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Intercalation of Hydrazine into Kaolinite

Chihiro MormMoTO '), Katsutoshi TomIiTA !’ and Motoharu KAwAaNO ?’

Abstract

The purpose of this study was to investigate the influences of crystallinity of
kaolinites on intercalation of hydrazine. Using natural kaolinites from Iriki-
mine, Kagoshima Prefecture, Kampaku-mine, Tochigi Prefectuer, Ibusuki,
Kagoshima Prefecture, and from Georgia of America, experiments of intercala-
tion were carried out for unheated samples and heated samples at various tem-
peratures up to 500C to know the heating effects on intercalation.

The 7.2 A spacing of kaolinite layer expands to 10.4 A after intercalation. The
degree of intercalation is given by the ratio « =Iw/(lw+1;), where Iy and I repre-
sent the integrated intensities of the peaks 10.4 and 7.2A, respectively.

Results of experiments for unheated samples show that the degrees of inter-
calation of high crystallinity kaolinites were higher than those of lower crys-
tallinity kaolinites. Results of experiments for samples heated at higher than
400C showed that the degree of intercalation decreased as compared to that of
unheated samples. These results indicate that hydrazine could intercalate eisily
in interlayers of unheated kaolinites having higher crystallinity. It is considered
that interlayers of kaolinte having lower crystallinity have some distortions and
it 1s more difficult to penetrate hydrazine into interlayers of kaolinite having
lower crystallinity than those of kaolinite having higher crystallinity. The
crystallinity of kaolinite after heating at higher than 400C decreased. The reason
is considered as follows. Distortion occured after heating and penetration of
hydrazine became difficult.

Key words: Intercalation, Hydrazine, Kaolinte, Heating, Crystallinity.
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1. BU®IC

AN FA N EOMTEWIIRBHILEM A TR T 27:012H 5 EHSFERINT S Z L2°
MoNTwD, A1) F A MIEBA V- I L= TE75AMNFTELT, AVATIF,
AN AEERRIE, CRTVY, VXAFNANKFIER, N= XFVKRIVLATIF, JVAFN
BNVLT I R ENHSH (Wada, 1961; Ledoux and White, 1966; Olejnik et al., 1970; Olejnik
et al., 1971a, 1971b; Adams et al., 1976; Adams, 1978a, 1978b; Churchman et al., 1984;
Theng et al., 1984).

INLDOGFIEAF) A4 Mhronaf (4 bEXFIT2AEEELTHYONS, 72, 2
NoiA % —H1L—bN3EBEACEWE, HF)FA V2 EOMTIOBEIZEZEAS ZW
ERGTEA Y —H L= NS THLBEILEN AR T H7200FMATy 7 LTH
WHNTWAE, ZOLHICLTEBREINF-RBEILEwE, LD EgEWIFEo Tk
BLl3F oK B ME 2 OL I RAZEIHEINTWS., FO-Of 4 DN
FiolMBE LTHATE20TIE R0 L) 2 ET, BEBEICASZWERSTE21 ¥
F—NL—bFSETHLVERILAEMEZ DL AFRIZLIS R EINTWA, LarL, —HFTiEE
Dftdh (RA ME) LEEA VY- L— b T 52E8ST (FA ME) OBRIZOVWTIZES
HLbhoTwhnZ L, Z2TEHEE, 74T 1 NOBEEOENICLILL T
DDA E = AL =2 a N N\OEBEBIOAA)FA MW OPRLR HIRE TN L -1k
LRIV EA I —HL— &R, MBIZLAA V7 —h L= a Y RIBEOEILIZDONWT
e L 7-.

2. EBAE
2.1 &

EBRICHWARHBE, Ya-YT7hFUFA b (KGa-1, USA), BEB AU F 1 b (K
B), AkA+) -4+ (BEEEE) BLORBEIFT) A4+ (ERBE) TH5. Zhbo
HAEB DS HEE Table 1 1ZRT. TNOHDE L% A THSRTREIK U R R AEEIC
BECEEREL, KICBESEBEWEDE L%, ERECXB2HESINEZIT2 v < 5m D5
ZEULL 7z, XL 7280k %2 479 A HE <13 ) D EEZ S 8720 0 % X R B 547 H o
ERMVEEE L, A ) F A4 MIA Y I =L — P ERHREIZITe FF Y~ (hydrazine,
NH, - NHz) HW.

2.2 X

EAMABHCE FI TV EFETL, 1 ~192BE 0S80 0% XM KR (XRD) 4
HrL7z. XRD B LIAHI SR OB 1E D 72 O BRI VWIS L7, BohzEfE —
IIHY NI T VOREBEILICEI A vy — AL —Ya v RBE (o) 2RO A7 —9
L= a YOG HE - BEH (1973) OFEICHEY, A+ Y F 4 F001E (d=72A) @
g (In) e RIVrDAL 07— L — MIXDAEUZ01ES (d=10.4A) D5 #
fi«% (110.4) %(ﬂ“% L, A% —=H1L—3 ‘/}iﬁtxi (0’) :IloA/(Iw.f;‘*‘Im) @Kﬁ‘%;kbf:

LRGSO VDBEIZEIAA Y —H L — a v ~OFEBIE, FEEAKTI0, 30, 50, 70% jEE
WHERLZZe PV v 23BHIBET L, BRI 0 —h L= a Y RISEE R/,
MEIZEBA v F—HL—3 a r~OFBIX, FB%2ZNZFN300C, 400C, 450C, BL UV
500CC 1 BFfImzEL L2, ZORSEOLVEFEOL FT 2 23 BHIET L 1 ~ 1920 KX
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Table 1. Chemical composition of kaolinite.

GEORGIA! KAMPAKU? IRIKI® IBUSUKI*

SiO, 44.20 44.59 44.95 44.30
Al,O; 39.70 35.75 38.49 34.70
TiO, 1.39 0.33 0.55 0.17
Fe.0; 0.13 0.20 1.99 2.38
FeO 0.08 } } tr.
MnO tr. n.d. tr.
MgO 0.03 0.04 0.01 0.55
CaO n.d. 2.75 n.d. tr.
Na,O 0.01 0.60 0.06 tr.
K,O 0.05 0.40 0.04 0.01
P,0; 0.03 tr.
H,O(+) 12.60 14.56 14.06 15.30
H,O(-) 1.18 0.35 0.01 2.10
F 0.01

Total (%) 99.41 99.57 100.16 99.51

! van Olphen and Fripiat(1979).
2 Tomita(1967).
3 Kawano and Tomita(1991).
4 Tomita et al.(1994).
n.d. : not determined.

IBEETA vy —Hh =2 a rRnFErRD7. ABOMEEE X, Hinckley (1963) #:3B L O
Hughes and Brown (1979) (2&£ % H#EEHWT XRD /8% — 95, F 72 RkIMERILA < &
MV D3695cm ™" & 3620cm ! @ OH ZEDOfMiEIRE) N FOE|E (Paker, 1969) 05 HEE L 72,
XRD i3 BF BT A =T Ly 7 A% v, IEEEKV, Eitl5mA O 54t
TCuK e AR L7z, RESSH (DTA) IZEFEHI 7 0o iEE s vy, 10C/min
D AmEE TEIRA, S1100C F TmslE L7z, Kya0%8 (IR) 4471, JASCO A-302
Infrared Spectrophotometer % F\v>, KBr £ & 1 5040~330cm ' & 2 2 L 7-.

3. BRRUEE

ERNID U RAVI—H L= FEEBHDOALFY) F 14 D XRD /5% — >, DTA Hi#, IR
AT ME Fig. 1IORT., BREOL WAL ) F 4 MIE#N % SHo=EIFERXST (4.
46-4. 36-4. 18 A, 2.56-2. 53-2. 49A, 2.38-2.34-2.29A ) XRD ¥— 27 25 @ 51 5. DTA
BB CTIEA A1) F 4 S OREF O OH ZEOBKIZ L 23 ¥ — 7 25510~534 Tk H 1, IR
AR MVTIEZE O OH £ OMHFEIRENIC X AN FAY3 A(3696, 3654, 3622cm™) R 51
5.
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Fig. 1 X-ray powder diffraction patterns (1), differential thermal analysis curves (2)
and infrared absorption spectra (3) of kaolinites. Labels Q and A signify dif-
fraction peaks of quartz and alunite, respectively.
(a): Georgia; (b): Kampaku; (c): Iriki; (d): Ibusuki.
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Fig. 2 X-ray powder diffraction patterns of kaolinites at various stages of intercala-
tion with hydrazine. Numbers indicate the age of intercalates in hours.
(a) Georgia; (b) Kampaku; (c¢) Iriki; (d) Ibusuki.
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Fig. 3 The effect of contact time on hydrazine intercalation(complex formation) by
kaolinite.
®: Georgia; a: Kampaku; B: Iriki; €: Ibusuki.

3.1 RISEREICE 31> 2—AL -3 > ADEE

B4 oDHF) F A4 M K5V 0L —hL—bE4E7 XRDOWHS, 74
)4 D00 E (T2ANCR L TRBHEAB2ALN-272104AD A+ ) F4 h— FF T ¥
BAKOEITE — 7 2B 5N,

L NS Y ORISR 5 XRD /S — > % Fig. 212, 41 ¥ —hlb—va ek
Fig. 31Z/RY. Ya—IT7HFAVFA ML, BRIV BBRG S 2BI2E 9 TIZT.2
ADRIITE — 27 35L& EL, 104ADBVEIFEY -7 BB TWAE, TRHHORITE — 7
DEBEHPLRODLA V5 —H L= 3 YRIERIZLOTHY, e NIV VDOEERA V¥ —
HL—=2arPRIoTWnEI LD bs. BH, ARBIVEEOILY) 4 FTIE, 1K
B ORG%IE10.4A, T2A0WFORIFTE -2 B0 5NE. EMOBEEBIZHT 5 EHTE—
T DREE AL E, T2AOMEBIZENIZIZEAEALNZ WA, 104AXKREIZHEL R>T
Wh, Ay —Hhl—TarInERrRAE, B NI TV VKL EFIZLOTH 5 24KH LA
R EAIEZ Y, FRUBEERLI 2 EAEZ L TWAE, 12BMBOS ¥ —HL—T 3
Y FOBERIZH0.9T, FRL TR WAMOOREMEDORISE S H0.9&LFIF—FELTWwEH I EHh
5, BH, ARBIVEEIAF) F4 Mk FF 9 0230 L TI92B &I I IZ 2 o Tw
LEWETESL, T LOHA, ARBIUEEIF Y FA MIEFFT XL T
SR A VI —hL—YarE LEnwEEIOND,

ENENDOA A ) FA4 FRBTE FI T VIR TARICERRELRSLZ LIZ2oVWTIE, BITIZ
WARBEHF)FA MNOKEREIZLBA LV —H L= a VEIBRRAOHEDL ZAHTHNS.
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Fig. 4 The effect of contact time on hydrazine intercalation (complex formation) by
kaolinite under various concentration of aqueous hydrazine solution.
(a) Georgia; (b) Kampaku; (c¢) Iriki; (d) Ibusuki.
@®: 100%; A:70%; W: 50%; &: 30%; x:10%.

32 BEICEBI12—HL—Ya L DE

A=W =P FTBEFTTVVDEEIZLLIZFZEIZONTIE, 10, 30, 50, B X UT70% (2
FRLIZC RI DU AF)FA MIA YT —HL— NEEBERY TR 7. A FA b
NDOE NIV VDOKEEIIBITAEAL VY —h L —Ya YULBER% Fig. 4 1287,

Ta—=ITAF)FA ML, BRI I UOBEDS0, 0% TH 2BEMEICITEERA V5 —
L —=2arBBIoTna, BEMRIZREE, 7F)F4 MO NI ORINERE
BRI 2D, EBRTZIILOTHhLUEMULER--TIILDTI Y —AL—a 2B
ZoTWa. Ay —=hb—Ya YRUBESBIHIZES 2D, 192METHR2THS. &
FE10% Tid, € FI YV VI3IR2BHHBE T E o772 A v F =L —FLTWARW,

BHE, AkRBIOREIA) 4 FEHE, E FT YV 0EER50, T0%12 L TRIE X &5
L, BEFMRVES VY- L—Ya VUBELEL R BERASR SRS, FHTH 19284
IS &2 L, BENFI0%DE ZDORSELIEZFUFEREPESN TS, 0% IEEIZR S
E, Va—=ITHhF)FA b DL EERKEE FT Y 0T B RUISEEIBIRIZEL 20,
TeRUBERDP/INE % D 192K £ TO01~02RETH S, 0% EBETHODAL V=L —Ta v
FISEOREMEL* Ao L, AN F ) FA4 MEARIF ) F4 ML, 1928 #ZI2IZe B
VUK LTI R oTWB I IR BED, Va—UT7hF)F A bEREBEIF)FA b
TIXI2BE L SN LD, RSV DA v —HL—2arvHB#EITLTVWAE XD I
RZ5., CORBEOEANS, KISHMEZEEL TV L FFIV DL vy —hL—T 3
YHIEHIHER, S0%LLEDRETEONLEREFABEORKCENELNL L LR\,
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Fig. 5 The effect of concentration of hydrazine on intercalation of kaolinite samples.
®: Georgia; A: Kampaku; B Iriki; €: Ibusuki.

BED10% ClXEE, A%k, BEOSHB LT LSV YRSV —AL—FLTW
BN, BEM0%D L X LFEME FI U VICRBRS LTI VI = L—ay
BB, BOGELZRTId Lk,

NSV DBEEIINT B192B B0 A 5 —HL— a YRISE (Fig. 5) #&5E, 30
BWUTOBRETIIHAF)FA PN RS TIDL I —HL—YavidlFLALRI ST, &
FEAB0~50% CTHRIGENZE L { EHL, 50% LA EDEEIZL S LSRRI ) BVEET—
FEWRoTWA, INLD, BRIV VDEER0%BLEIZL TEREITEI) L, BEHHN
BT RERA VI =D =2 arE2TH5I Db, BRIV VDBEDENTS V7 —
AL —2a VRIRRIIEANBELDE,  FIVVOWBEBHHEIBRLTVWEEEZ LN
. BT UIEIKEDHEETIDER K (NH-HO) 22K 5 &) WEEE % Fo
TWh, ZOZENs, B NIV VIZBENRNKBERT TIIAKILE LTHEETALONF
VFA M MIA I =L —=b LAV, HEVIILICILLRBEEVWH)ITEDNEZOLNS,

AT —=HL—=bF LI NIV UPAF)FAPEEDIHITHEELTVRENIIDWTIE,
IR 3 %1772 o TR, FREFNORFHIOVWT, RUEDOHIF ) F A4 b RT Y /ML
1% D3400~3800cm ! DA D IR A2 ML % Fig. 6 I2R$. RAEORE (Fig. 6a) T
& OH ZEDMHEIRENIZ X AR NV F2%3696, 3654, 3622ecm ™ 12dh Y, v KT Y VLB E ¢
%L (Fig. 6b), RMEDHF 1) F 4 MZRESNE 3 DDOWIN Y KD H>3680cm™ 13T &
B\ E3670em I H 72 RN RASERH 55,

HTICHEES T % RS S8 5 FEEIZDOWTIX Theng (1974) 2ELTEBY, Fhick b &
TFAMGFFDELIEHA) F 4 PONAEROIMINZH S OH L KEHAE2THZ L TERM
WEZEIN, ZOKRIA) T4 b OH EOMHEIRENI N F ) 3695, 3670, B & U83655
em ™ DI ONFELEINE ELTWE, SEDOFEEERIL Theng (1974) O#E & 13— Lad-o
2. L, BRIV VEDRIETHF ) F4 2D OH EHOWILN Y FIZEALAE: LT b
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Fig. 6 Infrared absorption spectra in the OH-stretching region of some kaolinite

samples (1: Georgia; 2: Kampaku; 3: Iriki; 4: Ibusiki) after various treatments.
(a) raw kaolinite, (b) kaolinite-hydrazine intercalation compound, (c) kaoli-
nite heated at 450°C for 1 hour, and (d) kaolinite-hydrazine intercalation com-
pound heated at 450 C for 1 hour.
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Fig. 7 The effect of contact time on hydrazine intercalation (complex formation) by
kaolinite after various heating temperatures.
(a) Georgia; (b) Kampaku; (c) Iriki; (d) Ibusuki.
@: unheated; a:300C; H: 400C; @: 450C; x: 500C.

ZENL, ERITVVIEAF) FA MPTFORBIWE L THEDTIERL, #4)F4 MNE
BIZA D AANEEROIMAIZH S OHFE L L RSV U BKEHEEZ L727DI0H L WIRIUDN
Y RBHBNIEHETE S,

33 MBMICLBI L E2—HL—2a > ADEE

HF Y F A FE300C, 400C, 450C, B L UB00C T 1 BEIINEL L 722 RSV v %A v 5 —
HL—NEE, MBMEIZLEZA 05 =D L — 3 YRIBEANOFEBLRAN. ZREROR
FETE L2 O N7 2 VORG24 =L —2 a v RIBE% Fig. 712
Y.

TRTOHF ) F 4 P TMBEEDSEL 2512200 NI 9 O RGEEICHT A4 v 5 —
L= a s SEMEL R BAEAIZH A, Lo LI2EM GO RISERE Bs &, 400Cmze %
TIEMAL TWRWHFT ) FA MDA VT —H L= a VRIBEREDEITIIIERED SN,
IMBREAMS0CIZHAE L RTFIY DA v F—HL— P LIZUDARERAEL 20, 1928
BORBELEL 2oTWD, FMBEEIS0CICRLETF o724 v —HL—FLT
W, A F ) F A N OIBIRE IR 1928 DOL vy —H L —Y g Y RIBER (Fig. 8)
EhBE, W0CULOMEE TSI L TEHERSEOBRIIRILEZENb2L. I &
DA00CLLEDINE T HZETHF)FA PE STV EDRMICHEA L PDEALDE LT
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Fig. 8 The effect of temperature on hydrazine intercalation of kaolinite samples.
®: Georgia; A: Kampaku; B: Iriki; @: Ibusuki.

WA EDNHETESL, FXTAV I —HL—2a YRIBEFED L TV LEROREIZBIT
5 IR 5 & 4T7% vy, MBMEBORIKE T FITV 0004 ) 54 NER TOIREZ A TAT.
ENEFNDOREHIDONWT, 450THEE, B X U450CHE - T ¥ v LB o 3400 ~3800
cm™ DFIHD IR AT MV % Fig. 6e-d (2R, 450CHME#%E (Fig. 6¢c) @ OH & DRI
YN, Ya—-v7, BHE, ARDOHF ) F A4 FT3696, 3656, 3,622cm A2, fRIEH A
)4 FT3695, 3671, 36564, 3622cm ™ (A BHNS. NNEE] (Fig. 6a) LT 5 kﬂﬂ*ﬁ“ﬁé
DINY FOMBERETIN TS LHIZAZS, ZTHUIMBT LI ETHF ) F 4 bOFE&!
DIDPGREAPELOTHLEEZONL., 450CTIMBULEZORE IC KTV /ﬁﬂ:fﬂ’ﬁ:
T 5E (Fig. 6d), 450CMEEZEDORKENIASNE 3 ODOWPUNY FDIEH, Ya—-I 7, B
H, ARDOA A1) F A MTHZI23680cm ™ FFITIZH LWIRIUN Y RABERTWSE, Zhbo
NV FOFLEIE KRB % & F?V‘/LEL#& % (Fig. 6b) /Ny FOME L IZTNT
B, TONY FUBOTNOMBIZL >THF) 4 FOEBICEAVELERTHL &
Zzbhb, ~_7I”LJZV)400CU\J:0)7JD ACTHE ) A DOMREBEICEANEL, ZOEARD
ERNSTVVDAVE =NV =2 a VIR BEESZATOIISENEL o TniEnH) T L
MWEZOENS.

34 HBREILSLZ12—HL—2 a3 RIGEADE

HE)FA POKREEZREDLTHIZEL LT, XRD/SF—rbRdDL vy 7 L —1EH
(Hinckley, 1963) %> Hughes and Brown (1979) 12 & % 4%, IR AXZ b ® OH 2D IX
INY R 63K 5 J (Parker, 1969) % W 5. SRIOEERICHW 42D HF ) 4 k
HEHZ oW T ENENO K EL ) RO 7R ETR % Table 2 12RT. 320K EB LU DTA
M (Fig. 1) I0BONTHELERETLE, BEEIZXYa -V T7HH) M4 b=REBEH 4
UFAMSARKRAL)FANSEEAF) FA4 M) BRICER S,

FKWEBOHF ) F AL PO ST DAY —HL—2a VRIBRIZOWTATADL L
(Fig. 3), RIGEROREZ Y a—VT7HhF)FA M >EEIFTYFA P>SARIF Y F 4 >
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Table 2 Measures of kaolinite crystalinity derived from XRD and IR patterns

Crystallinity index
XRD IR
Hinckley Hughes & Brown Parker
Kaolinite (1963) (1979) (1969)
GEORGIA 0.41 13.4 1.32
KAMPAKU 0.32 12.6 1.09
IRIKI 0.41 8.4 1.26
IBUSUKI 0.50 10.9 1.30
1.00 y
n
A
0.80
~
+ 060 |
(@]
§ 040
0.20
000 1 1 L 1 1 1 1 . N
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

CRYSTALLINITY INDEX

Fig. 9 Degree of intercalation of hydrazine vs. crystallinity index of raw kaolinites.
@®: Georgia; A: kampaku; l: Iriki; @: Ibusuki.
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Fig. 10 Degree of intercalation of hydrazine vs. crystallinity index of kaolinites heated
at various temperatures.
®: Georgia; A: kampaku; B Iriki; @: Ibusuki.
1: 300°C; 2: 4007C; 3:450C; 4: 500°C.
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