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Explanatory notes 

Figures for opecating costs in this report are given in deutsche mark 
(Oii). At the time when the figures were rroduced (1979), the value of the 
deutsche mark in relation to the United States dollar vas Sus 1 = DM 2.51. 

The following technical abbreviations are used in this report: 

LOI loss on ignition 
RSP reinforced suspension preheater 

Mention of fira naaes and cOBDercial products does not implJ the 
endorsement of the United Nations. 
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ABSTRACT 

This project (SI/DRlt/86/006), "Technical Assistance to the Cement 
Industry". bas been carried out for the Government of the Democratic People's 
Republic of lorea by the UniteJ Nations Industrial Development Organization 
(UNIIX>) acting as executing agency for the United Nations Development 
Progra!lllle (UNDP). This report covers the one-month mission of a special 
adviser in cement technology, who was based in Pyongyang from 28 February to 
1 April 1986 . 

The purpose of the project was to find vays of conserving energy and of 
increasing the production capacity of soae of the cement production lines. 
which currently use the vet-process systea. by converting thea to seai-vet, 
seai-dry or dry process systeas. Tbe expert vas also asked to evaluate and 
advise on other problems facing the ceaent industry, on the granite extraction 
and processing in the country, and on training of national personnel for the 
cement industry. 

The report covers all the project activities and contains a preliminary 
study of the possibility of converting soae of the vet-process production 
lines in the 8th February Cemeat Joint Coaplex to a seai-vet process. 
Included is an evaluation of the exiL'-~ng production systea. criteria for 
conversion, description and speci~ication of the nev proposed machinery and a 
calculation of the energy h..lance. Installation of the nev machinery is 
intenaed to guarantee a decrease in energy consumption and increase in 
production capacity of approx~aately 30 per cent. A proposal for the nev 
design based on these calculations vas prepared. 

The problems and difficulties facing the cement industry in the country 
in general were investigated, recomaendations made and advice given to counter­
parts on the spot. Exaaples of these production probleus are given in the 
report. 

Tile On Chun Granite Company vas visited. The extraction and processing 
of granit9 was studied and recoamendations made. 

Training of national cement designers, engineers and chemists to enable 
them to understand the new design. the production system and its technology 
wa~ given. Two sessions of lectures on energy conservation and on clinker 
production, followed by technical discussioLs, were offered to many of the 
technical personnel in the cement industry . 
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INTRODUCTION 

This project, "Technical assistance to the ceaent industrJ" (SI/D~/86/006), 
bas been carried out for the Goverruaent of the De9ocratic People's Republic of 
lorea bJ the United Nations Industrial Development Organization (UNIDO), acting 
as executing agencJ for the United Nations Development Prograllllle (URDP), as a 
Special Industrial Services project. Under this project, a special adviser in 
ceaent tecbnologJ vas based in PJongyang for about one month from 28 February 
to 1 April 1980. This report describes his aission. 

General b&ckg~ound 

Whereas previously energJ was seen as an abundant resource, it is now 
viewed as a scarce comaoditJ and efforts are constantly being made today not 
onlJ to explore new s~urces of energJ but also to cons9rve traditional sources. 
This applies most iaportantly to the use of energJ in industrJ and to the 
cement industry in particular. What can be done to improve the efficiency of 
cea...~t plants? What are SOiie of the considerations involved in designing and 
introducing energ1-saving in cemen~ plants? Energy balance, involving both 
fuel and electric energJ, is the iaportant concept and the gcal to aia at. 
Ceaent production traditionallJ involves a high energJ consuaption, especially 
in plants using vet-process tecbnologJ. In view of the constantly rising cost 
of energJ since 1973, the seai-vet, seai-drJ and dry processes for cement 
production, which require less energy, have been gaining more and more 
importance. The conversion of wet process into semi-vet or semi-dry process 
is based on the assuaption that the cost of the conversion is off-set by 
substantial savings in fuel consuaption. 

It should be noted that more than 40 per cent of the world's cement 
industry is still using the simple wet process. During the last few years, 
manJ technical and econlJlllic studies have been carried out on convertini 
existing cement plants froa vet process to seai-wet, seai-dry or dry process. 
It was found that a general s~lution did not exist and that in many cases the 
vet process continued to be preferred because of soae special circuastances or 
conditions prevailing in the area or because of th~ available raw materials. 

A vet-process kiln can be converted, b~t the cost-to-savings ratio must 
be worthwhile. It may be more economical to aba~don and rebuild, but this can 
only be determined bJ a cost analysis which includes the life expectancy of 
the existing installation. Future developments in energy prices may also 
change ;be picture again. 

Project bac~ground 

The Democratic People's Republic of Korea is in a period of intensified 
industrial development. The country is already producing approximately 
10 million tonnes of cement per year to serve both the dOlll8stic and export 
markets. the country has an urgent need to increase the quantity of cement 
produced and to decrease its fuel consumption as well. ~~·~ of the cement 
plants use the wet-process method in cement production where fuel consumption 
is froa 50-100 per cent higher than for semi-vet or semi-dry or dry process 
plants of similar capacity. tha Government has therefore decided to ask for 
assistance from UllIDO to examine the possibilities of converting sOll'e of the 
production lines now using the wet process to production lines using emi-wet, 
semi-dry or dry process metho~; in order to conserve energy and to increase 
the production and if possible to reduce the production costs. 
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The cement industry of the Democratic People's Republic of lorea consists 
of the following plants. 

Sun Chon Cement Complex, in Sun Chon CitJ, 70 kilometres froa Pyongyang. 
Production of 3 millicn tonnes a Jear, three kilns (drJ process) 

8th February Cement Joint Complex, near Sari ~an CitJ, 70 kilometres from 
P1ong1ang. 

Production of 1,450,000 tonnes a Jear (fully described in the report) 

Chon Nae Ri Cement Company, in lang Wan Province, 300 kilometres from 
Pyong1ang anj 80 kilometres from Won Son City. 

Production of 600,000 tonnes a fear, four kilns (dry process) 

Bae Jon Cement Plant, South Bwang Rae Province in Rae Jon City, 150 kilometres 
froa PJongyang. 

Production of 700,000 tonnes a Jear, four kilns (drJ process) 

Sung Bo Cement Plant, 40 kiloaetres from Pyongfang. 
Production of 850,000 tonnes a year, six kilns (vet process) 

Other saall cement plants producing together about 3.5 million tonnes a 
year. 

In Karch 1985, UNDP received a letter from the Ministry of Building 
Materials IndustrJ which suggested some subjects to be investigated in the 
industrJ and included the nomination of investigating groups to be submitted 
to UllIDO. A meeting was held about this on 19 Karch 1985 between representa­
tives of tne Ministry of Building Materials IndustrJ and the Resident Repre­
sentati~• of UNDP in Pyongyang. At this meeting, the Ministry requested 
technical assistance from UllIDO in the field of cement and building materials. 
The following four project proposals, in order of prioritJ, were discussed: 

(a) Introduction of semi-wet, semi-dry or dry process systems in cement 
production; 

(b) Techniques of cutting and processing granite; 

(c) Production of board furniture and quality furniture goods; 

(d) Improvement of kraft paper bags. 

The reasons for deciding to proceed with the first proposal through UllIDO 
is that the Government considers energ1-saving, especially in the cement 
industry, as one of the most important subjects for the e~onomy now that the 
Democratic People's Republic of Korea has entered a stage of intensive 
industrial development. Letters and telP.xes were circulated between UllIDO 
and UNDP, and the Government agreed to the UNIDO proposal of a one-month 
consultancy service ~nder the ~pecial Industrial Services programme. 

The main objectives of this one-month mission ''•:e agreed at a meeting at 
UNIDO headquarters on 1 Karch 1986, attended by representatives of the 
Government of the Democratic People's Republic of Korea and by officers of 
UJIIDO and UNDP. They were as follows: 

(a) To investigate the possibility of introducing the semi-wet, semi-dry 
or dry techniques into those cement plants in the country which are still 
using a wet process for cement production, especially in the case of the 
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8th FebruarJ Cement Joint Complex. the genetal purpose of introd~cing &DJ of 
these techniques is: 

!i) :o increase the production capacities of the kilns bJ 20-30 ~er cent; 

(ii) to decrease the fuel consumption in the converted production lines 
to below 1,100 teal/kg of clinker; 

(b) To reconmend technical solutions to the problems faced bJ the Chon 
Nae Ri Cement Plant, especiallJ the fact that, in its production line which 
uses the dry process method, only 70 per cent o~ the rated capacity of the 
reinforced suspension prehe2ter (RSP) kiln can be achieved; 

(c) to investigate the main technical production problems facing both 
the above-mentioned cement plants and give advice and recOlllDendations; 

(d) To evaluate the quarr1ing and processing techniques used in granite 
production and advise on the technical characteristics of the equipment and 
aachiner1 used; 

Ce> To visit Naa Po Port and inves~igate the cement-dispatching 
equipment installed under a UNDP project and to advise on it in accordance 
with a request from the UNDP Resident Representative at a meeting held in 
the UNDP office on 29 Februar1 1986. 

(See also the expert's job description in annex I.) 

Proiect activities 

On 1 March 1986, the Adviser accompanied bJ Kim Jae Ot <Director of the 
Bureau for Scientific and Technical Leadership) and Zo Ho Sung <Interpreter) 
left P1ong1ang to visit the 8th FebruarJ Cement Joint Complex, 70 kilometres 
south of Pyongyang city and 8 ~ilometres south of Sari Wan city. The visit 
lasted for five da1s until 5 March and the Adviser met the following personnel: 

Kang Yong Gol (General Manager of the Complex) 
Kin Ho Yong (Chief Engineer of the Complex) 
Kun Jae Gun (Member of the Research Institute in the Cement Complex> 
Han Hi Chan (Chief of technical S£-ction in the Cement Complex) 

the last three officials accompanied the Adviser throughout the visit to 
the 8th February Cement Joint Complex. The last two officials accompanied the 
Adviser throughout the mission period until he left the country on 1 April 1986. 

The Adviser studied the processes of cement production and the machinery 
and equipment used. He discussed on site all the technical problems facing the 
cement complex and made various reconmendations on avoiding or overcoming such 
technical problems. All aspects of the proposed conversion were discussed 
and several meetings were held between the Adviser and the personnel of the 
8th ~·-~ruary Cement Joint Complex. In these meetings, the Adviser explained in 
detail ~be different types of conversion that can be adopted in converting a 
cement plant from wet process to semi-wet or semi-dry or dry process methods. 
He answered all the technical qaestions raised at these meetings. In the end, 
all those taking part in these meetings agreed on conversion of the wet-process 
production lines of the 8th February Cement Joint Complex to a semi-wet process 
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by the addition of a filtration unit. dryer and two-stage pre-beaters. They 
decided also to convert the kiln grate cooler. These decisions were based on 
the technical and economic factors and criteria indicated later. 

The Adviser calculated the original capacities of the machinery used at 
present in the wet-process production lines and also the capacities of all the 
new equipment necessary to csrry out a process conversion. as shown in part 
one of this report. Detailed production data supplied by the Ceaent Joint 
Complex are given in annex II of this report. 

From 6 March 1986. the Adviser continued bis wort in Pyongyang. giving 
the government ceaent designers the technical information on production-line 
conversion. and how this conversion can be carried out. and explaining the 
need for a feasibility study which will include the following information as a 
prerequisite for designing the ~onversion: 

(a) The capacity of the existing rotary kiln; 

(b) Heat requirement for drying without waste-beat utilization; 

(c) The heat balance of the existing rotary kiln; 

(d) Thermal calcula~ions and kiln heat balance for the kilns after 
conversion; 

(e) Heat balance of new machinery such as the dryer. two-stage 
pre-heaters and meal cyclones; 

(f) Heat balance of cooler. 

These calculations were done by the Adviser and are given in chapter 
three. F~ll descriptions and specifications of the proposed new equipment 
were also compiled. as well as an account of the changes and modifications to 
existing machinery and equipment. which would be necessary to suit the new 
process. (See chapter V.) This description will help the Government to 
prepare the tender documents when they have decided to proceed with the 
project. 

After many meetings. discussions and corrections, a design for a new 
production layout. drawn up by the Adviser, came to its final stage as shown 
in figures S(a) and (b). 

On 16 March, the Adviser. accompanied by Kim Jae Ok (Director of the 
Bureau for Scientific and Technical Leadership), Li Song U (UJIDP) and Zo Ho 
Sung (Interpreter), left Pyongyang for Won San City in Kang Won Province, 
about 240 kilometres from Pyongyang. There they visited the Chon Nae Ri 
cement plant and met ,Kim Ho Il (Vice Chief Engineer), Ue Yong Kot (Chief of 
the Technical Sectioq) and Kim Kyo Un (Chairman of the Research Institute). 
A meeting was held v~tb these persons to discuss the reasons for the failure 
of the dry-process t~ln to achieve more than 70 per cent of its rated capacity. 
<The kiln is equippe~ with four suspension pre-heaters and a precalciner.) 
Many aspects were thqroughly discussed and analysed. The following emerged as 
some of the problem areas: 

(a) Heat balan~e of the kiln. the suspension preheaters and especially 
the precalciner and the high specific heat consumption; 

(b) The cooler ,problems and how to avoid clogging of the pipe conveying 
cooled hot-air gases ,to the precalciner; 
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(c) the alkali problems and their effects on the qualitJ of ceaent; 

Cd) BJ-passing a part of the exit gases to overcoae the alkali problems; 

(e) Adjusting the flaae properlJ in the burning zone; 

(f) the low degree of precalcination; 

(g) Dust problems; 

Ch) Fiueness of the raw meal; 

Ci> the free Cao eontent of the clinker produced; 

(j) Segregation of ~linlcer along the cooler grates; 

(t) QualitJ of clinker produced. 

Technical explanations, advice and recomaendations were given. The visit 
lasted until 19 !larch 1986. 

A meeting was held with Yong Tu Long CUNDP DeputJ Resident Representative> 
on 24 !larch. This was also attended bJ the Adviser and the following: 

Kia Jae Ot (Director of Bureau for Scientific and Technical !.eadership) 

Han Hi Chan (Chief of Technical Section, 8th FebruarJ Cement Joint 
Complex> 

Kun Jae Gun <Member of the Research In~titute, 8th FebruarJ Cement Joint 
Complex) 

Chai Nam Ri 

Kim Chung En 

Zo Ho Sung <Interprete~) 

Li Song U <Progr&Jlllle Offic6r, UNDP) 

At this meeting, the Director of the Bureau expressed the Government's 
satisfaction with the wort carried out on this mission, which had included 
training of national engineers (from the Government as well as from the 
different cement plP.nts) and lectures presented to them on energJ conservation 
and clinker production and on alkali problems and how to avoid them. The 
Director submitted to the UNDP DeputJ Resident Representative a letter 
outlining their proposal for carrying out the conversion. This proposal 
indicated the stages of the conversion, the changes to be made and the 
investment which would be needed. A detailed list of the new equipment 
required was attached and UNDP was asked to assist in providing the country 
with the imported equipment. The Deputy Resident Repre~entative informed the 
meeting that UNDP can only help in providing technical assistance such as 
studJ tours to developed countries to familiarize personnel with the new 
seal-vet system, training of the nationals and providing some special 
instruments to the labor~tories to develop th• quality coatrol of the cement 
produced. The Deputy Resident Representative asked that another tripartite 
meeting should be arranged to discuss the main technical assistance fields 
where UNOP and UNIDO can help and that this meeting should take place before 
the Adviser's departure. 
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This meeting was held on 31 Karch 1986 vitb all the saae personnel who 
attended the tripartite meeting on 24 Karch. At the aeeting. the Director of 
the Bureau subll.itted a lett&r indicating the Government's revised request to 
UNDP for assistance in carrying out the conversion. The request wa~ as 
follows: 

Ca> That a study tour should be prepared for four ltorean staff to visit 
one or two developed countries {e.g. Switzerland CLiesberg Cement Plant) or 
France} for one month to get acquainted with the semi-vet process; 

{b) That six ltorean staff should be trained for one month in the Cement 
Industry Design Institut~ in Tienjing. China. to become acquainted with new 
developaents of the suspension preheater calciners and the dry process used in 
China; 

Cc> That the 8th February Cement Joint Complex should be provided with 
SOiie laboratory instruaents and equipaent to develop the quality control in 
the plant; 

{d) Tha~. after the conversion had been carried out, a UNIDO expert 
should be sent tr inspect and evaluate the wort carried out. 

The Deputy Resident Representative agreed to these requests and indicated 
that he would contact the Foreign Trade Ministry and UNIDO. Kr. Kim informed 
those present that his Ministry had already contacted the Foreign Trade 
Ministry and that the Government was giving more priority to the cement 
projects than any other UllDP projects and that they would support the 
above-mentioned req•1ests. 

Meetings were also held with Kr. Kia to investigate and study problems 
faced by some other cement plants within the country. Advice and 
recoaaendations on solving these problems were submitted at these meetings. 

During the course of two sessions held on 9 and 16 March 1986. attended 
by the main designers and engineers from the Bureau (Government) and the 
different cement plants, seven hours of lectures were presented on energy 
saving in the cement industry and how conversion of wet procecs into semi-wet. 
semi-dry or dry process can be carried out, and on clinker production and the 
alkali problems and how to avoid such problems in cement plants. After the 
lectures, many technical questions were asked and problems discussed. 

On 26 March 1986, the On Chun Granite Company was visited by the Adviser, 
accompanied by Jo Yong Huei (Director of Korea Cement ~nd Granite Export and 
Import Corporation) and Zo Ho Sung (Interpreter). The technology used in 
extracting and processing granite was studied and evaluated and the necessary 
advice and reco1111endations concerning the new technology were presented. 

The expert's job description also included the elaboration of terms of 
reference for a feasibility study for possible use in follow-up activities, 
with or without UNIDO assistance <see annex I). It was understood that no 
final decision could be taken on process conversion without a really thorough 
feasibility study which would include all the results of the raw-material 
tests and an evaluation of all the economic consequences of various alterna­
tives. A draft of the terms of reference was prepared in June l98G and 
excerpts from this draft are given in annex III. 
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FillDIBGS AND RECOlllDDATIONS 

Findings 

Part one: The conversion of 8tn February Ceaent Joint C911plex 

1. At the technical meetings between the Adviser and the counterpart 
technical personnel, it was agreed that conversion of the productio~ lines 
should start with kilns 5 and 6 followed, at a later stage, by kilns 3 and 4. 

2. It was decided to opt for conversion to the siaple seai-wet process, 
i.e. the long wet kiln plus a filtration unit plus a two-stage preheater and 
raw meal cyclone. This decision was based on the desir1bility of continuing 
to use the existing production deparblents, stores, raw aills, slurry basins 
etc. 

3. The production capacity is expected to increase by a ainiaua of 30 per cent. 

4. The clinker produced will contain less alkalis and chlorides, i.e. it may 
be possible to produce low-alkali ciament. 

5. It is expected also that the man-hour input per tonne of clinker will only 
increase by approximately 0.04 per cent for filtration and drying, plus 
approximately 0.01 per cent for the kiln system. 

6. Assessment of the production-capacity efficiency of the machinery used in 
this plant in the production lines 3, 4, 5 and 6 before and after conversion, 
showed that the following machinery bas to be installed to achieve the desired 
increase in the production capacity of the converted plant: 

A new hamner crusher of a capacity of 150 tonnes per hour (t/h) 

A new raw mill of 75 t/h capacity 

Three corrective slurry silos of 400 m3 capacity each 

Two slurry pumps of 80 m3/b capacity each 

A closed-circuit cement mill of 50 t/h capacity 

Three cement silos of 1,000 t capacity each 

A rotary packing machine of 100 t/h capacity 
or 2 stationary packing machines of 60 t/b capacity each 

A compressor of 40 m3 per minute capacity 

7. Calculations of the capacities of the existing kilns 3, 4, 5 and 6 showed 
that these kilns are only capable of producing 32 tonnes per hour or, 744 tonnes 
per day each, instead of the designed capacity of 850 tonnes per day each, due 
to tbe incorrect specific kiln capacity which was given as 0.557. In fact, the 
specific kiln capaeity was found to be 0.49. 

8. The rotary-kiln heat-balance calculations showed that the energy 
consumption of the new system, after conversion to the semi-wet process, may 
reach a maximum in the range 1,050-1,100 kcal/kg clinker. As the energy 
consumption of the existing rotary kiln using the wet process is in the range 
1,620-1,670 kcal/kg clinker (average 1,645 kcal/kg clinker), the energy 
savings may be approximately 500 kcal/kg clinker, or roughly 30 per cent. The 
fuel needed may therefore decrease from 0.32 tonnes of coal per tonne of 
clinker, to 0.21 tonnes of coal per tonne of clinker. 
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9. The beat-balance calculations of the dryer and the first and second 
preheaters showed that the gas t811p8ratures leaving tb .. are 466 •c. 718.6 •c 
and 931.2 •c respectively. The heat content of the clinker discharged froa 
the kiln vill be 213.84 kcal/kg clinker and the theraal efficiency of the 
cooler is 77 per cent. 

10. Devatering of the slurry can be carried out either by using vacuua filters 
or pressure filters. As the filtration process depends on aany factors. such 
as the cheaical, physical and aineralogical constituents of the slurry as well 
as the shape and grain-size distribution of grains in the slurry, the slurry. 
filter dusts, fuel (coal) and water used in the 8tb February Ce11ent Joint Collplex 
have to be carefully studied and tested before selecting the filtration unit. 

11. Due to lack of a suitable area along the axis of kilns 5 and 6 on the 
electrostatic filter side where the filter unit with its accessories to serve 
kilns 5 and 6 could be installed, it was agreed that the area situated along 
the north-eastern side of the water challllel (parallel to the kilns• axis) and 
nearest to the electrostatic filter of kiln 6 would suit the requir ... nts. On 
the other hand, a suitable area does exist along the axis of kilns 3 and 4 
where the filtration unit and its accessories could be installed later on for 
these kilns. 

12. The gr~.te coolers of the existing production lines need to be 11adified or 
replaced in ~rder to fit in with the rest of the process conversion. 

13. According to the information received froa the technical personnel of 
the 8th February Ce11ent Joint CCJ11Plex about the availability of raw aaterials 
and their reserves, it is expected that the raw aaterial reserves can supply 
the cement plant for at least 50 years, even vith the expected increase in 
production. The reserves were estiaated on the basis of a reliable geological 
investigation carried out by the coapany. 

14. The results of the technical feasibility study were evaluated in the 
light of their economic implications. and it was found that the conversion 
of the production lines flOll vet process to seai-vet process would succeed 
in conserving energy and in increasing the production capacity by 30 per cent 
at least. Accordingly, at two tripartite meetings. the .;overn11ent of the 
Democratic People's Republic of torea asked UllDP for assi•tance in carrying 
out the conversion. 

Part two: Difficulties and problems facing the cement industrx 

15. The consumption of the grinding media in the 8th February Cement Joint 
Complex as well as of the inter.nal fittings and lining pla~es of the mills 
(raw and cement> is abnormally high. This can be attributed to the fact that 
the grinding media are made of cast iron and their shape is irregular rather 
than round or cylindrical. Besides this, no special care or attention is 
given to the dimensions of the grinding media neither in the raw mills nor 
in the cement mills. 

16. The consumption of refractory bricks per kilogrf.11 of clinker in this 
plant is rather high (four to six kilogr ... per tonne of clinker). This can 
be attributed to the low quality of the refractory bricks used in lining the 
kilns and especially in the burning zone. It was also found that the nature. 
shape and position of the kiln flame are in need of adjustment. The abnormal 
thermal shocks due to the continuous stoppages ~re accelerating the 
deterioration of the refractory bricks. 
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17. The process of clinker foraation cannot be considered t~ be C\l91Plete wben 
the clinker leaYes the hottest area of the kiln's burning zone. The cooling 
of clinker is also considered to be a part of the process of clinker production 
since it affects the qualitJ of the clinker produced and its grindabilitJ. It 
is clear that in the 8th Februarr c ... nt Joint COllplex, the t911p9rature of the 
clinker leaYing the grate cooler is YerJ high (3~00 •c> and therefore the 
grindabilitJ and the qualitJ of the clinker were affected. 

18. The clinker produced in 8th Februarr c ... nt Joint CCJ11Plex is characterized 
bJ its •err lov silica 80dulus. This leads to the disturbance of the burning 
zone as well as the increase in the liquid phase percentage wbicb va3 found to 
be more than 30 per cent. The percentage of calciua fluoride added to the rav 
meal was also found to be tigh and its addition creates llaDJ problems in the 
burning zone and bas an effect on the qualitJ of the clinker and ce11ent 
produced. 

19. The sulphate content of the c ... nt produced in the 8th Februar7 Cement Joint 
Cmplex ranges froa 1.5 to 1.68 per cent, wbich is lov. GJpsua ccaso4 - 282'>> 
is added in a liaited quantitJ to Portland c ... nt not onlJ to regu~ate its 
setting tble but also to influence the other properties such as grindabilitJ, 
sensitiYitJ to storage, YOlU118 stabilitJ and strength. The percentage of 
gJPsua is liaited in this case due to the fact that gJPsua is i~rted froa 
China and t~e Union of SoYiet Socialist Republics. 

20. All the .. chinerr. equiP119nt and instL,..nts used in the laboratories of 
the 3th Februarr C8118nt Joint Cmplex are of an old tJP& and mate possible 
onlJ the ordinarr qualitr-control tests. The sand used in testing the 
CCJllPressive strength is verr fine and does not CCJllPlJ vitb the standard for 
such sands. ConsequentlJ, the results obtained are below the liaits. 

21. At Chon Rae Ri c8118nt plant, the reinforced-suspension-preheater (ISP) 
kiln, designed and 11&11ufactur&d in the Dellocratic People's Republic of lorea, 
is incapable of reaching its rated capacitJ of 60 t/h or 1,440 t/d. Instead, 
it produces onlJ 70 per cent, i.e. 42 t/h or 1,008 t/d. The Adviser attributed 
this to ll&DJ factors such as the false air entering the kiln. The coal supplied 
to the tiln represents 52.38 per cent of the fuel wbile that supplied to th• 
precalciner is 47.61 per cent wbich is considered to be lov. The temperature 
of tbe air recouped froa the cooler and blown into the precalciner as well as 
the secondar1-air teaperature are lov, and the length of the tiln is so short 
that the calcination of carbonate and the formation of clinker phases do not 
have enough time to take place properl7 in the 60-11etre length of this kiln. 

22. The alkali content of the clinker ~roduced in Chon Nae Ri c ... nt plant 
(and in soae other ceaent plants in the countrr> is 1.2 per cent which is a 
high percentage. This percentage causes manJ problems in the qualitJ of 
clinker produced as well as in the parts of the process where condensation 
of alkali vapours occurs, e.g. in the kiln-inlet region, the bottom stage of 
the raw-meal preheater and tbe calcining chamber of the grate preheater. The 
condensation phenomenon causes local accU11P1lation of alkali salts that melt 
to produce liquid phases which mate the particles of clinker stickJ and these 
adhere together to fora balls of clinker and coating. 

23. The tertiarJ duct in use in the Chon Rae Ii reinforced-suspension-preheater 
kiln, wbich convers the cooler's air to the precalciner, is always having 
problems with clogging. This was attributed to the absence of a CJclone as 
well as to the precipitation of dust along the walls of the horizontal duct. 
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24. Mixing of the slurry, especiallJ in the slurry basins of the 8th Febru&r)' 
c ... nt Joint Coaplex, was not carried out properlJ although the slurrr basins 
are equipped vith a -chanical as well as a pneuaatic aidng srst-. This 
tends to create SOiie trouble and disturbance in the burning zone. 

Part three: Extraction and processing of granite in the On Chun Granit~ 
Campany 

25. The aachinery and equipment used in the on Chun Granite quarry are all 
siaple and are aainlJ locallJ produced. The processing of granite here uses 
the tecbnologJ nol'll&lly used in 110st deYeloped countries. The efficiencr of 
cutting the blocks could be said to be below standard. 

26. The extraction of granite blocks in the On Chun granite quarry is carried 
out using ezplosiYes. These ezplosiYes destror ... ch of the production due to 
the effect of the pressure of the gases froa the ezplosions on the surrounding 
granite rocks. 

Rec~ndations 

Part one: Co&Yersion of the 8th February c ... at Joint Co!lplex 

1. It is rec~nded to carry out the conYersion of the production lines of 
the 8th Febru&r)' Cement Joint Coaplex step by step. Tile first conYersion 
would be of the newest kilns, 5 and 6. Tile second stage would include kilns 3 
and 4. The process chosen would be the siaple s-i-wet syst- (long wet kiln 
plus filtraton unit plus dryer plus two-stage preheater and cyelone>. This 
systea will enable the c011panJ to utilize the old equipment (stores, slurry 
aills, correctiYe silos, basins etc.) and should .. ke it possible to conserve 
energf and increase the production capacitJ of the existing equipment. 

2. It is absolutely necessary to carry out the tests and investigations 
indicated in the report on representative saaples of the raw aaterials 
Craw-11eal slurry, fuel, water, electrostatic-precipitator-filter dust etc.) 
taken froa the 8th February Cement Joint Coaplex production lines. This 
inforaation is needed in order to select the proper systea for devatering the 
slurry, either vacuua filters or pressure filters, before any final decision 
on conversion is .. de. These tests and investigations can be carried out in a 
special~zed laboratorr and should be confirmed bf pilot-plant tests which can 
be evaluated by the supplier so that he can subllit suitable proposals for 
aodification of the equipment. 

3. As the Democratic People's Republic of ~rea is a c ... nt-equipment 
producing country and capable of producing SOiie parts of the .. in equipment 
and aachinery needed, it ii rec0111ended that the Democratic People'a Republic 
of lorea should indicate, in ~he international tender documents, its 
willingness to manufacture some specific parts of the equipment according 
to the designs and drawings which will be received froa the supplier after 
agreement has been reached and the contract signed. 

4. It is rec01111ended that the new machinerr and equipment which the 
evaluatio~ shows to be necessary in order to achieve the desired increase 
in productio·i, should be aanufactured and erected locallJ according to the 
speciticati•JDI ot the cement equipment required. 

5. The tender documents, including the pr•sent estimates, calculations, 
specifications and the design proposal have to be re-checked and re-evaluated 
by the supplier in the light of the pilot-plant test results. The supplier 
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should be requested to subait his final conTersioo proposal to the Government 
and lo confira bis own willingness to carry out the conversion and to guarantee 
~b• increase in production figures and savings in ener17 of at least 30 per cent. 

6. It is recommended that the coolers should be COll()letelJ llOdified to fit in 
with the conversion. The tendec doc1111ents have to include everything necessarJ 
for the proposed llOdificatioas, as described in the Adviser's proposal. 

1. It is recommended that UJIIDO enters into a technical-assistance agreement 
with the Government (through UllDP) to DOoitor and control on behalf of the 
Government all the steps, froa the begi~ning of the project until the taking­
over of the new aachinerJ, which are necessarJ to guarantee the success of the 
conversion. (This idea was discussed with the authorized personnel and it was 
appreciated and welcomed.) 

8. In accordance with the Government's request at the tripart~te .. eting on 
31 llarcb 1986, a studJ tour for one llDotb for four l.oreans to visit one or two 
developed countries such as SVttzerland or France should be arranged through 
UllDP so that the l.oreaas can beca11e acquainted with the seai-wet process in 
situ. 

Part two: Difficulties and probl ... facing the c ... nt iodustrx 

9. It is recommended to use highlJ wear-resistant grinding 118dia aade of 
white cast iron with a chr011iaa content ranging froa 12-18 per cent and with 
tungsten or llOlJbdinaa. These tJpes of grinding 118dia are 1111ch 11Dre ecoooaical 
for the c ... nt plant than the ooraal grinding .. dia as the consumption will 
not exceed 50 graas per toooe of c ... ot. 

10. At the s ... ti .. as changing the grinding 118dia, it is also recOllll8oded 
to change the aill lining plates. The lining plates and the internal fittings 
should be geared to suit the oev grinding .. dia. A cost/benefit aoalJsis 
should be aade of the effect of iapleaentiog this recOllmleo'·~tioo. 

11. Io resolving probleas in the kilo areas, it is oecessarJ: 

Ca> To select the proper refractorJ bricks for &DJ of the kilo zones and 
especiallJ for the burning zone, where it is recommended to install magnesite 
or aagnesite-chrOll8 bricks of good qualitJ; 

Cb) To give special attention to the lining, especiallJ in the deformed 
areas of the kiln shell and to check and correct the aligaaent of the kiln 
with appropriate intervals; 

<c> To adjust the position and direction of the flame inside the burning 
zone of the kilo according to the explanations included in this report; 

(d) To increase the amount of oxrgen introduced to the burning zone and 
to reduce the number of kiln stoppages through changing the deformed parts of 
the kilo shell. 

These are all rec01111ended as waJs to decrease the consumption of 
refractorJ bricks and to conserve energJ. 

12. It is reeoamaended that both the silica and alwaina mo'uli should be 
increased to reach the recOlll8nded ranges of 2.3-2.7 for the silica modulus 
and 1.3-1.6 for the alumina modulus. This can be achieved bJ adjusting the 
raw mix, i.e. bJ increasing the amount of the siliceous stone and decreasing 
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the amount of iron ore and calciua fluoride added to the ra~ .eal. The 
percentage of calciua fluoride added to the rav .. al bas anyhow to be 
rechecked. This adjustllent will lead to a decrease in the ~rcentage of 
liquid phase in the clinker and will help to avoid problellS in the burning 
~~ne and in the quality of clinker produced. 

13. It is recomaended that the aaount of gypsua added to the clinker in the 
cement aills should be ~ncreased to approximately 2.5 per cent of the sulphate 
content of the cement produced. The amount of gypsua needed to achieve this 
percentage in all the ceaent produced in the Democratic People's Republic of 
~orea should be iaported froa the Union of Soviet Socialist Republics or China 
regardless of the cost of the foreign currency to be paid. This will ultiaa.tely 
operate in favour of the countr1 as the cet1ent produced will comply with the 
International Standard Specification, which is important in the case c£ cement 
exported to other countries. 

lA. It is rec01111&nded that the new technology should be applied in testing 
and investigating the raw aaterials and raw aixes, and in controlling the 
quality of the clinker and ce11ent produced. This new testing technology would 
require the introduction of some aodern laboratory equipment and instruaents 
(as indicated in this report). This would help develop the qualitJ of the 
c ... nt produced and would aate it possible to get tests results in a very 
short ti .. c011pared to the classical .. tbods now in use. 

15. In order to reach the rated capacitJ of the Chon Rae Ri kiln, it is 
recOllll8nded that: 

(a) Air should be prevented from entering the kiln incorrectlJ (false 
air), by regulating the teaperature of both the secondarr air and the air 
recovered from the cooler and blown into the precalciner, and by regulating 
the precalciner teaperature so as to achieve a 90-95 per cent precalcination 
of the carbonate contained in the raw meal; 

(b) The ratio ~f fuel supplied to the kiln and the precalciner should be 
changed on an experimental basis, increasing the percentage of fuel supplied 
to the precalciner. <The proportion of fuel supplied to the swirl burner can 
be in the range 55-70 per cent.); 

Cc> Evaluation and recalculation of the rate frequencr of the induced 
draft feo CIDF) is recOllll8nded, and an increase in its capacity if necessarr; 

(d) The shape and position of the flame inside the kiln has to be 
adjusted as indicated in this report; 

Ce) If the above-mentioned advice and recOlllllendalions do not lead to .~ny 
success in reaching the kiln's rated capacitJ, then the length of the kiln has 
to be increased to at least 70 metres. 

16. In order to avoid the direct effects of alkalis on the quality of the 
clinker as well as on the kiln burning zone, it is recoamended to install one 
of the types of by-passes described in this report, or to reduce or to cut 
down the cycle processes, or to completelJ get rid of the dust produced. 
Coating and rings can be eliminated by following the advice included in this 
report. 

17. It is recoaaended to pay attention to repairing and maintaining the 
machinery, which mixes the slurry inside the slurrr basins. It is necessary 
to increase the compressed air for mixing the slurry inside the correcting 
silos as well as inside the slurry basins. This will overcome some problems 
of quality created by not mixing the slurry properly. 
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Part three: Extraction and proce~sing of granite at the On Chun Granite 
C911pan1 

18. Modern tecbnologf and equipment for extracting granite should be introduced 
as indicated and described in this report (i.e. coab-drilling and using wire 
saws). The use of explosives in the granite quarrr should be avoided. 

19. The compan1•s engineers should visit countries which are using this 110dern 
technology in cutting and processing granite (e.g. Federal Republic of GermanJ, 
Greece or It~lJ) to become faailiar with the process. 

Part four: Training 

20. It is recollll8nded that some ~orean engineers, cheaists and technicians 
snould be trained ift other countries. EspeciallJ suitable would be ce11ent 
i~stitutes aad research centres in China, India or TurteJ. This would h~lp 
the ~ountrJ to accelerat• the process of ce11ent industrialization and to 
cchieve the greatest degree of technological self-sufficiencJ which is 
possi~le within present liaitations. 

21. Training ahould aia at aating possible full utilization of the existing 
cemant production facilities, as well as at faailiarizing the trainees with 
the new technology used elsewhere in the ce11ent industrJ. It is, therefore, 
recoaaended that UJIDP should assist the countrJ in training national personnel 
in the ceaent and granite industries. The training of ceaent personnel in 
China, as suggested at a tripartite meeting with UllDP, is a rec011Dendation 
fullJ supported bJ the Adviser. 
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Part One 

COllYERSIOl1 OF THE 8TB FEBRUARY ClllEl1T JOillT COllPLU 

CA pre-feasibility study on energy conservation through 
conversion froa vet-process to seai-vet or dry process) 

Introduction 

During the vis\t paid to the 8th Peb~ary ee.ent Joint Complex froa 1 to 
5 Barch 1986, the Adviser concentrated on the following: 

Ca) The vet-process system used in the plant; 

(b) The .. chinery, equipment and instru11ents used in each production 
departllent, their design, capacity Crated and actual), and production achieved 
in the last few years; 

(c) The performance of the equipment and especially &DJ probleas arising 
with it; 

(d) The syst ... tic study of the production cycle through all the 
departments from reception of the rav aaterials to the dispatching of the 
ceaent produced; 

(e) The plant's layout to assess handling of the production between the 
different departments so as to see hov to design and carry out the conversion 
without causing any bottlenecks in the future; 

Cf) Study of the rav-aix desig~s and the characteristics of the rav 
aaterials, the clinker and the ceaent produced as a preliainary step in taking 
a decision on the conversion; 

(g) !valuation of the quality control carried out in the plant's 
laboratories; 

(h) The equipment-operating systems in all the production departments. 
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I. REASONS FOR CBOOSl'.llG A SlllI-WEt PROCESS 

The results of the eYaluatioo of the existing proc~ss and th~ criteria 
fur choosing a new process were explained and discussed at manJ meetings and 
.. J be presented under two .. in beadings: energ1-saYing factors and economic 
consideratiocs. 

A. Energr-saving factors 

The filtration process 

A seai-vet process depends aainlJ on filtration equipment. There are two 
filtration methods, which can be used, vacuaa filtration or pressure filtration. 
The first method can onlJ be used with easilJ filterable slurries and produces 
filter caltes of a higher water content (from 3 to 51.) than those produced bJ 
pressure filters. The increase in ll'&ter content corresponds to an average 
increase in heat consU11ption of 75 kilocalories per kilograa of clinker. 
(18 kcal/kg clinker is require1 to eYaporate each additional 11. of water.) 

Devatering of slurrr was first done in the ce11ent industrr using 
centrifugal force. This process was not widelJ accepted due to the high power 
consU11ption inYolved as well as to the probleas and 1ifficulties that occurred, 
especiallJ in the heterogeneitJ of the slurrT constituents, which was reflected 
in the qualitJ of clinker and c ... nt produced. In the United States of Allerica, 
about 25 per cent of the cement plants with wet-process tecbnologJ use filtration 
to devater the slurrJ. 

The filtration process can be defined as separating out the solid 
constituents from the liquid in the slurrJ bJ passing the slurrJ through cloth 
partitions on which suspended particles of solid .. tter will be deposited 
while the water passes through. The liquid is tnovn as the filtrate while the 
solid .. terials deposited on the surfac~ area of the textile discs are tnown 
as filter cakes. 

Filter presses ~re usuallJ available with a plate size of 2,300 .. 
di ... ter or 2,000 am bJ 2,000 ... The naaber of plates and their di ... ter 
varies according to the tJpe and capacitJ of the filter press. The naaber 
ranges from 70 to 150 plates. For oxuaple, a filter press of 15~ plates with 
a cake thickness of about 50 ... will have a total filter area of 850 a2 
corresponding to a filter-cake vol1111e of 20 a3. A filter press of this tJpe 
will produce a compact filter cake with ainiaua residual moisture content as 
well as clear filtrate. 

Experience of such filter presses gained in recent Jears shows that this 
tfpe is reliable and little affected bJ wear due to its siaple fora of con­
struction. A filter press of 100 chambers, processing a moderatelJ filterable 
slurrJ, can s•JPPlJ a kiln with a capacity of 800 tonnes per daJ of clinker. 

The performance of a filtration process depends on a&nJ factors, which 
affect the behaviour Qf slurrJ during filtration. These can be suaaarized as 
follows: 

Cheaical coaposition of slurrJ 
PhJsical and aineralogical constituents of slurrJ 
Shape and size distribution of grains within the slurry 
Pressure applied 
Filtration media (tJpe of textile used) 
CompressibilitJ of filter cakes 
ViscositJ of slurry 
Teaperature of slurry 
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Lorseny-Cal'!IAJ\ and Darcy applied the following foraulae to correlate all 
these factors and the effect of each factor on the others: 

(a) lorseny-Cat'll&ll formala 

Q - c AL 
- --i. ~ 2 

··S 

(b) Darcy foraula 

& 
e 

where: Q = Volume of filtrate 
A = Filter area 
S = Specific surface area of solid .. terial 
l = Constant 
~ = Pressure of filterpress 
e = Thickness of filter cake 
n = Viscosity of suspension 
I = Porosity 

Applying these foraulae, it can be seen that, if the filtration process 
has to be done in a short ti11e, then the working pressure applied (dP) from 
the press has to be in~:eased (up to 25 bar uader the industrial conditions 
prevailing) and that the filter area has to be .. de as large as possible. The 
viscosity <n> bas to be low at the normal tmaperature. It is also preferable 
to reduce the specific surf ace area of the suspension as far as possible since 
this is possibly the 110st important factor. 

We shall deal in detail with the factors affecting the filtration process 
as follows: 

Pressure. Pressure is one of the .. in factors in the filtration 
process. Tb4 filtration cyele time is reduced to the aini.ua wben the 
pressure applied reaches its aaxi.ua. The residual 110isture in the filter 
cake will depend greatly on the pressure applied and on specific quantity 
of the suspension in the slurry. If the chambers are well filled with solid 
aaterials in suspension, the cake will, under high filtration pressure, be 
compressed to almost twice its original density and bec099 relatively dry. 
It is clear, therefore, that the pressure in the filtration process affeets 
the percentage of 110isture content in both the filtrate and the filter cakes, 
as well as the density and the shear stresses acting against the cakes. The 
pressure applied ranges from 15 to 25 bar. Two systems are available for 
filling the filter press and for building up the necessary pressure. In both 
systems, rapid filling is achieved by using centrifugal puaps. 

Above the top pressure of the centrifugal puap (about 5 bar), the final 
filtration pressure (about 15 bar) is achieved by means of piston-diaphragm 
pumps or, exceptionally, by the use of air-ejector vessels. This last method 
is one of the more expensive in filtration processing &s the cOlllpressed air 
costs a lot. Piston-diaphragm pumps are reliable in operation and subject to 
relatively low wear as the conveying mediua will not come into contact with 
the actual puap casing. 

Filter-cake thickness. The thickness of filter cakes is nonatllJ 50-60 am 
but this will depend on th• operational conditions surrounding the filtration 
process. 
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Moisture content of slurry. the cycle ti .. required to complete the 
filtration depends on the original aoisture content of the slurry. the noraal 
average aoisture content of slurry is between 30 and 40 per cent. All increase 
in this percentage will not greatly affect the dur~tion of the filtration cycle 
as long as aost of the excess water in the slurry is pressed out in the firs& 
few ainutes of the filtration process. However. if the slurry contains more 
than 40 per cent water. the filtration process can have probleas. especially 
where the suspension contains a high percentage of clayey ainerals capable of 
absorbing aore water. such as aont:Jlorillonite. 

Residual water in filter cakes. the percentage of residual water in the 
filter cakes is around 17-19'. under normal conditions and with the pressure 
normally used in the filtration process. If the filter cakes contain more 
water, this can usually be attributed to the presence of some specific clayey 
ainerals. as stated before. 

the following are examples of the percentage of residual water likely to 
be found in the filter cakes of some specific raw aixes after filtration: 

Rav aix 

Chalk and fine clay 
Limestone and marl 
Limestone. slag. sand 

and pyrite ash 

Percentage of residual water 

18-22 
16-18 

15-16 

Fineness of slurr1•s suspension. As a rule. the greater the fineness 
achieved in the grinding process. the longer the filtration cycle time will 
be. the residual water content in the filter cakes will also increase. 
according to the Carman equation. For this reason. it is advisable to test 
the raw-mix conpo~ents since characteristics differ froa one raw material to 
the other and $OID8 clayeJ material~ such as llOntllorillonite contain verJ fine 
particles. 

Filtration media. there are two types of textile used in the filtration 
process in the cement industry as filter media. the first is a many-layered 
fabric and t~e other is a one-ply fabric. Prom past experience in filtration 
techniques, it has been established that the :ycle time required for filtration 
is reduced by about two minutes per cycle when one-ply fabric is used. Depend­
ing on the quality of the fabric employed. the service life of the filter cloth 
is on average four to five months. corresponding to 3,000-6,000 pressings. this 
in turn corresponds to a clinker output of 350-500 tonnes per filter cloth, 
depending on the cake thickness. 

The energy consumption of a pressure filter plant is 2-3 twb/t of clinker 
or 5-6 twb/t clinker when further processing of the filter cake is included. 

the number of opera~ives per filter press diminishes with increasing 
number of presses and is between one and two per shift. corresponding to 
0.027-0.045 man-hours per tonne of clinker. 

Slurry thinners used in filtration. In many cases it was proved that 
addition of slurry thinners improves the filtration process. The addition of 
slurry thinners will reduce not only the time required to complete the 
filtration cycle but also the pressure needed. Addition of calcium hydroxide, 
kiln dust and gypsum proved to have a direct effect on reducing the percentage 
of water in the slurry. The addition of 0.1-0.3 per cent of these materials 
in a dry state was most effective. 
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On the other band, in SOiie cases the addition of such aaterials will 
create probleas as the pH value of the slurrJ can rise froa 7-8 to 10-12 and 
this necessitates the addition of neutralizing agents to reduce the pH value. 

Filtration c1cle tiae: 

Ca) Filtration period. The filtration tiae can be defined as the tiae 
required to complete filling of the filter press with slurrJ and pressing the 
slurrJ to dewater it. This takes 15-30 minutes; 

Cb) Processing period. This includes the tiae required for discharging, 
opening valves and transferring the filter cakes. This takes a further 
10-15 minutes; 

(c) Washing period. This period depends on certa;n conditions. For 
exaaple, if there is clogging of the filter aedia, this ;•ill need a period of 
time to unblock the filter. This is known as the washing period. This rarelJ 
happens in the case of the ceaent indust~J; 

(d) Total cycle time. This can be defined as the tiae required to 
complete a total filtration CJcle including filtration period, processing 
period and washing period (if &DJ). Total CJCle tiae is 25-45 ainutes. 

TeaDerature. Acceleration of the filtration-cJcle time can be achieved 
by raising the slurry temperature. The temperature aainlJ affects the 
viscositJ of the slurrJ wtich in turn affects the speed at which the slurry 
passes through the filter press. 

Filtrate. The filtrate usuallJ contains a very small percentage of 
remaining suspended materials, especiallJ when starting up the filtration 
process, i.e. in the first few minutes. After these ainutes, the filtrate 
should be clear with no suspension appearing at all. The appearance of 
suspended material in the filtrate depends on the following factors: 

(a) TYPe of slurry. If the slurrJ is treated with slu~ry thinners its 
filtrate will usually contain more suspension than the filtrate released from 
a slurrJ not treated with &DJ thinners; 

(b) Types of filter media (filter textile). If the fabric is multi­
layered, the residual suspended materials will be less than in the case of 
a one-ply fabric through which more suspended materials can pass with t~e 
filtrate; 

(c) High pressure. This also increases the residual suspended materials 
in the filtrate. 

It is clear that the residual suspended materials in the filtrate derive 
from the cake remnants of the last filtration cycle and t~at these suspended 
materials or grains represent the very fine grains iuclud1d in the slurry. 
The dissolution of some soluble materiels is nil in the cement raw mix, except 
for the salts originally associated with the raw materials. Therefore, the 
semi-wet process deals best with raw materia~s ori~inally rich in alkalis 
(salts) as the filtration process will w•sh out most of the salts, especially 
the chlorides, and it is thus possible to produce low-alkali cement from 
alkali-rich raw materials. If thinning adoitivas are used, such as sodium 
hydroxide, then the pH value of the slurry ~~odueed will increase to around 
8-8.5 and, for this reason, it is necessary to add a certain percentage of 
acids to neutralize the pH value of the slurry. <Examples are HCl, HN03 , 
HzS04, HJP205.) Since these acids are expensive, they can be replaced in 
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the ceaent industrJ bJ introducing into the slurrJ the carbon dioxide of the 
exit gases which will act as a weak acid H2co3 which reduces the pH value 
and precipitates the colloidal aaterials. In the end, the filtrate passing 
the filter cloth will contain a verJ low percentage of residual suspended 
aaterials. 

Production and storage of filter cates. Production of filter cakes from 
various tinds of filters can be smaarized as !:ollovs: 

(a) Suction filters. Filtration bJ this method depends on using a 
barrel-shaped CJlinder and another filtration CJlinder coated with filler 
cloths. Suction is applied here and because of the difference in pressure, 
water will leave the slurrJ and pass through the filter cloth; 

(b) Pressure filters. In this process, pressure is applied along the 
filter-cloth area, pressing the water through the cloth. the filter press is 
formed of a set of thin plate-shaped CJlinders equipped with filter cloths and 
arranged one afte~ the other lite th9 pages in a boot. These plates are 
enclosed in a metallic structJtre which accelerates their pressing bf dsing a 
screw shaft. the pipe which feeds the filter press with slurrJ using a puap 
is located in the centre of the metallic structure. As the chambers enclosed 
between these plates and the aain enclosing metallic structure are filled with 
slurry, the puaps will stop wort and the slurry will be pressed against the 
plates and then released. the resulting filter cates will be taten out 
mecha~ically or manually. 

these filter cakes will pass to a belt conveyor lying underneath the 
filter press, then to round bunters arranged dovnstreaa, and are continuously 
withdrawn froa these by a cireuaferentially-running screw conveyor. A single­
roll belt weigher situated in the filter-cake conveyor belt can control the 
operation of the round bunters and screw conveyors together. It establishes a 
withdrawal rate of a constant weight and, at the saae time, the weigh-feeder 
will contr?l the speed of the belt conveyor. The main belt conveyor will pass 
the filter cakes to the dryer according to its capacity and this can be 
controlled from the central control room. 

B. Economic considerations 

The major economic factors that have to be taken into consideration 
before taking any conversion decision can be sU1111arized as follows: 

Extra capital investment for conversion 
Capital cost effect (interest, depreciation etc.) 
Additional energy consumption 
Additional staff required to operate the additional machinery 
Efficiency of fuel (energy) in the existing plant 
Expected efficiency of fuel (energy) with the new machinery 
Cost of electric power 
Water content in the present slurry 
Wat&r content in the natural raw materials 
Water content in the filter cake, if a filtration process is to be used 

All these variables will ~irectly affect the financial viability of 
conversion. It is worth stating that for a conversion deci•ion to be 
feasible, it is not enough to aim at the system which promises lowest fuel 
consumption. The cost of the extra capital investment, the fuel price, the 
cost of stopping the plant production during conversion, the additivnal cost 
of electric power and possible extra staff, are all just as important factors. 
For a conversion decision to be taken and the converted plant to ~e just as 
profitable as the existing wet-process plant, these addition&l costs have all 
to be taken into consideration. 
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The following equation can be used to give a quiet estiaate: 

Additional operating cost 
103 x fuel price + new fuel efficiency ~ old fuel efficiency. 

Extensive research bas been carried out bf F. L. S.idth ~nd Company. 
Copenhagen. Denaart. to determine the result of this equation for each of a 
great number of possible conversion aetbods. The main conclusions of this 
research are that a simple conversion vitb low capital investaent is more 
litelJ to retain profitabilitJ than a complicated conversion. and that an 
increase of plant output is essential for the overall profitability of a 
conversion. 

Froa the econoaic point of view. there are aany logical reasons for 
maintaining the processing of raw materials as in the present vet process. 
The seai-vet process is not complicated to add and can be combined with the 
existing installations very S110otblJ. Abandoning slurry production altogether 
could involve extensive alterations in the raw-11&terial handling and transport 
s1steas within the plant. It would also mean abandoning the original invest­
aent in these parts of t~e macbinerJ and would incur expensive production 
losses through verJ long stoppages of the equipment during conversion. 

At a series of meetings with personnel of the 8th February Cement Joint 
COllplex and the Government representative, extensive explanations and 
discussions toot place on the various alternatives for converting their 
vet-process production lines to seai-wet. semi-dry or drJ processes. A basic 
fact to bear in mind is that the raw aaterials, after their extraction from 
the quarry, contain 1110re than 15 per cent moisture. Three main possibilities 
for conversion emerged: 

First possibility (simple conversion) 

Raw material preparation 

Slurry t 
j 

Raw materials 

Filtration } 

Filter cate handling 
and feeding 

r:iln department 

Kiln 

Additional equiF ·nt 

Expected heat 
consumption Ckcal/kg) 

Additional energy 
consumption ClcWh/t) 

Existing installation 

New installation, operating costs (energy, 
manpower, maintenance, filter cloth, 
equal to 100-150 kcal/kg clinker) 

Scheme A 

Unchanged 

Chain system 

1 200 

0 

Scheme B 

Unchanged 

1-stage or 
2-stage preheater 
+ dryer + crusher 
induced-draft fan 

1 050 

7 

Shortened 

Grate preheater 
+ cooler modifi­
cation + inducted 
draft fan 

950 

15 



liln departaent 

Production increase (~) 

Cost of conversion 

Production loss 
during conversion 
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Scheae A 

0 

cheap 

small 

Second possibility (complex conversion) 

Sch898 B ScheM C 

15-25 25 

aediua expensive 

small large 

The second possibility would involve a 1111>re CCJllPlex conversiou of the vet 
process to a seai-wet or dry procesa of raw .. terials containing more than 
15 per cent moisture as follows: 

Rav-material preparation 

Rav materials 
Slurry } 
Filtration } 
Dryer · 
Raw meal homogenization and feeding 

liln departaent Scheme D 

liln Shortened 

Existing 

Operating costs equal to 
100-150 kcal/kg 

Supplementary heat 200-250 kcal/kg 

Scheme I 

Shortened + increased speed 

Additional equipment 4-stage prebeater, 
fan + precipitator. 
cooler modification 

4-stage preheater, calciner. 
hot-air duct, fan, 
precipitator + cooler + 
clinker transport 

Expected beat consumption 
(kcal/kg) 

Additional energy 
consumption (kcal/kg) 

Production increase <~> 

Cost of conversion 

Production loss during 
conversion 

870 

7 

30-50 

Expensive 

Large 

800 

15-20 

150-200 (if sufficient 
slurry available) 

ixpensive 

Large 

Third possibility (simple and complex conversion) 

The third possibility would be suitable for converting a wet-process 
cement production line to one using the dry process method so long as the raw 
materials used have a moisture content of less than 15 per cent. 
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Rav-material preparation 

Rav aaterials 
Material stores (preblending stores) 
Dry raw aill (plus furnace depending on moisture; old slurry aill can be used 

for ceaent grinding) 
Rav-aeal homogenizing and storing silos and feeding 

ttiln department Scheae F 

ltiln Unchanged 

Additional 
equipment Chain systea 

Expected heat 
consumption 
<kcal/kg) 1 100 

Additional energy 
consuaption 
<teal/kg) 0 

Production 
increase (f.) 

Cost of 
conversion 

Production loss 
during 
conversion 

0 

Cheap 

Small 

Schet1e G 

Unchanged 

~-stage pre­
heater + fan 

950 

2 

13-25 

Fairly cheap 

Small 

Scheae H 

Shortened 

4-stage pre­
heater + fan 
+ precipitator 
+ cooler etc. 

780 

7 

30-50 

Expensive 

Large 

Scheae J 

Shortened kiln, 
increased speed 

Calciner + air 
duct + fan + 
precipitator 
+ cooler etc. 

800 

15-20 

150-200 

Expensive 

Large 

The following table gives some specific figures based on experience in 
actual plants to explain clearlJ the di:farence between kiln conversions which 
have been carried out. In addition to the fuel and energy prices given, a 
wage figure of 33,000 deutscbe aart (Dll) per aan/fear is assumed, which 
corresponds to the current level of wages in the Federal Republic of Germany. 

This table gives energy and cost figures for the conversion of small- to 
medium-size wet-process kilns to the semi-wet process. The systems compared 
in the table are described in the footnotes at the bottom of the table. 
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Comparison of enere7. ti .. and c. 't figures 
of kilns conYerted to a seai-we~ rrocess 
(with 18'. filter cake moisture content> 

Process 
stage 1 

TfP! of process a/ 
2 3 4 

(a) Perf oraance and energy 

5 

Increase in output (t/d) Froa 500- 500- 1 200- 1 200-
To 1 200 600 750 1 600 2 500 

Nuaber of filter press 1 1 2 4 

Beat consuaption: For the 
(teal/kg) drJ'ing 

SJ'Stea 50 80 135 

For the 
kiln !_330 1 100 950 870 780 

Total 1 330 1 100 1 000 950 915 

llectricitJ consuaption: Pre para-
(twh/t clinker) tion + 

filtra-
tioo + 
kilo 
I J'S tea 22.5 22.5 25 30 36 

(= teal/kg clinker) ----1Q. ~ 100 120 -l:ll -- --
Total energJ' consumption 

(kcal/kg clinker> 1 420 1 190 1 100 1 070 1 060 

(b) Manpower requirement 

Additional man-hour input (i) filtra-
for 1eai-wet process: tion + 

drJing 0.05 0.04 0.04 0.03 

(ii) Uln 
111tem - ~ 0.01 0.01 --

total additional input 
Cman-hour/t clinker) 0.05 0.05 0.05 0.04 

continued 



(continued) 

Factors for 
comparison 

(c) Cost ~/ (Dll per tonne 
of clinker) 

Total energy 
(f l»I 20/gallon calorie) 

Total additional costs 
in wages <I Dll 17/h) 

Filtration aaintenance 

Filter cloth 

Hydrated lille Ct ~ 
per tonne of clinker) 

Lining consU11Ption 

Steel wear 

Total cost CDll/t) 

Saving over vet-process 
(percentage) 

Capital cost (million Dll) 

Redeaption period at 15~ 
(years) 

Process 
stage 
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1 

28.80 

0.40 

0.40 

9-:..!Q_ 

30.00 

Type of process a/ 
2 3 4 5 

23.8 22.00 21.40 21.2 

0.85 0.85 0.85 0.1 

0.75 0.75 0.75 0.75 

0.40 0.40 0.40 0.40 

0.30 0.30 0.30 0.30 

0.30 0.20 

Q.~ 1.00 0.15 0.15 

27.20 25.50 23.85 23.50 

9.5 10.0 21.0 22.0 

3.0 5.0 12.0 variable 

7 6 4.5 variable 

Source: !. A. Niemeyer and Th. Lang, "Criteria for the choice of a 
semi-vet process", in Process Techn~log1 of Cement l!anufacturing (Wiesbaden, 
Bauverl&g, 1979). 

~I Type of process: 1. Normal vet-process kiln, slurry 35~. 
2. Long kiln, cake-fed, with chains and crosses. 
3. Long kiln with crosses and two cyclones, 

operating with up to 501. drying of the material. 
4. liln with 2-stage preheater, filter-cake drying 

sys tea. 
5. liln with 3-stage prebeater, filter-cake drying 

and precalciner. 

~I Basic cost assumptions: Fuel oil t Dll 190 per tonne; electricity 
f Dll 8 per 100 kilowatt hours <kWh>; energy 9 Dll 20 per kilocalorie <kcal>; 
wages @ Dll 33,000 per annua or Dll 17 per hour. 
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C. Tating the final decision 

#..fter discussing in detail all the aboye possibilities and studJing all 
the 8th FebruarJ Cement Joint Collplex data, it was decided bJ all the parties 
to the discussion (personnel of the cement plant, the goYerDll&Dt representatiYe 
and the AdYiser) that Schelle B (page 28) would presuaablJ be the most suitable 
tJpe of conYersion for this cement plant, proYiding that most of the existing 
.. chiner, can continue to be used and vill giYe an increased oqtput. The 
decision to choose this simple-conYersioo possibilitJ, starting vith the 
con.ersioo of two out of the four production lines froa vet to se11i-vet 
process technologJ, was based on the following considerations: 

(a) It would be possible to continue using the existing rav-aaterials 
stores, slurr, raw aills, correcting silos, slurr, basins and slurr, pamps, 
thus retaining aach of the old inYestment to serYe the conYerted production 
lines; 

Cb) It would be po~sible to use the exhaust air froa the clinter cooler 
as well as the kiln exit gas in the dr,ing s1stea. This .. ans that all the 
energJ which would otherwise be eaitted and lost would be utilized in the 
production; 

Cc) The filter cake would contain fewer chlorides and alkalis than the 
original raw aix and therefore the production lines could possiblJ produce 
l~altali cement, i.e. the qualitJ of cement vill be i11Pr0Yed; 

(d) 
page 28, 
tonne of 
o.o• per 

The production capacitJ is expected to increase 15-25 per cent (see 
scheme 8), and possiblJ more, and the additional .. a-hour input per 
clinker for filtration an~ dr,iog vill iocrekse onlJ bJ approxi•~telJ 
cent, plus approxi .. telJ 0.01 per cent for the kilo s1stea. 

After this decision was tateo the AdYiser started to (a) eYaluate the 
perforaance of the existing equipment and aachinerJ and to loot at the plant's 
la1out; (b) calculate the capacitJ of the existing equipment; (c) draw up the 
specifications of the proposed new aachioerJ which would be needed to carrJ 
out the conversion; (d) calculate the heat balances and requirements for the 
old as well as the new aachinery; <e> wort out the tests on the slurry and raw 
aaterials which ought to be done to provide necessary inforaation for the 
conversion. 
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II. CAPACITY AJl1> PERFORIWIC! REQUIRED DI VAllOUS SECTIONS 
OF THE 8TR FEBRUARY CEllDT JOINT COllPLEI 

Dailt clinker production (after conversion of kilns nos. 3, 4, 5 and 6)* 

~ilns 1 and 2. production capacitJ per hour each= 27.5 t/h 
~ilns 3. 4. 5 and 6. production capacitJ per hour each = 42 t/h 
Working hours per daJ = 24 

(27.5 t/h x 2 + 42 t/h x 4) x 24 hours 

(55 t/h + 168) x 24 

= 5.352 ttd 

Li98stone crushing 

(a) Jaw crusher 

Working hours per daJ = 15 
Production required = 5.352 t/d x 1.35 = 7,225.2 t/d 
Present production = 300 t/h x 15 = 4,500 t/d 
Difference = -2,575 t/d 

Another two ~aw crushers should be installed in the new quarrJ with a 
capacitJ of 250 • /h (in addition to the present capacity of 300 t/h). 
These crushers should be sufficient for the production increase. 

(b) H.-er crushers 

There are four hamaer crushers. 

The quantity of limestone required= 5.352 t/d x 1.35 = 7,225.2 t/d 
Present production per crusher z 150 t/h 
Expected working hours per day = 12 
Expected production= 150 t/h x 12h x 4 = 1.200 t/d 

It is recoaaended to install a new h..-er crusher of the saae capacity 
(150 t/h) after tbe conversion of the four kilns bas been carried out. 

Raw-material storage 

Storage Daily Supply Distance between quarries 
capacity consumption in store and cement plant 

Raw materials (tonnes) (tonnes) (days) (kilometres> 

Limestone 38 520 7 225.2 5.3 2 & 16 

Clay } 1 129.0 } 6 
10 250 7.7 

Silica 192.0 50 

Iron ore 4 080 171.0 23.8 24 

Fluor spar 1 910 107.0 17.8 16 

•Expert's estimation. 
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Although the liaestone storage capacitJ is onlJ sufficient for 5.3 da1s' 
production, one quarrJ is so near to the ce11ent plant that it can be 
considered as nearbJ storage for the ceaent plant. 

Rav aix 

Rav materials in the following quantities are used to produce one tonne 
of clinker: 

Rav aills 

Limestone 
ClaJ 
Silica 
Iron ore 
Fluor spar 

kg/t clinker 

1 350 
211 
36 
32 

-~ 
1 649 

SlurrJ required for the production: 

5,352 t/d x 1.6 = 8,563.2 t/d or 407.8 t/h (21 hours dailJ) 

Actual production of the raw mills during 1985: 

1 2 3 4 5 6 

Dry production 

1 

(tonnes) 216 243 210 790 193 115 197 244 200 856 218 811 204 869 

Working time 
(hours> 6 057 5 806 5 149 5 434 5 690 6 095 

Hourly 
production 
(tonnes) 35.7 36.3 27.5 36.3 36.3 35.9 

Average hourly production per mill in 1985 • 36.1 tonnes 

There are two raw mills under construction with the same capacity as all 
the other raw mills. 

The average number of working hours per mill in 1985 • 5,708 hours 

The average number of working days per mill in 1985 • 5,708 • 272 days 
21 

The actual production of the raw mills could be increased to 300 days per 
year. In this case, the production capacity of the seven present raw mills 
plus the two new mills under construction would be: 

• 300 x 9 x 36.1 x 21 • 2,046,870 t/a 

5 723 

35.8 
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BoweYer. the designed capacitJ of the two nev rav aills is 40 tonnes per 
hour which is litelJ to raise the aYerage hourly rate to 38 tonnes per hour. 
which would bring the annual production up to 2.154.600 tonnes per fear. 

Slurry reguirPd for tilns 

A•erage hourly production of tilns 1 and 2 in 1985 z 26.5 t/h 

AYerage annual production of tilns 1 and 2 each • 26.5 z 24 z 300 = 190,800 t/a 

Production of both tilns 1 and 2 = 190.800 z 2 = 381,600 t/a 

Slurrr required for tilns 1 and 2 • 381.600 z 1.6 = 610.560 t/a 

AYerage hourly production of tilns 3, 4, 5 and E in 1985 z 32.3 t/h 

Total annual production of tilns 3, 4. 5 and 6 = 32.3 z 24 z 300 z 4 = 930.240 t/a 

Clinter production of tilns 3, 4, 5 and 6 after conYersion: 

42 z 24 z 300 z 4 = 1 1 209,600 t/a 

SlurrJ required for tilns 3, 4, 5 and 6 after conversion: 

1,209,600 z 1.6 = 1,935,360 t/a 

SlurrJ required for all tilns per fear after conversion: 

610,560 + 1,935,360 = 2,545,920 t/a 

The differen~e between the present raw aill capacitJ and the slurrJ which will 
be required for the clinker production: 

2,154 1 500 - 2,545,920 = -391,320 t/a 

Therefore, there will be a shortfall in slurrJ and a further raw aill has 
to be installed to provide the converted kilns with sufficient slurry. 

The daily capacity of the aill bas to be: 

391,320/300 • 1,304.4 t/d or 62.1 t/h (working 21 hours a day) 

In fact, it is recotDended to install a raw mill with an hourly capacity 
of 75 tonnes, with the following specifications, which can be produced in the 
Democratic People's Republic of Korea: 

Diameter 
Length 
Motor 
Capacity 

3.4 m 
13.5 m 
2,000 ltW 
75 t/h 

This raw mill will produce 75 x 21 x 300 • 472,500 t/a 
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Slarrx silos 

Slarry required to satisfy production • 8,563.2 t/d 

Storage space required (1.1 t/-3) = 8,563.2/1.1 = 7,785 a31d 

Storage space for three days slurry• 3 x 7,785 = 23,355 al 

Actual capacity: 

(a) Slurry basins 

Cb) Slurry correctiwe silos: 

450 • 3 x 11; = 6,300 .1 

Total 

3 = 1.600 • 
7 ,900 al 

= 22,900 • 3 

2,500 • 3 x 6 = 15,000 .1 

It is recom11ended to install three corrective slurry silos with a 
capacity of 400 al each, so that there is an additional 1,200 a3 of 
storage capacity. 

f'u8ps take the slurry froa raw aills to the cor=ective slurry silos. 
Additional capacity will be required for the tvo aills under construction plus 
the new rec01111ended raw mill as follows: 

{38 t/b x 2 + 75 t/b)/1.1 t/a3 = 138 a3/h 

Capacity of one puap = 80 a31b 

Puaps already at site = 2 

It will be necessary to install tvo further puaps to transfer slurry froa 
tbe slurry basins to the filter press. 

150 t/b/1.1 t/a3 = 136.4 a31b 

pump capacity = 80 al/h 

~ump• required = 4 <2 working + 2 standby) 

Cement mills 

Capacity required to deal with the quantity of clinker produced after 
converting t•~ns 3, 4, 5 and 6: 

• 1,209,600 t/a + 107. additives (5~ gypsum + 5~ slag) 
• 1,330,560 t/a 

Actual capacity: 

Two mills with a capacity of 24.5 t/b 

Two mills with a capacity of 46.3 t/b 

One mill with a capacity of 50 t/b 
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Total actual production: 

(24.5 x 2) + (46.3 x 2) + (50 x 300 x 21) = 1,207,080 t/a 

Deficit in grinding = 1,207,080 - 1,330,560 = -123,480 t/a 

Deficit per daJ = 123,480/300 = 411.6 t/d 

Deficit per hour = 411.6/21 = 19.6 t/h 

It is. therefore, rec01111ended to install a closed-circuit cet11ent aill 
with a capacitJ of approxi .. telJ 50 t/h and dimensions as follows: 

Diu.eter 3.4 a 
Length 13 . 5 a 
Nuaber of chmlbers 1. 
CapacitJ of this aill per fear = 50 x 21 x 300 = 315,000 t/a 

This aill will also help in deYeloping the qualitJ of ce11ent produced. 

In addition to the aills alreadJ .. ntioned, there are three cement aills 
with a capacitJ of 24.5 t/h each serving tilns 1 and 2. TbeJ are producing 
3 x 24.5 x 300 x 21 = 463,050 t/a. 

Total aill capacitJ will therefore be: 

1,207,080 + 315,000 (new) + 463,050 = 1,985,130 t/a 

Clinter storage (for kilns 3, 4, 5, 6) 

Storage DailJ 
capacitJ consmaption SupplJ in store 

llaterial (tonnes) (tonnes> (daJS) 

Clinter 34 700 4 032 8.6 
Slag 2 350 201 11. 7 
Gypsum 2 300 201 11.4 

The gyrsum comes from China and the Soviet Union and can be stored in 
nearby open stores. The slag comes from 60 kilometres awaJ. 

Cement silos 

Serving cement mills 4, 5, 6, 7, 8 and 9 <new) 

Daily cement production = 42 t/b x 4 x 24 x lot.• 4,435 t/d 

Storage capacity required for storing 18 days production (in accordance 
vitb the factor1's request): 

4,435 t/d x 18 • 79,830 t 
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Actual capacity of c ... nt silos: 

l,000 t x (12 + 4) = 48,000 t (4 new silos are in the planning stage) 

Shortfall in capacity: 

48,000 t - 79,8l0 t = -ll,8l0 t 

It is, therefore, recOllll8nded to install three cement silos with a 
capacity of 10,000 t each to store the cement produced by the ceaent aills. 

Packing aachine 

Daily cement production = 4,480 t/d 

Nev daily storage capacitJ of ce11ent silos: 

= 4,480 t/d z l,000 x 4 + 10,000 x l (new cement silos> = 2 412 t/d 
l,000 z 16 + 10,000 z l <all c ... nt silos) ' 

According to the cement plant's information, 507. of the cement is to be 
packed in bags. 

Required packing capacity per hour: 2,412 t/d/2/12 h/d = 100.5 t/h 

It is, therefore, rec01111ended to install a rotarr packing machine of 
100 t/h capacitJ or to install two stationary packing aachines with a capacity 
of 60 t/h each. 

COllpressors 

Coapressors are needed to transport ceaent froa the ceaent mills to the 
silos. 

The new cement mills have a production capacitJ of 50 t/h each. 

16 kg ce.aent requires one kg of air for convering. 

50,000 kg/h/16 kg/kg air = 3,125 kg air/h 

l,125 kg air/b/l.2/60 = 4l.4al/min, say 40 ml/min 

It is rec0111Dended to install one compressor with a capacity of 40 ml/min. 

Total capacity of coal storage (for kilns 1, 2, 3, 4, 5, 6) 

Item 

Coal 

Storage 
capacity 
(tonnes) 

16 8l0 

Daily 
consumption 

(tonnes) 

1 254 

Storage 
(days) 

ll.4 

Distance mine-cement plant 
(kilometres> 

120 



- 39 -

Coal aills (serir'ing kilns ~ ·• 3, 4, 5, 6.) 

The existing kilns, u~: ~:a vet process. consUll8 0.32 t coal/t clinker. 
After conversion, it is expected that the heat consU11ption vill be 1,050 
teal/kg clinker, i.e. 0.21 t coal/t clinker. Therefore, the coal required to 
supplJ the kilns after conversion vill be: 42 t/h x 4 x 24 x 300 x 0.21 = 
254,016 t/a 

Actual capacitJ: 

There are four existing coal aills at present, plus one standbJ. The 
production capacitJ of each aill is 11 t/h. The efficiencJ of grinding is: 

11 t/h x (5-1) x 300 x 21 = 277,200 t/a 

Difference between actual production and cons1111Ption after conversion: 

277,200 t/a - 254,016 t/a = 23,184 t/a 

There vill, therefore, be a surplus coal-grinding capacitJ of 23,184 t/a 
due to conversion of the process which vill require onlJ 0.21 t coal/t clinker 
instead of 0.32 t coal/t clinker. Therefore, four aills vill wort and one 
vill be a standbJ aill. 

. ·' 
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III. DETAILED CAL...ruLATIONS AllD ESTIMATES OF THE CAPACITY AllD 
EFFICIENCY OF THE PHSDT AllD THE PROPOSED llACHINERY 

A. Capacity of the existing rotary kilns 

The Chodorov formula (which is used for production-planning purposes bJ 
the Ceaent Industry Institute of the Soviet Union) bas been used to calculate 
the capacitJ of the kilns in this cement plant. 

where 

Chodorov foraula: 

Q = 
D = 
L = 
w = 
( = 

1.6 = 

D 
Q = DL (45 + k (L - 0.02)) 

1,000 [l + (W-40) 1.6] 
100 

Rotary kiln capacity (t/h} 
Bean kiln diaaeter <•> = an average of approximatelJ 3.8 m 
Length of rotarJ kiln (m) = 150.0 a 
Water content of slurrJ ('I.) = 36.ot. approximatelJ 
Characteristic index of the rotarJ kiln = 1,150 for long kilns 

with a LID ratio of 25-50. 
Clinker factor 

The capacitJ of the St~ February Cement Joint Complex kilns 3, 4, 5 and 6 
can be calculated as follows: 

3.8 x 150 [45 + 1,150 <is& - 0.02)) 
Q = --------------------=------------1, 000 (1 + (36-40) 1.60) 

100 

Q: 570 (45 T 1,150 (0.02~ - 0.02)) : 
1,000 [l + (-4) 1.61 

570 [45 + 1.150 (0.005)] 
1 000 [l + (-6.4)] 

I 1,000 100 

Q = 570 (45 + 5.75) 
1,000 [l + (-0.064)) 

= 30.905 t/h 

= 31 t/h 

= 744 t/d per kiln 

= 570 (50.75) 
1,000 (0.936) 

= 28.927.5 
936 

Although many estimates show that rotary kilns of this type with the same 
dimensions (4 m diameter x 150 m length) can produce 850 t/d (24h), in this 
case, and in agreement with the calculations using Chodorow's formula, these 
kilns cannot produce this quantity unless the K value, the specific clinker 
factor, the slurry water content, the revolutions pP.r minute and the 
inclination of the kiln are changed and improved. 

The specific capacity of the rotary kiln is a function of the kiln's 
absolute size. In this case, the specific kiln capacity is approximately 
0.49 t/m3 and not 0.557 t/m3 as indicated for this type of kiln in some 
references which give the following: 
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Specific tiln capacitJ = 0.557 t/-3 

However, using a specific tiln capacitJ of 0.49 tta3 , we get: 

1,525 x approximatelJ 0.49 = 747.25 t/d 

This figure is nearer the actual capacitJ and agrees with the calculation 
based on Chodorov's foraula. 

According to the data obtained froa the cement factorJ, in 1985 ti1e ~ilns 
produced the following: 

Uln 
l ! 1 

Rated annual capacitJ Ct) 250 000 250 000 250 000 
Actual annual production Ct) 213 886 193 417 157 939 
Working hours per rear Ch> 6 663 5 988 4 875 
CapacitJ of tiln (t/h) 32.1 32.3 32.4 

llanJ sources indicate that kiln srstems of different dimensions, 
including ones similar to these, have not achieved the rated capacity given 
for thea. The following are e=amples: 

Diameter and length 
of the kiln 

(metres) 

4.0 x 150 
4 .5 x 170 
5.0 x 185 

Designed rated 
capacity 
(t/d) 

8~0 

1 200 
1 700 

Operatior., · capacity 
as percentage of 
designed capacity 

CT.> 

95.8 
81.6 
67.6 

Operational 
capacity 

Ct/d) 

814.3 
979.2 

1 149.2 

B. Heat requirement for drying without calculating waste-heat utilization 

Calculations of the heat requirement for the drying process have shown 
that one bas to reckon with an additional beat requirement of from 180 to 
250 kcal/kg clinker, providing that the kiln waste gas and cooler waste 
air are used continuously for raw material drying, and given that the raw 
materials used have an average moisture content of around 20 per cent. 

The beat consumption required can be calculated roughly and easily if the 
waste-heat values of the kiln for drying purposes are left out of consideration 
for the tune being. 

In the case of the 8th February CP:wnt Joint Complei:, it is expected that 
the moisture content in the filter cakes produced by the filter presses will 
reach 207. and that the clinker factor will be 1.6. Therefore, the percentage 
of water content in the filter cakes which must be evaporated can be calculated 
as follows: 

1.6 x 20 x 1,000 • 400g H20lkJ clinker 
80 
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If we assuae a low evaporation value of 915 teal/kg a2o, then the beat 
consumption required in dr1ing the filter cates will be: 

400 x 0.915 = 386 teal/kg clinker 

If we take away froa this amount about 200 teal/kg clinker, representing 
the beat which will be available froa the tiln waste gas and the cooler waste 
air, then the additional beat required for the two-preheater dry tiln system 
is: 

386 - 200 = 186 teal/kg clinker 

The entire waste air produced froa the two-cyclone preheater at a 
temperature of 400-500 •c and with a beat content of about 85 kcal/kg clinker 
will be used in a counter current to pre-dry the filter cakes. 

This leads to a total beat requirement for clinker burning, including 
rav-11aterial drying, of: 

850 kcal/kg + 186 kcal/kg = 1,036, or approxi .. telJ 1,050 teal/kg clinker 

The electric power require11ent for the kiln, including the further 
processing of the filter cakes, is expected to be 20 tWh/t clinker, and for 
the travelling grate cooler to be 0.5 tWh/t clinker. 

c. Calculating the heat balance of the rotary kiln (semi-vet process) 

In considering all the factors which affect a decision on conversion, it 
is necessary to know bow the beat is used and to calculate approximately the 
heat balance of the kiln. 

The principal sources of heat loss (heat consumption) are: 

(a) In drying slurry or raw meal, the water is evaporated and heated to 
the exit-gas temperature; 

\b) Carbonates of lime and magnesia are decomposed; 

(c) The carbon dioxide cco2> evolving through carbonate conversion to 
lime (CaO) + co2 is heated to the exit-gas temperature; 

(d) The gases formed from the combustion of the fuel still contain heat 
when discharged from the kiln at the exit-gas temperatu~e; 

(e) Any air used in excess of that required for consumption will be 
heated to the exit-gas temperature; 

(f) ADJ carbon monoxide (CO) gas occurring due to imperfect coa~:tstion 
represents a loss of heat; 

(g) The moisture contained by the coal is evaporated during burning and 
is heated to the exit-gas temperature; 

(b) The clinker formed by reaction between the constituents is heated to 
the temperature at which it leaves the kiln; 
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Ci) Heat losses froa the clinker cooler are calculated as equal to 
Cheat in clinker leaving kiln) - Cheat in clinker leaving cooler> - Cheat 
in preheated air), provided this is useu in the tiln_srstea. If it is used 
for coal drJing or filte~-cate drying, there .. , be additional heat losses; 

(j) The air used fo= cOllbustion always contains varying quantities of 
water vapour, depending on relative huaidity and temperature, and this water 
vapour is heated to the exit-gas temperature; 

Ct) Dust carried out of the tiln by the gases carries out heat according 
to the teaperature of these gases. There ma.J also be some loss due to partial 
decarbonation of this dust in addition to that in Cb); 

(1) There are heat losses thr~ugh the tiln shell and hood by convectioc 
and radiation due to its temperatur• being higher than that of the surroundings; 

(a) Certain constituents of the raw materials which contain cOllbined 
water are dehrdrated and decoaposed, the water being vaporized and heated to 
the exit-gas teaperature; 

(n) Where organic .. tter is present in the raw .. terial this is consuaed 
in the tiln, requiring air for combustion. A residue of nitrogen is left, 
which 1111st be heated to the exit-gas temperature. 

The following are the sources froa which heat is supplied to the tiln: 

(a) Combustion of the fuel used; 

(b) Heat arising from the clinker after leaving the tiln and contained 
in the preheated air; 

(c) Combustion of any organic matter in the raw materials; 

(d) The exothermic reaction during combination between the constituents 
of the raw materials after decarbonization has taken place. 

The best base from which the bult of these heat values should be 
calculated is, for the sate of simplicity, the average temperature of the 
atmosphere, which in Pyongyang may be taken as between 15.5 •c and 20 •c. 

In (i) above, there is the equation: 

Heat losses from the clinker cooler • C':eat in clinker leaving kiln) 
- (beat in clinker leaving cooler) - (heat in preheated air). 

This can be replaced by: 

Heat in clinker leaving kiln • (beat in clinker leaving cooler} + 
(beat in prehe•ted air) + cooler losses. 

Cooler losses and kiln-radiation losses are difficult to estimate 
accurately. Measurements of the shell temperature at a considerable number of 
points throughout its length, and calculation based on the laws of radiation and 
convection, will allow of their approximate determination, if the "emissivity 
coefficient" of the surface and the influence of the surroundings can be taken 
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into account. However, these it..s. together vitb other saall it ... where 
values are not known vitb sufficient accuracy <e.g. losses (j) to (n)) ... y be 
grouped under the beading "losses unaccounted for". 

The siaplified beat balance vill then appear as follows and it vill be 
found to answer very well for ce>11parative purposes: 

1. 

2. 

3. 

4. 

5. 

Beat required to evaporate 
and beat water vapour. 

Heat required for decoaposi-
ti on of carbonates. 

Beat los~ in co2 from raw 
aaterials. 

Beat loss in cOllbustion gases 

Beat loss in excess air 

1. Beat due to calorific value of fuel. 

2. Beat available froa exotberaic 
reaction of clinker formation. 

3. Beat available froa cOllbustion of 
organic .. tler etc. in raw .. terial. 

6. Beat loss in CO due to iaperfect coabustion 

7. Beat loss in coal 110isture 

8. Beat loss in clinker leaving cooler 

9. Beat losses not accounted for (obtained by difference) 

The two sides must balance and the heat balance aay then be used as desired. 
As indicated, itea 9 includes: radiation losses froa kiln and cooler (also 

convection losses); beat loss through dehydration lllld dissociation (of clayey 
.. terials) of raw meal; beat loss through 110isture in air used for combustion 
being heated to exit-gas temperature; beat loss through dust in gases at 
exit-g~s teaperature; beat loss through nitrogen froa air used for combustion 
of organic matter being heated to exit-gas temperature (not however allowed for 
under organic matter>; beat loss through products of combustion of organic 
aatter being heated to exit gas teaperature; beat loss through decomposition of 
carbonates included in dust losses. Where any of these values can be calculated 
vith &DJ accuracy, they a&J be included as separate iteas. Approximations a&J 
well be made for the last three as they are small 9110unts ~nd considerable 
errors will have relatively little effect. 

1. Thermal calculations 

Caloric value of coal 

For coal, the constituents per tilograa are indicated as follows: 

C • carbon, H • hydrogen, 0 • oxygen, N • nitroge~, S • sulphur, W s water 
and A • ash. Average chemical cOlllllposition of coal supplied to the kiln: 

(Percentage) 

c H 0 N s w 

68.5 0.80 3.40 0.50 0.60 25.00 1.20 



With this inforaation, it is possible to calculate the Cnet> calorific 
value of the coal by using the following formula: 

B = 33 0 900 C + 121 0 400 CB - 1/8 0) + 10 0 500 CO-S) - 2.500 V t.J/tg coal 

or B = 8 0 100 c + 24.600 B - 2.600 CO-S) - 600 V tcal/tg coal 

B z 8 0 100 x 0.685 + 24.600 x 0.008 - 2 0 600 (0.034 - 0.006) - 600 x 0.012 

= 5,665.3 kcal/kg coal. 

Air requirement 

The air required per tilograa of coal is: 

It= 11.6 C + 34.78 B - 4.35 0 + 4.35 S 

= 11.6 x 0.685 + 34.78 x 0.008 - 4.35 x 0.034 + 4.35 x 0.006 

= 8.102 tg/tg coal 

The air require11ent in a 3/tg of coal ca3 under standard tmaperature 
and pressure condition> is as follows: 

L- = 8.102 tg/tg coal/l.293 = 6.266 al/tg eoal 
v 

Exit gas froa coal coabustion 

The stoicbi011etric coabustion of a tilograa coal produces a quantity of 
exit gas at least equal to Gt= l +Lt tg/tg (theoretical). 

For coaplete coabusti~n. tbe purely stoichi011etric coabustion quantity of 
air is insufficient. However. in practice. a certain excess air has to be 
provided. usually expressed as an excess-air factor Cn). Excess-air factor 
n = 1.2 and the quantity of exit gas fot'lled per tilo~raa of coal is then: 

Gt= Cl+ 1.2 x 8.102) = 10.722 tg gas/tg coal 

Exit gas froa cement-burning process 

In cement burning. tbe carbon dioxide and water vapour froa tbe raw 
aaterials are additional to tbe combustion gases arising froa tbe fuel. 

Assumptions: 

1 kilogram of raw mix contains (x kg water) + (J kg Caco3). To produce 
1 kilogram of cement clinker requires <z kg raw meal) + Ct kg coa;.). Tbe exit 
gas per kilogram of clinker will be composed as follows: 

FrOll combustion of fuel • Cl + nLk) t kg 

FrOll raw mix (carbon dioxide) = ZJ x 0.44 kg 

Froa water content <vapour> • zx k& 
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Exit gas froa fuel combustion 

a (1 + DLk) k = 10.722 leg gas/leg coal 

k - to produce l leg clinker requires 0.21 leg of coal 

Exit gas froa rav aix (carbon dioxide) 

If l leg rav aix contains J leg CaCOJ and to produee 1 kg of clinker 
requires % leg of rav aix: 

%t = 100 - u.+ • 
100-I 

100 
100 - D 

zt - to produce 1 leg of clinker requires a theoretical zt kg of 
rav -al. 

A - coal ash content <~> 

D - Rate 

I - Loss on ignition of ravaix 

$ - 0.9 (absorbed quantitJ of coal ash in the rav aix on firing 
while 0.1 is evolved with kiln-exit gases) 

k = 0.21, the quantitJ of coal applied in burning the clinker. 

100 - 0.21 x 25 x 0.9 = 1.489 leg rav aix/kg clinker 
100 - 36 

z = 1.489 100 = 1.584 leg rav aix/leg clinker 
100-6 

Therefore, exit gas froa rav aix (carbon dioxide): 

zt !!. Cao + <z - zt> 44 cco2> cao 
56 56 cao 

Percentage of Cao in rav aix = 0.4551 

S = 0.3 (the percentage of C02 leaving the kiln) 

1.489 44 0.4451 + (1.584 - 1.489) 44 0.4451 x 0.3 = 0.530 kg C02/kg clinker 
56 56 

Exit gas from water content 

If 1 kg of raw mix contains x kg of water, 

therefore, x • 1.0 x 20 = 0.25 kg H20lkg meal 
80 

xz • 0.25 x 1.584 • 0.396 kg H20lkg clinker 
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Total Gt• 10.722 + 0.530 + 0.396 

COllbustion C02 B20 
of fuel 

Gt• 10.772 t + 0.926 tg/tg clinter 

1 tg of tiln-exit gas corresponds to about 0.76 a3 

Bence G = 0.76 (10.722 t + 0.926) -y 

= 8.149 t + 0.706 a3/tg clinker 

2. Beat cons1111ption of clinker-burning process 

Beat balance: 

Heat of clinker formation 420 teal/kg clinker 

Exit-gas heat loss froa fuel 

Cl - n Lt> k Cg Ct - 20) t = 150 •c (I) 

Proa exit gases 

Cg = 0.23 - 0.00005 t = 0.23 - 0.00005 x 150 = 0.238 tcal/tg K (Kelvin> 

Then applJing formula (I) 

10.722 t x 0.238 x (150 - 20) • 331.74 t/tcal/tg clinker 

Exit-gas heat loss from rav mix (carbon dioxide) 

0.53 CCO (t - 20) 
2 

For carbon dioxide: 
Ceo = 0.19 - 0.00011 t = 0.19 - 0.00011 x 150 = o.2065 teal/kg K 

2 

0.530 x 0.2065 x (150 - 20) = 14.23 kc~l/kg clinker 

Exit-gas beat loss from water vapour 

For water vapour: 

(a) 

(b) 

(C) 

CH20 • 0.42 + 0.000185 t • 0.42 + 0.000185 x 150 • 0.448 kcal/kg clinker 

therefore, 0.396 x 0.448 x (150 - 20) = 23.06 kcal/kg clinker (d) 

Water evaporation 

0.396 x 586 kcal/kg H2o • 232.06 kcal/kg clinker (e) 
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Waste heat in clinker 

1.0 Ct (tt - 20) 

tt = clinker temperature = 150 •c 

For clinker: 

Ct = 0.18 + 0.00007 t = 0.18 + 0.00007 x 150 = 0.1905 teal/kg K 

therefore, 1.0 x 0.1905 x (150 - 20) = 24.765 teal/kg clinker (f) 

Radiation losses 

Kiln 

!911P8rabre of 
surface c·c> 150 270 130 100 

Length (m) 25 20 30 58 

Partial surf ace 
area (m2) 345 276 414 801 

Heat loss per 
m2/b 
{tcal/m2b •c> 

Heat loss per 
kg clinker 
<teal/kg 
clinker) 

29.7 31.0 28.9 27.0 

31.7 50.9 31.3 42.7 

1-stage 
cyclone 

100 

dia 
5.6 

364 

27.0 

18.7 

Total beat loss per tilograa of clinker = 

2-stage 
CJClOJ!.!. Dryer Silo Cooler 

70 50 60 

dia dia 
2.3 1.6 x 40 30 

200 145 135 I Al 

25.0 24.4 24.4 II !!.I 

6.0 2.5 2.4 10.67 

31.7 + 50.9 + 31.3 + 42.7 + 6.0 + 2.5 + 2.4 = 211.2 kcal/kg clinker {g) 

Radiation losses can be calculated from tbe following formula: 

Eg; s, (t-20) kcal/kg clinker 
G 

G = Kiln capacity Ckg/h) 

a = Heat loss per m2 and hour Ctcal/m2ch •c> 

t = Temperature of surface area c•c) 

S • Surface area Cm2) 

Dust heat 1011 

Z - Zt X C 

(1.584 - 1.489) x 0.21 kcal/kg K (150-20) 

• 2.6 kcal/kg cl 

II (table> !!,/ 

I Ctable> Al 

(h) 
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Dust heat loss froa li .. stone dissociation 

<z - zt> [heat of reaction + heat of dissociation of Ca~ + heat of 
dissociation of J!g~8J 

<z - zt> (5.68 Al2o3 + (7.08 Cao+ 4.09 llg0)8J 

= (1.584 - 1.489) (5.68 x 2.77 + (7.08 x 44.51 + 4.09 x 1.31)0.3) 

= 10.6 kcal/tg clinker 

Ignition loss of coal (approxiaatel1 ~) 

5,665.3 k x 0.03 = 169 k 

Excess air heat loss 

0.50 a 3/tg clinker x 0.317 x (150-20) = 20.60 kcal/tg clinker 

Total heat loss 

= 420 (a) + 331.74 t (b) + 14.23 (c) + 23.06 (d) 
+ 232.06 (e) + 24.765 Cf> + 211.2 Cg) + 2.6 Ch> 
+ 10.6 (i) v 169.90 t (j) + 20.68 (k) = 959.11 + 501.64k 

Calorific value of coal = 5,665.3 k 

959.11 + 501.64 k 2 5,665.3 k 

k ~ 0.1856 tg coal/tg clinker 

specific heat consumption: 

kH = 0.1856 x 5,665.3 = 1,050.35 kcal/tg clinker 

Sulllll&rJ of kiln heat balance (seai-wet process) 

Heat of clinker formation 
Exit-gas heat loss froa coal 
Exit-gas heat loss froa raw aeal 
Exit-gas heat loss froa water vapour 
Exit-gas heat loss from excess air 
Water evaporation 
Waste heat of clinker 
Radiation loss 
Dust heat loss 
Dust heat loss froa limestone dissociation 
Ignition loss of coal 

Total 

kcal/kg clinker 

420 
61.50 
14.23 
23.06 
20.60 

232.06 
24.76 

211.20 
2.60 

10.60 
30.92 

"' 1 050 

(i) 

(j) 

(k) 
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3. Heat balance of the dryer and the cyclone 

llaterial balance 

If rotary kiln dust is 
First preheater and second preheater 

Rav-meal cyclone 

y = 157. 
n1 = 8M 
nz = 9M 

Rav .. al is coaing froa the ezit pipe. and gas and 80 per cent of the raw 
.. al are circulating in the ducts and preheater. 

i. 

ii. 

Contents of dust in kiln edt gases 

z 
1.489 ...!_. - %t = - 1.489 = 0.263 kg/kg 

1-y 1-0.15 

llaterial inl!!!t to the kiln {raw -au 

1.489 = 1.752 kg/kg clinker 
1-0.15 

clinker 

iii. llaterial inl!!!t to second-stage preheater 

1.752. 1.75? = 2.190 kg/kg clinker 
n 0.8 

iY. Dust eaitted with ezit gases froa second-stage preheater 

c - b = 2.190 - 1.752 = 0.438 tg/tg clinker 

Y. llaterial froa first-stage preheater 

c - a = 2.190 - 0.263 = 1.927 tg/tg clinker 

(a) 

(b) 

(c) 

(d) 

<e> 

The saae method of calc~lation vas applied to the other cyclone as shown 
in figure I. This figure shows the raw meal input to the cyclones and dryer. 

Beat balance of drier and cyclone 

Beat input (Q) 

i. Heat of exit gases froa first-stage preheater CQ1> 

as calculated before. 

Cg • 0.23 + 0.00005 t 

Cg • 0.23 + 0.00005 x 500 • 0.255 kcal/kg l 

Cco2 • 0.19 + 0.00011 t 

Cco2 • 0.19 + 0.00011 x 500 • 0.245 teal/kg l 

t 1 • teaperature of exit gases froa first-stage preheat~r as 
calculated before 

Q1 • c10.12~ keg+ o.53 Cco2> s <t1 - 20> 

Q1. (10.i22 x 0.1856 x 0.255 + 0.530 l[ 0.245) l[ <t1 - 20) 

• 0.647 ti - 12.735 
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Figure 1. The rav-aeal input to c1clones and drJer 
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ii. Heat of dust aaitted froa first-stage prebeater CQ2> 

Q2 = 0.482 C.Ctl - 20) = 0.48 X 0.253 X (tl - 20) a 0.122 tl - 2.439 

where <;. = specific heat of rav aeal 

iii. Heat of air coaing froa grate cooler CQ3> 

Q3 = 0.5 a 3/kg clinker x Cair <tair - 20) 
= 0.5 x 0.322 x (350-20) = 53.130 teal/kg clinker 

Cair = specific heat of air Cair = 0.322 t~al/a3 ~ 

tair = teaperature of air froa cooler tair = 350 •c 

Total Q = Q1 + Q2 + Q3 
= (0.647 t 1 - 12.735) + C0.122 t 1 - Z.43~) + 53.130 
= 0.759 t1 + 37.956 

Heat output CQ') 

i. Water evaporation <Qi> 

Qi = 232.06 teal/kg clinker 

ii. Exit gases heat loss <Qi> 

Qi = 119.39 teal/kg clinker 

iii. Dust heat loss CQ]> 

Q' = 0.219 x c x (150 - 20) 
3 • 

= 0.219 x 0.21 x (150 - 20) 

= 3.219 teal/kg clinker 

iv. Radiation loss <Q;> 

v. 

Q' = 8.4 teal/kg clinker 
4 

Material heat froa cyclone (Q') 
5 

Q' = 1.971 x 0.21 x (150 - (60 + 20)) = 28.974 teal/kg clinker 
5 

60 = (gas temperature out of cyclone) - (material temperature 
out of cyclone> = t - t •c 

g • 

20 = air temperature 

Total Q' = Q' + Q' + Q' + Q' + Q' l 2 3 4 5 
• 232.06 + 119.39 + 3.219 + 8.4 + 28.974 
• 392.043 teal/kg clinker 

t
1 

• 466.518 •c 
therefore, Q • Q' 

Q. 0.759 tl + 37.956. 392.043 
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4. Heat balance of first-stage prebeater 

Heat input CQ> 

i. He~t of exit gas fr011 second-stag~ prebeater CQ1> 

where 

and 

Cg = 0.23 + 0.00005 x 700 = 0.265 teal/kg ~ 

Cco2 = 0.19 + 0.00011 x 700 = 0.267 teal/kg ~ 

t 2 = te11perature of gas frOll first cyclone 

Ql = (1.988 x 0.265 + 0.530 x 0.267) x <t2 - 20) 
= 0.668 t2 - 13.367 teal/kg clinker 

ii. Heat of dust frOll first-stage prebeater CQ2> 

Q2 = 0.438 x <;. x <t2 - 20) = 0.438 x 0.283 <t2 - 20) 

s 0.124 t2 - 2.479 teal/kg clinker 

iii. Heat of material from raw-meal cyclone CQ3> 

Q3 = 28.974 teal/kg clinker 

Total Q s Q1 + Q2 + Q3 

= (0.668 t2 - 13.367) + (0.124 t2 - 2.479) + 28.974 
= o.792 t 2 + 13.128 

Heat output CQ') 

i. Heat losses of exit gas from first-stage prebeater (Qi> 

Q' = 0.637 t - 12.735 = 0.637 x 466.5 - 12.735 
1 1 

= 284.437 teal/kg cliuter 

ii. Heat losses of dust from first-stage prebeater <Qi> 

iii. 

iv. 

v. 

Qi = 0.122 t
1 

- 2.439 = 0.122 x 466.5 - 2.439 • 54.476 teal/kg clinker 

Radiation heat losses (Q') 
3 

Qj ~ 2.5 kcal/kg clinker 

Heat of dehydration of kaolin <Q4> 

Q4 • z x 5.68 x Al
2
o

3 
• 1.584 x 5.68 x 2.77 • 24.922 teal/kg clinker 

Heat of material from first stage preheater <Q5> 

Qs • 1.927 x 0.283 [tl - (50 - 20)) • 216.237 teal/kg clinker 
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(gas temperature out of prebeater) - Caaterial teaperature 
out of preheater) = tg + la •c 

Total Q" = Q" + Q" + Q" + Q" + Q" 
1 2 3 4 5 

= 284.437 + 54.476 + 2.5 + 24.922 = 582.273 kcal/kg clinker 

t = 718.617 •c 
2 

0.792 t2 + 13.128 = 582.273 

Therefore, Q = Q" 

5. Heat balance of second-stage preheater 

Heat input (Q) 

i. Heat of exit gas froa kiln CQ1> 

Q1 = c1.988 x cg + o.530 x Cco2> x ct, - 20> 

Cg = 0.23 + 0.00005 x 900 = 0.275 kcal/kg K 

Cco2 = 0.19 + 0.00011 x 900 = 0.289 kcal/kg K 

tg = temperature of exit gas from kiln 

Q1 = Cl.988 x 0.215 - o.530 x 0.289> ct, - 20> = 0.610 t, - 13.997 

ii. Heat of dust from kiln CQ2> 

Q2 = 0.263 x <;a x <tg - 20> = 0.263 x o.2s3 ct, - 20> = 0.014 t, - 1.489 

iii. Material beat from first-sta;e preheater CQ3> 

Q3 = 216.237 kcal/kg clinker 

Total Q .. Q1 + Q2 + Q3 

= (0.670 tg - 13.997) + C0.074 tg - 1.489) + 216.237 

= 0.744 tg + 200.751 

Heat output CQ) 

i. Heat losses of exit gases (Q") 
1 

Q' = 
1 

466.669 kcal/kg clinker 

ii. Heat losses of dust ( Q') 
2 

Q" .. 
2 

86.629 kcal/kg clinker 

iii. Radiation heat losses (Q') 
3 

Qj .. 18.7 kcal/kg clinker 
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iv. Katerial heat input to kiln <Q4> 

Q4 = l.7S2 x 0.283 x (t2 - 20) = l.1S2 x 0.283 x (718.6 - 20) 

= 321.S9S kcal/kg clinker 

Total Q' = Q' + Q' + Q' + Q' 
1 2 3 4 

= 466.669 + 86.629 + 18.i + 321.S9S = 893.S93 kcal/kg clinker 

Exit kiln gas temperature = t = 931.239 •c 
g 

0.744 t + 200.7Sl = 893.S93 
g 

Therefore, Q = Q' 

(See figure 2 for the estimated tecp3ratures and voluaes of the new 
seai-vet kiln systea.) 

6. Heat balance of cooler 

Heat input (Q) 

i. Heat content of clinker discharged from kiln CQ1> 

Q1 = 1.0 Ck Ct1 - 20) 
Ct = 0.18 + 0.00007 ti = 0.18 + 00007 x 900 = 0.243 teal/kg K 
ti = clinker temperature discharged from kiln = 900 •c 
Q1 = 1.0 x 0.243 (900 - 20) = 213.84 teal/kg clinker 

Heat output CQ') 

i. 

ii. 

Heat content of clinker discharged from cooler <Qi> 

Q' = 1.0 Ck Ct
2 

- 20) 
1 

cit = 0.18 + 0.00007 t2 = 0.18 + 0.00007 x lSO = 0.190 

t2 = clinker temperature discharged from cooler = 150 

Q' = 1.0 x 0.190 x (lSO - 20) = 24.70 teal/kg clinker 1 

Heat losses due to radiation and convection (Q') 
2 

kcal/kg 

•c 
clinker 

approximately S~ of boat content of clinker discharged from kiln 

= Q' = 213.84 x o.os a 10.67 kcal/kg clinker 
2 

iii. Heat content of exhaust air from cooler CQj> 

If: 
3 

cooling air • 1.8 m /kg clinker 

secondary air is 85~ of all air of kiln 
3 

secondary air a Ly·' x 0.85 • 6.266 x 0.182 x 0.85 = 0.969 m /kg clinker 

air from cooler to dryer• 0.5 m3ttg clin~er 
. 3 k l. exhaust air • 1.8 - (0.969 + 0.5) • 0.313 m I g c 1nltsr 
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Figure 2. Estimated teaperatures and volumes 
of the nev semi-vet kiln system 
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Therefore: 

Qj = 0.313 x Cair <tair - 20) = 0.313 x 0.317 x (150 - 20) 

= 13.64 tcal/tg clinker 

Thermal efficiency of the cooler 

Q - {Q' + Q' + Q') 
:i = 1 1 2 3 x 100 

Ql 

= 213.84 - (24.70 + 10.67 + 13.64) x 100 
213.84 

= 77.lf. 
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IV. TESTS UQUIUD PRIOR TO SELECTING llEV PROCESS 

A. lnfomation needed 

In principle. either vacuiaa or pressure filters can be used to de-water 
the slurry produced in 8th February Cement Joint CQllPlex if the present vat 
process is converted to a seai-wet process. The filtration process depends on 
.. DJ factors such as the cheaical. physical and aineralogical constituents of 
the slurr1. the viscosity. and the shape and grain-size distribution of grains 
in the slurry. as well as the amount of pressure used, the type of filter 
aedia, the compressabilitJ of the filter cakes and the temperature of the 
slurry. It is necessary to try and quantify all these factors. Therefore. 
the slurr1. filter dusts, fuel and water in the 8th February Ceaent Joint 
Complex have to be carefully tested and analysed before selecting a filtration 
system. The following infomation would be needed. 

Fineness of rav-aaterial slurry. An anal1sis of the particle size of the 
.. terials in the slurry has to be carried out which gives the percentage of 
the particles reaaining on 500, 250, 125, 63 and 32 aicron sieves. 

Cheaical analysis of the aain constituents of slurry. The percentages of 
Si02, Al203, Fe203, Cao. llgO. l20, Na20, Cl. SOJ and loss on ignition (LOI) 
should be ascertained. 

Water content of slurry. The water content, the density and the pH value 
have to be deterained. 

Electrostatic precipitator filter dust. The dust produced by the 
electrostatic precipitators in the converted kilns must be subjected to both 
cheaical and r.bysical tests to deteraine its charact\lristics, as follows: 

<a> Fineness. Residue on sieve: sizes 20, 30, 45, 63, 90 and 200 aicron; 

Cb> ch .. ical analysis. This has to show the following constituents of the 
dust: LOI, Si02 , A12o3 , Fe2o3• CaO, llgO, 120, Na2o. Cl and S03 • 

These analyses will throw light on the possibilitJ of returning froa 
5-10 per cent of this electrostatic precipitator dust as slurry thinner to 
the vet process. In case the filter dust is not applicable, Cao (burnt lime> 
or Ca(OH>2 (slated lime> aay be tested/considered to be added in liaited 
quantities by a dosing systea. 

Fuel. Both types of the solid fuels Clow- and high-volatility coal> used 
in the cement production (in the proportion 88.85:11.15 per cent> have to be 
subjected to analysis for calorific value, specific gravity. sulphur content. 
ash content after burning and content of the fly ash deposited after burning. 

Industrial water. The water in the cement plant, which is used for 
cooling. for washing the filter belts and for preparing the flocculant bas 
to be analysed. 

Filtration test: 

\a) The slurry used bas to be tested for its filterability by •\tber 
s~ction or pressure (suction filtration on a rotary-drum, filter and belt 
press); 

Cb> The filtration has to be carried out in botb cases with and without 
the addition of hydrated lime (electrostatic filter dust> as a filtration aid; 
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Cc> A cbeaical analrsis of the dried filter cake and sludge sa11ples bas 
to be carried oat and the alkali and chlorine contents deterained; 

(d) The specific drr-prodact capacitJ (specific filter capacitJ tgt.Zb> 
of both filtration systems (suction and pressure) bas to be deterained. and 
also the residual 110isture content. U10ant of suction or pressure applied, the 
U10unt in percentage of filter aids (dust or li .. ) added and the filtration 
period necessarr; 

(e) The alkali and chlorine content and the pH value of the dried 
original sludge and the dried filter cake ... st be ca11pared to see bow ... ch 
these have been reduced in the filtration process. 

Guarantee figures 

After these tests have been carried out in the laboratorr and specific 
figures obtained, the contractor should subject the sludge to tests in a pilct 
plant to deteraine the exact figures under operational conditions. the 
contractor will also establish whether the existing equipment is in good 
working condition. 

the perforaance guarantee data for the slurrr filtration plant and the 
filter-dust washing plant are subject to confirmation after the pilot-plant 
test results baYe been evaluated. 

If the pilot-plant test results differ froa the laboratorr test results, 
the contractor should subllit suitable proposals for llOdification of the 
equipaent to be delivered under the contract. these will be subllitted to the 
COllp&DJ to studJ, eYaluate and give a final decision. 

B. llaterials needed for the tests 

Representative saaples of raw .. terials: 

(a) For test purposes, at least 50 kilograas of repre~entative saaples 
of the raw aaterials which aate up the slurry will be needed, in the proportions 
in which each COll(>Onent is used in the slurrr. the aini1111a U10ant for &nJ 
representative saaple is 1 tilogr... the average analJsis of each COll(>Onent as 
well as the average 110isture content of each representative saaple has to be 
subllitted with these saaples; 

(b) At least one litre of the water that is used for washing aust be 
supplied; 

(c) A repre•entative saaple of at least 2 tilograas of the dust produced 
from each tiln must be supplied with an indication of the average quantities 
that can be recycled after the conversion of the kilns. 

Slurr1: 

(a) In order to carry out the conversion tests, the ainimua quantity of 
slurry to be supplied is 100 litres. This slurry must be free from any aaterial 
used as slurry thinners; 

Cb) If the raw material components originate in different quarries, or 
froa different parts of the quarry, this will lead to slurries whose moisture 
content could vary by 10 ~er cent or more from the average. In this case, it 
is necessary to provide a sample of these slurries and of all the constituting 
raw materials. 
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Fuel: 

A representative sa.ple of each type of coal (low and high volatilitJ) 
bas to be sent to the laboratories carr,ing out the conversion tests. Each 
representative sa.ple 91lst be at least 1 kilogr .. and in tte s ... proportion 
in which each tJPe is used in barning. Tbe average analJsis of each type bas 
also to be suti.itted. 

Mecessary precautions in packaging and sending the test sug>les 

Tbe vet-product SaJIPles have to be packed in waterproof containers 
preYiouslJ cleaned and dried. Tb• moisture content of the sa.ple 1111st not 
change during the period of collecting and packing. If the SaJIPle is not at 
the Ulbient temperature at the 110ment of collection. its temperature 911st be 
specified. 
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V. ILLUSTRATIVE DESCUPTIOll OF THE PROPOSED 
llEW llA.CBillERY .DID IQUIPlllllT WITH SOllE SPECIFICATIONS 

All the specifications and figures for the proposed new aachinery and 
equiP119nt have already been calculated in order to sel&ct the guarantee 
figures of the process and to help the Government in preparing the tender 
doc1111ents. Conversion will start with kilns 5 and 6 and conversion of the 
other kilns will follow at a later stage. 

The supplier or contractor is expected to recalculate and to recheck the 
figures llD.d the proposed conversion and if necessary to modify the conversion 
approach so as to be able to take responsibility for fulfilling the necessary 
guarantee figures. 

A. Preci?ita\or dust storage and dosing equip!!!nt 

Dust silo 

This silo will store dust produced by kilns 5 and 6. It consists of a 
steel silo, complete with inlet supports, aanhole, two outlets without fr ... 
structure for 110unting and it will include: 

(a) Capacity-level indicator; 

(b) Pipes inside and outside the silo up to the air-distribution station 
as well as between the air-distribution station and the ca.pressed-air plant, 
as seai-finished goods, including flanges and seal bolts; 

(c) Fittings for eaptying the silo. A one-tonne loading chain hoist bas 
to be supplied and to be 110unted above the dust silo as described later. 

(approximately) 

1ecbnical data: Diaaeter 
Base di ... ter 
Height 
Useful capacity 

(or as specified and recom11ended by the supplier> 

Silo aeration with h0110genizing and special dosing device 

For the silo base, including: 

(a} Air slides; 

4.0 • 
2.7. 
9.0 ll 

230.0 • 2 

(b) T1fo rotary piston blowers for the air supply (one stand-by}, 
complete with three-phase motor, base plate, silencer and various fittings. 

Technical data: Plow 
Pressure difference 
Installed power 

(or as specified and recoaaended by the supplier) 

(approximately) 

8.2 a3tain. 
600 llbar 

22 tw 
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Silo dedusting 

This consists of: 

(a) Fullf-autoaatic compressed-air filter with pneuaatic cleaning device; 

(b) two exhaust-air ventilators (one stand-bf), including 80tor (7.5 ltW) 
and accessories; 

(c) Various dedusting pipes between the dust sources and the filter, and 
their fittings. 

Air slide 

This includes all fresh- and exhaust-air ducts, various seals, throttle 
valve and cleaning lid, as well as supporting structure. 

Technical data: Through-put 
Convefing path 
Inclination of slide 

{or as specified and recOllll8nded bf the supplier) 

TWo high-pressure ventilators Cone stand-bf) 

18 t/h 
8.5 • 
12. 

Iapeller vane aounted on aotor shaft including three-phase drive and 
suction filter, as well as mounting elements for ventilator, and pipes to 
the air slides. 

Technical data: Flow 
Pressure difference 
Connect load 

(or as specified and recOllll8nded bf the supplier> 

Capproximatel1) 

7 a3/ain. 
50 abar 
2.2 ltW 

The necessary numbers of screw conveyors will be supplied according to 
the supplier's design and drawings to convef dust outside the dust silo and 
the dosing points. 

The screw conveyors 

The screw conveyors necessary to transfer the precipitator dust from 
outside to inside the silo or vice-versa or to the various dosing points 
will be supplied according to the supplier's design. The number, capacity, 
diameter, length, motor power etc. of these sc~ew conveyors will be given 
in the supplier's tender with drawings and flow sheet diagrams. These 
screw conveyors should be manufactured in accordance with the following 
specifications: 

(a) Screw trough in flanged form, with the necessary couplings; bolted-on 
end plates with built-in bearings and carrier feet; shaft outlets at the end 
plates will be fitted with cast-iron stuffing boxes; continuous dust-tight 
flanged plate covers will be supplied; inlet connection and outlet connection 
with flanges together with a drive plate to carry the driving elements; 
inspection and cleaning doors; 
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(b) Screw shaft; a solid shaft vitb ... lded-on full-screw flight .. de 
of steel plate, intel"'ll8diate bearings .. de of cast iron vitb binges and 
lubrication devices; intermediate bearing stations fitted vith counter 
flanges, te1s and bolts; end bearings fitted vith roller bearings and one 
bearing will be installed to accept axial loading. 

Bult-flow aeters 

These are for aeasuring through-put of precipitation dust and consist of: 

(a) Bult-flow aeter with continuallJ-operating flow recorder including 
aeasuring transducer in dust-tight aluainiua casing, aeasuring range 
approxi .. telJ 0.6-6 t/h; 

(b) Standard baffle plate in a suitable casing .. de of sheet steel; 

(c) Through-put recorder with digital reading; 

(d) Linearizator for voltage supplJ of the through-pat recorder; 

(e) Integrator with counter; 

(f) Flexible connection to the subsequent screw converor. 

B. Li .. -dosing equipment 

This is a steel silo, complete with inlet supports, one outlet, and 
without fra11e structure for mounting: 

Technical data: Dia11eter 
Height 
Useful capacity 

(or as specified and recomaended by the supplier) 

Top filter (with automatic rapping device) 

Technical data: 

Silo aeration station 

Filter surface 
Connect load 

(approxi .. tely) 

2.5 • 
7.0. 

10.0 a2 

(approxiaately) 

15 • 2 

0.25 ltW 

Mounted in the outlet funnel with compressed-air supplJ from the 
dust-silo aeration station. 

Lime dosing station 

With rotarJ lock feeders including speed adjustable DC drive and the 
necessarJ screw converors. 
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llotarJ lock di ... ter 
Capacity 
Drive 

(a~oxi .. tely) 

2-
200-2.000 tg/h 

0.4 kW 

{The supplier is asked to recommend &DJ additional or stand-bf 
equip11ent that aigbt assist smooth and efficient production.) 

C. Filtration, cake and slurry handling for kilns 5 and 6 

Slurry aixiog and storage tanks 

These are aade of steel with overflow connections. The internal part of 
the tank bas to be covered with rubber to resist abrasion. There should be a 
.. tallic platfora on top for aixing support. OD the bottoa. one outlet vitb 
flanges is provided for pump connections. 

Technical data: Di811eter 
Height 
Useful height 
Total volume 
Useful vol118e 
Thickness of steel wall 

{or as specified and recOllllended bJ the supplier> 

Kixers for slurry storage 

(approxiaately) 

2.5 • 
4.5 • 
4.0 • 

22.0 • 3 

20.0 .3 
4.0 -

The nuaber of ai:a:ers is to :,e recomaended bJ the supplier. Each consists 
of a cast-iron support base and roiler bearings. directlJ coupled to a 
gearbox. and a three-phase motor to drive the agitator. which is fitted with 
three tapered agitator blades. The surface is hardened steel, the shaft is 
rubber-covered. 

Technical data: Iapeller 
Di ... ter 
Shaft length 
lnstallod power 

(or as specified and rec01111ended by the supplier) 

Centrifugal pumps 

(approdaately) 

85 rpm 
1.300 -
4,100 -

14 kW 

The number is to be recoaaended by the supplier. These are for slurry 
feeding to the dust-slurry aixers, designed as an at"llOured puap with 
speed-adjustable DC drive, mounted on base plate. 

Technical data: Flow 
Head 
Installed power 

Cor as specified and recoaaended by the supplier> 

(approdaately) 

30.3 a 3/h 
15.0 a liquid column 

11.0 kW 
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Screw aixer 

The number to be recommended by the supplier. These are for aixing dust 
or other slurry thinning additives with the slurry. Screw aixers have 
removable aixing blades. special adjusting DC drives. assetlbled with 
supporting steel structure. 

Technical data: Flow 
Installed power 
Dimensions 

(approxiaately) 

30.0 •3/h 
40.0 tv 

5,000 x 1,500 x 1,000 ... 

(or as specified and rec011mended by the supplier) 

Filtration unit, vacuua or pressure filters 

It is hoped that with the laboratory and pilot-plant tests on the slurry 
it will be possible to design an optiaally-cli11ensioned filtration plant. 
especially with regard to filtration tiae. cake thickness and working pressure. 
even when dealing with difficult slurries. 

If this filtration unit uses a pressure filter. it will be supplied 
complete with adjustable DC drive, slurry distribution device (including 
drive> with all the regulator valves and switches required for operating the 
aachine. pneuaatic piping and electric cabling. a suitable set of filter cloth. 
special cantilever device and walltvays as well as central lubrication systes 
for aut011atic greasing of the individual bearing points. 

The leading principle in designing the filter is to achieve a trouble­
free unit suitable for continuous operation during a long service life. 

The fraae has to be kept very simple to provide for easy access and 
cleaning and to avoid dead corners. All the facings on the frame have to be 
ailled to an accuracy of at least 0.02 ... to ensure that the rolls are p?aced 
parallel. Even if the rolls are to be exchanged after some years, difficult 
fitting work for spare parts is obviated. The wear on the filter cloth has to 
be reduced to the minimua (any displacement of the rolls creates some form of 
distortion in the fabrics and, subsequently, the foraation of creases). 

The lubrication of the unites> has to be carried out by a central 
lubrication plant. All necessary lubrication points on the machines will be 
supplied with grease by means of a grease distributor from a central pumping 
station consisting of a pneumatically-operated pump with all the fittings 
required to function smoothly, including a central switch-board to control 
the de-watering plant. 

If necessary, the grease supply to the individual presses can be 
interrupted by shut-off valves. In order to facilitate drawing in and drawing 
out of both felts, the complete heavy frame bottom is lifted up by an overhead 
crane and a special lifting beam. The whole surface of the machine's frame has 
to be sand-blasted and coated with glass fibre reinforced polyester (minimum 
thickness of coat: 1.5 au) which results in an impact-resistant, anti-corrosion 
protective layer. On connecting faces, this layer is up to 5 1111 thick. All 
other parts of the machine not coming into direct contact with the medium being 
de-watered, not coated with synthetic material and not made of stainless steel 
or plastic, are sand-blasted and given two coats of epoxy-resin prime coat and 
finishing coats (thickness of coat: 150-170 micron). 



- 66 -

The roll structure, the breast rolls (or tension rolls), the drive rolls, 
perforated rolls, de-watering rolls, tension rolls for high-pressure zone and 
the tracking rolls for the filter cloth have to be designed in such a V&J that 
the .. terials, the function and the performance of these parts can serve for 
at least 15 rears (coated, good and easJ coupling, unifora tension, verJ low 
wear). 

Function of t~e filter press. Both felts with the sludge cake in between 
thea are wrapped round the press rolls. The sludge cake is subjected to 
surf ace pressure (which is directlJ proportional to the felt tensions and 
inverselJ proportional to the roll radius) by the felts under variable tensile 
stress. Due to the reducing roll dia11eter in the running direction of the 
felts, the surface pressure increases according to the above relation. This 
ensures that, in each case, the .. xillllll possible pressure is exerted 
corresponding to the progress of the de-watering process and resulting in 
raising the stabilitJ of the sludge. The gee>11etrical arrangement of the rolls 
leads to a aini .. l relative speed of both felts against each other. The 
shearing thus caused in the sludge cake coapresses the solids and presses out 
aore interstitial water. 

In order to iaprove stripping of the water at the bottoa, S-tension rolls 
with the belts wound around the water ducts consisting of a beea with rubber 
stripper are installed. (See diagr .... tic view of filter press in figure 3.) 

Press roll for the high-pressure zone. This press roll is pressed against 
the last roll in the s-tension zone by aeans of a pneuaatically-operated lever 
srstea, vith a line pressure of up to 30 kg/ca roll width. Due to this line 
pressing which follows the surface pressing at high pressure in the S-tension 
zone, the sludge cake is further de-watered and the correct dryness obtained. 

Table rolls. These rolls serve as back-up rolls in the gravity zone and 
as support for the felts in the wedge zone. 

Deflection rolls and spreader rolls. The nuaber of the spreader rolls 
have to be determined by the supplier for each top and bottom felt, in order 
to prevent the felt shrinking across the breadth and to prevent folds forming. 
All rolls have to be supported by spherical roller bearings or self-aligning 

ball bearings. the extreme operating loads encountered at all bearing points 
in sludge-de-watering machines are handled by bearing seals developed especially 
for the filter-press machine and consisting of a grease-filled multiple labJrinth 
with rubber seals. The upper and lover felts have to be provided vith: 

(a) A tracking device to control the swinging movement of the tracking 
rolls; 

(b) Controlling devices with feeler plates and adjustable mounting 
bracket. the position of the felt edge is tranSlllitted by the feeler plates 
to the switchboard, which regulates the air pressure of the regulating element. 
Standard pressurized air is sufficient for feeding the switchboard. 

Limit switch for felt trackins. If an unexpected fault occurs in the 
felt-tracking system, limit switches shut the machine down without the material 
of the filter felts being destroyed by running up against the machine frame. In 
addition to that, the machine has to be safeguarded against possible accidents 
on the tender side as well as on the drive side by so-called cable-hoist •afety 
switches. 

(the number, design and specifications of the filter units and their 
accessories have to be recoanended by the supplier.) 



figure 3. Diagrammatic view of filter press 
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Pelt cleaniag devices. The top and bottoa felts each pass through a 
closed cleaning box where the felts are cleaned bJ aeans of spray vater. The 
belt vash boxes are open on the cantilever side in order to facilitate felt 
changing. The showers are fitted vith non-clogging flat jet nozzles. For 
cleaning the nozzles, the showers are equipped vith brushes on the inside which 
can be operated during felt cleaning by aeans of an automatically-operated 
activating drive. The nozzles and pipes have to be made of st~inless steel 
and all other parts of red bronze or brass. The belt spray box is sealed by 
fatigue-resistant rubber profiles. 

(The number, design and specifications to be recolllllllended by the 
supplier.> 

Devices for high-pressure cleaning. In addition to the felt cleaning 
devices mentioned above, s~ray boxes are mounted for the top and bottoa felts, 
whose showers are fitted v1th flat and needle jet nozzles. They are switched 
on for short periods, as required, in order to remove deposits inside the 
felts vith high-pressure jets. This device differs from the felt-cleaning 
devices described above in the design of its nozzles. 

(The number, design and specifications to be reconaended by the supplier.) 

Pipe extractors. These are for demoisturizing and additional cleaning 
for top and bottom felts. 

(The number, design and specifications to be recOlllllended by the supplier.) 

Take-off doctors for drive rolls. These are for de-watering the bottom 
and top fe:ts, consisting of doctor blades, which rest on a special blade 
holder thus allowing quick changing of the blades. Blades are resistkat to 
vear and made of special material. 

(The number, design and specifications to be recoanended by the supplier.) 

The machine has to be provided with a felt-changing davice. 

Filtrate trays. The filtrate trays are made of stainless-steel plates 
and welded to the machine frame. In these trays, the filtrate from the 
gravity, medium- and high-pressure zones is collected separately and led to 
the bottom tray through fall chutes. The wash water obtained after cleaning 
of the top and bottom felts is also collected separately and led through a 
channel to a central collection tank. The machines have to be provided with 
distribution screws for the headbox in order tn be able to utilize the whole 
working width of the gravity zone right from the beginning. The screw has to 
be fitted with screws running in ~pposite directions starting from the centre, 
so that the suspension fed in at the centre is distributed evenly up to the 
gravity zone. Medium-contact parts have to be made of stainless-steel material 
or other appropriate material recommended by the supplier so as to have a 
maximum lifetime. 

K&chine drive. The machine is driven via top and bottom felts by 
infinitely-variable DC gear motors, each with remote contrul from the switch 
board. The DC gear motors, which stand on a separate bracket, are directly 
coupled with the drive rolls. One of the two DC drives is designed as the 
leading drive and serves to adjust to a preselected speed. The second drive 
motor is wired electrically in such a way that independent of its speed, it 
takes on the same torque as the leading drive. 
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The supplier vill recOlllllend. according to the requireaents the design of 
the equipment most suited for the job with all specifications for auxiliarJ 
aachiner1 for instance including: 

Belt conve1ors <length. width. drive power. capacity) 
Electro-mechanical conve1or-t:rpe weigher (for indjcation of the flow and 

the total weight of the material on the belt conve1or) 
Vacuum pumps for suction tubes for cleaning the felts. including drive(s) for 
Centrifugal pumps 
Kulti-stage centrifugal pumps (wear-resistant design) 
Overhead travelling crane 
TrolleJ (with chain hoist and built-in steel band pull) 
Pipes (suitable to fulfil the guarantee figure) 

Valves and measuring devices (density measuring. radiometric density 
measuring device. measuring range 1.55-1.75 kl/•3• correspondiag to 
57-671. weight of dry .. tter in the suspension) 

Flow-aetering of the suspension (inductive flow aeter. measuring range 
0-30 a3/b 

Level metering in the slurry tanks (ultra-sonic echo-sounding apparatus. 
measuring range 0-45 m) 

T~ougbed belt conveyors (complete with belt-supporting frame. connecting 
chute. supporting feet. horizontal arrangement with rope switches. 
belt-alignment control) 

D. Drying system 

the filter cakes produced bJ the presses are expected to have a moisture 
content of around 20 per cent. these filter cakes need drJing before they 
enter the kiln so that the final moisture content of the dried raw mix is 
lower than l per cent. The supplier m&J recommend one of the following types 
of dr1er s1stems to suit his design and to guarantee production figures. the 
choice should be based on the findings from laboratory and pilot tests 
regarding phJsical properties of the material to be dried as well as on the 
supplier's experience from similar conversions. the supplier may take the 
following into consideration: 

(a) Particle size; 

Cb) Tendency of the raw material components, especiallJ claJs, to change 
their structure during drJing; 

Cc) Behaviour in relation to bot gases; 

Cd) Required drJing "residence time"; 

(e) Type of moisture content in the raw materials, whether free 
moisture, capillarJ water or absorption moisture. 

there are several types of dryers. 

Drum dryers 

Drying of the filter cakes is done by using the waste gases from the 
rotary kiln as well as the hot air from the grate clinker coolers. The 
combination of the rotary kiln, clinker cooler and drum dryer savws fuel 
costs but complicates the plant operation. It is safe and reliabl~ ~nd will 
save the cost of at least one dust-collector system. 
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The production of the drum dryers depends on .. ny factors such as length, 
diaaeter, revolution of the drua per ainute, residence tiae of aaterial. angle 
of repose. These factors are expressed in the following foraula: 

t=l.771,j'F 
p d n 

where t = residenc~ tiae of material (minutes) 

1 = length of dryer (metres) 

p = slope of dryer (degrees) 

d = diameter of dryer (aetres) 

n revolutions per ainute 

e = angle of repose of material in dry condition; the angle of 
repose for limestone and argillaceous materials is 
approximately 36• and 136 = 6 which is sufficient for 
pract~·.:al c"urposes. 

F = Cor-e~~ive factor. Flights and lifters aay decrease the 
p ~. \ge through the cylinder by half. Thus resulting in 
F :.. ~· 

Drying is slso carried out by using the waste heat froa the rotar; ~iln 
and fr01ll the grate clinker cooler. The gas inlet temperature to the a:~:~ can 
be up to 600 •c. The rapid dryer allows the use of up to 2 m3 gas/kg of 
dryer feµd. The beat balance of the rapid dryer is: 

aeat used for evaporation of moisture (useful work) 
Heat lo•s in dryer-exit gases 
Heat in dried material 
Unaccounted for 

Total 

Percentage 

68.5 
9.5 

11.3 
10.3 

100 

This shows that the beat efficiency of the rapid dryer is 68.5 per cent. 
This deals with the 20 per cent moisture in the filter cakes entering the 
dryer. 

The energy requirement depends on the efficiency of the evaporation of 
the water content of the filter cake and it will vary between 40 ltW and 100 ltW 
for 2,200 kg and 1,000 kg respectively. 

The dust co~tent of the gas is from 50-250 gtm3 , with a maximum particle 
size of 0.2 nm. The proportion of dust less than 0.01 ama (10 microns) is 
approximately 50-70 per cent. For this reason, dust collection by using a 
cyclone is recommended. 

Impact drxfl;'s 

Here, wet filter cakes (2~ moisture content) will pass from the round 
bunters used as filter-cake stores to the impact crus.her where they will pass 
between two impact cylinders. While the material is passing through the 
impact pressing, it will be affected by heat recycled from the rotary kiln as 
well as hot air from the grate clinker cooler. 
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Some of the ground dried .. terial will be carried out of the iapact dryer 
in the dryer exit gas. Because of the high dust content of the exit gas of 
the iapact dryer. preliainary dust collection in cyclones is absolutely 
necessary. Then the partially-cleaned exit gas can be purified either in 
fabric filters or througb the aain electrostatic precipitators. 

Flash-dryer tube Can alternative to be considered by the supplier> 

Consisting of: 

The connecting branch is aade out of aild steel and is arran~ed between 
the tiln housing and the dryer tube. with connecting flanges and coapensator. 
The branch is designed to have a lining of refractory .. terial. The dryer 
tube is made out of aild steel. with the required expansion joints connecting 
flanges and supporting brackets. The top bend is aade o~t of aild steel. 
arranged at the end of the dryer-tube duct. with the required reinforcing bars 
and connecting flanges. designed for easy disaantling. Fraaes are aade of 
specially hardened steel. the sides are reinforced and replacoable wear plates 
are provided on faces subject to abrasion. 

The connecting elbow between top bend and cyclone separator is aade out 
of aild steel. The final 110isture content of the raw meal leaving the flash 
dryer's connecting elbow to the cyclone separator has to be less than l~ e2o. 

(The de~ign. material and lining to be rec0111aended by the supplier.) 

Round bunters for storing filter cates. These round bunters serve as 
buffer stores between the filter-cake press and the dryers. These bunters 
have to be supplied with a circumferentially-running screw conveyor. A 
single-roll belt v.tigber. situated in the cake conveyor belt can control all 
the bunters serving as filter cake stores (or otherwise as recommended and 
speciiied by the supplier). Such a systea could establish a withdrawal rate 
at a constant weight to supply the dryer. The speed of the belt conveyor bas 
to be controlled from the weigher. The design. number. capacity and dimensions 
of the round bunters and accessories or alternative equipment is to be worked 
out according to the recommendations of the supplier. 

Feeding device. The device for feedini material into the flash-dryer 
tube will consist of the tube shaft with shaft bearings, the welded-on 
beaters, bottom plate and housing with connecting branch to the dryer tube. 
The device is driven by a V-belt drive with gearing. The design, capacity 
and dimensions of the feeding device as well as the motor power have to be 
rec01llll8nded according to the supplier's d6sign and the results of the tests. 

E. Cyclone separators 

Cyclone separators are made out of mild steel and consist of the 
cyclones, the raw-gas inlet branch, the material outlet branch with 
compensator <including supporting brackets and connecting flanges) and 
clean-gas branch with flanged connection and dust hopper. The cyclone 
diameter is ap~coxil'!l&tely 3.0 ll!i!tres or as recoamended by the supplier. 

Rotary gate valves 

These are designed as an air seal undernea~n ~ne dust nopper of the 
cyclones of the separator, with outside bearings, designed for direct drive, 
including the flanges, bolts and all accessories. Couplings and sectional 
steel bars for fixing the rotary valves and the drives a~ well as guards have 
to be provided. The capacity, valve diameter and the ?DOtor power is to be 
recommended by the supplier according to his calculations and design. 
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Intermediate bin 

The bin will act as a buffer store for the aaterial coaing froa the 
cyclone separator before going on to the preheater. The bin is set in a heavy 
steel construction coaplete with feed s~cket, three discharge spouts, vent 
socket, bin-inspection door and brackets. It has a flat, aerated bottoa with 
a special synthetic fabric support, air socket and throttle valves. 

The intermediate bin should also be provided with a roots-type blower 
with free-shaft extension, base frame for blower and 11Dtor, side rails for 
llDtor, anti-vibration pads including 110tor bolts, intake silencer, air-intake 
filter with weather hood, pressure silencer with attached valve and bracing, 
non-return valve, flanged pipe with rubber sleeve and clips, with Y-belt drive 
and guard. The capacity, pressure and 110tor power is to be recommended bf the 
supplier according to bis design. 

Shut-off gates 

These are used for an emergency shut-off. They are activated bf a 
pne1111atic cflinder-svitch sfstea. llanual operation is normally possible 
in case of 1ysteas failure. Compressed-air vitb 6-bar pressure is needed 
for the pneaaatic systea. 

Flow-control ga~es 

This should have an activating device and a switch-systea with stop and 
start contact switches, as well as potentio-meter and flow-control gate 
suitable for infinitelf variable quantitf control with the necessarf outlet 
and in~~t spouts or an alternative solution according to the supplier's 
recOllll8ndations. Froa behind the flow-control gates, an air slide aaf be 
installed (for raw-aeal return> and equipped with the necessarf high-pressure 
fan with air filter and control valve. 

Further details are described bf the expert as follows: 

The upper slide casing is a steel-plate construction with the necessarf 
inspection and cleaning holds. the lower slide casing bas an air socket, 
connecting flanges, slide-feeding sockets, discharge housing, air-piping 
between slide and ventilation fan. The slide fabric is made of polyester 
suitable for a temperature of 150 •c. There is a sampler. The capacitf, 
pressure, torque motor and range of material flow will be recoaaended by the 
supplier. The flow-contr~l gate will be provided with the necessary measuring 
instruments and devices, such as an impact-type flow meter etc. 

kotary-gate valve 

This includes a tcraper for keeping the section• clean. the housing is 
made of cast iron. the rotary valve is of welded design, with shaft bearing, 
connecting girth gears between rotary valve and scraper shaft, drive gearing, 
valve housing with flanged connection at both sides as an air lock. the 
rotary-gate valve will be attached to the connecting chute and belt-type weigh 
feeder for raw mB&l to supply the preheater with the required quantity of raw 
mix. 

The belt-type weigh feeder should have the following characteristics: 

(a) Conveyor frame, welded side parts with crors-ties and bracings, 
drive pulley/return pulley with bolted, flanged shafts, convexly turned, 
running-in pillow blocks, adjustment of the return pulley via two 
thrust-bearing supports with pressure spindle; 
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(b) Carrying idlers/weighing idlers, aachined with continuous shafts and 
.. intenance-free bearings. The idlers are mounted on their supports allowing 
adjustment of height and distance. The .. asuring unit is composed of: 

(i) 
(ii) 

(iii) 
{iv> 

llaintenance-free supported weigh ara; 
Weighing idler; 
Strain-gauge load cell with overload protection; 
Test weight to simulate the belt load; 

(c) The design of the 11easuring unit avoids zero-point variations. 
Strain-gauge load cell with fitting parts: 

<i> Sansitivity 2 aY/V supply; 
<ii> COllp('nsated tmaperature range - 10 •c ...... + 10 •c, protection IP 

67 h 7; 

(d) Belt drive c011pOsed of directlJ mounted gear-box on vbich the torque 
converter support its flanges vbich again is supported by 8eans of a rubber 
and 9etal connection on the side of the feeder fr..a. The DC shunt motor, 
linked to tbe torque support, drives tbe gear box via a flexible coupling; 

(e) The c011plete drive is easil) dismounted. There is a digital 
tach011eter for the contactless pick-up of the belt speed. The unit is mounted 
on tbe second shaft of the drive .c~or and it is aaintenance-free and vear­
resisting; 

(f) PulleJ scrapers for tbe drive and return pulley, guided parallel to 
tbe two pulleys. Outer belt scraper, 110unted on two bearings, spring-loaded 
with adjustable force, witb easil1-exchangeable scraper blades. Inner belt 
scraper, plough-shaped, 110unted on two bearings, weight-loaded with cover 
pulleys, with easily-exchangeable scraper blades. Belt tracking, monitored 
by two adjustable liait switches 110unted on both sides of the belt; 

(g) Continuous belt, suited for weighing pr~cess. The belt can be 
exchanged in a very short time without dismounting the pulley idlers, 
measuring unit or feed device. The lateral support opposite the drive is 
designed to acc011110date the relief bar. The support or suspension opposite 
the drive can be released after propping up the relief bar. After removal 
of the support and shifting the return pulley, the belt can be removed or 
fitted. A belt-tensioning device with a parallel guided weight-loaded idler 
provides a constant belt tension. A mechanical indicator facilitates checking 
the belt tension; 

(h) Protection covers mounted at the discharge side and on the return 
pulley as protection against dust and accidental contact; 

Ci> The cover on the discharge side is to be supported on the guide 
chute or similar. Chutes of low weight can be fitted on the weigh feeder 
together with the protection cover. All electrical components of the weigh 
feeder are completely wired. The cables have to be connected to a junction 
box; 

(j) The height of the material layer on the belt can be adjusted by a 
vertical gate. A manually-operated isolating gate is provided to interrupt 
the material flow, e.g. for belt change. 

The connecting chute, flow-control gate, air slides with high-pressure 
fan, the =otary-feed valve and set of pipe connections, their capacities, 
width, length, range, accuracy and motor power have to be recommended by the 
supplier in accordance with the production guarantee figures. 
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The bag filters 

These haYe to be designed and supplied as suction filters in an enclosed 
construction and are coaposed of the following: 

(a) Housing vith inspection door on top. 90unted on bins; 

(b) Filter insulation vith aineral-wool .. ts on steel wire-netting base 
!r ... ; 

(c) Filter bags of fine-fibre polJester needle felt; 

(d) Bag suspension re11DYable froa aboYe; 

(e) Piping and serYice kit; 

(f) Control valves. one for each rov of bags; 

(g) Sectional steel supporting fr .... including foundation bolts; 

Ch> Back-protected ladder; 

(i) Air fan. sucking froa one side. vith 90uoted brackets for the drive 
unit and staticallJ and dJD&aicallJ balanced iapeller; 

(j) Switchboard to control the bag-cleaning s1stea; 

(k) one set of piping and stack. 

The bag filters are connected to the coapressed-air s1stea vith magnet 
valves, 6-bar pressure. 

Technical data: Air volume 
Air pressure 
Motor fan power 

P. Preheaters 

(approxi .. telx) 

20,000 a 3/h 
200 .. W6 
~w 

Dimensioning of the preheater stages I and II should be calculated, 
designed and manufactured bJ the supplier according to the general rules 
covering this part. The preheaters as well as the gas ducts will be lined 
with refractorJ bricks and castable. The pipes for conveJing raw-meal from 
stage I to stage II and then to the rotarJ kiln will be lined with castable 
(the minimum possible). The pressure drop of the raw-mix suspension preheater 
cyclone will be kept within the range of 550-600 aa W6, or as ~ecoaaended by 
the supplier. 

The dust load in the exit gases must not exceed 100 g/kg clinker i.e. less 
than 10 per cent of the clinker weight, and, if the clinker weight is 50-65 ~/kg 
raw meal, then ~ust not exceed 6 per cent of the weight of the raw meal. The 
exit-gas volume of the raw-meal suspension preheater will be within the range of 
1.4-1.5 ml/kg clinker. 

The content of the exit gases of the two-stage preheater plus the hot air 
produced from the grate cooler will be returned for drying the slurrJ cakes, 
which have a water content not exceeding 22 per cent. With an exit-gas 
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temperature of 330 •c, it is possible to dry the total rav .. al, vith up to 
8.5 per cent moisture, fed into the preheater kiln. In this case, according 
to the preliainary calculations, it is expected that the ezit-gas temperature 
vill be 460 •c and that air coaing out of the cooler vill be 350 •c. 

Therefore, the tes;.perature of these gases can be used to dry out the 
water content of the filter cakes. During the retention ti .. in the two 
stages, the rav aiz vill be preheated froa 90 •c to 660 •c. whereas the 
ascending kiln gases vill be cooled froe 931 •c to 460 •c. The gas and 
aaterial velocity in the gas duct vill be in the range of 21-23 a/sec. 

Vasta-gas s1stea 

Waste-gas ducts. The ducts vill connect the cyclone separators and 
electrostatic precipitator vi.th ezpansion joints. 

Electrostatic precipitator. This is to clean the waste gases from the 
rotary kiln and dryer or flash dryer. The present electrostatic precipitator 
has a capacity of 400,000 a3th at 250 •c. The waste-gas volume to be cleaned 
is 350,000 -3th at a aaziaua teaperature of 200 •c. 

Suction pressure. The supplier is requested to design the discharge 
screw conveyors, the rotary-feed valves, the collecting screw conveyors. 
pneuaatic-transport surge hopper, pneumatic puap, piping and waste gas ducts 
and to specify the nuaber, aaterial and diaensions of these according to the 
requir8118nts ~f the production lines which are being converted. 

Waste-gas fan. The waste-gas fan vill be the radial-flow tJPe, sucking 
on both sides, and will be coaposed of a multi-sectional, welded spiral casing, 
base fr ... vith base plate, staticallJ and dJDaaicallJ balanced iapeller vith 
steel shaft, supP')rted on pedestal bearings at both ends of the casing, with 
wearing-plate lining to exposed points of the casing and elastic coupling 
between fan and motor. In fact, there will be no need to change the waste-gas 
fan. The following table gives a comparison between the fan required and the 
present one and froa the figures it is clear that the capacitJ of the ezisting 
one vill be sufficient for the ezpected requirements, but this has to be 
rechecked and recalculated bJ the supplier. 

Technical data: 

Waste-gas rate (m3/4) 

Statistical pressure (lllll WG> 

Gas temperature c•c) 
llaXilllUll rated temperature (•C) 

Motor power CltW> 

Approximate 
capacitJ 
reguired 

350,000 

450 

150 

200 

650 

G. Modification of kilns 
Rotary kilns 

Present 
capacity 

400,000 (rated) 
300,000 (actual) 

150 

200 

250 

660 

There are four vet-process k~lns with a diameter of 4 metres, and a 
length of 150 metres, with grate coolers. The conversion anticipated and 
described start on two kilns, nos. 5 and 6. The two kilns will be shortened 
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to approxiaatelJ 140 aetres in length. The 80dification will also require 
inlet housing to the rotary kiln, a welded-steel plate construction with the 
necessarJ sectional steel stiffenings CQllPOSed of: 

(a) Steel-plate housing vith access door; 

{b) Connecting flange for the kiln inlet seal between the stationary 
housing and the rotary kiln; 

(c) The necessarJ asseablJ sockets for the aeasuring and control devices; 

(d) Connectin~ flanges to the rotary feed valve. 

Inlet chute 

This is made of beat-resistant steel with a split construction. 

~iln-inlet seals 

These are the segaental type with aechanical pressure holding and have: 

{a) A stationary part at t.-e kiln-feed housing; 

{b) Split segments; 

Cc) Split retainer including asbestos packing; 

Cd) Split sealing ring to the feed housing; 

(e) Adjustable retainer for the seal at the feed housing; 

(f) ADJ other necessary modifications suggested by the supplier. 

H. Modification and conversion of the grate coolers 

The grate coolers of the 8th February Cement Joint Complex, as already 
mentioned, need to be modified and converted to fit in with the conversion 
of the rest of the two production lines to a semi-wet process (increased 
production>. The modifications will be based on the following considerations. 

Air chambers 

Air chambers, divided into compartments, have to be provided below the 
grate according to the design and calculations of the supplier. These chambers 
have to be installed in the lower part of the existing cooler as a sturdy steel 
structure to support the moving grate frames. A new running axle at the ~ront 
grate for supporting the moving frame with external bearings, slide rails and 
wheel flanges is necessary. The grate plates have to be made in such a way 
that one row is moving and the other is stationarj and have to be made of heat­
and wear-resistant steel. The moving grate frames have to be driven OD both 
sides via the present drive axle, by crank drives mounted OD both sides. The 
grate plates in the recuperation zone have to be made out of highly heat- and 
wear-resistant special cast chromium-nickel steel alloy. The grate plates in 
the after-cooling zone are made of heat-resistant cast chrome steel. The 
supptrt brackets and top brackets have to be made of varying special cast steel 
alloys depending on the temperatures to which they are subjected. The speed 
of the grates, drives, shunt motors have to be calculated by the supplier 
(approximately 4-22 strokes/min). 
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The grate riddlings 

These have to be collected in hoppers located underneath the cooler and 
have to be extracted when a certain &110unt has accU1111lated. The hoppers have 
to be provided vith probes to deteraine the level of riddlings in the hopper. 
The probes are controlled by timers. This prevents the re110val units froa 
overflowing and at the same time ensures that the colUllll of the .. terial is 
always available to act as a sealing colUllll against the chaaber pressure in 
the hopper. Acoustic and optical and local switches have to be provided to 
actuate the gates. 

The drag chain 

This is located underneath the cooler to remove the grate riddlings. 
It consists of a drive sprocket and tail wheel vith shaft and bearings, chain 
lints, sliding pieces, idler stations, roller chain drive and drive. It is 
laid in a concrete trough (not encapsulated). The drag chain has to be 
equipped vith a central grease lubricator systea consisting of a grease puap 
Cvith integrated gear and drive 110tor, including the required pipes), 
distributors, control and monitoring systea, coaplete air seal of the running 
axle bearing consisting of compressed-air generator (including drive 110tor), 
the required connecting pipes 110untings and throttle elements. 

Cooling air fans 

These ar~ required for the air ch.abers. They have an air intake on one 
side and must be of a heavy, welded construction suitable for industrial 
operation. They are designed to be connected on the pressure side directly to 
the inlet ducts. The high-efficiency iapeller with backward-inclined blades 
bas to be dynaaically balanced and equipped with housing (for removal of the 
iapeller). This is subdivided with a cleaning opening and bearing trestle to 
take the drive motor. The impeller runs on roller bearings in the pedestal 
bearing housing. The fans have to be equipped with an air-flow control nozzle 
with piezoaeter and inlet dampers. Square or rectangular inlet ducts, with 
the required bracing and flange connections and any necessary expansion joints, 
have to be provided between the air fans and the cooler housing. 

Clinker crusher 

This consists of breaker housing, breaker rotor, drive motor etc. 

Measuring and control system 

This gives automatic measuring of the differential pressure from the 
inlet nozzle of the fan and controls the flow of air (i.e. air-volume control 
per chamber and measurement of grate-plate temperature). 

I. Design proposal for the conversion of the existing 
production lines to semi-wet production lines 

After all the inf~rmation had been assembled on the production capacity 
of the present equipment and machinery in the 8th February C1911l8nt Joint 
Complex and all the calculations made as to the possibility of converting the 
existing wet-process production lines to semi-wet production lines, a design 
proposal was drawn up. The whole layout of the plant is shown in figure 4 and 
the proposed new installations are shown in figures 5a and 5b. This design 
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proposal vas finallJ arriYed at after aanf trials and testing out Yarious 
alternatiYes and after a&nf Yisits to tbe site vbere this conversion should 
take place. 

It bas to ~e said that the plant is alreadf overcrowded with aacbinerf 
and it was iapossible to find an area vbere tbe new equi(l98nt could be 
installed in a continuous series with tbe kilns. especiallJ in the case of 
kilns 5 and 6. It was necessarf. therefore. to choose an area. as indicated 
in the la1out in figure 5a, on the other side of the channel (north-east side 
of kiln 6). For kilns 3 and 4, as can be seen in the lafout. a suitable area 
exists for the necessarJ installation. 
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figure 4. Layout of the cement plant 
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Figure b, Oesign proposal for converting production lines 5 and 6 from wet to semi-wet 
process by the addition of tilter presses, dryers and two-stage preheaters 

(a) Layout of the drying and firing sections 
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(b) Layout of whole process showing the raw-meal preparation and filtration sections 
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Part TWo 

SOME DIFFICULTIES AND PROBLEM3 AFFECTING CEMENT PRODUCTION 
AT VARIOUS CEMENT PLAJITS 

Introduction 

A part of the Adviser's task was to evaluate conditions in the cement 
industry in general and to make reconaendations for dealing with any production 
problems. The examples of problems investigated given in this part are taken 
mainly from the 8th February Cement Joint Complex and the Chon Nae Ri cement 
plant. This is only a selection of the problems dealt with, full discussions 
having taken place with all the technical counterparts at the time of the 
mission. 
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VI. PROBLEMS ENCOU!ITERED AT THE 8TH FEBRUARY CEllEllT JOINT COMPLEX 

A. Grinding aedia and internal fittings 

Comprehensive technical •nd production data were supplied by the 
8th Febn:ary Ceaent Joint Complex (given in annex II> and, from this data, 
it is clear that the const;.aption of the grinding aedia and lining plates 
of the aill per tonne of clinker is very high (1.8 tg/t clinker). 

The Adviser tested the grinding media used in the raw mills and in the 
cement mills and observed the following: 

(a) The grinding media as well as the liners are lll&nufactured from 
norlll&l cast iron; 

(b) The casting is not done well and, therefore, the shape of the balls 
and of the cylpe?>s is iz.regular and deviates from the required roundness of 
the balls and the cylindrical shape of the cylpebs; 

(c) No special care or attention is given to the size of the grinding 
media in the mills. 

Discussion and c0111Rent 

Kost of the cement plants in 1ievel0lping countries starhd off using the 
highly wear-resistant grinding media made of white cast iron with a chromium 
content of between 12 and 18 per cent. Despite their substantially higher 
price, they are much more economical for cement plants than the cast iron 
grinding media mentioned above. The greater economy is not just due to the 
lower wastage by wear. Because of the slower and more uniform wear of the 
balls and cylpebs, there is also a slower decline in the mill performance and 
slower change in ball grading. 

Research bas shown that, for grinding media with 12-13 per cent chromium 
content and a Rockwell hardness value of SS-6S (Brinell SSS to about 660), the 
measurement revealed wear rates of 17 grams per tonne for shaft furnace cement 
and 4S grams per tonne for slag cement. In the case of normal Portland cement, 
wear rates were found to be intermediate between these two. 

The mill lining must also be changed at the same time as the grinding 
media and the material used must be harder in order to resist the abrasive 
action of both the new grinding media and the raw mix and clinker processed. 

It is also advisable to use liner plates which have two different angles 
of slope. This type of plate will help to develop the quality of the material 
to b~ ground, i.e. it will improve the grain-size distribution of the material. 

Recomnendations 

1. The diaphragms (intermediate plates) have to be changed and it is 
recoamended to install the double-walled intermediate diaphragm. 

2. It is recoamended to examine without delay the economic benefits to be 
derived from introducing the above-mentioned improvements in mill lining and 
grinding media. 
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B. Refractory bricks 

Rat~ of consUJlb,~i~n 

It is clear from the figures for refractorr bricks. as shown in annex II. 
that the consUJaiiition of refractor1 bricks per tonne of clinker is abnormally 
high. The figure for this plant is 4.6 kilograms per tonne of clinker as 
compared with a normal rate for a wet-process kiln of 1.1 kilogram per tonne 
of clinker. 

The adviser attributes this high consuaption to the following factors: 

Ca> The operation~l life of the rotarJ kilns depends mainlJ on the 
qualitJ of the refractorf bricks used in lining the different zones of the 
kiln. The bricks used here can be considered to be of low qualit1; 

{b) The shape and position of the flame inside the burning zone was 
found to be in need of adjustment; 

Cc) The flame was such as to adverselJ affect the qualitJ of clinker 
produced. as well as reducing the melting PtJints of the raw mix and of the 
surrounding refractorr bricks; 

{d) Continuous thermal shocks due to abnormal stoppages of the plant 
also affect the refractory bricks; 

Ce> The kiln sb~ll. especially in the burning zones. was found to be 
deformed. which leads to the instability of the refractory bricks and. in 
turn. their falling leads to red spots and ovality in the kiln shell. 

NB: Also the correct alignment of the kiln is of importance for keeping the 
consumption of refractories at a reasonable level. 

Discussion and C011111ent 

As a matter of fact. the linings of rotar)-kiln plants deserve particular 
attention. The effective production time of any rotary kiln and. therefore. 
the degree of capacity utilization attained. depends first and foremost on the 
durability of the refractory liniug. 

The rate of consumption of refractories is &f fected by the following 
factors: 

Mechanical strength 
Refractoriness 
Resistance to temperatt!re changgs (thermal shocks) 
Resistance to chemical attack 
Thermal expansion or stability of volume 
Thermal cc~ductivity 
Resistance to abrasion 
Porosity 
Burning process and type of lining 

The choice ·:· ie right refractory bricks is no simple matter. 
decision should~~ :sed on pract~~al tests and observations and ru 
during and after l!n• ~~. should n~ 0r~r·· recorded. It is usuall) ught 
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that the pre~ance of calciua flu~ride seriouslJ increases the rate of 
deterioration of the refractorJ lining in the kiln, but it bas been claimed 
CP. F. Konovalev and F. R. Stue, Tsement 14 (5), 14 (1948); 18 (3), 14 (1952)) 
that with an addition of 0.5 per cent calciua fluoride in the dry mix, a 
stable coating is formed, though this is not the case with appreciably higher 
or lover contents. In this plant's raw mix, about 0.88 per cent of calcium 
fluoride is added, which approaches the amount likely to have a deteriorating 
effect on the refractory lining, Desides causing difficulties with the setting 
time, increased dust in the clinker, and a reduction in the early setting 
strength. 

Recoanendations 

1. It is reconmended to test the addition of different percentages of calcium 
fluoride to the raw mix in order to investigate the effect of each percentage 
on the deterioration of the refractory lining, the setting time, the strength 
of the cement and the dustiness of the clinker. After careful testing, the 
pro~r percentage to add can be selected or it m&J be decided not to add anf 
amount to the raw mix to avoid further probleaa in the future. (Additional 
baetground i~formation on this topic is given below.) 

2. It is necessarJ to select the proper quality of refractory bricks far each 
uf the kiln zones and especially the bricks to be installed in the burning 
zone. These bricks must be 80 per cent magnesite or magnesite chrome and must 
be installed with special care, especiallJ in the deformed part of the kiln 
shell. The kiln itself should also be correctly aligned in order to avoid 
excessive mechanical impact on the lining. The kiln may in such a case chew 
the (refractory) lining in exposed positions. 

3. It is very necessary to adjust the position and direction of the flame 
inside the kiln burning zone as described in detail to the authorized 
technical counterparts at the 8th February Cement Joint Complex. (This 
is also given below.) 

4. It is reconnended to increase the amount of oxygen necessary for burning 
the raw mix to clinker in an oxidizing atmosphere. The quality of primary air 
can be increased to some extent. 

5. It is advisable to try to reduce the number of kiln stoppages to the 
minimum. 

6. It i5 ~dvi,~ble to change, if possible, the 
the kiln snell in the burning zone. 

ly deformed sections of 

Adjustment of the flame position and direction in the burning zone 

Kost rotary kilns are equipped with some controls for adjusting the 
position and the direction of the flame and, to some extent, changin; its 
shape. Any alteration in the primary air pipe or the burner position will be 
reflected in the flame characteristics and accordingly will affect conditions 
throughout the burning zone. 

Because of the many variables influencing the flame direction, it is 
necessary to determine the position of the primary air pi~e inside the burning 
zone according to the actual conditions in each individual kiln. The flaaae 
charaeter1stics can vary considerably fr01n one cement plant to another, 
sometimes even f~om one kiln to another in the s~ plant. T'e reason for 
this is that a flame must always be tailored to the actual kiln d~:11r,n and 
preva~ling operating conditions. Clinker quality, refractorines~ )senee of 
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rings. and kiln-equipment probleas all influence the operator to trJ and 
obtain a certain flaae that best fits the actual conditicns in the particular 
kiln under consideration. 

As a general rule in flaae control. the aim is to reach the shortest 
possible fire and the highest possible flaae teaperature without adverselJ 
influencing the clinker qualitJ. formation of coating and rings, and 
refractory life. or causing damage to the kiln equipment in the discharge 
area. Furthermore. the flaae must not cause overheating in the burner hood, 
kiln-discharge end, or cooler. Once the ideal flaae characteristics have been 
obtained. the operator should make every effort to operate the ki•' in such a 
fashion as to cause a ainimua of disturbance to the flaae. A flaae should not 
willfully be changed during the course of kiln operation. unless specific 
conditions necessitate a change. The operator should keep the flame in the 
burning ~one under observation and pay particular attention to the position of 
the flaae body at a point about seven meters away from the beginning of the 
primary air pipe (air-pipe nozzle). It;, ~enerally assumed that the best 
heat exchange between the flame and th• takes place .men the flame is 
pointed slightly towards the feed bed. can be achieved when the position 
of the primary air pipe nozzle is shifteo slightly away from the axial centre 
towards the corner (nearer to the axial centre) of the quadrant where the feed 
bed is moving continuously up during the rotation of the kiln. The outer part 
of the flame must barely touch the feed bed and not be in any direct contact 
with it. It should also be noted that, if the flame is directed too close lo 
the feed bed (i.e. the position of the primary air nozzle is too far from the 
apex of the corner and nearer to the feed bed) there is a danger that part of 
the unburned fuel (especially coal and oil) could ~nter the feed bed, a 
condition that is highly undesirable. However, a flame directed too much 
towards the kiln wall (i.e. away from the axial centre on the opposite side of 
the quadrant containing the feed bed) could result in flame impingement upon 
the coating, which will shorten the life of the refractory lining. 

The following rules can be applied to all flaaes, regardless of what type 
of rotary kiln is under consideration: 

(a) When the primary air pipe nozzle has accidentally been warped, 
resulting in an erratic flame shape and direction, iaaediate steps should be 
taken to repair this con~ition; 

(b) A flame should never bP. allowed to impinge upon the coating or oare 
refractory bri~ks for a prolonged length of time; 

(c) A flame should never be allowed to strike t~o hard upon the feed bed; 

(d) Flame direction chould be adjusted only when the kiln is in a stable 
operating condition and the temperature, fuel-pressure, and air-flow rates ~re 
at a normal level. flame direction changes can be caused by unusual operating 
conditions. If an attempt were made to adjust the flame direction at such 
times, there would most likely be an unsatisfactory flame once the kiln returns 
to normal operating conditions; 

(e) It is better to carry out tbe desired adjustments in the flame 
direction in several smaller steps instead of in one large one in order that 
the operating stability of the kiln is not adversely affectdd; 

(f) Once the ideal flame direction has been obtained, the primary air 
pipe position should nnt be changed unless there is a definite reason, such as 
to combat ring formation or hot shell conditions; 
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(g) To protect the primarJ air pipe frOll possible daaage during a 
shut-down, a certain amount of the priaarJ air flov aust be aaintained until 
the teaperature inside the kiln is low enough Capproxi .. telJ 300 •c) so that 
the pipe is not liable to daaage. If the priaarJ air fan stops be~ause of a 
power failure, the primarJ air pipe must be i ... diatelJ re11aved froa the 
burner hood. 

The Adviser explained to the technical personnel of both the 8th February 
Cement Joint Complex and Chon Nae Ri Cement Plant how to adjust the primary 
air pipe before starting burning, as follows: 

(a) First establish the centre line of the kiln, especiallJ in the area 
where the primary air pipe bas to be located; 

(b) Install a flash or light at the centre line of the primary air pipe; 

(c) Shift the position of the primary air pipe nozzle from the centre 
line of the kiln burning zone somewhat towards the corner of the quadrant 
wheru the feed bed is moving up; 

Cd) Direct the lisht beams so that theJ fall on the centre of the feed 
bed at a distance of about 60-70 meters; 

(e) According to the observations made during kiln operation, this 
distance can be increased or reduced in order to achieve the best beat 
exchange in the burning zone. Thia change in distance can be carried out 
when the kiln is stopped. 

Adjustment of the percentage of the mineralizer (calcium fluoride) tu be added 
to the raw meal 

It is worth giving some special background information about the use of 
minera!izers as a possible means of saving energy in CP.ment manufacture. A 
mineralizer is a substance that accelerates the reaction rates at all or some 
of the stages of clinkerization. Thus, mineralizers can act both as a flux 
and as a catalyst (flux is an additive that decreases the melting point of 
the liquid phase formed in any clinkerization process). The effects of 
mineralizers can be stated as follows: 

Accelerating the decarboniz2tion and sintering reactions 
Lowering the clink•r temper~ture 
Broadening or narrowing the sintering temperature range 
Modification of liquid properties, such as viscosity, sucface tension 

of clinker etc. 
Promoting the crystallization of the liquid phase 
Promoting clinker balling and ring fol."'lllation 
Pror.icting clinker refractory interactions 
Altering the overall t~rnability and volatility conditions inside the kiln 

Kineralizers like calcium fluuride (CaF2> ar.e used in the cement industry 
to save energy thermally and electrically: 

(a) T.o reduce heat consumption (including kiln shell losses) by 
60-120 kcal/kg clinker due to lowering the burning-zone temperature by 
about 100 •c; 

(b) To give a corresponding energy economy by reducing the volume of 
exit gas needing to be handled (~d also causing some reduction in the quantity 
of air required for clinker cooling. 
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COllments 

Apart from the obvious advantages in fuel econoay, it is clear that 
in lovering the clinkering teaperature by approxi .. telJ 100 •c, the high 
percentage of liquid phase present in the clinker due to the presence of 
high percentages of C3A and C4AF vill lead to soae disadvantages Cas 
described before) and that the percentage of CaF2 bas to be tested under 
verJ well-controlled conditions in order to select the proper proportion. 

C. Cooling of clinker 

What is meant by clinker cooling? 

The process of clinker formation is not complete when the clinker has 
gone through the hottest area of the kiln's burning zone. The cooling of the 
clinker baG to be see~ as an integral part of clinker production as it affects 
the quality of the clinker produced. Once the clinker phases have been formed 
and the clinker has reached a temperature of about 1,370 •c, some of the 
compounds are in a liquia phase and others {about 75~) are in a solid state. 
The cooling of the clinker starts a few meters short of the discharge end of 
the kiln in what is considered to be still part of the burning zone. Depending 
on the location of the flame, cooling can be slow or fast. This depends also 
on the difference in the time the clinker remains in the kiln after it has 
been burned. The cooling time, that is, the time required until all liquid 
in the clinker bas solidified, is important. It is generally true that rapid 
cooling is beneficial to the quality of the clinker, resulting in better 
grindability. After emerging from the kiln, the clinker passes through a 
cooler. On dis- charge from this, its temperature will not exceed 70 •c. 

It is clear from the data received from the 8th February Cement Joint 
Complex that the clinker temperature leaving the grate coolers is around 
400 •c for kilns 1 and 2, and around 300 •c for kilns 3, 4, 5 and 6. These 
temperatures are very high and will directly affect the quality of clinker 
produced. 

Discussion and conment 

This problem was thoroughly discuss•d with the technical managers and 
engineers and the government counterpart. It was agreed that: 

(a) Clinker cooling has an effect on the crystallographic structure and 
the mineralogical content of the clinker and consequently influences the 
grindability and the quality of the cement p~oduced; 

(b) It is necessary to achieve the correct cooling of clinker because: 

Ci> ~onveying and handling hot clinker is difficult; 

(ii) Hot clinker has a negative effect oa the p~rformance of the 
cement mills; 

(iii) The heat content and its loss will be reflec·ted in the final 
cost of the cement produced; 

(iv) If properly cooled, the clinker will improve the quality of the 
cement produced. 

One aspect is tnat fast cooling prevents the growth of crystals and leads 
to the tran•formation of a part of the liquid phase to solidified glassy 
materials. :.t increases the soundness of the resulting cement, particularly 
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in relation to the action of aagnesiua oxide (periclase crystals foraed during 
clinker cooling). llagnesiua oxide (llgO). solidified to glass, does not iapair 
c ... nt soundness and therefore rapid clinker cooling will allow for • bighe~ 
llgO content in the clinker whereas slowly cooled clinker should have - rather 
low llgO content. 

Slow clinker cooling encourages the growth of crystals of the clinker 
.. terials. The size of alite crystals not onlJ influences the clinker grind­
abilitJ, it also affects energy consuaption, since large crystals need 
additional energJ_for c0111ainution, which is clearly shown in the production 
data in annex II. With proper burning and rapid cooling, alite crystals 
are kept small, which results in higher cement strength. Of two cements 
with identical cheaical COllpOsitions, the one with smaller alite crystals 
(15 aicrons) was stronger, its 28-daJS compressive strength was 391 tgtcm2, 
whereas the compressive strength of cement with 40 micron diameter cr1stals 
was only 293 tgtca2. Cooling also increases the sulphate resistance 
(i.e. resistance to sodiua and .. gnesiua sulphates) of the ceaent. 

It is important, also, to point out that savings in beat consumption can 
be achieved only if as 1111ch high-temperature secondarT air as possible is 
recovered froa the heat of the cl~nker. With a prop~rly-functioning grate­
type cooler and kilns with a lov heat consumption (~uspensi~n preheater) this 
teaperatu~e is probably of the order of 900 •c. Such tempEratures are quite 
often arrived at in calculations for tbe beat balances of ~oolers. Even 
higher temperatures are conceivable as a result of using new coolers with 
higher efficiencies. In the case of this plant, as the figures in annex II 
show, the temperature of the secondarJ air recovered is 300-400 •c. 
Conversion of the grate cooler at the same time as converting the kilns from 
wet process to semi-wet process is one of the most important issues to be 
decided in planning the changes. 

D. Mineralogical constituents of the clinker (chemical moduli) 

As shown in annex II, the chemical moduli of the clinker produced in the 
8th February Cement Joint Complex are as follows: 

Lime-saturation factor (LSF) 0.90 
Silica modulus (SM) 1.9 
Alumina modulus (Al!) 1.4 

Discussion and comaent 

These moduli have great effect of the burnability of raw meal in kilns as 
well as on the grindability of clinker and the quality of cement produced. It 
was found that the SM has to be in the range 2.3-2.7 to produce clinker of 
good quality. Likewise, the AM has to be in the range 1.3-1.6 and the LSF in 
the range 0.92-0.96. There are some other components that also have a direct 
effect on the quality of clinker and its grindability and on ~he quality of 
cement produced. these include magnesia, sulphur, alkalis, chlorides and the 
liquid phase produced in clinker through burning. 

Comparing the ranges desired for the lime-saturation factor and the 
silica and alumina moduli with the figures actually characterizing the clinker 
produced in the 8th February Cement Joint Complex, it is clear that the LSF is 
somewhat low and that the SM is very low and that the liquid phase in such 
clinker will increase leading to some problems in the burning zone. 
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The alumina and ferric oxide contents in a ceaent need to be considered 
together, since, although tbeJ are bJ no aeans equivalent to one another, 
their effects are closelJ interconnected. It mast be said that ceaents with a 
high content of alumina and ferric oxide, such as the ceaents produced in the 
8th February Cement Joint Complex (6.53!. Al203 + 4.66!. re2o3 z 11.19 total R2o3>, 
are easily sintered and, unless carefully burnt, tend to cause ring formation 
in the kiln. In this respect, the two oxides act somewhat sinailarly, but 
in most other respects, they cannot be treated as siailar. TheJ fora the 
compounds C3A and C4AF and the relative proportion of these two compounds 
depends on the ratio of aluaina to ferric oxide present. An increase of 
alumina with no change, or with a reduction, in the ferric-oxide content, 
hastens the setting of a ceaent and a point is eventuallJ reached at which it 
becoaes impossible to control the setting tiae adequatelJ. The substitution 
of ferric oxide for alumina, or an increase in ferric-oxide content reduces 
the proportion of C3A and increases that of C4AF in the ceaent. The 
latter has less rapid-setting properties. Thus, if the iron-oxide content is 
raised along with the alumina, an increased aluaina and ferric-oxide content 
can be carried without setting troubles arising. 

The formation of clinker takes place very rapidlJ in a kiln as the 
temperature rises from 1,100-1,200 •c to 1,300-1,350 •c. While clinker 
formation implies an increase in the liquid content sufficient to mate the 
mix cohere into small balls Csintering), it does not necessarily mean that 
compound formation has proceeded with the same rapidity. Since clinker is 
dependent on liquid formation, the minimum temperature at which liquid forms 
in raw mixes is of importance. It was shown that liquid formation can start 
at minimum temperatures of 1,250-1,280 •c. While almost all cement raw mixes 
are likely to show this same minimum temperature of liquid formation, the 
amount of liquid formed at this temperature will vary a lot with the total 
proportions, and individual amounts, of the minor components such as ferric 
oxides, alumina, magnesia, alkalis. In normal clinker, the amount of liquid 
present at the sintering stage is 20-30 per cent. The sintering range will 
be a function not only of the amount of liquid formed but of the viscosity 
measured at various temperatures. The calcium fluoride used in the 
8th February Cement Joint Complex also bas some effect. If it is added in 
low concentrations C0.7!.), it markedly decreases the viscosity of the clinker. 
If it is used in larger amounts, this substance can ac~ as a mineralizer, 
promoting crystallization of the liquid. When used as a flux, therefore, the 
sintering temperature is lowered and the liquid is initially more fluid, but 
the rapid onset of c~ystall;zation stiffens the mass and the risk of formation 
of rings is much reduced. 

The liquid expected to be formed at temperatures 1,340 •c, 1,400 •c and 
1,450 •c at the 8th February Cement Joint Complex can be calculated from the 
following formulae: 

Percentage of liquid phase expected to be formed at a temperature of 1,340 •c: 

= 6.1 x 4.66 + 1.72 + 0.59 

• 28.426 + 1.72 + 0.59 

• 30.736 
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Percentage of liquid phase expected to be foraed at a temperature of 1,400 •c: 

= 2.95 Alz03 + 2.2 Fe203 + R20 (alkalis> + KgO 

= 2.95 x 6.53 + 2.2 x 4.66 + 0.59 + 1.72 
\ 

= 19.26 + 10.252 + 0.59 + 1.72 

= 31.822 

Percentage of liquid phase expected to be formed at a temperature of 1,450 •c: 

= 3.0 A~ 2o3 + 2.2 Fe2o3 + a2o <alkalis) + KgO 

= 3.0 x 6.53 + 2.2 x 4.66 + 0.59 + 1.72 

= 19.59 + 10.252 + 0.59 + 1.72 

= 32.152 

The weight ratio of alumina to iron oxide is 6.53 = 1.4 
4.66 

The first of the formulae above is used to determine the percentage of liquid 
ph~se at a temperature of 1,338 •c when the weight ratio of alumina to iron 
oxide exceeds 1.38. If this ratio is lover than 1.38, the following formula 
can be used: 

8.5 Alz03 - 5.22 Fe203 + R20 + KgO 

It was also ciear from these investigations that the colour of both 
clinker and cement is not normal. The cement is black and greenish black in 
colour. The clinker produced is surrounded by a black shell and internally it 
contains a brown core or a yellowish colour. The dark brown colour of clinker 
is due to slow cooling of the clinker in a reducing atmosphere from immediately 
below the clinkeriog temperature. As a result. the colour of the cement also 
undergoes changes. This phenomenon can be attributed to the partial reduction 
of the iron oxide in the burning zone followed by a subsequent re-oxidation 
which has not penetrated beyond the surface. Over-burning can be observed, 
causing partial melting of the clinker below its normal melting point, which 
is assisted by the presence of a high percentage of liquid phase and the 
presence of calcium fluoride. 

Rec0111Dendations 

1. It is reco11111ended to increase the silica modulus and alumina modulus to 
reach the ranges mentioned before. This can be done by increasing the amount 
of siliceous stone and decreasing the amount of iron oxide added. This will 
lead to a decre~se in the amount of liquid phase in the clinker produced. 

2. As suggested earlier, it is important to test the amount of calcium 
fluoride which should be added to the raw mix or to determine, after careful 
investigation, to avoid adding any. 

3. The measurement of the oxygen concentration in the rotary-kiln exit gases 
is recommended. This is considered to be an index of the operational 
performance of the kiln from a fuel utilization stand-point. Regardless of 
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what type of fuel is being used, the ox1gen content of exit gases is a 
reliable indicator of cOllbustion efficiencf, and its continuous measurement 
provides an indication of the efficiencf of kiln operation. 

I. Sulphate content of the ceaent produced 

The data from the 8th Februarf Cement Joint Complex shows that the 
sulphate cso3> content of the ceaent produced is between 1.5 and 1.68 per cent, 
which is considered to be low. 

Discussion and comaent 

GJPsua (CaS04.2H20> is added in a liaited quantity to Portland ceiaent, 
aainly for the purpose of regulating its setting time. GJPsua prevents flash 
setting and keeps concrete from Portland cement workable for hours. The 
gypsua influences n~t only the setting time but also other cement properties 
such as grindability, sen•itivity to storage, volume stabilitJ and strength. 
Systematic studies of the influence of gJPSWll content have shown that there is 
an optilDWll content which produces the highest strengths and the lowest drying 
shrinkage. This aaount varies with the contents of alkalis and tricalcium 
aluminate (C3A) in the cement. For very low contents of C3A (below 0.5~>. 
the optilDWll content of so3 is as low as ~. As the alkali content rises to 
l.~ or more, the optiawa amount of S03 rises to 3-4~. 

It is to be noticed that the chemical composition uf the gypsum ore plays 
the basic role in the optimum gJPsutD content of cement. It also plays a great 
role in cement grinding. It is advisable to use a high proportion of gypsum 
in the clinker as this will result in lower power consumption in g~inding. 

The S03 content of cement also affects the compressive strength, 
shrinkage and expansion when stored under water of the resulting concrete 
and mortars. 

Figures 6(a-c) show the variation in lowest optimum so3 content with 
c3A and equivalent alkali contents (results obtained by Lerch). 

Prom all this, the following recoaaendations can be formulated. 

Recomnendations 

1. The percentage of gypsum to be added to the clinker has to be increased so 
that the percentage of so3 in the cement produced reaches at least 2.5~. 

2. Although the raw gypsum used in the cement industry has to be imported 
either from China or from the Soviet Union, and although an increase in gypsum 
imports will increase the foreign-currency budget to be paid by the ~overnment, 
it is, nevertheless, reco1llllended to consider increasing gypsum imports so that 
sufficient is available to implement the first recommendation. One benefit 
would be that the cement so produced would comply with the international 
standard specification, an advantage for potential future cement exports. 

F. Laboratory equipment 

The laboratories of the 8th February Cement Joint Complex were also 
visited. All the equipment, machinery, instruments and apparatus are of an 
old-fashioned type for carrying out classical and =outine quality-control 
tests. The laboratories (chemical, physical and quality-control), which deal 
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Figure 6. Lowest optimum so
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with the raw materials, raw aeal, clinker and ceaent produced in the coapan1 1 

need to be supplied with soae modern equipaent capable of carrying out tests 
in accordance with the most up-to-date ceaent technology. This equipment 
would help production, especiallJ bJ obtaining cheaical and phJsical test 
results in a verf short time. A list of rec01111ended equipment follows. The 
selection will be made bJ the plant's management and personnel. The modern 
equipment recoaaended is designed to cope with urgent production problems as 
well as providing all the test facilities needed to assess materials and 
products. 

Proposed equip!!ent and laboratory apparatus 

Leco apparatus (for determination of S03 content) 
Flame photometer 
Equipment for testing in accordance with one of the foreign cement 

specifications (preferably BS) 
X-ray fluorescence (and equipaent for flux-sample preparation, together 

with several reference samples) 
Sample splitter 
Equipment for analJsing the exhaust gas of the kiln (dew-point, oxygen 

content, dust loading etc.) 
Differential thermal analysis CDTA) and thermogravimetry CTG) apparatus 
Furnaces, including a high-temperature furnace Cl,600 •c> 
Equipment for vibration analysis 
Diff~rent sizes of sieves with shaker 
Moisture-content determination dryer 
Mechanical testing machines 
Balances 
Automatic vicat (determination of setting time) machine 
Electric thermometer 
Laboratory crushers, small scale ball mill 
Automatic absorption equipment 

G. Slurry mixing 

During the visit to the 8th February Cement Joi•· Complex, it was found 
that the mixing of slurry, especially in the slurry basins, was not properly 
carried out, although the slurry basins are equipped with mechanical as well 
as pneumatic mixing systems. Neglecting this factor can lead to problems in 
burning t~e raw meal inside the burning zone. This is due to the lack of 
homogeneity of the slurry so that the raw meal enters the kiln in batches 
containing different percentages of calcium carbonates ccaco3> nod other 
components, which makes the burning process uneven and less efficient. Th£re 
is no need to go into this in great detail, but the following recommendations 
are made. 

Recommendations 

1. It is recommended to repair the mechanical mixing system. 

2. It is necessary to increase the compressed-air capacity in the pneumatic 
system so as to improve the efficiency of mixing the slurry properly inside 
the slurry basins before injecting it into the kiln. 
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VII. PROBLDS EllCOUllTKUD AT THE CHOll llAE RI cmmrr PLAllT 

A. How to attain the plant's rated production capacity 

In the Chon Nae Ri Cement Company there is a reinforced suspension 
preheater (RSP) kiln which was designed and manufactured in the Democratic 
People's Republic of Korea. This kiln only produces at 70 per cent of its 
rated capacity. It is worth looking at some data about this kiln, before 
considering solutions. 

Technical data and specifications 

Rated production capacity 
Actual production capacity 
Kiln diameter 
Kiln length 
Kiln inclination (slope) 
Filling percentage 
Fuel used 

Moisture 
Fly ash 
Volatility 
Calodfic vabe 

Oxygen in exit gas 
Percentage of calcination in 

precalciner 
Heat of gas leaving the precalciner 
Precalciner gas temperature (inside) 
Temperature of raw meal going into 

the kiln 
Quantity of dust in exit gases 
Specific heat ~onsumption 
Quantity of air to the kiln 
Quantity of air to the precalciner 

Total air 

Exit-gas quantity 
Residence time of raw meal 
Secondary-air temperature 
Coal supplied to the kiln 
Coal supplied to the precalciner 
Free CaO in clinker produced 
Fineness of raw meal 

60 t/h or 1,440 t/d 
42 t/h or 1,008 t/d 

l. 75 m 
60 m 

4• 
61. 

Low volatile coal 

1.41. 
l4.7"f. 

5. 52" 
4,790 kcal/kg clinker 

5. °" 
70"1. 

800 ·c 
1,100 •c 

800-850 •c 
0.169 kg/kg clinker 
l,05l kcal/kg clinker 

49,000 ml 
15,000 ml 
64,000 ml 

105,000 ml 
40 minutes 

800 •c 
4.62 t/h (52.38"1. of th~ coal) 
4.2 t/h (47.6l"f. of the coal) 

2. O'f. 
13-14"f. residue 

The problem of this kiln was discussed in detail with the Director of the 
Bureau for Scientific and Technical Guidance and with representatives of the 
cement plant and of UNDP. The following is a brief summary of the discussion. 

Discussion and comment. including some reconn::endations 

The RSP preheater system is a joint development of the Onoda Cement 
Company Ltd. and Kawasaki Heavy Industries Ltd., Tokyo. Combustion in the 
heating shaft is maintained with the hot exit air of the clinker cooler. The 
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raw aix coaing froa the upper stage of the preheater distributes itself evenlJ 
in the combustion gas of the heating shaft, into whict it drops down after 
aeeting the hot kiln-exit gases. The raw meal is then lifted in the ascending 
gas duct, called the calcining shaft, fr<'.'11 which it enters the CJclone. 

The raw meal bas to be 90-95 per cent calcined before en:ering the rotarJ 
kiln. In this case, onlJ 70 per cent calcination is achieved, which is a low 
figure, especiallJ considering that the kiln length is onlJ 60 metres and there 
is no space to continue further calcination inside the kiln after the raw meal 
leaves the last preheater stage. In the experts' opinion, the calcination of 
the raw meal ought to be at least 90 per cent before it enters the kiln so that 
reaction and production of the clinker phases can begin immediately inside the 
kiln. That the free lime of the clinker produced is at least 2 per cent 
confirms this. The decrease in the precalcination performance of the 
precalciner to 70 per cent of capacitJ can be attributed, at least partlJ, to 
the following factors. 

Oxygen in the exit gases. It is clear from the data that the percentage 
of oxfgen in the exit gases is 5 per cent, which indicates that a larger 
quantitJ of air is entering the kiln than should be the case, i.e. more false 
air is being drawn in bJ the main fan. Therefore, the temperature of the 
gases inside the precalciner will decrease leading the temperature of the raw 
material to drop. The performance of the precalciner 11 be diminished and 
onlJ 70 per cent calcination instead of 90-95 per cent will be achieved. It 
is clear that the exit-gas temperature leaving the precalciner shaft is about 
800 •c whereas it should be approximately 950 •c, which is higher than in the 
regular suspension preheater kilns. 

Kiln/preheater fuel ratio. The amount of cos· •upplied to the kiln is 
4.62 tonnes/hour which represents 52.38 per cent .e coal used by the 
production line. The coal supplied to the precalc4ner is 4.2 tonnes/hour, 
i.e. 47.61 per cent of the coal supply. As the coa- ·1 is of low calorific 
value, the percentage of coal supplied to the precr : ought to be 
increased to at least 55 per cent of the total coal ·~~ply to help the 
precalciner temperature to increase so that the r ~. gas temperature leaving 
the precalciner shaft also increases. The chang~ ~ fuel ratio between kiln 
and precalciner must be und~r test control and the results have to be recorded 
and evaluated until the proper fuel-ratio distri' ·tion can be determined. (The 
proportion of fuel supplied to the swirl burner can vary from 55-70 per cent.) 

The temperature of the air recouped from the cooler and blown into the 
precalciner is low. It has to be adjusted to within the ra~ge 650-800 •c to 
give optimum conditions for controlling the combustion of coal in the 
precalciner. 

The secondary air temperature is alao low (800 •c). This temperature 
should be as high as 1,100-1,150 •c ~hich can be secured with the ~t•bility 
of the kiln. 

The low calorific V!lue of the feed coal will theoretically produce a 
larger volume of exhaust gas (approximately 4 per cent) at a constant heat 
consumption. Therefore, the rotational frequency ~f the induced draft fan 
CIDF) should be re-calculated and increased or the production capacity of 
the kiln will be likely to decrease as a result. 

The position of the kiln burner should be adjusted in the same way as 
explained before in the case of the 8th February Cement Joint Complex. In 
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addition to this adjustaent, e~riaents have to be .. de with the insert 
length of the kiln burner to deteraine the best length. The voluae of the 
pri .. ry air of the burner has also to be re-calculated and adjusted. 

The heat coasu&Dtion of the tiln is increased froa 800-1,053 tcal/tg 
clinker because of the decrease of the production capacity of the kiln and 
because of increased radiation losses (due to the decrease in clinker output) 
and the deterioration of the thermal efficiency of the cooler based on the 
change in kiln/precalciner fuel feed rates (47.61 per cent/52.38 rer cent). 

Complete combustion must be possible in the precalciner in the RSP systea 
as pulverized coal is cOllbusted with the aid of air recovered froa the cooler 
which has a high teaperature and a high oxygen content. The cOllbustion of 
pulverized coal can also be assisted in the precalciner bJ ail' recovered froa 
the cooler and blown into the swirl burner. It aust be noted that. when 
low-calorific coal is used, the precaliner's teaperature distribution will 
tend to be slightly lover than when using higb-calorific coal, but the 
teaperature in the swirl calciner can be controlled by adjusting the swirl 
burner's air recovered froa the cooler. As has already been shown, one way of 
preventing the lover teaperature in the precalciner due to low-calorific coal 
is to adjust the tiln/precalciner fuel ratio. At the same time, the burner 
and the cooler have to be adjusted appropriately in order to obtain an 
excellent quality of clinker. 

B. Probleas of cheaical c011pOsition 

Alkalis and their effects 

The alkali content of the clinker produced in the Chon Mae Ri C898nt 
Plant is 1.2 per cent which is a high percentage. The alkalis originate froa 
the clayey ainerals such as aica and feldspar, and froa the salts found in the 
raw .. terials used in the raw aix. The alkali cycle and its effect will be 
explained in detail as it causes aany probleas to the Chon Mae Ri Ce11ent Plant 
and other cement plants in the country. In general, the quantity of alkali 
contained as salts in the liaestone, clay or any other rav-aaterial coaponent, 
and the quantitJ introduced with the fuel oil are of ainor iaportance. 

Heating causes the alkalis sodiua oxide <••20> and potassiua oxide <~20> 
to vaporize. the latter more than the fot'ller. Vaporization starts with the 
aica, and more particularly with the aica-lite cl&J aineral naaed illite, at 
lover temperature than it does with feldspars. The escape of the alkali vapours 
froa the clinker is obstructed bJ the liquid phase, which reduces the porosity 
of the nodules and thus increases the diffusion resistance. Hence, in general, 
an additive such as iron oxide, for example, which facilitates the formation of 
liquid phase will have an inhibiting effect on alkali vaporization. The 
volatility of the alkalis is also reduced bJ the presence of sulphates or other 
sulphur compounds in the raw aix and by sulphur dioxide in the kiln gas. 

The alkali vaporization is intensified if the kiln gas contains water 
vapour as this apparently gives rise to the formation of alkali hJdroxides. 
For this reason and based on experience in the c ... nt industrJ, it was 
suggested that water should be sprafed into the clinker cooler and the 
quantitJ of cooling air reduced. on evaporation, this water enters the kiln 
as vapour along with the secondarf air and increases the water vapour content 
of the kiln gas. 
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the alkali compounds which escape froa the charge material are present 
both in dissociated and in non-dissociated fora in the bot kiln gas. The 
dissociated alkalis react in colder parts of the kiln, under oxidizing 
conditjons, with the sulphur dioxide, carbon dioxide ar.d chloride which are 
likewise present in the kiln gas. As a result of such reaction, alkali 
sulphates, carbonates and chlorides are foraed. the sulphates are foraed 
preferentiallJ and alreadJ at high gas teaperature, since their formation 
enthalpies are greater and their dissociation pressures are lower than those 
of the carbonates and chlorides. Therefore the alkali carbonates and 
chloride• are not foraed until there is practicallJ uo more sulphur dioxide 
available and the gas teaperature bas dropped to values below approxiaatelJ 
1.200 •c. 

the vapours of alkali compounds condense in the less bighlJ heated kiln 
z~nes aainlJ on the cooler aaterial. the first to condense are the alkali 
sulphates followed at a lover teaperature bJ the alkali carbonates and f inallJ 
the alkali chlorides. The condensation regions undergo displace11ent. however, 
if the teaperature distribution in the kiln changes. The condensation 
pben011ena a&J cause local accumulations of alkali salts that melt to produce 
liquid phases which ll&ke the particles of aaterial stick together and thus 
fora coatings. Regions where such condensation particularlJ tends to occur 
are the kiln-inlet region, the bottoa stage of a raV-11eal preheater and the 
calcining chaaber of the grate-type preheater. 

The alkali cOMpOunds which condenso on the aaterial will again travel 
through the kiln and thus establish an internal CJcle. Since the alkali 
sulphates are less volatile, theJ undergo practicallJ no further vaporization 
in the sintering zone and are discharged froa the kiln with the clinker. The 
more volatile alkali carbonates and chlorides are, however. vaporized again 
and re-enter the internal cfcle. A closed external c1cle is formed bJ the 
alkalis which are discharged froa the tiln plant with the dust, and 
precipitated in the gas-cleaning plant and are fed back to the kiln, aixed 
with the raw meal. 

Sulphur 

Sulphur is present mainlJ as sulphates and sulphide coapounds in the raw 
aaterials as well a~ in fuels and organic compounds. At teaperatures above 
1,000 •c. with excess air, sulphur dioxide will be foraed which enters thu 
kiln gas. the sulphur dioxide foraed in the burning zone during the burning 
process reacts first with the vaporized alkalis, but also with the alkalis 
that are still present in the solid fora in the charge aaterial. Alkali 
sulphate is formed as a result of these reactions. the accelerating effect of 
water vapour likevi•e plaJS a significant part. A sulphur dioxide cfcle is 
fot'118d as a result of the reactions of sulphur dioxide vith the alkalis, with 
calciua oxide and calciua carbonate in the kiln, in the preheater and during 
grinding and dr1ing. If there is an exces& cf alkalis, the internal sulphur 
c1cle is caused priaarilJ bJ the reaction with tbe;e, which takes place almost 
entirelJ in the rotarr kiln. The alkali sulphates foraed in this reaction 
are, insofar as tbeJ are present in vapour fora, pr•cipitated on the aaterial. 
This occurs aainl1 in the rotar1 kiln itself, but partlJ a!so in the 
preheaters. The precipitated alkali sulphates thus travel through the kiln 
again, pass through the sintering zone, and are discharged froa tbe kiln with 
the clinker. The reaction of the sulphur dioxide with the calciua carbonate 
takes place also in the preheater and 110re particularlJ in the drJi4g plant or 
in the evaporative cooler. The calciua sulphat• foraed as a result of the 
reaction is subsequentlJ decoaposed in the sintering zone, sulphur dioxide 
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again being foraed. If the alkali content in the .. terial is not high enough 
to cOllbine the whole of the incoaing sulphur as alkali sulphate, high values 
for sulphur-dioxide content occur in the kiln gas. In such circuastances, 
calciua sulphate or other sulphate coapounds foraed therefroa, aaJ pass 
undecoaposed through the sintering zone. 

Some research results on sulphate have indicated that, in kilns equipped 
vith grate-trpe preheaters, substantiallJ larger quantities of sulphur can be 
re110ved in the dust collected in the electrostatic precipitators and in ~be 
interaediate dust collection plant than in the case of rav-aeal prebeater 
kilns, even though the actual dust quantities are saaller in the foraer case. 
the S~ content of raw gas froa kilns vith rav-aeal preheaters a&J be 
anJthing up to 1,200 mg/a3, but it goes 4""1l t~ values under 140 mg/a3 if 
the exit gas is re-used for drJing the raw .. terials or is 110istened to 
i11Prove tbe dust precipitation in an evaporative cooler. 

Chlorides 

The chloride content in the raw 11eal is alt'RJS in the range 0.01-0.1 per 
cent (bJ weight) if the 11eal contains no kiln dust.. However, even within the 
s- rock. deposit, the chloride content a&J varJ ~·:asiderablJ and aaJ even 
exceed 0.3 per cent. There is a little or no :bloride present in the oil or 
natural gas used as fuels. In general, !oal contains between 0.01 and 0.1 per 
cent (bJ weight) but in high-ash coal there lft&J be as much as 0.4 per cent of 
chloride. 

'r.le chloride liberated during he•ting of the .. terial and cOllbustion 
of the fuel reacts vith the alkalis to fora alkali chloride. This reaction 
tat.es place either in the charge .. terial or, after vaporization, in the kiln 
gas. The alkali chloride, which is in vapour fora at high temperatures, 
condenses on the aaterial in the cooler parts of the kiln, 110re particularly 
in the vicinity of the kiln inlet and also in the preheater, since the vapour 
pressure of the chloride is alllost zero at around 800 •c. Research results on 
chlorides have shown that 10-53 per cent (on average about 21-25 per cent) of 
the chloride introduced into the kiln is discharged with the clinker. This 
corresponds to an average chloride quantity of about 0.1 ga/tg clinker. The 
:miountG of chloride contained in the dust are about twice as large for the 
grate-type preheater kilns as for the rav-11eal preheater kilns. A reduction 
of the external chloride crcle bJ re110val of the chlorid9-rich dust is 
therefore econoaicallJ justifiable onlJ for grate-trpe preheater kilns. 
The chloride c7cle was significantlJ reduced in both types of kiln bf means 
of a bf-pass which t~tes 5-7 pttr cent of the exit gas in a raw-aeal preheater 
kiln and 15 per cent of the exit gas in a kiln equipped with a grate-tJPe 
preheater. It is nearlJ always the case that the U10unts of chloride 
discharged wit~ the clinker and dust will be substantiallJ smaller than the 
amounts of chloride entering the kiln with the raw materials and fuel. The 
amounts of chlorides, which remain in the kiln and form what is called the 
chloride CJCle, will increase continuouslJ bf further intakes of chloride, 
resulting in chloride accumulations and trouble arising from coating aud ring 
formation. 

PluoridH 

Fluoride participates in the crcle processes in the cement kiln in much 
the same manner as the other volatile constituents, but does not generallJ 
give rise to operational disorders. The fluoride content of the raw meal is 
0.02-0.0; per ceat. Coal contains up to 0.02 per cent and fuel oil up to 
0.002 per cent of fluoride (bJ weight). About 88-99 per cent of the fluoride 
introduced into th9 kiln is discharged from it with the clinker. This is so 
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high a proportion that the internal fluoride crcle can not give rise to 
troublesoae accuaulations. Residual aaounts of fluoride are present in the 
dust. i.e. the greater the external fluoride crcle (depending on the external 
dust crcle>. the saaller is the proportion of fluoride (in relation to the 
total balance) that is discharged with the clinker. From this. it can be 
inferred that the fluoride in the ceaent kiln is alvars cOllbined with solids 
and the discharge of gaseous fluorine compounds cannot therefore occur. 
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VIII. GEllUAL PROBLlllS 

A. Avoiding c1clic phenomena 

The crclic phenomena of alkalis, sulphur, chlorides and fluorides is one 
of the aajor probleas throughout the cement industrr in the Democratic 
People's Republic of torea, as was illustrated in the case of the Chon Nae Ri 
Ce11ent CoapanJ. This problea and bow to deal vitb it was fullJ explained to 
the technical engineers of both ceaent plants visited as well as in a special 
lecture held in the P1ong1ang Hotel on 23 March 1986 which lasted three hours 
and was attended bJ m&nJ technical engineers froa different ce11ent plants as 
well as froa the COllllission of Construction and Building-Material Industrr and 
the Bureau for Scientific and Technical Guidance. The suggested wars and 
aeans of reducing the crclic pben011ena are s111111arized here. 

Reducing the CJclic processes of dust and volatile constituents also 
reduces the tendencJ to fora coatings and rings, which adverselJ affect the 
perforaance of lhe kiln. In soma cases, the qualitJ of the clinker and of the 
cement aade from it, can also be iiaproved bJ curbing these crcles. The dust 
crcle can be reduced bJ ill(>ro~ing the flow conditions in the kiln-inlet 
region. This can be achieved more particularlJ bJ repairing &DJ d ... ge to the 
refractorr lining and bJ the removal of coatings, as the latter are liable to 
cause turbulance in the aaterial entering the kiln. As a result of such 
precautions, the effectiveness of a by-pass can also be enhanced, since the 
volatile constituents to be removed '!rill then be less diluted vitb dust. 
Besides this, if the dust crcle in t~i.e preheater is reduced, kiln performance 
is ill(>roved, while beat consa11ption and electric power consuaption are 
decreased. 

The aagnitude of the alkali, sulphur and chloride crcles depends 
essentially on the content of these substances in the raw aaterial. GenerallJ 
speaking, that content can be varied onlJ within very restricted liaits. 
Intervention in the external cycle by the removal of dust in which these 
substances have becOll8 concentrated is economically justifiable onlJ if the 
dust quantities involved are small and their content of such substanc&i is 
high. This will, in general, be the case onlJ in kilns equipped with 
grate-type preheaters. rroa the balance investigations, it emerges th~~. for 
these kilns, with precipitated and discarded dust quantities not exceeding 
20-25 g/tg clinker, it is possible on average t? get rid of 11 per cent of 
the alkalis, 20 per cent of the sulphur and 42 per cent of the chloride that 
enters the system. These amounts are substantially increased if the bed of 
lll&terial on the preheater grate is highly permeable to the passage of gas. In 
general, the dust removed from the system is not utilized. In special cases, 
however, it may be economically worthwhile to extract the water-soluble 
volatile constituents and to return the residual dust to the kiln. 

Intervention in the internal crcle by means of a by-pass installation is 
necessary if, due to fairly high alkali and chloride contents, objectionable 
coatings occur at the kiln inlet and in the bottoa cyclone stage in the 
raw-meal preheat~r Cas in the kiln system considered here) or in the calcining 
chamber of kilns with grate-type preheaters, and if a reduction of the 
external cycle is not economically justifiable or would not be adequate. Ia 
general, this is likelJ to be the case if the total amounts of alkali that go 
into the kiln are approximatelJ 20 g t20ltg of clinker ~-J the chloride 
amounts exceed about 0.2 g/tg elinter. The limiting va~ues become higher 
if intervention in the external cycle is possible. 
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A bJ-pass is particularlJ necessarJ if the chloride content is high. In 
that case, the chloride CJcle constantlJ increases i.e. a progressivelJ larger 
.-ount of chloride per kilograa of clinker r ... ins in the kiln. The increase 
in this CJcle is found as the difference between the chloride introduced vith 
the rav meal and the fuel and the chloride discharged vith the clinker and the 
dust. With the increase of the chloride cJcle the content of chloride in the 
.. terial at the kiln inlet progressivelJ rises. 

According to the available research results on this subject, it becomes 
essential to use a bf-pass s1stea (especiallJ for drJ process preheater kilns> 
if the chloride content of the rav 11eal is 110re than 0.01-0.015 per cent (bJ 
weight), corresponding to about 0.2 g chloride per kilograa of clinker. The 
bJ-pass should then be arranged so that the kiln gas extracted through it 
contains as little dust but as ... ch chloride as possible. The most favourable 
point of gas extraction vill depend on the flow conditions in anJ particular 
case. It can be deterained onlJ bJ trial and error. The bJ-pass, vith its 
associated dust precipitator (designed for a high precipitation efficiencJ of 
99 per cent), 1111st be so designed that up to 10 per cent (in elttr ... cases up 
to 15 per cent) of the kiln gas can be drawn off and that this percentage can 
be 91Ddif ied daring the operation of the plant in order to adjust the flow of 
bJ-passed sas to possible changes in the chloride content of the rav .. lerial. 

A bJ-pass s1ste11 for lowering the internal alkali CJcle or the sulphur 
cJcle is necessar1, froa an operational point of viev, onlJ if the alkali 
balance of the kiln exceeds about 20 g K20tkg clinker. However, available 
experience vith bJ-pass s1stet1S indicates that it is hardlJ practical 
econoaicallJ to produce a low-alkali clinker froa high-alkali raw .. terials bJ 
adding a bJ-pass. This is still not possible even if the alkali vaporization 
is substantiallJ increa:ed bJ the addition of calciua chloride to the raw 
.. al, bJ increasing the water content of the kiln gas or bJ reduction of th9 
sulphur balance. 

B. Design models of b1-pass s1steas 

There are four llOdels of b7-pass s1ste11. 

1. one bas a preheater bJ-pass arrang ... nt where the alkali-laden dust of 
the bJ-pass gas is separated in CJclones and the cleaned gas is then reunited 
vith the .. in gas streaa. The alkali-laden bJ-pass dust is asuallJ either 
discarded or leached. 

2. In the second arrang ... nt, the bf-pass gas is first precleaned in cfclones 
and ls then led into a separat• electrostatic precipitator for final 
precipitation. In this case, the gas streaa is 110re suitable for raw-11aterial 
drJing than in the first arrang8118nt. 

3. In the third design, the gas is introduced directlJ into a separate dust 
collector. .. 
4. rourthlJ, it i• possible to install a variable bf-pass for 0-100 per cent 
of the kiln gas. There is an adjustable throat for the bigger variations. 

The choice of one of these arraageaents depends on the cheaistrJ of the 
raw aaterials as well as on the volume of the b7-pas1 gas to b• handled. 

After much discussion, it was finally decided, at a aeeting with Kia Jae Ok, 
Dlrector of tbe Bureau of Scientific and T•chnical Leadership, to start designing 
a by-pass s7stem based on the first model described above. 
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c. Coating and rings 

Occurrence 

Coating and rings can constrict the cross-section of the tiln at certain 
places. thus obstructing the passage of the .. terial and increasing the 
gas-flow resistance. As a result. t3e discharge rate of the exit-gas fan is 
reduced and tiln performance is correspondinglJ iapaired. The results of 
research studies show the frequencf of the occurrence of objectionable coating 
in the rotarr tiln as follows: 

Freguenc1 

Between once a week and once a J10nth 
Once a JIODth 
Less often than once • JIODth 
lrregubr 
Ko trou~te at all 

Percentage 

40 
10 
19 
19 
12 

Coatings liable to iapair the operation of the kiln plant are J10st likely 
to occur in the bottoa stages of the rav-meal preheater, on the walls and on 
the roof of the calcining chUlber of the grate-trpe preheater and in the inlet 
chute of the clinker cooler. In addition, coatings are often obserYed to fora 
on the blades of the exit-gas fans and inter11ediate fans. Rings ic.i fora in 
&DJ part of the rotarr tiln, .. al rings in the calcining zone, sinter rings at 
the beginning and clinker rings at the end of the sintering zone (transitional 
zone). In the long vet-process kilns, slurrJ rings .. , also develop in the 
drring zones. OccasionallJ, balling of the .. terial in the kiln is obserYed. 
Such balls, which .. , be up to 1 .. tre in di ... ter, can apparentlJ be formed 
in the calcining zone of &DJ kiln. 

ca.position of coatings 

The coatings in tho~• parts of the kiln srstea in which the gas has 
alreadJ cooled to teaperatures below abo~t 500 •c consist aainlJ of the tiln 
charge .. terial which has not ret been significantlJ transformed and in which 
110re or less large accuaulations of alkali sulphates and al~Ali chlorides are 
present. This applies 11e>re particularlJ to the coatings fot'lled on the fan 
blades and to the slurrr rings in long vet-process kilns. 

The coatings in the preheaters and in the kiln-inlet regions associated 
with tbea occur at gas teaperatures of up to about 1,100 •c. Sueb coatings 
still contain raw-meal constituents, but these have alreadJ becOll8 transformed 
bJ beating, usuallJ containing substantial ..aunts of alkali sulphates and 
alkali chlorides as well as calciua sulphate in the fora of anbJdrite and a 
C011Plex potassiua-calciua sulphate with the foraula 2CaS04.l2S04. In 
addition, spurrite was shown to be present, which is a calcium carbonate 
silicate with the for1111la 2C2CaO.Si02>. CaC03, and also the so-called 
sulphate spurrite, which is the calciua sulphate silicate corresponding to 
spurrite and having ;be for1111la (2CaO.Sic2>.caso4• These coatings are 
usual1; porous at lirst, but becOll8 dense and bard as time goes bJ, while 
their content of alkali chloride .. , also increase. 

The ring foraations which occur at the end of the calcining zone, at gas 
teaperatures of 1,100-1,400 •c and aaterial temperatures of SG0-1,200 •c, for 
the 110st part contain no raw-meal constituents except SOiie r.alcite. The 
content of co2 aaJ be up to 10 per cent (bJ weight>, free Cao s011etimes 
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occurs. The content of altalis gcnerallJ does not exceed the usual values for 
clinker except in tilns with low theraal loading. Accuaulations of sulphates 
are however often found to occur. 

Ring formations are generally porous and soft, though soaetiraes, at the 
end nearest the flaae, theJ are dense and hard. In large rotary tilns with 
preheaters, usually onlJ the end of such rings nearest th& tiln inlet is soft 
whereas the aain part of the ring Cwhich a&J be up to 20 aetres l~ng) is very 
bard. 

The composition of the sinter and clinter rings is, generallJ speaking, 
siailar to that of the clinker itself. A special case is that of the sinter 
rings in kilns fired with high-ash coal. Their cbe11ical coaposition is 
interaediate between that of the clinker and that of the coal ash. 
Consequently theJ a&J contain gehlenite C2CaO).Al20J·Si02> instead of 
tricalciua silicate. Sinter rings and clinker rings are always rather hard. 
If theJ are composed of fine-grained particles, tbeJ are generallJ dense, in 
which case a strati- fied structure is discernible. on the other hand, if 
they contain a high proportion of coarse clinker particles, they usually have 
large pores. 

Where balls of material fora in the kiln, these are siailar in 
coaposition to the clinker, but often have a higher silica aodulus and a 
higher content of Cao. 

Causes of coating foraation 

Coating, or the adh~sion of solid particles to the walls, is attributed 
to such factors as: 

lloisture adhesion 
Fusion adhesion due to the surface tension of thin liquid films 
Surface adhesion due to the forces of attraction acting at the surface 
Adhesion due to electrostatic charges 
Adhesion due to matting of fibrous or lath-shaped materials. 

Methods used to prevent or dissolve rings and coating 

All or some of the following aethods may be applicable: 

(a) Changing the raw-aix design and the fineness of the raw meal; 

(b) Variation or displacement of the flame; 

(c) Lining some specific areas with refractorJ bricks to counteract 
coating formation; 

(d) Replacing the deformed sections of the kiln shell; 

(e) Knocking the rings off with rods and rams; 

Ct> Hosing the rings off with cold water; 

Cg> Shooting the rings oft with guns; 

(h) Blasting the rings off, using high-pressure water jets CWOMA puap); 

Ci) Destroying the rings by vibration; 

Cji Applyin~ the BINBLOW method Cc paper was supplied describing this 
118thod). 
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Part Three 

INVESTIGATION OF THE EXTRACTION AND PROCESSING OF GRAJIITE 
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ll. VISIT TO THE Oii C1IUll GIWl'ITE COllPANY 

The Adviser visited the on Chun Granite CoapanJ. 45 kiloaetres south-west 
of P1ongyang. on 26 March 1986. He was accoapanied bJ Jon Yong Huei. Director 
of ~orea Cement and Granite Export and Import Corporation. and bJ Zo Ho sung. 
Interpreter. 

The Adviser visited both the granite quarrJ and the granite processing 
plant where explanations were given bJ the Director of the processing plant. 
A sunm&rJ of these explanations is given here. 

Production and methods 

Production: Granite. raw blocks and polished sheets 

Colour: Grey granite. with black tint after polishing 

Method applied in extracting the granite blocks: Explosives 

Methods applied in processing the granite: llechanir.al saws. noraal 
methods used in cutting and polishing the granite. Saving is carried 
out with very fine steel balls. The old saws are imported froa Italy 
while the new ones are locallJ-aanuf actured according to the saae 
specifications. 

T!p!s of products 

Rav granite blocks used for monuaents and memorials 
Production capacity: 50 0 000 a2 a year 

Polished granite sheets of 2-2.5 ca thickness 
Producti~n capacity: 20 0 000 a2 a fear 

Granite gravels (crushed granite) 
Production capacity: 30,000 a2 a year 

Sllall blocks for paving roads 
Production capacity: 50,000 m2 a year 

Medium blocks for covering walls of dams 
Production capacity: 40 0 000 m2 a year 

Coment 

The company promised to supply data on the machinery used in the 
processing plant and its production capacity, but unfortunately these were 
not received before the Adviser left the country on 1 April 1986. these 
data would be a help in evaluating the production capacity and in giving 
advice and making recoaaendations. 

Al far as the machinery and equipment used in the quarry are concerned, 
it is all of a simple kind and all produced in the DellOcratic People's 
Republic of Korea. The granite extraction requires more effort than when 
modern machinery is used. It would be advisable to install modern machinery 
in the granite quarry. 

The following chapter gives a general introduction to gr~nite, its 
properties and uses, and guidelines for granite extraction and processing. 
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I. IllTRODUCTIOll to GUllITE UDACTIOll AllD PROCESSDIG 

Definition of granite 

In industrJ, the tera "granite" is used in a auch broader sense than it 
is in geologf. In industrJ. the tera covers t=ue granite, granite gneiss, and 
the interaediate aeabers of the granite-gabbro series. Gabbro, diabase, 
anorthosite and pyrozenite are called black granite vben used for poli~hed, 
cut stone. Notwithstanding the broad use of the tera, llOst of the comaercial 
granite has a composition in the ruige that includes true granite and 
granodiorite, such as the granite produced in the on Chun granite quarrJ. 

The aain uses and applicatio1lS of the granite produced in ~orean granite 
·quarries are: 

(a) Diaensioned granite for .on ... als and 11e110rials; 

(b) In buildings as orn ... ntal polished paving stones to cover the 
ground, as wall tiles, or for use as steps, columns or foundation blocks; 

(c) As curbstones and paving blocks; 

(d) Crushed granite as aggregate in concrete, road aetal, railwa1 
ballast, as riprap in breakwaters, daa spillva1s and siailar structu~es. 

.. 

The methods of quarr1ing and ailling granite differ .. rtedlJ according to 
the use to which the granite will be put. 

Properties of crushed granite 

The properties of greatest importance for crushed stone are its toughness 
(resistance to impact), hardness (resistance to ab=asion) and soundness 
(resistance to disintegration from repeated freezing and thawing). The first 
two affect the cost of production: toughness determines the case or difficultJ 
of blasting and crushing; hardness affects the wear on crushers and other 
aachinerJ. Soundness is important in determining the suitabilitJ of the stone 
for a certain use. NearlJ any fresh fine- to mediua-grained granite possesses 
these properties in favourable ratios for use as crushed s~one. 

Properties of dimensioned granite 

The propertJ requirements of granite for use as dimensioned stones or 
slabs are considerably more rigorous than for crushed stone. The colour of 
the granite produced here is greJ and it is controlled largely by the ratio of 
feldspar and quartz to biotite and hornblende. Uniformity of colour in the 
huge mountain deposits is well observed and is highly desirable as Korean 
granite is widely known for its peculiar colour. This has been the most 
important factor in its choice by users over a long perio~ of time, especially 
since the reconstruction of tbe country started. 

The granits rock here is hard, and is in fact th• hardest rock used for 
structural purposes. This not only affects quarrying costs, but the cutting 
and dressing costs are also relatively high. 

The tezture of the granite is medium and uniform. The grain size is well 
distributed all over the granite body. In some rare cases, "knots" <either 
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due to aineral segregations or to inclusion of other rocks) are observed and 
have to be avoided in the diaensioned granite. 

Origin 

The foraation of granite is usuallJ attributed to the solidification 
of liquid magaa. An alternative hypothesis Cgranitization theorJ), which 
is supported bJ aucb field evidence (for exa11ple, the On Chun quarrJ) is 
that soae granite is produced from pre-existing solid rock, without passing 
through a liquid stage. The process of granitization is essentiallJ one of 
aetasomatisa or replaceaent perhaps throur.b pervasive "soaking" bJ plutonic 
solutions. Arg1111ents and supporting evi~ence for both magmatic and 
aetasomatic views have been presented bJ several geologists. In this quarrJ, 
the granite appears to be aetas011&tic in origin. 

Structural features of the granite aass 

Kost granite bodies, regardless of their origin. are found to possess 
certain structural features in COlllOn. These features are of little interest 
to the producer of crushed stone. but theJ are of great iaportance in 
quarr1ing granite for slabs etc. It has been found that most granites have 
directional properties. The rif. and the grain are the directions of easiest 
and second-easie~t parting. In most deposits. one is vertical or nearlJ so 
and the other is horizontal or nearly so. The direction at right angles 
consists of minute cracks 0.09 to 1.3 aillimetres apart, crossing the quartz 
grains and extending into the fgldspar, producing an obscure fissility into 
two directions at right angles. Rift is parallel to the mica plate and is the 
direction of predoainant feldspar cleavage. (Stilled stonecutters in any 
granite quarry can detect the rift blindfold, bJ the feel of the surface). 
Rift and grain fractures are approxiaatelJ parallel to, or coincide with, 
sheets of extremely minute fluidal cavities in the quartz grains. Secondary 
ainerals (sericite, limonite) fora within the rift or grain cracks. Rift and 
gcain were apparently produced in granite that crystallized under crystal 
stres~. and are inherent features which the rock bas had since its formation. 

Joints occur in granite aasses in the SIJl8 way as in other rocks, and are 
thought to have been produced by regional torsional stress. They cOllllOnly 
occur into two sets, in vertical planes and at right angles to eacb other. 
Intermediate curved and irregular joints may also occur. Two aspects of joint 
spacing and staining, are important to the producer of cut stone. If the two 
major sets are spaced 3 to 10 metres apart, rectangular blocks may eas~lJ be 
removed and a quarry developed systematically. Closely-spaced joints render 
the rock worthless for dimensioned stone. This is not observed in this quarry. 

Staining of the rock along the joints was observed. These stains bave 
taken place due to oxidation and other chemical processes, since the joints 
make natural passageways for ground water. 

Quarrying 

The e~traction of gr~nite blocks differs very much from the methods used 
for the extraction of other raw materials and mineral1, where those rocks and 
mineral' are brok9n into small pieces with explosives. In this granite quarry, 
explosives are used to extract all the different types of granite required, 
whether it is to be dimensioned or not. The effect of an explosive detonation 
in the granite rock, where the $Xplosive is closely confined, is to send out a 
high pressure pulsation which initially crushes and fractures the rock. Wheo 
the stress wave lll8ets the free face, it is reflected back through the rock 
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causing aore crushing and fracturing. this phen011enon can easilJ be seen in 
the on Chun granite quarrJ and auch of the granite has to be rejected. the 
reason given for using explosives in the quarrJ, although this .. tbod destrOJS 
much of the granite in the quarrJ, is that the deposit of granite in this 
ridge contains illlll8nse reserves of this granite, sufficient for all the 
countrJ'S needs. the Adviser's view is that, whatever the size of the 
reserves, it is not desirable or econoaical to use explosives in extracting 
granite blocks as the aain purpose is to produce these blocks as large as 
possible, which is difficult to achieve when the rock is fractured bJ the 
explosives. the extraction of granite blocks needs bighlJ technical aetbods. 
There are various processes that can be used. In some case~ ... nual .. thods 
and, in others, aecbanical methods will be aore suitable. 

Some information on both tJPeS of method are given here. 

Manual method 

Granite blocks can be extracted in considerable quantities bJ using the 
following manual method. A working trench is aade along the quarrf face, to 
relieve strain in the rock and to provide working space on vertical faces. 
Such a trench m&J be made bJ drilling a row of core boles and removing the 
webs between them, or bJ mating two parallel channels, one to two metres apart, 
bJ drilling small holes close together, then cutting lbe webs with a broaching 
tool, and removing the granite stone between the channels. Vertical separation 
of blocks from the parent rocks (ledge) .. J be done bJ: 

Ca) Utilizing natural joint planes, if present, or aaking cracks to 
separate the blocks bJ band drilling; 

Cb> Exploding light powder charges in several deep drill-boles. 

Which method to use depends on the jointing and the rift and grain 
fractures through the granite. If the jointing and rift and grain fractures 
are near together or slightlJ apart from each other, the first method is 
used. If, on the other hand, the jointing and rift and grain are far apart 
from each other, the second method is used. 

Method (a). In this method, small sockets, scattered throughout the main 
granite block are drilled manuallJ. these sockets are V-shaped, the length 
and the depth of these sockets depends on the volume of the block to be 
extracted. The sockets are drilled in one line on the faces of the block 
required for extraction, either horizontallJ or verticallJ. The sockets are 
drilled fairlJ near each other, at distances 10-15 centimetres apart. After 
finishing these sockets, rectangular steel plates of a special type have to be 
inserted in the sockets beside each other. Chisels are inserted firmly in 
these sockets between the steel plates. After the chisels have been arranged, 
horizontally and vertically, workers are grouped together to haaaer on the 
heads of these chisels, all hammering at the same time, leaving one and 
knocking on the next until they reach the last one in the group and then 
repeat the knocking in, one by one, until the chisels penetrate the socket and 
find their way inside the granite block. After several knockings, a crack or 
joint will start to appear, mating a sharp line between the sockets. The 
vertical and horizontal cracks meet each other at right angles, thus separating 
a block out. Smaller blocks and slabs can be separated one bJ one from the 
main block by using the same method. The surface of the blocks can then be 
smoothed by chisels. 
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llethocl Cb). In this Mthocl. ezplosiwes are used to ertract and separate 
the granite blocks. This is appropriate vbere the joints are far apart froa 
each other and the thickness of the .. in block is wer1 large and. therefore. 
the first Mthod can not be applied. 'Ill this •thocl, a borehole is .. de at 
the required distance froa both sides of the block and is filled vith black 
gunpollder vbich is then ignited. The block is withdrawn or re90Yed froa its 
place with a aanual winch. The block's surfaces are then S900thed with 
chisels. 

With both tJPes of aanual ertraction, a fair amount of reject stones are 
produced. 

llechanical •thocl 

(a) Wire saw. This method has been used for approxi .. telJ 100 fears. 
Its use spread at the end of the last centurJ. Here, a fast, helical-wire 
tJPe Telecoap is used. This .. thocl has not reallJ changed since its 
introduction in .. rble and granite production a centur, ago. but it has becOll8 
110re efficient in llOdern ti••· The helicoidal saw is ver, simple in its 
structure. It consists of a 110tor equipped with an axis upon vbich SOiie 

pulleJS are arranged. These pulle1s and vbeels carr, the wire. The 110tor is 
erected not far froa the granite or 11&rble quarrJ. SOIMt tubular posts are 
mounted on an orienting unit on bearings and a balanced pulleJ. These pulle1s 
carrf the wire froa the axis attached to the motor to the rock face. the 
motor is equipped with clutch, four-speed-plus-reset"Ye gearbox, reducti~n unit 
and driving vbeel(s). This is calle4 the propulsion unit. The gearing unit 
consists of three idle alu-rubber pulle1s (900 .. di ... ter>. mounted on ball 
bearings and protected bJ a sealed screen. coaplete with oil seals and felts. 
The gearing batter, is .. de of a fr... attached or anchored to the foundation 
which carries the idle pulleJ•· These are special slide-va1s on which can be 
mounted and fixed two slides bearing orienting pulleJs. The wire is raised 
and lowered bf an aut011&tic cutting apparatus which is llOYed directlf by the 
helicoidal wire and operates the cutting carriage with rollers. The cutting 
rate can be adjusted, even during operation, by using this apparatus. 

All the wheels carrying the three-strand helicoidal wire are rotated bJ 
the a~tion of the motor and vben the wire penetrates the granite face, it cuts 
through the granite between the two orienting posts. The wire cuts through 
the granite bJ using water and ainute iron balls or iron filings or sand 
<coarse sand grains are used in cutting aarble). Here, the iron balls or 
filings or sand grains are captured between the grooves of the helicoidal wire 
and act as saw teeth cutting through the granite. The wire can be raised or 
lowered around the face bf the aut011&tic device mentioned above. An actomatic 
drilling and boring machine is located at the face. The wire saw cuts 
automatically. This means that an operator is not required. The cutting rate 
can be adjusted during operation, and it can be regulated according to the 
specific drilling or cutting needs. Connected with the Telecomp, an abrasive 
unit capable of feeding several cuts bas to be provided. This unit is capable 
of supplying the cutting wire with abrasive slurry, also without any need of 
an operator. 

The advanta~es of this method can be suaaarized as follows: 

(i) Time, space and installation costs are reduced to a ainimua by the 
set-up of the circuit; 

<ii) Supervision, control and maintenance are reduced to a ainimua as the 
wire cannot come out from the pulleys, the distance between the 
drive unit and the cutting area is limited and lubrication is almost 
permanent; 
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(iii> The output or cutting rate per hour has doubled as the wire speed 
and tension have been increased considerablJ. This has become 
possible onlJ through the new set-up of the circuit; the new design 
of balanced over-sized wbeels running on tyred tracks, the rational 
abrasive-feeding s1stea1 the new uprights etc. 

Technical data: 

Power 
Di ... ter of the driving pulleJ 
Vire-operating speed: 

•onu.l 
Fast 

Vire tension 
•Ullber of driving pulle1s 
•amber of gearing pulleJs 
Dia11eter of pulle1s 

20-25 hp 
700-800 -

6.5-8 a/ain 
12-14 a/ain 

250-300 tg/ca3 
3 + 1 

6 + 2 + 1 
soo-

In t~is quarrJ, the wire cuts after a distance wbich equals the quarry 
face length. This distance vas fized bJ the technical staff. The two posts 
carrying the wire, wbich cuts through the granite, are placed in trenches at 
both sides of the quarry face. The height of the quarry face is also fixed bJ 
the technical staff of the quarry. After cutting the quarry face verticallJ, 
horizontal cuttin• at the quarr1•s foot can be carried out. After this, the 
aain block is subdivided into the required diaensions bJ using the wire or bJ 
aanual operations as described before, or this subdivision can be done bJ 
using power-drive puaps. 

(b) COllb drilling. In this aethod, cOllb drilling is carried out bJ 
h .... r-drilling or channelling aachines. There are two pne1111atic saddles at 
variable angles froa o• to 90•. The effective vertical strote is 1.8 a/sec. 

The equipaent consists of a three-aetre-wide, five-rail truct with screws 
for fast claaping to the ground, a carriage with swivelling turret for the 
1111e1111atic saddles and wb9els to run on the rail tract. There are two toothed 
wbeel1 wbich enable the carriage to run graduallJ on the rail tract. The 
high-speed h .... r drill weighs 20-25 tilograas. There is an air distributor 
for adjusting the speed of descent. There are flexible control pipes with a 
line lubricator. 

The coab-drilling aachine is erected on the ~ ~~rJ wbere cutting and 
drilling can be car~ied out as required. The aachibe bas to be aligned and 
adjusted to the required place. Then the drilling rods can penetrate through 
the ground to the desired depth. In the same aanner, drilling can start again 
horizontally, at right angles to the previou1l1-drilled vertical holes so as 
to connect with thea. 

After drilling, there is a special "plug-and-feather" procedure. Feathers 
are strips of steel, flat on one side to fit the wedges and curved on the other 
to fit the wall of the drill hole. Twc are inserted in a drill hole and a 
"plug" or steel wedge chisel is driven between thea. The plugs are inserted 
gradually, in successive steps, until a fracture or cract appears. Feathers 
are tapered to match the holes, so that when the plug is driven in, the 
feathers are forced apart the same distance at every point along the hole. 
lnocting and h .... ring on these chisels will create a crack which joins all 
the boreholes. This main block can again be divided in the same waJ. Blocks 
are removed from the quarrJ bJ means of derricks. 
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These are the -in -thods used in tile ertractioa of granite or -rble 
blocts. The •chaaical -thods cu be used satisfactorilJ in the OD Chan 
granite qaarrJ to iaproYe the existing .. thods which are not Yery satisfactorJ. 

There is all sorts of Yeey -.odera technolou which is currentlJ coming 
into use in the deYeloped countries for cutting .. ia blocts i.e. ultrasonic 
vaYes and water jets, jet-piercing burners etc. rn these s1stems, d~illing 
and wedging are used for aaking secoadarJ cuttings and for freeing blocts from 
the floor. 

Processing 

catting off blocts into tile desired sheets and dimensions is carried out 
using mechanical saws. Yery fine steel balls 1-3 aillimetres in di ... ter are 
used to cat the granite blocts into sheets according to the thictaess required. 
This •thoci is used in •st countries and there is no need to c~at on the 
process, except that the efficieacf of catting the blocts is below the aYerage 
rated capacitJ. There is also no need to c~at oa the polishing and 
finishing of the granitic sheets as, here again, the plant is using the s ... 
processes as are used la 110st coantrie5. 



.. 
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Part Four 

TRAIJIIllC OF llATIOIW.S D TBB ClllDIT DDUSTRY 

Introduction 

It is the ulti .. te objectiYe of eYery country to .. ster the process 
of industrialization, that is to saJ, to achieYe the greatest degree of 
technological self-sufficiencr of which it is capable within its present 
liaitations. The sophisticated and complez techniques of a modern ce11ent 
plant cannot be .. stered without suitable preparation and training. The 
larger the plant and the larger the distance separating men and stations, the 
110re iJIP()rtant it is to ensure that proper training is given, since the cost 
of huaan error becOll8s greater. It has been found necessary to train .. npover 
before establishing and running a new c ... nt plant, which means creating close 
lints between the educational and training srsteas and industrJ. These links 
were sOll8ti .. s weak in the deYeloping and least developed countries. 

At the present ti .. , the Dellocratic People's Republic of Korea is facing 
difficulties in developing their c8118nt industry and in introducing up-to-date 
technologJ. Training of nationals will proYide the lcnovladge, skills and 
attitudes needed for moderJ production. Training will raise the trainees' 
productivitJ, increase the profits of their undertakings and stiaulate 
progress in science and new tecbnologJ, therebf contributing to general 
advancement. Industrial training, especiallJ in the field of cement, bas 
to be looked upon as an integral part of national strategies for development 
of the industrJ, also encouraging 9111Plo:rment prOllOtion, income distribution 
and popular participation in development. 
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XI. SPECIAL COllSIDUATIOllS AIR) PROBLEllS OF THE CEMKllT .IllDUSTll 
Ill THE DDIOCRATIC PEOPLE'S REPUBLIC OP ~OREA 

The Democratic People's Republic of ~orea has been self-reliant in 
producing ceaent .. chinerf and equipment. However, ~uring the last ten 
fears, the technologf of the ce11ent industrf in the developed countries 
has progressed auch faster than that which was used in the ~orean ce11ent 
industrf. Here, most of the ceaent is produced using the wet process and the 
old-fashioned shaft kiln. Orf-process preheater and precalciner kilns have 
been introduced but unfortunatelf up-to-date technology is still unavailable. 
Because of the need ~f the country to introduce aodern technologJ in its 
ce11ent production, it is necessarf to prepare the designers, engineers, 
cheaists and technicians to be able to introduce and use the new technology. 
These personnel have to be trained both acadeiaically and practicallf, in 
ce11ent plants which use the modern technology. 

Place and Objectives of training 

Training of the national personnel could be carried out in one of thd 
following institutes: 

(a) The Ce11ent Industry Institute in Tianjin, China; 

Cb) The Turkish Cement Research and Development Centre (Ankara) and the 
Associated Turkish Cell8nt Plants; 

(c) The Ceaent Research Institute of India. 

For the Democratic People's Republic of Korea, it is probablJ preferable 
to carry out training in the first institute. The i1Bediate objectives of the 
training progra1111e are to: 

(a) Achieve full utilization of the existing cement-production 
facilities through in-plant training; 

(b) To enable personnel to become acquainted with the up-to-date 
technologJ used in the cement industrJ in the developed countries before 
introducing it in their countrf. 

The long-term objective is to train the national technicians each one in 
bis own special branch of activitf. 

Lectures oresented br the Adviser 

The Adviser gave two lectures. The first one, on 9 llarr.b 1986, which 
lasted for four hours, was intended to explain the new semi-wet process 
tecbnologJ which is proposed to be introduced into the Korean cement industrJ 
to conserve energf and increase producticn capacitJ. The modern technological 
processes were explained in detail, with special concentration on the methods 
used to convert high-energy-consuming cement plants using the wet·-process 
method to semi-wet, semi-dry or drJ process, low-energ1-consuaing plants. 

In the ot~er lecture, on 16 Karch 1986, which lasted three hours, the 
Adviser presanted a paper on the flow of raw materials inside the kiln, with 
special reference to alkalis and the problems created by them in the kiln 
s1stem. He also discussed how to reduce these problems, especiallJ the 
problems affecting the quality of the cement produced. 

Both lectures were followed by discussions and by answering technical 
questions for at least two hours more. 

, 
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Annex I 

JOB DISCRIPTIOll 
Sl/Dll/86/006 

Special Technical Adviser for the ce11ent industry 

Two weelts 

As soon as possible 

Pyongyang, vi.th travel within the country 

The Ceaent Adviser ~ill be attached to the 
Govenlllellt of the Dellocratic People's Republic of 
~orea &ad delegated to the c81118nt plants to assist 
in •~aaining the possibilities of converting SOiie 

ot ~be wet-process plants into seai-vet, ~eai-dry 
or dry-process c81118nt plants. The Consultant is 
particularly expected to: 

1. Evaluate the situation of the cement industry in 
general; 

2. Advise on all aspects related to the possibility 
of converting soae cement plants which have a 
high-energy consumption (vet process) into 
lover-energy consu.ption processes (semi-vet, 
semi-dry or dry); 

3. Elaborate terms of reference for a vet/dry 
conversion feasibility study for possible use 
in follow-up activities with or without UllIDO 
assistance; 

4. Evaluate the raw-material situation in general 
and in relation to dry-process operation; 

5. Elaborate a plan for possible energy 
conservation in the existing cement inaustry; 

6. The expert is also expected to prepare a 
final report setting out the findings and 
rec011118ndations of the mission. 

Graduate chemical engineer with at least 20 years' 
ekperience in the cement industry 

English 

The Democratic People's lepublic of lore& bas 
now entered the stage of intensive industrial 
development. Conscious of the economic potential 
of the natural mineral reserves, the Government 
has already given attention to their proper 
exploitation. 
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The O..Ocratie People"s Repablic of ~orea bas 
a large production of c ... nt serYing botb tbe 
doaestic and export .. rkets but the country 
n~ently needs to iLcrease tbe quantity produced 
and to decrease tbe ene~ cons1111Ption in tbe 
c ... nt industry. •early all installations in 
tbe country are still based on tbe wet-process 
technology. where fuel consumption is frOll 5CJS. to 
l~ higher than for dry-process plants of siail&r 
capacity. 

The Government bas therefore decided to ask for 
UllIDO assistance in eEaaining tbe possibility of 
converting some of tbe wet-process plants into dry, 
seai-dry or seai-wet process plants. in order to 
conserve energy and, if possible. to reduce tbe 
production costs. 



-------- -
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Annex II 

TEClllllCAL AllD PRODUCTIOll DAll SUPPLIED BY 8'tll nBRUARY 
CFHEllT JOUT COllPLU 

B&~-~&!EBI&L~-~~t~l&&L_~Q~r2~IIIQ~ 

lg.loss Si02 Al203 Fe203 Cao PfgO ) 120 Na20 
-------- ----

Limestone 42.27 3.23 0.23 0.34 52.47 0.9b 99.45 O.Gl 0.002 

Chy 4.66 62.82 19.45 8.09 1.72 1.44 418.18 1.45 0.2~ 

Si lit a 1.82 85.52 6.48 2.92 1.30 1.02 99.0t. 

Iron ort 9.81 23.80 6.98 54.?9 2.14 1.44 98.87 

Slag 37.89 13.52 0.96 40.31 4.72 97.44 

S03 
6ypsua 4.57 0.24 0.28 31.07 1.23 40.58 

Coal ash 0.38 59.17 28.77 7.40 2.56 1.04 0.78 

~UMEB 

lg.loss Si02 A1203 Ft203 cao PfgO r2o Na20 
-------- ----

0.03 21.23 6.53 4.66 64.51 1.72 98.68 0.32 0.27 

LSF s" ... 
0.90 1.90 1. ~o 

80.411 

• Willer conterit 34.~9% 

Fineness + 8ij 16.26% 

Che1ical Co1ponent 

lg.loss Si02 cao "go Caf 2 

36.03 11. 72 2.78 2.60 44.38 0.98 98.48 0.35 

*This annex has not been formally edited. 



Size 

Inclination 

Power 

Revolutions 

Primary air 

Secondary air 

Exit gas 

Primary air 

Secondary air 

Exit gas 

Capati ty 

Specific capacity 

Specific heat 

Co1bustion 

Type 

Size 

Cooling air 

Inlet 

Outlet 
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Kiln 5 Kiln 6 

Lc~g vet-Erocess rotary kiln 

dia. 3.t/3.3/3.6 l 150 I 

(dia1eter x length) 

220kW 

0.9 - 1 rp1 

260 1l/1in 

660 13/1in 

3640 1l/1in 

670 t/d 

0.52 t/•3 

1670 kcal/kg clinker 

Grate cooler 

c;oo - 1ooooc 

dia. 4 x 150 • 

320kW 

0. 9 - 1 rp1 

170 1l/1in 

920 13/1in 

4490 1l/1in 

780 t/d 

0.48 t/13 

1620 kcal/kg clinker 

Grate cooler 

2.4 I lt.m 

900 - 1000°c 

• 



• 
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Type Electrostatic precipitator Electrostatic precipitator 

Dust content of vent gas 

inlet 

outlet 

Voltage 

Capacity 

Used 

high volatile coal 

Low volatile coal 

35 g/N•3 

l.S g/N•l 

40 lV 

33 g/N•l 

1.2 g/~•3 

40 lV 

anthracite coal a.nd brown coal 

Water content 
% 

5.81 

15.44 

Ash 
% 

IS.lb 

53.91 

Volatile 
utter % 

3.95 

21.11 

High calorific 
value KJ/kg 

26340 

10870 
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WatPr content I Fineness + R8881 Ash Volatile 
1 aatter 1 

--------------- ---------------- ------ ---------
1.21 3.80 26.14 6.00 

Type Wet tube •ill (open circuit} 

Size dia 2.6 I lJ• 

Nu1ber of co1part1ents 2 

Revolutior1s 21. 5 r•P 

Power 1000 IW 

Ball charge 70 t 

Feed size 25 .. ) 

Capacity 38 t/a 

Product 

Fineness 14% R88 

Water content 32 - 381 

Type Tube 1111 (open circuit) 

Size dia. 2.b I 13m 

No. of co1~art1ents 2 

Revolutions 21. s rp1 

F'ower 1000 KW 

Ball charge 80 t 

Feed size 25 II) 

Capacity 25 t/h 

Heating value 
U/kg 

23110 

dia. 3.4 x 13.5 m 

3 

1i.5 rp1 

2000 IW 

155 t 

25 II) 

47 t/h 

• 



• 

Product 

Fineness 

1st coapartaent 

2nd coapartaent 
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lU > R88 

100 II 
80 .. 
~o .. 

20140 II 
( 

16 t 
10 t 

4 t 

40 t 
I 10 t 

~!!DO@~_!O~-~£!Y!!_CQO~Y!e!!QO_Qf 
~1~-~!!@[!!l __ C2!eQn@o!~l!g_C!!o!@r 

L Raw aaterials 

Planned kg/t clinker Actual 

Liaestone 1350 13t.l. 9 

Clay 211 189.9 

Silica 36 45.3 

Iron ore 32 36.6 

CaF2 14.5 14.4 

Total 1643.5 lo4B.l 

2. Coal Consu1pticn 314.l 320.2 

Low volatile 267 284.5 

High volatile 47.l 35.7 

3. Bricks consu1ption 4 4.6 

Chuot 1.5 2.5 

Chroae aagnesia 2.5 2 .1 

4. Gypsu1 36 36.4 

10% > RSe 

40 t 
5 t 
5 t 

so .. 5 t 
60 .. 10 t 
so .. 10 t 

~Q_!!----~-! 
20x4'l 65 t 

Total 155 ton 

(1985) kg/t clinker 



5. 

6. 

&rinding media 

Ball 

Cy lpebs 

Power consu•ption 
per kg cement 
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1.8 

0.8 

1.0 

123 kWh/t ce•ent 

Turbidity 

pH 

Chloride 

Total hardness 

At certain period of 
ti•e the total hardness 

1.5 

0.6 

0.9 

125.2 ~ih/t ce1ent 

3 

7.6 

20 PPM 

12.5 PP11 

ux.10 

aax. 7.5 

• 



• 

Drilling 
machines 

Shovels 

Lorries 

Raibay 

Jaw crusher 

Har.mer 

Jaw crusher 

Jaw crusher 
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Capacity Type and 
Nu1ber supplier No1inal Actual 

Annual Norking hrs 
in 1985 

6 "ade in DPRK 1 1/h 

3 "ade in DPRl 4 13 

2 3 13 

8 1 13 

RaN 1aterials Type and 
Nu1ber transported supplier 

1.1 1/h 

4 13 

3 13 

1 13 

282 9.4 

585 1. 95 
2 h/d 

Capacity Annual Norking 
No1inal Actual hours in 1985 

8 Clay stone Hade in DPRK 25 t 20 t 3432 I 8 

B Li1estor!e Hade in DPRK 1800 t 600 t 5148 I 8 

Raw •aterials Type and 
Nu•ber transported supplier 

l Li 1es tone Hade in USSR 

4 Li1estone Hade in USSR 
and DPRK 

Gypsu1 Hade in DPRK 

2 Li1estone Hade in OPRK 

300 days 
17.16 h/d 

Capacity Annual ~ork1n; 
No1inal Actual hours in 1965 

25013/h 300t/h 4131 13. 7i h/d 

150 t/h 150t/h 4131 13. i7 h/d 

SOt/h 40t/h 1800 6 h/d 

25013/h 300t/h Under constru-
ct ion in the 
new LS. 
Quarry (16KH 
f ro1 the 
factory) 

Power consu1ption of crushing depart1ent: 2.B KWG/t L.S. - 1985 
for JaN and Ha11er Crushers. 
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Capacity of the Rav Material Storage for Older Tvo Kilns 

No. Di1ensions 

1 Li1estone 162 I 33 

2 Claystone 42 I 33 
and sand 

3 Iron ore 24 I 33 

4 Fluorspar 12 I 33 

5 Clinker 99 I 33 

6 Slag 24 I 33 

7 6ypsu1 12 I 13 

8 Coal 126 I 33 

TOTAL 489 I 33 

Consu1ption 
1 day/6 kilns 

38520 t 5840 t 

10250 t 1070 t 

136 t 

1910 t 63 t 

18000 t 1270 t 

2720 t 130 t 

700 t 45 t 

16830 t 1380 t 

Days Remarks 

6.6 For ail kilns 

9.6 For all kilns 

29.6 For all kilns 

30.3 For all ki Ins 

14.17 For tNo kilns 
(old) 

20.92 For tNo kilns 
(old) 

15.55 For all kilns 
(old) 

12.195 For all kilns 

No. Material Oi1ensions Capacity t Daily consu1pt1on Days Re.arks 

l Clinker 114 x 3~ 34i00 

2 Slag 21 x 33 2350 

3. Gypsu1 9 I 33 2300 

Total 144 x 33 

3050 

350 

95 

11.37 For 5 ce•e~t 
u l ls 

b.7 For 5 ce1ent 
111 ls 

24.2 Fer 5 ce1ent 
u l ls 

• 



"ill 
No.J 

"ill 
No.2 

"ill 
No.3 
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Hill 
No.S 

Hill 
No.6 

Hill 
No.7 

"ill Hill 
No.e Nc.9 . -------------------------------------------------------------------------------------------

Type of •ill 
( "anu fac tu red 
locally) 

Length (m) 

Diameter {m) 

c:oeed rev. /min 

No•inal capacity 
dry ton/h 

Actual production 

'tl/0 

dryer 

13 

2.6 

21.5 

40 

dry ton/h 35.7 

'tl/O 

dryer 

13 

2.6 

21.5 

40 

36.J 

'tl/O 

dryer 

13 

2.6 

21.5 

40 

37.5 

'tl/O 

dryer 

13 

2.6 

21.5 

40 

36.J 

Hill 1otor in kW 850 850 850 1000 

Di1ension of 1ill 
co1partment in 
~etres and charges 

1 6.5 I 6.5 I 6.5 I 6.5 I 
30 t 30 t 30 t JO t 

2 6.5 I 6.5 I 6.5 I 6.5 I 
40 t 40 t 40 t 40 t 

P~'tler consu1p./t 
produced in k'.ilb/t 22.8~ 22.89 22.89 22.89 
(including slurry 
silos and basin 
PUIPS) 

Consu1ption of 
grinding tedia 
and 1 iners per tonne 
produced O.o3k;/t 

Annual production 
in 1985 216243 

Working hours 6057 

Working days/year as average 

210790 193115 1972'4 

5806 5149 5434 

for all Ii l ls are 272 

'tlf O 
dryer 

13 

2.6 

21.5 

40 

35.J 

M/0 
dryer 

13 

2.6 

21.5 

40 

35.9 

'tl/O 

dryer 

13 

2.6 

21.5 

40 

35.8 

'tl/O 

dryer 

13 

2.6 

21.5 

40 

'tl/0 
dryer 

13 

2.6 

21.5 

40 

(under con­
struction) 

1000 1000 1000 1000 1000 

6.5 • 6.5 I 6.5 I 6.5 I 6.5 I 

JO t 30 t 30 t 30 t JO t 

6.5 I 6.5 I 6.5 I 6.5 I 6.5 I 
40 t 40 t 40 t 40 t 40 t 

(under con-
22 .89 22.89 22.89 struction) 

20085t. 218811 204869 -
5690 6095 5723 -

days/year (average 5708 h/y) 
------------------------------------------------------------------------------------------· 
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Nu1ber Type and Capacity Annual MOrking hours 
supplier Nominal Actual in 1985 

Co1pressors 
(applied for all 
the ce1ent plants 
Hthinery) 

100 1l/1 

40 1l/1 

20 1l/1 

Slurry silo 

Slurry silo 

Slurry basin 

Pu1p 

Pu1ps 

l "ade in 
6.D.R. 

2 "ade in 
DPRI 

4 

14 

34 

6 

6 "ade in 
DPRI 

Nu1ber Type and 
supplier 

"ade in DPRK 

Type of energy 

KWH/t-clinker 

Fuel (tons) 

100 100 5840 19/47 h/d 
for each co1pressor 

40 40 4500 !5 h/d/unit 

20 15 2250 7.5 h/d/unit 

45013 40013 6300 13 

40013 40013 1200 13 

2soo1l 2soo13 1500013 

8013/h 8013/h 4380 14.6h/d 

"otor POMer Capacity 
in kW 13/h 13/h 

75 80 

1984 1985 

20.83 21.47 

303996 t/y 

• 



.. 
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---------------------------------------------------------------------------------------
liln No.l liln No.2 liln No.3 liln No.4 liln No.5 liln Nc.6 

---------------------------------------------------------------------------------------
nanufacturing process 

Supplier 

Daily clinker 
production (t/d) 

Length of the kiln and 
of its different 
diaaeters (a) 

Wet Wet Wet 

USSR USSR DPRl 

600 600 840 

3.6/3.3/ 3.6/3.3/ 
l.61150 3.61150 41150 

Wet Wet Wet 

DPRl DPRl DPl:rr 

840 840 840 

41150 hl50 4xl50 

Fuel consueption(kg/t cl.) 320kg/t 320kg/t 320kg/t 320kg/t 320kg/t under 
constru­
ction 

Brick lining consuap.(kg/t) 4.6 kg/t 

Filter E E 

Cooler 6 6 

Clinker transport to 
storage Bucket conveyor 

Annual rated capacity (t) 200000 200000 

Annual production (t) 175686 177167 

6506 h 6814 h 

E E E E 

6 6 T 

250000 250000 250000 250000 

21388b 193417 157939 

6663 h 5988 h 48i5 h 
----------------------------------------------------------------------------------------
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---------------------------------------------------------------------------------------
"ill No.l No.2 No.3 No.4 No.5 No.6 No.7 No.8 

---------------------------------------------------------------------------------------
Type of •ill 

Length (m) 

Diameter (m) 

Speeci (rev/min) 

No•inal capacity (t/h) 

Actual production (t/h) 

Dimensions of aill COllPart­
aents (in metres and charges) 

1 
2 
3 

PoNer consu•ption per tonne 

Open 

13 

2.6 

21.S 

25 

24.7 

S.Sa30t 
7.5•SOt 

produced (in kWh/t) 42.47 

Consuaption of grinding 
1edia and liners per tonne 
produced (kg/t) 0.54 

Annual capacity (t/a) 
(in thousands) 

Annual production (t/a) 
(in tt1ousands) 

150 

133 

Open Open Open Open Open Open Open 

13 13 13.5 13.5 13 13 13.S -

2.6 2.6 3.4 3.4 2.6 2.6 3.4 

21.S 21.5 17~5 17.S 21.S 21.S 17.S 

25 25 60 60 25 25 60 

24.J 24.9 45.4 47.2 24.6 24.7 

150 150 

122 144 

3.5• 4St 
2.7• 30t 
6.5• 80t 

350 350 

231 201 

5.5• 30t 
7.5• sot 

150 150 350 

101 108 

---------------------------------------------------------------------------------------

• 
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Year Prod. Ulh/t Fineness Sound- Compresahre Bendi::g 
n.ooo u "esch Surf. ness S03 strength l 7 28 

(+88u) (BL) 3 7 28 

--------------------------------------------------------------------------------------------
Normal. Portland 
Cement 1985 90• 125.2 7.87 2800 1.2 1.68 ao U8 210 26 •2 59 

Lov-heat. Cement 1985 10 125.5 7.57 LO 1.5• 73 135 215 25 •o 57 
Slag Portbnd 
Cement 1985 156 111. 9 7.25 0.8 1.50 75 llS 201 23 38 SS 

Ce•ent Sand Water 
l 2 0.65 



No. of packing 1achine 

No.I 

No.2 

No.J 

No.4 
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Type and supplier 

Stationary 
("ade in Japan) 

Packed Ce1ent 

50% 

Ph 5 or 6 plies 

Serial No. (luantity 

1 10 

2 6 

3 6 

4 6 

Total 

Capacity (t/h} , 

60 

60 

60 

60 

Bulk Cnent 

501 

Capacities in tonfies 

3000 I 10 : 30000 

3000 I 6 : 18000 

3000 I 6 : lBOOO 

3000 I 6 : l~QQQ 

84,000 



Type 

lucket Elevators 

Scre11 Conveyors 

Air Slides 

Pneumatic Puap 
(Sera Pu•p) 

Type 
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Quantity 

4 

4 

4 

Quantity 

2 

6 

Type of energy 

Electric kWhit 

Type and supplier Capacity t/hour 

"ade in DPRI 

Type l supplier 

"ade in DPRI 

"ade in USSR 
and DPRI 

1984 

42.59 

100 

100 

60 

Capacity t/hour 

80 

40 

1985 

42.47 
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Allnez: III 

UCDPTS n<B tBI DRAFt TllllS OP' IEFIUllCE P'OR COlltRACT SPECIPICATIOll 

Subject: Feasibilitf studf for conYersion of wet-process ca.eat plant 
(Dellocratic People"s Republic of ~orea) 

Background information 

The De91ocratic People"s Republic of ~rea bas 11Dre than 20 fears• 
experience in the ca.eat industry and bas, over the last 15 fears, become 
increasinglf independent in the development and building of ca.eat plants. 

The present total c ... nt-production capacitf is about 10 aillion tonnes 
per fear frOll a nuaber of factories. Allong these, drf-process installations 
count for nearlf half of the 1earlJ output. 

The second largest c ... nt factorJ (8th Februarf c ... nt Joint co.plez:) is 
a wet-process plant presently operating vitb five kilns and vitb a siz:tb kiln 
under construction. When kiln number siz: goes into operation, the total 
wet-process capacitJ will be 1.4 aillion tonnes and it is now being considereci 
whether to couvert some and possiblf all the production lines to a less 
energf-intensive production process. The Govera11ent bas, therefore, requested 
technical assistance and UllIDO bas fielded a ce11ent consultant, who was 
ez:pected inter alia, to: 

"analfse the ez:isting facilities and technological process used in tbe 
cement industry, and aake recC11111endations on bow to iaprove the overall 
performance in the cement industrf in order to obtain a higher quali•1 
of c ... nt products as well as ez: .. ine the possibilities of converting 
ez:isting vet-process c ... nt plants into drJ-process plants, and draft 
project doc1111entation for a conversion feasibilitJ studf" • 

••• 

(Details of the c ... nt consultant•s aission are given in the Introduction 
to th is report. ) 

The aain recOlll8ndations of the ez:pert in relation to the vet/dry 
conversion can be sumaarized as follows: 

1. The slurrr (liquid raw aiz:), filter dusts, fuel (coal), and water 
have to be carefully studied and tested before selecting the filtration srstea • 

••• 
In this connection, tbe ez:pert specificallJ states that the contractor 

aust carrf out all the suggested laboratorf tests and aust afterwards subject 
tbe slurrf to a pilot-plant test on site to confira the findings. 

The contractor will guarantee that the ez:isting equipment is in good 
working condition. 

2. All proposals estimates, calculations, specifications and design 
proposals have to be rechecked and re-evaluated bf the consulting C011Pany 
selected to mate the conversion feasibilitJ studJ for UllIDO. It must be kept 

• 



• 

• 
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in aind that the training of local ezperts in preparation for operating the 
proposed new equipaent, is as important as the conversion feasibilitJ studJ 
itself. 

The supplier should be requested to subait his final conversion proposal 
to the Governaent and should confira his own responsibilitJ to carrJ out the 
conversion and to guarantee the increased production figures as well as the 
energf saving of at least 30 per cent. 

(The expert's rec01mendations are given in full following the introduction to 
the aain report.) 

The above recommendations are incorporated into the following. 

Scope of the subcontracting services 

General conditions 

1. The scope of the work to be done is described below. Bach 
subparagraph represents a specific area of an integrated conversion 
feasibilitJ studJ of which the findings froa one subject lead to the next 
until the feasibilitJ studJ is complete. 

(a) Raw material evaluation. 

Cb) Evaluation of the existing installations. 

(c) Drawing up of conversion proposal(s). 

(d) Preparation of a list of the new equipment required, with technical 
specifications and estimated costs. 

Ce) Preparation of a list of modifications required to the existing 
installations, with specifications, material requirements and costs. 

(f) Preparation of a workplan for the conversion with an indication of 
requirements in engineering support, manpower, tools and equipment as 
well as cost estimates. 

Cg> Preparation of a plan for training local personnel before, during 
and after the conversion, with an estimation of training costs. 

(h) Preparing a techno-economic feasibility study, presenting all the 
investment costs necessary for the selected conversion, including: 

- Mechanical equipment 
- Electrical equipment 
- Spare parts 
- Insurance and transportation 
- Erection and start-up costs 
- Civil engineering work 
- Estimated reserve for unforeseen costs 

This study should also give all normal operating costs (fixed and 
variable) expected for the converted production line(s), thus 
making possible a feasibility calculation comparing the situation 
before and after the conversion and examining the return on the 
investment in financial terms as well as in energy terms. 
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Elaboration of tender specificat: 
bidding for the execution of th£ 
production-of as auch equipment a~ 
personnel. 

· c for international coapetitive 
·1ersion 1 to include local 
.,.ossible and training of 

2. the subcontractors selected for the execution of the conversion 
feasibilitJ studJ will subllit aonthlJ progress reports and invoice UNIDO 
aonthlJ in accordance with their delivery and the agreed wort plan. 

3. All companies interested in assisting UNIDO with this conversion 
feasibilitJ studJ should note that they are expected to use their own 
judge11ent as to vbat is necessarJ for a c011prehensive evaluation of the 
situation and as to hov to carry out the conversion feasibility studJ. 

If, for example, a coapanJ finds it logical to exaaine the possibility of 
a full conversion to dry process and c011pare this with the presentlJ-proposed 
conversion to a se9i-wet process, they should include this in their offer to 
UllIDO and the Governaent. It would be possible to subait two alternative 
proposals, one exaaining only the conversion to a se9i-vet process, and 
another where both the possible conversions to Se9i-vet and to dry processes 
are exaained and coapared. 

4. The present terms of reference should be used only together •.fl.th the 
report DP/ID/SER.B/558 based on the wort of A. R. llarei, UllIDO consult&nt, and 
dated 31 July 1986, since the additional inforaation, ideas, and calculations 
contained therein a&J be of interest to the potential subcontractor. 

Details of reguirements under (1) above 

(a) Raw-material evaluation 

During the preliminar1 fact-finding, it was stated by the technical 
personnel of the 8th February Cement Joint Complex that the raw-material 
reserves available are sufficient to serve the cement plant, even with the 
expected increase in production, for at least SO more Jears. 

The expert, who undertook the preliminary fact-finding, specifies the 
tests which must be carried out on the raw materials in the case of a 
conversion to the semi-wet process. 

(For the full text of these specifications, see chapter IV in part one of 
this report) 

(b), Cc), (d). (e) and Cf) 

Evaluation of the existing installations 
Presentation of conversion proposals 

- List of new equipment 
- List of modifications required 
- Work plan 

For a company experienced in the engineering involved in converting 
cement plants from wet to dry or semi-wet processes, the above titles speak 
for themselves, and the details of the findings are important elements of 
the conversion feasibility study. 

(See also the information given on these subjects in chapter V of part one of 
this report.) 

• 

a 
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In this connection. it should be noted that the potential subcontractor 
should judge the situation froa his ezperience and propose what he finds 
necessary. whether 110re or less ~~an that quoted in the report. 

Also. in this part of the conversion feasibilitJ stadJ. the potential 
subcontractor is ezpected to .. te bis own esti .. tes for the scale and the cost 
of the evaluation and development wort be finds necessary. The selected 
subcontractor will be expected to wort out all aspects of the design which he 
bas proposed and on the basis of which be vas selected for the job. 

(g) Training of personnel 

Training should. as far as possible. be part of the subcontracting 
services. On the one hand. this aates it possible to .. te full use of local 
experts to prepare for and later on to carry oat the proposed conversion at 
the lowest possible cost per tonne of additional capacity installed. On the 
other band. it also initiates and promotes as 1111ch knowledge as possible about 
conversions in general and develops a suitable degree of self-reliance in 
aanaging conversions of other wet-process plants in the De91ocratic People"s 
Republic of ~rea. 

The subcontractor should. therefore. in his own proposal. include 
training of and co-operation with national experts. including the training 
to be done bJ the subcontractor selected to .. nage the conversion as well as 
the esti8&ted costs of the training. 

(b) Techno-econoaic feasibility study 

The subcontractor should. in accordance with bis own experience and 
in accordance with the UllIDO .. nual for feasibility studies. carry out a 
feasibility study on the suitability of the proposed conversion from an 
economic as well as a technical point of view. 

The conversion study should compare the pre~ent operation <wet process> 
with the operation of the converted plant. If the subcontractor finds it 
logical to examine more than one conversion possibility in order to find the 
most eco~omic conversion among several possibilities, be should feel free to 
propose ~is services for several versions of new plant processes, up to a 
complete modernization with precalciners or any other solution be can justifJ. 

(i) Elaboration of international tender specifications 

Based on the findings froa the conversion feasibility stuoy <including 
the pilot-plant tests>. the subcontractor is expected to elaborate tender 
specifications for the most economic type of conversion ~nd to give all 
the necessary conversion plans and details, including training. so that 
competitive bidding can be organized among interested contractors. The 
subcontractor should also give guidelines on bow to evaluate the incoming 
offers or should off er their own services not onlJ to elaborate the tender 
specification, but also to assist UllIDO and the G·overnment to evaluate the 
incoaing tenders and to negotiate and select a final offer. 

Estimated til!! and cost reguir..,nts 

?he complete conversion feasibility study including training of 
counterpart personnel is expected to require, as a minillWI, the following 
services froa a consulting ~ompany: 
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<•> Rav-aaterial evaluation 

Geologist 
Cheaical process engineer 

Cb) Evaluation of existing installation 

Kechanical engineer 
Electrical engineer 
Process enginee~ 
Civil engineer 

(c) Elaboration of conversion proposal{s) 

Kechanical engineer 
Draughtsaan 
Electrical engineer 
Process engineer 

Cd) Preparation of list of new equipment 

Kechanical engineer 
Electrical engineer 

(e) Pteparation of list of 110difications 

Kechanical engineer 
Electric•l engineer 
Process engineer 
Civil engineer 

(f) Preparation of wort plan for conversion 

Kechanical engineer 
Electrical engineer 
Civil engineer 

(g) Preparation of training plan 

Kechanical engineer 
Process engineer 
Electrical engineer 

(b) Elaboration of techno-economic 
feasibility study 

Economist 
Engineer 

Ci> Elaboration of tender specifications 

Economist 
Legal adviser 
Engineer 

Total man/months 

Estimated costs at $8,000 per m/m Total 

Tiae required 
(aan/months) 

1 
1 

1 
1 
l 
1 

2 
2 
1 
1 

0.5 
0.5 

0 5 

. ' 
0.5 
0.5 

0.5 
0.5 
1.5 

0.5 
0.5 
0.5 

3 
3 

0.5 
0.5 

...!.& 
26.5 

SUS 212,000 

, 
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