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Problem Statement

Technology Category/ Market 

SUPERPLASTICIZER AND WORKABILTY RETENTION AGENT FOR CONCRETE AND 
MORTAR WITH LIMESTONE CALCINED CLAY CEMENT

IITM Technology Available for Licensing 

Research Lab

Intellectual Property

IITM TTO Website: 
https://ipm.icsr.in/ipm/

TRL 4 Technology Validated in Lab

Category-Civil Infrastructures & Structural

Engineering

Industry Classification:

NIC (2008)- 23942- Manufacture of portland cement,

aluminous cement, slag cement and similar hydraulic

cement; 2395- Manufacture of articles of concrete,

cement and plaster

Applications:

Manufacture of Cement, Ready-mix concrete and

Cement additives

Market report:

The Global limestone calcined clay cement market,

was valued at USD 722.4 million in 2023, and is

projected to grow to USD 1,167.6 million by 2031 at a

CAGR of 6.2%

TRL (Technology Readiness Level)

• IITM IDF Ref 2809

• IN : 551460- Patent Granted 

 Limestone calcined clay cement (LC3) is composed

of ordinary Portland cement, calcined clay, and

limestone and is prepared as per IS:18189-2023.

 Concrete is prepared by mixing LC3, aggregates, and

water. However, concrete and mortar system made

with LC3 loses workability rapidly within the first few

hours of mixing.

 Concrete containing conventional

superplasticizers exhibit a reduction in the slump

value by about 40 to 60% within the first 1 to 2 hours

from mixing for a normal LC3.

 Sulphonated Naphthalene formaldehyde (SNF)

used to reduce the water demand of the concrete

and act as a superplasticizer for normal concrete is

not sufficiently effective for LC3-based concrete.

 There is a need for a modified SNF-based

superplasticizer for LC3-based concrete and mortar

systems that prevents reduction in slump value for a

sufficient period of time by retarding the hydration.
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Figure: Representation of the superplasticizer containing 

Sulphonated Naphthalene Formaldehyde (SNF) and Sodium 

HexaMetaPhosphate (SHMP) for limestone calcined clay 

cement (LC3) binder for concrete and mortar.

Figure: The novel superplasticizer consists of Sulphonated

Naphthalene Formaldehyde (SNF), Sodium 

HexaMetaPhosphate (SHMP), Sodium Carbonate (SC), and 

Sodium Silicate (Meta) nonahydrate (SSM). The four 

components are mixed at different proportions by weight to 

form a dry powder. 
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Key Features / Value Proposition

 The workability loss is reduced to less than 8% for water to

binder ratios 0.35 and 0.40 on adding the superplasticizer.

 The mechanical properties and the compressive strength are

not affected on mixing the superplasticizer with limestone clay

cement for concrete and mortar.

 Compared to conventional cement, LC3 is cost-effective as it

is made using limestone and low-grade clays which are

available in abundant quantities. Further, LC3 helps in the

reduction Carbon dioxide emissions by up to 40%.

 The mixture is usable in both dry powder form and water

soluble form. the composition is configured for retardation of

ettringite formation, leading to higher workability retention of

limestone calcined clay cement concrete and mortar.

 The workability drop in terms of slump and flow value on

adding the superplasticizer is limited to 5 to 10% within the

first 1 to 2 hours of mixing.

The novel superplasticizer consists of sulphonated naphthalene formaldehyde 
(SNF), sodium hexametaphosphate (SHMP), sodium carbonate (SC), and sodium 
silicate (meta) nonahydrate (SSM). The four components are mixed at different 

proportions by weight to form a dry powder. 

The sodium hexametaphosphate gets adsorbed on the surface of calcined clay 
(preferably Al3+ sites) and cement particles, altering the electronegativity of the 

surface. 

Further, the calcium ions get attached to the sodium hexametaphosphate, 
creating a Ca-Sodium hexametaphosphate (Ca-SHMP) complex. The side 

sulphonic groups of SNF get attracted toward the positive calcium ions in the Ca-
SHMP complex. 

The dissolution of calcium ions and alumina ions controls the initial 
hydration reaction and the workability loss. The LC3 cement system has 

higher C3A content, which leads to faster hydration and ettringite formation, 
leading to workability loss within an hour of mixing
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Figure: An illustration of the results obtained for the hydration 

reaction by way of heat generation in the modified SNF-based 

superplasticizer. The hydration is retarded and the modified 

SNF based superplasticizer also acts as a retarding admixture 

for the first day. Workability retention is possible only with the 

modified SNF.

Figure: The mechanical properties and the compressive strength are not affected on mixing the superplasticizer with limestone clay cement 

for concrete and mortar. The figure Illustrates the compressive strength of the normal SNF-based superplasticizer and modified SNF-based 

superplasticizer (a) after 7 days and (b) after 28 days.

Figure: The dissolution of calcium and 

aluminum governs the reaction of C3A. The 

sodium carbonate reacts with the calcium 

present in the pore solution and forms a layer of 

precipitate over the cement particles. On the 

other hand, sodium silicate reacts with alumina 

to retard the reaction kinetics of C3A

(a) (b)
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