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Cure depth measurements and identification of printing parameters 

It is critical to understand the optimum exposure energy for a binder mixture to cure 
the required layer thickness (100 µm) and therefore understand the characteristic reactiv-
ity of each binder mixture when illuminated by 405 nm UV light [1]. Jacob's working curve 
equation (Beer-Lambert Law) [2] is used to understand the key parameters like penetra-
tion depth and critical energy using the Cd and exposure energy. The Jacob's Working 
curve equation is as follows, Eq. (S1). 

 

 𝐶 = 𝐷  × 𝑙𝑛 𝐸𝐸  (S1) 

where Dp is the Penetration Depth of the binder, E0 is the initial light energy of the 
UV light source, and Ec is the critical exposure energy [3].  

 
The Jacobs working curve represents ln (E0) with the measured Cd value. E0 is a cal-

culated entity defined as a function of the product of the power of the light source and the 
amount of time the binder was exposed. For this study, the power of the light source is 
found to be 0.445 mWcm-2 for the printer used, and the Cd is recorded for each binder for 
the exposure time from 8s to 20s. Ec and Dp are the functions of the y-intercept and slope 
of the straight line that fits well into the points plotted in the graph between Cd and E0. 
Error! Reference source not found. is an example of the working curve of a binder used in 
the study). 

 
In the straight-line equation y=ax-b, a is the slope of the plot, which is Dp, and b is the 

opposite of the y-intercept. Therefore, Ec can be calculated by substituting Eq. (S1). Into 
the line equation, which gives Ec = exp (b/Dp). This method helps determine the Ec and Dp 
for all the binder mixtures. The Dp and Ec can be utilised to calculate the curing time re-
quired for a specific layer thickness for each binder mixture. However, if they have the 
same cure thickness, this method cannot differentiate between high and low cross-linked 
cured samples (i.e., semi-solid and solid cured samples). To overcome this phenomenon, 
the exposure time is increased by 30% of the calculated exposure time and rounded to the 
nearest whole number to ensure that the cured binder is fully solid with high cross-link-
ing, showcasing good mechanical properties [3,4]. 
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Figure S1 An example of a working curve for the binder with 20% UA with fitted linear line and its line equation to identify critical exposure

energy and penetration depth. 


