J. of Korean Ind. & Eng. Chemistry,
Vol.9, No. 3, June 1998, 383-387

ol
o
H
>
3
-
2
ne
Qb

(1998 149 99 A%, 1998 34 59 A=)

The Effect of Plasma on Hydrophilic Surface Modification of LDPE
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Abstract : The effect of hydrophilic surface modification of low density polyethylene(LDPE) by the plasma gas(O», N, and Oy/N») was investigated
from the point of view of the functionalities of the generated LDPE surfaces and the contact angle. By virtue of x-ray photoelectron spectra(XPS) and
attenuated total reflectance(FT-IR ATR) analysis, the LDPE surfaces treated with plasma were generated with oxygen functionalities of carbonyl,
carboxyl, and the like, nitrogen functionalities by nitrogen plasma and mixing of nitrogen and oxygen plasma treatment were identified with. It was
found that nitrogen plasma treatment showed with minimum value at contact angle for rf-power and treatment time, we had obtained optimum condition
for hydrophilic surface modification at composite parameter, {(W/FM)t] 520~550 GJ s/kg.
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o3 2A35 AAH HHez Adstd AgHoz PIYF Fesed, gHes afz AL FR20 A ¥l A
Bolz HEHE Zgdd, TT2TA, HIE 59 A4 1 2 & Qon =3 A 42 Uz ¥ 5 Yo d=A
2z AAEL HATZA A9 ARL SEaE A Hd AZE Juid 2 £ 9= 4L PDMS(polydimethylsiloxane) =}
gormz FHEY 93 S TAHAY ABA S AL 22 ZA¥(amorphous) TZAA A=W, T2d £H9 1
0z 2A57 WYt & o gAdge] WejA= BAHol g A= A(chain @ Al21WE &5 (segmental mobility)e] ThHE
of AAY ANAZ 27E oled BANS Hasy) @ o aeAd Ma drHes g2 SHE Uehiv, FeI2d
gog 3383 H2(chemical treatment), 3% (flame) A, 221} 2& A4 aeAE Woe S4E UEIGP] A2 &
(corona) X], Zet=2vKplasma) Hel, UV. Hg Fol d7sxn zo} Aol ofste] B4 7154 18 FA Ful(depth profile)
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(hydroxyD), 2el3to)= (aldehyde), oF%(amine) 59 7154 1F € g0 U SRS oo HAH2AS AU £ 4 =
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Ao g@ PAo) FAATHE~12). ol Fehzr} Aeue @ SEM 5& %3 morphology @& 2232 FT-IR ARzt
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Fig. 1. Schematic diagram of rf-plasma system.
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Table 1. Typical Experimental Conditions of the Plasma Treatment

rf-power 20~200 W
Treatment time 1~40 min
Gas flow rate 10~15 sccm
Pressure 90~110 mTorr
Temperature 28~30 T
Plasma gas 0z, Ny, O/Nz
Mixing ratio(Oz @ Ng) 25:75~75:25

Table 2. Analytical Instrument Used for the Investigation of
Modified LDPE Film by Plasma Treatment

Analytical instrument Physical and chemical properties

SEM(scanning electron
microscopy, Jeol, 5800)

FT-IR ATR(attenuated total
reflectance, Shimadzu, 8501)

Surface morphology

Chemical structure

XPS(x-ray photoelectron spectra,
EG sci EscaLab 220-IXL)

DSC(differential scanning
calorimetry, Dupont, 2910)

Quantitative element analysis

Thermal properties
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27 23L& rf-plasma W7l AZAHel F5H F 244
Zb gtoll F8stAth B AFNME B9 AELE 20 9%
o tig LDPE EW9 A5A Ad Hx2 AHEe4.

w3 Egzul e 29 LDPE ¥ =¢€ 715719 EW
d& zZAHe g $3le FT-IR ATR(attenuated total
reflectance) & XPS(X-ray photoelectron spectra)£4E& FAo} &
#5180k FT-IR ATRIN 29 E#H] ¥EE 4om’, Wscan
2 7|23l Ad9EHS AT ATR #ule 2%, prsmoZ
KRS-5 (eutectic mixture of thalium bromide and iodide, TI(Br))
AR AL Holew, W9 FE4L HER nAstd BAHEY
th XPS BAdAN AHEHL AlKe FAA7} AHSEHIUS core
levelEel % 2= Age 47 S(Ci) = 100, S(Ni) = 1.68, S(Ors)
=26401th, =8 Zek=v} 7iAd W& LDPE 99 morphology
< ZAME7] $i8ted SEM(scanning electron microscopy)’} o1 &5
ew Z2tzvl Az|¥ LDPE &9 €4 A2 WalE Ay
7] $)8te] DSCldifferential scanning calorimetry)Z AH&3sich
B AFdA o] &8 E47|7]& Table 2] Yehidich
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3.1. Zat=0} x2|=l LDPES ¥X E41 EM morphology
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Table 3% Zt=rl A2j¥ LDPE &9 DSC Adelth o
MA@ vXel¥ LDPE &% E¢t=vt Xel¥ LDPE 459 %
4, £8%€ 59 €3 SA4d w3} YLg AT 5 gon,
Aa Eezd A, A4 Fepzel A, Adas Ah EF Ea
zvt A BF 549% 445 Yehin &S & 5 ok o
% EetzvlE o8¢ ZUAIE A Ay 59 UE A
HEg n8a A9 W3 Ao daglel e AAE £
de Aol o, ol AN 2 LDPEY ZUMENAE
At Y-S A 5 ok
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Table 3. Thermal Properties of Plasma Treated Polymer Films

. . Melting Heat of fusion,
Experiment conditions temperature, C Ve
untreated LDPE 10581 54
O; plasma treated LDPE
120 W, 15 sccm, 10 min 10647 %
N plasma treated LDPE
120 W, 15 sccm, 10 min 10607 %
Oy/N; plasma treated LDPE 10574 5

120 W, 15sccm, 10min, O/N; =1

(@ (b)

(© (d)

Fig. 2. SEM npictures of LDPE surfaces in treated with plasma
gas(120W, 10min, 15sccm):(a) untreated, (b)) O
plasma; (c) No plasma; (d) OxN; plasma.

Fig. 2& 432394 Eg=7 Hg g LDPE €89 29
morphology W35 A¥17] §3 SEM AbA Fo|c}, AR A
A3 vxg¥ LDPE ¥9(Fig. 2.(apdl dlate Zeh=n Azg
LDPE EH(Fig. 2(b), (c), (@)°] E& Et=n UA=R Qs
FHZE(surface roughness)7t 7131518 898 + vk =
g Zelzul 714 50 0E FURE AddA 4L Egzn
A7t Mg & 4% dUS S & F A=u(Fig 2.0b), dur
02 daE EFe2Ru JIAZ ALEHUS o 3184 o A(etching)
olt} §2Hablation)@4ol 71 & dojue Aoz 8A i
(3. it Axo Y EFek2vl A(Fig. 2.d)9 7%, LDPE
EHoA 2E Aol A=, ol Abag A4} Zezxu}
A2 84384 wat whgrleA AE F2AEE gAY
Aoz Azdrh

3.2, E2l=0} M2|E LDPE &9 35y ¥H #4

Fig. 3& dAzAA Zetzn} Hz¥ LDPE ¥E9 150~
2000cm™ ¥91¢) FT-IR ATR 34 2¥EY Aol 2o
A8 A=A &2 LDPE W (Fig. 3.(2))2 v(C=C, diene)E Y
Bl 1660cm” FAte] YehdAw A Edtznl 2 (Fig.
3.(b), 22 Zg=r} AY(Fig. 3.(c), Aas Ax Y Zepzn}
A2 (Fig. 3(d)l wel 7lRd, 7424 2§ 59 v(C=0) A%
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Fig. 3. Typical FT-IR ATR spectra of LDPE treated with
different plasma (120W, 10min, 15sccm, Oy/Nz=1):(a)
untreated; (b) O plasma; (c) Nz plasma; (d) OYN:
plasma.

9% 1690~1710cm” BHAA M2 & F4927 QA 1660
em® 3% FAAAA He F27 Yegde A 4 Jok
olZM FetZvl J|A FFHol TAIYel Eak=ut Had 9
LDPE W9 44 7154 2% AAHHNSE ¢ F Yot 19
°] FT-IR ATR #4dA & &gtz Ao B2 13 d3E &
A & Aok

Zelzol Ao 9s LDPE EWo] W3ld 94243 444
1EA 2FE°l XPS BN & Gy, Oy, Nis, core leveld) A
d ZE2 2 ZAEJHTable 4). Hlx2¥ LDPES A$ &
A 949 dxst A4 447 AEHAEY, ol a4, m
A 5o #HEel X8¥ A8 LDPE EL AEE AME3Ig7
ol vebd Aoty FoA Ax Zet=e) H2(173%), A4
Zetzol 22l(169%), Atast A4 EF Eekz2nt AE(164%) =
T EY AL 34 vsd £XE Yehln oy A4 E
zo} Az, Aag da TH Fehzoh HPo e Aa927) 7
7t 54%, 26%4Y AEEE AT £ gled, ok Ax Egzo
Aeld] o3 LDPE EWH A4 BAFIY urgd % Anel
g & glch dutd oz Eeizn Aul® nEx FRS Zozu
o & quAZ A& YD AF Bridd o8 BAH ¥
of EAste] whgol B ¥ gi7|Fd 2 AaEe AY
gte] FtRd, FHE4A, Gd3s aF T Ak 715750 =99
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Table 4. Chemical Composition of LDPE Surface Treated with
Different Plasma(120 W, 10 min, 10 scem, O/Ne =1, (v/v%))

Composition | Carbon Oxygen Nitrogen O/C  N/C
Treatment (%) (%) (%) ratio  ratio
Untreated 918 73 09 0.08 0.01
O plasma 819 173 0.8 0.21 001
N2 plasma N 169 54 0.22 0.07
02/N: plasma
(OyNo=1) 81 164 26 021 0.03
%0
80 | e 0O, Plasma treatment
o N, Plasma treatment
nr v O,/N, Plasma treatment
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Fig. 4. Contact angle of plasma treated LDPE (10 min, 10 sccm,
O2/N2=1) depending on rf-power.
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AE 2R 7] F Akl whgol o ko] ¢ Atm
A Qoill 2y dag FfedE 7] FdA 284 7]
7] W&o Eelzol 9 Uk F n¥a 2d ANE 84
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A8k 2, Inagaki 812 NOSt NO; Eet=wulE o438
dede FAMNA dFNA ol (amine) 59 A& 715717t
& 293 g 2 A7 R rf-Eek2u whE7)u
oAl Aavt Fetzet Fu2 A43=l9A LDPE £93% w3t
o A 7154 aFol A4HT, oleld ZAxe o4 LDPE &
ol A A7t FUHIGUR & & ok
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3.3. E2t=0l 7|4 SR SYYTol WE HYEY #e

Fig. 42 &0 ANeld LDPE L4 &9 FZZ dg
rf-%%9 gl diste] Yehigith & AFeldE B dE
LDPE &3 HE24& A5 NE9 Axg Agsiginh 23l
A A&F44& dehlle LDPE EU(&°)0 f-289 F7ld wet
HEo] HPHez Aadtn UFE YT £ Jed e
FT-IR ATR%} XPS 42304 vebd A} Zo] Fehzn} A
gl o8 LDPE &%l 7154 2§ =9ge2 st yepd
Ao}, dutdog f-289 F7te Eg=2ehe] 4%
§ S7MI71Z B340l £ dAEL EFHA 3y oo of
g A3z 182 32U} HEEEE FUMIUGE] £ F=2
of 714 el @ M A2 EFzut st of-2Hd

TQ3s A9 A A 3 3, 198
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Fig. 5. Contact angle of plasma treated LDPE (80 W, 10 sccm,
O/N; =1) depending on treatment time.
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Fig. 6. Contact angle of plasma treated LDPE (80 W, 10 min, 10
scem) depending on mixing ratio of plasma gas.
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Fig. 7. The effect of composite parameter, (W/FM)t, on the
plasma treated LDPE film (N2/O; = 1).
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