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Abstract

This study involves investigating the correlation between variation of internal structure and heating
temperature of alkali-activated fire protection materials using fly ash. Dehydration and micro crack
thermal expansion occur in cement hydrates of cementitious materials heated by fire. Internal structure
difference due to both the dehydration of cement hydrates and pore solution causes and influences
changes in the properties of materials. Also, this study is concerned with change in microstructure and
dehydration of the alkali-activated fire protection materials at high temperatures. The testing methods
of alkali-activated fire protection materials in high temperature properties are make use of TG-DSC and
mercury intrusion porosimetry measurements.

The study results show that the alkali-activated fire resistant finishing material composed of
potassium hydroxide, sodium silicate and fly ash has the high temperature thermal stability. These
thermal stability is caused by the ceramic binding capacity induced by alkali activation reaction.
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Table 1. Starting materials

C Cement Ordinary portland cement
Binder F Fly ash Blain : 3,764 cm’/g
M Meta-kaolin Blain : 9,812 cm’/g
, KOH Potassium hydroxide Assay min. 85%
Activator 5 - ; :
SS Sodium silicate (NasSiOs) Assay min. 99%
Aggregate Sand Joomoonjin sand

Table 2. Chemical proportion of fly ash

SiOz A1203 F6203 MgO CaO TiOz NaZO KZO Ig. loss
Fly ash 55.20 27.03 2.28 1.54 6.07 0.90 0.68 0.39 3.76

Table 3. Mix proportion of alkali-activated fire protection materials

Solid Solid Liquid Fow | O™
[Liquid Sand strength
%) C F M Water | KOH SS (mm) (28d, MPa)
Plain 485 1 - - 0.485 - - 2.45 190 272
AAFPM1 73.0 - 0.5 0.5 - 0.365 0.365 2.45 180 515
AAFPM2 73.0 - 0.5 0.5 - 0.547 0.182 2.45 190 54.0
Are AIME F3lE9] hAQl g7t st g Ze] 843 vidAE 218 g Table 33+ 2tk
o] 14;}3}1:}2),4)5{ T3 MaA A3 S 59 vk2-3he] okzke] A3 vhAlE AlEAY SEAS SR
AR A Tl SR Bh wAE 98] BE9ghe 180+ 10mmo 2 SRT, AN wA
o Aol Askaiy. 2 EZEE vigto] Thsdtes FAARS 2t

ool weh B AT SeholohE Bsle] 2

o 943 ARAE Axsa WaHd chaAzel BEY 22 AlEFIel A

S G e wLolAe] FEs) R B4 4

Aasic Hekd el A HAE olgstgon] A il
2 ANG F £ ANE ReEee GEYE A8y

v

HKS L 510590 oAt Alzstdet W3 vizAl=

2. Als{HHH Azy =RZEEZE ulEgoz  AAFES  o)gdly
50x50x50mme] AlFAAE AZsiAtk AFE AIFA=

21 M8 Z g2+ AWE o83t 2= 23+2C, RH 9%5% ©)/d9]
7d°ﬂ M BEHIE AT ZEFE F AIBAE

B oo ok E43) npA] Az AHLE Az 20014 7HEstgen E4d< A8 A% 2=e
ZalolofA], WEFISD, FAEE 9 AEAD A0 200°C, 400C, 600C, 800Ceo|H 718 2" o] 7k

m r1r

gololv Table 13} 2t} Zefolojrle Zf CaO F & A7IEE ARSI

Fol 10% olsiel Fi Zetelofloln &3 24

Table 29} 2t} WeFSdL I Al AFS A8 2.3 LHEI Djzirie] RHE2EA T}

o} g7 g3t R AR A FARIER

S AHgate] 289 ¢7E 243t 89S Azt ¢ ABEALS Plain, AAFPMI, AAFPM29] zHzke] Al@A)

=



of dig] Ao A& oA 147 H 2417 T2t 7 2o wa} 7PAAIzRe] 2Ao] 7hsE)t)
3 F Feo® g F ASAEE S A AAFPMI, AAFPM2¢] 7-¢-% 7FE2%7t 5l wet
Ao AF 3, 7, 8o K

USAEE Hhdste B Ededl o< Plan AEA

fAK Aotk &RATF 200~400C 9] Ao A=
Al of3t TS5 AAlste] ABEA Plain A|@Ael wls) Z=rt A 7kttt %3 Plain
th FFTEE vlo|azH gty T AEAS BE Aol #ESFE 2= Aol wE A=
Abgste] 248k Adhs A Uebskom AAFPMI, AAFPM2 A13A1¢] 45
L oule] A3 Ry E3), 2/)ARe 200C e B2
A F=e S7F A dekget ole fzte] 8493t

AFAE ARSSdaL T SC°ﬂ ok Ak
3

i ¥2 rlo et o

3. Algizin} gl nat B0 2 Asfslal o EAsEE dPFl wE A
o2 gk
31 I2A|9| ZzH s} AHE F8l59] A4 le os) C-S-HA +3e, +

Aol AYHe] AeEe] Pl Wl Heteos

tdene We A g=3w WIS Table 49 1} Agd FEo] gste] Unda 3 At dAe
P} Plain A|8AE 719w r) st e o o} 450~500C o] HefellM gakshd4ro] dEsl=al 600T
AeE 7aske A% Bt 58] 400Copdold g ol 2RI Ao At AA veh= Ao
vk 2 deth BEgaE AgARTE g SOl SARE AAFPMIL AAFPM2e] 73§ FetolofAl
w9 S IA we AL 9l & 5 gk ma, e TIRSE I ohd RS ot A Bsht
20~200C oA AE7ta7t 32 Gy GEREIL vl 4= ARER AEAsE AA yebst 3 ] &
SAU okz Zolele Ak mad 33} WS ARET a2ox A3t HEE 274

AAFPM1, AAFPM2 A& #e] A A& we k=7 FoA & o XEsHA YAALelE AW-Si-0-Al-0)5+

ahE fARE AP BYed ok %l 248w Seoleinel e 24 WS OH7E ZloiA
oo o) Z7Alo] 71918 ATjolt). U] BAF wkS FHS ALHoZ Aol o] dzde] wheo] Yo
of g3 2B AFH ZHoM fesh B W EIHCE Tl b nidse] WeddE s 94

Table 4. Compressive Strength of alkali-activated fire protection materials

Compressive strength (MPa)
Temperature

) 3d 7d 28d
1h 2h 1h 2h 1h 2h
20 20.1 20.1 27.1 27.1 32.4 32.4
200 19.7 18.9 27.6 27.5 32.5 324
Plain 400 15.7 14.2 23.7 23.5 27.1 26.6
600 7.3 7.0 12.5 10.6 15.8 13.8
800 5.1 2.9 8.9 74 10.8 9.1
20 42.8 42.8 48.6 47.2 50.9 50.9
200 50.5 53.0 54.0 52.9 60.2 58.4
AAFPM1 400 45.9 45.6 47.6 46.6 51.1 49.7
600 35.6 354 34.8 30.8 41.0 38.7
800 26.3 174 23.4 174 29.1 24.4
20 46.5 46.5 51.0 51.5 54.9 54.9
200 56.5 54.7 59.6 57.2 64.7 63.7
AAFPM2 400 52.2 50.0 52.4 53.3 56.0 55.0
600 40.2 38.0 36.1 33.5 45.2 434
800 24.7 154 21.5 18.5 31.0 26.5
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