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Abstract: Superhydrophobic coating can be used in diverse areas such as self-cleaning, anti-corrosive, anti-icing, drag reduction and
so on, but the durability of superhydrophobic coating needs to be improved. Microcapsules have unique advantages in encapsulation
and preparation of repair agents. Microcapsules are used to encapsulate the repair remediation agent into the superhydrophobic
coating, which has superhydrophobic and self-healing properties. However, few researchers have summarized the combination of
microcapsules and superhydrophobic coating. The research status of superhydrophobic coatings is summarized. Meanwhile, the
healing mechanism and the preparation methods of superhydrophobic coating are provided. The performance of the prepared
superhydrophobic coating with self-healing characteristic responded to different patterns is compared. The comparison includes
response speed, self-healing, durability, and abrasion resistance. By comparison, it turns out that the self-healing of superhydrophobic
coatings excited by ultraviolet (UV) irradiation possesses the best mechanical endurance. And the durability and chemical corrosion

resistance of the superhydrophobic coatings simulated by UV and near red light are much better than those superhydrophobic coatings
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simulated by a single factor. Finally, the existing problems of superhydrophobic and self-healing coating based on microcapsule are

proposed and the application prospect are prospected.

Keywords: new materials; microcapsule; superhydrophobic coating; self-healing; stimulative response
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Table 1 Self-healing of superhydrophobic coating with single stimulative response

Initial contact Damaged contact Final contact Changed contact

Response method Damaged method angle / (%) angle / (%) angle / (%) angle / (%) References
Stearate solution Scraping 156.7 133.1 155.5 -1.2 [24]
Stearate solution Immersing in NaCl solution 155.7 137.7 147 -8.7 [25]
Accelerating weathering 155 - 154.5 -05
O, plasma etching 155.1 - 155.1 0
Sand-dropping (10 kPa) 158 - 155 -3
NIR Immersing in HCI solution 153 B 152.7 03 (28]
(pPH =2, 24 1) : :
Erzmlrr;e)rsing in NaCl solution 153 _ 152.4 06
Egﬁle:[;lnzgzl r|1r)1 NaOH solution 1545 _ 153.7 08
O, plasma etching 152.5 0 152.5 0
NIR Washing 150 .6 - 148.3 23 [29]
Dry grind (10 Pa) 1515 - 150 -15
Accelerating weathering 152.6 - 151.1 -15
Washing (ethanol) 155 65.3 152 -3
Heating [31]
Tape peeling 152.6 - 151.1 -15
Washing 152.6 - 151.3 -1.3
Heating Sandpaper friction (10 kPa) 156 136 151 -5 [31]
Oleic acid casting 160 65.5 157 -3
uv Water blasting 155.2 130.3 153.1 -2.1 [32]
Sandpaper friction(20 kPa) 160 141 158 -2
Oleic acid casting 155.2 62.4 152 -3.2
uv [33]
Sandpaper friction (20 kPa) 153.4 136.1 151.2 -2.2

uv Washing (ethanol) 118.7 103.2 113.6 -5.1 [35]
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Table 2  Self -healing of superhydrophobic coatings with multiple stimulative responses
. . Changed
Response . Initial contact Damaged contact Final contact
Damage method Repair method . contact angle / References
method angle / (°) angle/ (°) angle/(° ) )
. Immersing in HCI
PH & O, plasma etching . . 155.3 133 152 -33
solution (30 min) [39]
Heating i .
Mechanical pressing  Shape rebound 155.3 - 152 -33
. i Immersing in acid
Oleic acid casting i 152.7 57.5 152.5 -0.2
solution
Sandpaper friction o
UV-irradiation 152 135 151 -1
(20 kPa)
Immersing in HCI
. - 153.3 - 150.7 -2.6
solution (pH =1)
PH & UV . N [40]
Immersing in NaCl UV-irradiation
. 152.3 140.2 151.4 -0.9
Solution (48 h)
Immersing in NaOH
. - 153.3 - 150.3 -3
solution (pH =13)
Immersing in  Immersing in acid
. ) 145.4 130 144.8 -0.6
surfactant solution solution
Heating - 157.1 - 154.8 -23
PH & UV [41]
Oleic acid casting UV-irradiation (48 h) 155.6 61.2 151.2 -4.4
Sandpaper friction UV-irradiation
156.2 138.1 153.3 -29
(10 kPa) (2h)
Immersing in HCI
. - 155.8 - 155.8 0
solution (pH =1)
. UV-irradiation (72 h) 156.3 136 156.3 0
PH & UV Immersing in NaCl [41]
: Immersing in acid
solution . 9 156.8 139.1 156.4 04
solution
Immersing in NaOH
. - 154.5 - 152 -25
solution (pH =13)
Freezing and L
. UV-irradiation 156.2 146.4 155 -1.2
Thawing
. UV-irradiation
O, plasma etching 154 <5 150 -4
(60 h)
. i UV-irradiation
Oleic acid casting 155 60 154.4 -0.6
(60 h)
Sand-dropping - 155 - 153.1 -19
Sandpaper friction
- 155 - 154.5 -0.5
(500 g)
Contaminating with
anionic surfactant UV-irradiation 153.7 123 152.2° -15
NIR& UV solution [42]
Contaminating with
cationic surfactant UV-irradiation 152.7 121.1 151.8 -0.9
solution
Immersing in HCI
) - 156 - 155 -1
solution (pH =1)
Immersing in NaCl NIR light irradiation
. . 155 143.5 155 0
solution (8 min)
Immersing in NaOH NIR light irradiation
. . 155 146.4 155 0
solution (pH =13) (8 min)
NIR light irradiation
156.6 0 155.3 -13
. (2105s)
NIR & PH O, plasma etching . i . [43]
Immersing in  acid
156.6 0 153.7 -2.9

solution




A oA, S ST HIRESOR B HUK AR IR Z0 TR 109

24 Initial contact angle

162 -
[rinal contact an gle

160
156 |

154 |

Contact angle / (%)

1521 [
150 3

148 [

16 | 4] :
NIRZ Heatingl3'l uvB yvB3 prg UV NIR&U V]
Response method

K4 EEEE 1B 10 ISR 2 Rl A A2 1

Fig. 4 Change of contact angle of coatings during

10 cycles of abrading / repairing

162 —

160 s Initial contact angle
D Final contact angle

158

156

Contact angle / (")
&
=

1
R

i

R&UVI#]

UVBZ VB prgUVET pH&UVETING
Response method
5 RN /B8 12 A& R R A A A
Fig. 5 Change of contact angle of coatings during

12 cycles of oleic acid casting / repairing

158
157 - Initial contact angle

|:| Final contact angle
156

155 -
154 -
153 |-
152
151
150 -
149 -
148

Contact angle / (*)

NIR[??!  PH&Heating??) NIR&UVH2)
Response method

K6 O Zlh /25 10 AN AU 2 Il M AL Al

Fig. 6 Change of contact angle of coatings during

NIR[2]

10 cycles of O, plasma etching / repairing

41 THEMHE
FH 75 B 453 i J2 2 T TR kel 8 A R /K )
SYIR, BT AR S IR B i K B R R

T ANE 5 — Ak . 7EMRRY R T B,
— BT FE b 4R PR A7 [0 251 BB S b o 5
ARG . YRR E 2 BB, JEiE AT
IMEERST . SR AL B RS T S K v, LB
SRHOR S, R TR T, Va2 B K e
MRS . [ 4 SR T BRIE S 10 -1 4
155 f B i £ A AR O

F ] 4 R %0, Bl it CHEN 450 &
(Y5 S 7 94 2 PR 432 T I o £ AR A0/, L
BT SR BT . T CONG 251000 4 (o 5 A1k . ik
XU IS Vi S 2 D UC R B 10 AN RIS 4 s
fib AN BATG 1, LA B S5 T
42 WA

TESEBRERE T, VA i R 6 I 3 M )25 A
USSR G, A ae kA, FIL, AR
Zu TG MR Ay S e, PG ik i
K EHE S 20 LS S i i 52 4 o

(1) WA R T 7] b ¥ 9 2 2 O i K
A S ROy S TR . % CHEN 4B
A A Z TN LR, CONG 41 46 i 12
FRON SR THT P 9, L1 2200 4% 3 TN B 5 7
RIS T haie, RS R EREKE. 2l
b AL R M TR T S A R S A
VRIS T BKYE. BRI S E A A
FA LS SR, AR A LUR R i A M o X 2 o
— T R A2 SRR M. B LG
O R ) 22 B A, T ZE AR R RS A
S THI S VAU — 2 (KB v

(2) WK PELE 2 YO B i 505,
TS 3o 5 i S B R B AT o IR
MR Z , RER TR ™ &, K
P . SRR - 12 WIS
Pefuh AR LA B0 L 5.

FH P 5 AT, AR R R 7 R AR R T —
BRI F, I RSS R FE S M
Aflo Horpr, L1402 8 41l | 20 XA
Y R34 2 I e S IR 9 P LA
EIC R C ST

(3) 1711 O B FZI R VR 2 2T, A1
GRS E K2 T A IR A . SRR 0 BT
W-EE 10 MEBUS, W2 R A e 6
i

HE 6 A, 2485, LI P e
R R 9 T SR A MR R IR T K M, L LIV
el g (3 AL 40 s 3T e A8 592 BB
KM 27 R, S R D 2T AN O,



110 b B X @ L &

2022 4F

BTG R s A . AR . £
TSR R, UL S RO EE s Ny 2
A 2 T 77 5 A U AS SRR T
43 THCFEE S
TEILSEIREEth, YRR PRI . B, T
PERRSRE I, R4 R TE Lok = R EREE s —
B )5 S Ay, B e A B I 1, 2
FioR, RIRIZIEMRIR . WO SRR b At
—SERIMANE. U R R B e
(LR b, (RERRMEROREL NaCl il W%
B P RS 2 T R B ST, ST 4241
SIS AW o e Y =l W = G el i
AT . 3 2 AT ANS IR IIE 5 T R SIS
K, Lef CONG 19 L1 2 g 2 s 2
KRG ST AR, T 1T 41 6 S 7 22 7 e
RS SN KA B HAE L ROR T

5 #ighREY

A S 30 PEELAT SCHR A AN R RI o 1 5 2T
T FEE K BB R IR 2 I Wi N & A 1B =
HUBRI AE S T4 S eSS VR e, 49t USRS
S MBS B R IZ N U APERAS U2 ek i
FEVRIRAE S A Wi N bR A8 A AR R e 1 R
Jia, BRI L1 X0 TR e b B KR 2
PRI A S T 2 e P s S . — S S [
IKERIZ - BRI SR ik HIE IR R a5
HHr s —tesk e, ek TERPNEB. 45, ™
WA K BB R 2 9 m A5 AR 5T

(LD FRk—MERETE. MRS, B
2 PRI Yy SRR 46 ik, AEDhRERS R
RE7E 7 2 Ll e RIS gt H T el 28
5% R AR AR e A

(2) RNBIFFT[R] —H ey B R J2= AAN [ A A
BN BB R 2257, RN [l i
;PR ol S e A 7 = i 38 A A 22 5 (1 Dt DA i
Trortire T 2R 55 207 BEAULA ] A AH ELAC
B G r T RGN, FFIE AR A A HAE
SRV MEREZ M N 32, SR THI B KR = 1)
TR

(3) B PRI EHK QB IR A
[F) S s TCREFA S A i W T BE AT B B ACR . B
S SRR T SR R A N ks, (HIR )
FEHABIAEG PR REAE & AT AN FRGEAN R R, A
i 2 TR IR R A IS NI BB RGO, X

IIMTZERRAEA RIS B RO, ke &
R v 1 R A i K TR TR B B R Y T
W5t

2 ¥ X M

[1] DAS S, KUMAR S, SAMAL S K, et al. A review on

superhydrophobic  polymer  nanocoatings:  Recent
development and applications[J]. Industrial & Engineering
Chemistry Research, 2018, 57(8): 2727-2745.

[2] ZHAO Z Q, WANG H Y, LIU Z J, et al. Durable
fluorine-free superhydrophobic polyether sulfone (PES)
composite coating with uniquely weathering stability,
anti-corrosion and  wear-resist-ance[J].
Organic Coatings, 2019, 127: 16-26.

[3] HUANG Y F, YI SP, LV Z S, et al. Facile fabrication of
superhydrophobic coatings based on two silica sols[J].
Colloid and Polymer Science, 2016, 294(9): 1503-15009.

[4] WANG N, XIONG D S, DENG Y L, et al. Mechanically

robust superhydrophobic steel surface with anti-icing,

Progress in

UV-durability, and corrosion resistance properties[J]. ACS
Applied Materials and Interfaces, 2015, 7(11): 6260-6272.

[5] LV J Y, SONG Y L, JIANG L, et al. Bio-inspired
strategies for anti-icing[J]. ACS Nano, 2014, 8(4):
3152-3169.

[6] YOON H, KIM H, LATTHE S S, et al. A highly
transparent self-cleaning superhydrophobic surface by
organosilane-coated alumina particles deposited via
electrospraying[J]. Journal of Materials Chemistry A,
2015, 3(21): 11403-11410.

[7] GUNTARI S N, KHIN A C H, WONG E H H, et al.
(Super)hydrophobic and multilayered ampbhiphilic films
prepared by continuous assembly of polymers[J].
Advanced Functional Materials, 2013, 23(41): 5159-5166.

[8] LAl Y K, TANG Y X, GONG J J, et al. Transparent
superhydrophobic / superhydrophobic TiO,-based coatings for
self-cleaning and antifogging[J]. Journal of Materials
Chemistry, 2012, 22(15): 7420-7426.

[O] Sl skth, BEHAE. MUK A EEM BB R R

N[I]. s TiEiR, 2015(8): 17-28.
MA Wanpeng, ZHANG Wei, ZHAO Yang, et al. Healing
chemistry  for  self-healing material based on
microcapsule[J]. Polymer Bulletin, 2015(8): 17. (in
Chinese)

[10] WHITE S R, SOTTOS N R, GEUBELLE P H, et al.
Autonomic healing of polymer composites[J]. Nature,
2001, 409(6822): 794-797.



o541 B, 5

BET IR FERAR BB K FHE IR BT8R

111

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

SIVA T, SATHIYANARAYANAN S. Self healing

coatings containing dual active agent loaded urea
formaldehyde (UF) microcapsules[J]. Progress in Organic
Coatings, 2015, 82: 57-67.

LI J, HUGHES A D, KALANTAR T H,

Pickering-emulsion-templated encapsulation of a hydrophilic

et al.

amine and its enhanced stability using poly (allyl amine) [J].
ACS Macro Letters, 2014, 3(10): 976-980.

SONG Y K, JO Y H, LIM Y J, et al. Sunlight-induced
self-healing of a microcapsule-type protective coating[J].

ACS Applied Materials & Interfaces, 2013, 5(4):
1378-1384.
DONG B Q, WANG Y S, DING W J, et al

Electrochemical impedance study on steel corrosion in the
simulated concrete system with a novel self-healing
microcapsule[J]. Construction& Building Materials, 2014,
56: 1-6.

AL ARSI RAS Wi AR A R[]
BIEESA R, 2018, 45(6): 104-108.

GUO Zican. Application of self-healing microcapsules in
RAS asphalt mixture[J]. New Building Materials, 2018,
45(6): 104-108. (in Chinese)

BAH M G, BILAL H M, WANG Jingtao. Fabrication and
application of complex microcapsules: A review[J]. Soft
Matter, 2020, 16(3): 570-590.

NEWNHAM R E, RUSCHAU G R. Electromechanical
properties of smart materials[J]. Journal of Intelligent
Material Systems and Structures, 1993, 4(3): 289-294.
GARCIA A, SCHLANGEN E, VANDE V M, et al.
Preparation of capsules containing rejuvenators for their
use in asphalt concrete[J]. Journal of Hazardous Materials,
2010, 184(1-3): 603-611.

JEHE, RS, WP, JRALR VAT R ol R

TEEM T[], AT, 2017, 46(12): 2370-2373.

TANG Xuan, REN Rui, LEI
preparation of coated poly alpha olefin drag reduction

Ke, et al. Study on

agent microcapsules by insitu polymerization[J]. Applied
Chemical Industry, 2017, 46(12): 2370-2373. (in Chinese)
ZHANG Z, KANG G D, YU H J, et al. From reverse
osmosis to nanofiltration: precise control of the pore size
and charge of polyamide membranes via interfacial
polymerization[J]. Desalination, 2019, 466: 16-23.
TEABE, WY, FKz . W R % R LA
PN T H AR, 2012, 40(3): 52-53.

WANG Haiping, HU Sigian, ZHANG Yuanfang.

Preparation of styrene microcapsules by solvent

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

evaporation method[J]. New Chemical Materials, 2012,
40(3): 52-53. (in Chinese)

MANOJ A, RAMACHANDRAN R, MENEZES P L.
Self-healing and superhydrophobic coatings for corrosion
inhibition and protection[J]. The International Journal of
Advanced Manufacturing Technology, 2020, 106(5):
2119-2131.

MEN X H, ZHANG Z Z, YANG J, et al. Spray-coated
superhydrophobic coatings with regenerability[J]. New
Journal of Chemistry, 2011, 35(4): 881-386.

WANG Q, LI J L, ZHANG C L, et al. Regenerative
superhydrophobic coating from microcapsules[J]. Journal
of Materials Chemistry, 2010, 20(16): 3211-3215.
RASITHA T P, VANITHAKUMARI S C, GEORGE R P,
et al. Porous microcapsule-based regenerating superhydrophobic
coating on 304L SS and its corrosion properties[J].
Journal of Materials Engineering and Performance, 2019,
28(11): 7047-7057.

WU Y J, SI T Y, SHAO J X, et al. Near-infrared
light-driven Janus capsule motors: Fabrication, propulsion,
and Nano 2016, 9(12):
3747-3756.

LI W, WU G, TAN J H, et al. Facile fabrication of

self-healing

simulation[J]. Research,

superhydrophobic  nanocomposite  films
enabled by near-infrared light[J]. Journal of Materials
Science, 2019, 54(10): 7702-7718.

LI W, ZHANG X H, YU X F, et al. Near infrared light
responsive self-healing superhydrophobic coating based
on solid wastes[J]. Journal of Colloid and Interface
Science, 2020, 560: 198-207.

LIUY H, PEI XW, LIU Z L, et al. Accelerating the healing of
superhydrophobicity through photothermogenesis[J]. Journal
of Materials Chemistry A, 2015, 3(33): 17074-17079.

QIANG S Y, CHEN K L, YIN Y J, et al. Robust UV-cured
superhydrophobic cotton fabric surfaces with self-healing
ability[J]. Materials & Design, 2017, 116: 395-402.

CHEN K L, ZHOU J L, CHE X G, et al. One-step
synthesis of core shell

their

cellulose-silica / n-octadecane

microcapsules and application in waterborne
self-healing multiple protective fabric coatings[J]. Journal
of Colloid and Interface Science, 2020, 566: 401-410.
RAO Q Q, CHEN K L, WANG C X. Facile preparation of
self-healing waterborne superhydrophobic coatings based
on fluoroalkyl silane-loaded microcapsules[J]. RSC
Advances, 2016, 6(59): 53949-53954.

CHEN K L, ZHOU S X, YANG S, et al. Fabrication of



112

b =B X W L =

2022 4F

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

all-water-based self-repairing superhydrophobic coatings
based on UV-responsive microcapsules[J]. Advanced
Functional Materials, 2015, 25(7): 1035-1041.

SHANG B, CHEN M, WU L M. Fabrication of
UV-triggered liquid-repellent coatings with long-term
self-repairing performance[J]. ACS Applied Materials &
Interfaces, 2018, 10(37): 31777-31783.

ZHU Y Y, CHEN M, WU L M. Synthesis of
UV-responsive dual-functional microspheres for highly
efficient self-healing coatings[J]. Chemical Engineering
Journal, 2021, 422: 130034.

UZOMA P C, LIU F C, HAN E H. Multi-stimuli-triggered
and self-repairable fluorocarbon organic coatings with
urea-formaldehyde microcapsules filled with fluorosilane[J].
Journal of Materials Science & Technology, 2020, 45: 70-83.
FAN W J, ZHANG Y, LI W H, et al. Multi-level
self-healing ability of shape memory polyurethane coating
with microcapsules by induction heating[J]. Chemical
Engineering Journal, 2019, 368: 1033-1044.

MA C Q, SHI W Z, LIU J S, et al. Simultaneous phase
change energy storage and thermoresponsive shape
memory properties of porous poly (vinyl alcohol) / phase
change microcapsule composites[J]. Society of Chemical
Industry, 2021, 70: 803-811.

PAN S Y, CHEN M, WU L M. Smart superhydrophobic
surface with restorable microstructure and self-healable
surface chemistry[J]. ACS Applied Materials & Interfaces,
2020, 12(4): 5157-5165.

CONG Y, CHEN K L, ZHOU S X, et al. Synthesis of pH
and UV dual-responsive microcapsules with high loading
capacity and their application in self-healing hydrophobic

coatings[J]. Journal of Materials Chemistry A, 2015, 3(37):

19093-19099.
CHEN K L, GU K, QIANG S Y, et al. Environmental
stimuli-responsive waterbased

self-repairing superhy-

drophobic coatings[J]. RSC Advances, 2017, 7(1): 543-550.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

LI W, NI X X, ZHANG X H, et al. UV-NIR
Dual-responsive nanocomposite coatings with healable,
superhydrophobic, and contaminant-resistant properties[J].
ACS Applied Materials & Interfaces, 2020, 12(42):
48101-48108.

NI X X, GAO Y J, ZHANG X H, et al. An eco-friendly
NIR

dual-responsive superhydrophobic properties based on

smart self-healing coating with and pH
biomimetic stimuli-responsive mesoporous polydopamine
microspheres[J]. Chemical Engineering Journal, 2021,
406: 126725.

LIU Q Z, WANG X L, YU B, et al. Self-healing surface
hydrophobicity by consecutive release of hydrophobic
molecules from mesoporous silica[J]. Langmuir, 2012,
28(13): 5845-5849.

LIUY H, LIUY P,HUH Y, et al. Mechanically induced
self-healing superhydrophobicity[J]. The Journal of
Physical Chemistry C, 2015, 119(13): 7109-7114.

WU G, AN J L, TANG X Z, et al. A versatile approach
towards multifunctional robust microcapsules with
tunable, restorable, and solvent-proof superhydrophobicity
for self-healing and self-cleaning coatings[J]. Advanced
Functional Materials, 2014, 24(43): 6751-6761.

HUANG M X, ZHANG H, YANG J L. Synthesis of
organic silane microcapsules for self-healing corrosion
resistant polymer coatings[J]. Corrosion Science, 2012, 65:
561-566.

HONES R, RUHE J. Extending the lotus effect: repairing
superhydrophobic surfaces after contamination or damage by

chic chemistry[J]. Langmuir, 2018, 34(29): 8661-8669.

fEEBI: B, 2, 1998 fEH/E, Wit TS yBEHIK
MR R 5 14

E-mail: gegianqian0807 @foxmail.com

W GREES), 2, 1986 4EHAE, Tt #d%, WL ETIn.
TLEEFTT 10 AR BB KRR T R 5 4

E-mail: luzz@foxmail.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


