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Abstract

A rapid and simple test to distinguish halloysite from kaolinite in mineral mix~

tures has been developed based on differences in the rate and extent of formamide
intercalation .

The results of quantitative analysis
tained 90% of kaolin minerals, GEC
of 59% kaolinite,

The extent of formamide

by formamide intercalation reaction GEC con-
contained of 86% of halloysite and GYK contained

intercalation by kaolinite was likely influenced by sam-

ple crystallinity .
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Churchman & Carreol 23t% halloysite
£ IR XRDol 98] peak s &, 94, o4l
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v oo]2ldt FH % ofull 5l halloysite @ ka-
olinite 7} FAlol EA st A+ THel 4] of
#-gol 3let,

=3 AR v] 4 (SEM3 TEM)ol 23 kao-
linite ¢ halloysite?] 7ol ¥ F&s5n
glEdl halloysite v+ tubular gejeo|, kao-
linite = platy, polygonal <AE Helris
By 3 gt zey ogd FHE )7
Ao w2 TEM # SEMO & HE g
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g 4 glom 1011 mopplex formationo] Al
#3513 71etA A5 = formamide inter-
calation ¥FS-g 53led halloysite & kao-
linite & 7 sts, &A FaFg A wFslglom,

Iat A Eo) B)E crystallinity indexes &
Z A8 e,
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2. 1. ANE & Al

Halloysite ¢ kaolinite & 3f3ta &
A HE 2753 95 AE 35 200mesh
(0.074mm) sieve & A 7l A& ALE33 o

Table 1. Source, pretreatment, and composition of samples studied .

Sample Composition * E::?;i;?{gn Location / source
Kaolin
Dae myung kaolin K.H.Q.F.G. DMK Kimpo, Kyunggi
Hyepjin " K.H,.Q.G. HPK Unknown
Gaya " K.H.Q.G.F. I, GYK Hapcheon, Kyung- Buk
Hadong " K.H.Q.G.F. I. HDK Hadong, Kyung - Nam
Muan " K.H.Q.G.F. MUK Muan, Chung - Nam
Sechang " K.H.Q.G.F, SCK Unknown
Doim " K.H.I1,.G.Q. DIK Unknown
Shinan " K.H.Q.F.G. I. SAK Shinan, Chung -~ Nam
Clay
Duksan clay K.H.G.F. I, pscC Changweon, Kyung - Nam
Bugpyoung # K.H.1.Q.F. BPC Bugpyoung, Kangweon
Yeoju " H.Q.G.F. 1. YJjcC Yeoju, Kyunggi
Gochun " K. H. Q. GCC Gochun, Kyunggi
Hampyeong H.K.Q.G. HPC Hampyeong, Chung - Nam
Pochun " K.H.Q.F. PCC Pochun, Kyunggi
Oboo " K, H,Q.G. OBC Sanchung, Kyung - Nam
Muan " K.H.Q.F.G. MAC Muan, Kyung - Buk
Gigye " H.Q. G, GFC Youngil, Kyung - Buk
Ogchung " K.H,F, Q. ocCcc Unknown
Junju " K.H. Q. JIcC Junju, Chung- Buk
Yeasan " K.H.Q.F.G ¥YSC Yeasan, Chung -~ Nam
Neung ju " K. H.Q. F. N]C Neungji, Chung~ Nam
Jangsan " H.Q.I.F.G. JscC Jangsan, Kangweon
Jinhae " K.H. 1.Q.G.F. JHC Jinhae, Kyung - Nam
Gwangsan " K.H.Q.F. GscC Gwangsan, Chung - Nam
Gaeun " K. H. Q, GEC Gaeun, Kyung -~ Buk
Angam " H. Q. K, AGC Unknown
Mokpo " K.H.Q.G. MPC Mogpo, Chung — Nam
Mok jul " K.H.Q. F. MJ]C Japan
Wamok " K. H. Q. wWMC "
Makao " K.H.Q.F. WKC Hong - Kong
¥ As in given Reference; K =Kaolinite, H=Halloysite, Q =Quartz,
F = Feldspar, G = Gibbsite, I = Illite
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Table, 2. Treatment of samples for estimation of halloysite and kaolin minerals.

T tment
reatm Remarks
Number Mode

1 Unheated .sample, mois - Peak near 10A asctibed to hydrated halloysite with contribu~

tend with water tion from illite ~ mica(cf, treatment 2) ; peak near 7A
indicates kaolinite and / or dehydrated hallaysite .

2 Oven—dried at 110 °C Both halloysite and kaolinite collapse to~TA ; any residual
overnight line near 10A indicates illite - mica.

3 Formamide spray, Dehydrated halloysite expands to~10A immediately (within
unheated sample hr) after spraying; kaolinite remains unexpanded at ~ 1A
(as in 1) within this time interval,

4 Formamide, 28 days Time scale sufficient for kaolinite component to attain ma-
immersion, unheated ximum expand ; both halloysite and kaolinite expand to~ 10
samples A; a residual line at ~ TA indicates some unexpanded

kaolinite ,
2.3. XM 3¥ 24 Powder Diffraction Degree of Reaction
(X-ray Diffraction Analysis)

Table 22 A&g AN BES characteriza- A
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Fig. 1 Determination of the degree of
2. 4. Intercalation BT &X (Degree intercalation from the inten-

or extent of complex formation) sity of the basal spacings

Intercalation A%¥ intercalation H}

S A% 3= F7AHUS intensity wE Formamide intercalation ®¥h& A5} B4
2 2y Z248900,'3 W2 Fig. 1d & HE Z7AE ~10A szt

A &gl o}, w24 intercalation A% a¥
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2. 5. AMXE BM (Differential Ther-
mal Analysis)

DTAE AFE3te] kaolin minerals & per—
centage & TF3lglcl. o percentaget DTA
e high - temperature (500 ~ 600C ) &
9 peak® intensity && peak area & 7|
Abgt 4 glohan Ba = glep e 19

H A3 o4& standard kaolinite® Fluka
kaolinite & AF-&3}
AFSHSl

AlE 20 ~40mg & 38, a-Al,0; 5 re-
ference sample & heating rate 10°C,/min
(371%), range 50 .2 stglom AMEEh DTA

intensity 5 vl 7|

= Japan Rigaku it 8306 type & Ab-23}9«w},

2. 6. Crystallinity &X
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3. 1. Halloysite 2] &2} £X

Halloysite 3tgk =42 Taple 29 38 3

o2 AgE 60min. ool X -ray diffracto-
meter & HE 9.2 26, 8.7°( =104 ai2),

12.4°( = TA 23 ) ol 42l XRD intensity &
Table, 3o X9kc}t, =3} Degree of inter-
calation (@) £ 7o Aglr},

Table, 29 A7 3-8 Ao st 9l
halloysite 9 747 & Sh43) FAAPI= vt
W Algule] £A3AL 9l kaolinite & com-
plex & @ 4slx Fdtcka mas s gleb!?
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A (1) 2 FE A4kl sbsgt W Al 8ol illite
(&5 mica)? 0017 peak & formamide
intercalation Whgol ol8) Frtsl &7)7e)7)
o 2] 5}7] o Foll A2} 2 Coven—drying ) & A
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54 A7 GECZF /b3 B2 86% 2 halloy-
site & MJC, MKC7} 239% halioysite 9
gheks- Vel glom, 2 Al 8.9 halloysite 9
3eF2 Table. 40l PA 53T,

Table 3. Formamide intercalation reaction 0|

ojgt 7TAD 10A2l XRD intensity2t
degree of intercalation

Treatment 3
Intensity 1 I Degree of
Sampl€ 7 10 intercalation(a)

DMK 48 30 a = 0,39
HPK 48 98 a = 0,67

YK 64 74 a = (), 54
HDK 54 92 a = 0.63
MUK 46 48 a = 0, 51
SCK 40 92 a = 0.70
DIK 44 88 a = 0, 67
SAK 48 86 a = (.64
DSC 36 44 a = (.55
BPC 44 68 a = 0.61
YJC 24 48 a = 0. 67
GCC 50 40 a = 0, 44
HPC 54 50 a = (.48
PCC 48 32 a = (.40
OBC 56 52 a = 0,48
MAC 46 44 a = (.49
GGC 36 50 a = 0, 58
ocCcC 38 100 a = (.73
J%C 36 48 a = (.57
YsC 42 44 a = (.51
JHC 54 44 a = (.45
GSC 46 54 a = 055
GEC 18 100 a = (.86
AGC 20 50 a = 071
MPC 30 42 a = 0, 58
MJC 86 25 a = (.23
WMC 57 24 a = (.30
MK C 61 18 a = 0,23
NJC 30 40 a = (.57
jSC 22 36 a = 0.62




3. 2. Kaolin minerals 2| &2} &4

Kaolin minerals 9] &g &2 A} Table
29l Azj42 AAZ(C) 28 days) AHF
formamide ¥§ A3 718 27k A 89 peak
intensity & halloysite & 3heF A Aol A &}
wtg kA 2 218 A238le] Kkaolin minerals
o @& Fetglod, X+ Table 4o =
Al &tglet,

Table 4. Percentages of kaolin minerals esti-
' : mated from long - term intercalation

and differential thermal analysis
(DTA) and kaolinite by difference

between the kaolin-mineral and
halloysite values.

in rals - .
Sample name Kaol (n‘%ge 2!l i:iat]é o l:iafél
designation  pormamide DTA (%) (%%)**
DMK 51 79 39 40
HPK 72 97 67 30
GYK 1 94 35 59
MDK 70 84 63 21
MUK . 60 78 52 26
SCK 76 92 70 22
DIK 68 88 67 21
SAK 72 86 32 54
DSC 61 68 34 34
BPC 66 60 32 28
YJC 70 68 34 34
GCC 53 75 44 3
HPC 60 72 48 24
PCC 87 85 490 45
OBC 63 74 48 26
MAC 68 75 49 26
GGC 59 68 59 9
occC 77 85 64 21
JJC 53 58 57 1
YscC 67 69 51 18
NJC 56 62 58 4
Jsc 54 74 72 2
JHC 57 68 44 24
GSC 61 70 54 16
GEC 90 71 86 15
AFC 62 50 71 21
MPC 54 62 58 4
MJC 74 84 23 62
WMC 63 81 30 51
MK C 60 96 23 73

* Estimated from rapid formamide treatment
** Difference between kaolin percentage from
DTA and Halloysite percentage

%74 A+ PCC, GECH A% 87%, 90 %]
kaolin minerals€ DMK, OBC, JJC+ 51%,
53%, 53%%<] kaolin minerals & 83t e},

DTA® %743l kaolin minerals® gge
HPK, MKC7} 97%, 96%9 %<& ¥=2 NIC,

MPC7}t 62%, 61%9] 22 dekg 4351 et
Formamide ¥+-&3 DTAZ ZA3%}l kaolin

minerals 8l 3tgko] xol7} Y AL DTAR

28k gtefo] st AS zal|sly] wFoloh 1P

3. 3. Kaolinite 2| 32}

Kaolinite o] @82 DTAZ 243} kaolin
minerals e o2 Y-El Table 29 X3
2 wgo® =A% halloysite o a2 wif 4]
den, A Table 4o wA s}

274 A3 MKC7} 73% 714 2.2 Kkaolinite
F st e 4 T s

3. 4. Crystallinity index &%

2t Al g A8 Hughes & Brown %o &
3} A3 crystallinity index #E Table
5el v A5k o,

Table 5. Sample crystallinity VS percentage

of knolinite capable of being expand
ed by formamide

Sample Kaolinite (%)* Crystallinity indexes
DMK 40 15.3
HPK 30 11.1
GYK 59 20.6
HDK 21 7.2
MUK 26 9.3
SCK 22 6.6
DIK 21 9.7
SAK 54 6.2
DSC 34 3.9
BPC 28 10.0

. YJcC 34 1.2
GCC 31 12.9
HPC 24 5.3
PCC 45 8.6
OBC 26 4.8
MAC 26 3.9
GGC 9 11.9
ocCccC 21 6.4
JIC 1 10.6
YSC 18 7.3
NJC 4 5.6
JSsc 2 4.2
JHC 24 7.0
GSC 16 7.7
GEC 15 7.0
AGC - 21 10.3
MPC 4 4.8
MJ]C 62 14,5
WMC 51 10.6
MKC 73 9.3

* Difference between the percentage kaolin
mineral C(halloysite + kaolinite) from
DTA and halloysite percentage,



243 A% GYK7t 20.6 o8 7} & cry-
stallinity index %% Jepida MAC 7%
3.9 2 7} A& crystallinity index & 1}
el 9lel. Kaolinite 2] 3tgkol GYK, SAK 7
£ 59% 9l kaolinite & §H3ls Yel= SAK
o] A9 GYK®ET crystallinity index 3k
o] #& 72 disordered kaolinite & &3}
297 oz AbEE

4. & 2
FAAES 44 B4 U0 v 24
71 9l8] formamide intercalation ¥F2& %
o] 7|2z AME AAGE A kgt e 2B
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2

23

1. Formamide o] 238} intercalation 4}
o

S A =4 HE 27%4L kaolinite Hroh
halloysite & @Wo| {3t}

2. Formamide intercalation k2o 2
g w4 HEe] A 4 A3 kaolin mine -
rals2 GYK7} 94%, halloysites= GECZ}
86%, kaolinite+ SAKZ} 59%% 3+
gict

3. Kaolin minerals® A= A3 forma
mide intercalation "h&ol &8 AP} DTA
A Bk 2k,

4. XRDE Abg3te] 2438 crystallinity
index & GYK7} 20.6, MAC7} 3.98 »#
22 kg vehi ook
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