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Effect of Nickel Nitrate Doping on S-type PVDF Layers Prepared by Electrostatic Spray
Deposition
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Abstract — PVDF as a semicrystal polymer, having a structure with C-F dipole moments, has been widely investigated because
of its excellent chemical stability, mechanical strength, and ferroelectricity. In this study, ferroelectic 8 type — PVDF layer was
prepared by using an electrostatic spray deposition method and the effects of the addition of Ni-nitrate in precursor solution
on the properties of PVDF layer were evaluated. Crystallinity and chemical structure of the PVDF layer were analyzed by a

X-ray diffraction

and Fourier Transform Infrared Spectrophotometer. Surface structure and fractured cross section of the

layer were examined by a field emission-scanning electron microscope. LCR meter was used to obtain the dielectric properties
of the layer. As the addition of an inorganic metal salt in PVDF sol, 8 type — PVDF crystals were appeared in the hydrated
metal salts doped-layer since the strong hydrogen bondings (O-H--F-C), due to high polarity of OH- were formed.
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Poly(vinylidene fluoride) (PVDF)& -CH,CF,- 2] &t
7VEl BFAR A (semicrystalline) Q] Q74N TR0
A miEo] & ergdut mie |kl JhHe
Aol ESELCE E35] PVDFeE 943 s W =1
KA 471 miRo] ERF B2 (polymer thin film) MZ
e FEs i Qlon, vt (R 249 FES 245 7
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stokZo] thet Wiskstdo] ot <4=6ith= Z1oItH1].
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PVDFYl 71 QubEQl gElE ogoR 71 We A oy
AE A ARFRE 7KW, 160T olete] &8 Z&sglol
o €7 dojd = A, B4 X} B4 FHE el
doZ wigdyof Qof BIAL HHEY AMZrt Hug, o
Mol gl= ZEAolth. gae PVDFQ A& Fx ZoA 7}
=0t 2duoa EdlAy Ex ggog STw0]
gJefol7] 2ol PVDF ©RIRI9] g 2R BE &
Z wWduo] Qo] AHESo] & FXRE VKA Hed, Y
Aol ol¢fgt EAo] PVDFZ} 71K QRIEN W ZAREAH9)
Qlo] Hrt[2, 3]. Y AFAS YoM 2848
AR OZ AALL A Al 112 FHEA, =09
Ao C] B 5 E8 FAEE Sl oF -
7 L 4 QUrH4, 5], tHREES AEste Y PVDF
Ae 9 12004 1A dAg olgst RlizHol gl A
Aom, oF 10~30 Lo FAEES LIEIL AR 7]
SHTE g2 giute REQl FOFO R olEet VAN A

o oo
2 ko > 2 9 oY [Orr o Jm of S

0=
ol
I

0!

=
=

2 o

=
o 1 om

;

Al

)=
~
o

- 15 o
> o Hir

0o 0

B2 (Electrostatic Spray Deposition, ESD)2 A7|8H&
olgsto] diihg FEoh= WHoIth A7t FYuE = 5 5
of =& WEsHl VHollE S5 JEs s =2 dgs
7¥ohH oA e S0]e0] wER BTV Tl ojR 5
HroZ WUHLMHA] Taylor coneS SAsHA Hrh 12|11 Y9

HAYE IFEoHA goZ thEE nA ge8s0] =& Ho
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Fig. 1 ESD setup
g 1 Optical condition during ESD
Table 1 ESD IEAI9 HHEA

Parameter Optimal condition
Flow rate 0.5 mL/h
Substrate Temperature 60°C
Applying Voltage 21.6 kV
Distance between nozzle and substrate 15 cm
Nozzle diameter(inner) 0.2 mm
A" 7|zl

2 AZE FHEoR Qe At B4 S50
&7t FEECHFig. 1). o] ¥ HlwA 7rest gz
Bo] 7hsotal AR BAHPHO|IEE 9ol YHIZF Fo
bs L& AL} 7|8 O|SEXE ol&ctH IHA 9 7|l
A AEFQ 7Y FH0] Jhsoiths A7-0] Utk

E35] ESDHE S92 AISsIEE, d45s Hurygo Y
Aol & THIEA o] A7t ZhsohH, &9 HEjQ 327t
tesh] 2ol AlIAElE AEsH] S0l6tal =3 nmolAl 424
um9 Be FEA71= Aol M THSITE EoF HEES0] thE
A B3I (monodispersive distribution)/& 712 #8t ofL]z} HF
FHOl AT QA7) wh2ol HA7E] M2 2 DA LOtA]
HEAOP7L Solsith= AFe 7HAAL bt 0]9F Zo] ESDH o
Ola] HE n4dEe Rt H7] £E9 o4, TR, 11
3 Fote We 9F W miiREo] 988 ¥ o4Fy =9 Al
Soll H&0] 7hssith
o, FV7IE Avistol pg PVDFE AlZside A7t o
o] SXE0l O&) AIEERAl, FE, 7HELL: FH, S5UA 9
=% ZAY Eg AUKSI0] electroactive PVDFE A&t HI17}
ACHT, 8]. weta] 2 AtolAl= ESDHE ol8sto] a5 &t
o] F7keE Y PVDF ZRAHE ARSI, AZEE PVDFUO)
R71E ARRY S8 7Fedg HESH] Qotd], oo EFETE,
BHOATZE, S8 732 9 SFELE 22t SH-6IQI0 ESD
HOZ AZEgh 8 PVDF 8RR riersh gatut AjAQ 713 9
ol &40l 7tsotEE, Y& A 2 MAl a0 BH 98
g Aol 0]27] 7HX] kst 2otoll S80] 7Sl
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2. Alg gy

2890 RAEE 98 Mw~275,00091 15 wt%2] PVDF &
(Sigma-Aldrich)& N,N-dimethylformamide(DMF)0l 60CZ 12
AIRE SOt g8ct9on, ol7lo] 0.2g9 Ni-nitrate (Junsei
Chemical Co)E F7ISt &, 60CZ 12A1F B¢t ndkstol AE
gAS AESIACE. AAEE Ni-doped PVDF E8E2 ESDH
g 0|85t0] SHEA=Q g2 &Y ol A =t
9 Axe 89 2/t 59 BFoto AMZEsiyen, o] W #
g F7e ® 13 Zth AXE PVDFYe 2E4 BAe X-4
SHEAM(X-ray doffraction, XRD) (X'pert-PRO, Philips,
Netherlands)& Ol&3ct0] EAGIYCH, LHOEE= CuKal=
154056 A)E 0183l BA A9 Al FY 4 AFEeE 474
40 kv & 30 mA Ch 2] BHELES FAMAL FARE FAL
SI0)4 (Field Emission Scanning Electron Microscope, FE-
SEM, S-4700, Hitachi, Japan)& Ol85t0] EAGIIOH, SI8HA
TR WO AHoM BIEAYM (Fourier Transform Infrared
Spectroscopy) (FTIR, IRPrestige, Shimadzu, Jpn.)& O]&3}0]
E45ICL FAE PVDF 2o @A A5t &l AzEE
ool MO silver B=(EA 0.2 pmeS SEASIACE HqAg
(92 LCR meter (PM6306, Fluke, USAZ AMZSI0] AR
HOERE ZHsion, 54 Fike Wl 50 HzolA 1 MHz
O] HAZ FFATHC,R,, AC test signal level: 50mV~2V).

T 256709 oA FAR] miHo] Jieizle w, 66719 AF
MELS 715 17 AEE 100%E HES 4= Q] T 256
7He] oAb BERR] sfElo] Jhelizle m, 66719 24 sfEuts 7t
S IF HAEE 100%S HES 4 QUch
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Fig. 2 XRD pattern of Ni-doped PVDF layer prepared by
ESD for 120 min
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Fig. 3 FE-SEM images for the surface (a) and fractured
cross section (b) of Ni-doped PVDF layer

O] b= XRDOICE 18] 20f LIERL HEGF Zo] FEER A
S 2AIRIOR So] NiZh Z7KE w2 20 = 208° W 36.6°0]
A B(110)/(200)1F B(201) HAFHO] 71916k 1=7F TETEIS
H, 18.8°0lAe «(020) WHAMHO| siEste u|a7F EEQICH
2L ool o8t Ad8u3 A pao] A u|Hol vis] 1
2%t i AQom, o]= Ni-nitrate’} F71El PVDF 89S
ARSI AxE o] ZRAde ddlshke pig Bo] |
Kot A8 Ve F1 Aok ot 4ZEME Nig AEo) ogt
S™ulAE UERA Etem, o]z FH7KE  Ni-nitrate?}
PVDFO| ZARIFQl AFrFxoe= & IS FA @1, s 4
Aol 7]ofst Zg LIERNAL T
A7) wAbE duo] sHges FE-SEMOZ Fdsoto] 1"
3 (@of] LERACE 18 30l LIERt Hie} Zo] uro] mHe XY
St JlojHel Fo] Ao o]Fojd Qlon, 11 Ayl YojFl ut
2 e ALstal #Ast 2 E UERNI QL) V. F. Cardoso
S[9] S0l 9shH, EH7ME SmQl DMF7L 429 ¥e 2ok
LE AAs] dsiH, woll 7jZo] A8E 2E0| =OoiA|H, o
71go] wo] nHo] gduls M9 FELE A, gRs
Ah2ol 28488 dAs| ojmairty st v itk St ul
o] AxRIE Foll 30~80C9 FueolA Gxrlzlstol gnjol @
s 57 AIZIE dhto] /9o 7189 gds dslisto],
g & o, 2 Aok vhutol 51
2L uutg dxeslo] EO24 DMFQ
ke ErIsto], 7 30 LIERS HiQF Zo] wHo] #Esh uf
AACE Nizk F7Fel PVDF 2] R=AE 18 3(b)ol
LIERACE 1 1208 59 FRERE ARson, 4o thH
TESIQICE wo] HHe me #E5H,
E Y30 AAHE Flatslylom, 2Ho] T
1208 SO 2R Al "t 9F 50~60 um BEE SEEQICL
Z7] BAFE PVDF 99| 3}8bA fL£E FTIRE O|&co] &
ATt 2" 4ol LERE Biet Zo] ARE YolAl oF PVDF
o] EMOoZ LER}= 489cm™ (CF, waging), 533 cm? (CFy
bending), 6152} 754 cm™ (CF, bendingl} skeletal bending),
7959} 975 cm™ (CH, rocking) BOlA] TF7} HOIR] ZPO
o, ghHol g8 PVDFY B4 #I7t 475 cmt (CR
deformation), 510 cm™ (CFy stretching), 600 cm™ (CF, wag),
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Fig. 4 FTIR spectra of Ni-doped PVDF layer prepared by
ESD for 120 min
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Fig. 5 Schematic diagrams of the proposed [ phase

Proposed structural change induced by
complexion with Ni ion.

transformation mechanism

840 cm™ (CH, rocking, CF, stretching % skeletal C-C
stretching), & 1276 cm™ (C-F stretching vibration)ollA] &
T} Ni7t @7HE g ESDHE 018510 AAxE 4% ool
ZENEIAl = Z9R4 gE PVDFQ AlZo] me siEYe
g 4= AUCE

% 5o FH7FE Z50]20] g PVDFEY] g
dgke TASE SRl OH7IE gRet 25 F7I
oo H7IEHM, OH 7|9 =& =4 uio & FaZ
(O-H-F-0)0] gQH=rt. 443t WgojA Frde §7] ol
=2 254 miEo] NEA EFol| His) g4 we] -3t
olutie, 10]. ZaFoz PVDFO Z2&st WEA A
HEsh Brgde 2dsoz &6t} PVDFe DMF Atojol &
Aule F4 80| pd 41t HHEge 7K BEREHOZ Higk
% CF,-CF, B=39] packingg TE0] Wit SAlol|, 3E F%
F7191 PVDF 82AF Atolo] Zst =4Z4F (O-H-~F-C)ol &4
Er} o|H$ O|RE 435tE F% Fr1¢o] FHIVME PVDF 89
g9 2F&oZ LERLA =6, 10].
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Fig. 6 Variation in relative dielectric permittivity (e) of
Ni-doped PVDF layer as a function of frequency
change

RZE PVDFEIO] RFEAS LCR NEE o|&slo] SH5)
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o] ALY

C=Asgs/ d 1)

Al (DOIA], C= capacitance, £=F8F 9 FRS, =759

AL, A = A59] BE, 4 = FEA9 FA0H, o7l &
ol gEe UiYstol HIRdE (o) #te AL 18 6ol
LIER Hieh o] W Fuke Jorjojide o EAlsts &=
9] Higdol A geke WA BoEE, HuA 52 R A
S HOl1l XY, &2 Fule goolde B WR 230 &
gde 7As| @5, oo b |fHEgs dag Hola 9l
2 € 7 Utk o9t & d¥e 4Rdd =29 Ll
5 g3 fEEo  RUthks

do, RAdee =229
[0)

Clausius-Mosotti ZHA/0] 2]

428 8

Cekst 240 #& Egto] 7hset glshs AT tjus W

g4 Qo =] dio] 7RsEh ESDHE olgstol-, 2%
&4 B8 PVDF 9he ARSI, PVDFO 249 (Ni-nitrate)S
A7vstol F7AIZE 5] Aldt E4of njxls geke Frsiich
AHslE w2 g8 PVDFe E4E UEIOH, 208°0] Exlsk=
B8 PVDF 3=7} FEisHAl EIEQICE FE-SEM ZutollA LI
uh HEQE Zol, viuto] 51 Fof oF 60T9] k=2 e X
Sto] EoZM DMFO] SlEhe E7ls0], BHo| & e dg
& QUL OH71E gRet 25 271¥o] PVDF g2of F7iE]
W, OH7|9 &2 =24 mjiRo] 2t #4248 (0-H-F-0)0
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