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ABSTRACT

Ion implantation can be utilized to improve the performance of solid electrolyte for battery.
The glassy solid electrolyte AgPO3 substrates were implanted with Ag+ ions at 100 keV with
a current of 15 μA. The durations of implantation were varied at 1, 2, 3, 4, and 5 hours which
16
16
16
17
17
were equivalent with doses of 2.68×10 , 5.36×10 , 8.05×10 , 1.07×10 and 1.34×10
ions/cm2 respectively. The changes in the microstructures of the AgPO3 were studied using
Scanning Electron Microscopy (SEM), while the elemental compositions were investigated
by using Energy Dispersive X-ray Spectrometry (EDS). The microstructures before the
implant showed relatively homogeneous structure, although there appeared to be two
different main structures that composed the
AgPO3 solid electrolyte. The size of the granules was found to be in the region of 35
μm. After the implant processes at 1, 2 and 3 hours, the general appearance seemed to be the
same but with an increase in porosity at longer implantation time. For time of implantation
of 4 and 5 hours, the grain size decrease dramatically with substantial increase in porosity.
The grain size decreased to approximately 5 μm. The EDS analysis also showed that there
were variations in the elemental composition before and after the implantation process.
Moreover, the composition also found to be inhomogeneous, following 3 hours or more of
implantation time, XRD results show the appearance of new crystalline peaks. More ever,
after 5 hours of implantation, the conductivity appeared to have increased substantially
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INTRODUCTION

Superionic conducting glasses are interesting for both scientific and applications point of
view. The superionic properties which include high ionic conductivity at low temperature,
has strong potential application for various solid electrolyte applications including batteries,
sensors, fuel cell, displays, etc. The silver phosphate glass, AgPO3, is one of the most well
studied superionic-based glass. Doping of silver phosphate (AgPO3) glasses with metal
halides, alkali-oxy salt and other glass formers strongly enhances ionic conductivity [1,2].
By ion implantation, it is possible to change the chemical compositions, phases and
structures. The new crystalline phases is metastable or amorphous near-surface layers, which
is the very parameter of metals, ceramic, glasses, polymer which predetermine its
mechanical, physical (conductivity), optical, electrophysical, corrosive properties [3,4].Ion
implantation is expected to form pathways that will allow ions to move more freely thereby
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increasing its conductivity. This research aimed to obtain the optimal parameters of
implantation process Ag+ ion on the AgPO3 solid electrolyte to improve its ionic
conductivity .
EXPERIMENTAL

Silver ion implantation process was performed with ion implantation device located at the
Center for Technology Accelerator and Material Process (PTAPB) - BATAN Yogyakarta,
Indonesia. The experiment was carried out under vacuum that was be stable at, at least,
-5
2.710 Torr. In this experiment Ag + ions were implanted in the target of AgPO3 at energy
and ion current that were fixed at 100 keV and 15 μA. Time of implantation was varied in a
row, 1 hour, 2 hour, 3 hour, 41 hour and 5 hour or equivalent with ion dose of 2.68 ×10 16
ions/ cm2 , 5.36×10 16 ions/ cm2, 8.04 ×10 16 ions/ cm2, 1.07 ×10 17 ions/ cm2, and 1.37
×10 17 ions/ cm2.
The untreated and implanted samples were analyzed by Scanning Electron
Microscopy technique,coupled with Energy Dispersive X-Ray Spectroscopy (SEM/EDS
JEOL type JSM-6510 LA) at an accelerating voltage of 20 keV, and X-ray diffraction and
Multimeter Keithey type 2001.
RESULTS AND DISCUSION

Pellet of AgPO3 as compaction result, that was characterized by SEM is shown in Figure 1.
The microstructures before the implant showed relatively homogeneous structure, although
there appeared to be two different main structures that was composed of the AgPO3 solid
electrolyte. The size of the granules was found to be in the region of 35 μm.

Figure1: Microstructural of electrolyte AgPO3 non implant (untreated)

The composition of the surface that was untreated showed no homogeneity, at point
(1) that looked grayish, Ag content was found to be the smallest (10.92% atom), while the
greatest concentration at the point (2) showed the colour of grayish-white (Ag 21.45% atom).
Average content of Ag on all 4 observations point was 16.29% atom. Ag content if
homogeneous, based on stoichiometry, should be 20%atom. This inability to obtain
homogeneous material was probably due to the melting process that was not long enough (6
hours).
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Figure 2 shows Pellet of AgPO3 after implantation of Ag+ ions for 1 hour at
equivalent dose of 2.6 × 1016 ions /cm2 . The results shows the grain size reduction to
implantation for 2 hours, 3 hours and 4 hours (Figure 3, 4 and 5). This is possible because of
too high energy implantation of 100 keV, resulting in heating (remelting) of the material and,
hence, newly grown grains are smaller. However, Ag content results were also not uniform
because of the initial sample that was also not uniform.

Figure 2: Microstructural of electrolyte AgPO3 after implantation of Ag+ ion at dose 2.6×1016 ions/ cm2

Figure 3: Microstructural of electrolyte AgPO3 after implantation of Ag+ ion at dose 5.36 ×1016 ions/ cm2

Figure 4: Microstructural of electrolyte AgPO3 after implantation of Ag+ ion at dose 8.04 ×1016 ions/ cm2
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Figure 5: Microstructural of electrolyte AgPO3 after implantation of Ag+ ion at dose 1.07 ×1017 ions/ cm2
Tabel 1: Composition of Untreated and Treated Samples

No.
Untreated

Treated (1 h)
Dose 2.6 x1016 ions/cm2

Treated (2 h)
Dose 5.36 x1016 ions /cm2

Treated (3h)
Dose 8.04x1016 ions /cm2

Treated (4h)
Dose 1.07x1017 ions/cm2

Treated (5h)
Dose 1.34E17 ions/cm2

Element (Atom %)
Point
C
O
P
Ag
1
5.55 70.3 13.21 10.92
2
7.41 58.17 12.97 21.45
3
6.93 62.47 12.04 18.42
4
5.7 64.37 15.2 14.38
1
7.72 64.89 11.99 14.41
2
7.84 61.44 13.26 16.29
3
5.5 60.06 14.91 19.6
4
8.11 61.97 13.18 15.88
1
8.01 49.75 16.9 23.97
2
9.02 54.32 13.98 21.11
3
5.92 56.28 15.45 21.91
4
8.11 47.7 15.11 27.51
1
10.34 45.22 16.23 23.52
2
5.98 57.69 15.59 19.49
3
3.15 60.12 20.22 15.81
4
8.24 43.91 13.43
30
1
7.09 44.21 14.79 32.54
2
6.82 64.14 14.93 13.81
3
7.17 60.44 16.17 16.23
4
6.57 61.44 15.09 16.5
1
6.54 54.33 13.38 24.82
2
6.23 67.53 13.73 12.49
3
7.67 42.86 14.34 34.87
4
7.37 64.27 14.72 13.37

From the elemental analysis (point to point) as shown in Table 1, at a point that seems
to have brighter appearance, content of Ag was larger. At the point where lighter colour was
observed, the average density was greater, so the electrons on the sample will be back
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scattered more. Ag content after implantation for 1 hour, 2hours, 3 hours and 4 hours, were
16.54% atom, 23.62% atom, 22.2% atom and 15.57% atom. This content showed the
inhomogeneous nature similar to untreated sample.
Pellet of AgPO3 after implantation of Ag + ions for 5 hours at equivalent dose of 1.34
× 1017 ions /cm2 is shown in Figure 6. The grain size decreased to approximately 5 μm. This
was possible due to higher temperature of the samples that occurred during the 5 hours
implantation compared to 4 hours or less time of implantation. Hence, after the implantation,
the samples that was 1 cm diameter and 0.2 cm thick, might have suffered rapid cooling
effects similar to the quenching effects due the severe temperature difference between the
surface and the surrounding temperature. The chemical composition at point (3) with white
grain showed the greatest content of Ag that was 34.87% atomic, although the average based
on 4 points observation, showed content of Ag at 18.05% atom. The low content of Ag is due
to Ag atoms that have diffused deeper due to the results of remelting.

Figure 6: Microstructural of electrolyte AgPO3 after implantation of Ag+ ion at dose 1.34 ×1017 ions/cm2

Figure 7 shows the diffraction patterns of AgPO3 electrolyte before and after Ag+ ion
implantation for 1 hour, 2 hours, 3 hours, 4 hours and 5 hours. The figures showed that at
longer time of implantation (high dose implantation), the materials tend to become more
crystalline. This was shown by the higher and sharper peaks, despite the tendency of changes
towards the crystalline direction, although it still showed a pattern of AgPO3. For untreated
sample, the diffraction peak occurs at 2 theta angle and the plane (hkl) of 26.28(301); 29.13
(112) and 34.35 (411). For 1hour (dose 2.6 × 1016 ions /cm2) the diffraction peak occurs at 2
theta angle and the plane (hkl) of 26.11(301); 29.12 (112), 30.19 (400) and 32.22 (121).
For 2 hour (dose 5.36 × 1016 ions / cm2) the diffraction peak occurs at 2 theta angle and the
plane (hkl) of 20.22(111); 21.22 (210), 29.21 (321), 30.19 (400) and 32.22 (121). For 3
hour (dose 8.04 ×1016 ions/ cm2) the diffraction peak occurs at 2 theta angle and the plane
(hkl) of 24.32 (002); 26, 31 (310); and 29.21 (321). For 4 hour (dose 1.07 ×1017 ions/ cm2)
the diffraction peak occurs at 2 theta angle and the plane (hkl) of 24.41 (210); 26. 44 (301);
29.45 (020); 30.45 (311) dan 35.64 (221). For 5 hour (dose 1.34 ×1017 ions/ cm2) the
diffraction peak occurs at 2 theta angle and the plane (hkl) of 24.72 (002); 24.72 (211);
26.52 (301); and 29.51 (311).
From these data, longer time of implantation has a tendency to form higher degree of
crystallinity. This indicated that no change of crystal structure had occurred but only changes
in the direction and the degree of crystallinity that tended to increase. This is possible since
the ion of Ag atoms that were implanted seemed to substitute Ag atoms that were already in
amorphous electrolyte of AgPO3 resulting in a crystallization process..
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Figure 7: Diffraction patterns of electrolyte AgPO3 before and after implantation Ag+ ion

Figure 8 shows the untreated and treated AgPO3 conductivity that was measured using
a DC Multimeter merk Keithley, series 2001. Each sample was measured on two sides of the
implant and the unimplanted sides. The results are shown in Fig.1. The significant
conductivity increase was observed at doses of 1.34 ×1017 ions /cm2, i.e. from 2.4 μS/cm to
3.2μS/cm. This increase was not high enough, and would be better if implantation was
performed on a thin layer, and with lower energy, considering the penetrating power of the
implanted atoms is typically only below 1 μm.

Figure 8: Conductivity curve of electrolyte AgPO3 before and after implantation Ag+ ion.

CONCLUSION

The size of the granules was decreased with increasing duration of implantation. This was
particularly observed for the longer time of implantation of 5 hours. The general appearance
seemed to be the same but with an increase in porosity at longer implantation time. The EDS
analysis also showed that there were variations in the elemental composition before and after
the implantation process. Moreover, the composition was also found to be inhomogeneous.
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The conductivity was increased dramatically after implantation of 5 hours, and the phase
changes from amorphous to crystalline structure was also observed
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