RECOVERY OF POLYELECTROLYTE FROM
POLYELECTROLYTE-ENHANCED ULTRAFILTRATION
BY PRECIPITATION PROCESS

Ms. Chalothom Soponvuttikul

A Dissertation Submitted in Partial Fulfilment of the Requirements
for the Degree of Doctor of Philosophy
The Petroleum and Petrochemical College, Chulalongkom University
in Academic Partnership with
The University of Michigan, The University of Oklahoma,
and Case Western Reserve University
2003
ISBN 974-17-2266-4



Thesis Title Recovery of Polyelectrolyte from Polyelectrolyte-
Enhanced Ultrafiltration by Precipitation Process

By Chalothorn Soponvuttikul
Program Petrochemical Technology
Thesis Advisors Prof John F. Scamehorn

Assoc. Prof. Chintana Saiwan

Accepted by the Petroleum and Petrochemical College, Chulalongkorn
University, in partial fulfilment of the requirements for the Degree of Doctor of

Philosophy.
‘ A ........................................................... College Director
(Assoc, Prof Kunchana Bunyakiat)
Thesis Committee:
(Assoc. Prof Kunchana Bunyakiat) (Prof. John F. Scamehorn)
(Assoc Prof. Chintana Saiwan) (Assoc. Prof. Kenneth J Haller)

AL

(Asst. Prof Pomthong Ma-lakul)



ABSTRACT
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The recovery of polyelectrolyte from polyelectrolyte-enhanced ultrafiltration
(PEUF) for chromate removal was studiied & equilibrium experiments in a laboratory
scale and hatch and continuous operations in a pilot scale crystallizer. PEUF is a
membrane separation process, which can be used in the removal of chromate anion
from wastewater. In the process, a water-soluble cationic polyelectrolyte is added to
bind to chromate. The bound chromate-polymer is ultrafiltered from the solution,
resulting in the purified water (permeate), which contains very low chromate
concentration passing through the membrane. For an economical operation, the
retentate solution not passing through the membrane can be treated to separate the
polyelectrolyte and chromate ions to permit reuse of the polyelectrolyte anclor
concentrate the pollutant ions for disposal. In the regeneration step, barium chlorie
can be adoed to the retentate to precipitate chromate anion as compact barium
chromate solid waste. The solution containing the concentrated polymer can be
directly recycled after the solid barium chromate is separated from the solution.
Gravity settling is much less expensive than filtration or centrifugation, so this study
Investigates the abilities to recover polyelectrolyte and to separate barium chromate
solid from the solution in a crystallizer/settler. The effects of the residence time or
feed flow rate, height of the column, polymer to chromate ratio, and other parameters
were studied. Compositions of the batch and continuous crystallization effluent
streams are compared to that estimated at equilibrium. The highest percentage of
polymer recovery is obtained from the equilibrium precipitation followed by the
batch crystallizer operation and the continuous crystallizer operation, respectively.



The dispersion of barium chromate particles stabilized by the cationic polyelectrolyte
leads to poor separation efficiency in the crystallizer. To develop and to understand a
crystallization/settling process for separation of chromate from polyelectrolyte in a
PEUF retentate solution, a fundamental study on the effect of cationic polyelectrolyte
on barium chromate dispersion was carried out. The effect of barium to chromate
ratio, polyelectrolyte concentration, temperature, and added electrolyte on particle
size distribution, sedimentation rate, viscosity, crystal morphology, and zeta potential
of particle in the barium chromate crystallization process was determined. Polymer
adsorption leading to a decreased particle size, as well as increased solution
viscosity, causes sedimentation rate to decrease with increasing polyelectrolyte
concentration. At any polyelectrolyte concentration, the increased residence time in a
batch crystallizer results in decreased carry-over barium chromate particles or better
solid separation,
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