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ABSTRACT

Varous kaolin samples with different alumina content were prepared from calcined admixture of kaolin
and ammonium sulfate by varying the treatment time in sulfuric acid. Samples were nitridaled under Ny or
N.H, atmosphere with changing the amount ol added carbon, the reaction lime and temperature.

As the alumina content lowered, the size of kaolin particles decreased and the speaific surface area increased.
XRD analysis indicated that a-quartz remamed by decomposition of halloysite and meta-halloysie.

Experimenlal results of nitridation hehavior are summerized as follows;

1) Nitridation under N; atmosphere

With the wcrease of C/Si0; ratio and with the decrease of ALQO, content, disappearance of XRD patlern
peaks of mullile, o-quartz and -Al,(y were acceleraled at 1300t. SiC was the main phase in the reaction
product of acid-ireated kaolin samples mtndated at 1300C for 10 hours regardless of C/%10; ratio. But the
XRD peak inlensities of p-SuN,, f-sialon and SiC did nol show much dilference when untreated raw kaolin
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was fired at the same condition. When the ratio of C/5i0, was 3.5, B-sialon and B-5izN; existed in the reaction
product of about 22% alumina centaming kaclin sample fired at 1350¢ for 7 hours. Only B-sialon existed
in the same sample fired at 1400C for 10 hours. B-sialon was obtained [rom all of the acid-treated kaolin
samples fired at 1400C for 40 hours, but AIN and SiC remained in the unireated kaolin sample. Z valuc
of the P-sialon aobtained from the 22% alumina contaimng kaolin sample [ired at 1400C for 40 hours was

about 1.3(XRD} and 1.5(EDS).

2) Nitridation under B0ON;+20H,; mixed gas atmosphere with the C/Si0; ratio of 1 Mullile was not found,
but o-SiN;, B-SiaNe, and B-smalon were -present in the reaction product of ahout 22% alumina containing kaolin
sample fired at 1300C for 10 hours. When untreated kaolin sample was nitridated at the same condition,
mullite remained, AIN and SiC were not found in the reaction product of aboul 22% alumina containing kaolin
sample fired at 1350T for 5 hours. On the other hand, AIN and SiC remained in the product of untrealed

kaolin fired at the same condition.
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Fig. 1. DTA curves of ammonium sulfate mixed kaolin
samples.
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Table 1. Chemical Compositions of the Raw Materials (wt.%)
Components . .

. SIOz Aleﬂ FEzOg K, NagO MgO CaO TlOz
Materials
Hadong Kaolin [A] 55.74 39.18 1.68 1.65 0.19 13 0.23
Alumma Extracted Kaaolin [B] 59.18 35.59 202 1.67 0.07 0.77 0.29
Alumina Extracted Kaolin [C] 66.19 29.26 1.66 1.72 0,05 0.82 0.31
Alumina Extracted Kaolin [D] 73.59 21.81 130 2.08 031 0.62 0.29

Table 2. Particle Size Distribution and Specific Surface Area of Kaohn Samples

- Item Particle Size Distribution [%] Speafic Surface
Sampis-2ze Lim] 45/2 20/10 10/5 5/3 | below 3 Area [m%g]
Hadong Kaolin [A] 40.5 30.5 17.3 8.1 36 20.90
Alumina Extracted Kaolin [B] 373 324 189 3.8 26 3320
Alumina Extracted Kaolin [C] 28.1 29.2 19.0 9.4 14.3 102.45
Alimina Extracted Kaclin [D] 0.0 35.9 17.5 12.2 340 121.73
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Fig. 2. X-ray diffraction palterns of kaolin samples
(A): Raw kaolin (B, C, ID): Acid-treated kaolin
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Table 3. Results of X-ray Diffraction Analysis of Reaction Products Formed at Each Temperature and Time

Under N; Gas Flow {C/5i0,=3.5)

Temp.
Samplée 1300 1350 14007
Time
1 hr A M>Q>S C>Al C>Al
B M>Q>5 C>(p'+pr=-Al C>Al
C M>Q>5 C>(p' +p>Al C»Al
D M> Q>8> (8 +B) (B +B)>C C>Al
7 hrs A M>Q>5>(p" +B) C>(p'+py>Al Cr»(p'+pi>Al
B (B +EM>Q>5 C>(B'+p)>Al CH> (B +P)>Al
C (B'--PAI>M>Q>S C>(R'+p>Al C>(p" -+ By>Al
D B +malzo>M (3" +B) C>p
10 hrs A B +mp=C {B+p=>C C>(p' +Br=Al
B C>P'+p BB C>(B"+pr=Al
C C>{p'+p) B+m (B +B)
D C>p'+p (F"+B) p’

peak 7ZF=8} f-SigNy Y B-sialon peakd] 7F= 71 v
vehti glvd k4] 1300C e A 1047 9hEA]F] 7 -$a]
SiCe] AYAde] Hagt 4bxelgk Al2E 1350T 4 1417
Hg-2171e B-SigNyot f-sialone] A ==gk 4He] &
Fo Al B-ShaNat fesidene] A4 i 3
o8 et dFele] SE5ke] ghirE Ak
M2 AL o g 31‘”‘*1 5i02 A3d2 SiCE A
Ha] o] FoZ g RejF o qirf

727} “&L"l ?J ¥ [4, B, ClellAl <33
SiCe} AINe| A=l T 9l82 B F 3lo), AkR|E sl
ehFmiu) gk oF 2292 A|8[DJE SiCh AIN
peak7} AMFR| L B-SiMN.¢ f-sialon®l E=Astn ¢l
Az Ao 2231 e Jepdel a2 Bsia
lon Hd4-& A441717] 8= HEA)aEe el AL
WSS o weleld e s
0470 dbg-Alzl FHedE AR[AlelME oIHF
SiCrF &A=, Akx]2)3r A &8, C Y]« A= SiCst
AIN peak?} *}e}=lw] B-SiN,} p-sialontt ZaPsli

A g2

[=]
nn
glo

A&
o @

=
4

ok
of

=

o4& ¥ 4 sich AR[AI9} [Blel LTwt Fub
solrl ma] wEelw EFEa AR[A]9) ﬂﬂﬂ*ﬂ

ALE[Ble Aol @178 =7 o Jehden
B3 WAk @A gl vk o] octahedral o] A7 EH_
Si0y 2o whe-dgel o Cobel HEAHAA 24
yhgo] Solsfe] FA SiCE A4A7)7] gFal Hem
Ak

333 1400C A ub-5-A|gtel w}2 i}

-352-

1400T ol 4] qh-g-~17E wisha) 7l A A3 A2 E
X-4d #dRAdat 23 (Tahle 3) 147 9reAEE of
A= FYstA SiCel AINTE AA=gie), <
Faov} gFeke] He4E SiC peaks o) =4 Jehdz
Gk FREH e 2 0E fesilaong dAElE A9l 271
AAREe SICE 2x7] Latx 2 JHBOFEE Hog
g4 glom, oA 13507Cel A 147k AEhA] 7] et
¥z &) el= B-SiNvL Bsialons] 4do) =7l lew
vlfe] B vbEEr) 555 443 Siceh a4
BEE Ak dfE 9 glow SiICs 2Ee] A7)
Al Aeg vehd Adswee #Aex= 1350
Aoz dAggcp A8[AlE 743k =Y p-SuN,
|‘3-81alon°] A= 29 §iC peak e 124z H]-—D-f]-ﬂ

Hr} v EolAW, 104l7ke] He|E SIiC peakr|
04751'61 FA vebgen 2evh AR E)R A BEL SiICY
peak FErt A be] Aldel| vle} ghasEa Aldaer
B-SieNy % P-sialon®] peakr} AR gle] AkAe]o] &
sted Aalge] £305E ok F Utk AEDIE 7
Az wbgAll A4 SiICxh AhEska glont 104]7)e)
= B-sialon Fdgo = Held Aoz Jehl alFg]
of este] B-sialon %-dAbe] AAo] FFEEE W Ry
t},

ul

=
H=

j=1]
E

g 7e
3854
Apgsel Al

2k

oA sl 404]7F 2417 A9
AT Fig 40] Jehdich sheal 9
f-sialon whd ko] AR gRoa), 4EA

A&[B,C, D8 A$E= =T psialon gdaoz

X

e

%

O_ &
=]
L= -10
LS o2

ETLER



A}J1E'}°1] “‘]'5]“0:] OJTUII’]' -q‘} nE %o ?]"%%

A" P-Sialon
C: §iC
Al: AIN

T T

40 30 20 10
<« 28 (CuKa)

Fig. 4. X-ray diffraction patterns of reaction products
obtained from various kaolin samples formed
at 1400C for 40 hrs. under N:» atmosphere.
(C/S5i0;=23.5)

Melfl A4 o + ek AR[AIS) [Ble] @5l
@] aelr} 24 dgolm ETsn AHAES @
A wpelE vehie A& @A B vish o) FHg
& g shed HTIGE DY 45471 octahedral
Zo| AAT Si0,8 WEPHe] FoF SiCH A4o] &
o et chizh, whg wEAR Frhsh @ BSiNs
of 249 AR e FU F gl Asge)
2A9E Ao A

, A=[D1E 1400TelH 40417 a%zq;q P

A #-E EDS f¥-4at A Sigl Al2] =48 51l 243 at
%, All 87 at%= el Si/AI=290]m, l FE &

W BeSia-z Aly Op-Np_z9] Z3H2 9F 15400 =3 X-
A FdEAe) 2)g Besialon (21037 2274200 L
35875° 2 dzke 25014010, hexagonal®] plane spacing
A8 e S RE] 55 F3lo] Gauckler $*o0] Alabgk P-sia-
long] AAprel Zzhe| dgbaks =Rz 5E Zgke
78 2ab ef 130]3]ch

3.34. $-2)7) gase] ©dg}

Shaws} Zeleznik™ & Zinke-2] Q424 H; gas

A 299 A5 £(1992)

o g3hrE
M: Mullite B: B-SisNy
f: p-SisNy (A) f': p-Sialon 15}
B': p-Sialen C: 51C
C. SiC o, o-SigNy
o a-5igNg
10 hrs o 10 hs
P it BB ¥
) p
h= MM
TV
5 hrr B
L Mﬂ g B B
B A B
N\rw\ \/F\M i ”‘M\(\\ o
X 1 L N | o
20 30 4020 30 40
20 (CuKa) —

Fig. 5. X-ray diffraction patterns of reaction products
obtained from various kaolin samples formed
at 1300°C under Nz-H. atmosphere. (C/5i0,=1}

M. Mullite ﬁ: B'Si3Nx|

B: B-S13N4 {A) B': B-Swalen D
B'. p-Swalon C: SiC

C: S]C' o oSNy

n: o-SigNy 5 hrs 5 hrs

;;'
o=

P =0
]}2

g =

B’ B '
B B o g Bj©
5 5 g 1|3 hrs B 3hrs
J alfie |l A WA &
s 7 A‘."»% Ve,
2 1 n i | i
20 30 4020 30 i}
24 (Cuko) —

Fig. 6. X-ray diffraction paiterns of reaction producls
obtained from various kachin samples formed
at 1350C under Ne-H; atmosphere. (C/510,=1)

7t B S 9 v} 3127, Lees) Yoou'= 80Nx-20H,
2% gas E207] el Aapubdg 2|7t s dsleke
CiSids=10] HAULE w3 up 9ich etdrEs
C/S10,=1% &l ¥3%]7] gass 80N-20H, £ gas=
sle] AR 97| Fof A Aspal-So] WA g Afelg Hal

-353-



{A) 14007, 40 hrs.

(D) 1400T,

2

10 hrs.

{D) 14007, 40 his.

Fig. 7. SEM photographs of reaction products fired at each temperature and time.

2|2[A]¢} [D]E 1300 = 1350T |4 A|7+e e}
of Azgha|al AsE2 XJJ =2 F 5 AaE Fig 59}
Gol| vhehglch

1300Cel| 4] R A $(Figb) T AR 2syk
S8 FAF oFE He|i gl2i) FFoh}E 824
77 et AB[AlNME 1047 dbg-Alg] FHgels
mullite peak?} 2Z3tz ¢ &g Fald 4 o) ze),
“J?—UM— G BEA3) A EID]S] ASell= 547
a7 ASo T mulliter} A2 Rajsde Wmat of
ek 10412ke] =9 o 2 A-SiN# B-sialon®] peakat
etz gle] Aagh vk 2407 SeldE 4

-354-

¥,
T
o
r-L.L
i
=
=
Ir
fi
~
o,
o
)
o
rode 2
pes
2.
i
=
flode

1350(3“1]/‘3 H-3-A 7 7 (Fig 6) el 3417 5h8-4
Ae 9 AB[AlE SIC peakrt ZA L]—E]-Ll'lq- ZA]|
AIN peak® #A3}=qt 4|2 [D]el| 4= SiC peak® 4
Ao 2 vy AIN peak= vfehda] #igfch 5A]7be]
7 sate A B[D]efl A= SIC7E Al=b=or o B RSN, el
P-gialont EAghet. zefv, Al B[Al-l= AN SiCr}

5 5733] 4



Az Y8E B 5 Ut
qHA, o Aanhd B9 gas® ARER Fr ¥
7% o] NeH, £8 gas® AH&shs 292 dabikdo
Serh W e fgsE, A=Al A4 1300T
o 4] 104171 Aaka7el hgo] Ao T Ho=
vhehd BREEEE WE g SlE Zle R e

335 AEL SEM A3

oFul} gtafe] ez} A & Ag[Alsl (D]
X-A #ZAdR4 AF(Table 3) 713 FAF Zeo|FE K
o)= 1300% ol A 1041 2F3) 1400T ol A 10417} = 404 7F
Asalzl A EE2] SEM FERAAZE Fip 7ol ehig]
=3

1300?:01]%-] 10412 ARz By AB[AlN A=
SICE F=¥ & oZdde A3ES F5=+=
el BAs 3le, AR[D]AME FEAL W
A gtz SiICE F2Fe A ge] 32 gy

14007, 10417k AEAA 25 Al m[A]A A= 404
A= A o3 1 2 SiC §]AbEe] wel s R ul
A Z[D]g) #fol= 1300C, 1042k 4 epts o2
A4 Z 5iC °.J;<h$:% Ape}Alz v A g Ak AE
Z FA4AAER Vehtx glen Xl 334 e}
e o] 25 fsialon {YAEA AR AR,

14007 A 40417F ZAEAIR) A5l Al 2[ATdlA]E
TABEAE A e 2 SiC lAEe] wWel #
ZE A, AZ[D]2] Afeles 13007, 1047l
el ohraAde & SIiCosieEL ARERRaL ef4Er
TAAER & FAAAER el glav] XAl
g Aol vlas of BF fsialon xE9] A
o= AzrE

H00cd 4 40414 AgAl7l Afoll= A Z[Af A=

dzAel A "aa)zl AR[D]«A s 3

Ape] g A2 =72 ol At olfp g 5iC 4
A-Ea] Rk e Ala[Iye] e 2 AR
A4adate FHEAHAE BoAFT gle] AFHAE &
s wEE 0 glemd, ok 1400CH) 4] 104]71 R
227 A gelA] #AH e B—sialon R R

Z,-_A]-;H

k

a] Fde] nle} Eeo] MET FAAAY FHEAHAR
AdEg o 4 ek

No-Fl, #3 gas 51718004 2371 A|R5EES
SEMez et Aw Qatsles 2 ajol7) glelo ne
7q-‘+* Aekalgnh et oba] A RE97) sl H vk
nhe HA 2 A7 el v)sld] AL EY 2

17+ T-f]]T e 7E o 4 slyglen], o= Mangels™ 7|

utgl whel Zeo] H: gas®] d¥em aAgrden

A 207 A5 F(1992)

-355-

£
slgalg abdelsl] GFvhlE
& FEG gapo] ThE AU U
A e e AEE Ik

1 7hg2lel gAERy Arlse] dag 3
A=) ahal 4bale Alzbe] Zele) o) wfw

iz

_E(

- F

ol S&Hv 7h&=ls fRarle ey ulEdA
L ZrlEiA, el BeEE E2MdE o-qua-
izt orthoclases Ab#)2ie] o3gkL #bA] ¢li=rl

2. 1300T=04) 4 l 2e sheae
S5iC7) FA4Eg A2z vpspden, ook

o] HWSE B-SN,9} B-sialone) QAde] aalyc)
e 4R e] shA e gl 5iCet B-5hN 2 OB-
sialon peak® 7drwr} wl<=dlAl bl

3. 1350Col A 14|7F Asla)gl A% Aba]e]d A RS2
f-sialone| v} B-SLN, 7 A= 29, 7123 22 S5iCe)
AN peaknt vielsEt) 104]7)e] FH 4kA =6 A58
As= SiICE A9 AR B-SupNiel B-sialono® %
o1 W el G%E AR Aol S el
z}iﬁ}cﬂf_]_

4. 1400°Cel A 2l&Alg] 2 ol uk-d-4|7he|
we} ApdEle ARr A AARE AR A&
SiC peak =e] 7hay) wlE mo 2 Jelytt) 1047
w7 E Fleel &l %Pﬁ SnC, B-SigNy, AIN ™ p-Sia-
lone] FEEL GLev), UFP Yape] of 2274l 4|
B+ p-sialon gt e R E] glen], o] B-sialon?] ZZk
EDS Fatda) < 15 Axe]n X i da)=
oF 13 Hxqdch 4047 vheAR] HEdE e84
53 B-SigN 2}

7] 4ol

[o]
BATT
—

L2 f-salon TAdARS A ER]
AlNe| zl&slz glawh Axigial #s1E3ls 25 f-sia-

lone 2 Hol= e}
5. Ny-Hy 27k E217]31l 4] 25
22941 A=

o)} ghefe] ok
= 1300T el 4] 1041 7F H--4171H o 2 §-Sy
N2} B-sialon2® Ae|HE ZHoE elgten], N, 7}
sEfef A RS AT R} wkSo) wha] e s oF
o alsich

2ol 2

2 1990Vl s o Ex| Itaeks AT A o]
7.] -‘ﬂc]-t]:l -;‘-Aj =] !étaj __]_).o-] H] °ﬂ "] D'I_o:i o&?’ﬂ ‘)’J.EU']



o,
r-lo

CEERE EERES RS

REFERENCES and (-Sialon Ulirafine Powders from Alkoxides,” J

Kor. Ceram. Soc, 24(1), 23-31 (1987).

C. Weast, “CRC Handbook of cheristry and phisics,”
68th ed. CRC press. Boca Raton, Florida, p. B-72,
1987.

1. K.H. Jack, “Sialons and Related Nitrogen Ceramics,” 10.
I Mat. Sc., 11(6), 1135-1158 (1976).
2. S. Dutta, “Fabrication, Microstructure, and Strength

Seoul (1983).
. H.L. Lee and Y.H. Yoo, “Synthesis of Powder of the
System Si-Al-O-N from Alkoxides; I. Synthesis of SigNy

-356-

of Sintered B-SizN; Solid Solution,” Am. Ceram. Soc. 11. C. Weast, “CRC Handboak of Chemistry and Phisics,

Bufl, 59(6), 623-625 (1980). 68th ed. CRC press. Boca Raton, Florida, p. B-69.
. N.E, Cother and P. Hodgson, “The Development of 1987.

Sialon Ceramics and Their Engineering Application,” 12. Shi-Chang Zhang and W, Roger Cannon, “Preparation

Trans. [ Brt. Ceram. Soc, 81, 141-144 (1982). of Silicon Nitride from Silica,” J. Am. Ceram. Soc, 67
. HL. Lee and HJ. Lee, “Synthesis of p-Sialon from (10), 691-695 (1984).

Hadong Pink Kaolin,” J Kor. Ceram. Sec, 21(1), 11- 13. 249, o), G54, “Frela] 224 Silicaz

18 (1984). B Carbothermal Reduction+] 2]% Silicon Nitride2]
. HL. Lee, HJ. Lim, S. Kim and H.B. Lee, “Thermome- A7 aedshE A 18 W EE0 FX)E 247-265 (1986).

chanical Properties of p-Sialon Synthesized from Kao- 14. H]. Lee, “Synthesis of p-Sialon from Hadong Pink

lin,” J. Kor. Ceram. Soc, 24(4), 349-356 (1987). Kaolin,” Ms. Thesis, Yonsei Univ., Seoul (1984).
. H. Yoshimatsu, M. Mitomo, H. Mihashi, $. Ohmaori 15. B.D. Cullity, “Elements of X-Ray Diffraction,” 2nd Ed.,

and T. Yabuki, “The Preparation of Sialon Powder Addison-Wesley Pub. Co. Inc, 501 (1978},

from Kaolinite,” Yogvo-Kyokar-Shi, 91(10), 443-449 16. L.]. Gauckler, J. Weiss, T.Y. Tien and G. Petzow, “In-

{1983). solubility of Mg in p-SigN; in the System Al-Mg-5Si-
. H.J. Lim and H.L. Lee, “Properties of f-Sialon Prepa- 0N J Am. Ceram. Soc, 61(9-10), 387-398 (1978).

red from Korean Natural Resources,” [ Kor. Ceram. 17. N.J. Shaw and F.J. Zeleznik, “Thermodynamics of Sili-

Sac, 26(3), 402-408 (1989). con Nitridation: Effcct of Hydrogen,” J Am Cer. Soc,
. S5.G. Choi, “The reaction of the Si-Al system in N; C-80-C-181 (1982).

and Na+H, atmosphere,” Ms. Thesis, Yonsei Univ., 18. JA. Mangels, "Effect of Hx-N; Nitriding Atmospheres

on the Properties of Reaction-Sintered SigMy,” [ Am.
Ceram. Soc. 538(7-8), 354-355 (1975).

29837



