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Editorial Note

As my nomination as an Subject Expert and Editor for this Special Issue on Engineering &
Technology 2012, | have worked a lot to make it successful. | do whatever task is at hand to the best of
my ability. | take pride in my work and give hundred percent every time. For those submissions that
were not suitable for publication, we tried to let authors know very quickly of our decision, giving them
a chance to submit their manuscript to another journal if they so desire. | am fully aware that the
prestige and quality of aaiNVIKSHIKI Journal depends upon the altruistic participation of reviewers
and the fairness and promptness with which the review process is conducted. In this regard, | wish to
express my sincere gratitude to all board members for their nice cooperation and sudained ef
However because of the increased number of submissions and the diversity of research fields involved,
we have a dffcult task ahead of us requiring a more rapid tempo of reietie same time, from now
on the authors themselves should assume their own inescapable respondibditeslitor will return
immediately any manuscript that is incomprehensible to reviewers on account of substandard grammar
and syntax.

Finally, it is a pleasure to thank my Editor in chief for their nice cooperation and valuable
suggestion. Noywve all look forward to embarking in a journey that can fIK¥IKSHIKI on to the
next plateau of excellence.

| hope you will enjoy reading this issue and we welcome your feedback .

With best regards
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Jyoti Prakash
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Introducing “Global Journal of Engineering and Technology”

Dear Colleague,

Global Journal of Engineering and Technology Research (GJET) is a multidisciplinary peer-reviewed journal published six
monthly by mpasvo Journals (http://www.onlineijra.com/gjet ). GJET is dedicated to increasing the depth of the subject

across disciplines with the ultimate aim of expanding knowledge of the subject.

Call for Papers

GJETwill cover all areas of the subje@he journalwelcomes the submission of manuscripts that meet the general criteria

of significance and scientific excellenamd will publishOriginal articles in basic and applied reseafchse studigs

Critical reviews, surveys, opinions, commentaries and essaymWte you to submit your manuscript(s) to
maneeshashukla76@gadiffmail.com for publication in the six Monthly Issue. Our objective is to inform authors of the
decision on their manuscript(s) within eight weeks of submission. Following acceptance, a paper will normally be published

in the next issue. Instruction for authors and other details are available on our welsitenlineijra.com/gjet
GJETis an Oper\ccess Journal

One key request of researchers across the world is unrestricted access to research publications. Open access gives a
worldwide audience larger than that of any subscription-based journal and thus increases the visibility and impact of
published works. It also enhances indexing, retrieval power and eliminates the need for permissions to reproduce and
distribute content. GJET is fully committed to the Open Access Initiative and will provide free access to all articles as
soon as they are published.

Best regards,

Dr. Maneesha Shukla.

Editor in chief,
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Guidelines for Authors

Global Journal of Engineering andTechnologyis an open access journal that provides rapid publication (six monthly)
of articles in all areas of the subject such as: civil, mechanical, chemical, electronic and computer engineering as well as
production and information technola@yhe Journal welcomes the submission of manuscripts that meet the general criteria

of significance and scientific excellence. Papers will be published approximately 3 month after acceptance.

Electronic submissionof manuscripts is strongly encouraged, provided that the text, tables, and figures are included in a
single MicrosoftWord file (preferably irArial font).

Submit manuscripts as e-mail attachment to the Editorialfioé at: maneeshashukla76@réddifil.comA manuscript
number will be mailed to the corresponding author same day or within 72 hours.

Thecoverletter should include the corresponding autkdull address and telephone/fax numbers and should be in an e-
mail message sent to the Edjteith the file, whose name should begin with the first aughemrname, as an attachment.

The authors may also suggest two to four reviewers for the manuscript (GJET may designate other reviewers).

Global Journal of Engineering andTechnology will only accept manuscripts submitted as e-mail attachments.

Article Types

Three types of manuscripts may be submitted :

Regulararticles: These should describe new and cafully confirmed findings, and experimental piocedures should
be given in suficient detail for others to verify the work. The length of a full papershould be the minimum equired
to describe and interpret the work clearly.

Short Communications: A Short Communication is suitable forrecording the results of complete small investigations
or giving details of new models ohypotheses, innovative methods, techniques apparatus. The style of main
sections need not conform to that of full-length papers. Shbcommunications are 2 to 4 printed pages (about 6 to
12 manuscript pages) in length.

Reviews: Submissions ofeviews and perspectives covering topics of ciant interest are welcome and encouraged.
Reviews should be concise and no longdran 4-6 printed pages (about 12 to 18 manuscript pages). Reviewg ar
also peefreviewed.



Review Process

All manuscripts are reviewed by an editor and members of the Editorial Board or qualified outside reviewers. Decisions
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cited.

Following the abstract, about 3 to B8y wordsthat will provide indexing references should be listed.

A list of non-standardbbr eviationsshould be added. In general, non-standard abbreviations should be used only when
the full term is very long and used often. Each abbreviation should be spelled out and introduced in parentheses the first
time it is used in the text. Only recommended Sl units should beAusdrs should use the solidus presentation (mg/ml).

Standard abbreviations (suchAEP and DNA) need not be defined.

Thelntr oduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed
approach or solution. It should be understandable to colleagues from a broad range of scientific disciplines.

Materials and methodsshould be complete enough to allow experiments to be reproduced. Hpamyeruly new
procedures should be described in detail; previously published procedures should be cited, and important modifications of
published procedures should be mentioned bri€typitalize trade names and include the manufatsurame and address.

Subheadings should be used. Methods in general use need not be described in detail.

Resultsshould be presented with clarity and precisifime results should be written in the past tense when describing
findings in the authors’ experiments. Previously published findings should be written in the present tense. Results should
be explained, but Igely without referring to the literature. Discussion, speculation and detailed interpretation of data

should not be included in the Results but should be put into the Discussion section.

TheDiscussionshould interpret the findings in view of the results obtained in this and in past studies on thisatepibeS
conclusions in a few sentences at the end of the pHpeResults and Discussion sections can include subheadings, and

when appropriate, both sections can be combined.

The Acknowledgmentsof people, grants, funds, ethould be brief.

Tablesshould be kept to a minimum and be designed to be as simple as pdsdilds.are to be typed double-spaced
throughout, including headings and footnotes. Each table should be on a separate page, numbered cons&@liicely in



numerals and supplied with a heading and a legeatiles should be self-explanatory without reference to theTleat.
details of the methods used in the experiments should preferably be described in the legend instead ofTinéheatee.
data should not be presented in both table and graph form or repeated in the text.

Figure legendsshould be typed in numerical order on a separate sheet. Graphics should be prepared using applications capable of
generating high resolution GIFIFF, JPEG or Powerpoint before pasting in the Micro®dédtd manuscript fileTables should be

prepared in MicrosoftVord. UseArabic numerals to designate figures and upper case letters for their parts (Figure 1). Begin each
legend with a title and include digfent description so that the figure is understandable without reading the text of the manuscript.
Information given in legends should not be repeated in the text.

References:In the text, a reference identified by means of an author's name should be followed by the date of the reference in
parenthese&Vhen there are more than two authors, only the first author's name should be mentioned, followed by 'et al'. In the event
that an author cited has had two or more works published during the santbgeaference, both in the text and in the reference list,
should be identified by a lower case letter like 'a‘ and 'b‘ after the date to distinguish the works.

Examples:

Abayomi (2000) Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992), (Chege, 1998; Chukwura, T9%&na,b;
1993,1995), (Kumasi et al., 2001)

References should be listed at the end of the paper in alphabeticahotidiss in preparation or articles submitted for publication,
unpublished observations, personal communications, etc. should not be included in the reference list but should only be mentioned in
the article text (e.gA. Kingori, University of Nairobi, Kenya, personal communicatialgurnal names are abbreviated according to
ChemicalAbstractsAuthors are fully responsible for the accuracy of the references.

Examples:

Chikere CB, OmonVT and Chikere BO (2008). Distribution of potential nosocomial pathogens in a hospital envirofmeht.
Biotechnol. 7: 3535-3539.

Moran GJ,Amii RN, Abrahamian FM,Talan DA (2005). Methicillinresistan8&aphylococcus a@usin community-acquired skin
infections. Emgg. Infect. Dis. 1: 928-930.

Pitout JDD, Church DL, Gregson DB, Chow BL, McCracken M, Mulvey M, Laupland KB (2007). Molecular epidemiology of CTXM-
producingEscherichia colin the Calgary Health Region: emgence of CTX-M-15-producing isolatémtimicrob.Agents Chemother

51: 1281-1286.

Pelczar JR, Harley JRlein DA (1993). Microbiology: Concepts adgpplications. McGraw-Hill Inc., Nework, pp. 591-603.

Short Communications

Short Communications are limited to a maximum of two figures and one Tdigdg.should present a complete study that is more
limited in scope than is found in full-length papdrse items of manuscript preparation listed above apply to Short Communications
with the following diferences: (1Abstracts are limited to 100 words; (2) instead of a separate Materials and Methods section,
experimental procedures may be incorporated into Figure Legendalaledootnotes; (3) Results and Discussion should be combined
into a single section.

Proofs and Reprints:Electronic proofs will be sent (e-mail attachment) to the corresponding author as a PDF file. Page proofs are
considered to be the final version of the manuscvifith the exception of typographical or minor clerical errors, no changes will be
made in the manuscript at the proof stage. Because GJET will be published freely online to attract a wide audience), authors will have
free electronic access to the full text (in both HT&id PDF) of the articl&uthors can freely download the PDF file from which they

can print unlimited copies of their articles.

Copyright: Submission of a manuscript implies: that the work described has not been published before (except in the form of an
abstract or as part of a published lecture, or thesis) that it is not under consideration for publication elsewhere; that if and when the
manuscript is accepted for publication, the authors agree to automatic transfer of the copyright to the. publisher

Fees and ChargesOversea®iuthors are required to pay a $250 Processing fee and |IAditors are required to pay a Rs 3000/-
Processing fee. Publication of an article in Global Journal of Engineerinfpahdology is not contingent upon the authability

to pay the chaes. Neither is acceptance to pay the handling fee a guarantee that the paper will be accepted for pAbtivaition.
may still request (in advance) that the editorificefwaive some of the handling fee under special circumstances.



Letter No.\*34564,Reg.533/2007-2008 INDIAN JOURNAL OFRESEARCH?20125,63-71
ANVIKSHIKI ISSN 0973-9777 AdvanceAccess publication 16 Jan. 2012

AN OVERVIEW ON HIGHALUMINA CEMENTASCASTABLE
BONDING SYSTEM

Viiay Kumar*, ABHINAV SRivasTava** AND V. K. SnGH***
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Bi-monthly International Journal of all Researbtie, ijay Kumar ,Abhinav Srivastava and K. Singhthe authors of the research
paper entitedAN OVERVIEW ON HIGH ALUMINA CEMENTASCASTABLE BONDING SYSTEMdeclare that We take the
responsibility of the content and material of our papetasourself have written it and also have read the manuscript of our paper
carefully. Also, We hereby give our consent to publish our pap@nivikshiki journal ,This research paper is our original work and no
part of it or it's similar version is published or has been sent for publication anywhereestaghbrise the Editorial Board of the Journal

to modify and edit the manuscrimle also give our consent to the Editor Afivikshiki Journal to own the copyright of our research
paper

Abstract
The term high alumina cements stands for a familgfolctoly cements for high performance application; the calcium
aluminate cements (CAC) or high alumina cement (HAC). The hydragigsitrdevelopment is due to a water bonding
reaction of the calcium aluminate minerals to watesistant hydrate phases (not water dissolvable). It is cold bonding
systemAlumina contents of high performance HAC equal or exceed 70%earaiing CaO content. The difégice in
mineral constitution between HAC and Portland cement can be seen in the (¢S, Phase diagram. Portland
cement occurs in thelatively high CaOegion, with CS and CS as its main constituents. Calcium alumina cement on
the other hand, occurs in agion with highAl,O, (and low CaO and Sif) a factor that accounts for their higher melting

point and used afractory cement, wherCA, CA, CA,, C_A, are the main constituents in high alumina cement.
Keywods: High Alumina cement, Phase analysis, Cementing behaguthysical Properties of High
Alumina cement.

1. Introduction
The working life of high alumina cement in steelmaking and other ceramic industries is greatly dependent
on the materia$ ability to withstand high temperatures without ugderg significant deformation
and corrosionTherefore, one of the approaches used throughout the latest decades to improve the
performance of high alumina cement has been the reduction of the liquid content formed at elevated
temperatures on high-alumina refractory castables. Low-melting point eutectic phases are often formed

*(CorrespondingAuthor) Department of Ceramic Engineering (InstituteTe€hnology) Banaras Hindu Universitfaranasi (U.P India. e-Malil :
vijaykumaritbhu@gmail.com

**Department of Ceramic Engineering (InstituteTechnology) Banaras Hindu Universikaranasi (U.B India.

***Department of Ceramic Engineering (Institute Béchnology) Banaradindu UniversityVaranasi (U.B India.
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AN OVERVIEW ON HIGHALUMINA CEMENTASCASTABLE BONDING SYSTEM

in these castables because of the reaction between aluminaagiOCaO. Outstanding gains in
refractoriness have been obtained through reduction of the amount of Ca@ndifrrease thd 0,
content in high-alumina cemént

2. Salient Featwes Of HighAluminate Cement

Calcium aluminate cements are cements consisting predominantly of hydraulic calcium aluminates.
Alternative names are “aluminous cement”, “high-alumina cement” and “cimentfdrtaimain active
constituent of calcium aluminate cements is mono-calcium aluminate (@aAllt usually contains
other calcium aluminates as well as a number of less reactive phases deriving from impurities in the
raw materials. Rather a wide range of compositions is encountered, depending on the application and
the purity of aluminium source uséd

Fremy in 1865 prepared various melt of lime and alumina and found them to possess good hydraulic
properties and this was confirmed by Michaelis some yearsSehett in 1906 had published a memoir
showing the high strength which were given by fused calcium aluminates. Spaskahaninate
compounds were prepared by adding bauxite to high-alumina slagsnber of natural cements
containing additions of Spackmarcalcium aluminates were marketed in the UnitadeS about the
1910 under the name Afca natural cements, but their manufacture was later abanddriedher
study of high-high alumina cements was carried outlyBtes at the U.S.A. Bureau of standards, the
first results of which were published in 1921

Bates prepared high-alumina cements by clinkering in a small (20-foot) rotary kiln and tested their
properties in concret@he high alumina cement ‘C#s the main mineralogical ingredient along with
CA,CA,C A, CA_SQO, CA, Al 0O,etc.In high purity high alumina cement have the lower amount of
impurities less fluxing agents and as a refractory properties.l&terns better to use high purityigh
alumina cement as a bindBepending up on the amount of impurities present in the HAC it is divided
in three groups

a. Low purity

b. Intermediate purity

c. High purity

T A B L E 1Composition & serice temperatu for such cements

Types of cement Composition (% indicated oxide) Temperature

AlLO, CaO SiO, FeO, Tio,

Low purity 36-47 35-42 3.5-9 7-16 0.50 1423C
Intermediatepurity 48-62 26-39 3.5-9 1-1.3 0.05 1650C
High purity 70-80 18-26 0.0-0.5 0.1-0.2 —- <1870C

In high purity high alumina cement lower amount of impurities i.e. less fluxing agents and as refractory
properties bette6o it is better to use high putitygh alumina cement as a bindeepending upon the
rate of hydration of diérent phases, high alumina cement is divided into 3 gfoups
T A B L E 2The rate of hydration diffent phases in HAC

Hydration rate Low purity Intermediate purity High purity
CA CA CA
CA, CA, CA,
FaSt C12,A7 C12,A7 C12,A7
C C C
Slow CS CS -
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CAF C,AF -
Non hydrating CT - -
A A -

Calcium aluminate cements (HACs) are the most important type of non-Portland or special cements.
Even so, the volume used each year is only about one thousandth of that of Portland\sahenare
considerably more expensive (four to five times), it is therefore not economic to use them as a simple
substitute for Portland cement. Instead their use is justified in cases where they bring special properties
to a concrete or mortagither as the main binder phase or as one component of a mixed binder phase

3. Manufactue Of HighAlumina Cement

The raw materials used for the manufacture of high-alumina cement are lime stone andiithoxith
alumina is very widely distributed in nature, bauxite is the only suitable material available commercially
on a scale adequate for cement production. Bauxite also forms the raw material for the manufacture of
aluminium metal of alum and aluminium sulphate, and of certain types of refractdreematerial
used in Great Britain comes from France and Greece. During the lagthearbauxite was short, use
was made of aluminium dross and the red mud from the Beyer process for production ofalumina

High alumina cement was originally manufactured in a weteted vertical furnace, open-hearth
furnace arranged with vertical stack, Electrical furnace also used for the manufacture of high alumina
cement for the small amount, and high-alumina cement is also produced by fusion is a rotary kiln of a
type similar to that used in Portland cement manufacture.

For low iron content (<4 per cent J&g)in high alumina cement, it has not been found possible to
clinker the raw materials containing a low iron content that are used commepadlifast very fast
cooling markedly reduces the rates of strength development though not the ultimate strength. Experiments
by Berl and Lobein showed that the strength tended to increase the more slowly the mix was cooled and
the more completely crystalline the product

A especially pure type of high alumina cement, white in ¢cidomade in England, France and
U.S.A. for use as a bonding agent for castable refractories for use at high tempédatuiea.instead
of bauxite is used as the raw material and the cement which contains 70-804dr€sasatpractically
free from silica and iron oxiddhe pure cement contains CA, CAndAl ,O,and has a much higher
melting temperature than ordinary high alumina cement. It is made by a sintering or clinkering process.
Sulpho-aluminate cement made by grinding together high alumina cement and gypsum or anhydrite
was patented by the Latg@ Company and worked for a time in French Indo — China. It apparently
proved dificult to control its properties, and its manufacture was discontinued. Cement based on a
mixture of high alumina cement, gypsum and hydrated tetra calcium aluminate is used in the U.S.S.R.
as a shrinkage compensating cement studies on mixtures of high alumina cement and gypsum, dehydrated
at 600 — 708C. Suggested that a cement of this type has a resistance to chemical attack similar to high
alumina cement, but lower heat of hydration and that it does riet 8oin loss in strength when cured
at temperatures up to %D This type of cement is, is in fact, very similar to the supersulphated slag
cements, fqrin both, a major product of hydration is calcium sulpho-alumifdtes. compound is
stable up to about 30 but at higher temperature it loses water and % #tere is a considerable loss
in strength with super sulphated cement. It also does not appear possible to get the very high strengths
at one daywhich is characteristic of high alumina cement at ordinary temperatures, form its mixes with
calcium sulphateThe high alumina cement made commercially has been classified by Robson into
four types>.
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Setting behavior of clinker phases:

Fast setting phases
Moderate setting
Slow setting

Non setting

CA (Mono calciumAluminate)

o lItis principal hydraulic compound.
o It gives high strength.

0 Specific properties slow setting.

o M.P =1605C

CA, (Mono calcium Di-aluminate)
o Auxiliary Phase.

0 M.P-1700-179€¢C.

o Low in strength.

o0 Slow setting.

C, A, (Mayenite)

o Short ISTand FST

0 Hydrates and hardens quickly
0 M.P-1415-149%.

o Gives Low $rength.

C,AS (Gehlenite)

o Slow setting.

o Little tendency to hydrate.
o Undesirable phase.

0 M. P -1590C

C,AF (Tetra CaAlumino feite)
o No contribution to setting.
o No contribution to strength

CA, CA,
CA

CA, CAF
CA, Al,O, CAS

273

4. Effecting Of Impurities During Clinker Firing
Silica, iron oxideTitania and alkalis canfafct the hydration and firing for example: high S&nounts
in the high alumina cement CaO;@l raw mix lead to the formation of the non-hydratingGehlenite

(C,AS) phase during firing.

Types of high - alumina cement:

T A B L E 3Types of high alumina cement

Type Color Al,0,(%) Fe0,(%)  SiO,(%) CaO(%) Source ofalumina
1 Grey 37-40 11-17 3-8 36-40 Red bauxite

2 Light grey 48-51 1-1.5 5-8 39-42 Red bauxite

3 Cream grey 51-60 1-2.5 3-6 30-40 White bauxite

4 White 72-80 0-0.5 0-0.5 17-27 Alumina

Properties of high - alumina cement:

o Rapid strength development, even at low temperature
o High temperature resistance/refractory performance

0 Resistance to a wide range of chemically aggressive conditions

5. Hydration Of High -Alumina Cement
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Both physical and chemical changes take place when water is added to the Tamdrydration
converts to the anhydrous cement powder into various hydrated phheesydrated phases does
under certain circumstances the most important product of normal hydration i8l2010H,0
metastable ‘Hexagonal’ hydrates (Ggldr CAH,) and they tend to transform into the ‘Cubic’ hydrate
(C,AH)) only stable alumina Hydrate existing over a wide range of temperatugepure calcium
aluminates show no such behavior when treated with very limited amounts gfamalténe solution
curves remain similar to those obtained in the presencegeféacess of water and their concentration
in the solution increases as the water: cement ratio is decreased. Finally concluded that at low temperature
the hydrated monocalcium aluminate was formed in high alumina cement pastes and that at@about 20
the hydrated dicalcium aluminate and alumina gel appeared, while at higher temperatures transformation
3Ca0.ALO,.6H,0 occurredThe relative extent to which the mono and the dicalcium compounds appear
is likely to be influenced by the alkali content the cement, since the presence of alkali considerably
modifies the equilibrium in the system Ca®;0,-H,0%.
“The main hydration reaction in high alumina cement”:
Ca0.ALO,.10H,0

ﬂ

2Ca0Al,0,.8H,0+Al,0,(Aq.)

3Ca0Al,0,6H,0+Al0, (Aq.)

This alumina gel on ageing gradually crystallizes as gibbsit®©(8H,0). The extent to which
CAH_ or CAH predominate in the hydration products depends on the temperature and also the cement.
If C, A, is present in the cement theAEl, appears more freglgs hexagonal plates. If there is any
exposure to carbon dioxide, hexagonal plates of 3CgO,AHACO,.11H,0O is also formedThe
predominance of CAHincreases as the temperature is decreased antCabrlbelow the content of
C,AH, as reported by various investigators has usually been $iftadin pure CAs hydrated, the
critical temperature above whichAH, formed is about 2&. However the amount of 8H_ reported
by different investigators form high alumina cement at temperatures between ali»@na023C
varies considerablyt may perhaps be influenced by the alkali content of the cement as well as by the
C,, A, contentThe di-calcium aluminate hydrate, with ferric oxide replacing part of the alumina, C
(AF) H, is also formed form the ferrite compound in the cenfémtre is also a tendency for more of
the di-calcium aluminate hydrate to appear on ageing, either by conversion of @Abtm further
hydration of the ferrite compound in the cem@t25°C and above the initial main hydration products
are GAH, and hydrated alumina, and as the temperature is raises fdnhésometric compound
C,AH_ increasingly becomes the dominant product within days of waetemperatures of 2& and
upwards the isometric 8H  is formed from the ferrite in amounts increasing with time and temperature.
The extent to whiclAl O, is replaced by E@, in the hydration product form high alumina cement is
still uncertainAfter one day the original anisotropic grains of the cement hayeladisappeared and
have been replaced by the gel together with the typical spherulitic growths of hexagonal plate groups
and needl€s

6. Effect Of @mperatue On Hydrated High-alumina Cement
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The high alumina cement cured at high temperatures or subsequently exposed to them in a mist state

has a reduced strengfthis is closely connected with the change in the nature of the hydration products.

The compounds CAHand GAH, produced at ordinary temperatures are metastable, and on prolonged

ageing tend to change into the cubic compoupdH. At ordinary temperatures this change is very

slow and may never occur in concretes kept by it must be expected to occaven though very

slowly, in wet concretegt high temperatures it occurs rapidiidgley has defined ‘half conversion’

as the state in which the quantity gfA€1 is equal to that of CAH as determined by DN For neat

cements, the time for half conversion was about a week’@t 200 days at 4C and estimated 20

years or so at 26. A concrete cube stored in water for 27 years & 18as found to be about half

converted but samples from a 30 year old concrete pile extracted from the seabed showed little sings of

conversion, the predominant compound still being GAFhe maximum temperature of the sea in the

region concerned was abouf@8When high alumina cement is hydrated at relatively high temperatures,

i.e. 35-48C, the cubic compound is rapidly formed and can readily be observed under the microscope

when hydration takes place in excess wated detected by X-rays in pastes of the consistence used in

practice. Its presence is also indicated by the manner in which the hardened cement loses water on

heating.Thus the compounded &H_ loses most of its water between Z2%nd 275C of wider

temperature range. It is found that the loss occurring between these temperatures increases markedly i

cement cured at higher temperatures, or subsequently exposed to such temperatures in a wét condition
CA shows a fall in strength, parallel to that of high alumina cement, on curing at high temperatures,

as indicated by the data in below table.

T A B L E 4Compessive stngth of HAC cled at high temperater

Age Compressive strength (Ib.An
Stored in water at 1€ Stored in water at £&
1 day 8715 6425
7 day 10140 3415
28 day 10770 2450

The change from the less basic forms of the hydrated calcium aluminates to theAthis€hus
closely associated with the marked loss in strenftlere is much evidence, however that it is the
volume change on conversion, rather than the mineralogical nature or morphology of the hydrates
formed, that is responsible for the fall in strength. Unless there are compensating factors these volume
changes make the converted cement much more porous than the dkgindl .be shown laterthis
development of porosity is partly compensated in mixes of low water: cement ratio by the continuing
hydration of anhydrous cement. It has also been found fA&t @GndAH, can give as high strength as
CAH_, if the porosity is lowand that the increase in porosity on conversion decreases with to water
cement ratié.

Applications
Because of their relatively high cost, calcium aluminate cements are used in a number of restricted
areas.

0 In construction concretes, rapid strength development is achieved, even at low temperatures.

In construction concretes, high chemical resistance is possible.

In refractory concretes, strength is maintained at high temperatures.

As a component in blended cement formulations, various properties such as ultra-rapid strength
Development and controlled expansion can be obtained
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7. Salient Featwes Of Castable Refractpr

The hydraulic monolithic refractories (or) refractory castables are mixture of calcium aluminate cement
(refractory cement) and suitably graded refractory aggreddtesement in refractory castables reacts
with water at room temperature and forms a strong solid mkssis mostly used for quick furnace
lining and repairingA Refractory Castable may be macroscopically characterized as a structure consisting
of large aggregates bonded together by a finer bond phase or nTatliys dense Castable systems
have complex compositions comprised of the generic materials such as aggregates, fine reactive fillers
like alumina and microsilica, calcium aluminate cement (HAC) and defloccul@hésentire system
can be considered to be an independent system and the final characteristics are as a result of the sum of
interactions of all. Depending on the specific type of refractbeaggregate and matrix may be of
similar or vastly diferent in chemical and physical properties. It is evident that almost infinite
combinations exist when d#rent aggregates, bonding matrices and particle size distributions for a
particular type of Castable are considefdte relative proportion of the constituents, their chemistry
and mineralogy influence the flow and refractory property of the castables. Conventional castables
contain a high proportions (15-20%) refractory cement and water (8-T3%)presence of CaO
associated with cement is detrimental to the refractory as it is a flux for alumina-silicate materials to
form low melting phasés

Monolithic castables are replacing the traditional fired and shaped refractories at a much faster rate
due to some inherent advantages mentioned béfbesrefractory aggregates serve an important role
in determining the service temperature of castables. Packing density of castables can be improved by
filling the voids between aggregates with micronized powdery matdri@dscommonly used superfine
particles are microsilica, reactive alumina etc. which improve the performance of castables.Biner Cr
was also used for this purpose but the refractory makers became aware of its environmental hazards.
Various methods are employed in the placement of monolithic like ramming, casting, gunning, spraying
etc. Ramming masses are used mostly in cold applications where proper consolidation of the material
is important®.

Low cement castables
The low moisture content can be achieved by lowering the percentage of bonding material cement in
castablesThus above concept of low moisture low cement castables is generated. Reduction of the
cement about 5-8% without determinatelfgef on the strength can be achieved by the addition of fine
grained refractory materials and a deflocculant for homogenous distribution of the cement and fine
grain additive and reduce the mixing water needed. Packing density of the monolithic refractory can be
increasedThe commonly used superfine materials are silica sol, silica fume, alumina gy, 76D,

Micro fine silica (0.15um dia) is used to get the monolithic refractory having the high mechanical
strength, high erosion resistance, good thermal shock resistance and low shvitileagiaw cement
castables using super fine silica powder are heated above 1350°€.13ili0a reacts with calcium
aluminates of cement bond vitreous anorthite phase which cause the rapid decrease of Adti$IOR.
drop in hot strength above 14000c is independent of the type aggregate used.

One of the remedies of this problem is the replacing micro fine silica by micAd fdgor CrO,. The
product CtO, develops a very rigid high temperature above ¥48hd and it improve the hot strength
and other physical properties .The added ultrafine silica powder forms a strong refractory phase mullite
at 13000cThe formation of mullite increases the hot MOR at 2808lowever this hot strength drops
rapidly as the CaO content increase but it solves the setting and hardening problem.

Low cement castables depending on two parameters
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o Depends on CaO content
o Mullite content after firing

These two parameters not independent of each other and intensive research work has been carrie
out to select the bond system fromAtgO,,SiO,,CaO phase diagram, to develop the maximum Mullite
formation at high temperature and also maintain the proper cold setting and hafdening

Ultra-Low Cement Castable (ULCC)
This can be achieved by lowering the percentage of cement 4% and increasing the percentage of silica
fumes max 10% addedhis new type of castable is known as ultra-low cement castable (ULCC).
Though ULCC has higher hot MOR value than LCC but these materials are very week in the green
strength at low temperatures. So except for the blast furnace cast house application ultra-low cement
castable is not use widély

8. Conclusions
Conventional castables have long been associated with ease of application.At the first introduction of low cement and
ultra-low cement castables, installation sensitivity was a drawback which discouraged many refractory installers and
consumersThe current generation of LCC and ULCC products has significantly improved placement characteristics in
comparison to the first generation produdtiditionally, refractory installers have learned the techniques and sensitivities
required for the use of these products.

Today precautions are still necessary in the placement of formulations with reduced cement levels. Ease of installation
has greatly improved with castables containing lower cement contents. Improvements may be attributed to the increased
knowledge of themechanisms in the interdependence of the cement, fillers and additssksowledge has motivated
the development of improved cements and fillers which meet the exacting demands and requirements forreduced cement
formulations.Despite this knowledge,ULCC and no cement castables still tend to be more sensitive to installation parameters
than conventional castables. Each castable type has its own specific characteristics which result in a unifjue trade of
of between robustness and final performance. In the same context each castable type and each bond system have inhere
characteristics that mean they do not all work equally well in all applicafioctsoice needs to be made application by
application and it is dangerous to generalize.

The choice of calcium aluminate bondedcastables by refractory manufacturers hasgrown significantly in the past few
years.Dday castables are selected both forultimate performance and ease of installationcoupled with reduced risk of
installationfailure.The single biggest advantage of HAC for castables lies in its flexibility that allows a multitude of
castable types and installation technologies to be develdpedbasic properties of cold as well as hot cohesion can easily
be achieved with calcium aluminate cement bonded systénisds coupled with a choice of installation robustness versus
installed characteristics and performance. No other bond system is alilr suoh options.

The selection of calcium aluminate cement must be considered carefully in the quest to optimize performance and
installation succes3here must be a continuing evolution in the quality of the HAC characteristics to meet the exacting
demands of the refractory formulations. For further progress to be made simultaneous development of the castable and the
bond system is needethese developments will surely fuel the growth of castables and their potential replacement for
other types of Refractories.
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