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Abstract: The presence of fillers/fibers can significantly affect the polymorphic
behavior of semi-crystalline polymers. The influence of glass fibers on mor-
phology of S-nucleated isotactic polypropylene (iPP) during isothermal and
nonisothermal crystallization was analyzed in detail by differential scanning
calorimetry (DSC), and the kinetics and thermodynamic parameters were
determined for the systems containing 10-60 % glass fibers. The presence of
glass fibers in the model composites with g-iPP had an insignificant effect on
the morphology of the polymer. Thermodynamic and kinetics parameters of
crystallization of iPP in model composites were similar to those obtained for
the nucleated polymer. The relative content of s-crystalline phase was slightly
affected by increasing glass the fiber content from 10 to 60 mas. % due to
appearance of a-crystallites. Moreover, the stability of the g-crystalline phase
was decreased with increasing glass fiber content and there appeared a certain
amount of 1 and S, phases, which are known to be disposed to recrystalliz-
ation.
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INTRODUCTION

I sotactic polypropylene (iPP) is one of the most important commodity semi-
crystalline thermoplastic widely used in many areas because of its versatility,
good physical and mechanical properties, recyclability and low cost. iPP has
been studied extensively for its polymorphic characteristics and crystallization
behavior,1-18 since the formation of specific crystalline forms (¢, B and 3 or
smectic) can affect the macroscopic behavior quite dramatically.12-18 Com-
monly, under usual processing conditions, iPP crystallizes into the thermodyn-
amically most stable monoclinic o-phase, which is responsible for its good
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224 JANEVSK| and BOGOEVA-GACEVA

strength and modulus. The trigonal fform is metastable and can be obtained, or
can become predominant, under specific crystallization conditions or in the pre-
sence of f-nucleating agents. #-Nucleated iPP exhibits large differences in mech-
anical properties as compared to the usual o~PP, namely higher toughness, duc-
tility and drawability. The orthorhombic yform is the least frequently observed,
and usually it can be obtained after crystallization at high pressures,19-21

The tailoring of polymorphic behavior of iPP, especially in composite mater-
ials where additional fiber-nucleating activity is observed,7.22-27 seems to be
important for the adjustment of the final properties of a material and the design of
materials for certain applications. From a practical point of view, the addition of
S-nucleating agents represents the most effective and accessible method to pro-
duce different levels of Aform iPP or even pure £iPP. Among them, quinacri-
done pigment, pimelic acid/calcium stearate mixture, calcium salts of suberic or
pimelic acid, calcium carbonate (CaCO3) modified with dimeric auminates,
N,N-dicyclohexyl-terephthalamide and N,N-dicyclohexyl-2,6-naphthal ene-dicar-
boxamide are reported in the literature,11-14

The properties of semi-crystalline polymers, used as matrices in composite
materials are also related to the conditions during the processing cycle of heating
(melting) and cooling (crystallization), since the morphology developed depends
mostly on the time-temperature regime. For this reason, the differential canning
calorimetry (DSC) method is often used for investigation of the behavior of fil-
ler/fiber—polymer composite materials in terms of crystalline structure and influ-
encing parameters during isothermal or nonisothermal regimes.24-28

In a previous studies, the crystallization behavior and morphology of modi-
fied and unmodified iPP, used as a matrix in composites with differently sized/
/treated glass fibers, were thoroughly studied.24-28 |t was shown that glass fibers
with a different surface chemistry exhibited different nucleating effects towards
iPP, evaluated by crystallization parameters, but generally, they al acted as weak
o-nucleators. In this work, the influence of glass fibers on the crystallization
behavior, polymorphic composition and crystalline morphology of Anucleated
iPP was investigated.

EXPERIMENTAL

Commercial grade Shell homo-iPP with a weight-average molecular weight, MW , of
158,500 and a polydispersity index, M,, / M, of 6.36, as determined by gel permeation chro-
matography, GPC, was used. The concentrations of meso triads (0.94) and their average
lengths (n) and probabilities for meso additions (0.96) were determined by 13C-NMR spec-
troscopy. -Nucleated iPP (BNP) was obtained by mixing 0.1 mas. % calcium pimelate with
iPP in a Brabender mixer PL 2000 at 460 K. To study the influence of glass fibers (GF) on
crystallization peculiarities and morphology of the polymer, model composites BNP/glass-
fibers were prepared with 10, 20, 30, and 60 mas. % of GF (sized with thermoplastics
compatible sizing). The abbreviations of model composites and their compositions are given
inTablel.
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S-NUCLEATED iPP COMPOSITE MORPHOLOGY 225

TABLE |. Designation and content of the samples

Designation Composition

BNP iPP + 0.1 mass % Ca pimelate
C1BNPGF BNP +10 mass % glass fiber
C2BNPGF BNP + 20 mass % glass fiber
C3BNPGF BNP + 30 mass % glass fiber
C6BNPGF BNP + 60 mass % glass fiber
iPP iPP Shell

Isothermal and nonisothermal crystallization of BNP was analyzed by DSC. In iso-
thermal regime, the sample was rapidly heated to 478 K and held in the molten state for 5 min,
to erase the thermal history of the polymer. Then the sample was cooled to a given crys-
tallization temperature, T, at a cooling rate of 80 K minl. Isothermal crystallization was
realized at T. until crystalization was completed. The crystallization under nonisothermal
conditions was performed by cooling at different cooling rates: 1, 3, 5, 10, 15 and 20 K min1.
The experiments were performed with a Perkin Elmer DSC-7 analyzer under nitrogen and
indium and zinc were used for the calibration. The sample weight in al experiments was 7.0
mg. Based on the determined values for the enthalpy of crystallization, the extent of crys-
tallization (crystal conversion), a, was calculated using Eq. (1):

.[to(ddt' jdt

— = f(t)
= dH

J.o( dt )t

From the obtained a = f(t) curves and the induction time (t;), the half-time of crystal-
lization (tg 5) was determined.28

The amounts of o~ and S#phase iPP in the model composites were calculated based on
the corresponding melting enthalpies, AmdtHgand ApatH 2, using the following values:
19329 and 209 J g1,30-32 respectively. The melting peaks of the both polymorphic phases
appeared well resolved on the DSC thermograms, enabling the calculation of the amount of
o and f-phase iPP using Egs. (2)—(4):23:33

)

ApatH

X 5= melt ,g )
AmeltHﬁ

X, = Smetla ©)
AmetHz

X

Up=—t— (@

(Xa+xﬂ)

where X, and X; are the amount of ¢~ and -phase, respectively, and Uy is the relative content
of the g-phase in the overall crystalline structure of the sample.

Melt nucleation and crystallization of PPs were followed by polarizing light microscope
(PLM, Leica, Biomed), equipped with a hot-stage device, temperature controller and photo
camera.

The X-ray diffraction patterns were recorded on a Universal X-ray diffractometer with
KCu, radiation at 40 kV and 20 pA.

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.



226 JANEVSK| and BOGOEVA-GACEVA

Theoretical background of the approach applied is given in the Supplementary material
to this paper.

RESULTS AND DISCUSSION

Ca-pimelate is known as an efficient 4 nucleator for iPP.34 The XRD-pat-
terns of BNP obtained on addition of 0.1 mas. % calcium pimelate are presented
inFig. 1.

B melting
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0. melting
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Endothermic
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20 / degrees melting thermogram (inset) of BNP.

Obvioudly, the dominant phase in this sample was the f-modification of iPP:
the dominant peak at the diffraction angle 16.2° was attributed to the 4 (300)
plane, while those of the a~-modification (at 14.2, 17.0 and 18.4°, corresponding
to the (110), (040) and (130) planes, respectively) were of weak intensity. Con-
sistent with the results from XRD analysis, the melting DSC peak of the S crys-
tallites (T, = 424.2 K) was of high intensity, contrary to the one arising from the
presence of ¢ crystallites. The characteristic morphology of fspherulites, origin-
ating after mixing iPP with Ca-pimelate, is aso clearly illustrated in Fig. 2. The
K g parameter determined from the X RD-patterns by the Turner—Jones method3®
was 0.94, while the Ug-value caculated from the melting endotherm was 0.84
(Fig. 1, inset).

The isothermal crystallization of BNP and the composites were performed at
temperatures from 388 to 409 K, the range, according to Hoffman,36-39 known as
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B-NUCLEATED iPP COMPOSITE MORPHOLOGY 227

region I1l. The DSC melting curves of the isothermally crystallized samples at
different T, values are shown in Fig. 3. The melting peak temperature of the
samples appeared at 418-428 K.

Endothermic
o |Tlo ja |

Figure 3. DSC melting thermograms of
BNP after isothermal crystallization at dif-
ferent T, values: @) 391; b) 394; c¢) 397; d)
403 413 423 433 443 453 400; €) 403; f) 406 K; g) 409 (heating rate
T/K 10K min'y).

Small endotherms, arising from the melting of o-crystallites present in the
samples are seen along with the main peak of the f-crystallites (Fig. 3). The
crystal structures 4 and 3,14 were registered during the melting of the samples
crystallized at temperatures lower than 397 K. The DSC melting thermograms
obtained after crystallization at T values higher than 397 K are used to determine
the equilibrium melting temperature, T8, applying the Hoffman-Weeks
method,40 and the results for BNP in comparison to iPP and GF-composites are
presented in Table 1.

Table Il. Surface energies, o, equilibrium melting temperatures, T, and the y constants
determined from isothermal DSC data

Parameter BNP CIBNPGF C2BNPGF C3BNPGF C6BNPGF iPP
T9 /K 446.0 451.1 452.0 451.0 451.0 465.7
0xx10%/ Jm2 80.7 93.0 105.0 102.0 101.0 208
y 2.20 184 181 1.86 1.87 2.37
0 0.34 0.44 0.46 0.43 0.43 1.00

The determined value of 446 K for T, liesin the range of values previously
published for £-iPP.36:38

The Avrami plots for BNP and the model BNP/glass fiber composites in the
investigated region of crystallization temperatures, similarly to other S-nucleated
systems,42-44 were almost linear (Fig. 4), although two crystal phases with dif-
ferent energetic parameters were formed during the crystallization. Linearity of
these plots enabled the determination of the overall kinetics parameters, which
are not related to the certain crystalline phase but represent overall characteristic
of the system asawhole (Table l11).

In the Avrami equation, n may show values ranging from below 1 to far
above 6. Any one value, whole or fractional, however, is not uniquely fixed to
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228 JANEVSK| and BOGOEVA-GACEVA

any one set of conditions. Additional information on nucleation, morphology,
and possibly even mechanism is necessary to interpret fully the exponent n. For
many macromolecules, n is close to three and a picture of a thermal hetero-
geneous nucleation followed by spherulitic growth is acceptable; others require =
n = 4, indicative of therma nucleation, which is most often thermal hetero-
geneous nucleation followed by spherulitic growth. The also frequently observed
exponent n = 2 could well be related to fibrillar or lamellar crystal growth fol-
lowing thermal or athermal nucleation. The Avrami index n is composed of both
ageometric index n* and a nucleation index m. The latter may have awide range
of values, depending on the nature of the nucleation process. This comprehension
provides a basis to understand better the many non-integer values of n occurring
in the literature, as well as values that are greater than 4.42
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15 2 28 s 35 a Fig 4 Avrami plotsfor BNP and C6BNPGF at different
logtis) T, values: a) 397; b) 400; ¢) 403; d) 406; €) 409 K.

Table I11. Avrami index, n, and the overall kinetic constant, k, at different T, values

BNP C1BNPGF C2BNPGF C3BNPGF C6BNPGF
n k/109s" n k/100sh pn k/10°s" n k/109s" n k/1010gn
397 3.9 600 3.8 650 4.1 130 4.3 130 4.0 220
400 3.9 32 3.9 34 39 21 39 30 3.7 65
403 3.9 1.9 3.8 2.2 3.7 2.8 3.7 4.8 3.7 4.4
406 3.8 0.16 3.8 0.089 35 0.67 34 1.3 34 1.2
409 35 0.026 3.8 008 31 0.74 3.3 0.15 3.3 0.078

T./K

The Avrami exponent, n, had values between 3.1 and 4.3, indicating that
heterogeneous nucleation occurred and a tendency of decreasing n with increas-
ing T¢ was noticed, and it is more pronounced with increasing glass fiber content.
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B-NUCLEATED iPP COMPOSITE MORPHOLOGY 229

The exponent n ranging from 3.74 to 4.35 were determined for composite sys-
tems with A-nucleated iPP and talc-nucleated iPP.41

The results for an, Og, the yconstant and the parameter ¢ for the model
composites are summarized in Table I1. As can be seen, the values of T3 inc-
reased with increasing glass fiber content and they had values between those for
Snucleated iPP and iPP.

Generally, a good nucleating agent provides a surface that reduces the free
energy barrier for primary nucleation. The low energy required implies a highly
effective nucleating agent. The crystal fold surface energy (og) for BNP, deter-
mined in this study was 80.7 mJ m—2, which was similar to that found by
Varga.39 Generaly, different values for o are reported in the literature, mostly
depending on the investigated region of crystallization. The o obtained for
region |11 (that, according to some authors, starts at 410 K36 and to others at 406
K37) ranges from 85.4 to 48-67 mJ m—2.3841 The value of 85.5 mJ m—2 was
determined by Li et. al for Anucleated iPP compared to 107, mJ m—2 for the neat
polymer.43 In the present model composite systems, the oe values increased with
increasing content of glass fibers.

The curves of induction time for crystallization, t; and the half-time of crys-
tallization, tg 5 versus supercooling are shown in Fig. 5. Obvioudly, the values of
both t; and tgs determined for the GF-model composites are closer to those
determined for BNP. A similar tendency was also found for the values of ce.

2000

9T a -iPP oCIBNPGF 1800 | E i
oo | & « BNPe C2BNPGF 180 o
800 4 C3BNPGF o 1400 1
\m 1200 |
o . WCBBNPGF 2.
-5 800 |
400 A o 600 A ©
200 M 400 °>
a » A >
A » ® e 200 a » ° s
0 ) S 5 o 0 A »
35 45 55 65 75 35 45 55 65 75
AT/IK AT/K

Fig. 5. Dependence of the induction time (a) and the half-time of crystallization (b) for iPP,
BNP and the BNP/GF-composites on AT..

Based on the kinetics parameters and calculated value for TQ, the energy of
the formation of a nucleus with critica dimensions was determined, and the
results are shown in Fig. 6 as the ratio between the energy in a given system
(BNP or composite sample) and the energy of a non-nucleated system. It could
be concluded that favorable conditions for nucleation were attained in the nuc-
leated polymer, whereas in the model composites with glass fibers, the nucleation
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230 JANEVSKI and BOGOEVA-GACEVA

was slightly depressed. This finding was confirmed by the dependence of this
factor (obtained for T = 409 K) on the content of glass fibers, as shownin Fig. 7.

iPP

1.0
o

afen—' 0.9

< 0.8 composites

~ ’_____._____.__________,__.

5 o7

< —_’_—‘/____,—-—-
0.6 BNP
0.5

396 398 400 402 404 406 408 Fig. 6. Ratios of the energy of formation of
nuclei of critical dimensions for iPP, BNP

Tc/ K and the GF-compositesvs. T..
o 0.76
yas
& 0.74
<
% 0.72
< 0.70
0.68 Fig. 7. Ratios of the energy of formation of
0 1 20 30 40 50 60 nycle of critical dimensions vs. the content
Wyl % of glass fibers (W / mas. %) at T = 409 K.

From the melting thermograms (melting performed after isotherma crys-
tallization), the amounts of the o~ and Sphase in the model composites were
determined (Fig. 8). The amount of Sphase in iPP and C1BNPGF dightly inc-
reased with increasing T¢, while in composites with 2060 mas. % glass fibers, it
decreases at T > 403 K.

The content of o~phase, although low, increased with increasing T, while
Up decreased (Fig. 9), and this trend was most pronounced in the composite
sample with 60 mas. % glass fibers.

Asiit is evident from Figs. 8 and 10, despite the high amount of glass fibers
in the model composites, the relative content of the S-crystalline phase was over
0.85 for C6BNPGF and even higher for the composites with less than 60 mas. %
glass fibers. It should be mentioned that a similar effect was found for PP/multi-
-walled carbon nanotubes, surface treated with f-nucleators. namely, the amount
of S phase decreased by increasing filler content.” Investigation of iPP/Kevlar
fiber composites revealed the strong a-nucleating ability of these fibers and the
presence of a transcrystalline layer on their surface. However, for S-nucleated
iPP/Kevlar fiber composites, the dominant modification was the fform, and
their crystallization characteristics were independent of the addition of Kevlar
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S-NUCLEATED iPP COMPOSITE MORPHOLOGY 231

fibers, indicating that the o~nucleating effect of Kevlar fibers was masked by the
-nucleating effect of the A-nucleator.46

49
b
48] a 6
47 5
R 46 § 4
s 45 F 3
X 44 / +  C2BNPGF X 2
P _ u_ C3BNPGF-—— BNP 1
o C6BNPGF ——— C1BNPGF 0

396 398 400 402 404 406 408 410 396 398 400 402 404 406 408 410

T. 1K T. /K
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S
c
0.9
Fig. 8. Dependence of: @) the amount of the
0.85 B phase (Xz), b) the amount of the o phase
396 398 400 402 404 408 408 410 (X,) and c) the relative content of S phase
T./K (Up onT.
54
52 a 6 b
. 50 o 5]
R 48 S 4
Xu 46 ><"5 3
44 2 —— Ve=1 (K/min) —— V=10 (K/min)
42 1 T Ve=3 (K/min) —*— Vc=15 (K/min)
401 0 o Ve=5 (K/min) —*— Vc=£0 (K/min)
0 10 20 30 40 50 60 0 10 20 30 40 50 60
W,/ % Wy ! %
1 c
0.9
> o0 Fig. 9. Dependence of: @) the amount of the
) f phase (Xp), b) the amount of the o phase
o.es (X,) and c) the relative content of g phase
o 10 20 30 40 50 60 (Ug) oncontent of glass fiber (W / mas. %)

W, ! % crystallized at different cooling rates (V).

It could be concluded that the increased T, and o observed for some model
composites resulted from the increased content of a-phase. Thisisin agreement
with the findings of Varga®! that the variations in the results for the thermo-
dynamic and kinetics parameters for 3iPP are most probably due to the presence
of different amounts of o-phase in the examined samples.

The results of nonisothermal crystallization showed that heterogeneous
nucleation activity is predominant in the model composites, even at low glass
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232 JANEVSKI and BOGOEVA-GACEVA

fiber contents. The nucleation activity during the crystallization of the polymer
melt was evaluated by the Dobreva method,4> which enables the determination of
the work of heterogeneous and homogeneous nucleation in polymer systems with
different additives/substrates by calculating the @¢-parameter. For an extremely
active substrate = 0 and for an inert substrate 6= 1.

49
48
47 —

S

~

>él45
44
43

42

0 10 2 30 40 S50 60 ¢ 10 20 30 40 50 60
Wo I'% W, I %
0.95
S C .
08 Fig. 10. Dependence of: a) the amount of the
) B phase (Xp), b) the amount of the o phase
(X,) and c) the relative content of g phase
0.85 (Up) on the content of glass fibers (W / mas.
0 10 20 30 40 50 60 %) at different crystallization temperatures
Wy ! % (To).

The results for &-parameter are collected in Table I1. For BNP, 6= 0.34, and
this low value was expected, since all the f-phase (U = 0.95 for Vo = 1 K mi n1
and Up=0.90 for Ve = 20 K mi n—1) originated from heterogeneous nucleation. In
GF-model composites, the heterogeneous nucleation was obviously depressed to
some level by the presence of the fibers and the 6-parameter reached higher
values, 0.43-0.46.

The appearance of the a~phase in the model composites was obvioudy a
consequence of the presence of the glass fibers (Fig. 9). In a previous inves-
tigation, it was shown that the glass fibers influenced the stability of the o-crys-
talline phase in glass fiber/iPP composites.26 Their presence in BNP composites
resulted in asimilar effect, namely they induced the formation of certain amounts
of the o~crystalline phase.

DSC melting traces of the non-isothermally crystallized C6BNPGF sample
and BNP are shown in Fig. 11: similarly to the existence of two « phasesin iPP
(on and a» crystalline modifications, susceptible to recrystallization), there
appeared two melting peaks characteristic for the corresponding /3 phases of iPP.41
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Endothermic

Fig. 11. Heating thermograms of BNP and

C6BNPGF crystallized at different cooling

373 383 413 433 453  rates(V,): @) 20, b) 15, ¢) 10, d) 5, €) 3 and
T/K f) 1K minL,

As a measure of the stability of the g crystal structure, the difference
between the maximum of the high and low-melting peaks, ATny, were used,26
which are a conseguence of the melting and recrystallization processes of the £
and /3 crystalline modifications.14 The dependences of ATmp on the cooling rate,
crystallization peak temperature and glass fiber content are shown in Fig. 12. As
could be seen, the presence of glass fibers and their content influences the stab-
ility of the S-crystalline phase and this effect becomes more evident at V¢ > 3 K
min-1,

7 .,-»———""-(-/‘__.—\—E\‘
6 hh‘/‘\vi —
X 5
2 4
lf 3 Vet (Kimim) veetodmim  F19- 12 Dependence of the difference
2 ~ves EK/mingiv; 5 éK/min; between the maximum of the high and low-
(1) —o—Vo=5 (K/min)—=—Vc=20 (Kimin)  -melting peaks (ATy,) on content of glass
0 10 20 30 40 50 60 fibers crystallized at different cooling rates
Wyl % (Vo)-
CONCLUSIONS

Glass fibers, as weak o-nucleators for iPP, had an insignificant effect on the
morphology of Anucleated iPP in glass fiber composites. The thermodynamic
and kinetics parameters of crystallization of BNP in the model composites were
similar to those obtained for the nucleated polymer. The relative content of
Scrystaline phase decreased only by severa percents on increasing the content
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of glass fibers from 10 to 60 mas. %, due to the appearance of o-crystallites. The
relative content of phase depended mostly on the crystallization conditions; the
lowest value of Uz (for the highest fiber content) was 0.85. The combination of
excellent mechanical properties of glass fibers and the high content of the stable
[-phase structure of BNP makes this system appropriate for the development of
BNP/glass fiber composites with a good balance of strength and toughness.

SUPPLEMENTARY MATERIAL

Theoretical background of the approach applied is available electronically from http://
/lwww.shd.org.r/JSCS/, or from the corresponding author on request.

U3BOL
YTUIIAJ CTAKJIEHUX BJIAKAHA HA MOP®OJIOTUJY S-HYKIEUCAHOT iPP
AHAJIM3UPAH ITOMORY DSC

ACO JANEVSKI' 1 GORDANA BOGOEVA-GACEVA®

IFaculty for Technology, Goce Delcev University, 2000 Stip, Macedonia u 2 Faculty of Technology and
Metallurgy, St. Cyril and Methodius University, 1000 Skopje, FYR Macedonia

[TpucycTtBo myHHWOLa U BjlakaHa 3HAyajHO YTHYE Ha MOPQOJIOTHjy CEMHUKDHUCTaTHHUX
nonvMepa. YTULAj CTakIEHUX BlakaHa Ha MOP(OIOryjy f-HyK/IeUCaHOT U30TaKTUYHOT MOJH-
(nmpununena) (iPP) dopmupaHOr TOKOM H30TEPMCKE WM HEU3OTEPMCKE KpHUCTaausauHje,
npaheH je DSC aHanu30M, a KUHETUYKH ¥ TEPMOAUHAMUUKU NapaMeTpU KpUCTalu3auuje cy
oppeheHH 3a KOMIO3UTE ca cafgpkajeM crakieHux BrakaHa 10—60 mas. %. [TpucyctBo cTa-
KJIEHHX BJlaKaHa y MOfiell KOMIIO3UTY ca S-iPP He3HaTaHO yTHue Ha MOpPGOJIOTHjy MOTUMEDPHE
marpuue. TepMooMHAMHUYKM M KHUHETHYKM NapaMmeTpu Kpucranusauuje i-PP y Mopen
KOMIIO3UTY Cy BeoMa CIMYHH JOOHjeHUM ca f-HyK/IencaHuM nonumepom. Ca mopactom capp-
&Kaja crTakaeHux BiaakaHa of 10 do 60 mas. % He3HaTHO je IPOMEEH U PEeTIaTUBHU Cafpxaj f-
KpHUCTanHe ¢a3e Kao Mociaefula NnojaBe a-KpUcTanauta. MehyTum, ctabumHOCT f-KpucTanHe
(ase ce cmamyje ca nosehamweM cafgprkaja CTakIeHUX BlakaHa U nojase fq U B, dasa, Koje cy
NI03HATE 10 TOME LITO JIaKO MOJIeXy peKpUCTaaIu3alujH.

(ITpumrbeno 23 mapra, peBuaMpaHo 26. maja, mpuxsaheno 27. maja 2014)
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