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Abstract New bisphenol-based benzoxazines (BBA-a and

BBA-bra) were synthesized from bisphenol containing trityl

group, paraformaldehyde, aniline and 2,4,6-tribromoaniline by

a solventless method. The chemical structure of the monomers

was analyzed by FTIR, 1H NMR and elemental analysis. FTIR

and differential scanning calorimetry (DSC) indicated that the

polymerization of BBA-a and BBA-bra was thermally initiated

and occurred via ring opening of benzoxazine monomers.

Comparing with that of BBA-a, the curing exothermic peak of

BBA-bra shifted from 230 to 245 �C. Thermogravimetry (TG)

showed that PBZ from BBA-a and BBA-bra (named as PBBA-

a and PBBA-bra, respectively) had superior thermal stability.

The char yields of PBBA-a and PBBA-bra at 800 �C were

42.37 and 48.30%, respectively.

Keywords Benzoxazine � Bisphenol � Polymerization �
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Introduction

Polybenzoxazine (PBZ) is a newly developed high-per-

formance phenolic resin that possesses attractive proper-

ties, such as high thermal stability, nearly zero shrinkage

upon curing, low water absorption, dimensional stability,

no byproduct release upon curing, chemical resistivity and

flame resistance. Moreover, the extensive inter- and

intramolecular hydrogen bonds in the structure of PBZ can

enhance its physical and mechanical properties to meet the

application requirements [1–3]. These outstanding charac-

teristics make PBZ a good candidate over traditional

thermosetting resins such as phenolic resins, epoxy resins,

unsaturated polyester and vinyl ester resin [4–7].

Moreover, it is important that benzoxazines have con-

siderable molecule design flexibility by changing various

phenol and amines as raw materials. In the past decades,

many types of benzoxazines have been designed and pre-

pared to study the polymerization mechanism of benzox-

azine monomers and the relation between structure and

properties of PBZ [8–16]. However, a high ring-opening

polymerization (ROP) temperature of benzoxazine mono-

mers and brittle characters of the cured resins have limited

their application. Various efforts have been made to

improve the properties of PBZ via functionality, polymer

alloys, fiber-reinforced composites and nanocomposites,

etc. [1]. Recently, Lochab et al. [17] synthesized a ben-

zoxazine containing acid functionality based on p-hydrox-

ybenzoic acid. They found that such a monomer could

catalyze the ROP, reduce the curing temperature of other

benzoxazine monomers and improve the thermal stability of

the thermosets. They also reported the synthesis of a novel

cardanol-based benzoxazine with high aromatic content.

The incorporation of higher aromatic ring in benzoxazine

monomers resulted in enhancing the cross-link density of

PBZ besides higher functionality to modulate their prop-

erties [18]. In our previous studies, we also synthesized

many types of benzoxazines and studied their structure and

properties [19–24]. For example, we have prepared

bisphenol-based benzoxazine–benzoic acid and found that
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the carboxyl groups on the molecules could catalyze the

curing reaction and reduce the curing temperature of ben-

zoxazines [20, 22]. We also synthesized monofunctional

and bifunctional brominated benzoxazine monomers. The

results of investigation showed that bromination could have

a profound effect on increasing char yield and on thermal

degradation temperature of PBZ [24]. In recent years,

bisphenol containing trityl group (BBA) has been reported

to prepare bisphenol novolac epoxy resins. The obtained

bisphenol novolac epoxy resins have superior chemical

resistances and good mechanical properties due to its

unique chemical structure (high content of aromatic rings)

[25]. However, to our best knowledge, so far, there have no

previous reports on benzoxazines based on BBA.

In the present work, we attempt to prepare a new class of

benzoxazines based on bisphenol containing trityl group. In

this case, bisphenol having higher content of aromatic rings

was prepared and followed by reaction with paraformalde-

hyde, aniline or 2,4,6-tribromoaniline to prepare benzox-

azines through a solventless method. The bromine groups

were introduced into the molecular structure of benzoxazi-

nes based on bisphenol containing trityl group to further

improve the thermal stability of the corresponding PBZ. The

chemical structures of benzoxazines based on bisphenol

containing trityl group (BBA-a and BBA-bra) were char-

acterized by FTIR, 1H NMR and elemental analysis. The

thermally curing behavior of benzoxazine monomers and the

thermal properties of the corresponding PBZ were also

studied.

Experimental

Materials

Phenol, benzaldehyde, sulfuric acid, hydrochloric acid,

paraformaldehyde, aniline, 2,4,6-tribromoaniline, sodium

hydroxide, diethyl ether, acetone, tetrahydrofuran, chloro-

form, toluene, xylene and sodium sulfate were purchased

from Shanghai First Reagent Company, China. All chem-

icals were AR grade and used without further purification.

Synthesis of bisphenol (BBA)

BBA was synthesized according to the previous literature

(Fig. 1) [25]. In briefly, a mixture of phenol and ben-

zaldehyde at molar ratio of 4:1 was added into a flask.

Then, 25 mL concentrated sulfuric acid and 44 mL con-

centrated hydrochloric acid were dropped into above

mixture gradually. The reaction mixture was stirred for 4 h,

left overnight and then filtered. The golden yellow pre-

cipitate was washed and crystallized from 50% dilute acid.

The product was dried in an oven at 50 �C, and the melting

point was measured. The yield of BBA was 92% and m.p.

was 153 �C [25].

Synthesis of BBA-based benzoxazines (BBA-a

and BBA-bra)

The BBA-based benzoxazine monomer, BBA-a, was syn-

thesized by a solventless method (Fig. 2) [24]. Namely, a

mixtures of BBA (20 mmol), aniline (40 mmol) and

paraformaldehyde (82 mmol) were placed in a round-bot-

tom flask and stirred at 110 �C for 30 min. After cooling at

room temperature, the mixture was dissolved in diethyl

ether. The resulting solution was washed five times with

3 N sodium hydroxide aqueous solution and twice with

distill water. Then, the diethyl ether solution was dried

overnight and filtered, and the solvent was removed by

rotary evaporation at reduced pressure. The final product

was dried at reduced pressure and room temperature to

provide a brown yellow powder. The yield is 78%; m.p.:

63–64 �C. Anal. C35H30O2N2; C 82.35%; H 5.88%; N

5.49%; found: C 82.12%; H 5.62%; N 5.53%. 1H NMR

(deuterated DMSO, TMS, d ppm): 6.65–7.29 (m, 21H, Ar–
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H), 5.39 (s, 4H, O–CH2–N), 4.58(s, 4H, Ar–CH2–N), 3.36

(s, 1H, (Ar)3–CH, water in DMSO comes at 3.3 ppm).

The other type of BBA-based benzoxazine monomer,

BBA-bra, was also prepared from BBA, paraformaldehyde

and 2,4,6-tribromoaniline using the same method as men-

tioned above. The product was dried at reduced pressure

and room temperature to provide a white powder. The yield

is 83%; m.p.: 88–89 �C. Anal. C35H24O2N2Br6; C, 42.68%;

H, 2.24%; N, 2.85%; Br, 48.78% found: C 41.33%; H

2.16%; N 1.98%; Br, 47.98%. 1H NMR (deuterated

DMSO, TMS, d ppm): 6.79–7.92 (m, 15H, Ar–H), 5.43 (s,

4H, O–CH2–N), 4.32(s, 4H, Ar–CH2–N), 3.36 (s, 1H,

(Ar)3–CH, water in DMSO comes at 3.3 ppm).

Preparation of PBZ

The PBZ was prepared according to the following method:

about 40% solution by weight of BBA-a or BBA-bra in

tetrahydrofuran was placed onto a piece of metal plate.

After most of the solvent was removed under ambient

atmosphere at 60 �C, the metal plate was placed into a

vacuum oven at 60 �C for 24 h to remove the residual

solvent. The samples were dried at room temperature

overnight in vacuum to minimize any trace of solvent.

Then the samples were step cured in a closed air-circulat-

ing oven for 1 h at 140, 160, 180, 200 and 220 �C,

respectively, and finally 2 h at 230 �C. Upon completion of

the curing, the samples (named as PBBA-a and PBBA-bra)

were allowed to freely cool to room temperature. Individ-

ual test samples were cut appropriate dimension to be

applied for property evaluation.

Measurements

1H NMR measurement was taken on a Bruker NMR

spectrometer at 300 MHz. DMSO was used as a solvent.

FTIR spectra were obtained on a Bruker Tensor 2 FTIR

spectrometer at a resolution of 4 cm-1 in the region of

400–4000 cm-1. The benzoxazine monomer was dis-

persed in KBr. Then press the mixture into a disk. Ele-

mental analysis was performed with a VARIO EL III rapid

elemental analyzer. DSC or TG was measured on a Mettler

Toledo DSC–TG apparatus. All samples were tested under

the nitrogen flow rate of 30 mL min-1. In order to

investigate the thermal polymerization reactions of ben-

zoxazine monomers, we only chose the DSC data because

the simultaneous TG data are insignificant. To study the

mass loss behavior of PBZs, we also only chose the TG

data of PBZs because the simultaneous DSC data were

insignificant. For the obtained DSC data of benzoxazine

monomers, about 10 mg of sample was scanned at heating

rate of 10 �C min-1. For the obtained TG data of PBZs,

about 10 mg of sample was scanned at a heating rate of

5 �C min-1.

Results and discussion

Synthesis and characterization of BBA-based

benzoxazines

In order to use the phenol group to replace the methyl

group in bisphenol-A, we chose commercial phenol and

benzaldehyde as raw materials to synthesize BBA (Fig. 1).

As a result, a high yield of BBA (92%) can be obtained.

Then, BBA-a was prepared from BBA, paraformaldehyde,

aniline and 2, 4, 6-tribromoaniline by a solventless method

[24]. The synthesis route of BBA-a and BBA-bra is shown

in Fig. 2. BBA-a and BBA-bra were brown yellow and

white powder at room temperature, respectively. Both

BBA-a and BBA-bra were soluble in common solvents,

i.e., acetone, tetrahydrofuran and chloroform, at room

temperature. However, BBA-a showed better solubility

than BBA-bra in some aromatic solvents such as toluene

and xylene.

The chemical structure of BBA-a and BBA-bra is fur-

ther characterized by FTIR and 1H NMR spectra. Figure 3

shows the FTIR spectra of BBA-a and BBA-bra. For BBA-

a and BBA-bra, it can be seen that the characteristic

absorptions at 943 and 948 cm-1 were assigned to the

characteristic modes of the benzene ring with an oxazine

ring attached, respectively [3, 19–24]. The band at

1244–1249 and 1026–1076 cm-1 was assigned to asym-

metric and symmetric stretching vibrations of C–O–C,

respectively [3, 19–24]. The band at 1120 and 820 cm-1

was assigned to asymmetric and symmetric stretching

vibrations of C–N–C [3, 19–24]. The absorptions at

1554 cm-1 were associated with the stretching vibrations

(a)

(b)

Wavenumber/cm–1

4000 3200 2400 1600 800

T
/%

Fig. 3 FTIR spectra of BBA-a (a) and BBA-bra (b)

Synthesis, characterization of new bisphenol-based benzoxazines and the thermal properties… 1713

123



of the benzene ring (trisubstituted benzene), and the band

at 1328–1369 cm-1 are assigned to wagging vibrations of

CH2. In addition, the band at 564 cm-1 assigned to Br–C

bond in BBA-bra was observed [24].

Figure 4 shows the 1H NMR spectra of BBA-a and

BBA-bra. As shown in Fig. 4a, for BBA-a, the resonances

appearing at 5.39 ppm and 4.58 ppm were assigned to the

methylene protons of O–CH2–N and Ar–CH2–N of the

oxazine ring, respectively. The multi-characteristic peaks

at 6.65–7.29 ppm were assigned to the aromatic protons.

The trityl group proton in the BBA appeared at 3.36 ppm.

For BBA-bra, the resonances appearing at 5.43 ppm and

4.32 ppm were assigned to the methylene protons of O–

CH2–N and Ar–CH2–N of the oxazine ring, respectively.

The multiple at 6.79–7.92 ppm was assigned to the aro-

matic protons. The trityl group proton in the BBA also

appeared at 3.36 ppm.

Thermal polymerization of BBA-based benzoxazines

In order to understand the thermal polymerization mecha-

nism of BBA-a and BBA-bra, the spectra of BBA-a and

BBA-bra before and after the polymerization were recor-

ded by FTIR. Figure 5a shows FTIR spectra of BBA-a at

different curing stages. It can be clear seen that the char-

acteristic peaks and regions indicative of benzoxazine ring

structure, i.e., 1367, 1218 and 943 cm-1, gradually disap-

peared with the increase in the curing temperature and time

[18, 20]. Moreover, the new characteristic peaks appeared

at around 1614 cm-1. This illustrated that ring-opening

polymerization of BBA-a had occurred and the Mannich

bridge linkage and phenolic hydroxyl groups had produced

at elevated temperature [3]. Figure 5b also shows FTIR

spectra of BBA-bra at different curing stages. It is also

observed that the characteristic peaks and regions
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Fig. 4 1H NMR of BBA-a (a)

and BBA-bra (b)

1714 S. Li et al.

123



indicative of benzoxazine ring structure, i.e., 1367, 1218

and 948 cm-1, gradually disappeared and the new char-

acteristic absorptions appeared at around 1615 cm-1 when

the curing temperature increased from 180 to 230 �C. It

also indicated that the ring-opening reaction of benzox-

azine ring in BBA-bra had occurred [18].

The thermal polymerization reaction of BBA-a and BBA-

bra was further monitored by DSC. Figure 6 shows the DSC

curves of BBA-a and BBA-bra from room temperature to

300 �C at a heating rate of 10 �C min-1. As shown in Fig. 6,

firstly, BBA-a and BBA-bra showed a melting endothermic

peaks at 63–64 and 88–89 �C, respectively. Then, a broad

exothermic peak around 240 �C associated with the curing

reaction was observed, which was ascribed to the polymer-

ization reaction of BBA-a or BBA-bra. Table 1 shows

characteristic parameters of the curing exothermic peaks,

Tonset (onset temperature of the exothermic peak), Tp (peak

temperature of the exothermic peak), Ts (stop temperature of

the exothermic peak) and DH (exothermic enthalpy under

the curing exotherm). It is clear that the temperature of the

thermal polymerization (*240 �C) was comparable with

that of typical bisphenol-A-based benzoxazines, i.e.,

*249 �C [26]. The polymerization reaction enthalpies of

BBA-a and BBA-bra were 222 and 238 J g-1, respectively.

Furthermore, comparing with BBA-a, the curing exothermic

peak of BBA-bra shifted from 230 to 245 �C. This may be

due to that 3,4-dihydro-2-H-1,3-benzoxazines exhibit ring/

change tautomerism when protonated by migration of the

proton from the nitrogen to the oxygen atom, thereby pro-

ducing iminium ions, which then suffer nucleophilic attack

from the aromatic rings. These propagation iminium inter-

mediates should be destabilized in this case by the presence

of electron-withdrawing substitutional bromine groups on

the phenyl group (Fig. 7) [27].

Thermal properties of the polybenzoxazines

The thermal properties of PBZ from BBA-a and BBA-bra

were investigated by TG. Figure 8 shows the TG curves of

PBBA-a and PBBA-bra. The results are listed in Table 2.

As can be seen that, for PBBA-a, the 5 and 15% mass loss

temperatures (Td5 and Td15) were 293 and 372 �C,

2000 1500 1000

Wavenumber/cm–1 Wavenumber/cm–1

T
/%T

/%
500 2000 1500 1000 500

Fig. 5 FTIR spectra of BBA-a

(left) and BBA-bra (right) at

different curing stages
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Fig. 6 DSC curves of BBA-a and BBA-bra

Table 1 DSC characteristics of BBA-a and BBA-bra

Samples Tm/�Ca Tonset/�Cb Tp/�Cc Ts/�Cd DH/J g-1

BBA-a 63 209 230 276 222

BBA-bra 89 213 245 285 238

a Melting endothermic peak
b Onset temperature of the exothermic peak
c Peak temperature of the exothermic peak
d Stop temperature of the exothermic peak

O N
N

NO

OH

R2
R4

R3
R3

R4

R2
R1

R3

R4

R2

R1R1

Fig. 7 Scheme of the polymerization mechanism of benzoxazine (R2,

R3 and R4 stand for H or Br)
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respectively, whereas for PBBA-a, Td5 and Td15 were 356

and 407 �C, respectively. However, in the same conditions,

Td5 of PBZ based on bisphenol-A (PBA-a) was only

274 �C. Moreover, the char yields of PBBA-a and PBBA-

bra at 800 �C were 42.37 and 48.30%, respectively, which

were much higher than those of commercial PBA-a (32%)

[3]. Thus, this meant that the thermal stability of PBBA-a

and PBBA-bra was more superior to that of commercial

PBA-a. This may be attributed to the fact that the higher

content of aromatic rings in PBBA-a and PBBA-bra due to

using phenol group to replace methyl groups in bisphenol-

A, which restricted the molecular mobility of polyben-

zoxazine chains [23]. The similar results have been

reported by Lochab et al. They synthesized trityl benzox-

azines and found that the incorporation of higher aromatic

ring in benzoxazine monomers could enhance the thermal

properties of the corresponding PBZ [18].

In addition, comparing the Td5 and Td15 of PBBA-a and

PBBA-bra, both the values of Td5 and Td15 of PBBA-bra

were much higher than those of PBBA-a. The char yield of

PBBA-bra at 800 �C (48.30%) was also higher than that of

PBBA-a (42.37%). The results are similar to our previous

studies. We synthesized monofunctional and bifunctional

brominated benzoxazine monomers (P-bra and PB-bra). The

study results showed that the thermal degradation tempera-

ture and char yields of the brominated PBZ were much high

than those corresponding non-brominated PBZ [24]. The

main reason may be that the incorporation of bromine groups

on benzoxazines had a significant effect on improving

thermal stability and char yield of polybenzoxazines.

Conclusions

In this study, new bisphenol-based benzoxazines were suc-

cessfully synthesized by a solventless method. The chemical

structures of the corresponding monomers were confirmed

by FTIR and 1H NMR spectra. The thermal polymerization

was studied by FTIR and DSC. Both BBA-a and BBA-bra

showed the ring-opening curing mechanism with the

increasing in temperature. The TG demonstrated that PBZ

from BBA-a and BBA-bra exhibited a high thermal stability

than the commercial bisphenol-based PBZ due to the high

content of aromatic rings. The bromine groups introduced

into the backbone of PBZ led to a significant improvement of

the temperature of decomposition and the char yield.
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