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I CELLULOSE HIGHLIGHTS

OH

MAIN USES OF CELLULOSE
% PAPER INDUSTRY

» EXPLOSIVES

* TEXTILES PRODUCTION
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« CELLULOSE IS THE MOST ABUNDANT NATURAL
POLYMER

< IT COMPOSES ABOUT THE 35-45% OF
LIGNOCELLULOSIC MATERIALS

< IT IS GENERALLY COMPOSED BY 3000-5000
GLUCOSE UNITS BONDED EACH OTHER THROUGH
B 1-4 BOND
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«* FILLER FOR POLYMERIC MATERIALS AND DRUGS
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I FROM CELLULOSE TO CHEMICALS: ROUTES AND TECHNOLOGIES

SUGAR AND SUGAR DERIVATIVES RECOVERY
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< THERMOCHEMICAL APPROACHES
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MICROWAVE OVEN PLANT:
TEMPERATURE MEASUMERMENT

Thermocouples

IR Thermometer

-~ N\
. J

Fiber Optic Thermometer
Estimation Correlation with silicon oil with
a volume similar to the sample
Chemical probe Formation of compounds stable
In specific temperature range

» A. Undri, S. Meini, L. Rosi, M. Frediani, P. Frediani, Microwave pyrolysis of polymeric materials: Waste
tires treatment and characterization of the value-added products, Journal of Analytical and Applied
Pyrolysis, 103 (2013) 149-158. GPE 2016, 19-24 June, Mont Tremblant




THE UNIT : SET-UPS

SET-UP A
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THE UNIT : SET-UPS
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I THE UNIT : INSIDE THE SET-UP B

Low Boili

Fractionating system is a distillation apparatus
» Avoids heavy mass transportation

» Avoids particles transportation

» Reduces «mist» formation

» Increases the pyrolysis efficiency

Vﬁﬂ'%l ‘
]l;g

» Frediani, P.; Frediani, M.; P.: Rosi, L.; Undri, A.; Occhialini, S.;: Meini, S.; W0O/2012/110991
Al.
» Frediani, P.; Frediani, M.; Rosi, L; Undri, A.; Occhialini, S.; W0O/2012/110990 A1.
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I INSIDE THE EXPERIMENTS: SET-UPS & YIELDS

Absorber o-Cellulose Products (%)
a-Cellulose T

T Dissipation el /Absorber KP  Biochar Biowoil G
ype £ ctor (wt/wt) io-char Bio-oi as
Carbon 0.57-0.80 100.2 2.0 723 15.7 32.6 51.7
Fe 2.70 100.2 2.0 702 27.2 37.0 35.8
Carbon 0.57-0.80 100.0 2.0 745 16.2 30.0 53.8
Fe 2.70 100.2 2.0 681 23.6 37.6 38.8
SiC 5.15 102.0 2.0 659 58.3 29.9 11.8
SiO, 0.40 99.9 1.9 481 62.9 35.1 2.0
Al,O, 0.86 100.6 2.0 455 64.1 32.9 3.0
Graphite 0.57-0.80 149.6 2.1 532 26.7 28.5 44.7
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BIO-CHAR: A LOOK TO THE SOLID FRACTION

Ultimate Analysis? (%) o/C H/C EHC
C H Qb molar ratio molar ratio [MJ/Kg]
ID1 84.7 1.4 13.9 0.1 0.02 29.6
ID2 79.8 1.4 18.8 0.2 0.02 27.9
ID3 88.5 0.6 10.9 0.1 >0.01 30.9
ID4 79.0 0.2 20.8 0.2 >0.01 27.6
ID5 78.3 0.6 21.1 0.2 0.01 27.4
ID6 74.1 1.8 24.1 0.3 0.02 25.9
ID7 74.3 1.2 24.5 0.3 0.01 26.0
ID8 83.5 16 14.9 0.2 0.02 29.2
EHC = carbon from
> High content of carbon, up to > O/Cand H/Care MAP of plastic
74% compatible with
their use like solid | Materials
fuel
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ISOLID RESIDUE: AN ALTERNATIVE TEMPERATURE MEASUREMENT

'*"*’“HMMN .‘NA\,\ »;,v'i' ﬁ‘a [E

Vo ID7 y-PHASE
i’ n ¥
/ Fogtrra Mwm

““"‘“"MW\ N/

| Y |
) 30 70 80




I GAS FRACTION: FT-IR ANALYSIS

// (J(J

< LIGHT ORGANIC MOLECULES
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BIO-OILS CHARCTERIZATION : GC-MS APPROACH
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I BIO-OILS CHARCTERIZATION : A LOOK TO CELLULOSE
THERMOCHEMICAL DEGRADATION PROCESS

OH Cellulose o OH
o 5@ f— )
Cellulose\o\v /"O 1.Hydrolysis/Radical degradatlon HO /
OH H 2-Isomerization /

Dehydration process o O

|/
Advance degradation reactions OH
. O
OH )J\OH )J\/ | /
o \ Q Furan derivatives
Levoglucosan o o A_on
O
HJ\OH O

Small organic molecules
(carbonyl and carboxylic species)
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I BIO-OILS CHARCTERIZATION : GC-MS APPROACH
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MICROWAVE ASSITED PYROLYSIS:
CHARACTERIZATION OF LIQUID FRACTIONS

RRF
Standard compounds found calc
v QUANTITA TIVE GC-MS 1 3-Penten-2-one 0.11 0.18
METHOD DEVELOPMENT : ity oTe o
3 Pyridine 0.16 0.14
4 Toluene 0.16 0.25
MW - A - € 5 3-Methyl-2-butanone 0.17 0.16
RRFfound; = ——————> 6 Acetic acid 0.18 0.07
MWs - As - C; Eq-2 7 2.4-Pentandiol 0.18 0.26
rtg - MW, - P, -n’k 4+ 8 3.3-Dimethyl-2-butanol 0.19 0.26
RRFcaic; = —— é"(; e L Eq.2 9 Butyraldehyde 020 0.0
! 5+ 2ac(Pic My’ Q) 10 Valerolactone 0.21 0.29
5 11 2-Pentanone 0.21 0.17
12 Anilin 0.21 0.28
18 - 13 p-Benzoquinon 0.22 0.22
' 14 Cyclopentanol 0.25 0.23
16 15 Salicylaldehyde 0.31 0.30
16 Cyclohexanone 0.31 0.31
1.4 - 17 1-Hydroxy-1-methylcyclohexane 0.33 0.43
18 Vanillin 0.33 0.41
1.2 - 19 Phenol 0.34 0.29
20 Sesamol 0.38 0.43
1 - 21 Guaiacol 0.43 0.34
22 Acetophenone 0.47 0.43
0,8 A 23 p-Xylene 0.49 0.37
24 Cinnamaldehyde 0.50 0.55
0.6 - 25 1,3,5-Trimethylbenzene 0.53 0.49
26 7-Methyloctadiene 0.55 0.49
0.4 - 27 (-) Carvone 0.66 0.69
28 Benzilidenaceton 0.66 0.68
0.2 4 29 4-Phenyl-2-butanone 0.67 0.65
30 4-Phenyl-2-butanol 0.72 0.68
0 ' ' ' ! 31 Menthol 0.79 0.77
0 0.5 RRF 1.5 2 32 Endo (-) borneol 0.85 0.79
_ _ o - found _ _ 33 2.6-Ditertbutyl-4-methylphenol 115 1.19
» M. Bartoli, L. Rosi, M. Frediani, P. Frediani, An improvement on the calculation of relative Phenantrene 1.82 1.85

response factors for chromatographic analysis of bio-oils, Journal of European Mass
Spectroscopy, submitted G P E 2016 19 24 J U ne M Ont Trem b I ant



ICHARACTERIZATION OF BIO-OILS: QUANTITATIVE GC-MS METHOD
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Levoglucosan is a high valuable compound
(110 €/g).

Acetic acid was produced in a very
attractive concetration.

Furans were produced in appreciable
concentration and variety.

Surprisingly aromatic compounds like
phenol, resorcinol, orcinol, guaicol
toluene and benzene were detect in not
neglectable concentrations.
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I CHARACTERIZATION OF BIO-OILS:
AROMATIC COMPOUNDS FORMATION PATHWAY

Detected by HPLC

OH Cellulose OH H,O0 o o
H
Q) O/ HO OH 7 HO OI;:OH I;:
P! ] OH
Cellulose~_ 0" “OH Radical HO OH :C[ HO OH o
OH rearrangement OH OH
HO HO OH
Rac}llicals ©\OH Radicals \Q\OH ‘ \Q:OH
OH  exchange  qhy exchange ~ OH H,0 OH
Detected by GC-MS
ID1 ID2 ID3 1D4 ID5 1D6 ID7 1D8
[mg/mL] [mg/mL] [mg/mL] [mg/mL] [mg/mL] [mg/mL] [mg/mL] [mg/mL]
Sorbitol 2.61 1.14 1.31 2.02 0.00 3.07 4.31 5.22
Mannitol 1.50 0.70 0.49 0.87 0.00 0.75 0.82 1.09
Galactitol 1.02 0.43 0.32 0.48 0.00 0.00 0.00 0.00
Fructose 4,76 2.08 2.37 3.68 2.01 5.49 7.84 9.49
Glucose 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.00
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CONCLUSIONS

“* MAP OF CELLULOSE WAS PERFORMED IN A MULTIMODE BATCH
OVEN

s DIFFERENT MW ABSORBERS WERE TESTED

¢ BIO-OILS WERE DEEPLY ANALYZED AND MAIN COMPONENTS
WERE IDENTIFIED

s A QUANTITATIVE METHOD FOR GC-MS WAS TESTED FOR
EVALUATION OF BIO-OILS COMPOSITION

> A NEW PATHWAYS FOR THE FORMATION OF AROMATIC
MOIETIES DURING MAP OF CELLULOSE WAS PROPOSED

GPE 2016, 19-24 June, Mont Tremblant
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