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Abstract

This work emphasizes on the studying of using silica mixed with the conventional
refractory materials. This is for reducing of refractory cost that is mostly imported from abroad.
Silica materials are mixed to conventional refractory grade gunning 3000°F with varying silica
contents of 15, 30, 45 and 60% by weight at cured times of 7, 14 and 28 days. The chemical and
ohysical properties are observed. Results show that the cold crushing strength, flexural strength
and bulk density increase with increasing cured times. On the other hand, the permanent linear
change (PLC) decreases with increasing cured times. It is also found that adding more silica
contents can increase the durability of cracking property.

However, at very high temperature, silica cannot resist the cracking due to temperature
changes. This study concludes that the silica refractory materials (SRM) shows the enough quality
to produce as the refractory material, type of the Conventional Cast/Pound (815 °C) for the agro-

industry using the thermal energy of Thailand
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Fabio A. Cadoso, Murilo D.M. Innocentini, Mario M. Akiyoshi, and Victor C. Pandolfelli,

004)[24] 1&iimsdAnuihieaaauidnsivueswsadamiiorvesiagnu liunaFeou
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4 1 wa [ oA ~ AA (a
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Y A a Y a a A R g 4

arunaurianu 'l 1iaeeq@ui taznageudni aUNUMEIUHENVO NN A

MInauAlITazIzIase i lumsmuiunInieg  1ilednindasdiuinanalnvzinane

v
auautavesiagnulv wu duiwnamulyl azlinasenaautia Cold crushing strength (CCS)
' Y
anag UazNuNsuAn317 (Shrinkage) dautlSuanindoonuly v linai ldinagwguge
o Y 1" Y o oA [l Y UM A Y A 3‘ A
pazir limswan lddndwmifans dwaldauaniiaaisganoseas e ldUsuiaim
wingan 92gninTag 1935 air cure NTzozAIMILY 7, 14 182 28 Tu MINadoUgUANIA
Y

woeiagnuanuion wwtinInaaeUNINIAIUNIEN N LaznIandl SauDInaaNianig
% Y A o 1 A A A qu )]

nasnaas tazganenemMidIUHauNangae Isn1INaToU Test of scale 1ag 1% module
Y 1

YOILNFUFIUNNTENUAUAMUFOUVEINIAGATINATIUMTINEATAIMSY Gunning Lining

type MINagoUAMaNTaAN1IAINTTUILIFUIATIIUMINATOLUDIDINTNT ASTM 11920

nasg I iagnu

3.1 MINAADUMUIAAIAINTINUUGY (Advance Materials Engineering, AME)

3.1.1 nadounuautaauaivesiagnu'lvinga Gunning refractory 3000 F° capacity

TaglFunsgiumsnagoUveani§osn1 (ASTM Standards) (a2 MINATOU-AATIZH A0
A a2

1399I IAY XRF (X-Ray Fluorescence)

3.1.2 ‘VIﬂﬁ@ﬂﬂmﬁuﬁaﬁiumEJﬂTWGU?NLﬂﬁﬂ Gunning refractory 3000 F° capacity Lmz%ﬁﬂ
Fams lagaaizrinaae Iaens 1y SEM (Scanning Electron Microscope)

3.1.3 ma@uamﬁnﬁﬁéfm Cold Crushing Strength (CCS) ASTM C133-97[29] lagag
nadounlseuisunsiagnu liarugu uazdaqnulinauiaqsan NuUSumiosas 15,

Y ' H
30, 45 uaz 60 lagiiviin 819131y 0 7, 14 1ag 28 U NNNATRUMIWINGUHYUANY

flo 815°C, 1200°C 1oz 1500 °C Tagnsufivzihmanaden Jagnu lignmniiguwgil 110 °C
I~ M ' ~ Y 9 A AA o I M
Wunat 24 ¥ Tueneunazgnlvanuseunganginivuailuszezinar 5 ¥11u4 lag

o @ A g o3| 1 = Y 2/' o a [
mwuﬂammmwuﬁmﬂu 5°C AoUIN vimmﬂuu‘nmﬁaﬂmm%}auﬂuﬁqqmwmﬁ’m 2N

£

werasgUil 1, 2, wag3 mﬂﬁu%gﬂﬁﬂﬂmﬁaumﬁwﬁnﬁﬁmﬁﬁmﬁm MINAADUIL
suiiumslagihiaanulinaudaniisasdiuaien nadevrsinalaslfinTos
(digimatic caliper, Serial No. MW072967) ‘ﬁ1ﬂh‘ﬂﬂﬂu%ﬁ’ﬂﬁ\‘iﬂﬁ18ﬂﬁﬁﬂ1ﬂ1§ﬂﬁ1ﬂﬁﬁ1 Cold
Crushing Strength (CCS) Faannsndunadad

L3INA
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=
WUNTULUI
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29

1000
& 800 | \
£ —\
[
g 600 | \
E | | | |
> ¥ ‘I
S 400 f \
(= | |
& \
S \
gv 200 ‘
J | |
\
\
0
0 5 10 15 20 25 30 35 40
na@ag)

dATIAIUTAM3eAL 0, 15, 30, 45 Uy

< A a9y " <
517 3. waaanmugiimisldnnudouvestagnulul 1o

60 Jaenimiin Ngauvgil 815 C

1400

1200

)

peser

1000

=S

800

(GNS 1]

Y

400

600 ji
/
/

?

200

0 5 10 15 20 25 30 35 40

na@EINg)

UM 4. waaamugiinsldanuiouvesTagnill Hoanarndamiseaz o, 15, 30, 45 naz

[
o

0 Taeninyin Ngaumigii 1200 C

(=2}



30

2000
8 1500 -
@ I
= T
= | \
& 1000
8 —_
= I
(=g 1
S 500
@ T /,
0
0 5 10 15 20 25 30 35 40 45
naEIng)

v

1 5. naaswugiimsinanuieouvestagnul Noasnarudamdeaas 0, 15, 30, 45 vaz

a

60 Taeniviin Naawind 1500 C

Q U

3.1.4 mﬁauamauﬂ’ﬁé{m Thermal Permanent Linear Change (TPLC)[30] Tagaziilu

1 a @ { { 4 @ t g
msnadeummlsinasnievunavesiganull  Anldouliiielasuanuiou  Fuiums
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A o9 @ o o Y

v o o [ [} 4 @ <
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3. L4 msdaanuenvediagnulvl  Adwvie  awganaziimsmasm
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nouthutausguunigelagld Vernier calliper

QU

a 1

3.1.4.2 dimawniagnu T figauvgiiuana 19iu i 815°C, 1200°C Hag 1500 °C
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v 1 Y
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Y [
Tag 7, ADAMVEIVBITUNIUNBUIAT 1Az [, ADANNEIIMEaININgRNgugliiua 13

3.1.6 NAdoUAMANTIAA Y Bulk Density ASTM C134-95[31]
3.1.7 NadoUAMauliA Thermal Conductivity iumsiaanuaninvesiagioz v

USuaeinnudoumaounmudenaazndganIn a1nNusouamuIIammasuNrIu 1aa

9 IS)

o 1 1 LR { Y I ' o
HUUUIYAITUIN ’JﬁﬂﬂJﬂ'lﬂ'liﬁ\?W'luﬂ'J'liJ%}ﬂuﬁq\? msnageviazidunsnageua1nisii

Y (% (% Aan Yo r'd
anudouveiganu larunuuazYaanu lnausan Taominageuldsumsewnsizy
4 = [ ] a
nngudma Tulaguay Jagunara
Y v
3.1.8 MINAGDY Test of scale 3214 module ¥BIVWFUAIUNATENUTUANNT OUVDI
ANYATINNITUNIINBATAINTY Gunning Lining type. 1A8N1TNATOUILIADNAIUNAUUDA

[ [ aa

Faanu WuazYaagamimunzauigauimnadon

517 6. naaunsoswanTuih
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Refractory for Agricultural Thermal Energy Industry

Capacity 3000 F° Gunning Refractory type

1

Silica Materials to varies

Physical Properties Complying Chemical Properties by X-Ray
with ASTM Standards Fluorescence, XRF

Gunning Refractory [GR] + Silica Materials [SM] 15 %, water trials ball in hand method

Gunning Refractory [GR] + Silica Materials [SM] 30 %, water trials ball in hand method

|
Gunning Refractory [GR] + Silica Materials [SM] 45 %, water trials ball in hand method
l

Gunning Refractory [GR] + Silica Materials [SM] 60 %, water trials ball in hand method

I
Refractory Cure 7, 14, 28 Days [Air cure]
1

Properties on 3000 F® capacity

Cold Crushing Strength,CCS [ASTM C133] , Thermal Permanent Linear Change,
TPLC [ASTM C113], Bulk Density,BD [ASTM C134] and Thermal Conductivity
Analysis, TCA [ASTM C177]

To Comparison with Capacity 3000 F* Gunning Refractory type [Control]

[The water mixing requirement 0.70 liters/ 55.1b bag]

I
CONCLUSIONS

gil‘ﬁ 7. HaAUNUIIUMINAaDU
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wamimaammﬁmm‘i

NIRaMINAgoURMaNAYITTgNU IWiNTA Gunning refractory 3000 F° capacity
nSeuisuiuiagnulinaudamndasdiuiosas 15(SRM15), 30(SRM30), 45(SRM45)
uaz 60(SRM60) Taiiiniin Tassiinisnageuiguauiananiesdiuaiivaznionin

Y
a 4 v
518@3!,%ﬂﬂﬂ'lﬁ‘ﬂﬂﬁ'i]‘]JLLﬁg'Ji]'limﬁ'liJ'liﬂLLﬁﬂ\?ﬂ\iﬁ@llﬂﬁ

4.1 aaantAMani

1NN 1 uag 2 udasdulsznoumaniivesiagnuliinga Gunning refractory

Aaa 1 ] 4 <3 1 [V
3000 F° 1azns1e (Fan1)soUdIuazLnIuues 8 namsnadouuaaslimui Jagnu 'l
S 1 [ A a an . =
AANLaIULIZNOUNAN Ad B2gNU (AL, O,), Fam (Si0,) tag Yuv17 (Ca0) TnsHasIui

aaa =

J T o : ng Y o 1 < @
AUNINY 96.6% GL]?QVN 3 ﬁ’]ﬁﬂﬁgﬂﬂﬂﬁﬁ']iﬂﬁﬂvnﬂgﬂﬁfﬂ!ﬂlll!flgﬁWaﬂ@ﬂ31ullﬂ]\‘]!ﬁ\ﬁlﬂ\1'}ﬁﬂ

q

=\

1 A A Aan . a
wazaiulsznoumunliveaniie Usznaualedani (Sio,) tag 9xgiiul (ALO,) Tagll
1 Aana = [ 09/' Y% =® I A a Aaa
drauilsznouves Famgede 93.2% aeiumsnaunisenuidanu IsadunnlSugan
TasAsINITIa9 FINITNATOVNINNIGAIN IZUAAIDINANTTNVYOINTIANFAN AoduilA

A uesiaanu i

A1519 6. ammwamﬁmaeuqmauﬁﬁmamﬁmm Gunning castable refractory

Chemical Concentration (%)
ALO, 34.5
CaO 9
Fe,0, 0.6
MgO 0.3
Sio, 53.1
Na,0+K,0 1.6
TiO, 0.7
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M39f 7. naaanamsnageuguanamanivesnsenlilunmsnases

Chemical Concentration (%)
ALO, 6.22
Fe,0, 0.0374
K,0 0.538
Sio, 93.2
TiO, 0.05

4.2 gouanvamamemnwvesTaanulvinan®an (Silica refractory materials
(SRM)

4.2.1 dnswavesSanaFameeninaauiA Cold crushing strength (CCS) Yo Taanu

i

{ v W J J 1 a { {
1031319 8 uaanNNFURUTIZHINAT CCS © QUUYINMIININ 850 °C N

v 1

5282MMIUNALANANNY A 7, 14 LAY 28 TU HANINATOUWLI NNOATIAIUVDITAA

q

9
=2 1

il ccs ‘ﬁLﬁ'ueﬁumuﬂ?n1mﬂmﬁn€1ﬁi’uﬂlmmqmiﬂn FamaiuTuvewaazsadd
Wieuifioy fieny 28 Juuas 7 5u WMt ues FagnulWadugu (control), SRMI5,
SRM30, SRM45 118 SRM60 fAiniilu 28.52, 37.8, 34.11, 49,33, 11A2 64.32% MUY
f?”m%’uﬂ”l'sgﬁwﬁyuﬁmdnmfagﬂuwammﬂmiﬁ1ﬂ§ﬁ§mmﬁmmmiﬂizﬂamﬁé’ﬂmm
Saqnu'lilfe ozgiiu (A1203), F3n (Si02) uaz Yu111 (Ca0) waziilonfSoifioufiorgms
1w 28 Sudauaaalugzalfi o wudi e ccs fanasaufinamsiiuiuven/suudan
Taofimdail 3.2, 28.5, 23.47, 21.22 8% 18.47 kse RUSMaFamTsvas 0, 15, 30, 45, 182 60
AUAIRL e 9131AINIATIIN (ASTM C133-97 $1HUART CCS HULWY (Gunned on after
815 °C)) vz dpaTifedszII14 28.00-55.00 Kg.cm-2 §aiius CCS voa¥aq SRM 71 Zovas 13

S A A °
ﬂENLWENW@VI’EJQiHiJW]‘J@MﬂWUﬂ
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././I A SRM30
X SRM45
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21 28 35

Cured time (days)

517 8. naasm ccs vosTaanulviwaunudamilsinadenas 0, 15 ,30, 45, uaz 60 lag

U

Y
WD NgaurniNSIKT 850 °C

45
40
35
30
25
20
15
10

Cold crushing strength (CCS, ksc)

28.25

39.2

23.47 o
: 18.47
I = 0.9975

control

SRM15

SRM30 SRM45 SRM60

a v v ¢ 1 \ (Y] Ao \ aa v (Y]
g‘lJ‘Vl 9. HAPNANNANNUTILTHINNAT1 CCS slliN’Ji]G;l‘VI‘H"!‘V‘I‘i’lﬂﬂi]ﬁ?‘”“ﬂﬁﬂ“!ﬂﬂﬁ]ﬂﬂu 3]

QEUHANNIIENT 850 °C J28Z1IAINTUN 28 T
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5U7 10 naasHamInadoua CCS vodiaanu laiuguitergnisty 7, 14, uag 28

a

Tu Rguuglnsie 850, 1200 1az 1500 ° 1ngUimswamsnagoummiziaanu liaiugy

U

o0 Tagnu liinaudan ynarunay Nguugimswil 1200 °C wag 1500 °C Iy
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UAaaMIagINHaNIINAgo
a d’ 1 1 - =W d‘ Q' a
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3 35099
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4.2.2 dnswaveslSinaFaninennaanliA Permanent linear change (PLC) U949

Fagnuldl

)]

W91581A1 Permanent Linear Change (PLC) EIJ’ENEJI?W]“]/]‘L![IW ﬁmmmﬁqmwnn

G

'
= (9

850 °C NndIUHENVBIFAMNUNTNU TiuNanasn o 1gMstudgisdiganey Ju 28 90

a a

a [ aaa =

1 Aa A o Y < A 1 o Aa A
FIUNTUUDIBANIT muﬁ@ﬂugﬂ‘n 11 uuLLﬁﬂ\iﬁlﬁlﬁuﬂuuﬂﬂaﬂﬂ?ﬁﬂlﬂﬂﬂaﬂiﬂﬂﬂi\lﬂ

=} [ = 9 1 A v A dg’ A a 1 A A
INGIND ITAITUAIIUATUNIUADNITIAAAUNNUINUYY !,LﬁgliJ@W‘ﬂTiﬂﬂﬂfluz‘]Jﬂ N91YNII 5

v Y
vuwunmaindsmaganluiagnuuniu awnsoaasasinsversdivesiganu lu
Y 3 1 ° A
1@ fimnsasauiiulawaunis y = 0.0134lnx) - 0.0338 Taga1 PLC drgalinnniny -

d' a Aaa Y 1 d' d'o/ A 1w
0.013% Nismadanifosay 60(SRM60) uazmganganiagnu lvaiugu Tauniny -

0.035%

-0. 4 ~
0.0 ¢ control
g -0.035
5 003 | B SRM15
5 -0.025 | SRM30
©
£ 002 X SRM45
E -0.015 X\X\X
< X
g -0.01 F RX\)K SRM60
& -0.005 -
0 T T T T 1
0 7 14 21 28 35
Cured time (days)

Uil 11. naasm PCL vosTagnulviwannudamiilsunadesas 0, 15 ,30, 45, uaz 60 lag

]

v
v A

WHD NYUMHANITIN 850 °C

=oe ©
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-0.04
-0.035
_-0.035
3
s -0.03
B \
£ -0.025 o
c U‘\.0_02 v =0.0134In(x) - 0.0338
g -0.02
= -0.015
€ .0.015 :
c
©
£ -0.01
&
-0.005
0
control SRM15 SRM30 SRM45 SRM60

v

Y v o d [y (Y an [y
3U7 12, saaInNNEUTUE52H19M PLC vaaTagnulufidanaiugamuanmaiy o

QaUHAIMWNT 850 °C 52821321M151UN 28 T

P
a =

uaioNa13a1A1 PLC vosiagnu liigurnimswigeadude 1200 uaz 1500 °C 99
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2350

2300 %‘ ¢ control
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_E_:_” 2150
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§ 2050 X SRM60

2000 x X j

1950 K 8 )

1900 ' ' ' ' '

0 7 14 21 28 35
Cured time (days)

v
=
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_

a
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@ A 1 1 ] gl v A o 1 ] Yo A a o aa
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2400
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Thermal conductivity (W/mK)
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4.3 MmanaaavTag SRM /1 M5 UaIUNNSZNUNLANNFOUVDINIAYATIHNTIN

MINYATAHIV Gunning Lining type

A @ 9 d? a A
Tasmsnaaeuvztasndag SRM 1515 lumsvugiluazmanan naaalugiln 18uay 19
X { 1 a 5 0o A I 1 4 @
gutlumaonnuin g 1 1Flumsgouaumaie Fswamsduiumsidulledresiuiu Jag
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9AEHNITUN 90U

s1ii 19. mzmmmﬂﬂu‘lﬂﬁmmmmwau Silica refractory 1143




namMInageuaudulad uaiitaznienImveTagnUANNSoUNTUAUFANIN
Y '
Ysmmdesazaz 15, 30, 45 uag 60 Iaeimin wud msmnlSagan walda Cold

[ 1 Y v
crushing strength, (CCS) vaaiagnuanuiouiiniandia ionaaourudod1ei 815 oe

'
' o v o A

1 ' b4 4
BRI uazwu’nﬁmqmi‘umﬁumnﬁu ﬁwammmmawqﬁiu HAZWUIANHULNI

) A

2 ]
fﬂ‘c’lﬂTW61]6Q“Tf‘l!ﬁ?]’ﬁ]81@W§Q%@ﬁ®ﬂ1ﬂ7‘lﬂﬂ1ilmﬂiTJL‘LlENﬂ?ﬂﬂWiﬂlﬂWﬂllagﬂﬂﬁ’Jlﬁ?Niﬂﬂ

@ a

A 1 a { a ' a9 9
emﬁﬂuﬁmmzmmmmiﬁ SRM fl’mﬂcﬁamWﬁuagﬁﬁ‘ﬁﬂmﬁuummumimumumﬁjﬂw

o A Aaln Yy
uaznad oI Ingurgl 1aa
#915041A1 Permanent Linear Change (PLC) ¥097a9 SRM nuiiuua liufianasniy

] & 1. 1 o v 4 A v Aaa 1 I 4 )
p1gMILNTIAAIgaTiony 28 Ju tazlimanauieiudunauueIFan od1e lsnameiinig

% =

Y [ ]
W igaNguuglgaiuani 1200 °C 1az1500 °C wunidgnu liinausanmndadiuiisos
Y

HAN3IIVY 1110991NNTVIIIAALHAGY M IHNTIUNFIMAINTDFIGaANITIANAAIN
q

U
Qd‘ ] |l A a d‘ d‘ o = U ] oy 9 1
Qmwgw"lu JUN AIUTUUANWNYNINFUADUNNINITNATDUADATU UIIUIUUN LT AN
o Y aa Y v A A A A a Aaa
MINIANUTOU UNANNMTaAaIna1enUAD UaraaaulomulTnugam

9 '
MINMINITUINWIATTIUNAINU DifteaTag SRMIS  imiufiduguania

[ = [

9 o @ w [ 09/1 1 Y vad A o 1Y) 9 I
NNATUNIAIDA LL@@QUU@TﬂﬂgﬂQTQ"lQQT'Jﬁﬂ SRM llﬂﬂ!?fll‘ll@ﬂlWﬂQWﬂﬁWﬁﬁUﬂlsﬁlﬂujﬁﬂ

a q
a =

nu'lWuuy Conventional Cast/Pound figuvgil 815 serusaIBod d1M5VgATIHNTTNAIY

QU

wasuaNudoumsinyaTdmsugaa NI sued



45

Y a
1PNA1ID N

[1] Silica refractories, factors affecting their quality and methods of testing the raw materials and
finished ware, Journal of the Franklin Institute, 187 (1919) 353-355.

[2] Lung cancer risk among refractory brick workers exposed to crystalline silica: A retrospective
cohort study : F. Merlo, M. Costantini, G. Reggiardo, M. Ceppi and R. Puntoni. Epidemiology
and Biostatistics, Istituto Nazionale Ricerca sul Cancro, Genova, Italia, European Journal of
Cancer and Clinical Oncology, 27, Supplement 3 (1991) S48.

[3] 95/00732 High-silica refractory bricks for the repair of coke ovens, and their manufacture,
Fuel and Energy Abstracts, 36 (1995) 43.

[4] 98/03291 Simulation of attack by dust from blast-furnace gas cleaning on a silica-alumina
refractory brick: Scudeller, L. A. M. et al. Ceramica, 1996, 42, (276), 411-414. (In Portuguese),
Fuel and Energy Abstracts, 39 (1998) 304.

[5] C. Aksel, The microstructural features of an alumina—mullite-zirconia refractory material
corroded by molten glass, Ceramics International, 29 (2003) 305-309.

[6] B. Amrane, E. Ouedraogo, B. Mamen, S. Djaknoun, N. Mesrati, Experimental study of the
thermo-mechanical behaviour of alumina-silicate refractory materials based on a mixture of
Algerian kaolinitic clays, Ceramics International, 37 (2011) 3217-3227.

[7]1 ER. Begley, P.O. Herndon, 8 - Zirconia-Alumina-Silica Refractories, in: M.A. Allen (Ed.)
Refractory Materials, Elsevier, 1971, pp. 185-208.

[8] C.B. Belcher, L.B. Skelton, The rapid analysis of silica in refractories and minerals an
improved method of sample preparation, Analytica Chimica Acta, 22 (1960) 567-570.

[9] K. Ghanbari Ahari, J.H. Sharp, W.E. Lee, Hydration of refractory oxides in castable bond
systems—II: alumina—silica and magnesia—silica mixtures, Journal of the European Ceramic
Society, 23 (2003) 3071-3077.

[10] A.J. Kessman, K. Ramji, N.J. Morris, D.R. Cairns, Zirconia sol-gel coatings on alumina—
silica refractory material for improved corrosion resistance, Surface and Coatings Technology,
204 (2009) 477-483.

[11] M. Kolli, M. Hamidouche, G. Fantozzi, J. Chevalier, Elaboration and characterization of a

refractory based on Algerian kaolin, Ceramics International, 33 (2007) 1435-1443.



46

[12] J.J. Laskowski, J. Young, R. Gray, R. Acheson, S.D. Forder, The identity, development and
quantification of phases in devitrified, commercial-grade, aluminosilicate, refractory ceramic
fibres: an x-ray powder diffractometry study, Analytica Chimica Acta, 286 (1994) 9-23.

[13] E. Lidén, S. Karlsson, B. Tokarz, Silica sols as refractory fibre binders, Journal of the
European Ceramic Society, 21 (2001) 795-808.

[14] A.U. Mane, J.P. Greene, J.A. Nolen, U. Sampathkumaran, T.W. Owen, R. Winter, J.W.
Elam, Refractory nanoporous materials fabricated using tungsten atomic layer deposition on silica
aerogels, Applied Surface Science, 258 (2012) 6472-6478.

[15] A.G.T. Martinez, A.P. Luz, M.A.L. Braulio, V.C. Pandolfelli, Creep behavior modeling of
silica fume containing A1203-MgO refractory castables, Ceramics International, 38 (2012) 327-
332.

[16] 1. May, J.J. Rowe, Solution of rocks and refractory minerals by acids at high temperatures
and pressures : Determination of silica after decomposition with hydrofluoric acid, Analytica
Chimica Acta, 33 (1965) 648-654.

[17] M. Nouri-Khezrabad, M.A.L. Braulio, V.C. Pandolfelli, F. Golestani-Fard, H.R. Rezaie,
Nano-bonded refractory castables, Ceramics International, 39 (2013) 3479-3497.

[18] U.C. Nwaogu, T. Poulsen, R.K. Stage, C. Bischoff, N.S. Tiedje, New sol—gel refractory
coatings on chemically-bonded sand cores for foundry applications to improve casting surface
quality, Surface and Coatings Technology, 205 (2011) 4035-4044.

[19] W.S. Resende, R.M. Stoll, S.M. Justus, R.M. Andrade, E. Longo, J.B. Baldo, E.R. Leite,
C.A. Paskocimas, L.E.B. Soledade, J.E. Gomes, J.A. Varela, Key features of
alumina/magnesia/graphite refractories for steel ladle lining, Journal of the European Ceramic
Society, 20 (2000) 1419-1427.

[20] R. Salomdo, L.R.M. Bittencourt, V.C. Pandolfelli, A novel approach for magnesia hydration
assessment in refractory castables, Ceramics International, 33 (2007) 803-810.

[21] T.M. Souza, M.A.L. Braulio, A.P. Luz, P. Bonadia, V.C. Pandolfelli, Systemic analysis of
MgO hydration effects on alumina—magnesia refractory castables, Ceramics International, 38

(2012) 3969-3976.



47

[22] J. Stjernberg, M.A. Olivas-Ogaz, M.L. Antti, J.C. Ion, B. Lindblom, Laboratory scale study
of the degradation of mullite/corundum refractories by reaction with alkali-doped deposit
materials, Ceramics International, 39 (2013) 791-800.

[23] Y.-S. Su, D.E. Campbell, J.P. Williams, Determination of silica in glasses, ceramics and
refractories, Analytica Chimica Acta, 32 (1965) 559-567.

[24] F.A. Cadoso, M.D.M. Innocentini, M.M. Akiyoshi, V.C. Pandolfelli, Effect of curing time
the properties of CAC bonded refractory castable, European Ceramic Society, 24 (2004) 2073-
2078.

[25] S.A. Abo-El-Enein, M.M. Abou-Sekkina, N.M. Khalil, O.A. Shalma, Microstructure and
refractory properties of spinel containing castables, Ceramic International, 36 (2010) 1711-1717.
[26] F. Valenza, R. Botter, P. Cirillo, F. Barberis, M.d. Foggia, D. Sottle, Sintering of waste of
superalloy casting investment shells as a fine aggregate for refractory tile, Ceramic International,
36 (2010) 459-463.

[27] L.A. Diaz, R. Torrecillas, Hot bending and creep behaviour at 1000-1400 C of high alumina
refractory castables with spinel, periclase and dolomite additions, European Ceramic Society, 29
(2009) 53-58.

[28] ASTM, Standard Test Method for Determining the Consistency of Refractory Castable
Using the Ball-In-Hand Test, in: C860 - 10

[29] ASTM, Standard Test Methods for Cold Crushing Strength and Modulus of Rupture of
Refractories, in: C133 - 97(2008)el.

[30] ASTM, Standard Test Method for Reheat Change of Insulating Firebrick, in: C210 -
95(2007)el.

[31] ASTM, Standard Test Methods for Size, Dimensional Measurements, and Bulk Density of

Refractory Brick and Insulating Firebrick, in: C134 - 95(2010).



A519MANUINT 2. uaAINan1snAaaum Cold crushing strength (CCS) voaaanylvinan

a

FaN NYaUngin13m1 850 °C

U

£

1ANHIN

Cured Cold crushing strength (CCS), ksc
time(days) control SRM15 SRM30 SRM45 SRM60
7 30.5 20.5 17.5 14.21 11.24
14 32.7 22.7 19.2 16.86 14.78
28 39.2 28.25 23.47 21.22 18.47
w/p 0.028 0.032 0.035 0.0371 0.039

M MANHINT 3. l!ﬁﬂﬂwﬁﬂ1§‘ﬂﬂﬁﬁ)ﬂ?ﬁ Cold crushing

v
=

AIUAN NYUHYNNM3IMT 850 °C, 1200 °C, 1500 °C
cured Cold crushing strength(CCS), ksc
time(days) at 1500 °C | at 1200 °C at 850 °C
7 26.5 28.21 30.5
14 294 31.1 32.7
28 33.2 35.21 39.2

strength (CCS) vadYaanulv

MIIMARNUING 4. UTAINANIINATOUAT Permanent linear change (PLC) vaYaanulvl

a

WaNFaNM NQaHINMIIM 850 °C

U

PLC(%)
Cured time(days) control SRM15 SRM30 SRM45 SRMG60
28 -0.025 -0.014 -0.012 -0.011 -0.009
14 -0.03 -0.018 -0.015 -0.013 -0.011
7 -0.035 -0.022 -0.02 -0.015 -0.013
w/p 0.028 0.032 0.035 0.0371 0.039
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MTMANKINN 5. taAINaM INATBUAMHHIETININ (Density) Vo daanu lvlwandan 7

QMUNNANMIIN 850 °C

Density (kg/m3)
Cured time(days) control | SRM15 | SRM30 | SRM45 | SRM60
7 2274 2104 2075 2001 1965
14 2285 2115 2080 1994 1970
28 2300 2142 2098 2012 1981
w/p 0.028 0.032 0.035 0.0371 0.039

MINMANUING 6. HTAIWANINATOUAINIFHIANN30U(Thermal conductivity) Vo3 Tag

nlulwandanm Agarigiinism 850 °C

Thermal conductivity (W/mK)

Cured time(days) control SRM15 SRM30 SRM45 SRM60
7 1.102 1.05 0.977 0.932 0.901
14 1.115 1.057 0.976 0.945 0.911
28 1.2 1.101 1.02 0.956 0.923
w/p 0.028 0.032 0.035 0.0371 0.039
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suUmanuINh 7. taasmsviaaliga L YoIFUAIMAINIZTNUANNFDUVDA silica refractory

U casting type

sUMANUINT 2. naasnisnaeluga 11 YoITUAIMMINIZNUANIN50UVDA silica refractory

U casting type
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sUMANUINT 3. naaansvideluga I YoIFUAIMININTZNUADINFOUVDA silica refractory

U casting type

. T 4
BV P v Wt o

S D P

sUmanuINt 4. naasmsndeluga IV. YoITUAIMAINTZTNUANNF0UVDA silica refractory

Y casting type
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sUmarIni 5. saaimsnaslugavestuaIulasiniunsznuauouvad silica

refractory 41 casting type(1)

siUmanuanii 6. saainisviaslugavestuaiIulassniunsznunnuIouvey silica

refractory U casting type (2)
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suUmanuanil 7. uaasnistaelugavesiuaiuassniunsznuanuiouvinalvigves

silica refractory HUV casting type (1)

sﬂmﬂwmn‘n 8. !!ﬁﬂﬂﬂ151’iﬁi’)i?~lﬂﬂ‘llﬂﬂ‘liuﬁ)uﬂﬁi’)ﬂﬂiluﬂi“ﬂﬂﬂ?1ﬂ5@ﬂ‘ll1ﬂ11’iﬁll‘lli’)ﬂ silica

refractory 11 casting type (2)
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sUManINg 9. tanimsnaeveITuaIUNszNUANNFOUH UM ANV silica refractory

UUY casting type (1)

sUManING 10. taaINIsHa VR ITHAIUNITENUANNFOUH UAITABNVDA silica refractory

U casting type (2)
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3ﬂﬂ1ﬂwu'3ﬂﬁ 11. uammsﬂdemaﬁmfm51@n53numm%’aumm silica refractory HUU

casting type (1)

sUMARUINT 12. HAAINIIHADVDITUAIUINNITNUANINFOUVDA silica refractory DY

casting type (2)
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sUMAnMINK 13, naanisriaevesFuaIuduiazlveasiansznuannIouvas silica

refractory U casting type (1)

sUManMINt 14, naaeanisriaevesFuaIudu3lveasansznuannIouva silica

refractory 411 casting type (1)
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sUmamuanil 15, naasmsvasvesFuaIudu3agvessiansznunnuiouved silica

refractory 811 casting type (3)

sUMmanuInd 16. naaanisriaevesFuaIUduSa3Uve9s1ansZNUANNITOUVRA silica

refractory U411 casting type (4)
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siUmanuInh 17. naasmsnaeniian el unsznun 113U V0A silica refractory HUY casting

type (1)

sUManuInd 18. naaamsviaenan il unsznuANNToUVRN silica refractory HUY cas

type (2)



