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Cilem disertacni prace je navrhnout a otestovat exteriérovy transparentni natérovy systém na vybranych
druzich dfev se zvySenou celkovou odolnosti a barevnou stélosti. VyuZit modifikace podkladové dfeviny, op-
timélniho vrstveni natérového systému individudlné pro kaZdy z vybranych druh dfeva a otestovat vhodné
vrchni hydrofobni vrstvy.

Metodika

Pro prvotni ndvrh kvalitnich nat&rovych systém( bude vyuZito metod umélého starnuti dle CSN EN 927-6
pro rychlejsi ziskani vysledk(. Degradace budou hodnoceny za zakladé charakteristik —zmé&na barvy, lesku,
smacivosti povrchii vodou, poskozeni ntérového systému pomoci mikroskopického a vizudlniho hodnoce-
ni. Optimalizovadn bude navrh povrchové modifikace, vrstveni ndtérového systému a aplikace vrchni hyd-
rofobni vrstvy pro vybranou dfevinu. Viysledky budou ovéfeny testovanim pfirozenym starnutim dfeva dle
normy CSN EN 927-3. V ramci prace bude student spolupracovat s externimi spoleénostmi.

Oficidlni dokument * Ceska zem&d&Iska univerzita v Praze * Kamycka 129, 165 00 Praha - Suchdol



Doporuceny rozsah prace
100-150 s.

Kli¢ové slova
atmosférické degradace; dfevo; barva; pfirozené a umélé povétrnostni starnuti; transparentni natérové
systémy

Doporucené zdroje informaci

Basturk, E., Oktay, B., Kahraman, M.V., Apohan, N.K. (2013) UV cured thiol-ene flame retardant hybrid
coatings. PROGRESS IN ORGANIC COATINGS. 76 (6), pp. 936-943.
doi:10.1016/j.porgcoat.2012.10.012,

Durmaz, S., Ozgenc, 0., Avci, E., Boyaci, |.H. (2020) Weathering performance of waterborne acrylic coating
systems on flat-pressed wood—plastic composites. J. Appl. Polym. Sci. 137:48518.
doi: 10.1002/app.48518.

Evans, P. D., Haase, J. G., Shakri, A., Seman, B. M., Kiguchi, M. (2015) The search for durable exterior clear
coatings for wood. Coatings 5 (4). pp. 830-864. doi:10.3390/coatings5040830.

Liu, A. J., Dong, Z., Hasan, M., Marschner, S. (2016) Simulating the structure and texture of solid wood.
ACM Trans Graph 35(6). pp. 1-11. doi:10.1145,/2980179.2980255.

Oltean, L., Teischinger, A., Hansmann, C. (2008) Wood surface discolouration due to simulated indoor
sunlight exposure. Holz als Roh — und Werkstoff 66(1). pp. 51 - 56.
doi.org/10.1007/s00107-007-0201-9.

Panek, M., Reinprecht, L. (2014) Colour stability and surface defects of naturally aged wood treated with
transparent paints for exterior construction. Wood Research, 59(3): 421-430.

Reinprecht, L., (2008) Ochrana dreva (Wood protection). Technical University in Zvolen. 453 pp. (in
Slovak).

Tolvaj, L., Faix, O. (1995) Artificial ageing of wood monitored by drift spectroscopy and cie I*a*b* color
measurements. 1. Effect of UV light. Holzforschung 49(5). pp. 397 —404.
doi.org/10.1515/hfsg.1995.49.5.397.

Wang, T. S, Liu, T, Ma, T.T,, Li, L. P, Wang, Q. W., Guo, C. G. (2018) Study on degradation of phosphorus
and nitrogen composite UV-cured flame retardant coating on wood surface. Progress in Organic
Coatings, 124. pp. 240-248. doi: 10.1016/j.porgcoat.2018.08.017.

Yalinkilic M.K., [lhan R., Imamura Y., Takahashi M., Demirci Z., Yalmkilig A.C., Peker H. (1999) Weathering
durability of CCB-impregnated wood for clear varnish coatings. J. Wood Sci 45. pp. 502-514.
doi:10.1007/BF00538961.

Oficidlni dokument * Ceska zem&dalsks univerzita v Praze * Kamycka 129, 165 00 Praha - Suchdol



Predbézny termin
2022/23 7S - FLD — Obhajoba DisP

Vedouci prace
doc. Ing. Monika Sarvasova Kvietkova, PhD.

Garantujici pracovisté
Katedra zpracovani dieva a biomateriall

Elektronicky schvaleno dne 8. 12. 2022 Elektronicky schvédleno dne 8. 12. 2022
doc. Ing. Roman Fojtik, Ph.D. Ing. Miroslav Ga3parik, PhD.
Vedouci ustavu Pfedseda oborové rady

Elektronicky schvaleno dne 9. 12. 2022
prof. Ing. Rébert Marusak, PhD.
Dékan

V Praze dne 21. 01, 2023

Oficidni dokument * Ceskd zemédélska univerzita v Praze * Kamycka 129, 165 00 Praha - Suchdol



Abstrakt

Tat o bplaz&cd Sena na pr o bblaerneavtni® s tos8d ocolsnta s t
syst®mT e@xat dSe®Novi.Ke podmemR&odol nosti n§
bylo vwugoi povr chov® emopladklkead ov ® dSeviny, 0 [
N8t Drov®hapsyga®muvachn2Vybydn®f dbuthyvizktow
d Sia byly dub| e {Quércusrobur L.), mo d So2pna d (hariX decidua L.) a smrk
z t e PicdakbiesL., Karst)Nej v Dt § 2 bylprw R oo dWwdHus & t njélikna g
se j@n8 hlzedi ska ¢gi vot nostoinejnp8rtodrloevn®ehtoi | $ Y§ §
zwbranBthdovanT mi c hylyrbaak tveorsit s8tl ioksa mi ell ke s k
s m§ | & takk ®pdnoceAp S2 st mioj me tmd kamiskopi ckP® a Vi .
prvotldRvwal itn2ch n8hyldvywdgictho sypet ®inTumnDI ®h
LSN EN6.W2t7 p nweann® ov GylysnySssti®mdyn D vystaveny e
testTm pSirozen®ho -3sN§&rioneugi 2t bty b SMii ENM k9 &
akyduaol ez Tvi sé epl&rTivmepdtyhul vbpbpdamabovR®i dSev
cel kovou odol nostxh&tPdd®Wotwi®hm2 swylaibW@hiiltau n 8§t
z e J mebonwdifikace kombinggnano| 8sti ¢ ZnO s benzotriaz
gi vot no$od tnifem¥ewl sd2ecdh s e nErtdjpepvliglanedr n2 b §
akrylu.

KI'2] ovsg sl ova:

atmosf®rick® degradace; dSevo; bar va; p S
transparentn? n8tDrov® syst ®my



Abstract

This work focused on the durability and color fastness of coating systems on wood
in exterior conditions. Surface modification of the underlying wood, optimal layering of
the coating system, and applying a hydrophobic top layer were used to increase the
resistance of the coating systems. The selected species of trees investigated were summ
oak (Quercus robur L.), deciduous larch (Larix decidua, L.), and Norway spruce (Picea
abies, L., Karst). The most excellent attention was paid to summer oak, as it is the most
problematic wood species of the selected ones in terms of the coating Systehllity.

The monitored characteristics were color fastness, gloss, wetting contact angle, and also
evaluation by microscopic and visual instr
6, artificial aging methods were used for the initial selection afityucoating systems.

The selected coating systems were subjected to exterior natural aging tests according to

L SN E N3. Ene cbating systems were based on acrylic, alkyd, and oils. The results

of the experiments revealed a significant influence otitierlying wood species on the

overall resistance of the coating system in the exterior. In particular, its modification by
combining ZnO nanopatrticles with benzotriazoles and HALS had a positive effect on the
stability of the coating and the overall |déthe layer. A positive trend in the results was

manifested in acrylic polymdyased coatings.

Keywords:

atmospheric degradation; wood; color; natural and artificial weathering; transparent

coating systems
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1.bvod

AKle ne visdpdamap r 8nceest al 2 . i
Publilius <spigovatels | ati nskl

DSevo jako pS2r adedi smadporiy@lgvmE8 iz ne
charakteristvlkzZznamRBoda | eh oteole knmaltoegiil8n as
aaplikovatelnodi. Z e j m®bnavitejnast stravinfVe sr sy h Bmméni er i §1 vy
mhapldst)zhot ovaeebbmorzitel nTch mdtejT§l JTezper
vevy u gidtad eik ® b DS@won ongt iv.y s o k ThmetrostiBprotop e v n 0 s
j e vy ugakvo§ nkoo h s ma(Merdisi asol. 2022)Dr uh® hlteldk $ ko
n e g a tchanakietistky k tsecs®Ouvi dm, sge se jedn8 o p
degradovat efogulet akoh P0d8.i SRogkozen2 nast8veg ze

gk Tdati masf ®r i c kT mi viivy. Tito |initel® z
imechani ckou funk] nost zabudovan®ho dSeva
odol nhNj g2 neg ostatnz, ni cm®nnN i tyto deg
d Sewlor §Reingrecht2016). Vpr axi | asto vyug2vanim zp

ochrany je pougit?2 ng§tNrovich syst®mT. Ct
s| unel n3phoomddwgsSteank?icl hi zl,a8lomgknenT)a bi ot i cki m gkT
(Shenoy a Marathe 2007ZZpohl|l edu =zachov§g8n? kresby a p°
nenahraditel n® tr an  praaneaFrifirorde 2013V/tel) rsor vo®& Nns8yns? |
spigmentovli mi, kter® nezachow®§vda§.evimmgizr oz
transparentn2 n8ilAsov®t sy ane@mpdratt & is@ruo Wi c
apli kac?2cakol.2o®govy¥Yekodou nRkt er Tirc(hn adpoSm§ cd?ucbh
amodS2n) je vygg? Apcsatakip zaeh & oadodnaob® $TFan
extrakti,zm2ecshradd?®iu¢ k ac? cc2@| Eavguj gi votnost
syst ®mT aka.eboahmhe Cel kovou ¢givotnost Il ze p
modi fi kac?2 podkI| @kob201B)Agli8owatji en ymo( g8t @& 6UM ¢ z a | r
| 8t ky naotbr§zaizobdgnz HAlLchaaoé Bst mRelngeBhg n e k

2016) . Cel kovou givotnost ng8t Nrov®ho SYy S
N8t Drov®ho syst®mu a pr &kdleewgdeons?8 hjnewhud tnr§
apli kac?2z vr chn®enpaka.r04dq).Cetkov&odolnossbarevigs t 81 o st

ai ndi vi dus8l n?2 v i vS eddpaiiedu aplikadek Ir aachsw®& r ent n
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ng§tNrovlich syesxt®enTi @rao WiSetv e &8 B2 (adhterh

akol.2021)Na z &8kl adh specifick®ho chemidSk®m@mo s
je z8mAwvemnout opti m8l n2zepgon@hsahabo i maldn ¥
prost SeDByyer at oppi mFpMrvw st ven2 n§t Nrov ®h
apli kovalxj grfejv¥lcihnnn? hydr o fa&oh2013).fve s w2u d aFro®
problematiky je vysoca k t u § | odBorndw @S @jan ps €@ MHo zd Tvodu vz
i tato z§WPorormobtn§ eprv8meo.v8na chabakvest §t ok
| esk a ha¥mbtma&lneart2vybr anlTch druz2ch dSevin.
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2.C2 1 e pr8ce

C2l em disertaln?2 pr8§ce je navrhnout a o
syst®m na vybriand chvidgeamrdé« hc @lSlkeov ous to2d.ol no
Ke zvitgehdv® ogdgPmosmoidivi kace podkl adov®
vristven2 n8t,artmv@&hovidwsgtl ®@®mMu pro kagdl z v
N 8§ s | etestovat analyzovat hodn® vrchn? 8ogulr@®sdbdoen2 vr s
otesbv&n vIiv podtkd kad®ds@ odaeavlivyhzyow §mol y mer n 2
ngt Nrovehaksysto®mhmy al kydovli a ol ejovIli n§t
modi fi kov8&n UwW rsibudéygpsbuzen gjicto vliwna celkovou odolnost
N8t Mak® pbsoudezaa nal yeloiv8e@nhy dr afpd b rk?0 v win s®a w R
nNg§gowgy sy ®m

OvNSovan® hypot ®zy

Podkl adoam& o$eéewi ma ¢givotnost n§tRNDrov®ho s
Pol y merm§ vblgelkaoumdolnosn 8§ t osow sBt. ® mu

PS2 st abichli &ktmhpn2 wvhlitiumS&h&®rov®ho syst ®mu.

16



3Teoretickl rozbor problematiky

DSevo nen?2 kompapé&éh3l bmehouz vel k®ho p«
ibunhDk, kter® jsou v§8&z8ny trRoswi§ vendkncae nbau nc
je rTzng§g. Jejich vz8§jemn® seskupen?z a usp
takge podle toho | ze rozeznat rTzn® druhy
okem rozezn8me vnhRjg2 kTru, popBkpmdBh peml

dRlivim pletivem (kambiem), ze kvtvelnl®&ow. se
Pak je patrn® dSevo (nejvhRDtg?2 | 8st), sl o
VnitSn2 | §st dSeva kmene bTvEgnaizTnuektsee Tjcehi

avnhDj g2 | §st (svPDtm2jyg®Mn pacdhelBinesdWeéern2 p
dva z8k!l adni? edrluHyn ad\BEei jaih H ii psat &P R? k|1 ad bor c
(PinusL.), smrk Piceal.) , mdaisl2)mamezilistnat ® nap SQudrdush.jl dub
nebo buk FagusL.) (Wiedenhoef201l3 . Ne jasebggd!| s guj 2, pokud |
stromT, ale tak® maj?2 rozd2lnou stavbu dS
maj 2 charakteristickl typ buRky nazlTvanl p
c®vice Afostenakot 200.y fi (

3.1. Stavba a Mastnostid Se v a

Me zi IkHarakteristkyd Semvaaj 2 c2 vliv na@aw$askryav ®
j 8ads uk T,t adkS&lreo vaivhepastedn2 Sadh i vl astn?2 che
Tato probl ema tpiokdak a pej eérdohz8etblarifinitaohv n2 ge .

BNl ov® a j&§drov® dSevo

DSevo je v kmeni stromu obvykle rozdndl
k mene, ve kter® jsou buRky parenchymu st §
jako bhRNlov® dBSevoPr( Rifomed?d 2 sX0oa my f ot osynt
alipidy (Lionetto a Frigione 2009 . Zrna gkrobu jsou ulogena
Obsah gkrobu v bDI mTge m2t viznamn® dTs
mMTge nadbytek gkrobu v®€hukKnpTsta98ndaenohbl
obsah gkrobu podporuje rTst pl2sRovich ht

nahranici mezi |j8&8drojdumdmowmd & T ma diSe e e imu
chemickTch | 8tek j&8drov®ho dSe¥%ia dIHiuHaddoH
skl adovg8§n?2 biochemi k8li?2 mnoha odrTd v z8yV
a kol. 2022). Tyto chemik8lie jsou souhrnn

j8dra automaticky neznamen8 vysokou odol nc
17



DSevo a vl hkost

DSevo je hygroskopickl materi §I schopn
vi TznTch skupenstv2ch. NejlastnRji pSij?2ms
vihkosti av e f kapaimd® Mi chal ec a Wasi k 2022). Vode
vbudl nTch stPNDng&ch (do cca 3p0r 0% tvolrhuk onsetzii =h
(nad cca 30 % = vipeakeomBhD U0 eddaddhjsz2ddy
kr ozmRDrov|,pSi dgaewmBtrgovs&§n2 rozmNrT se nazlvs
Asesych8n2fi. Hranice mezinalhbhdeunueyoen? avl
pohybuje se okolo 30% relativn? vlI hkost.i
(Gapark a kol . 2022)y jReambdnrjameh2ozm®wv v ch S n
(vt angenci 8l nz2m smRru jsou pSiblignn dvoj
zpTsobeno anizotropi?2 dSeva (pypgt BruhbdnDk)
(Rowell2®1) . Ani zotropie kzomDnitohov elyipk d ¥t§2 zb
rTstov®ho obdob2 a | 8§stelnhD z pSevl &8daj 2c?2
papr sk@)owska)MerkovnoBOR2R2® bobt n8dPohn®esy
trhlinybowendé®ewall ( RSl nprecht 200

Tvarov® zmDny maj?2 za n8sl|l edekakobgkozer
2012). VnitSn2 naphteal@ky mkyedDm@p §eolsitt§vh
branou pro Sadu ¢gkTdcT (Gi mTnkov§ a kol.
j ednoptostaryws®ozd2 |l nou vVvI hkost 2, mTge nast at
zprost $eg8g2 svl hkost 2 prostupovat a mTge
mMam¥ | upov§n2nncongstjNa ulnaguSi.S epvronkl kcm ( Gu k o ms k
2022).

P-rovdSewa

DSevo je p- rToevnittol pmaotbelr@nglvynivikeg§ khmjv?2
p-ry, napObkl Adfakad BaBYBr T mNf a c ®¥ hwdubdste v a
pohybujevr 0 z me £350e i@ g e a H i) al et n 2140z nBV@& g ehn f ¢
2000.U smr ku a modcS®Bvniuc j(et rparcThnelJ(Rbyvell 20850 h e m m.
P rostpovrchu dRbpevnembBgn® vry§ tvidrSewns®th@&niul mu
Velkep ye pTsobuj2 tak®§p Do bl @aMeieh2606)/pe r e c h
dubus e v y shigly (Rainprécht a kol. 2020) kt sepl- mpiySi r aaeBlQ e 2
ak omp ltakipu jTkepakn.Zanesem®maj By t ®mNS ¢§g&§dnT v i
avyl uhove@od r oexraktant2ncdhc.tle Bt e k §ch@midi§aahke

18



sn 8§t NDrsoyvsitn@vBe m a rf §szli cod®erkg &cnh® mi ck ® zmNDny v
povrchu (Burkeakol.2010. Kd egr ada @iot o § it [hewchlgizm?2 st ec h
p-fvTarn2m dSev ) r@d2 sl{i® Sma ko a kol . 2019).

a) b)

Obr § z Pdgradacej ar n2 ho d%evalamngdewmkcu §l n2 Sez p
degradaci | ar n2vheol kdi$weiv ao tue vdSuebnul nsi p-ry b) F
dubu

(P8nek a kol. 2019)

Drsnost povrchud S e v a

StupeR opr acovrEhj2 \pypdshoshpoyréhgs ez d§[1 e gi t
charakteristkapr 0 r ovnomBDran opuSi d mlaiviosdi n@®ulidhr ov ®h o
aGraystone 2009).Drsnostpopisujenerovnosti povichmo z nal uj e se p?2 s me
ud &8s seve mRousekakol.2 01 2) . Dosagite)moRd|heo dznpoTt syo b
pS2pr avyovp a wrReuhRfsowrzobragenyfabufcel.

Tabulkka1.Dr snost povr ch praséne dleoNptsch & koly Z06}.

Kart 8l ov§ (Obr S8ax ek 2 vS§dech mm
Fez§n?2 (Obr sbyrek 2 vS§dechesthes?
Fr®zov§8n (Obr &y ek 2 v jedreot k §d
Brougen? (Obr &y ek 2 v dese&tm n 8§ (

Autor Budakcia kol. (2000 uv §d2ge ve jserhd\vinddSeétviisméa md u b
drsnhj Gz SpovaiBREdPYe padh@h Wy kmzuj2 hl adg?
netgyange rpavick/lPodkekaut B8Mka a R@0l4 p s ecddlgiegm §
drsnostnadegradat 8§t Dr u n e mu sl?2a satfjod y h p a ddgsthwug g igé hy
barevi®stabiliy ne g povrciNg obRfd)aze vi dlikstt urpanzdd 2 |
opracmwddn?2kde jsou patrn® rozd2ly v dr snos
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b)S mr k Sezanl

W

S
-

a)S'mrkka!rt§! ovanl

o
-

c) Smrk fr®zova d) Smrk brougenl

Obr.2.Praktick® uk8zky zpTsoby pS2prayv
(https://www.lakyadler.cz/ 12.52022)

Chemickg strukturad Se v a

Nejen makroskopi ck® charakteristiky a vl
ngt Nrowdte®enTmi vIiznamnlT vIiiv m$lio dehadmilx k §
z polysacharid@, polyfenoll a doprovodh ¢ h &t (Rowell 2012). Polysacharidy
apolyfenoly dohromadyt v o $%7 % @0e vhméty, zbytekj e t dopr&edhn mi
| Satnki , tkvtoeSr2® -2Br Wb a S2 v n 2 s vk & haisdrohw(ERa
akol. 2009). Polymchari di ckisephdgthe ifephwd | wl - z
azastupujeasi 70 %(Ek a kol. 2009. Polyfe n o | ¢hardktem §lignina t ¥ ® P S
zbyteks | okem2z® vi dDt (Gandbt 8zrRBDaPkolvod2aa® 3) o
d Sejvsao u  tow b @ieamAinick ma anorganick mi 8amk( Gr yc a Hor §|
2005)

60 4
[%]

50
48-56
L/

40 -

30 23-25

T P25-35
13
20

m celuléza
N penidzony

10 1 m lignin
0% nexézony
AN AN e w hemicelulé
JEHLIGNATE DREVINY LISTNATE DREVINY emicelulozy

Obr.3.Chemi ca®es? dSeva
(Upraveno dleReinprecht 2008)
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Polysacharidy

Polysacharidy sou ve dSevhD zastoupenyamiej m®n a
(n a p S pekidbzang anexozony (Reinprecht 2008)

Cel uli jemaej bnNgnnNj g2 organickou sl ouleninou

polysacharid, jehog strukturn?2 2unkT%o$zo0
kostru sthDn ansStomdeBbhé&h upavkdi e dbélbednd®k
obsahujetl-56%celd - . Pyd 2 | ceel wly-gzhy i(468682NMewy | i st n§| T

(4148 %) ( Hor 8| ®kChemiOck8§8 struktura celul  -zy
mechanifcykdickhs lan 2 ¢ & e@hang akbln2024 t 2

Hemi ceikanlom2y udb sahujdal @ddSe waylky £a ®hogqurhiodn n N
nazl W&my c edluibgpSye desvig?gne HE m&| ekDS2¥®1 )o.bsahuj
2035 % hemiHeeli wleyl znmeyzg g2 zaust ospeam2 T ch dSev
viehl i | maptt¢hsd o @Hosséinaen kol.2012) Hemi cel ul - zy o
fyzi kEheamivdka® t nosti dSevaej m®na spSiprtog ceh
procesech jabkaoagjiea2nap & HowiEgirk RDOVY
Degradace p@dglsalchay iaThemicelul -zy)

Polysacharidy mohou ve d®&enplecht®®gr adov ¢
Zhl edi ska trveaenxltievo ®triu 1§ &t Mreff vi znamnNj §?2
HydrolTza by byl a mini mS8il nnt2® (StgmankI®5E by p
Vexteri ® u se ov@pomakhypskgtujl8stvioda pr ach
(napS2klad pl2snimhDm? gdTeatly @owdllr 20L8).yPrineipni s 2
hydrol T zy abpdlov\Es 2v maigomerinle bwo oy | dyaner ov® m
dSeva pSi jej2m soul asn @faiarka 202 adPS2rkd ame mn
mTge bilt hydrolytick® romakmMprenl?el zaa ®c gll
vzni ku dvou men@de Bmonal rwynod e&einT mi .koncov
Respektive tot&ln2 hydrollza celul-zy pros
D-gl uk(B®g wiAubert 1994) Hydr ol T zou se | ehce odgtHt
zhemi cel ul -z za vzni ku kyseliny octov®, I
ikatalyz8tor dal gRenprecktBO88ni cklT ch reakc?2 (
Lignin

Spolu spolysacharidyj e | i gnin nejdTlegitnhRNjg2zm a
dSevaded§v§ dS.cbsahligpieuw o sl tSmhyhlje snezl5a 35 %.

VNt g2 z éignibuojuep ené dSevN-35%hlndmahBEHRS] T (
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ai struktura jer 0 z d 2 | n B 20@)Hlognigjl eh | i |dSaetv@hose | i §?2 0 (
| i stnat ®ho dSeva struktur8§8ln2 stavbou (v
fenolov®m j8§dSe u jehlilnat®khwpidrb®may loipgtc
dSeva) (Lunderl 2k 2009). Chemick8§8 struktur
ligninu je jedn2zm z kl2]ovich probl ®mT v
amorfn2, vysoce komplexn? JTEpR&kw¥§dn).az kar a
Lignin je chemicky m®nhD stabiln2 Hisegkcel u
at - gt o\@@3.aSchopnost absorbovat UVz § Senq lignk n§chyl nl

kdl ouhodob®nmogj ¢ ozlkd satdiost , kt ermp@r ecnfu ddS ¢ e a
an§8t Nr ov I (Tondisajka. 2@ T TrojrozmNrnl polymer s
O-C a GC. Lignin nem8 |jedinoujedpatbkcedl2yl?2.- zs e
ahemi ceSklUBdg, se ze slogit®hbenspoBEBHEN2 | s
(Gu k a w &ok R020g . Ligniny |l ze klasifikovat n Nk
rozdDl eny podle jejich k®Onsitgruiknyn2ebkb pkV

pSevggnh z e t S2 z8kl adn2ch stavebnz2ct
ap-hydroxyfenylibdyghvskhopha odl egnéitihn®ype
jednotkyar omat i c.E®Rhstuypugirok8 wvariabilita si
dSeva. Fenylpropan mTge bit nahrazen na C

spopnT ch ®terem a uhl2ku aSano2000 2 kov® vazby
Degradacdigninu

PSilnavost dSevRhRnilch transpara&jjcm2ch n
cel kovsg  jrevasnllinvibsdav!l i vnBDna rozkladem 1|ig
avi diteVh®hospektra,pglonn&«lanf 2kt hov DtNima t o t
akol. 20199 )Reakc?2 m Vv PDgnjaupeerornost z nhDkolika
ivkysel ®m prost Sed2 vl iTreinb wlyosw&). Ve vizkalaule.p | 200t 1
kn§8t Drovim hmot&m je nejdTl egdgit NjragBadur e ak c €
ligninu (fotoljetekoegf ovi g@%nN z&SeMPbujTat®0 d
je nejlastnDji zpTsobena sluneBsem2avifemot
(Nikafshar a kal 2021). Autor Dawson a kol.(2008 p o u §yselinu peroctovou
k odstrafd nligninuzp o v r ¢ h @i 3dn$pav an § sol geedirS@t¥roans par ent n
n 8§t NYlesm epdvrch bylfotost abialdesy § g2 ¢§i votnosti (D
2008). Autor Aloui a kol. (200 pougadhraniD | igninuUVna pov
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stabilape v odioutrvanlivdstPe ni t i v n 2ochrdnsulligniciin D |
iaut or s k IRodkiguds dekQlivieira kol. (2019)

FotolTza Iligninu

Fotol Tza | i ganbisnol\pce?$§ Rlao &jisnda®l kami pod
azobl asti 200rAfgt BmMOmami mem p Sk orRj8Wg avma n TUmi
vazbami(n apAsar omati ck® j §drmpa opaddo@Pi §&)stiagbian
absorbujeidizefem® obl asti spekt.NapsSad#!l 400
“Telektronyvnenasycen® vazbD uhl¢kJoel &a®Ilslbo b u
nm, aliggirukk @nj ugovan @ypsryospta@noww GR | eabit k1
j 8drem (cOrcO0df dok8§ge absorbovat wvRegerge
vinovou d @Gnimk(Reinpreeht 308). Obdobnl viiwv na sn
absorbovan®ho kvanta z§$%ehndal magPk ekt rfounnokvlT
(tzv. auxochromy)Ksibi a kol.2003)Mo |l ekul y |l i gninu se po abs
doenergeticky bobatgeawTeacsmnadaBji vstupuj
reakc?2. Z8kladn?2 principy excitace mol ekul
je vidnDt -har pSAKl ad® &dkupiny fenaolbpBakanoy
4 (Reinprecht 2008)

h . .
c=0 B 'c =0] = 'c=0
AE = 335-356 AE = 314-335
(kd/mol) (kJ/mol)
|
> m* T*
v
hv zména
spinu
-1
n n
v | n
Zakiadni (N—7%) Excitovany *(n—7¥)

stav singlet stav triplet

Obr. 4. Principy extrakcek ar b o ny | o w@olektedigninukyv ant ovi m z ¢
(Upraveno dleReinprecht 2008)

ExcitokamBonlyl ov8 skupina (vzbuzenl aroc
i nterkombinaln?2 konverz?2 ze singletov®ho
(CrestiniaD 8 u 49969 Vt omt o st avu se potom zapoj?2 do
ok ol mZekdC,GHaOHvr TznT ch mol ekul §ch dSeva. Na
vod?2 ku paoseblelozxkk®ho fenol ov®ho hydroxyl u
radi k81 T, fenoxyl ov®ho a benzyl ov®ho. Vzn
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homo!l yht ircekalkecc2 . PSi fotolTze | i gmianu nj®s ma
o b r 85Zllanzalungaa Bietti 2000)

R R R
hV A CHs
R2 CHs Rz CH; Rz
R, R,

Obr.5.Fot ol T z & Uil ki agrnbi onnskupinaséejprvee x ci t uj e ab§ge|
vod2koa nzho fengdan8®H@®dmyldwvaxni kaj? dva
af e n o x yUpmvehofdleReinprecht 2016)

CHs

Fotooxidaceligninu

Lignin degradugt ak ® procesem o XRethmecht 2008) oP $io x i ¢
oxi daci ligninT jehlilnatTchmad®ewvimnowzsriv
p 1 hydroxybenzaldehyd Ox i d a c 2 l'igninT l i stnamT ch (
asyringyll adehyd (pozn. Syringal dehyd se t
do whisky, k er ® dod&v§& koSenit®, kouSdGogulet hor k@
2016)

Fotooxidace | igninu je intenzivn? fot
(zobrazeno @.a Koybsih@déciuskvantovim z8§Sen2m
zez 8kl adn?2 ho tarkitplvowvam@het d@aidey 2093)Taktou
aktivovanl kysiadki k@®lhkol rgmignyg easjinlch or
peroxidovich radi k=8I T,okkotlenr2® onr §gsal reitdzeki® vngodl «
vzni ku organi ck®ho radi k8l u a -0-@H)Krakiovn?2 ho

se vytvgsS2 pSedpoklady na del g2 (Weieatkddz ov ® r

1995)
\C=0 hv
(/

RO'+'OH

hv

ROOH RH

Obr. 6. Proces btooxidaceligninu
(Upraveno dleRowell 2005
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Kysl 2k dok&8ge reagovat i dvojnTimi vazba
chinonT a jinTch reaktivn2ch struktur vr at
vzni kaj 2c? rozkl ade(Bonint @skoll i1998)T ¢ B T s4 keydtk ke Tn)
fotooxia@almzZ,chp$i kterTch rost e ligpiudjé | chr
postupn® sn2gend novoar m®d ko&8Sewr228D nm a n
SVygg?2 mi v | n ¢Wabgorier ack@®.12@1AMi i vem DV lgdnBen2 s
zZvyguj e pod?2]| karbonyl ovTlch a kar boxyl o
amet o x y | WiNidme fa Feigt 2007 . Rozkl adn® produkty I
kyseliny, wvanil?n, syringyal delBy,dgvdour Tzn®
se ze dSevazayymlaaVtu 2pozKatkTm patS2 i zj
ovl nov® d®l ce nad 400 npjaojemwpSdl ®Vt m&8Gernt:
naopak | etfrast1®®) e dnQbtdob(nN r e aag ukjaehirdztidg ni n t ¢
nNDkterTch tNngkTch kovT (Cu, Hg, Ag, Co).
aromatick® aldehydy a aromat i c KRRinpkeeht bonov
2008)

Doprovodn® | 8§tky ve dSevD

Doprovodn® | §tky dSevan?iomucHasrt&kt emruz
pravi ddglzm®mv meng?2 m mnogstv2 vyskytuj?2 ve
hmoty, i kdyg tyto | 8tky maj2 nespornl fyz
| 8tek mTge zhorgit ¢givotnbskowms§t ®Bdlkw®uhos
mTge mhstgen?2 vpSiklpmaWostwuik T nebo mechani ck’
dojdekvT ronu pr ys kakdh 1980).DIL e r lv e(@idB@EMTkgye me r oz d NI
| §t ky ~n&sldé&ewjI?som2bme m:

-anorgani,ck® | 8t ky

-extrakxivahovatel n®) | 8t ky

-pryskySice dSeva
Anorganick® | 8t ky

Anorganickl obsah dSeva spopelgBtveyrkil ej eo z
pSiblignim mNRS2tkem miner§8ln2ch sol?2 a |
spal ovni®rrine@p 8o t2% 54G. N Anorganickl obsah mT
vl e s dbcsha huj 2nereo gvsetlvik® oxi du kSemilit®ho, ni
anorganickl obsah nigg2 neg 0,5 % (Brownin
materi 8§l u o byskag8h wj ep rQOCOTPivkyElal,i sMg a K t voS?
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dSevn2ho popela. Tyto prvky -lmntawdhpwhloiblni
asul f 8ty ve dSevhD nebo bylpev€iz&€hychamktae
(Munir 2019 . Dal g2 mi p [Scu Na, BinB, Mn, FepMoyQu,yZn, Ag, Al,

Ba, Co, Cr, Ni, Pb, Rb, Sr, Ti, Au, Ga, In, La, Li, Sn,VazZr (EAl®) . NRDkter ® z
jsou nezbytn® pro rTst dSeva. Anorganick®
atransport ov §nyAutpgrBowelR2® chNrsd 2z loanuen?2 12 anor
prvkT v rTznlTch | 8st2 stromu (koSeny, kKTr
cel kovl anorganickl obsahsegitmad&ankzodnibyg nt r ac
Anorgani cll lolidas$vt iz Svai spodm2nk8§ch prost Se:
(Reimanna kol. 1965).

Extraktivn2z | 8t Kky

Extraktivn 2 | Bxtrékivadi); sou chemi ck® | §tky ve dS
extrahovs8ny pomoc? nNDkoli ka rozpougtnDdel
kl asifikov8§ny rozpougthRdlem pougitim k ex
toluenet hanol a | ej 2(Jarrsen aliluebranh 2009k X Ex ak & t i v n 2
poskytuj?2 dSevu pSirozenou trvanlivost zej
jsou tvoSeny buRkami parenchymu na mota®Ii c
jsou vylulovs8ny jamkamil ido 190®@69edT2 et obaimpl
aby mrtv® buRKky byly uzavSeny nebo infilt
skutelnosti, ge tNDmto buRk&m chyb? schop
slouleniny sadMdlstaObBcliRowbhait ® g&ejyiehy r
obsah extraktT ameghDt gisnamae®t d&letvT nyak v j
vl i st ndaStelveec h s e nach§ZGierlinger 4 Bod 20®4) @wo d Se v N
chemi k8l i e exi stuj? jpaokloy meno yn 0 meDroyd,§ v dj e r
charakteristi ck ®Doralsonavik®ln2019)nebldgod[nal e zp’
iprob)manyS2kl ad pokud se pougije dSevo s
extrakln2ch | 8tek v kompozitu poj &n®mabem
nebo ne¥pl|l n®mu | epen?, aBdakelakod20l® .p |l Glte?] ouv &
ng8t Drov® hmoty, u kterwd cho j@SeBaloumeéyytaby
film, jelikodg dSevina nen? schuoceodpuzuje§t NDr o
(Labal ov&R22a. kbyl a zjigthDna Yzk8 korelace m
extraktiv(Ey i n g a aBoal 20221 ®
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bDlinky extraktivn2ch | 8tek na konel nou
srovn8n?2 s degradac? zpTsobenou zmBDnami vl
gkodlivim % inkem extraktivn2ch (Bufanek | e
aGraystone 208. Ve vodhD rozpustn® extraktivn2z | 8§t
povrch dSeva aBastahbMacDooaddddjJBBmgtelm® ( §t ky v p
j 8drov®ho dSeva (rozpugthRn® v olej2ch a r
ZpTs obu pavy aogidmamul1l959Rowell 2013 . Krom® nDkter ® che

rychle ,afjnnNdenmouS z|@arnbhp? gojxd datastnost i [
(Huff19749 . Dal g2 m nepS2znivim % inkem je, ¢e
Yapr &Svjy° kvi)s.t EXtlr9ak| n2? | 8tky rozpustn® v e
(Hanifah 2022 , silnnD zpomaluj2 wvytvrzovgn?: nena
NDkter® fenolick® extraktivn2 | 8tky v z8p
antioxidants t a b i | i maplonv?r cl h8ekdaSk®I2049. Extraktiva negatia 1

ovlivR u§ rh &dstpovrchu Vlivem oxidacemohouvyvolatchemickoueakcisn § t NDr e m
nebopr odl ougi t (drophta HubbeR0d@azreinrty (t S2 skooyvi ny)
azej m®na u dubu se na povr ¢Shkayp®£kol2089).y ku vy
Shirmohammadli a kol. (2@ popsal ud u b u |l et n2 ho v2ce ne (
hydr ol yzov atObdahahigf m§vtlainvi nnfa k yZeidldraBotr T $av a
2016).Uj §dr o v ®dtubus & S @ v hodrioty pHokolo3,0nar oz d 2 | od v
ostatn2ch dSevimqgzdedze? $le dp o h g bapdH?ea@vi | invR ujr
at ak ® vjyda ha z(Bulia® aGraystone 2009).Autor Tondi a kol. (2013)
poznametnaanli,nygjevykazuj 2 podobnkoulgmnaatid t el no
i pSetsdmwi ndyoelTarsnr®Enit dSevo t2m, ¢ge absorb

0 vV § ®zpadne.
PryskySice
PryskySice a tuky se skl §&8daj2 z pryskyS¢

kyseliny jsou estery s alkoholy,jakoa p S§ k y adr ol . PryskySil n® k
funkci kysel,i nk$ ekraabcohx8zl eojv2® h | awanla kol. | 8§dr «
2020 . Kyselina abietovsg8 je bhRgnl typ kys
viehlildh$eaeyiedpiUnene a dal g2 podobn® c¢hemi

znej dTl egitNjg2ch polyfenol Bn a éevpibmaswl®m n

j 8druanyLijgsnou kombinac2 dvou fejnghlpirlopaniec

27



dSeving§chYdqLGhitdd i 9D8%) . Coni dend(ieibichse nac
a Hemingway 1989)

32Degradace dSeva

Faktory souvisej2c?2 add®rapa@ras soud Sd
akol. 2022) DSevo jakogto dpgfdue®en? amavaetr i Tge r
zpTsoby, pSil|l emg kagdl dr ¢ HT deelgr ad akcod . m8§
Nej z8klradnlDj @gnh?2 de gt ad & ®{Reinpeehtit@d)B ic k ®I ¢ k ®
[ abiotick® faktory hraj?2 roli j ako soul 8§
2000) . Pougit? dSeva | e n8sl edlniDni drmd Z[em
degr aduj 2Madasa kdl.2@22 o (

Bi ol ogick8 degradace

Biologick&8Seeaqrddidadéet ou v kol obhRhu wuhl:
adSevo | ako o rj2pam8(@ias aka 2022)Bio®dickou degradaci
dSeva zpTsobujpargazvi@ ug.rNgpen?ifsindyd 8®Ov D houby ,
abakterie z p T d o/lzu jk28d 2n ®p oag kcdEaesnsiZilB/erbist a kol. 2019
DSevokazn®votthb® svazky hTf dSewvaesnv@ mpr or
met aboli smem rozkl 8daj?2 chemi c(lcé&riev2el8by , | 2
Gandel oy ®SewOdkRmynl khade vaj2lka na povrec
vyhl od8vaj?2 dSewe wlbtdg ¢pHoévjrdcohbeBe2e8 D) zp Tsob
hl avnhD estwetxitcek ® ® kuo sig e ¢ o d efitamdnBuae sy atv i vnh
pTsobit 6RS8h&baAM)kIgjichvivnamec hani ck Gpeukeast nos

vijiimeRtn§| ekPl2G08®)vazbar vmmjedoydgkboupy hl avn
bunn| nTicche | sutl Rz u,0 zIkil §iare?dal |keg]tagégnedd h,jakot y
jsoupektinycukry, a ji d@@AU(ReSnpObehhof@neba ov§ a

HT sek a kuwvig8d2(,209le8)napaden2 pl2shBonl ¢the
podm2nek k,vjletika® m§ohopPDbDsas@d?2 .
Abiotick8 degradace

KromhR biotick® degr adhmicoet ipcTks§o btlejge aa® h S a
nej |l apT®pbena v jtvkeonmbp onvalxt2r moescthiani ckT ch a
( P § n Reinprecht2016. Obvyklep Tsob?2 v2ce |Pansémdaie naj ed
v g efcohr ns8kcuhp e(nvsltevtz2n D) vodapTIsbodbeDéE e bk @lengi®
(Reinprecht 2008)Degradaci podporujep o st upn® me ¢ h aznp TcskaRb eonp® t

28



pr oundplden2nT c hT ah k kgtarkckg P@ S e k  8). Vkda synergizkq 1
interaguje se sluneln2m z8Sen2m a zpTsobuj
zpTsobuje zmDny rozmDrT a deformace (Fei s
doch8z2 Kk rozrugov 8w 2o kimeazji covu@ (ishikndhiom® v eb
dSevndezii buRkéaminhD| nT)cahn astulgm@kék ul §ryn2 str
polysachari dT a 16)iZgsnsi anluma@eBradaopquvrcheit e v &2 Om§
sluneln2 z8Sen2 (WejzB@wdat P&k ejke lacEkengleo g R & 1 7
abiotick®ho dTanltehef @MTm®»bdR, vl emug odpova2d
pogkoz &nzabra2eng wbulce 1(Reinprecht 208).

Tabulkka2Abi oti ck® pogkozen? dSupmawnodeReingreeht2088f u a ext er

ZpTsob a intenzita pogkozen? dSg¢
Abi otickl Vnit Sn2 prostSed?Venkovn?2 prost §
energie) ZpTsob Intenzita ZpTsob |Intenzita
Tepeln§ (i fOheR Virazng|OheR VTrazn
Tmavnut 2 Virazng|(Tmavnut2 VIirazrn
Tepel n8 ( mqpokles pevnosti M2 r n § pokles pevnosti M2 r n§
Fotooxidace a y
barevn® z VIrazn
El ektromag Vyl ouhov§
kvant ov® z |Fotooxidace a fotooxido
viditel n®) |[barevn® zi1M2r n§ ' igninT VIrazn
Trhliny aM2rns§
Povrchov®
Mechani ck8 |Trhliny a M2rn§ rozvI| 8knnRVIrazn
Rozvl @k nni RozvI 8§knnD
zdrsnhDn2 |M2rn§ z d r spovich? VIirazr
barevn® ziM2rn§ barevn® z VIirazrm
pokles pevnosti VIirazn
Chemi ck§ pokles pevnosti M2 r n § SelektivnVIirazin

Sluneln2 z§8Sen?

Expozices | unel n2mha #H&%6e02 zpTsobuje mn o h o
vpovrchov® vrstvhD dSeva. Sl une|obsahujgtyt®dt | o,
druhy z8Sen?2: (VISy(a@nedred et® csk/ydtt woS2 (Rp %) ,
(50%) a ul {UN)af§iSaln@FBudrera kol 20.9).

Viditel fMis)svhDnFoal er(lRen®T szo§bQugjne2 pouze
fotodegradaln?2 proces. PrTnOh e@Spavr ¢leu ma
Dopadyt Dcht o dnahdTegg&majes ou Saghmmakal2019)(
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Ul trafUVezl§8oSve® 2 naproti tomu zpTsobuje v
Al koli UV zv§9emd chopaam®e] eht §® K&8glhgdtaci :
UV z88emt g8 v (Evanwaol. 20@)l kroTuni kp @ae a brt®e n 2 |
tvorba reaktivn2ch radi k8I T jsou procesy,
proni knout ag do hl oubky R&rnprecb2fl6pAby fotanv r ¢ h u

UVWz&§Sam¥sobil chemickou zmRnu, mus?2 bilt |
zvi @i jeden z elektronT ve slouleninhD z |
wuroveR, cog umogRuje |1 8m8&n2 nebo formovs

Absorpce z8Sen2? slogkami dSeva (hyywydm@ml i g
obsahem energidPapp a kol.2004) Uvol nDn&xeneogaerl czh mo
asoul asnl pr Tbhdépodhemirdkliadm?2 ch i jinTch
homol yticky gt Dp?2 kodvalne mtur) 2 av avzzbnyi k@h 12 a vrn
zpTsob2 pri m&ronu kitoyp,o gkkteearu®& K ® s(potettoRA1T)r u d Se
Transport volnTch radi kSlef DalbbolicRj irechd c d S
dal g2ch volnTch radi k8l T zpTsob2 sekund§8ri
2500 Om od poveadt@s.dSeva (Reinpr

Voda( vgechna skupenstv?2)

Voda obsagengodme? pkSeuvrl] sjte dSevokaznTch
(Pt &8l ek 2009, \wWeurkzmal &l for®mM8dhms ktupre®@mt v
ipl ynEe®M egi tou pS2| ivovatahlegyathte dBBOnEm
napovrchwm d$%envad j(ebhoob trno§znmn,ral p S évgzynd k&hnu2t)® mu
pnudveni t$S o&Se\Saznik Rhiip. 2/lbkdst, ktel€ pSi jde do ko
sn e o ¢le mdSSeamvse rychle absorbujek a pi | § r np $nposrchdvdunastuou
d Se v ad e(l G&ol®2002. Trhlinyt v o 82 gt 038t Sed®z bmrroen2 dSe
a tppoh@papleMda n§sl ednD rozvoj dSevokaznTch
33.ZpTsoby ochrany dSeva

AbydSevo vydrgel o ch@lbeo al easpodr amssiaalko r
ochitp§ddgr adal .n2$eomorifyzt k81 nN, konstruklr
Fyzi k8§l n2 odferj&ma pd Sreyllaee e moy el n2 &p rpodam?in e
fyzi k81 n2ch ,paragpnse sk faakd &gdiya d a (Jagtencatkol.
2010)PS2 paddmMavou par apmed 5,8k bg? bkl gkTdce
(hebo anleebsyploRaaskt b v h ¢ knédegradonall S eV os e edjelRog i |
ng§sl @dlyber.k 2019)
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Konstruk| rnize ozcahlroagrieaipechfrya i k 8 | n(€roitorecahkola n y
2018)Z 8kl gkemywhod®hch druhT dSevRokudjewmSevhDn'
mogm®varov_8n? se kontaktu se zem?2 nebo p.
napS2kl oadefsarmmoRsStnSeekcB0 5 ) a k @ a vogtimapiae 2

vli et nD lorcihtriamkyT ¢ h mpratitv n k bvBdy heajen kkapaldn,

aleipl ynsta@uB Si nl i l ovg 2018)

Chemick§ ochranai jeoc hr ana dSeva pomoc?2 chemickTch
n 2 p Seidspraevgnac e proti bi ocidn?2m) ngobh Tdc Tm
retar d@®MarekBOAF emM2zi chemickou oxhkameun ®s € h$ ¢
dSex®j m®na proni mpaMidbwihmdan N i prot.i bi ol

protzape aRuj 2 vzniku vhodnTch podm2nek pro
(Z a | aeGabriel.2021) PScith emi ck® oc hr a mbdifikhcdg &k P ad @as®
dSe VAmtyu gk o8l er ovg 2014)

Modifikace d Seiv@gSimodi fi kaci dSeva se z§m8®F®M mn
pr Tu9eboijepovr choy®sveca3dtem zlepgen?2 jeho vl a
LastTm zpTsobem modi fi kactee rpmoiverkcgh umojdsi of ui ke
2006). Takt o modi fi kovan® kdvSidkilo§ d/§ re2x t reg |i i®x tuo ts e
SV® por®zn2 struktury r Jjughtbabin azkola20MR) do g €
prvkT, kter® se nevyskytduje2 EW k3cbnit)a kjteu nsoeg
modifikacip o u z e p o vwstwnw e d fSre §v t&@langa kol.2013).N § tmlxn 2
viastnostpovr chpy d&p8aklad barvu, |, eaoiltoseebo s
ing§t NDry Sad?2 me z(Rowatha Hol. ROlkExan a kol S283/ R § n e k
aReinprech2016).

Povrchovs§ modif ik%eaivws iplondak§ pasdtolv @hao d Sev o mé

viraznn ovlivRovat typ podkladovich dSevi
azpTsob zpracakd8n®1l2()V,i tpooslyytr®e @dnm 5 Sz 8lkain&d adi
(De Meier 20@5) . Dl ouhodob8 trvanlivost povlakovl
pro ochranu dSeva proti st S§akollRt02189hi atl iec k'
proti st8rnut? bakteriemi, mi kroskopickT m
biologicky degrady 2 ¢ 2 mi | inidly (Gaylarde 2011).

34N§t Drov® syst®my na dSevo

DSevo lze chrgnit ng8thRrgmM8&nekbSas kjoého
N§t Barbyr alRug 2w S&ncchov i a hj il Bisd i Ic @ spbrip $ 2doh 2
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struktury(Scrinzia kol.2011)Z a n e 3 € mKombinacisez mNDno u,zipdrswypenou
degradbain? mel i (splatdg @D ehvattngh KR pdemd 2
zegedi vdn2 (Evans a kgcet.a k2o0vi® JdeSteW|da ¢ elhas n G
vznikl@hoplastik ® pavrchyv y hl ed8van® nhRkterT(mbaRlksy §n e
2016) al e vgeobecnh peSedies FétmeviMmuzdedy ev T m
nebo bary d Seva popdSwedp2at vhodnipriThdredmdsr padmB
pi gmen tkorvyacrgit N¢ ( Rei nNerjebchgdn N3 008v)y.ug2vani m
vexteri®ru jsou al kydov®, (aPk8rnyel kNt2o0OWW®&n& zklue

71 ze vidhDpe meotzrloeem® a f il mov® vrstvy ngth

Tloustka
vrchni vrstvy

Hloubka penetrace
do dreva

a)Olej b)Tenkovr stobgklel c)Si | nolarumt v !
Al kydov § obvykle Akr

Obr.7RozI|l ogen2 penetrovan® a fil mov
(Upraveno dleT e s a % &ol: Z014)

Al kydov® pryskySice

Al kydov® n8&tNDrobwkie ol 8§ ky nedou mast nl mi
modi fi kovan® polykondenzal n2 pol ymery pol
(Tomak aGonultas2 01 8) . Al kyy dwwt®v §rS&®tjBr na povrchu
autooxid@e vysych avi ch(Hbb e k T 2018kJed ns€o t Damag®ni c k ®
sl oul @@G)nyobk®Bsep Si vytdooxad@Bg?t o je jejich
regul ov&no ev r(fijensakdl. @®@2) PriBestd ph gt 3 asov D n§r
(MTge trvat o)ap8omiatie RINGthBdowpof vy mcheut 2 t
prugnl a cel kov DD pogkladi@lba kolu200p). Alkyldynlzewnio s it t Kk
sizokyan8ty (uretanov® al kydy) , Mogifikgce ky Si ¢ ¢
al kydovich pryskySic polyamidovIi mi prysk:
viskozitu, | 2 mg v z mir kyajkeggh&ninio e &ol. 20AGHIudie al ky d
Chakrabortya kol. (2009) Murillo a kol. (2011)S ¢ h ° n earka@l.{2021)p r o ky§ z a |
ge hybridizace s uretanem mTge zvIigit houd
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odNDUVW odol nost al kay dporvol dcichd upgrisyidhedyaSti ecuz o v
hougevieatvdgtit pSi m2 ch§n?2 mlLiegpacka.i2aldNabyc h pry
akol. 2®1).Modi fi kace za %%l el em 2z loxdgnte nt2amkddrivds
(Otabora kol. 2019)Po mNDr y st Bgkeko ur l uj2 fingln2 vl as
akol.2020)Li t er 8rn2 anallza ukazuje mTged anpdii f i |
jejich pyuegaobta#igg§ nPa TdSevo.

Akryl 8tov® pol ymery

AKryl 8§t ov® (osykl®sirmwsBRsli § tnlokzardt wi®v § S2 opr
al ky d@bxklettenke r st v m viDa R ffilBium)satkv upot vr Zuj e ob
Akryl 8tov® n8tDrov® | 8tky wvytvrzuj?2 fyzik
2010).Vsoul asn®yd8bmBj s acduBjeidi (dé Isplenebom& N
| acsrtozt okov® (rozpugthNn® v( Obreg @roif ®eknlectov g o
2018).Soul asnl trend se zamRSuj e beaobsaBut Nr oV«
t DK @ drganick cl o u [(Nguyénra kol. 2017 Si pravuj 2 se pol yn
kyseliny akrylo® a me t hvy ki g Wityéuvg®r tT2z mpl ocninld rTe Kydelm,

Ize ovlivnit f y z i k 8hemid® vlastnost (Lokaj aVavr ug0oad).§i c m®n N
kopolymeru pola k r y | 8segmer®jhou v el mi cCi (Ari¢vn® brear glaV
akol. 2015) StudieNguyen&k ol . (2017) wukazuje pozitivn?
N8t Nru pomoc 2 a4n@ naofbtdstakiliiukRezadi iAliadcha kol. (2022)
potvrzuje popomdeh?2nandd@E@iliad benzofenolem,

k t eporhohl povrchc hr §nit i@ pSi zkoudscse e$ addn aza b m|
apuchl SkTm .Poakpovrégoif@y r har adobfchemilE i ¢ k §
odolnost, odolnostproti o v Dt azmntDi bar evn®ho odst2nu (HI
siceprugnmi)k k@eej dovAa| ROlIldi)sp@akiznPk 8§t walk®@D n 8§t Nr
m®nN odol n®,zudy ekbidgicsay ky o W2 IXjEFl sek a kol . 20

Ol ejov® n8tNry

Hl avn2m eoleemeonvtiecnh n §t prS?vriogdeny2t Bae® b ¢
rost !l i ne/iddnena koy1®9B) P S2 ratepn ¢ s $@dtsr i gl ycer i dT v
mastnl ch ( n kyselns(Zigtice @ kot BOLS) Oleje w t v r chemjcRk
aut ooxiodylm@Balzaears§ a Mob6&k|I F009eje reaguj
kys|l 2 wpikahydraperoxid, kt er ® se roz&ki 8jdag¢?2 pal vyad
oleje a vytvg§S2 se trojrozmRrng s2S (Sand|

flmuj e vel mi pomal T a spodn?2 (Thh\&jsatFaixf1B9B)mu z T s
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Zt oho diuwedmavaap!| i k ovlaej®hE® iootiio st at n2m dr uh
ngtvemitenikS$i bAOSPNIE M na hori zont &l n2ch pov
dokonce§¢n25-3 0 @asimenko 2016 Pokud saplikujep S2sliivgn 8§t va, nebo
vrstvy olep p S2Krigt ce , ponTg e b @wr &< n kn 2 ol epoov ®h o
inevyt \Hz2énmo J)Ob20LEgS podzSovtarhPe N t Sabhch ne
mastni ch ploewvrtcon Tj ev se vys k ydtSue(tamnaakpl.S2 k1 ad
2019). PSi m2 ¢ h § n 2 nsikatiakkozwTaap 86 h  k o prad it au , n Ik toevral)
dr uh T plzeqnryahibw YTt v r zs@ VSreR§er@harratt a kol. 200901 ej ov ®
ngtjPauprugn@obSe odol §vajJoudwmmbk/d@rotizmNn §m
ostatn? myag§yePxrtTep i ®v iud e | nEhjpyakol.20d4. B deist o g e
nejl ®pe zachovaj 2 sopnT8cohdyné?n @t zr h§l bafts ItdgSeekvisat, a |
nNi @3y u ostatnz qMHerj to) o L2j0udtIenyptak 2 v aj 2
jako chemickakydp@aipiSik ko @ @R ® eReinpesih@016). Lze
vyug?2t i | akd eo|®eujjsepve@®n zParppygmientv ol ej i mo
pryskySi| Wangakol.20i0p8 ky sv® prugnosti se ol ¢
ve stavebn2c¢hr abt¢t ¥sheSpjghsamdng oprrmerova ( Ober
a kol. 2018).

35.Modi fi kacesyg&tnmJr ov]i ch

Cel kovg8 trvanlivost vnBhDjg2ch n8tDrT je
pod povrchem (Sivrikaya kol . 2011), ale tak® povrchov
je spojovsn penet0lac?2 a( bé aMamiDempoa gR wla.nT MO
akol.,2018)Pi gment ovan® smgteN1t gleygichwaeiwleh odou j e ¥
zakryt 2 krgby & lmmdyn®Se(vMi t osyt ® .a Namlpak2@X2ansp
(prThledp@®rhong8WVagydc2majpejvean P e kdoost ( Ev
akol. 2015 P 8 n eReinpeech2016).Hl avn2z m pr obl ®mem j e degr

sluneln2m z8§%&kn?mehozejlm@kaooup UV z8Sen2 m.

svDtl o nemaj? tak devastuj2c?2 viliiv (Gayl ar
poug2vsgn2 | ehce pigmentovanlch n8tRrT v ooct
dSevo ogetoBst2né&€mNdemu}y ( Da ws ampronssenfeo | . 20

dos agehatzavcnhohvd§raezilbdid Sesp &i j at el nou trvanl i
akol.2018)Nedoj de ke zmhRDnN barvy dSeviny barvou
schopny aleBppBhl &steUV z8Sen2 (Herrera a
zejm®na u transparentn2tbdwsamgdob @@t PrST n
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kter® pohlt2 UV z8Sen? a SR8mék pa.gkmlzen20 .

sicezl epguj,hctm®afhenmahi tato modifikace sama
transpar eaxtnér in@tuwr( GayTravamrl iav cksotl . d ReOviAnT,
vystavenich venkovn2m podm2nk&m | ze vira

r Tznl ngiandrckr mi  sRamadoposlosiankeR0li9 . ( Nej %l i nnDj g
chemi k8l i e obsahuj2c? chrom a zejm®na ty,
oget Sen® tNDmito chemi k&8l iemi vykazovalo VI
venkovn2 mu muowhtorcressut m2 n§sl| ednNRapakolenou
2019.

Povrch T&elviaazom D ov( p Finlin 8 tallehfe)zd j ej i ch
odolnostproti v n Djugad¥ Mt r §v § n 2 (HerMVeelrmi a%l k mlnou 2 ®Z
podkl adov® d2Sepi gwme retagy ®rSedgatri@l yat i vnhD dl o
gi vothkbet® vgak zakryj? p(SHTrsoezke nau kbt esh
Transpanr8etnXrny2 nzaatd fevioakovou . Vporomesntn?2ne
spigmentsmg8lzmi degrtaduj€r py n R deywpjlsamwee n2 sr §¢
sluneln2mu z8Sen2 a jinim % ZnkPmotlegdgda
smNDSuje zamNSen2 | 2m d§l v2ce na transpar
absor b®r yr,y sHALbS Iniezb8ct ol § gtoibec emie nEd) (Bizmie ot T § z
aMittal 2011,0b e r h o fakod BBV §

Zvigit lode |l momdac2 nhNRkolika zpTsobT:

a) povrchovg modifikace podkladov®ho dSe\y
HALS ( baminonw®® svDteln® stabiliz8tory) neb

b) modifikace samotnlch ng§tiDUwvsécthabihlmoz § t\

HALS, nanol|l 8stice, transparentn2 pigmenty

c) vhodn§ technol ogi®mTn a F®Hgesnt2h urb&tr NDrao vkiocl h,

vrchn2zch hydrofobn2ch vrstev (P8nek a kol

oy o=

podkladova dfevina (modfFin)

hydrofobizaéni vrstva
komeréni natér

modifikaéni vrstva (UV-stabilizaéni)

Obr.8.Teoretick® sch®ma n§t
(UpravenodleOber hof nerovwg8 a k
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Nanol 8stice

Nano| §ebrazeasea o0 b&chsepkouu ¢ 2rvoa jo?c hor anu n 8t Dr T
z § Se(Wvanm a kol. 2014)Mo di fi kace nanol|] §sti cemi sSpol
zpTsoben® nanorozmBDrovI mi struktur 8l n?2 mi
akol.2017) Tyt o met ody pracuj?2 na prnaalc§lgitui rmoad r a :
z8kl adnD absor pce Wegchethoaclkol. 281§ sNoerjbp®ruTlg2 ¢y anDj ¢
nanol| 8sti cemi pro ochranu povl aku pSed
titanilidt@hox{ du0zi(hkdnavkekidds)y 1Zm OJxau
titanijematodi o a a® ovhytl2uhmov §n2 a o brewinho deew r
je obt2gng dispergovatelnost ve vodou Sedi
efekt(Burnistona kol. 2004)Ox i d zim& | qiatrdk ® upl atnhDn2 d2Kk
el ektricklm a t epxdldnTzmcnhell Snittfi®gd e m§ Sen2 m
ap |l 2 s(rRe@gaikol.2019Ne ut r al i zuj e kyselinyLykddzni kl ®
akol.2018) Nano| §jsoud alkeSEZunsGoMZSRt B v y parjyndustabilitu
a st alesk(Ferzardp2004) Oxid zinelwmatwl 2m®, i kdex 1
bl 2zkT indexu | omukpeTh] S§Xn®ho ppot p maw§u m
prThl edno Sdlaagoh 202a Ke v I( h o,djoeu njTey e  zzpvTi sgoebnol v a t
vznik praskin f i | mu b Rhem v é&rkbov eporiden Ruinkdaaali |
2015).Pol ovodi v® nanoza8 &tniOg e ,j sjoak ad?jkyg Biv® el
fotoaktivn?2 a @ikolicoarkd. 201l WY so&S$erf2otoakti vi
vest kalgtolk& ®mu chov§8n?2, kter® je a4 nano|
(Faureakol.2013F ot okat al yti ck® chovg&8§n2 vede k tvo
soul asnhN degradovat organickIl materi 8l , Ve
m&§ chr §nit p &Rerdaktl\2012D8"§ a kok 2011 Chen a kol. 20156
Fot okat aolvy§tni2c ks® cvhyug2v§g pSi @hnamwddkIsadnon §
od firmy FN NANO www.nanospace.c8.12.2022. Aby aleby |l vy ¥“hB8hRA®e v h
chrgn2c2ch pSed Wann§Senime mhsZBnBhy povi
organi ckT mi nebo anor g@hen akbll2002) i Na&me In§ gnti i «
TiO2s e  uyK Sazkaol Y| i nn § aJVl iokcahor ea naak (fgulzukiakot h  n §'t
2012). D8I e aAkoimalD2az j i stil i, ge nano| 8stice Z
odol nost VvTIIi degr adaccrig alnlVi czk8 Snein 2anb svoer bs® roy
Yar ovnzch zat 2(80652v.e d hi estabifjten &Uovd Kk o mpro&ti PmT ¢ h
z 8 v need navlastnosechnangti¢, 8let ak® na | ejich di sper
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nano| 8stice ZnO vykazovaly nejl eem@g¥rvyl ast
srovn8§n?2 s ngaali®l 8sti cemi Si O
UV Stabiliz8 t o

UV dabiiz 8§t (zobyazenona ob ® 8zskeu poug2vaj ? j edna
vk ombi nac?2ch, aby s e zabrg8nil o oxidaci,
rekombisaza$dnme ask c 2 m, kter® jsou zplipsha)beny f
(Boxall a kol.1984) UV absor b ®rab sroorzbpotvyal nuojuz s WVt el not
paprskT jrekwertzepibn2zm intramolekul 8rn2zm |
rychl ost (NvRtod 3V 8naNekovlyug2 hnh NizPt2asoyUV st ¢
benzotriazol ow®& rUVc ha brsSotrBr@pcgh  jps ew \eWl@iina mNn
( g! ounonduitf2i)k ovanT ch akryl 8tovl c(@amakob| yur e
2000 Chouakol.2008a pol yest er o v(&abanoy alaratheR00H).Kn 8 mDr u
toho studie Changa Choua (2000)pr o ka§ z @jle p Si d&n?2 benzotr
stabilig tuddro bezbarvich n§jkkraloamVee 2t gpko® kd razd@®iv
tak i bezbar vSBitheg nnl § thiernuetabiig ti@aogi UV v t NDchto
byl tak® %l innT p Sni§ tifawha obrijc@iclh@r as ked 20 plsik @
vystavenTi®uponydh Iners t(Alouim kol 2006yFTSre d po k| §d §
ge tento pozitivn?2 ef stabili8 fruenodifikoasetabtieitn s c h o
poviakkuazabr §nk $ehpm@it®? vystageanzy MO kol i | a k
2015).Absor b®ry MWVp Sied H®wajc2n v mnogstvz 1 % adg
N8t NrT ,mau dswmt e nebdferd w e  pwonui Gitéentraci pokud
jsouv kombinacis ami novIim sviDtel nl (Hayszza&d.2003)z §t or e
HALSr adi k8l ov® | apal e

UV stablliZBt mechr 8n2 obl ast bl 2z&toDrefdmp®mM® v an
j ak naznal-Beer Tlva nZi Sokhton . dsSewyugluiv B j 2pot | al| e n 2
degr adal nvzenhi kragofked2cth r adiski§irTi ckay paninnd
nebaol i Ahindersdahbinl neetrsaddif{ks | HxbEBzdnap al e
obrg8 z B b) (Guo a kol. 2017Yu a kol. 201). Zachycuj 2 vol n® radik
povrchu a pom8haj?2 tak p8Sedcba@8emt kpbwmaho
zUVstabiit men2 urlen pro st2nhNn2 vinovich d®l
bezbar¥, doporul uj 2 2F)pabet at Rbipkzalr&tRorj el i g
fotooxidaci |l igninu a vede tak ke zIlepgen

sl| ogakbai Isitz8t oru |l igninu je zalogena na spe
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kter® zachycuj 2 radi k8l'y vzni k dgHorstlouber na pc
aGrull 2010)
Hydr ofn@hb Mz y

Hydr of obodpw8u jixtaynwo doales Bb §mn & @ @ kafistit
dostat el npav roccthf R@Sieka a.Neawlhr §201podkl adov
pSeodovNtrnostn2mi p$edyob\omsezSe ng?gtdd t ®d ka1 mi
spektry zpTs odHbgnin? a ¥ mp | a veozvk8rmatdk t | v deficlkc h | 8§t
vypl avovsgn? ] e Spoj eno S (Ghosh a %dl r2609)i bar e
Hydrofobse sg8aftyzachovat pTvodn2 vzhled
sm&l en2 povrchu oget Sen®ho dSeva. Jsou vDt
vosky, ol ejov® slogky, nanol| 8stice8.anebo
Principem y u g i t 2 hydrofobn2zch n8tDrT je jejic
zamg en? synergi ck®ho pTs o@wkulha lol 200661iuln 2 ho z
akol. 2014.Hydr of obn2 ng8tNry maj2 cenhedsr enmgmn?2
sj i n Imodifikacemi,a nav2c zachov§8vaj? pTvodn? V z
ovlivRuj 2 |I(keil 8 ko® 20¢4Jn¥Tm&mj2 n an ou reac hMwjve®g i 2
hydrofobn2 povl akRajlSamgakauygbdbhRIOmm#ea NI
J i n®t.Iytwk ombi nac@ 8§h Pt Dv Pjsmpess®mpENDe v2ce
Vy u@duochramud Seva proti p o,¢ Bo thwrs 2 unj2 Amohall $ v g dnk
vhDdeckfigphako ndpWBindkbabol(2014). Pro stabiliz
poug?vaj? n &t dkoybinacibsochranh mpi gment vy, kter ® se
viednot!livlcilh Vraktowy§dh nm&§toNr§stice, UV st al
v ochrann® p,e nzeotbrraa zne2n dGrulbatkeol2®148 z k u 9

uv UV+VIS UV+VIS

E o.o.o._/ 0,049,0,0,0,0 .0,

WJJW walll1] MKMW!M

Obr.9.Schemati ck® zn8zor nlbohtanyp UV anlcd orub &4 T nkau

ananol| 8§stic (c) pro sn2gen2 degradal nzho %

a)z8§Sen? absorbovan® a pSemRDnNn® na tepeal®n o

radi k8l'y absorbovan® a neutralizovan® HAL:¢
(UpravenodleP 8 nek a kol . 2018)
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36.St §r rButlPr owl ch syst®mT

Aby bylo mogn® ovDSit vlpaotvrBadLt isen §jtd
regul ov amaP os m&raml tcch EN®27(@@18) Tat o nor ma ng§m
mo g nots§ rnnSotuliy PmE k| adn?2 mi ZpTsobyENEB) rozen’
aumDIdmychl enT NENS278, meba tSO 16110 et n® vBde¢ck® ¢
n ap S publikacelChang aChou (2000), Huanga kol (2012) Ob e r h o fark@.r o v §
(2018)b y | y  z a nplx Seedni yklegmaaBed?S eav amat e jeho®IETi naenk u.
Zm2 nhNn?2 auttestgu miplr@hvo§ dz2rlyichkén®hoi sk Bchukdr
(UV komora, Xena o Vv § R.ovylmdnecovalip o gk oz hsoben® umnl
st &rmpbzmtivn2mi cui@klBadikynTpsSt §rozwes 2 §ljes ou
real i Moyalatkdlj 2027)Zkougky pSiropeonbanhosgnEr nut 2
pomalej, protoge vzorky jsou vystaveny podm?2
pougit2, jak uvg§dnRj2 rTzn2 aut 6Sralezdeako n
Cademartora kol (2015), Tomaka Gonultas(2018) aP § n e k (2818kVdl | z. knuSm
p r berhofnero®a kol (2018) potvrdd, e 1Rombd@EThv zrychl en®l
simuluje 24 vmBst?opedmBhhPrrgstvcl d®l ka expozic
jako nejvnDtg? handicap pSirozenadkhodssadFean
ivz8visl osti na m2sthN expaoidiacven?2z(d\ealt werr§che
vpSirozanileah Podmt pBrcdit i t est Taboratprd) gev §d NDn T
kontaminacd i ot i ckT mi gk Td (Guptaaka Roina pl 2 s n NDmi
PSiroz&mmu ts?2

Zkougka pSirojzeni gklsadnm2nuzRowu gArpad t rvar
akol. 2021) Zobrazengen a o0 bl0&edkeu i nmorwvdub & NEN 9273. Vzorky
jsouu m2 sveBpgci §laechgdd sio)j ey vnBdph e mmBs mBv a n ®
kjihuuBNDhem zkougdgkwstayesy T s vk @ m ospektéds | unel|l n2 ho
z § SGWR,VIS),vodN vfeo v gsskeuhp e ni® s 2aa mi2 art v Icikv Tom
akontaminactb i o1 o gi c k(demeijer @30 Nooma definujecelkovou odolnost
N8t Nru ppas @u zen2iikzfalen] m®n a poaH rea mhnllenh n o st 2
ngt,Nrvuyhodpocdrl emids 2 ¢Maitob a kelx2p1d)¥ praxieseb D gn N
vy ugdevy g2 eddmad § 22 alal s mAdjSigentd t h v U &satgrndd scth?
6 mhNDs2peTotoge po 12 miBsdegeadaceh e teonmuas T cbhl t n &
an 8t NDrov 1 c(Kropatg kot. 2] NejvIiraznhj g2 zmDny n
mNs2cT, v z§&8n§slDbBayiMnye!l dr20Wua kol
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Obr.10.PSirozen® s nu
(P8nek a kol. 2018)

UmDE ®y c hslteBm@ ut 2

Krychlejg2mu testovgnychileddip@ugt1 @8nttakz
pr ov BMikomdda Xe non o vARenatasti)¢D® AvilgDelucis a kol. 2016).
Test oX&8ménuov®& eaolnmciBhdijeotzIFjpie vk T v exteri ®r u
st est owl/kémoS,ealevUV k o mauBa wjzcor ky nam8hgny ko
cogeal i siruiueb ® M8 h8&n22 Pvd hkmsKenonov® komory
n § r o |( NG jNgazkob2028).
UV komora

UVkomoral obrB8ag& z8kl adn?2mes§ostvBop&ithdgiTada
z pohledu odolnosti VvTli UV z§Speonst Sv e esnp
vodoua z v 1 §en dKaninsefeisttddpZia %l el em opti m&l n2 s
vkomoSe ®ketiS8zdBdkficyavgdni ch no-6@010)pbHbSN EN
umBDI| ® &/rofkyjnsuotu? .b N h enna ne8khoSungyk ykliokast rex paxvraha 2
Kondenzaln?2 prostSed? dlevajaMisg 2008u \j gak20e si mi
doba ovl h|l en?r edwriachT peildm® nkgsth&k §p Ses 50%
dobya kondenzame degdypdmE g2 nétoumnred jdwR®gBavr
tak abyt e st ov az ®r wtxvégrtkoyl n 2 komdnfd n v a khzea dstehi i
(um2stNDnou komod)neenu sucEakugrzduchvl abor a2 SAC ( 20
UvnitS komory | e tdeopclhofteati svky§)lg® khoersdt eonvzasiio®ienn
povrchu vzorkuD § Isee pr avi e | cnygdo lsoypSa kku(pkShi D gtne®p | ot N
vi aboraatoeSs UVaomz&Sewng&nz ((pVSil aznvplagnebez® t e p |
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p 0 s t, ®uzk kondenzace) P o s t Sderkineralzavan&uvodosimuluje Yainky

degd dochs8¥ ¢ plkavprveschiekt Te St §7 c 8 makombimag | o t
sposeérBixp Tmobru® emechani ck® nam§8h§mZ §8z2nrkT
| ampami t-gp0sAOYVIAuUj e sliwmBeltri2 udultalfa al ov
skr8tkou viadkvou i ¢RIBBEdmdhot mezn2z vinov® d{
Tato | 8st sl unel n2 hanad p®dpisplar annpeetdrhiToe | de b c
cy k| TabuiceS. v

Tabulka 3T e s t ayklg B\2komory dle normy L SN E N6 (20297

Krok | Funkce Teplota Doba trvgn2 |[Podm2nky
1 Kondenzace (45+-3) A 24h
2 Kombinace krokiB + | - 144 hs k|l §daj 2
4 cykIl T p o 3
skl §8daj2czcth
4
3 uv (60+£3) A 25h Nastavens§
0 z § S0e88 W/(n?
nm) at 340 nm
4 PostSik - 0,5h Od 6 I/min do 7
l/min, UV z §S
vypnuto

Testov®nhd KomoSe prob2h&3 d(l N§tLIBNdD VEAN hl nSc
Met ody vystaven? | abbgatlodmPensczemlionqf mug viDa

Chlazeni vzduchem Xenonova lampa Vodni postfik

mistnosti \

Postfikovaci
tryska

Opticke filtry
UV Lampy

Testované vzorky

Testované
vzorky

Testované

vzorky

Zvedaci dvefe

OHRIVANA VODA Okysli¢ovaci
VA — | oo pruduch

Zéakladna Topeni

a) b)
Obr. 11 Princip zr y ¢ h | e n ® h 0V kemoBy (ahpuiricip Xenonov ® (bk o mo

(Upraveno dlehttps://www.thermoline.com.au/quv-acceleratedweathering-tester/ 22.9. 2019

Xenonov§ komor a

Xenonov§8 (kbdmdXk k) ksimuluje degradacep T s o bvelnh& o s t 2
azej m®hane| n2 mcelE@mn3ame kUVriUR), kE®Bgn3j e( zaji g
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real i stil t nNg32p aodl® SERAIFkeame®r yvn 215).Ksimulaci
z8§Sen? jsenopou@jeybohlgeyno8bSdénkovat .opti ck
PS2 kyl &dHadrfotay zo8zv8 $e no2s tvi jnsao uv | znno§va@ rog&keye n
12.

4.0
35
30
25

20

ZARENi (W/m?*/nm)

250 300 350 400 450 500 550 600 650 700 750 800
VLNOVA DELKA (nm)
Exteriérové Sluneéni zafeni Denni svétlo Denni svétlo Rozsifené UV Filtr okenniho
sluneéni zafeni za oknem vysoké zareni filtry skla

Obr.12.Z8vi sl ost hodnot 0z8Sen? na

Upraveno dleQ-LAB ( d o s t Untppsi/@wwve.qg-lab.com/products/gsun-xenon-arc-test
chambers/gsun-xe-318.9.2022

Xenonov® svNDtl o z§Sashlstigke pougd wpnSe?| pnazd N
dl ouhodestb ®hFoot oi ndukovan® ¢l out nug82 phalldl a
kr 8t kodob®ho vystaven?2 xenondw@kou209yv Dt | u
Podl e vIT zkuwanMitsi T @10\ atj) vykazoval pol et k a
generovanlch wultrafialovim svRDtlem Adbsor bl
alhem FTIR anallz, dobrou korel aci s foto
rtuSov® svDiNDtl o enlena phaubiddokel. 029 . s IRuruSov § | a
vgak mTge bit pougita jako 9.iVikmimo8¥ 7 8Si
vzE8vi slduhttestudaf i novromic hap S2a301181d), mo g n ®
nastavit zvl q(iermhou ttegpgdyoddn?§ n@y k leVzdrky jsau2 c h ¢ ¢
ul ogeny oproti UV k omo S alestovah@mvodowposkytug v o | i |
simulacip T s o Whiasttame ¢ h a prozeR®i npr echt )a Gupina 20
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37.Vybr aynh@ dvnocov anm§ tvDracsw Inms tsyst ®@mT

Aby byl o mochk®Rupioson@do Ot ov®ho vyyge @®BuU s
mNSeharakteristickTlawuh owlITa sztarbd svta3j .2 c¥Dtsei mpa
mezi z8&kladn?2 Sad2m&§dmi¥ymws tharpww,r clBaglet P San e k
akol. 20180b e r h o fakat ROBNG&® k 0 rakdt R022.
MNDSemPna barevn®ho prostoru podle CIE Lab

Sledovg&n2 barev pouze smyslovimi vjemy
m§ u rdgzab chel mi o(ddll & kph2018) Dvarl agv2enR vl i vem | e
osviDtlen?2 tael e kavd®ZenWlp z Wil ennBong2n.o sZza ur | o\
amNSen2 zmNDny barev byl arichvopatickoussbuatavun@E o d a
(BaaraGry@012) T2 mt o zp [ sakloeurk ollzev barvu viditeln
z § k lsaldon@@ k yx, ybzatr akyz van® kol or iznoebtrraizcekn® snoau Soab
13( sy st ®ahz € & Heanh)(Bohnertakol.1999)Sy st ®moZk E§d§ bar e
spektrum do trojlabki®BrnTch souSadnic

L* je jas, nebo svDtlost barvy od 0 (| €

a* | e s ooudSsatd?nniecne nse zi zblenou{@pou (+ 60) a

b* | e s ooudSsatd?nniecnre nsezi ¢l wD)ou (+ 60) a m

bila
+L*

Zluta
+b*

+a*
&ervena

zelena

cernd
Obr.13.Barevn® spektrum
(UpravenodleP 8§ nek a kol . 2019)

Cel kov® bargeBErn ® Clnely Y8 6 )opoddieaavnicg {1)
relativn?2 bagkVnompa zdefauky4d) (@bzke) a kol. 201).

3% 3’ K A (1)
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Tabuka4Tabul ka barevnlch z#8@Q0R20)dl e normy EN

0.2>qE neviditelnl rozd?2|

0.2< @& <2 mall rozd2]|

2< d@d<3 barevn8 zmDna viditeln§ s y S OC H
3< da<6 barevn§8 zmNRna viditeln§ s stSed
6< d<12 VYysok® barevn® zmRny

qE>12 odlign8 barva

MRSemBny | esku

Leskpovrchuyy e s chopnostviD§pealdpnr@ koyd rpSogdelte Snel |
lomu zhlediska makroplochyeho povrchu( P o | 8003® kz e p r n)S@m$i
“hl ech 2W0NA|&CAe8 WAMFHrzahnl @ j6e0 Amp pkotuegriit el nT
vgectypyny§ T,%hl e 20A ke pr o v y8s50Ac e rlom 3nk8k @mry§ ts
| eskem, matn® nRSotzMriyloefnP°E mEskysesdibdjmnN Sma n 2
odragen®BehByMNMtgdmast upem st andl8Bhné m RISN ENr
seozI| i guj?2 tzyntSoz otv&Bilies | e s k u

Tabulka5TS2dy | esku (LSN EN | SO 2813)

mat nl koeficient odrazu do 10

pol omatnl koeficient odrazu od 10 do 35

pol ol esklT koeficient odrazu od 35 do 60

l eskl T koeficient odrazu od 60 do 80

vysoce |l esklIl koeficient odrazu vDt

Trvanlivot n8§tNruajl® Ime&Skeem Nav |l iewsrkDAd a pw
meng?2 nmneolgissttve’t a | ®pe se HivadlLi Tédst seT wmd ¢
a barevn®ho odst2nu n8§tRPPE8ne®Rb2YRISg | esk k

MDD S &kontakt n 2Yhhol

Sm8| i vost kapal iwmyj §udtSzevwpenw#mdhluenjze nebo
kont akt n&cheikbalDungym998K o nt a kt w?¥ | Bl Slesnjapédcl2e m
mezit eduk povrchu kapky( naznal eno 4nvademubr §okiid 3t yku Kk
spovrchem(Benkreif a kol. 2021 D h € IUne n 29 0mMe § e de § MBiowl§,n | &
hydr ofi I(nGbrpSazverkehhl &Nt g2 0 Aerark®| hytdr of obn?
(Obr §z.8m8&12lvost povrchu j e owllznvannn® g2 ksoel
drsnosta absorpceovrchu(Martha a kol. 2020) Absor pci povrchu z8s
ovlivRuj e poWodiikaeepw@rchumiEa Wa ovVhesdgrsd @&amyol en
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vuupravou podvorbcsheu albzseorduj 2c2ho materi 8§l u |
hydr o@@ankowska a kol. 2018Dd pudi vost vody m8 vIiv n
Materi 8l dobSe algsdiytvuyjpl da2v okvema| il ngshoejke nra n
ochmenD8tek jeho vlastn? struktury rnmh@e S2 kl
zpTsobovat hymateédCiZ8legnowmodhd i kace | e, aby
vprobRNhu jej2 givotnpSitpadnR§ihaDh hoaind ap mn
(Jankavska a kol. 2020)

Okolni vzduch

4

Tuhy povrch

Okolni vzduch

B
L2444 S

b) Tuhy povrch

Obr.14.Sm8&| i vost@pmgt ¢ ki, (proevsmadh| i vi povr
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4. Metodika

Vngsl eld&ig Ricj@ weddac emet odi ka, phdeé¢ upeppdpsl
vzoralkkharakteri zov§g8ndgl epozlju d ®.npPScehst pos tbuyp T
vybr §ny nvad aj §k |paodipitale 2.xNeowyet Sen® vzorky |
dSevin | ze M5 dRNt na obr §zku

Smrk ztepi ModS2n opac Dub | etn?2

Obr.15Vybran® dSeviny

Zvol en® dSeviny

Pro tuto di yevoheny pr 8T hddH Sewe e nlZch
vtextu byyv y byvBorkyd Siedubul et n2hoodpadaasdrkuet ep.i | ®ho

Dub (Querqugpetraeh.)

Vlastnostd ubov ®ho dSeva jsou giroce oceRovE§!
vyznaluje trvanlivost?2 proti bi ol ogi ckT m |
podoroldt T, pergol , bal konT nebo m&hvagak?2h
problematickou reakcna n 8t Dry v dTsl edku kompli kova
svel kTmi otevSenimi c®vami (Wagenfg¢hr a k-
t S2slovin, kter® ovlivRuj2 g¢givotnost apli
mnogstv?2 fenol o®nlac hv eesxctarl aakgti Th,u ,z ekjans t al agi n
kyselin (Zahri a kol . 2007) , cog zpTsobuj
YVapr avy ( Si viljAkpacya&ol.2021k ol . 20
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ModS2n (ariadbedud..)

ModS2nov®e dSyeapoalrurjl2 vysokou p2iotiozenol
bi ol ogi ck®mu pogkozeawou?pevioRd esiticky h@oted ) , hus
textuou a barwu (Grull a kol. 2016). Tz a Samad 2 no & kS eptoro d n ®
venkovnd npd@diStdzy, plotgy, odadvrgepdkhvy ugi d 2
v i ntnearpiS®r s chodi gt N, podlahy nebo masi vn?2
vysokIm obsahem kyselin a extraktivn2ch |
(BergstedtaLycR007) cog kompli kuje aplikaci n8tDNDro
dl ouh® ¢givotnosti (.Oberhofnerovg8 a kol . 2C¢(

Smr k ZRicegpabiédl)

Smrk ztepill je bhRgng a velmi viznamng§
poug2vang8 na prqimkehetv®ulacestamedny, n8byt
sportovn2 n8lin2 a dalg?2 vyugit2z. Jeho ne
gpatnh i mpregnovatelnli. Jedn§ se ovgem o0 |

2005).
PS2 przakvuag e b D? e b

IpSesto, ge na kagd®m zkugebn2m t Dl ese
pro kagdou pro mBhroivrainmdt BIDetyap S2 padN znehodn
nedogdtor teD danMatperroinBdnnm®a vIirobu zkugebn?
dodavateled ng ch , L&dk probnDhI i pr v pdThvo dpTo Sleezp ¢n
manipulaceMat er iv8el fboyrimN hrwdHilcdhd mpdre See Tskl adu
probmbil mo z ech Ve \s a GuhkostrdE20%).PS r ozen® sugen?2 by
zdTvodT ybBtgmoeri 8kk aby se sn2gilo rizik
vmat e kit &Ir ® yow | mormli tPrvIinsrendgk yk.| i mad b c&k®? p o c
vi zkumu | s dabulcedMNeScsd reyd nvd bkyl |i omaS ei zcikw®s Kk, @ enro & e
p iodnPc#&N2AC a rel ati vn?2 Ng%,m&kvihisost iAN2%, d uc h u
kterou definujenorm& p S2 Sz Y mhni pul 688 ky,vadaskl iny
anepSt2riviaggnl i ve® ®®! ona®i thSlewd nor.nRoowz mWEY pus
zkugebn2ch tRDIes bpotleytypwset §d\vimarrkye | pkosp&ch
st 8§rnyrndéz maasxBDam@pPod®I nT x tangawmorkyion?2 x
zrychl en® umB8xBmmtpSOrarddtR tldgend.iSEh®max r
rozmDr T je patOrn®@nna peebawthBikee nh al6babyv ge kh §2z 2
znormy EN9273.Uj §dr a\Sle¢Dmb, Mmoad S2crt)ch bRl ovou | §
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Vazk by |l o dabt§ ncaby bBl2gebpnkedg es®owman @mu pov
aorientace VvI 8§kBMzbgftaensoeokvid bB®AS Mk & ge byl o ¢
omezit obdobnh o bZkausgte bvoyt zkrys | bByhloy dsSteavmad ar t r
brusnl m zmitogi2l206 e | i kog tento zpadeeaifjakjeaj i g St
vysvDDtkhpgoe8 viLel n2 pl ochyt Rgmrepdpysinddivistou by | vy
(nejlasthNji transplyemeadddh $ndh&kombem)edkT
pS2j mem. v Bhekzad® stianybyly nat Svegndyy st ejnim zpTso

testovan® pl ocha.

SN
=SS\

Obr.16.PS2kl ad vzorky s j&drovim d

N
= I ———— %

Obr. 17.Vzorky dle nomy EN 9273 (2019) pr o p Si r da), ezorék die hofmy ENIG27
6 (2019) pro(Mumrell @ nddt Lrzmuwatl2e na vr st v

Vtabulce6j sou uvedeny referen|kKagdhddineodtyo vza
sada obsahoval@var ef er en| n?2 vzor ky bez povrchove
vyhodnocovan§ pdoadkal avdzoty8Gh nddSnet vditkeriad$ ochrang f e
Na z8kladhD regerge a odborn® di ykav@®8nye z
rTzn® druhy komer|ln2ch n8thRypSednfahfper
testovgn? zkugkeomtdSetpsbowg§ryxyhven® st §ron
vwselektovat rTzn® druhy
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Tabulka6Z 8 k!l adn2 vlIastnost.i testovanich dSevin

Druh PSiroz(Barevn® par am Lesk Kont ak
t est ova|tvanlivost | 927-3) Yah e |
dSeva (dle EN 350)

L a b
Dub let]|2 72,42 10,53 23,03 8,0 60,9
ModSz2n | 34 71,83 11,05 22,07 6,5 47,9
opadavl
Smrk zt|45 83,76 3,79 19,67 14,1 76,8
Pozn. PSirozenp§Setvdeastoal mw oEN 850a kdy 1
trvanlivosta 5 n.édpdnotyg § © dleynl® umiD & é0y2ef er e n | nbareyh
|l esku a kontaktn2ho ¥hl u.

Znal en? wvzorkT

Kagdl vzorek mndl £8® lolzmihK Stnrito gaz®n avl i ednlP1
obr 88kuNa testovanlch pmw2osvtSdcihn ap ankd Svegnd?y, btyal
visledkyhevkerogBnyost?2 materi 8l u.

Obr. 18.P S2 kolzanda | e n2 m2 sotb | naas t ViizzetetliBpeorspektrofotometr,
modrouprol es k o mir

Stanoven2 vybranlTch vlIastnost 2
MR S emBybarvy

ZmDna y by wa vyhodnocov 8§n3a (2090 d Ipeo mddNz
spektrofotometru Konica Minolta CM 600d (Konica Minolta Inc., Osaka, Japonsko)
zobrazen®mO9naProbrm@gaeZar dvg§§n2? odrazu byl a za
SCl) pod %hlem 10A a geometri2 d/ 8mse star
svDtlu v 6500 K). Pro kagdou dobu =mvDtrs8yv
MNRSen2 ma8o bo2zhnaall ce n k @ thduBdks.t e ¢ h
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== [CONICA MINOLTA

Obr.19. Spektrofotometr KONICA MINOLTA
MRSen?2 leskmNny

Lesk rTznTch druhT n&8tNRrT pSed, bhNDhem
byl mNSen na z8kladhR EN | SO 28H23KS{2014)
QuanzhogObrB8rams&sl ednD byla MPBedhopopubhh
na4 oznalenkaldmhst eecbr ku.

Obr. 20.L e s k oNi@&268-F2

MRS emkgnt ehRhfh 2

Kontaktn2 Y%hel vody na telnlch ploch§ct
goni ometru Kr¢ss DSA 30E(¢KrFpseskByHampoug,
met oda kpaSp ksye,d | dBe s e t ubnyld $e mp?r orvae dveznoor kp Sed a p
NW s kapkami destilovan® WHHBe n? ©¢§wkadhad 2on
10 m2 st kovdokunag p®edem oznal enlich m2stech
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Obr. 21 GoniometrKr ¢ ss DSA 30E

Makroskopick® a mi kroskopick® hodnocen?

Povr chy v z perioklidky tdstgp\@ yp r ov roydlygvy hodnocov 8§ n\y
makroskopic® z nmdnmpoc2 skeneru Canon 2520 MFP s
Toki o, Japonsko) . VizusglnhD byly analyzov
syst ®mT. Mi kr os kopir&t®rsotvrl wckht ysro8d tn®miz mxnoy
tvorbarupturnapaden? 3poBsabdDmi pavrchovich profilT
pomoc?2 konfok8l n2ho | aserov®ho skenovac?2h
Tokio, Japonsko) se olborg@izSskobnT m zvDtgen2m

b)
Obr.22Konf ok 8l n2 mikr da3ko$2 20 nvIMergr rae kpovahu @h o

PoznALer n® FRma i ¢ tkgpgjgoksporyp | 2ma pokrhuv z orku vysta
dvoul et ®mu zat2gen2 pSirozen®hi
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Metody & 8§ r mtt Dr T

St 8rnut 2 tziklpegse b A h a h ok opnmovr¢S@hid § Iy eplo 2
zrychlen®omo8y nptro. zr y ghkloemb® n o klirBaticigou ts? byl
komorou, zatRQguj2c?2 vzaWNXAGCQo8X2AL®MN2 mi tepl

N
N
N \\\\\\\\\Q\\
SO
NN
DRI

4
7
7
%5
%%
///

a) b)

Obr.23Komory pro zrychlen® st 8rni
a) UV komora b) Xenonow§ komora

Visledky byl ydapgor onemi¥ssentiz esnT m zpTsober
Stojanybylyu m2 st Dny smDrem na jih dle pogadavkT
Kl'i mati ck® podm2nky

KIl'i matick® podm2nky, kter® by mohly ov

uvedeny wabulce. Mt abul ce 5 jsouduvedegnykdyg poosbeéta
Dat a byl a namhRSena met eostanic? L Z

Z http://meteostanice.agrobiologie.€4/12.2022).

Tabulkka7Pr TmRrn® rol n2 hodnoty

Rok PrTmRrng| PrTmNrn§ Cel kov® rTmiDrn®
(AC) vihkost  vzduchu (mm) §Sen?
(%0)
2018 11,14 66,72 379,00 11899,30
2019 10,95 68,19 443,10 11387,02
2020 10,56 68,61 574,80 11169,72
2021 8,92 72,38 568,93 10416,25
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Statistick® vyhodnocen?

Z2skan8 data byla zpracov§8naasatwayndar dn
Pomoc?2 soft war 18 (MtEsoff XIEApLr o2b0Nh|l o prvotn?2 zp
N§sl edoval o proglaroud Btatistieabhd? (StatSoft, USA) V softwaru
Statistica bydata Kveyrhwdg noy lopk@&(pyruTgnshrdr &d at n
odchylka, a mmplylz ANOVA) p Si st anove nmBosthl0DEP $ddd v I zn
samotnl m vyhodnAbOWANSNev yploanolciz| i odl ehl ® ho
DeanDi x omg vt u, potérdilienormaditsngatp o mo c 2  hias tpimdar®a mT ,
vyhodnocena homog e n-esta (Fisher)zlTam, kde Tse potordia c 2 F
statistick8 viznamnost p o rhocctésty @ekeY)Ao | s me
nNDkteyBodnaeeendyugi ITv S pkeoarreraan] n Statiskckye f i ci e
vyhodnocgvzeny®bgdy @W0hevpld jejich)lgseudnot | i
asm8| ivostviz8§powl osti mAchtignpmom@epmichh f ak

ovl i vRugkioc 2jcshou napS2klad druh dSeviny a m
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5.Synt ®za pdislliekdkvlanT ch || §nkT

Visledky pr&8ce | sou uvpeudod n yk ofivaarsndgsuh sseocuhh
vDdeck® dat aKm@vedge aVWdeabt abB8ze VI@®DPUSKkapi tol e
pSedstaveny visledlynu®I|div®e rste phapitéBeByr § ¢ &.n

Jak bylop Si b I\r¢earea g nélkovduSosdndsin §t Dr ov®ho sys
ovlivRufjackt dadaniJcehd njzen samotn§ podkl adov§
(AnfluenceOf Wood Species On Quality Of Exterior Transpasemylic Coating During
Outdoor Exposuréd) se zablTvg@8hklladme2n dSeviny na ce
ast 8l obarevnost vybran® vodo Prothtestidithgtl n ® ak
zvolenyw or ky dSewap @oe@tmbied.) adubul et (Quéraus robur
L). Tyt o d Syzvolemyyd bwddT jeji ch vgeobeatralk ® o0z g
jakogfToSevium, Kkter ® l|vihsotBadBuEpert epzeelitauljrtat ®
( Smr k .zvtzeopriklyl )by Iky me ¢ ékir Syehin§gnSot viI rns v s énf® m
ke gl 2beniTm zpTsobem ochrany dSeva proti
pou,i tckyglynulo zdiskuse sodbor nou v eASkerj ynlo&stt @ v. T si |l ni
transparentn? ngtnNr n-chlor-2-methylidothibz8i42H)}os) f un gi
aUVstahiliZBt ory (na b8zi benzotriazol Tystvbyl ap
Vv mnol@&dgmf)2Vzorkybyly vystaveny vnBDjg2m povDtr
927-3 (2000) po dobutba 12i mNs 2V Ts.| edky uk§zaly, ge trv;
ng§t Nru byl aViviyWygpodiklIlsand kw® dSevi vpsn&l osltk
zvolen® akryl 8tov® vnoSdtolur o8 @i ht editetg@®oiv e n k o
pSedpoklad byl TtedypaoenvtmmemnwneShrkovnau dSevc
| et 1(Quéraus roburl . ) , maj 2 ge lviodanmdtehwddzTkvooud u j i m |
vdal g2 | §sti pyr2§cpeo zRBensots@n dlyb &®v ®hjoi @tServaa
virazng8 barevn§ zmhna |zapdns?ohbeetoddSTeivoad o d ¢ @ h @
sviDtl ej g adhle je shinsittv talyulaes, kter regld Z wlghbéna vI i v

cel kovou givotnost testovan®ho n8tDru.
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Tabulka8V1l i v podkladov® dSeviny na ¢givotnost n&§tRhDrov®

Doba Smrki Ref eren]| n2 Smrki Oget Senl
testov

OmNDs 2 ¢

6mnNs 2 ¢

o _

Dubi Ref er en]| n2 Dubi Oget Senl

OmNDs 2 ¢

6mnNs 2 ¢

12mNs 2 ¢| =

Efektpod k| adov®ho d®%eyanbyla proki@ebmE]| ost i
hodndeskash8 | iipavrshuk t e r §yhdiyoteap o moc2 kont akt n?2 |
KI esaj 2 ce? tthecnhdt epotwedilay d toaldkoncevt ak ov® vigeamnos
hodnoty sm®| imogiet®ur hie tm® IstdstpvatNaj iz k|l adnN n Nk
pr ase potvrdiah 'y p o,t ®@ dubl e torb%e kmp |l i kovanhj g2 na
Vapruagt Dry,t rzarn sn®a radnptd 12 hcl he dsn oaskol 2015, Bleua n s
ako. 2007). Efek&tnPepgjegt®tromT s vysokiIm
anerovnomPDrnou mor f Gt gyHolcM, Gr gad Kolu20i6ur ou (
Visledky ppbv®zopeh g8euwuin s velkImi c®van
vliivem povRDtrnostn2ch vIivT k proni k8n? |
degraduj 2?2 a je nutn8 | edkolc2tR2).rOpocnanbutnelgee o b n
ani ztr8t @t pPBaoal pZpobBh? noEt meecbho Svijide o ko
jev, souvi sej 2c? nejen se zmRnou povrkhovIch
ijgichf ot odegr ad a cRanigwskaackbl BGR2ZEs k di 3 depolymerizat
aztou&tni t Sn20ss0udr§¢mr ov ®h a kols 3055). ®$e d Y% pE vaavnas
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poichy jak uvs&§d2 Fors$bphmbeppmiTGeIivirazaaD0Opv
I odolnost .n8tNru na dubu

Ve studii AnfluenceOf Different Exposition Of Larch Wood Facade Models On
Their Surfae Degradation Processeb y |l vy t est ov8ny vlIasunost.
(sibi Ssk®ho um?2 et PDarposld] Ghaog)§ dkt er ® byl y Vy
pSirozen®nou dsotbSur R@lodmMs R cdSeva po tdptu zot

a)Pogkznen2 prashk)JPiog&mizen2 vironem p
Obr.24Zdegreadovani povrch modS$2n

Test ovdely®ylymr i e ntnajvi8drg?e v esrvii?t stramuuNa
modelechbylys | ed aw® by r vy, | esku a kohmlarkyt nl¥ daroe Wa
byly viznamn® , aleowdgecnh) moed evlT1®baazrnedyj g®  zcnel rk
vykazovay f a & 8nddelyzes i bi Ss k ®Zo hrhedl$2srkw. t ypu expoz
severvitsoand®j ak o n § cwhlyd knydt wpzteklk2TsIniz  ypy gIgnir n ®
vihkostt Tak® t at ovykazovadlavoyvgsy 2s tbraarneav n ® szvnidinoyv ® p r
strarkl er 8§ bhWwyanBygemnasu Proyns kpyeSji sclep &iSs e T
viromegnati vn2 vliv na o daobtudiepsSi kil ida oy ®m2o
problematiky degradaceovrchumod Senmuopsls®bd Swek«®hear i ®r ov T ¢
podm2nk8ch

Na z8&kl adTfth®tvd shyltendakv re ¢netodaS2 zen®ho vyl uh
doprovodnl khealp&ti &olvI§§ kBffect of Larch Wood Extractive
Leaching on Accelerated Weathering Aging Durability ofB¥iked Coatings DS e v 0
modSm&uobweyxqnd? dopsalhodnich | 8§t ek,0§z en§m&ma
Nn8sl ddelkr zi parakairyaadnh® z e n §t.MNryotvo® 4 k8ntoktyyg e m
zpovrchuadémvagFphainh@phbedg2 na ind)Nuloww 8§l n2m
hy pot ®z ou Afyldwh obdy8lpot env ¢ Gnllezdeh zvT gi t fyi vot n
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Vn§ s | e ctudi fedy Dyy hodnaery vivy S2 zen® ¢pemghudlacae pSed
aplikac?2 ng§t.Wrzov®lyo moydsSt @anxvdedidoa, Ml byly a

vystaveny pTsobenZzhewt é viT®wvo WIralz ep ENLres kr§?2
927-3 (2020) po dobu ¥Da 2Git T dRgf erenl n2 vzorky byly z
aul ogeny do kI i Yearkyitaktad th& Dekroyno n @tesilizee \d § My

vautokd§voduz mogn® kont amkteoaltyel @ enyu toru@ i pl 2
ZkugebnbByhvyoogegt Seny dvhDma o) eftoed @i bwnI§y NDv
na z8kl adD jWw420 ac\V429Vv\M daasl tgn?ons t kAr yosktua vbeynyy u mn |
st &§rnuM 2komoSe po6@l|l g 2EN9)927TestpB&dempr c

stanovenlch |asovlich intervalec®h?26al2l, 3 .
mNs 2 ¢ @ mt evrHio®rnw.c e n T mi faktory byla zmBDna
povrchu.ukW§zsadlekm2rnnhD kladni®vLcevtitvlydrhav &6
pSed aplikac? nNBerMtrov@®hekwsmgsp®8murdi |, ge

zpovrchu dSeva | 8tkwSi |lkhpew@dlsov@ajpde kvadi
mastnod ve formNt u ki E b o p ) dojdlekky Bip ¢ esmuSox §n2 n&t Nrov
spodkl adovou dSevinou a zvig2 se t2m i ce
| §st2. Tato ¥Ymys!| n8§ow@emmuaata cES 2plcavsyocuh®u o anttedso
jako zI| omov ® stel ddn§T .o zRpSai¢hi2t® Mit T @B ndmi gov §n
ef ektu, leif ekdhkiorZpeils®@atnut2 povrchu pSed
hmotyvy kazoval a nej pS2hzondi nvolxjegn??2 hpoadrnabdaégt r u z n
pl agpkudbylpovrch vyplavovégbulfi$édhbiaEy Dcemkpo
barevn® zmRDnycomejjmen@ozuUpavametwius|l 2mlBky
pokraloval zlepgupR@it]l deetheny kityssgasBy w2 or k
ni §gg?z h®doothyo dntoarrakByletedy o 2 &y @ £ in ttrénd n 2

modifikace.VT s | eatvkzyjef akt, ¢ge i pSepohbeddt| m@oléEc
n8§tNru (V 420 x \pa@bultimNdoTpypidaivemedky .
VyplavovégnSegbadohDT SadeomfTakdb napS2klad Fe

(1990) nebo Cogulet kol. (2018). Zn?2 n N n 2 aut oSi prok8zal.i me
vzor kT, ykptSeerd® abpylli k ac 2 n 8§t I Zaopin@Ghodiomaut y vy
alternativoukmo d $S2 nu | zdeugbasoyakter§8 je sice ne

dSevina, ale m§ pot erdmniz§ td3 a@nynka d i mévduS?Tnv)a j 2
produkc?2 jeopbiatovms§ysemaobnatT mmdB&EY no§ ms§
obsah prZeidldyg®i.2022).Zde | ze spat Sitvlid&lugriu mo
aporovnat vl agitwnwowBeddsPov] eh®hmot .
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Efekem pr vot n2 Ypravy poadkpSdop®hbadiuSepa
gi votnosti tr asnes pzaa btidetAT?ad H en § ieNanaffarticles i O
Treatment of Spruce and Beech Wood for Increasing Transparent CoasigjaRee
against UVRadiation and Mould AttacRsByl zdet e s t kofeirffowk roztok a roztok
komer | n2hdENNANDOrEa-1ANU p SA ek §sit o zp TGONNT ¢ h
vodn? idows@ietrz n azead j§2sma vwo ulpro@ovdl nduesaristence
soubRgnN s f oa&poosutgaibti?l ekaogicdedi aitiBajwasbtudie byla
real i zovgnsArkimadbukdPEevt ut o pr§ci | sosmkupodst a
apr ot o mu b wd apgzdbiost®&mrg bybzvolenprotayje se jedn§8 o
vyug2vanou dSevinu v nag\Vzorky bykylpo apiikadi c k T ¢ h
modifikaceo g e t Qlegod ymia a k rTymin8&ttolBrty8r nut 2 n8&t Nr ov ®h
prob?2 haluomipbad®wnddc ¥ WS rk2o movalecelkemé t TAmall T z a
degr adace prchafkehstika mpPlogiotc& kKah haztbkermd e st i | ov an@
vody), lesku abarvy Na zkugebn2ch & Rheérbakraskopich c hbDhl &
i mikroskopick ch  xm@n t e&a nb b h &zekdd e2 §.2 mr ef ekt empr !
bylo zvIigen?2 o,kdebyhvo®kool i KatpSphbadezth vidit
oget Sen2 napol §sticemi Ti O

a) b)

Obr.25.Por ovag@ad g e t & o Pé to S powrdirroztokem 10 % FN-NANO

Na zS8kiiadRzeKkg zvigend? cel kov® givotnt
akryl §t ovdhmpo rmalifikici povrchus mr k o ¢ ® 8% roztokem
disperze FNN A N O &nebo2% roztokenmkofeinu.U o | e j o v ®hbybs | neSdtoldr&un n
pozitivn2 Wiigngektrkoegnechefha n A Tnebylydlo§t Bk %l innn ®
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a nebyl potvrzena n i synergi ckdmteifrekd ePpraaidyti wéPRekt T
apli kace TiDams|§hdtii d ak® autoSi Wang a kol

DSew@et Sen @ 8&neéw the reim®r p o dde@odnelhrcn ®mu y ¢ h |
znehodopbezehg$2@ebadT e zpTsobemsmn2miemm ) iod® | ir
vTli de g SokvtRe rvSodpdodpor uprazesy map §2k ldedyraymll
extraktekVneghbhh2| Bydr of ob notlo | virossitw @afiigidisge z v 1 ¢
dal g2 studi e zablval a v WU il te2drey h yedkrpaefra t
bylypu b | i k olvl§& Agtfastiveness of Two Different Hydrophobic Topcoats for
Increasing of Durability oExterior Coating Systems on Oak Wadn 1 ¢ potsrdilo,
ge 8t NspyysWynugi t 2 m hy drTojfedotivnea veresltkvoyv ou  §i v
dubu v perzeti®naVitomgatexperi mentu byly
testoviByndr adfvabina2 ondd i Ynstek®d S o d o uRa ke g e low
prysiksw®isk ov i mi . Vor&2hsn@d ahhiobn2 vrstray24 byl y
r Tznnl&thDr ov iTqiaa sy B It ®M®, al ky djko @odklad liylo e ] o v ®
Vyuddiutbhoo 8®vSai.§r nut2 n8§tNru proumPh@l arychlVe
zv Dt ragvwald ®it2T d Megisledoman® char atSyz2mDisy | kgr pw, I
sm8| en2 povrchu a byly provedeny mikrosko
vt rBamgal2l.zy vispedkTiwnyéhnavi§lvy dyr Tefto bn2 v
TslpatkrazuuPp8riek a Rei npr ekolinakol((Z006) 4§genebo
e vhRDtginN pS2pad]T zvyguje odkl§rmdto tses tvay

N

e Yl innost dvou testovanlch hydrofobn2ch
onkr®tn2ch pougitlcw m$2 @a bl T ok ocevisgswe ftvadim e
yst®mT byl potvrzen pozitivn?2 vIiv, pigme,]
0g je v soul adbeWmdtadkall(224mGi m T uilkohe(2019)

Polda r anspar em§8tnidy lyyl eojbcevc® D b ar ewvaly 8ir eslt atbii V mIMD

0o nu X © < <

dobrou hydrofobnost vporovrE n 20 s $ a tt re2srhio vdarnul hnyi , deShylpr T
ng§ghnhj g2 k¥ pGepabNl psgmentovan®ho ol ej e
doch8zel o k rychl ®muf wnyk |0froesutgid.2 n8g tNMr 8 dyz
pS2sachami®diou SakdriyteIrtiyoBykay Bbi Sc2ez nvi Tvsilj B3t § y
syntetickl (alkydovNg AHa§ldlraoddbtnéstvovwdamPcim§
doporul it apli kaciy vinrac holbh®jrhdyad® raodf | o8tn?v ® rns§:
PSestoge experiment pSinesl nhRkter® pozi!
at extury dubov®ho dS¥hnadnebyl hyddygfobhi mgt
iobr 8 kdep 2n 8 poeaBrlivioyd 8af obn2 vrstvy.
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ABSTRACT

Coating systems are a popular way to protect wood against the effects of weathering when
used outdoors. This study evaluates the impact of the basic wood species on the overall
durability and color fastness of the selected water-based acrylic exterior paint. Spruce (Picea
abies L.) and oak (Quercus robur L.) wood samples were subjected to external weathering
according to EN 927-3 (2000) for 6 and 12 months. The evaluation by instrumental methods
related to co changes in color, gloss, surface wettability contact angle, at which paint damage
was also visually evaluated. The results showed that the durability of the tested coating was
higher for spruce. Still, on the other hand, thanks to its lighter shade, a significant color change
caused by the base wood's photodegradation was detected, showing that oak wood has a negative
effect on the overall life of the tested coating.

KEYWORDS: Transparent coating, wood species, outdoor degradation, color stability.
INTRODUCTION

Wood, as such, has many advantages, but we also encounter the negative side of this
natural material due its easy degradability (Cogulet et al. 2018). It has potential both indoors
and, of course, outdoors. Wood exposed outdoors is also subjected to weather effects and
changes its appearance on the order of months (Stérbova et al. 2020). In exterior constructions,
wood is popularly used for load bearing as well as decorative purposes such as gazebos,
pergolas, fences, facades, terraces, bridges, etc. (Reinprecht 2008). Its pleasant original
appearance and color can be preserved for a long time only with the help of transparent coating
systems, especially if it is exposed to rainwater. Otherwise, photodegradation processes and
leaching of the coloring components (lignins and extractives) within a few months (Feist 1990,
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Pandey 2005). Subsequently, due to the growth of molds and the deposition of impurities, there
is observed a known greying, which usually extends to a depth of mm (Oberhofnerova et al.
2017). Pigmented coatings on wood have a long service life, but the original appearance of
the wood disappears; a variant that partially meets the requirement of maintaining the original
appearance is the use of semi-transparent coating systems (Stirling and Morris 2013).

The surface treatment is not only an aesthetic matter. Coating systems protect wood against
water penetration and the formation of cracks and thus prevent the attack of wood-rot fungi,
which disrupt the overall mechanical functionality of structures (Hill et al. 2022). The overall
service life of transparent coating systems on wood has been evaluated in several works.
However, coating systems are constantly improved by producers, and the climatic conditions in
each region are different (Brischke and Thelandersson 2014, Mohebby and Saei 2015), so it is
important to constantly carry out further tests that would lead to a more comprehensive
overview of the behavior of coatings on wood. At the same time, with their different
morphological structure and the content of different extracts, wood species significantly affect
the overall service life of the same coating systems (Ozgenc et al. 2012, Pének and Reinprecht
2014, Gonzalez de Cademartori et al. 2015). A water-borne acrylate multilayer coating system,
which is not harmful to health, has a low environmental impact due to its low VOC (High
volatile compounds) emission, and can be easily applied by brush or spraying (de Meier 2001).
Durability tests of coating systems are performed either using accelerated artificial weathering
or by applying of long-term outdoor tests, during which more critical factors interact (Crewdson
and Ketola 2005, Podgorski et al. 2011, Cogulet et al. 2019). Outdoor tests are performed
according to EN 927-3 (2000). All commercially used coatings require a 12-month exposure
period during which the layer should not be damaged.

Oak wood as a valuable natural material and spruce wood as currently the most used and
cheapest wood used in Central Europe were chosen for this experiment. From the point of
durability and resistance to fungi, oak heartwood is a very suitable specie, but the overall
durability of exterior coatings is low compared to other wood species (Aloui et al. 2007,
Sivrikaya et al. 2011). The most important properties of oak wood are strength, reasonable
hardness, and durability, which has always been an important criterion (Zeidler et al. 2022).
Oak is classified among very durable woods, excellently tolerating the influence of changes in
the atmosphere. It is most in demand in the water construction industry because its favorable
properties are further improved by soaking in water (SarvaSova et al. 2021). Spruce wood, due
to climate change, it is possible to expect a reduction in its overall share in stands (Tomagkova
et al., 2021). Its wood is light, relatively strong, easy to split, and tough (Hysek et al. 2021).
Spruce wood is included in the group of less durable woods (class no. 4), and at the same time,
it is difficult to extremely difficult to impregnate (classes 3-4) (Reinprecht et al. 2017).

This experiment aims were to determine the effect of the base wood of Oak and Spruce on
the overall service life of the selected transparent water-based acrylate coating system.
The partial goals were to evaluate the overall color fastness, changes in water contact angle,
gloss, and the formation of surface defects of coated wood during a 12-month outdoor
exposition in Prague (Czech Republic).
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MATERIAL AND METHODS

Wood samples, treatment, and exposure

Heartwood samples from Oak (Quercus robur L.) and Spruce (Picea abies L.) with
dimensions 378 x 78 x 20 mm (L x T x R) (Fig. 1) were prepared according to EN 927-3 (2000)
from tree origin in Czech Republic. Clear samples were conditioned for a relative humidity (¢)
65 £ 5% and temperature (#) 20 = 2°C to achieve their equilibrium moisture content (EMC) of
12%. Surfaces of conditioned samples were sanded (120-grit) before treatment. The average
density of oak wood was 795 kg'm'a, and the density of spruce wood was 455 kg‘m'3 .

318
%
I}S

f il

e ]
8
Fig. 1: A sample according to EN 927-3 (2000) (green line means a coating). Dimensions
in mm.

Acrylate  thick-layer  transparent  water-based  coating  with  fungicide
(5-chlor-2-methylisothiazol-3(2H)-on) and UV-stabilizers (based on benzotriazoles) was
applied in two layers (each 120 g.m‘z) (Fig. 1). After drying in laboratory conditions,
the samples were outdoors exposed in racks situated under an angle of 45° in the south direction
for 12 months. References from untreated wood samples were also used. Two samples for each
wood species and kind of treatment were analyzed. Changes were evaluated after six months
and after the exposition. Climatic conditions during exposure were monitored, average daily
temperature was 9.8°C (extremes +26.9°C, -10.1°C), total precipitation 533 mm and average
daily incident solar energy 12 226 kJ.m™ (http://meteostanice.agrobiologie.cz).

Methods
Changes in color

The color parameters L*a*b* (CIE 1986) of the test specimens were measured after 6 and
12 months of natural weathering (NW) using a Spectrophotometer CM-600d (Konica Minolta,
Osaka, Japan). The measurement was carried out at eight marked places on each sample to
avoid distorting the results. Two identical samples were made for each type. For the observation
of reflection, the specular component was included (SCI mode) at a 10° angle and d/8 geometry
with an illumination standard of D65 (corresponding to daylight in 6500 K). Fight
measurements per sample were carried out for each weathering time. Color changes evaluations
were done in CIE L*a*b* color space: L* is lightness from 0 (black) to 100 (white); a* is
chromaticity coordinate +60 (red) or —60 (green); b* is chromaticity coordinate +60 (yellow) or
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—60 (blue). The total color difference AE* (CIE 1986) was subsequently calculated from
relative changes of color (AL*, Aa*, and Ab*) using Eq. 1. The dependences of the color change
were also assessed by comparing the values with the EN 927 — 3 (2000) (Tab. 1).

AE* = (ALY + (8 + (BB, M

Tab. 1: Table of color changes according to standard EN 927-3(2000).

02> AE invisible difference
02<AE<2 little difference
2<AE<3 color change visible with a high-quality filter
3<AE<6 color change visible with a medium-quality filter
6<AE<12 high color changes
AE>12 different color

Changes in gloss

The gloss of the different coatings before and during weathering tests was measured based
on EN ISO 2813 (2014) using glossmeter MG268-F2 (KSJ, Quanzhou, China). Four
measurements at a 60° angle per sample after 6 and 12 months of NW were done to evaluate
gloss changes. The change in gloss was measured in four marked areas on every sample.

Changes in hydrophobicity

The liquid (distilled water) contact angle on tangential surfaces of tested samples was
measured using a goniometer Kriiss DSA 30E (Kriiss, Hamburg, Germany). Ten random
positions on each sample were used to measure the contact angle, The sessile drop method was
used; ten measurements per sample were performed before and after 6 and 12 months of NW
with distilled water drops with a dosing volume of 5 pL. A surface is wettable, hydrophilic,
when the angle is between 0° and 90°. A surface is not wettable, hydrophilic, when the angle is
between 90° and 180°.

Statistical analyses

Statistical analyses of data were performed in MS Excel and Statistica 14 (StatSoft, Palo
Alto, CA, USA) using mean values, whisker plots with mean values, and 95% two-sided
confidence intervals,

RESULTS AND DISCUSSION

The measured data were evaluated based on a significance level of p = 0.05 and
a confidence interval of 95%. Individual properties (change in color, gloss, and surface
wettability) were evaluated as statistical dependencies. Color changes were compared to
the values according to EN 927-3 (2000) (Tab. 1). The standard defines nominal values that
determine the size of the color change.

93



WOOD RESEARCH

lightness from 0 (black) to 100

L

45 == Spruce -Acryl

0 Month 6 Months 12 Manths —& Spruce -Reference
—+ Oak -Acryl
Length of exposure to weathering —I Oak - Reference

Fig. 2: Part of color spectrum, L - lightness.

In Fig. 2, the most noticeable change is in the part of the color spectrum of the reference
spruce, where the value of L drops steeply, which indicates graying of the material. This fact is
also confirmed by the pictures in Tab. 2. In Fig. 3 is possible to see difference of chromaticity
coordinate, from red to green — except of coated spruce (Fig. 3a), and from yellow to blue
(Fig. 3b). It is possible to observe a darkening of shades.

cliomaticity coordinats 60 {yullow) o - 30 {blush

Y 3
AN

5 ) T

I 5 —F

. i3 L

0 | | ' = Spruce - Acryl 0 ' ' ' == Spruce - Acryl
Dl B\Manls 12 Muiiths =t Spruce Ruforence 0 Monll 6 Vunls 12 Months o Spruwe Relvrunce
T Onk - Acryl N T Onk - Anryl
| ength of expoaure 1o weathesing = 0ak - Reference I ength nf expnsure 1n weathering == 0Oak - Referenca

Fig. 3: Part of color spectrum, a — chromaticity coordinate (a), b — chromaticity coordinate (b).

The values of the L*a*b spectra were converted to the color change value for individual
cases according to the measurement location. These values were statistically evaluated, and
their averages, standard deviations, and statistical significance were determined. Fig. 4 shows
that the oak, whether treated or untreated, and the reference spruce had a statistically significant
color change. Spruce treated with acrylic paint did not have a statistically significant difference
between six and twelve months. Still, according to the values from the EN 927-3 (2000)
standard (Tab. 1), it is clear that the color was still evaluated as different. In the case of treated
spruce, there is a rapid increase in color change in the first six months, and the difference is then
stabilized. The other samples degrade linearly, and this process is long-term, which is also
proven by the graph in Fig, 4.
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Fig. 4: Color change development.

Fig. 5 shows the evolution of the gloss change. At this value, the downward trend of
the reflection coefficient can be observed. This is mainly due to the paint layer's degradation,
which can no longer reflect light radiation, which is a property measured when assessing gloss
development. It is interesting to observe the opposite trend in untreated spruce (Reference),
where the dirt was deposited on the untreated surface, which paradoxically increased the gloss
value. Due to the large dispersion of values, the spruce samples (Acrylic and Reference) could
not be called statistically significantly changed, but the visual change is noticeable (Tab. 2).

Glass value (reflection coefficient)

]
6
4
2
0 1 | 1 = Spruce - Acryl
OMonth  6Months 12 Months = Spruce - Reference
—— Oak - Acryl
Length of exposure to weathering = Oak - Reference

Fig. 5: Gloss change development.

The development of the free surface energy value (surface tension) expressed by
the contact angle was evaluated as statistically significant for all measured samples. Some
samples even absorbed liquid before it was possible to measure the contact angle. This is due to
the degradation of the untreated surface. Samples treated with acrylic paint showed decreasing
contact angle values (Fig. 6).
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Fig. 6: Contact angle change development.

In Tab. 2, showed the visual changes in surfaces of samples. The pictures were taken with
a scanner to avoid distortion by ambient light. The table confirms the statistically evaluated
color changes, best demonstrated by the reference spruce sample, where even the naked eye can
see the most significant color change [AE].

Tab. 2: Visually changes.

Weathering Spruce - Reference Spruce - Acryl
time
0 month

6 months

12 months

Oak - Reference

0 month

6 months

12 months

The experiment results in this work confirmed that the application of the coating system
could extend the overall life of selected wood species in the exterior. Water-based acrylic
coatings have been evaluated as an environmentally friendly means of protecting the surface of
the wood and thus improving the durability of wood in outdoor conditions, as reported by
Ozgenc et al. (2012) or Wang et al. (2019). In some cases, it is possible to increase the overall
service life by applying an upper hydrophobic layer (oil coatings), which is in line with previous
studies, e.g., for spruce and acacia (Panek and Reinprecht 2014, 2016).

Based on several works, oak is generally characterized as a type of wood with a complex
protective treatment influenced by the exterior transparency of coatings (Evans et al. 2015,
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Aloui et al, 2007). The effect is even more pronounced in trees with a high content of extractive
substances and an uneven morphological structure (Griill et al. 2016). The results confirm that
in porous wood species with large vessels such as oak, local penetration of coatings occurs, and
in these wood areas thin-layer coatings quickly degrade, and their faster restoration is necessary
(Siminkové et al. 2019). The loss of adhesion of the coating during weathering should also not
be neglected, as it is a complex phenomenon related not only to the change in the surface
characteristics of the substrate of individual wood species and its photodegradation
(Hochmanska-Kaniewska et al. 2022), but also to the depolymerization and loss of the internal
cohesion of the coating system (Evans et al. 2015). Additives, as stated by Forsthuber and Griill
(2010), or by adding flame retardants, such as Puyadena et al. (2022), can significantly affect
this. Additives can also have a negative effect on the compactness of the polymer coating base.

Transparent acrylic-based coating systems can withstand outdoor conditions while
achieving relatively good results, which means maintaining high surface wettability (contact
angle), color fastness, and maintaining the same gloss value throughout the life of the coating.
When comparing the results, we can conclude that the observed trends of coatings, when used
for individual wood species, are confirmed.

CONCLUSIONS

(/) The influence of the underlying wood species on the overall lifespan and color fastness
of the selected acrylic water-dilutable exterior paint is apparent. Transparent coatings on
exterior wood, especially oak (Quercus robur L.), have an overall low level of durability.
(2) Visual inspections on the painted surfaces confirmed the importance of the underlying wood
species, from which it is clear that spruce achieves better results from this pair of wood species.
(3) The effect of the underlying wood was proven for the color fastness AE and the gloss.
Surface defects need to be visually checked during weathering. (4) The wettability of
the surface, evaluated using the contact angle, confirms a decreasing tendency, especially in
untreated samples, which were no longer measurable after a particular time. (5) A sufficient
period of 12 or 24 months is required for outdoor testing of coating systems.
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Abstract

Wood is a natural material and is subject to degradation due to weather, UV radiation, and humidity. Wood is com-
posed of many components. The basic structural elements of wood include cellulose, hemicellulose, and lignin. Fur-
thermore, these are accompanying substances, which also include extractive substances. Specifically, these sub-
stances, together with lignin, have a negative effect on its life thanks to their chemical reactions, which are initiated
mainly by UV radiation (so-called photodegradation). This study evaluates the effect of controlled degradation of
extractives and lignin on the surface of the wood before the application of the coating system and also on its overall
servicelife. Samples of larch wood (Larix decidua, Mill.) were exposed to exterior natural influencesin Prague (Czech
Republic) according to EN 927-3 (2020) for 10 and 20 weeks. Subsequently, the samples were sterilized in an auto-
clave, dueto possible contamination of the surface with fungi. The specimens were then treated with two oil-coating
systems (V-420 and V-429). Subsequently, they were exposed to artificial aging ina UV chamber according to EN
927-6 (2019). Testing occurred at predetermined time intervals of 0, 1, 3, and 6 weeks, roughly corresponding to
0, 2,6, and 12 months outdoors. The evaluated factors were the change in color, gloss, and surface wettability. The
results showed a slightly positive effect of surface washout lasting ten weeks before applying the coating system.

Keywords: durability; finish; exterior; larch; leaching; wood components

Editor: Tomas Gergel

desirable, thereby prolonging the originalappearance of
the material, as well as its overall durability. According
to the standard, the natural durability of wood can be
divided into different grades (1 - 5) (EN 350 2019). It
varies according to the type of wood, specifically depend-
ing on theanatomical structure, the content of extractive
substances, tannins, and other accompanying substances
that increase wood’s naturalresistance against bioticand

1. Introduction

Wood is one of the most popular materials for both inte-
rior and exterioruse (Sarvasova Kvietkova etal. 2021). It
isanatural material witha particular chemical structure,
which is characterized by its biodegradation and aging
undertheaction of abiotic and biotic factors (Matsuo et al.
2011; Tomagkovaetal.2021). Abiotic factors most often
include UV and VIS (visible radiation) radiation, rain-

water, wind, temperature, and humidity changes, dust,
and also their mutual combination (Cristea et al. 2010).
Anincrease in resistance to these influences is therefore

abiotic pests (Reinprecht 2008). When wood is exposed
to the exterior, however, these substances are washed
away over time, and the wood begins to degrade from

*Corresponding author. Monika Sarvasovd Kvietkovd, e-mail: kvietkova@fid.czu.cz
© 2023 Authors. This is an open access article under the CC BY 4.0 license.
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the point of view of physical and mechanical properties
visually and physically (Panek et al. 2014). The visual
characteristics include mainly the graying of the wood
and the plastic texture. In terms of structure, lignin and
polysaccharides in wood (hemicellulose, cellulose) are
degraded (Myronycheva et al. 2018).

Lignin is chemically less stable than cellulose and
has high light absorption (Gandelova et al. 2002). This
isacrucial property that has implicationsfor the durabil-
ity of coating systems (Simtinkové et al. 2019). It mainly
degrades by photolysis and photooxidation (Tolvaj et al.
1995). Under the influence of UV radiation, the propor-
tion of carbonyl and carboxyl groups in lignin increases
at the expense of hydroxyl and methoxyl groups (Feist
et al. 1990; Xie et al. 2013). Decomposition products of
lignin (organic acids, vanillin, syringaldehyde, and vari-
ous higher molecular substances) are polar with water
and arewashed outof the wood (Paneket al. 2016). Inter-
esting findings also include the conclusion that visible
light with a wavelength above 400 nm does not cause the
darkening of lignin, as itdoeswith UV radiation. Still, on
the contrary, it’s fading (Reinprecht 2008).

The hydrolysis of polysaccharides is also important
from the point of view of the resistance of wood in the
exterior. Hydrolysis would be minimal if it took place in
pure water (Kim et al. 2020). On the exterior, however,
thereiswater containing dust particles, microorganisms
(forexample, mold), and various types of emissions that
change the PH of the water (Petri¢ 2013).

In general, wood that has a higher proportion of
sapwood is less durable (Williams et al. 1996), and to
increase the wood’s durabilityand visual characteristics,
it is advisable to treat the material with a coating system
(Cristea et al. 2010), other methods include modifica-
tion of the underlying wood species or coating system
(Ozgenc et al. 2012; Hill 2006).

The study is devoted to larch wood, characterized
by relatively high natural durability. This wood species
is popularly used in interior as well as exterior environ-
ments. A trend was noted for larch in the application
to facades, windows, or terraces (Oberhofenerova et
al. 2019). Larch wood is a facade material because it is
aesthetic, can be built without surface treatment, and its
properties are comparable to exotic woods. At the same
time, the purchase price is significantly lower (Ugoviek

et al. 2019). It is very resistant to damage by rot and
insects, thanks to the specific composition of the resin
contained in the wood. It is characterized by high acidity
and a higher content of extractive substances, especially
intheform of resins (Stérbové etal. 2021). These accom-
panying components of the wood make it challenging
to apply the coating and reduce its lifespan. After that,
photodegradation in the form of graying occurs more
quickly. This reaction to the action of UV and VIS radia-
tion is considered in Western countries; some architects
already work with a gray shade of wood in their studios
(Karlssonet al. 2022).

2. Material and method
2.1. Wood samples, treatment and exposure

Larch heartwood samples (Larix decidua, Mill.) with
dimensions of 378 x78x20 mm (L x D% R) wereprepared
based on the EN 927-3 standard from the wood of Czech
origin (Fig. 1, left).

The surfaces of samples (moisture ~12%) were
sanded with 120-grit sandpaper before treatment. The
samples were exposed outdoors in racks placed at an
angle of 45° to the south for 12 months. References from
unexposed wood samples were also used. The samples
were exposed for 10 and 20 weeks. Climatic condi-
tions during exposure were: average daily temperature:
9.8 °C (extreme + 26.9 °C, —10.1 °C); total precipi-
tation 533 mm; average daily incident solar energy
12,226 kJ.m2 (http://meteostanice.agrobiologie.cz).
Subsequently, all samples were sterilized using a steam
autoclave (MED 12, Biotrade Instruments, Prague)
at a temperature of 125 °C to remove microorganisms
(especially fungi) that could distort the research. Sub-
sequently, the samples were dimensionally adjusted
(150=38%20) (Fig. 1, right) so that they could be placed
in the QUV accelerated weathering chamber (QUV/
spray RP, Labimex, Praha) according to the standard
CSN EN 927-6 (2019). Before being inserted into the
chamber, they were treated with two types of oil coating,
V-420andV-429. They werethen put into the chamber.
Anexposure cycle of one week consists ofa condensation
period followed by asub—cycle of water spray and UV-A
340 irradiation as in Table 1.
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Fig. 1. A sample according to EN 927-3 (2020) is on the left and a sample according to EN 927-6 (2019} is on the right side;

green line means a coating, dimensions in mm.
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