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ABSORCAO E DESABSORGAO (DESSORGAO)

Clean Gas Out

Mist
Removal

Tower Packing

Dirty Gas In

Branch Packed Towers for gas absorption



COLUNA SPRAY, PRATOS E BORBULHAMENTO

Clean exhaust gas

Mist Eliminator
Cleaning Nozzles -

. Mist Eliminator
Manway

Scrubber Vessel

i Absorber Sprays

Quench Spray

Manway

Droplet Diverter

: ‘ Scrubber Drain

Exhaust Gas Inlet

Gas

Sparger

top vapor fraction
to condenser

reflux
-

ey
R (=100 (e
rectification

g

<

w
strlp;plng

l to reboiler



COLUNA RECHEADA — RANDOMICO E ESTRUTURADO
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COLUNA RECHEADA — RANDOMICO E ESTRUTURADO
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Absorcao Gasosa

* Absorcao gasosa é& uma operacao de separacgao
que envolve a transferéncia de um ou mais
componentes de uma fase gasosa para um
solvente liquido.

* Exemplos classicos sdo: absorg¢dao de cloro
em agua e absorcao de amdénia em agua.

* O processo de transferéncia de massa no
sentido inverso - da fase liquida para a
gasosa - é denominado “stripping” ou
“desorption” (desabsorcg¢ao).
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Absorcao Gasosa

Esquema da coluna de absorg¢do — contracorrente

G — vazdo molar do gas, kmol/s

L — vazdo molar de liquido, kmol/s

Gy — fluxo molar de géas, kmol/ (m® s)
Ly — fluxo molar de liquido, kmol/ (m®s)

Xa — fragdo molar do soluto A na
fase liquida

va — fracdo molar do soluto A na
fase gasosa

h — altura da coluna




Balang¢o de Massa - Absorcao monocomponente

d&}MYA):EHLMXA)

O fluxos molares Gy e Ly podem ser expressos pelos respectivos

fluxos
molares de inertes Gu' e Lu', conforme as expressdes:
' '

G — vazdo molar do géas, kmol/s GM = GM : LM = LM
L — vazdo molar de liquido, kmol/s l_yﬁ l_xﬁ
Gy — fluxo molar de géas, kmol/ (m? s)
Im — fluxo molar de liquido, kmol/ (m?®s) d y_ﬁ GMI B d XlﬂLIAMIr
Xa — fragéci mollar do soluto A na 'l_yA N 'I_XA

fase liquida
yva — fracdo molar do soluto A na dy dX T j’

fase gasosa GMI . A . :LMI A . }g:[l L;E
h - altura da coluna (l—yA) (I_XA )b

Integrando-se a equacdo (4) ao longo da coluna, do topo Até uma altura
genérica, resulta:

G. Ya Yao I Xa Xa
M . M | - .
l-y, 1-vy,, l-x, 1-x,




Balang¢o de Massa - Absorcao monocomponente

G. Ya  Yao I Xa X2
M

Linha de operacao -y, l-y,, M l-x, 1-x

No caso de sistemas diluidos, tem-se :G,,'=G,,L,'=L, ,1-y,=1,1-x, =1

- _ I - _ VAl XAl
}A o (E‘A KJ‘-'LZ )+ yﬁz Ga Lan
G - vazdo molar do gas, kmol/s (}

L — vazdo molar de liquido, kmol/s
Gy — fluxo molar de gas, kmol/ (m? s)
In — fluxo molar de liquido, kmol/ (m?s)

X — fragcdo molar do soluto A na
fase liguida

va — fracdo molar do soluto A na
fase gasosa

h — altura da coluna




Balang¢o de Massa - Absorcao monocomponente

Linha de operagao GM (YA “Yao ) = LM (KA - Kaz)
L
Ya = i(xa XA )+ Yas

operacao equilibrio
[N [N operacao

equilibrio

XA

: a) Absorcéo b) “Stripping”




Linha de operacao Vay =

e

No projeto de absorvedores,
yaz € a composicdo do liquido alimentado xa» sdo geralmente conhecidas.

a vazdao de géas G,

as composicgdes do gas ym
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|
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|
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A especificacdo da vazdo de liquido & uma paré@metro a ser definido no

projeto, e o

seu valor &

limitado pela
ilustrado na figura 3 pela reta AD. No caso da operacdo de “stripping”

a limitacdo é expressa por um valor de (L/G)max ,

relacgao

de forma anéaloga.

(L/G) nin, conforme
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b — - -
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L/'G \
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- e e e = =
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Relacdo (L/G) para absorcao




Fluxo de Transporte de Massa - Absorcao monocomponente
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Fluxo de Transporte de Massa - Absorcao monocomponente

GMd}’ A i‘“ﬁﬁio JlL'
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Fluxo de Transporte de Massa - Absorcao monocomponente
Va

Tdh _ _J‘ Gy }T;,m dy ,

W K}ra y;.LN (yA _y*A )(l _YA) / \

[
W
Z
E

&

_f }Bmd}g OG —
OG

Aproximando-se a média logaritmica y's,v pela aritmética,

(I_YA)—I_(I_YA)*
2

y;m :(I_YA):_N =

Nmzfl(l va)+(-v,) by, . N. f d}A {l—yz)

V2 2(_}A_YA)(1'}7A) .1_3/?1

No caso de sistemas diluidos

¥1

dy ,
J *

oG —




Fluxo de Transporte de Massa - Absorcao monocomponente

fundo

>

operacao

equilibrio

YV

}1::TJGGIIOG
sistemas diluidos
¥1 d
N, = Ya

v, (YA - Y*A )

-




Fluxo de Transporte de Massa - Absorcao monocomponente
No caso de sistemas diluidos

¥1

dy H,, =
* h — N H oG < -
; (YA — }IA) OG*0G K. a

Nog =

relacdo de equilibrio F:; =mX , +b

linha de operacao Ya :—(XA _XAE)—I_ Yao

o (BfA _YLL _(yA _yl )z

v v /lva i )]




Fluxo de Transporte de Massa - Absorcao monocomponente

No caso de sistemas diluidos

: linha de operacéo
Yar ~ Ya

Ya _y:; )1 _(yA —}’1 )2 ) Ya :L—M(XA _XAz)‘I' Yas

)1 /(YA B Y; )2J Ou

A é o fator de absorcao,

LM
mG,,




Fluxo de Transporte de Massa - Absorcao monocomponente

Calculo do Hoe

Hog = GM* 1 _ 1 n m
Ky Yan Ka ka k.a
Gy, Gy YHLN_i_ Gym L, Xgx

* - #* *
K},a YeIN k},a Yein YBIN k.a Vern Ly Xpix

1 1

HG _ GM 1 HL _ LM l
koa ygiy k. a Xp 1N
ALTURA DE UNIDADEDE | _p Yam +(GMmJH X1y
A 0G G * L *
TRANSFERENCIA - AUT Vore L Ly ) " Van

sistemas diluidos H,. =H, +{ GLMmJ H, H, :E—f‘; H, :L_M
.M y




TABLE 5-24 Mass-Transfer Correlations for Packed Two-Phase Contactors—Absorption, Distillation, Cooling Towers,
and Extractors (Packing Is Inert) (Continued)

Situation

Correlations

Comments
E = Empirical, S = Semiempirical, T = Theoretical

References®

E. Absorption and distillation,
countercurrent gas-liguid flow,
random and structured packing.
Determine H, and H

11(; =( ()22() ( ‘\’Sr )”( E"“ )—0.5 ("— )(p,:;s
i 0.660 6.782 0.678

i = ( 0.357 )( Ng ')“-’ ( G/ )"--"
X 372 )\ 6.782/0.0008937

Relative transfer coefficients [91], f, values are in table:

=

Ceramic  Ceramic  Metal

Size,  Raschig Berl Pall Metal Metal
in. rings saddles rings  Intalox  Hypac
0.5 1.52 1.58 — — —
1.0 1.20 1.36 1.61 1.78 1.51
1.5 1.00 — 1.34 - —
2.0 0.55 — 1.14 1.27 1.07

Norton Intalox structured: 2T f, = 1.98: 3T, f, = 1.94.

[S] H¢ based on NH; absorption data (5-28B) for
which He e = 0.226 m with N e = 0.660 at

Gy pase = 6.782 kg/(sm?) and G, pe = 0.678 kg/(sm?)
with 1% in. ceramic Raschig rings. The exponent b
on Ny, is reported as either 0.5 or as %.

H for NH; with 1% Raschig rings

H for NH; with desired packing
H;, based on O, desorption data (5-24-A).
Base viscosity, e = 0.0008937 kg/(ms).

H;, in m. G, <0.949 kg/(sm?), 0.678 < G, < 6.782
kg/(sm?).

Best use is for ul)smﬁ)tiun and stripping. Limited
use for organic distillation [156].

[66] p. 656,
659
[138] [156]




3. Calculo da Altura da Coluna

sistemas diluildos

l dy,
Nog = ;
h=N_H,, > J(n—m)
Y1
h=N_H Ny, = [—2%a
oLt1oL oL J,,(KA ey
N, = ! dy ,
h=N_H, (Vs —Va)
V1
h=N,H, N, = [



TABLE 5-24 Mass-Transfer Correlations for Packed Two-Phase Contactors—Absorption, Distillation, Cooling Towers,
and Extractors (Packing Is Inert) (Continued)

Situation

Correlations

Comments
E = Empirical, S = Semiempirical, T = Theoretical

References®

E. Absorption and distillation,
countercurrent gas-liguid flow,
random and structured packing.
Determine H, and H

11(; =( ()22() ( ‘\’Sr )”( E"“ )—0.5 ("— )(p,:;s
i 0.660 6.782 0.678

i = ( 0.357 )( Ng ')“-’ ( G/ )"--"
X 372 )\ 6.782/0.0008937

Relative transfer coefficients [91], f, values are in table:

=

Ceramic  Ceramic  Metal

Size,  Raschig Berl Pall Metal Metal
in. rings saddles rings  Intalox  Hypac
0.5 1.52 1.58 — — —
1.0 1.20 1.36 1.61 1.78 1.51
1.5 1.00 — 1.34 - —
2.0 0.55 — 1.14 1.27 1.07

Norton Intalox structured: 2T f, = 1.98: 3T, f, = 1.94.

[S] H¢ based on NH; absorption data (5-28B) for
which He e = 0.226 m with N e = 0.660 at

Gy pase = 6.782 kg/(sm?) and G, pe = 0.678 kg/(sm?)
with 1% in. ceramic Raschig rings. The exponent b
on Ny, is reported as either 0.5 or as %.

H for NH; with 1% Raschig rings

H for NH; with desired packing
H;, based on O, desorption data (5-24-A).
Base viscosity, e = 0.0008937 kg/(ms).

H;, in m. G, <0.949 kg/(sm?), 0.678 < G, < 6.782
kg/(sm?).

Best use is for ul)smﬁ)tiun and stripping. Limited
use for organic distillation [156].

[66] p. 656,
659
[138] [156]




4.
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Figura 6 - Correlacdo generalizada de perda de carga




s s AIATradinimica — Coluna Recheada

Packing

actor, m™!

Size, Bed ——
mm, or density,” Area, % Normal Dry
Name no. (#) ke/m* m¥m?® voids F,! F.d' Vendor

Pall rings ¢ Varions
(also Flexi-rings,
Ballast rings, P-rings)

i o woouon » 3% wodTABLE 14-13 Characteristics of Random Packings

70 141 60 98 39 —_
Nutter rings #0.7 177 226 98 —_ 128 Sulzer
= 0 o & 2 = , Packing factor, m™
o4& 2 g B B Size, Bed
P — 0 H® » B mm, or density,” Area, % Normal Dry
w7 I8 1B 8 B = Name no. (#) kg/m?® m¥m? voids Bt E Vendor
#1.5 170 115 9s 59 —
Cascade mini-rings #1 359 250 96 131 102 Koch-Cli
(CMR) #1.5 255 190 96 95 —

. M B = e 2 Pall rings 16 510 360 92 256 Various
. T A+ % % (also Flexi-rings, 325 205 94 183

#5 108 50 98 261 —

o

. o ) ¢ ~ ‘
Fiesmas 00 —wm w s xaaf Ballast rings, P-rings) 208 130 95 131
#400 — 85 98 56 - =
) 4 )

Jaeger Tripacks #1 223 118 96 S5 — Raschig 1 1() 6 1 ()D S')6 6-()
(Top-Pak) #2 170 7> 98 46 — ¢ el ~
vsp 25 352 206 98 1051 —  Raschig 135 66 97 29

50 296 112 96 69 =
Ralu-rings 25 310 215 98 1577 — Raschig

38 260 135 97 921 -

50 200 105 98 661 —
Hiflow 25 298 203 96 — — Rauschert

50 175 92 98 =
Hy-Pak, K-Pak, #1 262 174 97 — Koch-Clitsch,
AIPR #1.5 150 118 98 — Amistco

#2 161 92 98 —
#3 151 69 98 —

Raschig rings 19 1500 245 S0 — Various
(Vie in wall) 25 1140 185 S6 492

50 590 9 92 223

7 400 66 95 —

Ceramics . "

Berl saddles 6 900 900 60 — 2950 Various Raschig ring Berl saddle Intalox/metal

13 8635 465 62 790 900 .

25 720 250 65 360 308 (a) (b) (c)

38 640 150 71 215 154

50 625 105 72 150 102
Intalox, Flexi-saddles, 6 S64 984 65 - 2720 Various
Torus-saddles, Novalox 13 736 623 71 660 613

25 672 256 73 302 308

50 608 118 76 131 121

75 576 92 7 72 66
Raschig rings 6 960 710 62 — 5250 Various

13 850 370 64 1900 1705

25 670 190 74 587 492

50 660 92 74 213 230

75 590 62 5 121 —
Pall ring 25 620 220 75 350 —_ Raschig

38 510 164 s 150 = Intalox saddle Tellerette

50 550 121 78 142 - - -

50 520 S2 78 §51 —



4., Hidrodinamica - Coluna Recheada

1 auming ravour,

Neme_orsmter i e o BT venter {TABLE 14-14 Characteristics of Structured Packings

Metals, corrugated sheets

Mellapak 125y 125 99 33 Sulzer . o -1
i e R BB Packine factor, m
X 223 99 46 b
250Y 250 98 66
350Y 350 98 75

0030 98 112 : Size AI'E‘&I, % NOI’I]]'&] ]31'/\'7
IZX 1m0 6 Name ornumber m¥m® voids® F,' F,i¢ Vendor
R

500X 500 98 »

Mellapak Plus 202Y 99 Sulzer
252Y 250 98 39
352Y 98

Metals, corrugated sheets
452Y 350 98 69

B0 9 Mellapak 125Y 125 99 33 Sulzer
G 170Y 170 99 39
e = %::R -'l':l)('; ;g K(lli]tscll 7

i = o = W « 2Y 223 99 46

Bov 0w h 250Y 250 98 66

2y 220 99 49 (36) o An ;
257 150 99 Y 3
35 S0 99 30 (15) 300 . OO 96

Kosonoz A 500Y 300 98
350X 350 98 . . ’ :
T H N B 0Y 750 97
2X 29 99 bR

X 2 g o . 125X 125 99

3X 110 99 16

L. 170X 170 99

55
Flexipac 00 710 96 223 Koch- lexd ‘7, X 22. 99
High-capacity 5007 495 97 Glitsch

58 0 = 250X 250 98
4 2¢ 99 5
o on . 500X 500 98

2Y 220 99 43

Intalox 1T 310 98 66 Koch-Clitsch 250X 250
15T 250 99 R p = T
ST 315 99 56 Ralu-Pak 30/160 160 92 Raschig
3T 170 99 43 Multifil plastics PI1500 1500  S8.5 Knit Mesh

% voids vary with material thickness and values may not be consistent.

'Packing factors from Kister. Distillation Design. McGraw-Hill. 1992: Kister. Larson. and Gill. paper presented at the Houston AIChE Meeting. March 19-23. 1995:
and Kister et al.. in Distillation 2007: Proceedings of Topical Conference, AIChE Spring Meeting. Houston. Tex.. April 22-26. 2007.

!Dry packing factors from Robbins. Chem. Eng. Prog.. p. S7. May 1991.

These packing factors supplied by the packing vendor.

YThese are expanded metal packings.

'First figure is for hydrocarbon service. second figure for aqueous service.

Vendors: Sulzer Chemtech Ltd.. Winterthur. Switzerland: Koch-Glitsch LLP. Wichita. Kansas: Raschig GmbH. Ludwigshafen/Rhein. Germany: Julius Montz
GmbH. Hilden. Germany: Knit Mesh/Enhanced Separation Technologies. Houston, Texas: Kuhni Ltd.. Allschwil. Switzerland.




5. Absor¢ao com reacao quimica

Muitos processos de absorgcdo de gases envolvem sistemas com reacgdo
quimica na fase liquida. O efeito da reacdo quimica pode produzir um
aumento significativo na velocidade de absorcdo. O mecanismo que
define a taxa de transferéncia de massa é bastante complexo e depende
da relacdo entre a velocidade do processo difusivo na fase liquida e
as velocidades das reagdes de consumo do soluto que ocorrem
simultaneamente na fase.

O efeito do incremento na velocidade de transferéncia de massa, devido
a reacao quimica, € descrito através do paradmetro denominado fator de
aumento (¢), sendo o fluxo de transferéncia de massa, N, expresso
conforme por (Sherwood e Pigford, 1975).

Ny = k(o — £4) (46)



(1) Instanlaneous reaction

(i) instantaneous reaction, excess B

(i) Fast reaction, excess B

{iv) Fast reaction, shortage of B

interface
¢ Liguid
|

{v) Intermediate reaction, excess B

A

(vi) Intermediate reaction, shorlage of B

{vit) Slow reaction, ditfusional process

(vili} Extremely slow reaction




Aumento na
velocidade de
transferéncia de
massa, devido a
reagdo quimica, é
descrito através do
parametro denominado
fator de aumento
(¢) , sendo o fluxo
de transferéncia de
massa, N,

|NA = Pk (o, — FA}‘

Fator de aumento
para reacao
irreversivel

Use Eq. (14 —64)
for N, =2

LU

Use Eq. (14=63) for Ny, =2
i R i il

10
Nuy = ¥kaCgoDa/k{




