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Cation exchange was studied on alkylammonium intercalated H3Ti107 in comparison with HZTi307 
itself. Alkylammonium exchanged for proton in advance made it possible for alkali and alkaline earth 

metal ions to be taken up into HZTi307 in chloride solution. Only alkylammonium was exchanged with 

hydrated alkali and alkaline earth metal ions. In hydroxide solution, proton was exchanged with alkali 

metal ions as well as alkylammonium ion. Dependence on pH and preference on ion exchange were 
affected by the previous uptake of alkylammonium into HZTi307. CI 1~x7 Academic press. inc. 

Introduction 

There is a series of alkali titanates having 
the general formula AZTi,,OZn+,, where A is 
an alkali metal and I s n s 8. Formation of 
their fibrous crystals has been investigated 
(1, 2). Hexatitanate fiber is getting to be 
important as a substitute for asbestos. 
Some of the titanates, 2 s n i 4, have a 
layered structure and large cation exchange 
capacities (3-5). They have possible appli- 
cations as cation exchangers that are stable 
to high radiation field and high temperature. 

Sodium trititanate (Na2Ti307) has a lay- 
ered structure and its inter-layer cation is 
exchangeable (4). Its fibrous crystal was 
recently grown (6). The cation exchange 

* To whom correspondence should be addressed. 

properties have been studied on Na2Ti307 
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and its alkali extracted product, HzTi307 
(7-9). Pronounced pH dependence and a 
sharp preference for lithium among alkali 
metal ions due to the difference in reaction 
rates were observed on cation exchange 
reactions of H2Ti307 (8). The trititanate 
formed n-alkylammonium complexes by 
ion exchange reaction (10). The alkyl- 
ammonium complexes have expanded 
interlayer distances. An expansion of inter- 
layer distance and its successive diffusion 
of interlayer ions are important for ion 
exchange reaction in layered compounds. 
The prior expansion with alkylammonium 
absorption may make the following ion 
exchange reaction easy. The alkyl- 
ammonium complexes have possibilities to 
take in the cations which could not be 
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exchanged by H2Ti307 and also to enhance 
the exchange reaction rate. 

Inter-layer dodecylammonium in musco- 
vite was exchanged for A13+ and Si4+ in 
xylene (I 1). Intercalated n-butylammonium 
in a-zirconium phosphate (ZrP) has been 
exchanged for Cu”, Ni’+, and Cu(NH&+, 
which cannot be directly intercalated into 
ZrP (12). The effect of intercalated organic 
ions on the reaction rate, pH dependence, 
and ion preference on exchange had not yet 
been reported in these investigations. 
There have been no reports of cation 
exchange on an organic complex of layered 
titanate. 

This paper deals with cation exchange 
reactions with alkali and alkaline earth 
metal ions of n-alkylammonium complexes 
of HzTi307. The effect of interlayer alkyl- 
ammonium on the ion exchange property 
will be discussed. The exchange with alkali 
metal ions was first studied on H2Ti307- 
methylammonium and -n-propylammo- 
mium complexes in aqueous solutions of 
ACI and AOH, where A is Li, Na, or K. 
Then pH dependences of the reactions 
were studied on HzTi307 and its alkyl- 
ammonium complexes. Effect of the inter- 
layer alkylammonium was also examined 
on exchange preference. Finally, the 
exchange with alkaline earth metal ions was 
investigated in their chloride aqueous solu- 
tions. 

Experimental 

NazTijOT was prepared by heating a mix- 
ture of Na2C03 and TiOz in a molar ratio of 
1 : 3 at 800°C for 20 hr and for another 20 hr 
after grinding. HZTi307 was obtained by 
removing Na+ of Na2Ti307 (ca. 50 g) in 1 
dm3 of 0.5 M HCI at 30°C for 3 days. The 
acid solution was renewed every day in 
order to remove alkali completely from the 
compounds. The products were washed 
with distilled water and dried in vacuum at 
30°C. HZTi307 (ca. IO g), whose average 

particle size was 1.3 pm by SEM observa- 
tion, was sealed in glass tubes with a 40% 
aqueous solution of methylamine (ca. 20 
cm3) and a 50% solution of n-propylamine. 
Durations of reaction were 30 days at 60°C. 
The glass tubes were shaken well during the 
reaction to keep it homogeneous. The 
amine solution was renewed every 10 days. 
The reactions could be assumed to attain 
equilibrium in 30 days under these condi- 
tions (IO). Excess amounts of amine were 
removed when the reactions were com- 
pleted. The products were washed with 
acetone and dried in air. Chemical formulae 
of the alkylammonium products were 
KH3NH3MLxVi&b) and (~-C3H7NH3)\1 
HZmv(Ti307), where 0.7 5 x 5 0.8 and 0.5 5 
y 5 0.8. Their average particle size was I .2 
w. 

Cation exchange reactions with alkali 
metal ions were studied on methyl- 
ammonium and n-propylammonium com- 
plexes. The samples (ca. 500 mg) were 
equilibrated with 40 cm3 of aqueous solu- 
tion of LiCl, NaCI, KCI, LiOH, NaOH, and 
KOH for 3 days at 60°C. The solutions were 
prepared from boiled COz free water and 
their alkali concentrations were 0. I M. The 
bottles were filled with nitrogen gas and 
sealed. The bottles were shaken well during 
the reaction. The products were washed 
with distilled water and dried in vacuum at 
30°C. The interlayer distances were 
estimated by X-ray powder diffractometry 
using silicon as an internal standard 
(Rigaku-Denki diffractometer using CL& 
radiation). The products were dissolved in 
a mixed solution containing I5 times of 
(NH&SO4 and 55 times of H2S04 in weight 
at about 230°C. Amounts of alkali were 
determined by the method of standard addi- 
tion of atomic absorption (Jarrel-Ash 
AA-l). The amount of titanium was deter- 
mined by calorimetry using 4,4’-methylene- 
diantipyrine (Jasco UVDEC-2). Dehy- 
dration processes and water contents 
of the products (ca. 10 mg) were estimated 
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by TG-DTA (Rigaku-Denki Thermoflex). 
C, H, and N contents of the alkylammo- 
nium complexes and the exchanged prod- 
ucts were determined by conventional 
chemical analysis (Yanaco CHN-Corder 
MT-2). 

Dependence on pH of the exchange reac- 
tions was studied on H2Ti307 and its alkyl- 
ammonium complexes. The samples (ca. 
500 mg) were equilibrated by soaking in 40 
cm3 of aqueous mixed solution of LiCl and 
LiOH having various ratios in polyethylene 
bottles for 3 days at 60°C. Then the cation 
preferences were studied on methyl- 
ammonium and n-propylammonium com- 
plexes (ca. 500 mg) in 160 cm3 of 0.1 M total 
alkali concentration containing equal 
amounts of LiCI, NaCI, KCI, and CsCI for 3 
days at 60°C. They were also investigated 
in mixed hydroxide solution. 

Cation exchange with alkaline earth 
metal ions was also studied on H2Ti307 
and its alkylammonium complexes. The 
samples (ca. 500 mg) were equilibrated with 
40 cm3 of aqueous solution of 0.1 M MgCi*, 
CaQ, and SrQ. The amounts of alkaline 
earth metals in the products were deter- 
mined by atomic absorption. 

Results and Discussion 

I. Cation Exchange with Alkali Metal 
Ions 

Lithium uptake into H2Ti307 was sluggish 
in 0.1 M LiOH and was not possible in 
0.1 M LiCl solution. Exchange rates of 
lithium uptake were studied on 
(CH~NH~)O.~SHI.~~(T~~O~) and (n-C3H7 
NH3)0.81HI.19(Ti307) soaked in solutions of 
0.1 M LiCl and LiOH to investigate the 
effect of prior intercalated alkylammonium. 
The reaction rates of both complexes were 
very rapid. The amount of lithium was 
about 26% of total exchangeable cations in 
methylammonium complex soaked in 0.1 M 

LiCl solution for 1 day at 60°C. It was 29% 
in 3 days and 28% in 5 days. In LiOH 
solution, it was 53% in 1 day, 55% in 3 
days, and 50% in 5 days. In the case of the 
n-propylammonium complex, it was 28% in 
1 day, 33% in 3 days, and 32% in 5 days in 
0.1 M LiCl solution. In LiOH solution, it 
was 53% in 1 day, 49% in 3 days, and 53% 
in 5 days. Thus each reaction attained an 
equilibrium in 1 day under these conditions. 
Lithium uptake could not be observed on 
H2Ti307 itself in 0.1 M LiCl aqueous solu- 
tion as can be imagined from our previous 
studies (8, 9). However, lithium could be 
taken into the interlayer of the alkylam- 
monium complexes even in 0.1 M LiCI. 

Reaction rate of (IZ-C&NH~)O.S~HI.~~ 
(Ti307) was also studied in 0.1 M NaCl 
solution. The sample (500 mg) was soaked 
in 30 cm3 of the solution at 23°C. Sodium 
concentration in solution was measured by 
a Na+ ion-selective electrode (Na- 115B 
supplied by TOA Electronics Ltd.). It rap- 
idly decreased with a duration of 60 set and 
attained the value of 0.047 M in 210 set as 
shown in Fig. 1. The loss of sodium in 
solution can be calculated as (0.100 - 
0.047) x 30/1000 = 1.6 x lo-’ mole and 
corresponds to about 48% of total 
exchangeable cations in 500 mg of (n-C3H7. 
NHl)o.8,H1.19(Ti307). The exchange reac- 

c- 
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FIG. 1. Reaction of (n-C,H,NH& XIHl.lY(Ti307) with 
sodium ion measured by ion-selective electrode. 
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tions finished in a few minutes at room 
temperature. 

Exchanged products were preliminarily 
characterized. They were equilibrated 
respectively with 0.1 M ACI and AOH, 
where A is Li, Na, or K for 3 days at 60°C. 
The kinds of solutions, estimated chemical 
formulae of the products, and their inter- 
layer distances are summarized in Table I. 
The amounts of alkali were 27-36% of total 
exchangeable cations in methylammonium 
complex immersed in 0.1 M ACI solution 
for 3 days at 60°C. They were 50-55% in 
case of 0.1 M AOH. Intercalated water 
contents of the products were calculated by 
weight loss of TG below 150°C. The 
exchanged products in chloride solution 
showed small exotherms due to combustion 
of alkylammonium on their DTA. 
However, ammonium was not detected in 
the products exchanged in 0.1 M AOH. The 
interlayer distance decreased from 1.20 nm 
of the original methylammonium complex 
to the values listed in Table I during the 
reactions. It was almost the same whether 
the sample was wet or dry. In the case 
where propylammonium complex was used 
as ion-exchanger, the absorbed alkali 
amount was 27-35% in 0. I M ACI. It was 
39-55% in 0.1 M AOH. The interlayer 
distances decreased from 1.55 nm to the 
same values listed in Table I for methyl- 
ammonium complexes. 

The original alkylammonium complexes 
did not have interlayer water, but their 
exchanged products had 0.5-1.8 mole of 
interlayer water. The alkylammonium ions 
were exchanged with hydrated alkali metal 
ions. 

2. pH Dependence 

Cation exchange was studied on H2Tij07, 
(CH3NH3)0.78H,.22(Ti307), and (n-C& 
NH&sxHI.42(Ti307) in solutions having var- 
ious pH values. Molar percentage of lith- 
ium in the product was calculated for total 
amounts of exchangeable cations. It was 
plotted against pH values of starting solu- 
tions as shown in Fig. 2. It was less than 3% 
in the products prepared from HZTi307 
below pH = I1 .O and rapidly increased with 
pH in the region of pH 2 11.5, attaining a 
value of 51% at pH = 12.8. On the other 
hand, it was about 25% in the products 
prepared from (CH3NH3)0.7sH1.2Z(Ti307) and 
(n-C3H7NH3)t1.sXH1.4~(Ti307) below PH = 
I I .O and increased with pH in the region of 
pH 1 1 I .O, attaining the value of 55% at pH 
= 12.8. TG-DTA was performed on the 
products prepared from (CH3NH3)0,78H1.22 
(Ti307) in the temperature range up to 
800°C. The products obtained below pH = 
12.0 showed two exotherms with weight 
loss due to a combustion of methyl- 
ammonium at about 380 and 570°C. These 

TABLE 1 

ION EXCHANGE OF (CH,NH,),,,H, ,,(Ti,O,) WITH AL.KALI METAI. IONS 

Solution 
(0.1 M) Interlayer distance (nm) Product 

LiCl I.05 (1.06)” 
NaCl 1.09 (1.11) 
KCI 0.97 (0.98) 
LiOH I .04 (I .09) 
NaOH 1.08 (1.16) 
KOH 0.98 (I .06) 

Lio5dCH3NH~AH, 4h-I(Tii07) 0.7HZ0 
N~o -ldCHdHd,H I ~,~-,U’iKh) I. I Hz0 
Ke7?(CH1NH1),HI 2x. ,(Ti,O,) 0.6Hz0 
Li, ,,,H,,,,(Ti,O,) . I .2Hz0 
Na, 07H0 &Ti107) I .8H10 
K, lxlHI,dTi30,) 0.5H:O 

’ The interlayer distance in parentheses represents the value for the exchanged 
wet product. 
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0 : H2Tt307 

l (CH,NH,)~?~HO~~(T~~O,) 

A: (n-C3YNH3)asaH,42(Ti307) 

5 6 8 9 IO II 12 13 14 

PH 

FIG. 2. Effect of pH on cation exchange of HZTi,O, 
and its alkylammonium complexes with lithium ion. a) 
The value of propylammonium complex overlapped 
with that of methylammonium complex. 

exotherms were not observed on the prod- 
ucts prepared above pH = 12.5. 

The contents of lithium and methyl- 
ammonium were represented as shown in 
Table II in the products equilibrated at 
various pH . The original compound con- 
tained 0.78 molar methylammonium. The 
lithium contents agree well with the 
decrease of methylammonium during the 

TABLE II 

LITHIUM AND METHYLAMMONIUM CONTENTSOF 
THE PRODUCTS REACTED IN SOLUTIONS HAVING 

VARIOUS pH VALUES 

PH 
Lithium 
(mole) 

Methyl- Decrease of 
ammonium methylammonium 

(mole) (mole) 

5.8 0.54 0.26 0.52 
8.0 0.54 0.25 0.53 
9.0 0.56 0.25 0.53 

10.0 0.58 0.25 0.53 
11.0 0.59 0.25 0.53 
12.0 0.81 0.19 0.59 
12.5 1.06 0 0.78 
12.8 1.10 0 0.78 

exchange below pH = 11.0. This methyl- 
ammonium was exchanged with lithium in 
this pH region. Lithium ions can be incor- 
porated into H2Ti307 above pH = 11 .O as 
shown in Fig. 2. Both methylammonium 
and proton in (CH3NH3)o.7XH,.22(Ti307) can 
be exchanged with lithium in this pH 
region. Cation exchange was observed on 
H2Ti307 only in the high pH region because 
of its Bronsted acidic nature. The prior 
intercalation of alkylammonium in the 
interlayer region made the exchange reac- 
tion possible even in chloride solution. 

3. Cation Exchunge in Mixed Alkuli 
Solution 

The cation exchange reactions of (CHj 
NH&sHi .22(Ti307) and WXWH~)OSO 

H1.50(Ti307) were studied in 0.1 M mixed 
chloride solution containing equal amounts 
of Li, Na, K, and Cs. Molar ratios of 
Li : Na: K: Cs in the exchanged products 
are summarized in Table III, which com- 
pares the results in mixed hydroxide 
solution. 

A sharp preference for lithium among 
alkali metal ions had been observed on the 
cation exchange of H2Ti307 as shown in 
Table III (8). The interlayer cations were 
not hydrated in the exchanged products 
prepared from H2Ti307 even if the samples 
were in equilibrium with a solution of 0.1 M 
AOH (8). On the other hand, there was no 
clear selectivity in the exchange of alkylam- 
monium complexes in AC1 aqueous solu- 
tion. Alkylammonium in the starting 
complex was assumed to be exchanged 
with hydrated alkali ions in AC1 solution as 
described in the previous section. Any 
kinds of hydrated alkali metal ions may be 
able to diffuse equally in the expanded 
interlayer region substituting alkyl- 
ammonium. 

In hydroxide solution, lithium content 
was the largest in the exchanged products 
of alkylammonium complexes. However, 
the lithium preference was not so remark- 
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TABLE III 

CATION EXCHANGE OF H2Ti,0, AND ITS ALKYLAMMONIUM COMPLEXES 
IN MIXED ALKALI SOLUTION 

Exchanger 
Solution 

(0.1 M) 

Molar ratios of alkali 
in the products 
Li : Na” : K : Cs 

(CH~NH~)“.,*HI.~~(T~~~~) (LiCI + NaCI + KCI + C&I) 1.00: 1.X7:2.00: 1.97 
(LiOH + NaOH + KOH + CsOH) I .OO : 0.23 : 0.85 : 0.23 

(n-C,H,NH ) H 3 0.50 I.50 (T&O,) (UC1 + NaCl + KCI + CsCI) I .OO : I .95 : I .82 : I .86 
(LiOH + NaOH + KOH + CsOH) I .OO : 0.20 : 0.60 : 0.26 

HIT&O, (LiOH + NaOH + KOH + CsOH) 1.00:0.34:0.04:0.01” 

” The starting material contained a small amount of sodium. The value is an increase of 
sodium content during the exchange. 

’ From Ref. (8). 

able as in the case of H2Tij07. Alkali metal 
ions were taken up into H2Ti307 by substi- 
tuting for its proton. Both alkylammonium 
and proton in the starting complexes were 
exchanged with alkali metal ions in the 
present exchange in hydroxide solution. 
The substitution of alkylammonium made 
the cation exchange selectivity less remark- 
able. 

4. Cation Exchange with Alkaline Earth 
Metal Ions 

Cation exchange reactions with alkaline 
earth metal ions were studied on H2Ti307, 

(CHN-Wo.78HI .dMh)~ and (n-C& 
NH3)o.X1H1.19(Ti307). The samples were 
soaked respectively in solutions of 0.1 M 
MgQ, CaC12, and SrC12 for 3 days at 60°C. 
H2Ti307 scarcely reacted with alkaline 
earth metal ions in their chloride solutions. 
The exchanged products contained very 
small amounts of alkaline earth metal and 
their interlayer distances agreed with that 
of H2Ti307, 0.79 nm, as shown in Table IV. 
The alkaline earth metals were adsorbed 
only on the H2Ti307 surface. 

Cation exchange reactions were 
observed on the alkylammonium com- 

TABLE IV 

ION EXCHANGE WITH ALKALINE EARTH METAL IONS 

Exchanger 

H2Ti,0, 

(CH3NHA zH, &Wb) 

W3bNHdo dl dTXV 

Solution 
(0.1 M) 

MgCl: 
CaClz 
SrClz 

MgClz 
CaClz 
SrClz 

M&l> 
CaClz 
SrCI, 

Product 

Ma o~H,.d’Wh) 
‘2% &II dTid&) 
Sm.&I dTi~07) 

Mgl,&lI dTi307) I .6HZ0 
C%,5,H,,,x(Tii0,) I .3Hz0 
SrI,.4~HI.0Z(Ti107) l.4H~0 

Mgo.oH, ,,,UKV 1.9&O 
Ca,,44HI &Ti,O,) . I .4Hz0 
Sro.51H,j &TI~O,) 2.0H20 

Interlayer 
distance 

(nm) 

0.79 

0.79 

0.80 

1.10 
I .04 
1.04 

1.18 
I .on 
1.08 
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plexes as shown in Table IV. No exotherm 
related to the presence of alkylammonium 
was detected on DTA of the exchanged 
products. The amounts of alkaline earth 
metals were 0.44-0.51 mole per one mole of 
the products. A part of them, 0.03-0.07 
mole, might be adsorbed on the surface as 
observed in the case of H2Ti307. Net 
amounts of exchanged alkaline earth metals 
were calculated by subtracting these values 
from the alkaline earth metal contents in 
the products. They were 0.41-0.45 mole in 
the products obtained from (CH~NH&J~ 
H,.22(Ti307). These values agreed with a 
half of the methylammonium contents in 
the original complex, 0.78/2 = 0.39 mole. 
Similarly, the net values were calculated as 
0.38-0.44 mole on the products prepared 
from (n-C3H7NH3)0.81H1.19(Ti307). Inter- 
layer distances decreased in both alkyl- 
ammonium complexes during the reactions 
as shown in Table IV. The products had 
I .3-2.0 moles of interlayer water. Thus two 
alkylammonium ions were exchanged with 
one hydrated alkaline earth metal ion in 
chloride solution. 

The reaction rate of (n-C3H7NH&.stH~.r9 
(T&O,) was studied in a solution of 0.1 M 
SrC$. The amount of strontium was about 
47% after 1 hr of soaking at 60°C. It was 
about 51% in 3 days. Both products showed 
the same X-ray diffraction diagram, and no 
exotherm related to combustion of propyl- 
ammonium was detected in their DTA. The 
exchange reaction was assumed to be 
completed within I hr. 

In summary, the prior expansion of inter- 
layer distance with alkylammonium made 
the following ion exchange reaction of Hz 
T&O7 easy. Hydrated alkali and alkaline 

earth metal ions could be taken up into the 
interlayer of the alkylammonium com- 
plexes even in chloride solutions where 
they could not be incorporated into H2Ti3 
07. The alkylammonium complexes could 
take in the cations in a wide pH region and 
enhance the exchange reaction rate. 
However, the previous intercalation of 
alkylammonium extinguished a sharp pref- 
erence for lithium on the cation exchange of 
HZTi307. 
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