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The thermal evolution, from room temperature up to 300 °C, of layered double hydroxides (LDHs) with (Ni, Co) or
(Ni, Fe) based slabs and containing intercalated carbonate anions, was studied. A new lamellar phase, exhibiting
a 6.5-6.6 A interslab distance, was observed in the 200—260 °C temperature range. The infrared study and the
chemical analysis results allowed us to give prominence to a monografting of carbonate anions to the slabs. The
thermogravimetric studies seem to indicate that intercalated water is first lost, followed by a monografting of carbonate
anions. A stay in water of the 200 °C thermally treated phase leads to a reintercalation of water molecules. The
interslab distance indeed reincreases up to the value of the pristine material, reinforcing the hypothesis of the
monografing.

Introduction the formation of the M. L,O, slabs from the anion
intercalation itself. The inserted anion amount is thus directly
related to the anion negative charge and to the L trivalent
cation concentration within the slabs, which is fixed during
the slab building. Nevertheless, this method implies the
presence of 3d cations with various oxidation states and the

cations are partially substituted for'Nbnes. Such substitu- ist f the high-t i table starting | d
tion induces an excess of positive charge, which is balancedgi:zsnce ot the igh-temperature stable starting layere

by XP~ anions, intercalated in the interslab space. Water ' o .

molecules are also cointercalated in the interslab space and LDHS containing intercalated ¥~ (M = Mo, W)

participate in stabilizing the structure through their involve- ©X0omolybdate or oxotungstate anions, made of two corner-

ment in a hydrogen bond netwotR. sharing MQ tetrahedra, were very recently obtained in our
Direct synthesis of LDHs can be carried out by various aboratory by the previously described metfidche thermal

methods, as coprecipitation or hydrothermal syntheise study of these materials has given prominence to a grafting

L"/(M" + L' ratio is strongly dependent on the final of the oxoanions to the slabs, via the substitution of one

compound stability. An original preparation method, involy- ©Xygen atom of each tetrahedron for hydroxyls belonging
ing the slab formation at high temperature, followed by to two consecutive slafsSuch behavior was _alsq observed
several chimie douce reaction steps, was developed in our®y Bésse and colleagues for LDHs containing intercalated
lab a few years agh:® This method consists of decoupling CrOZ  and CgO7* entities?*? Moreover, the thermal

Layered double hydroxides (LDHs) constitute a large class
of minerals and synthetic materials whose general formula
is [M"1_,L" (OH),]¥*XypP~[H20],. Their structure is based
on stacked brucite-type M — ,L"'\(OH), slabs, where !
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decomposition of these materials is significantly delayed with
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COs?™ ion, for two slab hydroxyl groups, which can belong

regard to that of homologous carbonate-inserted phasesto the same slab or to two adjacent ones, depending on the

which may be due to the presence of the large bigrafted
oxometalate pillars in the former materials. In order to further

understand the thermal behavior of carbonate-inserted LDHSs,

authors. Satnimirova and co-workers claim indeed that the
carbonate anion is bilinked to the same slab via two first
neighbor oxygen atoms. Such a configuration is not reason-

an accurate study of the thermal decomposition mechanismable because the shortest-O distance within the slab,

of LDHs with (Ni, Fe) and (Ni, Co) based slabs and

higher tha 3 A in any case, is not compatible with the

containing intercalated carbonate anions was undertaken insterical characteristics of the G@roup: to our knowledge,

the present work.

the O-0O distance in the free carbonate entity is equal to

In spite of numerous recent studies, controversies exist2.20 A (calculated on the basis of a-© distance of 1.27

concerning the grafting or nongrafting phenomenon of the

A and an G-C—0 angle of 126).2! The distances which

carbonate anions to the slabs. This behavior seems to be vergan be expected for the grafted entity would range from 2.08

difficult to elucidate, and the authors propose very different
hypotheses. According to Kanezaki, from room temperature
to 200°C, the layered structure, with a 7.8 A basal spacing,
is stablet3~15 Between 200 and 40TC, a metastable phase,

with a 6.6 A basal spacing, is observed. This phase would
also be a layered material, containing interlayer hydroxyl

A (calculated on the basis of a<® distance of 1.27 A and
an angle of 119 as in COCJ) to 2.30 A (calculated on the
basis of a GO distance of 1.27 A and an angle of 23@s

in R—COO- carboxylic acids¥! These values of 120and
130¢° correspond to the minimum and maximum values of
the angle formed with the carbon, in different compounds.

groups, coming from the reaction between the carbonate The present work aimed therefore at clarifying the

anions and the water molecules of the interslab space,

following the equation
CO,* + H,0— CO,g) + 20H"

According to Rives, this hypothesis is not acceptable on the
basis of anion size consideratiol®ghe sterical hindrances
of one hydroxyl group and of one carbonate anion, parallel
to the slabs, are identical within the interslab space, an
should therefore lead to similar interslab distances for both
LDHs intercalated either with OHions or with CQ?~ ions.

That is the reason why Rives suggests another mechanism

structural evolution of interlamellar carbonate ions during a
thermal treatment of carbonate-inserted LDHSs, from in situ
and ex situ X-ray diffraction results, infrared spectroscopy,
chemical analysis, and thermogravimetric analysis coupled
with mass spectrometry.

Experimental Section

d Preparation of LDH ;re(CO3) and LDH i co(CO3). The prepa-

ration of these materials was performed by chimie douce reactions,
as previously described in detéiFirst, the NaNj7d.0.3d02 (L =
Fe, Co) sodium nickelate was prepared via a high-temperature solid

state reaction and was then hydrolyzed in an oxidizing medium (5

the carbonate anions would react with some hydroxyl groups \y KoH + 0.8 M NaCIO), in order to obtain the-oxyhydroxide

of the slabs, which are converted into oxide ions, according
to the following reaction.

CO;y ™ +20H™ — COx(g) + H,0(g) + 20*

Some hydroxyl groups from the layers would thus be
converted to oxide ions, and the carbon dioxide, formed

phase. One gram of this material was then dispersed in suspension
into a solution containig 4 g of N&COs; in 500 mL of distilled
water. The reduction was carried out by adding 50 mL of 5 M
H,0, to this solution. After 24 h of stirring, the obtained LDHs
were filtered, washed, and dried at 20.

In order to investigate a potential grafting of the carbonate ions
to the slabs after a thermal treatment, the LiXd(COs) phase was

within the interslab space, would be eliminated. The existencetreated at 200C under an oxygen flow, for 16 h, and a rehydration

of this @&~ anion in the presence of the hydroxyl groups of

the slabs is then questionable. Some other authors suggesﬂ

reaction of the obtained material in distilled water during 24 h was
ttempted.

that the decrease of the basal spacing from 7.8 to 6.6 A could Characterization Techniques.X-ray diffraction (XRD) patterns

be explained by a bigrafting of the carbonate anions to the
slabst’2® The grafting of the carbonate anions would be
achieved via the substitution of two oxygen atoms of the

(11) Bigey, L.; Depge, C.; De Roy, A.; Besse, J. P. Phys. 1V1997 7
(C2), 949.

(12) Bigey, L.; Malherbe, F.; De Roy, A.; Besse, J.Nrol. Cryst. Lig.
Cryst. 1998 311, 221-226.

(13) Kanezaki, ESolid State lonic4998 106, 279-284.

(14) Kanezaki, EMater. Res. Bull1998 33, 773-778.

(15) Kanezaki, Elnorg. Chem.1998 37, 2588-2590.

(16) Rives, V.Inorg. Chem.1999 38, 406-407.

(17) Hibino, T.; Yamashita, Y.; Kosuge, K.; Tsunashima,@ays Clay
Miner. 1995 43, 427—-432.

(18) Stanimirova, T.; Vergilov, I.; Kirov, G.; Petrova, N. Mater. Sci.
1999 34, 4153-4161.

(19) Millange, F.; Walton, R. I.; O'Hare, DJ. Mater. Chem200Q 10,
1713-1720.

(20) Moroz, T.; Razvorotneva, L.; Grigorieva, T.; Mazurov, M.; Arkhipen-
ko, D.; Progov, V.Appl. Clay Sci2001, 18, 29—36.
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were obtained with a Siemens D5000 diffractometer (@, Kvith
a scan step of 0.04260) for 15 s.

In situ XRD measurements were carried out in the-300°C
temperature range for both LQYH(COs) and LDHy; co(COs), by
using an INEL X-ray diffractometer equipped with a cobalt
anticathode, a forward monochromator, a CPS 120 curved sensitive
detector, and a high-temperature FURCAP furnace, with the
following conditions of sequential temperature increas&J/2nin)
and of temperature holding time (10 min) before each 1 h
measurement.

The FTIR spectra were obtained by using a Perkin-Elmer
Spectrum One spectrophotometer equipped with a diffuse reflec-
tance sphere. The materials were dispersed and gently ground in
KBr powder, placed in the diffuse reflectance sphere, and analyzed.

(21) Wells, A. F.Structural inorganic chemistrysth ed.; Oxford Science
publication: Oxford, 1950.
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Figure 1. XRD patterns of the LDK; (COs) materials (L= Fe, Co). o AV A 180°C
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Figure 3. In situ XRD patterns showing the decomposition of Liptb-
(CGg) in the 30-300 °C temperature range.
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presented in Figure 1. These phases crystallize in the trigonal
system (S.G.:R3m), with a P3 slab oxygen packing (AB
BC CA). Indexation of their XRD patterns can be performed
with a hexagonal cell, with three slabs per cell. The
hexagonal parametera & 3.08 A andc = 23.08 A for
LDHpir«(COs), a = 3.04 A andc = 23.04 A for LDHyico-
(COy)) are in agreement with those already reported in the
literature?>23
In Situ Dynamical XRD Study of the Thermal Evolu-
tion. A general view of the in situ XRD patterns of LRt
(C0s) and LDHyi co(COs) in the whole temperature range is
shown in Figure 2 and Figure 3, respectively. For both
materials, experiments were performed for a large number
26, (°) of temperatures. Only few of them, corresponding to the
Figure 2. In situ XRD patterns showing the decomposition of LHs- strong changes in the XRD patterns, are reported in Figures
(COs) in the 30-300°C temperature range. 2 and 3. In each case, four temperature domains can be
_ _ _ ) distinguished, as indicated in the figures.
Spgzso;:‘:trrr;Ogv:}svgﬁgfngazsfrgfé); C?%lfﬁlifor‘;\"izomass _ The thermal evol_ution of the interr_eticular dist_ance of the
' ’ first (00) line, which reflects the interslab distance, is

temperature to 800C under an oxygen flow. L .
Chemical analyses were performed by inductively coupled represented in Figure 4, where the above-defined temperature

plasma (ICP) emission spectroscopy for Ni, and Co, and by domains have also been reported.

elementary organic microanalysis for C and H, at the CNRS facility ~ In the first domain, the successive XRD patterns do not
in Vernaison. The oxygen amount was not experimentally deter- exhibit any strong change, especially concerning the line
mined. For establishing the chemical formula, it was calculated by positions. Nevertheless, a progressive decrease of the inten-

»&
>4

difference from 100%. sity ratio of the (006) line to the (003) one can be observed.
Results and Discussion (22) Demourgues-Guerlou, L.; Braconnier, J. J.; Delmag). Solid State
; ; Chem.1993 104, 359-367.
Structural StUdy of Starting Materials. The XRD (23) Delmas, C.; Braconnier, J. J.; Borthomieu, Y.; Hagenmulldv)&er.
patterns of the LDIg r(COs) and LDHico(COs) phases are Res. Bull.1987, 22, 741-751.
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This behavior can be correlated with the beginning of the
interlamellar water extraction. Indeed, a simple simulation
of the XRD patterns of a phase, based on N#abs and
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Figure 5. XRD patterns of LDH;co(COs), after a thermal treatment at
200°C and after rehydration of the lattice.

containing oxygen atoms located in the center of the interslabyyjj| now be investigated in detail in the case of LRido-
space, was performed; when the amount of interslab oxygenco,). The in situ dynamical XRD study, previously

atoms is continuously lowered, from 1 down to 0 oxygen

presented, as well as the TGA results, which will be detailed

per slab metal ion, a progressive significant decrease of the|gter, suggest indeed a similar behavior for LE(CO5).

intensity ratio of the (006) line to the (003) one is observed.
The value of 1 oxygen atom per metal corresponds ap-
proximately to the starting LDH while the value of 0.3 is
reached after removing the overall interlamellar water.

As emphasized by the evolution of the XRD patterns
(Figures 2 and 3) and of the interslab distance in Figure 4,
the second domain is characterized by a strong modification
of the shape and positions of the [Pnes. The (00 lines
are shifted to higher angle values, and the interlamellar
distance of the material obtained at the end of domain Il is
close to 6.5 A in the case of LDio(COs) and to 6.6 A in
the case of LDRirs(COs). Similar behavior was already
reported by several authors for LDHs with (Mg, Al)
slabs!®151°The intensity ratio of the (002line to the (00)
one strongly decreases, which can be attributed to the
departure of the remaining overall interlamellar water

molecules and a possible grafting of the carbonate anions to

the slabs, as suggested in the literafiiré®

In the third domain, the material formed at the end of the
previous domain seems to be quite stable, as indicated b
the absence of any drastic line modification.

In the fourth domain, the diffraction lines vanish, and only
three broad peaks, corresponding to a NiO-type oxide, are
finally observed. No iron or cobalt oxide is detected, so that
the formula of this oxide may be (NikL,)22O (L = Fe¥*,
Co*"). The oxides, which are formed in the 36800 °C
temperature range, are poorly crystallized, in agreement with
the results reported in the literati&eThe layered structure
is completely destroyed at 27C for LDHy;r(COs) and at
280 °C for LDHpico(COs).

The structure of the material formed at the end of domain
II, around 200°C, and which is stable all along domain lll,

(24) Aramendia, M. A.; Avils, Y.; Borau, V.; Luque, J. M.; Marinas, J.
M.; Ruiz, J. R.; Urbano, F. Jl. Mater. Chem1999 9, 1603.
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Study of the Material Obtained after a Thermal
Treatment at 200°C of LDH pico(CO3). (@) XRD Study.
The evolution of the XRD patterns after a thermal treatment
at 200°C and attempted rehydration in water is represented
in Figure 5.

After a thermal treatment at 20C in air, the new phase
is a layered structure. Only four strong diffraction peaks,
broader than in the starting material, are observed. The line
that is located around 3%26c,) for the heated material can
no longer be indexed as (101) or (012). This line must be
indexed as (100) for the heated material. Therefore, the rhom-
bohedral symmetry (three slabs per unit cell) disappears,
leading to a hexagonal symmetry (one slab per unit cell).
This change in symmetry shows that the (AB BC CA)
oxygen packing of the starting material changes upon heating
to the (AB AB) one. Therefore, a slab gliding has occurred.
In spite of a slight modification in the shape of the doublet
close to 60 (20c,), the position of the (110) line is
unchanged, which shows that the metadetal distance

Ywithin the metal oxide slab is maintained after thermal treat-

ment. In addition the displacement of the first two diffraction
peaks at low angle value indicates a significant decrease of
the interslab distance, from 7.7 A in the starting material
down to 6.5 A after treatment at 200. Moreover, the
intensity ratio of the (002) line to the (001) line is strongly
lowered with regard to the ratio of the (006) line to the (003)
one in the starting material, in agreement with the in situ
XRD results. A decrease of the basal spacing down to around
6.8—7.3 A was already observed in LDHs containing inter-
calated oxoanions, like C® and CpO~2~,°"1?V,0+*",°>and
Mo.0O-*~ and W,0O;> .8 It was attributed to the grafting of
the inserted anions to the slabs, via the substitution of a
hydroxyl group of the slabs by one oxygen atom of the anion.
In the case of LDH;co(COs), the contraction of the interslab
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discussed elsewhef@® The broad band between 3000 and
3500 cn1! and the band at 1630 crhare attributed to the
stretching and bending modes respectively of adsorbed and
structural intercalated water molecules. THEEQO;) vibration
band around 1360 cmis characteristic of carbonate anions

in D3p planar symmetry. The,(CQ;) vibration band is also
present around 820 crh

o When the LDHico(COs) phase is heated up to 20C,
the 6(H,0) vibration band disappears and t&i,0) band
intensity seems to strongly decrease, which indicates the
water departure from the material. The remaining wide band
in the 3000-3500 cnT? range no longer corresponds to the
valence vibration of water molecules but must be attributed
to thev(OH) valence vibration band, which is considerably
broadened because the hydroxyl groups are subjected to
strong interactions with the carbonate ions. In fact, in pristine
AN LDHnico(COs), as well as in all the LDH phases, the wide
4000 3500 3000 2500 2000 1500 1000 500 band in the 30083500 cnv? results always from the overlap
v(em™) of the »(H,O) and broadv(OH) valence vibration bands.
Figure 6. IR spectra of LDHl;co(COs), after a thermal treatment at 200 Moreover, thev; band of carbonate anions Sp|i'[S into two
°C and after rehydration of the lattice. new bands, at 1325 and 1533 cimwhile a band appears
simultaneously at 1008 cry which can be attributed to the
space cannot be so easily explained because the final distancg,(CO;) vibration band. This behavior corresponds to a
(6.5 A) is lower than that expected from the geometric |owering of the symmetry of the carbonate anions, fidg
configuration of carbonate entities, monografted to the slabsto C,,. According to Nakamoté? the carbonate anion is
by one oxygen, which can be evaluated to around-6.8 bidendate if theAv discrepancy between the splitted
7.2 A vibrationalvs bands is higher than 300 ¢ and unidendate
As far as the attempted rehydration is concerned, Figure for lower Av values. In our case\v is close to 200 crr,
5 shows close similarity between the XRD patterns of the Which indicates a monografting of the carbonate anions to
starting LDH material and the final phase. The fact that the the slabs. Such behavior was already reported by Tessier et
initial oxygen packing and interslab distance are recovered al. for zinc-substituted nickel hydroxidés.
suggest an effective water reintercalation into the interslab In the rehydrated material, two splitted bands are main-
space. The XRD pattern can be indexed again with threetained for thev3(COs) vibration, which shows that the
slabs per cellg = 3.04 A andc = 22.95 A), with a P3 carbonate anions are still monografted to the slabs. In
oxygen packing, since the intensity of the (104) line is lower addition, after rehydration reaction, the intensity of the
than that of the (015) line. The intensity ratio of the (006) (H:O) vibration band reincreases while #gH>0) vibration
line to the (003) line in the final material has reincreased band reappears as a shoulder around 1650 csnggesting
with regard to the ratio of the (002) line to the (001) line in @ reintercalation of water molecules. In the final rehydrated
the thermally treated material, which shows an increase of material, the reincrease of the interslab distance up to 7.6 A
the electronic density within the interslab space and confirms is therefore essentially due to the reintercalation of water
the presence of reintercalated water. Nevertheless, themolecules, the carbonate anions remaining grafted to the
diffraction peaks in the rehydrated material are slightly Slabs. This reintercalation of water molecules reinforces the
broader than in pristine LDiico(COs). Such behavior could ~ hypothesis of the monografting, since this process was not
be attributed to a grain fragmentation, induced by the strains OPServed for LDHs containing oxometalate intercalated
resulting from the deintercalatieneintercalation process of ~ &nions, for which the anions are bigrafted to two consecutive
the water molecules, as well as from a change in the slapslabs®®
packing when the pristine material is thermally treated and  In order to confirm these results, chemical analyses of
then rehydrated. initial LDH, after thermal treatment and after rehydration,

In order to better understand the geometric configuration W& performed. _ . . .
adopted by the carbonate anions in the interslab space during () Elemental Analysis.The A/(Ni+ Co) atomic ratios,
the thermal treatment and after rehydration, an IR study wasWhich were calculated on the basis of the weight percentage

performed.
. (25) Jitianu, M.; Balasoiu, M.; Marchidan, R.; Zaharescu, M.; Crisan, D.;
(b) IR Spectroscopy Study.The evolution of the IR Craiu, M. Int. J. Inorg. Mater.2000 2, 287-300.

spectra of pristine LDK co(COs), after a thermal treatment  (26) Nakamoto, K.Infrared and Raman spectra of inorganics and

o ; ; ; ; coordination compounds/Viley-Interscience: New York, 1997.
at 200°C and after rehydration, is presented in Figure 6. (27) Tessier, C.; Guerlou-Demourgues, L.. Faure, C.; Demourgues, A.:

The IR spectrum of the initial material has been intensively Delmas, CJ. Mater. Chem200Q 10, 1185-1193.
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Table 1. Values of the A/(Ni+ Co) Molar Ratios for Various Elements in the LRi4o(COs) Phase without Any Treatment, after a Thermal
Treatment at 200C, and after Rehydratién

A
Treatment Ni Co C H

Weight % 34.52 14.95 1.73 2.82

No treatment A/(Ni+Co) 0.70 0.30 0.17 3.35
Calculated Weight %, deduced from

Nio 76C00 s6(OH)(CO3)o 15(Hz0)o67(CO2Nocz (1) 3580 1241 178 293

Weight % 39.74 16.70 1.84 1.83

v A/(Ni+Co) 0.70 0.30 0.16 1.91

200°C

Calculated Weight %, deduced from Ni 76C0030(OH)2(CO3)0.15 (2) 40.35 17.37 1.77 1.98
Calculated Weight %, deduced from

Nio70C00 3o(OH)1.8500.15(COs).15(HzO)oas(COoor (1) 40.13 1723 188 189

v Weight % 38.08 16.00 1.82 2.53

H-0, room .

temperature A/(Ni+Co) 0.70 0.30 0.17 2.75
Calculated Weight %, deduced from

Nia 76000 3o(OH)1 8506 15(CO) 15(Hz0)o 5(CO2)ocz (1) 31t 1047 1.86 252

a(1) These formulas are deduced from the experimental results. (2) This formula is based on the loss of intercalated water molecules and agsorbed “CO
species”, from the formula of the starting LDH phase.

values, are reported in Table 1 for pristine LREL(COs), would lead to the following theoretical formula: N¥Cop 30
after a thermal treatment at 200 and after rehydration of  (OH),(COs)o.15 The elemental weight percents, calculated
the lattice. on the basis of this formula, are reported in Table 1. It

It should be remembered that, in this material family, the appears clearly that the carbon (1.77%) and hydrogen
nickel ions are divalent, while the cobalt ions are trivafnt.  (1.98%) amounts are not in good agreement with the
In order to ensure the overall charge balance within the experimental values (1.84% and 1.83%, respectively). In fact,
starting phase, 0.30 negative charge has to be brought bythe experimental value of the H amount suggests that the
0.15 CQ? anion. The 0.02 remaining C atom is attributed slabs may be partially deprotonated as a result of the
to adsorbed “C@ species”, so that the formula may be carbonate grafting. If the monografting behavior is assumed,
written as follows: 0.15 slab OH ion is replaced by 0.15 C#& anion, and

the 0.15 OH anion captures 0.15+ coming from hydroxyl

Ho10C0030(OF(COJ0.15(H200.67(CONncz, groups of the slabs, according to the scheme

slab interslab adsorbed

o
The above formula is in agreement with those usually 2[slab]=OH + CO;™ —
obtained for carbonate LDH phases and for hydrotalcite-type [slab]-CO; + [slab]-O" + H,O
materialst

For the material treated at 20C, it should be noticed  This hypothesis leads to the following theoretical “chemical”
that the Ni, Co, and C weight percents increase, comparedformula:
to those found in the starting LDH, while the H weight
percent decreases. This result is in agreement with the loss
of the interslab water molecules. Two different formula

hypotheses can be envisaged for the heated material. Onel.he amounts of CQand HO adsorbed species were

can f|r_st assume a tota! water removal, the parbopate calculated on the basis of the experimental values of the
remaining free within the interslab space, or envisage in aC/(Ni + Co) and H/(Ni+ Co) ratios. The results of the
S?Cﬁnd hygothess a (}k_ehydratlrc]) : C?ulf qur\;:"ﬂ}.a mﬁ nOgrﬁ‘ﬂ'r,‘gchemical analysis are in better agreement with this hypothesis
of the carbonate entities to the slabs. The first hypot €SISthan with the previous one. In conclusion, the chemical

(28) Delmas, C.; Borthomieu, Y. Faure, C.; Delahaye, A.: FiglarzShlid analysis. results appear to be in .accordance with the IR study
State lonics1989 32/33, 104. concerning the carbonate grafting.

Ni.70C00.30(0H)1.7000.15(CO3)0.15(H20)0.10(CO2)0.01
. O Y

slab + interslab adsorbed
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Figure 7. TGA curve (a) and coupled mass spectrometry curve (b) of LPHnire(COs). Point A and point B have the same meaning as in Figure
LDHni,co(COs). Point A corresponds to the theoretical weight loss percent
after the complete dehydration of the material, the carbonate ions being

still free; point B corresponds to the theoretical weight loss percent after mass spectrometry. The TGA curves, as well as the analysis
the complete dehydration of the material and the complete carbonate

monografting. of the evolved decomposition products by mass spectrometry,
are presented in Figure 7 and Figure 8 for both materials.
The 200°C thermally treated LD c(COs) phase was It is well-known that the LDHs lose weight generally in

stirred in water during 24 h at room temperature and then tWo stages: 0] dehyd_ration of interlamellar water molecules
chemically analyzed. The results show that the Ni, Co, and and (ii) dehydroxylation of the double hydroxide layers and
C weight percents decrease, while the H weight Ioercentdestruction of the materiaf:'>Even if the derivative curves

increases. This result is in agreement with reintercalation of OPtained from the TGA curve present two peaks, they do

water molecules in the interslab space, leading to the formula™©t Correspo'nd exgctly to the two ph'enomena, mentioned
above. The first weight loss stage, which ranges from room

T‘\Ii\()JoCOo.so(OH)lJooo.15(C03)0.15(H20)(B{C02)0.02} temperature up to 23(5'? for LDHNivC_O(CQ?') and 255°C for
Sab + intersiab adsorbed LDHnir(COs), may be interpreted in terms of adsorbed and
intercalated water removal, coupled with the grafting of the
Let us note that the number of water molecules in the COs*" species to the slabs. The coupled mass spectrometry
rehydrated LD co(COs) phase is lower than in the starting ~ confirms, in each case, these results. The two ionic current
LDHyico(COs) phase (0.52 versus 0.67, respectively). This Peaks correspond to 8" and OH'. These peaks, corre-
tendency is in accordance with the fact that the intensity ratio SPonding to HO™ and OH, are assigned to the removal of
of the (006) line to the (003) line is lower in the rehydrated nterlayer water molecules, and to the dehydroxylation of
phase than in the pristine LDH (see Figure 5) and also with the sheets due to the grafting of the carbonate anions to the
the existence, in the infrared spectra, of weak&t,0) and slabs. The small C© and C' ionic currents, which are also

8(H,0) vibration bands for the rehydrated phase than for observed, are related to carbon dioxide physically adsorbed
the pristine LDH co(COs) phase at the surface of the particlés?®3°As indicated in Figure

7a in the case of LDKRlco(COs), point A was placed by
calculating the theoretical weight loss percent after complete

The overall results reinforce the hypothesis of a monograft-
ing of the CQ?™ anions to the slabs.

(d) Thermogravimetric Analysis (TGA) Coupled with (29) Rgogc;%, %;g;ler(t):g, M.; Rives, V.; Ulibarri, M. Al. Mater. Chem.
: 1 , 2499-2503.
Mass SpeCtromEtry'The_ thermal behavior of LDMCO(COJ (30) Perez-Ramirez, J.; Mul, G.; Kapteijn, F.; MoulijnJJ Mater. Chem.
and LDHy; r«(COs) was investigated by TGA, coupled with 2001, 11, 821-830.
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Figure 9. TGA curve (a) and coupled mass spectrometry curve (b)

(,;figtELH?i’A'(CQ)' Point A and point B have the same meaning as in  are strongly delayed. The dehydrated grafted phase appears

' at 305°C in the case of Al, against around 235 or 255
dehydration of the material, the carbonate ions being still for Co_and Fe, respectively, while the second derivative curve
free (formula: Ni7¢C0o.sOH)A(COs)019, and point B was peak is at 350°C for LDHp;a(CO;s), versus 285°C for

placed by calculating the theoretical weight loss percent, by LDHnir{COs) and 270°C for LDHN‘~C‘_’(CO3)' In other tem_]_s,
considering the material as totally dehydrated, with a the TGA measurements show a higher thermal stability of

complete carbonate monografting (formula: o NCo 20 LDHnia(COsz), compared to LDIir(COs) and LDHyico-

(OH)1.7d00.14C0Os)0.15 in accordance with chemical analysis EEOQ' tTh'S b?ha\?or fcouklj b? duet';]o afh|gher aﬁ'mt{) OI];
results). This means that carbonate grafting seems to take E. v;/]a er rl’r&o ect:u.|e5 dorl au(rjn:;wm ; an ;)r |r<t)n or cl:o al '
place on the pseudoplateau between 160 and@3Similar ¥:’ r'ﬁ ﬂ:NOil:‘t reT %' ade ai);eth epar ur? Emﬁace(gamo ecules
behavior can be observed for LRQH{(CO;) (Figure 8). As 0 € Intersiab space € case ot Lua! ( .)'
. . It should be noticed that, even if the weight differences
in the case of LD co(CQOs), point A would correspond to .
X . . between the grafted and the nongrafted materials are small,
complete dehydration of LD{r(CQs), without any grafting o . .
: N the curve shapes are similar for the three studied materials,
of the carbonate anions (formula: ¥ 3 OH)2(CO3)0.15), : . .
. . which suggests that there is no random behavior due to a
and point B to the dehydrated material, all the carbonate reciseness problem
anions being monografted (formula: J¥F& 3(OH)1. 700015 P P '
(CO3)0.19). Discussion
The s_econd weight loss stage corresponds to _the dehy- All the characterization techniques have shown that a
droxylation end, to the loss of the carbonate species and 10y qqerate thermal treatment of the LDHSs induces the forma-
the destruction of the materials. This is confirmed by the o of a new phase, which is still lamellar, and which is
mf‘§5 spectrometry results, which reveal strong Cénd characterized by a lower interslab distance (approximately
C* ionic currents, simultaneously with the;&" and OH 6.5-6.7 A versus 7.7 A for the starting materials). It has
ones. been shown that carbon dioxide is almost not lost during
A comparative TGA study was carried out for a homolo- this thermal treatment, meaning that the carbonate anions
gous LDH phase based on mixed (Ni,Al) slabs (phase remain in the interslab space during this step. This behavior
denoted as LDk A (COs)). The corresponding curves are is explained by a monografting of the carbonate anions to
presented in Figure 9. It appears that the LIH{COs) phase the slabs; a mechanism is proposed in Figure 10. During
exhibits a thermal behavior that is similar to those of the the thermal treatment, an ionocovalent bond is established
cobalt or iron phases, except that the decomposition stepsbetween one cation of the slab and one oxygen of the
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carbonate anion, through the replacement of one hydroxyl distances in the thermally treated Lidd,(CO;) and LDH-
group of the slab. This hydroxyl group deprotonates another nir(COs) phases.
one, in order to form a water molecule. The mechanism is

. . . . Conclusion
schematically resumed in the following equation:

The thermal evolution of carbonate intercalated LDHSs,
COSZ’ + 2[slab]— OH— studied .in the present w_ork, allowed us to answer the que;tion
_ _ of grafting or nongrafting of the carbonate anions, which
[slab] — CO, + [slab] — O~ + H,0(g) was controverted in the literature. The infrared spectroscopy
and the chemical analysis results lead us unambiguously to
Our conclusions, that is, monografting of the carbonate conclude to a monografting of carbonate anions to the
ions, are not in agreement with Kanezaki's and Rives’s nhydroxyl slabs. This grafting results from the creation of a
hypotheses?*°To Kanezaki’s mind, the interslab space was  girong jonocovalent bond between the carbonate anion and
occupied by free hydroxyl groups, whereas to Rives’s mind, {he metallic cation of the slabs, via the substitution of some
0% ions were present within the interslab space. hydroxyl groups of the slabs by one oxygen atom of
The distance between the oxygen plane of the slab andggponate anions. TGA measurements have shown that the
the center of the oxygen atom located within the interslab |« of interslab water and the monografting of the carbonate
space is 2.42 A (this _d|stance IS calcula‘ged by considering anions can be quite well separated. The hypothesis of this
an oxygen anion radl_us of 1.40 A.)' This result leads ;\0 monografting is reinforced by the fact that water molecules
\t/t/]f?i(():LeitécsailigIRIE/ rilizaedrltsr::rrlctﬁz ggg?\?e;rg?eg&g ;)2 ' can be reintercalated in the interslab space of the thermally
' treated material, stirred in water during 24 h. This reinter-

The interslab spacing value, _close to 667.'&’ has tq calation was not possible for oxometalate intercalated LDHS;
be compared to the interslab distances obtained for nickel.

and zinc hydroxynitrates, i (OH)(NOs), and Z(OH),- in this case, the oxometal_ate anions were bigrafted to two
(NOs)», which are 6.88 and 7.038 A, respectivéhyin this consecutive §Iaps, preyentmg thus the reintercalation of water
case, the N@ anion is linked to the slab by oneND bond, molecules within the interslab space.
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