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A novel gel tape casting process based on gelation of sodium alginate
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Abstract

A novel gel tape casting process by sodium alginate is described. Sequestrant and calcium salts are added into ceramic suspension
simultaneously, thus the gelation between calcium salts and sodium alginate is avoided because a stable complex was formed from sequestran
and calcium salts. By adding adipic acid, calcium ions are released from the complex and react with sodium alginate to form a three-dimensional
(3D) network. Therefore, ceramic particles are held in this network thus resulting in a green tape. The effect of dispersant and binders on
the rheological behavior of suspensions was investigated. The optimal amount of dispersant was four@.8wWi€%. The addition of
styrene-acrylic latex changed the rheological behavior of the suspensions and improved the flexibility of green tapes. Gelation rate suitable
for tape casting could be easily controlled by the amounts of adipic acid and sequestrant. Green tapes with homogeneous microstructure have
been fabricated by this process.
© 2003 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction However, the monomer used is acrylamide with neural tox-
icity. In this paper, a natural innoxious polymer, sodium al-
The tape casting process can be divided into non-aqueougjinate, was used to consolidate ceramic suspensions.
and aqueous systems according to the solvents [ided Sodium alginate is a type of gelling polysaccharide most
Non-aqueous solvents typically have lower boiling points commonly isolated from brown kelp. Sodium alginate can be
and can avoid the hydration of some ceramic powders, butdissolved in water at room temperature and undergo chem-
require special precaution concerning toxicity and inflamma- ical gelation to form a three-dimensional (3D) network in
bility. In recent years, the environmental and health aspectsthe presence of multivalent cations, particularly calc{din
of the tape casting process have drawn more attention. ThereThe alginates are usually used as processing aids in many
fore, aqueous solvents, which have the advantages of in-traditional ceramic-forming processes, including dry mold-
combustibility, non-toxicity and low cost, are considered as ing, extrusion, slip casting, where they impart plasticity,
a substitute for non-aqueous solvents. However, the aque-workability, suspension stability, and suitable wet and dry
ous suspension has a smaller tolerance to minor changestrength. In fact, the chemical gelation of sodium alginate
in drying conditions and also the drying rate of the aque- has also been used in gel-casting and solid free form fabri-
ous suspension is invariably much slower than that of the cation techniques to produce ceramjg5]. In this paper,
non-aqueous systeni4,2]. Therefore, non-homogeneous sodium alginate was used to fabricate green tapes by using
microstructure and cracks usually occur in green tapes. Toa sequestrant to control gelation behavior.
overcome these comebacks, Xiang developed a gel tape cast-
ing process as an alternative route to the process, in which
a monomer solution was used as a substitute for organic

solvents and binders to coagulate ceramic suspengns 2. Experimental procedure

2.1. Sarting materials
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Table 1 2.3. Characterization

Additives of gel tape casting suspensions

Binders Sodium alginate The rheological properties of su;pensions were measured
Styrene-acrylic latek using a rheometer MCR300 (Physica Corp., Germany). The

Dispersant Ammonium citrate tribasicsE17N307 microstructure of green tape was observed by scanning elec-

gaICIumt Saltt %algl_um Fr)]hOSphatte tr;;baSIrc,'st@?:g);D o tron microscope (SEM, CSM950). Mercury porosimetry was

equestran odium hexameta pnosphate, . .
Acid Adipic acid, GH1gOs used to characterize the density of green tapes.
Plasticizer Glycerol

a50wt.% polymer, glass-transition temperatufg)( 5°C. 3. Results and discussion

. . ) ) . 3.1. Suspensions preparation
China) with a mean particle size 2.9, and specific sur-

face area 0.434 ffg. All additives of the suspensions used Suspensions with 52 vol.% solids loading (50 vol.% alu-
in this work are listed infable 1 mina and 2vol.% calcium phosphate tribasic) and 1wt.%
sodium alginate (based on water) were prepared. The effect
of the amount of dispersant (based on ceramic powders) on
the viscosity of the suspensions is showrFig. 2 It is ob-
vious that the viscosity of the suspensions decreases with

nate was dissolved in the deionized water to form a solution, the increases of dispersant amount. The minimum of viscos-

and then the styrene-acrylic latex was added into the solution!: corresponding to the best dispersion of alumina particles
and stirred for 30 min. After alumina powders, dispersant, I" the suspensions, is observed whed.3wt.% dispersant

plasticizer, sequestrant and calcium salts were added intoS @dded. While the amount of dispersant increases beyond
the mixture of binders, the suspension was ball milled for 0-3Wt.%, the viscosity increases again, which implies that
24h. Before casting, the resulting suspension was deairedihere exists an optimum concentrations at which just enough

under vacuum (0.02 atm) for 10—15 min and then adipic acid dispersant is present to provide maximized coverage of the

was added into. The prepared suspension was cast at roorg€r@mic particles and any excess dispersant may be harm-
temperature, subsequently consolidated to form a greenfuI in decreasmg viscosity. This dlspergant c_ontent was gsed
tape. for the preparation of all the suspensions in the following

experiments.

In the range of shear rate tested, the suspension with
52 vol.% solids loading and 1 wt.% sodium alginate shows
Sodium alginate Deionized Water an initial shear thinning behavior at low shear rates followed
by a shear thickening behavior (shownRiy. 3). Such be-

2.2. Suspension preparation and tape casting

The process flowchart is presentedrig. 1. Sodium algi-

havior is unfavorable for tape casting because of the high
shear stress generated under the bladgd(s ! in our con-
Dissolved by stirring ditions). The shear thickening behavior usually occurs in a
high concentrated suspension. Indeed, the structure of the
Dispersant, ceramic powders, | [ - Latex suspension is determined by the interaction forces between
calcium salts, sequestrant 4’ Plasticizer particles[7,8]. At low shear rates, the agitation action can
2.6
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Fig. 2. Effects of dispersant content on the viscosity of@y suspensions
Fig. 1. Flowchart of gel tape casting process. (shear rate: 508).
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Fig. 3. Viscosity curves of A0z suspensions with different latex con- Fig. 4. Relationship between amount of acid and idle time.

centration.

The gelation rate of suspension with 52 vol.% solids load-
gradually break down the structure in suspension by over-ing was investigated. The beginning of gelation in ceramic
coming the attractive energy and the viscosity of the suspen-suspensions was determined by changes in suspensions tem-
sion decrease. At high shear rates, the hydrodynamic forcesperature, since the gelation is an exothermic reaction. The
between particles become dominant. This will lead to the process was monitored in terms of idle tintgie, the time
formation of clusters in suspensions and the viscosity of the between the addition of the acid and the commencement of
suspension increased. gelation, which is equivalent to the time available for cast-

The green tapes obtained using above suspensions weréng the suspensions during processikgs. 4 and Show
easily removed from the carrier and no obvious cracks were the variation of idle time with the amount of acid and with
observed but tapes were not flexible enough for handling. sequestrant, respectively. These data show clearly idle time
The plasticizer (glycerol) could not effectively improve the is reduced by an increase of acid content and increased by
flexibility of green tapes. In our previous work, alumina an increase of sequestrant content. The idle time, i.e. the
suspensions with 20 vol.% styrene-acrylic latex and 1vol.% release rate of calcium ions, can be easily adjusted by the
glycerol have been shown suitable for tape casfi@h concentration of the reagents, thus the process can be easily
Therefore, 20 vol.% styrene-acrylic latex (based on sodium completed under control.
alginate solution) was simultaneously added into suspen-
sions to improve the flexibility of the tapes here. As shown 3.3, Characterization of green tapes
in Fig. 3, the addition of latex has a great effect on the vis-
cosity of the suspensions and the type of their rheological The green densities and the flexibility of green tapes us-
behavior. The shear thickening behavior observed earliering three formulations of binders are summarizedable 2
disappears, and the suspensions containing latex exhibit gAlthough the tapes with only sodium alginate showed poor
shear thinning behavior more suitable for tape casting now. flexibility, the tapes with alginate and latex show good flex-

ibility, which is similar to the tapes with only latex. The
3.2. Control of the gelation of sodium alginate relative density of the green tapes with latex is higher than

In order to complete casting processing under control, a
controllable reaction of calcium salts with sodium alginate !
must be considered. Generally, it is difficult to control the 60 - /'
gelation rate between calcium salts (such as gaCiGOy) 1
and alginate, which makes it impossible to complete cast-
ing processing at suitable period. In this work, the reaction
rate was adjusted by sequestrant ((NgR{and adipic acid
(CeH1004). Generally, if adding CH{POy)2 and (NaPQ)g
into the ceramic suspensions simultaneously, the gelation 20_'
reaction between calcium salts and sodium alginate will be ]
avoided because a stable complex was formed from the re- 10
action between (NaP£}; and Ca(PQy),. After CgH1004 is
added into the ceramic suspensions, the complex would de-
compose and calcium ions are released slowly, thus leading
to gelation. Fig. 5. Relationship between amount of sequestrant and idle time.
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Table 2 generate stresses in the green tapes and usually lead to crack-
Green densities and fiexibility of green tapes ing. Obvious difference in microstructures of upper and bot-
Binders Green density (% TD) Observation tom layers is usually observéil0—12] In this process, the
Alginate 56 Poor flexibility ceramic powders and orgar?ic additi_ves are sqlidified _in the
Latex ~58 Good flexibility 3D network due to the in situ gelation of sodium alginate
Alginate + latex ~58 Good flexibility simultaneously in whole tape. Therefore, there is no need

for a special drying procedure in which temperature and hu-

midity are controlled carefully in order to avoid crack and

inhomogeneity due to migration of solvent carrying binders,
eplasticizers and fine powdersig. 6 shows the microstruc-
tures of upper surface, bottom surface of a green tape con-
taining 20 vol.% latex and 1 wt.% sodium alginate. It can be
seen no obvious difference was observed between the upper
surface and bottom surface. This shows more homogenous
microstructure could be obtained by addition of sodium al-
ginate.

with only alginate. However, the addition of alginate to the
suspensions with latex shows no obvious influence on th
density of green tapes.

In conventional aqueous tape casting process, the drying
procedure is a critical stage. Usually, the drying of green
tapes is inhomogenous. During drying, both the anisotropic
migration of the solvent and the differential shrinkage will

4. Conclusions

A novel gel tape casting has been described. Sodium algi-
nate has been used to consolidate alumina tapes from aque-
ous suspensions. However, because of low flexibility of re-
sulting tapes, styrene-acrylic latex was also added to enhance
the flexibility. Special drying procedure, which is critical
stages in conventional tape casting, is avoided.

The use of dispersant can effectively improve fluidity
of the suspension. The optimal amount of dispersant is
~0.3wt.%. The styrene-acrylic latex strongly affects the
rheological behavior of the suspensions. Suspensions con-
taining styrene-acrylic latex exhibit a typical shear thinning
behavior suitable for this process.

The time available for casting (idle time) can be controlled
by varying the concentration of adipic acid and sequestrant.
The idle time is reduced by an increase of acid content or
increased by an increase of sequestrant content. The pro-
cessing can be easily controlled by changing the addition
amounts of adipic acid and sequestrant.

Green tapes with homogeneous microstructure were fab-
ricated by this novel forming process.

15 RV 5.14um

Acknowledgements

This work was supported by the National Key Ba-
sic Research Development Program of China (Grant No.
G2000067204).

References

[1] D. Hotez, P. Greil, Review: aqueous tape casting of ceramic powders,
Mater. Sci. Eng. A202 (1995) 206-217.

[2] B.J. Briscoe, G. Lo Biundo, N. Ozkan, Drying kinetics of water-based
ceramic suspensions for tape casting, Ceram. Int. 24 (1998) 347-357.

(B) [3] J.H. Xiang, Processing of AD3; sheets by the gel tape casting
process, Ceram. Int. 28 (2002) 17-22.
Fig. 6. SEM micrograph of AlOs green tapes (A: upper surface; B: [4] 3. Jin, M.J. Lin, The Application and Processing of Marine Alga,

bottom surface). Science Press, Beijing, 1993.



Z. Yu et al./Ceramics International 30 (2004) 503-507 507

[5] B. Suresh, G.D. Manupin, G.L. Graff, Freeform fabrication of ce- [9] X.M. Cui, S.X. Ouyang, Z.Y. Yu, et al., The study of water-based

ramics, Am. Ceram. Soc. Bull. 7 (1998) 53-58. tape casting with latex binder system, in: Proceedings of the 12th
[6] Z.P. Xie, Y. Huang, Y.L. Chen, Y. Jia, A new gel casting of ceramics China National Conference on High Performance Ceramics, Fuoshan,

by reaction of sodium alginate and calcium iodate at increased China, 2002, pp. 133-136.

temperatures, J. Mater. Sci. Lett. 20 (2001) 1255-1257. [10] Y.P. Zeng, D.L. Jiang, P. Greil, Tape casting of aqueousOAl

[7]1 J. Bender, Wagner, J. Norman, Reversible shear thickening in slurries, J. Eur. Ceram. Soc. 20 (2000) 1691-1697.
monodisperse and bidisperse colloidal dispersions, J. Rheol. 40 [11] X.M. Cui, S.X. Ouyang, Z.Y. Yu, et al., A study of green tapes for
(1996) 899-916. LOM with water-based tape casting processing, J. Mater. Sci. Lett.,
[8] M.F.L. Granja, F. Doreau, J.M.F. Ferreira, Aqueous tape-casting in press.
of silicon carbide, Key Eng. Mater. 132-136 (1997) 362— [12] B. Bernd, G.H. Jurge, Aqueous tape casting of silicon nitride, J. Eur.
365. Ceram. Soc. 22 (2002) 2427-2434.



	A novel gel tape casting process based on gelation of sodium alginate
	Introduction
	Experimental procedure
	Starting materials
	Suspension preparation and tape casting
	Characterization

	Results and discussion
	Suspensions preparation
	Control of the gelation of sodium alginate
	Characterization of green tapes

	Conclusions
	Acknowledgements
	References


