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Zero—dimensional simulations of He, HelO,, HelN, and
He/N_ /O, microscale atmospheric pressure plasma jet

Y He, E Kemaneci, R P Brinkmann
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Motivation

* Applications of atmospheric pressure plasma jet (APPJ):
* Surface modification:
higher adhesion, effective cleaning ...
* Deposition of coating:
high mechanical & electrical properties, corrosion resistance, high-purity coating ...
* Biomedical application:
sterilization, bacterial inactivation, dentistry, wound healing ...

Penkov OV et al, J Coat Technol Res 12, 225-235 (2015)
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Motivation

* Applications of atmospheric pressure plasma jet (APPJ):

* Surface modification:
higher adhesion, effective cleaning ...
* Deposition of coating:

high mechanical & electrical properties, corrosion resistance, high-purity coating ...

* Biomedical application:
sterilization, bacterial inactivation, dentistry, wound healing ...

Diverse applications — Various designs

Penkov OV et al, J Coat Technol Res 12, 225-235 (2015)
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Motivation

* In this work: micro-scaled atmospheric pressure plasma jet (VAPPJ)

30 mm

‘ @ positive ion g neutral particle
e negative ion . electron
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Motivation

* In this work: micro-scaled atmospheric pressure plasma jet (UAPPJ)

* Why yAPPJ?

* Reduced cost & Enhanced flexibility
* Highly produced reactive species & Room temperature
* Sensitive surface - Bio-medicine

gt w
| Day © . Day 13 S

K-D Weltmann et al 2008 J. Phys. D: Appl. Phys. 41 194008
Y.-W. Hung et al. / Journal of the Chinese Medical Association 79 (2016) 320e328
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Motivation

* In this work: micro-scaled atmospheric pressure plasma jet (UAPPJ)

* Why yAPPJ?

* Reduced cost & Enhanced flexibility
* Highly produced reactive species & Room temperature
* Sensitive surface - Bio-medicine

.® . )
. .
i .
.. <
® positive ion g neutral particle
e negative ion . electron

Reactive species
NO

'

Dosis ?
Challenge: (N,/O,)

Complex chemical
Y.-W. Hung et al. / Journal of the Chinese Medical Association 79 (2016) 320e328 kinetics

. T R
| Day © . Day 13 S

K-D Weltmann et al 2008 J. Phys. D: Appl. Phys. 41 194008
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Model(Physically)

* 0-D model (volume-averaged)

* Particle & Electron energy balance equation (Z) 30 mm
LY 43y [)aper
=gV w —(=N =P +P
dt 51 +5; dt(2 e’

* Boltzmann solver (LoKI)

Electron kinetics in complex gas mixture
(Vibrational kinetics)

® positive ion g neutral particle
© negative ion . electron
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Model(Physically)

* 0-D model (volume-averaged)

* Particle & Electron energy balance equation (2)

dN, d 3

—i_gVygV —(2N.T )=P"+P"
=St NI J=P+

* Boltzmann solver (LoKl) —pttlttl particle
© negative ion . electron

Electron kinetics in complex gas mixture
(Vibrational kinetics)

* 0-D model + plug flow — pseudo 1-D model _ 2

I . Simulation region I : Chamber region D . Effluent region
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Model(Physically)

* 0-D model (volume-averaged)

* Particle & Electron energy balance equation (2)

dN, d 3

—i_gVygV — (2N T )=P"+P"
=S *S) NI =P+

* Boltzmann solver (LoKl) —pttlttl particle
© negative ion . electron

Electron kinetics in complex gas mixture
(Vibrational kinetics)

* 0-D model + plug flow — pseudo 1-D model _ 2

I . Simulation region I : Chamber region D . Effluent region
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Model(Physically)

* 0-D model (volume-averaged)

* Particle & Electron energy balance equation (2)

dN, d 3

—i_gV4igW — (2N T )=P"+P"
=S *S) NI J=P+

* Boltzmann solver (LoKl) —pttlttl particle
© negative ion . electron

Electron kinetics in complex gas mixture
(Vibrational kinetics)

* 0-D model + plug flow — pseudo 1-D model _ 2

I . Simulation region I . Chamber region D . Effluent region
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Model(Chemically)

* Input gas: He/N,/O, (for RNOS)

* He - He/N,, He/O, - He/N,/O,

Target

Effluent

®
® positive ion g neutral particle
e negative ion . electron

# Reaction

# Electron - Neutral Particle Collision
1 e+ He —+ 2e + He™

2 e + He — e + He(238)

3 e+ He(238) — 2e + Het

4 e+ He} — e + 2He

5 e + He} — 2e + HeJ

# Electron - lon Particle Collision
6 e+ Het — He(2%8)

7 2e + Het — e + He(238)

8 e + Het + He — He(238) + He

9 e+ He] — He + He

10 e+ Hel — He(2S) + He

11 e+ Hej + He — 3He

12 e+ Heg + He — He(2%8) + 2He
13 e+ Hej + He — Hej + He

14 2e + He] — e + Hej

15 2e + He] — e + He + He(238)
# [on - Neutral Particle Collision
16 Het + 2He — Hel + He

# Ion - lon Particle Collision

# Neutral - Neutral Particle Collision
17 He(2%8) + 2He — Hej + He

18 He(23S) + 2He — 3He

19 He(238) 4 He(2%S) — e + Hel
20 He(23S) + He(238) — e + He™ + He
21 He(2%8) + Hel — e+ He + He
22 He(2%8) + He} — e + Het + 2He
23 Hej — 2He

24 He} + He — 3He

25 He} + He} — e + HeJ + 2He

26 Hej + Hel — e + HeT + 3He

He

* 6 species

e 26 reactions

12 International Online Plasma Seminar | 03.12.2020
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d I C h i I I 68 N2(A3Sigma) + N2(B3Pi) — N2(A3Sigma) + No
Model(Chemically) R N e HelN,

70 N2(B3Pi) — N2 (A3Sigma) .

71 2N, (B3Pi) — Ny (A3Sigma) + Na * 17 species

* |Input gas: He/N2/02 (fOI' RNOS) 72 2N2(B3Pi) — N3(B3Pi) + Na . 08 reactions

* He - He/N2 , He/02 — He/N2/02 106 O(*P) + O2 + O3 — 203
107 O(*P) + O3 — 20(°P) + 0,
108 O(*P) + O3 — 202
109 Oy + 03 — O(3P) + 20,
110 203 — O(3P) + O + O He/O2
111 O('D) + O(°P) — 20(3P) _
112 O('D) + 02 —+ O(*P) + 02 * 18 species
113 O('D) + 0Oy — O(*P) + Og(atAy) .
- [ ]
" O(ID) + O3 — 20(*P) + O 148 reactions
1 . v
1 mm o 115 O("D)+ 03 — 202
% 116 O('D) + Og(alA,) — O(P) + Oy
.’ E 117 Oz(alAy) + O(P) = O(PP) + 02
Effluent 1A 4
— 119 O2(a'Ag) + 02 — 20
® positive ion g neutral particle .
e negative ion . electron 120 Oz(alﬁg) + O3 — O(3P) + 20,
121 Oz{alﬁg) + 05 — O(lD) + 204
122 20, (atAg) — 204

SFB 3 - THEORETISCHE RUHR
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Model(Chemically) He/N,
282 O('D) + N2O — NO + NO
283 Oz(a’Ag) + N2 — Oz + N * 17 species
* Input gas: He/N_ /O, (for RNOS) 281 Oy(alAg) + NO — O, 4+ NO . 98 reactions
285 O3 + M — O(3P) + 02 + M
* He - He/N,, He/O, - He/N,/O, 236 O3 +NO =+ NOz + O»
287 Oz + NO2 — NO3 4+ Q2
288 NO+NOs+ M — NaOg + M
289 NO+NOg — NOo 4+ NOs He/oz
2910 NOs +NOs+ M — NaOy + M ° 18 SpeC|eS
291 NO2 + NO3 — NOz + NO + Oq * 148 reactions
292 NOs + NOg+ M — NaOs + M
(o)
_ g 293 NO3 + NO3 — NO2 + NO2 + O3
— F l_
294 NoOg+ M = NO+NOs+ M
| He/N,/O
@ positive ion ¢ neutral particle 295 NE 04 + ﬁ!f - NDE + NDE + ﬂj 2 2
e negative ion . electron 2{}6 N‘JOE + ﬁff - NDQ + ND;{ _|_ jur

* 41 species
516 reactions

SFB 3 - THEORETISCHE RUHR
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Model(Chemically) EEDF in N2 with and He/N,

without considering a VDF _
10° _ _ * 17 species

* Input gas: He/N_ /O, (for RNOS) . 98 reactions

* He - He/N,, He/O, - He/N, /O,

* Challenge: Complex chemical kinetics

Why vibrational level?

He/O,

* 18 species

fw) (V™)

* 148 reactions

20 He/N,/O,

* 41 species

® positive ion g neutral particle
e negative ion . electron

. 516 reactions
Vasco Guerra et al 2019 Plasma Sources Sci. Technol. 28 073001
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Model(Chemically) EEDF in N2 with and He/N, + vib

without considering a VDF _
10 _ _ * /2 species

* Input gas: He/N_ /O, (for RNOS)

e 5762 reactions

* He - He/N,, He/O, - He/N, /O,

* Challenge: Complex chemical kinetics

Why vibrational level?

He/O, + vib

* 58 species

flw) (V™)

3164 reactions

20 He/N,/O,+ vib

* 138 species
* 11733 reactions

® positive ion g neutral particle
e negative ion . electron

Vasco Guerra et al 2019 Plasma Sources Sci. Technol. 28 073001
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Model(Chemically)

He-N,(0<v<58) vibrational kinetics

He-O,(0<v<41) vibrational kinetics

# Reaction +# Reaction
# E-V Kinetics # E-V Kinetics
1 e+ Na(v > 0) = e+ Na(v < w) 1 e+ O02(v>0) > e+ Oz(v < w)
9 e+Ny(v>0)—>e+N+N 2 e+02(v>0)—>e+0+0
3 e+ Na(v=1-35) = e+ N+ N(2D) 3 e+ O2(v>0) - 0+0~
4 e+Na(v=1-235) > e+e+NF g e+02(v=1-32) >e+e+O2"
# N TG # V-T Kinetics
5* N+ Na(v >1) = N+ Nao(v — 1) & O+ 02(v21) = O+ Oz(v—1)

6¥ O2+02(v>1) = 02+ 02(0w-—-1)
6* N2 + Na(v > 1) = Na + Na(v — 1) - Ho + O3y > 1) — He + 0a(v — 1)
T* He + Na(v > 1) = He + Na(v — 1) # V-V Kinetics
# V-V Kinetics 8 O2(v >20)+O02(w>0) = Oz2(v+1) + Oz(w —1)
8 Na(v > 0) + N2(w > 0) = N2(v+ 1) + Na2(w — 1) #* Other Kinetics
# Other Kinetics 9 He™ 4+ O2(v > 1) = He + O;
9 Het + Na(v > 1) » He + N 10 Het' 4+ Og(v > 1) » He4+ 04 O
10 Het + Ny(v > 1) - He4+ N+ Nt 11 He(238) + O2(v > 1) — e+ He + O
11 He(238) + Na(v > 1) — e + He + N7 12 O+ Oz2(v > 0) — 30

17 International Online Plasma Seminar | 03.12.2020 ** ol Transient Atmospheric Plasmas
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Model(Chemically)

N,-O, vibrational kinetics

# Reaction
1 V-T O+ Na(v>1) — O+ Na(v—1)
2 V-T Oz + Na(v > 1) — Oz + Na(v — 1)
3 V-T N2 + O2(v > 1) - No2 + O2(v —1)
4 V-V O2(v >0)+ Na(w >1) = O2(v+1) + No(w —1)
5 N2(v = 13) + O(3P) — NO + N(4S)
6 N(4S) + NO — No(v = 3) + O(3P)
18 International Online Plasma Seminar | 03.12.2020 e };’;?nr;?;semrlg gfimdosstggﬁgc Plasmas EEE\EEL?S”AT RUB




Model

* Input gas: He/N,/O, (138/11733)

* He - He/N, » He/O, -~ He/N,/O,

* Why vibrational level?

- Yes, bechmarked.

® positive ion g neutral particle
© negative ion . electron

SFB 3 - THEORETISCHE RUHR
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Model

* Input gas: He/N,/O, (138/11733)

* He - He/N, » He/O, -~ He/N,/O,

He 10

-3

Electron density (m

A Meas.
—Sim.

cKiaaAA A A4

16
10 o

025 0.5 0.75 1 125 1.5
Absorbed power (W)

7 - . 16
O Meas. He(23S)(Peak)
6t === Sim. He(2%S) 2
"? O Meas. He,(Peak) 12 E
€ Y - N T Sim. He; .
© = = Absorbed power 10 g
o 4f 5]
S =5
3l o)
2 6 &
a o
2 L
8 . ‘g
1 gl £ Ve, e 2
ot PO T T TS puees O
40 60 80 100

Time (us)

.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
] 21 18
. . 1 He/N 10 I | 1o = Méas.(o.oé% N) ‘
* Why vibrational level? ' 2 o Meas|| L. smooswny
I = e = Meas.(0.1% N,)
] 'c 5 107 [ ——Sim.(0.1% N,) e
(0] —
-~ Yes, bechmarked. e.g. ' : . D 10t
. v
1 .
1 19 . . . ) . ‘ ) ‘
I % 0.2 G 08 0.8 0 o2 o4 o8 o8 1 12
1 N, percentage (%) Absorbed power (W)
-'-' I.----------------------------------------
% I He/o D‘ Meas. ‘ l ‘ I 10 ‘ ‘ ‘ l ‘ [ ] IMea_;.. l
E 1 2 = Sim.(1-D) _ —Sim.(0-D)
Y 9 = 1 — Sim.(0-D) . = “?E 8r - - Sim.(Pseudo 1-D)|1
® ® ° 1 IE 10 - [] |
1 2z - " Ng 6f Plasma Jet Effluent 4
® positi\(e ign @ neutral particle I g E 0%
© negative ion I 5_: -% Al !.......,!’ ...0._'
' S -Cm 2 [ L /”
1 ©] .... [ ] ,”
: 1021 . . . . " 0."’—.——‘ L L L . L
. 0.2 0.4 0.6 0.8 1 0 5 10 15 20 25 30 35 40 45 50

Absorbed power (W) Length (mm)

sf8 M Transient Atmospheric Plasmas
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Model

* Input gas: He/N,/O, (138/11733)

* He - He/N, — He/O, -~ He/N,/O,

* Why vibrational level?

2

6000

5000

4000 ¢

~~

'

N

ke 3000 r

2000

e 20

Absorbed power (kW)

/ 1000
— Yes, bechmarked. e.g. e
-2 -1 0 1 2 3
10 10 10 10 10 10
time ( us)
- I H = = == = = = = = = = = &= = = &= = = = = = = = = = = = =5 = = = = = = = = = = = m
() 3 ——— 2 —
e _._» (@) He/O ® Meas. — A Meas.
¥ o, = 2 6l —Sim.(0-D) ] " —Sim.(0-D)
a o ge° Effluent 1B "E ' - - Sim.(Pseudo 1-D) :E Ll - - Sim.(Pseudo 1-D)| |
- - ~  2r Plasma Jet Effluent S
® positive ion g neutral particle ;1.5- _________ E 1r Plasma Jet Effluent §
© negative ion . electron ﬁ = ] %
g 17 ,”l'.-.'. L e -AAA
° ’. L] 5 05! i
© o5 ,i‘ b AdAad, Lasanasay
A w
|
0 e : 0 e :
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Length (mm) Length (mm)
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Characterization

* Input gas: He/N,/O,

Dosis of NO? How to control?
* Admixture?
* He gas flow?
* Absorbed power?

.
L .
3 o
® positive ion g neutral particle
© negative ion . electron

SFB 3 - THEORETISCHE RUHR
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Characterization *~ "
— . .
«? I m B BB g o - - n [
g | =F - E ",
* Input gas: He/N,/O, Zon) " Z o
o i &
© o)
Dosis of NOXControled by: = 0.8W =z
_ I 1000 sccm He 0.5% mixture
e Admixture 101 ‘ ‘ ‘ ‘ 1019 . . . . . .
0 0.3 0.6 0.9 1.2 100 400 700 1000 1300 1600 1900 2200
* He gas flow Synthetic air (%) He gas flow (sccm)
* Absorbed power
107 Deviation !
. .......ll.lllllll
1 mm i ;1020 3 ..
» 3 9] % [
' e | S 2 S 1000 sccm He
o - Effluent IS 010 0.5% mi
2 .9% mixture
e negative ion . electron 1018 i " L ) L L L L
0 03 06 09 12 15 18 21 24 27

Absorbed power (W)
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Characterization *| [
_ .l
N g """ s gy 7 ",
E = - E "nag
* Input gas: He/N,/O, Z1om ) " 2102
S 3
Dosis of NOAControled by: 2 /S oosw T S
_ 1000 sccm He 0.5% mixture
* Admixture 1019 1 ‘ ‘ ‘ 1019 . : . ‘ . :
0 0.3 0.6 0.9 1.2 100 400 700 1000 1300 1600 1900 2200

Synthetic air (%) He gas flow (sccm)

* He gas flow
* Absorbed power ———————— Main problem'

107
o
E
1 mm o 3.102
() 17}
- 2 3
o © ° 000 sccm He
- ® Effluent £ 31019 0.5% mixture
® positive ion @ neutral particle
e negative ion . electron 1018 ' \ i i i \ . .
0 03 06 09 12 15 18 21 24 27

Absorbed power (W)
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Characterization
E
° . > 107
Input gas: He/N,/O, 2
Dosis of NO? Controled by: 210"
* Admixture ool
0 03 06 09 12 15 18 214 24 27
* He gas flow Absorbed power (W)

 Ab bed 0 0.5 1 1.5 2 2.5 '
sorbed power 2 = Dominant channels

100 + (©) O(*P)+NO , +NO+ O,
< - = =N(*D)+0 , »NO+0O( 'D)
5 75 - - |- O(®P) + N2(v >13) — NO +N( *S) | -
=2
e SN 7 I &
= V4 e R —_
LR Q) A ] ’D) + - + O(*
. “ CD - =
o 0 T { pe—— 2
: o P PPTL L
o © = @B @ 000 eteascun
. s S ’,
O ot
> 50 2
kS]
Pr— . P =75 O(*P) +NO+M —NO, +M |~
@ positive ion ¢ neutral particle » -
e negative ion . electron 3 100+ e N(*S) +NO — N, +O( °P)

0 0.5 1 1.5 2 25
Absorbed power (W)
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Characterization

=

o
N
[

still
Deviation !

k=~101 ms3/s - P ~10" m?/s

- Dominant channels

N(@D) + O, ~ NO + O('D)

e
e §F§ _ opanBREgTE.
* Input gas: He/N,/O, 10
5
. 'g OO0 sccm He
Dosis of NO? Controled by: S 101 f'5% mixture
* Admixture .
10 0 03 06 09 12 15 18 2.1 24 2.7
° He gaS ﬂOW Absorbed power (W)
* Absorbed power o 05 : 5 2 25
__1o00 | (© I I IO(SP)+N02—I>NO+02 ‘
2 - - =N(®*D)+0 , »NO+O( 'D)
5 75 B (S O(®P) + N2(v >13) — NO + N( *s) |-
Z
s So0rgs, T TTT— -
=R VAN
g 25X F-o_ T
0 ______v:__ 4 e e
o T B G e
[ ~ Vs
S o .
— | 5 75 S BN <oy |
® positive ion @ neutral particle b7 I
© negative ion . electron 3 100+ |- N(*S)+NO — N, +O(%P) |-
0 O.I5 1I 1.‘5 2‘ 2.‘5

Absorbed power (W)
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Characterization

=

o
N
-

still
Deviation !

----

* Input gas: He/N,/O,

00 sccm He
5% mixture

NO density (m3)
[
o

o
i
©

1

Dosis of NO? Controled by:

* Admixture S
0 03 06 09 12 15 1.8 2.1 2.4 2.7
* He gas flow Absorbed power (W) k=~1018 m3/s- - P ~10" m?s

 Ab bed 0 0.5 1 1.5 2 25 .
sorbed power =22 = Dominant channels

=

o
=
co

100 | (c) O(®*P) +NO , 5 NO+0 ,
Q\O/ - - =N(®*D)+0 , »NO+O( 'D)
o 75+ 4 \N* @ |--—- O(®P) + N2(v >13) —NO +N( *8)| -
Z
-6 SOty 1 T T il
£ o5k W ol e - 1
5 +0, ~ NO + O('D)
0 ______,:' e e ____
" © 25} ST ST ..
. . 5 ‘
-50 r it
g w0 N,(A) + O — NO +N(*D)
S 5| d 2
» 75 OCP)+NO+M —NO, +M
® positive ion @ neutral particle %) A—— ow-o it
e negative ion . electron S 100t . . --‘---N( )+ N<‘J =N, +0(°P) |- k:7X10'18 m3/S - P 7X1O-15 m3/S
0 0.5 1 1:5 2 2.5

Absorbed power (W)

Y lonikh et al 2006 Chemical Physics, 322(3):411-422

: : - srs M Transient Atmospheric Plasmas =T ol L I
27 International Online Plasma Seminar | 03.12.2020 phe I E I UNIVERSITAT
from plasmas to liquids to solids oL BOCHUM



Characterization

* Input gas: He/N,/O,

Dosis of NO? Controled by:
* Admixture
* He gas flow
* Absorbed power

Target

5
b .
- .
.
. 2 2
.
® positive ion g neutral particle
e negative ion . electron

1=
® - .
E e "may -
2,120 e

% 10 ~

C

(O]

©

O

=

0.5% mixture
19

1=
@ m H H B E E N m
é ]
[
*é 1020 ¢ 5
) -
o Ve
7
% m
1000 sccm He
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Characterization

e Dominant channels
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k=7x10® ms3/s - P 7x10* m?/s

k=7x10"® m¥/s < (= _ =)< for N,(A) + O - NO + N(°D)
* V Guerraetal 2019 Plasma Sources Science and Technology, 28(7):073001

* M Capitelli et al 2001 Book review: Plasma kinetics in atmospheric gases

* |AKossyietal 1992 Plasma Sources Sci. Technol., 1:207

k=7x10m3s (& _1&) for N,(A,B) + O - NO + N(°D) ,
|
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_ ] N,(A,v>0) + O - NO + N(*D) Importance & Possibility
Chal‘aCterlzatlon * L G Piper etal 1981 The Journal of Chemical Physics, 75(6):2847-2852

L G Piper et al 1982 TheJournal of Chemical Physics, 77(5):2373-2377

e Dominant channels

J M Thomas et al 1996 The Journal of Physical Chemistry, 100(21):8901-8906

J D Yonker et al 2019 Journal of Geophysical Research:Space Physics, 125(1)

,
ke
l
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Q
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S D Benedictis et al 1997 Thedournal of chemical physics, 107(16):6219-6229

G Dilecce et al 1999 Plasma Sources Science and Technology, 8(2):266

k=7x108 m3/s - ® 7x10%5 m3/s N,(A,v>0) — Another 10000 reactions (= _i=) I
k=7x10"° m¥/s ¢ (= _ =)< estimates the role of N,(A,v>0) g

Energy of N,(B) > Energy of N_(A)
k=7x105 m¥/s < (= _ =)< estimates the role of N_(B,v>0) ?
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Characterization

e Dominant channels
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Characterization

e Dominant channels
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Results

* Role of impurity (synthetic air)
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He/O, = | EEO,(<7)

Results

* Role of VDF N_(v=1-57) O (v=1-40)
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Summary

* A 0-D model for plasma jet was developed
* The detailed chemical kinetics for He/N_/O, plasma (vibrational kinetics)

(validated through various device, gas flow, gas mixture, power)
* Well characterization of NO density

* Role of synthetic air impurity, vibrational kinetics

* Outlook: ns-pulsed yAPPJ - vibrational kinetics of N, and O,

SFB : 2
36 International Online Plasma Seminar | 03.12.2020 Transient Atmospheric Plasmas

from plasmas to liquids to solids

RUHR
UNIVERSITAT
BOCHUM



Acknowledgement

SFB Transient Atmospheric Plasmas This work is supported by the German Research Foundation
from plasmas to liquids to solids DFG in the frame of Collaborative Research Centre SFB 1316.

The authors thank: Vasco Guerra for the discussions on vibrational kinetics.
Colleagues from SFB 1316 and TET

Thanks a lot for
your kKind attention!

SFB : :
37 International Online Plasma Seminar | 03.12.2020 Transient Atmospheric Plasmas

from plasmas to liquids to solids

RUHR o
UNIVERSITAT
BOCHUM



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

