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2 Name of the Institution; Tezpur University <CCEIPTNO AT
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No & date sanctioning
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4. Department of Science & Technology sanction order
the project: S
i) DST sanction letter no. INT/FINLAND/P-02 dtd. 10-Mar-2011 —original
sanction order
ii) DST sanction letter no. INT/Finland/P-

year d
iii) DST sanction letter no. INT/Finland/P-02 dtd. 26-06-2013 for 3" year

02 dtd. 13-August-2012 for i

5. Head of account as given in the original sanction order:

(i) Major Head-3425 B-other Scientific Research ) .
(i) 60 other Minor Head 60.798 International Co-operation S&T Co-operation with

other countries. )
6.  Amount brought forward from the previous Financial year quoting DST letter

no. and date in which the authority to carry forward the said amount was

given.
Amount Rs. 1,28,187- (Rupees one lakh twenty eight thousand one hundred

eighty seven only). Letter no. INT/Finland/P-02 dtd: 26-06-2013

I Amount received during the financial year (01-04-2013 till 31.03.2014) (Please

give DST letter/order no and date)
. Amount: Rs. 8,00,000/- (Rupees eight lakh) only for 3™ Year.

ii. Letter/Order No : INT/FINLAND/P-02
ii. Date: 26" -June-2013

8. Total amount that was available for expenditure (excluding commitments)
during the financial year (01-04-2013 till 31.03.2014) (Sr. No. 6+7)
Rs. 9,28,187/- (Rupees nine lakh twenty eight thousand one hundred eighty
seven) only.

9. Actual Expenditure (excluding commitments) incurred during the financial
year (01-04-2013 till 31.03.2014)
Rs. 7,13,604/- (Rupees Seven lakh thirteen thousand six hundred four) only.

10.  Balance amount available at the end of the financial year: Rs. 2,14 583/--
(Rupees two lakh fourteen thousand five hundred eighty three only)

11. Unspent balance refunded, if any (please give details of cheque no etc.):
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financial year (2014-2015): NA
?mpleted On 31.3.2014 and unspent amount of Rs. 2,14,583/--
ourteen thousand five hundred eighty three only) is refunded to

UTILISATION CERTIFICATE

Certified that out of Rs, 8 00,000/- (Rupees eight lakh) only of grants-in-aid

sanctioned during the year 2013-2014 in favour of the Registrar, Tezpur University
under this Ministry/ Department letter No - INT/FINLAND/P-02 dtd. 26™ June,
2013 and Rs. 1,28 187/- (Rupees one lakh twenty eight thousand one hundred
eighty seven) only as unspent balance of the previous year, a sum of Rs.
7,13,604/- (Rupees seven lakh thirteen thousand six hundred four) only has been
utilized for the purpose of purchasing consumables, salary of manpower,
contingency, exchange visit of scientists from both collaborating countries and for
which it was sanctioned and that the balance of Rs 2,14,583/-(Rupees two lakh
——

fourteen thousand five hundred eighty three) only is refunded to DST, India as
unspent balance after completion of the project through Cheque No.

. S I

AEN(T
Signature of Pl Account; Offfger G [a.? Signature 07 Registrar/ Signature of
prof. Dhanapati Deka the Institute Head the Institute
Fri;mcipai Investigator Financa Officer Reaistrar
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. Project Title: Synthesis of platform biofuels from |DST  sanction letter no.
Renewable sources using acid modified supported INT/FINLAND/P-02 dtd. 10-
ionic liquid catalysts. Mar-2011

. Pl (Name & Address): Date of Birth
Dr. Dhanapati Deka 02-10-1965
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"4, Broad areq of Reseérch'

sy, Aros Biofuc| e Green Chemistry/Green energy

diesel Production)
5. Approveq Objectives of the Proposal;

In this res e

Catalysts (;Iaigl}pilan, Novel heterogeneous acid/alkali catalysts — Supported lonic L_1qu1d

furfural ang bio-di = Proposad to:be synthesized and applied for the production of bscdles_.ei,

between Lab iethyl ether. The research project has been undertaken in close collaboration

Tk oratory of Industrial Chemistry and Reaction Engineering, Abo Akademi
Ity (AAU) and, Department of Energy, Tezpur University (TU), India.

Objectives of the Proposed project include

15

to prepare different types of acid modified Supported lonic Liquid Catalysts

(SILCA) at AAU, Finland. _

2. to investigate the influence of different acids as well as ionic tiqu:c!s for
Preparation of SILCAs and their physico-chemical and catalytic properties at
AAU, Finland. - S

3. to study the application of prepared SILCAs in the synthesis of biodiesel at TU,

India and AAU, Finland along with its application in the synthesis of furfurals

and their derivatives from renewable sources at AAU, Finland. .

to collaborate research exchange with the researchers of both the countries.

to carry out practical synthesis test and optimization of the biodie_set production

utilizing supported alkaline ionic liquids catalysts at TU, India delivered by Abo

Akademi University. i

6. to investigate the use of novel, supported alkaline ionic liquids as the catalyst in

biodiesel synthesis at TU.

2h

Date of Start: 1* April, 2011 Total cost of Project:
Rs. 29,53,169/- for three years
' (Indian side)
Date of completion: Completed on 31* March, 2014. Expenditure as on 31* March,
2014:
Rs. 27,38,586/-for three years

6. Materials and methods:

(a) lonic liquids catalyst supplied by Abo Akademi University, Finland- Please
see the Final report of the project attached.

(b) Synthesis of lonic liquid Catalysts at Tezpur University- Please see the
Final report of the project attached. =
(c) Transesterification reaction for biodiesel production:

The catalysts were, tested for the transesterification reaction for the production of
biodiesel from non edible oils. The reaction condition was: catalyst 1.0 wt% of oil,
jatropha oil 10g, oil: methanol molar ratio of 1:6, reaction time 6 hours, magnetic stirring
700 rpm, temperature 70 °C. The catalysts were tested under different reaction
conditions to check their influence in transesterification reaction. After reaction,

cafatysts were separated from the reaction mixture by using centrifugation. The




. & /
g to the 'HNMR spectroscopic method, =
tion. The catalysts show less activity in |

biodiesel conversions were calculated acc?rﬁlﬂ
Also *CNMR spectra were taken for considera

T ional catalysts.
transesterification as compared to conventionai ca s
(d) Catalysts characterization: Catalysts synthesized at Tezpur University werefigsted

as per standard methods and details are presented in the Final reportprotejiiod

herewith.

|
| 7. Salient Research Achievements:

Summary of Progress:
The progresses made so far under this project during 2013-14 are summarized as
follows.

i 1. Experiments continued from the previous year. : . _
. 2. A two-day Indo-Finnish. Workshop on Green Chemistry under this project

was organized during December 13-14, 2013. (Please see details in
Enclosure-1).
3. Mr. Subrata Das, Junior Research Fellow, Indo- Finnish Project and Mr.
Lakhya Jyoti Konwar, Associated Researcher visited the laboratory of
: Industrial Chemistry and Reaction Engineering, Department of Chemical
f Engineering, Faculty of Technology, Abo Akademi University, Biskopsgatan
8 FI-20500 Abo-Turku, Finland during 29.3.2013 to 12.4.2014 as Visiting
Researchers and they were associated with the Scientists of Abo Akademi
University and research works were carried out on the relevant field.
] Research publications came out from the project have been credited with
| acknowledgement to DST (please see Enclosure-2).
9. Exchange visit under workshop components: As informed by PI-Finland,
nobody was participated during the period from Finland under this
component due to financial crisis at Abo Akademi University, Finland.
However, Dr. Paivi Maki-Arvela, Dr. Narendra Kumar and Prof. Jery Pekka-

l! Mikkola delivered their talks via video conferencing.
J’ 8. New Observations:
of lonic liquid Catalysts and metal modified zeolite catalysts delivered by Abo
_' Akademi University, Finland have not shown promising result on biodiesel
production. The basic reason behind this observation is that the zeolites are not
good catalysts for biodiesel production from oils. It may be due to the fact that the
larger triglyceride molecules can’t enter into the small pores of zeolites and reactions
occurred only on the surface. Besides, following observations were made:
a) lonic liquids (IL) are prone to leaching from SILCA in reactions with methanol.
b) Microporous zeolites are ineffective as catalyst support due to their narrow pore
| structures preventing interaction of substrate molecules with acid sites.
c) Esterification/transesterification activity depends on IL acidity. It was possible to
enhance catalytic performance by increasing/tuning IL acidity.

a) Innovations:
I.__Acidic ionic liquid catalysts [BSMIM]CI was synthesized and applied as catalyst

-3



for th e
EISEWhETe in
Pretreatment

il [BSMIMICL-F

esterification of
, . that both [m
' esterification o

free and

| trifluoromethanesulphate ion.
[DSIMICI having double sulphonic acid group direct
nitrogen of the imidazole was synthesized and applied

acid. An optimum molar ratio of oleic acid to methanol (1:6) and temperature at
600C-700 °C, 98.25% oleic acid conversion was O

recovered and then reused for the oleic acid esterifica i o
reaction conditions mentioned above. IL was reusable up 1o four times

.

Pretre

literature for
of vegetable
th:“'e reported the reusab

nsesterification with KOH as base catalyst.
eCl,, _[MSTM]CL [MSIM]HS Oy, [MSIM]CH3SOs3,
Acidic ionic liquid catalysts, were prepared and feste
oleic acid for biodiesel production. From the results, it was found
SIMJCH;S0O; and [MSIM]CF5SOs;
f oleic acid. Out of the two, [MSIM]CH;S

optimization. It is because the ionic liquid with methanesu
hazardous

atment of Jg

hence less toxic and

maintained up to 92% of its activity.

tropha curcas oil. Very few studies are reported
the use of this particular ionic liquid as catalyst for
oil having high FFA. In addition, for the first time, we
ility study of ionic liquid in esterification followed by

[MSIM]CF280s, and
d for

were equally effective In
0O, was selected for further
Iphonate ion is halogen

as compared 1o

ly attached to the riqg
for esterification of oleic

bserved. The IL was
tion at the optimum

b) Application Potential:
i. Long Term: Acidic i
be potential for industrial

ii. Immediate: The catalyst may replace conven

onic liquid catalysts synthesized at Tezpur University might

application, but further investigation is necessary.
tional catalysts for application in

biodiesel and other platform chemical production.

c)

Any other: nil

9. Research work which remains to be done under the project (for on-going

2014 with achievement of major

 projects) .
- Research project was completed on 31% March, ‘
objectives and novel catalyst development. However, the project may be extended

'J for exploring the application of prepared acidic ionic liquids at Tezpur University for
One pot transformation of biomass to fuel and chemicals (e.g. Biomass/cellulose to

levulinic acid).

' Ph.Ds Produced no:

' Mr. Subrata Das, JRF
|of the project s
| carrying  out Ph.D.
research (Now in 5"
' Semester) in the
Department of Energy,
Tezpur
under Prof. D. Deka,
(Pl-India of the Project)
as Supervisor and Dr.
A. J. Thakur (Co-Pl) as
Co-Supervisor.

University .

Technical Personnel

trained:
1) Mr. Subrata Das, Junior

Research  Fellow, Indo-
Finnish Project, TU

2) Mr. Lakhya Jyoti Konwar,
Associated Researcher, TU.
3) Mr. Lakhya Jyoti Konwar
was awarded prestigious
CIMO fellowship at Abo
Akademi University, Finland
during November 1, 2013 to
January 31, 2014 to carry
out his part of Ph.D.

Research Publications arising
out of the present project:
1. Nos. of Journal paper
published: 2

i. Indian partner only- 01

ii. Joint publication with Finland

counterpart-01 -

2. Journal paper submitted -01
(under review)
3. Conference proceedings: 03

4. Book Chapter: 01

research at AAU, Finland.
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' 10. List of Publications from this Project (including title, author(s), journals & year(s)

|! (A) Papers published only in cited Journals (SCI):

1.. Das S, Thakur AJ and Deka D. Two-Stage Conversion of High Free Fatty Acid Jatropha
. curcas Oil to Biodiesel using Brensted Acidic lonic Liquid and KOH as Catalysts. The
Scientific World  Journal Volume 2014, pp 1-9, Article ID 1809863,

http://dx doi.org/10.1155/2014/180983.

2. Das S, Thakur AJ, Borah RK, Dutta N and Deka D. Production of biodiesel t?yleslter_iﬁcgtiqn
of oleic acid over a highly efficient and environmentally benign an:]nsted acidic ionic liquid
catalyst. International Journal of Green Energy, submitted (under review).

3. Konwar LJ* Das R, Thakur AJ, Salminen E, Mé&ki-Arvela P, Kumar N, Miklgoia J-P an_.d
Deka D. Biodiesel production from acid oils using sulfonated carbon catalyst derived from oil-
cake waste. Journal of Molecular Catalysis A: Chemical, 388-389, 167-176, 2014.

Note: *Konwar LJ was the Associated Researcher of the project and visited Abo Akademi
University, Finland two times as part of the project under DST approval. Mr. Konwar has duly
acknowledged DST, India and Academy of Finland on his joint publication with Finland
counterpart.

(B) Papers published in Conference Proceedings.

1. Das S, Thakur AJ, and Deka D. Esterification of oleic acid with methanol using a new
~ imidazolium based bronsted acidic ioinic liquid catalyst for biodiesel synthesis. In the
proceedings of the International conference on Green Energy & Smart materials through
Science, Technology and Management held on 21-23 January, 2014 at Gauhati University
jointly organized by Gauhati University, Guwahati, Assam, India and University of South

Africa, Florida, South Africa in association with SECONE.

2. Das S, Thakur AJ, and Deka D. Biodiesel production by esterification of oleic acid over a
Br@nsted acidic ionic liquid catalyst. In the proceedings of the International conference on
Harnessing natural Resources for Sustainable Development- Global Trend held on January

29-31, 2014 in Cotton College, Guwahati, Assam — 781 001, India.,

Das S, Thakur AJ, and Deka D. lonic liquid based catalysts for biodiesel production via

3
transesterification-A review. [n the proceedings of the International Seminar and Workshop
on Energy, Sustainability and Nanotechnology held on October 12-14, 2012 in Sibsagar
College, Joysagar, Assam.
apter: : - g s
(€)Be0ke I D. Influence of free fatty acids content in catalytic activities of

Das S, Thakur A J and Deka
[BSMIM]CI ionic liquid for bio
Advances in Bioenergy Research,
S.K. Tyagi, Y.K. Yadav. ISBN 978
of Renewable Energy, I(apt_sr!hala-
NIRE-2014, Kapurthala, Iﬁdla,rPP ;:9—356.
~Batents filed/ to be filed: Not applicat '
;aa}z? Equipment (Model and Make) : Does not arise.

diesel production from non-edible acidic oils. In: Recent
Vol. Il CHAPTER 33. Editors: Sachin Kumar, A.K. Sarma,
-81-927097-2-7@ Sardar Swaran Singh National Institute
144601 (Punjab), Electronic version published by® SSS-




