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THE pHAUXOSTAT
GH deVilliers

ABSTRACT

The pHauxostat technique for process control was proposed in the late nineteen fifties with a
theoretical explanation done by Martin and Hempfling in 1976. The theory was extended in 1985
(Rice & Hempfling), but concluded to be incomplete. The objective of this study was to develop a
theory for the pHauxostat and to investigate and explain the principles involved. This was done
by investigating the pH, as the controlled output variable, and the control methodology with the
feed system the manipulated input variable. Laboratory test work was conducted to verify a
proposed theory by using a chemically defined substrate. The technique was thereafter applied in
treating a petrochemical effluent in a demonstration plant, demonstrating the generality and

applicability of the theory and the pHauxostat technique.

The controlled pH of the reactor solution was found to be a function of the weak acids and bases
in the reactor solution and the strong acids and bases added to the substrate, in combination with
the chemical species removed from the substrate during biodegradation. A method proposed by
Loewenthal et al. (1991) that was developed for chemical conditioning, utilising solution and
subsystem alkalinities, proved to be successful in characterising the reactor solution in

combination with traditional equilibrium chemistry.

The pHauxostat control system was shown to keep the akalinity constant, resulting in a controlled
and constant difference in solution akalinity between the reactor and the substrate solutions. The
feed rate is controlled by this difference in combination with the akalinity generation rate. The
alkalinity generation rate is defined with a proposed akalinity yield coefficient, linking water
chemistry and growth kinetics. The akalinity yield coefficient indicates the amount of akalinity
generated per substrate removed, similarly to the conventional growth yield. The alkalinity yield
coefficient was successfully modelled by a theoretical akalinity yield coefficient, based on
oxidation-reduction half reactions as developed by McCarty (1975). This was shown to be true

when the change in alkalinity is mainly due to substrate removal.

The developed theory is based on akalinity, modelling the pHauxostat technique by completing a
mass balance on solution alkalinity. The model proved to accurately predict the results for the
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laboratory and the demonstration plant test work. The model is represented by the following

formula, respectively for layouts of a chemostat and a CSTR with biomass separation:

IsXcop YaLk / Yobs = SaLk-SaLko

and  isXcop Yark (1/8¢) /'Y obs = SaLk-SaLko

The growth limiting nutrient (S) may be a part of a weak acid/base subsystem or not, implicating
two methods of control. pHauxostats were categorised on this basis, giving Category A
pHauxostats with S = f(pH) and Category B pHauxostats with S # f(pH). The process for
Category A pHauxostats is controlled by the concentration of the growth limiting nutrient
(determined by the set point pH and the substrate composition), in combination with the difference
in the solution akalinities between the substrate and reactor solutions. The growth limiting
nutrient concentration for Category B pHauxostats, is not controlled but is a result of the control
system which is determined by the feed rate of the growth limiting nutrient and the difference in
the solution alkalinities.

The main contribution of this study is the analysis of the pHauxostat on an alkalinity basis and the
subsequent proposed theory with inclusion of an alkalinity yield coefficient. The alkalinity yield
coefficient is universal for biological processes in general. Calculation methods for chemical
characterisation of the reactor solution were determined together with a method to predict the
alkalinity yield coefficient by a theoretical alkalinity yield coefficient. The control methodology
was disclosed and pHauxostats were categorised. This study makes the modelling of the

pHauxostat technique possible and the implementation thereof, available to the water industry.
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DIE pHAUXOSTAT
GH deVilliers

SAMEVATTING

Die pHauxostat tegniek is in die laat negentien vyftigs voorgestel met 'n teoretiese beskrywing
deur Martin en Hempfling in 1976. Die teorie isin 1985 verbeter, maar met die gevolgtrekking
dat dit nie volledig is nie. Die doelstelling van hierdie studie was om die teorie te verbeter en die
beginsels van die beheermetode te verklaar. Dit is gedoen deur die beheerde uitset-veranderlike,
die pH, en die beheermetode van die gemanipuleerde inset-veranderlike, die voertempo, te
ondersoek.  Laboratoriumtoetse is met ‘n chemies-gedefinieerde substraat voltooi om 'n
voorgestelde teorie te verifieer. Die tegniek is ook in 'n demonstrasie-aanleg toegepas, met 'n
petrochemieseuitvlioeisel as substraat, om die algemeen toepasbaarheid van die teorie en die

tegniek te demonstreer.

Dit isgevind dat die beheerde reaktor pH 'n funksie is van die swak sure en basisse in oplossing en
die sterk sure en basisse in die substraat, in kombinasie met die chemiese spesies wat uit die
substraat verwyder word deur biodegradering. Die reaktoroplossing kon suksesvol gekarakteriseer
word met tradisionele ewewigschemie-metodes in kombinasie met 'n metode deur Loewenthal et
al. (1991) voorgestel (vir chemiese kondisionering), wat gebaseer is op oplossing- en subsisteem-
akaliniteit.

Die beheersisteem hou die alkaliniteit in die reaktoroplossing konstant en gevolglik ook die verskil
in die akaliniteit tussen die reaktor- en substraatoplossings. Die voertempo word beheer deur
hierdie verskil in kombinasie met die produksietempo van akaliniteit. Die produksietempo van
alkaliniteit word gedefinieer met 'n akaliniteits-opbrengs-koéffisiént, waardeur water chemie en
groelkinetika gekoppel word.  Die akaliniteits-opbrengs-koéffisiént verteenwoordig die
alkaliniteit wat gegenereer word per substraat verwyder, soortgelyk aan die konvensionele
selopbrengs-koéffisiént. Die akaliniteits-opbrengs-koéffisiént kon suksesvol met 'n teoretiese
alkaliniteits-opbrengs-koéffisiént gemodelleer word, wat op oksidasie-reduksie halfreaksies
gebaseer is, voorgestel deur McCarty (1975). Die gebruik daarvan is korrek indien die
alkaliniteits-opbrengs hoofsaaklik aan substraat verwydering toegeskryf kan word.

Die voorgestelde teorie word gebaseer op akaliniteit, waardeur die pHauxostat gemodelleer word

deur 'n massabalans op akaliniteit te voltooi. Die resultate van die laboratoriumtoetse en die
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demonstrasieaanleg is suksesvol deur die model voorspel en word deur die volgende formules

voorgestel, onderskeidelik vir uitlegte van 'n chemostaat en 'n volledig vermengde mengvat
reaktor met selhersirkulasie :

IsXcop Yaik /'Y obs = Satk-Satko
en isXcop Yaik (T/8¢) /'Y obs = SarLk-SaLko

Die groeibeperkende nutrient (S) kan 6f deel uitmaak van 'n swaksuur/basi s subsisteem of nie, wat
twee moontlike beheermetodes impliseer. pHauxostate is op grond hiervan geklassifiseer met S =
f(pH) vir 'n Kategorie A pHauxostat, en S # f(pH) vir 'n Kategorie B pHauxostat. Die voertempo
vir 'n Kategorie A pHauxostat word deur die konsentrasie van die groeibeperkende nutrient
beheer, en word bepaal deur die beheerde pH-waarde en die substraat samestelling, in kombinasie
met die verskil in die alkaliniteit tussen die reaktor- en substraatoplossings. Die groeibeperkende
nutrient konsentrasie vir 'n Katergorie B pHauxostat word nie beheer nie maar is die gevolg van
die beheersisteem, wat bepaal word deur die voertempo van die groeibeperkende nutrient en die
verskil in die alkaliniteit tussen die reaktor- en substraatopl ossings.

Die belangrikste bydrae van hierdie studie is die analisering van die pHauxostat op 'n akaliniteits
basis en die gevolglike voorgestelde teorie, met die induiting van 'n akaliniteits-opbrengs-
koéffisént. Die akaliniteits-opbrengs-koéffisiént is universeel en kan in modellering van
biologiese prosesse in die algemeen gebruik word. Die berekeningsmetodes vir die
karakterisering van die reaktoroplossing is bepaal en 'n teoretiese akaliniteits-opbrengs-
koéffisiént is ontwikkel vir die voorspelling van die alkaliniteits-opbrengs-koéffisiént. Die
beheermetode van die pHauxostat word in die studie verklaar en pHauxostate word
gekategoriseer. Hierdie studie maak die modellering van die pHauxostat en die toepassing

daarvan moontlik.
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