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We investigated sources of errors in determination of the particle concentration reduction factor (f;) of
the volatile particle remover (VPR) used in legislated vehicle emission measurement. Sodium chloride
and soot are two of the most frequently used materials of particles used in the f, evaluation. We
identified two sources of errors that are associated with the use of these materials: One is the variation
of the detection efficiency of condensation particle counters (CPCs) against sodium chloride particles,
which was found to depend on the preheated temperature of the particles. The other is the size
shrinkage of soot particles generated with a propane flame burner that are not thermally pre-treated,
when the particles were heated at temperatures typically set at the evaporation tube of VPRs. These
two sources of errors have presumably caused disagreement of f, values obtained with particles of the
two materials. We found that, by selecting appropriate CPCs and also by sufficiently pre-heating the
particles, disagreement due to these errors could be eliminated. As a result, consistent f, values were
obtained between measurements with the two different particle materials, i.e., sodium chloride and
soot.
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Size change resulting from heating

e Particle concentration reduction factor(PCRF: fr) will be used In CAST patrticles should be pre-heated at temperatures above 200 deg C.
legislated vehicle emission measurement, we must be able to evaluate NaCl particles did not change size when heated.
the performance of the volatile particle remover(VPR) accurately.
* |nvestigated the sources of errors in determination of the PCRF with (a) clez;lyair_ll-5
the use of NaCl and CAST.
CAST 1 3 Diluter — to (c)
generator| 1 5 15
N 5]
Investigation of NaCl vent
. .. (b) Dry Dry
The detection efficiency of CPCs depend on the preheated temperature of clean air clean air |15
the particles. 5 5 A Collison | I Liquid 51 Mixing Charge | [l Heating|[ | . | (©)
cIeaLyair Clea|r*1yair 1-2 3°r atomizer | » trap |o 7 coil |7 |islheutralizen;s | _tube ||15 15
| 70°C 154
5 Y Vent
Collison | |} Liquid l Mixing Charge | || Heating [ _ Diluter
atomizer | - trap 2 7 coll 7 | 15|neutralizerf 1 5||_tube ||15
T varied 1.5 l (C)
Vent 1.6
vent o Charge | 1 pmaz | crc2
23 from - neutralizerg 3 0.3
(a) —» Charge | I ~via1 Heating ||| Flow 0.3
or (b) 15 neutralizer| 1 g 15 | osll_tube los| splitter
® s o T
Charge Static Flow G5403a
neutralizer_’ DMA l > mixer — splitter g CPC Size distributions of DMA-classified (a) CAST and (b) NaCl particles after heated at varied temperatures.
orlfs oilgs The size distribution curve had the mode diameter at ~ 30 nm at room temperature.
| Vent | Another
PC or AE _ l4e+5 - - - __ 1.0e+5
. . . . . T s | Q) k= b)
Detection efficiency of CPCs against NaCl particles that were pre-heated at various CHE L g 0ed -
temperatures. S 10645 - S
1.2 1.2 E ‘lg 6.0e+4 -
a) 35 8.0e+4 - 2 °
> %% 443 _ > S 600w - S — 25%C
% 08—_{V_ o fﬁé_%%%ﬁ% % 0.8 - E N . E 064 1| —=—-—= 100
;g ' VY e oo Y g ' S 40044 - 8 T —_——. — 15020
HCI:-J . ua:-, 06 | , - I % ‘." . \ % 2.0e+4 1 |....... @ crens gggog
IS S E( (Ref.: G5403a © 20e+4 - o X e @ N 300°C
..8. 0. _ -8- 04 | o -0~ | —0— G5403b s ./..;- ./. .f.. -::’-., LN -\. \.‘. e N \
@ | (R:’)’eof npr\rllz) @ . )j/ — $g;;ga 00 YT T N WY T X, TR AP Sty it '] (-3 Tl e S SEPN 00 Y W SNSRI MoV IS C L
Q - Q o . T3772b 10 20 30 40 50 10 20 30 40 50
0.2 - e G5403a e —%— T3010
v T3772a —-0— T3790 Particle size (nm) Particle size (nm)
| | | [ _ | | | I
>0 0 100 200 300 >0 0 100 200 300 e The curve of distribution shifted to smaller sizes with the « The size distribution did not change at all while the

Temperature (°C)

(a) Detection efficiencies of G5403a and T3772a with
particles of 30 nm diameter that were obtained in the
measurement with the aerosol electrometer (AE) used
as the reference

* |tis obvious in the plot that the detection efficiency of
the two CPCs behaved differently against the
heating temperature.

« The G5403a CPC showed essentially no change in
detection efficiency with the heating temperature.

(b) Detection efficiencies of six CPCs at 30 nm that

Temperature (°C)

were obtained

with G5403a as the reference.

In this figure, there are three groups that showed

different magnitudes of temperature-dependent
variation of the detection efficiency.
For T3790 that showed the most significant

temperature dependence, the detection efficiency
did not reach to a plateau within the temperature

range studied.

Detection efficiency of CPCs against the heating temperature at particle sizes of 30

nm, 50 nm, and 100 nm.
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(c) Detection efficiencies of T3772a with G5403a as
the reference at 30, 50, and 100 nm.

* This figure shows that the magnitude of the
temperature-dependent variation of the detection
efficiency had size dependence, and that the
variation against the heating temperature was less
significant for larger particles.

« At 100 nm, the detection efficiency was essentially
constant and independent of the heating
temperature in the range studied.

 Nobody knows, physical property of NaCl particles changed at the pre-heating and caused the

variation of the detection efficiency.
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(d) Detection efficiencies of T3790 with G5403a as
the reference at 30, 50, and 100 nm.

« NaCl particles did not change size when heated.

 There Is a possibility that the humidity in the CPC may have played a role together with the pre-

heating.

The detection efficiency of T3790 was less than
50 % for 30 nm particles at most of the
temperatures. That was due to the material

dependence of the detection efficiency of this CPC.
For T3790, the detection efficiency against NaCl

particles was less than that against poly-alpha

olefin (PAQ) particles when compared at the same

particle size.

 The difference of the CPC detection efficiency between heated and unheated NaCl particles

Implies that the fr evaluation may result in underestimation, if unheated NaCl particles are used

and also if a CPC of a large d50 is used.

temperature increased. heating temperature was changed.

* This suggests that soot particles generated by the CAST < This provides evidence that the temperature-
generator would shrink too when they were passed dependent variation of the CPC detection efficiency
through a VPR, if they were not pre-heated. against NaCl particles was not caused by change of

particle size.

« The shrinkage of CAST particles upon heating implies that fr would be overestimated, because
particles which becomes small in the VPR would be more easily lost in the VPR.

* The appropriate pre-heating temperature may be different. Nevertheless, the temperatures
suggested by this study provide a guide in finding the appropriate pre-heating temperature for
each condition.

Comparison of PCRF

Consistent results would be obtained in the fr evaluation either with NaCl
or soot particles.

Results of fr measurements for a VPR with particles of 30 and 100 nm in diameter,
expressed as the ratio of fr /DF.
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(a) The observed fr/DF ratios when the VPR was set (b) Comparison of the observed fr/DF ratios obtained
at DF = 100, with soot particles generated with the with soot particles by CAST without pre-heating, soot
CAST generator which were pre-heated at various particles by CAST with pre-heating at 300°C, and
temperatures before being introduced into the VPR. NaCl particles.

e The experimental observations in this study suggest that consistent
results would be obtained in fr measurement for VPRs, while the
particles used in the measurement were either NaCl or soot, If the
particles were pre-heated properly and if CPCs of sufficiently small d50

* To avoid underestimation of fr at 30 nm when using NaCl particles, it is required to use CPCs of were used.

d50 equal to or less than 5 nm, or to heat particles at ~ 300 deg C before introducing to the VPR if

the CPCs are of d50 = 10 nm.

e CPCs of d50 = 23 nm should not be used in 30 nm fr evaluation at all if NaCl is used.

 \We hope these results help developing better fr evaluation technigues
and improving reproducibility of the fr measurement.
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