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Adsorption of Oxalate Seed Poisons 

and their Effect on Crystallization and Thickening 

Final Report 

 

EXECUTIVE SUMMARY 

The adsorption of oxalate seed poisons (OSPs) onto the sodium oxalate surface interferes with 

nucleation, crystallization and subsequent removal of oxalate by thickening.   

This is one section (task 3) of the final report of a three year project designed to quantify OSP effects 

and determine their mechanism of action.  The mechanism of inhibition of oxalate nucleation by 

synthetic stabilisers is a related area and is being addressed in a PhD program integrated with other 

aspects of this project.  Work was conducted by staff from Alcoa of Australia Limited (Alcoa) and AJ 

Parker CRC at two sites: the Alcoa R&D labs at Kwinana and at CSIRO Waterford. 

 

 

This report contains information which is commercial-in-confidence. 

Accordingly, it must not be used or disclosed in whole or in part except in accordance 

with the terms of the covering agreement between MERIWA, Alcoa, CSIRO Division of 

Minerals, Nalco Australia and Curtin University 
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NOMENCLATURE 

A/R Aspect Ratio (length to width ratio of particles) 

OSP Oxalate seed poison 

QA Quaternary amine (synthetic stabiliser) 

LMW Low molecular weight 

GC/MS  Gas Chromatography / Mass Spectrometry 

OBF Oxalate belt filter 

 

LAYOUT OF THIS REPORT 

This report has a one page Executive Summary and an extended Technical Summary.  Each major 

section (Nucleation and Crystallisation) has an individual summary of findings.  These findings are 

collected in the Conclusions section.  This layout has been adopted to facilitate easy access to 

relevant information by a variety of different readers.  
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Adsorption of Oxalate Seed Poisons 

and its Effect on Crystallization  

Final Report 

 

1. TECHNICAL SUMMARY 

The adsorption of naturally occurring surface active compounds (oxalate seed poisons or OSPs) 

onto the sodium oxalate surface interferes with the processes of oxalate nucleation, crystallization 

and solid/liquid separation by thickening.  These effects are exploited by the use of synthetic organic 

compounds (oxalate stabilisers) which prevent oxalate crystallization during hydrate precipitation.  

The mechanism by which OSPs act remains unknown. 

This is one section (task 3) of the final report from a three year project designed to characterise the 

adsorption of OSPs onto sodium oxalate and the effect such adsorption has on oxalate nucleation, 

crystallization and thickening.  The project aims were to quantify the effects of OSPs (both singly and 

in combinations) and to establish a mechanistic understanding of their action.  The results of this 

project have direct relevance to the conventional processes of oxalate removal (separate 

crystallization and thickening stages) and the alternative oxalate removal processes based on 

alcohol and cooling. 

The project brings together the understanding of the impact of OSPs developed by Alcoa R&D with 

the AJ Parker’s experience of the fundamentals of oxalate nucleation and crystallization, and of the 

effects of organics on oxalate flocculation and flotation.   

1.1 Nucleation 

Nucleation has been studied under both low and high supersaturation conditions.  A change in the 

nucleation mechanism has been identified by a break in the induction time measurements at a 

supersaturation ratio of ~7.7 where nucleation changes from heterogeneous (nucleation on foreign 

particles) to homogeneous (no interaction with foreign particles). 
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Figure 1.1 Induction period as a function of supersaturation for the precipitation of sodium oxalate 

(3 g/L) from synthetic liquor at 45oC, showing regions of homogeneous and heterogeneous 

nucleation.  The increase in supersaturation is due to an increase in ethanol concentration  (Ethanol 

range 0 - 10 % v/v). 

1.2 Crystallization 

The rate equation for seeded oxalate growth in caustic aluminate liquors in the absence of OSPs 

has been determined by measuring desupersaturation curves at different seed charges (seed 

surface area A), starting supersaturations, temperatures and agitation rates.  The results indicate 

that growth is consistent with an equation of the form  

R = -dC/dt = k A 
g
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⎠
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⎛ −
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where the rate constant (k) is 8.43x10-7 kgm-2s-1and the growth order g = 2.45.  The growth order 

and the calculated activation energy for crystallization (106 kJ/mol) demonstrate that the rate is 

controlled by surface integration and not bulk diffusion.   

Comparison of the extent of growth on acicular and blocky oxalate indicates different growth rates on 

different faces which is consistent with the usual acicular morphology. 
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1.3 Conclusions and Summary 

• A comprehensive rate equation for growth in the absence of OSPs has been developed.   

 

2. INTRODUCTION 

2.1 Background 

The project brought together staff at Alcoa R&D, AJ Parker staff at Curtin University (Crystallization) 

and AJ Parker staff at CSIRO Minerals (Flocculation), involving a large number of people.  There are 

three areas of major activity and progress is detailed in this report under the one broad area of 

oxalate nucleation and crystallization. 

Work in this project was conducted at two sites (Alcoa R&D laboratories at Kwinana and at the AJ 

Parker laboratories at CSIRO Waterford).  There was extensive interchange and tasks are 

performed at whichever location is more suitable. 

Compounds with properties closely related to OSPs are the quaternary amine (QA) synthetic 

stabilisers.  The mechanism of nucleation/crystallization inhibition by synthetic stabilisers is being 

addressed as a separate PhD project (partly sponsored by Nalco) which is fully integrated with other 

aspects of the project.  The ultimate goal here is the development of better and more cost effective 

stabilisers. 

 

3. NUCLEATION 

Nucleation of oxalate is undesirable during hydrate precipitation.  The “normal” inhibition of 

nucleation by OSPs is sometimes supplemented by inhibition from synthetic stabilisers added at this 

stage.  Inhibition by OSPs (and stabilisers) is also an important consideration for the alcohol and 

cooling processes in which nucleation is critical. 

3.1 Summary of Findings 

• The time for nucleation to take place (induction period) increased as the temperature 

decreased.  This was established by comparing induction periods at a fixed oxalate 

concentration for sodium oxalate nucleation at 25oC and 60oC. 
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• In the synthetic liquor system used in this study, the addition of ethanol or cooling the 

system from 60oC to 25oC results in a change in the mechanism of primary nucleation from 

heterogeneous to homogeneous nucleation. 

3.2 Introduction 

The main emphasis of the nucleation investigations undertaken in this project was 

to gain some understanding of the factors affecting nucleation of sodium oxalate 

under conditions of cooling and alcohol addition.   

3.3 Factors Influencing the Nucleation Induction Time 

3.3.1 Effect of Oxalate Concentration and Temperature 

The effect of sodium oxalate concentration on the primary nucleation of oxalate in synthetic liquor 

was investigated at 25oC and 60oC and the results are shown in Table 3.1.  The induction period 

(tIND) decreases with increasing oxalate concentration and with temperature as expected from 

nucleation theory.  If a diagram of log (tIND) versus log (S)-2 is plotted for the data at 25oC, it is found 

that a linear relationship exists between the induction period and supersaturation (Figure 3.1).  This 

relationship is useful, as it can be employed to predict induction periods for a synthetic liquors with 

different supersaturations at a given temperature. 

 

Table 3.1 The effect of sodium oxalate concentration on the induction period of sodium oxalate 

nucleation in synthetic liquor at 25 and 60oC. 

Oxalate concentration  (g/L) Induction Period  (mins) 

 25oC 60oC 

3.0 12.9 9.8 

3.5 6.5 5.1 

4.0 3.1 2.3 

4.5 2.3  

5.0 1.6  
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Figure 3.1 Induction period as a function of supersaturation for the crystallisation of sodium oxalate 

from synthetic liquor at 25oC. 

3.3.2 The Effect of Ethanol on Oxalate Nucleation 

The effect of ethanol concentration on the primary nucleation of oxalate in synthetic liquor was 

investigated at 45oC with an oxalate concentration of 3 g/L (Table 3.2).  Experiments cannot be 

undertaken at ethanol concentrations above 10% as the ethanol is no longer miscible in the 

synthetic liquor. As the ethanol concentration is increased, the solubility of sodium oxalate in 

synthetic liquor decreases.  The solubility of oxalate at various ethanol concentrations has been 

determined and the data in  

Table 3.2 demonstrates that the induction period decreases with increasing supersaturation. 
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Table 3.2 The effect of ethanol concentration, and the resulting increase in supersaturation, on 

the induction period of sodium oxalate nucleation in synthetic liquor  (3 g/L oxalate, 45oC). 

Ethanol concentration %  

(v/v) 

Supersaturation Ratio 

(S) 

Induction Period 

(mins) 

0 5.1 9.9 

1.8 6.0 8.9 

3.5 6.9 7.3 

5.2 7.7 7.1 

6.8 8.4 4.3 

8.4 9.2 2.5 

9.9 10.1 2.1 

 

If the induction period data in  

Table 3.2 is plotted as a function of supersaturation ratio (Figure 3.2), it can be seen that two distinct 

nucleation regions exist.  Above an S of 7.7 (ethanol conc. 5.2%) nucleation changes from 

heterogeneous to homogeneous.  If the slope of the homogeneous region in this experiment (slope = 

1.87) is compared to that obtained in the nucleation experiment carried out in the absence of ethanol 

at 25oC (slope = 1.62, Figure 3.1) it indicates that nucleation also occurs via a homogeneous 

mechanism at 25oC in the absence of ethanol.  This holds over the range of S values from 6.7 to 

11.1.  The slope of the heterogeneous region in Figure 3.2 (ethanol conc. 0 - 5.2%) is 0.15. 

These results suggest that, in synthetic liquor, sodium oxalate primary nucleation occurs via a 

heterogeneous mechanism under model Bayer process conditions (60oC) and via a homogeneous 

mechanism under model liquor cooling (25oC) and alcohol process conditions (45oC in presence of 

alcohol).  Thus, in the model system employed here, both cooling and alcohol result in a higher 

driving force for primary nucleation, which leads to a change in nucleation mechanism and a 

significant reduction in the time taken for nucleation to occur.  This can potentially lead to a swifter 

removal of oxalate from the system. 
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Figure 3.2 Induction period as a function of supersaturation for the precipitation of sodium oxalate 

(3 g/L) from synthetic liquor at 45oC, showing regions of homogeneous and heterogeneous 

nucleation.  The increase in supersaturation is due to an increase in ethanol concentration  (Ethanol 

range 0 - 10 % v/v). 

 

4. CRYSTALLIZATION 

Adsorption of OSPs onto growth sites on the oxalate surface slows crystallization and reduces 

effective yields.  This section describes progress in determining the extent and mechanism of 

crystallization inhibition by OSPs and stabilisers. 

4.1 Summary of Findings 

• The broad structural requirements for a strong QA were determined.  The requirements are: 

• C12-C18 in chain length 

• Ethyl or methyl head group substituents. 

• A rate equation for the growth of sodium oxalate in synthetic liquor, in the absence of OSPs, has 

been developed.  This crystallization is controlled by surface-integration and not bulk diffusion. 
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• Quaternary amine stabilisers do not inhibit growth in synthetic liquor but have some synergistic 

effect with plant extracts. 

• It has been shown that a QA-humate interaction exists which increases the amount of humate 

on the surface thus increases the poisoning strength of humic. 

• It is likely that the mechanism of oxalate stabilisation by QAs includes both nucleation and 

growth inhibition. 

4.2 Rate Equation for Oxalate Growth in Synthetic Liquor 

Prior to the development of an overall rate equation for oxalate crystallization, an equation for the 

growth of sodium oxalate in synthetic liquor in the absence of OSPs must first be established.  From 

this it is envisaged that a rate equation can then be developed to predict oxalate growth in the 

presence of OSPs.  To develop the rate equation, values for the order of growth (g) and the rate 

constant (k) must be determined experimentally.  The major variables that can influence the rate 

equation are the supersaturation and seed surface area.  The effect of temperature and stirring rate 

will also be investigated.  The rate of desupersaturation (R) is defined by the equation: 

R = -dC/dt = k A 
g

⎟
⎠
⎞

⎜
⎝
⎛ −

s

s

C
CC

 

where A = surface area of the crystal, C = oxalate concentration in the solution, and Cs = equilibrium 

saturation concentration.  Kinetic analysis was carried out using the kinetic analysis program, 

Cryskin, developed by Kevin Beckham (Alcoa).  This program fits desupersaturation data and 

produces a growth order and rate constant of best fit.  It requires input of the seed charge with a 

defined surface area for each experiment and automatically adjusts the seed area as crystal growth 

occurs.  In order to achieve this, it requires that the seed be well characterised and that the 

morphology of the seed remains constant throughout the experiment.  This has been established to 

be the case for the present system by obtaining samples of seed crystals prior to and during a 

crystallization experiment.  The crystal samples are then photographed under the SEM, length and 

width measurements of individual crystals obtained and an aspect ratio (A/R) calculated.  The results 

are displayed in Table 4.1. 
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Table 4.1 Mean particle length and width obtained from SEM and calculated mean aspect ratio 

(A/R) for particles obtained from the desupersaturation of a 2.3g/L sodium oxalate solution in 

synthetic liquor in the presence of acicular seed at 60°C (Seed conditioned for 2 hours). 

Sample No. of Particles Mean Length 

(μm) 

Mean Width 

(μm) 

Mean A/R 

Control Seed 248 30.8 3.0 10.5 

1 g/L Acicular seed 

sampled at 0 mins 

121 34.2 3.4 10.1 

1 g/L Acicular seed 

sampled at 6 mins 

73 36.0 3.3 10.4 

1 g/L Acicular seed 

sampled at 30 mins 

84 42.1 4.1 10.3 

2 g/L Acicular seed 

sampled at 6 mins 

150 38.4 3.8 10.3 

2 g/L Acicular seed 

sampled at 30 mins 

143 38.1 3.7 10.6 

To establish if any change occurs in the A/R of the seed due to stirring during seed conditioning, 

seed was sampled prior to the addition of oxalate solution to the crystallizer (denoted as 0 mins).  

The results in Table 4.1 show that conditioning has no significant effect on A/R of the seed.  

Sampling was carried out at 6 and 30 mins (effectively the end of crystallization) and the increase in 

mean length and width agrees with that predicted from the overall decrease in oxalate concentration 

during desupersaturation.  The results in Table 4.1 demonstrate that the A/R does not change 

throughout crystallization or with varying seed charge.  Thus, a constant A/R can be employed when 

carrying out kinetic analysis of oxalate growth on acicular seed in synthetic liquor systems. 

4.2.1 Effect of Supersaturation on Oxalate Crystallization 

Investigations into the effect of supersaturation on oxalate growth were carried out by varying the 

initial oxalate driving force (ΔC) whilst maintaining a fixed seed charge (1 g/L acicular).  

Desupersaturation curves corresponding to initial supersaturations from 0.75 to 2.85 g/L are shown 

in Figure 4.1. 
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Figure 4.1 The effect of varying the initial supersaturation on the desupersaturation of sodium 

oxalate in synthetic liquor at 60oC (Seed conditioned for 30 mins). 

The desupersaturation data shown in Figure 4.1 have been analysed, and the resulting rate 

constants and growth orders are displayed in Table 4.2.  As the value of the growth rate is strongly 

dependent upon the value chosen for the growth order, it is necessary to fix the value of the growth 

order to compare rates under different conditions.  Tests 4 - 7, which cover a supersaturation range 

of 1.65 to 2.55 g/L (oxalate concentration: 2.3 - 3.2 g/L), were used to calculate an overall growth 

order and rate constant.  A value of 2.45 was obtained for the overall growth order and 8.21 x 10-7 

kg m-2s-1 for the overall rate constant.  A growth order of 2.45 was fixed and the rate constant for 

each set of data recalculated.  This yields a close agreement between the rate constants over the 

supersaturation range of 1.05 to 2.55 g/L.  The rate constants obtained at both the extreme high and 

low range of driving force (ΔC = 2.85 & 0.75 g/L) are also acceptable. 
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Table 4.2 Overall rate constants and growth exponents for the desupersaturation of a solution of 

sodium oxalate in synthetic liquor with varying initial supersaturations at a constant seed charge of 1 

g/L acicular oxalate at 60oC. 

Test Initial 

Supersaturation 

ΔC 

Growth Order Rate constant k  

 

(kg m-2s-1) 

k given g = 2.45 

 

(kg m-2s-1) 

1 0.75 g/L 3.59 8.86 x 10-7 7.02 x 10-7

2 1.05 g/L 2.78 8.70 x 10-7 8.81 x 10-7

3 1.35 g/L 2.63 8.07 x 10-7 8.15 x 10-7

4 1.65 g/L 2.42 8.06 x 10-7 8.01 x 10-7

5 1.95 g/L 2.42 8.66 x 10-7 8.84 x 10-7

6 2.25 g/L 2.44 8.80 x 10-7 8.54 x 10-7

7 2.55 g/L 2.44 8.34 x 10-7 8.51 x 10-7

8 2.85 g/L 2.36 10.43 x 10-7 9.74 x 10-7

4-7  2.45 8.21 x 10-7  

 

4.2.2 Effect of Acicular Seed Charge on Oxalate Crystallization 

The effect of acicular seed charge on oxalate growth was investigated by varying the acicular seed 

charge while maintaining a fixed sodium oxalate concentration of 2.3 g/L.  Desupersaturation curves 

corresponding to a range of seed charge from 0.5 to 3 g/L are shown in Figure 4.2. 
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Figure 4.2 The effect of acicular seed charge on the desupersaturation of sodium oxalate in 

synthetic liquor at 60oC (Seed conditioned for 30 mins). 

The desupersaturation data shown in Figure 4.2 have been analysed and the resulting rate 

constants and growth orders are displayed in Table 4.3.  These results show an overall growth order 

of 2.44 and an overall rate constant of 8.43 x 10-7 kg m-2s-1.  The rate constants for the data in Figure 

4.2 were then recalculated using a growth order of 2.45, which was obtained from the variation in 

initial supersaturation experiments (Table 4.2) and these are shown in the last column in Table 4.3.  

The agreement between the overall growth order obtained from the variation in supersaturation 

experiments (2.45) and that obtained from the variation in acicular seed charge (2.44) is very good.  

It should be noted that although standard desupersaturation experiments employ a 1 g/L acicular 

seed charge and the results in Table 4.3 show that this solution demonstrates the greatest variation 

in rate constant from the mean, this variation is atypical. 
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Table 4.3 Overall rate constants and growth exponents for the desupersaturation of a 2.3 g/L 

sodium oxalate in synthetic liquor solution with varying initial seed charges of acicular oxalate using 

growth orders calculated from the variation in seed charge experiments (Figure 4.2) and from the 

variation in initial supersaturation experiments (Figure 4.1). 

Test Acicular seed 

charge  

(g/L) 

Growth 

Order 
Rate constant - k 

 

(kg m-2 s-1) 

k given g=2.44 

  

(kg m-2 s-1) 

k  given g=2.45  

 

(kg m-2 s-1) 

1 0.5 2.23 9.23 x 10-7 7.97 x 10-7 7.92 x 10-7

2 0.75 2.43 7.51 x 10-7 7.72 x 10-7 7.71 x 10-7

3 1 2.29 10.50 x 10-7 10.15 x 10-7 10.14 x 10-7

4 2 2.85 7.37 x 10-7 7.49 x 10-7 7.39 x 10-7

5 3 2.67 8.93 x 10-7 9.56 x 10-7 9.42 x 10-7

1-5  2.44 8.43 x 10-7   

 

4.2.3 The Effect of Stirring Rate on Oxalate Crystallization 

The effect of stirring rate on the desupersaturation of sodium oxalate in synthetic liquor was 

determined by carrying out crystallization experiments containing 2.3 g/L sodium oxalate with a 1 g/L 

acicular seed charge at stirring speeds of 200, 400 and 600 RPM.  Rate constants were calculated 

from the data obtained, using a fixed growth order of 2.45.  The results displayed in Table 4.4 show 

that increasing the stirring speed has only a negligible effect on the rate of oxalate growth and 

therefore demonstrates that the growth of sodium oxalate is not diffusion controlled.  This is 

confirmed by the growth order calculations, which show that the growth of sodium oxalate follows a 

second order reaction, as the value of g is approximately equal to 2. 
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Table 4.4 Rate constants for the desupersaturation of a solution of 2.3 g/L sodium oxalate in 

synthetic liquor with varying stirring rates, given a growth order of 2.45. 

Stirring Speed 

 (rpm) 

Rate constant  given 

g=2.45   (kg m-2 s-1) 

200 8.01 x 10-7

400 7.93 x 10-7

600 7.75 x 10-7

 

4.2.4 The Effect of Temperature on Oxalate Crystallization 

It is expected that if the mechanism by which growth occurs is constant over a range of 

temperatures, then the apparent rate constant for crystal growth will increase with increasing 

temperature.  Rates of crystallization were measured over a temperature range of 25 to 80oC, while 

attempting to maintain a fixed initial supersaturation (ΔC = 1.65 g/L) and seed charge (1 g/L 

acicular).  In order to maintain a fixed initial supersaturation it is necessary to determine the oxalate 

solubility in synthetic liquor at each temperature, as the oxalate solubility varies with temperature 

(Figure 4.3).  As predicted, the apparent rate constant for oxalate growth increases with increasing 

temperature (Table 4.5). 
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Figure 4.3 Variation in equilibrium solubility of sodium oxalate in synthetic liquor with temperature. 



 

 17 

 

Table 4.5 Overall rate constants and growth exponents for the desupersaturation of a solution of 

sodium oxalate in synthetic liquor, undertaken at various temperatures with a constant initial 

supersaturation and seed charge of 1 g/L acicular oxalate. 

Temperature (oC) Initial 

Supersaturation  

ΔC 

Growth Order 

g 

Rate constant k  

 

(kg m-2 s-1) 

k given g = 2.45

 

(kg m-2 s-1) 

25 1.79 g/L 3.16 0.022 x 10-7 0.0809 x 10-7

32 1.58 g/L 3.03 0.081 x 10-7 0.193 x 10-7

38 1.66 g/L 2.62 0.74 x 10-7 0.893 x 10-7

44 1.64 g/L 2.60 1.52 x 10-7 1.73 x 10-7

50 1.52 g/L 2.28 4.51 x 10-7 4.17 x 10-7

55 1.74 g/L 2.73 4.48 x 10-7 5.22 x 10-7

60 1.56 g/L 2.42 8.06 x 10-7 8.01 x 10-7

65 1.35 g/L 1.98 25.2 x 10-7 25.0 x 10-7

70 1.68 g/L 2.86 17.8 x 10-7 19.4 x 10-7

75 1.29 g/L 2.30 42.9 x 10-7 46.4 x 10-7

80 1.26 g/L 2.16 65.5 x 10-7 75.4 x 10-7

The activation energy for the growth of sodium oxalate in synthetic liquor can be calculated from the 

slope of a plot of ln (K) versus 1/T (Figure 4.4).  An activation energy of 106 kJ/mol was obtained, 

which is further evidence that the crystallization of sodium oxalate is predominantly a process 

controlled by surface-integration (denoted as an activation energy above 40 kJ/mol), and not bulk 

diffusion.  The linearity of the Arrhenius plot indicates that the mechanism of crystal growth is 

constant over the temperature range of 25 to 80oC. 
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Figure 4.4 Arrhenius plot of the logarithm of crystallization rate constant as a function of the 

reciprocal of the temperature for the crystallization of sodium oxalate in synthetic liquor.  Initial 

oxalate supersaturation of approximately 1.65 g/L over a temperature range of 25 -80oC. 

4.3 Growth from Blocky Seed in Synthetic Liquor 

The rate of growth of blocky seed in synthetic liquor was compared to that for acicular seed to 

establish whether the morphology of seed crystals influences the rate of growth or whether growth is 

simply related to total surface area.  If the morphology of seed crystals is irrelevant to the rate of 

oxalate growth, then desupersaturation experiments carried out with blocky and acicular seed at a 

constant oxalate supersaturation and temperature should only be dependent on the surface area of 

the seed.  The BET surface areas of acicular and blocky seed were found to be 1.044 and 

0.209 m2/g, respectively.  If identical desupersaturation experiments are carried out with 1 g/L 

acicular seed (total surface area 1.044 m2/L) and 2 g/L blocky seed (total surface area 0.418 m2/L), 

then it is expected that the desupersaturation experiment containing the acicular seed would 

proceed faster. 

The results displayed in  

Figure 4.5 show that this is not the case.  If the blocky seed is examined by SEM, both prior to and 

during crystallization (Figure 4.6), it is seen that the relatively smooth faces of the control seeds 

show pronounced dendritic growth from the end faces (001) after growth in synthetic liquor.  Surface 

area analysis of the blocky crystals at the completion of the experiment reveals a large increase in 

surface area (0.96 m2/L).  Thus, if blocky crystals are placed in supersaturated synthetic liquor, 

dendritic growth occurs leading to an acicular like morphology.   
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While the large increase in surface area that results from this type of growth may help explain the 

higher than expected rate of growth once significant growth has occurred, it does not explain why 

the rate of growth is higher initially.  Two possible explanations are that the specific area of the main 

growth faces (001) may be higher in blocky than acicular or that the (001) faces on the acicular 

crystal may be initially deactivated.  

Rough calculations of the total amount of surface area of the (001) faces available on the blocky and 

acicular seed shows that the total amount of (001) face surface area is higher for the 2 g/L blocky 

seed charge than the 1 g/L acicular seed charge.  This is likely to be the reason for the increased 

rate of crystal growth for the blocky seed. 
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Figure 4.5 A comparison of the effect of seed type on the desupersaturation of sodium oxalate in 

synthetic liquor at 60oC, with a constant initial oxalate concentration of 2.3 g/L. 
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(a)     (b) 

Figure 4.6 SEM pictures of the crystals obtained from a desupersaturation experiment with a 1 g/L 

blocky seed charge and an initial oxalate concentration of 2.3 g/L: (a) initial blocky seed (Hayashi, 

full scale = 97 μm);  (b) after 40 mins (full scale = 165 μm). 

4.4 Single Crystal Investigations of Oxalate Growth 

To date, investigations into the effect of poisons on oxalate growth have yielded valuable information 

on how poisons affect crystallization at a macroscopic level, but have provided little information on 

the microscopic effects of poisons.  Microscopic investigations are vital if a complete understanding 

of how poisons affect growth is to be achieved.  Macroscopic studies can yield information about the 

relative overall effect of poisons on growth, but tell nothing about whether all poisons act via the 

same mechanism.  To fully develop a model to predict oxalate growth in the presence of poisons it 

needs to be established whether all poisons act on the same growth sites, or whether particular 

poisons block certain faces of oxalate crystals.  Single crystal investigation of growth is a perfect 

technique to establish whether particular poisons are face selective.  Using this approach, the 

growth rate of individual faces is determined in the presence of OSPs.  

4.4.1 Growth Rates of Acicular Oxalate Control Crystals 

Initial experiments were carried out to determine the rate of growth of acicular crystals in synthetic 

liquor in the absence of OSPs.  These results will constitute the control sample for later 

investigations.  The standard conditions employed in growth rate determinations are an initial oxalate 

concentration of 1.8 g/L in synthetic liquor at 60oC with a 0.4 g/L acicular sodium oxalate seed 

charge. 

Twelve control experiments were run, with a total of 52 crystals analysed (Figure 4.7).  The average 

growth rate of the length of the crystals was 0.34 μm/min.  The growth rate of the width of the oxalate 

particles is difficult to determine with accuracy because it is a very small.  A growth rate of 0.022 

μm/min for the width of acicular crystals has been determined by analysing 20 of the control crystals.
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The variation of the data in Figure 4.7 is sufficient to suggest that there is growth rate dispersion in 

these crystals.  This is information that has not been obtainable from the bulk growth experiments 

that have been conducted to date. 
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Figure 4.7 The rate of growth of the length of single acicular oxalate crystals in synthetic liquor with 

an initial oxalate concentration of 1.8 g/L grown at 60oC with a 0.4 g/L acicular sodium oxalate seed 

charge.  Average growth rate of 0.34 μm/min. 
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5. CONCLUSIONS AND IMPLICATIONS 

Most of these conclusions are also given separately in the individual sections.  They are collected 

here to give an overall summary of progress in the project. 

5.1 Nucleation 

In the synthetic liquor system used in this study, the addition of ethanol or cooling the system from 

60oC to 25oC cause the mechanism of primary nucleation to change from heterogeneous to 

homogeneous nucleation. 

5.2 Crystallization 

A rate equation for the growth of sodium oxalate in synthetic liquor, in the absence of OSPs, has 

been developed.  The crystallization of sodium oxalate in synthetic liquor is controlled by surface-

integration and not bulk diffusion. 

Quaternary amine stabilisers do not inhibit growth in synthetic liquor but have some synergistic effect 

with plant extracts.  It is likely that the mechanism of oxalate stabilisation by QAs includes both 

nucleation and growth inhibition. 
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