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ABSTRACT

This study deals with the high tempecature (600-1350°C) properties of Kaolin-Phosphate-Warer systems.

Phosphoric acid, mono alominmm phosphate, mono ammonium phosphate, the mixiure of phosphoric acid and
mono aluminum phosphate, and the mixture of pbosphoric acid and mono ammonivm phosphate were used to
characterize the M.OR of the systems with 1o guantity of phosphales and firing temperature. Tiring shrinkage,
creeptest, DTA, TGA, and X-ray diffraction patterns were also measured in order to investigate the lactois of
strengthening.

The resules of the experimen(s are as follows:

1. Linear shrinkage of kaolin—phosphate systems become lerger as e firing temperature riss, and gensrally in the
firing temperature of 500°C and 1000°C the test pieces with phosphate binder show larger than Kaolin-\Vater system
in liveqr shrinkage and reversed trends were found at 1200°C and 1350°C.

2. Cold M.G.R. of kaolin—phosphate sysiems show higher trends in strength as the fiiing temperatwre rise.
Comparing M.(rR. of test pieces alter firing at 1350°C, the mixture of phospheric acid-mono alammnum rhaosphate,
and phosphorie acid meno ammonizm phosphate sysiems show higher strensth than kaolm-mono aluminum
phosphate system which widely used, and it shows highest sirength when the mole ratic of phesphoric acid and mono
ammoniten pheosphate is 1:1 among the tesl pieces ol kaclin-phosphate systems.

3, The refractoriness of kaolin-phosphate systems are more deteriorated than Kaolin—Water system, and gensrally,
the more addition of phosphate, the Jower the relractoriness, however in the range of 4-89%; phosphate addilion,
the difference of the fusion temperature is about 70°C,

4, The tesl pieces of Ty and Ty in creep test were same or even higher than kaolin-water system when 63 of
phosphoric acid-mono ammonium phosphate was added to kaolin.

5. In case where the phosphoric acid-mono ammonium phosphaie was added to kaclin in mole ratio 1:1 the ccld
M.O.R., after firing at 1330°C, refractoriness and T in creep test show better results than kaolin—mono-aluminum
phosphate system which is widely used.

6. Phosphoric acid and mono ammonium phosphate react with kaolin in temperature over 1000°C, and it forms

aluminum phosphate.
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Table 1. Chemical Composition, Particle Size and
True Density of Kaolin.

Chemical Composition | Particle Size{s)
(W t %) Distribution( %) True
T R Density
ALOs S0z Fex0s Ca0 4 =30 20 (glems)
Mg 20 Nag0 Ip. loss +30 420 =10
41,18 43,31 1,08 0.33 | 10.1 13.3 21.5 4
0.52 0.58 0.03 13.14 | 55.1 2.46
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Table 2. Composition of batch

T T er RO, Allfs N [Kacy
Sample Mo, 'l)E‘H2PG‘1 lin
W 0000 — | —| 8
4P 6.67 3.33 — | %
6P 14.89 511 - —| 80
3P 13.04 696 — | %0
AA 16.67 — 333 —| %
6A 1480 —| 51| —| 80
8A 13.04 —| 696 — 80
4P1A1 16.67 0.78 2.55 —| 80
6P1A1 14.89 1.20 3.91 —| 80
&P1AL 15.04 Loy 532 —| 80
4P2AL 16.67) 1.27] 2.06 —| 80
6P2A1 14,89 1.95 3.1 — 80
8P2A1 13.04 2.66 4.30, —| 80
4PINI 16.67 1.53 —| 180 80
6PINT 14.89 235 — 2.76 80
$PINI 13.04 3.200 — 3.76 80
4PIN1 16.67 210, — 1.23 80
62N 14.80 3722 — 189 80
§PINT 15.04 4.35 —| 2.58 80

3omm ¢ [Fiike 2 4% 20kg/om? & JnLE BRI
(3) Mol B
F shp-o 25°C o) EEE FolA 24 2Rk
A, TEREPRA 60°c/he &) FiR HIEE B
Sz A4 Fias) Briisd A 2 A
3. S
(1) A4 B

—-E“?F
\\:‘\x

siiee] A MU (R)E BER i REIAA BTE
o] R=Size] pifkel A Rlled, 4714 W
B T, L& i) bl BEME, BE SRS M
¥, DX Y FA 2 mE

() g 2 R

Eer B 159 A AelZ FrEske] 100 (Ly-Ly)

a2l BIGelA fEleow A4 Ly &k o, Lee
R 5 EAE WA A W-.

(3 BB TIE Tl HERE

1500° C 4] 2] #EEA =1 @UM 2kgfem® &) [E
HE Az TINEEs wEeA BT Bl Hiknd
WESger, BEE BEA % MI{) DLCR—
1500 VH Jfﬁ% TR ke

{4) Ttk

fifchz KSL 31136 #esfa) BlEstd ot ke
9] 27} fEdalglo =2 Seger Cone Fih 3t Ake] 9

A

29317



FHE -

IR BRSO EE R

B BEE 88
EAR L A

BT 5
(5) BufbEE ik

FBE] IEEL EME TERTUL MEAERI,
Xig Eradre = flErstd o

0. BE #R A B2

A L W e L P T 1
I-b, 1-c 8} e, 1714 27 RS 8 IRHiEE b
KOS il 99 AXm deil, E ofes A

TRk FRUTEl OIS KRR e 600°C-1000
CCH A= BHREES Msid BOpE A avh Fw,
1200°C~1300°C |5 Al = BERRBE S sl 20 w2
A bbb Sk ik BERS Dctel ROV WU
2] BT R EARENE iR U EE 600°C~1000°

C HelA = BFRES watke] Beord 48 Az gl
o, R EE 120000~ 1350°C el A = ik
o) ebd +5 Foldm ek olgpe s
£ BERL REST ol Aol mEhA AMHY B T

e THFa glo, kikm HEEs £ B
4 ) B} 600°C~1000°C flel A i 7hee] == =
b BT S BTE Ao A S = EEe v
Bl sz, 1200°C~1350°C Rell A= = fWTS59 ik

= PHAF) = EHme] 55 rFEetae slvh
2. ZLER ik,
TERAHT, INEERARL e s fERs e0cC
of 2 1000°C JH704] P2 3 Table 3 2 72},

Llpear shr naage [ 7!

il 1000 1200 1359

-——— Tamp, { *C 1

Fig. I-a Linear shrinkage of the test pieces with
firing temperature.

A187 A 4 =981

R RIS B

bt

=]

Linpw shiinkage [ el

&00 1000 1200 1350
Termp(*C ]

Fig. 1-Ib Lipear shrinkage of the lest pieces with
firing temperature,

-+ bLinear shpnkage {4

ECa pie] P0G 1350
Tep ([ °C )
Fig. 1-¢ Linear shrinkage of the test picces with
firing tcmperature.
o4 2d Fhs

2l 980°CelA A9 i

S ik 1=, 5 10 ‘Q'-av(?&a%‘é)i 20°C 4.4
g AR g 51 TR Fol
1~2:1 E el A2 1‘1- % G15°C o4 Eh
ot W BA] Q5. A4 60°CS] AL 55
1B IR, 615°C & ke i) =

Aoz =

3. diden

600°C L) B8 HEEA Bildl HEe 5Eaa 7 X
i [EIFEE Fig 2-a, 2-b, 2-¢, 2.d, 2,
2-h o} e

—'_f: e-g,

{ 231 )



Faedk, TR

Table 3. Result of DTA and TGA Above 600°C

Peak. endo. Peak, Exo.
Samples Wt.nLoss Wi, lfqoss

P | Tamp | G | e |,

prak peak

area area
Kaolin(only) - — 930 l —
AL (TP Oy)s (Only) - — — —
NHHPO:(Only) 690 19 — —
K-P 615 7 980 —
K-A — — Q80 —
K-PIAT 615 2 930 —
K-P2A1 615 2 980 —
K-PIN1 — — 980 —
K-P2N1 — — 280 —

*K: kaolin P;HsPOQy A;AlI(HPO); N; NHHPO,
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Fig. 2-a X-Ray Diffraction Patterns of Kaolin.
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