CHAPTER 2
THEORY AND LITERATURE REVIEW

2.1 Theory and Physical Principle for Gas Absorption in Packed Absorber.

211 Absorption
Absorption, or ges absorption, is amess transfer unit operation used in chemical
industry to separate gases by scrubbing a gas mixture with a sutable liquid (called absorbent)
or to produce chemical product by feed inlet ges to react with raw liquid material. One or
more of the component of the gas mixture dissolve, react or is absorbed in the liquid. The
result of absorption is in forms a physical solution with the liquid or the new Substance when
chemical reaction is occurred in ahsorption process.

The object of ges absorption may be gas purification (Such as removal of air
pollutants from process vented gases or contaminants from gases in production process),
product recovery, or production of solutions of gases for various purposes. One examples for
application of absorption processes is absorption of hydrochloric vapor by water in air
pollution control application.

Gas absorption is usually operated in vertical column as shown in Figure 2.1
Liquid (solvent) is fed at the top of the absorber and the gas mixture flowed into the bottom.
The result of countercurrent flow of gas and liquid in absorber was in form solution or
mixture of absorbed gas in liquid and left the albsorber at the bottom.  The absorber which in
stualy wes packed column. The packed column wes normally cylinder shell which filled
insicle by packed elements(called packing), packing functional wes increase of contacting
surface for ges and liquid when its flowed through packed bed. The good packing must had a
large intemal surface at low pressure drop and corrosion resistance.  For normal operation
packing is randomly filled in packed column.



The aovantages of packed columns were included simple to construction and, the
tower diameter is not too large if compared with other absorber at the same capacty and low
construction cost. These columns are preferred for corrosive gases because packing could be
medke from ceramic or plastic materials.
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Figure 21 Basic diagram of packed absorber.

The fundamental principles required for study the process of ges absorption in
packed absorber were the solubility of the ahsorbed gas in liquid which is considered with
molecular diffusion in both ges and liquid prase to calculate the rate of mess transfer,
information for design packed absorber (column sizing) which are included the fundamental



design concents based on mass and heat balance, physical properties of both ges and liquid
and properties of packings.

212 Gas Solubility

At equilibrium condition, a component of a ges in contact with a liquid, ges phase is
equal liquid phase fugacity. For ideal solutions Raoutt  law can used as relation

where Y. is the mole fraction of A in the gas priase, [0 is the total pressure, 0Sis the vapor
ressure of pure A and)i s the mole fraction OFA\in the liquidl.  For ges and liquid which
condition nearly ideal solution molecules, Henry - law is applied in relation &s

*

:p*

where Hs Henry — constar, H is dependent on temperatire. A more general way to express
solubilties of the vapor-fiquid equiliorium by mean of constant  defined by
Yy =mA (239

The value of m, also known & equiibrium K value. When equation (2-1) or (2-2) is
applicable at constant pressure and temperature (equivalent to constant m in equation (2-3) a
plot of y vs Xior a given solute is finear from the origin. Generally, for noniceal solutions or
for nonisothermal conditions, Y is not linear function of Xand must be detemined from
experimental data. The y=X plot, when used to absorber design, is called the equiliorium line.



213 Mass Transfer Concepts

Mass Transfer Coefficients and Driving Forces. In packed absorber size
determination, the equilibrium solubility of the solute in the solvent is considered and then
transfer rate at the equilibrium between ges and liquid are considered: i.e., the rate of the
solute transfer from the gas to the liquidl phase, rate of solvent transfer to ges prase and heat
transfer between both prases. At first, mess transfer rate from ges phase to liquid phase must
have known before determing other transfer. In mess transfer study, theoretical model of gas-
liquid interface is considered. Mass transfer from bulk flow of gas to bulk flow of liquid is
occurred a interface area of ges and liquid, at the interface the fluid motions were slowly and
molecular could diffuse through interface as a mechanism of mess transfer. At the interface
assue that the transfer occurred immediately and transfer until equilibrium wes exist a
interface between two phases, mess transfer resistance at ideal interface is zero.

Gas Liquid

Figure. 2.2 The two-film concept:, . and... are the concentrations in the bulk of the phases;
... and... are the actual interfacial concentrations at equiliorium;, a and X a are the
hypothetical equilibrium concentrations which would be in equilibrium with the bulk
concentration of the other phase.*

* From Kirk-Othmer, "Encyclopedia of chemical technology.”, fourth edition, vol 1-, John
wiley & son, New York, 1991, page 43



The concentration gradient is represented driving force of mess transfer as shown in
Figure 2.2. Mass transfer process was continuously until concentration between two phase
reached equilibrium condition. From mess transfer at interface studiied, the rate of mess
transfer are proportional to the displacement from equilibrium and the rate equation for the
ges and liquid fims are

- KEPAPA = leRyAYA (24)

Na = M.((AC a = M.HXA Xal (2'5)
where YAYA and ¥AXAare concentraion driving forces, K} s the gasphase mess
transfer coefficient, and k. is the liquic-phase mess transfer coefficient.

Mass transfer rates may also be expressed in terms of an overall gasphase driving
force by defining a hypothetical equiliorium mole fractiony A as the concentration which
would be in equilibrium with the bulk liquid concentration (y A = Mxa)-

o= K(IRYA'WA) (2-6)

The relationship of the overall gas-phase mess transfer coefficient K og o the
individual film coefficients may be found from equations (2-4) and (2-5), assuming a straight
equiliorium line;

Na = koP(yA-yA) =hp(l/m) (yAry a)
and by comparison with equation (2-6)
1 1 nP
i

T~=T (2-7)

Expressions similar to equations (2-6) and (2-7) may be derived in terms of an overal
liguic-phase driving force. Equation (2-7) represented an addition of the resistance to mess
transfer in the ges and liquid fims,



214 Nonisothermal Gas Absorption in Packed Absorber.

Solution to the design problem of nonisothermal packed gas absorber, based on
graphical and compuitational techniques which were developed by Isami Yoshifuki(4). From
his research, packed albsorber model which consist physical property data, the mess transfer
resistance in ges prase and/or liquid phase, the heat effects eg, heat of solution, latent heat of
vaporization and sensible heat transfer in both phases are established,

In the flowgraph/model construction the following consumption are mede

1) Adiabatic ges ahsorption in a packed tower with considered heat effect in absorption is
established.

2)  Liquid-phase resistance to heat and mess transfer are ignored and the effect of solvent
evaporation is considered.

3) Heat of solution, latent heat of vaporization and molar specific heat were constar.

The problem is called for the determination of tower height from the data of tower
bottom tower top physical properties and volumetric heat and mess transfer coefficients.

An algorithm for the problem of the packed tower process has previously studied by
other researcher. Yoshifuki presented a calculation procedure of sequental cell flowgraph
construction. In paper, the procedure consisted of taulation of the fundamental equations,
transformation of equation to flowgraph unit, and formation of the n-th cell flowgraph, and
construction of a sequential cell flowgraph.

As the first step, packed absorber model is separated to n-th cell along height of
packed column as shown in Figure 2.3, The n-th cell model of the packed tower and the
related fundamental equations are shown in Figure 24 and Table 2.1, respectively.



= = =2==Z
1 1 L
[N
w

L, N WO e oo

GO L1

HoLre 23 Feded bt is sgmed o nvdh o el

Fure 24 v el ock (s Yotk fourel o chenicd
Fyeaigdl Jm,Vol, N5 198 e



Teble 21 Ruchnernid eoyion for nh ol nocH
Frchertdl ecjeios

XL LT
1 Ness e gps e h el L NWE 1
2 Sute s ke in gps e nihod e = gt s
3 Setmstdaengspeenhd L L
4 Ngs e loud prese nith o e
9 %ﬂ%iﬁdﬁﬁﬂ i TR
6 *PGAGN-I°n-l = °PGAGN® + 9(3n
7' Wmﬁdmn{hml PLILn+Pn+l + hn = °PljuPn
8 Ol et belae nh o o

9 Sdutenestadd e @i -, L. o
0 Shet nestander e ioudggnhad -0 s
11 Heet of dlivtion, rh o )
12 Ht of euordion nhod oo = o

Bhetseimgoigdnhd @=L

-

14 Voordouid eoplinumieaion e

15 Bolinum argat _
%mﬂaﬂm&f%gg P
L pm pwn= f((1
8 Hactt of pdedcdum o

Trerunte of 0LENSS . . e ruE ofVeiatdes S v (e .o

B58&

N A A A e AT e A A AT A e A e Y T Y T Y T T T A T Y T Y Y

BRREREREEEEEE

Rt AT ifCrNAmNniysWsntLrGriPurnke) A0 9AB AT, xtz, I, Gogo,
(z.N). Knoan\eriaes ae goaac het, volumenc s arolheet trarster codfioers

adfoth aenct aurted Al e runter of ceyess ofiescmS v+ ) - o

N +1) = 8, V\hd]ISE]ZH]ﬁEd'[OGb( —Go), Li{= Ln+i).ys( = YO)WB(= wo). tGn(=tc0), YT
|

(=yr),Xi(=xn+l) adtLT(z tln+i



P tre sl eschof tefunchvertdl e ios s tersaned o ogl
Ivess e ecp e o vl ine vevabdes for ndh ol calaein: Framtre furcknertd

ecyetcrs tefoloaing ey s ae chned fromenpei (28), (29
Gl + Nwn — Gn+ NAn
yn-Gn1 = yoen tu

Fomedn(d nNw av~Gn N
< ENAn = (oo - Gi+ Nwi) + (Gi- G2+ Nwi)+. +(G1-Gtt

Gb-Gt+Ean (2'@
Homelein (29 nm - yniGni -y,G,

1" BV - (yBGB-y1GY) + (yiGi-y2G) + .. + (y,1G,1 -yiGr)
- yBGB-yiGr (227)

Franamm(226) co — ou TENaM-ENa
S . b epein (22)

ENAt = ysce-yeeo TENWN-ENan)
=T yJGB yrE N i +yrENAn
ENA-yrENA - yBGB-yiGS-yrEN'W
(1-yfENAn = GB(yB-yd Gb-yrENWn

N

ENAY = GB(yB-yr) - yrENwn (2-28)
(I-y7 (1-yr)
ENan=GBYyB-yr)/ (1-yr) - yrENwn [ (l-yd (2-29)
Lb =Lt+ ENAN-EN W (230)
xo=(xtLt)+ ENAn)/LB (2-31)
v YL,<yT (2-32)

Cadion s Sated a e first ol Lang teveratdes . . . wg 108 .. < &
g)tplaE\dLeofus enn atiaz (g 001 Gahoyedl caalidion sslonte ndh
JomninA 24mﬂteccrurmju11|lfeNcﬁemnrge:;am(

:Q)rsreschad adlfmtmtw\ermqu s oy e (25



@ (G @G G Gy dey Gn
y0 M y Ny
08" Ny _w o ow N
hel) ag_. ¥ W
1 (fg) o o 11
X108 X XN Xntl
11 ( L L
NAn

Fgre 25 Syt ol flow gah (Fomisam Yoshik, “foumdl of chemicd
Ayjreaiy of e , Vol 21, Nosy 1988 pee'4)



2.1.7  Simultaneous Heat and Mass Transfer in Hydrochloric Vapor Absorption

In g ebscapion pocess ashyctochic vepr ebsapion pecess i e ad
nvass rangier betnean s adlicvicl i pedked] com ae Smuaneausly cred I

nEsnched etk fom gs e gid

wmnhmdﬂmo%m ﬂeraedrman‘erfrung‘sﬁ&tohqld
[ree [ Ut aeas gventy ecjeian (22),

gan —had (tG,-tLn)A Z

et s e neren sy a e wich ey e (22)

Nw = Ka ( - )AZ

Wheean Clin detapaELe of s ardlliouid adhest of waier egaaian's
mﬂaﬁerfranmmdmricdumgﬁmgbg\mwm(m

Heet for weter evapoaionis gven by e ain (219
G0 ZyjIVi

Fomertray keancein gps e auliouid presein nvin o of peded cdum
tddmsttrasferfrongstolwdlsg\mwwm(Zlb)

gi.n T gA +q Gn ~ (Jwn



14

218  Mass Transfer Coefficient
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2.2 Hydrochloric Vapor Absorption.

2.2.1 Equilibrium Data of Hydrochloric Absorption by Water.
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2.2.2 Hydrogen Chloride Absorption in Industry
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2.2.3  Hydrochloric Vapor Packed Absorption Towers.
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2.8 Radiation Heat Transfer in Hydrochloric Storage System.

Studly for radiation heat transfer in hydrochloric acid storage System wes necessary
for prediction of ges vaporization rate from storage tank because hydrochloric and water are
vaporized by heat in hydrochloric solution which transferred from overall environment of tank.
Heat transfer from the environment wes in form of radiation heat transfer.

231  Thermal Radiation.

Radiation heat transfer is the physical mechanism of electromagnetic radiation
emitted by a body. Radiation rate between two hodies depends on temperature difference
between two bodies and its temperature. Electromagnetic radiation is widely range of
spectrum, radiation range from infrared to ultraviolet is main energy transfer in common
radliation, is referred to thermal radiation.

For thermal radiation in all wavelengths, the energy emitted is proportional to
absolute temperature and is described by Stefan-Boltzmann relation(6).

Eb=0T4 /I 2 (2-36)
where 6 is the Stefan-Boltzmann constant and has the value =5.669 X 10 wim . K , Eb

is the energy radiated per unit time and per unit area by the ideal radiator and T is in degree
Kelvin,
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2.3.2  Radiation Properties

In radiiation heat transfer study, the required physical properties of material wes
emissivity and absorptivity which wes indicator of radiation resistance. When radiation heat is
transferred to material surface, the radiiation are split in three parts & shown in Figure 2.7.

Incident radiation Reflection

Figure 2.7 Schematic diagram shown effect of incident radiation. (From
JP. Holman, Heat Transfer , McGraw-Hill book company, Singapore, 1986,

page 376.

Absorptivity of material is defined by relation

o T (2-37)
The emissive power of a body £ was the energy emitted by the body per unit area

and per unit time, b is the energy emitted per unit time and per unit area from the black

bodly at the same size and at the same temperature. Absorptivity is property of material for

over all wavelengths, it represented controling property in heat exchange by radiation.
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2.8.3  Solar Radiation

Solar radiation is a thermal radiation from the . Radiation intensity on the
surface of the earth is depend on atmospheric condition, time of the year and the angle of the
solar rays on the surface of the earth.

When the solar radiiation reached objects on the surface of the earth, part of
radiation is absorbed by the objects and the other is reflected to the atmosphere. Absorption
rate for solar radiation of the objects is depended on absorptivity of surface of objects. The
absorptivity for solar radiation is deferent from absorptivity for low temperature radiation (at
25°¢) & shown in Table 22

Table 22 Comparisons of Absorptivities of Various Surfaces to Solar and Low-
Temperature Thermal Radiation

Absorptivity
For low-
For solar temperature
radliation radiation
Surface ~25°C
Aluminum, highly polished 015 004
Copper, highly polished 018 003
Tamished 0.65 0.75
Cast iron 0N 02
Stainless steel, no. 301, polished 037 06
White marble 046 0%
Asphalt 09 09
Brick, red 0.5 093
Gravel 029 085
Flat black lacquer 096 095

White paints, various types of pigments 0.12-0.16 09009



\

The absorptivity for solar radiation is used in calculation for radiation heat transfer
from the solar to the object by given eguation.

Where As= total surface area of object which is exposed to a solar flux (m)
234  Energy Balance of Hydrochloric Acid Storage Tank.

Energy balance for hydrochloric acid storage tank is set at steady state conition,
and by assumption that hydrochloric acid storage tank is only exchanged heat with the
environment in form of radiation heat transfer. Convective heat transfer from air is neglected.
Temperature of liquid and ges in storage tank are constant and temperature of tank
surrounding is constant.  Schematic involved heat transfer for hydrochloric heat transfer is
shown in Figure 28,

Clsur sur

F

Figure 28 Schematic heat transfer for hydrochloric acid storage tank.



Energy balance eguation for hydrochloric acid storage tank is

Qsun

Where A

Qsur

Qsun  + Qsur = Qe + Qv

heat transfer from solar radiation ~ (kJ/S)

total surface area of the storage tank (m )

Emissive heat transfer from surrounding to storage tank
0 Tj.As. 103 KIS)

Emissive heat tranfer from storage tank to surrounding
dT* A S.\0'Z KJIS)

Heat of hydrochloric and water vaporization
Xyy Gy t A Gy (kJ/S)

2

(2-39)

(2-40)

(2-41)

(2-42)

(2-43)
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