
OBSERVATIONS ON THE THER&GRAV&TRIC OXIDATlOti OF 
CARBON BLACKS INVULCANiZATI%* 

lhe&ogravimetxic oxidation under isothermal conditions of carbon b&ck 

residues from styren&xuadicne rubbcr~vukamzatcs was invezstigatcd as a method of 
identification of cubon bhxck type_ Although a relationship has been reported 
between the rate of oxidation and *he surf&e area of the carbon black, we have formd 
that this relationship holds only for some carbon bIacks significantly separated in 
surface area Further, we have found that the-rate of oxidation can be quite di&rent 
for the same type of carbon black produced by different manufacturers, and that the 
rate of oxidation of the carbon black residue from the pyrolyzed v&anizatc can 
depend on the procedure used for mixing and vulcanizing the rubber compound 
This tcchniquc, therefore, cannot be recommended as generally suitable for identifi- 
cation of carbon black type in an unknown v&a&ate. 

The isothermal oxidation technique’ used in conjunction with the derivative 
thermogramhas btenfoundtobeusef~indeterminingtheamountofcarbonblack 
in carbonizing eIastomers such as chloroprene and &rile rubbers_ 

Carbon black is the most important reinforcing agent used in the rubber 
industry, Reinforcing blacks consist of chains or three dimensional networks of 
primary particles, the spatial distribution of ~vhich defines the degree of structure_ 
In the free state, carbon blacks arc readily characterized by such properties as specific 
surface area, particle diameter and bulk density. Identification of the type of black 
present in a vuI canizate is more difficult_ Methods which have been used involve the 
isolation of the carbon black either by breakdown of the v&a&ate ~6th nitric a&d 
or pyroIysis and subsequent characterization of the carbon bIack by light absorbance 
‘-‘, rcfiectax&- ’ or &sorption6’8. The possibility of a simpIer technique based 
on thermogravimctty~was f&t suggested by Mam-&. 

Thermogravimetry has been extensively used to dete@ne the composition df 
vuIca&atcsg-‘2 in&&g the quantitative amount of carbon black p&sent. The 
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vuk _ .teisheatedatagivenrateupto -550°C in a &o&n atmosphere and, 
provided the elastomeric components do not carboni7R the residue at 550°C consists 
of the ozigi~A alfrkA carbon bIack =d any ino+nic component If the elastomer is 
CaibonizinaT, the residue at this stage also contain a ca&maa%us residue which is 
formedbycycIizationand,!orcondensationreactionsofthepoIyenechaius_TypicaBy13, 

by 700°C tk ~ydrogen/car~n ratio of this residue is -0.15 Introduction of an 
oxygmuxkning atmosphere at greater than 30°C results in oxidation of the 

carbon black leaving oniy the inorganic material present in the original vuka&ate_ 
In t3nidyGcal studies, Maurerg reported that the rate of oxidation when the 

recovered black was heated dyuamicaBy, was a function of the surfs area of the 
virgin carbon black_ The temperature at which 15% of the carbon black was oxidized 
was compared for a wick range of carbon blacks recovered from butyl vulcanizates, 
varying in surface area from 20 to 120 m’/g In later shtdie~~~, the rate of oxidation 
was determined under isothermaI ~~ndit.io~~~ and mixtures of FEF and SRF ic?e&fkd 

in EPDM[MR/SBR vuica&ates_ Pautrat et al.’ 5 applied the dynamic heating 

oxidation method for the identification of a wide range of blacks (MT, SRF, HAF 

and EPC) in NR, SBR, NBR, IIR and EPD_&f vu1 canizates, and also found a linear 
reIationsh.ip lxtween oxidation rate and surf&e area_ These authors also discussed 
the difiicuhy of determining the carbon black present in a carbonizing elastomer 
(HBR)_ Sw& and Wirn~“~ reportcd no dif?icuIty in separating FEF b&k from an 

NBR cafbonaceous residue using the dynamic heating oxidation method_ 

In this paper, the isothermal oxidation method is applied to a much wider range 
of carbon blacks including those very simiIar in surf- area but differing in structure_ 
Using the isothermal method with a controlled diIuted oxygen atmosphere and 
simuitaneousiy recording the derivative thermo_eravimetric (DTG) thermogram 
offers advantages, although several black types cannot be differentiate& The method 

is also apphed to carbonizing neoprene and NBR vnkanizates for the determination 

ofcarbon black content 
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AU carbon blacks were used dire&y as received. TabIe 1 summa&es the types 
used Throughout the text, the ASTM type designation’6 wilI be used_ Carbon 
blacks of similar type but from different manufacturers are identified; where nary, 
by trade name_ All ~lcanizates were prepared by standard laboratory techniquesL7 
following ASTM D-IS. AI1 carbon bla&s were compared in an SBR 1500 formulation 
at the 50 phr level carbon black A standard accelerated sulphur cnre system was 
used throughout_ Neoprene and nit&e rubber ~~lcanizates were prepared si&larly; 
however, carbon black levels were varied and the are given in the text. Vulcanizates 
containing German-manufactured blacks were prepared in the Dunlop Research 
Cenfre, Hanau, Germany. 

T;hermogriniinerry 
A Dupont- 951 

Dupont 990 control 
derivative recording. 

thermogravimetric analyzer was Used in conjunction with the 
module equipped with a x-y-y’ recorder and simultaneous 

The heating pro-gram used to prepare the carbon black residue and the subse- 
quent isothermal oxidation temperature was varied to suit the elastomer type_ For 
SBR vulcaniza tes, 15-20 mg of vulcani2~te was pyrolyzed in a nitrogen steam (200 
ml/min) at 5O”C/min up to 53c”C, and then isothermal conditions established_ The 
oxidizing atmosphere, 7”/, oxygen in nitrogen, was then admitted to the sample at 
100 mlfmin and the weight loss recorded as a function of time. The dilute oxygen 
~suppiied by Matheson Canada Lt&) was used to reduce the exotbermicity of the 
oxidation which, in a richer atmosphere, often w&t out of control, destroying 
reproducibility1 Rates of oxidation of different recovered blacks were compared using 
the time for 20% weight loss (f& from six runs after introduction of the oxidizing 
atmosphere- 

Experimental conditions used with the neoprene vulcauizates were different to 
accommodate the rapid hydrogen chloride evolution in the 250-35O”Crange. Pyrolysis 
in nitrogen was carried out at S”C/min up to 350% and then at 20”Cjmin to 7OO’C. 

The latter temperature was chosen arbitrarily as the stop temperature, as even at _ 
1OOO”C, wei@ Ioss still occurs from the carbonaceo us residue- The 700°C residue 
was allowed to cool to 350°C in nitrogen and then heated to 540°C at which tempera- 
ture the oxidizing atmosphere was admitted at 100 mllmin. 

Fignrw 1 and 2 illustrate the dependcn& of fzR upon the surface area and- 
particle size of the carbon black_ Surface area and partible size refer to the +gin 
blacks as reported by the manuf&turer. The range of values fetid for &, is shown by 



the horizontal lines and the mean values indicated by the vertical line, The broken 
Iine in Fig. 2 is the least squares line excluding the resuks obtained for N 110, N 326 
andN66Otypes 

The results obtained are in good agreement with those in @e literature’q* X5 for 
carbon bIacks witi_ significant &krences in surf&z area and p&ticIe size; i-e, N 770, 
N 550, N 330 and N 220, Clearly, a simpIe relationship betweek surf&e anJ oxic@ion 
rated~notho~for~IIO,N326andPT660carbonblacks,Further;~ofrfie I -~ _ _ 
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Fig. 3. Derivative catma for the oxidation of carbon blacks rccovti from SBR 
oxidation carried out iwhamally at 525°C in 7?& oxygen ill llitrqgen flowing at loo 

range of ValLles and !similarity of t&J for se~etral black types, differentiation between 
N22OandN339andNIIO,N347andN330wouldbedifihltonthebasisoft,, 
alone. 

F&ure 3 illustrates the DTG thermograms for the carbon blacks recovered 
from SBR vukanhatesThe rate of weight ioss is recorded dire&y and indicates the 

rate of oxidation as a fimction of time_ The carbon blacks are arbitrahly grouped 
for ease of presentation. However, the N 326 (HAF-LS), N 330 (HAF) and N 3&7 
@Al?-HS) have been grouped to illustrate the: effect of str&ture. Theseihree Black _ 
have very similar surf&x area (Table 1). The oxidation ,pr@e of N-,326 is rery 
similar to that-of N 220,\N 339 and:N 66O..biacks wI+h hay& bothu&iderably 
higher (N q) andlotier (N 660) surface areas Clearly, the &i&ationrate&~nde;lce -’ 
on surf&e area-,&u no validity. N- li0, the highest hrfh& z&h-blac$ ~&&.ied- (153 
m2/g) &idizcsm~ch more slOwly &n N 220,. N 326, N-339 or- N.660, .-: --I - -.,_ 

: 
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Fig_ A !+xcXc surfaoc are of carbon bhck vasus rzn for oxkktion of virgin carbon blac&Oxida- 
tion carrid out isotkmdly a: ao=c in 7% o%ygen in nitrogen fbwing at 100 nlJ/m;n 

The oxidation of-the two smali particle size blacks N 347 and N 330 as well as 
N 550 at 5W’C is quite different Lrom the other blacks Oxidation starts immediately 

the oxidizing atmosphere is admitted and then, after a period of slow oxidation, the 

rate suddenly increases_ N 770 black, the smallest surface area (41 m’/g) studied in 
SBR, is not illustrated; N 770 oxidized at a uniform rate until completely voIat2izd 

and r2, was 192 min 

Since we have used the specific surface area of the virgin blacks and assumed 
that there has not been any change during the mixing, curing and thermal eon, 
it is of interest to compare f2e data for the virgin blacks, Figure 4 iliustmtes rest&s 

obtained for I z0 of virgin bfzcks as a function of surface area_ Differences in f2e 

between virgin and recovered blacks are greater than the recovered blacks as reported 
by Maurer’Q SBR is considered non-carbonizing as it Ieaves fess than I % carbona- 

eeous residue- However, it appears that the smail residue or the thermal treatment 

effixti~ely makes the carbon black surface more reactive to oxidaliot~ A hzrge shift to 
shorter lie is observed for virgin N 550 (FEF). Again, the results obtained for the 

virgin bIacks suzet that the rate of oxidation does not uxrela~ well with surf& 
area_ 

The situation is complicated further when the same grades of carbon blacks 
produced in different Iocations are compared Figure 4 contains data for North 
AmericanandGerman manuf&ctured N 1 IO, N 326, N 550 and N 770 virgin blacks, 
ExceBent agreement in 2 =,, is found for ah grades except N 770, Figure 5 illustrates 
resuits obtained using N I IO, N 326, N 550 and N 770 of different mauti& in 
SBR v&anizates_ Vuicaniza tes were prepared in our laboratory using the North 
AmericanmateriaIandinbothourlaboratoryandDunIopResea~Ctntre,Genmany~ 
XIsirtgtheGerman manufactured blacks. Ahhough agreement for the same grade is 
fair for N I IO, problems are encountered with N 326, N 550 and N 770 grades. J+h 

the N 770 grade, wide variations are apparent not 0nIy between the manufactnrers’ 
product, but a&o in different laboratories’ mixingthesehighparti&sizeblac~The 
rest& possibly suggest that particle size can alter during the mixing process which, 

if it occurq make the identScation of carbon @Iac&s in unknown sam$es very 
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Fig 5_ Compksou of zs for carbon blacks from two diii’atnt sources rax~vered from * -I tcr 
Oxidations curiai out isotkt7sdy at 525°C in 7% oxygen in &roga~ flowing at 100 m@nin 

speculative. Also metal oxides are known to caiyze the oxidation of carbon bI+ck’*, 
and the differences in rate that we observe may be due to the presence or absence of 
traces of metal oxides or salts 

The manufacturers7 surf&qarea data quoted in Table I was cahxhted from 

particle diametti determiued by electron microscopy- Correlation of tzO with other 
measurements indicative of snrface area such as dibutyl phthalate or iod&z adsorption 
give results with similar scatter_ A detail& dixussion of carbon bIack structnre is 
outside of the range of this paper_ Hess and MC Donald’ ’ have made a carefi~I study 
of the specific shapes of carbon particles in various grades and cIassified them into 
nine basic shapes. Little correlation could be found between zzO and the predominanaz 
of a given shape (e.g. spherical or fibrous) in a given grade of carbon black 

As previously mentioned, tiermograVirh:etic analysis for -bon black in these 

carbonizing polymers is compEcat& by the formation of a carbonaceo us residue, 
Presumably, -bon black recove& corn the vulcaGza&s iscOatedwiththecarbon& 
ceous residue which at 550% is not pure carbon biack but contains other eIements. 
Pa&rat et al,‘* reported that N 1 IO and N 330 blacks oxidiz@ at the same tempera- 

& as the residue from NBR, whereas the N 770 and N 990 bla&s c&Id b&separated 
because of.th&ir higher oxidation tempezitnre. Swarin-tid Wm’p reported that 
FEF b&k toad be dis&ui&ed ftoti the TR r&idue:Ln both stud.&, a dypamic 
heating program was used with the Otidatio~ _ _ 

: 
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The ability of the isothermal method to separate oxidation of the 4Grbonaceous 
residue from the carbon blac& has been evaluated- Typical results for neoprene 
v&a&&es are shown in Figs. 6 and 7_ AnaIyss of a Ne&prene W vuL * te 

containing 9 oA by weight N 550 black and a high loading of inorganic Mers is shown 
in Fig. 6 Oxidation of the carbonaceous residue at 540°C is much faster than the 
N 550 black Note that to decrease anaIysistimeafux2Ominat540”C,thesamplewas 
programmed at a heating rafe of ZO”C@W_ lhc carbon bIack loading was Galcalated 
to be 7-5 % in fair agreement with the added 9.0x_ 

Figure 7 ihustrates the~thermogravimetric resuhs obtained with &more timplex 
system contaiuing NR and NeoprenewRT as well as a mixture of N 990 and N 326 
blacks. The derivative thermogram is particularly useful in separating the oxidation 
of the carbonaceous residue and the N 326 black-Again, the sample was heated at 
2O”C/min to expedite oxidation of the N 990 bIack. The Ievel of each black was 
&termintdassho~inFig,7and~veI25%N326and7%N990,comparedtothe 
added values of 135% N 326 and 6_7% N 990, SimiIar results can be obtained with 
carbonizingNBRvuk _ ~asillustratedinFig~8_TheNBRvuk&zatecontams 
%I?% N 326 (&W-U) carbon black and-the de&&e sep&t9s the oxidation of the 
c+rbonaceous rtqidue,and the & 326, the latter &i&vhg a’ +nil&rloxid.@ion~ pro$le 

. . as N 326 recovered from SBR- ti_&t&. _ 
& the ibov& we have shoti that by choice of an appropriate tempt&ature &d 

dilute oxygen atmosphere, the o&a&n of medium ‘particle sj&‘rcif;forcirig bjacks _ : F. 
can be s@ratqi from the oxidation of the carbonace&s residu+Thus, de&&e 
thcrmogravim~ew_ & & &iu;ed ma- W&g pi+ &;-&&&e_*; 

e_b& i&&_ &~on._6~-_+* j$&& ~:~~_~~_,~.~.~ a 
1_ _--..r-‘ 1 _,z.*__;. -*:.._ _ 

l_p&~&i& ,-&g&g~- ._; -;: +;:-__ :: _:: :_-.._:,_.;;-:: ~_~~-~l~.- -+ :<~,?i:__I”I;l .5”‘r;. 
__ _ _._:. .:.--_ _- 
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The rate of oxidation of carbon blacks recovered from vuhnizam by pyrolysis 
in a nitrogen atmosphere has been determined for a wide variety of commercial 

-bon blacks. Although a relationship has been reported between the rate of oxida- 
tion and the surface area of the carbon black, it has been shown that this relationship 
only holds for some carbon blacks significantly separated in surface area_ Two 
notable exceptions are N 110 (SAF) and N 660 (GPF) which exhibit very similar 

oxidation rates, yet are different in surface area by about a factor of four. Further, it 
has been shown that the rate of oxidation can be quite di&rent for the same grade of 

carbon black produced at different locations, and that the rate of oxidation can 

&pend on the Location and procedure used for mixingandvulcanizingthecompound 
It is our conclusion that extrcmc caution must bc taken in using the thermo- 

gravimetric oxidation procedure to identifi, the type of carbon black used in an 
nnknowll vul- te. This does not negatt the vaiue of the method for determining 
the amount of carbon black present in an unknown vrdq nor the use of the 

technique for re_@ar “‘in-house- quahty control 

The oxidation technique used in conjunction with the derivative thermogram 

has a!so been shown to be useful in determining the amount of carbon black in 

carbonizing polymer systems. By judicious choice of the isothermaL oxidation temper- 

ature, the o_xidation of medium and high surface area carbon blacks can be separated 

from that of the carbonaceous residue. As in the case of noncarbonizing polymers, the 
method wouid not be infalIibIe in identif%zation of the type of black, 
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