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MnasmeHHast 06paboTka NOAMMEPHbLIX MAaTEPMAJIOB LWMPOKO UCMOMb3yeTCs ANs yaydlle-
HUS aaresmmn obpabaTbiBaeMblix AeTanen. Komnanua DataPhysics Instruments npegnaraet
HaAEXHbIA M NPOCTOM B peanunsaumm onTUYeckmn MeTog Ana onpeneneHms sddeKTUBHO-
CTN 06paboTKM NONMMEPOB MyTEM aHa/IM3a NMOBEPXHOCTHbIX XapakTepUCTUK MaTepuana.
[na deTbipex pasfnyHbIX MOANMEPOB A0 M Nocse 06paboTky MOBEPXHOCTU Bbin onpe-
OeneHbl 3Ha4YeHMs yaenbHOM CBO6OAHOM MOBEPXHOCTHOWM 3HEPruu OMTUYECKUM MEeTO-
[OM KpPaeBOro yraa v C MOMOLLbK TeCT-YepHUA. PAaCXOXAeHMS B MOYHEHHbIX pe3yibTaTax
M BbICOKAA Cy6bEKTMBHOCTL MeTOoAa MOKa3aan, YTO TeCT-4epHKIA He BCeraa MOryT Aath
BEPHYIO OLEHKY MOBEPXHOCTHOM aKTUBHOCTW Nnonnmepa. OnmcaHa MeToamnka n3mMepeHums

KpaeBoroyrina u ee npenmyllecTtsa.

ABTOMOBUNbLHAA MHAYCTPUS, MALLMHOCTPOEHMNE, ONTHYe-
CKasi NPOMbILWIEHHOCTb, NPOM3BOACTBO MeAULIMHCKOM Tex-
HUKW — 3TU 1 ApYyrue BbICOKOTEXHONOMMYHbIE OTpac/an Tpe-
6yIOT NPUMEHEHMS CneLmanbHbIX MaTepManos Ha NoOAUMeEp-
HOW OCHOBe. leTanu 1 610K U3 HUX MOTYT NOABEepraThbcs
CKJIEMBAHMIO, B psfle C/Iy4aeB 3TO eAMHCTBEHHO BO3MOXHbIN
CNocob coeiHeHNs OTAE/bHbIX AeTaslen UM KOMMNOHEHTOB
roTOBOr0 MpoAyKTa. KayecTBo OKPACKM MAN MOKPbLITUS TaK
e KaK U CKJIeMBAHWUS CUAbHO 3aBUCUT OT CBOMCTB NOBEpPX-
HOCTW, A/19 KOTOPOW O0COBEHHO BaXkHa XopoLlias cMaynBae-
MOCTb. [MOCKO/IbKY NOMMEPHbIE MaTepuasnbl MO CBOEW Npu-
poge 061a4alT HN3KOW CMA4YMBAEMOCTbLIO, A8 YyYLLEHUS
WX CBOMCTB Heobxoauma akTuBaLms NOBepxHOCTU. K Hau-
6onee 3pPeKTUBHLIM METOAAM OTHOCAT 06paboTky NoBepx-
HOCTW NJ1a3MOWN HWU3KOrO AABMEHNS, KOPOHAPHbLIM Pa3psaoM,
bTOpUpOBaHUME UM akTUBaLMIO NnamMeHem [1]. B pesyibTate
yay4ylwaeTcs aaresus XnaKkoro KOMMOHeHTa K MOBEPXHOCTH
6narofaps yBenMy4eHnto NOBEPXHOCTHOW 3HEPTUN TBEPLOIO
martepuana.

[ng KOHTpOAs pe3ynbTatoB 06paboTKM NOBEPXHOCTW pas-
paboTaHbl CTAaHAAPTbI, OCHOBAHHbIE HA BYX PA3/INYHbIX MOAX0-
fax. MeToavka onpefeneHns KpaesBbiX Yr/10B TECT-KUAKOCTEN
Ha nccnefyemMon NMOBEPXHOCTWU C MOCAeAyIoWMM pacyeToM
3HaYeHWs yaebHOM CBOHOAHOM MOBEPXHOCTHOM 3HEPrun 1 ee
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NONSIPHOW 1 ANCMEPCUOHHOW COCTABNSIOLLNX JIEXXUT B OCHOBE
CTaHAapTHbIX MeTonoB DIN 55660-2:2011-12 gns nakokpacoy-
HbIX MaTepuanos 1 NoKpbITUI 1 DIN EN 828:2013-04 a1 KNeeB.
CraHaapT ISO 8296 onucbiBaeT MeTOA TECT-YEPHW/I, KOTOPbIN
NCNONb3yeTCs A0CTaTOYHO WWMPOKO M 3aKoyaeTcsa B nogbope
MOSIHOCTbIO CMAYMBAIOLLMX UCCAeAYyeMY0 NMOBEPXHOCTb TecT-
YEpHWN C MU3BECTHbIM MOBEPXHOCTHbLIM HAaTsHKEeHWEM. 3Haye-
HVe MOBEPXHOCTHOI0 HAaTSXKEHUS YepHUS NPUPABHUBAETCS
K Be/IMYMHE yAeNbHOM CBOBOAHOM MOBEPXHOCTHOWM 3HEPrum
nccnegyemoro obpasua.

MpoBefeHHbIe paHee MCCNef0BaHUA MO U3YYEHWUIO Mo-
BEPXHOCTHbIX XapaKTepuUCTUK NoKasaau, Hanpmmep, 4To Mu-
KPOBOJIHOBas nia3mMeHHas obpaboTka nonmbyTuneHTeped-
Tanata noBbIaeT MOJISPHYIO COCTABJISIOLLYIO MOBEPXHOCT-
HOW 3HEprum Mmatepunana, Kotopas HaxoAMUTCS B NPSIMOM KOP-
penaunn C aaresMoHHOM NPOYHOCTLIO [2]. TecT-4yepHUIa He
00T MHOOPMaLMM O NONSPHBIX U ANCNEPCUOHHBLIX MOJIeKY-
NIAPHbLIX B3aMMOAENCTBMAX HA rpaHuLLEe NoAMMepa U XKUAKO-
CTW, YTO MOXET NMPUBECTU K HEBEPHbLIM pe3yabTaTaM U OWwun-
B0YHbIM BbIBOAAM.

METOAUNKWN NUCCNEAQOBAHWNA
B pa6oTe Mcnonb3oBanu cneayloline noanmMepbl: noaMme-
TunMmeTakpunat, nnexkcurnac (PMMA), nonnamug (PA-6),
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MOMOPraHOCUIOKCAH, CUAONPeH (CUAMKOH), NMOANITUIEH
HU3KoM nnoTHocTK (LD-PE).

Mepen npoBefeHWMeM aHanM3a MnoJiMMepbl pasfennau
Ha YeTblpe rpynnbl No TUNYy 06paboTKM NOBEPXHOCTU: KOH-
TponbHas rpynna, TopmpoBaHue, obpaboTka nponaH-6y-
TaHOBbLIM NiaMeHeM, Pyrosil-obpaboTka.

O6paboTka MOBEPXHOCTM
KOHTpO/AbHYO rFpynny nNOAMMEpPOB MOABEPraanv O4YMCTKe
M30MpONAHONOM M BbICYLINBAAN HA BO3AYXeE.
dTopMpoBaHHbIE 06pasubl HbIAM NpeaoCcTaB/ieHbl KOM-
naHven INNOVENT Jena, M3MepeHuss NMpoBOAUIN HEMo-
CpeAcTBEHHO nocne o6bpaboTkm 6e3 npeaBapuUTenbLHON
04MCTKM. B npouecce ¢TopmpoBaHms 06pasLbl NOMMepoB
BbIAEPXXMBAOT B HACbILEeHHOM $TOpoM aTMmocdepe. bnaro-
[apsi CBOEN BbICOKOM peakLMOHHOM CNOCOBHOCTM PTOp Ha-
CTUYHO 3amMellaeT aTOMbl BOLOPOAA Ha MOBEPXHOCTU MaTe-
puana, cnocobcTBys yBENMUYEHNIO MOBEPXHOCTHOM 3HEPTUN
1 ee NONSIpHOM cocTaBnsowen. PTopupoBaHMe NOBEPXHO-
CTV nonnmMepa HeobpaTmo 1 06paboTaHHas MOBEPXHOCTb
COXpaHseT CBOW HOBble CBOMCTBA B Te4YeHWe AANTENbHOro
BPEMEHMU.

O6pa6boTka nnameHem (nponaH-6yTaH u Pyrosil) oco-
6eHHO 3pdekTUBHA ANg NPOMbILAEHHOrO NPUMEHEHUS
6naropaps HW3KOW TPyAOEMKOCTW. B pe3ynbraTe noBepx-
HOCTb OKMCASAETCA U NpnobpeTaeT NonspHble CBONCTBA [3].

MeToauka Pyrosil ocHOBaHa Ha OTIOXEHUN aMmopdHO-
ro oKCuAa KpeMHUs Ha MOBEPXHOCTM noammepa. B nnams
ropenku posnpyetcss npekypcop Pyrosil, koTopbii npu
cropaHum obpasyet TOHKMIA (5-100 HM) M MPOYHbLIA C0OM
Ha noBepxHOCTM obpasua. MockonbKy BO3AENCTBME Mia-
MeHW KpaTKOBpPEMEHHO, TO neperpesa u gedopmMaumm no-
BEPXHOCTW He NpoucxoauT. NMpeaBapuUTesibHO Npo6bl 04n-
Lasm M30NponaHoIoOM U CYLLUMAN HA BO3AYXeE.

MnameHHyt0 06paboTKy MpOBOAMIN C MOMOLWbLIO pyY-
Horo npmbopa GVE 2 HB komnaHum Sura Instruments. ns
NMpoaN3a UCNONL30BAIN KApTPUAXKM C Fra30BON CMEChbto
nponaH-6yTaH 1 fobasku npekypcopa Pyrosil. Conno Ha-
XOAWIOCb HA PaccTOssHUK 15-20 MM OT NMOBEPXHOCTU 06-
pas3ua, KaXkayk NoBepxHOCTbL 06pabaTbiBanm TONbKO OAUH
pas. lanbHenwmne n3mepeHns NpoBOANAM NOC/IEe MOJIHOMO
OCTbIBaHMSA 06pas3ua.

Bbibop TeCT-4epHUN

B unccnepoBaHMax MCNONb30BaNM MNPOAYKT KOMMAHUU
Arcotest. MpeanoyTeHne 66110 OTAAHO HETOKCMYHOWM pO30-
BOW Ccepuun 4yepHWA, 061acTb 3HAYEHUA MOBEPXHOCTHbIX
HaTSXXEHUM KOTOpPbIX 1eXana B npegenax ot 28 o 60 MH/m.
YepHuNa HAHOCUAWU KUCTOYKOM Ha MOBEPXHOCTb Cpasy
nocne o6paboTku, HauMHas ¢ 06pasyoB C BbICOKMMMW 3Ha-
YEHUSIMW MOBEPXHOCTHOrO HaTsKeHUs. Ecam kpas maska

Puc.1. Onmuyeckuti npubop OCA 200 0451 usmepeHust Kpaegozo
y2Aa cMavueaHus

0CTaBa/INCb CTabUNbHLIMKU KaK MWUHUMYM B TeyeHue 2 ¢,
TO 3HaYeHue yaenbHOW CBOBOAHOM MOBEPXHOCTHOW 3Hep-
MW MPUHUMANOCh NPUGAN3NTENLHO PABHbLIM NMOBEPXHOCT-
HOMY HaTSD>KEHMIO YepHWUA. ECin Kpasi Maska COKUManCh,
TO NOBEPXHOCTb HE CMAYMBaAETCA, U C/leAyeT UCMONb30BaTb
YepHMAa C MEHbLINUM NMOBEPXHOCTHLIM HATSHKEHNEM.

OnNTUYeCKMn MeTOo M3MEPEHNSA KPAaeBOro yria cMayu-
BaHMA
ANns aHanMsa CMavMBaeMoCTW TBepAblX MOBEPXHOCTEMN
B GO/LIWIMHCTBE C/Y4YaEB MCMOJbL3YIOT ONTUYECKMEe Mpu-
60pbl A1 U3MEPEHUS KpaeBoro yraa. ONTUYeCcKnii MeTo
OCHOBAH Ha aHanmse GOpMbl Kanam XUAKOCTH, fexallen
Ha NOBEPXHOCTWN TBEPAOro 06pasua. MiamepeHns KpaeBoro
yria cMaymMBaHus NpOBOAMAM Ha NOSIHOCTbIO aBTOMATU3U-
poBaHHOM npubope OCA 200 (puc.l).

O60pyaoBaHME OCHALEHO CUCTEMOW [03MPOBaHMS,
C MOMOLLbIO KOTOPOM Kanas XMUAKOCTM MOMELLAETCS Ha UC-
cnefyemyto NoOBepxXHOCTb. Kamepa pernctpupyeT npouecc
pacTeKkaHWs Kanau no NoBepxXxHOCTU U nepefaeT uM3obpa-
KEHME Ha KOMMbTep C YCTAHOB/JIEHHOM Ha HEeM pacyeT-
HOW NPOrpammon. JIMHMUA NOBEPXHOCTU N KOHTYp Kanam
pPerucTpupyoTcs, Nocse 4Yero NPOUCXOAUT pacyeT Kpae-
BOrO yrna CMavyMBaHms. B TOUKe COMPUKOCHOBEHWS Kanau
C NOBepXHOCTbIo o6pasua (Touyka Tpex $as) nporpamma
MPOBOAMT KacaTefbHyl. Yron Mexay NA0CKOCTbio 06-
pa3ua M KacaTenbHOM K MOBEPXHOCTW Kanjum HasbiBatoT
KpaeBbiM yrnoM cMmadmaHus (KYC). Yem MeHblie 3Have-
HMEe KpaeBoro yrna, TeM Bbllle CMAa4YMBAEMOCTb TBEpAOM
noBepxHoOCTH (puc.2).
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Puc.2. Kpaesgoll y20n cma4usaHust U cunbl NOBEPXHOCMHO20
HAMSDKEeHUS Ha 2paHulax ¢as. og — yoenpHas c60b6ooHas
N0BEPXHOCMHAS 3HepauUs meepdo20 mend, 0, — N08EPXHOCMHOoe
HamsKeHue >KUOKOCMU, Oy — MeXX(PAa3Hoe HamsKeHue Ha
2paHuye meepaas NoeepxHOCMb — XXUOKOCMb

Mo AOCTMOKEHMM pPaBHOBECUS B TO4YKe Tpex pa3 MOXHO
paccyMTaTb 3HAYEHMe yaeslbHOW CBOHGOAHOM 3HEprum no-
BepxHocTK (C3M) TBepaoro o6pasLia No ypaBHeHWo KOHra —
JNlannaca:

0,C0sO.=0,-0,

rae o, — NOBEPXHOCTHOE HaTSXKEHNE XXUAKOCTU, Og — YAe/b-
Has cBobOAHAs MOBEPXHOCTHAs 3HEprus TBepAoro Tena,
Og. — MexdasHoe HaTaXKeHWe Ha rpaHuvue TBepaas NnoBepx-
HOCTb = XXMAKOCTb, ©¢ — KpaeBOW yro CMaynBaHus.

bonee nonHyt mHbopmMaumi O SIBAEHUM CMavymBae-
MOCTU AaeT 3HaHMe MOJSAPHbLIX U ANCNEPCUOHHbLIX COCTaB-
NAWMX 3HadeHun CIOM. MIMeHHO NoasipHas COCTaBASAO-
luas onpepensetr akTMBHOCTbL MOBEPXHOCTU B npoLecce

CKJIeMBAHUS MW HAHECeHWS MOKPbLITUS, MO3TOMY npeaBa-
puTenbHas obpaboTka NOBEPXHOCTM HampasfieHa Ha yBe-
NNYEHVEe MMEHHO 3TOro napameTpa. B 60/bWMHCTBE Cay-
yaes C3l1 v ee cocTaBasilOWLME PACCUUTBLIBAKOT MO TEOPUM
Oy3Hca — BeHaTa [4]. Ans 3TOoro HeobxogmMmo 3HaTb KYC
Kanenb XMUAKOCTEN C U3BECTHLIM NMOBEPXHOCTHbLIM HaTsXe-
HUEM M NONSPHOCTLIO Ha Mccaegyemom obpasue. Teopus
npeanonaraeT rnagkyw MNOBepxXHOCTb 6e3 HepOBHOCTEWN,
FOMOFEeHHYI0 MO0 CBOUM OU3MYECKUM U XMMUYECKUM napa-
MeTpaM U He BCTYNALWY C TeCT-XKUAKOCTAMU B XUMUYe-
CKMe peakumun. MpeactaBnas ypaBHEHWE B BUAE TMHENHOM
perpeccmmn, MOXHO paccymTaTb KO3IOOULNEHT perpeccum
RQ. BennymHa RQ MeHbLwe 0,9 cBUAeTeNbCTBYET O TOM, YTO
160 NOBEPXHOCTb HE COOTBETCTBYET AONYLEHNIM TeOpUn,
NMBO TeCT-XKMAKOCTb He MOAXOAUT ANS UCCaelyeMon Mno-
BEPXHOCTMU.

0, (L+cos ). aP -
\/;s =T \/CT'
oo o
— T
y m X C
roe o, — NOBEPXHOCTHOE HaTsxeHue xuakoctn, o9 - anc
NepCMOHHAA YacTb MOBEPXHOCTHOMO HATSKEHUS XXUAKOCTH,
0P — monapHasa 4acTb MOBEPXHOCTHOrO HATAXEHWUSA XUA-
KOCTH, osd — AmcnepcmoHHas 4vactb C3I1 TBepaoro tena,
0P —nonapHas 4acTb C3M TBepOro Tena, O, — Kpaeson yron
CMayuMBaHUs.

B Ka4ecTBe TECT-XKMAKOCTEN MCNOb30BAIM AUNOAMETAH,
3TUNEHIINKOb U TUOAUIANKOb. [TpU HU3KMX 3HaAYeHnax RQ
[OMONIHUTENBLHO MPUMEHSAIN BOAY. DTU XUAKOCTU UMEIT
BbICOKOE 3Ha4eHVe MOBepXHOCTHOIo HaTSXeHUs, pasiny-
HYI0 NONSAPHOCTb, HEJIeTYYM U NPAKTUYECKMN HETOKCUYHDbI.
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Puc.3. lJuazpamma 3agucumocmu C3I om muna obpabomiu
nosepxHocmu ons PMMA

Puc.4. luazpamma 3asucumocmu C3I om muna 06pabomku
nosepxHocmu 0451 PA 6
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AHAJIU3 U KOHTPOJIb: TEXHOJIOTMU, NPUBOPDI, PELUIEHUS

Tabnuya 1. MNapamempsl C3I 06pa3y08 00 u nocae 06pabomiu, usmepeHHble Memodamu mecm-yepHua u KYC

O6paboTka C3T, 4epHu-

na, MmH/m

be3 06paboTkm

dTOpMpOBaHMeE 42 45,35
PMMA

MponaH-6yTaH 46 53,02

Pyrosil 46 48,71

be3 06paboTkm 46 47,89

dTOpUMpOBaHMeE 40 54,33

PA 6

MponaH-6byTaH 46 59,87

Pyrosil 54 56

be3 06paboTkm <30 8,93

dTOpMpoBaHue <30 21,43

CUAUKOH

MponaH-6yTaH 46 43,07

Pyrosil 46 56

be3 06paboTKm <30 24,62

dTOpMpoBaHue 46 53,64
LD-PE

MponaH-6yTaH 48 47,5

Pyrosil 46 5415

PE3YJIbTATbl N OBCYXXAOEHUE
B Ta6bn.l npepctaBneHbl 3HadeHus CIM, NoONyYeHHble
C MOMOLLbK METOAOB TECT-YEPHWU/T 1N KPAEBOro yrna CMaymBa-
Hus (KYQ).

CpaBHeHue 3HaveHun CIT1, NoNyYeHHbIX ABYMS MeToAa-
MW nocae pa3Hon 06paboTkM O4HOM U TOM XKe MOBEPXHOCTH,
nokasaHbl Ha auarpammax (puc.3—6). Mockonbky B CTaH-

MonspHasa 4yacTb, | AucnepcuoHHas
can, mH/m yacTtb C3M, MH/m
0,99
5,27 40,07 0,94
5,82 4719 0,99
9,98 38,74 0,99
5,08 42,81 0,98
814 46,18 0,91
26,52 33,34 0,8
59 50,1 0,99
1,46 747 0,9
1,27 20,16 0,98
14,21 28,86 0,75
59 50,11 0,99
0,96 23,66 0,97
8,03 45,62 0,86
9,38 38,12 0,97
6,94 47,21 1

[OAPTHbIN HABOP He BXOAAT TECT-H4EepHMIA C MOBEPXHOCTHbLIM
HaTsHkeHMeM Hmke 30 MH/M, TO Ana HeobpaboTaHHbIX MO-
BEPXHOCTEN CUIMKOHA U NONN3TUIIEHA 3HaYeHUs CIM He K3-
MepsaIn.

AHanNM3 guarpaMmm MokasblBAeT, YTO Hauay4llas CXogu-
MOCTb pe3y/ibTaToB ABYX MeTOA0B Habntoaaetcsa aas Heobpabo-
TAHHDbIX (HEI'IOnFIprIX) I'IOBEpXHOCTEI;I C HEBbICOKUM 3HA4YeHUNEM
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Puc.5. uazpamma 3asucumocmu C3I om muna obpabomku
nosepxHoCcmMu 0Asl CUAUKOHA

Puc.6. lJuazpamma 3agucumocmu C3I om muna obpabomiu
nosepxHocmu 0ns LD-PE
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Qazal a

a)

®azal o,

6)

Puc.7. MexxmonekyasipHble 83aumodeticmaust mexxdy 08yms Gpazamu: noASpHas u ducnepcuoHHas cocmasastowue C3I (a) pasHui u (6)

omau4yaromcs no seauvuHe

C3r1. OT™MeTuM, 4to C3I1, n3MepeHHble MEeTOA0M TeCT-YepHU
Ha NOBEPXHOCTAX NOCe 06paboTKK, Kak NPaBuUIIO0, 3aHNXKEHDI.

B ocHoBe MeToAa TeCT-4epHUN NEeXUT yTBepXAeHne, 4YTo
3HadeHne C3I1 paBHO MOBEPXHOCTHOMY HATSKEHWIO YepHWU/I,
MOIHOCTLIO CMAYMBAIOLLMX NCCeAyeMYIo MOBEPXHOCTL. B 3TOM
C/ly4ae KpPaeBOW Yron paBeH Hy/o, a ero KOCUHYC — eAnHULE.
AHaNN3Mpys C TOYKM 3pEHNS MeTOAA YepHWUI ypaBHeHme tOHra
nosiy4aem, Y4TO MapameTp, OTPAXKAKLMIA MeXMONEKYASPHbIe
B3aMMOLENCTBUS HA FpaHuLe MeXay Kanaem v TBepaou no-
BEPXHOCTbLIO, AO/MKEH BbITb paBeH HyMto. OAHAKO, B C/ly4Hae He-
MOJIHOMO CMAYMBAHWNS KPAEBOW Yro/ OT/IMHEH OT HyAS, NO3TOMY
yAe/lbHasi MOBEPXHOCTHAS 3Heprus byaeT MeHbLle NOBepXHOCT-
HOrO HaTSXKEHUS YePHWA 13-3a MEeXXMONEKYASPHbIX B3aMMOoaen-
CTBWI Ha FPpaHULLe TBEPAOrO Tea 1 Kanau, YTo He yYnTbIBAeTCS
B MeTO/e TeCT-YepHUJI.

CBsi3b MeXAy aToMamu 1 Monekynamu, obyciaenvearoLas
BesinunHy C3M 1M NOBEpPXHOCTHOIO HaTSXeHus, onpeaensercs
B3aVMOAENCTBUAMM PA3IMYHON NPUPOADI, KAK MOASPHLIMU, TaK
N ONCNEepCUOHHLbIMKU. B3anMopencTBms, Bbi3BaHHbIE BpeMeH-
HoW GAyKTyaumen 3apsgoB aTOMOB/MOMEKYA, Ha3biBAOT AUC
NepCcMOHHLIMU KU cnnamu BaH-gep-Baanbca. rog nonsipHbIMu
B3aUMOLENCTBUSAMWN MOHUMAIOT KYJIOHOBCKME CUJbI, AENCTBY-
foLme Mexay NMOCTOSIHHLIMU 1 UHAYLMPOBAHHLIMW AUMNOSISAMMN.
B uenom C3I 1 NOBEPXHOCTHOE HATSXKeHWe MNpencTaBasiioT
o601 CYMMY 3TUX YacTen.

Crna MexxMoneKyspHOro B3aMMOLENCTBMS MeX Ay Kanien
1 TBEPAOW MOBEPXHOCTLIO HANPSMYHO 3aBUCUT OT COOTHOLLEHUS
NOASIPHOM W ANCNEPCMOHHOM YacTh C3M M NOBEPXHOCTHOIO Ha-
TSOKEHUSA: YeM CuiibHee COBMajeHne, Tem Bbille BO3MOXHOCTb
MEXMOJIEKYISIPHBIX B3aUMOAENCTBUIA MexXay AByMs dasamu
M Tem Jiyylle CMayMBaeMoCTb M afiresus.

PaccmoTpuM cuTyaumio, korga 3HadeHus C3M1 n nosepx-
HOCTHOrO HaTAKEHUS XUAKOCTM paBHbl (p1c.7). Ho Ha puc.7a no-
NISIPHbIE W ANCNEPCUOHHBbIE KOMMOHeHTbI C3MM ABYX da3 ogmHa-

KOBbIE, CMJ/1a MEXXMONEKYNSPHOMO B3aMMOAEUCTBUS HA FPaHuLe
$a3 MakcMmasnbHa, MexxpasHoe HaTsKeHVe CTPEMUTCS K HYIIIO,
Takke Kak 1 KYC. A Ha p1c.76 nonspHble U AUCNEPCUOHHbBIE CO-
ctasastoLme C3M 1 NOBEPXHOCTHOMO HaTSAXeHUs pasHble. Cuna
MEXMOEKY/IIPHOIO B3aMMOAENCTBUS HMXKeE, a MeXXPasHoe Ha-
TSOKEHWeE BblLLe, MO3TOMY 3HayeHne KYC 6onbLue Hyns.

Taknm 06pasom, TecT-4epHwaa AAKT BepHble pe3ynbTaThl
TO/IbKO B TOM C/ly4ae, Korfa COOTHOLLIEeHME NOMAPHBIX U aucnep-
CUOHHbBIX cocTaBnsowmx C3MM obpasLa 1 NMOBEPXHOCTHOIO HATS-
XKEHWS YepHUA coBnagatoT. Tak kKak UHPOPMaLLMA O MONSIPHOCTH
YEpHWA M TOYHBIN MX COCTAB NMPOM3BOAMNTENEM HE YKa3blBAETCH,
TO coBnageHune 6biBaeT Aaneko He Bceraa. C TOYKM 3peHns du-
3UKM, YeM HUdKE NMOBEPXHOCTHOER HaTSXKEHWEe YepHUA, TeM MeHb-
e ero nosispHas CoCTaBAsoWaAs, C/lefoBaTesibHo, Hanbonee
61M3KME K UCTUHE pe3ynbTaThbl 3mepeHns CIM MOXKHO OXMAATL
B C/ly4ae HEemnosIsiPHbLIX MOBEPXHOCTEN. ITOT GaKT 0bbACHSET
HaWNYYLLYIO CXOAMMOCTb Pe3ynsTaToB M3MEpPeHU ABYMS) MeTO-
famu C3M1 He npollealnx 06paboTky NoAMMepoB, NOCKOIbKY
NX MOBEPXHOCTU MOXHO CHMTATb NPAKTUYECKM YACTO AUCnepcn-
OHHbIMU. AKTMBALMS NOJIMMEPOB MNJIaMEHEeM YBeIMYMBaeT 3Ha-
yeHue nx C3M1, paBHO KakK M MNOJISIPHYIO ee YacTb, YTO MeTOL40M
YepHWA OnpeaennTb HEBO3MOXHO. Pasnnyme mexay sdpdpexra-
MW BO3ENCTBMS HA MOBEPXHOCTW NMOAMMEPOB Pa3HbIX METOA0B
aKTMBaLMW B OTAEMbHbLIX C/Iy4asaX MOXHO ONpeaennTb TOMbKO
nocpefCcTBOM M3MEPEHMS KPAeBOro yr/ia, Tak Kak MeTo YepHu
[aeT 0ANHAKOBbIE pe3y/bTaTbl.

3AKJ/TKOMEHUE

CpaBHUTE/bHLIN aHaM3 MOKa3as, YTo pesynbTaTbl M3MepeHns
C3I, nonyyeHHble C MOMOLLbIO TECT-HepHW/, He BCerAa CoBna-
[JAlOT C peasibHbIM 3HaveHnem CII mccnegyeMon NOBepXHO-
CTW. MeToa M3MepeHust KpaeBOro yrna no3BonsieT To4Hee n C
XOpOLLEen BOCNPON3BOANMOCTbIO MOSTYYUTL MCKOMYIO BETNHUNHY,
a TaKXe paccyMTaTb 3HAYeHWe MOASPHOM M AMCNEePCUOHHOW
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cocTapnstoLlen C3M, 4TO BAXKHO Mpu fasibHENLLIEM HAHECEHWM
Ha nccefyemMyto NOBEPXHOCTb NOKPbLITUS, KPACKM UL KI1es.

3mepms KYC ontn4eckmm MeTogoM, a Tak>Ke paccymTaB no-
JNISIPHYIO W ANCMEePCUOHHYI0 cocTasstowme C3MM, MOXKHO onpe-
[ennTb paboTy aare3nm KMAKOCTY K TBEPLOMY Tesy.

TecT-4epHuMna B H60MbLWIMHCTBE CBOEM TOKCMYHbLI, MOABep-
SKEHbl MCNAPEHUIO NeTYYNX KOMMNOHEHTOB W 3arpsi3HeHUIO npu
MOBTOPHOM WCMO/b30BAHUWN, YTO MEHSeT KX MOBEepXHOCTHOe
HaTsHKEHME M CYLLLECTBEHHO B/IMSIET HA KOHEYHDbIW pe3ynbTaT 13-
MepeHusi. HemanoBaxkeH u 4yenoseveckmut GakTop, NOCKOIbKY
MHOrO€ 3aBUCKT OT CyObLEKTUBHOM MHTepnpeTaLmMm onepatopa.
DTUX HEAOCTATKOB SINLLEH ONTUYECKUA METOA,

lMpenmMyllecTsa MeToAa KpaeBoro yrna O4eBUAHbl Npu
aHanm3e 06pasLoB C MasoM MIOWAALI: MOXHO A03MPOBATb
Kana 06bLEMOM A0 HECKOJIbKUX MMKOUTPOB, KOTOpast 3aHMMa-

eT 0o 0,01 MM2. ONTUYECKUIA METOZ, NMOAXOANT A8 N3MEPEHMI
B LUMPOKOM WHTEpBasie TeMreparyp.
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"MATEPMHCKAS MALLMHA" NO3BOASET HAB/IOIATD
MYTATEHE3 B OTAJE/IbHbIX BAKTEPUAJIbHBIX KNETKAX

BbinyckHoOm
KaHan

BrnyckHom
KaHan

MaTepunHckas
KneTka

bnionarb 3a Bcemu MyTaumsMm bakTepuii, BKIK0YAS
NeTaNbHble, 6I0KVPOBAB BUSHUE ECTECTBEHHOMO
oTbopa. PaspaboTaHHas UMK cucTema obnajaet
BbICOKOW MPOMYCKHOW CMOCOBHOCTbIO, MO3BOASS
aHam3MpoBatb 1000 OTAENbHbIX HaKTepUabHbIX
KETOK 0HOBPEMEHHO.

YCTPOMCTBO COCTOUT M3 6OMLIIOTO KaHana,
Yyepe3 KOTOpbI NPOTEKAET NUTATeNbHbIN ByNbOH
AN pocTa bakTepuit. MepneHAnKyNspHO K LieH-
TPaNbHOMY KaHany OTXOAWUT Cepusi TYMUKOBbIX
MUKPOKAHaNO0B, KKAbIM U3 KOTOPbIX MMeeT Aua-
METp OKONI0 MUKPOHA. Takoil pasMep Mo3BoAseT
baKTepranbHON KNETKe BOWTM B TyMMKOBLIA Ka-
Han, HO He MO3BOASIET BLIATA M3 Hero. Knetku,
3aCTPSBLLUME B KOHLIE KKAOrO KaHana, SBAstoTcs

[pynna uccneaoareneit 13 GpaHLyum Co3aamM MUAKPO-
(nionaHoe YCTPOICTBO, KOTOPOE MO3BONSET Habto-
[aTb 33 eNIeHUAMM 1 MyTaLMAMIA, MPOMCXOASLUMMA
B OTAE/bHbLIX KieTkax Escherichia coli, B TeyeHue He-
CKOMbKVIX LMIKOB PenainkaLvi. Y4eHble Ha3ga Ceoe
YCTPOVCTBO "MaTEPUHCKON MALLMHON'.

MyTavm 4pe3BbYaHO BAXHLI A5 61onorum.
C 0fHOM CTOPOHDI = 3T0 ABMXYLLAS CUN IBOKOLLYN-
OHHbIX MHHOBALW, hOpMUpYIOLLAs MHOr006pa-
31e XXM3HM Ha Halwew naaeTe. C Apyroi CTOPOHbI,
OHY ABNSIOTCS NPUYNUHON BO3HUKHOBEHMS Cepbe3-
HbIX 33b0NeBaHUA, B TOM YUCTIE MHOMMX BYUAOB
paka. M03TOMy W3y4eHme YacToTbl BO3HUKHOBEHMS
MyTaUuiA 1 BAMSHIS, KOTOPOE OHW OKa3bIBAKOT
Ha OpraHu3M, — LieHTpanbHas 3agaya buonorun
W MEAVLIMHDI.

OZVH 13 pacnpocTpaHeHHbIX MOAXOAOB K Onpene-
JIEHIIO CKOPOCTEIA MyTALWiA NPY HOPMasIbHOM bakTe-
PUaIbHOM POCTE — aH/IM3 HAKOMNIEHMS MyTaLWiA. s
3T0M0  WCCNIE0BATENN  BbICRBAIOT OaKTEPUAbHYIO
KYNIBTYpY Ha YalKy C arapoM, BbIGUPAIOT OAHY KO-
JIOHMIO, KOTOPYKO CHOBA BbICEBAIOT, BbIGMPAIOT elle
OBHY KOMOHMIO U T. A B Te4EHIE NPYMEPHO ABAALATH
[Heil. CeKBEHMPOBAHUE M CPABHEHWE TeHOMOB WC-
XOZHOM 1 KOHEYHOI KOMIOHMIA NO3BOASET PacCyuTaTh
KONM4ECTBO MyTaLWi B KKAOM MOKoneHun. OpHa-
KO, Takoil MoJXof He NO3BOASIET 0BHAPYKUTb 04eHb
BPEAHbIE WM IETILHbIE MyTaLVI, IOTOMY YTO KO-
YECTBO TaKIX K/IETOK HEJOCTATOYHO, YT0bbI Chopmu-
POBATb KOMOHMIO.

[pynna M1KPOBIONOroB 1 61OGH3IKOB NOA PyKO-
BOACTBOM Jlumum Pobepr (Lydia Robert) cymenn Ha-

MaTepUHCKUMIA KNIeTKaMu. VX jenexme MOXHO Ha-
bnioAaTb HenpepbIBHO, B TO BpeMs Kak A04epHue
KIETKI BbIXOASAT U3 MUKPOKAHA/IOB 1 CMbIBAIOTCS
MOTOKOM. [N MOACYETA MyTaLMi UCMONb3YHOTCA
(nyopecLieHTHbIE MeTKH.

Wccnenosatent  0bHapykum,  4TO  MyTa-
Lyn E. coli npovncxoasT paBHOMEPHO BO BpEMEHH, Npu-
MepHO OfH Pa3 KaxKzble 20 AHeW, Mpy 3TOM KOO
OAIHOr0 MPOLIEHTA MyTLVV OKa3NCh NIETANIbHLIMU.
Pa3paboTaHHoe nccefoBarensmu YCTpoMCTBO Mo-
3BO/ISET M3y4aTb MyTALWK B PA3NNYHbIX YCIOBMSX,
Harpumep, B 6akTepusx C PasiniHbIM reHeTiye-
CKIM (OHOM WA B MIPUCYTCTBIM HTUBUOTHKOB.

Science, 359: 1283-86, 2018.
DOI: 10.1126/science.aan0797
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EXPERIMENTAL TECHNIQUES FOR
SURFACE CHARACTERISTICS ANALYSIS OF
POLYMERS AFTER PLASMA TREATMENT.

COMPARATIVE ANALYSIS

M.Langer, D.Otto, DataPhysics Instruments GmbH, Filderstadt

Plasma treatment of polymer surfaces is widely used to improve the adhesion on
the surface of work pieces. DataPhysics Instruments offers a simple and reliable
method to characterise the surface treatment effect on polymers via contact angle
measurement. Application experts from DataPhysics Instruments have defined
surface free energy for four different polymers before and after surface treatment.
They used ink method and optical method of contact angle measurement. Divergence
in obtained results and high subjectivity of the ink method show that ink method
does not always give the correct evaluation of surface activity of polymer. The
contact angle measurement method and his advantages are described in this study

as well.

Automotive industry, mechanical engineering, optics,
medical technic production — all that and many other high-
tech industries require special materials on polymer basis.
Work pieces and blocks made of these materials often
need further gluing, coloration or coating that makes
crucial the knowledge about surface characteristics of the
polymer. Often gluing is the only way to connect different
working pieces or product components. Above mentioned
processes need good wetting of the surfaces with liquid
components that claims for the necessity of polymer
surface activation by one way or the other because
naturally polymer materials are difficult to wet. The
most effective surface treatment methods are considered
low pressure plasma treatment, corona treatment,
fluorination or flame activation [1]. All these treatment
methods improve the liquid component adhesion to the
solid thank to increasing of surface free energy of the solid.

To control surface treatment results standards were
developed based on two different methods. Optical
method based on measurement of contact angle of test
liquids on the solid surface and further calculation of free
surface energy with its polar and disperse contributions
is described in standard measurement procedures DIN
55660-2:2011-12 for inks and varnishes and DIN EN 828:2013-
04 for glues. Standard procedure ISO 8296 describes test
ink method that is widely used and consists in selection
of an ink with known surface tension that will wet the

DOI: 10.22184/2227-572X.2018.39.2.118.122

solid surface completely. The value of surface tension of
this ink is treated as value of surface free energy of solid
sample.

In case of gluing the experiments has shown that
plasma treatment of polybutylene terephthalate increases
the polar part of material’s surface energy that correlates
directly with adhesion durability [2]. Therefore, precisely
the polar of surface energy allows the most exact forecast
about adhesion capacity of the surface. Test inks do not
give any information about polar and disperse molecular
interactions between polymer and liquid that can lead to
wrong results and erroneous conclusions.

METHODS

The following polymers were used for the study:
polymethyl methacrylate, acrylic or acrylic glass (PMMA),
polyamide 6 (PA-6), polysiloxane (silicon), low density
polyethylene (LD-PE). Polymers were divided in four
groups according to the treatment type: control group,
fluorination, treatment with propane - butane flame,
Pyrosil treatment.

Surface treatment

The control group samples were cleaned with
isopropanol and were dried at the air. The fluorinated
samples were contributed by the company INNOVENT
Jena immediately after fluorination and were measured
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without any previous cleaning. During the fluorination
process polymer samples are incubated in fluor
saturated atmosphere. Thanks to its high reactivity
fluor atoms partially substitute hydrogen atoms on
the material surface and evoke increase of the value
of surface energy and its polar part. Fluorination of
polymer is irreversible and treated surface keeps its
new characteristics during a long period of time. Flame
treatment (propane — butane and Pyrosil) is especially
efficient for the industry application due to its low
manpower input. During the treatment process the
burning head is passing over the treated surface during
certain period of time and with a defined distance to the
surface. The surface gets oxidized and becomes more
polar characteristics [3].

Pyrosilmethod is based on the deposition ofamorphous
silicon oxide on the polymer surface. Precursor Pyrosil
is dosed into the flame and while burning creates a thin
(5-100 nm) and durable layer on the polymer surface. As
the flame impact is quite short the sample surface does
not heat up much. Before flame treatment the samples
were cleaned with isopropanol and dried in the air.

Flame treatment was realized with a portable device
GVE 2 HB from Sura Instruments. For pyrolyse one used
the cartridges with a gas mixture propane-butane
and with precursor Pyrosil. The burning head was
conducted in a distance of 15-20 mm from the sample
surface; every surface was treated only once. Further
measurements were realizes after a complete cooling
down of a sample.

Test inks

For the investigations we used the product of Arcotest
GmbH company. The preference was given to the non-
toxic pink series of inks with the surface tension range
of 28 to 60 mN/m. Inks are applied with a brush over the
sample surfaceimmediately after treatment. One begins
with the ink of higher surface tension. If the edges of the
stroke stay stable during at least 2 seconds than the
value of ink surface tension is considered as equal to the
surface free energy of a solid. If the edges of the stroke
contract than this ink does not wet the surface and one
should pass to the next ink with lower surface tension.

Optic contact angle measurement method
Optic method for contact angle measurement is based
on the contour analysis of the drop places on the solid
surface. The experiments were realized on contact angle
measurement device OCA 200 (Fig.1)

Program sets the tangent line in the point where the
drop touches the solid surface (three-phase-point). The

% % ANALYSIS AND CONTROL: TECHNOLOGIES, INSTRUMENTATION, SOLUTIONS

Fig.1. Optical contact angle measurement device OCA 200

angle between sample surface and the tangent line to the
drop surface is called contact angle (CA). The smaller CA is
the better is the surface wettability.

As the force equilibration is achieved in the three-
phase-point (Fig.2) surface free energy (SFE) can be
calculated according to the Young-Laplace equilibration

0,C0SO_ =0,—0,

o, — surface tension of the liquid, mN/m,

0 — surface free energy of the solid, mN/m,

0g, — interfacial tension between the liquid and the solid,
mN/m,

©. — contact angle.

Knowing the values of polar and disperse parts of SFE
gives more information about the wetting phenomena.
The polar partis responsible for the surface activity in the
processes of gluing or coating that’s why pre-treatment
methods are focused on the increment of precisely this
parameter. Calculation of SFE and its contributions is
realised in most cases according to the Owens-Wendt
(OWRK) theory [4] that requires to know the contact
angle values of liquids with known surface tension and
with known polarity on the solid to measure. OWRK
theory assumes that the solid surface to investigate
is smooth without roughness, homogenous from the
chemical and physical point of view and it does not react
with the test liquids. Presenting the OWRK equation as a
linear regression one can calculate regression coefficient
RQ. RQ value less than 0.9 indicates that the surface
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Fig.2. Contact angle and the forces acting in three-phase-point

does not match the assumptions of the OWRK theory or
the test liquids do not suit the solid surface.

0, (1 +cos©). gP
e G
" W—’ —~
y m X c
o, — liquid surface tension, mN/m,
0,9 - disperse part of liquid surface tension, mN/m,
0,P — polar part of liquid surface tension, mN/m,
09— disperse part of SFE of a solid, mN/m,
0. — polar part of SFE of a solid, mN/m,
O, — contact angle.

The test liquids were diiodomethane, ethylene glycol and
thiodiglycol. If the RQ value was too low water was used as a n
additional test liquid. Test liquids have different polarity, they are
not volatile, non-toxic and they have SFT high enough to form a
contact angle comfortable to measure.

Polarpart ~ mDisperse part HETestinks

SFE, mN/m

Pyrosil

o
7]
=
Jiss
(9]
=
=
c
o

Fluorination

Propane- butane

Fig.3. SFE values for PMMA
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RESULTS
The SFE values obtained with ink method and with optical
method are presented in the chart below Table 1.

Result comparison of SFE values obtained with two different
measurement methods and after different surface treatments
are presented in the charts below (Fig.3—6). There are no SFE
values for untreated surfaces of silicone and LD-PE obtained
with ink test method because there are no inks with SFT lower
that 30 mN/m in a standard set.

Diagram analysis shows that the best results convergence
between two methodsis to see in case of the untreated surfaces
measurements. Untreated polymer surfaces are non-polar and
have low SFE due to its material characteristics. In case of
treated surfaces test ink method shows lower SFE values than
the values got with the optical method.

The test ink method is based on the statement that SFE
of the solid surface is equal to the SFE value of the liquid that
spreads completely on this solid surface. In this case the contact
angle of this liquid will be equal zero and its cosinus is one.
Analysing the Young equation from the point of view of the test
ink method one can see that this equation stays valid only if g
vector of intermolecular forces is equal zero and thus the second
summand is zero as well. But the shematics (Fig.2) shows that
even if the vectors of SFE and SFT are equal the contact angle
value between them can be from 0° to almost 180°. Whereby
the o, vector of intermolecular forces between solid and liquid
can be zero in case of a complete wetting or it can have a value
different from zero if the wetting is partial. It demonstrates that
the test ink method does not take into consideration the vector
of intermolecular forces that act between a liquid and a solid.

Connections between atoms and molecules that define
the SFE depend on the interactions of different nature (polar
and non-polar). The interactions induced by a temporary
load fluctuation of an atom/molecule are defined as

Polarpart W Disperse part ETestinks

70

SFE, mN/m

Pyrosil

o
]
st
i
(]
=
=
c
=)

Fig.4. SFE values for PA 6

Fluorination

Propane- butane
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Table 1. SFE measurement with different methods

Polvmer T ——— SFE inks, SFE CA, Polar part, Disperse
v mN/m mN/m mN/m part, mN/m
Untreated 37.76 4.35 33.41 0.99
Fluorination 42 45.35 5.27 40.07 0.94
PMMA
Propane - butane 46 53.02 5.82 4719 0.99
Pyrosil 46 48.71 9.98 38.74 0.99
Untreated 46 47.89 5.08 42.81 0.98
PAG Fluorination 40 54.33 814 46.18 0.91
Propane- butane 46 59.87 26.52 33.34 0.8
Pyrosil 54 56 59 501 0.99
Untreated <30 8.93 1.46 7.47 0.9
. Fluorination <30 21.43 1.27 20.16 0.98
Silicone

Propane - butane 46 43.07 14.21 28.86 0.75
Pyrosil 46 56 59 50.11 0.99
Untreated <30 24.62 0.96 23.66 0.97
L D-PE Fluorination 46 53.64 8.03 45.62 0.86
Propane-butane 48 47.5 9.38 38.12 0.97

Pyrosil 46 54.15 6.94 47.21 1

non-polar or van-der-waals force. Polar interactions are
Coulomb’s forces that act between constant and induced
dipoles. The value of SFE and of SFT is the sum of these two
contributes.

Intermolecular force between a liquid drop and a solid
surface depends on the correlation between polar and
disperse parts of SFE and SFT: the better the match is the
higher is the possibility of molecular interactions between

Polarpart ~ mDisperse part MTestinks
60
50
40
30
20 A

10 1

SFE, mN/m

Untreated
Fluorination
Pyrosil

Propane- butane

Fig.5. SFE values for silicone

two phases that results in better adhesion and wettability
(Fig.7).

In both cases the values of SFE and SFT are equal. In the
first schematics (Fig.7a) there is a complete match between
polar and disperse parts that determine the maximum
force of molecular interaction on the phase boundary.
Interfacial tension tends to vanish that results in CA equal
zero (complete wetting). In the second schematics (Fig.7b)

Polarpart ~ M Disperse part MTestinks
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Fig.6. SFE values for LD-PE
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Phase 1 o
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Phase 1 o,

a)

b)

Fig.7. Molecular interactions between two phases with different polar-disperse correlations of SFE and SFT: are equal (a), are not equal (b)

the polar and the disperse parts of SFE and SFT are different.

The intermolecular force is weaker and the interfacial
tension is higher. It results in CA value more that zero and
in worse wettability.

Test inks measurements give correct results only if the
correlation between polar and disperse parts of SFE of a
solid and SFT of the ink are congruent. The information
about ink polarity and the exact composition of inks is not
indicated by manufacturer so this correlation not always
takes place. From the physical pint of view the lower the ink
SFT is the lower its polar part is. It means that the mostly
true results of SFE measurements we can expect working
with disperse surfaces. This fact explains the best SFE
results correlation between the ink method and the optical
method while working with untreated polymers which are

almost completely disperse due to its chemical composition.

Flame activation of a polymer surface enlarges its SFE and
its polar part and precisely this polar part is impossible
to determine with the test ink method. The difference
between treatment methods and the resulting effects one
can define only using the optical method because the test
ink method shows the same values.

SUMMARY
Comparative analysis shows that the SFE measurement
results obtained with test inks are not always congruent
with real value of SFE of a solid surface. Optical method
based on contact angle measurement allows defining the
value of SFE with more exactitude and repeatability and it
makes possible the calculation of polar and disperse parts
of SFE that is crucial to know before panting or coating the
solid surface.

Contact angle measurement using the optical method
and the further calculation of SFE with its polarand disperse

parts makes possible to calculate the work of adhesion of a
liquid to the solid surface.

Test inks are mostly toxic and volatile, there is a high
risk of contamination while using the repetitively the
same brush for different surfaces. It changes the ink
composition and ink SFE that influence the measurement
results. The result depends on the operator’s
interpretation of the brush stroke as well. Optical contact
angle method allows obtaining high repetitive results
independently from a human factor and it requires non-
toxic test liquids.

Optical contact angle method has its advantage while
working with the samples of small size: if the ink method
requires enough space for several strokes wide as the brush
optical method needs some square millimetres for several
small drops. It is possible to generate drops of several
picoliter volume and thus it is enough to have the sample
area of about 0.01 mm2. The further advantage of the optical
method is the possibility to work under higher or lower
temperatures thank various climatic chambers.
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