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Abstract

Castor oil has the potential to be a renewable resource for the synthesis of high-value-added
chemicals. Currently, the first-generation castor oil derivatives such as sulfonated castor oil-
turkey red oil, ethoxylated castor oil, and hydrogenated castor oil are produced in India.
These second and third generation derivatives has more values than the first-generation
products. The technological challenges are higher temperature for conversion, development
of suitable catalyst, and green process for production. The thesis focuses on conversion of
castor oil derivatives from methyl ricinoleate to sebacic acid, 2-octanol, heptaldehyde and
methyl undecenaote by using thermal-catalytic cracking, and alkali-splitting reaction.
Transesterification of castor oil to convert into methyl ricinoleate for the physico-chemical
characteristics and fatty acid composition of methyl ricinoleate and castor oil have been
studied by conventional and modern techniques. It was observed that castor oil contained

86.4 % ricinoleic acid in its fatty acid composition.

This work focuses on the thermal cracking of methyl ricinoleate, the major component of
castor oil, in a micro fixed bed reactor that was used to produce methyl undecenoate and
heptaldehyde. Methyl undecenoate and heptaldehyde have wide applications in polymers,
cosmetics, and drug industries. The effect of flow rate, sweeping gas flow rate, preheating,
and reaction temperatures were examined briefly. Thermal cracking of methyl ricinoleate at a
preheating temperature of 350 °C and reaction temperatures of 550 °C, the highest yields of
methyl ricinoleate, 46.7 wt.%, and heptaldehyde 27.3 wt.% were achieved. The increase in
sweep flow rate from 15 ml min* to 25 ml min* enhanced the production of pyrolytic oil
yield to 92.6 wt.%. Density functional theory (DFT) was performed to examine the
experimental results and distribution of the products involved in the dissociation of methyl
ricinoleate. Assuming C-C bond scission followed by the cleavage of the OH bond, the
reaction energy of methyl undecenoate and heptaldehyde thermal cracking is computed using

Vv



DFT. This research may provide an alternative pathway to produce important chemicals from
castor oil for upscaling and process development for the industry.

Furthermore, methyl undecenoate and heptaldehyde formation are enhanced in the presence
of a catalyst. It has been demonstrated that lanthanum supported on zeolite HZSM-5 is
effective at converting methyl ricinolate to bio-oil. The synthesis of lanthanum-loaded on
HZSM-5 has been further confirmed through the characterizations of the catalyst. The
experimental results indicate that the optimum condition for achieving maximum vyield
conversion was attained at 500 °C for 150 mins with 2 gm of 5 wt.% La/HZSM-5. The bio-
oil obtained at the optimal condition was comprised around 97.5 wt.% with methyl
undecenoate (76.5 wt.%) and heptaldehyde (54.7 wt.%) alongside other minor aromatic
hydrocarbons.

Methyl ricinoleate was used as the raw material for alkali splitting to prepare sebacic acid and
2-octanol. The reaction parameters, including catalyst, the ratio of oleochemicals/NaOH,
reaction time, and reaction temperature, were optimized. It was found that 10wt.% Fe/HZSM-
5 showed the best catalytic performance, and 280 °C was considered the most suitable
reaction temperature. The oleochemicals/NaOH ratios 10:15, 12:15, 14:15, and 15:15 were
determined as the optimal ratio for alkali-splitting of methyl ricinoleate. In addition, the
optimal reaction time of alkali-splitting of methyl ricinoleate was 4 hr, and the maximum
yield was 5 wt.% Fe/HZSM-5 of 29.7 wt.% of 2-octanol and 56.8 wt.% of sebacic acid, 10
wt.% Fe/HZSM-5 of 39.4 wt.% of 2-octanol and 68.1wt.% of sebacic acid, 15 wt.%
Fe/HZSM-5 of 42.3 wt.% of 2-octanol and 71.8 wt.% of sebacic acid, respectively. FT-IR

and NMR confirmed high purity of sebacic acid and 2-octanol.

This research may provide an alternative pathway to produce important chemicals from

castor oil for upscaling and process development for the industry.
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39 IR # aftia 2y rd & firusa RfgAifee &t & 999 Agayul ufafearg i
3| erIcSeTss, sa sFsdiFte, JaRie TS SR 2-sffacHid, Sieifiie €U 9
eyl 3= Joua ASNbHe® &I HUGIH UgaR W &1 & oy ¥Hd 3R
efitfee shichT 3R &R faHTer|

fHrurse R SR SRS & dd 3T Wids-IarRe faRivarst ok et TRis dam
& T SRS & da &l fAugs RR¥Ae # uRafdd &3 & o e’St & dd &1
U th bR URURS 3R YIS dd-ih! gRT Td- a1 1 8| I8 &8 1 [
3RS & da § el TRTS T 1 86.4% RIS This giar g

SRSl & dd H I« Heuardd Al & IRAW0 & AU T Aoy Jqred g &t
&I 1 U8 S fuse RRYFde & oda $iFT w $fad 3, 5t 7! fras 3
e & SRSl & A7 &1 YW Uk § fodl Iua fHuEd sHsdHte 8k
eUICSEIES P1 IdTad PR & forg fobar Sirar u1| frsd sredHIue ik seifcseies
T IR, Hied THTeH 3R a1 3T § AUS SHI5ANT g1 TaT8 &, IS 119 UdTe
R, WG 3R ufdfsbar TuHM & UHIa &1 J&U H S &1 51 350 f&01 fekgq &
eI agH 3R 550 &3 Afcray & ufdfshan dromr W furse Ricice &1 yHa
opicb1, fhrurget RfdIdie 46.7 wt.% 3R BUIEBIZS 27.3 wt.% HI I=dH IUS U Bl
T3 | WY U8 e &I 15 fHelt fBFe-1 T F1ar 25 fiyelt fiFe-1 31 ¥ Riasfes dd

3UST BT IdIGH 92.6 S&gc1% db d¢ Tl fHuEd Ridv-de & gudmor & nfid
3dE & TNTHED GRUMHET 3R faaR0T & i d1 & U 99 dafdas Rigid
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(ST HT UGRM T T o7 | -3 97 fads &1 3iivd 918 & &R & §1 JHd gL,
frugd sF3dTe 3R ericserss yHa $ib &) ufdfthar SHuif @1 TuFT STt &1
SUGHT HRb B STl & | T8 MY ILN b 7T SUeebleiT 3R ufeha faepra o oy 3Rt
& I Y HEAYU! AT BT SATGH B o [o1Y T A eddh AN UG B Ahl G|

RIS TRIS 3R 2-3Hfaeid dIR I & U &R fAau™H & T o= 01d & w0 o
furge Rib-ferae &1 IuanT fdhar ST Tl SRS, NS [ @/NaOH &I 3UTd,
gfafshar THg SR Ufdfshar dad Afed ufaftar Aradst &1 srdierd fobar a1 o7l 98
TN 77T 6 10wt.% Fe/HZSM-5 3 Ta¥ 33T IAR® UG fG@mT, $fR 280 oC &1 Jay

Jugad Ufdfehar drga™ 9T T SAsiofiehc/NaOH 3fUTd 10:15, 12:15, 14:15,
15:15 B HUTSd Rfdrce & eR-fqusH & e 399 s & ¥u & fAuiia fear

T 7| 39 3far, g KRR & &R-[AUSH &1 35a9 ufafdhar THg 4 °9¢ T,
3R 5 Wt.% Fe/HZSM-5 B TUHAH JUS, 29.7 wt.% 2-3ffaerd 3R 56.8 wt.% IaTRIdH
TRIS, 10 wt.% Fe/HZSM-5, 39.4 wt.% 2-3fideid 3iR 68.1 wt.% JaTIH URTS, 15 wt.%
Fe/HZSM-5, 42.3 wt.% 2-3fTaerd 3R 71.8 wt.% SHHT: YRS TRIS &1 Iy Thig
3R 2-3fTereTeT B I Yeseell b1 YIS THCI-3MEIR 3R TTLHSNR RI BT 715 Ui
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GGA Generalized gradient approximation
PW91 Perdew and Wang 91
TS Transition state
SAR Silica alumina ratio (SiO2/Al203)
ZSM-5 Zeolite Socony Mobil-5
CAT1 HZSM-5
CAT 2 5wt.% La/HZSM-5
MFI Framework code (International zeolite association)
BET Brunauer-Emmett-Teller
MHz Megahertz
FESEM Field Emission Scanning Electron Microscope
EDX Energy-dispersive X-ray spectroscopy
TPD Temperature programmed desorption
TPR Temperature programmed reduction
TPO Temperature programmed oxidation
HR-TEM High Resolution-Transmission electron micrographs

TGA Thermal Gravimetric Analysis



TCD Thermal Conductivity Detector

FID Flame lonization Detector
GHSV Gas hourly space velocity
GCMS Gas chromatography—mass spectrometry
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