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Abstract

This study applied X-ray absorption spectroscopy (XAS) to investigate the change in molecular environment of nickel in clay after 2-h
thermal curing at 500-110C.

The main peak at the edge of the 900 and I'TDXANES spectra shifts toward higher photon energy (i.e., about +1.5 eV) compared with
the 105 and 500C sample XANES. The intensity of main peak at the edge increases with curing temperature. These information leads to the
inference of highly distortion of Ni(ll) environment in the 900 and 11GQcured samples, which is not observed in the Ni XANES spectra
of the 105 and 500C samples. The shift of multiple scattering feature indicates the change in the geometry of the medium range structure
around Ni target element after thermal curing. EXAFS evidence indicated that Ni crystallite size increased with higher curing temperature.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2. Materials and method

Clay is avaluable resource thatcan be used asanimportant The clay was pre-dried at 10& for 3-5 days. The dried
raw material for manufacturing industries of firebrick/brick. clay was ground and sieved to less than 50 mesh. To pre-
Ni has frequently been studied in various fields using X-ray pare the artificially nickel-contaminated clay, slurry contain-
absorption spectroscopy (XAf)-3]. It has many usefulap-  ing1.510f198.13 g Ni(N@)2-6H,0 solution and 1.0 kg clay
plications in our life and is harmful if discharged into the was end-to-end rotated in a bottle at a speed of 30 rev/min for
environmen{4]. Nickel contaminant can cause various ad- 2 days. The mixed slurry was then dried at 2@5n an elec-
verse health effects to huméi. tric oven for 3 days. The nickel content doped in dried clay

Synchrotron-based XAS, including X-ray absorption was 40,000 mg Ni* (kg clay) . The dried sample was then
near-edge structure (XANES) and extended X-ray absorp-ground to less than 50 mesh and ready for thermal curing
tion fine structure (EXAFS), is capable of revealing scien- at 500-1100C in an electrically heated oven for 2 h. After
tific issues such as speciation, distribution, reactivity, form the curing process, the sample was discharged, cooled, and
transformations, mobility, and bioavailability of trace metal stored from moisture for Ni XAS spectrum recording.
contaminantg6]. XAS has been employed for metal spe- Ni K-edge (8333eV) XAS spectra were recorded on
ciation[7-9] and for molecular level studies of trace metal wiggler C (BL-17C) beamline at the National Synchrotron
in contaminated soils, realistic soil analogue sorbents, andRadiation Research Center (NSRRC) of Taiwan. The
organicg10-19] ring storage energy was 1.5GeV, the beam current was

The objective of this research is to investigate the effect of 120-200mA. The span of the monochromator in the
thermal curing on nickel molecular environment in clay with  beamline was 4-15keV, and the energy resolutiai/E)
usage of XAS technique. was 1.9x 104, All spectra were recorded in transmission

mode at room temperature. The references were NigDHNi

* Corresponding author. Tel.: +886 4 23591368; fax: +886 4 23596858, VI(NO3)2:6 H20, and Ni(OH}. WinXAS 3.0 softwarg20]
E-mail addressyulin@mail.thu.edu.tw (Y.-L. Wei). was employed for data reduction.
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Fig. 1. XANES (left) and their first derivative spectra (right) of reference

nickel compounds. Fig. 2. XANES (left) and their first derivative spectra (right) of Ni-
containing clay after drying at 10% for 3-5 days or thermal curing at
500-1100C for 2 h.

3. Result and discussion

shoulder towards the edge jump, which can be explained by

The left column ofFig. 1 shows the XANES spectra of  a highly distorted Ni(ll) environment.
reference compound NiO, Ni(Obl)and Ni(NG)2-6H20. The intensity of feature B increases with thermal curing
All reference Ni XANES spectra have the pre-edge peak at temperature. On the other hand, the distortion of Ni(ll) en-
photon energy of ca. 8335 eV due to the electron transition vironment is not observed in the 105 and 5@samples.
to empty d orbital. Its intensity is extremely low. The main There is a slight shift of feature C toward greater photon en-
edge (feature B ifrig. 1) is similar for the references. There ergy for samples cured at higher temperature. This suggests
is a slight shift in the multiple scattering feature (feature C) the change in the geometry of the medium range structure
that is associated with geometry of the medium range struc-around Ni target element after thermal curing. The XANES
ture among the referencgkl]. The corresponding derivative  derivative spectra (right column &fg. 1) show considerably
spectra of references, presented in the right coluniigfl, difference from each other. The height of peaks occurred at
are different from each other. 8350 and 8357 eV are greater in the 900 and TTOpectra
Fig. 2shows the XANES spectra (left column) and their than that in the 105 and 50C spectra.

corresponding derivative spectra (right column) of heated Fig. 3 depicts the Fourier transforms (solid curve) and
samples. All sample XANES spectra have the pre-edge fea-their corresponding fitted spectra (open circle curve) from
ture showing the electron transition to empty d-orbital. Fea- references and samples. NiO and Ni(@Hhow a com-
ture B, the main peak at the edge, of the 900 and 2000 plex structure due to the higher long-range order around
XANES spectra shifts toward higher photon energy (i.e., nickel. In contrast, the structure of the Fourier transform of
about +1.5eV) compared with the 105 and 5G0sam- Ni(NO3)2-6H,0 is very simple, indicating a lack of long-
ple XANES. However, a close examination of the 900 and range order. It is noted that Ni(Ng»-6H,O reference is a
1100°C XANES spectra in feature B shows that there is a salt with six hydrated water molecules and is monoclinic.
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Fig. 3. Fourier transforms of EXAFS spectra of reference nickel compounds (left) and thermally cured samples (right).
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Table 1
Structural parameters of reference nickel compounds
Sample 1st shell 2nd shell

Nistsheniat R (A) o? (R?) Nznd shenat R(A) o? (A?)

Ni(NO3)2-6H,0? 5.50 Ni—O at 2.05 0.0045 b b
Ni(OH),° 6.00 Ni-O at 2.05 0.0047 6.00 Ni-Ni at 3.13 0.0054
NiO?2 6.00 Ni-O at 2.08 0.0055 12.0 Ni—-Ni at 2.94 0.0053

2 Based on NiO crystallographic data.
b No second shell.
¢ Based on Ni(OH) crystallographic data.

The structural parameters resulting from the fitting of Fourier 4. Conclusion

transforms of reference compounds are listedlatle 1

Single-shell fitting is performed over 0.9—211range for The edge of the main peak in the XANES spectra for sam-
Ni(NO3)2-6H20 and two-shell fitting in 0.9-34A range for ples cured at 900 and 110G shifts toward higher photon en-
NiO and Ni(OH). The first shell and the second shell are, ergy (i.e., about +1.5 eV), compared with the 105 and&D0
respectively, occupied by oxygen and nickel atoms. The first sample XANES, and there is an increase in the intensity of
shell interatomic distance is similar for all references. How- the main peak at the edge with higher curing temperature.
ever, Ni(OH) shows longer second shell interatomic dis- This suggests that Ni(ll) environment is highly distorted in
tance than NiO does. The Debye—Waller factor for all refer- the 900 and 1100C cured samples. The nickel in the sam-

ences is relatively similar to each other, in 0.0045-0.0855
range.

The right column offFig. 3 shows the fitting of Fourier
transforms of nickel-containing clay samples dried at 05
or thermally cured at 500-110C. Only the 500C sample

shows a complex structure. Curing at higher temperature re-

ples treated at 105 and 500 is almost entirely in a form of
Ni(NO3)2-6H20 and Ni(OH)Y, respectively.

Higher curing temperature in 500-1100 range results
in a decreased long-range molecular order around Ni in the
clay samples. Itis suggested that curing at higher temperature
enhanced nickel compound crystallite size, possibly due to a

sults in simpler structure in Fourier transform spectrum. The greater sintering effect.

900 and 1100C samples show that the second shell is not
well resolved from the third shell.

Table 2lists the structural parameters resulting from the
single shell fitting of the Fourier transforms of cured sam-
ples by fixing the Debye—Waller factor at 0.0055 based
on the results from fitting NiO reference (sdable J.
The structural results for the 1068 sample are simi-
lar to that for the Ni(NQ)2-6H,O reference shown in
Table 1 that is consistent with the XANES results. The
first-shell coordination number increases with increasing
curing temperature in the 500-1100 range, possibly in-

dicating increased sintering effect and thus greater nickel
compound crystallite size at higher temperature. In spite

of the difference in curing temperature, the first-shell in-
teratomic distance is invariable for all thermally cured
samples.

Table 2
Structural parameters of Ni(ll)-containing clay after drying at 105or
3-5 days or thermal curing at 500-11@for 2 h

Sample {C) 1st shell
Nist shenatR ('&) o? ('&2)
103 5.55 Ni-O at 2.03 0.0055
50¢% 5.20 Ni-O at 2.04 0.0055
90¢* 5.73Ni—O at 2.03 0.0055
110¢ 6.09 Ni—O at 2.03 0.0055

2 Based on NiO crystallographic data.
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