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ABSTRACT 
Deve1opmel-l~ and enhancement of irznovntive engineering ctirriculum is' a vital ezcercisc ill 

proilucing well grouncled grtrduntes that cntz peijror~n in todny's world, I ~ I  this pnper-, I I ~ ~ O  

existing nrodels on developing melallurgicai zngineering crlrriculum were outlitreti: The Russitr/z 
nrodel where there is early specicilizatiorz to rneet national interest and tlze ~es fer tz  model wjtct-e 
there is empkusis on acquiring basic c~rg.l'n?ellng'princil;les with some form of introtluction lo 
specializations in rke senior year. The merits. and/or demerits of the two models were discussccl. 
In developing undergraduate rnetn/lurgi::at engineering curriculum, it was adjrrdged best lo 
strikf n balance behvren the future of the st dent (academics andjob), the needs of the employe,* Y and f he ntllion for reasons of acaclemic progression, job safety and global relevunce. 

I 
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Engineering c~~~riculurn development is an arduous task. Its importance is seen by the myriads o f  
curriculum devcloplnent and reviews across the world in higher institutions of learning[l-61.11 
has to fake care of many aspects such as students career prospects, employers interests, natior~:~l 
interests and akadc~nic content cannot bc jeopal-dizcd as well. Material conlcnl to bc i~lcludccl jrt 

cu~riculiu~~ will depend on all of these factors. Also, the curriculum  nils st satisfy thc Engineering 
registration body of individual countries. Two nlain tliodels have bcen competing over the years; 
tho Union of Soviet Socialist Kepilblics (USSR) model called 'Russian modcl' duc. to thc 
disintegration of the Republic and the 'Western model'. In recent years, developing democracics 
have wokcn up to the fact that enha~lcement of the 'western model' will suit them best. In this 
country, there is some degree bf foresightedness in the enhancement of the engineering 
curriculum by one - selnestcr Studetlts Industrial Work Experience Scheme (SIWES) and rcccrlr 
inlroduction of entrept-cneurship courses. SIWES is an experience which aids the choicc of' 
spcuializcd courses in addition to the corc dourscs by the studeills. I11 tllc Eastor11 dernocracici; 
likc Malaysia and India, therc are diffcrclll sti-uclurcs in placc to aid i~ldustrial tl-ainillg 151. f-icrc. 
corrickla arc being developed h a t  makc ihc engineering. graduate compete in tet~ns ul 
knowl'edge base, interpersonal a id entrepreneurial skills. With this, the graduate can fit into 
industry, design, research or academics. Adopting the middle - of- the- road approach betweeii 
the Russian and the Western models, the graduate can contr'bu'- '- society and have a 7 - - - -  -'' 
fulfillment. In this case, he is not straight jacketed into a mould wnose nc;:-cxis;eace leads to 
irrelevance. This is the trust for this paper. 
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2.0 THE TWO MODELS 
2.1 The Russian Model 
Russian cun-iculum for metal.lurgica1 engineering is based on specialization in different areas of 
the discipline such as iron. making, steel making, found~y, rolling mills and mineral processing. 
In this model, emphasis is laid on the graduate fitting into State -mi - bu$ness. The State in this 
case is the employer and the students graduate directly into this business: ' i+'- 

Table 1 : Metallurgical Engineering Curriculunl of Saint-Petenburg State p~lp&hnic 
University [7J - . *  

,-I 
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2.1.1 Merits and Dcmexits of the Russian Modd 
The merit of tile Russian model is that there is very high skill specialization aiid lnen appear like 
tools in n busii~ess jig-saw. The advantage of this is obvious in that early specialization enhances 
proficiency. The best can come out of individ~~ais especially when dealing with coinplex systems 
as we have irl the iron blast -ace that requires minute details. 
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Howcver, there is lack.of business entreprenetirsl~ip capability wl~en manpower production is 
more than available spaces in  State - run enterprises. Also, in cases where State - nm enterprises 
are no .longer the main employers of labor as it is turning out in recent time in Russia, graduates 
,vill find it difficult to 'fit in to ofher business outfits. A ,g-aduate wiio has come out with a 
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folmciry degre~ will find it difficult to be employed in a pI'dcs industry w1'1ich would have been 
possible had &elshe some out with a materials engineering degree. Xt must Be  noted that all 
counties that pimeticed the Russiah model have s very strict socialist sys$em till date and many cif 

their graduate find it increasingly- difficult to be competitive in the post USSR era. This is 
. definitely not the way fclwzlrd -din glob,al village, a fiee enterprise system an& a democratic 

world. Thus, the demerits of the, Russian model preponderate. ouer the merits especially for 
develoging nition like Nigeria. Even thh,  tBe Western~model can not be adopted hook, line and 
sinker. 

. - >  \ * 

2.2 The Western Model / In the Western model, emphasis is laid on acquisition of basic science;, mathematical and 
engineering p&nciples which are foundational to the practice of engineering and ~esesearch. Some 
form of introduction into specializatiohi is introdtked'at the senior level where some technical 
courses are talc& like optic@ material<.nucl<ar kiiterials, refi-actory techolagp and nonfarous 
materials [9]. At bdua te  @ostgraduat&) level; deeper insight into cEEermC specializations: can 
be made such as pl~ysical metallurgy,'ch'i=micaf mefalfurgy, mined processing or mechanical 
metallurgy but the graduate will still have a ~ & t m  degree 62 rnetaEmgica1' an&Ior materials 
engineering. This system feeds the graduate into,any organization whose pr6duction fan mder 
any of the specializations. A who specialized in mechanical metallkgy finds it easy ta 
fit into a rolling mill, machining or rnannfacturing organizatiorx wh* for-ning and weld&ag 
the basic production processes. At the Uniuersi~ of Tucson, Arizona, for , examp2e2 
undergraduates have opportunities at engaging in resemh surd atilizatkn o f  kdustnlat level 
equipment for electron microscopy, s~c&scop~  &d 'other materlds ~sharadt:rizah purposes 
[SI. 
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Table 2: Metallurgical Engineering Curriculum of University of Arizona, Tucson [8] 

Juulor - Fh'st Semester Junior - Second Semester 

MSE Tech. MSE Technical elective** 3 hlSE 3 6 0 ~  Materials Iab 1 .  
MATH Elec. Math cicctive co~ure*** 3 MSE Tech. MMSE Techuicnl elective** 3 
hlSE 350 Pu~uerical Methods iu hiSE 3, MSE 480 Exp. Methodsh4icrostnlct. Analysis 3 
ECE 207 El- of Electrical En-@neering 3 ' MSE 415 . ?kwspoM&etics 4 

Tier I TRAD* 3 ' S_ci. Elective Advanced Basic Scia~ce Elective. . 3 

Senior - First Semester Senlor - Second Semester 
ENGR 498A Cross Discipline Design 3 ENGR 49SB Cross Discipliile Design 
hlSE Tech. MSE Tcchiical Elective** 3 ~ . I S E  ~ e c h ,  MSE ~eclmical ~icctive*' 
TECH Elec. Technical Elective*" 3 TECH Eiec. Teclmicid Elective** 
TECH Elec. Technical Electi~e** 3 Tier2 Arts or Humanities* 
Tier n mmv 3 , 

. . 
2.4 Merits of the Western Model 
The Western model is a more advantageous system than the Russian model where the graduate . 
comes out with a specialized degree say, Masters in rolling mills. The leeway created by the 
Westerr, cr.n-ic~ll~1n1' s&ucture takes the long-term interest of the student into consideration while 
providing a good foundation for either an academic or irrdustn-kal career. Conti~luous 
developrncnt make the Western graduate more fulfilled career wise md better rounded. he is 
better adaptes to vagaj5es on the job market a& for purposes of entrqrmc?:~rship. 
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Table 3: Metallurgical Engineering Curriculum of (IIT), Kanpur [9] 

STWCTURE OF THE B.YECH.'. BROGMMME 

2.6.2 Brazil; Case Study- University of Si40 Carlos [*I 01. 
Brazil's curriculum syste~li is just like the USA system with specializations at the senior level. 
Industrial s~ciology is also included. 

8Ekn.n 

M h E  100 

Table 4: Metallurgical Engineering Curriculum: University of S"ao Carlos 11 03 
Semester 1 

GEM. $1 

- MME 206 

* 

Semester 2 . 

Discipline 
J&roduction to computation 
, benmal experimental Chemistry 
~nalytical Gometry , 

Cdculus 1 
Ecology _ 
Introduction to the science axid Engineering of Materials 
Engineering Mechanics 
Total . 

sm. N 

Mi%E 210 

RnME 25D 
WSS !I 

] Inorganic Chemistry ( 4 I Basic I 

Credit 
4 
4 
4 
7- 

4 
4 
2 
4 
26 

- - - - . . - . - - 

SEM.V a 

MME 310 

~hdd320  
MME 930 

El 

Status 
Basic 

, Basic 
~ a s i c  
Basic 
Basic 

-- Professiormsil 
Basic 

I Physics 2 ( 4 I Basic 

' Discipline I Credit 
General Che1nistrv2 1 4 

' 

 EM. w 

UME 331 

-~fvrk 340 
,$ME 350 

W E  370 

w 3 9 u  , 
E 11 

Status 
Basic 

L Total 1 26 I I 

Physics Experiment A 
Calculus2 

General, Economics 
Common Materials 

s~ta. VII 

MME Ale 

UME 415 
MME 470 
DE l 

.w 

SM. wn 

MIME 480 - 
MME 

ElN 
DE I 
oe MI 

4 
4 

4 
2 

Basic 
Basic 

Basic 
Basic 
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Semester 3 

Semester 4 

Oluwole et al. 

Disci yline 
Series and Differential Equations 
Experimental Analytical Chemistry 
Solid Mechanics 1 
Therniodynamics of Solids 
Physics 4 
Materials Science 2 
Total 

Credit 
4 ---- 
4 - 
4 
4 
4 / 
4- 
24 

, i op*rj.a:To 

Status 
a Basic 
Basic 
Basic 
Professionat 
Basic 
Professional 

-.-------- ------- 
Totayoi ~ers:j -- -.- 28 1 I-.. - - 
Total(Cemmics and Meblsi 2 5  
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Semesters 8 and 9 

Sem'ester 7 . 
Discipline --. 
Introduction to metrology and statistics in ~x~erimentation 

XGestrnent Analysis . 

Industrial Sociology 
Materials Characterisation 
Processing 'of Metals 
Experimental Ceran$cs Processing 
Kinetics and Equilibrium of Cer~mir, Materials 
Mechanical Metallurgy - 
Physical Metallqrgy - 
Extrusion and Properties of Polymers t * 
Materials Engi~ieeriilg Proj ectl / 

?'otal(l?o~y-rners) - 
Total(Ceraxnics and - Metals) 

Meat Treatment . 4 I Basic -' 

$&mhmical and Thennomechanical Properties of 4 I Professional 

, Discipline 
Theory of Okgm~ura 
Materids Selection 

I Materials E n ~ ~ g  Projecl 2 12 1 Speciiic(C'er.r?::~;iec> ..-.-. -. . C, J 

Credit, 
4 
2 
4 
4 
4 
4 
4 
4 
4 
4 
2 
26 
28 

Status 
Basic 
Basic 
Rasie 
Professional 
~rof;ssionaf 
Specific(Ceramics) 
Specific(Ceramics) 
Specific(Meta1s) 
Specific(Metals) 
Specific(Po1ymers) 
ProfzssTorral 

Credit 
4 
4 

14 specialty I 

Status 
Basic 
Basic 

I Professional Courses 
OPT][O~S: 'Total 

24 , 

24 

' Discipline 
.Quality Assessments 
Foundry 
Mechanical Testing -- 

Professiona'l 
Professional 

Credit 
4 

- .  
4 
4 

Status 
Basic 
Specific(Metats) 
Sgecific(Metqls) 
~ ~ e e i f i c ( ~ o ~ ; ; h e r ~ )  
Specific(Po1ymers) 
Specific(Ceramics) 
Professional* 

4 

Ceramic Refractories 
,.-- ------- --.- 
Final Year Thesis -- 
Total 

4 
8 
20 specialty areas 
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2.6.3 Nigeria; Case ~ t u d ~ - ~ b a f &  ~wolow6 University[ll] 
,/ 

- .--- I MME 200 Student Work Experience Progranlme (SWEP) - -. 
PART 3: I-LUIMATl'AN SEMESTER . 1 PART 3: RAIN SEMESTER . 

The Nigerian engineering undergraduate curriculum system looks developed. It has incorporated 
courses in entrew,e~~eu~sliiy, one - semester industrial work experience program carried. out in 
industry and spe~ializations at the senior year. However, the Niger@ system is too theoretical : 
and the govement policies are not helping. With proper teaching, workshop practice, 
laboratory -work and industry-university linkage it promises to'be one of the best curricula for 
producing well p b n d e d  graduates for the metallurgicd'shd materials engineering industry . 

Table 5: Metallwgical Engineering Curriculum: Obaferni Awolowo UniGersity [l 11 

CHM 207 Physicil and IF 
CHE 305 Engineering An. 
MME 30 1 Foundry Tech21 
MME 303 Meat and Mass 'J I ansfe ' . 
MME 305 Mechanics of Materials 
MME 307 Metallurgical Thermodynamics 
MME 309 Materials Laboratory I 
SE Spkial Elective 

,)-I c' .. :-r;, $ ; ,. , T <  ,. . 81,.'1 

4 6  Ii~tgi i iexi~~~ /\I>!:,.-, 11. 
.30% Introductio!l lo Crysta1lograpi;y 

MMI; 304 Fuels, Rcfrdctories and Furnace Tccfulology 
3ObMalcrials Testing 

MME 308 Mineral Processing 

PART 1 : RAIN SEMESTER 
hlTH 102: Elementary Mathematics 11 
MT'H i 04 :Vectors 
PHY 102 :General Physics I1 , 

PHY 108 !Experim~tal Physics 1B 
CHM 102: Introductory Chemistry 11 

1 

MME 3 10 Phase Diagnms 
MME 312 Physical Metallurgy I 
SE Special Eixtive 

*MME 300 Student Industrial Work Experience Scheme I (SIWES 

Part1 
MTH 10 1 : ~ l e m e n t a ~   ath he ma tics I 
PHY 101: Genera1 Plrqsia I 
PNY 107?Experime1@l Physics IA 
CHM 101 : IntroducteW Chemistry I 

' 

TPD 101 :Engineers in.Society 
SE Special Elective - d  1 SE Special Elective . 

. . . . 
RAIN SEMESTER 
TPD 502 Technology Policy 

PART 2: HAlUWAm@ SEMICSTER 
MTH 20 l Mathemadcal blethods I 
CHE 201 Introductiun. to Thermodynamics . . 
CSC 20 1 Computer Bmgwmming 
*ME 201 Elements of Engineering Materials 
MEE 203 Engineering Drawing I 
MEE 205 Engineering Mechanics I 
EEE 201 Applied Eleclricity I 
EEE 291 Appried ~1ectTicity Lab. I 
SE Spccial Elective - I-- --. .- , 

PART 4: HARMATAN SEMESTER 
CVE 401 Technical Report Writing , 
MME 401 Powder Metallurgy . 
MME 403 Electrochemistry and Cl~emical Kinetics 
MME 405 Experimental Techniques , 

MME 407 Fracture Mechanics > 

MME 409 Heat Treatment of Metals 
MME 41 1 Fundamentals of Production Proccsscs 
MME 4 13 Materials Laboratory II . 

PART 2: RAJN SEMESTER 
MTH 202 Mathematical Methods I1 
AGE 203. Workshop Practice 
CSC 208 Computer Technology 
CVE 202 Strength of Materials 
MEE 204 Engineering Drawing II 
MEE 206 Engineering Mechanics I1 
EEE 202 Applied Electticity II 
EEE 292 Applied Electricity Lab. TI 
MME 202 Introduction Lo Materials Engineering . 
SE Special Elective 
LONG VACATION 

I) 
PART 4: RAIN SEMESTER AND LONG VACATION 
MME 200 Student Work Experience Programme (SWEP) 
MME 300 Student Indwtrial Work Experience Scheme I (SIWES 1) 
MME 400 Student Industrial Work Experience Scheme 11 (SIWES 
11) ' 

HARMATCAN SEMESTER 
TPD 501 Industrial Economics 
'FPD 503 Industrial Law and Managemerlt 
MME 501 Materials Failure Analysis 

MME 502 ~ater iag~elect ion and Economics 
MME 504 Marcrials Process andplant Design 
MME 506 Materials and Tribology 
MME508 Wood . 
MME 510 Composite Materials . 
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3.0 CONCLUSION 
' in this paper, undergraduate engineering curricululx restructuring relevant to the needs (5' 

dllrfvr * . .' ' " a  slakeh01derl;-sf:' ' : iT:ls ' . , - ,  , :-~i~i\ <:~,i~>i?i\j,iil i l as  I ~ e ~ f i  
discussed. Mn i~ptfid. thc; ~ ? e s t t x ~ ~    nod el ilav;: c~~hanced 
their curricvlui'i~ . .bit struciu~cs to 'cater for different stakqholders, 
However, tlie Niges~au " ,  . i ~ o  theoretical and the government policies are not helping. 
With proper teaching, worksli~,,~ practick, laboratory work and industry-university linkage it 
promises to be one of the best currictila for producing well grounded graduates for the 
n~etallurgica! :ad inaterials engineering industry,. 

--- .. --- . 
MME 503 Cerarm~ : : ' ti,.:, ..cs 
MME 505 Elcctricai, Mag~mtic and Optical Properties of 
Materials 
MME 507 Maleriais Production Processes 
MME 509 Polydfiers 
MME 529 Final! lrearProjcct I 
Option B:MetaPurgical 

HARMATTAM SEMESTER 
TPD 301 IndusUial Economics 
TPD 563 I.dus&ial Law and Management 
MME $01 h4ate;rials Failure Analysis 
MME 5 1 1 prodaction Metallurgy 
MME 5 13 Non~Ferrous Extraction Metallurgy 
MME 515 Physical Metallurgy 11 
MME 5 17 Yriwiples of Melal Dcforrnation 
MME 529 Find Year Project I 
Option C: Corrosion 

HARMATTAN SEMESTER 
TPD 501 I n d u d a l  Economics 
TPD 503 ~nduillrial Law and Managemeat 
MME 501 Mafeials Failure Analysi~ 
MME 519 Corrmion and Environments 
MME 521 ~ o d b s i o n  hlonitoring and Inspection 
MME 523 High Temperature Oxidation 
MME 525 Surface Phenomena 
MME 529 Fino1 Year Project I 
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MME 530 Final Year Project 11 

RAIN SEMESTER 
TPD 502 Tecltnology Pelicy 
MME 502 Materials Selection and Economics 
MME 504 Materials Process and Plant Desig? 
MME 5 12 Foundry Technology I1 
hfME 5 14 Hydrometallurgy 
MME 516 Ferrous Extraction Metallurgy 
MME 530 Final Ycar Psojoct I1 

RAIN SEMESTER 
TPD 502 Technology Policy 
MME 502 hiaterials Sclcution and Economics 
MME 504 Materials Proccss and Plant Design 
MME 506 Materials and Tribology 
MME 5 18 Design and Economic Aspects of Corrosion 
MME 520 Prevention and Protection Against Corrosion 
MME 530 Pinai Year Project I1 
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