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Formula Development and Industrial Testing of a Hygroscopic
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Abstract; Based on the characteristics and mechanisms of open pit road dust, one hygroscopic
road dust-depressor was developed. The components of the dust-depressor agent were optimized
by taking water loss rate as the evaluation index, which is based on the orthogonal test. The
hygroscopicity, wind resistance and other properties of the optimal formula were tested in a lab
environment. The results showed that the moisture contents of the optimal formula were all above
8.18% within 25 days, indicating that the optimal formula had a very good windbreak
performance. Taking the optimal formula to industrial testing, it was found that the effective time
of dust suppression is 10 days. Compared with the traditional water spraying, it could reduce the
cost for dust suppression by 30. 71% and increase the water-saving efficiency up to 94. 67% .
Key words: road dust; hygroscopic road dust-depressor; water loss rate; instantaneous dust
concentration; dust diameter distribution
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Table 1 Dust diameter distribution
KifE/ mm >0.425 0.425~0.150.15~0.05 <0.05

B AG/%  53.58 16. 88 22.31 7.23

M 1 ATRLAEH  RAR/NT 0. 15 mm AYH 2R
WORL b A 2 BE R Y 29, 54% | 7E — & KU AE
M T ReE = 4.
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Table 2 Water loss rate of dust samples
A w(A) /%  w(B)/% w(C)/% (7 h)/%
1 10 0.6 0.6 89. 90
2 10 0.8 0.8 89. 56
3 10 1.0 1.0 89. 49
4 15 0.6 0.8 83. 44
5 15 0.8 1.0 83.27
6 15 1.0 0.6 83.25
7 20 0.6 1.0 79.93
8 20 0.8 0.6 76. 68
9 20 1.0 0.8 76.70
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T A 740) B 43 45CA 0. 8 %o.
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Table 3 Range analysis of the orthogonal test

H A B C
K, 268. 95 253.27 249.83
K, 249. 96 249.51 249.70
K, 233.31 249.44 252. 69
K, 89. 65 84. 42 83.28
K, 83.32 83.17 83.23
K, 71.77 83.15 84.23
R 11. 88 1.27 1.00
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JEREATINA, 5 R AN 4 PR,

F4 HILFEBRAFHYESH
Table 4 Physical parameters of the dust-depressor

g/ Kiwisk 1/ Wi W/
(mPa-s) (mN-m™) P (g-em™)
4.02 28.21 7.03 1.078
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Fig. 1 Moisture rate of dust as a function of days
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Table 5 The loss rate of the dust samples %
0° 30°
T H
1* 2% 1* 2%

S5m/s 0 0.01 0.01 0.02
8 m/s 0 0.22 0.02 0.22
11 m/s 0.04 0.72 0.05 2.11
14 m/s 0.07 7.36 0.20 22.08

20 m/s 0.21 47. 28 1.30 93.82
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14 B AT 2 1 .

3 TakikE

3.1 #L#HR

B e IR e — R A SR S £ 500 T ¢ 1Y
ARAT 5 FEEAREE 25 ¢ F128 ¢ EANR iz
By, AL 10 6/ h. SR BT Y O B BRI T
+JEEZ 26 ~28 mm, K 5 km, 75 6 ~9 m. S fET
RIS, B TR AV BE R ™ EE R A I A

I H AR K &8 5 ¢ K 42502k
BT TR B9 AR 2 s —IR.

I B TE + 55 m AL PSR4[R] B A4 —

AcroPDF - A Quality PDF Writer and PDF Converter to create PDF files. To remove the line, buy a license.


http://www.acropdf.com

%6

PERHT, Ry A A A BB, K Y
50 m, FE2Y 8.7 m. TE ML AT, AR X% B %
A TR A AA B PR S A 2.

h T ARFERIZET X I AR A2 0
56585 S RIS 4. T BRI 00 B BERE B
FERERGIEERT , (1575 25 2 AL 50 DX i
AMERA AR AR B B, B 3R DX SR 2R )
i RIS 45 A — o A5 . 6 B R
FELE R AN 2 IR

x5

RERE /// HEE

KB EREA—B '
*5
B2 RukETEE
Fig. 2 Schematic diagram of the test section
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Fig. 3 Temperature and relative humidity
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Table 6 Road dust concentration after vehicles
3

passing through mgem "
He 1 2 3 4
ISyN(c 32.4 126 67.9 47
I 7.72 28 19.7 14.2

MR 6 AT LA, YA A AT o o A
WG 22500 A XoF H s e s, 4 28R TP 2 A o
ok BT 3 2 vk B B K (E 35 %) 32,4, 126, 67.9 F
47mg/m*, FHMEA 3 HikF T 28,19.7 Fl
14.2 mg/m’, X #B i i 8 i T B K E W
10 mg/m’. W] UL1% [ DR 20 ViR B A | 5% 1) A
LR VR 3.

3.2.3 X HCES T K B AR ORI

AKX L % B -5 G 0 24 70 X6 B Bt 174 ) i
PRI AR T T MG sk e S AR [ A G K
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Fig. 4 Road dust concentration of after water spraying
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Fig. 5 Moisture rate of dust as a function of days
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Table 7 Dust diameter distribution %

K42 [8] B/ mm

B& IR DL
>1 0.125~1 <0.125

b NUARTLE R 31.07  27.74 41.20
WEN R 2 d J5 41.88 31.66  26.01
WE R 3 d J5 35.46  33.23  31.31
WEN A 4 d J5 42.15 35.96 21.89
WEN A 5 d J5 46.06 34.71 19.23
BEN A 6 d J5 38.05 32,73  29.22
WE R 7 d J5 49.81 33.40 16.78
WE R 8 d J5 44.77  27.20 28.03
WE R 9 d J5 36.26 32,14  31.59
BRI 10 d )5 45.65 33.78  20.57

M T ATLIFE AR 2R 79] B B,

% 36 %

/N 0. 125 mm 2R A7 41.2% |, R Az ]
B F 0. 125 mm A9 2R 7 58. 8% . 1M 7 M 175 41)
2R A B, R A TRTBR /N T 0. 125 mm ARy 42 A
552 RENH 10 KARA @1 41.2% 559 Rk K
R F] 31.59% .

TR A 24 I K AN R A 2 7 R )
AN IVER T AR S g, B2 h T HE N
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Fig. 6 Dust concentration of the background and
test section

H L 6 FTLLE Y, 76 B 0 24 500 i) g wr L
MR KR 2 Gk i, M s vk B AR R AR A
4 mg/m’ LIF, S AR AR AR ) i 3 2 KA
R W AE G R A R S 22 v B 7 KB A
5510 d ISR L e B KA 10. 9 mg/m? | -
BIE K 3. 01 mg/m’. FNBRRIZIFEEA M 22 e i
PR M Tt 6 B A T 2 2 W B 4 R Ao [ R
FE(GBZ 2. 1—2007 { TAES7 i & RN E Bl #
i BRAEY) ) B 8 mg/m®. AT WL 3022 3 A A wdm 2k
ISFRIA 10 d, 5K 24 h BIARL.

R T A MR B0 A TR, ORI A 24 51
5510 d AR ER IS B 57K 60 min (X E BB DL
R AT 2 15 e ) XoF L 3% B A T 4 Wi s A 22 e
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PR ) T, TR AT 33 A A R AR Ry
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Yefts 3% SN Bt T WA R . AR IR 128 X 4R A AR
KR WK 44 12 B8y RHEFE 100 kg, B K7
JKE R 120 ¢, TEK ZE28 K 5 ¢, D)4 R /K 22 75 22
i 24 8, — 442 300 d TFE, SAEFETN 60 ¢, 2IY
MO BANAR N 7. 2 JO/TF, RIS RE T
36. 288 J1 7T ; W 7K 428 RTG K PR, 4875 7K & 02
3.6 x 10* t, B X (7K B die 1.5 Jo/t 1A, &K
R 5.4 Tt 0 KR K 4 di & 3% 4 A 700
Jo, &S 2 R 7 000 JC; K TN T % & H
200070, WKFEL L TN, BEANRTE2 T
JC; WK P IHBR R 10 J5 0. 25 E Rk e X 4>
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BRI 2R 700 5 W i A 80 t, A 4E T 300 d 1T,
10 d WP — UK, G490 22 50 JFURL AR 25 17. 28
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R R SR N 37. 687 TG, Sk LML , 28
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1) i IEA R ARG, 753 F AP A 35 i
J5 BT A ARG i b Kb e,

2) Tk istge 2 B, 302 550 (0 A5 25 242 B[R] S
10 d, 5K 24 h #A 3L FIES, 5K A, fH
FHBEIG 0 A 300 (4 7 i, 302 2% FHBRAIR T 30. 71%
TIKELHILE] 94. 67% .

T AM AR AR AR BOR B F —
2T RES , 7 ARG 1 FH 5

SE Lk

[1] Organiscak J A, Randolph Reed W M. Characteristics of
fugitive dust generated from unpaved mine haulage roads[J].
International ~ Journal — of  Mining, Reclamation and
Environment ,2004 ,18(4) :236 —252.

[2] DuCF,DulH,Li H S. Experiment study on formula and field
of the dust suppressant for the open mine road [ J]. Advanced
Materials Research,2011,1033(152) .1847 — 1855.

[3] Fulekar M H. Occupational exposure to dust in quartz
manufacturing industry[ J]. Annals of Occupational Hygiene
1999,43(4) :269 —273.

[4] Sinha S,Banerjee S P. Characterization of haul road dust in an
Indian opencast iron ore mine[ J]. Atmospheric Environment ,
1997,31(17) :2809 —2814.

[5] King A M. Health dust monitoring at Derlwyn opencast coal
site[ J]. Journal of Aerosol Science ,1997,28(2) :336 —336

[6] Gebhart DL, Hale T A, Michaels-Busch K. Dust control
material performance on unsurfaced roadways and tank trials.
USAEC/USACERL Technical Report SFIM-AEC-ET-CR-
96196[ R]. Champaign,1996.

[7] LiL S,Chai Q,Wang B,et al. Preparation and application of
polymer dust suppressants in coal transportation under
microwave irradiation [ J |. Advanced Materials Research,
2012,1536(396) :1632 - 1635.

[8] Ghose M K, Majee S R. Air pollution caused by opencast
mining and its abatement measures in India[J]. Journal of
Environmental Management 2001 ,63(2) ;193 —202.

(9] ALARR ZRHLE FEhad. YCH 24l 8 K B i 2R
ST ], AR AR 2007 ,29 (sup2 ) 145 - 48.
(Du Cui-feng, Cai Si-jing, Jiang Zhong-an. Experimental
study on controlling road dust raising in the open mine with
the YCH dust suppressant[ J] . Journal of University of Science
and Technology Beijing ,2007 ,29 (sup 2) :45 —48.)

AcroPDF - A Quality PDF Writer and PDF Converter to create PDF files. To remove the line, buy a license.


http://www.acropdf.com

