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Message

It is a matter of immense pleasure to note that Tamilnadu State Centre of The Institution of
Engineers (India) is organizing the 37" Indian Engineering Congress, the premier annual
event of the Institution during December 16-18, 2022 at Chennai. The theme for the
Congress this year is ‘Role of Engineers for Creating a Sustainable & Self Reliant India’.

GOI has taken several initiatives towards ‘Atmanirbhar Bharat’. It has announced several
schemes like Make in India, Pradhan Mantri Kaushal Vikas Yojana (PMKVY), Stand Up
India, Pradhan Mantri Mudra Yojana, Start-up India, Ayushman, Digital India Mission,
Smart Cities Mission, etc. towards making India self-reliant and Economic Super Power.
The rapid industrial transformation of India after post Covid that leads to the road of
prosperity has to take into consideration the sustainability factor. Only a sustainable
development and self-reliance will lead the present young generation towards secured
future. To meet the climate goals, our country has taken remarkable initiatives to improve
energy efficiency in industry sector. India has also embarked on accelerating its digital
infrastructure development and leveraged the potential of smart factories to connect people,
processes and machines to achieve better energy efficiency and output.

Based on the theme of the Congress and associated sub-theme, the contributions received
from the professionals, academicians and scholars in different fields, are compiled and
placed in the Technical Volume, which contains an extremely enriched and comprehensive
contents,

I extend my sincere thanks to the members of the Technical Committee and the Technical
Department of IEI HQ for their relentless effort to publish this Technical volume.

I'wish the Engineering Congress All Success.

- A

(H O Thakare)

Telephone : +91 33-4010 6299/ 248 *** Web : http://www.ieindia.org
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Message

I am happy to learn that Tamilnadu State Centre of The Institution of Engineers (India) is
organising the 37" Indian Engineering Congress on the theme ‘Role of Engineers for
creating a Sustainable & Self Reliant India’ during 16-18 December 2022 at Chennai.

The objective of the apex activity of IEI is to bring to the forefront the best innovative
practices in science and technology from the engineering professionals, technologists,
academicians etc, which in turn leads to the benefits for the society at large.

Covid-19 has resulted in significant vulnerabilities and thus pushed millions of people into
extreme poverty across the world. When countries across the world are struggling to find
equitable pathways within the complex ambit of resilience and recovery, India, with a legacy
of courage and direction deeply ingrained in its' spirit of self-reliance has inspired
implementation of the model of self-sufficiency in the Indian economy. With the economic
development to achieve the social, economic and environmental goals, the scope of
sustainable development is also widened.

I sincerely thank the Organising Committee, Technical Committee and IEI Secretariat for
their tireless effort to bring out the Technical Volume during the 37" Indian Engineering
Congress. I am confident that the publication will be a valuable reference for the
professionals at their respective domains.

I'wish the Congress a Grand Success.

(G Ranganath)

Telephone : +91 33-4010 6299/ 248 *** Web : http://www.ieindia.org
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Message

th

I am indeed very happy to greet all of you for the 37" Indian Engineering Congress on the
theme “Role of Engineers for Creating a Sustainable & Self-Reliant India” by the
Institution of Engineers (India) Tamil Nadu State Centre at Chennai.

This Technical Volume consists of articles from various engineering divisions, and it will be
deliberated during the congress. The experience and observations of professional engineers
in the country are expected to be covered in these articles, with a view to share knowledge
with a wider cross —section of professionals.

I convey my best wishes to the Chairman and Members of the Technical Committee of 37"
Indian Engineering Congress.

= .ll }r
Al IIL-J‘\_/ /./Sf
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o ( Ramdoss)
Immediate Past Chairman, IE(I) TNSC

&

Chairman, ETASmart Private Ltd

Telephone : +91 33-4010 6299/ 248 *** Web : http://www.ieindia.org
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MESSAGE

It gives me great priviiege to congrafulate the 37th Indian
Enginesring congress on “Robe of Enginears for creating
sustainable and self-reliant India® crganized by Tamil Madu
State Centra of the Insttufion of Engineers (india). India is
gaining momentum and respact in fetant 4iyS UGN AS5UMING
G20 presidency, The 3Tth Indan Engineering congress @& n
line with the wision of Honorable Prime Menkster of India's
Atmaniebhar Bharat Abhiyaan with longstanding commitment to  sustainable
developrment

India has the largest numbers of engineers as well as e largest number of
anginaering education nstibhdes and infrastructiure in the word. As of 2021, India
annually produces fifteen fakh engineering graduates. The word requires skilled
hands and india has the 1alent o cater to these giobal needs. Engineers play a vital
fole in modressing basic human needs, alleviating povery, promobng secure and
sustainable developmant, responding o emergencies, reconsiruciing infrastruchire,
bridging the knowledge divide and promoding intercultural cooparation to achieve tha
Sustanable Developmant Goals of United Nations.

| extend my greslings and congrabutalions 1o o delegailes. participants and those
associabed with the 37th indian Enginesnng congress on “Role of Enginesrs for
crealing sustainable and self-rellant India”™ and wish the congress all success with
the anficipation of indigenous local hub af smart manulaciunng In our country in the
naar future to attain self - reliant India

A vy

(R. VELRAL)

Chairman

Technical Committee

37th Indian Engineering Congress
The Institution of Engineers (India)
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Abstract: Oil production is declining due to the increasing rate of production of mature reservoirs. In India, crude oil
production is not adequate to meet the energy demand . This leads to more importing of crude oil from other countries.
Enhanced oil recovery (EOR) has the potential to help and meet the sustainable energy demand for a self-reliant
economy. Easy oilis no longer achievable nowadays.

This article will explain the process and importance of low-salinity seawater injection (LSWI) as an EOR method. LSWI,
which involves injecting low-salinity seawater into reservoirs for extracting oil, is environmentally friendly and cost
effective. It improves the water flood performance to a degree that depends on the formation of rock type, porosity, and
saturation of reservoir fluid. LSWI reduces the interfacial tension and alters the wettability of the reservoir rock, thus
leading to increased oil recovery. LSWI avoids the blocking of reservoir pores with solids, corrosion of down hole piping,
souring of the reservoir, and scaling of the reservoir.

LSWI bolsters the commitment to sustainability with reduced emissions, reduced energy consumption, and improved
quality of the discharge water, which minimizes pollution.

Keywords: Energy, Seawater Injection; Oil Recovery, Low Salinity; EOR

INTRODUCTION

Engineering and operations teams in topsides operations (upstream oil and gas) have been continually challenged to
deploy efficient solutions for improving oil recovery. The varying requirements of the oil and gas industry are dictating
the expansion of new technologies and the application of proven technology in novel ways to meet the industry demand.

Crude oil production in India averaged ~630,000 barrels per day (June 2022 data[ 1]) whereas the oil import bill doubled
to USD 119 billion in the 2022 current financial year. Technological interventions have significant potential in
stimulating the recovery of hydrocarbon reserves from the matured/aging fields. An increase by 5% in recovery rate of
original in-place volume in oil production is envisaged producing 120 MMT additional oil in next 20 years [The
Government of India approved the 2018 policy framework 2018 to promote and incentivize enhanced oil recovery
(EOR) methods].

EOR is usually employed when the oil left in the reservoir is trapped in hard-to-reach (low-permeability) sections with
poor oil-water contact or irregular fault lines. In oil and gas production (Figure 1), seawater, produced water, or fresh
water is often injected into the oil-bearing formation for pressure maintenance. Treated seawater injection (SWI) is
commonly used as ameans of EOR in the oil and gas industry.

Over the last few years, there has been substantial growth supporting the use of low-salinity SWI (LSWI) as a feasible
EOR process. Conventional SWI only has particle and Dissolved Oxygen (DO) removal for injection (low sulphate
(<100 ppm) water only used in certain reservoirs where sulphate reduction required to reduce scaling or souring
potential) whereas the LSWI process uses total dissolved solids (TDS) content of less than 5000 ppm (typical value as
varies with the fluid characteristics of the individual reservoir). Typically, reverse osmosis membranes used to remove
dissolved minerals to meet the desired TDS level for LSWI process.

Multiple combination of reverse osmosis (RO) membranes is used to create ablended quality with lower salinity than sea
water but higher salinity than drinking water that is required for the LSWI process. LSWI improves waterflood
performance by 5 to 10% depending on the formation rock type, porosity, permeability, saturation and distribution of
reservoir fluids, and optimum time of water injection.

Based on the study of the oil displacement mechanism, factors that influence oil recovery by low-salinity waterflooding
include but are not limited to wettability, temperature, porosity and permeability correlation, and reservoir fluid
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Figure 1 Oil production profile

properties.
EOR SCREENING

Screening of the mature oil fields for implementing the EOR operation commences with the identification of the target
fields, which are referred to as brownfields. These fields are those where hydrocarbon reserves have advanced towards
the declining stage of recovery. Such fields are the most suitable ones for implementing EOR methods in the Indian oil
and gas industry. With steady declining reserves and marginal discoveries of new oil fields, it is time for the major
operating companies in India to carry out full-scale screening of the existing brownfields.

WHY LSWI?
The objective of LSWT is to alter wettability in reservoir to produce initially non movable oil.
Theory on the Requirement to Treat Seawater before Injection

The main reasons to treat seawater (SW) before injection is to avoid reservoir pores blocked with solids, corrosion of
downbhole piping, biological contamination of reservoir, and souring of reservoir (only applicable where low sulphate
water required) due to activity of thermophilic sulfate reducing bacteria and scaling of reservoir [Equation (1)].

Formation water= Ba2*/Sr2t+ SW =S042 BaSO4/ SrSO4 )

To design an LSW1system, typical data to be known and analyzed are oceanography (depth of water, prevailing currents,
land-based runoff), water chemistry (dissolved in-organic salts that induce scaling, dissolved gases like oxygen and
carbon dioxide that induce corrosion, bacteria and other living organisms that increase biofouling, and size and quantity
of suspended solids that tends to increase fouling rate) and temperature profile (seasonal temperature range and
viscosity).

Typical seawater salinity is ~35,000 mg/l and sulphate content is < 3000 mg/l (low sulphate water injection only
specified if interaction between reservoir and seawater sulphate content is expected as it depends on the reservoir as all
have different water analysis), whereas reservoir water has 200 ppm barium. Calcium/barium/strontium sulphate may
precipitate during the injection of seawater with high sulphate content into formation brine with high calcium/barium
content.

OVERVIEW OF SEAWATER INJECTION PROCESS
Treatment Process

The main treatment steps for normal seawater injection involve biofouling control, removal of suspended solids and
dissolved oxygen content against reduction of majority total dissolved solids (LSWI), and removal of dissolved oxygen
content from seawater. Requirement of reduction of sulphates is applicable for low sulphate water injection.

The schematic in Figure 2 illustrates the described SWI/LSWI and the way in which it can be integrated into what is
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Figure 2 Overview of waterflood injection

otherwise a conventional topsides water injection system design.
Primary Treatment

Primary treatment comprises coarse filtration (an automatic back washing design with straining elements rated at 80
micron) and ultra filtration or combination of multi-media filtration (MMF) and cartridge filtration (designed to remove
suspended particles, bacteria, viruses, and other elements to the specified filtration level) as deemed necessary for
secondary treatment (silt density index <3).

Secondary Treatment

Injection water qualities are typically classified as: (a) low salinity, sodium absorption ratio (SAR) and exchangeable
sodium percentage (ESP); (b) medium salinity, SAR, and ESP; and (c¢) high salinity, SAR and ESP.

Final TDS specification would be met using Reverse Osmosis (RO) or a combination of sulphate removal (SR) and
partial RO membrane train operating in parallel. Each SR and RO membrane train is equipped with two main flow

Figure 3 Photograph of waterflood injection module
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control loops. The first ensures that the feed-water flow rate to each of the trains is controlled. The second controls the
recovery ratio (treated/feed-water flow ratio). Blending of SR and RO treated streams to the set point treated water total
dissolved solids is automatic under conductivity control.

The block diagram in Figure 4 illustrates the LSWI process and blend control (one of the combinations).
Tertiary Treatment

In vacuum deaeration, packed towers are continuously evacuated by vacuum systems, reducing the oxygen partial
pressure to create a driving force for mass transfer from the liquid to the gas phase. Desired oxygen concentration by
mechanical means is up to 50 ppb and by chemical means <20 ppb is with addition of oxygen scavenger.

Another option involves membrane-based deaeration which is mature technology for onshore applications and now
undergoing technology transfer for offshore applications.

Chemicals used in the LSWI Treatment Process

Residual chlorine levels are kept as low as necessary while still preventing bio-growth. Chlorine is added as hypochlorite
into the seawater lift pump system and levels are typically, maintained at 0.5 ppm residual chlorine (since higher levels of
chlorine are corrosive to the system).

Solids in the seawater should be removed or reduced to a minimum to reduce corrosion in the injection system. Filtration
agents such as ferric chloride and/or polyelectrolytes are often added to the seawater to aid filtration (on conventional
systems where media filtration is used).

Chemical dosing (scale inhibitors, biocides, and chlorine scavengers) is used for SR/RO membrane protection:
(a) Scale inhibitor is added to inhibit deposition of scale on membranes.

(b) Microbially induced corrosion (MIC) is a potential risk because both aerobic and anaerobic bacteria are normally
present in seawater and can become active in different parts of the injection system. Biocideis added for SR/RO
membrane protection.

(c) Chlorine scavenger (such as ammonium bisulphite or sodium bisulphite) is used to reduce the chlorine content in sea
water since chlorine content presence damages the membranes.

Chemical dosing (scale inhibitors, biocides, and chlorine scavengers) is also used for reservoir injection system
protection (downstream of deaeration):

(a) Oxygen scavenger (such as ammonium bisulphite or sodium bisulphite) is used to reduce the oxygen content in sea
water since mechanical / membrane-based deaeration alone may not be efficient enough to reduce the oxygen
concentration to a level at which the corrosiveness of the seawater is acceptable.

(b) Water injection scale inhibitoris added to inhibit deposition of scale on water injection system/pipelines.

(c) Water injection biocideis used to inhibit the growth of algae, bacteria, and fungi. It is especially effective against
sulphate-reducing bacteria (SRB), which are particularly troublesome in EOR operations, such as injection water

treatment.
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Figure 4 LSWI process control
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Figure 5 Module with conventional deaeration tower

WEIGHTS AND DIMENSIONS ANALYSIS

The estimated weights and dimensions for SWIand LSWI operations with a typical injection module are listed in Table
1 for comparison.

Installation of LSWI has a higher capital expenditure (CAPEX) compared to conventional or low sulphate water
injection system, however, the key benefit is that LSWI increases oil recovery in place (OIP) compared to conventional
or low sulphate water injection, there is a direct payback in oil revenue. It can be implemented in ongoing and new
waterflood projects onshore and offshore and has shown potential for sandstone and carbonate reservoirs. It also can
alleviate problems associated with conventional waterflooding, such as scale formation and souring.

MATERIAL SELECTION AGAINST CORROSION

The seawater lines upstream of the deaeration system should be composed of seawater-resistant material (depends on
operating pressure, say glass reinforced plastic (GRP)is used up to 150 pound pipe class pressure rating or super-duplex
stainless steel (SDSS) with pitting resistance equivalent number of 40 or higher is used either for lower or higher pipe
class pressure rating. Downstream of deaeration system, the oxygen content should be < 20 parts per billion (ppb). The
water should be verified as not corrosive to carbon steel with an adequate corrosion allowance; otherwise, superduplex
should be considered.

Corrosion in seawater injection systems should be monitored using probes such as linear polarization resistance (LPR),
electrical resistance (ER), or galvanic probes, and corrosion coupons installed on the common discharge header between
the water injection pumps and the injection wells.

Table 1 SWI vs LSWI

Lkplizm Imjectivn Flaw Wate o'y Dustalled Dioensiens {110 iy Liperalimg YWeight
L«W=H Welahf (k) ih.)
Carvecntional Wl - W25 235 34 = L 290,20 A2 i
Ll Sk 24 % ZlA ~ LS L 11142051
Liarrecntivral SW] - fl 21 - LA = TR A54.Rk Grl i
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CONCLUSION

Increased oil revenue due to increased oil recovery is the driver for a step change in technology selection (LSWI). This
increases the potential for implementing EOR schemes in the oil and gas fields of India by addressing changes in the
influent stream quality, minimal weight, and footprint requirements.
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Abstract: Graphene, the “material of the future ", a Nobel prize-winning discovery by Geim and Novoselov in 2004, has
globally impacted the world of 2D materials. Ever since then, it has garnered interest from the scientific community.
Graphene has a high degree of mechanical strength, optical transparency, electron mobility, thermal stability, and
chemical stability. Owing to these extraordinary properties make, it a suitable candidate for the electronic industry.
Though there is significant growth in the application of graphene, the challenge arises in the scaling up of the same for
commercialisation. The next phase is for massive, inexpensive graphene manufacturing to meet market demand which
the ball milling technique can solve, which executes the shear exfoliation of the material. For the study, we have used
graphite from two sources: industrial low pure flaky graphite with 96% purity and 99% high pure commercial graphite.
The existing market price of flaky graphite is around Rs. 60-70 INR/kg and the preliminary studies on production of
graphene by horizontal planetary ball mill and the price arrived at the cost of Rs. 500/100 g batch.

Keywords : Planetary Milling; Graphite, Exfoliation; Electronics, Beneficiation

INTRODUCTION

Graphene research is still in its first phase and the researchers focused the preparation of good quality graphene. But the
gap is aroused between synthesis and application part due to the issue of mass production. The prevailing synthesis
routes includes: (1) Scotch-tape method, where individual graphene layers are peeled off using adhesive tape but this
method is viable only in laboratory scale; (2) chemical vapour deposition, where high quality graphene can be produced
in large scale but issue comes in being complexity of the procedure; (3) electrochemical exfoliation, where instead of
pristine graphene, the resulting product resembles more like graphene oxide; (4) chemical reduction of graphene
oxide[1]. The commercialisation of graphene is directly linked to the upscaling of production which focus on quality,
uniformity, duplication, safety while keeping account of production cost. There are always room for challenges in the
lab-scale to pilot scale conversion of such a material and right now the world market for graphene production is
dominated by China, followed by the United States and Europe[2].

We present an easy but efficient and eco-friendly method to address the aforementioned limitations of the scaling up the
graphene synthesis by incorporating the ball-milling method which execute the shear exfoliation of the material. While
shear force results in the formation of massive graphite flakes, the collision or vertical impacts results in
fragmentation[3]. The impact force overcomes the weak Vanderwaals interaction between the graphitic layers which
was resisting the exfoliation. This mechanical exfoliation method makes use of the factors such as jar and gyrating speed,
ball-to-powder ratio, milling time, type of grinding medium and size of the container for the maximum efficiency. The
percentage of critical speed, which is dependent on the gyrating and jar speeds, is used to calculate the dynamics of shear
force milling. In non-destructive graphene processing, shear force and mill assisting agents are critical. Due to the plate-
like nature of graphite layers, exfoliating graphite using the dry ball milling method is difficult. The grinding jar and the
balls used for the milling play an important role in the extent of exfoliation. Mostly its preferred to have both the jar and
balls of the same material in order to avoid contamination. Some of the options include tungsten carbide[4],
zirconia[5,6], agate[7], polytetrafluorethylene[S]. But the most preferred one is stainless steel[8,9—11] since it can
prevent corrosion and hence contamination of the sample. To increase the impact and shear energy on the sample, low
diameter balls are used resulting in low dimensional contact with the particles. To assist non-destructive exfoliation,
milling assisting agents or process control agents play a vital role. Dry ice, sulphur trioxide, melamine, polystyrene[12],
anionic surfactants[ 13], triazine derivative, oxalic acid[11] are commonly used reagents.

The main aim of this work is to produce high purity graphene from natural graphite obtained from ore, Jharkhand using
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horizontal planetary ball mill having stainless steel jar and hardened steel balls. Oxalic acid and toluene are used as
process control agents and milling medium. This is a comparative study as well, where the graphene obtained by milling
both natural flaky graphite from ore as well as commercially available graphite powder are compared, to study the extent
of exfoliation in both type of samples.

MATERIALS

Natural graphite flakes obtained from ore (Chota Nagpur Industries, Jharkhand), Commercial graphite powder
(Himedia), Oxalic Acid [CoH704] (Himedia), Toluene [C7Hg] (Molychem), Hydrochloric acid [HCI] (Molychem).

PROCEDURE

Graphene was synthesised by means of shear mechanical exfoliation using horizontal planetary ball-mill. Mill is
provided with two distinctly controlled driving system: one attached the jar and other to the disc which is in contact with
the jar. Hence the RPM of both can be set individually. The jar used is made of stainless steel and the balls are of hardened
steel of diameter 10 mm.

Two sets of samples were made. One jar is loaded with 50 g of natural flaky graphite obtained from ore and other is
loaded with 50 g commercial graphite powder. 80 g of oxalic acid is added to both the jars. The ball-to-powder ratio was
keptat 10:1 and toluene were used as the milling medium. The samples were milled for 5 h, 10 h and 20 h. The mill speed
was 100 rpm and jar speed was 250 rpm. The ore sample in 5,10 and 20 h will hereafter be referred as 0-5, 0-10 and 0-20,
respectively and for the commercial graphite sample 5,10 and 20 h will hereafter be referred as H-5, H-10 and H-20,
respectively. The samples were taken out during the specified time and was washed with distilled water and then leached
with 1M Hydrochloric acid to remove any impurities which occurred during the milling.

RESULTS AND DISCUSSION
Mechanism in Horizontal Mill

The samples are quickly and effectively comminuted by impact, frictional and shear forces resulting from ball-to-wall
and ball-to-ball collisions. The grinding result is influenced by a number of parameters, especially by the rotation speed
of'the mill, the grinding time, the ratio of the sample to the ball filling as well as the material of the grinding parts. Due to
the planetary movement, the grinding bowl filling is not only subjected to the gravitational forces but also Coriolis and
centrifugal forces further improve the kinetic energy of the grinding components up to 100 times the gravitational forces.

These forces produce a special acceleration field inside the mill which is difficult to visualize.
Schematic of the Acceleration Field in the Planetary Mill

Here G is the diameter of rotation of the axis of the jar and D is the diameter of the jar itself. Once these parameters are
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fixed, it turns out, that the planetary mill could be simply characterized by the ratio of the diameter of rotation of the mill
axis G to the diameter of the mill D. Let R be the ratio of speed of rotation of the mill axis to the speed of rotation of the
mill about its center. Then, if the shaft rotates at an angular velocity of ®, the mill rotates at Ro on the shaft. A negative
value of R indicates that the mill and the shaft rotate in opposite direction.

X-ray Diffraction Technique

Structural analysis of both set (ore and commercial) of samples were done using X-ray diffraction analysis. The
diffraction peaks of the raw, 5 h, 10 h and 20 h samples were carried out. A distinct strong single diffraction peak was
obtained at 20 = 26°-27° which corresponds to the (002) lattice plane of the sample. As milling time increases, the (002)
peak intensity decreases subsequently in both commercial and ore samples. At the same time the peak broadening was
also observed with the increase in milling time. It could be due to the decrease in crystalline size, fluctuating strain and
local correlated disorder[14].

The interlayer distance (d) was calculated using the Bragg’s equation,
A
d= 1
2sinf M
where A is the wavelength of the X-ray source and 0 is half the angle of the diffraction. The value obtained was about 3.3

A°-3.4 A° which satisfies the literature survey. While the peak position depends on the interlayer distance, the peak
width depends on the size of the subject. As the crystalline size of the graphene decreases, broader the peak becomes. In
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Figure 1 XRD of ore and commercial graphite

29



37th Indian Engineering Congress 2022
Role of Engineers for Creating a Sustainable and Self Reliant India

1 -

;Ili..l :Ilﬁ—
El —
- -
s =
w 1S 2
é gll.l-
E B
_ -
]
(5
{134
L] Y T Y Y T ¥ 11 11 e
MME JME AE LY W MY ITH TR i - T - T T - T
¥ et biaredt M0 M3 Mo B3 M0 i a3 e

Y ihena fldegres

Figure 2 Normalised XRD of ore and commercial graphite

other words, the peak width is inversely proportional to the crystalline size. Microstrains, crystal structure defects or
even stacking faults could give rise to peak broadening[15].

Crystalline height of the sample was calculated using the Debye-Scherrer formula,

L.=0.91/Bcosf )
where B is the full width half maxima of the sample.

It was found that as the milling time increases, the crystalline height (Table 1) (the perpendicular dimension of the
graphitic ordering) (L) decreases. This result was satisfactory with the peak broadening which occurred as milling time
increases. Since graphite is having a layered structure and grinding for long periods of time may cause changes in some
structural properties of graphite which results in the decrease in crystalline size[16].

Raman Spectroscopy

The Raman spectra (Figures 3 and 4) of the initial samples and milled samples were carried out at different time
intervals. It is characterised by the three main bands: D band, G band and 2D band was observed around 1320 cm-1, 1560
cm-! and 2660 cm-!, respectively. The G band which is common to all SP2 carbon systems arises due to the stretching of
C = C bonds; whereas, the D band is caused by the defects formed on to the graphene structure. The 2D band is mainly
used to analyse the layers of the structure.

Regarding the intensities of these bands, while the D band intensity was low initially for ore graphite samples, it
continued to rise throughout the milling. But in commercial graphite samples, it was high initially and later decreased
during 5th h and 20th h of milling. When ore graphite showed minimum defect during initial hours and maximum during
the end of the milling, this trend is not followed in the case of commercial graphite. The shear force which arises during
the milling is executed on to the sample which results in size reduction and hence rise in defects. Since the change is
comparatively less, it could be concluded that, though the defects are unavoidable, crystallinity of the sample is
preserved during the milling process.

Table 1 Crystalline size and D-spacing
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Figure 4 Raman spectrum of commercial graphite
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The Ip/Ig and Irp/IG value of ore and commercial graphite (20 h) shows the presence of few-layer graphene. The SP2
crystallite diameter of the nano-graphitic samples were determined using the equation[17]:

La=(2.4x10-10)A\4laser (Ip/Ig)-! 3)

In the case of crystalline width (diameter) La, there was tendency to increase and later decrease with respect to milling
time (Table 3).

Scanning Electron Microscopy and Transmission Electron Microscopy

SEM and TEM investigations (Figures 5 and 6) were used to examine the morphology of the sample. It was discovered

Table 2 Comparison of Raman spectrum data Table 3 SP2 crystallite diameter of the samples
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Figure 6 TEM image and SAED pattern of ore graphite
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that the sample was crystalline, and the ore sample clearly displayed the flaky nature. The size of the sample was
significantly reduced after mechanical milling. The SAED pattern showed the crystalline property. The appearance of
thin sheet-like structures in SEM and TEM images demonstrated the efficient exfoliation occurred during the ball
milling process[18].
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Abstract: Renewable energy sources, such as solar and wind, have become increasingly prevalent and helped drive
progress toward decarbonization of electricity. Renewable energy sources are often discussed in the context of the
electrical grid, transportation, and household devices. However, the commodity chemical industry is a large consumer
of energy and a major contributor to global greenhouse gas emissions.

Decarbonizing the chemical industry would have a significant impact on global carbon dioxide emissions, and
electrification of the industry using renewable sources is a possible step toward reducing the carbon footprint of
chemicals.

Globally we emit about 35 billion tons of CO; each year. Approximately 70% is generated by coal or oil combustion in
transportation and in power generating plants. Around 25% is emitted by thermal appliances in a wide variety of
applications in the manufacturing industry and in commercial heating. Most of these thermal appliances are natural gas
fired (+/-90%), only a small part is light oil fired.

The greenhouse gas emissions from various processes leads to temperature rise. The carbon dioxide emissions is major
contributing factor. The major emissions are from thermal power plants and chemical process. The atmospheric gas has
a limitation to accommodate carbon dioxide. The solution is to adopt the process which work on concept of
decarbonization.

In order to decarbonize the chemical industry, we need to reduce carbon dioxide emissions by closing and moving
beyond the current carbon cycle. In this context, decarbonization refers to the reduction of atmospheric carbon dioxide
emissions.

One route to decarbonization could involve converting emitted carbon dioxide into valuable commodity chemicals. A
second strategy toward decarbonization would involve avoiding the generation of carbon dioxide altogether, that is
green hydrogen generation and utilisation.

Lastly going for Electrochemical methods for chemical formation or energy storage.
This paper deals with various methods for decarbonization using hydrogen and electrochemical process.

Keyword: Decarbonization; Blue Hydrogen; Green Hydrogen, Electrochemical Reactions

INTRODUCTION

India’s industry — chemical and refining, are the largest producer and consumer of hydrogen in India. The hydrogen,
aschemical, either in its molecular form or in a form where it is bound within a molecule, fulfils multiple roles along the
industrial value chain—both in case of organic and inorganic outputs (Ausfelder and Bazzanella2016).

For example, hydrogen produced from feedstocks such as natural gas, naphtha and heavy oil forms the basis of
production of nitrogen-based fertilizers, which is an integral part of the agricultural value chain in India and possibly one
of the most important process, within the current setting, involving hydrogen. India produced 36 million tons of
nitrogen-based fertilizers in 2018- 19 (Department of Chemicals and Petrochemicals 2020) and imported an additional 9
million tons to fulfil the demand gap.

Hydrogen is also a by-product in some industries. For example, Chlor-alkali units in India produced 2.9 million tons of
caustic soda, along with which 83,000 tons of hydrogen was produced as a by-product in 2018-19 (BEE 2018)
(Department of Chemicals and Petrochemicals 2020).
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Due to a lack of trading infrastructure, however, hydrogen currently produced in chlor-alkali units is utilized for captive

requirements such as process heat, with a portion of the gas also being flared. Molecular hydrogen, apart from its role in
production of useful hydrocarbons, is also used as a reduction agent, both within the chemical industry and other
industrial sectors, such as metallurgy, to reduce the precursor molecule, alloy or ore into the desired product. This
reducing function also serves to remove undesired compounds from the mixtures, for example in the removal of sulphur
containing compounds or in the cleaning of semi-conductor surfaces.

Within the chemical industry, hydrogen is also widely used for catalyst regeneration (Ausfelder and Bazzanella 2016).
Currently limited by appropriate regulations and a lack of trading ecosystem, it is not uncommon to see the entire value
chain of hydrogen from production to consumption, in the same industrial unit.

This makes it difficult to estimate the overall production numbers associated with hydrogen, as there is limited
availability of data from industrial units which produce or consume the gas.

The details are indicated in Table 1.

HYDROGEN GENERATIONAND COLOUR

The element hydrogen, though abundant in nature is not readily available for consumption.
Itis an extremely reactive atom and bonds with most other elements to form compounds such
as water (HO) or hydrocarbons such as methane (CHy), coal (C137H9709NS) etc

The hydrogen is produced by different principles. Depending on the principle and generation of byproduct like carbon
dioxide and its method of its utilization, the hydrogen color is specified as under

To retrieve hydrogen and make it useful, it is derived from the aforementioned sources. The derivation of hydrogen from
water is through electrolysis, while its derivation from hydrocarbons is through hydrocarbon reforming. Based on the
production method deployed to isolate hydrogen and level of associated emissions, the gas has been categorized by the
industry in to different colours — grey, blue, green and turquoise

Grey Hydrogen:

Grey hydrogen is based on the use of fossil hydrocarbons. Grey hydrogen is mainly produced via the steam reforming of
natural gas.

Blue Hydrogen

Blue hydrogen is hydrogen which is produced using a carbon capture and storage (CCS) system. This means that the
CO3 produced in the process of making hydrogen does not enter the atmosphere, and so the hydrogen production can be
regarded on balance as carbon-neutral.

Table 1 Hydrogen consumption in India (in major sectors) in 2018-19

Twdwatry Cousomprion {in thoosand merde fons) Produetion Merhimd Typology
Ol Betiming 260Kk 00 Hydrocarbon refonning Loy hydrogen
A R0 R [ edrucarbun reluroiog: ey Jupdrugmen
Ammonia 75215 (Imported as fertiliscr) Hydrocarbon refonning {rrcw hypdrogen
Wlethameol 3167 {Doaneslic] ysdrarbon relumoimg Lirey Jupdrugen
SAethanal 201.00 Hydrocarbon refonming Loy hydrogen
Chlor-allagh 54,57 I leirolynis Lireen hvilrogen®
Chernical 29025 Elzcrralysis {rrcen hedrogan®
Tridustry

(Hher indostrics 951 (class, clactronics cte.) Elzarralysis {arcen hvdrogan

Tutal corsurnplion of hydngen SRS L6 Howsaml metri s (M
Sowraes Spmns Cue ausnpig of Fpdracen prafyonion e asnsnegion v Toal band on (Deeoernenr af Chemiogls ohd
Feirochemicady S0245) (BEE 2005
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Green Hydrogen

Green hydrogen is produced via the electrolysis of water; the electricity used for the electrolysis must derive from
renewable sources. Irrespective of the electrolysis technology used, the production of the hydrogen is zero-carbon since
all the electricity used derives from renewable sources and is thus zero-carbon.

Turquoise Hydrogen

Turquoise hydrogen is hydrogen produced via the thermal splitting of methane (methane pyrolysis). This produces solid
carbon rather than CO,. The preconditions for the carbon neutrality of the process are that the heat for the high-
temperature reactor is produced from renewable or carbon-neutral energy sources, and the permanent binding of the
carbon

DIFFERENT METHODS

The hydrogen is produced from various process. The literature review suggest the various process are hydrocarbon
reforming, gasification, steam reforming, partial oxidation, auto thermal reforming, waste and coupled stream. All these
processes have the feed stock as carbon-based chemicals.

The second type of hydrogen generation processes are set of process is based on electrolytic process principles. These
processes are alkaline electrolysis, PEM electrolysis, high temperature electrolysis,

The third principle is biological processes for production of hydrogen, and they are direct bio-photolysis,photo-
fermentation, dark fermentation. Even the biomass become the source of hydrogen where the methane from biodigester
is converted to hydrogen.

Cost associated with hydrogen production in India; the various hydrogen production methods along with their
advantages, disadvantages, efficiencies. Currently, as also aforementioned, a lion share of the hydrogen production is
from non-renewable fossil fuels, in particular, steam reforming of natural gas, naphtha or heavy oils. The usage of fossil
fuel as a feedstock produces ‘grey hydrogen’ of low purity with a high concentration of greenhouse gases.

Decarbonization

The release of carbon dioxide to the leads to carbonization of environment. The environment cannot accommodate large
carbon dioxide loads; as it has limitation and there is sever impact on environment; which leads to climate change.
Considering to the environmental impact productivity of agricultural sector along with issues of social security of human
kind ; there is need to have the sustainable process for hydrogen production. There are various ways the electrolysis
process can help to develop sustainable hydrogen generation and hydrogen-based chemicals. The details are explained
asunder

Electrolysis

The electrolysis of water is known to scientist and technocrats form long time. The electrolysis is the simple process, but
requires lot of electrical energy. However, due to cost competitive cost and availability of renewable energy; the
producing green hydrogen will become competitive and also help in decarbonatization. The process details are
explained as under.

The electrolysis is the splitting of water to hydrogen and oxygen. They are produces in electrolysis cell. The set of cells
are arranged to produce desired capacity of hydrogen. In order to increase the efficiency of separation PEM based
electrolyser are used. The Proton exchange membrane helps in increasing the efficiency and effectiveness of process.
The principle of producing green hydrogen is indicated in Figure 1.

Renewable energy in particular the solar energy is source of power. To optimize the power requirements and to get
reliable renewable energy the wind with solar can support as electrical energy, as reliable source.

Figure 2 Elaborates the construction of fuel cell and system. The hydrogen is produced, may not be utilized at the same
place. Hence, there is a need to have supply chain for storage and transportation which is to be followed by distribution.
Figure 3 elaborates the supply chain where as Figure 4 indicates various methods of storage of hydrogen.

There are various methods of storage for hydrogen; which is primarily physical based and material based the details are
claborated in Figure 4.

The various Material base systems include absorbent, liquid organic, intestinal hybrid, complex hybrid.
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Figure 2 Details of cell and electrolysis based system
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OTHER DECARBONIZATION PROCESSES
Steam Generation

The renewable energy can be used for steam generation using electrolytic principles, where the stem is produced by
passing water over the electrode. The electrodes will be provided with high voltage to produce steam instantancously.
This leads Decarbonization in steam generation.

Electrochemical Process
Electrification via Electrochemistry

There are many possible routes for electricity to drive a chemical reaction. For the direct transduction of electrical energy
to chemical bonds, electrochemical methods are attractive and have some advantages over traditional thermochemical
methods.

Electrochemical methods enable bond-formation steps using electricity, which offers an alternative driving force,
voltage, that can enable operation at mild temperatures and pressures. In addition, electrochemical cells often result in
natural product separation due to the use of a membrane that keeps products generated at the cathode and anode separate.
We can understand the impact of electrochemical versus thermochemical routes using ammonia production as a case
study. Here, we specifically look at the thermodynamics of two alternative routes by calculating the reaction conversion
as a function of various operating conditions The equilibrium constant and corresponding conversion are calculated
using tabulated thermodynamic properties of the reactants and products, accounting for the electrical work contribution
of the applied potential. Our system contains stoichiometric feeds, and we assume ideal liquids with unit activity and
ideal gas mixtures. We first consider the case in which nitrogen and hydrogen react to form ammonia [Equation (1)]:

No+ 3H,NH; (1)

Running this reaction thermochemically is simply the commercially practiced Haber-Bosch process Although
equilibrium conversion can be much higher at low temperatures and ammonia is thermodynamically favoured at
ambient conditions, the kinetics are only favourable at high temperatures, and high pressures are necessary to achieve
reasonable conversions; at high temperatures. As a result, the standard operating conditions for the Haber-Bosch process
are around 450°C and 200 bar. Replacing pressure with voltage in an electrochemical route to drive conversion to
ammonia, the thermodynamics of the system become favourable without the use of elevated pressures. The voltage may
also help to accelerate the kinetics with a suitably designed catalyst. To achieve low-carbon ammonia synthesis, the
electrochemical route would need to use hydrogen gas sourced from splitting of water, perhaps also through an
electrochemical route. Instead of first splitting water to generate hydrogen and then reacting this hydrogen with nitrogen
in a separate electrochemical reactor, it is appealing to react nitrogen and water directly in a single reactor

2N, + 6H>,O4NH3 +30, )
CONCLUSION

The review of the various process indicates that it is feasible to adopt electrolysis root for green hydrogen. Also it is
possible to implement electrochemical process root.

Though the technical feasibility exist there is need to develop the technology and process to generate hydrogen and
chemicals by this route cost competitively. For the suitability of the process technical developments will take place
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Abstract: One of the most promising alternative fuels to address the current energy crisis is bioethanol. Algal biomass
has been deemed more favourable for bioethanol production due to the existence of low lignin and hemicellulose
concentration in contrast to lignocellulosic biomass. The present investigation focuses on establishing the suitability of
brown macroalgae Hydroclathrus clathratus as carbon source to produce bioethanol through fermentation. The
macroalgal biomass collected from Mandapam coastal waters was preprocessed using acid hydrolysis to obtain the
hydrolysaterich in fermentable sugars. The amount of glucose in the fermentable sugars was estimated using DNS (3,5-
Dinitrosalicylic acid) method and found to be 1.2 mg/ml Further, the presence of major chemical groups in
polysaccharides (1000 cm-1) was confirmed through Fourier Transform Infrared (FTIR) Spectroscopy. An anaerobic
fermentation was carried out by the culture Saccharomyces cerevisiae using the hydrolysate as feedstock. The ethanol
concentration from the distillate of the fermentation broth was determined using potassium dichromate method and
Jfound to be 0.4 g/ml. The ethanol production was also verified through Gas Chromatographic analysis and estimated
that 16.65 g/L of bioethanol has been produced. Thus, the brown macroalgal biomass of Hydroclathrus clathratus was
successfully established as potential feedstock for bioethanol production.

Keywords: Hydroclathrus clathratus; Saccharomyces Cerevisiae; Fermentation, Bioethanol

INTRODUCTION

Biofuel is one of the most promising alternative fuels to resolve the present energy-related concerns. As a result,
environmentally friendly, renewable, and sustainable energy has been discovered by the government, industrial, and
energy sectors[1].Around 40% of the total worldwide energy usage comprises of liquid biofuels, developed from
renewable energy sources. It is a kind of fuel that derives its power from the biological processes that fix carbon[2]. The
two main factors behind the current global energy crisis are uncontrollable population growth and the rise of
industrialisation. It is inevitable for humans to rely on non-renewable energy sources, which causes the depletion of
fossil fuels and the modification of the climate. Fuels produced from solid biomass, biomass conversion, various
biogases, and liquid fuels make up biofuels[3]. The first-generation bioethanol process uses sugar and starch as carbon
sources (from sources such as barley, corn, and potatoes). Worldwide, macroalgae is becoming more and more
recognised as a significant source of third generation biofuels. The treatment of macroalgae can result in the production
of a number of unusual sugars that can then be fermented to create a variety of bioproducts, including biofuels,
biochemicals, biomaterials, and biofertilizers, depending on the macroalgae strain[4]. It has been acknowledged that
seaweeds could be used to produce ethanol. A potential biochemical feedstock for the production of liquid biofuels like
ethanol, butanol, and biogas is the polysaccharides present in macroalgae[5]. Although recently demonstrated
Saccharomyces cerevisiae strains can also ferment monosaccharides into ethanol, engineered microorganisms are the
most proficient at doing so. Brown algae have been considered a renewable biomass for the manufacture of bioethanol
due to their quick growth rate and sugar content[6]. A prospective bioethanol feedstock, Hydroclathrus clathratus may be
collected from the Ramanathapuram sea and has a dry weight cellulose content of 82.26 percent. Bioethanol is less toxic,
easily degrades, and greatly reduces air pollutants than petroleum fuel. The use of bioethanol as a fuel for vehicles began
with the development of the automobile[7]. Everything began with the use of ethanol in internal combustion engines.
The utilisation of renewable sources of energy for the manufacture of biofuel is growing in popularity as a result of rising
greenhouse gas (GHG) emissions, which are a significant contributor to global warming[8]. Biofuel development is
being fuelled by factors including the need to boost energy security and price inflation as well as by piquing public and
scientific interest. Identifying and producing energy that is environmentally friendly, renewable, and sustainable is the
main objective[9,10]. The purpose of this study was to determine whether Hydroclathrus clathratus might be used as a
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feedstock for bioethanol.
MATERIALSAND METHODS

The overall methodology involved in the present work to establish the potential of biomass of Hydroclathrus
clathratusas suitable feedstock for ethanol production is given in Figure 1.

Collection of Macroalgal Biomass

The macroalgal biomass Hydroclathrus clathratus was collected from sea water of Mandapam region, Tamil Nadu,
India.

Preprocessing of Macroalgal Biomass

The biomass samples were properly cleaned with running water. The surplus water from the sample was drained using
sunlight. The drained sample was dried at 100°C in an hot air oven. Mortar and pestle was used to grind the sample
thoroughly. After sieving, the fine particles that remain were utilized for pre-treatment and further analysis.

Composition of Macroalgal Biomass

Moisture content was estimated using standard method. 3 g of powdered algal sample was taken and kept in the hot air
oven at 105°C for 6 h. After 6 h, the weight of the sample was measured in the weighing machine. Ash content was
determined by weighing samples before and after heating in a muffle furnace at 550°C for 12 h. Lipid content was
determined using the Soxhlet method[11].

Characterization of Macroalgal Biomass

The dried macroalgal biomass was characterized using Fourier Transform Infrared (FTIR) Spectrometer (Nicolet Nexus
670,USA).

Pretreatment of Macroalgal Biomass

The dried macroalgal biomass was pretreated using acid hydrolysis method[12]. After hydrolysis, the hydrolysate was
collected using centrifugation at 5000 rpm for 20 minutes and analysed for total reducing sugar concentration using 3,5-
dinitrosalicylic acid (DNSA) method[13].
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Figure 1 Overall methodology
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Microorganisms used

Dry Baker’s yeast (Saccharomyces cerevisiae) was purchased from local market and activated using warm water. The
microbial culture was developed by inoculating activated yeast in Yeast Peptone Dextrose (YPD) Broth (Sisco Research
Laboratories Pvt. Ltd. 66995) whose composition is given as: Yeast extract 10 g/L; Dextrose 20 g/L; Peptone 20g/L.

Fermentation Conditions

The hydrolysate was subjected to fermentation using the above mentioned culture of Saccharomyces cerevisiae. In
addition to the hydrolysate, yeast extract and peptone were added to the fermentation system at 10 g/L and 20 g/L
respectively. Fermentation was carried out in the shaking incubator at 150 rpm for 72 h at 30°C.

Ethanol Recovery and Estimation

Ethanol was recovered from fermentation broth by carrying out distillation process at 78°C and the distillate was
collected. The distillate containing ethanol was estimated using potassium dichromate method[14]. The bio-ethanol
production was further confirmed through Gas Chromatography — Flame Ionization Detector (GC-FID) at Tamil Nadu
Test House Pvt. Ltd. Chennai, Tamil Nadu.

RESULTS AND DISCUSSIONS

Preprocessing of macroalgal biomass makes acid hydrolysis process more effective. Thus, the collected microalgal
biomass were preprocessed as shown in Figure 2.

The composition of macroalgal biomass in terms of moisture, ash and lipids were measured and listed in Table 1.

The powdered sample of macroalgal biomass was given for the analysis of FTIR and obtained the results as shown in
Figure 3. Based on the peak values, the functional groups were identified and listed in the Table 2.

Figure 4 shows the acid hydrolysis of preprocessed macroalgal biomass and collection of hydrolysate. Here, sulfuric
acid (H>SO4) was utilised as the catalyst. In a 250 ml flask, three grams of dried macroalgal biomass were mixed with 30
ml of 0.2 M H»SO4 and covered with a cotton and was then autoclaved for 15 minutes at 121°C. The residues were
separated after hydrolysis by centrifugation at 5000 rpm for 25 minutes. This reaction hydrolyses cellulose which is a
polysaccharide into reducing sugars such as glucose. Using DNSA method, a linear correlation between absorbance at
540 nm (y) and concentration of glucose in mg/ml (x) was obtained as y = 0.979x with R2 = 0.9997. The amount of
glucose in the hydrolysate was estimated to be 1.2 mg/ml.

Figure 5 shows the distillation process which was carried out to separate bioethanol from fermentation broth. The
distillation was collected and analysed for bioethanol concentration.

Using potassium dichromate method, a linear correlation between absorbance at 670 nm (y) and concentration of
ethanol in mg/ml (x) was obtained as y = 0.044x with R2 = 0.9693. The concentration of ethanol present in the distillate
was found tobe 0.4 g/ml.

About 10 ml of distillate obtained from the distillation process was given for the GC-FID analysis. The result obtained is
shown in the Figure 6.

Figure 6 shows a peak which represents the presence of ethanol in the given distillate sample whereas other residues
were also present but in trace amount.

Figure 2 Preprocessed macroalgal biomass
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Table 1 Composition of macroalgal biomass

Table 2 Functional groups of macroalgal biomass
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Figure 3 FTIR spectra of macroalgal biomass
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Figure 6 Gas chromatogram of distillate
CONCLUSIONS

From the present study, the potential of macroalgal biomass of Hydroclathrus clathratusas sustainable feedstock for
ethanol production has been established. Though, the concentration of ethanol production is low, further improvement in
pretreatment methods and microbial strain could achieve a significant increase in ethanol production.

ACKNOWLEDGMENT

We sincerely express our heartfelt gratitude to Dr E Nakkeeran, Head of the Department, Department of Biotechnology,
Sri Venkateswara College of Engineering, Sriperumbudur for his continuous encouragement and support.

FUTURE SCOPE

With the present macroalgal system, further pretreatment, process optimization and alternate yeast strain could greatly
affect ethanol production. An alternate yeast strain capable of ethanol production has been isolated from fermented idli
batter and identified as Candida tropicalis JAVO1 (Gen Bank Number: OP600490.1). The future work involves the
optimization of process parameters for ethanol production using macroalgal biomass of Hydroclathrus clathratusby
Candida tropicalis JAVOL.
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Abstract: India is on rise, as world’s great democracy as well as the hub of engineering excellence in terms of
manufacturing capacity and engineering intellect. The basic needs of development of humankind being food, clothing
and shelter the self-sufficiency and growth of chemical engineering industries is spearheading the nation's growth and
so, the chemical engineering fraternity has a great role in creating a sustainable and self-reliant India. The challenge of
the manufacturing industry is to develop the future needs with optimized use of raw materials, at minimum energy and
ensuring that green products that don't harm the ecology is produced with green energy. These challenging areas are
where, the chemical engineering fraternity is having the maximum opportunity to contribute than the other engineering
branches. The offshoots from chemical engineering like biotechnology, bioengineering are also making the chemical
engineering fraternity more intrusive into human body s chemical needs and well being in fields of human survival and
increased lifespan.

Keywords: Chemical Engineering; Sustainable Development; Role; Self-reliant

THE INDIAN MANUFACTURING GROWTH SAGA

The Indian growth story from Independence to present and the promises of future it holds, is in itself a remarkable
growth story of sustainability, engineering, science, technology, and intellect development. Innovative growth, in
manufacturing in terms of quantity and quality within affordable proportions for its masses and growth in exports, has
made India a significant player in the world manufacturing and engineering scenario. The demographic growth of India,
which was seen once with suspicion as a hindrance to development, was leveraged by improvement in education,
science and technical knowledge growth, to catalyse the growth of Indian engineering and manufacturing sector in all
spheres.

Indian aspirations are on rise as it finds itself in the confluence of a great pool of engineering talent resource and intellect
spread not only in India but all over the world diaspora. And the government is dedicated to use all the advantages to
change India to the manufacturing hub of the world and to focus on self-reliance for sustainable growth.

Sustainable development means the process of enabling development of social and economic progress of human
activities to a pattern that can be sustained in perpetuity. In sustainable approach, the development has to address
sustainment and replenishing of environmental needs within limits, so that the capacity of the nature to replenish its
resources and coping with the consequences of human industrial activities is balanced. Social, environmental and
economic accountability highlighted as Triple Bottom Line concept themes (Elkington, 1994) is the foundation stone of
Sustainable development. Community or society which enhance growth, improves standards of development and also
maintains harmony and balance between its social cultural, economic, environmental resources in a way that the
members lead a happy healthy productive lives can be termed as a sustainable community.

To ensure sustainable growth of a nation, self-reliance in manufacturing matters, after the growth of a nation from
developing to developed nation phase, or else the sustainability of growth will be choked by the interests of other
stakeholder nations. Self Sufficiency and Self Reliance are virtues in isolation for nations in today’s world where the
needs demands and growth challenges are embedded in a varied hue of complex networks. For any nation to challenge its
place into the top order in the competing world order on a firm basis the key objective is to be the technology leader in
aspects of technical skills, along with a development of a skilled workforce with minimum unemployment amongst its
technical fraternity. For improvement on national wealth utilisation and resource building up in sectors like
manufacturing is also in a way developing forth a population mass which is surviving above poverty line. Self-
sustainable self-reliance in a nation like India can be developed only with, skills, competitiveness of skills at world-class
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levels, productivity of skills, infrastructure availability for skilled personnel and technological leadership in critical
areas.

In a nation’s context the apex objective should be a road map for: being a technology Leader, making all people move up
the skill ladder; be competitive so that world is after you to get your goods; create enough job opportunities for all; all
people to be much above poverty line (per capita income). The mantra to achieve this is — Skills, Productivity,
Competitiveness and Technology Leadership.

For India, Self-Reliance or Self Sufficiency is not a conceptual new ideology even though India started its industrial
growth journey during independence era. Pre independence relied and related history clearly states that the Indian name
and fame in ancient science and technology is since time immemorial based on Vedic thoughts knowledge science etc.
The colonial rulers left India in a shattered state with no manufacturing industries, the challenge of the governments in
power was to develop and integrate India with huge investment in Power Plants, Steel Plants, Fertilizer Plants, and
Refineries. India along with baggage of pre-independence economic thought and post independent economic strategy
was to make and manufacture, everything as possible so that the populations basic needs are met with resources in our
hand and since then India in 75 years have come a long way. From Import substitution to liberalisation reforms in 1991
growth was there but competitive edge was doubtful as being not challenged by demands of market economy. But after
liberalisation Indian growth was spectacular with foreign investments, technologies coming in assimilating into India
situations, making our people more skilled, our manufacturing competitive to world, and now India has integrated into
the World Manufacturing segment. This integration of Indian capabilities to world class order was based on the skill set
of the generations churned out in engineering and technological abilities. Improvements in research and development
along with availability of a workforce technical engineering skillset was one of the reasons for the spectacular growth
chain of India.

Clearly having a massive skilled talented manpower pool is an advantage for a nation like India but over the years of
massive growth of engineering graduates without induction of practical skills has raised some question marks on quality
of the engineering fraternity churned out. Without the required practical exposure and hands-on experience and original
thought process skilled engineering fraternity to meet the challenges of industry and the nation to spearhead to the top of
the order is an arduous task. Engineers above the mere levels of memorised theoretical concepts are required for the
industry. Engineering fraternity with skills, dexterity, capabilities, having scientific temper, inquisitiveness, with skill
sets to provide solutions to new challenges are required. Engineers need not only have technical abilities in these times
but are to also have leadership roles in enabling concepts of sustainable development, challenges of climate change,
depletion of resources, environmental pollution, rapid population growth and damage to ecosystems etc. Achievements
in engineering has to balanced and weighed with their impact on social, economic, and environmental natural systems in
this century. The need of chemical engineering fraternity in taking lead role in development of self-reliant and
sustainable growth is imperative as most of the environmental impacts of industry come in their domain of expertise.

CHEMICALENGINEERING FRATERNITY ROLE INGROWTH

The challenge of chemical engineering is to develop a balance between development and sustainability of various
chemical products and processes. The nature’s capacity to recoup and its capacity of sustenance is bearing the brunt of
the growth, and hence the reason of the chemical engineering’s sudden spurt across boundaries of space, spheres, time,
flows, disciplines, goods and services. engineers especially in the chemical sector’s net positive contributions with
adherence to ideals of achieving self-reliance and self-sufficiency in fertilisers, oil, textiles etc, has enabled the nation
from the state of having nothing to the future promised land of everything now. Questionnaire Studies on steps needed to
increase the sustainable growth of manufacturing in India also point out the need of advancements of chemical
engineering being more innovative, energy efficient and with less carbon foot print is the key to sustainable development
ofnation.

The resurgence of Indian engineering and technology from participative contribution to leadership is one of the positive
outcomes over the decades of country’s investment of resources in the engineering mind-set and institutions. With the
seamless engineering and technology attitude and capabilities that the Indian engineering community has, Indian
engineers can be the harbinger to the sustainable development of our economy with correct embodiment of a nurturing,
reformist social and political systems. The future of mankind will be decided by the future of India and hence the
vibrancy, intellect equity of the new order world engineering wave in terms of innovation and production will be led by
the connect and management of Indian engineering diaspora in technology.

Chemical engineering has been churning out various products that are needed for human well-being be it fertilisers,
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medicines, food products but also are having a contribution in the degradation of ecosystem, environment, climate,
resources that are essential for sustainable existence of human species. Many researches also have confirmed the need on
chemical engineering’s role in promotion of sustainable development, Batterham (2003) and need for chemical
manufacturing companies to develop reliable indicators, indices, tools for effective review of sustainability Batterham
(2006) for continuous growth of the engineering discipline. Notable among such yardsticks are the American Institute of
Chemical Engineers (AIChE) much discussed and publicized Sustainability Index with well-defined metrics and
practical benchmarks. But the vertical and horizontal growth of the chemical engineering in process intensification,
multiscale control and structured product synthesis with aid of multi scale modelling and near life simulations
Charpentier (2007) is creating tremendous and critical interest with ambitious net zero targets to mitigate carbon
emissions, climate change impacts & sustainable processing.

Increased bioprocessing utilising the technologies in the toolbox traditionally along with new areas of artificial
intelligence, big data, and cloud computing etc opportunities to improve processes, equipment design, fabrication and
relevant applications. Improved real-time monitoring, point-of-issue sampling, detection techniques, process control
abilities are expanding the horizon of improving and manufacturing, energy efficient, sustainable, reduced carbon print,
specific products and prototypes. Atmanirbhar Bharat which translates to ‘Self-Reliant India’, is based on five defined
vertical pillars of Economy, Infrastructure, System, Vibrant Demography and Demand is meant to cater to social,
economic and environmental domain needs with sustainability as its core. Enabling skills, education, engineering and
technological upgrading, entrepreneurship is going to enhance the accreditation of Sustainable and Self Reliant India’s
technological drive and the boom of Chemical Engineering profession is going to be the driver of the phase.

Survey conducted on ninety-five engineers from various segments of manufacturing and engineering academia also
signifies the role of chemical engineering fraternity in the self-reliance and self-sufficiency of India. A survey was
conducted on finding the relationship between factors of Sustainable Development, Self-reliance, Chemical Engineers
Role, Contribution of Chemical Engineers to have an perception of the role relevance of chemical engineering fraternity.
The mathematical analysis is attached as Appendix L.

CHEMICALENGINEERING —THE FUTURE PERSPECTIVES

Chemical engineering if we analyse is focused on understanding interactions at the molecular level, which can be scaled
up to the industrial level, with potential of research and development, last-mile delivery, manufacturing and inventing
new products for mankind. Indian engineering and manufacturing industry is on the threshold of positive changes with
the positive outcomes over the decades of country’s investment of resources in the engineering mind-set and institutions.
And with the seamless innovative, engineering and motivated technology attitude and capabilities that the Indian
chemical engineering fraternity has, it can be the harbinger to the sustainable and self-reliant development of our
economy. As Indians have made foray into many parts and positions in the engineering diaspora of the world with their
vibrancy, &intellect equity the new world engineering wave in terms of innovation and production will be led by the
connect and management of Indian engineering diaspora in technology. And in the new era of manufacturing the
multidisciplinary nature and skill set of chemical engineering fraternity, they could indeed play a major role in
promoting and enhancing sustainable development. In engineering all aspects of engineering handle the systems in static
state but the chemical engineers have to respond to the dynamic state of interaction in their activities and hence need to
have a bird’s view of all engineering expertise for effective economic solutions to new challenges. Commitment to
sustainability, innovation, environmental performance, safety, product stewardship, social responsibility, value-chain
improvement, adds to challenges faced by chemical engineering as reducing carbon footprint of manufacturing is now
preferred based on climate change challenges. The control of processes, unit operations, energy efficiency with green
initiatives are going to be the design basis in chemical engineering in the future and the tools of big data, artificial
intelligence, new developments in frontiers of nano technology etc. are going to be integrated for satisfaction of new
design needs of human species.

RESEARCHMETHODOLOGY

The research design of this study involves a questionnaire survey administered to a sample of Engineers ,higher end
Executives related to academia &, manufacturing sectors in major large scale industries. The objective of the study is to
establish the influence of Chemical Engineers role in sustainable development and for making India as self-reliant

HYPOTHESIS TESTING

A Hypothesis is an assumption about a population of the study. Hypothesis is predictions that involve variables and
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statistical data followed by tests. They are tentative assumptions made in order to draw out and arrive conclusions based
on hypothesis testing (Research Methodology, C R Kothari). The various hypotheses developed for this study are given
here.

Hypothesis 1 (for Part A in Questionnaire)

O HOI =Thereis no significant relationship between the role of chemical engineers and sustainable development

O Hal =There is significant relationship between the role of chemical engineers and sustainable development
Hypothesis 2 (for Part B in Questionnaire)

O HO1=Thereis no significantrelationship between the role of chemical engineers and making India as self-reliant
O HO02 =There is significant relationship between the role of chemical engineers and making India as self-reliant
Data Analysis and Interpretation

The results of the empirical analysis are being discussed in this section. By using SPSS, the statistical analysis of this
research was carried out. Data analysis comprised of Reliability Tests, Test for Normality, Correlation Analysis and
Paired samples T-Test.

Step 1: Reliability Analysis

By doing the reliability analysis of the variables, an overall picture of the study was got. From the reliability analysis
Cronbach’s Alpha obtained is greater than 0.9 ie., 0.972 and this indicates excellent accuracy of the measuring
instrument.

Step 2: Normality Tests

Once the Reliability analysis is over, the next stage is to check whether this study follows a Normal Distribution or not,
The Normality shows the study follows the Normal Distribution,

Further data analysis was done with the help of parametric testing like correlation analysis, paired T test and independent
sample T test for which the results are tabulated below.

Step 3: Correlations

Correlation is a term that refers to the strength of relationship between two variables. It is used to show whether and how
strongly pairs of variables are related.

A strong positive correlation is obtained in our study, which shows that the selected variables are highly relevant.
Step 4: T-Tests

A paired sample t- test is used to determine whether there is a significant difference between the average values of the
same measurement made under two different methods. Both measurements are made on each unit in a sample, and the
test is based on the paired difference between these two values. The usual hypothesis is that the difference in the mean
values is zero.

Hypo: land 2 Results

From the independent sample t-test conducted (refer table in Appendix), the p-value obtained is less than 0.01. Hence,
the null hypothesis is rejected and alternate hypothesis is accepted. There exists a significant relationship between the
groups of variables for the factors taken.

Detailed SPSS analysis sheet are attached as Appendix I.
CONCLUSION

India is in a clear path to global leadership in engineering and technology and becoming self-reliant in many of these
spheres as the country has the resources, the institutions and the mind-set too to innovate, sustain, develop and improve
on a constant basis. The essential condition for India's path towards self-reliance and emergent role in global engineering
and technology, are that the Indian chemical engineering fraternity has to assimilate the advantages of the Indian growth
conditions, tempered by the social and political systems, to be the harbinger of development of Indian economy in self-
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reliant and sustainable way. Definitely Indian chemical engineering fraternity has a great role-play in it as per the survey
highlights.

With the help of statistical and empirical data, results have provided general support for the hypothesis. It is found that
there is significant relationship exists between paradigms in role of Chemical Engineers and sustainable development to
make India self—reliant.

Sustainability is going to be the amalgamation of social responsibility, environmental stewardship and economic growth
with the resources available for development of the nation. As the Indian chemical fraternity is having new opportunities
with the massive increased chemical industry growth, the role of chemical engineers is challenging to provide eco-
friendly manufacturing solutions to human population needs.
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APPENDIXI
Reliability Check of the Questionnaire using Cronbach’s Alpha
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Here the obtained value is 0.972, hence the questionnaire is valid.
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Finding Correlations
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All values obtained are positive. Hence strong positive correlation exists between our selected variables and the study is
significant.

Hypothesis Testing
Methods used are Paired Sample T Test and Independent Sample T Tests
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Abstract: Providing pulsation technique, imparting agitation and causing vibration into the continuous phase in gas-
liquid absorption process increases the rate of absorption and mass transfer coefficients in both liquid phase and gas
phase. The enhancement of mass transfer processes, caused by pulsation in the continuous phase is due to (i) increased
turbulence which they induce at the interface and hence enlarged contact surface in both phases and (ii) to accelerate the
relative velocity between to phases.

Earlier the effect of pulsation has been investigated in many types of chemical engineering apparatus in presence of
liquid phase pulsation. However, the effect due to gas phase pulsation has been virtually neglected or done by very
limited researchers.

In order to study the effect of gas phase pulsation on mass transfer in packed columns, initially experimental
investigations are carried out in a simulated packed column of Stephen-Morris type disc column with known interfacial
area. This is fabricated with stainless steel discs arranged in regular fashion on a stainless steel wire, all in the same
plane, forming the absorption surface. It developed a column in which the film of liquid is interrupted at short intervals
during it’s descent, thus simulating the conditions of flow over a packing and thus maintaining packed column
characteristics.

The process of absorption of a gas of low solubility gas (CO3) in CO,—water system and one of high solubility gas (Nh3)
in NH3-H,O system both belongs to physical absorption, in which no chemical reaction takes place between t h e
dissolved gas and liquid, Another fast, irreversible chemical reaction CO; - NaOH system, the absorption accompanied
by chemical reaction where the dissolved gas reacts with liquid or with a substance dissolved in the liquid column have
been investigated in the simulated packed column providing pulsation in gas phase. And then extended to the regular
packed column of different dimensions (diameter and height) with different types of packings-raschig ring, glass spheres
and ceramic pall rings.

The varying operating conditions are — (i) liquid flow rate (0.24 — 0.6) litre per minute, (ii) gas flow rate (6 —36) litre
per minute, (iii) pulsation frequency (0 — 9.06 Hz), (iv) effect of pulsation amplitude (0 — 26 MM), (v) effect of sodium
hydroxide concentration (normality 0—4 N), (vi) effect of solute gas concentration (0— 100 %), (vii) effect of varying the
number ofdiscto 15, 20, 25 and 33 (varying the length of the column and interfacial area).

(a) It was established that coefficient of absorption increases in (i) direct proportional to the amplitude of pulsation and
the frequency of pulsation (ii) increases to the liquid flow rate to the power 0.36 in case of unpulsed case and to the power
0.48 in case of pulsed case. Beyond frequency of pulsation of 5.43 Hz it is found to be 0.433.

(b) For liquid film controlled system CO»-H>0 and CO>-0.5 N NaOH, the change of gas flow rate has absolutely no
effect on the mass transfer rate. However, in the gas film controlled system (air-ammonia-water) shows that the mass
transfer coefficient is proportional to the power 1.07.

(c) Absorption of liquid phase increases with the frequency of pulsation passes through a peak at 4.5 Hz, then decreases
andincreases again. For all amplitudes curves are almost identically in shape but of different slope.

(d) The rate of absorption for all the three systems studied for both pulsed and unpulsed conditions in varying number of
discs, varying the solute gas concentration and varying the NaOH concentration, it is observed that the mass transfer is
enhanced about 3 times with pulsation than that in the unpulsed case. The increase of partial coefficient of absorption of
liquid phase proves of that the pulsating gas phase dose affect the liquid phase mass transfer.

Keywords: Disc Column; Pulsation;, Amplitude; Frequency, Rate of Absorption; Mass Transfer Coefficient;
Enhancement of Mass Transfer
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NOTATIONS

A = Pulsation amplitude, mm
c = Constant coefficient

d = Diameter ofadisc,

cm = Diffusivity, cm?/s

F = Pulsation frequency, Hz

h = Heightofadisc,cm

Kg = Gasphase mass transfer coefficient, g-mole/(cm?)(s)(atm)
K; = Liquid phase mass transfer coefficient, cm/sec

Klp = Liquid phase mass transfer coefficient without pulsation cm/sec.
Nao = Rate ofabsorption (unpulsed), gm.mole/(cm?)(sec)

Nap = Rate ofabsorption (pulsed) gm.mole/(cm?)(sec)

Vg = Velocity of gas, cm/sec

V1 = Average velocity of liquid with disc, cm/sec
Vp = Average velocity of pulsating gas cm/sec

T = Time,s

t, = Timeperiod of one complete cycle, s

= Degree of undulation, dimension less
= Density ofliquid, g/cc
= Viscosity of liquid, g/(cm)(sec)

= Liquid surface tension, (dymes/cm)

zZ
p
p
I' = Volumetric loading rate, ml/(cm)(sec)
c
v = Kinematic viscosity, stokes

Re

= 4T/u, Reynolds number, dimensionless

Sc¢ = Schmidtnumber, dimensionless
Sh = Sherwood number, dimensionless
INTRODUCTION

Gas absorption is the unit operation in which one or more soluble components gas or gas mixture are dissolved in a
liquid. The absorption may be purely physical phenomenon or may involve solution of the material in the liquid followed
by reaction with one or more constituents in the liquid solution.

Absorption, desorption (stripping) are usually carried out in vertical, cylindrical columns with packing elements,
particularly, wildly used one is the packed column. The gas and liquid normally flow counter-currently in this column
and the device serve to provide the intimate contacting between the two phases gas and liquid and the development of
interfacial surface through which mass transfer takes place. These mass transfer operations are based on transfer of one
or more components between two or more fluid phases. The development of interfacial area is hence the key factor for
enhancing the mass transfer. Pertinent to the above, it is very well known that the mass transfer between two fluid phases
can be greatly improved by external agitation, mechanism of pulsation or vibration of the gas phase, pulsation of the
liquid phase, the vibration of the equipment as a whole, or the eddies and current of the turbulent flow. Because, it causes
to enhance the contact surface, interfacial area and velocity of the transport species and acceleration of the relative
velocity between two phases. These factors, created during the process, plays a vital role to enhance the rate of
absorption, mass transfer co-efficient both in gas phase as well as in liquid phase.

It is an established fact that two main factors are there which influences the interphases mass transfer process are
(i) Hydro-dynamic factors, (ii) Concentration dependant factors. Hydro-dynamic factors include flow rate of the
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process, geometry of the equipment, interfacial area, interfacial tension between phases, viscosity, density etc., whereas,
the concentration gradient factors include solubility, equilibrium between phases, chemical reaction, time of contact,
concentration, diffusivity, etc. For increasing the surface area, methods used are (i) Film method, (ii) Rupture of bulb
fluid, (iii) Dispersion through sub-merged orifices, etc. Rupture of bulb fluid is simplest and most common some
industrial applications are in the field of chemical processing, bio-chemical science and technology, refining and
petrochemicals, pharmaceutical industries and environmental engineering etc.

The effect of pulsation has been successfully studied in packed column absorption and extended too many other mass
transfer absorption processes like falling film, waited wall column and bubble column etc. The influence of pulsation on
the course of other processes such as dissolution of a solid, absorption, sublimation, drying and boiling, heat transfer
equipment has been studied. In all these cases the course of the process is dependent on the pulsating motion of the given
medium in which the process occur.

The increase of mass transfer/heat transfer for such processes caused by pulsation of the continuous phase has many
advantages. The attraction of reducing the size of the transfer equipment has dragged many workers in these field. The
mass transfer co-efficient is highly influential in scale up and optimising the cost and size of the equipment. Though, the
pulsation technique used now a days to intensify the mass transfer rate, this is still in laboratory scale. But the results
obtained are quite encouraging, effective and found economical to use in optimising the design and scale of the
equipment and hence quite beneficial to use in development of the process.

LITERATURE REVIEW

The effect of Pulsation on absorption has been studied for many years both for liquid-liquid extraction column, bubble
column and packed column.

Liquid-liquid System

The efficiency of liquid-liquid contacts is primarily dependent on the degree of turbulent imparted to this system and the
interfacial area available for mass transfer. The rate of transfer can be enhanced by pulsating motion imparted to these
liquids.

Hussein (1988)[ 1] has reported that based on the result obtained by the investigation of Van Dijck, this column is being
used in number of industries including Petrochemical, metallurgical and nuclear fuels.

Jahya et al (2000)[2] studied the hydrodynamic characteristics, especially the flood point and dispersed phase hold up of
the extractor. Based on this they determined the cross section area required to accommodate the desired flows without
flooding.

Jahya (2000)[2] is then considered the mass transfer co-efficient in estimating the column height.

Yadav and Patwardhan (2008)[4] tested the available correlations of mass transfer coefficient against a large set of
experimental data gathered from different researchers over the past 60 years.

Leo, etal (1998) studied the hydrodynamics and mass transfer performance and assessed that the efficiency of extraction
column is still far from satisfactory. He further stated that the efficiency of liquid-liquid Contactors is primarily
dependent in the degree of turbulence imparted to the system and the interfacial area available for mass transfer.

Very little is known about the effect of agitation, super imposed on the flow of the two phases in an extraction column, on
the enhancement of mass transfer coefficient (Torab -Mostaedi, et al 2008)[5].

The beneficial effect of pulsed flow on mass transfer in liquid-liquid extraction column has also been studied [6-10]. The
effect of pulsation on fluid-solid system has been measured [ 11-13]. The fluid dynamics of the pulsatile flow in a circular
tube has been studied by Kusama [14], Lambrosly [15] and Womarsley [16].

Studies has been carried out on the effect of pulsation in increasing mass transfer rates in extraction column [17-19], in
solid-fluid transfer in packed towers [20] and in transfer from isolated objects [21]. Harris [22], et al (1967) studied the
theory for the rate of mass transfer with oscillatory flow in the tube. They found the increase in transfer rate is due to the
molecular diffusion alone as a function of three-dimension less groups Reynolds number, Amplitude parameters and
Schmidt number.
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Bubble Columns

Several workers [23-28] have found that gas absorption rate from bubble dispersions can be increased by the application
of vertical vibration. The largest effect have been found in the frequency range of 10-150 C/S with well-defined
maximum values at certain frequencies[26]. Measurement of gas hold-up as a function gas frequency[24-29] also show
peak values at certain frequencies[8]. At high vibration intensities, gas bubble may be prevented from rising altogether
[26,31-32] or entrained downwards from the liquid surface[33].

In case of bubble column, the movement of a single bubble caught in a vibration liquid column in wide range of
frequencies, amplitudes, liquid viscosities and densities was predicted by Rubin[35] which was quite good in agreement
with experiment.

Hellium, et al[36] studied diffusion in pulsating flow in which he tried to develop theoretically the effect of pulsation in
the flow field on inter phase mass transfer.

Baird, et al[34] determined the power consumption and gas hold up in a pulsed column. A resonant air pulsed water
column was developed and experiments were described with raschig rings and fitted with baffle plates for packed and
unpacked cases. The observed power consumption and theoretical predictions were all in good agreement.

Kubo, et al[37] studied the operating characteristics of multistage pulsed gas bubble column. In their experiment an off
and on pulsating motion was superimposed on the feed gas stress in order to improve the performance of perforated plate
multistage gas bubble columns.

Gas absorption in a pulsed bubble column was studied by Baird, et al [38]. In his case the absorption of CO5 from air into
tap water was measured in a pulsed bubble column of ‘H’ type. Compressed air was used for pulsation at frequency of
1.09 -1.35 Hz end amplitude up to 3.7 inch. Gas hold up (€) and mass transfer product (K a) increased as much as three
fold by pulsating.

The dynamics of a packed gas absorber by the pulse responding technique was studied by Sakata, et al [39] in which the
dynamics response of a packed gas absorber to inlet gas composition chances was investigated by pulse response
technique, where absorption was accompanied by pseudo first order irreversible reaction.

Krenner, et al[40] examined two limiting cases of mass transfer in a bubbling column with sharp pr. drop analytically (I)
for a low rate of bubble growth (bubble size) i.e. for a laminar hydrodynamic layer about the bubble and [11] for a high
rate of bubble growth (pr. drop) that is with a turbulent Boundary layer. Formulas were developed as a function of pulse
frequency.

Zielkowald, etal[41] studied the effect of pulsation on mass transfer with bubbling through a deep liquid layer.
Pulsating the Gas Stream

Desorption of CO; by air from water and evaporation of water in a stream of heated air were studied by Vasin, etal[42] in
single tray test columns 100 and 260 mm diameter containing a sieve or valve tray with 10% free area. Results showed
that pulsating the gas stream and gas liquid layers on bubble trays increased the liquid phase mass transfer rates. The
effect of the location of the pulse generator suggested that amplitude, as well as frequency of pulsation has an effect on
mass transfer.

Mass transfer between drops and pulsating fluids were studied by Moliniear, et al[43]. The problem was studied for the
case where resistance to mass transfer lied in the continuous phase.

Lamb[44] observed the natural oscillation of drops.Tudose[45] applied external pulsations to the gas phase and
subjected the drops to undergo oscillations. In another investigation with pulsating gas phase Tudose[45- 46] found that
the volumetric flow rate of the liquid for the incipient entrainment considerably decreased at a certain resonance
frequency. He reported the work of Richardson, who studied the velocity profile of air, pulsating at frequencies 5-25 Hz
in a Square duct. Contrary to known profiles he observed a ring effect, whereby the flow velocity reaches to a maximum
value in the vicinity of the wall and gradually drops to a low value at the centre of the tube. The solution for the simplest
case of pulsating laminar flow in a rigid tube has been given by Sexl1 [47].

Pasiuk and co-workers[48] (1959) initiated the study of the influence of pulsating motion on mass diffusion in a gas-
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liquid system. Minnaert[49] first analysed the sound of bubbles produced at jets under various liquids and conducted that
most of the sound was produced by radial pulsation of the bubble. Shortly after-wards Smith[50] considered the reverse
effect the vibration of bubbles produced by sound generated in the liquid. In view of the above work it seemed likely that
bubble vibration phenomena could be used to improve mass and heat transfer operations. Harbaum[55] studied the effect
of'sonic vibration on the absorption of CO; and from bubble in water.

Tudose[45- 46] investigated the mechanism for intensification of the process of absorption in a falling film of liquid by
pulsating the gaseous phase. Buchanan[51] studied the promotion of different gas absorption by cyclic bubble migration
using the absorption of oxygen from air by sodium sulphite solution. Jameson[52-53] has provided a mathematical
expression for measuring the bubble velocity in a pulsating liquid and has obtained conditions at which the bubbles
would move upwards, remain station any or more downwards.

Experimental measurements of terminal velocities of solid spheres falling through a pulsating liquid were carried out by
Tunstall and Houghton[54]. The theoretical investigations of Houghton[54-55] show that motion of a freely falling
particle is retarded by oscillating the surrounding fluid, and the uncertain conditions the motion of particle can be
completely arrested Vyarawalla[56] studied the effect of gas phase pulsation on mass transfer from drops.

Lemlich[57] found a maximum of 660% enhancement in the rate of sublimation from a sphere of naphthalene achieved
by vibrating it at frequencies of 20-120 Hz. Enhancement of mass transfer coefficient was also found by Noorderji and
Rotte [61] by vibrating nickel sphere in solutions of K4Fe(CN)g and NaOH.

The effect of Pulsation has been studied in many types of Chemical engineering apparatus: heat exchangers, boilers,
burners, fluidised bed reactors and drivers. Liquid-Liquid extraction columns and bubbling absorption in presence of
liquid phase pulsation has been investigated by many authors.

Bubbling absorption in the presence of liquid phase pulsation has been investigated both in Poland [48,73-74] and
USA[75]. Pulsed gas phase packed column absorption, however, has been virtually neglected except by the Romanian
school[76-81] should be noted, moreover, that these studies have been almost solely concerned with immediate practical
aims.

The literature does not yet contain an exhaustive account of the influence of periodic hydrodynamic disturbances of the
gas flow rate on packed absorption column efficiency. Very little Work has been done on the study of effect of pulsation
on pulsed gas phase Packed Column absorption.

The enhancement in mass transfer rate due to pulsations has been gradually related to the two basic requirement of a
pulsating flow — viz. amplitude and frequency of pulsation. The rate of mass transfer has been found to increase linearly
with the amplitude by many workers[45-69] some however, obtained a peek rate of mass transfer at only one particular
amplitude for a fixed frequency of pulsation.

Axial diffusion in a cylinder with pulsed flow was studied by Harris, et al[31] in which the theory of the rate of mass
transfer through a long tube connecting two reservoirs of constant concentration with oscillatory flow of tube, is
developed.

Tudose[45-46] found the mass transfer intensification peek only at one particular frequency where as Harbaum and
Houghton[50] found as many as five peeks. Baird suggested that these peeks occurred transition points

between resonant which of vibration of gas-liquid dispersion. Baird[62] also suggested that lower frequencies the gas
hold up in a pulsed bubble column tends to alter in such a way that the system is always in resonance with the frequency
of applied vibration. A few workers, however, have found the rate of mass transfer increasing with the increase of
frequency without encountering any intensification point. Theoretical study on diffusion is pulsating flow has been
given by Alabastro and Hellium [63] where he obtained the solutions for dimensionless concentrating equations by the
method of LightHill [64].

Ithas been reported by several authors[65-66] that the power requirement for creating pulsations in a column is generally
quite low when the overall enhancement of the mass transfer is considered. Healous and Jhonso[67] made a
mathematical analysis of the power requirement in pulsating a fluid, as a function of inertia, fluid friction and static head
of'the fluid.

The absorption of oxygen from air into tap water in a pulsed bubble column was investigated by Baird and Garstang[68].
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They used compressed air for pulsation where the earlier workers used mechanical means for producing pulsations. He
gives an excellent review of the previous investigations of several authors.

Packed column was never before tried for enhancement of mass transfer with sole concern with immediate practical aim.
Gianetto and Sicardi[70] tried packed columns exhaustively. In note they[70] carried out a theoretical research of
hydrodynamics to perform a systematic quantitative study of the influence of gas flow disturbances on the operating
conditions of an absorption column. To those end, propagation, phase shift and attenuation of harmonic pressure
oscillations on a gas moving in a column packed with Raschig rings on the absence or in the presence of a fluid counter-
currently percolating were studied.

A mathematical model was proposed and verified experimentally for various operating conditions, by comparing an
effective mean velocity value analytically calculated; with the value obtained by direct measurements of pressure drop
and by comparing the law of theoretical attenuation values. Finally an electrical simulation of pressure oscillation
propagation was suggested.

He further[71] examined the influence of gas-flow periodic disturbances on the efficiency of a counter-current packed
column. Particular attention was given to the mass transfer interfacial area. The latter was determined by measuring
absorption in the presence of variously fast chemical reactions in the liquid phase. Several types of packing were
employed and a wide range of liquid and gas flow rates and of oscillation frequencies and amplitude were experiments.

Under certain conditions, the transfer area was three times greater on the presence of pulsations then in their absence. A
general relationship was also proposed between the increase in surface areas due to pulsation and difference between the
mean pressure drop values per unit column height with and without pulsation. This latter parameter was argued as
proportional to the volumic power dissopated on maintaining pulsation.

Correlations were given for the forecasting of main pulse presence drop in function of column operative parameters and
for the knowledge of conditions in which gas induced entrainment of liquid would occur.

He further tried two systems one liquid mass transfer controlled[72] and another gas mass transfer controlled.
Absorption of NH3 into NapSO4 solution were carried out in steady and pulsed systems in which the gas side resistance is
higher than the liquid phase resistance.

In liquid mass transfer; liquid mass transfer coefficients in counter current column with and without pulsed gas phase
were measured by desorption of oxygen with air from NaOH solution.

The coefficient K1 O obtained in steady flow was on agreement with determined by other authors for different packing
dimensions; a theoretical explanation of the behaviour of K O as a function of liquid super facial velocity was also
proposed. The mass transfer coefficient Ky in presence of pulsation was higher than steady one. (K/Ky O values up to
3.5 were found). Thus enhancement was assumed the vibration of liquid films increased the renewal surface.

The ratio K1 /K1 O diminished when owing to high liquid hold up; the pulsation generated “foaming” which probably
reduced the mobility of liquid. A correlation between increase of ratio K A/(Ky a)g as a function of ratio of pressure drop
in case of pulsation to without pulsation was reported.

In gas-mass transfer absorption of NHj3 into NaySO4 solution were carried out in steady and pulsed system. As regards
the steady flow, the correlation of the ratio between the mass transfer coefficient with and without liquid feeding, for
various operates conditions, as a function of the ratio of the corresponding pressure drop resulted rather satisfactory.

In pulsed flow the increase of gas mass transfer coefficients K due to disturbances was reported as a function of the
pulsating parameters, and was correlated with the energy consumption due to pulsation.

They found Ky enhancement resulted lower than those observed for interfacial areas and liquid mass transfer
coefficients.

Theoretical Considerations

A pulsating flow is one that is continuously accelerated and retarded. This alternate movement can improve mass
transfer.

In absorption process pulsations can also be appointed to gas phase. These pulsations can either create turbulence in the
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gas or through the gas phase, they may act upon the liquid phase. In order to study the influence of pulsations on the
increase in rate of absorption process, it is necessary to obtain first a thorough knowledge of the flow characteristics of
the two phases as well as the interactions between them.

An increase in mass transfer can take place in the accelerating or retarding period. These periods can be considered as an
incipient process in which the interface is not yet completely developed. Under these conditions of flow the interfacial
layer is very thin, resistance to the process of mass transfer is reduced and the rate of the process is increased.

There is variation of mean values of absolute velocities with distance from the wall at different frequencies. Contrary to
the known profiles for steady state flows, in a pulsating few a may effect is observed; where the flow velocities reaches a
maximum in the velocity of the wall and then drops suddenly towards the wall. This phenomenon is due to the
variability’s of the ratio between this focus of inertia and those of friction at certain distance of the wall.

If this ring effect coupled with the development of the interface layer— it seems that it could be considerable interest in
enhancing the mass transfer.

The variation of gas flow velocity during one oscillation is of great interest. If we consider the steady state velocity of gas
flowing through a pipe to be designated by Vg, and the pulsation of amplitude a, and frequency f, are produced by a pump
without valves, then current velocity, Vy, created by pulsation can be expressed as follows. Vi = Vy, sin wt or as to total
velocity Vi =V, £ Vx =V, £ Vsinwt.

The Ratio Vi, /V,is defined as the degree of undulation.

2=V /Vy,Vi =V, (1£ Zsinwt);

Z=maf/V,

The value of Z indicates the direction of total velocity in the pipe.

Thus for Z < 1 we have a sinusoidal Pulsating flow with +ve velocities and for Z <> 1 during the period of retardation, we
getnegative values for the velocities toward the walls of the pipes.

Experimental Set-up and Technique

Experiments were carried out in laboratory scale apparatus employing Stephen’s and Morris[10]. The general
arrangement is shown schematically in Figure A.

Anideaborrowed from Stephan’s and Morris type[10].
The apparatus is roughly described as a glass absorption column incorporating additionally a pulsator into the system.

The main component of the absorption column comprises a stainless steel wire of diameter 3 mm provided with 33
equally spaced (pitch 400 mm) stainless discs of diameter 18 mm and thickness of 5 mm housed coaxially in a glass tube
or 1.49 m long and I.D. of 33 mm. The external surface of the discs over which a liquid film was flowing constituted the
absorbing surface.

The liquid was allowed to flow from Nireau ‘B’ at a controlled rate over discs to the glass tube ‘D’ (20 mm dia) which was
connected to a lute vessel ‘E’ for liquid was taken out periodically by the outlet valve ‘J’. The distance between the tip of
the funnel and the top disc was kept at 70 mm so as to enable complete wetting of the discs.

The air from the compressor, after being routed through a filter and saturator, was mixed with the solute gas (carbon
dioxide or ammonia) from the cylinder. The mixed gas then passed through the flow meter and a long duct before
entering the column to ensure complete homogeneity of concentration. The pulsations were provided into the gas before
its entry into the column. With pulsations provided into gas-phase the increase in rippling of the surface film was quite
visible. The liquid was observed to flow in a pulsating manner on discs and the wire.

Liquid samples were taken out from the top of the Iute vessel and concentrations of the solute were determined by the
method of titration using phenolphthalein and methyl orange as indicators.

While performing experiment or apparatus fabrication following cares to be taken:-
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Figure A
(I) The distance between the element and gas inlet should be as large as possible in order to provide a calming section for
gas flow.
(i1) Itis ensured that:

(a) Liquid feed jet is located at 70 MM above the uppermost disc. Small distance gives low wetting and high
distance gives more splashing.

(b) Feed tube has to be wide enough to prevent air loss (15 MM dia).

(c) The tube used for removal of liquid should be of large dia enough to avoid entrainment of gas (20 MM) and
liquid surface has to be as high as possible in order to avoid additional absorption surface. In this case lute val
was mounted on the stand whose position could be varied vertically and hence liquid level.

Dimensions

Column (glass): dia. internal =33 mm
gasinletand out letdia=15mm
total height=1490 mm
distance between gas inlet and outlet= 1210 mm
height between gas outlet from top of column =100 mm
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in dia splashing liquid run off line=4 mm
dia of inner tube =20 mm

height of inner tube =300 mm

india of funnel =5 mm

Absorbing Element

Disc: dia=18 MM
thickness =5 mm
distance between two discs =40 mm
diaofrod=3 mm
distance from tip of funnel to top disc =70 mm
distance from bottom disc to top of

inner tube =50 mm.
Why Simulated Packed Column

When a packed column has to be designed for a new process involving absorption or stripping, it is frequently impossible
to calculate the mass transfer coefficient theoretically unless it is known that the rate of transfer is controlled by the gas
film. Ifthe liquid film resistance is important, prediction of the coefficient for physical solution may be prevented by lack
of knowledge of the rate of diffusion in solution and if a chemical reaction occurs in solution, the process is more
complicated and data to use in calculations are rarely available. It is necessary therefore in many cases to determine the
absorption coefficient experimentally.

Ifthe experiments are performed on a semi-technique scale with the actual packing, it is proposed to use the quantities of
gas and liquid required will generally be large and in some circumstances may be prohibitive.

There is therefore a need for Laboratory Scale equipment which will give results which will give results that can be
simply related to those obtained with full scale packing.

For the purpose of investigation a Stephen-Morris type glass column was fabricated with stainless discs arranged in a
regular fashion on a single stainless steel vertical rod all in the same plane, forming the absorption surface.

Here, the liquid flows on the surface of discs being interrupted at regular intervals and thus making a Packed Bed
Characteristics. It has the main advantage over Packed Bed that the gas and liquid consumption are quite low.

Simulation of the Packed Bed Characteristics can thus be achieved in a disc column where the interfacial area available is
accurately known.

Justification of Pulsating Gas Phase

External agitation greatly improves mass transfer between two fluid phases. Contactors for Liquid-Liquid and gas-liquid
systems, has been developed using the above principle. But very little work has been done on the study of the effect of
Pulsation on gas absorption. Though, many workers have tried to standardise this, till now nobody has been able to come
with a generalised theory on it application in the big scale plant has also not been possible so far. Because of the unlimited
use of Packed Column in process industries, it is essentially required to find the technique to enhance the rate of
absorption and mass transfer coefficient. This mass transfer coefficient is highly influential in scaling up the size of the
equipment, reducing the cost of the equipment and reducing the size of the equipment as well scale up this size of mass
transfer equipment in scale up, reducing the cost and size of the equipments.

It is therefore the present study has been taken up to study the effect of gas phase Pulsation in a Simulated Packed
Column to enhance the rate of absorption and mass transfer coefficient for liquid phase and gas phase.

RESULTS AND DISCUSSION

The experimental investigation are carried out in simulated absorption column (Disc Column) to study the effect of
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pulsation on absorption rate and mass transfer coefficients in various systems.

(1) Absorption of carbon-dioxide in water;
(2) Absorption of ammonia in water;
(3) Absorption of carbon-dioxide in aqueous sodium hydroxide solution.

Among the parameters those are investigated in greater detail are the effect of (1) amplitude of pulsation, (2) frequency
of pulsation, (3) liquid flow rate, (4) gas flow rate, (5) solute gas concentration in air, (6) normality of aqueous sodium
hydroxide solution, (7) effect of varying the number of disc (length of the column, superficial area).

Effect of Liquid Flow Rate

Figures 19 to 34 show the influence of liquid flow rate on rate of absorption and mass transfer coefficient for both pulsed
and unpulsed conditions, keeping other parameters remaining unchanged. For air carbon dioxide-water system
(physical absorption) the absorption rate and mass transfer coefficient, seen in the figure (mentioned earlier), is
proportional to the liquid flow rate to the power range from 0.54 to 0.78 in case of mass transfer and 0.5 to 0.8 in case of
rate of absorption. But in the pulsed condition almost kept the same relationship with an upward shift for the pulsed
condition. The value for the unpulsed system agree well with the value reported in the literature[15]. In case of pulsed
case too much splashing occur high value is obtained due to increase of gas turbulence resulting from greater
disturbances produced by liquid flooding over the junction between successive discs as the liquid rate is raised. The
present observed power is 0.36 which agree quite remarkably. In case of pulsed case it tended to increase from an
amplitude 3.5 and frequency 3.6 Hz and its value as 0.48 this is peek condition. Other none peek value at amplitude 11
MM and frequency 5.43 and above the power is to be 0.433. This can be concluded that mass transfer rate might have
been increasing due to high repelling. The same slope relationship is maintained for the optimum pulsation condition but
with higher magnitude of coefficient.

For the ammonia-water system (gas film controlled) process the mass transfer coefficient for both pulsed and unpulsed
condition plotted against the liquid flow rate shown in Figure 31. It is seen that the coefficient varies with liquid flow rate
with the power of 0.17. The same slope is achieved for pulsed system but with higher coefficient. This is comparable to
the values reported in literature [ 15,17].

For carbon dioxide-aqueous sodium hydroxide solution Figures 25 to 30 and Figures 32 to 34, The absorption
coefficient varies with the liquid flow rate with the power of 0.6. The same slope relationship is maintained for the
optimum condition but with higher magnitude of coefficient.

Effect of Gas Flow Rate

In the present investigation, the gas flow rate has been varied from 6 to 36 litre per minute. Studies have been carried out
for both pulsed and unpulsed conditions, changing frequency and amplitude of pulsation keeping other parameters
constant. For liquid film controlled system studied i.e. CO;-water (Figures 39 to 41) and CO,-NaOH solution, the
change of gas flow rate has absolutely no effect on mass transfer rate (Figure 42). However, the data/table obtained for
gas film controlled system (air —ammonia - water) shows that the mass transfer coefficient is proportional to the gas flow
rate to the power 1.07 (Figures 35 to 38). These results are quite in confirmative with the reported literature [ 15-17].

Effect of Pulsation Frequency

Figures 1 to 4 shows the effect of pulsation frequency on the absorption rate of carbon dioxide in water. In this figure, the
absorption rate are plotted against pulsation frequency with solute gas concentration as parameter. The amplitude of
pulsation is being kept constant at 2 MM the solute gas concentration has been varied from 0 to 1. It is observed from the
figure that the absorption rate changes sinusoidally along with change of pulsation frequency. The attainment of the peek
absorption rate is observed at pulsation frequencies of 3.63 Hz and 9.06 Hz, respectively within the range of the
experimental conditions. The experimental runs could not be taken beyond the pulsation frequency of 9.06 Hz because
of the limitation of the system. Figures 1 to 25 present data for the same parameters but for different amplitude of
pulsation, viz, 2.7, 4.5, 8 and 15 MM, respectively, similar trained is observed in all the figures. Figures 7 and 8
corresponding to the amplitude of 21.3 and 26 MM, respectively, also show the same trained but the attainment of peek
values are achieved earlier at frequencies of 1.81 and 7.25 Hz, respectively.

For air-carbon dioxide /0.5 N aqueous sodium hydroxide solution, the absorption rate of carbon dioxide is shown against
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the pulsation frequency with solute gas concentration (0.05 — 1). As parameter in Figures 5 to 8 corresponding to the
amplitude of 2, 4.5, 8, 15, 21.3 and 26 MM, respectively. It is observed from figure that attainment of peek values is
achieved at frequencies of 3.63 and 9.06, respectively up to the amplitudes of 15.0 MM at 1.81 and 6.7 Hz, respectively
for higher amplitudes.

Figures 9 and 12 are shown for the system ammonia water, corresponding to 6 amplitudes of 2.5, 10, 15, 20 and 25,
respectively. The solute gas concentration Xg, has been varied from 0.01 to 100%. In the investigation the attainment of
peek absorption rate is achieved at frequencies of 3.63 and 9.06 Hz, respectively for the amplitude up to 10 MM and 1.81
and 6.7 Hz, respectively for higher amplitudes of 15,20 and 25.5 MM corresponding to Figures 13 to 16, respectively.

It is concluded from the figures that the magnified interfacial turbulence caused by resonance phenomenon, while in
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pulsation gives an increased absorption rate when the time period of liquid phase and gas phase oscillation matches. This
is completely in agreement with the observation of several investigators [1-3, 7,12]. For CO» system the resonance
phenomenon shows a 90° degree shift in peek values attainment at amplitudes higher than 21.3 MM. For a gas film
controlled process like ammonia water system this is observed at still earlier amplitudes of 15 MM.

Effect of Pulsation Amplitude

Figures 13 and 14 shows the relation between the absorption rate and the pulsation amplitude for CO,-water system with
solute gas concentration Xg, as parameter. These figures correspond to the peek pulsation frequencies of 3.63 and 9.06
Hz, respectively.
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Figure 6

For CO»-0.5 NaOH solution, the experimental data are represented in Figures 15 and 16 corresponding to the same

frequencies as above, respectively.

Figures 17 and 18 shows the effect of pulsation amplitude on the overall absorption rate for ammonia water system.
These figures also correspond to the same frequencies as stated earlier.

It is seen from the figures that the absorption rate increases with the increase of amplitude up to a certain value and
thereafter decreases with the increase of amplitude. This optimum amplitude corresponds to 12 MM for both carbon
dioxide water and carbon dioxide 0.5 NaOH solution systems, and 8.0 MM for ammonia water system. The increase in
absorption rate may be due to the added interfacial turbulence caused by pulsations, Fr the decrease in absorption rate at

higher amplitudes the following reasons are assigned:
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Increase in splashing may be reducing mass transfer rates it was experimentally observed that liquid splashing increased
with the increase of amplitudes[1].

Due to splashing, it is obvious that the liquid flow rates on discs are decreasing to some extent, which might be reducing
the mass transfer coefficient.

Due to pulsation at very high amplitude, wetted surface area may be getting lost. Because of the high amplitude of
induced ripples, the tip of the ripples are touching the discs and thus some surface area are getting lost. As mass transfer
rate calculated on the basis of total area of discs and wires, the reduction in area is observed, which is a quite a reasonable
probability. It was experimentally observed that liquid splashing increased with the increase of amplitudes. Splashing
was particularly intensive at higher amplitudes corresponding to oscillations above 12 MM amplitudes of carbon
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dioxide water and carbon dioxide — 0.5 NaOH solution (liquid-film controlled system) and 8 MM amplitude for
ammonia-water (gas-film controlled) systems, respectively and at very high amplitudes the ripplings were so intense
that surface-films become very thick at one location and very thin at other. After attaining critical thickness, the soli rich
surface liquid splashed out of the disc surface, thus, showing low concentration in the outlet liquid stream. This
happened at various locations all along the length, although more show near the bottom ofthe column.

Why Peak?

The reason for peak can be considered same as interfacial turbulence. In the present case the increase in rippling quite
visible. The liquid was flowing in a pulsating manner on discs and wires. So, when the time period of liquid phase
oscillations and gas phase oscillations matches, resonance occur and this interfacial turbulence is magnified which gives
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