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Measurement of Aldehydes in Diesel Exhaust Using DNPH Cartridge under Low-Temperature Condition
and Analysis of Relationship between Their Concentrations and Exhaust Odor

Kamihiro Hayashida  Yuta Tkeda

Hiromi Ishitani  Hiralm Kashiwagura

Toshitaka Minami

In order to obfain an accurate measurement of low-level aldehydes contained in diesel exhaust, aldehydes were
directly collected from engine-out emission using a DNPH cartridge. Since stability of aldehyde-DNPH was changed by
storage condition, sﬁitable siorage condition of the collected sample was examined. Furthermore, aldehydes

concentrations during engine warm-up under low-temperature condition were obtaittied by analyzing the collected

sample using a HPLC, and odor intensity of same exhaust was evaluated by sensory assessment, Temporal change of

total aldehydes concentration was similar to that of the odor intensity.

KEY WORDS: Heat engine, Compression ignition engine, Emissions gas/harmful emissions
Aldehyde, Low-Temperature Condition, Odor (A1)
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Table 1  Specifications of test engine

Engine type 4-stroke Dl diesel
Cylinder In-ine 4 cylinder
Bore x Stroke fmmj 954 x 104.9
Displacement fom] 2,999
Compression ratio 17.5
‘Injection system Commen-rail system
Maximum power [KWfmpm] 11072800
Maximum torque Nmirpm] 375/1600
Eubricating oil SAE 10W-30
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Fig.1 - Schematic of Aldehydes collection method
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Table2 Operating parameters for the HPLC analysis

Column Zorbax ODS 4.6 mm x 150 mm
+
Zorbax OBS ¢4.6 mm ¥ 250 mm
Guard colurmn Zorbax ODS 4.6 mm x 12.5 mm
Mobile phase Acetonitrile / Water
Flow rate 1.0 mLU/min
Injection volume 20l
Column temperature 50C
Detection UV af 365 nm
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Fig2 Chromatograms and gradient conditions

Table3 Compound in the standard solution

Concentration Odor threshold

No. | Compound lug/mL] Ippm]

1 | Formaldehyde 40.50 0.50

2 | Acetaldehyde 20.15 0.0015

3 | Acrolein 19.84 0.0036

4 | Acetone 20.09 42

5 | Propicnaldehyde 20.03 0.0010

6 | Crotonaldehyde 20.38 0.023

7 | Methagrolein 19,77 0.0085

8 [ 2-Bufancne 2147 0.44

9 | Bulyraldehyde 20.08 0.00067
10 | Benzaldehyde 20.08 NAA

11 [ Valeraldehyde 19.84 0.00041
12 | p-Tolualdehyde 20.03 N/A

13 | Hexaldehyde 20.09 0.00028
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Table4 DNPH cartridges

Cartridge Company Product name
A Wako Presep-C DNPH
Sep-Pak DNPH-Silica Cartridges
B Waters Plus-Long Bady
c SIBATA DNPH Active Gas Tube
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Table 5 Aldehyde concentrations

Concentration [ppm]

Compound A B C
Formaldehyde 1164 || 1184 12.58
Acetaldehyde 312 3.00 5.07
Acrolein 0.81 0.82 0.61
Acstone 0.72 0.73 0.18
Propionaldehyde 048 047 0.51
Crotonalkdehyde 0,16 0.18 0.03
Methacrolein 0.12 0.12 0.05
2-Butanone 0.02 0.1 0.02
Butyraldehyde 0.22 023 0.20
Benzaldehyde 0.11 0.17 0.05
Valeraldehyde 0.13 0.13 0.14
p-Tolualdehyde 0.19 0.26 0.07
Hexaldehyde 0.08 0.09 0.00
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Table & Stimulus quantity of each aldehyde

Stimulus guantity
Compound Smin] | 5] [ 10 [rinj | 20 frmin] | 30 jrin] |
Formnaldehyde 2522 2745 2559 | - 1587 13.38
Acetaldehyde 1053.13 | 1064.69 | 478.18 0.00 0.00
Acrelein 20445 | 28951 F 233462 1 13625 | 11288
Acefone 0.02 0.02 0.02 0.01 0.00
Propionaldehyde | 525.98 | 510.i8 | 387.20 | 212.91 167.25
Methacroleln 17.28 16.37 17.03 6.06 8.37
Butyraldehyde 32403 | 339.53 [ 25785 | 107.08 72.24
Benzaldehyde — - — - | —
Valeraldehyde 32794 | 354641 288.82 | 159.71 158,72
pTolualdshyde — — - — —
Hexaldehyde 28501 ] 38575 | 37160 | 20264 | 17278

Table 7 Odor rating scale

Intensify rating Category description
0 " Nooder
1 Faint
2 Distinct
3 Strong
4 Very strong
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