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In the application field of rubber materials, ethylene acrylate rubber (AEM) provides advantages such as notable tensile
strength, elongation and low-temperature resistance. However, AEM is expensive and susceptible to permanent compression de-
formation. In contrast, acrylate rubber (ACM) exhibits excellent high-temperature and oil resistance properties. This study
aimed to solve the cost and compression deformation problems of AEM, and a rubber material combination scheme with both
performance and cost advantages was developed by mixing AEM and ACM. The research innovation is the determination of the
optimal increase in the use of inexpensive ACM while satisfying specific performance requirements, such as the elongation at
break (250 %), tensile strength (12 MPa), and high-temperature aging performance (200 % beyond 190 °C, with a tensile
strength of 9 MPa and a minimum brittleness temperature of 40 °C). First, the appropriate AEM/ACM ratio was determined ac-
cording to the mechanical properties, and then, the influences of different dosages of vulcanizing agents on the sulfurization
characteristics of the composite were examined in depth. The vulcanization characteristics, mechanical properties and activation
energy of the composite were comprehensively studied to bridge relevant research gaps and provide comprehensive data support
for the composite application. The results indicated that increasing the AEM dosage could significantly increase the ACM pro-
cessing safety, physical performance and hot-air aging performance, and reduce the brittleness temperature. At an AEM/ACM
ratio of 7:3, the comprehensive performance satisfied the design requirements. The use of the HMDC vulcanizer promoted the
rapid vulcanization of the rubber mixture, with an activation energy of approximately 76.30 kJ/mol. With increasing HMDC
dosage, the maximum torque (MH) first increased and then decreased, reaching a maximum value at 1.2 parts. Moreover, the
positive vulcanization time, the hardness and tensile strength gradually increased, and the elongation at break gradually de-
creased. With increasing DOTG dosage, both the t10 and MH values decreased, the positive vulcanization time also decreased,
the hardness and tensile strength slightly increased, and the elongation at break decreased. This study provides a new direction
for the modification and application of rubber materials, which is important for promoting the research and development of
high-performance and low-cost materials in the rubber industry. This approach helps expand the application range of rubber ma-
terials under high-temperature, high-pressure and high-requirement conditions and increases the overall quality and economic
benefits of rubber products.

Keywords: carboxylate acrylic rubber, vulcanization characteristics, activation energy, vulcanizing agent, ethylene acrylate rub-
ber

Med gumijasti materiali ima etilen-akrilatna guma (AEM; angl.: ethylene acrylate rubber) mnoge prednosti; kot so naprimer
odli¢na natezna trdnost in raztezek ter dobra odpornost proti nizkim temperaturam. Vendar pa je AEM draga in ima slabo
odpornost proti trajnim tla¢nim deformacijam, medtem ko ima cenejSa akrilatna guma (ACM; angl.: acrylate rubber) visoko
temperaturno odpornost in dobro odpornost proti oljem. V tem ¢lanku avtorji predstavljajo Studijo v kateri so poizkusali reSiti
probleme vezane na visoko ceno in slabo odpornost proti tlacnim deformacijam tega materiala. Zato so raziskovali lastnosti
gumijastih materialov, ki so bili izdelani iz meSanic AEM in ACM v razli¢nih delezih. Cilj inovacije je bil ¢im bolj povecati
delez cenejSega ACM in pri tem izpolniti specificne zahteve glede mehanskih lastnosti; kot so raztezek do zloma gumijastega
materiala (250 %), natezna trdnost (12 MPa), odpornost proti staranju pri visoki temperaturi (200 % pri 190 °C ), natezna
trdnost 9 MPa, najmanjsa temperatura krhkosti —40 °C. Najprej so avtorji dolocil ustrezno razmerje med AEM in ACM glede na
doseganje optimalnih mehanskih lastnosti. Nato so temeljito raziskali vpliv razli¢nih odmerkov vulkanizacijskega sredstva na
Zveplanje kompozitnega sistema. Za celovito poznavanje kompozitnega sistema so avtorji torej analizirali vulkanizacijo,
mehanske lastnosti in aktivacijsko energijo kompozitnega sistema. Rezultati raziskave so pokazali, da lahko pove¢an odmerek
AEM bistveno izboljsa procesno varnost ACM, izboljsa fizikalne lastnosti in odpornost proti staranju na vro¢em zraku ter zniza
temperaturo pri kateri material postane krhek. Avtorji ugotavljajo, da so pri razmerju AEM/ACM je 7:3 izpolnjene zgoraj
navedene zahteve. Uporaba heksametilendiamin-karbamatnega (HMDC) vulkanizatorja pospeSuje hitrost vulkanizacije
mesanice in njena aktivacijska energija je priblizno 76,30 KJ/mol. S povecanjem dodatka HMDC se maksimalni vrtilni moment
(MH; angl:: maximum torque) najprej dvigne in nato pade ter doseZe najvecjo vrednost pri delezu 1,2. Podaljsal se je tudi
pozitivni ¢as vulkanizacije, trdota in natezna trdnost sta postopoma nara$cali in raztezek pri porusitvi se je postopoma zniZeval.
Po mnenju avtorjev so s to Studijo odprli novo smer modifikacije in uporabe gume, kar je zelo pomembno za spodbujanje
raziskovalnega procesa in razvoja novih visoko zmogljivih in nizkocenovnih materialov za gumarsko industrijo. RazSirja pa se
tudi obseg uporabe gumijastih materialov pri visokih temperaturah in tlakih, kar v celoti izbolj$a splo$no kakovost in
gospodarske koristi uporabe zelo zahtevnih vrst gumijastih
izdelkov.
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1 INTRODUCTION

Acrylate rubber (ACM) exhibits excellent high-tem-
perature and oil resistance characteristics, making it
widely applicable in high-temperature and oil environ-
ments.! Compared with ACM, ethylene acrylate rubber
(AEM) provides superior tensile strength, elongation,
and low-temperature resistance;>? therefore, AEM is typ-
ically applied in environments that require high oil resis-
tance and notable high-temperature resistance. However,
AEM is expensive and constitutes a relatively sin-
gle-product model. So far, AEM has only been produced
by DuPont. Hence, its application range in industrial pro-
duction is limited.

The modification of acrylic rubber has been studied
extensively, including the addition of functional
monomers* during synthesis, the addition of special
materials’”’ during mixing, and the use of multiple rub-
bers.®13 By comparison, the combination of multiple raw
materials not only simplifies and controls the production
process but also significantly reduces the cost of acquir-
ing raw materials. Therefore, this method is widely em-
ployed in the rubber production industry. There are many
studies on blending modification of ACM, including the
blending of ethylene-propylene-diene monomers
(EPDMs) and ACM, the blending of vinylidene fluoride
hexafluoropropylene rubber (FPM) and ACM, the blend-
ing of dimethyl siloxane (SIR) and ACM, and the blend-
ing of acrylonitrile butadiene rubber (NBR) and
ACM.'"*!7 Jia Hongbing investigated the blending of
ACM and AEM. His research focused mainly on the
blending of PA-522HF and AEM, and he reported the ef-
fects of the blending ratio, vulcanizing agent, promoter,
environmentally friendly vulcanizing promoter, and envi-
ronmentally friendly plasticizer on the properties of
AEM and ACM mixed rubber. 82!

Our research team has been involved in the research
and development of acrylic rubber for a long time3.
This study meets the following performance require-
ments for transformer sealing rings: the elongation at
break should be =250 %, and the tensile strength should
be =12 MPa. After high-temperature aging at 190 °C,
the elongation at break is =200 %, the tensile strength is
=9 MPa, and the minimum brittleness temperature is
< —40 °C. If these properties cannot be achieved through
the use of carboxyl-based acrylic rubber alone, the cost
of using AEM alone increases, as does the permanent
compression deformation. Therefore, at the design stage,
AEM can be selected as the main body, which can be
combined with ACM to reduce costs and increase the
permanent compression performance of the product. The
mechanical properties of sulfide products affect the reli-
ability and durability of rubber products in practice. A
composite study of AEM and ACM, through an investi-
gation of the mechanical properties of sulfide, can be
conducted to better understand the influence of different
factors on the performance of the final product. To opti-
mize the design, the mechanical properties of sulfide can

236

be significantly modulated. However, there are few re-
ports on the vulcanization characteristics of composite
systems. In this study, inexpensive ACM was employed
as much as possible while satisfying the performance re-
quirements. First, the appropriate AEM/ACM ratio was
determined on the basis of the mechanical properties,
and then, the influence of different amounts of vulcani-
zation agent on the vulcanization characteristics of the
composite system was studied. Herein, not only the vul-
canization characteristics but also the mechanical proper-
ties and activation energy within the composite system
were studied, providing the basic data and application
data support for applying the composite system, and
yielding certain innovations.

2 EXPERIMENTAL PART
2.1 Raw materials

The following raw materials were used: carboxylic
acid acrylic rubber, brand AX-613, Shanghai Daofu In-
dustry Co., Ltd.; AEM, brand Vamac IP, DuPont, USA;
carbon black, N550, N330, N774, Cabot Corporation;
stearic acid processing aid, 18-amine anticoking agent,
445 antiaging agent, hexamethylene diamine carbamate
(#1 vulcanizing agent, HMDC), DOTG-75 covulcanizing
agent (containing 75 % DOTG-75 masterbatch rubber),
RS-735 plasticizer, WB-212 internal release agent, and
FG-200 dispersant, Qingdao Nanchuan International Co.,
Ltd.

2.2 Instruments and equipment

The following instruments were employed: TH-200
Shore hardness tester, produced by Beijing Times Peak
Technology Co., Ltd; KL-6 open mill, produced by
Shanghai Qingpu Baihong Co., Ltd; ML-1.5L internal
mixer, produced by Shanghai Qingpu Baihong Co., Ltd;
MN-2000 Mooney instrument, produced by Shanghai
Dejie Instrument Equipment Co., Ltd; MDR-S3L
rotorless vulcanizer, produced by Shanghai Nojia Instru-
ment Co., Ltd; GT-7061-ND1 low-temperature brittle-
ness tester, GT-7040-L oil-resistant tank, GT-7017-ELU
aging chamber, and HI-7000M tensile testing machine,
all produced by Taiwan High-Speed Rail Testing Instru-
ment Co., Ltd.

2.3 Basic formulas

The basic formula for the ACM experiment is as fol-
lows: AX-613 raw rubber, 600 parts (mass, the same as
below); N550, 300 parts; N330, 120 parts; HMDC, 3.6
parts; DOTG, 12 parts; 18-amine, 3 parts; 445 antiaging
agent, 12 parts; RS735 plasticizer, 18 parts; FG200 dis-
persant, 6 parts; WB212 internal release agent, 12 parts;
and stearic acid processing aid, 6 parts.

The basic formula for the AEM experiment is as fol-
lows: AEM Vamac IP raw rubber, 600 parts (mass, the

Materiali in tehnologije / Materials and technology 59 (2025) 2, 235-242



X. YANG et al.: STUDY ON VULCANIZATION CHARACTERASTICS AND COMPOSIT PROPERTIES OF AEM/ACM ...

same as below); N550, 300 parts; N774, 180 parts;
HMDC, 3.6 parts; DOTG, 12 parts; 18-amine, 3 parts;
445 antiaging agent, 12 parts; RS735 plasticizer, 18
parts; FG200 dispersant, 6 parts; WB212 internal release
agent, 12 parts; and stearic acid processing aid, 6 parts.

2.4 Preparation of mixed rubber

According to the formula of ACM and AEM mixed
rubber provided in Section 2.3, the raw materials were
accurately weighed and then mixed in an internal mixer.
First, the raw rubber materials and additives were placed
into the internal mixer and mixed for 2 min. Then, car-
bon black and the antiaging agent were added; the mix-
ture was evenly dispersed and introduced into the vulca-
nization system. After mixing for 10 min, the mixture
was discharged to produce ACM and AEM mixed rub-
ber.

The mixed rubber (ACM/AEM) was weighed based
on the mass percentage of the raw rubber and mixed
evenly in an open mill for 10 min. After 5 passes, the
film was removed. After obtaining the mixed film, it was
vulcanized in a vulcanization machine. Then, secondary
vulcanization was performed, and the relevant perfor-
mance properties were analyzed.

2.5 Performance testing

To determine the content of the original gel, acetone
was used as the solvent, and the raw rubber material
(0.05 g) was cut and placed into a 100-mL volumetric
flask. The sample was dissolved in darkness for 17 h.
Then, the samples were filtered (70 pm), dried in an oven
at 105-110 °C for 1 h and weighed. The filter was
soaked in glue and placed in an oven. The mixture was
dried at 105-110 °C for 2 h. After removal, the mixture
was placed in a dryer and cooled to room temperature.
The gel content in the sol solution was determined via
the weight increase method as follows:

gel =" "0 1009 1)
m
where m; is the total mass (g) of the filter grid and gel,
my is the quality of the filter grid (g), and m is the mass
of the solvent (g).

Tensile tests, air and oven aging tests, and low-tem-
perature brittleness tests were conducted according to
ASTM D5668, ASTM D4574, ASTM D1646, ASTM
D5289-2017, ASTM D2240, ASTM D412-16, ASTM
D412, and ASTM D746.

3 RESULTS AND DISCUSSION
3.1 Raw rubber testing

In this study, ACM and AEM were subjected to test-
ing and analysis, and the test results are listed in Table 1.
The Mooney viscosity of AEM is relatively low, only
25.8, whereas AX-613 exhibits a much higher Mooney
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viscosity than AEM. Moreover, ACM exhibits slightly
lower ash and volatile contents than AEM, mainly be-
cause ACM was washed and dried more thoroughly in
the experimental process.

Table 1: Analytical data for acrylate rubber

ML,.4100 | Volatile/% | Ash/C% Gel/C%
ACM 32.5 0.18 0.08 1.87
AEM 25.8 0.23 0.12 3.02

Note: The mass percentage is given in this table

3.2 Effect of the blending ratio on the vulcanization
characteristics

In this study, actual products were combined. Nota-
bly, AEM and ACM are typically blended for sealing
components such as oil seals in automotive engines. This
type of product requires high strength and low compres-
sion, with a design hardness value of 75 + 5. Therefore,
we chose 774 carbon black, which not only provides a
relatively large filling amount but also ensures small
compression deformation. The vulcanization curves and
vulcanization characteristic parameters of AEM/ACM
blends with different blending ratios are shown in Fig-
ure 1 and Table 2, respectively. The t;, and ty values of
AEM are greater than those of ACM, and the difference
between the maximum torque (MH) and the minimum
torque (ML) is large. Thus, AEM exhibits better process-
ability. Moreover, Figure 1 shows that the vulcanization
curve of AEM is relatively smooth at the early stage, and
indicates continuous vulcanization at the later stage,
which is beneficial for increasing the crosslinking degree
and density of the blend.'® With increasing amount of
ACM, the value of ML,,4100 first increases and then de-
creases, but the torque difference (MH-ML) does not
vary greatly when ACM and AEM are vulcanized sepa-
rately. When the amount of ACM is increased, the effect
on the resulting MH-ML is not significant. The maxi-
mum value of ML,,4100 is reached at AEM/ACM = 7:3,
which differs from the findings of other researchers.?’!

1.0
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1 —— AEM
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S04 —— AEM:ACM=8:2
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Figure 1: Curing curves of the AEM/ACM blends
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Table 2: Curing characteristics of AEM/ACM

AEM/ACM ML /(N.m) MH /(N.m) | (MH-ML) /(N.m) tio /s too /s ML1.4100
10:0 0.141 0.895 0.754 49 384 455
9:1 0.210 0.694 0.484 44 367 58.5
8:2 0.137 0.714 0.577 43 348 57.9
7:3 0.152 0.851 0.699 44 333 60.6
6:4 0.164 0.860 0.696 44 318 58.2
5:5 0.165 0.789 0.624 43 297 54.6
4:6 0.171 0.800 0.629 43 284 53.6
3.7 0.184 0.784 0.600 42 266 53.1
2:8 0.192 0.790 0.598 42 264 515
1:9 0.205 0.777 0.572 40 226 51.3
0:10 0.261 0.982 0.721 45 314 51.1

This mainly occurs because the ACM raw material used
is different. Previous researchers employed PA-522HF,
while ACM exhibits a lower Mooney viscosity and
slower vulcanization. Moreover, differences are observed
in the mixed rubber system.

3.3 Effects of the blending ratio on the physical and
mechanical properties

Figure 2 shows the mechanical properties of
AEM/ACM blends with different blending ratios after
the first stage of vulcanization at 180 °C for 10 min and
the second stage of vulcanization at 175 °C for 4 h. The
strength and elongation of AEM are excellent, and it has
been widely applied in high-strength and ultralow-tem-
perature environments of industrial production. Figure 2
shows that with increasing amount of AEM, both the
strength and elongation increase.

3.4 Effects of the blending ratio on aging and low-tem-
perature performance levels

Existing ACM and AEM aging research focuses
mostly on conditions such as 100 °C x 72 h and 150 °C
x 72 h.20-22 Product manufacturing enterprises have in-
creased the testing requirements, and both ACM and
AEM exhibit excellent aging performance. Therefore, in
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Figure 2: Tensile and elongation changes at different AEM/ACM ra-
tios
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our research, three temperature conditions, namely,
150 °C x 72 h, 175 °C x 72 h, and 190 °C x 72 h, were
selected for the thermal aging analysis. To demonstrate
the influences of different blending ratios on elongation
and strength in high-temperature environments, three
temperature conditions, namely, 150 °C x 72 h, 175 °C x
72 h, and 190 °C x 72 h, were chosen. Figures 3, 4, and
5 show that with increasing amount of AEM, the
strength and elongation after aging significantly in-
crease. Under high-temperature conditions, both the
elongation and strength decrease. For example, for
AEM:ACM = 9:1, the strength is 13.5 MPa at 150 °C af-
ter 72 h but only 6.3 MPa at 190 °C after 72 h. Moreover,
the aging pattern at a lower temperature of 150 °C for 72
h is obvious, but a decreasing trend is obvious at higher
temperatures of 175 °C for 72 h and 190 °C for 72 h. In
addition, there is a certain fluctuation for AEM:ACM =
5:5:5, which is due mainly to the fracture of ACM vulca-
nization bonds or uneven mixing under high-temperature
conditions.

The influences of different blending ratios on the per-
manent compression deformation and the minimum brit-
tleness temperature are shown in Figure 6. With increas-
ing amount of AEM, the low-temperature resistance

15
~eo-Tensile strength / MPa

14 » FElongation at break / % gl
= &
£ B} s
= 1350 o3
=12} 2.
& 5
2 {300 =
w =
o 10F e
= e
g ol 4250 &
e’ S

8 -

-4 200
7k

0:10 1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1 10:0
Ratios

Figure 3: Effects of different AEM/ACM ratios on the strength and
elongation at 150 °C after 72 h of aging
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increases. When using only AEM, the minimum brittle-
ness temperature is —58.5 °C, and when using only
ACM, the minimum brittleness temperature is —25.1 °C.
Notably, with increasing amount of AEM, the permanent
compression deformation increases.
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Figure 4: Effects of different AEM/ACM ratios on the strength and
elongation at 175 °C after 72 h of aging
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Figure 5: Effects of different AEM/ACM ratios on the strength and
elongation at 190 °C after 72 h of aging
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minimum brittleness temperature
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3.5 Research on the vulcanization characteristics of
AEM/ACM

3.5.1 Sulfurization characteristics at different tempera-
tures

At an AEM/ACM ratio of 7:3, the vulcanization char-
acteristics of the prepared mixed rubber were studied us-
ing a vulcanization tester at temperatures of (130, 150,
160, 170, 180, 190, and 200) °C. Figure 7 and Table 3
indicate that with increasing temperature, the times to
reach T10 and T90 significantly decrease, indicating that
the vulcanization rate increases under high-temperature
conditions. The value of MH-ML first increases and
reaches its maximum at 180 °C, followed by a signifi-
cant decrease at 190 °C and 200 °C. This may be due to
the fracture of small-molecule acrylic rubber vulcanizing
agents caused by high-temperature vulcanization. More-
over, the vulcanization curve in Figure 7 reveals that un-
der different temperature conditions, with increasing vul-
canization time, the mechanical properties of the
vulcanized rubber reach the same degrees, indicating that
the vulcanization system conforms to the Arrhenius for-
mula:

L Ea TZ_TI
§—= X2t
t, 2303R T,T,
t
lg-=EK (2)
t2
_ 1 T
2303R T,T,

t; — positive vulcanization time at vulcanization tempera-
ture T}, min;

1, — positive vulcanization time at vulcanization tempera-
ture T,, min,;

R — 8.3143 J/(mol*K);

E, — vulcanization activation energy, kJ/mol.

By calculating the activation energy at different tem-
peratures using the above equation, the reaction activa-
tion energy of vulcanizing agent HMDC for AEM/ACM
vulcanization is approximately 76.30 kJ/mol. This is ap-
proximately the activation energy reported by Richard J.
Pazur? (75-93 kJ/mol). Moreover, linear fitting of K was
performed using Ig #,/f,. Linear correlation coefficient R?
is 0.997, verifying that the fitting curve can accurately
describe the vulcanization process.!!

Table 3: Vulcanization characteristics at different temperatures

HMDC ML MH |MH-ML Tio Too
/°C /N.m /N.m /N.m /s /s
130 0.23 0.67 0.44 504 3118
150 0.21 0.91 0.70 182 1570
160 0.20 0.93 0.73 111 940
170 0.19 0.89 0.70 79 592
180 0.19 0.89 0.80 50 369
190 0.19 0.91 0.72 34 236
200 0.19 0.89 0.70 22 155
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Figure 7: Vulcanization curves of the carboxyl-based AEM/ACM
blends at different temperatures

3.5.2 Effect of the amount of HMDC on the
vulcanization characteristics

The effect of the amount of vulcanizing agent HMDC
on the vulcanization characteristics of the composite ma-
terial with the AEM/ACM ratio of 7:3 was studied. The
vulcanization characteristics are provided in Table 4 and
Figure 8. The graph shows that the MH and MH-ML
values first increase and then decrease, reaching their
maximum values at 1.2 parts. The positive vulcanization
time continuously increases with increasing amount of
vulcanizing agent, mainly because the amount of vulca-
nizing agent is very large, resulting in new vulcanization
free radicals that are constantly generated. Thus, the pos-
itive vulcanization time increases.'?

Table 4: Vulcanization characteristics under different HMDC dosages

HMDC ML MH |MH-ML| Ty Too

/parts /N.m /N.m /N.m /s /s
0.6 0.18 0.77 0.59 43 268
0.8 0.21 0.92 0.71 48 336
1.0 0.19 0.90 0.71 49 402
1.2 0.19 0.93 0.74 49 382
1.4 0.21 0.89 0.68 51 400
1.6 0.18 0.76 0.58 51 415
1.8 0.17 0.71 0.54 49 411
2.0 0.16 0.67 0.51 50 420

3.5.3 Effect of the DOTG-75 dosage on the vulcaniza-
tion characteristics

The effect of the DOTG-75 dosage on the vulcaniza-
tion characteristics of the corresponding material with
the AEM/ACM ratio of 7:3 was studied. The vulcaniza-
tion characteristics are provided in Table 5 and Figure 9.
The graph shows that the values of t10, MH, and
MH-ML are relatively consistent. The positive vulcani-
zation time gradually decreases, mainly due to the addi-
tion of DOTG-75 as the vulcanization agent, which ac-
celerates vulcanization and decreases the positive
vulcanization time.
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Figure 8: Vulcanization curves for different HMDC dosages

Table 5: Vulcanization characteristics of different DOTG-75 dosages

DOTG ML MH |MH-ML| Ty Too

/parts /N.m /N.m /N.m /s /s
2.0 0.18 0.77 0.59 43 268
2.5 0.22 0.90 0.62 43 226
3.0 0.19 0.74 0.55 40 188
3.5 0.22 0.84 0.62 40 180
4.0 0.23 0.89 0.66 43 193
4.5 0.24 0.89 0.65 43 184
5.0 0.20 0.75 0.55 40 172

3.5.4 Effect of vulcanization on the properties of rubber
materials

The effect of the DOTG-75 dosage on the mechanical
properties of carboxylic acrylic rubber with the
AEM/ACM ratio of 7:3 was studied, as detailed in Ta-
ble 6. The data in the table indicate that with increasing
DOTG-75 dosage, the hardness and strength slightly in-
creased, with a difference of 4 between the maximum
and minimum hardness values and a difference smaller
than 1 MPa between the maximum and minimum
strength values. The elongation at break generally de-
creased. This mainly occurred because increasing the

0.8

0.7 |-

0.6 |-
L e ——2.0/part
= L — 2.5/part
E 04 |- ——— 3.0/part
g i —— 3.5/part
= 03 —— 4.0/part

oS o it A

ol 5.0/part

0.1 |-

0.0 i i 1 i 1 i 1 i 1

0.0 2.0 4.0 6.0 8.0 10.0

Time/min
Figure 9: Vulcanization curves for different of DOTG-75 dosages
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amount of vulcanizing agent is beneficial for increasing
the elasticity of vulcanized rubber.?! However, owing to
the limited amount of vulcanizing agent, the mechanical
properties did not differ greatly.

Table 6: Effect of the DOTG-75 dosage on the performance of car-
boxyl-based ACM

Item Shore A Elongation at Strength
DOTG/parts hardness break /% /MPa
2.0 65 210 9.98
2.5 67 206 9.91
3.0 68 191 9.09
3.5 66 198 9.96
4.0 69 185 9.32
4.5 68 184 10.09
5.0 69 177 10.59

Note: The conditions in the first stage of vulcanization are 180 °C for
5 min, and those in the second stage of vulcanization are 175 °C for
4 h

The effects of the amount of vulcanizing agent
HMDC on the mechanical properties of carboxylic
acrylic rubber are shown in Figure 10. Notably, with in-
creasing amount of vulcanizing agent, the tensile
strength gradually increases. However, the elongation at
break gradually decreases. This mainly occurs because
with increasing amount of vulcanizing agent, the
crosslinking density of rubber molecular chains in-
creases, leading to an increase in the hardness and tensile
strength of the vulcanized rubber, and a decrease in the
elongation at break. Under the influence of external
forces, the higher the crosslinking density of the vulca-
nized rubber network, the greater the likelihood of stress
concentration, resulting in a decrease in the tear strength
of the vulcanized rubber.?!

4 CONCLUSION

This study focused on the mechanical and aging
properties of AEM and ACM blended at different ratios.
At a mass ratio of AEM/ACM of 7:3, the overall perfor-
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Figure 10: Effects of the vulcanizing agent on the performance of car-
boxyl-based ACM
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mance was favorable. On the basis of this composite ra-
tio, vulcanization characteristics were analyzed, and the
conclusions are as follows:

a) The optimal method for AEM/ACM blending was
determined; notably, according to the target performance
requirements, the optimal blending ratio of AEM/ACM
of 7:3 was selected via a mechanical performance test,
which provided a practical matching design for the com-
posite modification of rubber materials. In the study of
vulcanization characteristics, the control variable method
was adopted to examine the influences of varying
HMDC and DOTG dosages on vulcanization and rubber
properties, and to establish a systematic vulcanization re-
search method that can accurately guide the optimization
of rubber vulcanization.

b) With increasing ACM dosage, the value of
ML,,4100 first increased but then decreased and reached
its maximum with AEM/ACM = 7:3, which differs from
the findings of previous studies. This result can be attrib-
uted mainly to the characteristics of ACM, thus provid-
ing a new perspective for the study of the mechanism of
ACM in the blending system. In the study of vulcaniza-
tion at different temperatures, the MH-ML value first in-
creased but then decreased with increasing temperature,
indicating that high-temperature vulcanization caused
the fracture of small-molecule acrylic rubber vulcaniza-
tion agents, which affected the crosslinked structure.
These findings enhance the understanding of the effect of
temperature on the vulcanization of composite rubber.

c) The experimental data allowed the verification of
the use of HMDC as a vulcanizing agent. The vulcaniza-
tion reaction of this vulcanizing agent for AEM/ACM
conformed to the Arrhenius formula, and the calculated
reaction activation energy was approximately
76.30 kJ/mol, thereby improving the vulcanization kinet-
ics theory for the composite system and laying a founda-
tion for further analysis of the relationship between the
vulcanization reaction rate and temperature. On the basis
of the study of the relationship between the dosage of
vulcanizing agent and the rubber performance, the
changes in rubber hardness, tensile strength, elongation
at break and other properties under the influence of
HMDC and DOTG dosage variations were summarized.
These modifications contribute to the theory of perfor-
mance regulation in rubber materials, and allow accurate
prediction and control of the final performance of rubber
products.
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