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Dves are widely used i i .
b l_"l IbLli 1 IIILhIh'lIILh such A h-‘\llh'\_ H'hht't', paper, |’l|-1"1|ll 8. COSMELIUS,

solour their products. The dves are lafi e .
GE 10 coan el Pl'l d“u:“ ”“ '*If"t.r- AT lt“ IS M or waste rom IJIh' illthhllluu Colour 18

one of the charactenstics of an efMuent which is casily detected and readily traced back to

souree.

Today more than 100000 commercial dves are available in market and nearly one
million tonnes per annum are produced, whereas 10% ol dyves are released in environment and
natural resources as dyestufl waste. This production is increased day by day to meet the needs

of growing population also increases the release of dve efMuent

Many dyes are organic compounds. These may be natural and synthetie. Dyes are
classified according to their solubility and chemical properties. The classification includes

Acidic d}"E‘S, Basic d}'ﬂ:‘-. Vat ‘j}'ﬁ- Reactive tl}'ﬂ':‘i and IHHI‘L‘I‘HU dves, Some ol the Li} ¢s also

find their importance in food industries which are known as food additives. The discovery of

manmade (synthetic) dyes started from 19" century because of the less adhesive characteristic
of natural dyes. This reason made us to select one of the synthetic dves namely Methylene

blue because of its adverse effects on humans and aquatic life.
Applications of various types of dye:
Azoic: Lighter colouring dyes that fade quickly but are cheap to use.

Acid: Acid-based dves are used mostly on nylons and wools.

Sulphur: These dyes are combined with caustic soda and water 1o colour clothing, but

they lighten quickly.

Reactive: These dyes used mostly in dye as a reaction to certain fibres, and are best

used on silk. wool and acryhics.
and are combined with specitic

Oxidation: these dyes start ofl’ without colour

chemicals to create new colours. This type of dve 1s used in a lot of hair colouring.

Mordent: thisis a chmm—hased dve that has to blended with different types o acid 10
rdent: \

colour wools and cotton.

- - | ic dyeing processes, because it can be used
Solvent: this dve is usually used in orsan!

with organic compounds.
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Vat: these dyes require four steps of processing. starting off'in a vat, and then combined
with certain chemicals.

1.4. Health Effects:

Dyes may affect the photosynthetic activity in aquatic life due to decreased light
penetration and may also be toxic to some aquatic life due to presence of metals, aromatics elc.

It can also cause severe damage to human beings such as disfunction of kidney, reproductive

system, liver, brain and central nervous system.

1.5. Methylene Blue:

Methylene blue, also known as methylthioninium chloride. Methylene blue (or MB)
Is a basic aniline dye with the molecular formula Cj¢HsN3SCI and chemically named as

3,7bis(Dimethyl amino)-phenothiazin-5-ium chloride or Tetra methyl thionine.

Methylene blue is a dye that was the earliest synthesized antimalarial drug having first been
tested at the end of the nineteenth century. Methylene blue is used as a dye or staining agent to
make certain body fluids and tissues easier to view during surgery or an x-ray or other

diagnostic exam.

As a dye, Methylene blue can cause eye burn which may be responsible for permanent
injury to the eyes of human as well as aquatic animals. It can also cause irritation to the
gastrointestinal tract with symptoms of nausea, vomiting and diarrhoea. Methylene blue also
causes irritation to the skin when in contact with it, methylene blue also turns urine and other

body fluids blue temporarily. so those receiving the drug need to be warned to avoid

unnecessary alarm.

N

+ .CH
H3C-..N S N 3

I
CHs g~ CHs

Figure 1.1: Chemical structure of Methylene Blue Dye

re rdi like coagulation
f ' es from wastewater discharges K :
[here are various ways 10 remove dy

¥ . * -nn‘ reverse usmﬂSiS
electrochemical process, membrane separation process, chemical oxidation,

i he methods for the
and aerobic and anaerobic microbial degradation. However, most of
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muﬂrl o s 2o dye containing wastewater have serious restrictions such as high cost,
RO i ‘j“?“fdﬂm bysproduets or intensive energy requirements. Therefore, the
development of efficient, low-cost and environmentally friendly technologies to reduce dye
content In wastewater is extremely necessary. Coagulations, chemical and electrochemical
nxidnliuns have low ﬁ.’:ﬂﬁib“il}f 0on Iﬂrgc scale plnnlh. J"‘Lllhlll'j’lli:l.lll I8 I':i;lltlly y_;:iuinu prominence
among the treatment technologies and has noted that adsorption can produce high-quality
water. Adsorption is preferred over these processes and is widely used due to low cost and
high performance. Common adsorbents are activated carbon, alumina silica, woad, Fuller's
earth. fired clay. and metal hydroxides. Economic advantages, performance efficiencies and
environment are the main concerns when selecting an adsorbent, thus researchers ;.{un-:r:illy

20es for using low-cost adsorbents like act ated carbon produced from banana peel.

1.6. Adsorption:

A mass transfer process which involves the accumulation of substance al the

interface of the two phases . such as. gas-solid or liquid-solid is known as Adsorption. In this

process adsorbate (which gets adhered) forms a layer on the surface of the adsorbent (the

surface on which the adsorbate gets adhered). It is a surface phenomenon. The reverse ol

adsorption is termed as Desorption.

Physical Adsorption or Physisorption

ting between adsorbate and adsorbent are weak Van

d Physical Adsorption or Physisorption

When the force of attraction exis

der Waals forces of attraction, the process is calle

ith formation of multilayer ol
Zﬂ'-‘lﬂ' k]fl‘l'ﬂlt. It lakes 11]-.";1: al low temperature

| : adsorbate on adsorbent. It has
Physical adsorption takes place W dsorbale

low enthalpy of adsorption i.e. AHl adsorption is
below boiling point of adsorbate, As (he temperature INCreases the

Process ol Physisorphion

decreases.

Chemical Adsorption or € hemisorption

When the force of attraction existing between adsorbate and adsorbent are chemical
: 9

forces of attraction ar! G IRRIERORIMRIMRRERSSSE = calle

’ " unit-layer ©
Chemisorpti WL es place with formation of unit
i - o < 200400 kJ/mol. It can tnke

adsorbent, It has high enthalpy of adsorption i.¢. Al adsorption !

d Chemical adsorption o

(" adsorbate on

(&1 CamScanner
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plice at al) temperatire. With the increases i lemperit
aure,

( hemie : .
(hen decrenses, “imsorption first increases and

16,1, Advantages of Adsorption:

dsorption proce: hess y
il PIOCERS possess more advamages when compared with ol '
1 ither separation

process hecause of s
High removal elficiency
Low maintenance costs
Lase of operation
Cieneration of no toxic slurries
Heteropeneous catalysis
Separation

1.7. Aim and Scope of the Present Study:

The main aim of the present study is to enhance the possibilities of developing an
emphatic method for the removal of dyes from an aqueous solution by using the adsorbent

namely banana peel. Many literatures have been reported that for the adsorption of dyes,

factors like cost factor, slow pace of the process, residual toxicity and the rational losses makes

them unfit 1o be used as agreed adsorbents, Hence the study

of natural adsorbent which are capable of meeting the above criteria,

mainly focuses on the identification

This investigation is focused on the adsorption of methylene blue on banana peel powder.

L3 OBJIECTIVES:

The following are the objectives of the work:

olutions.

*  Preparation of activated carbon from banana pec! and dye s

*  Plotting of calibration chart.

* Calculation of various paramﬂurs{cumacl tim
concentration) on % removal of MB dye.

* Plotting of Adsorption Isotherms(both theoretic

* Modelling of Adsorption Rate Kinetics.

* Estimation of kinetic paramelers.

¢, adsorben! dosage, initial dye

al and simulated)
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1,9, SCOrK OF THE FUTURE WO

Tl'l&_ pdnorhent used Tor the remaoval of methylene blue dye from aqueous solution, have no
gignificant reports in Nterature, But in this study, the banana peel derived activated carbon has
e utilized ag suitable and effective adsorbent for the removal of MB dye from agueous

Iﬂltlﬂﬂm

everal methods are available 1o modify the adsorbent surfaces chemically, and many plant

matters are available as cost-free adsorbents, which may be utilized and modified, by any of

the established surface modification methods, The prepared adsorbents may definitely be 2

better alternative to the commercially available adsorbents.

ion study in the removal of dyes from wastewater could be carried
in 2 packed column using

Therefore, a detailed adsorp!
out. Both industrially and commercially, adsorption is carried out

activated carbon.
There are 4 Jot of unexplored plant matters, and agricultural wastes available in India, which

can be utilized 1o treat differemt kinds of industrial waste water. These materials can be

chemically treated and surface modified. using physical or chemical methods, o prepare more
. es 1o the commercial adsorbents.

can be used for the removal of other 1oxic metals and dyes

l.mmedaﬂivmdcarbon

oval of detergents, herbicides.
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6. Cost analysis for the adsorption of dyes onto the low-cost adsorbent used in this study

prepared from the agricultural solid waste material can be taken out and compared with the

cost ol commercially activated carbon,

7. The efficiency of the prepared low-cost activated carbon in the removal of other pollutants

like phenols and toxic metals can be considered.

(%] CamScanner
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CHAPTER 2
LITERATURE REVIEW

Mubarak ef al., 2014 focused on the adsorption of the blue methylene on banana peels

. ' powder.
The studies led to determine contacting time (40 minutes for

90% elimination of substrate
methvlene blue). However, this contacting time can vary with dye concentration. The

imization of parameter such il L
opunt P as the lemperature, agitation and initial concentration of dye

has showed a sensitive improvement of the capacity and rate adsorption. Moreover, the

adsorption of this compound is well described by both Langmuir and Freundlich isotherm
models.

Ma et al., 2015 prepared and investigated banana peel-activated carbon (BPAC) with a very
high surface area of 1,950 m? ¢! for the removal of methylene blue (MB) or Orange 11 dye
molecules from aqueous solutions. Results of adsorption experiments showed that the BPAC
exhibited high adsorption capacity with cationic dyes. The maximal Orange Il and MB uptakes
were determined to be more than 333 and 1.263 mg g, respectively. The zeta-potential
analysis revealed that surface charge of BPAC is negative and hence the present activated
carbon is excellent for adsorption of MB cationic dye from water. The adsorption equilibrium,
kinetics, and thermodynamics of MB dye were investigated and the results indicated a
monolayer chemical adsorption involving electrostatic atraction. BPAC was found to be a

highly promising material for the effective removal of cationic contaminants such as MB dye

from water.

Amela ef al.. 2012 studied the removal of a basic dye, methylene blue, from an aqueous
r

solution by biosorption on banana and orange Peels waste. The bio sorbent was chemically

modified. To mentioned functional groups in order to determine their contribution to the

adsorption of dyes. Fourier transform infrared (FTIR) was investigated. Kinetic study was also

rocess parameters. The maximum values of

BP) was 19.671 mg/g and 18,647 mg/g for

carried out to observe the effects of various p

i - - A

adsorption capacities for activated banana peel ( BL

naturpl b : | (NBP) at pH 4-8. 20°C. The results followed kinetic of pseudo second-
ral banana pee :

by fitting the adsorption data
: ceabili adsorbent was tested
order rate equation. The suitability of the

with four isoth amely Freundlich, Langmuir and Temkin. The characteristic parameters
With four isotherms. namely

(%81 CamScanner
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Mane et al.,2012 used natural adsorbent b
a - . -
Nana and orange peel for removal of colour from

waste effluent of textile industry. The materials were obtained and treated for the removal of

colour at different doses. These materials also evaluated for the removal of colour at different

pH and time. The materials were capable of removing colour from w

removal capacity for banana peel was 87% and orange

aste water, their colour
peel was 68 % respectively at normal

H and temperature conditions. neriril e : e
P pe ns. The equilibrium time was found 55min for orange peel and

45min for banana peel. The experimental adsorption data fitted with Langmuir and Freundlich

adsorption isotherms. The experimental result showed that the materials have g0od potential to

remove colour from effluent and good potential as an alternate low-cost adsorbent.

Rafatullah et al., 2010 reviewed low-cost adsorbents for the removal of methylene blue (MB)
from solution. Adsorption techniques are widely used to remove certain classes of pollutants
from waters, especially those which are not easily biodegradable. The removal of MB, as a
pollutant, from waste waters of textile, paper, printing and other industries has been addressed
by the researchers. Currently, a combination of biological treatment and adsorption on
activated carbon is becoming more common for removal of dyes from wastewater. Although
commercial activated carbon is a preferred adsorbent for colour removal, its widespread use is
restricted due to its relatively high cost which led to the researches on altemative non-
conventional and low-cost adsorbents. The purpose of this review article is to organize the
scattered available information on various aspects on a wide range of potentially low-cost
adsorbents for MB removal. These include agricultural wastes, industrial solid wastes,
biomass, clays minerals and zeolites. Agricultural waste materials being highly efficient, _lm-.

cost and renewable source of biomass can be exploited for MB remediation. It is evident from

a Iiterature survey of about 185 recently published papers that low-cost adsorbents have

demonstrated outstanding removal capabilities for MB.

Jawad er al., 2018 developed Acid-treated banana peel (ATBP) by H2S0, activation to be a

potential adsorbent for methylene blue (MB) from aqueous solution. Batch mode adsorption

studies were conducted by varying adsorbent dosage (0.
MB concentrations (10-300 mg/L.) and contact time (0= | “ |
by ATBP were in agreement with Langmuir isotherm, with maximum adsorption capacities ol
"-'- . .I o - : L

250 mg/g at 303 K. The pseudo-first-order kinetic model best d

ads ie in nature and spontaneous under the
Isorption of MB onto ATBP surface was endothermi

eXperimented conditions. Results supporled the s
: 5 5 .
adsorbent for the treatment of cationic dyes such as MB from aqueous

02-0.30 g), solution pH (3=12). initial

1440 min). The adsorption data of MB
escribed the Kinetic data. The

potential use of the ATBP as an effective

9
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¢, mandanin, and banana peels
viene blue, from

these materials under

0-100 mg/L). solution pH (4-
12). and AC dosage (0053905 g). The charactenstics of the prepared ACs were studied via

FTIR. mercury porosimeter. and iodine number determination. Banana peels showed the
highest removal efficiency compared with the other fruit peels. Adsorption isotherms were
modelled with the Langmuir and Freundlich 1sotherms, and good fitting 1o the Freundlich
sotherm was obtained. The kinetic data were analysed using pseudo-first-order, second-order.
and imira particles diffusion models, with good fiming 10 the pseudo-second-order model. The

obiained results indicate that AC represents an efficient Jow-cost adsorbent for the removal of
WB from agueous solutions.

Shalini Gautam e1 al, (2016) had investigated and focused on Removal of methylene blue
from wasie water using banana peel as adsorbent. The potentizl feasibility of activated and
nactivated Banana peel powder for the removal of Methylene Blue from agueous solution was
mvestigated. The adsorption studies were carried out under varying conditions of pH. adsorbent
dose and contact time. For both the adsorbents, the removal efficiency decreased as the
adsorption increased, the percentage removal in activated adsorbent increased from 65% 1o
90% when the dose of the adsorbent was increased from 0.02 grams to 0.1 grams. and in case
of inactivated adsorbent it increased from 55% to 84%. When the contact time was increased
from 20 minutes 10 120 minutes. maximum percentage removal was obtained at 120 minutes
with 94% adsorption in case of activated adsorbent and 90% adsorption in case of inactivated
adsorberi.

Fla'vio Andre” Pavan ef al., (2008) had investigated and focused on Removal of methylene

blue dve from aqueous solutions by adsorption using yellow passion fmir peel as adsorbent.
The semoval of colan Bt W.mm by presence of synthetic dye:e:- 15 exme!y
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flavicarpa DeGeneres) peel a powdered

solid waste. w
» Was lested as an alternative low-cost
adsorbent for the removal of a basic dye, methylene b) ( -
, 3 ue

| MB). from aqueous solutions.
Adsorption of MB onto this natural adsorbent was studied b

y batch adsorption isotherms at
room temperature. The effects of shaking time and pH on adso

rption capacity were studied. An
the adsorption of MB. The contact time require
maximum adsorption was 56 h at 25°C. Yellow

alkaline pH was favourable for

d to obtain the

passion [ruit peel may be used as an alternative
adsorbent to remove MB from aqueous solutions.

B.H. Hameed ef al., (2008) had investigated and focused on Batch adsorption of methylene
blue from aqueous solution by garlic peel, an agricultural waste biomass. The potential of garlic

pee(GP), agricultural waste, to remove methylene blue (MB) from aqueous solution was
evaluated in a batch process. Experiments were carried out as function of contact time. initial
concentration (25-200 mg/L), pH (4-12) and temperature (303, 313 and 323 K). Adsorption
isotherms were modelled with the Langmuir, Freundlich, and Temkin isotherms. The data fitted
well with the Freundlich isotherm. The maximum monolayer adsorption capacities were found
to be 82.64, 123.45, and 142.86 mg/g at .303. 313, and 323 K, respectively. The kinetic data
were analysed using pseudo-first-order and pseudo-second-order models. The results indicated

that the garlic peel could be an alternative for more costly adsorbents used for dye removal.

Taha M. Elmorsi e al., (2011) had investigated and focused on Equilibrium Isotherms and
Kinetic Studies of Removal of Methylene Blue Dye by Adsorption onto Miswak Leaves as a
Natural Adsorbent. The effects of [MB] 0, pH, contact time and adsorbent dose were evaluated.
An alkaline pH (10.6) was favourable to the adsorption of MB dye. Adsorption isotherm
models, Langmuir, Freundlich and Temkin were used to simulate the equilibrium data.
Langmuir equation was found to have the highest value of R2 compared with other models.
Furthermore, it was found that miswak leaves have a high adsorptive capacity towards MB dye
(200 mg/g) and show favourable adsorption of MB dye with EEF:JaraliL?n‘fajtlDr {rFfI- < l:]. In
addition, pseudo-first-order, pseudo-second order and intra-particle diffusion were used 10

pseudo d order kinetic as proved by the high value ol R2 and the low value of sum of
-secon

SQuared e 'ndlcated that intra-particic dittusio nol the limitung
rror [SSE percentaga). Resulls 1

i ive value of the Gibb’s
step, and the adsorption process is spontaneous as indicated by the negative value of th
. and the adsorption

tnergy.

11
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PV IR . s

Helder Pereira de Carvalho of al, 2015) Koy iny
. 1Y ¢

of Methylene Blue (MB) from aaue - imtedand focused on- the improvement
. queous solutions by an clectroconpulat | |
. apulation (ECYbanana peel

(BP) adsorption coupling process. The Kinetics of thi |
: S EOUping

« v el Process was studhe I
different amounts of adsorbent material in order 1o i ik
Voae

Nty the Most anor '
‘ ‘ . sEapproprate dosape, o
enhancing wastewater treatment. The s |

intluence of curpe il
ol current density on the removal clhiciency

and energy consumption of the EC/Bp coupling

WOCESS Wit | 1 ‘
PIOCess was also determined. The coupling

between electrocoagulation and BP < . =

\ ol ] - \ y
resulted n the enhancement of the remon al rate of dyes especially at lower current densities

and in a considerable reduction i e G,
In derable reduction in the contact time compared 1o the conventional simple EC

process and simple adsorption process. having achieved efficiency removal of RGN

Qv :ed O \ - o _
99%. Based on the high removal efficiency, short contact time and low energy consumption,

the EC/BP coupling method could be recommended instead of the conventional simple EC.

D. Kavitha e7 al, (2005) had investigated on Experimental and Kinetic studies on methylene
blue adsorption by coir pith carbon. Kinetic study showed that the adsorption of dye on coir
pith carbon was a gradual process. Lager Gren first-order, second-order, intra particle diffusion
model and Bingham were used to fit the experimental data. Equilibrium isotherms were
analvsed by Langmuir, Freundlich, Dubnin-Radushkevich, and TemkKin isotherm. The
adsorption capacity was found to be 5.87 mg/g by Langmuir isotherm [or the particle size 250-
500 Im. The equilibrium time was found to be 30 and 60 min for 10 and 20 mg/L and 100 min

for 30, 40 mg/L dye concentrations. respectively. A maximum removal of 97% was obtained

at natural pH 6.9 for an adsorbent dose of 100 mg/50 mL and 100% removal was obtained for

an adsorbent dose of 600 mg/30 mL of 10 mg/l. dye concentration,
that chemisorption might be the major mode of the adsorption

adsorption (DHO) of coir pith carbon was

The pH effect and

desorption studies suggest

process. The change in entropy (DS0) and heat of |
estimated as 117.20 J/mol/K and 30.88 kJ/mol, respectively. The high negative

in Gibbs fi rgy indicates the feasible and spontaneous adsorption of methylene blue on
ree ene -

value of change

coir pith carbon.

(2017) had studied the removing of Methylene blue dye (MB)

) by using batch sy
jon process were studied. The

Noor A. Abdl-Hussein ef al.,

- 2 - = ¥ ]
using some plant’s material (citrus utrantiforlia
rbent dosages On adsorp!
significantly
o0 94%. While the best contacl

stem. The effect of dye

concentrations. contact time, and adso
dye removal was

oval efficiency up l

enhanced with the use of

obtained results show that, MB
adsorbent weight 0.7 mg which showed rem

12
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e was 90 min with removal :
efficie
ncy 94.02%,

‘he initial dye and the removal effici -
iciency, rse correlation between

Mahammedi Fatiha ef al. >
al., (2015) had studied the adsorpti
s ON process using

natural clay as an

.IL

initial dye concentration, co ;
ivestigated in batch experi + PH. temperature. and dosace of |
periments. Thi sage ol bio-sorbent was

his clay was characterized accordin ] as

R ¢ 10 the followin

&

technique: scanning electron mi
MICroscopy
opy (SEM) and enerov dispersi
(EDX)- gV dispersive X-ray spectroscopy

Shiv Pratap Raghuvanshi
nshi et al. .
eppin » , (2007) had studied the removal of basic dye (methylene bl
ous solution, Is investi * e Ay con e
igated using it i AT
g it in two different forms: i -
: . ns: in raw form '
chemically treated(with L orm and In
sul :

phuric acid) form. The effect of contact time, dye concentration
y L3 Uil

adsorbent dose and the Kineti
in [ ed |
etics of adsorption were studied in batch experiments. At neutral pH

and 4 gm/L of chemically acti
ically activated and raw sawdust adsorbents. removal of 98.12% and

97.18% of methyl
: e ' :
ylene blue dye(at 100 mg/L concentration) from the aqueous solution, was the

study. An al diffs
y average percentages removal difference of less than 5%,

best result obtain during

between two adsorbents was achieved unde

fit well in Freundlich isotherm.

r different conditions in the experiments. The data

o methylene blue dye was adsorbed

y et al., (2010) had studied th
nut shell. A batch adsorptior

tion. contact time and ph. St
efficiency increased with

Senthil kumar Ponnu Swam

on an adsorbent prepared from cashew

1 study was carried out with
udies showed that

vari 2l
riable adsorbent amount, initial dye concentra

ted by removal as a result of removal

the pH of aqueous solution affec
by Langmuir. Freundlich.

i : :
ncreasing solution ph. The experimental data were analysed

dsorption of methylene blue dye from water. The
followed for

g/L. and the same €©
tjme metho

oC). adsorbent dosage
pH 7 and

ncenlmliun
d was followed at

R. Karthik ef al., (2015) had studied the 2
in 250 m
one parameter
30. 33. 40. and 43
180, and 210 min). The

max :

XImum adsorption was observed

fu by - - -
rther optimization. For optimization,

dl
ifferent pH(3.0, 5.0, 7.0, 9.0, 11), temperatire (22,

(1,3,'5,7, and 10%) and contact time (30, 60: 90, 120. 130
und to be optim

at a

L.

() min Were fo
dye from aqueous

tem
perature 40 °C and contact time 12
017) had studied the removal of methylene blue(MB) d) |
rbent. The P meters : fluencing the adsorption of
L dye concentration
studied. The

%3 CamScanner
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e , showed that the adsorpti ‘
obtained results sho that the adsorption of MB onto clav is strongly dependent on the

iemperature, the initial dye concentration and pH of the solution. The kinetic study indicated
. : h Cdiv
that the adsorption of MB on the clay was well adapted to the pseudo-second order Kinetic with

« correlation coefficient R* =1.

Himanshu Patel ef al., (2013) had studied the removal of Methylene Blue Dye from neem leaf
powder. The process parameters like adsorbent dosage. pll. temperature and contact duration
have been studied. The experimental data were analysed using Langmuir, Freundlich isotherm.,
in which adsorption capacities and intensities were evaluated. Three kinetic models, pseudo
first-order. second-order and Eolic equations were applied to describe the adsorption process.

in which correlation coefficient for each kinetic equation were calculated and evaluated.

Ezerie Henry Ezechi et al., (2015) had studied the methylene blue dve was removed from
synthetic effluents, using ageratum conyzoide leaf powder as an adsorbent. Effects of operating

paramelters such as pH, initial Methylene blue concentration. adsorbent weight and contact time

were on methylene blue removal whereas stirring speed was constant at 100 rpm. Methylene

blue removal decreased when initial concentration was increased but increased when adsorbent

weight was increased. Removal of methylene blue by Ageratum con} zoide leafl powder was

rapid and significantly above 80% in all initial concentrations examined. At optimum

conditions of pH 3, 20 minutes of contact time and
g/L. 40 mg/L and 60 mg/L. were studied.

adsorbent weight of 60 mg for Methylene

blue initial concentrations of 20 m

Enenebeaku K. Conrad et al., (2015) had studied the effectiveness of adsorption for dve

e it an ideal altemative 10 oth
(RCP) as an adsorbent for the removal of

xpensive treatme
removal from waste water has mad er expensive tment

methods. The potential of using raw cassavd peel
methylene blue (MB) dye from aqueous solution. The adsorbent was ¢
ransformer infrared spectroscopy (FTIR) and
‘¢chniques. The effect of Experimentﬂl parameters such as pH. |
toncentration of adsorbate and amount of adsorbent dosage was evaluated. The maximum

2926 mg/g at 343 K and pH 8.0 and 90

“dsorption capacity of RCP for MB was found to be 2=

| ion. Adsorption
Mins contact time for 100 mg/L initial MB dye concentration. \dsorp e
to Langmuir. Freundlich, and Temkin isotherm

cess followed pseud

haracterized by Fourier
scanning electron microscopy (SEM)

contact time, inual

isotherms were

developed and equilibrium data fitted well
Models. Kinetic studies showed the adsorption pro
Mode],

o second-order kineuc

14
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gara. Dawood ef al., (2016) had studied the adsorption potential

of cationic dye Methylene Blue (MB) from

of blﬁ-uha.. for the ey
aqueous solution. The effects
emperature profiles on the production of EB bio-char were studied and the m

.
l

oSl 1l

iemperature profile was identified at 500 °C. Batch adsorption kinetic studv showed t

gial 1Inc
amount of dye adsorbed qt (mg/g) depends on various physiochemical process

™Mararrn—
l- 'o-|- - ]'h-i

as initial solution pH, dye concentration, temperature, adsorbent dose. The optimum adso

conditions were found at the initial dye concentration of 100 mg 1. initial solution pH of
adsorbent dose Of 10 mg and solution temperature 33 °C. Furthermore. pseudo-firsi-order.
pseudo-second-order and intraparticle diffusion models were fitted to examine the adsorption
kinetics and mechanisms of adsorption. Equilibrium data were best represented by Langmuir

isotherm model and gives a monolayer effective adsorption capacity of bio-chas

comparative to other adsorbents including commercial activated carbon.

Rakesh Kumar Ghosh ef al., (2016) had studied the removal of methviene blue from waier
by cotton stem ash as an adsorbent. The effect of process variables. namely. ujmt,.. time.
solution pH and adsorbent dose an adsorption of MB onto CSA were mwsu;:s.ze:i s
adsorption kinetics and mechanism were tested with pseudo-first-order and pssud o-second-
order model respectively. The maximum adsorption capacity of CSA was 2

; -* ;o calculated.
feasibility parameter and free energy change were also ¢

il 5 P
Ui Yanous
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SEXPERIMENT AL w oo
3.1 MATERIALS:

3.1.1. Adsorbent Preparation :

The adsorbent used in this work banana peels n
I :'J' 2

o
Qer was first

water to remove impurities and then dried in air for 19 da. el wigh gistilie

%
: a 1:.F||:-‘| 'i'rl'rl

by size in order 1o obtain a fraction of powder which
. 1 EA

Passes thre

pan.

(b) Fiber powoe

Figure 3.2: (a)Peel powder

16
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3_1*2' ADSORBATE:

3.2. CHEMICALS AND EQUIPMENTS USED.
Methylene Blue Dye, NAOH, UV- Spectroscopy.

In the present study we have been using the equipment’s namely:

). Electronic weighing balance
2 Orbital shaker (RI1S-24)
3. pH Meter

4, UV Spectrophotometer

The working principle, mechanism and applications involved in the equipment’s are

described below.
3. ELECTRONIC WEIGHING BALANCE:

33.1. WORKING PRINCIPLE :

The basis of the rapid and exact working method of our weigh cells is the principle of Electro

Magnetic Force Restoration (EMFR). The basic principle 1s comparable to a simple beam

balance, The weight is laid on one side of the beam (coil arm).

332 MECHANISM:

. “the reaction; if the reaction
The accuracy of weighing required depends on the scale of the reac |
‘ « elv dami he mechanism,
3 hﬁing carried out on the spills of chemicals may seriously damage |

17
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RURANEAR A
PR OSR

I
LT

Ly
1 ‘@Ll‘*.
T

J 1

Figured.4: UV- Spectrophotometer

15, METHODS:

15.1. Plotting Calibration Curve:
MB blue dye was measured by using electronic weighing balance and mixed with

double distilled water to make sample solutions with difterent dye concentrations of 0 mg/L.10
mg/20 mg/l.50mg/1.100mg/l and their % absorbance were found out by using UV
am. With these values a standard

spectrophotometer at maximum wavelength (Amas) 0f 650
f the curve was used to calculate the

calibration curve was plotted. The equation o

concentrations at various % absorbance values.

r calibration chart.

Figure 3.5: Collected samples 10

19
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1.6, EFFECTS OF VARIO| & PARAME TF ks
BLUE: ON S REMOV AL OF METHYLENE

36.1. EFFECT OF CONTACT 11vs

The effect of comact ime on dye remoy al rfﬁ;m\
of dye extract for 7 cycles after equilibrium, with the
concentration 10 mg/1 at a room temperature

3.62. EFFECT OF ADSORBENT DOSAGH

adsorbent dosage | g initial dye

The effect of adsorbent dosage on dye removal effic IENCY Was
from 0.5 g and | g while kwping the initial dye concentration

conducted by varying i
10 mg/L at room temperature

3.63. EFFECT OF INITIAL DYE CONCENTRATION

The effect of initial dye concentration on removal of dye. test mixtures contaming
adsorbent dosage of | g was adjusted to vanous initial dye concentration range. And analysed
for residual dye concentration by using spectrophotometer. The observations were cammied out

at 10 mg/1, 15 mg/l. 20mg/l of imtial dye concentration
37 ADSORPTION ISOTHERMS:

Dye solutions were prepared for three different initial dye concentrations were vaned
such as 10 mg/l, 15 mg/l, 20 mg/l keeping the adsorbent as | g All these solutions were kept
fwmorpﬁmmMﬂme determined using UV spectrophotometer (2.me
=650nm). These values were used to calculate C. and e values. With these values we plot

curves for Freundlich and Langmuir Isotherms and we determine the best fitting model.

3.7.1. LANGMUIR ISOTHERM MODEL:
W;hc.-rlfqn
:"LILI Lo ives the ki value
. 3 gl = T ﬁmﬂgqnwaluc and slope gIves L .
Amt "tla-ﬁ:ﬂ ;;- -'-i .’ G '_ duwvmgenr o
The Langr wﬂ”wm erm molecules
e o Imw“wmm
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1.7.2, FREUNDLICH ISOTHERM MODEL:

In(Qe)=In(ks)+In(In(C.))
A curve In(qe) vs In(C.)is plotted , the slope gives *n” value and intercept gives kr value.

1.8. EXPERIMENTAL PROCEDURE:

In this case, the experimental procedure is simple and done in semi-batch contactor

which involves 10 mg/l, 10 mg/l,15 mg/l. 20 mg/l of methylene blue with 0.5 g, | |

I. | +
ey -
- e

respectively, of powdered banana peels as bed (wrapped inside a Whatman filter paper).

Initially, methylene blue solution of 500 ml was prepared. The process was periormes
e collected for each cvcle until the

at a constant flowrate of 10 ml/min. Then, the samples wer
ured for absorbance by using UV-Visible

equilibrium. The collected samples were meas

Spectrophotometer at a wavelength of 650 nm

: - ental setup:
. 3.6 Expenimen
Figure 3-

21
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Figure 3.7: Collected samples.

3.9. ADSORPTION KINETICS:

In order to investigate the mechanism of adsorption and its potential rate controlling steps,
kinetic models have been used. The adsorption kinetics of dye removal was analyzed by the
pseudo first order, pseudo second order kinetic models.

3.9.1. PSEUDO FIRST ORDER:
In (qe—qt) = In qe = Kt
rst order rate equation of Lager

The kinetics of adsorption are modelled using the h

Gren. The straight-line plots of Log (qe=q) V5 time at ambient temperature indicated the validity

of Lange Gren equation and consequently the first order nature of the process involved in

present study. The value of K at ambient temperature was calculated from the plot.

3.9.2. PSEUDO SECOND ORDER MODEL:

The Pseudo Second order model considers that the rate of adsorption metal ions is based

on the square of number of vacant sites on the adsorbent. The pseudo second order rate equation
o

Is represented as,

Vg = 1/(K g¢°) + /ge

A plot of t/qt us t should give a linear relationship for the applicability of the second order
plot of vqt vers

kinetic.

22

(%81 CamScanner


https://v3.camscanner.com/user/download

4. RESULTS AND DISCUSSIONS

41.1. CALIBRATION PLOT FOR METHYLENE BLUE

Calibration chart

y = 0.0054x + 0.0307

Abhsarbance

0 20 40 60 80 100 120

Concentration mg/|

Figure 4.1: Calibration plot for MB

The removal percentage of dye from synthetic solution was calculated using the

following reaction

Removal of MB (%) = [{Iniliai dye concentration — Final dve concentration)/Initial dye

concentration]* 100

4.12. ADSORPTION VALUES:

Cycle |abs 10mg/l abs 15mg/l | abs 20mg/!
1 0.162 0.21 0.29
2 0.161 0.196 0.283 !
3 0.131 0.183 0.225
4 0.124 0.168 _,___U_im
5 0.112 0.141 0.205
6 0.106 0.134 0.183
7 0.08 0.121 0.162
23
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|
|
E
|
:

Adsorbance Readings
0.35
0.3

0.25

0.1
0.05
i 1 2 3 1 5
b 1OME/|  —(bs 15mME/]
4.2. ADSORPTION STUDIES:

4.2.1. EFFECT OF CONTACT TIME:

3 £

e 3 b5 20mg/labs 15mg/I

M

Adsorption Efficiency %

»r

" Number of cycles

15 mg/l 20 mg/l
':]_,__,’ = 5 3.6
e 15 18.2
e 22.5 23.6
‘_____41__/——“- 45 27
| S i
___’____—6-—"" 62.5 45.45

Table 4.1: Effect of contact time on % removal of MB
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120

100

80

60

40

Adsorption efficiency

20

(=]
I

3 4

N
&h

Number of cycles

e 15 mg/| 20 Mg/

Figu-re_ 4.5: Effect of contact time on %removal of MB

et t he maximum achievable dve removal
‘ { large contact times { _
The curves in the figure shows thata + -
67.5% for 15 mg/l and 72.72% for 20 mg/l concentrated solutions. [t is also
efficiency is about 6/.270

y appr aches a constant value, denoting attainment of equilibrium. The dye
1 i 0 =

ses from 12.5% to 67.5% in case of 15 mg/l and 9.1% to 72.72% for
i increa =~
removal efficiency In

der by varying contact time from 50 min to 300 min, respectively.
banana peel powder

ECT OF ADSGRBENT DOSAGE:

4.2.2. EFF
Adsorbent Dosage(mg/) Adsorption efficiency% 3
| 57.14
2 06.6
Table 4.2: Effect of adsorbent dosage on % removal of MB
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e R S

iciency®

Adsorption effhi
o
(w_ =]

o
L

&

L
£ o

wn
=

Adsorbent Dosage(mg/!)

fMB
Figure 4.3: Effect of adsorbent dosage On o/, removal 0

. o eace of
rumm'ul of dye increases with increase

. = . nercentag
The curve in the figure shows that the percentage . 57.14% of dye at 2 dosage of |

{ | remove
adsorbent dosage. The results show that banana pe¢

gL which increases to 66.6 at 2 ¢/1-

I'Rf’tTION
42, L, DYE CONCE ]
23.EFFECT OF INITIA g o B b e — Amﬂmenc} %o |
Initial Dye Concentration (mg"lﬂﬂ_____/,——”"@s il
10 //"”’E"’f”j |
| _——— removal of MB
s co

ye concentration (mg/lit)

B
.oncentration on 9% removal of M
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initial dye concentration. The results show that banana peel removes 66.6% of dye at an initial
dye concentration of 10 mg/L which decreases 10 45.45% a1 20 mg/L.

4.3 ADSORPTION ISOTHERMS:

4.3.1. FREUNDLICH ISOTHERM MODEL.:

H%Hn(kr)*'lf n ln(Ct)
A curve In(qe) vs In(C,)is plotted , the slope gives *n’ value and intercept gives kr value.
In(ge) In(Ce)
27 ] 2.211
280 , 2.8
3.166 3.19 .

Table 4.4: Freundlich isotherm values

H I | 1 s
- y=08267x+17275
34 R'=0.7843 |
)
. 3 1
e
— — - |
- £29 |
= | |
| : | s ® o |
2.8
| o . :
2.7 . [ 1
by 2 S o 4 15 2 2.5 3 35 |
i il T In(C,) ,r
== o
| ~ Figure 4.5: Freundlich isotherm
i '
F
ill
| W]
!:. -F: 4 : |1=|I
-k " |
ntercept gives the q0 value and slope gives the k;_ value. T
1erm re 'ﬂ]g c_u\reragg or adsnrptinn of mnlccules ‘_J' ‘E
L ee s . |
ion of a medium above the solid surface at a fixed temperature. <y

C*T P

isorption constant and increases with an increase in the
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¢t . 28880 &

0

Q008

I oMl

Table 4.5 l#mimw wotherm values

v = Savedy Qa2 @
el

o o8 (U8 Ql2

d assumes that the fall in the heat of sorption is
ﬁ ﬂnFm\mdhch aquation. The adsorption
in isotherm model in the lincarized torm,

J
je = W ; s+ Bln A

onstant related to heat of sorption (J'mol), A is the
onding to the maximum binding energy (L/2) R is the

temperature (K), The plot ol ge against In
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v In(Ce)
15.181
2.2]]
16.481 =
23.71 e
Table 4.6: Temkin isotherm values
B
|  y=8.1248x-3.780¢ °
| Lo LEETETR T — R?= 07616 .-
| | | - e
| 15 | e e ) 0.
.: 10 ' S T——
S E A —— -
| |
0 f i f
0 0.5 1 1.5 2 2.5 3 35

Log(C,)

Figure 4.7: Temkin isotherm

4.3.4. Estimated Values of Constants of Isotherms from the Data:

lels for the adsorption of
. es of the constants of the Isotherm moc [
The estimated valu

thylene blue dye by using banana peel powder are given below
methy

p—

Langmuir Isotherm Femkin Isotherm

Freundlich isotherm

Table 4.7: Kinetic constants for bio-sorbent

b B3 |’ y
= SRk P | \
ke _ |
- -0.04- 8.1248 3
—/’gi'r'_l"z?’ﬂs 2.342 0.044 8.1248 0.6279
5. |

{angmuir Isotherm is more than that of the Freundlich and Temkin

32(0.7616). S0, the adsorption of methylene blue dye is more likely to
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VS PY THO 11.%1 |

PY THON CO)] )

import numpy as np

rrom scipy.inten 0l
import math g i

import matplotlip,
A=C8 and TET

X = np.array([24.31, 33,203, 48 02]
y ; nP.array([B.izu, 16.722 ; )
T 1ék) 24,31])

frli}ihliul ] i
iy . 1. polyfie | N Values
fefm»3 o Ve )

B=[b]*3
plt.subplotﬁzzi)
plt.plnt(x,M*x+B}

lb‘ . :
rinterpolating

Pyplot as plt

|"| i {
rve 4o

> Ome J’rl.jf,”_"'J | Y Ll 5 . .
urately 0 betwaen extreme Values to Bet the cury
) Urve more
f = interpid(x, y)

ANeW = np.linspace(24,3

aCC

1, 48,02, nums48, lndpoint-True)

ftical a2t 101 A
i ..{'l.!_|;.\Jfr.| Par

temp_ge= xnew- m*xnew+b
In_ge=[]

receprocal_ges=[]
for row in temp_ge:

ln_qge.append(math.log(row))

receprocal_ge.append(1/row)
In_ce=[]

receprocal_ce=[]

for row in f(xnew):
ln_ce,append(math.lag(row))
receprocal_ce.append(1/row)

plt,gubplot(zzz} | |
r 5:np.pm1yfit{1n~ﬁe,ln_qe,l)
R:[r"]'f—ig
S:[SJ*QB
plt.plﬁt{
wel('1n_c€ J
plt.xlabe-t = o
plt'ylahel]:(,: trn EU fr.r.f'..j':-"}
print( 7'

. t.~ ‘-:{FJ-' eCeproca
plt. subplot y FECEprocalge,1)

np POy’
40
¥A8

ln‘ﬂfj’,rfpfarray( J,n__f.{_r'}*ﬁp .--:Jf‘f“ﬂ‘:{{ﬁ-ji‘np*ﬂppﬂy(s)‘ 'ﬂ')

p, G°
p=[p]
Q: a
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.plot( receprocal
ilt plot( v Le, ﬂﬂ-ﬂrray(receprncal_;e)'np.array(P)+ np.array(Q),
plt.xlabel( 'receprocal ce')
plt,ylabEI('rece;rcfal_;n')
print("Langmuir eg=",p,'x’',q)
plt.subplot(224)
a,b=np.polyfit(ln_ce,temp qge,1)
A=[a]*48
B=[b)*48

= @ .array(B
plt.xlabel('ln ce') y(A)enp (B),"0")

plt.ylabel('qe’)
print(“Temkin eq=",a, " 'x"',b)
plt.show()

COMMAND PART:

PS C:\Users\sunil\Desktop\Sample Project> python

r [
Freundlich eq= 1.265946995953888 x -1.5502235172741508
Langmuir eq= 2.809313940059472 x -0.03298742541743023

Temkin eq= 9.248961286307303 x -18.09007133587966

PYTHON PLOT:

L]
L]
[+ """'f = e — —_— .
——— —— & —
i x - 13
— [ = —
BITS .
]
5. i
= Ll
ot - /
[ 1
- [ ] g
‘ ’ """-
2 [ ]
& 52700 - | o
- - & -
. ]
1 4 4 L ] & B
= s ©E [ ] & [
x5 . s"
] = o* i
- 01381 -
4 . ]
- 4 .
2] L
- -
il 3 __ L = a L]
S EYS A - 207 304 209 3 211 — -
T o @

Figure 4.8: Python plots for adsorption isotherm
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44. ADSORPTION KINETICS.

In order to investigate the ‘ ‘
gate the mechanism of adsorption and its potential rate controllin
r- . | | u
steps, Kinetic models have been 1ced T i h
p 1ave been used. The adsorption kinetics of methylene blue dye are
i 1 ‘
analysed by the pseudo first order and pseudo second order

4.4.1. PSEUDO FIRST ORDER

W
L]

N (qQe=q)=1Inqe—K

The Kinetics of adsorption are modelled using the first order rate equation of Lager
Gren. The straight-line plots of Log (qe-qi) vs time at ambient lemperature indicated the validity
of Lange Gren equation and consequently the first order nature of the process involved in
present study. The value of K at ambient temperature was calculated from the plot and shown

in fig
14— e
|
1.2 ® |
i* ............. |
L | e
_ | e
S 0.8 — = - | e, .l |
g‘ | | y =-0.0024x + 1:2605,_ 4
&06 — e — — R2=D.973
0.4 - — = T
| |
0.2 - ’ —
ﬂ | — R - e — —— -
0 50 100 150 200 250 300
time(min)

Figure 4.9: The Pseudo First order kinetics
4.4.2. PSEUDO SECOND ORDER MODEL:

The Pseudo Second order model considers that the rate of adsorption metal ions is based

on the square of number of vacant sites on the adsorbent. The pseudo second order rate equation

is represented as,
= 1/(K ") + Vae

A plot of t/qt versus should give a linear relationship for the applicability of the second order

kinetic. The following figure represents the Pseudo Second order sorption kinetics

32
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| 0 —
. | |
il » . ' e e m“""“ﬁ""*ﬂﬁ"ﬂﬁnq-.lj.ms

| | R'= 0,603

e @ e ’

| T e R E——— - —
& | ¢
‘ g 15 — 1
10 R mr |
i
50 100 150 200 250 300
time(min)

Figure 4.10: The Pseudo Second order kinetics

1 3 Estimated Parameters of Kinetic Models:

Second order
(e K R2 i a
0973 | 3527 |1.1827*10° | 0.9043 3457
mmﬂ parameters of Kinetic models

| m A W of first order kinetics is more than that of the second order kineties |
| e adsorption of methylene blue dye is more likely to follow first order
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e

CHAPTER-5
CONCLUSIONS

Removal of Methylene Blue dye from an aqueous solution where banana peels were

used as an adsorbent has been experimentally studied and the following observations made:

|. Adsorption tends to increase with increase in contact time, but after some time, it gradually
approaches a constant value, denoting attainment of equilibrium. The dye removal efficiency

increases from 12.5% to 67.5% in case of 15 mg/l and 9.1% to 72.72% for banana peel powder

by varying contact time from 50 min to 300 min, respectively.

2. As initial concentration of dye Increases, percentage removal of the dye decreases. The
results show that banana peel removes 66.6% of dye at an initial dye concentration of 10 mg/L

which decreases to 45.45% at 20 mg/L.

3. As adsorbent dosage increases, percentage removal of the dye increases. The results show

that banana peel removes 57.14% of dye at a dosage of | g/ which increases to 66.6 at 2 g/L..

than Freundlich isotherm and Temkin Isotherm.

. [l - ~ 1‘-.. ) ,1',‘., W | ko ‘-‘.. 3
5. The process of adsorption with treated bio-sorbent follows Pscudo First order kinetics than

pseudo Second order kinetics.
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STRACT

This project work reports steady state simulation results of a plug flow reactor (PFR) system
using DWSIM. The reaction investigated in this work was production of ethyl benzene using
ethylene and benzene as the reactants. Ethyl benzene being one of the important raw
materials in production of several industrially important chemicals and is often produced
alongside with diethylbenzene as an undesired side product. In our simulation this particular
aspect has been examined to maximize the conversion of ethyl benzene from its reactants.
Here we have studied the effects of feed flow rate on steady state behaviour of PFR and also
obtain the optimum feed flow rate in order to maximize the conversion and yield with special
consideration of consecutive reactions where one product was desired and another one was
undesired. Also we have studied the effect of reactor volume on the yield. It seems to be that

increase in reactor volume decreases the formation of undesired product.

Keywords: Ethylbenzene, DWSIM, property packages, yield
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CHAPTER 1

.

INTRODUCTION

This chapter highlights the importance of chemical reactors and also application of DWSIM
in reactor design. It focuses on the uses of ethyl benzene which plays a main role in the
petrochemical industry as halfway in the production of styrene, the raw material for the
production of polystyrene and a common plastic material. The background of the present

thesis work is summarized along with the objectives.

1.1 PRELUDE

Reactions are usually the core of chemical processes in which comparatively low-cost raw
materials are transferred into important products, useful to mankind in various forms.
Understanding the basics of chemical kinetics and thermodynamics are key before designing
chemical reactors. Basically, kinetics and thermodynamics help in understanding how fast or
slow the reaction is progressing and to to what extent the reaction will progress. Designing
chemical reactors is a tedious process and it requires plenty of expertise starting from
conceptualization to validation of data. Dwsim provides a platform in executing methods and

predicts the effect of various parameters and variables reminiscent of a real-time system.

1.2 CHEMICAL REACTORS
The application of chemical reactors is very large and it is not only confined within the ambit

of chemical industries but also petrochemical industries and any other process plants.
Chemical kinetics and reactor design is the core to the understanding of the production of
almost all chemicals. As mentioned in the a foresaid paragraph that designing chemical
reactors is a tedious process and it requires plenty of expertise, starting trom
conceptualization to validation of data. Optimization of the best possible combination in
designing is the key. One particular route may yield a low reactor price but the handling of

chemicals,post production might be very expensive. The economics of the whole plant must

be studied in a great deal.

1.3 DWSIM

Itis a process demonstrating instrument for steady state simulation, design, pertormance,

Optimization and planning for chemicals, speciality chemicals,petrochemicals and metallurgy

Industries,



The challenges

The chemical process industrics arc best with cases over fluctuating market conditions
government guidelines w.r.t environmental issues ete. however there is no scope for any
sluggishness and there has always been an effort to increase productivity with efficient
mechanisms in place with improved cconomics of the plant and the country. When
confronted with complicated situations like this, process engineers have little choice but to

resort to strong and powerful software tools to answer them.

The opportunity
Steady state simulation is a prevailing process engineering tool that empowers engineers to
simulate plant performance and examine their results quickly -exploiting the modern software

and engineering technology to optimize plant performance and effectiveness.

The solution
Modelling and simulation involves deep understanding of the process starting from

conceptualization to model development to its solution. It basically gives an idea to figure out
what actually makes the process tick. Understanding the process and troubleshooting it as and
when required makes process simulation such an attractive area to venture into. Dwsim is a
strong software and free software paving the way for giving ready made solution to many

challenging issues related to any process industry in a quick and legible way. Using Dwsim

engineers can design , simulate and troubleshoot the process as and when the need arises.

1.4 ETHYL BENZENE
Fthylbenzene is a colorless liquid with a syrupy,
hydrocarbon. Ethylbenzene is manufactured through an alkylation of benzene. The alkylation

phase and both alkylation use a zeolite or an aluminium

gasoline odor. It is a small aromatic

can happen in vapor or in liquid

chloride catalyst.

Uses of ethyl benzene:
As dissolvable: In inks, elastic cements, varnishes and paints.
As an anti-knock agent: lithylbenzene is supplementary (o gas as an against thump

specialists significance it reduces motor thumping and acceleration the octane rating,



As recuperation of regular gas: Ethylbenzene may be infused into th d
he ground.

e : Assu iti i

Ethylbenzen f mes a critical part in the Petrochemical business as a most of the way in

i styre

the creation ot styrene, the precursor to polystyrene, a typical plastic material. In 2012, more

than 99% of ethylbenzene created wag devoured in the generation of styrene

Ethylbenzene is much of the time found ip other made items, including pesticides, cellulose ,
acetic acid derivation and manufactured elastic.

1.5 ORGANIZATION OF CHEMICAL REACTIONS

Mostly chemical reactions are classified into two types; they are homogeneous reaction and

heterogeneous reaction. Heterogeneous reactions are further classified into four different

types; they are fluid-fluid reactions, non-catalytic gas-solid reactions, catalytic gas-solid

reactions and catalytic gas-liquid-solid reactions.

The reactions occur between two immiscible phases i.c., gas-liquid or liquid-liquid is called
as fluid-fluid reactions. These types of reactions generally take place at the interface. The
overall reaction rate depends on the miscibility of the reactant available interface area and

mass transfer rates.

The reactions like combustion, gasification of coal and roasting of pyrites; which generally
take place on the solid surface are called non-catalytic gas solid reactions. The reaction
occurs when the gaseous reactants are transported to the interface where it reacts with the

solid reactant. The reaction rate depends on surface area and the mass transfer rate of the

gaseous reactants.

The reactions in which both reactant and products are gaseous are called catalytic gas-solid

surface. Porous particles are generally used to provide large surface area to facilitate the

reaction . The reaction rate depends on diffusion rate of reactant into the interior of the

catalyst pore and diffusion of product out the catalyst pore.

The reactions in which three states are involved i.e (solid,liquid and gas) are called catalytic

gas-liquid-solid reactions. Here the solid surface acts as a catalyst and has a special reacting
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sites. Solid surface normally covered with liquid reactants and gaseous reactants are diffusion

onto the catalytic site.

1.6 GENERAL DESCRIPTION AND REACTION TYPES

Chemical reactions relating to the chemical, petrochemical and oil industries are executed in
distinct apparatus so-called reactors. There are distinct types of reactors projected to face
exceptionally diverse operating circumstances., both in relationships of the nature of the
chemical species involved(reactants and products of the reaction) and of the physical

circumstances under which they operate .

In general , a chemical reactor needs to be able to carry out at least three functions:

e Offer the essential residence time for the reactants to complete the chemical reaction;

o Permit the needed heat exchange;

o To enable the chemical reaction , it brings all the phases into near contact.
Consequently, reactor categories range from huge measurement ceaseless reactors, similar to
those embraced for synergist breaking responses , particularly for oil refineries, gadgets of
unobtrusive measurements, as spasmodic mixed reactors for advanced microelectronic
applications and reactors of minuscule measurements(small scale reactors), intended for
biomedical establishments or for in situ generation of greatly dangerous or perilous mixes.
Converters and burners, reactant or generally, embraced for vitality generation can likewise

be recorded among reactors.

To classify a reactor, the quantity of stages in the reactor itself, whether there are unsetting
frameworks and the method of operation(constant reactor, semi-nonstop or intermittent)
crucial to be complicated. It ought to additionally be noticed the most synthetic reactors are
furnished with warmth trade mechanically assembly as outer coats or inwards curls with a
liquid coursing through them to go about as a warm vector to permit both warmth supply and

evacuations.



1.7 BACKGROUND OF PRESENT RESEARCH WORK

Ethylbenzene is an important raw material for the production of various other industrially
important chemicals. Its industrial importance has attracted various researchers across the
globe to study their chemical synthesis using PFR configuration. During synthesis it is almost
imperative that some by products will get produced from the stoichiometry. In production of
ethylbenzene, diethyl benzene is produced as a byproduct which is undesirable. The reactions
involved are basically consecutive reactions. Presence of small amount of diethyl benzene
generally ideas to cross polymerization and requires to be avoided. In cases like this , reactor

design becomes challenging simply because both yield and conversion need to be considered.

1.8 RESEARCH OBJECTIVES
> To study the effects of feed flow rate on steady state behaviour of PFR by using

alkylation of benzene reaction and also to obtain optimum conditions in order to

maximize the yield of ethylbenzene where one product is desired and another one is

undesired.

> To study the effect of volume on steady state behaviour of PFR by using alkylation of

benzene reaction and to obtain the optimum conditions in order to maximize the yield

of ethylbenzene..
> To study the simulation results by using different thermodynamic packages and

compare them with the results.



Coming to the research and studies op ethylbenzene and i

b ts yield, various research had been
: hylbenzene.
studied on €t

Flene khelebnikova (2016), her paper ang research considers the benzene alkylation with

ethylene model development with the use of zeolite catalyst. A Jist of reactions occurring in
the alkylation reactor was made and the the thermodynamic possibility of determination ofy
these reactions by the change of gibbs energy was defined. The paper presents the
hydrocarbons transformation scheme, which includes the grouping of components on the

basis of their reactivity and the degrees of compensation values

of the corresponding
reactions.

Prasanna kumar sahoo(2011), studied about the optimization of the production of

ethylbenzene by liquid-phase benzene alkylation. This process involves the reaction of
benzene with ethylene to form ethylbenzene. Ethylene reacts with ethylbenzene to form
undesired product diethyl benzene, if the temperature of reactor or concentration of ethylene
are high. Diethyl benzene is the highest-boiling component in the system;it comes out the
bottom of the distillation columns. The economic optimum steady-state design is developed
that minimizes total annual cost. Thus it provides a classic example of an engineering design

and optimization of a process.

John D. carson (1967), studied about the analog simulation of a plug flow reactor. He
Presents the importance of analog and digital computers in the field of reaction kinetics. The
analog computer is used to simulate a chemical reaction, the hydrolysis of acetic anhydride.
The hydrolysis reaction takes place in a tubular reactor. The reactor system is used to obtain

“Xpetimental data for the hydrolysis reaction. The data is obtained at reactor temperatures
between 75 4ng 100°F.
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PLUG FLOW REACTOR

3.1 DIFFERENT TYPE OF CHEMICAL REACTORS

3.1.1 BATCH REACTOR

The established bunch reactor is a splendidly blended vessel in which reactants are changed
over to items throughout a clump cycle. All variables change rapidly with time. The reactants
are charged into the vessel. Heat and/or impetus is added to launch response. Reactant
fixations lessening and item focuses increment with time. Temperature or weight is controlled

by coveted time direction. Bunch time is likewise an outline and working variable, which has

a solid effect on profitability.

Temperature profiles are made so that change and yield targets are accomplished while not
surpassing warmth exchange limit impediments. These ideal temperature profiles rely upon
science. For instance, if the response is reversible and exothermic, the temperature profile
may increase to a high temperature to get the responses going and afterward drop off with
time to keep away from the decline in the compound balance consistent at high temperature.
On the off chance that the response is reversible and endothermic, the temperature profile
would ascend to the most elevated conceivable temperature as fast as could be allowed on the
grounds that the synthetic harmony steady increments with temperature .

On the off chance that all the reactants are charged to the reactor, the reactant focuses are at
first expansive, which implies that the response rate is high and the warmth exchange burden
is high toward the start of the bunch cycle unless the temperature is kept low. The beginning
high reactant fixation issue can be evaded by utilizing a "bolstered bunch reactor." Some
Material is at first charged to the reactor, yet the majority of the reactant is sustained over the
Span of the cluster cycle. This causes the volume of the fluid in the reactor to increment with

lime, s0 volume and in addition arrangements and temperatures are untouched fluctuating.

3.1.2 CONTINUOUS STIRRED-TANK REACTOR
The fluid in the reactor is thought to be flawlessly blended, that is with no spiral, hub or

Precise slopes in properties (temperature and arrangement). The item stream has a piece and a



e that are prec;j
temperatur precisely the same 54 the substance of e fluid all through th 1
. 1 ) . -
e Constanﬂy ——— under consisten N all through the vesse

te conditions ang progressively anytime .

The flow through the vessel both input and output streams are continuous,but not
necessarily at constant rate;the flow in the vessel is plug flow.

The system mass inside the vessel is not necessarily fixed.

There is no axial mixing of fluid inside the vessel.

There is complete radial mixing of fluid inside the vessel(ie., in the plane
perpendicular to the direction of flow); thus,the properties of fluid including its
velocity are uniform in this plane.

The density of the flowing system may vary in the direction of flow.

The system is operating at steady state conditions.

The reactor is assumed to be isothermal.

MATERJAL BALANCE _ .
* In a plug flow reactor the composition of the fluid varies from point to point along a
flow path; consequently,the material balance for the reaction component must be
e o 4 different element of volume dV. Thus,for reactant Athe balance equation
ora

becomes

Input = output + disappearance by reaction + accumulation

accumulation tends to be zero.
]

If the system is at steady state,then



PERFORMANCE EQUATION OF PFR
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From the figure

Input of A,moles/time = F,
Output of A,moles/time = F, + dF,
Disappearance of A by reaction,moles/time = (-rp)dV

Therefore the overall balance equation is as follows:

Fy=(F,+ dF,) + (-r,)dV
It may be simplify into

FodX, = (-ry)dV

* This, then, is the equation which accounts for A in the differential section of the

reactor of volume dV, For the reactor as a whole the expression must be integrated.

is cert

accordingly, we obtain

. . ai ependent on the concentration or
Now F,, the feed rate is constant, but 1 ainly def

conversion of materials. Grouping the terms

10



CHAPTER 4

ETHYL BENZENE
41 INTRODUCTION

ethylbenzene.

4.2 PROPERTIES OF ETHYT, BENZENE

Appearance : Clear, colourless liquid
Molecular formula : CsH,

Molar mass : 106.17 g mol"!

Density : 0.8665 g/mL

Melting point : -95 °C, 178 K, -139 °F
Boiling point : 136 °C,409 K, 277 °F
Solubility in water : 0.015 g/100 mL (20 °C).

4.3 PRODUCTION OF ETHYL BENZENE

We continye to investigate the feasibility of constructing a new, grass-roots, 80,000 tonney,
ethylbenzene (EB) facility (99.8 mol%), using benzene and ethylene as raw rfmtenals. As the
fina) part of the feasibility study, we would like you to study the details of the reactor and
SCparation section of proposed plant and then optimize the comlplclc prfxccss. Your final
design should be an optimized process and should include all unit operations necessary to

Produce the desired amount and purity of ethyl benzene.

12



V

Benzené

Ethylbenzeni

CeHg + CoHq — CyHLC,H,

Ethylene

43.1 Mixed Liquid-Vapor Phase Zeolite Catalyst Process

Process Description
This process involves the use of a Y zeolite catalyst, capable of converting benzene and dilute

ethylene to ethylbenzene . The catalyst itself has excellent resistances to sulfur and water and

also has good regeneration qualities, all the while ensuring great ethylene conversion, good

ethylbenzene selectivity and longer operational period . The alkylation reactions take place in

an alkylation reactor which primarily consists of two sections: the catalytic distillation section
and the standard distillation section. The catalytic bed is found at the top of the column.
d from the top of the column while the ethylene is fed as a vapor

Benzene is fed as a liqui

from the bottom of catalytic section. This counter-
ase and react to form ethylbenzene on the catalyst

current action causes the ethylene to

rapidly dissolve in the benzene liquid ph
c, the energy is used to cause distillation of

sites. Since, the reaction is extremely exothermi
ene (PEB). The alkylation reaction is

the products, namely, ethylbenzene & poly-ethylbenz

carried out at a temperature of 140-185 °C and a pressure of 1.6-2.1

EB, the transalkylation reactions take place is another reactor.

MPa. After separation of the P
Safety & Environmental Issues

There are no significant environmental an issues with this process as it operates at a

d safety
rocess still

wever, it is important to note that this p

relatively low temperature and pressure.Ho
n and

s which can cause significant pollutio

Produces residual oil as one of its final by-product
reusing it for other chemical processes.

therefore, should be dealt properly by recycling or

it it has a long lifetime, still needs to be properly disposed off,

Addit
ditionally, the catalyst, albe
i

It can cayse damage to the environment.

E .
conomlc Issqu
1) The major cost in this process coMes {rom the use of expensive catalysts that are crucial to

13



s important economic issue sider :
5) Anothet impe ¢ 18suc to consider would be the design and manufacture of the

Jkylation reactor. The alkylation would serve the dual purpose of housing the catalytic

reaction and standard distillation. Combining both these processes together means that the

\ctor column has to be designed from scrate

ot h leading to increased capital costs.

4.3.2 Vapor-Phase Zeolite Catalyst Process

»rocess Description
Proe

The Mobil-Badger ethylbenzene process is considered to be the most successful vapor phase
technology. In this process, fresh benzene stream is vaporized and pre-heated to a certain
temperature; after which it is fed to multistage of fixed-bed reactor containing the zeolite
catalyst. Moreover, the ethylene stream is introduced to the reactor through multiple stages to
cnhance contact between the reactants. The alkylation occurs in the vapor phase at a
temperature range from 400 °C to 450°C and the pressure for each plant is usually between
2-3, MPa. The poly ethyl-benzene (PEB) recovered from the distillation column is mixed
with benzene. After heating and vaporizing the mixture, it is fed into a transalkylator where
the PEB reacts with the benzene to form additional ethylbenzene. The effluent from the
reactor, consisting of unreacted benzene, PEBs, trace impurities and ethylbenzene, is fed into
a “benzene column” for distillation. Benzene is removed from the top of the column, along
with light hydrocarbons. These are stripped in an overhead stripper with the benzene being
recycled to the reactors again, while the light hydrocarbons are vented to be used as a fuel.
The presence of light hydrocarbons can be attributed mostly to the ethane in the ethylene feed
and non-aromatic components that decompose in the fresh benzene feed. The bottoms
Product from the benzene column is fed in the ethylbenzene column to recover ethylbenzene
from the top, while the bottoms product consisting of PEB is fed into a PEB column for
further distillation. Thiscolumn generates PEB as an overhead product which is recycled to
the transalkylation for the production of ethylbenzene. The bottoms product is known as
“residue” and is usually found in very small quantities and

is alsg used as a fuel. The catalyst in this process is zeolite based and “is less sensitive to
Waler, sulfur and other poisons than the Lewis acid catalysts”. Due to coke formation
Overtime g a result of high temperature, the catalyst becomes deactivated. Hence. it is
lmporldnl lo regenerate the catalyst from time to time. This regeneration takes up-to 36 hours

al e . .
\d g impor lant after every 6-8 weeks of operation. Therefore, it is important that the process
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i (WO |mml|"| renctors, where one renctors used when the other {5 taken out ol pr-uluulum

v /b wene (4}
|wrl|llm‘tllll!l\vﬂ repenerntion

anfely & Ienvironmental Insues
1 The alkylation renction tnkes place at high temperture (A00-4507C) and high pressure (2-3
MPn). This means that the column would need to be constructed out of specinl materinls of

construetion in order to safely accommodnte such high pressures nnd temperatures

3y Formation of coke on the eatnlyst menns that it needs (o be regenerated from time to time.
[his repeneration is done by the burning the eatalyst (o form (02, CO2 is n greenhouse gas
and causes significant environmental damage by destroying the ozone layer.

1) High temperatures also result in side-renctions of byproducts, such as aromatics, are
Lnown 1o be carcinogenic and also mutagenic,

Economic Issues

1) In order to regenerate the catalyst, specific regeneration equipment would be required
which increases the capital cost of the plant [6].

7) Since the reactors are taken off for catalyst regeneration, a substitute reactor needs to be
present to continue production. This also causes the capital cost to be increased.

3) High temperatures and pressures mean that the equipment needs to be made out of special
materials of constructions which can be expensive, leading to increased costs.

4) Lastly, high temperatures and pressures also cause an increase in energy costs which lead

{0 an increase in operating costs.
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CHAPTER 5

—

-

—

SIMULATION WORK

I this chapter the simulation methodology is discussed.

« | pDWSIM SOFTWARE

Dwsim version 6.4.8 was used for the simulation work.

5.2 PROPERTY METHOD
Chao-Seader, NRTL, Peng-Robinson, Grayson-Streed, Lee-Kesler-Plocker thermodynamic

models were used as the property method.

53 PROPERTY PACKAGE DESCRIPTIONS

Equations of State (EOS)

Equation of State models have proven to be very reliable in predicting the properties of most
hydrocarbon based fluids over a wide range of operating conditions. Their application
focuses on primarily non-polar or slightly polar components.

GCEOS

The GCEOS model allows you to define and implement your own generalized cubic equation

of state including mixing rules and volume translation.

Chao Seader & Grayson Streed Models

The Chao Seader and Grayson Streed methods are older, semi-empirical methods. The
Grayson Streed correlation is an extension of the Chao Seader method with special emphasis
on hydrogen. Only the equilibrium data produced by these correlations is used by HYSYS,

The Lee-Kesler method is used for liquid and vapour enthalpies and entropies.

Chao Seader

Use the Chao Seader (CS) method for heavy hydrocarbons, where the pressure is less than
10342 kPa (1500 psia), and temperatures range between -17.78 and 260°C (0-

SOOOF)- The CS property package is used for the steam systems. The C8 property package
‘an alsg pe used for three-phase flashes, but is restricted to the use of pure H2O for the

Steong liQUid phase.
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The CS method. though limited in scope, may be preferred in some instances. For example.
-5 is recommended for problems containing mainly liquid or vapour H20 because the
sroperty package includes special correlations that accurately represent the steam tables. The
ollowing tables give an approximate range of applicability for CS method and under what
-onditions CS is applicable.

\ethod ~ Temp (°F)  Temp(°C)  Pressure (psia)  Pressure (kPa)

cS 0 to 500 -18 t0 260 <1,500 <10,000
Conditions of Applicability:
For all hydrocarbons (except CH4): 0.5<Tri<1.3 and Prmixture <0.8
If CH4 or H2 is present: molal average Tr <0.93

CH4 mole fraction <0.3

mole fraction dissolved gases <0.2

When predicting K values for:
Paraffinic or Olefinic Mixtures liquid phase aromatic mole fraction <0.5
Aromatic Mixtures liquid phase aromatic mole fraction >0.5

Chao-Seader (CS) uses the CS-RK method for calculating VLE and the Lee Kesler

method for calculating Enthalpy and Entropy. The vapour phase fugacity coefficients are
calculated with the Redlich Kwong equation of state. The pure liquid fugacity coefficients are
calculated using the principle of corresponding states. Special functions are incorporated for
the calculation of liquid phase fugacities for N2, CO2 and H2S. These functions are restricted

to hydrocarbon mixtures with less than five percent of each of the above components.

As with the Vapour Pressure models, H20 is treated using a combination of the steam tables
and the kerosene solubility charts from the API Data Book. This method of handling H20 is
not very accurate for gas systems. Although three phase calculations are performed for all
systems, it is important to note that the aqueous phase is always treated as pure H20 with

these correlations.

17



Grayson S
The GS correlation is an extension of the Chao-Scader method with special emphasis on 2.
only the equilibrium results produced by these correlations are used by HYSYS. The
Gra)’Son—Strced correlation is recommended for use with systems having a high concentration
of H2 because of the special treatment given 12 in the development of the model. The GS
correlation can also be used for simulating topping units and heavy ends vacuum
applications. This correlation may also be slightly more accurate in the simulation of vacuum
jowers.The Grayson-Streed (GS) property package can be used for three-phase flashes, but is

restricted to the use of pure H20 for the second liquid phase.

The following tables gives an approximate range of applicability for the GS method and
under what conditions the method is applicable:

Method Temp (°F) Temp (°C)  Pressure (psia)  Pressure (kPa)

GS 0 to 800 -18 to 425 <3,000 <20,000

Conditions of Applicability:
For all hydrocarbons (except CH4): 0.5<Tri<1.3 and Prmixture <0.8
If CH4 or H2 is present: molal average Tr <0.93
CH4 mole fraction <0.3
mole fraction dissolved gases <0.2
When predicting K values for:
Paraffinic or Olefinic Mixtures liquid phase aromatic mole fraction <0.5

Aromatic Mixtures liquid phase aromatic mole fraction >0.5

Grayson-Streed (GS) uses the GS-RK to calculate VLE and Lee-Kesler to calculate

Enthalpy and Entropy.

The vapour phase fugacity coefficients are calculated with the Redlich Kwong equation of
state. The pure liquid fugacity coefficients are calculated using the principle of corresponding
states. Modified acentric factors are included in HYSYS' GS library for most components.
Special functions are incorporated for the calculation of liquid phase fugacities for N2, CO2,
and H2S. These functions are restricted to hydrocarbon mixtures with less than five percent
of each of the above components.

As with the Vapour Pressure models, H20 is treated using a combination of the steam tables

and the kerosene solubility charts from the APT Data Book. This method of handling H20 is

18



/ ccurate for ga: ‘ms
qot very accurate for gas systems. Although three phase calculations are performed for all
systems. it is important to note that the aqueous phase is always treated as pure H20 with

these correlations.

NRTI/
The Non-Random-Two-Liquid (NRTL) equation is an extension of the Wilson equation. [t

uses statistical mechanics and the liquid cell theory to represent the liquid structure. [t is
capable of representing VLE, LLE, and VLLE phase behaviour. The NRTL property package

i< used for chemical systems and HF Alkylation with highly non-ideal chemicals.

NRTL uses the following calculation methods:
For liquid:

« NRTL method for VLE

. Cavett method for Enthalpy and Entropy

For vapour:
« Ideal Gas, RK, Virial, Peng Robinson, and SRK methods for VLE
« Ideal Gas, RK, Virial, Peng Robinson, and SRK methods for Enthalpy and Entropy

Like the Wilson equation, the NRTL is thermodynamically consistent and can be applied to

ternary and higher order systems using parameters regressed from binary equilibrium data. It

has an accuracy comparable to the Wilson equation fo
e adjustable parameters (temperature dependent and independent) tor

r VLE systems. The NRTL equation in

HYSYS contains fiv
fitting per binary pair. The NRTL combines the advantages of the Wilson and van Laar

equations.

* Like the van l.aar equation, NRTL is not extremely CPU intensive and can represent LLE

quite well,
¢ Unlike the van Laar equation, NRTI. can be used for dilute  systems and
s although it may not be as good for alcohol-hydrocarbon

hydrocarbon-alcohol mixture
systems as the Wilson equation.
* The five adjustable parameters for the NRTL equation in HYSYS are the aij, aji, bij, bji, and

aij terms,
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pue tO the mathematical structure of the NRTL equation, it can produce erroneous

Not¢- e g
ibility gaps. The equation uses parameter values stored in HYSYS or any user

iple misce

mult
Jied value for

further fitting the equation to a given set of data

supp

g_Robinson

pen o
inson (PR) model is ideal for VLE calculations as well as calculating liquid

The Peng-ROb

ities for hydrocarbon systems. Several enhancements to the original PR model were

dens
nade t0 extend its range O

ems. HOWeVeL in situation

f applicability and to improve its predictions for some non- ideal

st s where highly non-ideal systems are encountered, the use of
Activity Models is recommended.

¢ PR property package rigorously solves any single-, two-, or three-phase system with a
degree of efficiency and reliability and is ap

-271°C or -456°F

Th
high
» Temperature Range >
. Pressure Range < 100,000 kPa or 15,000 psia

plicable over a wide range of conditions:

binary interaction parameters for all library

The PR property package also contains enhanced
n of fitted and generated interaction

hydrocarbon—hydrocarbon pairs (a combinatio

n-non-hydrocarbon binaries. For non-library or

parameters), as well as for most hydrocarbo
parameters are generated automatically

hydrocarbon hypo components, HC-HC interaction
by HYSYS for improved VLE property predictions.

Lee-Kessler Plocker

The Lee-Kesler Plocker model is the most accurate
Towers. LKP uses the Lee- Kesler-

ethod to calculate Enthalpy and Entropy.
hich itself was modified from the

general method for non-polar substances
Plocker

and mixtures and is recommended for Ethylene
method to calculate VLE and uses the Lee Kesler m

Plécker applied the Lee Kesler equation to mixtures, W

BWR equation.
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<[EADY STATE SIMULATION
- 4 . ,

) 4 *

4.1 Chemical Kinetics

I-."“ specific chemistry used to understand the steady state behavior of CSTR and

1\|mmstmtc the use of DWSIM is the reaction of ethylene (E) with benzene (B) to form the
AR

pvored product cthylbenzene (EB). There is a repeated reaction that produces an unwanted

product di- ethylbenzene (DEB). A third reaction association’s benzene and diethyl benzene

(o form cthylbenzene .

E+B -—> EB —>(3.1)
E+EB —> DEB -—>(3.2)
DEB+B —> 2EB —->(3.3)

The reactions follow in the liquid phase and are assumed to be irreversible. The reaction

rates of the three reactions are assumed to be those given here:

RI=(Cg) (Cp) (1.528x106) e (-71130000)/RT — (3.4)
R2= (Ce)(Cyp)(2.778%103)e (-83680000)/RT — (3.5)
R3=(Cp5)(Cp)(0.4167)e(-62760000)/RT — (3.6)

The units of R are kmol s’ m™. Concentrations have units of kmol/m’. Activation energies
have units of J/kmol. Temperature is in degrees Kelvin . Cg is the concentration of ethylene;

Cy is the concentration of benzene.

Cis is the concentration of ethyl benzene; Cpsis the concentration of diethylbenzene.
55 SIMULATION SETUP

the slep by step procedure to make the desired arrangement is as follows.

) Fire . . . .
) First, after opening the Dwsim soltware , we should enter the required compounds

used in simulation work.
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2) After selecting the compounds, we should select the suitable thermodynamic package

from the options.
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Most thermodynamic models have binary interaction parameters which are fitted to
experimental data. Always check if the selected thermodynamic package has interaction
parameters for the compounds in the simulation, if required. In our case, we selected

CHAO-SEADER as the thermodynamic package.

3.) After selected the thermodynamic package, simulation page opens. Select two material

Streams namely ethylene and benzene. Enter the properties like pressure, temperature of those

Streams.
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ENZENE "Matenal Stream) =

4) Then, connect those two material s
Siream to the reactor. Since, we are operating the rea
operating conditions of the reactor. The schematic

follows.
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and rate kinetics we would have the

By carefully analyzing the above chemical reactions

followmg conclusion about feed flow rate and reactor volume.
for chao-seader thermodynamic package. Run the

Here we showed the pictures only
RTL, PENG-ROBINSON.

Simulation for different thermodynamic packages like N

GRAYSON-STREED and LEE-KESLER PLOCKER and note down the results.

S,
51 Effect of feed flow rate

the feeq flow rate of benzene must be greatet {han the feed flow rate of ethylene in order to

diethyl benzene. [ncreasing the feed flow rate of

low,
er
formation of undesired product i.¢.
on cost which is added to the

ben
Vi
ene algg has negative impacts such as increasing scpumll

Progy,
Clion cosgt j.e. minimizing the profit margin.
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. solution for above problem is optimizing the fecd flow rate by using the Dwsim by

ping the one of the feed {lowrate constant and varying the other one.

2 Effect of reactor volume

ictor provides sufficient residence time to the reactants where the reactants are converted
) products. In case of exothermic reaction heat removal is necessary in that case reactor
vides sufficient reactor area for jacketed cooling. Increasing the reactor volume provides
ter cooling but aggregate the residence time and capital cost. Decreasing the reactor
ume may lead to the process become uncontrollable and it lead to the formation of

desired product.
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(HAPTER ¢

RESULTS AND DISCUSSION

| EFFECT OF FEED FLOW RATE
0.

first, W do the optimization of feed flow rate, for this we need to fix other quantities like
eactor volume and temperature. From the literature review we have a good idea about

eactor temperature and reactor volume which may or maynot be optimum values.

Let's take the feed flow rate of ethylene is F(E)=0.2 kmol/s and the reactor volume be
v=100m”.

By varying the benzene flow rate F(B) = 0.3, 0.4, 0.5, 0.6, 0.7(kmol/s) and run the

simulation as follows.

As we know, DWSIM has various inbuilt thermodynamic packages so finding best one is
lirfle bit difficult. So, we simulate the process using different thermodynamic packages and

atlast we should select the best thermodynamic package which gives better yield than other

thermodynamic packages.

TABLE 6.1 Comparison of benzene flow rate with ethyl benzene flow rate for different

thermodynamic packages

i
‘;Ethylene Benzene Ethyl benzene(kmol/s)
(Feed) | (feed)
\! (km(,ys) (kmol/s) Chao-sea NRTL Peng- Grayson- | Lee-kesle
l\ der Robinson | Streed r-plocker
012 T * -6
. .08%10 0.00378 0.0083 0.00306

71\2\ 0.3 0.008088 | 4.08 06
gy . *10° | 0.00493 0.01076 0.0144
u\\\“ 0.4 0.01045 4.93%1 R R
i\\ 0.5 0.012757 | 5.66+*10% | 0.00605 | 0.0262 | 0.00493
big _ 90%10° [0.00715 | 0.01553 | 0.0209
“ \\L 0.0301407 | 8.90%107 | 0007 Rehtadl
: \2\ 0.7 0.0172509 | 8.20%10° | 0.00824 0.0146 0.00676

SR A Aol oottt Rt = , : :
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0.2 0. 2892 0001198 | 1.23 2.69 3.6
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Figure 6.1 Benzene flow rate vs %yield of ethylbenzene using different thermodynamic

packages

Inferences from table and graphs

The graph shown above shows the plot of benzene feed flow rate versus yield of
cthylbenzene(desired product) using five different thermodynamic packages. Since. our
pnmary product is ethylbenzene and our motive is to increase the yield of ethylbenzene By
an2lyzing the plots shown above, CHAO-SEADER model yields maximum amount of

ethylbenzene and it shows the favourable variations.

Since, we already discussed about the thermodynamic packages and their properties The
"“ason behind that Chao-Sedaer model shows favourable vanation is, CS 1s recommended tor
Problemsg containing mainly liquid or vapour H,O because the property package includes
pecial correlations that accurately represent the steam tables. Also. our operating conditions

Ies , : .
S within the operating range of Chao-Seader model

Hy 'dnalysmg the CHAO-SEADIER model the yield of cthylbenzene increases with increases
In bt'n'/tnc flow rate upto benzene flow rate becomes 06 kmol's After this low rate. the

Yield starts 1 g S .an take F(B) 00 kmol's as a optimum benzene teed tlow
ccrease. So, we €

Ialc .
hich yields maximum amount of ¢thy Ibenzene
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F REACTOR VOLUME

ove here we fixing the feed flow rate of benzene F(B)=0.4 and ethylene

sarying the reactor volume V=100, 200, 300. 400, 500, 600, 700, 800, 900 and run the
ation and obtained stream results as follows. Run the simulation for different

{hert

TABLE 6.3 Compariso

¢ nod}’“amlb pa

different thermodynamic packages.

ckages and note down the results.

n of Volume of reactor with Diethyl benzene flow rate by using

Volume of Diethyl benzene(kmol/s)
reactor(m?)
Chao-Seade NRTL Peng- Grayson- Lee-Kesler-
r Robinson Streed Plockler
100 4.51%107 1107 5.63*10°% 2.831*107 4.86%107
200 3.92%107 1*107"3 5.63%10% 2.831*%107 4.99%107
300 3.66%107 1*107 5.26%10® 2.828*107 4.47%107
400 3.40%107 1*1013 4.41%108 2.831%107 4.92%107
500 3.11%107 2797510 | 5.58%10°° 2.37%107 4.89%107
600 2.97%107 1*10°3 5.260%10° | 2.828%107 |4.87%107
700 2775107 | 1*107 549%10°  |2.83*107 | 3.81%107
800 5 57%107 | 1%10° A41%10% | 2.831%107 | 3.66%107
N\—‘
200 2.41%107 1%10°9 5.39%10° | 2.802%107 [ 3.53%107
>
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FIGURE 6.2 Volume of reactor vs % Yield of Diethyl benzene by using Chao-Seader

model
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Diethyl benzene flow rate by using

By carefully analyzing the tables and graphs we could have the following conclusions.

Since, diethyl benzene is our undesired product. So we want diethyl benzene to be in low

amount at any cost. From the above plots, it is clear that all the thermodynamic packages

except Chao-Seader shows irregular variations with increase in volume ot reactor.

From the above discussion about property packages, we would conclude that NRTL can be

applicd 10 a systems with wide range of boiling points. But, in our systems the botling points

of the components doesn’l vary much. After analysing the property packages, we can

tonclude that, the propertics of the Chao-Seader model matches the operatng conditions ot

our system and since Chao-Seader is specialised tor hydrocarbon systems These are the

'¢ason behind that Chao-Seader model shows favoutable vartations
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(Chao-Seader model depicts that increases in volume of reactor leads to decrease in diethyl
penzene yield which is a favourable variation to us. Thus, we can conclude that Chao-Seader
model shows favourable variations between volume of reactor and diethyl benzene.
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CHAPTER 7
CONCLUSION

Ihis project work reports steady state simulation of a plug flow reactor system using

DWSIM. The reaction investigated in this work was production of ethylbenzene using
cthylene and benzene as the reactants. Ethylbenzene being one of the important 1aWw
materials in production of several industrially important chemicals is often produced

alongside with diethyl benzene as an undesired side product.

In our simulation . this particular aspect has been examined to maximize the conversion of

ethyl benzene from its reactants. Here we have studied the effect of feed flow rate on steady

state behaviour of PFR and also obtained the optimum feed flow rate in order to maximize

the yield with special consideration of consecutive reactions where one product was desired

and another one was undesired.

Here, we have simulated the system with five different thermodynamic packages namely

Chao-Seader, Peng-Robinson, NRTL, Grayson-Streed and Lee-Kesler-Plocker. Among the

thermodynamic packages, Chao-Seader model shows favourable variations for both the plots.

According to Chao-Seader model, yield of ethylbenzene increases with increases in benzene

feed flow rate upto benzene flow rate becomes 0.6 kmol/s. At benzene flow rate of 0.6

kmol/s, the yield reaches maximum and then decreases. Similarly, yield of diethyl benzene

decreases with increascs in volume of reactor. Thus, Chao-Seader model produces better

yield of ethyl benzene than other thermodynamic packages.
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FUTURE SCOPE

As a continuation of this work, it can be extended in studying the dynamic simulation aspects
with various controlling mechanisms in place and to figure out controller parameters and
settings. Similarly, different reactor volumes (variable hold-ups) may also be used in series to
study their effect in overall conversion of this reaction and optimize the variables.

Here we simulate only for an isothermal PFR. But, in future we can simulate for a
non-isothermal PFR and can also study about the temperature effects.

Here we simulate the system by using five thermodynamic packages. In future studies, we

can simulate with some other thermodynamic packages and compare them.
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1.3. Green inhibitors:

Green inhibitors are used increasing day by day due to the restrictions and regulations that
regular corrosion inhibitors and their toxicity. Here we are reporting that naturally occurring
products are a good source of green corrosion inhibitors because the extract is mostly
containing the necessary elements such as oxygen, carbon, nitrogen and sulphur, these are
active organic compounds. The adsorption of these compounds on the mild steel forms a film
that protects the surface and resists corrosion. There are many applications in textile and food
processing industries. The adsorption depends on physical and chemical adsorption. The
development of green chemistry is novel for new corrosion green inhibitors and the mechanism
of adsorption, How these inhibitors act in different media and their role in different metals. The
inhibitors which cause toxicity now are replaced with green corrosion inhibitors[27]. We are
using these green inhibitors in solid form or liquid form with a small amount of concentration
to stop the corrosion process. The inhibitor’s efficiency depends on the phytochemicals that
are present in the extract such as flavonoids, saponins, tannins, alkaloids etc. The effect of
corrosion rate by adsorption of effective species on metal surfaces when added to many
industrial systems through changing the rate of anodic and cathodic reactions. The ions
aggressively interact with metallic structures because of diffusion rate. Increasing electrical

resistance of the metal surface by forming a film on it.

Corroding of Steel

Fig 1.3 Formation of surface protecting layer on metal surface

There are many plants in our surroundings that will work as inhibitors[17]. In the figure(1.3),
it is clearly shown that the adsorption of inhibitor molecules on the surface of the metal by

forming a film type layer across the metal surface.






1.5 Adsorption of corrosion inhibitors:

Fig 1.4 Adsorption process of corrosion inhibitors on metal surface

The effect of inhibitors adsorbed on metallic surfaces in acid solutions is to slow down the
cathodic reaction as well as the anodic process of dissolution of the metal. Such effect is
obtained by forming a barrier of diffusion or by means of the blockage of the reaction sites.

Organic amines are examples of adsorption-type inhibitors[49].

1.5.1 Adsorption isotherms:

Adsorption of organic inhibitors onto metal surface is usually described by adsorption
isotherms. It is widely acknowledged that adsorption isotherms provide useful insights into the
mechanism of corrosion inhibition and provide important clues on the nature of metal-inhibitor
interactions. Adsorption-bond strength can be deduced from the adsorption isotherm, which
shows the equilibrium relationship between concentration of inhibitors on the surface and that
one in the bulk solution. It should be noted that these isotherms represent the case of adsorption
when only upto a mono layer of adsorbate formed on the surface, thus excluding multilayered

adsorbate films.












CHAPTER-2

LITERATURE REVIEW

POPOOLA, LEKAN TAOFEEK. et al (201 3) reported that the principles of corrosion must

be understood in order to effectively select materials and to design, fabricate. and utilize metal

structures for the optimum economic life of facilities and sa fety in oil and gas operations. Also,
oil and gas materials last longer when both inhibitors and protective coatings are used together
than when only batch inhibition was used. However. it is recommended that consultations with
the process, operations, materials. and corrosion engineers are necessary for the fitness of

things to save billions of dollars wasted on corrosion in the oil and gas industries. [1]

BALDEV, AND U. KAMACHI MUDALI (2006) reported that the deve lopment of materials
for applications in spent nuclear fuel reprocessing plants. International efforts have resulted in
the development of advanced materials like nitric acid grade (NAG) special austenitic stainless
steels, Ti-5% Ta, Ti-5% Ta—1.8% Nb, Cr-W-Si, Nb-W, zirconium based alloys etc. for highly
corrosive nitric acid environments. A critical review of performance of current and promising

materials and their associated fabrication technologies for manufacturing is attempted. [2]

SA UMOREN, IB OBOT, EE EBENSO, NO OBI-EGBEDI (1998-2006) reported that the
corrosion inhibition of aluminium in HCI solution in the presence of exudate gum from Raphia
hooker at a temperature range of 30°C-60°C was studied using weight loss and thermometric
techniques. The exudate gum acts as an inhibitor in the acid environment. The inhibition
efficiency increases with an increase in inhibitor concentration but decreases with an increase
in temperature. The inhibitive effect of the Raphia hookeri exudate could be attributed to the
presence of some phytochemical constituents in the exudate which is adsorbed on the surface

of the aluminium metal. [3]

TEDMON, CRAIG S., ED. (1974) reported that the enormous effect and impact of corrosion
processes in the energy conversion and power generation segments of the economy can be seen,
at least in part, in the diverse range of topics covered in this volume. In many of the

technologies discussed in these papers, corrosion problems are the limiting factors to advancing
the state-of-the-art. [4]

KINLEN, PATRICK J., VINOD MENON, AND YIWEI DING (1999) reported that the
appliégghjj‘@ﬁfﬁsﬁam‘ing reference electrode technique (SRET) to the study of PANI coatings
on mrwﬁw,'sﬁﬁ‘l’ results demonstrate that conductive PANI "passivates” pinhole defects
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N A ODEWUMNI, S A UMOREN & G M ZASEM et al(2015) reported that the Three
agro-waste products were investigated for their corrosion inhibition potentials for mild steel in
HCI Inhibitive action of the extracts could be attributed to the adsorption of the extracts’
components on mild steel surface by physisorption mechanism according to Langmuir
adsorption isotherm model and functions as mixed-typed inhibitors as revealed by
potemiodynamic polarization studies. [23]

MIRGHASEM HOSSEINI & STIJIN F L MERTENS et al (2003) reported that the two
newly synthesized bases were studied as inhibitors for the corrosion of mild steel in 0.5M
Sulphuric acid. Results of weight loss, electrochemical impedance and tafel polarisation
measurements consistently identify both compounds as inhibitors with efficiency of 95% at
concentration of 400 ppm. [24]

K.HEMA, BR. VENKATRAMAN, A. SUBRAMANIA (2015) reported that Senna
auriculata leaves (SCL) extract as a corrosion inhibitor for carbon steel in I N HCI was
thoroughly investigated by chemical and electrochemical methods. The inhibition efficiency
obtained by both these methods has good agreement with each other. The effects of temperature
and immersion time on carbon steel in 1 N HCI were also studied. The maximum inhibition
efficiency of 75.65% was obtained at the best concentration of 800 ppm of SCL extract. The
polarization studies revealed that the inhibition action of SCL extract was under mixed control.
The free energy of adsorption and the influence oftemperature on the adsorption of SCL extract

on carbon steel have also been reported. The adsorption of SCL extract on the surface of carbon

steel was found to obey the Langmuir adsorption isotherm. [25]

HEINZ-HELMUT PERKAMPUS et al (2013) reported that the formulation of the Bougert-
Lambert beer law in 1852 is created on basis of quantitative evaluation of absorption
measurements at an early date. With the development and structure of matter which paved way

for many discussions of the theory of electronic spectroscopy have been published. [26]

JROSALINE VIMALA, A LEEMA ROSE & S RAJA et.al (201 1) reported that the flowers

of cassia auriculata can be used as an effective inhibitor of mild steel in HCI medium. Inhibiton

is found to increase with increasing concentration of plant extract. The inhibitive action of plant

extract is discussed basis of adsorption of stable complex at mild steel surface. Potentio

dynamic polarisation curves reveal that the inhibition efficiency of up to 74.7% can be obtained

from the plant extract. [27]

A RAJENDRAN & C KARTHIKEYAN et.al (2012) reported that air dried flowers of cassia

auricﬁ!‘af#f is

!

used as corrosive inhibitor on aluminium and mild steel in HCL. It is ascertained
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£.CHAIEB, ABOUYANZER, B.HAMMOUTI ¢ al. (2008) they reported the kinetics on
corrosion inhibitor of steel in IM HCl by eugenol (Eug) and its derivatives and studied by using
weight loss and EIS methods. They found that maximum inhibitor efficiency attained was 91%
a1 0.1737 ¢/l They investigated concentration and temperature variation according to inhibitor.
They further observed the efficiency of the inhibitor increased with increase of temperature. It

obeys Langmuir adsorption isotherm, mixed type inhibitor. [42]

UMOREN, S.A. et al. (2007) reported the corrosion inhibitor of SIDA ACUTA (SA) for mild
steel in 1M H2804 solution by chemical (weight loss and hydrogen evolution) and spectroscopy
(AAS, FI-AR and UV-V) techniques at 30°c-60°C.They were investigated that leaves (LV) and
stem (ST) extracts from SIDA ACUTA inhibits the corrosion. The inhibition efficiency
increases with increase in extract concentration but decreases in rise in temperature. They
found that the leaves(LV) are better compared to stem(ST) due to the presence of higher
concentrations of phyto-constituents in LV than in ST extracts of S.ACUTA by forming
insoluble complexes (FE-SA) with iron ions. [43]

PATRICIA E. ALVEREZ et al. (2017) reported the corrosion inhibitor of ROLLINIA
OCCIDENTALIS (RO) for carbon steel in HCI solution. They were investigated the influence
of rolliniastain-1 and motrilin present in RO resist the corrosion of carbon steel. They reported
that from PC studies the RC extract is act as a mixed type inhibitor from 1M, the carbon steel
surface is having geometric blocking effect with the adsorbed inhibitor species. They found
that inhibitor adsorption follows a Langmuir adsorption isotherm. Further analysis of
spectroscopic, the complex formation between metal cations and compounds present in the

ROLLINIA OCCIDENTALIS extract. [44]

A. RODRIGUEZ-TORRES et al. (2018) reported the corrosion inhibitor of PRUNUS
PERSICA of AISI 1018 carbon steel in 0.5M HaSO4 at 25°C by weight loss method. They
found that 600 ppm of PRUNUS PERSICA extract are good for CORROSION
INHIBHWCI) and PPC evidenced that extract is mixed-type inhibitor with cathodic

ince, Their investigation shows that a high abundance of Vitamin-e (a-tocopherol)

herol detected by GC-MS in phytochemicals which is a part of PRUNUS PERSICA

ds 1o blockage of steel active sites by an inhibitor which causes less damage to the
tal. [45]

R et al. (2014) were reported the environmentally friendly inhibitor for

of Stainless Steel in IM H2804 by electrochemical techniques and

21
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extract to protect Stainless

otherm is best to describe

Qroups OMCHO C-O and O-heterocyclic ring, allowing aloe
m corrosion. They reported the Langmuir adsorption is
e extract on surface (physical i Interaction). [46]

K.SHARMA et al. (2008) reported that corrosion inhibitor of PROSOPIS CINERARIA for
nild M‘ﬁm H:SOA and in acid mixture (HC| and H2S04) by weight loss method. They

found that € ey increases with increase in extract concentration and the fruit extract of

RARIA shows maximum Corrosion Inhibition Efficiency (CIE) compared

@Tbaves extracts. Further analysis said that plant extract of PROSOPIS

is also used to replace toxic chemicals. [47]
“J

C. KAMA:!‘g t ﬂ. (2010) were reported that corrosion inhibition of SPIRULINA PLATENSIS
M HCl and 1M H,S04 by weight loss method, potentiodynamic polarization
cal impedance spectroscopy measurements and SEM analysis. They
ion efficiency is better in H2SO4 medium than in HCl medium. They
smn inhibition of S. platensis follows Temkin adsorption isotherm. and
indicative of physisorption. They found that light another facet of this
so far been used only to produce antioxidant principles, finding extensive

ecially as neutraceutical. [48]

O ALANEME et al. (2015) were reported that the corrosion inhibition
BELLATA seed husk extract for mild steel in IM HCland 1M HaSO4 by

Atomic Absorption spectroscopy (AAS), Fourier transform infrared

et

Tl ) and scanning electron microscopy (SEM).They investigated that the

C-N and unsaturated C=C functional groups which were identified as

rrosion exhibited by the extracts. They found that the inhibition efficiency

in extract concentration and decreases with increase in temperature.

‘ y of the extracts was reported to be very high in 1M HCI compared to

Langmuir adsorption isotherm best fits the data suggesting physical

extract and the metal surface. [49]
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(©)

(F) (E)

(A) Collection of fresh Senna Auriculata leaves, (B) Drying leaves in shade, (C) Grinding dried
leaves into powder form, (D) Refluxing the dried leaves powder with distilled water, (E)

Residue obtained after the refluxing process and subjected to filtration (F) powder obtained

after drying.

Fig 3.1 Preparation of Senna Auriculata (Avaram) leaf Extract
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(A) (B) (C)

(E) (D)

(F)

(A) Rubbing the mild steel with emery paper, (B) Weighing the mild steel after cleaning,

(C) Adding the SCL inhibitor to acid solution, (D) Immersion of mild steel in extract solution,

(E) Taking out the mild steel and cleaning it with distilled water, (F) Noting the final weight

of mild steel.
Fig 3.2 Methodology of weight loss process

The Corrosion rates, Surface Coverage and Inhibition Efficiency values were calculated by

using the equations (1.4),(1.5)&(1.6) respectively
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3.6.2 ELECTROCHEMICAL POLARIZATION STUDIES

3.6.2.1 Tafel Curves Methodology

Polarization studies were carried out in three electrode cells and in a potentiometer, the
counter electrode was smooth platinum mesh.

The reference electrode was AgCl. The working electrode was mild steel specimen.
All these were kept in the electrolyte solution for 30min at room temperature. The entire
setup was shown in the fig (3.3).

The electrode is kept at 150mV cathodic to open circuit potential. The potential is
scanned towards the anodic direction with a sweep rate of 20mV/s.

In the tafel method plots of applied potential versus log of current were made and
extrapolation of the linear portion of the corrosion potential gives the current density.
The slope of the linear portion in the tafel plots gives tafel constants.

In the linear polarization the measurements were carried out within the potential range
of -20mV to +20mV with respect to Open Circuit Potential (OCP) and the response was
measured at a scan rate of ImV/s.

The linear polarization plots were obtained by plotting potential versus currents and the

slopes of the plots gave the polarization resistance [46].
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CHAPTER-4

RESULTS AND DISCUSSIONS

4.1 WEIGHT LOSS MEASUREMENTS:

Weight loss of mild steel in 1 M H2804and 1 M HNO; was determined at room temperature
in the absence and presence of SCL extract concentrations ranging from 200ppm to 1000ppm.

In this method, the corrosion rate and the inhibition efficiency is calculated using Senna

Auriculata Leaves extract on mild steel. The obtained corrosion parameters are depicted in
Tables (4.1 and 4.2). It is clear from the tables that the percentage of inhibition efficiency
increases with the concentration of SCL extract. The decrease in corrosion rate with an increase
in the concentration of SCL is due to the fact that the surface coverage of metal increases by
the adsorption of inhibitor molecules. The maximum inhibition efficiency of 76.8% is obtained
at the concentration of 800 ppm of extract in Sulphuric acid medium and 93.9% is obtained at
the concentration of 1000 ppm of extract in Nitric acid medium. From the measured weight

loss data, the corrosion rate (mmpy) and the Inhibition Efficiency (IE) were calculated using
the equations (1.4)&(1.6)
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Fig 4.1: Inhibition efficiency of SCL in 1M H2SOsacid medium
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Fig 4.4: Corrosion rate of SCL in 1M HNOs acid medium

From figures (4.3)&(4.4) we observed that the mild steel shows higher corrosion rates in

Sulphuric acid medium than in Nitric acid medium, because it is highly corrosive, reactive

and soluble in water. It has strong oxidizing property and potential to break down the

passivating film formed on the surface of the mild steel.

Table 4.1: Corrosion parameters obtained from weight loss measurements for mild steel in

M H2SOs containing various concentrations of SCL extract.

Concentration of | Weight Corrosion Inhibition Surface Coverage(O)
S.NO | inhibitor (ppm) Loss (g) Rate (cm/hr) | Efficiency (%)
l 0 0.00125 0.0241 . .
2 200 0.0011 0.0218 9.6 0.096
3 400 0.00044 0.00849 64.8 0.648
4 600 0.00037 0.00714 70.4 0.704
5 800 0.00029 0.0056 76.8 0.768
32
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' - 0
0.096 2083.33
. ‘L-_ 0.648 617.2839
o ' 0.704 852.272
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gmmr adsorption isotherm fitting for mild steel in IM HNO;
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mgl) | (o)
- - 0
B 0.2667 749.9
0.4 1000
T 0.6667 899.955
) 0.8 1000
0.9333 1071.4668
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