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residual acetylene groups in larger amount, as confirmed 
by DSC analysis.

The PAA prepolymers were compressed in a press 
using a circular die. Figure  8 shows the representative 
micrographs of each prepolymer disk surface and fractured 
cross section at the same magnification of 10,000X. The 
prepolymer 19%Ni 2h presents a better compacting surface, 
probably, due to the broad molecular weight that promotes 

Figure 3. FT-IR spectrum of 1,4-DEB monomer.

Figure 4. TGA curve of 1,4-DEB monomer.

Table 1. Polymerization conditions, yield of reaction, the number 
average molecular weight (Mn) and polidispersity index (PDI) of 
PAA prepolymers.

PAA Reaction time Yield (%) Mn (g/mol) PDI

10%Ni 5h 52.8% 1044 3.6
13%Ni 2h30min 42.0% 1118 2.7
13%Ni 3h30min 70.7% 1065 3.8
16%Ni 2h30min 72.6% 1155 3.0
19%Ni 1h 42.0% 1260 2.4
19%Ni 2h 77.2% 1217 2.3

Figure 5. 1H NMR Spectrum of PAA prepolymer with 13 wt% 
of Ni catalyst.

Table 2. Results of onset, peak, endset temperatures and enthalpy 
change.

PAA Tonset (°C) Tpico (°C) Tendset (°C) �' H (J/g)

13%Ni 3h30 133.2 202.5 280.8 297.5
16%Ni 2h30 128.1 214.0 282.8 274.7
19%Ni 2h 117.0 205.8 296.2 213.9

Figure 6. DSC curves for PAA with 13%Ni 3h30, 16%Ni 2h30 
and 19%Ni 2h.

Figure 7. TGA curves for PAA with 13%Ni 3h30, 16%Ni 2h30 
and 19%Ni 2h.

a better structure packing. The prepolymer surfaces with 
13% and 16% of nickel catalyst present more irregular 
agglomerations, pores and roughness. Whereas the 16% 
and 19% of Ni samples cross section show large chunks, 
differently, the 13% of Ni sample cross section seems to 
be smoother probably due to the lower molecular weight.
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Figure 8. SEM of compressed PAA prepolymers surfaces (left column) and fractured cross section (right column).

Figure 9. SEM images of heat treated PAA at 1000 °C: (a) surface and (b) fractured cross section.
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Although the PAA with 19% of nickel catalyst has 
shown a better structure packing, the polymer with 13% 
of nickel catalyst was chosen to be heat treated due to the 
higher carbon yield, lower molecular weight and lower 
PDI as shown by TGA, GPC and DSC analyses. Figure 9 
shows a representative surface and fractured cross section 
morphology of the PAA 13%Ni 3h30 heat treated until 
1000 °C.

After heat treatment until 1000 °C, it can be observed 
the surface is smoother and more compacted. This result 
can be explained by the material contraction during 
carbonization and the flexibility of the precursor polymeric 
chains allowing a better accommodation. The resulting 
material shows a reduction about 8% in its diameter. Some 
small porosity with pores around 0.1 μm, can be noticed on 
the sample cross section as highlighted and could have been 
originated due to the bad compaction of the PAA powder.

Conclusions

The PAA prepolymer prepared with 13, 16 and 19 wt% 
of nickel catalyst reached the best yield (above 70%) and 
presented short reactions. The PAA with 13 wt% of nickel 
catalyst was chosen as the best condition to be heat treated 
due to the lower molecular weight and polydispersity 
index and higher carbon yield. The use of PAA allowed the 
carbonization at a heating rate of 1 °C/min, which provides a 
great economy of time and lower energy costs compared to 
conventional resins. The MVC processed from prepolymer 
with 13 wt% of nickel catalyst presented a low porosity, 
making the PAA a good matrix for this purpose.
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