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Research subject: Polypropylene (PP) is a thermoplastic polymer that
is used in a wide range of applications, including films and sheets, blow
molding, injection molding, food packaging, textiles, laboratory and
medical equipment, pipes, industrial and construction applications,
and the manufacture of automotive components. In the applications of
this polymer, improving the surface of PP has been considered. One of
the usual methods for improving the surface is the cold plasma meth-
od. Plasma is a chemically highly active environment where there are
many ions and radicals. In this research, atmospheric pressure gliding
discharge plasma was used to increase the hydrophobicity of PP and the
surface and depth changes of PP were investigated.

Research approach: The depth and surface changes of PP were inves-
tigated by radiating the gliding discharge plasma to the PP polymer sur-

face at the different times. FTIR and XRD tests were performed to inves-
tigate volume changes and FESEM investigated the surface changes. The
hydrophobicity of PP was investigated by contact angle (CA) test and

positron lifetime spectroscopy (PALS) was used to investigate shallow

Plasma depth changes.
Main results: The results show that the applied cold plasma did not
Polymer cause volumetric changes in PP, but caused surface changes and rough-
ness. In this polymer, the contact angle has increased from 30.1 £ 0.1 to
Polypropylene 34.4 + 0.1 and the hydrophobicity of the surface has increased. Examin-
ing the changes in holes by PALS test shows that after plasma irradiation
Positron anniliation life- the volume of the holes increased from 217 A to 222 A3 and their inten-
time spectroscopy sity decreased. This is due to the heat of the plasma and the energy of
its particles. The results show that the cold plasma caused surface and
Surface and Shallow depth depth changes and the contact angle increased from 30.1 * 0.1 to 34.4
Changes 0.1 and the hydrophobicity of the surface increased.

*To whom correspondence should be addressed:

yahaghi@sci.ikiu.ac.ir



UG Ao slowdly 51 3 g 33 (i G058 S 9 (b O gk (5 5’0 310!

0 o (338 oy T AR (e T Pl gyl a g ol e
‘2B 69

u‘)-l‘ ‘Q—lS}é ‘(o)) W I”L‘" U,.U.Q”u...n oKisls ‘sS.»).J 05; y
ol I ] L 555 ¢ pole oSl (SIS og Y

S 59 45 ailign e ol S o Lig Ll i 9o
S5 A (036 S B (G5 9 e Jol Lo )5 5l 00 S o5l
adgl ( Sy 5 (AEtlel Sl 2l (i Gy )
Byls S8 el il 090 9,095 slial coln 5 gleislw § rio sloo S
039 , i asolyon (TPP b w ole 5 05 s oy ody ol sl )5 o
Ll ol Ly b (ol S5t Jsane 5L g 5 55 oo

JBosly g Loy o jo oS ccul Jlad Gas 4o e gleond Blad 4
Sl cdas Gl 6l G ol 0wl vy ol sls
5 030,5 oolaiwl (5 a sl jlid (LG adss glody 51 (PP) Loy y L
el LPP 1 aly e s sy L il (slomadly s Ly s3mpliond 519,

A oolarwl pj‘rn.asg"a‘)_:..u o Lg‘)_l (PALS) us)_:.l)y)_a.c
Ol ymis 00l Jlasl o s sl a5 020 oo lis gl 1 Gmdind gy LS
o..\.&JJ..\..SH55 P Ol s cely (Jg 00, SG oloul PP o o>
lo—s E)i._zl}.él\‘f/\‘ N as YNt 5 el ol o el 4_35!)' el
YYYA" a0 YAVAT 5l Laojas o Lol (il 5l ass ams o o PALS
oS cde ans ol ol o wlons , e LT sloas g 00,5 oy il

Lodly
Ohasn b
0959 T yos (P Sl

Bos o5 9 raw Ol

HEA P Ly PLowes s
yahaghi@sci.ikiu.ac.ir



S ostaie Gl glm il osgn J LA S )50 0 )lg 00 ]
slagby, e o ooliiwl mhaw ol Lo 2y,
o 5o g5te )l Lo oy (sl s L
5 9 Sol sl 2l sl esliul vl ()

Dy ol 5,50 L8

Slomdly 2313 0,83 1 5 (551> 95 99 50 LDy
P A g e mlin gl ol (sl (Sl
4S5, slomdly yo (g [Y-F] 598 o oio osls
S s 9 sled e oo Slol aedl Lid o
plosl (S ssb e g g ol (gl sles S
ool Sl o ol gl dm)0 05 (o
Ygoro &y slomadly oliowd o8 5 [0 el coulis
039 58 botore c)S ST (65 o 5nST Jols
aiis (000, NV O N NO".0) slass s
Lo e Lemudly g9 ol 50 6 Sy Cn i
L7l aiis oS5 000 L Lo JIS001; 5 (ool 5o
Sy g bl g S el o lodly (NS j5da
g o Slss el g oad ol mhaw o S0,
ok o Dl oo 59 oo o5 slaes
Sl oy Yoomo o)1y (S Loy (55, s
9 kS92, aile Jlogy ST (ole sLmeg 5 gl
Slomlas s Leadly =l 5o st onlas il
5 sl iS58 S8 eeSTg 00 sLog S
Slyts Sl Lemdly ;51 1 ey s (59, 0l
PGSl et g0 5 00 iy (s oly >
PP [ SN SWILA JUIUPS JP -SRI 51 K¢ R
Soh il s plen b oS 5 mh s (555 T8 )50
5 ety =9 oSy S 3 sk ) e
(FT-IR) 3,8 ygol— xi—wads « (FESEM) Slaoe
ae o miw il 5 (XRD) Syl dnsssl 3l
3 omizen IV il ) 8 (PALS) (39,5,
Sl (o s5late 4y (CA) ol auly g
Gl B - ORI Y X\ V5 S) RN PRSI gy B
Obeasn sl S Sl s S o Sl il
i 952,5l d azg Ly Jlio sl o0t
Sk Aoy ()3 SRS St oolugn
A5\ ] il 055 55 1aito )] Swgs] cpols

b (b9, 5l oS (e St 6 S eIl (6l
(PALS) (192592 o Job (s S0l (g, Lo (i
Sl o Pt (b 4 0,5 el ploS o
Slasls slaais g Lao o> wlg s Jsdss oL wlis
ailes oo S el 25 g, Lgas PALS uf‘sg R
DS A wle il qolde o 1) mdge o] o>
Dl e (it olye e )5 (950 g ree
L8] s )ls 5, )5 L youls o bl jaass

u_qo.cjuﬁz.la_wul)_u_:u g d‘)—eé—r&";ﬁ)—i‘)o

lo—dh il Lol g 6l dngn b
ool oo ool wl caliges sl yge;l 5l ol adss

sk e 08 5 (e Dl (650l

doddo .Y

Sl ol oy o B ran 5l (S0 sl
..\_.Jg.' “_Bl_..” l_| 0A— u_|9.9.s J.ALM:S A_Jy ‘5)05_5 9‘)_‘>‘
°{—.')l5 oo G5 9 Sl ) (S xS

O leosd g2 9 PP Joame 5,Laisl coadle o)l

..\_..s|)3 9) U_" )‘ A\ :.‘L"@ U)I IS t5’| " W) )L}Lw
Ll 5o (g s a4y ol oo O sl oy
3=l Sl Jds 4 00,5 i J—ol> ol
6‘)‘Q po Ay kf”?" sJ_....A 6l_® 09)_? ‘f)LaB Cxilow
il oo Elaail plow an Caud 6,5V g sl i
it (lad o Sy 4w s g b
5SS b gy « SiSUg ) 5l le a5 0 5L 0
S 5 i 6o 05,5 LSyl g 45 S_SLl
Eo— 10 bl oo ol oy il (g Ain B, b
UL..A )0 s_§_> Y e J_....A 6u°3)§ MLBJ..\.H_M:
Dl 9 S oo )8 e 5l (6 yge dmio By b g0 o
) g2y (ol i E9 g o ST g9 50
s S 8l ol Ll -, 18, e anlls S,
O)LM: Sgd—xo °3—.'.5 éﬁsl—’w‘)] AS_' o ‘) ujnj.tj.n
CA—AAJ)\) C/_e‘.?)é l_QJ.AyBA s ..\_QQLSA o)l_?‘ Lg‘.q 9
sloaokasnh ST wis—b a8lal 6, oly ;20 4y
..\_|‘)15 IDHL‘*’ LSLQu_m.JLtlS )| oola l_' as Jj_om
3 Jie slpog )3 a syl o Joy o il o SiS Uy !
s Jooles L JsSge oans clazs S 41,5 G5, b oS
i S Lo o ool ool (o ylo UKL 4y a8
ook Soaglie 5 9 0 )8 e LS 0 S
03— 6)lJD X fl.:g).b‘ X <(5'° Ql_‘>u‘ ‘) Jﬁ_om

oolaiwl Bl ge a5 wil oo oo Slogas gllo
Bl g Sl Cemio po og—as as |y Gl oo WS
o=l Slrogas o e Sl (S Sl 039] a3
cdz pae Laal e Sle el 4 oo ool
SlaS plyie amy |y ol as w il o] o b,
O sl 00,8 as Lo )5 51 (6 )l (6l sl
Sl o5 ogmatie ()9 o))l b Ced Shilo oy
95 Soied Slogas L adg ol 5 6 mdydllasil
Sy slaes; (ply oppe Ol piite (olier
&mboo 30 ey (il gm0 ) eel g o | ana
Slrogas el 00y (gl yde5 A ez 3 CiLise
o oMol 5 el L s 5 se |y osls ol
plel ol Jlo 0 as  SMal 1 5 pge 0l g
R PSRy N ST S R

DY o5 s asls g oo s cdale (8,5

S S 2l Ot ey ml by slas p)lS bl

FA ek - ood oo 60,1 b Jbg ol Ay o (b9 (oole anlibiad



sk Boe 05 g (il Dl (6 S0l

L as oyl Gamlidlans Joled (s, (ol bylas
Ol b 5 G 651 J=ds s 039,55 55 eimen
OO ool Al 50 g Layedy L jge S 4y
adllas ol po [V o] e JLed slaassS adg o5l
)lf ‘_,,.:Lo_m)b Sl ST I ] 00 4_.._‘3;)_,4.:)0
sl g 59, 1) (b8 (Hale (slmog 5 (559 0
4 Ledy ol (OES) (5,95 5 5 il Jlages V)]
9N (No« OH la JiGol, ol sab ools Lois )
b o N gNo God g ailea b oand ca b 00,

CCD - (5‘)“) L.?’b_“" L—Q—»-la Omé R ,‘ 4_0.@)‘ .o
Zo— Jsb 00ga e c AXY o pum Sy o3lasl YPFA p

W) LT"‘"))”XRD 9 FT-IR UH)‘ 9o l_a = u‘)_.u.u
e Sen sloaes sl ol 43S 8 ()

el 0o oolai_wl PALS L)H)‘

O ey Y

oola__ul (PP) gJ—J“‘Jﬁj"(ﬁJJ )_A.JJ )‘ d—-uﬂ?u LJ_J‘ B
B3 4= ol 05 oy S L Jgil,S ol o
9005 VY mm o b Lo Vex) e mm™ ol ol Lo
Szt g Wlodd o YxY mm" ol 4 L2 35,5 o=l
B YAY L0 o il oo ailass 5018 ol
=2 Gl oLl 4B loadly ol L aS 009
e )l—-o-ss (5L‘°QL°) a IAZ o u}!l_;u )0 lw ‘ 00—
oo ;o gl a g slaple) g Wloa i olpr iy

SS& ud g Voum BS ojlasl Yo -- 4.+ nm _ :
Ll Sgliae o] Jlislw 5 59T Lo cmlite
8000
P~
6000 g
M~
2 8la
1 € 5|9
3 2% 75
m = L]
NO 1= !
2000l ——1— 12 | _ _
I
OMM_ ALILb Lo PN i ———
250 300 350 400 450 500

(nm) zse Jobo

oolatal 3550 LU alss slowdly (6599 (6728 o ) S
Fig 1. The optical emission spectrum of the desired plasma
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Fig 3. FTIR spectrum in PP without plasma irradiation (red) after plasma irradiation (blue).
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Table 1. Specifications of peaks in XRD test before and after irradiation

After
Specifications of test peaks XRD No radiation irradiation for
180 seconds
o Relative intensity | . . o Pulse height Pulse height

Pos [°2Th.] [%] d-spacing [A] FWHM [°2Th.] [cts] [cts]
10.1920+0.0001 | 62.34+0.01 8.6793+0.0001 | 0.6118+£0.0001 | 2209.24+0.01 1804.80+0.01
20.3727+0.0001 | 88.38+0.01 4.3592+0.0001 | 0.8117+0.0001 | 3131.88+0.01 3027.84+0.01
23.4347+0.0001 | 100.80+0.01 3.7961+0.0001 | 0.1257+000.01 | 3543.70+0.01 3539.83£0.01
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Fig 5. FESEM images of PP(a) before and (b) after plasma irradiation.
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Fig 6. CA images of PP (a) before and (b) after plasma irradiation.
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Fig 7 . Sample of the spectrum obtained from the PALS device for 180s plasma radiation
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Fig 8. Changes T, in terms of increasing plasma irradiation time.
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Table 2. Changes in radius and volume of holes with plasma irradiation time.

Plasma irradiation (ns), (A) Radius (A%) Volume
time(s)
5 3.214+0.01 3.7210.01 217.2621+1.7576
60 3.224+0.01 3.74+0.01 219.0197+1.7615
90 3.234+0.01 3.75+0.01 220.7812+1.7710
180 3.244+0.01 3.7610.01 222.5522+1.7804
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