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EFFECT OF DIFFERENT CARBONS ON IGNITION TEMPERATURE 
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By means of TG, DTG, and DTA, it was shown that the source of carbon can 
a&ct the decomposition and reaction characteristics of black powder compositions. 
Carbons with high volatile content lower the activation ener_gy and reduce the 
ignition temperature of black powder- The removal of these volatiles causes an 
increase in ignition temperature and activation enerw- It also showed that although 
sulfur has no effect on the ignition temperature, it does afLza the preiguition r&action- 
Sulfurless black powder also has larger activation energies than regular bIack powder. 
Compositions of black powder containing channel bhck have Iower activation 
energies than those with charcoal_ 

IXlRODUCl-ION 

BIack powder has been known for a long time to be an excellent igniter, but no 
information is available as to why it performs so well_ The specifications for black 
powder are very broad so that different sources of black powder using different 
charcoais may be used, without knowledge of their effect. A Iiterature search showed 
that vet little is known of the preignition reaction, the ignition process and the 
fundamentals of black powder combustion_ Even the work reported by different 
investigators confiictx~2. Laboratory experiments showed that black powder 
manufactured with different carbons had different ignition and combustion properties. 
Thermogravimetric analysis of the different carbons used, show that they vary in 
volatile content from 3 to 30%_ (VoIatile content is defined as the loss in weight when 
the carbon is heated to 950°C in an inert atmosphere.) The volatiIes are normally 
present as water and oxyhydrocarbon functional groups attached to the carbon Iattiaz 
and upon heating come off mainly as H,O, CO, CO, and Cl&_ Thus, it was deemed 
advisabIe to obtain a better definition of the role of the various imgedients and 
impurities in black powder in order to understand why black powder performs the 
way it does. This paper deals with the eZxt sulfur, c&on and the volatile functional 
groups have on the ignition temperature and activation eneru of bIack powder- 
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APPARATusANDPRocEDuRE 

lie Met&r llmnoanalyzer wi used in these studies. i;muhaus D-I-A and 
TG analyses were obtained by heating 10 mg samples of suzfurless (C+KNOs) and 
~(C~S+~O~blackpowdersinahtliumatmosphercatarateoflO”Cmin-’ 
in A&O3 craciiks_ Hcatlng rates of 4 and 6°C min” were also used in the act&xtion 
energy studies, The peraznt volatiIes in the differtot carbons wert de&rmined by 
thcrmogravimctric ana&xs. SampIes of carbon (1OOmg) were heated in Al=O, 
cruciies in a heliam atmosphere to 950°C at a rate of 15°C min”. 

Three types of carbon wexz used in these studies, namely charcoal, channel 
black and fm b?ack. The commcrciaI method of preparation and the carbon 
content of these carbons are shown in Table 1. 

TYPES OF CARBON 

black 

FnrnaCe 
black 

noflfcgmbksabstance 

Natural gas ffamc imp&cd on coo1 iron surface 

Bumnalmdgasoroiiinfmnact with 50% of air nquircd for 
OompIetc comb&on 

5oao% 

8s+35% 

99% 

The carbon content of charcoal can vary from 50%. Water, volatiIe content, 
and ash are the impurities. 2DifExent wood charcoals having similar chemica! com- 
position are dif5cuIt to obtain since the chanx&s are obtained from different types of 
wood or mixtrues thereof, and is generalIy obtained as a by-prodncL Channel and 
furnace blacks can be obtained with more reproduciile properties. 

The carbons used in the C+KNo?, mi.xtms consisted of (a) the original 
carbons, (5) carbons heated in vacua for 100 h at 49O”C, and (c) carbons heated in 
helium to 950°C in the thermogravimetric analyxs. Only the original carbon was 
used in the C+S+KNo, mixtures. T6e bii and tertiaq mixtures of the various 
ingr&ients were made by thorough& bIending the ingredients in a mo& and pestle, 
and used in powdtxform. 

A. @niti& remperalwe 
I. me car6orr-poraairmr nitrate bhmy m+re (su&iikss bl4ck~polorik). 

Thermal ana@is of the bii mixture at a hea’tiag rate of IO°Cmin~’ produced 
DTAcurvcs (Fig- Q, amisting of 2 endotherms, (rho&c to’trig&al phase change 
of RNO, at132+2”C and the melting of KNC& at 335f3”C),__+d a m ex&herm 

_- 
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starting at 380-395°C with ignition IXZWCCIX 415 and 500°C depending upon the 
carbon used. ‘Ikrmogravimetxic analysis of the carbons used showed them to vary 

in volab?c content from 3-30 wt.%. A umparkn of the ignition temperatures and 
volatile contents of the carbons are presented in TabIe 2, and show that the greater 
the pcrfzent voWiks in the carboa the Iower the ignition temperature. 

Fig I.DTAwNco~C+KNO,. 

TABLE 2 

EFFECI- OF % VOLATILES ON DTA IGNITION TEMPERATURE 
FOR THE C+ICNO, REACT-ION 

cmbond % Vdatiks in wrban DTA ignirion temp. (‘C) 

CUlUldWd 33.7 410 

No. I 289 413 
No. 2. 26.1 408 
No. 3 20.4 421 
No. 4 20.2 418 - 
No. 5 19.3 413 
No. 6 12.2 432 
No. 7 9.1 451 
No. 8 6.4 455 

tzzmmldb_ 
No. I 
No. 2 
No. 3 
No. 4 

23.1 422 
13.7 424 
10.7 436 
4.6 455 

F-black 
No. 1 
No. 2 

4.8 450 
33 492 

Partial or total removal of the volatiles Corn the carbons, by thermal means in 
vauxuxn or inert atmosphere, increased the ignition texnperature of the binary mixture 
as the volatile content dfxna2d as shown in Table 3. A plot of ignitZon tempjxature 
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vs. : % volaties (Fig 2) showed that them is i linear ielationship be& 245% 

vob&s-the greatfx the volatile content, the lower the ignition temperature. Using 
carbons with volatile contents greater than 15% did no further decrease the ignition 

‘-w--== 

TABLE 3 

EFFECT OF REMOVING VOLATII.E!j ON DTA IGNlTION TEMPERATURE 
-FOR T?E C-kKNOs REACI-ION 

Cbrbon sum+ 0% volbik in azrbon DTA ignirion remp. (T) 

CharcoaIl 28.9 415 
9Jw 436 
ob 443 

ChannelMackl 23.1 422 
9.43’ 438 
ob 445 

Cbannelbladc2 13.7 
7,4p 
ob 

424 
445 
460 

Channelblack IO-65 436 
8AF 444 
ob 460 

*HcamiXC0hat49O%invaam- BHcataito950*Cat IS’Cmin- * in Mum ffowing atmosphen 
in DTA apparatus and cooled in helium atmosphac 

The ignition temperature of mixtucs containing carbons freed of Volatile 
mat$r varied between 443 and 482°C A comparison of the& data:with those 
obtained for the mixtures containing the original carbons is presented in Table 4 and 
shows that although the& $pitioti t&nperatures ate lower, ;the order. for- those 
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contang the thermaIly treated carbons is the same as that of the original carbon- 
KNO, samples, These results tidicate tbat other parameters besides voIatiIe content 
affect the ignition of black powder, 

TABLE 4 

COMPARISON OF DTA IGNITION TEMPERATURE OF BINARY MDCl-URES 
USING THJZ ORIGINAL. CARBONS AND CARBONS HEATED TO 950% 
#VOLATILE FREE) 

-Mm used DTA ignition temp- (*C) 

0rigitm1 aubon Vola~ik free car&m 

charroall 415 443 _ 
CbanndbIackl 422 445 
Channel black 2 424 460 
ChanncIbIack3 436 460 
-aI 451 462 
Charcoal8 455 467 
Furnace bIack I 450 475 
Channel b&k 4 455 480 
Ftunacx bIack 2 490 482 

The surface area of the different carbons used in these studies and the DTA 
ignition temperatures obtained for the binary mixtures containing the carbons which 
were thermally freed of volatile matter are tabulated in Table 5, A study of the data 
shows that for the furnace blacks, the greater the surface area of the carbon, the 
lower the DTA ignition temperature of the black powder_ However, for ch.anneI 
blacks and charcoaIs which have larger surface areas, no correlation exists_ Even with 
surface areas of 1000m2g-‘, ignition temperatures of less than 460°C were not 
attainable. 

TABLE 5 

EFFEa OF SURFACE AREA OF V0LATKL.E FREE CARBONS 
ON IGNmON TEMPERATURE OF BLACK POWDER M- 

C&r&on Surface aruz of fzrbon Cm2 g- 3 DTA @ition temp CC) 

Furnace bIack 

Channelblack 

-. 

W 498 
72 484 

120 480 
130 475 
143 475 

150 480 . 
460 460 
695 

950 462 
IO00 46.. 
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The possi%&ty of the.ash content of the carbons afIiig the ignition 

temperahmof the mktnrcs by acting as a catalyst or detement was investigated. 
AnaIysis of the carbons showed that channel bIacks (prepared Corn natnraI gas) have 

dmost no ash content (O-02%), furnact blacks (preparea from oils) contained 0.75% 
a&whtsascharco& have ash contents between I-15%- A comparison between the 
ash content of the carbon and ignition tempemtnre of the bii mixture is presented 
in Tab& 6. Ttr: data show that no correIation exists between percent ash and ignition 

tempe=t=e- 

TABLE 6 

CARBON ASH CO- Vs. BINARY IGNlTTON TEMPERATURE 

No. 1 
No* 5 
No. 8 
Now 2 
No<9 
No. 4 
No. 7 
No. 3 
No- 6 

-bIadc 
F-bbdo 

I.1 413 
I5 413 
27 455 
4.3 408 
4.8 435 
&l 418 
6s 451 

11-2 421 
14,6 432 

O-02 422455 - 
0.75 450490 

22%~ Ci-Si-KNO, Zen?iiny mkhwe (&&zckpororzer), The effixt of sulfur on 
the ignition temperatae of the C-f-KNO, mixmre was determined by thermal 
analyzing tert& mixtuxs containing some of the difE+znt carbons The ignition 
temperatures obtained are comparuxi to those obtained for the binary m&ares in 
Table 7 and show that snIfur has IitrIe or no ef@c& on the ignition tempea-ature. If 

TABLE 7 

EFFECT OF SULFTJR ON THE IGNlTION TEMPERATURE OF C+XNOs 
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anything, the presence of sulfur increazd the temperature required for ignition. 
However, sulfur did pIay a great role in the pre-ignition reaction as evidenced by an 

exotberm about 100°C Wore ignition as can be seen in Fig 3_ The exotherm can 
occur before, during or afler the melting of KN03 depending upon the carbon used. 

From their study on the initiation, burning and thermal decomposition of black 
powder, Blackwood and Bowden’ concluded that the exothermic preignition reaction 
is between sulfur and oxyhydrocarbons f3nctional groups (the volatiI=) in the 

F&g4-DTA arrprs of (I) KNo,+s; (2) c+s; (3) s- 
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charcoal- Their work was questioned by Campbell and We&g&ten*. The in- 
vestigators reported that the pre+nition reaction was between &fix and potassium 
nitrate. In order to shed some ligjht on this dkcrewcy, the reactions between 
S-i-IWO3 and C-tS were studied by thermal analysis. From the DTA curve% 
obtained, as shown in Fig 4;it can be seen that neither S+KNo,, nor C-G, 
pioduce exotherms on heating. This indicates that the pre-ignition reaction is more 
than what either pair of investigators claim since the presence of all 3 components 
(S + C+ KNO,) have to be present in order to get the pre-ignition exothe&c reaction. 

B. Acfitation energy 
Activation energies can be obtained from both the thermogravimetric and 

difZ&entiaI thermal analysis data. If there is a loss in weight during the reaction, the 
thermo_9lrvimetric method is considered more accurate. With this method, one uses 
the derivative curve of the weight loss which is obt.ainabIe directly with the Metier 
thermoanalyzer, Fig. 5A, for which the folIowing form of the Arrhenius equation 
canbeuslxk 

Aln (-du#z) = -(EjR)A(lJT)+nC 

where C is a constant, T is absolute temperate and c&/dt is the rate of weight loss 
with time. If the equation holds, a plot of A fn (-_drcildr) vs. A(i/T) witl produce a 
straight line, the slope of which equals E/R (E = activation energy, R = gas constant)_ 

AT 

i 

FE~5.~A)DTGand(B)DlYAcara obtained viitb Met&r thanmad-. 

There are several methods used to determine the activation energy from the 
DTA da#~~. Kirshenbanrn and ReardelI’ have found .&at Piloyan’s method? 
worked very well for Zr+NoOj delays while. Ram. and Morris!! have used this 
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technique with RDX, HMX, Tetryl and PETN with good success. In this method, the 
Arrheuius equation can be writteu as 

_ ..ln AT= C--In f(a)-EjRT 

where Cis a constant, ATis the dif5kreuce in heat between reference cell and reaction 
cell at given T(K) and f( a is a function of the extent of reaction_ Under normal ) 
isothermal conditions, the only variable determining the reaction rate is 01- In DTA, 
however, the temperature also varies According to Piloyan et aL’, under normal 
heating rates, the change in temperature has a greater effkct on AT&an the change in 
a Thus f(a) cau be neglected and the equation becomes: 

in (AT) = C-EJRT) 

Plotting In AT vs_ l/T(K) produces slight lines the slope of which equals E/R. 
Inthesestudles,t6ethermogravire~cmetbod audtheDTAPiloyantecbniques 

were used, and the reproduciiility of the data are demonstrated in Table 8. The 

TABLES 

REPRODUCSBILEY OF ACllVATiON ENERGIES BY DTG 
AND DTA METHODS &cal mol’x) 

DTG DTA DTG DTA 

CbanneibIackl 

A-* 

chaMclbIack2 

ChanndbIack3 

A==S 383 

FnmaccbIackl 

A- 

63.8 
58.6 
64.6 

623 

39.? 
37.1 
36.5 
39.7 

54.9 61.9 
61.0 64-3 

28.7 55.4 63.2 
W.5 57-3 - 

28.7 57.1 63.1 

70-O 55-8 
61-l 64.0 
60.6 721 

63-8 64.0 

348 74.8 
368 73.5 
33-2 73-7 
- - 

34.9 74.0 

52.8 57.1 
523 583 
53.0 57.6 

527 G- . 



1.32 

TABLE 9 

CObWMUSON OF VOLATILE CONl’ENl. OF CARBON-~ ACXWATZON- 
OFENZRGYOFBINARYANDTERTIARYMDCNRES _ . 

DTG DTA DTG DTA 

canndcoal 33.7 - - 413 
ChSWdl 289 51.6 - 68.4 73.4 

ckarcoal2 26.1 51.2 - c%zmdM;edEl 23.1 57.1 63.1 i&i -E 

ZB 20.2 20.4 759 589 - - 942 6u.b 77.7 889 
chaa;utMackz 13.7 64.0 63.8 

czlanmd5 12.2 438 iii6 70.4 Channdblack3 10.6 74.0 - 383. r9 
izizzz 9.1 6.4 74.0 722 - - - 81.5 - 95.1 

FmoaotbWi 48 
2; 

57.7 49.0 
alanndbbJT4 4.6 - - 48.2 
Fbmaabfack2 33 104.3 - - 97.0 110 
Graphite 2 - - 663 585 ~. . 

Tk3f.E IO 

~MPARISON bF VOLATILE CONTENT OFCARBON- --. 
ACIWATION ENEZGY OF BINARY AND TERTIARY MXTURES 

BMmy Tarimy 

DTG DTA = ‘DTG DTA 

28.9 51.6 - 68.4 73.4 
26.1 51.2 -- 57.4 68.4 
2a4 39 - -60.0 77.7 

20.2 759 - SW.2 12.2 43.8 SO.6 70.4 zci - 
9.1 74.0 81.5 95.1 
6.4 ?2_2 1’ - - 

ChamleiMadr 
1 23.1 57.1 63.1 2s.7 
2 13.7 64.0 62.3 63.8 

: 10.6 4.6 999 74.0 - - 38.3 5x5 349. 48.1 -.’ 

FuraaCebhCk 
I . - 4.8 527 57.7 49.0 42s 
2 3.8 104 - --97 110 



123 

thermal analysis activation energy data obtained for the various different carbon 
containing binary and tcr&uy mixtucs arc compared with the volatile content of the 
carbons in Table 9. No correlation exists when aIi the difE&ent types of carbon are put 
together in one table. The data are divided into charwaJs, channel blacks and furnace 
blacks in Table IO_ A study of these data shows that for channel and furnace blacks 
the bii mixQxes have Iarger ztdvation energies than the tertiary ones. ie-, 
presence of sulfixr lowers the activation energy_ It also shows that on the whole, the 
higher the v0Iat.S content of the carbon, the lower the activation energy, except for 
the tertiaq mixture containing channel black 3, No correlation could be observed for 
the charcoal containing mixtmes. It was also observed that for tertiary mixtures, the 
a6xilmion ea.lelgies of - contaXng chanxals were greater than for those using 
channel or furnace black. When some of the volatile content is removed from the 
channel and furnace black, the activation energies of the binary mixtures increased as 
shown in TabIe I I. No such phenomena was observed with the charcoal mixtures_ 

TABLE 11 

EFFECT OF REMOVING VOLATILES FROM CARBON 
ON THE ACTIVATION OF BINARY MIXTURES 

Typt curbon GYiuiilion % wkrtilir iJl DIG acticution energy 
carbon <kcaf mar ‘) 

charwall 

6 

Oligild 289 
500-c 9-S 
950% 0 
Oiighiitl 9.1 
9.50% 0 

51.6 
49.3 
56s 
74-6 

i 50.8 

-black1 OtigiiUl 23.1 57.1 
500X! P-4 ’ 64.1 

2 Original 13.7 64.0 
500% 75 69_8 

3 Orighl 10.6 - 74.0 
950-c 0 104.3 

FumaccbIackI OligiMl 48 527 
950% 0 755 
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