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o5 Ethanol as Fuel: Plasma Ignition for Vehicle Engines
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Theoretical support for an
application project working on:

* Investigation of processes occurring
during the ignition of plasma and its
consequences in post-discharge for an
internal combustion engine;

* The proper parameters to be applied
in cars that operate on "poor mixtures"
reducing pollutants released into the
atmosphere, especially considering the
spark plug discharge.
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Kaﬁiljwa Low-energy electron scattering from methanol and ethanol

PHYSICAL REVIEW A 77, 042705 (2008)
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Integral elastic scattering cross sections
for CH;OH. Legend: @: present experiment; -—: SMCPP

= SEP; —: SMC SEP: ---- (short dashes): SMC SE which is similar to
§ SMCPP SE: and ---- (long dashes): R-matrix ICSs of Bouchiha ez
g% al. (without Born correction) [10]. X Total cross section measure-
_gfj ments of Szmytkowski and Krzysztofowicz [24] and — @ of
EZ Schmieder [22]. ----- (shortdashes) are from the SMCPP SE which

3;,0 g = is similar to SMC SE.
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P;ST;' Elastic scattering of slow electrons by n-propanol and n-butanol

Kanazawa PHYSICAL REVIEW A 78. 062714 (2008)

Electron scattering of slow electrons by |-

pentanol (a drop in fuel)
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Integral elastic cross sections for electron
collisions with n-propanol and n-butanol. Red circles are experi-
mental values, thin blue lines with squares results from all-electron
;;O calculations, and thick green lines with diamonds results from
o> pseudopotential calculations. Open symbols and solid lines are pro-
&c’i";’oo panol data: solid symbols and dashed lines are butanol data.
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Motivation Il: large scale production of ethanol

Bagasse piles
at the mill.

2nd generation
ethanol?

Other high value
bioproducts?
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Biomass: a source of energy and carbon
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* Feedstock, processing, green chemistry, engines,
sustainability

300+ scientists (50 from abroad); 600+ graduate students

 Value awarded 2009-2012:
US$ 45 million (FAPESP);
US$ 28 million (State Government);
US$ 5 million (industry);
US$ 28 million (Universities)

'BNDES  EJrner
i

3535 » 35 industrial business plans (2" generation ethanol; new
1°2° products for sugarcane; gasification) approved will result in a
Gani potential investment of BRL 3.1 billion (~US$ 1.5 billion)
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Q" Eliane M. de Oliveira (posdoc)
" L IFGW Alexandra Natalense
= Marco A. P. Lima

Sergio d’A. Sanchez
Marcio H. F. Bettega

(Q) Romarly F. da Costa

sidade Federal do ABC

o
gb Marcio T. do N. Varella (coordinator)
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Biomass Feedstock #

Plant Residues and o
Energy Crops Y

B-D-glucose cellobiose
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Lignocellulose is Resistant to Hydrolysis

Lignin Coniferyl alcohol
— Untreated Untreated
< m—— Ar plasma w—— Ar plasma
Synth. air plasma Synth. air plasma
A (b) UPS Hell
Le/‘ . i @ ©
Pretreatment il
X
: 4 /\/%%
\ Hemicellulose 1;:
Pretreatment: bio- and physical- =
chemical processes to expose the §
cellulose fibers T T S
20 15 10 5 0
60 Hz /7 kV () Binding energy (eV)
powefsupply Osc(,: |_—|;|__|
@ﬁij reactor case I Lothar Klarhofer', Wolfgang Viol>** and
= Wolfgang Maus-Friedrichs'
= Holzforschung, Vol. 64, pp. 331-336, 2010

—— = Dielectric Barrier Discharge (DBD):
L/ e s e 'I[ electron flux on substrate ~108 cm-—2s-1

/4'\ recirculating pump



PRl Sugarcane Bagasse Plasma
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Treatment conditions
~ 25 g of dry sugarcane bagasse (50% moisture) — milled at 500um

Gas flow Mixture: 95% Ar (1.9 SLM) and 5% O, (0.1 SML)
Attreatment =3h
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~ Lignin concentration (%) of raw bagasse and samples related to

£ plasma torch treatment and washing procedure by water and
- NaOH 1% solution at room temperature.
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raw bagasse .58 £0.01 20.3 £ 0.1 21.9+0.1
Woashed by H,0 24109 214+ 0.9 23.8+ 0.9
\ Woashed by 1.31+0.9 12.6 £ 0.9 13.910.9
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: About 40% of original lignin was removed!!!

17 Jayr Amorim, Carlos Oliveira, Jorge A. Souza-Correa, Marco A. Ridenti
MAPLima Plasma Process. Polym. 2013, DOI: 10.1002/ppap.201200158
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Resonant Formation of DNA —
Strand Breaks by Low-Energy . o I¢
(3 to 20 eV) Electrons Beyond radical thinking
Badia Boudaiffa, Pierre Cloutier, Darel Hunting, Léon Sanche
Michael A. Huels,* Léon Sanche Radiation-induced DNA damage has been attributed to hydroxyl radicals,
. . which form when water absorbs high-energy photons or charged particles.
2 DSBs | ‘ ‘ A e+RHORHT HRHH But another product of water's radiolysis might be the real culprit.
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2013 Shape resonance spectra of lignin subunits
Kanazawa PHYSICAL REVIEW A 86, 020701(R) (2012)
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- “ | Phenol: Calculations, ET spectra and DEA
data indicate H elimination from nt*/c*
: “ | coupling.
n* (LUMO+1) o* (LUMO+2)
& e
e C
C
¢ ¢ ‘ Guaiacol: Methoxilation is
n* (LUMO) o* (LUMO+2) expected to give rise to other

dissociation channels. H
elimination should be also
observed.
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(a) B-D-glucose
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Low-energy electron scattering by cellulose and

Hemicellulose components
Phys. Chem. Chem. Phys. 15, 1682 (2013).

(b) a-D-glucose ===

Momentum Transfer Cross Section (10"°cm?

N d
. 0 -
i SEP
LD (a)
)
3 “| //U.~\.
40 i |“ 'll -..s\\\~ o
3 \) 9 Ve,
\‘ " e ead
SRR
30 §
0 4 8 12 16 20
3
0F SE
3
80F \ (b)
A
: “ Y LTS
70F s '~.~
[ \‘ 'o s~‘
X . o .
60F e N
50 [ L1, 1 1 R T
0 4 8 12 16 20

Impact Energy (eV)



Posmol
2013
Kanazawa

UNICAMP

Instituto de Fisica Gleb Wataghin

g:; O :
Qo

&ggaoao

Qoo

23
MAPLima

Theoretical team on electron-scattering of
microsolvated molecules

Sylvio Canuto (microsolvation)

é : Kaline Coutinho (microsolvation)

Marcio T. do N. Varella

ake:: Eliane M. de Oliveira (scattering of solvated phenol)
oo FGW '
..... %m;x;nlﬂv Fisica Gleb Wataghin Marco A. P- Lima

ag

W EE - Thiago C. Freitas (his Ph.D. Thesis)
UFPR Marcio H. F. Bettega (coordinator)
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momentum transfer cross section

momentum transfer cross section

. 2
(units of a ")

(units of aoz)

PHYSICAL REVIEW A 80, 062710 (2009)

150 T I'Iillllll T T T TTTTT 250 T T ||I||I| T T |||||||
i : \ i i N | =— secnoc, i
120 . ) oo, || 200 i | = - sEcHOC, [T
RN Ea — ss-H:o-c‘h i L I = sepenoc, | ]
L =« SEPHOC, ) 1 - SEPLHOL,
%0~ ° L eeu. sEPHOC, || 150 ~ ~. Iy
L N i L~ S i
\\ PR ST
60 [~ \ " — 100 <
50
o 1 1 l|l|||| | | IIIIII| 0 1 1 ||||||| | | IIIIII|
0.1 1 10 0.1 1 10
energy (eV) energy (eV)
200 T T ||||||| ,I\ I TTTTIT 800 T T TTTTTT T T |||||||
L — i
150 600 -- B
100 B 400
50 200~

IIIIIlI| 1 1

1 IIIIIII

| IIlIIII|

1
energy (eV)

10

0 1

1
energy (eV)

10



Posimol Electron collisions with the HCOOH...(H,0)n complexes (n=1, 2) in liquid

2013 phase: The influence of microsolvation on the n* resonance of formic acid
IS aneova THE JOURNAL OF CHEMICAL PHYSICS 138, 174307 (2013)
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x B K m* shape resonance for HCOOH at around 1.9 eV.
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L Electron Collisions with Phenol...H,0: search for

Kanazawa microsolvation signatures in the DCS
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i Electron Collisions with Phenol...(H,0),: search for

Kanazawa microsolvation signatures in the DCS
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i Electron Collisions with Phenol...(H,0) : search for
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Kanazawa microsolvation signatures in the DCS
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Electron Scattering of slow electrons by furfural molecules
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This molecule has over 20 electronic states between 0 and 10 eV
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Thank you very much for your
attention

A copy of this presentation is at
http://www.ifi.unicamp.br/~maplima/maplima-posmol2013.pdf
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