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Abstract

Study of the current working conditions of ceramic kilns to assess the guidelines for improving
production conditions. A case study of the Ceramics Center, Lifelong Learning Institute, Chiang Rai Rajabhat
University, is a study of the production process and analysis of the firing process of products. The study
studied the firing process of products from a kiln that uses LPG as fuel. The results of the study were used
to develop guidelines for developing and improving the firing process of ceramic products to be efficient
and reduce the amount of product damage, such as controlling the temperature inside the kiln throughout
the production period (Working temperature), appropriate temperature increase (Heating rate), appropriate
number or amount of work pieces entering the kiln (Samples), and appropriate combustion. The study
found that raw firing must be careful to increase the firing temperature slowly to reduce the rate of product
damage. Gloss firing found that there was a problem in controlling the change of the color under the glaze
that faded after firing. In the glaze firing process, there is a relationship between temperature (y) and time
(x) aty = 106.45 x + 124.43, taking a total of 12 hours, resulting in a final temperature of 1,225 °C, then
stopping the heating and letting it cool down slowly. The variance values of temperature and time
relationship (R%) was 0.964 The analysis of flue gas from the glaze kiln revealed that the volume percentage
(%V) of oxygen was 18.8%V, 17.1%V and 13.5%V, percentage of carbon dioxide was 1.2%V, 2.2%V and
4.2%V, excess air was 856.1%, 432.7% and 180.8%, carbon monoxide concentration (ppm) was 114.0, 147.0
and 6.0, combustion loss was 62.8%, 65.5% and 59.2%, and combustion efficiency was 37.2%, 34.5% and
40.8%, respectively.

Keywords : Ceramics, Ceramic Kiln, Gloss Firing, Flue Gas Analysis, Combustion Efficiency
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asuafiviazdahliAnmsunludifauysal Wedinng
AuANgamnilunuEnliand1 850 °C [10] 91ARN51
7l 1 guupfvesfengluminiadou ogszning 800
~ 975 °C taiitgamgiluvioasludigaiu 1,100 °C
azilenanelminuaiwussinnansuseneululnsiau
sonlad (NOX) 1Auu1nd U [10] $osazlnsUsunns
(Percentage by volume: %V) v8sfiw0andlau Sovas
TngUsunsiigatsueulaoenlen USunueinimiy
ez dufnsanfueuteenlys uunlduiuty
w§snUaanduian 10 hour Fadululuwuinisg
Weniy AnuduiusvessovazlneUsuInsineeendiay
SevazlnoUsunsngeandiau SevarlagUsuinsing
Arsuoulmeanlan Usuiaenaiy nnglureanilng
WILHLAGEU meé’agﬂﬁ 20

y = 106.4

22
I T

S+ 120.43 t-le
bl_grsa T~

0246
123a1 (hour)

g‘lJ‘ﬁ 18 Temperature profile ¥/ Glaze kiln
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A157197 1 Han15AszunwaglueNAGFaU

183 a1 | adedt 2 | aded 3
gaungives (°C) 328 | 327 | 353
gaungiienigly
WLLAGEU (°C) 802.1 | 974.1 | 921.7
JovazlneUsuInsues 4.4 4.2 12.7
fingpandiau (%V)

JovazlneUsuInsues 9.5 9.5 a7

famsueulaoanlan

(%V)

Usunueinaiu (%) | 26.7 252 | 151.6
AITUTUAY 160 | 430 | 250
ASUBY NouDN YA

(ppm)
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NULR)

adedl 1 wuneds msasaada 5 hour wasannsdaLmn
adedl 2 wneds Msnsada 8 hour wasann1saLN
adafl 3 wunedie M1IM5997A 10 hour #§ea 5T

L1

10 |

150

%CO,
%Excess Air

%0,

JUT 20 $evarlngUiunsfitmoendiou fesazlng
Usumsingansueulaeanlen wazuSuiaeinieliy
meluieunimAzey
aarUsznavvestiglodeuansiinised 2 wuin
gaungiiinglodeannuiiade et sening 247.5 -
679.2 °C wagf1wA1suaulauenlgna1nn1IATIZIN
ANLTUT UTEUT S 6-114 ppm AUV 18UD S
AsEUIUNISMIAEeUATS ULt auen lesiiA Ry
6 ppm
Ansgaydeaningleids (Flue loss, Quue) AU
9170 Siegert formula [11] Faaunnsi (1) Mniiugngnse
wiUszd@nsarnnisimlng (Combustion efficiency)
Tnefumann aunsd (2)
Qfwe = (Tr = TH¥(A/(21-02))+B} (1)
Useansanluniswnlueg (%) = 100 - Quue (2)
io Que = Magaydsaningleide (flue loss)
T = gaungillede (°0)
T. = gauugilvios (°C)
0, = Sevazfnweandiau (%V)
A B= AAsTives Siegert (Siegert constant)
dusuisueais Wle A 61 0.63 uaz B fif 0.008
nsgadeannnisin bl Ge0 62.8, 65.5 way
59.2 % ﬁwmmmﬂsﬁagatﬁa 5, 8 ag 10 hour #8931
A5TaLeN AUEIRTU Feaziiun SUszanSaimaisin
Ingidu 37.5, 34.5 way 40.8 % ﬁwuammﬂ%gmﬁ'a 5
Lag 8 hour #a431nA15TALAT AIUEIAU Lag
ANUFUN USRS REazitwA1suaulneenlyn USuu
o1maiu vesielowde uanafaguil 21

M15199 2 HANITIATITIANTLBLELNALELAREY

16713 afa 1 | afed 2 | il
3

gaunnvies (°C) 3.0 | 342 | 356
gaumpiiielede (°C) | 2475 | 4207 | 679.2
SovazlneUSumsues | 18.8 17.1 13.5
fwoon@au (%V)
SovazlneUsuInsues 1.2 2.2 4.2
faarsueulnosnlyn
(%V)
Usunuenaiu (%) | 856.1 | 4327 | 180.8
AULTNTUAY 114.0 | 1470 | 6.0
ASUBU Uouonlun
(ppm)
NMIgaudeannIsy | 628 | 655 | 59.2
gl (%)@1nN13
AUIN)
UTeaN3AIMNITN 37.2 34.5 40.8
Tvdl (%) (3013
ATUIN)
MU

AT 1 Mu1eDe N15M5I978 5 hour 1a991nNSURMLEN

ASIN 2 MUBDe N1SMTI9TA 8 hour 1aIAINAISUMLEN

Qe

[
o

ASIN 3 NU1EDe 115ASIATA 10 hour 18991AN1SUA
LN

12 1000

10+ -4 BOD

8 L =
'50‘ - E,Dl)ﬁ
s | ]

o 1=
S 1 2004
L o, 2

a L ®,

+ \IJ
) L & .. 4 200
L > .
0 I | | 0
1 8 11 16 byl
0, (%V)

sUN 21 JevazlagUTumsingeandiau Tesarlay
Usumsvaangasuaulaeanlas wazUSunuennie
Wwvasialawde

N3esUN 19 adull 2 nsngrau - Sunaw 2567

105




NIATIINSAULNALULAENAIMNTTH UM INNTETUFYIMnan3

4. aAUTIENauazETU

SR

NNANITIHIAUNA AT M9l VoA ue w318 nd
W INedesesndeas wudn mawnduldinand
Aout1saveuIy 89 9 hour WewSeudieuiuniswn
Tuszuugaamnssudedeaudsiunaluniswdn waz
nsmuaun s Eademadiussudauniian lag
Un@azltarlunisiwiuseunm 6 - 7 hour [12] lag
ATUALTTINYBINEN TS TIH LN ST UIUNTTT UFULUY
Weady flvunn wasamuuvesdnsueifilndifosiu

Tuns@fnwadiinuin vlevesmdndasivsindd
g fanuvainraigludunountsdugy
nARSwe waznanSuaidaununfiunnsiaiy vli
FossiingrTilunisin emuaNszeznat wazdam
nsenetvesndasasldliintusingaiuly e
YIUANTATINITUANAN LEUNIY TENRT1INTTLRAN
Taglanztsgamgiitas 400 °C usniindnsiasiazane
ffwLLazmmsﬁyﬂuisﬁuwﬁﬁImLaqaﬁuauﬁaﬁwf}yu way
Famaniioldansdunidludefuiu dsgumad
700 — 800 °C

ASINILARDU

ANATANYINTTNLAGDUNAR A UL ANE Vo3
Audlrsiing umIng1fe ATy afsil nut
fiYadufifesnunumalsUszns 1l YuIn AN
LLaﬁ%misﬁugﬂwamﬁ’m% AuuanAAuLIN dawalin
nswndesinnuseiase Salunsiiugamgilugians
i L ua29n15A18Y LarALT UYoINE RS
UIEINANISILUUFUAUaNysal (Oxidation firing)
Admmuuuldioueais Wudomads 99nnnsAnm
i lofnnsanesiuszneuielede fusuaenmiu
(Excess air, %) 180.8 % warUSurueendiausdu
13.5 % iiaran 10 hour MERINBUNMTHILATEU 39
ADAARBINUAINA BINITIALAARANIENITEUAY
auysel uazidewUSeuifisudunis@nuives [10,12]
wuludeendindunisivSunaeendauuinniivie
Wity 8% egnslsimuszuninenswnlwifidenneiu
szifnfwadueuteuuenlydtuTe1aazdmanseny
T¥dledeunguithinonisdudiusinasueusili
\ine1n1saRnLA oy wiowUd sudluldnsefudiiu
AaaMIUANNLTuYesd a19meluR e U NS ITLANLEN
wuuldlnidudewas deasdinuazenalunisin
Tusfunnndn lrliigmenuiindieuvesdldindou
flgarnnisunlug Mndadednantisiu e1aasinis

danansenuiundadasiuisduauilddsaylunig
anusdldiAdou Jarudnarsasaunatadudunn 3
a13vziinIndadeludunisinlngdldany salves
Woaudwmalialdadeuianufindeuluainai
Wuasa [13,14]

GEIL

1. nsgegsdeannnisntnsieglugae 59.2-65.5%
danaliuseansamniswnlndoglugae 34.5-40.8%
9111138 neAsed i ldiunuantslunisidiy
UsEANS A NN AL U INTE UIUNSILG S NG AR
Tuld Inen1sannisgaydeainiielewde (Flue loss)
metaodlowde laun nsususasidiuennaiildwn
Indliungan wnenmidnninuliazinauseusen
nALENT ansUaesletdsnnndu @ sdanaldann
oumnilowdeiigedu (151 2) gumglnglumniigend
wnsguazdnalinunmnindusianatiasiazding
Tgudsaruiounisdaasloidouind wiosan
qungiiloidugaty

2. fanudndulunisauauaamgilummnligs
91 850 °C WiaufinuszanSnnesnisiidnansuaiy
wagliiAnnsnlndifanysal uazgamgiilusioann
luilaimasgaiia 1,100 °C Fsazinlonmansliiin
waiwuszanansusenavlulasiausanlas (NOx)

3. Tunszuiunisniswaninisauausdnsinslia
AUS B UYUTEUI 100 °C/hour (A15LE1A U LTy
96 °C/hour waz n1swnadauLiy 99°C/hour) Sadas
sefseflunsiivgrmgfiegnetn o R idududsedvs
sadRfliann1sTansuduRLSE S utedniy
I T N IR TR o N P R e AT T N P R ER I
ﬁmagj‘ﬁ' 0.998 ag 0.964 dNMTUNTNIAULAZNITLAN
wasumuay deduindarundugndusgiauin
desnngiudunswniedoutuivsyaunisallunis
Usuanonsinstiaiuseu

pe14l5AN1N NSRRI ndveean1Tung
Boudnaondin ffediindesumunsdidorisnn
gﬂwuusum%umummﬁﬁﬁmmm1mmsﬂ,umnm
uiarads wazAanssuiionantunuduiliin wazl
asinaue fay 3slilawnsomuasseznanswani
Forou wazuyueuld (desanusunamd e uay
Aanssufifiusunadlidunn wazldasinaue Wisliszudn
Wi aLeafia iyt afossiusand el
I@iileawe unzaufunmsLazass yonainiinis
Andaunnsosiuiuiu vlrldasnsadsovauld
wazsiliAneulddulatugnéniidede
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FalauouuzfilaainnisAnwnasnuiseseios
dmfvanifumaioudnaondin fel

1. fafsgansaatn Hinngauuassuiindoya
solies laun AR5I9TRg NN T UTuaue ALY
U3nnldestods Wudu iefnmuesdusznauleds
wazlduading 12UTURAINTEUIUNITLN B LY
Uszansamnnsilng uenaind tausuugliusuuss
gunsalingamgilumumiasiuuinmamin lnglv
ansnduiintoyaseiiledls

2 Anwin1sanianIswaauiiaout 19wy 990 9
hour TilndiAssdulussuugaamnssy 81 Mnanly
ATIUTENIU 6 - 7 hour WAYAALIAIAISHILAGEY
91 12 Flusas Insfinrsanasesusnsnsliany
Soudsilagtiuegiuszanas 100 °C/hour

3. U uREUN1SeIL (Work Instruction) 71
Falauuazniuasunsinulagg UjUuRausuiu

U a o

UNIY

5. AnAnTIuUsENA
YeYaUANANITUNTT YU NaDAT TN UINETY
swAgWeese fewnszideyaidunsdiinw aue
ATANENT UMITNYITEI1VA LT 89518 UavANe
waluladgnavnssy a1 Ine1des1vaideese
Iewaszigunsaluasnisldviesufifinig
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