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Quality Control of Ash Fusion Temperature Measurement Using Pure Silver Wire
as a Substitute for Gold Wire and an Acrylic Mold for Sample Preparation

Siriwan Pongprueksapattana and Panupong Lim-u-sanno”

Office of Scientific Instrument and Testing, Prince of Songkla University, Hatyai Campus,
Hatyai District, Songkhla 90110, Thailand

“Corresponding author’s e-mail: panupong.li@psu.ac.th

Abstract

This study aimed to control the quality of an automatic ash fusion analyzer by using pure
silver wire as a reference material instead of pure gold wire, thereby reducing costs, and by
developing an acrylic sample-shaping device to minimize sample preparation time. The study
involved 49 measurements of the melting point of pure silver wire using the automatic ash fusion
analyzer. Control charts were constructed to determine the upper and lower control limits. The
results showed that the average melting point of pure silver wire was 966.49 + 7.24 °C, with an upper
control limit of 988.22 °C and a lower control limit of 944.76 °C. All test results fell within these
control limits, indicating that pure silver wire can be used as a reference material for quality control
of the automatic ash fusion analyzer, while also lowering costs by replacing pure gold wire. In
addition, an acrylic-based sample-shaping device was designed and fabricated using a 3-axis Mini
CNC Engraving Machine (Model Z-DQ) in two versions. The device effectively shaped samples into
pyramid-like forms prior to testing in the automatic ash fusion analyzer. This innovation not only
reduced the time required for sample preparation but also confirmed the feasibility of using pure
silver wire as a cost-effective alternative to pure gold wire for temperature quality control in the

automatic ash fusion analyzer.

Keywords: Gold Wire; Silver Wire; Ash Fusion; Melting Point; Acrylic
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lawn a]qm'%'waam (Deformation), qmﬁquﬂﬂam (Spherical), qwﬁ”qmmam (Hemispherical) kazqnalna
(Flow) (Li et al., 2020)
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dmsunsufiReumstuguiognadidn fesduguieedidusustedeRsedamunnsgu
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TUsunsu Aspire dmsuadrauvusians Tunswdeutuanuldiaies Mini CNC Engraving Machines
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Name |Batch#  [Method [Location [Analysis Date

ilver Wire |Batch #149 |ASTM Oxidizing [2 [0/10/2566 11:31: 18

IT 962 °C

Height 6
\Width 13
Ratio 0.462
Rounding 21
Area 76
Temp. °C 962
Height

\Width 13
Ratio 0.462
Rounding 21
Area 76
Temp. °C 962
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\Width 13
Ratio 0.462
Rounding 21
Area 76
Temp. °C 962
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\Width 13
Ratio 0.462
Rounding 21
Area 76
Temp. °C 962
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a ' a 1 & o g A a =~
A1919N 1 ﬂ']"ﬂq@‘Via@llLﬂa')“ﬂ@\‘iajﬂl)\ﬂﬂuﬁﬁjﬂL@@uq&lﬂ']‘WUﬁﬂﬂL@@u‘Wi]ﬂ'ﬂﬂ?EJu U N.A. 2566

ANYANADULNAT ANANABULNA ANYANADULAT
ASsi YDIAINU asei YDIAINNUY asad YDIANY (D9AT
(29ALBALYYE) (@A saLPeE) LaLgeE)

1 951 18 962 35 963
2 961 19 974 36 970
3 965 20 965 37 959
4 971 21 972 38 975
5 970 22 967 39 953
6 960 23 969 40 969
7 963 24 970 41 975
8 968 25 977 42 967
9 952 26 967 43 957
10 961 27 965 44 969
11 966 28 966 45 970
12 962 29 966 46 976
13 956 30 975 a7 917
14 957 31 975 48 949
15 964 32 971 49 972
16 967 33 917

17 968 34 977
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AT 5 TUNUINWEUBEASAN (N) FuIuazASAnd S UlITduLYIusLaFIfIuaU (V) FUIUDEASAn
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pufifvualy Interational Temperature Scale of 1990 (IT5-90) @slaniiTunilslugndredannsgu

dmsunisaeuiisu Tuyiegaumgiias (Lopardo et al., 2022)

CUAST Journal https://s019.tci-thaijo.org/index.php/CUASTJournal



15375399m75 Yo, 7 15 atufl 3, e2508 (Fugreu-sunnau 2569) 10 of 12

Tudumsiaugunsaivisufognanuruezeian wuin idesdiofiadstuannsatuguiegs
dloglugunssnmsgrunud dmunldegsiiussansam gunsalfisnandisanninugseinuaziaan
TunswTeuiedsadldegedaaud aisufunisldwifinilanslnedlifigunsaiviedugu Snvs
Hannsondaldiedeiniunzadnuuindniinuaudienoufiunes funzautuiesfofnisid
Tedrinsuninensuazsulszana egrslsfnm esanezesanduianiidedrdinsuanaudisuas
NINUAINTaUY qﬂﬂﬁﬂiﬁﬁmuﬁuﬁqmmzﬁ’u%”’umaumim%smﬁaasmLwaé’ﬂ inninsldnuiidesduta
fuonmgdadlagnss MaiaugUnsainieudogsnuiuesaiantaelinmstuguiediadreglugunss
1psguAsdifvualdegsliusansawedudaiau Tnsindeaunzadnvuiaidniinuauienoufiames
vonsltiedosunzadnuuunIuANmIBnoNfinmes a1N15AAIUANAINNARIAARDY AINFEU WATAMATN
fufvesiunuldfniisduuilduifuilans fiosograien Fmuitnssuiumsungadn annsonan
fhetnaeasaniifiinizoularasiauslnedilifagavinlhidesuidesainanuieugs videiAansiudsuuuas
Tssadrstanedraiifoddylusznienistugd swidodmaassaigassyinnsdssnanaiuazgumnd
voseraidniduzUlaein osunzadn fuadenunniufuazanuaia909d L wazannsaiden
w1sdimesnsviuldimnzanldii osnwiaun wiieg19lvasi nuansgIuFean1s (Ghozali &
Pangaribawa, 2024) uanaIni nsfnudu q Sswansliisiuin msUszananaesAIAnFIEMITALUUATUAN
seneuiamed uazmsliduataweiviaafuoulaoenledamnsandalassairaneluvesian il
yuadnuinuuTaniusslau PMMA Afianuutiugigs FsannsatuunAniindssgndldlunmanion
fegnafifesnsruazBeauarsUsamzsiy (Ngo et al, 2025)

Taeuud nansifesaesduaenadosiuinguszasdvasnisinu fe metmuisnisniuns
AT MAE A NSRS BLF It eTiTANNALAT anduy LazdinssnIIATELANgNABIMIEININS
wadwsfnanasvioufunliunsihianuazmaluladfimlfieuuiulflunuidoda joa S
sovonlugnsUszgndltluresufiRin1sdu q wazmsimungunsaliuuuulusunanld

#5UNaN15IY

meipiifanUsrasdanudsens fo 1) Wednwanudululdlunslitanuinsgiuanduuians
unutaguesgiuaaemesuIavidmiunnuauamnnaamgivenaie T IAMIaoNaYa Y8 TN
LUUsaluE 2) eaunsalifamnasguainfuuiarduuiagunsguaemesuiansidunisanduyuld
way 3) WeraugUnsnivasdusuiegainukuszasandniuldlunisaaeudasiad esilodna
iAfelannsnazli masusaiannsaliuumanesuiansifutaguinsgiulunisausunanin
puvgfiveaniowmsniansvasuaraisvestidwuusnluddld Tnsarganasumariilddanulndifes
AN UagnamTInTIeimesnuiimuaududuiinssuiunsinegluanivund luddyaiuves
arufiaUnd gunsnfozesaniimunduanunsalddususegnslfesnaiiussaninm ilinsadendieds
azarnuagldinandosas aan1sRengUnsalunsgIuaIng uanRosua ufer dadu e1uided
UszauaudnsalunmninausiSnnsmuauauniniaznnsinisudiegafivszvda duan wazdaasld

FIAMUUNYDDOVDINANITNAZDU

CUAST Journal https://s019.tci-thaijo.org/index.php/CUASTJournal



15375399m75 Yo, 7 15 atufl 3, e2508 (Fugreu-sunnau 2569) 11 of 12

UaLAUBLUEN1TITY

msldandudutaguinsgiu mstuunduneuniswioudessfidanu Wy Fnsiunden
yumdusugUENaNs LagALEMYBIiIegns telianisialiauaiiatsuazana LA InLAG oY
msTeuiioy aussougnsldainiuiuianunsgiuvindu wWu senesunsieainiinia iefia1san
aaudululdlunisdenldfanunsgruiivarnuaeuindu snimeseuninunsiivesArgavasiian
Tuszorem Wedudumnuindeievesaniiulus g fagunnsgiudmiumsmueununiniaioile

nstgednwgUunsniozasan Arsiintsnsandevanmnisldauedatnane uasdsutuay
Slenusessesnsdnusenienaunnin itersauusiugilunisiuguiaess Anwinisldgunsaiugy
FregefivhannTanuidndu 1w 1s8uimnssy Tansiun viotanwedmesudanuanuiey elfiuay
B swazdne1gn1sldau

nsuszgndldinaiianistusudeedesunsadnuuinidniinunudieaeufinmes annsnveena
lugmsasagunsaltrewdeniegnaguuuudy 9 MvsnzaufunudieszineiesUfifnslslusuan

nnAnTsuUsENA
Anzfifeveveunngrunsmsdtinadesieinemansuazmnaaey shimihdieuinisiadesile
FWemainermans dfniedeaiiedingimansuaznismaaey ainedoasvaruniund aduayugise
Tifimsusvsaimuausgdeidesmendnnsladunalasansladul 2559 dogenainauiamn
deuide teimundneninuesnisnasuuaruinis Bnvia sruasmnuagmntunmslfnuaiosdioldoms
Inereans lunssuiumiddeluadsdaudisqamudmane

n15ldlsyaurUsehing (Generative Al) Tuduatuunaiy
Q’L%iﬂﬁi’fLﬂ%dﬁ@ﬁ@@ﬂUisﬁ@j (Generative Al) #a ChatGPT wfiensiSeusesuseloaluunaiy
PrwtFulsdennu memmaudni meaguiden msulanmw agdsuldnsaaeumingndes A
AsudL ATIIINgaNTaNaMFIEnuDs uandul Sulinveuggareideviueesuneudildsuns
At sadanugndesuessnonisdrsdeiiusnglulenatsésdeneunai

ﬁ']ﬁ?‘?umwmmﬁﬁwué (CRediT Author Statement)

A32550 WaANNEIRAMUYT: N15eNKUUTELTEUTT; N1INTIRA0UAUGNABY; N1TTLATIZIILAS
SULUY; MIALiunIsIe; M53nn1steys; Nsliguduatuunaly; N1snumuAuatuunaIy; A58
AnUTENBY; N1INAUAES; N15UTEANULATING. AT NeY ?{uqﬁuiu: A1598NLkUUSELUEUIT; N9
ATIVABUANNYNADY; NTANAUKLIAR; N1FHAIUNTUTUNTY; NMIANTUNITITE; NMSTIANIMINEINTIAE; N3
PMNUITE; MIMAugha; N1sUsEaILNUlATINTg

CUAST Journal https://s019.tci-thaijo.org/index.php/CUASTJournal



15375399m75 Yo, 7 15 atufl 3, e2508 (Fugreu-sunnau 2569) 12 of 12

UIFTIUIUNIA

N3’ dandnuns, 3230 anadulaiayde, uay nunisI uawfeshens. (2563). WanIsUsUUTIAI
ATUNIUNITNUIVBUTUNGL 950 AIEDUIAY LeaTuniley uazunalbes: TIevIuatuauysal.
AUNNUANZNITUNTANASNINYIAIERNT ITBLAUINNTIN.

ASTM International. (2024). Standard test method for fusibility of coal and coke ash (ASTM
D1857/D1857M-24). https://www.astm.org

Fahdiran, R., Handoko, E., Sugihartono I., & Budi, S. (2021). Melting dynamics of gold thin film: A
molecular dynamics study. IOP Conference Series: Materials Science and Engineering, 1098,
062061.

Freudenblum, D., Gruber, G., Schwiddessen, R., Ruske, F., & Weinberger, N. (2025). In-situ
temperature calibration for high temperature XRD experiments in vacuum demonstrated on
pristine and Nb doped TiO,_ thin films. Journal of Alloys and Compounds, 1036, 181844.

Gao, J., Wang, T., Zhao, J., Hu, X., & Dong, C. (2021). An experimental study on the melting
solidification of municipal solid waste incineration fly ash. Sustainability, 13(2), 535.

Ghozali, R. G., & Pangaribawa, M. R. (2024). Analysis of the effect of cutting motion speed in CNC
laser cutting on roughness and accuracy. Engineering Proceedings, 63(1), 10.

Huang, H., Cai, W., Mao, Y., Wan, K., Wen, Y., Han, Y., Zhang, Q., Zhang, R., & Zheng, X. (2024). A
study on miniaturized in-situ self-calibrated thermometers based on Ga and Ga-Zn fixed
points. Sensors, 24(17), 5744.

Li, X., Chen, X., Jiang, C., Ding, J., Guo, J., Kong, L., Bai, J., & Li, W. (2020). Influence of the slag-
crucible interaction on coal ash fusion behavior at high temperatures. Energy & Fuels, 34(3),
3087-3099.

Lopardo, G., Dematteis, R., & Steur, P. P. M. (2022). Characterization of a new zinc fixed-point cell for
ITS-90 realization. International Journal of Thermophysics, 43, 106.

Ngo, Z., Cancino, C. J,, Dy, J. C,, Uy, B. S,, Tan Ai, R. J., & Concepcion, R. (2025). CNC milling and CO,
laser engraving of mixing microchannels in microfluidic devices. Applied Science and
Engineering Progress, 19(2), 7923.

Onifade, M., Lawal, A.l, Bada, S. O., & Shivute, A.P. (2023). Effects of proximate analysis on coal ash
fusion temperatures: An application of artificial neural network. American Chemical Society
Omega, 8(42), 39080-39095.

CUAST Journal https://s019.tci-thaijo.org/index.php/CUASTJournal



