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Development of PM Measurement at Horiba
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Abstract

The reduction of the particulate matter (PM) is strongly demanded in the engine development field. This development
requires more accurate and continuous PM measurement. HORIBA has been developing products and encouraging the
technology of PM measurement for over 20 years. This paper reviews the various types of PM measuring technology and
introduces the latest PM measuring instrument such as the micro-tunnel and devices using the method of oxidization
reduction via vaporizing/thermal decomposition. This paper reviews the various types of PM measuring technology and
introduces the latest PM measuring instrument such as the micro-tunnel and devices using the method of oxidization

reduction via vaporizing/thermal decomposition.

DDDD

goboobobooboobooooboboooboobo
gboobooooobobobooboboboobooooo
000000 PMO Particulate MattestO D OO O0O0O0O0O DO
gbobooooobobobobooboopMOb0ODOn
gboboooooboboboboboboboboboon
gobooooooboopMOObOODODOOOOOO
oooooooooooo™Mmoooooooooooo
gboopMObOOO0OO0OO0OOODODOOOOODODODOO
gbobooooobobobobobobobooboooobo
gboobooooooo
gboboboobobobooooobobooboobooo
gopMODOODOOOO200000000000000
gboobooboboooobooboboooopeMOb0ODO
gbobooboooboboobobobooboboboboon
oboooooboobooboon

PMDDD

000000oooooooooooooooooooo
OooooooooooOoUoooooooOoooooon
Oo0oodoooopPMOCOOOOOOOscotOOOOO
0 O SOF:Soluble Organic FractioRC 0 O O O I sulfate]
O300oooooooooo

soot 0000 OOOOU0OOOOOOOOOOOODO
gOO0oOoOOoOOoOopoposoMOoopooobDoOoDDOODDO
000000000000 Osufatel D000 OO00OOOO
o000oooooooooooooooooo

21



goaono

gooooobopMOb0ODODO

DDDDDDDDDD

3.1 000000

goooopMOOO0COO0O0O0DODOOOOOOOO
gobOoOoboogszecoO0oooooooooooon
gobooooboppvbOooboooPMOOOOODODO
gog2s5c@aoogosodogoobioboboonoon
gboboooooboboboooopMObOOOOQOO
gbooobobooobooboooooooboooobo
gooogog

gioooboobobobobobooobooobo

Critical Flow Venturi

Dilution Air

N
E>Hm =

Primary Filter

Heat Exchanger Blower

=

Back-up Filter

gioooboobgoboooooo

32 0000000000 00Db000

gbobooooboboboooooboboboog
goooobogsz2ecO00bDOoOooooooooonon
goooooboobobgo

O0ooooooo 100 vio00 0 0ooooooon
gboooboooobobobooboboboobooooo
gooooobobooboooboboboobooooobo
oooooooooooysooopooooOoOoOoOoOd
gbooooooobobbooboboboboooboobooobo
gooooo

gboboooooboobobobooboooooobo
gbooooobooboboobooobobobobooond
goooobooobooboboooooboboooobo
oooooooooooooooooMbLTO O OO0
gobooooz20b00oooooooooopMOOnnO
goooooooobo

8[;\&\& R

N\ :
— PN ’::ﬂ S

e

g200bgogoooopeMO00000O00ODO

22

PMDDDDDDDD

00000PMODODOOOOOOOOSOF, soot, sulfate
gboboobopvObobooooboOoOoOobobOobDOD
obobooooobobobooooboboboboon
ooobooooobobobooooo
gbooooooboobobobooboobooobooooo
gbobooooobobz20b0b00ob0OoOocboonppMO
gboooboooooboobobon

41 0000

00000 D OO0 PAS: Photo Acoustic Spectromefrid
ooooooooesd
PASOODOOPMOOODOOODOODOD3ODOOO
godbo20b0000booobboooobo ppMObDOOO
gogoboooobooobboooboboobobooo
gpocoU0oooooooooboeMOOOOOOODO
goobooooboboooz0b00o0ooboboooooog
gogobooooobooopepMOOODDbDOOODODOO
ogno
gooooooooopPpMOOOOOOOGOOoooog
gogooboobobboooooouoooobboobooooogoo
googd

| Data acquisition system |

Lock-in
amp

Spectrum
analyzer

Chopper L : \
Power
CO2 laser X 7
1690Hz N/ — meter
Sonic nozzle Cell #l - °
Filter Filte

Dilution

——1

Cel
r
) ( \5 ( tunnel
@ ™
Sample gases E]

Pressure
gauge

Pump
P
=\

gs3qwooooooopMOOnOn

Readout No.23  September 2001



42 0000

0O 0O 0O OO EDM:Electron Diffusibility Measurement O
soo] D0 O0O0OO0ODO0O0OOOOsootOOODOOOO
goobooooobob40EDMODODOOOODOOO

gobobooobobooobobuooobbddiUsootd
goobobooobboobbooobbooooog
gooog

Cathode

Dry
soot
-150V

T :w

Electron

150V

Cathode Anode

Outline of EMD detector Conducting process of dry soot

g40EDMOODOODOO

HORIBA Technical Reports

43 0O00D00OO0O4

gboooboobooboobooboooobooooobog
gboboooooboooopeMOODOOOODODODO
gboobooboooboobooboooboobooobogoobo
oooooooboooopMOOOOOODODOOODOCG,
gooopPMOOODOOOOODOOSOO0DOODOODOOO
gbobooobooobooobooboboboobooboban

Combustion
furnace

CO2 detector
000000
—

L~

—
. 000000
Filter
) Correction ) ) -
Reading calculation Linearizer Amplifier

L H

gsooogoooo

44 Co,000

gbobogoopMOOOOODODODODOOOOOO
oobooooooooooboobooebcouunon
obooboogo

PASO O 0OO0OO0ODOODODO20000000 PMO
gboboboobobobobobooooboboboboon
ogboopMODOODOOOOOOCOOHLOOODO SOCUOO
oboboobobooboooooooooppMODbDODO
00Cco, HO0,sQU D O0oooooobotnndUdsooty
SORlsulfate0 000000 PMOOOOOOOO0O0OO
goooooooopMOO0bOObDODODOOOODLO
gboooooooboban

-

WA
KD

PRI =@ |
—~ ail ‘ r: O]
o) U HF =)
Sample 52°C 1,000°C 120°C
inlet
ViV
()

Sample outlet

0 60CO,000

23



goaono

goooooopMOO0O0O0O0ODO

45 00000000

gbooooooooooboboboopvOOOobOd
oboboooobooboboboboooooobceod
gboboopMOO0ObDODODOOOOOOODLOODO 70O

=0

DLT QO Miller
CO2 Laser | I]]]])
S:Q Air
Miller | | Particulate
‘ ; Filer
Half Miller /
Rolled Pre . F
uartz 8 .
lci)ilter ~ Bake Trap |y v / Burning
@ l Forced Soak l @

New Q ") ~=— Used Filter

Analyzer CO2 SO2 H20

gr7bobooooooo

DDDDDDDDDDDDDDDD

gooobooboobooobooobooomoo
gbobobooobooboboooboooooooopeMOoOonOo
gboboooboobobooobooboooboomoboomao
obooobooboobooboOorDOOOOOODOOO
gooooooobobDb20000oooooooooobooo
gboboooooooboopevbOoobOoobOoODO

51 FIDO

000000000 FID:Flame lonization Detectidri] O O
00000000 oooooooooooooooPMOO
O0000O0O0soot SOFOOODODODOODODODODODODOOO

08iidd0d000ooOo0oDbODOOoDOonooDOonDon
o0oDoo0ooooooooooooooooooog

191°C Direct Line  FID

Sample —»

52°C Filter Line

191°C Direct Line

100
P’

" N

ot A At bl A b

IN
<)

FID SIGNAL (ppmC)

N
(=]

V52°C Filter Line

0 1 1 1 1 1
0.5 1 15 2 2.5 3

0 TIME (s)
gs8oirFIDOO0OOOODOOODDODODOOOOOOOO

24

goOo0i191ecO b2eCcOODOOOO 2000000
ooooooooobszecoObooooboooonDoog
vooooooboobooobooboboborRDOODOO
oooooo1eCcO000nonooorRDODOOODOO

orcoogbooobobbooboobooooobog
gbooboboboboobObsootdOonooonOO
gobercobogoszcodobooooooooonDn
goboobooobooboobobosorFboonooon
gbooboboboobooobobobobooorDbOn
gboboobooboboobooooon

gouboooooooboboboboooooobo
oopPMOODOOOOOOOOOsoot, SO0 0OOODOO
gbobooooboobobooobooo

FIDOOOOOOO PMODOOO MEXA-1220PMO OO
gbooobooooobooboooboobooboooboobo
oo0bO0o000o00o0O0o0DOoOOMEXA-1220PMO 00O
g0oOoO00oOoOoOoospgooooooooon

DIRECT MEASUREMENT

10.15 MODE <
ENGINE : 2L, IDI,T/C, I/C SPEED E
»sp MOVING AVG.:25 -1
- L
2 ] [ {sou
< 200 (01%)
? a
EL-/ 150 A
SOF H .
S 10 S
= 50500T,/ il /1 |
o)
TS| Wb, !
50 100 150 200
TIME (s)

gourDOODOOODOODOOPMOODOOO

52 000000000000000PMOO

gooooobooboboboooooboobooobooo
opPMOOOOOODOOOOOODOOODOO
gooooobobobobooobobobboobobo
goboOoboooooobo2ud0DooPMOOODO
ooooooooobobooooO0opPMOOOO MEXA-
1370PMOIO OO OOODODOODODO Osoot, SOF sulfatel O
gbobooooobobooboooboo
gobooooooooooboooobobobobobobooboog
ooooooooooooooboooboooooon

Readout No.23  September 2001



0.20

=
3 y =0.9525x
0 *,
2 R2=0.9943 /
S 0.15
© V
B
2 (4
§
8 0.10 L/
2]
§
LL
e} s
2}
[m)]
£ 0.5 L
N
>
—
<
=
<

0.00

0.00 0.05 0.10 0.15 0.20

PM MASS MEASURED BY MICROBALANCE (mg)

gloooobooooooboobooooboooogo

HDDDD

gbobobooooopvoboooobooboobooo
gbobooooobboobooboboooboobobon
gopMOOOODOODODOOOOOOODODOOOO
goano

goobbobooooobobobboooooobobooo
gboboooooboboooooobobobobDoon
gboboooboobboooboboobboooboboboboon
gboboooooboboboboooboboooobooon
gobobooooobobobooboooboobooo

gopMOOOOOOOOODOOOOODOOOOOO
obooooboboooooboooooooboooooboooo
gooooooopMOOOOOOOOODOOODOOO
gobooooobooooooboboooooooooo

HORIBA Technical Reports

good

10USA-Code of Federal Regulation 40, Part 86

2000 0 JOo0oDoOOoO0oboODboOoOoOoboboOooo
MDLT-1302T" Readout, No.I91999]

300sada, H., et at, Real-time Measurement of Diesel
Particulate Emissions by the PAS Method Using, C&ser,
SAE paper 820461

40Yamazaki, H. and Hori, M. et &l, A Study of Simplified
Measurement Method for Diesel Particulate, Society of
Automotive Engineers of Japan. Preliminary Staff Report,
911 1991-5

5000000 boooboooobooooooono
000" Readout, No.I99997

oo oo
Shigeo NAKAMURA

goooooboooooo
oooooooo

25



