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Summary

Washing of boehmite cake is one of the crucial steps in catalyst production process. Understanding and
guantification the influence of washing conditions, on purity of washed cake is of high importance. This
allows finding the optimal washing conditions for existing processes and optimal design of new ones. In this
report, the focus is on developing a correlation that predicts the amount of adsorbed ions (Na* and SO4%)
on boehmite, under certain washing conditions. The proposed correlation is developed based on
theoretical insights and its parameters are determined from several sets of washing experiments. To show
the applicability of the correlation, a simple Continuous Stirred Tank Washing model is developed. The
calculated trends, for example, influence of slurry pH on the amount and type of adsorbed ion is well
captured by the proposed correlation.

Conclusions

e A new model that correlates the amount ions (Na* and SO,*) adsorbed on alumina boehmite is
developed. The main model feature is that it can be employed to calculate the adsorbed amount of
ions for various washing conditions (slurry pH, amount of washing water and wash water temperature).

e To fit the model parameters many washing experiments have been done. The reproducibility of the
experiments is not always satisfactory. The measured data that we did not trust were eliminated from
model parameter fit. The main source of errors is the required multistep handling of the cake and
mother liquor to prepare the samples for XRF measurements, as the XRF equipment is not calibrated
to measure concentrations in the domain required for our experiment. Aging of the slurry taken from
the plant also contributes to difficulties in getting reproducible measurements. Several rules for XRF
sample preparation are identified, and employed to mitigate the source of errors.

e The applicability of salt adsorption correlation is shown in modeling a Continuous Stirred Tank
Washing process. The predicted trends, and the amount of adsorbed salts on boehmite, upon variation
of slurry pH, amount of wash water, temperature and the amount of solids percentage in the cake left
on the filter after filtration is as expected.

Recommendations

e Improve the measurement method or experiment strategy for the salts content in the washed cake
and mother liquor to get a good reproducibility of the measurements.

e  Extend the salts adsorption model for slurries which containing silica.

e |t observed that the slurry properties slightly changes after two weeks based on the solid content test.
Thus, the experiment must be done directly after get the slurry from the plant.

e  Developing a plug flow washing model based on continuous stirred tank washing model and compares
the results with the practical experiments.
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List of abbreviations

SOy - Sulfate ion

Na - Sodium ion

HPC - Hydro Processing Catalyst

Alsul - Aluminum Sulfate

Natal - Sodium Aluminate

WG - Water Glass (Na,SiOs)

WW - Wash Water

ML - Mother Liquor

CSTR - Continuous Stirred Tank Reactor
CSTW - Continuous Stirred Tank Washing
PP - Pure Powder

H-water - Deionized water

XRF - X-Ray Fluorescence

List of notations

Spp - Solid content in the pure powder (%w)

S - Solid content in the cake after 2™ filtration (%w)
Siiq - Solid content in the liquid after 2" filtration (%w)
51, - Solid content in cake after 1 filtration (%w)

S$1yiq - Solid content in liquid after 1* filtration (%w)
Wyazopp - Na20 content in the pure powder (%w)

Wyapp - Na content in the pure powder (%w)

Wsoapp - SOacontent in the pure powder (%w)

Mepp - Mass of the cakes of pure powder (g)

Mg pp - Mass of the dry solid in pure powder (g)

me - Mass of the cakes after 2™ filtration (g)

Mg, - Mass of dry solid in the cake after 2" filtration (g)
Mg - Mass of the liquid after 2™ filtration (g)

My iq - Mass of dry solid in the liquid after 2nd filtration (g)
My ng - Molecular weight of Na (g/mole)

My, nazo - Molecular weight of Na,O (g/mole)

Mgy - Mass of the slurry used in experiment (g)

Whazoc - Naz20 content in the cakes (%w)

Whya,c - Na content in the cakes (%w)

Wsoa,c - SO4 content in the cakes (%w)

Wyaz0,c(m) - Na20 content in the cakes with PP (%w)
Wso4,ccmy - SO4 content in the cakes with PP (%w)

Myg,c - Mass of Na in the cakes (g)

Mgoac - Mass of SOa in the cakes (g)

Wi - Weight fraction of solids (include salts) in the slurry (%w)
Whazos - Naz20 content in the slurry (%w)

Wsoa,s - SO4 content in the slurry (%w)

Whas - Na content in the slurry (%w)

PH2025¢ - Water density at 25°C (g/L)

Viig.c - Volume liquid in the cake (g/L)

Myaa - Mass of Na adsorbed on boehmite (g)

Msoaa - Mass of SO adsorbed on boehmite (g)

Myaiq - Mass of Na adsorbed on liquid phase (g)
Msoaliq - Mass of SO4 adsorbed on liquid phase (g)
my, - Mass of boehmite (g)

Myno3 - Mass HNOs added in the liquid (g)

mr - Total mass of the cakes (g)

Wnazo,1 - Naz0 content in the liquid (%w)

Wiaiq - Na content in the liquid (%w)

Wso4,iq - SO4 content in the liquid (%w)
WNa20,liq(m) - Naz0 content in the liquid with PP (%w)
Wsoa,1iq(m) - S04 content in the liquid with PP (%w)
Cna - Concentration Na in liquid phase (g/L)
Cso4 - Concentration SOa4 in liquid phase (g/L)
LOI, - Loss on ignition cake at 120°C (%w)
Psturry - Density of the slurry (kg/m?3)

CNas - Concentration Na in the slurry (g/L)
CNa20,iq - Concentration Na:O in liquid phase (g/L)
Csoa,s - Concentration SO4 in the slurry (g/L)
PH-H20 - Density of H-water at 50°C (kg/m?3)
PHNO3 - Density of HNOs at 50°C (kg/m?3)

HNO3 501 contene - Solution content of HNOs (%w)
pH, - The pH set point

sp
PH iy - The pH mixture of the slurry and H-water

My_n20 - Mass of H-water added (g)

ml, - Mass of cake from 1t filtration (g)

Mg - Mass of liquid from 1 filtration (g)

ml., - Mass of cake from 1 filtration (g)

mlg, - Mass of dry solid in the cake after 1<tfiltration (g)
mlg g - Mass of dry solid in the liquid after 1* filtration (g)
Mmey - Mass of the cake used to analyze (g)

Myp - Mass of the pure powder used to analyze (g)
Mg+ - Mass of the liquid used to analyze (g)

Piiq - Density of liquid (kg/m?3)

*The list of abbreviations and notations is used for reading the report and the attachments.
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