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‘The experiments involves three types of industrial wastes produced by iron works, which
create serious hazards to the natural environment: (1) paint-shop sludge, (2) oil-poliuted
diatomite, and (3) oil-polluted scale. The choice of an appropriate and safe storage method
should be based on extensive physicochemical examination.

DTA, in combination with other data, allows characterization of the combustible properties
of wastes. Thermoanalytical measurements were carried out in a dynamic air atmosphere.
Enthalpy values were calcula‘ted from peak areas of DTA curves. Thermoanalytical data were
compared with calorimetric fesults obtained with an oxygen bomb.

The production processes in steel works result in the generation of over a
hundred types of wastes, which differ widely in their physical and chemical
properties. These properties are of fundamental interest in searching for effective
waste management procedures [1]. Differential thermal analysis (DTA), which has
frequently been used to characterize sewage sludges [2-5], is not applied for the
routine examination of industrial wastes. Zeman et al. [6] utilized DTA to
investigate the pyrolysis of municipal refuse. Bartoszewski [7] presented the
TG-DTG-DTA diagrams of some major industrial wastes, and emphasized the
possibility of applying DTA for the investigation of industrial waste materials.

Experimental

The experiments involved some steel works wastes: (A) paint-shop wastes,
(B) oil-polluted diatomite, and (C) quenching tank scale. The physicochemical
compositions of the samples were determined by standard methods. DTA was
carried out with an OD-102 derivatograph (MOM, Budapest). All experiments
were conducted under identical conditions: 306 to 538 mg samples were heated up
to 1273 K in platinum crucibles in an air atmosphere at a heating rate of
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10 deg min "', the reference material being «-Al,Q5. The standards recommended
by the Standardization Committee of ICTA [8] were applied for calibration of the
apparatus. Heats of reaction (4Hp1,) were calculated by the Simpson method of
numerical integration of DTA curves. The heats of combustion (4H,,,) were
determined in a KL-5 bomb calorimeter (Precyzja, Poland).

Results and discussion

The physicochemical compositions and thermal degradations of the investigated
wastes are shown in Table 1 and Fig. 1, respectively. The thermal decompositions
proceed in several steps, at different rates and with different weight losses. The
reactions are completed at 1023 K, and with weight losses at this temperature of
49.5%, 35.0% and 26.8% for wastes A, B and C, respectively. For wastes A and C,
the weight losses are almost identical to those on heating at 823 K. Only in the case
of waste B does the duration of the heating process have a distinct influence on the
volume of volatile materials produced.

Despite the differences in the physicochemical compositions, the natures of the
curves are very similar for the three wastes under study. The broad exothermic
processes observed between 403 and 1023 K are primarily associated with
degradation of the organic components. The small rise in the DTA curve above

Table 1 Physicochemical compositions of wastes

Waste A B C
Weight loss at 378 K (%) 10.5 49 3.3
Weight loss at 823 K (%) 48.9 479 30.0
SiO, + particles insoluble in strong acids
% dry solids) 21.6 57.4 54.8
Metals: (% dry solids)
Na 0.19 0.11 043
K 1.03 0.54 0.67
Ca 1.11 0.06 0.17
Mg 0.61 0.27 0.27
Fe 7.01 143 = 6.91
Pb 1.08 n.d. n.d.
Zn 5.72 0.01 0.21
Ni 0.02 trace 0.03
Cu 0.04 nd. 0.23
Cr 3.10 n.d. 0.02
Mn 0.06 0.02 0.09
Cd 0.01 n.d. n.d.
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Fig 1 Thermoanalytical curves of wastes A, B and C

1073 K for each of the samples may be-attributed to the formation of Fe,0; and the
conversion of y-Fe,0; to a-Fe, 05 [9].

The thermal effects calculated from the peak areas of the DTA curves and the
measured calorific values are listed in Table 2.

As shown by these data, the calculated heat effects of the decomposition
reactions are lower than those measured in the bomb calorimeter for every sample.
There seem to be two major factors that may account for the differences between the
calculated and measured values: more intensive oxidation of the wastes and of the
primary oxidation products in the bomb, and the escape of volatile reaction
products from the open system of the derivatograph. Compared to the data
reported on the pyrolysis of polymers [10], the differences in the AHp,1, and 4H .
values obtained in our study are significantly smaller. For polymers, the
AH v, /AHp1a values ranged between 10.6 and 87.9.

Table 2 Results of enthalpy measurements

Oxygen bomb DTA
AH
Wast AH, AHpra, —_comb.
aste comb. » DTA AH,.,
k]-g™! kJ-gt
A 15.07 9.40 1.60
B 12.49 4.88 2.56
C 9.45 4.02 2.38
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The data sets obtained in this experimental study seem to corroborate the
existence of a correlation between 4 Hy,r, and AH,,,, . Nevertheless, the number of
experiments is too small to allow a determination of the correlation coefficients.
However, taking into account the inhomogeneity of the samples, it is worthwhile to
make use of the DTA curves (and of the data obtained via this route) for analytical
investigations of industrial wastes. There are two further advantages of applying
DTA: the preparation of samples is very easy, and the duration of the measuring

procedure is relatively short.
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Zusammenfassung — Drei Arten industrieller Abtille eines Stahlwerks, die schwere Umweltbelastungen
darstellen, wurden untersucht: (1) Lackiererei-Schlamm, (2) 6lhaltiger Diatomit, (3) 6lhaltiger
Kesselstein. Geeignete sichere Deponien setzen ausfiihrliche physikalisch-chemische Untersuchungen
voraus. DTA in Kombination mit anderen Untersuchungen erlaubt die Charakterisierung der
Verbrennungseigenschaften der Abfille. Die thermoanalytischen Untersuchungen erfolgten im
Luftstrom, die Verbrennungswirmen wurden aus den DTA-peak-Flichen berechnet. Die Ergebnisse
werden mit denen kalorimetrischer Messungen in einer Sauerstoffbombe verglichen.

Pe3siome — ITpoBeneHbI 3KCIIEPHMEHRTHI C TPEMSA BHIAMH NPOMBILUICHHBIX OTXO0B 4YTYHHO-JTM TEHHBIX
NPEANPUATHH, HIPEICTABJIAIOIHMX CEPLE3HYIO ONACHOCTD IS OKpYyXarouiei cpenpl. Cpenn HAX ObLTH
[UIaM KPAacWibHBIX IIEXOB, 3arpA3HEHHAs MAacJiOM MH(Y30pHas 3eMis H 3arpA3HEHHas MaclioM
xeje3Has okanuua. Bribop ymectHoro i 6e3onacHoro cnocoba Ux XpaHeHHs JOJKEH ObITH OCHOBAH,
HCXOOA U3 HX onupHoro' dusuxo-xumudeckoro uccnenosanns. Meron JITA B xomOuHanmm ¢
JPYTMMH METOAaMH 3T BO3MOXHOCTh OXapaXTepH30BaTh TOILUIMBHLIE CBOWCTBA TAKHMX OTXOJOB.
TepmoaHanHTHYECKHE H3MEPCHHS ObUIH IPOBEACHH B THHAMMYECKOH aTMochepe Bo3AyXa. 3HAYCHHS
SHTAJILIHE OBUIH BLIYHCIICHBI U3 IUtowanei nukos xpusbix ITA. TepmoaHanuTHYIeCKHe aHHbIC OBITH
COIOCTABJIEHBI C KAJIOPHMETPHYECKHMH, MOJIYMEHHBIMH B KHCJIOpPOAHOH 6oMbe.
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