) NT P1,NT(Ki,NT‘ i,NT 3x

= Vnr+l ©i,NTHL

(K

) . 3Ki,NT+1)
i,NT+1l . 1,NT+} 3xi,NT+l

iN'i')
i,NT
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e b

(3)

(4)

. PN
agp © ¢
- +
bun TS
PNH» - Q0
Matrix DA.
2
a = 0
)
b, = - Y.
] Yl )
[ . .
) ol 1+1
-0
aNB .
bun Yi,NB
“wp
%ifrlx Fi_
aNT = 0
. -
byr ® ~ *i,NT
[o] = O

1

Lo

NH
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(6) Matrix

0

O

NB

NT

)

“ I+ NB-1

NT+1 » NB
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§

9

Mattix .
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NR
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NT+1

NB-1
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5.4 Fttect of Problem g ptloat i Y R S U S IR IV S
- =l — Pl . N B

For a specitied \"‘“xmn with a spocttied teed, the
namber of specitications iﬂ.Q'Q\hil tor the aaaber ot control
lable variablea. For a distillation o lumn with o partial
condenser these controllable var tables 1. the reborler
ind condenser dutiles, while tor a teboa 1 atsorber the
rebolrler duty 1s controllable. hus twe praat tes may b
specitied for a dJistillation column, and e for teboy led
absorber.

In the method presented by Hatclerode and Gvntxy14,
the: -alculational procedure s limited t. cases involving
symmetrical specifications, whero a svmoetrical specirfica-
ti1on 15 one whilch applies to the same stadge as the equatlion
1t replaces. For example, 1f the top vapour product s
specified 1nstead of the condenset fitw, the specirfication
1s symmnetrical.

With *he current slgorithm the ltmitation « nosbhed
1fi1cations 1s not entirely the svmmetrical consideration.

ro
Certain symmetrical specificiations cannct 'e handled be-
cauue the matrix H in equation (5-9) becomed singular.
However, one Other symmetrical speci1fication, namely that
of the bottoms liquid product 1in a reboiled ibsorber, also
.
does not work even though no matrices are singular. The

. reason for this is unclear at present. .
3 p ' |



The following chotaes ot spe ittt . bave bheen
successfully 1ncorporated 1nto the alagorthans
(1) Specification of the reflux ratio and paantaty
.
of reboirler vapour for o oa disti1llation column.
For the case of a parpt il condenser Y . and V
U UNT NT
Gre related by the cquation

! L
Ve (Lo b Vg Vo= 10)

As R 16 faixed 1t tollows thoat

Y Y A B L (5 11

NT N ’
Fouation (5-110 vedd oo e layminiate .VNI’I‘ from

ot oons (5-4 a0, (h=% a) and (Hoee al . b, the enerqy

balance equation " 1S non-Jero and this 1s placed anto
’ t

YNT

the positiron 1n the T omatriw lett o vacant by the effectaive

pemoval ot ‘A‘VNT (by equation (5-11)1. The roeborler rapour
1s tixed, giving ‘.VNH G emqaat 1o e 1-1), 5H=5-bH)
and (S5-6-b) . Similarly to the above, ‘u“i‘ ww('w;\uD, t he

position of V

Correspondingly ot DR SR Wi ng m » o Lemuents are
pondingly # Ilowgna mat pin ebyme 3

NR® ‘.

g * ~

altered:

Vi
‘s ) ) [ [
o Do by by N
* . 7 BERAWEE
NT Y NTH (1+R)



(

1)
&) ) by 1.0
b t*:':' i
b
: H - N1
N SO (1+1) ,
- 0)
('Hvl
G - : 0
in G o~ byp Pun “NB- 1
T
[ . ——
NI (1 eR)
b)) AN altoernat 1ve rascitioat pon tor o st

ti1on column 1s of condensetr temperatoie and oo ler duty

In thhs o

and QN’I‘

tollowlng

L.

1 vapour

1 occupl

ase T
NT

)

occuples the

a

’
1noquations (5-34 0 and -
posittaion ettt vacant by “I‘N'I" hie
changes occur in the matrix etement:s:

o)
NT

1.0
NI

) , :

NT+1
- .

. .

.

A

may bespecified, Then

.

vooby Sy

R T P‘o/a roeboilled aAWOrber the ar-oant of reboil-

AV 0 and 1ts os1ti1on
G NB ¢ X

(lhuszwf; 1n the matrix e lements are:

NB °NB-1
up = 1-0
NB-1 = © -~



n G, b

NB “NB-1

@]

(d) For a reboiled absorber with reboiler duty

specified, or for a distillation column with reboiler and

condenser duties specified, no changes are necessary to

the matrix elements.

5.% Solution Procedure

The linearized equations

expressed in matrix form as:

7|
>
X

+

?)
-3
+

?
>
<

In the case of a sinqgle

be solved algebraically for the ALj

The presence of interconnected streams

(5-4,

H

7|

5

column,

-5 and 5-6) may be

= C. (5-7)
i
¢ 1 & NCP
E (5-8)
M (5-9)

equat Q(S—‘)) can

in terms of the Avj's.

(

1.e. off-tridiagonal

alements) precludes this possibility and equation (5-9)

must be solved using matrix méthods.

by setting M equal to the zero matrix.

This is readily done,

Assuming a solution to (5-9) has been obtained so
’

that one may write:

I
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' Gt (-1 2)
rhen substitution of ceaquation (=1 /) 1nto e gquations (5-7)
k]
il (5= R0 peeduees thaer too the b ot St aons (-1 9)
ant  S-14
ANty O A S a -1
1 1 ! 1 1
1 1. NCP
BT e 0 VL F (n=14)
. - .
These quat tons are tdentical an torm ta those for
. cinetle column: however, coocho atrix may tnclude off-
tr o tian nal o elements., In varthicualar, A1 has: the same

number f>f’1)?f—truilmzun.il clements 1s there are connected

streams

1 rocedure

wlhiexre :

(see section . 3). The rapirdity ot the solution

relies on easy anversion ot »’\'1 o a unit
1t bseudo-triira .l charact. o rucial. .

Denote: f\kl as the sim ot two it patens s
‘-\1 A;: 1 XO[), 1 ! (5=15)
A 1S ‘stru‘tl" tridiagonal
T, 4 !
Ao"[;,'l is a sparse matrix contalning all zeros
except for the otf-tridiagonal elements in K:.

mat: 1 X,



Y

The method of solution of (5%-1 3 and 45-14) 14
’

then as follows:

(1) Invert AT usiIng a1 sP@irtable alaebhriic algorithm
. ’

tor tridiagonal matrices. Examdles are the Thomas

. . 17
alqorithm or the modification derf{ved by Ishii

(1) Multu>n'%qanU)n {(5-13) by the 1nverse ot ///RW

o .o Usinag (5-195 this produces:
T, 1
- Y s A, T A T BN B e T
T,1 ODb, R 1 1 1
(5-16)
. The matrix (A, ) 0 A consiats of as many
T,1 0D,

»
non-zero columns as there are interconnected
streams entering di1fferent stages:; 111 other ¢col-

»
umns consisting solely of zeros. Therefore:
T11) ~ Eliminate each non-zero column in turn by row-
wise elimination on the matri«< ‘T + (A A)_l(A ),
T,1 0D, 1

pivoting around th.. d1 130001 element and applying
the procedure to all terms in equation (5-16), thus

reducing it to the form-

I ™. + B. T + b 1V o “. (5-17)
i 1 1 1
(iv) Sum cquation (5-17) over each component to
yield:
Vé

I v Ax. + 5 AT + D AV = C (5-18)
1



L4
Then using-equatior, 3i-10) with .\1’ O reduces

CqUAtIon (5,18, to an cgquadion Lt the form:

THRE S IR L)

AN At ly the procedare of Stpepes (1) to i1 to
cqpaataron (5= 14 v hicrngy a0t ta the toam
T e o Y 3 (%-20)
.
RN Equations (5-19) and (5220) are then solved

simultancously to yvield AT and ‘V; *1. 1s obtained

trom eqgquation (1—12) .

Lo These calues are substituted back into equation
L
(5~7) for ecach 1, and the equation solved for the

‘xl i This again 1nvolves the manitpaulations of
’

’

steps (1) to (111) .
L1y New values of the +temperature, - apour, liquid

and composition :rotiles dre calculated as follows,

where t o 1s an approwr pat.. wolghting.factor (O t 1)

T)5*1 - Tik v (5-21)
-
v)k+1 ! v]k Lt (5-22)
. )
x  KYLoe R Lk (5~23)
1 ’ ] 1 ’ ) 1 4 ]
y = K. . ox. . (5-24)



-
\
and the riew ", v b rated e e thie o over alld
material balance craation (5-3) with M (AN Thi s
1
avotds trancation arrore o associated with o compuataing
the new I‘.'S traovum the old values and the correc=
tions L. .
[
(1 x? The >\'x ‘v oare normalized to, 1vord truncation
1
,
: ) 13 -Rl T+ H
1
error, and then K , H , h_, f————'-l, ,-A—fi, :*-l
1, 1 1 T "X . T
) L,
vh .
and ﬁ‘l calculated.,
]
The elements of the matrices are obtained using
these values and the updated Zalues ot the stage
~ )
variables.
(x) Calculations are continued untiil the following

converdgence criterion o 1s o sataasftaee te

([CRIT]' ) R e e
NTOTT. tolerancs P (5-25)

whero [CRITT 10 et i b g

|
‘ NTOTI. NCP ,
[CRIT} - ) (v - 1.0 s
1=1 i-l ¥
‘EL./(F . H R SR S h + Vv H + )‘2
) ) Fo ) -1 -1 j+1 9+l L CHLK
(5-26)



Experience has shown that tightenting the convel

. . ’ A
gqence criterion (that 1s reducing the tolerance in
equation (5-25)) dnes not result 1n any signitioant chanig:
in the final values ot the temperatures, liquid and vapour:

tlowrates and compositions.

The welrghting factor t oased an tepr (vrir) s
‘e 17 ’ (1
chosen o< “llows . Frrst o oan o anitaal o valuae ot 6, 0t ),
1s chosen as the smallest walue ot t (less ; equal to
‘et
o

T ko AT T koo t AT T Koy (5-27)
B] 1im ) ] y 11m
!

o | | - NTOTL

o.s v ® vk oo v o ooov (5-28)
) ) } ]

o~ ) : 1 - NTOTL
where “Tllm 1s chosen by the nser with o default value of

HhOF. If L(l) does not o at 1 afy the condrtion that

+ L .
[erle ! [CRITH (5-29)
(2) ' (1)

then 1 second werghtaing factor ot n.5¢ 1y ased.

Gener s ily this procoedure nrodiuce s monotonic convergence.



tH USE OF THE MU TUOIMNG AL ORTTHM

Applicatiron of the algorithm drscassed 1n Chapten

»will be demonstrated with examples 1nvolwving three drpt

ferent systems of ol amnes., faamitatron . of the gl jorathme
-~
will be 1déntatied.
-
. - \
o] Pxamp bee Problem:.
Problem No.o o] LSS I O A X BT O B I Y A NP A (N YK A U U B O S TR VRt R
<
which 15 depicted 1n Fiaare . A hydrocarbon feel 19
spli1t into three proda v e o \’;) fractron, "
. R X
+ ~
tractr oo oand A C traction. The vroblem specifircat tons
b
and 1n1tlal assumptlon i are
—
Feseo f mpns1torn [
component Feor (moles/time)
octhane 37,7
propane: 21961
L-thitane 400 .5
n-butlane '/ 71503,
. 1-pentane 251.2
n-pentane 267 .1
hexane 141.8
octane 110.3
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oo | .
Number of equilabriam atageas 30 20
Coluamn o pressare (psi1a) RN LN
-
Pressaroe draop per st ge (s v N '
Feverdd stage namben Ty ’
Feserid "lntll?'l”ll‘\' tesmpoerr At apre: | 507
xrr.-u;wna- S psa A
Var oar s1de stream laaves tade 1) (stage 10 ¢
of column

1)
|

Quant 1yt

interlinked streams gre as
Toiwe ! Y Stream Leaving

Stage Number

- - R P y — .
11014 s1destream K
‘"apour sidestream 25
Vaponar orodiact s ]
al t prodact 10

e

Fovr colamn ]

Heboyler vapour

Reflux ratio

Partial ondenser

Fquilibrium and enthalpy data were obtained

the Chao-Saeder correlations.

b irtional

tollows (e

FEntering
ftage Number

31

50

Pl f1c

650 molas /7t 1Lpe

2.50

1209 .6

At rons

mo leg

Faaure 7))

Quantiaty
(moles/time)

,' 5 () ﬁ
3000

1 varltable

1 var1able

A1Ter

using

Detaild of the evaluation

of the required partial derivatives have been given by

.17
Ishxxl .



Phee anrt ]l vceampet s are oan tol lowes
afra je lemperatuare | T Vapour Rate in\f)_l_es_/t 1Mmes)
1 122 2207.2
N 124 7725.4
{ ® 126 7650
4 130 7600
134 - 7550
2 e 138 5000
! 142 5000
H 144 5000
Y9 146 5000
10 148 5000
11 150 5000 R
12 152 5000
13 154 5000
14 156 ° 5000
15 164 5000
16 172 4800
17 180 4800
1 R 1 HH 4800
1 196 4800
20 204 4800
21 212 4800
RN 220 4ROQ
23 . 228 4800
24 240 4800
25 282 4800
J6 264 7500
07 276 . & 7500
AL 28R 7500
JY 300 7500
30 RIRAS RS0
vl 137 2200
Py 145 2200
33 153 .2200
34 ‘ 161 2200
3 173 2200
3 185 2200
7 197~ 2200
38 209 2200
39 213 2200
40 221 2200 L
41 229 3100

42 237 3100
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4 1. 4 100
44 | fren
1 R R LY \X¢
gt e a2t RIS
4 S . 1100
\ S 1100 -
49 A | 1100
) SO 1100

Problem No

AT TP ST S PR YR R IR L A T coor b bt e catem
M Y Geer At e o et ot Lottt e mpet are s ind
o coent ot forgar. ter b b gre X
The et racctionr colam St aeaer, troemoo nateer by fshi1k aw
19
LR S A U B A vhg i coaarab e adger b

; .
“he 1t L - 1atao, namber » t v ges g o amonanet /v.' retw1ler
,

[ At r byttt Sl e Cere 1/' 1S 1nitle
\\
t w1, notaivated the o st twe N lver v T penc eyt st
Nevt a1 lee ! P A T ¢ v s roblem ares:
s et Solvent 1o oulatyon Feed
Rate (marlee s, tyme. fmoles/time)
’
Noretone 940.0
Acetonitrile 10.0
wWater J0n .0 - "
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P'xt ract 1on

3

Solvent Recover:

Column Towers
_ o I o ir
R - T - [ ]
Number Af equilibrium stages 17 20 5
2o lumn pressure (psila) 14.7 14.7 14.7
t'ressure drop per stage (psia) 0.0 0.0 0.0
Reflux ratio ’ 3.0 2.0 10.0
Reboiler vapour (moles/time) 185.0 1 35,0 95.0
Condenser taotal total total
i'resh feed astage 11
Foed conditi1ons: bhabble pornt temperatire
Dressure - 14.7 nsia
Type of Interlinked Leaving Fntoring )
. . Quantity
Stream Stage Number Stage Number o o
Lig.ard product 17 24 variable
Irvquid product 37 40 vartrable:
Lbigquid product 1. 4 vari1able

Equilibrium ¥-ratios are

S.res and activity coefficlents,

Bes

/ Marqaules third order equations.

ated usi1ng average speciltaco

vapourization. Details ot the

provided by

heats

above evaluations

vapour pres-

the latter being given

Fnthalpy Jdata is cval-

and latent heats of

and of

the calculation of partial derivatives are given 1n

Appendix O.

] o



The initial assumptions are as follows:

Stage No. Temperature (°F) vapour Rate (moles/time)
) 134 0
(g / 135 200
136 200
4 137 200
5 138 200
6 139 200
7 140 200
8 141 200
9 142 200
10 143 200 \\
11 144 200
12 145 200
13 146 . 200
14 147 200
15 148 200
16 149 200
17 150 185
18 138 0
19 143 165
20 148 165
21 153 165
22 158 165
23 163 165
24 166 165
25 168 165
26 170 165
27 172 165
28 130 165
29 180 165
30 18 165
31 18 165
32 180 165
33 180 165 .
34 185 165 %
35 190 165
36 195 ) 165
37 200 135
38 150 0
39 180 110
40 200 110
41 205 110
42 210 95

101



Problem No. 3

This oroblem involves a typical amine sweeteninq

system, using MEA as solvent. The system is the same a<

that depicted in Figure 1. Problem sgpecifications are.

Composition of Feed

Component Sour Gas
(moles/time)

H2S 315.7
co, 39.5 ,
MEA -
‘ H,0 5.0
hydroqgen 500.0
nitrogen » 5000.0
methane 4000.0
ethane 2500.0
propane 9300.0
n-butane 89.0n
i-butane 89.0
Contactor Regenerato:
Mumber of ideal stages. 10 14
Pressure, psia 250.0 28.0
Pressure drop per stage ) - 0.33
Condenser conditions - temperature - 120°F
pressure = 27 psia

partial condenser

Reboiler duty = 13.8 MM BTU/time.

Amount of amine in lean amine stream = 127.35 moles/time .
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Solution strenqgth (wt. pct.) : 15.3
Total flowrate of semilean

amine stream = 2550 moles/time
Semilean stream goes from stage 17 to stage S

Rich amine enters stage 12

Enfering Fntering
Stream Temperature (°F)  Pressure (psia)
Sour gas feed 30 - 250 A |
. AN
l«aan amine 110 250
Rich amine 190 100
Semilean amine 100 a 250 |

Equilibrium and enthalpy data werg provided by the
[ =
correlation of Nasir3). >

Initial assumptions for the stage variables are:

Stage No. Temperature (°F) Vapour Rate (moles/time)

1 100 13090 -
2 100 13090
3 100 13090
4 100 13090 &
5 100 ‘ 13090
6 100 13090
7 100 13090
8 100 5 13090
9 . 100 & 13090

10 110 13090

11 120 80 -

12 230 240

13 232 500

14 234 600

15 236 615

16 238 630
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(continued)
Stage No. femperature (°F) vapour Rate (moles/time)
17 240 . 645
18 247 ' 660
19 244 675
20 246 . 690
21 248 705
22 250 ' 720
23 252 735
24 254 750

Estimated reflux ratio = 2.0

6.2 Results and Discussion

Computer printouts for the example problems'are
given in Appendix 6. Convergence-characteristics and

CPU times for each problem are summarized in Table 8.

TABLE 8: CONVERGENCE CHARACTERISTICS AND
CPU TIMES FOR LINKED COLUMN -
EXAMPLE PROBLEMS

Thermally Coupled Extractive Distillation|Amine Treating
pistillation System System System
Iter. [CRIT] Iﬁei.' [CRIT] Iter. [CRIT] |
_No. ‘ NO . No.
0 2.32 | 0 14.64 o 0.16
1 0.62-10 1 26.89 1  0.19-10
2 0.24-10"° 4 0.49 2 0.49-10"°
3 0.13-10"°%| 7 0.12 3 0.42-1072
a 0.75-10" > 10 0.30-10"% | 4 0.17-1072
5 0.11-10" 113 . . 0.231002 | 5 0.44-107°
6 0.53-10"% | 16 * o.46-10°3 | € 0.20.107*
7 0.55-10"° | 19 0.20.10" 1
21 0.15-10"4
CPU Time (secs) CPU Time (secs) CPU Time (secs)
240" a 21.2" 4.7

+ On an Amdahl 470 V/6



10

6.2.1 Fvaluation of the Algorithm
: - (§
o &

Important factors in evaluating thejlinked column

algorithm i1nclude: ease and rate of cqsvorqnnco, limita-
tions of the algorithm and the computer storage and t ime
requirements.

Thg example problgms show that with reasonable ¢
initial -assumptions the program is able to converge. How-
ver, experience has shown that more iterations may be
needed where the assumptions are far removed from solution.

-
This 1S not usually so in the solution of individual ?ol—
umn's . In addition, convergence is not always 'monotonic
with the linked column algorithm (see especially 1tera-
tions. 0 and 1 for the extractive distillation problem in

Table 8). Non-monotonic behaviour occurs mostly in the

carly iterations anid when rarge corrections to tempera-

tures, vapour flow 1ites ani liguid compositions are L
rnerated, More wiith on tne choice of the weighting

‘4 ctor sl oan equations (5-1) to (5-23) may then help
to }ncrease the rate of oonver nonce. Desvite the non-

wnotonic behavionr, the vrogaram has demonstrated robust-
ness in converging for a wi it range of initial assumptions.

One limitation of the algorithm is that it encount-
. rs difficulty in converging with some .specifications.

The specifications that present problems are the following:



. . L o4
(1) reflux ratio nd total amount of top oroduct

(distillation)

(ii) reflux ratio and total amount of bottom product
(distillation)

(111) total amount of top product (reboiled absorber)

(iv) total amount of SOTLom_produvt (reboiled absorber)

Cased (i) and (ii) are specifications made in
place of the condenser duty and reboiler duty, and cases
(iii) and (iv) are those made instead of the reboiler
duty.

The difficulties oncoyntered with the above spec-—
1fications are mosti& related to the occurrence of a
singular matrix in the linearized matnriwl.balance equa-
tion (cases (i), (11) ind (1v)) . It 1s unclear why case
{111) loes not‘work, although Harclerode and Gentry
Ld: ate their algotithm s restrl tei to cases where
Symmétrical specifi-ations are made, and this restriction
omld also apply to case (i11). On the other hand, both
~a1ses (i1) and (iv) are symmetrical, yet neither works.
Thu: restrictions on the present algorithm differ from
thoge given by HHiarclerode and Hentry14, as some of both
symmetrical (casés (ii) and (iv)) and non-symmetrical
(cases (i) and (ii1)) specifications do not produce a
converged solution. Note that the difficulties just dis-

cusse&\only arise for the linked column program.
4

106



107

In summary, specifications that are successful ly
handled are the following, where one each of (a) and (b)
i1s selected for a distillation column, and one of (b) for
A reboiled absorber:

(a) reflux ratio, con(lpnser temperature, con-

denser duty

(b) amount of reboiler vapour, reboiler duty.

For a given number of stages, more computer stor-
age and CPU time per iteration are required by the algor-
ithm than for the solution of a single column. Most of
the i1ncrease in CPU time requirements is related to the
elimination of the AL matrix from the linearized equations
and to the handling of off-tridiagonal elements. No
special techniques were introduced to make the matrix man-
ipulation; more efficient; thus some savings in the times
quoted in Table 8 could be achieved by utilizing more
fully the block tridiagonal nature of the matrices. In
particular, a number of multiplications by zero can be
eliminated without the need for time consuming compari-
sons. Fven without any ;p{inements to the handling of
the matrix equations the CPU times required per iteration

: y
are very favourable.

Finally, the hgndlinq of intercooling or heating
of interlinked streams is a useful capability. Change of

phase in the heating or cooling is not presently
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accounted for, but theoretically this could be readily
incorporated as the additional requirement is merely a
flash calculation on the entering stream to determine

1ts condition and enthalpy.

6.2.2 Example Problem 1 v

The confiquration used for the thermal
problem differs from that suggested by Stupin &

. 'ﬁ{
ha_rt41 in that the feed enters the reé; col g and

column ig-’»‘mher

than ®\e reverse being true. For the number of stages,

the side vapour product leaves the ot

reboiler duty and quantities of interlinked side vapour
and side liquid streams, the confiquration used in the
example produced a better separation of the feed into the
desired product fractions.

Four runs were performed of Problem 1, with
~ssentially the same reboiler duty and using different
specific®tions on the reboiled column. Both system con-
tigurations were used. A brief comparison of the results
1s given in Table 9, where '5' denotes the present con-
figuration and 'b' that used by Stupin and Lockhart41.

A fuller analysis of the thermally coupled system would

involve determination of the energy saQinqs it offers

over the conventional system of employing a reboiler on

both columns.
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TARLE ‘):. COMPARISON OF RUNS FOR THERMALLY

_ COUPLED DISTILLATION PROBLEM.

Speci1fiedl Percent Recovery of: Reflux Condenser No. of
Configuration Variables O (“‘q <',"s Ratio Temp (°F) Iterations

v 98 . . . .9 .7 7
A wp. 8.1 93.4 753 2 121.78 /
o Qup Tar 98.1 93).°% 15.6 2 51 121.71 s

7 g .5 .7 S

b QNB,TNT 7.6 65.4 99.5 1.5) 121 1
: D .7 . . 2.5 7. 4
4 ON‘E,N B0 64.} 84.5 5 137.71

h.2.3 Fxample Problem 2

For the extractive distillation problem, some
chianges were made to the equations presented in Chapter 5
t.» account foér the makeup solvent stream. If n is the
entering stage number and MB the leaving stage number of
the rehyclé solvent, the following changes are made to the
erjuations about stage n.

(1) In equation (5-1), o for component i in the

c,1,k

L] L]
solvent equals L NB x i,NB

(11) In equation (5-2), for the solvent equals

E,k

L've P nB

(1i1i) In equation (5-3), wM,k is L NB for the solvent

-~



rio

where 1! I. + makeur solvent

\ ~NB "1, NB
R
- ‘ * NB

’ U
solvent circulation rate

ns,NB 1!

NR
h'NB is evaluated at the specified entering
temperature of the solvent for ligquid compos-
1ti1ons x'x,NB'
L'NB 1s calculated as a known quantity at each

1iteration from the eoquation

(k+l) (k) Lo (k)
(L + L O

1]
L NB b NB | "“NB

+ (specified) solvent circulation rate (6-1)

Then 1n the linearized equations, namely (5-4),

(% 5y and (5-6), no *terms a1n o : appe
xi,Nh' “NR r 'TNB ippedr

(B

1n the equations around st age n.

In the final solutior the required makeup ot sol-

vent equals the Jifference hetween the circulation rate

(moles/time) and the moles of solvent 1n the stream
leaving stage NB. The makeup of water 1n problem 2 1s

then 19.5 moles/time.

Alternatively to the above procedure, the makeup

of solvent could be calculated at each 1teration as the



t ot al amount of solvent boost o an ostreams leavaing the

system, Then I.' 18 gilven lirectl trom the sum ot L
! NB I Y ’ NIt
and the makeup solvent . e cethods produce equivalent

/

i

results, although an ot ® tormer a check should be made
ttoat the solvent mato:al balance around the - system
closes.  This 1s s tor the exanmple problem, to the

accuracy of the printed results.

In the lineartzed equations, the rartial Jderrvatives

with respect to composition were set equal to zero, even

*hough the equirlibriurm F-ratios are Strongly composition

lepenient. This d1d not revent a converged solution
Peing reached, In faict, when the jartials were ancluded,
1 solution was not achieved for whe example problem, The

mission of the partials loe et atfect e pr1gour of the
3olution as the K-ratios ar: calculary @ exactly as func-
tinns »Hf composiltion at each tteration,

For a solvent recovery tower Pt titticult ot
‘Monse appropriate calue s o the namber ot stages, the

eorUX rat1d oand et I

¢ reberler sapour such that

e

tnhe esired separation .t the solvent from other compon-

ents 1s achieved, This drtfioculty largely motivated the

use of two solvent recovery ?Ower%, as a number of

attempts at using a si1hgle recovery tower failed to pro-
2 L

duce a converged result. The separation achieved 1n

vroblem 2 appears quite re-asonable as the top product from



e extraction oo lamin o ne el 0 e et e b ot e oy
YO ppmoacetonntrale, whonle 0% f the acet ot e st
overed o an the top product G lvenMm e cove sy towe |
| he sw('(;n«i solvent recovery tower removeds the reraining
acetonitrile and produces an overhead jroduct containitg
.26y acetonitrile and only Vo oppm o oacet e

noaddhthron the gse of (wt‘:hvlt%ﬂt;’yn'ttWW'xy' tower s
lemonstrates that the algorithm can solve systems of more

than two columns.

n.<¢.4 Example Problem 3

In the case of the amine gsystem, moditications ot
the lineari1zed equations are needed bheocanse the gquantaities
ot amine  and water 1ro the lean armane are specg e The:

chiinges are the same 1in .o a5 those for the extractliorn

Poro T ! : uant 1t o ot ' ancy ! brern
P roblem, with the juant . e X apeon B 1
alculated as follows, where b scoript o 0 an 4 den te
amrree gl owater res; o o o
k4l Cro) fe,
L L . (1 -x S
ES) NK R i, Wik 4,08

+ (moles amine + rie les water) n tre

lean amine e
L x
B N ,
x' g " _’_L__,_‘_L‘_B_ 1 1,2,5 = NCb  (6-2-a)
1o NB



. _ moles amine in lean amine

X _ ; (6-2-b)
3,NB L' yg
(e '
< _ moles watef in lean e (6=2-¢)
4,NB LB

Moles water 1n lean amine

. , M3Y (100-wt
= (moles amine 1n lean amine)

XM wt
4
(6=2-)
where wt welaht percent of amine 1n solution,
and )(ML is *+he mole - ular weight of 1.
h‘NB is evaluated at the specified lean amine

temperature for 11 uid compositions x'1 B
o0

The required makeuan of amine and water 1s then the
{1 ¢ farence between the specifie ! moles of each 1n the
Loy amine and the moles 1n the hottoms liaguid product
troanr the regenerator . Fooocroblem 3 the makeups are
H.10 moles amine an'd ~ 4.3 moles water.

‘ Fa~n interlinked s*treanm unlergoes heat exchange
et rve oontering i1ts destinel stage. It. 1s usual to con-
r51 tue entering temper it ures of the lean, semilean and
rich amine streams30; thus the entering temperatures are

specified. If the stream leaves stage k and enters

stage n, no terms in tTP appear in the linearized enthalpy

balance equation (5-5) around stage n.




6.3 Application to the Design of Amine Treating Systems

It is the intention of this section to very briefly
demonstrate two particular design considerat{oqé{that can
be investigated using the linked column algorithm, namely
the option of using a split flow system apd the determin-
ation of a suitable reboiler steam rate to achieve a de-

sired lean amine residual.

6.3.1 The Split Flow System Option

This option is claimed to have particn’ iivant-
11053 for feed streams containina over 30 pe : ~1d
30 L
as . Thus a feed containing 30% H?S and <. was used.
7 . .

/
The baslc system is the same as that depicted 1in Fiqgure 1,

with the omission of the semilean stream for the n»non-

split flow case. specifications for the columns are the

same as 1n problem 3, except for the following changes:

Sour (as Feed

Component Feed (moles/time)
H,S 1500
CO2 150
HZO 5
N, 1000
CH, 1500
C,He 800

~ 1Y 45
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.‘Jitn—%hll_t _Flf_’fi’ “nlit Flow

- . i )
Arount Gfoamainey S Learn

AMING St*redam (moles 7t ime 3760 2500
Reboller duty (MM BTU/t 1me! 225 . 195

tal o arount of semilean arine

streeam imolees/time - 30,000

The total quant 1ty oo amine 16 the system 1s then

the sarne for the two cases., Table 10 lists the sweet aas
y i L, COompoOsSytions; the quantities of acid gas 1n

o onerated lean it and the regemer ator ref lux

ot corothe split flow and non-split flow (conventional)

nrob lemo The: split flow contiqguration produces the

Sweretcr overheads product while asing less steam 1n the
rehoyler .
Thas trhes resalts o v s e s capbort the con-
tenit 1 that for gas treooams Wittt o1 booah o acird agas content,
. low ysters o, wlantageous because of the saving
Dpest at 1 costs resulting trom reduced heat requifo—
ronts 1n the reéboiler. In a similar fashion the linked
I o algorithm can be used t., determine whether the

vivanta i holds for feeds with other acid gas contents.



TABLE 10

COMPARISON OF RESULTS GIVEN BY 5PLIT FLOW

AND CONVENTIONAL CONFIGURATIONS

r ———

——,e,——— ——————— ——

VARIABLE CONVENTIONAL | SPL 1T FLOW

Sweet (ias o 19.2 16.0

Compositinn -

(ppm) CO 0.21 0.19

L 2
i _ ‘
B l.Lean Amine > _HZS , 137.6 83.1
§
Residuals '
(moles/time) co, 62.5 42.1
Reflux Ratio < 225 1.37 |
- — - __#.k_‘,- —_—- == - —
| | )
Reboi1ler Duty (MM BTU /7t 1me) 200 195
L . . ﬁ__,,-dLﬂ» __

¢£.3.2 Choice of a Stripping Stream Rate toO Achieve a

Given Lean Amine Residual

.-O
Fitzgerald and Richéﬂhsong used data from a number
of operating units to prepare plots relating the lean
) N (
amine residuals of HZS and C02 to the HZS/CO2 feed ratio

and to the steam rate in the reboiler. The program can




be used to generate similar i1nformation subject to limit-
ations or inaccuracies in the equilibrium data and stage
efficiencies.

To demonstrate this use of the program, a number
of runs were made using the same operating conditions‘as
in example problem 3, with the reboiler duty and HZS/CO2
feed ratio as wvariables. In Qig cases the total quantity

of acid gas 1n the sour gas fe was 75.2 moles. An

Y

effective quantity of circulating amine, which inéludes
the quantity in both the lean and semilean amine streams,
was used. This was in order to account for the split-flow
configuration.

Two steam rates and three HZS/CO2 feed ratios were
used. The resulting H,S and CO, residuals in the lean

2 2

amine are given 1in Table 11.

TABLE 11: HZS and C02 LEAN AMINE RESIDUALS FOR

DIFFERENT REBOILER STEAM RATES AND

ACID GAS RATIOS IN THE FEED.
‘v .

* ) *

H,5/C0,, Mole H,S RESIDUALS CO, RESIDUALS
: Steam Rate *+ Steam Rate %t
RATIO IN FEED 1 0.94 1.18 0.94 '1.18
0.3 32.8 31.8 140.7 | 127.7

) 46.7 40.9 120.6 105.4

3.0 58.2 52.5 91.4 83.8

* grains per gallon of amine in the system
+ Jha nf 85 naia steam per gallon of amine.in the system.
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The points are plotted on log-log plots as shown
in Figure 9. For comparison the straight lines published
by %itzgerald and Richardson9 are shown on the H25 plot.
The exper@mental points lie above those given by interpol-
ating between the lines. Thus the program predid‘é poorer
stripping than indicated by Fitzgerald and Ri_chardsoh9
In the case of CO2 the points lie well below the

puplished curves, which give residuals of between about
450 and 1630 gr/gal for the range of acid gas feed ratios
used here. However, the same trend is displayed, namely

a decreasing CO2 res;dual with increasing acid gas feed
ratio. The displacement 1is largel? the result of inade-
quacies in equilibrium data and the use of equilibrium
stages rather than actual stages (which incorporate stage
efficiencies).

It is postulated that if an adequate set of siége
efficiencies were used, the experimental lines would lie
much closer to those of Fitzgerald and Richardsong. In
fact a possible means of estimating the stage efficiencies
could be the choice of a set of values that causes the
predicted points to lie on the published lines. It should
be remembered however, that the published lines represent
smoothed data. from a number of operating plants. Therefore
it seems more reasonable to concentrgte on impro&ements to

the. fundamental estimation of stage gfficiencies rather




.

than to rely on 'empirical fitting.

L
o4

A combination of plots such as Figure 9 and
Figqure 3 provides a method for the estimation of the steam
rate required in the regenerator to meet a given overheads
specification in the sw;et gas. This id4 a very usaful

application of the linked column algorithm.



7. CONCLUSTONS !

The computational model that has been developed 18
fast and efficient in providinq design data for amine con-
tactors and reqpnefétors. The model can handle data f rom
any given correlation of the solubilities of HZS and‘CO2
in amine solutions. Use of the modgl provides values
for important design variables, such as the reqene;ator
steam load and the amine circulation rate. I1n addition
the desirability of using a semi lean amine stream in the
contactor can be determined.

The incorporation of vapourization stage efficien-
cies into the model equations has been discussed. These
efficiencies can be calculated f rom fundamental rate data
and the values obtained indicate that the consideration
of efficiencies is 1mportant for an accurate design. How-
ever, there is a need for more work to obtain hetter rate
data on the absorption process before reliable estimates
of the vapourization a?ficionc;es can be made.

The e;tension of the sindgle column computational
model to the solution of systems of columns has been form-
ulated,‘and the algorithm successfully tested on three
systems,;namely a thermally coupled distillation system,
an.extractivé distillation systém and an amine treating

system. Convergence is not dependent on the accuracy of
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the initial assumptions, although the rate of convergence
may differ. More work is suggested to clarify the in-

fluence of the weiqhtinq factor on the rate of convergence.

The partial derivatives with respect to composition
may be omitted for some problems without affecting con-
vergence. However they must be employed for amine prob-
lems.

Some specifications will not work with the algor-
ithm, In most cases this is a result of singular matrices
occurring in the solution process. In other cases, the
reason is unclear, but it may be related to the restric-
tion quoted by Harclerode and Gentry, which demands that
specifi;ations be symmetrical.

For a given size of proplem, computer storage and
CPU time requirements are larger than for the single col-
umn algorithm, but are still favourable. Improvements in \

the efficiency of the matrix handling routines will re-

duce the time requirement. «

The use of the linked column algorithm in the sim-
ultaneous design of contactor and regenerator can provide
data on a complete design that meets given requirements
on the sweet gas.

Further work on the algorithm is suggested in

the following areas: / © .



(11)

(111)

1273

application to cont 1 jurations 1nvolving lean o1l

rd

absorbers U

a full determination of where +‘K/3¥%x is necessary

and where not

the incorporation of vapourization efficiencies

in the design of complete amine systems.



NOMENCLATURE

A ’ ratio of the un-10n1zed alkanolamine activity
to Athv activity of water

3] interfacial area per volume of column

a, b, o olements 1n Mmatrix

a” interfacial area per area of tray

A,B fulncti()ns in equations (2-4) and (2-5)

A,B,C,D,E cénstants in ideal gas enthalpy :%rrelat1on

A,B matrices

AL ,BL,CL constants 1n latent heat correlation

bo bulk phase concentration

r component material imbalance function, defined
by equations (3-2) and (5-1)

vé interfacial concentration

c column vector

CRIT converqenc; criterion, defined by equation
(5-26)

D diffusivity

_ »

D matrix

e vapourization stage efficiency

E energy imbalance function, defined by equations

(3-3) and (5-2)

EMV Murphree vapour stage efficiency



r

NOMENCLATURE (continued)

.

F molar feed rate’
F,G,H matrices '
, {
h enthalpy of ligquid
he average heat capacity
H enthalpy of vapour
H Henry's Law coefficient
:”sol enthalpy of solution
I enhancement factor
. .
- 1dentity matraix J
kqa gas phase mass transfer coefficient
k(; gas phase masyg transf;x'<:qeffx<'u~nt, def1ned
by equation (4-1)
kL’ kho liquid phase mass transfer coefficients, with
and without chemical reaction.
K equilibrium K-ratio, or equilibrium constant
KHG overall mass transfer coefficient
L molar liquid flow rate
L column vector containing corrections to molar
liquid flow rates
m . amine molality or molarity
M overall material imbalance function, defined

by equations (3-5) and (5-3)



NCP

NT

NTOTIL

NOMENCLAURE toont fioaesd

.
column vector
bottom stage numbers v ueeess L Ve calamns o
three column system
bottom stage of A column
number of components
top stage of a column
total number of stages 1n A system of columns

pressure

C()z partial pressure

HZS partial pressure

matrix

stoirchiometric coetficient

heat duty

matrix

gas constant

retf lux @ at:o

matrix

summation 1mbalance, defined by equation (3-4)
cross sectional area of column, or volume of
liquid on tray per area of tray

molar flow rate of liquid side stream

molar flow rate of vapour side stream

weighting factor



-3

-3

NOMENCLATURE (continued)

temperature

column vector containing temperature corrections

volumetric gas flow per area of tray

molar vapour flow rate

column vector containlna corrections to molar
rapour flow rates

mean rate of absorption

weight percent of amine 1n solution

liquid composition

column vector containini corrections to liqguid
compositions

moles C02 per mole alkanc lamine

moles st ver mole alkanolamlne

molecular welght

vapour ~ormvo,sitlon

e U DMy xGS 0t

tunction 1n o eraat Lol Co=4) andd (2=-5), or

leovr fF 11y i n trav
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Greek Letters

NOMENCLATURE (continued) .

activity coefficient Sf water

average activity coefficient of an 10n

"new value minus old value"

composition dependent term in linearized
equations arising from interconnected stream,
defined in Table 6 ’ b
viscosity

temperature dependent term In linearized
equations arising from interconnected stream,
defined in Table 6

density

overall molar flow rate dependent term in
linearized equations &rxsan fror 1ntercon-
nected stream, defined in Table A
contributin to material ond energy .h,a"l\mm
equations from interlinked stream, defined

in Table 5
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NOMENCLATURE (continued)

Subscripts

A liquid phase

C refers to component material balance

E ’ refers to energy balance

e f a ‘

G (fjii phase

1 component number

int °  interfacial value

3 stage number

k ‘leavinq stage number of interlinked stream
lim limit

L liquid

v M refers to overall material balance

ns component number of solvent

NB bottom stage

NT top stage

0D containing off-tridiagonal elements (refers

to a matrix)
T total, or tridiagonal
vap vapourizat ion
Superscripts &

e equilibrium condition . , ‘{2
k iteration number |
o pure component, praideal state

4
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APPENDIX 1

ENTHALPIES OF SOLUTION OF CO, AND H,S IN
MEA AND DEA SOLUTIONS

(KJ/MOLE GAS)
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Enthalpies of Solution of CO

APPENDIX 1

MEA And DEA Solutions.

2

and H,S In

2

(KJ/Mole Gas)

ta) MEA28
Moles Acid Gas/Mole MEA
Acid
G
as 0.2] 0.4 06| 0.8 1.0 2] 1.4 1.6
co, 85.4 | 66.0 150.7 |38.6 |29.5 |23.1 - -
H,S 48.5t47.6 |46.3 |42.5 |24.6 |16.8 [12.6 |11.0
(b) DEA%6:27
Acid Norg%llty _Moles Acid Gas/Mole DEA’
Gas» ISolution .
. 0.2 0.4 0.6 | 0.8 1.0 1.2 1.4
co, 0.5 57.7 53.0 44.3 37.3 31.5 27.2° | 23.5
2.0 67.2 | 59.5 | 47.5 | 38.8 | 32.0 | 27:2 | 23.5
3.5 76.3 | 65.4 | 50.3 | 4b.0o 32.4 | 27.3 | 23.5
5.0 84.3 | 70.5 | 52.6 | 40.9 | 32.7 | 27.4 | 23.5
6.5 '90.7 | 73.7 | s4.2 | 41.5 | 32.9 | 27.4 | 23.5
8.0 96.2 | 76.3 | 55.5 | 41.8 | 33.0 | 27.4 | 23.5
H,S 2.0,3.5 47.7 | 43.5 | 40.0 | 31.9 | 16.4 | 12.5 | 11.0
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(c) Values of Kohl and Riesenfold24;

MEA DEA
0} 84. .9
C 2 4.5 66

H,S ’ 63.7 . 40.5 M



APPENDIX 2

CONSTANTS IN CORRELATIONS FOR
IDEAL GAS ENTHALPY AND LATENT

HEAT OF \l”OURI ZATION
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APPENDIX 3

INTERMEDIATE PARTIAL DERIVATIVES

REQUIRED IN THE DERIVATION OF

3K/ +x FOR HZS AND C02
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APPENDIX 3

Intermediate

The Derivation Of

For H,S {see equations (3-25) and (3-26) ¢
T N
X
(a) a = s e X, I
<4 boxy (1 + — \(—‘)
X3 X3
v ~X4 = - X
' i T %,  x., 2
! [x, + x4 (1« b =5
X3 X3
- b 1
(by) A mx 11 ‘11
_ (\
mxl ! K1 XI)HI
A
3" m l. Kl H1
1
1]
(ev) . t(u) and 1 (< )
H).‘
[
- e O
| v X
-
E A
a7

Partial Derivatives Required

'K/ +x For H2S And CoO
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(11)
(35 - m-A+S-2z \{ (A3-14)
3z X,
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1
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(2), For CO, Lgoe equat Lons (3-27) and (3-28)°}
. - X .
(a) %; _ o 4 o X4 (A3-19)
2 x1 X
lx4+x](1+-+——)]
3 3 A
(b) B = “mx, - PT K2 X, H2
4
aB _ _ _
3x2 = m PT K2 H2 (A3-20)
P ’ -
e ’—L BERENEA Ryt (A3-21)
(D sz - p) ﬂxz



(1)
(i1)
[ .4
\
¢
Now {1)
(2)

144

g% - see equation (A3-4)

1

Using equation (A3-5) with‘x1 replaced by

x2, and the relations:
N
J [RNH, 7| _ 3B
3x2 sz
an ,A”;"L.
A AUEE
3[ch3 ) _ B Y4
e = = - =
X, ax2 3x2
one obtains - )
- b(co.%7)
du _ OB 3 [OH ] 3
xS - 3 + 0.5 et 2 X
x2 x2 <x2 ( 2
(A3-22)
2%95—1 = 1 {l(m;z—A-B) 2Kiaa %%—
X5 Y (A+B) £2
. 2 ‘Bz B ]
- K.aa =
i thz 3x2
2
K.aa . v
. i . 2 dy 1 B
+ (mz-A-B) (- = X . - __ ‘'B
12(A+B) { Y 3x2 (A+B) szg}
2- (A3-23)
3 [co ] K .
i = 2L owy (2B 2z,
1%, Kw 2 2
X - ’d[OH_]
+ > [HCO3 )

X2



(A3=~24)

(d) Usipg equation (A3-11) and equation (A3-13)

“with X, replaced by X,

£ ) - (A-m+2B) (A3-25)
X P
272 2 :
and
(%g)x is the same as in equation (Al—f4)
Nz /%, .
. : s
. )
9B\ _  _ . _
(e) (TK—Z-) = p'I‘ )(:, H2 (A3-26)

(f) Using .equation (Al—ll) ind egquation (A3-17)
with Kl replaced by K):
&

(-’-f—) T {A=m+2R) tﬁ— T(Aa3-2M
2z Ko

and

(ﬂi: is the same as in equation (A3-18).
Yz/K, -

B IS § ..‘-;.- -



APPENDIX 4

COMPUTER PRINTOUTS FOR
AMINE CONTACTOR AND

.
REGENERATOR PROBLEMS
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APPEND] X a.,1 == TIOT PropLEd vV == NAGSTIR CORVETATION

easses PEORIFM STATFMENT sest s

TYPF OF COLUAN "
NG. OF PLATFS 20
PRESSULKF AT TOP PLATF (PSIA) 15¢.0"
PREGSUFE DEGP PER PLATS (PSTIA) r.o
XO. OF FEFDS 3
ENTFERING PLATE OF FFED 1 1
FRED QUANTITY - 0.69583E+01
PRESSURE OF FRED 150.07 .
TEMPEPRATHRE OF FF¥D (F) . 100.00
ENTERING PLATE OF FFED 2 4
PEED QUANTITY Co28612E+J4
PRESSURE OF FEYD 150.00
TEMPERATURE OF FcED (F) 120,77
ENTERING PLATE O¥ FEFED 3 20
FEED QUANTITY 0.19686F+08
PRESSURE OF FEED 150.00

TEMPERATURF OF PPFD (F) 95.0)
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*** HATF OF CONVFERGFNCE WITH ITFRATION NO, ®&=

O S50r OF SQUARES OF DFSTIDUALS Dy 10T7HIF N D
TEMPERATURP
0.56960F¢13
D.57960F 03
DyHT9¢.0F ¢ 3

v.57960E+ )13

0.57960K¢03 N.5T969E4)3 C.5790CF403
0.57960F+03 0.57960F+"3 C.5T7960F+0 3
D.57960F+23 0,57960F+23 C.S71960F+" 3
0.5796CFE¢03 0,57960F¢03 (.57TI6CF+0 3

C.H5TI60F+03
0.57960F ¢33
C.57960F+«03
0.57TY60F+(C3

VAPODUR FLOW RATE

0.719600E+04

0.1967°0F+0u
0. 196_’)\)1‘:0\)“

1 SUN OF SQUARES NF RESIDUALS

"TEMPERATURE

Y196 J0E+ 04,
0.19600E+04 €.19600F+04

0.19600F +0u
0.19600F+0u

C.196920E+04
N.196COF+Ou
0.19600F+ 04
0.19600E+Nu

0.59037F+73 0.60638FE+03 0.61723F+0 3

0.56537F+N3 0.56537F+03 0.56537K+J3 .

0.56537E+403 0.56%37F+03

0.56523E403 0.56490F+03

VAPOUR . .FLONW EATE

G.19656F+ 04

“0.19532E+04

0. 19532F«04
O0.19531F+ 0u

2 SUN OF SQUAFES

TEMPERATURE
0.36636E+N3
0.%Pu77E+03
0.57477r+03
0.57435F+03

0.19768F«04
0.19532E+Cu
C.19532E+04
0.19529%+04

0.90294F¢03
0.57477E+03
0.57476F+03
0.57370E+03

VAPOUR FLOW RATE4 . -

0.19506E+ 08
0.19590E+ 04
0.19590E+Guy
0.19588¢€+04

0,19365E+04
0.19590F+Cy
0.19590E+ 04
0.19586E+0u

OF RESIDUALS

0.56537E+03
£.563%6F+¢N3

2.198130F+0y
0.19532E+ 04
0.19532E+04
0.19523E+0y4

0.55723%+03
0.57477E+J3
2.57475F+03
0.57237E+03

0.19149E+04
0.19590R+04
0}5959oz‘ou
N.19579E+ 04

2.1960CF¢0U
C.19600F¢0u
0.1960CE+0Qu
N.1960NFedu

NLUB618E=01

0.56538F«¢03
0.56537F+n3
0.56536E+93
N0.55992F+03

0.19533F+04
0.19532F+0u4
0.19532F+0u4
0.19501E+Ny

U.10229FP=-01

0.57477F+0n3
0.57477F+03
0.57471E+03
0.57081F+03

0.19592F+04
0.19590F+0u
0.19590E+0u4

0.19569F+04

3 SUM OF SQUARES OP RESIDUALS .0.25122E°02

TEMPERATORE
0.56618E+03
0.58306E+03
0.58306E+03
0.58281E+03

0.57807r+03
0.58306E¢03
0.58305E+C3
0.58259F+03

VAPOUR PLOW RATE

O.19549E+ 04
0.19642E+ 04
0.196U42E+ 04
0.19640E+ 04

0. 19593E+048
0. 196U42E+ 04
0.19642E+04
0. 19638BE+04

0.59692E+03
0.58306E+03
0.58304E+03
0.58230E+23

0.19644F+ 04
0.196U42E+ 04
0.19041P+ 04
0.19634F+04

0.58306E+03
0.58306E+03
0.58301E+03
0.58186F+03

0.19643F+0u4
0.19642E+04
0.19641F+0u
0.1963CE+0u

a

C.196)CF+Cu
C.1600F+0u
C.1960CE+NU
C.V196I0F+0u

0.56% 381+ 3
C.56537F+03
0.56533F+03
N.S5U6TCF+03

0.19%32F+0y
CG.19532F+0y
C.19522F+Ny
D194 IBF +Qu

0.57u77F¢Q3
C.57477E+03
0.57461FE+Nn3
0.576 C8E+(03

3.19590E+0u4
0.19590F+04
C.19590F+04
0.19565F+0Cy

0.583C6F+03
0.58306E+03
C.58294E+03
‘0.57995E+03

0.19642E+04
0.196u2E+0Qu
0.1964 1E+0u4
0.196¢38F+0u



4y SUM OF
TEMDPFRATUHEPR
0.5T4S9E¢C3 C.SHCICLE (3
0.57949E+0? C.57049%+001
D.57T949E+0} D.S5T4uBF+ (3
0.57926F+03 0.S5TA0TF+0?
VAPOUP FLOW FATE
0.195%H3E+O4 0.19618F+C4
0.196.28F+04 0.19628F+ 004
J.19628F«+0u 0.29023900U
0.19677F+C8 C.19626E¢CU

SQUALES

9 SUM OF SQUARFES CFP RLSIDUALS

TEMPERATUFE
0.57064E+03 C.575C2F+03
0 po798UE+O3 C.S579RUE(C3
0.579BU4E+N"3 C.579813IF+03
0.57971F¢03 0.5796CF+(C3

VAPOUR FPLOW RATE
0.19567E+0u 0.1958aF+Cu
0.19629P+04 0.19629F+(4
0.19629E+CU 04196 29F+Cu
0.19628P+04 0.1928F«+(u

., SUM OF SOUAKES OF RESIDOALS

TEMPERATURE
0.57177E+03 C.S57817E+03
0.57978E+03 (.57978E+03
0.57977E+03 0.57977F+03
0.57967E+03 0.57956F+C3
VAPOUR PLOW RATE
0. 19573FP+04 C.19607E+04
0.19629F+ 04 0.19629E+0U
0.19629F+048 "N, 19629F+04
0.19628E+04 0.1962RE+Q4

tF RFSTDUALS

N 22373 H-03

0.H7TRT4F¢N3
C.S57949FP+)} Y.HTIU9Fe N
C2.57947E+03 D.579U43F+N3
P.STRR2E+C3 N.578U2F+ D}

FLRTOQYFe N

No19585F¢ 04 N.19630F 04
0.19628E+08 C,19628F+CU
5.19628P+ 04 3,196 RF¢DU
0.19b24F+CU8 2.19623E+04

N, 52487~ 4

N.53C19F¢03 D, 5THRUF+03
C.5798uE¢C3 2.5798U4F+03
0.5TYR2F¢03 2,.579H0FEeN3
C.57937E+0Y C,5786T7E+03

N, 196 20FK+ 04 Nn,196 31FE«0U
0.19629F+04 0.1962G8F 04
N.19629F+04 D.19629E+0U
0.19626E¢04 J.19623F+0u

N, 5155)F=-05

0.5S79H8E+03 N.5797RFE+013
0.57978F+03 0.57978F+233
0.57976F+¢03 N.57975F+03
0.57927E+03 J.57856F+91

0.19619E+04 0,196 31F+04
0.19629E+04 C.19629F+04
0.19629F+04 N, 196 29T +0U
3.196 26E+04 0.1962 3IE+0U
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DS TUUSFeN]
C.5%19u9Fen3
N.5T93T7FeN}
0L.5T5u9 e

NLN1GE RPN
0L 146 28F+ 04
LL.14962RF+0U
N I Y DA I O L ARTY

C.5T7984Fe 3
0C.57T9R4F+0 3
N.57977FeN3
C.5T597F«D 3

S o196 2900
J.19629E¢ QU
J.19629F¢0u
0.19621F 04

0.57978F+03
7.57977r+03
0.5TAT2E+D 3
N.57590F+03

0.1962Q9EFE+04
0.19629E+0U
N.19629F+0u
V.19 21E+404

4

Ky

AR



LE BN R J

NUMBENR

PHEGSURE,

CF

CONPUTED

ITTEPATIONS

TEMPERATHRE,

PRGULTS seees

ENTHALPY AND LIQUID FRACTION OF FUELD

0.15J)F«03 PSTA NLI0CTeY Y R D290 e aTy 1.
ce150k¢03 PSIA "L 120Fey 3 F D191+ R 9T 1.0
C.157E+N 3 PSIA Q.95"E+32 F AJI2RF 4N BT AR
¢ss¢ STAGE VARTARLE. ®e»
PLATF PRESSURE TEANP LIQUID FLOW VAPOUR FLO4d HEAT HUTY
NO. PSIA F LR MOL/TINE LB MOL/TIM® RTH/TIMF
1 15G.9C 112.17 0.69917E+03  2.19573F+0u  0.0C
2 150,00 118.57 0N.7C036FE¢DY 0.19607F«0u ", "
3 150,00 120.28  0.7J0154E+03  ~_.19519%+04 0.¢C
n 150.0C 120,14  0.315626F+04 0.19631F+04 2.0
5 150.00  120.14  0.35626F+04  0,.19629E+04 (.7
b 150,06 127,17 9,.3562bE«"8  0,19629F«+04 "D
7 150.00 120.18 0.35626E¢04  T.19629F+04 0.0
4 150,00 120,18 0.35626E404 O, 19629FE+0u 0.1
9 150.00 126,18 0.35626FE¢04 0.19629E+«)J4 N.0O
10 150.C9 120,18 0.35626F+28 0.19629F¢04 D
11 150.00 120.17 0.35626E¢N4 D.19A29FE+Hu "N
12 150.00 120,17 D.3562hF¢04 0.19A2Y9F¢0y "7
13 150.00 120.16 0.35626FE+04 0.19629E+04 0.0
14 150.0C 122.15 0.3562%RE¢04 0.19629F«¢04 .0
15 150.00 120,12 (0.35625E+04 0.19629E+0u4 0.0
16 150.0C 120.07 -0.3562uFP+0N4 0,.19628E+0u4 "N.,0
17 150.0C 119.96 0,35623F¢28 0,19628F+0u4 0.0
15 150.00 119,067 0.35619F+04 C.196J6E+04 "N
19 150.00 118.96 0.35618E+04 C.19623E+04 J.0
20 150.00 116.30 0,35083E+24 C.19621F¢04 0.0

4
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TOTAL

0.19573E+04

0.35683F+0u

*%¢ MATEFTIAL RALANCFES esse
FEEDS
PLATF NO, 1 PLATE NO, n
L. MOL/TIME MOL FHAC LB MOL/TINF MOL FEARC
HCOS 7. 128BJI0E+7 1 C_1H3IY9%E=02 [ 0.54300FeND .19 7T
€62 D.I5T0CESNT 0, 2250 3E~02 0,.63)0CE+ 01 T e 2JC19F=-00
MFA Yo IZ20H5CF02 0,49 1T74E-01 0.25000F 03 Y.81377E~-01
WATEK SO ICIIFC0T OLINETAESOD D UISSOL0F NG 0L H91 24 Fe N
HYDROGEN 7.0 n.n 7.0 nyn
NITRCGEN c.n 0.0 n.oe Ve
MFTHANF n,r 0.9 0L .1
ETHANE v.C 0. - OJ16DICFeln N S gop-ry
PFOPANE 7.7 AN C.U20NCF e ﬁ.luhrqr-fi
N~BUTANF d.¢C N0 0.0 nn
I-BUTANF 0. C 0.0 NN cLoan
TGTAI 7. 69583E+0 3 0,.236128 404
PLATP NO. 29 PLATE YO. -
LR MOL/TIANE ML PRAC I MOL/TINE MOL FRAC
HOS Ne18TI0E®D2 0 _949H9P=)2
CGo N.29500B+01 2. 1498SE=-02
MEA N, C 0.0
RATER | D.59100E+01 0.30021p=02
HYDROGFN N.62997F+01 0.32000"Ps)) .
NITROGEN T.29530R%40> 0.150" E=O1
MEFTHANE < 78155F¢ >3 0.397C)F+DN
ETHANE N".35436E+03 0.18000E+Q)
PROPANF 0. 124002P+03 0.62997P-01
N-BUTANE ".19790E+01 0.10007E=-02
I-BOTANF 0.1969CE+C2 0.10002F-01
TGTAL 0.19686F+04 .
PRODUCTS
TOP FRODUCT BOTTOM PRODUCT
LB MOL/TINE MOL FRAC IR MOL/TINF MOL FRAC
H2S 7.19845E-01 0.10139E-04 C.T74261E+02 C.20811F=-n1
co2 0.18589F-03 0.94969E~07 0.10820F+02 0.30322E~02
MEA 0.38791E-01 0.19818E~-04 0.31201E+03 0.87439E~01
WATER O. 16 185F¢02 0.82690E~02 0.31707F+0u 7.88856F+0)
HYDROGEN 0.62983L¢03 0.32178BE+00 0.16366F+09 0.4586SE~0&
MITROGEN J.29525E¢02 0.15084E-01 0.,54184F-02 0.15185F=05
METHANE 0.78127B+¢03 0.3991SE+00 '0.26851E+¢00 0.75250F~ 04
ETHANE 0.35443P¢C03 O 18108E+00 ©_.97760F~01 N.25715F=04
PRODPANE 7-12839E¢03 0./3548E-N01 0,35321E~01 0.98984E=~05
N-BUTANF 0.19699E+C1 0.10064F-02 0.32667FE~04 C.91548E~QR
I-BUTANE 0.19689F+02 (.10059E-21 0.32651E~03 0.91SC2FE~07



AL D

ENDIXY 4.0 == TFST PROBLER o=~ NASLL

)
sese e ' ] THM R SR . BN LI
L4
TYPt OF COLUMN 1
NO. OF PLATES 4
PEESSURE AT TOP PTAT: (PSTA) 11..

PEFSSUFE DROP DFh PLATE (PSIN)

NO.,

'F FFPDS )
FNTERING PLATE 'F FFED O 1
CFSED QUANTITY €.75719%e06
PRESSURE CF PEFD 712000
TEMFERATURE NF PEFD (F) 130,
ENTEPING PLATE OF FEFD 2 N
FEED QUANTITY F.15323F40h
PRESSURE P PFFD 712070
TEMNPFRATUDPE OF PEFL  (F) 145.
ENTERING PLATE NF FERED a u
PEED QUANTITY 0L 2¥9uTIT NS
PRESSURE OF FEFD 712,37
TEMPFEATURE NF PFED (D) 1ne.

eV LATTON

n

D
o
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1 Sire OF
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.l.qu11r_'-\‘
VAP UL FLOW
SLoYTICES DN

" SUM CF
TEMPERFATORF

DL FeN?
VADPOiItR FLOW

JL.21 5 1GF e

s SUm OF
"LMPERATURE
T LT 9N TR e )
vAOUR FLOW
'\.:‘— )()r”‘w‘
W sum CF
TEMPERKATURF
U.595C2F 403
VAPOUR FLCW
~fL21035 e 00

NVFRGENCY W1

SOMMAR RS ~¥

L9 0 e
FATH
C.2V131 7«0

SOUANES P
LS 3R Eo I O
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Sun VIR e
RATF

AR I B EARC SRR
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A PPINDTX L. == TEST PEOPLEM 4 =- AASTE O EERLATIOA
eessc Dn mMIEM STATEM NT esses
&

[t R I POLONDENSER (PTTR) AN

Shrsut s AT ToD PLATE (POTA) R

FEESSHRE i P b ¥R PLATE (00 1R) SRR

NCo OF FEEOS o 0
FNTEEING PLATE FOFYYL ) a
FIED CUARTITY (e 371 98F 75
pPrF SUEF TF FEERO 100,00
rowmbERATUERE ©F FETLOAF) Lo

No. OF INT R COOLUVRS b £FRTEES 1
FLAVE N .. F IMTT0 CCCLEE QF HPATZT 14 v
VEA% LOAT (F INTFE (OOLER Ok HFATER SR RS R R



&

s¢* EATE (F COUNVEBRGENCT

WITH

rr

ITFRATICN

NN, %%

* NEGATIVE PAPTIAL.PH k'SSU‘*FI‘%-T’ CALCIULATEFD ACDF

Haeo Tl 3RL9YFC
* NEGATIVE

HZ2S5 T 9.25084U42F-C vez

N sStm OF
TEMLTELATUPE
5.57C¢ CFe )1 C_.6H96CT ¢ (3
D.7C560F¢ 03 M .70T6ACHSC
J.715+CEred3 T, T7176CFe(3
VAPCUR FIOW FATF
J.VIUTCFedy €L 36200404
CJEIO{QFESIL CLS5LCHCFHF+CH
C.OYPQO0F«0y 75900 ey

SQMUAFFS

1 sipM OF
TEMPERATIUPRF
«. 5796 CF¢ (3

HOUUALES GF -
C.h8T75Fe(C3
JTCE2AF T 00757 Ve 0]
cT1SIDFe 03 C.T716UR: ¢
VAPCUOE FLOW FATFE
0.108(CRe N4 (,28545%+(C4
S.O595SFE+ 00 Q.56 2014 C Y
J.6325CE«CU G.6L3VLFE+CU

<>

]

sumw OF
"M PERATUR £
1.5796¢TEe0
0.7072€E+J3

—t
rey b

PARTIAL PRISSURF (S)

OFP RESTDUALS

n

Yo U0 ALS

SQNARES rF RFSTDHALS

»

CALCULATED

CC2 =C.270499E~CY

ABE

~C L, 282249 F=0D

DL.63960F+ 03
£.717960z¢M
CLT71960Fe 00

TLRIONTES QU
CJ565000E+Qu
R Y AToRR T B2 el )

0.b695%2F+ )]
T.77895F ¢ N2
CL.T71752E+403

CLLEYSIFe Oy
Y.h2U4GeF e OU
N".hbb 21120y

FYTUOSL+03 D.69962F+ "3
C.75855E+C3 0.77901FE+C3

C.71863F+03 0.71558F+C3 7.716U42E¢N3

VAPCUR FLOW PAT?
5.11317F+04 C,355C5F+Q
C.59341F+24 €.608397+(CH
T.68U450F+04 . 6534u4FeCu

2.R5906E e OU
N.6M1S50E+Cy
J.6800FE+ Cu

R &

I ACTRESRE

CeTM1e e
ColVrle ke
Y AR N AR P SRR

CoDY ICES DY
C.on0 (0 T4y
PR AN Foll S St

Ce721CRFe( 2
N, 71226 F+3 1
.71t Fe7R

JeH1RARE+CU
N, 1«5 3F+0U
DeBAH MR F SOy

Se 1t 7"=072

C.77333t 423
Ve 71197 F+23
T.71003E+23

7.9950 70F+04
F.h1sBeF+D4
N, 67T12¢%+Cu

) SUM OF SOUARES OF RRSIDJ%LS N.16718F=-0

TEMFERATORF
C.57A6CE+03 C.hB6TBE+03
1.705¢7FeN3 C.70T47E+C3
3.71475E+03 C.71564F+03
VAPOHR FLOW RAT?®
0.11238F¢0u 0.29125E+04
.56 3UCE+04 0.62236P+Cy
.681CUE+O4 0.64907FE+04

C.hIS5USF+ 03
7.71067E¢03
Je.1T1650E+ 03

J.U5633E+Cy
1.593817+ 04
".65U49R+Cy

0.77C5uFeC3
J.7T1246E4+C3
0.71809E+03

0.951" 0¥ 0u
C.61748F+0U
C.6593I2E+Nu

CTLT TN T e T
TLTY e e

S0y e o
N, TT Tl Fe
TLTLR2F L8
AR A RURRTE I SR SaRR
CL.HUI3UIE e W

LS 3Fe Ny
C.7o0R1% 403
C.T1I349F 03
L5779 v ey
0.6343CE+IU
CeT173€62 €0

D.T13T73FeN

C.5632ur+04
T.63117Fe¢Ca
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d4 SUM OF LQUARES
TFEEPERKATIRF
CL57Qr CcEeNY (AU 03
D.T70663F4Ct CLT7I8JCHeT]
2.71479E+0 . T7156KFeN
VAPOUR FLCW RATF
C.11295F«¢ )04 O.33298F+0u
V.577TH1Fe0U C.5T800E« U
CebUW3ICTFeL (.HUQA0AF (U

‘ SUM QOF SQUAKFS
TEmPERATIHRE
C.57900re03 O,6R7TU37 (3
L2 TCHH9E e 03 C.T7CT39F«C3
CLT714T75F+03 CL.71566F 03
VAPGUEK FLOW RATE
0L.1125CreCl (o 310CS5F+Cuy
CefnStUlelu 0.548512F¢Cu
C.6W217TFeNu Q0,60921F+Cu

6 sUM OF
TEMPFRERATURF

SQUARES OF

0.57960L¢(3 C.hnﬁuzﬁocz o

S.72619Fe0 Y N, 70766F¢(C3
C.T71477E+03 C.71566%+(3
VAPOUR FLOW KATF
0.113C2F+¢+Cu C,32ubUFE+lu
0.57375F¢04 (.58466F+Cu
DL6U28U4F«Cy G,AU9T72F«0U

OF ks

[N

Nk RF

YES

IDUALS ML UM T =7

ATy EAAKOR NS I |
TLT1059F (0
2L.71H09FE N

Yoeh9T76T=¢ 13
P A KO B RS IR
e 71653% e 8

-

N

430128+ 0U4 0,.,53376L¢0U
LHN2T6F 04 O,62200F+0U4
JHHSTUReNY N _AHHTIVTEFSQUL

PR L

SIDUALS: O, T7¢64u42%-Cy
T"L.649480 026 0]
J.T7106uF+C3
CLT716852F 402

9.70077F¢C 3
JaT71. U E+23
D.7Y60F N3

DLUodNRFend N S1506F 04
CLH9HESESTU, Y.h2CRIRECY
CLLS541Ee T N 66ACTIFENU
IDIALS Te792N4¥-05

Je 717 1323F+(C 2
S.T1251 K03
C.TIHCBF 03

LE9b6HED]
0.717747+03
0.71652E+03

N.52678E+0U
S.62193F¢%u
0.6ARA1CQE+NL

PLUd19YRe U
0.hIDBSE+ JU
G655 T77TE+0OU

C.T7UTRYe )3
I TVIRCT e

" L.H%Y86FEedu
CL6IUSH3IFelu
P IR B IR S SRR
CJT13T7 3 e}
TLHG T 1AV er g
C.H¥sUufhFe™ Uy
1.70U S VEe

A R X%

DL.9H0 9"y
C.63822P¢ 0
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€,

u

s e

NUNMRER

FrFPLUX

COMPUTED

CF O ITFRATIONS

FATTO

RFSULYTS

.

LR R R & J

1.87243

159

PFESSUFE, TFMPERATORE, ENTHALPY-AND LIQUID FRACTION CF FFED

C.100E4(C 2

PSIA

S.O0PCFe0Y F

*##% STAGF VARIABLFS s#s
PLATE  IRFSSUFF  TLMP
NO. PSTA F
1 27.9C 12¢.00
2 28.CC 228,82
3 2R.33 237.06
u 2RL6T 201,73
5 29.0C 24u_61
t 29,33 24b.59
7 20,67 2u6R,06
t 30.0C 251,14
g . 30.33 252,91
10 Ir.67 254,15
11 31.6C  255.17
12 11,33 256.06
13 .67 ¥56.92
14 32,600 29B,u48

LIQUID FLOW
LB MOL/TINME
Ce21162F¢ 04
CT.UCRBYE+NS
C.41332E+05
5.41607TF« 05
T4 1HO1E+CS
C.H191CE+DS
0.U2072F¢05
N, U22R03F+05
C.U42406R+05
N.42092FEeNS
C.42561E+05
O.U42621F+05
QLU26T5E+0S
0.3606UL4F+ DS

0.2CTF+J39

RTO

VAPOUR FICW
LB MOL/TINFE
C.Y1302F+Cu
C.32464%Fe¢Ny
C.48199F+0u
f.52678F+Cu
C.55429E+0u
N.STITSF el
0.58466F¢Cu
0.6)085F+04
0.62193F+Cu
T.63422%+0u4
C.64284F+Cu
T.64972F +04
UL.659T77F¢Cu
J.661C9F 04

1.0

HEAT DUTY
BTU/TINF
-N.4TU22FE+08

~

R

e o
<

)0*5oa)o:JHrwor3ﬁ )
L .
ADODOODOODDODNHD

141109



sws MATFRTAL

FEEDCD

H2S5

Cce2

MEA
WATEKR
HYDROGEN
NITROGEN
METHAN®
ETHANE
PROPANE
TOTAL

PRODUCTS

H2S

co?

MFA
WATER
HYDROGEN
NITROGEN
METHANE
ETHANE
PROPANE
TOTAL

BALANCFS

PLATVF NG,

IR MOL/TIME
0. 1140 2E+CH
G.1C180F+0 3
n.3220CF+04
D.3273CFE+CH
C.eTQACFEO0
J.U40COCE-01
7".5TCOCE+DN
0.32C00E+0O0
0. 3U000F+CD
0.37194E+«0S

PR

N

MOL PRAC
J.31C0656P=01
0.2737CE=-02
2.96573F=01
0.HTYY6F+D0
N, 18014¥%=-94
C. 109754 E=05
N, 15125F=-04
N.B8LA3I6E=-0S
J.91413E=05

T0P PRODUCT

LR MOL/TIMFE
9.10151E+Qu
C.U2U85F+02
J.12591F-01
Nn,.T70643E+02
N.66997F+0"
~.39998F~ 01
0.56998E+00
N, 31999P+ 00
" .33999F+(CO
0.11302F+04

MO1, FRAC
CL.HYBT1HESOO
0.37590E~-01
D.11141E-0u
N.62505E=-01
Je59279E-03
0.35390Q0E-04
0.50431E-013
0.28312E-013
0.30042E-03

PLATF NO,

18 MOL/TINMFE

ROTTOM
LR MOL/TINF
0.12507E+03
0.59326F ¢02
0.3220CF +0u
0,32659E+05
N, 24524F=-130
D, T4811F=-31
0.20497E-30
7.11647F=130
0.12432E=-30
0.36D64F +CH

MOl FRAC

PRODUCT

a0l FRAC
n.3ue 79¥F=-02
TV S0E-02
0.89286F=01
N,90560E400
2.68C02F=-135
J.U41069E-36
0.5€¢8ISFE=35
N.32P97E~135
6 .38071E=35
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APPENDIX L.Y == TFST PROBLEM 4 == NAQ>P CJRRFLATIbN

*%s8% PROBLFM STATFNMENT *ssse

nps@cox,nnu 3

NO. OF PLATES 14
PRESSULE OF CONDENSER (PSIA) 25,00
PRESSUFF AT TOP PLATE (PSTA) 27.00
PKESSUFE DROP PEF PLATE (PSIA) N. 31333
NO. OF FEEDS 1

|39}

ENTFRING PLATE OFP FEED 1

FEED QUANTITY 0.6U652E+0y

PRESSURE OF FEED 48.0n

TEMPERATURE OF FPEED (F) 187,00
NO. OF INTER COOLFRS COR HEATERS 1

PLATE NO. OF INTER COOLER OR HEATER 1
HEAT LCAD OFP INTER COOLER OR HEATEFR

C.16171Ee¢CH
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s*» PATE OF CONVFRGENCF

o SUM OF
TEMPERATURF
9.559¢.0E+03 N . 6T96CE+03
2.697¢0F+¢03 0,69960F+03
0,.7076CE+03 0.70960E+03
VAPOUR FLOW RATF
J.1600CE+0Y G.U4ICVCE+D]
0.90S0CE+03 N, 91COQ0r+( 1

SQUARES

NF !F'

H ITFRATION
S5IDUALS
0.691ACEeD]
YL7016TE¢ 33
D.T711R0E« Q3

0. 7J)000F+013
0.915N0E+ 0}

NO., ®%2%

7.13119F¢0)

P.69360F¢03
0.7536CF¢03
0.71360F+013

N0.d8500CF+0}
0.92)00F+03

0.930C0E+03 0.93970F+C3 0.9400)IF¢03 N.QUSCRFEeLO?
* f
1 SUM OF SQUARES
TEMPERATURE
0.55960F+03 0. 6808)E003 0.70UN6FR+03 0.T1532F+03
0.71510FE+021 0.71V42F¢C3 0.708928+03 (,.708N2F¢03
J.70929E+03 00,7106 1F+03 N".71219E+03 0.71342F+03
VAPOUR PLOW RATE
.15811F¢03 0.40919F+03 0,
0.15993E+¢C4 C.136U49F¢04 9.
0.97892F+03 N.95271F+03 2.,

OF RFSIDUALS 0.606583%R+30

117623R+04 0, 17CH0Fe0OU
11829E¢04 9,10A92F«Cy
I5045F+¢ 03 2.9 213F+N3
2 SUM OF SQOARES F RESIDUALSG D.40929E-71
TEMPERATURE
O.55960F¢03 0.68274F+03 J.70159F+03 0.71046F+03
0.71108E+03 0.70955c¢03 0.70954E+03 0,71032F+03
0.71181E¢03 0.71262FE+03 0.713U48E+03 0.71433F+03
VAPOUR FLOW RATE
7.14895P+03 C.41116F¢C3 D.79477E+03 0.850NCF+( 3
N._10469F+04 O0.112548+CU O.1147RE+04 C. 11187 F«04
C.99671F+¢03 0.96144E+03 0.9Y6219E+03 0.98713E+03
3 SIU'M OF SQUAKRES OF RESIDUALS 0. 30413F-0N1
TEMPERATURE
0.55960E¢03 0,67193v+03
0.70738BE+03 0.70826F¢C13
C.71169F+03 0.71244FE+03
YyAPOUR FLOW RATE
D.15120E+403 0.25Rb8F+03 0.60126E+013
0.90686E+01 0.9310uE+03 O0.93041E+03
0.93116F+03 0.93446%+03 I.9U4U12F+03

0.69525F+ 03
Q0.70920E+03
0.71313E+03

N.T73264F¢()
0.71010F+0}
0.71417F+21

0.79191F+"3
0.92620F+03
0.95226F¢013

~

0.649560F¢0 1
ALT0560Fe0 3

J.9CONCE+{ 3
f,A250CEHES0Y
0.71772Fe¢nNA
0.70RU6F+03
N.179L0F ¢+ 04
OL.10334E+Cy
G.T7128BUE+0O3
Y, 7V1C6FeN 3
C.93cU4CFE+03
Q0. 10569F«+0Yy
0,706 19E+03

.71091F«(C3

5373F+03
C.93781F+03



4 SUUM OF SQUARYES OF ERSIDUALS

. TEMPERATURF

LH99G7TFEY L 0,690 21703 O.75932P+ 03

J.70822E+123

CoeTOHRIIRE0A

S.71181F40Y 0L 71240 F4C0
VAPCUR FLOW RATE
C.19521RF¢03 0 U3 ToCE+0]
0.944H2FE+03 (.91686F+013
2.92856F+03 N,93587F«0 1}

5 SUM OP SQUARES OF RESIDUALS

TEMPERATURE
1.5596CE+01 J.687ASTeN]

C.77967E+C3
J3.71316E+013

J.1D779F ¢ 04

0.9157ur+03
D.U153Re 03

S5.70613%¢03

0.70783F+N3 A, TCHE2F+Y3 H.71794105+403

C.T1162E+93 0..71232F+03 0.71374€+03
VAPOUR FLOW RATE

D.143US5E+)3 0.32820F 403 D.H1IS56E+01]

0.91527F¢973 C.90542F+03 0.9C366FE+0N3

0.92618E+03 C.93307E¢C3 0.93RH0E+03

6 SUM OF SQUARES OF
TEMPERATURE .
0.55960F+03 C.6R023E+23 G,7018BHF+03

0.T70T46E+03 C.70843IR+03 0.7J930E¢C3

J.71160F+¢03 0.71232E+03 0,713C05F+03
VAPOUR PLOW KATE ’

RFSIDUALS

0. 14T7Y4E+03 0.30456F+C3
0.92673E+03 0.926C3£+C3
0.94510E+03 0.94930F+C3

1 SUM OF SQUARES
TEMPERATURE

OF RESIDUALS

N.690U2F+ 01
JD.928K87E+03
J3.952167+03

]

0.5596CE+03 C.6T499E+03 J.696U1FE+ 33

0.70735F+03 0.708uU1F+C3 0.70929E+)2

0.71161F+03 0.71234E+03 C.71306E+03
VAPOUR FLOW RATE

J.15119FE+N"3 0.333u2E+03 0,.6U8937F+03

0.92076F+0% 0.92451E+03 0.92883F+ )3

N.93979E+0? 0.9433BF+03 0.94667E+03

Co. 1139 w=n

D.717736F¢03
C.71JUYF &3
N.7V422F+N 3

C.11u22F+0u
Ne919UHESO]
D.943T72FeN

. VW16 IE-C T

N, 70605F¢C3
0.71217F+03
FeT1U41bF03

0.93827F 03
C.91426F 013
0.94314F+N?

J.HAYTVIE=-CD

N,TH433F+C3
0.710C9F+C3
0.71416F+03

0.97918F+03
0.93509E+23
0.95401F+03

C.63524F~03

N0.70291E+013
0.71010F«03
N.TI4T16F+03

0.87725F+0C3
2.93164F+013
0.949 31V F+03

QTN TU IS
C.T1112F+0 1

~L10D e ve(Cu
C.O032HEeC 3

T, 7C6Y94 b+ 0}
¢.7‘Cq’!"‘n1

N,y 255E+ 0
0.919HTF¢03

fL.77bJ2utreD
2.710CH6F+0 3

DY hHESEEN]
0.94009E+03

C.7C0588E+03
A.T108BTF+03

T.9CT<TF+0}3
N.935716F+03

LR
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]

K| SUM o
TFAPERATURE
0.559¢NF+03
C.T707464t603
oI AR FNTS T
VAPOIIK FLOW
D.14975FP+ D3
J.90970keN]3
J. 93315603

] SUM 0P SQUARES OF RFESIDUALS

TEMPERATURF
D.95960F+ "3
D.70752F+ 03
0. 71165F+ 03

VAPOUR FLOM
D, 148C7F+03
7.90239F+ 03
U, 930LRECD]

1¢ SUM OF
TEMPERATURE

0.559¢ CEeN3 N.6774S5F+C3 C.69751E+ 23
3.708495¢03 C.
N.712328+03 0.

C.70748F+03
0. 7116CE+C3
VAPOUR FLOW
O. 4794 E+ D3
0.90u4B6%e¢ 0}

SOUARNES 0OF
CabTO2RF+03
Coe 7NRBURESN)
0., T71237R+7 3

FATF
l'\
N.91465E+03
N.93773r«03

Ce,7306F N3 O
NLoTINBS 3EeC3

FATE
C.35130F+C3

5QUARKFS oOF

RATE
J.34532F403
C.91128%eC3

RS TOUALS

D.69710F¢93
U.
J.

. JI9T0E+03 0.6980YE+0 3
1.91937F+0 3

~
e

e
T.71236F+403 0,71307F03

J.
0.90875Fk+«03 0.
T.93593F+(3 9,

QEST

J.
O.

C.93315F+03 J.73834E+C3 JD.94315E+ D)

D, 10255P~-0

NeTYII5F+ 03
0.7¥"15F+33
N, 714 1RE+0 ]

7993157 eNn1
TYI0dE«03

7.87492F+03
D.92362F+03
QU222F¢03 D, 94605 F+N
Y, 1899 3k= Ny

HhYTI81E+ Q)
70939E+N 13

D, 7M341reny
Coe71017F¢03
0.71416F+03

DI.8ICST1FE+03
C.91962E¢03
Je9uHBYIFeN 3

73334E¢)3
Y14 14F+ O
QU T12FK ¢ 93
DUALS TLE2679F-C5

Ce7TI331E0R
N.71D013E+03
C.71415F+0C3

7G9135E+03
T1324F+03

TV843E+ )3
11685E+973

0.8R814E+03
0.92227%+03
0.94720F+03

TLTCHRIOFeC Y
2.71091F ey

C.HYTBYE+O R

CLUDELTF 03

VIR ADT 0 B AR AR

CeT109 Fery

FLHACUYF D}

N.92497F+C3

QTR CTF+0O 3
N, 71C88F+03

N.89197F+03
0.92776F+03
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$e22* COMPUTED RESHLT:; #*wese
NUMBEK CF ITKFATIONS
KEFLUX FATTIO 1. 3341,

PhESSURL,

C.U80F¢02 BSTIA
*** STAGFE VRATARLFy #e»
PLATF 1 RFSSURF TFmp

NO. PSTA P

1 2H.00 1C6.00
2 27.7°¢C 217.85
1 27.33 237.91
u 27.67 23,711
Y 28.0C 2u4h,.u?
6 28,33 247,88
7 28,67 2u485.89
3 29,930 249,15
9 29.1313 250.53

10 S9.67 251,24

11 Ic.n0 252,00

12 ic.33 252.72

13 3G.sT7  253_.u4

14 3.0 254,85

TENPERATURE,

U.IRIRe N F

ENTHALPY AND LTOQUIN

LIQUID FLOW
LB mMOL/TINE
C.19738Fr¢0D3
0.73357%¢04
ND.71395E+¢ Q4
0.72093FPe¢Ny
Q.T72221E¢04
0.72286Z+¢04
0.72341P¢ 04
0.7239%E+ 04
ND.T2450FE+ 0y
O.T72504E¢0y
N1.72556%+ 9y
C.72608E¢0y
D.72645E+ 0y
".63173T404

DIAR IV AR I L SR TN

RTH

VAPCOK FlOW
L? MOL/TInmMF
0. 14794F+" 3
C.34532F+03
O.7T1343IE+C
Ce863187 803
C.39197E+03
C.90u86rPe0
CeIV1I128F+03
G.916R5F ¢+ 3
0e9222T7F¢CH
0.92776F+¢0
CeM3311SE+03
0.939341 ¢33
0.94315F+03
N.MMT20F 03

FRACTION OF

165
FIED N
L
1,°
HEAT DNTY
BTU/T1my
C.25%1949F+( )
c.n”
0.0
r.n
2.0
f.n
N, C
n,n
r.o
‘\.(‘\
C.0
~.0
2.0
T 1817V



L R

MATELT AL

FEYDSH

HES

coY

DEA,
WATYEF
METHANY
ETHANY
PROPANE
TOTAL

PRODUCTS

HZ25

Cocs

DEA
WATFE R
METHANE
TThANE
PROPANF
TOTAL

BALANCES

PLAT*® Nu,

L MOL/TINF
N, 37682CF¢7?
SL,123T71F« 03
NL29CAPY 03
R S IRA TS IR ARV
TLB3INATE e C
N, 3C000E-C1Y
A 100N F-"1
TL.hU6S2FeC U

TOP
L8 MOL/TIME
0.3%121E+02
A 10K TDPF403
C.U97IRF~-CR
~LB629RE MY
). 42992F+0"
N.299Q95E-01
1.99982F=-N2
L4794 F 40}

LA R J

5
- ‘

MOL FRAC
0.5RuU93w=3’
N.191358-C1
TLUu991F=01
SL,9099514 )
TLhnH1av-"u
J.dbd g 2R=DE
NL15uK7E-05

P DUOCT

mIL PRAC
NL23T7T39E+ NG
C.72138F«+00
DL 3361YIE-10
D). 38054 R=-01
"L2a085FR=02
TL2NDT74E=-0
S ohISAYE=-DU

CLATE N,

I @l /T ImMy Mot OFY AL
AGTTCRm PEOADUCT

LY mOL/"1n¥ MOL FRAC

TL26L3F 40T
Colb 376540
.29 88K+ 3
C.HTIL IR eCY
N6 IRE-27
0,33U449NF-29
f.283u8F-29
T Hh3V17 35674

LY
.

.

FLUSHOUF- 13

4t uyr-oc
SERTOF ="
UbHCUSE=-"1

LA KU e

1ru23F= 31
13375 F=37

——
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ApiEND

" & *

TYPF OF

Nui. R

PrEssH;

PRE S ST

N, ]

ENTEH
FEELD

PLESSURE OF FWT

Y W == T

**r PROHBLFM

COLI™N
PLATED

F AT Tov Pi
F DEaP PPFE
l"'[‘.‘l‘i‘.)fl

RING PLATE
QUANTITY

TEMPERATURE O0F

FNTV
FekD

PRFLCUPE CF PEE

BING PLATYE
VUANTITY

TEMPEFATHFY NF

FNTFRING PLATE

FEED

PRFSSURF

TEMP

QUANTITY

TR Ay F

T Pt PLYM Y e CAMOCO (R

CTATURENT s ess

ATE (b1 A) ARPRR

PLATE (POTR)

3
OF FEFD 1
CenUHHR IV
n 190,00
FEFER ()Y LA I
OF ®WFFD /! 4
Co 3610600
r\ 1(‘.\.)\
FEED (F) 10600
OF FFFD 3 REA

C. 1T963h e+ 0U

CF FFFD 197,00
FRATUPF OF

FEFD (F) 95, 0

.



&

&' L SN S e

) 4

CONVEIRGENCE Wil

o AL Y N O MR [T
TEMPE AT

IR TN O S NS BRI S SR TN I
TUNTY9r Cren T_H7‘p'“¢’l
el GreT [N AT Y AR SR |
DL T CH e S NT e a0y
VAP PODE Fl1OW FART L

YL 149k r;.qp AR VY SRR PO
el b i be N U 19T 0 a0y
Y96 0P e 0 1900 4 (g
R R N XA R TR I I B I S WAl RO AT
1 LM OF SOUARES DR gt
TeMPUIEKATUYE »
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APPENDIX U 1, == TSGT DpRnit i m

st e DR CRLFM STATFMIUNT

TYPE OF COLYMN 1
NO. 9OF PLATES 4
PRESSUYE AT TOF PLATF {(PSTA)
PRFSSUF® DrROP PEF PLATT® (2SI
NO. DF FEED: 1
ENTERING PLATE OF FEFD 1
FLED QUANTITY
PRESSUORFE OP FEFD
TEMPERATURE OP FEFD (F)

ENTFRING OF FFED .
FEED QUA . 0, 1tu82
PRESSURE MEF D

TEMPERATURE
R -
&NTFRING PLATE OF FFED 23
PE®D OUANTITY C.2%994
PRESSURF CF FFED
TEgQPERATURE OF FEFD (F)

F PEED (F)

- ol

L E N RN ]

A)

1

C.75739%+25

712.0

)]
JE+CoH
7T12.90

7%
TP+05
712.0"°

AMOCH CORRFLATION

®
11290
135,90
148,12
100,00 .
]

(%)
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see LATE OF CONVFRGFNCE WITH ITERATIOCN NO, ®**

< Stm OF CSQUAERFS P RFSIDUALS 0,139737 601
TEMPERATUPE

J.594¢CE+C3 N,.549960F+0 3 D), 674607403 7,609 FeD?
VAPCUR FLOW FATE

CL2V131F4N5 £ 21131405 D, 21131F 05 ), 211311105

1 SUM OF SQOUAFRDIS OF KFESIDOALS NLI6TT3FE=01
TEMPERATUKRF )

J.59%10E¢0Y C,.S5H4 17V 40F O, 5H8TBFE 0T 0,599 31K e 4
VAPOUR FLOW RATE

0.21C1CFEeNH 0. 21CU9c+CH U, 2Y1HOESOS C.21235Fe0%

2 SHM OF SQUARFS NF RFSIDNALR J.17026%=012
TERPEKATURF

0.59S22E¢C C.6CTTTFeC 3 J,6C273IF¢03 0, 62211F 0
VAPCUP FLOW RATE

0.21C139F+0°5 C,21110%+(CH (‘.21’”’.005 CL21613F (0S5

3 SuM OF SQUAERES OFP RESIDNOALS 0, 10US3IF=-"8
TEMPYRATURE
1 .39551E¢03 C.6C173F¢C3 C.60V79K¢03 0.62151F+0 3
varobk FLOW RATP 0T
0.21013F¢08VE 211C9R405 V. 21241F405 0. 21690 E+CN,
T

—_— .

o

o

-«
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NUMBFR CF ITHERATIONS 3}

ssens COMPUTED RFSULTS seese

L 4 .
PFESSUPE, TEMPERATUEKF, FNTHAS;! AND LIOUID FRACTION CF PELD

Ce712E¢03 PLTA C.TI8%FEeCY F V. e53FeN9 RTU 1’
0,782k ¢C Y PSTA O, TUH5Fe0 3 B N,924F+DX9 BTN 1.0
C.712E+03 PSIA C.100E+" 3 F OL156E+09 1TU (.0

J
*se STAGF vanxangrs e

PLATE PRESSURY TEMP LIQNID FLOW VAPOUK FLOW HEAT oU'TY
NO. PSIA F LB MOL/TINF LB MOL/TIRF BTU/TIME
1 712.0C ¥35.91 0.75816F¢0S B3IF +CS ¢.0

2 712.00 12,13 0.23918E+ 00X g Fe+0S  0.C
3 712.00 144,19 0,239 IFFE i « 05 0.0
ty

712.00  161.91 0, 2U688F : MGOE + 05 03 (

.
k ‘ .-
a— —
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Pl

FEEDS

HZ2S

Co2

DEA
H20.
METIHANE
TOTAL

H.s

co2

DEA

H20
METHANE
TOTAL

PFODUCTS

HZS (
co2 3
DEN®

H20
METHANE
TOTAL

P 4

MATEEFTAL

-

[\

BALANCFS

PLATE NO.

LB mOL/TIMF
C.3€¢300E+C?
N.2B1JCF¢C2
N.SUISCFeQU
NLT0260F 600
n,r

FaTH5T3IYF 0N

PLATE NO,

LB MQL/TINg

LR R J

-

1

MOL FRAC

0.47928E=-01

N A7101P=-"13
N.71L9%E=-01
C.O2T65F¢N0

n.0

" )
MOL FRAC

N.69UBOE+O 0,24002Ce00

7. 8L HBUOF+0X

.o
0.C
C.21131F+05
0.2HA4TFPe0N

-

T0P
LR MOL/TIME
). 33G56E~-01
0.20321E=-02
0.52450E-03
0.71196E¢02
0.20962F+05

0.21033E+0S

C.30C0CE=N1
0.6
0,0
0.,72994E+00

,Q X
MOL AC
0.15716F-039%
0.96614E=07
0,24 37B=07
0.33850E=02
0.99661F+00

PRODUCT

)

PIL.ATE NOQ,

LR MOL/TIMF
C.29060F¢0 3
NLIUNSE0?
U.HI14TSFe0U
CL15G65F 0B
raC

NL16R23TeC

PLATF NO.

LB MOL/TINMF

) .'

4
MOL FRAC
Co1171978=0
C.RHG23F-01
0.49915F=-01
Ce9U8745%¢0)
J.C

,

MOl FRAC

ROTTOM PRGDUCT

LR MOL/TINF
0.72748F+Cu
0.10367F+0u
0.13563F+¢05
0.22884F+06

6.1 ALK
c.24 ¢+ C6

mOT. FRAC
Ng 2946 TFE=-01Y
C.U 1994 F=~-02
L.58935F-01
V.91 T72E+00
C.68I3I2E=-T3
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APPENDIX 4.7 == TEST PHQRLEM 3 == AMOCQ CORFFTATION .
]
1 ]
essss DHOBLEM STATFMENT eeses
~
TYPE OF COLUMN \ -7
NO. OF PLATFS 14
_ L
PHCSSUKF OF CONDFNSFF (PSIA) 27,00 f
4 ! * i
PRESSUFE AT TGF PLATE (PSTIA) 2.0 :
 PRESSUFE DROP PER PLATE (PSIA) PR R
N , .. ﬁ ’““ . X
? WO, OF FEFDS 1
ENTFEING PLATF OF FEED 1 p) .
FEED QUANTITY 0.37194F ¢25
PEESSUKE OF FEED 100.0Q . . e T e e g
TEMPERATURE OF JFEED (F) 20C.") :
NO. OF INTEE COOLERS @ HEATERS 1
PLATE NO. OF INTER COOLER OR HEATER 1 14

HEAT LOAD OF INTER CNOLFKR OR HEATFR C.Y1413y>e 00
- ‘ .



[ 2 SR

*es [ATE OF

CUNVERGFNC®
G SR OF SCUAKES OF
TEMPSRATURE
0.5796CFeI Y C.0EY9eCre(
Qe TISCO0F+0Y €, T7CT6CHeC Y
0. 71H5C0F¢03 £, 7176003
VAPOUR PLOW FATE
0. VY4C0Fe0U O,342)0v ey
0.953CO0E+QU O ,S5UCCOL+0CUY
N.58000Ee0y CL.59000F¢C Yy

1 SUM OF SQUARES
FWIPERATURE

WiTH

WESTONALS

OF RESIDUALS

ITFRATION

Cotiantes )2

0.70960E¢011

"e71960E 603

CLHNNNNF e
CLoH9NN0EC DU
0.60N00F+0Y

NuU. *e e

ALY TP RN B BaN o

V77160 &
N, 7TV16NF e
C.72160Fe0 3

0,%1°00F ¢4
C.560)CE+ Y
C.61700F«0y

Qe 373UTE~-01

' 0.57960P+03 C.68950E+C3 0.70042E+034C.7I641E40
AIISTPe03 G.7T1264CF¢03 D.71303RPeN3 O _T116RFe03
OLTVRCIEeQ}

W

LJ.M532E¢03 0,7162PE+03
VAPOUR FLOW RATF
PiegBQITIE+0U 0,316S5HE+Cu
* 0.6 ngooa 0.65053F+00
0.,636SuBe 04 0,6U4685F+04

SUM OF SQUARES

RATURE
ALE79¢0E+01 C.69033F+03
*6,70990E+03 (,71115E+01

‘« 71481F+03 0,71505F«0 3"

-. YAPOUR FLOW PATE
‘0.11328E+084 0,35037F¢04
D.61111E+04 0,62559E+04
0.64927F+0U (.65028F+CH

3 S
TESPER ORE
0.5796CE+03 0.68717E+03
0.70916E¢03 C.71067F+03
0.71479E+C3 0.71565E+C3
YAPOUR PLON RATE
0.11318E408 C,.30258E+04
0.59709E+04 C.61153E+04
0.68239E+04 O0.HU4B29F+ 04

OF RESIDOALS

N OF SQUARES OF RESIDUALS

N.T1721F+013

D.565710E¢04
ND.68120F¢0u4
0.663HHE+OU

0.70N03WP+03
C.71217E+03
0.71651F¢03

0.%3716E+04
0.638598+4Q4
0.66162R+08

0.693784E«03
0.771898+03
0.71652E+03

0.46829R+04
0.62168E+04
0.65409E+04

0.63350L¢CuU
0.63UGTFeOuU
O.6BREQF+CU

N.8993I2F-u 3}

J.7353VF+(C3
0.71309F+03
0.71815F+03

0.55503E+04
C.640U48E+0QU
0.66775F+0u

N.1INGSE=03

0.70375F+03
0.71294F¢03
O.T181UE+03

0.53552E+04
0.62956R+ 04
0.66001F¢04

Gal"3I60E¢0
Col13InNEe0D3

DeHT00Ee U
O.'J?OOOK"OU
C.7CYBCFE+Q 3
C.770044U}L*7 8
{0556 3F+04
C.61257FeQu
F.TT8ISESNY
C.7139¢E+03"
N.S8BURKFS0OU
C.6UB9HF+ Ny
C.T70TG6F+ 0

0.71389F+03

0.57438E+0uU
0.63626F+04
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n L
TIMPERATURYK
DeHTCDFRe0 R F HRRTOR 401 S AARTOF &0}
O T091TFe0d 2 7107763 D 11195F 60
Do TIUEL2F eI 0 7190RFa0 ¢~ 11655760}
VAPOUKR FLOW KATF
AR I N A B o T e I Y N AN R A RS T
CeNITROSFEIU N, 6111R% ey ) H 21 IR e Ny
J.E6U2I9E¢04 C.64%31FreQd .. Hh5419% 40y

NP SQUARES OF PESTIDUALS
L]

' 5 SUM QOF

TEMPERATURE
2.57960Fe¢N3
O.7C921F 03 (.7107156(C 3
0.71479F«¢ 03 0. 71%hbF 03
VAPOUR FLOW FATE

Je 11 36IOE+24 D, 3170 3very
V.99%3RFE+ U4 L.b6bCYSaT+ Yy
C.615UFeNU4 (64755 04

HOUAPFS YF PYSINOALS .

CLnHTIHTI 03 L L,69HIAREN ]
D.711931E¢93
N, 711653FeN

J.uT78 53R eQu
Y.61983E+04
d.093665¢ )4

<4

De YurYuF-Cy

AR R X I eK!
N, 11298 FeN}
CLMIR1SFen R

CoT07T31FeN 8
N, 71393k e )

N.heduldFeCuy T oG]yt
Pt 2012FeCU 6, InRY ey
N, 659842 Fe Dy -

J9RHY P8,

NeTIITFeD T T 7071403

0712951403 ©.71390Fe0 3

N. 71814 E¢"3

AR LIR B eI
C.b628N5F+Cu
D.65942F+04

CL.97T38 3Feu
CLE1912F 600

178



L E R RN

NUMBHFR OF TTEFATIONS

—

KPPLUX BATTO

PRESSURE, TEMPFURATURE,

COMPUOUTED KRELHDLTY

e dsen

I L O Tt

ENTUALPY KND

C.100KeCT PSIA CL.J0Cke 3 F o
ese STAGF VAFTABLES ®®e

PLATF PRESGUBFP  TEWP TIONTD FLOW

NO. RS } 4 LB MOL/TTHMFE

1 21,07 120,00 N,2Y303FeNU

2 2H.OC  228.21 0.u0DA03E+O0S

3 28,3 238,46 N,UTU20FeNS

4 >8.67 24u.27 D.81792E¢N05

9 20,00 247.5%6 0,4 2012Fe05

6 09,31 249.61 (L.u215U4Fe0S

I 29.67 291.11 (C.u2256F+05

30.0C 2‘5.11 "L 4 2138F¢05

9 1C. 13 253. 35 N G2uC49Fe Y

10 30.67 254,30 0,u24731E+0R”

1R 31.GC  255.19 (. 4253uF+05

12 $1.33  256.08 0.U42595E+05

13 31.67 256.91 C.42652Fe05

14 32.0C 25B.54 0,.36058F¢05

A )

LIQuUIH

JuTv ey

T U

VAPCUE FLOW
I8 MOL/TINF
0.11}()0!“00“
0.31703E¢«0Ou
C.u7u53F¢0u
C.5321F¢0U
0.573u3F+0U
0.89538F+Cu
0.6095nF +(d
0.61983F+0u
N.62905F 404
0C.63%12E+0u4
c.6415uFe¢0U
C.68765F¢0U
0. 6F +04

+04

FLRACTION OV

9
FUED

1.7

HepT DOVY
tTU/TIME
-3, 41285F¢CH

c.c
-

‘e

DD O D
.

r
0
.C
n
C
¢

DD DO D
. v
> D

v

>
)

~r."
0.11u11FeNY
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“ATEYTAL

Frepe

b

o

MEA

o
HYDEOGERN
NITROGEN
*ETEHANLD
ETUHANF
PHOPANF
TOTAL

PEFODUCT:

RN

CCd

MEA

HZO
HYDKOGEN
NITRCGEN
METIHENY
FTHANE
PROPANYF
TCTAI

KAT ANC MG
PLAY ¢
Lh soL/T1IM?

I B RTR O AN SR N AN
I Nal R IVE SR SR
VLU WO
A AR AR Fol Sl LN
NLETCON RO
DL HCE-0
CeHTTNOF ST
R RN AR AR IX 3 (A%
R N Y T X VR
Lo 37194d Y e

TOP
1.y MOL/TIMFE
T,10ub6CFelu
CL1TU TR DD
“Ll2060F-01
AN KoX N9 W28 S X O
N, 6699AQF Q0
"L 19999E-00

N, H5H9Y9F e 0 C

".31999£+0¢
S.3139949FeCN
", 1136CF+0u

LA N}

NU)

PEO

“OL FEAC
e 37HYH V=

T2 T31n v

JHHESGTIY=D1
JHTAYREeNN
LI VYYF=-Ju
s 1DTS50E~DY
M AR TRASD R

L) IEF=0Y

n

-~
v

o~

[ @]

23 D

-

()

SARIR VSR BE T o N

uCT

MOL FRAC
LI2CTFe )
16385 F-01
.1J972¥=-94
.H2162E~C1
LONYTHE=D
s 35211FE=-04
LH50175F=-01
.2B1HBF=-N13
AL LA Rl

SOUAT

LMoL/ e
HOTY (M

LB MOL/TIME

(.9U42261 070
AN YTER B - B O A
"L 32200« Cu
LINESY9F A0S
LIBBU9F -0
L20UHKUE=-29
L 333b6F - 0K
L ARDI2F- DR
IR F-1TI0 IO R AN S
JL3K S RFeNS

[N I o T B B

P

NOY,

S

-~

-~ N
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-
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MO B RAC
-
PRODUCT
MOL FRAC

FELESTR IR I D
SO TIRYE- O

TLRAIC N FES T

LATSTHEOC

L1716 Y -3

HLTH3F= 3y

L2955 F-13

L4954 F- 3
MUR NS A



APEENDTIX a2 =« CTFST PhORLEmM oo AR o E FLATLON

€S ses ['TL N UM S TATIMINT Seeee

TYPY 1 COLIMN '
NoL OF PIaTes 1. .
SHELGULE OF CONDUNSEP (POTA) R J‘!!'
-

EFLSHER AT TOP DLATK (B5[A) VIR RY
PRELSUTE DRKOP PER PLATE (PSTA) EERE) \, '
NOL OF Femng 1

ENTFKING PLATF OF FRED ,

FEED QUANTITY TLbeth 2R e

FHEGSURE OF PriD 4R, 00

TEMPFRATURE OF FFFD (F) 140,09
NO3. OF INTFI COOLEPS Ob HFATED ; )

L ]

TPLATF NO. OF TNTEK COOLFP MR HEATFE 3 T

HEAT TOAD GF TNTEH COOLEP OR HEATFFP SR TS PR RN
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¢ UAVE G CONVEIGENCE BIT O LTE L ATLON N, ses
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T P RAT R .
e h et R TRkl s JERYG F 0 e e
Gl i renl L au09 0 el 2N 78160 e 0 O T e
L 3 1

PO AN NI O O O I B R A A R AR VAR I IOV D BRI B IR N
VAPCOR F1 OW T ATYE

R NN TR R IR R ALY AR Gl G N S Y A T A 0. I T LA A U S A
"\,u)‘\\‘f‘r’oni ARRE I I S KRN B SN G AR AT 25 277 R G AR A B S
AN (R el ] D34S Fe 1 L utN R CLUAYSOrT e

b

v e

1 SUm OF SO0 AR B vk RS
TEME S RATRE

DeHa9CCFeQ 3 L e lU S ey O ARTORY X o X SUANE SR AT Bb IR NQRE B IR S

O, TIHRAEE®D T ~ 71594 Fe T1272F 03 O T1CSTEHeCH

Ve 110t 6 FeC 4 D 711280 3 v 70005283 (.71““)_)‘0‘!
VAPCUR FLOW T ATE

RV IR AV R I S TS RENFORENE NI < B N S IY JEANE SRR AR S SR 201 SRR ¥ FERN SN A A e

o YTIN63F¢CU (.15 CSIFe0U D YN O8Ee L 0,1 1477 3«0y

Ce NI PO D989 e 0 N A TRIT DT O 0 g ke

LT AL I N CRE IR SO I S
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-~

SUM OCF CSCUARES OF RESTDOALS AN TSR STRVES B O SO |
TEMPERATUKRF
SHOQRCGESC Y (.6 7970E40 3 N, 699033 ¢ VY O T 040G e
1Y 3THE Y O TV120TF«CY DN J1CRIYeNY C_ 71754 F¢ 03
T TVYITOFe LY (. T71206CF 0 0 C . T713UARFeD Y O, 71U 3 Fer 2
VAPOUR FLOW EKATE
Ce154YTFeC ) CLo U9 3Leld T .HLIH2E¢2 Y CoRTUIS S ¢
e Ttt CFe03 CL.Y0QVSF«0U Q. 10C 3070 1) 02UFeC U
Coa97BLUE*TT C.96679F¢( 1 0.96TFTF¢N3 7 _YHTEHS 4]

3 SUM OF SYUAREES OF KESTIDUALS Je3CTUF=-T0
TEMPERATURE

C.H59€¢0Ee03 T TUYEeC T T 6A5U2F¢ 03 (L7529 0
C.TCTOTESQY C.T(B26F«C3 D, T70889K¢C3 C,7797CLE+0}
J.T7VIU3F+C3 0,71225Fe¢C3 CL.71305E¢03 C,.714 2K+
VAPOUR FLOMW FATE ' )
N.15331F¢03 $.31629F¢C3 0.6565TE¢Q03 C_ HI2TCE+C?
0.88BO2U4E+03 C.9CST2F+C3 J.923U46FR¢0) C.92999F+0 1
0.933%GF¢03 0.93771F¢C3 N,94532F¢03 N.99526T7F+
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- - . ‘ \

4 Sy OF SQUAKRES OF
TEMPERATURE

0.55960E+03".678u(CFE+C3

0.707uUSE+03 0.7C84EE+(C3
0.71167F¢03 0.7A24 1F+(3
_VAPOUR FLOW RATEN_-
N.M3575F+03 Q. 3649CF+93
U.96117E+03 0.9586C%¢03
N.94716E+03 0,94953F«+03

S SUUA OF SQUARES OF R

" TEMPERATORE
0.55960E+93 0.67569;001
9.7070CE#+03 0.20813F+03
0.71153E+03 0.71231E+03

VAPOUOR FLOW RATE.
0.15444E+03 0.33694F+03
n.92344FE+03 C.92871Re(3
0.93901€+03 o.9u30954c3

6 1 ] 4 sounazs NF FESIDUALS

TEMPERATURE

0.69825F+03

0.70935E¢03

0.71316E+03

0.RCAOBE+D3
0.95150F+ 03
7.95119E+93

ESIDUALS
0. 69612!003

C.79907E+03
0. 71soq€o03

RESIDUALS® 0.11725F-02

N.774CT¥e03
0.71C15F+03
0.71830F+03

.0.95032E+03

0.94699F+03

€.95078F+013 .

0. 71906?*0“

0. 70293z§g
0.70993E+03
Q*naqzszooy

0. 699028003\0 86897E+03

0.93028F+ 03

0.9u§§6gtqz/

2.16010E-C8

0.559€¢€0E+03 0.67SHSF\03 . 695“73003
0.77691E+03 0.7C8Q7E+03 0.70904E+03

"U.71150EB+03 0.71233E+03
VAPOUR FLOW RATE :

0. 15483E¢03 0.34149E+03

0.91520E+03 G.92123E+C(C3

C.93926F+03 0.943V¥1E+03

1 SUM OF SQUARES OF R
TEMPERATURE
0 S5960E+03 0. 67963E003

0.R%Q699E+03 0.70813E+03

0.711568003 0.71233E+03
VAPOUR PLOW RATE
0.158476E403 0.34281E+03
0.91626E+03 0.92123E+03
0.93772E+03 0.94176E+03
*

.932208¢03
.9“8652003

0.70248E+03

0.70992E+03.

ND.71311E+03 Q¢Z1626P003

0.70823E¢03
0.92634E+03
0.94649E+03

ESIDUALS

0.69577E¢03
0.709C9E+03
0.71311E+03

0.72096E+03
0.92532E+03
0.94549E+03

0.86018E+03
0.93100E+03
C.94903E+C3

0. 10801 E~04

0.70267E+03
0.70995E+03
0.71827E+03

0.87085E+03
0.92939E+03
0.948397¢03

.

2.77615E+03
0.71C92E+C

C.9U431&+N3
0.9u59BE+C3-

-

0.70550E+03

0.71CT4E+C]

0.91187E+03
2.93525F4«013

0.70531F+93
0.71075E+03

14

0,90241E+403
0.93532F+93

0.70543E+03
0.71077E+03

- . ..

0.90667ER+Q3:

0.93355E+03



; : /
*s44% COMPUTED RESULTS sss¢es /

NURBER. CP ITERATIONS

PEFLUX RATIC

0.4BOE+C2 PSIA

tes STAGE VARIABLES #*¢

1.21519

PLATE PRESSURE 'TEMP

- PSIA
25,00
©27.00

27.67

. 28.33
28.67
29.00
.29,33
29.67
30.9¢C
3C.33
30.67

- b d b z
WNA2OLYENTUVE WN -
L]
N

27.33

28,00 -

r
100.Q0
216.02
236.17.

243.07

245.83
247.39
2u8.53
289,49
25Q. 35

297.117

251.96
252.73

.253.51

/
PRESSURF, TFMPERATURE, ENTHKLPY AND LIONID rancrrnu“hy PPED
0.180CE+O3'F 0.373E+08 BTU 1.0
oy . - ;
LIQUID FLOVW VAPOTR PLOW’ HEAT DUTY
LB MOL/TINE LB MOL/TINE- BTU/TINE
0.18806%¢03 O0.15876E¢03 =0.2387SFe07
0.70314E+08 ' 0.34281E¢03 D0.C i
0.718132¢04 G.72096F¢03 .0
0.72171B¢04% - 0.8708SE+03 (.0
‘0.72267E+08  0_,9N066TF+03 _ .
0.72317B+04  0.916262+03 0.0
0.723588¢04 0.92123R¢03 1.9
0.72399E¢04. 0.92532E+Q03 .7
#.724802¢04 C€.92939Pe¢0Y N, 07
C.72482E+04 0.93355E+03 (.0
0.72522E¢04 (C.93772F¢03 n.C
0.725592¢04 C.94176E+03 0.9
C.72588E+04 0.94549E+03 C."
0.94839FE+03 5.1

-
&

31.0n0

»

254,67

0.63124E+Qu4

-~

.

-y

184

6171F+08 -



ees MATEFIAL BALANCES *¢s®

FEEDS

H2S
ca2

DEA .
H20 N
METHANE
ETHANE
PROPANE
TOTAL

PRODUCTS

H2S
co2

_DEA

H20
METHANE
ETHANE
PRQPANF
TOTAL

PLATE NO,

LB MOL/TINE
n,37820B+C2
0..12371E+03

5.29088P+03

2

mOL FRAC
0.58498E=02
0.19135E-01.
5. 44991E~01

2«60120E+04 ~ 0., 92995E+00

0. 43C00E+20
".30000E-C1,

0.66510E=04
C.464028=05

7.10000E=01 * 0.154672-05

0.64652E+04

TOP- PRODUCT

L8 MOL/TIME
0.37343EeN2
N.11109E+03
5.51C58E=08
0.58535E+01

0, 4299%4F+J0C

{.29996E~01
0.99987p~"2
N.15476F¢N3

mOL PRAC
0.24130Re00
0.7 V784 E+00

0.32993e=-10 .

0.37824E=~01
0.277828-02
5.19383p-03

0.646098=-04 '

1B MOL/TINT

PLATE NO. :

Mot

- PN

BOTTOR PRODOCT

LR MOL/TIME
Ogu7220F+CO
0.12605E+02
0.290B8F+03
0L 60065F ¢ 00

.0.39749E-~217

0.25954£=28
N,81276E-29
0.631Gu?oqu

: \\

MOL FPRAC
.0.7u829F=04
..0.19975E-02

C.86C9SE=-N1

0.95183E+00

“0.62990FP=-7T1
0.41129E=32
o,1zeaos—j2
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L]

® APPPNDIX 4.% == TPST 'PROBLEN S == WASIR CORRELATION

4

sssss PROBLEM SPTATERMENT s*ses °
L]

. ’ v - 9 ...- \/
TYPE OF COLUMM 1
NU. -OF PLATES’ 8 ., ' .
PRESSUFE: AT TOP PLATE (PSPA) “  15C.00 ]
PRESSURE DROP PER rnurn (psxay 0.0
O, OP reERS . 3 ' ‘ .
ENTERING PLATE OF FEED 1 T .
PEED QUANTITY 0.695R3F ¢33 ,
. PRESSURE OF PEED 150.00 ‘ : :
'~ TEMPERATURE OF PRED (P) ~1900.90 .
° ENTERING PLATE QF FEED 2 3y, )
FEED QUANTITY - 0.28612F+pu _ .
PRESSUFE OF PRED : 150.00 ‘ .
TEMPERATURE OF PEED (P) . 120,00
ENTERING PLATE OF FEED 3 8 o .
PEED QUOANYITY C.19686E+04 :
, PRESSORE OF FEFD - 150.00 L. R
TERPERATORE OF PEZD (r) . - 95,00
) . [ &
PRYSICAL PARARETERS - . °° ' '

KGA= 0.100E=05 KLO= 0.330E-01 AS(CA2/CH3) ,0.43CE%0Y
'XSECT AREA(CH2) 0.690E+O4 WEIF HEIGAT(CN) 0.13CE03

- ) . e



@

‘t

o

‘

B RATB or COI'!RGBIC&_‘ITH It!RlTIOl IO. e

o SUH or SQUAI!S OP RESIDUILS ?a380137001 .

"TERPERATORE:

0.56960E¢03 0.57960E+03’ 0 579608003 0.57960E+03 0.57960!003

"0.57960E+403 C.579602+013

‘VAPOUR FLOW. RATE

0:19600E+08 0.19600EfCu

0.19600E+08 O.19600E+CS
H2S ERPFPICIENCY

'0.98 1672400 0.90612E+00"

0.25987R+01 O, 21ozezooz
C02 EBPPICIBNCY

0.810799: 01 O, 23695;:.01

0.A20002+02° 6.56385K8¢02

1 " SUM OP SQUARES OP RESIDUALS .

TENPERATURE
0.593282+03 0.611112003
 0.562912+03 0.55992E¢03
vaPooR YrLow maTE
0.196692+04 0.19795E+04
0.19518E+08 0.19895¥7+04
H2S EPPICIENCY
0.85137E+00 0.81081E+00
" 0.815238400 0.10892E+01
Cg2 PPricIescy .-
0.a8516E+00 0.36059E+00
0.257132400 0.636092+¢02

2 . SO OP SQUARES OP RESIDUALS

TERPERATURE
'0.563278¢03. 0.55701E+03

- 0.575932¢03 0.56099E+03

VAPOUR PLOW BATE
0. 194692+08& 0. ﬁszuuzoon
0.195918204 0.19611E+Q4
H2S EPPICIEECY
0.991658+00 .0. 266092001
0.113192¢01 0. 123135001

. CO2 BPPICIENCY

0.57960E+01

0.19600200“

C.19600E¢+ 08

0.25987R¢01
0. 20&6&!002

0. .2008!002
0 .Q"l.ﬁloOl

Q. 56116£003
0.54587E+03

0.!95263oo~
0,191Q§2000

0.81510E+ 00
0.44576E+01

0.26116E+00
0.175658+08

0.575533063

0.577778+03 "

0.19592E+ 04
0.19620E+04 .

0.90759E+ 00
0.19680E+01,

0.904562200 0. 811.9!0Q§‘31962?3l000

0.436762402 0.22173E+0

f .
a - - e
- .

215778403

0.196 00E+04 c.1beoozocu

0.25987!001.0

\

0. “2008!002 0.'20°8F002

.
¢

0. asss1t-01

0. 56“08?603 c. 56381!003

0.19526E+08 0.19523E+04

0.81513E+N0 0.81515E400

.

.25987éoo1,-

0.26091£400 0.26004E+00

0. 766713-02

O 575653003 0.57SGCE+03

0.19590F+06 0.19590 008

0.90695E£¢00 0.90163E+00

- -

" . +

0.38122E+00 0.37881E«00



e,

. t;aptllrokr

.. oo
2 Ll
-’ U.»,-,,wm,‘.."

P Si et K1

3. .Syl or sounnzs or vzsxnin;s 0. 11ou2:-cz'

R . 188

0.51182:}03 a, 59192!003 0. 58210!0Q} 0. 58217EOOT 0. 582.38008

0.58311¢K+03 0. 58320E+07
vAPOGR PLOW. RATE -

0.19569100l 0. 196 29E+08
. 0.79688E%08 0. 196728408
_m2s_try CIRNCY

- 0. 11050R¢0Y O, 150343001

0. 10'252001 0.13188E¢01
. CO2 BPPICIENCY .

0.377528¢00 0. 53995K+00

o.vsovspm Oe mmooa

i
1zavnnttunz

énsuooa 0. 57706!003
2e03 C.58029E+03 O

-vnron LOV .RATE
C.39579E+ 0N 0.195883001
o.’aélszooq 0.19657E+08

H25 EPEECY
0. 15BN 0.21718E+01
o.111izgoo1 0. 13750;001
Cc02 EPPICIERCY
0.746078400 O. 10933:. 1
" 0.18979E¢03 O 20b11200

o) SUR OF SOURBBS OP
. TERAPERATURE
0.57134E¢03 O. svesszooa
. 0.58101E+03 O, saonqrooa
VAPOUR PLOW RATE _ .
0. 19572B+08 0.19613!00‘
0.19648E+08 0.1965TE+08
A2S ERFICIERCY
* 0.17583E¢01 O. 21306E+0"
0. 10992E401 C. 135658001
C02 EPPICIENCY
0.87513E+00 O. 12311:001
0.1537q3003 0.20500E+0Q3

-

“sgy orF SQUIIBS oy I!SIDUILS

O 57829!003 ‘

0 19638L+04
0.?968‘£00i

0.19637E 434
sqﬁmuxwoo 0. 91923:000
0'1951oroo1 :

Q.
Q.

88772+ 00 0.&8‘152000
24065!003

v
P

0. 99965:-0.

0.51926!003
0.575388¢03

0.195272+0% Oy 19627 E+04
0.19668EC08 O . .

0.99759£400, €.10075E+01
0. 20616!001 E

0,61922zooo 0.15311E¢02
0.251552¢03  _ °

§fbunxs.'d 20732¢-04

0. 579678003 0 58007!003
0.57576E¢03.

0.196 302408 0-1963 1P+ 08
0 19squ00l

O 99555!000 0. 100.02001
0. 20535!001 A .

0. 10332!002 0. 87733!002
0. 2.7678003 ‘

0.519~1£f01

qf?ssae:oou
S -

0.97832R¢00:

0.19473£202

0.5R005E+03

0.19633E+08

‘C.10297E¢01

0.12567F¢+03

o{syo;igiqg

0.196422+08

€.10272£401

0.10923E+03

«



a0 e | . <189

6 .SUW OF squanss nE nzsxnuxns 0™M82u6E-0%
T!HP!RITUPF ' :

0. 572«9:003 0. 511152003 G, 57961!003 0.53011E403 £.58043F¢01
0.5807T0E+03,.C. 58016?003 0.575562+03 _ . SR
VAPOUR PLOW RATE: e . ‘
0.19577e% 08 C. 196C9E+04 O. 196 302+ 04 0.1963Rzoou 0.1964CF%04 .
0.196862¢08 C. 19655!004 0. 19ssazoou : ' .

. H2S PPRICIENCY : _

. 0.1694SE+01 0. 21532;»01 0. 999012000 0.1)065E+401-0.10255F+01
. 0.10961F+0t C.13627F¢C1 0.206188¢01 : :

€02 BPPICIENCY . L, : ]
0.87018F£¢00 0.14533E¢02 @.603272+02 0.77045P¢02 0.11192F+(3
0.15726E+03 G.20648E+03 0,25011Re03



- -

&._ P ¥
~p . :

e ..~ ]

{

sesss CONPUTED RESHWLTS “9“\\ ) %

JWGANLE CF ITERATICNS

6

L %

_PFESSURF, TFRPERATURE, ESTHALPY AND LIQUID FPACTION OF PEED

0.150E¢QY PSIA
0.150E+4013 PSIA
0.150E+03 PSIA

s8¢ STAGE VIPIIQL!S sse

%i PRESSURE ‘TENP
70. PSIA | AR

4 150.00 112.89
2 - 4%0,.0C 118.16
3 ©150.00 120,02
u " 15€.0C 120.51
5 "150.60 120.83
6 150.00 121.10,
7 - 150.00 120.%6
8 156.0€C 115.96

0.100red3 r
£.1208¢03 r.

Q.9508402 F

0.2902+37 BTU
9.1192¢38 BTU
0.1282408 BTU

]

v - . - _ ¢
LIQUID QQOI " 9APOUR PLO®. HEAT DUTY

LB ROL/TINE LB-ROL/TIANE HBTO/TIAE
0.69897. 77ps08 O0.0.

0.35628
0.35633Ee
Ne35639R+04
0.356482408
0.3566 1704
0.35679E¢04

30P+04
ISEeQ8
0.4966407 ¢94
0.19646FE+08 (.0
N.19655E+¢08 C.C
0.19668E+Qu 0.0

]




ese MATEPIAL BALANCES ees

PEEDS

H25 .
cb2

nea
WATER
HYDROGEN

BITROGER -

HETMANE
ETRABE
PROPRNE °
#=-BUTANE

~ T=PUTANE

TOTAL

Y

il

CO2

BEA
VATER
HYDROGEN

NITBROGEN

"METHABE

ETHARE
PROPANE
N-BOTABE
I-BUTANE
TOTAL

PRODOCTS"

" H2S

co2 8
aEA
'.f" -’

-RYDROGEDN

4

NITROGEN
NETHANE.
ETHANE

PROPANE
N-BUTANE
I-BUTASE
TOTAL -

0.0
0.0
0.0
0.0
'0.0
0.0
0.6

PLATE NO. %

LR NOL/TIAFT
0.12800E¢01
0.15J00r+01
0.62050E¢02

0.630932463

0.0
[

9593#.03

MOL PRAC
0.183958=02
0.22563R-02
€.891782-0"
'0.90673E+00

" PLATE WO, A

LB HOL/TINE
0.18700F¢02
0.29500r+01
0.0

:0.59170E¢01
0.629972¢03

0.29530E+02
0.78155E+03
0.35436E03

" . 0.126802E+03

0. 19700P¢01

0.19690E+02"
0. 19686E2¢04 .

ROL PRAC
0.94989E-02
0.14985E-02
- 0.0
0.30021E-02
0.32000E00
0.15000E=01
0.39700E¢00
0.18000E*00
0.62997e-01
0.100072-02
6.10002E<0"

TOP PRODUGCT

LB ROL

0.62983E+03

" 0.295258%02

0.781272+03
0.358838+03
0.12838E+03
0.19699%+01
0.196892+02
0.19577R+08

fTINE
-~ 0.639728=01
0.227968-03 ..
~ 0.39981E=01
. 0.165238402

ROL PRAC

0.326568-08
0. 11688 8-06.

0.208228=-08

0.883998-02"

0.321728+00

0.150819-01
0.399072+00

0."18104E%00
0.635338-01
0.100628-02
0.100578=01

PLATE NO.

LR ROL/TIAE
0.58300E+02
0.63000E+01
0.25000P+0Q3

“0.25500P¢04

0.0
o.o

Q.0 .
0.16000£+90
0.420002¢90Ce
0.0

0.0

0.286 12708

PLATE %O.

LB RMOL/TINE

.

L3

191

\
AOL PRAC

0.189788=-0%
0.22019P=02

0.87377E=01

0.89128%400

6.0

.0

c.n .

0.55921F-04

0.146798-01

0.0

0.0

MOL FPRAC
\ . d\

e

BOTTOR PRODUCT .

LB HOL/TIAE
0.782212+02
0.10823E402

0.312012+03

0.31703E408
0.163252+00
0.541062-02
0.26882E+00

0.916582-01 -

0.353862-01
0.32513e~-08
0.320962~-03.

 0.3S679EeQ8

MOL ERAC
0.20802P-01
0.30335E-02
0.874882~01
0.88856E+00
0.857562=08
0.15165E-05
0.75231E=-08
0.25689E-08
0.991762-0%
0.911252-08

‘e

0.910792=-07

1
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. APPENDIX 5. :

. EQUILIBRIUM AND ENTHALRY DATA FOR ° .

k EFTRACTIVE DISTILLATION PROBLEM .’
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“ ’ . ° . \ ' . . .
o : APPENDIX S .

Equilibrium and Enthalpy Data for

gxtractive Distillation Problem .
. .u ,

9 .

(a) Equilibrium K-ratios -

! . . ’ i
At low pressures, far from critical conditions, the

’ K-value of costponent ai l;ay be oxprollo'd by: . .
. . ] .
) . - " by N
where:

Yi is the activity coefficient !
. rS - :

. P; is the intrinsic vapour pressyre
. : .
: 7 ©of the pure component . .
.Pp is the £otg1 pressure. -

For a three conpohbnt systeqi a third order
Marqulesv'exprg"ion may be used, namély equation (A5-2).
By cy(1icqlly alterjng subscripts’, similar expressions

. are obtained for fn y; and fn Y-
L 4

_ dx? (a ey
(ajp+2x) (ay) - ajp)) ¥|xy° fag; + 2x)(ag,-a,5))
- . V . ,l

X 2
n Yy - x2

+_x2 x4 (0;5(a12+a21+;l3+a314a23-a32) S
f xl(a21-a12*a51-a13)f(xi-x3)(a}3—132)7(1-2x1)c123)

(AS-Z!'

- . .153 ] : g | k~\‘ a



. : o e
- ' 1y
The third order constants afe as follows , with

subacripts 1,2,3 donotinq‘acotone.icitonitrilo and water

respectively,.
," 3, " 0.0482 a,; - 0.8145 a3, " 0.6867
. a-" -0‘9447 632.';0'7375 a3 " 0.8484
< . 4
. c)p3 = 0. 3462 o

' The intrinsic vapour pressure of component T is

giveh by Angoine'ﬂ equation13:
r' . .'. . 51
log p; = Ay - —— (AS5-13)
: - . (Tc*Ci) )

where T_ is the temperature (°C)

- Ai-.Bi,Ci are Antoine's constants. . For the

o

- L . - '
¢ system acetone-acetonitrile-water they arelJ:
s
Component, i ) A, .. By . oy
- acetone . 7.23967 1279.870- . 237.5 *

acetonitrile 7.24299. 1397.929 238.894

water 7.96681 1668.210 528.6

L
The partial derivatives of Ki‘qith respect to T

and xi'age.qiven by equations (AS5-4) and—{A5-5):

. - .. ;
. 3!1 . Yi 3p1
T TP 3T

F; 5 - (AS5-4)

194,
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. *
. , . - . / . . . -
- - . . .y .d
. y .. - .- 'J
. . :)x.i i. ’Y‘ e . . e
. N A ‘ (A3-3y-.
: | CURELS S . 1#, ..
D ' ' 3 \
However, for the purposes of weatul,cton. ﬂ‘-
Yy I Lo, "
is considered negligible and 'S?" a)proxiaatqd-‘n
. . * * ‘. - e . .
. » . - « ’ 3
3!1 : 1i :)p1 o - - P '
"— - r W ) P ° , (AS.T‘)
AN ) R 2N s . ' . “ . _
. ' " : -g° 7‘1 . . * ' A )
’ From equation (AS-&) . ‘T;& Js qu@n by the. " .
° RS | ’ et v s .
following: - RS .
3;_ i SPRERE »Yy L
s~ Y1 (2% (ag) mByp) ¢ 2xy7 (85 7 By)
. + xpxjllag)=aj*ay mag;) #2601
. ° e - ke ’ » . . ‘ .
- ., L .. [AS=D)
oyl . - g ) 3 - -
§1m11ar expros?aons i??ly'ﬁ?r.5§; aqd 5;;.:
¥ % . - . ' . . ;.
(b) Enthalpy Data . )
. . e - o . O

«

Liquid and v@uf entha}p‘y are ~qﬁren by the

following} .
' © - ' * "
. mP . I . o . . .
h= il PN 08y T Tret) -
’ °  NCP . - -

. He= I Y3 .n‘i lh_ci('r‘rref? +"hwgap.il

1?1 | » | ;

" (AS=9)

-
.

_“(as-9) .

(3
. S |
O
lél
*
-9
> 2

.
’
L
.
'
o -
4
I
.
.
> L2
N
> !
' ;
.
&
o
-
<
L]



el . C iv
where hcl. le'hvap,x are resvectively the average.

.
-

heat capacity, molecular weight and average heat of vapour-

ization of component i, T is the temperature (°C), and

'rref is the reference temperature, conveniently chosen as

»

0°C. Values of hc., XM, and h _ are as follows:
i’ T vap,i

_.§~

Heat Capacity Molecular Heat of Vapour-
~ Weight . ization
(cal/g°C) . (cal/q)
acetone ' 0.54 "~ 58.08 120.0
.acetonitrile 0.54 41.05 ~120.0
water 1.Q0 18.02 | 550.0

Finally, the partial derivatives of the liquid and

vapour enthalpies with respect to temperature are:

CJ ] o
‘o NCP .
N —_— = 7 he. x. XM. / 1.8 (A5-10)
. 3T i=1 1 1 1
2
NCP .
JH - - -
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APPENDIX 6

COMPUTER PRINTOUTS FOR
EXAMPLE PROBLEMS ‘fING

L]_:_QKED COLUMN ALGORITHM
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a

AN

AFPENCIY 6.1 == THFPMALLY COUPLRD SISTILLAFTON SYST T

#4 PHOBLEM STATEMENT e

COLOMN KO

NO CE PLATES= 7

1. PRESBULF
E?sssua-.opcp
FBOILEF VAPOUFR
QrPLux FATIG

| COLUNN NO
NO OF PLATES= 23

-COL PRESSOPFE
"PRESSUFE DIOP

‘NO. OF FFEDS -

FCED 1 IS CON TO

. QUANTITY
" PRESSURE
TEMP (F)

1 IS DISTITILATION CQL.

235.70 OSIA .
2.7 ©EP PLATE X
T HKS53,0C MOLES .
2.57°7

IS ARSORFTINN CNL.

235.70 PSIA
2." PFP PLATE

1 ! ' | -
PIATE 15 L e
I ACRCIES T S
" 235%.00
15¢.00

ENTAATPY = " .631CNEe 7.
NO. OF LIONID SIDE STRPAMS 1

STREAM 1 LZAVES PIATE . S o A
OfANTITY C.25000F+00 .

 NO. OF VAPOUR SIDE STFFAMS

Yo

STkEAM 1 LPAVES PLATE 25 ~ © o

QUANTITY . 0.3C0COE+CH N
. [}
 STFEAN 2 LEAVES PLATE 40 g
QUANTITY 7.120965+04
NO. OF INTFRCOOLYRS OR REATERS 1
INTEFCOOLER OF HEATER 1 IS ON PLATE 3C.  -*aug,
HEAT LOAD IS A VARTABLF v
#s% STREAN CONNECTIONS #&# ) , g
LEAVING LEAVING . STEFAS ENTERING ENTERING ~ENTERING
STREAM N~ STAGE NO FLUID PRACTION STREPAN NO STAGF NC.
1 - 5 1 1.00 3 31 -
2 : 25 2 1.00 4 50
3 31 Ya 1.00 1 -5,
Y 5 3 1.09 2 2s

- s . .
STREAM FLUID  1=LIQUID SIDE STREAM 2=VAPCUR SIDE STRFEA%
. _3=LIQUID PRODUCT  4=VAPOUR PRODUCT



-

e g

. [} . . . - . e e
Cone watl 'CF CONVERCFNCE WITH TFERATION NO. @2

RS A OF, SOUAFLES ~v FP§IDUKLS4 NLDA20VESD Y

aQ

. (WAT. 3Al
JFERPERATOEF
‘0.981¢CFe23
0.5976CF+C3
.2 0.€09¢CESCY
" C.631€CEe03
. G.eTYFCE#D3
- 0.,72360E+N3
. .E96€CE+ D)
G.68MEVES0]
0.€88608¢D3

0.70760F*(3

VAPCUR FLOW F
C.42C077E¢CH
C.500COE+ N

© 0.500CEE+ QN
Q.uBNCCFeOU

‘G .4BECCE+DN
0.75C0CE+ I
C.223(CE+Ou
0.22°7CESDU
0.310CCEeNG
0.3100CE+ "4

- C.23161E¢

(R)

r.5eW6Creal3
C.6C16CP+C3
N.61160F¢03

C..63960E+C3

0.67960K+0 3
C.73%H0F¢G3
C.60865F¢(3
C.65660E¢03,

0.69€6CF 0]

C.7C96CE+(C3
ATF

C.77252F+C4
C.5CCO0F+0N
C.50COCE+CH
A.QRCICESCY
A.GBCONESCH
~,75C00NF+CH
C.22L0CE+(CH
r,2200CFe00
¢ .31C00E+O8
¢.31CQCFeCU

01

~n . 56856CFe3
e 60.30R#I3
¢ -61 3602003
0.64760EH0]
D.68760F¢ 03
0,78760E¢C3
0.61260E4)2
0.6Qu6CE+"3
0+70160R¢02
0.7116024¢02
0.765)J0E+J0
0.50000F+ 08

0. 500N0OE+ Q4

C.480NDE404

9.48000E+04

C.75007P 00
C.22000E+04
7.2200CE# I
3.3100C2+04
C.3100CP+J4

SIDUALS

BEAT BRAL.

5159960 F+03

N.61560PeNY
0.6156 7 FeC?

6.65%H6CE+03
0.6996F¢03
C.7596Cr+03
C.62C60F+C)
0.67260L+03
0..7036NEe03
6.71v360F¢07

0.76MN0E+Q

r 48 HES DU
0.u8000E+CuU

8.75TQ0F 04

0.220GCE+DU
0.22C0CE«OH
2.31C0CF+CH
C.37CCOFe0U

1. Sum.OF SQUARES. OF RE
é;AT° BAL. (.56287E-
TERFZRATURE (F) :
2.58C38E+03 C.58Z83E¢C3

N.6228L="2

C2 - HEAT ‘BAL.

0.58494E+ 01 0.58766F+¢03

0.595CU4E+03
C.609u9E+03
6.62945E+"3
0.67123E+03
0. T72838E¢03

0.59F9R8F+(C3
0.611RUY003
0.€636U6E+C3
0.67963E+03
C.73648E+03

© 0.59215E403.C.5A578E+CY
0.62575E+03 0.63698E+C3
0.67946E+03 (.68527E+03

0.69929E«(3 C.7C205F¢03
YAPOUP PLOW RATE

0.213C4aRes 00
0.50942E¢ 0N
0.89110F+08
C.AB8TCEeDS
0.89116E2¢04
0.78188E+ 08
0.22550E2+08
0.21831E20M8
0.3203CE+04
O.3121CE+ 08

~

0.74562r+CH
0.50502E¢Ca
0. .AB736E+CH
0.48267E408
C.49143E¢(H
0.772BRE+0H
0.2238VE¢CH
0.218858E+CH
0.31609E+04"
C.31082E+08

0.602268¢03
0.6137CE+D2
0.64861E¢33

0.68862E¢03°

0.74841E+03
0.60061E+03
0.68901E+03
0.68948E2+933
0.70859E+03

.CsT78874E¢ 04"

0.50148B404
0.48250E+08
0. 48526E+04
0.48978E+ 08
0. 76895E+08
0.222797+08
0.20887TE+ 0%
C.315492¢04
0.30938E+08

0.60509F+03
0.617C3E+03
0.65352E+03
0.69962E+03
C.76300E+02
0.60T18E4C3
0.66158E+03
0.693C2E+03
0.70702E+03

0.70143F+Cb
0.49791E+0U
0.87495F+048
0.89227E+04
0.48615E+04
0.78069E+Q0b
0.22170E404
0}2026“2000
0.31851F4+04
C.30Tu42E+ 00

C.790683F-02),

n.5036NEsD3

C.bCT6TECLH
n.6236FF¢ N

£.66ARLE4Y
F.T1100E*0D

0,784 60Q0F*C
0,63260F4013
$.6806CE®C]
‘0.1@5o0!‘0?
C.T7YS50E®03

J.60000F+0
JUBIOCESCY
CJUBRTNCE+CY
0.63500QF+NY
5.220CCE+0U
0 .2200CCE#QU
C.3‘OCQFOOQ
~.31C0CH+04

0.6C254F~C1)

C.591C1E«C3
D.6CTUSF+" 1
C.62436E¢(3
r£.66256F+0?
C.71320F+(3
C.78661E403
C.61585E+C2
C.67367F+T3
0.69628E+03
0.72970F+C)

0.73789F+C4
0.89451EeQU

0.45881F+04

0.u8983E+0CU
0. uB8S8E+Q4G
c.6850GE+Cu
0.22C11P+C8H
0.19870E+ 04"
0.3133CF¢0u
C.3Cu4SCES QU

0.755CCESOL
COOCFeTu -

o~



.t

v
.

B

2

.iquBB

SUE OF SQUAR
tMAT. BAL.
ATURE (P) °

‘0-580602663'0;582325603'

0.63 1480

B

"0.59308EsQ} C.59733EeC I

o.pozpsg:cgto.toest.ca
0.626B98¢03 0.63316R¢C3

0.66893%¢03 0.67800E003

0.7326784¢037 0, T80S3IE2C]
C.59230E203 0.59686¥¢D3
0.648608¢03 0.65857E+83
3 0.69819%¢03
G. PI3253¢00 ,
Apour rLow FADE .
0.221362408 0.77612E+08
0.50758P+08 0.55 1842208

c.87¢a4g-C1

CGTIGEITCP

FS OF RESIDUALS D.20824E=0
.HEAT BAL.'

©.5BEQ9ReNY .

0.60079R403
0.§1167F+03
0.681038%03
0.689 ,g33
0.7556WRe 03
0.50"*!f

’

03,0.515

r
0.15223F
0.58635E40)
00‘Q3“”#093
0.61890F+0)

‘?2.‘. ‘.‘l.'

0.5RII2F40I
C.6C573E403
C.622C5F+0)3

0.65006F¢03 0. 65958F+ 03

0.76903Pe03
 E+ 0

0.70255E%03 D, 719€62E¢0)

C<T79298F¢C .

C.62933¥«03.

0.67688F+03 0.68417E003

d.sqsbﬁg ¢
0. 708209903 .CYT09182403 3. 2IETERL)

3

0.717218003 071353 E913 0. 117935403

0.77150E+08
0. A96NBRe 0N

0.765T2E¢ 04

. 75697k 04

C.8B7A1E0B-

0.48513E¢Ca

 0.48349E+08 C.4T7BAKF 0N

Q.47290E+ 08
0.76089E08

iOgZ“O?’EOOQ‘

00223305’03
C.32678E+08
C.31063P+00-

3
. (9AT.

0.3815CF+03
0.59943F+03
0.61396E+03"
0.634408+03

0.68324E+03

"YAPOUR PLOH# RAT

0,73393E¢03
C.59718E+(03
0.68348E«03
0.69256E+03
0.71823E+03

0.22237E+04
0.52512E+08
0.50621E+04
0.50066E+0a
0.5208 1B+ 04
0.77806E+08
0.226492+04
0.20080E+04

‘0.31890E+08%

0.30080E¢04

C.87631E+CH
0.757202+00
0.23788¢+048
0.22259F 408
0.32132E4CH

o.qazioBODn-b.pIdzggo
0.8 T800E O i %7093F2CH DATOITFSAS
0,47722E404 J.87408%¢08
0. 75307R+ 04 C.73592F« 08
- 0.23829E+D8 0,22980F408
"9,221532008 9.2)8622408
0.317328408°C. 31431 E908

SUR OF SQUASES. OF RESIDUM
BAL. . O.262002-03
XERPERATURE (R) -

6.,30942R+08 0. 30832708
HEAY B

6.58380E¢G3 O.
0.6C419E+G3 0.60784E¢
0.61541£+03 C.617202+03
0.68830E¢03 N.65582R¢03
C.69008E+03 0.69798K%03
0.78470F803 0, 755418¢03
0.60225E+03 0.60974E+N3
0.65873E+C3 0.66866E+03
oggssu1zocr’o.1oqszzooa
0.

3 L.
0.778282+08 0.77422E¢08

0.51907E+08 0.S1ASTRe0N -

0.50370E+08 o,aﬂbnozooq
0.50875E+08 0.50683K¢00
0.52C19E+C8 0.513942¢ 08
C.766B81E+CH 0. 75960B+08
0.223812¢08 0.21957E¢04
0.19571E¢08 0.19899E+0%
0.310572408 0.306568+08
0.30081F¢C8 0.30127TE+ON

-

1383E403 O;7170Q!00?

agoTIIRe

0.1 fbi!;ez .
r syt T\ 10074F

{

o ', ri"‘ Ly ?;W.
03 6.63050EeT3"

0.62002E2+G3
0.666372403
0.70868E+03
n.76898E¢03
0.6T974E%03
0.67386E+03
0.70905E%03

0.312 188404

069266 P408 DLUBITSERDE. | .
ogln.uassszodaq.

0.86821EG0
0. 685008408,
C,22580F¢08 - . .
0»2133}3&0“_‘

C:30538FeCa

-c2)

0.59383E+C3

0.612U8ESCT
D.62681E+02
D.67TS566E+0?
C.72257R+C3
0.79332r¢(Q3
0.6314SE+03
0.688152¢03

‘ C,71206E4C3
0.71823£403 0.71968E403

0.76823E+08 7.76C60E+0U

0.51127TE+08
C.895 I 40N
0.51060E+04
0.50178F«06
0.78032E+08
0.213867+08
C.19792E+0M
0.303512+0MN
0.3011?;490

0.5083BE+0Y
0.48309P¢CH

0.48787E+08
0.68500E¢C4
0.207D9E+C8.
0.197562+048
0.30163R¢04
0.30176E+04



(BAT.

‘BAL.

T SUR OF SQUARES. CF RBSIDU!LS
0.13282r-13

TEMPERATORE (P)

“N.58180ReCI C¢58361t003
¢.597008¢03 C.60066F+C3

0.60959E+03 o.q'1zd%ooa
o.s;soozoos €.63638E03
0.678238¢03 0.68239E+403

 0.730112403.0.7¢1762403
0.598C9E+03 O.60598%¢C3

'0.65393t003 €.56§200F+03

- Co890978403 Ca6R707L203
0, $90418e83 0, 7#153!003

YAPGUR PLOW RATE

5.22180R¢CY
2.50778Re 048
0.%88B4LTE#LS
0, 48199B¢CL

C.u6T747Ee0N

0.76657E¢06

0 235582+ 04

0&52006

0. 2287 E+04

°o.ao9~sxooa

c. 77632?000
CMSO1O9F00&
Q.h8¢cuare04
C.8731V1E¢0n
0.47519E+04
C.76330E404

0.23212Ee¢04

0.219782+04 -
0.31772E+08
0.3C8aTEeCH

‘AEAT

0. 58605!003
0.60366!003
V.61319R+03
0.665533003
0.69135!003
0. 75326803
0.61690R+03
0.666l7!003

0‘701908003
0:?!2‘6!‘93'

O.??hﬂ9goou

0.89622E+ 00

J.48364R8¢08

046809800

0.079C2pe¢ 08
0.758 +04
0.22780%+08
‘0.21802E+08

0.750712=03
BAL.

9.61748E~ 03)

g. 589 10F+03 c‘sqzeszoot
9.606052203 0.607957+03
0.616282+03 0.62320K4073
N.655652+03 0,665858¢03
0.70290E+03 0.717382+03

0.76783%¢03 0.792142+03 .

0.63008E¢C3 C.683112¢0)
0.675128403 ©,683687203 "
Q. 705588403 0.708192+03

0.7633.8406 0.15391!900
0.892822+06° 0,890822404 .
‘0.878AGEe08 0,067328+04
0.499002+08 0. 460S5S3IE+08,
0.011u3300a 0.0728l!00u
0. 739698404 0,.68500E+004
0.223782+08 0.22132E¢04
0,.,21439E+048 0.20894E¢+0u

0. 31029!03%_n431207!00l C.31C612¢0W
9

0.30737R¢

30605E+08 0. 30013!000_

5 SUH OF SQUARES OF RESIDUALS O.V1833E-03

(BAT. BAL.
" TENPERATURE (R)

0.56120E403
0.597212+03
0.61726E403
0.63122E¢03
0.67638E+03
0.73099E+03
0.595582¢03
" 0,64677E¢03

0.689868+03

0.91650E-08

HEAT BAL. -

o 22675!'06)° o w’

0.58331£403 0. 58562203 O 588562003 O 592252003

0.601518+03
0.61289E+03.

0.63952E+03

C.684097%¢03
0.78230E+03
0.60083E¢03
0.65688E+(03
0.69678€+03

0.71059R%03 0.71223!003
VAPOQUR PLOW . llfﬂ

- 0.220688+08 C. 77225!00'
0.51188E+08 0. 50529E+08
0.89300E208 .0.8907SE+OA

0.60894E+03

0.61.86!003‘0.61789!0 3 0.62860R¢03

0.68918E03
0.69289E+73
0.7538SE403
0.60921E+03
0.66508E+03 0

0.701858¢03

o. 11352:003
‘0. 76738R+ 08

0.60756E903 0.60958E+03

0.708352003 0, 71905+
0.76¥3AL+03 0.79182E+013

o.czooqioas 0.638282+03
672907¢03. 0. 68217E403
0. 1oso~:ooxﬁc.1osu1zoos

04659082403 O. 668218023

0.888992+08
0.8485882208

0.77013E+08
0. 23035!00..

0.20823%+08
"0.31998R¢08
.0. 308198408

0.50079E+08
D.ABTTIE 0N
‘0.886382+08 0.880112¢08
0.88929E+08 0.489318¢008

0.765582¢08 0.759238+08
0.22662R¢08 0.221058+08

0.20882E+08° o 20937R+08

0. 31SSEEeDa 0, 312458¢08
C. 30737!00l 0. 306558000

hﬂanoz o 715102403 co

»

0.718712+8370. 716182403 S

‘0.760.1!60"

0.897552208

.0.88269E+04

0.87856.E+0%
QL BSNGBE+ 0N
0.73996E204
Q. 21817 1E+ 0>
0.20809E+08
0.310838¢08
0.30550E+08

e .

0.751703001

0.89511E+Cs
Q.47099E+08 -
C°. 8808 1E408
0.87799E+08

.0.68%5002+0¢
0.20991Re0G .-

0.20860E+08
0:.30913F2¢0s.

0303832408

"

Qim
’r,..‘

'9
A

Y

0.‘



<+

.6 som of soU
‘v (AAY. BALs
.. TENRRNATURE

0.561418+03

©0.5987380)
.0.611662403

0.6T8IIEHO)
' 0.73090£403
0. 59699!0&3

. 0.68868E+03
‘’ _'.t’v‘ !’ “Q

0:7%0Y

YAPOUR PLOW RATE
- ('e2201AE¢08

G NTIBHELON

10,4905 TR 08
0.,489762+08

© . 0,769778208.

0.229632+08
0,267962+ 08
0.31989E« 06
0.30789E+08

7 sum.OF

' "' ".‘B‘L.
TERPERATORE (R)

0.581382+03
€.59787E403

0.5611182403

0.63082E+03

* 0.6T820E*03

0.73052E403

0.59692E03 P!
0.685232003 W

m) . ) ’
0.958368%,
C.6028138y
0,613222403

b

"668306K%03

afys or sEsomaLs 0
0.374858-06

P

HEAY B

0.6C51708+¥

. 0,615 15Esl)
0.639528%03

©,608638403
0.69220R¢03

.52906R=00

$.566178003 0.589332e03

0,69817E20)3

n.6¥R1520)
0657982203
“0.7080884¢02

‘o;va,2on’Q3~9g7saaoloalio‘mcoosnoda

0.60265me03
0.65872%403

7%

0. W0S 120N
0.505978+08
"0 8H148 408
0.887 768408
0.89179R«0N
€. 76887B+ON
0.22627E+04
0.20731F <08

'0.61pp6t903,0;62&&#!003;
+03 663388603 0467178803
.63 0.69562R83 047

3.9 REelY 0, o

0.

78403

0.765738¢08
0.501722608
0.88833%+08
©.%85398+08
0.890558+04
0.75886E¢08
0.221802408

0.315228¢06 0.312078+04

0.70898%+03

0. 759088+04
vQ.QQCSOzpoi
0.883165+08
0.488912¢08

0.48508E¢ 00
0‘. 139 ” !‘0.03,

B.2V57RE+08
0.20639k+08

G.3Q613!0§l00;30§01!000> i 5)1!}0“

SQUARES OF RESIDUALS 9.551428-0%

.0.58360!003
0.60198E2¢03
0.612762+03
0.638646E+03
0.682422¢03

390E+03

0.70988E¢03

vAPODS PLONW B

0.22006B+04
0.50957B+048
0.891912¢08
0.8888 12408
0.80976E+04
0.76825E+08
0.23058E+08
0.21259E¢048
0.320792+08

0.30787E+08

-89

I3

0.77022EB¢08
0.5037axK+04
- 0.489602084
0.485888¢08
0.491602+04
0.763508+08
0.22784E+08
0.21185R¢08
- 0.31635E«04
0.30699E+08

4

¢

0.539972=-07

0.5B608E+03
0.60521E+03
0.618718403

0.687628+03,

0.691678+03

0.753078403
0.611172+03
0.663620¢03
0.70057B40% 0.70

0.71288K+03

o.16523300i'

0.59952E+08
0.98651E+08
0. 48358R 408
0:88995E+08

0.589192403
0.607662+03
'0,561773E+03
0.65696E+03
0.70352E403
0.766812+03
0.627T96E+03

70860E+
0.718 1020

0.758322+08

0.89684R¢+08

;o.~31~0tiou
0.%8389E¢08
0.883992+0a

0.75T8RR+0M: 0. 7ISCIE+ON
0.22319R¢08 0.21863B+08
0.21088E+08 0.20867B+04
' 0.31300E408 0.310642+08
0.30616E+08 0,.30521E+0%

AL, - 0.52771E-08)

.g.sqaiizona
n.610@Rrv03
0.628

 0.,66681E403

 6.718938603

0.791098¢03
0.633258403

0.68135§¢03 -

0.708¢M12e03

;'ﬁtagpaggoth;",fg

0.75G79R+ 04
Q.8960724C4
0.87136E+ 04
O.§96782400
C.e7788E+04
0. 68500+ Ct
0.2%078E¢ Q8

0.203512¢04
0.30887EeCL .

0.3C365E200

AEAT BAL. 0.54602F=05)

0.593042¢03

C.60957E+013

0.62688E¢03
0.66592E403

0.718872¢03
0.790962¢03
0.633862+03

0,67183E¢03 ¢.681292%03
3 0.70763£¢03

.71558E+03
/ 749 78R+ 08

0.86963E+04
0.58685E+04
"0.87652B+08
0.68500E+04
0.21487E+08
0.20520E+08
£.30903E408
0.30369E+08

18+03

N94D3E+04.

S



;Y v

N sesse connggo .gsuu-s sssee | 0

. (-unn OF ITERATIONS 1. SRR ]

 !::330::. TEMPERATURE, ENTHALPY AND LIQUID PlAC?IOI or reeo
1 235.00 PsIA 150, oo‘r © 0.631008407 PTU 1. ooo .

Yo ees snnn owscTIONS See " .
: -'x.guxlc . LRAVING STREAR tlnuu nrnxn' znnne
- GTRBAN IO S'llll‘!‘IO' ruto : rncuo- srnu no sucz "o

C. L
-a LI el e . - o

N s .1‘. B 2 S 31
v 2 28 2 ‘4.00 - » © 80

.3 31 . - .00 . 1 .5
. . 50 -3 "~ 1.00. 2 2s

STREAS FLUID 1-].100!0 SIDE S'!llll 2='l?0l!l SIDE S‘!‘RBIII
o . 3=LIQDID PRODUCT laVlPOIIl PRODUCT ‘ _
15:25:17 .03 RC=Q - . -t

o . "



A

ses STAGE VARIABLES ees

LIQUID PLOW

204

PLATE 'PRESSURE  TERAP VAROUR PLOV HEAT DOTY
¥0 ~ PSIA ? ‘LD WOLYTINE LS MOL/TIME ' ATU/TIAE"
1 235.00  121.78 0.55016B¢08 €,22006E¢08 ~0.33C53Fe0H

2. 235,00 1128.00. 0.585172+08 0.77022F¢04: 0.C

3 235,00 126.88 0,53826E406 0.765238¢C8 C.0

5 235,30 133.4% 0.27009B¢084 0.T49782¢08 0.0

6 235,00 138.27 0.26826%+08 0.50957E¢08 0.0 -
7 235.00 1642.38 0,26008%e04 0.50374r¢0s8 0.0

8 235,00 185,61 0,256958s08 0,89952E408 0.0

9 235.00 V48.06 o) 254552106 C.496882408 0.0

10 235200 +189.97  0.252032¢08 . 0.0498038+08 0.0

" 235.0Q 151.58 0.290127¢08 " 0.49191K¢08 0.0
12 218,00 183.%6. .24T02be0s .202008400 o,

13 235.00 135.11 0.201912¢08 ~0,486512e08 ©.0

1 235,00 * 158.13 0.270152+08 0.4818QE«0R 0.0 -
15 235.0C 164,00 0.656928608 0.86963r¢08 0.0 '
1% 23%5.00 171.22 0,.653%362408 0.088881Z¢04 (.0,

17 235.00 179.06 0.652058¢08 C.485u4Ee08 0,0
18 235.05 188.02 0.65280B¢08  0.48358E¢C8 0.0
19 235.00 197.36 0.650978¢08 0,88389E¢08 C.0
20_ 235.00 206.32 0.65828Ee08 O0.88685E¢0& 0.0
21 235.00 218.68 0.66012E+08 C.8RITGEICE 8'0
2 235.00 222.82 0.65886E¢04 O0.49160E08 .0 - .
2 235.00 .232.07 0.6%2502¢04 - 0.88995E+04 0.0
24 235.00 283.92 -Q.645032¢08 - 0.848399E«08 0.0
25 235.00 258.87 ¢ j52380Q8 0.476528¢08 - 0.0

26 23%.00 270.92 0 78008 0.76825B+068 C.0
27 235.00 282.30 0,92482E+08 0.76350Be04 C.0
28 235.00 293.87 0.805872e08 0.75788E304 0.0
29 1235.00 - 307.21  06.75198g¢08 0,.738897+04 0.0’

30 235.00 331.36 ;§4669778403 0.685002+08. {.61639E¢08
-o-e - - - atendifin os csew @>en - -—-pdmme - Y L.
N 235.00 137.32 0.28686E608 0.23058R¢03 C.0
32 . 235.00 163,16 0.282612408 | 0.2278Ap+0§ 0.0

.33 . 235.00 151.57 - 0.23805E408 0.223192¢08 0.0
38 ° 235,00 162.36 0.238298¢08 0.271863E+08 ' 0.0
35 235,000 178.26 0.332012408 .0.274872408 0.0
36 235.00 185.63 0.23087Re¢08 0.212592¢08 0.0
Js8. "235.00 8.02 0.22809E408 0.21048E¢00 0.0
39 235.00 “212.23 0.22862E+08 0.20867E+04 0.0
&0 235,00 221.69 0.21925E+08 0.205202¢08 0.0
(33 23%.00 229.39 0.21481E+08 0.32079E¢08 0,.C
62 235700 235.79 0.211462¢08  0,31635E¢08 0.0
43 235.00 280.97 0.20910E+08  0.31300B+04 0.0
“s 23%.00 2845.00 O0.20789E¢08 ~ 0.31064E¢0& 0.0
a5 . 235.00 248,03 0.20633E¢08 0.30903B+04 0.0

.86 - 235.0Q0 250.28 0.205858¢08 0.30787E+0& 0.0
.7 235.00 251.95 0.20862B+084 0.30699B¢04 0.0

. a8 235.00% 253.28 0.20367E+0N. 0,30616E+08 0.0
89 23%5.00'" 256.50 0.20215E¢08 0.30521E+08 0.0
50 0.19886B¢08 0.30369®+08 0.9

235.00 ')?55..9'8

- o o -



] . .
ses mATFRIAL AALANC

+ PEBDS

‘RETHANE
PROPANE
IBUTABE"

TANE.

: T
 APEWTABE

. HBXANE
OCTANE
TOYAL

B S .
ES eee

N o—’"

°

"PLATE NO., 15

LB 8O0L/TINE

0.37700R¢02 -

0.2186 12408
0.84050E+0)

 0.71530E+03
023913208403

0.267198403
0. 10 180R+0)

- 0.11030E¢03
0.80800P+08

AOE PRAC
Q.928028~02
0.520862600
0.981622=07
0. 17932809

T Q.619698~01

0.654660=07

 7.387552=01

0.270382-01



CONMPCTED STREANS

. [ €N
EZTHANE
PEKOPANE
.180TANY

-, BBUTANE -
IPERTRRE.

- BPRUTANE
NEXANE
OCTANE
TOTAL

ETHARE
PROPANE
IBUTANE -
WBUTANE
IPENTANE
NPENTANE
HPXAWE -
OCTANE

. TOTAL

ETHANE

.PROPANE
IBUTANE
BHOTANE
IPENTAR
NPENTAS

"HRXAWE
OCTARE
TOTAL

.

ETHANE
"PROPAME
IBUTANE
BBUTANB
IPENTANE
BPENTANE
WEZEANE
OCTANE
TOTAL

(PLATE WO. 5

L8 MOL/TIAE
0.59456r¢01
C.19513E¢04

. 0.255612¢0)

0.92887r¢02.
0.73860E-01
0.9730892-02
0.79791E~06
0.5%51872-13 -

0.23058E+08

PLATE WO. 25

L8 §OL/TINE

0.173352=04
0.10793E402
0.19609F+03
0.68866F+03"
N.55735E402
0.52583E¢03

0.88001P¢02,:

0.58530E¢01

PLATE wWO. 31
LB ‘MOL/TIRE
0.59507B+01
0.19605B+08
0.36288F+C3
0.17081E+03

"0,2550SE+0 0

0.827962-01
0.88358R=05
0.27696E-11
0.25000P¢08

" PLATE NQ. 5C

L8 AOL/TIAE
0.18775P-03,
0.81388E+02
0.485782403

- 0.12523R¢08

0.686332+03
0.56880E+03
0.88009E2+¢02
0.58526E+01
0,30000E¢08

reom 3V
WOL PWAC

0.25785R=02

£.886262+00
0. 110858400
0.802888=01
0.31859%-0e

- 0. 822792-05

0.239348=16 -

-7RO8-50
ROL PRAC
0.R73488=-08

"'0.,583828=02

05.988088=01
0.328832600
0.28084R8e¢(090
‘0. 26496E¢00
0.22172e-0"

s LLIEY
ROL PMC

0.23803e~-02.

0.788392¢00

0.148998¢00
 0.68322EB~0V.."
0.102528-03

0.171198~08
0.353838-08
0.11078E=14

raon 25
ROL PRAC
.0.492492-07
0.13796E-01
O¢ 188588400

0.81782B¢00

'0.215848¢00
0.18813E¢00

0.14670B=-01"

0. 195098-02

v iy
'~y

L

t

206

.
A



PRODUCTS

ETHANE
PROPANE

- I'BUTANE -

NBUTANE
IPENTANE
NPENTANE
AEXANE
OCTANE
TOTAL

) (;f;ruaui

PBOPANE .

IBUTANE
‘NBUTANE

IPENTABE

RPENTANE

" HEXABE

OCTANE
TOTAL

N\

TOP PRODUCT ( 1)

LB MOL/TINE

0.37695E¢(2

0.211647¢08

C.00011F+(02
N.68387TRe¢01

0.51366%8-03"
. 0.318922-04

0. 116162~09
0.175768=-19
0.22006P¢00

0,5964306E+0

0. 19513P¢04
0.2556 124013

0.92887F2+¢02
0.73860E-C
N.97389r-02
0.79791E~06

- 0.5%187E=-13

N.23058E+04

NOL. PRAC
0.171298-01
0.961748¢00

,0e181820=01

0.292%8R=-02
0+,23342E~-06
0.188920-07

-Ce5278082~-1)

0.798868P-23

| T0P PRODUCT (31)
LD NOL/TINE

a0, PRAC

" 0.257858=02

0.8%6248000
0.710858¢09

' 0.402882-01

0.318592~-04

- 0.8221 95

0.386 - 09
0.'23934E~16

[- 2N

BO?TOH PlODUCT

LB ROL/TINE

'0.553032-09

0> 199242-01
0.38488P2901

0.23299%+02 .

0.16202803

0.22848E¢03.

0.181792403.

"0,110302¢03

0.66977?003

’
L4

(30)
non\rnac

0.97501E=12
0.29748P=04
3.57062E=02
0.387868=)1
0.281918400
0.381182400
0.211708400

L 0.16468200,

IO!’OI PIODOCT (50)

LD OL/YINS

0.173352~ 04

: 0.10193z502‘

C.196092¢03)
0.64466E¢013
0.557352¢013
0.525832 @03
0.880012¢02
0.5853NF¢01
7.19880E¢04

noL PFRAC

n.87382P-08

c.58382pP-02

C.98808E-01Y °

.0.32683P400

0.28C8u42«00
0,26496F+09
C.22172E-0C1

0.29492F=12

-



o

L1GNID S1DE

ETHANE

PROPENE
IBUTANB
NBUTANE
IPENTABE
NPRETANE’
HEZABE
OCTANE
TOTAL

VAPOUR S1DE

- ETHANE
PROPANE

- IBUTANE
WBUTANE
IPENTANE
NPEWTANE
HEXANE
OCTANE

‘TOTIL

ETHANE
PROPANE
IBUTANE
WBUTANE
IPESTANE -
NPENTANE

 REXANE
OCTANE
TOTAL

STREANS

LIQuUIN ( 5)

L8 noL/TIRY

0.19605£404-
- 0.3624REe0)

0.17Q812¢03
0.25505%¢C9
0.42796k~=01
0.8813%58r-05

N,27696k~11

Ne 250007 04

L4

STPEANS

VYAPOUR

LB MOL/TINE
C.187752=-Q3
C.91388R¢02
N.UB574B*03
0.125%213re04
0.h86332¢03
0.56480F¢03
N.U4008ED2
0.58526E+01
06.30000r 08

VAPOUR

LB MOL/TIBE

‘0.91745E=08

0.39612r+02
0.356672+03
N.68555E+03
0.89136B¢C2
0.388972+02
0.933572=-02
0.36103p-08
0.12096P+04

ANL PRAC
0.2368038="2
N, 78819200

N, 18499P+00

0.683228-"1

. 0.,10202®=9)

Co 171192=74-

0.11078E=14

(25)

AOL PRAC
0.49289E=-0C17
Ne13796R=-01
3. 14858E+ 00
D.41782E+70
Q.21584E+¢00

0.18813P+00

N.14670E=01

0.195098=-02"

(490) -

AOL PRAC

0.758478=-07
0.327648E~0"1
0.29486E¢00
0.566762+90N
0.73690E~01
0.31909E=01
0.77180E=05
0.298a472=-11

208

(<]



APPENDIR 8¢2 ~~ EXTRAGCTIVE OISTILLATION SYSTENM

os PROGBLEN STATERENT oo

COLUSN NC | IS OISTILLATION COL.

no oF mLATeSes 17

COL PRESSURE
PRESSURE OROP
REBOILER VAPOUR
REFLUX RATIO 2

16,70 PSIA -

0.0 PER AMATE
18085.00 mMOLES
3.000

COLUMN NC 2 1S DISTILLATION COL.
NO OF PLATES= 20 ‘

coL PRESIYRE
PREASUNE OROPF
AL SOILER VAPOUR
REFLUX RATIO

16.70 PSIA’
0.0 ran m.arvrs - /7
138,00 NOLES

2,000 .

COLUMN NC 3 IS DISTILLATION COL. -
NO OF PLATES= S A

COL PRESSURE
PRESSURE OROP
REBOILER VAPOUR
REFLUX RATIO

NO. OF FEEOS

Pl

14.70 PSIA
0.0 PER PLATE
93.00 mOLES
10.000 '

1 e

FEED 1 1S ChN TO PLATE 11

QUANTITY
° PRESSURE
TENMP (F)
ENTHALPY

0.100008¢03
14,70 4
130 .47

0e318048%06 .

NO. OF INTERCCOLERS OR HEATERS 3

INTERCOOLER OR MEATER 1 IS ON'PLATE 17

MEAT LOAD

INTERCOOLER
MEAT LOAD

INTERCOL.ER
HEAT LOAD

A VARZABLE

HEATER 2 1S ON SLATE 37
A VARIABLE a

MEATER 3. IS ON PLATE &2
A VARIABLE - .

2es STREAM CCNNECTIONS $88

LEAVING LEAVING STREAN ENTERING ENTERING
STREAM NO STAGE NO FLUID,

STREAN FLUID

1 ) g 3 1.00
37 L3 . 100
42 3 1.00

1sLIOUIOD SIDE STREAN  2sVAPOUR "SIDE STREAM
3=2L10UID PRODUCT A&sVAPOUR PRODUCY

. a

ENTER ING

FRACTION STREAN MO STARE WO



«
L

L)

®
4] SUM OF SQUARES OF RESIODUALS
BAL «

(MAT o
TEMPE RATURE
0.59360E ¢03
0.59860E+03
0.60360€E+03
0.60860€ +03
0.61260€ ¢03
0.62900€+03
0.63960E 03
Ce 65460203
0.06460£403
VAPOUR FLOw
0.0
0.20000E ¢+03
0.20000E +C3
0.20000E+C3
0+16S00E+03
0 )0 FO0E+03
0.16500€+03
0s16500E+03
0«11000E¢C3

0.146C%E
(R)
0.59460E¢03
059960 ¢03
0.60060€4¢03
0 «609G0E +03
‘061 T60£4+03
0.63160E+03
0e63960ESC
0+,68000E&+03
0+866960€+03
RATE
0.20000E¢C3
0.20000E+03
0+20000E+¢03
0.18800€E+03
04i16S00E+C3
0.16500€+03
0.16500E+C3
0+«13500E+03
0.95000E+02

O.
*02 HEATY B
0.59560E+03
0.60060E¢03
0.60S60E+03
0.3 760E¢03
0.62260E+03
0.63900E+03

o cosadesas
.Oe +03

0.20000E+03

_0420000E+03
0.20000E+03
00
0¢16500€E+03
0416S00£+¢03
0.18S00€E+03
0.0

%% RATE OF CONVERGENCE WITH ITERATION NO. ¢ss

18636E¢02
AL o

0.59660E¢03

0«60160E+03

0 «SOOG0E+0S
' 0+ &0260E+0 3
0+ 62860E+03
0 «63960E¢03
0 i60460E¢03
0 +53960E403

0.20000E+03
0 .20000€¢03
0.20000E+03
0+16500E¢03
0+16500€E¢03

0165002403 .

0.168500€+03
0«11000€¢03

1 SUM OF SOUARES OF RESIDUALS 0.26888E¢02

(MAT,
TEMPERATURE
0+S8860€ +03
0. S99S4E+0C3
0.60S04E +03
0+61Q38E+03
0.61393E+03
0.64321€+03
0.65960E+03
0.635949E+C3
0.665TSE+03

0.0

0.1930SE+03
0.19885E+C3
0.19817E+403
0.16126£403
0.16040E403
0.16617E+03
0.16196E403
0.10761E+03

BAL .

(R)

"0e57201E¢03
0.60220€+03
0.,60591E+03
0+61492E+03
04,6201 4E+03
0.65064E¢03
0+,66883E+03
0.66182E+C3
0669 76E +03

'WAPOUR FLOW RATE

0.20898E¢03
0.19446E¢03
0.19845E¢03
0+.18500E403
0.1602%f%03
0.161208¢83
0.1667364+03
0.13500£+¢03
0.95000E +02

0.26868E+02

HEAT B

0.8567968E+03
0.60410E+03
Q0«eOGOSTOE+O0I
0.859942E¢+03
0.6208SE+03
0.66172E+03
0.666026+03
0.616883E¢03

O ¢20448E0 3
0.19543E+¢03
O.l 9“’!0’3
0.0

0.19927¢+03
0.163228+03
0.16679€+03
0.0

AL «

0 +S5890SE*03
0 «.60Se6ES03
0.60768E4¢03
0.60331E%03
0 «63234E¢0>
0 .665aTES03

0.606367E+03

‘0 e645SSENI

0+193208¢03
0«19634E¢03
0 «19850E¢03
0e16256E¢03
0158208403
O« 36881E¢03
0« 18667RESO3
0<108408E+03

0.31148E-01)

0+5S9760E¢03
0.60260E4+03
0+.60760E+03
0.607860E¢03
0+.62760E+03
0.63960E+03
0«ON960E+03
0.089008¢03

0.20000£+03
0.20000€¢03
0.20000E+03
0.165S00€£403
0.16S00€+03
0+16800€+03
0<16S00£+03
0+11000€+03

0.207S6E-01)

0+59540E+03
0.6060qg003
0«60872E+03
0.60836E¢03
0«63719€¢03
0.66833E€+03
0.66000E¢03
0.66191E¢03

0.19110E¢03
0.19736£+03
0.19844K¢03
0.16196€003
0.1597SE+03
0.16832€+03

0.16498E¢03

0.10704E+03

- Nmap oW

210



L e g S A 0. % I oM  Ardee ¢ ey dy

> .
‘l\

‘2 SUM OF SOUARES OF RESIDUALS o.xzssaeooz

(MAT,

BAL .

TEMPE RATURE (R)

0.358681E403
0« 5SP342E 03
0.60842E¢0)
0. 60924E 403
0+61708E¢03
0.63696€¢03
0.63384E403
0<63513E+03

0680202088 0.46008E4+083
VAPOUR FLONW RATE
0¢21603E+03

0.0

o.xresosooa
"Oel19S98ES03
0¢19S3M ¢03
O«15739K ¢03
0+155S33£403

C.13877€+03

0.13241E¢03
0.10329E+03

3 SUM OF SQUARES OF RESIDUALS *
05D3004E+01

(MAT.

BAL o

0-36P1 2E+03
os8¢grroeeo3
0.60593E+03
0«61 TBTE+O3
0.62159E +03
0.6416T7E+03
0.6S34TE+03
0.66148E¢03

0.18142€6+03
0.19%599€E¢03
0.18500E+03
01863 3+03
0B 524E¢C3
o 238+ CI
0«13800E+4¢03
093000E ¢02

TEMPERATURE (R)

0+3586808E+03
0+STOOGTESO0I
0Oe 60316ESD3
0.60694E+03
061363 +03
Ce 63 T28E 203
0«64 TBAE 0
0.65001E¢03
‘0 e 06 29E 403

040

0.S7961E+0C3
0.58540E403
0:60361E+03
0.61686E+C3
0.61940E¢03
0.64181E¢03
0+64816E+03
0.66038£+03

: 0.66970E¢03
VAPOUR PLOW RAYE

Qe 21 7‘“0‘3

0¢12640E0¢02

0.507908E+03

0.597048¢03°

0.86056SE+03
0,601 94E¢03
0.62347E403
0.60903E+03
Re6515SE+03
0.620638+03
e,
0.23357€+03
0.1 8962E¢03
0+19607E¢03
0.0 -
0.15502€¢03
0.1860T72E+03
0.!8938&003
0.0

MEAT

0.56798E+03

0.593Q4E¢03
0.60402E¢03

0.60220E¢03
0,62270€¢+03
0.64716E¢02
0«64 329E+03
() ou?“EQQJ

°

0.21093E+03

0e 180042403 0.10416£4¢03 0.18483E¢+03
0c19434E¢03 0.194081E£¢03 0.19489E¢03

O« 19404E903

0018800E+03 O

Q0.0

0.1S79SE+03 0.15676E 403 0.15467€003
0e15481E¢03 0.15526E¢03 0.,15719€+03
0.15920E£¢03 0.15934E£¢03 0.15912€¢+03
0.14847E+03 0.13800E¢03 0.0

0. 10094E+03 o.osoooanzf

\

MEAT BAL

0+83228E403
0.60290€¢03

0+60620€203

0.60891E¢03

‘0. 6307P2€403
0.685100E003

0.68078£+03

0.64486€403

0+.19962£403
0+ 18088E+03
0+.19609E+¢0>

0.18899E¢03 .

0.1S270E+03
0.187T81E+03
0« 18S065E+03
2106496¢03

‘0¢ 581 33E403

0.599T0E+03
0 +G0AGAE 403

0.60S43E4+03

0.062878E+03
0.64T91E+03
0.64148E¢03
0.64156E503

0.20217€¢+03
0. 18081E¢03
0194928603
0. 13887E+03

0+ 18801E+03
Oe 10T70SE+03

-
4

’

B

o.nnezoﬁ-ot)

b.sszanoos
0.60878E¢03
0.80718E¢03

211

0.61171E%03

0.63367€+03
0.63209E¢+03
0:.68090E¢03

0.866216E403

0.17356E¢03
0+19200€403
0-19S9SE+O3
0+15800E+03
0+15483€403
0.15819€+03
0+15641E403
0. 10324E+403

9.49316E-02)

0.58019E403
0.60388£+403
0.60506E¢03

0.61092E+03

0+83301E¢03

0.64833€+03 .

0.064221E+03

0.66127E¢03

0.187618403
'O« 18986E+03
0.19479E+03

_ '0..15818E¢03
0.15107E¢03
0. 188S4E4¢03

0183682403
0.185887E¢03
O« 1854000£¢03
0. 184,p2€+03

-~

®



-

‘&

(MAT, BAL.

TEMPE RATURE (R)

0.S8723E+G3 0-S9757E+03
0SOGV1E 03 L4S93TTE+ 03
0.60084E+03 4.60091E¢03

0.61201E¢Q3 0.6 :
063213403 0,637IIE0I
0.63910E+03 0.63717€¢03
0. 64539E403 0.06131E003

0.66893E+03 0.67088E03.

VAPOUR FLOW RATE..
0.0 . 3K

-

¥

0.18986E¢03
0.19086E¢03
0«19150E403
0s15793E+03
0.15183E 03
0.1S886E¢03
0184 TSE03
0.97134E¢02

S.

0.58T749EH03

‘ 0.60491E¢03

0.59529E ¢

0.18895¢¢03
0.19197€+03
0«18800E¢03
0.15696E¢03
0.1820AL ¢

Ow 18598 3E 60

0+13800£+03
0.985000€+02

SUN OF SQUARES OF RESIOU
(MAT. BAL. 0.43940€£000 .
EMPERATURE (R)

0+60460E+03

L g

0.60600E¢03
0.593352€¢03

. - . »
SuUN OF SQUARES OF RESIOUALS 0+49

0.48590E¢00  MEAY BAL.

e3E¢00 . '
0«6TIZ2E~02)
060172403 0.59847€¢03
0. 596638403 0.60077E+03

0.60096E¢03 0.60090E8¢03 0.600928¢03

| 0.60213E40Y

061 041E¢03
0.04029€+03
o..;’.z".;
o.f‘a‘.“"

6<21900E003. €.21R0TE0E3

0.18720€+03
0+ 19204E+0)
Q0

0. 15384E+03
0.15480E+03
0+16053€+03
0.0

0.00364E¢03 0.60886R¢03
0. 62062€+03° 0.62631E403
0.GA0TOE+03 0.64036£4+03
0 . 63200E¢03- 0.63400€403°
0.84651 32 ¢+03 0.66388E¢03

 Sc1NL BERES3 .

0.105068¢03 O,

0. 1921 3E¢03
0.0 15600£+03
0+14780€+03
0. 18686403
0+ 18997E+03

O« 11208E+03

ALS 0.459S3E+00
HEAT BAL.

03 0.S9773E¢03 0.60494E+03

0.60370E403 0.60279E+03

1 o000
0.1921 TES
.0+1STO0SE+03
°ol?.°"’°3
O 1STTAECO3
0+ 135856E¢03
0,987 7T9E€¢+02

°

0420125E-01)

0608 96E O3
0.60281E¢03

0.60168€+03
0.60201E ¢03

0.61153X 03
0.6094TE+03
0.6261S€ 03
0.65202€+03
0.67187E+03

0.0

0.199728403

060168E+0 0.60173£403 0.60187E+03
0.,60984E¢03 0.00199£403.0.80337E403

0.6080TESO3

p.oxssieqei;p.ﬁlatssoo: 0.61170£¢03
0.60968€¢03 0.61200E+03 0e61713E¢03

0+029BeE+C3 0.63207E403 0. 6343TES03-
0.66839E+03 0 .6S04AE+R3 0.66263€403

0.,671632¢03

VAPOUR FLOW RATE . e ‘

0.21286E4C3 0.21134E403 0,20404E¢03
0¢18096E403
403 9.19014E¢03

0+ 108008 +03

L D 16332E+03

0 18921E+03 0.18982E 03 .0,1 8988403
0.108948E£+03 0.190088¢03 0,.)900

0.0

0.16659€+03

0.15340€¢03 0.13800E£+03 0.0

0. 97202E+02 0.98000€402 -

0 <1607084+03
0.124148+03

061163403

‘212,

/

0.60194E¢03

0.621086£¢03

0.63942€4+03
0.67088€¢03
0.18901E¢08
0.18796E¢03
0.19043E¢03

0.163928¢03¢;,

04164 ; . : 3 0.18902€¢03
, R - J:‘ol‘."l’.! 0.15008E¢03 0.18710€¢+03
0.,160380 003

0.138218403
010633403
0«101068C¢03

,:;



|
’ B
v .
o '
[

- 6 - suu or souunes o'

(NATY, BAL,
TEMPERATURE (R)
O.58870e03 o.so;vaeocs

00337908

00 ' NEAY

«S9848Ee03

‘000132403

ES IDUM.S 0+.3440084¢00
L.

] o697.0¢~°2)

0681808403

0.60357!003
0.81106E+03
0.6“53!003
0-‘89!*003
'Oc 6399BE 003
Ce867071E 40

P71
6.:.344:003
0.18813¢03
018922€¢03
00180488E ¢03
OelB?34E 003
(- PRY | e 3
Oel y

0.94294€ ¢02

T ‘:‘A? “. ¥ .

TEMPE RATURE ¢
0.58680E+03

.0.6027!!00

O72¢06]
0+61338€+03
0.6B8PE ¢6)
0.020108+03
0061328003
0e871448+03
VAROUR FLOW RATE - -

‘o”“’“*”

0«18876E0¢3

0+180872€¢0>

0.18800€+03°0.0
CalB170C¢03

0.19197€¢03
0.1“27!003
Sald, E903
'f’.§0°a

Vo394 27E+ 03

< or RES!DUALS 0.1176eE
11673400

o.“tl‘qu: 0.60212€+03
0,80290E003 0. 004278403
0-6]03‘!003 0-623&“0‘3
0.‘3’“&‘03 ‘o.“"’ﬂ’
0.“3..8003 0.“8!%003
00““0.3 o..m’os

.

.‘o “”
04186010003 0.18632¢¢03
[ P95 ‘.7“f°3 0180708403

0. 17094403 0. 571308403
0.19332€403 0.192272403
04185188403 -0, 16366£ 403
00 -

MEAT BAL.

0.59334E¢03 00“"‘:*03’

o.oozoacoo:'o.qnaoéeooa'

oos o.tot!stoca

0. 176488403
o.nnoaaca‘.

o 0.983_801!00_1

*Q .

0.88300€¢03
0.60261€C¢03
0,60817€¢03
0:63048E+03
‘0. 63272€¢03
0.62401E¢03

0.86TE8SE+03 -

0.188332 403
o.186378¢03

.0e3

0.170

0:.190128+Q8

0.1 759028080 -

0.92399E o8l

L 0“0378003

0060001€£403- 0.60063E ¢ 03
0.60121€¢03 '0.60120E¢03
0602808403 0.61026E403
0+,61267€EF03 0.61840R¢03
Ue63204E403 0.63463M+03

‘o.oavt:zoos 0.63759€+0G3

0.65171£¢03 0. 66803+ 03

0.60095€¢03
0.601208+03
0.60067E2023

0.61730€¢03

Oe “M0°3
0.63793E4+03
0.63388€403

0.001328303 0.60100E903
0601 30E403 0.50169€+03
0+,60208E+03 0.60832£¢03

0.821828003 0.627888403 .

0630132403 0.630660€+03

0.838828+03 0:64150E2403 -

0.‘“8_2!093 /0.66879€4+03

0-67“003 0«67247E84+03
th FLOU RATE :

0.0 . 0211938403
O.10016E¢03 0.10607E+03

. 0« 19022€¢03 o.nmm
0.18906€ ¢03. Qe nmm_

0. 19924€¢03 0.103008¢03
0.1689%E+03 0. 16960£+03
Qe l'm‘.’ Oe1

0+ 18904£4¢0) .olm

(- moonooz ‘.m.“oﬁl

]

v

0.210888403

0. 108138403
O l.ﬂ&oo:
D0

0.161208¢93
0173488003
Qe l.l“"’
0.0

o.anaaa!0cs
o\ 188278403
‘o l“ﬂ“s

0+18811€+03
9+ 106 70E ¢03

o, ‘“7]!“3
Qe ‘.l*“’
O« 10098€+03

< : (

0« 18632€903
O« 18640€8¢03

01009 Ee03

0.18778¢+03
0.162188003
0<17096E+03

0« 17792€¢03

o.osorltocz '



N sy
fw~

© AMATe BALe. 0+6T220E-08 ocn AL . o.mﬂc-ou ’
- TENPE RATURE TT) -

0.58693E 403 o.u“uoos .o.svuwoos .o.unmoog o.oo:mooa
0,60180E 403 0.601S3E+C3 0,60165£+403 0,60368E+03 0.602200¢03
0.860142E¢CB 0.60144E¢C3 0.80147E403 0801888483 0.601088+03
0.60288E 603 0.60998E¢03 0.60145E¢03 0. S04TTES03 0.600028¢0)
00312188002 0.614338¢03 0615798003 0.01 7168903 O. 624 o3
0. 62349E +03 0.620048 403 044R3SSEL03 0.82688200) o.u-r 03
.o.oz«unooto.atm’a 0.638338¢03 0+ 639PUE403 0.64B8NN 03
o.utm«s. o.uuu&o:l o,mn; 0007t ncoo:

-

) T :." { 2l c '; ‘.,-7. et

°o° ’ h
04100048 003-.

_0218638£903 o.uuxtop: 94 BAGSE20O3 -
. 0+18815E+03 0.18094€403 §.16006E¢03 041 0¥
, 1 6DSRE 403

401.’0"“3~.6!“~’“ 00 Oe13

214

e  sums oF SOUARES OF RESIOUALS owum-on S e

i 0.41 “a'ﬁb"s}"e‘.annm' ‘Q-!"“"" |

«16380€+03 0.16380u 003 o.uuo:ua o.mm Se 264168903

0.18768E+03 0.170128303 0.172008¢03 0.173TESOS 0.173e75503
QeI TIGBESD3 0.1 TABAE*0D3 o.n«uoo: 0.17:::00: 017023203
0.18226£ 903 0.13800E¢03 0.0 - 0210

0. 98S08E 02 o.mouou . L .

° SUR OF SQUARES OF nenouu.s o.onuz-on
- (NATe BM.« - o.anvz-on HEAT BAL o o.nnu:-ou

| TEMPERATURE tR) .

0.58687E +03 0.594322+03 o.mnnos 0.601202¢03 0.60131€¢03

.anu!ooa .o"“"”

K FLOW RATE. e o

-l . .;tll.um .d““’“

*03 00971 728202

0.8601302¢03 0.60188E+03 0.60166E003 0.60193E¢93 0.60228E+403
0.601848¢03 0,60143E403 0.601502+03 &4 ‘0e601 98403 °
0.60304E¢83 0.610242¢03 0.00234E¢03 . 0061098E003
0.6139TE¢G3 0.616192¢03 001 TVORDY | ' 0 e 6204TES
0.62993E¢03 $.63182E403 0.632018+09! 3 0.62088E403
) 0aORTOSESEI 0. 6204THAS 0. 623638003 } 06480338003
. O.CEOBEESET 0.06800E8+03 o.“nnou o.mmm o.c;nuwn

'nnn: o.mmns
| e.i‘uncoqs o200 HECED 020014083 $1 100208003 0.108008603

0. 1080BE*D3 9, IBUTIEEES 0100808003 o.m«a 0= 108872403

01000493 0,300008%03 0.8 G ATHSERSS 3;00”!00:
0100086903 9.179008 83 TR 0.1747N *83
0100280003 0.16750E 200 - H 1 OUPAIES 0. 190078003 0. 196G1 R4S .

0.109808¢03 Qi STEIE 403 SuiGANIEeED . 1TEINEEO3 Qe 103608602
0:.13199K+03 o.lmon 0.0 Y : b.unnou ¢.m-u»:
o.uuuou 0 980008082 -

< - : .

™ .
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< ‘.."' “—o
nm”m ‘{312

qw or swm or’ ntuwus ‘0o -0y .
0.29073R-01

. Qg.“.ﬁ“’

00““.‘“3

'8+608 30K ¢03

00 092062403
081 39TE 03

O« 59433E%03
0.80131€903.
N ] o“l”.‘”
0403 .“0”
0..“0"003

| 0409890443

YAPOUR FLOE RATE

0031876 +62
OoMOO’
0.“““3

0s 02N06E ¢33

Qe +*03

W
i 00""",‘3 .q"'“’“ )

o tmxuqa o‘uoucou
00174842003 0170808603
‘01 00IRE403- 0. 10308E003
0+ 19083€+C3 01918088403 O

. 0.16481£4+Q3 0.12800€+03
~6.9s008E 02 umna

(MAT. BAL o

TENPERATURE (R)

0.58680E 503 0.904358+03
0.60131£403 0.60139€+03"

- 0603402 4+03 0.“1‘[(0 e3

0, 60R298E 403 0.81036E¢03
0s01 3068 403 0.61899C¢03
0 GRG1IE D3 H62TIIE O3
0:631818403 C.63316E£+03
0.603448403 0.569008+03
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®sese CONPUTED RESULTS essss
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20 16,70 181.29 O0.118(PWe63 O DTP8ECO3 0.0
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800 MATERIAL BALANCES o909

FEEDS

- ACETONE
ANTITRILE
WATER
TOTVAL

PLATE nNC.

LD NOL/TINE
0.90000€¢02
C«100008¢02
0.0

°o}0°.0‘063

’

'8'}

CONNECTEQ STREAMS

ACETONE
ANITRILE
wATER

TOvAL .

MAREUP OF WATER

ACETONE
ANITRILE
WATER
TOTAL

ACETONE
ANITRILE
WATER
TOTAL

o

PLATE e &

LB MOLATINE
C.18317€~07

‘0«01 876E-02

0o 20000E+03
C«20001E¢03

PLATE NGO, 26
L8 NOL/TINE
O+01168E¢02
C<1CO0IE+02
0«19603E¢03
0«207208903

PLATE NO. 40
LS NOL/TINE
0.183968-04
0.46188E¢00
0.1088084+03
0+18926E+03

(9}
MOL FRAC
0.90000£+¢00

0.10000£¢00

0.0

FRON 42
BOL FRAC
0.91580€-10

‘0«00 706E~04

0+ 99996£400

0. 19491E€¢02

FRONK 17
woL FRAC
0.16633E+00
O0.2040088-01
0. 79300€+00

FROM 137
noL FRAC
0.813%508-07
0.26040032-02
0, 9978LE+00

Aol

3

&»

223



PRODUCTS’

ACETONE
ANLITRILE
WATER
TOTAL

o

ACETYONE
ANIFRILE
wATER
TAOTAL

ACETONE
ANITRILE
WAZER
TOTAL

_TOP PROPUCT ( 1)

LB MOL/TINE
O+.4883%E+02
O +4790TE-02
Ce39T7T3T7E+01

 CeS28)3E¢02

YOP PROCUCT (18)
LS MOL/TINE

C+4116SE+02
0.95416E€+01
C.72265E+01
0.57933E¢02

MOL FRAC
0.924067E+00
O 907““-“

0.75241E-01

MOoL FRAC
0« 710S6E+00
0.2 64T70E+00
0e12474E£4¢00

TOP PROCUCT-(38)

LB MOL/TIME
0.13378E~0e
0:85369€E+00
£.82909E +01
0 .87482E+01

4

MOL FRAC
O0.173S86E~05
O0.51884E-01
0. 94811E+00

o

BOTTOM PABOUCT (17)

L8 woL/TINE  mOL FRAC

Qe 41165E¢02 0.16653¢¢00
08 10003€+02 ~ 0.40068£-01
0» 19603E$03

1r341,
y bt ‘ ‘ g

BOYTOM PROODUGT (37)
LB MOL/TINE  MOL FRAC

0.793008¢00
03 TN

[

0.15396E-04 0.81389E-07

0.46189C+0fl 0« 204 03€E~-02
0o 18880E+OP 0,99756€E¢00
0. 18926E+03

8OTTOM PRODUCT (42)

LB MOL/TIME  MOL-FRAC
0.18315E~-07 0.10148E-09
0.81568E-02  0.43186E-04
0.180S1E+03 O0+.9999SE+00
0. 18052€+03 £ o

et |
o
.
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g’w% 'PPPI:.HDIX €ed -= AHI‘]? TRI-ATING ‘EYSTBH

w* PRnBL'n JTATBH:NT .»

: LOuUﬁl %0 1. XS CnNTACTOR R N R
o OP PLATES= 10 . ‘ :
COL PRESSURE 250.00 PSIAS® . : ' S
‘ . PRESSURE ouov 0.0 PER pnarz ~ : .
W S L o . : )

conunu uo 2 1s xscauvaATon o :
RO OF PLATES= 14 .
CONDENSER TEMPERATURE 129;00.(?)
. PRESSURE . 27.00 PSIA

coL PRESSURE . 28.00 PSTA - . ‘.
PRESSURE DROP ¢.33 PER PLATE

¥ . vo. or FEeEss 1 * - I

PEED 1 IS O¥ TO PLATE 10

QUANTITY  0.13158E¢935
PRESSURE 250.00
TENP (F) 96.00 )
ENTHALPY 0.88300E+08
¥0. OP LIQUID SIDE STREAMS - 1 : .
STREAM 1 LEAVES PLATE 17 = |
QUANTITY 0.255C0E¢04
¥o. OP INTERCOOLERS OF HEATERS 2 ¢
INTERCOOLER OR REATER 1 IS OF PLATE 11 )
"HEAT LOAD IS A VARIABLE, . °

_ INTERCOOLER OR HEATER 2 IS ON PLATE 28
HEAT LOAD (BTU/TINE) - 0.13800E+08

A

. #«*% STREAM CONNECTIONS s*¢

LEAVING ., LEAVING STREAR ENTERING ERTERING -
STREAN NO. STAGE NO. PLOID STREAR ¥O. STAGE NO.
. 10 3 3 12
2 17 1 2 5
3 28 _ 3 T LI
- ENTERING TEWPS (F) - SEMILEAN 100.00 .
. BRICHE 190.00 - " ’

. . ' LEAN 11o.qi_

ABINE IN LEAU ARINE STREAN 127.350 HI_OLES/TIHB
. SOLUTION STRENGTR (NT PC‘!‘) 15.30 -



-~

B A Rl'E OP COI’!RGENCP UITH ITBBITIOU

C sns Oi ‘'SQUARES 0! RZSIDUALS
C . (WATS BAL. 0.159185000 . WEAT
TERPERAITURE (B) )
. 0.5596¢0E2+03 0. 55960?003 0. 59960!003
. O 559602¢0C3 0. 55960F+03 0.559602+03
7960E+03 0. 689603003 0.691603003

u' 2600003 0.69960 '45 .
0.70760E+03 0. 1096bzooa 0.7 iit
0.13090E+05 0.130903005

_VAPOUR FPLOW RATZ
0..130908¢0% Oy ;130908405

_0.13090E¢05
0. 13090E+05 :
0.28000E+03 o;soocozooa

0.8C000E+02
0.630G0E+03
0.70500E+03 0.720002+03 0.13500!0Q3
1 SUm OF SQUARES.OF nzs:nnnns
(NAT. BAL. 0.18321E-01 -
TENPERATURE (R)
0.56069E+03 0.55928E+03
0.558C7E+03 0.55775E+03
C.57960E+03 0,69281R+03
"0~ 7054703 0. 1706722403
0.71309E+03 0,71220E+03
VAPOUR FLOS ®ATE- ' o
0.13109E8+05 0.131072+05 0.13106E+05
0.131C6E+05 Q.131052¢05 0.13205E+05
0.81395E+02. 0.29302E+03 0.60380E+03
0.71762E+03 0.72700E+03 0.73857E+03
0.75673E¢03 0.76126£+03 0.76759E+.03

0. sso71acoa
0.55752E+03

0.70788E03
0.713382403

BAL.

2e03’

0,685C0E+03 0.66000B¢03.

0.18974E~01
RBAT BAL.

0.69858R+403

Q.S

0. 162122400 .
O 29369!-02)

0.55960r+03
0.559608¢03
0.693602003

8,702408003 .0
0.713602%03

0. 13090E¢05
0.13090R+05
Q.60000E203

0.67500E403

6.55960E803 . . -

226 .

0.5698 0E+03

0.695602+0)

C.13090E¢05

C.13090E¢05.
0.61500E+03 -

0.69000E+03

0.?5000R*03 -

0. 55859!003
0.5573a8E+03
0.70159E+03-
0.70901E+403
0. 71'96!*03

O 13106!005
0.131058405
V.68885E403
0.75207%8+03

0. 652l1t-03)

0. sssﬁazooa
0.5612924603
0.70388r¢03
0. 7100-2003

&

|8
0.13105E+05
0.70365E+03
0.75385E+403

o.11nosi003

2 son. or’seulnzs or azsxnu;ns '9.48659E~02

. TERPERATURE (n) :
0.56283£403 0. 55999:003 05859123003
- 0.558588+03 O, SS8S 12e0 ¥ liossnooa

0.579608¢03 0.69551800

0.7‘3668&03 0.718308+¢03 0.71493E+03
VAPOUR FLOW RATE

0.131288+05 0. 131258405 0. 1312.!005

0.1312.!005 0.131287+05, 0. +3120E+05

HEAT BIL.

Qv-szooa’
0.70939E+03 0. 110433003 0.11163300}

0.55889E+03
0.55851E+03
0.70700E+03
0.71231E+0

0. 716278001

0. 13128E+05
0.13125E+¢05

0.82190E+02 0. 36893!003 0.672838¢03. 0.73334E+03

0.76528E+03

.7
.0.79565E+03 &%euoos 0.79927E+03

0.80175!003

Ve R

13106F+05

. e,

0. 6189“?—03)

0.55881E+03"
0.5578R2¢03

- 70836E+03

0.71300E+03

o

0. 1312'8005

0.13132E4+05

0. 753!6!003
96082+03 O.79948E+03 0.798847E+03 0.79'89?003



K S“ﬂ OP SQUIP!S Or RRSIDG.LS 0..1653!‘02 . ]
 (NMT. BAL. & 0.369628-02 _ WEAT BAL. - 0.86895E-C)
T!.Pﬂ!}fu.t ‘l
5. 56362403 D.561687+03 0.561122¢03 o.ssooeﬁooa 0.86087E401
D.56130F¢03 0.5616GE+03 0.56T8UEA03 0.56183E+0Y 0,56098Re03

0.579608403. 0 0.691962+03 0.T70130R¢03 - o.7o~913003 0.70783E+03

: }HZGIOQJ-Q.71u!21903 .ztstaxoos

"0 131302405 0. 13128405 O. 131213»05,0.131273‘05 ijizvtidif‘ .

Qe ;9930300370 «T1051E+03 0. 71145E+03 0.71221R¢03 0.71292?003'

0.13128B405 0.131297+05 0,131298+05 0. 13129+ 05 .13133:005.
0.808182402 0.282802+03 0.59897£¢03 0.708398¢03 0.73649E+03

0.76015¢+03 0.76232E+03 0.78054E+03, $781513003 9.79182!003

0(79563&003 0. 79928!003 ©0.802902+03 0. 80628!003

"W sUR OF squaazs OF nzsxonats 0.16528;e02
(BAT. BAL, O. 1'8522—02 HEAT BAL. O. 16760:-03:
TEAPERRATUBE (R).
. 0.563508+03 0.561892+03 0. 561398403 0. 56123!003 ©0.56112F+03
' 0.56156E403 0.561838¢03 0. 562002403 .0.56208E¢03 0.56039E+03
0.579602#03 0:693732+03 0.702758¢03 0.70588E+03- o.wbczsaocz
0.70959z003 0.710582¢03 0.711.63003-0.11221!003 0.712902+03
. 0.71357E¢03 0.71822E%03 [ 11.00:«03;0.1?617zog3 ST
VAPOUR FLOW RATE S Coe
. 0.13130E¢05 0. 13128405 0 131203005- 0.13127£¢05 0.13127E+05
0.131298+405 O. 13129:405‘0 , :
0.80739E¢02 0,32932E¢03 0.621769403 0:.68¥81%+03 0.726577¢03

131302¢05 0.133P0R+05 0.13138E+05"

0.75A80E+03- 0. 773002403 0.78439E¢03 0.78986E¢03 0.7940BE+03

0. 79775!003 0. 80112!003 0w§0l36!003‘0 30665!003_

0..3916!*00‘»‘

-8 - sua OF SQUARES OF nts“ .
EAT BAL. o.1o1saz-o-)

) {sAT. BAL. .0, 331333-_
rnnrtn&runs ! :
. 0.563508¢0)" 4
0.561532+03 0.4
0. 57960!003°0»3

”MzQOJ 0,.
2003 0.561942¢03 0.56196R+03 0.56035E+03

iasnooz 0.561202403 0.561112603°
112403 0.70197E403 0.70542%403 0,708002¢03

0.70982E+03: 0.710!7!003 0.711392403 0.712158¢03 0.71285F¢03 "

O 0.71353E¢03 0.71419E+03 o.11~as:ooa 0.716162+03"

VAPOUR PLOW RATE A )
0.13130E+05 0.13128E+05 0 .131213005 '0.131278405 0.13127E+05
0. 131298405 0. 131298+05 0.131298¢05 0.13130E405 0;131333005
0.81278E+02. 0.31311E403 0.609T5E+03 0.684658403 0.728378+03
0.75686E+03 0.773522403 0.78877E403 0.790)7E+03 0.79428P2+03
o.1svaznfoa~o.sotoa:oq3 0.808098+03 0.80639E+03 e

°
o
<

a



€ SuRN oF sounnns OF RESIDUALS Q»20399n-oo - - v

.  (maT, BaL. o, 15996!-00 _ HEAR. na; .nnoz1t-osa

T NEAPERATORE (B) .
. 0. %R3632¢03 0. 56’!12003 0.5 1)3;903 0.561173003 0. 56‘00!&03
* 0,56 148E+0Y 0. 56172203 O, 1868¢03 0.961852503 0.560262+03-
0. $7960E+03 0.692182403 0.701%98¢03 0.70527K¢03" "0.707935¢03
o.1osaaa¢oa 0.710858+03 0.791372¢03.0,71214R303 0,712858403
- : _5@.71*203’03 O 71007u¢o§ o;ticvvn’oa

' _' H o :‘*«'qa'ﬁsv:fﬁc ,',41,«1 4,.,
"0.Y3 ' J‘Q'?SlOOS;O.W 505 00, TITTTRCUS ‘O . 1IVEREN0S - -

0.43129 +0S 0. 131202405 0. 13‘193005 0.13130840540,131J8R405
 0.822212#02 0.310782+403 0.60555R+03 . 0.690012403 0.73152%¢03
6.75868R¢03 %.773553»03 C.788512+03 0.78976E¢03 O, 19311:003
0.791113.03 0.800238403 0.80322E+03 o,sosoonooa :

o .



L L R N
q.... dqgrnr:n n!sntss sease S
unuaal or. It!llTIOls ‘g!» . ST
vnxssonz. ?!ﬂ’lllfﬂl!. znrnn;rr nqu Ltoqtn ritettut or r::n Lo
6.90090n902 kS o d;c

O. 5000l003 PSIl

. 4 n‘-‘ ’.
: ‘ EEg £ ’*'-a“'"

Lnavxuc " LEAYING . STREAR 'xwtnntle

EAY , zlrllxle :

stnzna ¥O. STAGE WO, rnuxn STREAR no‘- srhc! %0,
T .. w0 3j - a2 R
2 ... B o2 s T
3y L JERPEEER B B FERFTORE . § : . ‘

" sTeEAR PLUID. 1-»10010 sxoz srnznn 3-;10010 PRODUCY. -

sss STAGE VARTABLES 3¢

vaPoSR TLON

‘°n;rtux»ntrid POR anciiipnton‘q.~2.1oo-

oy

PLATE PRESSURE TEAP LIQUID PLON ln! DB‘I‘Y
RO PSTA - P . 1B noL)TINR- LB #O0L/TIRE  BTU/¥INE.
1 _ 250.00 108,03 . 0.252143¢08" . 0.131308%0S 0.0 -
2 250.00 . 102.27 0.25206R+0% 0.13120%+0% 0.0
3 250.00 101,73 ' 0.25204E¢08 0Q.131278¢085 0.0
R} 250.00 - 101.57 0.25206R+08 0.131272205 0.0
5 250.00 101.88 0.50719R¢08 0.131278405 0.0
6 250,0C - 101.88 0.507228¢08.  0.¥31298¢05 0.0
. "'250.00 102.12 “n.so1zsn»on "0.331298+05 0.0
8 250,00 102.26 0.507308¢08 ° 0.131292¢05 0.0 .
9 250.00 102,25 0.50813R008 0.131308e0% 0.0
‘ag 250.00 ' 100.66 0.5101330054 0.131333005 0.0 ;
M 27.00° 120.00 o.z:cas:oas 0,322113002 -0.45 azszoow
12 28.00 232.58 ' 0.562078¢08 0.31078R¢03 0.0
13 26.331 © 201,99 0.57091Re08 0. 6085SE+03 0.0 o
AN . 28.67 285.67 0.575060408° 0.69001E+03 0.0
15 . 29.00 288.33 0:577T70Re08 0,73152E¢03 ©€.0
16 ° . 29.33  289.78 0.S5TIYTReOR  0.75868R+03. 0.0
17 29,67 250,85- 0.32536Ks08° 0.773538¢03 . 0.0
18- 30.00 251.17 0.325898408 0.70851K403 0.0
9% 30.33  252.5%° 0.326288¢08° 0.78976R¢03 0.0
20 . '30.67 253.25 0.32662Re08 O. 79371E¢03- 0.0
21 31,00. 253.93 0.326932+08 0.79711Ee03 0.0
22 31,313 °258.60 " 0.327238¢04 0.900232+03 0.0
23 31.67 '255.27  0.327498e08 Q. 322003‘ 0.0
28 | 32.00 256.57 o.zcsst:mOQ . 0.805408+03 ao.1aeooz’oo .
— > s - ey *~%-“ b o g St e s -
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. Krdame .33&001000‘ . Ve ¥40008s0 0"
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0.3
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Pl.l!‘! lﬂ' 5 mn 17

l-. .Ml.l _

-'0. ’Q’thOB

”;l.ﬁgsjig’on.

o " e, 1310;-«

| "fo. 255003006 ,

B0k . rllc'
0: 188228-02
0. 26078002

0. 39937901

0.953978+0D -
0.10073920 -
o. 1054 7R=-22

111”!-19

° . "‘ag
20
05 11

e L miare mo. A2 non 10
o 2 mOL/TIAR - ¢ :
828 T Q.8 1702R402 . ..
> co2 " 0.50933B¢0;
aRA 0,229 10859
SATRR 007782840
BEYORUGRE - -.00“‘“ o . 3
- BXTBOGRY - 0.3UN85Re0D . 0.
SETBANE 0.58499R+00 L 30-
RPMANE - 0.264713Re00
PROBARE 0, 1342898000 O, mm
. N=-PPTANE  Q.AT78848=03 .- 0.330078-9}
I=BDUTANE  0.478548=013 o. saoon-m
TOTAL n.ssotaxon' _
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PRODUCTS

. m2s T
oz

3 ~0,$

;;ltalnl
- 'PROPARE

BBUTANE
CI-DUTANE
- TOTAL

© M28 - .
co2 = -
nEa

BYDROGEN
nxxne¢!l_”
ARTHANE,
ETHARR
”o |

-»:-)::223 .

I-llfllt
~ romar

"txpéxo'siot

_m2s.
"co2
ERA
07 |
 NYDROSES.
 NETROGEN
. NEYBANE
. EYBEBE
PROPARE
B=BUTANE -
. T-gUTABR
 POPAL:

o78e00¥RICT
~ 0. '3‘”"”5

0, l’OO?ll‘?

. ';o.tsnosa-os~
.BATER

0.25500E+04

+80. ..

ZIN=02

lﬁﬂ3l*¢3.>”- '
$998303 . 0,3

Qo ‘7”1

. ror eROMCE (1) -
1B ROL/YINE.
0.1

Oe;

ROL PRAC.
o.:snso-rat

fr.a.:bnlcnbouﬁf‘*':‘

02

0.552238=05
0.627153-01 .

0.56333~03

o&«,o.«n»nz

o.s#nssaooo; 0.662089~02 ..
. G.28T713ReQ0 0.300609=02
0. Y14298400 . 0. 139012=02
- 0+878%35-03- 0.582010-05.
- 0,478532: 03 0.58201!-05
0..221‘!002 R
srnlnns ‘ .
anntn (17)
' -u;/rtnt' fioL
0.377953+01 "-1,
‘0. 66498R+01 «26
0« 10108%8+03 . 0 39930
T 0.24317%408 -0, 9959 :
0.256862-17  0.100738-20.
0.260942-19 0.10547E-22"
‘0.204558=16 0. 111592-19
0.131683~16  0.516383-20
. 0.550688=17-  0.21595E-20
: 0‘362261-1§ 0.118538~-22
0.302268~19

0.118538-22 .

o.awzion-os”
0.481038=03% -

'7f\zn ndnftxa:
0.21807801
0.83851R+01
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: .o.swutoou
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0.127252+03
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0,491038-25

0.223'."25
091607826
0.60789R=28
0.§0749%~28

‘9 2%"1!00.7

. PRAC .

0, ana1szboa
C. 1759802
.51537:-91
. 0.94582R%00 -
T0.Y73128-29
0.121339~26
0.196882%28 -
0.902262+29.
0.371012=29 .

0.286082-31
0.28608E-31
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