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Abstract: It has been known that among REEs, Dy** plays an important role in the structure of
Zircon though it just exists as trace elements. The Dy’* is structured in the zircon crystalline lattice
and it has a good fluorescent response. From all significant roles of this ion, this paper focused on
clarifying the luminescence of Dy’ in Zircon from a mine in Central Highlands of Vietnam
(Krong Nang, Dak Lak province) by Photoluminescence (PL) spectroscopy, Energy Dispersive
spectrometer (EDS). The analytical results of EDS identified the presence of trace quantities of
Dy**in the bulk of zircon by the typical peaks. The PL spectra showed Dy’* emissions at some
characterized band positions with the strongest band at 481nm (near 20790 cm™) and 581 nm
(near 17203 cm’™). The intensity of Dy** emissions from zircon is related to the concentrations of
this ion and its color; the higher the concentration of Dy’*, the higher the emission intensity and
the brighter the color. The band width of the main peak of Dy** emissions is narrow indicating that
the zircon structure is well crystalline.
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1. Introduction

Zircon, with
ZrSi0y, is one of the most studied accessory
minerals in geology. Zircon is tetragonal
(IAl/amd and 7Z=4) [1] and REE readily
substitutes into the eight coordinate Zr site,
which forms triangular dodecahedron. In spite
of being resilient to mechanical and chemical
weathering, the structure is relatively open with
small voids between the SiOs and ZrOg
polyhedra. Such structural voids are potential
interstitial ~ sites that could incorporate
impurities [2] as illustrated in figure 1.
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Figure 1. Zircon structure projected on (100); ¢ axis
is vertical, b (a2) axis is horizontal.
ZrOg dodecahedra are shaded light gray; SiO,
tetrahedra are striped [2].
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Finch & Hanchar (2003) [2] describe two
further possible distorted tetrahedral interstitial
sites that may accommodate trace elements
such as REE. In natural zircons, 8-coordinated
Zr** is replaced by REEs large, highly charged
cations such as Dy’*. Replacement of Zr*" by
trivalent cations may occur via coupled
substitution involving 4- and 8 coordinates
sites: Zr™* +Si* = X** + P or coupled
substitution on the 8-coordinated site alone : 2
Zr* = X°* + M”* where X** = REE* (eg. Dy’*)
and M™* = Nb™*, Ta’* [3]. Crystallochemically,
HREE™ (especially Dy’*) seem to be the most
compatible trivalent substituents in the 8-
coordinates sites [4]. Zircon containing REEs
emitted  the
luminescence whose intensities are enhanced in
zircon crystal. These luminescence bands are
due to the well-known 4f-4f electron transitions
within REEs. In particular, the predominance of
Dy* bands in REE* luminescence spectra of
natural zircon has been well documented in

ions have characteristic

some studies [5-7].

Zircon is a representative example
indicating implicated optical-properties. These
are caused by trace amounts of impurities and
crystal defects which could not be detected by
ordinary methods, although the physico-
chemical nature of the mineral is simple as
compared with other silicate minerals.
Although defects play an important role in the
luminescence of natural zircons, one of the
most important groups of activators is the
lanthanides. Hence, there is a significant
interest in the manner in which lanthanides
activate and modify zircon luminescence.
Among all, luminescence from Dy’* is one of
the most commonly observed lanthanide
emissions in natural zircons suggesting that

other lanthanides effectively transfer energy to
Dy [8].

2. Sample and method

2.1. Sample Preparation

The majority of the samples used for this
study was purchased or collected by the authors
during different field trips to the mines in
Krong Nang, Dak Lak province. All mines are
secondary and zircon can be found together
with sapphire. Totally, 36 =zircon samples
including faceted and rough stones acquired
from study area were used for this study. The
rough stones were cut and polished on the
opposite faces, being parallel to the c-axis.
Mostly, they are yellowish orange to reddish-
brown in color, with the sample size ranging
from 2.7092 to 9.4175 ct. The gemological
measurements confirm the weak to distinct
purplish brownish
pleochroism of these samples. Besides, their

brown and yellow
specific gravities are within the accepted range
for high Zircon which varies from 4.64 to 4.69.
Some representative samples are shown in
figure 2.

2.2. Energy Dispersive Spectroscope (EDS)

The surface image and elemental
composition of zircon samples are analyzed
with an Energy Dispersive Spectroscope EDS,
JEOL JSM-7600F, Oxford ISIS, microanalyser
integrated. The accelerating voltage and the
realtime used during sample analysis are
20KVA and 21-36, respectively, with the life
time of 20 seconds. Each sample was analyzed
with 6 points in two different areas of color:

yellow and brown (figure 3).
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Figure 2. Representative zircon samples showing orange to reddish - brown color.
Photo by B.T.S Vuong.

Spectrum 3
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Figure 3. The surface image and point positions for measuring with EDS.
Of which, spectra 2, 3 are in yellow area and spectra 4,5,6 are in brown area.

2.3. Photoluminescence (PL)

Photoluminescence measurements in the
visible to near infrared (NIR) range were made
using a Horiba LabRAM HR Evolution-
dispersive spectrometer. The spectrometer

system was equipped with an Olympus BX41
optical microscope, two diffraction gratings
with 600 and 1800 grooves per millimeter, and
a Si-based, Peltier-cooled charge-coupled
device detector. Photoluminescence was excited
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using a 473 nm diode-pumped solid-state laser
(9 mW at the sample surface) and the 532 nm
emission of a frequency-doubled Nd3+:YAG
laser (10 mW at the sample surface). An
Olympus 100x objective (numerical aperture
0.9) was used. The system was operated in the
confocal mode (confocal aperture and entrance
slit set at 100 mm); the resulting lateral
resolution was ~1 mm, and the depth resolution
(with the beam being focused at the sample
surface) was ~2-3 mm.

3. Results and discussion

3.1. Energy Dispersive Spectroscope EDS

The analytical results of EDS show Zr, Si
and O as the main components of zircon,
especially, the presence of trace quantities of
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Dy’ by the typical Dy’* peak (figure 7). The
Dy* is structured in the zircon crystalline
lattice and wundergoes the same chemical
reactions as zircon. The concentration of this
ion is so significantly low that it is quite
difficult to be able to see its characterized peak.
Zooming this peak makes us find easier to
prove the presence of this. Furthermore, the Dy
peak in spectrum 4 (darker: brown) (figure 4)
with intensity value is approximately 70 counts
seems to less distinguishable than that in
spectrum 2 (brighter: yellow) with intensity
value is almost 80 counts (figure 5). The
intensity of the peaks depends on the
concentration of the ion. This implied that in
the brighter area of the sample the
concentration of Dy’" is higher.
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Figure 4. EDS spectrum of Zircon shows the presence of Dy’*in brown area (spectrum 4).
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Figure 5. EDS spectrum of Zircon shows the presence of Dy*in yellow area (spectrum 2).

3.2. Photo-luminescence spectrum

microscope image (composite) PL hyperspectral map

Dy3+ (4F9/2 —2 6H13J2)
PL intensity

high

Figure 6. The PL hyperspectral maps show intensity distribution patterns
of the 4F9/2 — 6H 13,2 transition of Dy3+.
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At first, two points including one (x1) in
bright area in the center of the crystal and one
in dark area (x2) in the rim of the crystal were
measured (pointed in the map, figure 6) for
studying PL and the results are shown in PL
spectra (figure 7). As can be seen in PL spectra
from figure 7, the pattern of both spectra is
identical, just relative intensities change. The
spectra show the strongest Dy’* emissions at
481nm and 581 nm; other band positions (nm)

at 476m, 487s, 496m, 575m, 577m, 579s as
natural zircons also commonly do of which m
for medium, s: strong, b: broad peak forming
background, w: weak. The emission intensity of
Dy™* in bright area is higher than that of Dy** in
dark area. This observation, again, confirms the
EDS spectra and leads to the understanding that
the concentration of Dy’* in bright area of
zircon is higher compared to dark area of the
sample.
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Figure 7. The PL spectra show the emission of trace Dy3+ in the bright (x1) and dark (x2)
areas of the zircon crystal

The energy level of Dy (III) ion offers the
possibility of efficient emissions at 481nm and
581 nm which are due to 4F9,2 — 6H15/2 (blue)

(near 20790 cm™) and *Fy, — °Hizp (yellow)
(near 17203cm'1) transitions, respectively, in
the spectral region [9, 10].
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Figure 8. A photoluminescence map with color-coded distribution of Dy’* emission-intensities.

For better understanding and to compare the
emission intensity between the bright area and
dark area of zircon, we measured the sample
with mapping mode (Figure 8). The whole area
from bright core to the dark rim is chosen for
mapping with color-coded distribution of Dy?**
emission-intensities. The red color indicates the
high intensity of emission corresponding to the

high Dy** concentration whilst the blue one
indicates the low intensity. A grey-scale coding
is also added for better visibility of the growth
zoning. It is clearly illustrated that the intensity
of Dy’ emissions from zircon is related to the
concentrations of this ion, and the fact is the
higher the concentration of Dy’*, the higher the
emission intensity and the brighter the color.
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Figure 9. Emission related to the 4F9/2 — 6H 13,2 transition of trace element Dy3+.
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Especially, the FWHMs value of two
sublevels belonging to the 4F9,2 — 6H13,2
transition of Dy’* (labeled I and II in Fig. 9)
also contribute to the determination of the
metamictization level of zircon. The peaks are
relatively sharp and the width of emission
bands are narrow (3cm™). According to a study
by Lenz & Nasdala (2015), with the FWHM
value in this range, these zircon samples can be
evaluated at low metamictization level [11].

4. Conclusions

The result of chemical analysis EDS and
photo-luminescence indicate the presence of
Dy** impurity in each Zircon sample. Although
the proof of peak that detects this trace element
is not easy to distinguish, the EDS result
contributed to clarify the aim of this study.

Dy’* luminescence is apparent from natural
zircon from Central Highlands of Vietnam. The
intensity of Dy’ emissions from zircon is
clearly related to the concentrations of this ion
and its color by means that the higher the
concentration of Dy*, the higher the emission
intensity and the brighter the color. The
FWHMs value of two sublevels belonging to
the 4F9,2 — 6H13,2 transition of Dy3+ suggested
that the Central Highland zircons can be
subjected to the zircon of high type which
means the zircon are still very well crystalline.
From the above mentioned the use of EDS and
photo-luminescence provided excellent
information on studying Dy** impurity in
Zircon from Central Highland. Dy*
photoluminescence can be used as an indicator
of structural disorder.

Acknowledgement

Many special appreciations go to Dr. Luzt
Nasdala and Dr. Christoph Lenz, Institute of

Mineralogy and Crystallography, University of
Vienna for the discussion and advices. Special
thanks to Dr. Christoph Lenz for PL
measurements and to Dr. Nguyen Duc Dung,
laboratory of electronic microscope and micro-
analysis,  University = of  Science and
Technology, Hanoi.

References

[1] R. M. Hazen, and L. W. Finger, Crystal structure
and compressibility of zircon at high pressure,
American Mineralogist, 64 (1979) 196.

[2] R. J. Finch and J. M. Hanchar, Structure and
chemistry of zircon and zircon-group minerals,
Reviews in Mineralogy & Geochemistry,
Mineralogical Society of America, Washington
D.C, 53 (2003) 1-25.

[3] Karel Breiter, Hans-Jurgen Forster and Radek
Skoda, “ Extreme P-, Bi, Nb-, Sc-, U- and F-
rich zircon from fractioned perphosphorous
granites: the  peraluminous Podlesi granite
system, Czech Republic”, Science direct, 88
(2006)15-34.

[4] E. B. Watson, Zircon saturation in felsic liquids:
experimental data and applications to trace
element  geochemistry,  Contributions to
Mineralogy and Petrology, 70 (1979) 407-419.

[5] A. N. Mariano, Cathodoluminescence emission
spectra of rare earth element activators in
minerals, Reviews in Mineralogy, Mineralogical
Society of America, Chantilly, Virginia, 21
(1989) 339-348.

[6] J. M. Hanchar and R. L. Rudnick, Revealing
hidden  structures: the  application of
cathodoluminescence and back-scattered
electron imaging to dating zircons from lower
crustal xenoliths, Lithos - Journal - Elsevier, 36
(1995) 289-303.

[7] C. Yang, N.O. Homman, L. Johansson, and K.
G. Malmqvist Microcharacterizing zircon
mineral grain by ionoluminescence combined
with PIXE, Nuclear Instruments and Methods in
Physics Research Section B: Beam Interactions
with Materials and Atoms, 85 (1994) 808-814.

[8] Henrik Friis, Luminescence spectroscopy of
natural and synthetic REE-bearing minerals, a
thesis submitted for the degree of PhD at the
University of St. Andrews, (2009) 65.



28 B.T.S. Vuong, LT.T. Hvong | VNU Journal of Science: Earth and Environmental Sciences,Vol. 31, No. 4 (2015) 20-28

[9] M. Gaft, G. Panczer, R. Reisfeld and I.Shinno, luminescence as a tool for rare-earth element
Laser-induced luminescence of rare-earth identification in minerals, Physics and
elements in natural zircon, Journal of Alloys Chemistry of Minerals, 28 (2001) 347-363.
and Compounds - Elsevier, 300-301 (2000a) [11] Christoph Lenz and Lutz Nasdala, A
267-274. photoluminescence study of REE* emissions in

[10] M. Gaft, G. Panczer, R. Reisfeld and E. radiation-damaged Zircon, Americal
Uspensky, Laser-induced time-resolved Mineralogist, 100 (2015) 9.

Nghién ctru pho phat quang huynh quanh ctia nguyén t6 Dy>*
trong Zircon vung Tay Nguyén, Viét Nam

Bui Thi Sinh Vuong, L€ Thi Thu Huong

Khoa Dia chat, Truong Dai hoc Khoa hoc Ty nhién, DPHQDHN, 334 Nguyé~n Trai, Ha Noi, Viét Nam

Tém tit: Mic di 1a nguyén t6 vi lugng, Dy’ * déng mét vai trd quan trong trong ciu tric ciia
Zircon. Dy’ * thay thé cho nguyén t6 Zr* * trong cu trac va gdy nén hiéu ing phat quang cta khoang
vt zircon. Bai viét nay tap trung 1am rd hién tugng phat quang ciia Dy’ * clia cic mau zircon dugc thu
thap tir mot mo & TAy Nguyén, Viét Nam (thudc huyén Krong Ning, tinh Dik Lik) bang cic phuong
phap phé huynh quang (PL) va phd phan tan nang luong (EDS). Cac dinh dic trung trong phd EDS da
chira sy ton tai ciia Dy’ *véi 1 ham lugng rit nho ¢ mirc vi lugng. Trong d6, phd huynh quang cho
théy su phat xa Dy3+ & mot $6 vi tri dac trung voi cuong d§ manh nhét 1a & vi trf 481 nm (khodng
20790 cm™) va 581 nm (khoang 17203 cm™). Cuong d¢ phét xa Dy** ¢6 lién quan dén ham lugng ion
va mau sic clia né; ham luong Dy’ * cang cao, cuong do phét xa cang 16n va cdc miu cang sing mau.
Do rong peak phat xa ciia Dy™* cho thay zircon khu vuc nghién ctru ¢6 cau tric két tinh cao.

Tir khéa: Zircon, Dy® ¥, quang phd phat quang (PL), phd phén tén ning lwong (EDS), cdc nguyén
to dét hiém (REEs).



