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Flocculated and deflocculated suspension pdf

A pharmaceutical suspension is the dispersion of solid particles (usually a drug) in a liquid medium (usually aqueous) in which the drug is not readily soluble. This dosage form is used for providing a liquid dosage form for insoluble drugs (hydrophobic drugs). Suspensions can be classified into flocculated and deflocculated suspensions based on the
electrokinetic nature of the dispersed phase. In this article the following key areas will be covered; 1. Flocculated suspension 2. Deflocculated suspension 3. Differences between flocculated and deflocculated Suspensions Read more on classifications of suspensions Flocculated suspensions Flocculation refers to the formation of a loose aggregation of
discrete particles held together in a network like structure by physical adsorption of macromolecules when the longer-range van der Walls forces of attraction exceed the shorter-range forces of repulsion. Particles, therefore, experience attraction at significant interparticle distances (10 - 20 nm) and form an open network of aggregated particles
known as floccules.

Such a suspension is called flocculated suspension. In this suspension type, the structure of the aggregates is quite rigid; hence they settle quickly to form a high sediment height and are easily redispersible because the particles constituting individual aggregates are sufficiently far apart from one another to preclude caking. A repulsive barrier
termed the primary maximum, separates the secondary minimum from the primary minimum. The magnitude of the repulsive forces at the primary maximum determines whether a flocculated system will remain flocculated. If the thermal energy in the system is similar to, or greater than, the repulsive barrier, the particles in the system can move
closer together (0.5 - 2.0 nm) and encounter strong attraction due to the primary minimum. The strong attraction in the primary minimum gives rise to the particle interaction termed coagulation. Closed aggregates, or coagula, is characterized by a tight packing and is not easily redispersed. Upon sedimentation, the aggregates tend to form a single
large film-bonded aggregate, which is difficult, if not impossible, to redisperse. Deflocculated suspensions Whether a suspension is flocculated or deflocculated depends on the relative magnitudes of the electrostatic forces of repulsion and the forces of attraction between the particles. At low electrolyte concentration, the electrical repulsive force
predominates and particle interactions are maximized. The individual particles are dispersed as discrete entities, resulting in a smooth-looking suspension, called deflocculated or peptized suspension. Compared with the flocculated suspension, this suspension sediment slowly and attains the lowest possible sediment height.
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In this suspension type, the structure of the aggregates is quite rigid; hence they settle quickly to form a high sediment height and are easily redispersible because the particles constituting individual aggregates are sufficiently far apart from one another to preclude caking. A repulsive barrier termed the primary maximum, separates the secondary
minimum from the primary minimum. The magnitude of the repulsive forces at the primary maximum determines whether a flocculated system will remain flocculated. If the thermal energy in the system is similar to, or greater than, the repulsive barrier, the particles in the system can move closer together (0.5 - 2.0 nm) and encounter strong
attraction due to the primary minimum. The strong attraction in the primary minimum gives rise to the particle interaction termed coagulation. Closed aggregates, or coagula, is characterized by a tight packing and is not easily redispersed.
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Such a suspension is called flocculated suspension. In this suspension type, the structure of the aggregates is quite rigid; hence they settle quickly to form a high sediment height and are easily redispersible because the particles constituting individual aggregates are sufficiently far apart from one another to preclude caking. A repulsive barrier
termed the primary maximum, separates the secondary minimum from the primary minimum. The magnitude of the repulsive forces at the primary maximum determines whether a flocculated system will remain flocculated. If the thermal energy in the system is similar to, or greater than, the repulsive barrier, the particles in the system can move
closer together (0.5 - 2.0 nm) and encounter strong attraction due to the primary minimum. The strong attraction in the primary minimum gives rise to the particle interaction termed coagulation. Closed aggregates, or coagula, is characterized by a tight packing and is not easily redispersed. Upon sedimentation, the aggregates tend to form a single
large film-bonded aggregate, which is difficult, if not impossible, to redisperse. Deflocculated suspensions Whether a suspension is flocculated or deflocculated depends on the relative magnitudes of the electrostatic forces of repulsion and the forces of attraction between the particles. At low electrolyte concentration, the electrical repulsive force
predominates and particle interactions are maximized. The individual particles are dispersed as discrete entities, resulting in a smooth-looking suspension, called deflocculated or peptized suspension. Compared with the flocculated suspension, this suspension sediment slowly and attains the lowest possible sediment height. The interparticle
interaction in such compact sediments is relatively high because the interparticle distances are small, leading to the undesirable phenomenon of caking, a tightly packed sediment that was almost impossible to resuspend even with vigorous shaking. Caking can be minimized by utilizing open network aggregate (floccule) suspension-type, as the
particles cannot sediment to a close proximity because of the rigidity of the aggregate.

From a practical point of view, since fully aggregated suspension are often unsightly, partial aggregation is often a desired objective, as it resists caking and imparts aesthetic qualities to a suspension formulation. A pharmaceutical suspension must be redispersible on only mild agitation to ensure dosage uniformity.

Differences between flocculated and deflocculated suspensions The differences between flocculated and deflocculated suspensions are summarized below Flocculated suspensions Deflocculated suspensions 1. The particles of dispersed phase aggregate and form a loose networklike structure. The particles of the dispersed phase remain as separate
entities. 2. Sedimentation rate is high. Sedimentation rate is low. 3. Sediment formed is loosely packed and does not form a hard cake. Sediments formed is tightly packed and a hard cake is formed. 4. Sediment can be easily redispersed on shaking. It is difficult to redisperse the sediment on shaking 5. Lack of elegance since the particles of the
dispersed phase tend to separate from the dispersion medium Elegant because of the uniform appearance of the suspension.
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Differences between flocculated and deflocculated Suspensions Read more on classifications of suspensions Flocculated suspensions Flocculation refers to the formation of a loose aggregation of discrete particles held together in a network like structure by physical adsorption of macromolecules when the longer-range van der Walls forces of
attraction exceed the shorter-range forces of repulsion. Particles, therefore, experience attraction at significant interparticle distances (10 - 20 nm) and form an open network of aggregated particles known as floccules. Such a suspension is called flocculated suspension. In this suspension type, the structure of the aggregates is quite rigid; hence they
settle quickly to form a high sediment height and are easily redispersible because the particles constituting individual aggregates are sufficiently far apart from one another to preclude caking. A repulsive barrier termed the primary maximum, separates the secondary minimum from the primary minimum. The magnitude of the repulsive forces at the
primary maximum determines whether a flocculated system will remain flocculated. If the thermal energy in the system is similar to, or greater than, the repulsive barrier, the particles in the system can move closer together (0.5 - 2.0 nm) and encounter strong attraction due to the primary minimum. The strong attraction in the primary minimum
gives rise to the particle interaction termed coagulation. Closed aggregates, or coagula, is characterized by a tight packing and is not easily redispersed. Upon sedimentation, the aggregates tend to form a single large film-bonded aggregate, which is difficult, if not impossible, to redisperse. Deflocculated suspensions Whether a suspension is
flocculated or deflocculated depends on the relative magnitudes of the electrostatic forces of repulsion and the forces of attraction between the particles. At low electrolyte concentration, the electrical repulsive force predominates and particle interactions are maximized. The individual particles are dispersed as discrete entities, resulting in a smooth-
looking suspension, called deflocculated or peptized suspension. Compared with the flocculated suspension, this suspension sediment slowly and attains the lowest possible sediment height. The interparticle interaction in such compact sediments is relatively high because the interparticle distances are small, leading to the undesirable phenomenon of
caking, a tightly packed sediment that was almost impossible to resuspend even with vigorous shaking. Caking can be minimized by utilizing open network aggregate (floccule) suspension-type, as the particles cannot sediment to a close proximity because of the rigidity of the aggregate. From a practical point of view, since fully aggregated
suspension are often unsightly, partial aggregation is often a desired objective, as it resists caking and imparts aesthetic qualities to a suspension formulation. A pharmaceutical suspension must be redispersible on only mild agitation to ensure dosage uniformity. Differences between flocculated and deflocculated suspensions The differences between
flocculated and deflocculated suspensions are summarized below Flocculated suspensions Deflocculated suspensions 1. The particles of dispersed phase aggregate and form a loose networklike structure. The particles of the dispersed phase remain as separate entities. 2. Sedimentation rate is high. Sedimentation rate is low.

3. Sediment formed is loosely packed and does not form a hard cake. Sediments formed is tightly packed and a hard cake is formed. 4. Sediment can be easily redispersed on shaking. It is difficult to redisperse the sediment on shaking 5. Lack of elegance since the particles of the dispersed phase tend to separate from the dispersion medium Elegant
because of the uniform appearance of the suspension. References Jain, G., Khar, R.

Particles, therefore, experience attraction at significant interparticle distances (10 - 20 nm) and form an open network of aggregated particles known as floccules. Such a suspension is called flocculated suspension.
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Such a suspension is called flocculated suspension. In this suspension type, the structure of the aggregates is quite rigid; hence they settle quickly to form a high sediment height and are easily redispersible because the particles constituting individual aggregates are sufficiently far apart from one another to preclude caking. A repulsive barrier
termed the primary maximum, separates the secondary minimum from the primary minimum. The magnitude of the repulsive forces at the primary maximum determines whether a flocculated system will remain flocculated. If the thermal energy in the system is similar to, or greater than, the repulsive barrier, the particles in the system can move
closer together (0.5 - 2.0 nm) and encounter strong attraction due to the primary minimum. The strong attraction in the primary minimum gives rise to the particle interaction termed coagulation. Closed aggregates, or coagula, is characterized by a tight packing and is not easily redispersed. Upon sedimentation, the aggregates tend to form a single
large film-bonded aggregate, which is difficult, if not impossible, to redisperse. Deflocculated suspensions Whether a suspension is flocculated or deflocculated depends on the relative magnitudes of the electrostatic forces of repulsion and the forces of attraction between the particles. At low electrolyte concentration, the electrical repulsive force
predominates and particle interactions are maximized. The individual particles are dispersed as discrete entities, resulting in a smooth-looking suspension, called deflocculated or peptized suspension. Compared with the flocculated suspension, this suspension sediment slowly and attains the lowest possible sediment height. The interparticle
interaction in such compact sediments is relatively high because the interparticle distances are small, leading to the undesirable phenomenon of caking, a tightly packed sediment that was almost impossible to resuspend even with vigorous shaking. Caking can be minimized by utilizing open network aggregate (floccule) suspension-type, as the
particles cannot sediment to a close proximity because of the rigidity of the aggregate. From a practical point of view, since fully aggregated suspension are often unsightly, partial aggregation is often a desired objective, as it resists caking and imparts aesthetic qualities to a suspension formulation. A pharmaceutical suspension must be redispersible
on only mild agitation to ensure dosage uniformity. Differences between flocculated and deflocculated suspensions The differences between flocculated and deflocculated suspensions are summarized below Flocculated suspensions Deflocculated suspensions 1. The particles of dispersed phase aggregate and form a loose networklike structure. The
particles of the dispersed phase remain as separate entities. 2. Sedimentation rate is high. Sedimentation rate is low. 3. Sediment formed is loosely packed and does not form a hard cake. Sediments formed is tightly packed and a hard cake is formed. 4. Sediment can be easily redispersed on shaking. It is difficult to redisperse the sediment on shaking
5. Lack of elegance since the particles of the dispersed phase tend to separate from the dispersion medium Elegant because of the uniform appearance of the suspension. References Jain, G., Khar, R. and Ahmad, F. (2012). Theory and Practice of Physical Pharmacy. India: Elservier. Mahato, R and Narang, A. (2018). Pharmaceutical Dosage Forms and
Drug Delivery (3rd ed.).New York: Taylor & Francis Group, LLC Adamson AW, 1990. Physical Chemistry of Surfaces, Wiley-Interscience, New York, NY. Google Scholar Alexander KS, Azizi J, Dollimore D, Uppala V, 1990. The interpretation of the hindered settling of calcium carbonate suspensions in terms of permeability. ] Pharm Sci, 79: 401-
406.CrossRef CAS PubMed Google Scholar Allahham A, Stewart P, Marriott J, Mainwaring D, 2005. Factors affecting shear thickening behavior of a concentrated injectable suspension of levodopa. ] Pharm Sci, 94: 2393-2401.CrossRef CAS PubMed Google Scholar Au S, Weiner N, Schacht J, 1986. Membrane perturbation by aminoglycosides as a
simple screen of their toxicity. Antimicrob Agents Chemother, 30: 395-397.CAS PubMed Google Scholar Barnes HA, 1997. Thixotropy - a review.

J Non-Newton Fluid Mech, 70: 1-33.CrossRef CAS Google Scholar Bhattacharjee S, Singh BP, Besra L, Sengupta DK, 2005.

Performance evaluation of dispersants through streaming potential measurements. J Dispersion Science and Tech, 26: 365-370.CrossRef CAS Google Scholar Billany M, 2002. Suspensions and Emulsions, In: Pharmaceutics: The Science of Dosage Form Design, Ed., Aulton ME. 2nd ed., Churchill Livingstone, Philadelphia, PA, pp 334-359. Google
Scholar Black AP and Smith AL, 1966. Suggested method for calibration of Briggs microelectrophoresis cells. ] Am Water Works Assoc, 58: 445-454.CAS Google Scholar Bricefio MI, 2000. Rheology of Suspensions and Emulsions, In: Pharmaceutical Emulsions and Suspensions, Eds., Nielloud F and Marti-Mestres. 1st ed., Marcel Dekker Inc., New
York, NY, pp 557-607. Google Scholar Brigger I, Armand-Lefevre L, Chaminade P, Besnard M, Rigaldie Y, Largeteau A, Andremont A, Grislain L, Demazeau G, Couvreur P, 2003. The stenlying effect of high hydrostatic pressure on thermally and hydrolytically labile nanosized carriers. Pharm Res, 20: 674-683. Google Scholar Churaev NV, Derjaguin
BV, Muller VM, 1987. Surface Forces, 1st ed., Springer, New York, NY. Google Scholar Clarke B, 1967. Rheology of coarse settling suspensions. Trans Inst Chem Eng, 45: T251-T256.CAS Google Scholar Derjaguin BV and Landau LD,1941. Theory of the stability of strongly charged lyophobic sols and the adhesion of strongly charged particles in
solutions of electrolytes.

Acta Physicochim USSR, 14: 633-662.

Google Scholar Flory PJ, 1953. Principles of Polymer Chemistry, Cornell University Press, Ithaca, NY. Google Scholar Gallardo V, Morales ME, Ruiz MA, Delgado AV, 2005. An experimental investigation of the stability of ethylcellulose latex correlation between zeta potential and sedimentation. Euro J Pharm Sci, 26: 170-175.CrossRef CAS Google
Scholar Haines BA and Martin AN, 1961a. Interfacial properties of powdered material: caking in liquid dispersions I. Caking and flocculation studies. J Pharm Sci, 50: 228-232.CrossRef PubMed Google Scholar Haines BA and Martin AN, 1961b. Interfacial properties of powdered material: caking in liquid dispersions II. Electrokinetic phenomena. J
Pharm Sci, 50: 753-756.CrossRef CAS PubMed Google Scholar Haines BA and Martin AN, 1961c. Interfacial properties of powdered material: caking in liquid dispersions III. Adsorption studies.

J Pharm Sci, 50: 756-759.CrossRef PubMed Google Scholar Hiemenz PC and Rajagopalan R, 1997. Principles of Colloid and Surface Chemistry, 3rd ed., Marcel Dekker Inc., New York, NY. Google Scholar Hiestand EN, 1964. Theory of coarse suspension formulation. ] Pharm Sci, 53: 1-18.CrossRef CAS PubMed Google Scholar Illing A and Unruh
T, 2004. Investigation on the flow behavior of dispersions of solid triglyceride nanoparticles. Int ] Pharm, 284: 123-131.CrossRef CAS PubMed Google Scholar Kayes JB, 1977. Pharmaceutical suspensions: relation between zeta potential, sedimentation volume and suspension stability. ] Pharmacy and Pharmacology, 29: 199-204.CAS PubMed
Google Scholar Kellaway IW and Najib NM, 1981. Hydrophilic polymers as stabilizers and flocculants of sulphadimidine suspensions. Int ] Pharm, 9: 59-66.CrossRef CAS Google Scholar Kissa E, 1999. Dispersion: Characterizations Testing, and Measurement, 1st ed., Marcel Dekker Inc., New York, NY. Google Scholar Krieger IM, Dougherty TJ,
1959. A mechanism for non-Newtonian flow in suspensions of rigid spheres. Trans Soc Rheol, 3: 137-152. Google Scholar Kuhnert-Brandstatter M, 1977. Polymorphe and pseudopolymorphe kristallformen von steroidhormonen. Pharm Ind, 39: 377-383. Google Scholar Longer M. 2006. Rheology, In: Martin’s Physical Pharmacy and Pharmaceutical
Sciences, Ed., Sinko, PJ, 5th ed., Lippincott Williams & Wilkins, Philadelphia, PA, pp 561-583. Google Scholar Luhtala S, Kahela P, Kristoffersson E, 1990. Effect of benzalkonium chloride on crystal growth and aqueous solubility of carbamazapine. Acta Pharm Fenn, 99: 59-67.CAS Google Scholar Luhtala S, 1992. Effect of sodium lauryl sulfate and
polysorbate 80 on crystal growth and aqueous solubility of carbamazepine. Acta Pharm Nord, 4: 85-90.CAS Google Scholar Martin AN, 1961. Physical chemical approach to the formulation of pharmaceutical suspensions. J Pharm Sci, 50: 513-517.CrossRef CAS PubMed Google Scholar Martin AN, 2006. Coarse Dispersions, In: Martin’s Physical
Pharmacy and Pharmaceutical Sciences, Ed., Sinko, PJ, 5th Edition, Lippincott Williams & Wilkins, Philadelphia, PA, pp 499-530. Google Scholar Matthews BA and Rhodes CT, 1970. Use of the Derjaguin, Landau, Verwey, and Overbeek theory to interpret pharmaceutical suspension stability. ] Pharm Sci, 59: 521-525.CrossRef CAS PubMed Google
Scholar Minko T, 2006a. Colloids, In: Martin’s Physical Pharmacy and Pharmaceutical Sciences, Ed., Sinko, P], 5th ed., Lippincott Williams & Wilkins, Philadelphia, PA, pp 469-498. Google Scholar Minko T, 2006b. Interfacial Phenomena, In: Martin’s Physical Pharmacy and Pharmaceutical Sciences, Ed., Sinko, PJ, 5th ed., Lippincott Williams &
Wilkins, Philadelphia, PA, pp 437-467. Google Scholar Napper DH, 1967.

Modern theories of colloid stability. Science Progress, 55: 91-109.CAS Google Scholar Nutan MTH, Vaithiyalingam SR, Khan MA, 2007. Controlled release multiparticulate beads coated with starch acetate: material characterization, and identification of critical formulation and process variables. Pharm Dev Tech, 12: 307-320.CrossRef CAS Google
Scholar Raghavan SR, Hou J, Baker GL, Khan SA, 2000. Colloidal interactions between particles with tethered nonpolar chains dispersed in polar media: direct correlation between dynamic rheology and interaction parameters. Langmuir, 16: 1066-1077.CrossRef CAS Google Scholar Sabra K, Deasy PB, 1983. Rheological and sedimentation studies
on instant Clearjel® and Primojel® suspensions. ] Pharm Pharmacol, 35: 275-278.CAS PubMed Google Scholar Sherman P, 1983. Rheological properties of emulsions, In: Encyclopedia of Emulsions Technology, vol 1: Basic Theory, Ed., Becher P, Marcel Dekker, New York, NY, pp 215-248. Google Scholar Song S, Peng C, 2005. Thickness of
salvation layers on nano-scale silica dispersed in water and ethanol.

J Dispersion Sci Tech, 26: 197-201.CrossRef CAS Google Scholar Tabibi SE and Rhodes CT, 1996. Disperse Systems, In: Modern Pharmaceutics, Eds., Banker GS, Rhodes CT, 3rd ed., Marcel Dekker Inc., New York, NY, pp 299-331. Google Scholar Thomas DG, 1965. Transport properties of suspension: VII. A note on the viscosity of Newtonian
suspensions of uniform spherical particles. J Colloid Sci, 20: 267-277.CrossRef CAS Google Scholar Vaithiyalingam S, Nutan M, Reddy I, Khan M, 2002. Preparation and characterization of a customized cellulose acetate butyrate dispersion for controlled drug delivery. ] Pharm Sci, 91: 1512-1522.CrossRef CAS PubMed Google Scholar Verwey
EJW and Overbeek JTG, 1948. Theory of the Stability of Lyophobic Colloids, Elsevier Inc., Amsterdam, The Netherlands.

Google Scholar Zietsman S, Kilian G, Worthington M, Stubbs C, 2007. Formulation development and stability studies of aqueous metronidazole benzoate suspensions containing carious suspending agents. Drug Dev Ind Pharm, 33: 19-197.CrossRef Google Scholar



