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o
O

bjectives
o

Results of W
ork Package 2 (Technology)

o
O

ptim
ization of C

PC
 (both equipm

ent)
o

O
ptim

ization of Laboratory System
 (S

PC
S
) 

o
C
onclusion / C

om
parison

o
PC

R
F/C

0
o

O
ptim

ization of PEM
S
 (O

B
S
)

o
O

utlook
o

Q
 &

 A

o
A
dditional D

ata apart from
 PEM

s4N
ano
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O
b

jectives

Tech
n

olog
y

o
D

evelopm
ent of robust and reliable m

easurem
ent equipm

ent for particles dow
n to 10 nm

 
supporting research and legislation

o
Laboratory based equipm

ent for research/certification and PN
 PEM

S
 for R

D
E

o
O

ptim
ization of C

ondensation Particle C
ounter (C

PC
) w

ith D
50 ≤

10 nm
o

O
ptim

ization of PEM
S
 C

atalytic S
tripper (C

S
) to at least 50 %

 detection efficiency at 10 nm
U

n
d

erstan
d

in
g

 
o

Fundam
ental understanding of form

ation, com
position, size distribution and transport of 

exhaust particles (PN
)

o
S
upporting the developm

ent of the m
easurem

ent equipm
ent

o
Including the im

pact on the m
easurem

ent procedure
P

roced
u

res 
o

Robust and reliable m
easurem

ent procedures for particles dow
n to 10 nm

 verified under real 
driving conditions

o
x
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C
PC

 integrated into 
H

oriba S
PC

S
 optim

ized 
for 10 nm

 laboratory 
m

easurem
ent

Laboratory C
PC

 
calibrated w

ith PA
O

-4 
aerosol, optim

ized for 
70%

 PA
O

-4 detection 
efficiency (~

50%
 

efficiency for 350°C
 

conditioned flam
e soot) 

at 10 nm

Linearity of response 
m

easured w
ith 

m
onodisperse PA

O
-4 

at 55 nm

C
PC

 integrated into 
H

oriba O
B
S
-O

N
E PN

 
optim

ized for 10 nm
 

PEM
S
 m

easurem
ent

PEM
S
 C

PC
 calibrated 

w
ith 350°C

 conditioned 
flam

e soot aerosol, 
optim

ized for 50%
 

detection efficiency 
at 10 nm

Linearity of response 
m

easured w
ith 350°C

 
conditioned m

ono-
disperse flam

e soot 
at 70 nm
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H
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C
alib
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P
C

 (S
P
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S

 &
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B
S
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C
alib

ration
 of S

P
C

S
 (P

C
R

F)

P
C

R
F calib

ration

o
Perform

ed w
ith N

aC
l generator

o
At 15nm

 m
axim

um
 

concentration of around 
8000 P/cm

³ achieved
o

In com
parison of Evaporation

Tube (ET) vs C
atalytic S

tripper
(C

S
) the PC

R
F for 30nm

 and
50nm

 increases slightly

➢
The Target of current PM

P discussion for PC
R
F at 1

5
n

m
 ≤

 1
,8

 can
be achieved w

ith N
aC

l 

S
lide 5

4/2/2019
PEM

s4N
ano –

H
2020 G

rant A
greem

ent #
724145

PCRF 15 ≤ 1,8
1,8

95-180%



O
p

tim
ization

 of C
P

C
 an

d
 C

S
 (P

EM
S

)

➢
C
PC

 and C
atalytic S

tripper have been optim
ized according to initial set targets
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o
x

•
C
PC

 integrated into H
oriba O

B
S
-O

N
E PN

 
optim

ized for 10 nm
 PEM

S
 m

easurem
ent

•
PEM

S
 C

PC
 calibrated w

ith 350°C
 conditioned 

flam
e soot aerosol, optim

ized for at least 
50%

 detection efficiency at 10 nm

S
olid particle penetration (C

S
)

•
10-15%

 im
provem

ent in solid particle penetration

•
65-75%

 solid particle(silver) penetration at 10 nm
 size 

•
M

eets 60%
 penetration even at 8 nm

.



C
alib

ration
 of S

P
C

S
 an

d
 O

B
S

P
C

R
F/

C
0

 evalu
ation

 an
d

 com
p

arison
o

PC
R
F at 23nm

; 30nm
; 50nm

 and 100nm
 betw

een S
PC

S
 and O

B
S
 com

pares very w
ell

➢
Fu

rth
er op

tim
ization

 of P
C

R
F for P

EM
S

 d
evice n

ecessary at 1
5

n
m
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PCRF 15 > 2

95-180%

95-180%



C
u

rren
t Targ

ets for 2
3

n
m

 P
EM

S
S

ystem
 Efficien

cy: Leg
islation

 Targ
ets P

EM
S

 (2017/1154) 

o
C
urrent 23nm

 values for PEM
S
 System

 Efficiency should be applicable for 10nm
 equipm

ent
o

A
 sim

ple m
odification (2

3
n

m
 is th

e n
ew

 1
0

n
m

) w
ould generate the follow

ing targets:

o
In exam

ple: At 10nm
 the detection efficiency of the system

 should be betw
een 20%

 and 
60%

 in com
parison to a reference C

PC
o

Targets for sub-23nm
 legislation are not set yet

o
In PEM

s4N
ano it has been investigated w

hich system
 efficiency can be achieved
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R
esu

lts: C
alib

rated
 solid

 p
article cou

n
tin

g
 system

 for P
EM

S
 u

se

o
C
PC

 for PEM
S
 has been calibrated to at least 50 %

 detection efficiency at 10 nm
o

This leads to a system
 efficiency of >

 20 %
 at 10nm

 w
ith Palas soot 

➢
Th

e focu
s on

 fu
rth

er in
vestig

ation
 is to in

crease system
 efficien

cy of th
e P

EM
S

CPC efficiency
System

 efficiency

set target
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o
A
 2nd prototype is developed and the C

PC
 is further m

odified

➢
D

5
0

 ch
an

g
e from

 9
.6

n
m

 to 7
.9

n
m

 sh
ou

ld
 lead

 to sig
n

ifican
t p

erform
an

ce in
crease

Solid Particle Detection Efficiency of O
BS-O

N
E PN

 PEM
s4N

ano Prototype #1
Solid Particle Detection Efficiency of O

BS-O
N

E PN
 PEM

s4N
ano Prototype #2

→
Evaluation ongoing of im

provem
ents
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Requested Q
uestion

Answ
ers w

ithin PEM
s4N

ano
Calibration m

aterial for PN
-

system
 PCRF and CPC efficiency 

at sub23nm
-size range

CPC SPCS:   Em
ery O

il
PCRF SPCS: N

aCl
CPC O

BS:       m
iniCAST soot

System
 (C0): m

iniCAST soot / Palas *
(not possible w

ith Em
ery O

il)

Sub23nm
 em

issions w
ith 

different technologies, fuels, etc.
Focus on gasoline engines
EU

5
fuel vs. EU

6
fuel investigation

Evaporation Tube (ET) or 
Catalytic Stripper (CS) as volatile 
particle rem

over (pros/cons)

Catalytic effect in VPR seem
s necessary as there is 

high possibility of sub-23nm
 volatile form

ation 
after ET

Current m
ethodology Vs. 

optim
ized system

SPCS sub-23nm
 can be handled like current PM

P 
com

pliant system

Evaluation 
open

Evaluation 
open

CS preferred 
solution

SPCS handled 
like PM

P
PEM

S tbd



C
on

clu
sion

o
Tw

o system
s (Laboratory +

 PEM
S
) including subcom

ponents (e.g. C
PC

, C
S
) 

have been optim
ized for sub-23 nm

 m
easurem

ents
o

Lab
oratory system

 can be applied and handled according to PM
P-

recom
m

endation (w
ith detection lim

its below
 23 nm

)
o

Validation of P
EM

S
equipm

ent at calibration laboratory show
ed that current 

calibration procedure e.g. PC
R
F factor evaluation m

ight be reconsidered for 
sub-23 nm

 
o

G
oal is to develop com

parable Laboratory and PEM
S
 devices for sub-23 nm

➢
First results show

 good com
parability over w

ide range of particle sizes
➢

Further im
provem

ents w
ere identified and im

plem
ented

➢
Full evaluation and com

parison of the equipm
ent ongoing

➢
P

EM
s4

N
an

o p
rovid

in
g

 tech
n

olog
y at h

ig
h

 TR
L (Technology 

Readiness Level) for rob
u

st an
d

 reliab
le R

D
E m

easu
rem

en
ts
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