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Ceramic molds for dipping process of natural rubber products
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Abstract

The aim of this research is to develop an optimal formulation of ingredients for
producing ceramic molds used in the dipping process of natural rubber products. The
methodology was divided into two steps. In Step 1, we tested the properties of 10 different soil
mixtures using an equilateral triangle grid diagram to determine the optimal ratios of kaolin,
diatomite, and bentonite. Specimens were created using a solid casting method and fired at
800°C in an oxidizing atmosphere. We assessed physical and mechanical properties in
accordance with ASTM C 326-03, ASTM C 373-72, and ASTM C 674-81 standards. Color
measurements were conducted with a Minolta chroma meter, while mineral composition and
content were analyzed via X-ray diffraction (XRD), and microstructural properties were examined
using scanning electron microscopy (SEM). In Step 2, we tested the practical applications by
using the appropriate formula to create a prototype for the rubber product dipping process. The
results indicated that the optimal clay mixture for manufacturing ceramic molds comprises 53-
58% kaolin by weight, 27-36% diatomite by weight, and 10-15% bentonite by weight. The
ceramic products exhibited distinctive properties, including an apparent porosity of 41-45%,
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shrinkage of 0.7-1.0%, open pore volume of 11-16 cm?3, and a modulus of rupture of 6-8 MPa.
The application of these ceramic molds demonstrated outstanding properties such as
lishtweight and excellent latex absorption. Workpieces produced with these ceramic molds
could be easily removed and had smooth surfaces with consistent thickness.

Keywords: ceramic mold, kaolin, diatomite, bentonite, natural rubber
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1. MsseNingAu U1ingiu Auva (Kaolin) lnexmeuluvi (Diatomite No.RS-80) way
il (Bentonite White) Ssrinunszuaumsdnsnnuisniuaneuldanutuiigumgfi 110°C
Huran 24 Halus
2. ms%u;sﬂ%umaau
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dhunau $1uam 10 gas ndngau Auvn laszmenlat waziuulnlud fmsied 1 lnesauingivas
lundeunruin 2 Alansu nieugnuaegiun Ywin 10 15 uag 20 Hadkuns Ui ¥ vewmidoun i
tnses 1600 Taddns smsrdu solid - liquid; 1 : 1.5-2 ﬁ’j&ﬁﬂ%mmﬁwﬁLﬁuﬁuagﬁw%mmwuiwluﬁ
(WimanhudsiulnessatuuTimanuulnlug) vanauingAulaglfiadosunnay (Ball mil) WWuwian
26 713 wawdensly 1 fu
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Yunanainesaunnses e 3.00 lWUAWAS 817 13.5 1wuiuns waz 8 1.5 lwuiuns MNABUNAABY
nlluisigaumaiivios
2.4 pnusistunagey WWeuiiavssymneiauLiunadey

Inoznaulun

A 1 Msimuegadunauvesingiulagldmaeumionnuil

M15797 1 @nshunay 10 gas mwaiisudadulasimindudadndudosidus (%)

Fadndaetimiin (g) Fndunduesidud (%)
ans = - . = - .
v Aiua lnozmoulum wulnlud Aua Inozmouluy wulnlus
1 40.00 15.00 25.00 50.00 18.75 31.25
2 40.00 25.00 15.00 50.00 31.25 18.75
3 40.00 35.00 5.00 50.00 43.75 6.25
4 43.00 18.00 19.00 53.75 22.50 23.75
5 43.00 29.00 8.00 53.75 36.25 10.00
6 46.50 21.75 11.75 58.13 27.19 14.69
7 50.00 15.00 15.00 62.50 18.75 18.75
8 50.00 25.00 5.00 62.50 31.25 6.25
9 54.00 18.00 8.00 67.50 22.50 10.00
10 60.00 15.00 5.00 75.00 18.75 6.25

e 135



wuuiuileInddmiunseuiun1s Tl UNEA 191N 195 TN

2.5 MsnadeuAuaNTRN N e MLaTAMENURAMNA (Physical and mechanical testing)
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326-03 Imauwumaauiﬂawammu 110°C LUuLaa’l 26 $lue Saraunevestunageundseu
mﬂuuuwumaammwammu 800°C amawmsmuammu 3°C/U 8ﬂ1WVIE)ﬂJMﬂ1J 800°C 1Juran
60 Wi Uwﬂmmmm’]mwumaawaqLm AR S AuaNNST 1

St = [(LP-Lf)/ Lp]XlOO ......................................................................................................... (1)
1D

Lp A ANNATNVDITUNAFDUVEIBU (Mm)

Lt D ANUNINVBITUNARBUNA BN (mm)

2) YSunmsgnguida (Volume of open pores, Vep) ANUNUAIUIING (Apparent porosity,
P) A159), AU (Water absorption, A) A2110 19391t W1 g (The apparent specific gravity, T)
PYIVILIULUEATIY (Bulk density, B) MNEBUAINNIASEIU ASTM C 373-72 T unaaoUR i1y
ﬂrﬁLN’W]@m'Viﬂll 800°C SUQ‘U']'WTJFI UUWﬂLUUWWUWW‘UﬂLLWQMaQLNW ﬁ]qﬂuumﬂsﬁum@a@‘Uiuuqﬂa‘ULﬂu
1381 5 ‘U'ﬂll\‘i LLauLLSfJ‘TjumﬂﬁaUWQl}ﬂuquC‘]NL‘UUL'JE:I'] 24 ‘7]']11]@ L3JaﬂiUL'JaTWﬂ’TV‘u@‘UQUTVIUﬂGUU
V]@aaUsLuquumﬂLUUﬂqquUﬂ@ll(5\']@']E’Ju’]‘sﬂ\‘lsLuurlLLaSGUQquuﬂsﬁuwmaQUé‘Luaqﬂqﬂ ‘Uu‘me‘U‘um
dmindushseidilueinia fuameeng 9 FUALNNTT 2-6

Ysanasveagniuitn (Volume of open pores, Vor)

ANUNTUFIUIING (Apparent porosity, P)

P = [(IMD)/VIXLOO. ..ot s (3)
m’a@m%’mﬁw (Water absorption, A)

A = [(IM-D)/DIXLO0.... .ottt (4)

mmwmuﬂuﬂi’mg (The apparent specific gravity, T)
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WUU 3 90 (3-point bending) A1M3L52989WINA 10 fadiunsAowd s2831193813199A5035Y
60 TaAIIMS AMuIAAT M AmannsTl 7
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Junaanes wuin amw 1 amw 2 amm a LLauamm 7 "Lummamusﬂlm suumuu.mm Largns
mumamwmmsmusﬂlﬂu 6 anshe amm 3 amm 5 amsm 6 amsm 8 amsm 9 LLa”ﬁMi‘Vl 10 fan it 6

(
i
I

5

M 6 dnvarBuvageu (n) ansildaunsatugule (@) gesiiansatugule
2. msmsqafmamumaawmmemmu 800°C
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715199 2 FVDIWUNAFDUNSLRTgUNAT 800°C
qns L* a* b*
3 87.98 4.22 15.95
5 87.55 4.52 16.40
6 86.61 5.16 16.40
8 87.54 4.75 16.21
9 88.16 5.16 15.41
10 87.84 5.15 15.77

Tngfl L* Ao A1mnuen3, a* (+) Ae Adwng, a* () A Adlen, b* Ae AANMUEDS

3. miﬂnmﬂﬁuamﬁmwmamwLLaUﬂmawwwna%awwﬂaau
mﬂwammm&mmawmmqmﬂmwLLavauumwmﬂa mmmaw 3 WU %u‘mmaum 6 g9
fAnsnefns unLedy (S) wag Uimmimaawsumﬂmaa (Vep) A Asuadavd s S unaain
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Luamuuulummmmum‘wﬂmﬂﬂﬂmmmmvmﬁjuiﬂmamm% (Wesieu, 2560) uaﬂmﬂuﬁ]“mmw
Guu‘mmaa‘um 6 gn3 umm’mwwmﬂiﬂﬂgmaa (P) 33N aamﬂaamummimmummaa (A) ‘Vl?N
LNLTUAU aamammammmmmbmmmmmmmq ﬂ’lﬂ’J’]iJO’N‘\]’ILW’]”U‘i”IﬂQ (T) hagAmIAINURUILUL
8059 (B) Sty 2.50 ﬂimaaﬂmﬂm%umms ey 1.20 ﬂimaaﬂmﬂm%umum AUAIAU
mumimaal,mnm (/\/I) am‘w 5 LLa“ﬁ(ﬂiﬂ/I 6 311 6.59+0.17 WNEWIEAA Uay 7.85+1.13 WNEWIEANA
AN mLUumwmmmmm 3 am‘w 8 am‘w 9 amm 10 ey :,Jmamamumammamimama
FaLau lnslanig amw 6 umlmamadmmmwﬂmm 7.85+1.13 wngmiana luvasi funay
‘vmm'iﬂmﬂﬂmaamanmnmmmwm 4.06+0.28 LUNEWIAAR (uﬁuw 2562) mmimaaﬂuaﬂ
mmmwmmmmmﬂmmLLiwawumu ﬂ’]IiJﬂﬁﬁ‘U@x‘lﬂ’]iLLmﬂMﬂLL‘U%NUIG]EJG]NF]UMWT]@JLL‘UQLLS@)

a

A13519% 3 AENTRNINIENNLELAMANTANINAVDITUNAADUNABRINYNNL 800°C

fin gns
nAgaY 3 5 6 8 9 10 AUNENI9NITAN
St (%) 0.89+0.28 0.75+0.20 1.03+0.23 0.91+0.25 1.11+0.16 1.26+0.06 1.26+0.04

Vop (cm®)  20.35+0.71  15.42+0.56 11.81+0.53 21.97+0.78 18.62+0.70 18.13+1.24 23.42+0.96
P (%) 51.04+1.05 4531+0.66 41.41+1.20 50.64+0.55 49.75+0.45 52.04+0.31 31.78+0.04
A (%) 47.20£0.96 40.17+0.59 34.52+1.00 44.41+0.47 41.59+0.36 44.21+0.25 19.36+0.02

T(e/cm®)  2.21+0.05 2.06+0.03 2.05+0.04 2.31+0.03 2.38+0.02 2.45+0.02 2.41+0.01
B(g/cm’)  1.08+0.00 1.13+0.00 1.20+0.00 1.14+0.00 1.20+0.00 1.18+0.00 1.64+0.01
M (MPa)  2.26+0.25 6.59+0.17 7.85+1.13 0.34+0.03 0.65+0.18 0.54+0.09 4.06+0.28

q, ﬂ"li’)Lﬂi’luﬁaﬂﬂﬂiuﬂaﬂ‘ﬂ']ﬂLLﬂJa\‘i‘lJu%ﬂﬂaU‘iﬂaﬂLN'WIE]EUWJ’]&I 800°C ﬂ'JEJL‘VIﬂ'Llﬂ XRD
NamnLm’wviaﬂﬂﬂi“ﬂaumﬂmmaL‘vmuﬂ XRD ﬁuawumaauamw 6 (wmaamawwvamw
6 Laaﬂmﬂau‘um‘vmmﬂmWLLa.vWNﬂa) mmmmuamaummam%nm 800°C FIANT 7 WU
SIJLL‘U‘UWP] XRD ma&‘ﬁummﬁaummmmﬂmu XRD a1u1n351U International Centre for Diffraction
Data (ICDD) #tu1ata®w 01-089-6538 01-085- 0794 00-026-0911 way 00-060-0315 5% ‘UL‘du Kaolinite
Quartz Illite &z Montmorillonite #uEIAU ‘vmu Kaolinite LUuLLi‘mLﬂuaauﬂiuﬂaumﬂwdumuﬂm
LardAINUAUWUS AU Quartz Lag Ilite 7 WnUe Uuog Tudu G ol wavAy, 2546) &au
Montmorillonite t&uusinuannlusuulnlug (Indns, 2541) sﬂﬂﬂu‘m’JLLﬁuLUuIVlluﬁlLU‘LJﬁTL!NﬁiJ‘UE]\T
mamuﬂﬂumiﬁuuiﬂﬁnummau Iusum“’%iﬂLLUU‘Wﬂ XRD mawuwmaauwaumwamwﬂm 800°C 4l
EULL‘U‘U XRD 913119 957U International Centre for Diffraction Data (ICDD) %#s18La% 01-085-0794
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Lmuﬁuﬁmwﬁﬂéﬁm%uﬂssmumsaim"jusﬂwﬁmﬁ’wfmﬂmaﬁiimwﬁ

01 082-0512 waz 00-026-0911 iy‘UL‘U‘u Quartz Cristobalite wag Ilite A udIAU WLLEMW WU
Funaaeundani 800°C aumﬂmaiuimnaiwumiLUa&JuLLﬂaﬂmﬁaiwwaﬂ ‘WUENﬂUiuﬂE]U‘UENLLi
Cristobalite Imaiuuaﬂﬂﬂiuﬂauﬁuadl,lj Kaolinite waz Montmorillonite Luaﬂmﬂ Kaolinite Lll’e]l,mw
aamnum 450°C nqu OH' ﬂﬂ%%ﬂ@@ﬂﬁ]’lﬂiﬂﬂﬁi’mwaﬂLLauLﬂﬂﬂ’]iLiENG]’ﬂmJL‘L]‘L! Metakaolin Fadu
nauey mawmiﬂiaaswlu L‘U‘LliuL‘UEJ‘U vaaqmﬂmaﬂlmmmmmaawﬂmma XRD (U3, 2547),
(?I‘Ll’]i uazAMY, 2562) @21 Cristobalite Ffurezdunannannisildsulnseadawdnues Quartz
Luanmﬂammu 573°C Naﬂ Quartz Li:uLﬂmmil,ﬂasJuLL‘UaQIﬂNaiwlﬂaa’Lusﬂ Quartz gungiigaay
nanewdu Cristobalite ma‘uumamuammmmawu Tuauzd Ilite L‘Uul,l,imwmaa’lmumaaumum
ﬂauLmLLawﬂmumiLUaauuﬂaﬂmaainmaﬂuaaqumuqu 800°C

I | c c W1 800°C

Intensity (A.U.)

Position (20)

AT 7 WANFUATIZA XRD maq%uwmaawﬁumﬁqmmﬁ 800°C qmﬁ 6 (K=Kaolinite Q=Quartz
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