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ABSTRACT: The development of a conductive fiber with
flame resistance is an urgent concern particularly in
national defense and other specialized fields. Aramid fibers
(para- or meta-) exihibit high strength and excellent fire re-
sistance. Electroless silver plating on para-aramid fibers and
growth morphology of silver deposits was investigated in
the present work. The surface of para-aramid fibers was
roughened using sodium hydride/dimethyl sulfoxide to
guarantee successful electroless plating. Two complexing
agents (ethylene diamine/ammonia) and two reducing
agents (glucose/seignette salt) were used for the electroless
silver plating bath design. Structure and properties of the
resulting silver-deposited para-aramid fibers were eval-
uated based on scanning electron microscopy, silver weight
gain percentage calculation, electrical resistance measure-

ment, crystal structure analysis, and mechanical properties
test. The results showed that a higher silver weight gain
was advantageous to the improvement of conductivity for
the silver-deposited para-aramid fibers. The obtained silver
deposit was homogenous and compact. Electroless silver-
plating deposits were considered to be three-dimensional
nucleation and growth model (Volmer–Weber). Black, sil-
ver gray, and white deposits appeared sequentially with
progressive plating. The breaking strength of silver-depos-
ited para-aramid fibers remained at value up to 44 N. VC 2011
Wiley Periodicals, Inc. J Appl Polym Sci 124: 3363–3371, 2012

Key words: para-aramid; electroless silver plating; silver
weight gain percentage; surface morphology; growth
morphology

INTRODUCTION

Polyamide (nylon), polyester (terylene), polyur-
ethane (spandex), etc., are the conventional substrate
materials used in conductive fibers. The common
problem with these fibers is the low melting temper-
ature resulting in adverse effects, such as burning,
which limits their application. This problem high-
lights the urgency of developing a conductive fiber
with flame resistance and a no-melt, no-drip per-
formance. Aramid fibers (para-aramid and meta-ara-
mid) have excellent flame resistance and high
strength, which were chosen as substrate materials
to produce conductive fibers by electroless plating of
silver in the present work.

Compared to sputtering and electro-deposition,
electroless plating is the most preferred method for
producing metal deposit on fibers. Its advantages
are flexibility, excellent conductivity, and applicabil-
ity to nonconductors or components with complex

geometry. It can also be applied to almost all kinds
of fibers.
Consequently, metal-deposited para-aramid fibers

obtained by electroless plating have attracted the
attention of researchers. The excellent characteristics
of para-aramid fibers have led to their wide applica-
tions in many fields, such as electronics, aeronau-
tics/astronautics, aircraft, modern fighter, fire fight-
ing, and national defense.
Electroless plating of metals on para-aramid fibers

has been the subject of a significant number of stud-
ies. Burch1 used strong bases, whereas Gabara2 used
sulfonic acid to etch para-aramid surface. Hsu3,4

used nitric acid, chlorosulfonic acid, and fluorosul-
fonic acid to etch para-aramid surface, respectively.
Subsequently, it was performed electroless plating
on para-aramid fibers. Xi5 used palladium (II)-hexa-
fluoroacetylacetonate [Pd(hfa)2] as pretreatment
agent and adopted the supercritical fluid technology
to treat para-aramid surface and perform electroless
plating of copper on para-aramid fibers. Burch6

added polyvinyl pyrrolidone in the electroless plat-
ing bath to enhance the binding between para-ara-
mid and metal deposits. Kosuga7 used silane-cou-
pling agent chelating metal palladium to activate the
para-aramid surface for electroless plating of metal
alloy on para-aramid fibers. Banaszczyk8 prepared
and studied the two polypyrrole-coated woven para-
aramid fabrics. Schwarz and Gasana9,10 reported the
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electroless deposition of copper on polypyrrole-
modified surfaces of para-aramid yarns. Schwarz11

described electroless deposition of gold on the
polypyrrole/copper-modified surface of para-aramid
yarns.

In the present work, para-aramid surfaces were
etched by sodium hydride/dimethyl sulfoxide
(NaH/DMSO) coarsening solution to guarantee elec-
troless plating of silver on para-aramid. Two com-
plexing agents (ethylene diamine/ammonia) and
two reducing agents (glucose/seignette salt) were
used for the electroless silver plating bath design.
Structure and properties of the resulting silver-de-
posited para-aramid fibers were studied by scanning
electron microscopy (SEM), silver weight gain per-
centage calculation, electrical resistance measure-
ment, crystal structure analysis, and mechanical
properties test. In addition, the effect of plating time
on the growth morphology of the silver deposit was
also investigated.

EXPERIMENTAL

Materials

Substrate material: para-aramid (Kevlar 29 200 days,
DuPont).

Chemical agents: DMSO, sodium hydride (NaH,
60% 6 5%), acetone (CH3COCH3), stannous chloride
(SnCl2), palladous chloride (PdCl2), hydrochloric
acid (HCl, 36–38%), sodium hydroxide (NaOH), sil-
ver nitrate (AgNO3), ammonia (NH3�H2O), ethylene
diamine (C2H8N2), potassium hydroxide (KOH), glu-
cose (C6H12O6), seignette salt (C4H4O6KNa�4H2O),
ethanol (C2H5OH), and polyethylene glycol 1000
(PEG1000). All the reagents were of analytical grade
and purchased from Sinopharm Chemical Reagent
Co. (Shanghai, China).

Preparation of electroless silver plating
on para-aramid fibers

Pretreatment step

Commercial para-aramid shows a smooth surface,
low reactivity, and high degree of crystallinity.

Therefore, the surface of para-aramid must be pre-
treated before electroless plating. The pretreatment
involves degreasing, coarsening, sensitizing, activat-
ing, and neutralizing. The pretreatment steps and
conditions are listed in Table I.

Electroless silver plating bath composition

Electroless silver plating on surface-modified para-
aramid fibers was developed. The optimized compo-
sition and operating conditions of the silver plating
solution are given in Table II. These values were
obtained from optimization experiments. In these
experiments, silver nitrate was the silver salt. Am-
monia and ethylene diamine were the complexing
agents. Potassium hydroxide was the velocity regu-
lator. Glucose and seignette salt were the reducing
agents. Ethanol and polyethylene glycol 1000 were
the additives.

Characterization

Weight gain percentage calculation

The weight gain percentage is calculated using the
following formula:

Weight gain percentage ¼ ½ðm2 �m1Þ=m1� � 100%

(1)

TABLE I
Surface Pretreatment of Para-Aramid Fibers

Steps Conditions Temperature (�C) Time /min

Degreasing Acetone Room temperature 60
Coarsening 5 g NaH, 150 g DMSO 30 10
Sensitizing SnCl2 20 g/L,

HCl (36%) 20 mL/L
30 10

Activating PdCl2 0.33 g/L,
HCl (36%) 4 mL/L

30 10

Neutralizing NaOH 10 g/L Room temperature 2

TABLE II
Composition of Electroless Silver Plating Bath and

Operating Conditions

Composition (g/L)

Silver ion
complexing
solution

Silver nitrate 10
Ammonia 40–200 ml/L
Ethylene diamine 0–30 ml/L
Potassium hydroxide 6

Reductive
solution

Glucose 0–20
Seignette salt 0–10
Ethanol 40 ml/L
Polyethylene
glycol 1000

75 ml/L

Operating
conditions

Temperature 25–30�C
Plating time 70 min
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where m1 and m2 are the mass (g) of para-aramid
fibers before and after silver deposited, respectively.

Mechanical properties test

The mechanical properties of the electroless silver-
deposit para-aramid fibers were evaluated based on
the GB/T 14344-2008 standard (testing method for
tensile of man-made filament yarns). The measure-
ments were carried out by Jiangsu Provincial Textile
Research Institute Co. The sample length was 500
mm, and an extension rate of 250 mm/min was
adopted. For each specimen, 20 individual measure-
ments were performed at a temperature of 20�C as
well as a relative humidity of 65%.

Electrical resistance test

Electrical resistances of the silver-deposit para-ara-
mid fibers were measured using a multitester (Flu-
ke15B). The sample length was 20 cm. Similar with
the mechanical properties test, 20 individual meas-

urements of electrical resistance were performed for
each specimen at the room temperature.

SEM observation

The surface morphology of the silver-deposit para-
aramid fibers was observed using a JSM-6700F scan-
ning electric microscope (SEM, JEOL Co., Japan).
Furthermore, the grain size of silver deposits was
measured by the image processing of the JEOL Smile
View software.

XRD analysis

X-ray diffraction (XRD) analysis was performed
using a DLMAX-2550 analyzer (Rigaku, Japan) with
a scan velocity of 8�/min and a scan range of 30�–
90�. The crystallite size and the crystal plane texture
coefficients (TC) of the silver deposits were esti-
mated according to the following equations, respec-
tively:

Figure 1 SEM photographs of para-aramid fibers without
and with etching (a) without etching (b) with etching.

Figure 2 Effect of ethylene diamine on silver weight gain
percentage. (a) A fixed concentration of ammonia (40 mL/
L) and (b) increasing ammonia concentration with and
without ethylene diamine (20 or 0 mL/L). [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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D ¼ kk
b1=2 cos h

(2)

TC ¼ IðhklÞ=I0ðhklÞP
IðhklÞ=I0ðhklÞ � 100 (3)

where k ¼ 0.89, k ¼ 0.154 nm (Cu Ka radiation), b1/2
is the width at the half of the height of the diffrac-

tion peaks for the crystal plane, and y is the diffrac-
tion angle. I(hkl) is the relative diffraction intensity
obtained from the experiment, and I0(hkl) is the
standard diffraction intensity.

RESULTS AND DISCUSSION

Coarsening function of the para-aramid fiber
surface

The surface of para-aramid without etching [shown
in Fig. 1(a)] is smooth and lacking in active groups.
This characteristic of para-aramid surface results in
poor binding strength and difficulty of metal deposi-
tion. Therefore, it is necessary to coarsen the para-
aramid surface to carry out electroless plating
smoothly. In the present work, NaH/DMSO (5 g/
150 g) was synthesized and used as the coarsening
solution. Coarsening temperature was 30�C, and
coarsening time was 10min. SEM photographs of
para-aramid fibers with etching are shown in Figure
1(b). The para-aramid displayed uneven surface with
a large number of micro-pits and grooves. These cre-
ated micro-pits and grooves may be related to
improving the hydrophilicity of the surface, being
beneficial to the subsequent pretreatment of metalli-
zation.12 Furthermore, these created micro-pits and
grooves will probably provide the latch effect when
metal-particles deposited on the para-aramid surface,
which is advantageous to the enhancement of the
adhesion and the bonding strength between para-
aramid and metal-deposit.

Effect of adding ethylene diamine acting
as one of complexing agents

Generally, the plating solution properties and effec-
tiveness mainly depend on the kind of the complex-
ing agent. Conventionally, ammonia is the complex-
ing agent for the electroless silver plating. However,
it is not good enough for the plating solution stabil-
ity and the silver deposits properties. In the present

Figure 3 SEM photographs of silver deposits obtained
with and without ethylene diamine. (a) 40 mL/L ammonia
and (b) 40 mL/L ammonia and 20 mL/L ethylene
diamine.

Figure 4 SEM photographs of silver deposits obtained at different concentrations of ethylene diamine: (a) 0 mL/L, (b) 10
mL/L, and (c) 20 mL/L.
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work, we used ethylene diamine and ammonia act-
ing as complexing agents together. The effect of eth-
ylene diamine on silver weight gain percentage, sur-
face morphology, and crystal structure of silver
deposits was discussed in the next sections.

Effect of ethylene diamine on silver weight gain
percentage

Figure 2(a) shows that silver weight gain percentage
varied with increasing ethylene diamine concentra-
tion at a fixed concentration of ammonia (40 mL/L).
It can be seen that silver weight gain was only 15%
without ethylene diamine being added into the plat-
ing solution. Although the maximum value silver
weight gain (� 50%) was reached when ethylene
diamine of 20 mL/L was added. After that, silver
weight gain decreased with increasing ethylene dia-
mine concentration. Therefore, ethylene diamine of
20 mL/L was used in this study.

Figure 2(b) shows silver weight gain varied with
increasing ammonia concentration with and without
ethylene diamine (20 or 0 mL/L). Silver weight gain
reached the maximum value (� 54%) when ammo-
nia concentration was 60 mL/L with a fixed ethyl-
ene diamine concentration of 20 mL/L. Meanwhile,
silver weight gain reached only � 30% when ammo-
nia concentration was increased to 150 mL/L with-
out ethylene diamine.

Obviously, silver weight gain improved signifi-
cantly with addition of ethylene diamine in the plat-
ing solution, even if ammonia concentration was
lower. The reason may be that the complexing ability
of ethylene diamine for Ag(I) is stronger than that of
ammonia, which reduces the concentration of the sil-
ver ion, improves the stability of the plating solution,
and decreases the reduction rate of the silver ion.
Weight gain reaches the maximum value when the
reduction rate approaches the critical deposition rate.
The higher silver weight gain is advantageous to a
higher conductivity of the silver-deposit para-aramid.

Effect of ethylene diamine on surface morphology
of silver deposits

SEM photographs of silver deposits with and with-
out ethylene diamine in the plating solution were
shown in Figure 3. In Figure 3(a), the deposit was
rough and did not cover the total fiber surface.

Figure 5 XRD patterns of silver deposits obtained with
and without ethylene diamine: (a) 0 mL/L and (b) 20 mL/
L. [Color figure can be viewed in the online issue, which
is available at wileyonlinelibrary.com.]

TABLE III
Crystallite Size and Crystal Plane TC of the Silver

Deposits Obtained with and Without Ethylene Diamine

Ethylene diamine
(mL/L)

Crystallite
size (nm)

TC (%)

(111) (200) (220) (311)

0 18.97 28.27 23.33 26.03 22.37
20 22.10 26.17 21.72 26.52 25.59

Figure 6 Effect of glucose concentration on silver weight
gain percentage and electrical resistance of silver-depos-
ited para-aramid fibers. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 7 Effect of seignette salt concentration on silver
weight gain percentage and electrical resistance of silver-
deposited para-aramid fibers. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.
com.]
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Many flocculent particles were present. In Figure
3(b), with ethylene diamine being added into the
plating solution, the deposit surface became compact
and uniform, and the fiber was totally covered.

SEM photographs of the silver deposits at differ-
ent ethylene diamine concentrations (0, 10, and 20
mL/L, respectively) were shown in Figure 4. As
shown in Figure 4(a–c), the grain size became larger
(200–500nm), and the deposit became more compact
with increasing ethylene diamine concentration.

It is clear that ethylene diamine improved surface
morphology of the deposits. The reason is similar to
the above-mentioned. The complexing ability of eth-
ylene diamine with Ag(I) is stronger than that of
ammonia with Ag(I). This increased the stability of
plating solution and decreased silver deposition rate,
which was advantageous to produce silver deposits
with higher crystalline and perfect structure.

Effect of ethylene diamine on crystal structure of
silver deposits

XRD patterns of the silver deposits obtained with
and without ethylene diamine are shown in Figure
5. The peaks at 2y ¼ 38.0�, 44.2�, 64.3�, 77.4�, and
81.5� represent (111), (200), (220), (311), and (222)
planes of silver, respectively. The silver oxide phase
was not detected in the deposits. Figure 5 also
shows that the relative peak became sharp and the
peak width became narrow slightly, indicating that
the crystalline structure of the silver deposits was
more perfect.

Crystallite size and crystal plane TC of the silver
deposits obtained with and without ethylene dia-
mine are reported in Table III. The result shows that
the crystallite size increased slightly (18.97–22.10
nm). This tendency shows an agreement with the
change in grain size (illustrated in Fig. 4). Mean-
while, there is insignificant change in plane orienta-
tion of silver deposits as listed in Table III.

Effect of two reducing agents on electroless silver
plating

Reducing agent is one of the main factors influenc-
ing electroless deposition. Glucose and seignette salt
are the common reducing agents for the electroless
silver plating, respectively. In the present work, we
used glucose and seignette salt acting as the reduc-
ing agents together. The effect of two reducing
agents on silver weight gain percentage, electrical re-
sistance, surface morphology, and crystal structure
of silver deposits was discussed in the next sections.

Effect of two reducing agents on silver weight gain
percentage and electrical resistance

Figure 6 shows the effect of glucose concentration
on silver weight gain percentage and electrical resist-
ance with a fixed seignette salt concentration of 2.5
g/L. A maximum silver weight gain of � 59.4% was

Figure 8 SEM photographs of silver deposits obtained using various reducing agents. (a) 8 g/L glucose, (b) 8 g/L glu-
cose þ 2.5 g/L seignette salt, and (c) 2.5 g/L seignette salt.

Figure 9 XRD patterns of silver deposits obtained using
various reducing agents: (a) 8 g/L glucose, (b) 8 g/L glu-
cose þ 2.5 g/L seignette salt, and (c) 2.5 g/L seignette salt.
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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reached, and the corresponding electrical resistance
reached the lowest (0.2 X/cm) when a glucose con-
centration was 2 g/L. Silver weight gain reduced
and electrical resistance increased slightly with
increasing glucose concentration continuously. Silver
weight gain and electrical resistance became stable
when glucose concentration was 8 g/L. Therefore, 8
g/L glucose concentration was used in the present
work.

Figure 7 shows the effect of seignette salt concen-
tration on silver weight gain percentage and electri-
cal resistance when glucose concentration was fixed

at 8 g/L. Silver weight gain was maximum (� 54%),
and electrical resistance was the lowest (0.25 X/cm)
when the concentration was 2.5 g/L. With further
increase in seignette salt concentration, the data also
indicate an insignificant change in the silver weight
gain and electrical resistance. Therefore, 2.5 g/L
seignette salt concentration was used in the present
work.
On the whole, silver weight gain improved signifi-

cantly and electrical resistance of the silver deposits
decreased substantially with increasing concentra-
tion of the reducing agents. Once a certain concen-
tration range was reached, silver weight gain and
electrical resistance became stable. The reduction
rate of the silver ion may be first to improve evi-
dently with increasing concentration of the reducing
agents. Consequently, silver weight gain increased
markedly, resulting in silver deposits resistance
decreased. However, when the concentration of the
reducing agents reached a certain range, silver de-
posited on para-aramid fibers would tend toward
equilibrium. At the current situation, silver weight
gain and electrical resistance of silver deposits
became stable.

Effect of two reducing agents on surface
morphology of silver deposits

SEM photographs of the silver deposits obtained
using various reducing agents are presented in Fig-
ure 8. In Figure 8(a; only 8 g/L glucose as reducing
agent), the deposit was relatively even and compact.
The grain size was the smallest (200–250 nm). Thus,
the interface and surface area were relatively large.

TABLE IV
Crystallite Size and Crystal Plane TC of the Silver Deposits Obtained from the

Plating Solution with Different Reducing Agents

Concentration of
glucose (g/L)

Concentration of
seignette salt (g/L)

Crystallite
size (nm)

TC (%)

(111) (200) (220) (311)

8 0 20.58 27.44 21.57 26.60 24.39
8 2.5 22.10 26.17 21.72 26.52 25.59
0 2.5 24.09 24.27 20.98 29.40 25.35

Figure 10 Surface morphology of silver deposits at differ-
ent plating times: (a) 1, (b) 1.5, (c) 2, (d) 10, (e) 20, and
(f) 60 min.

TABLE V
Relevant Parameters of the Silver Deposits at Different

Plating Times

Plating
time (min)

Crystallite
size (nm)

Grain
size (nm)

Color of
deposit

1 14.64 50–70 Black
1.5 16.82 120–140 Black
2 17.59 160–180 Black

10 22.10 230–250 Silver gray
20 22.10 350–400 White
60 22.10 430–470 White
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This influenced the electrical and corrosion resist-
ance of the silver deposits.

In Figure 8(c; only 2.5 g/L seignette salt as reduc-
ing agent), the grain size was the largest (500–550
nm). The deposit was uneven and relatively rough.
This resulted in higher electrical resistance and
lower corrosion resistance of the deposits.

In Figure 8(b; 8 g/L glucose and 2.5 g/L seignette
salt as reducing agents together), the deposit was
even and compact. The grain size was also relatively
large (370–450 nm). This contributed to the reduced
electrical resistance and increased corrosion resist-
ance of the deposits.

Effect of two reducing agents on crystal structure
of silver deposits

XRD patterns of the silver deposits obtained using
various reducing agents are shown in Figure 9.
Based on the parameter information in Figure 9, the
crystallite size and crystal plane TC of the silver
deposits were calculated and listed in Table IV. The
crystallite size was the smallest (20.58 nm) with only
glucose acting as the reducing agent. It was the larg-
est (24.09 nm) with only seignette salt acting as the
reducing agent. It was a middle value (22.10 nm)

with glucose and seignette salt acting as the reduc-
ing agents together. This tendency shows an agree-
ment with the change in grain size (illustrated in
Fig. 8). Meanwhile, there is an insignificant change
in plane orientation of silver deposits as given in Ta-
ble IV.

Effect of plating time on growth morphology
of silver deposits

Figure 10 illustrates the surface morphology of silver
deposits at different plating durations. Commonly,
electroless plating deposits were considered the
three-dimensional nucleation and growth model
(Volmer–Weber).13 The deposition occurred at the
most active point and became isolated island [shown
in Fig. 10(a)]. And then, these small islands began to
grow large from three-dimensional directions and
became network structure to attach a connection
between island and island [shown in Fig. 10(b,c)].
After that, the network space gradually filled in and
became continuous deposition layers. Meanwhile,
silver deposit thickness increased [shown in Fig.
10(d–f)] and silver deposits appeared black, silver
gray, and white in turn.
Table V gives the relevant parameters of silver

deposits at different plating times. It can be seen
that when the plating times were 1, 1.5, and 2 min,
the crystallite and grain sizes increased. At first, the
grain size was less than the wavelength of visible
light (380–780 nm), which made the deposit appear
black. At 10, 20, and 60-min plating times, the crys-
tallite size was 22.10 nm, but the grain size is still
increasing. At 10-min plating time, the grain size
was 230–250 nm, and the deposits were silver gray.
At longer plating times, larger grain sizes (350–470
nm) were obtained, and the deposits appeared white
(shown in Fig. 11).

Mechanical properties of silver
deposit para-aramid

Mechanical properties of the electroless silver depos-
ited para-aramid fibers are reported in Table VI. The
breaking strength of the silver deposit para-aramid
fibers was 44.0 N, and the strength retention reached
values of up to 95.6%.
In the present work, the breaking strength of

fibers decreased 6% after para-aramid surface was

Figure 11 Appearance of silver deposits on para-aramid
fibers. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

TABLE VI
Mechanical Properties of the Etched and the Silver Deposit Para-Aramid Fibers

Blank
fibers

Etched
para-aramid

fibers

Silver deposit
para-aramid

fibers Test standard

Breaking strength (N) 46.0 43 44.0 GB/T 14344–2008
Elongation (%) 3.0 – 2.9
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coarsened. However, Table VI shows that the break-
ing strength was reduced by only 4.4% for the silver
deposit para-aramid fibers.

The slight increase in the breaking strength com-
pared to that of the surface-coarsened para-aramid
fibers maybe results from the silver deposits of
which the lattice array also makes a little contribu-
tion to the breaking strength. This effect was advan-
tageous, leading to slight increase in the breaking
strength of fibers. On the whole, silver deposit para-
aramid fibers still retained high strength (44 N).

CONCLUSIONS

Electroless silver plating on para-aramid fibers and
growth morphology of silver deposits was investi-
gated. Etching the surface of para-aramid using
NaH/DMSO coarsening solution was found to be
necessary to guarantee successful electroless plating,
because the para-aramid surface was smooth and
lacking in active groups. Two complexing agents
(ethylene diamine/ammonia) and two reducing
agents (glucose/seignette salt) were used for the
electroless silver plating bath design.

Silver weight gain increased markedly with the
addition of ethylene diamine to the plating solution,
even if ammonia concentration was lower. Ethylene
diamine improved the surface morphology. Crystal-
lite and grain sizes increased slightly, and there was
insignificant change in plane orientation of the silver
deposits. Silver weight gain was maximum value,
and electrical resistance was the lowest when 8 g/L
glucose and 2.5 g/L seignette salt were used as the
reducing agents together. The resulting deposits
were even and compact, the crystallite and grain

sizes were relatively large, and there was insignifi-
cant change in plane orientation of the silver
deposits.
Electroless silver plating deposits were considered

to be three-dimensional nucleation and growth
model (Volmer–Weber). Black, silver gray, and white
deposits appeared sequentially with progressive
plating. The crystallite and grain sizes increased
with increasing plating time. In addition, the pre-
pared silver deposit para-aramid fibers showed high
strength (44 N).
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