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ABSTRACT: Immiscible polymer blends with high dielectric constant (e) and improved breakdown strength (Eb) performance were

obtained by composing poly(vinylidene fluoride) (PVDF) with low-density polyethylene (LDPE) or the LDPE grafted with maleic

anhydride (LDPE-g-MAH) through melt-blending way. The dielectric properties of these blends were emphasized for considering the

compatibility effect on the energy storage application. Interface morphology, co-continuity behavior, and grafted ratio were simulta-

neously investigated to detect the compatibility enhancement after introducing MAH. Results showed that the MAH positively

improved the dielectric properties. Both the measured Eb of PVDF/LDPE and PVDF/LDPE-g-MAH blends showed a minimum value

at vPVDF 5 50 vol % because of the worst compatibility; meanwhile, higher Eb of PVDF/LDPE-g-MAH than that of PVDF/LDPE blend

was observed owing to the better compatibility. For considering the effect interface morphology on the dielectric performance, layer-

structure films composing with pure PVDF and LDPE layers were further constructed and studied. It was revealed that the layered

structure could be treated as a helpful way to improve e and Eb for immiscible polymer blends. VC 2015 Wiley Periodicals, Inc. J. Appl.

Polym. Sci. 2015, 132, 42507.
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INTRODUCTION

Dielectric polymeric materials used for energy storage have

attracted increasing interests owing to their unique properties,1,2

such as high insulating resistance, high breakdown strength

(Eb), low dielectric loss tangent (tand), high flexibility and per-

fect processability, and effective cost.3,4 For instance, polypropyl-

ene (PP),5–7 polyethylene (PE),8,9 polystyrene (PS),10

poly(ethylene terephthalate) (PET),11 poly(methyl methacrylate)

(PMMA),12 poly(vinylidene fluoride) (PVDF),13,14 and polyi-

mide (PI)15–17 are among the most widely used polymer dielec-

tric materials at present. Especially, PVDF presents relatively

high dielectric constant (e) of ca. 8–10 at room temperature.18

Disadvantages, however, are also revealed from these dielectric

polymers, of which the low e or the high tand is the most sig-

nificant. Introducing additive nanofillers to these dielectric poly-

mers is a widely used strategy to conquer this problem, in

which the high-e ceramics19–22 or high-conductivity (r) metal

particles23,24 or carbon materials25–28 are usually adopted as the

ideal candidates. It should be noted that the intrinsic properties

of each component and the processing conditions could

strongly determine the internal microstructure and the final

properties of the composites. However, the polymeric materials

described above also present some uncompromised predica-

ments. Highly immiscible filler, needed for enhancing e, seri-

ously deteriorate the processability, the mechanical properties

and the surface quality. Therefore, it is of great importance to

develop polymer blends with high dielectric performance.

As a new strategy, PVDF or its copolymers are becoming the

ideal fillers instead of traditional inorganic additives for the

dielectric applications. The PVDF and its copolymers are usually

blended with polyamide 11,29 PI,30 PP,31,32 and PS33 for achiev-

ing all-organic composites with both high e and low tand. Dang

et al.31 successfully improved the dielectric performance of PP

only by using PVDF. Apart from the effective enhancement of e,

the tand of the blends was still at a low level (<0.05), which

satisfied a series of requirements in practical applications. Dang

et al. further suggested that the additive compatibilizer was

mainly found around the interfaces between PP and PVDF and

perhaps some was dispersed within the PP phase. The existence

of PP-g-MAH could effectively improve the interface interaction

and compatibility between PVDF and PP, subsequently resulting

in an increase of e. Effect of mixing process on e of the typical
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immiscible blend PVDF/PP was investigated previously.32 Lower

Eb of the blends than the pure components was attributed to the

voids produced in the system because of the poor compatibility

between components was proposed. For the PVDF/PP blends

with 39.7 vol % PP, the Eb monotonically increased with increas-

ing mixing time. After introducing the compatibilizer iPP-g-

MAH, a low content of 9.6 vol % caused a slight increase of the

Eb, but a higher content of ca. 18.3 vol % decreased the Eb.

In this work, PVDF/LDPE blends were systemically studied for

finding the potentials of improved dielectric performance and

effective cost. The e and Eb are two important indexes consider-

ing for enhancing the maximum energy storage density (Um);

otherwise, the e is correlated reciprocally with the Eb. The com-

patibility effect and interface morphology and the effect of both

concentrations of PVDF and MAH on the dielectric properties

were emphasized. Modified LDPE with MAH was adopted aim-

ing to enhance interface interaction between PVDF and LDPE

phases. Lower Eb of the blends than that of the pure compo-

nents could be attributed to the defect voids because of the

poor compatibility between the two components. Therefore, the

measured Eb of PVDF/LDPE and PVDF/LDPE-g-MAH blends

both reach a minimum for the vPVDF 5 50 vol % because of

worse compatibility with internal defects. Higher Eb of PVDF/

LDPE-g-MAH than that of PVDF/LDPE were clearly observed

due to the better compatibility. This was also identified in the

layered structure films, which was found to be helpful to

increase e and Eb due to the decrease of internal defects.

EXPERIMENTAL

Materials

A commercial PVDF (FR901, Shanghai 3F New Materials Com-

pany) with a density of 1.78 g/cm3 and a melt flow index of

26 g (10 min)21 was used in this work. The LDPE (LD100BW,

Sinopec) pellets with a density of 0.923 g/cm3 and a melt flow

index of 2.0 g (10 min)21 was selected for the composite coop-

eration. MAH was purchased from Xilong (China) Chemical

Ind., Co., and dicumyl peroxide (DCP) was supplied by Shang-

hai Crystal Pure Reagent Co. Styrene, used as the dispersant,

with a relative density of 0.906–0.909 g/cm3 was supplied by

Tianjin Jinke Chemical Research Institute, and the solvents,

including dimethylformamide (DMF, AR) and xylene (AR),

were purchased from Beijing Chemical Company (China).

Sample Preparation

A weight proportion of dried LDPE, MAH, DCP, and styrene as

91.7 : 4 : 0.3 : 4 (wt %) was applied and compounded by using a

batch mixer (Thermal Scientific Haake Lab, Germany) at 1608C

and 100 rpm for 15 min for getting LDPE grafted with MAH.34

Dried PVDF and LDPE pellets were melt blended through the

Haake mixer at 1808C for 15 min. For investigating the compati-

bilization effect, LDPE-g-MAH was used as compatibilizer to

replace the same amount of LDPE. Films of PVDF/LDPE-g-MAH

and PVDF/LDPE blends were molded by hot-compressing at

1808C and 20 MPa for subsequent measurements.

Characterizations

Films from grafted LDPE-g-MAH and pure LDPE were hot

compressed with thickness of ca. 30–60 lm. The grafting effect

was detected by using the Fourier Transform Infrared Spectros-

copy (Nicolet 6700 FT-IR, Thermo Scientific). Samples of

PVDF/LDPE and PVDF/LDPE-g-MAH for scanning electron

microscope (SEM) detection should be fractured in liquid nitro-

gen in advance for getting undamaged fractured surface. Then

LDPE or LDPE-g-MAH was extracted by xylene to observe the

dispersion of two components clearly. All the extracted samples

were dried completely in vacuum oven at 808C. Sputter-coating

with Pt was conducted before morphology observations on the

S4700 SEM (Hitachi, Japan) running at an accelerating voltage

of 20 kV.

PVDF/LDPE (PVDF/LDPE-g-MAH) and monolayer (tri-layer)

PVDF/LDPE blends thin films prepared by hot pressing should

be coated with copper by using high-vacuum resistance evapo-

ration coating device ZHD-300 (China). All the dielectric meas-

urements were performed on the Agilent 4294A impedance

analyzer (USA) at room temperature over the frequency range

of 1022106 Hz.

Differential scanning calorimeter (DSC) measurements were

performed by using a DSC-60 (Shimadzu, Japan) within nitro-

gen atmosphere. Samples were dried in a vacuum oven at 808C

before they were sealed in aluminum crucibles and were heated

from 50 to 2208C at 10.08C/min.

Compressed films of PVDF/LDPE(PVDF/LDPE-g-MAH) and

PVDF/LDPE blends with monolayer or trilayer structure, coated

by copper with 30–50 lm thickness, were prepared for the elec-

trical breakdown strength measurements by using a high-voltage

instrument (J-Trek, America) in AC style. The electrodes were

dipped in the silicone oil to prevent flashover and discharge.

Each sample was measured for 10 times at different locations.

RESULTS AND DISCUSSION

Grafting and Co-Continuity Analysis

Predetermined amount of solid potassium hydroxide (KOH)

and hydrochloric acid (HCl) solution were used as standard sol-

utions with CKOH 5 0.0162 mol/L (PHKOH 5 12.21) and

CHCl 5 0.0128 mol/L (PHHCl 5 1.89). For ensuring KOH react-

ing with MAH completely, grafted LDPE sample was dissolved

in xylene at 958C and refluxed for 120 min and then excessive

KOH-ethanol solution was used, which was finally consumed by

the HCl solution through titrating method. Here, the grafting

ratio (G) can be calculated as:

G5
C1V 1-C2V 2

W
3983100%55:75%; (1)

where C1, V1, and C2, V2 are the concentrations and volumes of

standard solutions of KOH and HCl, respectively. W is the

weight amount of MAH. The obtained graft ratio is in the mid-

dle level, compared with ca. 1.0% (the lowest) and ca. 8.5%

(the highest).

After excluding the unreacted MAH with KOH solution and

further purification, the grafting effect was detected by FTIR, as

shown in Figure 1. The peaks at ca. 1440 and 2870 cm21 reflect

the structure of –CH2–CH2– and the peak at ca.1780 cm21 can

be assigned to the stretching of C@O, which can only be found

with a effective reaction after MAH grafting to LDPE. The
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unique peak at ca.1780 cm21 [Figure 1(c)], indicating the suc-

cessful carbonylation of LDPE, which can neither be found in

the pure LDPE nor in the mixture of LDPE/MAH without the

initiator DCP [Figure 1(b)].

For further considering the effect of MAH and the immiscibility

between PVDF and LDPE, thermal measurements were further

performed by using DSC for the two blend systems: PVDF/

LDPE and PVDF/LDPE-g-MAH, as shown in Figure 2. The two

unique endothermic [Figure 2(a)]/exothermic [Figure 2(b)]

peaks shown in each melting process indicate no chemical reac-

tion between PVDF and LDPE during the blends preparation.

Although the melting temperature (Tm) and crystallization tem-

perature (Tc) of LDPE or PVDF seem to be the same, hardly

changing with vPVDF, the crystallinity of PVDF/LDPE-g-MAH

systems presents an reduction in contrast with PVDF/LDPE,

which implies a breakage of the crystalline perfection owing to

the introduction of MAH [Figure 2(b)]. After the vPVDF reach-

ing to 70%, the melting peak of the LDPE becomes weak and

crystallinity of PVDF increases significantly with the help of

MAH [Figure 2(a)]. However, for the system of 50/50, both the

crystallinity of PVDF and LDPE decrease simultaneously as the

effect of MAH. This is because the successful introduction of

the MAH enhances the molecular polarity of LDPE, leading to

a compatibility improvement between PVDF and LDPE-g-MAH

according to the principle of “like dissolves like”.

Furthermore, interface morphologies of PVDF/LDPE and

PVDF/LDPE-g-MAH are given through the SEM observation, as

shown in Figure 3. For an immiscible blend, it can be sure that

the compatibility within co-continuity window is worse than

that with the other contents in which typical insular structures

are presented. In Figure 3, the clear and smooth interface

between PVDF and LDPE without MAH [Figure 3(a)] and con-

fusing interface with MAH [Figure 3(b)] are obviously

observed. This indicates that the MAH modification actually

improves the compatibility between PVDF and LDPE owing to

the increases of polar interaction and binding force around

interface. This enhancement of the bonding interaction also

plays a positive effect on the mechanical properties, which also

represents the compatibility increase, as shown in Figure 4.

Higher maximum tensile forces of the modified samples than

those of the unmodified samples are revealed. The tensile

samples were hot compressed with a dumb-bell shape and a

geometrical dimension of 17.5 (length) 3 4 (width) 3 2 (thick-

ness) mm.

As to the effect of vPVDF, however, it is difficult to judge which

systems are more compatibilized only by SEM observation. As

documented in literature,32 selective solvent extraction was fur-

ther used to measure the co-continuity window of the blends. A

piece of PVDF/LDPE blend with a mass of ca. 0.10–0.15 g was

put into a flask and immersed in comparatively large volume of

the selective solvent for fully dissolving the selected phase.

Quantitative data on the extent of continuity (xc) of the phase

could be given as:

xc5
wi-wf

wi

3100%; (2)

where wi and wf are the weight of one component presented in

the sample before and after extraction, respectively. The xc rep-

resents the fraction of a phase, which is continuous in the

Figure 1. FTIR characterizations of grafting effect. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 2. Heat flow traces of PVDF/LDPE and PVDF/LDPE-g-MAH

blends with varied vPVDF. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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sample. The reported value was calculated from the average of

four samples with the same compositions, as shown in Figure 5.

The continuity of PVDF increases significantly with the increase

of vPVDF up to 50 vol % after which a plateau is obtained,

whereas it is vice versa for the LPDE. The vPVDF region between

the two vertical dashed lines indicates the range of co-

continuity window, which is shown with the PVDF content of

30–50 vol % (Figure 3. (a2, a3, and b2, b3)]. Within the co-

continuity window, one of the two phases of PVDF or LDPE is

permeated reciprocally into the other. For example, the PVDF,

acted as the insular role, is well dispersed in the LDPE phase

when the vPVDF is below 30 vol %. The dispersed PVDF can be

treated as an additive with high dielectric constant. But when

the vPVDF is up to 50%, this situation is totally reversed.

Although this is not useful to enhance the compatibility within

the co-continuity window, it will effectively change the interfa-

cial surface and affect the dielectric performance significantly. In

addition, it should be noted that the xc ranging from ca. 30–50

vol % is narrower than that of the previously reported PVDF/

PP blend32 in which the window of it is ca. 20–50 vol % of

PVDF. This suggests that there is a better compatibility between

PVDF and LDPE than that of PVDF/PP.

Dielectric Measurements

Frequency dependences of e and tand of PVDF/LDPE and

PVDF/LDPE-g-MAH blends were presented in Figure 6. It can

be seen that for pure LDPE, both e and tand are independent of

frequency over the frequency range of 1022106 Hz. With

increasing vPVDF, the e of PVDF/LDPE and PVDF/LDPE-g-

MAH blends increase differently. Despite a variety of models

based on different assumptions were proposed to elaborate the

e of mixtures or blends, the typical equation based on parallel

and series alignments was widely used. The e of two models can

be calculated as:

e5ðen
ava1en

bvbÞ1=n; (3)

where ea, va, and eb, vb are the dielectric constant and the vol-

ume fractions of components A and B, respectively. Index n is a

fitting factor and varies from 1 (for parallel alignment) to 21

(for series alignment). Generally, the e of real mixtures should

Figure 3. SEM micrographs: PVDF/LDPE (a) and PVDF/LDPE-g-MAH (b). PVDF volume fractions from a1 (b1) to a5 (b5) are 10, 30, 50, 70, and

90%, respectively. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 4. Comparison of the maximum tensile force between the modi-

fied and unmodified samples. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

Figure 5. The phase-continuity of both PVDF and LDPE as a function of

vPVDF. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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fall in between two models. In Figure 6(a2), the measured e of

the PVDF/LDPE blends with/without MAH modification are

respectively compared with the parallel and series alignment

models at room temperature and 1 kHz [Figure 6(a1)]. The fre-

quency dependence of e and tand of PVDF/LDPE and PVDF/

LDPE-g-MAH blends is compared, mainly focusing on the

effect of MAH modification. For the PVDF/LDPE blends, linear

distribution of the e is observed, which is rather closing to the

parallel alignment line [Figure 6(a2)]. That means the dielectric

performance of PVDF/LDPE blends can be modeled by the par-

allel alignment. Benefited from the introduction of MAH, the e
of LDPE-g-MAH (i.e., vPVDF 5 0%) increases by ca. 35%

because the orientated polarization of LDPE molecules under

external electric field is significantly strengthened after grafting

the polar molecule (MAH). The existence of MAH effectively

improves the interface interaction, subsequently resulting in a

higher increase of e on different levels. Meanwhile, all the tand
decreases obviously with the decrease of PVDF volume owing

to the higher tand of the PVDF itself. Lower tand is found for

those samples modified with MAH because of the decrease of

interfacial defects and the increase of compatibility. In addition,

the tand increases with the frequency is due to the dielectric

relaxation of the polar PVDF chains, especially at high fre-

quency. Movements of these polar molecular groups present

hysteretic behavior at high frequency, which can be largely cov-

ered under low frequency.

To further identify the compatibility effect affecting dielectric

performance, a simple and effective way to moderate the inter-

face effect was developed with trilayered structure films, which

were constructed by blend layers or pure layers, respectively, as

shown in Figure 7. Tri-layered film composed by pure PVDF or

LDPE is the same to the single layer, treated as a 0% increase in

e. To better control the content of each composition, weight

fraction (wt %) was adopted in calculating concentrations. It

should be noted that the interface effect between PVDF and

LDPE can only be found around overlying surface for the films

Figure 6. Frequency dependence of e and tand of PVDF/LDPE and PVDF/LDPE-g-MAH blends. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]
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constituting single pure layers, but for the layered films con-

structed by single blend layers the interface effect could be full

of the whole film. Thus, the layered structure with single pure

layer is helpful for decreasing defects and increasing dielectric

property, as shown in Figure 8.

An example of the frequency dependence of e and tand of

monolayer and trilayer PVDF/LDPE films is given in Figure 8.

Compared with the monolayered films of PVDF/LDPE blends, a

positive enhancement of the e and a slight reduction of the

tand are observed for the trilayer PVDF/LDPE films. Owing to

their poor compatibility, the binding force around boundary

surface is weak, which induce to weak interface interaction and

limited enhancement for the dielectric properties.

Electrical Breakdown Strength Measurements

Figure 9 presents the Weibull distribution of Eb of PVDF/LDPE

and PVDF/LDPE-g-MAH blends on the vPVDF. Weibull distribu-

tion principle, proposed by the Waloddi Weibull in 1939, is a

reliable analysis method for estimating the average data. In this

work, it was used to evaluate the breakdown probability of sam-

ple within electric field. About 10 samples for each average data

were especially adopted. The Eb of measured samples is relative

to the Weibull distribution regularity by means of the formula

as:

P512exp 2
Eb

E0

� �b
" #

) log ½2ln ð12PÞ�5blog ðEbÞ2blog ðE0Þ;

(4)

where P is breakdown probability, b is shape parameter, and Eb,

E0 are measured and calculated breakdown strength, respec-

tively, as shown in Table I. The narrower data dispersion of Eb

Figure 8. Frequency dependence of e and tand of mono-layer and tri-layer

films of PVDF/LDPE. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Figure 9. Weibull distribution for Eb of PVDF/LDPE and PVDF/LDPE-g-

MAH blends. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

Figure 7. Schematics of the interface defect distribution in mono-layered

(a) and tri-layer film (b) and an example of SEM-EDS graphics of the tri-

layer structure (c) of LDPE (70)/PVDF (30) blend. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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is, the larger of b will be. A better compatibility and a better

performance of blends will largely lead to b increasing. As

revealed in Table I, the b of PVDF/LDPE-g-MAH is larger than

that of PVDF/LDPE under each detected vPVDF, indicating a

much more homogeneous internal structure in PVDF/LDPE-g-

MAH blends. Compared with the pure components, moreover,

the lower Eb of the PVDF/LDPE blends could be also attributed

to the internal voids produced during blending because of the

poor compatibility. The Eb of modified LDPE is ca. 380.73 kV/

mm, decreased by ca. 2% comparing with that of pure LDPE of

ca. 387.53 kV/mm, which is also due to the inner voids caused

by MAH molecules. The measured Eb of PVDF/LDPE and

PVDF/LDPE-g-MAH blends both reach a minimum for the

vPVDF 5 50 vol %. As shown in Table I, limited enhancement of

Eb of PVDF/LDPE-g-MAH was obtained comparing with that

of PVDF/LDPE blends. In this case, not only the size and distri-

bution state of voids but also the addition of polar side group

of PE-g-MAH should be the important factors determining the

Eb of the system. The energy storage density Um can be

described by the formula of:

Um5
1

2
ere0Eb2; (5)

where e0 and er are the vacuum dielectric constant and relative

dielectric constant, respectively. As shown in Table I, the meas-

ured Um of PVDF/LDPE and PVDF/LDPE-g-MAH blends both

reach a minimum for the vPVDF 5 50 vol % because of worse

compatibility and more significant voids. Compared with

PVDF/LDPE blends, the Um of PVDF/LDPE-g-MAH blends

were improved on different levels. Thus, considering energy

storage and effective cost two factors, vPVDF 5 30 vol % is the

optimal choice.

The Wei bull distribution of Eb of the monolayered and the tri-

layered films of PVDF/LDPE is also studied, as shown in Figure

10 and Table II. It is revealed that the b of trilayered films are

larger than that of monolayered films at all the detected compo-

nent contents. Similarly, the Eb of the sandwich structure films

increases with the content of LDPE, especially for the films with

50 wt % LDPE. These trilayered films were constructed by pure

single layer and all the samples for the Eb measurements were

molded with equal thickness. Compared with the monolayered

films, an enhancement of the Eb is obviously obtained from the

trilayered structure films. The less interface defects within

trilayered structure films are contributed to improve the Eb

owing to the even morphology in each layer, as previously

shown in Figure 7. The effective enhancement of the Eb will def-

initely give to apparent increase of the Um, especially for the

samples with 30, 50, and 70 wt % PVDF. Obviously, both the

introduction of MAH and the trilayered structure are beneficial

to improve the compatibility and enhance the performance of

energy storage.

Table I. The e, E0, and Um of PVDF/LDPE and PVDF/LDPE-g-MAH Blends

PVDF/LDPE
(vPVDF) b

e
(103 Hz)

E0

(MV/m)
Um

(J/cm3)
PVDF/LDPE-g-MAH
(vPVDF) b

e
(103 Hz)

E0

(kV/mm)
Um

(J/cm3)

0 10.33 2.35 387.53 1.56 0 9.31 3.18 380.73 2.04

10 23.41 2.93 268.53 0.94 10 24.87 3.53 278.08 1.21

30 9.65 3.94 223.53 0.87 30 34.38 4.80 234.18 1.17

50 8.28 5.53 137.12 0.46 50 16.99 6.26 174.68 0.85

70 10.93 7.77 170.43 0.99 70 14.64 8.98 193.29 1.49

90 9.17 8.36 191.94 1.36 90 30.55 9.06 190.02 1.45

100 13.76 9.14 305.79 3.78 100 13.76 9.14 305.79 3.78

Figure 10. Weibull distribution for Eb of mono-layer and tri-layer films of

PVDF/LDPE. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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CONCLUSIONS

For improving the dielectric performance, PVDF/LDPE blends

were prepared and analyzed in this work. Effects of the compat-

ibility and layered structure on the dielectric properties and

breakdown strength were systematically studied. The DSC meas-

urements indicated no chemical reaction or crystal transforma-

tion in PVDF/LDPE-g-MAH blends, but the MAH could break

the crystalline perfection. Morphology of the PVDF/LDPE

blends with various volume fractions was similar as insular

structure with low PVDF content addition. A narrow co-

continuous window of ca. 30–50 vol % was observed in terms

of the vPVDF and the co-continuous structure became empha-

sized after grafting with MAH. The increase style of e of the

PVDF/LDPE blends is close to the parallel alignment line and

loss tand increased correspondingly, which was mainly deter-

mined by the content of PVDF and the compatibility between

PVDF and LDPE phases. Compared with the pure components,

the lower Eb of the blends could be attributed to the voids pro-

duced in the system because of the poor compatibility. After

introducing LDPE-g-MAH into the blends, enhanced e, Eb and

decreased tand were observed and the Um of PVDF/LDPE-g-

MAH blends were simultaneously improved, in which the

vPVDF 5 30 vol % is the optimal choice for increasing energy

storage density with an effective cost. Finally, layered structure

of immiscible blends was prepared successfully and found to be

helpful to increase e and Eb, especially for the tri-layered films

with vPVDF 5 50 wt %. This consequence was also attributed to

the strong interfacial interaction and the decrease of the internal

defects. These PVDF/LDPE-g-MAH films with layered structure

could be used as a good candidate of dielectric materials with

ultrahigh electric-energy-density and low tand at high electric

fields.
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