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ABSTRACT: A new flame retardant polycarbonate/mag-
nesium oxide (PC/MgO) nanocomposite, with high flame
retardancy was developed by melt compounding. The
effect of MgO to the flame retardancy, thermal property,
and thermal degradation kinetics were investigated. Lim-
ited oxygen index (LOI) test revealed that a little amount
of MgO (2 wt %) led to significant enhancement (LOI ¼
36.8) in flame retardancy. Thermogravimetric analysis
results demonstrated that the onset temperature of degra-
dation and temperature of maximum degradation rate
decreased in both air and N2 atmosphere. Apparent acti-
vation energy was estimated via Flynn–Wall–Ozawa
method. Three steps in the thermal degradation kinetics
were observed after incorporation of MgO into the matrix

and the additive raised activation energies of the compos-
ite in the full range except the initial stage. It was inter-
preted that the flame retardancy of PC was influenced by
MgO through the following two aspects: on the one hand,
MgO catalyzed the thermal-oxidative degradation and
accelerated a thermal protection/mass loss barrier at
burning surface; on the other hand, the filler decreased
activation energies in the initial step and improved ther-
mal stability in the final period. VC 2011 Wiley Periodicals, Inc.
J Appl Polym Sci 123: 1085–1093, 2012
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INTRODUCTION

Bisphenol A polycarbonate (PC) has been widely
applied currently owing to its unique physical and
chemical properties, such as excellent transparency,
good mechanical strength, and high heat distortion
temperature.1 Although PC is somewhat inherently
flame resistant due to its ability to form polyaro-
matic char and release CO2 upon ignition, it is still
essential to develop highly flame retardant PC with
the increasing concern for safety and recycling, par-
ticularly for electric and electronic applications.2

Numerous additives to improve the flame retard-
ancy of PC have been continuously developed in
this decade to meet the increased environmental
requirements.3–10 Representatively, aromatic sulfo-
nate compounds,3,4,10 silicon compounds,6,11 and
phosphorus compounds12,13 were reported to be

effective flame retardant for PC. Despite, the above
organic compounds are effective to retard flame of
PC, the complex of synthesis as well as the possibil-
ity to release deleterious organic compound during
burning make them nonfriendly to the environ-
ment.14 In addition, the liquid phosphorous com-
pounds that is leaked to the composite surface dur-
ing processing may be harmful to the processing
equipment.15 Therefore, it would be necessary to de-
velop inorganic compounds which not only can
improve flame retardany for PC, but also are envi-
ronment friendly.7,9,15–18 For example, fly ash could
improve the flame retardancy by promoting carbon-
ization and forming hydrogen bond between the
hydroxyl group on the fly ash surface and the car-
bonate group of the polycarbonate.16 Graphite oxide
could increase the flame retardancy through forming
a continuous protective char layer, which acted as a
thermal insulator and a mass transport barrier.7

Recent studies indicate that combination of physical
effect and chemical reaction from inorganic materials
may have synergistic effect to improve the flame
retardancy.15,18,19 Therefore, this project aimed to
develop new nanocomposite which has synergistic
flame retardant effect from physical and chemical
effect, thus the flame retardancy can be significantly
improved.
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It was reported that alkaline earth metallic species
could influence the esterification reaction,20,21 which
is a major degradation reaction for PC.3,22 As the
result, magnesium hydroxide (Mg(OH)2) is a well
known class of halogen-free flame retardants. How-
ever, to apply Mg(OH)2 to PC, a major concern is
that the hydroxyl of the compound or the possible
water generated from decomposition of Mg(OH)2
would induce the degradation of PC during process-
ing and thus limit its application to PC.23 Therefore,
it would be essential to include a stable magnesium
compound, which is expected to significantly
improve the flame retardancy of PC while the side
effect can be eliminated. Because of the stability of
magnesium oxide (MgO) in comparison to Mg(OH)2,
MgO was incorporated into PC to form PC/MgO
composites in this study. Additionally, the particle
with the size of 200 nm was chosen, as the nanopar-
ticle is expected to have the potential to improve the
dispersion within PC matrix and produce composite
with uniform properties. Based on the catalytic effect
of MgO to the esterification of PC, using MgO nano-
particle in PC is expected to combine chemical reac-
tion with physical effect, so the flame retardancy is
hoped to be significantly improved. The flame
retarding property of the resultant composites was
characterized by limited oxygen index (LOI) test,
indicating the improved flame retardancy. Thermog-
ravimetric analysis (TGA) was used to investigate
the thermal degradation behavior. Apparent activa-
tion energy of the thermal degradation was esti-
mated via Flynn–Wall–Ozawa method. Solid resi-
dues at different mass loss were characterized by
attenuated total reflectance Fourier transform infra-
red (ATR/FTIR) spectrometry. The underlying
mechanisms of the thermal degradation and flame
retardancy were discussed.

EXPERIMENTAL

Materials and sample preparation

Commercially available PC (commercial grade: K
1300) pellets were supplied by Teijin Polycarbonate
Singapore PTE, Japan. The melt flow rate was 6.4 g
per 10 min (300�C at 1.2 kg). MgO particles (200 nm)
were obtained from Nanjing Emperor Nano Mate-
rial, China. PC pellets and MgO powder were dried
at 100�C in a vacuum oven for over 24 h prior to
processing. Then, ingredients of desired proportions
were mixed and melt-compounded in a conical
twin-screw extruder of a Haake Rheocord 90, with a
diameter of 32/20 mm and a length of 300 mm.
Extrusion was performed with a temperature profile
of 240�C, 250�C, 260�C, and 255�C from hopper to
die and at a screw speed of 50 rpm. After drying in
vacuum for 24 h at 100�C to remove the moisture,

the pellets were molded into standard specimens on
an injection-molding machine (UN120A, Guangdong
Yizumi Seiki Machinery, China), at the temperature
profile of 240�C, 255�C, 260�C, and 265�C. The pres-
sures for both injection and holding were kept at 35
MPa. For the sake of comparison, unfilled PC as the
control was subjected to the same procedure.

Characterizations

Specimens (80 mm � 10 mm � 4 mm) were used to
characterize the LOI value using a Stanton Redcroft
FTA flammability test unit in accordance with
ASTM D-2863-00. After the LOI test, the combusted
residues were collected and analyzed using an SEM
(JSM-6700F field emission scanning electron micro-
scope) to investigate the surface morphology. Three
milligrams of sample, taken from the core of the
injection molded specimen, were used for thermal
analysis and ATR/FTIR characterizations. The ther-
mal and thermal-oxidative properties were charac-
terized by a Pyris 1 TGA under N2 condition and a
Perkin-Elmer TGA-7 under air atmosphere with air-
flow of 25 mL/min, respectively. ATR/FTIR spec-
trometry was performed using a Thermo Nicolet
6700 FTIR equipped with an attenuated total reflec-
tance device (Smart Orbit) with diamond crystal.
Spectra were signal averaged over 32 scans at a reso-
lution of 4 cm�1.

RESULTS AND DISCUSSION

Flame retardancy property

LOI tests were used to evaluate the effect of flame
retardancy to PC. Figure 1 is the curve of LOI with
increasing MgO content. It is shown that the LOI is
only about 26.5 without any MgO. However, with
the addition of only 0.2 wt % MgO, the LOI sharply
increased to 29.5. The LOI increased almost linearly
up to 32.7 for PC/MgO nanocomposites (0.5 wt %).
In addition, Figure 2 shows that MgO particles were
nanodispersed in PC matrix. In comparison to or-
ganic retardant additive, this amount is significantly
less than that of organic retardant additive, e.g.,
poly(3-aminopropyl methylsiloxane bis(3-hydroxy-
phenyl spirocyclic pentaerythritol bisphosphate),
which usually requires 15 wt % to reach the similar
LOI.13 MgO has similar effect on the flame retard-
ancy for PC as potassium diphenyl sulfonate.5 These
results indicate that a small amount of MgO could
significantly improve the flame retardancy of PC.
Additionally, increasing the amount of MgO con-

tinuously increases the LOI, but the increase trend
becomes lower. For example, the LOI value increases
from 26.5 of pure PC to 36.8 for the sample with
only a content of 2.0 wt % MgO in the matrix, while
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double the MgO amount to 4 wt % only led 38.6.
These clearly indicate that, if the same amount of
MgO is added, the effect to improve the retardancy
will be greater if the total amount of MgO is less.

The mechanism of flame retardant will depend on
the additive and the polymer matrix. The general
effect of flame retardant is to influence the morphol-
ogy of the char.13,17 The mechanism of aromatic sul-
fonate compounds for increasing the flame retard-
ancy is to quickly form a char layer at the burning
surface.3,4 Silicon compounds could improve the
flame retardant because it can form crosslinking
structured char via chain-building reactions between
the thermal degradation products and the polymer
matrix.11 The formed char could act as a good insu-
lating barrier to prevent the combustion. It was sug-
gested that phosphorous containing compounds
could increase the flame retardancy by condensed
phase action as well as gas phase action.12

SEM was used to investigate whether the surface
morphology changed after incorporation of MgO.
Figure 3 shows the representative SEM micrographs
of the combusted residues. While coarse surface
[Fig. 3(a,b)] was observed at low magnification,
many small holes were observed on the charred sur-
face from higher magnification [Fig. 3(c,d)]. The fact
that no obvious difference was observed between
the micrographs from PC [Fig. 3(c)] and PC/MgO
nanocomposite [Fig. 3(d)] at the same magnification
reveals that MgO might not influence the final mor-
phology of the char when the samples were burned
in the LOI condition.

Thermal property

TGA was used to characterize the thermal degrada-
tion in terms of mass loss and to evaluate the effect
of MgO to the degradation of PC. To simulate ther-

mal shock in the combustion, isothermal experi-
ments (400�C, 450�C, and 500�C, under air atmos-
phere) were carried out with an initial heating rate
of 100 �C/min (Fig. 4). At 400�C, PC only has slight
weight loss around 17% until 30 min, while it has
almost 50% weight loss at 450�C. The increase of
weight loss with increasing the temperature is easily
understood due to the fact that higher temperature
promotes the decomposition of PC.
For PC/MgO nanocomposite, increase of weight

loss with increasing temperature is similar to that of
PC alone. However, an interesting observation is
that, at each specific temperature, the weight loss of
PC/MgO nanocomposite is greater than that of PC
alone. As an example, the weight loss of PC/MgO
nanocomposite is 73%, while that of PC alone is
only 49% from the same heating time at 450�C. Simi-
lar effect from MgO was observed from both lower
(400�C) and higher (500�C) temperatures. The differ-
ence between the weight loss of PC/MgO nanocom-
posite and PC alone indicate that the presence of
MgO will promote the decomposition of PC.
Moreover, the shapes of the TGA curves of PC/

MgO nanocomposite and PC alone are rather differ-
ent. The TGA curve of PC alone at 450�C shows a
gradual weight decrease with a slight transition
range between 5 and 15 min from quick to slow
loss. However, the TGA curve of PC/MgO nano-
composite at 450�C shows a sharp decrease from 5
min and almost has no change after 7 min. This
clearly shows that, in the presence of MgO, PC
decomposition has been completed within only 2
min at 450�C. Similarly, such sharp decrease was
also observed from both lower (400�C) and higher
(500�C) temperatures. In comparison to those of PC
only at related temperature, we can assure that MgO
will not only increase the weight loss of PC within a
similar time range, but also MgO will accelerate the

Figure 1 LOI values as a function of MgO content.

Figure 2 SEM image of PC/MgO nanocomposite (0.5 wt %).

PC/MGO NANOCOMPOSITE WITH HIGH FLAME RETARDANCY 1087

Journal of Applied Polymer Science DOI 10.1002/app



decomposition rate of PC significantly. The accelera-
tion of decomposition by MgO may indicate that
MgO could catalyze the thermal-oxidative degrada-
tion, which is in agreement with our hypothesis.

Dynamic TGA tests were performed at a heating
rate of 10 �C/min under both air and N2 atmos-
phere. Typical TGA and DTG thermograms of pris-
tine PC and PC/MgO composites are shown in Fig-
ures 5 and 6. It is found that all samples show a
two-step decomposition process in air condition
(Fig. 5) while only a single step in N2 atmosphere
(Fig. 6). In addition, the TGA curves shift to lower
temperature as the MgO content increases, confirm-
ing accelerating effect of MgO to the degradation of
PC. Table I summarizes the temperatures at which 5
wt % weight loss occurs (T5%) and the temperatures
of the maximum weight loss rate (Tmax1, peak of the
derivative curve). It is demonstrated that both T5%

and Tmax1 decrease in air and N2 atmosphere as the
amount of MgO increase and this behavior main-
tains throughout the degradation, confirming that
addition of MgO will accelerate the degradation of
PC. Taking PC/MgO nanocomposite with 4% MgO
as an example, the difference between PC alone and

PC/MgO nanocomposite, DT5% (T5% of pure PC
minus T5% of PC/MgO (4.0 wt %) composite) is 6�C
in air atmosphere whereas it is as high as 33�C in

Figure 3 SEM micrographs of the samples after the LOI test: pure PC (a,c) and PC/MgO (4.0 wt %) nanocomposite
(b,d).

Figure 4 Isothermal TGA curves for pure PC and PC/
MgO (4.0 wt %) nanocomposite under air atmosphere.
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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N2 condition. This implies that MgO significantly
influences the degradation of PC in N2 more than
that in air.

In air atmosphere, the thermal-oxidative decompo-
sition was promoted. As shown in Figure 5, the first
maximum mass loss rate increased significantly
from 7.5%/min for pristine PC to 15.1%/min for
PC/MgO (4.0 wt %) composite (Fig. 5) and td
decreased from 12.25 min to 9.41 min (Table I),
which meant thermal-oxidative degradation was
accelerated by the additive. The final amount of
each residue was close to the initial amount of addi-
tive (Fig. 5), indicating that MgO did not signifi-
cantly enhance the char residue but accelerated the
thermal-oxidative decomposition of PC.3,10 Based on
the above results it can be concluded that MgO
could accelerate the thermal-oxidative degradation
process and promote the formation of char layer at
the burning surface. The volatile in the pyrolysis
acted as blowing agent and caused the swelling
char-like layer at the burning surface. The char pre-
vented volatilization of combustible volatiles by aro-
matization and charring, inhibited heat and oxygen
transferring into the undecomposed bulk and

slowed down the diffusion of the formed fuel to-
ward the atmosphere. Interestingly, the maximum
mass loss rate increased slightly (Fig. 6) but td
increased from 7.71 min for pristine PC to 9.98 min
(Table I) for PC/MgO (4.0 wt %) composite in N2

atmosphere, which meant that MgO played a differ-
ent role during the thermal degradation process. To
give a further perspective of the degradation,
kinetics was investigated by TGA.

Kinetics analysis

TGA experiment has indicated that MgO could cata-
lyze the degradation of PC, and it can additionally
provide information to investigate the kinetics pa-
rameters such as activation energy, frequency factor,
the rate of decomposition, and in some cases, the
order of the decomposition reaction.24,25 Thus, the
following kinetics study will provide in-depth infor-
mation to understand the mechanism of degrada-
tion. In a pragmatic sense, the objective of kinetics is
often to provide a mathematical relationship in time,
temperature, and conversion. There are several

Figure 5 TGA and DTG curves of PC/MgO composites
in air atmosphere. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 6 TGA and DTG curves of PC/MgO composites
in nitrogen atmosphere. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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mathematical models that could be used to obtain
kinetics parameters from the solid-state kinetic data.
Generally, these models fall into two groups namely
model-fitting and model-free (isoconversional) meth-
ods. Model-fitting methods can only yield a single
average value for any process, but the degradation
of polymeric materials normally involves multiple
steps characterized by different activation energies.
Isoconversional methods have gained widespread
usage as they are not model-special and assumed in-
dependent of the dynamic heating rate and tempera-
ture. Therefore, it is possible to calculate the appa-
rent activation energy, Ea, as a function of the given
extent of conversion (a).

In this study, the multiple heating rate kinetics
method is used to estimate the apparent activation
energy, applying the Flynn–Wall–Ozawa method24–

28 specifically derived for heterogeneous chemical
reaction under linear heating rates (2.5 �C/min, 5
�C/min, 7.5 �C/min, and 10 �C/min). The derivation
of the Flynn–Wall–Ozawa method from the first
principle was presented in 1965.26 After simplifica-
tion, the method is expressed by the equation:

log f xð Þ ¼ logðA Ea=RÞ � logðbÞ � 2:315

� 0:4567 Ea=RT

where f(x) denotes the conversional functional rela-
tionship; A, the pre-exponential factor; Ea, the appa-
rent activation energy; R, the gas constant; b, the
heating rate and T, the absolute temperature.
Assuming that the reaction rate is only a function of
temperature, the above equation can be further sim-
plified to model-free expression as:

log ðbÞ ¼ �0:4567 Ea=RT þ const:

Activation energy was calculated from the slope of
the isoconversional plots of log (b) versus 1/T for a

fixed degree of conversion. As shown in Figure 7,
the obtained apparent activation energies are plotted
as a function of a. The initial activation energies (a
is below 3%) for PC/MgO (4.0 wt %) composite are
lower than those of neat PC, it can speculate that
MgO catalyzes the degradation process in the initial
stage. As the conversion increases, the activation
energies of the composite are much higher than
those of pure PC, especially in the final stage (a is
higher than 50%). It is implied that the intermediate
of the composite is more stable than that of pure PC
owing to the addition of MgO. Thus the flame
retarding property was enhanced and the degrada-
tion time (td) increased. It was reported that three
degradation steps existed in the thermal degradation
of pristine PC when applying high-resolution TGA
technique.29 The similar tendency of the Ea values
for PC/MgO (4.0 wt %) composite and pure PC in

TABLE I
TGA Data for Neat PC and PC/MgO Composites (10 �C/min)

MgO
(wt %)

Air atmosphere N2 atmosphere

T5%
a (�C) Tmax1

b (�C) td
c (min) T5%

a (�C) Tmax1
b (�C) td

c (min)

0 436 505 12.25 445 504 7.71
0.2 428 486 11.34 439 491 7.65
0.5 428 488 10.40 428 472 7.74
1.0 426 481 10.28 428 465 7.71
1.5 431 481 9.82 424 461 7.92
2.0 429 479 9.63 416 449 8.61
3.0 423 475 9.82 416 450 9.26
4.0 430 476 9.41 412 445 9.98

a The thermal degradation temperature at which 5 wt % weight loss occurs.
b The thermal degradation temperature corresponding to the maximum loss rate in

the first degradation stage.
c The time needed for the sample degraded from 5 wt % to 70 wt %.

Figure 7 Plot of E versus extent of conversion for pure
PC and PC/MgO (4.0 wt %) composite under nitrogen
atmosphere. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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the whole range confirms the degradation
mechanism.

Degradation mechanism and ATR/FTIR analysis

Generally, it is believed that the presence of oxygen
accelerates the radical formation during heating irra-
diation. However, the involvement of oxygen in the
degradation of the polymer during combustion is
not clear. Although the environment of the decom-
posing sample may affect the degradation pathway,
it has been pointed out that, in the case of combus-
tion, there may be no oxygen effect during combus-
tion because oxygen is not present with the degrad-
ing polymer beneath the burning surface.30 So
thermal degradation in inert atmosphere directly
correlates with the flame property of polymer, espe-
cially for the condensed-phase mechanism category.

Although a substantial number of works22,31–35

have paid attention to the thermal degradation
mechanism of PC in inert atmosphere, controversies
on the mechanisms are still existing. The representa-
tive controversies are whether xanthone functional
group is generated and whether the chain scission of
isopropylidene linkage occurs first during thermal
degradation.3,22 Based on our findings about the
three-step degradation from kinetics analysis, the
used PC in this study is supposed to have a three-
step degradation pathway (Scheme 1), which is simi-
lar to the previous report.3 First, PC is subjected
Kolbe–Schmidt rearrangement to form acarboxylic
acid transit species. Then, the formed carboxylic acid
was subjected to either decarboxylation, dehydra-
tion, or crosslinking to form the char. It must be
noted that different commercial product of PC might
give rise to different degradation pathway.

To analyze the proposed mechanism, ATR/FTIR
has been conducted to investigate the possibly
formed species. The solid residues for ATR/FTIR
characterization were obtained at different weight

loss under N2 condition. Spectra were collected on
different spots of the surface. Figures 8 and 9 are the
ATR/FTIR spectra of pure PC and PC/MgO (4.0 wt
%) composite at different mass loss. The peak at 827
cm�1 corresponds to para out-of-plane aromatic
CAH wag; the peak at 1187 cm�1 is attributed to
carbonate CAO stretch; the peak at 1362 cm�1 is due
to CH3 symmetric deformation; the peak at 1504
cm�1 is ascribed to para aromatic ring semicircle
stretch; the peak at 1768 cm�1 corresponds to car-
bonate C¼¼O stretch and the band in 2800–3200
cm�1 region corresponds to CAH stretching vibra-
tions of polycarbonate.1 According to the literature,
the peak at 1660 cm�1 is ascribed to the characteris-
tic carbonyl peak of xanthone.22,36

Figures 8 and 9 show the quantitative change of
the related peaks during degradation. Little change
of peak at 1362 cm�1 and the band in 2800–3200
cm�1 region at the initial stage suggests that methyl
scission did not occur first in our experiments. The

Scheme 1 Proposed degradation pathway of PC.

Figure 8 ATR/FTIR spectra: solid residue samples of PC
at different mass loss. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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bands in the 1631–1676 cm�1 region and 1682–1863
cm�1 region show quantitative change as the degra-
dation proceeds. The peak at 1660 cm�1 emerges
and becomes stronger as the degradation proceeds,
indicating the amount of formed xanthone becomes
greater with the degradation.

The amount of formed carbonyl and xanthone
were estimated by the quantitative analysis of the
ATR/FTIR spectra on the specific peaks. The inten-
sities of the peaks in ATR/FTIR spectra were nor-
malized by dividing the intensities of the CH3 sym-
metric deformation peak at 1362 cm�1.37 The
normalized intensities of the peak 1768 cm�1 were
measured in the sample before (I0c¼0) and after (IAc¼0)
thermal degradation. The ratio qc ¼ o ¼ IAc¼0/I

0
c¼0 is

used to quantify the variation of C¼¼O concentration
in the samples. The amount of xanthone group in
each sample is also evaluated by introducing a xan-
thone index (Rxanthone defined as the normalized in-
tensity of the xanthone peak at 1660 cm�1). The
reported data here are an average of at least five dif-
ferent measurements.

Figure 10 presents the quantitative change of qc¼o

and Rxanthone. It can be found that qc¼o decreases sig-
nificantly and no xanthone group is generated in the
initial stage (a is below 3%). It suggests that car-
bonyl is consumed by the Kolbe–Schmidt rearrange-
ment,36 following by decarboxylations shown in
Scheme 1(A). For PC/MgO (4.0 wt %) composite,
qc¼o decreases sharply than that of pure PC. It
means that MgO reduces the activation energies and
accelerates the evolution of incombustible gas (CO2)
in the initial degradation stage, which is favorable
for improving the flame retardancy. qc¼o decreases
as the conversion proceeds, suggesting that carbonyl
is consumed by dehydration reaction as shown in

Scheme 1(B),36 thus Rxanthone increases. MgO acceler-
ates the formation of xanthone group in this process,
thus more incombustible gas (H2O) was released in
this step. The released vapor is favorable for improv-
ing the flame retardancy. Alkaline earth metal com-
pounds were reported as effective catalyst for trans-
esterification.21,38 Maybe esterification reaction
Scheme 1(C) is catalyzed in the last stage (a is higher
than 50%). Therefore, the activation energies are sig-
nificantly improved. The intermediate is difficult to
degrade; the residue char would be more stable. It is
well known that the stable carbonaceous char could
resist transfer of heat and mass during a fire, thus
the flame retardancy is improved. However, to fur-
ther understand how MgO particles affect the flame
retarding property, additional studies, including
other flame retardant characterization methods, rhe-
ology studies, melt viscosity measurements, and
electron micrograph work of samples in different
states of thermal decomposition (pre- and postigni-
tion samples as well as postfire samples), are
required. A three step thermal degradation of PC is
proposed. Addition of MgO can accelerate the deg-
radation process. The contributions to improving the
flame retardancy are that MgO could decrease acti-
vation energy in the initial step and improve ther-
mal stability in the final period.

CONCLUSIONS

PC/MgO nanocomposites were prepared by melt
compounding. The thermal properties and flame
retardancy have been investigated. LOI studies con-
clude that a little amount of MgO within PC can sig-
nificantly improve the flame retardancy. Three
obvious degradation kinetic steps in the thermal
degradation kinetics after incorporation of MgO in
the matrix were observed. TGA and ATR/FTIR

Figure 9 ATR/FTIR spectra: solid residue samples of
PC/MgO (4.0 wt %) composite at different mass loss.
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Figure 10 R and q index versus mass loss. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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analysis concluded that the flame retardancy of PC
was influenced by MgO through two aspects. One
was that MgO catalyzed the thermal-oxidative deg-
radation and accelerated a thermal protection/mass
loss barrier at burning surface; the other was that
the filler decreased activation energy in the initial
step and improved thermal stability in the final pe-
riod. The flame retardancy mechanism is likely a
condensed-phase phenomenon.
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