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Study on Characteristics of Diesel Particulate Matter

and it's Measurement and Evaluation

Bok-Youn Kim, Sang-Kwon Lee and Young-Do Cho

according to the Government regulation.

ABSTRACT Presently, mobile diesel equipments contribute a lot to improve the economic
feasibility of underground mining and tunneling operations. Even in Korea, a lot of diesel
equipments are being applied to the underground workings already, but the technology of
management and control of them is not sufficient yet. This study handled the production
procedure, characteristics and evaluation technology on diesel particulate matter(DPM) which is
known as a carcinogen. For easy measurement of DPM using laser dust monitor, conversion
factor(k) to gravimetric concentration has been acquired. It is appeared that the critical material
among the diesel exhaust pollutants is becoming DPM instead of NOx from this year of 1996
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Table 1. Classification of Aerosol

HA | e | A WAUF F

3 | A

dust | solid

SAEAo] elH shalabg Bol o
a4 e Qi ¥ 7
s 248 gAY A o,

ol B o) shafel eleia] %

A BEA A, FEEAS
Q] e 2R A G Aew

RE %ekdel YRR

F | 3 | mAEAe] Zusia,elge] Sagl
fume | solid | UAL£3) wx T4 AT Ea)
Bhak ukgoll s whapeh L
71%0”4% 0o S AEE 5
A, Ad4e 2 Floh
dAE 59 o fume, £% fumeE.

AL Lum ol3te] Aol et
o | oA, | 47149 2ol adsli: ARNA
moke| Al | WA S EHA HEEH

liquid, | ® 58 eats Aol 27
solid | 0.5um o]z}l Zo] yrtolg 54
N

o | A | elxle] &
mist | liquid | 3t WA=

52 AW op7lsle Yl W 0.5-7T umel, o]
3t Q% He e BAE TFA EX) (Respirable dust)
oleh stel Bz 72 ho 3k sl o5
Fitiffdell WA pEAE=lol Bt 5 X1 Zsiw el Wl
o] 5]7] ufF-o|ct.

2.1.1 Hxe] Hu

AEF B3] s =¥l MR o
g Fv AY A Aol vlebA Fask A2
7159 Bf-279 ARo] ofe} A Fo Edesl &
z1e] Alto] Fagt Aojut. 1A B2 s &%
5 ARE felatabEe] wal H-Soll ol Aai#l Aol
t}. DPME 1 zhale] A B2 eholl Sapelr|nt B3]
Eol] BEAsl Heod ebdl44F(Unburned Hydro
Carbon)7} WgHAd o] 7] wll el &3t Zolc}.

212879 Q%

A gApe] AT odofl HEL Aol W=

EA19] RE-2 5 um ol3le] BAYAtes AHdelnt
I FlAE 7h S YEE 1-2um IE 2 9
A glow oF 0.25-10 um Mo} QA7) el HeEst
= Ao wiszch Ao LA U E 7iqkste] Aut
Hog 0.5-TumE EFA EXoletn HHsle 54

T ol ofk

Ede ASEF 49

Diesel
70 Partlculate/
Matter

4 1 PR
30 40 5060 BO 100

Particle Size (in)

Fig. 1. Size Distribution of Dusts.

8] Fgela gl BAe) Fioll WA F FEA
F 2&4 239 ugo] o 27k S FAEA
hEt A Aabe F vl 2 A F22- 9F 30%, g
B21e oF 25%7F ZTFAERC Aoz ubsHch
DPMe] J5& 90% oltte]l /A Exlo g odwiA
o] =t fJalidel vf Alzbsleh” JIE BE F4AE v
off Hed 18] 13t 2

213 749 A H 8%

37159 #29 F2E &9 AHG E319 Hgko
2 #Ase (VHEEEE (mg/m?), &9 A-d 230 6L
FEE RS ()i (particle/m®)7} glout Al
A2 Al wixl= 7)Aol A £x19] F

st Ay o2 valels] WEel BURAL F2
olg‘—r':—i Jéﬂ'ﬂ—l« 9»19—‘11 %‘o :’}Z‘“—'— é ) oEli

)3t it
mebd 45 sl A ) ek &, 229 48,
3 5ol odll Hof 31855 el 3loh

e ngw— w2 Aelo] 19 #eiAIzh
g Hrhsle (DA REEE o
2l o] o % Hrlshe QFRE T
5 74A7k Qlek. AQle] Az AHH o2 WAk 9
= AT Mol Fsh= £ o)) ufifell A 2
7} oA ¢ glovt ol el BAle 22 A
AollA 2 7H7RRIe] £ Fdeko] A gkow 2
o BAS Fstriek sHelel whet 1 gigpo] A
the dolvh. ¢ Ay e 3 #el &
o4 felsha ultasiel, WEHo 2T Al

2] OF

g

&2



seE sl ek e dud e A2
4 0802 REA AP AR WA

BAEE 24V THA B G Mt E Q4
AISlo] 4 AL FYE Sk Aol 2
4o 24

e Zgstol 2. 4
A 54 W e
) e

% 3557k Qlont oAl YRl sl e AYEE

olu. 2L ol§ eroll4] 15t wle} 7ro] lxol] bl
%4z odato] siol Pkl HA19) Azkoll wjeldkehs 4

Aol gl whizoleh,

Ayt F4 78 52l Ax-5A4British Coal)
o] #4lel National Coal Board”} 7H2}éF Dust
sampler(113A)7} MAIR oz 714 del ol &x|a 9]
vk o] L ] Aol ol k3 ol o ol
S AR, o] 7hgdt ukdel 2AE Eilsly]
oleljA]L= Abudal R|7lo] A Q¥|w, ek Als] Aoy
ol3Fo1 Aok #17] whizoll Ao 54 FEE o421
o gleh. zrelar Fvlgke] #2118 vy ulifell A
B 21 92 & ke P ek

ols} o] A 5 B 2ol WS woli:
e o] L85l WAAE dhieel e 34
Hol MubEldek. Alsie ZH4E AA N4 £kl
A4 s W71 4 ek Aol Uek 34 el
= Alofl 218 Bkl vl M7 &2 pulse
g a3 A vl9] A7k pulse G(count per minute:

cpm)E 9= WAjolek. et o] 7)71% Age] 9
fholic 5 Al tlelel DFES Gulpi

Aloll Z4sto] AATE Al Folo} Yrh. & Mg
S SAASKRE EA) e 27004 289 4%
B9} AEES] nl7t et

U K gro) FalAR Ao Skl K e &
so] ghks] af% & 78 5 &M BABE %
shia A%el o] oAl 4 qll H& Aot

A_
L
)
_“i rf-

2.2 ChaRixtaEd
2.2.1 DPM 9| AAaA vl &

oX

1 -2 Dehydrogenation, Oxydation

R

§urgace g",’"‘h l -> Dehydrogenation, Oxydation
Cylinder L

I [WAqglo»mferftiOnw ] -> Dehydrogenation, Oxydation

Adsorption and
_condensation

Dilute . } <~ Hydrocarbons

Fig. 2. Proces leading to diesel particulate matters.
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Photo. 1. Measurement of DPM at the Mine Site.
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Table 2. Measured result of gases & DPM of diesel equipments on site

Au) e RPM | Temp Gases Eff. DPM v} a1
C o [co [co[nNog[so, | % [ cpm | mgm®
% % ppm | ppm | ppm
Truck zg 9% | 194 ] 1.1 0 104 0 999 | 514 21 | 365Hp
=1 o157 14618cc
Tl osms 1500 | 119 | 19.1| 13 0 79 0 99.9 | 3293 | 182 |5y
;} 2300 | 175 | 182 ( 2.0 0 86 0 999 | 4400 | 176
5 ” z37) 77 | 197 09 7 89 0 999 | 477 19 365Hp
N ” 14618cc
< 1500 | 118 | 195 | 1.0 1 82 0 99.9 | 2683 | 107 | [y
i 2300 | 163 | 184 | 1.9 78 | 107 0 99.7 | 4490 | 180
| Loader zel | 122 (186 17 | 44 | 222 0 999 | 335 13 267Hp
= h$- 11051cc
94965 1500 | 158 | 187 | 16 | 58 | 239 0 99.7 | 944 38
2200 | 238 | 161 | 36 | 77 | 371 0 659 | 3836 | 153
MineTruck | =% | 119 | 185 1.8 3 146 0 999 | 333 13 450Hp
Toro40D 18000cc
1500 | 163 | 184 | 19 | 75 | 179 0 997 | 398 16
® Bl K.2p=)
" 2400 | 229 {177 | 24 | 105 | 247 0 55.3 | 433 17
v ” z2 | 113 | 188 | 16 0 155 0 999 t 177 7 450Hp
@ 66 | 1 66 | 0 | 70 7 18000cc
o] 1500 | 166 | 17.4 | 2.6 0 | 2 0| 70 28 Beyepr
| 2400 | 260 | 157 | 39 | 51 | 462 0 66.0 | 1283 51
4]
” z2 | 108 | 189 1.5 0 122 0 999 | 412 16 450Hp
©) 18000cc
% 1 60 | 17. 2 64 6.
o) 500 | 1 79| 2 97 | 2 0 66.3 | 1056 42 eyegai
2350 | 260 | 183 | 1.9 | 84 | 235 0 994 | 1137 45
s
° LHD Zg 82 | 186 | 1.7 119 0 999 | 870 35 326Hp
501DL 14600cc
A 1500 | 130 | 17.0 | 29 237 0 783 | 2573 | 108 | o0
2400 | 209 | 147 | 46 | 65 | 468 0 75.5 | 2570 | 103
LHD400D | %3 93 | 179| 22 | 31 | 190 0 813 | 105 4 267Hp
E
1500 | 121 | 17.1| 28 | 32 | 251 0 794 | 500 20 12244
2500 | 185 | 169 | 3.0 77 | 510 0 69.9 | 2373 95
Table 3. Performance of Huricane engine Ak et (mg/m’)E ghwh 998 ksl abye
RPMTemp. O, CO, CO NO, SO, Eff 2z  t}&¥ #r} F, A9 kwhd ui7]3ke b 4 (2)2
(‘C) (%) (%) (ppm)(ppm)(ppm) (%) (cpm) A4S 4= Qleh.
700 113 17.1 28 2 192 0 82.0 1,089
2000 121 174 26 7 70 O 796 811 _ dxrpm/2x60x0.8 @
3500 195 163 34 11 79 0 726 1,277 1,000,000 % hp
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424 mME 3855yt 1996 = HEl= 0.9 ghkwh,
20001 = o] ZHEIL 0.25 glkwhE TFAEo] 9o},
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Fig. 3. Conceptual Design of the device for Deciding
K Value.
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Table 5. Measured resuft of DPM by Laser dust monitor

ME ZA7kcounts) ZA A ZHmin) Al E 5 (cpm)
(A) (B) (A/B)
1 19.970 30 665.67
2 20,880 30 696.0
3 12,950 12 1,079.17
o 53,800 72 747.22

Table 6. “K" value obtained by measurement

E Ay mgm’) AdlEEepm) AREE
©) (R) 3EALAG (K)
1 36.4 665.67 0.0547
2 243 696.0 0.0349
3 45.66 1,079.17 0.042
P 106.36 2,440.84 0.0435

Table 7. Trend of DPM production of diesel e-
quipments
ol 71 3] A S (rpm) 700 1,500 2,300
DPM(mg/m* <ubg #Auj(A) 181 977 1713
AN G Aul 148 399 566
Photo. 2. Measuring Scence of K value. HulB/A) (%) 82% 41%  33%
Table 4. Measured result of gravimetric concentration of DPM
Z33T E3 #3219 A=k (mg) =% E71%m" A2k
e
el ds EAE e eRAe) Az EPAY B FAF FATAG o
W1 A=kW2) (W2-W1) t) (I/min) (m") (mg/m’)
(2.5t/1000)
1 125.71 128.44 2.73 30 2.5 0.075 36.4
2 126.53 128.35 1.82 30 2.5 0.075 24.3
3 129.05 130.42 1.37 12 2.5 0.030 45.66
i 5.92 0.155 38.19
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Table 8. Comparison of DPM against regulation
el DPM &A% 96rdol & FAANH] 200081 0] ¥ 774 oy H] 52
mgm’  gkwh  7|E®) 2kl 71%(C) k)
(A) (glkwh) (A/B) (glkwh) (A/C)
Dump truck(1) 176 0.53 59% 212% Aul
” 7 (2) 180 0.54 60% 216% £-2hy)
Wheel loader 153 0.48 53% 192%
Average 0.52 58% 208%
Mine truck (1) 17 0.05 0.9 55%  0-25% 20% WA
v » 45 0.13 14% 52% &7
r 51 0.15 17% 60%
Load Haul Dump(1) 103 0.34 38% 136%
” ” r (2 95 0.29 32% 116%
Average 0.17 19% 68%
Table 9. Governing Pollutants of Diesel Equipments
DPM
Pollutants Cco NO, —
96-'99 2000- N
otes
Permissible 980 ppm DI, 750 ppm 0.9 ghkwh 0.25 g/kwh
Limit (A) IDI; 350 ppm
Measured (B) 262.9 300.8 0.52 0.52 () IDI engine
0.17) 0.17)
B/A (%) 27% 40% 58% 208% () IDI engine
(19%) (68%)
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