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DROWNING IN THE MAINSTREAM: STRATEGIES TO 

SURVIVE AND SUCCEED FOR DYSLEXIC 

ADOLESCENTS 

 

Reena J. Andrews 

Department of English, St. Paul’s College, Kalamassery, Kochi-683 503, India 

 

ABSTRACT 

Identification of dyslexics in a target group of undergraduate students 

with structured assessment tools and recommendation and facilitation of 

remediation techniques to overcome learning difficulties. 

 

1. Adolescent Dyslexia and the Need for Assessment 

Dyslexia is a neurological condition which results in deficiencies in 

literacy skills and/or maths, and is usually associated with difficulties in 

concentration, short term memory and organization. Persistent problems 

with reading and writing, spelling uncertainty, directionality confusions, 

illegible handwriting caused by visual-motor co-ordination problems, are 

some of the factors which contribute to a dyslexic being branded 

intellectually deficient by teachers and peers. Hence the urgent need for 

an early diagnosis and remedial help at the school level. But a survey 

conducted among college students revealed that dyslexia remains a 

formidable barrier to academic achievement. Lack of awareness, specially 

among the economically and socially deprived communities, see many 

undiagnosed dyslexics reach colleges frustrated with their academic non-

performance. At the college level, adolescent dyslexics display 
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weaknesses in short term memory, phonological skills, sequencing and 

structuring information, perception, as well as difficulty with physical 

coordination.  Dyslexia becomes a social problem when it generates 

dropouts in schools and colleges or creates students who drift through 

the academic scenario and end up as failures in life despite high 

intelligence and earnest endeavour. Correct diagnosis can help dyslexics 

bypass their mental roadblocks and put them on the way to a more 

fulfilling life with remedial support. It has been proved that even dyslexic 

adolescents respond successfully to appropriate intervention.  

 

2. Methodology and Data Analysis 

This study uses as its methodology a multi-tiered instructional 

approach that focuses on problem identification of students who are at risk 

of academic failure and in need of behavioural support, so that  

interventional help can be provided  at  appropriate stages.  As a Tier 1 

proactive approach, an assessment was conducted. A questionnaire 

compiled to measure developmental, medical, behavioural, academic and 

family history was the first tool of analysis. The target group was two 

hundred and two first semester students, who were subjected to a general 

screening test to identify those with learning difficulties. At the next level, 

a comprehensive test of general intellectual functioning, cognitive 

processing, specific oral language skills related to reading and writing and 

phonological processing was done.   The study found that sixty five 

students (32%) showed moderate to severe reading/ writing/ organisation 

difficulties.  In about 50% of these cases, the difficulty was circumstantial 

- lack of exposure to English which is the medium of instruction, lack of 

opportunities, lack of conducive learning environment at home, and 
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extreme deprivation.  Ten students showed a below average intelligence 

level, and twenty three (10-11%) had clear symptoms and signs of 

dyslexia and dyspraxia.  

 At the Tier II Level, dyslexic students were given more targeted 

interventions and individual attention to overcome specific difficulties. 

Apart from the counseling sessions arranged, the students were apprised of 

strategies recommended by educational psychologists to help them prevail 

over their difficulties in areas of reading, writing, memory and perception. 

Facilitating use of appropriate technological aids and highlighting tips to 

overcome organizational difficulties and to manage emotional stress were 

major steps in remediation. Tier III is the stage where referral for 

professional counseling and recommendation for special education 

programmes were given to a couple of students who were in need of more 

intense, specialized intervention.  It was found that the mere realization 

that the problem was physiological, with no bearing on  their intelligence 

or attitude, made students with dyslexia  more reconciled to their handicap 

and eager for any support  that would serve as a lifeline  to hold on to as 

they struggled to get back into the mainstream.  

 

Note 

Brief report of Minor Research Project done in 2011 with UGC Assistance 

under XI Plan. 
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EXPLORING THE THEATRICAL POTENTIAL OF HISTORY IN 

RAMU RAMANATHAN’S PLAY MAHADEVBHAI (1892-1942) 

 

Deepa George 

Department of English, St. Paul’s College, Kalamassery, Kochi-683 503, India. 

 

Abstract 

 

Ramu Ramanathan in his play Mahadevbhai re-examines the narrative 

and theatrical potential of Indian political history to highlight the struggle 

and fortitude put by our freedom fighters especially Mahatma Gandhi 

through a biographical account of his personal secretary, Mahadevbhai. 

He adopts the techniques of a docudrama and thereby depends on various 

recorded documents to prove his point. This is a solo play where a single 

actor enacts the roles of more than thirty characters. As a blend of 

narrative, documentation and drama, this play challenges the readers and 

viewers to react to the past and the present. This experimental play is an 

exhortation to cast off negative views like anti-Gandhism and a critical 

attitude towards democratic institutions. Incorporating a historical 

narrative into the text of a drama the playwright succeeds in displaying 

the content of a sociopolitical order. 

 

Ramu Ramanathan’s play Mahadevbhai (1892-1942) is an 

exploration of Gandhian principles and ideology of our times through the 

eyes of Gandhi’s personal secretary, Mahadevbhai. Traversing through 

several acts and moments that dotted the history of our nation the 

playwright gives us deep insights into the nobility of thought and 
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expression of a few great souls who brought India freedom. History 

juxtaposed with times present lays bare the changes that happened through 

these years. This is a re-examination of political history where several 

historical characters rally on stage recreating the struggle and fortitude of 

our freedom fighters. Through the representation of events from the past, 

history is made available to us for information and interpretation. 

Mahadevbhai (1892-1942) was a turning point in Ramu 

Ramanathan’s career as a playwright and it turned out to be a very 

successful play. It tells the story of freedom struggle through the 

biographical account of Gandhi’s aide Mahadevbhai. Premiered at the 

Prithvi Theatre Festival in 2002, Mahadevbhai is a solo play. Jaimini 

Pathak, who played the role of the narrator-cum-actor by delivering a 

monologue of more than one hour presents a stupendous theatrical 

performance. Introducing himself as a budding actor, he establishes a link 

to Mahadevbhai through his grand uncle. Mahadevbhai, Gandhi and 

several other characters relive in front of him through the conversations 

with his grandfather. 

Ramu Ramanathan is interested in a history as represented and 

recorded in written documents. The aim is not to represent the past as it 

really was but to present a new reality by re- situating it. In a letter to 

Lakshmi Chandra, the writer says what inspired him to write 

Mahadevbhai. 

For me, MAHADEVBHAI is a response to the politics of 

our times. To start with, anti-Gandhism is rampant and then there 

is the systematic discrediting of democratic institutions. As I see it, 
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there are a couple of reasons for this. For one, our politics has been 

communalized. This automatically makes Gandhiji an easy target. 

Since these days, anyone who has been perceived as pro-Muslim 

will be attacked. Then there are the caste politicians, who are 

constantly playing the anti-Gandhi card. In this sense Ambedkar 

and Gandhi, become foes without their politics being understood. 

The point is, the modus operandi of the criticism against Gandhi is 

cloaked in subterfuge. As you're perhaps aware, there have been 3-

4 anti-Gandhi plays and even mainstream films in the past decade; 

And all of them very popular. MAHADEVBHAI was my attempt 

to set the record straight, in a small way. 

In this sense, I was clear about devising a play that will 

reach-out to the uninitiated, and those members of the audience 

who are hostile to Gandhiji and his tenets. For me, Mahadevbhai 

became a tantra to reach that tatva. (Chandra) 

Mahadevbhai is a docudrama with a performance narrative dealing 

with the past. The life of Mahadevbhai after his entry in politics as the 

close associate of Gandhi is documented incorporating dramatic elements. 

The playwright has brought to use the recorded facts in the meticulously 

kept, daily written dairies of Mahadevbhai and various other sources. His 

diligent research of more than five years helped him with the desired facts 

for writing the play.  

This is a biography drama on Mahadevbhai, which starts with the 

mentioning of Mahadevbhai’s birth in 1892 and ends with his death in 

1942. But the highlight of the play is Gandhiji -the great organizer.  

Gandhiji could easily unite all the classes by providing a programme for 
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action. Many inspired by his leadership gave up their jobs willingly to join 

his movement. They were involved in different constructive community 

programmes. Education of children, education on hygiene and sanitation, 

women empowerment, free medical services were a few activities on the 

agenda. Gandhiji taught his followers lessons on self-reliance. There was 

training to wash clothes, scrub toilets and clean roads. Thus, Gandhiji 

ensured that they didn’t let off the villagers. This not only symbolized 

protest against the British but inspired tremendous self-respect and 

confidence amongst the villagers. He was a strong advocate of non-

violence, economic processes that favour the poorest of the poor, religious 

tolerance and removal of untouchability. 

Gandhiji’s policies of non-violence and Satyagraha were not easy 

methods to follow. At times, he and his followers were put in jail. When 

situations went out of hand Gandhiji and his Gandhianism would be 

blamed with words like “A CORRUPTER OF YOUTH” (Chandra: 275) or 

“The British Government has a free police officer in Gandhi. What else 

should we expect from a BANIA” (276) etc. 

The writer maps a few momentous episodes in history like the Godhra 

Political Conference, Champaran agitation, promulgation of the Rowlatt 

act, Bardoli Satyagraha led by Vallabhbhai Patel, Dandi March also 

known as the Salt Satyagraha, the historic Yeravda Pact and the Quit India 

Movement of 1942. The same year Mahadevbhai passed away.  The 

playwright makes clear that Gandhiji was not against development or 

machinery but he was against the craze for machinery. He stresses the 

relevance of Gandhian methods in today’s world. He also tries to remind 
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the viewers and the nation what is forgotten or unrealized and gives voice 

to those who have not had one. 

Any document taken from the past is a product of ideology. 

History constitutes the thoughts and beliefs of a past world. According to 

the historian Jacques Le Goff, ‘the document is not objective, innocent 

raw material, but expresses past society’s power over memory and over 

the future’ (Goff: xvii). The objective nature of history is obscured giving 

way to interpretation. The readers and viewers are enriched when they re-

examine history in this way. When history is chosen as the material for a 

drama, the dramatist in a way becomes a historiographer. Through careful 

examination, evaluation and selection of material the writer offers 

narrative presentation of history in dramatic form.  

Ramu Ramanathan leans heavily on research materials to develop 

an intellectually demanding experimental play. Form appears to him as 

important as the content and hence his readiness to take on challenges. 

The form of the text allows the inclusion of different authentic materials 

like speeches, letters, Mahadevbhai’s diary, quotations, history textbooks, 

musical compositions from Braj literature, poems of Kabir, Rabindranath 

Tagore etc. There is a careful selection, arrangement and editing of these 

primary sources into an aesthetic composition. The manner of arrangement 

and editing itself from the message or intent of the play. It can be rightly 

said that his intellectual creativity has found its modern idiom. 

The actor turns to various primary sources during the narrated moments of 

the play when factual or expositional information is given. This effective 

stage device conveys the message that every word uttered has the force of 

the swearing of an oath. The actor begins his narration reading a few lines 
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from a scroll written by Vinoba Bhave about Mahadevbhai. Then he 

establishes his connection with Mahadevbhai by holding up a black and 

white photograph of Mahatma Gandhi, Mahadevbhai and his granduncle. 

There are several readings from different sources in the course of the play. 

For instance, the passage read from Narhari Parikh’s Mahadevbhainun 

Poorvacharithra tells of Mahadevbhai’s decision to join Gandhiji’s 

freedom movement. 

The form chosen is simple story telling interspersed with humour. 

As the play has more than thirty characters, doing Mahadevbhai as a one-

man show seems to be quite feasible. The performance wouldn’t have 

been effective if there were as many actors as the characters. The single 

man performance conveys a simplicity and vision in tune with the ideas 

presented. The actor becomes the actual participant in the historical event. 

He resorts to fictional narrative techniques with the intention of reporting 

reality. The play which is a blend of narrative, documentation and drama, 

sets forth a moral view of reality, challenging people to react to the past 

and the present.  

 The actor executes his role of a performer of history with élan. It 

was in Godhra, then the most backward area in Gujarat, Mahadevbhai and 

his wife Durga Ben join Gandhi in his travel. Godhra in 1917 became the 

venue of a Political Conference where Gandhi spoke about Hindu- Muslim 

unity and prevailed upon the communities to remain free from suspicion 

and fear of one another. He said: “I have only one object in view and it is 

a clear one, namely that God should purify the hearts of Hindus and 
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Musalmaans and the two communities should be free from suspicion and 

fear of one another” (Chandra:263). 

What happened in Godhra in the recent times highlights the irony 

of the situation.  From there Mahadevbhai went to Champaran in Bihar. 

The first jottings in his diary began on 13
th

 November 1917. Since then he 

maintained a daily diary till 14
th

 August 1942 the day before he passed 

away. But his 27 volume diary doesn’t mention the birth of his son 

Narayan. The words jotted down in Mahadevbhai’s diary are quoted in the 

text in italics. 

There are bits and pieces the narrator acts as he travels back and 

forth in time. The story of the freedom struggle narrated is a chronological 

one. The underlying chronology remains intact, though the actor exits the 

story in between to come to the present. The sequences that fall outside the 

chronology deal with the actor’s life in the present. The episodic structure 

results in multiple lines of development. Instead of an orderly unfolding, 

the narrative is split resulting in a fluidity of time and space. The ultimate 

aim is to show the impact of Gandhian ideals in the lives of different 

characters. 

A few dramatic episodes from the present may appear as 

diversions but they are closely connected with the narrative. In one 

episode, the actor enacts his history teacher Madam Priscilla teaching 

tinkatiya arrangement introduced by the British in Champaran. (Tinkatiya 

arrangement was an exploitative system in which the British planters had 

involved the cultivators in agreements that forced them to cultivate indigo 

on 3/20
th

 of their holdings and surrender the entire harvest as rent to the 

landlords.) Instead of sensitizing students to the problems faced by our 



Deepa George 

 

 

12   Pauline Journal of Research and Studies  

 

freedom fighters Miss Priscilla only wanted her students to get equipped 

with details to write exams. To take another sample from the text the actor 

wants to know more about the Rowlatt Act. 

HE asks : “Miss, Miss, Dadaji tells me that the Rowlatt Act was a bit like 

MISA, TADA, POTA… with a subtle difference… 

“MISA, TADA and POTA are not in the syllabus and so don’t 

waste our time!!!” 

There will be a 5-mark fill-in-the-blanks on the Rowlatt Act in the unit 

test. Write down everything I am saying carefully and in neat 

handwriting” (Chandra: 274-275). There is a subtle hint that history 

teachers are responsible for a wrong attitude towards history.  

A few conventions used in the play are drawn from epic theatre. 

As a one-man show, the play employs the technique of breaking the fourth 

wall. In an interview to Karishma Attari, for PT notes, Sept 2004 Jaimini 

Pathak, the actor had this to say: “All the theatre we generally do is about 

removing the fourth wall and ignoring the audience, almost. I had to talk 

to them, and I could see them react” (Gupta :52 ). In Act One, the actor 

invites the audience to spend time together with him so that he enlightens 

the audience about Mahadevbhai. He introduces himself as a budding 

actor and directly addresses and acknowledges the audience. He says: 

“But who is MAHADEVBHAI and why am I – a meek and humble, 

subservient and lowly actor-talking about him! Wait! For patience is a 

great virtue, mon ami! Hold your fire. Hang on to those horses. We will 

pass time together. Me and you. You and me” (257). 
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This Brechtian technique makes the audience face the action and take 

decisions. It also arouses them into action. 

  The actor manages multiple roles in a sequence.  With his 

histrionics, he portrays around thirty characters. Besides the narrator, 

Mahadevbhai and Gandhiji, he recreates Motilal Nehru, Sardar 

Vallabhbhai Patel, Rajendra Prasad, Mohammed Ali Jinnah, B. R. 

Ambedkar, Rabindranath Tagore, General Smuts of South Africa, 

Jawaharlal Nehru, Dadaji, Mishraji, Rajani Kaki, Meera Mami, Madam 

Priscilla, Shahenshah  etc. on stage. He is involved in “objective acting.”  

Erwin Piscator wrote: 

…See how the situation changes when his (actor’s) eye meets the 

audience. The whole stage seems to come alive. Through the directness of 

that glance a truth establishes itself between the actor and the audience and 

brings back a vital contact and a greater reality to the action. 

Objective acting is not performance technique, it’s an aesthetic position 

(Malina: 150).  

The actor doesn’t attempt to make a psychological understanding or 

internalization of the character. He tries to go outwards and connect with 

the audience. He breaks away from the Aristotelian paradigms of illusion 

and identification.  The character portrayal is based on a kind of 

measuring. He shows each character in action rather than going for a full 

on characterization. He plays out a character if there was a description. 

What was told is of more importance than the characters.  

When history is narrated, the language used undergoes 

decontextualisation. The sequences of talk maintained in the original 

context undergo a change. The actor adapts them to suit the intentions and 
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communicative purpose of the writer. The text is delivered in the past 

tense interspersed with occasional present tense. Though the narration is in 

English the actor freely resorts to multilingualism. There is code- 

switching from English to Hindi and Gujarati. When he played the roles of 

his father and Mishraji, he used Hindi. Dadaji spoke to him in Gujarati. 

The actor tries to get some details about Mahadevbhai from his father. 

“So I asked my father, arre daddyji, YEH MAHDEVBHAI KAUN HAIN? 

So, my father asked his father, arre pappaji, AAH MAHADEVBHAI KAUN 

CHE? To cut a long story short, my dadaji sent a letter to my daddyji” 

(Chandra: 258). Even Gandhiji made use of expressions like “Sugnya 

Bhaisri”, “Chi Durga” as forms of address in his letters. The actor also 

assimilates voice modulations and pitch changes to suit the different 

characters enacted. 

The various devices employed stresses on the importance of 

theatre in society and highlights the political goals of the performances.  

The literary device of ‘a play within the play’ is made use of during the 

course of action. The actor goes back in time to his school days and 

becomes a character in a Nautanki play written by Anonymous. The 

character he plays is an ageing Shahenshah. He drags a trunk onto centre 

stage and pulls out a beard which he wears in that scene. This 

metatheatrical device results in a distancing effect in the audience.  

The notion of theatricalism forms a technique once again in the 

setting of the play. The stage set is simple and Gandhian. There are jute 

mats, khadi material and flowers on the stage. The setting serves dual 

purposes of highlighting the importance of Gandhian simplicity in today’s 
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world and allows the audience to maintain the emotional objectivity 

necessary to learn the truth about contemporary society.  

Lighting on stage has only one purpose i.e., to enable viewers 

enjoy the performance clearly. Achieving pathetic fallacy is not an aim 

here. The stage is divided into three sections. Stage left has a raised 

platform with an old writing desk. Almost all the letters and 

correspondence are read behind the writing desk. Stage right has two 

elegant chairs, lots of books and a theatre trunk. All Dadaji scenes are 

enacted here. There is a mike on the stand where all public announcements 

are made. Centre stage is the space in which the actor/narrator refers to the 

events and persons or addresses the audience (Chandra: 256) 

Music is a technique used which sets the mood for what is narrated 

and enacted on stage. Though the composition is not sung in full, recorded 

music played on stage drives the narrative along through a variety of 

moods and leads to a deeper understanding of the subject matter. The play 

opens with MHARAO PRANAM by Kishori Amonkar. This is a Meera 

bhajan and is a fine example of Braj literature.  HARI TUM HARO JAN KI 

BHIR BY M S Subbulakshmi is played on the occasion when Mahadevbhai 

sets his eyes on Gandhi the first time. In this short song, Meerabhai praises 

Lord Krishna as a protector of the weak and the infirm. Act one ends with 

Pandit Paluskar’s rendering of RAGHUPATI RAGHAVA RAJA RAM, a 

popular bhajan that was a favourite of Gandhi. The poet Kabir Das’s UD 

JAYEGA HANS AKELA by Kumar Ghandharva, a song in the mystical 

music tradition is sung soon after the resolution of the Yeravda Pact and 

Gandhiji’s fast unto death. The different bhajans and songs played take the 



Deepa George 

 

 

16   Pauline Journal of Research and Studies  

 

viewers to pietistic heights. Music as a whole becomes a tool for 

regeneration in Gandhian humility and simplicity. 

According to Hegel, “a genuinely historical account had to display 

not only a certain form… but also a certain content namely a sociopolitical 

order” (qtd. in White: 11). Incorporating a historical narrative into the text 

of a drama Mahadevbhai (1892-1942) is an eye-opener to what Gandhiji 

and other freedom fighters stood for. It comes as a powerful corrective to 

all those who remain blind, evasive and indifferent to the values of the 

past. Thus, as Hayden White maintains, the form of a text as a content or 

essence becomes its ideology.   
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Ncn{Xw ]p\¿÷-\n-°p∂ sNdp-I-Y-Iƒ : 

"PqX-sX-cp-hns\' B[m-c-am°n Hcp \nco-£Ww 

 

George Valluvachery 

Department of Malayalam, St. Paul’s College, Kalamassery, 

Kochi-683 503, India. 

 

 

kw{Klw 

 

F³.-F-kv. am[-hsâ "e´³_-t -̄cn, t]mªn-¡c dm^n-bpsS "kzÀ¤-Zq-X³' F¶o 

t\mh-ep-IÄ tIc-f-̄ nse e¯o³ ]mc-¼ -cy-¯nsâ t\À¡m-gvN-I-fmbn hmb\-bpsS 

temI¯v \ndw]nSn-̈ p-\n-ev¡p¶ IrXn-I-fm-sW-¦nÂ tIc-f-̄ nsâ ]Sn-ªm-d³ Xoc-

¯nsâ  anSn¸pw kwLÀj-§fpw Ncn-{XZ-rjvSym ]p\-cm-hn-jv¡ -cn-¡p¶ DÖz-e-Ir-Xn-

bmWv sk_m-Ìy³ ]Ån-t¯m-Snsâ PqX-sX--cphv. ss__nÄ ]Ým-̄ -e-sam -cp-°p∂ 

Hcp kwkvIm-chpw IrXnsb kº-∂-am-°p-∂p. 

____________________________________________________________ 

 
 

IS-ens‚ Dt∏‰p hf¿∂ Xoc-tZ-i-a-\- n-te-°p≈ bm{X F∂mWv ]≈n-tØm-
Sns‚ BZy-t\m-h-emb "B™p-kvtXbn' sb sI.-kn.-\m-cm-b-W≥ hnti-jn-∏n-®-Xv. "PqX-sX-

cphm'Is´ Ime-L-́ -Øn\p ambv°m-\m-hm-Ø-hn[w ae-bm-f-Øns‚ aÆnepw hnÆnepw Aen-

™p-tN¿∂ eØo≥ kwkvIm-c-hn-ti-j-ß-fpsS AI-s∏m-cp-fp-I-fmWv hmb-\-°m-cs‚ 
ap∂n¬ Xpd-∂p-h-bv°p-∂-Xv. 

"eØo-\n-Iƒ' F∂ IY-bn¬, A™q-dp-h¿jw apºv t^m¿´p-sIm-®n-bnse Ipcn-in-
¶¬Im-cpsS ]mbv°-∏-ep-Iƒ kpK-‘-hy-RvP-\-ß-fp-ambn Ad-_n-°-S¬ IS-∂p-t]m-b-

Xns\ Ncn-{X-am-°p-∂-Xn-\mWv hmkvt°m Un Kma sIm®n-bn-se-Øn-bXv F∂ {]mcw-̀ -tØm-

sS, eØo≥ kwkvIm-c-N-cn{Xw A\m-hr-X-am-hp-I-bm-Wv. sIm®n-bnepw ]cn-k-cØpw \ne-
\n∂ eØo≥ P\-k-aq-l-Øns‚ Pohn-X-I-Y-bpsS AS-cp-Iƒ Hm-tcm-∂mbn Npcpƒ 

\nh¿∂p XpS-ßp-∂Xpw CXn¬ hmbn-°mw. 
s_¿fn amÃ-dn-s‚bpw sI.-sP.-l¿j-en-s‚bpw apØ-—-∑m-cpsS IpSp_w A™q-

‰n-°m-cm-Ip-∂-Xn\pw apºp≈ Ncn{Xw F∂mWv Adp-Ip-e-t»-cn¬ ¢o‰kv CtX-°p-dn®v IYm-

\m-b-I-\mb _\-h-¥q-cn-t\mSv ]d-bp-∂-Xv. hmkvtIm-Un-Km-abpw A¬t^m≥tkm Un 
B¬_-Iz¿°pw Im∏m´pw sIm®n-bnepw ]n∂oSp sIm√Øpw \¶q-c-ap-d-∏n-°p-tºmƒ, 
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AXn\pw F{Xtbm apºv \{km-bs‚ hnem-hn¬ hnc-em-gvØn-b-h≥ ChnsS Gg-c-∏-≈n-Iƒ 

]Wn-sX∂pw AXpw Ign™v s\bvX¬Xn-W-bpsS Xocw-]‰n iucym-cp-]p-Wym-f≥ hs∂∂pw 
km£m¬ Ct·-jykv etbm-f-bpsS injy-\mbn kvs]bn-\n¬ \ns∂-Øn-b, tUmIv{Sn\m 

{InÃ-bpsS B {KŸ-Im-c-\mWv {^m≥knkv tkhy-dm-b-sX∂pw a‰p-ap≈ Ncn-{X-K-Xn-bn-
te°v Cu IY shfn®w ]I-cp-∂p-- v. 

sIm®o-io-a-bn¬ eØo≥Im-cpsS DZbw {^m≥knkv tkhy-dn-eq-sS-bm-sW-∂n-cn-t°, 

IS-en¬t∏m-Ip∂ A™q-‰n-°m-c\pw Ic-bv°n-cn-°p∂ Fgp-∂q-‰n-°m-c\pw ]ucm-WnI 
sIm®o-cq-]-X-bn¬ \n∂p s]m´n-∏n-f¿∂p ]e-h-gntb ]ncn-™-t∏mgpw DZ-bw-t]-cq¿ kq\-l-

tZmkv Ahsc ]cm-a¿in-°msX hn´p-I-f-™-sXt¥ F∂ tNmZyw IYm-Im-c≥ D∂-bn-°p-
∂p-- v. 

\{km-Wn-k-am-P-Øns‚ {]kn-U‚m-bn-cp∂ ¢o‰kpw Adp-Ip-e-t»-cn-bnse ¢o‰kpw 

XΩn-ep≈ AIew Gsd-bm-Wv. hwi-hr-£-Øns‚ ]´n-I-bn-sem-∂nepw c- m-a≥ CSw-]n-Sn-®n-
√. hS°v tIm -́∏pdw apX¬ sX°p sIm√w hsc-bp≈ eØo-\n-Iƒ°v AwK-ß-fm-bn-cn-

°m≥ hyhÿ sNø-s∏´ \{km-Wn-̀ q-j-W-k-am-P-Øns‚ \nb-am-h-en-I-fn-sem-∂nepw a’y-
sØm-gnemfn-Iƒ CSw-]n-Sn-®n-√. Nmf-]n-Sn-Ø°m-c-\mb eØo-\n, Ccp-∂q-dp -tX-ßbpw 

A©p- ]d sN´n-hn-cn-∏ns‚ I- -hp-ap-≈, \oew ap°nb IΩo-k-bn-Sp∂ eØo-\n°v Abn-

Ø-°m-c-\m-bn. CXmWv eØo-\n-°p-≈nse NmXp¿h¿Æy-sa∂pw IY Nq- n-°m-́ p-∂p. 
iq{Z≥ iq{Zs\ Ifw-Xn-cn®p \n¿Øp∂ A\m-cy-amb ta¬t°mbva F∂mWv IYm-Im-c≥ 

CtX-°p-dn®v hy‡-am-°p-∂-Xv. Hcm-bncw h¿j-Øns‚ ]g-°-an-√mØ \ºq-Xn-cn-ØsØ 
c- m-bncw h¿jw apsº-Ønb tXmΩm-«ol amtΩm-Zn-k- ap-°n-b-Xnse Abp-‡n-IX F{X 

Btem-Nn-®n´pw ]nSn-In-́ p-∂n-s√∂pw IY-bn¬ \n∂p hmbn-°mw.  

tKmh-bn¬ ao≥]n-Sn-°p∂ KuU-km-c-kz-X\pw IS-en¬ t]mIp∂ eØo≥Im-c-\p-
an-S-bn-ep≈ hnS-hn\v A«oew \nd™ Hc¿∞w-am-{Xta _m°n-bp-≈q-sh∂v kaq-l-Øn\p 

t_m[y-s∏-Sp-Øn-s°m-SpØ sIm®p-t{X-ky-sb-t∏m-ep≈ CΩn-Wn-hey t{Xky-amcpw A∂p-
sIm-®n-bn¬ \nh-kn-®p-h-∂p-sh∂v hnh-cn®v Ncn-{X-Ønse hf-hp-I-fn-te°pw IY IS-∂p-

sN-√p-∂p-- v. 

hnip-≤-cmb c‡-km-£n-I-fpsS A\p-kva-c-W-Zn-\-ß-fn¬ Ip¿∫m-\-bv°-Wn-bm≥ 
]ptcm-ln-X\p ISpwsNa∂ \nd-ap≈ sh¬sh-‰ns‚ Ip∏m-b-ßƒ, ]ptcm-ln-Xs‚ \mS-Io-

b-amb AwK-hn-t£-]-ßƒ ˛ CsXms° cmPm]m¿´p thj-ß-fpsS Hm¿Ω-I-fp-W¿Øp-∂p-
sh∂v lcn sIm®p-t{X-kysb Ifn-bm-°p-∂p-- v. sXm- -Xp-d-°msX aq°p-sIm- v Be-]n-

°p∂ eØo-\n-ep≈ eqØn-bm-\-Iƒ, Hmtcm {]t\m-_okv t]mse A¿∞-t_m[w ]I-

cmØ ]Z-{]-tbm-K-ßƒ ˛ CsX√mw lcn-bpsS hna¿i-\-Øn\p hnt[-b-am-Ip-∂p. hmkvX-h-
Øn¬ CØ-c-samcp ]›m-Ø-e-sam-cp-°p-∂-Xn-eqsS tIc-f-Øn¬ \ne-\n∂ KX-Ime 

eØo≥ kwkvIm-c-Øns‚ ]I¿®-bmWv IYm-Im-c≥ Dt±-in-°p-∂-Xv. 
eØo≥ kwkvIm-c-Ønse `£-W-{I-a-ß-fn-te°pw {]mtZ-in-I-amb …mßp-I-fn-

te°pw IY {]th-in-°p-∂p-- v. "" Hcp ]®-°-Æ≥ sNmd-sI-So... tZ .. CØ-td-sam-- v, DW-

°-sam-fIpw sImØ-a√ow tXßm-∏otcw hdp-Ø-c®v Hcp ]mSv D≈ow ]®-ap-fIpw C©ow 
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Acn-™n´v ISp-Ipw-s]m-́ n®v Hm´p]pfo-an´v \s√mcp Idn-h-®v...\ap-°n-∏fpw ]®-°-do-∂p-

h®m ao©mdm ....''  
"IS¬ IS-∂p-h∂ kwkv-IrXn Ahsc Ipcn-ins‚ XW-en¬ tN¿Øp \n¿Øn. 

AsXm-gn-®p-≈-sX√mw Zp¿Ω-X-°m-cs‚ A‘hnizm-k-am-sW∂p thtZm-]-tZi ]pkvX-I-ß-
fn¬ \n∂v Ahsc ]Tn-∏n-®Xp ]ptcm-lnX∑mcm-bn-cp-∂p. Ata-cn-°-bn¬ \n∂v kuP-\y-

ambn Ab-®p-sIm-SpØ ]m¬s∏m-Sn-bnepw Nmhp-tZm-j-Øns‚ `oj-Wn-bp-W¿Øp∂ Ipº-

km-c-ß-fnepw ]pØ≥]m-\-bpsS Cg-bp∂ CuW-Ønepw sRdn-®n-em´n \S∂ s]ºn-f-am¿ 
_mhm-X-ºp-cms‚ Ir]-sIm- v InSm-ß-sf-sbm-Øncn s]‰p-Iq´n' F∂p IYm-Im-c≥ hnh-cn-

°p-∂Xv sX√p-lm-ky-Øns‚ tasºm-Sn- I-e¿Øn-bm-sW-¶n-epw, AØcw hnh-c-W-ß-fn-
se√mw tIc-fob eØo≥ Pohn-X-Øns‚ kwkvIm-c-N-cn{Xw ImgvN-®n-{X-ß-fmbn  

\ne-sIm-≈p-∂p. 

 
ss__nƒ ]›m-Ø-e-Øns‚ kº-∂-X. 

 "A∂p sh≈n-bm-gvN-bm-bn-cp-∂p' F∂ IY-bn¬ ssZh-Øn-cp-®n-ØØns‚ ]mX-
bn¬ k©-cn-°p-∂-hsc ImØn-cn-°p∂ Ah-km-\-hn-[n-bmb {]tem-̀ -\-ß-sf-°p-dn-®mWv 

hnh-cn-°p-∂-Xv. Hcc \nan-j-Øns‚ a\-›m-©eyw aXn CXp-hsc t\Sn-b-X-{Xbpw \jvS-s∏-

Sm-s\∂v IY Hm¿Ωn-∏n-°p-∂p. A{Xbv°p Pm{K-ØmWv Ccp-´ns‚ i‡n. temIhpw ico-
chpw am{X-a-√, kmØm\pw Dd-ßp-∂n-√. 

 P∑\m Ipcp-S-\mb tPmcq-kns‚ IY-bmWv Bhn-jv°-cn-°p-∂-Xv. s{Sbn-\nse 
kuP\y bm{Xm-\p-Iq-ey-Øns‚ ]n≥_-e-Øn¬ sNs∂-Øm≥ Ign-bp∂ [ym\-tI-{µ-ß-fn-

se√mw sN√p-∂-bmƒ. assd≥ ss{Uhnse ]p¬ssa-Xm-\Øpw aÆ-t©-cn-bnse k‘ym-

{]m¿∞-\bv°pw Abmƒ sN∂p. At∏m-sgm-s°bpw Ifn-a-Æn¬ Xp∏-ens‚ ]i Nmen®v 
I¨t]mf-Iƒ°p aosX ]pc-´p∂ Hcp Imcp-Wy-k]v¿iw X∂n¬ \n∂v F{X-am{Xw AI-

se-bm-sW-∂-dn™v Abmƒ thZ-\n-®n-́ p-- v. HSp-hn-emWv Im‰m-Sn-bnse [ym\-tI-{µ-Øn¬ 
Abm-sf-Øp-∂-Xv. kn°-aq¿a-c-Øns‚ sImºn-em-bn-cn-°p-tºmƒ Xs∂ Xncn-®-dn-bm-Xn-cp-∂-

h≥ C∂p Xs∂ hmcn-∏p-W-cp-sa∂v tPmcqkv Icp-Xn. ]t£, AXp kw -̀hn°pw apºv B 

ImcpWyw Ahs‚ IÆp-Isf kv]¿in-®p. 
 At∏mƒ ASpØ k‘y-bn¬ tcmK-im-¥n- ip-{iq-jm-{]m¿∞-\-Iƒ°p at[y 

{]tbm-Kn-t°-  s]mSn-ss°-I-sf-°p-dn®v Btem-Nn-®p-sIm-- n-cp∂ ^mZ¿ hnP-bm-\-µns‚ 
lrZbw h√msX N©-e-s∏-́ p. ico-c-Øn¬ \n∂v Acq-]n-bpsS i‡nbpw hc-{]-km-Z-ßfpw 

Btcm ]ngp-sX-Sp°pw t]mse Hcp s\mºcw. t\m°p-tºmƒ tPmcq-kns‚ Np‰pw Bfp-

Iƒ IqSn-bn-cn-°p-∂p. F√m-hcpw ]ncn-™p-t]m-I-W-sa∂pw tPmcq-kns\ _m[n-®n-́ p-≈Xv 
Zpcmflm-hm-sW∂pw ^m.-hn-P-bm-\-µv. tPmcq-kns\ AS-®n´ apdn-bn-te°v am‰n. \msf 

k‘ybv°v km£yw ]d-™m¬ aXn-sb∂p tPmcq-kn\p \n¿t±-ihpw \evIn. tPmcqkv 
Ct∏mƒ ImWp-∂Xv amb-°m-gvN-bm-Wv. bYm¿∞ ImgvN \msf k‘ybv°p ImWpw. hnP-

bm-\-\Zv Ccp-́ n-te-°n-dßn. Xm\n-t∏mƒ icn°pw Hcp I≈-s\-t∏mse Bbn-cn-°p-∂p-sh∂v 

Abmƒ°p tXm∂n. sNdp-°m-\o-cns‚ Ibv]p-\n-d-™Xpw A«o-e-hp-amb Hcp K‘w 
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AhnsS ]S¿s∂m-gp-Ip-∂-X-dn™v s\‰n-bn¬ Ipcn-ip-h-c-bv°m≥ Abmƒ ssIbp-b¿Øn. 

BNm-cm-\p-jvTm-\-ßƒ IrXy-ambn \n¿∆-ln-°p-Ibpw Pohn-X-Øn¬ Xs‚ BNm-cy\p hncp-
≤-amb Xn∑Iƒ {]h¿Øn-°p-Ibpw sNøp-∂-h-cpsS Ip‰-t_m[w \nd™ a\- ns‚ Nn{Xo-

I-c-W-amWv ss__nƒ ]›m-Ø-e-Øn¬ IYm-Im-c≥ tImdn-bn-Sp-∂-Xv.  
 

kwtim-[nX IrXn-Iƒ 

1. PqX-ssX-cphv ˛ sk_m-Ãy≥ ]≈n-tØmSv 

2. e¥≥_tØcn ˛ F≥.-F-kv.-am-[-h≥ 
3. kz¿§-Zq-X≥ ˛ t]m™n-°c dm^n 
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¨É¨É¨É¨ÉÉiÉÞi´É EòÉ xÉªÉÉ ºÉ¨ÉÉVÉ¶ÉÉºjÉÉiÉÞi´É EòÉ xÉªÉÉ ºÉ¨ÉÉVÉ¶ÉÉºjÉÉiÉÞi´É EòÉ xÉªÉÉ ºÉ¨ÉÉVÉ¶ÉÉºjÉÉiÉÞi´É EòÉ xÉªÉÉ ºÉ¨ÉÉVÉ¶ÉÉºjÉ----"®úÉxÉÒ ¨ÉÉÄ EòÉ SÉ¤ÉÚiÉ®úÉ' Eäò {ÉÊ®ú|ÉäIªÉ ¨Éå"®úÉxÉÒ ¨ÉÉÄ EòÉ SÉ¤ÉÚiÉ®úÉ' Eäò {ÉÊ®ú|ÉäIªÉ ¨Éå"®úÉxÉÒ ¨ÉÉÄ EòÉ SÉ¤ÉÚiÉ®úÉ' Eäò {ÉÊ®ú|ÉäIªÉ ¨Éå"®úÉxÉÒ ¨ÉÉÄ EòÉ SÉ¤ÉÚiÉ®úÉ' Eäò {ÉÊ®ú|ÉäIªÉ ¨Éå    

Beena P.J.  

Department of Hindi, St. Paul’s College, Kalamassery, Kochi-683 503, India.  

 
ºÉÆIÉä{ÉºÉÆIÉä{ÉºÉÆIÉä{ÉºÉÆIÉä{É 

 
ºÉ¨ÉÉVÉ¶ÉÉºjÉ ºÉÉÎ¼i¬ ºÉä Î¦ÉxxÉ +Éè® º´ÉiÉÆjÉ +xÉÖ¶ÉÉºÉxÉ ¼è* n®+ºÉ±É, ºÉÉ¨ÉÉÎVÉE. ºÉÃÃÆ¤ÉÆvÉÉäÆ iÉlÉÉ MÉÎiÉÎ´ÉÎvÉ¬ÉäÆ CÉÉ +v¬¬xÉ E 

®xÉä́ ÉÉ±Éä Î´ÉYÉÉxÉ Eä ° {É ¨Éå ºÉ¨ÉÉVÉ¶ÉÉºjÉ EÉÉ Î´ÉE ÉºÉ ½Ö+É ½è*n®+ºÉ±É, ºÉÉ¨ÉÉÎVÉE. ºÉÃÃÆ¤ÉÆvÉÉäÆ iÉlÉÉ MÉÎiÉÎ´ÉÎvÉ¬ÉäÆ E É +v¬¬xÉ 

E ®xÉä́ ÉÉ±Éä Î´ÉYÉÉxÉ Eä  ° {É ¨Éå ºÉ¨ÉÉVÉ¶ÉÉºjÉ CÉÉ Î´ÉEÉºÉ ½Ö+É ½è*  ÎVÉºÉ iÉ®½ +lÉÇ¶ÉÉºjÉ ,®ÉVÉxÉÒÎiÉ¶ÉÉºjÉ, ¨ÉxÉÉäÎ´ÉYÉÉxÉ, 

xÉÞiÉi´É¶ÉÉºjÉ +ÉÎn ºÉÉ¨ÉÉÎVÉE Î´ÉYÉÉxÉ ´¬ÎCiÉ Eä. +±ÉMÉ +±ÉMÉ ´¬´É½É®Éå EÉ +t¬xÉ E®iÉä ½é ´ÉèºÉä ½Ò ºÉ¨ÉÉVÉ¶ÉÉºjÉ ºÉ¨ÉÉVÉ 

EÒ Î´ÉÎ¦ÉxxÉ ÎºlÉÎiÉ¬Éå +Éè® ºÉ¨Éº¬É+Éå Eä +t¬xÉ ¨Éå ºÉ½É¬E ½é *ºÉ¨ÉÉVÉ¶ÉÉºjÉ EÒ oÎ¹] ºÉä "®ÉxÉÒ ¨ÉÉÄ E É SÉ¤ÉÚiÉ®É'   E Éä 

{É®JÉiÉä ºÉ¨É¬ CÉ½ÉxÉÒ EÒ ´ÉºiÉÖÎxÉ¹`iÉÉ Eä ¤É½Ö±ÉÉlÉÌ ºÉÃÆn¦ÉÇ Î´É´ÉÞiÉ ½ÉäiÉä ½é* ºÉÉlÉ ½Ò ºÉÉlÉ ´É½ ½¨Éå ¦ÉÉ®iÉÒ¬ ¬lÉÉlÉÇ ºÉä ¦ÉÒ 

VÉÉäbiÉÉ ½è* 

 

 ®úSÉxÉÉEòÉ®ú +{ÉxÉÒ ®úSÉxÉÉ+Éå EòÉ SÉªÉxÉ ºÉÉ¨ÉÉÊVÉEò ºÉÆnù¦ÉÇ Eäò ºÉÉlÉ VÉÖc÷Eò®ú Eò®úiÉÉ ½èþ* ÊEòºÉÒ 

¦ÉÒ ¦ÉÉ®úiÉÒªÉ ¦ÉÉ¹ÉÉ EòÒ ®úSÉxÉÉ EòÉ ºÉ¨ÉÉVÉ¶ÉÉºjÉÒªÉ ºÉxnù¦ÉÇ ¨Éå Ê´É¶±Éä¹ÉhÉ Eò®úiÉä ºÉ¨ÉªÉ ½þ¨Éå ¦ÉÉ®úiÉÒªÉ {ÉÊ®ú´Éä¶É 

EòÉä ºÉ¨Éä]õxÉÉ {Éc÷iÉÉ ½èþ* ¨ÉzÉÚ ¦ÉÆb÷É®úÒ Eäò ±ÉäJÉxÉ EòÉ ºÉ¨ÉªÉ {ÉÊ®ú´ÉiÉÇxÉ EòÉ ºÉ¨ÉªÉ lÉÉ* +{ÉxÉä ºÉ¨ÉªÉ Eäò 

ºÉ¨ÉÉVÉ ¨Éå VÉÉä +ÆiÉ®ú +É {Éb÷É =ºÉEäò |É¦ÉÉ´É xÉä =x½åþ ZÉEòZÉÉä®ú ÊnùªÉÉ* +{ÉxÉÒ ®úSÉxÉÉ+Éå uùÉ®úÉ EòÉ±É-

{ÉÊ®ú´ÉiÉÇxÉ Eäò +É´ÉäMÉÉå EòÉä =x½þÉåxÉä |ÉiªÉIÉÒEÞòiÉ ÊEòªÉÉ ½èþ* =x½þÉåxÉä º´ÉªÉÆ Eò½þÉ ½èþ ÊEò =x½þÉåxÉä VÉ¤É Ê±ÉJÉxÉÉ 

¶ÉÖ°ü ÊEòªÉÉ iÉ¤É näù¶É ¨Éå ºÉÉ¨ÉÉÊVÉEò {ÉÊ®ú´ÉiÉÇxÉ ½þÉä ®ú½äþ lÉä* +ÉWÉÉnùÒ Eäò ¤ÉÉnù ½ÖþB ºÉÉ¨ÉÉÊVÉEò {ÉÊ®ú´ÉiÉÇxÉÉå ¨Éå 

{ÉÊ®ú´ÉÉ®ú, ¨ÉÉxÉ´ÉÒªÉ ºÉÆ¤ÉxvÉÉå +Éè®ú ÎºjÉªÉÉå EòÒ ÎºlÉÊiÉªÉÉå ¨Éå ¤Énù±ÉÉ´É +ÉÊnù |É¨ÉÖJÉ ®ú½äþ* ¨ÉvªÉ´ÉMÉÇ ºÉä +ÉªÉÒ 

¨ÉÊ½þ±ÉÉ EòlÉÉEòÉ®ú ¨ÉzÉÚ ¦ÉÆb÷É®úÒ =zÉÒºÉ ºÉÉè {ÉSÉÉºÉ Eäò ¤ÉÉnù Eäò ¤Énù±Éä ¦ÉÉ®úiÉÒªÉ {ÉÊ®ú´Éä¶É ºÉä +UÚôiÉÒ xÉ ®ú½þÒ* 
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=x½þÉåxÉä VÉÒ´ÉxÉ EòÒ xÉªÉÒ {ÉÊ®úÎºlÉÊiÉªÉÉå iÉlÉÉ xÉªÉä +xÉÖ¦É´ÉÉå +Éè®ú =xÉºÉä =i{ÉzÉ ºÉ¨ÉºªÉÉ+Éå EòÉä +{ÉxÉÒ 

®úSÉxÉÉ+Éå ¨Éå ¶É¤nù¤Érù Eò®ú ÊnùªÉÉ* ªÉ½þ ºÉ¨ÉÉVÉ¶ÉÉºjÉÒªÉ ¨ÉÉxªÉiÉÉ ½èþ ÊEò ""ºÉ¨ÉÉVÉ EòÒ ºÉÆºEÞòÊiÉ ´ªÉÊHò EòÉä 

|É¦ÉÉÊ´ÉiÉ Eò®úiÉÒ ½èþ +Éè®ú ºÉÆºEÞòÊiÉ Eäò °ü{ÉÉªÉxÉ ¨Éå ´ªÉÊHò ºÉ½þÉªÉEò ÊxÉEò±ÉiÉÉ ½èþ*''1 
 ¸ÉÒ¨ÉiÉÒ ¨ÉzÉÚ ¦ÉÆb÷É®úÒ xÉÉ®úÒ Eäò +ÉÄSÉ±É EòÉä nÚùvÉ +Éè®ú +ÉÄJÉÉå EòÉä ´ªÉlÉÇ Eäò {ÉÉxÉÒ ºÉä ¦É®úÉ ÊnùJÉÉxÉä ¨Éå 

Ê´É·ÉÉºÉ xÉ½þÓ ®úJÉxÉä́ ÉÉ±ÉÒ ½èþ* "®úÉxÉÒ ¨ÉÉÄ EòÉ SÉ¤ÉÚiÉ®úÉ' xÉÉ¨ÉEò +{ÉxÉÒ ¤É½ÖþSÉÌSÉiÉ Eò½þÉxÉÒ Eäò uùÉ®úÉ =x½þÉåxÉä 

BEò +Éä®ú ºjÉÒ EòÒ ºÉ¨É{ÉÇhÉ EòÒ ¤ÉÉiÉ Eò½þÒ ½èþ VÉÉä |ÉÉSÉÒxÉEòÉ±É ºÉä ½þÉäiÉÒ +É¬ÉÒ  ½èþ iÉÉä nÚùºÉ®úÒ +Éä®ú ºÉÆPÉ¹ÉÇ 

EòÒ ¤ÉÉiÉ ¤ÉiÉÉ<Ç ½èþ VÉÉä +ÉvÉÖÊxÉEò EòÉ±É EòÒ näùxÉ ½èþ* |ÉºiÉÖiÉ Eò½þÉxÉÒ EòÉä ºÉ¨ÉEòÉ±ÉÒxÉ ¦ÉÉ®úiÉÒªÉ {ÉÊ®ú´Éä¶É ºÉä 

VÉÖc÷Eò®ú {É®úJÉiÉä ´ÉHò ¨ÉÉ±ÉÚ̈ É {Éc÷iÉÉ ½èþ ÊEò =x½þÉåxÉä ¨ÉÉiÉÞi´É EòÒ SÉÖxÉÉèiÉÒ EòÉä ºÉEòÉ®úÉi¨ÉEò {ÉÞ¹`ö¦ÉÚÊ¨É |ÉnùÉxÉ 

EòÒ ½èþ* BEò ½þÒ Eò½þÉxÉÒ ¨Éå ¨ÉÉiÉÞi´É Eäò nùÉä EòÉ±É-¦ÉänùÉå EòÉä =¦ÉÉ®úEò®ú =x½þÉåxÉä =ºÉEòÒ ¨É½þxÉÒªÉiÉÉ {É®ú SÉÉ®ú 

SÉÉÄnù ±ÉMÉÉªÉÉ ½èþ* 

¨ÉÉiÉÞi´É xÉÉ®úÒ VÉÒ´ÉxÉ EòÒ ºÉ¤ÉºÉä ¸Éä¹`ö +´ÉºlÉÉ ½èþ ÊVÉºÉEòÉä ÊxÉ¦ÉÉxÉä Eäò Ê±ÉB ºjÉÒ EòÉä ÊWÉxnùMÉÒ 

¦É®ú ¨Éä½þxÉiÉ Eò®úxÉÒ {Éb÷iÉÒ ½èþ* ºjÉÒ Eäò ¨ÉÉiÉÞi´É EòÒ iÉÖ±ÉxÉÉ ¨Éå {ÉȪ û¹É Eäò Ê{ÉiÉÞi´É EòÒ ¦ÉÚÊ¨ÉEòÉ BEò ºÉÆEÖòÊSÉiÉ 

nùÉªÉ®äú ¨Éå PÉÚ̈ ÉiÉÒ-Ê¡ò®úiÉÒ ½èþ* ºjÉÒ Eäò +Æb÷É¶ÉªÉ ¨Éå +{ÉxÉä ¤ÉÒVÉ EòÉä b÷É±ÉEò®ú {ÉȪ û¹É º´ÉºlÉ ½þÉä VÉÉiÉÉ ½èþ* 

=ºÉEäò ¤ÉÉnù, ¶ÉÉ®úÒÊ®úEò °ü{É ºÉä {ÉȪ û¹É ¨Éå EòÉä<Ç "SÉåVÉ' xÉ½þÓ +ÉiÉÒ, =ºÉEòÒ |ÉEÞòÊiÉ ¨Éå EòÉä<Ç ¤Énù±ÉÉ´É xÉ½þÓ 

+ÉiÉÉ, ´É½þ ´É½þÒ EòÉ ´É½þÒ ®ú½þ VÉÉiÉÉ ½èþ* ¨ÉMÉ®ú, ºjÉÒ EòÉä näùÊJÉB, ºÉSÉ¨ÉÖSÉ ´É½þ {ÉÚhÉÇ °ü{É ºÉä ¤Énù±É VÉÉiÉÒ ½èþ* 

MÉ¦ÉḈ ÉiÉÒ ¤ÉxÉ VÉÉxÉä́ ÉÉ±ÉÒ ºjÉÒ `öÒEò =ºÉÒ ÊnùxÉ ºÉä ¨ÉÉxÉÊºÉEò, ¶ÉÉ®úÒÊ®úEò +Éè®ú ´ÉèEòÉÊ®úEò fÆøMÉ ºÉä {ÉÊ®ú´ÉÌiÉiÉ 

½þÉäiÉÒ VÉÉiÉÒ ½èþ +Éè®ú ªÉ½þ {ÉÊ®ú´ÉiÉÇxÉ =ºÉEòÒ ÊWÉxnùMÉÒ Eäò +ÆÊiÉ¨É ÊnùxÉ iÉEò ½þÉäiÉÉ ®ú½þiÉÉ ½èþ* MÉ¦ÉÇºlÉ Ê¶É¶ÉÖ EòÉ 

´É½þxÉ Eò®úiÉä ´ÉHò ´É½þ ÊEòiÉxÉä ½þÒ ¶ÉÉ®úÒÊ®úEò, ¨ÉÉxÉÊºÉEò +Éè®ú ´ÉèEòÉÊ®úEò ºÉÆPÉ¹ÉÉç EòÉ ¨ÉÖEòÉ¤É±ÉÉ Eò®úiÉÒ ½èþ* 

MÉ¦ÉÉḈ ÉºlÉÉ ºÉä BEònù¨É Ê¦ÉzÉ Ê¡ò®ú =ºÉEòÒ ÊWÉxnùMÉÒ ¨ÉÉiÉÞi´É Eäò +ÊiÉÊ´ÉÊ¶É¹]õ ºlÉÉxÉ EòÉä OÉ½þhÉ Eò®ú ±ÉäiÉÒ ½èþ* 

ºÉ¨ÉªÉ EòÒ {ÉÚÌiÉ ¨Éå +{ÉxÉÒ ¨ÉÉÄ Eäò =nù®ú ºÉä ¤ÉÉ½þ®ú +ÉxÉä́ ÉÉ±ÉÉ Ê¶É¶ÉÖ BEò ½þÒ ºÉÉlÉ +{ÉxÉÒ ¨ÉÉÄ EòÉä {ÉÒb÷É +Éè®ú 

+É¼±ÉÉnù näùiÉÉ ½èþ* ´ÉèEòÉÊ®úEòiÉÉ Eäò <ºÉ ¨ÉÚiÉÇ °ü{É EòÉ BEò {ÉȪ û¹É Eò¦ÉÒ ¦ÉÒ º´ÉÉ¨ÉÒ xÉ½þÓ ¤ÉxÉ {ÉÉiÉÉ* ¨ÉÉÄ ºÉä 

xÉÉxÉÒ ªÉÉ nùÉnùÒ ¤ÉxÉxÉä iÉEò ªÉ½þ ´ÉèEòÉÊ®úEò ºÉÖJÉ Eäò´É±É ºjÉÒ EòÉä ½þÒ |ÉÉ{iÉ ½þÉäiÉÉ ½èþ* 

¨ÉÉiÉÞi´É EòÒ <ºÉ ¨É½þxÉÒªÉiÉÉ EòÉä Eäòxpù ¤ÉxÉÉEò®ú ¨ÉzÉÚ ¦ÉÆb÷É®úÒ xÉä ""®úÉxÉÒ ¨ÉÉÄ EòÉ SÉ¤ÉÚiÉ®úÉ'' EòÉä 

+±ÉÆEÞòiÉ ÊEòªÉÉ ½èþ* ªÉ½þ nùÉä ¨ÉÉiÉÉ+Éå EòÒ Eò½þÉxÉÒ ½èþ +Éè®ú nùÉäxÉÉå ¨ÉÉiÉÞi´É EòÒ nèù´ÉÒ +É¦ÉÉ EòÉä ¤ÉxÉÉªÉä ®úJÉxÉä 
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Eäò Ê±ÉB ºÉÆPÉ¹ÉÇ Eò®úiÉÒ ½éþ* xÉMÉ®ú ºÉä̀ ö EòÒ {ÉixÉÒ ®úÉxÉÒ ¨ÉÉÄ +{ÉxÉä ¤ÉÒ¨ÉÉ®ú ¤ÉSSÉä Eäò |ÉÉhÉ EòÉä ¤ÉSÉÉxÉä Eäò Ê±ÉB 

+{ÉxÉä |ÉÉhÉ iÉVÉiÉÒ ½èþ* ¶ÉÒiÉ±ÉÉ ¨ÉÉ<Ç Eäò EòÉä{É ºÉä {ÉÒÊb÷iÉ +{ÉxÉä ¤ÉSSÉä EòÒ ºÉä́ ÉÉ-¶ÉÖ̧ ÉÚ¹ÉÉ Eò®úiÉä {É½þ±Éä ½þÒ 

IÉÒÊhÉiÉ ®úÉxÉÒ ¨ÉÉÄ, +Éè®ú BEò ¤ÉÉ®ú ¦ÉÒ näù´ÉÒ EòÒ {É®úÒIÉÉ EòÉ {ÉÉjÉ ¤ÉxÉ VÉÉiÉÒ ½èþ* PÉ®ú ¨Éå +ÉB ºÉÉvÉÖ Eäò, VÉÉä 

´ÉÉºiÉ´É ¨Éå näù´ÉÒ EòÉ ½þÒ |ÉÊiÉ°ü{É ½èþ, ={Énäù¶É ºÉä ºÉÉiÉ ÊnùxÉ iÉEò +zÉ-VÉ±É xÉ UÚô Eò®ú, +{ÉxÉä ¤ÉSSÉä Eäò |ÉÉhÉ 

EòÉä ±ÉÉè]õÉ näùEò®ú, ´É½þ =ºÉ +ÎMxÉ{É®úÒIÉÉ ¨Éå Ê´ÉVÉªÉÒ ÊxÉEò±ÉiÉÒ ½èþ* =ºÉEäò <ºÉ iªÉÉMÉ EòÉä näù´ÉÒ ºÉä iÉÉ®úÒ¡ò 

<ºÉ iÉ®ú½þ ½Öþ<Ç ÊEò VÉ¤É ®úÉxÉÒ ¨ÉÉÄ EòÒ +®úlÉÒ =`öÉ nùÒ MÉªÉÒ iÉÉä +ÉEòÉ¶É ºÉä EäòºÉ®ú EòÒ ¤ÉÚÄnåù Eäò´É±É =ºÉEòÒ 

½þÒ +®úlÉÒ {É®ú ÊUô]õEò MÉªÉÒ* <ºÉ iÉ®ú½þ näù´ÉÒ xÉä ±ÉÉäMÉÉå Eäò ºÉÉ¨ÉxÉä ¨ÉÉiÉÞi´É EòÒ ¨É½þxÉÒªÉiÉÉ EòÉ |ÉiªÉIÉ |É¨ÉÉhÉ 

ÊnùªÉÉ* ºÉä̀ öVÉÒ xÉä +{ÉxÉÒ Ê|ÉªÉ {ÉixÉÒ EòÉ <iÉxÉÉ ¤Éc÷É +Énù®ú ÊEòªÉÉ ÎE  +{ÉxÉä ¤ÉMÉÒSÉä ¨Éå =ºÉEäò Ê±ÉB BEò 

SÉ¤ÉÚiÉ®úÉ ¤ÉxÉÉªÉÉ* ¤ÉºiÉÒ´ÉÉ±ÉÒ ÎºjÉªÉÉÄ =ºÉ ¦ÉÉMÉ´ÉÆiÉÒ xÉÉ®úÒ Eäò näù´ÉÒ °ü{É ºÉä ±ÉÉ¦ÉÉÎx´ÉiÉ ½þÉäxÉä Eäò Ê±ÉB ½þ®ú 

{ÉÚ®úxÉ¨ÉÉºÉÒ EòÉä ®úÉxÉÒ ¨ÉÉÄ Eäò SÉ¤ÉÚiÉ®äú {É®ú ÊnùªÉÉ VÉ±ÉÉEò®ú +{ÉxÉä ¤ÉSSÉÉå Eäò Ê±ÉB ¨ÉxÉÉèiÉÒ ¨ÉÉxÉiÉÒ ½èþ* ºÉSÉ¨ÉÖSÉ 

®úÉxÉÒ ¨ÉÉÄ ¨ÉÉiÉÞi´É EòÉ +±ÉÉèÊEòEò °ü{É ½èþ* 

Eò½þÉxÉÒ EòÒ nÚùºÉ®úÒ ¨ÉÉÄ BEò ºÉÉvÉÉ®úhÉ ¨ÉWÉnÚùÊ®úxÉ ºjÉÒ ½èþ VÉÉä ¦ÉÉMÉ´ÉÆiÉÒ ½èþ ªÉÉ xÉ ¦ÉÉMÉ´ÉÆiÉÒ, 

ÊSÉxiÉxÉÒªÉ ¤ÉÉiÉ ½èþ* BäºÉÉ ±ÉMÉiÉÉ ½èþ, ´É½þ ¦ÉÉMÉ´ÉÆiÉÒ Eò¦ÉÒ xÉ½þÓ lÉÒ, CªÉÉåÊEò =ºÉä VÉÒ´ÉxÉ-¦É®ú ºÉÆPÉ¹ÉÇ Eò®úxÉÉ 

{Éc÷É* ºÉÉlÉ ½þÒ ºÉÉlÉ =ºÉä xÉ ¦ÉÉMÉ´ÉÆiÉÒ ¦ÉÒ xÉ½þÓ Eò½þÉ VÉÉ ºÉEòiÉÉ, CªÉÉåÊEò =ºÉEäò VÉÒ´ÉxÉ-ºÉÆPÉ¹ÉÇ  VÉÒ´ÉxÉ EòÒ 

+ÆÊiÉ¨É PÉb÷Ò ¨Éå +ÉEò®ú ±ÉÉäMÉÉå ºÉä ¨É¨ÉiÉÉ¨ÉªÉÒ ¨ÉÉÄ EòÒ ºÉÚSÉÒ ¨Éå xÉÉ¨É ¦É®úÉxÉä EòÉä ¨ÉWÉ¤ÉÚ®ú Eò®úiÉä ½éþ* <ºÉ iÉ®ú½þ 

näùJÉÉ VÉÉªÉ iÉÉä ´É½þ ¦ÉÉMÉ´ÉÆiÉÒ xÉÉ®úÒ ½èþ* 

xÉEòÉ¨ÉªÉÉ¤ÉÒ, ¶É®úÉ¤ÉÒ {ÉÊiÉ EòÉä PÉ®ú ºÉä ¦ÉMÉÉxÉä́ ÉÉ±ÉÒ, xÉÉèEò®úÒ Eò®úEäò +{ÉxÉä nùÉä ¤ÉSSÉÉå EòÉ {ÉÉ±ÉxÉ-

{ÉÉä¹ÉhÉ Eò®úxÉä´ÉÉ±ÉÒ, +{ÉxÉä PÉ®ú EòÒ ¨É®ú¨¨ÉiÉ º´ÉªÉÆ Eò®úxÉä́ ÉÉ±ÉÒ, ºÉÉ®äú ¤ÉºiÉÒ´ÉÉ±ÉÉå ºÉä ½þ¨Éä¶ÉÉ ±Éb÷xÉä́ ÉÉ±ÉÒ, 

ªÉ½þÉÄ iÉEò ÊEò ¤ÉºiÉÒ EòÒ ®úÒÊiÉ-Ê®ú´ÉÉWÉÉå Eäò +xÉÖºÉÉ®ú +{ÉxÉä ¤ÉSSÉÉå Eäò Ê±ÉB ®úÉxÉÒ ¨ÉÉÄ Eäò SÉ¤ÉÚiÉ®äú {É®ú ¨ÉxÉÉèiÉÒ 

xÉ½þÓ ¨ÉÉxÉxÉä´ÉÉ±ÉÒ MÉÖ±ÉÉ¤ÉÒ, nù®ú+ºÉ±É, ¤ÉºiÉÒ´ÉÉ±ÉÉå Eäò Ê±ÉB BEò +´ÉÉÄUôxÉÒªÉ +ÆMÉ ½þÒ xÉ½þÓ ½èþ* ´É½þ    

ºÉ¤ÉEäò Ê±ÉB ZÉMÉb÷É±ÉÚ +Éè®ú SÉÖbè÷±É ½èþ* ¤ÉºiÉÒ´ÉÉ±Éä =ºÉä BEò ¨É¨ÉiÉÉ¨ÉªÉÒ ¨ÉÉÄ xÉ½Ó ºÉ¨ÉYÉiÉä ½é* =xÉEäò Ê±ÉB 

´É½þ BäºÉÒ BEò ¨ÉÉÄ ½èþ VÉÉä ¤ÉSSÉÉå EòÉä ¨ÉÉ®úxÉä Eäò Ê±ÉB iÉÖ±Éä ½þÉä* EòÉEòÒ Eò½þiÉÒ ½èþ - ""¤Ébä÷ ¤ÉSSÉä {ÉÉ±É ®ú½äþ ½éþ, 

¨ÉÚÄ½þ-ZÉÉéºÉÒ! ºÉ¤Éä®äú =ºÉ EòÉ±É-EòÉä̀ ö®úÒ ¨Éå ¤ÉÆnù Eò®úEäò VÉÉiÉÒ ½èþ iÉÉä ¶ÉÉ¨É EòÉä +ÉEò®ú JÉÉä±ÉiÉÒ ½èþ*''2 VÉ¤É 
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®úÉ¨ÉÒ Eò½þiÉÒ ½èþ ÊEò vÉzÉÒ xÉä MÉÖ±ÉÉ¤ÉÒ ºÉä BEò ¤ÉSSÉä EòÉä {ÉÉ±ÉxÉä EòÒ <SUôÉ |ÉEò]õ EòÒ iÉÉä ¦ÉÒ EòÉEòÒ Eò½þiÉÒ 

½èþ - ""´É½þ CªÉÉå näùxÉä ±ÉMÉÒ? ´É½þ iÉÉä =xÉEòÉä EòÉä̀ ö®úÒ ¨Éå ¤ÉÆnù Eò®úEäò ¨ÉÉ®äúMÉÒ*''3 

MÉÖ±ÉÉ¤ÉÒ EòÉä Eäò´É±É +{ÉxÉÒ ÊWÉxnùMÉÒ ºÉä ½þÒ xÉ½þÓ, ¤ÉÎ±Eò +{ÉxÉä {ÉÊ®ú´Éä¶É ºÉä +Éè®ú +{ÉxÉä ºÉ¨ÉÉVÉ 

ºÉä ¦ÉÒ ºÉÆPÉ¹ÉÇ Eò®úxÉÉ {Éc÷iÉÉ ½èþ* ªÉ½þ ºÉÆPÉ¹ÉÇ =ºÉä <iÉxÉÉ °üJÉÉ +Éè®ú ½þ`öÒ±ÉÉ ¤ÉxÉÉ näùiÉÉ ½èþ ÊEò ´É½þ ½ÄþºÉ ¦ÉÒ 

xÉ½þÓ {ÉÉiÉÒ* +iÉ& ¦ÉÒb÷ ¨Éå ´É½þ +Eäò±ÉÒ ¤ÉxÉ VÉÉiÉÒ ½èþ* ¤ÉºiÉÒ ¨Éå Eäò´É±É BEò ½þÒ ´ªÉÊHò EòÉEòÉ ½þÒ =ºÉä 

ºÉ¨ÉZÉiÉÉ lÉÉ ªÉÉ Eäò´É±É ´É½þÒ =ºÉºÉä ½þ¨ÉnùnùÔ ÊnùJÉÉiÉÉ lÉÉ* Eò½þÉxÉÒ EòÉ ªÉ½þ |ÉºÉÆMÉ ¤Éb÷É ¨ÉÉÌ¨ÉEò ±ÉMÉiÉÉ ½èþ - 

""SÉ¤ÉÚiÉ®äú {É®ú =ºÉ ºÉ¨ÉªÉ EòÉEòÉ +Eäò±Éä ¤Éè̀ äö lÉä, MÉÖ±ÉÉ¤ÉÒ EòÉä ¤Éc÷¤Éc÷ÉiÉÒ ½Öþ<Ç VÉÉiÉä näùJÉÉ iÉÉä ]õÉäEò ÊnùªÉÉ : 

"ÊEòºÉä EòÉäºÉ ®ú½þÒ ½èþ MÉÖ±ÉÉ¤ÉÒ? +®äú, Eò¦ÉÒ iÉÉä iÉÚ ¦ÉÒ ½ÄþºÉ - ¤ÉÉä±É Ê±ÉªÉÉ Eò®ú*'' 

"½ÄþºÉ ¤ÉÉä±ÉEò®ú ¨ÉÖZÉä ÊEòºÉÒ EòÉä Ê®úZÉÉxÉÉ xÉ½þÓ ½èþ? ¤Ébä÷ +ÉªÉä ½éþ ºÉÒJÉ näùxÉä́ ÉÉ±Éä! iÉÖ̈ ½åþ iÉÉä xÉ½þÓ 

EòÉäºÉ ®ú½þÒ? EòÉäºÉ ®ú½þÒ ½ÚÄþ =ºÉ nùÉ¯ûJÉÉä®ú EòÉä VÉÉä ¨Éä®úÒ VÉÉxÉ EòÉä ªÉä EòÒbä÷-¨ÉEòÉäbä÷ UôÉäb÷ MÉªÉÉ*' 

"+®äú ¨Éé iÉÉä iÉä®äú ¦É±Éä EòÒ ¤ÉÉiÉ Eò½þ ®ú½þÉ ½ÚÄþ* SÉÉ®ú VÉxÉÉå Eäò ¤ÉÒSÉ +ÉEò®ú ¤Éè̀ öÉ Eò®ú iÉÉä iÉä®úÉ 

¦ÉÒ ¨ÉxÉ ¤É½þ±É VÉÉªÉä, {É®ú iÉÚ iÉÉä ºÉ¤ÉEòÉä EòÉ]õxÉä EòÉä nùÉèb÷iÉÒ ½èþ*' 

"½þÉÄ-½þÉÄ ¨Éé iÉÉä Eò]õJÉxÉÒ ½ÚÄþ, CªÉÉå ¨Éä®äú ¨ÉÚÄ½þ ±ÉMÉiÉä ½þÉä? WªÉÉnùÉ ¤ÉEò´ÉÉºÉ EòÒ iÉÉä nùÉä-SÉÉ®ú iÉÖ̈ ½åþ 

¦ÉÒ ºÉÖxÉÉ nÚÄùMÉÒ* ¤Ébä÷ +ÉªÉä ½éþ nù®únù ÊnùJÉÉxÉä́ ÉÉ±Éä*''4 ¨ÉMÉ®ú ªÉ½þÒ °üJÉÒ ½þ`öÒ±ÉÒ MÉÖ±ÉÉ¤ÉÒ ¨ÉÉiÉÞi´É EòÒ 

EòÉä̈ É±ÉiÉÆiÉÖ+Éå Eäò º{É¶ÉÇ ºÉä BEònù¨É ½þÉ®ú VÉÉiÉÒ ½èþ* ¨ÉÉiÉÞi´É EòÒ nèù´ÉÒ |Éä®úhÉÉ =ºÉä +ÊiÉÊ®úHò EòÉ¨É Eò®úxÉä EòÉä 

¨ÉWÉ¤ÉÚ®ú Eò®úiÉÒ ½èþ, +{ÉxÉÒ ¦ÉÚJÉ EòÒ {É®ú´ÉÉ½þ xÉ Eò®úEäò, +{ÉxÉä º´ÉÉºlªÉ EòÒ JÉèÊ®úªÉiÉ xÉ Eò®úEäò, ¤ÉSSÉÒ Eäò 

Ê±ÉB ½þ®úÒ SÉÚÊb÷ªÉÉÄ +Éè®ú ¤ÉSSÉä Eäò Ê±ÉB "Ê¶É¶ÉÖ ºÉÖ®úIÉÉ Eåòpù' Eäò {ÉÉÄSÉ ¯û{ÉªÉä EòÒ Ê]õEò]õ JÉ®úÒnùxÉä Eäò Ê±ÉB 

Ê´É´É¶É Eò®úiÉÒ ½èþ* =ºÉEäò VÉÒ´ÉxÉ-ºÉÆPÉ¹ÉÇ +ÆÊiÉ¨É PÉb÷Ò ¨Éå +ÉEò®ú ¤ÉºiÉÒ´ÉÉ±ÉÉå ºÉä =ºÉä ¨É¨ÉiÉÉ¨ÉªÉÒ ¨ÉÉÄ EòÒ 

ºÉÚSÉÒ ¨Éå xÉÉ¨É ¦É®úÉxÉä EòÉä Ê´É´É¶É Eò®úiÉä ½éþ* 

<xÉ ºÉÆPÉ¹ÉÉç Eäò ¤ÉÒSÉ ¨Éå ¦ÉÒ MÉÖ±ÉÉ¤ÉÒ +{ÉxÉä ¨ÉÉiÉÞi´É EòÉä BEò "¤ÉÉäZÉ' xÉ½þÓ ¨ÉÉxÉiÉÒ VÉèºÉäÊEò 

+ÉVÉEò±É EòÒ ¨ÉÉiÉÉªÉå ¨ÉÉxÉiÉÒ ½éþ* +ÉVÉEò±É ¨ÉÉiÉÞi´É BEò ¤ÉÉäZÉ-ºÉÉ ¤ÉxÉ MÉªÉÉ ½èþ* ¨ÉÉiÉÞi´É EòÉä ÊxÉ¦ÉÉxÉÉ 

ÎºjÉªÉÉå Eäò Ê±ÉB BEò SÉÖxÉÉèiÉÒ ¤ÉxÉ MÉªÉÒ ½èþ* ¨ÉÉiÉÞi´É EòÉ ¤ÉÉäZÉ ÎºjÉªÉÉå EòÉä +Éi¨É½þiªÉÉ Eäò +ÉºÉÉxÉ ºÉÖ®úIÉÉ 
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Eåòpù ¨Éå {É½ÚÄþSÉÉ näùiÉÉ ½èþ* Ê´ÉbÆ÷¤ÉxÉÉ EòÒ ¤ÉÉiÉ ªÉ½þ ½èþ ÊEò ¨ÉÉiÉÉªÉå Eäò´É±É +{ÉxÉä EòÉ ½þÒ JÉÚxÉÒ xÉ½þÓ ¤ÉxÉiÉÒ 

¤ÉÎ±Eò +{ÉxÉä ¤ÉSSÉÉå EòÉ ¦ÉÒ JÉÚxÉÒ ¤ÉxÉiÉÒ ½éþ* ªÉ½þ |É´ÉÞÊkÉ +ÉvÉÖÊxÉEò EòÉ±É EòÒ näùxÉ ½èþ* {ÉÖ®úÉxÉä WÉ¨ÉÉxÉä ¨Éå 

¨ÉÉiÉÞi´É VÉÒxÉä EòÉ, ÊWÉxnùMÉÒ EòÉä +ÉMÉä ±Éä VÉÉxÉä EòÉ BEò +MÉÉvÉ +Éè®ú +nù¨ªÉ |Éä®úhÉÉ lÉÒ, iÉÉä +¤É ´É½þÒ 

ÊWÉxnùMÉÒ EòÉä JÉi¨É Eò®úxÉä EòÉ ºÉ¤ÉºÉä ¤Éc÷É EòÉ®úhÉ ¤ÉxÉ VÉÉiÉÉ ½èþ* VÉ¤É ´Éä BäºÉÉ Eò®úiÉÒ ½éþ iÉÉä <ºÉEòÉ 

|ÉiªÉÉPÉÉiÉ Eäò´É±É =xÉEäò {ÉÊ®ú´ÉÉ®ú ªÉÉ ¤ÉxvÉÖ-Ê¨ÉjÉÉå EòÉä ½þÒ xÉ½þÓ ¤ÉÎ±Eò {ÉÚ®äú ºÉ¨ÉÉVÉ {É®ú ¦ÉÒ ½þÉäiÉÉ ½èþ* VÉ¤É 

"¨ÉÒÊb÷ªÉÉ' BäºÉÒ ´ÉÉiÉÉÇªÉå |ÉºÉÉÊ®úiÉ Eò®úiÉÒ ½èþ iÉÉä nÖù¤ÉÇ±É-¨ÉÉxÉºÉÉå EòÉä xÉ VÉÉxÉä EòÉèxÉ-ºÉÒ nÖù¹|Éä®úhÉÉ Ê¨É±ÉiÉÒ ½èþ ÊEò 

BäºÉÒ ¨ÉÉiÉÉ+Éå EòÒ ºÉÆJªÉÉ ÊnùxÉ-¤É-ÊnùxÉ ¤ÉgøiÉÒ VÉÉiÉÒ ½èþ* +ÉVÉEò±É "¨ÉÒÊb÷ªÉÉ' xÉä +{ÉxÉä VÉÉ±ÉÉå EòÉä <iÉxÉÉ 

¡èò±ÉÉ ÊnùªÉÉ ½èþ ÊEò SÉÉ½äþ EòÉä<Ç ¦ÉÒ ºÉ¨ÉÉSÉÉ®ú {ÉjÉ ½þÉä ªÉÉ nÚù®únù¶ÉÇxÉ EòÉ EòÉä<Ç ¦ÉÒ SÉèxÉ±É ½þÉä, ´ÉÉiÉÉÇ+Éå EòÉä 

live ¤ÉxÉÉxÉä EòÒ ½þÉäb÷ ¨Éå ½èþ* "¨ÉÒÊb÷ªÉÉ' Eäò <ºÉ +ÊiÉ|ÉºÉÉ®ú ºÉä ±ÉÉäMÉÉå EòÉ Ênù±É `ö{{É ºÉÉ ½þÉä MÉªÉÉ ½èþ* 

{ÉjÉEòÉÊ®úiÉÉ EòÉ vÉ¨ÉÇ ½èþ - ´É½þ EÖòUô BäºÉÒ PÉ]õxÉÉ+Éå EòÉä ÊSÉÊjÉiÉ Eò®úxÉä ¨Éå "ºÉäxÉºÉË®úMÉ' EòÉ <ºiÉä̈ ÉÉ±É Eò®äú 

iÉÉÊEò ´Éä ±ÉÉäMÉÉå Eäò Ênù±É {É®ú vÉCEòÉ xÉ UôÉäb÷ näù* {ÉjÉEòÉÊ®úiÉÉ EòÉ ªÉ½þÒ vÉ¨ÉÇ +ÉVÉ "SÉèxÉ±ÉÉå' EòÉ "ºÉäxÉºÉä¶ÉxÉ' 

¤ÉxÉ MÉªÉÉ ½èþ* ´Éä BäºÉä ÊSÉjÉ |ÉºÉÉÊ®úiÉ Eò®úiÉä ½éþ VÉÉä ±ÉÉäMÉÉå {É®ú feeling VÉMÉÉªÉä* <ºÉ "ºÉäxÉºÉä¶ÉxÉ' xÉä 

feeling VÉMÉÉiÉä VÉMÉÉiÉä ±ÉÉäMÉÉå Eäò Ênù±É EòÉä feelingless ¤ÉxÉÉ ÊnùªÉÉ ½èþ* +ÉVÉ ¨ÉxÉÖ¹ªÉ EòÉä<Ç ¦ÉÒ nÖùPÉÇ]õxÉÉ 

EòÉä ªÉÉ ¾þnùªÉ¦ÉänùÒ ´ÉÉiÉÉÇ EòÉä Ê¤ÉxÉÉ ÊEòºÉÒ feeling Eäò näùJÉ-{Éfø ºÉEòiÉÉ ½èþ* ±ÉÉäMÉÉå Eäò Ênù±É ºÉä Eò¯ûhÉÉ, 

iªÉÉMÉ +ÉÊnù ¨ÉÉxÉ´ÉÒªÉ MÉÖhÉ +|ÉiªÉIÉ ½þÉä MÉªÉä ½éþ* ¦ÉÚ̈ ÉÆb÷±ÉÒEò®úhÉ, ={É¦ÉÉäMÉÒ ºÉÆºEÞòÊiÉ, Ê¶ÉIÉÉ ¨Éå ´ÉÞÊrù, 

iÉEòxÉÒEòÒ EòÉ Ê´ÉEòÉºÉ, º´ÉiÉÆjÉ VÉÒ´ÉxÉ +ÉÊnù ¦ÉÉ®úiÉÒªÉ ºÉ¨ÉÉVÉ Eäò ®ú½þxÉ ºÉ½þxÉ, ºÉÉäSÉ-Ê´ÉSÉÉ®ú +ÉÊnù ¨Éå 

MÉ½þ®úÉ +ÆiÉ®ú ±ÉÉªÉä ½éþ* ÎºjÉªÉÉå EòÒ nù¶ÉÉ ¦ÉÒ EÖòUô +Éè®ú xÉ½þÓ ½èþ* {É®ú <ºÉ +ÆiÉ®ú xÉä VÉ¤É ¤ÉÖ®úÉ<Ç EòÒ ®úÉ½þ 

{ÉEòb÷ ±ÉÒ iÉÉä ºÉÉ¨ÉÉÊVÉEò Ê´ÉSUÞÆôJÉ±ÉiÉÉ =i¦ÉÚiÉ ½Öþ<Ç* ¨ÉèxÉäVÉ®ú {ÉÉÆbä÷ªÉ EòÉ EòlÉxÉ Ê´ÉSÉÉ®úhÉÒªÉ ½èþ - ""¦ÉÉ®úiÉÒªÉ 

ºÉ¨ÉÉVÉ ¨Éå ´ªÉÉ{iÉ ¦Éänù-¦ÉÉ´É EòÉ ºÉ¤ÉºÉä ¦ÉªÉÉ´É½þ +ºÉ®ú ºjÉÒ-VÉÒ´ÉxÉ {É®ú {Éc÷iÉÉ ½èþ*''5 Eò¯ûhÉÉ EòÒ ¨ÉÚÌiÉ ºjÉÒ 

VÉÉä ¨ÉÉxÉ´É-ºÉ¨ÉÚ½þ EòÒ |ÉiªÉÉ¶ÉÉ lÉÒ, {ÉlÉ§É¹]õ ½þÉä MÉªÉÒ* +ÉVÉEò±É women-criminals EòÒ ´ÉÉiÉÉÇªÉå 

¤É®úÉ¤É®ú +ÉiÉÒ ½éþ* =xÉEòÒ SÉÉ±ÉÉEòÒ ªÉÉ vÉÉäJÉÉ{ÉxÉ {ÉÖ¯û¹Éò ºÉä ¤ÉÊføªÉÉ ½èþ* ""VÉ½þÉÄ {ÉȪ û¹É ¶ÉÉ®úÒÊ®úEò ¤É±É ºÉä 

vÉÉäJÉÉ-¤ÉÉWÉÒ Eò®úiÉÉ ½èþ, ´É½þÉÄ ºjÉÒ +{ÉxÉä ¨ÉävÉÉ-¤É±É EòÉ |ÉªÉÉäMÉ Eò®úiÉÒ ½èþ*''6 
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ºjÉÒ EòÉä +±ÉÆEÞòiÉ Eò®úxÉä́ ÉÉ±Éä MÉÖhÉÉå ¨Éå ¨ÉÉiÉÞi´É ºÉ¤ÉºÉä ¸Éä¹`ö ½èþ, ¨ÉMÉ®ú +ÉVÉ EòÒ ºjÉÒ <ºÉ 

¸Éä¹`öiÉÉ EòÉä JÉÉäiÉÒ VÉÉiÉÒ ½èþ* ÊEòiÉxÉÒ ½þÒ BäºÉÒ ¨ÉÉiÉÉªÉå ½éþ VÉÉä vÉxÉ {ÉÉxÉä Eäò Ê±ÉB +{ÉxÉÒ ´ÉªÉºEò ªÉÉ 

+´ÉªÉºEò {ÉÖÊjÉªÉÉå EòÉä ¤ÉäSÉiÉÒ ½éþ, +{ÉxÉä º´ÉÉlÉÇ-ºÉÖJÉ Eäò Ê±ÉB ¤ÉSSÉÉå EòÒ ={ÉäIÉÉ Eò®úiÉÒ ½éþ, {ÉÊiÉ Eäò ½þÉäiÉä 

+{ÉxÉä |Éä̈ ÉÒ Eäò ºÉÉlÉ VÉÒxÉä Eäò Ê±ÉB ¤ÉÉvÉÉ ¤ÉxÉxÉä ´ÉÉ±Éä ¤ÉSSÉÉå EòÉä {ÉÒÊb÷iÉ Eò®úiÉÒ ½éþ ªÉÉ ¨ÉÉ®úiÉÒ ½éþ* MÉÖ±ÉÉ¤ÉÒ 

Eäò ¨ÉÉiÉÞi´É EòÒ |ÉÉºÉÆÊMÉEòiÉÉ ªÉ½þÓ {É®ú ½èþ* +{ÉxÉä +ÎºiÉi´É EòÉä ¤ÉxÉÉªÉä ®úJÉxÉä Eäò Ê±ÉB ºÉÆPÉ¹ÉÇ Eò®úiÉÒ MÉÖ±ÉÉ¤ÉÒ 

+{ÉxÉä ¨ÉÉiÉÞi´É EòÉä ¦ÉÒ ÊxÉ¦ÉÉiÉÒ ½èþ* 

ºÉÉÊ½þiªÉ VÉ¤É ºÉ¨ÉÉVÉ¶ÉÉºjÉ EòÉ ºÉ½þÉ®úÉ ±ÉäEò®ú +vªÉªÉxÉ |ÉºiÉÖiÉ Eò®úiÉÉ ½èþ iÉÉä =ºÉEòÉ ±ÉIªÉ  

ºÉ{ÉÉ]õ ºÉÉ¨ÉÉÊVÉEòiÉÉ EòÉ ºÉÉ¨ÉÉxªÉ +ÆEòxÉ xÉ½þÓ ½èþ, +Ê{ÉiÉÖ MÉ½þxÉ ºÉÉ¨ÉÉÊVÉEòiÉÉ EòÒ MÉÆ¦ÉÒ®ú ÎºlÉÊiÉªÉÉå EòÉ 

+ÉEò±ÉxÉ Eò®úxÉÉ ½èþ* "®úÉxÉÒ ¨ÉÉÄ EòÉ SÉ¤ÉÚiÉ®úÉ' EòÉä <ºÉ {ÉÊ®ú|ÉäIªÉ ¨Éå +ÉÄEòÉ VÉÉxÉÉ WÉ°ü®úÒ ½èþ* 
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ABSTRACT 

 

The double graph of a graph D(G) is defined as the lexicographic product 

of G with the compliment  of  K2. In this paper, we include some results 

regarding the connectivity and diameters of double graphs. 
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1. Introduction 

 

                The architecture of an interconnection network can always be 

represented as a graph, where the nodes represent the vertices and the 

links between the nodes represent the edges of the graph. Reliability and 

efficiency are important criteria in the design of interconnection networks. 

It is not easy to design a network that is optimum from all aspects. But 

graph theoretic techniques can be used to determine the efficiency and 

reliability of a network model. Several interconnection networks and their 



Manju K. Menon 

30 Pauline Journal of Research and Studies  

 

graph parametrical studies can be referred in the classical book 'Graph 

Theory and Interconnection Networks' by L H. Hsu end et.al, [5].  

            The diameter of a graph G is the maximum distance between any 

two vertices in G and it will give the maximum communication delay in 

the corresponding network model. The vertex connectivity of G, (G)κ is 

the smallest number of vertices in G whose deletion from G increases the 

number of components of G or leaves K1. A graph is n-connected if (G)κ  

≥  n. The edge connectivity of a graph G, '(G)κ is the least number of 

edges whose deletion increases the number of components of G. By 

Menger’s theorem, a graph G is k-connected if and only if there exists at 

least k internally vertex disjoint paths between any two vertices of the 

graph G. By the edge version of Menger’s theorem, a graph G is k-edge 

connected if and only of there exists at least ‘k’ edge disjoint paths joining 

any two vertices of G. The minimum degree of vertices in G is denoted by 

(G)δ . 

 Hsu [4] defined wide diameter to unify the concepts of 

connectivity and diameter of a graph. The wide diameter of G is denoted 

by Dw(G) and it is the minimum  number  l such that in between any two 

vertices of G, there exists ‘w’ internally vertex disjoint paths of length at 

most l. 

 In this paper, we consider finite connected graphs only. For 

any other notions not defined here, refer [9]. The detailed proofs of some 

theorems are omitted and they can be referred in [6]. 

 The lexicographic product of two graphs G and H denoted by 

G� His the graph with V(G� H) = {(u, v):  u Є V(G) , v Є V(H)} and any 
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two vertices (u1,v1) and (u2,v2) in G � H are adjacent if one of the 

following holds. 

(i) u1 - u2 Є E(G) 

(ii) u1 = u2 and v1 - v2 Є E(H). 

 

 The double graph of a graph G, D(G) is defined inn [7] as the 

lexicographic product of G with the compliment of K2 .    

As an eg:- 

 
 

2. The structure and parameters of Double graphs 

 

               By the construction it is clear that G is an induced subgraph of 

D(G). 

 

Theoerm 

 G is connected if and only if D(G) is connected. 

 

Proof:  The necessary part is clear from the definition of D(G). 

Suppose that D(G) is connected. If possible assume that G is not 

connected. Let ui and uj be any two vertices in different components of G. 

Since D(G) is connected, there exists a path between (ui, v1) and (uj, v1) in 

D(G). Let the path be P = (ui, v1),(u1, va),(u2,vb) ...(uj, v1). Then there 

exists a path ui, u1, u2, ..., uj in G. 
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Lemma  

For a complete graph G, diam(D(G))=2. For any other simple connected 

graph G, diam(D(G))=diam(G).  

 

Theorem  

For any connected graph G, (D(G)) 2 (G)κ = κ . 

 

Theorem  

For any connected graph G, 2 '(G) '(D(G)) 4 '(G)κ ≤ κ ≤ κ . 

 

Corollary  

In a connected graph G, if '(G) (G)κ = δ  then '(D(G)) 2 '(G)κ = κ . 

 

Theorem  

The wide diameter of D(G) is the same as wide diameter of G. 

 

3. Concluding remarks 

 

 As we have noted, the double graph of a graph G has lesser 

diameter (If G is not a complete graph) and higher connectivity (both 

vertex connectivity and edge connectivity) than G. As we know, a good 

interconnection network model prefers smaller diameter and higher 

connectivity for a better communication. So, if we consider the graph G of 

a good interconnection network model then D(G) will be a better model. 

Further a good interconnection network model prefers a small wide 

diameter as it enables fast multipath communication. In this chapter, we 

have proved some results regarding the wide diameter of double graphs 

which proves that the double graph has lesser (or equal) diameter than the 

original graph. So D(G) will be a good model for interconnection 

networks. 
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4.    Scope for further study  

 

• Graph theoretic techniques help to determine the efficiency and 

reliability of a network model. One has to design a suitable 

network depending on the properties and requirements. The 

graphs that are proposed are referred as 'good graphs'. So using the 

help of graph theory more good graphs can be invented. They may 

be the graphs that are already in the literature or new 

constructions. 

• More graph theoretic properties that are useful in the study of 

interconnection networks are discussed in [5]. We have studied 

some of them in Double graphs. Many of them are left for further 

study. 

• From the point of view of interconnection networks, some studies 

have been done in a few graph operations such as [3].  Many 

graph operators can be referred in [8]. So, research can be done to 

find 'good graphs' from the possible graph operators defined and 

studied in [8].  

• Since diameter is the maximum communication delay in any 

network, the distances defined in [2] may have some role in the 

study of efficiency. Studies can be done in this regard. 

• Many known graph classes such as 'perfect graphs', 'clique 

graphs', 'block graphs', 'split graphs' etc that can be referred in [1] 

and some of them  may be good models for networks.  
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ABSTRACT 

A photoacoustic cell which can be used for the measurement of thermal 

diffusivity of thin films using rear surface illumination method has been 

fabricated. Thin /thick films of Indium, Aluminium, Silver and CdS having 

thickness of the order of 18-690:m prepared from vacuum coating 

technique have been used for measurements. The experimental method 

involves the determination of the variation of the phase of the 

photoacoustic signal as a function of the chopping frequency for a 

monochromatic incident beam. The thermal diffusivity values obtained for 

each of the samples using this cell show close agreement with the 

previously reported results.  

1. Introduction 

 The photoacoustic (PA) technique has been recently revived as 

very useful tool for the spectroscopic investigation of samples where the 

conventional optical absorption and reflectance spectroscopy cannot be 
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used. The main factor behind the interest in photoacoustic spectroscopy is 

that it cannot be used. The main factor behind the interest in photoacoustic 

spectroscopy is that it can be used as a powerful tool for studying the 

thermal properties of samples in any form.  Detection of acoustic waves 

after absorption of modulated optical radiation provides information of 

thermal properties of the material in a very elegant way. As shown by 

several authors [1-6] thermal waves are very sensitive to change in 

thermal characteristics of the materials. The thermal properties, especially, 

those of thin films, are of growing interest in microelectronics and micro 

systems, the heat removal from highly integrated devices becomes a 

serious problem requiring practical solutions. Knowledge of thermal 

diffusivity value in thin films helps one to select microelectronic materials 

systematically and to get precise input data for microelectronic device 

modeling. In particular, CdS is a II-VI group semiconductor and it has 

received considerable attention as an important photonic material because 

of its potential use in the fabrication of solar cells [7-11] as well as in 

other areas of photonics. 

 Various methods have been developed to measure the thermal 

diffusivity by means of the PA effect [12-14]. In the rear surface 

illumination method, chopped light is allowed to fall on thin substrate 

(copper), the farther side of which is deposited with sample, and the PA 

signals are generated on its free surface. Here, the thermal wave generated 

at the surface, where the light beam is incident, starts propagating through 

the sample and is eventually generates the acoustic signal in the gas 

medium. Therefore the PA signal amplitude and phase directly depends on 
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the thickness of the sample and its thermal diffusivity. Thus the samples 

thickness is found to be an important parameter in these measurements. In 

order to find the thermal diffusivity of thin films samples, the films are 

deposited on a copper substrate. The phase of the PA signals with the 

copper substrate alone and that with thin film on copper substrate for 

different modulation frequencies ω are measured using a lock-in amplifier. 

Thus from the relative phase difference between the substrate and 

substrate + thin film, the thermal properties of the thin film alone can be 

determined. In the present investigation, the thermal diffusivity values of 

the thin films of Indium, Aluminum and CdS deposited on copper 

substrate are measured by the rear surface illumination method.  

2. Outline of the theory 

 When intensity modulated light beam falls on the rear surface of 

the sample. This result the propagation of thermal waves through the 

thickness IS of the sample.  The thermal diffusion equation along the 

thickness can be expressed as  

����
��� �  1

	�

���
�
 � 0 

where ��  is  temperature at the sample surface and 	� , the thermal 

diffusivity of the sample.  The real part of the solution of above equation 

is  

���, 
� � ��  exp�����  cos�
 � ���� . 
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 This expression represents the temperature distribution along the 

thickness of the sample and it is evident that the thermal wave gets 

attenuated exponentially as it traverses through the sample. The term 

which represents the phase of the thermal wave is as x  where as is the 

thermal diffusion coefficient of the sample and x is the position where 

temperature is found to be �� . ��  is the complex amplitude of the periodic 

temperature of the sample gas boundary. Therefore the total phase 

difference between the front surface and rear surface of the sample is 

expressed as  ∆� � ���� . The thermal diffusion coefficient  

�� � � �
�� 

!
"/�

, ω being the angular frequency of the intensity modulated 

light beam. Thus the graph between √� and  ∆� will be a straight line and 

its slope is  � "
�� 

!
"/�

��  . The thickness IS of the thin film is measured using 

optical method [15].  

3. Experimental method 

The experimental setup used for the measurements of thermal diffusivity 

of thin films is shown in Figure 1. An Ar
+
 laser beam (Liconix-5000 

series) at a power level of 30mW  is used as the light source and targets 

are Indium, Aluminium, silver and CdS thin films deposited on identical 

copper discs (0.3 mm thick). The materials were obtained in the form of 

thin / thick films by means of thermal evaporation process. Copper was 

used as the substrate material so that rear surface illumination method can 

be conveniently adopted for PA measurements. For the present  
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Fig. 1 Experimental setup used for the measurement of thermal diffusivity 

measurements we have made use of a PA cell which is capable of 

measuring thermal diffusivity of thin films using rear surface illumination 

method. The signal is detected by highly sensitive electret microphone 

(Knowel’s model BT 1753) and analyzed using lock-in amplifier (EG&G 

Princeton Applied Research model - 5208). The phase of the 

photoacoustic signal is measured for various chopping frequencies in 

between 20 and150 Hz. 

 Schematic diagram of the small volume rear side illumination cell 

used for room temperature measurements is shown in Figure 2. It has a 

cylindrical cavity of height 1 cm and diameter 0.8 cm made in a solid 

block of stainless steel. Window holders and microphone compartments 

are also made up of using stainless steel. Two windows are provided, one 

for front side illumination and another for rear side illumination of the 

sample. The cell volume is acoustically isolated from outside using O-

rings on the window holders. The electret microphone used in the cell is 
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also kept in a separate port which can be removed from the cell body. It 

has got a flat frequency response in the range 10 to 2000 Hz. The  

microphone output is taken using 

a BNC connector attached to the 

micro-phone port and  is fed to 

the lock-in amplifier. 

Microphone is also sealed with 

O-rings and air at atmospheric 

pressure acts as the coupling gas 

medium. In order to avoid ‘drum 

effect’ the sample is rigidly fixed 

in the PA cell using O-ring seal.  

 

 

Fig. 2 Schematic diagram of the small 

volume rear side illumination cell 
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Fig. 3     Variation of phase difference with square root of angular frequency 
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Figure 3 shows the variation of PA phase difference ∆� (between 

copper and copper + Indium thin film) with the square root of the 

modulation frequency (√�) at two different thicknesses of Indium thin 

films (240 :m and 630 :m).  From the straight line graphs the slopes are                             

found to be                                             

2.416 x 10
-2

 and 6.463 x 10
-2

 

respectively for 240 :m and 630 

:m. The corresponding "S values 

obtained are 0.4935 cm
2
/sec and 

0.4755 cm
2
/sec.  

By following the same 

procedure, the thermal diffusivity 

value of Aluminium, Silver and 

CdS has been determined. 

Measured values and literature 

Table 1  

Measured and literature values of 

thermal diffusivity 

 

values are shown in Table I. In our view, this shows extremely good 

agreement between the calculated values of "S and its known value 

[16,17].  In view of the simplicity of the experimental set up, one can 

strongly recommend the present technique for determining the thermal 

diffusivity of thin films. However, the sample thickness is found to be an 

important parameter in these measurements. This does not pose any 

serious problem since there are a number of standard methods for fairly 

accurate determination of sample thickness. Alternatively, with known 
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values of thermal diffusivity it is possible to estimate the sample thickness 

with fair amount of accuracy using the PA technique described above. 

4.   CONCLUSION 

 Thermal diffusivities of thin films can be accurately measured by 

the photoacoustic method. Because of its controlling effect and common 

occurrence in heat flow problems, thermal diffusivity determination is 

often necessary and knowledge of it can in turn be used to calculate the 

thermal conductivity.  
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ABSTRACT 

We study the gaussian effective potential of a self interacting U(1) 

symmetric N�
 model at finite temperature and finite bosonic density in the 

cutoff and autonomous formulations and show the existence of 

temperature or bosonic chemical potential induced multiple phase 

transitions. The temperature and density dependence of the effective 

scalar boson mass is also analyzed. 

Key words:  effective potential, bosonic density, multiple phase transition 

PACS Nos.: 11.00, 05.00 

 

1. Introduction 

The study of phase transitions at high temperature and high density 

is a topic of current interest. In unified gauge models with spontaneous 

symmetry breaking (SSB), in addition to fermionic matter, bosonic matter 
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is present in the form of Higgs particles. In recent times, much attention 

has been focused on the study of Higgs particles mainly with a view to 

obtain  more  stringent  limits  on  their  physical  properties  and  possible  

implications. In this context studies of models including the chemical 

potentials of charged bosonic matter are of interest. In previous papers [1] 

we reported the results of a perturbative analysis of finite temperature and 

finite bosonic density phase transitions in λ N � and abelian Higgs models 

at the one-loop level. We have shown by the effective potential method 

that in these models spontaneously broken O(2) symmetry is restored at a 

higher value. Since these results are somewhat unconventional and appear 

to have some new implications, it seems worthwhile to do a non-

perturbative analysis of these finite temperature and finite density (FTD) 

phase transitions to arrive at definite conclusions.  

 Gaussian approximation is a non-perturbative variational method 

and has been extensively developed along the lines initiated by Stevenson, 

Consoli and others [2, 3]. These various works differ in certain 

technicalities in the computation. It has been established that, in four 

dimensions a simple and viable, non-trivial theory called precarious theory 

arising from a bare coupling constant of a particular negative infinitesimal 

form exist. Without regularization this is stable, but does not possess SSB. 

However using a finite ultraviolet cutoff for the momentum integral SSB 

can be induced. This cutoff version gaussian effective potential (GEP) has 

been applied to various scalar and fermionic models [4]. Another version 

of GEP that has been shown to exist is the autonomous form which 
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possesses SSB and allows a positive value for the bare coupling constant 

[5-7]. Finite temperature evaluation of the GEP in scalar models have been 

done and are shown that increase of temperature restores the 

spontaneously broken symmetry.   

 In this paper we make a GEP study of FTD phase transitions in 

λ N � model making use of both the cutoff and autonomous versions of 

GEP. It is shown that in the presence of SSB at finite non-zero 

temperatures, increase of bosonic chemical potential induces a sequence of 

symmetry restorations and symmetry breakdowns. For an asymptotically 

large value of chemical potential, these multiple phase transitions end in a 

symmetry broken phase. Similarly in the case of SSB at a finite non-zero 

value of bosonic chemical potential, increase of temperature induces a 

series of symmetry restoring and symmetry breaking phase transitions. For 

an asymptotically large value of temperature, symmetry remains restored. 

With zero chemical potential increase of temperature only restore the SSB 

phase without any multiple phase transition. We also study the FTD 

behaviour of effective Higgs mass.  

 The remaining part of the paper is arranged as follows. In Sec. 2 

we present a FTD study of the cutoff version of GEP for the λ N � theory. 

Sec.3 is devoted to the autonomous version of GEP. Our conclusions are 

presented in Sec. 4.  
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   2.   Cutoff version GEP             

   In this section we evaluate the Gaussian effective potential at 

finite temperature and bosonic density (FTDGEP) by introducing 

explicitly a finite and very large cutoff 7 for the momentum. This allows 

the bare constants to assume a positive value and to have SSB.  

 The GEP at zero temperature and chemical potential is 

defined by 

V�G(N�) =   �VG	N�,S��
SS���  =  � �0|�|0� S,N�  S,N� �

SS���             (1) 

where � is the Hamiltonian density, |0 � S,N� is a normalized Gaussian 

wave functional centered on N  = N� and Smin  is the value of the mass 

parameter S which minimizes VG(N�,S). We study the model of a self 

interacting 2-component spinless field in 3+1 dimensions with an O(2) 

invariant interaction described by the lagrangian 

� �N��x�� �  12 ∂νN� ∂νN� #  12 mB&N�N� #  λB4! 	N�N��&,     a �  1,2      �2�  
A study of GEP for this model with a cutoff 7 shows the ground state of 

(2) possess a SSB phase under the conditions [9]  

0 *  λB *  �J,�ρ
Λ

�           and         # mB �  η/ Λ&
                            (3) 

where  
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J& 1ρ
Λ

2 # 12π&  
3
4ln 6Λ

ρ
7  89Λ

ρ
:& 7 1; #  Λ/ρ

=�Λ
ρ

�& 7 1 >
? 

η/ �  
3
4 χ/=χ/& 7 1>

? λB16π&  A   λB16π& 

with                         χ/ �  B& exp 1Eπ,
λB 7 12 G 1. 

We shall follow Stevenson’s method [3] in calculating the GEP by writing 

the field  N  as I� 7  IJ   where N0 is a constant classical field and NJ  is a 

quantum free field of mass S. This yields the GEP at zero temperature and 

zero density for the model described by (2) as 

VGKKK	N�� �  B&  mB& I�  & + 
B�! λBN�� 7 IB�S� 7 B& 	mB # S

&�I��S� 7
     B� λBI��S�I�  & �S� 7 BE λBI�&�S�                               (7) 

where the IN integrals are given by  

    IN �S� �  B& N OPQ&πP 	K& 7 S
&�NST, .                                        �8� 

Minimizing the expression (7) with respect to the variable parameter S 

give the optimum value of  S to be used and is a solution of the gap 

equation 

S�& # mB& 7  12 λB	I�	S�   � 7 I�  & � � 0.                           (9) 
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 In equilibrium thermodynamics the GEP at finite values of 

temperature T and chemical potential : is evaluated by minimizing the 

Helmholtz free energy F of a quantum field system in a finite volume V 

calculated from the partition function Z 

                                Z � Tr exp�#βH 7 βµ� ,         β � BQT                      (10)  
and  

                                                F �  SB
β

ln Z   .                                          (11) 

Minimization of F/V with respect to the variational parameter S leads to 

the FTDGEP. This amounts to a replacement of the integrals 

       IB�S� �  IB�S� 7  IBβ,µ�S�    and    I��S� �  I��S� 7 I�β,µ�S�          (12) 

where 

                  IBβ,µ�S� �  B
β

N OPQ�&π�P ln�1 # exp�#βωQ 7 βµ��                   (13) 

and     

                 I�β,µ�S� �     N OPQ�&π�P  B
ω\ �]^_�βω\Sβµ�SB�                           (14) 

with  ωQ& � k& 7 S
&.  The fields in (2) carry a conserved bosonic charge 

and hence we introduce a bosonic chemical potential : corresponding to 

this charge.  Making use of the FTD conversion expressions (12) – (14) in 

(7) we get the FTDGEP in the form  
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VGβ,µ KKKKKK   �  IB�S� 7 B& 	mB& # S
&�I��S� 7 B& mB&N�& 7 λB�! N�� 7 IB$,:�S�      7

   B& 	mB& # S
&�I�$,:�S� 7 B�! 8B �6I��S�N& 7 3I�&�S� 7 6N�&I�$,:�S� 7

6I��S�I�$,:�S� 7 3�I��S��&� .                                     (15) 

The complete FTD dependence of the effective potential (15) is carried by 

the integrals I�$,:
 and IB$,:

.  But it is cumbersome to analytically evaluate 

these integrals in a closed form and hence to understand the characteristics 

of (15), we resort to numerical methods.  In figures 1-3 we show the 

results of numerical studies made on the expression for the effective 

potential (15).  Values of the various parameters in (15) are selected in 

accordance with (3), so as to have SSB.  

 In Figure 1, we plot the  VGβ,µ KKKKKK
  for various temperatures in the 

absence of any chemical potential.  It shows the usual finite temperature 

behavior; starting from a SSB phase, the increase of temperature restores 

the symmetry at a particular critical temperature.  

  In Figure 2,   VGβ,µ KKKKKK
  is plotted for various chemical potentials at a 

non-zero temperature. We see that, with the increase of chemical potential 

the symmetry is restored and is broken a number of times and for an 

asymptotically large value of :, the symmetry remains broken. In Figure 3  

we show the VGβ,µ KKKKKK
 for various temperatures at a at non-zero chemical 

potentials. As in Fig.2 this also shows the existence of a temperature 

induced multiple phase transition. For a very large value of temperature 

the symmetry is eventually restored, whatever is the chemical potential. 
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Fig. 1 FTDGEP for various chemical potential at a non-zero temperature  

5 10 15 20 25

-400

0

400

800

 β = 10
-7
 10

-3
   10

-1
    10

-5
    10

1

V
G

β,µ
  

           φ

 

Fig. 2 FTDGEP for various temperatures at a non-zero chemical potential  



GAUSSIAN EFFECTIVE POTENTIAL …  

Pauline Journal of Research and Studies  53 

 

5 10 15 20 25

-400

0

400

800

β = 10
0
   10

1
     10

-2
          10

-4
             10

-6

 V
G

β,µ
  

                       φ

 

Fig. 3 FTDGEP for various temperatures in the absence of any chemical potential 

At zero temperature, variation of the chemical potential has no influence 

on the spontaneously broken symmetry.  

  Another method of demonstrating the existence of 

multiple phase transition is to compute the finite temperature and finite 

density dependent effective Higgs boson mass  mβ,µ   from (15) by means 

of the relation 

                               mβ,µ& �  b,VGβ,µKKKKK bN, e |f� .                                            (16)  

This give 

                                      mβ,µ& �   mβ
& 7 B& λB 9I��S� 7 I�$,:�S�:                    (17)    
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       Numerical evaluation of the expression (17) can be done and the 

results are shown in Figures 4 and 5. The variation of mβ,µ&  with chemical 

potential at a non-zero temperature is shown in Figure 4.  Figure 5 shows 

the variation of the  mβ,µ&  with temperature at non-zero chemical potential. 

These figures also indicate the same FTD behaviour we found in figs. 1-3.  

        To confirm the existence of temperature and density induced multiple 

phase transitions, we shall now carry out an analytical study of effective 

potential (15) employing a high temperature approximation. To do this, we 

Taylor expand the integrals I�$,:  and  IB$,:
   in $ to O(β&�  to obtain  
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Fig. 4  Variation of effective mass with chemical potential at a non-zero temperature 
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I�h,µ�Ω� �  B&j,h 1j,kh 7 µβ�Ω# µ� # µ ln	exp	β�Ω# µ�� # 1� # Ω
,j��ΩSµ� 7

                             Ω,h� ln 1h�ΩSµ��j 22 7 O�β&)                                               (18) 

and 

IBh,µ�Ω� �  Ω,
&�h, 7 Ω

,µ�ΩSµ��j, # Ω
,

Ejh�ΩSµ� # µ&j,h ln	exp	β�Ω# µ�� # 1� #
                                        Ω,

Ej, ln 1h�ΩSµ��j 2 7 O�β&)                                        (19) 

The integrals I�  and  IB  are evaluated using a cutoff Λ for the momentum 

[8]. They yield  

    I� �Ω� �  B�π, mΛ
Ω

=1Λ
Ω

2& 7 1 # ln mΛ
Ω

7 =1Λ
Ω

2& 7 1nn                     (20) 

and  

   IB �Ω� �  BEπ, 6Λ
Ω

891Λ
Ω

2& 7 1:o  # Λ&Ω=1Λ
Ω

2& 7 1 #   B& ln 1Λ
Ω

72;.    (21)      

    We calculate the critical values of temperature and density for these 

phase transitions from the condition of vanishing of effective mass mβ,µ&  in 

(17).  For µ � 0, the high temperature approximated expression  (18) yield 

I�β,µ�Ω� p BB&β, . Hence the critical temperature is 

                                     BB&βq, �  #6  mβ
& #  6λ� I� �Ω� .                              (22) 
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Fig. 5  Variation of effective mass with temperature at a non-zero chemical potential 

There is only one critical temperature and this temperature corresponds to 

the symmetry restoration transition. However for µ r 0, the integral I�β,µ
 

given in (18) contain terms corresponding to  
B
β

,,  B
β

 , β,  β&
,…  Inclusion of 

each higher order term in I�β,µ
 raise the power of  

B
β

, term and : term in (17) 

and hence lead to the existence of multiple solutions.  This will result in 

the possibility of temperature and density dependent multiple phase 

transitions.  

  3.  Autonomous Theory  

                The GEP in the autonomous version is obtained by performing a 

special type of wave function renormalization, keeping the bare coupling 
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parameter λB positive but infinitesimal. This allows the momentum cutoff  Λ s ∞  and can also exhibit SSB.  

 Consider the scalar model described by the Lagrangian 

(2). By means of the usual prescription for GEP this leads to the zero 

temperature and zero density GEP given by eqn. (7). There are many 

divergent terms appearing in this expression. In the autonomous version of 

GEP, to renormalize these terms we do the following substitutions 

λB � BB&IuT �ρ�                                                      (23) 

I�& � ISB �ρ� Φ�&                                                   (24)  

 mβ
& 7  12λBI��0� �  o ��,&  IuT �ρ�                                        (25)  

where ρ and m�&  are finite parameters with the dimension of mass. It is 

convenient to make the replacements in GEP through the expression for 

bVG  KKKKK bf�,    to obtain  

bVG  KKKKK bf�, �  B& ISB �ρ� 1Ω& # &oΦ�&2.                                 (26) 

We also convert the Ω�  - equation (9) into the renormalized form and make 

the FTD replacements using eqn. (12) to get 

Ω�& � &oΦ�& 7 BIuT �ρ�  m m�& 7 Ω�,
&�π, 1ln 1Ω�  

ρ,2 # 12 7  &o I�β,µ�Ω��n ,          (27)   

where we used the relations  
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I� �0� # I� �Ω� � �  B&Ω�& 1ISB �Ω�� 7 BEπ,2                            (28)  

and  

ISB �Ω� � # ISB �ρ� � SBEπ,  ln 9Ω�,
ρ, : .                                (29) 

Since ISB  is a logarithmically divergent integral, we find  

Ω�& p &oΦ�& 7 O 1 BIuT �ρ�2.                                         (30)  

From (26) and (27) the leading terms are  

b VGβ,µKKKKK bΦ�, �   ��,& 7 Ω�,
�Eπ, 9ln 9Ω�,

ρ, : # 1: 7 Bo I�β,µ�Ω��                           (31) 

On performing the integration FTDGEP is obtained as follows  

VGβ,µKKKKK	Φ�&� � D 7 B&  m�&Φ�& 7 BB��π,Φ�� 1ln 1&Φ�,oρ, 2 # o&2 7 IBβ,µ 1Ω�&2      (32)              

evaluated at Ω�& � &oΦ�&, where D is the FTD independent vacuum energy 

constant. A numerical study of eqn. (32) demonstrates the same FTD 

behaviour as we have come across in Sec.2. This is also analytically 

verified using the high temperature approximation (19) for IBβ,µ
 in eqn.(32).  

   4.  Conclusion 

           In this paper we have studied the finite temperature and or bosonic 

density behaviour of GEP of scalar model in 3+1 dimensions. Making use 

the cutoff and autonomous versions of the GEP, we have demonstrated 
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existence of temperature or bosonic chemical potential induced multiple 

phase transitions in  I � model with SSB. For a fixed value of chemical 

potential as temperature is varied after a finite number of transitions 

symmetry is finally is restored; In contrast at a fixed temperature as 

chemical potential is increased after a finite number of transitions 

symmetry remains broken. Relevance of these results in the context of 

superconductivity and phase transitions in early universe are reported 

separately.  
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ABSTRACT 

Mineral oils and synthetic oils are being widely used as plasticizers in 

rubber compounds for improved processability, filler uptake and reduced 

price.  Non renewable nature of the mineral oils and the synthetic origin 

of the ester type oils make these plasticizers less acceptable.  Natural oils 

are viable alternatives for these plasticizers.  Mechanical properties and 

the thermal degradation characteristics of these compounds were 

compared to that of the control compound containing naphthenic oil. The 

cure characteristics of the Calophyllum Inophyllum oil mixes were 

comparable to the mixes containing naphthenic oil. The compounds 

containing Calophyllum  Inophyllum oil showed improved tear strength 

and modulus. Resilience, abrasion resistance and cure time values were 

comparable to the control compound.  Hardness and compression set 

were higher than than the naphthenic oil mixes.  Thermal studies showed 

an increase of 8
0
C in the temperature of initiation of degradation and an 

increase of 6
0
C in temperature at which the peak rate of degradation 
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occurred.   The peak rate of degradation was comparable to the control 

mix containing naphthenic oil. 

Key words : Natural rubber,  plasticizer, calophyllum inophyllum oil, naphthenic oil and 

mechanical properties. 

*To whom correspondence should be addressed 

Email: sunil@cusat.ac.in Phone No:  91-484- 2575723   Fax No:  91-484-2577747 

 

 

1. Introduction 

Plasticizers are low molecular weight, non–volatile substances, 

which improve flexibility and processability of rubber compounds. Even 

small quantities of plasticizer markedly reduce the Tg of the polymer. This 

effect is due to the reduction in cohesive forces of attraction between 

polymer chains. Plasticizer molecules penetrate into the polymer matrix 

and establish polar attractive forces between the polymer chains and 

increase the segmental mobility, thereby reducing the Tg value. 

Plasticizers are also one of the critical components in a typical 

rubber formulation, used to get better product properties by improving 

processability and filler dispersion. They also help in controlling the 

viscosity to desired levels. Generally used plasticizers include mineral 

oils, synthetic ester and some of the natural products such as wood rosin 

and animal glue[1]. Of these the petroleum based oils are being used quite 

intensively in rubber compounds. The fast depleting petroleum resources 

calls for exploration of alternatives as replacement or substitutes. The 

vegetable oils are potential alternatives in this area. The renewable nature 

of the source and the presence of other natural products such as tocopherol 

and free fatty acid can be advantageous in these applications. 
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Vegetable oils, especially drying oils and their derivatives have 

occasionally been used as additives in plastics and elastomers. Vulcanized 

vegetable oil (Factice) was used in elastomers for low temperature 

flexibility and low hardness.
1
 Epoxidized linseed oil was used as a 

vulcanizing agent in carboxylated  nitrile rubber (XNBR)-ionomer 

blends.
2
 Linseed oil as such is used as a multipurpose additive in NBR to 

improve its mechanical properties and processability and to reduce cure 

time.
3
 Soybean oil was used as a plasticizer in NR

4
 and as a plasticizing 

agent in cold vulcanized rubber.
5
 Blown Soya bean oil is used as a 

plasticizer in ester gums,
6
 castor oil as plasticizer in nitrocellulose,

7
 in 

polystyrene film,
8
 in rubbers containing acrylonitrile and styrene

9
 and in 

NR to enhance certain mechanical properties. 

RAW MATERIALS  

Natural rubber (ISNR5) was obtained from Rubber Research Institute of 

India, Kottayam. Zinc oxide and stearic acid were supplied by M/s. Meta 

Zinc Ltd., Mumbai and Godrej soaps (Pvt.) Ltd., Mumbai, respectively. 

Mercaptobenzthiazyldisulphides(MBTS) and tetramethylthiuramdisul-

phide (TMTD) were supplied by Bayer Chemicals, Mumbai and 

Polyolefins Industries Ltd., Mumbai, respectively. Sulphur was supplied 

by Standard Chemical Company, Pvt. Ltd., Chennai. Carbon black (HAF 

N -330) used in the study was supplied by M/s. Philips Carbon, Kolkata. 

Naphthenic oil obtained from Hindustan petroleum Ltd, Mumbai, 

had the following specifications, specific gravity 0.98, Aniline point 78
0
C, 

Viscosity gravity constant 0.87. 

Commercial grade calophyllum inophyllum oil was obtained from 

local market. It is the seed oil calophyllum inophyllum a tree generally 
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seen in tropical countries.  It is a non edible oil and also comes under the 

category of non drying oil. The oil consists of 60.1% refined lipids. Total 

lipid consists of 92% neutral lipid, 6.4% glycolipids and 1.6% 

phospholipids. Out of the neutral lipids 82.3% is triglyceride and 7.4% 

free fatty acid. The major fatty acids present are palmitic acid, palmitoleic 

acid, stearic acid, oleic acid and linoleic acid. Small amounts of other fatty 

acids like calphynnic acid, crepenefinic acid and dihydrocrepenefinic acid 

are also detected. 

 

2. Experimental 

 

Compounding : - Mixes were prepared on a laboratory size two roll 

mixing mill (16 x 33cm) at a friction ratio of 1:1.25 as per procedure given 

in ASTM D 3184 – 89 (2001) over a time period of 18min. The 

compounding formulation employed is given in Table 1. Before the 

addition of accelerators and sulphur the batch was thoroughly cooled.  

Curing: - Cure characteristic at 150
0
C were determined by using Goettfert 

Elastograph Model 67.85. The machine has two directly heated, opposed 

biconical dies that are designed to achieve a constant shear gradient over 

the entire sample chamber. The specimen was kept in the lower die, which 

was oscillating through a small deformation angle (+ 0.2
0
) at a frequency 

of 50 oscillations per minute. The torque transducer on the upper die 

senses the force being transmitted through the rubber.  

2. 1 Tensile Strength, Modulus and Elongation at Break : - 

Tensile properties were measured using Shimadzu Universal  
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Table 1 - Formulation 

                        Co- Mix without oil 

Testing Machine Model AG-I 50 KN according to ASTM D 412. Samples 

were punched out from the moulded sheets both along and across the 

grain direction with a dumb-bell die (die E). The grip separation speed 

was 500 mm/min. The ultimate strength, modulus at different elongations 

and ultimate elongation were noted. 

2.2 Tear Strength: - The tear strength was determined using Shimadzu 

Universal Testing Machine Model AG-I 50 KN according to ASTM D 

624 (die C). The samples were cut from the compression moulded sheets 

parallel to the mill grain direction. The test was carried out on the zwick 

universal testing machine. The speed of extension was 500 mm/min and 

the temperature 28 ±2ºC. 

2.3 Hardness: -The hardness of the sample (Shore A) was determined 

using Zwick 3114 hardness tester according to ASTM D 2240 - 86. 

Samples having dimensions of 12 mm diameter and minimum 6 mm 

thickness were used. A load of 12.5 N was applied and the readings were 

MIX NO. 

Ingredients* C
0

 C
2

 C4 C6 C8 C10 N2 N4 N6 N8 N10 

NR 

Zinc oxide 

Stearic acid 

Vulcanox HS 

Vulcanox 4020 

HAF 

Cal. Ino.oil 

Naphthenic oil 

Sulphur 

MBTS 

TMTD 

100  

5    

2    

1    

0.5  

45 

0 

- 

1.5 

1   

0.2 

100  

5    

2    

1    

0.5  

45 

2    

- 

1.5 

1   

0.2  

100  

5    

2    

1    

0.5  

45 

4    

- 

1.5 

1   

0.2  

100  

5     

2    

1    

0.5   

45 

6 

- 

1.5 

1   

0.2 

100  

5    

2    

1    

0.5  

45 

8 

- 

1.5 

1   

0.2 

100 

5 

2 

1 

0.5 

45 

10 

- 

1.5 

1   

0.2 

100 

5 

2 

1 

0.5 

45 

- 

2 

1.5 

1   

0.2 

100 

5 

2 

1 

0.5 

45 

- 

4 

1.5 

1   

0.2 

100 

5    

2   

1   

0.5 

45 

- 

6 

1.5 

1   

0.2   

100 

5   

2   

1   

0.5   

45 

- 

8 

1.5 

1   

0.2  

100 

5 

2 

1 

0.5 

45 

- 

10 

1.5 

1   

0.2 
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taken 10 seconds after the indentor had made a firm contact with the 

specimen. 

2.4 Abrasion Resistance : - Abrasion resistance of the samples was 

measured using a DIN abrader based on DIN 53516, both in the 

longitudinal and transverse directions. Samples having a diameter of 12 ± 

0.2 mm and a thickness of 16 - 20 mm were placed on a rotating holder 

and a load of 10 N was applied. A pre-run was given for conditioning the 

sample and the sample weight was taken. Weight after the test was also 

noted. The difference in weight is the weight loss of the test piece after its 

travel through 40 m on a standard abrasive surface. The results were 

expressed as volume loss per hour. 

ρ

27.27 x M
 =V
∆

 

where V= Abrasion loss in cm
3
/hr, ∆M  = mass loss and ρ = density of the 

sample. 

2.5 Rebound Resilience: - Rebound resilience was determined by vertical 

rebound method according to ASTM D 2832 - 88. In this method, a 

plunger suspended from a given height (400 ± 1mm) above the specimen 

was released and the rebound height was measured. The resilience scale 

was marked in 100 equally spaced divisions and hence the rebound height 

is equal to the resilience (%). 

2.6 Heat Build Up: - Heat buildup was tested using Goodrich Flexometer 

as per ASTM D 623 - 78 method A. The samples were 25 mm in height 

and 19 mm in diameter. The oven temperature was kept constant at 50°C. 

The stroke was adjusted to 4.45 mm and the load to 10.05 kg/cm
2
. The 

samples were preconditioned at the test temperature in the oven for 20 
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minutes prior to the test. The heat development at the base of the sample 

was sensed by a thermocouple and relayed to a digital temperature 

indicator. The temperature rise (∆T°C) at the end of the specific time 

interval was taken as the heat buildup.  

2.7 Compression Set: - Compression set at constant strain was measured 

according to ASTM D 395 - 86 method B. Samples with 6.25 mm 

thickness and 18 mm diameter were compressed to constant strain (25%) 

and kept for 22 hours in an air oven at 70°C. At the end of the test period 

the test specimens were taken out, kept at room temperature for 30 

minutes and the final thickness was measured. The compression set in 

percentage was calculated as follows. 

  100 x 

s
T - 

i
T

f
T - 

i
T

 =(%)set n Compressio  

Where Ti and Tf are the initial and the final thickness of the specimen 

respectively and Ts is the thickness of the space bar used. 

2.8 Thermal Analysis: - Thermogravimetric analyses of the specimens 

were carried out on Universal V3 2B TA Instrument with a heating rate of 

10°C/min under nitrogen atmosphere. The following characteristics were 

determined from the thermogravimetric curves: the temperature of onset 

of degradation, the temperature at peak rate of decomposition, the peak 

rate of degradation and the weight of residue remaining at 600°C. 

 

3. Results and Discussion   

 

Table 2 gives the cure characteristics of different mixes.  The 

maximum torque is found to be decreasing at higher loading of  
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Table 2 – Cure characteristics of the mixes 

 

Mix 

no. 

Max. 

torque 

(Nm) 

Min 

torque 

(Nm) 

Cure 

time(t90) 

min. 

Scorch  

time(t10) 

min. 

Tmax-

min 

Nm 

Cure rate 

Nm/min. 

C0 

C2 

C4 

C6 

C8 

C10 

0.43 

0.59 

0.58 

0.54 

0.53 

0.48 

0.02 

0.03 

0.04 

0.04 

0.03 

0.03 

3.8 

4.1 

3.9 

4.5 

4.3 

4.4 

1.7 

1.9 

1.8 

2.0 

1.9 

1.9 

0.41 

0.45 

0.54 

0.51 

0.49 

0.45 

0.25 

0.26 

0.34 

0.28 

0.27 

0.24 

N2 

N4 

N6 

N8 

N10 

0.42 

0.41 

0.41 

0.38 

0.34 

0.02 

0.02 

0.02 

0.02 

0.02 

4.1 

4.0 

3.8 

4.1 

4.1 

1.9 

1.9 

1.8 

1.9 

2.0 

0.39 

0.396 

0.39 

0.36 

0.32 

0.22 

0.23 

0.24 

0.20 

0.19 

 

calophyllum inophyllum oil.  The cure time and scorch time remain 

unaffected by the level of calophyllum inophyllum oil, while the cure time 

is marginally higher than that of mixes containing naphethenic oil mixes.   

Higher Tmax-min value is evident from the cross link density values of 

naphthenic oil mixes.   

Fig.1 shows the variation of tensile strength of the vulcanizates 

with different loading of calophyllum inophyllum oil.   The values are 

lower than that of the control mix.  It may be noted that the cross link 

density of the vulcanizates with calophyllum inophyllum oil is higher than 

that of control mix.  But this does not reflect on tensile strength.   So it is 

assumed that the cross link density values are beyond this limit with which 

it affects tensile strength. Lower tensile strength may be due to improper  
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Fig.1 Variation of tensile Strength 

(N/mm
2
) with plasticizer content 

 

♦NO -Naphthenic oil mix 

■ CO  Calophyllum Inophyllum oil mix 

 

 

 

Fig.2   Variation of tear Strength 

(N/mm) with plasticizer content 

 

♦NO -Naphthenic oil mix 

■ CO-CalophyllumInophyllum oil mix. 

 

dispersion of filler.  Fig.2 shows the variation of tear strength of the 

vulcanizates with different loading of calophyllum inophyllum oil.   The 

values are better than the control mix containing naphthenic oil even 

though the tensile strength is lower.  Fig. 3 compares the modules of the 

compound with that of the con troll mix is marginally higher than the 

control mix and this in agreement with their observed better value of cross 

link density. Table 3 compares the hardness, resilience, compression set, 

heat buildup, cross link density, abrasion resistance and flexes crack 

resistance of the calophyllum  inophyllum oil mixes and naphthenic oil 

mixes.  The abrasion resistance and flex crack resistance of both the oils  
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Fig.3  Variation of Modulus at 

300%  elongation (N/mm
2
 ) with 

plasticizer content 

 

♦NO -Naphthenic oil mix  

■ CO - Calophyllum Inophyllum oil 

mix 

 

 

are in the same range.   The compression set values are high compared to 

the naphthenic oil mixes which is agreement with higher heat buildup 

 

 

Fig.4a   Thermogravemetric Curve of mix with  (4phr) Calophyllum Inophyllum oil 

 

0

1

2

3

0 2 4 6 8 10

Concn(phr0

1
0
0
%

 M
o

d
u

lu
s
(M

p
a
)

NO CO Poly. (CO) Poly. (NO)



CALOPHYLLUM  INOPHYLLUM OIL … 

Pauline Journal of Research and Studies  71 

 

values of calophyllum inophyllum oil mixes.  The resilience values of 

calophyllum inophyllum oil mixes are comparable to the naphthenic oil 

compound. The heat buildup of the vulcanizate without plasticizer also 

shows a higher value. The resilience and hardness values are almost lower 

showing a lower influence the cross link density on these properties.   

Fig.4a shows the thermogram of reference compound at 4 phr 

concentration and figure 4b shows the thermogram of calophyllum 

inophyllum oil mix at 4 phr  concentration.  Improvement in thermal 

stability is evident from the higher 

 

              Fig.4b      Thermogravemetric Curve of mix with  (4phr) Naphthenic oil 
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Table 3 – Hardness, compression set, resilience, abrasion loss,  

cross link density and heat buildup 

M
ix

 N
o

 

H
ar

d
n

es
s 

(S
h

o
re

 A
) 

C
o

m
p

re
ss

i

o
n

 S
et

(%
) 

R
es

il
ie

n
ce

  
  

(%
) 

A
b

ra
si

o
n

 

lo
ss

 

C
ro

ss
 l

in
k

 

d
en

si
ty

 x
 

5
 

F
le

x
 c

ra
ck

in
g

 

(i
n

 l
ak

h
s)

 

H
ea

t 
b

u
il

d
 

u
p

 (
O
C

) 

C0 

C2 

C4 

C6 

C8 

C10 

52 

53 

59 

56 

53 

57 

43 

40 

36 

46 

49 

49 

36 

38 

36 

35 

35 

38 

3.1 

4.4 

4.6 

4.5 

4.5 

4.6 

2.9 

2.6 

2.9 

3.1 

2.8 

2.7  

> 5  

> 5 

> 5 

> 5 

> 5 

> 5 

22 

16 

14 

16 

18 

14 

N2 

N4 

N6 

N8 

N10 

64 

63 

62 

60 

58 

31 

28 

29 

32 

27 

35 

36 

38 

42 

44 

4.8 

4.5 

4.4 

4.7 

4.8 

4.0 

3.0 

2.9 

2.9 

3.0  

> 5 

> 5 

> 5 

> 5 

> 5 

12 

14 

15 

13 

15 

 

 

Table 4 – Degradation characteristics of mixes 

Mix 

Temperature 

of initiation 

(Ti) 

Peak 

temperature 

(Tmax) (
0
C) 

Peak rate of 

decomposition 

(% / min) 

Residue 

at 600
0
C 

(%) 

Nnap 

(4phr) 
298 382 1.17 29.6 

Ncal.oil 

(4phr) 
306 388 1.08 31.1 
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temperature of initiation (by 8
0
 C) and higher peak degradation 

temperature (6
0
) when the values of reference compound and calophyllum 

inophyllum oil mix at (4 phr) are compared.  It also shows a lower rate of 

degradation and higher residual weight. 

 

4. Conclusion 

 

 Calophyllum Inophyllum oil can be used a substitute  for 

Naphthenic oil  in the compounding of natural rubber even though  all the 

vulcanizate properties are not  similiar.  The vulcanizate properties like 

tear strength modules were improved while, resilience, abrasion loss and 

cure time were comparable.  A marginal disadvantage is seen in tensile 

strength, compression set, hardness and heat buildup.  The optimum 

loading of calophyllum inophyllum oilis in the 4-8 phr range for 45 phr 

HAF loaded natural samples. 
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ABSTRACT 

Supported metals are used in large scale in heterogeneous catalysis. 

Highly efficient heterogeneous catalysts consisting of nano ceria modified 

with different weight% of Cr successfully oxidized ethylbenzene to 

acetophenone by tert-butyl hydroperoxide (TBHP) using acetonitrile as 

solvent. Ceria modified with chromium (XCeCr) were synthesized using 

sol-gel method. The catalytic activities of the newly developed chromium 

modified samples were evaluated in the liquid phase oxidation of 

ethylbenzene using tert-butyl hydroperoxide (TBHP) as oxidant. 

 

Keywords: Nano ceria, chromium, ethyl benzene, oxidation,    

                    heterogeneous catalyst.  

 

1. Introduction 

Autoxidation reactions are very important milestones in the 

development of new petrochemical processes. These kinds of reactions use 

the most abundant and cheapest oxidant that minimizes the production and 
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use of pollutants. As these reactions follow a complex radical mechanism, 

it is difficult to reach high selectivity at high conversion levels. The 

development of catalytic systems that allows good yields could be a great 

challenge in the “green chemistry”. Selective oxidation reactions of 

relatively inert C–H bond of hydrocarbons is one of the most desirable and 

challenging reactions, since the obtained products are itself important or 

act as valuable intermediates for industrial organic chemicals [1]. In recent 

years a considerable interest has been shown in materials with grain size in 

nano scale. Preparation of nano size cerium oxide and chromium 

incorporated cerium oxide catalysts were done by sol-gel method. The 

catalytic activities of the systems were studied by conducting oxidation of 

ethyl benzene using tert-butylhydroperoxide as the oxidizing agent Liquid-

phase oxidations of hydrocarbons are potentially very attractive reactions 

for the preparation of intermediates and fine chemicals. In this work we 

tried to prepare ceria using sol-gel method using cerium nitrate 

(Ce(NO3)3.6H2O) as the precursor.  

 

2. Experimental 

2.1 Materials and Methods 

2.1.1 Synthesis: - Chromium nitrate Nona hydrate (Cr (NO3)3·9H2O; Alfa 

98.5%), Ce (NO3)3.6H2O (IRE), and ammonia were used as sources for 

chromium, cerium and alkali respectively.Cerium hydroxide was prepared 

by adding 5% aqueous solution of   Ce(NO3)3   drop wise to 1: 1ammonia 

with constant stirring for 10 hours. It is kept overnight, filtered and 

washed to free from nitrate. Cerium hydroxide thus obtained was peptized 
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with nitric acid at a nitrate to ceria mole ratio of 0.27 to get ceria sol. Sol 

obtained was dried at 80°C to get the gel.  Gel was oven dried at 110°C for 

12h. Powdered sample was calcined at 500°C for 5hours with constant 

flow of air [2]. 

2.1.2 Preparation of Chromium incorporated Cerium oxide: - 0.5M nitrate 

solution of Cr (NO3) 3.9H2O) containing required amount of metal (2, 5 

and 8 weight%) was added to the previously prepared ceria sol and was 

mechanically stirred for 4h. Kept overnight and dried at 80°C to get the 

gel which was further dried at 110°C for 12h. Powdered and calcined at 

500°C to obtain metal incorporated cerium oxide 

2.1.3 Characterisation Techniques: - A detailed investigation of physico-

chemical characterization of the catalytic systems was performed by 

various analytical and spectroscopic techniques, viz., powder X-ray 

diffraction (XRD; Rigaku D MAX III VC), thermo gravimetry-differential 

thermal analysis(TGDTA; Perkin Elmer TG analyzer), inductively 

coupled plasma - atomic emission spectroscopy (ICP-AES; Labtam 

Plasma 8440), diffuse reflectance ultraviolet-visible(UV-Vis-DRS ; 

Shimadzu UV-2101 PC spectrometer); FT-IR spectra (Shimadzu FT-IR 

8201);SEM analysis (JEOL JSM-840 A (Oxford make model16211) and 

N2adsorption–desorptionstudies (Micromeritics Tristar 3000 surface area 

and porosity analyser).The acidity measurements of the prepared samples 

were done by Temperature Programmed Desorption (TPD) of ammonia 

[3].The catalytic activities of the newly developed chromium modified 

samples were evaluated in the liquid phase oxidation of ethylbenzene 

using tert-butyl hydroperoxide (TBHP) as oxidant.The effect of different 
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parameters on the conversion is also studied to optimize the reaction 

conditions. Excellent selectivity towards acetophenone was obtained under 

optimized conditions. 

 2.1.4 Reaction procedure -Liquid phase oxidation of ethyl benzene: - 

 The experimental procedure adopted for the catalytic activity 

measurement is described below. The liquid phase oxidation of ethyl 

benzene [4] was carried out in a 50 ml R.B flask fitted with a condenser. 

The temperature was maintained using an oil bath. In a typical run, 0.1gm 

of the catalyst was added to ethyl benzene in acetonitrile solvent.  The 

reaction mixture was magnetically stirred.  After attaining reaction 

temperature tert- butylhydroperoxide was added drop wise. The aromatic 

compound being taken less, the yields were calculated based on the 

amount of the ethyl benzene. The products were analysed by gas 

chromatography (Chemito 8610 Gas Chromatograph equipped with a 

flame ionization detector, SE-30 Column-2m length, column temperature 

was adjusted between 80 to 280°C at a heating rate of 10°C/ min, injector-

250°C, detector-250°C). The major product obtained was acetophenone. 

The reaction conditions were optimized for the molar ratio of the substrate 

to the oxidizing agent, catalyst weight, temperature, duration of the run, 

and type and volume of solvent. The present work also attempted to study 

the metal leaching to understand the molecular aspects of the reaction. 

 

3.  Results and Discussion 

 Wide angle XRD analysis clearly shows peaks corresponding to the 

crystalline cubic fluorite ceria phase (PDF-ICDD34-0394) only, even after 
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Fig. 1   XRD patterns of chromium 

doped ceria series  

modification with 8% chromium (Fig.1)

evenly distributed on the support.

ceria  (Fig.2) show weight loss near 100 

physisorbed water from the surface of the catalyst. No further weight loss 

is observed up to 600°C confirming the structural stability of the catalyst 

systems. 

 

         

CeO2 

Fig. 3  SEM pictures of 
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 Fig. 2 TG-DTG curves for pure and & 

5% Cr doped ceria systems 

chromium (Fig.1) [5]. This shows that the metal is 

evenly distributed on the support. The TG curves of pure and modified 

(Fig.2) show weight loss near 100 
0
 C which is due to the loss of 

physisorbed water from the surface of the catalyst. No further weight loss 

is observed up to 600°C confirming the structural stability of the catalyst 

          

5CrCe 8CrCe 

SEM pictures of chromium modified ceria systems 
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To examine the effect of chromium incorporation on the particle 

size of the catalysts, pictures of pure ceria and chromium modified ceria 

were taken and the results are presented in figure 3. FT-IR spectra of 

representative samples were taken and are depicted in the figure 4. The 

broad absorption band located in the area from 3200 to 3600 cm
-1

 

approximately corresponds to the O-H stretching vibration, and the one 

located in the area from 400 to 750 cm
-1

 to the CeO2 stretching vibration.  

The absorption peaks at 1629 and 1062cm
-1

 correspond to the H2O 

bending vibration and Ce-OH stretching vibration respectively [6]. 

Figure 5 shows UV-vis DRS profiles of chromium incorporated 

ceria systems with different chromium loading. From Fig.5 it is evident 

that a single characteristic band around 250nm is present in all cases. No 

additional bands are observed by the incorporation of chromium. The 

position of ligand to metal charge transfer (LMCT, O
2- 
→Ce

4+
) spectra 

depends on the ligand field symmetry surrounding the cerium centre. The 

electronic transition around 250nm is due to the tetra coordinated 

environment of Ce
4+  

species. Results given in the table 1 indicate  that 

the incorporation of chromium exert a positive effect when 5weight% 

chromium is incorporated into the system. This can also be attributed to 

the homogeneous distribution of the metal in the sol-gel of cerium oxide. 

The surface area and porosity of the sol-gel derived ceria materials are 

very satisfactory and suggest good thermal stability in terms of 

preservation of surface area and porosity after calcinations for 5h at 

500
o
C. 
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Surface area and pore volume of Chromium incorporated ceria systems

 

Catalysts 
Surface area 

BET 

Ce 58.05 

2CrCe 59.3 

5CrCe 63.3 

8CrCe 57.9 

* Pore volume measured at p/p

The EDX data (Table 2) give the surface composition of the catalyst 

sample. The elemental analysis of the prepared 

that the expected catalyst profile can be successfully achieved by the sol

gel method. 

 

 

Fig. 4   FT-IR spectra of Ceria, 

2CrCe and 5CrCe 
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Table 1 

Surface area and pore volume of Chromium incorporated ceria systems 

Surface area  (m
2
g

-1
) Pore volume  

(m
3
g

-1
)* Langmuir 

 88.36 0.068 

90.41 0.066 

97.13 0.0663 

88.98 0.067 

* Pore volume measured at p/p0  of 0.997 

2) give the surface composition of the catalyst 

sample. The elemental analysis of the prepared samples clearly indicates 

that the expected catalyst profile can be successfully achieved by the sol- 
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 This is evident from the EDX data, which show the theoretical atom% 

of the samples as very close to the experimental values. Thus, by this 

method it is possible to get desired loading of the metals in ceria catalyst.  

The TPD of ammonia was used to characterize the acid site distribution 

and furthermore to obtain the quantitative amounts of the acid sites in 

the specified temperature range [7]. Table 3 represents the acid strength 

distribution of the simple as well as chromium incorporated ceria 

systems.  Here also pure cerium oxide exhibits lowest surface acidity 

among the different systems. Considerable enhancement of weak, 

medium, strong and total acidity is observed after chromium 

incorporation. Among chromium-modified systems, cerium oxide 

modified with 5wt% chromium has lower weak, strong and total surface 

acidity than 2 & 8wt% systems. The TPD data of the chromium oxide 

 

Table 2   

EDX data for Chromium modified catalyst systems. 

Catalyst 

Atom % 

(Theoretical) 

Atom %      

(Experimental) 

Ce Cr Ce Cr 

Ce 100 - 100 100 

5CrCe 85.8 14.2 85.6 14.4 

8CrCe 79.0 21. 77 23.0 
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doped ceria systems points to an increase of strong acid sites than the 

simple system. 

4. Catalytic study 

  The catalytic activity of the prepared catalyst systems was tested for a 

well  known  industrially  important  reaction- oxidation of ethyl  benzene. 

4.1 Process Optimization 

Ethyl benzene oxidation carried out in liquid phase under 

atmospheric pressure is found to be extremely sensitive to the variation in 

reaction conditions. The effect of operating parameters such as reaction 

temperature, time, ethyl benzene to tert-butylhydroperoxide ratio, nature 

of the solvents, volume of the solvent, weight of the catalyst and effect of 

metal percentage in the systems were studied .the optimization process is 

done using 0.1g of representative samples from chromium (5CrCe) . The 

results of the observations are given in the following section.  

 

Table 3 

Ammonia TPD studies on Chromium incorporated ceria systems 

Sample 

Amount of ammonia desorbed (mmol /gm) 

Weak 

100-200 

o
C 

Medium 

201-400 

o
C 

Strong 

401-600   

o
C 

Total 

100-600 

o
C 

Ce 0.09 0.03 0.03 0.15 

2CrCe 0.15 0.04 0.13 0.32 

5CrCe 0.12 0.07 0.04 0.23 

8CrCe 0.26 0.12 0.07 0.45 
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4.2 Catalyst efficiency of different systems 

Under the optimized process parameters of temperature, time, 

molar ratio, and volume of the optimized solvent, catalyst weight all the 

prepared systems were tested for the oxidation of ethyl benzene using 

TBHP as the oxidizing agent. The activity  of  different  catalytic  systems  

in  terms  of percentage conversion and acetophenone selectivity are given 

in the     Table 4.The Table 4 shows that compared to ceria, the modified 

systems are more active. For chromium modified systems the metal 

content plays a crucial role with catalytic activity. On increasing the metal  

 

Table 4 

Activity of the catalyst systems in the oxidation of ethyl benzene 

 

Catalyst 

Ethylbenzene 

Conversion 

(wt %) 

Acetophenone 

selectivity(%) 

 

Others* 

(%) 

Ce 1.7 72.5 27.5 

2CrCe 32.9 93.9 6.1 

5CrCe 59.0 95.7 4.3 

8CrCe 40.9 93.9 6.1 

Ethyl benzene to TBHP mole ratio -1: 3,  Temperature- 70°C, time -6h,Acetonitrile-

10mL, (* Others mainly includes 2-phenylethanol, o/p-hydroxyacetophenones, Phenyl 

acetaldehyde etc)  
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content from 2 to 5% a two-fold increase in activity is observed.  The 

selectivity remains more or less same >90%. 5CrCe is more active than 

the other two systems. Chromium modified ones are more active and more 

selective towards acetophenone.  No absolute correlation is noticed 

between the surface acidity and catalytic activity.  5%  metal content is 

found to be optimum for ethylbenzene oxidation. 

 

4.3 Structural stability of the catalysts 

 An important requisite for a heterogeneous catalyst for a better 

catalytic performance is the stability of its active sites under the reaction 

conditions. Major causes that can lead to the deactivation of a catalyst 

include the disruption of the crystalline structure and changes in chemical 

composition during the reaction. The leached metal cation in solution can 

enhance the reaction rate whereby the pure heterogeneity of the reaction is 

lost. The regeneration of the catalyst after several repeated reaction runs 

also gives an idea about the stability of the system towards a particular 

reaction. Thus it becomes important to test the metal leaching on the 

catalytic activity and regeneration ability of the present systems. 5CrCe is 

taken as the representative sample for these investigations. 

 4.4 Effect of metal leaching  

A very important subject to be considered for the solid catalyst is 

the leaching phenomenon to find out the true nature of the catalytic 

reaction whether it is homogeneous or heterogeneous. Leaching can take 
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place during a catalyzed reaction without an induction period and the 

nature of the reaction may gradually change from heterogeneous to 

homogeneous without any indication in the reaction profile. To prove the 

heterogeneous nature of the reactions, the solid catalyst was removed by 

filtration after 3hours from the reaction mixture at the reaction 

temperature. The mother liquor is again subjected for the reaction at the 

same conditions for three more hours. The results obtained using 5CrCe 

are shown in Table 5. 

   From the results it is clear that the conversion remains more 

or less constant after the removal of the catalyst showing that metal ions 

are not leaching from the catalyst surface during the oxidation process. 

The investigation reveals the true heterogeneous nature of the reaction 

over modified ceria catalysts.  

 

Table 5 

Effect of metal leaching in oxidation of ethyl benzene 

 

 

 

 

 

 

 

Catalyst 

Time 

(h) 

Conversion 

(Wt %) 

Acetophenone 

Selectivity(%) 

 

5CrCe 

3 38.6 93 

6 39.0 96 
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5.    Conclusion 

 Ceria modified with Cr can be successfully utilized for the 

selective oxidation of ethyl benzene to more desirable product 

acetophenone with 96% selectivity in 6 hours using only 0.1g of the 

catalyst under milder condition.  
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ABSTRACT 

Blending of two or more polymers offers a good possibility to modify 

thermoplastic material so as to improve their properties .Polystyrene and 

high density polyethylene (PS/HDPE) are two widely used commodity 

plastics. In this study it is proposed to upgrade the blends using nylon 6 

fibers. In order to generate high modulus and strength a Polystyrene rich 

blend PS/HDPE (80/20) was selected for the study. The prepared blends 

have been characterized for mechanical properties such as tensile strength 

and tensile modulus, flexural strength, impact strength etc. 

Characterization done using SEM  

 

Keywords: Polymer composites, Polymer blends, Nylon fibers, Mechanical Properties. 

                         

1.  Introduction 

Polymer blending offers an effective route for the production of new 

engineering materials, and it is of special interest for the modification of 
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commodity low cost polymers. Polystyrene (PS) and Polyethylene (PE) are 

two of the most widely used commodity plastics in the world. The 

hybridisation of PS/PE blends with nano structured ingredients should be 

effective implement in the commercial applications. Commercial success of 

an immiscible blend requires improvement of interfacial adhesion between 

the components of blends, necessary to achieve stability of morphology and 

improvement in mechanical properties. Polystyrene and poly methyl 

methacrylate are two examples of high modulus materials that have limited 

impact resistance, whereas polyethylene and polypropylene are two high 

tough materials that have poor stiffness. An increase in impact strength of 

PS can be achieved by adding PE which is having high impact strength. 

[1,2] For this reason PS/PE blends exhibit more balanced properties which 

is advantageous for a number of applications, e.g., in packaging where 

different barrier properties of PE and PS can be beneficially combined. The 

PS/PE blends are very important for mixed plastic waste recycling [3] .The 

present trend in reducing the municipal solid waste is to recycle the polymer 

waste instead of incineration and land filling [4]. PS is incompatible with 

PE. Therefore PS/PE blends exhibits weak interfacial adhesion and poor 

dispersion of the component, which results in heterogeneous morphology 

with macro phase separation and poor mechanical properties. The nylon 

fibre is used as a reinforcing material in polymer blends. The nylon fiber 

reinforced plastics is used in a variety of applications such as building 

construction, marine, automotive industries etc.   

  The field of polymer blends or alloys has experienced enormous 

growth in size and sophistication over the past two decades in terms of 

both the scientific base and technological and commercial development. 
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New engineering plastic composites have been developed which are 

creating a materials revolution. So there is more scope in the field, study 

of ‘polymer blends’. Now days’ composites are the most commonly used 

materials because of their light and higher strength. Metals can be replaced 

using composites in order to reduce their weight. Some of the composites 

are stronger than steel so they can be used as engineering plastics. They 

found more applications in aircrafts, space vehicles and very useful in 

automotives because they play a very important role in weight reduction. 

So more studies are inevitable in this area. 

Polymer composites are playing an increasing role as construction 

materials in a wide variety of applications. In particular, thermoplastic 

polymer composites are falling under increasing scrutiny due to their 

potential to be easily repaired and/or reshaped, making them easier to 

recycle and reuse compared with thermosetting matrix composites. Short 

fiber reinforced thermoplastic molding materials are very widely used in 

industry. They are attractive because the addition of short fibers to the 

thermoplastic results in some very cost effective property improvements 

whilst retaining the processibility of the thermoplastic. The main 

applications are for relatively small intricate, load bearing components. 

These vary from small mechanical details, such as gear wheels, pawls and 

levers to castings for electric hand tools and electronic equipment’s. The 

properties of short fiber reinforced composites mainly depend on the type 

and concentration of the fiber, the orientation and distribution of the fiber, 

Fiber aspect ratio, fiber-matrix interaction, short fiber length, fiber 

orientation and barrel residence time are the major factors which affect the 

properties of the injection molded thermoplastic composites [5-12].  
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The aim of the present of the work is to investigate mechanical 

properties, morphological and processibility of PS-HDPE (80/20) blends 

and also to upgrade the PS/PE blend system using Nylon fiber as a 

reinforcing material. Objective of this work are, 

 

� Use process-waste nylon fibres for reinforcement. 

� Generate recyclable PS and HDPE composites by reinforcing them 

with short nylon fibers. 

� To determine the critical fibre length for the PS/HDPE—Nylon 

fibre reinforced composite. 

� To study the mechanical ,morphological properties of 

PS-HDPE(80/20) blend and nylon reinforced composites 

� To study the properties of these composites with varying 

compositions of nylon fiber  

   2.  Experimental 

2.1 Materials: -  Polystyrene (General purpose polystyrene) supplied by 

Supreme Petro Chem Ltd; Mumbai, India; MFI -12gm/10 min (200
0 

C/5 

kg).High density polyethylene (HD50MA180), Reliance polymers Ltd, 

Mumbai, MFI-20gm/190
0
C/2.16kg). Nylon-6 fibers obtained from Apollo 

Tyres, Chalakudy  

2.2 Preparation of the composites: - PS/ HDPE granules and nylon fibers 

were dried by keeping them in an oven at a temperature of 100 
0
C for four 

hours. Nylon fiber reinforced PS / HDPE composites were prepared by 

adding nylon fibers to PP or HDPE melt in a Thermo Haake 

Rheocord600mixing chamber with a volumetric capacity of 69 cm3 fitted 
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with roller type rotors. PS /HDPE together with the nylon fibers were 

added to the chamber. The temperature was kept at 180 C which ensured 

proper melting of PS or HDPE keeping the nylon fibers intact. Five sets of 

nylon fiber-PS/HDPE composites have been prepared. Each containing 10% 

fiber content and varying fiber length viz., 2mm, 4mm, 6mm, 8mm, 10mm. 

Each time 36 gm. of 80:20 PS/HDPE and 4gm of nylon fiber was taken. 

The temperature was kept at 180
o
C, which ensure proper melting of PS 

and HDPE. A mixing time of 8 minutes was given at a rotor speed of 50 

RPM. In all cases the torque stabilized to a constant value in this mixing 

time. The hot mix from the mixing chamber was immediately pressed in 

hydraulic press and then cut in to pieces. The test specimens were 

prepared using an automatic micro injection-molding machine, with a 

barrel temperature of 190
0
C, again ensuring that the polyamide fibers were 

not melted. In the second series,5, 10, 20 and 30-wt% of nylon reinforced 

PS/HDPE composites were prepared by above procedure. Table 1 (It was 

based on the ability of the thermoplastic material to be softened by heat 

and to harden when cooled. The process then consists of softening the 

granular material in a heated cylinder and injected to the mold cavity). 

       Dump bell shaped specimen and rectangular shaped specimen 

were prepare using corresponding molds for the tensile properties and 

flexural properties respectively. These properties are studied using 

universal testing machine and optimized the fiber length for the composite. 

In the second phase, variation in tensile properties with varying 

compositions was studied 

2.3 Determination of mechanical properties: - Tensile and flexural 

properties were evaluated using Shimadzu Autograph AG-1 series 
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Universal testing machine with a load cell of 10 KN capacity according to 

the ISO 527 at a crosshead speed of 50mm/min, and ISO 178 at a cross head 

speed of 5 mm/min on rectangular bar samples respectively .The Izod 

Impact test on unnotched rectangular bar samples were carried out 

following ASTM D 256 test method on a pendulum type tester. RESIL 

IMPACT JUNIOR (CEAST). 

2.4 Scanning electron Microscopy (SEM): - SEM was used to investigate 

the morphology of the fractured surfaces.  The tensile fractured surface 

was sputter coated with gold and examined under Scanning Electron 

Microscope. SEM images were taken using a JOEL model JSM 6390LV 

 

    3.  Results and discussion 

3.1Tensile properties of short nylon fiber reinforced PS/HDPE composites 

 

3.1a Effect of fiber length: -  To study the effect of fiber length on the 

tensile strength of the present system 10%nylon fiber filled PS/HDPE 

composite were prepared with different average fiber length of 2, 4, 6, 8  

Table 1 

% composition 

of nylon fibre 

Weight of components taken in grams 

 

PS 

 

HDPE 

 

Nylon 

5% 30.4 7.6 2 

10% 28.8 7.2 4 

20% 25.6 6.4 8 

30% 22.4 5.6 12 
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and 10 mm. When the fibers are of finite length, stress is assumed to be 

transferred from the matrix to the fiber by a shear transfer mechanism. For 

a given fiber, there is a minimum fiber length required to build up the 

shear stress between fiber and resin to the value often sile fracture stress of 

the fiber. Over or equal to this length, the maximum value of the load 

transfer from the matrix to the fiber can occur. If the fiber length is less 

than this length, the matrix cannot effectively grip the fiber to take the 

strain and the fibers will slip and be pulled out, instead of being broken 

under tension. The composite will then exhibit lower mechanical 

performance. This shortest fiber length (pull-out length) is called the 

critical fiber length (or the maximum value of load transfer length). This 

fiber length is an important system property and affects ultimately the 

strength and elastic modulus of composites. The tensile strength of the 

pure PS/HDPE blend; an increase of 4N/mm
2
 is composites (Figure 3a.2) 

is maximum at 8 mm length. Hence 8 mm length was taken as optimum 

fiber length for further studies. The above experimental data shows that  

 

       
Fig.1 Variation of tensile strength with 

fibre length 

Fig. 2 Variation of fibre length 

with tensile modulus 
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maximum tensile strength is obtained when the nylon fiber length is 8mm. 

When compared with the tensile strength of observed when PS/HDPE is 

inforced with 8 mm nylon fiber. It is graphically represented as fig 1, 2. 

Tensile modulus of PS/HDPE is found to increase when it is reinforced 

with nylon fibre of varying length. It increases up to a level i.e., up to 

source and then decreases. So source is taken as the critical length (length 

of the nylon fiber at which the composite have the maximum tensile 

strength) of the PS/HDPE-nylon fiber composites. The graph obtained 

from the UTM for pure PS/HDPE critical length is shown below fig. 3, 4.  

 

3.1b Effect of fiber loading and orientation on tensile properties 

  Figures 5 and 6 shows the variation of tensile strength and tensile 

modulus respectively, of the nylon Fiber PS/HDPE composites with fiber 

loading. The tensile strength and tensile modulus for different 

compositions using the critical length are given. The tensile 

strengthincreases with fiber loading up to 10% but decreases thereafter. 

The decrease in strength at higher loading is probably due to crowding of 

fibers which prevents efficient matrix-fiber stress transfer. When more and 

more fibers are aggregate to one position, it shows minimum tensile 

strength. In 10% there is not much crowding of nylon fiber, but when the 

composition increases crowding also increases and this will result in the 

weakening of matrix fiber reinforcement. 

From these results we can conclude that PS/HDPE-nylon fibre composites 

have maximum tensile strength at 10% composition (using 8mm fibre 

length). 
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Fig. 3 Stress –Strain graph for pure 

PS/HDPE 

 

 

 

 

 

     Fig.4 Stress-Strain graph for 

   critical length 

   

3.2 Flexural properties of short nylon fibre reinforced PS / HDPE     

     composites 

3.2a Effect of fiber length and composition: - The flexural strength of 

PS/HDPE/Nylon fibre composites increases with increase in the fibre 

length. Flexural modulus is directly related to the stiffness, so when 

flexural modulus increases stiffness of the material also increases. The 

graph showing the variation of flexural strength with nylon fiber length is 

given below in figures 7, 8. The flexural strength varies with the fibre 

length. In this case the flexural strength increases with increase of fiber 

length. The percentage composition of nylon fibre increases the flexural 

strength decreases.  

3.3 Impact properties of short nylon fiber reinforced PS/HDPE composite 

3.3a Effect of fiber length and composition: - In the above two tests, we 

got some what good properties. So impact test is an important one. The 

test result obtained from the impact test of PS/HDPE-short nylon fiber 

composites are given below in TABLE 2. From the result we can see that 

PS/HDPE has moderate impact strength. When short nylon fibers of fixed 
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Fig. 5 Variation of tensile strength       Fig. 6 Variation of tensile modulus

with fiber length with fiber composition 

lengths are introduced in to it, the impact strength also increases. It is 

graphically shown below in Fig. 9 and 10. No regular trend is seen in 

impact strength with varying fibre length. But a significant increase of 

95.74J/m energy in impact strength is recorded when PS/HDPE reinforced 

with 8mm nylon fibre, so critical length is optimized as 8mm, but when 

the concentration of the nylon fibre increases i.e., varying compositions 

the impact strength increases and a sudden increase in 20% and 30%. 

 

  4.  Scanning Electron Microscopy (SEM) 

For the morphological studies, the SEM of the blend gives the more 

details. The SEM of pure blend and 8mm nylon reinforced blend is shown 

below. In a two phase system such as PS/HDPE, morphology is a major 

determinant of properties. Thus the shape size and spatial distribution of 

the dispersed phase along with the interfacial characteristics decide the 

mechanical properties. The control of phase morphology is the key issue 

when the desirable mechanical properties have to be imparted to the 

polyblends. In an incompatible blend premature failure occurs when 
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Fig. 7  Variation of flexural strength 

fiber length 

 

Fig. 8  Variation of Flexural 

strength with fiber composition 

 

subjected to a mechanical load due to lack of adhesion between the two. 

The tensile measurements give an idea about the maximum load bearing 

capacity of the material. 

 

 

 TABLE 2 

 

 

 

 

 

 

 

 

 

SPECIMEN 
ABSORBED 

ENERGY   (J) 

RESILIENCE 

KJ/m2 

ENERGY 

J/m 

NEAT 

BLEND 
0.180 4.47 44.7 

Blend+2mm 

nylon fiber 
0.223 5.51 

55.1 

 

Blend+4mm 

nylon fiber 
0.412 10.19 

101.98 

 

Blend+6mm 

nylon fiber 
0.342 9.44 94.4 

Blend+8mm 

nylon fiber 
0.566 14.04 140.44 

Blend+10m

m nylon 

fiber 

0.527 13.04 130.44 
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Fig. 9 Variation of impact strength with 

fiber length 

Fig. 10  Variation of impact  

strength with fiber loading 

 

   5.  Conclusions 

The study shows that standard plastics like polystyrene/high density 

polyethylene blend can be reinforced by adding nylon short fibers. 

Compared to the conventional glass reinforced thermoplastics this novel 

class of reinforced thermoplastics has the major advantage of recyclability.  

 

      

         SEM of neat blend                   SEM of 8mm nylon fibre 
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Hence such composites represent a new spectrum of recyclable polymer 

composites. The fiber length and fiber orientation are critical parameters. 

The mechanical properties viz; the tensile strength, tensile modulus, 

flexural strength and impact strength are found to increase when 

PS/HDPE/nylon fibre composites, fibre length optimized as 8mm. The 

reinforcement is effective when the fibre length is 8mm and fibre content 

is 10%. Since the reinforcement is provided by a thermoplastic material, 

the composites are recyclable. Hence these composites are environment 

friendly. Thus Short nylon fiber is found to be a good reinforcing agent for 

PS/HDPE blend 

 

References 

[1] L.A. Utracki, Commercial polymer blends, Chapman and Hall,  

    London (1998). 

[2] B. Xu J., Simonsen, and W.E.Rocheford, J. Appl. Polym. Sci.  

    76, (2000) 1100. 

[3] R.Krishnamoorthi, R.A Vaia, (eds), Polymer nanocomposites:  

    Synthesis and characterisation and modelling, ACS Symposium Series  

    804, Acs, Washington D.C. 

[4] O. Eriksson, et al., J.Cleaner Prod.,13  (2005) 241. 

[5] V.M. Murty, and S.K De, J. Appl. Polym. Sci., 27 (1982) 4611. 

[6] S. Akthar, P. P De and S,K. De, J. Appl. Polym. Sci., 32 (1986) 5123. 

[7] R.Roy,A.K. Bhowmick and S.K. De, J. Appl. Polym. Sci., 49 (1986) 263. 

[8] Derringer, G.C. Rubber World, 165 (1971) 45. 

[9] L.Ibarra, J. Appl. Polym. Sci., 49(9) (1993) 1595. 

[10] W. Guo and M. Ashida, J. Appl. Polym. Sci., 49(6) (1993) 1081. 



Tresa Sunitha George, et al  

 

102 Pauline Journal of Research and Studies 

 

[11] L. Ibarra, et al., 48(3) (1995) 180. 

[12] M.Miwa and N. Heriba, J. Maier. Sci., 29(4) (1994) 973.  



Vol. 1, No.1, September 2013 

Pauline Journal of Research and Studies  103 

 

PREPARATION OF NANO ALUMINA THROUGH GEL 

COMBUSTION METHOD 

 

Teena Thomas
1
, Jean A. Varghese

1
, Renju V. S

2
., 

Eby Thomas Thachil
2
 

 

1 
St. Peters College, Kolenchery, Ernakulum, Kerala, India.

 

2 
Department of Polymer Science & Rubber Technology, Cochin University of  

Science & Technology, Cochin-682 022, India.
 

 

ABSTRACT 

Nanoalumina was prepared by gel combustion method. X-ray diffraction 

(XRD) and scanning electron microscopy (SEM) and Energy-dispersive X-

ray spectroscopy (EDAX) were used to characterize the nanoalumina. The 

results show that the prepared alumina was in nano meter range. 

 

KEYWORDS: Nanoalumina, gel-combustion method, XRD, SEM, EDAX 

 

1. Introduction 

 

Ultrafine and nanosized single-metal oxide powders have been 

given a lot of attention as a possibility for functional materials of electrical 

parts and structural materials of mechanical parts. In recent years, 

increasing attention has been focused on the development of nano 

crystalline Al2O3 powders. One of the phases of alumina, γ-alumina finds 
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wide applications in industry as adsorbent, catalyst, coating, and soft 

abrasive, because of fine particle size, high surface area, and high activity 

of the surfaces[1,2]. 

 However, nanoscale alumina (Al2O3) powder is difficult to obtain, 

because of two reasons: First, Al2O3 is in a stable phase after calcining at 

high temperature, which easily prompts the grain growth of powder, and 

make it difficult to get nano scale particles. Secondly, Al2O3 particles tend 

to aggregate during dehydration process in wet chemistry method. 

Therefore, it is necessary to develop new methods to overcome this 

problem. 

Conventional synthesis process of Al2O3 involves mechanical 

milling, vapor phase reaction, precipitation, sol-gel, hydrothermal and 

combustion methods. Mechanical synthesis of Al2O3 requires extensive 

mechanical ball milling which easily introduces impurities. Vapor phase 

reaction for preparation of fine Al2O3 powder from a gas phase precursor 

demands high temperature above 1200°C. The precipitation method 

suffers from its complexity and time consuming (long washing times and 

aging time). The direct formation of Al2O3 via the hydrothermal method 

needs high temperature and pressure. Sol-gel, a commonly used technique, 

involves the formation of an amorphous gel from a precursor solution.  

Some advantages of the sol-gel method are better homogeneity and purity 

from raw material, lower preparation temperature which save energy cost 

and the ability to form unique composition. Combustion synthesis has 

emerged as a simple fast and economically viable method to prepare pure 

and nano structured powers[3,4]. This quick, straight forward process can 
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be used to synthesis homogeneous, high purity, crystalline oxide ceramic 

powder including ultrafine alumina with a board range of particle sizes[5]. 

In present work gel-combustion method is used for the preparation of nano 

alumina. XRD, SEM, and TGA studies were used to investigate the phase, 

size and purity of alumina. Aluminum nitrate was used as the precursor 

and gelatin as the gel medium. 

 

2. Materials and methods 

Aluminum nitrate and gelatin were supplied by Merck India Limited. 

Aqueous solutions of Al(NO3)3.9H2O and gelatin  were prepared. The 

molar ratio of aluminum nitrate to gelatin was calculated as 1:3. Both the 

solutions were sonicated for 20 min. Gelatin solution was heated and 

Aluminum nitrate solution was added to the hot solution with high speed 

stirring. After the completion of addition the solution was concentrated to 

a gel form. Gelatin helps the homogeneous distribution and segregation of 

the metal ions. Then the gel form is transferred into a silica crucible at 900 

c in a muffle furnace for 2hours to obtain pure Al2O3 powder. Phase 

identification was performed using XRD by Bruker, D8 advanced model 

employing CuKα. The shape and morphology of the powder were 

analyzed by scanning electron microscopy (SEM) Joel Model JSM 6390 

LV. 

 

    3.   Result and discussion 

3.1 X-ray diffraction (XRD):- X-ray diffraction pattern of the nanoalumina 

is shown in Figure 1. Peaks corresponding to the 2θ values of 32, 47 and  
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Fig. 1   XRD diffraction pattern of nano alumina 

68 degrees indicate that γ-phase is prominent among the phases of the 

prepared nano Al2O3[6].  

3.2 Scanning Electron Microscopy (SEM): - Scanning electron 

microscopic image of the prepared alumina is shown in Figure 2. From 

SEM photograph it is clear that the prepared Al2O3 particles are in nano 

size, typically 50 to 90 nm. Agglomerates of the particles were also 

observed.  

 

Fig. 2     SEM images of nano alumina 
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Fig. 3       EDAX spectrum of nano alumina 

 

3.3 EDAX: - EDAX spectrum of the sample showed that the Al/O atomic

ratio nearly equals the theoretical value of Al/O which is 1.125. It 

indicates that the product is highly pure. 

4.   Conclusion 

The sol-gel method using Aluminum nitrate as the precursor and 

gelatin as the gel medium was successfully used for the preparation of 

nanoalumina. From XRD results it is observed that γ- phase is the 

predominant phase in the prepared Al2O3. From SEM it is clear that the 

prepared Al2O3 is in the nano meter range. EDAX spectrum shows the 

high purity of the prepared nano alumina. 
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ABSTRACT 

Nanoclay composites based on polypropylene (PP)/polystyrene (PS) 

blends were prepared by melt mixing in a Thermo Haake Rheochord 

mixer. The effect of vinyl triethoxysilane modified nanoclay on the 

properties of PP/PS (80/20) blend was studied. Dimethyl sulfoxide 

(DMSO)was used as a starting material to expand the interlayer basal 

spacing of kaolin clay. Modified and unmodified clays were characterized 

by XRD. The characterization of PP/PS/clay nanocomposites was made by 

DMA and SEM and the thermal stability was determined by using 

TGA.XRD results confirms a high degree of exfoliation in 

nanocomposites.TGA results show an improved thermal stability for 

nanocomposite than the pure blend. 

 

Keywords: Nanoclay, Mechanical properties, kaolin clay 
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1. Introduction 

Polymer-clay nanocomposites are a class of hybrid materials 

composed of organic polymer matrix in which layered inorganic particles 

with nano-scale dimension is distributed with self-assembled pattern 

uniformly[1]. The development of polymer nanocomposites that contain 

ultrafine, delaminated or exfoliated Phyllosilicates is increasing every 

day. Minerals of high aspect ratio provide large interfacial area between 

the mineral particles and polymer chains which result in improvement 

mechanical properties[2]. These nanocomposites synergistically integrate 

the advantages of organic polymers with excellent process properties and 

inorganic materials which have the characteristic like high modulus and 

strength. 

Polystyrene and Polypropylene are the most widely used commercial 

polymers; the hybridization of PP/PS blends with nano-structured 

ingredients should be effective in the commercial applications PP and PS 

used in this study are immiscible, in which PP constitutes a crystalline and 

PS an amorphous phase[3, 4]. Several problems of these blends may be 

caused by poor compatibility of the components. These features can be 

improved by using compatibilizers[5]. Such a compatibilizers may be a 

homopolymer, a graft, block or star copolymer. In recent years, a new 

concept of compatibilization by using nanoparticles such as Nanoclays, 

nanotube etc has been introduced. Organoclays are being widely used as 

an attractive alternative to conventional fillers. Much of the work in this 

area has focused on montmorillonite[6, 7]. Hence, in this study kaolin clay 

with a 1:1 type layered structure with chemical composition Al2Si2O5(OH) 
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4is proposed to be used. Kaolinite layers are stacked along the basal 

direction and held together by hydrogen bonds established by aluminol 

groups of the octahedral sheet and siloxane groups of the tetrahedral sheet. 

Individual layered consists of both sheets which are closely connected by 

hydrogen bond between surface hydroxyl groups on the octahedral side 

and the basal oxygen atoms on the tetrahedral side. Because of 

hydrophobic properties of kaolinite and hydrophilic character of polymer 

the modification of kaolinite is necessary. The kind of guest species 

intercalated between the layers of kaolin is limited due to the hydrogen 

bonding between the octahedral side and tetrahedral side. Limited no of 

polar guest species such as N-methylformamide (NMF)[8], Urea[9], 

Dimethylsulfoxide (DMSO)[10] can be directly intercalated. Intercalation 

of kaolinite with guest species can be done by displacement reactions. The 

separation of kaolinite results in particle size reducing and an increase of 

the specific surface area. The good kaolinite modification result in better 

intercalation between filler and polymer matrix [11]. 

In this study, vinyl triethoxy silane has been used as a modifier of 

kaolin clay while DMSO is used as an intermediate, and the effect of 

modified filler on the mechanical and morphological properties of PP/PS 

(80/20) blend has been studied. 

 

2. Experimental 

2.1 Materials : - Polypropylene homopolymer (PP): H200 MA, 

homopolymer, with a Melt Flow index of 25g/10 min (2300C/2.16Kg) 

was purchased from Reliance Industries limited, India. Polystyrene (MFI 
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(2000C/5Kg) is 12g/10 min) was obtained from Supreme Petrochem LTD 

India. Kaolin claywas obtained from English India Clays Limited Veli, 

Thiruvananthapuram, Kerala, India. The clay had a bulk density of 0.2-

.03g/cc and a BET specific surface area of 28-30m2/g.     

   2.2 Methods 

2.2.1 Modification of kaolinite with DMSO: - The intercalation of DMSO 

in the interlayer spacing of Kaolinite clay was done according to the 

previously published procedures[12- 14]. 10 g of the clay fraction was 

suspended in DMSO, and the mixture was stirred at 80°C, using a 

magnetic stirrer occasionally. After one month, the clay–DMSO complex 

was washed with 1, 4-dioxane to remove excess DMSO. After air-drying 

for 12 h, the product was gently ground in a mortar. 

2.2.2 Modification of KDMSO with Vinyl triethoxy silane: - VTES-

KDMSO was prepared by displacement of DMSO by vinyl 

triethoxysilane. The clay particles were sonicated for1 hour to get a 

homogeneous aqueous dispersion. The dispersion is acidified with 2 N 

HCl and triethoxy vinyl silane was added slowly. Then the mixture was 

stirred for 3 min at 700C. NaOH solution was then added and the mixture 

was further stirred for 1 hour at 600C. This was then filtered, washed with 

distilled water and dried to get fine particles of modified nano kaolin clay. 

2.2.3 Preparation of nanocomposite: - Nanocomposites were prepared by 

melt mixing using an internal mixer (Haake Rheomix 600) at 1800C with a 

rotor speed of 50 rpm/ min, and mixing time of 8 min for each sample. 

After mixing the melt is pressed in a hydraulic press, cut into pieces and 
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injection moulded in a DSM Micro 10cc Injection Moulding Machine, 

with a barrel temperature of 1900C. 

2.2.4 Characterization: - Dynamic mechanical analysis (DMA Q-800, TA 

instruments) was used to study the effect of nanoclays on the viscoelastic 

properties of PP/PS clay nanocomposites. Rectangular shaped specimens 

of dimension 35 ×4 ×3 mm3 were used. DMA tests were conducted at a 

frequency of 1 Hz. A temperature ramp was run from 38 to 1250C at 

30C/min. Thermal stability of the polymer blend/clay nanocomposites was 

analyzed using TGA Q-50 of TA instruments under N2 atmosphere. The 

samples weight of about 5–7 mg was heated at a rate of 200C/min from 

ambient temperature to 6000C. 

The samples were analyzed in a Bruker AXS D8 Advance X-Ray 

Powder Diffractometer (Cu Ka radiation) in order to find the change in 

basal spacing of nanocomposites. The samples were scanned in the range 

of 30- 800 at increment step of scanning 0.0200 at a wave length of 1.5D. 

Tensile properties were evaluated using Shimadzu Autograph AG-I series 

universal testing machine at a crosshead speed of 50mm/min according to 

ASTM D 638.  Flexural properties of the samples were measured by three 

point loading system using UTM (Shimadzu AG-1) with a load cell 

capacity according to the ASTM D 790. The testing was done at a 

crosshead speed of 5mm/min. Morphology of the tensile fractured surfaces 

of the nanocomposite specimens were investigated by using JEOL Model 

JSM 6390LV scanning electron microscope (SEM). The samples were 
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subjected to gold sputtering prior to electron microscopy to give the 

necessary conductivity 

 

3. Results and Discussion 

3.1 X-ray diffraction  

X-ray diffraction (XRD) is extremely useful to study the structure 

and morphology of polymer nanocomposites. It provides information on 

the changes of the inter-layer spacing of the clay upon the formation of 

nanocomposites. The formation of an intercalated structure should result 

in a decrease in 2θ, indicating an increase in the d-spacing. If the complete 

exfoliation takes place, no peak is shown in the XRD pattern and the 

broadening of the peak is considered to be the result of partial 

exfoliation[15]. The interlayer d-spacing observed by XRD for polymer -

clay nanocomposites has been used to describe the nano-scale dispersion 

of clay in the polymer matrix. The XRD patterns of unmodified clay, 

DMSO modified kaolin clay (K-DMSO), Vinyltriethoxy silane modified 

kaolin clay (VTES-KDMSO) and PP/PS/modified clay nanocomposite is 

shown in the figure1. The characterization peak for unmodified clay 

appeared at 2θ=12.442 which corresponds to an interlayer distance of 

7.10842 Å. After the intercalation of kaolinite with DMSO, the original 

peak of kaolinite at 2θ = 12.4420 is shifted to 7.960. The basal spacing of 

KDMSO expands from 7.10842 Å to 11.069 Å. After the treatment of 

KDMSO intercalate with vinyltriethoxy silane (VTES) the basal spacing 

has changed from 11.069 Å to 15.5996 Å with a decrease in the 2 θ value 

to 5.6630.VTES displaced the guest molecule (DMSO), as shown by XRD  
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Fig. 1  XRD  patterns of 

(a) unmodified clay  

 (b) KDMSO 

(c) VTES-KDMSO  

(d) PP/PS clay  nano  

      composite. 

 

 

patterns (Figure 1). XRD curves showed in the figure reveals very small 

and broad peaks in PP/PS clay nanocomposites. This confirms a very high 

degree of nanoclay exfoliation. When the clay begins to exfoliate, there 

will be a decrease in the intensity of the diffraction peaks due to a 

reduction in the degree of crystallinity of the silicate sheets.  

 

3.2 Mechanical Analysis 

In this study tensile and flexural tests were performed to examine the 

mechanical properties of  PP/PS/Clay nanocomposites. The tensile 

strength and young’s modulus as a function of clay loadings are shown in 

the figure 2.The tensile properties increases initially with increasing filler 

loading reach a maximum and there after begin to decrease. The 

compatabilized polymer blends will be improved compared to 

corresponding incompatibilized ones because of the lower interfacial 

tension and enhanced interfacial adhesion of the compatabilized blends 

which results in more efficient stress transfer between the phases during  
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Fig. 2  Variation of tensile strength and Young’s modulus on clay loadings. 

fracture[16]. The decrease in tensile properties may be due to the 

agglomeration of clay particles. When the clay agglomerates are present, 

the stress acting on a small part of the material surface would be much 

greater than the average stress applied to the test specimen. Effect of 

organoclay type on flexural properties of nanocomposites is illustrated in 

Figure 3. The change of flexural strength of the samples with respect to 

organoclay content shows resemblance to tensile strength change. The 

increase in flexural strength and modulus indicates that the 

nanocomposites have become more rigid and less flexible. 

3.3 Dynamic Mechanical Analysis (DMA)  

DMA is used to study the relaxation in polymers. The DMA measurement 

consists of the observation of time-dependent deformation behavior of a 

sample under periodic mostly sinusoidal deformation force with very  
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Fig. 3 Variation of flexural strength and flexural modulus on clay loadings 

 

small amplitudes. The storage modulus as well as tan δ for pure PP/PS 

clay PP/PS blend and PP/PS/clay nanocomposite is shown in the figure 4. 

Nanocomposite shows the higher storage modulus than pure blend over 

the entire range of temperature studied (400-1230C). This observation 

clearly illustrates the effect of intercalation of the polymer in clay layers, 

leading to dispersion of clay platelets in the polymer matrix [17]. The tan 

δ curves represent the ratio of dissipated energy to stored energy and 

relates to the Tg of the polymer. Tan δ is useful in determining the 

occurrence of molecular mobility transitions such as Tg. From the figure it 

can be observed that there is a slight decrease in Tg with the addition of 

nanoclay. The reduction is attributed to the plasticizing action of the 

surfactant of organically modified clay. Such plasticizing action may be 

responsible for the improved mobility of polymer chains, which cause 

reduction of Tg [18]. 
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Fig. 4 DMA curves for PP/PS blend and PP/PS VTES-KDMSO nanocomposite 

 

3.4 Thermal Analysis 

 The thermal decomposition of VTES-KDMSO in nitrogen 

atmosphere is shown in the figure 5. The modified kaolin clay shows a T 

peak at 1310C this can be attributed to the elimination of absorbed water. 

he maximum degradation for kaolin clay is at 516.430C. Table 1 presents 

the results of VTES-KDMSO, PP/PS pure blend and PP/PS/clay 

nanocomposite. The temperature at which 10% degradation occurs, onset 

temperature and temperature at which maximum degradation occurs and 

residue after the degradation are recorded. Figure 6 shows the TG and 

DTG curves for PP/PS pure blend and PP/PS clay nanocomposite. Pure 

blend shows a maximum degradation temperature of 434.390C. After the 

addition of vinyltriethoxy silane modified clay this temperature shifts to 

460.150C. Improved thermal stability of nanocomposite can be attributed  
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Fig. 5  Tg and DTG curves for VTES-KDMSO clay 

to the decreased permeability of oxygen caused by the partial exfoliation 

of the clay in the nanocomposite. This may result in the formation of 

highly charred carbonaceous silicate cumulating on the nanocomposite 

surface. The charred surface layer formed during decomposition shields 

the thermal shock due to heat penetration to the underlying material; on 

the other hand such cumulative char layer tends to retard diffusion of O2 

and volatile products through nanocomposite[18]. 

3.5 Scanning Electron Microscopy   

The figure 7 shows the surface morphology of vinyltriethoxy silane 

modified kaolin clay, PP/PS pure blend and PP/PS/modified clay nano- 

composite. The morphology of the fractured cross sections of the tensile  
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   Table 1  TGA results of VTES-DMSO,PP/PS pure blend, PP/PS/clay nanocomposite 

Samples 
10% mass 

loss(0C) 

T onset 

(0C) 
Tmax 

Residue at 

6000C (%) 

VTES-DMSO 488.66 423.68 516.34 81.43 

PP/PS pure blend 384.76 370.49 434.39 0.4561 

PP/PS/3%clay 

nanocomposite 
397.36 371.28 460.15 1.17 

samples is demonstrated in Figure 7. Figure 7(a) shows the morphology of 

vinyltriethoxy silane kaolin clay. PP/PS pure blend [Figure 7(b)] exhibits a 

morphology in which spherical domains of PS phase are surrounded by the 

continuous PP phase, and the interface between the spherical domains and the 

PP matrix shows weak interfacial adhesion between two phases. After the 

addition of vinyltriethoxy silane modified kaolin clay [figure7(c)] the 
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Fig. 6  TG and DTG curves for PP/PS pure blend and PP/PS clay  nanocomposite 

 



MECHANICAL AND MORPHOLOGICAL … 

Pauline Journal of Research and Studies  123 

 

     

                  Fig. 7a                          Fig. 7b                       Fig. 7c 

Fig. 7  (a) VTES-DMSO    (b) PP/PS pure blend 

(c) PP/PS/VTES-DMSO modified nanocomposite 

 

adhesion between two components can be improved to form a 

homogeneous morphology. Therefore, the improved homogeneity 

increases the tensile and flexural properties. This is in complete agreement 

with the observed mechanical properties and the XRD results in which the 

nanocomposites with this modified clay exhibit the highest interlayer 

spacing.  

 

 4.  Conclusion  

The basal spacing of kaolinite expanded with the intercalation of 

DMSO into the interlayer sheets of kaolinite. The intercalation of  

KDMSO with vinyl triethoxy silane is intercalated in the interlayer spaces 

of kaolinite by guest-displacement method. XRD shows an increase in d-

spacing of kaolin clay after the addition of vinyl triethoxy silane. TGA 

shows an increase in the thermal stability after the addition of modified 

clay. The dynamic mechanical analysis reveals higher storage moduli over 

a temperature range of 40–125 0C for nanocomposites. SEM micrographs 
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show a better adhesion between two phases in the presence of modified 

kaolin clay. 
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ABSTRACT 

Rice husk is a waste product of the rice processing industry. Rice husk ash 

(RHA) is the residue left after the combustion of rice husk. In this work, 

rice husk ash is used as filler in natural rubber (NR) compounding along 

with other vulcanizing ingredients. The compounding was done in a two 

roll mill. Different concentrations of RHA (0, 0.5, 1, 1.5, 2 and 2.5) were 

used. In order to enhance interfacial adhesion between NR and RHA, 

maleic anhydride grafted NR (MA-g-NR) was employed as a 

compatibilizer. Characterization of RHA was done by scanning electron 

microscopy (SEM), Fourier Transform infrared spectroscopy (FTIR), 

inductively coupled plasma atomic spectroscopy (ICPAES) and particle 

size analysis. Both uncompatibilized and compatibilized NR-RHA 

composites were characterized by SEM. Mechanical properties of these 

composites were also studied. Compatibilized NR-RHA composites 

showed a substantial increase in mechanical properties compared to 

uncompatibilized NR-RHA composites.  
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1. Introduction  

 Composites are used in variety of applications ranging from 

house hold appliances to aeronautics [1]. Due to the increasing demand for 

various composites, polymer industries are on the lookout for new fillers. 

The performance of natural by-products or industrial waste as filler 

(natural fibers, saw dust, rice husk ash, fly ash etc.) are comparable to 

commercial fillers such as carbon black, precipitated silica or talc’s [2].  

Rice husk ash is commonly called silica ash. RHA is an industrial 

waste obtained after burning the rice husks. It has approximately 55-97% 

silica in partially crystalline and amorphous forms depending upon the 

prior combustion conditions. RHA is thermally stable and a tough material 

possessing high specific properties. It is also a low cost material and 

readily available[3]. 

Rubbers are mixed with fillers to improve their mechanical 

properties, processability, and to reduce cost. RHA as a filler in rubber 

compounding assumes significance because of its availability, 

environmental pollution potential and the current emphasis on the use of 

renewable sources. Sai- Oui et al investigated the effects of filler loading 

on the properties of RHA-filled NR materials compared with those of 

commercial fillers [3]. They found that both grades of RHA, low and high 

carbon contents, provided inferior mechanical properties (tensile strength, 

modulus, hardness, abrasion resistance and tear strength) compared to that 

of reinforcing fillers such as silica and carbon black [3,4]. 
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The previous studies reveal that RHA filled NR composites show 

poor mechanical properties due to filler-matrix incompatibility and poor 

filler dispersion[5]. Grafting of maleic anhydride has been used in order to 

introduce more polar functional groups onto rubbers chains[5]. This leads 

to NR becoming more polar and consequently, more hydrophilic and 

hence more compatible with the hydrophilic filler. However, no 

comprehensive attempt has been made to evaluate the use of RHA as filler 

in NR matrix so far.  

In this study, NR isused as matrix and RHA as filler. In order to 

improve compatibility between NR and RHA maleic anhydride grafted 

NR (MA-g-NR) is used as compatibilizer.  

 

     2.   Experimental 

2.1 Materials and Methods 

Zinc oxide (ZnO), Sulphur (S), N-Cyclohexyl-2benzothiazole sulfenamide 

(CBS), Tetra methyl thiuram disulphide (TMTD), Stearic acid and 

antioxidant HS used were of commercial grade. Natural rubber (ISNR-5) 

was obtained from Rubber Research Institute of India; Kottayam, Kerala. 

Maleic anhydride was obtained from Sdfine-chem Ltd, Mumbai  

2.2 Preparation of RHA 

Rice husk was collected from rice mills. It was washed clean with 

distilled water to remove grit and dried in an oven at a temperature of 

100ºC for 2h. It was burnt in a muffle furnace for 6h at 550ºC temperature. 
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2.3 Preparation of NR- RHA composites 

Compounding of NR was done on a two roll mill as per the 

formulation given in Table1.NR was masticated for 2 minutes on a two 

roll mill ((16×33cm
2
) and the ingredients were added in the order shown 

in Table 1. Varying concentrations of filler were added (inparts per 

hundred rubbers, phr). The samples were then cured at 150
0
C in an 

electrically heated hydraulic press to their respective optimum cure time at 

a pressure of 150 Kg/cm
2
in a specially designed mould to get sample 

sheets having thickness 1.5 mm approximately. 

2.4 Preparation of maleated natural rubber 

Maleated natural rubber (MNR) was prepared by the grafting 

reaction of maleic anhydride with natural rubber in molten state following 

Visconte et al. [6]. Natural rubber was first cut into small pieces. It was 

then  dried  in a vacuum oven at  40°C  

 for 24 h.  The  internal  mixer (Brabender 

Plasticorder) was then used to masticate it 

at 135°C with a rotor speed of 60 rpm for 2 

min. 6 phr of maleic anhydride was then 

added into the internal mixer. The mixing 

was continued for 10 min at 135°C. The 

blended product was then dumped out onto 

the two-roll mill, sheeted out and cut into 

small pieces.  

 

Table 1 

Formulation for NR RHA 
composites 

Ingredient phr 

NR 100 

ZnO 5 

Stearic acid 2 

RHA 
Variable 

(0-2.5) 

Compatibilizer 5 

CBS 0.6 

TMTD 0.1 

S 2.5 
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2.5 Characterization of RHA 

2.5.1 Chemical analysis of RHA: - Elemental and chemical compositions 

of RHA were obtained using Inductively Coupled Plasma Atomic 

Emission Spectroscopy (ICPAES). Samples for ICPAES were prepared by 

first drying the ash in an oven (120ºC, 1h) and then dissolving 

approximately 100 mg of dried ash in 4 ml of reagent grade, concentrated 

hydrochloric acid. The mixture was left standing for a couple of hours for 

complete dissolution. This solution was later diluted to approximately 100 

g using distilled water so that the concentration of various elements was 

within the linear range of detection for the ICPAE Spectrometer. The 

solution was analyzed for concentrations of P, K, Ca, Mg, S, Zn, Mn, B, 

Al, Fe, Si and Na by a Thermo Electron IRIS INTREPID II X SP DUO 

spectrometer. 

2.5.2 Particle size analysis: - Light scattering: The average particle size of 

RHA was determined using a particle size analyzer.  The sample for 

particle size analysis was prepared by dispersing 500 mg of RHA in a 5% 

solution of potassium oleate and sonicating for 6hrs. From this, about 3ml 

of solution was used for testing.  The solution was analyzed by Malvern 

Zetasizer (Model Nano-S), manufactured by Malvern Instruments, UK. 

This instrument works on the principle of light scattering. 

2.5.3 Fourier Transform Infrared Spectroscopy: - FTIR spectra of 

representative samples were recorded on a Thermo Nicolet FTIR 

Spectrometer Model Avatar 370. Samples in the form of thin films less 

than1mm thickness, were employed. 



Ayswarya E.P and Eby Thomas Thachil 

130 Pauline Journal of Research and Studies  

 

2.6 Cure characteristics 

Cure characteristics of RHA filled NR were studied using a Rubber 

Process Analyzer (RPA2000) as per ASTM standard D 2084-01. 

Important parameters like cure time, T90and scorch time, T10 were 

determined.  

2.7 Mechanical properties  

Dumb-bell shaped specimens were cut from the cured rubber 

sheets and tensile strength, elongation at break and modulus, were 

determined on a Shimadzu Universal Testing Machine (AG1 series), using 

a cross head speed of 500mm/min as per ASTM D 412-1998. All the tests 

were carried out at 28+/-20C. Six samples were tested and their average 

values taken. Tear resistance was also measured using a Shimadzu Auto-

graph AG1 series Universal Testing machine (UTM), using a cross head 

speed of 500mm/min at test temperature 28+/-20C as per ASTM D 624 -

1998. The tear resistances of the samples were reported in N/mm. 

2.8 Scanning Electron Microscopy (SEM) 

 The morphology of the composites was studied using JEOL Model 

JSM 6390LV scanning electron microscope.  

3. Results and discussions 

ICPAES (Table 2) indicates that RHA mainly consists of silicon, calcium, 

magnesium and potassium. Small amounts of aluminum and iron are also 

present.  Light scattering studies (Table 3) reveal that about 9.6% particles  
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are below 100nm, 60% in the range 100-200nm, 25.6% in the range 200-

300nm and 5.6% above 300nm (upto 531nm) 

FTIR of RHA:  Fig.1 shows the spectra of RHA. The FTIR spectrum 

shows a peak at 1106.16 cm
-1

 corresponding to Si-O-Si stretching 

vibration. The peak at 750 cm
-1

 shows vibration of Al2O3 [31]. The peak at 

3436.39 cm
-1

 indicates the presence of O-H group in the RHA [30] arising 

from silanol molecules. 

Table 2 

Composition of RHA (ICPAES) 

prepared at 550
0
C 

Component Weight (%) 

Silicon 64.81 

Aluminum 0.26 

Boron 2.09 

Calcium 4.05 

Iron 0.95 

Potassium 20.56 

Magnesium 5.58 

Manganese 0.28 

Sodium 1.36 

Zinc 0.06 

Table 3 

Particle size of RHA 

(5500C) by Light 

scattering 

RHA 

particle size 

(nm) 

Mean 

volume 

(%) 

58.77 0.2 

68.06 0.6 

78.82 2.7 

91.28 6.1 

105.7 9.2 

122.4 11.6 

141.8 13.4 

164.2 13.5 

190.1 12.4 

220.2 10.7 

255 8.7 

295.3 6.2 

342 3.4 

396.1 1.2 

458.7 0.2 

531.2 0.8 



Ayswarya E.P and Eby Thomas Thachil

132 Pauline Journal of Research

 

 3.1 Effect of RHA loading on the NR composite

a) Determination of cure characteristics

scorch time and cure time of NR composites with different RHA loadings. 

Thescorch time and cure time decrease (a maximum reduction of almost 

50%) with increasing RHA loading. This trend might be due to the 

presence of various metal oxides in RHA [5]. As filler loading increa

the incorporation time of the filler into the rubber matrix also increases 

and consequently more heat is generated because of the additional friction. 

This may be another reason for the reduced cure time.

cure time and scorch time of R

the addition of MA-g-NR as a compatibilizer

b) Determination of cure characteristics in presence of compatibilizer

  Wagner reports that compatibilizer generally reduces the cure and 

scorch times to a certain degree 

elastomer [6]. 

 

Fig.1 FTIR of RHA 
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Effect of RHA loading on the NR composite 

Determination of cure characteristics: -  Fig.2 shows the values of 

e time of NR composites with different RHA loadings. 

scorch time and cure time decrease (a maximum reduction of almost 

50%) with increasing RHA loading. This trend might be due to the 

presence of various metal oxides in RHA [5]. As filler loading increases, 

the incorporation time of the filler into the rubber matrix also increases 

and consequently more heat is generated because of the additional friction. 

This may be another reason for the reduced cure time.Fig.3 shows that 

cure time and scorch time of RHA filled NR composites decreases with 

NR as a compatibilizer.  

b) Determination of cure characteristics in presence of compatibilizer 

Wagner reports that compatibilizer generally reduces the cure and 

 depending on the types of accelerator and 

 
 

Fig. 2 Cure time and scorch Time     

      of RHA filled NR composites 
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Fig. 3  Cure time and scorch time of 

NR–RHA composites in presence of 

compatibilizer  (MA-g-NR)  

 

Fig. 4 Tensile modulus of NR-A 

composites   

 

3.2 Mechanical properties of NR/ RHA composites 

          Fig. 4 shows the tensile moduli (at 300% elongation) of 

uncompatibilized  NR-RHA composites and compatibilized NR-RHA 

composites.Tensile modulus increases with increasing filler loading. 

Addition of RHA into NR matrix improves the stiffness of the composites. 

This is true of almost all fillers. 

 Fig. 5 shows that tensile strength of uncompatibilized NR-RHA 

composites and compatibilized NR-RHA composites. Tensile strength of 

uncompatibilized NR–RHA composites decreases with the filler loading. 

The reduction of this property may be due to the geometry of RHA filler. 

For   irregularly shaped fillers, the strength of the composite decreases 

because of the inability of the filler to support stress transferred from the 

polymer matrix [7]. In the case of compatibilized NR- RHA composites 

tensile strength increases with increasing filler loading. Maximum 

improvement in tensile strength is observed at about 1.5% RHA (an  
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Fig. 5  Tensile strength of 

NR-HA composites 

Fig. 6 Elongation at break of 

NR-RHA composites 

 

increase of about 33%). NR segments of MA-g-NR form miscible blends 

with the NR and the polar part of MA-g-NR forms hydrogen bonds with 

the hydroxyl group of the filler at the interfacial region. Stronger adhesion 

at the filler-rubber interface leads to a higher tensile strength for the NR 

composite. Fig. 6 shows that elongation at break of uncompatibilized and 

compatibilzedNR-RHA composites.Elongation at break of 

uncompatibilized composites decreases with increasing filler loading. The 

incorporation of filler to the rubber matrix will tend to block the flow of 

the rubber chain and hence the rubber composites break at lower 

elongation. Elongation at break of compatibilized NR-RHA composites 

increases with increasing filler loading. This is due to the presence of the 

compatibilizerwhich leads to better interaction and interfacial bonds 

between RHA and NR.  

3.3 Scanning electron micrograph (SEM): - Fig. 7(a) shows that RHA 

particles are of irregular shape and have a tendency to form agglomerates 

[4]. A micrograph of the failure surface of RHA filled NR without MA-g- 



EFFECT OF RICE HUSK ASH …  

Pauline Journal of Research and Studies  135 

 

         

(a)                             (b)                              (c) 

Fig.7. (a) SEM micrograph of RHA   (b) NR-RHA composites  (c) NR- 

            RHA composites with compatibilizer  

 

NR is shown in Fig. 7(b). RHA particles in the composite are found to be 

of widely different sizes presumably due to agglomeration and 

nonhomogeneous dispersion. In the absence of wetting the particles tend 

to stick together rather than distributing evenly in the matrix. SEM 

micrograph  Fig. 7(c) of the tensile –fractured surfaces of the 

compatibilized composites show that the presence of MA-g-NR causes 

areduction in filler detachment and leads to better interfacial interaction 

between RHA and NR. 

4. Conclusion 

  RHA mainly consists of silicon, iron, calcium, magnesium, 

potassium, phosphorous and aluminum compounds. Average particle size 

of rice husk ash is 270nm as determined by light scattering. Addition of 

RHA into NR matrix decreases the scorch time and cure time. The tensile 

modulus increases with increasing RHA loading but tensile strength and 
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elongation at break exhibits the opposite trend in the absence of 

combatibilization. The presence of MA-g- NR enhances the mechanical 

properties, in general. SEM micrographs of the tensile–fractured surfaces 

of the composites show that the presence of MA-g-NR causes a reduction 

in filler detachment and better interfacial interaction between RHA and 

NR. 
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ABSTRACT 

A study on Household Consumer Expenditure has been considered as the 

primary source of data on various indicators like level of living and 

pattern of consumption of households at the National and State levels. The 

distribution of Monthly Per Capita Consumer Expenditure (MPCE) is an 

effective tool to study the prevalence of poverty and inequality. 

 

1. Introduction 

Consumption savings and capital formation as the major macro 

economic variables are the driving forces behind the economic growth 

process in any country. In India, the household sector occupies an 

important role in the development process. The size and pattern of 

household consumption expenditure is an important indicator of human 
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living standards. Households’ consumption behaviour is determined by 

preferences as constrained by prices and income which in turn has been 

influenced by the effects of Globalisation. Therefore, a detailed analysis of 

the consumption-saving behaviour of the households, the forces 

determining them and the role of women in influencing the consumption–

saving behaviour of households in this era of Globalisation can be 

illuminating. 

Kerala Development Experience has been characterized by low 

rate of economic development despite high degree of social development. 

A rural-urban continuum in human habitations, transportation network, 

accessibility to health services and education exists in the State. Migration 

in large number reduces the intensity of unemployment and has brought in 

substantial remittances to households in Kerala and they administer 

consumerism. The remittances have made significant impact on income 

distribution, consumption pattern, standard of living and propensity to 

save of the households. The hypothesis of demonstration effect has its 

influence in the upper middle class and even amongst the lower income 

group to embrace high level of material prosperity. Information 

Technology in Kerala has reached the blooming stage and has attracted 

foreign investment and generated large employment opportunities, foreign 

exchange and fresh income, consumption and saving. Further, Micro 

Finance through ‘Kudumbasree’ has been identified as one of the best 

practices for promoting thrift, micro enterprises, consumption standard 

and empowerment of even poor women for rural development in Kerala. It 
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is in this background a detailed analysis of the consumption behaviour of 

the households in Kerala has relevance particularly in the era of 

Globalisation.  

 Specific Objectives of the Paper are: 

(i) To examine the extent and pattern of consumption behaviour 

of the households both in the rural and urban areas in the 

context of Globalisation. 

(ii) To identify the motivational factors behind the consumption 

behaviour of the households. 

Research Questions: 

1. Whether the average and marginal propensity to consume of the 

households has changed in the urban and rural areas due to 

Globalisation. 

2. Whether the factors determining the consumption-saving 

behaviour of the households have changed in the phase of 

Globalisation. 

2.  Research Methodology and Sources of Data:  

  The study is based on data both from primary and secondary 

sources. To examine the extent and pattern of consumption behaviour of 

households, data has been collected from NSS Results (various rounds), 

publications of National Accounts Statistics, C S O and publications from 

State Planning Board, Trivandrum. A survey among households was 
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conducted to examine their consumption behaviour on food and on non-

food items, to identify the motivational factors influencing their 

consumption behavior. A stratified multi-stage sampling design has been 

adopted for the survey. The selection of sample households has been done 

separately for rural and urban areas in Ernakulam district.  

3. Conceptual Framework of the Project: 

The various theoretical and empirical studies on consumption and 

savings constitute the conceptual framework of the project. The Engel’s 

Law of Consumption and other various theories of consumption function 

and consumer behaviour form the theoretical framework of the study.  

   I.   The Level and Pattern of Consumption Behaviour in India. 

 Households’ consumption expenditure behaviour are of critical 

importance in the study of consumer behaviour because families or 

households are the unit of usage and purchaser for many consumer 

products. Further the family has a major influence on the attitudes and 

behaviour of individual consumers. Section one focuses on the 

consumption expenditure pattern of the households and individuals in 

India and as well as Kerala. Based on the survey conducted in three Taluks 

in Ernakulam district, section two discusses the trends in percentage 

distribution of food and non-food expenditure and the factors influencing 

consumption expenditure of households.  

Monthly Per Capita Consumption Expenditure (MPCE) of a Household 

and of an Individual 
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The concept of per capita income or per capita expenditure is used 

for comparison of average living standards between countries, between 

regions, and between social or occupational groups. For studies of poverty 

and inequality within populations, one needs to assign a value that 

indicates level of living to each individual, or at least to each household. 

The NSS concept of MPCE, therefore, is defined first at the household 

level (household monthly consumer expenditure ÷ household size). This 

measure serves as the indicator of the household’s level of living.  

Average Monthly Per-capita Consumption Expenditure (MPCE) in 

2009-10 was estimated as Rs.1053.64 in rural India and Rs.1984.46 in 

urban India (Table 1). Thus the per capita expenditure level of the urban 

population was on the average about 88 per cent higher than that of the 

rural population. 

  The data shows that the poorest 10 per cent of India’s rural 

population had an average MPCE of Rs.453. The poorest 10 per cent of 

the urban population had an average MPCE of Rs.599. The top 10 per cent 

of the rural population, ranked by MPCE, had an average MPCE of 

Rs.2517 – about 5.6 times that of the bottom 10 per cent. The top 10 per 

cent of the urban population had an average MPCE of Rs.5863 – about 9.8 

times that of the bottom 10 per cent. In Table 2, the major States have 

been arranged in ascending order of average MPCEMMRP in the rural 

and urban sector. Among the major States, Kerala (Rs.1835) had the 

highest rural MPCE. It was followed by Punjab (Rs.1649) and Haryana 

(Rs.1510). In all other major States, average rural MPCE was between 



Sallyamma Job 

142 Pauline Journal of Research and Studies  

 

Table 1:  Average MPCE(MMRP) Across Decile Classes of MPCE 

(MMRP),  All India 

Rural India Urban India  

Decile Class of 

MPCE (MMRP) 

Average MPCE 

(MMRP) Rs. 

Decile Class of 

MPCE (MMRP) 

Average MPCE 

(MMRP)Rs. 

1st 452.98 1st 599.27 

2
nd

 584.40 2
nd

 830.96 

3
rd

 675.35 3
rd

 1011.84 

4th 760.79 4th 1196.08 

5th 848.07 5th 1397.99 

6th 944.35 6th 1633.42 

7th 1062.93 7th 1930.96 

8th 1220.59 8th 2329.87 

9th 1470.33 9th 3050.69 

10th 2516.69 10th 5863.25 

All Classes 1053.64 All Classes 1984.46 

 Source: NSSO 66
th

  Round 

 MMRP = Modified Mixed Reference period 

Rs.750 and Rs.1250. Average rural MPCE was lowest in Bihar and 

Chhattisgarh (around Rs.780), and also low in Orissa and Jharkhand 

(around Rs.820), as well as in Uttar Pradesh and Madhya Pradesh (around 

Rs.900). Maharashtra (Rs.2437) and Kerala (Rs.2413) were the two major 

States with the highest MPCE in the urban sector, followed by Haryana 

(Rs.2321). The other major States with average urban MPCE higher than 

the all-India average were Andhra Pradesh (Rs.2238), Punjab (Rs.2109) 

and Karnataka (Rs.2053). Urban MPCE was lowest in Bihar (Rs.1238). 

The data thus reveals extent of inequality in the marginal per capita 

consumption expenditure between States over rural and urban areas. 
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Table 2 

Average MPCE-MMRP and Food Share: Major States 

 

    Source: NSSO 66
th

 Round   
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 Rural India Urban India 

Bihar 780 505 64.7 1238 655 52.9 

Chattisgarsh 784 456 58.2 1647 720 43.7 

Orissa 818 507 61.9 1548 749 48.4 

Jharkhand 825 503 60.9 1584 816 51.5 

Utter 

pradesh 

899 521 57.9 1574 728 46.3 

Madhya 

Pradesh 

903 504 55.8 1666 694 41.7 

W. Bengal 952 604 63.5 1965 907 46.2 

Assam 1003 646 64.4 1755 929 52.9 

Karnataka 1020 577 56.5 2053 869 42.3 

All India 1054 600 57.0 1984 881 44.4 

Gujarat 1110 640 57.7 1909 882 46.2 

Maharasthra 1153 623 54.0 2437 999 41.0 

Tamil Nadu 1160 635 54.7 1948 876 45.0 

Rajasthan 1179 647 54.8 1663 798 48.0 

Andhra 

Pradesh 

1234 717 58.1 2238 1002 44.8 

Hariyana 1510 815 54.0 2321 1001 43.1 

Punjab 1649 795 48.2 2109 933 44.3 

Kerala 1835 843 45.9 2413 970 40.2 
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Share of Food in Consumer Expenditure (MMRP) 

Per capita food expenditure in rural India as a whole was estimated 

at Rs.600 for rural India and Rs.881 for urban India (Table 2). This means 

that the share of food in consumer expenditure was 57 per cent in rural 

India and 44.4 per cent in urban India. It is seen that in rural India, the 

food share ranges from under 46 per cent in Kerala to 64-65 percent in 

Bihar and Assam. In the urban sector, the food share ranges from 40.2 

percent in Kerala to nearly 53 per cent in Bihar and Assam. Also, States 

with low average MPCE tend to have a higher share of food in total 

consumer expenditure. 

Trends in the Pattern of Consumption 

Table 3 shows changes in percentage composition of MPCE –

Uniform Reference Period- (URP) as shown by the 5 quinquennial surveys 

beginning with 1987-88. The share of food is seen to have declined by 

about 10 percentage points to 53.6 per cent in the rural sector and by about 

16 percentage points to 40.7 per cent in the urban sector over a 22-year 

period.  

Cereals have registered the largest decline in share among all the 

item groups – from 26.3 per cent to 15.6 per cent in rural India and from 

15 per cent to 9 per cent in urban India. In the urban sector, practically all 

the food groups have suffered a decline in share. For the rural sector, 

“beverages, etc.” show a distinct rise in share, while pulses, edible oil, 

sugar, and “salt and spices” show a fall, and for other groups, the evidence 

is not very conclusive. Pan, tobacco and intoxicants exhibit a distinct  

 



A COMPARATIVE ANALYSIS …  

Pauline Journal of Research and Studies  145 

 

Table 3 

Trends in Percentage Composition of Consumer Expenditure Share in 

Total Consumer Expenditure Since 1987-88. 

             

Rural Urban 

Item 

Group 
1987

-88 

1993

-94 

1999

-00 

2004

-05 

2009

-10 

1987 

-88 

1993

-94 

1999

-00 

2004

-05 

2009

-10 

Food 64.0 63.2 59.4 55.0 53.6 56.4 54.7 48.1 42.5 40.7 

Non- 

Food 
36.0 36.8 40.6 45.5 46.4 43.6 45.3 51.9 57.5 59.3 

Total 

Expend

iture 

100 100 100 100 100 100 100 100 100 100 

Source: NSSO 66
th

 Round 

downward trend, especially in urban areas, while fuel and light appear to 

show an increase in share in the last decade, especially in urban India, 

clothing and bedding show an overall fall, and the share of durable goods 

appears to be picking up. The greatest gainer in share of expenditure is 

clearly the “miscellaneous goods and services” category (including 

education and medical care). The share of this group has soared (growing 

by around 70 per cent of its level in 1987-88) from 14.5 per cent to 24 per 

cent in rural India and from 23.2 per cent to 37.8 per cent in urban India. 

(Source: NSSO 66
th

 Round) 

   II.   Analysis of Consumption Expenditure Behaviour of Households  

          in Ernakulam District, Kerala. 

The average monthly expenditure of the households in Ernakulam 

district on food items has been found as Rs. 4438.8 in rural areas and Rs. 

5239.3 in urban areas  in 2009-10 and found to be higher than the national 
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average as well as the State average. The three major items of expenditure 

on food item are shown as fish, meat and egg (1), cereals (2) and on milk 

and milk products (3) and the order of priority holds good both in the rural 

and urban areas. The study found that the rural households spent 32.77 per 

cent and urban households spent around 26.63 per cent of their total 

expenditure on food items. The details are shown in Table 4 below. 

The major non- food items of expenditure of the rural households 

in Ernakulam district follow the priority of education (1), expenses for 

payment of house loan or rent (2) and conveyance (3). The cost incurred 

Table 4:  Average Monthly Expenditure (Rs.) of Households on  Different 

Items of Consumption in Ernakulam District- Food and Non-Food 

 

Items 

 

Ernakulam 

Rural 

 

Ernakulam 

Urban 

Ernakulam Total 

 value % value % value % 

Cereals 612.96 4.5 667.5 3.4 627.26 4.045779 

Pulses 257.15 1.9 288.5 1.5 265.54 1.712713 

Milk and Milk Product 462.92 3.4 626.55 3.2 506.46 3.266628 

Meat, Fish, Egg 733.95 5.4 857.5 4.4 769.25 4.961604 

Edible Oil 183.43 1.4 199.22 1.0 187.6 1.210006 

Vegetables 384 2.8 410.31 2.1 390.9 2.521275 

Fruits 222.5 1.6 316.33 1.6 248.56 1.603193 

Provisions 331.04 2.4 548.04 2.8 386.27 2.491412 

Beverages & 

Refreshment 
269.46 1.9 496.15 2.5 316.24 2.039724 

Hotels, bakery foods 312.9 2.3 512.5 2.6 368.6 2.377442 
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Others 668.5 4.9 316.67 1.6 622.61 4.015787 

Expenditure of 

Households on food 
4438.81 32.8 5239.27 26.6 4689.29 30.24556 

Education 2527.1 18.7 2575 13.1 2540.16 16.38384 

Medicine 653.16 4.9 789.48 4.0 689.77 4.448964 

Conveyance 829.93 6.3 1192.14 6.1 931.35 6.007136 

Rent 1707.14 12.6 3625 18.4 2404.55 15.50916 

Consumer services like 

phone bill, water bill 

etc. 

692.61 5.1 981.79 4.9 789 5.08899 

Clothing and Footwear 725.21 5.4 1762.16 8.9 1080.46 6.968884 

Entertainment 332.84 2.5 738.85 3.8 458.51 2.957354 

Fuel and Light 687.92 5.1 657.5 3.4 677.86 4.372145 

Toilet articles 193.75 1.4 256.45 1.3 212.17 1.36848 

Tobacco, pan, pan etc 753.75 5.6 1862.5 9.5 1030.94 6.649484 

Expenditure on non- 

Food items 
9103.41 67.2 14440.87 73.4 10814.77 69.75444 

Consumption 

expenditure on food 

and non-food items 

13542.22 100 19676.27 100 15504.06 100 

      Source: Survey Data           

 

for the payment of rent or house loan (1), expenditure on education( 2) and 

on clothing and foot wear (3), tobacco, pan and other intoxicants (4) are 

the important non-food items of expenditure of the urban households. The 

survey shows that rural households spent 67.22 per cent of the total 

expenditure on non-food items and the urban households spent 73.4 per 

cent on non-food items. The average amount of money spent on non food 

expenditure of the rural households has been Rs.9103.41 and in urban 
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areas has been Rs.14440.37. Details of consumption expenditure pattern of 

households both in the rural and urban is presented in table 4. 

The major expenditure on food items both in the rural and urban 

sectors in the district follow the same pattern and  its order of priority are 

on meat, fish and egg cereals and milk and milk products. But the 

expenditure pattern on non-food items of rural –urban sectors shows 

variations. While expenses on education, rent, conveyance and intoxicants 

are the major items of non-food expenditure in the rural sectors, and that 

expenditure on rent, education, intoxicants, clothing and footwear and 

conveyance etc. are the leading non-food items in the urban areas in the 

district. 

   4. The Factors Influencing the Consumption Expenditure and  

       Households in Ernakulam District 

The factors influencing the consumption expenditure of the 

households are many and varied. The study found that the major factors 

determining consumption expenditure of the households in their order of 

preference are income (rank one) necessity (rank two), price of the product 

(rank three), quality of the product (rank four) and credit availability (rank 

five). The details on the factors influencing the consumption expenditure 

of the households in the study area have been presented in Table 5 below. 

The study also reveals that the major factors influencing the 

consumption expenditure of the households follow more or less the same 

pattern both in the rural and urban areas. The data shows that the factors 

like demonstration effect, attractions like door service, installment facility,  
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Table 5 : Factors Influencing the Consumption Expenditure of the 

Households 

           Source: Survey data 

 

availability of malls or supermarkets have only secondary influence in the 

consumption decision of the households. This substantiates the fact the 

majority of consumers in Kerala have rational behaviour while making 

decisions on consumption expenditure.  

   5.   Conclusion 

The study found wide inequality between average MPCE between the 

rural and urban population and also between the poorest 10 per cent and 

 

Factors Influencing the Consumption 

Expenditure 

 

Mean 

 

Rank 

Income 11.31 1 

Necessity 10.27 2 

Price 9.79 3 

Quality 9.67 4 

Credit Availability 6.91 5 

Advertisement 6.73 6 

Malls and Supermarkets 6.55 7 

Installment Facility 6.49 8 

Door Service 6.06 9 

To Imitate the Consumption Habits of 

Others 4.26 10 
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top 10 per cent in both rural and urban areas. The average Monthly Per 

capita Consumer Expenditure in 2009-10 was estimated as Rs. 1053.64 in 

rural India and Rs. 1984.46 in urban India. For the average rural Indian 

over 57 per cent of the value of household consumption was accounted for 

by food, where as for the average urban Indian, 44 per cent of the value 

was accounted for food.  

Though Kerala has the highest average MPCE both in the rural and 

urban areas as compared to other major States in India, the study shows 

that percentage share of food in total expenditure is the lowest in Kerala 

both in the rural  and urban areas as compared to other States. The pattern 

of household consumption expenditure in Kerala reveals that share of non-

food items exceed that on the food items which shows the better standard 

of living and life style of the people in the State. Majority of consumers in 

Kerala have rational behaviour while making decisions on consumption 

expenditure. The consumption decisions of the households are primarily 

influenced by factors like income, prices and quality of the product.  
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 ABSTRACT  

As oppose to the expectation, financing of BoP with foreign investment 

exerted huge cost on India’s BoP. Dividend and capital gain are found to 

be the two cost of FPI on BoP, in which latter would considered as cost on 

BoP only if it is repatriated. FPI earns huge capital gain as compared to 

dividend and has significant evidence for repatriation. 

Key words:  BoP, FPI 

1. Introduction 

 With the onset of liberalisation and consequent drastic change in 

the economic policies in the 1990’s, there has been a shift in the BoP 

financing from debt flows to non-debt flows. The academicians and  

policy makers considered  it as a positive sign since the non-debt creating 

flows are expected to remove vulnerabilities in BoP. The underlying logic 

is that more dependence on non-debt flows or foreign investment for 

financing BoP would reduce the cost of financing BoP and impart more 
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stability to BoP.  Moreover, in the long run foreign investment is expected 

to strengthen the BoP by way of additional foreign exchange earnings 

possibly through export of goods and services from the firm which 

received the Foreign Direct Investment (FDI). Foreign investment consists 

of two parts, one is FDI and other is Foreign Portfolio Investment (FPI). 

FDI actually received by different companies in India whereas most of the 

FPI goes to secondary market and acquire the shares of different 

companies through stock market. Unlike debt creating flows, both FDI and 

FPI have no fixed cost of amortisation. Due to distinct nature of operation 

of these two capital flows, their respective effect on BoP will be different. 

In this context, the major objective of this paper is to analyse the extent of 

Foreign Portfolio Investment (FPI) to finance BoP and its impact on BoP.  

2. Foreign Portfolio Investment  and its effect on Balance of Payments 

 Since liberalisation, major proportion of foreign investment in 

India is coming in the form of FPI. Therefore to a great extent, we used it 

for financing BoP. Thus it is worthwhile to assess its effect on BoP. FPI 

essentially consist of three element namely foreign institutional investment 

(FII), American depository receipts (ADR) and global depository receipts 

(GDR). In the entire post liberalisation period, FII mainly dominates in the 

FPI. From 2000 onwards government allowed the FII to invest in debt 

instruments. However, the investment of foreign institutional investors is 

mostly concentrating in equities of different companies through stock 

market. Because of its size and volume of transactions in stock market, 
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here we consider only the FII part of FPI and its respective effect on BoP. 

FPI have no fixed cost of amortisation like debt flows, but dividend and 

capital gain are found to be two cost of FII on the BoP, in which latter 

would consider as cost only if it is repatriated from India.  

For measuring the cost of financing BoP with FII; market capitalisation, 

capital gain and dividend of FII are calculated with the help of PROWESS 

data base (CMIE). Market capitalisation means total market value of FII. 

For getting FII’s market capitalisation, we measured the market value of 

FII investment in Bombay stock exchange (BSE) listed companies. FII 

market capitalisation is measured at the end of every financial year and it 

is the average of every March month market capitalisation of FII. This 

method is adopted mainly to reduce the problem of volatility in the market 

capitalisation. Market capitalisation of FII is calculated through two 

variables such as total market capitalisation of each companies and FII 

share of equities in the respected companies. Market capitalisation of FII 

in a particular company is arrived by multiplying above two variables. 

Then add all the companies for getting total market capitalisation of FII. 

Capital gain of FII is calculated by the difference between the cumulative 

net investments of FII from SEBI database (historical cost) and total 

market capitalisation of FII (March month average). FII’s dividend is 

calculated by multiplying the variables dividend per share and FII’s latest 

number of share holding in a company (closer to dividend date). In 

PROWESS database, FII share holdings are available only on quarterly 

basis.  FII share holding are available in every quarter of financial year. 
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Dividend earning of FII for a financial year is the sum of quarterly 

dividend earning in a year. Quarterly dividend is calculated by multiplying 

dividend per share with FII’s share holdings in that quarter1. Cumulative 

net investments of calculated with the help of SEBI database and we have 

used PROWESS database for calculating market capitalisation of FII. Due 

to the unavailability of relevant variable in PROWESS database we are 

not able to calculate market capitalisation, capital gain and dividend 

earning of FII before 2000. 

 From Table 1 it can be seen that, apart from capital gain, dividend 

earned by the FII’s is more or less same throughout the study period. High 

dividend repatriation of $ 479.9 million have found only in 2000-01 and 

after that it suddenly fell down at $ 208.8 in 2001-02 and since then it is 

mildly fluctuating around $ 200 million. 

  According to RBI in 2008-09 total foreign investments (in India) 

repatriated dividend and profit worth $ 3168 million. As per our 

calculation FII account for around $ 222 million repatriation in the same 

year. Hence we can argue that FII cause around 14% in the total dividend 

repatriation from India in that particular year. In 2005-06, share of 

dividend by FII is only 10% which is increased to 14% in 2006-07. FII are 

active traders in the stock market for whom dividend matters little where 

as capital gain seems to be most important attraction for them. 

  From Table 1, it is clear that FII earns substantial capital gain 

from Indian stock market especially from 2003-04 onwards. However, 

between 2000-01 and 2002-03, it was negative that means their total 
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Table 1: Foreign Portfolio Investment and its effect on Balance of 
Payments  (values are in millions of US $) 
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1992-93 6 1 4 4 NA NA NA 

1993-94 1783 149 1635 1639 NA NA NA 

1994-95 2430 903 1528 3166 NA NA NA 

1995-96 2898 823 2075 5242 NA NA NA 

1996-97 4381 1966 2416 7657 NA NA NA 

1997-98 5030 3427 1603 9260 NA NA NA 

1998-99 3831 4207 -377 8884 NA NA NA 

1999-00 13121 10785 2336 11220 NA NA NA 

2000-01 16209 14035 2175 13394 12785 -609 480 

2001-02 10467 8631 1836 15230 12948 -2282 209 

2002-03 9724 9169 555 15786 11930 -3856 215 

2003-04 31524 21565 9959 25745 32975 7230 235 

2004-05 48285 38074 10211 35956 51942 15986 233 

2005-06 78372 69006 9366 45322 101906 56584 229 

2006-07 114941 108130 6810 52132 121247 69114 234 

2007-08 235586 219140 16445 68578 193002 124424 255 

2008-09 132287 141957 -9671 58907 72868 13961 222 

Source: Computed from SEBI database, PROWESS database (CMIE) 

Note: First five columns are calculated from SEBI database and column 

six, seven, eight are calculated with the help of PROWESS data base 

database (CMIE). All the values in the tables are first calculated in 

Rupees and then converted into Dollar the using implicit exchange rate.   
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market value of shares was lower than the cumulative stock in those years. 

FII had only $ 7.2 billion worth of capital gain in 2003-04, but it is 

increased to very high at $ 124.4 billion in 2007-08 and suddenly declined 

to $ 13 billion in the end of 2008-09 due to global economic crisis. Whole 

of the capital gain of FII cannot be considered as a cost on BoP, because it 

would became cost in BoP only when it is repatriated from India. With the 

available data it is difficult to assess how much capital gain is repatriated 

from India. Increase in the amount of portfolio outflows in recent years 

may be a significant evidence for their repatriation of this huge amount of 

capital gain. For instance, the ratio of gross sales to gross purchase of FII 

was only about 0.68 in 2003-04. Since then, this ratio is dramatically 

increasing and it reached very high at 0.93 in 2007-08. Thus, large 

outflows of FII starting from 2003-04 might have reflecting the 

repatriation of high capital gain from India. However capital gain and its 

repatriation are not recorded in the current account, but it would affect 

only in the capital account and reserve account of BoP2. Capital gain and 

its repatriation of FII could have reduced that much of capital account 

surplus through FII outflows, therefore it consequently reduce that much 

of foreign exchange reserve. However, it can be concluded that financing 

with these forms of foreign investment have not only made instable BoP3, 

but also they are exerting huge cost on BoP through capital gain 

repatriation. But interestingly, this repatriation is seems to be an ‘invisible’ 
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element in BoP. Invisible element here means no one can measure the 

exact amount they repatriated from India.  

3.  Capital Gain of FII in India, a recent experience 

 Though there are evidences of repatriating capital gain of FII, but it is 

difficult to measure the exact amount repatriated and remains as ‘invisible’ 

in BoP. Foreign investors cause around $ 15 billion net outflow in 

financial year 2008-09 and it is one of the major factors responsible for the 

low capital account surplus in that year whereas in the previous financial 

year they created net inflows worth $ 20 billion. Why this much of net FII 

outflows occurred in the year 2008-09? 

 Quarterly data shows that FII had been continuously showing net 

outflows in the five successive quarters, in which occurrence of net 

outflows started from the last quarter of 2007-08 and continues in the 

entire quarter of 2008-09. The global economic crisis severely affected the 

third and fourth quarter of 2008-09. Nevertheless, the cumulative sum of 

net outflows in the fourth quarter of 2007-08 and the first quarters of 

2008-09 is at $ 9.3 billion. This is slightly higher than the sum of 

cumulative net outflows of FII in the last two quarters of 2008-09, in 

which it caused only at $ 8.4 billion. Sum of net outflows of FII in the last 

two quarters of 2008-09 occurred in the peak stage of global economic 

crisis4 but this period’s net outflow seems to be low when we compare 

sum of net outflows in the last quarter of 2007-08 and the first quarter 
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Table 2 : Share holding of FII in Bombay Stock Exchange 

(Number of shares are in Crores) 

 

Last 

quarter of 

financial 

year 

A B T S TS Z Total 

2000-01 181.2 33.2 8.4 0.5 0.3 2.3 225.9 

2001-02 196.2 31.7 6.2 0.5 0.1 2.7 237.3 

2002-03 223.5 34.7 11 0.8 0.2 2.4 272.5 

2003-04 360.3 67.5 10.8 1.6 0.3 2.2 442.7 

2004-05 566.6 102 12 6 0.6 1.8 688.9 

2005-06 961.4 216.6 18.5 17 2 2.1 1217.6 

2006-07 1130.7 341.4 35.6 28.5 5.5 1.2 1542.8 

2007-08 1341.5 438.5 46.4 50.2 8.3 0.6 1885.5 

2008-09 1188.1 382.7 38.2 51.9 38.1 0.4 1699.6 

              Source: Computed from PROWESS database (CMIE) 

              Note: share holding of FII measured in the last quarter of every           

                       financial  (Jan to Mar) year  

 

of 2008-09.In India, there has been high amount of net investment of FII 

occurred during the first three quarter of 2007-08 which helped the 

SENSEX to rise above magical figure of 20000 Points5. Definitely, capital 

gain of FII could be very higher in that period. Since then, due to world 

economic slowdown, FII became a net seller in the market for the five 

successive quarters (from fourth quarter of 2007-08 and all the quarters of 

2008-09) and expect that they repatriated a miniscule amount of huge 

capital gain they had in the stock market.  

 Certainly one can ask the question why this much of outflow in the 

entire quarter of 2008-09 and the last quarters of 2007-08. The heavy 



IS FOREIGN PORTFOLIO … 

Pauline Journal of Research and Studies  161 

 

capital gain of FII could be the main reason for such heavy outflows. 

When there is an uncertainty especially at the time of having high capital 

gain, they probably have the mentality to sell their share and if they do so, 

they would get more amount per share than it purchased. Consequently, at 

the time of having high capital gain of FII, outflow would be more than 

expected.  

 Interestingly, most of the FII investment has been concentrating in 

blue chip shares6. For instance, in Bombay Stock Exchange there are six 

categories of shares namely A, B, T, S, TS, and Z7. However, FII 

investment mostly concentrating around A group shares, in which A group 

consist of 200 companies. Not only the FII investment is concentrated on 

A group shares, but also most of their significant market capitalisation are 

also belong to this group (See Table 3) 

 In the case of FII, we have seen that gross sales were very higher than 

gross purchase in the five successive quarters, especially from the last 

quarters of 2007-08 to last quarters of 2008-09. Sum of the net outflows in 

all the five quarters is equal to $19 billion, out of which 2008-09 financial 

year alone contribute $15 billion. Thus one could probably expect that the 

total number of shares holded by FII in the end of 2008-09 would be 

probably very lower than the share they had hold in the end of 2007-08. 

This expectation is because for large FII outflows normally they have to  

sell large number of shares. We can test this hypothesis by analyzing share 

holding of FII in Bombay stock exchange. 
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Table 3: FII market capitalisation in different company categories in BSE 
(Values are in Rs Crores) 

 
BSE 

Years A B T S TS Z Total 

2000-01 52099 (89) 5961(10) 322 20 6 1 58409 

2001-02 56720 (92) 4826 (8) 168 14 1 21 61750 

2002-03 53529 (93) 3973 (7) 171 44 2 16 57735 

2003-04 140088 (93) 10712(7) 456 256 9 2 151524 

2004-05 211469 (91) 20002(9) 950 901 59 0 233382 

2005-06 393919 (87) 50849 (11) 2072 4048 286 2 451175 

2006-07 478002 (87) 59278 (11) 2942 7883 959 1 549065 

2007-08 687396 (89) 74447 (10) 3276 10545 994 1 776658 

2008-09 312746 (94) 18397 (6) 555 2611 157 0 334465 

         Source: Computed from PROWESS database, (CMIE) 

         Notes: Values in the bracket Indicate Percentage share to the Total 

  FII hold 1699.5 Crores of shares in Bombay Stock 

Exchange at the end of 2008-09 financial years which shows only a 

marginal reduction worth 185.9 Crore of shares as compared to the end of 

previous financial year (2007-08), in which they hold 1885.5 Crores of 

shares. FII investments are concentrated in A group shares but this group 

also bears the substantial share in the market capitalisation of FII (See 

Table 3). But A group shares shows only a reduction in the holding of 

153.3 Crores shares in 2008-09 as compare to the end of last financial year 

(See Table.2).  Put it differently, FII have 1188.1 Crores of A group shares 

in 2008-09 as compared to 1341.5 Crores of share in 2007-08. How the 

net sales of 153.3 Crores of A group shares can create that much of 

outflow? Definitely, high capital gain could be the main reason behind the 
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heavy net outflow of FII. At the time of selling the shares, high capital 

gain allows the FII to get a higher price for every shares than it purchased. 

Therefore selling few number of A group share can also make huge 

outflow from India. Interestingly, other small categories like TS and S, 

they actually increase their share holding at the end of 2008-09 as 

compared to the end of previous financial year that again strengthen our 

argument (See Table 2).  

4. FII share of market capitalisation in BSE 

 FII had $ 124.2 billion worth of capital gain at the end of 2007-08, 

due to the effect of global economic crisis it got reduced to only $ 13.9 

billion in 2008-09. However FII net outflow in 2008-09 was $ 15 billion 

seems to be very low in relation to the large fall in the capital gain of FII. 

In other words they were not able to repatriate full amount of capital gain 

they had in the market. Despite a huge net outflow of FII in 2008-09, 

having $ 13 billion worth capital gain of FII in the end of 2008-09 found 

to be interesting. Thus we can argue that in 2008-09, they have had a 

further more potential for net outflows than they did in that year. Due to 

the heavy net sales of shares, market capitalisation of BSE is greatly 

reduced at the end of 2008-09. However, even after the heavy net sales of 

FII in Indian stock market in 2008-09, FII’s share in the total market 

capitalisation of BSE was at 11% in the end of 2008-09 and this share of 

market capitalisation of FII is even higher than 2002-03 (See Table 4). 
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Table 4: FII share in the market capitalisation of BSE  

(Values are in Rs Crore) 
 

Year 

FII market 

 

capitalisation 

BSE market 

capitalisation 

(March end) 

FII share of 

market  

capitalisation 

(%) 

2000-
01 

58409 571553 10 

2001-
02 

61750 612224 10 

2002-
03 

57735 572198 10 

2003-
04 

151524 1201207 13 

2004-
05 

233382 1698428 14 

2005-
06 

451175 3022191 15 

2006-
07 

549065 3545041 15 

2007-
08 

776658 5138015 15 

2008-
09 

334465 3086076 11 

         Source: Computed from RBI (2009a), PROWESS database (CMIE)  

5. Conclusion  

 To conclude with the available evidence, we can argue that capital 

gain and its repatriation of FII are very high in India. However high FII 

outflows as a result of capital gain can affect only the capital account and 

reserve account of BoP. But capital gains and its repatriation have any 

effect on current account of BoP because it is not recorded in the current 

account of BoP. Again the stock market started booming in the initial 

stage of 2009-10 and trend seems that it would go back to pre crisis levels. 
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However the situation of uncertainty prevails at any time, in that occasion 

outflow would be many times higher than it were in the recent past. 

There has been an accepted view among the academicians and policy 

makers  that, shift  in BoP financing from debt to non debt flows is 

expected to remove the vulnerabilities in India’s BoP. Due to the more 

dependence of non debt flows, cost of financing BoP is expected to be 

reduced in the liberalisation period. However the ‘years of achievement’ 

of financing BoP with foreign investment in post liberalisation period is 

mainly due to the contribution from FPI part of foreign investment.  

As oppose to the expectation, financing BoP with foreign investment has 

exerted huge cost on BoP. For measuring the cost of financing BoP with 

non debt flows we looked for both FDI and FPI. Dividend and capital gain 

are found to be two cost of FPI on BoP, in which latter would considered 

as a cost in BoP only if it is repatriated from India. As oppose to dividend 

earning, FPI earns huge capital gain from India. For FPI, they are not only 

making huge capital gain from India, moreover there is significant 

evidence for repatriation. However capital gain and its repatriation would 

not affect current account of BoP. But capital gain and its repatriation 

would increase FPI out flows and therefore it would reduce capital 

account surplus and in turn it would reduce our foreign exchange reserves. 

Evidence shows that high capital gain of FII would create high FII 

outflows from especially at the time of uncertainty. When there is an 

uncertainty at the time of having high capital gain, they probably have the 

mentality to sell their share and if they do so, they would get more amount 
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per share than it was purchased. Consequently, at the time of having high 

capital gain of FII, outflow would be more than expected. And this is what 

happened in 2008-09 financial year, due to global economic crisis FPI 

created $ 15 billion worth net outflows.  

End Notes  

 
1FII share holdings are available only in quarters, so we use latest quarterly share holding 

of FII closer to dividend announcement date. 
2Balance of Payment manual 5th edition considered holding of capital gain and losses are 

not classified as income on investment. Hence it would not record in the current account 

of Balance of Payment. But all the realized holding gains and losses arising from the 

transaction are included in capital account 
3Instable BoP means, for any uncertainty it can go of the country and would make 

pressure in BoP. Two times it is happened. One situation is happened at the time of Asian 

Financial crisis and second is happened at the time of Global economic Crisis. In the 

second time management of BoP became a difficult task in India due to outflow of capital 

flows particularly FII 
4After the Lehman brother filed for bankruptcy 
5BSE Sensex or Bombay Stock Exchange Sensitive Index (SENSEX) is a value weighted 

index composed of 30 stocks that started January 1, 1986. The Sensex is regarded as the 

pulse of the domestic markets. It consists of the 30 largest and most actively traded 

stocks, representative of various sectors, on the Bombay stock exchange. These 

companies account for around fifty per cent of the market capitalisation of the BSE. The 

base value of the sensex is 100 on April 1 1979, and the base year of SESEX is 1978-79. 

The index has increased by over ten times from June 1990 to the present. The Sensex on 

February 6, 2006 touched 10,003 and crossed 20,000 mark in October 29, 2007and 

reached its ever time peaks at 21078 in January 8, 2008. 
6A blue chip shares means shares of a well-established company having stable earnings, 

no extensive liabilities and having less chance of capital lose to the shareholders. Blue 

chip stocks pay regular dividends, even when business is faring worse than usual. In 

Bombay Stock Exchange, blue chips shares are belong to ‘A’ group categories of shares. 
7The Bombay Stock Exchange (BSE), India’s leading stock exchange, has classified 

Equity scripts into categories A, B, S, T, TS, & Z to provide guidance to the investors. 

The classification is on the basis of several factors like market capitalisation, trading 

volumes and numbers, track records, profits, dividends, shareholding patterns, and some 
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qualitative aspects. Group A is the most tracked class of scripts consisting of about 200 

scripts. Market capitalisation is one key factor in deciding which scrip should be 

classified in Group A. 
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ABSTRACT 

 

Tourism is one of the world’s biggest and fastest growing industries. It 

constitutes the major source of income for many regions including those in 

emerging countries. The environmental and economic risks arising out of 

climate change have raised serious concern among nations across the 

globe .At the same time there exists a twofold relationship between 

tourism and climate change. Climate is the principal resource for tourism 

industry and more interestingly tourism itself accounts for many of these 

climatic and environmental issues. This sector is a non-negligible 

contributor to climate change especially through Green House Gas 

Emissions (GHG Emissions) and to the issues like depletion of natural 

resources, environmental pollution and also the physical impacts on 

nature like degradation of ecosystem. Tourism sector can play a 

significant role in addressing global environmental challenges, if the 
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innovativeness and resources of this sector is fully mobilized and oriented 

towards this common goal. 

In this paper the author makes a serious effort to evaluate the challenges 

posed by tourism on environment. The study also looks in to the various 

mitigation measures that can be adopted by the tourism industries across 

the world to reduce GHG emissions as well as to reduce the negative 

impacts on environment.  Strategies that can be taken by tourism industry 

for facing the challenges put forth by climate change are part of the study. 

The concept of “sustainable tourism” is the focus of this paper. 

Key Words: Tourism, Environmental Challenges, Climate Change, Green  

                   House Gas Emissions, Global Challenges.  

 

1.  Introduction 

 

At present, tourism is one of the largest and fastest growing sectors 

in the world. Its massive growth combined with huge volumes of foreign 

currency inflows positively contribute to the social and economic 

development of an economy as a whole. Recent statistics on tourism 

reveals that more than 15% of the world’s incomes are being generated by 

this sector and employs almost one tenth of the world’s workforce. 

According to Pacific Asia Travel association (PATA) tourism forecasts of 

2011-2013, international tourist arrivals to India will exceed 8 million and 

it is expected to cross 6.3 million by 2013. The report also quotes India, 

China and Thailand as the largest outbound travel markets in the Asia-

Pacific region. India is expected to have 40 million foreign tourists by 
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2020 generating revenue of Rs. one trillion and providing employment to 

50 million people. 

From the above table (Table 1) it can be observed that there has 

been a tremendous growth in the international tourist arrivals over the 

years. In 2007-08, global financial crisis had affected the tourism industry 

in countries like France, China, Italy and also those among the emerging 

nations like India, but now the industry has regained its strength and 

expects a considerable growth by the end of 2012-13.  

 

Table 1 

Number of Foreign Tourist Visits to all States/UTs in India, 1997-2012 

Year 
No. of Foreign Tourist 

visits (in Million) to 
States/UTs 

Percentage Change Over 
Previous Year 

1997 5.50 9.3 

1998 5.54 0.7 

1999 5.83 5.3 

2000 5.89 1.1 

2001 5.44 -7.8 

2002 5.16 -5.1 

2003 6.71 3..1 

2004 8.36 24.6 

2005 9.95 19.0 

2006 11.74 18.0 

2007 13.26 12.9 

2008 14.38 8.5 

2009 14.37 -0.1 

2010 17.91 24.6 

2011 19.50 8.9 

2012 20.73 6.3 

                 Source: India Tourism Statistics at a Glance 2012 
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“Climate change as well as poverty alleviation will remain central 

issues for the world community. Tourism is an important element in both. 

Government and Private sector must place increased importance on these 

factors in tourism development strategies and in climate and poverty 

strategies. They are interdependent and must be dealt with in a holistic 

fashion”  UNWTO Secretary-General Francesco Frangialli-2007. 

 

Table 2 

Share of Top 10 countries of the World and India in 

International Tourism Receipts in 2012 

 

 
Rank 

 
 

Country 

International 
Tourism Receips(P) 

in US $ billion 

Percentage (%) 
Share 

1 USA 128.6 11.96 

2 Spain 55.9 5.20 

3 France 53.7 5.00 

4 China 50.0 4.65 

5 Italy 41.2 3.83 

6 Macao(China) N.A - 

7 Germany 38.1 3.54 

8 UK 36.4 3.39 

9 Hong Kong(China) 31.7 2.95 

10 Australia 31.5 2.93 

 

Total of Top 10 

Countries 
467.1 43.45 

 
India 17.7 1.61 

 
Others 590.2 54.94 

 
Total 1075.0 100.00 

Source: India Tourism Statistics at a Glance 2012 
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The recognition of tourism’s role in poverty alleviation has led to 

the involvement of this sector as a significant component in global 

development activities. By considering all these facts, tourism’s actual and 

potential economic impact is astounding. For emerging countries like 

India, tourism is a significant source of foreign exchange, a way to 

balance foreign trade. 

Table 2 exhibits the foreign exchange earnings of top ten tourist 

destinations and India’s position when compared with them. For India, the 

share of earnings is expected to increase as per the projected figures of 

2012-13. 

But, while tourism provides substantial economic benefits for 

many countries, there are also a number of negative impacts of this rapid 

expansion. There has been an increased risk of environment pollution and 

depletion of natural resources. Besides this health hazards are a major area 

of concern. 

In this paper the author makes a serious effort to evaluate the 

challenges posed by tourism on environment. The study also focuses on 

the various mitigation measures that can be adopted by the tourism 

industries across the world to reduce green house gas emissions and other 

negative impacts on environment. Formulating various strategies that can 

be used by tourism industry for facing the challenges put forth by climate 

change is part of the study. 

2. Tourism and the Environment 

 Growth of tourism activities has resulted in unnecessary pressure 

on natural resources. Negative impact of tourism on environment results 

from greater use of the existing resources than the actual capability of the 
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nature. The exploitation of natural resources exceeds the conservation of 

the same. Uncontrolled tourism is threat to a country’s natural resources. 

Negative environmental impacts of tourism can be clubbed under three 

broad categories: 

• Pollution  

• Depletion of Natural Resources 

• Physical Impacts 

Tourism involves movement of people to various destinations and 

account for more than 40% of traffic movement across the globe. This 

leads to considerable increase in transportation by air, rail and road .Air 

travel itself is a major contributor of green house gas emissions. Ozone 

layer situated in the upper atmosphere, protects life on earth by absorbing 

the harmful wavelengths of the sun’s ultraviolet radiation. Ozone 

depleting substances (ODSs) will cause destruction of this layer. Tourism 

industry as a whole contributes to a greater extent in emission of such  

 

Table 3 

Emission from Global Tourism in 2010 

 CO2  (Mt) 

Air Transport 617 

Other Transport 568 

Accommodation 374 

Other Activities 465 

Total 2,024 

Source: UNWTO-WMO 2010 
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ODSs through various construction activities and by refrigerators, air 

conditioners and propellants in aerosol spray cans which are widely used 

in hotel and tourism industry.Waste disposal is a major problem in areas 

where there is higher concentration of tourist activities and improper waste 

disposal can be the major despoiler of natural resources especially water. 

Aesthetic pollution is becoming one of the major threats to nature because 

of improper planning and use of land. 

In many cases, tourism has led to the increase in consumption of 

scarce resources like water especially fresh water, resources like energy 

and food causing a threat to the local community living in these places. It 

has also resulted in direct and indirect impact on land resources like 

forests, wildlife, fossil fuels through the use of land for providing 

accommodation and other infrastructure developments. 

Physical impacts are the results of continuous conventional tourism 

activities in an area. The results of such impacts are land degradation, loss 

of wild life habitats and deterioration of scenic beauty. It also includes 

severe problems like change in species composition, loss of ground cover, 

and decrease in air and water permeability. 

However, tourism is just one economic activity among many, so it is 

very difficult to quantify its real impact on the environment. 

 

3. Climate Change: Mitigation Measures 

 Climate change mitigation relates to reducing green house gas 

emissions as a result of sustainable technological, economic and socio-

cultural changes. Four major mitigation strategies for reducing GHG 

emissions are: reducing energy use, improving energy efficiency, 
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increasing the use of renewable energy and sequestering carbon through 

sinks. 

 Adaptation is a process by which strategies that aim to moderate, 

cope with and take advantage of the consequences of climate events are 

enhanced, developed and implemented (UNDP 2004). The success of all 

adaptation measures can be ensured only if those at risk are actively 

involved in the process. Moreover, it will be most effective if it is place-

based and taken in local context. 

Global climate change is only at its nascent stage. Its intensity will 

be different for different tourism destinations around the world. “Given 

that climate change is expected to pose an increasing threat to tourism 

operations in many destinations, WMO urges governments and the private 

sector to increasingly use climate information and to take additional steps 

towards incorporating climate considerations in tourism policies, 

development and management plans.”(WMO Secretary General, M. 

Michel Jarraud , 2009) 

All these, when put together, focus towards a single objective: 

modern trends in tourism industry should be emphasizing more and more 

on nature conservation and protection of natural habitats, by minimizing 

the harmful impacts on environment. “Sustainable Tourism” should be the 

focus in future. Sustainability principles refer to environmental, economic 

and socio-cultural aspects of tourism development, and a suitable balance 

must be established between these three dimensions to guarantee its long-

term sustainability. 

Sustainable tourism aims at: 

• Optimal  use of available resources 
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• Preserving the cultural heritage and traditional values of 

host communities  

• Helping in poverty alleviation and overall development of 

the respective regions  

• Seeking active participation of all stake holders 

 

4. Ecotourism and Sustainability 

 Ecotourism is nature-based tourism and is aimed at conserving the 

environment .It gives greater importance to the well-being of the local 

people by inviting active participation from them in various tourism 

related activities. It respects social and cultural tradition. Ecotourism also 

concentrates on rural development. It’s most important objective is to 

achieve a balance between nature and human beings and ensure 

sustainable co-existence of both. Sustainable tourism always stresses on 

conserving the ecosystem and biodiversity. It supports and protects the 

heritage of host localities by promoting an effective management of 

environmental systems and also helping in reducing energy consumptions 

and environmental pollution. 

 The mantra of ecotourism is a combination of all these factors and 

now it has become an unavoidable ingredient of sustainable tourism. It 

concentrates on environmentally sustainable, economically viable and 

socially acceptable tourism development. 

 

5. Conclusion 

 Tourism always has an acceptance level higher than other 

industrial production because it is environmentally friendlier. However, 
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mass-tourism in an area leads to over consumption, pollution and scarcity 

of resources in the host locality. To prevent this situation which has 

negative impacts on the local society it is always good to spread the 

concept of “Responsible Tourism”(RT) as a feasible solution. Responsible 

tourism is all about people taking responsibility for making tourism more 

sustainable for all stake holders. Tourism products with RT tag actively 

encourage local flavour, giving due respect for local people and their 

heritage.  

 The below given (Figure 1) is a model proposed by this 

study for a sustainable tourism in the current scenario taking care of the 

future generations. All three elements in the model will have to co-exist in 

an effort to reduce the negative impacts of tourism on environment. Every 

 

Fig.1 Model for sustainable Tourism 
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locality has its bearing capacity. If tourism tries to protect that limit it will 

result in sustainable use of resources and in return the industry can 

generate economic benefits. Making local community play an active role 

in all tourism activities can help tourism industry in better understanding 

of local culture and traditions and in preserving these in the due course of 

tourism development. Local communities also benefit through tourism 

development by upgrading their living standards without causing any 

imbalance in their current eco system. 

It is very difficult for any industry like tourism to make profit 

without having any negative impacts on the environment. But such 

impacts can be reduced to the least possible level if the industry tries to 

understand the characteristics of the host location and seek the 

participation of local community in all tourism development activities. 
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ABSTRACT 

Investing for future financial security is a top priority for people in 

emerging countries like India. Mutual Funds offer professional investment 

management for such investors to beat the adverse market conditions. 

However it is important that we analyse factors like risk and return 

associated with a particular fund, the fees, charges and net return of the 

fund in order to achieve the desired result of safe and profitable 

investment. With this objective in mind the researcher has analysed top ten 

funds in mutual fund industry .An investor needs to be smart who is aware 

of the changes in the market conditions for taking wise investment 

decisions. 

Key words: Jensen Index, Mutual Fund Industry, Open Ended Fund 

 

1.   Introduction 

 Mutual fund is a mechanism for pooling the resources by 

issuing units to the investors and investing funds in securities in accordance 

with objectives as disclosed in offer document. In other words mutual fund 
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is a form of collective investment. It is formed by the coming together of a 

number of investors who transfers their surplus funds to a professionally 

qualified organization to manage it. They are institutions who collect money 

from several sources-individuals or institutions by issuing ‘units’, and 

invest them on their behalf with predetermined investment objectives & 

manage the same for a fee. 

 

2.   Review of Literature 

A number of studies have been done on mutual fund, its different 

schemes and performance evaluation in India and around the world. Some 

of the studies are listed below: 

a. Dr.Sandeep Bansali, Dr. Surendar Kumar Gupta (2012), studied 

about the dividend mutual funds with Jensen alpha model. For that 

they selected 10 randomly selected dividend mutual funds for the 

period of 4 years from May 2005 to April 2009 on monthly basis 

and calculated their NAV. They found that 70% of selected 

mutual schemes have been performed negatively and only three out 

of ten dividend mutual funds got positive value. 

b. Sanjay Sehgal, Manoj Jhanwar (2008), they evaluated the 

performance of selected equity based mutual funds in India. To 

study the performance they have selected Jensen model to find 

the stock selection and the market timing, it refers to the 

dynamic allocation of capital between broad classes. To evaluate 

the best market timing model they gone through different 

models i.e. from Treynor & Mazuy regression to TM model. 
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Data comprise of dividend adjusted NAV for 60 mutual funds 

from Jan 2000 to Dec 2004. The result of the study was the 

performance of fund can be more positive if we selected high 

frequency data such as daily returns other than monthly or annual 

returns. 

c. Dr. Saritha Bahl, Meenakshi Rani(2012), they investigates the 

performance of 29 open ended, growth oriented equity schemes 

for the period from April 2005 to March 2011(6 years) of 

transition economy. Monthly NAV of different schemes have 

been used to calculate the returns from the fund schemes. BSE 

Sensex has been used for market portfolio. The historical 

performances of the selected schemes were evaluated on the basis 

of Sharpe, Treynor and Jensen measure. The study revealed that 

out of 29 samples mutual funds had outperformed the 

benchmark return. The result also showed that some of the 

schemes had unperformed, which shows a diversification 

problem. In the study, the Sharpe ratio was positive for all the 

schemes which showed that funds were providing returns greater 

than risk free rate. Results of the Jensen measure revealed that 19 

out of 29 schemes were showed positive alpha which indicated 

superior performance of the schemes. 

d. Athya Swaroop Debasish (2009), The author studied the 

performance of selected schemes of mutual funds based on risk-

return relationship model and  measures a total of 23 schemes 

offered by six private sector mutual funds and three public sector 

mutual funds have been studied over the time period April 1996 to 
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March 2009 (13 years). The analysis has been made on the basis 

of mean return, beta risk, co-efficient of determination, Sharpe 

ratio, Treynor ratio and Jensen alpha. The overall analysis finds 

Franklin Templeton and UTI being the best performers and Birla 

Sun Life, HDFC and LIC mutual funds showing poor below 

average performance when measured against the risk-return 

relationship models. 

 

3.    Objectives of the Study 

 The present study is concerned with the following objectives: 

a. To evaluate the performance of top ten open ended mutual funds in  

           India 

b. To make a comparison of the performance of mutual funds   

          Research Methodology 

To analyse the performance of mutual funds; 10 top listed open-ended 

mutual funds were selected as the sample and they were analysed with 

Jensen performance measure. All the data related with these mutual funds 

were secondary information collected from website for the period of three 

years (April 2009 to March 2012) on annual basis. 

 

4.    Data for the Study 

 Based on the first objective the following top 10 mutual funds 

were selected for the study:  

ICICI Prudential banking & Financial Services fund, Reliance Media 

& Entertainment, SBI Magnum Sector Funds Umbrella – FMCG, 

SBI  
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Table.1   

Performance Evaluation of Mutual Funds with Jensen Index & Beta 

 

SL. 

NO: 

 

Mutual Fund 

 

Beta 

(Jensen 

index) 

Alpha (%) 

 

Rank 

1 ICICI Prudential Bank .94 4.78 4 

2 Reliance Media & Entertainment .79 10.37 3 

3 SBI Magnum - FMCG .89 -7.3 10 

4 SBI Magnum – Emerg Buss Fund .74 14.19 1 

5 Reliance Banking fund .93 12.61 2 

6 Religare Banking 89 3.14 5 

7 G S Bank 1.01 1.23 7 

8 Principal Emerging Blue Chip .90 -1.78 9 

9 UTI Banking 1.02 .75 8 

10 
Reliance Shares Banking 

Exchange Traded 

.99 1.69 6 

 

Beta shows the portfolio risk in relation to the market as a whole. A 

beta of ‘less than 1’ means that the fund returns are less volatile 

compared to the broader market. A beta of ‘more than 1’ means the 

fund returns is more volatile than the broader market. A beta ‘equal to 

1’ means that fund’s volatility is in line with the broader market. 
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Magnum Sector Funds, Umbrella-Emerg Buss Fund, Reliance 

Banking Fund, Religare Banking, Principal Emerging Blue Chip, 

UTI Banking, and Reliance Shares Banking Exchange Traded. 

 

 Based on the second objective the performance evaluation of the 

above said funds were made with the help of Jensen Index. The formula 

for the Jensen Index is as follows: 

 

Jensen index or alpha = Portfolio Return - [Risk-free Return + Beta 

Measurement * (Market Return - Risk-free Return)]. 

• A high Jensen index suggests a high level of return given the level of 

risk (systematic or market) on the investment. A low Jensen 

index, such as a negative number, indicates inferior performance 

when compared to the risk. It is also called Jensen’s alpha or 

Jensen’s measure 

• The terms used in the formula are: 

• Portfolio return (Ri)– the return received from the portfolio on an 

annual basis 

• Risk free return (Rf)- it is taken as treasury bill rate for 365 days 

• Market return (Rm)– the average return on annual basis 

• Beta measurement (β)– systematic risk of the portfolio    

 

 

where, ‘n’ is the number of year, ‘x’ is the market return, ‘y’ is the 
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portfolio return Table no: 1 depicts that, the G S Bank (1.01) and UTI 

Banking mutual fund (1.02) have Beta value ‘more than 1’. It means that 

the fund returns from these two mutual funds are more volatile to the 

broader market. 

The Beta value of other mutual funds like ICICI Prudential Bank 

(.94), Reliance Banking fund (.93),Reliance Shares Banking Exchange 

Traded (.99),Principal Emerging Blue Chip (.90) are near to ‘1’.So their 

funds are also volatile to the broader market. 

The other mutual funds are less volatile compare with the above 

funds; they are Reliance Media & Entertainment (.79), SBI Magnum –

FMCG (.89), SBI Magnum – Emerg Buss Fund (.74), Religare Banking 

(.89). 

A high Jensen index or alpha suggests a high level of return 

given the level of risk (systematic or market) on the investment. A low 

Jensen index, such as a negative number, indicates inferior performance 

when compared to the risk. A high rate of Alpha is preferred. 

In the above table based on the alpha rank has given to each funds 

SBI Magnum- Emerge Buss Fund (14.9%) has ranked first, Second goes to 

Reliance Banking Fund (12.61%), Third & fourth for Reliance Media & 

Entertainment (10.37%), ICICI Prudential Bank (4.78%), Fifth and sixth 

position by Religare Banking (3.14%), Reliance Shares Banking Exchange 

Traded (1.69%), 7th by G S Bank(1.23%), 8 th by UTI Banking(.75%) and  

Nineth & tenth by Principal Emerging Blue Chip (-1.78%) and SBI 

Magnum- FMCG (-7.3%) 
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5.    Conclusion 

 

By considering Jensen index SBI Magnum – Emerge Buss Fund 

has the highest index and its performance is considered as superior and 

SBI Magnum – FMCG and Principal Emerging Blue Chip Funds, 

index became negative and they are treated as the lowest performance 

funds in this sample. This performance has been evaluated by 

considering the systematic risk of each fund. It’s true that mutual funds 

are volatile in nature and its return is subjected to market risk. But if 

you are a smart investor and are also quite aware of the well-performing 

MF in the market, then investment not only becomes easy but also 

profitable and risk free. 
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ABSTRACT 

 

With the automation and liberalization of the Indian stock markets, 

there has been a perceptible change in the Indian Stock Market 

towards the later part of the 1990s. Trading system in Bombay Stock 

Exchange (BSE) and National Stock Exchange (NSE) has reached global 

standards. It has created a nationwide trading system that provides 

equal access to all investors irrespective of geographical location, 

creating an equality among investors. With the introduction of advanced 

practices, transparency has also increased in the stock market. With the 

financial sector reforms initiated in 1991, not only FIIs and NRIs are 

allowed to invest in Indian stock markets, Indian corporate have been 

allowed to tap the global market with global depository receipts (GDR), 

American depository receipts (ADR) and foreign currency convertible 

bonds (FCCB) since 1993. All these changes have led to substantial 
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improvement in market capitalization, liquidity and efficiency of the 

Indian capital market. This paper aims to analyse the growth trend 

depicted by the Indian Capital Market over the past decade. 

 

Key words: Development of market, Efficiency, Indian capital market.  

 

 

1. Introduction 

 

 The capital market is the barometer of any country’s economy and 

provides a mechanism for capital formation. Across the world there was 

a transformation in the financial intermediation from a credit based 

financial system to a capital market based system which was partly due 

to a shift in financial policies from financial repression (credit controls 

and other modes of primary sector promotion) to financial liberalization. 

This led to an increasing significance of capital markets in the allocation of 

financial resources. 

 The Indian capital market also went through a major 

transformation after 1992 and the Sensex is hovering around the 19000 

mark by the year 2013, which seemed a dream just a few years back, 

although the beginning of such an initiative could be seen since the 

second half of 1980’s. Since then the market has been growing in leaps 

and bounds and has aroused the interests of the investors. The reason for 

such a development was an increasing uncertainty caused due to 

liberalization and standardization of the prudential requirements of the 

banking sector for global integration of the Indian financial system. Further, 
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rise in their non-performing assets led to a decrease in credit from 

banks to the commercial sector. Liberalization and opening of the gates 

led to an expansion of three broad channels of financing the private sector 

namely, a) Domestic capital market b) International capital market 

(American depository receipts and global depository receipts) and c) 

Foreign direct investment.  

 Capital markets play a vital role in channelising the savings of 

individuals for investment in economic development in country. The 

investors are not constrained by their individual abilities but by the 

abilities of the companies which in turn enhance the savings and 

investment in the country. Liquidity of capital market is an important factor 

affecting the growth. Since projects require long term finance, but on the 

other hand investors may not like to relinquish the control over their 

savings for a long time. A liquid stock market ensures a quick exit without 

incurring heavy losses or cost. Thus the development of efficient capital 

market is essential for encouraging investment and economic growth. The 

Indian Equity market and Debt market together form the Indian Capital 

Market. 

 The efficiency of a capital market which can be defined in terms of its 

ability to reflect the impact of all relevant information in the prices of the 

securities and the large number of profit driven individuals who act 

dependently on one another grew tremendously in the Indian context 

Statement of Problem A developed securities market enables all 

individuals, no matter how limited their means, to share the increased 

wealth provided by competitive private enterprise (Jenkins 1991). The 

players involved in the capital market include small investors, mutual 
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funds, banks, companies and financial institutions. Equity trading in India 

was dominated by floor– based trading.  

 It was not possible for investors to crosscheck these prices. 

Investors were forced to pay high brokerage fees to undercapitalized 

individual brokers, who had primitive order processing systems. Gupta 

(1992) concludes that a) Indian stock market is highly speculative, b) 

Indian investors are dissatisfied with the services provided to them by the 

brokers, c) margins levied by the stock exchanges are inadequate and d) 

liquidity in a large number of stocks in Indian markets is very low. This 

situation was transformed by the arrival of the new National Stock 

Exchange (NSE) in 1994. A consortium of government–owned financial 

institutions, owned NSE. NSE built an electronic order– matching system, 

where computers matched orders without human intervention. It used 

satellite communications to make this trading system accessible from 

locations all over the country. Trading in equities commenced at NSE in 

November 1994. From October 1995 onwards (11 months after 

commencement), NSE has been India’s largest exchange. 

 With the objectives of improving market efficiency, enhancing 

transparency, preventing unfair trade practices and bringing the Indian 

market up to international standards, a package of reforms consisting of 

measures to liberalise, regulate and develop the securities market was 

introduced in the 1990s. The secondary market overcame the 

geographical barriers by moving to screen based trading, which made 

trading system accessible to everybody anywhere in the Indian sub-

continent. Indian disclosure and accounting standards are as modern, 

updated, potent and versatile as those of any other market. Today, the 
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Indian securities market stands shoulder to shoulder with most 

developed markets in North America, Western Europe and Far East. 

There are few other parallels to this episode internationally, 

where a second exchange displaced the entrenched liquidity on an 

existing market within a year (Shah & Thomas 2000). The removal of 

License Raj especially in areas related to private sector financing options, 

led to a direct increase in market based financing of industrial 

investments through an expansion in three broad channels, FDI, Global 

depository receipts (GDR’s) in the international market and the last being 

the Capital market which consists of the secondary market and the new 

issue market. One important factor that led to the growth of the new issue 

market was the growing significance of financial assets, with increase in 

the saving rate and monetisation of the economy. Recently the government 

and SEBI have initiated a number of healthy measures to develop the 

capital market. 

 The present paper makes an attempt to analyse the growth trend 

depicted by the Indian Stock Market with the help of parameters like 

resource mobilisation through IPOs and rights issues, Sector wise 

resource mobilisation, exchange wise cash segment turnover, stock 

market indicators etc  

 

     2.    Methodology 

         The study is descriptive in nature with data drawn from various 

secondary sources like official websites of NSE, SEBI, RBI and other 

related literature. The variable adopted for the study are number of IPO and 

rights issues that have come up, for resource mobilization through IPOs, 
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Sector wise resource mobilisation, exchange wise cash segment turnover, 

stock market indicators like market capitalisation ratio, price earnings ratio 

and business growth in Whole sale Debt market etc. 

 

3.   Results and   Discussions 

 

a. Resource Mobilisation through Public and Rights Issues 

 

         Role of an efficient primary market is critical for resource 

mobilisation by corporate to finance their growth and expansion. Indian 

primary market witnessed renewed activity in terms of resource 

mobilisation and number of issues during 2010-11, continuing its 

momentum from 2009-10. In view of the recovery witnessed in equity 

markets post global financial crisis, companies, largely public sector with a 

divestment mandate, entered the primary market during 2010-11. 

Investors’ response to public issues was encouraging in 2010-11. Capital 

(equity and debt) was raised to the tune of ` 67,609 crore through 91 

issues during 2010-11, higher than 57,555 crore mobilised through 76 

issues during 2009-10. The Table 1 given below clears the picture.    

 

b. Sector –wise Resource Mobilisation 

           Sector-wise classification reveals that 77 private sector and 14 

public sector issues mobilised resources through primary market during 

2010-11 as compared to 70 private sector and six public sectors issues in 

2009-10. These companies raised ` 67,609 crore though 91 issues in 

2010-11 as compared to ` 57,555 crore through 76 issues in 2009-10. The  
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Table 1:   Resource Mobilisation Through Public and Rights Issues 

Particulars 2009-10 2010-11 
% share to 

total amount 

 No of 

Issues 

 

Amount 
No of 

Issues 

 

Amount 

 

2009-10 
2010- 

11 

 

Public Issue 

 

47 

 

49,236 

 

68 

 

58105 

 

85.5 

 

85.9 

 

Public issue 

(equity/PCD/FCD 

of which 

 

44 

 

46736 

 

58 

 

48654 

 

81.2 

 

72.0 

IPOs 39 24696 53 35559 42.9 52.6 

FPOs 5 22040 5 13095 38.3 19.4 

Public issue 

(Bond & NCD) 

 

3 

 

2500 

 

10 

 

9451 

 

4.3 

 

14.0 

Rights Issue 
 

29 

 

8319 

 

23 

 

9503 

 

14.5 

 

14.1 

Total Equity Issue 

(1.a + 2) 

 

73 

 

55055 

 

81 

 

58157 

 

95.7 

 

86.0 

Total Equity & 

Bond(1+2) 

 

76 

 

57555 

 

91 

 

67069 

 

100 

 

100 

   Source- Annual Report of RBI for 2011-‘12 

 

share of private sector in total resource mobilisation stood at 43.5 percent 

in 2010-11 as compared to 45.9 percent in 2009-10, consequently, the 

share of public sector in total resource mobilisation increased to 56.5 

percent from 54.1 percent during the same period. 

 

4.   Turnover in Indian Stock Market 

 

During 2010-11, turnover of all stock exchanges in India in the cash 

segment decreased by 15.1 percent to ` 46,85,034 crore from ` 55,18,469  
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Sector 

 
2009-10 

 
2010-11 

% share to 

total amount 

 No of 

Issues 

 
Amount 

No of 

Issues 

 
Amount 

 
2009-10 

2010- 

11 
 

Private Sector 
 
70 

 
26438 

 
77 

 
29385 

 
45.9 

 
43.5 

 
Public Sector 

 
6 

 
31117 

 
14 

 
38223 

 
54.1 

 
56.5 

Total 76 57555 91 67609 100 100 

 

Table 2:   Sector-wise Resource Mobilisation 

   

 

 

 

 

 

        Source- Annual Report of RBI for 2011-12 

 

crore in 2009-10 . BSE and NSE together contributed almost 100 percent 

of the turnover, of which NSE accounted for 76.4 percent in the total 

turnover in cash market whereas BSE accounted for 23.6 percent to the 

total. Apart from NSE and BSE, the only two stock exchanges which 

recorded turnover during 2010-11 were Calcutta Stock Exchange (` 2,597 

crore) and UPSE (` 0.12 crore). There was no transaction on other stock 

exchanges. 

 

c. Stock Market Indicators 

Market Capitalisation to GDP Ratio :-  The market capitalisation to GDP 

ratio is an important parameter for evaluation of stock markets. The 

liquidity of the market can be measured by the traded value to GDP ratio, 

i.e., value of the shares traded to GDP at current market prices. Market 

capitalization ratio is defined as the market capitalization of stocks divided by 

the GDP. It is used as a measure that denotes the importance of equity 

markets relative to the GDP. It is of economic significance since the  
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Table 3:   Exchange – wise Cash Segment Turnover 

                 Source- Annual Report of RBI for 2011-12 

 

 

Table 4: Select Ratios Relating to Stock Market 

 

 

 

 

Year 

 

 

BSE Market 

Capitalisation to 

GDP Ratio 

 

 

NSE Market 

Capitalisation to 

GDP Ratio 

 

Total Turnover to GDP Ratio 

 

Cash segment 

(All – India) 

 

Derivatives 

Segment 

(BSE + 
 

2003-04 

 

43.4 

 

40.5 

 

58.7 

 

7

 

2004-05 

 

54.3 

 

50.7 

 

53.4 

 

8

 

2005-06 

 

84.4 

 

78.6 

 

66.8 

 

134.7 

 

2006-07 

 

85.5 

 

81.2 

 

70.0 

 

178.9 

 

2007-08 

 

109.5 

 

103.5 

 

109.3 

 

284.1 

 

2008-09 

 

55.3 

 

51.9 

 

69.0 

 

197.4 

 

2009-10 

 

94.1 

 

91.7 

 

84.2 

 

269.7 

 

2010-11 

 

86.8 

 

85.1 

 

59.5 

 

371.3 

 

CAGR 

 

9.05% 

 

9.73% 

  

       Source- Annual Report of RBI for 2011-12 

 

Stock exchange 2009-10 2010-11 % share 

BS 13,78,809 11,05,027 23.

NS 41,38,023 35,77,410 76.

Total 55,16,832 46,82,437 100 
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market is positively correlated with the ability to mobilize capital and 

diversify risk. Excluding 2008-09, since 2003-04, there has been a 

considerable improvement in the market capitalisation to GDP ratio. The 

BSE market capitalisation to GDP ratio improved from 43.4 percent in 

2003-04 to 86.8 percent in 2010-11. Similarly, at NSE also the ratio 

increased from 40.5 percent to 85.1 percent over the same period (Table 

1). The turnover to GDP ratio was the highest in 2010-11 under 

derivatives segment. The All-India cash turnover to GDP ratio decreased 

to 59.5 percent in 2010-11 from 84.2 percent in 2009-10. However, in the 

derivative segment, the turnover to GDP ratio increased from 269.7 

percent in 2009-10 to 371.3 percent in 2010-11. 

Price to Earnings Ratio :-  The valuation of the shares might be gauged 

from the price-earning ratio. At the end of March 2011, the P/E ratio of 

BSE Sensex and S&P CNX Nifty were 21.2 and 22.1 respectively as 

compared to 21.3 and 22.3 respectively as on March 31, 2010. The P/E 

ratio of two major Indian indices is given in Table.5 

Wholesale Debt Market :-  During 2010-11, turnover in the Wholesale 

Debt Market (WDM) segment decreased marginally to ` 5,59,447 crore 

from ` 5,63,816 crore in 2009-10. Both the net traded value and 

average daily traded value dropped by 0.8 percent and 4.4 percent, 

respectively during the same period (Table 2.40). Further, the number of 

trades decreased to 20,383 in 2010-11 as compared to 24,069 in 2009-

10. The highest turnover was recorded in May 2010 (` 73,251 crore) 

followed by April 2010 (` 61,824 crore) and June 2010 (` 50,143 crore).  
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Table 5 :   Price Earnings Ratio 

Year BSE Sensex S & P CNX Nifty 

2005-06 20.9 20.3 

2006-07 20.3 18.4 

2007-08 20.1 20.6 

2008-09 13.7 14.3 

2009-10 21.3 22.3 

2010-11 21.2 22.1 

CAGR 0.24 1.43

           Source- Annual Report of RBI for 2011-12 

 

Number of trades was the highest at 2,555 in May, 2010 followed by 

2,094 in September, 2010. Instrument-wise breakup of the securities 

traded at the WDM segment of NSE indicates the dominance of              

Government securities (G-sec) The share of the G-sec decreased to 54.5 

percent in 2010-11 from 58.2 percent in 2009-10. The share of Treasury 

bills marginally increased from 16.5 percent in 2009-10 to 17.6 percent in 

2010-11. The share of PSU/institutional bonds also rose from 15.4 percent 

in 2009-10 to 19.6 percent in 2010-11. However, the percentage shares of 

‘others’ which includes mainly corporate debt securities decreased from 

10.0 percent in 2009-10 to 8.3 percent in 2010-11 

 

   5.   Conclusion 

 

The Indian securities market is among the safest and the most efficient 

trading destinations internationally. The Indian corporate governance  
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Table 6 

Business Growth on the Wholesale Debt Market Segment of NSE 

Year No of Trades Net Traded Value 
Average Daily 

Traded Value 

2005-06 6189 475523 1755 

2006-07 19575 219106 899 

2007-08 16179 282317           1129 

2008-09 16129 335950 1419 

2009-10 24069 563816 2359 

2010-11 20383 559447 2256 

CAGR 21.98% 2.75%  

          Source- Annual Report of RBI for 2011-12 

 

code is compared to the Sarbanes Oxley Act of the USA. India has one 

of the fastest growing and well-developed asset management 

businesses in the world, with state-owned as well as private sector 

players. India currently is ranked third in Asia for the overall quality of 

corporate governance. 

The Indian market is often hostage to some scam or the other from 

time to time. Effective enforcement of compliance is cited as one of the 

reasons for these unsavory episodes. While greater integration with the 

world economy and global financial markets have benefited India in 

several ways over the years, it has also made India become vulnerable to 
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global shocks, as evidenced by the global financial crisis of 2008. More 

recently, the European debt crisis and global slowdown have been posing 

serious challenges to the Indian economy. Global integration—the 

widening and intensifying of links—between high-income and developing 

countries has accelerated over the years. Over the past few years, the 

financial markets have become increasingly global. The Indian market has 

gained from foreign inflows through the investment of Foreign 

Institutional Investors (FIIs). Following the implementation of reforms in 

the securities industry in the past few years, Indian stock markets have 

stood out in the world ranking. As per Standard and Poor’s Fact Book 

2012, India ranked 11th in terms of market capitalization, 17th in terms of 

total value traded in stock exchanges, and 30th in terms of turnover ratio, 

as of December 2011, which in itself is a proof that the Indian Capital 

Market has depicted a clear picture of tremendous growth. 
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