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1. Abstract 25 

Selective laser sintering (SLS) 3D printing (3DP) offers novel opportunities for 26 

manufacturing various pharmaceutical dosage forms with a wide array of drug delivery 27 

systems. The purpose of this research was to introduce ferromagnetic nanoparticles, for 28 

the first time, as a multi-functional magnetic and heat conductive ingredient for 3DP tablet 29 

formulations, and further to analyze its effect on the drug release of the SLS printed 30 

tablets under a specially designed magnetic field. Optimization of tablet quality was 31 

performed by adjusting SLS printing parameters. The independent factors studied were 32 

laser scanning speed (2, 50, 100, and 200 mm/s), hatching space (13, 25, 50, 100, 300, 33 

and 2000 µm), and temperature. The responses measured were tablet weight, hardness, 34 

disintegration time (DT), and dissolution kinetics studied within the first hour. The content 35 

uniformity, chemical interaction, drug distribution, and surface morphology were tested 36 

for characterizing the printed dosage forms. It has been observed, for the drug 37 

formulations with carbonyl iron, due to its inherent heat conductivity, that sintering tablets 38 

required low energy input compared to that of other batches that contained no magnetic 39 

particles, to make the tablets of the same quality attributes. Also, under the magnetic field, 40 

printed tablets with carbonyl iron released 25% more drug as compared to those without. 41 

Therefore, we report for the first time the use of magnetic nanoparticles as a novel 42 

conductive excipient to sinter the particles in an SLS 3D printing process of 43 

pharmaceutical dosage forms and hence this finding opens up numerous opportunities 44 

for magnetically triggerable drug delivery systems. 45 

 46 
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2.  Abbreviations 61 

selective laser sintering (SLS) 62 

three-dimensional printing (3DP) 63 

disintegration time (DT) 64 

fused-deposition modeling (FDM) 65 

stereolithography (SLA) 66 

computer-aided design (CAD) 67 

printed tablets (PTs) 68 

food and drug administration (FDA) 69 

differential scanning calorimetry (DSC) 70 

X-Ray powder diffraction (XRPD) 71 

Fourier transform infrared (FTIR) 72 

polarized light microscopy (PLM) 73 

scanning electron microscopy (SEM) 74 

United States pharmacopeia (USP) 75 
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3. Introduction  84 

With the introduction of 3D printing in pharmaceutical sciences, many types of 3D printing 85 

techniques have been used in this area, such as fused-deposition modeling (FDM) (1) 86 

(2), stereolithography (SLA) (3)(4), and injection molding (5)(6). In the past five years, the 87 

selective laser sintering (SLS) 3D printing technique for making personalized dose and 88 

dimension-specific dosage forms has gained widespread attention (7)(8)(9). This 89 

innovative 3DP technology offers the possibility of manufacturing medicines utilizing a 90 

laser beam to selectively sinter powder material together, which subsequently solidifies 91 

to form 3D objects with the assistance of a computer-aided design (CAD) software 92 

(10)(11).  93 

 94 

In the early 1980s, Carl Deckard and Joe Beaman invented the first SLS printer. It was 95 

based on a neodymium-doped yttrium aluminum garnet laser, which had a power of 100 96 

W (12). Then, the SLS printing technique was well known for its successful applications 97 

in manufacturing metal parts (13), implants (14)(15), and tissue scaffolds (10). SLS 98 

printing shows its advantages in the pharmaceutical field for its solvent-free printing 99 

process with relatively high fabrication speed. This method does not require a filament of 100 

raw ingredients, is not limited by polymerizable monomer materials, does not need post-101 

processing, and has no requirement for a liquid binder. Due to the solvent-free process, 102 

water and organic solvent sensitive drugs can add to the powder formulations. What’s 103 

more, the printed tablets (PTs) are directly available for consumption after printing since 104 

no requirements for post-processing steps such as drying or curing except collecting the 105 

PTs from the loose powder. Last but not least, various drug release types of the PTs can 106 
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be made by simply adjusting the drug formulations (mainly depends on dispersion 107 

polymer) and manipulating printing process parameters (e.g., laser scanning speed, 108 

hatching speed, temperature et al.). The main disadvantage of SLS printing technology 109 

is the requirement of thermoplastic materials and the possibility of drug and excipient 110 

degradation by the laser and pre-warming.  111 

 112 

Carbonyl iron particles have magnetism, moving in different directions by adjusting the 113 

magnetic field (16). It also has high oxidation resistance and is a good conductor of heat 114 

(17). Furthermore, it is also an FDA approved human iron supplement (18)(19). By using 115 

SLS to fabricate PTs, a wavelength absorbent is essential for the powder formulation. 116 

Candurin® Gold sheen (Potassium aluminum silicate, iron oxide, Titanium dioxide TiO2) 117 

was the most commonly used absorbent (20)(21). Even though it is an FDA approved 118 

color additive (US hazard communication standard 21 CFR part 73: section 73.1350), the 119 

maximum usage lever is 3 % by weight of the finished product or ingested drug. As laser 120 

absorption agents, a minimum of 3 w/w% of candurin® gold sheen was used to help sinter 121 

a stable tablet with good hardness. This minimum amount already reaches the safety 122 

limitation, and it will be better to use less and replace it with other additives. In this study, 123 

we are making an advanced formulation for SLS PTs, which contains carbonyl iron 124 

particles for three reasons: firstly to use its magnetic property to enhance drug release; 125 

Secondly to use its good conductivity for supporting the sintering process; Thirdly, as an 126 

iron supplement for daily health care.     127 

 128 
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4. Materials and Methods 129 

4.1. Materials 130 

Isoniazid (≥99% TLC, analytical standard, Sigma-Aldrich, USA) was used as a model 131 

drug (Molecular weight 137.14 g/mol, melting point 171-173 °C). Kollidon® VA64 is a 132 

vinylpyrrolidone-vinyl acetate copolymer, kindly donated by BASF, USA. Carbonyl Iron 133 

(≥97% Fe basis, Particle size 5-50 µm) was purchased from Sigma-Aldrich, USA. 134 

Candurin® Gold Sheen was purchased from Merck, Germany. 135 

4.2. Methods 136 

4.2.1. Selective Laser Sintering Process 137 

The desktop SLS printer (Sintratec Kit, AG, Brugg, Switzerland) was used to print the oral 138 

dosage forms. 3D builder (version 18.0.1931.0, Microsoft Corporation) was used to 139 

design the templates of the solid dosage forms (11.15 mm diameter and 3.75 mm height 140 

cylinder tablets). 141 

Preparation of the physical drug mixture, 5% Isoniazid (≥99% TLC, analytical standard, 142 

Sigma-Aldrich, USA) was used as a model drug (Molecular weight 137.14 g/mol, melting 143 

point 171-173 °C). Kollidon® VA64 (BASD, USA), a vinylpyrrolidone-vinyl acetate 144 

copolymer, was selected as a polymeric carrier (Tg = ~105 °C). Candurin® Gold Sheen 145 

(3% w/w) and carbonyl iron (5% w/w) were added to the formulations. For all the 146 

formulations, 200 g of a mixture of the model drug and excipients were blended together 147 

using a mortar and pestle. All the powders were sieved using a 500 µm sieve to permit a 148 

better flow of the powder particles and transferred to the powder reservoir compartment 149 

(110x110x110 mm) of the SLS printer.  150 
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During the printing process, the powder was spread like a layer of 0.15 mm by the roller 151 

and sintered by a 2.3 Watt blue diode laser (445nm) at a selected scanning speed. The 152 

tablets were formed by sintering the powder layer-by-layer based on the designed STL 153 

file. After the printing process, the printer was cooled down. The tablets were collected 154 

from the powder bed after removing the loose powder.  155 

4.2.2. Thermal Analysis 156 

Differential scanning calorimetry (DSC, DSC Q20, TA® instruments, New Castle, DE, 157 

USA) analysis was used to characterize the pure active pharmaceutical ingredient (API), 158 

polymer, API-polymer physical mixture and the crushed powder of printed tablets. 159 

Approximately 7-12 mg of samples were weighed in standard DSC aluminum pans and 160 

sealed with standard aluminum lids (DSC consumables incorporated, Austin, MN, USA) 161 

using a calibrated balance. The prepared samples were subjected to a heat-cool-heat 162 

ramp circle heated from 10 °C to 200 °C with a ramp rate of 10 °C/min.  A purge gas 163 

(Nitrogen) at a flow rate of 50 mL/min was used for all the experiments. The data were 164 

collected by TA advantage software (Q series, Version 2007 build 13029.20308) and 165 

analyzed by TA instruments Universal Analysis 2000. The results were presented as a 166 

plot of temperature (°C) versus reverse heat flow (mW). 167 

4.2.3. X-Ray Powder Diffraction (XRPD) Studies 168 

XRPD instrument (MinFlex 600, Rigaku Corporation, Tokyo, Japan), Cu Kα X-ray source 169 

(λ = 1.5418 Å), was used for obtaining X-ray powder diffraction patterns of pure active 170 

pharmaceutical ingredients (API), polymer, carbonyl iron, API-polymer physical mixture, 171 

and the crushed powder of printed tablets. The prepared samples were loaded onto the 172 

magnetic sample cell and placed in the sample holder of the benchtop XRPD instruments 173 

separately. The samples were scanned from a 2θ angle of 10 to 85 degrees, with a 174 
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stepwise size of 0.02 degrees at a speed of 5°/min. The current and voltage applied were 175 

15 mA and 40 kV, respectively. Collected data were presented as a plot of 2θ (degree) 176 

versus intensity (a.u.) and analyzed.  177 

4.2.4.  Fourier Transform–Infrared (FTIR) Spectroscopic Analysis 178 

Fourier Transform Infrared (FTIR) spectra of the API, polymer, Candurin® Gold Sheen, 179 

API-polymer physical mixture, and the crushed powder of printed tablets were collected 180 

using a modular NicoletTM iSTM 50 FTIR system (ThermoFisher Scientific, Waltham, 181 

Massachusetts, USA). 20-25 mg of samples were analyzed for percentage transmittance 182 

from 4000 to 400 cm-1, at a resolution of 4 cm-1 and 64 scans per run. The absorbance 183 

mode was used. OMNICTM series software (Version 9.0 ThermoFisher Scientific, 184 

Waltham, MA, USA) was used to capture and analyze the spectra.  185 

4.2.5. Determination of Tablets Morphology 186 

A VWR® digital caliper (VWR®, PA, USA) was used to measure the diameters and height 187 

of the tablets. Images of the tablets were taken by using Dino-Lite optical microscopy.  188 

4.2.6. Polarized Light Microscopy (PLM) 189 

Olympus BX53 polarizing photomicroscope (Olympus America inc., Webster, TX, USA) 190 

was used to observe the structure of the physical mixture, model drug, polymer, and 191 

crushed printed tablets. The PLM was also assembled with a self-built heating system to 192 

analyze the influence of temperature on the drug powder. QICAM Fast 1394 digital 193 

camera (Qimaging, BC, Canada) was used to capture the images, and data were 194 

analyzed by Linksys 32 software® (Linkam sci ins Ltd., Tadworth, UK) 195 

4.2.7. Scanning Electron Microscopy (SEM) 196 

Scanning electron microscopy (Quanta FEG 650 ESEM, FEI Company, Hillsboro, OR, 197 

USA) was employed to observe the surface and cross-section of the printed tablets. The 198 
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samples were first coated with gold by vacuum sputtering (EMS Sputter Coater, Hatfield, 199 

PA, USA) before observation under SEM. Microscope images were captured at a working 200 

distance of ~9 mm, an accelerated voltage of 5 kV, and an emission current of 15 µÅ. 201 

The SEM with embedded energy dispersive X-ray (EDX)   202 

4.2.8. Texture Analysis 203 

The hardness of printed tablets was determined using a TA-XT2 analyzer (Texture 204 

Technologies Corp, New York, NY, USA).  205 

4.2.9. Disintegration 206 

USP disintegration equipment (Vankel Varian VK-100, NC, USA) was used to determine 207 

the disintegration time of the printed tablets. Printed tablets were gently placed on the 208 

surface of a petri-dish containing 900 mL of 0.01M HCl solution at 37 ± 0.5°C. All the 209 

measurements were done in six replicates.  210 

4.2.10. Dissolution  211 

Drug dissolution profiles for the formulations were obtained with a United States 212 

Pharmacopeia (USP)-II dissolution apparatus (Vankel-Varian VK 7000 dissolution system, 213 

Varian, Inc., Cary, NC, USA). The dissolution was performed in 900 mL of hydrochloric 214 

acid (HCl)-potassium chloride (KCl) buffer (pH 2, 0.1 M) at 50 rpm and 37 ± 0.5°C. 215 

Samples (1ml) were collected at 5, 10, 15, 20, 30, 45, and 60 min, and 10 µL of the 216 

sample was injected into the HPLC (Agilent 1100 series., Santa Clara, CA, USA) system 217 

to determine the amount of the dissolved drug at 283 nm. The collected data were 218 

analyzed using Agilent ChemStationsoftware (version C.01.03, Agilent Technologies, Inc., 219 

Santa Clara, CA, USA) 220 
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5. Results and discussion 221 

5.1. Morphology and mechanical property of the printed tablets (PT) 222 

SLS printers use laser energy to selectively fuse powder particles together and form 3D 223 

objects with the aid of a computer-aided design (CAD) model (22)(23)(24). In the 224 

preliminary experiment, the thermoplastic excipients Kollidon VA64, 5 wt% isoniazid, 5% 225 

carbonyl iron, and 3 wt% Candurin Gold Sheen were initially tested to evaluate their 226 

printability by using an SLS 3D printer. For the formulation of the model tablets, Candurin 227 

Gold sheen is a pharmaceutical pigment; here, it is used as an absorbent to yield an 228 

optimum sintering process because it absorbs radiation at the wavelength of the laser 229 

(445nm) (25)(20). Carbonyl iron is an FDA approved iron supplement (Code of Federal 230 

Regulations CFR Title 21); it was added to the formulation due to its oxidation resistance 231 

property, a good conductor of heat, and its magnetic property. Kollidon VA64 is a 232 

pharmaceutical excipient polymer with fast disintegration properties (26)(27). Isoniazid is 233 

the model active pharmaceutical ingredient (API).  234 

The desired sintered tablets can be obtained by mainly controlling the internal 235 

temperature of the SLS printer, the laser scanning speed, the hatching spacing (the 236 

distance between interior hatching lines), and formulation compositions (27)(24). Before 237 

the SLS printing, the 3D files of each design was converted into the described software 238 

(Sintratec central 1.2.4, USA). The layer thickness, which is the distance between the 239 

layers in the vertical distance, was set to 150 µm.  240 

 241 
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 242 

Figure 1. PLM micrographs of the physical mixture of drug powder from room temperature (RT) 243 
to 180 °C.  244 

 245 

The internal temperature depends on the glass transition temperatures of the excipient 246 

polymers (Kollidon® VA 64 Tg= 98 ~ 108 °C) and the melting point of the model drug 247 

(Isoniazid Tm= 171 ~ 173 °C) (shown in Figure 1 and Figure 6). Figure 1 shows that the 248 

polymer starts to melt at 100 °C then the crystal drug from 100 °C to 160 °C. When the 249 

temperature is over 160 °C, the isoniazid crystal drug melted and mixed with the melted 250 

polymer in the end (shown in Figure 1).  In this experiment, the polymer used in the SLS 251 

printed tablets formed by sintering the powders should not melt during the printing 252 

process. Thus, the temperature of the powder surface should not be over 98 °C (minimum 253 

Tg of Kollidon® VA64). Also, the laser sintering process would give extra energy to the 254 

powder bed and increase the surface temperature of the printed tablets, so the pre-255 

heating temperature should be 10 °C to 40 °C less than the 98 °C. The suitable 256 

temperature range was from 58 °C to 88 °C, and we chose 65 °C based on the batch size 257 

(6 tablets per batch) and the optimized heating time. Both parameters (layer 258 

thickness/temperature) were selected after an optimization process to fabricate a robust 259 

structure and were maintained throughout the printing of all the formulations. 260 

 261 
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 262 

Figure 2. Digital optical microscope images of ideal printed tablets, sample printing parameters 263 
were A) LSS 10 mm/s; HS 50 µm, B) LSS 20 mm/s; HS 50 µm, C) LSS 10 mm/s; HS 100 µm, D) 264 
LSS 10 mm/s; 300 µm, and E) LSS 2 mm/s, HS 2000 µm. The diameter of the printed tablets was 265 
designed as 11.15 mm. The temperature was 65 °C.  266 

 267 

Figure 2 shows the ideal samples of printed tablets and demonstrates the cylindrical 268 

constructs were successfully produced. All the samples were dark green due to the yellow 269 

Candurin® pigment and grey carbonyl iron. In this study, the laser scanning speed and 270 

hatching space are the two processing parameters that significantly influence the printed 271 

tablets. By reducing the laser scanning speed and hatching spacing, a longer interaction 272 

time between the powder particles and the laser beam leads to the higher transmission 273 

of energy, hence producing denser tablets. On the contrary, by increasing laser scanning 274 

speed (LSS, mm/s) and hatching space (HS, µm), less energy is transmitted, resulting in 275 

the production of weaker and more porous structures in tablets (shown in Figure 2). 276 

However, the decrease in scanning speed and hatching space should not exceed the 277 

recommended limit. Figure 2A shows that low scanning speed with tight hatching space 278 

results in thermal deformations. Furthermore, Figure 2E shows that a large hatching 279 

space leads to incomplete sintering. Providing sufficient energy for the adequate bonding 280 
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of the consecutive printing layers while maintaining the desired shape and dimensions of 281 

the printed tablets are essential. 282 

 283 

 284 

Figure 3. Dino digital microscope images (No.1 and 2) and SEM images (No.3-5) of the printed 285 
tablets. Printing parameters for each of the samples were A) LSS 100 mm/s; HS 25 µm, B) 286 
LSS100 mm/s; HS 13 µm, C) LSS 200 mm/s; HS 13 µm. The magnification of the SEM images 287 
was 50 (No.3), 100 (No.4), and 500 (No.5), respectively. D) The EDX analysis of the ideal S1300 288 
tablet  289 
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Table 1: The characteristics of the printed tablets  290 

 291 

Figure 4. PLM microscope images of isoniazid, VA64, physical mixture of drug powder, the 292 
crushed powder of printed tablets S1300, S2500, and S2600. 293 

 294 

Figure 3 shows the 3 cases of the ideal printed tablets for the studied powder formulations, 295 

which are named S2500 (LSS 100 mm/s; HS 25 µm), S1300 (LSS 100 mm/s; HS 13 µm), 296 

and S2600 (LSS 200 mm/s; HS 13 µm), respectively. Table 1 listed the printing process 297 

parameters and physical properties of S2500, S1300, and S2600. The laser scanning 298 

 
Laser 
Scanning 
Speed 
(mm/s) 

Hatching 
Space 
(µm) 

Weight 
(mg) 

Density 

(mg/cm
3

) 

Hardness 

（kg） 

Work of 
Failure 

(kg·sec） 

Tensile 
strength 

（Kpa） 

Disinteg-
ration 
Time 
 

 

S2500 100 25 172.3 ± 
19.6 

451.7 ± 
29.2  

0.1 * 15.5 * 14.9 * ≤ 1 min  

S1300 100 13 224.5 ± 
26.2 

563.7 ± 
46.6 

1.9 ± 0.5 33.8 ± 
10.2 

284.3 ± 
32.6 

≤ 2 min  

S2600 200 13 151.0 ± 
17.8 

418.6 ± 
30.9 

0.1 * 7.9 * 14.5 * ≤ 1 min  

* Hardness values were too low to be detected 
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speed of S2600 was 2-fold higher as compared to S2500 and S1300, while the hatching 299 

space of S2500 was 2-fold higher than S2600 and S1300. Thus, S1300 had lower LSS 300 

and HS, which resulted in higher weight, density, and hardness as compared to S2500 301 

and S2600 (shown in Table 1). By comparing S2500 and S2600, it showed that the LSS 302 

of S2500 was half that of S2600, while the HS observed for those particular tablets was 303 

the other way round. However, the weight, density, and hardness of S2500 were similar 304 

to S2600. This demonstrated that the final physical property of the printed tablets was 305 

determined by the combination of all the printing parameters. Even different printing 306 

parameters can result in similar 3D structures.  307 

SEM images in Figure 3 provided a visual observation of the morphology of the printed 308 

tablets and confirmation of the sintering processes in the polymer formulations. Figure 309 

3A3, B3, and C3 show that S2500, S1300, and S2600 have a similar porous structure. 310 

Then by comparing 500x magnified SEM images of those samples, both S2500 and 311 

S2600 showed iron particles on the surface of the mixture powder (shown in Figure 3 A5 312 

and C5, in red circle), while S1300 produced a smoother surface than the other two 313 

without the iron particles which can be noticed. This phenomenon has been observed in 314 

Figure 1. It can be explained as the sintering energy for S1300 was adequate for the 315 

polymer to swell, relax, and melt. Then the melted polymer gets absorb onto the surface 316 

API and iron particles in Figure 4, which supports the hypothesis. By comparing the PLM 317 

images of PM and crash samples of S1300, S2500, and S2600 tablets, only S1300 shows 318 

the strong sintering structure while S2500 and S2600 show the structure which is similar 319 

to PM. In this way, under the magnetic field, the carbonyl iron goes through the polymer 320 
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particles and may induce a fast drug release. Thus, the printing parameters of S1300 321 

were selected to print the magnetically stimulated tablets for the further dissolution study. 322 

5.2. Physicochemical characterization of PT 323 

FTIR spectroscopy was performed to characterize isoniazid, Kollidon VA64, and the 324 

interaction between the physical mixture and sintered PT. FTIR spectra were recorded in 325 

700-4000 cm-1. The red vertical dash line is labeled 1400 cm-1 to identify the fingerprint 326 

region. Polymer Kollidon® VA64 (Figure 5. Sixth yellow) showed a characteristic peak at 327 

2933 and 2858 cm-1 due to the aliphatic C-H stretch. The peak seen at 1460 cm-1 is due 328 

to the C-N stretching of the pyrrolidine group, and the peak at 1730 cm-1 is due to the O-329 

C=O stretch. In Figure 5, the brown line was used for the qualitative investigation of 330 

isoniazid by its FTIR spectra. The ring C=C has conjugated further represented by a band 331 

at about 1555 cm-1. The peak is seen at 3110, and 3100-3000 cm-1 is due to asymmetric 332 

C-H stretch. Candurin Gold sheen did not show any peak at 4000-1400 cm-1, but it offers 333 

a more substantial peak at 1000 cm-1 due to nitro or fluoro compound. No recognizable 334 

peak was observed for carbonyl iron as iron is not IR active. Physical mixture samples 335 

showed an additive spectrum encompassing characteristic peaks of major components, 336 

especially Kollidon® VA64. Spectrums of S1300, S2500, and S2600 were similar to the 337 

physical mixture powder, which indicated no chemical interactions during the printing 338 

process (Shown in Figure 5, top four). Also, Kollidon® VA64 did not degrade. 339 
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 340 

Figure 5. FTIR spectra of pure isoniazid, carbonyl iron, Kollidon VA64, Candurin gold sheen, and 341 
mixtures prior to printing and the different PT formulations. From top to bottom, first to eighth 342 
spectra are a physical mixture, S1300, S2600, S2500, Candurin gold sheen, VA64, isoniazid, 343 
carbonyl iron, respectively. Red dash line labeled the fingerprint region peat at 1400 cm-1. 344 

 345 

DSC and XRPD analysis of the drug, polymers, and mixed materials before printing and 346 

of the sintered tablets were performed to study the solid-state of the drug phase as well 347 

as the degree of magnetic iron incorporation in the polymers (shown in Figure 6 and 348 

Figure 7). Figure 6 demonstrated that the isoniazid raw ingredient exhibited a melting 349 

endotherm at approximately 172.7 °C  correspondings to its melting transition. The DSC 350 

data of the physical mixture shows a small peak at 173 °C. In comparison, the sintered 351 

tablets showed no evidence of a melting endotherm at 172 °C, which means the model 352 
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drug was either molecularly dispersed within the excipient or dissolved in Kollidon VA64 353 

due to the fusion generated during the printing process. The x-ray powder diffractograms 354 

showed an identical Fe peak at 45 °C in the sintered tablets and were confirmed by the 355 

presence of carbonyl iron (shown in Figure 7)  due to the absence of drug peaks.    356 

 357 

Figure 6. DSC thermograms of pure isoniazid, Kollidon VA64, and mixtures prior to printing and 358 
the different printlet formulations.  359 

 360 
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 361 

Figure 7. X-ray diffractograms of isoniazid, sintered blank tablets, sintered iron tablets, excipient 362 
polymer (Kollidon VA64), carbonyl iron, and Candurin gold sheen. 363 
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5.3. Dissolution kinetic studies 364 

In this study, a special apparatus was designed for adding a tunable magnetic field to the 365 

standard dissolution system. Figure 8 shows the schematic of the designed apparatus. 366 

Two round neodymium magnets (NM) were stuck on the stirring paddle, which generated 367 

a changeable magnetic field during the experiment. The surface field is about 5233 gauss. 368 

The square NM was stuck on the bottom of the beaker and used to attract the PT. The 369 

surface field is appropriately 1624 gauss. The square NM is important as, without it, the 370 

PT will be attracted by the round NM. In that situation, no changeable magnetic field 371 

stimuli were felt by the PT.         372 

Drug dissolution characteristics of the PT were tested using a dynamic in vitro model, 373 

which simulates gastric conditions. Figure 9 shows the dissolution profiles of Kollidon 374 

VA64 based PT. In Figure 9A, by comparing S1300 and S2500, it was found that by 375 

increasing the hatching space from 13 to 25 µm, S2500 released 60 ± 7% of the drug in 376 

5 mins while S1300 only released about 47 ± 5%. By increasing laser scanning speed 377 

from 100 mm/s (S1300) to 200 mm/s (S2600), S2600 had a notably shorter dissolution 378 

time. In Figure 9B, at the beginning of 15 minutes, without a magnetic field, S1300 PT 379 

released more drugs than S1300 under the influence of the magnetic field. This is due to 380 

the square NM attracted to the iron particles and locked the PT at the bottom, which 381 

slowed the releasing process. Then after 15 mins, S1300 PT with MF had a notable 382 

increase in the drug release amount, with drug release up to 90% in one hour.  Based on 383 

the SEM images in Figure 3, S1300 samples showed that the carbonyl iron particles were 384 

contained inside the polymer particles. The tablets were prepared in a way that made 385 

some parts of API dissolve in the polymer. Some parts of API were inlaid on the surface 386 
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of the polymer matrix (in amorphous states), and some API got attached to the polymer 387 

surface (in crystalline forms). When the tablets came in contact with the dissolution media, 388 

regardless of the magnetic fields, the tablets disintegrated. However, the magnetic field 389 

attracts the tablets to the bottom of the vessel and slows down the disintegration, 390 

explained in the first 20 min curve in Figure 9B. When the tablets completely disintegrated, 391 

Kollidon® VA64 swelled and formed a hydrogel or suspension, which in turn controlled 392 

the drug release rate by diffusion without the magnetic field. Under the influence of a 393 

magnetic stimulus, the iron particles pass through the polymers and generate a 394 

microporous structure in PT, which accelerates the drug release and finally results in a 395 

higher drug release percentage than the PT without MF (explains the curve after 20 mins) 396 

 397 

 398 

Figure 8. Schematic representation of the magnetic field added to the dissolution system. Round 399 
neodymium magnets are 0.5 inches in diameter and 0.2 inches in thickness. The square magnet 400 
is a 1-inch side with 1/8 inch thickness. 401 
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 402 

 403 

Figure 9. Dissolution profiles of Kollidon VA 64 based formulation, A)S1300, S2500, S2600, B) 404 
S1300 samples with and without magnetic stimuli. C) Schematic images of the magnetic field 405 
triggered drug release system.  406 

 407 

6. Conclusion 408 

An advanced drug formulation that contains carbonyl iron for making pharmaceutical 409 

tablets by using the SLS 3D printing method was successfully manufactured. Carbonyl 410 

iron not only absorbed the laser energy that helped with the sintering of the tablets, but 411 

also helped to improve the release of the drug under the magnetic field by harnessing its 412 

magnetism. Furthermore, carbonyl iron is an FDA-approved iron supplement. When 413 
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patients take the tablets, it helps them to replenish the daily required iron as well (18). 414 

Simultaneously, SLS 3D printing provides a novel way to prepare an oral pharmaceutical 415 

dosage form in a single step. This method also provides a facile approach to tailor the 416 

quality of tablets by adjusting the tablet formulations as well as the printing parameters. 417 

This is achieved by adjusting the laser scanning speed, the hatching spacing, and the 418 

internal temperature. Ultimately, this concept can be adapted for customized drug 419 

performance applications that depend on the requirements of the patient. 420 
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