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Abstract
Plasma-polymerized methyl methacrylate (MMA) thin films were synthesized by remote plasma, and effects of plasma power,
reaction pressure and direct-indirect plasma on the growth rate and chemical bonding were investigated with alpha-step, FT-IR,
XPS and Langmiiir probe method. As the plasma power and pressure increased, the tendency of growth rate showed max-
imum value at a certain range. FT-IR and XPS analyses revealed that composition ratio of C/O and hydrocarbon (C-C) %
in the deposited films increased with plasma power, but ester (COO) C % decreased with it. Direct plasma method was effec-
tive for fast growth rate, but indirect plasma method was favorable for maintaining the chemical structure of MMA.
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Figure 2. Growth rate of the plasma-polymerized MMA films syn-
thesized at various plasma powers.
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Figure 3. Growth rate of the plasma-polymerized MMA films syn-
thesized at various reaction pressures.
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Figure 4. FT-IR spectra of the films synthesized at various plasma
powers (insert: FT-IR spectrum of MMA).
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Figure 6. Atomic composition of the films deposited at various plasma
powers.

Z71o14 C=0/C-H I]|=1 B]7} 4140014 2.66° 7 W3 A3jo] v]apbd,
z7] &Y dgelA2 3 u7t A vERd Bk ofye) Zek=
Y F7te wWE 1A 8] FA"E A %0%»':— Ayolt}, &, &
b G 79 Apolell A AkE AR g 1 Skt
% MMA TXH GA7F FAEUSS Rl 7 alam

A BEe] da A 38 Aol ﬂﬁf}
3 XPS Ry /\] & ]-Oﬂ O, Figure 6°l &
A3 HEO) XpS 94 A B4 AnE L}E}LH‘”E} A5, 1H
gz 24 FEHo R Eufzul FEo] ~7}o} e g
__7}01_—7 }\]./\ sl—akﬁ_ 71—)\0}0ﬂ ocq xlxq _&g}_zu}_ 5 N
FEe] AkA fhAaTe] oS A YERETE FAZ o R ”J%EEE,
A Eekzrk 9 20 wellr] 3| FE U C: 0 94 AL 758
242910 Fepzul 28o] AXA AF ] vAE HAF S8l
A HAF aste] 150 Wl 80 ¢ 209] HIEE HEF T
MMA H2KCsHO,) W C : 0 H]E 714 : 28.6%] HS w#shd,
Zetznt F8A9) AL Ak B-80] 8.6% g dijot) o=
QoA AF 3 CPA ©|&, & Uukz *E}Zﬂ} kg0l 4] %‘*ﬁ}i
Abdmel| &J3E A7F ddo] Frtete] AR 28] THASHE
Flgure 29 AT & B @ﬂr(ﬂﬂr ] Eek=mt 214
=20 92 150 Wolld el € : 0 94 AL 22} 732 - 2687 772
1 2287 AZHTE o= A Zrkxnl 7o) Hlal] Ak Sho] ok
10% A% & AYEA, H=] Aol &Js) st o] oq=|7} &}
TEo] Abae] ost A7} mvt AT o FH .

XPS A A F, QA Eeknt 2304 Eeknk E8E 20~
150 W= ®HstA|A F2st AF9 ¢ 2 24 AIE Figure 791

7]

ot E

Zu

73

L—V#+

o oo rlo ol XL Ao

VRS & &Rl vlel gol, XpS Ao BAslaA) s
A7t o' Q) ARl =Alol whet Aeellu Ao mAgt 2jo]

25kt M 32 A M 1 F, 2021

C-C 626% |

Intensity (a.u.)

L
292 290 288 286 284 282

Binding Energy (eV)

Figure 7. XPS C;, spectra of the films deposited at various plasma
powers (insert: example of curve fitting simulation result of 20 W).

7} Yl o] & 3}8H4] o]%(chemical shift)o|2} $tl. MMA Z2}
Znt FEAN HEHE ' dxe T2 38y olF X E
Figure 70 X R veRQlch AREAQI C-C & C-H A% 92
AA(284.5 ev)oll vl Nel2A C-0 ATH285 eV), 7ML LA C=0
232875 V), “IAEY 0-C=0(288.5 V) & AbAo} AFe wha
AxRe] 1 s AAF AFoUA &= akrgle] gl wal o 1.5-4 eV
S7¥hs Zlo® delA lth12]. Figure 79 A ERS W, 2
Znt Z¥lo] Z7IEE o AEA 0-C=0 ¥ Fto] &3] 43t
H, e 939 ek g7 ‘%}7} o5 & 4= 9} XPS peak =
RIS o] g3l Cy AHEHS curve fittingdtod 4 £72] 348
349 ma g B, 1% 5}@ Zol=nt 9 20 Wo| AuE
Figure 72 4%] 1802 7] BTt

F-2}2410] CsHzO, [CH=C(CH3)-COO-CH3]2] MMA #2}¢] ¥k ¢
2} 571 2= 370(60%)= C-C Ag, 170(20%)= o] AE] COO 2, 171
(20%)= oHZ C-0 AFS 3l 3t XPS AFEY Ho|EE ¥
=2 AlEEelAst A, AH Fehk=vl 9 20 WollA] e 2
o] gk 62.6%7F C-C 5= C-H 2, 21.1%= 8|2 c-0 2%
42%% 7Hd C=0 A3, 12.1%%E IAE C00 S 3= 7oz
velgtt &, A58 Sl 2s $4E PMMAC w8l Sek=
ul Al Fgknt U] gE dl2E coo Aol shiE o
A P, 1% dFE A8 MMA B2} FZolE EASHA &
e 7k c=0 AgE At A o® YERsth - FT-IR 2~
HEY FAoME 939 allso] FA4 &ot olAHA c=0 39}
FhdA =0 Y35 Eeare oJyAh

AR, 7 Zek=r &9 20~150 W 204 A E HE9] XPS
/\J“EEJ 2 722 WHOF curve fitting slo] 4 =572 Bk A% 1S
< Tsllen, 1 A7E Figure 8ol YERSITE

A4, 2 Fekvt B Eekzt E8o] A-SE 2B Coo
At g3l C-C Bas FTEith A &
gh=nke] A Zak=nt &8 20, 150 WollA Q] C-C €49 A&
77} 62.6, 66.2%0|H, 22 27104 COO ©ae] AL 747 12.1,
8.5%% et 3 7P ZukEule] S, 2o 204 c-C '
429 2A4L 747} 60.3, 63.6%°]H, COO ©49 AL
12.0%% Vet &, 75 Ze=nte] vja) 23 Z8=nkolA coo
Aol 9 wol stajgS 218 4 QIGit) €24 c-0 Ag} 7}
B C=0 AF=E Fetz=rt olyA o) 93l g2 =AW XPS 4]
Aol A Hglgo] A Yep A= gk, 1 o= ollXE
COO AFo] A 15 UF7} oH 24 c-0 2% 7hdA
C=0 AgOo= W] Witox oAt

\:

Bl ks,

Z Ao 71—7_}— 15.8,



A7 Zehzrl FqE vigueaelel= A5 Raeta 24 53

—&— Direct

70 —F— Indirect c-C

60 -
201} o=0—0—0—————
V—7—_ _C=

V—y— g 0C0

O

Peak simulation %

——y

——v
—A—A—A—C2 A
00 25 50 75 100 125 150

Plasma power (W)
Figure 8. Peak simulation % calculated with XPS C;s spectra of
Figure 7.

120 4 T T T T 3
S 150 W
— | M 4‘ ‘. 100 W
< 8042 | T, oz g
3 R 3 0w
e 44 |0 = 20w
(0] 3 o / 2
— [ 50 100 150
— lasma power (W)
8 0
o o

° ow L@ .
9 40 40w g TG 43T
E oOW——"" EREEAN Y

-80 1100w B T |2

150 W ® Reatton Prosture o)
120 ‘

30 20 -0 0 10 20 30
Probe Voltage (V)

Figure 9. I-V curves obtained with Langmuir probe at various plasma
powers. Insert (1): T. & n, in various plasma powers. Insert (2): T,
& n, in various reaction pressures.

3.3. Langmuir &S 0|2¢+ Z2i=0} Xt

Langmuir 1% B35 Seh=rh A < g"" T %L%] Atole]]
AR 30430 V (X-F) ALE ershd

o], ALl gt 41~ pAc) x*Tr(Y 27} o~c} ol vi®
AozRE e FH Joof EAshe FALE(T) 2 FAPE E(n,)

= 78 glor, olF Langmuir B Hdyolst FEvh A9 %
Aol 7]ste] ATk J(Fekzrt IURFE 10 em Aol B3
& FAL VA SAE TElon, of2E gEete] 532 Pad] AT

el Felet 2o
9of rehligic.
T.9 s VI FAORNE the A2 o8 7 4 slrhi)

20~150 W= ¥3}A|A 9 A3}E Figure

11 av
S CL N\ (1)
kK (I, +1) d
Ii,sat
o= @
Ae =
]’ni
37|, e: A M k: Boltzmann <7, 1), I: F B39 + o]
EIAF, dVidl= DRelA 2419 718719] o4, A BRle] Wi

m; O8] AR Lo¢ (LL) / I + Lol 242 sigsich

Figure 9] A2 FE -8 AAUES} AA2EE A I3 (1)
o Witk WA AAUES 0, Selev) 2ol Aol wet 14
UELE Sk Ads BoleH, Eek=rt 9 20, 150 WellAd 7t

1

o

ZF AL EE 1.3 x 10", 6.1 x 10" #em®* = VyeRgT) 1
53.2 PacllA 9] 714 WEE 131 x 10" #em* Y= 1128}
o A2 o] 2st &L 10°~10° FEo|t} o] e AwkH
gk=mle] o] &3} FHo] 10%~10° FEQ Aol v]3kA 1 order
s, o] & Aol Z1we] ARV E2bnt TURFE 10 ¢
"ol Qs AS wEshd nwd gl Aty £ 4 ok

-3-7]

2 rﬂ‘ o]o

24
oX o R
b 01

8

Hkg Foel AAE R} Srkshd e 2R T T
o] 2, ZHlZ, 71 59 TS w0l vinE AEe A
EL7F S7FE R0 7 o3 4 9lal, o] Figure 29 SR A

o 2 dX| gt

$HA Figure 99 A2 58] A9, Zetznt E8o] Frlshd At
2% OB ke A Holvl= sHANE A SR B
sk wlulgk gEolgirt. Fekzek Eo] 20~150 Wi F7kstol =
AAFLEE 39 x 10°~4.3 x 10° K& 0528 2529] gho & Yehyt

Figure 9(1)2] AAEE, AAPUES] 23> W/FM Ak} Hat =t
o7 2l(mean free path)® A3 5 vk LT §%, 4 =
ZeflA EE}ZU} Z=Ho] S7kshd W gtol ﬂxl‘ji Eohzmt ol
A A 7 FEshs AU ks OE Qe of= AApe] A
27t GA ‘301 A e HE=E, Figure 9014 B kel o] Hapd st
Z7FsHA Hr

o3} Yol & Axks Eekznte] e s} gl wek A
A7NH AUAE FFate] 7H5E= $h, FH] =3t F2 0}04
ol &3}, &gslsh= dUxE dastal et TE3T 49l
gulEsit). ek FUst Eelxs Ha Afels e = Wl
Lrr 2orng, AR Bt ovA], F AL T vlssshl 14
= Aot}

SHH 100 WOl sdst Zet=rt 28 2704 9498 13.3~133 Pa
2 HSAA S AAEE, AAE AEE Figure 92 Y 19
@) JeRATE 13.3 PaolA AAFEEE 2.5 x 10 #em®o]3l o1,
oteo] Z7)ke) wpe} ARPUEE Z7)eko] 53.2~93.1 PacllA] 4.3 x
10" #em’S] Hulghe Hola, 1 o1F hHellME il 7h43te] 133
PaclA= 3.4 x 10 #em’2] #HS B whd AxesE= ¢heo)
13.3~133 Pa® =718 wf 5.6 x 10*~4.0 x 10* K& A% 743190
H, G2 e JofA 9 Ao v Al YERT

ol e WE JAES] F AolsAR WstE dyst
th & teo] Frtste] Hat AHrols ATt gk A w9l Al
= 377 AXBR o]23) vkgo] Sk AAUER St

T Eehnk 99 9] dAle S Aleld *W Bt Eoh=
vt A - AZ|FOZRE oYAIE FFste] isE e, dEol S
shA FE Alo]2] AlRbo] golx| B R i3t 71| QX] U A=
ZEoHl Hof o]3} afo] thr] AshA & Holtk 22 olfE
HHS o] S mef 242 FER U8 AARREE sk

o

._Ylo-‘rl 30,

o1’4e] Langmuir 83 A8& B3l s dgA Ek=nt &
Ho| F7tebd AL EE S7FHARE AR5 vt A

-

o, AT F 21N o] SkshE AAWEE FFAR
PALEE 240 AL - 5l30

Znte] Aol VI %ﬁ%@oﬂ 1 X*E%M UH Ul‘ﬂ—ﬂ | 73t
oA A do] Q= A Feknk 2=297F AR A i
2 A, 7|3 YA elA= a}:éu} —li—ﬂ} Jeh}A gk
Skt 99 vlell Ax7F EAsH, TR tE 2Akele] TS
Fal ARSI 5 ohA EbY *JEHE olrEwA F2 97

Appl. Chem. Eng., Vol. 32, No. 1, 2021



54

ElAl "k 2H ZefetelM s Eekzal F2971 jEsV)el YA
2] e vlEl], 7H —E—E}EUMWb FE7F AA A ol
B2 ASEY 78 R Ee=nt 2297 YRR stk
5, A Eekznt 2ol de A Al &) o), Axpt A

7] Wiiell AR EE ST 77 itk 2y e g4 A
WS sl widel 7 FekzErke] okst oA Aol A e
Zepznt % A e 7sskalal, A Eebkzete) vla) EAb
7 A ezt £

MMA 245 A7AZ AHgste] 97 Bekael waow S
B PSR W3 Fekeh 29, U3 Y 2 04 Tk
vh o) EEe 2absle] thewt g AEE Ak

(1 ekt aelo] Skl A4t Sho, 44 Fehs
vhe] Aol 100 W olde] EHelAE Azt wabrl e v
Aasoick. (1 Fekl WO $3E A YPEEE 44

Zabzul WFA 9] 20~64%0] 21T}

() ¥ otHo] Z71ebd 53.2~93 Paold H1 AAEEE HYO
W, 71 o)) tEeME FE3TY SR Qld B3 Gl W
oA ThA] ZhAERlch 1H Eekvt o ® FakE HE5o 9%

S Ay ZEkEeh WA oF 50%0] Atk
}) = %E‘A FT-IR 24 A¥, Zep=vl E80] AZLFSF C=0/
C-H Jli 17} wasigion, A3 Felznl ox e ik

O XPS 4 Ak, BF of €0 2Rl Eekvt &
é—’F% =7Vt Curve fitting AlE#lold A3}, ZEh=v}
Fejo] AT "k C-C B Sl ol Eld Coo g
At A
(5) Langmuir B2 o]-&3l Zeh=rt 54 4@ Z
o] 37 }o} AR EE 7k A s vt 2%
o] Sk AAE =

AaTe BT 5 .
(©) oV FHEA B4} 9714 5 Q92 B, 44 Hehzv}
wpo] by ekl wael vls) BES YFLEE MR, 3
A Bepzvt o] Al 4 FEE FAsHeY Ego] Hi
Pl Belsksick
# A

o] E=E-£ 2019~2020\d 0] FFT)etm A Fpslel a7} %]
EQTREEAT A 23l ATELE.

o,
)
%

25kt M 32 A M 1 F, 2021

References

1. R. Wolf and A. Sparavigna, Role of plasma surface treatments on
wetting and adhesion, Engineering, 2, 397-402 (2010).

2. S. Kaplan, Plasma surface treatment of plastics to enhance adhe-
sion, Int. J. Adhes. Adhes., 11, 109-113 (1991).

3. B. Cho, G. Han, K. Oh, S. Chung, and B. Chun, The effect of
plasma polymer coating using atmospheric-pressure glow discharge
on the shear bond strength of composite resin to ceramic, J.
Mater. Sci., 46, 2755-2763 (2011).

4. A. Wrobel, A. Pietrzykowska, Y. Hatanaka, S. Wickramanayaka,
and Y. Nakanishi, Oligomerization and polymerization steps in re-
mote plasma chemical vapor deposition of silicon-carbon and silica
films from organosilicon sources, Chem. Mater., 13, 1884-1895
(2001).

5. M. Kahoush, N. Behary, A. Cayla, B. Mutel, J. Guan, and V.
Nierstrasz, Surface modification of carbon felt by cold remote plas-
ma for glucose oxidase enzyme immobilization, Appl. Surf. Sci.,
476, 1016-1024 (2019).

6. M. Okada, K. Matsuda, T. Sato, K. Yamada, K. Matsuda, and T.
Hiaki, Polymerization of methyl methacrylate initiated by atmos-
pheric pressure plasma jet, J. Photopolym. Sci. Technol., 28, 461-
464 (2015).

7. B. Li, Q. Sun, G. Li, and X. Hou, Plasma initiated emulsion poly-
merization of MMA, Plasma Sci. Technol., 1, 67-71 (1999).

8. R. Bitar, P. Cools, N. Geyter, and R. Morent, Acrylic acid plasma
polymerization for biomedical use, Appl. Surf. Sci., 448, 1, 168-185
(2018).

9. O. Carton, D. Salem, S. Bhatt, J. Pulpytel, and F. Khonsari, Plasma
polymerization of acrylic acid by atmospheric pressure nitrogen
plasma jet for biomedical applications, Plasma Processes Polym.,
9, 984-993 (2012).

10. H. Yasuda, Plasma Polymerization, 1* ed., 169, Academic Press,
NY, USA (1985).

11. H. Yasuda and T. Yasuda, The competitive ablation and polymer-
ization (CAP) principle and the plasma sensitivity of elements in
plasma polymerization and treatment, J. Polym. Sci., Part A: Polym.
Chem., 38, 943-953 (2000).

12. D. Briggs and M. Seah, Practical Surface Analysis by Auger and
X-ray Photoelectron Spectroscopy, 1* ed., 425-426, John Wiley &
Sons, NY, USA (1983).

13. A. Grill, Cold Plasma in Materials Fabrication, 1% ed., 160-161,
John Wiley & Sons, NY, USA (1994).

Authors

Kyu Seomoon; Ph.D., Professor, Department of Energy-Applied
Chemistry, Cheongju University, 298 Daeseongro, Cheongwon-gu,
Cheongju, 28503, Korea; smkyu@cju.ac.kr



