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Fire Resistance Characteristics of Fire Protection Materials
of High Water Content using Super-Absorbent Polymer
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Yoshiyuki YAMAGUCHI and Minoru HARADA

** Tsinghua University, Dept. of Thermal Engineering, Beijing, 10084, P. R. China

It is empirically well known that a moist fire protection material shows a good fire resistant
characteristics. From this fact, a fire protection material is made of a mixture of cement mortar in
which water storage materials such as silica gels or moist perlites are mixed. The latent heat of
water in the fire protection material plays an important role in the resistance of temperature rise. In .
this study, the fire resistance tests for a fire protection material of high water content is conducted
and the temperature response of the test material is obtained. The test material consists of the perlite
motar in which the gels which absorbed the aqueous solution of calcium chloride are mixed as the
water storage material. The water content of the test materials were also measured. And also the
numerical predictions for the fire resistance test were conducted and the results were compared with
the experimentally obtained temperature responses.

Key Words: Fire Resistance, Fire Protection Material, High Water Content, Super-Absorbent
Polymer, Calcium-Chloride Solution
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Table I Composition of test materials

Test material Perlite Mortar
No. 1 No. 2 No. 1 No. 2
Cement 1.128 kg 1.142 kg 2.287 kg 2.335kg

Water 0.598kg | 0.605kg 1.212kg | 1.238kg
M,/M, 0.53 0.53 0.53 0.53
Perlite 0.147 kg 0.148 kg_ 0.297 kg 0304 kg __
V,/V, 1 1 1 1
Gel 30mass %) | 1.517kg 1.535 kg - -
Vel Vo 1 1

Initial mass 3390kg | 3.430kg | 3.797kg | 3.876kg
Initial density | 1280 ke/m’ | 1296 kg/m® | 1435 kg/m® | 1465 kg/m®
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Fig.1 Change in weight and water content of a test
material in a curing process
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Fig.2 Results of TG/DTA of a test material (No. 2)
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Fig.3 Results of TG/DTA of a perlite mortar (No. 1)
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Fig.4 Experimental setup for fire resistance test
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Fig.5 A picture of the test material after the fire
resistance test
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Fig.6 Temperature responses at 8 mm gap
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computation
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~373.15K | 1271 1879 0.49
373.15~ | 1089- | 908300  ..__| 021
913.15K | 0.4706T | 089 —o04706T T 020
913.15K~, 659.3 1056 0.21

EEELE—RITEFLTH L, EFMEOVTIRE
CWEHHIEEINTYEDT, 2 I TSI
2. B0, EHoR, T LVF—RT
KT & > THEL 2RADRAE 5Ny —E T
THBIL 72, Bl

d(0oU) 3 oo,
e 0 (1)
SN/ S N
0 ax ~ perU (2)
Ve
N et Eetr) + o(py Chest UEEH)
ot 0X
2 2
L0V R (3
2
Kveff/cpveff(Eeff > O)
F(Eeff): 0(_7’efr§Eeff$0) """"" (4)
Kiets/Chresi{ Eott < — Vet)
0(Ee>0)
S(Eeff): 0(' Veffﬁ Eeffgo) """ ( 5 )

Kiettvest/Copt( Eett < — Yett)
W En 3HBEOBER L IV E — T, Ken,
Crens X TN ZFNEREMLEE BB TDH S, Z
NODERDOTEFEBRT 2, B8, ven FHHKD
AERBGHOBEMNETH 5.
REAKIZIE CORE T Fich s,
1<0: T=T; UJ==() cevevererremmnninnennnanens (6)

BEZ t =012 B W CHIEFICH L W 3 EAME S
. OIS L CREINE S 11, 8 mm QA
ST L7 T GRER R O 1) % B EAE & 2 i, BE
BE SEHEq

TIEEATED -

gn=hu(To— Tu)+eno(Ta—Th)wroeeeee (7)
AABR IR

ATIAX =0 oo ememrnnmmmmeese e (8)

22N, qu WEIMENE ORI, T IZINER O 5K
HETHS.

3.2 HERGoOWMEE HECBuIYEEZSE
21T, EEHSDHIERY OF TNV T 373.15K
T, 373. 15 K S & RKD BT T 2HE X T,

— 199 —

NII-Electronic Library Service



3738 ARG & SR W O Fe T K BB O i KR RE

B AKOBERTREN O SRERIZST, 2%
NOREBOYEE 2R ICH W, 22T, 373.15
K AT OREB OB NEE 0wen 3BEBROBEHEED
BRErAEr oKD 2K OFEHMEE L, TG/
DTA OFERE» 5T XTOAIZ 3. 15K F TIzHE
L, #NUEDRETEY A, =54+ EH#1L
AN T LNDELEEZ S5ND, 913.15K MKk
OREEKTHEE L, 9315 KU LOBEEROER
BEERCAN S=F 4 EBELIVY T LDEE
BlGEPSFE L, 373.15K 5 913.15 K O R
BOBNEEIXREIC LB OBRCH 3 L Lk,
BB ECOWTRUTO LI CRES - 7.
ST KT ORESOE IS OB &E&
)

Doy Cpue i - (9)

Z 22 Cpepy, Cop, Cpgel BERS OB T, Fhoo
12 13 Cpep=1100, Cp,=1000 and Cpger=2 790 J/
(kg K) RV, BERORBEOEEHEL2E3
(e s

913.15 K BLEORER O F B [F URES O
BHmEOEE AR, 913. 15 K L Eo @ E ©
A, =T 4N, ALY Y AR S & E
Z, RAMSFIHE L,

Crrtt=Coer g+ Cor g

Covotr= CtCyp M" + Coea i M“’ ------ (10)

CmM
ZZEC%(%,@mi%h%ﬂ%&ﬁ@%%f,%
N5 DEIE Coo=1100, Cp,=1000, Cpea=958]/
(kg * K) & Fw iz,

BRENOL L TO373.15K ek 2 BiikDik
FIBENIL 2256.9k]/kg TH 558, T DfE % HAEK,
B K DA O E, Faks X UKD V>

v b DOKBEDOBERREOWFEEIZH W2, s Dk
O BENT OZEFEEN T
Ay::22569><l%%i%%2E'[k]/kg] --------- (11)

WK B & CWAE R OZEF, ik, Kl
W A D AREEE O EERIAS 37315 K 2 5 913,15 K
FCHERICR 2 3D EREL, ZOREROER
s RN OZRRE S oL

Table 3 Mass fraction of test materials after curing

process
No. 1 No.2
M, /M, 0.492 0.494
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Table 4 Composition of test materials

Composition of Fresh perlite | Volume ratio of
mortar gels and fresh
No | Perlite/Cement | Water/Cement | perlite mortar
. ratio (V,/V,) ratio (M,/M,) (Voo Vo)
1 1 0.53 0.5
2 1 0.53 1
3 1 0.53 1.5
4 1 0.53 2
5 2 0.53 0.5
6 2 0.53 1
7 2 0.53 1.5
8 2 0.53 2
9 3 0.7 0.5
10 3 0.7 1
11 3 0.7 1.5
12 3 0.7 2
I 1 —
A u m) o m) a o o o o
R : A A A A A
0.9 r . A, . . 4 a2 ]
< . a s, L
S [ ]
°
08 F Vg Vpu=2.0 e e e
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Fig.7 Change in weight of test materials during a
curing process
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Fig.8 Effect of mixing ratio, Ve/Vpm, on water content

AEBRT, =54 N e XA NEBKGOERE
EHEWC T THEEINAI W L5,

AR EE 25 609% & 80% DFER # LK+ 2 &, T
LTzt 8D, HERE 60% D T TORSE XN
BE YD TTOZNL Y Dw, HEBEDEE
7N/ 28=F 4 N BN NV Veer/ Vom D38 W EEHT
PHEWCHN S,

5. ¥ & 08

(1) =4 bEAZAFOHHEADBEEEISIX
HI10 mass% TH 353, 7 IV EEEHSEE 8 /- KRR
KD FIIH 28 mass% T, FVERESSMEIE S
L DEHBEAKOEREHAERIBRS V MELTE
3,

(2) AREEOBE@I 40K {177°C) wHET
2 CORFMIZ223min TH oz, C ORFRIZER
b T Bk D%tz n B,

(3) BUEEIETTFHL - AR ER OBELE
FEE L & —F LTz,

X L8

(1) &3 - 13» 34, #5h, 63-609, B(1997), 1747-1753.

(2) Jin, Z. F., &5 2 &, Numer. Heat Transf., 33-4(1998),
403-414.

(3) &H8% - 135 34, B, 63-613, B(1997), 3041-3047.

(4) /INA—88, o> 7 ) —MIEGE IR, HILHEK

(5) HAETHHHE, S1037-1998.

(6) Huang, C. L.D., 1Z%, Numeri. Heat Transf., Part A, 19
(1991), 43-64.

(7) BaRBE—-3»24% BHABREYXSHEBERWIHEE,
446, (1993), 137-145.

— 201 —

NII-Electronic Library Service





