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The Kremser'’s equations have been serving successfully for many years as
limiting design and analytical criterion for idealized countercurrent
absorption, desorption and extraction systems that contains immiscible
solvents. The performance equations developed by the Kremser
subsequently revisited by Mott Sounders and George Granger Brown, and
elaborated the same, which is popularly known as Kremser - Sounders-
Brown equations. Much later G. E. Goring critically analyzed the Kremser
- Sounders- Brown equations gave better insight. All these equations relate
absorption factor or stripping factor or extraction factor, inlet and outlet
mole fraction of the streams to the number of stages. This work, we have
presented the derivation for the Kremser - Sounders- Brown equation in
more simplified way in terms of mole ratio co-ordinates for the case of
absorption and desorption. Further, the physical meanings underlying
these performance equations were presented explicitly.
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l. Introduction

The amount of solute transferred between two immiscible solvent streams either gas-liquid or
liquid-liquid in a countercurrent contact depends on the relative flow rates of the streams, the
equilibrium distribution (y,= mx,) of the solute between solvent phases, and the number of
contacting states provided. A compact analytical relationship among these variables was first
developed by Kremser and subsequently it is modified by Mott Sounders and George Granger
Brown and is critically analyzed later by G. E. Goring for ideal cases where the equilibrium
distribution is assumed to linear. Solute free (i.e., mole ratios) coordinates are very useful in
staged operation [1-6]. In stage analysis mole ratios are usually designated by Y and X, whereas
mole fractions are designated by y and x for E stream and R stream respectively [4, 5]. Mole
ratios are equal to mole fractions for very dilute systems. However, mole ratios are used in the
following derivation.

1. Derivation

The Consider a cascade having N, stages in which two distinctly different streams are brought in
contact and allowed to attain equilibrium and also separated at equilibrium. In such situation

535



Journal of Applied Science and Engineering Methodologies

Volume 3, No.3 [2017): Page.535-546

Www.jasem.in

solute transfer occurs in two ways [5]. Either transfer from E—-R or R E. This is usually
denoted as absorption or desorption for the case of transfer of solute from Gas- Liquid or
Liquid— Gas respectively. Let Es and Rs are the nontransferable component flow rates.
Therefore, the relation between E and E; is Es= E (1-y). Similarly, for R stream the relation
between R and Rs is R= R (1-x). In the following sections a compact analytical relationship
among absorption factor/ stripping factor, relative flow rates of the streams, the equilibrium
distribution (Y,= mX,) of the solute between solvent phases, and the number of contacting stages

was developed for two cases.

Case-1: Countercurrent cascade: The transfer between E phase and R phase [5]

transfer from E - R (i.e., for better understanding the transfer of solute is from Gas - Liquid)

Rs Xy

Ez TI 2

Es

Yiep=1

Figure 1. Countercurrent multistage cascade where transfer is from E- R

n™ stage material balance

EsYn+1 + Rs X1 =EgYph + R Xpy

Y, Yn—
EsYn+1—EsYn = RsXp =RsXp_1 =Rs %_Rs n %n

RsYn _ RsYn-1
Esm Esm

RS _
let As m= A

Yn+1 —Yn =

Y. = Yne1 + A¥na
1+A

Forn=1

Y. _Y2+AYO
ST

Forn=2
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Y, = Y3 + AY]_
27T A (7)
Substituting For Y,
(Y2 +AYp)
Lt A2 M) )
2" 1+ A ®)
Yo(l+ AP — AY, =Y3(1+ A)+ A%Y, )
Y3(A+1)+ A%Y,
Y, =
A% + A+l (10)
Forn =3
Yo = Y4 + AY2
1+A (11)
Substituting Y
2
Yo Y3(A+1)+ A Y%z
Vo = AT+ A+1
3T 1+ A (12)
Y51+ A)(A2 + A+1)—Y3 (Az + A): Yy (AZ + A+1)+ A3Y, (13)
y Y4(A2 + A+1)+ NG
3 =
AS+ A%+ A+ (14)
Therefore forn=n
y Yn+1(A”_l +ANZ 4 A+1)+ A",
" AN AL, A (15)
Multiply and divide with (A—1)factor gives on RHS gives
v _ Yo (A—D)AN L AN2 A+1)+ A"(A-1)Y,
=
(A-2fA" + AL A (16)
v _ Yn+1(A” 1" )+ A"(A-1)Yy Yn+1(A” /—1)+ A"(A-1)Yg
n-— (An+1 _1n+1) B (An+1_1) 17)

537



Journal of Applied Science and Engineering Methodologies
Volume 3, No.3 [2017): Page.535-546

_ Yn+1(An —1)+ (A”+1 ~ A" ) Yo
(An+1 _1)

YA Y =Y g AT =Yg + AT — ATY,

Yn

Yo AN ANy oy AT - AN Y Y

(Yn —Yo )An+1 = (Yn+1 —Yo )An +Yn —Yns1
Add and subtract Y, on right side

(Yn —Yo )An+1 = (Yn+1 —YO)An +Yn —Yn4+1+Yo Yo
(Yn _YO)An+l = (Yn+1 _YO )An _(Yn+l _YO)+(Yn _YO)
(Yn —Yo)A™ ™ —(Yn —Yg)=(Yn41— Y0 )A" = (Yns1—Yo)
(A”+1 —1XYn ~Yo)=ni11-Yo )(An —1)

Yoi1-Yo _ A1

Yn—Yo A" —1
Implies the above equation is true for n =N,

N, +1
prt_
YN, +1 Yo _(A )
YNp —Yo (ANP _1)

From overall material balance

YN
EsYNp+l+RsXO_EsY1=RSXNp =Rg mp
Esm Esm
Y +mXqg — Y1 =Y

R, N+ MXo == =V =N,
YN +1 Y1

+mX0 :YNp '.-Y0=mX0
YN, +1 V1

+Y0 =YNp
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Combining following two equation gives

ANp+1_
YN, +1~Y0 &YNp+1_Y1

YNp —Yo (ANF’ —1)

+Y0 ZYNp

N,+1
p _
YN, +1~Y0 (A 1)

YN+ Y1 (AN"H—AJ

On reversing Eq.34 we get

Y=Y ANeT oA

YN, Yo ANet g

The physical meaning of the above expression is:

For Yo =0 (i.e., fresh R-stream ) the LHS is fraction absorbed

Np+1—A

Np+1_1

YN+ YL A

YN+ A

YN, +1— M1 in m position — m position
Fraction absorbed— — 7 _ put composition — output compositio

YN o+l input composition

Y1 output composition
YNp+1 input com position

Fraction unabsorbed=

v, A-1
YNp+1 ANp+1_1
1
Yo-v1 __ @-A) A
YNp+l_YO (ANP+1—1J ANP_%
1
Yi-Yo _ A
YNa—Yo aNe_1
A
Y =Y,
aNe L _MNet 0f 1
A Y -Yo A
YN +1— Yo
ANp:p— 1_i _,_i
Y1 - Yo A) A
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Applying logarithm on both sides gives

YN +1—Y0
oo e Y0, 1Y, 1
Y1 -Yo Al A

Np = iog(A) (44)
log My 1”0 (1—1} L
Yl —mXO A A

Np = i0g(A) (45)

For Fresh R the concentration of solute in incoming R-stream is X,=0
Therefore the number ideal plates for transfer of solute from E to Fresh R is as follows

YN +1
log| — 2" (1— 1) 1
Yy A) A
N, =
p Iog(A) (46)
Suppose the inlet for E stream is denoted as Y; (i.e. inlet) and out let is denoted as Y as follows

Ha '3
v 4 )
Hy . 2
E Stream "L
* f 1 v, T > g
1 y,
Hy Yy E Stream
(a) (b)

Figure 2 . (a) Vertical gas- liquid contactor where E steam at bottom; (b) Horizontal gas- liquid
contactor where E-stream at left end

Therefore the number of plates N, is

log Yl(l—lj+ L
B Yo A) A

N = log(A) (47)

Case-Il: Countercurrent cascade: The transfer between R phase and E phase [5]
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transfer from R — E (i.e., for better understanding the transfer of solute is from Liquid - Gas)

Rs Xj

Es Tl

Figure 3. Countercurrent multistage cascade where transfer is from R - E

n™ stage material balance

EsYn+1 + RsXp1 =Eg¥h + Rs Xy, (48)
RsXn-1—=RsXpn = EsYn —Es¥ni1 = EsmXpy —EsmMXp g (49)
Rs X1+ EsmXpy = (Esm +Rs )Xn (50)
Esm
S = S
let R
RsXn-1+EsMXni1 _ Xp-1+SXn41
Xn = = (51)
Esm+Rg S+1
Forn=1
XO +SX2
Xq =022
1" 7 s (52)
Forn =2
_ Xl +SX3
27 751 (53)
Combining Eq.52 and Eq.53 gives
XO + SX2 + SX3
X, = S+1
S+1 (54)
X5(S +1f7 = X + SX5 +S(S +1)X5 (55)
x2(1+32+2s)= X +SXp +SX3 + 52X (56)
xz(;u 52+s)= x0+(5+52)x3 (57)
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1+S+52 (58)
Forn=3
X2+SX4
Xog=—=£& 004
3T T s (59)
Combining Eq.58 and Eq.59
2
X0+(S+S )X3 +SX4
o (1+S+SZ)
3° (1+S) (60)
X3(1+S)(;l+8+82): X0+(S+S )X3+(S+82+83)X4 (61)
x3(1+s)(;+5+82) Xo+S(1+5S) x3+(3+s +s3)>< (62)
x3(1+s)(;+5+32) S(L+S)X3 = Xg +(S+82+S )x4 (63)
Taking X3(1+ S)common from LHS gives
Xa(L 2 ol 2, 3
3 +S) +S+S°-S(=Xg+|S+S°+S5" Xy (64)
X3£l+S+SZ+S3):XO+(S+SZ+S3)X4 (65)
« xo+(5+32+s3)x4
3=
1+S+S82+5° (66)
Forn=n
x0+(3+32.+ ...... +s”)xn+l
Xn: 2 3 n (67)
1+S+S°+S +........... +S
Xn(1+S+SZ+ ..... +Sn)—X0+(S+82+ ........ +S )Xn+1 (68)
Adding and subtracting x,,;on RHS gives
xn(1+8+82+ ..... +s”)=xo+(3+sz+ ........ +s”)><n+1+xn+l—xn+1 (69)
xn(1+5+52+ ..... +s”)=x0+(1+5+32+ ........ +s”)xn+1—xn+1 (70)
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xn(1+5+32+ ..... +s”)—(;+8+sz+ ........ +s”)xn+1=xo—xn+1 (71)

@+3+52+ ........ +s'”)(xn—xn+1)=x0—xn+1 (72)
X X 1— n+1 n+1_1
207204 14,9482 4 +8M = S (or)S (73)

Therefore for n =N,

Xo—XN_+1 Nyl Np+L
P 14S+S24.. LgNe 2128 (O,-)S 1 -
XN, = XN, +1 1-5 S 1
N 1
Xo=Xnps1  gNet_g S 7-
N 1
Xo=XNy1 S "7y
XNy T XNt (76)
X0 — XN, +1
i (1—£j:sz _i -
XNp_XNp+1 S S
Xg - X
SNp: 0 N,+1 1_£ +£
XNp_XNp+l S S (78)

Applying log on both sides gives

Xo = XN, +1 1) 1
N, log(S)=lo P 1-= |+=
p 10g() g{prprﬂ( sj S (79)
Xo = XN, +1
log * (1—1j+1
\ XNy = XNyl S S
P log(S) (80)
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YN +1
Xo - 1) 1
log m (1—j+
YN, +1 S) S
XN. —
P m
N p =
log(S)
(Or)
In terms of absorption factor
YN+
Xg———
log M__(1-A)+A
« YN+
N T T

1
A

*H

Equation 75 can be written in a meaningful way as follows

Xo = XNp+1 s -1,
XN, = XNy S-1
xo_pr SNp+1_S
XN, XNy S-1
(Or)
Xo—Xn,  gNetl_g
YN S-1
X _ p
Np =
(or)
XO_XNp SNp+1_S
x YNp+1 gNe g
0"

The physical meaning of the above expression is:

For pure E stream YN,+1=0
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X0o=XN,+1  input com position —output com position
P _INp P P P = fraction desorbed

Xo input composition
X0~ XNy ™" =S _ o ton desorbed
= = fraction desorbe
Xo S Np+1 _1 (87)
XN _
P S-1 _ fraction undesorbed (88)
Xo S Np+1 1

Suppose the inlet for R stream X, (i.e. inlet) and out let is denoted as X; as follows

Ha 2 R Stream
gE IR N
R Stream Hy ] — 2
o s
Hy 'y . :
(a) (b)

Figure 4 . (a) Vertical gas-liquid contactor where R steam at top; (b) horizontal gas-liquid
contactor where R-stream at right end

Therefore the number of plates Npis

|og(x2(l_1j + 1)
X \" S/ S

Np = 09(5) (89)

In terms of Absorption factor

. Iog{);(z(l— A)+ AJ

1
1
log| — (90)
A
X, =X, gNet_ input com position — output composition
2 L= = fraction desorbed = _ — (91)
X, gNptl 4 input composition
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1. Conclusion

Absorption and desorption performance equations for gas-liquid contactor in terms of absorption
factor and stripping factor, inlet and outlet mole ratios of the streams to the number of stages
have been presented. The physical meaning underlying these performance equations were
presented explicitly. The derivations presented in this paper can conveniently be used in terms of
mole fraction without modification.
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