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Abstract

A systematic study of the influence of various experimental parameters on the morphology and size pEBa&3 after crystallization
from water in the presence of diethylenetriamine penta (methylphosphonic acid) (DETPMP) was presented. Depending on the experiment:
conditions, there are various crystal morphologies including flowers, ellipsoids, spheres, or conjoined spheres. The results indicated that th
experimental parameters, such as the concentration of the inhibitor, the pH of solution, the aging of the particle growth, and tieilatio [Ba
[sof;], are important for the morphology and size of BaS®he morphogenesis of Bag@® controlled by the chelation of DETPMP with
Ba2 at the nucleation and the surface adsorption inhibition of crystal growth.
0 2005 Elsevier Inc. All rights reserved.
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1. Introduction precipitation, phosphonates have also been used as templates
for the crystallization of unusual morphologies and phases,

The precipitation of sparingly soluble salts in nature, and Which like functional, water-soluble polymers with the abil-
in industrial processes, has been of much interest to chemistdty for ion binding control the morphology of the crystal.
in recent years. In nature, the phase, structural propertiesPepending on the strong interaction and the selectivity of
and morphology of biominerals are controlled with remark- Molecule adsorption on different crystal faces, spherical,
able precisior{1]. Animals and plants have learned to deal ©99-shaped, needlelike, and plateletlike crystals are nucle-
with the controlled growth of inorganic matter in the pres- at€d, and undergo further alignment and aggregation to form
ence of structure-directing polymers, such as proteins andcomplicated superstructures, such as fiber-bundles, multi-
polysaccharidef]. Therefore, many scientists have tried to funnellike structures, peangts or dumb-bells archltectur_es
understand the mechanisms involved with a view to the de- [/—10] So the two research fields, both natural and industrial
velopment of new synthetic routes for the manufacture of Processes, are subsummarized under the topic *biomineral-
advanced materials. In industrial processes, the precipitation'zat'on_' Learning about the principle Qf_ action mlght _al_so
of sparingly soluble salts as scale is a cause for concern due((ESUIt n the development of more efficient scale inhibitor
to down-time required to clean equipment and the cost of and materl_als synthes_|s. . . .
possible loss of product purity due to the presence of these Controlling crystallization by mimicking the biominer-
unwanted mineral$§3]. Phosphonate molecules have been

alization is well known. One major approach is to mimic
identified as compounds that strongly interact with a host

natural biomineralization processes directly—the processes
of mineral phasefi—6]. Besides the suppression of crystal of growing an oyster shell from calcium carbonate. The pro-

teins isolated from mollusk shells or artificially designed

peptides have been used for the mineralization of calcite

* Corresponding author. Fax: +86 531 8564750. with controlled morphology{11-14] Another major ap-
E-mail address: xuguiying@sdu.edu.c(G. Xu). proach is to just mimic the principles of biomineralization.
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For example, organized assemblies of surfactants or poly-2.2. Crystallization of BaSO,
mers have been used as effective templates for the control
of crystal growth. And specific soluble additives have been  The precipitation of BaS@was carried out in glass ves-
shown to exert significant influence on the crystallization sels at room temperature (ca.5). Thrice distilled water
procesq15,16] Current design strategies of such additives was used throughout the experiment. Aqueous solutions of
have been reported by Coveney et[all]. These strategies BaCh (0.1 M) and NaSQy (0.1 M) were first prepared as
are based on the rational design of a molecule which canstock solutions. In a typical synthesis, a solution opSi&y
bind all growing faces of barium sulfate, resulting in a highly (0.8 ml, 0.1 M) was injected into an agueous solution of
active modifier of barium sulfate crystal growth in practice. DETPMP (40 ml, 6x 10~* M) and the pH of the solution
Up to the present, the use of these additives as inhibitor for was adjusted to a desired pH by using HCIl or NaOH. Then a
scale control has been researched intensely. solution of BaC$ (0.8 ml, 0.1 M) was injected quickly into
On the other hand, phosphonate molecules are multi- the pH-adjusted solution under vigorous stirring by using a
protic and their charge depends not only on the pH but magnetic stirrer. This gave a final Bag@oncentration of
also on any interactions with any cation present. Because2 mM. The mixture was stirred for 1 min, and then the so-
of chelation with the cation, a number of metal phosphonate lution was covered by polyethylene membrane and allowed
compounds have been prepared in the past decades due tw stand under static conditions for 24 h before the prod-
their potential important applications in exchange, adsorp- uct was collected for characterization. In the experiments,
tion, catalyst, and sens{ir8—28] the concentration of DETPMP was varied fromx610~*
However, the tools for the more subtle control of the inor- to 6 x 10~3 M, the pH was varied from 2 to 4, the ratio
ganic crystallization, especially the control of the inorganic [Ba2+]/[SO§’] from 1:4 to 4:1.
morphology, are still little explored. In order to further ex-
plore the potential of phosphonates in controlling the mor- 2.3. Characterization
phology of crystals, diethylenetriamine penta (methylphos-

phoniC aCid) (DETPMP) is selected to investigate its influ- The morpho|ogies of Bam)recipitates were character-
ence on barium sulfate Crystal grOWth. DETPMP with multi- ized by transmission electron micrOScopy (TEM, JEM100-
protic can bind growing faces of barium sulfate and exert a cx|1) and scanning electron microscopy (SEM, S-520,
strong influence on the external morphology and crystalline japan). Powder X-ray diffraction (XRD) patterns were
structure of the particles. recorded on Rigaku D/Max 2200PC diffractometer using
Itis therefore the aim of the present paper to vary a range graphite-monochromatized high-intensity Ku radiation
of accessible parameters, namely inhibitor concentration, (» = 1.5418 A). Samples for TEM observation were pre-
pH, the ostward aging time, and the ratio fB#[SO; ], to pared by placing a drop of the suspension on a TEM copper
shed light on the ways how the parameters influence the bar-grid and dried in air. The remaining crystals were centrifu-
ium sulfate growth and systematic study morphosynthesis of gated and washed by thrice distilled water repeatedly and
BaSQ by using DETPMP. dried at room temperature for 48 h, then ready for SEM
and XRD measurements. The apparent absorbance (which
is related to the turbidity) of the systems was measured
2. Experimental with spectrophotometer at a wavelength of 552 nm during
the whole crystal growth process. The turbidity in BaSO
suspensions is caused by the presence of particles. When a
beam of light passes through a BafS§uspension, scatter-

] ) ing reduces its intensity. The absorption of light depends
Unless otherwise noted, all reagent-grade chemicals weréqp, the concentration and size distribution of BaS@r-

used as received. Diethylenetriamine penta (methylphosphosicles [29]. These measurements allowed us to record the
nic acid) (DETPMP) was synthesized and characterized by \yhole progress of the precipitation and locate the time range

2.1. Materials

NMR and IR. The molecular structure is showrHig. 1 where the particles mostly formed.
i
HO~=P—OH o 3. Resultsand discussion
h_ CH, CH,—P(OH
(HO),P=CH, CCHLCH —I|\I—CH - _N/ 2~ PO, Without any additives, rectangular tablets and some dis-
(HO)P—CH Palha R CH,~P(OH), torted tablets were obtained when pH Big. 2a). While
2(") 2 2 i : quatrefoillike tablets were obtained at pH Rid. 2). In

present experiment, we varied pH, the ostwald aging time,
Fig. 1. Structural formula of diethylenetriamine penta (methylphosphonic and the ratio [Bé+]/[SOi_] to get a more detailed effect on
acid) (DETPMP). the BaSQ crystal morphology in the presence of DETPMP.
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