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The dissolution of natural dusts and artificial dusts in valine acid

ZHANG Ling', DONG Fa-qin? and HE Xiao-chun®
(1. Xuzhou College of Industrial Technology, Xuzhou 221000, China; 2. Southwest University of Science and Technology,
Mianyang 621010, China)

Abstract: This paper describes the characteristics of natural dusts, artificial dusts and industrial dusts in such as-
pects as mineral phases, chemical components, morphology and sizes. Quartz, calcite, albite and sericite consti-

tute the main phases of natural dusts and industrial dusts with high SiO,, CaO and low K,0O, Na,O in chemical

composition. The fine particles are mainly in the range of 0.3 to 5 pm, of which the dusts of sizes less than 2 ym

are over 85% . SEM observations show that the dusts are mainly irregular in shape, and the surface is rough.

The dissolution and electrochemical action of dusts in valine acid liquor at the simulated human body temperature

(37C) in 32 hours were investigated. pH and electric conductivity values of these different dusts varied some-
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what differently, and increased rapidly in the first 4 hours generally, and chemical reaction reached the equilibri-
um in 8 hours. Before and after the reaction, the pH values of the solution changed insignificantly; valine had

larger buffer function on powder. The total amounts of dissolved ions of K, Ca, Na, Mg were in the range of 31
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~331 mg/L, with the amount of Ca dissolved ions being the highest, reaching 15 to 255 mg/L, followed by
K, Mg, Na. The total amounts of dissolved ions of Fe, Zn, Mn, Pb, Ba, Cr, Ni, V were in the range of 3.06
~20.60 mg/L and those of Al, Si were 1.12~22.8 mg/L. Each element was dissolved relatively rapidly in the
first 8 hours. The relative solubility of dusts in valine acid was in order of wollastonite > serpentine > sepiolite;
the cement plant industrial dusts >natural dusts>power plant industrial dusts. The wollastonite and power plant
industrial dusts, which have high content of CaO, showed highest solubility, suggesting a poorer corrosion-
resisting capability and lower bio-resistibility. Sepiolite and cement plant industrial dusts, which have high con-
tent of SiO,, showed lowest solubility, suggesting a higher corrosion-resisting capability and stronger bio-
resistibility.
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Table 1 Size distribution of several dusts
pm
<0.3 03‘05?5_\1 =2 2-~5 5~10 >10
FC-2 0 44.74 46.18 6.88 1.52 0.64 0.04
FC-12 14.32  61.01 21.93 2.24 0.41 0.08 0.01
FC-15B 6.09 55.36 29.66 6.92 1.74 0.19 0.04 2a
FC-18 0 59.85 31.82 6.67 1.50 0.14 0.02
FC-19 0 55.65 35.84 6.83 1.48 0.16 0.04
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Fig. 1 SEM image of FC-2 industrial dust before and after reaction with valine acid
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2 SEM

Fig. 2 SEM image of natural dust before and after reaction with valine acid
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Fig. 3 SEM image of artificial dust before and after reaction with valine acid
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Table 2 Major phases of atmospheric dusts
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Ba 507.32 mg L Zn 227.55

Pb 78.05 mg L mg L Cr 80.34 mg L
Pb 37.23 mg L 3
Ba 1119.50 mg L
Zn 686.80 mg L Cr 104.13 mg L 2
3 wp %
Table 3 Percentage of chemical compositions of dust samples
SiO, TiO, AlLOs Fe,O5 MnO CaO MgO Na,O K,O P,0Os LOI SUM
FC2 53.09 1.26 23.16 5.36 0.03 2.91 1.51 0.22 2.78 0.23 9.61 100.15
FC-12 16.84 0.20 5.20 3.33 0.02 44.71 1.46 0.11 3.33 0.03 25.17 100. 40
FC-15B 41.36 0.56 10.75 5.65 0.11 14.73 2.22 0.63 2.13 0.23 21.59 99.94
FC-18 54.77 0.52 10.52 4.58 0.09 10.09 2.79 1.40 1.92 0.19 13.58 100. 44
FC-19 49.70 0.64 12.31 4.37 0.12 10.67 2.31 1.53 2.18 0.29 15.37 99.48
DJ96-4 50.83 0.05 0.40 0.23 0.03 44.27 0.46 0.05 0.08 0.07 3.49 99.96
DJ96-23 70.15 0.25 4.82 1.91 0.17 1.00 13.45 0.41 0.51 0.13 7.37 100.17
DJ96-29 40.33 0.09 2.21 7.82 0.12 1.26 36.91 0.10 0.06 0.06 11.26 100.22
2.4 2000 ——FC-12  —m— FC2 —A—FC-15B  —%— FC-18
—*—FC-19 —8— DJ9%6-4 —+—DJ9%6-4 —=— DJ96-29
37°C 1800 |
1600 |
pH ICP
1400 |
"= 1200}
S
2 1000
~
M 800f
600
400
2.4.1 wr e
0 1 1 1 1 1 1
32h pH 1h 2h 4h 8h 16h  32h
4 5 t/h
pH 5
Fig. 5 Variation of conductivity in the process of
80 PCl2  —me P2 PCISB s PC-18 dusts valine acid interaction
—%—PC-19 —@—DJ9%-4 —+—DJ964 —=— DI9%-29
7.6 pH
pH
E 72
6.8 37C
pH 0.18~0.75
16 h pH
64 - : - - ' ;
1h 2h 4h gh 16h 32h pH 2 h 4 h
t/h
pH pH
4 pH 0.18~0.31 Ca Mg
Fig. 4 Variation of pH in the process of dusts valine acid pH
interaction O . 71 NO . 75 pH



854 32

400 ¢ —e—FC-12 ——FC-2 —&—FC-15B  —%—FC-18

—%—FC-19 —@—DI%d4 —+—DJ9623 —=—DJ96-29
350
3300
pH 20250 ¥
pH S
= 200
pH ﬁ 150 F
4 h ¥ 100 |
Sh 50 e
0 2h I 4h I 8h I 16h I 32h
t/h
pH 6
Fig. 6 Total amount of dust ions dissolved
529~652 S cm
——FC-12 —@—FC2 —A—FC-I5B —»—FC-18
350 —%—FC19 —@—DJ964 —+— D923 —=— DJ96-29
130~277 pS em 100l
o250t
g
WTH] 200 -
H
ey 150 -
4~16 h i
h R 100
4
501
—_
0
2h 4h 8h 16h 32h
t/h
7 K Ca Na Mg
> > > Fig. 7 Total amount of ions of K Ca Na Mg dissolved
> > > >
25 ——FC-12 —M—FC2 —A—FC-15B —%—FC-18
5 4.2 —%—FC-19 —@—DJ9%-4 —+—DJ96-23 —=— DJ96-29
o -~ 20
Ca K Mg Si )
an
Ni Na Zn Al Fe Ba Mn 15 mﬁ”'
A
W10t
6 7 A
K Ca Na Mg 8 st
Fe Zn Mn Pb Ba Ni V
9 Al Si R, 4h 8h 16h 32h
6 t/h
8 Fe Zn Mn Pb Ba Cr Ni V
Fig. 8 Total amount of ions of
350 mg L Fe Zn Mn Pb Ba Ni V dissolved
43 mg L
6 7 14 31~331 mg L Ca
K Ca Na Mg 4 15~255 mg L

CaO 44.71%
K Ca Na Mg 4 SiO, 70.15%



6 855
—&—FC-12 —a—FC-2 —4&—FC-15B —%—FC-18 Al Sl
230 % FC19 —@—DI9%6d ——DJ9%6.23 —=—DII-29 )
22.88 mg L Si

20 22.84 mg L
i Si—O Si
ED 15+
-
H
@ 10
A _ _
B

0 L

2h 4h 8h 16h 32h
t/h
9 Al Si
Fig. 9 Total amount of ions of Al Si dissolved
> >
> > >

> >

Fe Zn Mn Pb Ba Cr Ni V 3.06~ 8h
20.60 mg L K Ca Na Mg
31~331 mg L 6 7 8
8
4 h
Sh 0.3~5 pm 2 pm
85%
Si Al Ca
Fe
Mn Zn Ni Pb Cr
2012 2012 32 h

Fe Zn Mn Pb Ba Cr Ni V
0.01~0.86 0.74~8.70 0.02
~1.32 0.01~0.13 0.02~0.24 0.02~0.19 0.80
~19.25 0.04~0.79 mg L
Zn Ni
Al Si
1.12~22.8 mg L. 9

Al Si

SiO,

70.15% ~16.84% CaO 44.71% ~0.4%

K Ca Na Mg
8 h Ca



856

32

15~255mg L
4 32h pH
~7.69 pH
pH

6.75

4 h pH
8 h

CaO

Si0,

References

AustAE Ball] G HuA A et al. 2002. Particle characteristics re-
sponsible for effects on human lung epithelial cells J . Res. Rep.
Health Eff. Inst. 12 1~65.

Bell M L. Dominici F and Ebisu K. 2007. Spatial and temporal variation
in PM,_5 chemical composition in the United States for health effects
studies J . Environmental Health Perspectives 115 7 989 ~
995.

Campen M J. 2000. Cardiopulmonary Toxicity of Particulate Matter Air
Pollution — Associated Transition Metals Rodents D . Doctoral Dis-
sertation the University of North Carolina American.

Chang LT Tang CS Pan Y Z et al. 2007. Association of heartrate

variability of the elderly with personal exposure to PM; PM,; _, 5
and PM, 5 J . Bull. Environ. Contam. Toxicol. 79 7 552~
556.

Donaldson K Stone V. Borm P J A et a/. 2003. Oxidative stress and

calcium signaling in the adverse effects of environmental particles

PM;y J . Free Rad. Biol. Med. 34 1369~1 382.
Dong Faqin  He Xiaochun and Li Guwu. 2005. Study on the basic char-
acteristics of several atmospheric dusts in the norther China J .

Mineral Petrol. 25 3
GB T15265-1994. Ambient Air

114~117 in Chinese .

Determination of dust S in Chi-
nese .

Li Guowu Dong Faqin Feng Qiming et a/. 2000. Dissolubility and
bio-resistibility of porous fibrous minerals in amino acid J . Acta
Petrologica et Mineralogica 19 3 220 ~ 225 in Chinese with
English abstract .

Liu Qi Xiong Shasha and Liu Wenjun. 2012. An analysis of pollution

characteristics of the heavy metal in inhalable particulate matters in

liuzhou city J . Environmental Science Survey 31 1  76~79 in
Chinese .

Suwido H L Hidenori T Aswin D U et al. 2007. Impacts of haze in
2002 on social activity and human health in Palangka Raya J .
Tropics 16 3 275~282.

Xie Donghai Chen Nan Xue Yin et al. 2012. Study on concentration
of atmospheric particles and heavy metals in Spring in Haikou J .
Journal of Anhui Agricultural Sciences 40 4 2172~2175 in
Chinese .

Zhang Zhigang. 2009. Anshan city ambient air particles in the distribu-
tion of heavy metals J . Environmental Monitoring in China 25

5 103~106 in Chinese .
Zhou Weijing. 2009. Study of Trace Metals in Airborne Particles R .

Heibei University in Chinese .

. 2005.
] 253 114~117.
GB T15265-1994. S .
. 2000.
J 19 3
220~225.
. 2012.
] 311 76~79.
. 2012.
J. 40 4 2172~2175.
. 2009. ]
255 103~106.

. 2009. R .



