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‘ DANH GIA HIEU QUA XU LY BE MAT
BANG CONG NGHE PLASMA TREN MANG NHU'A PP, PE, PVC

EVALUATING THE EFFICIENCY OF SURFACE
TREATMENT ON PLASTIC FILM PP, PE, PVC BY COLD PLASMA
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TOM TAT
Cdc logi mang nhira polymer nhir PP, PE, PVC, PA déu c6 ning lwong bé mdt thap, do dé
trueGe khi in dn, son phii can phdi dwege xir 1y bé mdt nham tang hiéu qua son phii va dg bén sdan
phim. Céc phwong phap xuw Iy hién nay chii yéu la dung nhiét ti cac logi gas hodc pha thém
vao dung dich son mét sé hoa chat nham ting tinh hap thu cho bé mdt nhira. Cdc phwong phap
nay gap khé khan trong viéc diéu chinh trong hé thong, ton nhiéu nang heong, gdy 6 nhiém moi
triweong, hiéu qua xir Iy khéng cao. Trong phan nghién citu nay, mét mé hinh xir Iy mang nhwa
bcfng Plasma lanh dwoc thiét ké va tién hanh xit 1y bé mdt trén cdc mang nhua PP, PE, PVC.
Két qua thz nghlem cho thdy sau khz xit Iy, nang heong bé mat mang nhya dwoc cdi thién ddang
ké, goc tiép xiic bé mat giam xuong dudi 88°, nang heong xie Iy — 225Wh (150V 1.54) voi thoi
gian xw ly 3 gzay/m bé rong xw ly 150mm. M6 hinh cho thay nhiéu wu diém so véi cdc phwang
phap truyén thong: dé ldp rap trén day chuyén, dé dang diéu khién (diéu chinh nang heong dau
vdo), khéng tao ra cdc san pham phu-dw lirong héa chat trén bé mdt.

Tir khéa: Plasma lanh; mang nhwa; nang leong hdp thu bé mdt; goc tiép xiic.

ABSTRACT

Before printing, gluing and coating, plastic films having low surface energy like PP, PE,
PVC, PA must be pretreated to increase adhesive quality. Current pretreatment methods, e.g.
using flame or chemical solution have problems such as waste energy, polluting environment,
difficulty adjusting. In this paper, a surface treatment model utilizing cold plasma at atmo-
spheric pressure has been designed and experiments on plastic films PP, PE, PVC have been
carried out. The advantages of the model are non-using chemical solution, easy control (adjust-
able input power). The results of experiments show that surface adhesion of pretreated plastic
film is clearly improved (contact angle reduces under 88o after plasma treatment) with supplied
power-225Wh (150v, 1.54), treated width -150mm and treatment duration -3s/m.

Keywords: Cold-plasma; plastic film; surface adhesion; contact angle.

1. GIOI THIEU

Véi dac tinh nhu nhe, déo, gia thanh
thap, chdng thdm nudc va khi tét, mang nhya
la vat li¢u duogc su dung phé bién dé tao ra cac
san phém nhu thi nhya, t4i dung thuc phém,
céc bao bi bao quan, cac mang chén, v.v...
Tuy nhién cac qua trinh in 4n, phu hay ghép
véi vat liéu khac trén mang nhyua rat kho khan,
nguyén nhan do mang nhya duoc lam chi yéu
tor vat liéu polymer, c6 mic nang lugng bé
mit rat thap. Bang 1 cho thdy hau hét cac vat

liéu lam mang nhya dugc sir dung phé bién
nhu PP, PE, PVC déu c6 muc ning luong bé
mit thip dudi 33 dynes/cm.

Nham lam tang tinh hép thu trén bé mit,
mang nhya can duoc xir Iy bé mit trude khi
in 4n, phun pht. Phuong phép duoc st dung
phd bién hién nay 1a xir Iy nhiét, mang nhya
trudce khi in s& duoc dwa qua mot ngon lira dbt
bang gas (hdn hop CH, va C 0 H,). Dbi voi
cac mang nhya mong, nhay vo1 nhiét do, thi
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trong dung dich in an dugc pha thém cac loai
dung méi v6i ndng dd cao nham tang d6 bam
dinh cta 16p son phu 1én trén bé mat mang
nhya. Cac phuong phap trén cho hiéu qua xu
ly thap, t6n nhiéu nang luong, hé thong kho
diéu chinh, anh hudéng dén sic khoe va méi
truong do dung cac hoa chit doc hai.

Bdng 1. Nang luong bé mat ciia mot sé vt

2. THINGHIEM
2.1 Mo hinh thi nghiém

Hinh 2 m0 ta nguyén ly hoat dong cua
mo hinh xu Iy, lam tang nang luong bé mat
mang nhwa bang cong nghé Plasma lanh, cau
tao chinh cua thiét bi gom 2 dién cuc 1 va 2
duoc ndi vao nguon dién ap va tan so cao,
trong dodién cuc 1(mot thanh inox véi kich

liéu polymer thude @10x150mm) duge dat trong mot ong
Surface ceramic (hinh 2) va dién cuc 2-mot tru’c tron

Hydrocarbons energy dugc lam tir nhom (D30%210 mm) gan voi
(dynes/cm) hai thanh nhya cach dién (hinh 4). Bo nguon

(power supply) dugc cung cap boi nguon dién

Polypropylene, OPP, BOPP | 29-31 xoay chiéu 220V, 50Hz qua hé théng khuéch

Polyethylene 30-31 dai d@ tao ra gilta hai dién cyuc dién ép cao va

Polyvinyl Acetate (PVA) tan soO 16n: 5+20 kV; 5+40 kHz. Khi cung cap

33-44 i A s \ A K1, PR

Copolymer boi dién ap cao va tan so 16n nhu the thi gitra

Polystyrene 38 hai dién cuc nay s€ tao mot vung dién truong

Polystyrene (low ionomer) 33 10’n ﬁ’a ket qﬁl‘é }lih?lr}g kl_ﬁ Ellﬁa hthCl.l’Z ‘S‘Z ];1

ABS 35-40 ion hoa tao thanh chum tia Plasma nhu Ainh 3.

POlyamide <36 Ceramic tybe

Epoxy <36 . . . -

Polyester 41-44 oot i Q)| Heme

Plasticized PVC 33-38 3 - - o) =)

Plastic film
Carbon diexide Hinh 2. Nguyén ly lam viéc ciia mo hinh
ogen O ygcn‘: O:Q .
c:é;éc;mém & o § e Bdng 2. Thong so thi nghiém
e (I A Mo SN . S Dién 4p dau vao ............... V| 100220
—— H-C-H H-C-H - H .

I Bé mt xit 1y | Dong dién dau vao ........... A 12.5
Hinh 1. Nguyén l);xd, l_);, lam SQCh va VilnAtOC Xl:l' ly ................ m/ph 15..30
tang nang heong bé mdt bang Plasma B¢ rong vung Plasma........... mm 150

) ) . Khoang cach gitra 2 cuc.......mm 3
PlasmaA 1@.17’11’1 chu:aA ca7celef:trons, ,10n Puong kinh trong va ngoai &n o 19, 25
duong, nguyén tir hay phan tur khi trung tinh, ceramic, mm

tia UV va cac nguyén tir, phan tr ¢ trang thai
kich thich & 4p suat thuong, nhiét do tir 30-
70°C. Cac hat dién tich c6 trong Plasma chira
mot nang luong dudi dang ndi nang va dong
nang, c¢6 kha nang ban pha, lam b& giy cac
lién két trén bé mit, qua d6 lam sach bé mat va
tang nang luong bé mit nhya [1, 2]. Thoi gian
tuong tac cua cac hat Ién bé mit dién ra rat
nhanh (vai miligidy) do d6 s& gitp tiét kiém
nang luong, rat ngan thoi gian xtr Iy va do vay
chi phi san xuét s& duoc giam xudng dang ké.

Hinh 3.Qud trinh xit Iy thuc té
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2.2 Tién hanh thi nghiém

Pé danh gia kha nang lam ning luong
bé mit (kha ning hap thu) trén bé mit cia
Plasma lanh, céc thi nghiém sé tién hanh trén
cac mang nhya tur 3 vat licu PP, PE, PVC véi
chiéu rong 60 mm. Mang nhya dugc bt 1én
cac truc rulo trung gian (hinh 4) nham lam
cing bé mat trudce khi qua ving xir 1y Plasma,
sau d6 cudn vao truc rulo cudi cting gan mot
mot dong co bude, nham diéu chinh céac toc
d6 xur 1y khac nhau. Cac yéu t6 anh huong
dén hiéu suat xir Iy dugc khao sat: thoi gian
xtr 1y (van téc mang nhya di chuyén qua ving
Plasma), dién ap va cuong d6 dong dién dau
vao cung cip cho bo ngudn Plasma. Trong qué
trinh xur 1y, khoang cach gitra 2 dién cuc 2 va
dng ceramic duoc gitr khong d6i 1a 3mm.
2.3  Goc tiép xiic

Dé danh gia hiéu qua cua qua trinh xir Iy
va anh hudng cua cac thong sb ndi trén, mang
nhwa sau khi xir Iy dugc do goc tiép xuc 0
[3]. M4t giot nudc cAt v6i thé tich 5 ul dugc
nho 1én trén mang nhua va duoc chup bang
méy anh Canon 40D véi 6ng kinh Tamron 17-
50 dao dau, anh sau khi chup s& dugc xir 1y
bang phan mém xur Iy anh ImageJ [4] (Plu-
gin: Contact angle) dé do goc tiép xtic 0, Mbi
mau mang nhwa duoc xir Iy boi mot thong sb
cu thé duogc tién hanh do goc tiép xtc 3 lan.
Ning lugng bé mit hay hiéu qua xir Iy duoc
danh gia qua thong sb goc tiép xuc bé mat 0,
ning luong bé mat cang 16n thi goc tiép xitic
6_cang nho[4], dé dam bao chit luong in trén
bé mat nhua goéc tiép xtic can dat sau khi xtr
ly, 6 < 88°.

Hinh 4. Géc tiép xiic trén mang nhwa PP

a) Truéc khi xir 1y; b) Sau khi xir Iy bang
Plasma (150V, 1.75A4, 20m/ph)
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3. KET QUA VA THAO LUAN

Céc két qua thi nghiém cho thiy rang
sau khi duoc xu ly bé mat béng Plasma lanh,
do hép thu bé mit trén mang nhya dugc cai
thién 1 rét, da diéu kién dé tién hanh in 4n
nhan mac (goc tiép xuc 0.<88).

Cac két qua ¢ hinh 5 cho thay anh huong
cua thoi gian xu Iy dén goc tiép xtc 0 trén
mang nhya PP, cic thi nghiém dugc tién hanh
v6i thong s6: dién ap dau vao 150 V, cuong
d6 dong dién dau vao 1.5A. Két qua cho thiy
sau khi xur 1y, chat luong bé mit mang nhua
PP duoc ting 1én 16 rét, goc tiép xitic 0 giam
tir 102° xudng dudi 88° véi tat ca cac van toc
duoc tién hanh khao sat. Khi thoi gian xir 1y
giam tir 3.8 gidy/m xubng 2 gidy/m goc tiép
xuc trén bé mat mang nhya PP tang tir 67° 1én
84°.

Khi thay doi cac thong s ctia bd ngudn
Plasma (thay d6i cudong do dong dién dau vao
1+2A, dién ap dau vao 140+220V) & hinh 6 va
7 thi cac gia tri cta goc tiép xtc 0_do trén bé
mat mang nhya PP khong chénh 1éch nhiéu.
Diéu d6 cho thay rang, xtr Iy bé mat voi mirc
nang lugng tr 150+300Wh trén mang nhya co
bé rong 60mm, véi tbc dd 20 m/ph (thdi gian
xtr 1y 3 gidy/m) thi hiéu qua xur 1y thay doi
khong 10 rét.
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Hinh 8. Anh huong cua thoi gian xir Iy dén
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Céc thi nghi¢m trén mang nhya PE cling
thu dugc két qua tuong tu. Khi thay doi cac
thong sO cua by nguon Plasma (dong di¢n-

dién ap dau Vao) hiéu qua XU ly (goc tlep xUc)
khong thay ddi dang ké, cac két qua thé hién
& hinh 9. 10. Nhung khi thay d6i thoi gian xtr
1y tir 3.8 gidy/m xudng 2 gidy/m, két qua thu
duge (goc tiép xuc) co xu hudng ting tir 76°
1én dén 86°, diéu dé cho thy hiéu qua xu ly
giam di khi van thoi gian xu ly giam (hinh §).
Goc tiép xtc 0 trén bé mat nhya PE trude khi
xu 1y 1a 93°.
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Dé so sanh hiéu qua xir 1y trén cac vat
liéu, cac thi nghiém duoc tién hanh trén ba vat
liéu khac nhau PP, PE, PVC vdi sy thay ddi
dong dién dau vao thé hién trén hinh 11 v6i
cac thong sb: vat toc xir Iy 20 m/ph, dién ap
dau vao 150 V. Két qua cho thdy, voi cling mot
murc nang lugng va van tde xir 1y, mang nhyua
PE, PP cho hiéu qua xtr 1y t&t hon so v6i PVC,
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trong khi mirc ning luong bé mit cia nhya
PE, PP khi chua xtr Iy 1a 30-31 dynes/cm thap
hon cho véi nhya PVC 33-38 dynes/cm (bang

D).
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Hinh 12. Mt s6 phan ving giita nguyén tir
oxygen voi lop polymer [5]
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Két qua trén c6 thé duoc giai thich bai
mot tinh chét quan trong cua Plasma lanh, do
1a trong thanh phan cta Plasma c6 chira cac
gbc oxy hoa bac cao HO*, O*, H*, NO*...
Céac thanh phan nay khi va dép vao bé mat
nhya, mot phan niang lugng s& chuyén sang
nang luong bé mat cho mang nhya, va mot
phan tham gia phan ng véi cac thanh phan
trén bé mat, tao ra mot lop nén c6 tinh chat
héa-ly moi, gitip bé mit mang nhwa tré nén
linh hoat, dé dang in an, ghép-dan véi cac vat
lidu khac. Vit liéu PP va PE 1a két qua ctia qua
trinh polymer héa (-CH,), va (-C,H,-),, do
d6é phan Ung gilra cac gdc oxy hoda bac cao
trong Plasma véi 16p bé mit trén mang nhya
nay xay ra nhanh va d& dang hon so véi 16p bé
mdt (-C,H,Cl-)_cua PVC.

4. KET LUAN

Tur nhitng két qua nghién ciru trén cho
thdy rang xtr Iy bé mit mang nhya bang Plas-
ma nhiét d6 thdp & 4p suét thuong cho hiéu
qué cao, két qua cho thay sau khi xir 1y, goc
tiép xtic bé mit giam xudng dudi 88° & moi
thong sb van hanh ctia mé hinh. Yéu t6 anh
huong 16n nhat dén hiéu qua xir Iy 14 thoi gian
xir 1y, su thay doi cua cac thong sb dién ap
dau vao va cuong do dong dién dau vao lam
chat lugng bé mit thay doi khong dang ke,
cung mot mirc nang lugng va tdc do, hiéu qua
xr Iy bé mit trén nhya PP va PE cho két qua
tdt hon so voi nhua PVC. Dé tiét kiém nang
luong va dat do on dinh hiéu suat xir Iy mo
hinh trén da str dung: dién ap dau vao 150V,
dong dién 1.5A, thoi gian xur ly 3 gidy/m cho
ca ba vat liéu nhua PP, PE, PVC. Thuc té trén
mo hinh cho thdy Plasma tao ra giira hai dién
cuc ¢6 bé rong 150 mm nhung bé rong ciia
mang nhya dugc xur Iy 1a 60mm nén mirc nang
lwong duoc sir dung dé xir Iy thuc té 1a 90Wh
thoi gian xur ly 3 gidy/m. Céac dién cuc duoc
thiét ké dudi dang truc-rulo nén dé dang xur ly
dugc hai bé mat trén mang nhua voi bé day
khéc nhau tir nhitng vat liéu nhya khac nhau.
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