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Introduction
Recently. motor vehicles were suspected as a emission source of PCDD/Fs. These studies

comprised test bench experiments as well as road tunnel measurements.” ™

In this studv, PCDD/Fs emissions of diesel engine were investigated, as the load rate was
changed from 25% to 75% at constant speed of 2400rpm. Then, the sample was divided into 4
parts in order to analyze for phase distribution.

Experimental

Sampling Site

The engine being tested was manufactured by
Hyundai. type D4BB(driven for 31,700km). It has
maximum power of 59kW at 4000rpm and maximum
torque of 168Nm at 2400rpm. The engine was fueled
with normal commercial diesel fuel. Before the
experiments. the engine was conditioned for 15 hours
at a speed of 3000rpm. with 20% of load rate. The
experimental condition varied from 25% to 75% of
load rate while running at 2400rpm. The condition
was selected by the Emission Test Cycles, US D-13
Mode. According to the mode, the particulate
emission of exhaust gas is almost same at the
condition of 25%. 50% and 75% load rate at 60%
engine speed (2400rpm). Figure 1 shows the US D-13
Mode Cycles and Table 1 represents the experimental Fig 1. The US D-13 Mode”
condition.

Load (BMEP), %

Engine Speed, %
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Tabie 1. Experimental Condition

Sample series Fuel é?tr;iﬂmltrl)ption Samp};r(rll(;;lectcd Loz(l‘(;o ;ate _ (s;r;::)j
A 18.16 2.5725 25
B 29.10 2.7504 50 2400
C 42.73 3.0631 75

Measurement of exhaust gas parameters
PCDD/Fs sampling was carried out isokinetically at the port closer to the engine to avoid flow

disturbances by the probes for the _

continuous measurcments. Exhaust Gas
The sample was scparated into 4

parts(filter, absorber I, XAD resin

absorberIl). Each part was pretreated L5 ',. H '._'\  Pump

and analyzed for PCDD/Fs. It was

defined that the solid phase is trapped on =.;'¥ . B

the filter and thi ga.? phase is passed gorber1Ab§grbef o

through the filter”. Figure 2 represents s AR,

PCDD/Fs sampling apparatus.
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Fig 2. The Sampling Apparatus

PCDD/Fs analysis

Sample extraction and clean-up were carried out in accordance with the Korean Standard
Method. Filter and absorbent were soxhlet extracted separately with toluene for 24 hours. The
equipment for sample clean-up comprised a mixed column with differently treated multi-layered
silica and alumina column. The analysis was performed on selected ion monitoring mode with a
JEOL JMS-700 high resolution mass spectrometer connected with a high resolution gas
chromatography.

Results and Discussion

Diesel engine emission measurements were carried out at a constant speed. 2400rpm with
variable load rate from 25% to 75%. The 2.3,7.8. -substituted PCDD/Fs total and TEQ
concentration of each sample with units of pg/Nm’(exhaust gas) are shown in Table 2.
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Table 2. The concentrations of PCDD/Fs of diesel engine

Sampl PCDD/Fs Concentration
nggs © Filter Absorber I | XAD Resin | Absorber I Sum
(Solid Phase) Gas Phase
7108 | 8744 | 3451
A 57.88 19703 250.91
Total 6708 | 3960 | 29.03
. 91
(pg/Nm’) B 36.20 135.71 171
73.97 | 2184 | 4947
. 3 67
C 29.39 1539 174
831 | 98 | 500
6.72 29.88
A 23.16
TEQ 788 [ 399 | 417
: 10
(og TEQNm?) ° >0 16.04 211
c | i 27 [ 08 T 30 [y

The 2.3,7,8-substituted PCDD/Fs concentrations of Filter and XAD resin were decreased, as the
load rate was increased. However, the concentrations of Absorber I and Absorberll were
almost the same.

Relative Flatio{Tota)
Relative Ratiol 1EQ)
"
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(a) Distribution of total concentration (a) Distribution of TEQ concentration

Fig 3. PCDD/Fs Concentration of Exhaust Gas Sample
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The solid phase : gas phase ratios were 23:77, 21:79 and 17:83 at 25%. 50% and 75% of load
raie. respectively. As the load rate was increased, the ratio of solid phase PCDD/Fs concentration
was slightly decreased. The ratio of concentrations of Absorber | and Absorberll were
increased but the XAD Resin ratio showed a decrease.
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Fig 4. Relative Ratio of Exhaust Gas Sample for Phase Distribution
References

1. K. I. Geueke, A. Gessner, U. Quass, G. Broker, E. Hiester. PCDD/F emission from heavy duty
vehicle diesel engines. Chemosphere, 38. 1999. 2791

2. Yuichi Miyabara, Shunji Hashimoto, Masaru Sagai and Masatoshi Morita, PCDDs and PCDFs
in vehicle exhaust particles in Japan, Chemosphere, 39, 1999, 143

3. Stellan Marklund. Rolf Anderson, Mats Tysklind, ans Christoffer Rappe, Emissions of PCDDs
and PCDFs in gasoline and diesel fueled cars, Chemosphere, 20. 1990. 553

4. hitp://www dieselnei.com/standards/cycles/ece_r49.html

5. Takumi Takasuga. Fumio Baba, Takeo Kobayashi. Makoto Sato, Masato Kuruta. Masavuki
Kokado. Investigations regarding separate sampling of PCDD/F in gas and solid phase of
incineration flue gas by filtration techniques. Organohalogen Compounds. 40. 1999, 275

ORGANOHALOGEN COMPOUNDS
Vol. 50 (2001) 373



http://www.dieselnei.com/standards/cycles/ece_r49.html

