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ABSTRACT
The purpose of this research is to study the chemical properties of soil contaminated with iron rush. The study aims to determine
the optimal mixing ratios of iron rush-contaminated soil with other soil and raw materials used in high-temperature firing for the
development of ceramic tiles. The chemical analysis revealed that iron (Fe) was the element present in the highest quantity, with a
concentration of 282,715 mg/L (141,357.5 mg/kg of contaminated soil). The composition of the iron-contaminated soil includes

aluminum oxide (Al,0;), iron oxide (Fe,O;), potassium oxide (K,0), titanium dioxide (TiO,), manganese dioxide (MnO,),
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magnesium oxide (MgO), phosphorus pentoxide (P,0;), chloride (Cl), calcium oxide (CaO), chromium oxide (Cr,0;), nickel oxide
(NiO), copper oxide (CuO), zinc oxide (ZnO), and sulfur trioxide (SO;). Among these components, Fe,O; was found to be the most
abundant, ranging from 72.04% to 78.85 % by molecular weight and loss of ignition (L.O.1.) 14.655%. The average density of the
soil 1,632.50 kg/m3, the average moisture content 6.72 %. These values indicate that the density of the soil is similar to that of
normal soil, which typically falls within the range of 1,492 kg/m3. The color of the soil is reddish-brown, resembling fired bricks.
After the soil was developed into ceramic tiles, the physical properties were evaluated. The highest shrinkage, at 8.97%, was
observed in the P60 formula fired at a temperature of 1,100 C. The color of the tiles after firing varied from dark brown to orange,
depending on the mixing ratio of the iron-contaminated soil, which contributes to the red-brown color. Increasing the proportion
of iron-contaminated soil resulted in decreased tile strength, while higher firing temperatures increased tile strength. The highest
flexural strength value, at 77.07 kg/cmz, was obtained from the P80 formula fired at 1,100 C. The PS80 tile formula exhibited
water absorption of more than 10% and a modulus of rupture (MOR) of less than 7 N/m ’ meeting the industrial standards (TSIS
2508-2555).

KEYWORDS: Recycling; Rust Iron Contaminated Soil; Ceramic Tiles
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Fe203
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Profile: Calcium Oxide
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Profile: Phosphorus Oxide
Profile: zincite
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Profile: Iron Oxide
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Profile: Nickel Oxide
Profile: Potassium Oxide
Profile: Rutile

Profile: Halite

Profile: Sodium Oxide
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g/em” LA 45.95 kg/cm™ @IUANAU INDIWNQUNYNDN 1,050 °C UMINATOUUANUUVIT ANV U 52.26 kg/cm”, NITHARND
v

] ° 4 a ' 1 ] 1w
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gAIveY | QNN antAvewnanAaoy
UNINAaeY Co) MINAMN (%) | ANUHUIMUY (g/em’) mﬁgﬂ?ﬁm% (%) | MOR (kg/cm’)
C NOUIA 4.1120.60 1.624n - 14.59+4.30
1,000 4.58+0.31 1.5240.01 27.86+0.23 51.70+31.09
1,050 5.88+0.51 1.54+0.02 26.84+0.56 157.0240.51
1,100 7.50+2.23 1.63+0.03 23.1242.14 220.68+n
P 60 AOUIKN 5.58+0.33 1.58+n - 14.34+0.56
1,000 6.13£0.35 1.65+0.02 29.81+0.37 50.72+0.96
1,050 8.61+4.06 1.70+0.01 27.30+0.26 93.3142.54
1,100 8.97+0.24 1.85+0.02 22.43+1.09 177.914n
P70 NOUIA 4.7240.19 1.65+n - 19.1942.71
1,000 5.4240.16 1.65+0.01 30.74+0.50 43.20+14.33
1,050 6.12+0.14 1.68+0.02 29.27+0.66 97.83+35.95
1,100 8.58+0.18 1.83+0.02 24.13+0.61 203.26%n
P 80 AOUIN 4.54+0.64 1.67+n - 14.01+0.83
1,000 5.86+0.60 1.6140.02 32.9240.75 45.9546.46
1,050 6.29+0.40 1.84+0.18 24.97+5.75 52.2646.06
1,100 7.97+0.34 1.5620.14 34.7144.98 77.07+n

Seree Tuprakay | 47



AAINTTUAITAVUITYBASTWRAIUN U4t 35 atiuft 1 unsrAu-Suau 2567

Engineering Journal of Research and Development Volume 35 Issue 1 January-March 2024

a A A
3.4 auaAUIAU

F
(4 K7 9 v a

= X a @ g o 1A 9 <3| o &
AUDAUUDAUNINITINININUAIIUIU 3 FATWUNUFAAULAUINAVNDDNTY Lﬂu'lﬂ@mamwmuwammﬂuﬂmﬂau

A Aq v 3 o A =~ = Y a o g s A ' a A a
ﬁun%iﬁﬁummuﬂﬁ ﬂ\ulﬁﬂ\flugﬂﬂ 9 LATANTITINN 3 ﬂgn’iullﬂj’] g@]jﬂuﬁnjﬂgﬂ PAA ZUAATY ﬁﬂu@ﬁiﬂuﬂmﬁuﬂu
)
U

a < & H 4 \ < 7 o A a o A
ﬂULﬁ@uﬁuulﬁﬁﬂ ﬂglﬂu%u'lﬂ'lﬁllﬂﬁ !ﬁ@\ﬂ]’l"ﬂ’]ﬂﬁﬁ?ﬂﬂﬁﬂ%@ﬁ !Wﬁﬂﬂﬂﬂbl“]fﬂ ﬂ]iﬁlu@ﬂuﬁﬁﬂw'ﬂlﬁ 'Wna!sﬁ}il

4 T W 1 a 4 a § & a < o w
s 9 umvsdredAuneNNIIg C nazauiuilouaiiumangas P60, P70 uag P8O (Feamud1a)

1
~ a

H v
M3 3 FveuiloAunoutaznaurmNgungiai o

T
) Fuoailofundamsmn
gay FueaiiofuneumMsIEN
1,000 °C 1,050 °C 1,100 °C
o ' a ¥ | o Y X | = Y IR
C A3NeBNMBDY Asuoandusdon | fsuoendusen | | ajuoandugauun i
I ]
P60 easenm hnaeendy 1hoavandu wmaduesnduy

¥ v 3 ¥ ¥
HIMaonay W[V NDDNTN

¥ v 3 P S P v S ¥ ¥
P80 Hmaguanntini UINIRDDNAY Hmgariunanau WM INDDNTAN

¥ v
P70 | ihmaduennim manondu

3.5 MSNANNIZIUBIEIINN
4
MINNMINATOULNIAIBENVBIGATAUTTAA1 9 Ve IdAengasAL P8O wimnTzIlouws1ln Tagidonrimuvue
a a a A = 3 Y A vy (Y l
5X 5 1uAmag 10 X 10 tsudmas wag 15 X 15 isudamas odnyianuiull1e e lddoyannmsnadonuniiedia
[ ~ o W a I A A A 3 a < d I 4
%'waﬁ’uﬂﬁuﬁﬂﬂgﬂw 10 (0 (V) taz (A) MNAIAU mnmflﬁffgmﬂu P80 Lﬂuqmﬂuﬂ%’ﬂuﬂmﬂau’dum‘ﬂaﬂ BIHET
Yo v a o & s 3 & LI o A . & Y
Tagrimiin aenduiuauduiegl PAA 20 o5 idua Taeimiin infiquygil 1,100 °C aw1savuglldaiunin
, Y oA ¥ - , . Yoo,
Tasaunsodmuasuia 1@ inaramdewnundi wasgunszdesssiinuuy linden uatinsgaduiununii 10 %

SunseTugaauandidiosndn 7 ddudensauuas MUNIATFIUEATINNTTY (WON. 2508-2555)

48 | WSe dusene



AAINTTUAITAVUITYBASTWRAIUN U4t 35 atiuft 1 unsrAu-Suau 2567

Engineering Journal of Research and Development Volume 35 Issue 1 January-March 2024

(f)

' Y H
sl 10 vnanszidiouwsiiin gasau P8O tigaingll 1,100 °C

(MS5X5em W) 10X 10 cm (A)UAL 15X 15 cm

4. aylwamsIde
wa a & a I y a I = a & ]
auiAvesauudlouatiuman wusgiunigailu Fe JuSua 282,715 mg/L (141,357.5 mg/kg auiluidlon) Tag'l
I A o A o A (a A o Ay 1qY ¥ ~ Yo o
Wuvoudsdunsieamilszmansznsgaamnssy (3e9 msdamsaelnansodagn luilduds wea2see lnaldaidy
9 3’, T A a a o s a 9 a <3 4
vndeawa iU 1 Tguieu 2566 damilszneuvesesdlsznoumaniivesdu Uszneuaie agiui (ALO,) tanoen lua

(Fe,0,) Tnunadonoon lad (K,0) Inmifiou'lasenlad (Tio,) uuaniiaoenlad (Mno,) uuniiiFouesnlad (Mgo)

Seree Tuprakay | 49



AAINTTUAITAVUITYBASTWRAIUN U4t 35 atiuft 1 unsrAu-Suau 2567

Engineering Journal of Research and Development Volume 35 Issue 1 January-March 2024

WoavleSaeonlad (P,0,) aae'lsa (C) uaaiFeusenlod (Ca0) Tasiisueonlad (Cr,0,) Hinasen lad (Nio) aelinlof

s a s @ s s ~ ' ¥ o
20N Jya (CuO) Faroon laa (ZnO) uag Fanlosoon lua (SO, Tagny Fe,0, ¥10NgA 11979 72.039-78.853 % Tagimiin
Tuana Manuvuiu oglusg 1,583-1,682 kg/m’ manusu oglusia 6.65-6.79 % iWuduiimanuvuuniulndifes
Autlndam Teglusg 1,492 kg/m’ Gveaiioauiuimanaidy

@ 1 a & a S o A o & 1 a ) 12 o { a 2
amwmuwﬁuﬁumﬂuﬂm“ﬂauﬁuumaﬂﬂmumm]gﬂ LWWﬁ'ﬂqﬂ!ﬂﬂﬂJgQ dgmsumswannnszioussiin U

CY

@

[ 1 ¥ a a & a I3 a o a o a 1
dasdwauveuiloauvesauuilouativman uazdudusozl PAA Tumsivtedsduiiunmsnaaes gas 4 gas laun C
= ¥ a [ 3’1 ° 1A Z; 1 %‘ I o 1
P60 P70 11z P80 FupailoAuraImsmnanuaium 3 gasnuiiaawamhmaduesndy iulawsasndmwauues
a d’l A Aq Y %’ A a a d’l a I I = %’ A = <3
avudleuaiinnlnmhamauns gasaunnauavlutlouaiiuman szludianiauad 1tewNALAIUHNTUUDL 11N
I v ¥4 Y
pon laa luSuamniige gasduinauauludleunniuzdinarhlisuussdaanas mmdeSunssdavesdiugas P8o
Nunfga TAWNNY 77.07 kg/em® NY@HYNNIIH 1,100 DIF ST
~ 2 A A 2 Py =2 ¥ a ' o o 9 vy '

mamsenuginsziiosgasau p8o awsatugl Idimsgaduiniunit 10 % Suuse Tugaauanialadesndn 7

HIAUADAITIUNAT AIWUIATIIUGATINATTN (WD, 2508-2555) LT IUNTANHULNIININN dAd 10T UNT 101 52AY

FITUWIA

5. Yolauanue
° = av 1 9 Y] a Y] 9 a o ' A a 9o o Ay
MMsAny1ITeR0sAAIUAUNUNMISKHAALAZANURDIMIMUNARSURNITTIdp U 1N 1InMs 15 Taquoudeh la
v Fa
sUATIBNINgATMNTTUINO AT URUATHENVMYWABY (Circular Economy : CE) taziiniiziau Tanzminduiloulu

%’ Y a I a o o
11192 (leachates) ¥1nAIMIHANT AR S uwiae 11

wailszlerriudou

Y A

3 dy 1 o 9
wmaumeﬂszmmm*ﬂmmu"luuwaﬂﬁﬂﬂ%umcmu

faanssudsema
a o dy Yo av 1 Y a o o a @
UVYU “hlﬂii_lnuq@ﬂiéuﬂ?i'mEﬁnﬂ\ﬁ_ll]‘igll1ﬂ!'51EJ%WEJ%'Iﬂ51EJllﬂ3JWTW]fﬂafJ§13Jﬂ1!LW\1 15z1nnurIneas lag
v Aaw @ o d a @
ganiuIveuazia aulszanalsysnil 25657 VDUBUNITEAMU ﬂ‘i.ﬁll”h/]ﬂ NHIY 1J5251UNTTUMT 1TINUAALENVES
A Ay a S a ¢ 9 v a v a Ad a v o a 2 Yq Yo o
LW@ﬁnlclﬂﬂa'\]\iEW’]mTﬂﬁuﬂﬁlélu"llﬂgaﬂ’]iﬂ’]uﬂ'ﬂ’]uﬂ@uu')%’m !Lag'J@Q@UVIEﬂuﬂuﬁ]']ﬂfl]\iﬁ'JﬂWE%Taﬂ L’ﬂu@“ﬂiﬁﬂmugu1
A ]
ijuﬁﬁiﬁ}"ﬁ}ﬂ%uug "’U@"U'ﬂnﬂmﬁ,ﬂﬁﬂyTﬁqmquqqﬁjﬂﬁiuﬁﬂlljﬂgﬁlu ﬂmzqﬁjﬂﬁﬁnﬁ’]ﬁﬂg Nﬁ’]’)ﬂﬂ’]aﬂi’]nﬁnlﬁﬁ Llagqﬂﬁ}’]ﬂ
2y 9 7 o s Y \ ° oA d wqw 9
uﬂﬂﬂmﬂﬂi’]ﬂm@ﬂWﬁzﬂm Q%’Jﬂﬁ’]ﬁ@ﬁ’l%’]iﬂlﬂﬂu NHNHSIU @’m’]iﬂ;ﬁﬂﬂ'ﬂuiﬁiﬂLlﬁzﬂ’llﬁﬂﬂ’]@ﬂ’mﬂ@!uﬂﬂ ‘VNENGIW?]'J'HJE

) a = 9 av Id A av g‘/ 19 av
MUIIINN ATIVADVTWAIDeATDIAUD IATINITIVY !f]_]u‘ﬂlﬁﬂHW’]af’)ﬂiﬂi\1f‘ﬂ'i'J?lEJC‘NLLC‘]GIH%H%‘UIﬂ‘NﬂTi’JﬂfJ

19NA1391909
[1]  Thanasarn. mﬁﬂgilmm, 2565. Available from: http://www.thanasarn.co.th/ [Accessed 18 AIMIAN W.A. 2565].
[2]  Chiara Zanelli, Sonia Conte, Chiara Molinari, Roberto Soldati and Michele Dondi. Waste recycling in ceramic tiles: a technological outlook.

Resources. Conservation & Recycling, 2021, 168, p. 28.

50 | WSe dusene



AAINTTUAITAVUITYBASTWRAIUN U4t 35 atiuft 1 unsrAu-Suau 2567

Engineering Journal of Research and Development Volume 35 Issue 1 January-March 2024

3] B NGABE . msAnlse Tomivesdunsnou/szthoinnszuaumnaminiszih tio 19 umsnaanansadia i, nuItemsilszih
UATHAN, TIBNUMNITINY, 2545,

[4]  gnTa1 MIZIN AASS AUNU 0UUANG DUNTHEI Az TINGA INGUTITY. miﬁ'ﬁumsﬁ@ﬁuWﬁuéhﬁﬂgﬂmnaumn@uﬁﬂi:ﬂﬁm%’mm
wiosduunn. e 3suswsgwszuns @ Inemaniuazima Tulad, 2562, 14(1) Wi 117-136.

o a 4 o a LY

o A a a a = o J a
[5] WUINA J1NITNANG LA A1H IATIHU. ﬂfuﬁiJ‘]Jﬁ‘l’lNﬂ1fJﬂ1WelJENﬂuL‘HL!ﬂ?!NTN?aLU1ﬂ1ﬂ1ﬂVlﬂﬂgﬂﬂiJh],llGIWﬁiJI‘V\IiJ. ﬂ?il/i&”’ljﬂf)?f“lﬂ?i

9 @ 'q a

k4 !
dmangsu Tosuniana a5l 25, msvseyugiuuvesn lail 15-17 nsngiaw 2563, wi 1- 8.

a4

a a

4 @ Y Y 3 a ' a I4 a a @ o
[6] HUNNIY WAaNIN. ﬂ1§WﬁNu1ﬂ5$‘U3uﬂﬁWﬁﬂ@ﬁﬂﬁ]iyjiﬂﬂi%LﬁHLLﬂ?LﬂuﬁWimU!mﬂ. 375ﬁ'75?ﬂ€/7ﬁ'?ﬁ'ﬁ544ﬁ$!ﬂﬂ7ﬂ Tﬁfl UM1ING1ayI1YNg)
AIazIAY, 2564, 1(2) Wi 1-11.
[71  Velasco, P.M., Morales Ortiz, M.P., Mendivil Giro, M. A., Velasco, L.M. Fired clay bricks manufactured by adding wastes as sustainable
construction material — A review. Construction and Building Materials, 2014, 63, pp. 97-107.
o = a o v v o A A A g9 a a a a XA a o o
[8] INHY WHNHSIU. ﬂ"liﬁﬂ‘]si']ﬂ'\l'lillﬁiﬂzﬁiﬁlﬂﬁﬂuﬁ1Uﬁ1ﬂﬂ‘lila”lﬂ mwmﬂimuunwaiwammmﬂ ADUN 1 NTHAUUDAUTIHNITIUNIT
' a a ° o v Aa o =1 v a o =
ﬁaﬂiﬂﬂﬂWimNﬂuﬂﬂ]ﬁ1ﬂN. TA1TTINAULNN ﬂi/ll?i’lf/"lﬂ"lﬁﬁﬂlﬁ&“’lﬂ?u Tﬁfl ﬂﬂﬂ?ﬂﬂ7ﬂ7ﬁﬁjllﬁ$lﬂﬂju ZZ"IEJ, 2556, 30(2) “ri‘l?h 98-117.

@ o oAl ° o a {  a a
[9] PN NENHSIU LAY G LUNAI. ﬂ']iWGNu']ﬂuLﬁﬁfJ'JﬂngW"l Lﬁawamm’imﬂ. Srinakharinwirot Science Journal, 2557, 30(2) Wﬁ’"l 131-149.

Seree Tuprakay | 51



