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Research in Progress /UM Wi

Low Portland Clinker Cement from
Alkali Activated LD Slag

India faces major environmental challenges due to solid waste
generation, and inadequate waste collection, transport,
treatment and disposal. Environmental and economic benefits
can be achieved by sustainable utilization of solid wastes in
construction. The challenges are extracting and transforming
waste materials into useful product, which are currently in a
great demand for their environmental friendly disposal and
recycling. Other major challenge is rapid consumption of
existing resources especially by construction industry.
Sustainability in the construction industry is essential as it can
save the environment by conserving natural resources, which
are crucial for inclusive growth.
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LD slag is generated from a Linz—Donawitz process in which
pig iron is processed into crude steel. The main components of
slag are free lime, metallic and non-metallic iron and calcium
silicates, which make it highly basic in nature. It is hard and
wear resistant due to high Fe content. The compressive strength
is found to be more than 100 MPa which is close to granite stone.
The physico-mechanical properties of this slag have potential to
be utilized in construction. Only 25% of total LD slag produced
is used in various possible applications in India such as
aggregates, soil conditioning agent, cementitious binders,
building bricks, fertilizers etc. whereas, remaining 75% are
disposed off in unplanned manner as landfills. Disposal of slag
by land filling is a major concern of steel industries as its
discharge cause air, water and soil pollution. The associated
environmental problems are leaching of harmful metals into
ground water and pollution of nearby water sources, lowering of
moisture, chemical degradation and lack of aesthetics.
Therefore, the gainful utilization of LD slag as construction
materials will not only help in sustainable utilization of waste
butalso help in preserving the valuable natural resources.

Fig. 1: Chemical Composition of LD Slag

Fig. 2: (a) FE-SEM Image of LD Slag (b) EDAX of LD Slag 5

In this regard, CSIR-Central Building Research Institute
Roorkee has initiated a project on “Development of Newer
Cementitious Binder from Mechano-Chemical Activated LD
Slag” sponsored by Ministry of Steel, Govt. of India. An
experimental investigation for characterisation of slag is shown
in Fig. 1. X-ray fluorescence (XRF) data shows that LD slag
mainly consists of inorganic constituents such Ca0O, SiO,, AL,O,,
FeO, Fe,0,, MnO, MgO, in which CaO content is high.

Fig. 2(a) and Fig. 2(b) shows FE-SEM and EDAX. It appears
like a loose collection of sub rounded to angular shaped
granules. EDAX shows that the major phases present are CaO,
FeO and SiO, whereas; P,0O,, SO,, Al,O, MgO and MnO are
present in appreciable amount. The presence of free lime and
magnesia in sludge may lead to volumetric instability.

Fig. 3 shows XRD pattern of LD slag. The major phases are di-
calcium silicate, di-calcium ferrite and calcium hydroxides
which are accountable for its cementitious properties. It is
highly crystalline as compare to granulated blast furnace slag,
which is attributed to slow cooling. Because of its high
crystallinity and poor reactivity in present form, its usage is
limited to a level of 10% in the cementitious binder.

Fig. 3: XRD Pattern of LD Slag

Potential applications of LD slag in civil engineering are
possible with the help of hygrothermal treatment followed by
mechano-chemical activation. In case of alkali activated slag
cement, free lime get converted to calcium carbonates and
further converted to alkali carbonates in presence of alkali
activators. The alumino silicates formed during the activation
immobilises the MgO. The fine iron shall be reclaimed using
magnetic separation before the activation process. Heavy
metals would immobilize in the resulting alumino-silicates of
activated LD slag with alkali, which will prevent its leaching.
However, the same can be ascertained only after an intensive
research on use of LD slag in construction after stabilization of
unstable compounds and activation of inactive crystalline
components. Also, the durability of building products with LD
slag shall be studied for long term as well as aggressive
conditions. The proposed newer cementitious material is
envisaged by using an industrial by product as raw material, thus
reduces the cost of raw materials. It also contributes to
sustainability by reducing the clinker factor. The energy to attain
clinkering temperature can be reduced for the percentage of
replacement of cement clinker. The present study aims at clinker
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Fig. 4: Breakdown and reduction in costs of cement by
using LD slag

replacement up to 50% by LD slag and industrial by-products.
Considering these factors, the cost breakdown and reduction in
costs is projected in Fig. 4. It is expected that if the LD slag is
used as a replacement of clinker, the saving will be
approximately 24.50% in comparison to the original cost of
Portland cement.

The use of steel slag as a cementing component should be given
a priority from technical, economical, and environmental
considerations. CSIR-CBRI Roorkee is in the process of
collaboration with industrial partners to assess its suitability and
envisage pilot scale demonstration. This research project will
provide the confidence in use of slag in cement industry and
hence pave the way for sustainable construction.

- S. K. Singh, M. Surya, Pawan Rekha & Team

Three-Day State-Level Student Workshop

CSIR-Central Building Research Institute, Roorkee organized a
Three-Day State-Level Student Workshop for KV Students
during July 18-20, 2018 under the Jigyasa Student-Scientist
Connect Programme. The aim of the workshop was to inculcate
scientific temper in students by introducing them to the
innovative techniques of building materials, health monitoring
and rehabilitation of the structures, disaster mitigation, fire
safety, energy efficient rural and urban housing etc.

Shri Somit Shrivastav, Deputy Commissioner, Kendriya
Vidyalaya Sangathan, Dehradun Region, Uttarakhand, graced
the Inaugural Ceremony as the Chief Guest and Dr. N.
Gopalakrishnan, Director, CSIR-CBRI, Roorkee presided over
the function.

Students of KV No. 1, Roorkee welcomed the dignitaries with

Scouts' Protocol and a Welcome Song. The workshop
commenced with Lightening of Lamp by dignitaries and
Saraswati Vandana by students of KV No. 1, Roorkee. Dr. Atul
Kumar Agarwal, Senior Principal Scientist and Jigyasa
Programme Coordinator, CSIR-CBRI, Roorkee conducted the
function.

The Chief Guest was presented a Holy Basil/Tulsi (Ocimum
tenuiflrium) Plant, giving
the message of being in
harmony with nature. Dr.
Atul Kumar Agarwal
briefed about the spiritual
and scientific significance
of Tulsi.

Addressing the gathering,
Shri Somit Shrivastav
encouraged the students to
study ancient Indian texts
and Upanishads as they
hold invaluable
knowledge of science. He
told that many government
and private offices have
adopted the verses from
these scriptures as their
basic guiding principle.

In his Presidential Address, Dr. N. Gopalakrishnan motivated
all the students to adopt a stress free study schedule and to
develop the tendency to learn the what, why and how of
everything, as the first step of learning, to achieve the dreams of
being the Tendulkar and Kalam in different fields.

Explaining X-ray and X-copy, Dr. Atul Kumar Agarwal said
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that where X-Copy draws our external images, X-ray reveals the
weaknesses inside us. So, along with X-copy we should
inculcate a habit to carry out our X-ray for our personality, learn
from our eXperience and eXpel our weaknesses to eXcel in our
lives.

During the Inaugural function, the students of KV No. 1,
Roorkee presented a Science Song honouring the scientists, a
small skit on Digital India reflecting the technical advancements
of India and a skit on Swachh Bharat giving the message of
cleanliness.

The latest edition of CSIR-CBRI quarterly bilingual “CBRI
Newsletter Bhawnika” was also released on the occasion.

The Inaugural Ceremony concluded with the vote of thanks
proposed by Dr. L. P. Singh, Principal Scientist, CSIR-CBRI,
Roorkee. A tree was planted in the CSIR-CBRI Main Lawns, to
convey the message of saving the environment.

In the technical session, Dr. Suvir Singh, Chief Scientist, CSIR-
CBRI, Roorkee presented a lecture on "Fire Engineering” and
informed about the fire safety and challenges in buildings, and
the latest technologies developed by CSIR-CBRI for the
prevention, protection and confinement of the fire.

With the help of short video films, Dr. Atul Kumar Agarwal,
motivated the students to face the challenges of life with a
positive attitude and transform them into opportunities and
achievements through hard work and dedication. He said that
we need to bring a positive change in the education by
reconnecting students with science and developing a scientific
temper within them. Dr. Atul Agarwal also presented a lecture
on "CSIR & CBRI: A Scientific Journey” and introduced the
students to research work being carried out by the Institute. He
also gave the detailed overview about Jigyasa Programme.

Dr. L.P. Singh presented a lecture on "Nanotechnology" and
informed about applications of nanotechnology in buildings,
the use of nanotechnology to modulate concrete and optimize
loading capability in buildings.

A Written Quiz Competition was organized for the students
under the programme, wherein all the students answered
questions about various topics of science and scientific
institutions like BARC, CSIR and CBRI etc.

The second day of the workshop inaugurated with a Prayer
Session in which the students sought the gift of education,
morale and harmony from God.

Quoting the example of a potter, Dr. Atul Kumar Agarwal

explained that when a potter creates chillam, this form of soil
burns both the soil and its consumer. However, when the same
potter brings a positive change in his thoughts and creates a
pitcher, this form of soil gives the coolness to both the soil and
the consumer by storing cool water. Similarly, we are capable of
generating enthusiasm in the life of many people associated
with us by our positive attitude.

Dr. R.K. Goel, Chief Scientist and Scientist in charge, CSIR-
CIMFR Regional Centre, Roorkee presented a lecture on
"Tunnel Engineering", and explained about the diverse types of
tunnels, their excavation process; equipment used construction
challenges and the key safety features during the process.

B.K. Lakshmi Chand Bhai from Mount Abu Rajasthan spoke
about the art of living, while presenting a lecture on “Stress and
Memory Management” and said that a healthy lifestyle and
positive ideology should be adopted for stress free life and rapid
memory.

Dr. Kulwant Singh, Scientist H, BARC, Mumbai presented a
lecture on “BARC in Human Services”, and talked about the
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technological contributions of Bhabha Atomic Research Center
to the society including clean, eco-friendly, renewable
resources, nuclear fusion etc.

An Oral Quiz Competition was organized for the students, under
which questions were asked from various subjects including
Physics, Chemistry, Biology, Mathematics etc., in various
rounds.

Inaugurating the third day of the workshop, Dr. Atul Kumar
Agarwal, explained the importance of patience to the students,
and informed that a great writer Leo Tolstoy had once said that
time and patience are our biggest champions. Patience means to
wait, but notidly- that is laziness. Patienceis thatevenifwe lose
a thousand times, we work hard and try again, and wait for
success. He said that we could hold water in a sieve, provided we
be patient enough to wait until it turns to ice.

Dr. Achal Kumar Mittal, Senior Principal Scientist, CSIR-
CBRI, Roorkee presented a lecture on “Basics of Earthquake
Engineering in Buildings”, and informed the students about the
main risk areas and earthquake resistance techniques in various
types of load-bearing masonry buildings and safe evacuation
measures during an earthquake.

Dr. Tabish Alam, Scientist, CSIR-CBRI, Roorkee presented a
lecture on “Solar Thermal Collector” and informed about their
types, functioning and applications in production of electricity,
purification of air & water and air conditioning in residential and
industrial buildings, etc.

Mr. Soju Alexander, Scientist, CSIR-CBRI, Roorkee presented
a lecture on “Intelligent Sensors” and gave detailed information
about the elements of intelligent sensor and its technical
capabilities.

Presening a lecture on “Career Opportunities”, Dr. Atul Kumar

Agarwal informed about the different areas of undergraduate
education, examinations and career opportunities after class 12.
Mr. Vipin Kumar Tyagi, Principal, Kendriya Vidyalaya No. 1,
Roorkee asked the students to adopt a scientific approach to
their lifestyle. Dr. Abha Mittal, Senior Principal Scientist,
CSIR-CBRI, Roorkee conducted the technical sessions.

The students visited the enriched laboratories of the Institute
during the workshop- Rural Park, Fire Research, Environment
Science and Technology - Clay Products, Efficiency in
Building, Organic Building Materials, Geo-Technical
Engineering, Solar Panel and Structural Engineering etc.,
interacted with the Institute's scientists and cleared their doubts
through interactive sessions.

In the concluding session of the workshop, a Panel Session was
organized with the panellists Dr. Atul Kumar Agarwal, Dr.
Kulwant Singh, Dr. L. P. Singh and Mr. Vipin Kumar Tyagi.

The students and teachers shared their experiences and
feedback during the session. The programme received a
positive feedback from the participants wherein they described
it as interesting, creative and informative and expressed their
desire to participate in more such programmes in the near
future.

Winners of the Quiz Competition organized during the
workshop were felicitated during the session. The programme
concluded with the distribution of certificates and mementoes
to the participants.

About 90 students from 11 Kendiya Vidyalayas including KVS
Pauri, Lansdowne, Raiwala, Almora, Gauchar, Srinagar,
Haldwani I shift, Haldwani II shift, BHEL Hardwar, KV No. 1
and KV No. 2, Roorkee, along with their teachers participated in
the workshop.

Independence Day

The Independence Day was celebrated with a deep sense of patriotism combined with gaiety on August 15,2018 in CSIR-CBRI Main
Lawns of the Institute. Dr. N. Gopalakrishnan, Director, CSIR-CBRI hoisted the National Flag and addressed the gathering and took
the salute at the March Past performed by the security guards. The school children from Bal Vidhya Mandir and CBRI Junior High
School presented various cultural programmes on patriotic themes.
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Sadbhavna Diwas

The Institute observed Sadbhavna Diwas on August 20, 2018 with a view to promote harmony amongst people of all religion,
languages and states and goodwill towards everyone. Dr. N. Gopalakrishnan, Director, CSIR-CBRI administered Sadbhavna pledge to

all the staff members of the Institute.

Hindi Week

Hindi Week was observed at the Institute during September 14-
20, 2018 with great zeal and enthusiasm. Dr. P.K.S. Chauhan,
Principal Scientist and In-charge, Official Language
Implementation coordinated the event.

On the occasion, a Hindi Book Exhibition was organized in the
Knowledge Resource Centre (Library) of the Institute under the
supervision of Dr. S. K. Senapati, Library Officer. Dr. N.
Gopalakrishnan, Director, CSIR-CBRI inaugurated the
exhibition on September 14, 2018. A Bilingual Technical
Display, prepared by Hindi Unit, was also released.

On September 20, 2018, Dr. M.R. Saklani, Ex Secretary,
Uttarakhand Hindi Academy graced the valedictory function as
Chief Guest. In his address he called upon everyone for the
combined responsibility to accept Hindi as official language of
our country for a comprehensive growth and development.

Dr. A.K. Minocha, Chief Scientist chaired the function. In his
presidential address, Dr. Minocha, said that it is our
constitutional duty to do our work in Hindi Language and
inspired the scientists to write scientific articles in Hindi
language, so that it is easily accessible to the general public.

Shri Suba Singh, Hindi Officer welcomed the gathering and
presented description of the Hindi activities and achievements
ofthe year. Dr. Pradeep Chauhan, Principal Scientist introduced
the Chief Guest and presented details of the activities held
throughout the week.

Winners of various competitions organized during the week,
including Hindi noting and drafting, debate competitions,
poetry recitation were felicitated along with the winners of
Incentive Schemes. Shri Mehar Singh, Hindi Officer presented
avote of thanks.

CSIR Foundation Day Celebrations

The 76" CSIR Foundation Day was celebrated with great
enthusiasm at CSIR-Central Building Research Institute,
Roorkee on September 25, 2018. Dr. Rajendra Dobhal,
Director General, Uttarakhand State Council for Science &
Technology, Dehradun graced the occasion as Chief Guest and
Shri R K. Srivastava, Executive Director, NETRA, NTPC, New
Delhi as Guest of Honour. Dr. N. Gopalakrishnan, Director,
CSIR-CBRI, Roorkee presided over the function.
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Addressing the gathering, Dr. Rajendra Dobhal stressed that
for the development of a strong and technologically empowered
nation, there is dire need of sincere, goal-oriented and time-
managed research for the development of new and innovative
technologies. Also, these research and development works
should receive proper federal funding and support for better
output.

Shri R.K. Srivastava informed about the various research
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conducted jointly by NETRA and CSIR-CBRI to provide
innovative outputs such as the Geopolymer Roads. He advised
CBRI to continue to work along with NETRA in the area of
pollution control by developing low-cost advanced building
materials from industrial by-products such as gypsum etc.

In his Presidential Address Dr. N. Gopalakrishnan
congratulated and thanked all the members of the CSIR family
who have been a part of the glorious scientific journey of CSIR,
and turned the challenges on the road into opportunities and
achievements, and contributed to the development of the
country.

On this occasion, two Institute publications titled “Confined
Masonry” and “Structural Designs and Detailing for Confined
Masonry EWS Houses” were released.

As an important part of this day, the laboratories of CSIR-CBRI,
Roorkee were open to the students and the general public from
9:00 AM, giving everyone the opportunity to become familiar
with the R&D work of the Institute and get the opportunity to
interact with the scientists.

The CSIR-CBRI, Roorkee staff members who completed

twenty-five years' service in CSIR- Shri Himanshu Sharma,
Shri Sushil Kumar and Shri Bharat Bhushan; and the scientists
and staff of CSIR-CBRI, Roorkee superannuated during the
year- Shri Pradeep Kumar Yadav, Shri Subhash Chand, Shri
Santosh Kumar Mishra, Shri. Rizwanul Hassan, Shri Dharam
Pal Singh, Shri Ramesh Kumar Johar, Smt. Neeta Mittal, Shri
Dhan Prakash Yadav, Shri Amar Singh, Smt. Sunita, Dr. B.M.
Suman, Shri R.C. Saxena, Shri Francis Charles, Shri Rishi Pal,
Shri Vijay Kumar Sharma, Shri Raj Kumar and Shri Vishwas
Kumar (VRS); were felicitated.

On the occasion, Painting and Essay Competitions were

organized for the children of CSIR-CBRI Staff. In the Painting

Competition, category I with the topic “Swachh Bharat” for

students up to class 2, Km. Anshu received first and Km. Myra

received the second prize; and in the II category with the topic
“Asian Games 2018 for students of class
3-5, Km. Kavya stood first, Km. Aabra
second and Aarav got the third prize. In the
Essay Competition, category 1 with the
topic “Unity in India's Diversity” for
students of class 2-6, Sajal won the first
prize; in the II category with the topic
“Natural Disasters in India” for students of
class 9-10, Uday won the first and Km.
Simran won the second prize; and in the I11
category  with the topic  “The
Responsibility of Media in Nation's
Development” for students of class 11-12,
Km. Nancy won the first prize.

The superannuated staff of the Institute,

over 100 Class 12 Science students from

Kendriya Vidyalaya No. 1, Roorkee and
Kendriya Vidyalaya No. 2, Roorkee along with their faculty also
graced the occasion besides other dignitaries.

Dr. A.K. Minocha, Chief Scientist conducted the function and
presented the formal introduction of the Chief Guest. Dr. Suvir
Singh, Chief Scientist presented the formal introduction of the
Guest of Honor and proposed the vote of thanks.

India International Science Festival-2018 : Precursor Events

CSIR-Central Building Research Institute, Roorkee organized a
Public Outreach Programme for school children, college
students, teachers, industry personnel, media and public as a
precursor event of 4" India International Science Festival (IISF-
2018) during September 27-28,2018 at CSIR-CBRI, Roorkee.

In his opening remarks, Dr. A.K. Minocha, Chief Scientist
th

informed that the 4™ India International Science Festival (IISF-
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2018) is being organized at Indira Gandhi Pratishthan, Lucknow
during 5-8 October, 2018. He informed that IISF is a flagship
programme of Ministry of Science and Technology and
Ministry of Earth Sciences, organized in association with
Vijnana Bharati (VIBHA). IISF 2018 is being coordinated by
Department of Biotechnology (DBT) and the nodal agency is
National Institute of Immunology (NII).
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Dr. Mahesh Bhatt, President, VIBHA Dehradun Region,
Uttarakhand presented a lecture on “IISF-2018” and informed
that with the theme “Science for Transformation” the IISF 2018
aims to provide a platform to young students, scientists and
technocrats from across India for exchange of knowledge &
ideas in the line of national flagship, with emphasis on the role
of science for masses and science for society. He also informed
about the various programmes being scheduled as a part of [ISF
2018.

Dr. Atul Kumar Agarwal, Senior Principal Scientist and Nodal
Officer, CSIR-CBRI, Roorkee motivated the students with a
lecture on “Youth for Science: Scientific Careers”. He
encouraged the students to adopt a scientific approach of

questioning and interactions, as this curious outlook towards
life, leads to creativity and innovation. He stressed that the
students must remember the subjects of their choice and their
weak points while choosing a stream. He also informed that
CSIR also provides a wide window of opportunities in all the
fields in all the areas of life.

In the afternoon session Dr. Atul Kumar Agarwal presented a
lecture on “Scientific Temper: Quality Education & Fight
against Superstitions”. He said that education should be such
which forms character, increases strength of mind, expands

intellect, and enables one to stand on one's own feet. It should
devoid us of any misconception, myths and superstitions and
provide us with the strength to face the world, free of
superstitions. In his talk he informed how starting with the
indelible ink, the hallmark of the nation's fabric, CSIR has left
an indelible mark on every sphere of life.

Dr. R.D. Dwivedi, Principal Scientist, CSIR-CIMFR Regional
Centre, CBRI Campus, Roorkee presented an interesting
lecture on “Tunnel Engineering” and informed about
importance of tunnels, their excavation process, equipment
used, construction challenges and the key safety features during
the process.

Dr. Atul Kumar Agarwal, Nodal Officer conducted the
programme and informed that this science festival aims to
engage public with science and help youth, develop 21" century
skills, with a focus on scientific knowledge, creativity, critical
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thinking, problem-solving, and teamwork. He explained that
IISF is not a science sprint but a science outreach marathon,
fuelling India's drive toward becoming the Vishwa Guru, by the
vigilant support of CSIR along with every scientific and
educational pillar of the nation including ICAR, ICMR, DRDO,
ISRO, AICTE, DAE etc. and ministries including MNRE,
MOoEF, MoRD, PIU etc.

The participants visited the Institute's enriched labs — Rural
Park, Efficiency in Buildings, Fire Research and Environment
Science and Technology- Clay Products etc. and learnt about the
latest developments and technologies. Science films featuring
CSIR, CBRI and VIBHA scientific innovations and success
stories were also screened. They also had an interactive session

with the Institute's scientist where they put their curiosity to rest
and quenched their thirst for knowledge. The programmes got
positive feedbacks from the participants and were defined as
motivating, inspiring and interesting.

The programme was attended to by about 400 students along
with their faculty from various schools and colleges including
Children's Senior Academy, Mahavir International School,
Methodist Girls (PG) College, New Era Public School, College
of Advanced Technology, Motherhood University and
Kendriya Vidhyalaya No. 1, Hathibarkala Dehradun.
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As a prelude to the event, a Press Meet was organized on
September 27,2018 to apprise the public about the forthcoming
event. Dr. A.K. Minocha, Chief Scientist chaired the press meet
and Dr. Atul Kumar Agarwal, Nodal Officer, briefed about the
programme. Dr. S. Sarkar, Chief Scientist, on behalf of Dr. N.
Gopalakrishnan, Director, CSIR-CBRI, Roorkee, invited
everyone to take part in I[ISF 2018 and also participate in the
precursor events being organized at CSIR-CBRI, Roorkee.

Press Representatives from Amar Ujala, Dainik Jagran,
Hindustan, Rashtriya Sahara, Dainik Aaj, Dainik Bhaskar,
Dainik Hawk, Punjab Kesari, Ajit Samachar, Uttar Bharat Live,
Swatantra Chetna, Golden Times and Badri Vishal etc. attended
the meet.
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CENTRAL BUILDIHE RESEAREH INSTITUTE RDDRKEE

HCTAENT-BegId o1 3TeraTeT Hedrer / CSIR-Central Building Research Institute
FZNH-247 667 (3ﬂ€r@ll§) a1eT / Roorkee-247 667 (Uttarakhand) India
HaH/Fax: 01332- 272543, 272272

TAIF/Phone: 01332-272243;
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