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Selective Laser Curing Additive Preparation of Frozen Water Glass Ceramic Slurry
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Abstract: In view of the support problem of slurry based ceramic additive preparation, a novel method of selective laser curing of
frozen slurry was proposed. Water glass was used as a binder to prepare ceramic slurry, the whole slurry layer was frozen by cryoplate
in order to establish a solid support, the dehydration effect of water glass heated was used to fix ceramic particles, and the frozen
support materials were melted in water. The effects of solid content, laser power, scanning speed and scanning distance on the size and
morphology of curing line, surface and body were investigated. A green body with a compressive strength of 29.4 MPa, a bending
strength of 2.53 MPa, and a thin-wall structure with the thickness of 130 um and span of 60 mm was prepared. This proposed method
has the characteristics of high efficiency of solid support establishment and removal, and the processed thin-wall and cantilever
structure is not easy to deform, thus having a promising application potential in the field of rapid casting.
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Table 1 Material ratio and experimental parameters

Material (w(Solid content)) Processing parameters
P=30W, =100 mm/s

P=30W, V=100 mm/s

Liquid water glass (0%)

Frozen water glass (0%)

A (30%) P=30'W, V=100 mm/s
B (40%) P=30W, =100 mm/s
C (50%) P=30-41 W, =50-200 mm/s, F=200-300 pm

P—Laser power; —Scanning speed; F—Scanning distance.
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Fig. 2 Effect of shear rate on viscosity of water glass ceramic
slurry with different solid content
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(a) Laser scanning on frozen water glass solution

(d) SEM image of the lower surface of laser cured line
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Fig. 3 Selective laser curing of frozen water glass solution
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Fig. 4 Section SEM of laser cured line of frozen water glass
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Fig. 5 Effect of solid content on the depth and width of laser
curing
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Fig. 7 SEM photograph of cured surface at different scanning distance
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parameters
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Table 2 Physical properties of ceramic bodies formed by
different process parameters
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Sample No. Conductivity/ 3 Strength/
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(W-(mK) ") MPa
A 1.484 1.55 18.6
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1.776 1.77 27.1
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Fig. 9 Samples with cantilever/thin-wall structure
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Table 3 CoMParison of several ceramic AM processes on
solid support’s formation and removal.

Process Forming Temperature/ C E Removal method
method taken

SD Drying 200 120s Dissolving in water or
spray rinsing

SLSG Drying 80 Dissolving in NaOH
solvent for 5h

CLF Drying 60s  Ultrasonic vibration in
NaOH solvent for 90 min

New Freezing =50 <§s Melting in water for a few

method minutes
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