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N,N-Dimethyl-p-toluidine crosslinker enables
acrylic-based resin with seamless adhesion and
high performance

Zhaoquan Qin,a,d Huakun Xing,a,b Bingbing Wang,c Liang Peng,d Hai Li *a and
Mengjie Long*c,e

This study focuses on the development of a novel seamless adhesive by investigating the interaction of

N,N-dimethyl-p-toluidine (DMPT) in an acrylic-based polymer system. The optimal proportions of

benzoyl peroxide (BPO) and DMPT were determined to achieve ideal curing time and fracture toughness,

making the adhesive highly suitable for industrial applications. The prepared adhesive demonstrated a

curing time that balances efficiency with performance, facilitating seamless splicing of artificial stone

materials in production lines. The optimal curing time achieved was approximately 10 min at 25 °C, with a

stress intensity factor (K) reaching up to 12.32 kPa m1/2, demonstrating significant improvement in both

efficiency and mechanical strength. Additionally, the ability to adjust the resin-to-powder ratio presents

significant cost-saving opportunities for manufacturers. The adhesive exhibited remarkable color stability,

with minimal changes observed even under elevated temperatures, resulting in nearly invisible splicing

joints. These qualities, combined with strong bonding performance and aesthetic advantages, make the

adhesive a promising candidate for use in bioelectronic devices, where durability, versatility, and optical

clarity are essential. This research demonstrates the potential of advanced acrylic adhesives to enhance

both traditional construction applications and emerging technologies in bioelectronics.

1 Introduction

Seamless splicing refers to a specialized processing technique
where the seams between cut pieces of materials are treated to
create a visually uninterrupted surface.1 This process, which
involves using advanced adhesives and precise application
techniques, not only elevates the aesthetic quality of the instal-
lation but also addresses practical concerns, such as prevent-
ing dirt and debris from accumulating in the seams. In high-
end interior design, where attention to detail is paramount,
the ability to create a seamless surface can significantly
enhance the perceived value of a project. The success of seam-
less splicing is heavily dependent on the adhesive used in the
process.2 This adhesive must not only provide strong bonding

but also meet various performance criteria, including resis-
tance to mold, stains, and aging, as well as minimal shrink-
age.3 The importance of these characteristics becomes evident
when considering the long-term performance of the installa-
tion. For instance, in environments with high humidity, such
as bathrooms or kitchens, the mold resistance of the adhesive
is crucial in maintaining the integrity and appearance of the
surface over time.4

Beyond its role in construction and interior design, seam-
less splicing technology holds significant potential in the field
of electronic device adhesion.5–8 As electronic devices become
more compact and multifunctional, adhesives must create
strong, reliable bonds between sensitive components while
preventing contamination from environmental factors like
dust and moisture. In device packaging, especially in consu-
mer electronics, adhesives serve a dual purpose: securing
internal components and shielding them from external stres-
sors such as heat, moisture, and mechanical impacts.
Seamless adhesion techniques, which form uniform and con-
tinuous bonds without visible seams or gaps, are particularly
well-suited for encapsulating sensitive electronics.9,10 These
packaging methods not only safeguard the internal com-
ponents but also contribute to a sleeker, more compact
design. Moreover, for layer-to-layer packaging, a crucial com-
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ponent in modern electronics such as flexible circuits and
multilayer printed circuit boards, adhesives must effectively
bond multiple substrate layers without introducing defects or
compromising electrical conductivity.11,12 Seamless adhesive
applications play a crucial role in ensuring these layers are
securely bonded without gaps, reducing the risk of delamina-
tion or failure due to environmental exposure. This type of
packaging demands adhesives with high precision, thermal
management capabilities, and robust interlayer adhesion,
ensuring the reliability and longevity of the electronic devices
in which they are used.13 Seamless splicing achieves visually
uninterrupted joints primarily through careful matching of
adhesive refractive indices with the substrates, precise control
over curing-induced shrinkage, and optimized curing con-
ditions that result in uniform polymer networks. Unlike tra-
ditional splicing methods that can leave visible seams due to
shrinkage or mismatched refractive indices, seamless splicing
techniques utilize advanced adhesives formulated to closely
replicate substrate optical properties. This ensures minimal
optical distortion and virtually invisible interfaces, which is
particularly beneficial in high-end construction and sensitive
electronics applications.

Among the adhesives commonly used for seamless splicing,
acrylic adhesives, epoxy resin adhesives, and unsaturated resin
adhesives are the most prevalent.14 Acrylic adhesives, in par-
ticular, have gained widespread acceptance in the industry due
to their superior bonding strength, weather resistance, stain
resistance, and resistance to yellowing.15 These properties
make them an ideal choice for both residential and commer-
cial applications, where long-term durability and aesthetics are
critical. Acrylic adhesives are formulated using methyl meth-
acrylate (MMA) and polymethyl methacrylate (PMMA) as base
materials, along with curing agents and various additives that
enable rapid curing at room temperature. This quick curing
process not only improves processing efficiency but also
enhances the overall outcome by minimizing the time between
application and completion. Since only the MMA component
shrinks during polymerization and a high polymerisation
shrinkage-strain can be reduced by admixing PMMA powder
with MMA liquid.16 The curing systems used in acrylic
adhesives are typically classified into cumene hydroperoxide
(CHP) and dibenzoyl peroxide (BPO) systems, with the BPO
system being the most common due to its effectiveness and
reliability in various environmental conditions.17 Increasing
amounts of BPO initiator in the powder and amine in the
liquid increased the rate of polymerisation and the magnitude
of the exothermic temperature.18 Acrylic polymer has several
advantages such as its good solubility in several solvents,
transparency, good adhesive power, and low rigidity of the
polymer at room temperature.19 Polymethyl methacrylate is a
thermoplastics can be reused and are transparent.20 The inno-
vated acrylic solid surfaces have overcome the disadvantages of
natural stones such as color staining, water absorption, heavy-
weight, expensive cost, hard processing and poor resistance to
weak acids.21 In addition, the prepared acrylic solid surface
samples represent a cheap and durable replacement to the

natural stones. Therefore, the application of seamless stitching
acrylic adhesive this technology is particularly important.

Advantages and disadvantages of acrylic adhesive appli-
cation. To address gaps stemming from thermal expansion
coefficient discrepancies between the lead rod and steel plate,
melting and pouring lead are avoided. Instead, a construction-
oriented approach with adhesive bonding integrates the pre-
cision-machined lead rod with the steel plate, ensuring their
seamless cooperation.22 Orthopedic-grade PMMA bone
cement, admixed with prophylactic antibiotics, is widely used
in hip and knee replacement surgery.23 Light-curable dental
resin-based materials are comprised of methacrylates.24

However, despite their advantages, acrylic adhesives are not
without challenges. One significant issue is their sensitivity to
air; MMA can volatilize quickly upon exposure, leading to
surface peeling, which compromises the seamless appearance.
Additionally, the strong odor of MMA during application can
be unpleasant and may require proper ventilation in enclosed
spaces.17 Another challenge is the tendency of acrylic
adhesives to yellow after curing, particularly when exposed to
sunlight or other ultraviolet (UV) light sources. This yellowing
effect can result in noticeable color differences between the
surface and the interior, detracting from the desired seamless
look.25 Furthermore, acrylic adhesives exhibit poor stability
under extreme temperature conditions, which can limit their
application in areas subject to significant temperature fluctu-
ations.26 The issue of self-polymerization also affects the shelf
life of these adhesives, making it necessary to use them within
a certain time frame to ensure optimal performance. Finally,
in certain cases, such as with black adhesives, there is a
problem with incomplete curing, which can lead to reduced
bonding strength and aesthetic inconsistencies.25 To address
these challenges, ongoing research and development efforts are
focused on improving the formulation of acrylic adhesives. For
instance, advances in polymer science have led to the develop-
ment of new additives that can enhance the UV resistance and
color stability of these adhesives.27 Case studies have shown
that the use of UV stabilizers in acrylic adhesives can signifi-
cantly reduce the yellowing effect, thereby preserving the visual
integrity of the seamless splicing over time. Additionally, inno-
vations in adhesive application techniques, such as controlled
environment application and the use of vacuum sealing during
the curing process, have been explored to mitigate the effects of
air sensitivity and improve overall adhesion quality. Moreover,
the exploration of alternative adhesive systems, such as hybrid
adhesives that combine the properties of acrylics with other
resin types, has shown promise in addressing the limitations of
traditional acrylic adhesives.28 These hybrid systems offer
enhanced performance in terms of temperature stability,
adhesion strength, and curing consistency, making them suit-
able for a wider range of applications.

Therefore, this study developed a novel seamless adhesive
by investigating the interaction of N,N-dimethyl-p-toluidine
(DMPT) on acrylic based resin. The study identified the ideal
proportions of benzoyl peroxide (BPO) and DMPT to achieve
optimal curing time and fracture toughness. The curing time
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of the prepared acrylic adhesive was found to be optimal for
industrial production lines, offering a balance between
efficiency and performance. Moreover, adjusting the ratio of
polymer to powder has the potential to reduce costs and
increase profitability for manufacturers. The color stability of
the acrylic adhesives was also remarkable, with minimal
changes observed even at elevated temperatures, ensuring a
superior seamless splicing effect with virtually no visible
traces.29 Over time, the adhesives exhibit excellent resistance
to yellowing and aging, maintaining a bright and transparent
appearance compared to other splicing agents available in the
market. These characteristics make the adhesive promising for
use in bioelectronic devices, where material durability, flexi-
bility, and optical clarity are critical.5,6,8,30–35

2 Experimental section
2.1 Materials

Polymethyl methacrylate (PMMA) and methacrylate (MMA) were
provided by J&K Scientific (Beijing, China). Defoamer 555 was
purchased from BASF SE (Guangzhou, China).
Trimethylolpropane trimethacrylate (TMPTA), 3-ethacryloxy-
propyltrimethoxysilane, tetramethylthiourea, N,N-dimethyl-p-
toluidine (DMPT), N,N-dimethylacrylamide (DMA) and dipropyl-
ene glycol methyl ether (DPE) were obtained from Aladdin Co.,
Ltd (Shanghai, China). Benzoyl peroxide (BPO) and epoxy resin
were sourced from Xingchen Synthetic Materials Co., Ltd
(Nantong, China). All other reagents were of analytical grade
and used as received without further purification.

2.2 The preparation of the seamless adhesive

The production process of reagent A is as follows: 50 g of
PMMA pellets are dissolved in 50 g of MMA solution.
Subsequently, 10 g of methacrylic acid, 5 g of tetramethyl-
thiourea, 3 g of coupling agent 3-ethacryloxypropyl-
trimethoxysilane, 3 g of cross-linker TMPTA and an appropri-
ate amount of DMPT are added. The mixture is stirred at 1000
rpm for 10 min and then allowed to stand to remove bubbles.
Finally, reagent A is mixed with reagent B in a 10 : 1 ratio to
prepare the seamless adhesive.

The production process for reagent B is as follows: 5.5 g of
BPO paste and 3 g of high-boiling solvent DPE are mixed at 500
rpm for 2 min. Gradually, 94.5 g of epoxy resin is added and
stirred at the same speed until uniform. Then, 0.005 g of defoa-
mer 555 are added, with continued stirring for 10 min. The
mixture is filtered through an 80-mesh screen and left to rest for
2 h to remove any bubbles, ensuring product consistency.

The curing time measurement was determined by monitor-
ing the exothermic reaction during adhesive curing. Specifically,
the adhesive surface temperature was measured using an infra-
red detector, and temperature data were recorded every 30 s.
The curing time was identified as the point at which the
adhesive reached its peak exothermic temperature, indicating
completion of the curing process (Fig. 1 and 2).

2.3 Fracture toughness measurement

The fracture toughness of the specimens was measured using a
DKZ-5000 anti-rupture testing machine equipped with a three-
point bending device. The stress intensity factor of the artificial
stone, bonded with acrylic adhesive, was evaluated using stan-

Fig. 1 Acrylic adhesive preparation process. (a) PMMA. (b) MMA. (c) DMPT. (d) Methacrylic acid. (e) Tetramethylthiourea. (f ) BPO. (g) TMPTA. (h) DPE.
(i) Mechanism of crosslinking agent.

RSC Applied Polymers Paper

© 2025 The Author(s). Published by the Royal Society of Chemistry RSCAppl. Polym., 2025, 3, 855–864 | 857

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
A

pr
il 

20
25

. D
ow

nl
oa

de
d 

on
 6

/2
7/

20
26

 1
:1

6:
49

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5lp00049a


dard specimens measuring 40 mm × 40 mm × 160 mm. The
parameters of the DKZ-5000 testing machine are provided in
Fig. 3a, while Fig. 3b illustrates the schematic diagram of the
fracture toughness testing setup. During testing, load-displace-
ment curves were recorded, and the mode-I stress intensity
factor (K) was calculated using the following equation:

K ¼ 3PL
2BW3=2

f
a
W

� �

where P is the maximum load at fracture, L is the span length
between supports, B is the specimen thickness, W is the speci-
men width, and a is the initial crack length. The geometric
factor f (a/W) accounts for specimen geometry and crack length.

2.4 Determination of color

The color of the acrylic adhesives was determined using an
NR-200 Chroma Meter (3nh Technology Co., Ltd, Shenzhen,

Fig. 2 Schematic illustration showing the free-radical polymerization of MMA, as initiated by BPO-DMPT and the synthesis of poly(methyl meth-
acrylate) PMMA by free radical addition polymerization of methyl methacrylate MMA.36–39

Fig. 3 Test equipment and mechanism. (a) Parameters of DKZ-5000. (b) Schematic diagram of fracture toughness. (c) DKZ-5000.
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China). Prior to measurement, the chroma meter was calibrated
using black and white reference standards. The color infor-
mation was quantified based on the Lab* color space, where L
represents brightness, a indicates the shift from green (−) to red
(+), and b reflects the shift from blue (−) to yellow (+).

3 Results and discussion
3.1 Effect of curing time and fracture toughness

3.1.1 Effects of DMPT content on curing time and stress
intensity factor. Fig. 4 illustrates the effect of DMPT content
(0.3 g, 0.5 g, and 0.7 g) on curing time and stress intensity
factor under mode-I loading. As the BPO content increases
from 3.5 to 4.5 and 5.5, stress intensity factor shows a positive
correlation, gradually increasing with higher BPO content. It is
also evident from the figure that the curing time decreases as
the DMPT content increases. Specifically, with DMPT contents
of 0.3 g, 0.5 g, and 0.7 g, the curing time decreases by 16, 14,
and 10 min, respectively. Additionally, as the DMPT content
increases, the stress intensity factor rises approximately line-
arly. The reduction in stress intensity factor with shorter
curing times is likely related to the enhancement of bonding
strength facilitated by the increasing BPO content.

The observed relationship between DMPT content, BPO
content, curing time, and stress intensity factor can be
explained by the roles these components play in the polymeriz-
ation process. DMPT acts as an accelerator, enhancing the rate
of the redox reaction between the initiator (BPO) and the
monomers in the adhesive. As the DMPT content increases,
the initiation of polymerization is accelerated, leading to a
shorter curing time. This is because DMPT facilitates the
decomposition of BPO, which in turn generates more free rad-
icals that initiate the polymerization process more quickly.

In terms of stress intensity factor, an increase in BPO
content promotes the generation of cross-linked polymer
chains, which improves the mechanical strength of the
adhesive. This cross-linking leads to a more robust and cohesive
network structure, which enhances the adhesive’s ability to
resist crack propagation, resulting in higher stress intensity
factor. However, if the curing time becomes too short, there
might not be sufficient time for the polymer network to fully

develop, which could limit the enhancement in mechanical pro-
perties. Therefore, the balance between curing time and stress
intensity factor is critical, as both depend on the interactions
between DMPT and BPO in driving the polymerization process.

3.1.2 Effect of different ratio of resin and powder on curing
time and fracture toughness. As shown in Fig. 5, stress inten-
sity factor and curing time were tested for artificial stone
samples with different resin-to-powder ratios of 10 : 0, 7 : 3,
6 : 4, 5 : 5, and 4 : 6 (weight ratio). The decrease in curing time
and stress intensity factor with increasing aluminum hydrox-
ide content can be attributed to the role of aluminum hydrox-
ide in the adhesive matrix. Aluminum hydroxide serves as a
filler material in the binder, and as its content increases, it
dilutes the concentration of reactive polymer components in
the adhesive. This dilution slows down the cross-linking
process during curing, resulting in a shorter curing time.
Furthermore, the increased filler content may also disrupt the
formation of a uniform, cohesive polymer network, leading to
reduced mechanical properties such as stress intensity factor.
The presence of excessive filler particles can create weak
points in the adhesive, where stress is concentrated during
loading, making the material more susceptible to cracking.
However, the inclusion of aluminum hydroxide is advan-
tageous for cost reduction in industrial production, as it
reduces the amount of more expensive polymer materials
needed without significantly compromising the adhesive’s per-
formance. In industrial applications, optimizing the resin-to-
powder ratio is essential to strike a balance between perform-
ance and production efficiency. A curing time of less than
14 min ensures faster production cycles, while maintaining
stress intensity factor above the required threshold guarantees
the final product’s reliability and durability.

In order to illustrate the practical applicability and perform-
ance superiority of our developed seamless bonding adhesive
under realistic conditions, a comparative bonding experiment
was conducted using two artificial stone slabs, each measuring
4 × 5 cm. The long edges of these slabs were first precisely cut
at a 45-degree angle to simulate common joint interfaces
encountered in practical applications. Subsequently, one pair
of slabs was bonded using a conventional single-component
silicone rubber adhesive, while another pair was bonded with
our newly developed adhesive (resin-to-powder ratios is 10 : 0,

Fig. 4 The evolution of mode-I curing time and stress intensity factor of DMPT of a content of 0.3 g, 0.5 g and 0.7 g. (a) 0.3 g DMPT. (b) 0.5 g
DMPT. (c) 0.7 g DMPT.
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DMPT is 0.7). After bonding, the samples were allowed to cure
undisturbed for two hours to ensure adequate adhesive hard-
ening. Following the curing period, the bonded slabs were sub-
jected to a manual fracture test involving deliberate forceful
impacts. The fracture surfaces were then carefully examined
for residual adhesive. The results indicated a distinct differ-
ence: significant visible adhesive residue remained on the frac-
tured surfaces of the slabs bonded with the conventional sili-
cone rubber adhesive (Fig. 5c), highlighting adhesive rather
than substrate failure. In contrast, the slabs bonded using our
adhesive exhibited clean fracture surfaces, completely free
from visible adhesive residues (Fig. 5d). This clearly demon-
strates that the fracture mode of our adhesive was cohesive
within the substrate rather than adhesive failure at the
bonding interface, signifying stronger adhesion and seamless
integration between substrates.

3.1.3 Effect of different temperature on curing time. From
the Table 1, it is evident that when the DMPT content remains
constant at a given curing temperature, the curing time shows
minimal change as the BPO content gradually increases.
However, when the curing temperature remains the same and
the BPO content is held constant, the curing time decreases
significantly with increasing DMPT content. Additionally, for
the same ratio of acrylic adhesives, the curing time is reduced
considerably as the curing temperature increases. The
observed effects of temperature and DMPT content on curing
time can be attributed to the chemical kinetics of the polymer-
ization process. At higher temperatures, the reaction rate of
the polymerization process increases due to enhanced mole-
cular movement and more frequent collisions between reactive
species. This leads to faster initiation and propagation of the
polymer chains, significantly reducing the curing time. DMPT

acts as an accelerator, facilitating the decomposition of BPO to
generate free radicals that drive the polymerization process.
When the DMPT content increases, more free radicals are gen-
erated in a shorter time, further accelerating the curing
process. This explains why, at a constant temperature, an
increase in DMPT content leads to a noticeable reduction in
curing time, even when the BPO content remains unchanged.
Overall, higher temperatures and increased DMPT content
both contribute to faster polymerization, reducing the curing
time and making the adhesive more suitable for industrial
applications requiring rapid processing.

3.2 Effect of different acrylic adhesives on the changes in
color

3.2.1 Effect of temperature on the change of color with the
different additives. The positive value of L indicates that the

Fig. 5 Effect of different weight ratio of resin and powder on curing time and stress intensity factor. (a) Effect on curing time. (b) Effect on curing
time. (c) Photo of the splicing effect of traditional single component silicone rubber adhesive. (d) Photo of the splicing effect of our seamless splicing
acrylic adhesive. Scare bar is 2 cm.

Table 1 High and low temperature activity of acrylic adhesives in
different proportions

DMPT (g) BPO (g)

Curing temperature (°C)

5 25 40
Curing time (min)

0.3 3.5 35 16 12
0.3 4.5 35 16 12
0.3 5.5 35 16 12
0.5 3.5 28 14 10
0.5 4.5 28 15 10
0.5 5.5 28 14 10
0.7 3.5 20 10 8
0.7 4.5 20 10 8
0.7 5.5 20 10 8
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solution is bright, the negative value of a indicates that the
solution is greenish, and the positive value of b indicates that
the solution is yellowish. ΔE is a single value that combines
changes in L (lightness), a (green to red), and b (blue to yellow)
to quantify the total color difference between two samples. It
is calculated using the formula: ΔE = [(ΔL)2 + (Δa)2 + (Δb)2]1/2.
By utilizing ΔE, we can objectively quantify the perceptible
color differences resulting from temperature variations,
offering a more comprehensive understanding of the color
stability of the adhesives. This approach ensures that our ana-
lysis is both scientifically robust and perceptually relevant. The
variation of components N,N-dimethyl-p-toluidine (DMPT) and
N,N-dimethylacrylamide (DMA) with temperature on color in
acrylic adhesives. As shown in Fig. 5, it was observed that the
temperature of the DMA takes 20 min to rise from normal
temperature to 135 degrees celsius, L value decreased from
95.15 to 94.48, b increased from 2.65 to 3.50, and an increased
from −0.11 to −0.08 as the temperature values increased. The
value of ΔE is 0.86. As shown in Table 2, the temperature of
the DMA takes 30 min to rise from normal temperature to 165
degrees celsius, L value decreased from 95.49 to 95.44, b

increased from 1.96 to 3.05, and an increased from −0.30 to
−0.14 as the temperature values increased. The value of ΔE is
1.09. The changes in color with increasing temperature can be
explained by the thermal effects on the chemical structure of
the components in the acrylic adhesives. As the temperature
increases, molecular changes in DMPT and DMA, such as the
interaction between functional groups, can lead to variations
in their light absorption and reflection properties. This results
in shifts in color values, particularly in the brightness (L),
green-red balance (a), and blue-yellow balance (b).

The temperature of the DMPT takes 20 min to rise from
normal temperature to 135 degrees celsius, L value increased
from 95.56 to 95.59, b increased from 0.59 to 1.03, and a
decreased from −0.23 to −0.36 as the temperature values
increased. The value of ΔE is 0.46. As shown in Table 2, the
temperature of the DMPT takes 30 min to rise from normal
temperature to 165 degrees celsius, L value decreased from
95.77 to 95.57, b increased from 0.40 to 0.98, and a decreased
from −0.12 to −0.46 as the temperature values increased. The
value of ΔE is 0.71. The components DMA in acrylic adhesives
become lighter green as the temperature rises. As the tempera-
ture rises, the component DMPT green color in acrylic
adhesives deepens. The yellow color of the components DMPT
and DMA in acrylic adhesives deepens as the temperature
rises. In the case of DMA, the slight darkening and increasing
yellow tint with rising temperature suggest that the material
undergoes thermal degradation or oxidation, which leads to
the production of chromophores that reflect more yellow light.
For DMPT, the deepening of the green hue as the temperature
rises may be linked to structural changes that enhance the
absorption of red light, thus making the material appear
greener. The observed color changes at elevated temperatures
may be attributed to thermal-induced oxidation or structural
alterations in the DMPT molecules. Under increased tempera-
ture, oxidation reactions or slight molecular rearrangements of

Table 2 Effect of temperature on the color of the different ingredients
in acrylic adhesives

Temperature(°C) Time(min) L a b ΔE

DMA 25 0 95.15 −0.11 2.65 0.86
135 20 94.48 −0.08 3.50
25 0 95.49 −0.30 1.96 1.09
165 30 95.44 −0.14 3.05

DMPT 25 0 95.56 −0.23 0.59 0.46
135 20 95.59 −0.36 1.03
25 0 95.77 −0.12 0.40 0.71
165 30 95.57 −0.46 0.98

Fig. 6 The variation of components DMPT and DMA with temperature on color in acrylic adhesives. (a) and (c) The color of DMA at 25 degrees
celsius. (b) The color of DMA at 135 degrees celsius. (d) The color of DMA at 165 degrees celsius. (e) and (g) The color of DMPT at 25 degrees celsius.
(f ) The color of DMPT at 135 degrees celsius. (h) The color of DMPT at 165 degrees celsius.
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DMPT could generate chromophoric groups, thereby affecting
the color stability and optical properties of the adhesive. The
overall changes in color difference (ΔE) provide a quantitative

measure of the extent of these shifts, which are relatively
small, indicating that the adhesives maintain color stability
within the tested temperature range (Fig. 6).

Fig. 7 Different types of ultraviolet absorbers added to acrylic adhesive different color difference performance. (a) Blank, the value of ΔE is 4.55. (b)
Basf 329 UV absorber was added, the value of ΔE is 24.39. (c) Basf 326 UV absorbent was added, the value of ΔE is 23.63. (d) Added Chick 2912 UV
absorber, the value of ΔE is 5.28.

Fig. 8 The advantages of acrylic adhesives over other splicing adhesives. (a) The application of adhesive for seamless splicing. (b) The color of
adhesive. (c) The application of adhesive for device adhesion on robot hand. (d) The application of adhesive for biodevice adhesive on human hand.
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3.2.2 The effect of UV absorbent on the changes of color.
UV radiation can cause degradation in polymers, leading to
discoloration, most notably yellowing, which compromises the
aesthetic quality of materials like acrylic adhesives. The
addition of UV absorbers helps to block or absorb harmful UV
rays, preventing them from reaching the adhesive’s polymer
matrix and causing degradation. By preventing these chemical
changes, the UV stabilizers reduce the yellowing effect, ensur-
ing that the adhesive remains visually consistent over time.
Ultraviolet radiation can cause photodegradation and photoox-
idative degradation by breaking chemical bonds within poly-
mers, leading to discoloration and reduced performance.
Therefore, we selected three representative ultraviolet absor-
bers (Chick 2912, Basf 329 UV, and Basf 326 UV) due to their
proven effectiveness reported in prior research.40,41

Specifically, Basf 326 UV was previously demonstrated to have
superior UV absorption capability compared to other common
industrial absorbers such as Irgafos 168, Irganox 1010, and
UV-531, effectively absorbing wavelengths from 290 to 420 nm.
Additionally, benzotriazole-based UV absorbers like Chick
2912 were chosen based on their documented success in
achieving excellent UV stability and transparency through inte-
gration into polymer matrices via in situ polymerization
methods. Thus, these absorbers were selected for comparative
analysis due to their established performance and relevance to
our application. As shown in Fig. 7, different UV absorbers
have varying effectiveness, with the best-performing stabilizer
(Fig. 7d) showing the smallest color difference. This indicates
that the adhesive with this absorber maintains its color stabi-
lity the most effectively, which is critical for applications where
long-term appearance is essential, such as seamless stitching.

3.2.3 The applications of acrylic adhesives. Acrylic
adhesives have found widespread applications due to their ver-
satile properties, particularly in the construction of artificial
stone and other composite materials. As demonstrated in
Fig. 8a, our acrylic adhesives exhibit significant advantages
over conventional splicing adhesives, producing nearly seam-
less joints with no visible traces, resulting in a smooth and
aesthetically pleasing surface. A key step in our experimental
process involved incorporating various color pigments into the
prepared water-based coatings. We successfully formulated
coatings in seven distinct colors as shown in Fig. 8b. This ver-
satility in color mixing provides a robust foundation for
further applications, where color variety and consistency are
critical. The successful integration of diverse pigments into
our coatings not only expands the potential application range
but also demonstrates the practical adaptability of our formu-
lations for various industrial uses. Furthermore, the prepared
adhesives were tested for adhesion in electronic devices,
demonstrating excellent bonding performance, as shown in
Fig. 8c and d. The strong adhesion properties make these
adhesives particularly well-suited for use in sensitive electronic
applications, where secure and durable bonding is critical to
maintaining device integrity over time. This includes appli-
cations in wearable electronics, flexible circuits, and bioelec-
tronic sensors, where adhesives must withstand mechanical

stress, environmental factors, and thermal fluctuations
without compromising performance.

4 Conclusions

This study successfully developed a novel seamless adhesive by
investigating the interaction of N,N-dimethyl-p-toluidine
(DMPT) within an acrylic-based polymer system. The ideal pro-
portions of benzoyl peroxide (BPO) and DMPT were identified
to achieve optimal curing time and fracture toughness,
making the adhesive particularly suitable for industrial appli-
cations. The adhesive demonstrated a well-balanced curing
time that enhances both processing efficiency and perform-
ance, facilitating seamless splicing of artificial stone in pro-
duction environments. Additionally, adjusting the polymer-to-
powder ratio provides significant cost-saving potential for
manufacturers. The adhesive exhibited exceptional color stabi-
lity, with minimal changes under elevated temperatures,
ensuring nearly invisible splicing joints. Its long-term dura-
bility was supported by outstanding resistance to yellowing
and aging, maintaining a bright and transparent appearance
over time. These combined characteristics, such as strong
bonding performance, durability, and aesthetic appeal, posi-
tion this adhesive as a promising candidate for bioelectronic
devices, where durability, versatility, and optical clarity are
critical. This research highlights the potential for advanced
acrylic adhesives to enhance both traditional construction
practices and emerging technologies in bioelectronics.
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