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I N T R 0 D U C T I 0 N 

After several Group Trainings held on behalf of UNIDO 

in Budapest, Hungary on Alumina Production for par­

ticipants recruited from developing countries all 

around the world, -recently it was decided to organize 

a similar training directly in a developing country. 

Also, the scope of the training had been enlarged as 

compared to the previous ones, including problems of 

aluminium electrolysis, too. 

In accordance with the contract 84/102 ALUTERV-FKI 

carried out a Group Training in China on Alumina 

Production and Aluminium Electrolysis. The activities 

consisted from two parts. 

Firstw th~ Contractor had •o organize home office 

support services for the prep~ration of the project. 

Second, a team of the Contractors personnel had to 

go on mission into the project area to implement the 

project. 

Having completed both p~rts of the project the present 

report gives account of the relevant activities and 

the results achieved. 

Budapest,1984.12.14. R c-i p(; 

Dr.P. r.do 
team Leader 
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A B S T R A C T 

The PROJECT could be accomplished successfully, 

thereby contributing to the fulfillment of the aims: 

I. to incr~ase the national capability of the 

People's Republic of China to assess and eva­

luate their deposits ~nd improve their know­

ledge of technologies for alumina production 

and aluminium electrolysis, 

II. to increase the awareness in China of energy 

saving possibilities in alumina production 

and alumi1iium electrolysis and of environ­

mental considerations. 

The conclusions dr~wn after the completion of 

this first Group Training in a developing country as 

well as the recommendations put forward might be 

applied usefully in other trainings planned for the 

future. 
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THE GROUP TRAI~ING IN CHINA 

ON ALUMINA PRODUCTION AND ALUMINIUM ELECTROLYSIS 

held in ZHENG ZHOU, P.R. of China, from 29.10.1984 

to 07.12.1984. 

The United Nations Industrial Development Organization 

/hereinafter referred to as "JNIDO"/ in response to a 

request from the Government of the People's Republic of 

China I hereinafter referred to as "GOVERNMENT"/ has de­

cided to provide assi3tance to the GOVERNMENT in c~rrying 

out the project entitled "Group Training on Alumina Pro~ 

duction and Aluminium Electrolysis" / hereinafter referred 

to as the "PROJECT" / in China / hereinafter referred to 

as the "PROJECT AREA" /. 

UNIDO engaged ALUTERV-~{I / hereinafter referred to as 

the "CONTRACTOR" / to provide services and carry out the 
PROJECT. 

Preparatory work for the Group TraiI".ing / the PROJECT /. 

Within the PROJECT the CONTRACTOR's personnel prepared 8 

detailed training progr~mme which was accepted both by UNIDO 

and t~e GOVERNMENT. A copy of this programme is attached 

to this report as Appendix I. 

A training kit was prepared by updating, typing, printing 

of four teY.t books used alre~dy in earlier group tr~inings 

of simila& character and ~lso four new volumes which were 

especially written for the present PROJECT under SSA's con­

cluded with the individual authors. 

Another p~rt of the tr~ining kit consisted of slides, a 

videorP-cord with videoscript for audio-visual presentation 

on "Energy and Environment in Bauxite Processing" and a 16 mm 

movie film about a previous group training. 
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All these items, as listed in detail in Appendix II, 

were handed over to the represent~tive of the GOVERNMENT. 

Copies of the text books corresponding ti> the number of 

participants in the training were distributed to them, the 

surplus text books and the slides, films we~e kept by t- e 

rep1·esentative of the GOVERNMENr for furthe:r use as deemed 

appropriate. 

Implementation of the Group Training / the PROJECT/. 

A team of the CONTRACTOR's personnel consisting of seven 

experts visited the PROJECT AREA in order to hold lectures 

and conduct laboratory practices as planned in the training 

programme. The team members and the duration of their stay 

in the PROJECT AREA had been as :tol lows: 

Name: 

Dr.Pal Gado 

Dr.Karoly Solymar 

Dr.Janos Horvath 

Dr.Laszlo Tomcsanyi 

Dr.Denes Bulkai 

Dr.Peter Siklos1 

Mr.Laszlo Tikasz 

Function: 

Consultant in mineralo­
gical analysis / Team 
Leader I 
Alumina Technologist 

Smelter Technologist 

Consultant ir. Chemical 
Analysis 
Testing of Technology 

Alumina Technologist 

Smelter technologist 
/instrument~tion, 
automation / 

Period of stay: 

25.10-09.12 

25.10-23.11 

25.10-23.11 

2 5 • 10.-2 3 • 11 

12.11-09.12 

12.11-09.12 

12.11-09.12 

The GOVERNMENT selected 32 engineers for participation in 

the Group Training. Some personal dat~ are listed in Appendix 

III; 21 from among them attended the alumina course and 11 

the smelter technolg7 course. Nevertheless, the number of 

listeners on the lectures in both sections had been regularly 

higher than this figures, because co-workers from the host 
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institute and the local plant joir.ed, too. 
The PROJECT was carried out essentially according to the 

schedule submitted and approved in advance. The minor changes 

which had to be made are the following: 

1./ The Opening Meeting on the first day /29.10/ could be 

arranged only in the afternooj, therefore the content 

of the lecture scheduled for this time was built into 

the content of the related lactures given late~. 

2./ Since right before the start of the trainir.g only 25 

participants were registered and the many practices 

planned originally seemed to overload the local labora­

tories, the Team Leader accepted the proposal to form 

only three groups I Al, A2 and A) I among the partici­

pants of the alumina course. When the additional seven 

participants gradually arrived with some delay during 

the first days of the t7'1lining they joined the existing 

groups and the schedule of the practices was not changed 

any more. The time alloted previously to the group A4 

could be used later very well for other purposes /see 4./ 

3./ The plenary lecture on Wednesday, 14.11 was given by 

Dr.K,roly Solymir on the topic: "Alumina Specifications 

and Smelter Use". 

4./ The laboratory practice E4 "Bauxite Grinding Test" 

was changed in content to "Evaluation of the Digestion 

Test, Calculations on Stoichiometry". 

5./ Because of vis major from the air flight and railway 

timetables the training had to be terminated on Friday, 

the 7th December. Therefore some rearrangements were 

carried out in the program.me of the last days using also 

the time set free by the de1£tion of group A4 and utiliz­

ing the advantageous possibility that groups Bl and B2 
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could enter tor two days the Smelter in the Zheng Zhou 

Aluminium Plant for common practice. 

Relation between the CONTRACTOR's Teum Leader and the 

Restdent Representative of the UNDP in the PROJECT AREA 

Leaders of the Zheng Zhou Light Metals Research Institute 
/ZLMRI/ and the Zheng Zhou Aluminium Plant, representatives 
ot the Government of Henan Province and the China National 
Non-Ferrous Metals Industry Corporation participated in the 
Opening Ceremony. Besides them the opening ot the Group 
Tr•ining was also attended by Ll Qiming SPO, representir.g 
the Resident Representative of UNDP in the PROJECT AREA. She 
stayed for several days at the site of the training assisting 
in the successful launching of the PROJECT activities. 

After the closing of the training the CONTRACTOR's Team 
Leader visited the UNDP office during his stopover in Peking. 
Consulting with Mr.A.W.Sisstngh SIDFA, full information was 
provided about the events ot the PROJECT in an oral report. 

Since the programme had been implemented smoothly with the 
effective co-operation of the leaders and staff of ZLMRI and 
the N•tional Project M~n~ger: Mr.Liu Ying, there was no need 
for ad hoc contacts between the Team Leader and the UNDP office. 

~. 

Observations concerning the PROJECT 

/Evaluation and conclusions/ 

According to the judgement of the members of the executipg 
team /lecturers/ the Group Tr•ining was benefitial to the 
P•rticipants in several respects: 

a/ The text books are av~ilsble to each of them even for 
further studies. These, as well as the lectures and 
practices based on them and partially supplementing the 
written material, conveyed a great deal ot up-to-date 
information about the state-of-the-art in the bauxite/ 



alumina/aluminium industry. Thus they definitely advanced 

in professional skills. 
At the end of each week the participants passed a written 

test. The questions prepared tor these te~ts tor the alumina 
production and the aluminium electrolysis topics, respectively, 

c•n be seen in Appendix IV. A short summary ot the results 
achieved by the participants in solving the problems ls given 
in Appendix V. This justifies an optimistic view on the 
acceptance of the teaching. The average score above 7'1'/. in 
the first five tests is rather good by any standards. The 
result ot the last test ts on the other hand not representa­

tive. In this test it was tried to increase the speed of 
answering and therefore more question were given than could 
be responded in aver•ge during the time made available. Thus, 

reaching a high score W•S irrealistic. 

b/ The participants were surrounded by an English speaking 
environment tor six weeks. They practicized in listening 
to English lectures in topics of their profession, they 

studied the textbooks continuously, they tried to use 

actively English speaking-out comments and raising as 
well as •nswering questions. They had to write test pa-

pers in English. 
Since English became the international language of 

science and technology and China decided to open towards 

the international community it seems to be essential 
that Chineese technical intellectuals should be aole to 
communicate in this language. The progress is doubtless 

in this field. 

c/ An internal exch~nge of information was brought about 
by the Group Training. J2 people from different depart­
ments of ZLMRI and other institutions ot the country 
spent together a substantial period and they were fami-
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liarized with laboratories which they heve never visited 

before. The equipment installed in ZLMRI under UNIDO 

assistance became widely known first time during this 

tr&ining. 

Similar conclusions were drawn by director Shu in his 

talk given at the Closing Meeting. 

Furthermore it can be stated, that 
- organizing the Group Training at a research institute 

/ ZLMRI / proved to be advantageous; 
- the topic of aluminium electrolysis was first time in­

cluded into the programme of a Group Training concerning 

the aluminium industry and this rendered it more re­

warding to the participants; 
- the four new textbooks gave a rich contribution to the 

training kit, in this way the material on alumina pro­

duction was completed and modernized; 
- the recurring tests ana control of the note-books en­

couraged the participants to work hard, thus this prac­

tice should be standardized in further trainings; 

- the condition that most of the participants and the 
lecturers were accommodated close to the site of the 

training permitted regular consultations beyond the 

official working hours. In this manner they individual 

studies could be aided; 
- due to the above facts and the commitment of the par­

ticipants with excellent background education this 
Group Training seemed to be more successful than the 

previous ones; 
- org~nizing this Group training UNIDO assisted in the 

deepening of the good relation between the Chineese 

and Hungarian aluminium industries, which might be 

fruitful in the future for the benefit of both nations. 

' I 
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Fin~lly some difficulties met during the implementation 

of the project should also be mentioned. 

The main problem was that the English knowledge of the 

participants was very unequal.. A few were quite good / 2<Y/o/, 

the majority rather poor I 50 %/ and some very poor in this 

foreign language. The lecturers found very difficult to ex~ 

plain sophisticated technical procedures and concepts in 

simplified Eng1ish. It had been found necessary to speak 

very slowly with frequent repetitions, which limited the 

amount of information that could be included into the lec­
tures. Using of visual, audio-visual methods counterbalanced 

to som~ extent this difficulty and therefore should be applied 

extensively in the future, too. Interpretation was not used. 
t 

This can be accepted as a part of ~n enforcement policy to 

provide the students the experience of understanding sp~ken 
English. 

During the proposal for and preparation of the Group 

Training to be organized in a developing country a regional 

event had been envisaged, affecting a broader territorial 

distribution. China is huge enough to reach this goal within 

a single country, however, in this case t~e m~jority of the 

participants came from the same industrial basts i.e. from 

Zheng Zhou/ ZLMRI + the alumina/aluminium plants /. In this 

way the dissemination of the skills obtained will take more 

time as if they could be transferred by engineers going back 

to very different units of the Chineese aluminium industry. 

On the other hand it must be admitted that the ZLMRI is res­

ponsible for research and development in the entire Chineese 

aluminium industry and the plant in Zheng Zhou produces more 

than half of the total alumina quantity of the country. There­
fore, the high weight in the participation from this area is 
perhaps justified. 

As a matter of fact this PROJECT contained not one but two 
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separate Group Trainings: one complete programme for alumina 

te~hnologists and ~nother complete course for smelter tech­

nologists. ·rhis has put 8 high load on the small number of 

lecturers, first of all on the technologists. Still h&rder 

work was required from the smelter experts ~s among the 

four team members being present at one time only a single 

one h~d to carry the responsibility for this part of the 

training. The others were ready to take their share but be­

ing trained and experienced in different fields, little 

support could be given. It was concluded that in further 

trainings the number of lecturers must be increasad. 

Recommendations 

1. Prepar~tions in advance at the site, checkiLg of the 

possibilities for practices seem to be indispensable. The 
preparatory vi&iting te~m should include one alumina expert 

and one smelter expert. 
2. The organization of Group Trainings should be started 

in due time, the selectivn of participants should be made 
together with UNIDO, adv~nce information should be collected 

about the background ~nd transferred to the lecturers. 

). The training materials should be sent to the site 

using economical means of tr8nsportation I air freight/. 
4. The textbooks should be regul~rly updated and completed. 

5. The team of lecturers should count minimum 5-6 members 

besides the leader at any time / 2 alumin~ technologists, 2 
smelter technologists, le~ders tor the practices, m~terials 

scientist/. 
5. The number of members in a practicing group should 

not exceed 4-5. 
6. Part of the printed m~teri~l should be translRted in 

advance to the local language. It had been very helpful 

th8t the Chineese party issued in their own language two 

volumes containing selected m~terials from previous Group 

Training textbooks. Copies of these two volumes will be 



- 12 -

deposited at the UNIDO Industrial Operations Section 
together with the present Final Report. 

Acknowledgements 

Leaders and staff of the ZLMRI took extreem care to 
provide adaquate accomodation and catering for the UNIDO 

team during the Group Training. The lecturers appreciated 
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leisure time. Special thanks are due to Mr.Gan Yi Ren who 

sacrificed many hours even !rom his tree time to realize 
' high level Chineese hospitality tor the sake of the lec-

turers. 
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Z&.eNG ZHOU, CHINA 

Dl'l'AlLED TRAINlNG PROCiRAHtll 

Group Training 011 Aluoin-. Pr<Jdui:tion and Almninium Electr•,J7sis 
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Group \ : ALU?HNA PlWDU~l'ICJN 

Mond!!f, 29.10 Open1 ng t::ilks 
Film presentation 016 previous group trainings 
Laboratory safety /lectur~ and test/ 

B~u.~ite types anJ reserves, their evalu~tion 
for alumina production /Dr.K.Solymar/ 

Tuesday. J0.10 Circuit ot the BayerP~ror.ess /DreK.Solymar/ 

Che~ical analysis ot main components of batn:ite 
and red mud I Dr~L.Tomcsanyi I 

Practico 

Wednesd~y,31.10 Evalu~tion Qf the aluminium industry: present 
st~tus and tends I Dr.K.Solymar I 

Practice 

Thursd~y, 1.11 Bauxite digestion /Dr.K.Solymar/ 

P:-t day, 2 .11 

t}ualitattve ana.ly9is ot bawcite and red mud by 
x-ray diffraction /Dr.P.Gad6/ 

Pract1t:e 

Red mud separation '\nd stor1.ge /Dr .K. Soly11uir I 
Chemical analysis or main components of alumtnatd 

liquor /ilr.L.Tomcsunyi I 

Practice 

Saturil..i.;v, J.11 Test I. ou 311Yer process 

lfond1y, 5.11 

Tueeday, 6. 11 

Wednesdaf,7.11 

Precipitation /Dr.E.Solymdr/ 
Quantitative x-raY tlittr~ction analy~i~ ot the 

mlneral components ot b~uxite and red mud 
sa1oples /Dr. P .G·1d6 I · 

Practice 

Calcination and evapor:l t1on /Dr.K.Solymrir/ 

Cbe~ical analysis ot trace elements in bauxite, 
rod mud, and alumina /Dr.L.Tomcsanyi/ 

Practice 

Genor~l ~spects of nn3lytical chemistry of alumina 
aluminium production / Dr.L.'fomcsa~i I 

Practice 



Tbursck.y, 8.11 

Frtd11y, 9.11 
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Contaginanta Gad by-product• ot tbe ~er 
process /Dr.K.Solyml.r/ 

Applic~tion ot intr1-red •pectrometry in 
the control of Bayer process /Dr.P.Gado/ 

Practice 

Processing of diasporio bauxite I. /Dr.8.Solyr;Jl.r/ 
Detel'lilin4tion of ·different components for 

m~terial b~lancea /Dr.L.Tomcsauyl/ 
Prc1cttce 

S<iturrf~.y. 10.11 Test II. on Dayer proce~s 

Nond3y. 12,11 Processing ot dt~sporto bauxite II /Dr.K.Solya.18r/ 
Chegtc~l analyst• tor environmental protection 

/Dr. L.Tomcsanyt/ 

Pr..&ctice 

i1uesdaf, ll.11 . Energy saving aspects ot technol~~ /Dr.K.Solym~r/ 
Into~tioo obt3tned by scanning elobtron 

microscopy for the alumin~ inuuatry /Dr.P.Gad6/ 

:-tectnes<hY, l'a.11 

Practiao 

Tile cuin tronds In aluminium smelter tecbnoJ.oaryr 
/Dr • .J .llorva tb/ 

Pr11ct1ca 

Thnr!uhy, 15.11 Reduct~ on ot NmOlf consumption /Dr.K.Solym/tr/ 

Special an~lytloal procedure• /Dr.L.Tomoaanyi/ 

Frtdayft 16.11 

Pr:&ottce · 

Reviov ot the Bayer Process /Dr.K.So~ar/ 

Speotal analytical procedures II /Dr.L.!omcaa~l/ 
• Practice 

!!!turdr\Y, 17.11 Teat on ohemic11t an1J ph~atco-chAcical tuveat1gat1ons 
applied iD the Ba)'er technology 



I-l0&uhy. 1 q • 11 

Tueacfoy, 20. !! 

lledne:Jda:r, 21. 11 

Tburoday, 22.11 

Frtday, 23.11 

Saturda%, 24.11 

f.Ic:'lday, 26. 11 

Tm~Sd:ly, 27. 11 

\fednoodcy, 28.11 

Thursl"l(lf, 2C}.ll 

Appendix I. 
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Feaaibility eatudy, evaluation ot bauxi~e 
I 6 • , Dr.P.Sih:l si / 

Labor:itory investig!ltions o!l '3GL!~inolo6ical 
evaluation of ~auxite /Dr.D.Dulkai/ 

Practice 

Selection of process technology on the baat~ 
ot tecbnologicall tests I Ur.P.Siklosi/ 
Thermal analysis of bauxite oamples /Dr.D.Bulk~i/ 
Practice 

Modern laboratory techniques /Dr.P.Gad6/ 

Practice 

lnirastnacture and socio-econo~lo env~ronment 
ot an olU101ina plant /Dr.P.Sikl6si/ 
Aspects of environmental protection 'Dr.DcBulk.:ii/ 
Practice 
Hnergy survey and audits ot tbe Brayer Process 

/Dr.P.Siklo~1 I 
X-ray speotro1aatry in the aluminium induetiy 

/Dr.P.Gl.d6 I 
Pr.,ictice 
Yest c~ process technology and energy problems. 

Structure of tho tacbnological modol ot tbe 
llclyor process /Dr.B.DOll~6~i/ 

Input-output data ot the i;iaterial and beat ba­
lances ot the Dayer process /Dr.D.llulkai/ 

Practice 

t·latertal b.llances of precipitation and alUMJinate 
liquor cooling /Dr .P ~·Sikl6si / 

Evaluatious of tocbnoloaical laboratory investiga­
Practico iions I. I Dr.D.Dulk~i / 
O~gani~ation of R & D activities /Dr.P.Gado/ 

Practice 

Caloric calculations and materinl balancea of 
diaestion and evapontion /Dr.P.S1kl6st/ 
Evaluation of technological l~boratory inves-
tigations 11. /Dr.D.Dulka l / 
Pr11ctice 



l•'rirhv, 30.11 

~Ioildnv, 3. I~ 

Tuascfay, 4 .13 

licrlnesd~y, 5.12 

Tbursti~Ya.. 6.12 

Friaay, 7.12 

Saturday, 9.12 

Appendix I. 
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Various use3 or the rath~lilatical lilodel and tlld 
bal~nce9 /Dr.P.~i~l6ui / 
Eviluation ot technological labor~tory invc~­
tigations Ill. /Dr.D.Rulk3i I 
Pr1cttce 
'l'Qst on bal3nces 

Treud3 and development of the B~yer ta~lmology 
/Dr. P. Siklosi/ 
lnter1>retation ot gr:iin size distribution au<l­
lytical d3ta /Dr.D. Dulkai/ 
Practice 

Pbysic1l frop~rtie~ of alumind /Dr.D.Bulkai/ 
Consultation on c1lculcltions /o.r.~.3itlos4 I 
Pr~ctica 

~nergy and envir'J:iment in b~'!)[L t.e p:ocessiLg 
/Dr.P.su~16s1 L.Tlkasz I 

Video i)re seuta t Lon 

Pract.lce 

Instrumentiiti'>n in Bi.yer iilumi na plants /Dr. P. 
Stklost I 

Survey or technical litterature /Dr.P.Gad6 I 

?r~ctice 

Proces~ cuntrol in tile alumina plant /.IJr.P .Si11'5si,· 

Test on in!itrwuentation anrl proce~s control 

Pr3ctice 
Evaluation of the Group Tr~ining 
Closing talks 
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Al.UMINIUM El.ECTP.OlYSlS 

1ST WEEK 

Monday 1 -structure and Physical Chemistry of the Bath 

ior Aluminium Production 

Tuesd•Y 1 -Electrode Reactions in Aluminium El•ctrolysis 

Plenary Session 

Thursday 1 -Anode Consumption 

Friday 

Role of Anode Paste Properties 

1 -Solution Process and Tr~nsport Properties in 

the Electro 1 yta 

2NJ ~EK 

1 -Cell Voltage and Energy Balance of 

Aluminium Reduction Cells 

Tue~daY 1 -Thooretical Energy Requirement for 

Production of Aluminium 

Wednesday 1 

Tt.ur sd.:iy 1 

Plenary Session 

-D~termination of He•t l.o5ses on 

Con$truction El~ment» 



Friday 

- 19 -

-111ea5ur• insi Method for iJi: termi:1<&t ion of 

L.ocal L.o~5es 

Saturd~y c ~e~ly Ta5t on Energy Probl•ma 

3RO WEEK 

c -Po5sibilities for En•rsiY Saving on 

Alumi~ium Production I. 

Wednll5day: 

-Po551bilitie~ for ~nargy Savin~ on 

Aluminium Production II. 

Plenary $Q5aion 

Appendix I. 

• 

~U:"5day 1 -o lfferent Research and Ceve lop in; Progr·a.~ 

Friday 1 -Future Trends in Proces~ Metallur;y 

oi Alumin im 



Mondtt.)' 

Tue:;c'.•Y 

- ?Q "" 

AL.UMINIUr-1 c;::..,:;:.:TROL. YS IS 

-Ce 11 Type> 

SrMlter ~r~tt.n~e~nt 

-~iscussion of Gpertt.tiontt.l Data 

1 -Potroom Qper•tion 

Ce 11 F;. ilurea 

-Oet•il~~ WorK-Routin•» 

Plen•rY Session 

Appendix l ,, 

Thurs.jay 1 -Importance of El .a:::tr ic•l Ma<a•urement5 

-Me•surement1 in the Catt1ode 

Fr ido:.y 

Mondz.~' 

-Preptt.ration1 for Proces» Control 

-Mea1urements in tt.e Ano.je a.rid 6ath 

-Proces• Control Raalisation1 1. 

- lder1t if icat ion of • Pr ocfi!JS Mode 1 

& -Pro~ess Control Ro•lisation~ 11. 

-Practice in Ott.t• Proc~s»ing 

Wedr1e~d•y: Computer flppl ications in Aluminium Elactrolyair. 
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plenary liliUli ion 

Thursd•Y : -Optima.I QpQrat~on 

-Real-Plant O~ta Processing 

Friday 

Saturday 

Tuesdc.y 

1 -Mode!ing and Oi~it~l Simulation 

-Sas ic: tns;.trur,;entat ion 

W.eKlY Te•t on Proc:e~• Control ProblerM 

6TH WEEK 

1 -El ectrornagnet ic tnter<ic:t icns 

-Current Oi~tributlon in Anode and C•thode 

-Construction nspacts 

-~gnetic Induction Mii•liur~mant• 

lJednesda:1: 

Thursdai. 

Friday 

plenary ses,sion 

-Environment•l Aspects of Hall-Heroult Elactroly•i~ 

-Fluoride and Oulit Emisliion 

Oas Cleaning Systems 

1 -Future Trends in Con~truction and Reconstruction 

-Final Consultation 

SaturdOl.Y 1 G .. r.e,'al Test on Electrical Me&£urami:ntli, 

Procelili Control a~d F.lactromagnetic Interaction 
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~ X ~ R C I S ~ S 

Group A 

. 
~l Ddterlilination of IAtlin components of b.:iwd ti'.' and red i;Jad 
E2 DetenAJln.:Ltion of caustic soda and alum1uium content of 

al~in~te l!quor 
E'.3 Al u!nina and m tal analysis by AAS /Zn and Fe/ 

~4 Dcw.."i te griutlln« taot 

35 'i':l0rmal a11t1ays1s of bclux) te 

~o P~odasilication tests 
~7 Digestion teat 
L!:B S11ttli~ ot red oucl 
C9 Pi'"ecipit~tion test 
~10 Grain size distribution analysis 
«ll C~uaticization ot red ~ud 
El~ Lb.:~pl~a ot break do"-u ot invostwent and operation costs 

et 3 Culculat1on practice on wutor~.al b·1lances 
~l '• Cal cul~ ti on i>raoti~ on beat balanc~s 

El5 C~nsultation on calculations 
lU6 X-ray diffl·aotton anal:rsts ot b-ittxi te and retl mud 

317 lufra red spectrowetric analys13 o! bau~ite 
ElS A~plication of scanning electron miornscopy 
Gl9 Fluorescent x-ray spectrometry ot alumina S3~ples 

Gl·oup 8 

Pl o 1l:3 
P2 Collcula·.-:ion ot oqu1l1brtum potential anode and cathode ov...:r­

vol tage 
P3 C~lculatiou oi current Gfficiency and coll voltage of •:m 

0µ01·.'ltiJJg redu.:?tio:.1 cell 
P~ M~thods tor calculation ot beat 103000 ou different cell 

couotructiona w1u ~ouotruction elocaantu 
P5 ll.Jl:tt:l.on betueen curr~nt etticiency and tocnnological 11ar..i-

1&1etora 

P6 ElectrochcLlical meusurewants Qt graphite and aluminium in 
cryolite-alumina iaelts 
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P'l Stud/ of uolutiou proco:Jsu:l / ul\4:..1inci; alucinium, alUl&lini~ 
c~rbide, sludge I in cryolitc-alumina ~elts 

PS Ba~ic instrtJIJantation in aluciniuw sceltera 
P9 Heasu:."°el:ilant9 for deterr..iination ot ditforent piJysic0gcueoic~l 

~~operties in cryoli~e-aluciua walt3 
PlO IJa9ic electrical i;iaasurec~nts 
~11 Pructlce in d:lta procosaiug 
~12 lloal plant dwta proceaoiD« 
Pl3 Id~uiiticat~ou ot a process model 
?14 !-Io~a::?tic iJ:Aductioil iJauau:.t"ccnto 
Pl5 Gau~xal couuultatlon 
?lG ~-r~y uitiruction o.U.llyaia in s~elter tecbniqua I. 

l'l7 '.!--::~ dit:lractiou ~lyaia in EJIJ3l tar tacllilique II. 
~lU ~-ray tluoresceuco aualysis, pot flw: analy9er 
Pl9 sc.1nniug electron microscopy in 1:nuelter technique 
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CHINA Zh1ng-Zhou Light Metal Rcsellrch hstitute 

RlfHIPT 

We acknolowledge the receival from ALUT.iili.V-PJCI 1D connection vith 

the UNIDO GKOUP TRAIHlBG hold by a team of Hungarian experts 1D ZJ.MRI 

,Zhengzhou, P.R.China,betveen 29.10.19&4 and 7.12.19b4, the following 

items: 

1 ) 1 copy of the 16111111 oolour eo~nd film •uNIDO GROUP TliliUNG on .Bau-

xite Procesaing,Budapest,'83'•, length:180m,16m1a. 

Reg.Ho.:019301/1984(Medea) 

2) 1 copy ot the coloui, video•u• mat1c (XCA60) record:•.tniergy and En-

vironment 1n Bauxite Processing•, length:28 min. 

Reg.No. :01876( iuterpress) 

3) 35 copies ot a aeries ot tex~ books as part ot the training kit, 

inr,luding the following elev~n (11) volumes: 

a) Chemi~al Background and Technology ot Processing Ha\Uite to Alumina 

Yol.2 o! Group '?raining, 1979 

b) Technological InveatigaticJ of Bauxites and Red Muds 

Vol.6, ot Group Training, 1979 

c) hvaluat1on ot BRuxite Investigations tor the ~election of Alumina 

Processing Technology. Brie! Outline of Feasibility Studies 

Vol.7 o! Group Training, 1979 

d) Laboratory Practice 1n Alumina Production, Group Training,19b3 

e) World Heview on ~nergy Conservation in the Bauxite/Alumina Indus-

Shan~-;Jic Distri~l Zheng-Zl.ou Chin~ 
I I I I I I 
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Cl I IN,\ 
Z!1t r1t~ -Zhou Lii;ht Metal lhsearch lilSli tutc 

- -- ___ :z:: __ 

try, Group Tra1nin8 , 19Ef3 

f) ~orld Heviev on .11.Uvironmental Aspects and Protection 1n the Bauxite/ 

Alumina Industry, Group Training , 198' 

g) Process Instrumentation and Contro! 1n alumina Plante 

l 
Group Training, 1984 

b) Mathematical Hodell of the Technology of the bayer Alumina Manutac~ 

tur1.ng Process 

Group Training , 19h4 

1) Physical Chemistry ~nu Prae~ice of Aluminium ~lectrolysia 

Group 't'raining, 19e4 

j) ~lectrical ~easurements,Process Control and Hlectromagnetic lntera= 

ctions in Aluminium Electrolysis 

Group Training, 1984 

k) 8nergy and J::nvironment in Ha~~ite Processing, Video Script,19b4 

text !or the kecord mentioned as item 2) above. 

l) f'.lo series o! 5x5 cm slides to be used !or illustration during 

lectures based on the text books mentionea as items 3) a-j, above. 

Parts of the training kit, 

a) Alumina 

b) ~melter 

lhengzhou, 

----sT~11~-J ic : Di strict Zhe ng-Z,hou China 
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Gl-OUf: n~n IN I NG ON ALUM l NA F 'RODUCT I ON A"~D 

ALUMINIUM ELECTROLYSIS 

ZHENG ZHOU, ~G Oct - 8 Dec 1984 

CHENG Liya Eno. Zheng Zhou Aluminium Plant alumina production 

LIU x1~nq Minq Enq. II 

MA Shen Li Eng. 11 

II 

II 

SHU Jian Yi 

WANG Liu;:hLt 

ZHANG Xi F'inq 

XING Shuya 

~CPUQ_fL~ 

.JIANG Xi nhL1a 

LI Ji r...nq 

LIU 8ao-We1 

SUN Zt11 <1nq 

l.JAl\lG J l ngyLl 

ZHOU H1..t1 f .;;.ng 

C.11 U St-1 i 11 n 

~cg~p_B __ ~-

CHEN Xiao Donq 

LIU-f;ey1 

SHANG-GL; =m 

Zheng 

WAtm Hong Biaa 

YANG Zhiyong 

YANG QuiZ10-Fang 

XEI Zhong 

Enq. 11 

Eng. 11 

En·~· 
11 

Eng. ZLMRI 

Eng. ZLMF.:I 

Eng. II 

Eng. Gui Zho•_t Alumina F'l ant 

Eng. ZU1RI 

Eng. ZLl1R I 

Enq. ZU1Rl 

Enq. ZLMRI 

Eng. ZLMRI 

Eng. ZLMFU 

The Central South Inst. 

Eng. Mininq and Metal 1 w-q·1, 

Changsha, 1-·iunan 

Er.g. ZLMRI 

Eng. ZLMRI 

[ng. ZLr1R I 

Post graduate 

North East Tecronol ag1 cal 

University 

II 

II 

II 

II 

II 

II 

II 

" 

of 

II 

II 

II 

II 



§.cg~12_!Ll_ 

LIU Feng Jin 

LU Ti nci - X c:_t'lg 

l<JANG Yott-Lc.1 

WU Ying Mino 

En~,. Z!...M~· I 

Cnq. ZLMR I 

Gui Yanq 

Enq. ZLMR I 

~ 28 -

al L•mi n i um smelt l ng 

ZHANG Zhcnq-Lin Post qraduat~ 

Han Ying 

Qcg~Q_!L;; 

CHENG Geng 

YUAN Xian Pe1 

DU Jianyong 

WU Yi Fenq 

ZHANG XL1an XL1 

North East Technolog1c2l 

Univer-:ity L1qhi: metr:>.ls 

Assist. Ma-tou Aluminium Plant aluminium smelting 
Eng. 

Eng. Zheng Zhou Alum1n1um Plant alum1n1um smelting 

Eng. 11 

Eng. ZLMR I 

Eng. ZLMRI 

Eng. ZLMRI 

II 

II 

II 

II 

.· 

I 11 I I I I 1111 
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Te~T 1 (ALUMINA) 

1 J N.A.j !ormu.l~ ( 1 

~)CA~ fonnula (2 

3) Bayer proceee equation• for g1bba1te,boeblll1te,d1ti.bpore and goetn1tic 

bauxite. layer proceaa !lov-abeet. l4 } 

•>sazo -260 g/l, ~-3.5 A/C ratio•? ( 1 ) 

5) .A.32 O, content 1.D BAS uo'-? U 1u s10
2 

content 1a s.2". 
(, ) 

b) Expected vorld a1uain1ua comaumpt1on 1n 2000? and tb• actual value? 

Bauxite demand? ·Aluaina production? l, ) 

7) Yalue ot tbe bauxite? (!Grmul.a) (2 ) 

8) Please calculate the bauxite demand,requtred to produc~ 1T alu.ciniWD 

!rom the bauxite with an Al
2
c

3 
con~tsntc 6~ ana with. a yiela o! 

'1.lumina: rz .ll 0 -92" 
2 3 . 

( 2 ) 

q) tih1cb is the min1JnWll energy consumption of the alumina production 

actually? distribution of the energy condWDpt~on 'Milon~ :ne proc~ss 

s ta.gee? ( 1 ) 

H:,, ?lease 1llU3trate the Bayer-cycle in the Ne. 1:"-A.l2C>_3system with tht' 
2 

following data: Nti. 0 ..,_ 
2 d. & • 

strong liquor ~50 4.0 !•) 
test tank liquor 280 4.~ /0'],, 

digested slurry l 1qu1a 25U , • 64 l ~o. 

aluminate liquor 140 , • 64 

spent liquor 15U 4 .u 

, cm c 10 g/l ( ':> 1 

llllil I Ill I Ill 11 Ill 111 11 I 1111 

' I 
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l, Po:naula ot ~drogarnet. (1 ) 
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2, Plow-eh••t ot th• preheat.r-dtceet1on eyet .. &Ad th.at or tn• ~ 

cli&eater •Y stea., ( 2 ) 

), Calc'1late the expected yield ot aluatna tor the ba"Uite with ~o3 -'°"• s102 .1~. VMt 1a the •p•c1t1c oonallllpt1on ot vet bau1te 

with a ao19tur• oontent of 1~. (1 ) 

4, Coapare tb.• aaiD paraaeten et the Buropean(tloury) ancl .&a•r1o• 

(eanq) bydrate precipitation techDoloa. (2 ) 

5, Sch .. atic tlov-eheet ot th• 1ap:nwed prec1p1tat1on prooeaa to pro­

duce audy type alua1.Da-b,yclrate at hi&her ~OlL concentration. ( 2 ) 

6, calculate the ~•er•• ot agglomeration 1D th• f ollovinc aluaiD&t• 

liquor 1 ~Ok .1,0 g/l, ~o3 .150 &/l, it the grain aiS• cliatr1oc 

buUon 19 the tolloving 1 

lJ:!g~'SH& ~1ed Aglo1H£!"tion l!l!!duot 

o -10J.ia "' °" 10-20 Joe. 5~ ~ 

20-45 ..&<• 2°" a' 
45-60 AflJ 5~ 5~ 

60 "". 20t' 3~ 

What 1e the mass of vet seed 1! its moisture content ia 1~ and th• 

seed ratio 0.4 ? 

Please calculate the efficiency ot the pricipitatioD and the ~alue of 

tb• .l.1quo~prodl1ct1"l..1.ty_ J.! _thr !1.Dal_olk-3.5. _ "· l . _ . _ _ ___ _ 
7, Sche11atic flov-sheet of the cale1Dat1on. Formula of the beat conient 

ot the hydrate fil.ter cake (QFC ) (2 ) 

8, Plow-sheets and/or the main characteristics of the three ditf erent types 

of evaporators. (3 ) 
9, What is the sensitivity of an analytical method and vhy is it important 

1 Hov can you give the result of a detennination 1! the aethod has 

10t' random er~or and the average of the readings is 36.512? (2 ) 

10, There are several di!ferences and similarities in the basic principles 

and possible applications of X-ray di!!raction and IR spectrometry. 

Write some 

Similarities: Di!!erences (2 ) 



- 31 -
UST ()) /1 

WJMW PRQDQCTIQI 

Appendix IV. 

1) What 1e the toaula ot th• bauxite Y&lu• consid•rinc caustic eod.a lo••••? 
l 

(1) 

2) Pleue calculate the e.zpected. bound. cauat1c eoda loeaH(in laOH q/t .u2o3 ) 

, 1t the bauxite baa 6°" ~o, .~ react1Y• s102 and. '-' iotal !102content 

ud reacti•ity of the !'102 1a 4<1', 'lh• Ji•ld of almina ~. (2) 

3) What are the aain applicattou of Sll! in alwaiD& technology? (2) 

4) Vb.st are th• aaiA paraa•t•n ~ 41.c••'tioa when proc•••iDC cl1.upor1o lll8.az1 t• 

' (1) 
5) Pleue calculate the •olUlt of the vet ••eel (aoisture content 12")1 the 

et~icienoyof the pricipita'tioa, ~· 11V°r producU.,fitr; th• ••eel ratio 

and. the total &11ol:Dt ot allmiDa Qdrate at tile end of prec~tat101u ~ 

the coapoe1t1on of the alua1aat• l~or ia: 

140g/l 1a2ok, (l(k.1.56, tA• •••d ratio 2 and the fillal. conoqtrat1ou 

aresB~O:t•l47g/lJ J.l2o
3
.65g/l. t,3) 

6) What 1a the one-nuaber-av•r&&• property of al\lllina? Vha"t 1a the formula 

of the attrition inder? (ll 
7) What kind of method.a can be uaed tor the determination of alumina and 

galli'Ull content in bauxite and reel aud.? (2) 

8) Please calculate the yield of aluaaas the specific consuaption of vet 

'baus1t• (with a moisture content of 14~}; the specific amount ot red 

aud; the apeei.!ic consumption of laOil (bound) anci that of CaO usi.ng "dte. 'toll~j~q 
) 

~to.. . 
il20{' 

re2o.,~ 
Ca~ 

•·2~ 

.Bauxite 

62 

10 

1.2 

a.a 

.H.ed Mud 

24 

18 

l2 

lb 0) 
9} Please illwtrate the .Blt.yer cyc!e 1.nthe Ba

2
o-u2o3 aya'i"' and explain 

the diagram based on the tollovillg data of the characteristic liquors: 

Al203g/l 

150 

130 

240 

!be aluminat~ liquor conta1.J1s l40g/l Na2ok. ( J) 

10} Please calculate the amount. 01 tne aecausi'icised losses ~t Na2o: (ex­

pressed 1n NaOH kl!,/t alumina) !or a bauxite with 2.5~ calcite content, 

if its reactivity is 7r:tf., the Al2o
3 

content ot the bauxite is 56'.' and 

the yield or alumina is 85". (2) 



TBS! (J} /2 

ALUMINA PRODUCTION 

- 32 - Appendix IV. 

1) What kind o! aethoda can be used tor the dete:nti.Dation ot alwa1.na and 

galliua content 1.n bauxite and red mud? ( 2) 

2) Pleue calcu1ate tile 7ield ot alumina. the sp~it1~ coneuaptioa of vn 

'bauxite( with a aoiature con\ent ot 14"} • the specUic aao\lllt ot red mwi 

the apecU'ic consumption ot NaOH ('bound) and tha\ of CaO uaiDC the foll8"fl;"j 

dataa 

BAUXIT.I!! RRD MUD 

~ 58 ,, 
'fa ' 14 

~ 1.5 9 

~o ~ , ·' , , (:5) 

3} What 1• the one-num,er-ave~e property ot alumina? What 1• the t"ula 
y 

ot the attrition 1nder? {,} 

4) Please illustrate the Bayer cycle in tbe la
2

0-'°-20l a1st• and explain 

the diagraa based on the f olloving data ot the characteristic liq\IOH 

o( K 

3.5 

3.0 

A.1203 c/l 

125 

230 

140 

The al11Dinate liquor contains 130 g/l sa2ok (:5) 

.J 
5) \that ie~e !omula of the bauxite value considering caWJtic soda losses? 

y 
(1) 

6) What are the main applications of ~.1:1'\ in alua1na technology? (2) 

7) Please calculate the amount ot the ~ecausticized losses of la2o (expressed 

1.n NaOH k.g/t alumina) tor a Dauxite vitb 3.25' calcite cont.ant, 1.t' its 

reactivity is 9~, the Al2o3 content of the bauxite is 5°" and tte yield 

of alumina is 9~. (2) 

8) What are the main parameters of digestion vnen processing diasporic 

bauxite'? ( , ) 
9) Please calculate the expected bound caustic soaa loeses(in NaOH k#,/t 

alumina) 1.t' the bauxite has 52" Al2o
3

,.,..,. reactive s10
2 

and ~total t10
2 

content and the reactivity of the Ti02 is 8?.', the yield ot Al
2
0.,1s 83~. 

( 2) 

10) Please calculate the amount of the vet seedslmoisture content 11~),the 

e!ticiency of the precipitation, the liquor productivity; +;ae se'da ratio 

and the total amount o! alumina hydrate at the end o! precipitation, ~ 

the composition of the aluminate liquor is: 140g/l Na2ok ,c\•1.56, the 

se~d ratio 2 and the !1:-Dal concentrations a.re :: Na2o s147g/l;A.l2o3.65g/l. 

{3) 
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TBS'?' Bo. 4 

1LtlMl!!A PRQDuc:10N 24.11. 1984 

1) !her• 111 a bauxite deposit• ot 30-35-40 aU1ion (clrf hon•. ~. vut 1t to 

laat tor 4 l-50 1 •are. !he bauzi te cont_a1ne 50-55~ ot il
2 
o

3 
and 4-8' of ( 

react1ve)Si0
2 

.Di&est1ble ~120.,•Total ~03-Reactive Si02 .!he T~tal energy 

requirement ot the plant(ate81l+electr1c enera+ oalc1nat1oll fuel) 1a covere4 

•1 3~fuel oil per ton of al.1.1111na. lauzite 4U>ata 61/'\, .. OH 200 1/•,tuel oil 

200 &/'t. 500 people· are •ployed 1n the plant, their averse• 1&1&17 1a 10000 

I/'!. the 1.Dvestaent coat of th• alum1na plant 1a I-0.5xC+75 •Ulloa I. Where 

C la the plant capacity 1n thousand t/l. Maintenance 1a 4" of the i.DVHtment 

costa. Interest ratt1s 1ai'. The ••111.n& price of alumona 1• 250 1/t. Other 

coat 1tama are neglected. 

al How much al.W11.U can be produced 1n l year T (2) 

•> Rov much is the specific RaOH consumption T (2) 

e} Hov auch are the material costs(baux1te+BaOH+tuel} per year ? (2) 

d) Hov much are the operattn& costs per year ? (2) 

•)How much is the operating profit per year? (1) 

t) In how m~ yea.re can the investment coeia be repa,yea ? (2) 

2) Which method(a) can be used to deten11ne the amount ot the following 

minerals 1n a bauxite sample ? (Make a table l1lc• below and put a + •iBD in 

the appropriate box ) (3) 

3) In what grain size range can you use for the determination of grain size 

distribution ? (3) 

-- 1 --
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, ... 

4) Write eo•• important character1et1ca of instrumenta T (2) 

5) lor what purpoaea oan be ued a aicrocomputar 1n the lab ? (2) 
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ALUHINA PHOPUCTlON 

TEST No.5 1.12.1984 

t) Pleaae drav a tlov-eheet ot a 

a, Pour-effect co-current evaporator set. 

b, Pour-ettect counter-current evaporator set. 

c, tour-stage multi.flash evaporator set. 

Appendix IV. 

(3) 

2) An aluminate liquor contains 120-130-140 g/l k.Ba2o and 125-135-145 g/l 

Al2o
3

• Mo.is 0.1, ··200-300 g/l seed(aa u 2o3) is added with a spec1t1c 

aurtace area ot 0.01 m2/g (spherical.). Thia slurry is decomposed in a 

continuous pricipitat1on line. The temperature ot the first tank ia 55-

65 C,the retention time in it is 3-5 hr. What is the Al2o
3 

concentration 

ot the liquor leaving the first tank ot the line? (7) 

3a) Vb.at information can you obtain !n alumina technology trom X-rtJ3 tluo-

rescence spectrometry? 

b, Vhat kind ot X-ray spectrometers you know? (2) 

4) a, E.zplain the meaning ot the vord:INNOVATION. 

b, Give some goals ot product/technology/social innovation. (3) 

5) What are the ~ain reactions ot red mud causticization (NAS,aodiumtitanete) 

and that o! soda causticiz.at1on? (2) 

6) Which are ti1e most 1.mportr.nt pnyf>icr.l propertiei.; ol aJ.umin1 ': ·Give some 

meRsurine methods and range ot parameters for floury ana sandy alumina 

(3) 
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ALUMINA PRODUCTION 

Test No.6 7.12.1984 

1. Calculate TO andT25 temperatl.!res and~ tbpe, LI t 1 , and~ ts temperature 
differen~es from the following data: 

KS = T13=2)0=2S0°C; K9=T24=130°C; K15=400
2
m;K19=10 flash 

Y2=t=20°C; Y72=n=2 operating lines; Y74=K=0.5Mcal/m
2

hc
0

; 

Y83 (correction factor)=l; Y88=2 flash stages. 

stages; K21=600kt/a; 
0 0 

Y76=2 C; Y77=T59=100 C; 

0 0 
MO=O.l (=10%; W59=14.0 Mcal/t c; w13=14.1 Hcal/t c; C13=150/1k.Na2Q: 

C24=205/lk.Na 2o 
Plot the results in a graph similar to Figure 2. (6p) 

2. What is TRCA? (lp) 

3. Draw the flow-sheet of the advanced solution of concentration control of 

digestion liquor. (3p) 

4. During the practice in the SEM laboratory you observed some kind of floury and 

sandy alJmina samples. What difference you could see? (compact/loose, cracks, 

sites of primary/secondary particles, forms, surfaces and so on) What is your 

opinion about SEM? (Sp) 

5. You need an 800 MWat power station. Please give the following costs: 
6 I Investment, 10 US$ I OPERATION COST 

I S/MWatt Hour 
-----------~--------------------+-------------------------T----------------------

01 L FIRED I I 
---------------------------------+-------------------------f-----------------------

COAL Fl RED I I 
---------------------------------+-------------------------f-----------------------

NU CLEAR ENERGY I I ___________________________________________________________ 1 ______________________ _ 

6. Please give in a drawing the principal functions of 

- gas suspension calciner by Lurgi, Germany (3p) 
and GJ/tAL2o3• 
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TKS't 1 {Alum1.Jllua) 

1) Calculate the equilibriua poteAtial value tor tolloving reactioD? 

A.l2o3+ c " Al + co2 
at given parameters: 

Bath tempera~• s geo
0
c 

A.lwa1.Jla content of bath 1 8 ~ 

Saturated concentratioa ot alumina 10 ~ WT 

2) Vhich are moat important additive• ot the bath tor production ot 

aluminium ? 

') Calculate th• electrical conductivity yalue ct bath at folloviJl« 

parameters 1 
0 

Bath temperature s 970 C 

.lll'., content 

.ll2o
3 

content 

car2 content 

I 8 ~ 

I 5.0 ~ 
I 2.5 ~ 

4) Which aethod do 1ou knov tor the detenaination of equil1br1ua 

potential ? 

5) 101.at is the cause ot anodic overval tage and appro:z:iaetly hov aany 

mV is on operating aluminium BJ11el ter ? 
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ALUMINIUM BLl:!X!THOLY~lS 

TEST ao~2 

1O.,11. 1984 

Appendix IV. 

1. Calcula~e th• solubili~y o! aetal uai.ng the !ollov1ng parameter•: 

Bath composition 1Ha.P/Al.P} a1.4 Wt ratio 

'?emperature of electrolyte : 975•c 

CaP2 conten~ 3.5 W~ 
NaCl content 1e' W~ 

2. In a smelter ve have 1.n the electrolyte , 4 W~AJ.2o3 ,the molar ratio 1• 

2.5 ,and the temperature 1JI 975°C, ~en ~e value ot equ1libr1ua poten­

tial will be 1.225V. Calculate the CtMF' value. 
t ~ ~ 

ia. .o. 75 A/ca ik .o.45 A/ca iclh. .2.e A/cm 

3 .. What are the differences between the sandy-alumina and tlour)'-alWllina? 

4. Plot a scheme ot the d1tferent companen~ of cell voltage and energy. 
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T&':iT ( }) 

ALUMINIUM ~LECTttOLY~lS 

1) What is the value o! molar ratio vhen the~~ conten~ is 11}g and the 

Al..P')content is tjt+g'~ 

2) Which are the most important p~aicocheaic::al properties o! ~he electro­

lyte used !or aluminiua productio1a? What are the etfecta at th• cU:ttere­

at additives on the pbysicocheaical properties ot the electrolyte? 

3) Plo't a scheme ot the anode-potential current-dens1v relationship oa 

graf ite electrode? Which are the main cheaical reaction• 1a different 

part• at the polartzation curve? 

4) Which methods do you knov tor the determ.1.natioa of the rate ot reoz1-

4at1on reactioa? 

5) Wbat are th• requiraents .1.gainat al'Wll.1.Jla on the 'baa• o! ALCU'• and 

P•ch.ine1'• alumiJ:la .apeci!"lcationa? 

6) Plot th• relationship 'between the tae current efficiency and anod­

cathode distance tor •good• conditions ot aa&neto-bydrodynaaica ~ 

and tor ••4• on••· 
7) Approziaetely hov aany per centage is the pitch content in the prebaked 

anode and in the S~derberg anode? 

8) two aluminium electrolysis cells are operating at th• tollovin& parameters: 

CELL 1 CBLJ. 2 

Vol,~e 4.25 Y 4.15 Y 

Clll7rGnt Btticiency 82" 89.5~ . ~ 

Bath Temperature 977 C 977 C 

For vhich vill 'be better the e~ergy e!ticiency? 

9) Calculate ·the total hea4; losses ot a aluminium electrolysis cell, using 

tr., tolloving parameters: 

Amperage 160 KA Cell Voltage 4.4 Y 

Equivalent valtage for the aluminium production 1 .9 Y 

10) What is the distribution ot he&t losses (approximatly ill per centages) 

at different construction elements of a preba.ked anode cell? 

11) What ia role o! the ledge or freezing pro!ile ill i.Dcreasill& o! current 

efficiency? Plot a good freezing profile. 

12) What are the main elements o! m.oaorn preb~ed aaode technology? 

13} What are the advantages of the point !eeder system? 

14) What none-electrolytic processes do you know tor aluminiWD production? 

15) What are the main parts of an .US instr'Ulllent and the most 1.Jllportant 

instrumental conditions? 

.• 
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T~~T No.4 

1) 81Ye 'the main \echnological data vhich characterise thd cells o! ~· 

last century, of the period 1950-1960 and of the prAsent days. (') 

2) Draw the sc~eme o! the electric preheating ~ethod and the heatill8 

current versus time diagram tor the first 30 hours. ('l 

3) List the important eatety instructions relati.nt; to electric meaaur•ente. 

(2) 

4) I>rav the scheme ot the resistance meter for pastes • (2) 

5) Calculate the voltage drop 1n the ramming layer,1n the cathode steel bar 

and in the whole !~i.cs. 

Parameters are the followings: 

Current o! the cathode block 1800 A 

widthas15mm 

Steel bar 

speci!ic resistivity ... 73nmm2 /m 

width .60 mm 

height .160 mm 

lenght • 1800 mm 

·l'he simplified temperature distribution an<i the spec 1..fic resistances !or 

the parts of the steel bar i 

.fa.rt Lens:ot ID!!! ?emQ 1 • C Snec 1 resist ivi t:x:.o.mm~ 
400 100 o.H1 

2 400 450 0.49 

~ 10QO 800 1 1 uc 

part outside 

.'.:>art 2 in ths cell, up to the block 

part 3 in the carton block ( 7) 

6) The anode current distribution was measured, ~rit~ a short program which 

calculates the followings from the anode stub current: 

- total serial current 

- average stub current 

- choose the anode stub which h~a t~~ ni6est current. (4) 

7) ~rite some ir.lporte.nt characteristics of instruments? (2) 

8) For what purposes cun be used a microcomputer in the lab ? (2) 
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US'I Ro.5 

1)Plot the typical magnetic field patent 1n a cell. (X,Y,Z components) (3) 

2) Plot the magnetic forces and flow directions in the c:aa• ot 11J1coapenaa-

ted B~ field and hori.&ontal crrent (2) 

30 Hov doea a ball-plate operate? Drav a scheme. (2) 

4)G1v• the main d1fficult1ea related to the magnetic meaa~xesents 1n th• 

melt. (3) 

5) Plot th• stability-limit curve tor a cell. Parameters are th• tollovin68l 

A- 5. 10--
6 

M
2 

ICA.gauaa 

Do • 0.0411 

Give the D values tor the next metal heights• 

Hm a5cm, 10cm, 15cm, 2Ucm.(4) 

6) Calculate the stability !1.gUree and evaluate the stability form tor the 

next casesi 

-!unoemental stability 

-waves over hal ves left/ right 

-waves over hb.lvee upper/lover 

-wa~es 1.nside the quadrants 

Parametersi 

D • o.o?m 

Do .o.o4m 

Hm .o.25m 

KA.gauss 



.--......-----~~---------- ---

Jt1ean que.1.>rant values in guu~~;: 

lsz1c -19.08 

k2. -37.3? 

*'• -47.04 

k4- -9.85 

' 
4 
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{7) 

7}Urav the scheme ot a mathematical model system ~hich calclllates th• mag~ 

neic and !lov propertis. t2) 

8) hplain the meaning of the vord:WNOVATION., What is the relation between 

innovation and .H&D~ (2; 
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Aluminium r.lectrolxsis 

?9et No. 6. 7,12,1984 

1. •hicn are the main Par~ ot a data acquie1t1on syat .. ? (2) 

2. Plot the followint. diagrams tor a cell under resisttt.nca ana alumina.feeding cont~ol: 

- alumina 1"eea1ng rbte versus Um• 

-u2o3 
content versus time 

~ resistance versus time (4) 

'· Plot th• cell resistance as a !unction of A12o3 ~oncentration tor a cell. Vhlch 

are tho aaiD operation 11.mita? (3) 

4. Por a current decreasing experiment the aeasurea cell-volt11&• and line current 

data were th• !ollo~inga: 

u,.4.25 (Y) 1,~ts00'1) 

u2.3,e 12·70 

u.,.,.4, i,-60 

u4.,.25 14•50 

tr5 .• 2 .g 15.40 

Calculate the polarisation v~ltage, the reaiatanc• and the correlation coefficient (6) 

5. Give th• hierarchical atructure ot a production control ayat••· (2) 

6.Vhich are the aaiD connection• 1n a cell control unit? (3) 

7, What are the advant~ea and disaavanta&ea ot dry /vet scrubbing ? (2) 

8. Vhich are the important physical propertiee ot alumina? ( 1) 

Give the values of these ph,yaical properties for aandy/tlourJ alwa1Da. (2) 
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.. 
Test Results 

1. 2. J. 4. 5. 6. Sum 
Grou~ Al 

Zhang Liya 14.5 17.5 14 20 17.5 13.5 97 
Liu Xiang Ming 13 13.5 13 19.5 15 8.75 82.75 
Shu Jian Yi 15 12 12.5 15 18 8.75 81. 25 
Ma Shen Li 16 16.5 12.5 18 17.5 14 94.5 
Wang Liuzhu 12 14.5 12.5 14.5 15 ~9.75 78.25 
Xing Shuya 14.5 14 16.5 18 14.5 12.75 90.25 
Zhang Xi Ping 13 15.5 11 15.5 12.5 8.75 76.25 

Grou[! A2 

Jiang Xinhua 20 18 16 15 13.5 10.5 93 
Li Jiang 19.5 18.5 17 14.5 14.5 11 95 
Liu Bao Wei 11 14 14.5 12 10 15 76.5 
Sun Zhiang 14 17 11. 5 17 16 5.25 80.75 
Wang Jing Yu 8 16.5 16.5 12 14.5 3.75 57.25 
Zhou Huifang 12 10.5 14 12.5 12.5 9 . i0.5 
Qiu Shilin 16.5 16.5 16.5 8 14.5 7.75 i9.75 

Group Aj 

Chen Xiao Dong 10 15.5 13.5 14 12 4.5 69.5 
Liu Keyi 13.5 14 12 7.5 13 8 68 
Shang-Guan Zheng 16.5 17 14 12.5 12 6 78 
Xei Zhong 11 17.5 13 14.5 16 14 86 
Wang Hong Biao 15 16 14.5 15.5 16.5 5.75 83.25 
Yang Zhiyong 14.5 17 12.5 13.5 16.5 8 82 
Yang Quiao Fang 13 16.5 14.5 14 16 10.25 84.25 

Av~rage for the 14.l 15.5 14 14.6 14.6 9.27 
"alumina" groups 
% effectivity 70.4 77.5 70.o 73.1 73 46,4 

Grou[! Bl 

Liu Feng Yin 18 14 55 25 25 25 162 
Lu Ting Xoung 20 16 57 22 25 25 165 
Wang You Lai 14 12 47 21 21 25 140 
Wu Ying Ming 16 15 51 20 23 24 149 
Zhang Zhong Lin 14 14 50 22 25 25 150 
Han Ying arr. later 4 3 18.5 25 25 86.4 

GrouQ B2 

Cheng Geng 17 13 42 17 21 21 131 
Du Yi11n Yong 10 13 4 3 16.5 23 23 128.5 
Wu Yi Feng 17 11 45 20 24 20 137 
Yuan Xian Pei 20 16 60 25 22 25 168 
Zhang Xuan Xu 10 12 39 20.5 22 19 122.5 

Average for the 78 85 80.5 82.7 93 93.4 85.6 % 
"smelter" grou'1s 
in% e-ffectivity 
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