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Introduction

Chemical Engineering implies synthesis
of engineering and chemistry. Chemical
Engineering has witnessed transforming changes
since its development. One of these is combining
reaction and separation in a single vessel, namely
Reactive Separation (RS), which is a relatively
new development combining reaction and
separation in one vessel. Industry follows the
sequential approach of reaction followed by
separation. RS may offer many advantages to
processes, wherever it is applicable. It may bring
in simplicity and novelty to the process flow sheet.
RS is known for investment and operating cost
savings garnered on successful scale-up to
commercial applications.

Main advantages are in the energy and
capital cost savings as well as in increased reaction
efficiency. Sometimes, RS is the only method to
effect separation where conventional means like
distillation and extraction are not feasible. Truly
speaking, RS is not new, its application dates back
to the early days of gas handling, coal tar and
petroleum refining and chemical production.
Absorptive reaction processes were
commercialized long back. But R&D activities

related to the area of RS were not explored.

In late 1970s and early 1980s, commercial
applications of Reactive Distillation (RD) or
Catalytic Distillation (CD) for methyl acetate and
methyl tertiary butyl ether (MTBE) production
were introduced. Many applications using catalytic
distillation are currently commercialized. Reactive

Separation processes include Extraction (RE),




Adsorption (or Chromatography RC),
Crystallization (RCr), Membrane Separation or
Membrane Reactor (MR) and miscellaneous
applications. All these combinations involve
coupling of reaction and one of the separations in
one single vessel, due to which complexity of the
combined process may shoot up multifold. Despite
of the wvarious advantages offered, several
constraints may also be imposed with unforeseen

difficulties.

The aim of this short term training program
(STTP) is to cover the fundamentals of the various
Reactive Separation processes in detail. It is also
necessary to understand the fundamentals, the
physical / chemical model be clearly understood.
Modeling and simulation thus, plays a very
important role in the understanding and application
of RS to industrial problems. For each process,
case studies will be explained so that the subject
matter is clear through real life examples.
The sessions will be delivered by eminent
personalities in the field who have vast experience.
Professors and experts from  following

organizations will deliver the sessions:

I IIT Bombay,

. ICT, Mumbai,

1. NCL Pune,

V. NIT Warangal,

V. Consultant from Pune and

VI. DBATU, Lonere

There will be hands on sessions on MATLAB
and simulation software which will help
participants in understanding the concepts and
applying them to real industrial problems. The

purpose of this FDP is two - fold: first, the

participants will be made aware of the fructifying
changes in RS that have occurred over the years
and secondly they will be motivated to consider
one of these fields by active participation through

research and development.

Eligibility and Selection Criteria
The program is open to teachers of AICTE

/ UGC approved Institutions and working in the
fields of Chemical / Petrochemical / Petroleum /
Polymer and allied branches and Engineering
chemistry as well as Ph. D. students (Research
Scholars). A few industry participants can also be
accommodated. The program will accommodate at
least 40 participants on ‘first come first served’
basis and hence it is necessary to submit duly
completed applications by registered post as well
as by email as early as possible. The selected
participants will be informed by email well in
advance. So, it is required to submit correct email
ID.

The University and the Departments

About the University:

Dr. Babasaheb Ambedkar Technological
University is located at Lonere, the place in the
ranges of Western Ghat, at the base of Raigad fort,
the place from where Chhatrapati Shivaji Maharaj
administered his major activities. The University
was established in the year 1989 by the
Government of Maharashtra and it is making its
mark in the field of research and technological
services through its dedicated faculty and
disciplined students. Presently, the University

conducts eight B. Tech. and six M. Tech. programs




in various disciplines of engineering and
technology and also Ph.D. in various disciplines of
engineering and technology. The University has
become the affiliating Technological University of
Maharashtra from 2016 by the Maharashtra Act
No. XXIX of 2014.

The Chemical engineering department of
the university is well known for its well qualified
staff and research activities. The department offers
B. Tech.,, M. Tech. and Ph.D. in Chemical

Engineering and has excellent reputation.

About PVPIT:

The institute was established in the year
1983 by great visionary Padmabhooshan Dr.
Vasantraodada Patil, initially with five under
graduate programs with the sole objective of rural
development through technical education. The
institute is approved by AICTE New Delhi, and is
affiliated to DBATU Lonere. Currently the
institute is offering eight programs in U.G. as well
as P.G. The institute is reputed for its high
academic standards, well maintained discipline and
excellent infrastructural facilities. The institute is
located at Budhgaon, on Sangli -Tasgaon road and

is about 7 km from Sangli.

About Chem. Eng. Dept. at PVPIT

The department of Chemical Engineering
at PVPIT was established in the year 1983,
initially with intake capacity of 30, later increased
to 60 in the year 1998. The department has well
qualified, experienced & devoted faculty. The
department is well equipped with all the laboratory
facilities and has strong alumni base across India

and abroad. The department has consistent

placement record and is continuously improving to

offer excellent learning environment to students.

Accommodation

Free multi-seated accommodation will be
provided in college Guest House / College hostels

as per availability.

Registration fee

There is no registration fee for the course.

Important Dates:

e Last date of receipt of application forms
duly filled in: 10™ December 2019.
However, since seats are 40, early
submission would ensure the seat.

e Information of selection: before

15™ December 2019.

Instructions:

e Participants from Recognized Institutes
(Maharashtra as well as other States) will
be given actual travel expenditure
(generally second class train fare by the
nearest route) as per AICTE / University
norms.

e It is recommended to bring scientific
calculators. It is also desirable, if possible,
to bring Laptops with Microsoft Excel®
(with solver option enabled) and Matlab®
installed for better benefits, although it is
not compulsory.

e Duly filled and signed forms may be
scanned and sent via email as an advance
copy.

e The course is fully sponsored by AICTE.
Lodging, Boarding and Course material
will be provided to all participants.

e Kindly note that the course will be
conducted at the PVPIT campus.




Application form
One week AICTE - STTP on
‘Reactive Separations: Fundamentals
Through Modeling and Simulation’
(23" December - 27" December 2019)
(Sponsored by: AICTE, New Delhi)

i. Name in full:

i. Date of Birth:
iii. Designation:
iv. Institution:

V. Whether the Institution is AICTE / UGC
recognized:

vi. Highest Educational Qualification:
a.Experience (Teaching / Research /
Industry, in Years):
vii. Subjects Taught over last three years:

viii. Address for correspondence with email
ID, alternate email 1D, Mobile and Phone
No.:

Declaration:

The information provided above is true to
the best of my knowledge. If selected, I
agree to abide by the rules and regulations of
the course and shall attend the course for the
entire duration. | also undertake to inform
the Coordinators in case | am unable to
attend the course, if selected.

Place: Date:

Signature of applicant with name

Sponsorship Certificate
This is to certify that Dr. / Mr. / Mrs. / Ms.

is an
employee of this Institute and is hereby
sponsored to participate in the One week
AICTE - STTP on ‘Reactive
Separations: Fundamentals Through
Modeling and Simulation’ to be held

between 239 December - 27"
December 2019

Place:

Date:

Signature of Head of Institution

(With seal)

Please send completed application forms to
either of the coordinators so as to reach early:

1. Dr. Yogesh S. Mahajan,
Dept. of Chemical Engineering,
Dr. B. A. Tech. University, Lonere,
Tal. Mangaon, Dist. Raigad,

Maharashtra 402103
(Mob: 9421939941, 9923188748,
Email: ysmahajan@dbatu.ac.in,

yogesh_mahajan66@yahoo.com)

2. Prof. Unmesh S. Patil
Dept. of Chemical Engineering,
PVPIT, Budhgaon, Sangli
Dist Sangli, Maharashtra, 416304
Mob: 9850994794

Email: pvpitchemical@gmail.com

(The form and the certificate can also be
neatly typed and used, if needed. Please
send a scanned copy of the signed form to
the coordinators for fast registration at the
email addresses mentioned above. The
coordinators may also be contacted for
clarifications, if any)



mailto:ysmahajan@dbatu.ac.in
mailto:yogesh_mahajan66@yahoo.com
mailto:pvpitchemical@gmail.com

One Week STTP
on

“Reactive Separations: Fundamental through modeling and simulation”

(23" Dec 2019 to 27" Dec 2019)

=
=
=
=
=
-
=
=
i

Sponsored by
All India Council for Technical Education (AICTE), New Delhi

Organized by

Chemical Engineering Department,
Dr. Babasaheb Ambedkar Technological University, Lonere, Raigad-MH, 402 103

Coordinator

Dr. Y.S.Mahajan,
Professor, Department of Chemical Engineering,
Dr. Babasaheb Ambedkar Technological University, Lonere, Raigand-MH

Venue

Chemical Engineering Department,
PadmabhooshanVasantraodada Patil Institute of Technology Budhgaon Sangli-MH



Contents

Topic Page No.
1

Reactive Distillation

(Dr. Y.S.Mahajan, Professor, Dr.DBATU Lonere)

Reactive Separation 34

(Dr.P.G.Jadhav, Professor, SGGS Nanded)

Modeling of Membrane separation 140

( Dr.Ratnadeep Joshi, Professor, MIT Pune)

Chemical Engineering Thermodynamic 194

(Dr. S.S. Bhagwat, Professor, ICT Mumbai)

Membrane Seperations and Membrane Reactor 254

(Dr. V.S.Spakal, Professor, SGBAMU Amaravati)




Reactive Distillation: Facts and Practice
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Reactive Distillation: Facts and Practice

For every problem under the sun,
There Is a way or there is none!
If there isone,  try to find it!!
If there Is none, never mind it!!!

06-Jul-20 RD —



Reactive Separations

Purge
Reactant (s) - Product (s)
@ 5 o ¥
Recycle
Reactant(s) : Product (s)
Purg;
Recycle

06-Jul-20 RD
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Reactive Distillation: Case Study |

Cyclohexanone: 156, Product: 268, Water: 100, Azeotrope 95

| Water

Reactive Section

Cyclohexanone

[
>

Non - Reactive Section

[ J Aldol +Cyclohexanone

> o I

RD
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BRD and CRD Runs

BRD (100 gm cat.) % Conversion % Selectivity

500 watt 93.45 94.13

750 watt 94.2 88.23

1000 watt 97.8 85.36

CRD: Flow rate (ml/hr) Catalyst loading (gm) | % Conversion | % Selectivity

245 50 76.5 81
540 100 74.82 85
540 50 74.11 88

Batch kinetics: Conversion 28 - 45%; Selectivity 75 - 86%; BRD lab scale: Conversion 94%; Selectivity 70%

06-Jul-20 RD 7 Y —
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Conclusions

RD can be effective provided:
1. Reaction and Distillation Conditions allow so
2. Care Is taken to utilize system properties
3. Economy is favorable

Remember again!

For every ailment under the sun, there is a remedy or there is none!
If there is one, try to find it, else never mind it!!

06-Jul-20 RD
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Review of Membrane Technology for the renovation of
Waste to Wealth

By
Dr. P. G. Jadhav

Associate Professor & Head

Department of Chemical Engineering

Shri Guru Gobind Singhji institute Engineering & Technology
Vishnupuri Nanded



Outline of this Presentation

> Brief Overview of Membrane Technology

» Industrial Effluent Treatment for Solvent Recovery

» Membrane Bioreactor & Application

» Conversion of Contaminated Water Resources to Drinkable Water
» Membranes for Waste to Energy Generation

» Application of Membrane Technology for Food & Health
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Membrane Definition & Mass Transfer in Porous Media 35

A Membrane is a thin barrier which allows selective & controlled transfer of a species
from one bulk phase to another

MEMBRANE
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Membrane Separation Techniques 39
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Why Membrane Bioreactor?

WHY MBR?

1. REUSE QUALITY EFFLUENT

Effluent BOD <5 mg/L
Effluent TSS <5 mg/L

Total Phosphorus < 0.5 mg/L
Total Nitrogen <10 mg/L
Ammonia <1 mg/L

Turbidity < 0.2 NTU

Up to 6 log removal of bacteria®

Up to 4 log removal of viruses™

SILT DENSITY INDEX < 3
(SUITABLE FOR RO FEED)

Mixed liquor in
Aeration Tank

- 0
Permeated Water

52



Conclusions: Approach to Water Purif. & Reject Management

137

RO Water

= Needs Remineralization
= Blending / Dosing Salt Mixture

Reject Treatment

[ WATER RESOURCES ]

= Raw Water Composition
" Location of Plant

= Nature of Process

[ Sea/Brackish Water ] [ Ground Water ]

Surface Water ] [ Flood Water ]

\
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CONCLUSION 138

Membrane Technology represents a highly
versatile range of technologies that
potentially provide solutions to
technological problems in wide variety of

Industries as well as Society
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REACTIVE SEPARATIONS
MEMBRANE BIOREACTOR
FOR WﬁTEWATER TREATMENT

Design C; 1siderations
Aspen H S |ﬁmlat|on

Dr Ratnadl 0D R Joshi

Asso Dean: Quality Assurance
Associate Professor
Department of Chemical, Petroleum and Petrochemical Engineering
MAEER’s Maharashtra Institute of Technology

Dr Vishwanath Karad MIT World Peace University
124, Paud Road, Kothrud, Pune-411038, INDIA.
ratnadip.joshi@mitpune.edu.in




Outcomes of this session:

At the end of this session, the participants shall

be able to: ...

» Review the developments of wastewater

treatments
e Show how Membr:

;|

be designed

. Share an example™of-h

[ L

ne Bicul::lctors (MBRS) can

a MBR can be

modeled with faC|I|tat|on ofJCT enabled tools
e Encourage use; Of ----- pmcess simulators for

simulation of MBR
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CONTENTS
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“ MBR Design Equations
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< Simulation of MBR using ATsp n

HYSYS

24 December 2019 MBR Design 3
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Why things happen

Thermo

SSB/ICT

Nature has many things happening.
Certain things do not happen ever (on their own)

Heat flow, water flow...

Things can sometimes be forced to happen (with efforts)
A natural driving force

Rate o< (driving force)/resistance

An age old search - Why things happen the way they do?
Who gains from it?



Chemical Engineering Thermodynamics

Thermo

SSB/ICT

@ The use of Chemical Engineering Thermodynamics is
primarily concerned with the design and performance of a
chemical or process plant.

@ Many of these processes do not go to completion.

e.g. reaction of Nr+ H)to give ammonia or
absorption of CO, in monoethanolamine or
extraction of acetic acid from water by toluene or
precipitation of a solute from a solution.

@ The degree to which these can complete is of crucial
importance.

@ This comes through the concept of equilibrium - between
phases and between reactants.



Multiple reactions

Thermo

2 mol methane with 3 mol steam result in an equilibrium
mixture of CO, CO,, Hy, CH4 and H>O at 1000K, 1bar

SSB/ICT

‘ 6H1?,298.16K ‘ 5Gfo298.16K ‘

|

| | KJ/mol | KJ/mol |
CO | -110.6 -137.4
CO, | -393.8 -394.6
H,O | -242.0 -228.8
SO, | -296.83 -300.19
SO; | -395.72 -371.06
NHs | -46.11 -16.45
CHy | -74.52 -50.46
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ss.bhagwat@ictmumbai.edu.in
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kinetic study on drinking water denitrification
using a membrane bioreactor

By
Dr. V.S.Sapkal

Dept. of Chemical Technology
Sant Gadgebaba Amaravati University, Amaravati
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During the biological process of denitrification, nitrate is first
microbiologically reduced to nitrate and nitrite, then nitric oxide (NO) and
nitrous oxide (N20), and finally to molecular nitrogen(N2)

The biological removal of nitrate can be affected by various factors:
different types of external C sources , various types of micro-organisms,
various operational parameters such as C/N ratios, temperature , pH ,
dissolved oxygen, hydraulic retention time , nitrate and nitrite
concentratios and mixed liquor suspended solids .

In addition, nitrate removal highly depends on the substrate amount that
Influences  the  denitrification  rate,  denitrification  yield,



The influent NO3-N concentration was 80 mg L-1 (carbon to
nitrogen ratio C/N = 1.88/1), and the average denitrification
efficiency achieved 84 to 89%.

During the research when the C/N ratio increased from 1.5 up to
2.5, the removal efficiency increased up to 95%.

To develop a kinetic model to describe the microbial growth of
drinking water denitrification using MBR

A Kinetic analysis was conducted by assuming Monod Kinetics to

be appropriate for substrate consumption, and a constant biomass
concentration

256
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Determination of the Monod kinetic parameters was based on the experimental

values for the mass concentration of substrate at the outflow (y.5), and the
calculated dilution rates (D).
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The calculated value of the yield coefficient was YX/S = 0.35 mg biomass
mg-1 COD (R2 = 0.94), which meant that approximately 35% of biomass
was produced regarding the consumed substrate

Drinking water denitrification using a membrane
bioreactor was studied and the validity verified

regarding the Monod kinetics of microbial growth.

The maximum specific growth-rate was determined to be 0.31
h-1, half-saturation constant 5.4 mg L-1 and a yield coefficient
of 35%

265
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