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Development of gel-bond castable refractories with easy drying
powdery binder
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Abstract

Conventional castable refractories require a lengthy drying process to prevent explosions. While silica
sol can reduce drying time, its liquid nature complicates handling and application. To solve this problem,
we have developed a novel powder binder that can be mixed with water like conventional castable refractories
and has the same rapid-drying property as silica sol. Materials using this binder greatly shorten the drying
process, which helps reduce CO, emissions and loss of operational opportunities.

1 #S 1 Introduction
KSR B2 = — K |7 LR S he 2B 2 ) Needs for refractories include shortening
construction periods and extending service life to
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suppress lost production opportunities. For castable
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spalling; this drying period consumes most of the
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construction schedule. Therefore, technologies that
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construction time. Recently, demand has also
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occurs when stress generated during drying of

ZhEL, TOFEICTNIKRAELTEIZEY ZEET castable exceeds their fracture strength, and that the
AISH, BEARICEYIEET AU, FLT generated stresses consist of stress from water vapor
. . thermal stresses caused by temperature

AR EOII LY ST BIE A SRR SN S presure
8 # gradients, and stress from external forces such as
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LIRNTDhe 2095, RAKIEIL L AL restraint. To greatly reduce stress generated by water
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vapor pressure, gel-bond castable with greatly
improved permeability has been developed, in which
silica sol has been used as the binder®®. Silica sol is a
liquid binder in which nanoscale silica particles are
dispersed and can be gelled and hardened by adding
a small amount of a hardening agent that releases
multivalent ions during mixing. When silica sol is
used as the binder, dense crystalline hydrates are not
formed, and drying performance is reported to be
high because permeability is increased by the
formation of microcracks”. In addition, because silica
sol contains no CaO, low-melting compounds are not
formed'?, giving advantages such as high hot strength
and good thermal spalling resistance, while enabling
shortening of the drying step.

However, as noted above, because silica sol is a
liquid binder, compared with typical castables that
are mixed with calcium alumina cement and site
water, the fact that the materials and binder are

handled

management and construction complexity.

separately has posed challenges in

In this report, we describe the development of
a novel easy-drying powdery binder that retains the
advantages of silica sol quick drying capability and
minimizes CaO content while making handling and
site work as simple and convenient as for conventional
castables. We present a comparative evaluation of the
properties of castable using this new powdery binder
versus materials prepared with conventional binders,

namely silica sol and calcium alumina cement.

2 Experimental
2+1 Test materials and experimental procedure
Table 1 shows the binder types, chemical
compositions, and added water amounts of the test
materials. The materials are named as follows: easy-
drying powdery gel-bond binder as PGB, silica sol as
SS, and calcium aluminate cement as CAC. PGB was
mixed with water in the same way as CAC, and the
CaO content was reduced to a level approximately
equal to that of SS. The mixed sample was cast into
molds of specified sizes and cured at 20 °C for 24 h
while covered with a vinyl sheet to suppress
dehydration from the surface. After drying at 110 °C
for 24 h and firing for 3 h at 1000 “C and 1400 °C,
the permanent linear change, modules of rupture,
compressive strength, and apparent porosity (40 x 40
x 160 mm) were evaluated. In addition, under the
condition of drying at 110 °C for 24 h, permeability
(@50 x 20 mm), pore size distribution (15 x 15 x 15



o RE, A R N O LB AL ER (40 x 40 X 160
mm) ZEFML7ze F72, 110 Tx 24 h ¥ EHZO
ZAET, BAE (050 x 20 mm), ML (15
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mm), and microstructure observation by SEM were
carried out, and under the condition of firing at
1400 °C for 3 h, crystal phase identification by XRD
was performed. Note that the dimensions in
parentheses indicate the specimen sizes.

Table 1 Binder type, composition and required contents of water or silica sol for samples, PGB,

SS and CAC
Sample PGB SS CAC
Powder Liquid Powder
Binder type
Gel bond Silica sol Calcium alumina cement
Al203 74 74 75
Composition SiO2 19 20 17
0,
/' mass% CaO 0.4 0.3 1.4
others 6.6 5.7 6.6
Water / mass% .
(outer percentage) 6.3 6.3 70
*water contained in silica sol
Drying performance
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2:2
2:2+1 Explosive spalling

The sample was cast into molds of @100 x 100
mm, cured at 20 °C for 24 h, then loaded into a
furnace that had been preheated and held at 700—
900 °C and subjected to rapid heating to evaluate

explosive spalling resistance.

2:2+2 Internal vapor pressure

To estimate the value of internal vapor pressure
generated during quick drying, specimens (@100 x
100 mm) with a thermocouple and electrodes for
electrical-resistance measurement embedded at the
center were used for evaluation'"'?. Figure 1 shows a
schematic cross- section of view of the testing setup.
A specimen that had been cured at 20 °C for 24 h was
set inside a cylindrical metal frame whose bottom
and sides were wrapped with insulation wool so that
only one face would be heated. The specimen was
loaded into an electric furnace that had been
pre-stabilized at 850 “C, and the temperature change
inside the material and the electrical resistance were
recorded. The water content state inside the material
can be evaluated from its electrical resistance. Because
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7.5T

E(T) = 6.11 X 100+273) x 1074 /MPa (1)

Thermo couple

Electrode

the internal vapor pressure generated during drying
by heating is equal to the saturation vapor pressure
until dehydration is complete'?, the finishing point
of drying temperature was determined from the
electrical resistance and the thermocouple, and the
estimated internal vapor pressure of the specimen
was calculated from the saturation vapor pressure
E(T) at each temperature T (/°C) obtained using
equation (1) below (Tetens’ equation).

7.5T

E(T) =6.11 x 10T+237.3) x 10~* / MPa

(1)

Steel plate

Specimen
L~ 100 X 100 mm

Lead wire

Insulation wool
Thickness: 20 mm

Steel mesh

Tube for
thermo couple

Fig. 1 Schematic cross section view of the testing setup to estimate value of internal vapor pressure

developed during drying process.
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2:2+3 One-sided drying simulating an actual
construction body

A one-sided heating test was carried out
assuming the thickness of an actual construction
element. Figure 2(a) shows the test specimen with a
hatch on the vertical center plane and the central
portion, and (b) gives an enlarged view of the
measurement points for temperature and vapor
pressure on the center plane. The specimen thickness
was 200 mm; thermocouples were placed at 50, 100,
and 150 mm from the heated face on the right side of
the figure, and at the 100 mm position, a pipe filled
with oil for measuring generated vapor pressure was
installed. The generated vapor pressure was measured

with a pressure gauge. The materials evaluated were
PGB and SS. After curing at 17 “C for 24 h, the



BFEGL72. MMESGEH1E 500 CTET1 h THIm- formwork was removed from the heated face only,
L AR O 58 A K AT & TR and after an additional 24 h curing under the same
. N conditions, one-sided heating was performed. The
i B RIE L 72 heating schedule increased togSOO °prithin 1hand
was held at that temperature; the generated vapor
pressure and internal temperatures of the specimen
were measured during the heating and hold period.

200mm
B
I
2somm /1 Magnified || 150
b . center plane || \\ 100mm
. 1
1
:‘ E __1:__, \\ \50mm
! : ' Pressure gauge \ \ \,\
| 1 Vo
1 | .

Thermocouple \

Center tube Heating
position Detecting pipe surface

. Lead wire \

7 / ” Casting frame
prupp— - 125mm

/; 25mm ® Position of thermocouple

500mm

__.|_-_—___-__

(a) (b)

Fig. 2 Casting image of the actual construction body (a) showing vertical hatched center plane
and center position, and magnified center plane (b) showing detail of detection point for
measurements of temperature and vapor pressure.

2-3 MEIKR—1) > JEFFME 2+:3 Thermal spalling

ABRFEE O 2 N 3 IS A IR LT W Figure 3 shows a schematic image of the
Bo MBUIZBIMBATEZT 0/ - RFEN—F— equipment for the thermal spalling test. In the test,

L . one side (heating surface) of the sample with a
T, SERREL AR RO S IZHE L, prismatic shape \;gvas quickly heated by E propane-
HAND KD A B B\ATE, ﬁm* ) oxygen gas burner. The thermal insulation brick with
En T s AR 0 S & 7 %gﬁ;’:’;“ﬁ[ WO, 5t the longer side of the heating side of the sample was
N N I T I T o Uf i 5, arranged on the front of the heating side to prevent

the burner flame from going around to the other

s %LT%E&L F 7zl IR i R b sides. In one of the side surfaces other than the front
R L DMEL . O hEIE, ZOmOT heating surface, there is a temperature gradient from
o -~ — —ens high in the front heating surface to low in the back
CENTI AT ‘i%?ﬁf%7~7%7/7)bﬁf%$ﬁﬁa ) . )

] side surface, which generates thermal stress to give
HEIZEIE L, OTALEHI R OEAN &I E

strain to the sample. The photographs were taken in

XMSEHL Y, BRI IT O AR A such side surface with certain intervals. The side
= < face is covered by the heat-insulating material

Pl 0) ﬁﬁ‘ =T 75) 1] Ab/@ Z.)o sur )% g ,

KL, BN, RS il b which is removed just at the time of photographing to
FAFHE 110 T x 24 h#2fRfz, 1400 Tx 3 h Bt prevent the sample cooled from unfavorable direction.
BL720 BMAR=) 7 E B o IRIZ 230 X Then, the amount of strain was calculated from the
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DIH) / (ZRHiEOE) (2)

Thermal insulation

brick
Infrared -
thermometer .

S, S .
Pilot burner .. N Specimen
]
Main burner
L
Digital
camera

Brick stand

Fig. 3 Scheme of experimental set-up for thermal
spalling test equipment.

displacement before and after deformation due to
thermal stress and the initial length by processing the
image data of the sample using the digital image
correlation method'. The sample was a 230 x 114 x
65 mm prismatic shape, with heat treatments of
drying at 110 °C for 24 h and then firing at 1400 °C
for 3 h. The heating front surface of the thermal
spalling test was 230 x 65 mm, as shown in Fig. 3,
and the side surface photographed by a digital camera
was 230 x 114 mm. An example of the temperature
change given to the sample is shown in Fig. 4, where
the temperature was raised to 1500 °C at the heating
rate of 200 “C-min”, kept for 10 min, and then cooled
for 10min. The thermal cycle was repeated six times in
the test. The strain distribution kept count at the timings
of 2546 s after the second holding at 1500 °C for 10
min, 4079 s after the fourth holding at 1500 °C for 10
min, and 8777 s after the sixth holding at 1500 °C for
10 min, respectively, with the photographing interval
of 67 s. The crack index, as one of the measures of the
thermal spalling resistance, was defined as the
following equation (2) by calculating the amount of
strain in x- and y-directions in the strain distribution.

Crack index = (Total sum of strains higher than 2 %
at the whole detecting positions) /
(Total number of detecting positions)  (2)

1600 [
1200

800

O Output timing

Back surface

Temperature / °C

400 F Heating surface

0 2 4 6 8 10
Time/s (*10%)

0

Fig. 4 Heating pattern in thermal spalling test,
showing measured time-temperature
relationship for both heating and back
surfaces during the test.
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3 Results
3+1 Flowability and permeability

Table 2 compares the measured flowability
when mixed and the permeability of each material.
The flowability was nearly the same for the three
materials. As for permeability, PGB was at almost the
same level as SS, whereas CAC exhibited a
considerably lower value compared with the other

two. This reflects the differences in drying shrinkage
described later (Table 3).

Table 2 Comparison of flowability of castable and their permeability after drying at 110 °C for 24 h

Sample PGB SS CAC
Flowability / mm Free flow 146 145 146
Tapping flow 176 173 187

Permeability / < 10-1®m? 65 70 3

3.2 EBYH

AT L (PLC), R#ILE (AP),
i iR (MOR) € L°C, FEAfi 5 (CS) %

110 T x 24 h#2#:4% (1), 1000 T x 3 h BER % (1)
Z1LTC, 1400 Tx 3 hEfE (D) OKRETH
EL7REREE IITIRLTWA, PGB 13 CAC L2
R, 110 CHEBEBOIREEREIKEWA, SS XD
EDOTPINEFERTH o720 SSITEL IR
PhaEELTA7ar Iy 7 &L, WD
M 355 PGBORUHHEBELTNWALEI LMD
FHITEzo FEBRZ, PGB X CAC 12X, KIF
(AR L LTEY, SS EFEEDOETH -7
(#2), 1400CHEH % TlE, CAC 13 PGB % SS
LDBDNHEDARKEVHERTH 525 THid ALOs-
Si0,-CaO A DIKB AL A WA AW EN 5 7200T
HHEEZON D, Tz, FIRMHT MO MR E
IZBWwTiE, 110 CHEBHTIX, PGBIXSS*
CAC IZH~Z550®, 1000 T, 1400 THERLHE
BT, #ELVIEELEIL WD,

32 Physical property

Table 3 shows the result of measurement in
the permanent linear change (PLC), apparent
porosity (AP), modulus of rupture (MOR), and
compressive strength (CS) for all the samples with
heat treatment condition of drying at 110 °C for 24 h
(1), after firing at 1000 °C for 3 h (II), and after firing
at 1400 C for 3 h (Ill). Compared with CAC, PGB
showed a larger shrinkage after drying at 110 C,
although it was slightly smaller than that of SS. SS
undergoes shrinkage during drying that produces
microcracks and thus increases permeability; the
same phenomenon was expected to occur in PGB. In
fact, PGB showed alarge improvement in permeability
compared with CAC and had values comparable to
those of SS (Table 2). After firing at 1400 °C, CAC
exhibited larger shrinkage than PGB and SS, which
is thought to be due to the formation of low-melting
compounds in the Al,O3—Si0,—CaO system. As for
room-temperature flexural and compressive strengths,
PGB was inferior to SS and CAC after drying at
110 °C, but after firing at 1000 “C and 1400 C, it
exhibited comparable strength.
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Table 3 Comparison of basic physical properties for tested samples PGB, SS and CAC heat-treated
at 110 ‘Cx24 h (1), 1000 °Cx3 h (IT) and 1400 °Cx3 h (III)

Sample PGB SS CAC
Treatment I I I I I 1 I I m
PLC* /% -0.25 | -0.29 | 0.26 | -0.30 | -0.36 | 0.28 | -0.02 | -0.07 | 0.08
AP % 19.8 | 207 | 210 | 186 | 17.8 | 184 | 184 | 214 | 20.5
MOR™ /MPa | 18 | 70 | 63 | 40 | 87 | 8.1 34 | 102 | 9.2
cs™™ /MPa | 95 | 554 | 549 | 21.4 | 684 | 739 | 153 | 69.2 | 55.6

*Permanent linear change, **Apparent porosity,

3-3 HIRMEFHE

3-3-1 MRERRMFMER
TR RS % 26 4 |OR 3, CACIE 700 C

THEZL72DY PGB & SS 13900 TTHREEET,

PGB %% SS L ZIZFZEDMBEEMEEZF LTV DHE

BR %o

***Modulus of rupture, ****Compressive strength

3+3 Drying performance
3:3-1 Explosive spalling

Table 4 shows the results of the explosive
spalling test. CAC exploded at 700 °C, whereas PGB
and SS did not even at 900 C; thus, PGB can be said
to have explosive spalling resistance virtually

equivalent to that of SS.

Table 4 Results of explosive spalling test at 700~900 °C

Sample PGB SS CAC

700 O O X
Terr}peréture 800 o o —

900 O O —

O : No explosion

3:3:2 REKKTEFMERE
5@a) ~ (c) \I2FNZFIL PGB, SS# LT CAC
DEH Y TIZBWT, 3100 X 100 mm OFRF %

850 CIZhRFF L7 BFIZFIH L 2B 0l i
miE, B LRL 7z i oim iz, AT

B OHE T R SRR DR 0§28 L%, 72,
5 ICHRA T OB TR BT B i B & e KA
ERAREDHEZ LT b &Rl &bz
FAG 2> & KN X IZFEERIC EA L TW B2
HLLHR L 2 1L CAC D AR R0 WA LT EA§
%75 PGB & SSIZZNLNEWHRTYW-<h &
EFAL7z. CAC TIE#Y 1200 s TEAMIUHED F
- & Ui EE O R - i 52 B L2 T i S SRR S
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3:3:2 Internal vapor pressure

Figure 5 (a)~(c) shows, for PGB, SS, and
CAC samples, respectively, the time-temperature
relationship of specimen surface temperature when
100 x 100 mm specimens were loaded into an
electric furnace held at 850 °C, the specimen-center
temperature (as shown in Fig. 1), electrical resistance,
and estimated vapor pressure. Table 5 compares the
center temperature at drying completion and the
maximum estimated vapor pressure for each sample.
For all samples, the surface temperature rose almost
identically after heating began, but the center
temperature of CAC rose with a somewhat steeper
gradient, whereas PGB and SS rose more slowly with
a lower gradient. In CAC, an increase in electrical
resistance and the inflection point in the time-
temperature curve for the body center were observed



N7ze TR OCECRIEDSK T L2 L%
RTHDT, 5 IIRTTOHLIMEIL 1985 T
THY), FEAHEEKALTIL 149 MPa LRAED
bi7z. —7, PGB & SSZM#E TIIIFF U ZEH)
R, HZRBAMG 549 700 s THY 100 CTL2EE
L, #1200 s BEZTTOMmMEZAMEFILTEDY,
Z 2 bELIEYUED B L ORI EEIZ BT 5
JEH R ERR T E, B HEE KRR ITI T
MTELIELEVRNMETH o720 TNHDRERD
5 PGB 13 SS ERIFRIZIKZSUEI L BB RFEH)
A7 IO TN EE R HTz

o

at about 1200 s. This indicates that drying at the
specimen center had finished; the center temperature
at that point was 198.5 °C, and the estimated vapor
pressure was 1.49 MPa (Table 5). By contrast, PGB
and SS showed almost the same behavior: they
reached about 100 °C around 700 s after the start of
drying and maintained that temperature until about
1200 s. After which an increase in electrical resistance
and the inflection point in the center temperature
were observed. Their estimated vapor pressures were
negligibly low. From these results, PGB, as with SS,
was considered to have an extremely low risk of
spalling due to vapor pressure.

800 t (a) { 3.2
©
|| Temperature ; o
600 r| ... at body surface| e 124 =
r| — at ter | vl ] -~
| at body center Finishing point | o
400 - . 16 5
I . of drying 2
200 | +—_" 4/‘ 08 £
f o JRP e 5
0 5 1 . L . L 1 L 0 a
800 + (b) 132 S
& : 3
© 600 F T 124 &
é ......... Finishing point ] £
(U | i —-—
'g 400 I of drying 1.6 Lﬂ
— ;
£ 200 } {08 G
) I e — —_— =
0 ' I L P 1 0 8
800 t (c) 132 ¢
I 8
— - Electric resistance | . 2
600 B — Vapor pressure ............... - 2.4 @
"""""" Finishing point | o
400 r ofdrying 1 16 £
5]
Q
200 408 m
0 _J.f’_l. - e o F".-.._.I-.-‘-.-.-.- 0
0 0.5 1 1.5 2
Time/s (x10°%)

Fig. 5 Time-temperature relationship measured at both surface and center of specimen body, and

variation of electric resistance and vapor pressure during heating at 850 °C for the samples

(@) PGB, (b) SS and (c) CAC. Inflection point appeared in the time-temperature relationship

indicated finishing point of drying.
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Table 5 Comparison of temperature and pressure at finishing point of

drying for the samples
Sample | PGB SS CAC
Temperature /°C 103.5 103.0 198.5
Estimated vapor pressure / MPa 0.02 0.01 1.49

3:3-3 MMEIAziERL - EnTER
NFEFTORERD2S CAC 12 PGB & SS 12X
KRAELDEDE L, BRREDPR720, Z2To
MR B L7 B2 1R 72JE A 200 mm
DR TR BT T INEGEEBRAE R L LT,
6(a),(b) 121 h©500 CTF CHlm - PREFLZE
DOFRMOMmE, L TEmE 25 50, 100, ZL
C 150 mm &A1& ORFR - U5 IR & SRS A
L7z KR ARIEMERF/ R, N2 PGB & SS
[ZOWTRLT WA, I AS 50, 100, €L T

3:3+3 One-sided drying simulating an actual
construction body

From the results so far, CAC exhibited higher
vapor pressure and lower spalling resistance than
PGB and SS and was therefore excluded from further
evaluation here. As the one sided heating test results
for the 200 mm thick mock specimen shown in
Fig. 2, Fig. 6 (a) and (b) present, for PGB and SS
respectively, the surface temperature during the 1h
heating ramp to and hold at 500 °C, the time-
temperature curves at 50, 100, and 150 mm from the
heated face, and the measured vapor pressures that
actually occurred. At the 50, 100, and 150 mm

" (a) { 1.2
600 Heating surface
500 | 1
i Inside body position 10
400 Distance from 08
300 | the surface/ mm ; e====9 06 &
O 50 _o=="" _ = T =
- - .~ -+ 04
g 200 —_-700 _ - "~ 5
[0} - s Tm . {1 0.2 st
5 100 g 150  Vapor pressure S
-.(-UJ 0 T 1 ;i I T I 0 %
o) b 112 =
g— 600 - (b) Heating surface E‘
S 500 | T g
Inside body position ©
400 | Distance from 0.8 >
300 | the surface/ mm ; —===""1 06
50 =" - =]
200 € ,a'100(/’> - - "1 04
100 cel e % = | g
. - Vapor pressure ’
0 1 1 L 1 1 0
0 2 4 6 8
Time/h

Fig. 6 Results of one-side heating test with actual size model construction body of castable

refractories are shown for (a) PGB and (b) SS, respectively, as the time-temperature

relationship measured at the surface and the inside body positions of 50, 100 and 150 mm

apart from surface and developed vapor pressure in the body center of castable.
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positions from the heated face, both PGB and SS
maintained 100 °C on their time temperature curves,
and no vapor pressure generation was observed. After
the test, the heated faces of the specimens remained
sound with no cracking or delamination.

3+4 Thermal spalling

The output times (indicated by circles) shown
in Fig. 4 were designated as I (2546 s), I (5628 s),
and III (8777 s). The temporal changes of the strain
distributions for each sample are shown in Fig. 7 (a),
and the crack-index values calculated from those
results according to equation (2) are presented in
Fig. 7 (b). The crack index of PGB was the smallest
at all output times, followed by SS, and compared
with CAC, which was 3-4 times higher, PGB

exhibited much better thermal spalling resistance.

iming —
Samm I I m —— | O OQutput timing
, Strain / - 1600 B I I m
0.07 (&) i
<1200
PGB h
*E 800
g
£ 400 | Heating surface
o bl A ALt st |
= [ Back surface
0 — L L L L L L
0 2 4 6 8 10
Time /s (*109)
SS
1
" OQutput timing;
o 08 | P 9
e i m]
% 06 f _—
'g L
< 04 L = II
CAC 5 [
© 02t
0
PGB SS CAC
Time /s Sample
(b)

Fig. 7 Variation of strain distribution with time during thermal spalling test (a) and comparison of
crack index (b) determined based on the results shown in (a), for the samples PGB, SS and CAC.
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4 Discussion

Discussing the results that the newly
developed, easy-drying powdery gel bond binder
(PGB) exhibited internal vapor pressures during
quick drying as low as those of the silica sol binder
(SS) and showed good thermal spalling resistance.
Figure 8 (a) and (b) present the pore size distribution
measurements after drying at 110 °C for 24 h for each
material, including CAC, shown respectively as
cumulative intrusion and Log differential intrusion
versus pore diameter. A notable difference in Fig. 8
(b) is that CAC exhibits a peak around 0.1~0.5 pm,
whereas PGB and SS show a peak around 10~30
pm that is absent in CAC. In Fig. 9, microcracking
in the matrix is confirmed for PGB and SS but not
for CAC. Because these microcracks serve as
ventilation paths, PGB, as with SS, can markedly
reduce the internal vapor pressure during drying
compared with CAC; consequently, quick drying
could be carried out without explosive spalling.

0.06 r

0.04

0.02 r

Cumulative intrusion / mL+g’

0.12 | (b)
01 |
008 |
006 |
004 |

0.02

Log differential intrusion / mL- g

0.001 0.01 0.1

1 10 100 1000

Pore diameter / pm

Fig. 8 Pore size distribution for PGB, SS and CAC after drying at 110 °C for 24 h.
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Fig. 9 SEM-micrographs for PGB, SS and CAC after drying at 110 °C for 24 h.

1400 Tx 3 h BERFED &M HED XRD /85—
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N2z 5,
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Figure 10 shows the XRD patterns of each
material after firing at 1400 °C for 3 h. Formation of
ALO;5-5i0,-CaO
represented by anorthite occurred only in CAC,

low  melting compounds
which has a high CaO content, and was not observed
in PGB, and SS, which have similarly low CaO
contents. In addition, as noted above, microcracks
were observed only in PGB and SS (Fig. 9) and not
in CAC. From these findings, PGB, like SS, does not
contain low temperature melting compounds and
shows microcracks between aggregate and matrix,

which helps relieve thermal stress; therefore, PGB

exhibited superior thermal spalling resistance
compared with CAC.
Thus, PGB combines the easy drying

advantage of SS and excellent thermal spalling
resistance with the convenience of being used like
conventional castable materials mixed with ordinary
water. This eliminates management and construction

PERL DS, HHEOKTERMT Z i LA K . .
N complexities and makes PGB a more user-friendly
LRILEIHIICED /0, EHOMTOEMS o)
ZIETE, LV TOHMETHLEFR 5,
@ : Anorthite
3 PGB
©
z
g Ss
£
*
CAC
25 26 27 28 29 30
20 / degree

Fig. 10 XRD patterns of each sample after firing at 1400 °C for 3 h.
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5 Conclusion

We compared various properties of castable
refractories using a novel easy-drying powdery binder
— which has drying performance equivalent to silica
sol while minimizing CaO addition — with those
using conventional binders (silica sol and alumina
cement). The results are as follows.

(1) The castables using the easy-drying powdery
binder was confirmed to have drying performance
and thermal spalling resistance equivalent to that
of castables using silica sol.

(2) The development of easy drying behavior is
considered to result from microcracks formed
during drying of the castable, which create
ventilating paths.

(3) The observed good thermal spalling resistance is
thought to arise from suppression of the formation
of low temperature melting Al,O3—Si0,—CaO
compounds and from the microcracks formed at
the aggregate—matrix interfaces, which act to
relieve thermal stress.

Thus, the easy-drying powdery binder retains
the advantages of silica sol while eliminating the
management and construction complexity associated
with liquid binders, and it has been confirmed to
exhibit performance comparable to or better than
other binders when applied to castable. Going
forward, we plan to proceed with actual furnace
implementation to shorten construction time and
respond to SDGs and carbon neutrality needs.
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