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1. Additive manufacturing

2. Fused deposition modeling

3. PolyJet modeling

. Stereo lithography

. Laminated object manufacturing
. Solid ground curing

. Laser engineered net shaping

. Thermojet
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Table 1. Composition of Dark Chocolate Samples
Ingredients
Crystalline sucrose
S5 55
Amorphous sucrose
S8 580
Cocoa
Puiyiy
Cocoa butter
5315[5 o;
vanillin
Joly
Soya lecithin

24.69

24.69

45.09

5.3

0.03

0.2
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Fig 1. Differential scanning calorimetry for Chocolate.
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Table 2. Calculated information of printing load, chocolate weight, mass flow rate, volume flow rate and
shear rate at 40 and 32 ° C

Nozzle diameter (mm)
(mm) J;b L8 0.5 1 15
Temperature (‘C) 32 40 32 40 32 40
(°C) Lo
Print time (s) 0 5 ) ”3 )
5 47. 47. 52. 52.4
©) ¢z ol
Chocolate Weight (g) 02 07 085 Is 6
(@)oY 35 . . . . .
Mass flow rate (g / s)
0.004 0.014 0.018 0.029 0.031
Q/8) 2> 2
Volumetric flow rate (mm®s)
(MMs) oz 20 3.33 11.66 15 24.16 25.83
Shear rate (s
A e e 33.9 14.8 19.09 9.1 9.7
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Fig 2. Chocolate viscosity changes with temperature
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Fig 3. Diagram of the results of optimization of the nozzle height of the printing plate with the nozzle diameter a) 0.5 mm, b) 1 mm and c)
1.5 mm 1200 min / min
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Abstract

3D printing syringe-cartridge dispensing is one of the methods of forming parts that has attracted the attention
of many researchers who work in academic and industrial fields due to its design-ability and short prototyping
time. In this method, different materials such as polymer, food, etc. are put together in thin rasters by a syringe
controlled by a CNC mechanism to make a section of the part. By repeating this process for the next layers, the
final part is formed. In this project, an attempt has been made to evaluate the process parameters of complex
shapes of chocolate parts created by this technology. For this purpose, the infrastructure of a commercial 3D
printer was equipped with a specially designed syringe head with adjustable temperature. DSC (Differential
scanning calorimetry ) test showed that the appropriate temperature range for melting chocolate is 32-40 ° C.
Rheological tests showed that the viscosity of chocolate decreases with the temperature and that in turn, leads to
more extrusion of chocolate and reducing the resolution of the printed shape. On the other hand, process
parameters such as nozzle distance from the printing plate, nozzle diameter, filament diameter and fabrication
plate temperature also affect the print resolution. In this study, different nozzle diameters set of 1.98, 2 and 3
mm in printing software, at different temperatures were employed and finally the optimal printing resolution
conditions were determined as the temperature of 32 ° C, distance equal to the nozzle diameter, nozzle diameter
value set as 1.98 mm and manufacturing plate temperature less than 10 ° C.

Keywords: 3D printing, layer by layer manufacturing, chocolate, Additive manufacturing, customized
production
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