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Abstract: Colored layered double hydroxides (LDHs) can be
synthesized by introducing colored cations such as Fe'* and
Cr’'", which can be used as thermal stabilizers for polyvinyl
chloride (PVC). The yellowish Mg/Fe and bluish Mg/Cr
LDHs are prepared by the co-precipitation method. The results
show that the Mg,Cr_ CO, and Mg,Fe CO, colored layered
double hydroxides can stabilize PVC for more than 30 min
under the thermal aging temperature of 180 C. The
preparation can use cheap Mg(OH), instead of MgCl,, which
produces a much smaller amount of the by-product NH,CI. It
is known that NH,Cl is a cheap fertilizer that is difficult to
sell; therefore, the preparation is much greener and more
economic than the one using magnesium salt.
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ferric chromic thermal

ayered double hydroxides ( LDHs) are represented

by the general formula [ M;" M:*(OH),]*" A", -
yH,0"" (short for M>* Mi+ _A). In the general formula,
M**and M’", respectively, stand for divalent and triva-
lent metal cations, such as Mg’*, Cu*", Zn**, Ni’",
AI’* | Fe’* | Cr'*and so on; A"~ stands for intercalated
anions, such as C1~, NO, ™~ and COi’ ; n is the charge of
the anion; y is the content of interlayer H,O. Due to the
special composition and structure, LDHs have many
unique chemical and physical properties, which make

them useful as thermal stabilizers'>”

9-10] 11-12]

! s fire-retardants ™ s

absorbents*"" | catalysts' , electrochemically active
materials'* ™’ and others"'*"”". They can be prepared by
co-precipitation' ™’ | jon exchange'™’, the hydrothermal
method” ™' | and the calcination regeneration meth-

od"™. Co-precipitation is one of the most common syn-
thetic methods applied, because the experimental process
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can be easily controlled, and the synthetic cycle is rela-
tively shorter.

In the previous studies, the most common precipitating
agent was sodium hydroxide; however, a great amount of
sodium salt will be produced as a by-product. As we
know, sodium salts are cheap and difficult to sell, so we
have to decrease the formation of the sodium salt. An at-
tempt has been noted by us, which uses ammonia as the
precipitant, and also, Mg ( OH), is used instead of
MgCl, or Mg(NO, ), as the source of Mg’ " 4 By this
method, the only by-product, agricultural fertilizer
NH, ClI is formed with only 1/3 amount of previous route,
which greatly alleviates the pressure from the by-product.
This can be seen from the preparation of [ Mg,Fe
(OH), ],CO, from Mg(OH), :

6Mg(OH), +2FeCl, +4NH, « H,0 + (NH, ),CO, =
[ Mg,Fe(OH), ],CO, +6NH,Cl

However, if it is prepared from MgCl,, the reaction is

6MgCl, +2FeCl, + 16NH, - H,0 + (NH,),CO, =
[ Mg,Fe(OH), ],CO, +18 NH,CI

It can be seen that three times as much NH,CI is
formed and four times NH, - H,O is consumed if MgCl,
is used as a starting material when the same amount of
[Mg,Fe(OH), ],CO, is formed.

As we know, plastics can be degraded if they are ex-
posed to sunlight for a long time. It is known that the UV
light in the sunlight causes the degradation. Transition
metals and their compounds such as Fe’*, Cr'", Zn’"
can absorb ultraviolet light well, thus they may protect
plastics from ultraviolet radiation. Therefore, it is possi-
ble to make multifunctional additives if we introduce tran-
sition metals into the LDHs. This paper reports the syn-
theses of two colored layered double hydroxides, [ Mg, _,
Fe (OH), ],CO, (short as Mg ,Fe CO,) and [ Mg, Cr,
(OH), ],CO, (short as Mg, Cr_CO,), and their proper-
ties.

1 Materials and Experimental Methods
1.1 Chemicals

All the chemicals used were of analytical grade, which
were produced by Sinopharm Chemical Reagent Co. ,
Ltd.
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1.2 Mg/Fe and Mg/Cr layered double hydroxide
samples preparation
1.2.1 Preparation of Mg_Fe _CO,

Mg(OH), and FeCl, - 6H,O were mixed in 150 mL
water, which is then added into 100 mL of ammonia wa-
ter containing ammonium carbonate under stirring. To
make Mg,Fe CO, with the Mg/Fe molar ratio of 3, the
molar ratio of Mg(OH),, FeCl, - 6H,0, NH, - H,O,
(NH, ),CO, was 3:1:2:0. 5. The temperature of the re-
action mixture was then raised to make the water reflux,
and the pH of the suspension was maintained between 7
and 9, which was continuously stirred for 2 h. After that,
the suspension was filtered. Solids were washed with dei-
onized water, and then dried in an oven at 120 C for 48
h.

[ MgFe(OH), ],CO, and [ Mg,Fe (OH), ],CO, were
synthesized similarly with the molar ratio of Mg and Fe
being changed according to the chemical formula.

1.2.2 Preparation of Mg Cr_CO,

Mg, Cr_ CO, was synthesized by the same method as
above, but it was not quite successful. Therefore, MgCl,
was used instead of Mg(OH), ; all others were the same
except that the amount of ammonia water was increased
according to the chemical equation. Therefore, the molar
ratio of MgCl,, CrCl, - 6H,0, NH, - H,O, and
(NH, ),CO,was 3:1:8:0.5 for the preparation of
[Mg,Cr(OH), ], CO,.

[ MgCr(OH), ],CO, and [ Mg,Cr(OH), ],CO,were
also synthesized by changing only the amount of MgCl,
according to the chemical formula.

1.3 Characterization

Powder X-ray diffraction ( XRD) patterns of the sam-
ples were performed using a Bruker DS-ADVANCE X-ray
diffractometer at 40 kV and 30 mA, with Cu Ka (A =
0. 154 06 nm) radiation. Analyses of metals were carried
out with a J-A1100 ICP spectrometer. The Fourier trans-
formed infrared spectra ( FTIR) of the LDH materials
were obtained by using a Nicolet 750 spectrometer. The
thermo-gravimetric analysis (TG) of the sample was con-
ducted on a TA Instruments SDT-Q600 in static air with a
rate of 10 “C/min.

2 Results and Discussion

2.1 The XRD patterns of the LDHs

Fig. 1 shows the X-ray diffraction patterns of samples
prepared under the exploratory conditions (aged for 2 h at
the refluxing temperature of water). For Mg Fe CO,, it
is observed that the intensities of diffraction peaks in-
crease with the increase of Fe’* content. When the molar
ratio of Mg and Fe is 1, the diffraction peaks are almost
unobservable (see Fig. 1 (a)). This was observed and
believed that more Mg** could have contributed to the

formation of laminar structure before’.

However, it was not very successful when we attemp-
ted to synthesize Mg, Cr_CO, in the same method. Fig. 1
(b) shows the result of the attempt. It can be seen that
there are the characteristic peaks of the proposed LDHs,
but there are still impurity peaks from Mg ( OH), which
appeared at around 18°"'. Thus, the Cr’* cannot react
with Mg(OH), as smoothly as Fe’*. Perhaps this is as-
cribed to the insolubility of Mg(OH), and the inertness

in ligand substitution reactions of Cr’*.
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Fig.1 Powder X-ray diffraction patterns of Mg Fe = CO, prod-
ucts and Mg,Cr_CO;(y=1, 2 and 3). (a) Mg Fe_COj; synthe-
sized from Mg(OH),; (b) Mg;Cr_ CO; synthesized from Mg(OH), ;
(c) Mg,Cr_ COj; synthesized from MgCl,

Therefore, we use MgCl, instead of Mg(OH), to syn-
thesize Mg Cr_CO;, which is very successful. Fig. 1(c)
shows the related XRD patterns. Similarly, the Mg Fe _
CO,, Mg Cr_CO, crystallized better with the increase of
the Mg *: Cr’* molar ratio, but they are less well-crystal-
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lized than Mg Fe CO,. As we have discussed before,
this may be also related to the inertness in ligand substitu-

+

tion reactions of Cr’".
2.2 The IR spectra of as-prepared LDHs

Fig.2 shows the infrared spectrum of two typical sam-
ples. It is clear that both samples display similar charac-
teristics, which is in accordance with the general knowl-
edge on LDHs. The strong and broad band at around
3 442 cm ™' is attributed to the hydroxyl groups stretching
mode from both the layer hydroxyl groups and the inter-
layer water molecules'”'. The band observed at around
1633 or 1 639 cm ™' is ascribed to the 8,,bending vibra-

]

tion'”'. The sharp absorption band observed at around

1 384 cm ' is attributed to the interlayer carbonate ™" .
The lattice vibrations of metal-oxygen bonds vibrations
likely result from the appearance of the strong bands at

588 cm .
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Fig.2 The FT-IR spectra of Mg,Fe CO, and Mg,Cr_CO,

samples

2.3 UV-vis spectrum characterization

The optical absorption behavior of the as-prepared
Mg,Fe CO, and Mg,Cr_CO, samples under the explora-
tory conditions are illustrated by the UV-vis absorption
spectrum, as shown in Fig. 3. Both materials show strong
UV absorption at around 200 nm, which is assigned to

the charge transfer of isolated Fe’* and Cr’* ions octahe-

drally coordinated in the brucite layered structure”"”.

the visible light region, the Mg,Fe CO, shows absorp-
tion at above 400 nm, which is ascribed to the dd transi-
tion of Fe’* '), The Mg,Cr_CO, exhibits two bands at
419 and 588 nm which can be easily ascribed to spin-al-
lowed, Laporte-forbidden transitions from the fundamen-
tal state *A,, (F)—'T,,(P) and *A,,(F)—'T,,(P), re-

spectively, in its brucite layers ™",

In

2.4 Thermogravimetric studies

Fig. 4 shows the TG-DTA curves of the samples. The
Mg,Fe CO, roughly undergoes two separate weight loss
processes on heating, which is in agreement with studies
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Fig.3 The UV-vis spectrum.
Mg; Cr_ CO; sample
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reported on other LDHs *'. There are two obvious endo-
thermic peaks at 177.9 and 362.4 C. The first-step
weight loss of 10. 8% at about 177.9 C can result from
the loss of interlayer water. The second-step weight loss
of 25.9% at about 362.4 T is due to the dehydroxyla-
tion of the layers to form oxides ™. If the chemical for-
mula of LDHs is [ Mg,Fe(OH), ],CO, - 4H,0, the loss

of the 4 crystal waters will be 10. 9% of their weight,
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Fig.4 TG-DTA curves. (a) Mg,Fe _CO; sample; (b) Mg;Cr_
CO; sample
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and the loss of 8 crystal waters from dehydroxylation will
be 21. 8% of weight. The total loss of weight will be
39.4% , which is very close to the experimental value of
36. 7% if the carbonate also decomposes during the ther-
mal decomposition'””’. The thermal decomposition analy-
sis shows that there is a great loss of the crystal waters
which will bring a large amount of heat away and a great
deal of loss of water and CO, which also brings a large
amount of heat away and H,O and CO,will dilute the
concentration of O, on the surface of be polymer materi-
als. Thus, LDH material can also be used as a flame-re-
tardant.

The TG/DTA behavior of Mg,Cr_CO, is a slightly
different from Mg,Fe CO,. The weight loss is continu-
ous but the rate is different. The endothermic peaks are
not very clear (see Fig.4 (b)), which reveals that there
are different ways of decomposition. Perhaps it is related
to its initial poor crystallization.

2.5 Thermal stability testing of prepared PVC com-
posites

The PVC composite strips were prepared and made of
100 g PVC powder, 45 g DOP, 0.2 g Zn(st),, 0.3 g
Ca(st),, Mg,Cr_CO, or Mg,Fe CO,. The resulting
PVC composite strips were placed in a thermal aging test
box maintained at 180 C to observe their color changes.
The thermal stability of PVC is defined by the time when
the strips become black. As shown in Fig. 5, the strips
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Fig.5 Thermal stability of composites of polyvinyl chloride.
(a) Mg;Cr_CO;;(b) MgyFe _CO,

are colored by the LDHs. As the aging time is pro-
longed, the color of the strips changes. From Fig.5(a),
it can be seen that the color of the blue PVC Mg,Cr _CO,
composite becomes yellow when the time lasts 40 min,
then deepens gradually, and finally turns red when the
time lasts 90 min. The color of the pale red PVC-
Mg,Cr_ CO, composite becomes yellow when the time
lasts 50 min, then deepens gradually, and finally turns
brown when the time lasts 80 min. It was proposed by
Lin et al. ™ that the stabilization of PVC by LDHs in-
cludes two steps. The first step is that HCI produced by
the thermal dehydrochlorination of PVC reacts with the
interlayer carbonate anions, and then more HCI reacts
with the hydroxyl groups in the layers. Those processes
remove the HCl which can catalyze the dehydrochlorina-
tion of PVC and thus stabilize the PVC material.

3 Conclusion

[ Mg,Fe (OH), ],CO, has been successfully prepared
from FeCl, 6H,0, Mg ( OH),, NH, H,0,
(NH, ),CO, in water under refluxing for 2 h. By using
Mg(OH),, the amount of by-product NH,Cl is reduced
dramatically. Using Mg( OH), to produce Mg Cr _CO, is
a little difficult, so it is better to use MgCl, as the starting
material. The existence of Fe’* or Cr’* makes LDHs col-
ored, and they also absorb UV lights. This may make
plastics colored and UV-resistant. The decomposition of
Mg,Fe CO, leads to the weight loss due to the loss of
water and CO,. Similarly, the decomposition of Mg,Cr _
CO, leads to weight loss. This property can allow them to
be used as a flame retardant as well as PVC thermal stabi-
lizers. The as-prepared [ Mg,Fe ( OH ), ],CO, and
[Mg,Cr(OH), ],CO, were tested as the PVC thermal
stabilizers, which show that the former can stabilize PVC
for 50 min, and the latter for 30 min at 180 C.
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