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ABSTRACT: To mitigate environmental impacts and increase energy efficiency in the cement
production process, alternative materials to clinker are now used in cement, allowing for the production
of a larger amount of composite cement with identical properties from a certain amount of clinker
produced by the cement factory. This is achieved through the appropriate combination of low-carbon
and environmentally friendly materials. The aim is to produce cement that not only uses accessible
resources but also reduces carbon emissions. In this study, recycled minerals (recycled clay (RC) and

ground granulated blast-furnace slag (GG)), calcined clay (CC), and limestone (LS) powder were used  Keywords:

as partial replacements for cement/clinker to create low-carbon cement. The properties of fresh mortar . 4 ay

and compressive strength tests were considered. Accordingly, 16 mix designs were prepared, including Recvelsd
ecycle

5 mortar mix designs containing CC, LS powder, and recycled materials as a cement replacement, and 9

mix designs containing CC, LS powder, and recycled materials as a clinker powder replacement, along Green Mortar
with two reference mixes. The results showed that the compressive strength of the mixes containing
RC at different ages was similar to that of mixes containing CC. Based on the results, the compressive
strength of the mixes containing RC and LS with 30% replacement decreased by about 20% compared ~ gjag

to the reference mix. Meanwhile, the reduction in compressive strength of the 35% replacement mixes

Low-Carbon Cement

Ground Granulated Blast-Furnace

containing recycled minerals was less than 10%.

1- Introduction

Cement is by far the most widely used manufactured
material due to its compatibility, low cost, and the availability
of raw materials [1]. The mass production of cement accounts
for nearly 8% of human-made global carbon emissions [2,
3]. Nowadays, various supplementary cementitious materials
(SCMs), such as natural pozzolans like clay, LS, or hydrated
lime [4, 5], and artificial pozzolans like GG [6], are used to
partially replace cement to reduce environmental impacts and
achieve concrete sustainability. CC and LS powder have been
introduced as SCMs due to their pozzolanic properties after
being calcined at temperatures between 550 and 950°C and
their filler effect, respectively [7, 8]. The literature reports
that the compressive strength development of samples
containing CC and LS powder was better compared to the
reference sample [9, 10]. In some studies, low-kaolinite clays
such as calcined kaolin waste and ceramic waste have been
proposed as partial cement replacements for the production of
low-carbon cement [11, 12].

Although numerous studies have been conducted on the
production of low-carbon cement containing CC and LS
powder, RC from biscuit grinding in tile factories has not yet
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been used as a SCMs in cement production. Furthermore, no
study has been carried out to combine RC with LS powder
or other recycled materials. Therefore, this study aims to
investigate the effect of recycled mineral materials (RC and
GQ) as partial cement replacements on compressive strength
and to analyze their growth and development trends.

2- Methodology

In this study, CC, LS powder, and recycled mineral
materials including GG and RC for the production of low-
carbon cement have been introduced as complementary
cement materials. The clays were calcined at 850°C for
1 hour. RC was considered as recycled calcined clay and
was used without the calcination process in the mixing
design. After combining the powder materials, the mortar
compressive specimens were made with a ratio of water-to-
binder of 0.44 and sand-to-binder of 2.0 and were kept in a
water chamber for processing until the ages of 3, 14, and 28
days. After curing processing, the compressive strength test
was performed on the mortar specimens and the average of
the obtained results was presented as the final result.
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Fig. 1. Compressive strength of clinker-based mortar
samples

3- Results and Discussion

Compressive strength results are presented in Figure 1.
The results of 20% substitution show that by reducing the RC
content and increasing the GG content, the 3-day compressive
strength has decreased and its 28-day compressive strength has
increased. By examining the results of the mortar containing
the same content of RC and GG (K, RC, GG,)), it can be
seen that the compressive strength is acceptably similar to
the reference mortar (K ). This result can be attributed to the
improvement of cement paste porosity due to the formation of
secondary C-S-H gel due to suitable pozzolanic reactions of
RC and GG, as well as the effect of morphology and particle
size distribution of additives. Similarly, the results of 35%
replacement also showed that adding GG and combining it
with RC can lead to an increase in the long-term strength of
the mortar.

The normalized compressive results show that the
growth of compressive strength of mortar containing RC
at the ages of 0-3 days is higher than the reference mortar
(Figure 2). According to the figure, increasing the GG content
and decreasing the RC content in the mortar has caused an
increase in the compressive strength of the samples at older
ages (3-28 days). So using the same content of RC and GG
in the mortars had the highest pozzolanic activity at the ages
of 3-14 days.

Based on Figure 3, almost all the mortars containing RC
had an acceptable performance compared to the reference
mortar. So the difference in the compressive strength of low-
carbon mortar with the reference mortar at an early age is
less than 10%. As mentioned, the same combination of RC
and GG has obtained an acceptable performance in 20%
replacement of clinker, which according to the figure of
the difference in compressive strength at the age of 28 days
has reached below 4%. Finally, by comparing the results
of K, RC, GG ; and K RC, GG, it was observed that the
appropriate combination of recycled materials can reduce the
difference in compressive strength by 10-15 compared to the
reference mortar.

1408

B3 Days @14 Days @28 Days

Normalized compressive strength

Fig. 2. Normalized compressive strength of clinker-
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Fig. 3. Compressive strength growth of clinker-based
mortar samples

4- Conclusions

In this study, the feasibility of producing low-carbon
mortar containing recycled materials in the country has been
investigated. The most important results obtained in this
research are as follows:

The growth of the initial compressive strength of mortar
containing RC in replacing the clinker has been significant.
On the other hand, the use of GG has increased the growth
of compressive strength in the period of 14 to 28 days. The
results showed that the simultaneous and optimal use of RC
and GG can lead to the creation of effective low-carbon
cement that has the same performance as ordinary cement.
This happened due to the pozzolanic performance of RC and
the microcrystalline effects of GG.

The compressive strength of mortar containing calcined
clay (both recycled and natural clay) and LS powder decreased
compared to the reference mortar, and this value was less
than 20%. Meanwhile, the compressive strength of mortar
containing recycled minerals (RC and GG) has decreased by
10% with 35% replacement.

Based on the results, using a maximum of 25% of RC in
the combination of RC and GG can have well performance.
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Table 3. Sand properties.
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Fig. 2. Recycled clay; (a) uncalcined, (b) calcined under 8500 for 1 hour.
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Fig. 3. SEM image of recycled clay.
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Fig. 4. Particle size distribution of sand.
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Table 4. Nomenclature and specification of binder.
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Table 5. Mix design of cement-based mortar samples.
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Table 6. Mix design of clinker-based mortar samples.
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Fig. 5. Fineness of cement.
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Fig. 7. Slump test.
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Fig. 8. Compressive strength of cement-based mortar samples.

Cuoglio (5392 3o )3 (SIS pnl 0,08 o) 1o GuliEl 5 LSk
sl Gl ol ojgy YA (5Lt Cuaglie 5 (EalS o o) ¥ (g8
5 BLik o) SB ) SLSs dop ol Mo @l oy p b
Cuoglio 45 39 0 oanlie (K RC GG, ) (55l5 sl 08 o)l
ol ool Candy (K () aope oMo alie Jod LB job &y ()lid
5 S5 e 4 Glopw yred JHISS 2900 4 lgie |y om0
5 BLik o) SB calie (Voje Sl Sl 45l C-S-H
dlge )3 e3lsl 255 5 (6595850 S oz 5 SIS ol 068 o)l
S Gola! 5438

aS ol s 8 il aspd YOl ol mls wlie jsb «
g B3k oy SB Lol oS 5 g Sl )65 o)k pu 13958
oS (S Billee 23)5 O iy Cuoglieo il & e
BLk o) SB Rk 2o pd Ve Lk g5l Mo (g)lid canglie
o Ve oS 5 ] opdle al AlisMo 6 (K, RC, ) ,Sils 5o
(KsRC, GGy) s5lSpnl 0,68 )by 1030 5 (BL3L o) SB-
51 oslitl ogycpl 51 ool azsly GMo Canglio Lialial p Slais b 5
CanSs 3 (g pglal 23,5 3ga5te Juo > YO & Wilgi o (8L5L ) S
ol oad o3l L Ve IS5 3 (oylis Lioles] cos Mo (sladiges

Mo 3,Skes  BL3 5 (ideo dlse b i gy it &

4)‘; PRI )‘94 d9l> Mo dL“"‘UW bJ«uJLo)J Lg)L»B W9L0,a

ool 33l dawly 4 (aub g (BL5L alS” o) SB (g9l slaz )b o)y,
05)5\3 u.sl» )J..«JJ Lhui 039, YA d)L.uﬁ W9L°.a s(FRC 9 FCC) (_S'O)J
o ORIBl g (op GRIFI L b (B Ol pluly &l
& b b amlie 13 (BLIL 5 (b (Saxe dlge g5l slag )b
SYois el d Cud T (S8 585 oy S Fle S emd s
5 CA Ul b olyS puls plerd (lajisly (Suisyy il
[5+] ¢l CAF

ol Mo (sladiged 59y (5 )Uib Cunglio Sinlejl | Juols gl
sy Sl ey il ond e3ly lis @lisios )5 &S jghailen .l
sloiges @l duslio b oI5 oo |y Edge ool & Casl IS 55 o]
Mo 05y YA (£)lid Cunglio o8 la )] 515905 samline FK (o K )
IS (Oloss wl p 39 Slge ik ) S () SB- (ol
25 Sl 4 Sl o) 0)lp gyl j) el Cunsy g2 po M
yobito (3 <l 005 030l L83k Loy SB b S 5 3 Sal S
B o 290 SHlS Slo 4 (Sane dlge Lo YO 5T Ve (S
ool 48,5

o) SBdsy il b aS ded e lid 30l depd Ve il

1 dilution

ey



VFYe BTV abo NF-Y JLM: AR b)‘.o.aﬁ g 0)9d ‘)2.5),.9\ u‘)a& ‘_{u)_\a.p(o 4.!)..:.:

50 4
-=4--K100
—e—FK100
+3
3, aeeees K&ORC20
3 —e - KS0RC15GGS
§ -------- KSORCL0GGL0
N30 A
3 wose X KTORC30
—_—
g ——— K70CC20L10
-l
. o —e— K50CC30L20
ES — B — K65RC30GGS
S
. —4— K65RC25GGL0
- = K65RC20GG15
0 ‘ :
. 14 27

(593) o)

PSS a4l 2 (55392 dlge Sela S (sladiged (5, LS Cuoglie A JSW

Fig. 9. Compressive strength of clinker-based mortar samples.
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Fig. 10. Failure of mortar samples under compressive test.
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Fig. 11. Normalized compressive strength of cement-based mortar samples.
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Fig. 12. Normalized compressive strength of clinker-based mortar samples.
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Fig. 13. Compressive strength growth of cement-based mortar samples.
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Fig. 14. Compressive strength growth of clinker-based mortar samples.
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Fig. 15. SEM image of mortar containing new cement.
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