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List of experiment

e To study diffusion coefficient of liquid vapour in
air.

e To study mass transfer characteristics of a
wetted wall column.

e Liquid liquid extraction in a packed column for
co current and counter current flow of binary
system

e To study the absorption of a gas in packed
column and calculation of ntu and htu.

¢ Study solid-liquid extraction column.study on
sieve plate distillation unit.

¢ Design of distillation tower

e Air fuel ratio in a gas burner.

e Pyrolysis and characterization of pyrolysis
products.
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CHE 333 YRANSPORT LABORATORY

Experiment No. |

GASEOUS DIFFUSION

We have an experiment in the lab that can be used to measure gaseous diffusion
coefficients. As vou run the experiment you will find that it is simple to obtain and to
analyze the data

Introduction

We will be determining the gaseous diffusivities of ethyl ether and acetone (or a similar
volatile material) in air. The volatile liquid compound will be contained in a capillary
tube (ask Jim Rounds for the capillary tubes and for the technique of getting the liquid
into the tube). The capillary tube will be contained in a test tube immersed in a constant
temperature, water bath. A stream of air, at the same water bath temperature, will pass
over the end of the capillary tube in an attempt to reduce the concentration of volatile
material. at that point to zero. The experimental procedure is to measure the rate of drop
of the liquid level in the capillary with time.

Experimental Setup

gasB ——»

(air) PA2 z=0
PA1 z=2z1att=0
z=ztatt
1 ~~ pure liquid A

For liquids of high volatility, A. Stefan (1879) devised a convenient means of measuring
the diffusivity of their vapor through a stagnant gas. If the volatile substance A (e.g. ethyl
ether or ethanol) is placed in the lower part of a vertical capillary. then liquid A will
evaporate and, by the mechanism of diffusion, travel to the end of the capillary.
Maintaining the mouth of the capillary at a given composition automatically establishes
the concentration gradient in the capillary, and the falling rate of the meniscus in the
capillary provides the rate of transport. The capillary 1s placed in an envelope through
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which air 1s passed At the memiscus the gaseous phase composition 1s specified by the
vapor pressure of hquid A, the diffusing constituent. At the mouth of the capillary, the
gaseous phase 15 essentially air The gradient in the capillary 15 thus obtamned by
circulating sufficient air to reduce the substance A concentration at the mouth to a
neghgible quantity The air rate should be low, constant. and not turbulent. The falling
rate of the memscus can be observed remotely with a cathetometer. The cathetometer 1s
like a honzomal telescope with cross hamws It can be moved up and down on a
graduated, vertical rod 10 measure elevauon The rod must be vertical and the
cathetometer must be honzomal (use the leveling screws in the base to center the bubble
in the circle). It s essential that the temperature of the envelope remain constant and that
the envelope not be disturbed duning observations, 1e¢ vibrations will give erroneous
data.

In the siuation just described, the diffusion process 1s unsteady-state. Under pseudo-
steadv-state conditions, the diffusivity of vapor A in gas B (air) 1s given by

D= el _(s )
IPM (P, —P,)
where
Prim =[P = Par) = (P = Pax))In [(P = PAo (P - Pas)]
Py = vapor pressure of liquid A at temperature 7
P 5> = partial pressure of vapor 4 at the mouth of the capillary
R = gas law constant.
1= ume during which the memiscus [all from =z to 5
=) = distance from the mouth of the capillary to the meniscus at r=10
= = distance from the mouth of the capillary 1o the meniscus at
? = ambient atmospheric pressure
Par = density of iquid 4 at 7

Procedure

Read the barometer. Measure the inside diameters of the capillary and the envelope
- Alter filling the capillary with di-ethy| ether or acetone to within | ¢m ol the top.
gently lower the capillary into the envelope and submerge the envelope into the
thermostat in a vertical position
3 Immally mamtain the thermostat at a convenient (room) temperature. Set an ar Jow
rate through the envelope at about 10 ¢m reading Afier allowing sufficient time for
the envelope and s conents to come to the thermostat temperature, mark the
position ¥, of the mouth of the capillary and the position ¥y of the meniscus with
the cathetometer as an arbitrary zero time (z =z = ¥, - Y, atr=10)
4 The air temperature within the envelope must be recorded. This should be the
temperature where the difTusivity is measured,
Then follow the lall of the memiscus as o function of time  Remember the precautions
about use of the cathetometer Take three or more readings (z ==V, - Hatr=1)

hd o=

L
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Plot you data as vou go to evaluate its vahidity  From the equation for Dap  you
see that a graph of (52 - 2)2) versus 1 will be a straight line through the origin So
your second reading will show whether your expenmental data conform to a
straight line or not If not. vou must take addinonal readings in the hopes that at
least three of the later data points fall on a straight line When the run is complete,
raise the bath temperature to the next level

6. Repeat the run (steps 2. 3. 4, 5 above) at a higher temperature of about 80-829F  As
the temperature nises the runs can be made more quickly. Make sure that bubbles of
vapor do not form in the liquid phase while a run is being made This indicates that
you are exceeding the boiling point of the ether or acetone

7 Make another run (steps 2. 3. 4. 5, above) at the same temperature of §0-82°F but use a
different air flow rate If the slope of the line representing the lab data 1s not the
same as for (6) above, stop and investugate. especially the flow rate of the anr
stream

Note Expenimental techmique s very important in this somewhat crude but educational
experniment. The following are cnitical for obtaiming good data:

a Spend some time mn the determining the relative position of the test tube in the water
bath and the relative position ol the cathetometer, so that vou can sight clearly 1o
make good measurements. You should practice making some height readings while
getting readv for vour first run Note that there 1s a vermer scale on the
cathetometer so that vou can read height to the nearest 0.1 mm

b The test tube should be as fully immersed in the water bath as possible (in the
interest of having the contents as close to the water bath temperature as possible)

¢. A thermometer should be placed in the test tube as close to the evaporating liquid as
possible

d. The water bath stirrer should run as fast as possible (for a constant bath temperature)
but slow enough so that vibrations do not iterfere with the cathetometer height
readings

Note: The volumetric air flow rate through the flow meter can be estimated from the
equation
"= 1236 H*PIT
where 1= volumetric flow rate in f3/hr at Tand P
H = low meter reading incm
I'=ambient air temperature ("R)

= ambient air pressure (psia)
Analysis
| Determuine the diffusivity from the slope of the least square hne of ( 22 - 2)2 ) vs ¢
Note: You should use the hquid density at the temperature of the system The
specific volume I at anv temperature can be estimated from the Rackett equation if

one experimental volume I';R 1s available at a reference temperature T8
| -h = [.‘R IZR,“]”
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[S]

(5]

where o = (1 - 727 - (1 - T,R)Y27_ T, = reduced temperature = 7/7T¢ritical
Zra =0.29056 - 0.08775m, » = acentric factor

Determine Reynolds number for the flow inside the envelope.

Estimate the mole fraction of the volatile species at the mouth of the capillary.

[39]
th
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WETTED -WALL COLUMN
(Evaluation of Mass Transfer Co-efficient)

I.  Osiecime:
To study the evaluation of mass transter coefticient in wetted wall column.

2. A
Determination of the Liquid phase mass transfer coefficient in a wetted wall column
using Air-water system.

3. IntrobUCTION:
A wetted wall column is essentiallv a vertical tube with means of admitting liquid at
the top and causing it to flow downwards along the inside wall of the tube. under the
influence of gravity and means of admitting gas to the inside of the tube. where 1t
flows through the tower in contact with the liquid. In absence of ripple formation at
the liquid surface, the interfacial arca. A, is known and form drag is absent.

4. Turory:
The mass transfer coeflicient, Ka, can be measured i a wetted wall column m which
the arca of contact between two phases 1s known and boundary layer separation does
not take place. A wetted wall column also provides usetul information on mass
transter to and from fluids in turbulent flow.

Various dimensionless groups that control the phenomenon are:

. 1G
Revnolds number. NR ==
u
Schmudt Number, NS —_
pD
Cd
Sherwood Number NV S, = Kd
D
8] = Gas mass velocity. kg m: S
D = diffusivity Coeff., m”'s
d = tube diameter. m
Ka = mass transfer coeff.
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For turbulent tlow mass transter to pipe wall-involving evaporation ot hquids n

wetted wall towers. Gilland and Sherwood proposed the correlation:

LT L N
\Pd ) u ol

For Nre = 2000 - 3500

N = 0.6-25

P = 0.1 to 3 atm

I'he known flow rate of air at a measured hunmidity is brought into contact with a film
of water at a certain temperature and vapor pressure.  Moisture is absorbed by the air
from water film and the resultant hunudity of the exit air and the temperature

and vapor pressure of the entrv water measured.

th

Descriprion:
In this system the air 1s firstly heated by passing through a heated chamber and then
directed to the column from bottom. Water pumped in from the top and flows down in
the form of a thin film. The moisture is absorbed from the wetted wall as the air
travels up through the column and then discharged to the atmosphere. Water is
recycled m the sump tank through the pump. The temperature of the air dry bulb and
wet bulb are measured by RTD 100 are provided.
6.  Uniwimes Reguiren:
1. Electnical supply: Single Phase, 220 V AC, 50 Hz, 0.5 kW with earth connection.
2. Water Supply
3. Dram required.
4. Compressed A Supply at 2 Bar, 4 CFM.
7. Exeeriviextar Procepure:
1. Feed Water to the column from top at a rate at which complete wetting with
minimum of ripple formation takes place.
2. Commence the operation with minimum airtflow and after 15-20 minutes, the
humidity of the inlet air and the outlet air at this flow rate of air is noted and read
corresponding  vapor partial  pressure.  from  the  psvchrometric  chart,

Simultaneously the temperatures of the water in and out are noted and flow rates

Scanned with CamScanner Scanned with CamScanner
Scanned with CamScanner



measured. From steam tables obtain Vapour presssure of water corresponding to

these temperatures.

3. Repeat step 3 for 3-4 airflow rates.

4. Caleulate experimental value of K¢, by usimg humidity chart data.

5. Caleulate predicted value of K, using Sherwood-Ghlliland correlation, eq. (3),

6. Compare the experimental and predicted Value of K

Ogpservation & Carcriation:

Data:

d = cm
L I cm
P atm
W S T

P = e kg'm

From Psychrometnic chart

a -

b = (from data book)

From steam tables. corresponding to water inlet and outlet temperature. calculate the

Vapour pressure.
P =
P -

ceeeeeeeees bar

OnservVATION TABLE

S.no | F. T,.C |T.C BOTTOM Top
LPM SECTION SECTION
T:°C T,'C | T:"C T."C
l
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CALCULATIONS:

ACTUAL VALUE OF K,

po—a’18

" (e 18)+ (10 29)]

- (h18)

“ )00 29)

) )

", —L%I;.Imr" ------- bar
Py,
¥ STt S
A=rdL,cm’ = cm”
M=F=p.kg'hr=—- kg hr
I ='IT . g mole/hr = ——weeeeeeeees g mole/hr

K.P4 | | ¥, =¥ ""l.\' ’ _

— = In|
I 1-y [

vy =y, )

K = - g mole’h em~ atm

THEORETICAL VALUE OF K,

44
R e gmole’h em™ atm

RN
. [ Drx (dlpy o u
K, =|== !(n_n:,x“—’l l—
L Pd ) M oD
Then Compare the actual & theoretical value of K

9, NOMENCLATURE:

A B Area. cm’
a.b Inlet & Outlet humidity of air
D Diffusivity coefficient
d = Column diameter, cm
F = Flow rate of air. m'/h
K, Muass transter coefficient. g mole'h ¢m- atm
L = Column effective length. em
M = Mass flow rate. kg hr
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10.

I1.

P Atmospheric pressure., atm

Por = Vapor pressure of water at inlet & outlet temperature, bar
(P = Average vapor pressure, bar

T = Water inlet temperature, "C

T = Water outlet temperature, "C

T: - Dry bulb temperature of inlet air, "C
I Wet bulb temperature of inlet aur, "C
I = Dry bulb temperature of outlet air, "C
I Wet bulb temperature of outlet air, "C
% = Mass velocity of air. g mole/'hr

W Molecular weight of air

Vi.v: = Mole traction of water

P = Density of air, kg m'

i = Viscosity of air. kg'm h

Precavmions & Mantenance INstrRucTions:

For condenser the cold water supply should be constant.
Don’t switch on the pump at low voltage.
Air should be moisture free.

Wet bulb temperature should be properly contacted with water.

TrovsLEsnooTInNG:

(]

s

If any type of suspended particles are come i the Rotameters. Remove the
Rotameters clean the tube and fit that at its place.

If there 1s any leakage tight that part or remove that and refix that again alier
wrapping Teflon tape.

It Rotameters fluctuating more than average tight control knob of that.

IFD.T.1 display 17 on display board 1t means sensors connection are not OK tight
that.

If switch ON the heater but temperature can’t rise but panel LED is ON it means

bath heater had burned replace that.
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A] A o determine ceeroil height! of a honiler unit uing Bgull - ligus! estracon colmae
Chamicoh Requesd Bomngene- 2000, Acelic Acid 2 LI, Soden Hydromkde - 100 mi
{For Tivalion), Phanalghinaloln ndcolor

Procedurs:

I} Prapate | mol ol Acelc Acid by odding: 57ml ol ocetic aocld [ L1 of Benrons

7] The axiioction cohimn i lled wilh Barcens- Acetic Acid matre of | 1o 2 bmols [ md

3] The rofl meter reading for bolh phanes i adjunled o a prefxed volue . The recommended
range of velocity b 1 %0 4 0 107 m/s.

4] The outfiow from the column s odiusted in such a way that the kguld -Sguid interfoce b
mantaned at a witabie height The interfoce s maintaned at the same height while
taking o hurther obiervations.

5) The Raffinate ow aond extract liow are controled through the Extroct ot meler by
opening the valve.

é] From abowve sither Roffinate or Fxlroc! can be contioled ot o fime fhrough Roto meter
whils congucting the Experimant

71 The finl observalion should be foken after two times the mean rescence lime of
dispened ond continuows phase (depending or which b larger). The loliowing
memuwoement are done aller allowing sullicient lime for sleody dlote 'o be allained Le.
roughly 400 wsc

H) Al steody dote conditiom note the Toliowing .

il Fow rate of leed, water, and extract
i) Dendity of feed, waler. exiac! and Roffinate,
¥ Tivole the leed. esfract and Rallinale sampies wing slandard NooH solution.

Oitvirvaton:

1} Fow mtae of feed=

2} Fowrale of water =
3| Fowale of extrac! =
4} Deraily of leads=

5] Dersity of waler =

&) Demily of eshoct =
7] Demily of Roffinate =

Observation Toble
% Mo Vol of Sample Volums o NooH iedquinsd
|
o
2
3
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L1

4

4
5)

&)

Calcuations

To find ¥y = kg ocefic ocid / kg H:O
C: = Concentraofion ol ocetc ocid n extract, bmole f m'.

P = cemaity ol exirac!, kg / m?
¥: = Concenbation ol ocelic ocid in the extroc! expressed m kg ocelic acid / kg
O =60 Co F 80 Co

To fina X = k&g ocefic acid / kg Barnpene
C: = Concentration ol acetic ocid in extroct. kmole / m-.

P = demity of feed, kg I m?
K = Concenirafion of acetic acid in the feed expreued o kg acelic ocid | kg
Bervena = G/ -8 G

To fing Xs = kg acetic ocid / kg Berrens
Cre= Concentroticon ol acelic ocid in axhioct, kmode [ m?,

P = censty of extract, kg / m?

X = Concentraton of ocetc oo in e eatioct sapresed of kg ocetc acia / kg
Bergens = 60 Cs [ Ps=80 Cs

Y.= Concentrafion ol acetic acid in the water kg acetic ocid [ kg H:0.

Fs = Moms velocity ocefic ocid hee benzene kg / m*

= = Mas velocity ocefic ocid in waoter kg [/ ma

Fo= Ve P [1-Xa) / 5 ore0

Wi

Vs = Flow rate ol Roffinate m' /4

K - Xe kg ocetic ocid [ 1+ K kg Ralfinate

Fe=Wal |1- ) /CS oren

Wherne

vy = Fliow rate of Extract m* /1

Ke . Xe kg ocefic ocid [ |+ X kg extract

Ti=shifh X
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7l [Mcel= dX [ X-X*

B) (Moo= dY /Y0¥

?) [Hcoi) = Overal height ol o roniled urd? (eatroct phase)
=1 F (meml

10) (Mos) = Overoll height of a romler uni! [Rolfinate phase)
=1/ (Nes)

1) Egwaa = Owercdl volumatric mon fromiter coafficient [Raffinate phasae) in
g Beraene / mh

= P [ Hoe

12] Ecwa = Overol volumairic mots homier coeficient | exhioct phase | in
g waler [ms

=k f Hea
Rewlty

1] Owerof height of o rontter und [estroct phona)|
2) Owerall heigh! ol o monster uni? (Raolfnate phase)

3] Owerall volumettic mas romsfer coslficient [Raffinate phasa| in kg Bareene [ ms
d) Owerall volumedtric mamn romber cosfficient (exfraoct phase) in

kg woles /m
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A] Adere T Bind ol rote ol absorption of CO, in o pocked column.

Chemecols:
I] NooH-1lo2M
2] Hel stanaord
) Bocl solution 5% [wfw)
4) Cozgos
5) Phenoiphthalein
6] Melhyl orange

Apparatinf glosswore: Volumairic Hosk, Buette, Conicol lotk. meawsing cylindar
Theory,

Procedurs

1} Feed preparation: 20 il of approx |N NooH solution & preapared and fransfened 1o the supply
tark, 50 mlof Bocl:of 25% wiw (25T Back +75% woler) solulion B prapared.

2] Thve flow rates of the gas and lquid phayes are odeled o predeflined values, The COs flow
rate should b such that 'S ol COr 0 the alr =C 0 misture s about B-10%

d] The syilem i allowed 1o attain steady siale alter lixing the lguid leve! in the Bottom aclion
af ary  height. This level b odjusted by changing volve opening at botlom, The time steacdy
slale should Ba 3-4 liriey mean sidence lime al the lguid phaia in the column. During 1his
pariod Ihe liguid level in (he botlom seclion mus! e maintained ot the moarked height, Infel
ond oulie! lguid samplas are whhdrown tor onalysis atter steady state s reached,

1) A known volume al wample 4 tifrated ogaing std Hel using methyl oronge ndicalon end
poini b yellowsh (o reddih,

51 To another volurme of the somple b odded o 25% [w/w| wolulion of Bocl: to pp! the NaC O
Gao on odding Bacl: solution in tha saomple tl precipitabon occun, odd fome ascass amount,
This solution is then firaled ogainst sid. Hel solution with phenciphinalein indicalor.
#] The expermen! can be iepealed for different llow rates. “I 2

Observalion
I} Haight of column = 750 mm
7] Diomeater of lIower = 40 mm

J BowrmteolMooH=______ LPH

4 RBowmleol CO:=__ |LPH

5] Aow rote of Al = LPH

¢} Cencantration of MooH (i| = kmaole/fmd

Concentration of NaoH (I =x " Eq. Wi of MooM [ Mol w! of NooH
7] Concentation of HooH (O] = krmalefm?
8] Nommality of NooH = T * Concenfrotion of Hal f Vaolume of sample =x
%) Concentration of NoeCOz in outlet is © (N@:COs (O)) = 0.5 [c (NacH (1)) - © (NaoH (C]))]
10} Rate of absorption of CO: =R (COy) = 0.5 [c (NacH 1)) - © [NacH [O])]

[

Lf.:
o
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11} Rate of ansorption of CO; / Unit volume of pocked tower = R (CO;) / V
12} Volume of CO: obsorbed
R, = [Rua) OO “V*Molor volurme of experimenial condifion
= m'fsec
13} CO: flow rate ot outiet
= inkal llow mte of CO; - B, =2 X mifuse
= X m'/yac/ molky volurme m'Cmol
=  Emolfiec at NTP V= 22.4136 m*/Kmol
14} CO: Now ate al inket
= florw rate ot indol mYfiec | modnl volume mifKmaol
= Cmaol/vec
15} Alr low rate of the inke!
= flow rate at inket mifiec / molkal volurme mifKXmol
= Emol/yec
16} Mole hoction of CO= entering wit gas = y-
= flow rate of CO: Emolisec
Fiow rofe ot C0O: molfvec + tow rale of or  imol/wec
17] Mpia roction of CO: of outiel = v,
= figw igie of CO: Emolec
Fow role ol CO;  Cmolhec « llow mole ol o Omol/ec
18] {y - ¥el= = The logarithmic average of Ihe conc. Difterences al 1he and ol lowel
lv=Yelw=y -y
tnly: / va
19| Dwveral gas rorster coefficient -l 2
Gm = Elow rate of CO» Emolfiec «+ fow ale of gz Smolisec
Cross sec. Area of column Crom sect. Area of column
= Emolfsec.m?
P = Dpemting prenee = Atmosphaic prestre = 101 3 KNS mé
umplitying onova equalion lor Ko

Koo « Gy -wa2) TP L [y - YO| =

Result

C one husion:

Scanned with CamScanner



Experiment - §
Sieve Tray Distillation

AIM:-

To determing the overall efficiency of the siewe plate distilflation column and to calculate number of
plates uring experimental data.

APPARATUS:-

o Sieve plate dsuflavon column
o 87 :13 mixture of propane-1-ol and iso-propanol
o Refractometer

THEORY:-
.

Distillation isa separstion process in which a hew phase is generated by heating the mixture. The
difference in relative volatility of components is eaploited in the process in our case relative volatility of
Iso-propanad i more than propane-1-ol. in sieve tray distillation midure & fed to the bottom of the
column and heated through hot oll. The vapour is passed through plates and liquid is been fed from 1op
of the column as a reflu.

LAB SETUP--

Due to sieves and the liguid hold up over plates there is bubbling of heated vapar phase through
liguid phase providing contact ares for the mass transfer

PROCEDURE:-

Add runture into reboiler

Hot ol iy cireulated through shell side of the rebodler which work as 8 lveating medium

Start the heater,

vapors will flow upwards and distillate i1 been accumulated and after few minutes there will be

a reflux coming in

Collect the samples of datillate and residue.

Get the value of the refractive indes by refraclometer

o When the values of refractive mdexss become constant we can find number of plates uting
Mc-Cabe Thille method.

s Calculate the efficiency
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DATA FROM THE LITERATURE:-

«  Molecular weight of both A and B
Propane-1-ol = 60 gm/ mol
lse-propanal = 50 gm/mol

= Refractive index v/s mole fraction data.

Propane-1-ol = 1,38221 D
lso-propanol = 1.3740 D

Calibration Curve for Propane-1-ol and Iso-propanol misture —

SN EEEER e R e = EesEm
1382 K SSEEEIIE HEE
H ¥ - . - i 8 111 -
b '] - . [ 1-lil| 1I
1381 : : -
jEEEESEERENISSEEESS RE oy Sasns sune:
o a smzaazz= =EESSREEaIR
- | 1} | f PR PR |
1.3“ _____ A T '_‘hu L i F 1 1 "i
T 1 e 1 - ;
1378 |— : . : : : +

1377 : 3 I : - = E.

1376 1 = ; =i i A
S - — = bh e d
1.375
il ™ il - T i ' o L e | 4 3 e H
1.374 4= —— : =
e - cflic -t . T ] - P S -

1373

{t 0.1 02 03 D4 as 0.6 o7 D8 05 1
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Observation Table -

sampie No. Ri {w) R (D) X iw) X (d)
1 13805 1.3783 0.190476 0.452381
I 1.3803 13782 0214286 0 464286
3 13801 13777 0.238095 0.52381 |
3 13799 L3775 0.26190% 0.547619
5 13797 13771 0.285714 0.595238
¢ 13796 1377 0.297619 0.607143

CONCLUSION AND DISCUSSION:-

Total number of plates from meCabe thille method= 2.37

Efficiency of the lower =2 17/4 *100% = 59.25%

According 1o experimental setup there are only 3 plates and one reboiler but there can be more
number of plates. The reason of not having numbser of plates having the concentration set Up In
the eritical rone of having equilibrium data is that the contribution of the numbey of the plates s
negligible and composition ditference can be easily measured by the calibration curve.

s Agcording to the calibration curve, the Rl of lso- propanal is inversely proportional to the
concentration. The R of the mixture depends on the components of the mixture and nature of
dependence of the curve depends on the compasition of the mixture.

® In the caie of total refius the dingonal line will work as an operation line.
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1. INTRODUCTION

I.I.  Distillatlon

Distillation 1s defined as a process in which a liquid or vapour mixture of two or more substances
having different vapour pressures is separated into 11s component fractions of desired purity, by the
application of heat [1]. When the vapours of the boiling nuxture is cooled and condensed. the
condensate will contain more volatle components (low bothng point). As disullation progresses. the
original mixwre will contan more of less volaule material (high boiling point). Depending on the
concentrations of the components present, the liquid mixture will have different boiling point
characteristies. Distillation occurs because of vapour pressures of the components in the liquid
muxture. If relative volatility 1s very close to |, they have similar vapour pressures and hence, u will
be difficult 10 separate the two components by disullation [1], Distllation 1s a unit operation

capable of producing pure substance from liquid mixtures.

1. 1.2 Application of Distillation

o Distillation has long been used as the separavon process in chemical and petrokeum

ndustries
o Distillanion technology is applied i pharmaceutical, chemical, food, and aleohol industries
e Distillation is used in refineries for fractionating crude oil 10 produce many chemicals

» [t is used in disnllery for producing alechel
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EKB 2131 - Chemucal Engincening Lab - [11

There are many types of distillation columns, each designed to perform specific types of separations
and each design differs in terms of complexity.

A few common types are given below:

®  As batch and continuous processes based on how they are operated,
®  As binary or multi-component distillation processes hased on the number of components in

the feed.
e Astray or packed distillation columns based on the type of column imternals,

1.2 Packed Bed Column

Packed bed columns are used most often for absorption, hquid-hquid extraction and disullation.

This experiment was conducted 1o study the operation of packed bed distllavon column. The

pucking provides o large surface area for vapour - hgquid comact. The feed mixture contains
componenits of differemt volaulities, and enters the column approximately at the middle. The ligquid

flows downward through the packing, and the vapour lows upward through the column [2]
Differences i concentration cause the less-volatile components to transfer from the vapor phase to
the hiquid phase. Afier the feed mixture enters the column it flows down the column through the
packing counter currently and contacts the nsing vapour stream. The liquid at the bottom enters a
reboiler. Two streams exit the reboiler, a vapour stream, which retums to the column, and a liquid
product stream. The vapour stream flows upward through the packing, picks up the more volatile
components, exis the column, and enters a condenser. Afier the vapour condenses. the stream enters
a reflux drum, where it 15 split into an overhead product stream, known as the distillate, and a reflux

stesanh el iR e i BreligdPe column (2],
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2. MATERIALS ANDMETHODS

VALVE
Vi Feed Supply Valve for Funnel
V2 Atr Vet Valve of Vissel
V3 Waer Flow Control Valve
Vi Aar Vet Vilve of Condenser
V4 | Valve for Disullaton Collecuon
Vo | Dran Valve ol Vissel

2.1 Srarting Procedure

Methano! water solution 1s prepared by mixing known amoum of warer and methanol
The toml amount of solution s 151

The volume of water and methanol was noted down

V- Vi valves was closed

All the switches on the pane| were ensured to be at OFF position.

The water is filled in the cold water 1ank

The reboker was filled with methanol water solution by openmg the valve V. and air vem
valve V-

8. Valve Vi and V. was ¢losed

9. The electrieny was connectad 10 the sa

0. The process temperature was set at HC.

1. The heater and cooling water pump was started

12. The cold water flow was adjusted by the rotameter valve 1o a moderate value

12 The cyche emperature was set for wtal reflux

14 Want 25-30 munute for the system 1o achieve steady state

15 Samples from the bottom & distllate stream were taken out

16 The samples were cooled 1o room temperature and the refroctive mdices were measured

Ty s T N

-~z

L2 Closing Procedure
; SEE ALY SRFIF W3 aped when the experiment was over

Scanned with CamScanner



EKB 2131 - Chemical Engmeening Lab - 111

The pump. heater and the man power supply was swiched off
Column, reflux drum, receiving tank and water 1ank were draned
The vessels were dmined afer the temperature fell down 1o atmospheric pressure by

e a2

opening valve V,
2.3 Formulae used
To calculate the moles of methanol in leed
M
i1

Fpv

To calculate the moles of methanol in residue

XX,
. 2
Fx,

Bx 3
=
Filx
umﬁ (4]

To calculate the ermor
Fx, Fix,
(5)

- aln

Bx, Bix,

E=

To calculate mummum number of plaies

Xl

Nﬁ-‘nl-":l -1 (6}

Ina

Figure | shows the block diagram ol pucked bed distillation column. The set-up consists of packed

cobmfrit) K R WA Efass rasching rings. An electrically heated reboiler is installed at the
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EKB 2131 - Chemical Engineening Lab - 11

bottom of the column. A tank s provided 10 colleat the bottom product, Shell and tube type
condenser 1s provided 1w condensate the vapour A tank with pump and rotameter 15 provided for
cireulanon of coohng water Reflux drum 15 provided 1o collea the condensate. Recerving tank 1s

for collecting the distillate. Drnn valves are provided for dramage purpose

‘“m N L = e — % iﬁ:l
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-1 i i _.I"i 1'._1“ I ||
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Figure 1: Block Diagram of Packed Bed Distillation Column

A, RESULTS AND DISCUSSION

From the graph shown i Figure 2 as shown in Appendix. the mole fraction of methanol i feed, F
wis determined to be 0.38 moles. The mole fruction of methanol of residue B was determined 1o be
025 moles The mole fracuon of methanol of disnllate D was to be 0057 Table 1 shows the
readings of refractive index of the sample taken for every 5 mun interval, From table | i can be seen
that the temperature increases as the ume increase and decrease at the final ume taken. The
refractive index changes throughout the expenment. This error could be occurred while 1aking the
readmgs in decimal places through refractometer as the difference berween the consecunve readings

arg ¥anremeikith CamScanner
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EKB 2131 — Chermical Enganeening Lab - 111

Table 1: Refractive index reading

Total refluy condition

Time TC R.1 J
5 851 | 3330 1
10 1 872 _ 1.3348
I3 K90 1.33p9
]| 2 1.3360
23 | %93 1.327

Tuble 2 shows the theorencal and experimental values of mole fraction of methanol in liguid phuse.
It can be seen that the values of mole fractuon of methanol experimental are higher values than the
values of mole fracton in theoretical. This could be due o some errors duning the experiment. The
error could be while calculatung the readings with decimal places 1o solve the following requaired

vanables

Tahle 2: Theoretical and Experimental values of mole fraction of methanol in Hoguid phase

Thme A Y I,u,-
10 0.0344 ' 0.22%
20 .055K 03201
30 - 01856 | 0,062
40 0.12%] 0444
50 | (.0369 ()| 56
ol | 0.0538 : 0215

4. CONCLUSIONS AND RECOMMENDATION

The experiment was carned out o study the process of packed bed disullution column. The
expeniment was conducted under total reflux condinon. The error that was calculated s 2.61. The
value of mimmum plates, Nm thar was calculated 15 0.84 There 15 lintle recommendation tha
should be considered for this expeniment. More readings should be taken 10 see the steady state of
the distillation process. A proper source of hght should be provided while taking the readings of
refractive index through the refractometer
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Experimental Capabilities

»  Fumilisrisation of the adjosiment and operation of o commescial oil or gas bamer.

*  Assewment of 8 burner, including:
Firmng rute

Turndown range

Flame stability

Flame shape

Flasse radiation

Lmnke emisaion

. Uﬂ:ﬂﬁcﬂnﬁ#hﬁ*ﬂamﬂgﬂmm

Coooo00

# The effect of sirfToe] ratio o
0 Combusiion efficiency 35 measared by flue gus constituents and lemperature.
0 Heat tramsder
0 Energy balsnce

s Comparison of Flue Gas Analysis with theoretics] predictions.

s Comparison of Ol and Gas Bemers.
| With aptivmal evira Rarmer)

# Comparative performance of different fuels or fuel additives.

Description

The Combustion Laboratory Unit is mounsted on a frame, sllowing essy access to the bumer, controls and
combustion chanber.

The package bumer starts with an air purge, ignites its appropriate fuel (oil or gas) and automatically sets to & safe
firing condition. Combustion air is provided by the integral fan, and 2 sensor monitoes the flame, shunting the fucl
valve in ihe eveni of flame failure, AirTuel o and foel finng mie can then be varied by the use.

Gas from either an LPG cylinder stored outside the huilding, or frons local mains supply, i fed thiough pipes w
the connecthons on the frame. Oil is supplied from portable tanks provisioned with the oil burner.

The fMlame ums within o stainless stee! combustion chamber which i water cooled and of sufficient sze 10

prevent (lume (mpingement under nomal conditions. Observation windows on the side of the chaber allow the
Hame 1o be obscrved.

A water cooded gas sampling probe and thermocouple probe allow conditions within the flame 1o be invesugated
The unit allows similar kocally supplied atomatic package bumnés of up to | STLW 1o be operated and snslysed
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Experimental Resulls

The combustion products leave the combustian chamber through a duct in the mdmwfr?n lhthlrnﬂ'mdnm
turned 10 discharge vertically upward. Due 1o high flue temperatures, 2n 2ir heeak transition picce s supplied
between the chamber duct amd the main foe, 1o entram cool air and w0 reduce flue lemperature A Nue system s
available as an optional evm

115:unuwﬂumulhlmnweﬂrmﬂnﬂdmwﬁhmsmmhumﬂﬂuhmmdmtmm_

Electrical safety is provided by overload and eanh leakage circuil breakers. The cooling water systen has a flow
switch and high temperature cut-out

The standard instrumentation provides measorement of flue iemperulure, 0, coatent, excess air. combustion
elficiency. cooling water inlet and outlel temperatares, water and fuel How, thereby allowing energy balances lo

be determinsd.
Propane CO2 & 02 v, Excess Air
14
- co2
1004 ==
S
=
= 6y
s
EF
02
2
B & b 15 W 25 30 A% 40 4s
Excess Ar (%l
Heat Distribution v. A/F Ratio
e 1
I Heat To Cooling Water
A5« l- A i
_—-_h-—"""'"r-..'
== | .
g do4 . -
poerg |
Lo - Heat To Flue
5| (Sensible + Unburnt + Latent)
o |
|
25 I .
15 S 1 17 i It 20 N on
A/F Ratio
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AIM-To study pyrolysis and characterization of pyrolysis products
1. introduction

Pyrolysis of biomass is & promising method for simultaneous production of sctvated
carbon, blo-oll and geseous fuels and other wvaluable chemicals, while the almost
simultaneous pyrolysis and gestficarion of the foel result in formation of solid product with
high surface aren and wrell developed porous structure (Nickolow B Mehandjiev, 1995,
Mehandjiev et al, 1997). Pyrolysis is the thermal destruction of organic macromolecules in
the absence of axygen in small molecules. The destructed portion comprises a high energy
content and significant organic content, which leads to the possibility of energy extraction
s well as the production of activated carbon and chemicals from blomass (Prakash &
Karunanithi, 2008,

Fyrolysis s diseussed here 1o improve the valorisation of two Mexican typical sgricultural
wastes for energy and carbon  activated production. The product chamcteristics, their
relative propertions in the gus/lguid/solid pheses and the process energy requirements
depend upon the inpul material and the process conditions. Therefore. the goal of this
chapter is to describe the conversion of waste biomass into sctivated carbon. Weste blomass
like orange peel and pecan nut shell is converted thermally in one step. First, the blomass
undergoss a pyrolysis process at 600 °C in nitrogen stmosphere. The gaseous and liquid
pyrolysis products were collected as bio-oil, and then they can be used as fuel either for
heating the facilities or for eleciricity production.

2. Experimental method for biomass pyrolysis

Bench scule experiments were ourried out m s pyrolysis system with  controlled
temperature and & semi-batch stainless sieel reactor. The schematic disgram of the process is
lhustrated in Figure 1. The reactor has 8 volume of three litters, and is externally heated by an
electrical fumace. Pyrolysis experiments are normally performed with approcimmely 400 g
of feedstock. The sample was placed inside the reactor and heated at 600 *C for one hour The
gases and vapours generated during pyrolysis pass through o condensation train, which
oomwists of four Pyrex tapa. The remaining non-cond rrmable goses are collected and stored in

a plastic sampling bag with a valve for future chromatography smalysis. Pyrolysis product
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determined by weighing the char and bio-oll. Non-condensable gnses yield is calculated by the
mass difference. Pyrolysis end temperatures were flxed a1 600, 700 and 750 "C. All experiments
were performed under nitrogen stmosphere using » fow of 60 ml/min.

Figure. 1. The schemutic diagram of the pyrolysis batch system. T—Thermocouple and P-
Pressure transductor.

2.1 Raw material

Two types of biomass were used in the present study. Specifically, pecan nu shell was used
as feedstock, obtained from a trading industry of put located in the city of Torreon,
Coahuila in the northeast of México. The omnge peel sample was was obtained from a juice
processing factory in Monterrey, NL. México. For easy storage and mamagement, the
samples were cut Into small pleces of an average area of 2 em? and dried In an alr-tunne m
room temperature for the ornnge peel and in a stove for the case of nut shell

The elemental analysis of the major components was carried out in o Perkin Elmer 2400
Moisture was determined by the weight loss at 105 *C for 12 h and is expressed as & weight
percentage of the dry matter, The calorific value was obtained in 0 calorimetric bomb from
Parr imodel 1341) und it can be expressed in two forms: the gross or higher heating value
(HHY) and the net calorific value or lower heating value (LHY). HHYV was determined
using the calorimeter bomb, through the determination of the temperature difference before
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and after the ocrurrence of the sample combustion. LHV is obmined by subtracting the
latent heat of vaporization of the water vapor formed by the combustion from the gross or

higher heating value.

Ash residue was obialned by thermogravimetry (ASTM D5630 method ). Proximate analysis
was performed using a thermogravimetric analyzer. The sample was heated under an inert
atmosphere at 850 *C and the welght loss during this step Is the volatile matter (VM) The
gas atmosphere is then switched to air to bam off fixed carbon (FC), while the tempersmure
is reduced to 800 *C. Finally, any residue left after the system is cooled to room temperature
and ls considered ash.

2.2 Product Characterization

All the collected liquid [ractions were characterized by GC/MS uslng an  Agilent
Technologles 6890 GC coupled to a 5973 MS. The caplllary column was a HP-1, 30 m large,
0025 mm ID, and hellum UHP as the exrrier gas. A NIST library in the GC-MS5 chemstation
is used =8 reference to ldentify the components of the bio-oll. The last solid residue from the
different pyrolysis runs was analysed by elemental analysis. Figure 1 (ustrates the
schematic disgram of the process, as well as the places where the temperature and pressare
were measured and recorded every 30 seconds by means of a duta acquisition system.

3. Results of biomass pyrolysis

3.1 Biomass Properties
3.2 Yield of pyrolysis products

3.3 Characterization of bio-oils

4. Conclusion

Pecan nut shell and orange peel are excellent feedstocks for production of energy and
value-added products. Blomass residues store a large amount of energy, which can be
converted to several forms of usable enengy through a number of commercially avallable
processes. Pyrolysis ls believed to be the reasonable cholce to convert arange peel and
pecan nut shell residues to liquid fuels, biocha, and activated carbons. The biomass solid
waste in the form of pecin niut shell and orange peel is successfully converted into liguid,
char nnd gas by fixed bed pyrolysis system. The hearing value of the pyrolysis oil is found 1o
be 32.98 M) /kg for pecan nut shell and 42.70 M) /kg for orange peel bio-oll, which is higher
than other blomass-derived pyrolysis olls and also significantly higher than that obtained
for the original waste. The maximum liquid yield is found to be 55.3 %, wt. and 54.5 wit% of
dry hlomass feedstock at the temperature range of 700-750°C and 600-750°C lor orange
peel and pecan nut shell, respectively. The oll from the blomass under study may be
considered as an important important potential potenttal source of alternative fuel A lot of
research and development process will be necessary in this topic. However, this will occur
with greater economic incentive and the dimate change regulation will promote research
sctivities in this direction.
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