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STUDY ON TH36 BURNING CHARAOTXRISTICS OF !EHB COHBUSTIM 
HATXRI~ BASBD OIV CARBON BLACK AND CBIiUJLIG~~ BY 

THERMAL UUIJYSIS MBTHOD 

Y. POPlSCXl and A. SMOG! 
In&it&o ior Conetruections, Buoharast (6JLBomania) 

ABSTRACT 

The thomal analyois wee ueod for tha etudy of oertain 
ooabu6tiblo material8 beard oa acqueoua oarbon black pasta 
(obtaiaad a8 a rreidua in aoatylrna pro&a&ion) and calloligaina 
(wasto from oorn cobs), matarlals yhioh-a&tar baing bound by 
maarm of moma binding agent6 of a starch C)E polyvinyl acatato 
typo nra submittad to praaeimg alp to a praeeuro of 70 daN/om2 
and ae8Rartid into briquottaa of variope shapae repaoially 
c~liadricil onas* 

Tha tharmal analysis was l ffoctad oa the oompoarnt matariale 
lndlvid~ally a8 wall as on tha briquattas and csnclueions wra 
drawn on tha burning eharaoteriotice of tha briquattae aad tha 
infllarnoa of Ca(OHj2, CaO and CaC03 addition6 on tha tharmal 
bahaviour of tha matorial$. It uaa carried out tha thermal 
analyair of coma ligaitas and tha results oemparad with thoea 
obtainad en briquattaa ahowod a eiailar bohariour ragarding the 
etartiag tamporatura of burning. Tak&ng aleo into aeoouut tha 
oaloria valuas of tha briquattee obtalnad (~WIOO kcal/kg), it war 

asacludad that thay hara a go@d tharul behariour and, moraavar, 

a geod meohaaioal bohavieur (lO0 % breaking lndar) and a low 
oort prioa. 

!Eha tharmal amly6am wwo aarxbd out fog tha parbon blaa& 
pew&as obtaSnad by the total ramoval of wator from tha oerbon 
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blaok past. (consisting of 10 P carbon black and 90 % watrr), 
for-celloligninr (waate from corn oobs after treatment with 
H2804, the free H2S04 content in cellol@nino determined by 
treatment with a solution of 0.1 n laOH being 16 g H2SO4/kg of 
cellolignine), for collollgnine treated with varioue amounts of 
Ca(OH)2 in excosa to extract the entire eulphate from cello- 
lignine under the form of CaSO4 and for the binding agents, Le. 
oommercial &arch and polyvinyl acetate. 

In order to select the Mnding agents, literature studies 
wore conducted on the variotios of bindore and poaeiblr addi- 
Mona used in coal briquetting such aa binders based on tar and 
pitch /l-3/, binder6 baBed on bitumen /4-8/, binders based on 
eynthrtic polymers /g-W and other binders /13-16/. 

The thermal analyses were carried out on a Paulik-Paulik- 
Erdey system derivatograph. 

Experimental determinations were conductad on a 500 mg eamplo 
displayed on 6 platinum trays. The eonsitivities set to the 
instrument were TG 500, DTG l/5, DTA l/l0 and the heating rata 
10°C/mlnute. 

Based on the results of the thermal analyses and by laborato- 
ry testing, the briqwttable binding compositions_were osta- 
blishrd, the obtained briquettes being then studied from the 
point of view of the thermal behaviour and the physical-mechani- 
cal propertioa. 

FUSULTS AND DISCUS810~S 

Fig. 1. illustrates the thermal bohaviour of carbon black 
powder. It wae found thatt 

- carbon black powder contains about 2 % hygroscopio moisture 
which is lost fqpPa 20' to 150°C with maximum speed at 60°Ci 

- the combuatlon of coal starts at 330'0 and takes place in 
two atagee, i.e. 68 % of thr amount ie burning from 330' to 770' 
and 28 % (moat likely under graphite form) is burning from 700' 
to g8Ooc; 

-.the combuetion reeiduo up to 1000°C ie about 2 %. 
It is found that oarbon black powder Ignitea at a higk 

temperature ( 7330°C). 
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Fig. 1. Thermal behaviour 
of carbon black powder 

Pup. 2. IYl’A ourves of oelloli9- 
nine from woa! (a), paper (b) 
and mm cobs (c) 

Figs. 2 and 3 show the results of the thermal analysis for 
cellolignine obtained from various materials: wood, paper, cot- 
ton and corn cobs. 

The thermal degradation of cellolignine is done by depolyme- 
rization, decrystallization, oxidation, OH group removal/W-19/. 

It was found that collolignine from corn cobs (not treated 
with H2SO,+> has a higher degrer of polymerization and/or crys- 
tallinity than cellolignino from wood and paper (hatched surface 
of IYl?A cxarvaa - Fig.2.) The endothermal process of depolymeriza- 
tion and bond cleavage brtwoen the cellulose microfibrile with 
crystalline areas is overlapping the exothermal process caused 
by the burning of organic compounds. 

Tho quantitative interpretation of the thermal analysis 
curvoa may be summarized as follows: 

- up to 130°-200°C it is recorded the endothermal effect re- 
moving the hygroacopic water which is about 6-S %; 

- above 200°C the removal of OH groups and organic compounds 
roaultsd from the oxidative degradation of cellulose and lignine 
is taking place with maximum spred at 300°C when they ignite, 
this being explained by the exathermal effect recorded on DTA 
curve, abovr 200%. Such Ignition helps to initiate the burning 
reaction of the organio compoumda whioh remain and which are 
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Fig. 3. DTG curves of cellolignine 
from wood (a), paper (b), cotton (c) 

Fig. 4. DTG o~rves of oello- 

and corn cobs (d) 
lignine frcm corn cobs with 
various additives 

richor in carbon. The rocordod exothormal offoot@ reaoh maxim= 
teaporatures of 600°C for wood, 700% for paper, 620'0 for cot- 
ton and 520°C for colluloer from corn cobs. 

It was also found that cellolignlno from corn cobs hals the 
lowest ignition temperature for the volatile compounds, thero- 
fore, It is the brrst material for initiating the burning of a 

combuetiblo material. 
Biga. 4 and 5 illustrate IYPG and DCA thermal owvos of collo- 

llgnino from corn cobs, orllolignino treated with H2S04 and with 
additions of Ca(OH)2 (2.5-10 %), CaCOg (10 E) and CaO (10 5). 

The l rperimontation wa8 meant to find possibilitiee to ohorl- 
tally remove the sulphatr bound to oollolignine under the fsrm 
of CaS04 so that the gas mixturr resulting from banning the bri- 
quottoe should not contain sulphur oxides - polluting gas. 

Tho thermal docomposition of collolignin~ from tern oobe oc- 
OWB in two distinct stage8 (l&4.)1 150°-330'0 and 330'~520'0. 

In the first etago, it ia likely that depolymarisatioa, da- 

crystalliaation (endothermal effect wi,th maximum Bpoed at 350'0, 
PSg.5.) and loss of OH grouprn ati volatile organlo coapsundra 
with maximum spoad at 300'0 (Rg.8) ora takirng place l md im the 
seoond stage the burning of the organic remalmdor rioh La oaaboa 
with maximum epeod at 400% ia taking place. 
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PSg. 5. UI'A curves of celloli@ne from 
corn cobs (a) with various additives: 
H&k Cb) HzW&Ca(oH)z (~3 
and HzSO&CaotcaC& (d) 

P&. 8.Tbemalaarvesof 
briquettes hardened with 
ccuqmsitiai B 

IEO curve of ditdigni~ trentod with H2S04 (Big.4.) ehowa a 
domllposltion in a einglo stage roaulted Paem overlapping the 
loss of 8sterifiod OH groups and volatile organio compounds l iid 

fho burning of ozganie remainder Pioh in carbon; the dopoly&af~ 
t&ion and cryatallisetion offrota do no longer appear on DTA 
OurYe. 

To the oxtont the amount of Ca(OJ3)2 rddod to tha celloligaim 
treated with Hzs04 ts inoroaoisg, the drcompoaition of collo- 
ligx&m into two stages is bettor o?&linod, the same PS with the 
oello2%gnin~ not treatad with X2gO~ ) as sf the sulphats had beon 
taken out from aelloligniao likely tmdem tha form of CaSO,. Due 
to the fact that GaSOh dooo not drsompoar up to 1200°C, thr 
uhele amount of mlphrto will ma&n In the ash tandel? the form 
~fC~~~~/. 

The addition of CaC03 (I.0 P;) ox CaO (10 %> does not have the 
sama &foot. 

010 is carbonated dulimg heating with 002 from air, carbona- 
tat&o& whioh is l vfdencod b;r its themaal docompoeltlon from 630' 
te 73oOcr mg.4. ). 

DTG ourvm~ in Fig.4 and the quantitative interpretation of TG 

eumom show that Ga(OH)2,ln ommaa after tha reaction with the 
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sulphato bound to celloligninr is carbonated. 
Such results made us draw the conclusion that the celloligni- 

no treated with H2SO4 should be used in the composition of the 
briquettes only after being homogenised with 5 % hydrated lime 
in powder. 

Considering the results obtained by thermal analysis, three 
compositions of masses suitable for briquettlng were theoretical- 
ly established and then exper&mrntally checked. 

In their compositSon it was used carbon blacksfor its higk 
caloric value (8500 kcal/kg), cellolignine to produce by heating 
the volatile organic compounda necessary to ignite the oarboni- 
ferous mass and as binding agents it was used the staroh, a com- 
meroial product based on polyvinyl acetate and a residue from 
the commercial production of dimethyl terephthalate. 

Briquettes in a cylindrical shape were obtained from such 
briquettable masses by pressing with 70 daN/cm2. 

Fig.6 presents the thermal Curves of one of the compositions. 
Ehe thermal analysis was effected on the powder obtainrd by 
grinding the hardened briquette in a mortar, thrn spread on six 
platinum trays. The thermal curves show a thermal behaviour sl- 
milar to that of the coals with neighbourhng calorie values. The 
briquettes obtained with the three oompositlons (A., B, C)oonta&n 
45-50 I volatile matters, 28-32 P carboniferous mass and 7-10 P 
ash. 

The hardened briquettes were characterized from the point of 
view of the main physical, chemical and mechanical properties 
and the results obtained are presontod in Table 1. 

TABLE1 
Main physical, chomioal and mechanical propertios of briquettes 

Compo- Break%& B, Caloric ..?a Temnrraturr.oC Ash 
sition Sndox (daI,j,om2)(k;:yU) (ke/m3) St t 

igz -E$n_ (%) 
tion DR 

A 100 28 UC% 700 200 780 9 
B 100 37 44.00 690 200 750 lo 
C 100 35 5zoo 925 200 750 7 

=)The breakgng lndox was determined on throw a l olmens whish 
more immersed in water, them dropped from a E eight of l840 mm 
on a acreon having the hole diame%re B I 12.5 mm* The break- 
5ng index was estimated by the ovorsiee rejeot l xpreaeod in % 
ropresonting the ooartao graina larger than 12.5 mm. 
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GONGL~IONS 

The thermal analysis method applied on combustible waistes 
helped us to establish the composition of certain masses suit- 
able for briquetting and burning in order to recycle them into 
the energy circuit. 

It was al.80 possible to follow up the reaction in solid phase 
by which the sulphate groups polluting the burning gasses could 
be removed as well as to characteEiee the thermal behavioul of 
the newly obtained biiquettee. 
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