DB AHHA A 1TA A1
1. KOSAE Vol. 17, No. 1(2001) pp.85~96
Journal of Korean Society for Atmospheric Environment

olxgt TE St YAl wdsi= HM_F
71[::1:[%1&”[__‘ x-i:a gl 7[_;::_

&l oy
7}

i

2

0|r Ao
s

The Application of Surfactants to the Suppression of Fugitive
Dust Generated from the Scrap Metal Loading Field in Inchon
Port and Preliminary Evaluation on Their Wetting Capability

olEd - R85 -H2¥ -4 T
et &t AR TS
(2000 109 139 44,2000+ 124 229 =)

Bo Young Lee, Yong Ho Yoo, Yong Won Jung and Jin Kim
Division of Environmental & Geosystem Engineering, INHA University

(Received 13 October 2000, accepted 22 December 2000)

Abstract

The objective of this study is to develop the water spraying technology which can effectively be applied to the
control or suppression of the fugitive dust generated from the scrap metal handling area at the Port of Inchon. As a
first step toward this goal, we carried out some preliminary analyses on the chemical compeosition, physical shape,
and particle size distribution of the sample dust. Next, to quantitatively investigate the effect of adding surfactants
to the spraying water on the wettability of the sample dust, the Standard Sink Test was carried out for four different
surfactants and at six different concentrations using the surfactants considered in this study.

Results of from the preliminary analyses indicated that the main chemical component consisting of the sample
dust is Goethite (FeO(OH)) and that the particles smaller than 10 um in geometric diameter occupy about 36% of
the sample dust in mass. This result implies that the fugitive dust generated from the scrap metal handling area at
the Port of Inchon should affect the environment nearby more than we have expected. This is because of relatively
large mass percentage of the small metal particles less than 10 um in geometric diameter, what we may call
respirable particles. As for the results of the Standard Sink Test, higher swfactant concentration tends to result in
the higher wettability of the sample dust for the surfactants considered in this study, which in turn ensures the high
particle collection efficiency of the droplets generated from the water spraying system. Based upon this preliminary
results, studies to develop more sophisticated scaled model for dynamic test is underway and the effort to find the
best surfactants as well as the optimum operating conditions are being made at the same time.
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d da] e|g5g] o} (Chander ef al., 1989). =,
gke] gt Aol 23} EREAE HHIAL F
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420 mesh7hR] 2] AHAHQ ABML Ala)sigden,
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Fig. 1. XRD analysis for the scrap metal dust sample at
400°C.
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Fig. 2. SEM patterns of the scrap metal dust sample.
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Table 1. The result of particle size distribution for the
whole dust sample.

Table 2. The result of geometric size distribution for the
samptle of 0.5~ 10 um for 50 size interval.

Stze Ave. st‘zc Residue Cumulative  Frequency

interval {Or each distribution distributior  distribution

(] ?rerval [%) percent %) x log [%]

pm]

0.90 070 9397 6.03 6.03 2429
.10 1.00 9162 233 8.38 2704
1.30 120 89.59 204 1041 28.17
1.50 1.40 87.82 177 12.18 28.50
1.80 .65 85.54 228 14.46 28.83
2.20 200 B304 2.50 16.96 28.80
2.60 240  BL.OG 204 19.00 28.13
3.10 285 78.89 2.11 21.11 27.71
370 340  76.77 2.12 23.23 27.72
430 400 7494 .83 2506 28.10
5.00 4,65 73.05 1.89 2695 28.83
6.00 550 7069 236 29.31 29.86
7.50 6.75 67.69 3.00 3231 31.08
9.00 825 65.20 2.50 34.80 31.64
10.50 975 6302 2,18 36.98 32.56
12.50 11.50 6040 2,62 39.60 34.72
15.00 13.75 57.39 3.00 42.61 38,05
18.00 1650 5407 332 4593 42.08
21.00 19.50 51,05 302 4895 4516
25.00 2300 4742 363 52,58 48.12
30.00 2750 4327 4.15 56.73 52.57
36.00 3300 3848 4.78 61.52 60.56
43.00 3950 3291 5.57 67.09 72.40
53.00 47.00 2646 6.45 73.54 87.30
61.00 56.00 18.53 7.93 Bi1.47 102.23
7300 67.00 10.29 8.24 89.71 105.97
87.00 80.00 357 6.72 9643 88.39
103.00 95.00 0.00 357 100.00 48.80
123.00 113.00 0.00 000 100.00 0.00
14700 13500 0.00 0.00 100.00 0.00
17500 1161.00 0.00 0.00 100.00 0.00

et ol & Algel ds) 33 2T g
HAAE ol 43z, 2 AL 231G ol o)
o 4 A 10%5:= 249 Ux=a71E 126 um,
16% A Aol M= 2.05 pm, 50%A A1 A= 22.16 um,
B84% A Ao A= 64.68 um, 0% A A A= 73.60
um, 99%2| Heo A 98.52ume) =78 uge
o, olo A&l 2 Aol Y=Y ALLH Al
o HEYss 2216umz el ol A=E
FAZIEL2 $HF Hzbolw, glal el ot
71 g dA7) e del M JEydsst 22t 076
um, .16um=2 ZH = g4 2=]e] 95 7]
#H71ee] S22 FAS] e WF Alae
FAE 71Eez d2¥ME s Aol 2 dFl

BIHANGRALIA A 17A A5

Size  Cumulative Mass Size  Cumulative mass
interval Distribution percent interval Distribution percent
[pm] [%] [%] [um] t%] [%]
0.50 0.00 0.00 23] 17.13 0.77
0.53 044 044 261 18.62 078
0.57 1.03 0.59 294 20.01 071
0.60 146 0.44 3.13 20.76 0.75
0.68 2,64 059 333 2149 072
0.72 322 0.59 354 222 0.74
0.77 3.95 0.73 376 2296 073
0.82 469 073 400 2369 073
087 542 0.73 425 24.43 0.74
0.98 676 0.70 4.52 25.18 075
1.04 746 0.70 4.30 2593 0.75
L1 822 0.77 5.10 26.69 0.76
1.18 8.93 0.71 543 27.46 077
125 9.64 071 577 28.26 079
1.33 1038 0.74 6.13 2905 0.79
L4l 11.09 0.70 6.52 29.82 077
1.50 11.85 0.76 6.93 3064 031

1.60 12.61 0.76 7.37 31.51 0.87
1.70 1335 0.74 7.83 3231 0.80

1.81 14,13 0.78 832 33.12 0.81
1.92 14,85 0.72 8.85 34.00 0.88
204 1559 074 941 3484 084
2,17 1637 0.77 13,00 3569 0.85
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ol Mles £zt 713 & T4 61~T3um
2 FA =gl

0.5~10pume] FYA 2L 5048 Frres 7
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ol Hl¥-Eelw, 10um olste] 2FA f8l £
3. L YA o 9 sAel W Anlslng
sEHA Ha| Rfete Aol vl g 24 e o
M 972 AREel vk s3HAA uE ¥
Aoz, 59 49 Al A B3 HEeA
T 2 flel Wely Yo doh gejue o
23t sias) g A7) it A gAY A
7he E74EH, A7k AW EAAAL) g o
7hele Al oA do.
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2 d79) standard sink testi= FEHIo| W
vhake] B2 <lalEo] @A Alzbel whel £
o] 53l AslE A Azl dFt o] FAE
wettability 2 7}letgic) 1 A3} AATFAA 22
of Z7igel e} HiE AAAlRel GHF b
Ak 2 wettability?} £7}8H= dAMe & 5 g

23 5ol AR wle} zhe] AHPAA L] Hg-2
Ag o2 Ao Bl glzhe] wettability7} =2
A #FAEEH 03% SURFYNOL4402] #H$ Ald
2AAE AgskA] 22 ASRo 9 6] A=
B A7k Alzbe] wEEE Zlow fgEgn =
g FlelfA AlFHAE AFEAE FAke] HE
xRl Hoz AF= et wd, & 35 23 60
A B3 ulgl o] ADO#100 H% 0.05%2] 2%
ARG 2] Hg-w3rt 719 Ydglen] 0.1% o4
o prolqRH 7 mANE % 4 Usith $310)
A7eted £eFy Ha JA7 A7 5E 005%
ol Al 0.3%7LA) Z71%¥e]| ule}l 68.8secell A 21.1sec

7 gagE 2reen, ¥3& A7RAIA 252
w8 Az 37 &2 24~ 2cmisecs] ¥ 9o

= .
Al -
3%
e I
B
b1
o
% 10
§ —y— SURFYNOLA40
—&— MACOL30
—e— ADO#1G0
—&— None Surfactant
1}
T T T L T
i} 10 20 3'0 40 5'0 ] 7!0

Settling Time {sec]

Fig. 5. Settling distance vs. settling time for three differ-
ent surfactants (0.3% solution) and the water with-
out surfactants.

Tahle 3. Wetting rate for the different concentrations of surfactant ADG#100.

Time[sec| Ave, Sink
Cone.[wi%h] 0 5 10 15 20 25 35 40 45 50 55 60 65 70 Time [sec]
Ave. cumulative
o setling distance|cm] 0 6.1 99 127 151 173 193 213 232 251 270 289 309 325 344 o5
settling distance/ ’
time interval[cm/sec] 0 12 08 06 05 05 04 04 04 04 04 04 03 02 02
Ave. cumulative
005 settling distancelcm] 0 60 85 112 142 166 193 214 233 251 267 289 309 328 345 6
’ sewtling distance/ ” '
time intervallemisec] 0 12 07 06 06 05 05 05 04 04 04 04 03 03 02
Ave. cumulative
ol settling distance[cm] 0 89 139 194 244 291 335 350 - - - - - - - 128
' settling distance/ o '
time interval[cm/sec] 0 17 LI Ll 10 09 09 03
Ave, curiiulative _ _ B _ _ -~
ols settling distancefem] 0 75 130 82 227 277 325 350 -— -
: settling distance/ _ _ _ B _ B i X
time interval[cm/sec) 0 15 L2 11 10 09 08 05
Ave. curnulative
settling distance[cm] 0 102 169 2211 265 307 343 351 - - — — - — —
0.2 settling distance/ 308
fime intervalfem/sec] 0 20 14 10 095 08 07 02 - - - - - - -
Ave. cumulative
settling distance[cm] 0 94 157 272 298 340 353 - - - - - - - -
0.23 scttling distance/ 283
time interval{cmysec] 0 19 13 12 11 10 07 - - - - - - - -
Ave, cumulative
s settling distance{cm] 0 11.8 257 316 346 350 — - - — - - - - -
’ settling distance/ ;
time interval[cm/sec] ¢ 24 23 12 0% 03 B - - - - - - =
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Fig. 6. Wettability for the different concentrations of sur-
factant ADG:#100.
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Fig. 7. Wettability for the different concentration for the
surfactant MACOL30.
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Table 4. Wetting rate for the different concentrations of surfactant MACOL30.

Ave. Sink

Timelsec) o 5 4 6 & 10 12 14 16 18 20 22 24 26 28 20

Conc, |wt%]

Ave.cumulative o 59 93 |24 156 185 212 238 263 284 305 324 337 350 352
0.05 settlmg dlstiance[cm] 255
setilingdistance/ 5 58 17 16 16 14 13 14 13 10 LI 09 07 06 0.1
titne intervallcm/sec]
Ave.cumulalive o g4 134 |68 197 216 240 260 284 306 325 345 350 - -
0.1 settling distance{cm)] 229
’ settling distance/ -
time interval[cmisec] 0 42 25 17 14 10 12 10 12 1.1 10 10 02
Ave. cumulative _ _ _ -
o1 settling distance[cm] 0 102 161 208 238 26.1 282 303 324 343 350 189
' settling distance/ - - _ -
time interval[cm/sec) 4 51 29 24 15 1 11 10 1.1 10 04
Ave. cumulative _ - - _
02 settling distancefcm] 0 10.1 142 175 204 230 253 275 299 328 350 (9.1
’ settling distance/ - - - - .
time interval[cm/sec) 0 50 21 k7 15 13 12 11 12 14 11
Ave.cumulative 149 166 208 233 260 285 307 326 344 350 - - - -
025 settling distance[cm] 189
’ settling distance/ _ - - )
time inferval(cm/sec] 0 55 29 21 13 14 13 1.1 09 09 03
Ave. cumulative _ _ - _ —
03 settling distancefcm] 0 129 197 236 269 299 324 343 349 350 147
i settling distance/ _ — - - .
time interval[cmisec] 0 65 34 20 17 15 13 10 02 00

Table 5. Wetting ability for the different concentrations of surfactant SURFYNOL440.

Time [sec] Ave. Sink
Conc. [w%)] 01 2 3 4 5 6 7 8% 9 10 12 14 16 18 20 22 24 26 28 30 o [sec]
Ave.cumulative gy jje - 45— 167 - 187 207 228 247 265 284 302 31.9 335 343348
005 sedtling distance[cm] 177
' settling distance/ _ _ _ , - .
time interval[cm/sec] ] 4,0 1.8 15 1.1 10 10 11 09 09 09 09 09 08 0402
Ave. cumulative _ _
o] settling distancelcm) 0 - 92 - 140 - 177 - 202 - 224 244 264 281 300 31.6 333 343 349 29
: settling distance/ B _ _ _ R '
time intervallcmysec] 0 - 46 24 19 13 11 10 10 09 09 08 0% 05 03
Ave. cumulative _ _ B B _ -
ols settting distanceform] 0 110 169 19.7 219 240 26,1 285 304 323 342 347 349 -
setling distance! 55 59 o 14 - [} - 11 10 12 10 10 10 02 01 - - -
time intervallcm/sec|
Ave. cumulative -
0 setlling distanceler] 0 158203 234 264 28.7 309 329 345 349 350 .4
’ settling distance/ L '
\ime interval{cm/sec] 0158 45 31 30 23 22 20 16 05 01
Ave, cumulative . - - - Lo
025 seuling distance[cm] 0 127 18.1 22.9 26.8 29.5 319 34.2 349 350 - 15
’ settling distance/ 2 ’
time interval[cmises] 0127 54 49 39 28 24 23 07 01
Ave. cumulative
03 settling distance[cm] 0193252304335350 - - - - - - - = = = - - = =~ 44
’ setiling distance/ e .
time interval[cm/sec) 0193 60 52 31 15

I. KOSAE Vol. 17, No. 1(2001)
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Fig. 8. Wettability for the different concentrations of the
surfactant SURFYNOLA440.
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Fig. 9. Comparison of surfactant effect at various con-
centration.
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Fig. 10. Chemical structure of the surfynol surfactants.
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