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AbstractDigital light processing (DLP) 3D printing has received increasing attention due to high-resolution print-
ing capability, mass productivity, and cheap equipment cost. Most of all, the layer resolution less than 50m over-
whelms 200-300m layer resolution of its competitive technology, filament deposition modeling (FDM) 3D printing.
Despite the advantage of the high resolution, weak mechanical properties of DLP 3D printouts have limited their
industrial use. One of the easiest ways to improve mechanical property is the use of multi-materials that complement
each other’s weak property. However, DLP 3D printing of multi-material printouts with reliable adhesion has been
largely unexplored. In this study, we compared the mechanical properties of four pairs of multi-materials consisting of
two different materials of the same thickness. A composition with highest modulus and ultimate strength was fixed as
the first half layer, and the acrylate of the composition for the other half layer was modulated with a monomer having a
functionality between 1 and 3. If the acrylate monomer’s functionality for the other half layer was less than three, the
multi-material printout showed nearly averaged mechanical property of each material. We speculate that low func-
tional acrylate with lower viscosity allows sufficient polymerization at the interface, enabling reliable adhesion. This
approach that enables successful multi-material printing with improved adhesion and complementary mechanical
properties will extend the use of DLP 3D printing in a broad range of industrial application that requires both sophisti-
cated shape and mechanical strength.
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INTRODUCTION

The facile and customizable manufacturing ability of 3D print-
ing has attracted much attention from personal to industrial areas
[1-3]. While personal uses are mainly for aesthetic purposes, includ-
ing modeling and prototyping, which do not require high mechan-
ical strength, the industrial application requires high modulus,
tensile strength, and elongation at break. Since this requirement is
often difficult to achieve with a single material, there is a need for
multi-materials with reliable adhesion [4,5]. In addition, emerging
technologies based on 3D printing such as bio-printing [6,7] and
4D printing [8,9] basically require multi-material printing.

The most advanced method for multi-material printing is mate-
rial jetting (MJ) [10,11]. MJ enables printing of sophisticated multi-
material 3D structures by spraying multiple photo-curable materi-
als and subsequent UV exposure. However, since UV-curable ink
with a composition not optimized for surface tension and viscosity
can permanently damage the printer due to nozzle clogging, the
research was mainly led by the printer manufacturer. In addition,
due to the locked-down information about the device and com-
mercial inks by the patent holder, only little study has been pub-
lished for multi-material MJ printing [12,13]. On the other hand,
fused deposition modeling (FDM) 3D printing has been largely stud-
ied because of disclosed information about materials and inexpen-

sive equipment cost [14,15]. However, reliable adhesion between
multi-materials is not achieved by simple fusion [16-18]. Direct ink
writing (DIW), a similar extrusion-based method but uses fluid
ink, exhibits better adhesion than FDM by using covalent bonds
between thermoset polymers [19-22]. However, deformation due
to oozing significantly reduces printing quality.

Digital light processing (DLP) 3D printing has the advantage of
obtaining higher resolution in a shorter time than the extrusion-
based 3D printing methods [23-26]. Typical layer resolution is less
than 50m, which is at least four-times smaller than that of the
extrusion-based 3D printing, 200-300m. This difference is criti-
cal considering that the pixel size of the most recent cell phones’
display is about 80m, based on the smallest size that can be resolved
by the human eye. The variety of applicable materials and avail-
able cross-linking pathways are another advantage. Mechanical prop-
erties can be widely controlled by a combination of photo-curable
materials, e.g., acrylates, and by applying more than two polymer-
ization pathways among radical, thiolene, and cationic polymer-
ization [3,23,24]. But, in the case of multi-material printing, studies
have been mainly conducted for systems composed of chemicals
with the same or similar chemical structures but with different mix-
ing ratios to achieve reliable adhesion [27-31]. For example, Bor-
rello et al. controlled the ratio of monomer and cross-linker from
1 : 0 to 1 : 1, thereby controlling the modulus in the range of 0.6-
31 MPa [27]. They performed multi-material printing of low and
high modulus resin compositions, but not provided mechanical
properties. On the other hand, only a few studies have been made
for multi-material DLP 3D printing using chemically different com-
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positions. Recently, Zhang et al. performed multi-material print-
ing of hydrogel and elastomer, and obtained a hybrid characteristic
of high modulus and high elongation [32]. Low elastic modulus
materials such as hydrogel and elastomer under the Dahlquist cri-
terion (G'<105 Pa) are known to have good adhesion characteristics
[33]. For materials exceeding the Dahlquist criterion, the interfa-
cial adhesion of printed multi-materials using resins composed of
chemically different substances was largely unexplored.

Here, we introduce a method of obtaining complementary mech-
anical properties through multi-material DLP 3D printing. We show
3D printing results of photo-curable resins containing monomers
with different functionality, and suggest the relationship between
the functionality of the monomer and the mechanical properties
of the multi-material printouts. We found that the multi-material
printouts have complementarily reinforced mechanical properties
of constituent materials, if the functionality of monomer in the
resin composition to be printed on a pre-printed layer is less than
three. Finally, multi-material printing of high modulus and the
high elongation resin compositions was successfully performed,
and the composite properties of the printouts were confirmed. We
expect that this approach will enable sophisticated control of mech-
anical properties of 3D printouts required for industrial applica-
tions. In addition, combinatorial advantages of high layer resolution
and precisely controlled mechanical properties will greatly enhance
the use of DLP 3D printing in various industrial applications.

MATERIALS AND METHODS

1. Materials
Difunctional urethane acrylate oligomer (UA, molecular weight

2,000 g/mol) was purchased from Sartomer. Pentaerythritol tetraac-
rylate (PETA), ethoxylated trimethylolpropane triacrylate (ETPTA),
dipropylene glycol diacrylate (DPGDA), and isobornyl acrylate
(IBA) were provided as free samples from Sartomer. Trimethylol-
propane triacrylate (TMPTA) and hydroxybutyl acrylate (HBA)
were purchased from TCI chemicals. Phenylbis(2,4,6-trimethylben-
zoyl)phosphine oxide (BAPO) and 2,5-Bis(5-tert-butyl-2-benzox-
azoyl)thiophene (TBT) were purchased from TCI chemicals for
the use as a photoinitiator and optical blocker. Red and green dyes
were purchased from SewonAMT.
2. Resin Formulation and DLP 3D Printing

All resin compositions are prepared by mixing the basic com-
position and monomer acrylate in a weight ratio of 6 : 4. The basic
composition is a 48.98 : 50 : 0.75 : 0.27 weight ratio mixture of UA,
IBA, BAPO, and TBT. Five resin compositions were prepared, and

the contents of each composition are summarized in Table 1. The
first composition in the table, B-PD, contains a 1 :1 mixture of PETA
and DPGDA as a monomer acrylate. The remaining four compo-
sitions contain a monomer acrylate of ETPTA, TMPTA, DPGDA,
or HBA. Resins were prepared by macroscopic mixing with a wood
stick and microscopic mixing with a vortex mixer and ultrasonica-
tor and stored overnight in a dark room to remove air bubbles.
3. DLP 3D Printing

A DLP 3D printer (Wanhao, D7 plus) having a 405 nm UV light
source (30 W) was used, and the slicing operation for printing was
performed using software, Chitubox, provided by the vendor. The
printing layer thickness was set to 50m, and each layer was exposed
to UV for 10 s with the intensity of 720 mW/cm2. Typically, 3D
printing was performed after filling the vat with 100 ml of resin. In
the case of multi-material printing, the other layer was printed after
the vat was replaced with the other resin. After the vat was changed,
the z-axis zero was newly set to compensate for the thickness of
the first layer. The resin wetted on the surface of a first layer was
removed with a soft cloth to prevent the second vat contamina-
tion. For high printing resolution and enhanced printing efficiency,
DLP 3D printing only provides partial cross-linking to the extent
of maintaining shape, and complete cross-linking is obtained in
the post-curing. Therefore, printed products are post-cured for
1 hour to cross-link the unreacted acrylates completely after wash-
ing with ethanol. 365 nm UV was chosen for post-curing with a
high efficiency because BAPO’s absorption intensity is 30% higher
than 405 nm UV. The product after 3D printing is almost flat, but
excessive post-curing of certain surfaces causes warpage. Alterna-
tive crosslinking each of the upper and lower surfaces for 15 minutes
twice avoided the unwanted warpage. The UV light source cho-
sen for post-curing was 365 nm UV LED (SOLIS, Thorlabs) due
to BAPO’s higher absorption at 365 nm than 405 nm. Since there
is a trade-off between the effects of the BAPO’s degree of absorp-
tion and the penetration depth of UV, it is expected that the wave-
length-dependent cross-linking efficiency depends on the sample
thickness. However, as long as the printed products are relatively
thin like dog bone specimens, 365 nm UV is regarded more suit-
able for complete cross-linking and thus used in this study.
4. Characterization

The specimen for a tensile test was prepared in the form of a
dog bone according to ASTM D638IV. Single material specimens
were printed with a thickness of 3.4 mm, and multi-material spec-
imens were printed so that both materials had the same thickness
of 1.7 mm each. The tensile test was performed using a Universal
Testing Machine (UTM, AG-Xplus, Shimadzu), and a strain rate of

Table 1. Summary of content and mechanical properties of resin compositions used in this study
Resin name Content (wt%) Modulus (GPa) Ultimate strength (MPa) Elongation at break (%)

B-PD B 40/PETA 20/DPGDA 20 1.756 61.51 MPa 006.71%
B-E3 B 40/ETPTA 40 1.478 44.21 MPa 010.19%
B-T3 B 40/TMPTA 40 1.572 51.59 MPa 006.01%
B-D2 B 40/DPGDA 40 1.212 43.43 MPa 009.65%
B-H1 B 40/HBA 40 0.002 01.73 MPa 145.75%

B: UA 48.98/IBA 50/BAPO 0.75/TBT 0.27
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5 mm/min and a load cell of 50 kN were applied. At least ten sam-
ples were measured to obtain the average modulus, ultimate strength,
and elongation at break for the five resin compositions, summa-
rized in Table 1. Viscosity of resins was measured using a cone-
plate rheometer (Discovery HR30, TA instrument) in the shear
rate range of 0.1 to 1,000 s1 at 20 oC. In the shear rate range, the
viscosity was almost uniform, so we used the average value.

RESULTS AND DISCUSSION

Resin compositions for DLP 3D printing are generally composed
of an oligomer, monomer, photoinitiator, and optical blocker. An
oligomer is a high molecular weight acrylate having a functional-
ity typically between 2 and 6 that plays a role in preventing distor-
tion of the printout by minimizing volume shrinkage during cross-
linking. In this experiment, a difunctional UA with molecular weight
of 2,000 g/mol, which has high modulus and strength, was used as
an oligomer. The viscosity of the oligomer, 10 Pa·s at 60 oC, largely
exceeds the requirement for printing, 5 Pa·s at 20 oC [34]. There-
fore, IBA (~10 mPa·s at 20 oC) was used as a diluent. BAPO was
used as the photoinitiator due to its high photoinitiation efficiency
at the UV wavelength of a 3D printer, 405 nm. TBT was used as
the optical blocker for controlling UV penetration depth. The com-
position containing UA, IBA, BAPO, and TBT was used as the basic
composition in the entire study.

We added each, or combination of five, acrylates with different
functionality to the above basic composition to control the mech-

anical property. The added acrylates were PETA, ETPTA, TMPTA,
DPGDA, and HBA, and their functionality was 4, 3, 3, 2, and 1,
respectively. The ratio of the basic composition and added acry-
late was fixed at 6 : 4 by volume. The composition with the high-
est mechanical strength was the composition in which PETA and
DPGDA were added at a ratio of 1 : 1 to the basic composition. As
shown in Fig. 1, the modulus and ultimate strength of the compo-
sition were 1.756 GPa and 61.71 MPa, respectively, whereas the
elongation was 6.71%. On the other hand, the composition con-
taining the basic composition and HBA showed the lowest modu-
lus and strength of 0.002 GPa and 1.73 MPa, while the elongation
was 145.75%, showing the typical behavior of elastomers. For con-
venience, the resin composition containing the basic composition
(B), PETA (P), and DPGDA (D) is referred to as B-PD. The resin
composition containing the basic composition (B) and ETPTA (E),
TMPTA (T), DPGDA (D), or HBA (H) is referred to as B-E3, B-
T3, B-D2, and B-H1 by marking its functionality at the end. The
resins were printed in dog bone shape and a tensile test was per-
formed. The composition, modulus, ultimate strength, and elon-
gation at break of the five resin compositions are summarized in
Table 1.

For mechanical testing of multi-materials, a dog bone shape
specimen with a thickness of half B-PD and the other half B-E3,
B-T3, B-D2, or B-H1 was prepared. The first half layer was printed
in a vat containing B-PD, and the last half was printed after replace-
ment with a vat containing the other resin composition. Through
the tensile test, modulus, ultimate strength, and elongation at break

Fig. 1. (a) Modulus, (b) ultimate strength, (c) elongation at break, and (d) typical stress-strain curves for 3D printed B-PD, B-E3, B-T3, B-D2,
and B-H1. Inset in (d) is enlarged stress-strain curve for B-H1. Numbers above bars are averaged values.
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of multi-material were analyzed. By comparing the mechanical
properties of multi-material with those of constituent materials, we
determined whether the mechanical properties of the multi-mate-
rial were complementarily reinforced compared to those of the
constituent materials.

First, we performed multi-material printing of B-PD and B-E3.
Both B-E3 and B-T3 are trifunctional, but B-E3 has a flexible ethox-
ylate functional group, so it has a higher elongation at break. In the
multi-material printing results of B-PD and B-E3, it was expected
that the low elongation at break of B-PD would be compensated
by the high elongation at break of B-E3. For a clear distinction
between the two compositions, red and green dyes were added
into B-PD and B-E3, respectively. We modeled and performed

Fig. 2. 3D printed multi-material products of B-PD (red) and B-E3 (green). (a) Structures which have full and (b) partial contact between B-
PD and B-E3. Insets are 3D modeled images prior to printing. (c) Top and (d) side views of a dog bone specimen for a tensile test.
Inset in (d) is an enlarged image of a dashed region of gauge length.

Fig. 3. (a) Modulus, (b) ultimate strength, (c) elongation at break, and (d) typical stress-strain curves for 3D printed multi-material of B-PD
and B-E3 are compared with those for constituent materials.

several multi-material printings as shown in Fig. 2. For example, a
structure in which two materials are in full contact (Fig. 2(a)) and
a structure in partial contact were fabricated (Fig. 2(b)). Since the
contact surfaces of the two materials exactly match, as shown in
Fig. 2, it can be confirmed that the multi-material printing is suc-
cessful without alignment and distortion issues. The multi-mate-
rial dog bone specimen for the tensile test was printed as shown in
Fig. 2(c), and its side view image (Fig. 2(d)) is showing a clear bound-
ary between the red and green region, showing two distinct areas
of B-PD and B-E3.

The modulus of B-PD was 1.756 GPa, the highest of the five
resin compositions, and the modulus of B-E3 was 1.479 GPa. In
contrast, the modulus of the B-PD/B-E3 multi-material, 1.397 GPa,
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was lower than those of the two resin compositions. In terms of
ultimate strength, B-PD and B-E3 were 61.51 and 44.21MPa, respec-
tively. On the other hand, the ultimate strength of B-PD/B-E3 multi-
material was 43.55 MPa, which was lower than that of the two
resin compositions. B-PD has an elongation at break of 6.71, but
B-E3 has a relatively high elongation at break of 10.19. However,
the elongation at break of B-PD/B-E3 multi-material was 5.93,
which was lower than that of both resins. In conclusion, the B-
PD/B-E3 multi-material showed lower values in those three prop-
erties, modulus, ultimate strength, and elongation at break, than
constituent materials. The typical stress-strain curve of B-PD/B-E3
multi-material was compared with those of constituent materials
as shown in Fig. 3(a). B-PD was broken soon after reaching the
peak, while B-E3 elongated even after the peak. On the other hand,
the curve of the B-PD/B-E3 multi-material was broken near the
apex and showed a smaller elongation at break than that of the B-
PD. And the curve was located below the curves of two constitu-
ent materials through all strain regions.

We performed the same experiment with the B-T3 resin, con-
taining TMPTA that is trifunctional the same as ETPTA. Though
flexible ethoxylate group of ETPTA imparts high elongation, its
hydrophilicity is detrimental to adhesion due to non-preferred wet-
ting because all other materials are hydrophobic. TMPTA has a
similar structure to ETPTA, but does not have ethoxylate groups.
Therefore, B-PD/B-T3 multi-material is expected to show enhanced
wetting and thus better adhesion than B-PD/B-E3 multi-material.

However, both modulus and ultimate tensile strength were lower
than those of constituent materials. B-PD and B-T3 were highly
brittle with elongation at break of 6.71 and 6.01, respectively, and
B-PD/B-T3 multi-material showed 7.34, higher than B-PD and B-
T3 but still very low. The typical stress-strain curve for B-PD/B-T3
multi-material was compared with constituent materials as shown
in Fig. 4(d). All of B-PD, B-T3, and B-PD/B-T3 showed highly
brittle characteristics, and elongation at break of B-PD/B-T3 was
slightly higher than constituent materials. B-PD/B-E3 multi-mate-
rial was expected to show enhanced mechanical properties by im-
proved wetting, but the B-PD/B-T3 curve was located below the
curve of constituent materials through all strain regions.

We next performed B-PD/B-D2 multi-material printing. The
B-PD/B-D2 multi-material exhibited improved modulus, ultimate
strength, and elongation at break than constituent materials. The
modulus of B-PD/B-D2 is 1.765GPa, which is higher than the mod-
ulus of B-PD that is the highest among all constituent materials. In
addition, the ultimate strength is 55.58MPa, which exceeds the aver-
age ultimate strength of constituent materials, 52.37 MPa, by 6.1%.
The elongation at break of B-PD/B-D2 was 8.94%, which was
9.3% higher than the average elongation at break of two materials,
8.18%. A typical stress-strain curve of B-PD/B-D2 is shown in Fig.
5(d). The curve of B-PD/B-D2 is located between curves of con-
stituent materials in all strain regions, and the three mechanical
properties exhibit a complementary reinforcement that shows im-
proved characteristics over the average properties of each material.

Fig. 4. (a) Modulus, (b) ultimate strength, (c) elongation at break, and (d) typical stress-strain curve for 3D printed multi-material of B-PD
and B-T3 are compared with those for constituent materials.
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Fig. 5. (a) Modulus, (b) ultimate strength, (c) elongation at break, and (d) typical stress-strain curve for 3D printed multi-material of B-PD
and B-D2 are compared with those for constituent materials.

Fig. 6. (a) Modulus, (b) ultimate strength, (c) elongation at break, and (d) typical stress-strain curve for 3D printed multi-material of B-PD
and B-H1 are compared with those for constituent materials.
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Finally, we performed B-PD/B-H1 multi-material printing. The
average modulus of B-PD/B-H1 was 0.795 GPa (Fig. 6(a)), which
was about 9.5% lower than the average modulus of constituent
materials, 0.879 GPa. The average ultimate strength of B-PD/B-H1
was 26.1 MPa (Fig. 6(b)), 17.5% lower than the average ultimate
strength of two materials, 31.62 MPa. The average elongation at
break of B-PD/B-H1 was 7.47% (Fig. 6(c) and (d)), much lower
than that of B-H1 but increased by 11.3% than that of B-PD. The
average modulus and ultimate strength of B-PD/B-H1 were close
to the average of the modulus and ultimate strength of constitu-
ent materials, while the elongation at break was significantly less
than the average. The low elongation at break can be attributed to
the propagation of cracks from the B-PD part to B-H1 through the
interface. Since the B-PD printing product is brittle, cracks likely
occurred in the strain exceeding B-PD’s elongation at break. The
crack of the B-PD part would have easily propagated to the soft
B-H1 part due to the dense interfacial adhesion between them,
and the multi-material was broken due to the concentrated stress
on the crack. We speculate that elongation at break can be improved
by placing a protective layer between B-PD and B-H1.

In conclusion, B-D2 and B-H1 containing relatively lower func-
tional monomers showed a better complementary effect in mechani-
cal properties than B-E3 and B-T3 in multi-material 3D printing.
We compared the fracture surfaces of the B-PD/B-D2 and B-PD/
B-E3 multi-materials to figure out the cause of this difference in
mechanical properties (Fig. 7). In the case of the B-PD/B-D2 multi-
material, the surface texture is uniform throughout the fracture
surface, as shown in Fig. 7(a). That means that the two materials
reached fracture at the same time without losing interfacial adhe-
sion. On the other hand, B-PD/B-E3 multi-material showed a
marked difference in the surface texture for the two materials, as
shown in Fig. 7(b). The B-PD surface has a rough surface similar
to the fracture surface of the B-PD/B-D2 multi-material, whereas
the B-E3 surface has a smooth surface as evidenced by uniform
surface reflection. For ductile fracture of polymer, dimples are gen-
erated by fracture of microvoids induced by craze, which causes a
rough surface [35]. On the other hand, a smooth surface of B-E3
is caused by a brittle fracture without craze, so B-E3 hardly causes

plastic deformation and is fractured before fracture of B-PD. There-
fore, it can be considered that B-PD/B-E3 multi-materials have
poor interfacial adhesion compared to B-PD/B-D2, which causes
little or almost no complementary effect on mechanical properties.

To determine the cause of this difference in interfacial adhesion
strength, we compared the modulus and tensile strength of multi-
materials. We depicted normalized modulus change and normal-
ized tensile strength change in Fig. 7(a) and (b). The normalized
change, CN, was calculated using Eq. (1).

(1)

where valM, valH, and valL are modulus (or tensile strength) for multi-
material, higher modulus (or tensile strength) material, and lower
modulus (or tensile strength) material. The normalized modulus
of positive 0.5 means that the multi-material has the average mod-
ulus (or tensile strength) of the constituent materials. The normal-
ized modulus of B-PD/B-D2 exceeded 1.0, and that of B-PD/B-
H1 was slightly less than 0.5 (Fig. 8(a)). On the other hand, the
normalized moduli of B-PD/B-E3 and B-PD/B-T3 were negative,
which means the modulus of multi-material is smaller than that of
each material. Similarly, the normalized tensile strength of B-PD/
B-D2 and B-PD/B-H1 was higher and slightly less than 0.5, but B-
PD/B-E3 and B-PD/B-T3 were negative (Fig. 8(b)). The tendency
is exactly the opposite to the tendency of viscosity of resins (Fig.
8(c)). As shown in Fig. 8, higher functional acrylates, B-E3 and B-
T3, that showed negative changes have a higher viscosity of 0.384
and 0.526 mPa·s, whereas lower functional acrylates, B-D2 and B-
H1, that showed positive changes higher or near than 0.5 have a
lower viscosity of 0.129 and 0.098 mPa·s. We speculate that lower
viscosity helps improve interfacial adhesion of multi-material. High
functional acrylates are usually more viscous [34,36] and gener-
ally cause early gelation and vitrification, thus lowering the final
degree of polymerization [34]. On the other hand, low functional
acrylates are usually less viscous and allow a sufficiently high degree
of polymerization before vitrification occurs by slowing the gela-
tion, thus improving interfacial adhesion by promoting polymer-
ization at the interface [34]. In addition, the low viscosity of resin

CN  
valM   valL

valH  valL
-------------------------

Fig. 7. Optical microscope images of fracture surface of (a) B-PD/B-D2 and (b) B-PD/B-E3.



458 H. Hwangbo and S.-J. Jeon

February, 2022

helps improve cross-linking efficiency and uniformity by accelerat-
ing the movement of fresh acrylates to the area of UV curing. In
summary, improved adhesion was achieved by printing a resin
containing low functional acrylate on a pre-printed layer, which
contributes to the fabrication of 3D printing-based multi-material
parts supplemented with the advantages in mechanical property of
each material. In addition, DLP 3D printing has the advantage of
having an elaborate layer resolution of less than 50m, enabling
the development of robust engineering parts with a fine resolution
that is not possible with the extrusion-based 3D printing method,
which will significantly expand the industrial application of 3D print-
ing. Though we demonstrate only z-directionally variable multi-
materials here, developing a new 3D printing platform that manipu-
lates exposure direction freely [37] will enable multi-directionally
variable multi-materials.

CONCLUSIONS

We formulated five different resin compositions for DLP 3D
printing containing acrylates of varying functionality and success-
fully performed multi-material printing. B-PD, which shows the
highest modulus and ultimate strength, was printed as the first
half layer, and the other half layer of B-E3, B-T3, B-D2, or B-H1
containing acrylates with functionality between 1 and 3 was printed
for mechanical testing of multi-materials. B-PD/B-E3 and B-PD/
B-T3 multi-materials showed reduced mechanical properties than
constituent materials except for elongation at break of B-PD/B-T3.
On the other hand, the B-PD/B-D2 and B-PD/B-H1 multi-mate-
rials exhibited composite behavior with average mechanical prop-
erties of constituent materials. This improvement in mechanical
properties becomes possible due to improvement in adhesion.
Observing the fracture surface of B-PD/B-D2 confirmed that B-
PD/B-D2 shows uniform texture throughout the fracture surface,
which evidences reliable interfacial adhesion between B-PD and
B-D2. The reliable adhesion is enabled by low functional acrylate
monomer by promoting polymerization reaction at the interface
due to delayed gelation and facilitating the migration of fresh acry-
lates to the UV exposure area due to low viscosity. This approach
to provide reliable interfacial adhesion in DLP 3D printing will
enable the development of sophisticated multi-material engineer-
ing parts with robust mechanical properties, contributing to the

expansion of 3D printing into the industrial field.
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