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INTRODUCTION AND BACKGROUND 
 

The objective of this program was to optimize the synthesis of 1,3,6,8-tetranitrocarbazole 
(TNC).  This material is used in pyrotechnic formulations. The scope of the program is to develop a 
simple and efficient method for the nitration of carbazole that produces, exclusively, the 1,3,6,8 
isomer in good yields.  The product obtained is also tested for compliance to TNC military 
specification MIL-T-13723A. 
 
 

SYNTHESIS OF 1,3,6,8-TETRANITROCABAZOLE 
 

 The TNC has traditionally been synthesized with a mixed acid system of sulphuric acid and 
nitric acid.  The carbazole is added to the sulphuric acid and heated until the carbazole becomes 
fully sulfonated (fig. 1).  Then nitric acid is added to the mixture and heated until the sulfonate groups 
are replaced by nitro groups to afford TNC. 
 

 
 

Figure 1 
Carbazole added to sulphuric acid, heated until carbazole becomes sulfonated 

 
Within this program, one objective was to avoid the use of sulfuric acid and be able to only 

use nitric acid.  This desired process will be a better fit with the infrastructure at Holston Army 
Ammunition Plant (HSAAP).  Initially, a three-stage, three-pot process was developed at HSAAP (fig. 
2).  The carbazole was added to a weak nitric acid solution; the same as in the aforementioned 
process.  In this design, the reaction mixture was then added to 99% nitric acid to increase the 
overall nitric concentration in the reaction mixture.  That mixture was then heated for a short time 
before adding that mixture to nitric acid again to bring the nitric concentration up further.  That 
mixture was then heated for a few hours, cooled, quenched, and the product washed with water.  
However, the final TNC product did not meet purity requirements, not to mention that such a complex 
process is not the most desirable from a large scale manufacturing standpoint. 
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Figure 2 
Three-stage, three-pot process 

 
Taking this process as a starting point, OSI scientists sought to make improvements by 

attempting to move to a one-pot, two-stage process (fig. 3).  The carbazole was added to a weak 
nitric acid solution; the same as in the aforementioned process.  In this new design, however, 99% 
nitric acid was then added to increase the overall nitric concentration in the reaction mixture.  That 
mixture was then heated for a few hours, cooled, quenched, and the product washed with water.  
However, reaction exotherm issues (see next section) and reactor volume logistics did not make this 
the ideal process either, albeit improved from prior processes. 
 

 
 

Figure 3 
One-pot, two-stage process 
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Reaction Calorimeter Results 
 

Work on this phase of the program also focused on using reaction calorimetry to study the 
heat flow of the nitration of carbazole to give TNC. These results will be used to better understand 
applicable risks during the scale-up procedure. There were two reaction calorimeter reactions 
performed. In the first, 99% nitric acid was added to the reaction mixture at 40oC. In the second, the 
nitric acid was added at 50oC. These results were compared to the previous reaction calorimetry 
results where nitric acid was added at 25oC.  
 

The results of each step of the reaction calorimeter runs are shown in the tables 1 and 2. 
Table 1 shows the total quantity of heat evolved (Qr) in each step of the reaction. Table 2 shows 
ΔTad, which is the temperature rise (or decrease) that would occur in the absence of any heat 
removal or dissipation. Both tables summarize the reaction calorimetry results from the 99% nitric 
acid addition at 25 (reported previously), 40, and 50oC.  

 
Table 1 

Total quantity heat evolved, Qr 

 
 25C 40C 50C 

Carbazole addition 9.38 kJ 37.94 kJ 111.02 kJ 

99% HNO3 addition 326.73 kJ 413.01 kJ 785.76 kJ 

Heat up and hold -667.33 kJ -332.49 kJ -63.64 kJ 

 
Table 2 

Temperature rise (or decrease), Tad 
 

 25C 40C 50C 

Carbazole addition 4.40C 19.75C 23.04C 

99% HNO3 addition 145.87C 86.51C 163.05C 

Heat up and hold -146.18C -69.63C -13.21C 

 
In the first step of the reaction, carbazole was added to weak HNO3 in the 2-L Mettler-Toledo 

RC1 reaction calorimeter at 25oC. For the first RC1 reaction (fig. 4), the reactor was then heated to 
40oC in preparation for the next step. In the second RC1 reaction (fig. 5), the reactor was heated to 
50oC. As can be seen in both reactions, there was a slight exotherm after the carbazole was added 
to the 50% nitric acid. This matches what was seen during the previous RC1 experiment. There are 
additional small exotherms in both reactions as the reactor was heated. Although small, these 
exotherms could be further mitigated by adding carbazole slower and introducing a wait period 
before the reactor is heated. 
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Figure 4 

Carbazole addition and heated to 40C 
 

 
 

Figure 5 

Carbazole addition and heated to 50C 
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In the second step of the reactions, 99% HNO3 was slowly added to the weak nitric acid 
carbazole slurry in order to increase the HNO3 concentration and nitrate the material. At all three 
initial temperatures, the addition of nitric acid was very exothermic. Based upon the data from the 
25oC addition, the rate of addition for the 40 and 50oC reactions was doubled to 90 min. For the 40oC 
addition, the temperature of the reactor (Tr) initially spiked 5 to 45oC upon nitric acid addition (fig. 6). 
The reactor jacket (Tj) cooled to 11oC to compensate for the exotherm. For the rest of the addition, 
the reactor temperature never went above 42oC. However, the jacket fluctuated between 10 and 
35oC in order to compensate for multiple exotherms and maintain a 40oC reactor temperature. 
 
 

 
 

Figure 6 

99% nitric acid addition at 40C 
 

For the 50oC addition, the temperature of the reactor (Tr) initially raised 3 to 53oC upon nitric 
acid addition (fig. 7). The reactor jacket (Tj) cooled to 20oC to compensate for the exotherm. The 
large exotherm persisted through approximately the first half of the addition. For the rest of the 
addition, the reactor temperature never went above 50oC, with the jacket temperature slowly rising to 
48oC.  As was shown in table 1, there was significantly more heat evolved during the 50oC nitric acid 
addition than the 25 or 40oC addition. However, in both the 40 and 50oC additions, the cooling water 
was able to maintain the exotherm with a ΔT between Tr and Tj of no more than 30oC. Finally, the 
doubling of the addition rate to have a 90-min addition appears to noticeably help maintain the 
desired reactor temperature.  
  

99% Nitric Addition Tr 

Tj 
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Figure 7 

99% nitric acid addition at 50C 
 
 

CURRENT 1,3,6,8-TETRANITROCARBAZOLE PROCESS 
 
Figure 8 shows the latest process developed by OSI scientists.  This is a true one-pot, one-

stage process.  The carbazole was added to a concentrated nitric acid solution, heated for a few 
hours, cooled, quenched, and washed with water to obtain TNC with acceptable particle size and 
purity.  Currently, yields are approximately 50%, which, although not ideal, is acceptable due to the 
low cost of the starting materials and the process. 

 

 
 

Figure 8 
True one-pot, one-stage process 
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The quench process, using a weak nitric acid solution, helps to provide a higher yield of TNC, 
more than what precipitates out of the reaction mixture.  Figure 9 shows the effect of the amount of 
quench used on the yield and purity as estimated by differential scanning calorimetry (DSC).  It was 
evident that a significant increase in yield (from approximately 40 to 55%) can be achieved before 
the melting point of the TNC becomes suppressed to below 295°C in order to maintain a purity of 
89% minimum. 
 

 
 

Figure 9 
Effect of quench on yield and purity through DSC 

 
Figure 10 shows the visual differences in TNC obtained from small scale studies. In the left 

picture is TNC that precipitates from the reaction medium.  The center image is TNC afforded by the 
weak nitric acid quench, which shows a slightly different texture and color.  The image on the right is 
TNC obtained from a full quench of the mixture with water.  Clearly, by visual examination, this TNC 
product is not acceptable. 
 

 

Figure 10 
Visual differences in TNC from small scale studies 
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Microscopic evaluations of the same materials were performed (fig. 11). On the left, again, is 
TNC that crystallizes from the mixture.  The center image is TNC from the weak nitric acid quench 
and on the right is TNC from the full quench.  It is apparent that large crystals of TNC crystallize from 
the reaction, while a quench provides smaller crystals, as well as the larger crystals.  Laser diffract-
tion particle size data provides more insight into this phenomenon (fig. 12).  The TNC that crystal-
lizes from the reaction averages around 80 to 100 µm.  Quenched TNC has this same 80 to 100 µm 
material, but also now contains smaller crystals with average particle size of approximately 20 µm.  
However, both types of TNC meet particle size requirements. 
 

 
 

Figure 11 
Microscopic evaluation  

 

 
 

Figure 12 
Laser diffraction particle size, rwt-1088-17-average 
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Figure 12 
Laser diffraction particle size, rwt-1088-24-average 

(continued) 
 
 

CONCLUSIONS AND FUTURE WORK 
 

The current process for 1,3,6,8-tetranitrocarbazole (TNC) developed by OSI scientists at 
Holston Army Ammunition Plant (HSAPP) produces a high purity TNC, meeting all MIL-T-13723A 
specification requirements. The nitration process is simple and scalable at HSAAP.  The process is a 
one-pot, one-stage process that affords TNC that requires limited purification, making this an 
affordable process.  Future work will include further scaling of the TNC reaction and ultimately to full-
scale production batches at HSAAP. 
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