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Preparation of Honeycomb-Structure Polylactic Films and
Their Surface Modification using Atmospheric-Pressure

Plasma Jet

Student : Guo-Chun Liao Advisor : Dr. Jong-Shinn Wu
Department of Mechanical Engineering

College of Engineering
National Chiao Tung University

Abstract

Honeycomb-patterned films with polymer were fabricated by a high humidity
method and were treated using low temperature plasma. A two-dimensional
honeycomb pattern was formed when a polylactide(PLA) solution with surfactant-free
was cast on solid surfaces under atmospheric condition with high humidity. The
pattern, the pore size, and surface energy were then evaluated by SEM and contact
angle. The results showed that the pore size range distributes differently under
different operation conditions. Air flow, polymer type, PLA concentration, and
humidity were found to be important factors in the formation of
honeycomb-structured thin films. The case with a pore size of 2 um shows a great
uniformity under 30°C humidified environment. The water contact angle with 80
degrees on the film surface showed the hydrophobicity of the film surface, which was
an important result of the formation of the porous structure. After low-temperature
plasma treatment the honeycomb-pattern films, water contact angle decreases to 65°+2.

Detailed results are described in the thesis.
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CF TR ANE CNRCAPEEEY R R KE AR
PRt o £ 3 B4 AR EG d Sl

AP R L A BB R AT 0 LIE PLA dofe AR AR TR B
YLIRB T 425 honeycomb pattern » H44L & 6 b a3t 2 2P e A R 5] 0 B
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2.1.1.3 PLA ##L

& F S S PLA 2 % 0 € _Sigma-Aldrich 2> P LS 457 2 5+ £ 0

D ERNE A VA 5] B T

1. 719935-Poly(D,L-lactide), Mw 10,000-18,000, 0.16-0.24 dL/g, 0.1% (w/v) in
chloroform(25 °C, Ubbelohde), 12 ™ @ % 719935 PLA -

2. 719951-Poly(D,L-lactide), Mw 18,000-28,000, 0.25-0.35 dL/g, 0.1 % (w/v) in
chloroform(25 °C, Ubbelohde) , =4 = & # 719951 PLA -

3. P1691-Poly(D,L-lactide), mol wt 75,000-120,000, r+7F & 4 P1691 PLA -

4. P1566-Poly(L-lactide), mol wt 85,000-160,000, 2 fi i P1566 PLA -
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fo B B e R B (HV-1500-03)47 5 ¥ 17 4= [F] 15 3] 35 kHz > 4o ] 2.4 777 - 3 &
e RO A ﬁiga] dva B G 21 kV (peak to peak) o & = @] e &L 15 KW o
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221 BT F F=

AR T di % T+ 4 31505 Mettler Toledo XP 105 DR > =& =
EEE RS A o E R 120 o p 0 ARRIER S 3L p T
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223 R BRERE

*F S orie * R A § P2 E_Thermo Recorder 3] %5 5 TR-7T7Ui # 7 7 % e
BRIE ¥ e R {oR R & £ F1-30 7| 80°Co B & £ pl# B 0 7 99%RH
e s 0.1CH 0.1%RH > B A ¥ & 5 +0.3°C £ 10°C 7] 40CC 5 £0.5C % 40T
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2.2.4 k& 3 tk(Optical Emission Spectroscopy,OES)

GGy R RS S gttt L Ry E SN

Fepidiae £ 3833 0 F dpokoltch ST A 0T 200k i E MR FE U T R 8
o7k (excitation) ~ #5 3 (ionization) ~ ¥ 3 § %74 % 4 (dissociation) » H
2 S 37 fE > a2 g 5 d de-excitation st relaxation s 54 iE W AR ¥ i

ok Aol SRR USRS SSRGS  EL s i g
B e A LR kst LR E e B A AR 1 B - B A pT
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ik G AN I o Nm—— ¢ g YV PR
e KRB IR EF W G L F P FE s R
AR kRGPS R R Hek S A o 5 v o R(PI Acton SP 2500) # %
T 1 3 ¥ (Hamamatsu R928) » F§ o % 38 52— i i JRIEE > 448 ip| 51 03k 3
59w OESH ¥ 3 gl zedr s 17> 4oBI2.9%77 - AP R ER AR F R
ER R (£3) 0 M DA S ML RS o Rl R SRUELT A e 3 T ER
BLRL> 2 FFT R B EPMT e | o 4 2 BRI KO 5 LS5 B 0 % 8 R 33 AR 49
Bk f s BLE dp(overlap) shar % 0 BRIV g d#F R A (Step) frodt S A (slit
width) % 3% < f347 B » 3 BAR S endF e TR RV RE o BHEUA R E 0 B

BRIE TR ch R B AR 0 A A @R B R Y T Lok dcdy
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2.2.5 -k #79 & £ % L (Contact Angle, CA)

RF R A A AR R - 22 D% 8o T Ed i E s e
SRR EHE LG o RFEM A 0 2R 4 Y I & g s £ (surface energy) e
liquid » % & & fipe MRl ad » SR B N A i o & ¥ 44 polar
liquid £ % i * 05 2 23 -k (DIl water) @ disperse liquid 3 + 7# (glycerin) & =

# % 3% 4 (surface tension) -4-® 2.10 #7757 - % & & £ 2 & d polar liquid - disperse

? = (diiodomethane) & /% £ -

% XE G FrCCORP R MP o RAA T T % & d iy
EREAF OO NER o AARRY CRUMBMFHT L4 5 %*éé%*'&itﬁ
S VIESE STE 00 LRSS F R = S St s o/ AR
FA 5 TIRAIRA (5 e 6 i D % T 4

2.2.6 H-g 54 TF BACHL(SEM)

PLA = Z,!;ﬁi;‘% el GRR TRBL K 253538 # F honeycomb pattern #-
WREPRAEE Sod BRPLAZ RET B gd R - K Ry
®* d| 5L Hltachl S-47001> 3% i* 7 & 5 0.5kV~30kV- f%47 & 5 15A°-
4o B 2.11 217 o

2.3 '? % %ﬁ:; ’P\i}‘i:ﬁ ieynfgz 3

2.3.1 3% 5 K & (honeycomb pattern)

>

AR F A L PLA 5 2® Roblpe ¥ 03 0% AR R IR B K SR =435 honeycomb
pattern o L * ## B F 3 7F— BIPLA SLE > B4 » A AICER &7 5 mg/ml)&2 & 7
8B/ pF 53 R £ 23 PLAR R » & = 45 honeycomb pattern &7z # » &
B AMBE Bl e (BT 0 ARV I E e AT DB M K
di-water $r # B X TAHAFRIVBRRERALZTZERE » P FEHAF» L REFX
THBER AFLT BB 2ZFF e R 20 kE R ERPARM § BN A
SFRIF TR R RS e F &~ di-water s g 0 @ *F REE R B L RIRR
T)iE 99%z2 {5 PLA B %323 % & 2 FIR_ B 46 P2 £ 5 30zl mm >

= 5.5¢Imm- A RE ¥ F AR o HEd AT R R R R RRRE K
Fent Mg o PLA B RE A B2 T 0 BR EIRAEF R RE T A

honeycomb pattern =g # °
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http://www.itrc.narl.org.tw/Research/Nano/instrument/sem/sem.htm

2.3.2 m*%: Sy

o TR R HL R RHPLAHAL (25 e o % f LA R KK 4o
22402347 > d A P ER ImMm iz EATFREF TR 2T FiE(gap) 5
Immo> ##2el e AT ImmBEL o EREFEAIL . TR
WHEY N2+0.02% 02 T 4R & § Wik E 5 50sim > T ki kE6 ~ T
& % 64V o & 30 KHz -

ZRRHREFAHB
3.13% 5k ifz HhRE = AR % Sk

# % honeycomb pattern e %-#ied % 5 480 hoiB B ~ ARk R ~ e B T SR
R AZREGHERTOE BZRIEFER I I 0 BTN 7K E Slic? IR T
A5 honeycomb pattern 43 % &) » ¥ & honeycomb pattern = &8 A2 51 & i o
P B o PLA & 5 i Sigma-Aldrich 2 & pi§
1. 719935-Poly(D,L-lactide), Mw 10,000-18,000, 0.16-0.24 dL/g, 0.1% (w/V) in
chloroform(25 °C, Ubbelohde), 2™ @ % 719935 PLA > 4[] 3.1 #775 o

3L1BA R B 35 SR B A A el B

B 3.2 PRI 3.7 5 iRAE &R~ 8 30CH & B iR AR F 7 5 1~11slm = 15 ~ 45 47
= 2% 57 hongycomb pattern e /% » ] 3.8 2 J&AE R A 5 25°C4r 30°C PF AR i
F i & 1~11slm 77 15 /4 & #7 = 2 honeycomb pattern 3t jk énig % »d % 5 )
1~3slm 2334 ¢ & G2 30°C 3t i = ~F 3 5 & 1 um> 4] 3.8 #7757 » & 30°CIR
BRER > 5~7slm 23tk &2 TH25CRRERZF 5 > a8 B3l F 2 1 At
05um: @ 9~11slm > & 22 &R B R A 35013 A3tk < < > /£ F 3.8 ’FI % %
1~3slm erfiin ™ » 7§ FIE A SR 0§ IR R AR PLA R R ¢ s AR
Mok R EROKGERE A HR R R A > PLA B R4 R T SR K R
BroRF e p RS BRSPS PR R

3i2m&§mw%ﬁé“%“ﬁ¢%m§$

&~ & E * 719935-Poly(D,L-lactide) # & » Jk & £ 120 mg/ml > s % endiic
R EHA KT N g F AR 13579 1slmo LB E kF o B

.3;

& (1~7 slm)#7 = 25 chahoneycomb =3t Jf vt 5 — IRk 0l Y . 2~3 um >

EE

] [Pt
N R

-

/|

s E (9~11 slm) 1= A5 &7 honeycomb mshﬁ?ﬁ‘ﬁa SR P e
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R *}%Eﬁ]ﬁ‘&«’ v B 1.5~3 um o jER 3.9 ¥ ebe FI T 9~ 11 sIm = A5 Rk
g MNIF P L honeycomb S H et e o By i E gt A A T7sim
TRV REDERF SR, Tz s BE BiROEgE R

t A= EE A AT ﬁ-‘&{%%iﬁ'}"\—% PdVF R g DR 0 F 20 BT R
Bool - BRerpf T o oar @ IlinatF 2 o R R - R
3.1.3 B FEiA R kR B SR B A5 e

A~ & HE % 719935-Poly(D,L-lactide) 2 & k33 &k & 7€ 70 ~ 100 ~ 120 ~ 150
mg/ml CEH Tsimhz f F g wiBRAE KT 15 445 0 R 3.10 $] @] 3.13
¥ -5 4170 ~ 100 ~ 120 f= 150 mg/ml &+ honeycomb pattern - # @ jk & % 70 {- 100
mg/ml 2251 12 383 23L& | P &g— a5k B 120~ 150 mg/ml e T s
honeycomb pattern = 4562 i<k & 323 » % % 5 ) MR R SR )00
KRS R BRI R S PRy PRIl E R L - R B
BER DRI SRR RFREREFRI ERE SO R o TR R
SRR B IS T oA
314 B g2 o+ £ Hid *;l—k.%ﬁié« A5 e

*E R S PLA A & 0 L Sigma-Aldrich > P % 43 e s 3 £ 0 &
L] 4o T
1. 719935-Poly(D,L-lactide), Mw 10,000-18,000, 0.16-0.24 dL/g, 0.1% (w/v) in

chloroform(25 °C, Ubbelohde), 12 i % 719935 PLA -

2. 719951-Poly(D,L-lactide), Mw 18,000-28,000, 0.25-0.35 dL/g, 0.1 % (W/v) in
chloroform(25 °C, Ubbelohde) , ™ = & #- 719951 PLA -
P1691-Poly(D,L-lactide), Mw 75,000-120,000, 1%~ #§ %~ P1691 PLA -
P1566-Poly(L-lactide), Mw 85,000-160,000, = f 4 P1566 PLA -
L #igr A PLA A Blfel if § R RA BT
1. 719935PLA > jE& 5 120 mg/ml -
2. 719951 PLA > k& 5 120 mg/ml -
3
4

B~ W

. P1691PLA > k& 5 120 mg/ml -
. P1566 PLA > ;k & % 80 mg/ml -

HUv RSt ni Z2FmEBET7sIm-BRERIIOC-BREETEHF 15
48 > ¥ 8] 3.14 7| @ 3.18 ¥ —g N EFEPLAATA 2 chdtF = <1 > & F 453 G PLA
A it e RlAS S o BRI A 2-10um o 4 5 # M PLA T4 it F
FRAR] o PR AE2-3um =% -
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3.2DBD ¥ & § iﬁ#ﬁwrz‘.f,‘:'?ﬁs >HEH

%%+ honeycomb pattern i&i7 4 & ic o > R FEIERBFEAFTLE -
AE T RFE L B RRHE ST ER AP PRG GRCA AL
k3 >z B honeycomb pattern k3t B 24 - 4p F f£2 3 i o

321 LR

B 3.19 7| ®] 3.23 % sine wave & Jf( 15kHz 7] 35 kHz » & d 7 & B & P9 7{¥
PIRIEAR KA EZRRY KL 88KV FIL AR T AEBRTE L 9.0Kv
JEIR 3.22 % sine wave & :F]%Lf{:fj % 20 mA > 12 4F T 1R 5em? (15 cm) e
i %38 TR R 4T sine wave T H AmAlcm? s ¥ 47 LR g T
RigEVAPEF BRI AL A TR A BERG T ART
oo g A IR R R ﬂff’DBD?f’ﬁf#iﬁé”ﬁ B oA EHETRETF RIS LA
e RRZART 2B T - A s gt o § fiééﬂé_iqﬁaLtﬁ T
o BT ARDOTIr 5 A RLT B4 5 a4 Bg Mo E R T AFR )’j%{
breakdown ;£ i > & 4815 2B R kA B e ¥ g md ko v D4R
LR B A el A R 0 d %?ﬁi%JM‘ﬁ‘ﬂi%LSinewave’ i PeoT Ak Bz A
B % 5 o 15 kHz 7] 35 kHz #<3%1F Sine wave 275 30 fo35kHz > @ 35kHz
P RILE T P g S Tl o g * 30 KHZ ' R 5 S o o

323 % 3F {8 % ¢ % (Post discharge)2 & & € iR

— B A HRE T B KR AT AR A 5 e B AR PLA
:gww 110°C = %, §13.24 5 Sxlem 4 # 2 R ER #9DBD T & # 7 L
Bl > F sy By adio T Bl ilmm(Z=1mm)rk k- Ft #8582

WE AT T Imm BRI R HF T RS 88K o f i F i 50sIm iF L
FART B4R TE S J o 1 TERR A2 80°C T o sine wave T 4t s ~

AR R RN @3.25@%»?5@& B 1 ER R (P D
AB%E 5 25°C o W b nBiEH 50sIm > o RPLE et - A AT R
12
g 3

2 Fa TP B E o B 7 AR e ey CERT A E G S Ak

3.2.2 kA4

Pﬂ-&/? ,z juéﬁf%i‘_gr]"‘] 3.26 #7757 » *5—"](7!0/}57 I} /P'J“F‘(Fg?fﬁ-’livlc“?)ﬁﬁvloéﬁ\c‘}’
KRS TRF ALKV T F P kgL ﬂi%vﬁﬁﬁ;“*f?jﬁfﬂ:
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TS EEAE lmm o 3 K E 4 TR R 0 k¥ R PMT 5 600 45 30 - d
3.27 7] 3.30 #77+ Sine wave & ch #200-280 nm j £ 5 NO-y ez Lo i ag 11 NO-y
<3P 3 226236247 ~258 nm £ % > NO-y ch & 2 fr Ny 2" positive 3 Ak en
B %+ (=20 337 nm ¢ N, 2" positive 1 & £ FAF A F £ T4k T L S
Bem Ao T D RO FE U A sk > NO A 5 22 N, 2" positive £ 15 A 4
* 27 NO-y - 280-400 nm 1 & 5 NO-B» # kiffr NO-y 21 4p i1 o @ igdt 3§
#+ 8 2] 3] 51 N, 2™ positive ~ NO-y ~ NO-B $f 4 & #c f + smics 7 11ji 4 3 5 4%
dichk 3 i % ¥ 5 5456V @ Np 2" positive £.6.2eV ek 3 it » 7 S 4 &
UTgEm Al F o A o
33-RFHE BRI ELHT

PR % B’:'?F'&‘fr,w & F BAEEE 5 ¥ %) X EL % honeycomb pattern g2
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Surface structure of PLGAS50:50, PLGA75:25 and PLGA85:15 films were created with
different solvents (CHCIs, ethyl acetate and THF) at a fixed polymer concentration. Honeycomb
pattern formation was affected by solvent/water compatibility and rate of evaporation. SEM images
showed: PLGA50:50 (a-c), PLGA75:25 (d-f) and PLGA85:15 (g-i) films prepared from CHCI; (left
column), ethyl acetate (middle column) and THF (right column). Other conditions: polymer
concentration: 1 g/l, temperature: 26°C, relative humidity: 90%, spreading volume: 200 pl. Scale

bar: 10 ym.
®1.3 XuJunWu % « » & * PLGA (poly(lactic-co-glycolic acid)i® & # e et
%] » 4o PLGA50:50 ~ PLGAT75:25 v PLGAB85:15 » fie & & # ke A »
4ok  ~THR(2 & vt~ ¢ e ¢ f5(C4HBO2) » AR R cnTE B T #7= )
ik % o [23]
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(1) (21) Cellulose-Polystyrene

A variety of polymers that might take on a spherical shape in solution. These structures have been found to
support the formation of highly regular hexagonal-porous arrays. (¢) Rod-coil block copolymers; (b) amphiphilic
block copolymers; (¢) amphiphilic copolymers; (d) organic/inorganic hybrid materials; (e) star polymers; (f) polyion
complexes; (g) comb polymers.
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Fig. 4. Photomicrograph ( x 150) of 3T3 fibroblasts cultured on various PDLLA samples for 9 h. (A) Control; (B) modified by NH; plasma (50 W,
20Pa, 3005s); (C) modified by collagen coating; and (D) modified by ammonia plasma pre-treatment collagen anchorage.
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®12.9 sk 2¥ i% (Optical Emission Spectroscopy,OES) - A]%5 % Pl Acton SP
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http://www.itrc.narl.org.tw/Research/Nano/instrument/sem/sem.htm

®3.1 F 5 pe 719935-Poly(D,L-lactide), Mw 10,000-18,000, 0.16-0.24 dL/g,
0.1% (w/v) in chloroform(25 °C, Ubbelohde), 1+ f§ £ 719935 PLA -
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