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The method for determining the oxidation oj organic suhstances is based 
on the absorption oj carbon dioxůie, produced by their combustion, in aqueous 
solution oj barium hydroxide. Formation oj an insoluble precipitate oj barium 
carbonate changes the electrical conductivity oj the solution, and the efject is 
utilized for continuous recording oj the degree oj conversion oj the organic l!uh­
stances. 

INTRODUCTION 

Organic binders are often used in the manufacture of scme ceramics to facilitate 
their forming by pressing, and some q:ecial 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 lil:erated 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 knGw the course of the elimi­
nation or oxidation of the organic substances prernnt. 

The rate of elimination of organic substances derer:ds generally on the conditions 
of firing, i.e. temperature, compcsition oť 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 
nurnber of effects influencing the final rate at which the carbonic substances are 
elirninated, it appears far more meful to determine the rate for the given conditions 
of firing in the laboratmy and to transfer the iernlts cbtained in this way to the 
production scale. A rnethod for laboratc1y im:estigation of the elimination of 
carbonic substances was developed and further mcdified and subEequently verified 
on the ZrOz-based cerarnic system which is fmmed with the m:e of various organic 
binders. 

THEORETICAL: 

Oxid a t i  on of organic  substances  

A number of  authors have dealt with tbe ccmrn of hetercgeneous non-catalyzed 
reactions between solids and gases [1-3]. A rnney cf information can be found 
e.g. in [4]. A method for investigating cxidaticn cf oganic rnbrJances in a defined
atmosphere on the gravimetrie principle was earlier employed at the Department
of Silicate Technology of the Institute cf Chemical Technolcgy at Prague [5].
However, the gravimetrie methcd, adYan1agecus 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
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is limited by the sensitivity of equipment used to measure the changes in weight, 
or wherever the oxida.tion is a.ccompanied by additional processes such as dry 
distillation of the organic substances involved. The gravimetrie method then deter­
mines the total loss in weight which, a.lthough 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 002 

The method is ba.sed on the principie of absorbing the carbon dioxide in a.n 
aqueous solution of barium hydroxide with which it reacts producing precipitated 
ba.rium carbonate according to the equation 

Ba(OH)2 + C02 - BaC03 + H20 (I) 

Ba.rium carbonate is a poorly soluble substance (pK = 8.3). An excess of 002 

produces barium bicarbonate Ba(HC03)z which dissociates in the solution and 
ca.uses the conductivity to increase [6). 

The changes in the concentration of the Ba(OH)2 solution during reaction (I) 
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 handling of the toxic ba.dum 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 002 by means of 
the barium hydroxide volumetrie s:)lution, 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 

A .schematic diagram of the experimental arrangement is shown in Fig. 1.  The 
sample is suspended in a silica gla,s rea<Jtor, into which air or an inert gas is supplied 
from the bottom. The gases can be pre-purified a.nd 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)z 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 Ba003 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 002• In view of the use of capillaries in the bubbler the thickness of the keroeene 
layer must be greater than the dia meter of the escaping bubbles. The tcmperature 
of the absorbing solntion is kept at a comtant level by thermostatting the conduc­
tometric vessel. 

Pr eparation of sample s, fi r ing schedule  

The oxidation of organic substa'1ces wa-i followed on specimenR of Zr02 stahili­
zed with calcium oxide and formed with an addition of 7 wt. % polyvinyl alcohol 
(trade name Sloviol), or 1 wt. % of I% tylose solution. Using overflow pressing 
in manual moulds, the mixes were worked into spherical specimens 10 mm in 
dia meter. 
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Fig. 1. Schematic diagram oj the experimental arrangement; 
1 - manostat, 2 - deoxidation column, 3 -flowmeter, 4 - acrubber containing concentrated NaOH 
aolution, 5 - air, 6 - deaiccating column, 7 - temperature indicator with Pt-Pt Rh 1 O thermocouple, 
8 -- tubular furnace, 9 - reactor oj ailica glasa, 10 -apecimen, 11 - control thermocouple Pt-PtRh 
10, 12 - heating controller, 13 - autotransformer, 14 - conductometric veasel, 15 - capi.llary 
bubbler, 16 - electrodea, 17 -drain cock, 18 - conductometer, 19- potentiometric recorder, 20 -

exhaust, 21 - thermostat. 

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

Mea s ur i n g  method 

The conductometric vessel was filled with 0.001 M barium hydroxide solution. 
The solution was prepared by dissolving Ba(OH)i 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 tiine 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 solution should be drained from 
the conductometric vessel which, including the electrodes, must then be rinsed 
with distilled water. The electrodes must thcn be washed with ethanol to remove 
residua) 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 suita.hle 
dist,ance from the bubbling tube and be free of kerosene droplets. 

E val  ua t ion  of exper i m en ta l  data  

The conductivity data of  the absorbing solution obtained during oxidation of 
the organic substances were used to calculate the concentration ra.tio x: 
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C �X 
X=-=-� (2)co �xo 

where c is the concentra.tion of ca.rbon dioxide during combustion in the a.ir re­
moving the combustion products, c0 is the initia.l concentra.tion of ca.rbon dioxide 
in the air, �x is the cha.nge in the conductivity of the a.bsorbing solution in the 
course of the experiment, �x0 is the initia.l cha.nge in the conductivity of the a.bsorb­
ing solution during the same time interval. 

Plotting the absolute value of logarithm x vs. time according to the equa.tion 
/ ln x / = k-r (3) 

where k is the ra.te constant (s-1), -r is time (s), produced linear relationships whose 
slope k was determined. The values obta.ined are plotted in Fig. 2. 
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Fig. 2. Time dependence oj constant K (equation (3)); 
o -without tempering, tylose; • -witlwut tempering, PVA; () - with tempering, tylose; 

() -with tempering, PVA. 

DISCUSSION 

The rate of oxida.tion of specimens not tempered in nitrogen atmosphere before 
introducing the flow of air, exhibited virtually no temperature dependence. Over 
the tempera.ture range studied, the temperature dependence of the chemical 
kinetics according to Arrhenius's equation is obviously compensa.ted 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 tempera.ture exhibited 
a temperature dependence of the oxida.tion ra.te with a pea.k a.t 460 °C. This de­
pendence is probably due to dry distilla.tion 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 cha.nges in the matrix 
taking place during this period. 

In this case, the oxidation of organic substances can be described by the 1st 
order kinetic equation 

c = Co. e-kt, (4) 

where the symbols employed have the designation mentioned a.bove. 
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CONC LUSION 

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 C02 ; unlike the gravimetrie 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 Zr02 system, with polyvinyl alcohol or tylose binder, the oxidation represents 
a process controlled by the 1st order chemical kinetics. 

The conductometric determination of the course of burning out can find practieal 
application wherever the gravimetrie determination would be distorte<l by changes 
in weight not caused by combustion. 
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K ONDUK'J'OMETRICK:t STANOVENÍ OXIDACE ORGANICKÝCH LÁTEK 
PŘI JEJICH ODSTRAŇOVÁNÍ Z KERAMICKÝCH VÝROBKŮ 

Magdalena Vídenská, Ivo Světlík, ,Jaroslav Kutzendorfer 

Katedra techiwlogie silikátů, Vysoká škola chemickotechnologická, 166 28 Praha 

Prúběh odstraúování organických látek z keramických výrobků (např·. pojiv nebo plastifiká­
torů) lze s výhodou sledovat konduktometricky. 'fato metoda je založena na jímání vzniklého 
CO2 do vodného roztoku hydroxidu barnatého, kde vzniká sraženina uhličitanu barnatého. 
Tím dochází k poklesu elektrické vodivosti roztoku. Při eventuálním předávkování CO2 vzniká 
hydrogenuhličitan barnatý, čímž vodivost opět vzrůstá. 

Schéma použitého zařízení je na obr. 1. Vzorek je umístěn v trubkovém reaktoru, ve kterém 
lze docílit řízené atmosféry. Reaktor je vyhříván elektrickou pecí. Reakční zplodiny jsou vodeny 
do konduktometrické nádobky, kde jsou rozptylovány do absorpčního roztoku Ba(OH)i , ktný 
je převrstven petrolejem, 

Metodika stanovení oxidace uhlíkatých látek byla ověřena na vzorku oxidu zirkoničitého, 
pojeného polyvinylalkoholem, resp. tylózou. Ze získaných dat o vodivosti byl vytvořen poměr 
koncentrací x (rovnice 2), kde c - koncentrace oxidu uhličitého, �x - změna vodivosti absorpční­
ho roztoku, index O značí počáteční hodnotu. 

Vynesením logaritmu tohoto poměru oproti času -r podle vztahu (3) byly získány lineární 
závislosti, viz obr. 2, a z nich stanovena hodnota rychlostní konstanty k.

U vzorků, kteró před měřením nebyly temperovány v inertní atmosféře, není patrna téměř 
žádná teplotní závislost této veličiny: u temperovaných vzorků se projevuje maximum při 460 °C 
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To je zřejmě způsobeno suchou destilací pojiva, k níž dochází při temperací, a dále strukturním 
změnami při výpalu. 

Konduktometrická metoda se ukázala pro sledování oxidace organických látek v keramice 
jako perspektivní. 

Obr. 1. Schéma experimentálního uspořádání; 
1 - manostat, 2 - desoxidační kolona, 3 - průtokoměr, 4 - promývačka s koncentrovaným 
roztokem NaOH, 5 - vzduch, 6 - sušicí kolona, 7 - ukazatel teploty s termočlánkem Pt­
P�Rh 10, 8 - trubková pec, 9 - reaktor z křemenného skla, 10 - vzorek, 11 - regulační 
termočlánek Pt-PtRh 10, 12 - regulátor topení, 13 - autotrafo, 14 - konduktometrická 
nád,obka, 15 - kapilárový probublával, 16 - elektrody, 17 - výpust, 18 - konduktometr, 
19 - potenciometrický zapisovač, 20 - odtah, 21 termostat. 

Obr. 2. Závislost konstanty k (rovnice (3) na čase; 
o - bez temperace, tylóza; e-bez temperace, PVA; () -8 temperací, tylóza; () -stemperací
PVA.
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KEPA.MMlIECHHX II3JJ:EJII1fl 

�Iar,:1aJI0Ha BH,llOHcKa, l1Bo CBOTJIIIK, H pocnau Hy11eHJ:1opqiop 

Ka<fteopa mexHo,iocttll cu.n,u,;;amoe Xu.«ui.o-mexHo.1iocu1teci;oao u11,cmumyma, 166 28 Ilpaaa 

Ilponecc yp;a:ieHJrn opraHnqecm1x uern;ecTB H3 KepaMuqec1rnx H3AOJIHŘ (Hanp. BnlKyrn;nx 
HJUI nJiaCTHqJHKaTopou) MOlKRO C rrpeHMYH�OCTBOM HCCJIO.[(OBaTh KOlli.lYRTOMOTPH'IeCKH. 
JJ:aHHhlH MOTO,ll OCHOBh!BaOTCH Ra CO/UtpaHHH o6paayrorn;erocn C02 B BO,llHhlH pacTBOP rn;wo­
KCIJ)l;a ABYXB1\JIOHTHOro 6apHH, r,1c o6paayeTcH oca;:i;oK Kap6oHaTa 6ap1rn. B peayJihTUT0 
TOro IIOHHlKUOTCH ,JJIOKTJJOilJJOBOIJ.HOCTh pacTpoua. B cnyqao qpo3Mopnoií: A03Hp0BKH C02 
o6paayeTCH rHIJ.POKap6oHaT 6apirn, u peayJihTaTe qero OilHTh IIOBhlIIIaOTCH npOBO,llHMOCTb. 

CxeMa npuMOHHOMOH ycTaHOBim HaXO/J;HTCH na pne. 1. 06paaen IlOMOII(aeTCH u Tpy6qaTI,III 
poa1nop, B KOTOpOM MOlKHO noJiyqaTh ynpaBJIHOMYIO /lTMOC!pOpy. Poainop HarpouaCJTCH 
:mo1npH'IOCKOH IlO'lhIO. IlpOAYKThl poaKI(HH HanpaBJIHIOTCH B KOHAYKTOMOTpHqecKHM cocyp;, 
r;io i\l1CIICpn1pyroT B a6cop6I1HOHHh!IÍ pacTBop Ba(OH),, KOTOJ)blll llOKphlT CJIOCM Kepoc1rna. 

MeTOAHKa onpCIJ.OJIOHIIH OKCHJ);aJ�IUI yrnepOJJ;IICThIX BOII(Ot:TB npoBepHJIUCh Ha 06paar-1e 
OKCll,[\U q()TbipexBaJieHTHOI'O IIHJJKOHIIH, CBH3UHHOI'O ť IlOJIHBIIHIIJIOBblM CIIIIJ)TOM, IIJIII 
Tl!JI030H. Ma JTO:Jy<IOHHh!X AUHHI,IX OTHOCIITOJIHO rrpoBO.[\IIMOťTb BblBO.[(HJIII OTHOJlleHHO 
KOHl_(OHTpa1v1tt X (ypaBHOHl10 2), rp;e C - KOHIICHTpUI\IU! OKťUJla •reTblpoxBaJIOHTHOJ'O yrJTo­
pop;a, Áie - l13MOHOHl!e npoBO,[\IIMOCTl1 a6cop6I1HOHHOro pacTBopa, IIOKa3aTom, () 060:rna•iaeT 
HCXOAHYJO BOJill'IJ1H)'. 

Bb!HOCOHHC :rorapnTMa l(URHOro OTBOI!ICJHIIH Ha rpaqí11K B COIIOCT3BilOHHI! ,. BpeMeHOM 
ť01',l1l!"IIO OTHOIJJeHHIO (3) IIOJiyqaJillCh Jll!HOHHhTO :l:1BlfťlfMOCTII (ťM. p11c. 2), 11:1 I..OTO))b!X, 
ycTaHaBJIHBUJlH B0,1Il!'lllHY KOHCTUHThl C!WpOCTI! ,;. 

Y oGpa3I(OB, I{OTOphIO AO 113MOJJCHHH HO TeMnopupoBHJII! B 1rnepTHOIÍ: aTMOccf>epe, HO 
Bll,[\HH npm,Tll'!OCKII mrnamrn TOMrrepaTypHaH 3UBIICIIM0('.Tb ;i;amrnií: BeJJll'IIIHhT, y TOMrrepupo­
BHHHJ,IX oúpa3I(OB IIJJOHBJUICTCH Mam:HMYM rrpn TeMnepaType 460 °C. ::lTO oqeBH,[\HO Bhl3BaHO 
cyxoii m1porOHKOM BHmyn1ero, npOXOIJ.HII(eii npH TOMHepnpoBaHIIIJ, li ;1a:ree ťTpynTYPHhIMII 
113MCHťHllHMH np11 OUlKJirC. 

HoH,\YnTOMCTpH'lťCl{IllÍ MOTO/\ OnU3J,!BaOT!"il npu 11cr;re;10BaH1111 OnCl!,[\Ul\llll oprnuu­
'ICn;JJX BCIHCCTB B IW{HlMHKe BOťhMa nepcrrernHBHh[M. 

Pw·. I. C:ce.1ra a1,c11Ppu.HeHma,11,bHoen ynop.<iéJo'l.f'HuR; 1 -- .Iu11tocrnam, :! - rJecoi.ruiJr!lfl1011HaJJ 
h"O.IOHHll, 3 -- paCXOOOMep, 4 - npo.,Hh!ell,11,li:ll C h'OHl,iťrllťlf!Uf'OIJ!llillb!.!,,! fJ!lf"/ll(IOpO.H 
NaOH, 5 - eoaoy:c, 6 ··-·- ry;,m.%1taJi i.o.n,omca, 7 - nni.aaame.11,b me.Hn1·1>amypbi 
c mep.Hoa.u'.lt1'1tmoJ,t Pt-PtRh 10, 8 - mpy6,wma.'l IW'lb, 9 -- pea,;11wp ua ,;eap1+e,,oao 
cme1.,w, 10 -· 06paae4, .11 -·- peayJZRl.fUOHHb!U mep.1w;;1ie.1teHm Pt--PtRh 10, 1�' ·� 
peey.n,Rmop omorwen1u1. 13 -- aemompagfo, 14 -- 1>011fJyi.11w.1,,1.empu.,,ec1.ui1 cocyfJ, 
15 -· h·nnu.rnpHbiii 6ap6omep, 16 - ;;.ie1.mpoooi, 17 - - eunyc,;;Hoe om1Jepcmuf', 18 

KoHDy1.11w.iiemp, 19 - nome1t4uo.uempu1tec1.uit peaucmpamop, 20 -- maza, :!1 � 
mep.Mocmam. 

Pnr. :!. 3aeucu.Mncmb 1.oHrnWHmu K (ypaeHeHue (.'J)) om cpe.ueHu: o 6ea me.«nepupo-
1JanuR, rnu.n,oaa, • - 6ea me.1,,111epupoeaHuR, no,HWUHu,11,a,11,1,oao,11,b, () -- c me.Mnepoea­
Hue.11, mu.n,oaa, () - c me.«nepupoeaHue.«, no,iuuuHu,11,a1i1>02n,11,b. 
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