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A B S T R AC T

The effects of polymers with different architecture, phosphonates, and polymer/phosphonate 
blends on precipitation of calcium sulfate dihydrate (gypsum) precipitation are reported in 
this paper. It has been found that gypsum inhibition by polymers strongly depends on poly-
mer architecture. Among the various phosphonates (i.e., aminotris(methylene phosphonic 
acid), AMP; 1-hydroxyethylidine 1,1-diphosphonic acid, HEDP; 2-hydroxyphosphono acetic 
acid, HPA; and 2-phosphonobutane 1,2,4-tricarboxylic acid, PBTC); tested AMP shows the best 
inhibition for gypsum precipitation. It has also been observed that presence of PBTC exhib-
its synergistic effect on the performance of polymers containing carboxyl group. Under the 
experimental conditions used, no synergistic effects were observed with polymer/phospho-
nate (AMP, HEDP, HPA) blends.
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1. Introduction

The use of natural hard waters in boiler, cooling, 
desalination, and oil production can cause severe scal-
ing and corrosion of equipment surfaces and pose 
serious technical and economic challenges. The scales 
commonly encountered are sulfates, carbonates, and 
phosphates of barium, calcium, magnesium, and stron-
tium. The precipitation and deposition of these scales 
on equipment surfaces are infl uenced by various factors 
including feed and re-circulating water chemistry, pH, 
temperature, fl ow velocity, heat exchanger metallurgy, 
and types of additive used in the treatment program. 
Such scale deposits signifi cantly reduce heat transfer effi -
ciency, constricts fl ow (e.g., reduces internal pipe diam-
eters), increase the operating pressure of pumps, and 
enhance the probability of corrosion damage. In many 
cases, the removal of deposits leads to discontinuous 
operation of the system, resulting in higher operating 
costs. In addition, treatment chemicals (i.e., fl occulants 

and coagulants) used upstream to treat feed water also 
infl uence the performance of additives used to prevent 
the precipitation of scale forming salts [1]. One of the 
most effective approaches for controlling scale forma-
tion is the use of inhibitors. It is known that the addi-
tion of the scale inhibitor to the feed water would be an 
effective method to reduce or prevent scale formation 
in industrial water systems. The inhibitors commonly 
used include: a) non-polymeric i.e., polyphosphates, 
phosphonates, phosphonocitrate, etc., and b) polymeric 
i.e., poly(acrylic acid) poly(maleic acid), poly(aspartic 
acid), poly(itaconic acid) and acrylic/maleic acid-based 
copolymers containing other monomers with different 
functional groups.

Phosphonates and polyphosphates prevent scale 
formation at “sub-stoichiometric” dosages by adsorbing 
onto crystal growth sites of micro-crystallites thereby 
interfering with crystal growth and altering the crystal 
growth morphology. In addition, both phosphonates 




