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1. SUMMARY . N B -,
R Four, courses in extractive metallurgy have been péeﬁared in a self- )
pacéd format. The courses are: ‘ . “ .
Unit Processes in Extractive Metallurgy:- Pyrometallurdy,- ° ,,’
. " R " o : . Hydrometallurgy . .
S, " oo . - "o i "Electrometallurgy LT
, ‘Physical Chemistry of Iron. e L A
.. - &sSteelmaking . .. - ¢ ’ LS -
' S e L o e RN -
- ' 6: & ) '_Ta ° ) . < ) * .“’ :
. ) . B; .. . ’ . ) - - .
N ) R Lo e .* N

. » bl L 2

" The objectives of the study were to prepare the. four courses,
‘present them to students, and evaluate.the response of thejr.use in a

'self-paced. format. . ”
Lo S . )
.~ ‘) L] .
. ’ - * :-
. . S I . . )
+ The results of the evaluation are that the codrses can be effec-
tively given in the self-paced format and that small departments can o
use the self-paced concept to expand their course offeriﬂﬁk. i K .
R A Y . . “. - ~ .
- ‘ !
- > ’ * 1Y ‘ .I
\ - ‘ .
\ . . . 4 R . ° <
: v ’. 4
. h .
. ’ . . ’
- * -3
- i ) -° . )
- .o 0~ ‘4 °
- "i - ¢ X é'. - .\ ’
i ¢ - - [ 2
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2. INTRODUCTION = .

. A program to develop modular-self-paced. ésodrce material in the

area of extractive metallurgy was begup in 1!, 1975. L,

o The goals of the project werq' rey o -

o) T to deve]op_thergppropriate~'oursg materials,

. - to preseqt the modular materials to students as:
N h . . § . .
.~ » “a. self-paced-courses | e )

-

- Y « text materials, for lecture éourses
: C. resource matefials for supplementing present
\ _' .. text maternral . : . .

13

- to eVaiuate the ﬁ-sbdqsé to the materjh]s‘when used in

~
" L
»

» the above modes. ' i !
-t

- N -

This study was suppgrted by the National Science Foundation (NSF SED-
7504821) and the metallgdrgical industry. - Funding for the development
and reproduction of th¢ -Course materials} i.e., printed materials and
tape-siide preséntatigns, was provided by the Nation&l Science Foundation.
The development of tfle resource material.-dep¥cting actual plant practice
and release of time/apd travel expenses for industrial participants
serving on the tasi force development-and review team were.proyided by )

i

various metallurgjcal .companies.

~

- .

? . The study was one of modular materi§1 development, student-use,
: " evaldation of yesults, i.e., it was a demonstration project to determime
if self-paced course material could be effectively used in the mineraTs
" engineering & ea ‘of study. .
. M A} . “‘ N
. ; f academic and industrial participants was organized,
to formulate the.course outlings, to assist in the course material
o development, to review the material, and to assist in the evaluation of.
. the use ‘program. . Members of the task force and their affiliation are.
Tisted/in Table I. : : < -

- N 4
A pask/ force o

- ' N




i

v . g
. Page 3. /
* .r - ~ . . .. -~ ) v T i =
,a ~ TABLE T - Task Force Memb&rs | L . :
: Dr. L. G. TwidweH ; ' " Br. H. Haung
Montana College of Minénal Scxence ) Montana College of. M1nera]
and Techno]ogy o Lo Sc1ence and Technp]ogy
Dry R. McC]1ncy ' ot \Dr Doug Robt nson
‘\, Anaconda Copper Company . e inco - -’
" e e ‘=- (present]y wi th University
Dr. R. Johnson BRI . of Arizona) ’ .
. Kennecott- Copper Corporation ¢ “
.{presently with Phelps-Dodge) Dr. T. J. -0'Keefe

: - University of M1ssour1 .
Dr. Dr. C. Smiernow i . -
'Dﬁéxe] University > " Dr. A. H. Larson L
’ (present]y with Un1vers1ty of Alabama) Bunker Hill Company" L
(presently with Gould,-Inc.)
Mr. C. Hansan R .

-~

Anaconda Aluminum Company = . ‘N Mr. N. Plaks , i .
. .(presently retired) . . " Environmental Protection
I . ~ T " Agency

Dr. L. MiTler ‘ B A :
University of Utah ) . -y

kY . ﬁ" S - , . . . .
. . L ’ A

B - Mater1als were. to be prepared in extraétive metallurgy. The specific

courses ingluded: Pyrometallurgy,, Hydrometallurgy, Electrometallurgy, and
Metallurgical Kinetics. A substitute course, Physical Chemistry of Iron
and Stee]mak1ng, replaced«the, Meta11urgwca1 K1net1cs top1c ’

Course coord1nators were se]ected for each course and an advisory
-team formed for each course. The unit coordinators and:their advisory
teams are listed in Table II. AN

L4
» . »

4 -

2 1)

TABLE II - Unit Coord1nators and Adv1sory Teams Co

Un1t Processes in Extract1ve Meta]]urgy - Pyrometa]]urgy

Un1t Coord1nator Dr. L. G Tw1dwe11

- . . Professor and Cha1rman to Metallurgy--
' *+ " .Mineral Processing Department, ' P
v - Monﬁana Jech . .
- . ) - s, L ‘
N .
‘ — | . B

oy
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'. . Adﬁq’ory and Prepar§t1on Comm1ttee ra Tt ’ L2
. ' T NPT
o " .Dr. A. W. Sch]echten, Alcoa Professor . e

' ' Co]orado SchooT of Mines (present]y Professor Emer1tus) . '
Dr A. H. Larson "Research Manager, ‘
3 “Bunker Hill Company (present]y Director of Process -
. ¢ ;) et B Deveiopment Gould, Ing ) . i ) ¢ .
* <. " n
Dr. T. McNu]ty, Research D1rector, _
Anaconda Company (present]y V1ce-President Kerr-McGee)

o " Dr. R. MtClincy, Deve1opmenta1 Spec1a1\st
Anaconda Copper Company

> ‘ Dr. R, Johnson, Program Manager, - .

‘ . Kennecott Lopper Company (present1y Manager of MetaT]urgy, : R
. Phelps Dodge Corporation) - ) C e R
- o T . . ~

Dr.. G Smiernow, Professor, ' '\.

Drexel Unayers1ty (present]y Un1vers1ty of A]abama) - .

Mr G. Hanspn Ch?gﬂmMeta1lurg1st . ; .
Anaconda Aluminum pany (present]y ret1red)

A

“Mr. D. McM111an, Project Superv1sor, . BN e
,(: T “Anaconda Aluminum Company :

Dr. R. S. Rickard, Chief Meta11urg1st ' , . R
Earth Sciences, Inc. ‘ . S

. Dr. S. Kallafalla, Research’ Manager,

“... U..S. Bureau of Mines o ey
.' . N LI ' N /' "
’ ] . ‘K

. - > } ‘ e ?
Unit Processes in Extractive;Meta]]urgy - Hydrometallurgy

., o . Unit Coordinators: Dr. J. M111er, Professor, .
- } Mining, Metallurgy, ‘Fuyels Department ..
Un1vers1ty of Utah

 Dr. J. Herbst Professor,
®».  Mining, Meta1]urgy, Fuels Department : .
Upiversity of Utah . . ‘ .

R
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. Dr. H. H ‘Haung was subst:tuted as course coord1nator Jn the fa11
1979. , - .

¥ ~
v

Dr. H. M. Haung
P -Assistant Professor
- . ~ Metallurgy - Mineral Proce ;s1ng Department
: Montana Collage ‘of Mineral Science
and Technology ~ ) - .
Butte, Montana S ’ oy

Advisory. and Preparation Committee:

Dr. L.?G.vaidwe11, Professor, . g N
Montana Tech ’

‘Dr. M. C. Fuerstenau, Department Chairman, - : .
South Dakota SchooJ of Mines

~

Dr. T. McNulty; esearch D1rector, ¢
Anaconda Copper Wompany (presently Vice President .
Kerr-McGee) - : . ‘ T

Mr. A. O. )Martel Development Eng1neer, .
*. St. *Joseph M1nera1s Company ’ ’ o

~ ;o“ Dr. R. S. Rickard, Chief Meta11urg1st T
‘Earth Stiences, Inc e . :

" Dr. M. E. Wadsworth, Department Cha1rman,
. Un1vers1ty of Utah N -

‘Dr. T. J. 0' Keﬁjé, Professor, °
Universify of Missouri at Rolla

.

Aisb Dr. J. D. 'M111er and Dr. J. Herbst served as advisors
after Dr. Haung assumed the responsibitities as course
™ coordinator. .

Unit Processes in Extract1ve Metallurgy - E1ectrometa11ur&y-

) Un1t Coord1nator Dr. T. & 0'Keefe, Professor
- Metallurgy Department
University of Missouri - -~

Adyisory and Preparation Committee: e

-. . Dr. L. G. Twidwe]ﬁ, Professor, ) ‘ ' . .
Montang Tech - - . . e -
’ Dr. Pau} Duby, Professor,o I, .
Colmbia University ™ ' . .
. : 3 ’ )
b g 1 bl - ;’ R s -
- < %a ;

P

< %
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Mr. Alan Booth . , ~
Ameridan Metals Climax.

M. VidEttel . -
. International Nickel Company .

Dr. Doug Robinson, Metallurgical Advisor
Cominco (present]y, Un1vers1ty of Arizona)

’Phys1ca1 Chem1stry of Iron and Stee]mak1ng !

Unit Coordinator: Dr. L. G. Twidwell, Professor,
. Chairman, Meta]]urgy - Mineral. Process1ng
Department
) Montana College of M1nera1(§c1ence and Techno]ogy

Advisory and Preparatlon Conm1ttee

Mr..N. Plaks, Branch Ch1ef,
E. P. A .-

Mr. R. Hendricks,. Program Manager,

E. P. A,

Cr. J. Clum, Professor,
University of Wisconsin

Dr. T. 0'Keefe!, Professor, f
* University of Missonri‘

-
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3. PROGRAM-DEVELOPMENT AND TEST RESULTS
. 6 ) y

THe development of course materials fo1lowed the sequence: deve1opJL'
ment of a course.outline by the unit coordinator'and advisory comm1ttee5,
approval of the courseé outline by the task force, preparation of the’
Taterials, review of the materials by the project coordinator and-the task
force members, use of the materials by students, revision of the mater1a1s,
and re- use by students.

-’
) M

¢ ~

L

n It was notdd -at the start of the study (and 1ater found to be

i emphasized by rev1ewerand user comments) that no single course- would be

appropriate and cons1dered ‘suitable by all potential users. 'An 1nstructor
must facter many considerations into his/her design’df a course, e. g.,

a list of such considerations includes, but is not Timited to, ins uctor
background and training, <curriculum des1gn and emphasis %1ron -and steel
versus non-ferrous, extractive versus' physical or materials emphas1s) the
content of other related courses and’ the 1nﬁerre1at1onsh1p betwee®’ cougses,
" prerequisite subject matter, style of covérage (descrwpt1ve or problem
oriénted), hours of ‘éredit, association with a Tlaboratory course, etc.

" Therefore, the task:folce dec1s1on was to. prepare the extract1ve meta11urgy

o cours&s based on the fo]1OW1ng‘cond1t1ons C

< . — : Lo
- the courses weuld’ be Junior 1eve] et - R

- I ] -

. _- the prereq01s1tes wou1d,1nc1ude phys1ca1 chem1stry

- the courses would be des1gned based on a curriculun that emphas1zes
) extract1ve metallurgy =
LN

- each cour?e wofrid be)twd'semester hours*of cred1t
M T LY .
a" the courses‘would emphas1ze non-ferrous, meta11urg1cq1 processes
. The preparat1on nd results of us1ng each course are descr1bed in the
fo]]oW1ng sect1ons c! ‘s

UNIT PROCESSES IN EXTRACTIVE METALLURGY - PYROMEIALLURGY

]
Un1t°Coord1nator Dr. L. G, Tw1dwe11 Professop—and Chairman,
~ Metallurgy-Mineral. Processing Department,
~ _ Montana Co11ege of M1nera1 Science and Technology

The pyrdmeta]]urgy mater1a1 was the f1rst comp]etedgcourse and has
been the most extens1ve1y used in the test program. The initial drafts

used the concegt that'the sélf-paced resource matérial would be .based on an.

ayailable textbook (A textbook coverihg pyrometallurgical operations was

.not available, A general stext "Pr1nc1p1es of Extractive Meta]]urgy" by

s

‘,v‘l
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T. Rosenquist’ was available. _This text covered, a portion of the proposed . . .

topics; but not by any means all of those selected by the advisory comgittee). .
The coursg'material was. later revised to be' independent of textbook by
Rosenquist. This change was necessary, becatfse both student and instructor.
comments indicated that unnegessary confusion resulted from required readings

s ?fﬁon%twp_§ources in a back and, forth marner. . - Lo

. 63): ‘..‘.‘ s . . R ( ’ “. A \

' A T The pyrometaliurgy course is composed of five modules; thirty

o ¢ Tearning activities (each learnihgcactivity is material considered to. be

< . equivalent to 50 minutes-of lecture material). This is'the’amount of

* . material normally covered in a‘two-semester hour course.
- 3 - -
. ~ \

N
-

v

. _1‘; .; . The first Touromodulés provide the student with coverage of unit
" ¢. operations in pyrometalturgy, i..e., 26 learning activities. The fifth o
) v .module 3is a series of tape-glide presentations of actual plant practices ,
' “’,/ to show the ipterrelationghip.between the préVious]y described (in written . <
ST " text, form) ainit operation} (4-8 learning activities of materials). The «
S, course)materials. include: T ' ) . . ' .
RO € L T .
. ¥ Ya. -Four text-medutes in printed format (the course odt]ine is -
T ». ¥ .presented.jn Appendix 1.): . .
. .. . ' . . , .‘\ i,
Lo e ¢ 1. Pretreatment of Cengentrates .
A\ : . ] , 2. .°Smelting- and Converting . I .
= . 3. Reduction Processes . .
. . - e ‘ 4a‘~Refining of Metallic Solution
] s 4 . i
b b. Eleven 35-mm slide-audio cassette tape programs on example N
: ) o - pyrometa11urgieg1 processes - ) - ’
oo . “:?%} 1. Drying and-Célcinin@‘A : " C o
- . | . 2. Copper Production ' \ A
} ' -1) Conventional Reverberatdry* Smelting (Kemnecott
' .. .~ = Copper Gorporation) ‘ L
<" 72)% Mitsubishi Conginﬁous Copper Smelting (Mitsubishi

Copper -Corporation) o
3) Noranda Continuous Copper Smelting (Noranda Copper
“ oo S " Corporation)
, " 3. .,Lead Production , .
. (American Smelting & Refining Company)

LN +

A 4. Zinc Production

1) Vertica]'Rétort Process . ":5
-~ ) ' (New Jersey Zinc Company), '
d i . ~ +2) Lead-Zinc-Blast Furnace ‘ ' ) \
Q ‘ " . X e (Imperial Smelting Procéesses Limited) °
c e -
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! ‘ 5. Titanium Production {} . o
‘ "+ (Titanium Corporation of America): S
LR ) s Y - \ "
. 6. “Iron and Steel Production o ) . .
;o - 1) Iron Product1on . R & g .
) L , In]/nd Steel Company) ’ >
,‘\\\ 2) Steel Product1on T .
. ! (Inland Steel Company and Un1teg States Steel
) - . 3
RN A €; . Corporation) C s
L ~ 7. Aluminum Product1on e T oo
. . \ (Kaiser Aluminum and‘Chem\Fal Corporat1on, . f
PR § ' Anaconda A]unﬁnum Company, and Alcan L1m1ted)
> .‘ M

~ 4 .. A sixteen millimeter, movie of the Mitsubishi Prpcess is avail-
T e ble Lnot»deve]oped bx this program, but M1tsub1sh1 Metal

P ’ + 4 Corporation has made the f1]m ava1]ab1e for use .in this course)

4
Student 1n$ot into the EQaluat1on and revhs1on of- the courBe matefial
_ s very 1mportant in the evolution of final .coupse materials. Each in-
structor ‘using. the course material was (and is) provided module "and course
‘eva]uatlon «nd comment forms that are filled out by the students These ~

~

forms are of a rather standard .formdt. We have found that the students'
comments are much more instruttive 1f‘$hey are”allowed to respond anonymous1y.
' (Example evaluation forms are presented-in Append1x 2. ) § N
-, e -, S .
v . 7-?}pe pyromefallurgy course has been presented to students maJor1ng in. -
‘meta¥Turgical engirgering and mineral. process1ng engineering at the fO]]OWr ‘
- 77, . ing places and times;'table III., D v,
* TABLE.1II - Use .of Pyrométallurdly Course Material - S
-Place - - - Semester .+ - Teaching Mode . St ents '
s . ~ N
Montana Tech - Spr1ng, 1977 - Self-paced. *uiE 13
Lot ,Spr1ng, 1978 Optiona]: . ’ ,
. ‘ * ., .° Lecture or - e _9 (Se1f-paced) -
. ' ( ' . Se]f-paced ’ . 6 (Lecture)
: . Spring, ]Q79 Lecture - Materials * - 8
) used as text . . S
Spxing, 1980 Optional: - i . v
. ' 2 Lecture or N * 2 (Self-paced)
.o L ‘ Self-paced ) " 11 (Lecture)
Stmmer, 1980 Self-paced - £ 20 . Ik

- ../- ' . . X - _‘ "V'f..
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"Place- ' Semester - Teaching Mode . ‘Students
Colorado School & o
of Mines Sprmg, 19724;%,‘ Self-paced - 63
University of . ' S
Florida Spring, 1978 Self-paced , 14
Drexel ~ _Spring, 1977 '+ Lecture (Materials .9 ’
ST 8 used as text) -
Spring, 1978 ) Lecture (Materials 12
. " ysed as text)
Spring, 1979 . Lecture (Materials™ .~ o i e )'
used as text) 12
University of ' ; -
Nevada fa]], 1977 < \Lecture (Materials
) . . used as supplemental, 10
‘ " handouts) ' .
"\;Nerth Caro11na State N T
University Spr1gg,,3979 Lecture (MaterJa1s
y o R 4, Used as text) . .24

'Un1VErs1ty of

Missouri - , Spring, “1978".- . . |
W . '».' / N ‘;': . R ) i ) PR w 10 . \i ‘
; , 'Spring, 1979 Lecturﬁﬁ&ﬁater1a1s . T o
' Sl L used Qﬁ supp]ementa] 2 o
-~ handouts) o 10- o
Y ST gt >

g 10

The Pyrémeta]]urgy course has‘ﬁ!ﬁ%'bresented at Maf%aha Tech 15
several test modes: The'entire class was required to tzke the course jn

-the self-paced format (1977); the students_selected either.a lecture or

self-paced format (1978&1980) the, course ‘was presepted in the lecture.

.format by.a visiting instructor (1979); the students took the course at- : .
a time when it was ‘not normaT]y offered (summer, 3980) ° -~ - . | C e

.
.y 4
DN

The cr1ter1a for coﬂduct1ng the chrse in the se1f—paced format were‘ L e

: ] " Five modules were to-be covered Dead11nes were established
for completion of each modulé. Testing was not permitted
beyond the established date$;ﬁﬁ§ ’ .

.
e ’ »

—

P
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2. Instructor availability was}assdréd dutPng established
- hours, ie., designated Hours for tutdorial help were
scheduled for three hours per week., However, a limit
was nQt placed on the amount of tutorial time a student
receivey ¥ 4 oo

% 3. Tests werecgiven at the student's convenience. Tests Wwere
\ graded the same day they were taken. Re-examination was
permitted twice, if necessary. “ The grade on the last test
‘takep was the grade on the module. The'averqge module

N grade was used as the-basis for the final course grade.

%

4.. Audio-visua]‘maﬁéria15'were'a1ways available for student use.

-_—

“ )
‘A part of the collected data is presented in Table IV,

TABLE IV-- Result$ of Student Use of the Pyrometallurgy Course: Monjana
- Tech (Self-Paced Format) ,
P ‘ »

Number of, ‘ _ . Average
= ", Learning ' Average Study Time ' Individual
S Module Activities % > - ., Tutorial,
Year ' Number (L.A.) Hours/Student Hrs/Student/L.A." Time
. <. Min./L.AJ

18
5
16
5

1977

SO OYO

o o e ¢« e e o
SO0 N OY N TN O O
N NN —

A e e e

—d oo d d
W — O W 1 W

1978 13
4 .
8
4

—t d d d
W W -
.

NN DN —
o e e o

These numbers give us a guide as to whether the length and difficulty
of each learning activity was proper. We feel that‘two hours/learning
activity isfabout the right length of input time. This would compare to
one hour of in-class Jecture and one hour of outside study for a—®bnventional
course. Jhe averag;/ﬁndividua] tutorial time should be a measure of -
either the difficulty of the material, i. e,, more difficult material will
reqwire more tutorial help, or how well the material is writtgp. A

e

4
-~

Three of the 1977 students declared in their course evaluation sheets
that they would not take another self-paced course if they had the option.
In answer to the question "what.motivated your study," they all answered
*deadlines for completion of each module.” Six of the students stated

Cw
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they would elect to take other courses in the self-paced format and. would
recommend the course to their peers. Their answer to the motivation . )
question was "qg interest in the major field of study." Four of the .
students left thegquestion on t&kipg other self-paced coursées unanswered.
_The course was offered again in thé spring, 1978. The students were
allowed to choose the self-paced format or lecture format. We hoped to-
gain informatidn as to whether choice would effect performance. The
students were_ given. the choice of switchifg from the self-paced mode to
lecture mode at any time if they so desired. None .did so. Nine of

- fifteen students chose the self-paced technique. As seen,in Table IV a sig-

nificant difference in hours of study er tutorial time betyeen the forced °,
self-paced class and the elected self-paced class is not wbted, except
for module 3. The class grade average for both groups was "B".

One of the major advan{gges of having courses in a self-paced format

. is that the course can be given at any time, not just in a specific

semester. We allowed two students to take the self-paced course in the
summers 1980. Data was not collected on study or tutorial time, but the
students comments clearly showed the course a success. One student
received a qgrade of "A"y thé other a "C". . .
, The pyrometallurgy course materials were also ysed at Colorado School’

of Mines in the spring, 1977. The course 4s an elective course in the
metallurgical engineering curriculum. Two professors .and three graduate
students were assigned to the course. The three graduate students were

the main source of tutorial assistance. Sixty-three students were enrolled.

The criteria established for the course was somewhat different than
that used.at Montana Tech. - . ’

1. A1l students were required-to take fhe

course in the .self-paced formats/ Each ° ‘
student was assigned a graduate student for- fgh
tutorial help. R

"2. Module completion deadlines were not estabFished.

3
LY

3.” Special peﬁiods for tutoring were established, but

v attendance at help sessions was‘not required.

4. Tests were given at designated times, e..g., .
Friday of each week, tests would be retaken P
a week later. . }\’ s

9. Attendance at special. lectures was reqlired.
The C.5.M. course was.a three semester nour cogzgﬁ,
whereas the self-paced materials were desighe
-for a two semester-hour course. . :

Apartial summary of results are presented in Table V.

. - " . [}
. - iy 0~ .
:+
. » > \ -
- . R N . s
. . .
. .

-
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TAB;E V - Results of Student Use of the Pyrometallurgy Cou}se: Colorado

A School of Mines:
A ' ' S ' ’ ’
- . ~ Average Study Time "+ - " Average Individual
Module | _ i Tutorial Time
Number (Hrs/Student) (Hrs/Student/L.A.)~ | Minut%s/L.A.
1 : 13.6 e 2.3 : 17
27 1 w5 1.8 T
-3 : 10.9 016 ' 11,
£ 4 - ] ) - . -
¥ The results are aboit the same as obtained at Montana Tech with
respeet to hours/learning activity, i.e., about 2. Tutorial help.is.
similar in trend, i.e., Jonger for modules 1 and, 3" than for 2. .
) ” ~, ' ' . o """\ﬁ,”": -",1 . ;\‘\.. ..
" There was 4 majority of students wha obaecté&;;o their Being required
to take the course in the self-paced format. After-completing module
3, a decision was made’;by ‘the C.S.M. course faqulty to allow the students
to choose themode of"%ngtruction in which they would finish the course.
The reasons Yor this (as expressel_by the faculty presenting the course)
were: Lo
) . i T .3
~gqg.. 1. One of the course instructors is a well recognized speaker
o4 who motivates and stimulates students interest. $tudents
felt they.could learn better from his lectures than from T
thei? own cgverage of the material, especially since their
.tutorial help was given by graduate students. The 4dnstructor .
attracts students intQ}%is courses and some of the students _ -
expressed that they felt cheated by not having more contact
_With him. The students did not know they were registering “for
a self-paced course. \ N
2. Dissatisfaction’éf the students with the format of presentation.
3. Lack of deadTines to motivate ‘some students to cover the material
. rapidly enough: Some fell way behind in the course. :
4. Lack of effective use of tutorial assistance. .
- ’

5. Lack of'previous training and use by the instructors in self-
paced course management.

[}
e

. Ten of the sixty-three students chose to finish the course in the
sel f-paced format. o . -

.The “instructors' comments to the task force were:

’ L .
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1%« The\téxfbook mich too brief in its coverage of- several .
important areas of pyrometallurgy. The module text material
is good for use by the students as a supplemental aid in -
expanding.and explaining®”the text.
2 \ . 4
. ’ . - - - )
N 2. "Self-paced instruction requires instructor training and experience
to be successful. ‘

3. Deadlines must be reduiréd for completion of each mqhule in

L. order to force some students to complete the course. :
\ Hile . Ty . ; . *
' 4, Some ¥Bctures are needed periodically to cover those topics in
< whjch the.student is asked to solve problems.

‘ The developed materials were also used at Drexel University, the
| Umiversity of Nevada, the.University of Missouri and North Carolina
State University to support lecture type‘courses. Their feedback was ,
also very helpful in reWsing the course materials. .-

We have found that the development of the materials for the self--
paced format has been much mofe timé-consuming than anticipated,. because
the courses cou1d%§0t be Tinked to a presently available text. : -

.ur conttusions are that ..

3 o 1. Modular materials in specialized- areas a}e.very useful as
' supp]ementa1 resource materials for students in lecture
format classes. : ’

-

2 : . i .
“ 2. A Self-paced course in pyrometallurgy is certainly possible

. H and- acceptable, but students must know what they are getting
. inte and tutorial help must be readily accessible and
encguraging.

3. The use of tape-slide programs illustrating actual processing
steps’ and equipment are well accepted and important to students

, _ in a course such as pyrometalldrgy. .
- - . :' ~t .
, We suspect that very few courses in.extYactive metallurgy (available
) for national distribution) will be prepared, in the .self-paced format,
. ¢ ) ,

because of several factors: .
1. The preparation of such courses are very #me consuming and costly.

*. 2. Each instructor has his own ideas’ on course content which may
differ considerably from that of the author's.
[$ N w_ . . ' . . N . . .
'3. Each instructor knows' the general knowledge level.of his particular
class., A self-paced course may be too advanced, too &imple, too
theoretical; or tpo'practica] for hj§.particu1ar class.




" ,4 An outline is presented in Appendix 3.
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We do feel that it is important to develop resource materials in the s

s -exfractive metallurgy area. Modularized materials, whether they are -

3

to a teacher in assembling his course presentations.

A,

printed materials, tapes, slides, films, video-tapes, can be a great help

a

'_-Unﬁt Processes in Extractive Metallurgy - Electrometallurgy * e

' Unit Coordinator: Dr. T. J. 0'Keefe
- Professor of Metallurgical Engineering
.- Metallurgy Department . .
: University of Missouri.at Rolla o
- Rolla, Missouri I

The course materials have been developed and peer reviewed. A
textbook is not available that covers thjs material. Therefore, the

- developed materials should be welcomed as resource materials by those
instructors teaching this Subject matter. :

\

-

The electrometallurgy course is composed of six modules, twenty-
five learning activities. The first three modules provides the student
. with fundgmeﬁta] information on electrochemical phenomena. The last
three moduies concentrate on applications toA§]e¢trometa11¥rgica1 systems
D
Tape-slide programs were not prepared for this course. , However,
4iberal usté of photographs, sketches and igures is made.
#. "". N . ‘5{-'. .
. % The electrometallurgy course materialsﬁwéreLnot completely prepdred
“ undit the'spring, 1980. Much of the mateﬁiéﬁ was completed (except /for
the module on Thermodynamics and Solutiop |Cheniistry) a year earlier.
‘That smaterial that was available was used both at Montana Tech an
University of Missouri as.supp]ementalghquoui material {spring,
“"1979, 1980). The course material will be lused this spring (1981} in
its completed and reproduced form al bothbco1]eges. The text mgterials \
will also be .used for a short course to'be presented by Dr. T. AJ. 0'Keefe, )
University of Missouri) and Dr. D. Robinsop (University of Arifona) in
December, 1980. " . ;o

4

THE PHYSICAL CHEMISTRY OF IRON AND STEELMAKING

Unit Coordinator: Dr. L. G. Twidwell
: " "Professor and Chairman :
. Metallurgy - Mineral Processing artment
Montana College of Mineral Science and Technology.
The course material has been developed -and peer réviewed. An Excellent
text book is available, "Physical Chemistry of Iron ajd Steel Manufacture,"”.
by C. Bodsworth and H. B. Bell. This text, however, /is considered advanced
material, appropriate for graduate students who have had an introductory -
course in iron and steelmaking. It ‘does not contaif sufficient information
in certain areas, e.g., refractories, ferroalloys,/environmental concerns.

&M
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inéteqd of two, as are all the other self-paced courses. It consists of

six modules, twenty-six learning activities. .Some of the learning

. activities exceed the_normal one-hour study time requirement specified

earlier.. ‘A coupde outline is presented in Appendix 4.

The principal investigator of this study spent one year with the
Environmental Protection Agency, Metallurgical Processes Branch, -
Industrial Processes Division, Research Triangle -Park, RaTeigh, N. C.,

,in 1979-1980, A portion of the leave period was spent completing the, !,
Iron and Steelmaking Course. The course material has been used for only
one semester (spring, 1980). . ~ N

» - . ' . [, .

It was used as text material %or a lecture mode class (seven-students).’

‘It has been used in the self-paced format by students during-the past
summer. Some revision of content is expected to be necessary as more.
students use the course and supply comments. ‘

UNIT PROCESS IN EXTRACTIVE METALLURGY -,HYDROMETALLURGY‘

Unit Coordinator: Dr. H. H. Haung ]
Metallurgy - Mineral Processing Department
~ Montana College of Mineral Science and Technology

"+ The hydrometallurgy course development was initially assigned to

- Dr. J." Miller and Dr. J. Herbst. However, the course development was

reassigned to Dr. Haung (a former post-doctoral student of Miller and
Wadsworth at the University of Utah) in the Fall, 1979. The course
materials were completed at the end of the spring semester, 1980. The
‘materials have been peer reviewed:and are. now ready for student use. A
course outline f§~pres¢nted in Appendix 5.

-

-

The.hydrometa]]hrdy colirse consists of .seven modules, thirty-seven

.. learning activities. Although the course was planned to be a two-credit hour
- course, the reviewers comments- (and the coordinators agree) suggest.that -

the material is in reality ¢loser to four-credits of materials. The
hydrometallurgy course material will be used as text material® this
semester (Fd1l, 1980) at Montana Tech by 24 students. The results of
their use;wiTl help to properly specify the appraopriate credi&ihour,

VLN A
off, .
]
>,

I
4 »

A

’

4. CONCLUSIONS : .

 The original cdngéptional goal of this project was.to find a _means, .
whereby a 'small faculty in a specialty department, such as the metallurgy-. -

* mineral processing departiient .at Montana Tech, could become more productive.

More productive is used here to mean that a larger number of courses
could be offered by, the same number of faculty members. The term,productive,.

¥
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is not used here to mean that a given course could be given more effectively

to more students. i . &

2

The sélf-paced course concept appeared to offer the possibility of
attai%ing the stated goal. It is the opinion of the principal investiga- \
tors that the concept is valid.and applicable to our situation at Montana -
Tech. In our situation.the courses will be used: :

1. as text materials for iecture courses given at their once-a-
year scheduled times. '

2. as self-paced courses for students who desire to take the courses
at times other than the scheduled time.. This includes the
pos;ibi]ity of a student taking.courses during the sugmer.

3. as self-paced cqurses for interested industgy people who want
to take the courses while remaining on the job.
]

4. as self-paced deficiency courses for entering graduate students.

There are a number of considerations that one shodld be aware of con-
cerning the developed materials. These considerations, I believe, greatly v

. hindert wide-spread use of the prepared materials:

1. IH% courses are upper-level technology-based courses. They are
not like basic engineering, math or chemistry courses that
present. relatively unchanging (or at least slowly changing)
concepts. New technological development (forced by energy needs, "
mineral shortages, environmental regulations) “in the areas of
pyrometallurgy and hxdrometa{]urgy'are occurring at:unforeseen
rates. Updating of Course material is, therefore, required
yearly or, at least, by-yearly.

Prepared materials can besrapidly outdated. An example of this e
is the pyrometallurgy material. This material- was completed
in-essentially its present form in June, 1977. A large bbgy N
of new information-is now available that is presented to our \
students as supplements to the prepared coursg materials.

& R . - vy
It is important ‘that NSF continue and, be encouraged®in its

o A efforts to*develop more realistic infermation distribution

systems than the present traditional pripted text material , .
system. ; B T .
"~ 2. The educational emphas is of/glﬁepartmeht gféat]y influences ‘

what courses and the content! of its courses. N -
'~: . i o . ." R , .
The deve]ophént of approprfate-interre]atighships between : .
courses requires a careful and coordinatéd design of each . -
course. It is, therefore,.very unlikely that departments

= . that have accomplished proper .cuririculum design will be” able

a

. : - -._ ". A . ~“ .
L0 (" . e




to use an entire package of material prepared elsewhere. . .
>+ ,Perflaps, they could use partions of the materials prepared

during this project. This argument, then, is the basis for

our recommendation‘that the developed materials be made avail«

able for ‘review, but be supplied én a Timited basis only.

Those portions that the individual instructor wants to use

-, then can be reproduced by that -instructor from the supplied .
material. - r ~ ~
N -@ -~
5. -DISTRIBUTION PLAN e ..
7

.The proposed distribution plan for the four self-paced courses is
based on the following: :

1. Each metallurgy or material science department has a specific
emphasis in their program. -Most W S. departments emphasize
. the materials areas, eig., only sixteen of eighty-five

departments emphasize extractive metallurgy.
* .o - .

2. .Each department has (or should.pave) developed appropriate
interrelationships between courses that requires a careful
"and-coordinated design of each course within AHat department.
- This means, of course, that a course within one metallurgy
© + -department does not necessarily fit.the neéds of a &tmilarly titled
- _course in anather metallurgy department. . ‘ :
3. Individua] instructors design thefr tourses based on their edu-.
. cational background and’ experiences.., Each sees the needs .
somewhat differéntly" because of that and because they are -
. . =+ aware of the limitations and strong points of their individuaP
A students. K 3 . ‘

4 t

-

- There are_hot funds in the NSF projéctito support reproduction of-

. the developed materials.: The college has provided-the funds for repro-
ducing 200 copies of each course. 'These funds-must be recovered by the
college. Further reproduction expensey, are not budgeted. The distribu-
tion plan is based on“the previous concfusion that some instructors may

. want to-use -a“portion of the?dgjérqped;mdterial,_bqt probabty will want to -: . [
pick and choosewhat they want Tor their'students. ™ - .?‘:_ Ty -
.fﬁg_dist;ibyﬁjon p]én'inb]udeg{' " ".i' 4

1. A ]etteﬁﬁté énn§ﬁnce;thq,ava1]ab1]ity'bf‘%he—four cdursés to. .
™ all metallurgy-material science engineering dgggrtments. Sl

-
=
P

TL 0 E The 1ist wili include all. these departments -spleified in its - o]
Yo Metallurgy/Matérials.Education Yearbook, Edition 19, Ma®; . ‘%&5
¥ .- 1988, published-hy the American Soctety o 5 S
=5 *':f?igéﬁiﬁig;df the"200 copdes on & first-com™ .a.costnot . "
<%0 .£xceéd the.cost of Feproduction, a book handiing fee,» ~™ °

v ""’--“-. ,
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st and a shipping cos¥y,, THedac8 0f purchase will be thé Monta N
. . " Tech Bookstore: T&ﬁt N 3/ reproduce that portion of "~
: the material of intereSt-ttshiser students. Note, however; -

-that a portion of the miterisikMye reproduced from dther ‘
2 .- ", . sources by written perm{ssioeft Péhission for further .~ = . .
reproduction of those mitertahy jpust e gbrained by the _ LI
individuals who wish to -copy”thémdteriale®. . s A
. ) ) T '0“4‘..'." ‘,.. v S - : - -
. 3. Those who order the pyrometafTyrdy-material will,be seh copies &
3 of the scripts for each typ:g-gs"ljdé program. Then, upon - =<’
" - request, a set of ‘the slideS7wi1l be provided that can be
. - . . reproduced and the origing_l*g.'qreturned to. the pyrinciple- .,
~ investigator. Three sets are available to.be sent out, for . ) x
e further reproduction. - ., ’ % ,
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- UNIT PROCESSES IN EXTRACTIVE METALLURGY PYROMETALLURGY

"Course Outline * v

A
-

5Module 1 - R

- PRETREATMENT oF CONCENTRATES

1°F Drying and Calcining.
1. Drying Processes :
© 2. €alcining o : Learning Activity

"1.2 Roasting Processes
1. Purpose
2. Thermodynamic Basis Learning Activity
3. Roaster Types & Industrial Systems X _ .
4, Env1ronmenta1 Considerations V' Learning Activity

1.3 Agg]omerating Processes
1. Purpose
2. . Agglomerating Systems . Learning Activity
1. Sintering . :
Pelletizing

2.
3. Nodulizing
4. Briguetting

-Module 2
L. ———

SMELTING AND CONVERTING PROCESSES

2.1 Smelting N . :

1. Slag-Matte Formation :
' 1. Thermodynamic Basis ’

2. Slag Function ~" Learning. %e

/

~

tivity

Smelting Processes

1. Reverberatory

2. Electric -

3. Flash : . ' Learning Activity

2.2 SConverf1ng

1. .Purpose and Thermodynamic Basis
2. Converting Operation . Learning Activity

Continuous Copper Smelting and Converting
1. Proposed Processes : Learning Activity
2., Comniercial Processes
- . 1. 'Noranda
**‘4**4**2?~'M+tsubish1~—~—*'~ N
{0 3. Top Blown Rotarny Converté}

- 2.4 Energy Considerations

- .

-




.« .

Ml’({_’:(/l' K . -

REDUCTION PROCESSES

Thermodynam1cs of.0xide Reduction -* '
1. Equ111br1um Pressure. of OXxygen i . .
2. “Free Energy - Temperature Diagrams | Learning fcttvtty

LY

te

b

LN

Blast FunpaGes- : . ‘
1. General Characteristics . - S
2.. Iron Blast, Furnace )

. ) ©  Learning Activfﬁy
.3. Lead Blast Furnace. Learning Activity
4, Lead-Zinc Blast Furnace . Learning Activity

Electrothermic Reduction . " Learning Activity :

Module ¢ 2

~ REFINING PROCESSES FOR METALLIC- SOLUTIONS N

Metal- Slag Processes . -0
. Slag - ' . - .
1) Blast Furnace Slags ' P
2. Ferrous Slags Learning Activity 1
Impurity Oxidation :
1. Steelmaking Reactions, : :
2. Nonferrous ‘Metal Purification Learning Adtivity 2 .
3. Deoxidation Reactions .
"Metal-Mgtal, Metal-Compound Processes
1. Dec sed Solubjlity .
2. Immiscidylity
‘3. Reagent Addition . : .
4, Selective Volatilization, Learning Activity 3, 4
4.3 Metal-Gas, Metal-Vapor Precesses ’ ~ ~ I
1. Vacuym Refining , Learning Activity-$
2 Inert Gas Flushing - . o
3. Halide EvDlution ‘ Learning ,Activity 6
4. Carbonyl- ' Learning Activity .7 |

- Module 5 A ’

-~

INTERRELATIONSHIP BETWEEN UNIT PRocsssss- ExéMPLE
PYROMETALLURGICAL PROCESS

¢

5.1 1Iron . W
1. Blast Furnac;iﬁ—ﬂ
2. Refining of Liquid Steﬂb,,




5 & Copper
Conventional Process
1. Revertberatory
2. Flash

'Continubus
' 1.‘ Noranda.
2. 1tsubish1

;‘lead and %‘% .o
1. Lead t Furnace- N

2., Iinc Vertical Retort
) ﬂ}r Imperia& Smelting F"nace

5.4 Alumdnum = .
8.5 Tftanium .

" .

*Each module 4s sub diviged 1nto 1e&rn1ng units apﬁroximately
50 frinutes n 1eng\th S\

iﬂThe student mi]% be i ven a té/;rfollowing each module. He
must score well.an § test or be required to review the
materia] and retake.arndthef: test before he can advance to ‘the
,next module. : f“gﬁ'° ‘{3 . s -~

:

ARy
N .
% .

Each moduie w111 include a set of printed notes and .audio-~
;visual afﬁ&,(tape*sxjde. f11ms. v19e6 tapes, etc.).




. % ) ]
. page - . e ~
‘ " APPENDIX 2. USER UNSTRUCTION AND EVALUATION FORMS . ' -
1. Course Management Instruction {Attached Form). J
. e 2. Evaluation Forms S ‘
. Student Information Form .
: 2. Module Information Form | . :
o . "3, 'Fina't Evaluation Comments ‘ ‘ ] o S
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‘ ‘ "~ COURSE MANAGEMENT ‘ J

a
O

s

The course in py%ometa]]urgy is 'a two credit (semester)
hour course. . It is made up of five modules, 1.e,, groups
of 1earn1ng act1v1t1es. Each ]earn1ng act1v1ty is the
material that 5 lecturer could cover in one hour There
are 24 1earn1ng activities, in the first: four modules.
These  are presentations on unit processes. and background e
material required to understand unit processes. \ |
A normal .two hour course _contains .about 32-34 class k
periods. In this course there are 24 1earn1ng activities ‘

“and about ten one- hour industry presentations.

Course management is an important part of the self-paced )
format. Tutorial interaction between instructor and student
is to be encouraged. .At present we are allowing a great
deal of flextbility in how the mater1a]s are used and presented
We know that if you simply give the students the materials -
and let them go study on their own completely, the 1earn1ng ,
experience will probably be a failure.. MWe do know the

'follow1ng from the experiences of others:

1. There must be a deadline*for comp]et1on of each i
modu]e If not,‘students push the" mater1a1s as1de th1nkfng ‘they-
can cram and do it all near the end of theqsemester. The
students must have time goals and if they don't stick with
the goals they should ‘be asked to withdraw from the .class.

- 2. There must ‘be spec1f1c scheduled times when the

'instructor is available for individual consultation. ‘§tudents g
. should be encouraged‘to use this contact time. s
3. Audio visual materials should be readily ava11ab]e, prefer- . -

ab]y used in’a room'designed for ,that purpose. The students

. can't tak% the tape- s]ide presentat1ons home. We cannot supply

enough copies to, a]]ow this.
4. The student must cover the text mater1a1 before they

_cover the other material. Otherwise, they are not going to be

ab]e to fo]]ow the presentations.

¥

, ' S
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54 ‘Students should be encouraged to study and work '

problems together. .
6. Testing can take several fqrms and the’instructor
must decide what is proper for'his c1ass.
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COURSE EVALUATION DATA

Student Information

-

-~

- oo Please answer the:fo11owing questions by fii]ing in the

appropr1ate blanks. This data\wiTT'be vreturned to Montana
Téch for stat1st1ca1 evé]uat1on and will not 1n any way affect '

your grade in:this course It is 1nformat1on to be used only
- 4 . -
for course evaluat1on. - »
. .-0

-~ -

1. My cumulative grade point average at the beginning of this

. . " semester Wwas ----- SELELEEETITE e el
[ w
2. The number of cred1ts I am tak1ng this semester 1s -
3.. My age is. --------é ------ ;-----;----------4----;-- .
i \ .

For each of the_fo]]owing items‘ place an X in the approprlate

’, . y’ ----- N SN

b]anko Y ’ e
4T For me this course js ------------ Required . E1ect1ve .
B, L am meeeeeen- “emed e cendaana Male Female . .
. . . K I — -

R ) - ) ' 'S \ - .
- - 6. My major-is: Chem1s¢ry—‘——Engwneer1ng Eng11sh ‘Geo]ogy oL T
‘ H1§tory~ Mathematics- Other L

7. The ‘grade I'expect in this coprse'is:'A B o D

o \F_-_ PASS

L

@ -

8. I am at Freshman _. _ Sophomore . Junior Senior

Graduate ST R I S

e
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COURSE EVALUATION DATA"
‘Module Information
‘Module 1

’ ‘
R . ) *
y Student Number . \ ’
. — |
When did you comp]ete the test for this module? ' .
. A
What was your grade7 ‘ - . ' \

Did you retake the test?'

Estimate the amount of time you spent to cover the,

_material hours.

Did you study~salone? .

Est1mate the amount of" t1me you used tutor1a] help _hrs.,

Do you have any suggest1ons or comments on. the squect

material covered in this modu\e? . .

LY




Final Evalubition Comments

Student Number

1. When did you complete/the course?

2. ﬂhat\was your grade?
3. Comp;ré this course/'with other eng1neer1ng courses you
have taken (circle the apprOpr1ate number)
a. interest level N
least inter~§ting 1 2 3 4 5 mo;t interesting
b. di%ficuTty A
| easiest / 1 2 3 4 5 most difficult
. c; time: consuming
s ‘ - least tfime required® 1 2 3 4 5 ‘most time(requirgd
4. Would you/recommend this course to othgr stﬁdents?
5. Estimate the aVerage°number of hours per week you spent

v

o e~ = Hstudying for this course.

6. For twp hours of credit, waélthe time required dbout
right? L
too Tittle 1 2 3 4 5 . foo much

-

7. Ra e ygur learnlng in this course against all other -courses .
> ”"\\‘:‘\

YOou have taken in co]]ege s? far. . e

4

a. What motivated your stud%? -

L]
P Y N

» |

SRR - b.l Nhat'detqire&:yoqr study? . . )

/¥ teast 1 2 3 4.5 nmost. -
- \K . .
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. 8. wou}d you take another course %n‘the'self-péced format?

-~

- - .

’ yes or no '

.78, Gene ' ' |
_— . eneral Comments. ~ ; .
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- ‘ 1.2 Hecwochemcal C?Hs TR oo oo T Learding Activity 2
. « 1. Cell Types i o I T . C ' . . )
. T . 2. eIl Conventions . ¢ 1~ - v ) .
o 1. Galvanic: e . . ‘ ,"
2. F]ectrcﬂ_ytm T ) | ° .
) 3. Faradays Law-- o ‘ S . .
1.3 Materials Aspects oF E]ectrometa]]urgy " Learning Activity 3 .
.- la lIntroduction ) o . . -
2. Engineering Requirements of Matema]s SN _ S :
3. Structure . &
N . N - ’ . . ~ "Q o
v Y _ " Module 2 _ ’ )
o THERMODYNAMICS AND SOLUTION CHEMISTRY -,
.24 1.hermodynmmcs . . Learning Activity, 1
1. -Introduction ' . L
i o - 2. Reversible Electrode Potentials . N i
. 3. Chemical Equilikria .- . y -
) 4. Electrode Potential . - ’ .
~ 5. Cell Reactions- . . .. L
>, Gujdelines and Rules for Cell Reactions . - . T )
/. Concentration Cells’ ' 4 LTS . 3
) _ 8. E]ectrode'Potentiéﬂs--Sign Conversion © :
\ ‘ - ‘
s 8 2.2 J rmodyna}mc Ethbmum Diagrams ' " v« Learning Activity 2 )
N “ V. Introduction . ’ ’
- 2. C(lasses of Reactions - ces T
o 3. Construction of Pourbaix- D1agrams
] . 4 .g Conventions for Writing Reactions ) -
. 5.*Samp1e Calculations - . Coe
. 6. Reference Electrodes R - \_,
¢ "7. Activity and Activity Coefficients ) — =
‘8. lonic Solutions ‘ ) ~ '
’, , 9. Solutions Near Electrode Surfaces ) - ., -
. / y ,
r | o '— ‘ - ‘ CoT .
| A\)‘ “ - '. IRRRNE-FY e ’ ‘ 30’ B . . ) » .
ZERIC. - ™ o C.o ‘ L '
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S - . - 7203 sSoiurion Chomistryv: Jlonic Conduction

o DT Tl Resistivity and Conductivi gy :
R e : 2. Ion:p Migration and franspdrt Numbers

R > . Tonic Mobility and Diffysion Coefficient
. Ry et Q. MLasuremonl of Electrolytic Conductance

o - /‘~§::4 Solution Chemistry: Theo'i‘y Eof'E]ectrolyt.i\c

.- L= ® Conductance - . _ ‘
x . 1. "Classical™ [heory of Dissociation
T 2. Debye-Hiicki1-Onsager Theory ™ @ . i
. ; —
A, B B ModuZe 3 g
KINETICS : v
- 31 Po]ar1zuu1on of So]1c Electrodes
' 1. What is Polarization? - i
2. Polarization Curves and Their Measurement
3. Irreversibip Characier of Polarization ., g N
4. Different” Types of Polarization ;
;- 3.2 Mass Transfer Polarization : o /.fLearning Activity 2 7
1. “Transport of Ions by Migration o
: (. 2e Transport of lons by Diffusion : 3 -
. 3. Transport of Ions by Convection o
4. Potarization Caused by Slow Mass Transfer s
. 5. Metal]urg1ca1 Examples . ' 3 .°
. f . - “.Q . o .
\ \\\3\3 Convﬁct1ve Mas s Transfer “ v Learning Activitg 3
A 1. Natural Convection ot . 3, _
. 2. Torced Convection . . N . .
3. Unhanced Convection in Electrowinning ly
BN 3.4 Charqc Transfer Po]ar1zat1on b S Learning Activity 4
- ‘1. “Model .- S ’
° 2. Equations- o -, ¢ °
N 3. Metal Deposition . 5 . e
" 4. Hp Discharge on Metals A .
S 5, 02 Discharging Electrode, - el .
' 6. Cly Discharging Electrode e . ; ,
(_ 3.5 T[lecltrocrystallizatian . f_‘,-z'-' - ¢ Leag’ning Activity
- 1. ELlectrode Potential .° . g§\ - .
- 2. Current Density . T "
3. Temperature and Ion Concentrat1on o . ¢ -
4. Ac1d1ty . 3 . ’ v
5. Mechanical factors L .
6. Metal Substrate .
“ - . / * 1 -
R N N N a . &
R - . ‘? i b 1 . - . H
- - - . ’
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I i , -




%o,

" s

.‘/‘

.
. .
. . h
[ 4 » 4
L
. . .

4" . Module 4 - . .
" INDUSTRIAL PRACTICES\l'~—EXTRACTION .
. . ‘. e .
4.1 P.dnL Equipment . . ) £ . Learning Activity I :
1. Primary (ons1derations ) ' )
« 2. Electrical Lquipment : '
3. Mechanicai Fquipment o
4.

Electrolytic Solutions

4.2 Electrorefining .
1. Purpose of Process . o
2. LElectrochemistry ‘
3. -Considerations in the Design of Equipment

’ . £

4.3 aPractica] Llectrorefining Processes

1. Principal Impurities .

2. Major Objectives ~ , ° .
3. The Roie and Control of Add1t1on Agents

4. Special Cell Des1qn

5 S1€? and Cost of Commerc1a1 Operations,

Y

4.4 ‘Electrow1nn1ng
1. Purpose
2. Cathodic Process .
. . 3.. Anodid Proucess ! .
Solution Mixing
. 5. Coritrol of Acid Mist ~ .

0. Prob]ems *‘of Heat Generat10n

4 5 Practnca] Electrow1nn1ﬁq Procésses
~"Metal Recovery and Size of Operations

*

2 -Chemistry and &]ectrochem1stry of the’ Z1nc Cell
3. "Cathode Mnterlgiéﬁ
g 4. Anode Material ',/
b, Cel Design Ccns1derat1on y .
_ ‘ T
4.0 Cemenlation . C ) .
" . 1. dntroduction . 2
2." General Aspo(ts - 1§ /
3. Cementation React1on echanism
* 4., Kinetic Aspects of Cementdt1on Reactions
) 5. Deposit Effects
P 6. Inf]uencc of Impurities on Cementation Kinetics
e 7. Outline of a Typical Laboratory Cementation
Study . .
8. Plant Methods and Equipment
A Referenqes . /- <o
’ / ' /? ‘ ; -
. / / e
\ / ’ .
~/ / s ¥
. . /‘
‘ // £ / L 1
- // // y

. Learning Activity ¢

Learning Activity. 2

Learning Activity 3 '

&

N * \

’

Ledrning .Aetivity 5

Learning Activity 6
; -
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5.1

e,

5.3

5.4

5.5

6.1 QSubétrate.Preparation and Sele¢ti

"

Corrosion Principles
1. .Introduction.

2. E]eé%rochemistry
3. Thermodynamics _
4. Corrosion Rates
Forms of Corrosion

Effects’ of Certain V

00N O R —

R

1.
2.

3. Influencing Factors

Mineral Acid Environments
1. Introduction

2. Sulfuric Acid

3. Nitric Acid

4.  Hydrochleric Acid
Re}erences

.

Uniform
Galvanic

. Crevice -

Erosion

Pitting
Intergranular
Selective Leaching
Stress Corfosion

-

Modyle 5~

CorROSION OF METALS

Y a
S
-

=~/

"

.
ariables in Corrosion”)

Calculated Corrosion Rates
Mixed Potential - Applications

©.

T

1

— -

r.

-

1

Learning Activity 1

<

e /

[

Learning Aetivity 3

L d

Léarning_Activity 4

INDUSTRIAL PRACTICES 11--ELEATROPLATING AND FINISHING

1.
2.

JIntroduction

on of Coatings

Preparation.of.Surfaces

3. Selection and Types of goatings

.
6.2 Characteristics of Plated Surfaces and Their - .
Evaluation :
1.
2.

/

6.3

M
1
2
3
4

o

Coherent Deposits
Uniform Deposits

S+ N
3. Electrolyte Quality Testing :E&i

etal Plating Systems

.
.
.
-

Aqueous Plating Baths
Complex Igns in Electroplating

Strike Solutions

/.

- @

[

. Common Electroplating Systems

.

Learning Activity 1 (:::
. L

.

-
Learning Activity 2

U

t

Learning Activity 3 *

Learning Aetivity 2
| ng 1oity _//
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" PHYSICAL' CHEMISTRY OF IRON AND STEELMAKING

Course Outline * .

Module 1 -
—_——

PQQSIQAL CHEMISTRY OFXREDUCTION PROCESSES

\

1.1 Revié\\Bf Thermodynamics ) )
1. Thermodynami¢ Terms and Definitions Learning Activity 1,
2. First Law of Thermodynamics . »

1. Energy - ° et
"2, Enthalpy ° , L .
- 3. Heat Capacity .ot

3. Thermophysics ' o= T
4. Thermochemistry ' - . Learning Activity &
I~ Heat of Formation .
: 2‘\\Heat of Reaetion "

3., Temperature ‘Effects

Second and Third Laws of Thermodynam1cs

1. "Second Law

2. Third Law .

-3. Entropy Change with Phys1ca] State

4. Entropy Change with ChEm1ca1 State . . .

Free Energy .. Learming Activity 3

1. Definition and Der1vat1on N S e ' .

2. Chemical Changes . .

3. Temperature Effects*® ,

1.2 Application of Thermo ynamics to the Reduct1on

L]

y 4

-~

Process 1 - ; ‘ ! Learnzng Actzvzty 4
] . il

2,
3.

‘1.3 Physical

Free Enérgy Dia : . ,,
Reaction Spont eity -
Fe - 0 i C Phage Equilibria |

mica]

Blast Fugpnace’

J/\\T"'Boudouard React on.

- 2.

JThe Blast Furnade®™

1.4 L1st of Ref%ﬁ$nces ahd"Data Compilations
. R
. Module 2 ' . ¢

PrystcAL CHEMISTRY OF L1quio: Irol AND STEEL
. . .’ . . A, .
241 ,Thermbdynamic Properties of Metallic . : Nt o 4
" Solutions: Theory i T Learning Activity 1

9

.. 1. Ideal Solutions .
& 2. Real Solutions
3. Change in Standard State

‘4. Solution Interactions

o

v

L4




¢, - o N ’
2.2 Ref1n1ng React1ons in Liquid Stee} Solutions Learning Activity 2 .
14 +Carbon Removal - . | : ~
. 1. Thermodynamics _ )
: . 2. Carbon Boil ‘ . . -
’ Z. .Hydrogen.and Nitrogen Remdval ‘ Leayning Adtivity 3
S e " 1. Hydrogen - oo . : Lo -
et e 2. Nitrogen * . : Ty - y oo
LT 3. Special’ Techn1ques . ) S
ST 3. ‘Deoxidation ‘ ) " - Learning Activity 4 .
R 1: Soljid Deoxidants . ot e, o '
’ \ . - 2. .lInert Gas F]ush1ng ' N
: - 4, 'Dgsuﬂfur1zat1on . . ,
: . *».. " 1. Thermodynamic Properties ° . ‘ e
o .77 2. Special Removal Techniques | \ . o -
: o 1. Sulfur Containing Gases i
" -2. Sulfide Formation , .
e’ -« - 2.3 Summary of Refining Processes’ " ‘ ' Learning. Aetivity §
- o 1. Basic Oxygen Process : |
e .. ’ ‘1. Top Blown Process - L3
2. Bottom Blowrf Process
- "™~ .2. Electric Furnace Process © 7 Learning Activity 6
- “=. _ 1.. Chromium Stainless Steel D
& 2. Argon Refining of Chromium Steel
2.4 References . : : . . i
e 2.5 Appendix: Interaction Coefficients for Steels _ ‘.
& - ' " . Module 3 -
« ' W ¢ ) . '\.’
R PHYs1cAL CHEMISTRY. OF SLAGS AND REFRACTORIES
- 3.1 TGeneral Role of STags : - ~n ’
T 3.2 Phys1ca] Chemica¥ Considerations -~ ' ' Efffjing Activity I .
. " 1. Blast Furnace Slags , e e s , _ : ,
2 .. 2. Steel Refining Slags . . t : . '
2 1. Basic Electric Fdﬁﬁgée S]ag§ 7 Learning 4ctivity 2 .
B _ 1. Sulfur ‘
2. Phosphorus : : L .
3 2. Basic Oxygen Steelmaking- S]ags . Learning Activity 3 °
- .+ 1. Phosphorus ' ) .
A 2. Sulfur ;o . - L ‘ .
) ¥ o 3. Oxygen * . - . v o
3.3 ‘Refractories e Learhing Activity 4 -
1. Refractory DeveTopment o ) . -
, 1. Acid Refractories ] . .
N 2. Basic Refractories | Co . A
- < 2. Refractories for the Steel Industry . Learning Activity &
1. Coke Ovens . o ' -
- 2., Blast Furnace ; T
' 3. Refining Vessels. - ‘ :
.y - i -
o Ve .
° .,,,: o )
TRl RS -y 4 1 [

. : A <+ S “ = . ,
N = . UG »..{....q.}{.i}.“" s e e ammed o - PR - c e L FE s wme s s ’ —
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1. Electric Arc “\ b
2. A0D- .
3. BOP
4. Q-BOP

4. Others:

P

Vw

... - 3.4 Slag-Refractory Interact1ons Learning Activity 6
\ 1. Blast Furnace , ’
2. Refining Slags
, 1. Magnesia Refractories
2. Chrome Refractories L
3. BOP - Learning Activity 7
1. Slag - Refractory |
. 2. Ecbnomics T * .
3.5 References !
i
| Module ¢
| -~ Sectep Topics:- Part [
P PELLET1ZING, SINTERING, CoLD BOND AGGLOMERATION
4.1 Pelletizing ' , Learnzng'Activity 1
. 1. Green Pelletizing )
1. Fundamentals . N . .
2. Drum Versus Disc Processes - ' °
2. Indurating . ~
1.  Fundamentals - i
2. Equipment . _
4.2 “Sintéring T |, Learning Activity 2
1. Introduction r e
2. Sdigtering Characteristics - &
.3. Briquetting | :
4.3 Cold Bond Agglomeration, Learning Activity 3 .
-1.+ Carbonate Bond Process : 72‘\\\ :
2. Cement Bond Processes
3. Hydrothermal Processes J
44 References .
£y
P ‘ . '
. o o Mbdule 5 e o
- P SELECTED TOPICS‘ ParT LI -~ " .-

DIRECT REDUCTiﬁﬁQ,CONTINUOUS STEELMAKING, OXYGEN PRobucT 10N

5‘; !
g
5.1 * Direct Reduction i;énmak1ng &
1. Introduction - .
Y- 2. Gas Reduction .
: . 1. Fixed- Bed Pr cesses * .
2 '

N

' Learning Activity 1




. F?\*H1zed Bed Processes °
3. So]1d Reduction
4. Product Sizes

Continuous Stee]makﬁng
1. Spray Process
2. Cont1nuous Refining in a Meta1 Bath

Oxygen in Stee]mak1ng
- 1. "Uses in Steelmaking
2. Oxygen Production

3
~

S
Module. 8

e

SELECTEb Topics: + PART 111

FERROALLOY PRODUCTION

[}

Ferroa]]oyé and Their Uses =
1. Ferroalloy Products «
2. Ferroa11oy Uses 1n theASteelgjndustry

4

Ferroalloy Production .
1. Production Methods
1. Thermodynamics

1+ Ferromanganesg‘
2. Ferrosilicon
2. Furnace‘ggpes -

6.3 Ferrodlloy EmWSs1on Control
1. Air Emissions
- 2. . Wdter Pollution
3. Solid Wastes ?
4. Organic Emissions

6.4 References
N X

Learning Activity 2

Q
.

-

.Learning Activity 3

Learning Activity 1

//

v
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UNIT PROCES‘SES__IN EXTRACTIVE METALLURGY—'HYDROMETALLURGY/

Course Outline \

\ -
- ModuZe 1 .

- N 0 LY
)

“\\\;\—;——(/ - FUNDAMENTALS - SOLUTION CHEMISTRY '
.1 Introduction ] - Learrnng Actszy 1

1. Liquid State

2. Structure and Properties -of Aqueous
Solutions

3. Stability Relations .

4. - Reaction TypesC . o .

¢

¢ 1.2 Act1v1ty - Concefitration Re1at?onsh1ps A < Learning ”t@vity'2
1. Definition of Standard State ‘%7§\};§c : -
2. Mean Ionic Activity - Individual Ionic e
' Activity
3. Estimating lonic Activity Coefficients ,
1.3 Complex Equilibria : - Learming Activity 3
1. Complex Ions T K
2. Stability Constants - i "\
3. Distribution of Species ! , .
4. Computer Program for ‘Solution Equilibrium Léarning Activity 4
Calculations .

3

1.4 0x1dat1on-Redué%1on Reactions . : ' Learning Agtipity_S, 6
1. Convention - U L -7 ’
2. Electrochemical Phase D1agrams ?
,3. Append1x

o -

oo ‘Module 2

FUNDAMENTALS - Mass TRANSFER AND REACTION KINETICS

2.1 Introduction . arnzng Actzvzty 1
1. Classification of Reactions ‘
~ 2. Def1n1tfon of React1on Rate

~ 2.2 Homogeneous K1net1cs
taw of Mass Action
. Theor{€s of: Rate . :
Catalysiad - . . Learning Activity 2
Reaction Order from Batch Reactor Data .- & T
Suggested Readings . . - - 5

2.3 Heterogeneous Kinetic§ - ‘ . Learning Activity 3
1. -Reaction Steps and the Rate’ Con- . T
trolling Step ,‘ o
Transport Within Phases . v\ .
Kinetics_of Adsorption React1ons .

React1on of the Interface P Learning Activity 4

-




‘e

P

5. E]ectrochem1ca1 React1on on an E]ectrqde

. -Surnface *
' 6. 'Rate Equation for Heterogeneous Reaction -
: Flat Plate Geometry,. ¢
. 73 Fluid-Particle.Reaction Spher1ca]
Geometry . '

8. Suggested Readlngs -

2.4 Rate Phenomenon in Hydrometa]]urg1ca1 Processes
1. Dissolution of Metal by Spinning Disc ’ '
' Technique
2. Dissolution of Oxides

' 2.5 References .
£
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* LeAcHING SYsTEMs FUNDAMENTALS

3.1 Particle Characterization

1. Particle Size '
2. Particle ‘Shape _&
3. _Shape Factor ) ,
% 4. Particle Size'Distribution’ .
5. \References .
3.2 Hydrodynam1cs and Mass Transfer for a ’
Packed Bed \

1. Flow Through a Packed Béd .

2. Mass Transfer Between Fluid ‘and Solid
in a Packed Bed

3. References

3.;f Dump and In S1tu Leach1ng Practice
~% 1. Introdyction
- 2. Leach1ng Systems -

Learning Activity 5

Learniﬁg Activity 6

Learning Activity 7°

©

Learning Activity 1

Learming Activity 2 »

-

. 1. Conventional Leaching Pract1ce ' L
- 2. Solution Mining Systems .
/ '@. Rate Processes i
. ‘1.7 Leaching of Sulfide Ores .
> 2. lLeaching of Oxide Ores ‘ :// -, -
4, ferences .
Reférence o ;/ .
3.4 Agitation Vesse]s . .‘ / Learning Activity 3

.. 1.™ Introduttion . .
/2. Adir. Lift"Agitation M1xer /..
. - }. Types of Pachuca Tanks Q/
. 2. Selection pf PachucaﬁTan,
3. Scale-up Parameters /o ﬁé
3. fImpeller Agitation M1xer / b
e 1. Tpellers Lot
. . 2. Flow Pattern in- Impelier Stirred Tank
; 3 Energy Dissipation and Power Character-

L " istic of Stirred Tank ,
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4. Suspension of Solid in a Stirred Tank
5. Mass Transfer to Part1c1es in Agitation
“Tanks \ -
4, References _ .
3.5 Reactor Design i Learning Activity. 4
1. Types of Reactors . : ' L. '
2. . Design Parameters . hu
1. Review of the Kinetics of. F1u1d
Particle Reaction |
2. Concentration of the tixiviant
° 3. ModeTing and Design for Continuous Leaching - L <
: Systems - J. A. Herbst .
1. Symbols and Notations
2. Description of Governing Equations

i‘,

. 3. Results from Computer Simulation ‘L e
- 4. Design Work Sheet and Example LS
- 4. References e ' B
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\ ; ARS I ¢ &
&, % ) ) . . -t
.- ~ PHASE SEPARATION . FEERE
. . . -.s',,'«} N
. 4 T Th1cken1ng . - Learnidflg Aetivity 1
. 1. Introduction (- “
2. How a Continuous Thickener Funct1ons é =
3. Elements of a Thickener _ : )
4. Some Factors that Size Cont1nuous - .
Thickener Basins - ’ o
5. Practical Mill Design Cons1derat1ons for ’
Thickeners , .. {
6. * Major Factors Inf]uenc1ng Th1ckener )
- Design o ' - . w
. . ‘
4.2 Fﬂtermg . Learning -Activity 2.

1. Introduct1on Lo o
2. Types of Continuous F1]ters ) ’ o . o
. 3r Applied Theory of Cont1nuous Filtration .- D
Scale Results
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LEACHING OF METALS, OXIDES AND SULFIDES

5.1 Overview ) : - % Learnzng Actzvzty 1
o 1. Introduction ' v .
2. Leaching Methods and Equipment A - &
3.. Thermodynamics of Leaching Reactors _ ")
4. Leaching Kinetics ° A . d L
5.".:References . iy | .
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5.2 Leachi
1. G

]>

ing of Metals

old Cyanidation

Chemistry and Mechan1sm of Cyan1de -
Leaching of Gold .

2. Gold Cyanidation Practice

3. Conventional Gold Cyanidation

4. Carbon Adsorption and Desorption

. Process
5. Electrowinning
6. Cyanide Heap Leaching of Go]d Ore
- "7. Cortez Heap Leach Cyanidation. -

- 2. Leaching of Metallic Copper

1. Chemistry .

2. Practice ¢
Z 3. References

5.3 Leach1ng of - Oxides

-

1. Thermodynamics and K1net1cs
2. Leaching of Uranium Oxides
1. Hydrometallurgical Process for
Uranium Oxides 7
2. Acid Leaching of Uranium Oxides-
3. Carbonate Leaching of ¥ranium Ox;ges
3. Leaching of Bauxite--Bayer Process - -
4. Leach1ng of Nickel Oxides x,
+ "1. General Cons;deratlons
. 2. Digect Sulfuric Acid Leach
v, 3. Reddctive Roast1ng/Ammop1aca1 .
) Leaching O
4. Sulfidization Process -
5. ‘Leaching of Ocean Mangan€se Nodules
" 1. General Considerations
~ 2. [Kennecott Cuprion Procéss
6., Leaching of Copper Oxide - 7
. 1. ~Leaching Methods S
° 2. In-situ Leaching
. 3. Dump Leaching
4. Heap Leachmg ﬂ .
.. 5. Vat Leaching
> o - "6, Agitation Leaching I
.* 1. Referencas . . -
. .7
5.4 Leabh1ng of Sdﬁf1des . .
. T: Introduction - " &
1. Thermodynamics .
2. Kinetics ‘. :
2. Leaching of N1qke1 and Cbbalt Su1f1de
‘ Minerals °.
« Y. - Ammonia 0x1dat1on Leach1ng of Ni- Coﬂ
Sulfides
. "2. Acid Leaching of N1cke1 and Cobalt‘
N Sulfides ¢
.3. Leaching of Copper-Nickel‘ Matte
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3. Leaching of Copper Sulfides- Fundamenta]

Studies

1.° Sulfuric Acid Leach

2. Ammonia-0Oxygen Leach

3. Ferric Chloride-Leach e

4.0 Nitvic Acid Leach 3

5. Cyanide Leach  «#

6. Microbiological Leach

7. Electrochemical

4. Leaching of. Copper Sulfide- Processes

-+ .1. Roast-Leach-Electrowin Process -

2, Ammonia Leach Processes

3. Ferric Chloride Leach Processes

4. Acid Leach Processes

Leaching of Other Sulfides
1. Roast Leach Process for Zinc Su]f1de
2. Direct Leaching of Zinc Sulfide

6. References ‘
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6.1 Solvent Extraction l
1. Introduction .
2+ Characterization of ELtract1on React1on
** 3. Extraction Chemistry

4. Solvent Extraction SyFtems s

Ton Exchange |
"1. Introduction
2. General Principles
1.. Chemical Compos1t1bn and Stru ture of
Resins \
2. Selectivity of Ion Exchanger
3. Kipetics of Ion Exchange Reaction
3. Hydromesallurgical Applications

I

3 1. Uranium Extraction--Chemistry of
- " Adsorption and Elution e
2. Uranium Ion Exchange--Processes and
" “Equipment -

3. Extraction of Other Metals
4. Separation of Metal Ions
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' . Module 7.

. ME'LAL RECOVERY

Gaseous Reduction in Aqueodus 501ut1on
i. Hydrogen Gas Reduct1on

PR Other GaSes
7.2 - mentat1on

7.1

. Learning Activity

SOLUTION CONCENTRATION AND PURIFICATION - ' .
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.~ Introduction

Theory -

Initial Concentration
Temperature

Summary

Introduction =

Sample Calculations *

Electrowinning of Copper -

1. Electrowinning Reactigns

2.- Cell Voltage and Energy Consumption

3. Cathode Current Eff1crency Interfering
Iron Reactions

4. Purity of Cathode: Behavior of

- Electrolyte Impurities

5. Electrowinning Tankhouse Practi

6. Special Problems of Solvent
Extraction Electrolytés .

7. Recent Improvement in Electrowinning -
Procedure

\§< Summary’

Electrowinning Plant Practice
Purpose of Process - g . .
he Cathodic,Process . > y
The Anod1cfProcess
SoTutjod
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Problems G¥EUHE at Generation + .
Metal Recovery ‘and Size of Operations ' -
Chemistry and ElVectrochemistry of the Zinc Ce]]
. Cathode Materials . ]
10. .Anode Materials - éﬁ
11. Cell Design Cons1deration§

1

2

3

4. B . .

5. Contro¥ c"i‘i‘? el Mist T . R

5 .

*

8

T

a

lectrolysis . ' T . Learning Activity 8
- /1
Learning Activity 4




