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Distribution Characters Research of Cd and Ni in Cement Paste Using Electron

Probe Microanalysis
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Abstract ; Clinker acquired from a cement calcinations simulation of raw materials containing Cd and Ni chemical reagents were used to
prepare cement paste. According to the electron probe microanalysis (EPMA) of point,line and surface analysis,the whole distribution
situation of Cd and Ni in cement paste and the concrete distribution characters in different mineral phases were identified. The results
show that,Cd and Ni both accumulate in the cement paste:the elemental distribution maps illustrate that Cd accumulates in the CH
crystal,, the main existing form of Cd in the cement paste is Cd/Ca hydroxides and the line analysis results further indicate that the Cd
content in the CH crystal decreases gradually from the inside of the crystal to the outside; the surface and point analysis shows that the
Cd content in other mineral phases is small, especially the point analysis results indicate that Cd concentration in middle phases is lower
than 1% . The high concentration areas of Ni are all small,and the elemental distribution maps and the line analysis results both provide
evidences that Ni and Mg have well correspondence in distribution, indicating that Ni is mainly existed as the Ni-Mg compound with
independent random distribution in the cement paste; the surface and point analysis reveals that Ni content in other mineral phases is
small, particularly the point analysis results indicate that the Ni concentration in middle phases is around 1% .
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Table 1  Chemical composition of raw materials/% 20 Mm)
Si0,  Fe,0, ALO;  Ca0 MgO D
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2 . .C—S—H
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Fig. 1  X-ray pictures of Cd and Ni in cement paste
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Fig.2  Scanning area BSE and the element distribution images of Si,Ca,Cd in this area
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Fig.4 Ni,Mg element distribution maps of scanning area
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Fig.5 EPMA line analysis of Ni-Mg phase and the corresponding results
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Table 3 Point analysis data of Cd and Ni in the middle Ni Ni-Al ( LDH)
hase containing Fe, Al . -
phase containing Fe Nl( OH) . [18~20] ’
( ) /% _
Al Si Ca Fe Ni cd Ni
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2 19.70 4.39 50. 19 16. 69 0.94 0.44 pH [21,22]
3 20. 27 4. 06 48.71 17. 08 0. 85 0. 46 . ’
4 20.77 415 4793 16.82 0.83 0.5l Cd\Ni - CH J
5 19.28  4.03  50.23 17.96 0.69  0.63 , Cd
6 21.70 4. 18 48. 05 17. 42 1.09 0.41 cd
7 20.54 421 50.54 16.60 0.84  0.49 ’ ’
8 19.35 4.06 51.66 15.25 0. 68 0.78 ’ ’
9 21,39 436 47.57 16.97 0.93  0.46 24 sl
10 20.91 4.30 47.39 15. 14 2.33 0.43 Cd( OH)
2 ’
[23]
Cd CH C—S—H Ni ; ’ :
: ‘ OH Cdo; ,
. Nl H + CdZ + Nl-
CH C—S—H Ni M
, g Mg [17] , ,
( 4), Ni Mg
’ b
Ni-Mg CH
.CH Ni-Mg Ni
( 5). [24]
3 , 10 Ni cd'®!
’ Ni W% Ni-Mg Ni
, Cd, 2.33% ,
Cd Ni
cd ,Ni 106.4 mg-kg™', Cd 1.4 4
—1 .
112. 41, 2 : CH ,C—S—H
Ni cd 2
: Ni, : Ni . Ni-Mg
Ni
3
Cd , [ 1] Guo QZ,Eckert J O. Heavy metal outputs from a cement kiln co-
Cd Ca fired with hazardous waste fuels [ J ]. Journal of Hazardous
’ cd Ca Materials, 1996 ,51(1-3) :47-65.
CH cd [2] X R .Pb** Zn?*
N (1. ,2006, (1) :18-20.
Ca N ) [3] . () —
Ca, CH (14,15) [J].  ,2002,(10):1-5.
Mg Ni , [ 4] Halim C E,Short S A,Scott J A,et al. Modeling the leaching of
: MgO Ni , Pb,Cd, As, and Cr from cementitious waste using PHREEQC
MgNiO o] (17] X [J]. Journal of Hazardous Materials,2005,125(1-3) :45-61.
2 ’

[5] Bama R, Rethy Z, Bamma L T. Rlease dynamic process
identification for a cement based material in various leaching

conditions. Part [ . Influence of leaching conditions on the release



1830

32

[10]

[13]

[14]

[15]

amount[ J . Journal of Environment Management,2005,74(2) :
141-151.

Sanchez F, Gervais C, Garrabrants A C, et al. Leaching of
inorganic contaminants from cement-based waste materials as a
result of carbonation during intermittent wetting [ J ]. Waste

Management 2002 ,22(2) :249-260.

[J]. ,1983,3:
52-58.
[J]. ,2005,25(3) :289-
293.
[J]. ,2009,83(8) :
1167-1177.
[1]. ,2004,

10(4) :578-584.
, . (] ,

2007,25(6) :713-716.

Ziegler I, Giere R, Johnson C A. Sorption mechanisms of zinc to

calcium silicate hydrate ; sorption and microscopic investigations

[J]. Environmental Science and Technology, 2001,35 (22)

4556-4561.

Butler L. G,Owens ] W, Cartledge F K, et al. Synchrotron X-ray

microtomography, electron probe microanalysis, and NMR of

toluene waste in cement [ J ]. Environmental Science and

Technology ,2000,34(15) :3269-3275.

Pomies M P, Lequeux N, Boch P. Speciation of cadmium incement

Part I :C3S hydration with Cd solution[ J]. Cement and Concrete

Research,2001 ,31(4) :571-576.

Pomies M P, Lequeux N, Boch P. Speciation of cadmium incement

Part 1 : Cd uptake C—S—H [ ] ].

Cement and Concrete

[17]

[18]

[19]

[20]

[21]

(22]

(23]

Research,2001,31(4) :563-569.
« )—
[J]. ,2002, (12) :1-7.

[D].

Vespa M,Dahn R, Gallucci E, et al. Microscale investigations of

,2004.

Ni uptake by cement using a combination of scanning electron
microscopy and synchrotron-based techniques| J ]. Environmental
Science and Technology,2006,40(24) .7702-7709.

Vespa M, Dahn R, Grolimund D, et al. Speciation of heavy metals
in cement-stabilized waste forms: a micro-spectroscopic study
[J]. Journal of Geochemical Exploration,2006,88(1-3) :77-80.
Scheidegger A M, Wieland E, Scheinost A C, et al. Spectroscopic
evidence for the formation of layered Ni-Al double hydroxides in
cement [ J ]. Environmental Science and Technology, 2000, 34
(21) :4545-4548.

Cartledge F K, Butler L. G, Chalasani D, et al. Immobilization
mechanisms in solidification/stabilization of Cd and Pb salts using
Portland [ J ]. Environmental Science and Technology, 1990, 24
(6) :867-873.

Van der sloot H A. Leaching behaviour of waste and stabilized
waste materials; characterization for environmental assessment
purposes| J ]. Waste Management and Research, 1990,8 (1) :
215-228.

Karlstuhe R. Heavy metals in cement and concrete resulting from
the co-incineration of wastes in cement kilns with regard to the
legitimacy of waste utilization [ R ]. Germany: Umwelt Bundes

Amt,2003.

[J]. ,2009,29(2) :175-180.

[J]. ,2009,30(5) :1539-1544.





