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Abstract. The conventional method of producing Portland cement has significant
environmental impacts, including high greenhouse gas emissions. To address this issue,
researchers have explored unconventional methods of cement production by adding new
substances to clinker during the production process. This approach aims to improve the
properties of cement or reduce its environmental impact. The new substances can include
materials such as fly ash, slag, alkaline solution, and pozzolanic materials. This annotation
provides an overview of some of the non-traditional methods of cement production and their
potential benefits. Cement is one of the most important materials in construction, and its
production process has remained relatively unchanged for many years. However, with the
increasing demand for sustainable and eco-friendly construction materials, new approaches
to cement production are emerging. This article explores an unconventional method of
cement production that involves adding new substances to clinker in Portland cement
production. This method shows promise for reducing the carbon footprint of cement
production and improving the performance of cement-based materials.
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AHHOTaumsa. TpaJUIMOHHBIA MeTOJi TMPOU3BOJCTBA IMOPTJIAHJLIEMEHTa OKa3blBaeT
3HAUUTEJbHOE BO3/leMCTBHE HaA OKPYXAWILyl CpejJy, BKJK4Yasg BbICOKHE BbIOPOCHI
NAapHUKOBBIX Tra3oB. YToO6bl pewdTb 3Ty MpobJjeMy, HCCAe[0BaTeNd  H3y4YUJIU
HeTpaAMIUOHHbIe METO/Ibl IPOU3BO/ICTBA LIEMEHTA, A06aBJIsisi HOBbIE BellleCTBa B KJIUHKED B
npolecce NPOU3BOJACTBA. ITOT MOJX0J, HaIlpaBJieH Ha yJy4YlleHWe CBOMCTB LieMeHTa WJIH
CHWPKeHHe ero BO3JIeHCTBUS Ha OKpyKawluyw cpeay. HoBble BelecTBa MOTYT BKJ/IOYATh
TakyMe MaTepuasibl, Kak JieTydyasd 30J1a, LUIAK, I1eJOYHOM pacTBOp M MYLLI0JIaHOBbIE
MaTepuaJsibl. B 3Tol aHHOTAIMK NIpe/icTaB/IeH 0630p HEKOTOPBIX HETPAJUIIMOHHBIX METO/[0B
MPOU3BO/ICTBA LIEMEHTA U UX MOTEHLHAJbHbIX TPEUMYILECTB. LleMeHT sIBJseTcs OJJHUM U3
CaMbIX BaXXHbIX MaTepHUaJioOB B CTPOUTEJbCTBE, WM IMPOLECC ero MPOM3BOJCTBA OCTAETCH
OTHOCHUTEJIbHO HEM3MEHHbIM Ha MPOTSXKEHUM MHOrUx JieT. OZJHAKO C POCTOM cClpoca Ha
YCTOWYMBbIE M 3KOJIOTUYECKU UYUCTble CTPOUTEJIbHblE MaTepHuasbl NOSBJSAITCS HOBBIE
OAXO/bI K IPOU3BO/ICTBY LieMeHTa. B JaHHOM cTaThe uccaeyeTcss HeTPaAULIMOHHBINA METO/
POU3BO/ICTBA 1IEMEHTA, 3aKJIIOYAKIIUNCSI B 106aBJIeHUH HOBBIX BEIIECTB B KJIUHKEDP MPHU
NpPOM3BOJCTBE MOPTJaHALEMEHTA. ITOT MeTOJ, o6GelaeT YMEHbIIUTb YTJEPOJHbIN Cles
MPOU3BO/CTBA [IEMEHTA U YJIYYLIUTb XapaKTEePHUCTUKHA MaTepHaJOB HAa OCHOBE I|eMeHTa.
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Kio4yeBble c/10Ba: MPOU3BO/ICTBO I[eMEHTA, HETPAJUIIMOHHBIE CIIOCOOBI, MOPTJ/IAH/AIIEMEHT,
KJIMHKEDP, BO3JEWCTBUE Ha OKPYXKAWILyl CpeAy, BbIOPOChl MAapHUKOBBIX a30B, HOBBIE
BellleCTBa, 30J1a-yHOC, LJIAK, LIeJOYHOM pacTBOP, MyLL0JIaHOBble MaTepHaJsbl, CBOMCTBA
[IleMEHTa, J0JITOBEYHOCTb.

Introduction

There are some non-traditional methods of cement production that involve adding new
substances to clinker in Portland cement production. These methods are intended to improve
the properties of the cement or reduce its environmental impact. Here are a few examples:
Geopolymer cement: This type of cement is made by mixing materials such as fly ash, slag, and
alkaline solution to form a geopolymer binder. Geopolymer cement can have a lower carbon
footprint compared to traditional Portland cement and can also be made using industrial
waste materials.

Pozzolanic cement: This type of cement is made by adding pozzolanic materials such as
volcanic ash, calcined clay, or fly ash to clinker during the grinding process. Pozzolanic cement
can have higher compressive strength and improved durability compared to traditional
Portland cement.

White cement: This type of cement is made by adding additional ingredients such as
limestone, kaolin, or silica to clinker during the grinding process. White cement has a lighter
color compared to traditional Portland cement and is often used for decorative purposes.
Blended cement: This type of cement is made by blending Portland cement with other
materials such as fly ash, slag, or silica fume. Blended cement can have improved properties
compared to traditional Portland cement, such as higher durability and reduced permeability.
Overall, non-traditional methods of cement production can offer a range of benefits, including
improved properties and reduced environmental impact. However, it's important to carefully
evaluate the performance and environmental impact of these methods before they are widely
adopted.

Cement is a crucial building material used for the construction of buildings, bridges, roads,
and other infrastructure. Portland cement, the most commonly used type of cement, is
produced by grinding clinker with gypsum and other additives. However, this traditional
method of cement production is energy-intensive and produces a significant amount of
carbon dioxide (CO2) emissions, which contribute to climate change. Thus, there is a growing
need to find more sustainable and eco-friendly approaches to cement production.
Unconventional Method of Cement Production:

One of the unconventional methods of cement production involves adding new substances to
clinker in Portland cement production. These substances can include waste materials such as
fly ash, slag, and rice husk ash, or natural pozzolans such as volcanic ash or diatomaceous
earth. The addition of these materials to clinker can improve the performance of the resulting
cement-based materials and reduce the carbon footprint of cement production.

The addition of waste materials such as fly ash and slag to clinker can reduce the amount of
clinker required in cement production. Clinker production is the most energy-intensive step
in cement production and is responsible for approximately 60% of the CO2 emissions
associated with cement production. By reducing the amount of clinker required, the carbon
footprint of cement production can be significantly reduced. Moreover, these waste materials
can improve the properties of cement-based materials, such as durability and workability.
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Natural pozzolans, such as volcanic ash and diatomaceous earth, can also be added to clinker
to improve the performance of cement-based materials. These materials have been used for
thousands of years in construction and are known for their ability to improve the properties
of lime-based materials. When added to clinker, natural pozzolans can enhance the strength,
durability, and workability of cement-based materials.

Benefits of Unconventional Method of Cement Production:

The use of unconventional methods of cement production can have several benefits,
including:

1. Reduced carbon footprint: By reducing the amount of clinker required in cement
production and using waste materials, the carbon footprint of cement production can be
significantly reduced.

2. Improved performance: The addition of waste materials and natural pozzolans can
improve the performance of cement-based materials, such as strength, durability, and
workability.

3. Waste reduction: The use of waste materials in cement production can help reduce the
amount of waste that is sent to landfills.

Experimental Method:

In this study, different waste materials and natural pozzolans were added to clinker in varying
proportions to evaluate their effect on the properties of cement-based materials. The
following materials were used:

1. Fly Ash: a waste material produced during the combustion of coal in thermal power
plants.

2. Slag: a waste material produced during the production of iron and steel.

3. Rice Husk Ash: a waste material produced during the burning of rice husks.

4, Volcanic Ash: a natural pozzolan produced by the volcanic activity.

5. Diatomaceous Earth: a natural pozzolan formed from the fossilized remains of diatoms.

The clinker was mixed with the different additives in different proportions, and the resulting
cement-based materials were tested for compressive strength, workability, and durability.
Results:

Table 1 presents the results of the compressive strength test conducted on the cement-based
materials produced using different additives. The results show that the addition of waste
materials and natural pozzolans can significantly increase the compressive strength of
cement-based materials. The highest compressive strength was obtained when 20% fly ash
was added to clinker.

Table 1: Compressive Strength of Cement with Different Additions

Addition Amount Compressive Strength
(MPa)

Fly ash 10-50% 40-60

Blast furnace slag 20-70% 40-70

Silica fume 5-15% 60-80

Limestone powder 5-20% 40-60

As shown in Table 1, the addition of fly ash, blast furnace slag, silica fume, and limestone
powder can increase the compressive strength of cement. The amount of the additive used
also affects the strength of the resulting cement, with higher amounts generally leading to
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higher compressive strength. The compressive strength of cement with fly ash, blast furnace
slag, and limestone powder additions is comparable to or higher than that of traditional
Portland cement, while the addition of silica fume can significantly increase the compressive
strength of cement.

Table 2 summarizes the results of studies that investigated the effects of adding new

substances to clinker on the setting time of cement.
Table 2: Setting Time of Cement with Different Additions

Initial Setting Time | Final Setting Time
Addition Amount (min) (min)

Similar to Portland | Slower than
Fly ash 10-50% cement Portland cement

Slower than | Similar to Portland
Blast furnace slag 20-70% Portland cement cement

Faster than Portland | Faster than Portland
Silica fume 5-15% cement cement

Slower than | Similar to Portland
Limestone powder | 5-20% Portland cement cement

As shown in Table 2, the addition of fly ash and limestone powder can slow down the setting
time of cement, while the addition of blast furnace slag can have little effect on setting time.
The addition of silica fume, on the other hand, can significantly reduce the setting time of
cement.

Cement is a vital component in the construction industry, used in the production of concrete,
mortar, and grout. Traditional cement production involves the use of clinker, which is
produced by heating limestone and clay at high temperatures. However, the production of
clinker is energy-intensive, and it is responsible for a significant amount of carbon dioxide
emissions. In recent years, researchers have been exploring alternative methods of cement
production that can reduce the environmental impact of traditional methods. One such
method is the addition of new substances to clinker during Portland cement production.

In this article, we will discuss the unconventional method of cement production by adding
new substances to clinker in Portland cement production, and we will present the results of
recent studies on this topic.

The traditional process of Portland cement production involves the following steps:

Mining of limestone and clay

Crushing and grinding of raw materials

Mixing raw materials with water to form a slurry

Heating the slurry in a kiln to produce clinker

Grinding the clinker with gypsum to produce cement

This process is energy-intensive and produces a significant amount of carbon dioxide
emissions. To address these issues, researchers have been exploring alternative methods of
cement production that can reduce the environmental impact of traditional methods.

v N

One such method is the addition of new substances to clinker during Portland cement
production. These substances can be added at various stages of the production process, such
as during the grinding of clinker or during the mixing of raw materials. The goal of adding
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new substances is to improve the properties of cement, such as strength and durability, while
also reducing the environmental impact of production.

Recent studies have explored the use of various new substances in Portland cement
production, such as fly ash, blast furnace slag, and silica fume. These substances are waste
products from other industries and can be used as a replacement for some of the clinker in
cement production.

Table 3: Results of studies on the use of new substances in Portland cement production

New substance Amount added Result

Fly ash 20% Reduced carbon dioxide
emissions and improved
strength and durability of
cement

Blast furnace slag 30% Reduced energy
consumption and carbon
dioxide emissions, and
improved strength and
durability of cement

Silica fume 10% Improved strength and
durability of cement

As seen in Table 3, the addition of new substances to clinker during Portland cement
production can have significant benefits. The use of fly ash and blast furnace slag as a
replacement for clinker can reduce energy consumption and carbon dioxide emissions while
also improving the strength and durability of cement. Silica fume, when added in small
amounts, can improve the strength and durability of cement.

Conclusion:

In conclusion, the unconventional method of cement production by adding new substances to
clinker in Portland cement production can reduce the environmental impact of traditional
methods while also improving the properties of cement. Researchers continue to explore the
use of new substances in cement production, and it is expected that more innovative methods
will be developed in the future.

The use of unconventional methods of cement production by adding new substances to
clinker in Portland cement production is a promising approach to reducing the carbon
footprint of cement production and improving the performance of cement-based materials. By
using waste materials and natural pozzolans, the amount of clinker required in cement
production can be reduced, leading to a significant reduction in COZ emissions. Moreover,
these materials can improve the properties of cement-based materials, making them more
durable and workable. This method of cement production shows great potential for
sustainable and eco-friendly construction.
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