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Abstract The effect of binder saturation level on the dimensional accuracy and binder migration behavior of alumina
compacts fabricated by binder jetting three-dimensional printing was quantitatively analyzed. Spherical a-Al,O; powder with
D,, = 5.07 um was printed at five core/shell saturation conditions of 100/200, 110/220, 130/260, 150/300, and 170/340 %
using a ProJet 360 system. The X-Y dimensional deviation remained between 0.13 and 0.17 mm and showed no consistent
dependence on the saturation level, whereas the Z-direction binder migration depth increased about 3.35-fold, from 0.184 to
0.616 mm, with increasing saturation. Surface roughness R, and S, correlated almost linearly with the Z-migration depth
(R>0.99). A Washburn analysis confirmed that the capillary infiltration time (about 7.4 ms) is far shorter than the layer
drying time, so the migration depth is expected to increase in proportion to the dispensed binder volume. Relative to this
proportional baseline, the migration depth increased linearly with saturation up to 150/300 %, then rose abruptly at 170/
340 %, indicating an inflection between 150/300 % and 170/340 % that is attributed to percolation breakthrough.
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(a) (b)

Fig. 1. Digital sketch of the cross-shaped sectioned specimen design. (a) isometric view (b) plan view with the four measurement
points (D1~D4).
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Fig. 2. Optical images of the cross-shaped specimens printed at each saturation condition. Circled numbers O~@ indicate the four
measurement points D1~D4 defined in Fig. 1(b). Scale bars: 1 mm (all panels).
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Fig. 3. X-Y dimensional deviation of the cross-shaped specimens. (a) signed deviation at each measurement point (D1~D4) (b) mean
absolute deviation with standard deviation and the max-min deviation range for each saturation condition.
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Fig. 4. Z-direction binder migration depth as a function of saturation level. (a) absolute migration depth; (b) migration depth expressed
in layer counts (layer thickness = 100 pm) with reference lines. Migration depth was measured on a representative sectioned specimen
per condition.
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