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Sulfuration Character of Individual Particulates of PM,,

LIU YanHei' > SHAO Long~yi' CHENG Xiao—=ia’
(1. College of Geoscience and Surveying Engineering China University of Mining and Technology(Beijing) Beijing 100083 China;

2. Institute of Resources and Environmental Engineering Heilongjiang Institute of Science and Technology Harbin 150027 China)

Abstract: SEM/EDX was used to analyze the component and sulfuration characteristics of individual mineral particulates of PM,,
which were collected at different times in summer of Harbin. The results indicate that the 29 species of mineral were identified in
summer of Harbin in which the proportion of clay minerals is over 40% ; There are almost no changes in sulfuration in the noon+ime
period samples however the samples collected in the morning and evening show universal sulfuration. In all samples clay minerals
have the highest sulfuration incidence the average ratio of S/Ca value is 1.0 which is 73 times of noon-sample S/Ca value. The
sulfuration degree of samples at different times and meteorological condition show different mechanism of sulfuration. According to
different content of mineral elements mineral grains could be divided into five types “Siwrich” “Ca-rich” “S—rich” “Fe-rich”
“Mg-rich” respectively showing that the mineral particles mainly come from the crust source; The mineral particles at different times
have homology which indicates that the atmospheric secondary chemical reaction could be the only reason leading to the S rich in
morning or evening periods samples and rule gypsum particles was formed mainly by sulfuration of calcium carbonate mineral salt such
as calcite minerals etc.
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Fig.2  Morphologies and EDX spectra of individual mineral particles in samples 2 3

2.2
SEM /EDX
Marie "
SEM-¥DX 11 842
5 “ Na’v “ CaS’. “ Al-
S'. ¢ Fe'. ¢ Si” 70% ~ 17% -
8% 4% 1% ; 8
TSP
N N ; Okada 1718 SEM/
EDX P(X)
9 .
P(X)
226 “oosr.
Ca’v “ s, ¢ Fe’. “ Mg” 5 “
Si” 62. 8%
“Si + Al” 57.0%

: « Ca”
15.9% N
“Ca+8S”

. “Ca+8i”

“Ca+Mg” “Ca +
F” ; [ SH 1 ~4 “ S”
7.5%  0.4% 0% 5.8%
“ s” 13. 7%
Okada 17 18 19
(1.4 ) S
96. 8% . 1~4 “S+Ca” S/Ca
1.0 CaSO, S/Ca 0.8
19 ; @ Fe ”» 5 3%
“ Mg” 2.2%
3 4 Si.
Al.Ca Si-Al-Ca
4
4



11

(PM,) 2559

1.4

’ O i

A O FEfR2

A REf3

02/ ./ 108 o B

4 Si Al -Ca-S

Fig.4 Weight ratios of Si Al -Ca-S of mineral particles phase

diagram of triangle of different time in summer in Harbin

, SiALCa (3.10%) 1.4
Fig.3 Weight ratios of Si-Al-Ca of mineral particles phase (33.33%). 1 ~4 228
diagram of triangle of different time in summer in Harbin 13
N 24
2.3 S S K.Na.Mg
1 2 1.4
2.3 S
S Si + Al Ca. S 3
Si+ Al Ca-S 3.1
( 4). 4 2.3 98. 8% | ~4
CaSO, Si Al /Ca S/Ca 1.4 2.3
0.019 (85 Ca )
CaSO, S/Ca 0.8 2.3 S0,
’ 1.4 1.4
82. 6% CaSO, Si Al /S S/Ca 2.3 2. 6
1.40 (57 Ca 2000 8 6~7
) 1.4
. 2.3 S/Ca 1. 6
4 S/Ca 2.3 73 > >
> > ( 40%
2.4 ). ( 30% ).
14:00 ~17:00 ( 10% ~15%
5(a) 5(b) 2.3 1.4 ) 1 ~4
. 2.3 ;
(24%) 1.4 11:00 ~17:00 11:00 ~13:00
(5.26%); 2.3 14:00 ~17:00



2560

31
BRI Y KA
5.43% e 3.51%
BB Y 0.78%
3.10%
FLyy
MRLET Y 2%
33.33%
BRI Y
24%
E R R
49%
KA
9.30% TR Y
5.26% »
A Hwe A%
8.53% 3.51% 12.28%
(2) B2 3T WA R (o) B 1. 495 M4 AR
5
Fig.5 Mineral composition of the different samples
. SO;” 08:00 ~12:00 13:
60 % 00 ~17:00
80% 90% * 14:00
)
14:00 SO;”  10:30
41% ~43% . " N
SO;-
SO, 07:00 ~12:00
S0,
40
35
30
X 25
g e
B 20 S
el !
E15 r
10
5r 0 7 16 2009-08-06T17:00~2009-08-07T23:00 | 5
0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 0
EEeEgFE8EEREREEEEEEEEEEE8RIereres g8
R B O R~ T M B - - B R - R
- NN N O O OO O C OO e e o e e e e e owm ow ow o NN N
I ] (o'clock)

=)}

Fig. 6 Day time changes measured curve of typical atmospheric moisture under normal weather conditions in Harbin

H,S0, H,0,
H,S0,
21

. Minami

S0,



11 (PM,)) 2561
. . M(Na.Fe.Cu ) S0, .
S0,
S0, MO + SO, + 1/30, = MSO, (4)
MO + S0, +1/20, = MSO, (5)
- 50, AlO, +3S0, +3/20, = AL(S0,),  (6)
(4) S0, 0,
MO + H,0 — MO * H,0 (1) (5).
MO * H,0 + SO, — MO * H,S0, @) (6 5
MO + H,S0, + H,0, — MO + H,S0, + MSO, (3)
M 2.3 126
1) SO, 12 S 8
S0, S 67% 8
2) H,0, 6 S
S0, H,S0, H,80, 750, ; 1.4 102 55
M MSO, S 33
) S 50% 33 19
3.2 S 58%.
S .
SEM /EDX
. Yu.
\ -
S0, (y-AL,0,) i3
S0, 0,
S0, SO, Cu0-Fe0.Zn0,
. Costa-
N ~ 5~ 28
S0,
( ; SO, + H,0 = H,S0, (7
H,S0, + CaCO, = CaSO, + CO, T (8)
(®) €O,
0, S0, .
SEM/EDS 1.4 5
( 1 ) 9% ;
S0, . 3.4 2% (
0, S0, 2 ) 21% . 2.2
S0, 1.4
3.4

22 26 27



2562

31

. 29
. Mori

Yoshio

S0,

€Y

2) S0,

3)

4)
S0,

Yoshio T Takuro M Sadayo Y et al. Observation of trans—
formation of calcite to gypsum in mineral aerosols by Ca K-edge
X—ay absorption near-edge structure ( XANES) ] Atmos
Environ 2008 42: 6535-6541.

Vogta R Kirchnera U Scheera Vet al. Identification of diesel

exhaust particles at an Autobahn urban and rural location using

single—particle mass spectrometry J Aerosol Sci 2003 34:
319-337.
(PM,)
J . 2005 25(2):129432.

Hodzica A Bessagnetb B Vautarda R. A model evaluation of
coarse-mode nitrate heterogeneous formation on dust particles
J . Atmos Environ 2006 40: 4158-4171.

Sinya S Manabu S Tsutomu T et al. Spatial distribution and
source identification of wet deposition at remote EANET sites in
Japan J . Atmos Environ 2007 41: 9386-9396.

Horng C L Cheng M T. Distribution of PM, ; acidic and basic
gases near highway in central Taiwan J . Atmos Res 2008 88:
142.

Firoz K Yuichiro S Koichiro H
PM, 5
Atmos Res 2010 96:159472.

Holmes N S.

et al. Characterization of

PM, 5., and PM, in ambient air Yokohama Japan J .

A review of particle formation events and growth in
the atmosphere in the various environments and discussion of
2007 41:2183-

mechanistic implications J Atmos Environ

2201.

Hsiao-Wendy W L. Mo Z Y Fang M et al. Cytotoxicity of

10

12

13

14

15

18

19

20

21

22

24

25

26

27

28

29

PM, 5 and PM, ., ambient air pollutants assessed by the MTT
and the Comet assays J . Atmos Environ 2007 41: 94279434,
Gilli G Traversi D Rovere R et al. Chemical characteristics
and mutagenic activity of PM, in Torino a Northern Ttalian City

J . Seci Total Environ 2007 385:97407.

. 2002 23(1):1145.

] 1996 15(6) :487-495.

Davis B L. Guo J. Airborne particulate study in five cities of

China J . Atmos Environ 2000 34(17) :27032711.
(PM,5)
J. 2003 22(4) :422424.

Marie C Karine D Pascal F et al. Single—particle analysis of

atmospheric aerosols at Cape Gris-Nez English Channel:
Influence of steel works on iron apportionment J Atmos

Environ 2007 41:2820-2830.

J. 2001 20(30) :202-207.
Okada K Kai K. Atmospheric mineral particles collected at Qira
in the Taklamakan Desert China ] Atmos Environ 2004
38:6927-6935.

Okada K Qin Y Kai K. Elemental composition and mixing

properties of atmospheric mineral particles collected in Hohhot

China J . Atmos Res 2005 73:45-67.
J. 2008 29(1):253-258.
J . (D ) 2005 35(
):107414.

Minami Y Ishizaka Y. Evaluation of chemical composition in fog
water near the summit of a high mountain in Japan J . Atmos

1996 30(19) : 33633376.
Yu Q C Zhang S C Wang X D

Environ
et al. Sulfation behavior of
CuO/y-Al, O sorbent for the removal of SO, from flue gas J . J
Univ Sci Technol Beijing 2008 15(4) :500-505.

. CuO/y-AlLO0, S0,
. 2003 31(5) :385-388.

. H,8.50, « )
J. 2000 (2):2531.

Costa D L Dreher K L. Bioavailable transition metals in
particulate matter mediate cardiopulmonary injury in healthy and
eomopromised animal models ] Environ Health Pers Pect

1997 105(55) :10534060.

I 2001 21(6) :654-659.

Jones T P
DNA J. 2004 49(7) :673678.
PM, |
. 2007 28(3):472477.

Mori T Nishikawa M Iwasaka Y et al. Chemical reaction

during the coagulation of ammonium sulphate and mineral
particles in the atmosphere J . Sci Total Environ 1998 224:

8791.



