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Cutting of Chemically Strengthened Glass Using the Combination of
Electrochemical Discharge and Grinding Processes
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Chemically strengthened glass has recently gained attention for use in mobile device display covers due to its enhanced
mechanical properties. However, cutting chemically strengthened glass poses challenges because of its high surface
compressive stress, derived from the ion exchange between Na+ and K+ during the strengthening process. To address
this, we propose an efficient method for cutting chemically strengthened glass by integrating electrochemical discharge
(ECD) and grinding processes. The ECD process helps alleviate surface compressive stress through reverse ion exchange,
while the grinding process helps mitigate compressive stress on the bottom surface without flipping the glass. Chemical
composition analysis of the cross-section of glass cut along the line treated by the ECD process revealed that this method
can induce reverse ion exchange on both the upper and bottom surfaces of chemically strengthened glass. Furthermore,
nano-indentation hardness tests conducted on the cross-section demonstrated that the subsurface hardness could be
reduced by the ECD process, indicating a relaxation of the surface compressive layers. It has also been proven that
chemically strengthened glass can be successfully cut using this method, suggesting it offers a viable solution for efficient
glass cultting.
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Table 1 Specification of gorilla glass 3

. Gorilla glass 3
Materials (Alurninosil%;ate glass)
Density 2.39 g/em?
Young's modulus 69.3 GPa
Poisson’s ratio 0.22
Shear modulus 28.5 GPa
Vickers hardness (200 g load) 649 kgf/mm?’
Fracture toughness 0.66 MPa-m®?
Coefficient of expansion (0-300 °C) 75.8 x 107 °C
Compressive stress > 700 MPa @ 50 pum DOL
Depth of layer > 50 um
Softening point (107 poises) 900°C
Annealing point (10'3? poises) 628°C
Thickness 0.4-2.0 mm

Power Suppl

Tool electrode
(5mm Tungsten Carbide blade)

Auxiliary electrode
(Platinum)

e

Electrolyte

(NaOH) Workpiece Glass

Fig. 2 Schematic of ECD processing

Cathode (-): 2H,+2e¢ —20H +H,
Anode (+): 4O0H —2H,0+0,+4e

il OH ok
4
_rll_.
| >
2-;
ot
ﬂ
p;
NN
i)
i)
)
i

ol ol il:ﬁ_% %3 spebgekael
@awi sfsl7] 913 AANGHES T
a o2 elgolal] A 344 gt

or-R

ole

18 e
o]

il

z o
T
o]
o
1o rﬁ‘
ol _°.
T
_CE r_t
ue \10
lﬂ
i)
)
o
ok
)
?
oﬁ il
do
ok
)

3.7k U

72 3|
hk A Fig 3014 s vjof o] AR G071
Slg AXek el AHe glat ANZ FAHC AP

Fig. 3 Experimental set-up
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(a) Before ECD (b) I ECD (c) I* Cutting
U Compressive Strength Layer
Tensile Strength Layer
(d) 2¥ ECD (e) 2" Cutting

Fig. 4 Schematic of experimental procedure
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Fig. 5 Internal stress distribution and cutting depth for 1% and 2"
cutting of glass along with its SEM image after 1% cutting
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Table 2 ECD processing condition
Voltage (V)  Feed rate (mm/s) Current (mA)

0.01
55 0.03
0.05

0.01
60 0.03
0.05

0.01
65 0.03
0.05

0.01
70 0.03
0.05

0.01 Fracture
80 0.03 500-600 Fracture
0.05 Fracture

Cuttability

300-400

300-400

400-500

400-500
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Fig. 6 Mapping mode analysis results for the chemical composition of the cross section produced along the cutting line for (a) mother glass,
(b) chemically strengthened glass, (c) 1% ECD processed chemically strengthened glass, and (d) 2™ ECD processed chemically

strengthened glass
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Fig. 7 Line mode analysis results for the chemical composition of the cross section produced along the cutting line for (a) mother glass, (b)
chemically strengthened glass, (c) 1 ECD processed chemically strengthened glass, and (d) 2™ ECD processed chemically strengthened glass
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Fig. 8 Nanoindentation measurement position

Table 3 Nanoindentation results

Hardness (GPa)
Mother glass 7.65728+0.145
Chemically strengthened glass 9.31352+0.317

Chemically strengthened glass after ECD processing  8.09244+0.017
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Fig. 10 Comparison of cut surfaces after 1 ECD processing and 2™
ECD processing
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