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Effect of WS, particle size on mechanical properties and
tribological behaviors of Cu—WS, composites sintered by SPS
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Abstract: The mechanical properties and tribological behaviors of Cu—WS, composites fabricated by spark plasma sintering (SPS)
using two different WS, particle sizes of 0.6 and 5.0 um and Cu powders as raw materials were investigated. The results indicate that
the bending strength and tribological behavior of Cu—WS, composites are greatly affected by the size of WS, particles. The bending
strength of Cu—WS, composites with the WS, particle size of 5.0 pm is 292.2 MPa. As the size of WS, particle decreases to 0.6 um,
the bending strength also decreases to 181.5 MPa. Moreover, as the WS, particle size decreases from 5.0 to 0.6 pm, the wear rate of
Cu—WS, composite sharply increases from 2.99x10* to 6.13x107™ m3/(N‘m) and its friction coefficient increases from 0.158 to
0.172. The size of WS, particle (5.0 pm) plays an important role in forming transfer film formed on the counter-face. The sample
with 5.0 um WS, particle forms smoother and more continuous transfer film, which results in a low wear rate and friction coefficient
of the Cu—WS, composites.
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1 Introduction

Copper-based composites containing the solid
lubricants have been widely used in many applications,
such as brushes, contact strips, bearings as well as
motion mechanisms in space [1—3] because of their
excellent thermal, electrical conductivities and
lubricating properties. Particularly, the effects of
different solid lubricants (graphite, MoS,, WS,, etc) on
the tribological behavior of copper-based composites
have been studied extensively [4—6]. However,
researches on copper-based composites with WS,, as a
single-phase lubricant, are rarely reported. WS, possesses
excellent thermal, oxidative stabilities and lubricity [7,8].
Therefore, the tribological behavior of copper-based
composites using WS, as a single-phase lubricant has
high research value. However, WS, is prone to react with
copper at temperatures higher than 769 °C and it is also
broken down easily at a relatively low temperature [9],
which are disadvantageous to the lubricity and wear

resistance of the composites. Although some researchers
have reported that the reaction between copper and a
small amount of WS, can enhance the bonding of matrix
and lubricating phase [10]. However, it is difficult to
control the processing of reaction favoring the
tribological property of composites. It is well known that
the spark plasma sintering (SPS) as a novel sintering
technique has been widely used in the field of
metal-matrix composites [11]. The SPS technology,
compared with the traditional sintering technology, can
reduce the sintering temperature in a certain range and
notably decrease the sintering time, which may restrain
the reaction. Thus, SPS technology is used to prepare the
Cu—WS,; composites in this paper.

The tribological behavior of composites is closely
related to the type, spatial distribution and particles size
of the Ilubricating phase. Many researchers [6,12]
attempted to study the influence of these factors on the
tribological behavior of copper-based composites. For
example, CAO et al [10] reported that the Cu—WS,
composites had a better tribological behavior than the
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Cu—graphite composites. RAJKUMAR et al [13] found
that the severe agglomeration of lubricant particles
resulted in deterioration of tribological behavior. A few
researchers also reported that the tribological properties
of composites were remarkably affected by the particle
size of lubricant particles [14,15]. Generally, the
lubricant with the micron size of 5-400 um was
extensively used to prepare the copper-based composites
for exploring its self-lubrication property [16—18].
RAPOPORT et al [19] showed the better tribological
properties of Cu—WS, composites containing 120 nm
fullerene-like WS, particles when compared to Cu—WS,
composites containing micron WS, particles. KOACIK
et al [12] reported the excellent tribological properties of
copper—graphite composites with 16 pm graphite.
However, JHA et al [20] found that the tribological
behaviors of  self-lubricating  composites  were
deteriorated by adding 50 um graphite. Therefore, the
optimal size of lubricant in the composites has not been
well studied and needs to be deeply clarified. The
researches about the effect of WS, size on the
mechanical properties and tribological behavior of
Cu—WS, composites are rather limited. Therefore, it is of
great significance to further investigate the WS, particle
size on tribological behavior of Cu—WS, composites.

In this work, the Cu—WS, composites with WS,
particle sizes of 5.0 and 0.6 um were fabricated by SPS,
and mechanical properties and tribological behaviors
were investigated. The role of WS, particle size in the
tribological behavior was researched. The morphologies
of worn surface, wear debris and sub-surface were
observed. Besides, the effect of WS, particle size on the
tribological behavior of Cu—WS, composites was
revealed by analyzing the transfer film on counter-face.

2 Experimental

2.1 Preparation of Cu—WS, composites

Commercially available electrolytic copper powders
with an average particle size of 25 pm were used as
matrix material. WS, powders with grain sizes of 0.6 and
5.0 um were selected as a solid lubricant in this work.
Two distribution curves of WS, particles with different
sizes were obtained by the laser particle analyzer, as
shown in Fig. 1. Cu powders and WS, powders (20%,
mass fraction) were mixed in a milling tank for 24 h at a
speed of 50 r/min. The mixed powders were then poured
into a 40 mm diameter graphite die and sintered using an
SPS system (FCT Systeme GmbH Gewerbepark
1696528 Rauenstein, Germany) under Ar atmosphere.
The sintering parameters are as follows: 1) raising from
room temperature to 650 °C with 100 °C/min under
15 MPa; 2) holding at 650 °C with the pressure of
45 MPa; 3) cooling down to room temperature in 10 min

with an on/off pulse sequence of 12:2. The Cu—WS,
composites with the WS, particle sizes of 0.6 and 5.0 pm
are referred to as sample S0.6 and sample S5,
respectively.
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Fig. 1 Two distribution curves of WS, particles with different
sizes

2.2 Friction and wear tests

The friction and wear tests in this work were
implemented on a pin—disc apparatus (CSM Instruments,
Peseux, Switzerland). The counter-face disc is
Cu5Pb5Zn5Sn alloy with the hardness of HB 145. The
size of sample was 3 mm x 6 mm X 6 mm. Then, the
surfaces of sample and disc were polished using 1000
and 2000 grit SiC papers. The sliding tests were
conducted in air ambient ((25+2) °C and 50%—60%
relative humidity). The sliding speed and applied load
were 0.92 m/s (500 r/min) and 5 N, respectively, and the
sliding distance was 10 km. The mass loss of sample
before and after wear test was weighed by the digital
microbalance (0.1 model TE214S,
Sardo-rius, Germany). The wear rate was calculated by
the following function:

mg precision,

W=Am/(Pps) (1)

where W is the wear rate; Am is the wear mass loss; P is
the normal load; p and s are the density of specimens and
sliding distance, respectively.

The relative density of samples was measured
according to Archimedes methods, and the bending
strength was obtained using standard testing equipment
(Instron 3369  testing system, USA). X-ray
diffractometry (XRD) was used to reveal the phases of
samples. The microstructure, wear morphology and
subsurface region were characterized by a field emission
scanning electron microscope (FEI, Nova Nano SEM
230). The worn surfaces were analyzed by X-ray
photoelectron spectroscopy (XPS-Escalab210). At least,
three parallel samples were tested, and the average
values were reported.
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3 Results and discussion

3.1 Characterization of Cu—WS, composite

The XRD patterns of Cu—WS, composites after SPS
are presented in Fig. 2. It is observed that the peaks can
only be indexed to Cu (JCPDS No. 04—0836) and WS,
(JCPDS No. 08—0237) phases, which confirms that no
chemical reaction was generated between Cu and WS,
during the process of SPS. As a result, the Cu—WS,
composites with high purity are fabricated due to the
special sintering mechanism of SPS. Generally, the
copper and WS, particles are easily influenced by
oxygen, and oxidation occurs at a relatively low
temperature [8,21]. In addition, without exposure to the
oxygen, the copper and WS, could be involved in a
chemical reaction when the temperature is higher than
769 °C [9], which is the main reason for few reports
about Cu—WS, composites. It is difficult to fabricate the
high purity Cu—WS, composites by traditional sintering
process. Fortunately, the chemical reaction between
metal and lubricant does not take place during SPS
sintering process, which could be attributed to the lower
sintering temperature (650 °C), faster heating rate, and
shorter holding time of SPS than traditional sintering
process.
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Fig. 2 XRD patterns of samples S0.6 and S5 sintered by SPS

Figure 3 shows the microstructures of samples
sintered by SPS. As seen in Fig. 3(a), the arrangement of
WS, particles in sample S5 presents a long strip
distribution. It may be due to the fact that larger particles
have better liquidity and are easy to move in the process
of SPS. The long strip distribution of WS, disappears and
large granulated WS, particles are found in sample S0.6,
as shown in Fig. 3(b). It is found that the distribution of
0.6 um WS, in copper substrate is better than that
of 5.0 um WS, from Figs. 3(c) and (d). Compared with

magnification of (b)
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5.0 pm WS,, 0.6 um WS, with same mass fraction has
larger number of particles and higher surface energy.
Hence, 0.6 ym WS, has larger interfacial area with
copper substrate, resulting in the lower interfacial
combination of sample S0.6.

3.2 Mechanical properties of Cu—WS, composites

The mechanical properties of samples with different
WS, particle sizes are presented in Table 1. Although the
relative density of sample S5 and sample S0.6 apparently
has less obvious fluctuation, the relative density of
Sample S5 is slightly higher than that of sample S0.6. It
could be attributed to inferior sintering performance of
sample S0.6, resulting in more holes between Cu and
WS, particles. Sample S5 exhibits higher mechanical
properties compared to sample S0.6. The bending
strength of sample S5 is 292.2 MPa. As the size of WS,
particle decreases to 0.6 pm, the bending strength
decreases to 181.5 MPa. As known, the number of WS,
particles with 0.6 pum is larger than that with 5.0 pum WS,
for the same mass fraction. In addition, the WS, particles
could be considered as defects in copper-based
composites. The defects increase with the increasing
amount of WS, particles, which deteriorate the sintering
between Cu and WS, particles, resulting in inferior
mechanical properties. As a result, sample S5 has better
mechanical properties than sample S0.6. To further
understand the difference of mechanical properties
between sample S5 and sample S0.6, their SEM fracture
morphologies after bending strength tests are shown in
Fig. 4. The analogous layered structures considered as
flake-like WS, particles are presented in Fig. 4(a), which
corresponds to Fig. 3(a). The large WS, particles with
better liquidity are easier to generate rearrangement
under the effect of uniaxial pressure and electrical field
during the process of SPS, which contributes to the
formation of analogous layered structure. Moreover, a
large number of dimples are observed. However, the
layered fracture morphology disappears, and the
distribution of WS, particles is disorderly, as shown in
Fig. 4(b). The dimples reveal that the bonding strength
between the copper particles of sample S5 is strong,
which is responsible for the increase in bending strength.
Moreover, it is believed that the analogous layered
structure  could  notably mechanical
properties [22]. The WS, particles could be considered as
defects in composites. Microcracks are easy to form and
propagate at the interface of composites. However, the
analogous layered structure impedes the propagation of
cracks [22]. In other words, the distance of travel of the
two crack tips is approximately equal in the interval of
two WS, layers, resulting in difficult propagation of
crack. Therefore, the propagation of cracks is restrained
by the dimples and the analogous layered structure,

improve

which plays a significant role in increasing bending
strength of sample S5.

Table 1 Mechanical properties of Cu—WS, composites with
different sizes of WS, particles

Sampl Relative Bending Brinell
ple density/% strength/MPa  hardness (HB)
S5 93.9 2922 96.3
S0.6 92.8 181.5 91.1

Fig. 4 SEM images of fracture surfaces of sample S5 (a) and
sample S0.6 (b) after bending strength tests

3.3 Friction and wear behavior

The friction coefficient curves of sample S5 and
sample S0.6 as a function of sliding distance are shown
in Fig. 5. As seen from Fig. 5, the friction coefficient
curves are also subjected to two stages, a running-in
stage and a steady stage. In the running-in stage, the
friction coefficient is high because the way of sliding
contact between the composites and disc is metal to
metal [7]. Subsequently, the friction coefficient decreases
with the increase of sliding distance, and then reaches a
steady stage. This could be attributed to the release of
WS, from the composites and the formation of a
lubricating film on the counter-face [23]. In addition, it
can be seen that sample S5 provides a better lubrication
performance than sample S0.6 from the friction
coefficient curves. The average friction coefficient in the
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steady stage and the wear rate of two composites are
displayed in Fig. 6. The average friction coefficients of
sample S5 and sample S0.6 are only 0.158 and 0.172,
respectively. Importantly, the wear rate of sample
S5 is 2.99x107"* m*/(N-m), which decreases by 51.2%
compared with that of sample S0.6 with the wear rate
of 6.13x10"* m*(N-m). As known, the lubricating
behavior of WS, derives from its intermechanical
weakness which is intrinsic to its crystal structure. When
sliding in humid air, the dangling and unsaturated bonds
on the edge of basal planes of WS, are prone to react
with moisture and oxygen in the environment to
form tribooxidation products, such as WO; [24,25].
SLINEY [26] also reported that the WS, in air was
oxidized to WO; at relatively high temperature. Analyses
of the transfer films and wear scars using X-ray
photo-electron and laser Raman spectroscopy [27]
revealed that the possibility of oxidation of WS, to WO,
during sliding in air is high. Compared with sample S5,
sample S0.6 with the same mass fraction has larger
number of particles and higher surface energy. Thus,
sample S0.6 is more likely to react with moisture and

0.24

0.22
|5
5 0.20 Sample S0.6
H
Q
]
© 0.18 ]
g
2 0.16 ﬁW
=

0.14 1

Sample S5
0.12 : : . :
0 2 4 6 8 10
Sliding distance/km

Fig. 5 Friction coefficients of Cu—WS, composites with
different sizes of WS, particles as function of sliding distance
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Fig. 6 Average friction coefficients and wear rates of Cu—WS,
composites with different sizes of WS, particle

oxygen and form more tribooxidation products on the
counter-face during the sliding process. This will result
in higher coefficient friction and wear rate. As a result,
WS, with particle size of 5.0 um could fully fulfill its
intrinsic lubrication, whereby, sample S5 attains better
tribological properties and extends its working life.

SEM morphologies of the worn surface of Cu—WS,
composites are shown in Fig. 7. According to this figure,
the worn surfaces of composites are subjected to severe
plastic deformation. The wide and shallow grooves on
the worn surface of sample S5 can be seen in Fig. 7(a),
which accounts for the hardening of wide and continuous
transfer film formed on the counter-face during the
process of sliding. However, it can be seen that a mass of
sheets are peeled off from the worn surface and cracks at
the edge of the shallow grooves are formed in Fig. 7(b),
which impede the formation of a tribofilm on the worn
surface to some extent. This is the reason for the fact that
sample S0.6 has a higher friction coefficient than sample
S5. It is confirmed that the appearance of wear debris
and the wear loss of the composite have a close relation
with the morphologies of the worn surfaces [28]. In
addition, the sheets shown in Fig. 7 illustrate that the
wear mechanism of sample S5 and sample S0.6 is
delamination wear in spite of the appearance of grooves.
The low friction coefficient of the composite indicates
the formation of WS, film. According to the report of
ZHANG et al [23], XPS analysis can determine the
thickness of the worn surface WS, film. XPS analysis of
the worn surface of sample S5 is presented in Fig. 8. The
mole fraction of W on the outmost surface is 17.6%,
which is 2.5 times higher than that in the matrix of the
composite as shown in Fig. 8(a). Similarly, the mole
fraction of S on the outmost surface is 31.7%, about 4.7
times higher than that in the matrix of the composite as
displayed in Fig. 8(b). From the mole fractions of W, S
and other elements detected by XPS, the mass fractions
of W, S and other elements can be calculated. Therefore,
it is calculated that about 57% of the worn surface area is
covered by WS, film. The WS, is transferred in the form
of film along the sliding direction and completely smears
in the contact zone with normal load and eventually
forms the WS, films. The enrichment of WS, on worn
surface area remarkably reduces the level of frictional
force and number of metal-to-metal contact zone,
resulting in the decrease of the friction coefficient and
wear rate. In addition, the thickness of the lubricating
film is also measured by ion etching technique affiliated
with XPS. The accumulated ion etching time is in the
scope of 0—120 s, and the etch rate is about 0.66 nm/s. It
is found that the intensities of W 4f and S 2p peaks
decrease with the increase of etching time. More
importantly, the XPS profiles do not change apparently
when the accumulated ion etching time exceeds 60 s.
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Fig. 7 SEM images of worn surfaces: (a) Sample S5; (b) Sample S0.6
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Fig. 8 XPS profiles of W 4f (a) and S 2p (b) on worn surface of sample S5

Hence, it is deduced that the thickness of the WS, film in
sample S5 is nearly 40 nm.

The wear mechanism is speculated by studying the
types of wear debris. Figure 9 displays the SEM
micrographs of the collected wear debris of sample S5
and sample S0.6. The primary morphologies of the wear
debris are sheet-like, indicating that delamination wear is
the dominating wear mechanism in both two composites.
The main morphology of wear debris for sample S5 is
flake and the particle size is very small. However, the
size of most the wear debris for sample S0.6 is more than
100 pum. It is believed that the size of wear debris has a
direct relation with wear performance of composites [29].
EDS analysis shows that the total contents of W and S in
sample S5 and sample S0.6 are 20.96% and 19.47%
(Figs. 9(b) and (d)) respectively, which are close to those
of the Cu—WS, composites (20% WS,). Moreover, the
sheets and the cracks observed on the worn surfaces
provide a worthy evidence for the formation of sheet-like
debris. The morphologies of wear debris (Figs. 9(a) and
(c)) are in good conformity with those of the worn
surfaces (Figs. 7(a) and (b)). By virtue of lower bending
strength of sample S0.6, the cracks are easier to form and

propagate during the plastic deformation, resulting in
large sheet-like debris delaminated from the sliding
surfaces. As a result, the wear rate of the composite
increases. The number of WS, particle with small size is
more than that of WS, with large size for the same mass
fraction. Hence, sample S0.6 obtains more interfacial
area between Cu and WS, particles. Additionally, the
bonding between Cu and WS, particles is mechanical
bonding, which accelerates the velocity of crack
initiation and propagation, making the exfoliation of
surface material more easily. It can be known that the
size of wear debris of sample S0.6 is much larger than
the size of WS, and copper particles in copper matrix.
Thus, it is believed that the surface material has
undergone severe plastic deformation before peeling off
as wear debris. In a word, a large number of copper
phase and WS, particles on the surface and sub-surface
undergo severe plastic deformation, resulting in larger
wear debris of sample S0.6. In addition, the details of
wear debris for sample S5 composite are analyzed as
presented in Fig. 9(e). It can be seen that the appearance
of smeared WS, particles is also observed on the surfaces
of wear debris, which provides supporting evidence for
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Fig. 9 SEM images of wear debris (a, c, ¢) and corresponding EDS results (b, d): (a) Sample S5 at 5.0 N; (b) EDS result of region in
(a); (c) Sample S0.6 at 5.0 N; (d) EDS result of region in (c); (e) High magnification BSED image of sample S5 at 5.0 N

the formation of a lubricating film on the worn surface
and the enrichment of WS, on the transfer film on the
counter-faces, resulting in the decrement of the friction
coefficient and wear rate.

The formation of transfer film on the counter-face
remarkably affects the friction and wear behavior of the
pin [30,31]. Therefore, the micrographs of transfer film
are also detected as shown in Fig. 10. It can be seen that
the counter-face is covered by a layered microstructure.
Moreover, EDS analysis (Figs. 10(c) and (d)) shows that
the composition of the layered microstructure is close to
that of the Cu—WS, composite, indicating that the

transfer film is formed on the counter-face by the
removal of materials. It should be noted that the flake-
like debris evolves into the continuous transferred layers
by repeated compaction and severe plastic deformation
under the normal load as illustrated in Fig. 10(a);
however, the discontinuous transfer film is observed as
shown in Fig. 10(b). The formation of wide and
continuous transfer film is likely attributed to the fact
that fine and thin wear debris adheres to the counter-
face [32]. The wide and continuous transfer film avoids
the direct contact between composites and counter-face,
which reduces the friction and wear during sliding wear.



Jin ZHOU, et al/Trans. Nonferrous Met. Soc. China 28(2018) 1176—1185

In addition, the surface of the wear debris is accumulated
with WS, lubricating film as illustrated in Fig. 9(e). So, a
mass of lubricants are enriched in transfer film. Due to
more smooth and continuous transfer films in sample S5,
sample S5 obtains better lubricating condition than
sample S0.6 in their steady stage. CHEN et al [33] also
reported that a good lubrication is obtained due to
smoother and more continuous transfer films. It is
believed that the smooth and continuous transfer layers
contribute to the decrease of friction and wear.

1183

The morphologies of cross section of worn surfaces
of the Cu—WS, composites are revealed for understanding
the formation process of the tribo-layers, as shown in
Fig. 11. As can be seen, the WS, particles tend to
distribute along the sliding direction, which could be
attributed to the influence of directional compressive
stress and shear stress, resulting in the directional plastic
deformation during the process of sliding. The WS,
particles are extruded gradually from the subsurface
of copper matrix to contact surface by this synchronized

Element w/% x/% Element w/% x/%
S W 18.16  6.81 W 17.12  6.30
S 4.15 892 S 5.17 10.92
Cu 77.69 84.27 Cu Cu 77.71 82.78
Cu Cu
g | i
I e L N
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
Energy/keV Energy/keV

Fig. 10 SEM images of transfer layer on counter-faces (a, b) and corresponding EDS results (c, d): (a) Sample S5; (b) Sample S0.6;

(c) EDS result of region in (a); (d) EDS result of region in (b)

Sliding direction

Sliding direction

Fig. 11 SEM images of cross section of worn subsurfaces: (a) Sample S5; (b) Sample S0.6
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deformation. These extruded WS, particles smear on the
sliding surface along the sliding direction and then form
the WS, tribo-layers. It is observed that few cracks are
formed on the subsurface of sample S5, as shown in
Fig. 11(a). By contrast, longer cracks, parallel to the
sliding direction, are observed at the interface of matrix
and lubricant, as shown in Fig. 11(b). Therefore, during
the process of plastic deformation, cracks are easy to
form and grow along the interface of matrix and WS, due
to the weak bond between them. When these long cracks
propagate to the contact surface, large flake-like debris
could form, which results in the delamination wear, as
shown in Fig. 11(b). In addition, as discussed earlier,
sample S5 has higher bending strength, which could
enhance the bond between copper and WS, and then
restrain the nucleation and subsequent growth of cracks.
As a result, the removal of materials of sample S5 is less
than that of sample S0.6. Finally, sample S5 provides an
excellent friction and wear performance during the
process of sliding contacts.

4 Conclusions

1) The bending strength of Cu—WS, composites
decreases from 292.2 to 181.5 MPa as the WS, particle
size decreases from 5.0 to 0.6 um. The analogous layered
structure extremely improves the interfacial bonding
strength of the composites with WS, particle size of
5.0 pm, which results in a higher bending strength.

2) The average friction coefficients of sample S5
and sample S0.6 are only 0.158 and 0.172, respectively.
The wear rate of Cu—WS, composite is greatly affected
by the size of WS, particle. The wear rate of
Cu—WS, composite sharply increases from 2.99x10*
to 6.13x107"* m*/(N-m) with decreasing the WS, particle
size from 5.0 to 0.6 pm.

3) The main wear mechanism for both kinds of
samples is delamination wear. The composite with
smaller particle size of WS, has larger number of
particles and higher surface energy, which is easy to react
with moisture and oxygen in the environment to form
tribooxidation products, resulting in higher coefficient
friction and wear rate.

4) As the size of WS, particle increases to 5.0 um,
the size of wear debris decreases, and the transfer film is
smoother and more continuous. Moreover, few extended
cracks emerge on the worn subsurface of sample S5,
which plays an important role in keeping the excellent
wear resistance.
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WS, B R T X B F B T It Cu-WS, EE#H
NFEEFERERI RN

B el LR REF, kF, st
1. PR MRAESEFRESLEE, KD 410083;
2. PIEFMASGTEGIFT, L 201109

8 FE: L2 FARRST 0.6 #15.0 um WS, 1 Cu # R EAARL, SRS B 85 85 F e a5 HAR B % Cu-WS, E & 11K
FIT WS, 85 50RL R SF S B2 B A k) g SRR BE R M R I S R . S5 SRR Cu—WS, B & 4 R KT S o R A e 2
VERE S WS, ORI R SIS RE K L 5.0 um WS, VR A AR I Cu—WS, &R IHTS 58 B A 292.2 MPa;
M4 WS, VAR FEARE] 0.6 um B, EAMEHIPIL R RKE 181.5 MPa. FEEEESRI S RKRW: HiH
T WS, Bk RSF A 5.0 pm FEF] 0.6 um B, Cu—WS, E&MEHIERRZE N 2.99 x 107" m*/(N-m)1¥ K F
6.13 x 10 m*(N-m), BEEEZEIEM 0.158 HKF] 0.172. WS, Tk R ~F bl A I T i BB BRI, S8k
JUSE WS, T AR Cu-WS, AR EE B IEXHAR BRI HIES N, XRBFIR T Z &R B2
JEVR N
KR Cu-WS, ZEMEL J1%hee: BIE, BEEEL E9HBE: MBS E s
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