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Abstract

This research aims to study the physical and optical properties of glasses prepared from waste
sugarcane leaf ash doped with nickel oxide (NiO). Sugarcane leaf ash was utilized as a source of silica (SiO,)
and calcium oxide (CaO) to replace pure chemicals in the glass system: 60SiO,: (15-x)B,05: 5BaO: 10Ca0:
10Na,O: xNiO, where x = 0.00, 0.01, 0.02, 0.03, 0.04, and 0.05 mol%. The glass samples were prepared using
the conventional melt-quenching technique at 1,200°C and annealed at 500°C. Chemical composition
analysis of the sugarcane leaf ash via the EDXRF technique revealed SiO, and CaO as the primary
constituents at 66.77% and 17.26% by weight, respectively. As the concentration of NiO increased, the
density of the glass tended to decrease from 2.8756 to 2.8361 g/cm’. Conversely, the molar volume
increased from 22.2437 to 22.5562 cm®/mol. This is due to the expansion of the glass network structure
resulting from the increase in non-bridging oxygen (NBO). This correlates with the refractive index, which
showed a downward trend consistent with the Lorentz-Lorenz theory. Optical property analysis showed
distinct absorption peaks at wavelengths of approximately 442 and 640 nm. These peaks are associated
with the energy level transitions of Ni** ions within an octahedral coordination structure. This results in the
glass appearing yellowish-brown. Specifically, the brightness (L*) decreased, while the yellowness (+b*)
increased in relation to the amount of NiO doping. These findings indicate the feasibility of developing

sugarcane leaf ash into colored glass materials for unique decorative or optical applications.
Keywords: Glass, Physical Properties, Optical Properties, Sugarcane Leaf Ash, Nickel Oxide
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3. NANN3IVY

PN EesAUsEneumuaivet i ludeumemaiiansideesdenduuunsranendanu (Enerey
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MnmAeneiesdUsznaumaaivedidiludes fRtedddtmundadiulunseenuuugasudilaglitich
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a519n51ANNANRUSIZTNINANURUIMULAUAUTUTUTEY NIO wazTerinU3uinsidluaduanututduse
NiO Fauanslunmil 2 nuinsiisduussavsavdusiug () wihifu 0.9907 uag 0.9913 audwiu wansliiiud
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(Sevazlaelua) (nSusagnurrnigudiung) (@ruaiguRwasdalua)
0.00 2.8756 + 0.0002 1.5703 + 0.0000 22.2437
0.01 2.8661 + 0.0001 1.5686 + 0.0001 22.3174
0.02 2.8564 + 0.0003 1.5683 + 0.0001 22.3943
0.03 2.8510 £+ 0.0001 1.5671 + 0.0001 224371
0.04 2.8447 + 0.0002 1.5659 + 0.0001 22.4873
0.05 2.8361 + 0.0001 1.5653 + 0.0000 22.5562
2.88 226
< 4 Density g
1 B Molar Volume E
~287 nsi
E e
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2285 - E
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283 L RE=09913 —_— 222
0.00 0.01 0.02 0.03 0.04 0.05
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3.2 NANMTIATIENNITAANTULEN
MnMsszdanasunisaanduuatlugisminueady 200-1,500 wiluwnsveswiifiieg ey NiO

g 0.00, 0.01, 0.02, 0.03, 0.04 uas 0.05 Fosazlnglua WuLAUNANAULAITIUSEI 442 uaL 640

uluims Faududnuasanzvedlesou NP wasifinainnsiudsudundasm *A,F) — *T,(P) uas *AyF) —>
*T,(F) muddu uena1nil Savuununisnanduuasuiiauszaia 1,050 uiluwns Funannsudsutu
WA °T,, —> °F, vadlesou Fe* Afogifuludidluden fuuandunind 4 Snvusvesanndudand
aunsnesuielarmengufauiundn (Crystal Field Theory) dlolosou N2 () ONABNTBUMIYBNTLAUFUAUA 6
wlulassairamswdant (0,) auulnihseulessuazyilisziundsnu d-orbitals weneenilusyau t,, uas e,

nIgandunasulaIndauanzlugae 442 nm uaz 640 nm Fuinainnisnszdudianaseu (d-d transition)
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#1n31 Bridging Oxygen (BO) dawalydn Optical Band Gap (Egpe) Htbualiluanas (Red shift) Feaenndasiuvou
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—Ni 0.04 mol%
= / 5 ¢ ———Ni 0.05 mol%
E J ﬂ‘ £ =L,
= 0.6 'f’ E{
= "’1
=
v
z =)
2 044 -
=
=
! T

I I 1 I 1
450 600 750 900 1050 1200 1350 1500
Wavength (nm)

=] Y = Y o a LA ¥ v
AINN 4 ﬁLﬂﬂmimﬂ’li@'ﬂﬂau‘UmLLﬂ’JVlLGlﬂJ NiO VIﬂ'J']lILsUlIsUanQG]

3.3 namanendluseuu CIE L¥a*b*

Mnmseneidlussuy CE Lra*o* vesuimietsiliiueenledues NiO Aiflanuidudu 0.00 0.01 0.02
0.03 0.04 uaw 0.05 Jovarlnglua wuirAANLaIne (L) Fufudiummmndudures NiO ity Taoen a* 928
AN0ETEWINN -4.4580 §3 -4.9399 (wananizaududiden) diudn b* aziiA1egszning 12.6090 e 23.9096
(wansan1zanuudndoq) duandunsed 3 Faflefinrsandumiiidednuimannegluannia (Quadrant)
sgninauny -a* uag +b* lngafidaluunuiivaes (+b*) davswagendimluunuddeedeilded Ay dmalviui
fhetruansdnuarungiudivieseniniafeuduivumudadiunisdeanslidsuandunini 5 il
anslidlundail Ao lesouvaslavensuddu (N2 Aadsiusslaniaud/losedn siedlulassaisdainaimind
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98190179 A9 NA158BUNSE (Organic dyes) Fsllauaiesaanasiiiinns@nang Weldsunasanniossd UV
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AN 3 AFVDILNINLHN NiO NATULVUYURNNE

AMududuvas NiO Color measurement
(Gowazlaalua) L* a* b*
0.00 82.4684 -4.4580 12.6090
0.01 74.7477 -4.5792 14.0017
0.02 71.4213 -4.6872 16.5922
0.03 64.4210 -4.7509 18.9099
0.04 62.2734 -4.8378 20.4927
0.05 60.1252 -4.9399 23.9096
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