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The method for determining the oxidation of organic substances is based
on the absorption of carbon dioxide, produced by their combustion, in aqueous
solution of barium hydroxide. Formation of an insoluble precipitate of barium
carbonate changes the electrical conductivity of the solution, and the effect is
utilized for continuous recording of the degree of conversion of the organic sub-
stances.

INTRODUCTION

Organic binders are often used in the manufacture of scme ceramics to facilitate
their forming by pressing, and some special ware is formed by casting in the form
of organic suspensions. After the prcduct has been given its final form or following
its drying, the organic substances have to be eliminated in the course of firing.
Under certain circumstances, the process involved may damage or destroy the
final product, and on the other hand the heat literated during oxidation of the
organic substances contributes to fuel eccnomy. To allow the firing of such ware
to be conducted as efficiently as possible, cne shcud kncw the course of the elimi-
nation or oxidation of the organic substances present.

The rate of elimination of organic substances deperds generally on the conditions
of firing, i.e. temperature, compcsition of the firing atmosphere, the rate and way
of its flow in the kiln, etc., and also on the structure of the ware being fired, the
content of organic substances, their nature and other factors. In view of the large
number of effects influencing the final rate at which the carbonic substances are
eliminated, it appears far more useful to determine the rate for the given conditions
of firing in the laboratory and to transfer the results cbtained in this way to the
production scale. A method for laboratcry investigation of the elimination of
carbonic substances was developed and further mcdified and subsequently verified
on the ZrO,-based ceramic svstem which is formed with the use of various organic

binders.
THE.RETICAL‘r

Oxidation of organic substances

A number of authors have dealt with the ccurse of hetercgeneous non-catalyzed
reactions between solids and gases [1—3]. A survey cf informaticn can be found
e.g. in [4]. A methed for investigating cxidaticn cf crganic substancesina defined
atmosphere on the gravimetric principle was earlier employed at the Department
of Silicate Technology of the Institute c¢f Chemical Technolcgy at Prague [5].
However, the gravimetric methcd, advantagecus frcm the standpoint of com-
paratively easy execution, is unsuitable for some systems. It is particularly the
case of a low content of organic substances when the application of the method

Silikdty ¢. 2, 1989 149



M. Videnska, I. Svétlik, K. Kutzendorfer:

is limited by the sensitivity of equipment used to measure the changes in weight,
or wherever the oxidation is accompanied by additional processes such as dry
distillation of the organic substances involved. The gravimetric method then deter-
mines the total loss in weight which, although associated with the amount of organic
substances remaining in the ware, does not provide information on the extent of
oxidation under the given conditions.

A new method based on conductometric determination of carbon dioxide has
been developed to eliminate the drawback mentioned above.

Conductometric determination of CO,

The method is based on the principle of absorbing the carbon dioxide in an
aqueous solution of barium hydroxide with which it reacts producing precipitated
barium carbonate according to the equation

Ba(OH); + CO, — BaCO; + H:0 (1)
Barium carbonate is a poorly soluble substance (pK = 8.3). An excess of CO:
produces barium bicarbonate Ba(HCO;); which dissociates in the solution and
causes the conductivity to increase [6].

The changes in the concentration of the Ba(OH), solution during reaction (1)
can be determined by titration, which is laborious and not much accurate, or
continuously using conductometry. This method has a number of advantages:
it provides a continuous record of the decreasing concentration of the solution,
requires little haundling of the toxic barium hydroxide, its execution is simpler
and it is easier to protect the solution from coming into contact with the atmosphere
containing carbon dioxide. The conductometric determination of CO, by means of
the barium hydroxide volumetrie solution, or that of sodium hydroxide or potas-
sium hydroxide, is described in [7 through 9]. The method has a certain disadvan-
atage of strong temperature dependence of conductivity.

EXPERIMENTAL
The apparatus employed

1

A schematic diagram of the experimental arrangement is shown in Fig. 1. The
sample is suspended in a silica glass reactor, into which air or an inert gas is supplied
from the bottom. The gases can be pre-purified and pre-dried. The reactor is placed
in a tubular electric furnace. The gas leaving the reactor passes into the conducto-
metric vessel where it is uniformly dispersed into the Ba(OH), solution through
a terminal nozzle consisting of a bundle of capillaries. A glas frit was found to
perform unsatisfactorily, as it tended to be readily clogged with the BaCOj; preci-
pitate. The surface of the reagent solution was covered with an about one centi-
metre thick layer of kerosene to prevent the solution from reacting with atmospheri-
cal CO,. In view of the use of capillaries in the bubbler the thickness of the kerosene
layer must be greater than the diameter of the escaping bubbles. The temperature
of the absorbing solution is kept at a constant level by thermostatting the conduc-
tometric vessel.

Preparation of samples, firing schedule

The oxidation of organic substances was followed on specimens of ZrQO; stabili-
zed with calcium oxide and formed with an addition of 7 wt. 9, polyvinyl alcchol
(trade name Sloviol), or 1 wt. %, of 19, tylose solution. Using overflow pressing
in manual moulds, the mixes were worked into spherical specimens 10 mm in
diameter.
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Fig. 1. Schematic diagram of the experimental arrangement;
1 — manostat, 2 — deoxidation col’ 1,3 — fl ter, 4 — scrubber containing concentrated NaOH

solution, 5§ — air, 6 — desiccating column, 7 — temperature indicator with Pt-PtRh 10 thermocouple,

8 -— tubular furnace, 9 — reactor of silica glass, 10 — specimen, 11 — control thermocouple Pt-PtRh

10, 12 — heating controller, 13 — autotransformer, 14 — conduct tric l, 15 — capillary

bubbler, 16 — electrodes, 17 — drain cock, 18 — conductometer, 19 — potentiometric recorder, 20 —
exhaust, 21 — thermostat.

The oxidation was studied during isothermal firing over the range of 400 to
600 °C, either with tempering in nitrogen atmosphere before oxidation, or without
this tempering by directly placing the specimen in the heated reactor.

Measuring method

The conductometric vessel was filled with 0.001 M barium hydroxide solution.
The solution was prepared by dissolving Ba(OH), in boiled distilled water to a
concentration of 0.01 M; 25 ml of this solution was pipetted into the conducto-
metric vessel and made up to 250 ml with boiled distilled water. The contents of
the vessel was agitated with a magnetic stirrer. Before starting the actual measure-
ment, the solution in the vessel was overlayed with kerosene and saturated until
a constant change in conductivity per unit time was achieved. The detecting part
of the apparatus was thus ready for measurement. The direct-deflection OK-102/1
instrument by Radelkis, connected to the OH 814 recorder by the same manu-
facturer, was used to indicate the changes in conductivity.

Following termination of the measurement, the sclution should be drained from
the conductometric vessel which, including the electrodes, must then be rinsed
with distilled water. The electrcdes must then be washed with ethanol to remove
residual kerosene, then with dilute hydrochloric acid to dissolve the precipitated
barium carbonate, and after that with distilled water again.

During the actual measurement the electrodes should be placed at a suitable
distance from the bubbling tube and be free of kerosene droplets.

Evaluation of experimental data

The conductivity data of the absorbing solution obtained during oxidation of
the organic substances were used to calculate the concentration ratio x:
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c Ax
T B ®

where ¢ is the concentration of carbon dioxide during combustion in the air re-
moving the combustion products, ¢y is the initial concentration of carbon dioxide
in the air, Ax is the change in the conductivity of the absorbing solution in the
course of the experiment, Axy is the initial change in the conductivity of the absorb-
ing solution during the same time interval.
Plotting the absolute value of logarithm x vs. time according to the equation
|Inz| = kv (3)
where k is the rate constant (s~1), 7 is time (s), produced linear relationships whose
slope k& was determined. The values obtained are plotted in Fig. 2.
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Fig. 2. Time dependence of constant K (equation (3));
o — without tempering, sylose; o — without tempering, PVA; © — with tempering, tylose;
@ — with tempering, PVA.

DISCUSSION

The rate of oxidation of specimens not tempered in nitrogen atmosphere before
introducing the flow of air, exhibited virtually no temperature dependence. Over
the temperature range studied, the temperature dependence of the chemical
kinetics according to Arrhenius’s equation is obviously compensated by other
effects with an opposite trend, e.g. by structural changes in the ceramic matrix.

The specimens pre-tempered in nitrogen at the required temperature exhibited
a temperature dependence of the oxidation rate with a peak at 460 °C. This de-
pendence is probably due to dry distillation of the binder during the tempering
of the specimens. The subsequent oxidation is then affected by the amount of these
binder removed by distilling as well as by the structural changes in the matrix
taking place during this period.

In this case, the oxidation of organic substances can be described by the Ist

order kinetic equation
c = ¢g.ekt, (4)

where the symbols employed have the designation mentioned above.
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CONCLUSION

Application of the conductometric method in the study of combustion of organic
binders in ceramic materials has not so far been published. A similar method was
used in study [8] in determining the metabolic respiratory course of plants.

The method employed is selective and capable of recording the amount of carbon
dioxide formed, possibly including the carbon monoxide following its oxidation
to CO,; unlike the gravimetric method, it does not detect water which may be li-
berated during combustion of organic binders. The handling of toxic barium hydro-
xide is a certain disadvantage; however, this can be substituted with sodium or
potassium hydroxide, of course at the expense of sensitivity and the necessity of
tempering the solution.

Experimental verification of the conductometric method indicated that for the
given ZrQO, system, with polyvinyl alcohol or tylose binder, the oxidation represents
a process controlled by the lst order chemical kinetics.

The conductometric determination of the course of burning out can find practical
application wherever the gravimetric determination would be distorted by changes
in weight not caused by combustion.
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KONDUKTOMETRICKE STANOVENT OXIDACE ORGANICKYCH LATEK
PRI JEJICH ODSTRANOVANI Z KERAMICKYCH VYROBKU

Magdalena Videnské, Ivo Svétlik, Jaroslav Kutzendérfer
Katedra technologie silikdt, Vysokd skola chemickotechnologickd, 166 28 Praha

Priib&h odstranovani organickych latek z keramickych vyrobku (napf. pojiv nebo plastifikii-
toru) lze s vyhodou sledovat konduktometricky. Tato metoda je zaloZena na jiméni vzniklého
COz do vodného roztoku hydroxidu barnatého, kde vznik4 sraZenina uhli¢itanu barnatého.
Tim dochézi k poklesu elektrické vodivosti roztoku. Pri eventualnim predavkovani CO; vznika
hydrogenuhligitan barnaty, ¢imz% vodivost opét vzrusté.

Schéma pouzitého zafkizeni je na obr. 1. Vzorek je umistén v trubkovém reaktoru, ve kterém
lze docilit Fizené atmosféry. Reaktor je vyhFivan elektrickou peci. Reakéni zplodiny jsou vedeny
do konduktometrické nadobky, kde jsou rozptylovany do absorpéniho roztoku Ba(OH),, ktery
je prevrstven petrolejem.

Metodika stanoveni oxidace uhlikatych litek byla ovéfena na vzorku oxidu zirkoni&itého,
pojeného polyvinylalkoholem, resp. tylézou. Ze ziskanych dat o vodivosti byl vytvofen pomér
koncentraci z (rovnice 2), kde ¢ — koncentrace oxidu uhligitého, A% — zména vodivosti absorpéni-
ho roztoku, index 0 znaéi poé&atedni hodnotu.

Vynesenim logaritmu tohoto poméru oproti ¢asu T podle vztahu (3) byly ziskdany linearni
zavislosti, viz obr. 2, a z nich stanovena hodnota rychlostni konstanty k.

U vzorku, které pfed méfenim nebyly temperovany v inertni atmosféfe, neni patrna témér
zadné teplotni zavislost této veli¢iny: u temperovanych vzorku se projevuje maximum pfi 460 °C

.
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To je zFejmé zplisobeno suchou destilaci pojiva, k ni% dochézi p¥i temperaci, a déle strukturnim
zménami pfi vypalu.

Konduktometrické metoda se ukézala pro sledovani oxidace organickych latek v keramice
jako perspektivni.

Obr. 1. Schéma experimentdiniho uspordddni;
1 — manostat, 2 — desozxidaéni kolona, 3 — prutokomér, 4 — promyvaéka s koncentrovanym
roztokem NaOH, 5§ — vzduch, 6 — sudici kolona, 7 — ukazatel teploty s termoéldnkem Pt-
PtRh 10, 8 — trubkovd pec, 9 — reaktor z kiemenného skla, 10 — vzorek, 11 — regulaéni
termo&ldnek Pt-PtRh 10, 12 — reguldtor topeni, 13 — autotrafo, 14 — konduktometrickd
nddobka, 15 — kapildrovy probubldvaé, 16 — elektrody, 17 — vypust, 18 — konduktometr,
19 — potenciometricky zapisovaé, 20 — odtah, 21 termostat.

Obr. 2. Zdvislost konstanty k (rovnice (3) na dase;
o — bez temperace, tyldza; e —bez temperace, PVA; © —s temperaci, tyléza; @ — & temperact
PVA.

KOHAYRKTOMETPUYECROE ONPENJEJdEHUE OKCUIOAIIUN
FTPAHUYECKUX BEMECTB IIPN UX YAAJEHHWHW U3

REPAMNWUYECKUX H3JEJHHA

Marsanena Bugencka, UBo Ceersmk, Apocias Kynennepdep
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Kagedpa mexnoaoeun cuauxamos Xumuro-mexrorozuneckozo uncmumyma, 166 28 ITpaza

IIponecc yAaleHusi OPraHHIECKUX BellleCTB U3 KePaMHYECKHX U3IeIHid (HAamp. BsIKYIIHX
WM TUIACTH(UKATOPOB) MOMKHO ¢ NpPEMMYIeCTBOM HCCJIeJ0BAaTh KOMYKTOMETpPHUECKH.
JaHHBIA MeTOJ, OCHOBHBaeTcs Ha coanpannu obpasyromerocss COz B BOAHKI PacTBOP IHjIpo-
KCHWa JBYXBajJleHTHOTo Oapus, rje obpadyerca ocajoxk kapOonara Gapusa. B pesyibrare
TOTO IIOHMIKAETCH 3JIEKTPOIIPOBOAHOCTL pacTpoBa. B ciyuae upeamepnoii Ao3upoBku CO2
oOpa3ayercsl ruJpoKapOOHAT Oapns, B pe3ysIbTaTe 9ero OIATH MOBHIMAETCA MPOBONUMOCTb.

CxeMma mpuMeHsAeMO#l ycTaHOBKE HaxofuTcs Ha puc. 1. OGpasen momentaercss B TpyGIaTLIit
peakTop, B KOTOPOM MOKHO MOJydYaTh ympaBisemylo arMocdepy. Peaxrop Harpesacrcs
3JIeKTPHUeCKO# meubo. ITpoAyKTH pearmuyu HaNmpaBJIAIOTCA B KOHLYKTOMETPUIECKU COCYH,
r;(e jiucneprupyor B abcopdnuonHsiil pactBop Ba(OH)2, KoTOpbIit HOKPHIT cil0eM KepOCHHA .

Meroguka omnpeje/eHNds OKCHAAIIMA YIVIEPOJHUCTHIX BelllecTB MpoBepsAJach Ha 00pasie
OKCH/1a 9eThIPeXBAJIEHTHOI'0 IUPKOHMA, CBA3AHHOI'O ¢ IIOJAMBHHIUIOBHIM CITHPTOM, WM
TUJI030#. 113 110.Ty9eHHBIX [AHHLIX OTHOCHTEJHO ITPOBOJHMMOCTh BBIBOJMJN OTHOINEHHE
KOHUIEHTparnuii X (ypaBHeHMe 2), Tle ¢ — KOHIIEHTPAIIHA OKCHJIA YeThIPeXBaJIeHTHOI'O yrire-
poja, Ax — u3MeHeHHe MPOBOIMMOCTH aGCOPOIMOHHOTO pacTBOpa, lI0Ka3aTeldn () oGo3Havaer
UCXOJHYIO BEeJNYUHY.

BhiHeceHMe sorapuTMa J{aBHHOTO OTHONICHHA HA IpaduiKk B ¢ONOCTAB/IEHHMI ¢ BpeMEHeM
COINTACHO OTHOIeHHI (3) NMOJIydauch JIMHEHHbIe 3aBHCHMOCTH (cM. puc. 2), 13 KOTODLIX,
YC¢TAHABJIMBAIM BEJIMUHHY KOHCTAHTHl CKOPOCTIH F.

V o0(pa3noB, kOTOpble [0 H3MEpeHU: He TeMIIEpHPOBAJIM B HHEPTHOI aTMocdepe, He
BHIHA IIPDAKTHYECKH HIUKAKAH TeMIepaTypHasd 3aBHCAMOCTD JaHHOH BeJIMYUHBI, ¥ TEeMIepPHPO-
BAaHHLIX 00D43I0B 11POABIAETCH MAKCHMMYM Ipu Temnepatype 460 °C. ITo 09eBH;(HO BHI3BBAHO
CYXO0Ii 1I0PeroHKo#l BAMKYIIero, NPOXOAANIel IIpY TeMNnepHpoBaHui, il jlasiee CTPYKTYPHBIMII
(IBMCHCHIIMM 11PH 0BKuIC.

Ko, |y KTOMCTPHYCCKIIT  METO], OK43LIBAETCH DU Hee.Ie 0BAHHI OKGHIAIMM OPraHM-
Ue¢KUX BCNICCTB B KCPAMHUKE BeChbMa ICPCIEKTHBHAIM.

Puc. 1. Crema sxcnepusmenmaavkozo ynopsdovenus; 1 — mantocmam, 2 - - decokcudayuonras

K0.10HHA, 8 — pacxofomep, 4 — nPoMHBAAKA ¢ KOHUCHM PUPOCAHHBIM PACINEODPOM
NaOH, & — 6030yz, 6 -— cywmuavnas koaomia, 7 — nokazamesb memnepamypsl
¢ mepmosaesmenmonm Pt—PLRh 10, 8 — mpy6uamas newv, 9 — pearmop uz xeapyesozo
cmekaa, 10 —- o6pasey, 11 -— peeyasyuornvili mepmosaemenm Pt-—PtRh 10, 12 —
peayaamop omonaenus. 13 — asmompago, 14 — rondyrmomem puueckuii cocyd,
15 — wanuaaphiii 6apbomep, 16 — saexmpodsr, 17 —- swnyckroe omeepcmue, 18 —
kondykmosemp, 19 — nomenyuomempuueckuir pezucmpamop, 20 — maea, 21 —
mepmocmam.

Puc. 2. Basucumocmsv koncmanmer K (ypasnenue (3)) om epemenu; o — 6Gea memnepupo-
6arus, muaoza, ¢ — 03 MeMNEPUPOSAHUL, NOAUCUHUAAAK0204b, © —- C MeMneposa-
Huem, muaoza, () — ¢ memnepuposaruem, NOAUCUHUAALKEO20Lb.
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