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When the single addition of FA exceeds 40%, the carbonation depth of concrete increases very
quickly. Under the premise of the same total addition amount, the carbonation resistance
performance of the composite FA and GGBS groups of concrete is better than that of the single FA
group. Among the different combinations of FA and GGBS, the concrete with S95 grade GGBS+
grade I FA has the best carbonation resistance. The impact of FA on the carbonation resistance of
concrete is manifested as a positive and negative effect.
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At present, researches on concrete carbonation resistance mostly focus on the influence analysis
and model establishment of preparation parameters and curing conditions [11], and there are few
researches on the synergistic influence of SCM on concrete carbonation performance. In view of
this, this study systematically analyzed the effect of the amount of FA and GGBS and the
combination of incorporation methods on the carbonation depth of concrete through the rapid
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carbonation test. The mechanism of the influence of SCM on the carbonation resistance of concrete
was revealed by XRD chemical analysis and DSC-TG thermogravimetric analysis. The research can
provide theoretical and technical support for carbonation durability prediction of concrete structure
with SCM.

2. Materials and methods
2.1. Raw material

Fig.1 Size distributions of cementitious mate

2.2. Mix proportions design

Table 1 Mix proportion design kg/m3

Group C F.I F.II S95 S105 mixing amount
A 450 0 0 0 0 0
B 360 90 0 0 0 F20%
C 270 180 0 0 0 F20%
D 180 270 0 0 0 F60%
E 270 90 0 90 0 F20%+S20%
F 90 180 0 180 0 F40%+S40%
G 180 135 0 135 0 F30%+S30%
H 180 0 135 135 0 F30%+S30%
I 180 135 0 0 135 F30%+S30%
J 180 0 135 0 135 F30%+S30%
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2.3. Experimental method

The samples were tested by XRD with D/MAX-2500/PC X-ray diffractometer. The prepared
sample was dried in an oven at 60 ℃ for 24 h, and ground through a 0.16mm square sieve. The
operating voltage of the test instrument is 40 kV, the scanning interval is 5°-90°, and the scanning
speed is 2°/min.

3. Results and discussion

3.1. Effect of single FA addition amount

3.2. Effect of total amount of FA and GGBS mixed
Figure 3 shows the development of concrete carbonation depth with age for different S95

GGBS+Grade I FA totals. It can be seen from the analysis of Fig. 3 that the greater the total amount
of compound FA and GGBS, the greater the carbonation depth, which is consistent with the
influence of the single-doped FA content on the carbonation depth. When mixed with 80%S95
GGBS+I FA, the 56d carbonation depth reached 19.3mm. According to the comprehensive
comparative analysis of FIG. 2 and FIG. 3, it can also be seen that under the condition of the same
total dosage, the anti-carbonation performance of the compound mixture concrete is better than that
of the single FA. Especially when the content is 60%, the 56d carbonation depth of Group D
concrete with single FA is 18.5mm, which is almost the same as the carbonation depth of group F
with double 80%. The 56d carbonation depth of the 60% group G is only 6.5mm, which is much
lower than that of the single group.



316

Advances in Engineering Technology Research ICISCTA 2023
ISSN:2790-1688 Volume-7-(2023)

Fig.2 Effect of single addition of Grade I FA on Fig.3 Effect of total amount of mixed FA
the carbonation depth of concrete and GGBS

3.3. Effect of the combination of FA and GGBS
The effect of the combination method of GA and GGBS on the carbonation depth of concrete is

shown in Figure 4. It can be seen that different combination methods also have certain differences
in the carbonation depth of concrete at different ages. Among them, the carbonation depth of S95
grade GGBS+II grade FA composite concrete (Group H) is the highest, reaching 9 mm at 56 days
of age. The combination of S95 grade GGBS+I grade FA has the smallest carbonation depth in
concrete (Group G), while the difference in carbonation depth between the other two combination
methods is relatively small.

According to the principle of tight packing and combined with Figure 1 for analysis, only when
the coarse and fine particles of FA and GGBS complement each other reasonably and fill each other
can the performance of concrete be improved. Therefore, there is an optimal combination of FA and
GGBS for the improvement effect of concrete. The proportion of fine particles in Grade I FA is
relatively large, which can compensate for the lack of other cementitious materials in the small
particle size range. Therefore, Group G can form an ideal continuous grading. However, the
particles of Grade II FA and S95 GGBS are relatively large and have similar particle sizes, so the
group H cementitious material failed to play an effective complementary role, resulting in poor
compactness. This precisely confirms the results of the carbonation depth test.

4. Microscopic mechanism analysis
4.1 XRD analysis of hydration products

In order to analyze the effects of FA and GGBS on the hydration products inside the concrete,
X-ray diffraction technology was used to conduct XRD chemical analysis on the hardened clean
paste samples after curing for 28 days. To save space, Fig.5 only shows the XRD patterns of the
samples of groups A, B, C and D.

SEM-EDS test and XRD analysis confirm the test results of concrete carbonation resistance.
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Fig. 4 Effect of combination of GGBS and Fig.5 XRD pattern of the clean paste sample
FA on carbonation depth of concrete after curing for 28 days

4.2 DSC-TG analysis
The DSC-TG curves of the samples of group A, B, C and D are shown in Figure 6. According

to the study of NHDA et al.[13], C-S-H gel and ettringite crystal (AFt) are decomposed by heat
when the temperature rises to 100℃, and the amount of dehydration increases with the increase of
temperature, thus producing a heat absorption peak at about 100℃. When the temperature rises to
400~500℃ , Ca(OH)2 is decomposed into CaO and H2O by heat, and water evaporation results in
mass loss, so an endothermic peak is generated in this temperature range, and the mass is also
reduced.

(a) DSC (b) TG
Fig.6 TG-DSC curves of composite paste samples

Since the Ca(OH)2 crystal will release H2O and CO2 after thermal decomposition, resulting in a
reduction in sample mass, the crystal content can be quantitatively analyzed through mass loss, and
the calculation formula is as follows:

C
C C

H

MW WL
M

 (1)

Where: WC is the percentage content of Ca(OH)2, %; WLC is the mass loss rate in Ca(OH)2
decomposition process, %; MC and MH are the relative molecular weights of Ca(OH)2 and H2O,
respectively.

Based on the above carbonation depth test data and microscopic analysis results, the influence
of FA on concrete carbonation resistance can be attributed to positive and negative aspects: First,
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Table 2 Calculation results of Ca (OH)2 content %
Group A B C D

Ca(OH)2 content 12.79 9.76 5.98 3.65

5. Conclusion

(2) Among the different combinations of auxiliary SCM, the concrete of grade S95 GGBS+
Grade I FA combination has the best carbonization resistance, while that of grade S95 GGBS+
Grade II FA combination has the worst carbonization resistance.

(3) The XRD and DSC TG analysis results indicate that the influence of FA on the carbonation
resistance of concrete is manifested in two aspects: enhancing and weakening.
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