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SHORT ABSTRACT:  28 
Here we describe a protocol for additively manufacturing black-and-white zirconia components 29 
by Thermoplastic 3D-Printing (T3DP) and co-sintering defect-free. 30 
 31 
LONG ABSTRACT:  32 
To combine the benefits of Additive Manufacturing (AM) with the benefits of Functionally Graded 33 
Materials (FGM) to ceramic-based 4D components (three dimensions for the geometry and one 34 
degree of freedom concerning the material properties at each position) the Thermoplastic 3D-35 
Printing (T3DP) was developed. It is a direct AM technology which allows the AM of multi-material 36 
components. To demonstrate the advantages of this technology black-and-white zirconia 37 
components were additively manufactured and co-sintered defect-free.  38 
 39 
Two different pairs of black and white zirconia powders were used to prepare different 40 
thermoplastic suspensions. Appropriate dispensing parameters were investigated to 41 
manufacture single-material test components and adjusted for the additive manufacturing of 42 
multi-color zirconia components. 43 
 44 
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INTRODUCTION:  45 
Functionally Graded Materials (FGM) are materials with a variety of properties concerning 46 
transitions in the microstructure or in the material1. These transitions can be discrete or 47 
continuous. Different kinds of FGM are known, such as components with material gradients, 48 
graded porosity as well as multi-colored components. 49 
 50 
FGM-components can be manufactured by single conventional shaping technologies2-7 or by a 51 
combination of these technologies, for example, by in-mold labeling as a combination of tape 52 
casting and injection molding8, 9. 53 
 54 
Additive manufacturing (AM) allows for the production of components with a so far 55 
unprecedented freedom of design. This is considered the state of the art shaping technology for 56 
polymers and metals. First commercial processes for processing of the ceramics are available10, 57 
and nearly all known AM technologies are used for AM of ceramics in laboratories all over the 58 
world11-13. 59 
 60 
To combine the benefits of AM with the benefits of FGM to ceramic-based 4D components (three 61 
dimensions for the geometry and one degree of freedom concerning the material properties at 62 
each position) the Thermoplastic 3D-Printing (T3DP) has been developed at Fraunhofer IKTS in 63 
Dresden, Germany, as a direct AM technology. This allows the AM of multi-material 64 
components14-17. T3DP is based on the selective deposition of single droplets of particle filled 65 
thermoplastic suspensions. By utilizing multiple dosing systems, different thermoplastic 66 
suspensions can be deposited beside each other layer by layer to produce bulk material as well 67 
as property gradients within the additively manufactured green components18. Unlike indirect 68 
AM processes, in which previously deposited materials solidify selectively over the entire layer, 69 
the T3DP process does not require the additional effort of removing any non-solidified material 70 
prior to the deposition of the next material, making it more suitable for the AM of multi-material 71 
components. 72 
 73 
Although utilizing the T3DP process allows the AM of FGM and the realization of ceramic-based 74 
components with unprecedented properties, there are challenges to overcome the necessary 75 
thermal treatment after the AM process, in order to obtain a multi-material composite. In 76 
particular, the paired powders in the composite material need to be successfully co-sintered, for 77 
which the sintering of the components has to be performed at the same temperature and 78 
atmosphere. Therefore, it is a prerequisite for all materials to have a comparable sintering 79 
temperature and behavior (starting temperature of sintering, shrinkage behavior). In order to 80 
avoid critical mechanical stress during cooling, the coefficient of thermal expansion of all 81 
materials has to be approximately equal11. 82 
 83 
The combination of materials with different properties in one component opens the door to 84 
components with unprecedented properties for manifold applications. E.g. stainless steel-85 
zirconia composites can be used as cutting tools, wear resistant components, energy, and fuel 86 
cell components or as bipolar surgical tools19-24. Such components could be realized by T3DP14-17, 87 
too, after the adjustment of the sintering behavior by a special milling process16. 88 



 89 
Ceramic-based FGM with a graded porosity like dense and porous zirconia combine very good 90 
mechanical properties in the dense areas with a high active surface of the porous areas. Such like 91 
components can be additively manufactured by T3DP18. 92 
 93 
In this paper, we investigate the AM of zirconia components with two different colors in one 94 
component by T3DP. We chose white and black zirconia because this combination in one ceramic 95 
component is interesting for jewelry applications. The demand for individualized luxury goods is 96 
very high and still growing. Technologies which allow the AM of ceramic-based multi-material 97 
components with a high resolution and very good surface properties will allow satisfying this 98 
demand. Ceramics like zirconia are used for example to produce watch components like watch 99 
cases and bezels or for rings because of the special haptics, glance, hardness and lower weight 100 
compared to metals. 101 
 102 
PROTOCOL:  103 
 104 
1. Thermoplastic Suspension for T3DP 105 
 106 
1.1. Selection of powders 107 
 108 
1.1.1. For the preparation of the thermoplastic suspensions use black zirconia powders zirconia 109 
black – 1 and zirconia black – 2. 110 
 111 
1.1.2. For the preparation of the white thermoplastic suspensions use zirconia white - 1 and 112 
zirconia white - 2. 113 
 114 
Note: The manufacturer of zirconia black - 2 uses pigments (4.2 wt.-%) for the coloring of the 115 
zirconia and also states that both powders have the same sintering behavior. Additionally, the 116 
high percentage of alumina (20.43 wt.-%) contributes to the white color of zirconia white - 2. The 117 
powders zirconia black - 1 and zirconia white - 1 have a different composition and thus require a 118 
different sintering temperature for complete densification. In contrast to zirconia white – 1, 119 
zirconia black - 1 consists at most 5% wt pigments. The recommended sintering temperatures 120 
are 1,400 °C for zirconia black - 1 and 1,350 °C for zirconia white - 1.   121 
 122 
1.2. Characterize the powders with respect to shape, surface area and particle size distribution. 123 
 124 
Note: Electron scanning microscopy images have been used to characterize the shape of the 125 
particles. The particle size distribution of the utilized powders was measured by a laser diffraction 126 
method (laser diffractometer). The measurements for the specific surface properties of the used 127 
powders have been provided by the manufacturer.   128 
 129 
1.3. For the preparation of the different zirconia suspensions, melt a mixture of paraffin and 130 
beeswax at a temperature of 100 °C in a heatable dissolver and homogenize the polymer mixture.  131 
 132 



1.3.1. Then add the powder in several steps to reach a powder content of 40% vol.  133 
 134 
1.3.2. Homogenize the powder-polymer-mixture by stirring for 2 h at 100 °C. Ensure that all 135 
suspensions have the same powder content (40% vol.).  136 
 137 
1.4 Characterization of suspensions 138 
 139 
1.4.1. Characterize the rheological behavior of the molten suspension using a rheometer for shear 140 
rates in a range between 0-5000/s for different temperatures in a range between 85 °C and 141 
110 °C.  142 
 143 
Note: In this experiment, a rheometer was used which was adjustable between -25 °C to 200 °C 144 
with a plate/plate measuring system (25 mm diameter). The torque was measured, and the 145 
dynamic viscosity was calculated.  146 
 147 
1.4.2. Plot the dynamic viscosity as the function of the shear rate and make sure that the dynamic 148 
viscosity is below 100 Pa∙s for a shear rate of 10/s, below 20 Pa∙s for a shear rate of 100/s and 149 
below 1 Pa∙s for a shear rate of 5,000/s or increase the temperature within the permissible range.  150 
 151 
1.4.3. Change the suspension composition by adding polymer mixture if the dynamic viscosity is 152 
too high even for a temperature of 110 °C. 153 
 154 
2. Manufacturing of Single and Multi-Material Components by T3DP 155 
 156 
2.1. Used device 157 
 158 
Note: Figure 1 shows a CAD-drawing of the used T3DP-device with one profile scanner and three 159 
different micro dispensing systems, which can work simultaneously or alternately. Use two of 160 
them to produce black-and-white components.  161 
 162 
2.1.1. Set the deposition of the droplets to a frequency up to 100/s and the axes to move with a 163 
maximum velocity of 20 mm/s. 164 
 165 
2.2. Investigation of deposition parameters 166 
 167 
Note: Investigate the influence of deposition parameters (working velocities of the micro 168 
dispensing system; temperatures of suspension reservoir and nozzle; velocity of the axis) on the 169 
properties of the resulting droplets (shape; volume; homogeneity) or droplet chains (shape; 170 
volume; homogeneity).  171 
 172 
2.2.1. Vary the deposition parameters and deposit single droplets as well as droplet chains by 173 
using different frequencies and axes velocities for deposition. 174 
 175 
Note: The influence of the dispenser parameters on the properties of the materials has been 176 



discussed before25. Parameter value boundaries have only been determent empirically. 177 
 178 
2.2.2. Make sure that that the variance in droplet chain height and width should not exceed 3 %.  179 
Vary the parameters pulse width, droplet fusion factor (DFF) and extrusion width (slicing 180 
parameter) to compensate diameter differences up to 100 microns and height differences up to 181 
50 microns. 182 
 183 
Note: It is not necessary and probably not possible to realize perfectly shaped hemispheres as 184 
single droplets, but you have to make sure that the homogeneity of the droplet formation is very 185 
high to guarantee a homogeneous building of the components.  186 
 187 
2.2.3. Repeat this step with different initial parameters to find a parameter set which provides 188 
the most homogenous droplet shape with respect to droplet diameter, width, and height. 189 
 190 
2.3 Manufacturing of single-material test components  191 
 192 
2.3.1. Use a generated 3D model of the desired part and save the file as STL or AMF file format. 193 
 194 
2.3.2. Use a slicing program (e.g. Slicer 1 or Slicer 2) to generate the corresponding G-code. Set 195 
the properties for the droplet shape acquired in step 2.2. 196 
 197 
2.3.3. Upload the G-code and fill the process parameters to the T3DP-device. Set the T3DP-device 198 
for the parameters obtained in step 2.2 that did correspond to the droplet shape provided to the 199 
slicer. Start the device software to start the building job. 200 
 201 
Note: It is beneficial to manufacture certain test samples before building the desired part or using 202 
new suspensions. 203 
 204 
2.4. T3DP of multi-material components  205 
 206 
2.4.1. For each material involved execute step 2.2. 207 
 208 
2.4.2. Select dispensing parameters for both materials which have approximately the same 209 
droplet characteristics. 210 
 211 
2.4.3. Adjust the layer heights by changing the distance between the single droplets and the 212 
resulting overlap to avoid differences in heights for the different materials, which can result in 213 
large defects and faulty components.  214 
 215 
Note: By reducing the distance between two droplets and the associated greater overlap, the 216 
width and height of the droplet chain increases due to the nearly constant volume of the single 217 
droplets. It can be observed that the droplet chain width increases faster than the droplet chain 218 
height. 219 
 220 



2.4.4. Use a generated 3D model of the desired part and save the file as AMF files. If supported 221 
by the slicer multiple component areas can also be saved in STL file format. 222 
 223 
2.4.5. In order to print multi-material components, assign corresponding component areas to the 224 
associated material in the slicing software by allocating a corresponding micro dispensing system 225 
for each material. 226 
 227 
2.4.6. Generate the G-codes for each material by using the slicer software. 228 
 229 
2.4.7. Upload the G-code and fill the process parameters to the T3DP-device. Set the T3DP-device 230 
for the parameters obtained in step 2.2 that did correspond to the droplet shape provided to the 231 
slicer. Start the device software to start the building job. 232 
 233 
3. Co-Debinding and Co-Sintering of Single- and Multi-Material Components 234 
 235 
3.1. Debind the green samples in the following separate steps. 236 
 237 
3.1.1. First, put the samples in a loose bulk of coarse-grained alumina powder (powder bed) to 238 
structurally support the samples as well as to ensure a homogeneous temperature distribution 239 
and to promote the removal of the binder materials by capillary forces.  240 
 241 
3.1.2. Perform a debinding with a very low heating rate in a furnace (debinding furnace) under 242 
air-atmosphere up to 270 °C. Set the heating rate to 4 K/h to ensure a defect-free debinding. 243 
 244 
3.2 After this first debinding step carefully remove the bedding powder for example with a fine 245 
brush. Place the samples on alumina kiln furniture. 246 
 247 
3.3. Apply a second debinding step under air-atmosphere up to 900 °C (12 K/h) in the same 248 
furnace.  249 
 250 
Note: All remaining organic binder materials were thermally removed, while within in the same 251 
step a pre-sintering of the zirconia particles was initiated to enable the subsequent transfer of 252 
the samples to a sintering kiln. 253 
 254 
3.4. Finally, sinter the samples under air-atmosphere at 1,350 °C (180 K/h) for 2 h in a suitable 255 
furnace (sintering furnace). Characterize the shrinkage of the components by length 256 
measurement in three dimensions and make sure that it is about 20% for each direction. 257 
 258 
4. Characterization of Single- and Multi-Material Components 259 
 260 
4.1. Cut the samples properly and polish the surface using ceramographic methods. 261 
 262 
4.2. Apply investigations on the microstructure by using Field Emission Scanning Electron 263 
Microscope (FESEM).  264 



 265 
4.3. Visually inspect the porosity of the two phases and at the boundary interface of the used 266 
materials. To obtain a more detailed result perform an interface analysis, e.g. by FESEM and 267 
subsequent picture analysis to investigate the porosity within the sintered microstructure.  268 
 269 
Note: The targeted porosity is below 1%. If the porosity is too high, vary the deposition parameter 270 
rising (2.2) and/or the regime of the thermal treatment (3).  271 
 272 
REPRESENTATIVE RESULTS:  273 
For the production of measured components, only powders of the same manufacturer have been 274 
combined for each multi-material component. Experiments with powders of different 275 
manufacturers in one component are still ongoing. For this purpose, the different shrink rates 276 
have to be considered. 277 
 278 
The measurement result of the average particle diameter (d50) of the zirconia white - 1 after 279 
dispersion was 0.37 µm. The manufacturer states an actual particle size of 0.04 µm (one order of 280 
magnitude less). The average particle size (d50) of the zirconia black - 1 is 0.5 µm. Figure 2 (A) 281 
shows the FESEM analysis of the zirconia white - 1 and Figure 2 (B) a FESEM-image of the surface 282 
of a granulate in detail. Figure 2 (C) and Figure 2 (D) show the same for zirconia black - 1. Both 283 
untreated powders consist of big spherical granules (diameter up to 100 µm) which is typical for 284 
dry pressing raw materials. The FESEM-images of the granulate surfaces show the primary 285 
particles of the zirconia white - 1 (Figure 2 (B)) and zirconia black - 1 (Figure 2 (D)) with an actual 286 
particle size of almost 0.04 µm. 287 
 288 
The Figures 2 (E) – 2 (H) show the FESEM-images of the zirconia white – 2 and zirconia black - 2. 289 
The measured average particle sizes (d50) of the zirconia powders zirconia white – 2 and zirconia 290 
black – 2 are 0.27 µm and 0.25 µm, respectively, wherein the particles are present as spherical 291 
granules with diameters up to 100 µm (Figure 2 (E) and Figure 2 (G)). The size of the white 292 
powders primary particles is below 0.1 µm (Figure 2 (F)). The black powders primary particles are 293 
up to 0.5 µm in diameter (Figure 2 (H)). 294 
 295 
Figure 3 (A) shows the dynamic viscosity of the suspensions based on zirconia white – 1 and 296 
zirconia black - 1 as a function of the shear rate and in dependence of the temperature (85 °C 297 
and 100 °C). Both suspensions show a shear thinning behavior regardless of the temperature. 298 
 299 
Table 1 summarizes the measured viscosities of the suspensions at different shear rates and for 300 
different temperatures. 301 
 302 
Figure 3 (B) shows the rheological behavior of the suspensions based on zirconia white – 2 and 303 
zirconia black - 2 (85 °C and 100 °C). All graphs show a shear thinning behavior. Table 2 304 
summarizes the measured viscosities of the suspensions at different shear rates and for different 305 
temperatures.  306 
 307 
In addition to shear rate-controlled measurements, long-term measurements were carried out. 308 



Figure 3 (C) shows the course of the dynamic viscosity during the long-term measurements for 309 
all four suspensions at a constant shear rate of 10/s over 2 h. While the dynamic viscosity of the 310 
white zirconia suspensions (zirconia white – 1 and zirconia white - 2) is nearly constant (Table 3), 311 
the dynamic viscosity tends to decrease slightly of the black zirconia (zirconia black – 1 and 312 
zirconia black - 2).  313 
 314 
After the empirical determination of the dosing parameters the manufacturing of single 315 
component, three dimensional structures became manageable for each suspension. Figure 4 (A) 316 
shows a complex sintered test structure based on the suspension made of zirconia white – 1 and 317 
additively manufactured by T3DP. The same test structure additively manufactured by T3DP and 318 
the zirconia black - 1-suspension is shown in Figure 4 (B). 319 
 320 
Figure 4 (C) shows a sintered test structure based on the zirconia suspensions of the zirconia 321 
white – 2, Figure 4 (D) a sintered test structure based on zirconia black - 2. Subsequent to the 322 
manufacturing of the single-color components the manufacturing of multi-color components 323 
took place. The Figure 4 (D) to 4 (F) show some sintered multi-color zirconia components additive 324 
manufacturing using the T3DP.  325 
 326 
Figure 5 (A) and Figure 5 (B) show FESEM-images of the microstructure of multi-color 327 
components with a clearly distinguishable interface between the two suspensions based on the 328 
zirconia powders zirconia white – 1 (top) and zirconia black - 1 (bottom).   329 
 330 
An energy-dispersive X-ray spectroscopic analysis (EDX) showed that in the microstructure of the 331 
sintered and zirconia black – 1 more alumina crust occurs (Figures 6 (A-C)). To evaluate the 332 
composition of the and zirconia black - 1-microstructure especially in the dark areas more in 333 
detail further EDX investigations took place (Figures 6 (D-G)) which showed the precipitation of 334 
alumina (Figure 6 (E)).  335 
 336 
FIGURE AND TABLE LEGENDS: 337 
Figure 1: CAD-drawing of used T3DP-device with three micro dispensing units and one surface 338 
scanner. 339 
 340 
Figure 2: FESEM-image of used zirconia granulates.  (A) zirconia white – 1 granulates – overview 341 
and (B) surface; (C) zirconia black – 1 granulates – overview and (D) surface; (E) zirconia white – 342 
2 granulates – overview and (F) surface; (G) zirconia black – 2 granulates – overview and (H) 343 
surface. 344 
 345 
Figure 3: Rheological behavior of thermoplastic suspensions. (A) based on the zirconia powders 346 
zirconia white – 1 and zirconia black – 1; (B) based on the zirconia powders zirconia white – 2 and 347 
zirconia black – 2; (C) comparison of all four suspensions during a long-term measurement at a 348 
constant shear rate of 10/s. 349 
 350 
Figure 4: Sintered single- and multi-material test structures additively manufactured by T3DP 351 
(A) based on zirconia white – 1  -suspension; (B) based on zirconia black – 1 -suspension; (C) 352 



based on zirconia white – 2  -suspension; (D) based on zirconia black – 2 -suspension; (E) based 353 
on zirconia white – 1  - and zirconia black – 1 -suspension; (F) based on zirconia white – 2- and 354 
zirconia black – 2 -suspension – frame-like structure and (G) ring-like structure. 355 
 356 
Figure 5: FESEM-images. FESEM-images of cross section at interface between sintered zirconia 357 
white – 1 (top) and zirconia black – 1 (bottom); (A) planar interface and (B) interwoven interface  358 
 359 
Figure 6: Results of EDX measurements at sintered zirconia white – 1 / zirconia black – 1 -360 
interface. (A) Overview about measurement fields 1 + 2 and (D) 3 – 5; results of measurement 361 
(B) field 1, (C) field 2, (E) field 3, (F) field 4 and (G) field 5. 362 
 363 
Figure 7: Mass change of the zirconia white – 1- and zirconia black – 1 -suspensions during 364 
thermal decomposition 365 
 366 
Table 1: Dynamic viscosity of thermoplastic suspensions based on the zirconia powders zirconia 367 
white – 1 and zirconia black – 1. 368 
 369 
Table 2: Dynamic viscosity of thermoplastic suspensions based on the zirconia powders zirconia 370 
white – 2 and zirconia black – 2.  371 
 372 
Table 3: Dynamic viscosity of all four suspensions during the long-term measurement at a 373 
constant shear rate of 10/s. 374 
 375 
DISCUSSION:  376 
The characterization of the rheological behavior of the molten suspension at high shear rates up 377 
to 5000/s is necessary since the assessment of the conditions within the used micro dispensing 378 
systems (geometry of piston and nozzle chamber, velocity of piston) revealed that shear rates of 379 
5000/s and higher are generated in the micro dispensing system during the deposition process25. 380 
 381 
The investigation of the printing parameters should be done to aid with the calibration of the 382 
dispenser for the manufacturing of multi-material components. The influence of the dispenser 383 
parameters on the properties of the materials has been discussed in25. Parameter value 384 
boundaries have only been determent empirically. Experience so far shows that the variance in 385 
droplet chain height and width should not exceed 3%.  Diameter differences up to 100 microns 386 
and height differences up to 50 microns can be compensated by the parameters pulse width, 387 
droplet fusion factor (DFF) and extrusion width (slicing parameter). 388 
 389 
It is critical for the printing process that the layer heights of the different materials are adjusted 390 
to each other by changing the distance between the single droplets since it would result in an 391 
unevenness within a layer if the heights of the different materials do not match. An unevenness 392 
leads to large defects and faulty components. By reducing the distance between two droplets 393 
and the associated greater overlap, the width and height of the droplet chain increases due to 394 
the nearly constant volume of the single droplets. It can be observed that the droplet chain width 395 
increases faster than the droplet chain height. It is not necessary and probably not possible to 396 



realize perfectly shaped hemispheres as single droplets, but you have to make sure by 397 
determining the fitting dispensing parameters that the homogeneity of the droplet formation is 398 
very high to guarantee a homogeneous building of the components.  399 
 400 
The measurement at 85 °C simulates the rheological behavior of the suspensions in the feeding 401 
cartridge of the micro dispensing system. Above 90 °C, the decomposition of the binder 402 
components begins (Figure 7). All suspensions show nearly similar behavior. The used nozzle 403 
temperature of the micro dispensing system was 100 °C. This temperature promotes the droplet 404 
formation due to the low viscosity caused by increasing the suspensions temperature while 405 
passing the nozzle. Because of the short dwell time of the suspensions within the nozzle at this 406 
temperature the decomposition is not influencing the material behavior significantly. 407 
 408 
The multi-color components could be sintered nearly defect-free, but for the zirconia black – 2 409 
and zirconia white – 2 powders the color of the white phase turned into pink. The cause for the 410 
color change is diffusion processes between the different materials during sintering. This is only 411 
an effect at the surface and can be removed by a grinding step. But this is very challenging for 412 
complex structures made by AM technologies.  413 
 414 
Within the multi-color components, planar and interwoven boundary interfaces developed 415 
between the two different compositions. Thus, regardless of the drop-bound deposition of the 416 
material, the arrangement of the different microstructures can be realized very precisely. 417 
Furthermore, the droplet shape can be exploited to increase the boundary interface between 418 
two materials. So far only discrete material transitions have been produced. Future research may 419 
also involve the production of gradual changes between materials.  420 
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zirconia powder, white, TZ-3Y-E Tosoh

zirconia powder, black, TZ-3Y-Black Tosoh
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Arctic White 

Saint 

Gobain
zirconia powder, black, ZirPro ColorYZ 

Black

Saint 

Gobain
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designation in manuscript Name of Material

Zirconia black - 1 TZ-3Y-Black

Zirconia black - 2 ZirPro ColorYZ Black

Zirconia white - 1 TZ-3Y-Black

Zirconia white - 2 ZirPro ColorYZ Black

designation in manuscript Name of  Equipment

laser diffractometer Mastersizer 2000

dissolver DISPERMAT CA 20-C

rheometer Modular Compact Rheometer MCR 302 

micro dispensing system MDS 3250

T3DP-device IKTS-T3DP-device "TRUDE", in-house development

profile scanner LJ-V7020

Slicer 1 Slic3r

Slicer 2 Simplify3D

debinding furnace NA120/45

sintering furnace LH 15/12

FESEM Gemini 982 



Company

Tosoh

Saint Gobain

Tosoh

Saint Gobain

Company

Malvern Instruments Ltd., United Kingdom

VMA-Getzmann GmbH, Germany

Anton Paar, Graz, Austria

Vermes, Germany  

Fraunhofer IKTS, not commerzialized

Keyence  

open source software

Simplofy3D

Nabertherm, Germany

Nabertherm, Germany 

Zeiss, Germany 
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regulations, including, without limitation all institutional, 
laboratory, hospital, ethical, human and animal treatment, 
privacy, and all other rules, regulations, laws, procedures or 
guidelines, applicable to the Materials, and that all research 
involving human and animal subjects has been approved by 
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of 
JoVE in producing the Video in the Author's facility, the Author 
shall ensure that the presence of JoVE employees, agents or 
independent contractors is in accordance with the relevant 
regulations of the Author's institution. If more than one 
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to 
the Article until such time as it has received complete, 
executed Article and Video License Agreements from each 
such author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to accept 
or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not. JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like.

11. Indemnification. The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney's fees, arising 
out of any breach of any warranty or other representations 
contained herein. The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney's fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author's or the 
Author's institution's facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE. The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author's

expense. All indemnifications provided herein shall include 
JoVE's attorney's fees and costs related to said losses or 
damages. Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE. If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received.

13. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE's successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder. This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement. A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

Name: 

Department: 

Institution: 

Article Title:
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
2) Fax the document to +1.866.381.2236;
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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We have change everything you mentioned and hope that the whole manuscript is now 

corresponding to your expectations. 
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