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AncrpakT: Mako je OpBo jedaH of HajcTapHjyux MaTepHjana y UcTo-
PHjH JbyACKe LMBHM3aLM]e, jOLL YBeK Ce U3HaNa3e HOBHU HauM-
HH HeroBe NpUMeHe 1 pas3maTtpajy MoryhHocTH npeobnukoBara
oppeheHmx cBojcTaa. MNocnenmnx rofMHa jaB/ba ce HHTepecoBa-
Fbe UCTPaXKMBayda 3a MoaHdHKaLHjy ONTHUKKX CBOjCTaBa ApBeTa.
Hanme, Merbarbem nonasHe xeMujcke CTpyKType Kkoja je npaheHa
HMMperHaumjom nonrMmepa ogrosapajyhux ceojcraBa, Moxe ce
nocTMhK CMarbee ancoprLuje v pacejatba CBETNIOCTH NMPHIMKOM
HHTepaKuuje ca ApBeToMm. Ha Taj HauMH HacTaje HOBH NPOMH3BOL, —
nposraHo apso (TW —transparent wood). lNopep, ovyBaHe TekcTy-
pe CBOjCTBEHE ApPBETY, NPOBHAHO APBO Y BE/TMKO] MEPH 3aApXKaBa
6pojHa noBosbHa CBOjcTBa NpHpoaHor ApseTa. [1poBHAHO ApBO
OL/IMKY]jy BUCOKa OMTHYKa MpOonyCcT/bHBOCT (Mpeko 80%) K 3amyhe-
tbe (Npeko 70%), HHUCKa rycthHa (oko 1,2 g~cm'3), Lobpa MexaHHYKa
CBOjCTBA M HACKa TOMIOTHA NPOBOAbHMBOCT. MoryhHocTH npumeHe
NPOBHAHOT ApBETa HHTEH3UBHO Ce pa3maTpajy. 36or nobprx mexa-
HHUYKHX, TOMIOTHUX M ONTHYKKX CBOjCTaBa, MPOBUAHO APBO UMa
BEJTMKH NMOTEHLMjan NpUMeHe Kao eHepreTcky edrkacaH rpaheBrH-
CKHW MaTepHjan. Bucoka onTHyka NponyCcT/bMBOCT Y3 HCTOBPEMEHO
pacejarbe CBET/IOCTH M HUCKa TOMIOTHa NPOBOAJLHMBOCT, A0bpa cy
npenopyka OBOr MaTepHjana 3a U3pajy TepMOH30/1aLIMOHHX MPO30-
pa. PeHoMeH pacejatba CBET/IOCTH, CBOjCTBEH NMPOBUAHOM ApPBETY,
YMHHM ra MOroAHHM 3a NobosbLLake epUKacHOCTH conapHux henuja.
poBHAHO APBO HAPOUMTO je UHTEpEeCaHTHO W NpeacTaB/ba BESH-
KW M3a30B y 0651acTH onpemarba eHTEpHjepa M An3ajHa HameLLTaja,
anun v u3page ykpacHuWx npeamerta. [Nopen Tora, noposHa cTpyKTypa
omoryhaBa fa ce y pa3u MMMperHaLuje nonMMepom y NpoBHUAHO
LpBO yrpaje pasnuymnte PyHKLHMOHAHE HAHO-YeCTHLe (MarHeTHe,
NYMHWHHUCLIEHTHE, e/1eKTPONpOBOAJbHBE M CTHYHO), YUME Ce NPo-
LLUMpYje Nosbe MpUMEHE OBOT MaTepHjana. Y oBoM pady je faT je
MpH1Ka3 [ocafaLlibKX HCTpaXHBarba y cdepH fAobHjara M MoryhHo-
CTH NPHUMEHEe NPOBHHOT ApBETa O4yBaHe CTPYKTYPE, ank U H3a30-
Ba KOjH ce Hamehy 1CTpaxkMBauMMa y oBoj obnacT.

KmyyHe peyuu: npoB1AHO ApBO, AeNHIHHUPHKaLHja, UMMperHa-
LMja, NpUMeHa NpoBHAOHOr ApBeTa
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[lpBo je jenaH op, HajcTapHjux U Hajuyewwhe koprwheHWX MaTepHjana y UCTOPHjH
JbYACKE LMBHNIM3aLMje. 3axBarbyjuhv NprpoAHOM Nopekny U 0OHOB/LMBOCTH, NaKOj
00paAHBOCTH, OANTHMYHHUM MEXaHUUYKHM CBOjCTBMMA Y KOMOMHALIMjH Ca HUCKOM
rYCTHHOM, W AaHac je jeAaH o4 OCHOBHHX HHXXEHEPCKUX MaTepHjana, ca 3HayajHOM
ynorom y rpaheBrHapcTBy, rae ce TpaAHLIMOHAHO KOPHUCTH Kao KOHCTPYKLMOHH
matepujan®?3. Y cBako4HEBHOM XHBOTY APBO Takohe MMa LLMPOKO Mosbe Nprume-
He, 0[} MPOMU3BOAHE TOMJIOTHE EHEPrHje, [0 H3pa[e KyXHHbCKe rafiaHTepuje, urpa-
4aka, YMETHHUKHX, YKPACHHX H Apyrux npegmeTa. JeAMHCTBEHa ecTeTcKa CBOjCTBa,
TEeKCTypa M TOM/HHA, YMHE ra He3a0dMNa3HUM MaTepHjasiom 3a U3pady HamellTaja
M OCTaNIMX efleMeHaTa 3a ornpemate eHTepujepa’. 360r xeMujcke CTpyKType, Koja
yK/byuyje dpojHa brononumepHa 1 Apyra jeaurera pasnvynTe XeMHjcke Npupoae,
cMaTpa ce BeJIMKMM NPHUPOAHHUM M OOHOBIBHMBHM pe3epBOapoOM OpraHcke MaTepHje,
LUTO APBO CBPCTABA Y BaXKHY CUPOBHHY XeMHjcke HHAycTpHje®. Mopen Tora, pasHoBp-
CHOCT y norneay jefutberba U GYHKLOHANHKX rpyrna NpUCYTHUX Yy DHononMMepHUM
KOHCTUTYeHTHUMa ApBeTa, Npyxa dpojHe MoryRHOCTH 3a pasfMu1Te XeMHjcKe MOLH-
dbHKaLHje v pa3Bujatbe HOBUX MPOMU3BOAA M3MEHEHHX CBOjCTaBa®. JeaaH oL HOBHjUX
npou3soAa MoaHdHKaLHje ApBeTa je NpoBHAHO ApBO (transparent wood — TW) ca
0YYBaHOM NMPHPOAHOM CTPYKTYPOM, 3a Koje ce npeasuha npuMeHa y pasnuunTim
odnactuma TexHuke, og rpeheBuHapcTBa no enektpoHuke’®°. Y oBom pamy je pat
je Mpukas focapallbHX UCTpaXHMBaba U3 odnactv Aodujatrba, KapakTepr3salmje 1
MoryRHocTH NpumMeHe nposuaHor apeeta (/1) ouyBaHe cTpyKType.

NoBosbHa CBOjCTBA, Npe CBera MexaHHYKa, 0Apas Cy crneLrdHUHE aHaTOMCKE U XEMM]-
cke rpahe, M 0CHOBa Cy LUMPOKOT Mosba NpUMeHe ApseTa. DU3nUKy CTPYKTYpY ApBeTa,
Kao MaTepHjana dronoLukor nopekna, YnuHe henuje, pasnuunTe No odIMKY, AUMEH-
3Wjama, opHjeHTaLMjH (aKCHjaTHO U paamMjanHo) K byHKLMjH Y xruBoM cTadny. Haj-
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Cn.1

Behe yuelhe y ApBeTYy MMajy akCHjaiHO OpHjeHTHCaHe BnakHacTe henuje npeyHuka
20-30 UM, YCKKX NyMeHa, aedemnnte henujckux 3nposa 2-8 um'®, ca npoceyHum
yaenom o oko 50% (32-83%) y nuwhapckim Bpctama, M Yak 1o 95% (92-98%) y
yeTUHapCckuM BpcTama'. JTnwhapckMm BpcTaMa CBOjCTBEHH Cy MPOBOAHH aHAaTOMCKH
e/IEMEHTH LLIMPOKKX NTYMEHA — Tpaxeje, NpeyHrKa 1 [o 500 pm'™ (cn. 1).

Osa cneumnduryHa HexomoreHa henujcka rpaha, ca M3paxxeHOM 1 BeOMa Crioxe-
HOM MOPO3HOM CTPYKTYPOM, KOja YKIbydyje MHKPO-, ME30- U MaKpo-Mope'™, nosnayu
aHH30TPONM|y CBOjCTaBa ApBeTa, LUTO ra YWHH jeAHHCTBEHHWM Y OOHOCY Ha OcCTane
martepujane™.

KomnosuTHa nprpona henujckix 3MaoBa ApBeTa 04pas je CHaXHHUX MehyCoOHHX
HHTepakLuja rdprna uenynose (ca yvewwhem of 40-55%), xemuuenynosa (20-35%)
v nurHrHa (18-35%)™, WTo pesynTyje OaIMUHUM MEXaHHUYKMM CBOjCTBMMA ApBeTa’®.
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Mopen dpojHHUX NpeaHOCTH, APBO KaO DHOKOMMO3UTHH MaTepHjan UMa U MHO-
re Hepoctatke. [lpBo kapakTepHLLe faka ancopruuja Biare (Boge), LUTO MOBAYH
OMMEH3HUOHANHY HECTadMTHOCT W MyLake, Kao U NOAN0NKHOCT SHONOLLKO]j M hoTo-
Aerpapalmju, ycnen, yera Mory HactaTi npodnemu NpUaMKom NpuMeHe 1 npepage,
a TpajHocT fpBeTa ce ckpahyje. McToBpeMeHO, 0d1Ibe pa3HOBPCHHX byHKLIMOHAN-
HWX rpynay drononumeprma henujckor 3uza 1 Nopo3sHa CTpyKTypa, CaurtbeHa of,
dpojHHx mehycodHo nosesaHKx nymeHa henwja, koja omoryhasa npoaupatbe XxeMuj-
CKMX peareHaca y yHyTpaLLHhOCT ApBeTa, 4oOpa Cy No4JIora 3a pasnnymTe h1sHyKe 1
xeMujcke moaudHkaumje”. MoryhHocTH MoardHKaLMje ApBeTa Y LM/by NOdOosbLLA-
tba oppeheHrx cBojcTaBa ApBeTa MHTEH3MBHO Cy UCTpaxHBaHe. [Jodpw pesyntathy
nodorbLuatby AUMEH3HOHaNTHE CTaDUTHOCTH MOCTUTHYTH CY UMMpErHaLmjom apBeTa
pa3nyUTUM TepMoouspLuhaBajyhrm cmonama Kao LWTo cy: beHon-dbopmanaexma-
Ha, MeNlaMHH-hopManaexnaHa H ypea—hopmanaexuaHa'®®, kao v npouecom dyp-
dbyprnosara (MMmnpertauuja nonndypdypun ankoxonom)?. Mopep Tora, npume-
HOM TOM/IOTHE WK XEMHjCKe eHepruje Moxe ce MOAHDHKOBATH XEMH]CKH cacTaB
M N0BOsbLLIATH AUMEH3HOHANHA CTADMIHOCT ApBeTa’?2, JefaH o4 HajycneLwHHjUX
Npou3BoAa Xemujcke MogHdHKaLMje y LiMby nodorbluaka AMMEH3WOHaHe CTa-
BHMHOCTH je aueTunoBaHo ApBo?3. MNpoLec aueTHnoBatba NPUMEHB je He CamMo 3a
ApBo, Beh K 3a KOMMNO3WUTHE MaTepHjane Ha Da3H yCHTHeHOT ApBeTa. ALeTHIOBatbe
uBepja upHor dopa (Pinus nigra) v dykse (Fagus moesiaca) peayntoBano je nose-
harbeM ouMeH3HoHanHe cTabMnHOCTH NoYa MBepHLa U3paheHUx o, 0BOr UBep)a,
anu je 4oLWO 00 Nafia MexaHHUKKX ceojcTaBa®4. CBOjCTBa ApBETa MOTY CE U3MEHHTH
M XEMHjCKMM TpeTMaHHWMa BOAOM WM dnarMm pacTBoprMMa XeMHKasuja, Koju Haj-
vewhe pesynTyjy yknarbarem Lena XeMHLENynosa U3 apeera?>262.28_ Nlejcteom
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dnarmx pactBopa cpheTHe KMCeNMHE UK BoLe Ha TemmnepaTypama of, 100 1 120 °C,
nosehaHa je AMMeH3HOHaNHa CTadMHOCT y30paka ApBeTa MOosbCKOr jaceHa, ynpKoc
MHTEH3MBHH]jeM ynujary Boge?®*° fok cy TpeTMaHK pacTBOpHUMa HaTpHjym kapdo-
HaTa 3HavajHo nodosbluany afxesnsHa ceojctea®’. TpeTmaH 1Bepja dykse BOLOM Ha
Temnepatypu of, 150 °C pesynTtoao je noeharwem TonnotHe mohu 1eepja. Ucto-
BpemeHo, nosehaHa je 1 TonnoTHa Moh neneta M3paheHor of 0BOr UBEpja, [OK Cy
aHHUTET Npema Basu W CafpiKaj nenena cMarbeHn>2,

MopmndukaLmjom nonasHe xeMujcke CTpyKType ApBeTa, Koja je npaheHa umnper-
HaLLHMjOM NOSIMMEPa, MOTY Ce MPOMEHHTH 1 OMTHUYKa CBOjcTBa ApBeTa. ONTHYKa CBOj-
CTBa ApBeTa [0 HeLlaBHO HUCY drna npeameT Beher HHTepecoBatba MCTpaXKMBaua,
HaKo ce Mojam ,,NMpOBHAHO APBO“ NPBH NyT cpehe y uTepaTypH jol 1992. roanHe>3,
MocnenmwHx HEKONTMKO rOAMHA jaB/ba Ce BEJTMKO MHTEPECOBakbe UCTPaXXHBaya 3a
MoAHdHKaLHjy ONTHUKKX CBOjCTaBa ApBeTa Y LiMby foOHjatba NPOBHAHOT ApBETa U
pa3matpajy MoryhHoCTH NpUMeHe 0BOT HOBOT KOMMO3HWTHOT MaTepHjana.

KKapa ceetnocT, Koja MpeacTas/ba BUAbHMBH [e0 cnekTpa enkTpoMarHetHor (EM) 3pa-
yera (TanacHe AyXHHe 400 — 700 M) CTYMNH y MHTEPAKLHjy Ca MaTepHjOM JOoNa3H
10 KoMOHHauMje pednekcuje (ondujarba), pedpakuuje (Mpenamarba), ancopnumje 1
nponyLuTama cBeTnocTH. MNocmatpajyhu Heko Teno, /by ACKo OKO feTekTyje pe3ynTat
Te CNoXeHe UHTepaKLHje, Koja je 3aBMCHa Of TanacHe y)KHHe CBETNIOCTH K PHU3HY-
KO-XeMHjcKe MpHpoAae MaTepHje.

Ancopnumja CBET/IOCTH 3aBUCH Of, XEMHjCKe NpUpOde MaTepHje, a y3poKyjy je
MOnNeKyNH OAHOCHO AeNoBH Monekyna (xpomodopH), Koju ancopdyjy TauHo oapehe-
He TanacHe gyxuHe EM 3payema, a pedbnextyjy u/vnv nponyLutajy octane. Y 3aBu-
CHOCTH O BpCTE M MHTEH3HTETa HHTepaKLIMje BUAJbHBE CBETSIOCTH Ca MONEKYIMMA
Heke MaTepHje, pasNMuUTH MaTepHjani pasnnumTo cy 0dojeHH MK nporaHK>S. leo
CBET/IOCTH KOjH HHje ancopdoBaH MK pednekToBaH NpH Nponacky Kpo3 matepHjy
nedrHHLLIE ONTHYKA NPOMYCT/LUBOCT, KA0 OAHOC HHTEH3MUTETa MPOMYyLUTEHE K yraj-
He cBeTnocTh?>. LLITo je onTruka nponyctbrBocT Beha, MaTepHjan je NpoBHAHH]H.

Mopepn Tora, Ha rpaHHYHKM MOBpLUMHaMa M3Mehy nBe cpefiHe pPasIUUHTHX
ONTHYKKX FYCTHHA A0Na3H [0 Npenamama (pedpaklmje) CBETI0CTH, Koja Cce Onu-
Cyje MHIOeKcoM npenamama (pedpakLimje), a pesynTyje NpOMeHOM NpaBLa KpeTaha
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CBETNOCTH. Kapa cBeTnocT nponasu Kpo3 OMTHYKK HEXOMOTeHY CpeuHy, ycnen npe-
namarba [0Masu o HheHOor CKpeTaka Y CBUM npasurma (cn. 2 A), ogHOCHO paceja-
ta (pacvnama, andysuje), LTo pe3ynTyje nojaBom onTHuKor 3amyhera. OnTHUKo
3amyhetbe je oiHOC AM]Y3HO NponyLUTEHe K yKyMHe NponyLuTeHe cBeTnocTH. LLiTo je
Beha pa3nuka y BpeHOCTMMa HHAEKCa Npenlamatba U3Mehy iBe KOHTaKTHE CpeauHe,
jaue je pacuname cBetnocTke. Kom npoBHAHKWX MaTepwjana, pacejare (andysuja)
CBET/IOCTH NPONYyLUTEHE KPO3 MaTepHjan pe3ynTyje CMambereM KOHTpacTa C/TMKe Koja
ce nocmatpa kpo3 matepujan®’. Ha BpegHOCT OMTHYKE NpomnyCT/bMBOCTH 1 3amyhe-
ta MaTepHjana yTuuaj UMajy HHOEKC Npenamatrba, 4ed/bHHa, XpanaBocCT NOBpPLUHHE,
MOPO3HOCT, pacrofena H BefMunHa nopa, uta.®

H onTtruka cBojcTBa ApBeTa, Kao W 0CTana, nocneamLa Cy heroe aHaTOMCKe U XeMHj-
cKe rpahe. 360r Nopo3He CTPYKType U MPHUCYCTBA Pa3fIMUMTHX XEMH]CKHX jeAHbeHa Y
henujckom 3nay, Koja KapakTepHLLy pasnUunTH MHIOEKCH pedpaKLmje 1 ancoprumje
CBET/NIOCTH, OMTHYKa NpHUpoaa ApBeTa je xeTeporeHa. Kaga CBETNOCT CTYNH y UHTep-
aKLMjy ca ApBETOM, Y 3aBUCHOCTH Of, TaslaCHe y>XHHE CBETIOCTH M CBOjCTaBa ApBETa,
Kao LUTO Cy FyCTHHa, XeMHM]CKH cacTaB, aHaTOMCKH NpaBall, A0J1a3H 40 KOMOHHaLKje
pednekcuje, pedpakLimje, ancopruuje 1 heHor NponyLUTaka. 3axBasyjyhu BeNMkom
Opojy pa3nuurTHX XpoMOdOPHHX rpyna y MONEKYNCKOj CTPYKTYPH jeflMtbetba LpBe-
Ta, ApPBO MMa CMOCOOHOCT Aa CTyNa y MHTepaKLHMjy ca LLIMPOKHM OMNCerom TanacHMX
Ly>kvHa EM 3payetba BUA/BMBOT fiena crekTpa, WTo pe3ynTyje Hodpom ancopnirjom
CBETNOCTH K cBeT0-cMmefhom dojom nprpoaHor ApseTa. YKyNHOj ancoprnuuju ceetno-
CTH, ca yyewwhem of, 80-95%, HajBHLLIE [OMPHUHOCH TUTHKH, Y YH]jOj CE MONEKYICKO]
CTPYKTYPH Hanasu BeNUKH dpoj XpoMOdOPHHX rpyna, 3aTUM YIbeHH XHOPATH, Ca
5-20%, a ca cBera oko 2% W eKCTPaKTHBH, Npe cBera NosIMdeHOHOT KapaKTepa, Koju
CY Y pa3fiMyuTHM KONTMYMHaAMa NPHUCYTHH Y CBMM BpCTama ApseTa. [open ancopnuuje,
Ha CBMM rpaHHYHKM NoBpLLUMHaMa n3mehy henujckor 3upa (MHaekc pedpakLimje oko
1,56) v Bazpyxa (MHAeKC pedpakLi1je 04,1,0) ofBHja ce pacejatbe ceeTnoctv (. 2 A)*°.

[la &1 gpBo noctano NpoBMAHO NOTPEDHO je eNIMMHUHKUCATH MK Y LWTo Behoj MepH
CMatHTH ancoprLujy K pacejarbe CBETIOCTH Ha FPpaHWYHO]j NMOBpPLUKMHH Basayx/henuj-
cku 3ua*®. TpBe y30pKe NPOBUAHOT APBETA Ca 04YBaHOM CTPYKTYPOM HarpasHo je
3urdpun Punk (Siegfried Fink), Tpetrpajyhu y30pke HEKOTMKO pasnHUHUTHX BpCTa
npseta 5% BoeHWM pacTBopom HaTpHjym xunoxnoputa (NaClO). Mocne 1-2 paHa
XEMMJCKOT TPETMaHa, TOKOM KOT Cy M3 pBeTa yK/okeHe 0dojeHe maTepHje, y3op-
LM Cy MMMpErHUCcaHK NoiMmepom ogrosapajyher MHaeKkca npenamatrba M noctanu
npoBraHK!.

36 Y. Li and others, “Transparent wood for functional and structural applications”, Phil.
Trans. R. Soc. A376, 2017, n. pag. < https://doi.org/101098/rsta.2017.0182>

37Y. Li and others, “Optically Transparent Wood: Recent Progress, Opportunities, and
Challenges”, Adv. Optical Mater. 2018, 6(14), 1800059. <https://doi.org/101002/
adom.201800059>

38Y. Li and others, “Transparent wood for functional and structural applications”, Phil.
Trans. R. Soc. A 376, 2017, n. pag. < https://doi.org/101098/rsta.2017.0182>

39 Y. Li and others, “Transparent wood for functional and structural applications”, Phil.
Trans. R. Soc. A376, 2017, n. pag. < https://doi.org/101098/rsta.2017.0182>
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MehyTum, Tek of 2015. rog,. y LLseackoj (KTH Royal Institute of Technology) v
YHusepsutety y Mepunengy, CAL (University of Maryland, USA) nounty 03dun-
HHja UCTpaxkmMBara MoryhHocTH fodujakba 1 ynotpede nposuaHor apeeta. KoHuent
nodwjarba M/ Koju pa3BHjajy MCTpaxKMBayK ca OBa iBa YHUBEP3HUTETA C/IHYAH je Npo-
Llecy Koju je npumeHHo OuHK, 1 ofBKja ce y ABe dase. Y npBoj basu ce, XxeMuj-
CKHMM TpeTMaHOM, CMakbyje ancoprLimja cBeTnocTH apeeta (cn. 2 A). [ipyra, dusnyka
dasa, UMa LML Aa CMatbK pacHnare CBET/IOCTH Ha DPOjHUM rPaHHUUYHHM MOBPLLIK-
HaMa Ba3gyx/henujcky 31a, [o Koje [onasu Npy Nponacky CBETNOCTH KPO3 ApBO
3001 pasfnrKa y HHUXOBOj ONTHYKOj NYCTHHH, OAHOCHO MHAEKCY pedpakuuje)?? (cn.
2 b). 3a podujare N[ no cafa cy kopHheHH y30pLHM LpBeTa MatbMX AUMEH3H;a,
nedmrHe 0o 5 mm*3,

42 Y. Li and others, “Transparent wood for functional and structural applications”, Phil.
Trans. R. Soc. A376, 2017, n. pag. < https://doi.org/101098/rsta.2017.0182>

43 Y. Li and others, “Transparent wood for functional and structural applications”, Phil.
Trans. R. Soc. A376, 2017, n. pag. < https://doi.org/101098/rsta.2017.0182>



Ancopniuuja CBETNOCTH NpH NPONacky Kpo3 ApBO MOXE Ce Yy BE/TMKOj MEPH CMa-
FHTH YKNatbakbeM JIMTHWHA K ApYrrX 0DojeHHX MaTepHja (YrnaBHOM NONMQEHONMHUX
jenmrrbersa), anu U NocTynurMa MoardHKaLiMje CTpYKType NMMrHWHa KojuMa ce yKra-
tbajy camo xpomocopHe rpyne** (cn. 36, o).

3a AenrrHudrKaLmjy y Lnmby NocTM3ara TpaHCMapeHTHOCTH Y30pLIH ce Mory Tpe-
TMpaTH HaTpHjym xnoputom (NaClO,) npu TemnepatypH o 45 °C Tokom 10 h*°, unm
pacteom 1 % NaClO,y npucyctsy auetatHor nydepa (pH = 4,6) Ha TemnepaTypu
od 80 °C Tokom 6 h, oHocHo fo nocTrsatba dene doje yaopaka*®*”48, npu uemy ce
cafipXKaj IUrHKHa ca oKko 25% CMarbH 10 hcnof 3%°. [lenurHudrkauuja oo cagpxa-
ja nurHrHa mamer of, 3% Moxe ce noctvhu K KyBareM y3opaka fpBeTa y pacTBOpy
25MNaOHwuno,4 M NaZSO3 Ha TemMnepaTypH Kibydarba TOKOM 12 h, nocne vera ce
2,5 M H O, pactBopom yknatba xyhkacra boja>°, anu je noctynak fiyrotpajaH v eko-
nowwkKn HenopodaH®'. Cnasmb1BatbeM NPOM3BOAA AeNUIHUDHKALIMjE, CIIMYHO Kao Y
MNoCTpojerrMa 3a MPOM3BOLHY TEXHHUKE Lienyno3e>2, NpunrMkom npoussoarse M/
Y MHIOYCTPHjCKHUM pa3Mepama MOXe Ce pereHepucaTH Aeo yTpoLueHe eHepruje. Ha
0Baj Ha4YMH NocTynak o1 dHMO eKoNOLIKH M EKOHOMCKH MOFOAHH]H.

MehyTHMm, c 0031pOoM Aa NIMTHKH YKMHK KM 00 30% YyKyMnHe Mace [pBeTa H, 0CTBa-
pyje b13HUKOo-XeMHjCKe BE3e Ca CTPYKTYPHHUM Monrcaxapranma y henujckom sunay,
dopmmpajyhu Ha Taj HaUMH KOMMO3KT, a Takohe Uma ynory aa noeesyje cee henuja
LpBeTa y jefHy LeNHHy, yKNamatre TMrHWHa HapyLlaBa v cnadu CTpyKTypy ApBe-
123> (cn. 3 x).

YMecTo AenurHrudukaLimje, MoaudHKaLHjoM CTPYKType TUrHHHA pacTBOPOM KOjH
canpxu 3% Na SiO , 3% NaOH, 01% MgSO, 1 4% H,0, Tokom 1 h 13 npBeTta ce mory
YKJTIOHHTH camo XxpomodopHe rpyne 1 nocthu denuHa ysopaka og 79%. MNopen,
TOra LUTO je oBaj NocTynak edrKacHHjH U eKONOLLKH MPHUXBAT/bUBHjH, 3a[ip)KaBa ce
80% nWrHKHa, Na je CTpyKTypa ApBeTa ouyBaHHja, @ MexaHHuKa CBOjCTBa Hosba>.
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0rg/101039/C7TA09973H>

47Y. Li and others, “Transparent wood for functional and structural applications”, Phil.
Trans. R. Soc. A376, 2017, n. pag. < https://doi.org/101098/rsta.2017.0182>

48 Q. Fu and others, “Transparent plywood as a load-bearing and luminescent biocomposi-
te”, Composites Science and Technology 164,2018, 296-303 <https://doi.org/10.1016/j.
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Cn.3

MocTtynkom MoaudHKaLLMje CTPYKType TMrHHHA MPOU3BELEHO je TaKo3BaHO ,ecTeT-
CKO MPOBHAHO ApBO”, KOje 3aapyKaBa 80% MonasHor TMrHUHA®,

Pacnname cBeTnocTH cmabyje ce cnywaBarem nymeHa henuja u gpyrux nopa
NonMMepoM KOjH HMa HCTH HHAEKC NpenamMatba Kao henujcku 3up nenvrHndrrkoBsa-
Hor apBeTa. Ha Taj HaunH cMatbyje ce HeyckaheHOCT MHAeKca Npenlamara CBET/IOCTH
Ha rpaHHUYHUM MOBPLUMHAMA Y APBETY K NMOCTHXKE BUCOKA OMTHYKA NPOMYCT/bHBOCT
(cn. 3 B). MNopep Tora, npeysumajyhu ynory nur{uHa Kkao drononumepHe BesmBHe
KOMTOHEHTE, noiumep odesdefyje komnakTHOCT cTpykType apseta® (cn. 3 3).

Monnmepw Koju ce KOPHUCTE 3a UMMperHaLMjy Mopajy dUTH NpaBUIHO M3adpaHH,
OLHOCHO [a UMajy MHAOEKC NpenamMara LUTO CTMYHHjH MHOEKCY NpenaMaha Aenur-
HubHkoBaHor henujckor 3upa. MHaekc npenamara henujckor 3uaa fpeeTa Bapypa
y 3aBMCHOCTH 0fi BpCTe ApBeTa, ebHKacHOCTH aenrrHudukaLimje, v cn. 3a uspagy
NpoBWAHOr ApBeTa Hajuellhe ce npumMenyjy cnenehn nonrMmepw (ca MHAEKCOM rpe-
namatba y 3arpagu): nonu(metnn metakpunat) - PMMA, (nprndnmxHo 1,49), enok-
cvaHa cmona (1,5), nonrcTrpeH (1,59), NOMBHHUAMMPONKUAOH (1,53), N-dyTHn MeTa-
Kpunar (1,50), AnMdyTnn dranart (1,52), M30-poHKN MeTakpHnart (1,48-1,50), AHanuUn
¢dTanat 1 nonu(BrMHUNKapdason) (1,68). M3dbopom onTMmanHor nonrmepa, nocne
nosiMMepH3aLiMje Moxe ce OOUTH NPOBHAHO APBO Ca ONTUUYKUM NPONyLUTateM
sehum on 80% (cn. 4), y3 3amyhere of oko 75%8.

JenaH on npodnema NpUIKKOM U3paae NPOBUAHON APBETA je NoLla KOMNaTH-
dunHoct n3mehy xuapodunHor henujckor 3naa Apseta U NONMMepPa, Koju Cy Mo
XEMHM]CKOj MPHUPOAH XHAPOPOdHH. 300r NoLLe KOMMATHOMITHOCTH, YCren CMametba
3anpemMH1He NoIMMepa TOKOM MoIMMepH3aLiMje MOry HacTaTH npasHuHe usmehy
nonvmepa v henujckor 3naa, WTo OBOAM [0 Beher pacejatba CBETNIOCTH, @ TUME M
Matbe ONTHYKe NponyCcT/bUBOCTH. KomnaTtndunHoct uamehy apseta y PMMA moxe
ce nodosbLLaTH aLeTHIoBabeM NOBPLUWHE AeNUrHW(bHKOBAHOT ApBETa NPe UMMper-
Haulje MMA. Ha Taj HaulH NOCTHUIHYTa je onTHYKa NponyCT/bHBOCT ApBeTa danse

56 R. Mi and others, “Scalable aesthetic transparent wood for energy efficient buildings”,
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Cn. 4

nedmpuHe 1,5 mm of 92%, Koja je dnrcka nponyctbrBocTH Yrctor PMMA (95%),
y3 3amyhetve of 50%. Ca nosehanem fedrbrHe apBeTa ONTHYKa NPOMNYCT/LUBOCT
onaga, na ysopak aedrbrHe 10 mm nponyLuTa cBera 60 % CBETNOCTH, y3 3amyhere
0n,76%"°.

YBohere HoBHX pyHKLHja

3axsamyjyhu henujckom ypehery ca Beoma CnoXxxeHOM NMopo3HOM CTPYKTYpPOM, Koja
yKJbyuyje dpojHe nope LKHpoKOr cnekTpa AMMeH3Hja, of nymeHa henuja (cn. 1) no
HaHo-ropa y henujckom 3uay, noTeHLMjan apBeTa 3a yBohere HoBHX byHKLH]a je
Bennkn®®. [logaBarem pasnuynTHX GyHKLUOHATIHKX KOMMOHEHTH Y OBMIMKY KBAHT-
HWX Tayaka (quantum dots — QD) y nopo3He pervoHe HacTaje ApBO Koje pearyje
Ha cTumynaHce®, marnetHo opeo®?, YB-ctabunusosaro opeo®*®4, u nposoamsreo
npBo®>®8 Yume ce nosbe NpUMeHe Matepujana Ha dasu ApBeTa NpoLLMpyje Ha HoBe
0dnacTH TexHuKke.
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0rg/101016/j.apsusc.2015.01.206>
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65 C .Chen and others “All-wood, low tortuosity, aqueous, biodegradable supercapacitors
with ultra-high capacitance”. Energy Environ. Sci. 10, 2017, 538-545.

66 B. Hassel and others “A Study on the Morphology, Mechanical, and Electrical Perfor-
mance of Polyaniline-modified wood — A Semiconducting Composite Material” BioReso-
urces Vol 9(3), 2014, 5007-5023.
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Y noctynak fodujarba N[, Takohe ce Moxe ykiby4YruTH 0Baj KOpak, U Ha Taj HauMH
LOAATHO OMJIEMEHKTH CBOjCTBA OBOT HOBOT MaTepHjana. [1poBraHo apBo, 300r ykna-
tbatba IMTHKHA, KapakTepHile Beha noposHocT y nopehery ca opuriHanH1m apee-
ToM®, LuTO Aaje MHOro MoryhHOCTH 3a MoHdHKOBatbe CBOjcTaBa yBofereM dyHK-
LIMOHASTHUX KOMIMOHEHTH y Nopo3He perrvoHe. [onytabarmbemM NpocTopa MUKpPO-Mopa
(nymeHa) aenurirncdrKoBaHor ApBeTa NOIMMEPHUM pacTBOpHMA Ca AWcreprosa-
HHUM (YHKLHMOHaTHUM HaHOYeCTHLLaMa, HAKOH Yera criefy ouspluhaBatbe nonrmepa
(nonumepm3aLimja), ONTHYKK NPOBHAHO APBO MOXKE Ce OMIEMEHHTH HOBHUM (YHKLIH-
jama®8297071 (cpy 5). Ha Taj HaYMH HacTajy HOBH, MyNTH-(bYHKLHUOHANHHW MaTepHjanu
Ha ba3u NnpoBHAHOT ApBeTa, a MOryRHOCTH hherose NpUMeHe ce IOAATHO NPOLUHpY]y.

[ucneproBanem Si vnm CdSe y 0dnuKky KBaHTHMX Tayaka y MOHOMep/on1romep
TeuyHy cmewwly MMA npe MMnperHaumje npenonyMmepa y fenMrHiprkoBaHo apBeo,
HacTaje HOBW MaTepHjan jeAUHCTBEHHX CTPYKTYPHHUX H ONTHYKKHX CBOjCTaBa — TyMH-
HHcLEeHTHO nposuaHo apeo (JIMM). Mocne nodyhrsara YB-3payerem, 0BH KOM-
MO3WTH NoKasasnu cy AUdY3HY LpBEHY MK 3eNeHY YMHUHUCLEHLM]Y, NOTEKNY K3
yrpaheHmx Si, ogHocHo CdSe HaHouecTHUa (Cn. 5). YcTaHOBIbEHO je fa je pacnofena
E€MHCHOHMX LieHTapa yjeAHa4yeHa, ca MPOMEHOM MHTEH3HUTeTa CUrHana MatboM Of,
10%, LITO yKa3yje Aa Cy KBaHTHe Tauke paBHOMEPHO pacrnpLUeHe y MpocTopy nyme-
Ha M KOMMNaTHOMIHe ca MPOBHAHOM MaTpHLIOM ApBeTa. [lndysHa NyMHUHUCLEHLH-
ja KBaHTHHWX Tayaka nocnegmua je CTpYKType ApBETa, Koja y3poKyje jako pacHnarbe
CBETNOCTH. Pacrnare NyMHHHCLIEHLIM]e 3aBUCHO je 0 CMepa BflakaHa ApBeTa, 1
Matbe je y akCHjasIHOM MpaBLy, Y Ckaafy ca 04yBaHOM OPHUIHHANHOM CTPYKTYpOM
npeeta’?. OBakas, TyMUHUCLEHTHH MPOBHUAHH KOMIMO3WT Ha Da3u ApBETa Hy A 3aHH-
M/bHBE MOTYRHOCTH MpHUMeEHe, 3aCHOBaHE Ha HheroBUM jefMHCTBEHUM CTPYKTYPHHUM
M ONTHYKHUM CBOjCTBHMA.

HennrunbrrKoBaHH TaHreHUHjanHo ceveHn dypHUpH apeeTa dance (Ochroma
pyramidale) nedmrHe 0,6-0,8 mm, nocne UMNperHaLuuje NpenoMMepr3oBaHKUM
MMA ca prcneprosannm CdSe/ZnS HaHoYeCTHLLAMa, CTOXKEHH CY YHaKpcHO. Ha Taj
HaurH Py (Fu) M capaiHHLIKM HanNpaBHIK CY NETOCNOjHY YMUHHCLLEHTHY NPOBHUAHY
wnepnnoyy gedmrHe oko 3,5 mm. OBaj NnaMHHHpPaHHW NPOU3BOA, MOKA3ao je ONTHY-
Ky NponycT/bUBOCT 0f, 0ko 83%, y3 BUCOK cTeneH onTHykor 3amyhema (oko 80%),
ycnep pacvnama CBETI0CTH NPH NPONacky Kpo3 HEXOMOTreHW MaTepujan. 3eneHa
NYMHHHLCEHLIM]a OBOT MPOBHMAHOT TaMHHaTa d1na je M30TpOoMHa, ca MakCHMyMOM
Ha OKO 550 Nm, y ckflagy ca eMHMCcHoHKUM koM CdSe/ZnS HaHouecTHLa (OKo 530
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3329. <https://doi.org/101007/510853-016-0619-8>

70 W.Gan and others “Luminescentand transparent wood composites fabricated by Poly(me-
thyl methacrylate) and y-Fe,O,@YVO,:Eu?* nanoparticle impregnation” ACS Sustain.
Chem. Eng. 5(5), 2017, 3855—38362 <https://doi.org/101021/acssuschemeng.6b02985>
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nm). 360r naM1HKpatba, Kpajha YspcToha y nonpeyHom npasuy nosehaHa je ca 15
Ha oKo 45 MPa”3,

JlyMHHHCLEHLH]ja NPOBUAHOT ApBETa MOXe ce MOoCTHhK M HaHoYecTHLAMa
y-Fe,0,@YVO,:Eu*, koje ncToBpemeHo ncrnosbasajy v cynepnapamaretusam. [aH
(Gan) v capaZiHULM IMcneproBanu cy y—FeZOS@YVO4:Eu3+ HaHo4yecTHLe y npeano-
numepm3soBaHHn pactBop MMA y MmaceHoM 0HOCY 1:1000, 2:1000, 5:1000 K 10:1000.
MNprnpem/beHUM gUcnep3Hjama ca pasIMuMTUM KOHUEHTpaLHjMa HaHoYeCTHLa
MMMNpErHHUcaHK cy y3opum Bpcte Tonone (Populus cathayana Rehd) pebmute 0,5
mm. Mocne ouspLuhaBara Nonumepa, KoMno3suTH N[ ca KOHLEHTpaLHjoM HaHOYe-
cTHLa o[, 0,1% MoKasasu Cy BUCOKY ONTHYKY NponycTbruBocT (80,6%), y3 MarHetw-
3auMjy 3acvhetba o, 0,26 emu/g M NyMUHKCLEHLH]Y LpBeHe doje. Ca noBeharem
MaceHor yena HaHOYecTULLa ONTHYKa NPONYCT/bUBOCT Ce CMakbHBana, a MarHeTH-
3auuja nosehasana. MNopep Tora, 0BU NPOBUAHN NYMHHHUCLEHTHA MarHeTHH Y30pLIH
ApBeTa UMasnu cy Lodpa MexaHHuKa K TOMNoTHa CBOjcTBa’.

MNpoBHAHK MarHeTHW MaTepHjanu Ha dasu ApBeTa UMajy BEIMKH NOTeHLMjan 3a
pa3nnUu1TE MHXerepcke NprMeHe’. TIPOBUAHKW MarHeTHW MaTepHjanu 0dHUUHO cy
fin3ajHHpaHu yrpafrparbem MarHeTHWX HaHouecTHLa kao wro cy Fe, Co, y-Fe O,
nnn Fe O, y pasnnumte Matpuuie. Ha nprumep, Haforpazimbom MaTpHLie HaHOGHOPH-
nucane uenynose (nanofibrillated cellulose - NFC) marHeTHUM HaHouyecTHLaMa JTn
(Li) vt cap. HanpaBKK cy NPOBHAHKW MarHeTHH HaHoManKUp’®. Ha civyaH HauwrH, Auc-
neprosarem Fe O, MarHeTHHX HaHOYECTHLA Y Pa3/IMYNTOM MaceHOM yZieny y npe-
nonumepuzoBaHt MMA | KojUM je 3aTUM UMMpPErHUcaHo AenUrHrbHKoOBaHO LPBO
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Tonone (Populus cathayana Rehd), l'aH v cap. HanpaBunK cy MarHeTHO NPOBHAHO
apso (MI1[1). Kako marHeTHa M oMTHYKa CBOjCTBa NMPOBHAHHX KOMMO3HTa Y BE/THKO]
MepH 3aBHCe 0[] BE/IMUYMHE W YAena MarHeTHUX HaHOYeCTHLa, ca noBeharbem Mace-
Hor yaena Fe O, HaHouecTHua nosehasa ce marHeT13sauMja 3acuherwa MI/, nok
onTHYKa NponycTbKBocT onafa. Ml koMno3uT ca MarHeTH3aLKjomM 3acuhetba of,
0,35 emu/g MMao je OMTHYKY NPOMyCT/HUBOCT 04, 63%””.

Y umnspy nodosbluatba CBOjCTaBa M yBohera HOBMX DyHKLIMja, KAo LUTO je 3aLiTHTa
oA, MHpaLpBeHOr 3payeha, y NPOBHAHO APBO MOTY Ce AOAATH HAHOYECTHLIE Koje
ancopdyjy 3paverbe y P odnactu cnektpa. Llesnjym-Bondpamoe HaHouecTHLEe
(Cs,WO,) KapakTepHLLe CHaXHa ancopriL1ja CBETNIOCTH Y LLIMPOKOM OriCery Tasa-
CHHX ByXHHa (B0O0O-15000 M), LUITO MX YHUHH NMOTOOHWM 33 MPUMEHY Y CONAPHHM
buntepruma. unm NpunpemsbeH o Cs,,,WO, HaHouecTHUa Ha 0OHYHOM cTaKny
MoKasao je of/IMYHa 3aluTUTHa cBojcTBa of, UP 3payerna. Ha oBaj HaunH ancopdo-
BaHO je NpUdNMXHO 99% 3payerba y dnrckoj MHPpaupseHoj odnactu (HHUP) (tana-
CHMX BYyXHHa y onicery 780 - 2600 nm), ook je 78,9% BHA/bHBE CBETNIOCTH TanacHe
LY>XHHe ol 465 nm je nponyLuTeHo’®. McnyraBarem HaHOMOpa AeNUIrHHPHUKOBaHOT
ApseTa aucnepsujom Cs WO, HaHouectruay MMA, nocne oysphaBarba nonrme-
pa HacTaje NpoBHAHO APBO ca BYHKLIMjOM 3aLUTHTE of Tonnote’?.

YrpahrBatbem enekTpoXpoOMHHX YeCcTHLA Y MPOBHAHO APBO MOXe Ce perynmcaTH
ONTHYKa NPONYCT/bUBOCT W NOAELLABATH CTENEH 0CBET/bEHOCTH NpocTopHje. [pHH-
LMN pafa enekTpOXpOMHHX MaTepHjana 3aCHHBa Ce Ha CTBapatby HOBHX €/1eKTPOH-
CKMX CTahba HacTalMxX Kao pe3ynTaT peoKC peakLi1je, Koju Npoy3poKyjy nomepa-
tbe npodrna ancoprumje, WTo omoryhasa nopellaBake NponyLUTakba CBETIOCTH Y
oncery TanacHux gy>kuHa o YB no UP obnactu. Kao enektpoxpomMHu matepwmjanu
Hajuelwhe ce KOpHUCTE OKCHIH HEKUX MeTana (WO}, NbOx, VO ), Monekyncku enek-
TPOXPOMH (HNp. AEPHUBATH BUOSIOTEHA) U ENIEKTPOXPOMHH NonMmepH (electrochromic
polymers — ECPs). PacTBop/bHBOCT M MOryhHOCTH HHOT ynpassbatba O0jom nyTem
MoaudHKaLHje NoNMMepHe CTPYKType, YHHH eNleKTPOXPOMHe MosiMepe BeoMa
noroaHMM 3a npumeny. HaHowwemem nposuaHux ECPs y odnuky npemasa Ha /]
omoryheHa je herosa NnpMmeHa 3a U3pafy Tako3BaHUX MaMETHHUX Npo3opase.

3a “3pagy NaMeTHWX Npo3opa Ha da3u NPOBHAOHOTr ApBETa, Nopes, eneKTpoOXpoMm-
HWX MaTepHjana, Mory ce KOPHUCTHUTH K (HOTOXPOMHE YecTHLe foAaTe Y Npenonu-
Mep. DOTOXpOMHa jearterba KapakTepHLLe peBep3ndriHa npomeHa KOHPopMma-
LiMje Monekyna, Koja HacTaje Kao nocnenuua ancopnuuje EM 3paverba pasnnuntux
TanacHWX Ly>XMHa, a BU3yenHo ce MaHHdecTyje Kao npomeHa doje, Hajuelwhe K3
de3dojHor y 0bojeHn 00nuk. Jonatak GOTOXPOMHOT jeautberba Ha asu cnponypa-
Ha y npenonumep MMA ToKom nocTynka npunpeme NpoBHAHOT ApBeTa pe3ynToBao
je dotoxpomHum N[, koje Npy NpomeHK TanacHe gy>kuHe EM 3pauersa Metba dojy
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ol byduuacte (non aejcteom YB 3payetba) y 0e3dojHy (3eneHa cBeToCT BUA bHBOT
nena EM cnektpa), He Metbajyhiv Mpr ToM onTHUKY NponycTbuBocT®.

IKombHHOBatbe CTPYKTYPHHX M DYHKLIMOHANHKX NepdOPMaHCH je Benika npea-
HOCT NPOBMAHOT ipBeTa, Koja npy»xa MoryhHoCT U3paze KOHCTpYKLHja ca ONTHUKHM
M 3aLUTHTHHUM, MarHETHUM W/WNu ApYrum dyHKuUKjamas2,

MoryhHoctv npumene N/ ycnosrbeHe cy heroBUM CBOjCTBMMA, KOja CBakako 3aBHce
Of, NoNa3Hor y3opka v nocTynka Aodujama, kao U of, CBojcTaBa NonMmepa yrnotpe-
drveHor 3a UMnperHauMjy. [poBUAHO ApBO 3aApXaBa [oOpa MexaHHYKa CBOjCTBa
MPUPOAHOT LPBETa, a OLJIMKYjY ra M HUCKA rycTHHa (0Ko 1,2 g-cm’3), BUCOKa onTHuKa
nponyctsheocT (npeko 80%) v 3amyheHocT (Npeko 70%), a 3axBasbyjyhr NOpo3HOj
CTPYKTYpH, KOja je 3aap>kaHa npunvkom aenurirdukaumje, M0 nocenyje Bennku
noTeHuHjan 3a MynTHdyHKLHOHanHe MoardHKaL1je®3. 3agpxkasajyhu opuruHanty
henujcky cTpyKTypy ApBeTa, MPOBHAHHW KOMMO3MTH ApBeTa Takohe nokasyjy aHW30-
TPOMHjy CBOjCTaBa, Koja ce OAHOCH W Ha OMTHYKE KapaKTEPHCTHUKE, HaKO Cy Y BENTHKO]
MepH H3MetbeHE Yy OAHOCY Ha NoasHK Matepujan®t8s,

3a KapaKkTepHu3aLHjy onTHYkKx cBojcTaBa 1 o nocedHor cy 3Havaja onTHUuKa
MpOoNyCT/bUBOCT, KAa0O Mepa rydrTKa y TpaHCNopTy eHepruje, M onTHyka 3amyheHocT,
Kao oppas rydutka cagpxaja vHbopmaumjas. N nokasyje BUCOKy ONTHYKY npony-
CT/BHBOCT M BUCOKY OMTHUKY 3amyheHOCT, Aok pedriekcHja Ha AOAHPHOj NOBPLUHMHH
Basayx/M /[ y y3pyHom cMepy H3HOCH 0Ko 10%%’. OnTruka nponyctbrsoct M/
Besi1Ka je y BUIABMBOj W dnrckoj UP odnactu cnektpa EM 3pavena, a Ha TanacHUM
Ly>XHHama Kkoje nprnapajy UP v YB obnactv orpaHuyeHa je ancopnumjom koja notu-
ye ofl MONeKYNICKUX BUOpaLiKja U eneKTpOHCKKX npenasase,

Onturuka nponyctwrsoct M, usmehy octanor, y Hajsehoj mepH 3aB1cH of ancopr-
umje ceetnoctr. OrpaHUyeHy ancoprLMjy CBETNIOCTH, KOja je CKOPO Y MOTMYHOCTH CMa-
FbeHa yKnarbarbeM MM MOAHMHKALIMjOM JIMTHHHA, MOpe[, 3a0CTanor IMrHUHA, y3pokyje
Llenyno3a, na je teH yaeo BaxaH napameTap 3a onThuky nponycmbrsoct 1. Ontruka
NpOMyCT/bHUBOCT 3aBMCH W Of, BPCTe ApBeTa, OpHjeHTaLHje Lenyno3Hnux pudpuna, 1
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nedrbrne y3opka M. Ca nopactom aedrbrHe y30pKa pacte oyyHHa CBETIIOCHOT NyTa,
4nme ce nosehasa dpoj LOAUPHHX NOBPLLKMHA NMONMMEP/APBO Ha KOjUMa A0Na3H L0
pacHnatba CBETNI0CTH, yC/e[, Yera onTuyka NponycT/bHBOCT ONaja, y3 HCTOBPEMEHH
nopact 3amyheHoctu. Ca nosehanem aedmuHe M/ ca 0,7 mm Ha 3,7 mm, NponycT/b1-
BOCT ca 90% onaga Ha 40%, [ok ce 3amyheHocT ca 50% nosehasa Ha 80%°.

Mopen NponycT/bMBOCTH, ONTHYKa 3aMyNeHOCT je joLu jelHO 3HaYajHO CBOjCTBO Mpo-
BMAOHOT ApBeTa. 3a pa3nuky oA BehrHe ocTanux NPOBUAHKX MaTepHjana 3a Koje je
CBOjCTBEHA XOMOT€Ha CTPyKTypa, MPOBHAHO APBO KapaKTepHLLE MHTEH3UBHO H aHW30-
TPOIMHO pacejatbe CBETIOCTH KOje AOBOAM A0 NojaBe onTruke 3amyheHoctn®!. Pacuna-
tbe CBET/IOCTH Y MPOBUAHOM ApBETY YIMaBHOM Ce AelliaBa Ha rpaH1LLmM henujcku 3ua/
nonvmep. LLITo je mara pasnvka M3mehy MHAeKca Npenamarba AenrrHidrKoBaHor
henujckor 3npa npeeTa v NonMMepa, pacvnatbe ceetnocTv duhe mare??. Mopep Tora,
TELLKO je NODHTH MaeanHe Be3de M3mehy nonrmepa v henwjckor 3naa. 3dor HeaoBOb-
He KOMMATHUOMMHOCTH NonrMepa 1 AenrrurdrKoBaHor henujckor 3uaa U cMameha
3anpemuHe (yTesatrba) NnonumMepa Tokom ouspluhaBatba (NonMMepH3saLmje) nocToju
PH3HMK 3a HacTajatbe NpasHHWHa 3mehy nonrMmepa y nymeHy v henujckor 3uaa, Koja
nocTajy MecTa pacejatba U JOBOAE A0 CMatbeHE OMTHYKE MPOMYCT/LUBOCTHI®%4,

C 0d31pom fa ce pacejatbe CBETIOCTH OfiBHja Ha AOAHPHO]j NOBPLUMHKW henrjcku
3uA/nonumep, aHM30TpOrHa CTPYKTypa ApPBETa MMa BENMKH 3HaYaj 3a pacejarbe CBe-
TnocTH. Hanme, Opoj 0BHMX LOAUPHHX MOBPLUKMHA MO jeAHHHLM Ay)XXHHE MatbH je Kafa
ce cseTnocT kpehe y npasLy opHjeHTaLMje BnakaHa (akcHjanHo), Hero kaaa ce npo-
CTWpe yrnpaBHO Ha NpaBsal, BnakaHa (ocy ctadbna). Y 3aBUCHOCTH o[, BpCTe ApBeTa,
LedrbrHe y30pKa U KapaKTepHCTHKa NosiMmepa 3a UMMNperHaLmjy, BpeAHOCTH ONTHY-
Ke MpOonyCT/bUBOCTH NPOBHUAHKX Y30paKa ApBeTa yNpaBHO Ha npasal, BflakaHa kpehy
ce o 40% 8o 90%, ca 3amyheHowhy o 90 10 50%7°, LOK ONTHYKA MPOMYCT/bH-
BOCT MapasasiHo ca npasLeM BfakaHa U3Hock oko 90%. Mnak, Ju (Jia) v capagH1Lm
Hanpasunu cy [l BUcoke onTHuKe NPONyCT/bUBOCTH ca 3aMyhereM of, cBera 10
%, Koje cy Ha3Banu ,,ductpo apeo“. OannyHa onTHYKa CBOjCTBA OBOT MaTepHjana,
ynopeau1sa ca CTak/loM, NOCTHUIHYTa Cy YKnatbatbatbeM BeIMKOT Aeflia KOMMOHEHTH
henujckor 3upa — MrHKHa U Aena XeMH1LLenynosa, nocne Yera usmehy LienynosHmx
B/lakaHa OCTajy Mpa3HHWHe Koje Cy 3aTHM HCMyHeHe enoKcH cMonom. Ha Taj HaumH
pacHnatbe CBETNIOCTH je y BENIMKOj MepH CMarbeH0%.
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Nopen 04/TMYHMX OMTHYKKX CBOjCTaBa, TOMIOTHA MPOBOALHMBOCT 04, 0,35 Wm ™ K™,
KOja je MHOTO HH1Xe BpeAHOCTH y nopehetby ca cTaknom, faje ,d0McTpom ApBeTy” U
nodpa TepmonsonaumoHa csojcta®. M octane npunpemsbene y3opke M/ kapakte-
PHLLIY HHCKe BPEAHOCTH TOMMOTHE NPOBOABHBOCTH (0,24 Wm™K™)?8 - 0,32 Wm K™
99 LITO ra cBpCTaBa y TEPMOH30/1aLMOHE MaTEpHjane.

Tepmom3onaLiMoHa CBOjCTBa MPOBMAHOT ApBETa HCMMTHBaHA Cy Ha MoAenrUma kyha
ca 0d1YHKM cTaknom v ca M, npu Yemy je npaheH nopact Temnepatype y yHyTpa-
LUFOCTH TOKOM M3narata Kyha ciMynaLmju cyH4eBor 3payetsa. [ocne 10 MUHyTa
“3nararba 3payetby, Temnepatypa y yHyTpaLLbOoCTH Mofena Kyhe ca CTak/iom ca 24,2
°C nosehana ce Ha 41,7 °C, nok je Temnepatypa kyhe ca N[ ca 24,7 °C nopacna Ha
36,5 °C. [lodpa TepmoH30naLIMoHa CBOjCTBa MPOBUAHOT ApBETa MPHMHCYjy ce ancop-
LiMjH 3payetba y oncery 1300 — 2500 Nm, Koja NOTHYe Of, MOJIeKYNCKHUX BUOpaLiKja
byHKLHOHANHKX rpyna uenynose'.

MexaHuuka cBojcTBa cy Takohe Beoma 3HauajHa 3a MpUMeHy NPOBHUAHOT ApBeTa.
Csojctsa /] y BenMKoj MepH 3aBH1ce o[, CBOjCTaBa NPUPOLHOr ApBETa, Koje Kapak-
TepHLLe U3pa3uTa aHW30TponHja, ca BehUM MOLYyNIOM H UBPCTONOM Y y3AY>KHOM
Hero y pagwjantom npasuy''. Kako opuruHantHa henujcka ctpykTypa apBeta ocTaje
04yBaHa, U NPOBHUAHH KOMMO3MTH NOKa3yjy aHW30TPONHjy y norneny MexaHH4K1xX
cBojctaBa. Ha nprumep, mexaHuuke nepcdopmance N[ 3aB1ce o npasLa fenosa-
tba CHNe, M ABOCTPYKO Cy Behe y npaBLly NapanesnHo ca BflakHKMMa Hero yrnpaBHO Ha
BnakHa'?. MehyTum, 3601 NonyHEeHOCTH lyMeHa NOIMMEPOM, MeXaHHYKa CBOjCTBa
M cy nodosbluaHa, a U3 UCTOr pa3nora 0fHOC aHW30TPOMHje MexaHHUKKUX Nepdop-
MaHCH Yy Y3Ly>XHOM W nonpeyHom nipasuy M MarK je y nopehery ca nonasHum
y3opkom'®3. Mopep Tora, 3a pa3nuKky of ctakna, Hajuyewwhe kopuwwheHor nposraHor
MmaTepHjana, Koje je BeoMa KpyTo U KPXKO, U MMa HUCKY OTMOpHOCT Ha yaap, /] noka-
3yje XXHIaBOCT U BENIMKY OTMOPHOCT Ha yaap'®*. TecTom caBujarba yCTaHOBILEHO je Aa
je eHepruja notpedHa 3a nom M (1,2 M)xm™3) 3a pen, BennurHe Beha y nopehetvy
ca ctakiom (0,1 MJxm™3), LiTo yKasyje Ha NoTeHLHjan OBOTr MaTepHjana 3a NpUMeHy
TaMo e ce 3axTeBa odpa oTNOpHOCT Ha yaap'>.

YBohere PyHKLMOHaNHUX HaHoYecTHLa y cTpykTypy /[, nosoau oo dnaror napa
MexaHHYKHX CBOjCTaBa, CMatbetrba OMTHYKe NpOonyCT/bHBOCTH U noBehara onTHyKor
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3amyhetba ycnen [ofaTHOr pacejatba CBETIIOCTH HA HaHouecTHLama %6, Behu cagpxaj
HeopraHCcKWX HaHOYeCTHLLA AOBOLH A0 HHXOBE arperaLiyje 1 MoXe pe3ynToBaTH Nagom
uBpcrohe'®” 198199 Ynak, mexaH1uKa cBojcTBa komnosuTa M1/ I'IMMA/CSXWOB, ca uBp-
crohom 07,59,8 MPa 1 mogynom fio 2,72 GPa He3HaTHO ce pasfivKyjy of, CBOjCcTaBa KOM-
nosuta NA/NMMMA (60,1 MPa v 2,67 GPa, pecnekteHo). [1o CiMuHOr 3aK/byyKka AOLLH
cy laH v cap. ncnuTyjyhu npoBMAHO APBO Ca AMCNEProBaHUM MAarHETHUM YecTHLIaMa
(Fe,0,). MNMopep, Tora, MpeyHHLM MarHETHMX HAaHOYECTHLIA MHOTO Cy Matbk O/ TanacHe
LY)XXHHE BHUIJbHBE CBET/IOCTH, Tako [1a Y BEJIMKO] MEPH MOTY CMatbUTH pednekcHjy of,
MOBPLUMHE, LUTO je BaXHO [a o1 ce 0de3denmnna nodpa ontruka nponycrbrsoct ™. Ca
Lpyre cTpaHe, ca noeeharem cagpxaja Cs WO, HaHouecTHua, ancopritjay HUP onice-
ry ce nosehaBa, anu ce onTHYKa NponyCT/bUBOCT CMatbyje 3D0r ancopriLiMje CBETNOCTH
Ofi CTpaHe HaHOYeCTHLa 1 HeycknaheHoCTH nHaekca pedpakuuje™.

Takohe je yctaHOB/bEHO Aa BoZa MMa 3aHeMapsbkB edekat Ha cojcTea I/, wTo

je BaXKHO 3a KOMepLiHjanHy NpUMeHy OBOr MaTepHjana y rpaheBuHckom cektopy ™.

MocTr3areM NpOBHAHOCTH ApBeTa NpoLUMpYjy ce nocTojehe, 1 0TBapa LWMPOK Criek-
Tap HOBMX MOryhHOCTH MpHUMeHe 0BOr HOBOT KOMMO3MTHOT MaTepHjana. [1pBa npu-
meHa [ natvpa 13 1992. roguHe, Kaga je PUHK npunpembeHe NpoBHaHE y30pKe
LpBETa yrnoTpedHro y Linsby NakLuer npoyyasatrba CTpykType apseta’. MehyTum, Tex
HaKoH LUTO cy J11 1 capaAHHLM 2016. TOA,. AeTa/bHHje NCTPaXKMIKM OMTHYKa, TOMIOTHA U
MexaHHuKa ceojcTga /], youeH je BeNHKK NOTeHLMjan 0BOT MaTepHjana 3a NpUMeEHy
Y PasUYUTHUM UHKEHEPCKUM 0Dn1acTma™®. 3axBarbyjyhu jeauHCTBEHO] CTPYKTYpH, Y
KOMOHHaLMjH ca OJIMYHUM MEXaHHYKHM W OMTHYKHUM CBOjCTBMMA, NPOBHAHO APBO
Ce CMaTpa HHKEHEPCKUM MaTepHjanom'™ Koju Moxe Hah1 NpUMeHy Kao eHepreTcku
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edrkacHu rpaheBrHckr MaTepujan® 18 33 KoHTpony oceTbera'™?, NpojekToBatrbe

NameTHHX 3rpaja, 3a M3pady YKpacHHUX naHena, GypHUpa U HaMelLLTaja, Y YMETHHY-

KOM W n3ajHy eHTepujepa'’®, a npeauha ce K terosa npUMeHa y apxuTekTypu''.

PeluaBame npodnema cranHor nopacra noTpaxte 3a EHEPrujomM BENMKH je M3a30B
capalutbHue. Hajsehu fieo eHepruje TpeHyTHO ce Mporn3BOAH M3 HOCHITHHMX FOpHBa,
LUTO pe3ynTyje BEeIMKOM eMHWCHjOM racoBa Koju foBofe Ao edekTa cTakneHe daluTe,
KHCENMX KULLIA U APYTHX HETaTUBHMX YTHLLAja Ha XXMBOTHY cpeauHy'?2. Mpensuha ce
na he cey nepropy on 2012. no 2040. roouHe, NoTpoLLtba eHepruje y ceeTy noseha-
TH 3a 48%, y3 nosehatbe emHcHje yribeH-aMoKeHaa 3a 34%, LITO je anapMaHTHO M
3aXTEBa XMTHY peakuujy'?®. Bennku fieo enekTprUUHe eHepruje Nporu3BeneHe y cBeTy
KOPHCTH ce y rpaheBrHckom cekTopy'?. MpouereHo je fa NoTpoLUtba eHepruje y
CTaMOEHHM W MOCOBHHUM 3rpafama YuHH v go 40% ykynHe noTpoLUbe eHepru-
je ca TeHAEHUHMjOM nopacTa y HapeaHHM deueHujama 2>, [pema amepryKom ofie-
ety 3a eHepreTuky (US Department of Energy Resourues), y yKynHOj MOTPOLLIHH
eHepruje y srpafama, pacBeTta v KiMMaTH3auHja ydecTsyjy ca npeko 50%. 3dor Tora
CY U3Y3ETHO NOXesbHH rpaheBHHCKK MaTepHjank Koju npyxajy ebrkacHy Tonnot-
HY U30MaLH]y, Kako du ce cMatbhna NOTpOLLHba eHepruje 3a 3arpeBarbe, OJHOCHO
xnaherbe npocropuja’. 3unosm BehrHe cTaMOeHHX M NOCIIOBHKX 3rpaja yrnaBHOM
cy Bodpo M30n0BaHK MaTepHjanrMa nonyT ApBeTa U KOMMO3UTHE NeHe. MehyTum,
300r BenrKe oNTHYKe NPOMNYCT/bUBOCTH U BPJIO HACKOT KoedHLMjeHTa TOMIoTHOT
LUIMpeha, Kao rpaheBHHCKM MaTepHjan 3a U3pay nNpo3opa TpafHLIMOHAHO Ce KOPH-
ctv cTakno'?. Crakno obesdefyje NpHpoLHO OCBET/bEHE TOKOM AaHa, LITO CMatbyje
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MOTPOLLY eNEeKTPUYHE EHEPTHje 3a OCBET/bEE, [LOK Cy KPTOCT, Masna OTMOPHOCT Ha
yoap v npodnemu ca oacjajem', orpanuyasajyhu dakropw 3a ynotpedy craknay
rpaheBrHckoM cekTopy. MNopen Tora, penaTMBHO BeMKa TOMIOTHA NPOBOAbUBOCT
CTakna pesynTyje CMatbeteM YKyrHe TOM0THE H30Maliyje 3rpaie, Tako fia Mpo30opH
MMajy KSbyuHy yory y ynpasbakby eHepryjom y arpagama’®.

Y umsby ywtene eHepruje jaBiba ce notpeda 3a pasBujajatbeM anTepHaTUBHHMX,
eHepreTckk edHKaCHHX rpalheBUHCKHUX MaTepHjana, KojH, y KOMOHUHALHjHU ca NoBOsb-
HHUM MEXaHHUYKHM CBOjCTBHMa, oMoryhyjy Hosby TONMOTHY M30MaLHjy, y3 NpHjaTHO
yHyTpaLUtbe ocBeTbere edprKkacHUM HckopHLhereM cyHueBe cBeTnocTr™C,

IpaheBrHCKKM MaTepHjanm Ha da3m NPOBUAHOT ApBeTa, KOje OAJIUKYje BUCOKA OMTHY-
Ka NponyctbMBOCT (Npeko 80%) y LieNloM oncery TanacHUX Oy>XHWHa BHUAbUBE CBe-
TnocTH (04, 400 nm o 800 Nm) 1 3amyheHocT (npeko 70%), HHUCKa rycTUHa, fodpa
MEXaHHUKa CBOjCTBA KA0 M HWKa TOMIOTHA MPOBOL/BHUBOCT Yy nopehetby ca craknom™,
aTpaKTHMBHH Cy 3a MPUMEHY y eHepreTcku edrKacHKM 3rpagama. [poBHaHO ApBo Kao
matepHijan 3a nposope (cn1. 6 &) unu kpos (cn. 6 B) omoryhasa kopuLherse nprpoaHor
LHEBHOT CBETNA, YUME CMatbyje YTPOLLIAK eHEpPrHje U HEeraTUBaH YTHLAj BeLUTauKor
OCBET/bEHA, AOK 3aMyNEHOCT, Ha UCTH HauKMH Kao MaTHpaHoO cTako, 0desdelyje npu-
BaTHOCT *%33 (cn. 5). Mopep Tora, kpos of, N/, 0de3denno dm paBHOMepHHje W yrop-
HHje OCBET/berbE TOKOM [laHa, Y3 KOHCTaHTHH]y TeMnepaTypy npocropuja’* (cn. 6 ).

360r LOOpHX MexaHHYKKX CBOjCTaBa, TAMHHHUPAHO MPOBHAHO LPBO MOXKE CE KOPH-
CTHUTH Kao Hocehw rpaheBHHCKM MaTepHjan, Yak U ca MOryRHOCTMMa EMHTOBaHA
CBETNIOCTH YKOJTUKO Ce, TOKOM NMPOM3BOAHOT NMpoLieca, OnieMeHH NyMHUHHUCLEHTHUM
HaHoYecTHLaMa'™,

MNopep ywTene eHepruje 3a ocBeT/behe KOpHLLhemeM NPUPOJHOT LHEBHOT CBe-
TNa, pasmatpaH je v noteHuujan npumene /] 3a TonnoTHY “3onaLMjy, LWUTO foaat-
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Cn.6

HO MOXe CMahHTH NOTPOLUHY efIeKTPUUHE EHepruje 3a KIIMMaTHU3aLHMjy v rpeja-
tpe136,137,138,139,140

KKako je npeTxofHo peyeHo, CHMynaLLMjoM CyHUYEBOT 3payetba Ha Mofenrma kyha,
Jy (Yu) v capagHHUHM Cy nokasanu Aa TemnepaTypa Cropuje pacte y yHyTpaLLbOCTH
kyhe ca M7 Hero ca craknom™!. Crora ce cmatpa aa ce M/l Moxe KOPUCTHTH Kao
MaTepwjan 3a U3paay TepMOM30/aLIUOHKX NPO30pa, jep Nopea Mate TONIoTHE Npo-
BOLHOCTH Of, CTaK/a, UMa Matby rycTuHy v Behy uspctohy Ha yaap'2.

Mopep Tora, nonatkom MP-apcopdyjyhrx HaHouecTHLa (CsxWO,, Ha npumep) npo-
BMHOM [pBETY 3a U3paay Npo30opa, MOXe ce AoAaTHO nosehaTH 3aLUTHTa o, Tonno-
Te'*. )y 1 cap. AeMOHCTpHpank cy NpUmeHy KomMnosuTHor matepwjana CsxWO ./
PMMA/I [ 3a 3rpape/npo3sope ca pyHKLHjoM 3awTrTe of Tonnote. CUMynaLujom
CYHUYeBOTr 3payetba Ha Mofenrma kyha nopeheHu cy edbekTH 3alUTHTe o TONNOT-
HOT 3pauyetba CstOB/PMMA/I'IJJ, KOMMO3HMTa 1 0dK1YHOT cTakna. MNposop CstOs/
PMMA/T [, pe3ynToBao je HWX1M NopacTom TeMnepaType y yHyTpaLLHbOCTH Y Nope-
Hetby ca yodHuajeHHM cTakneHHUM Npo3opoM. [ocne aeceT MHUHYTa KOHTUHYHpaHOT
“3narama 3payety, TeMnepaTtypa y yHyTpalmbocTH mofena kyhe ca 0OMyYHKM cTa-
KNOM MMara je 3HauajHo Behu nopact (ca 21,5 °C Ha 41,5 °C) y nopehemy ca Temne-
patypom Mogena kyhe ca CsxWO3/PMMA/T [ komnosuTtom (og, 21,6 °C no 26,8 °C).
HcToBpemeHo, TOKOM OBe CHMMynaLi1je Npo30p OA NPOBHAOHOT ApBETa pe3ynToBao je
nopacTtom Temnepatype y NpocTopuju ca 24,7 °C Ha 36,5 °C. Ha oBaj HauuH cy notep-
HeHe oonnyHe nepdpopmarce komnosuta CsxWO3/PMMA/T y norneny 3awwitute
Of, TOMN/OTeE, Na Ce MOXe pa3MaTpaTH Herosa NPUMeHa Kao HOBOT, EKONOLLKH MpH-
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XBaT/bUBHMBOT MaTepHjana, Koju CBOjoM (YHKLHjOM 3aLUTHUTE Of, TOMOTHOT 3payetba
CMatbyje NMOTPOLLIbY EHeprHje 3a KMMaTH3aLHjy'*4.

Ha cnuuaH HauMH, MCNUTHBaHa je CMOCODHOCT 3alUTHTE 0f TOMI0Te KOMMO3HTa
HanpaB/beHUX UMMPErHaL1joM AeNMrHUHKOBaHHX y30paKa ApBeTa enokcH CMOJIOM
ca 10AaTKOM BaHaaujym-arokcua/sondpamosmnx (W/VO,) HaHouecTHua. [Mprnu-
KOM TecCTa CMMynaLje CYHY€eBOr 3payetba YCTaHOB/bEHO je Ja TemnepaTypa y yHY-
TpalwHOoCTH Moaena kyhe ca nposopom o komnosuta W/VO_/enokcu/MN[ cnopuje
pacte y nopehetby ca mogenom kyhe og /1 v crakna, jep VO, HaHouecTHLEe pednek-
Tyjy 3HauajHy KonnunHy Tonnote (MP 3payena). Ha Taj HaumH noTtepheHa cy nodpa
CBOjCTBa 3alLLUTHTE Of TOMOTHOT 3payera 0BMX KoMno3swuTa. [open H1cke TonnoT-
He npoBoAbHBOCTH (0,20 W-m™K™) 1 odpux TepMmoperynaunoHHx CBOjCTaBa, OBH
KOMMO3MTH Cy NMokasanu 1 fodpa MexaHHUKa CBOjCTBa, Y3 OMTHUKY NPOMyCT/bHBOCT
oA 68,2%'>.

JenaH op HauMHa nodosbluaka eHepreTcke edUKACHOCTH 3rpaje je KOHTposHca-
e MPOnyLUTEHE CBET/IOCTH NMPUMEHOM Tako3BaHHX ,,TaMETHHX Npo3opa‘“, Koju cy
onnemerbeHH eNeKTpPOXPOMHHUM MaTepHjanrMa y LiM/by KOHTPOJe yNnafHor 3payeme.
3d0r nodpHx MexaHWUKKX CBOjCTaBa Kao LUTO cy YBpcToha M fodpa OTNOPHOCT Ha
yAap, 3aTUM Marne TOMI0THE NMPOBOABHBOCTH U AiMdY3HE NPOnyCT/bMBOCTH CBETIIO-
ctr (80%, y3 3amyheHocT o1 70%), N/l MMa BeNMKK NOTEHLMjaN fla 3aMEHH CTaks1o
y ,MaMeTHUM Npo3oprma“™e. HaHoLereM enekTPOXPOMHHX MOSTMMepa y 0BMInKy
npemasa Ha nognory og IN[1 uspaheHu cy enektpoxpomuu ypehaju 3a koHTpony
nponyLUTEHe CBET/IOCTH, KOjH Cy NMokasanu fodpe nepdomaHce npomeHe doje 1 eu-
KacHOCTH 0dojetba, 1 TO NPH HUCKUM MOTOHCKHUM HanoHoM (0,8 V).

HaHolwuereM TeuHHx KpH1cTana gucneproBaHux y nonumep (PDLC) y 0dnuky bun-
Ma Ha MOL/IOry Of NPOBHAHOT ApBeTa'*® HanpaBsbeH je Apyrv TUM ,MaMeTHOr Npo30-
pa‘“, YMja cy CBOjCTBa perynmMcaHa MPOMEHOM OpHjeHTaLHje TEYHHUX KpHCTana enex-
TpHUHKUM nosbem. OBaj onTHUKK ypehaj kapakTepHLLe BUCOKa 3aLUTHTa Of, 3payetba,
a NPMMEHOM Hamajatrba NocTaje NpoBraaH"e.

DOTOXPOMHO NPOBHAHO APBO [OOHjeHO [OAATKOM POTOXPOMHHX YECTHLA Y Npe-
nosIMMep Moxe ce Takohe KOPUCTUTH 3a U3paZly MaMETHHUX MPOo30pa KOjH Metbajy
dojy npv npomeHH TanacHe pyxuvHe EM 3payema. MNopen MHTeH3WBHe NpomeHe doje
op bydruacte (YB) y 6e3dojHy (BHMA/LMBA CBETNOCT), KOjy Nokasyje doTtoxpomHo M/,
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OnneMerEHO jeaubeeM Ha dasn cnuponupaHa Joaatim y npenonumep MMA |
NPUMEHOM PasNHUYHUTHX LadrnoHa Kao GoTo-3aKk/IoHa, Ha NPO30pHMa 0f, POTOXPOM-

vor N[, HacTajy pa3nnumnTe fekopaTtueHe cimke'°.

MposraHo ApBO Kao MaTepujan 3a onpematbe eHTepHjepa

360r jeAMHCTBEHHX €CTETCKUX CBOjCTaBa, Koja Cy pe3ynTaT KOMOHHaLHje odyBaHe
TeKCType U MOCTHUIHYTe NPOBHAHOCTH, KaO M OAJIMYHHUX MEXaHHYKHX CBOjcTaBa, 1/,
MOXE Ce KOPHUCTHTH 3a M3pajy AH3ajHEPCKOr HameLUTaja'™’, Kao 3amMeHa 3a bypHHpe,
3a leKopaLjy W Aipyre eNeMeHTe 3a orpemMare eHTepujepa’™?.

[lonaBarmeM akTHBHHUX ONTHUKUX MefH]ja y 0DNKMKY HaHoYeCTHLa (KBAHTHHX Taya-
Ka) y noanory of, NpoBHAHOr ApBeTa HacTaje NYMHHECLEHTHO NPOBHAHO APBO
(JIMAO), ynme ce Moxe ce NPOLLMPHUTH cnekTap NPUMeHe OBOI HOBOT MaTepHjana.
NNA kapakTepuriie ardysHa NyMUHHUCLEHLMja, @ Y 3aBUCHOCTH Of, BPCTE, OAHOCHO
eMHCHOHKX boja yrpaheHnx HaHouecTHLa3 14 eMUTOBaHA CBETNIOCT MOXeE OHUTH
'y BuLue doja’™>. Ucto kao n NI, JIT Moxe ce KOPHUCTUTH 3a AHU3ajHEPCKH HaMe-
wTaj'®, ymecro bypHH1pa, 3a aekopauujy’’ kao W 3a U3pamy ApYrHX, YKPAaCHHX UK
YMETHHUUKHX NPEAMETa, afik U Kao M3BOP CBETNIOCTH L. Y LMsby IEMOHCTpaLHje NpH-
meHe [1/]] 3a M3papy HameluTaja HanpassbeH je moden ctona og M (cn. 7 a) m J1MNM 4
ca popatkom QD-o0Ba ca pasnuuyruTUM eMHUCHOHKUM Bojama’™ (cn. 7 O).

MpoBuaHO ApBoO Kao MaTepHjan 3a conapHe henuje

MNopen noeeharba eHepreTcke epUKacHOCTH, MPOBUAHO APBO MOXe HahK MpUMeHY
My CEKTOpY NPOM3BOAHE eHepruje 13 0OHOBBLUBHX M3BOpa. [pon3Boarba eHepru-
je yrnaBHOM ce 3aCHMBa Ha eKcrioaTalnju hOCHITHUX TOpHBa, KOja YMHE BHLLIE Of,
81% npuMapHHx H3Bopa eHepruje y ceety'®. Cee Beha noTpaxtba 3a eHeprujom,
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Cn.z

OrpaHHYeHOCT POCHITHUX PeCypca, a HapOUMTO 3araherbe KMBOTHE CpefrHe U KITH-
MaTCKe MpOMeHe, 3axTeBajy pa3Boj HoBHX K noBehame edrkacHocTH noctojehux
0OHOBBHBHX M3BOpa eHepruje'®'. JenHa of TEXHONOMMja NPOM3BOAHE EHEPrHje 13
0OHOB/BUBHX M3BOPA 3aCHMBA Ce Ha poToenekTpUyHoM edeKkTy Koju omoryhasa
TpaHchopmaLmMjy cyHUeBe eHeprije y enekTpruHy. OBaj npoLiec ofgHja ce y conap-
H1UM (boToHanoHckKnM) henrjama NocpencTBOM NonynpoBOAHHYKKMX MaTepHjana’?.
MehyTtum, edbrkacHocT noctojehux conapHux ypehaja Huje 3agoBomaBajyha, na ce
Tpake HauYMHH 3a noseheme rrxose ebrkacHOCTH'®. Benunko pacejatbe cBETNOCTH
aTpaKTHBHa je 0codMHa 3a NPUMEHY NPOBHAHOT ApBeTa Kao ,AUPYy3HOr* CTPYKTyp-
HOT MaTepHjana 3a poToHanoHcke ypehaje kao wro cy conapHe henuje’®. 3dor
dbeHoMeHa pacejatba, CBETNOCT y conapHoj henwuju npenasu oyxu nyt. Ha Taj HauuH
nodosbLuaBa ce HHTepaKLi1ja M3mehy CBETNOCHOT Tanaca M akTUBHOT MeHjyMa, Yume
je omoryhena Beha edrkacHocTt conapHux henwja. lMocne noctasmatba M/ Ha nosp-
LWKHY conapHux henuja, trxoBa edrkacHocT nosehaHa je 3a18,02%"°. Mopepg Tora,
npumeHom N[ kao nognore 3a nepBockMTHe conapHe henuje, NoCTUrHyTa je edu-
KacHocT oBMx ypehaja op,16,8%C.

JenaH of, 4ecTo NpUCyTHHX 3arahBaya Basayxa y eHTepujepy je bopmangexua (DA),
KOjH Ce 0OMUYHO eMHTYje K3 rpaheBMHCKMX MaTepHjana, a MMa BEOMa HeraTMBaH yTH-
LLaj Ha 34paB/be, HaPO4HTO Ha HEPBHH U PECNIMPATOPHH CUCTEM, Kao M NOTEHLHUjaTHO

161 EEMW. Smeets and others“A bottom-up assessment and review of global bio-energy
potentials to 2050”, Prog Energy Combust Sci 2007; 33:56-106.

162 B.Xu, and others “Carbazole-Based Hole-Transport Materials for Efficient Solid-Sta-
te Dye-Sensitized Solar Cells and Perovskite Solar Cells”. Adv. Mater. 2014, 26 (38),
6629-6634.

163 M. Petrus, and others “Capturing the Sun: A Review of the Challenges and Perspectives
of Perovskite Solar Cells”. Adv. Energy Mater. 2017, 7(16), 1700264.

164 Y. Li and others, “Optically Transparent Wood: Recent Progress, Opportunities, and
Challenges”, Adv. Optical Mater. 2018, 6(14), 1800059. <https://doi.org/101002/
adom.201800059>

165 M. Zhu and others, “Transparent and haze wood composites for highly efficient broad-
band light management in solar cells”. Nano Energy 26, 2016, 332-339. <https://doi.
0rg/101016/j.nanoen.2016.05.020>

166 Y. Li “Optically Transparent Wood Substrate for Perovskite Solar Cells” ACS Sustainable
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KaHueporeHo aejcteo'®’. Netekuuja DA 3axTeBa CrIOXeHe U AyroTpajHe npoueay-
pe, oA, y30pKOBata [0 1adopaTopHjCKMUX aHanM3a, Npu Yemy pesynTaT He odpaxkaBa
3arahere y peanHom BpemeHy. DyHKLHOHaNHW3aLHjoM rpaheBHUHCKHX MaTepHjana
yrpahHBarbem BUCOKO CENEKTUBHHUX OMTHUKHUX CEH30pa BENMKe 0CET/bMBOCTH Ha DA,
MO0 OH Ce Y pealHOM BpeMeHy BH3YyesHO AeTEKTOBATH 3arah)erbe 0BUM racom. Y Ty
cBpXy Moxe ce kopucTuTH JTT [, ca yrpaheHrM yribeHUYHHUM KBaHTHHMM Tayakama, 3a
KOje je CBOjCTBEHA NYMHHHCLIEHLMja oceT/bMBa Ha npucycTtBo OA. Takas rpaheBuH-
CKM MaTepHjas KOju MMa CNoCodHOCT Aa pearyje Ha CTUMYNaHCe, MOXKE MOCTYXXHTH
3a Bu3yenHy getekuujy Ay peanHom BpemeHy'e8.

Kako je Beh peueHo, foaaBatbem MoaynpoOBOAHHYKUX HAHOKPHCTaNa, MeTaHHX
HaHOYeCTHLA KM DMOAKTUBHHX MOIEKya YBOLE Ce HOBa CBOjCTBA HM/WUNK HoBe
byHKuKje, yume ce npoLumrpyjy MoryhHOCTH NprUMeHe npoBuaHor apeeTa'®®. Mopep,
Beh HaBeAeHHWX NOTEHLHjanHHX NpUMeHa, pa3martpa ce yrnotpeda [/ y drorHxe-
FEPHHTY, 3a U3paay bnekcMOHUIHe eNneKTPOHUKeE, aHTEHa, a ONMTHYKA CBOjCTBA YMHE
ra NorofgHWM 3a nNpuMeHy y GoToenekTpoHHLM, 3a M3pady boToHckMx ypehaja'’®,
OMNTHYKHX MHDPACTPYKTypa, NaHena OCET/bUBHX Ha foanp'”!, cBeTNOCHMX ceH3opa,
ypehaja 3a cknaguiTerse eHepruje'’2 u cnuyHo.

MpOBHAHM MarHeTHW MaTepHjanu ca yrpah)eHUM MarHeTHMM HaHOYeCTULAMa
(Fe,O, nnn y-Fe,0 @YVO :Eu3") ocHos cy 3a pa3soj MaTepujana Ha 0a3u opeeTa
3a MarHeTo-onTHuKy npumeHy'”34, IKombrHaLHja LodpHx MexaHHUKKX CBOjcTaBa
M0 v marHeTHe byHKUMje Fe,O, HaHoueCTHLa Aajy NOTEHLMjaN KOMMO3HTY Fe304/
MMA/TN [, 3a npuMeHy y MarHeTHMM 3rpaama Koje nposofe csetoct'’>. Takohe ce
pa3martpa ynotpeda npoBHAHOr ApBETa Ca IYMUHHUCLEHTHUM MarHETHHUM KBaHTHHM
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TayKama, kao LTo cy HaHouecTHue y-Fe O, @YVO :Eu*, 3a marHeTHe npeknpaye 1
3aLUTHTY O[] eNeKTPOMArHETHHUX CMeTHK 76177,

NMPABLIK BYOYREI PA3BOJA

Mopen HoBHx MoryhHOCTH 3a npumeHy, y BynyhHOCTH ce oyekyje ycMepaBatbe
MCTPaXXHBatba Ha MpeBasu1axetbe nocrojehux Npodnema y Npor3BoLtbH NPOBHUAHOT
ApPBETa, y CMHCNY fasber Nodosblatba ONTHYKMX U MEXaHHUYKHMX CBOjCTaBa M M3Ha-
Nakerba HOBHX MPOM3BOAHKX MeTofa. HanMe, mpouecH AenurHudukaLimje Tokom
“3page NpoBHAHOT APBETA Cy AYrOTPajHH H, 300 MPUMEHE XEMHKaH]ja, HHACY YBEK
eKOJIOLLIKH NPHUXBAT/bUBH. [opep Tora, yKnatbake TMrHWHa AOBOAW A0 Cnadrbetba
CTPYKType ApBETa, LITO 3Ha4YajHO OTEXaBa pyKoBatbe (MaHWMynaLujy), na u3pasa
npovssofa Behux arMeH3Hja NpefcTaB/ba BENIMKK M3a30B. JeHO Of peLLEetba je
yK/Iatbatbe CaMO XpPOMODOPHHX rpyna, sk To [OBOAM Y MHUTake CTadHUIHOCT OMTHY-
KHMX nepbopMaHCH TOKOM ayxe nprmexe'’®,

[lo cana HanpaB/beHH MPOBHAHK Y30pLIM APBETa, 3D0T MasMX iIMMEH3H]a, Npe cae-
ra aedsbrHe, HUCY NPUXBAT/LMBH 3a NMPUMEHY Y 3rpafiama, rae ce 3axTeBajy (MpoBra-
He) [pBEHE KOHCTPYKLMjE BENMKUX AUMeH3Hja. MehyTum, ca nosehatbem nedbrne
CBETNOCT Npenasu AyXu NyT yHyTap NpoOBHAHOT ApBeTa, NpH YeMmy, ycieq, ancopr-
LMje 1 pacunara, [ONa3H [0 CNadrbetbe MHTEH3WUTETA CBETIOCTH, W Nafa OMNTHYKE
nponyctbrsocTH. [Nosehatbe fedbrHe y3 ouyBare LOBO/bHE ONTHYKE MPOMYCTIbH-
BoCTH Hamehe noTpedy 3a pa3Bojem HOBHX NPOM3BOAHHX TEXHONOTH]a, Koje dH ce
yCreLHO NPUMEHHBANe Y MHAYCTPHjCKUM pasmepama.

Takohe, noTpedHo je aHraxoBare Ha NodosbLuary HHAHITpaLHMje NoMMepa 3a
n3pagy y3opaka /] Benukrx aumensuja. CBojcTBa NosMMepa, Kao LUTO Cy MHAEKC
npenamatba, BUCKO3HOCT, KOMMATHOMUMHOCT ca hennjck1M 3ULOM, CKyTbatbe TOKOM
nofMMepH3aLi1je, BaxkHa cy 3a M3pagy 1 nepbopmance nposugHor gpseta. Crora
je v u3dop oarosapajyhe nonumepHe popmynalimje oL BUTaSHOT 3Havaja y Aasbem
pa3Bojy oBe 0dnacTH.

HNYCTPALHJE

1. CEM (SEM) cnrke nopo3sHe henwjcke CTpyKType ApBeTa MObCKOT jaceHa. a) NOMpeyYHH npecek
(yBehare 50x); b) nonpeuHu npecek — MexaHWuKa BnakHa (ysehatbe 1000x) B); NonpeyHH npecek
ca 03Ha4YeHHM Tpaxejama (aHaTOMCKH eNleMeHTH ca NpoBoAHOM dyHKLHjoM) (yBehatbe 200X); T)
pagMjanHu nNpecek ca 03Ha4EHHM aKCHjalIHO OpHjeHTHCaHWM (MexaHHYKa BNlakHa K Tpaxejae) U
panujanHo opujeHTHcaHUM (Naperxum) henujama (yeehate 100 nyTa).

SEM micrographs of the porous cellular structure of Narrow leaved Ash wood: a) cross-section (50
x); 8) cross-section - mechanical fibers (1000x); B) cross-section with marked vessels (anatomical
elements with transport function) (200x); r) radial cross-section with marked axial orientated
(mechanical fibers and vessels) and radial orientated (parenchyma) cells (100x).

2. Nyt cBetnocTH Kpo3 AenvriudurkoBaHe henuje npeeta A) ucnymweHe Basayxom; b) ucnyrexe
MosMMEPOM NPUBIMIKHO UCTE OMTHYKeE IYCTHHE Kao Nennjcky 31a,

Light path through delignified wood cells: A) filled with air; B) filled with polymer of the similar
optical density as the wood cell.

3. MpwKas noctynka Aodujarba NpoBHUAHOT ApBETa: a) OPrMHAIHK y30paK ApBeTa MaxaroHwja; o)
LenUrHrdHKoBaH y3opak ipBeTa MaxaroHuja; B) eNMrHUGHUKOBaH y30paK pBeTa MaxaroHHja
MCMyHEH eMNOoKCH CMOJIOM (NPOBHAHO ApBO) ca SmartArt norom; r) henwja apserta; o) henwja

176 Y. Li and others, “Transparent wood for functional and structural applications”, Phil.
Trans. R. Soc. A376, 2017, n. pag. < https://doi.org/101098/rsta.2017.0182>

177 Y. Li and others, “Optically Transparent Wood: Recent Progress, Opportunities, and
Challenges”, Adv. Optical Mater. 2018, 6(14), 1800059. <https://doi.org/101002/
adom.201800059>

178 Y. Li and others, “Transparent wood for functional and structural applications”, Phil.
Trans. R. Soc. A376, 2017, n. pag. < https://doi.org/101098/rsta.2017.0182>
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LenurHubHrKoBaHor ApBeTa UCryreHa Basayxom; N)) henuja nenuriundrkosaHor ApBeTta UCnyHeHa

nonumepom I'IpI’IGJ'II’I)KHO HUCTE ONTHUYKE TYCTUHE Kao he}'IPIjCKPI 344,.

lllustrated procedure for obtaining the transparent wood: a) a sample of the original mahogany

wood; ) delignified sample of mahogany wood; B) delignified sample of mahogany wood filled

with epoxy resin (transparent wood) with SmartArt logo; g) wood cell; d) delignified wood cell filled
with air; d) delignified wood cell filled with polymer of the similar optical density as the wood cell.

4. Opticka proustljivost kroz delignifikovane celije dveta A) ispunjene vazduhom,; B) ispunjene

polimerom pribliZno iste opti¢ke gustine kao Celijski zid

Optical transmittance through delignified wood cells: A) filled with air; b) filled with polymer of

the similar optical density as the wood cell.

vl

Transparent wood functionalization displayed by luminescent quantum dots (QD).

(o)

drveta; B) krovom od providnog drveta.

. Mpukas pyHKLHMOHaNMU3aLMje NPOBUAHOT fpBeTa TYMUHHUCLEHTHUM KBaHTHUM Tadkama (QD)

. Prikaz osvetljenosti unutradnjosti prostorije sa: a) staklenim prozorom; &) prozorom od providnog

The illustration of the effects on interior illumination in case of: a) glass window; &) transparent

wood window; B) transparent wood roof.
7. Mpukas cTona ofi NpoBUAHOT ApBETa U IYMUHHUCLLEHTHOT MPOBHAHOT ApBeTa
Table made of transparent wood and luminescent transparent wood.
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CKPAREHHLUE

ECPs (electrochromic polymers) - eneKTpoxpoMHH nonumepu
EM - enexTpomarHeTHo 3pauemne

HP (IR) - nHdpaupseHa odnact

JINJ - nyMHUHecLeHTHO NpOBHAHO APBO

MMA - meTun metakpunat

MTI1[ - marneTHo npoBHAHO ApBO

QD (quantum dots) — kBaHTHe Tauke

HHUP (NIR) - bnucka uHppaupseqa odnacit

/[ - nposnaHo opso

MMMA - nonumeTHn metakpunat

CEM (SEM) - ckeHHpajyhu enekTpoHCKH MHKpOCKOn
¥YB (UV) - ynTpassydruacTo 3payeme

DA - bopmangexua

HZOZ — BOJOHHK NepoKcHp,

CdSe - kagMHjym cenenup,

Co - kodant

Cs WO_ - uesujym- BoNdpamoBe YecTHLie

MgSO4 - MarHesujym cyndata

Na,SiOs - HaTpujym cunmkat

Na SO, - HaTpHjym cynout

NaClO™- HaTPHjyM XHMOXNIOPHT

NaClO, - HaTpHjym xnoput

NaOH - HaTpujym xnopokeup,

NbO, - okcHam HHOBHjyma

ZnS — unHK cyndua,

Si - cunuumjym

W - Bondpam

WO, _sondpam okcra

VO - BaHa,u,M]yM-,uMOKCM,u

VO — OKCH[M BaHafHjyma

YVO :Eu3* - uTpHjym BaHapaT ponrpaH joHuma eyponujyma (Eu3*)
Fe - rBo>KF)e

Fe O - reoxhe (I, Il) okcna (MarHeTHT)

y-Fe, O - y-nonumopa reoxhe (I1l) okeraa (Marxemur)

JacmuHa ). TTOMOBKWAR, MunaHka P MOMYHUTTOBHUR-KHUIMOPOBHR, MnahaH M.
MOMOBHH, Mununua M. TAJUR
TRANSPARENT WOOD - FROM IDEA TO APPLICATION

Wood has been one of the most essential and most utilized materials in the history of human civili-
zation. Even today, there is a strong interest in finding new application areas for this unique natural
material. Some of the recent studies in wood modification has ventured into the area of wood optical
properties. They proved that it is possible to reduce the absorption and scattering of light, when it
interacts with wood. This can be achieved by changing the chemical structure of wood and followed
by the impregnation step which involves the application of certain polymers with suitable properties.
Using this approach, one can produce a new product - transparent wood (TW). With the preserved
unique texture on its surface, the TW also retains many other beneficial properties of natural wood.
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The main characteristic of TW is its high optical transmittance (above 80%) and dispersion (above
70%). This material also has relatively low density (=1,2 g-cm3), good mechanical properties and low
thermal conductivity. Due to its good mechanical, thermal and optical properties, TW has a great
potential as energy efficient building material. For instance, high optical transmittance and light scat-
tering, together with low thermal conductivity, make this material an excellent choice for thermal
insulation windows, and in the same aspect, it can be used to improve the efficiency of solar cells.
TW could also present both challenging and rewarded opportunity for interior and furniture desig-
ners. On the other hand, the inherent porous structure of TW may offer some advanced features and
application opportunities, especially if coupled with some novel nano materials, such as various fun-
ctional nano-cells (magnetic, luminescent, electrically conductive etc.) that can be embedded into the
transparent wood tissue together with polymer during the impregnation step. This paper presents a
review of various research projects in the field of transparent wood and its production methods. It will
further address the application possibilities for TW, with its preserved wood structure, but also the
challenges that may be relevant in upcoming research activities in this field.

Keywords: transparent wood, delignification, impregnation, optical transmittance
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