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Abstract

Biomass-based fuels and chemicals are going to play a vital role in the decarbonization
pathway in achieving Net-Zero Emissions. To achieve the same with the minimum
environmental impact on land use patterns and net CO, emissions, waste biomass streams
should be utilized effectively. Among the various thermo-chemical conversion processes,
pyrolysis is a simple but effective method for the production of bio-oil from waste biomass.
However, the resultant bio-oil is exceedingly acidic and viscous, contains a high amount of
oxygenates, and has a low heating value, therefore, finding limited utilization. The main
contributing factor to this low quality is the inherent chemical composition of lignocellulosic
biomass, which has a low H/Cef ratio. Therefore compensating the same by co-reaction of
waste biomass with high H/C.s materials is expected to alleviate the above issues to some
extent. In this aspect, waste plastics such as HDPE, LLDPE, and LDPE with a high H/Cefrcan
form potential co-reactants for biomass co-pyrolysis and are expected to yield valuable
chemicals and fuel range carbon molecules.

In this research study, wheat straw (WS) waste biomass co-reacted with recycled waste plastic
HDPE in the presence of catalysts to produce valuable chemicals and fuels. In the first work,
the effect of various concentrations of metal (1,5, and 10 wt.% Mn, Ni, and Zn) modified
HZSM-5 extrudates on the co-pyrolysis of WS and waste HDPE at a feed mix ratio of 3:1 is
investigated. The study revealed that metal-impregnated HZSM-5 produced bio-oil with
relatively higher proportion of organic-rich phase fractions (16.59 - 31.64%) while
simultaneously reduced coke formation by 13.68 - 44.81% compared to the unmodified parent
zeolite. Further, 5%Ni followed by 5%Mn incorporated HZSM-5 generated more aliphatic
hydrocarbons, whereas, 1%-Zn modified HZSM-5 produced a more relative proportion of
valuable aromatics. The catalytic co-pyrolysis also consistently yielded bio-oil with HHV of

more than 40 MJ/kg. In addition, more valuable lighter olefins (C2-C4) obtained in the gaseous
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product with 5% Mn generated more volume of lighter olefins and the LHVs of gaseous
products obtained via catalytic process varied between 30-31 MJ/Nm®.

The second study probed thermal behavior, kinetics, and thermodynamic parameters analysis
of catalytic co-pyrolysis of wheat straw (WS) and post-consumer recycled high-density
polyethylene (HDPE) waste plastic and their blend in the ratio of 3:1 over unmodified and
5%Mn, Ni, and Zn modified HZSM-5 through thermogravimetric analysis (TGA) at differing
heating rates of 5, 10, 20 °C/min. The study revealed that the use of catalysts considerably
reduced the average activation energy (~ 11.93 -25.50 %) required for the co-pyrolysis process
estimated using various model-free methods. In comparison to the non-catalytic co-pyrolysis
process, the following performance order is observed in the reduction of activation energy by
the catalysts: 5% Zn HZSM-5 >HZSM-5 > 5%Ni-HZSM-5 > 5%Mn-HZSM

In the third study, a novel metal impregnated (5% Mn, Ni, and Zn) -N-doped reduced graphene
oxide (RGrO) catalysts synthesized, and its effect on co-pyrolysis of various feed mixes of WS:
HDPE was explored through analytical Py-GC/MS experiments. The study disclosed that 50:50
wt.% feed mix provided advantageous conditions and yielded a more relative proportion of
aromatics. The order of aromatic yields for a 50:50 feed mix ratio was as follows: Zn@N-
RGrO > Mn@N-RGrO> Ni@N-RGrO > No-cat, whereas the Zn and Ni @N-RGrO catalysts
also produced a greater proportion of long-chain a-olefins 21.25% (25:75) and 21.21% (75:25).
The findings of these studies are not only significant in terms of improving lignocellulosic
biomass and waste plastic recycling but also in converting these wastes into valuable biofuels
or chemicals. The novel approaches and insights provided by this research study pave the way
for more efficient and sustainable utilization of these resources, contributing to the global
efforts for a greener future.

Keywords: Co-pyrolysis; Synergic effect; Metal-modified HZSM; TGA kinetics; Metal-

modified -N/doped RGO catalyst.
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FAHT-TYTRG 3o 3R T YS-JA I U A # SipEHgoRe dAnf o
TE@yUf YAt M S 38 & | Y STRT Ue 3R Y[G CO, IS R gAdH ygiarufig
THTA & 1Y 8 UG bR & fofy, 3Ry ST YRT3H b1 YHTd! S H ST fobam S
ieu | fAfvs yHi-arafRe Tuideor ufsarel 7, grRIfRRT oy s/ @ wid-da
& IdTe & T T IR Afp= gHIdt aliepT |1 gTdiios, URumHt Sig-dd i 3naiy

3R ferafar 811 3, 398 S AET § SHiRieH 8idT 8, 3R 96T a1y JF &4 8idl g,
ST S9! HIfhd YA 8Id1 & | 39 7 T[0raxt &1 T-7 aieH HR& [iRiegal®
TN P fdfHTed IS Wa-T 7, forge! TaAsuw Suid &4 g1 39T 3=
T/ U T & A1 S(afRIy ST & 9E-UiafshaT gRT 3H@! HRUTS 3 9 SWRI
el ®) $6 g db HH B &I SHIG ¢l 39 g H, 3 Ta/IRTH & Y Taeid,
TAUASIUTS SR TS IUTE it SUTRIY WReeh STAH He-urs e & forg duifad ¥s-
HYHRS TT Thd & R TeuaH TTEA! 3R FUF IS HIa SHU[3T P IdTe B Bt
SHe gl

T MY 3egg H, T & YT (S=YTY) MUY THN 3 Jegd™ J0EH! 3R 349 &1
IATGT B & [T SORD DI IR & GA-dIHRUT UMY Wiked TIeitls & Y
Te-ufafhar &1 | Ugd S H, urd &1 fafia Tigd (1,5, 3R 10 wt.% Mn, Ni, 3R Zn) &I
THTT TNTAT HZSM-5 BT B 0T 3I0Td TR WS 3R SUFRIP HDPE & Wg-UTSRITaierd

TR UHIG TSdl g1 3:1 BT Sl $I Sl g1 378 ¥ Ul 9al & UIg-Safrd HZSM-5 A

PIEDH-TG TRUT 3T (16.59 - 31.64%) & UETHd 3= AU & A Slg-ddl Bl
IdTe fobar, Safe A1y g SERNfIa ga fSsiidge &1 a1 & ®idb 137 &l 13.68 -
44.81% b HH B [AT| TP ST, 5%Ni b §1G 5%Mn QMHT HZSM-5 7 3P Ry
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gISSIdbIa 3 BT, Safd, 1%-zn IRMRAT HZSM-5 = JedaH WHAH &1 3HfIH
TU&! U S fohdT | SARS He-UrRITRg ¥ 1t IR 40 Tool/fheumd ¥ sifeiew
& TITIE! & Y Sd-de U BTl ¢ | 3Hb ST, 5% THEA & HIY 1 Iad1g H ured
3P Yo geob 3afth (2-a) 3 geb Saftha Bt 31 W IUd 1 3R SRS
Ui & 1A A UK TRAY ITal & TATaat 30-31 THO/THTH 3 b ot i 3 |

R I H Mg & YU (S&YUY) & SRS g-URRITIRE 3R IuHGT & §1g
GHAIBRUI 3o T UlehiH (TaSiUls) SUfRIy Wied & YHd agR, drciad 3R
YHSIHHS IR [IRdy0 &t &g 31 T8 3R b Ao &1 3: 1 & U o
SRR fopam TN 3R 5%Mn, Ni, 3R Zn 7 5, 10, 20 °C/HAC BT SERT-STRT I &=
R yARifRfee fAzAw0T (TGA) & HIegH T HZSM-5 &) TN fopa| sreqg= & uar g
o IERD! & IUIRT W faftie AISA-Hod dIpb! BT SUINT HRob STHTT Fg-UTSRATerTd
ufshar & foIe siaxass Sia Tferaur Suif (~ 11.93 -25.50%) &H 81 T8 | TR-IIRS Tg-
IR Tfehan &t qa H, ISRS gRT IfhawT Soif &t it § FAgfeiad v oo

G/ I 8: 5% Zn HZSM-5 >HZSM-5 > 5%Ni-HZSM-5 > 5%Mn -HZSM

dRR SreggH |, T AdF o1 IR (5% THEA, Y, 3R SI8UH) -UH-8I &H UThH
SHRATSS (SRR IERS B! YA a1 7T, 3R S&TH: TASIUTS & Al Wis
Ao o Tg-urSIfIRg IR ¥ UHTE ST Udl TR 7137 | faxavunates dis-Siel/graey
TRINT| 31899 ¥ Ul Il {3 50:50 T Wie Y01 3 aryye R uem &t SR Juifda
Tl BT P Fqrder ST W fBaT| 50:50 Wie 0T SUTd & e iferd 3us &1

P 39 UHR UT: Zn@N-RGrO > Mn@N-RGrO > Ni@N-RGrO> I8R® & {1, Sdfds zn

3R Ni @N-RGrO IaR® = I Te-4IAT o BT Th FST U S fham| -3fafte=g

21.25% (25:75) 3R 21.21% (75:25)|
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