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INTRODUCTION

The motivation for a technology transfer project to promote the use of chemical speciation
arose from a previous Water Research Commission project, No 319 Phase Diagrams of
Complex Precipitates (with special emphasis on the use of chemical speciation modeling).
Dunng that project the use of a3 computer model to obtain a speciated chemical analysis was
introduced to a number of individuals and organisations concerned with the water industry
For many people the concept of chemical speciation was new, while others, although familiar
with the principles of chemical speciation, lacked a practical tool to obtain speciation
information. A need was thus identified to inform people about the benefits of having a fully
speciated chemical analysis and to provide them with a tool to obtain such data.

A quantitative knowledge of the chemical composition of a water system and its interaction
with its surroundings is essential for the understanding of phenomena as diverse as -
bioavailability and nutrient cycling, biotoxicity, scaling and corrosion, ground water quality,
leachate attenuation, water treatment and chemical dosing, desalination and effluent treatment.
The complexity of water systems 18 such that the use of basic chemical equilibrium theory is
inhibited by the lack of complete equilibrium data and the ability to solve mathematically the
individual equilibrium equations. In South Africa, PC-based computer models such as
STASOFT (WRC/ESKOM), AQUACHEM (Chamber of Mines Research Organisation) have
been written for specific and well defined situations. They can not be used to solve general
speciation applications. JESS (CSIR) can be used for general applications but is a mainframe
based program.

The US. EPA Centre for Exposure Assessment Modeling (CEAM) developed a PC-based
general geochemical speciation program - MINTEQA2.  This program can be used to
calculate the equilibium composition of laboratory solutions or natural aquatic systems.
There are 91 chemical components currently available in MINTEQAZ2 and an additional 25
components that are specific to certain of the adsorption submodels The chemical
components include major ions commonly found in natural aqueous systems (Ca, Fe, S, etc)
as well as thirteen trace metals/metalloids of particular interest to environmental problems

( Ag, As, Ba, Cd, Cr, Cu, Hg, Ni, Pb, Sb, Se, Tl, Zn ) and other metals. Organic ligands of
significant affinity for metal complexing are also included MINTEQA2 is accompanied by a
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thermodynamic data base of over | 400 species each involving two or more components
Additional components and equilibrium constants can be added. The program can be used to
calculate the mass distribution at equilibrium among dissolved, adsorbed and solid phases
under a vanety of conditions. Specified values of pH, redox potential, partial pressure of gas
phases and solid phases can be imposed on the system  The relative saturation indices of the

possible solid phases are calculated and the total dissolved concentrations are corrected for the
mass of precipitated solids,

The mode! can be used by persons possessing a scientific or engineering background with
some exposure 10 inorganic chemistry and thermodynamics

The Pollution Research Group had been using MINTEQA2 (and its precursor program
MINEQL) for a number of years to analyse problems such as, fouling in reverse osmosis and
evaporation systems, ground water pollution from vanadium pentoxide production, and
sulphate and heavy metal removal using barium carbonate and calcium hydroxide

MINTEQA2 was chosen as the best available vehicle to introduce the concept of using a
computer program to obtain a fully speciated chemical analysis. The program was readily
available at no cost and Pollution Research Group personnel possessed the expertise in use of
the program to a level that would allow effective transfer of the methodology involved in
using the program. It was envisaged that the ability to determine the chemical species present
in water bodies, leachates and effluents would be of advantage to bodies such as government
agencies, water authorities, mining houses, consultants, biologists, agnculturists and
industnalists and would be useful in a wide range of applications (Table 1)

The aim of the project was to encourage and promote the use,in South Africa, of the chemical
speciation program MINTEQA2. This was to be achieved by

(1) the dissemination of the capabilities of the chemical equilibnium speciation
program MINTEQA2.

(1)  holding workshops on the theoretical basis and practical use of MINTEQAZ2.

(i)  providing back-up support for MINTEQA2 users, through establishment of a
help-desk or electronic bulletin board.



(iv)  acting as a link between the United States Environmental Protection Agency
(US EPA) and South African users

(v)  supporting other WRC projects which require a knowledge of chemical
speciation

TABLE 1 : Possible arcas of application for MINTEQA2

Areas of Application Type of Information

Soil scienceand | The ability of different soil types 1o adsorb metals can be evaluated

imgation ‘ This has implications for metal cycling and bio-uptake of potential
. pollutants.

Acd rain atenuation iTheeﬂectsofnca‘:lmuol;romid\nu:tcocwommnotsocl

adsorbing capacity can be modelled enabling attenuation plumes to

be delincated.
Solid waste disposal. | The interaction between ground waters and leachates from waste
ground water disposal sites or mine dumps can be evaluated.
modeling, acid mine
run-off
Receiving water The potential for pollution can be evaluated through a knowledge

quality assessments of dominant chemical species present.  The effect of receving
and pollution risk water properues such as. pH, Eh and water hardness on the

assessment disinbution of species can be modelled.

Water and waste New treatment processes can be modelled and their effectivencss

water treatment assessed.  The cffect of proposed changes 10 an existing treatment
process can be evaluated.

Aquatic ecosystem Where sufficient data exists, the entire aquatic ecosystem can be

modeling modelled. Combined with areas such as plant physiology. zoology,

epidemiology chemical speciation modeling would provide the
means of establishing base line data for eavironmental monitonng.

Desalination The effects of increasing ionic strength on species mobility,
precipitation potential and osmotic pressure can be cvaluated
Such information has implications for plant design and operation
and can be used 10 assess pnontics and courses of action.

Sewage treatment The uptake of heavy metals on biomass and struvite precipitation
can be modelied.

MINTEQA2 WORKSHOPS

Throughout the duration of the project, a number of workshops, varying in length from | to 3
days, were held Where possible participants had sole access to a computer, or else two
people shared a computer One person to a computer was preferable, as when shanng, one



participant generally tended to play a more passive role and did not derive the same hands-on
benefit Representatives of the following organisations or companies have attended a
MINTEQA2 workshop

Date Organisation |
March 1993 Rand Mines (Gold. Coal and Exploration Divisions) |
May 1993  Water [nstitute of Southern Africa Conference Workshop ‘
August 1993 | Waites, Meiring and Barnard INC. (Consulting Engineers) ‘
August 1993 Pulles, Howard and De Lange (PHD) (Consulting Engineers)
August 1993 Department of Water Affairs and Forestry - Natal Pollution Control Directorate |
September 1993 Umgeni Water (Water Quality and Process Services Sections) l
September 1993 Rand Water Board (Water Planning and Process Services Sections) i
September, 1993 South Afnican Hydrological Symposium Workshop }
May 1994 |Rhodes University ( Institute for Waser Research ) :
Jupe 1994 ' Afniwater Conference Workshop |
August 1993 | Amcoal and JCI ( Geohydrologists)
September 1994 Department of Water Affairs ( Institute for Water Quality Studies)
September 1994 Goldficlds and Anglo Amernican Research Laboratones (Corporate Services)

A full list of delegates who have attended these workshops is given in Appendix 1 Instruction
at the workshops was given through specially prepared manuals (Appendix 2 and 3) For
a | day workshop an introductory manual was used but for longer courses, an additional
manual, compnsing more advanced problems and case histories was compiled The
background to the problems was changed to match the potential use of speciation by the
different participants. The layout of the manuals was such that a basic chemical problem was
presented. Instructions and hints on how to present the problem to the computer model were
given and generally some questions were required to be answered The aim in providing set
tasks was 1o ensure that delegates developed an interactive role with the program and became
familiar with the output files and where to obtain information in them.  Guidance was given in
translating the numerical chemical solution to the problem back into the real world situation.

The need to evaluate whether, in the participants experience, the predicted solution was
sensible and meaningful was emphasised.  As experience in conducting the workshops was
gained, this aspect became of increasing importance.  This situation reaffirmed for course
leaders that the philosophy of helping people to solve problems of which they had a detailed
knowledge and understanding was the correct approach. At the end of a workshop,
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participants were given the EPA's MINTEQA2 User's Manual and a copy of the MINTEQA2
program

DISTRIBUTION OF MINTEQA2

In addition to holding MINTEQA2 workshops, copies of the program and User's Manual,
together with the prepared manuals and relevant literature, were distributed on request 10 a
wide variety of potential users. A list of people to whom MINTEQA2 was distributed is given
in Appendix 4  In several cases, recipients later requested attendance at a workshop. The
main reason for this was that in their work situation, potential users often did not have
sufficient uninterrupted time to spend becoming familiar with the program and that they felt
that attendance at a one-off workshop would leapfrog their skills in using the program to a
level that they could competently make use of the program in their work

The program and User's Manual was also made available through the Computing Centre for
Water Research at the University of Natal, Pietermantzburg (See Electronic
Communications)

ELECTRONIC COMMUNICATIONS

During 1993, an Internet File Transfer Protocol (FTP) site was established on the mainframe
computer of the Computing Centre for Water Research (CCWR) at the University of Natal,
Pietermaritzburg  Personnel from the CCWR modified the computer code to enable the
program to be run on their computer. Through this facility, MINTEQAZ2 can be accessed by
users in remote centres. CCWR records show that this facility was used 11 times dunng the
duration of the project. Users obtaining copies of or using MINTEQA2 through the CCWR
came from Germany, France, Puerto Rica, United States of America and South Afnica It
would appear that this facility has not yet reached its full potential, mostly because, apart from
academic institutions, electronic communications are only now becoming more readily
available to potential industrial users Company security regulations regarding computer
access have also hampered free flow and usage of this facility.  This situation should improve

with the current explosion in electronic communications and the availability of user-friendly
software 10 access remote nodes The structure for future expansion and development of this
facility has been set in place.



PROJECT SUPPORT AND CONSULTING

Project support was given to several other WRC projects where chemical speciation was
required These included -

¢ WRC Project No 325, Research on the Modelling of Tubular Reverse Osmosts Systems.

¢ WRC Project No 308, Research imto the Recovery of Water and Chemicals from lon
Exchange Regeneration Effluents

This co-operation and interaction has been productive and resuited in the following
preliminary reports -

* How to add Cl, (g), Cl, fag), HOCL and OCl to the MINTEQA2 Thermodynamic
Database (Appendix )

* Prediction of Conductivity from Equilibrium lonic Speciation (Appendix 6)

Assistance was also given to an Eskom funded project, undenaken by the PRG, entitled
On-site Evaluation of Anion-free Flocculams for Industrial Cooling Systems.  Mrs Jenny
Reeves, Eskom, Technology Research Investigations (TRI), is currently using MINTEQA2 to
model the cooling water circuit at Matla Power station This work is part of a corporate
project and will be included in Mrs Reeves' MSc Eng thesis (University of Natal). Mr Donald
Vinnecombe, also from Eskom TRI has used MINTEQA2 to model ettnngite precipitation as
part of a corporate project on sulphate removal from cooling waters A Sasol bursar, Mr
Peter Gordon, is currently using chemical speciation to examine potential scalants in process
cooling water at Secunda. This work will be presented as part of an MSc Eng thesis at the
University of Natal. Postgraduate students from the Department of Chemistry, University of
Natal, Durban were assisted in their study of the speciation of chelating chemicals.

In 1993, a course in Water Pollution Studies was given to Geology honours students at the
University of Natal, Durban.  The use of chemical speciation and in particular the program,
MINTEQA2, formed the practical component of this course

Specialist consulting was undertaken on a number of industrial problems. Debex Desalination
requested that chemical modeling of the predicted composition of effluent streams which will
be generated at Columbus Stainless Steel plant be undertaken. Simulation of the effect of
water softening on mine water from Kleinkoppie Colliery was aiso evaluated for Debex



Desalination. The feed to a new reverse osmosis plant at Secunda was modelled for Sasol to
predict any potential scalants and to evaluate the effectiveness of proposed pretreatment
schemes This work was encouraging and indicated that success had been achieved in
addressing one of the project aims, notably to create an awareness of the benefits of chemical
speciation and in particular of the capabilities of the chemical equilibrium speciation program
MINTEQA2

FEEDBACK

Participants at initial MINTEQA2 workshops were asked 1o complete a questionnaire relating
to the content and presentation of the workshop. The aim was to gather information which
could be used to improve workshop matenal. A copy of the questionnaire is given in
Appendix 7 Analysis of the answers received showed that, particularly for one day
workshops, results were often ambiguous, with answers from different sections of the
questionnaire contradicting each other, for example, replies often indicated that participants
found the workshop too intensive, yet more examples were requested. A possible explanation
for this is that the questionnaire was not scientifically structured  For future technology
transfer projects of this nature, a professionally constructed questionnaire should be
considered, if reliable feedback data is required.  In general, feedback was positive and the
workshops were well received  Many of the course participants were senior managers and
stated that they attended the course to obtain an appreciation of the technique and its
relevance to their activities. They envisaged that while they would not personally run the
program, they would use the results and that they would require a more junior person to
become the organisation’s specialist

ACHIEVEMENTS

The success of any technology transfer project is difficult to assess as the benefits of the skills
taught to people may not become apparent for some time. Perhaps the best indicator of the
success of the project lies in the number and in the varied backgrounds of participants in the
MINTEQA2 workshops Many of the participants were key personnel and decision makers
in their jobs and generally felt that chemical speciation of their chemical data would be of
considerable benefit to them in understanding the behaviour of the various water and effluent
streams they dealt with It will be some time before it can be assessed whether the initial



enthusiasm has been translated into the workplace. However indications are that an
appreciation of the insight provided by a speciated water analysis has been created.

Dr Kuhn from the Department of Water Affairs and Forestry’s Institute for Water Quality
Studies (IWQS) has indicated that she perceives an increasing need for quantitative aquatic
chemistry to be applied as a tool in data processing and charactensing quality of water
resources, in water resource management, and possible extension of the technique into the
area of establishing water quality guidelines and permit allocation  Dr Carolyn Palmer from
Rhodes University's Institute for Water Research has indicated that she considers specialist
input and training on quantitative aquatic chemistry will be necessary to understand the
relationship between suiphate chemistry and metal speciation in the Kruger National Park
Rivers project. Both these organisations have indicated that they would be initiating projects
to extend their use of chemical speciation.

Water consultants who attended the courses realised, that in view of the US EPA's
recommendation that MINTEQA2 be used to evaluate the fate of pollutants and for nsk
assessment, MINTEQA2 would become an essential tool for their consulting work.

Mr Gravelet-Blondin, Department of Water Affairs, Durban has an appreciation of the
capabilities of MINTEQA2 and its potential for assessing future permit applications.

Mr Martin Prior and Mrs Sue Freese, Umgeni Water, are using MINTEQA2 to model
adsorption of taste and odour compounds onto activated carbon

Eskom are considering using chemical speciation for quality assurance as it provides a reliable
check on the cation/anion balance of their water analysis and envisage that the provision of a
speciated water analysis would become part of their Laboratory Information Management
System (LIMS). It is proposed that Mrs Jenny Reeves will provide technology transfer of the
technique to all the power station chemists by 1996,

Chemical speciation modeling will form part of the Water Utilisation Engineering
postgraduate course at the University of Pretoria and part of the Honours Environmental
Geology course at the University of Natal, Durban in 1995 It is being considered for



inclusion in the proposed Water Pollution Master of Science course at the University of
Durban-Westville

RECOMMENDATIONS

Enhanced User Interface

A frequent comment by people who have attended the courses (and those that received the
MINTEQA2 program and manuals up to a year in advance) was the difficulty in using the
program without pnor training. Compared to other general purpose chemical speciation
models, MINTEQAZ is easy to use  The perception that MINTEQA2 is user-unfriendly
arises from the fact that most people have become comfortable working within a Windows
environment. While MINTEQA2 can be run through Windows, it does not lend itself easily
1o the cut/paste facilities of programs designed 1o work within the Windows framework and
which people have come to expect as norm. In order to make MINTEQA2 more acceptable
to users it is recommended that -

* MINTEQA2 be rewritten in a PC Windows environment and that the needs of aquatic
scientists be taken into account in designing the user interface

¢ provision is made for the incorporation of experimental results into its database This
aspect is important for aquatic scientists to enable calibration of the model to site
specific conditions.

* modifications to the program should be undertaken in consultation with organisations
such as the Department of Water Affairs and Forestry's Institute for Water Quality
Studies (IWQS), so that the product meets the needs of future users

These recommendations have been made because there is an indication from the US EPA
that further support and development of the program is unlikely. Thus it fails to the users of
the program to develop it further The undertaking of this task would result in considerable
capacity and resource building for the aquatic scientific community.

Enhancing the Value of Chemical Data

Current environmental resource management research projects, such as the Kruger National
Park Rivers Project, involve chemical analysis of natural water sources Frequently an
overview of the chemistry of these waters is lost because there is no integration of chemical
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data, or researchers are not aware of which chemical parameters are significant to a particular
water system. The use of MINTEQA2 to provide speciated chemical analyses would
highlight which chemical parameters and which physico-chemical mechanisms control a given
water system and provide a tool to unify chemical results and turn raw chemical data into
useful information. This information is essential to set discharge limits and to identify the
necessary determinands for water quality monitoring. ~ Areas where chemical data is lacking
would also be highlighted. The use of MINTEQA2 to enhance the value of chemical data
should be encouraged.

Extended Application of MINTEQA2

It is recommended that support and specialist input in the field of chemical speciation be given
to as wide a range of aquatic problems as possible. Some specific areas of research to extend
the application of MINTEQA2 are -

¢ calibration of the speciation model to represent high priority South African waters. If
calibration for South African waters is unsuccessful this would generate a further area of
investigation

¢ the role of chemical speciation in toxicity studies

* aquatic chemistry of natural and artificial wetlands

* immobilisation of heavy metals in the aquatic environment

¢ fate of phosphate in impoundments. The results from WRC Project No 465, Detergent
Phosphorous in South Africa : Impact on Eutrophication with Specific Reference to the
Umgeni Catchment illustrated that MINTEQA2 could be used successfully to study the
fate of phosphate in a fresh water impoundment (Inanda Dam). Extension of this work.
particularly the role of sediment adsorption, would provide a model for other
impoundments.

Aspects of these topics are already the subject of ongoing research in South Africa.  The use
of computer chemical modeling would ennch existing research programes and ensure
continuity in modeling skills



Production of a Self Study Guide

Many participants at the MINTEQA2 workshops were high level managers who envisaged
that in-house expertise in chemical modeling would be required, probably from more junior
members of their organisation. The MINTEQA2 User's Manual is unsatisfactory as a teaching
tool, being largely concerned with the how to of entering data and running the program A self
study guide containing examples where MINTEQA2 has been used to solve real world
problems, would not only have a teaching role but would broaden the potential areas of
application of MINTEQA2  Such a guide would allow a planned phasing out of WRC
involvement in promoting chemical modeling while ensuring that the expertise gained in the
use of MINTEQAZ2 would be available for the next generation of potential users

Maintenance of an Internet FTP Site

The current explosion in the use of electronic communications should be exploited. It is
recommended that a MINTEQAZ page or Chemical Speciation User Group be maintained and
housed on the CCWR computer  Much in the same way as the Electronic Menbrane
[nformation Library (EMILY) has demonstrated the power and benefits to the membrane
community of a collective repository for information, a Chemical Speciation User Group FTP
site could be used to hold vanious chemical speciation models, manuals, and worked examples.
A list of researchers engaged in chemical speciation studies could be developed and future
researchers on WRC projects could be encouraged to use the FTP site and to develop and
extend the information stored there. Through this site the manuals currently stored there,
could be upgraded and made more relevant to South African conditions by the inclusion of
case histories. The site would eventually become self sustaining and become an interactive
problem solving forum. It is recommended that all WRC projects using speciation archive
their speciation results on the CCWR site

Distribution of Available Software

MINTEQA?2 has been used in several WRC projects. In addition, several new computer
programs have resulted from research funded by the WRC. They include, STASOFT,
IMPULSE and PREMSEP. It is recommended that copies of these programs be distnibuted



at local conferences for the water community at a WRC stall  This would ensure continued

technology transfer at minimal cost
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Attendance at MINTEQA2 Workshops

The following people have attended a MINTEQA2 Workshop

Name Contact Address
Rand Mines, Randgold House, March, 1993
Ms Elizabeth Roberts Rand Mines (Douglas)
Mr Trevor Ochtman Rand Mines (Douglas)
Mz Brian Cook Rand Gold & Explotation
Mr Chnis Theart Rand Mines (Duvha)
Mr John Bamnett Rand Mines (ERPM)
Mr Brett du Tout Rand Mines (ERPM)
Mr Ken McVey Rand Mines Milling and Mining
‘Mr Wayne Hatton-Jones Rand Mines (Harmony)
‘Mr Graham Trusler Rand Mines Environmental Officer

'WISA Conference, May 1993

| MrFJdu Tout

SASTECH Navorsing, P O Box |, Sasolburg. 9570

| Mr W D Saunders SASTECH Navorsing. P O Box 1, Sasolburg. 9570
'iwc.udurm SASTECH Navorsing. P O Box 1, Sasolburg, 9570

Dr S J ] Geldenhuis SRK

Ms Karen Pearce CSIR

Mr Milos Penic Energy Laboratory Rand Afnkaans University

Mr Jurgen Menge Mumnicipality of Windoek. PO Box 59, Windock, Namabia
Prof Paul Coetzee Department of Chemistry, Rand Afnkaans University
Dr Herman Wiechers Steward Scott

Mr Chris Swan WaterTek

Mr Mark Graham Umgeni Water

‘Waites, Meiring and Barnard INC., August 1993

Mr Toay Leske Waites Meiring and Barnard, PO Box 74397, Lynwood Ridge, 0040
Mr A M van Nickerk Waites Meiring and Barnard

Mt Steve Wilkens Waites Meiring and Barnard

Ms Praveshins Rajendra Dept of Water Affairs, Private Bag X313, Pretoria 0001
Me R Naidoo Dept of Water Affairs, Private Bag X313, Pretona 0001
Department of Water Affairs, Durban office, August 1993

Ms Fiona McCory

Ms Angela Rankin

Ms Georgina King

Mt Carl Beath

Mr Ashwin Seetal

Mr Hasoon Karodia

Mr Cednc Boarchards




Mr Pat Reddy

6th South African National Hydrological Symposium, September, 1993

Dr Chns Dickens Umgeni Water

M John Howard Umgeni Water

Ms Sue Freese Umgeni Water

Ms Brigetta Voights Umgeni Water

Ms Manu Pillay Umgeni Water

[Post graduate Student Centre for Waste Africa, University of Natal, Pictermantzburg
Post Graduate Student Centre for Waste Afnica, University of Natal, Pietermanitzburg
Mr Faroz Swalaha Department of Microbiology, University of Durban Westville
Mr Alfred Netshivhumbe Department of Agronomy, University of Natal, Pictermantzburg
Pulles, Howard and DeLange, September 1993

Mr Graham Trussler

Dr Herman Weichers

Mr Louis Delange

Rand Water Board, September 1993

Mr Norman Acton Rand Water Board

Mr Tony Bailey Rand Water Board

Dr Casie Brits Rand Water Board

Ms Bettina Chale Rand Water Board

Ms Elfniede Giard Rand Water Board

Mr Machiel Stevnberg Rand Water Board

Rhodes University, May 1994

Dr C Paimer Rhodes University

3 postgraduate students Rhodes University

Afriwater Conference, June 1994

Mr E. Hardwick IONCHEM. PO Box 446, Isando, 1600

Mr J. Lass PHD, PO BOx 961, Auckland Park, 2006
Mrs A, Fowles MINTEK, Private Bag X3015, Randburg, 2125
Ms S Lee MINTEK, Private Bag X3015, Randburg, 2125
DrK. Sole MINTEK. Private Bag X3015, Randburg, 2125
Mt N de Beer MINTEK. Private Bag X3015, Randburg, 2125
Dr M Wentze! Water Research Group, Dept of Civil Engineering. Unaversity of
r) Cape Town, Rondebosch, 7700

Dr T.D. Wickins Impala Platinum Mines, Brackpan
AMCOAL, 30th August - 15t September 1994

Mr Richard Sman

Mr Brent Baxter

{MtSmmT'unm

‘Mr Daniel Limpitlaw

Mr Edward Nefale

Mr Mark Surman Johannesburg Consolidated (JCT)




Institute for Water Quality Studies. 6th - $th September 1994
Mr Sebastian Jooste

!Ms Thanna Seymore
Ms Fia Swan

Ms Vicky van der Merwe
Anglo American Research Laboratories, 20th -21st September 1994
Mr Jake Pressly
Goldfields, 20th - 215t September 1994
Mr Andrew McLaren

In addition MINTEQAZ courses have been given to postgraduate students from the
Department of Geography and Environmental Sciences, the Department of Geology and
Applied Geology, and the Department of Chemical Engineering, University of Natal, Durban.
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Introduction to MINTEQA2

V3.1l

A geochemical equilibrium speciation program developed by
the U S. Environmental Protection Agency

A WORKSHOP HELD AT AFRIWATER
JUNE 1994
POLLUTIQN RESEARCH GROUP,
DEPARTMENT OF CHEMICAL ENGINEERING
UNIVERSITY OF NATAL, DURBAN

FAX : 03] 260-1118
E-MAIL BUCKLEY@CHE UND AC.ZA
KERR@CHE UND AC.ZA
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Exercise 1 : add 0.01 M of sulphuric acid to water
Objectives
¢ mntroduction to PRODEFA2, default options

¢ introduction to MINTEQA2, autput

* calculare pH of a solution

Hints

¢ Create an input file called EX1 in Prodefa2

* Edit level ] screen will appear

* Browse through the options even if you want to select the default value. For this prablem
Temperature 25 °C
Concentration units, molar
Solids are not allowed to precipitate
Select [ntermediate output option

¢ After you have set up the conditions for the problem,

¢ press enter to proceed to next screen, which is the MAIN MENU

* Select EDIT LEVEL Il
¢ Select AQUEOUS COMPONENTS
Specify components with known TOTAL DISSOLVED CONCENTRATIONS.
The components for this problem are:
H =002

SO°, =001 and
H.O. DO NOT enter water. It will be added automatically.
Return to EDIT LEVEL Il and enter R to return to MAIN MENU

.

Select EDIT LEVEL 111 and check your entry. Correct any errors and enter R to return to
MAIN MENU

X to exit PRODEFA2 and enter MINRUN

Input file name EXI1

Ourput file name EX1.0UT

.



Output
View the output file, X1.OUT. with EDITOR-E or other suitable program such as PCTOOLS

The output files import easily into Wordperfect.

1 List the species present in the water, together with their concentrations

Species Concentration |

|
|

9

What is the pH of the solution?

Note: The pH is given in Part 5 of the output file. It can also be found in Part 3, Type | -
COMPONENTS AS SPECIES IN SOLUTION, as the log actmvity of the
component H™. Type | species refers to those components which are present as free
ions in solution

3. What is the sulphuric acid concentration in g/

.




PART 1 of QUTPUT FILE
PC WINTEQAZ +3.10 CATE OF CALCULATIONS: 10-mAR-93 Timg: 8:24:37

Aod 0.0 noles of sulphurtic acid o waler (ANG)

........................................... N T I I I I Tmm

Tesmperature (Calsius): 25,00
uni s 2f concentration: MCLAL
fenic strength to be compured,
it specifieg, cartonate concentraticn represents total indrganic carben,
Do mot automatically terminate (f charge imbelarce eaceeds 30X
Precipitation is allowed only for those solics specified as ALLOVED
in the rout file (if any).
The naxlmgm uroer of 1terations is: 200
The nethod uted 10 compute activity coefficients is: Davies equation
Intersediate cutput file
330 2.0C0€-02 1,70y
732 1.000€-02 2.0y
H20 has been inserted a5 a COMPONENT
INPUT DATA BEFCRE TYPE MODIFICATIONS

10 NAME ACTIVIPY GUESS LOG GUESS  ANAL TOTAL
330 wet 1.99%6-02 L7000 2.000€-02
s T3 * BT 1,000€-02 ~2.000 1,000€-02

¢ %o 1,00Ce+00 0.000 0.000€-01

Charge Salance: UNSPECIATED
Sum of CATICNS= 2, 000€-02 Sum of ANIONS = 2.000€-02
PERCENT QIFFERENCE = Q. O0CE-O1 (ANIONS - CATIONS)/(ANIONS « CATIONS)

| IMPROVED ACTIVITY GUESSES PRIDR TO FIAST ITERATICN: |
| S04-2 Log activity guess: -2.47 i
I !

B L R R R 8

PART 3 of QUTPUT FILE
PC MINTEQAZ w3.10  OATE OF CALCULATIONS: 10-maR-93 TimE: 8:28:48

PARAMETERS OF THE COMPONENT mMOST OUT OF BALANCE:

LTER NANE TATAL mOL DIFF Fxn  LOG ACTYTY RESIOUAL
9 wi 2.000¢-02 6.5:70-03 *1.70000 §.54%£-03
to8%-2 1,000€-02 -3.784€-04 -2.39047 1.77eE-04
2 042 1.00Ce-02 3.862€-03 r2.37627 3.851€-03
3 osos-2 1,000€-02 2.800¢-04 <2.50300 2.790€-0%
10 NANE ANAL WGy CaLl WL LOG ACTVTY CAmma DIFF FUN

330 w1 2.CO0E-02 1,%426-02 -1.87389  0.88T202 L. 8068-07



= 1

732 S0k-2 1.000e-02 %.4188-03 -2.5134 0.%565564 &.D13E-07
2 W G-300E-01 -3.861E-13 -0.00022 1.00C000 0.CO0E-0!

*voe 1 - CIMPCNENTS AS SPEZIES IN SOLUTION

o NAME CALC WL ACTLVITY  LCC ACTYTY LAmmA NEW LOGK
330 Met 1.9426-02 1.337%-02 -1.37389 0.B6720 0.C&2
T2 soM-2 $.4186-05 3,083¢-03 -2.5t381  0.505356 0.248

Tyoe 11 - QTHER SPECIES [w SOLUTICN CR ADSORBED

D NAME CALC mOL  ACTIVETY LOC ACTYTY GAMMA NEW LOGK
3307320 wsok - 6. 58Le-03 3.97Se-03 “2.400486  0,85720 2.04%
3300020 Cw- 8.66V€-13 7. 511E-13  -12.12433  0.8720 -13.936

................... R I N

Tyoe [[] - SPECIES WITH FIXED ACTIVITY
0 NAME SALL MOL LOO MOL  NEW LOGK ON
2 w22 -8 _4618-13 - 12,042 0.000 0.000°L

PARF & of QUTPUT FILE
PC MINTEQA2 vI. 10  OATE OF CALCULATIONS: tO-MAR-93 Trmg: 8:28:48

PERCENTAGE DISTAISUTION CF COMPONENTS ANCNG
TYPE | and TYPE [l (dissolved and adsorbed) species

nel ma PERCENT BOUND [N SPECIES & 330 wed
2.9 PERCENT BOUND IN SPECIES #3307320 WS04 -

SC4-2 6.2 PEACENT B0UND IN SPECIES # 32 soe-2
45.8 PEACENT SOUND IN SPECIES #3307320  wSOA -

w20 100.0 PEACENT SOUND IN SPECIES #1300020 oN-

L

PART § of QUTPUT FILE
PC MINTECAZ w3,10  DATE OF CALCULATIONS: 10-MAR-93 TIME: 8:28:64

R R I R R R

sreveawnver EOUILIBRATED MASS DISTRIBUTICN rovrrovr-vs

10X NAME DIsSOLvED SORBED PRECIPITATED
MCL/KG  PERCENT MOL/XGC  PERCENT MOL/XG  PERCENT
3N A 2.000E-02 100.0 0,000€-0 0.0 0.000€-01 0.0
732 50%-2 1,0006-02 00,0 0,000€-01 0.0 0,000€-01 Q.0
2 Wo 8.4616-13  100.0 0.000€-D1 0.9 0.000E-DV 0.0

Charge Balance: SPECIATED
Sun of CATICNS =  1,542E-02 Sum of ANIONS  1,.542¢-02
PERCENT DIFFERENCE =  1.089€-03 (ANIONS - CATIONS)/(ANIONS = CATIONS)
ESUILIBRILM LONIC STRENGTH {m) »  2,083€-02
TaUIIISRIUM pA « L3
A im0 e bt oI 3 DL

TIVE oS¢ NOMERA: E R T I RS




PART & of QUTPUT FILE
FC MINTECAZ v3.90 OATE OF CALCULATIONS: 10-MAR-93 TImE: B:28:4%5

Exercise 2: Add lime (portlandite) to water (RM2)
Objectives
* .impose an infinite solid

¢ - determine how much of an infinite solid dissolves in attaining equilibrium with water

Hints

* - create an input file called EX2

- select INFINITE SOLID option from Edit Level 2

- choose the solid Portlandite (Ca(OH).) to represent lime
- change log K? N

- change enthalpy? N

- check entry in Edit Level 3
- exit Prodefa2

.

Output
1 What is the chemical formula of a) portlandite b) lime

|Portiandite I

2 How many moles of portlandite dissolved per kg of water?

3 Verify this by finding all the soluble Ca species and adding up their concentrations

D Species Concentration

| Total




N

4 Verify that the solution is saturated with portlandite.

MINTEQA?2 reponts the Saturation Index (SI)

SI=log IAP - log K, (where IAP is lon Activity Product)
If SI <0, then the solution is undersaturated

If SI > 0, then the solution is oversaturated

If SI = 0, then the solution is in equilibrium with the solid.
What is the pH of water saturated with lime?




-t

PART T of QUTPUT FILE

PC MINTEQAZ w3.10 OATE OF CALCULATIONS: 9mAR-9S 71mE: 14: 0:52

Ading (ime (POrTlLangiTe) 12 water IO make 3 SATUrated solution

.............................................................. YT ERYTETTr R RYTEA Y

Temperature (Celsius): 25.30
Units of concentration: MOLAL
ionic strength to De computed.
If specified, carbonate concent=ation represents total irorganic cardon.
00 Mot automatically terminate t4 charge imtalance exceecs 30%
Precipitation is allowed only for those solids specified as ALLOVED

in the input file (i f any).
fhe naximum nunber of iterations fs: 200
The nethod used t3 comoute activity coefficients is: Davies equation
[ntermediate cutput file

330 0.000¢-07 -7.00 vy
150 D.00QE-Q1 -16.00 v
#20 has been inserted as a COMPOMENT
L I
2015001 -22.6750 306900
INPUT QATA BEFORE TYPE NCO|FICATICNS

12 NAME ACTIVITY GUESS \DG GUESS ANAL TOTAL
330 e 1.000€-07 «7.000 0.000€-01
150 {ae2 1.900€- 36 =16.000 0.D0QE-O1

2 w20 1.300€+00 0.000 0,000€-01

Charge Balance: UNSPECIATED
Sum of CAT|ONS= 0.00CE-0' Sum of ANIONS = 0.000¢-O1
PERCENT DIFFERENCE = 0,000€-91 (ANICNS - CATIONS)/(ANIONS « CATIONS) L

PART 3 of OUTPUT FILE

PC MINTEQAZ w3.10 OATE OF CALCULATIONS: 9-MAR-§3 TiME; 14: 1: 0

PARANETERS OF TWE COMPONENT mOST QUT OF BALANCE:

ITER NAME TOTAL MOL  OQLFF FXN  LDG ACTVTY  RESIOUAL
D w1 0.000€-01 9.:438+08 -7,00000  9.442¢-08
1 Rt 0,0008-01 2, lesE08 -7.30103 2.366E-08
2 A= 0.000E-01  $.914g-07 «7.60206 $.91LE-07
I Wt 0.2C0L:01 1.4T9E-07 «7.90309 1,4786+07
- Nt Q.0C0E-01  3.596E+06 -8,20612 3.856E-06
5wt Q,CO0E-01  9.261E+09 -8.50516  9,240€-05
& et 0.000€-0t  2.310£+05 ~8.80620 2.3106+09
T Q.CO0E-01  5.T76E+04 =807 5.775E-04
8 W J.CO0E-01  1.4adE-04 «9.40831 1,444E+04
9 w=! 0.000E-01 3.610€+03 -9.T0%4 3.610€-03
0 el 0.C0CE-01  9.0256-02 -:0.01058 9.026E~02

11 ue? D.000€-01 2,7568+02 -W0.INM 2.250€-02



2wl

12 0.000€-0% S.640E-01 <10, 81348  5.54CEeM
13wt 0.0006-01 1.4108-01 -10.915463  1.410€+01
AU TS 0.000€-01  3.526E«00 -11.27887  1.5248-20
5o 0.0006-0Y A.793E-01 1152410  B.792-00
15 Wl 0.000€-01 2.%463E-01 -11.83180  2.1636-00
17 W 0.000€-07 &.7386-02 12,1399 4. 736€-02
18 41 0.0006-0% &.2616-03 -12.333%9 L.25%¢e-03
19 e 0.000€-01 -1,073g-0% -12.36182  B.42ME-08
21 Wt 0.000€-0% 1.4048-02 -12.3615%  1.4066-02
2T 0.0C00E-01 2.031g-03 -12.0248Y  2,027E-03
3wt 0.000€-01 2.7SBE-08 12,4330  2.73%E-04
K wet 0.CO0E-0Y &, 044E-05  -12.435'8 3. T11E-08
25wt 0.000€-0t S5.870€-06 -12.43537 2.53Te-04
10 NANE ANAL MOL CALC MOL LOG ACTVTY SAmMA DIFF Fxw
130 et 0.0CCE-01 &.5638-13  +12.43539  0.8213&2 8.511E-07
150 Cae2 C.0COE-0! 1.4006-02 «2.19579  0.&55088 0,0008-00
2 w0 0.0008-01 8.%11:-07 0.00000  1.000000 0.000£-0!

...................................... R i

Type | - COMPONENTS AS SPECIES Iw SOLUTION

10 NAmE CALC MOL  ACTIVITY  LOG ACTVTY LA

330 me! L. S48E-13 3.469E-13  -12,43539 0.8'%

150 Cav2 1.600€-32 4.371€-03 ~2.19579  0.45%09
Type i1 « OTWER SPECIES N SOLUTICN QR ADSORBED

1o NamE CALC MOL  ACTIVITY  LOG ACTVTY LAMma
1503300 CaGw » $.3346-03 4. 381€-08 -2,35839  0.81%
3300020 On- 3.333e-02 2.7seE-22 -1.56261 0.8
Type 111 - SPECIES WiTw FixED ACTIVITY

) NANE CALS mOL LOG mOL  WEW LOGK Os

2 W0 8.5118-07 +6.070 0.000 0.000

2015001 PORTLASCITE  -1.9336-02 1716 22,673 30.4%0°L

NEW L0CK
9.085
0.3&2

NEW LOCK
-12.%13
«13.513

PART & of QUTPUT FILE

PC MINTESAZ v3.90  DATE OF CALCULATIONS: 9-MAR-93 TIME: 16; 9: 2

PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG
TYPE | and TYPE 1] (dissolved and adsorbed) species

wet 13.8 PERCENT SOUND IN SPECIES #1503300 CalM »
86.2 PEICENT BOUND [N SPECIES #3300020 OM-

Cae2 n.e PEICENT BOUND IN SPECIES # 150 a2
ar.8 PERCENT BOUND IN SPECIES 91503300 Colw »

"20 13.8 PERCENT BOUND IN SPECIES 91503300 CalM »

8.2 PERACENT BOUND IN SPECIES #3300020 On-

PART 5 of QuTPUr FILE

PC NINTEQAZ v3.10 OATE OF CALCULATIONS: 9-MAR-93 TIWE: 14: 1: 2



tox

330
150

Sl

NAME 01 550LVED SORBED PRECIPITATED
WOL/EG  PERCENT MCA /KT PERCENT MOL/KT  PERCENT
uel ~3.867€:02 100.0 0,300€-3 0.0 0.00QE-St a.0
Cae2 1.9336-02 100.0 O.JC0£-09 0.0 0,000€-01 9.0
w20 J.8872:02 D00 0.000E-01 2.0 0Q,00Ce-01 0.0

Charge Salance: SPECIATED

Sum of CATIONS = J.333£-02 Sum of ANICNS 3 3336-02

PERCENT OIFFEQRENCE »  1.277E-03 (ANIONS - CATIONS)/CANICHS + CATICHS)
EQUILIBRILM IONIC STRENGT™ (m) » & T33E-02

ESUILIGRIL™ oW = 12,435
CATE 10 WUMBER: 930309
TIME 1D WUMBER: TLQ10296°L

PART & of QurpPul FILE

PC MINTEQAZ v3.10 OATE CF CALCULATIONS: 9-MAR-93 TiMmg: 14: 1: 3

Saturation indices and stoichiometry of all minerals

0 # NAME Sat. [noex Stoichiometry in [brackets)

2015000 LimE 19,122 [ -2.000) 330 [ 1.000) 'S0 ([ 1.0007 2
2015007 PORTLANDITE 0.000 { +2.000) 330 ¢ 1.0001 150 ¢ 2.0000 2



Exercise 3: Make a 0.01M sulphuric acid saturated with lime (Portlandite)

Objectives
¢ this exercise 1s a combination of ExI and Ex2 [t illustrates the use of a seed file
Hints

* ¢create an input file called EX3
call EX1 as a seed file
* vou should be able to proceed from here

Output
1 How many moles of portiandite dissolved per /(kg) of water”?
|

2 List the species present as Type 1 (components as species in solution). These are
essentially free ions in solution.

ID | Typel Concentration

———i—_——‘;

3 List the species present as Type II ( other species in solution). This category includes ionic
complexes and ion pairs

r

ID Typell Concentrazion

4 Venfy that the total dissolved calcium concentration is equal to the amount of portlandite
dissolved

5 \What mineral would vou expect to precipitate from this solution”

6 InPart 5 of the output file, why does the concentration of H™ have a minus sign? Venfy
vour answer from part 3 of the output



PART 1 of QUTAYT FILE

PC MIWTEGA? v3.10 DATE OF CALCULATIONS: 10-MAR-93 TiWE: B:49:

sulphuric ac:a sad Lime

ferperature (Celsius): 25.00
Units of concentration: MOLAL
[onic strength to be computed.
[4 specified, Zardonate concentration represents total inorganic carbon.
Do Mot atomatically terminate if charge intalance eaceeds 30%
Precipreation Is slicwed only for those solids specified as ALLOVED
in the irput file {if any).
fhe maaisum rumber of iterations is: 200
fhe method used to compute activity coefficients i1s: Davies equation
[ntermediate Sutput file
330 2.000e-02 1.7y
T3¢ 1.000£-02 -2.00y
1%0 0.00CE-07 -14.00
420 has Deen inserted as 3 COMPONENT
3 1
NS -22.4TH 30,4900
INPUT DATA BEFCAE TYPE MODIFICATIONS

) NAME ACTIVITY GUESS LOG GUESS  ANAL TQTAL
310 A 1.59%¢-02 -1,700  2.000€-02
T2 ste-2 1.000€-02 -2.000 1.000€£-02
150 Casl 1.000€-1% ~16.000 0,0C0€-01

2 W0 1,000€+00 Q.000 0,000€-0?

Crarge Balance: UNSPECIATED
§um of CATICONS: 2.0006-02 Sum of ANIONS = 2,0C0€-02

“raveasrreavey

TrTERYTIRYTYIEAYIARYRRY

PERCENT DIFFERENCE = 0Q,00CE-01 (ANICWS - CATICNS)/(ANICNS + CATICHS)

| IMPROVED ACTIVITY ZUESSES PRIOR TO FIRST [TERATION: |
| $04-2 Log #ctivity guess: 2,67 |
i I

.
S me gy ..y e .- s s .- CE L

PART 3 of QUTPUT FILE

PC MINTESAZ v3,10 DATE OF CALCULATIONS: 10-MAR-93 TIME: 169:10

PARAMETERS OF THE COMPCMENT MOST QUT OF SALANCE:
ITER NAME TOTAL WCL  DIFF FxN  LOG ACTVTY  RESIDUAL
0 80e-2 1.000€-02 1,308E19 -2.48788 1.3088+19
1 502 1,000e-02 3.270¢-18 “2.446786 J.249€-18



2 5042 1.0008-02 &.ViBE-17 ~2.06786  8,11TEVT
3 aok-2 1.00C€-02 2.030€17 ~2.087T86  2.029E-17
& el 1.000€-02 5.07%E18 ~2.56786  5.073E-1%
5 8042 1.00C€-02 1.268E+16 ~2,86788 1,2688-1%
8 SoA-2 1.0C0€-02 3.171E15 ~2.08786 3 1TME-1S
7 8042 1.000€-02 7.52BE-14 ~2.56786 T.92TE-te
8 8042 1.00CE-02 1.9828+14 ~2.04785  1.982e-%4
¥ ose2 1.000€-02 4.955813 ~2.04788  L.5956-13

10 k-2 1.000€-02 1.23%€13 “2.646786  1.235813

1 5042 1.000€-02 3.097x-12 “2.08786  3.097E-12

12 s0A-2 1.000€-02 7,7638eNY “2.06786  7.740E-11

15 $04-2 1.000€-02 1.936E-11 ~2.66786  1,935€-11

1% S50%-2 1.000€-02 &.339E+10 “2.88786 & 838EeN0

15 s0k-2 1.0006-02 1.2700-10 ~2.46786 1.2108+10

16 504-2 1.000E-02 3.024E+09 “2.446786  3.020E-09

17 S04-2 1.000-02 7.581E-08 246786  T7.540£-08

18 804-2 1.000€-02 1.290E-02 “2.46786 1.8390£-08

19 sok-2 1.0008-02 &.725€~07 “2.86786 L. TSESAT

W s04-2 1.000E-02 1.181E«07 ~2.88725 1101607

21 S04-2 1.0006-02 2.953e~08 ~2.6087886  2,993E-06

2 S04-2 1.000e-02 7. 383e+05 ~2.488786 7 3A3E-05

23 s0k-2 1.000€-02 1.BA4E-05 ~2.46785 1.848E+05

26 S0&-2 1.0008-02 &L.615E8-04 “2.646785  L.6TLE-04

% 5042 1.000€-02 1.158E<04 ~2.44783 1.153E-04

B 02 1.0008-02 2.884E-03 “2.46780  2.384E-03

7 42 1.000€-02 7.209€+02 ~2.8877S  T.l08E-2

8 s04-2 1.000€-02 1.8026-02 ~2.44743 1.8018-02

29 042 1.000€-02 4.502e+01 ~2.88741 L.501E-N

30 s504-2 1.000€-02 1.1248-00 ~2.68855 1.924E-01

3t s0k-2 1.000€-02 2.804g-00 ~2.48802  2.803g-00

RN sk 1.000€-02 &.970€-0N ~2.66413  6.9609€-01

33 8042 1.000€-02 1.719e-00 «2.66062 1.719€-01

36 502 1.000E-02 &.%64E-02 245477 <.1838-02

35 s0k-2 1.000€-02 9.726E-03 ~2.85216  9.72%¢-03

36 50k-2 1.0006-02 1.307k-03 +2.51028  1.8Q4€-03

37 -2 1.000€-02 7.0%2%-08 +2.55906 6.5%82e-08

¥ osoe-2 1.000€-02 1.136£-03 -2.56170% 1.135¢-03

A0 s0k-2 1.0006-02 2.392€-04 -2.59260  2.282¢-04

&1 s0k-2 1.000E-02 3.151€-0% -2.5958%  3.051€-03

&2 504-2 1.000€-02 &,.B826-06 2,6008  3.882¢-04

45 Ml 2.000€-02 4.043c-06 -12,39500 2.847E-07
0 NAwE ANAL MCL  CALC MOL LOG ACTVTY GAmma DIFF Fxw
330 Wet 2.000€-02 S5.031E-13 -12.39591 0.798752  4.527H-07
732 804-2 1.000£-02 &.156¢£-03 ~2.60702  0.40705%  1.260€-07
150 Ca-2 0.000€-0Y 1.879g-02 ~2.11438  0.4070%! 0.00CE-01

2 w20 0.0008-01 2.0C0€-02 -0.00022 1.000000 0.0cCe-O"

------------ D e R Rl L R A A LR bl bl

Type | + COMPONENTS AS SPECIES IV SOLUTION
) NANE CALC MOL  ACTIVITY  LOG ACTVTY Gamua NEV LOCK
N $.0318-13 L0913 41239591 0.798TS 0.058
TI2 sCA-2 6.156E-03 2.506€-03 «2.60102 0.:0705 0.3%9
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150 Cae2 1.879€-02 T.649€-03 ~2.11638  0.40705 0.3%0
Type 11 « OTSER SPECIES IN SOLUTICN OR ADSCRBED
0 e CALC MOL  ACTIVITY LOG ACTVTY SAmMA NEV LGk
3307320 S0k - 1.2208-13 S.TTSE-14  -13.00687 0.7987S 2.085
3300020 Ow- 3.1286-02 2.499€-02 <1.48023Y 0.79873 «13.900
1503300 Caln » 4.0%08-03 &.801E-03 «2.31889 0.7987 +12.500
1507320 casoh AQ 3.8488-03 3.90%¢-03 240880  1.015%) 2.302
Type 111 - SPECIES WITW FINED ACTIVITY
10 NANE CALC mOL LOG mOL  NBW LOGK =]
2 M0 2.000€-02 <1.699 0.000 0.000
2015001 PORTLAMDITE  -2.885€-02 <1.543 ~22.87% 30.600°L
PART & of QUTPUT FILE
PC MINTEQAZ 3.0 CATE OF CALCULATIONS: T0-MAR-93 TIME: 8:49:%
PERCENTAGE DISTRIGUTION OF COMPONENTS AMONG
TYPE | anc TYPE 11 (@issolved and adsorded) species
wel 3.5 PERCENT SOUND [N SPECIES #3300020 OM-
6.1 PERCENT BOUND 1¥ SPECIES #1503300 CaOM »
042 61.6 PERCENT BOUND IN SPECIES # 732 s0k-2
8.4 PESCENT BOUND IN SPECIES M507320 Casds a2
Casd &5.48 PERCENT BOUND (N SPECIES # 150 Cae2
1.0 PERCENT BOUND 1M SPECIES #13503300 CaCH »
15.4 PERCENT BOUND IN SPECIES 1307320 Casdd M
=20 23.° PEACENT BOUND 1IN SPECIES #3300020 Omw-
16.1 PERCENT BOUND 1IN SPECIES 1503300 CaON «
B 3
PART S of QUTAUT FILE
PC MINTESAZ v3.10  DOATE OF CALCULATIONS: 10-MAR-93 TiME: 8:49:14
sesacsscs «« EQUILIBAATED MASS DISTRIBUTION <rrrwrsceas
1ex NAME DISSCLVED SCREED PRECIPITATED
MOL/KG  PERCENT MOL/XG  PERCENT MOL/KG  PEACENT
330 s -3.739€-02 100,0 0.0CCE-01 0.0 0.COocE-O0 0.0
T2 s04-2 $.000E-02 100,0 0.00CE-01 0.0 0.000€-21 0.0
150 Cas2 2.883e-02 100.0 0.00CE-01 0.0 0.00Q0€-01 0.3
2 w0 3.729€-02 100.0 0.00CE-O1 0.0 o0.c0ce-00 Q.0
Charse Balance: SPECIATED
Sum of CATIONS = &.359E-02 Sum of ANICNS & 3598-02

PERCENT DIFFERENCE »

EQUILIGRIL™ IONIC STRENGTH (m) =

EQUILIBRILN oo

6.85E-02
12,39

S.5VSE-0L C(ANICNS - CATIONS)/(ANIONS » CATIONS)
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DATE ID WUMBER: 9303510
TIME ID WUMBER: BATIL2LTL

PART 6 of QUTPUT FILE

PC MINTEGAZ v3.10 DATE CF CALCULATIONS: 10-MAR-93 TIME: 8:49:14

Saturaticn indices and stoichiometry of all mimerals

e NANE Sat. Incex Stoichiometry in [brackets)
6015000 ANNYORITE -0.080 { 1.000) 150 ( 1.000) 732
4015001 GrPsumM 0.130 { 1.000) 150 ( 1.000) 732 ( 2.000)
2015000 Lime -19.122 [ -2.000) 330 ( 1.000) 130 ([ 1,000)

2015001 PORTLANDITE 0.000 [ -2.000) 330 ¢ 1.000] 'S0 ( 2.0007



Ex3b. An extension of EX3 to confirm that gypsum (CaSO_.2H,0) will
precipitate from 0.01M solution of sulphuric acid saturated with lime,

Objectives

¢ use of precipitation option
Hints

® create an input file called EXGb

¢ call EX3 as a seed file
¢ allow precipitation, (Edit Level 1, Option 8),

Output
I How many moles of gvpsum are precipitated per f(kg) of water?

2 The only source of calcium is from the portlandite added. \What should the total dissolved
conceatration of calcium be in the equilibrum solution?

Concentration

Total Ca conc at start of problem

Ca in gypsum precipitated

Total dissolved Ca conc in

utlibnum solution
e — — e —

Verify vour answer in Part § of output file.
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PART 1 of QUFPUT FILE

PC MINTESAZ w310 DATE QF CALCULATIONS: T1-mAR:93 TIME: 12: 7:5%

sulphyuric acid a0d Line

slicw 2ot

Ferparature (Celsius): 25,00

Units 3f concentration: MOLAL

1eA1c $Trength o De CompuIed,

If specifred, carborate concentration represents total inorganic cardon.

Do mot avtamaticaliy termingte |f charge 'mtalance exceeds 30%

Precipitaticn ts allowed for 2l solids in the thermodyramic datsbase and
the print spticn for solids 1s set to: !

The racinum nueber of ‘teraticns is: 200

The method Lsed To cOmOUte activity coafficients is: Davies equattion

internediate outout file

330 2.000e-02 -1.70 ¥y
3! 1.0006-02 -2.00y
1S9 0,000€-0' -16.00
ROJ has Deen inserted as & COMPONENT
b N |
2015001 -22,67%0 30,4500
INPYT CATA BEFORE TYPE MODIFICATIONS

12 NAME ACTIVITY CUESS LOG CUESS  ANAL TOTAL
150 W+l 1.995¢-02 -1.700 2,000€-02
732 S0k-2 1,000€-02 +2.000 1.000€-02
150 Cca2 1,00C¢-16 -14.000 0.000€-01

¢ w2o 1.000€+00 0.000 0,000¢-01

Charge Balance: INSPECIATED
$om of CATIONSs 2,.000€-02 Sum of ANICNS » 2, 000€-02
PERCENT DIFFERENCE » 0,.00CE-DY (AWIONS - CATIONS)/(ANIONS + TATITNS)

B N N R

| 1MPROVED ACTIVITY GUESSES PRIOR TO FLRST tTERATION: |
| 50442 Log activity guess: 2,47 |
I

PART 3 of QUTPUT FILE

PC MINTEGA2 v3.10 DATE OF CALTULATIONS: 11-MAR-$3 TImg: 12: 8: 2

PARAMETERS QF THE COMPCNENT mOSt QUT OF BALANCE:
LR NAME FOTAL MCY QLFF FXN  LDG ACTVTY RESIOUAL
Q0 sok-2 1.000€-02 1.308£-19 ~2.46786 1,308E19
1 502 1,000€-02  3,270€+78 -2,46788  3.240E418



2 50&-2 1.0006-02 B.1%88+17 266786 3.117E-YT7
3 sok-2 1.000E-02 2.0308+17 288785  2.0208-17
. 5042 1.000€-02 S.O7iEe14 “2.46786 5.073g-14
S  S04-2 1.000€-02 1.268E+16  -2.46788  1.248E-14
6 S0k-2 1.000€-92 3.17E-18 208788  3.1TIE-NS
L ) 1.0006-02 T.9288-% “2.44788 T.92TE~14
& k2 1.0006-02 1.982E-% ~2.06T88  1.9R2E.14
¥ %0%-2 1.000€-02 &.985E+13 “2.06786  4.9958-1)
10 %2 1.0006-02 1. 230613 -2.48786  1.2398.13
1 s0k-2 1.0006-02 3.09TE~12  -2.44788  1.09TEeN2
12 504-2 1.000£-02 7.762e+1! 246786 7.741E-N
13 S0%-2 1.00C€-02 1.538e-11 “2.5878  1.93%-1
14 50&-2 1.00C€-02 &,R39€e10 “2.46788  L83%-10
15 5042 1.00C€-02 1.2108«10  -2,44784  1.2106-10
15 062 1.0002-02 3.020E«Q09  -2.54788  3.02¢E-09
17 s0e-2 1.0002-02 7.56'E«08  <2.44786  T.5606-08
18 S0s-2 1.000€-02 1.B90E«08  -2.44788  1.8506-08
19 042 1.000€-02 4. .T25E~07 ~2.686788 L. T25E-07
20 50%-2 1.000€-02 1.181E«Q7  -2.44785  1.181E-07
2% S0k-2 1.000€-02 2.953E«06  -2.44788  2.953e+04
2 S0k-2 1,00CE-02 7.383E+0% “2.66786 T, 383£405
23 sk 1.000€-02  1.844E+05 “2.06TBS  1.844E.08
26 s08-2 1.00C€-02 &.615E-04 ~2.46785 S ONSE-00
25 s0k-2 1.000€-02  1.154E04 “2.46783 1.1538-04
5 s0k-2 1.0002-02 2.B34E0% ~2.66780  2.384E-03
a7 5082 1.0002-02 7.2008+02  -2.46773  7.208¢-02
W k-2 1.000£-02 1.8026402  -2.44783  1.801€-02
¥ k-2 1.000€-02 &4.502e+01 <6874 &.501E-01
30  sok-2 1.000€-02 1.124E+D" ~2.6669% 112000
31 8042 1.0008-02 2,804E+00  -2.84602  2.8303&-00
32 sk 1.000€-02 &.570-01 “T,.66413  £.945¢-00
33 8042 1.000€-02 1.719-00 ~2,68062  1.7%E-O00
36 k2 1.00C€-02 &4.M84E-02 R 616302
35 s50k-2 1.00C€-02 9.7268-03 21,4588  9.725€-03
3&  S04-2 1.00C€-02 1.307¢-03 ~2,51028  1.206£-03
37 s0e-2 1.000€-02 7.0&2E-05 «2.55006  4.943E-0S
3 sok-2 1.00CE-02 1.1368-03  -2.56'7¢  1.135€-03
0 s0s-2 1.000€-02 2.2926-04  -2.59260  2.382f-0¢
&1 S0k-2 1.000€-02 3.151E-05 ~2.5998%  3.051E-05
&2 5042 1.00CE-02 &.B4628-06  -2.5008%  3.8462E-06
&3 W 2.000-02 &.063E-06 -12.39590  2.847E-Q7
PC MINTECAZ v3.10 DATE OF CALCULATIONS: 11-MAR-93 Timg: 12: 8: &
ITERATIONS=: &4: SOLID Grosum PRECIPITATES L
PART § of QUTRUT FILE
PC MINTECAZ v3.10 DCATE OF CALCULATIONS: 11-MAR-93 Timg: 12: 8: &
PARAMETERS OF TWE COMPONENT MOST OUT OF SALANCE:
1TER NAME foTAL MOL DIFF FXN  LOG ACTVTY RESIOUAL



O A 0.00C€-01 -8.5%006-05 -12.39™ B.568£.-03

&5 W 0.00C€:01 t.356€-02 -12,.34405 t.356E-02

T 0.0006-01 2.379E-03 -12.35¢39 2.375E-03

AT we 0.00C€-0Y S5.09%€-04 1240272 $.060€- 0

4 me 0.000€:01 1.QTSE-O6 -12,40448 1.039€-0<

&% wed 0.000€-01 2.253€-0%  -12,50489 1.900€-05

$0  men 0.000€-01 L.714€-06  -12,40493 1.197E-06
1D NAME ANAL WOL  CALC ™MOL LDG ACTVTY GAmMeA CIFF FuN
130 me 2,000E-02 &.B9TE-13  -12.404% 0.803714 9.8626-0T7
150 Cae2 0.000€-01 1,759€-02 (213644 0.417260 0.000€-0%
732 SC&-2 1.0006-02 +&.500€-03 2.71312 0.417260 0.DO0E-D1Y

2 m20 Q.000€-01 1,4988-02 +0.00022 1.000000 0Q.000E-0!

Type | « COMPONENTS AS SPECIES IN SSAUTION

o NAME CALC MOL  ACTIVITY  LOGC ACTVTY CArMMA

130 el . E9TE-13 3936813 -12.804%6  0.80IM

732 S04-2 4,8L0E-03 1.9368-03 2.M312 0.61728

150 Ca<2 1.759€-02 7.338¢-03 -2 13684 0.41728
Type |1 - OTHER SPECIES [N SOLUTION OR AOSORSED

10 NAME CALC MOL  ACTIVITY  LOGC ACTVTY GAMMA
3307320 wS% - 9.2026-14 7.396£-'¢  -13,13100 0.803M
3350020 Ow- J.17¢g-02 2.%%5%-02 ~1,59328  0.803M
1503300 Calw » 5.850€-03 £.702¢-03 -T2 0.803N
1507320 CasOé AQ 2.8526-03 2.89¢¢-03 -2.938%¢ 1,01587
Type [11 ~ SPECIES GITH FIXED ACTIVLTY

- NAME CALC mOL LOG MOL  NEV LOGK O

2 M 1.498€-02 -1.82¢ 0.000 0.000

2015001 PCRILAMDITE  -2.880£-02 *1.541 +22.6875 30.690
Typa [V - FINITE SCLIDS (present at equilibrium)

e NAME CALC MOL LOG MOL  NEW LOGK ON
5315001 Jrpsum 2.509¢-0) -2.401 4,848 0,281
‘ype ¥V - UNDERSATURATED SCLIDS (not present at equilibrium)

0 NAME CALC mOL LOGC mOL  wEW LOGK ow
2015000 LImE 7.5556-M «10.122 -32.797 6.265
8215000 ANNYORITE 6.1588-0Y 0.2N +.837 3.769°L

PART & of QUTPUT FILE

PC MINTESAZ v3.10 DATE OF CALCULATIONS: 11-mAR-93 TINE: 12: 8: 7

PERCENTAGE DISTRISUTION OF COMPONENTS AMONG
TYPE [ and TYPE || (Jissolved and sdsorbed) species

Hel L PERCENT S0UMD IN SPECIES #3300020 Ow-
15,8 PERCENT S0UMD 1N SPECIES #1503300 Calw «
Cas2 4.9 PERCENT SOUND 1N SPECIES # 150 Cae2

2.3 PERCENT BOUND 1N SPECLES #1503300 Colw «
10.8 PERCENT BOUMD N SPECIES #1507320 Casoé M2



-

S0&-2 61.9 PERZENT BOUMD N SPECIES # e F R T ]

1. 8 PERCENT SOUND IN SPECIES 91507320 CasOs AQ
HIO 8L PERCENT BOUND 1M SPECIES #3300020 O

15.4 PERCENT BOUMD 1M SPECIES #1503300 Calw -«

PART § of QUTPUT FILE
PC MINTEQAZ v3.°0  OQATE QF CALTZULATIONS: 11 -MAR-93 Pimg: 12: B: 7

ix NAME 01 SSCLVED SCasen PRECIPITATED
“OL/KG  PERCENT MOL/XG  PERCENT MOL/XG  PERCENT
330 He1 *3,759€-02 100.0 D.00CE-O" 0.0 0.00CE-D 0.0
150 Cae2 2,629€8-02 91.3  0.000E-01 0.0 2.509€-03 4.7
Ti2 sok-2 7. eP1E-03 7¢.9  D.00CE-01 0.0 2.509¢-03 %9
2 WO 3,759€-02 100.0 D0.000E-01 0.0 D.00CE-0 0.9

Charge Salance: SPECIATED

Sum of CATIONS = 4. 102E-02 Sum of ANIONS  &4.102E-02

PERCENT DIFFERENCE »  1.2026-03 (ANWIONS ~ CATIONS)/(ANICNS » CATIONS)
EQUILIGRIUM [OWIC STRENGTN (m) = &, J248-0Q2

EQUILISRILM pH = 12,408
JATE 10 wumMBER: 301N
TIME |D wimgER: 1208078270

PART & of QUTRUT FILE

PC MINIECA2 w3.10  DATE DF CALCULACIONS: 11-MAR-93 Trme: 12: 8: 7

Saturation indices and stoichiomesry of ail minerals

o = NAME Sat. incex Stalchiometry in [braceets)
S015000 ANWYDRITE 021 £ 1.000) 1% [ 1,000) 732
014001 CYPSLM 0.%00 ¢ 1.000) 180 1,000) 732 ( 2.000)
2045000 Lime

2015001 PCRELANDITE

0.000 { -2.000) 330

[
-10.122 (+2.000) 330 ( 1.000) 150 ( 1.9C0)
{ 1.000) 150 ( 2.0CQ)



Exercise 4 : To find the amount of lime needed to raise the pH of a
sulphuric acid solution to pH 8.

Objectives
* 1o fix the pH of a solution
Hints

* create an input file called EX4
¢ call EXI a5 a seed file

¢ set equilibrium pH to 8, (Edit Level 1, Option 12)
Output
By fixing the pH of the solution at pH 8, you have now asked MINTEQAZ2 10 predict what

the speciation of the solution would be at pH 8. Think about what would have to happen for
the solution to come to pH 8, and try the following questions.

1 If the pH value of the solution was 8, what would be the total concentration of
hydroxyl ions at pH 87

2 How much portlandite (Ca(OH), needs to be added to raise the pH value to 8?

Think about this carefully. You have started with an acid solution and want to turn it into an
alkaline solution. The correct (best) answer you can get is that | Oe-2 moies of Ca(OH),
need to be added.  Adjusting solutions to required pH values is a common chemustry
problem. Make sure you understand the modeling technique.
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PART | of QUTPUT FLLE
PC mIWTEQAZ v3.00 OATE OF CALCLRATIONS: 11-mAR-53 TimE: 146:50:41

nisok Fia p at 8

Terperature {Celsius): 24.00
Units of cancentration: MOLAL
[amic strengih 10 De computed,
[f spechfied, tOTal Cardomate concentration represents total inorgenic cardon.
Do not aytomatically terminate it charge imbalince exceeds 50%
Precipitation is allowed only for those solids specified as ALLOWED
0 the ingyt File (it amy),
The maximum rumber of iteratiors i5: 200
The method used to compute activity coefficients is: Davies equation
Internediate output file
330 2.0c€-02 170
T32 1.000E-02 -2.00
H2Q hat bDeen inserted as a COMPONENT
3 1
330 8.3000 0.00CQ
INPUT DATA BEFCRE TYPE WOD([FICATICNS

) VAME ACTIVIIY GLESS LOG GUESS  ANAL I10TAL
330 we! 1.995¢-02 “1.700 2.000€-02
TIZ 02 1.C00€-02 *2,000 1,000€-02

2 420 1.000¢-00 0.000 0.000€-01

CHARGE BALANCE: UNSPECIATED
SUM OF CATIONSe 2,000E-02 SUM OF ANIONS = 2.000E-Q2
PERACENT DIFFERENCE = 0.000€-01 (AMIONS - CATIONS)/{ANIONS = CaTicwd) L

PART 3 of QUTPUT FILE
PC MINTEQA2 v3.00 DATE OF CALCULATIONS: 11-MAR-93 TImE: 14:50:49

PARAMETERS OFf THE COMPOMENT mOST OUT OF BALANCE:

iTER NAME TOTAL mOL DIFF Fxn LOG ACTVTY
2 $oe-2 1,0CCcE-02 7,513¢-08 -2.00000
10 NAME ANAL MOL  CALC MCL  ACTIVITY  LOG ACTVEY CAMpA NEW LOGK
T3 sCa-2 1,00C€-02 1.00C€-02 5.7108-03 ~2.243%7 0.570%97 0.2634
2 w20 0.2CCE-01 +1.155€-06 9.995E-0 *0.00022 1.000000 0.0002
33 2.0C0E-02 1.!50€-08 1.000€-08 -8,00000 0.843278 0.0408

Type 1 - COMPONENTS AS SPECIES v SOtuTION
(-] NANE CALC MOL  ACTEIVITY  (QG ASTVTY CamMmA NEW LOGK o™
330 Ner 1,15C¢-08 Q.0000000 +3. 00000 0.869278 0.04! 9.000
732 sC4-2 1.000€-02 0.0057100 *2.24337 0.570997 0.2¢3 0.000

R R e L R

DIFF Fxy
9.4568-09
0.00Ce- 01
0.000€- 0



Type [1 - OTHER SPECIES 1N SOLUTION CR ADSCARBED

to NAME CALC MOL  ACTIVITYr  LOG ACTYIY Camma NEW LOCK On
3300020 OM- 1,135¢-C6 0.0000010 -5.99822 0.%5278 13,932 13,369
3307320 WsOb - 6, 37¢8-09 0.0000000  -8.25630  0.%9278 2,08 .90

.......................................................

Type 111 - SPECIES WITW FIXED ACTIVITY (fined pM, flaed pe, 'nfinite solids, Sases, @t&.)

0 NAME CALC mOL LOG ML NEW L0Cx L
2 M2 -1,155¢-04 -$.937 9.000 0.0
330 Wt 2.000€-02 -1.4%9 8.000 0.000°¢

PART & of QUTPUT FILE
PC MINTECAZ v3.00 DATE OF CALCULATIONS: 11-MAR-33 TiIMe: 14:50:49

PERCENTACE DISTRIGUTION QF COMPOMENTS AMONG TYPE | and TYRE [ (dissolved and acsarbed) species

$0A-2 140.9 PERCENT BOUND [N SPECIES # ™2 50s-2
w20 100.0 PERCENT BOUND [N SPECIES #3300020 oON-
Hel 101.8 PERCENT SOUND [N SPECIES #3300020 O
L

PART § of QUTPUT FILE
PC MINTEGA2 v3.00 DATE OF CALCULATIONS: T1-MAR-$3 TIME: 14:90:%0

ox NAME DISSCLVED SORBED PRECIPITATED
MCL/KG  PERCENT MOL/XG  PERCENT WOL/XG  PERCENT
TIZ 042 1,0006-02 100.0 0,000€-01 0.0 0.000€-01 0.0
2 w20 1,155€-06 100.0 0.000€-00 0.0 0.000€-01 Q.0
330 me “1.1376-06 100.0 0.00CE-O0 0.0 0.000€-01 Q.0

CHARGE BALANCE: SPECIATED

SUM OF CATIONS = 1,950€-08 SUm OF ANIONS  2.000E-02

PERCENT DIFFERENCE = 1. 000E+02  (ANIONS - CATIONS)/(AMIONS + CATICNS)
EQUILIBRIUM I1ONIC STRENGTN (m) =  2_000€-02

ECUILISRILM pu = 8.000
DATE 1D WUMBER: §30311
TIME [D NUMBER: 1650500271

PART & of QUTPUT FILE
PC MINTEGAZ v3.00 DCATE OF CALCULATIONS: 11-MAR-93 TimE: 14:50:50

Saturation indices and stoichiometry of all minerals
o # NAmE fat. ["Sea Stoichiomerry (in parentheses) of each component



Exercise 5: Check that addition of the lime concentration reached in Ex 4
will raise the pH of the acid solution to a value of 8.0

Objectives
¢ (o add a finite solid
* 1o add a solid as soluble components
Hints
Before you attempt this problem make sure you totally understand how vou arrived at the
required concentration of lime

There are two methods to tackle this problem. The safest one is o use the finite solid option
Method 1 : finite solid option

create an input file called EXS

call EX1 as a seed file

pH to be computed

add finite solid , enter the lime concentration from Exercise 4

91,039y

Method 2: add solid as soluble components

The lime could also be added as soluble components, This is equivalent to dissolving the lime
in 2 beaker and adding it to the acid solution. Before attempting this method do a mass
balance calculation of the components in your starting solution and the final solution you
require

From the output file of exerace 4
¢ add calcium as a component at required concentration
¢ add hydroxyl as a component at required concentration. Be careful here. The oniy way
to add hydroxyl ions is to adjust the proton concentration. Your mass balance
calculation wall help you here.

Qutput
| What is the pH of the solution.

2 Was your answer to Ex 4 correct or not?
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finite salid option Lime to 8

Teegerature (Celsivs): 25,00

UALTS of concentration: MOLAL

[onfc strength o be computed,

[f specified, carbonate concentrat)on represents tatal inerganic cardon,
PART T of QUIPYT FILE

PC MINTEQA2 v3,10 DATE OF CALCLLATIONS: 17-MAY-56 TImg: 10:22:37

Do not atomatically terminate if charge imbalance exceeds 30%

Precipitation is allowed only for those salids specified as ALLOWED
in the imput file [1f any),

The maximum number of iterations is: 200

The method used to compute activity coeflicients is: Davies equation

intermediate output file

330 2.000€-02 -1 .My
732 1.D00€-02 -2.00 y
150 0.000€-01 -14.00

20 has Deen inserted 4s & COMPONENT
. 1

2015001 -22.6750 30,6900 1,000€-02

INPUT DATA BEFORE TYPE MODIFICATIONS

o NAME ACTIVITY GUESS LDG GUESS  ARAL TOTAL
330 A 1,99%¢-02 <1,700  2,000€-02
T32 s04-2 1.000¢-02 +2.000  1.000€-02
150 Cae2 1.000¢-14 «16.000 Q.000€-0%

2 w20 1.000€+-00 0.000 0.000€-0"

Charge Balancer UNSPECIATED

Sum of CATIONSs 2.0008-02 Sum of ANICNS = 2.D0CE-02

PERCENT DLFFERENCE = D.000€-D1 (ANICHS - CATIONS)/CANICNS « CATICNS)

........... T L T R I

| IMPROVED ACTIVITY CUESSES PRIOR TO FIRST [TERATION: |
| S0442 Log activity Juess: 2.7 |



PC MINFECAZ V3.0

PARAMETERS OF THE COMPCNENT MOST DUT OF BALANCE:

ITER

L e

NAME

SO4-2
5042
SOk-2
$0&:2
0602
$0&:2
$04-2
§04-2
504-2
504-2
$04-2
042
04 -2
$34-2
$04-2
$0h-2
5062
S0a-2
§0%-2
S04-2
50642
5042
§04-2
$04-2
504-2
04 -2
$04-2
042
$04-2
$04-2
$04-2
50k-2
$0L-2
S04-2
§04-2
S04-2
%2
$c4-2
804 -2
S04 2
SO 2

PART 5 of OUTPUT FiLE

JATE OF CALCLRATIONS: 17-MAY-94 TIME: 10:22:41

FOTAL O
1,000¢-02
1.000€-02
1.000€: 02
1.000E-02
1.CO0E-02
1,CO0E-02
1.000€-02
1.000€-92
1.000€ -02
1.000€-02
t.000€-02
1.000€-32
1.000€-02
1.000€-02
1,000€-02
1.000€-02
1.900€-02
1.000€-02
1,000¢-02
1,000¢-02
1.000€ 02
1,000€-02
1,000€-02
t,000€-32
1,000€-02
1.000€-02
1.00C€-02
1.000€-02
1.00C€-02
1,000€-02
1.%00€-02
1.000€-02
1.000€-02
1.000€-02
1,000€-02
1.000€-02
1.000€-02
1.00C€-02
1.000€-32
1.300e-02
1.200€-02

OLFF FXM
1.308¢-1%
3.2708~18
8.1188-17
2.03CE17
S.07LE18
1,.268614
3.171g1%
T.9288+14
1.982¢+14
L.955€+13
1.230€13
3.097Es12
T.7628-11
1.938k+11
4, 83910
1.210€-10
3.024E-09
7.561E+08
1.890€+08
4.T25e-07
1.1812+07
2.953E~06
7.3838+05
1.8448+05
415800
1.154E+04
2.884E+03
7.209€-02
1,8028+02
4.502e+01
1. 124800
2.804E+00
6.970€-01
1,.71%¢-01
L.1448-02
9.726£-03
1.807¢-03
T.Do8e-05
1,136£-03
2.2928-04
3.151€-0%

LCG ACTVTY
-2.48788
~2.46786
12 46786
+2.46786
+2,.5786
r2.45786
r2,64T84
-2.44786
<2.46784
“2.48T84
<2.48786
~2.487R4
“2.66786
-2, 4578
-2.L8T8
“2.46786
246786
-2.48788
~2.46786
<2.45786
2.65786
+2.46786
~2.46786
-2.48785
+2.64785
~2.46783
~2.486780
-2.487TS
-2.44743
<2.586761
2.466695
~2.468602
~2.68413
-2.46042
~2.454T7
12,4586
-2.51028
+2.55904
-2,5817%
+2.59260
-2.99988

RESI1DUAL
1.308E+19
3.245¢+18
8. 117817
2.029€+17
5.073E-16
1,262€+6
3.171€1%
T.92TES N4
1.982€+14
4.9558-13
1.239€+13
3.097E-12
7. 761E~11
1.83%E+11
6.8388+10
1.270€+10
3.024E+09
7.540€+C8
1.890€-C8
L. T2SE-0T7
1.181E-07
2.953E+06
7.343¢-05
1.8L6£-C%
S 6%eE-Cs
1.1538+0¢
2. 8846403
T.2088-02
1.801E-02
4. 50% -0
1. 128E+00
2.803¢+00
6. 969€-01
1.719¢-
£.1638-02
9.7T2%€-43
1.8068-C3
6.9688-0%
1.1358-03
2.282¢-04
3.051¢€-05



42 %042 1.0006-02 &4.8426-06 | -2.40086  3.B82-36

&3 w9 2.0006-02 &L 0L3E-06 -12.35%%0  2.847E-07
i NAME ANAL MOL  CALC MOL LOG ACTWTY CAMMA DIFF Fan
330 Wt 2.000€-02 S5.031€-13 12,3999  Q.7veTS2  6.52TE-07
32 82 1.000€-02 &.156¢-03 -2.80102  0.407051  1.260€-07
150 cae2 0.000£-01 1.87%¢-02 «2,11838  0.407051  0.0CCE-OY

2 %0 0.000€-01 2.0006-02 -0.00022  1.000000 0.00CE-01

................................................. e

Type [ -~ COMPCNENTS AS SPECIES IN SOLUTION

o NAME CALC MOL  ACTIVITY  LOG acTvry Camma NEW LOGK

330 We? S.O31E-13 C.0198-13 ~12.358%91 0. .7%ES 0.0%8

732 s04-2 6.156€-03 2.504¢-03 +2.60102 0.40705 2.3%0

150 Cae2 1.8798-02 7.640¢-03 ~2.11638 0.40708 0.3%0
Type I1 - OTHER SPECIES 1IN SOLUTION OR ADSORBED

10 NAME CALT MOL  ACTIVITY  LOG ACTVTY CAMMA NEW LOCK
3307320 wsos - 1.8266-13 S.77SE-V4  -13.00987 0.7%87S 2.08%
3300020 Om- 3.1288-02 2.499¢-02 ~1.460251 0.7%87% ~13.500
1503300 CalM » 6.010€-03 &.3012-03 «3.31869  0.7%87% +12.500
1507320 Casch ag J.0LLE-03 3.905E-03  -2.40840 1.01W 2.3a2
Type 111 - SPECIES WITH FIXED ACTIVITY

12 NAME CALC MOL LOG MOL  WEW LOGK ow

2 W 2.0006-92 ~1.69W 0.000 0.000

Type IV = FINITE SOLIOS (presumed present at equilibrium)

] NANE CALC mOL LOG MOL  NEW LOSK o
201500t PORTLANDITE 0.000e-01 <1.543 ~22.673 30.6%0

PART & of QUTPUT FILE

PC MINTESAZ 3,10  DATE OF CALCULATIONS: T7-MAY-S4 TIME: 10:22:42

PEACENTAGE DISTRISUTION OF COMPONENTS AMONG
TYPE | ana TYPE 1] (gissolved and adsorbed) specie

wel 23.9 PERCENT BOUND In SPECIES #3300020 Ow-
16.1 PERCENT BOUND [N SPECIES #1503300 Calw »
$04-2 1.8 PERCENT BOUND [N SPECIES # 32 S04



8.4 PERCENT SOUND [N SPECIES #1507320 sS04 A
Ca=2 5.6 PERCENT BOUND [N SPECLES # 158 Cae2

2.0 PERCENT SOUND v SPECIES #15033C0 CaCw »

13.& PERCENT BOUND [w SPECIES #1507320 Cas0é M0
22 23,9 PERCENT BOUND [N SPECIES ¥3300020 OM-

16.1 PERCENT BOUND [n SPECLES 91503300 CaCh

PART § of DUTPUT FILE
PC MINTESA2 3,10  DATE OF CALCULATIONS: I7-MAY-9¢ TIME: 10:22:82

10x NAME OISSCLVED SORIED PRECIPITATED
MOL/KG  PERCENT MOL/XG  PERCENT MOL/XG  PERCENT

11 W= +3.720¢-02 '00.0 0.00CE-01 0.0 0.000¢-01 0.¢
32 SGh-2 1.C00€-02 '00.0 0.00C¢-01 0.0 0.C00€-01 0.0
150 Ca-2 2.B45¢-02 100.0 0.D0CE-O 0.0 0.000€-01 0.9

2 W0 3.729€-02 100.0 0.000€-01 0.0 0.COo0E-01 0.3

Charge Salance: SPECIATED

Sum of CATIONS « L. 359€-02 Sum of ANIONS  &.359€-02

PERCENT DIFFERENCE « & 59SE-0& (ANIONS - CATICNS)/(ANIONS < CATIONS)

PROVISIONAL ICNIC STRENGTM (m) = & 8%(E-02

PART & of QUTPUT FILE

PC MINTECA2 v3,10 OATE OF CALCULATIONS: I1T-MAY-5¢ Timg: 10:22:42

Saturation indices and stoichiometry of all undersaturated minerals

s RNANE Sat, Index Stoichiometry in (brackets)
5015000 ANMYDRITE «0.C80 ( 1.000) 10 ( 1.000] M2
2015000 1!m¢ *10,122 [ -2,000] 330 ¢ 1t.0007 'S0 ¢t 1.CCO)

2013001 PCRTLANDITE 0.C00 { -2.000) 330 (¢ 1.0001 50 ( 2.360) 2

[TERATIONS= 44 SOLID PCATLANDITE DISSCAVES

PART 3 of Quisyt FiLE




-‘. x')

OC MINTESAZ v3.70  ODATE OF CALCULATIONS: 17-MAY-94 Timg: 10:22:43

PARAMETERS OF THE COMPOMENT MOST OUT OF SALANCE:

|TER NAME forTaL =OL DLFF FAN  LOG ACTVTY RESIDUAL

& Caw2 1.000€-02 &.355€¢-03  -2.11438  4.3%¢-03

&5 caw2 1.000€-02 7.2032-03  -2.24104  7.202¢-03

4 Caw2 1,0006-02 1.876£-03  -2.39520  1.a75¢-03

&7  Cae2 1.0006-02 2.977E-04 2,433 2.9670-04

B Cae2 1.0006-02 9.3408-05  -2.43247  9.240¢-08

9 Cas2 1.0006-02 &.620€-05 «2.62061 &.5208-0%

50 Cas2 1.000€-02 2.3248-05 32,6281 2,224E-0%

5t Cae2 1.000€-02 1.142¢-05 «2.827%% 1.0621-05

2 Can2 1.000€-02 $5.807¢-06 «2.82702 4. 807E-08

53 cCa%2 1.000€-02 2.902¢-06 ~2.62684 1.5026-06

& can2 1.0006-02 1.4506-06  -2.4267%  &,5048-07

55 W 0.0006-0% -1.4386-0%  -9.10306  1.4382-05

56 w1 0.0006-01 -5.1886-06  -5.80206 8.187E-06

7w Q0.0C0E-01 -4.052¢-08 -8.50117 &.0915-06

58 W 0.000E-01 -2.041E-08 -8.20067 2.08%6-08

59w 0.000E-0% ~1.010€-06 -7.90178 1,010€-06

60 W 0.000E-07 -4.8586-07 -7.609% 4.858-07

81 we 0.000€-01 -2.090€-07 -7.339%% 2.090¢-07

82  He? 0.000€-01 -6.135€-08 ~T. 1388 6.137¢-08

A3 Het 0.000E-Q1 -6.4026-09 «T7.05656 6.385¢-09

O A 0.CO0CE-QY -7, 0117811 706701 5.802E-1
10 NAME ANAL MOL  CALC ™CL LOG ACTVTY GAMMA DIFF Fxm
130 met 0.00CE-01 1.0568-07  -7.04491  0.850274 4.282¢-2
732 042 1.0006-02 T.1438-03  -2.42666  0,522684 -7.45%¢-07
150 cCa<2 1.000€-02 7.163£-03 ~2.62888 0.522684 -1.485%¢-07

2 W20 2,0006-02 2.00C€-02  -0.00022  1.000000 0.0C0E-01

............................... D L L T

Typa | - COMPONENTS AS SPECIES IN SOLUTION

i VAME CALC MOL  ACTIVITY  LOG ACTVYY GAmmA NV Lok
330 W= 1.056€-07 8.974E-08 -7.04691  O.BS028 0.07
732 s04-2 7.163E-03 3.744E-03 ~2.62686 0.%2268 0.2,
150 cCas2 7.163€-03 3.76eE-03 ~2.42666 0.52268 0.282

.......................... B e R e

Type I1 - OTHER $PECIES [N SOLUTION OR ADSORSED

i NAWE CALC MOL  ACTIVITY  LOG ACTVTY CAMMA NEV LOCK
3307320  HsOb - 3.837¢-08 3.262¢-08 ~T.42450 0.85028 2.0%8
3300020 Cm- 1.3%6€-07 1,119€-07 -4,.95131  0.45028 ~13.928



241

1503300 caow » T,237E-08 1,0%26-08 TLITTST 0.BS028 -42.528
1507320 Casck a0 2,8376-03 2.835¢-C3 2,54432  1,0C862 2.3856

I I I R B R T N S R .

“ype |LI - SPECIES WITW FINED ACTIVIFY

B NAME CALC WOL LOC MOL  WEw 136K L
2 w20 2,CO0E-32 -1,899 9.000 0.000

Type V - UNDERSATURATED SOLIDS (Mot present at equiliprium)

0 NANE CaLl mOL LOG MO MV LG On
2715007 PORTLANDITE v.81-12 11,008 ~22.4675 30.4%0

PART & of QUTPUT FILE
PC MINTEQAZ v3.10  DATE OF CALCJLATIONS: 17-MAY-9% TIME: 10:27:&3

PERCENTAGE DISTRIBUTION OF COMPOMENTS AMOND
TYPE 1 ang TYPE 11 (gissolved and adsorted) species

He! »1004. PERCENT BOUND Iw SPECIES # 330 =)
»1C04. PERCENT BOLND IN SPECIES #3307320 =804 -

S0&-2 T PERCENT SOLND 1w SPECIES # 732 $0k-2

8.6 PERCENT BOUND 1w SPECIES 1507320  CaSOL A3
Cas2 7.6 PERCENT BOUND |w SPECIES # 130 Qa2

HL PERCENT BOUMD Im SPECIES #1507320  <Casos aQ
«20 9.4 PERCENT BOUND [w SPECLES #3300020 Cw-

4.6 PERCENT BOUND Iw SPECIES 1503300 Calw »

P0R7 5 of QUTAUT FILE
PC WINTEQAZ v3.10  OATE O3F CALCULATIONS: T7-MAY-GL TIME: 10:22:43

............................ IhSdLNsssssmanmmnI TR TR

----------- ESUILIZRATED MASS DISTRIBUTICN =vvrenrross

X NAME O1SSCLVED scased PRECIPITATED
MOt /KG  PERCENT MOL/XG  PERCENT MOL/EG  PERCENT

330 W+ $.882E-22 130.) 0.000e-O01 0.0 0.QJcE-01 0.0



732 SoA-2 1,0QCe-C2  00.9  0.00C£:Q° 0.0 Q.5CCE-ON 0.0
150 Cas2 1,00c¢-02 100.0 0.000£:0% 0.0 C.CO0E-2Y S.0
2 30 1,539€-07  130.0 0.000&-Q° c.0 0,7C0-3" 0.3

Charge Salance: SPECIATED

Sum of CATIONS = 1,&33E-02 Sum of ANICHS  1.433E-02

PERCENT OIFFERENCE = 2. 7V1E-O09 (ANICKS - CATIONS)/(ANIONS « CaT|Ca$)

ECUILIBRIUM 1ONIC STRENGTW (m) = 2 BaSE-02

ECUILIBRIUM pM a T.047
CATE 1D NUMBER: Qu2517
TIME 1D NUwBER: 10224378

PART 6 of QUTPYUT FILE

PC MINTEQAZ v3.10 OATE OF CALCULATIONS: T7-MAY-9C TIME: 10:22:43

Satyration indices and sroichiomecry of all minerals

e NAME Sat. [nces Stolchiometry in (Trackers)
4015000 ANKYDRI|TE -3.214 ( 1,000 150 [ 1,000 732
8315001 GYPSLM -0.008 { 1,000 150 [ 11,0000 732 [ 2.00Q) 2
2015000 Line 2118 ( -2.000) 330 ¢ 1.0Q001 t59 [ t.000) 2
20%5001 PCATLANDITE  -11.008 ( -2.000) 330 [ 1.000} 'S0 ( 2.3C01 2



-a 4O

PART 1 ot QUTRUT FILE

AL MINTESA2 v3.10  DATE OF CALTUCATICNS: 19-wAr 54 TIME: 12:490:90

o a3d 1-me 19 sulphuric a¢id 10 ad)usl %0 pd 8. Pre mix nethod

Temperature (Celsius): 25.0Q
Units of concentrat:on: MOLAL
lonic strength 10 e computed.
14 specified, SarDOAaTe CONCENTration reprasents tatal inorganic carden,
00 Aot automat ical iy terminate 1f CRarge IMCalance eaceeds 3%
Precigization 15 allowed only for those salids specified as ALLOWED

1A the 1aput file (ot ),
fhe maximum furber of iterations is: 200
The nethod used to compute activity coeffictents is: Davies equation
[ntermediate cutpnt file

J30 D.0COE-QY 1. .My
732 1.CO0E-D2 -2.00 y
150 1.000E-C2  -2.00

4223 has been inserted as o COMPONENT

INPUT DATA BEFCRE TYPE MCDIFICATICNS

19 NAME ACTIVLTY GUESS LG GUESS  ANnAL TQTAL
I WA 1.965¢-02 «1.700  0.000€-0!
32 504-2 1.000€-02 +2.000 V.000E-02
40 cas? 1.000£:02 +2.000  7,0008-02

2 H20 1.500E=-50 0.000 ©,000E-01

tharge Salance: UNSPECIATED
Sum of CATICONS= 2 OCOE-02 Sum of ANICNS = 2,000€-02

PERCENT DLFFERENCE « D.CCCE-Q! (AN|ONS - CATIONS)/(ANICNS » CAPICNS)

| IPRCVED ACTIY|TY GLESSES PRICA TQ FLRST ITERATION: |
| $oe-2 L2p sctivity guess: .47 |
! |

B L e e N R R R R R s



PART 3 of QUTPUT FILE

PC WINTESAZ v3,10

DATE CF CALCULATIONS: 19-MAY-3

PARAME TERS DOF THE COMPONENT MCST DUT QF BALANCE:

TIMG: 12:49:53

[YER NAME TOTAL ML DIFF FxN LOG ACTYTY RESIDUAL
0 Cae2 T.3C0E-C2  5.937¢-03 -2.00000 6.936€-03
1 Caed 1.0006-02 -6.8438-04 -2.39390 6. 833E-%
2 Cas2 T.CCOE-02  3.74-0% -2, 30081 3.71%-03
3 Ca2 T.0C0E-02 7.7BOE-04 -2.%0000 T.TI9E-0e
“  Ca=2 1.0008-02 5.645E-0% ~2.42088 $.385€-05
5  Ca=2 1.000E-02 3.7LLE-06 24265 2.745E°06
& med 0,000E-01 ~-9,383¢-09 -7.08102 9. 3TCE-089
T s 0,000E-91 -1,52%¢-10 ~7.34710 1.367¢-10
10 NAME ANAL MOL  CALC mOL  1LOG ACTVTY GAMmA QIFF Fun
330 wed 0.000€-01 1.056£-07 -7.04887 0.850276 -L.0786-14
732 sCe-2 1.00C€-02 7,763k-03 -2.4268% 0.5224684  5.4088-09
15¢ Cae2 T.000€-02 7, 7836-03 -2.4248% 0.522484 5.4088-09
¢ w0 0.900€-01 -1,639€-07 -0.3001% 1.0C5000 o.ocCce-O1
Type | - COMPONENTS AS SPECIES Iw SOLUTION
10 NAWE CALC mOL ACTIVITY LOG ACTVTY GAMMA NEW LOGK
330 Wet 1,0%¢€-07 8.9TTe-08 «7.04687 0.85028 0.070
32 504-2 7.1436-03 3.744E-03 «2.42845 0.52269 0.282
150 Cae2 7.163E-03 3.7uLE-03 -2.462688 0. 5249 0.282
Type 1| - OFHER SPECIES [N SOLUTICN DR ADSORBED
10 NAME CALC MCL ACTIVETY LOG ACEVTY GAMMA NEW LOCK
330730 wsos - J.837e-08 3.242¢-08 «7.086L6 (0.35028 2.0%8
1300020 oM- 1.3948-07 1.115¢-07 «§.9%5128  0.8%028 +13,928
1503300 CacH « 1.237-08 1.052¢-08 «7.97T93  0.8%5028 »12.528
1507320 Casds AQ 2.837E-03 2.856E-03 -2.%43 1.0C442 2.306
*yoa 11] - SPECIES WITW FIXED ACTIVITY
0 NAME CALC MOy LOG MOy NEW LOGK oM
2 W0 -1.535¢-07 -5.842 0.000 0.0C0




. -
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PART & of DUTPUT FILE

PC MINIECA? «3.10

042

Casd

DATE OF CALCULATIONS: 19-MAY-34 TIME: '2:49;53

PEJCENTAGE CISIRISUTION CF COMPORENTS ANCAG
SYPE  and TYPE [] {dis3oived and Zs0rbed) species

»1000.

»31000.

Tt.é

28.4

91,4

8.4

PERCENT

PERCENY

PEALENT

PERCENT

PERCENT

PEICENT

PERCENT

PERCENT

In SPECIES #3300020

IN SPECIES 1503300

I SPECIES # [$1

IN SPECIES #1507320

IN SPECIES # 150

IN SPECIES 157320

IN SPECIES #33C0020

IN SPECIES #1503300

CalH »

082

CasO& 23

Cas2

Cashs

Calm »

PART 5 of QUTPUT FILLE

PC MINTEQAZ v3.10

X

N
2
150

NAWE

W
$04:2
Ca-2

OATE OF CALCULLATICNS: 19-mAY & TIME: 12:49:53

I e R Rl .-

resaseinas GOUELIBRATED MASS DISTRIBUTION =vv-v-svee-

OI$S3LVED

MOL/KG  PERCENT

-5, D78E- "4

1.090¢8-02
1.30C€ 02
1435807

130.0
100.0
100.9
130.3

$CRBED
MOL/XG  PERCENT

Q.00CE-M 0.0
0.00CE-M 0.0
0.0C0E-01 0.0
0.200£ 01 0.0

PRECIPITATED
MOL/KG  ~EaCENT

0.000¢-01
¢.0c0E -1
0.0C0e -0t
0,000€-0¢

0.0
0.9
0.0
0.0



Charge Balance: SPECIATED

Sum of CATIONS » 1.4338-C2 Sum of ANICANS  1.4336-02

PERTENT OLFFERENCE = § S17E-12 (ANIONS - CATIONS)/(ANICNS + CATICNS)

ECULLIBRIUM TONIC STRENGTH (m) = 2 _BASE-02

EQULLIBRIUN om * T.0&T
DATE [D WUMSER: 40519
TIME D NUMGER: 12495393

PART & of QUIPUT FILE

PC MINTEGAZ 3,70  DATE OF CALCULATIONS: 19-MAY-9& TImE: 12:49:54

Saturation indices and staichiometry of all mirerals

o » NANE Sat. Incea Stofchiometry 1n [brackers]
60°S000 ANmYDR[TE ~0.21% [ 1.000) 1350 1.0001 732
4015007 CYPSLM -0,00¢ [ 1.000] 1% 1.000) 732 [ 2.000) 2
2015000 LImE -21.113 L -2.0001 330 £.000] 150 [ 1.C00)
201500) PCRTLANDITE  -11,008 { -2.000] 330 1.000] 150 [ 2.000) 2

P T



Some advanced modeling features in MINTEQA2

Organic complexation

MINTEQAZ contains a composite organc ligand called DOM  Constarts for the
complexation with a number of metals are provided in the MINTEQAZ data base DOM ¢an
be used to assess how significant organic complexation might be in vour svstem The ligand is
based on the dissolved organic concentrations found in the Suwannee River, Fargo

Georgia, USA. When vou use DOM you are assuming that the organic composition and
concentration of your water is similar to that of the Suwannee River. The punsts won' like
that, but the chances are you know neither the organic components, their concentrations, nar
the appropiate equilibrium constants for vour water, so DOM is the best you can do.

DOM is entered in exac:ly the same way as any other component {edit level 2, option 1).

A useful exercise is to vary the organic concentration and see the effect on the disrtibution of

the species



.49

L}

Percentage of Mlal G Lo ol shon

2 ! 2 3 . 5 L T
Conoentration of descived organe mater, DOM [ W } ]

b . '
- Varwation in the concentraiton of calcium species with increasing concentraiion |
. of dissolved orgamc matter. The conceniration of the soluble caictum-organic -
complex increases at the expense of ail other calcium species present, mcluding :

the equiltbrium solid phase, calcium carbonate.
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Surface adsorption

In many aqueous environments the fate or distribution of metal ions 1s regulated by
adsorption/desorption reactions occurming at the interface between the aqueous solution and
particulate matter such as mineral particles, organic matter or living cells. Vanous
mathematical models have been developed to describe ion adsorption. Seven such models are
available in MINTEQAZ2. The choice of model to use depends on the depth of information

availabie for the creation of input files

Adsorption of Metals

Adsorption surfaces e ciay minerals
{ ® calcite particles
® particulate organic matier

Adsorption models e 7 adsorption models

Field model ® Assume the adsorbing surface
is amorphous Fe{OH) 5

——— Yy -

For natural water systems there is evidence that the binding capacity of sediments is
determined largely by amorphous ferric oxide which forms a coating on inorganic support
particles ( Luoma and Davies, 1983). MINTEQAZ provides a separate data base of surface
complexation reactions with FeQ (FEQ-DBS). This data base is used with the Ditfuse Layer

Model  The database is compiled using sediments with the following characteristics
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Characteristics of the amorphous iron oxide surface used to
mode! the extent of surface adsorption, using the DifTuse

Layer Model 4;
Specific surface area (m* perg) 600 |
Concentration of solid (g//) 3422 |
Surface site density (moles//) '

ype 1 (high energy) 4,18x 10° |
Type 2 (low energy) 17,69 x 107 ll

The chances of having site specific sediment data are small. By using the FEO-DBS data base

you can get an idea of how important adsorption might be in your system, and by varying

chemical parameters such as pH, you can examing desorption conditions.

The following table gives an indication of how important it might be to examine the extent of

adsorption in your system

rl comparison of the precentage distribution of dissolved, adsorbed and
precipitated phosphate, calcium, sulphate and nickel, with and without
adsorption modeling
Dissolved Adsorbed Precipitated

No adsorpuion | Adsorption | No adsorption | Adsorption | No adsorption | Adsorption

modeling modeling | modeling modeling | modeling modeling ‘
PO, 0.7 0.1 . 99.9 %3 | 00 g
Ca 914 134 - %8 $6 | 18
50, 100.0 98.2 - 1.0 00 | 00
Ni 100.0 04 | > | 998 ng | 00
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Additional Mintega2 Problems

These problems are no more difficult to do than those presented in the basic tutorial book. In
some cases new PRODEFA2 options are used while in others some thought is required as to
what information you actually want MINTEQA2 to give you, and what information you
need to give the model to get meaningful predictions. This is probably the most difficult
aspect of using MINTEQAZ2. It can not be taught. Familarity with the program will help but
an overall grasp of the problem is the best aid of all In dealing with real world problems,
simplify down. Do not get bogged down in large files, with too many variables Rather
simplyify to the basic chemistry which is likely to be controlling the system. When a feel for
the system behaviour has been gained, then additional inputs to the system can be added to
the model and their effect on the basic chemistry noted

Above all | READ YOUR USER'S MANUAL. The answers to most of the question you will

ask can be found in the manual

; COMMENT * When running input files with only a few components, Phase

' Rule violations sometimes occur, especially if you are also bringing solids into

| the picture. A way to avoid these violations is to add extra components, such

i as sodium or potassium, nitrate etc, ie components that are generally not strong
complex formers. Phase rule violations are common when learning to use
MINTEQA2. Generally it means that vou are trying to do 100 much at once,

| for example, fixed pH, fixed partial pressure of gases, add infinite solid, allow

l precipitation . Simplify the problem, take it one step at a time.

l



Exercize 1 - Simulating a titration

Add 1,0 x 107 M of sulphuric acid to 1/ of water

-

What i5 the pH of the solution?

.

\What is the total proton concentration®

.

Do you understand why proton concentation ts not the same as pH?

* You want 10 titrate the acid solution wath sodium hydroxide Can vou set up an input

file to do this?

HINTS : There are several possibilities. vou ¢could add a known amount of
sodium hydroxide as components, and repeat for increasing amounts of
sodium hydroxide. Your cation and anion balance would be fine but this
would be a tedious procedure. Rather forego an ion balance and use the
sweep option (Edit Level 3). By adding sodium hyvdroxide vou will be
rasing the pH. [n MINTEQAZ terms this is identical to reducing the proton
concentration, so in the ssweep option, if you use incremental changes, vour
increment needs to be negative. For 20 sweeps a reasonable increment is
-2.0e-4 This produces a long output file . scroll through to see etfects of

alkalt addition. You could plot up a titration curve from the output file
* How much sodium hvdroxide do vou need to add to raise the pH o 11,27

Exercise 2 : Adding an alkali to varer

Can you add 0.01 M of Potassium Hvdroxide to water?

Remember that in MINTEQAZ, OH ' is not a component, it is represented in terms
of components H" and H.O as (H.O minus H™ )

¢ \What is the pH of the selfution”

Exercise 3 = Eqyuilibration with_a gas phase

Use the INFINITE SOLID option ( Edit Level 2. Option6) If vou want ;0 add a known
amount of a compound , it may be added through the FINITE SOLID option, {if it exists 2s a
solid} or by adding it as CONIPONENTS in the correct stoichiometric ratios
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How much calcite will dissoive in water 1o give a saturated solution”

What is the pH of the solution?

If the saturated calcite solution is in equilibrium with carbon dioxide in the atmosphere,
how much calcite would dissolve? Use Edit Level 2, Option 4 The partial pressure of

CO. (g) at normal atmospheric pressure is 0,0003 aim

.

How much carbon dioxide gas had to dissolve so that equilibrium is attained?

What is the equilibrium pH when the solution is in equilibrium with CO. in the
atmosphere?

ise 4 : Dealing with alkalini

This problem concerns the various ways carbonate is handled by MINTEQA2 and involves
an understanding of what an alkalinity value actually means. Inorganic carbonate can be
entered as a COMPONENT in Edit Level 2, Option 1 in the normal way. If the alkalinity of
a water is known, it can be entered directly as alkalinity in Edit Level |, Option 6 When
entering alkalinity do not allow solids to precipitate (read the User's Manual- it does tell you
this ). If you need to consider solids in the problem together with alkalinity, then two runs
are required In the first, enter the alkalinity value and do not allow solids to precipitate. In
the second run, enter the total carbonate concentration ( found in the output from run 1- you

should know where to find it ) and allow solids to precipitate.

COMDMENT = This double run technique can be very useful, for example it
is often useful to know the total proton concentration rather than a pH value,
especially when several solids are precipitating. By entering the total proton
concentration or total carbonate concentration found in a preliminary run,
then a degree of freedom is liberated, which may just be enough to allow the

problem to run without a Phase Rule violation. ( see earlier comment on

Phase Rule violations




Determinand Concentration (mg1) Concentration (molar) |
Calcium 120 3,0e-3 |
Magnesium a3 9. 16e-4 l

lSodium 373 1,62e-2 ‘
Sulphate 774 8.06e-3 .
Chloride 236 6,64e-3
Alkalinity mg/ CaCO, 130

mg/l CO, 78 1.29¢-3 |

For this water, enter carbonate both ways

¢ Examine the total carbonate concentration for each method, Can you explain the

results.
ey s Chanees in grognd w omposition

A ground water flow path is depicted in Figure 1. Groundwater flows from point A, through
points B and C to discharge at the surface at Point D.  Using MINTEQAZ2, model the
changes in the equilibrium ground water chemistry along this flow path. Unless instructed
otherwise, do not allow solids to precipitate. In order to avoid possible Phase Rule violations
when modeling with a small number of components, add 1 Oe-4 moles of sodium and nitrate
to the water. These ions will not affect the chemical speciation of other ions and can be
ignored thereafter. There is no transport component in this problem, you are simply trying
to predict how the chemical composition of the ground water would change as it passed

through various rock tvpes.
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| FIGURE 1 : Schematic diagram of groud water flow path

-
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Point A : overburden horizion

The ground water is open to the atmosphere. The partial pressure of CO.(g) was found to be
0003 atm Normal pCO.(g) is 0.0003 atm

¢ Why can pCO.(g) be greater than atmospheric?
e What is the pH of the ground water?
Point B : limestone horizion
The ground water has entered the limestone horizion but is above the water table

® (i) What is the pH of the ground water?

.

(1) How much calcite dissolves, (2) in moles/l and (b ) in mg/1?

(i) What is the total dissolved carbonate concentration (CO,") of the water in molesi?

(iv) What is the total dissolved proton concentration (H™ ) of the water in moles/l/

(v) What is the total dissolved calcium concentration in moles1?
Paint C : dolomite horizion

The water is below the water table and is in contact with the dolomite horizion. Using the
values from questions i, iv and v above, create an appropiate new input file Remember to

add Na” and NO; t0 avoid possible Phase Rule violations
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{1) What is the pH of the water”

{11} How much dolomite dissolves in moles/1?

(1) What is the saturation state of the water with respect to calcite?

(iv)Equilibrate the water with calcite by allowing solids to precipitate

{a) what is the pH of the water after equilibration with calcite?
(b) how much calcite precipitates?

(c) how much dolomite dissolves? Compare this amount to your answer in
question ti in this section and briefly explain the result.

(d) list the total dissolved concentrations of 1ons in the water after equilibration
with dolomite and calcite

Point ) : discharge point

The ground water has reached the discharge point D Using the total dissolved concentrations

from iv(d) above create an appropiate new input file to model the water composition at this

point. Allow oversaturared solids to precipitate.
* (1) What is the pH of the water?
* (i1) What minerals are predicted to precipitate? Give the amounts in moles/1.

¢ (i) Are the minerals predictied to precipitate realistic in terms of the geological

sizuation” Explain your answer. How could you improve the model parameters?



Advanced Modeling Options

MINTEQAZ contains 2 number of input options through which invarient measurements for a
chemical system, such as pH, can be defined There are some options which can be classed

as advanced modeling options These are
¢ adsorption modeling
¢ modeling with a dissolved organic matter component
¢ modeling with redox equilibria

For many systems, the data required to model these aspects are ill-defined, either because
routine chemical monitoring does not include their measurement or because the system has
not been adequately characterised Yet, particularly for natural systems, these three aspects,
either individually or combined, are likely to be the controlling influences on the chemistry of
a system  MINTEQA2 has provided for the situation where real field data is lacking, by
providing options which allow for reasonable assumptions to be made Based on these
assumptions the program will calculate equilibrium concentrations. Results obtained using
these advanced modeling options should be viewed as guides or trends for the system. Ina
dynamic natural system, processes such as precipitation and adsorption are likely to be
governed by kinetic factors, such as diffusion or dissolution rates, rather than by equilibrium
processes, Although the uncertainty factor in using these modeling options may be high,
work conducted to date suggests that it is preferable to consider these influences on a given

svstem, rather than to ignore them entirely

Of the advanced modeling options, modeling to examine the effects of surface adsorption and
modeling to examine the effects of organic complexation are fairly straight forward

Modeling with redox equilibria can be more difficult due to uncertainty in measurement.

water impoundment

In the aquatic environment. phosphorus may be present in an organic or inorganic form. In
both categories the individual phosphorus species may be present as either dissolved,

precipitated or adsorbed phases Interchange between the various categories is possible as a



result of chemical and biclogical action. A knowledge of the various types of phosphorus
species, and their relarnve distribution, is impertant in understanding the fate of phosphorus in
the environment. In a study of the impact of phosphate reduction measures on eutrophication
in a fresh water impoundment, chemical speciation data was used to interpret the interaction
between the various physical, chemical and biological processes which governed the mass
distribution of phosphorous in the system. Processes such as precipitation, adsorption,
biclogical uptake and stratification, remove phosphorous from the aquatic system, while the
formation of soluble ionic complexes, dissolution, desorption, mineralisation and turnover
supply phosphorus to the system.  The relative merits and contributions of these various

phvsico-chemical processes can be assessed through a knowledge of chemical speciation

A simplified fresh water composition is given in the table below. The total carbonate
concentration was calculared from an alkalinity value, taking account of the carbonate
speciation. Total Phosphate includes soluble orthophosphate (inorganic and organic) as well

as particulate phosphate

Water Quality Determinand Summer surface water | l
Simplificd analysis }i
mg/l moles] ['
Calcun 0.4 2594 |
Magnesium 10,4 2. e-4 i
Sodwim | 209 0% |
Potassium 24 6.13¢-8 |
Towl iron 0.48 8.5%6 l
Chioride % 3% |
Fluonde 0,13 1.0lc6 |
[Sulphaie | 22 1aes
{Ti.ll phosphate |18 1.33e-8
Eoml urbonme } V.38¢3 i
Temperaturey 'C) m H
ok 83 | é



* Model the phosphorous speciation of the water

* What solid phases are predicted to precipitate? Are these phases realistic?
* Describe the distribution of soluble phosphate species

* What is the impiication of the phosphorous speciation for bioavatlibility?

* Using Edit Level 2, Option3, model the effect of surface adsorption on the distribution
of phosphate species. Allow precipitation to occur if required by equilibrium
conditions, so that the competive effect of adsorption versus precipitation processes

can be evaluated READ the block below carefully before attempting adsorption
modeling

{ SURFACE ADSORPTION

| The effects of surface adsorption can be modelled by assuming that the properties of the
; adsorption surface, regardless of its original state, will be controlled by a surface layer of
i amorphous fernic hvdroxide. There is considerable data in the literature to support this
assumption. MINTEQAZ provides a separate database file, FEO-DLM.DBS, which

| contains surtace reactions that are applicable to the Diffuse Layer Model for adsorption

- . : ]
‘of some metals and ligands onto an amorphous iron oxide surface

'The properties of the iron hydroxide layer for which the FEO-DLM DBS database can
be attached to the Diffuse Layer Adsorption Model are

Solids concentration of 3,422 g/l and with an amorphous iron concentration of 0,721

: mg/g.
r
‘Specific surface area = 600 m/g

'High energy site density = 1,.922¢-4 moles/|
.

Low energy site density = 7 690e-3 moles/|

These values are based on average porosity, dry density and amorphous iron

concentrations of some aquiter materials encountered by the EPA in their work




* You should be able 10 produce 2 diagram similar 1o that given in Figure 2.

i
- 01 { b
- 1 i
| - | Dissolved Acdscrbed Preciptated | L
| .;1 e S PR s o 1 -./’,,I.&"'
,‘.‘ Qcar /"-‘ ”
i - - :
B [ = e g
// _-_,_.-
. 5 t€LS ’,—f -
i S |
P2 b .
| - § ="
| s 107 — e |
.2 3 = |
I 8 ¥
. -] 1EQD g = l
|3 r |
= ’
i ! '
o
~ 1E-11
"B ‘B8 i 3 %001 8.%01 L 1) e

Total concentraz:ion phosphaze ( moles/l )

FIGURE 2 ; Effcct of surface adsorption on the distribution of phosphate species in a fresh water
impoundment.

* Under what circumstances might desorprion occur? How would you model these to

examine the extent of possible desorption



SESTUDY : Modeling to examine th

rifects of organic complexation

It is generally accepted 1hat the presence of organic material, particularly humic substances,
1N an aquedus system, can influence the distribution of the morganic species present  The
arganic matesal may be dissolved or particulate. Either of these categaries offers different
mechanisms of interaction with the inorganic ions present in the water, for example, dissolved
organic material may form ionic complexes or ion pairs with inorganic ions, while particulate
organic matenal may offer electrostatic adsorption surfaces on which the inorganic ions may
bind. The nature of the organic material will depend on the environment of the water, for
example, the organic material tound in a lake water will be different from that in an esturine
water, and even within a given body of water there may be seasonal or depth variations in the
nature of the organic matertal present. This complexity of natural svstems, is compounded by
the analytical difficulties of identifiing all the organic compounds present. Thus waters,
whether natural or process streams, are rarely well characterised in terms of their organic
content. As a result there are few thermodynamic data available for naturally occurring
organic compounds The lack of thermodynamic data restricts the use of chemical speciation
computer modeis in studying the effect of organic complexation on the distribut:on of

INOTEANIC species
Two approaches have been taken in attempts to resolve this difficulty
* (i) the use of recipes representing common sources of organic material

* (i) 1the use of companite organic ligands, for which the complexing affinity with some

metals has been determined

Use of Hypathetical Recipes to Model the Effect of Organic Material on Metal
Complexation

A number of recipes for the organic component of several waters have been developed to
enable the etfect of the arganic matenal on metal complexation to be considered. These
include, a recipe representing the organic content of sewage. {Morel et al , 1975), a recipe
representing the organic content of sludge derived soil leachate, (Mauigod and Sposito,
1978), and a recipe representing the organic compaosition of scawater, (Stumm and Brauner,
1975).  These recipes, siven in the table befow, contain certain classes of organic acids

whaose proton dissociation constants fall into the same ranges observed for organic matenial in
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natural systems and which are expected to be present, or to simulate closely, the organic
acids present in each svstem  The measured stability constants for trace metal complexes
with these organic compounds are assumed to be good approximations to the unknown

stability constants and are available in the MINTEQA2 database

( Recipes developed to represent organic ligands present in sewage,
] sludge-derived soil leachate and seawater
Recipe for Sewage Recipe for sludge-derived soil Recipe for scawater
leachate
Ugand | Come | Ligand | Conc(udp) Ligad | Conc (mM)
(mM)
IAcetate 0,500 Fenzenesulphonate 34 Acetate 0,007
Glycinate | 0,500 :kalicylate 54 Citrate 0,007
Tanrate 0025 Phthalate 107 Martrate | 0,007
Glutamate | 0200 Citrate 72 (Glycinate 0,007
Salicylaste | 0,155 Maleate 107 Gluramate 0.007
Phthalste | 0,125 (Ornithine 43 Phthalate 0,007
i l-l..ysine a4
| Valine a3
! Arginine 0
TOTAL | 6.0 mM 2.2 mmol/g 23 mel
carbon R carbon

Use of « composite ligand to model the effect of organic matter on metal complexation

A recent addition to the MINTEQA2 database, December 1991, is a composite ligand
representing dissolved organic material from the Suwannee River, Fargo, Georgia

(DOM - comporent identitication number, 145) There is no distinction between humic and
fulvic fractions in this composite ligand.  The thermodynamic constants relevant to this
composite ligand are discussed here in some detail, as the MINTEQAZ User's Manual has not



been updated to inciude this information  Further information can be found in the file

UPDATE.TXT on the MINTEQA2 diskette

Waork by Perdue and Serkiz (1987, 1988) showed that for proton binding to higands in humic
substances in Suwannee River DOM, the formation constant, (mean log K, vafue), was 3,837
Susetyo et al (1990) determined that the average humic anion charge, Z, was -2.8 and that
the mean log K value for metal binding was 6,4 Using a site density of 4.8 x 10-4 moles'g of
organic marter, log K values for the complexation of some trace metals with Suwannee River
DOM have been determined (Susetyo et al., 1991). These are given in the table below The

organic matter contained 48,79 % carbon

Mcian log K values determined for the

complesation of some trace metals with
Sum unnce River dissolyed organic martter

4 (DOM) (Susctro et al; 1991)

E Cation i Mean log K
H . 3.87
Al 5,20
Fe' 6.20
CriOH). 15,32
Ba 3,10
Be* . 340
Cd™ | 3.00
G | 4,90
INF* | 3,30
P ‘I 5.20
Zn" | 3.50

e
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These values, together with the appropriate react:ons have been included in the
thermodynamic data base of MINTEQA2, Version 3 || as file COMPLIG.DBS. The
incorporation of these reactions in standard equilibria calculations is accomplished by
including a separate subroutine (COMPOSIT)  This sub routine is initiated automatically
by MINTEQAZ when DOM is tncluded as a system component in the input file
PRODEFAZ has also been modified so that new composite ligand reactions, not in¢luded in
COMPLIG DBS, can be added by the user

The conceatration of the composite ligand comporent ts always specitied in meles of sites per

litre {regarcless of the setting for units of concentration)

The Effect Of Organic Muterial on Metal Complexation in Power Station Cooling Water

Modeling with a “sewuge” recipe

Sewage effluent was returned as make-up water to a power station cooling water circuit.
MINTEQAZ was used to examine whether the presence of dissolved organic matter had any
effect on the chemical speciation, and hence precipitation potential, of the major cations in

the cooling water.

[n arder te madel this scenario a total carbon and inorganic carbon analysis of the water is
required. By subtraction the dissolved organic concentration can be determined. This value
is required to adjust the "sewage recipe™ to match the organic carbon concentration of the

water

For the cooling warer modetted. ihe 1o1al carbon content was 57 mg:/ 2s C and the tnerganic
carban concentration was 32 mu'/ as C.  The chemical composition of the cooling water was
modelied with the components of the "sewage” recipe proportioned to the organic
concentration of the cooling water It was assumed that the water was not in equilibrium

with the parual pressure of atmospheric carbon dioxide.

Without the addinion of "sewagze”, the coaling water was predicted to be oversaturated with

respest to calcium carbonate and to precipitate 62.7 my'f of calcite

OF the various organ¢ hgands conrained in the sewage recipe, only acetate and phthalate

showed any atfinity to complex with the calcium, magnesium and sodium ions ot the cooling



water The overall eftect of the formation of these complexes is negligible at the organic
carbon concentration modelled The amount of calcite precipitated is predicted to be
reduced by 1 mg  (t0 61,7 mg/? ) due to the formation of the soluble calcium acerate and
calctum phrhalate complexes. [ncreasing the “sewage” 101al carbon o 72 mg/t .
(approximating raw sewage, Morel et al , 1975) resulted 1n a 2 mg?! reduction in the mass of

calcite precipitate (60,7 mg/t )

Madeling with DOM

The power station cooling circuit water was modelled with increasing amounts of dissolved

organic matenal, represented by the composite arganic DOM

Of the cations present in the water, only calcium and magnesium form soluble metal-organic
complenes Figure 3 shows the changing concentration of calcium species with increasing
concentration of dissolved organic material. As the concentration of dissolved organic matter
increases, the metal-organic complex, {CaDOM), increases at the expense of ali other calcium
species ,including the equilibrium solid phase. calcium carbonate. At organic concentrations
greater than approximately 4 mmoles/s (as C). the calcium-organic complex becomes the
dominant calcium species present. The affinity of the dissolved organic matenal for calcium

is sufficientlv strong to compete with the precipitation process
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Figure 3 @ Varation in the concenteation of calcium species with increasing concentration of dissohved
orgitnic matter, The concentration of the saluble calcium-organic complex increases at the expense of
all other calcium species present, including the equilibrium solid phase, calcium carbonate.

The formation of a calcium-organic compiex, has implication for the efficient operation of
any flocculattonvclarification or water softening process used to treat this cooling water, and
would result in less calcium being removed from the water than expected.  This conclusion is
similar to that reached when the cooling water was modelled with the sewage recipe, butin
this case the model predicts that the amount of calcium carbonate precipitated would be
reduced by $3 mg'r, compared to a reduction of anly | mg/! when the sewage recipe was

used.
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CASE STUDY : mudeling to examine the effect of redox conditions an the distribution of

chemical species

The acid:base equilibria in an aqueous solution can be described by the quantity pfHf =
- fog JH=! In a similar way the equilibrium position for redox pairs (ie, all
oxidation/reduction pairs) in a given svstem can be described by the quantity pe = -log €/,

where € 1s an eleciron

fn redox chemistry, by convention, the redox reaction is represented by the reduction half
reaction, for example the redox half reaction of interest to many natural waters is the

reduction of Feld~ to Fe2+ -
Fe’" = g~ = Fe~

The tendency for this reaction to proceed is measured by the half cell value, E. E measured
relative to the standard hydrogen electrode ts known as E,, values or as oxidation potential or
redox potential The values are obtained by measurement with a Pt electrode and are
commonly given the symbol Eh. Eh values may be positive or negative depending on the
ratio ot oxidised/reduced species in the redox pair being considered. Increasing Eh values
indicate increasingly oxidising conditions and decreasing Eh values indicate increasingly

reducing conditions The quantities Eh and are related by the equation

The measurement of redox petential in natural systems, although seemingly simple, is fraught
with difficulties, and is complicated and controversial. Part of the difficulty stems from the
fact that some of the reactions that determine redox potential are slow, so that instantanecus
readings with a platinum electrode do not give the true equilibrium potential When Eh
vaiues for some redox pairs obtained from field measurements are plotted against calculated
Eh values, the spread is so wide that most Eh measurements can only be used in a qualitative
sense Pankow ([991) advocates that Eh measurements should be viewed only as providing
guidance as to the direction of reactions within any given system, and as to the range of

concentration values that are feasible in the system.

Within this framework MINTEQAZ can be used 1o determine the equilibrium Eh of a
solution, provided concentrations of both the reduced and oxidised species are known
Alrernatively, if only the total concentration of a cation or anion [ikelv to be involved in a

redox equitibrium relatonsiug, is known, a fixed redox ratio can be imposed and MINTEQAZ



3.19

will calculate the concentration of species present in the reduced and in the oxidised state If
the user is unsure whether redox equilibria will apply, MINTEQA2 will provide a list of
redox pairs, based on the chemical components of the system.  In the following example the
redox option, Edit Level 2. Option$ has been used.

The Distribution Of Chenvical Species in Acid Mine Water

A mine effluent in the Witbank region had a pH value of 2,5. The composition of the water
(Sampling station BSFB12, January 1991) is given below.

’ Chemical compasition (me// ) of acid mine water from the Withank region I

The available chemical analysis was limited and the oxidation state of iron in the water was
not indicated. A general treatment was being sought which would make the water more
suitable for further treatment or for use as a source of low grade water. Because the
chemical data was inexact, a general approach to the chemical speciation of the water was
adopted In a preliminary investigation, MINTEQAZ2 was used to examine iron speciation in
the effluent by initially assuming that all iron was present in the ferrous state and then
assuming that all iron was present in the ferric state. These two model scenarios gave the
limiting conditions for iron speciation.  Model predictions indicated that a possible treatment
route would be to aerate the water, to an oxygen partial pressure of 0,21 atm and a carbon
dioxide partial pressure of 0.0003 atm. to ensure that all iron was in the ferric state. Under
these conditions it was predicted that 99 % of iron would be removed from solution as the
solid phase hematite (/¢.03). More realistically the iron precipitate is likely to be some form
of amorphous iron hvdroxide Exclusion of hematite ( Edit Level 2, Option 9) comfirmed
this  Saturation of this solution with lime, would result in the precipitation of several metal
hvdroxides, leaving a treated water consisting largely of sodium, potassium and chloride ions
together with smaller amounts of caicium and sulphate ions. A companson of the predicted

rotal dissolved concentrations of the water after ditterent treatment stages is given



The TDS concentration of the water is reduced by aeration and saturation with lime The
high pH could be adjusted with sulphuric acid This would result in the precipitation of an

additional amount of gypsum and remove further calcium and suiphate ions from the water

. Preicted chemical companition of acid mine water under different |

modeling conditions. The data indicates thut a possible treatment method
. would be acration and saturation with lime, Ca(OH).. The TDS of the
treated water is reduced.
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Distribution List for MINTEQA2 Discs and Manuals

A copy of the MINTEQA2 program and User's Manual, together with other appropiate

literature, have been distributed to the following people -

Name Organisation i
Prof Hudson Groundwater Research |
Andrew McLaren Goldfields, PO Box 61525. Marshalltown, 2107 '
Scbastian Jooster Institute of Water Quality Studies, Private Bag X313, Pretoria. 0001
Mr Graham Trusles Randgold and Exploration
Andrew Swart Anglo Amernican i
H van Leuen University of Pretora
G Renken Debex Desalinauon
Schackers Genmun
Prof R Loewenthal Universaty of Cape Town |
Mr B Joubert Eskom, Private Bag 6652, Newcastle, Natal, 2940 |
Mr H Porgicter PPC, PO Box 40073, Cleveland, 2022
Ms J Barnett AECI Research and Development Devpartment
Mr D Vinnecomb Technology Research Investigations, Eskom
Mr M Ginster Sastech Water Rescarch
Dr H Steys Department of Zoology. University of Pretoria
H Kasan Natal Techmikon
r B Martimicgh Department of Chemistry, University of Natal '
Dt E Meintjies Rand Water Board '
Prof P Rose Rhodes University
Ms R Timm SRK A
Dr Yves Chapron CEN.G , Grenoble, France 1
A Mills University of Cambndge '
Mr. R Bell SCI1, Sasol
Mr. A L Carvello Chemserve water Services
Mt D M Johnson BHT Water Treatment (PTY) LTD
Mr R Moodley East Rand Gold and Uranium ,
Mr E Oto Sastech ';
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HOW TO ADD Cl, (g), Cl, (ag), HOCI AND OCI' TO
THE MINTEQA2 THERMODYNAMIC DATABASE

MINTEQAZ2 divides chemical species into two categories components which are stored in
COMP DBS and other species detined in terms of these components and stored in the file
THERMO DBS

Cl. (ag). CL. (g), HOCIl and ClO do not appear in any MINTEQA2 database because their
presence would result in reactions which in practice do not occur in most groundwater
problems. However, in problems involving industnal process and waste streams they may be
necessary

Additional aqueous species may usually be defined inside PRODEFA2 and this has the
advantage of not tampenng with the database However, PRODEFA2 requires the major
cation in the new species 1o be specified before one can proceed any further in the definition
Since defimng Cl. (aq) in terms of the available components results in

Cl. (aq) = 2CI - 2¢

and neither CI' nor e appears in the list of options, it is not possible to add Cl. from inside
PRODEFA2 Gases also have to be added directly to the database

Explanation of the databases and instructions for modifications are given in Appendix A of the
manual and the identical text is also available in the file DATABASE TXT Since it is not
desirable 10 have these species available 10 MINTEQA2 for most problems, the original

databases and the final working copies of the modified databases should be saved under
different names

The required thermodynamic data cannot be taken directly from the literature because
MINTEQA2 adopts the convention of assigning A G, =0and A H, =0 1o the species
regarded as components rather than to the chemical elements in their reference states

For example. for the usual convention, ClI' has A H', = -39.9 52 kcal/mol at 25" C which
implies

12CL(g)+e=CI'  AH =-39952 keal/mol

However, since MINTEQA2 assigns A H', = 0 1o both CI and e according to this convention
Cl.(g) has A H', = 2x(=39.9 52) keal/mol

The appropriate A G, for Cl. (g) can be calculated in the same way and substituted into
log K = -A G’ /2,303RT)

where R = | 981 71x10" kcal/mol/K and T = 298,15 K
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Note that MINTEQA2 uses the | molar std state convention for aqueous species and all
thermodynamic quantities are in kcal/mol

Literature data for C. (aq) refers to the reaction
Cl (g) = Cl. (aq) AH =-56kcal/mol
Therefore
112CL(aq) = Cl ¢ A H' =(-39,952+5.6) kcal/mol
Therefore in the MINTEQA2 convention A H' = -2x(-39.952+5,6) keal/mol for Cl. (aq)
Cl. {aq) dissociates in water as follows

Cl. (ag) = H.0 = HCIO - H* ~ CI
HCIO = H + CIO’

H.O. H and CI' are all MINTEQAZ components. The other species may be defined as
follows

HCIO =Cl.+ HO-H -Cl
«2Cl-2¢ +HO-H -Cl
=Cl +HO-H -2

and similarly
ClO=Cl~HO-2H -2¢
The entries made in the database were as tfollows

1800012 CI2 AQ 743040 -472019 0000 Q000000000000 709060
0002 2000180 -2000 1

3301800 HOC1 AQ 11.0520 -50.5779 0000 0000000000000 32 4604
0004 1000180 1000 2 -1000330 -2000 |

1800013 ClO -1 847630 -58 1325 0000 0.000-100000000 514524

0004 1000180 1000 2 -2000330 -2000 1|

1800011 CI2 (g) 799040 -460196 0000 0000000000000 709060

0002 2000180 -2000 1

Note that. 1) ClO" actually has non-zero Debye-Huckel parameters but no data was
available
2) Cl. (g) has to be entered in the GASES DBS as well as THERMO DBS

Once the modifications are complete, the databases have 10 be unformatted for MINTEQA2
to be able to use them. First the old versions of THERMO UNF and TYPES UNF are deleted
and then the command UNFRMT is executed



Once Cl. (g) 15 in the database its partial pressure can be specitied in PRODEFA2 There isa
slight difficulty, however When a gaseous species is selected from the menu, PRODEFA2
checks if the components making up the gas have been specified as parnt of the problem yet. If
not, it includes them and temporarily assigns them concentrations of zero There seems to be
some bug in the code so that if it has to do this for more than one component, it skips back to
the previous menu before allowing one to specify a partial pressure. thereby terminating the
entry  This can be overcome by initially specifying a Cl' concentration which can be deleted in
Edit Level 3 later if necessary

It must be borne in mind that the MINTEQA2 database uses thermodynamic values
determined in typical natural water systems while for example data from e g Weast [2] refers
1o pure components, resulting in some slight inconsistencies in the data

HOW TO ADD DISSOLVED OXYGEN

0. {aq) can be defined as a species from inside PRODEFA2 Go to Edit Level 2 and select the
options 1o define a new species 0. (aq) may be defined as

0.(aq) =2HO -4H" - 4e

s0 the major cation is HO H™ ore may be specified as the other major ion The relevant log
K is -85,9484 and the enthalpy of formation is 133,83 kcal/mol The final component involved
15 selected after the thermodymmnc. data has been entered

REDOX REACTIONS

MINTEQAZ deals with different oxidation states of the same element in one of two ways it
may either define one state as a component and the others as species with the redox reactions
as their formation reactions. or it may define different components for each oxidation state In
the latter case. no mass transfer between oxidation states can occur unless the user specifically
allows 1t

The manual's explanation of the second method is slightly ambiguous which has caused some
confusion Recall that the reactions in the MINTEQA2 databases are formation reactions of
species from components and that all components are defined to have A G', = 0 This means
that writing a redox reaction between two components apparently results in A G°, = 0 which is
meaningless MINTEQA2 overcomes this inconsistency by defining a mock species known as
a redox couple with A G, = A G°, (and A H', = A H") ) for the relevant reaction.

Note that introducing this species into the calculations fixes the equilibrium activity ratio for
all the reactants as K for the reaction In general, the ratio of the activities of the two oxidation
states is not  fived as other components are also involved.

The redox couples are all assumed 10 be excluded species unless, they are selected for
inclusion in Option S of Edit Level 11
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For example, consider the redox reaction
Cr(OH), +2H ~e¢ =Cr -2HO logK =2947
In MINTEQAZ this becomes:
Cr(OH),” =2H =¢ -Cr - 2H.O » Cr /Cr{OH).

where Cr/Cr(OH)." is a mock species with A G', = -2 303xRTx2, 947
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PREDICTION OF CONDUCTIVITY FROM EQUILIBRIUM SPECIATION
Introduction

Conductivity is often used as an overall indicator of concentration of ionic solutes in the
streams associated with reverse osmosis plants. Frequently it is the only such indicator available
for a partcular stream While it is not possible to recover the underlying solution composition
from the conductivity alone, it may be possible to estimate composition from the conductivity
together with information on other streams through modelling of the RO process This requires
the relationship between composition and conductivity to be known An investigation is being
undertaken to establish a means of predicting conductivity from solution composition, using
data on the conductivities of various solutions. Since conductivity is some product of ionic
mobility in solution and the ionic charge, it was apparent that the speciation of ions in a solution
should be taken into account

Theoretical background

The theory of ionic conductivity has been reviewed by Erdey-Griz (1974). Equivalent
conductivity A is the conductivity of the solution divided by the number of molar equivalents of
ions dissolved in it. For a dissociated electrolyte, the limiting value of equivalent conductivity
for an extremely dilute solution is

A% = A + Ag (1)

where A? and AJ are the limiting conductivities of the individual cation and anion separately

In this limit, the conductivity of each ion is independent of that of other ions present in the
solution Because of interactions between ions, the mobility of a given ion depends on the
nature and concentrations of other ions present, and in a solution of finite dilution the law of
independent migration is not valid.

For very dilute solutions the empirical square root law of Kolrausch is vahid:
A=A -kJT (2)

Here A is the equivalent conductivity of a solution with concentration ¢, and & is a constant
which is dependent only on the valence of the ion, being larger the higher the valence

Note that Kolrausch's law does not use the speciation of the actual solution: it assumes that the
ions are completely dissociated and independently mobile and then uses an empirical term to
account for all deviations from this hypothetical situation.

At higher concentrations, the square root dependence on composition no longer holds and
empirical corrections involving other functions of concentration have been developed for single
solute solutions

For solutions contaiming more than two ions, these relationships are generalized as
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x= Xl (3)

where x is the specific conductivity of the solution, ¢, is the concentration of ion / and = is its
tonic charge

For mixed electrolytes at higher concentrations the theory is inadequate to predict conductivity
accurately

Basis of the present correlation

The correlation developed here makes use of four basic ideas
a) equilibium speciation to obtain the distnbution of ions actually present in the solution

b) a limiting specific solution conductivity calculated from the distribution of ions and the
limiting equivalent conductivities of the original ions

¢) a correction for concentration of similar form to the Kolrausch law.

W20°0) ]0-'%

d) a correct for temperature of the form x(7) = “ZOOO[W

and Pethybridge, 1990)

(Talbot, House

One very important ionic interaction at finite dilution is the association of ions to form ion
pairs. Neutral ion pairs do not contribute directly to the conductivity of the solution and are
explicitly excluded from the speciation based correlation However, charged ion pairs e g
NaCO, do contnbute to the solution conductivity and must be accounted for when ion pairs
form a significant proportion of the charged species present. Since the concept of limiting ionic
conductivity is based on the idea that there is no association of ions at infinite dilution, there are
no A in the literature (with the exception of the bicarbonate and bisulphate ion pairs).

For single solute solutions, ion pair formation can be accounted for by the empirical terms in the
correlation since the degree of association is directly related to the concentration. However, in
mixed solute solutions the degree of association between two ions depends on the other species
present. For the present correlation it would be most convenient to have average molar
conductivities for key ion pairs which would allow them to be handled like other charged
species,

Procedure

1) The MINTEQA2 program (Allison, Brown and Novo-Gradac, 1990) was used to speciate
single solute solutions of CaCl, , KNO, , MgCl, , MgSO, . Na.SO, and K.SO, at 20°C. The
limiting solution conductivity was calculated by:

= ¥ ¢ lan]A (4)

Data from Weast was then fitted to the expression:



x = x0 < 4" (5)

Here / = -;- > X :‘zc, 15 the ionic strength, while A4 and » are constants which gave the best fit
Solute concentrations up to 0.7M ionic strength were considered

2) Stock solutions of Na, CO,, NaHCO, , Na.SO, , KCI, MgCl, and CaCl. were made up and
used to make up multisolute solutions. Conductivities were measured at 25°C and compared

with predictions calculated by equation (5). Initially, the species NaCO, was not included in the
calculation

Results and discussion

I) The best fit values of A and n at 20°C were found to be 27,606 and 1,28 respectively A
graphical comparison of measured and fitted values for these solutions at 20° C is presented in
Figure |
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Figure |. Comparison of conductivity predictions with literature data at 20°C

2) The measured vs. predicted values of conductivity at 25°C are presented in Figure 2. The
same values of A and n as in | were used in the predictions. It was found that all the predictions
were higher than the measured conductivities with the exception of those solutions with
significant concentrations of NaCO, where the predictions were too low Clearly, the presence
of this particular ion pair must be taken into account.
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significant concentrations of NaCO, where the predictions were too low. Clearly, the presence
of this particular ion pair must be taken into account

Best fit values of A and n for the data at 25°C excluding the data points involving significant
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Figure 2. Comparison of conductivity predictions with measured data at 25°C

amounts of NaCO, were found to be 32,623 and 1,21 respectively. It would appear that the
empirical correction is temperature dependent and this point needs further investigation.

Further work required

1) It is proposed that an average molar conductivity of the ion pair NaCO, be determined as
follows

a) MINTEQA2 will be used to speciate solutions of pure Na.CO, and mixtures of
Na.CO, and NaCl

b) Predicted conductivities will be calculated as above and the difference between
the prediction and the literature or measured value divided by the
concentration of NaCO, to determine its molar conductivity

If this approach proves successful, it could be used to determine suitable values for other ion
pairs,

2) The validity of the temperature correction is yet to be determined. This will be investigated
using single solute solutions from the literature and muitisolute solutions made up in the
laboratory. One problem is the lack of data on limiting ionic conductivities at different
temperatures and these may also have to be estimated Alternatively, it may be acceptable to
predict the conductivity that would be measured for a given actual speciation at 25° C and then
use the viscosity correction to get the final answer.
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LSER PROFILE

I Whar is sour highest educational qualigization in shemistry !

a Indicate how many vears 180 vou last studied chemstes formally

I = 3 ) 3
0-5 3-10 12-15 15-20 over 20
5 How would sou rate sour knowledge of inorgamc chemistry
4 = 3 4 3
Paor Very good
1 How would vou eate your compurtanignal ability
1 > 3 i 5
Pout Very good
5. Is chemistry aa important aspect of your job?
| e 5 K b
No Very important
COURSE CONTENT
. Rate the amount of theory in the course
| A 3 3 5
Too much Teo litile
-~

2. If you would have liked more theory. briefly indicate which aspedts vou would have
liked covered.

3 Would yvou have liked more worked examples?

1 = 3 3 b
N Yes



Would sou have liked more group work?

1 t 3 4 b
\o Yes
N N
Rate the pace ot the course.
I = 3 . 3
Tao slow Too fast

Would you have preterred the course 10 be spread over |, = or § J13¢?

Where the worked examples ¢learly set out?

l e 3 4 3
No Yes

Rate the ¢larity of the overhead projections

[ = 3 1 3
liegible Easily read

Rate the relevance of the overhead projections

l = 3 R 5
Not relevant Taorally relevant

How could the presentanion ot the course be improved?

How could the content ot the course be improved?




COURSE ENPECTATION

| How did vou hear abour MINTEQAL?

ts

Why did vou attend the course?

o

Do sou Feel the program will e pseful 10 wou!

} = 3 i 5
Nat at all Detinuely
4. How many hours per week do you see voursell using MINTEQAZ?
5. Would you recommend the usé of the program to any one ¢lse in vour orgamisation’
1 2 3 4 5
NO Yes
6. If 50, 10 whom

=

Should the course be run v Afrthaans?

frs
‘b
.—

>
Not necessary Essential
- \ l. :
l. If you intend using MINTEQAZ, do you teel you would require further assistance”?
| = 3 4 5

NOD Yes




ts

)

b)

d)

¢)

Should the assistance take the form of;
a user workshop?

l
No

L)
e
-

a telephone help desk?

|
No

ts
-
-

a fax help desk

|
No

L
[
.

a modem helpdesk

I
No

12
et
&

by correspondence

|
No

L
.,
.-

Do vou reel on-site assistance would be usetul?

! 2 3 4
No

If so, what would you be willing to pay? (RO - R1000/day)

w

Yes

Yes

Yes




