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In this study, we examined the e�ects of di�erent temperatures and accelerators on the gelation (gel) time and compressive strength 
of a Polyethylene Terephthalate (PET)-type unsaturated polyester resin anchorage agent. First, the formation temperature of 20–70°C 
was simulated using self-made test equipment. N,N-Dimethylaniline (DMA), N,N-dimethylp-toluidine (DMT), and hydroquinone 
were selected as accelerators to determine gel time and heat release peak.  e gel time of an anchorage agent is strongly in�uenced 
by accelerant and temperature. When DMT, DMA, and hydroquinone were added at the same temperature, the gelation time 
increased; with increasing ambient temperature, the gelation time of the anchorage agent decreased.  e peak exothermic value of 
the curing reaction was less a�ected by the accelerator, and the peak exothermic value of the anchoring agent increased with the 
increase in ambient temperature.  en, the compressive strength of the anchorage agent, maintained at 20, 50, and 80°C for 1.5, 
6, 12, and 24 h, was measured. We found that the compressive strength of resin anchorage agent decreased signi¡cantly with the 
increase in temperature, and the addition of DMT can improve the compressive strength of resin anchorage agent slightly at the 
same temperature conditions. Finally, through Fourier transform infrared scanning analysis, we determined the intrinsic causes of 
the in�uence of temperature and accelerator on the gelation time and compressive strength of the anchorage agent.  rough SPSS 
¡tting analysis, an empirical formula for predicting gelation time based on ambient temperature is proposed. Our ¡ndings provide 
a basis for reasonable mixing time and support design optimization of anchorage support in deep stratum in high-temperature 
geothermal environments.

1. Introduction

In mine roadways, bolt support is used for timely and active 
load bearing, which can signi¡cantly improve the self-sup-
porting ability, and stability of the surrounding rock [1–3]. 
 e resin anchorage agent is an important part of the bolt 
support system.  ese agents have the advantages of cure 
quickly at room temperature, high bonding strength, durabil-
ity, and stability [4]. With increasing depths of coal mining, 
the average mining depth of most coal mines is about 650 m, 
and the formation temperature is 35.9–36.8°C. Some mines 
are now deeper than 1000 m, and the formation temperatures 
can be as high as 40–50°C.  e spontaneous combustion of 
coal during coal mining also results in high-temperature geo-
thermal environment [5–7].  e anchorage force on the bolt 

support system is o§en lower than the designed value due to 
the high-temperature geothermal environment in deep stra-
tum, thereby reducing the anchorage safety [8–10].

 e anchorage agent commonly used for bolt support in 
coal mine roadways is composed of unsaturated polyester resin, 
curing agent, accelerator, and ¡ller. Under the action of a curing 
agent, unsaturated polyester resin and monomers copolymerize 
to form bulk thermosetting polymer, as exempli¡ed in Figure 
1 [11]. Typical formulations are as follows: 100 copies of 
unsaturated polyester resin, 5 copies of curing agent, 1 part of 
accelerator, and 500–550 copies of stone powder. According to 
construction site requirements, the general anchoring agents 
are divided into four types: ultrafast, fast, medium, and slow 
speed according to gel time. Generally, the gel time of resin 
anchorage agent is adjusted using accelerants and curing agents.
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According to China’s MT 146.1-2011 standard [12], the 
gel time and mechanical properties of the anchorage agent are 
measured at 22 ± 1°C, and the high-temperature environment 
of deep mining is much higher than the standard temperature 
used when quantifying the properties of anchorage agents. 
 erefore, many scholars studied the in�uence of high-tem-
perature geothermal environments on bolt support. Hu et al. 
[13] used the laboratory tests and numerical simulations to 
study the e�ect of temperature on the anchorage performance 
of resin bolts.  eir conclusion was same as that obtained by 
Zhang et al. [14] at di�erent temperatures: with increasing 
temperature, the anchorage force of resin bolt decreases. Wang 
et al. [15–16] studied the change in the gelation time of resin 
and resin anchorage agent at −10–30°C, ¡nding that gelation 
time decreases signi¡cantly with increases in temperature.  e 
maximum temperature studied was 30°C, which is not suitable 
for guiding deep high-temperature bolt support. Nan et al. 
[17] studied the e�ects of curing temperature and curing agent 
type on the compressive strength, �exural strength, and elastic 
modulus of bisphenol F epoxy concrete.  e high temperature 
at greater depths and accelerant types considerably in�uence 
the gel time and mechanical properties of resin anchorage 
agents. Determining an accurate cementing time of an anchor-
age agent is important for the reasonable arrangement of con-
struction mixing and pallet installation time.  e change in 
the mechanical properties of anchorage agents directly impacts 
the anchorage e�ect and has a greater impact on the reliability 
of bolt support in deep strata.  erefore, it is important to 
study the e�ects of temperature and accelerant on the gel time 
and mechanical properties of resin anchorage.

Taking the commonly used PET (Polyethylene 
Terephthalate)-type unsaturated polyester resin anchorage 
agent as the research object, we systematically studied the 
e�ect of di�erent temperatures and accelerant types on the 
gel time, the peak value of heat release, and the compressive 
strength of the resin anchorage, and explored the changing 
mechanism through Fourier transform infrared (FTIR) 
scanning. SPSS regression analysis was used to analyze the 
function relationship between gel time (�gel) and environmental 
temperature (�) of di�erent types of anchorage agents to 
provide scienti¡c basis for safe and e�ective anchorage 
support systems in deep earth strata in high-temperature 
environments.

2. Materials

2.1. Resin. Resin is one of the main components of anchorage 
agents. Unsaturated polyester resin is the least expensive and 
performs the best; therefore, it is widely used in the production 
of resin anchorage agents [18–20]. Among them, PET is a kind 
of unsaturated polyester resin, which has excellent mechanical 
properties, strong chemical stability, and low costs [21].  e 
chemical formula and properties of PET unsaturated polyester 
resin are shown in Figure 2 and Table 1.

2.2. Accelerator. In this study, two accelerators, N,N-
dimethylaniline (DMA) and N,N-dimethylp-toluidine (DMT), 
were used to accelerate the gelation of the anchorage agent.  eir 
molecular formulas are shown in Figures 3 and 4, respectively. 
By adjusting DMA and DMT, di�erent cementing speeds of 
anchorage agent can be prepared at a standard temperature. 
According to experience, the total dosage of DMA and DMT is 
1% of the resin quality [22]. To achieve slow cementing of the 
anchorage agent, hydroquinone is usually added to the resin 
as an inhibitor.  e amount of hydroquinone is usually added 
according to the time of cementing. In this study, 0.04% of the 
resin quality was added to the anchorage agent [23].

2.3. Curing Agent. Unsaturated polyester resin is cured by 
radical-initiated polymerization, so it is necessary to use a 
redox initiator system.  e curing agent (MeiYa Updated 
High-tech Material Industry Co., Ltd, Huainan, China) used in 
this study was a mixture of benzoyl peroxide (BPO), calcium 
carbonate, and ethylene glycol.  e e�ective ingredient is 
benzoyl peroxide (BPO). Di�erent contents of BPO change the 
gelling time of anchorage agent. In this experiment, a curing 
agent with 7% BPO content and 5% of the total weight of the 
anchoring agent cement was selected.

2.4. Aggregate. In this test, the aggregate (MeiYa Updated High-
tech Material Industry Co., Ltd, Huainan, China) of the resin 
anchorage agent was stone powder, and the main composition 
and particle size distribution of stone powder were selected as 
shown in Tables 2 and 3, respectively. Because wet aggregates 
destroy the bonding force between the binder and aggregate and 
reduce the strength of the anchorage agent, the aggregate must 
be dried to a water content of 0.1% or less water [24].
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Figure 1: Anchoring agent curing reaction chemical equation.
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3. Experimental Campaign

3.1. Test Apparatus

3.1.1. Anchorage Gel Time Test Facility. To determine the gel 
time of the anchorage agent in di�erent formation temperature 
environments, it was necessary to create a constant tempera-
ture environment with di�erent formation temperatures. In this 
study, we reformed the DHG-9145A blast drying box (Yiheng 
Scienti¡c Instrument Co., Ltd, Shanghai, China) to create this 
environment.  e DHG-9145A type blast dryer is manufac-
tured according to Chinese national standard GB/T 10586-2006 
[25]. Its temperature control range is room temperature (RT) 
+10°C to 300°C, and its constant temperature �uctuation is 
±1°C.  e door of the blast drying box was  removed here.  e 
so§ insulation, made of 4 mm thick Polyvinyl chloride (PVC) 
so§ crystal board (commonly known as so§ glass) and 15 mm 
thick rubber-plastic sponge, was bonded to the opening of the 
blast drying box with epoxy resin and adhesive tape, as shown in 
Figure 5(a).  e so§ insulation door (Figure 5(b)) was divided 
into three layers.  e ¡rst and third layers are PVC so§ crystal 
plates with rubber sponges in the middle.  e three layers were 
bonded by epoxy and then ¡xed by bolts.  e physical drawings 
of the reformed blast drying box are shown in Figure 5.  e 
result was the creation of a constant temperature environment 
for the cementing test of anchorage agents, which was tested 
with an electronic digital thermometer, stopwatch, and elec-
tronic balance.  e experimenters wore gloves of long barrel 
cloth, and their hands were inserted through holes in the so§ 
heat insulation.

3.1.2. Anchorage Compressive Strength Test Equipment. For
the compressive strength test of the anchorage agent, we 
used a 101A-2 electric heating blast drying box to simulate 
the maintenance and growth of the anchorage agent in 
di�erent temperature environments. We used a universal 
testing machine to conduct the compressive tests. Figures 6 
and 7 show the universal testing machine and specimens for 
compressive strength test, respectively.

3.2. Test Methods

3.2.1. Gel Time and the Peak of Heat Release Tests of Anchorage 
Agent.  e testing of the changing trend in the gel time of the 
resin anchorage under di�erent temperatures and accelerators 
provides important reference information for reasonable mixing 
and tray installation time during the process of resin anchor 
installation. According to the Chinese coal industry standard 
MT146.1-2011 [12], the method used to measure the gel time 
of the resin anchorage agent is as follows: 100 g resin anchorage 
agent is placed in the center of the 150 mm polyester ¡lm; then 
the curing agent is ¡xed. Both are heated in a blast dryer for 
20 min for the temperature to reach the test temperature and 
the test is veri¡ed using an electronic thermometer.  en, both 
hands are used to quickly and evenly mix the resin mortar and 
curing agent. Starting from the mixing resin paste, a stopwatch 
is used to record the gel time of the anchoring agent to the time 
when the cement thickens and the temperature begins to rise. 
 e test block a§er the cementing of anchoring agent is shown 
in Figure 5(d).  e measurement of the peak of heat release 
of resin anchorage agent was carried out a§er the gel time test 
and then the temperature of the test blocks was read to get its 
maximum value.

3.2.2. Compressive Strength Test of Anchorage Agent. In the 
full-length anchorage support system, the anchorage agent acts 
as the bond between the bolt and the rock mass, and its own 
strength a�ects the stability of the anchorage. According to 
China Coal Industry Standard MT146.1-2011 [12], compressive 
strength test method involves using standard die to make 
40 mm cubic blocks in groups of three, as shown in Figure 7. 
A§er cementing, the test block is immediately removed from 
the mold and maintained in a 101A-2 electric heating blast 
drying box at di�erent temperatures.  e compressive strength 
test is conducted on the universal material testing machine. To 
control the temperature change of the test block to ±3°C, only 
one piece is removed in each test, and then the compressive 
strength test is conducted immediately.  e temperature of 
the test piece is simultaneously measured using a F8380 type 
infrared thermometer [26].

3.2.3. Test Scheme. Four kinds of resin anchoring agent 
cements with di�erent accelerator content were selected, and 
the resin anchoring agent cements were matched as shown in 
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Figure 2: PET unsaturated polyester resin.

Table 1: Resin liquid index.

Type Acid value 
(KOH mg/g)

Viscosity (25°C, 
mPa.s)

Heat distortion 
temperature (°C)

PET 10–20 550–650 50–55

H3C 3CH
N

Figure 3: N,N-Dimethylanilin (DMA).

H3C 3CH

3CH

N

Figure 4: N,N-Ddimethylp-toluidine (DMT).

Table 2: Main components of stone powder.

Component CaO SiO2 Al2O3 MgO Fe2O3

Percentage (%) 57.7 25.9 5.6 2.5 0.6
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resin quality, the gel time was 48.7 s. We added 0.7% DMA 
and 0.3% DMT of the resin to the B-type resin anchorage, the 
gel time was 58.7 s. For the C-type resin anchorage, we only 
added DMA. Compared with the A-type anchorage agent, with 
the decrease in the DMA content, the gel time of the B and 
C-type anchorage agents was 20.5% and 69%, respectively. 
 e adjustment of DMT content considerably a�ected the gel 
time change, whereas the amount of DMA had a relatively 

Table 4. In the test, the amount of curing agent was 5% of the 
quality of the resin anchoring agent cement.  e gelation times 
of di�erent types of resin anchorage were measured at 20, 30, 
40, 50, 60, and 70°C. Secondly, the compressive strength of the 
anchorage agent maintained at 20, 50, and 80°C for 1.5 h, 6 h, 
12 h, and 24 h was measured. To reduce the accidental error 
in the two tests, each group of tests was conducted three times 
and the average value was recorded.

4. Experimental Results and Analysis

4.1. E�ect of Temperature and Accelerant on Gelation Time 
of Resin Anchorage Agent. Figure 8 depicts the in�uence of 
di�erent accelerators on the cementing time of anchorage 
agent at standard temperature (20 ± 1°C). For the A resin 
anchoring agent, we added 0.6% DMA and 0.4% DMT with 
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Figure 5: Gel time test device for resin anchorage agent. (a)  e photo of blast drying oven a§er transformation, (b) so§ insulation door 
sectional view, (c) electronic balance, and (d) anchoring agent gel time test sample.

Table 4: Proportion table of resin anchorage cement.

Type PET Stone 
power

Curing 
agent DMA DMT Hydro-

quinone
A 100 500 30 0.6 0.4 0
B 100 500 30 0.7 0.3 0
C 100 500 30 1 0 0
D 100 500 30 1 0 0.04

Table 3: Screening table for stone powder particles.

Type of stone powder 10–50 mesh 50–100 mesh 100–150 mesh 150–200 mesh 200–325 mesh
Coarse (%) 95.1 2.53 1.83 0.48 0.06
Fine (%) 10.7 17.2 10.6 44.1 17.4
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at 20 ± 1°C, respectively.  e D-type anchorage agent is a slow 
anchorage agent. With the change in temperature, the gel time 
changes sharply.  e gelation times were 547.6 s, 396.2 s, 
315.2 s, and 132.9 s at temperatures of 30, 40, 50, and 60°C, 
respectively.  e gelation time was 77.3 s at 70°C, which is 
87.2% lower than that at the standard temperature (20 ± 1 °C). 
As a kind of polymer, the gelling rate of resin anchorage agent 
is strongly in�uenced by temperature. Generally, the growth 
in polymer crystals depends on the speed of the di�usion and 
regular stacking of the segments toward the nucleus. With the 
increase in temperature, the viscosity of the polymer decreases, 
the activity of the segments increases, and the rate of crystal 
growth increases, so the gel rate increases [27].

stable e�ect on the gel time. By adding 0.03% inhibitor to D 
resin anchorage, the gel time increased to 605.6 s.  e addition 
of a micro inhibitor can greatly delay the gelation time.  e 
cementing time of the anchorage agent can be adjusted by 
adding di�erent accelerating doses to meet the di�erent ¡eld 
construction technology requirements.

Figure 8 also shows the e�ect of di�erent temperatures on 
the gel time of anchorage agent. As the temperature of the 
abscissa increases, the gel time of di�erent types of resin 
anchorage decreases.  e gelation times of the A-, B-, and 
C-type anchorage agents at 70°C were 11.7 s, 12.3 s, and 16.6 s, 
respectively, which is 76.0%, 79.0%, and 81.6% lower than that 
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Compressive strength test 

Figure 6: Diagram of compressive strength device used for testing the resin anchorage agent.

Figure 7: Specimens for compressive strength test.
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be selected and the optimum mixing time of the anchorage 
agent should be determined.

4.2. In�uence of Temperature and Accelerant on the Peak of Heat 
Release of the Resin Anchorage Gel.  e exothermic peak is an 
important index in the polymer gelation reaction in addition 
to the gelation time. Figure 10 shows that the exothermic peak 
of di�erent types of resin anchorage agent change little at the 
same temperature. Generally, the exothermic peak decreases 
slightly with increasing gelation time. Compared with type A, 
the exothermic peaks of the type D anchorage agent at 20°C 
and 30°C decreased by 9.38% and 8.28%, respectively. With 
the increase in the ambient temperature, the exothermic peak 
temperatures of di�erent types of anchorage agent increase 
and the di�erences in the exothermic peak temperatures 
between di�erent types decrease gradually.

For the same resin anchorage agent, the exothermic peak 
temperatures vary greatly under di�erent temperature envi-
ronments.  e thermal peak values of A, B, C, and D resin 
anchorage agents increased by 24.69%, 30.65%, 38.98%, and 
36.21% at 70°C, respectively.  e curing exothermic peak of 
resin anchorage agent is less a�ected by the type of accelerator 
and more a�ected by environmental temperature.

4.3. E�ect of Temperature and Accelerator on the Compressive 
Strength of Resin Anchor.  e test results of the compressive 
strength at di�erent temperatures are shown in Figure 11. At 
20°C, the compressive strength increases with the increase 
in curing time. Compared with the D-type anchorage agent, 
the A-, B-, and C-type anchorage agents have faster curing 
rates and faster increases in compressive strength.  e 24-h 

 e gelation time of resin anchorage is dependent on the 
chemical reaction rate, and the rate of chemical reaction is 
related to the activation energy of the curing reaction. 
According to the Arrhenius equation, the relationship between 
gel time (�gel) and curing reaction activation energy (��) is 
obtained [28]:

where �� is the activation energy of curing reaction, the molar 
gas constant R is 8.3144 J/(mol·K), T represents the thermo-
dynamic temperature, �gel is the gel time, and B is a constant 
term.

According to the experimental data of the anchorage gel 
time under di�erent temperatures, a straight line about lnK ~  
1/T was obtained.  e slope is the activation energy of the 
curing reaction. Taking the type A anchorage agent as an 
example, the Arrhenius relationship is shown in Figure 9.

 e slope of the straight line in Figure 9 is 3026.566. From 
equation (1), the activation energy of curing reaction of the 
type A resin anchorage agent was calculated to be 25.16 kJ/
mol. Similarly, the activation energy of curing reaction of 
several other anchorage agents can be calculated, as shown in 
Table 5.

 e inference from the integral equation of the Arrhenius 
equation is that in the same temperature range, the smaller 
the activation energy, the smaller the reaction rate.  erefore, 
the gel time of the anchorage agent is least a�ected by temper-
ature. From Table 5, the activation energy of the curing reac-
tion of A, B, C, and D anchorage increases gradually.  e 
longer the gel time of an anchorage agent, the greater the tem-
perature. Anchorage cementing is a kind of polymerization 
reaction.  e reaction rate has a limit, so the e�ect of the 
anchorage temperature on the faster the cementing rate is rel-
atively small. Generally, the type and temperature of the accel-
erator have a large in�uence on the gelling time of the 
anchorage agent. According to the speci¡c technical require-
ments and the in�uence of temperature and environment at 
the construction site, a suitable type of anchorage agent should 
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Figure 9:  Arrhenius relationship of curing reaction of resin 
anchorage agent A.
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Table 5: Activation energy of curing reaction for di�erent types of 
resin anchors.

Resin type A B C D
Activation energies (kJ/mol) 25.16 29.19 31.50 43.02
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increase in the ambient temperature, and the overall impact 
is small.  e ambient temperature strongly in�uences the 
compressive strength of the anchoring agent.  erefore, when 
designing the anchorage support for deep high-temperature 
mining roadways, the in�uence of the formation temperature 
on compressive strength should be considered, and the support 
parameters should be rationally optimized.

5. FTIR Scanning Analysis

 e curing products of type A and C resin anchoring agents at 
20°C, 40°C, 60°C, and 70°C were selected and analyzed using 
a Nicolet 460 infrared spectroscope (Nicolet Instrument 
Corporation Madison, WI, USA).  e FTIR spectra of the 
reaction products are shown in Figure 12.  e stretching vibra-
tions of hydroxyl O–H, C–H and carbonyl C=O are at 
3420 cm−1, 2870 −1, and 1790 cm−1, respectively, while the 

compressive strengths of A-, B-, C-, and D-type anchorage 
agents are 73.75 MPa, 73 MPa, 69.38 MPa, and 68.5 MPa, 
respectively.  e compressive strength of the anchorage 
agent improved slightly by adding accelerator DMT.  e 
compressive strength of the type A anchorage agent increased 
by 5.93% compared with type C, to which only DMA was 
added. With the increase in temperature, the in�uence of the 
accelerator on the compressive strength of the anchorage agent 
weakened at 50°C and 80°C, and the growth rate of curing 
accelerated. In the 80°C environment, the anchorage agent 
reaches its maximum strength in 6–12 h. In addition, with the 
increase in temperature, the compressive strength of di�erent 
types of resin anchorage agent decreased gradually. Taking the 
type A anchorage agent as an example, compared with 20°C, 
the compressive strength of the anchorage agent decreased 
by 32.88% and 53.38% at 50°C and 80°C, respectively.  ese 
results show that the e�ect of the accelerator on the compressive 
strength of the anchoring agent gradually decreases with the 
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resin in di�erent temperature environments in the testing 
results is as shown in Table 6.

From Table 6, it can be seen that di�erent types of resin 
anchorage agents have di�erent change rates of gelation time 
at di�erent temperatures. As shown in Figure 13, by compar-
ing linear function, logarithmic function, exponential func-
tion, power function, and quadratic polynomial of curve 
¡tting coeÂcient, the quadratic polynomial was used to 
describe the relationship between gelation time and temper-
ature of resin anchoring agent.

 e functional relations between gel time (�gel) and tem-
perature (t) of A, B, C, and D types were shown in (2), (3), (4), 
and (5), respectively.

 rough the above research, we found that the gel time of 
the resin anchorage agent can be calculated under known for-
mation temperature, and a reasonable mixing time and time 
of pallet installation can be determined for use during the 
construction of the anchoring process to avoid excessive agi-
tation in anchorage support to reduce anchorage force.  e 
testing con¡rmed that the compressive strength of the anchor-
age agent itself decreases with the increase in ambient tem-
perature, and the ultimate bearing capacity of the anchorage 
agent usually decreases. To improve the reliability of the bolt 
support system in high-temperature geothermal environment, 
the strength of bolt support is usually increased by increasing 
the length and support density of the bolt support [30]. 
However, when the local temperature of the anchorage agent 
is too high, the compressive strength of the PET resin anchor-
age agent decreases too much, which could easily cause sup-
port failure. Given this situation, we developed a new type of 
anchorage agent, anchorage agent l, based on the existing PET 
anchorage agent mixed with FX-470 resin to modify the mix-
ing of PET and KH-570, and obtained a resin anchorage agent 
with high strength and excellent heat resistance to solve the 
problem of anchorage loss in high-temperature ground [31].

(2)A type : ���� = 72.917 − 1.398� + 0.007�2

(3)B type : �gel = 79.093 − 1.07� + 0.002�2

(4)C type : �gel = 152.949 − 3.666� + 0.025�2

(5)D type : �gel = 821.249 − 0.954� − 0.02�2

stretching vibration of the unsaturated double bond C=C in 
polyester is at 1690 cm−1, and the peak at 1400 cm−1 can be 
ascribed to the symmetric stretching vibration of ethereal 
groups C–O–C.  e peaks at 876 cm−1 and 730 cm−1 are derived 
from C–H group in benzene ring of p-phenyl-type [29].

Comparing the FTIR spectra of cured products of type A 
and C, it can be seen that the functional groups of the products 
of resin anchorage polymerization under di�erent tempera-
tures and accelerators are the same, and no new functional 
groups are produced.  e polymerization reaction occurs 
between the unsaturated polyester resin and styrene in the 
resin anchorage. With the increase in crosslinking degree of 
the polymer products, the number of C–H on the saturated 
alkyl group at 2870 cm−1 in the polymer will increase.  e ratio 
of the number of C–H at 2870 cm−1 to that of ethereal group 
at 1400 cm−1 in type A anchorage agent is larger than that of 
type C anchorage agent. It can be seen that the crosslinking 
degree of cured products of type A anchorage agent is rela-
tively high.  erefore, the addition of accelerator DMT 
increases both the curing rate and the degree of polymeriza-
tion of resin anchorage agent.  is conclusion reveals the 
intrinsic reason why the addition of DMT in the compressive 
strength test of resin anchorage agent can improve the com-
pressive strength of anchorage agent by a small margin.

6. Regression Analysis of Gel Time Law of 
Anchorage Agent

To better guide ¡eld production practice, statistical analysis 
so§ware SPSS (IBM, NY, USA) was used to complete the 
regression analysis on the gel time test data. Taking tempera-
ture as an independent variable, the functional relationship 
between gel time and the independent variables of the resin 
anchoring agent with di�erent accelerant contents was deter-
mined. Gelation time of the anchorage of di�erent types of 
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Figure 12: Fourier transform infrared (FTIR) scanning analysis of 
anchorage at di�erent temperatures.

Table 6: Gelation time of the anchorage of di�erent types of resin in 
di�erent temperature environments.

Environment temperature (°C) A (s) B (s) C (s) D (s)
20 48.7 58.7 90.3 605.6
30 35.7 46.8 62.9 547.6
40 30.2 41.1 49.2 396.2
50 22.1 28.7 27.8 315.2
60 15.3 20.1 25.0 132.9
70 11.7 12.3 16.6 77.3
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(2) Di�erent accelerators have little e�ect on the peak 
value of the heat release of the resin anchorage.  e 
faster the gel speed at the same temperature, the 
greater the exothermic peak. With the increase in 
ambient temperature, the peak value of the curing 
heat release for all kinds of resin anchorage increases. 
 e curing products of the anchorage agent at dif-
ferent temperatures and accelerators were analyzed 
by FTIR scanning, and the internal causes of the 
changes in gelation time and exothermic peak value 
were revealed at the micro level.

(3) Compressive strength tests under di�erent temper-
ature environments showed that the type of acceler-
ator has little in�uence on the compressive strength 
of the anchorage agent. Compared with the C-type 
anchorage agent, the compressive strength of the 
A-type anchorage agent increases by 5.93% when 
adding DMT, whereas the temperature change has a 

7. Conclusions

 e e�ects of di�erent temperatures and accelerators on 
gelation time and compressive strength of PET resin  anchorage 
were studied.  e results are summarized as follows:

(1)  rough the cementing time test of the anchorage 
agents, we found that the accelerator DMT is more 
active than DMA, and the trace hydroquinone 
inhibitor has a strong in�uence on the gel time.  e 
environmental temperature of 20–70°C was simulated 
using a designed test chamber, and the gelation time 
of the anchorage decreased with the increase in 
ambient temperature. According to the gel time and 
environmental temperature test data, the activation 
energies of curing reactions of the A–D anchorages 
were deduced to be 25.16 kJ/mol, 29.19 kJ/mol, 
31.50 kJ/mol, and 43.02 kJ/mol, respectively.
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no. 6, pp. 619–622, 2008.

[16]  J.-Y. Wang, “Quantity of accelerant affected to gel time of 
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vol. 36, no. 11, pp. 23–25, 2008.
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temperature and hardener type on the mechanical properties 
of bisphenol F-type epoxy resin concrete,” Construction and 
Building Materials, vol. 156, pp. 933–943, 2017.
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greater impact on the compressive strength of anchor-
age agent, which decreased by 35.36% and 50.14% at 
50°C and 80°C, respectively.

(4)  Regression analysis based on the experimental data 
of the gel time and temperatures of different types of 
resin anchorages, completed using SPSS analysis so�-
ware, showed that the relationship between gel time 
and ambient temperature obeys the quadratic poly-
nomial function, providing a basis for determining 
reasonable mixing and tray installation time.
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