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Study on transformation of lithium titanate modified with different acids
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Abstract: The effects of kinds and concentrations of acid and treatment time on the transformation of
lithium titanate (Li, TiO;) have been studied in detail. The results show that it is easier for Li, TiO; to
turn into anatase and rutile TiO; in hydrochloric acid medium when the same acidity of sulfuric acid and
hydrochloric acid are used to treat Li, TiO; for modification. The change of Li, TiO; into anatase and ru-
tile TiO, becomes easier for the higher the concentration of sulfuric acid. In addition, more Li, TiO; can
be converted to anatase and rutile TiO,under the longer the time of acid-treated. The sulfate radical co-
ordinates with titanium dioxide by chelating double teeth, which is helpful for stabilizing the anatase
crystalline phase. The electrophilic H and the high electronegative Cl~ affect the Ti-O bond, resulting
in the destruction of the Ti-O bond in TiOj; octahedrons, and thus promoting the structural rearrange-
ment of anatase to rutile TiO,. From the view point that the stable structure and crystal phase of lithium
ion sieve ensuring extraction lithium ion efficiently and circularly, sulfuric acid is more suitable as eluent
for the preparation of lithium ion sieve than hydrochloric acid, and sulfuric acid with a low concentration

is a better choice.
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1 Introduction

Lithium is of growing importance in energy
and light metal alloy fields because of its special
properties. With the gradual exhaustion of land-
based lithium resources, an urgent need has re-
cently developed to extract lithium from the sea
and salt lake brine, which contain an abundance
of lithium resource. However, traditional precipi-
tation, solvent extraction and salting methods"' %
are not suitable for extraction of lithium from sea
and salt lake brine that contain low lithium con-
centrations. Lithium ionic sieve®®', which is con-
sidered as a new approach to address the prob-
lem, has increasingly attracted the attention of
researchers because of their various remarkable
advantages, such as their reduced dissolution rate
and stable structure. The most frequently used as
lithium ionic sieve

Li, Ti;0, is often

titanium
Ilig Tl()g (4] and Ili4 Tl»; ()12 (6] .

used in lithium ion battery electrodes"

precursors are
™81 To pre-
pare Li, TiO; and Li;Ti;0,,, several synthetic
techniques, including a solid-state reaction, a hy-
drolysis route, a sol-gel process and a molten-salt
microwave-assisted reaction, have been reported

349211 - Recently, inorganic pre-

in the literature
cipitation-peptization method has also been repor-
ted?, Studies have proven that it is difficult to
prepare pure Li,Ti;O;;, and rutile TiO, and
Li, TiO4 are usually observed as impurity phases
in the synthetic product®’. Hence, Li,TiO; is
more favorable to be used as a lithium ionic sieve
precursor. Acid leaching is an effective transition
process during the synthesis of lithium ionic

[54:24] - The concentration of eluent and im-

sieve
mersion time have significant effects on the cyclic
exchange performance of titanium lithium ion
sieves, the dissolved Ti, and the composition of
the product. In general, Li, TiO; is modified with
a low level of hydrochloric acid for a suitable time
to yield lithium ionic sieves, and only the disap-

pearance of the (—133), (—206) and (062)

planes is observed without any crystal transfor-
mation. Recently, Du et al. ' have reported that
anatase and rutile TiO, could be obtained from the
Li, TiO; precursor; however, tetramethylammo-
nium hydroxide (TMAOH) and a hydrothermal
treatment are essential. Our previous work"* also
shows that anatase and rutile TiO, could exist
simultaneously or separately when hydrochloric
acid with a moderate concentration was used to
treat Li, TiO;, and it also indicates that the ad-
sorption performance of lithium ion sieve is re-
duced after crystal transformation, To the best of
our knowledge, detailed studies regarding the
specific performance of Li, TiO; as a function of
kinds and concentrations of acid are rare. Elucida-
ting the process of acid leaching of lithium titan-
ate will aid in improving the cyclic adsorption per-
formance of lithium ion sieve(that is the purpose

of this article).

2 Experiment

2.1 Preparation and treatment of Li, TiO;

Prior to the solid-state reaction, a mixture of
Ti0;, and LiOH « H,O at a molar ratio of 1/2 was
mixed uniformly by wet-milling with anhydrous
alcohol as the dispersant. After drying, the mix-
ture was calcined at 750 °C for 5 h in a muffle fur-
nace under air atmosphere, followed by cooling to
room temperature in the furnace to obtain
Li; TiOs. Subsequently, various concentrations of
sulphuric acid (0. 1, 0. 25, and 0. 5 mol/L) and
mixed acid (sulphuric acid and hydrochloric acid
in molar ratiosof 1 ¢ 1, 23 1and 1 : 3) were used
to treat Li, TiO; at 70 °C for different time. Final-
ly, the solid product was obtained after filtration,
washing, and drying.

2.2 Characterization

The crystalline phases of the samples were
investigated using an X-ray diffractometer (DX-
2700, Dangdong Haoyuan Instrument Co. , Ltd,
China) with Cu K, radiation at a scanning rate of

0. 05° « s7!' and a working voltage/current of
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40 kV/40 mA. fraction peak of anatase TiO, at 20 of 25. 3° was
. . not found in the product. After 24 h, the diffrac-

3 Results and discussion . .
tion peak of anatase TiO, appeared, and that of -
3.1 Effects of concentration of sulfuric acid and Li; TiO; at 20 of 18. 7° completely disappeared.
modification time The peak intensity of anatase TiO; increased with

Fig. 1 is XRD patterns of Li, TiO; treated the modification time further reached up to 72 h

with different concentrations of sulfuric acid for and 150 h. However, the characteristic diffrac-
various time. It can be seen from Fig. 1 that the tion peak of rutile TiO, (ICDD PDF #21-1276) at
characteristic diffraction peak of anatase TiO, (IC- 20 of 27. 5° was not observed during the whole
DD PDF # 21-1272) at 20 of 25. 3° was detected modification process.

in the product after modification with 0. 1 M sul- After modification Li, TiO; with 0. 5 mol/L

phuric acid for 150 h. The diffraction peak of sulfuric acid for 3. 5 h, the diffraction peak of an-
B-Li, TiO; (ICDD PDF #033-0831) at 20 of 18. 7° atase Ti0, located at 25. 3° was found in the prod-

was still high, and the intensity of the peak de- uct, and the peak intensity of g-Li, TiO; was quite
creased with the prolongation of treatment time. weak, With the treatment time prolonging from
It is indicated that when the concentration of sul- 3.5 h to 150 h, the peak intensity of anatase TiO,
phuric acid was 0. 1 mol/L, the diffraction peak increased, but the characteristic diffraction peak

of metatitanate skeleton (-H,TiO;) still existed of rutile TiO, could not be detected throughout

even if the modification time reached 150 h. When the process. The above phenomena and analysis
the sulfuric acid concentration was low, after the show that, with the increase of sulphuric acid
acid treatment, H' in the solution exchanged concentration, the time required for the transfor-
with Li" in Li, TiO; to produce the high active mation from Li, TiO; into anatase Ti(), shortens
-H, TiO; which was unstable and could gradually without any subsidiary conditions. In a certain
dehydrate to form the anatase TiO,. However, concentration range, with the increase of sulphu-
with the prolongation of time, only transforma- ric acid concentration, it is easier for transforma-
tion from -H, TiO; to anatase TiO, occurred, and tion from Li, TiOy into anatase TiO,. But, rutile
no rutile TiO, was formed. For the sample modi- Ti0O, can not be observed even if the modification
fied with 0. 25 mol/L sulphuric acid, the intensity time reaches 150 h when the concentration of sul-
of the diffraction peak of g-Li; TiO; decreased sig- furic acid is less than or equal to 0.5 mol/L.

nificantly after 3. 5 h, but the characteristic dif-
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Fig. 1 XRD patterns of Li, TiO; modified with various concentrations of sulphuric acid for different time (a) 0. 1 mol/L,
(b) 0. 25 mol/L and (¢) 0.5 mol/L

3.2 Effect of proportions of the mixed acid and Li, TiO; treated with the mixed acid (1. 0 mol/L
modification time H", sulphuric acid and hydrochloric acid in dif-

Fig. 2 is the X-ray diffraction patterns of ferent molar ratios) for various time. The results
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show that the diffraction peaks of the samples be-
fore sulphuric acid treatment belongs to the mon-
oclinic §-Li> TiO; family (ICDD PDF # 033-0831)
according to the C2/c¢ (No. 15) space group (a=
5.0623 A,b=8.7876 A, ¢=9.7533 A1), After
acid-modified with MA # 1 for 1 h, obviously,
diffraction peaks at 20 of 43.6°, 63.5° and 66. 9°,
assigned to the crystal planes (—133), (—206)
and (062), respectively, completely disappeared.
The intensity of the diffraction peak of (002) and
(—131) crystal surface decreased obviously, and
these two peaks shifted to the higher diffraction
angles after acid-modification.

The above-mentioned indicates that hydrogen
ions exchange with lithium atoms when Li, TiO; is
treated with the mixed acid. The crystal interpla-
nar spacing of the samples narrows after acid-
treatment'"!. This result is similar to our previous
work™® in which Li, TiO, was treated with 0. 4 mol/L
hydrochloric acid for 1 h, Anatase Ti0O, appeared
in the sample when the treatment time was ex-
tended from 1 h to 4. 5 h, and the diffraction
peaks of crystal surface (002) and (—131) disap-
peared completely. The diffraction peaks of the
samples were quite similar as the modification
time prolonged from 4.5 h to 24 h, which was

different from the result in our previous work"*,

in which the diffraction peak of the sample was
quite similar in locations and diffraction angles
when the modification time was extended from 1 h
to 12 h. However, the diffraction peak was obvi-
ously weakened when the time increased to 24 h,
and the positions of the diffraction peaks were
quite different from that of 12 h. In this work,
the crystal phase of the samples changed signifi-
cantly when the modification time further in-
creased up to 150 h. The characteristic diffraction
peak of rutile TiO, was observed in the speci-
mens, indicating the formation of rutile TiO,. In
addition, the intensity of the characteristic dif-
fraction peak of anatase Ti(), increased gradually
from 4. 5 h to 150 h. In our previous work*,
the characteristic diffraction peak of rutile TiO,
could be detected in the samples after a treatment
with 1. 0 mol/L hydrochloric acid for only 5.5 h.
It can be concluded that, in a solution with an e-
nough acidity, Li, TiO; can easily transform into
an anatase Ti0, phase and can even change into a
rutile TiO, phase. With the same acidity of hy-
drochloric acid and sulfuric acid for the treat-
ment, Li; TiO; is more easily transformed into an-
atase Ti0; and rutile TiO; phase in a hydrochloric

acid medium.
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Fig. 2 XRD patterns of Li; TiO; modified with the mixed acid (1. 0 mol/L H" , sulphuric acid and hydrochloric acid in dif-
ferent molar ratios) for various time (a) 1 : 1, labeled as MA£1; (b) 2 : 1, labeled as MA#2; and (¢) 1: 3, la-

beled as MA#£ 3

For MA £ 2, the result was similar to that of
Li, TiO; treated with MA £ 1 for 1 h and 4. 5 h.
The intensity of the characteristic diffraction peak
of anatase Ti0O, at 20 of 25. 3° for MA # 1 was
higher than that of MA # 2 when treating 24 h.

As the modification time increased to 150 h using
MA # 2, only diffraction peak of anatase TiO,
was found in the products, and no diffraction
peak ascribed to rutile TiO, appeared. 24 h was

needed for the initial appearance of characteristic
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diffraction peak of rutile TiO, at 20 of 27. 5° when
MA £ 3 was used to treat Li, TiO; for modifica-
tion. Besides, the intensity of diffraction peak of
rutile TiO, was higher than that using MA # 1
when the modified time increased up to 150 h.

The above results show that rutile TiO, were
both found in the products when MA # 3 and MA
# 1 were used to treat Li, TiO; for 150 h, and the
intensity of the former was higher than that of the
latter. However, no rutile TiO, but only anatase
TiO, appeared when MA # 2 was employed to
modify Li, TiO; for the same amount of time. In a
previous work of Yang'®', it was suggested that
in the process of iron doped TiO, , the sulfate rad-
ical coordinates with titanium dioxide by chelating
double teeth, which is beneficial to stabilizing the
anatase crystalline phase and oxygen vacancy, and
increasing the solid acidity. Therefore, it can be
concluded that, under a certain concentration of
H™, the modification of Li, TiO; with hydrochlo-
ric acid is beneficial to the transformation of prod-
ucts into rutile TiO, as compared with that with
sulfuric acid.

3.3 Effect of mixed acid and sulphuric acid treat-
ment on Li, TiO;

Fig. 3 is X-ray diffraction pattern after trea-
ting Li, TiO; for 150 h with sulfuric acid
(1.0 mol/L H") and MA # 1. After the treat-
ment with sulfuric acid for 150 h, only anatase
TiO, appeared, while rutile TiO, was observed af-
ter modification with MA #1 for 150 h. In addi-
tion, combining with previous discussions, it can
be concluded that when the H' ions concentration
is the same, the greater proportion of hydrochlo-
ric acid in the mixed acid, the more rutile TiO,
will appear. This phenomenon may be related to
sulfate iont®*), and may also be related to chloride
ion. In our previous work'?), it was suggested
that anatase and rutile TiO, could exist simultane-
ously when the hydrochloric acid concentration
was moderate. Many H' ions were residual in the
solution apart from HT exchanged with Li".
These electrophilic protons could easily attack the
Ti-O bond in the structure of the TiOg octahed-

ron. As a result, the electron cloud shifts away
from Ti, thereby imparting a strong electrophilic
character to the Ti atom. Simultaneously, the
electrophilic Ti atom attracted Cl~ in the solu-
tion, leading to the destruction of the Ti-O-Ti
bond in the TiOs octahedron and to structural re-
arrangement. Thus, a more stable rutile phase
was produced®”.

When sulfuric acid with the same concentra-
tion of H" was used as medium to treat Li, TiO;,
the sulfate radical coordinated with titanium diox-
ide by chelating double teeth, which was benefi-
cial to stabilizing the anatase crystalline phase and
oxygen vacancy, and increasing the solid acidity.
Therefore, the concentration of H" in the solu-
tion decreased, which was not conducive to the
transformation from anatase TiO, to rutile TiOs.
Besides, the lack of highly electronegative Cl~ in
the solution also contributed to the difficult de-
struction of the Ti-O-Ti bond in the TiOs octa-
hedron and the difficult structural rearrangement.
It can be concluded that sulfate radical is benefi-
cial to stabilizing the anatase crystalline phase,
and thus it is not easy for transformation from an-
atase TiO; to rutile TiO; in the process of crystal

transformation of H, TiO;-lithium titanate via acid

modification.
*
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Fig. 3 XRD patterns of Li, TiO; treated with (a)
MA£1 and (b) sulphuric acid (1. 0 mol/L
H™) for 150 h

4 Conclusions

It is easier for Li, TiO; to turn into anatase
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and rutile TiO, in hydrochloric acid medium when
sulfuric acid and hydrochloric acid with the same
concentration of H™ are used to treat Li, TiO;.
The higher the concentration of sulfuric acid, the
easier the change of Li, TiO; into anatase and ru-
tile TiO,, and the longer the treatment time, the
more the transformation of Li, TiO; into anatase
and rutile TiO,.

stabilizing the anatase crystalline phase.

Sulfate radical is beneficial to
The
electrophilic H" and highly electronegative Cl™
promote the structural rearrangement of anatase
to rutile TiO,. The application of lithium ion
sieve is to extract lithium ion efficiently and circu-
larly, and thus the stability of structure and crys-
tal phase must be good. So, sulfuric acid is more
suitable to be used as the eluent to prepare lithi-
um ion sieve than hydrochloric acid, and sulfuric

acid with a low concentration is a better choice.
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