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The Influence of Polytypism and Impurities on the Phase
Transformation of Kaolins : II. Halloysite

Sujeong Lee*, Hi-Soo Moon* and Youn Joong Kim**

ABSTRACT : Mullitization of halloysite was examined with special attention to the influence of polytypism and
impurities on the phase transformation. The phase transformation sequence in halloysite is identical with
those in kaolinite and in dickite. Difference in the phase transformation above 1000°C in kaolin minerals is
attributed to the different crystal structures of metakaolins or the effect of impurities. Growth of mullite crys-
tals in the disordered kaolinite including halloysite or illite occurs at about 100°C lower temperature. Cristo-

balite is also hardly produced.
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FRoAPEE FujoA AEEe i H] 7HE¥
#ES hE, TR EY Tt olrt. webA
713t FhEe|o|ES} rixy K| 2 welFeHd) A
AN FRAE AXR EEC|ER FHoldt (Glass,
1954; Campos et al, 1976; Okada et al, 1986).
FHEELol Bl HrlolEe] Aol A X7} &
FFURC] (15 T, 1999), FEo|rloEL] ZET
AT GA) o] wkgel F3E F Aol
202 dRoXolEA EEP|Ex FhE&|uolEe
My} oF 100~200°C ¥ 25, 5& Hr} 329
A AEEA, AjaEdelEr YRR g B
A AZFE FolRIAY (Glass, 1954), X} 12004
AEEe AeE dEA Jtt (Campos et al, 1976;
Okata ef al., 1986).
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@] zlele} EEEol EFf|ERS FHo|d PIX=
FIFE FHEA Pk gRoRo|EA skeRe =
Wellx FHeA AEse R At Aa2A,
o3t A7 4 So|ES FARY JYURE
el dig S JFAE Aoz e,
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E Aea AMESE AlEE UN (3 AT 34
o), 54 EE I3F E4), e JREYE Jd
Hebe AR e FIRFAY W, B
shat 2223 (RN et 22 RESE
AFSHAT. AlEE 2F 2ume|stE FHEH Yo s
22, Ao dfolEe} MY, g JolE, &
A, ol el 59 BEo] 44 W] g=Zolrlo]
4 71&-¥olth

BHEHEA], XABAEA, 948 384, AR
SEA, HEEA SFE 9 71E94E Wl 52 9l
4 5 (199901 zME] Aslsct. XAs 88N
I HLAMFy FFEAM A TRl 4191 A
o2 FdEE AR, RoAP|EY FRRERIES
TR AHges BN Y, Churchman ef
al. (1984)2] ¥Whyel wlg}l ¥ Z=vjmle]= (Formamide)
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Fig. 1. X-ray diffraction patterns of kaolins : (a) Daemyeong, (b) Buksam and (c) Yangwoli kaolins.

002 38X} el 31d 0] HY EEA g, A
ZJl gZolrlel|Ee] FHAANRE JeRH, 7&EUo]
Eol M, A4, dTlolE, W4, oEA 5o E
SES 3l Ut ERoRjo|EE Ywthoz
el AR9E ZEvh YA o, olgd= ¢
F, oY, E7¥E 55 &A49} (Kirkman, 1981;
Dixon, McKee, 1974). & A8E ~4.42 A 3EA
o] 00/ sdA Ht} A3 FElskA vehbed), o
23t BAEAHL dnkFog Aol gRolrlo)EdlA
#F5= 2oz A Ut (Wilson, 1987).
FRoJAlo|Ex HLJHFs B4 OHAIEH
7} 3695 e} 3620 cm oM HAE T AjHog
3620 cml9) ZFert ZA JeEhdeH (Wilson, 1987),
o FHedelA BREE 3653 cmrle) AlEulE 2A
Tt 2 JeEe|Er) e A (Fig
2(a)). ¥ 7L 3697 cm = 3621 cme) A
7 759}, 3652 cm™7F YERE & FAMEIL 9
FreE el Ed wW¢ 7i7hE 54& HAY (Fig
2(c)). AAPH YN E B4 F1e3le ARFQ 2ol
Alo|ES] FuE B (Fig 2 (), )% 712
3 e FReRloiME dA A=t B ke




Srzgel Aols Bagel SHeAEY Aol MAE IF

(a)

3 g8y
I Mg
g 3
g8
o ()
c
]
E 3
E §
c
o
-
X

g
|
Y
4000 3600 32001800 1200 800 400
Wavenumber (cm™)

Fig. 2. Fourier-transform infrared spectra of kaolins over
the hydroxyl stretching region, 3200 to 4000 cm™ and
lattice modes region, 400 to 1600 em™': (a) Daemyeong,
(b) Buksam and (c) Yangwoli kaolins.
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Carter et al. (1965)0] &sld NEAZFTE B
doE|ZE o]&3le] 23 YRoA|EY BIEHA
& 76~173mYg Helelth & AFeld AR 7k
A 52 HEHAL 63~116m%Ygd] HWHE BPoH,

Table 2. Description of the kaolin specimens.
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Table 1. Specific surface area of the kaolin samples in this
study.

P,Os-dried Retained Specific

Sample  sample weight EGME weight surface area
® &4 (m*/g)
Daemyeong 0.3960 0.0093 82.11
Buksam 0.4962 0.0090 63.42
Yangwoli 0.4991 0.0166 116.29

B (634m%g), U (82.1m¥%g), ¥€d (1163
m¥g) 7Hed £og & 7 RHo|x U} (Table 1).

AREE FREEUCIEY JPE W FEYA 2%
¢l 530CE HdHPo= FHof AAEEH R dojR] F
guFe £ (T ZE ADERH dgler
(Smykatz-Kloss, 1974), HANFF EZEA A
3620 cmt o] THEF 3695 cm o] 9] wlEE A4bs}
Arh oo AFE EUE, 72+ NEY FERA, 2
AE @ HFHAHE Table 20 JeRIIH.

SHSHEM DL A RHEE

NBEES A 2 dlEE FHdhs =
2} thekst g9 Na, Ca, K 58 &8-3la glon,
Fe) FHeUANMT BA YERHE TiO, (047 wt%)
= oheRAelA ZilE Aelth (Table 3). ¥¥el 7}
SUAME K08 #F (L59wth)= w4 57
vehtsd g ARE S AR FolAMe vt
2 FES dEolE, FAY EME Holx it
(Fig. 1 (©)).

ARGEA A3 Fg 39 el oy, 24
I FE] e BF A GRoAelEY] F
gvla 2oFS Holx jom, FEvhE 2ew 7Pzt
511°C, 522°C, 523°CZ, I Fh2&elAgt 10°C &
= WA velgich dubg oz FhgdARE-S 900°C~
1000°C HlelA A R S-S Fed, =
Freee g Be oF 970°ColA, s B4t 712

Size Specific

Crystallinity indexes

Sample fraction surface2 area Mineral components Parker  Smykatz-kloss
(pm) (m/g) (1969)! (1974
Daemyeong <2 82.1 Halloysite, Kaolinite, Illite, Quartz, Feldspars 0.93 -56
Buksam <2 . 63.4 Halloysite, Kaolinite, Quartz, Feldspars 0.67 -125
Yangwoli <2 116.3 Halloysite, Kaolinite, Illite, Quartz, Feldspars, Anatase 1.06 -182

ICrystallinity index=lagos cm/l3620 em-» “Crystallinity index=(t4-530) + AT
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Table 3. Chemical composition of the kaolins.
DM BS YW
Sio, 44.09 43.77 45.21
TiO, 0.04 0.07 047
Al,O, 3845 39.56 35.03
Fe,04 0.14 0.33 1.65
MgO 0.21 0.1 0.55
CaO 0.36 023 0.08
Na,0O 0.69 0.32 1.08
K,0 0.77 04 1.59
MnO 0.00 0.01 0.01
Total (%) 84.75 84.79 85.67
DM, Daemyeong ; BS, Buksam ; YW, Yangwoli.
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Fig. 3. Differential thermal analysis curves of kaolins up to
1400°C with a 10°C/min heating rate : (a) Daemyeong, (b)
Buksam and (c) Yangwoli kaolins.
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Fig. 4. X-ray diffraction patterns over the basal peak
region of complexes (a) Daemyeong kaolin, (b) Buksam
kaolin and (c) Yangwoli kaolin after 30 minutes con-
tacting with formamide and oven-drying (110°C, 15 min).
o denotes the degree of intercalation.
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sl=lo], UHa el FREdeA dete|Ee %
10 A9l 3AMe] Bl 33 PR (Fig. 4
@), (¢)). Churchman et al. (1984))] ¢J3}H &=o)
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E 343 (00) WA} ok 104 Aos B
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Flg. 5. X-ray diffraction patterns of kaolins and heat-treated kaolins at various temperatures : (a) Daemyeong, (b) Buksam

and (¢) Yangwoli kaolins.

Ax Bolo|lEZ Abdolsidut. diE FEHY] AL
AARA F2Ao] 960°ColA vERLPA 1100°CH7EA]
FH, 1150°ColA BelolEY 3 E73=rF §43]
Z7ln ZYagdEleolEe] ML 1200°CAlA
Z2E7) ARk (Fig 5 (). 28 Zasgw
Fol|EQ FEZEE 1300°CAM © o) F718IA
22 fAsE A niFE devhe ZEsEdet
o)E9] FAAo] Yehles 2N T A=

2 DET o], vAF AHE GolRISS ¢ T A
th (RRO)SF (RRO) BEAMY EE=2 & F U AL
WA BgtolEZ¢] Aol (Schneider, Rymon-Lipin-
ski, 1988; Low, McPherson, 1989)% 1400C oA
#ZER e, 1500CA M oF EREA E==HATH
(Fig. 6 (a)).
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o} wlAZEK R 960°Cell A 1150°C7HA] 2= Atk



416 ol - B g - AEF
(a) s (b) s {c) =
-~ o -—

s = & = S

N N =
1500°C W)W/\
1400°C M 1400°C 1400°C /M\
1350°C M 1350°C '/ffMt\ 1350°C
25 26 27 25 26 27 25 26 27

Diffraction angle (20)

Fig. 6. (120) and (210) reflections of mullites which were formed from (a) Daemyeong, (b) Buksam and (c) Yangwoli kaolins

by heating.

(Fig. 5 (). 1200°CellM = ETI0|ESY FAHGF] ¥
=gz on, A AEdTo|EY] AL 1250°CA
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g zleldE FEEAE, ANE BeolEe]
IAAREI} Zrlele LRE 12000CE B4, L)l
ZuplE FL2dolla TR, 960°C~1150°C 2%
HlolM Elo|lEg] 3HANL FEoAle|ET] YR
1 B3 7R oA JElith (Fig. 5 G). o
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Fig. 7. A diagram showing the transformation sequence of reaction products in each kaolin specimens with temperature : (a)
Daemyeong, (b) Buksam and (c) Yangwoli kaolins. Solid triangles show temperatures where #k0/khO reflection pairs split on

the X-ray diffraction patterns.

(Fig. 3(b); ©154 5, 1999). & TZolAlo|ETL Thi
El B ™ol e oF 1250°C FZoll oFaiA] et
TEu| =7t FEHEE vHE, g9ylolEe FhgEve]Eo
Ae zP7) E53 Jea 7120 AR o F
T ek o3 1000°C o)F EIZA meke] Aol
UM EA3he Ao AR TR ANRo] AAEE 2A
Axe] 727t Q3] BEEE HLAFEY o) &
Aol ¥)Fo] & w), 2TEAQ veplede A8
Z2 jols} BAFTY B}, AJIAEY MM F
dWkge) 2zt FEuA9] EoFe] Rolvt wietE 7}
olE, dell2aUelE, HeldRolrle|ES] 123 2}
ol AAEE 7] WET (Fg 3; °14F %,
1999).

$HA, deEfo|Er) Al AAEr B2 FREE|UR|E
7t FAEQ 4 e AdE FeEe, XA
slgEA A} (Fig 50); °154 5, 1999) F+ A&
2% Beo|Ee IHREr} FUIsRe &0t thE 7t

L) vlg) Ajdez v¥a, AsEdEo]EY 3
ZAo] #ZEA| gy}, ol# AH}ERY AX =7t
we FREE o Er}) S48l SR olAle|Ert dtol
=7} 8¢l 2%, BalolEe] AL of 100°CH=
o 2ol AlFkE Y, HIARGO R HE 2B
glolE2] AAo] otk A& ¢ & AUrk Glass
(1954)9] dFAFNNE AFEIt F2 FHEU|E
e EdolEe % 3dMe] of 100°C Ax W
£ 2o yehdt). o] F Al5E thE JREEAR
o Hlg) 3 WA RS A7t oA UEltE=E (Fig.
3(); °19°8 5, 1999), o] WEHIE ETO|EY G
P mAFd davle] 2818 dovle Ednkeo
ojgk Rolt} (5% F, 1998). wjEbA wdv)=y) 7}
=9} mR|agdelelEe] FMo] AR ¥ A
A= AFAA zEE, 7R A 7
LRoMEe vEFIY TR2RE vgE 7l
a7} oldge-g & & Yok 39, AHE seaw
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