
Ceramics-Silikáty 70 (2), 292-300 (2026)
www.ceramics-silikaty.cz	 10.13168/cs.2026.0018

292	 Ceramics – Silikáty  70 (2) 292-300 (2026)

CONSTITUTIVE MODEL AND MICROSTRUCTURE OF 
HIGH-VOLUME ULTRAFINE FLY ASH COAL GANGUE 

CONCRETE UNDER DIFFERENT DOSAGES OF TEA
Zhiyong Niu*, Gaonian Li**, Shaowei Li***,#Congqi Luan*, Bo Pang****

*School of Resources and Civil Engineering, Suzhou university, 234000, China
**PowerChina Huadong Engineering Corporation Limited, Hangzhou, 311122, China

***Fujian Provincial Key Laboratory of Green Building Technology, Fujian Provincial Institute of
Building Science Co., Ltd., Fuzhou 350108, China

****School of Civil Engineering, Qingdao University of Technology, Qingdao, 266520, China

#E-mail: luancq0822@163.com

Submitted April 3, 2026, accepted May 18, 2026

Keywords: Coal gangue concrete, Ultrafine fly ash, TEA, Early performance

The incorporation of high volumes of ultrafine fly ash (UFA) and coal gangue into concrete mitigates solid waste pollution but 
reduces the early-age performance of concrete. The addition of an appropriate amount of triethanolamine (TEA) accelerates 
cement hydration and enhances early-age strength. This study investigates the effects of varying UFA replacement ratios and 
TEA dosages on the early-age performance of high-volume UFA–coal gangue concrete, focusing on workability, compressive 
strength, and stress–strain behavior. Microstructural changes were analyzed using Fourier-transform infrared spectroscopy 
(FTIR), X-ray diffraction (XRD), and scanning electron microscopy (SEM). The results indicate that the optimal UFA 
replacement ratio is 20 %, and that a moderate UFA content enhances compressive strength. At a UFA replacement ratio 
of 50 %, the optimal TEA dosage was 0.1 %, yielding 3d and 28 d compressive strengths of 20.5 MPa and 42.7 MPa, 
respectively – representing increases of 33.1 % and 16.2 % compared with the control group. TEA significantly improved 
the early-age strength of high-volume UFA–coal gangue concrete. Microstructural analysis further revealed that 0.1 % 
TEA most effectively promoted cement hydration. This improvement is attributed to the rapid establishment of an alkaline 
environment in the cement paste and the promotion of secondary pozzolanic reactions of the active constituents in UFA, 
resulting in increased C–S–H gel formation and enhanced compressive strength. This study provides a reference for the 
application of TEA in high-volume UFA–coal gangue concrete.

INTRODUCTION

	 Cement is widely used in the construction industry 
[1]. However, the production of Portland cement (PC) 
generates large amounts of CO2, further contributing to 
global warming [2]. In the context of increasing global 
greenhouse effects, controlling carbon dioxide (CO2) 
emissions has become critically important [3]. In recent 
years, large amounts of industrial solid wastes, such as 
fly ash and coal gangue, have been used in building ma-
terials. Studies have shown that incorporating fly ash 
into coal gangue concrete can effectively reduce carbon 
emissions, playing an important role in achieving carbon 
peaking and carbon neutrality goals [4].
	 Coal gangue is a solid waste generated during coal 
resource mining, primarily from coal mining, washing, 
and processing operations [5-7]. Its large-scale accumu-
lation occupies land and causes environmental pollution. 
Under sunlight, excessively high internal temperatures 
may cause spontaneous combustion, resulting in severe 
atmospheric pollution. Even landfilling poses a risk of 
contaminating aquifers, making the resource utilization 
of coal gangue a critical issue in coal-dependent countries 

[8, 9]. Therefore, the development and utilization of coal 
gangue represent an inevitable trend toward green de-
velopment and solid waste elimination. Wu et al. [8, 10] 
analyzed the effects of various activation methods on coal 
gangue based on its mineral composition and found that 
coal gangue can partially replace concrete aggregates, 
enhancing its applicability. Zhao et al. [11] used activated 
coal gangue as the aggregate for ultra-high-performance 
geopolymer concrete (UHGPC) and found that UHGPC 
has lower carbon emissions than UHPC.
	 Fly ash is a fine-grained solid waste discharged 
from pulverized coal combustion devices such as coal-
fired power plants and industrial boilers, accounting for 
approximately 70 % of the solid wastes generated from 
coal combustion. Its main components are SiO2, Al2O3, 
and Fe2O3, with trace amounts of Ca, Mg, K, etc. [6]. 
The accumulation of fly ash occupies large areas of land 
and causes air and water pollution [12]. The inherently 
low pozzolanic activity of fly ash leads to slow early 
hydration rates and delayed early strength development 
in high-volume ultrafine fly ash–coal gangue concrete 
systems, which may limit its broader application [13]. 
The ultrafine fly ash (UFA) used in this study refers to 
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a functional powder material processed from fly ash dis-
charged by coal-fired power plants through mechanical 
grinding and other processes to an average particle size 
of 1–5 μm [14]. Studies have shown that UFA, owing 
to its small particle size, can fill the tiny voids between 
cement particles, refine the pore size of the cement paste, 
and provide a larger hydration surface area, thereby 
accelerating the pozzolanic reaction and further impro-
ving the compressive strength of concrete [15, 16].
	 Many scholars have investigated the use of admix-
tures to modify the mechanical properties of fly ash–coal 
gangue concrete [17]. Cao [18] used polymers such as 
styrene and unsaturated resins at different dosages to 
modify high-volume fly ash–coal gangue concrete spe- 
cimens and conducted experimental studies on their me- 
chanical properties. The results showed that these poly-
mers improved the mechanical properties of the concrete. 
Xu et al. [19] modified fly ash–coal gangue concrete with 
nano-SiO₂ (NS) and found that an appropriate amount of 
NS significantly enhanced its performance. These studies 
have provided broader prospects for the application of 
fly ash–coal gangue concrete, although some challenges 
remain. For example, volatile organic compounds relea-
sed during the curing of unsaturated resins may pose 
risks to environmental safety. The price of NS is much 
higher than that of fly ash and coal gangue, limiting 
its engineering applicability. Triethanolamine (TEA) 
is a commonly used early strength agent for concrete, 
characterized by a low dosage and high effectiveness 
[20, 21]. However, few studies have investigated the use 
of TEA to improve the early mechanical properties of 
high-volume UFA–coal gangue concrete. Therefore, this 
study introduces TEA to improve the early performance 
of such concrete, while UFA contributes to strength 
development in the later stage [22].

EXPERIMENTAL

Test raw materials and instruments
Materials

	 The ultrafine fly ash (UFA) was a Class I fly ash 
produced by the Xingyang Thermal Power Plant in 
Zhengzhou City. Its average particle size (D50) was 
9.5 μm as determined by a laser particle size analyzer, 
and its specific surface area was 536 m2∙kg-1. P·O 42.5 
ordinary Portland cement, river sand (as fine aggregate), 
and coal gangue were also used. The coal gangue was 
obtained from the Zhuxianzhuang Coal Mine in Yongqiao 
District, Suzhou City. It was divided into coarse and fine 
aggregates, with particle size ranges of 10–15 mm for 
the coarse aggregate and 6–10 mm for the fine aggre-
gate. Polypropylene fibers and a polycarboxylate super-
plasticizer were obtained from commercial sources. 
Potable water was used as mixing water. The chemical 
compositions of the materials are presented in Table 1.

Instruments
	 Cement mixer (YDT-712, Zhejiang Dedong), vib-
rating table (ZT-96, Wuxi Jian Gong), curing chamber, 
vacuum drying oven (DZF type, Beijing Kewei), elec-
tronic balance (TC100KA, Changshu Shuangjie).

Mix proportion design

	 In this study, the water-to-binder ratio was set to 
0.45. A control variable method was adopted for material 
proportioning. The dosage of polycarboxylate-based 
superplasticizer was 1.5 % by mass of the cementitious 
materials, and the dosage of polypropylene fiber was 
1.0 % by mass of the cementitious materials. By varying 
one parameter at a time, the effects of different TEA 
dosages and UFA replacement ratios on the workability 
and early strength of concrete were systematically 
investigated. The detailed mix proportions are presented 
in Table 2.

Table 1.  The chemical makeup of the starting materials.

Oxide	 CaO	 Al2O3	 SiO2	 Fe2O3	 SO3	 TiO2	 MgO	 K2O

Cement	 52.84	 8.06	 22.89	 2.39	 3.55	 0.38	 4.96	 0.73
Sand	 36.31	 6.82	 27.39	 0.33	 2.60	 0.91	 9.37	 0.32

Table 2.  The mix proportion of UFA and coal gangue concrete (unit: kg∙m-3).

	 Test	
TEA	 Cement

	 Test	
Water	 Sand

	 Coal	 Polypropylene	 Superplasticizer
	group			   group			   gangue	 fiber	 polycarboxylate

	 A1	 0	 400	 0	 180	 724	 1086	 4	 6
	 A2	 0	 360	 40	 180	 724	 1086	 4	 6
	 A3	 0	 320	 80	 180	 724	 1086	 4	 6
	 A4	 0	 280	 120	 180	 724	 1086	 4	 6
	 A5	 0	 240	 160	 180	 724	 1086	 4	 6
	 A6	 0	 200	 200	 180	 724	 1086	 4	 6
	 A7	 0.2	 200	 200	 180	 724	 1086	 4	 6
	 A8	 0.4	 200	 200	 180	 724	 1086	 4	 6
	 A9	 0.6	 200	 200	 180	 724	 1086	 4	 6
	 A10	 0.8	 200	 200	 180	 724	 1086	 4	 6
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Test methods
Sample preparation

	 This study consisted of 10 experimental groups. 
Cubic concrete molds (100 × 100 × 100 mm) and rectan-
gular concrete molds (300 × 100 × 100 mm) were used. 
A 100-L single-axis concrete mixer was used for mixing. 
Each batch had a volume of 15 L, and the UFA dosage was 
varied (0 %, 10 %, 20 %, 30 %, 40 %, and 50 % by mass 
of binder). Before mixing, the interior of the mixer was 
thoroughly cleaned, and the mixing drum was moistened 
with water. After cleaning, mixing commenced. First, 
coal gangue, cement, and UFA were added and mixed for 
1 min until evenly distributed. Then, the water reducer 
was mixed evenly with water, added to the mixture, 
and stirred for 3 min. Polypropylene fibers were added 
during stirring. Finally, with a UFA replacement ratio of 
50 %, the early strength agent TEA was added at dosages 
of 0.05 %, 0.1 %, 0.15 %, and 0.2 % by mass of binder. 
The specimens were cured under standard conditions 
for 3, 7, and 28 days. The cubic specimens were used to 
measure compressive strength, and the rectangular spe-
cimens were used to investigate the influence of UFA on 
the stress–strain curve.

Slump and compressive strength tests
	 The workability and compressive strength of high-
volume fly ash–coal gangue concrete were determined 
in accordance with Chinese national standards GB/T 
2419–2005 and GB/T 17671–1999, respectively.
	 Compressive strength tests were conducted using 
a universal testing machine. Specimens and loading 
platens were cleaned to remove debris before testing. 
Specimens were centered on the lower platen, and load 
was applied until failure. The maximum load and failure 
modes were recorded.

Prismatic uniaxial compression test
	 The universal testing machine was also used for 
prismatic compression tests. The oil pump was activated 
to set the piston position to 10 mm, and the displacement 
rate was adjusted. Specimens were placed vertically on 
the machine base, aligned with the upper platen, and 
loaded until failure.

Microcosmic tests
	 After curing, paste samples were crushed, dried at 
55 °C, ground into powder, and sieved through a 200-
mesh sieve. For FTIR analysis, the powder was mixed 
with KBr at a 1:100 ratio, pressed into pellets at 25 MPa 
for 30 s, and scanned from 400 cm⁻¹ to 4 000 cm⁻¹. XRD 
was performed using a Rigaku SmartLab 3kW diffrac-
tometer (Rigaku Corporation, Japan) for phase analysis 
of the powder samples. The goniometer had a minimum 
step size of 0.0001°, and XRD patterns were collected 
over a 2θ range of 5° to 65°. The microstructure and 
morphology of fly ash–coal gangue concrete were obser-
ved using scanning electron microscopy (SEM). 

RESULTS AND DISCUSSION

Slump test analysis

	 Figure 1 illustrates the results of the slump test. 
As the UFA replacement ratio increased, the fluidity 
of the coal gangue concrete reached a maximum value 
of 208 mm at a UFA replacement ratio of 20 %, after 
which it began to decrease. This is because the glassy 
microsphere morphology of UFA is the primary mecha-
nism for improving concrete fluidity [17]. When the 
UFA dosage was low, the lubricating effect of the mic-
rospheres dominated, reducing friction between particles 
and releasing free water [23, 24]. Meanwhile, UFA fills 
the pores between cement particles, optimizing the com-
pactness of the paste and further enhancing concrete 
fluidity [25]. As the UFA replacement ratio increased, its 
high specific surface area led to higher water adsorption, 
reducing the free water content, increasing the viscosity 
of the paste, and consequently decreasing the slump. With 
a UFA replacement ratio of 50 %, different dosages of 
TEA were added. As the TEA dosage increased, the slump 
of the concrete again showed a trend of first increasing 
and then decreasing. This is because TEA, as an organic 
surfactant, can significantly reduce the surface tension 
of water and decrease the adsorption of free water onto 
the surfaces and pores of UFA and coal gangue particles 
[20, 26]. At a TEA dosage of 0.1 %, the slump of the 
concrete peaked at 200 mm. With further TEA addition, 
the slump of the concrete decreased, which may be 
attributed to TEA accelerating the hydration of tricalcium 
aluminate (C₃A) and tetracalcium aluminoferrite (C4AF), 
thereby increasing the viscosity of the paste and causing 
the slump to decline. This suggests that This suggests 
that an appropriate TEA dosage can markedly enhance 
the slump performance of concrete containing high 
volumes of fly ash and coal gangue.

Figure 1.  Bar chart of slump data of specimens with different 
contents of UFA and TEA.
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Changes in compressive strength

	 Figure 2 displays the compressive strength of coal 
gangue concrete. The figure shows: (1) As the UFA 
content varied, the compressive strength of the concrete 
first increased. At a UFA replacement ratio of 20 %, the 
compressive strengths at 3, 7, and 28 days were 29.6, 
36.3, and 42.8 MPa, respectively, which were 2.1, 5.6, 
and 8.3 MPa higher than those of Group A1. After that, 
it began to decrease. (2) At a UFA replacement ratio of 
50 %, the compressive strength of the concrete gradually 
increased with increasing TEA dosage and began to de-
crease after reaching a peak. At a TEA dosage of 0.1 %, 
the compressive strength reached its peak value. The 
compressive strengths at 3, 7, and 28 days were 20.5, 
35.3, and 42.7 MPa, respectively, which were 49.6 %, 
68.5 %, and 19.3 % higher than those of Group A6.
	 Without the addition of TEA, UFA mainly exhi-
bits a physical filling effect in the early stage, and its 
chemical activity is not fully exerted, resulting in an 
insufficient amount of effective hydration products in 
the cementitious system and a limited increase in early 
strength [27]. After the addition of UFA, cement reacts 
with the pozzolan to form C–S–H gel. The micro-
filling effect of low-volume fly ash particles improves 
the compactness of the matrix. When the UFA content 
is too high, the amount of cement is insufficient, the 
cementitious effect weakens, the pozzolanic reaction is 
delayed, and UFA particles may form weak interfaces, 
thereby affecting the overall compactness of the material 
and leading to a decrease in strength. 
	 With a UFA replacement ratio of 50 % (Group A6), 
the addition of TEA caused the compressive strength 
of the specimens to first reach a maximum value and 
then begin to decrease. The optimal TEA dosage was 
0.1 %. For the low-dosage group, TEA, as an early 
strength agent, accelerated the pozzolanic reaction of 
UFA. It accelerated the cement reaction rate, leading to 

the generation of more C–S–H gel, which compensated 
for the shortage of cementitious materials at a high 
replacement ratio and promoted a continuous increase in 
strength [28]. At a moderate TEA dosage, the hydration 
rate and product formation reached equilibrium, and the 
compressive strength reached its peak. Excessive TEA 
caused microcracks due to an excessively rapid reaction 
rate. Meanwhile, TEA adsorbed onto the particle surface, 
hindering subsequent reactions and leading to a decrease 
in compressive strength.

Analysis of uniaxial compressive
stress-strain curves

Failure characteristics under
uniaxial compression

	 Figure 3 shows the failure modes of prismatic 
specimens (100 × 100 × 300 mm) in each group under 
compressive loading. In Figure 3, when the UFA repla-
cement ratio was low (Groups A1–A4), the prismatic 
specimens exhibited brittle fracture. As the compressive 
load increased, cracks propagated rapidly and penetrated 
the specimens. When the UFA replacement ratio was 
high (Groups A5–A6), the failure mode gradually trans-
formed into ductile failure, characterized by dense crack 
distribution and a significant fiber bridging effect [15]. 
With increasing TEA dosage (Groups A7–A10), the pro-
pagation rate of compressive cracks in the specimens 
slowed, the failure mode became more uniform, and the 
specimens exhibited higher toughness. The results show 
that TEA can improve the toughness of high-volume fly 
ash–coal gangue concrete.
	 The stress and strain values corresponding to the 
peak load were calculated. The elastic modulus was ob-
tained from the ratio of stress change to strain change. 
Finally, the area method was used to determine the axial 
compressive toughness index [29]. Table 3 presents 
a summary of the statistical analysis.

Figure 2.  Compressive strength of concrete blocks.

Table 3.  Data processing results summary for the uniaxial 
compressive strength of prismatic specimens.

	Test group	 fc (MPa)	 εc×10-3	 E (GPa)

	 A1	 69.90	 2.51	 39.47
	 A2	 115.29	 1.87	 35.46
	 A3	 164.54	 2.59	 21.21
	 A4	 110.43	 7.77	 28.84
	 A5	 107.49	 5.63	 32.38
	 A6	 85.36	 5.03	 30.94
	 A7	 81.04	 6.60	 30.32
	 A8	 72.48	 6.28	 28.45
	 A9	 80.38	 9.54	 30.62
	 A10	 10.99	 4.46	 30.82
Note: fc is the peak stress; εc is the strain corresponding to the peak 
stress; E represents the elastic modulus.
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Analysis of stress-strain curves
	 Figure 4 shows the uniaxial compressive stress–
strain curve of the prismatic specimens. The curve was 
obtained by converting the load–displacement curve 
measured from the prismatic specimens into a stress–
strain curve using the following formula, in combination 
with the displacement of the core concrete measured by 
the displacement meter.
	 Stress solution formula:

(1)

	 Strain solution formula:

(2)

where N is the axial load on the specimen; A is the 
compressive cross-sectional area of the concrete block; δ 
is the displacement of the concrete block under load; and 
l is the height of the concrete block [30].
	 In Figure 4, all curves exhibit the typical mecha-
nical characteristics of cement-based materials. When 
the initial strain is small, the stress and strain exhibit 
an approximately linear relationship, the material de-
forms primarily elastically, and the deformation can be 
recovered upon unloading. This is followed by a nonli-
near stage, in which the stress increases slowly until the 
peak stress is reached; finally, a descending stage occurs, 
in which the material gradually fails. When comparing 
Groups A1–A6, at a UFA content of 20 % (Group 
A3), the peak stress is the highest, indicating that the 
mechanical properties of the concrete are optimal at this 
content. With a UFA content of 50 % (Group A6), TEA 
was gradually added. When comparing Groups A7–A10, 
at a TEA content of 0.1 % (Group A8), the peak stress 

is relatively high, indicating that at a UFA replacement 
ratio of 50 %, the addition of 0.1 % TEA promotes the 
hydration of the cement–fly ash system and compensates 
for the early strength loss.

FT-IR analysis

	 Figure 5 shows the FTIR spectra of pastes at 
different ages. Through the intensity and relative shift of 
spectral peaks, the molecular groups of cement and the 
various hydration products can be analyzed. The peak 
near 3442 cm-1 corresponds to the CH content. As shown 
in the figure, as the UFA replacement ratio (Groups 
A1–A6) gradually increased, the cement content de-
creased accordingly, resulting in a reduction in the 
amount of Ca(OH)2 generated, and the peak intensity 
gradually weakened. The peak emerging at approxima-

Figure 3.  Typical failure modes of prismatic specimens under compressive loading.

Figure 4.  The stress-strain curve.

y =                        , 0 ≤ xk1 β x
k1 β − 1 + xk2

 

β

ε = Δ l
l
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tely 997 cm⁻¹ corresponds to the asymmetric stretching 
vibration of tetrahedral Si–O bonds within amorphous 
C–S–H gel. Due to the low early hydration activity of 
UFA, the generation of C–S–H gel mainly depended on 

the remaining cement. The peak intensities of Ca(OH)2 
and C–S–H gel in Groups A1–A6 gradually decreased, 
indicating that the replacement of cement with UFA 
inhibited the early hydration reaction. Appropriate 
amounts of TEA significantly increased the intensity of 
hydration product peaks by accelerating the dissolution 

Figure 5.  Infrared spectra at different ages.

c) 28 days

b) 7 days

a) 3 days

Figure 6.  XRD patterns at 3, 7 and 28 days.

c) 28 days

b) 7 days

a) 3 days
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of Ca2+ and the reaction of UFA. However, when the TEA 
content exceeded 0.1 %, the uncontrolled hydration rate 
may lead to structural defects, which is manifested in 
the spectrum as a decrease in the intensity of the C–S–H 
gel peak near 997 cm-1. At 7 days, the peak intensity of 
Ca(OH)₂ in Groups A1–A6 gradually decreased, and the 
rate of decline of the C–S–H gel peak intensity slowed, 
indicating that the pozzolanic effect of UFA begins to be 
activated at 7 days, but it is still insufficient to compensate 
for the effect of reduced cement. In Groups A7–A8, the 
peak intensities of Ca(OH)2 and C–S–H gel increased 
simultaneously, indicating that excessive TEA led to 
an imbalance in the hydration reaction. When the UFA 
replacement ratio was 20 %, the synergistic effect of the 
pozzolanic reaction and cement hydration was optimal. 
The increase in C–S–H gel densified the microstructure. 

XRD pattern analysis

	 Figure 6 shows the XRD patterns of pastes at dif-
ferent ages for each group. The main hydration pro- 
ducts in the pastes include ettringite (Ettr), quartz (Q), 
monocarboaluminate (Mc), and CH. As the UFA repla-
cement ratio increased, the intensity of the Ca(OH)2 
diffraction peak in the XRD pattern gradually decreased 

at 3 days, indicating that the pozzolanic reaction of fly 
ash consumed CH and formed new hydration products. 
At 3 and 7 days, the CH content reached its maximum 
value in Group A3 because the UFA content was low in 
the early stage, the inhibitory effect was not pronounced, 
and the CH content continued to increase with cement 
hydration [31]. When the UFA replacement ratio reached 
20 % (Group A3), the cement content was insufficient, 
the cementitious effect weakened, and further increa-
sing the UFA content inhibited the generation of CH [32]. 
The test results show that UFA begins to participate in 
the pozzolanic reaction during the early hydration stage 
of concrete [33]. As TEA was incorporated, the ettringite 
content also exhibited a trend of first increasing and then 
decreasing, reaching its peak in Group A8, indicating 
that a low dosage of TEA can enhance the secondary 
hydration of the cement–fly ash system [34].

SEM analysis

	 Figure 7 shows the SEM images of coal gangue 
concrete at 28 days under combinations of different 
trie-thanolamine (TEA) and fly ash dosages, captured at 
a magnification of 2000×. As shown in Figure 7, in the 
case of no TEA and no fly ash (Group A1), the cement 

Figure 7.  SEM images from 28 days.

c) A8 d) A10

a) A1 b) A6
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paste contained large flaky CH crystals. Meanwhile, 
a small amount of AFt was present, and the C–S–H gel 
accumulated in a loose state. In Group A6, a large number 
of spherical fly ash particles were present, and part of 
the C–S–H gel was attached to the spheres, indicating 
that the fly ash had initiated the pozzolanic reaction, 
consuming CH to generate C–S–H gel. From the SEM 
image of Group A3, a large number of hydration products 
were attached to the fly ash spheres, and a large number 
of needle-like AFt crystals were present [35]. This is 
because an appropriate amount of TEA accelerated 
cement hydration, promoting the formation of AFt and 
the dense packing of C–S–H gel. An appropriate amount 
of TEA enhanced the compactness of the microstructure 
and promoted the improvement of concrete performance. 
When the TEA dosage was too high (Group A10), the 
porosity of the C–S–H gel increased and the crystallinity 
decreased, resulting in structural damage. This indicates 
that an excessive amount of TEA has an adverse impact 
on the performance of concrete, which is consistent with 
the results in Figure 2.

CONCLUSION

	 This study investigates the influence of the early-
strength agent TEA on the workability and other 
properties of high-volume UFA–coal gangue concrete. 
By employing multi-scale characterization methods such 
as FTIR and XRD, the micromechanism of TEA in the 
UFA–coal gangue concrete system was systematically 
analyzed. The key conclusions are summarized as 
follows:
●	The replacement ratio of UFA significantly affected 

the compressive strength of coal gangue concrete. 
Among them, the impact of a 20 % replacement ratio 
was more pronounced. The compressive strengths at 3, 
7, and 28 days were increased by 6.9 %, 15.3 %, and 
19.5 % respectively compared with the control group.

●	Under the condition of a 50 % replacement ratio of 
UFA, adding different amounts of TEA affected the 
mechanical properties of coal gangue concrete again. 
When the TEA dosage was 0.1 %, the performance 
was optimal. The compressive strengths at 3 days 
and 28 days were increased by 33.1 % and 16.2 % 
respectively compared with group A6. 

●	The addition of TEA significantly improves the tough-
ness of concrete, transforming the failure process of 
concrete from brittle fracture to ductile failure, which 
was manifested as a reduction in the crack propagation 
rate and a homogenized transformation of the failure 
mode. 

●	Microscopic analysis showed that the pozzolanic re-
action of UFA consumed a large amount of CH and 
generated more C–S–H gel at 28d. Adding an optimal 
amount of TEA can further enhance the generation of 
hydration products.
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