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Explanatory notes

Besides the common abbreviations symbols and te:ms, the following 
have been used in this ret>ort:

ATC
cm2/g
dc
hp
IHT
ISO
KHD
kW
kWh
3m

PCA
rpm
SF
up
t/d
t/h
t/y
UNIDO
UNDP
f

advanced technology center 
square centimeter per gram 
direct current 
horsepower
Ishikavajima Harima Heavy Industries Co. Ltd., Tokyo
Internal ional Standards Organization
Kloeckner Humboldt Deutz
Irilowatt
kilowatt hour
cubic meter
Portland Cement Association
revolution per minute
flash-furnace suspension pre-heater
suspension pre-heater
metric ton per day
metric ton per hour
metric ton per year
United Nations Industrial Development Organization
United Nations Development Programme
diameter
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ABSTRACT

As part of the United Nations Development Programme (URD?) project 
"Improvement of building materials manufacture" (DP/CPR/SO/OIO) for which 
the United Nations Industrial Development Organization (UNIDO) is the executing 
agency, an expert in cement technology accompanied a delegation of Chinese 
cement experts on a study tour to the Federal Republic of Germany and the 
United States of America. The expert's mission was later extended to cover 
visits to selected Chinese cement plants with a view to suggest ways of 
adapting the findings of the study tour to local conditions.

During the two-month tour the delegation visited 12 cement works, four 
manufacturers of cement machinery and equipment and three*research and 
development institutes thereby gathering information on the present status 
and future trend in cement technology, on the latest design of machinery 
and equipment as well as on the organization and the scope of activities 
of cement research and development institutes, including the equipment 
and instrumentation of research laboratories. This informa.ion was of 
great value in elaborating detailed proposals foi he establishment of a 
cement development centre which is under construction at Tian Jin.

In addition to an account of the findings of the study tour on such 
issues as transfer of technology, energy conservation, automation, marketing 
etc., the report contains suggestions for the organization of the future 
centre, its manpower requirements, an assessment of training possibilities 
for the future staff as well as an exhaustive list of proposed laboratory 
equipment. The expert finally prepared a draft project proposal for 
further UKDP/UNIDO assistance.
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DTTRODUCTIQH

Cement industry in China hud started in 1889 
when the first shaft kiln was installed in Tan San, 
and "the first rotary kiln was erected in 1906 
in Tan San Cement Plant with an installed capacity 
of 40000 tA-_ After the liberation in 1949 the 
total cement production came to 660000 t/y. Abundant 
extensions were executed until the production came to 
73.8 million t/y in 1979, produced by 3400 cement 
works, from which the large and medium cement plants 
were 49 factories producing 24*7 million t/y by 135 
rotary kilns, operated by the following processes :- 

62.56 by Wet process with average calorific 
consumption 1503.5 Kcal/ILg. Clinker. 

20.80 % by Lepol semi-wet process calorific 
consumption 1205.8 Kcal/Kg Clinker. 

I6.64 % by long dry process kilns with waste
heat boilers : 1506.7 Kcal/Eg clinker.

A variety of cement types is produced to the follow
ing proportions :

49*98 % Hormal Portland Cement 

41.40 % Blast Furnace Cement
3.49 % Rapid hardening
1.50 % Pozzolanic 
1.9 % Oil wall
0.83 % Low heat 
0.17 % White 
0.71 %

91.38 %

8.62 %

Others
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normally supplying cement to big projects as in main 
constructions., marine civil work, and development of 
main cities, whereas the small scale plants are vastly 
distributed for coping with cement demands over vast 
areas with economy in transport expenditure. This 
small scale production is generally utilized for local 
consumption, especially for agricultural and 
industrial development. Small scale cement plants 
require modest investments and comparatively short ex
ecution time. On the other hand they face several 
problems such as : long distances from raw materials 
resources, the heterogenity of cliver quality, and 
increased cost price. The first development objectve 
would be to secure economic raw materials resources and

to improve the process technology and plant manage
ment. Another main objective would be to reduce the 
evidently high calorific consumption. With the dry 
process works suspension preheaters were erected but 
still with excessive calorific consumption: mainly 
due to high exhaust gas temperature. Koreover the 
exhaust gases are not utilized for drying of rav mat
erials but dryers are functioning in conjunction with 
supplementary heat generation. To this respect it is 
hoped co introduce secondary burning in precalciners to 

reduce the energy consumption to a considerable extent, 
and to utilize low grade materials such as lignite and 
waste combustibles by development of effective ways to 
invest these materia1s.

1
4 «
S'*
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In order to achieve ambitious goals in ameliorat
ion of cement technology, a Development Center is being 
established in Tian Jin, expected start up in 19S2. In 
the course of preparation of key staff for this center, 
a two months study tour to several modern cement 

works, vas organized and cement machines suppliers, and development 

institutes in the field of cement technology vere visited in

USA and FRG, in order to allow the participants to 
familiarize themselves with the present status and 
development trends of the cement industry and the 
related research in the countries visited.

The study tour has been organized by UIÏDP/
Ul'IDO, whereby the writer has accompanied a team of 
four Chinese leading personnel in the field of 

Cement Industry through the post DP/CPP/80/010/11-01/ 
32.1.B. The expert has been specifically expected to:
- Advise the participants on the information received 
and observations made in order to maximize the 
benefits derived from the visits and to facilitate 
the integration of the aquired know-how into the 
context of the Chinese situation.

- Advise in general terms cn the practical and admin
istrative aspects of the establishment cf a cement 
Research & Development Center.



T FXHBUTGS AHS CONCLUSIOKS

OBJECTIVES AMD OUTCOMES Off1 STUDY TOUR.
The study tour was organized for the duration of 

2 months for v:' >its to establishments concerned wich 
cement production, supply of cement mating machinery, 
and cement research & development in USA & PEG. Por 
accomplishment of the study tour, a group of 4 Chinese 
participants were delegated :
- Mr. Zhang Pei : Chairman of Couniil £br Techno-

Economic Society of Building 
materials Industry.

- Mr. Li Tao-Ping: Director of Cement Development
Center of Chira.

- Mr. Zhu Zu-Pei : Chief Eng. Of Cement Development
Center of China.

- Mr. Gao Chang-Hing:Eng. in Charge of Haw Materials
Dept, of Cement Dev. Center.

The main objectives of the study tour have been 
to familiarize participants with present status and 
development trends of cement industry, study the org
anization and activities of cement development instit
utes and their role in np^ice of the manufacturing



sector, raw materials investigations, application 
of low grade materials and industrial products in 
the industrial process.

For achievement of the said activities:
12 cement plants were visited: 7 in USA, fi.jeras,
Hew Kexico - Knoxville, Tennessee — Theodore,
Alabama : all 3 belonging to Ideal Basic Industries- 
Ragland, Alabama: National Cement Co. - Balcones, 
Brannfels, Texas : General Portland Incorporation -
Permanente, California : Kaiser Cement Co. - Daven
port, Santa Cruz, California and 5 cement works in 
FRG : Fortune, Geseke - Readymix, Beckrm - Dyckerhoff 
Zementwerke, Llurk II, Beckum - Dyckerhoff Zementwerke, 
Amoeneburg, Y/iesbaden, Alsen Breitenburg, Lagerdorf, 
Hamburg. A summary of findings and observations from 
the said plant visits are exposed in annex ill. The 
practice of various types of technologies were vittnessed in 

the said works especially the points of special’ interest

- Processing raw materials with excessive moisture or 
alkali chloride, synchronization of raw materials 
stacking & reclaiming by echo-lot system, prehomo
genization by blending bed.



Storage belt for raw materials securing regular 
feed, combined rav/ materials grinding by aerofall 
mill operated in conjunction with conventional 
tube mill for secondary grinding, acoustic device at
mill shell determining set point for the feeding 
system.
Various batch 5: continuous homogenization systems 
reducing chemical fluctuations by 15:1 in terms 
of standard deviation.
Modernization involving raise of production capa
city and reduction of specific calorific consump
tion, upgrading plant economics through introduc
tion of a second string of pyroclon system, ex
ecution of civil and erection work without distur
bing the functioning production line. Application 
of low grade combustibles, motor tyres and infla
mmable waste materials.
Application of a variable bypass system to increase 
the ore to waste ratio, while still maintain low 
alkali content.
Modern system for scanning the kiln shell temper
ature and graphic display on the central control 
panel, with the possibility for exposure of the 
whole shell circumference whenever required.



- Computer control on cement bulk despatch with 
self service system, magnetic card being proce
ssed by computer for billing the despatched ce
ment. Loading cement bags with pneumatic stacking 
system on transport means.

- Process k operation control by digital computer 
system operated with a light pen & typewriter 
terminal, anlogue system for manual operation.
TV closed circuit with cameras that can be foc
used at points of special importance.

Pour machine suppliers were visited : 2 in 
USA : Puller Co., Bethlehem-Allis Chalmers, Milwaukee 
and 2 in PEG; Humboldt ïïedag, Cologne - and Krupp 
Polysius AG, Ueubeckum, whereby philosophy was indic
ated;
- Trends in design to overcome industrial problems.
- Research work for modernisation of industrial

proceedings & rationalisation of operational 
processes.

- Pnw materials investigations revealing particular 
characteristics, enabling appropriate process 
determination, machines selection and detailed 
design.



12

- Clarification of basic principles for particular 
specilizations, recent innovations, and design 
development.

- Plash furnace suspension preheater, its virtues 
in raising production & reduction of specific 
heat consumption, application of low grade comb
ustibles, pyroclone technology.

- Bypass system and its role in application of low 
grade raw materials.

- Modem concepts of clinker cooling, latest deve
lopment in clinker coolers, regulating speed of 
grates with pressure, automatic dust disposal 
through air proof chutes.

- Modern facilities for research & development : 
chemical investigations, physical tests, micro- 
structural & minéralogie analysis, pilot tests.

Four establishments concerned with study and 
development : in USA: Portland Cement Association, 
Skokie, Illinois - National Ash Association, Wash
ington DC : were visited, in FRG: Zemlabor, Beckum, 
was visited. Technologic facilities devoted to 
scient:^ic studies, research work on Portland Cement, 
Concrete, Technical services to promote materials



quality, industrial safety, environmental control. 
The following aspects were cf special interest:
- Up-to-date research equipment, their application, 

adaption to solve eventual problems.
- Informations assessing for energy conservation 

in the industrial field and in constructional 
design.

- Utilisation of some industrial by-products for 
production of mixed cements.

- Organizational structure, ample personnel for 
conducting routine tests and research &. develop
ment work.

- liaision with cement producing units, adaption of 
research work for trouble shooting in existing 
works and planning for new projects.

- Educational facilities for programmes covering 
manufacturing process, management, maintenance.

Through the said tour, useful information was 
procured, practical operation and actual results 
were witnessed, research and development substant
ial v/ere exposed. Discussions were held around 
industrial bottlenecks, procedures for scientific 
approach, with special reference to specific cases 
from the Chinese cement industry.



- Data were consulted for verification 'f handled 
information. Particulars were discussed with 
experts concerned to clarify principles k under
standings ,

- Research and development proceedings were illustrated 

t/ practical examples to assess results sad

to conclude principles. Relations with cement 
producers and machine suppliers were analysed, 
and genera!», features for proceeding with new pro
jects were approached.

- Organizational aspects were discussed in detai? 
in both cases of Portland Cement Association in 
USA, and Central Laboratory of Dyckerhoff group in 
PRG. The Organization of personnel was indicated 
and duties and responsibilities were clarified.

The information procured during the study tour 
could be a gai«tng aid for development of the set up 
for the Cement Development Center of China, and use
ful basis for selection of equipment to be supplied
to the center



GéMSftftL REMARKS ON PESENT XWHJSTBT

One of the most important objectives for the 
study tour is the study of the general trends of 
cement industry in USA & PEG, and concluding in 
which way the industry in PRC would benefit of the 
said experience for appropriate amelioration and 
development. It would therefore be advantageous to 
sum up the findings from plant visits, trends of 
manufacturing ani marketing, activities of machine 
suppliers, conclusions of research work of Portland 
Cement Association, experience of the Hational Ash 
association, so as to extract the general philosophy 
of the whole trend, and to be able to Judge vb&t 
would match the Chinese industrial conditions.

Cement Industry in PSA and FRG

The observations from the study tour have to 
be taken with extreme care. Some trends may be att
ributed to special conditions that encounter cement 
manufacture and utilization in a specific area, but 
still they may be taken as examples for response to 
national and international demands.



- Flash furnace suspension preheater ;
Tne revolutionary trend in cenent manufacture 

is the introduction of the fully efficient pre
calc iner. The fuel consumption reaches an average 

of 40 % calorific economy, lieanwhile the adoption 
of dry pro ess SF system involves an increase of 
about 10 £ for a portion comprising about 20 & of 
the total plant electrical energy requirement. The 
net result would be an over-all energy reduction of 
around 30 % . In the flash furnace it became a pract
icable experience to use low grade combustibles such 
as lignite. Even waste material can successfully be 
ignited such as motor tyres and inflammable waste 
materials. The reduced combustion in the calcinat
ion zone reduces the air requirement and consequently 
the volatilized alkalies and chlorides are carried 
along with a smaller amount of air, and the bypass 
system so becomes more practicable with better econ
omics. The application of lower grade raw materials 
became possible, and qualities now used in the produ
ction process could have not been applied before with 
the traditional suspension preheater. Furthermore, 
the calcination up to 90 % in the precalciner reduces 
the role of the kiln to sintering covered by only 40£ 
of combustion requirements. This secures mild heat 
leading to longer life for refractory lining, end more 
regular performance yielding better clinker quality.
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- Alkali bypass system :
Renders appropriate solution to many problems 

in the dry prccess suspension preheater technology. 
Chlorides are nearly all volatilized by the sinter
ing temperature, carried by the air draft to the 
upper part of the rotary kiln whereby the bypassed 
proportion is air quenched to pass into the solid 
form whereby it is discarded with the bypass dust. 
This eliminates the blockage of the preheater cycl
ones by chloride condensates.

The alkali bypass also removes a considerable 
percentage of alkalis carried by hot gases before 
they pass through the preheater. This avoids alkali 
occurence in the clinker and promotes the production 
of low alkali cement. This represents a special 
importance when the alkali content in clinker should 
be lower than 0.6 % to avoid dangers of alkali react
ions with alkali reactive aggregates.

- Changing to Coal firing :
The cement plants in USA & PEG were originally 

coal fired. During the last half century, the kiln 
firing systems were converted to oil and gas firing 
which is known for easier and cleaner operation.
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As a consequence of the great progressive inflation 
in oil prices since 1973: The combustion is greatly 
switched back to coal firing. Although the price 
of coal has been appreciably increasing, yet the 
policy has been to the line of coal application, 
being a combustible which is freely available apart 
of political susceptibilities. The converted comb
ustion to coal firing has nc*r attained 87 % of the 
total fuel used in cement industry. This attitude 
is continuously progressing, and it is planned that 
by the end of this year nearly 90 % of the plant*will 
be coal operated. Provisions for oil or gas applic
ation will be restricted to emergency cases.

- Modernization of cement industry :
Mostly involve* conversion from wet to dry pro

cess or to semi-wet in cases of excessively hi’mid and 
sticky rav̂  materials which necessitate wet raw mix 
preparation. Another important modernization is ach
ieved through introduction of a flash furnace precal- 
ciner for promotion of energy economics and increasing 
the production capacity. ïîhen the modernization in
volves conversion of wet vo dry procecs, the total 
water requirement is reduced by 65 % . The rest will



be maintained for make up water for industrial 
purposes and provisions for fire protection. The 
conversion from v/et to dry process has been depen
ding on prevailing conditions of fuel and labour 
availability. When comparing these parameters in 
USA and Europe it is noticed that in the former 
case the conversion is much slower and 
considerable number of plants are still operated 
by the wet process, whereas in Europe the problem 
of availability of fuel ana labour are more acute 
and therefore the conversion to dry process has been 
much more advanced. In FRG the number of plants 
still operated by the wet process is neglegible.

Cement plants modernization depends upon results 
of detailed feasibility studies. The flr3t approach 
may indicate remarkable economy in energy consumption 
and appreciable increase in production capacity that 
may justify the high investments for conversion of an 
old wet process kiln to dry process with flash furn
ace precalciner. However in several cases it was 
found the most feasible to instal a completely new 
production line with an economically large size to 
replace entirely the old group of small size lines.In 
USA, it v/as seen unprofitable to spend much on
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projects involving life extension for extremely 
old machinery. The nev.r investment was found to be 
so high compared with the value of the original 
units that the effort and financing of conversion 
would better be extended for construction of an 
entirely new plant with modem technology. In ERG 
the philosophy is different: The cement demand is 
lower than the production capacity. The severe 
competition led to construction of new production 
lines on modern lines of rationalized economy . The 
competing cement cost price has been in favour of 
completely abandonniag the old wet process lines.
The total number of wet process kilns is therefore 
progressively diminishing, being substituted by large 
scale dry units with flash furnace precalciners.

- Marketing: aspects :
Cement distribution over vast areas is remark

able in USA. hue to the intensive cost of transport 
in comparison with the industrial cost price per ton, 
further existence of a considerable number of small 
scale plants is justified, where cement works are 
covering a comparatively limited area. The constru
ction of large scale plants i« subject to an extensive
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study for site location. It is the normal practice 
to locate the plant in a strategic distribution 
center, well established with economic means of 
marine or river transport. The last statistics in 
USA indicated that 84 % of total cement movement 
is achieved 07er aistances less than 200 miles, and 
50 % is shipped ever less than 90 miles. Cement 
bulk despatch has increased up to 95 % of total re
quirements and only 5 % is packed in paper bags con
fined to small constructional maintenance work. Bulk 
cement despatch is still increasing with the progr
essive development of ready mix concrete.

- Energy Conservation :
Cement manufacture is one of the highest energy 

intensive industries. Energy accounts for about 50 % 

of direct cost price. Since the start of the energy 
crisis in Eovember 1973, an evident response has been 
achieved for energy conservation in all phases of the 
industrial process from raw materials up to the final 
product. The general trend in modem cement plant 
construction is economically oriented, aiming at the 
reduction jf energy consumption as far as possible. 
Among the endeavours ir this direction are the foll
owing : -
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General trend towards large plants with economical 
size, with appropriate choice of site location in 
an economic distribution center, mostly adopting 
navigational means justifying transport over large 
distribution areas.
Transport of raw materials by rubber belt conveyors 
known for extremely low energy consumption. Trans
port by trucks, being an intensive fuel consumer is 
reduced to a minimum.
Appropriate selection of raw mix components with 
easiest crushability and grindability, and proper 
proportioning of raw mix with adequate proven moduli 
leading to easiest buraability, adjustment of burn
ing conditions to produce uniform clinker with rat
ionalized final grinding.
Promotion of roller mill technology which could be 
an aid for energy conservation especially in cases 
of raw materials with comparatively high moisture 
content without having to apply a separate dryer. 
Direction of kiln installation to dry process with 
flash furnace precalciner known to be most economic 
energy consumer. The modernization by conversion 
from wet to dry process, and introduction of pre
heater precalciner is justified by appreciable savings
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in calorific consumption. The application of 
bypass system made it possible to use raw mater
ials with alkali & chloride content which did 
not allow for adoption of dry process suspension 
preheater. The application of hot gases from 
the clinker cooler for flash precalciners cont
ribute to energy conservation to a considerable 
extent.
The modern design of storage and preblending of 
raw materials, the efficient homogenization red
ucing chemical deviations in raw mix composition 
enable easier kiln operation with more regular 
clinker texture and consequently better grindab- 
ility, equipping the ball mill with well designed 
classifying lining plates, tend to spare final 
grinding electrical energy.
Efficient dust collection systems contribute to 
better environmental pollution control. Meanwhile 
the retained dust being recirculated represents a 
high quality fraction which has already invested a 
considerable amount of energy.
The advance in bulk cement technology realizes 
appreciable economy in despatch and application r f  

paper bags, being the product of another energy 
consumer industry.
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- The increasing production and utilization of 
blended cements is one of the most effective 
means £>r energy conservation. The nixing 
material requires no burning and would only 
need .the electrical energy for final grinding.
There is a recent trend to increase consider
ably the proportion of blended cements, espe
cially with natural or artificial pozzalanic 
materials as admixtures.

- Project Design :
In recently executed projects it has been 

noticed that the turn key basis is avoided to el
iminate restrictions to specific suppliers. 3est 
reputed and well proven systems are selected among 
international sources. Elaborate engineering work 
is achieved to combine various supplies in a well 
harmonized set up, so that advantages are taken oat 
of specialized achievements.

- Autonation & Control :
The vast advance in central control, electrical 

interlockings, and computer displays are demonstrating 
a general feature of industrial development, especi
ally in USA where a remarkable advance is achieved in



the field of electron: . Quality control is
followed up through automatic sampling, x-ray 
analysis, whereby raw mix proportioning, fine 
adjustments, and precise process control are 
instantaneously achieved through computerized action, 

inducing graphic displays, complex process loop 
control, and recorded outprints of current inc
idents for further reference. The motors control 
center is monitored by computer interlinking with 
sophisticated interlockings maintaining industrial 
secu_ity aspects. However, in spite of all facil
ities for maintenance and repairs by highly speci
alized and well trained electronic engineers, eas
ily and quickly called at any time, yet provisions 
are made for back-up systems, stand-by computers 
and analog output stations are foreseen to maintain 
important operations and keep up uninterrupted pro
duction in case of computer failure. This requires 
a great deal of experience in avoiding damage to 
machinery and equipment.
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Cement industry jp PRC:

One of the main objectives of the study tour 
is to detect how to transfer modern technology to 
the Chinese cement industry in the present develop
ment phase. The abovementioned aspects have to be 
scrutinized to conclude suitability of adaption to 
the Chinese industrial conditions whenever feasible.
For this purpose : samples of the Chinese cement 
works were visited, and the metter was discussed with 
Chinese experts in charge in the Ministry of Building 
Materials Industries. The nais features are described in 

the folloving:-

- Raw materials resources :
Limestone and clay are the main raw mix compon

ents. Limestone is abundantly occuring, but the cal
careous deposits were formed during several geological 
phases over extensive areas. This explains the varying 
-■ature of the limestone deposits. Thorough investig
ations are therefore required to disclose the chemical 
composition and physical properties of various deposits 
This question may be the subject of first study to be 
tackled by the Department of Raw Materials Development 
after the start up of activities of thé Cement Development

Center. The study will serve the dual purpose of supp
ort for the existing cement works and raw materials



2V

Investigations for new cement projects. Geological 
prospection will reveal the nature of various strata 
through v/ell planned network of drill holes. Samples 
from the said drill holes will oe subject of chemical 
analysis, physical tests, and instrumental investig
ations.

Another important scope of research would be 
to utilize low grade raw materials and by-products 
from other industries.

- The industrial process :
The major part of the present cement industry 

in PEC is based upon shaft kiln technology and wet 
process rotary kilns. One of the important means for 
development of the existing cement production would 
be the conversion of some wet production lines to the 
dry process technology and introduction of flash fur
nace suspension preheaters for the sake of increased 
production and reduced energy consumption. But this 
direction has to be very carefully studied, taking in 
consideration the high capital costs to be invested 
for old machinery with various aging inconveniences 
and doubtful life, the limited capacities for the



supporting machinery for preparation of raw mix and 
final product, and most complicated would be the 
size of clinker cooler and its suitability for hot 
air supply to a flash furnace precalciner. One of 
the factors may be the procedure for execution of 
the conversion, considering the down time for accom
plishment of the required modifications. Every par
ticular case would need a special study for the 
specific conditions, whereby the techno-economic 
substantial would determine the feasibility of con
version. Generally speaking it may prove to be the 
most advantageous to plan for installation of compl
etely new production lines, with entirely promoted 
industrial conditions especially caring for energy 
conservation concepts and environmental protection 
precautions. The old production units may then be 
allowed to carry on with their role in production 
with any suitable ameliorations that may free them 
from any occasional difficulties and therefore prom
ote their capacity for continued production.
- Plant size and site :

In the course of planning for installation of 
new plants ample attention should be given to the 

determination of the economic plant size. The



economic concepts would so for biggef production 
units to attain an optimum of capital investment 
and production cost per ton of final product. In 
PRC there would be no limiting factors from the 
marketing viewpoint in virtue of bright prospects 
for future cement demands to cope with the long 
term development plan. On the other hand the ex
tremely large units create difficulties in machines 
manufacture & in process operation. Here example.' 
may be demonstrated by inconveniences in refractory 
lining for big kiln diameters, complications in 
drives and gears of large mills, plus many diffic
ulties with materials to be applied for manufacture 
of machinery to resist especially advanced stresses 
The most remarkable operational disturbance is the 
excessive cement temperature which creates complic
ated problems with cement quality and flowability 
due to partial dehydration of gypsum evt. with the 
most advanced cement coolers. Consequently it has 
been foreseen that rotary kilns for the new large 
size plants would be of 2000-4000 t/d production ca 
pacity. The plant site will then have to be adequa 
tely selected in a strategic distribution location



well suited with economic means of transport. 
Meanwhile special consideration will still be 
devoted tc distant land-locked areas where med
ium or small scale plants will have to be installed 
to cope with reasonable distribution areas.
Machinery & Equipment :

Traditional cement machinery and equipment 
are manufactured in PRC in central workshops and 
considerable amounts of spore parts are produced 
in the works workshops. To cope with modern trends 
in cement machinery design there is a general plan 
for creating specialized workshops for rationaliz
ation of machine production. There are various des
igning fields that will have to be subject of prior 
efforts for future promotion, especially in the 
fields of power consumption, efficiency of homogen
ization, accuracy of weigh feeding, intensity of dust 
collection....etc. For designing new cement plants, 
a reasonable level of automation and control has to 
be adopted. It would be more feasible if this is 
confined only to parameters extremely necessary for 
protection against undesirable abnormalities end rat
ionalization of process operation. All sophisticated 
loops should be avoided to elininate complication
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sources, maintenance difficulties, ana failure risks. 
The automation and control installation have to be 
absolutely restricted to systems that can easily be 
handled by local experts, highly specialized and 
adequately trained in the specific fiej-d. Even in 
USA, with all facilities for procurement of expertise 
and spare parts from suppliers within short elapse 
of time, yet a newly designed modem control system 
is normally safeguarded by standby installation. 
Furtiit. more provision is made for a back up system 
for nanual operation of important process stages. 
This high expenditure for financing stand-by install
ation and back-up system as precautional measures 
against failure of the original control device, would 
indicate the evident probabilities for failure and
risk.
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TRAIKIBG POSSIBILITIES

The training possibilities were detected in 
every firm visited. In general, it was emphazised 
that future cooperation in this respect will be 
most willingly considered as soon as the official 
approach is initiated. Training would be more 
fruitful in USA in virtue of language facilities, 
resemblance in wide area distribution and abundance 
of wet process plants.

Por fellowships in process and operation: the 
most practicable would be through "Kaiser Engineers" 
that may organize training programmes in one or more 
of cement works belonging to Kaiser Cement Co.

Por fellowships related to process & machine 
design one of the machine suppliers ; Puller Co., 
Bethlehem, Pennsylvania, or Allis Chalmers Co., 
Milwaukee, Wisconsin.

Special interest and evident willingliness for 
availing training facilities were expressed by lead
ing personnel from the abovementioned firms. Samples 
of actual training cases were exemplified for future 
consideration.



For research and development studies the most 
appropriate training would be in a development ass
ociation well equipped with research facilities. The 
most remarkable training possibilities for the pur
pose are availed by the "Portland Cement Association". 
Especially designed training programmes are conducted, 
but devoted only to candidates from the member firms 
of the association. However it was emphasized that 
coping with UKIDG assistance, an approach in this re
spect will be handled as a special case which will be 
tackled with utmost goodwill. Regular training pro
grammes are held in diversified fields including : 
lianufacturing process, Liicroscopy of clinker & cement, 
Plant maintenance systems, Fundamentals of placing and 
finishing concrete, Training of trainers, Sales and 
management, Supervisory and financial transactions....

Field training programmes are also organized by 
the "Educational Services Department" within the scope 
of special agreements.



ORGANIZATION SCHEME

The Shinese concepts for organizational param
eters of the Cement Development Center were discussed 
to figure out a comprehensive organigram for the ant
icipated staff. This is of special importance as a 
starting point for planned recruitment of personnel 
with a foreseen level of qualification and experience. 
It would accordingly be a guide for establishment of 
a training plan, in terms of study tours, fellowship 
programme for training abroad, as v ie il as local on- 
the-job training. Naturally the training programme 
should conform with the timing concluded for procure
ment of research installation in accordance with ant
icipated activities and available financing possibil
ities. The general outline of the concluded organig
ram is illustrated in annex VHI, and a Job descr
iption should follow with adequate particulars about 
duties and responsibilities for each post.

The Research & Development Center will be headed 
by the General Director who will plan for the general 
policy and manage the main activities through high 
responsibles. The activities will be covered by 7 
departments : é of them are technical to be monitored
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by the Caief Engineer of Research Sc Development, 
and one department taking care of financial and 
administrative affairs, the manager of which, 
together with the said chief engineer will be 
directly attached to the General Director. The 
7 departments are :
1. Department for raw materials; comprising 15 

members headed by a manager who will supervise 
2 sections : one of them composed of 7 persons 
concerned with quarries and geological affairs:
A geologist to establish prospection pleins and 
follow up execution thrcugn 2 assistants who 
will be involved directly in prospection fields, 
sampling and reporting to the geologist. A group 
of 4- well experienced cement chemists who will 
assess the results of chemical analysis and phy
sical tests, evaluate the findings and recommend 
adequate raw mix design, adapt and follow up the 
findings and quarrying schemes proposed by the 
geologist. One of them will act as chief for the 
section and 3 will mostly be visiting raw material 
sites for follow up procedure. The other section, 
composed of 3 persons : one chief L 3 acting



Chemists à 4 assistant chemists will take care of 
small scale pilot tests, covering comminution and 
pyroprocessing parameters up to production of 
laboratory clinker samples for further investig
ations. They will also cover the trc .ole shooting 
in the existing quarrying processes and perform 
adequate investigations which they may deem necess
ary for conclusion of adequate solutions for occas
ional problems.

2.Department for chemical analysis & Physical tests: 
This department represents the main laboratory work 
differentiated into 3 main sections :
a) Section for chemical analysis which will adopt 

the traditional wet analysis procedures. It will 
mainly be equipped for analysis of materials 
involved in chment industry as from raw materials 
up to final products comprising various types of 
cement. Provision will be made for equalitative 
identification and quantitative determination of 
unknown elements and compounds occasionally en
countered in the course of raw materials explor
ation. Special analysis will be performed for 
calibration of electronic installation and desig
nation of standard samples. This section will be 
composed of 2 chemints, well prepared to assess



analytical problems and find out appropriate 
solutions.

b) Section of instrumental analysis :
based upon application of modem equipment for 
rapid determination of elements and compounds.
The investigations will be performed by well 
qualified chemists, capable to operate modern 
equipment of x-ray fluorescence, atomic absorp
tion, microscopy, photometry-, determination of 
minor constitutents as alkalies, chlorides, 
sulphur, phosphorous by modern rapid determinat
ion procedures. This section is expected to have 
up to S chemists who will be subject to intens
ive training whether abroad in well distinguished 
modem laboratories or on the job by specialists 
of suppliers and short term international experts.

c) Section for physical tests :
Destined to perform investigations upon cement 
mortar and concrete in accordance with standard 
specifications with adequate regard to local code 
of practice. This section would be composed of 
a well qualified chemist who will act as chief £
2 laborants to be well trained for the purpose.
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3. Department for technological studies :
This depcrtment is supposed to comprise up to 

14 highly qualified well experienced experts, with 
a relevant background know how in the field of 
cement process technology and plant design. One of 
then is supposed to menage the department, 5 to be 
concerned with pyroprocessing studies, 4 to tackle 
research and development work in the field of comm
inution, and 4 to compose the section for design 
work of conveying installation and storage questions. 
Procurement of the said experts should be based upon 
the present capacities in cement research and design.
It is worth mentioning in this respect that there are 
already about 500 engineers involved with advanced 
cement technology in the Design Institute for Cement 
Industry in Tien-Jin. ibout 50 of tnese experts are 
presently dealing with research work related to cem
ent technology, 135 engineers specialized in mechan
ical design of cement making machinery. The rest are 
cement technology engineers in various other special
isations such as civil construction, water s^jly, 
ventilation, electrical engineering ...etc,, with var
ious capabilities which can be coordinated for lull 
design particulars of complete projects. This Institute
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v;as in possession of a pilot plant at the previous
location at Beijing. The nucleus for this section 
to be carefully selected among the said engineers 
should be delegated to machine designers or well dis
tinguished cement consultants for adequate fellowship 
programs.

4. Department for automation :
This department will be composed of 13 highly qualif
ied, well experienced electrical engineers, with 
special skill in electronic fields to compose 3 sect
ions : Section for monitoring electrical drives and 
inter-locking the power distribution to be composed 
of 3 engineers, section for instrumentation and cont
rol based upon 4 engineers covering the study, ealib- 

n and design of works instruments and automatic 
control loops, and 5 to compose a section for computer 
technology starting from primary maintenance up to 
sophisticated designs with light pen aad graphie dia- 

plays. It is to be taken into consideration that 
there are already 3 well sized cement plants, of 1 
million tons each, under construction with sophistic
ated interlockings, automatic loops, and computer con
trol : 2 plants being supplied by the Japanese firm
n Mitsubishi" with electronic supplies from "Toshiba";
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and the third plant is being supplied by the Roman- 
ian enterprise " Usine Import Export n with elect
ronic equipment produced in Bucharest under licence 
in cooperation with various Japanese firms. It 
would therefore be extremely beneficial to anticipate 
intensive training for the engineers of this depart
ment in the said firms for adequate elapse cf time, 
probably much more than the contractual training 
specified within the supply agreement.

$. Department for development research :
This department is supposed to comprise o engineers 
with relevant experience in cement industry and an 
adequate background of economical knowledge. Two of 
them will draw up feasibility studies including 
techao-econoKie concepts. Members of the feasibility 

studies section should be capable to prepare the mar
keting basis in terms of areas of distribution and 

magnitude of demand which will contribute to select
ion of site location and plant size determination.
The raw materials investigations reported by the first 
department will compose the base for decision concer
ning the choice of technological process. The techno- 
economic conclusions will act as guidance for select
ion of machinery types.



The second section will be composed of 3 eng
ineers with a high capacity for planning to lay out 
and follow up the research and development schemes. 
They will develop schedules for long term research 
and arrange for short term studies. They will 
schedule the training particular« leading to a contin

uous promotion for local skills. They will establish 
a permanent system for follow up proceedings. Furth
ermore, this section will perform continuous efforts 
for exchange of technical information and promotion 
of international contacts for cooperation in the 
fields of industrial development.

6. Department for pilot studies :
This department will he responsible for pilot plant 
affairs starting from machinery design, supply, er
ection, and operation for conclusion of adequate sol
utions for occasional problems. The pilot plant has 
no limited scope but depends upon special design in 
accordance with the specific question to be tackled, 
formally it would necessitate an intensive capital 
investment open to various forecasting possibilities. 
Eence it would be foreseen for Inter stages of execution.



- k2 -

This department will be composed of 10 persons 
covering activities of 2 sections : 2 engineers +
4 technicians to perform pilot tests, and 3 for 
repairs and maintenance of the pilot plant equip
ment. This group will be composed of a mechanic 
capable of electrical cc oxy-acetylene welding, and 
an electrician with some knowledge about basic pre
ventive maintenance for instrumentation. This 
group vili be able to wake simple spare part6 oade of sheet 
metal.

7. Department for financial and administrative services 
This department will comprise 5 officials : the
manager for the department & an accountant to deal 
with all financial affairs k a storekeeper who will 
take care of stock keeping as well as purchase ques
tions, and 2 officers for settlement of personnel 
affairs including attendance, leaves, insurance, 
medical treatment ....etc.

The total number of full scale would therefore 
be 80 persons. The research and development center 
would be mainly concerned with questions concerning 
the large and medium scale cement plants.



UBIPO/UHDP ASSISTANCE

Cement industry has realised a remarkable 
expansion to cope with the rapid development. The 
major part of cement is produced by small scale 
cement plants with shaft kilns and wet process 
rotary kilns. The present cement industry needs 
a lot of efforts to overcome difficulties being 
encountered with raw materials heterogenity, high 
energy consumption and distinct environmental nu- 
issance. The national development plan requires 
appreciable expansion of cement industry in the 
form o f ameliorations and extensions for the pre
sent plants as well as installation of new cement 
projects in line with modern techno-economic con
cepts.

is a consequence of the great interest of 
the Government of PRC to promote the cornent in
dustry, the Cement Development Center is being 
constructed to »apport to development of cement industry.



UIiIi)G/UKD? assistance is required for start
ing up the center's setirities sad supporting its 
performance in approaching the ambitions targets.

Based upon the experience gained from the cement 
Btudy tour, and considering the actual requirements 
for proper functioning of the Cement Development 
Center, a draft project proposal is drawn up in 
annex X  for assistance during the first b

years of operation ( 1982-1985). The project pro
posal comprises the most important assistance com
ponents :-
- International expertise in the for» of short tera 

consultancy covering the following disciplines
11.01 : Technical advice.
11.02 : Testing Sc evaluation of raw materials.
11.03 : Laboratory tests
11.04 : Ha?/ mix design & pilot tests
11.05 : Process Design.
11.06 : Equipment selection.
11.07 : Machine design.
11.08 : Instrumentation & Control.
11.09 : Computer science 5c technology.
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Training in the form of fellowship programmes 
for national specialists, study tours for key 
personnel of the j w m t  industry, sad in-service 

training for adaption of reeeat technology to 
Chinese sorting conditions. The proposed fellowships 

cover the following fields

31.01
31.02
31.03
31.04
31.05
31.06 

31.07 
31108
31.09
31.10

Laboratory research.
Application of low grade materiods. 
Application of fly ash.
Preblending of raw materials. 
Roller mill technology.
Preheater and precalciner.
Dust collection.
Conveyors and cement despatch. 
Automation and control, 
feasibility studies.

Supply of a language laboratory to increase foreign 

language skills of nationals enabling them to benefit 

— n y  of the above-aentioned training. Supply of 

research equipment with special nodern scientific 

features where the international practice is highly 

appreciated.



II. RECOOîEEUàTICHS

On the basis of abovementioned informations, 
the following measures are recommended :- 
üUDO/UBih* Assistance

For starting up of the Cement Development 
Center of China with appropriate set up and rat
ionalized activities, it is highly recommended that 
UliIDO/UIïDP assistance would be extended in accord
ance with the project proposal detailed in Appendix 
5.11 comprising :
- International expertise in the fora of short ter* consultancy.
- Training to be achieved in the farm of fellowship 

programmes for national technical personnel in 
various fields of industrial technology, study 
tours for key personnel to keep in touch with 
foreign technologies and international firms, and 
in service training for language and professional 
studies.

- Supply of research equipment having advanced te
chnological features.
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Tile said project proposs' is drawn up for 
the period of 4 years 1932-1935, before the end of 
which the situation may be reviewed for conclusion 
of further action to be taken ir this concern.

Training
To meet yrith the planned activities of the 

Cement Development Center in the field of research 
and support to cement industry, and as a pre-requ
isite for the anticipated development for the forth- 
comming phase :n line with modern trends of indust
rial technology, training is of top importance and 
close necessity. National experts should be sent 
abroad to live in the industrial works, to get acqu
ainted v/ith philosophy of machine suppliers, and 
witness research work achieved by development ass
ociations, so as to follow up international indust
rial development, trace the latest achievements in 
process and design technology, and transfer all pos
sible know-how to the Chinese practice.

This should be supported by study tours to see 
the implementation of modernization and practical 
advantages thereof. In-service training is of spec
ial importance for adaption of r- dern techr^lcgy to 
the Chinese working conditions. All abovementioned
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activities are included in a comprehensive pro
gramme detailed in aforementioned project propo
sal for UlïIDO/UïsDP assistance.

Language Studies
It is essential to master a foreign language 

in order to establish the necessary link with the 
international technology through training proced
ures, technical publications, and scientific journ
als. It would be advisable to start with English 
language as numerous nationals have already some basic knowledge

This sort of preparatory language education is foreseen as one of 

the local activities covered by the project proposal.

Rav materials studies

Should be adequately performed for providing 
supporting information for the existing plants. 
Moreover full surveys are required in various loc
ations to be clarified through geological investig
ations, chemical analysis , and physical tests to 
avail comprehensive basis for feasibility studies 
for establishment of new projects.
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Process Conversion

It should, be profitable if some wet process 
production lines would be converted to dry process 
technology with flash furnace precalciners in or
der to raise production capacity and economize heat 
energy consumption. However a careful study has to 
scrutinise every particular case to conclude the 
suitability based upon techno-economic factors. In 
general it would be the most advantageous to design 
completely new plants based upon well prepared feas
ibility studies, adopting the most recent concepts 
for energy conservation and environmental protection. 
The old works will have to be assisted to overcome 
eventual problems, t o  carry cn with their role in 
production.

Plant Size
The modem economical considerations are in 

favour of larger production units for the sake of 
lowest capital investment and production cost per 
ton of cement. However various difficulties are pra
cticed with units of excessive size. The expert 
shares the recommendation already concluded to go for 
kiln sizes of 2000-4-000 t/d. The project location will



be subject to a close feasibility study to deter
mine the well suited distribution center with ec
onomic means of transport, taking into consider
ation the economics of raw materials transport.
In distant land locked areas: medium and small 
scale plants will have to be considered.

Local machine manufacture
Por rationalized local machine manufacture: 

specific specialization wo^ld promote continuous 
progress of machii components in terms of design 
particulars and material composition. Some design 
criteria have to profit of up-to-date achievements 
for advanced industrial technologies, especially 
in the field of power consumption, efficiency of 
homogenization, accuracy of weigh feeding, and in
tensity of dust collection.

Energy"Conservation

While planning for new cement projects, and 
whenever feasible in the course of amelioration of 
the existing cement plants, aspects of energy cons
ervation should be adequately considered. Points of 
special importance should be taken into considerat
ion whenever possible such as :



Transport of raw materials by rubber belt con
veyors, appropriate proportioning of raw mix 
components with industrially proven moduli, 
adjustment of burning conditions, rationaliz
ation of grinding parameters, adoption of dry 
process with flash furnace precalciners, ade
quate preblending of raw materials end homogen
ization of raw mix, efficient dust collection & 
recirculation, promotion of bulk cement despatch, 
increasing production of blended cements. Other 
minor factors would also be considered.

Blended Cements

The production of blended cements should be 
highly promoted. Thorough investigations are to be 
performed upon various mixing materials originating 
from natural or artificial pozzolanas. The develop
ment may be extended to production of mixed cements 
with inert mixing materials that have to be properly 
selected to have hard grain texture so as to act as 
grinding media for disintegration of clinker partic
les in the final grinding. The production of blen
ded cements involves the application of national re
sources to increase appreciably cement production 
capacity just by utilization of extra cement grind
ing capacity, but with the same clinker producing
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installation. This is a well distinguished means 
for energy conservation, as it involves the ut
ilization of mixing materials which need no pyro- 
processing and would therefore consume no energy 
in this phase.

Environmental Protection

Should be adequately planned. Eew projects 
located out of the city skirts will be approached 
by housing and agricultural activities. The present 
environmental tolerance will be reconsidered in the 
near future with the growing community demands. The 
recovery of dust represents winnings which may pay 
for environmental protection installation in the 
long run.

Automation and control
Should be tackled with extreme caution to in

troduce the extent suiting the general conditions 
in PRC. It would be most feasible to allow for the 
automation and control absolutely necessary for pro
tection of installation against abnormal operational 
particulars and rationalization of production process,
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giving prior importance to the numan resources, 
freely available at a high degree of industrial 
adaptability. Automation and control installation 
should be restricted to the level to be handled 
and maintained by specialized nationals, who should 
receive utmost attention in suitable fellowship programmes.

Organization Scheme

The organizational parameters of the Cement 
Development Center were concluded with the Chinese 
group according to the organization chart drawn up 
in annex VIII which is recommended as a start to 

be applied as basis for recruitment of personnel.
It has been taken as a guide for establishment of 
training plan. The proposal is composed according 
to the general set up of the center being built up 
of 6 technical departments headed by the Chief eng
ineer of research and development, & financial & 
administrative department headed by the respective
manager.
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Aparatus Su pply

According to the general set up of the Cement 
Development Center, and based upon conditions 
drawn up from the experience of the study tour the 
recommended equipment are enlisted in annex IX, 
comprising :

Proposed equipment, for purchase during 
Î  ± from the ongoing project DP/PRC/80/
010 whereby a sum of US $ 92 200 was
foreseen for nonexpandable equipment. 
Proposed purchase list of equipment cov
ered by the proposed assistance project.

Both lists are arranged in order of priority,
with technical specifications for international
bidding. However, some items are recommended ( by
the Chinese group ) from specific suppliers due to
technical superiority reported by international
experts during the study tour. The 2 lists comprise
research equipment to be imported due to special
technological features.

proposed local supplies for the chemical 
laboratory.
Proposed Local supplies for Physical Lab.
n It fl H concrete Laboratory



Annex I

TRAVEL SCHEDULE 

ADOPTED TOR THE STUDY TC’TR

25.3.81 Arrival at New York, USA
26.3.81 Fellowship section, Office of Technical 

cooperation, UU, HY, USA.
01.3.81 Flight: Hew York-Allentoun/Bethlehem, 

USA.
2-5.3.31 Fuller Co., Bethlehem (Pennsylvania), 

USA.
05.3.81 Flight: Bethlehem-Albuquerque, USA.
06.3.31 Tijerws cement plant (Tijeras,

Hew Mexico), Ideal Basic Industries,USA.
07.3.81 Flight: Albuquerque-Bimingham. USA
08.3.81 Ragland cement plant (Ragland, Alabama), 

National cement Co.,USA.
09.3.81 Flight Birmingham - Knoxville, USA. 

Knoxville cement plant ( Knoxville, 
Tennessee), Ideal Basic Industries, USA. 
Flight Knoxville-llobile, USA.

10.3.81 Theodore Cement plant (Mobile, Alabama), 
Ideal Basic Industries.
Flight : llobile-San Antonio , USA.

13.3.81 Balcones Cement Plant (Braunfels,Texas) 
General Portland Inc. USA.
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14.3.31
lb-17.3.81

17.3.SI 
18*19.3.81

20.3.81

23 . 3.81

24.3.81
25.3.81

26. 3.81 
27.3.81

23/29.3.81

30.3.81
1-2.4.31
3.4.31
5-4.81
6.4.81
7.4.81

Plight : San Artonio - Llilwauket, USA.
Allis Chalmers Co. (Eiltrawkee» Wisconsin), 
USA.
Plight : mímete— -Chicago. DBA.
Portland Cement Association 
( Skokie. Illinois ), USA.
Plight : Chicago - San Francisco, USA.
PermanenteCement Plant. Kaiser Cement Co., 
USA.
Travel : San Francisco-Santa Cruz, USA.
Davenport Cement Plant, lone Star 
Industries Inc., USA.
Plight San Francisco - Washington DC.,USA.
US Office of International Visitors 
Program, National Ash Association, IFC, 
Washington DC, USA.
Plight : Washington - New York - Prankfurt- 
Cologne P R G.
Carl Duisberg Gesellschaft, Cologne FRG.
K.H.D. Industrieanlagen A.G., Cologne,FRG.
Cement plant Fortuna, Geseke, FRG.
Trip Cologne - Beckum, FRG.
Readymir Zenentwerke, Beckua, FRG.
Zemlabor : Institut fur Baustoffprufungen, 
Beckua. FRG.
Dyckerhoff Cement Works Kark II ,
Beckum, FRG.
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3.4.81
9.4.81

10.4.51 
13*14.4.31

15.4.81
16.4.81 
23/24.A.31
25.4.51
27.4.31

23.4.81

29.4.51

30.4.31 
1/2.5.81

Krupp Poljs jji s AG, Eeubeckum, PRG.
Alsen-Breitenburg Cement plant at Laeger- 
dorf, VRG.
Trip Beckum-ilesbaden, PRG.
Dyckerhoff Engineering GMBH,
'iiesbaden, PRG.
Trip *V’iesbaden-Cologne/Bonn, PRG.
Plight Cologne- Prankfurt-Vienna.
Plight Vienna-Beijing.
Briefing at UBDP Beijing.
Visit to Cement Development Center &
Tian Jin Cement ‘A’orks.
Visit to Capital Cement Plant in L* Lee 
Hou
Discussions with officials from the 
Ministry of Building Materials Industries.
Discussions at UEDP Beijing.
Plight Beijing-Vienna.
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Annex U

PERSOHHEL MET DURING THE STUDI TOUR

A) USA ;
- Us. Hina Silvers : Fellowships Section,

Office of Technical Coo- 
operation, UE.

- Ur. T/aldemar B. Stack :Program Officer,
Division of Professional 
Gov. exchange,
Office of International 
Visitors Programme,
Bureau of International 
Labour Affairs, US dept, 
of labour.

- Hr. Richard G. Sch'lauch : Vice President,
Process products & Project 
division, Puller Co.

- Lir. G. Kris Kapoor : Ass. Vice President,
International regions, Puller 
Co.

- Ur. Edward B. Greef: Regional Manager, Par East,
Puller Co.

- Ur. Li Pu : Ass. Regional Manager,
Par East, Puller Co.

- Ur. Peter Beckschi : Manager of training, Puller
Co.

- L'.s. Josephine Gibson: Training Coordinator,
Puller Co.
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Dr. George R. Gouda : Manager, Cement Technology,
Puller Co.
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Annex III

TSCFWOI/vrr n T VISITED CEMENT WORKS

A. United States of America

1. TIJERAS CEMENT WORKS: IDEAL CEMENT CO.,
HEW MEXICO:
The most important features in this plant are :

- Limestone is crushed through 2 stages with a sieving 
device in between. The raw mill is closed circuit 
whereby hot gasses from the kiln are used for raw-mix 
drying down to 0.5 % moisture content.

- Two long dry-process kilns were operated with natural 
gas. With the continuous inflation of oil prices, 
both kilns were converted to coal firing since 1977 
and the gas firing system is still kept for emergency 
cases. A 2-stage preheater was introduced with an em
ergency air damper for protection of preheater entr
ance. Each oi both kilns was shortened by 21.336 m., 
and 3 circles of refractory castables were adapted to 
kilns lining. The rated output is now 750 t/d for 
each kiln with an increase of 31 and the heat energy 
consumption has been down to 730 K cal/Kg with a redu
ction of 28 %.

- T. raw mix is composed of 4 components : lov; £ high 
grade limestone, clay, iron ore. Raw mix design is 
worked out by the chief chemist according to analysis 
results, provided by an AR1 x-ray analyser and print 
out by an analysis computer. Automatic sampling ■''or
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raw nix is achieved through a sampling screw where
by hourly samples are transported to the x-ray anal
yser for routine control, according to which the 
components proportioning is automatically adjusted 
by a process computer, which also monitors the 
production process particulars.
Before the conversion, the final grinding capacity 
was ample for grinding all available clinker, but 
lately an extra cement mill has been erected to 
raise up the cement production capacity of the whole 
plant up to 450 000 t/y.
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2. CTOXVTLLE CPtEKT PLAWT: IDEAL BASIC INIXJSTXIES,

TBWESSEE *
This plant represents a typical case of process 

conversion involving the following particulars :~
- The raw mix is prepared by a 3000 HP Hill,

12.192 i to 3.658 m., with classifying lining 
plates. The mill was converted from wet to 
dry grinding with the process onversion in 
1979. The raw mix was then ,'ovided with 3 
blending units each composed of e homogenizat
ion installation constructed over a storage 
silo with Claudius Peters pneumatic equipment 
for continuous blending system with 10:1 red
uction of standard deviation. The raw mix con
veying is handled by air lifts.

- A dry process Puller kiln : 50.292 x to 3.653 m,
rotation speed 3.3 rpm, with a flash furnace 
4-stage suspension preheater, rated production 
capacity 1540 t/d which could attain 1814 t/d, 
with grate cooler, has replaced four wet pro
cess kilns since 1979. Firing is accomplished 
by coal in presence of natural gas installation 
for starting up. Provision is foreseen for oil 
firing whenever necessary.

An alkali bypass is provided for bypassing up 
to 35 % of total air draught, although satisfactor 
operation could be achieved with o Vo bypass. A 
bag house dust filter is performing satisfactory 
performance.
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Pinal ¿rinding is accomplished by 2 ball mills 
of 2000 IIP, dimensions 9.754 z t  3*353 m. prod
ucing 500 000 t/y. A Puller Kenyon pneumatic 
pump is applied for conveying cement to storage 
silos.
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3. THEODORE CPfflrT TLABT. IDEAL BASIC IHOTSTRIBS.

MOBILE. ALABAMA.:

1.234 Liliion t/y plant under construction, 
anticipated start up around July 1981. The following 
features were identified :
- Moisture abnormally high in raw materials, averaging 

22 % which renders a sticky constitution with a very 
poor flowability in general and with remarkable adh
erence to silos Sc bins. Still the dry process is 
adopted, using rotary dryers utilizing hot gases from 
the grate cooler and additionally an accessory hot 
gas generator. Sand is ground in a wet ball mill as 
environmental protection against silicosis, and due 
to the sand texture known to be of harder grindabil- 
ity than limestone shd clay which are especially eas
ier to grind.

- Raw grinding by a roller mill of 3500 HP, comparat
ively small due to easy grindability of raw materials.

- Rotary kiln of Allis Chalmers design, 4170 t/d rated 
production capacity, 0 4.877 m &. length 54.864 m, 
grate clinker cooler with 9 chambers Sc automatic dust 
emptying. Dust collection by a bag house with glass 
fibers tube filters.

- Pinal grinding by FLS cement mills driven by twin 
motors of 6500 HP and symetro gears, final cement 
passed in a cement cooler.
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Cement storage silos of 43000 t storage capacity, 
despatch adapted for navigational shipment for 
covering requirements of the golf coast area.
Hot gases from the grate cooler and accessory heat 
generator will be applied for the rotary dryers, 
flash calciner and raw mill.
An emergency power generator is installed for kiln 
stirring Sc water pumps operation when the electrical 
current is interrupted Sc in cases of fire break out. 
In addition to the computerized interlockings, the 
central control is provided with a complete analogue 
system for operation in cane the computer
control is out of function.
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k . RAGLAHD CIMEirf PLAJTT. HATIOKAL dMEHT Co.. ALABAMA:

In this plant there stands the world's first 
totally coal-fired flash calcining system equipped 
with an alkali bypass. The following achievements 
were noted :
- Modernization of the plant was accomplished by in

troduction of SF system which involved shortening 
of the 4.11/4.572 mi) kiln from a length of 152.4 m 
to 98.755 m. The kiln rotation was speeded up from 
maximum speed of 1.33 to 3.50 BPLI which involved 
the substitution of the original two 150 HP motors 
by two new 300 HP dc motors. The kiln rated prod
uction capacity was raised from 1060 to 2000 t/d, 
which now attained 2300 t/d. The horizontal 15.240 
z. 3.048 m Puller grate cooler was modified to incl
ude an inclined grate over the initial third of ics 
length to allow for the higher production.

- The coal is ground by an 8.5 t /h Loesche air swept 
roller nill down to 20 % residue over 200 mesh. The 
drying air branches off the hot gas duct from the 
clinker cooler to the flash calciner. Dry pulverized 
coal from the roller mill passes through a cyclone 
and is transported pneumatically to a low pressure 
drop splitter for providing equal flow to each of the 
three flash furnace coal burners. The original oil
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& gas burners are kept for application in emergency 
cases. The coal applied has about 30 % volatile 
matter and leaves 14 % ash for which the raw mi-r 
design accounts. The 3F firing system utilizes 
primary air from pneumatic conveying.
An alkali bypass is erected with a quench air fan 
and a conditioning spray tower. However the bypass 
is out of operation in virtue of chloride free raw 
materials applied for the time being.
The original ball mill was replaced by a Loeshe 
airswept roller mill, sized for production of the 
increased raw mix requirements, using hot gases from 
the preheater exhaust ior drying raw materials.
The conversion proceded without stopping the plant 
by installation of most of the substantials includ
ing the civil construction, suspension preheater, 
precalciner, alkali bypass, raw meal Fuller—ILinyon 
pneumatic com raying a j a r * a, tad a central control 
panel. Then the plant was shut down for cutting the 
kiln and accomplish^ it of connections, so that the 
dorm time could be reduced to six weeks after which 
the newly modernized plant resumed a smooth operation.
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- -A remarkable incident is that the linestone quarry 
pit was recently innondated by water that leaked 
from a neighbouring artificial lake after a heavy 
rain. The limestone crusher and quarry hauling 
equipment disappeared under water and the rubber belt 
conveying limestone from the quarry site to the fac
tory became out of function. A thorough investigat
ion was ready for another concession from a previous 
raw materials prospection. A new limestone quarry 
was opened, and was provided with a mobile crusher, 
adequate drilling and hauling equipment. Limestone 
transport, which has then been organized by dump trucks 
was interrupted for only two weeks, during which clin
ker production was continued in virtue of ample stocks 

- A limited part of the production is finally ground as 
masoni ry cement whereby the limestone texture is suit
able and the market demands are adequate.
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5. BALCOHES CEMEHT PLABT. GEHSRAL PORTLAND IHC..

ERAPHFELS:
A newly installed plant with modem process 

technology and latest central control and computer 
incorporation. The following innovations were seen:
- Crushed limestone and clay are stocked in two raw 
materials storage halls ( storage capacities 24000 
Sc 6000 t respectively). Stacking is accomplished 
by an overhead shuttle belt conveyor in the form 
of a conical heap which is extended laterally by a 
shifting motion adequately adjusted through an echo 
system. Materials are reclaimed by a side scraper 
reclaimer automatically controlled to dump the sides 
on a rubber belt conveyor in a preblending sequence.

- The raw mixture is composed of three components
( limestone, clay, iron source ). Each is fed to a 
360 t/h roller mill from a buffer hopper through 
synchronised constant weigh feeders. She raw mix 
proportioning is effected by a computer, based upon 
computed x-rays diffraction analysis.

- The fines from the roller mill Sc dust reclaimed by 
the electrostatic dust precipitator are conveyed by 
a series of screw conveyors to an aeropol blower 
which blows the procedes up to the top of homogeniz
ation system, based on continuous blending by over
flowing successively over seven head silos to each 
of the lower storage silos, from which the raw meal



- 7c

is lifted by a bucket elevator to a buffer bin, 
dozed by a Schenck weigh feeder and blown up by 
an aeropol blower to feed the kiln suspension 
preheater.
The kiln (2500 t /d, 73.152 x t  4.597 m ) is 
coal fired with provision for oil or gas firing 
when required. The firing system is designed 
with dual function for the kiln and future pre- 
calciner with the possibility to devote all fir
ing capacity to the kiln whenever the precalciner 
is out of function. The produced clinker is coo
led by a Puller grate cooler with automatic dust 
emptying to a reclaiming drag chain conveyor. Hot 
gases from the grate cooler are applied at present
for the oriaarv and secondary kiln air requirement», vbereaa
the surplus air is exhausted through gravel bed 
filters at present and until the erection of pre- 
calcination installation at a later stage. Clinker 
is conveyed by a deep bucket conveyor to 4 clinker 
silos ( each with 8000 t storage capacity ).
Cement grinding is accomplished by 2 finish mills 
( ball type with classifying liners, installed power 
5000 HP, rated output 96 t/h) provided with cement 
coolers. Grinding Blaine Specific Surface area is
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governed from the central control panel by handl
ing the separator parameters. .Résultant cement is 
conveyed by a rubber bolt conveyor to the bottom of 
cement storage silos ft*«» «here it is blown np by an 
aeropoi blower, a system which has been found to be 
the most economic with regular uninterrupted operat
ion.
Cement is despatched in bulk from 3 loading stations 
equipped for filling railway waggons, .wo of the 
loading stations of dual purpose, additionally for 
filling silo-trucks. The loading operation is comp
uter controlled to adjust the flow speed and charge 
weight.
?/ith the said computer control the shift operation 
is maintained by only 4 persons: Production supervisor, 
Production assistant, Central control operator, Qual
ity control chemist. An administration computer cont
rol is extended to follow up maintenance time recorded 
by badge readers and hence organize maintenance cost 
when computing essential information of work orders.
The identification of preventive maintenance proceed
ings and spare parts ordering are also computerized. 
However a complete analog system is foreseen for Mutual 
operation which has been adopted during the starting 
up untili the computer component transactions are succ
essively put into operation.
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6 . PERKABEHTE CB1EBT FLAHT, KAISER CBCEHT CORP. .
CALIFORNIA:

Modernization has been achieved to make it one 
of the most modern and cost efficient plants;

A production line with a preheater precalciner 
dry-process kiln, which is presently under commiss
ioning, will replace the old 6 wet process kilns 
which will be abandoned upon eowpletinn of the sche
duled phases, The following remarks upon the new 
production line were noted :-
- The kiln is equipped to b u m  principally coal,with 

provisions for oil & natural gas. Coal ash is worked 
out as a part of reacting components in the burning 
p. ,ess and sulphur content is taken as a natural 
scrubber for stabilization of alkali content.

- Limestone and clay are crushed seperately in 2 stages:
primary : jaw crusher, and secondary : gyratory
crusher. Primary storage piles are built by a trav
elling tripper; storage capacity for high grade lime
stone 47000 t , for medium quality 52600 t , and for 
clay 2130C t. The three components are proportioned 
through weigh feeders to a 3nd. closed circuit gira- 
tory crusher. The mix is transported to a sampling 
tower vhere the seamles are automatically extracted,

I
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crushed, and analysed for further re-adjustment. 
Preblenciing is accomplished in a circular dome 
structure where rav/ material is deposited by a 
radial stacker and reclaimed by a cable scraper 
along the cross sectional area, for feeding the 
preblended bins. High grade limestone is used for 
corrections and adjustments. The raw mix is comp
osed of limestone, laterite, dross, and iron ore 
additive.

Raw grinding is effected by two 16.266 x $ 4.597m, 
5800 HP, 200 t/h center-peripheral discharge mills, in 
closed circuit with bucket elevators, air slides and 
air seperators. Hot gases from the preheater are used 
for drying the raw mix from 4.5 % to 0.5 % moisture con
tent. Partial dedusting is effected by cyclones and 
final dedusting is accomplished in bag type dust coll
ectors Y/hereby dust is recuperated to the same bucket 
elevator to the blending silos. Raw mill product stream 
is continuously sampled for quality control through 
routine analysis. Raw mix is conveyed by air slides and 
bucket elevators, and radially discharged through dis
tribution boxes into two 7700 t mixing chambers homogen
ization riles. Blended products are combined and routed 
via an air slide and bucket elevator to the kiln feed bin.
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a complete stand-by transport system is provided for 
ensuring uninterrupted kiln feed.

The kiln is 76.2 x t> 4.377 1 , 3-2 rpm, v/ith refr
actory lifters, dual string 4-stage suspension preheater 
with swirl precalciner, where raw meal is 90 % calcined. 
Firing is arranged for coal with provisions for oil and 
natural gas. Hot gasses from the reciprocating grate 
cooler are used for kiln combustion and for swirl pre- 
calciner. The system of refractory lifters promote ex
posure of kiln charge to tne hot draught. Hot gasses 
exiting the preheater are diverted to raw grinding a 
coal disintegration. In case the grinding systems are 
not functioning, the hot gasses are cooled through an 
air to air heat exchanger before running through the bag 
filters. The partially cooled clinker procedes into two 
G-coolers, where an indirect heat exchange urops the 
discharged clinker temperature to S2°C, after which it 
is conveyed to two clinker storage silos of 41000 t 
capacity. A provisional 1000 t silo has been foreseen 
for high free lime clinker.

Coal grinding end drying is accomplished in two 
bowl mills, for the requirements of kiln and precalciner 
being 40 h 60 £ of coal successively. Hot inert gasses 
from the preheater are used for the bowl mills. Pulver
ized coal is retained through a classifier and cyclone. 
Exhaust air is blown out through a bag type dust collector



Final grinding is accomplished by the existing 
finish mxlls, being capable of grinding 5000 t/d of 
type 1 cement. Cement storage capacity is 940001.
The existing cement grinding and storage facilities 
will be in use until the next stage of modernization.

The process and operation are designed and 
controlled by digital computer systems operated with 
a light pen and type-writer terminal : one system for 
motors monitoring and the other for process control.
A third computer is provided as stand-by to function 
v/henever one of the said computers would fail. Addit
ionally 50 analog output stations are prepared to con
trol vital operating parameters in case of total fail
ure of the whole computer systemsc Moreover the plant 
is provided with the most modem system for scanning 
the whole kiln sholl temperature with a graphic display 
upon the control panel. The system is adjustable in 
terms of maximum temperature alarm and magnitude of a 
specific area, with the possibility for exposure of 
the whole shell circumference whenever required.
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7 .  DAVEUPORT CEMENT PLiJT, LORE STAR nroUSTIRCTS. SAWTA CRUZ. 

CALIFORKIA:

Modernization has been achieved by installation of
ii'i’a dry-process rotary kiln with flash furnace precalciner 

suspension preheater, a variable bypass system to incre
ase the cre-to-waste ratio from 4:1 to 12:1 and still 
produce low alkali cement in accordance with requirem
ent cf the present code of practice. The related proc
essing equipment has been provided from raw materials 
reclaivi up to the cement silos to replace the old wet pro
cess plant, raising the annual production capacity from 
363 000 t/y to 703 000 t/y, and bringing the plant into 
compliance with the environmental lavs and regulations.
A reduction is anticipated in calorific consumption from 
1305 to 930 Kcal/kg clinker, and in labour requirement 
from 0.9 to 0.41uanhour per ton cement. The new insta
llation is under commissioning, after which the old plant 
comprising 3 bepol kilns will be abandoned.

The plant visit revealed the following main features 
- The raw material reclaim comprises 2 areas:

a- Limestone and shale to be received from the exis
ting quarries via an overland belt conveyor across 5.£ km, 
to be stacked in 3 stock. p_les: shales, and high & low 
grade limestone, each of which is reclaimed by an apron 
feeder controlled by a belt scale.

b— Sand and iron ore for composition adjustments. 
Both are conveyed to storage bins from which they are



extracted using weieh—  feeders to a common conveyor 
system with limestone and shale to the raw materials 
surge bin mounted on load cells controlling the weight 
of overall flow to the raw materials grinding ystem.

Raw gindings is effected with a roller mill driven 
by a 1750 HP motor, rated production capacity 170 t/h of rav 
mix with a fineness of 8 0 %  passing 200 mesh screen, 
where drying is accomplished by exit gasses from the 
kiln system from 7.7°/e down to 0.5 %  moisture.

Exhaust gasses are dedusted by an electrostatic dust 
precipitator.

A emergency air heater is installed to provide add
itional beat whenever raw materials moisture exceeds 7 . 7 %  
or the kiln system is operating at more than 5 0 %  bypass.

Homogenization is performed through blending chambers 
system in 2 silos of 3000 t each, reducing chemical flu
ctuations by 15:1 in terms of standard deviation.

Coal is dried and ground in a bowl mill designed to 
handle coal feed of 1 0 %  moisture. Drying is accompli
shed by low oxygen gases from the preheater exit. A boo
ster fan is used to overcome the negative static pressure 
at the preheater exit. Pulverised coal is collected in 
a surge tank from which it is pneumatically conveyed to 
-he kiln firing and precalciner through 2 neigh-feeding 
systems. The kiln feed system consists of a metering and 
air lift systems feeding through a rotary air lock and 
tripping valve thus availing a double seal protecting
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The kiln is 56 x 0 3.962 m, rated at a daily production 
of 2050 t, designed to accept a feed of 1 . 3 %  total 
alkali and 0.5 %  moisture content . The bypass system 
ii designed to be operated at 50-100% bypass to secure 
clinker production of less than 0 . 6 %  alkali content.
The clinker is cooled down to 65°c in a Polax cooler 
with 3 grate sections of vhich 1 is inclined ♦ 2 hori
zontal, with 9 undergrate compartments and 7 undergrate 
cooler fans with hydraulic drive system. The cooler air
flows as secondary air for kiln burning zone combustion and 
tertiary air to the precalciner and excess air is vented to

the atmosphere through a graval bed filter. Exit gasses 
from the preheater are passed through a conditioning 
tower for adjustment of temperature for raw mill safety, 
and moisture for efficient operation of electrostatic 
dust precipitator.

Pinal grinding is accomplished by 2 finish mills
11.633 x 0 3.658 m, driven by 3000 HP motor, rated at a

2production of 60 t/h at 3700 cm /g Blaine specific surf
ace area. Produced cement is passed through a cement cooler 
for avoiding complications in poor flowability from cem
ent silos.

The central control system is incorporating motor and 
process control system distributed o^er 5 major areas. 
Overall sypervision of the system is monitored from the 
central control, whereby the operator can change set poi
nts as well as start ana stop in plant sections in any of



the remote devices from the operators console. A compu
ter generates graphic displays and performs aore complex 
process loop control than is possible with the remote 
process control devices. A back-up system is provided 
for intermediate control. If the computer fails, the 
system will continue to operate with the only loss of 
graphic display, the more complex process control loops, 
and miscellaneous alarms not critical to plant operation. 
The central control room is provided with a closed circ
uit T V system with cameras which can be focused at 
points of special importance.
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B. Federal Republic of Ger«»Tiy

1. FORTUKA ZEMEWTWERKE, GESEKE

The visit to this plant vas arranged by Humboldt-Vedag 

in order to doonst.'ate latest achievements in ameliorating 

and increasing the production capacity, cutting dovn the heat energy 

consumption and the appropriate planning to minimize production 

losses. The restructured plant stands as a representative 

example for upgrading plant economics through a veil-tailored 

modernization.

A dry process kiln with dimensions 50 x 0 3.2 m was 
first installed with a four-stage suspension preheater.
A second string of pyroclon was lately introduced. The 
civil and erection work was performed while the kiln was 
in operation. The stoppage was therefore reduced to a 
very short time for the connection between the old and 
new parts and for ¿unction of the tertiary air duct from 
the grate cooler to the flash furnace. The rated produ
ction capacity for the kiln was consequently raised from 
650 to 1500 t/d of Poytliand clinker. The modified inst
allation is still under commissioning, and the practical 
results for the fuel economy are not yet fine«lly establ
ished. However the target is a heat energy consumption 
of 760 K cal/kg. clinker, to which the results attai
ned so far are close.
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2. KEADYMIJ ZEMBNTWSRKE, BSCKUK

In Readymix Cement Works in Beckum, a model is dem
onstrated for economical extension achievement. The
plant visit revealed the following:-
- In 1971-1972 an extension was installed by addition of 
a complete new production line of 1 million t/y, with 
modern concepts of cement technology and an.ideal speci
fic capital expenditure of about 58 DM/t of installed 
capacity. The investment has be«.n retained at a satisf
actory rate through the economical cost price in virtue
cf well planned lay-out and experience of personnel, inv
olving 4630 t yearly prcduction/worker, heat energy co
sumption of 755 K cal/kg clinker, and electrical energy 
consumption of 85 KY/K/t of produced cement.
- The raw mix is composed of 8 0 %  marl + 2 0 %  high qu
ality limestone.

The marl is crushed by a 650 t/h Hazemag single rotor 
hammer crusher, then transported to the works on a rubber 
belt conveyor. The raw mixture is disintegrated by a 
Pfeiffer r«.31er mill, driven by a 1000 KW motor, rated 
at 210 t/h of raw mix with a fineness of 1 0 %  residue 
retained upon 4900 mesh sieve, whereby the exhaust gases 
from the preheater are used for drying and carrying up 
of fine raw mix to an electrostatic dust precipitator 
preceeded by a settlement chamber. The raw mix is moved 
out by a screw conveyor to air rifts that transport the 
raw mix up to the storage silo of 6500 M- storage capac
ity. The homogenized raw mix is conveyed by air lifting
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to feed botn preheater strings.
- The kiln is 80 x 0 5*3 m, capacity 3000 t/d d: jker 
with 105 t/h of raw meal totalling 210 t/h, with a 
conversion factor of l.fc’8. The heat energy consumption 
is 755 Kcal/kg of clinker, in virtue of 2 ry firing in 
a precalciner whereby 8 5 %  fuel ail + 1 5 %  of coal 
are presently applied to maintain a temperature of 
900°c. Required oxidising air for both precalcination ana 
sintering processes passes throngk the clinker cooler 
and rotary kiln. Through precalcination the said econo
mic parameter of calorific consumption is realized and 
regular performance is secureds with a consequent longer 
lifetime for refractory lining and thfrefore shorter st
oppages. Acounter-current shaft clinker cooler is sati
sfactorily functioning, coping vdth 3000 t/d production, 
and still overcomming dust and noise problems. With red
uction of moving parts in this innovation 3 0 %  lower 
initial capital cost was invested and minimal wear and tear 
are noted. The produced chinker is transported by a steel 
bucket conveyor to 2 clinker silos of 40000 t storage 
each built up of steel, thus realizing economic investment 
and no high temperature risksr
- Pinal grinding is accomplished by a finish grinding ball 
»ill 14.3 x 0 4.6 m, rated production capacity 150 t/h

pof cement having a fianess of 2600 cm /g Blaine specific 
surface area, driven by 2 x 2200 KW motors, electrical 
energy consumption 30 KWH./t cement. Cement is stcred 
in 2 cement silos, each with a storage capuity of 125001.
Despatch of cement is rated at 600 tn/h: with and average 

of 8 0 %  in bulk and 2 0 %  in bags. Bulk loading is



effected automatically within an efficient self-service 
system. The driver has to switch on the process and al 
then procedes antomatically by computer control aajusti 
ng the cement flow and monitoring the filling rate and 
ae:ght and arranging the end point action. Every bulk 
truck is composed of 3 compartments: 2 for bulk cement 
despatch on the way out of the works and the middle 
compartment for supplying fuel oil on pulverized coal 
to the factory. A magnetic card is processed by the 
computer for billing the despatched cement.
- The whole plant operation is monitored from a central 
control panel, except for a seperate control stand at 
the crusher location and local computer control of bulk 
loading. A TV e n e n  exposes the flame state at the 

central control. Material levels in silos and bunkers 
are detected by Gamma—  Rays installation.
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3. DYCKERHOFT ZfMEKTVKRKE. MARK II, BECKUM:

The visit to this cement plant was organized by Zea- 
labor Beckum as an instance for cooperation in the field 
of quality control and development of cement types mith 
pmoted market demands.

The two - component raw mix (limestone and marl) is 
prepared through a roller mill of 270 t/h productioncap
acity, using hot gases from the kiln exiting the suspen
sion preheater. The system is provided with an electro
static dust precipitator from which fine raw mix + dust 
are retained by a screw convenor, then pneumat Lcally lifted 
to the homogenization system, being composed of 7 top silo 
to be filled by the overflow method, then emptied together 
to a storage siio of 10 DDO t capacity, from where it is 
lifted by a bucket elevator for feeding the kiln heat 
exchanger.

The kiln system is an example for free selection of 
machinery and equipment of specially favourable features 
the engineering work being organized by Drckerhoff 

engineers for harmonization and interlinking between 
various components. The kiln is provided with a four- 
stage Dopol (Polysius) suspension preheater, to which 
Dyckerhoff Engineers intoduced precalcination by firing 
coal and low grade combustibles, composed of motor tyres 
and Inflammable waste materials. The kiln is P.L.Smiath 
89 x 0 5.5 m, production capacity 3 000 t/d, driven by 
twin motors 2 x 400 Kw, with 10 Unax planetary rollers



of tube dimensions 22.3x 0 2.1 m. The cooler system is 
enclosed in a sound prooP chamber for environmental pro
tection, whereby the cooler tubes function is supplement
ed by water cooling. The resultant clinker is then conv
eyed to 3 concrete clinker silos with total storage capa
city of 45 900 t .

Finish grinding is accomplished by a cement ball mill 
dimensions 15.4 x 0 4.4 m, production capacity 15C t/h, 
driven by twin motors 2 x 2000 KW. The cement mill sys
tem is enclosed in a sound proof construction as a measTire 
taken in the co’irss of environmental protection. Cement 
is stored in 4 cement silos of 5000 t storage capacity 
each, from which it is despatched either through an 
automatically adjusted bulk despatch systae, or in paper 
hags by a rotary packing machine.

Automatic control of the process is effected from 
a central control panel with optimum interlocking system, 
monitoring the production process and securing all possi
ble protection measures for machinery and equipment. The 
laboratory is well equipped with control installation, 
including x-ray analysis facilities for routine checking 
of analysis upon periodic samples obtained by automatic 
sampling and pneumatic conveying systems.









I t, ALSEW-BBKTTEHBURG ZEMERTWERKE. LABGERDOKF, HAMBURG:

The plant visit was arranged by Krupp Polysius AG to 

cemonstratate advantageous achievement in conversion of wet 
process into semi-wet technology, introduction of coal 

firing v-ith highest precautions against explosion hazards.
The plant represents an instance for rav materials with 
high moisture and alkali chlorides content necessitatis* rav 
mix preparation by the wet process, then disposal of the 
largest amount of water to get rid of alkalies and attain 
better calorific economy.

Laegerdorf plant was first established in 1884, originally 
had 25 vertical kilns, then extensions were achieved with wet 
process rotary kilns. The last extension has been a semi
wet production line of 3300 t/d.

The raw mix is compsosed of 8 0 %  soft porous chalk with 
over 2 2 %  water and 2 0 %  sticky sea clay with 2 6 - 3 0 %  
water content, quarried by open cost working below sea level. 
The chalk is 9 4 - 9 7 %  mainly calcite, originating from
sludge consisting of shells of dead micro-organisms. The 
clays are deposits of extremely fine weathering products 
of silicate-rich rocks in the sea. Chalk which is mixed 
with washed clay slurry in a slurry drum. Due to the said 
nature of raw materials, in addition to the main question 
of raw materials characteristics and clinker quality, vari
ous factors were taken into consideration including operating 
behaviour, dust extraction, heat and electrical energy consu
mption, labour, maintenance, and investment costs, the 
process v&s designed based upon vet rav materials preparation then



sexi-wet burning with filter cake briquettes and low bypass

In virtue of the fine nature of raw materials, the chalk 
quarry and clay pit represent the storge areas. The pit and 
quarry operations and slurry processing are simple and advan
tageous . The background experience and pilot plant research 
indicated the semi-wet process with 7 %  bypass gas to be 
the most favourable. The system was accordingly installed with 
an output of 3300 t/d with a Lepol kiln installation, filter 
cake of 21.7% moisture content, calorific consumption of 
650 X cal/kg clinker, using automatically operating chamber 
filter presses. Due to the fine plastic water retaining 
nature of raw mix, p iston diaphragm pumps compress the slurry 
ir 100 chambers. The filter cake obtained ia first stored 
in round hoppers and then metered to the screen compactor. 

Electrical power requirement for the kiln including -he 
processing of filter cakes is 18 K"'H/t and for the travelling 
grate cooler 5.5 KWH/t. Electrical energy requirement for 
raw preparation plus kiln system is 30.1 KWH/t. A low dust 
loss of 1.55% of the clinker output has c fabourable effect 
on lowering the alkali level in the clinker, particularly 
since these dusts generally occur in the form of solvable 
potash filter dust.

The kiln is dimensioned 90 x 0 6,0 x 5.6 m, speed 
1.7 r pm, rated output 3300 t/d, designed with high shell 
stiffness for longer lining Jife. The cooler is Recupol 
horizontal travelling grate with cooler waste air recovery 
on the preheater grate. Next to the cooler is a di.se type 
clinker hammer crusher of 1.45 m impact circle diameter 
The travelling grates of the preheater and cooler are



equipped with a central lubrication system. The cooler 
recirculating and waste a_r are freed from dust via 2 x 5  
cyclones to protect the fan. Recuperated dust is fed 
directly to the clinker conveyor. Clinker is removed by 
a scooper conveyor to the clinker bunker of the new cement 
grinding plant of 220 t/h on to the clinker hall of 7500 t 
useful capacity through an cpen draj conveyor with remotely 
controlled switches for intermediate unloading.

The coal pulverization and firing systems wore also 
seer during the plant visit. A central coal grinding and 
drying plant is installed with indirect firing and inter
mediate storage of pulverized coal. Imported coal is 
transported from vessels by railway waggonst self dumping 
into a sub-surface tipping bunker, whereby coal is reclaimed 
to a storage silo. Extraction is effected with an Aumund 
pan conveyor leading to a rubber belt conveyor provided 
with a seperating magnet and an induction probe. An elect
romechanical multiple roller weigher with integrating 
action is incorporated in the belt conveyor for measuring 
the -rate of coal discharge. The coal is then passed thro
ugh a triangular roller screen whereby bulky bodies are 
fed to a hammer crushefwith impact breaker plate. A bucket 
elevator lifts the coal to a chain conveyor delivering* to 
3 storage silos on to the mill feed bin, ahich is provided 
with an ultrasonic level control to limit empty space for 
eliminating excessive air. Coal is fed from the whole 
bunker section, to aviod blockage, over an apron feeder, 
weight monitoring by a drag sensor. Due to variations 
of coal types, an air swept ball mill in applied,



10.2 5 x 0 4.0 m with two compartments predrying 4: grinding, 
with an intermediate diaphragm with lifting scoops. The 
drying compartment, is equipped with flights to lift and 
shower the moist coal through the hot stream. The grinding 
chamber is provide- with liner plates developing a lifting 
and classifying action for grinding balls. The rated output 
is 55 t/h, power requirement 1360 KW, 25-0 KV.Ti/t cc al. The 
mill is mounted on a sliding shoe bearing at the inlttt end.
An air classifier seperates the pulverized material in the 
exhaust air discharged from the mill into: fines to remain in 
the air stream, and tailings returning through the botton 
outhet.

Dedusting is effected with an electrostatic precipitator 
operating with forced draught, equipped with two precipitating

•Jfields in which the exhaust air is cleaned to 30 mg/Nm dust 
content. The explosion hazard at the inlet of electrostatic 
dust precipitator is reduced by cutting down the dust concen
tration below the flammability limit. The precipitator is 
fitted with an automatic voltage control unit which is set 
at a voltage below the spark-over limit. 82 explosion 
doors are provided, with rust resistant steel movable closing 
flaps, each venting aperture provided with sealing rim.
Pivots for these flaps can be electrically heated to ensure 
functional readiness unhindered by ice formation. In the 
event of ignition the casing is rapidly inertxzed with carbon 
dioxide, A screw conveyor without a center bearing delivers 
the finished products from the cyclones and electrostatic 
dust precipitator to the pneumatic conveyoi-
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5 . DYCKERHOFF ZOŒR’IVEKKE. AM0E1ÏEBERG. WT1SÎL»DH?*
—  — ------  - * ' ;

This factory was first esxablished in 1864. The 
method of spraying si urry into the v*et-process rotary 
kilns wes developed in 193C 5. There had been several 
innovations in the wet process technology that retained 
a good position in the cement industry in its region.
Cement marketing is favoured by the economic transport 
facilities over the R hine River.

Two completely new dry process production lines of 
2500 t/d each have been inst-alled and the old wet process 
units were consequently stopped. The new production units 
were well planned to reduce the heat energy consumption, 
economize the personnel cost, rationalize the Maintenance 
and repairs expenditure, and prevent air pollution.

The raw mix components: limestone marl and clay marl + 
overburden sand correction are handled by a double roll 
crusher, the rollers consisting of circunpherencial rimes 
provided with teeth and ridges. The crushed mix is adjusted 
in accordance with analysis results of samples taken by 
a sampling station mounted for the crusher output. Samples 
are taken by a sampling chute isolating 2k 

extracts per hour at an overall rate of about 12 t/h.

Samples are delivered to a pilot station for further comminution 
in a 2 stage roll crusher to 12-16 mm. product size, a paddle 
sampler extracts 600 Kg /h which are dried and ground in a 
smr.ll roller m. 11, then samples of 1 Kg are taken at half 
hourly intervals from a mixer. The operation of quarry exca
vation is controlled on the basis of «nalysis results of the 
said samples.
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Due to the heteroger.itv of raw materials, substantial 
prehcmogenization is performed in a blending bed system 
co.nposec of a circular stockpile at the center of which 
stands a tower to which a stacking machine and bucket wheel 
reclaimer are pivotably attached. At the top of the central 
tower is the transfer point where the material is fed to 
the stacker, which can slew through 360° and deposit the 
raw materials in a series of raws on a circular track of 
100 m diameter with a travel speed controlled by aveigh 
belt installed on the stacker bridge so as to obtain raws 
of constant cross section. The stacker builds up a stack 
pile of 50 000 t while another stockpile of similar stora
ge capacity is being reclaimed. The material is reclaimed
by a circle-shaped cut, taken perpendicularly to the center- 
line of the pile, at 3 levels so as to supply the grinding
and drying plant with material at an automated and program- 
controlled feed rate. The scooped material is carried to 
the works by an everiftEd rubber belt conveyor feeding a
storge belt conveyi r, designed to even out minor interru
ption* in operation and secure regular feed
to the grinding and drying plant. The storage belt is fed 
by a mobile belt controlled to deposit a continuous la^er 
of constant depth. Combined grinding is achieved by an 
aerofall mill operating in conjunction with a conventional 
tube mill for secondary grinding of oversize particles, 
together with necessary cyclones and classifiers. An 
electro-acoustic device at the aerofall mill determines 
the set point for the weigh belt feeder and the speed of 
the storge and intermediate belts. The material removed 
from the aerofall mill with flow of gas is precipitated
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in two cyclone stages. The oversize material is precipit-
e + o/4 *? ri +• Vi a -i ryt.n Z~£>«• * vw  w*4W A. A kj V ij Huge I A part of the oversize is deliv
ered by air activated conveyors and bucket elevators to 
rotary air seperators in which the final classification is 
effected. The fines from the seperator are aaded to the 
finished product from the mill.

The tailings are fed to two tube mills of 
o.5 x 0 3-6 m for further grinding. Samples are taken from 
the product by mechanical means. According to its analysis 
corrections can be adjusted from the control room by addition 
of high or low correcting meal by means of a weigh-belt fee
der from 2 correction silos 250C m^ each. For drying raw 
mix: waste heat from kiln exit gases is utilized. The hotter 
part of air from the cooler is used, being extracted in the 
middle of the cooler and passed through a multicyclone sys
tem for dust removal before delivery by a blower to the 
grinding and drying plant. Due to the high moisture content 
this is supplemented with hot gas from an auxiliary firing 
system whereby the hot intermediate air from the cooler is 
used as cumbustic air. The capcity of aerofall and secondary 
grinding mill is 176 t/h for a fineness of 1 %  residue on 
0.2 mm and 16% residue over 0.07 mm sieve. Dust is colle
cted by an electrostatic dust precipitator whereby an evapo- 
urative cooler is applied for effective dust collection even 
when the grinding and drying plant is not functioning. The 
dust, together with raw meal from the grinding and drying 
plant is conveyed to the blending compartments: composed
of seven 350 m^ bins which are successively filled by the 
overflow method, then emptied ~Imultaneously into a 
finished meal silo of 7500 m storage capacity. Despite the 
considerable inhomogenity of raw materials, a good homog-
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enisation is achieved with 0.2°/o standard deviation.

The two kilns are 8£D x 0 5.2 m . driven by two synchr
onized steplessly variable 200 KV.' direct current motors
with dopol preheater and Poller cooler, rated eanacitv 2000
t/d, heat energy consumption 760 Kcal/k3 clinker. Each 
kiln is fed by a sc rev; feed pressure-operated pnematic con
veyor, with a third unit as stand-by.

Feed is proportioned by a continuous measuring device, 
being extracted from an 8 t bin kept full by overflowing, 
supported on load cells, enabling checking and calibration 
of the said dosing equipment. An auxiliary drive is prov
ided with electric motor supplied by current from a stand
by diesel generating set.

Clinker is cooled in a Fuller combination type cooler, 

reciprocating frequency varied with pressure in the first 
of 5 compartments. Clinker dust is collected in hoppers 
with monitored emptying to a drag-chain conveyor. A hammer 
crusher is provided for breaking lumps larger than 40 mm. 
The hotter part of the exhaust air is dedusted by multicy
clone before being supplied to the grinding and drying 
plant. The rest of exhaust air is passed through a cyclone 
type gravel-bed fiIter.

Monitoring and controlling the process is a chieved 
from a centrel control desk where all necessary switching 
operations can be carried out. Flaptype desks are where 
all necessary switching operations can be carried out.
Flaptype desks are recessed into the wall below the mimic 
diagram, designed to enable individual drives to be switched.



Quite a wide range of cement products are produced in 
various Dicker ho ff plants, including Normal, Super-fine,
High, early strength, Sulphate resistant, Expansive, Pozzo- 
lamic, Blast furnace sleg, Masonary, Y.'hite end coloured 
cements. V/ithin the scope of each type, various compos
itions Sc colours are tailored to suit the -v/.arket needs. 
Extensive efforts are exerted for quality control and for 
managing raw materials coaposition and process particulars 
for keeping up satisfactory standards.

The centrod laboratory for Dyckerhoff cement plants 
was visited. The main activities for th_s laboratory is 
for assistance of the works laboratories at production 
sites for checkings on chemical analysis and physical tests 
and for re‘ earch and development work, aiming at trouble 
shooting for occasional industrial difficulties in the 
manufacturing processes and studies for innovation in various 
fields of cement industrial activities.

An explanation was made for organization of laboratory 
personnel with a brief introduction to the scope of work 
for each group in fields of chemical analysis, physical tests, 
raw materials investigations, research and development. The 
installation for different activities were intoduced with 
special reference to their performance > Catalogues for 
supplies of laboratory installation were presented. These 
informations contributed to the apprapriote selection of 
installation to be applied in the research and development
center



- 103 - 
Annex IV

PHILOSOPRi OF MACHINE SUPPLIERS 

A. United States of America

One of the most useful visits was that to Puller Co. 
designers and machine suppliers. Research end developm
ent work are promoting cement manufacturing technology.
A satisfactory review was made in an approach to process 
promotion and research procedures. I'uller philosophy in 
development of appropriate design was explained for several 
types of equipment known to be Puller speciality. A spe
cial emphasis was made far.:
- Plash calciners: as means for reduction of the role of 

rotary kiln by accomplishment of 9 0 %  of calcination 
in the heat exchangers , and therfore confining the role 
of kiln to sintering, thus reducing its necessary volume 
by lees than half for the same capacity as compared with 
the suspension preheat«* kiln. The flash calciner suspen
sion preheater* commercially proven system is now prod
uced under licensing agreement with the Japanese Co.IHI. 

The raw mix Is heated in the preheater and then fed into 
the flash furnace where it is 9 0 %  calcined, then pass
ed over to stage IV where it is collected and fed to the 
rotary kiln. The tertiary air duct carries hot air from 
the grate cooler to the flash furnace for secondary combustion. 
The spinning air from the vortex chamber simultaneously 
accomplishes combustion of fuel and heat absorption by 
the pulverized material. This system reduces the burden 
previously charged to the rotary kiln, thus securing 
longer brick life and therefore less downtime is necess
ary. In virtue of the regular operation an easier 
operation is practiced and better quality of clinker is
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secured. Also air pollution is reduced due to lower 

temperatures in the flash furnace to about 9u0£c, and 
thus lower NOx, but this factor has to be carefully- 
studied to disclose exceptional conditions in case of 
a spacifie coal composition, Because only 4 0 %  of total 
fuel is burnt in the kiln, and only 1 0 %  of the calcina 
tion is effected, the amount of kiln exhaust gas/t of 
clinker is substantially reduced. This results in a 
higher concentration of alkalies in kiln exchaust gases 
Thus the size of bypass system is drastically reduced. 
The result is reduced capital costs in virtue of smaller 
kiln and bypass dimei: lions & lower electric power cons- 
umptjon due to the reduced gas flow.
This system can restore an old small uneconomical kiln 
into a highly productive operation. An existing wet 
kiln may be modified to increase its production 3 to 4 
times with consequent saving in power and labour, but 
specific consideration has to be given to the kiln 
conditions and capacity of machinery and equipment for 
the rest of the process.
- Bypass system: was developed to eliminate chlorides 
hampering the proper operation of the suspension pre
heater and to reduce alkalies for promotion of low 
alkali cement production. Chlorides ^hich are almost 
completely volatilized in the burning zon' and recond
ensed in stage 4 are recirculated and concentrated, 

and consequently cause build ups and 
plugging. Sice alkalies and sulphur are only partially 
volatilized in the burning zrne, they eventually lea*e 
the kiln in the clinker and therefore adversely affect 
its quality. The main philosoply of the bypass system
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is to drive out e part oí gases to an air quenching 
chamber to cool the objectionable compounds (uainlv 
compounds of Cl, alkalies, & sulphur) to cause the 
rapid transition from vapoerto solid state and prevent 
?.iquid formation, A programme for evaluation of bypass 
fraction has been deneloped by tracing concentration 
and volatility of various undesirable components and 
readjustment in accordance vith practical experience.
When an excessive bypass of 3 0 %  or more proves to be 
necessary, the operation of an Sp kiln may be impractic
able SP with bypass is advantageous, as much smaller 
bypass is required to create the same effect. With 
some raw materials when the volatility of alkali is 
law it would be economic to increese volatility through 
the use of additives in raw feed.
- Clinker cooling: the role of Puller air quench recipro
cating grate coolers were explained in providing quick 
quenching of clinker, recuperating heat to provide high 
temperature secondary air, clinker cooling to a low temper
ature for safe handling by othe-system equipment, clinker 
conveying to a point where it can be discharged onto a 
low temperature conveyor; clinker sizing to preclude en
trance of large pieces into the rest o'* the system.
The designing principles were mentioned for dividing 
the undergrate plenum chamber into a number of compart
ments each with its own fan to supply air at a pressure 
and volume compatible with conditions in the specific 
section.
An emphasis w&3 made to possiblities of taking air from 
the cooler to flash calcinera or dryers and venting exc
ess cooling air to the atmosphere. Optimum cooling
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conditions were emphasized through maintaining proper 
air flow and bed deptn by regulating the grate speed 
to assure proper clinker retention time and air dist
ribution. The sizing of clinker was demonstrated 
through dircharging it through a grizzly and hammer 
breaker of which the upswinging hammers strike over
size pieces and drive them back onto the grate for 
additional cooling of their hot cores before they again 
approach the grizzly. Development of the clinker cooler 
has recently been achieved to cool cl inker and recuperate 
heat simultaneously, with a minimum of maintenace and down 
time. Engineering analysis of the cooler design resul
ted in structural components providing adequate resist
ance against heat, wear, and mechanical stresses
and provide ample operating flexibility to permit the 
control necessary to the clinker fluctuations. The 
evolution practiced for the cooler development was traced 
with the reduction of grates slope, introduction of 
horizontal cooler, and ultimately the combination cooler 
with multidrives, 3° slope at the feed end section with 
the hottest product, followed by 3* slope at the cool 
zone grate section. Any succeeding sections would be hor
izontal, the clinker being cool enough to be safely hand

led. The spillage conveyor was moved outside the cooler 
with air operated double tripping valves to reduce lea
kage of cooling air. The pressure in each compartment 
regulates speed of corresponding grate sections. An 
internal wheel design has been incorporated, elimina
ting all openings in the side frame except for dri*e
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shaft penetration, resulting in a more efficient use of 
cooling air- A viewport for periodic visual ins
pection of the wheel is included in the design. Axi 
improved shaft seal is being used on the crosshead 
shaft. The clinker breaker hammers may now be replaced 
without removing an entire rew of hammers. Supporting 
the lower end of the grizzly assembly allows for thermal 
expansion. For avoiding additional stacks the gases not 
used for combustion or drying are recirculated after 
passing through a lo« pressure drop mechanical dust 
collector and air-to-air heat exchangers in parallel.
The automatic control for cooler operational parameters 
add to merits of cooler functioning.
A survey visit was also made tc the research and develop, 
ment facilities of Puller in Catasauqua, where the role 
of the research team in product development and in pro
blem shooting was discussed. A bief account was given 
of procedures adopted to evaluate suitability of raw 
materials, propose adequate equipment design and predict 
futare performance. For this purpose a danonstr&tion 
was performed for computer application; data analysis and 
conclusion formulation. The research and development 
comprise a well established laboratory equipped with 
installation for chemical analysis, modem research equ*' 
pment. A visit was performed for microstructural inves
tigations being achieved by application of the University 
electron scanning microscope.

Pilot tests are practiced in a well equipped pilot 
plant in Catasauqua, provided with model installation for
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development of various aspects of cement technology 
including comminution, ругоp ro ce ss in g , and pneumatic tra
nsport .

The visit and related explanation sere organized by 
the training department which is adequately provided with 
experienced responsibles and uptodate educational facili
ties, Training cources are availed in various branches 
of operation and maintenace. Training cources are avai
lable in: automatic control, cement plant process simul
ation, preventive maintenace, supervision, management for 
technical dep . lieads, problems solving & decision maki
ng. Seminars are organized in operation, maintenace, 
Puller Kinyon pumps, rotary compressors, grate coolers, 
vklll systems, conveying, process systems... etc.
Most modern is the automatic process control course rec
ently prepared to meet demandd for plant personnel to 
apply the latest control technologies. Hands on training 
in controller tuning and loop operations are performed 
on the "Process Simulator Trainer" cohering important fi
elds including: Application cf process control, Instru
ment characteristics, process loops, Variate- measurements, 
Control signals, Controller actions: proportional, reset, 
derivative, Pinal control elements & Controller tuning 
concepts. The distinct advantage of simulator training 
is the ability of trainees to develop operating skills 
without affecting plant operation, experience various of 
malfunction, break downs and failures that would athewise 
interrupt plant activities and damage equipment.
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The visit to Allis Chalmers Co. was very useful, as 
it provided good knowledge about continued efforts of
designers to overcame problems encountered in practical experience, 

and information about achievements of the advanced technology 

center (ATC) team in developing adequate technologies.

/His Chalmers Co. is dealing vith a vide range of mining 

and processing systems, cement making machinery and equipment.

Modern achievements in the field of cement technology vere studied.

An innovation in the design of the traditional suspension preheater 

vas explained: by removing the ’imitation in production capacity and

increasing the specilie loading of the kiln by rav mix precalcination 

before feeding to the kiln.

The development of RSP (Reinforced Suspension Prehea
ter), being produced under licence agreement with Japanese 
firm Onoda could drop the specific heat consumption to 74 
Kc®l/Kg clinker, and increase the specific kiln loading 
to 2.5 times the normal suspension preheater. A swirl 
furnace is included in the preheater 3rd & 4 tb stages 
with hot uir from clinker cooler through a recoup duct 
feeding the swirl furnace by 3 branches. Fuel is furni
shed and burnt to provide the high heat input required 
for decarbonation of the raw mix. Kiln exhaust gas is also 
used for preheating, and the swirl furnace provides a 2 nd 
heat source. Only 4 0 %  ol the total fuel is bur*it in the 
kiln; that lowers the gas volume flowing throu£h the kiln 
and the heat released therein, permitting smaller kiln,
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with consequently lower investment and shipping costs.
It also costs less to maintain a smaller kiln, the refr
actory life is improved in virtue of smaller diameter 
and lower heat intensity and and stable operation. The 
bypass operation involves less dust and heat loss, the 
quantity of bypass gas from an RSP kiln being appro-ж i- 
mately 40®/e from that of an SP with same bypass percen
tage. Seperate firing of kiln and preheater results in 
better control of the process.

There are two gas paths from the cooler to the pre
heater mixing chamber, with consequently common differen
tial pressure between start and end points. The recoup 
duct has greater resistance at its desired flow rats than 
the kiln at its desired flow rate. To compensate for this 
i®balance, an additional resitance is added to the kiln 
in the farm of an orifice located between the kiln feed 
and housing & the mixing chamber. The desired flow in 
each path is obtained by sizing of the resistance contr
olling orifice. Desired flow split is obtained through 
a damper in the recoup duct. A single preheater string 
would be used up to 3000 t/d, and for higher capacities 
a double string preheater is used. The preheater—  kiln 
air seax utilizes a cooling air passage incoprporated in 
the tapered end section of the kiln shell. Dust return 
buckets are provided at the lowest point in the air seal 
assembly. A floating seal ring with 4 roller contacts 
loaded by counterweights, supported on tracks at the seal 
horizontal centerline, oermite axial kiln expansion and 
movement. The combustion in swirl calciner occurs at a
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relatively low gas temperature due to the rapid heat abso- 
ration bv susDended mix as calcination occur*». ou*»ncbinc* • * --  * - *-- » 1”----- o
the gas to a calcining equilibrium temperature. Combustion
gas and partially calcined material exit from the bottom 
of the furnace through a duct to the nrixing chamber, where 
decarbonstion up to 8 5 %  occurs. Coal as fuel in the 
swirl furnace is introduced downward at 2 co«l burners in 
moderate cases, and 3 burners in cases of larger capacity.

Various other systems known for Allis Chalmers supp
lies were explained:
- Stc'rer type clinker cooler: effectively recoups heat 
and grate plates for longer life.
- The ACL system travelling grate cooler: maxes it possible 
to produce top quality low* alkali cement form high-alk- 
ali raw materials, being a travelling grate preheater/kiln 
system with double bypass and an Allis Chalmers stoke cooler.
- Holler mills: being manufactured and marketed under licence 
agreement with G.Pfeiffer A.G, FRG; with 3 roller design, 
grinds and classifies cement raw mix, handling raw materials 
size 5-10 cms with moisture up to 1 8 %  ; Quick-change segm
ented roller liners, easily replaced inside the mill; Desig
ned to use recuperated heat from suspension preheater system, 
being well proven means of energy conservation.

The ATC was visited, whereby research means and proce
dures were seen and discussed. The ATC conducts process 
development, ere and mineral testirg, for best utilization 
of natural and energy resources. Facilities are available 
for performance of individual l&b. scale tests, on more 
extensive investigations on a pilot scale to duplicate



1-  112 -

complete process flows, whether a single circuit or en 
integral plant. The test program permits specialized exp-
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and design equipment for the specific case.

Complete fae ilities are available for investigating 
every important processing phase. The study starts with 
chemical analysis and mineralogical examination. Repres
entative ¿estirg facilities of interest were indicated:
- Raw materials analysis: data used to evaluate potential 
clinker proportion, determine mix proportions, levels of 
alkali, sulphur, and chlorine that can affect system oper
ation.
- clinker analysis: determination of major oxides and 
phases, evaluation of clinker potential by microscopy.
- Coal investigations: measuring heating value, composition
procedure to develop data on the amount of clogging and 
build-up sf ash and meal, of special importance to performance 
of coal fired systems.
- Particle size analysis: various tests are adopted to determine
the physical properties of fine particles or agglomerates. Most 
important tests performed are: sieve analysis, infrasizer analysis,
Blaine specific surface area.

- Thermal analysis: Determination of specific ,ieat enth
alpy and temperatures of major compound reactions. Riese 
data, related to pyroprocessing equipment design and 
operation, include: thermogravimetric analysis, differencial 
scanning calorimeter ̂ differencial" thermal analysis.



- Alkali volatility test: determining the amount of alk
ali removed from a sample of raw meal at various temper
atures and atmospheres. Data derived from tnis test car. 
be used to design, kiln -bypass requirements.
- Clinker bumability tests: determining the relative ease 
of burning into clinker: a given raw meal of given compo
sition By microscopic examination, clinker quality and 
potential can also be checked.

The development of processing parameters continues 
with extensive tests in the pilot plant. Extensive faci
lities permit practically unlimited range of investigat
ions for various processing parameters:
- Crashing & screening: possiblities include jaw cushers, 
hammer mills & roller crushers. Each unit can be opera
ted individually or may be integrated into a continuous 
open or closed circuit, with a variety of screens posit
ioned before and between crusling steges.
- Roller mill circuit: complete roller mill installation 
for application studies, combining drying, ginding, and 
classifying into one operation. Material is fed to a rotating 
table, set with 3 grinding rollers, fastened downward onto
the table by loaded spring pressure, into a stream of hot 
gases. Ground material is carried up by rising gases to 
a chassifier, oversize particles are returned into the 
grinding zone.
- Ball mill systems: complete grinding circuits, in pilot 
scale, are maintained for continuous grinding investigations. 
Conventional mills are available and can be operated wet
or dry in open or closed circuit. Mills can be augmented



- 11L -

with an assortment of screens, thickeners, slurry tanks,
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F i l t e r i n g  of 8 lurry from the grinding mills is accomplished 
with disc drum or pressure filters.
- Comminution laboratory crushability and grindability 
tests are conducted to determine the materials bond work 
inde * , a value from which comminution equipment require
ments are calculated. Metal -wear in grinding mills varies 
with each material. Abrasive character is evaluated by 
abrasion testing, results of *hich are applied for desig
ning process equipment.
- Agglomeration: product quality improvement and raw pro
duct application, resulting from altering size, shape, 
density; or other material properties, are evaluated in
a complete compacting and granulating circuit, equipped 
for homogenizing, prevetting preheating prior to eeperate 
or integrated compacting end granulating stages.
- Pyroprocessing: Thermal process studies are made in 
continuous pilot circuits using a suspension preheater 
tower, travelling grate, a selection of conventional and 
ported rotary kilns and static or dynamic bed coolers.
Typ ical processes investigated include drying, dehydrating 
calcining, burning.... The pilat plant is equipped to 
transport received materials directly to pyro-proeessing
equipment or to continuously preñare agglomerated
feeds before subsequent pyro-treatnent.

These facilities may be considerd as a model to be 
quoted for the set up of the Chinese Cement Development
center.



B. Federal Repablic of Germany

1 . HUMBOLDT WSDAG. KHD INDaSTRIEABiAGEH A.G. COLOGNE:

During the vi^it: 3-aays programme was arranged,an 
intensive explanation was given of
the whole scope of machinery and equipment in the field 
of cement industry, with special reference to latest de
velopment achieved by KHD in machinery design, and recent 
innovation for rationalizing cement making processes. 
Examples of conversion processes were exposed to evaluate 
the progess developed with old machinery, modernized for 
attaining doubled production, reduction of fuel consump
tion, and attaining regular operation with consequent 
rationalized quality.
- Clarification was made with examples for application of 
multicyclone separators for closed circuit grinding, which 
enable a production rate up to 500 ^/h of finish ground 
material with one separator still yielding top quality 
cement with a fineness up to 6000 cm /gm Blaine specific 
surface area.
- An explanation was given for the principle of tandem 
raw grinding and drying by the closed circuit ball mill 
provided with hammer crusher which reduces the size of 
raw materials befvre entering the mill and thus spares 
the effort to be exerted for crushing in the first compart
ment. Furthemore a considerable proportion of grinding is 
«.Iso economized as the fine part of crushed material is 
carried by the upgoing stream of hot gasses straight fce 
the gravity seperator, which returns the coarse particles



and the fines areto the mill for further disintegration, 
carried up to the cyclone seperator, whereby it is conve
yed to the homosilo.
- The evolution of raw^meel preheating for rational clinker 
production was traced since the introduction of Humbo' dt 
suspension preheater with multicyclone system at the begi
nning of the fifties. In collaboration with the Japanese 
firm IHI, the pyroclon system was developed whereby fuel 
of any type is burnt in a precalciner in a gas atmosphere 
formed by the rotary kiln v̂ aste gasses and clinker cooler waste 

air. The raw mea? is thus preheated to decarbonation. 
SSnltiline preheater was developed by matching the number 
of lines to the desired overall capacity with advantage
ous patterns for cross sections of individual linea. Use 
could be made of coarse coal, truck tyres, «ooden remains, 
still keeping the temperature near to the dissociation levels. 
Kiln dimensions could be maintained within economic levels 
with extended service span of refractory lining and an 
increased production capacity. Close studies are being 
performed to apply the most economical solutions to specific 
cases and capacities of types of pyroclon systems.
R: Regular: where combustion air for the p/oclone firing 
facility is directed as tertiary air in a seperate line.
S: Special : Where combustion air is passed through the
rotary kiln in order to attain a h itc h  degree of calcination through 
higher temperature exposure, the exit gas losses can

be reduced by addition of a 5th. preheater stage. A prec
alcining rate of 95e'A can be realized by high firing rates 
at the precalciner. The resulting high waste gas temperatures
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and related heat losses will be compensated for by a 5th. 
preheater stage. The R system with short kiln and 5 - stage 
preheater is characterized by lov heat consumption 

and investment costs.

In cases where available raw materials do not allow 
for dry processing of raw meal, processes have been dev
eloped for changing over the wet process klins to dry pr
ocess to save thermal energy but still maintain the wet 
preparation of raw materials. In this case the homogen
ized slurry is subject to mechanical dewatering to a 
residual water content of 17 - 2 2 %  then thermally dri
ed to residual moisture of less than 1 %  in a special 
flash dryer by utilizing waste - gas heat from the burn
ing process or cooler. This arrangement enabled drastic 
reduction of specific heat consumption especially when 
combined with pyrodlon system.
- Selection criteria mere surveyed including;
- Effect of location in respect of plant size, dust laiden 
gas, noise mission, space and area requirements, layout 
possiblities, raw materials influences, altitude of plant 
location, and demands of attendant personnel.
• The comparison was extended to cover capital expenditure 
of mechemical equipment, electrical installation, refra
ctory materials, insulating work, building operations, 
erection and commissioning procedures, and spare parts 
requirements.
- The operating costs were approached for each type with 
special reference to heat consumption, electrical power



requirement, wear and maintenance burdens, operational 
availability.
- Some design and engineering problems were mentioned such 
as possibilities for design improvements, flexibility
of throughput, clinker quality, coating formation on the 
cooler, and suitability for hot air offtake.
- Electiostatie dust precipitators air installed for de
dusting large flow rates of waste gases behind kilns, gri
nding & drying installation. The electiostatic dust prec
ipitator is preceded by an evaporating cooler for water 
injection to hot and dry kiln waste gases to meet strict 
requirements for environment«! protection.

Qualities were surveyed, specially mentioning dura
bility at high temperatures, insensitivity to grain size 
fluctuations, reliability in respect of seperating super
fine dust particles and low energy requirements as a result 
of small pressure losses.

A close explanation was given in the department for 
electrical engineering and automation for incorporation 
of optimum electric equipment from high voltage incoming
feeders via enerrr distribution, electrical drives.
monitoring and controlling up to the control center and 
different control standards. The control systems are 
fmcused on facilitating process particulars for the oper
ating staff. Miniaturized construction and colour display 
units for multitude of variables are suitably presented 
to the operating staff, whereby computers are used for 
data processing.



Control programs are developed and tested for different 
prr'ductiun processes resulting into comprehensive progr
amme packages for fully automatic process run and synch
ronized starting and stopping of the plant.

General information was given about the function of 
monitoring & interlock systems of relay type with elect
ronic cards or with programmable control unit, the inco
rporation of computer for data processing seen, log and 
alarm systems process control and optimization, the ada
ption of computerized "WARÎAS" system for planning of 
-preventive maintenance and «rganization of spare 
paris depositing and ordering.

A review was also made for the x-ray fluorescent 
spectrometry based upon excitation of atoms by x ruys. 
Reference was made to the special DIMEX system which 
provides an electronic facility for interfacing with 
a process computer, and forms a complete unit which del
ivers control signals that have been matched to the spe
cific needs of the process computer. The x.ray fluores- 
eent analyser continuously measures a flow of

sample material that has been branched off the main flow 
of particle size reduced to analytical fineness. The x- 

ray fluorescent analyser is integrated in a closed loop 
with the sample processing facilities and process comp
uter. Sampling and transport facilities are designed to 
meet the continued analysis.
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Several technologies were also explained:
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- The application of high pressure water pumps for clea
ring the preheater chocKing, heavy building in the entr
ance of the : otary coolers, and for eating up growing 
teeth of clinker ring formation.
- Study for effect of flame temperature in comparison with 
sintered charge in the buringing zone.
- Determination of optimum draught speed for the least 
dust development
- Application of special kiln hood for dedusting and cond
itioning of tertiary air from cooler on the way to the 
pyroclon .
- Applica\ jn of low grade fuel as lumpy coal, briquetted 
lignite, motor tyres, wooden chip upto 20°/0 o f fuel requ
irements in the pyroclon, and advantages of consequent slow 
oxidation. The harmful pollutants contained in these
fuels are absorbed in the preheater and are found in the 
clinker in a harmless form.
- Governing conditions for development of NO & SO^ in exit 
gases.

Ultimately the research and development laboratory was 
▼isxted, whereby various physical and chemical investiga
tions were ŵ plained with applicability of
adequate laboratory installation for the purpose. Some of 
the installations are tailored to match the diversified 
fields of specialization in the mining and metallurgical fields. 
Others are applied for study of new raw materials prospected 
for the study of installation of a new project. The experi
ence Sc know how are implemented for deriving appropriate 
relations leading to the designing criteria of machinery.
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2. KRUPF POLYSIUS AG., NEUBECKUM:

The visit to polysiu s Co. mas very useful for review
ing an important side of the question of conversion in 
the course of modernization of the present cement works 
The main concern in this visit has been the conversion 
of wet precess to semi — wet process: mainly keeoing wet 
process preparation of raw mix, then adopting the semi - 
w e t  processing through mechanical dewatering by disp

osal of practicable portion of \Nater content, then feed
ing the raw meal to the kilr in the form of semi- et ma
terial on Lepol grate. This procedure procures special 
importance in cases where wet process raw materials pre
paration is preferable due to excessive moisture in raw 
materials and «here leaching out of alkalies and chlori
des is required for obtaining low alkali cement. Automa
tic pressure filters are mostly applied for the purpose, 
preferable to suction filters in virtue of higher effic
iency and more drying capacity. The increase in produc
tion would necessitate revision of the cooler capacity, 
For installation of a new cooler of larger capacity the 
procedure for evaluation was considered for the main fa
ctors of cost, downtime, and limited space. To meet the 
requirements for the production of low alkali cement, a 
by-pass arrangement can be installed for the continuous 
discharge of gases with alkali content. The by-pasp arr
angement also reduces the danger of operating problems 
such as chokes and buildups.



Fcr the LEpol grate using pellets instead of raw meal 
reduces the dust load in the kiln exhaust gases = The amo
unt of waste dust with the same percentage of by-pass is 
lower than with suspension type preheater.

Various factors influencing the conversion were dis
cussed. In the course of raw materials preparation, the 
main role of hot gases application for drying raw materials
was pointed out. The criteria for selection of the type of mill were 

approached, depending upon composition of raw materials, whether 
the air swent mill or the roller mill.

Discussions Mere extended to deal with concepts of 
approaches in responses to combined economical outcomes 
for the energy crisis, rising labour cost, and the conseq
uent need to reduce the operating coste. The two main 
domains of conversion were tackled: viz. conversion from
the wet to semi-wet process, and shifting to coal to repl
ace the oil firing. The main targets of the conversion being 
saving of fuel and increased production. It has been emp
hasized from practical experience that in wet process every 
1 %  of water content in the slurry would require 20 K  cal/ 
Kg. of energy. This fact stands as a guidance for the 
economy of conversion of v*t to semi-»<et process.

The impact of fuel oil price increase upon the cost 
price of cement was analysed and the consequent trend to 
coal firing was traced, with special emphasis to process 
engineering in respect of energy consumption, product quality
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and environmental protection. Major attention has been 
paid to ensure that the optimal specific fuel consumption 
is maintained, and possibilities for utilization of cheap 
waste materials as fuel. The effect of coal asb upon cli
nker composition parameters was exposed, supported by exa
mples from the actual practice, especially when low grade 
coal with high axh content is used.
Special reference was made for instances where sulphur or 
chlorine content is excessive, and the role of by-pass sys
tem in sofving the quality problems. The factors to be 
taken into consideration within the engineering aspects of 
coal firing are: cwloific value, ash and moisture content, 
volatile constituents fineness of pulver<x ation, primary 
air proportion and temperature t secondary air temperature 
and velocity. All grades of coal can be fired in the pre- 
pol precalciner. Low grade materials cen Just as well 
be utilized such as charcoal, oil chalk, and even wood shav
ings and motor tyres. The coal grinding mill is heated 
with inert waste gas from the preheater. Special mention 
has been presented for safety precautions by implementing 
cool firing. Elaborate measures to prevent access of .oxy
gen as 'well as extensive fireprevention and fire-fighting 
arrangements were discussed. Three elements of explosion, 
namely: oxygen, ignition source, and coal dust concentration 
were exposed with possible measures for avoiding coincide
nce of their accumulation. Precautions by providing adequate 
area of explosion doors were exemplified by instances from 
practical eyperienee.

1

j



The visit was extended to see the development center
comprising the laboratory research area and pilot plant 
studies, dealing with questions arizing from numerous 
parts of the v/orid, whether investigations for new 
raw materials for future projects or through follow up 
proceedings for works under commisioning or continued op
eration. One of the first targets of raw materials inves
tigations is to conclude raw mix design, recommend, machi
nery type, foresee materials characters and therefore the 
behaviour in the chosen process.

In the development center: various activities were 
studied:
- Traditional chemical analysis promoted by modern facilities 
for stirring, shaking, automatic titiation .... etc
- Detection of chemical nature by the help of useful appar
atus such as calorimeters, flans photometer, atomic absor
ption spectrometer..... etc.
- Qualitative and quantitative mineralegical investigation 
with the help of Röntgen diffractometry and fluorescence, 
high temperatue microscopy ... etc.
- Studies of fine structure with modern facilities of micro
scopy to determine the microstructure and therefore back
up tb® chemical knowledge with explanation to different behavi
or for materials of identical chemical composition^
» Reveal of physical nature of materials such as particle .. 
size distribution and behaviour in relation to temperature 
rise .

The pilot plant is well equipped with models availing



the industriel conditions for study of various features, 
and conclusion of materiel behaviour on an industial scale.
The pilot plant is furnished with various installations 
for crushing, grinding, fixing, granulating, briquetting 
drying, burning, and cooling. Of the main pilot plant 
equipment provided are:
- Ball mills of various types end sizes.
- Roller mills with different roller wheels and plates 
possibilities for testing the grinding parameters as well 
as wear intensity.
- R°tary kiln with different alternatives before the inlet 
and after the outlet.
- Belt weigh-feeders provided with regular flow of material 
from adéquataly sized hoppers.
- Various types of conveying equipment, sieving devices,
granulators, pelletizing installation, homogenizing facilities, dust 

filter,....  etc.

In the cource of technological investigations, many 
alternatives are provided for adaption of the required 
handling. For example: The kiln can be adapted with
different alternatives of feed devices and heat exchanges, 
any of Polysius systems: Lepol , Dopol, Gepol, Prepol, 
are available in a handy tower construction which can 
provide the same kiln shell with the required conditions 
anticipated to be the most suitable whereby practical 
results are detected. Meanwhile, various types of chinker 
coolers may be adapted to the kiln system. Raw materials 
are hoisted to hoppers which can serve various operations 
and cope with different alternatives.
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aricus components of pilot plant equipment can be connected

ozî toZ. pannel vhereby the best proceedings oslI' centrally

controlled, various parameters are indicated, and particulars 

recorded lor further reference.

The system of sauries keerine enables future reference to any 

particular case after considerable elapse of time.

d
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l. BIAISER ENGINEERS. USA
During the visit to Kaiser Cement Co., meeting was 

arranged with leading personnel of the consulting group 
"Kaiser Engineers", where a briefing was given. According 
to informations exposed by Kaiser Engineers representat
ives and literature about activities of the said consul
ting group, it is said to be one of the world leading 
engineering and construction organizations. Its origin 
reverts back to 1914. Since then it has provided techn
ical planning, engineering and construction knowledge, 
with special experlemce in handling large difficult proj
ects in remote locations where introduction of new techn
ology ha3 been achieved, with special reference to the 
know how in the field of suspension preheaters with flash 
furnace precaiciners. The group provides consultancy over 
a wide range of activities including survey and market 
analyses, industrialization water plans and expansion pr
ograms, engineering and planning studies, schedules, cont
rols, computer applications, operation planning and manag
ement, detailed design, and training programmes.

The said information has been noted for future refere
nce, with special interest in training activities. Kaiser 
Engineers may be approached for training cement technical 
personnel in cement factories where Kaiser Engineering 
have exerted a special effort. Training in this case would 
be more suitable than many other possibilities where the 
questions of language and availability of training facil
ities may be a decisive factor.

^ .....................  1 1 11 ■ ■ ■ ", .................---------------------------------------------- --------------------------------------- -------- J
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2. DYCKERHOFF ENGINEERS, FRG
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Beckum and Araoeneberg in Wiesbaden were organized and 
guided by Dyckerhoff Engineers. It was well emphasized 
that Dyckerhoff Engineers plan for all technical affairs 
for the group of cement works which ere in fact of an 
appreciable size, widely distibuted over vast areas of 
diversified conditions. Dyckerhoff engineers assess 
results of research work in Dyckerhoff central laboratory 
and plan for modernization of existing cement plants 
with special concern for environmental protection, energy 
conservation, and appropriate application of low grade 
combustibles. Dyckerhff Engineers also conduct feasibility 
studies for new production lines and adapt the most up-to- 
date design to satisfy the latest requirements. The most 
suitable designs are selected from various origins, and 
detailed engineering work is achieved to combine the whole 
assortment of machineny and equipment into well harmonized 
production lines with the best technical and economic 
possibilities. It was stated by experts from this group 
that consulting work has been extended to -numerous 
countries of various industrial conditions.

Special training programmes can be tailored according to 
needs whereby practical studies can be organized in cement 
works of Dyckerhoff group. Intensive language courses may 
be arranged at request. Technical management is negotiable 
to cope with special conditions.

Experts of Dyckeilofi engineers mentioned some examples 
from practical expeiece in various locations -
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1. ?ORTT'-T.T CEMENT ASSOCIATION, SIZOZII. ILLINCIS, USA

Established in 1 S1 6 , dedicated to improving and ext
ending the uses of Portland Cement and Concrete, it is 
supported primarily through voluntary contribution by mem
ber companies in USA and Canada, and through contract res
earch and educational fees. Activities include: scientific 
research in Portland cement and concrete, engineering work 
in all fields of concrete use, development and promotion 
of new and improved cement using products and methods, mar
ket research and reporting, professional and vocational 
education in concrete technology and construction practice, 
marketing, sales, management, and manufacturing processes, 
technical services, to improve the quality of concrete, 
industri^ safety, and environmental control for member 
companies.

The visit to Portland Cement association revealed a 
lot of information in the fields of cement and concrete 
research. Through long experience, a wealth of useful 
data and practical knowledge clarify the sides of problems 
before laboratory research begins. This created the capabi
lity to contribute in national execution of projects from 
the earliest planning through completion, and consequently 
prevent many problems from ever occuring.

Procedures for scientific approaches were explained, 
and the organizational structure was clarified through com
prehensive analysis. Special attention was paid to inves
tigate various particulars of the activities practiced so 
far, being an adequate model for technological facilities
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devoted for scientific study of cement ana concrete to be 
adopted for future activities of the Chinese Research and 
Development Center after adaption of activities to accord 
with special conditions in China.

The testing and resarch capabilities were explained 
through a slide display, and an indicative demonstration 
in various laboratoires, with observations and remarks made 
on laboratory equipment and research installation applied 
for solving industrial problems. Samples of studies were 
exemplified on recent work.: strains, deformations, & loads, 
using nondestructive sonic techniques, precise determinations 
can be achieved for concrete strength, and pinpoint internal 
cracks, voids, and other flows electronically. consequently 
remedial measures can be recommended.

Por energy conservation, facilities are provided for 
testing heat transmission and insulation characteristics 
of full size wall assemblies under simulated in-service 
conditions, to provide data for improving energy efficiency 
of building systems. Special efforts are extended to deve
lop improved light weight concrete using conventional and 
special aggregates, including expanded shales, slate end 
clay aggregates, and polystyrene beeds, with evaluation of 
fibre reinforcement to improve cracking resistance of low 
density concrete.

Studies are conducted for repairabiiity of damage caus
ed by fire and explosion as well as modernization of older 
buildings to with-stand heavier loadings. Heat testing 
furnaces are linked to computerized data acquisition system
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that gathers diversified test information and provides 
it i* a printed form, assisting in dete^.nination of high 
temperature properties such as short and long term creep 
characteristics, compressive and splitting tensile stre
ngths, modules of elasticity, and thermal expansion

The informations section maintains a library relev
ant to the specific and engineering aspects of cement and 
concrete technology, including a vast collection of refe
rences, periodical volumes, patents, governmental 

and university reports, technological publications, bibl
iographies, journals, international literature, exchange 
agreements are maintained with cement and concrete assoc
iations, institutes, testing laboratories through-out the 
whole world. Information is also availoible in the form 
of digests, translations, comprehensive literature sear
ches, and other library services .

Educational facilities are arranged for in-house pro
grams, covering manufacturing processes, sales & management, 
maintenace, & special subjects.

Class sessions are held with aid of audiovisual tea
ching equipment, including closed circuit television sys
tem. Research and development laboratories are used for 
demonstration. Field training is procuring an increasing 
interest due to the increased cost of transportation 
resulting from the energy situation. Special programs are 
accordingly arranged to accord with specific cases.

The set up of activities achieved by the Portland Cement 
association is the most suited for adoption in the cource of 
organization of the Chinese Cement Development Center.
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H. NATIONAL ASH ASSOCIATION, WASHINGTON C.C.

During the visit tc "iiotional Ash Association", a 
general survey of fiyash occurence and properties was 
exposed in a narrative explanation, slides 3how, and 
photomicrograph display. Specific characteristics for 
each of the different types resulting from various class
es: raw or calcined natural pozzalanas, fly ash produced 
from burning anthracite or bituminous coal, and fly ash 
from ligniteor sub-bitumenous coal, were discussed with 
a special stress upon the economic aspects of fly ash app
lications. Published research work and useful literature 
was obtained treating numerous aspects including
- Instances for using fiyash as stabilizer for bridges.
- Bottom ash utili zation as fine draiu fill in construc
tion of multiple purpose dam.
- Use of fly ash for filling underground cavities remotely 
with dry material pneumatically injected through a borehole
to seal openings, prevent air movement, and reduce subsidence.
- Use of bottom ash in cold mix with emulsified asphalt for 
treatment of secondary roads.
- Bottom ashes in road construction
- Ply ash - sulphate sludge - lime road bulding material
- Ash as impervious fill for storage tanks.
- Ply ash embankment used as stabilizer for correction of 
slip caused by poor drainage.
- Ply ash application for production.of high quality brick-
sand and other fired structured products.
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- Cement stablized fly ash pavement
- Light »eight aggregate designed to meet all requirements 
of modern construction practice, basic material :s pulveri
zed fuel ash.
- Pulverized and sintered at 1300°c to produce ha^d sphe
rical nodules with a 4 0 %  void ratio.
- Application as admix in mass and structural concrete
including pumping, grouting, sLip forming with better 
results in environments subject to freezing and thawing 
and acid attack. "
- Use as additive to improve concrete properties to pre
vent corrosion of the embedded, reinforcing steel.
- Advantageous improving resistance of concrete to sulp
hate attack.
- Effectiveness to overcome undesirable effects of heat 
produced by hydration of cement in dam construction.
- How fly ash improves concrete blocks , pipes and ready 
mix concrete.
- Status of technology for the production of aerated 
concrete from fly ash.

Statistics were developed for various ash applications 
on the commercial scale.
- tiixed with raw materials before forming cement clinker.
- Mixed with clinker or cement

Partial replacement of cement in concrete and blocks.
- Light weight aggregate
- Pill material for roads, construction sites, lend recl
amation, ecology dikej.
- Stabilizer for road bases, parking areas.

J
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?6--l5.bor J o Tfc,-? "Î ̂-ï~~ ixiVcist
etions^is a private testing enterprise based, upon 60 years 
experience in scientific cement investigations, being 
performed through uptodate research procedures and .
moaern xaDoratory techniques.

The scope of activities covers the ad ace in all 
questions related to construction including building 
materials production, technologic examination. This 
covers various scopes related to cement, Tnortar, concrete, 
building and construction practice, with an adequate back
ground know-how about characteristics and behet !o*r of cem
ent products in normal life practice. The institute per
forms research work upon cement and concrete, and conducts 
a follow up and development investigations, based upon 
experienced chemical analysis and physical tests. To this 
effect it examines building materials and assures proper 
execution of construction work & highways establishment.
I >ervises concrete producing plants for readyiui* con
crete, precast and prestressed components, special archi
tectural walls and partitions, building bricks, and light 
weight concrete, with adequate control upon aggregate 
constitution, mixing proportions & transport substantiels.

It maintains the production of standard sand for 
cement testing in accordance with the specifications of 
composition, granulometry, and packing.

Zemlabor organizes training programmes in the field 
of cement and concrete studies and standard specifiertions
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requirements. Theoretical teaching sessions are organized 
followed by actual workshop practice achieved through int
egration in tne daily laboratory work. Technological inf
ormation prints are issued for the sake of full comprehe
nsion.

During the visit to Zemlabor, the study group was 
guided in a tour through various research sections where 
a demonstration was made to aquaint the group with equip
ment applied and procedures adopted for achievement of 
chemical investigations for cement, mortar, concrete, 
and aggregate, as well as follow up of eventual problems 
of waterproof-wess of cement elements, wear and tear upon 
concrete members, heat effect upon constructional masses, 
factors upon early and late stregth of mortar and concrete, 
frost and thawing phenomena, long term effect of sulphate 
water, elasticity of prestressed components.

Zemlabor organized a visit to Lyckerhoff iiark II 
Zementwerke to demonstrate a living instance of practical 
cooperation in the field of quality control.

A
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Annex VII

VISITS A5RAKSED IK ?PC
1. CEMENT DEVELOPMENT CETTE?.: CONSTRUCTION SITE

In PRC a visit was arranged to the construction site 
of the Cement Development center. The living quarters 
buildings are nearly reedy, pending for minor finishing 
work. The main construction activities are now devoted 
to the main building of the Cement Development Center,
on a total area of 3100 m^, with an internal useful area

2of 600 m .

It is foreseen that the sellar will be devoted for 
physical tests for cement k concrete
- 1st floor for administration
- 2nd floor for offices for the director, engineers k chemists.
- 3rd floor for research work comprising laboraties for 
chemical analysis,
x_ ray analysis, microscopy, particle size studies, raw 

mix buraability, microstructural investigations, thermal 
diffraction analysis, flame photometry, particle size 
studies. Raw mix bumability, carbon k suj phur analysis, 
physical analysis of raw materials and cement.

- 4th floor: for electrical control and distribution, ins
trumentation and control, thermodynamics, thermal instru
ments, grindability test, technology of comminution, 
pyroprocessjmg, dust collection, ventilation, conveyors , 
and cement despatch. There will be a provision for civil 
construction research in the uppermost 5 floors.

In the annex building:
1st. floor: will be for typing, archive, printing and com
puter facilities.

J
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2nd. floor: Informations arrangements, secretarial work 
3rd. floor: Library.

In the present stage of execution, the sellar is ready 
for casting its roof which will serve as ground for 1 st. 
floor. The finished part was the most complicated as 
it comprised foundation pales especially designed for 

the special week nature of the soil, and for the increased 
effort for pumping the ground flowing water & water proo
fing of the concrete work for the sellar construction.

It has been stated by the site resident civil engin
eers that the overground construction work will be much 
easier, enabling the termination of the civil work for 
the first 5 floors by tne end of the current year 1981.

The uppermost 5 floors 6-10 are scheduled for execution 
during 1982.



This cement plants is the nearest to the site of the 
Cement Development center. It is composed of 2 main pro
cesses : -
Shaft kiln process: comprising 3 raw mills 0 2.5 2 1.3.9 m 
with 13 t/h production capacity + one raw mill 0 2.2 x 
4.4 m producing 10 t/h of raw mix. There are 2 shaft kilns 
0 3.o & height 10 m. Producing 17.5 t/j, with specific 
calorific consumption of 1000 k cal/kg. clinker. Finish 
grinding is accomplished by 5 cement mills: 2 cement
mills 0 2.6 x 7.9 m producing 14.5 t/K, & 3 cement mills 
0 2 . 5 2  6.5m.

Wet process rotary kiln plant: an extension which was 
commissioned since 5 months, comprising a slurry mill 0 4.6 
x 13 m producing 45 t/h.
The rotary kiln 0 3.5 x 145 m producing 23 t/h, with 
specific heat consumption of 1400 Kcal/kg. cxinker.
Finish grinding is accomplished by 2 cement mills: 0 3 
x 9 m  with 35 t/h production capacity inclosed circuit

In addition to normal Portland cement, bl«st furnace 
cements is produced with 30-40°^ granulated slag content.

The actual production for the year 1980 was in the 
vicinity of 360 000 t which exceeds the rated annual 
production capacity 330 000 t by about 9*-
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5- CAPITAL CSMZLT ?LA!~
This plant is located in Lu Lee Hau city, and repr

esents a model for cement manufacture by semi-wet proc
ess, rotating pelletizec. nodules over a Lepol grote and 
by the dry process combined with waste heat boilers.

The plant was first commissioned in 1942 with 4 
dry process kilns 0 2.4 x 35 m with 5 t/h chiker produ
ction for each. Kot exhaust rases being applied for 

waste heat boilers, thus consuming 1600 К cal/kg. Clinker. 
Raw mix is prepared by 2 raw mills 0 2.47 x 1 7.5 m; pro
ducing 27 t A  in closed circuit with seperator. Pinal 
grinding is accomplished by 2 closed circuit cement mills
0 2 .2 x 2 . 5 m & 0 2 . 2 x l 2 m .  In the beginning 100 000 
t/y were available which were doubled to 200 000 t/y
by 1952, due to introduction of some modifications, and 
still more output has been attained in virtue of blast 
furnace cement production since 1953.

Extensions were executed in 1958 & 1975 by install
ation of 2 Lepol semi-wet kilns 0 3.7 x 50 m producing 
800 t/d each, with specific heat consumption of 1150 
kcal/kg. The clinker production was thus raised to 730 000 
t/y for the whole plant. Adequate extensions have accord
ingly been achieved in the raw ana finish grinding which 
then became 6 raw mills & 11 cement mills, that led to an 
annual production of 300 000 t normal Portland cement +
1 million t of blast furnace slag cement, about 3 5 %  
of the produced cement is despatched in bulk by special 
tank railway waggons, and 6 5 %  packed and distributed in 
bags over building sites of smaller consumption. The 
total man power is 3500 of which 5 0 %  are devoted for
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services including educational and medical activities.

The plant workshop is producing йоге than 5 0 %  
of spare parts requirements, with a capability for rolling 
and machining kiln sections with minimum mechanical resouces.

The plant is mainly concerned with 2 mp.in problems:
- Reduction of air pollution which is more aggravated with 
the increasing environmental concern. To this effect a 
long term plan has been projected for provision of electr
ostatic dust precipitotorS.
- Energy conservation: as the specific heat consumption is 
comparatively higher than the recent international achiev
ement in this respect. In the course of planning for the 
near future the said main fields of action have been foreseen 
for improvement of insulation under refractory lining in
the calcination zone and elimination of air leakage for 
reduction of heat losses.
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i Ser.
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!j?ers.
'level! v1 Ko.

—  

Job Title
I■>± 6

i-----
1 1!

■ General director
2 5 1 Chief engin' .r for research L dev.
3 4 1 Manager, raw materials dev. division.
4 3 1 Chief, quarry & geological section
5 2 1 Geologist
6 1 2 Attendant, raw mat. investigations
7 2 3 Chemist, follow up proceedings.
e 3 1 Chief, raw mat. studies section.
9 2 3 Chemist, raw mat. studies
10 1 4 Ass. chemist, raw mat. studies
11 4 1 Manager, chemical & physical lab.
12 3 1 Chief chemical section
13 2 1 chemist, chemical analysis
14 3 1 chief, instrumental analysis section
13 2 7 Specialists, instrumental analysis
16 3 1 Chief,physical testing section
17 2 2 Laboranfc , physical tests
18 4 1 Manager, technological dept.
19 3 5 Expert, pyroprocessing
20 3 4 Expert, comminution
21 3 4 Expert, conveyors & storage.
22 4 1 Manager, automation dept.
23 3 1 Expert, elect, drives & power distribution
24 2 2 Ergineer, elect, drives & powe^ distr.
25 3 1 Expert, instrument ion & control
26 2 3 Engineer, instrumentation L control
27 2 3 Engineer f/commiter science and technique
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o__oei .
No. Level

WA W
No. Job title j

2B 2 4 Engineer, computer science & technology
29 4 Manager, development research dept.
30 3 1 | Chief, feasibility studies section
31 2 1 Engineer, feasibility studies
32 3 1 Chief, planning & information section
33 2 2 Engineer, planning & information
34 4 1 Manager, pilot studies dept.
35 3 1 Expert, technologic tests.
36 2 1 Engineer, technologic tests.
37 1 4 Technician, technologic tests.
38 2 1 Engineer, repairs & maintenance
39 1 1 Mechanic, repairs & maintenance
40 1 1 Electrician, repairs ¿c maintenance.
41 4 1 Manager, financial & adm. dept.
42 3 1 Accountant.
43 2 1 Storekeeper
44 3 1 Personnel officer
45 2 1 Personnel clerk

80 Total
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i. PROPOSED PURCHASES FROM ONGOING PROJECT DP/CPR/ti0/01C

Power supply: Voltage : 2P0 V 
Frequency: 50 HZ

Test materials; Portland clinker & cement
and their raw materials: limestone, clay, send, 
iron ore, gypsum.... etc

a- Flame photometer: enabling reliable and rapid determination 
of potassium and soafum; Ignition preferred electrically, 
with a flame guard automatically interrupting the gas supply 
when flame is extinguished, making possible high degree 
of operating safety; High reliability and precision; V.'ith 
microprocessor to accomplish the calculation; Preferably 
with protection against false operation steps by signalling 
test errors and when exeeding measuring range; Measuring 

ranges adequately dimensioned; Automatic gas & air pressure 
control; Storage of zero & standard values by key actuation, 
apparatus check by a check key; atomizer system 

sample saving; Fracture proof; With easy accessible nozzle 
head; compressed air supply by external compressor. G«s: Propane.

b- Sulphur analyser: for routine determination of available 
sulphur between 0.005% & 100% in coal, coke, oil, and 
other fossil fuels.
Solid state resistance furnace with complete operator safety, 
devoid of hazards, automatic Oxygen shutoff; amperometric 
titration technique unaffected by normal interference; Direct 
digital read out by microprocessor converting titrant volume 
to %  .
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C- PHmeter : With transistorized d.c. amplifier and built in 
valtage source for potentiometric titrmtions, complete with

i • . a. _• . .. „ t . • « u’.* .■ L „  A ^ -_4_ ^  ^
C O I u U X I l t i  L - L U L L  C - L  b i .  U U C  • " . ¿ . W A i  X i l l ^ l U V C U  t o c u i y c ^ c v u i c  ^  j .  -k. w  O. W i *  V

of better than 5 micro-volt per°c. The indicator scale mirro: 
backed. Protected against overflowing liquid by compact 
structure, sealing rings around protruding control spindles, 
and tightly fitted glass covers. PH ranges : 0 to 6 PH, 6 to 
3 4 PH .
Accuracy: PH better than 0.02; mV better 0.1 mV,+ 0 . 5 %

d- Atomic absorption spectrophotometer : with accurate gas 
flow controls,high resolution temperature compensated grating 
monochromator, peak height on peak area measurement and digi
tal display of concentration, absorption or emission. A deut
erium arc lamp background corrector to be provided as accessory, 
with data centre: c ipact programmable colculator providing 
data processing facilities. Program for concentration reaol- 
out via curve-fitting supplied stored on magnetic cards.
Results to be printed out on the inbuilt printer together 
with statistical information and error warnings.

e- Research binocular polarizing microscope: for investigation 
in incident & transmitted light, with rotatable analyzer, 
binocular & photo tube. Basic stand : comprising: lamp housing 
with tungsten halogen lamp, heat filterconversion filter, diff
usion disc & green filter, interchangeable polvertical illum
inator with prism polarizer, rotatable overture & field diap
hragms, objective centring clutch for single objective change 
with 5 objective changing rings & diffusion disc.
Rot ry stage mounted on ball bearings, graduated in degrees 
k with verniers. Inclined binocular Pol-Photo tube with auto
matic sharpness conpensation. Incident light stage micrometer



1 mm - 100 intervals.
Stain free incident light objectives and transmitted light 
objectives : 5 x , 10 x , 20 x , 50 x , t 100 x 
Attachable mechenical stage with click stops for point counting 
complete. Camera system for photomicrography : fully automatic 
3 5 mm microrcope camera, Photoautomat consisting c f  interchange
able 35 mm magazine, Motor adapter with objective, Shutter 
piece for integral measurement.

f - Equipment for raw mix-burnability testing :
- Laboratory muffle furnace, with fully automatic regulating 
system providing current supply voltage to the heating eleme
nts. Actual value indication for selecting the operating temp
erature; Energy regulator for infinitely variable setting
of the heating capacity; Selector switch for
maximum constant temperatures; High quality refractories; Equal 
temperature distribution. Temperature range : ambient to 
1500°c
Internal volume : large 3D x 30 x 30 cm.
- Ditt ; Temperature range : ambient to l600°c

Internal volume ; Small 15 x 20 x 15 cm. 
g - Equipment for raw mix grindability besting : composed of 
grinding device; based upon application cf a set pressure upon 
abrasion resistant steel balls disintegrating the test material 
for fixed periods, plotting the grinding time against the 
resultant fineness and conclusion of relation of pilot char
acteristics to the industrial scale.
Recommended suppliers :

Based upon the experience of experts questioned obout 
the said equipment during the study tour, and invirtue of



technical superionrity, specific suppliers are recommended 
by the study tour fellows for seme of the abovementioned 
equipment as fellows :-
Item Equipment Recommended supplier
a - Flame photometer : Eppendorfer Netheier U. Hinz

GmbH, 2000 Hamburg, FRG, 
e - Polarizing microcope: Eikon, Japan,
g - Raw mix grindability Tonindustrie Prüftechnik GmbH

Kopenhagenerstr. 60 - 74 c,1000 
Berlin 51, FRG.

tester
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2. PROPOSE" PURCHASES FROM THE PROPOSEE PROJECT 

Power supply : Voltage : 220 V
Frequency: 50 K2

Test materials: Portland clinker Sc cement
Sc their raw materials: limestone, clay, sand, 
ire* ere, gypsum .... etc

a - x - ray fluorescence analyser : complete x-ray fluorescence 
quEntometer equipment of the multi-channel instrument 
for the quantitative simultaneous determination of up to eight 
elements (Si,Al, Fe, Ca, Mg, K, Na, & Cl). The instrument 
will be autonomous, compact unit and its modular concept 
assures flexibility to cope with changing analytical requir
ements, to be furnished complete with:
- Thermo-stabilizer against fluctuation of ambient temperature
- x-ray tube and power supply complete
- Measuring and read-out section complete, with instruments, 
wiring & strip chart printer

An incorporate mini-computer system complete including:
- cabinet for housing all computercomponent.
- Central processing & control unit.
- Electronic filter assembly to protect computer against radio 

frequencies.

- Magnetic tape casette system
- Printer terminals
- Essential accessories : including:
- Motor-generator voltage stabilizer.
- Closed circuit water cooling system
- Sample preparation equipment for finsihed products: grinding mill
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with container, oil hydraulic press.
- Sample preparation equipment for raw materials.
- Operational supplies : fpc-lud'irg; :

- Oil for '&cuue: & hydraulic press for x-ray analyser.
- Paper sheets, ribbons for printer.

- Supervision & advice: the supplier will render technical services 
for supervision of erection, putting into operation and taking 
over tests in Tien Jin, PRC.

b- Particle size analyser;
For automatically plotting the size analysis as a graph of 
cumulative mass percent versus particle diameters; The appar
atus will provide for scanning the sedimenting sample by a 
beam of x-rays whir ^ives a high resolution, a solid state 

digital sequencer controls all instrument functions to cont
inuously solve the fundamental relationship of Stokes low 
and data are automatically plotted on Cumulative mass percent 

versus equivalent spherical diameter
- Programming : easy for any sample density as well as for diff

erent liquid densities & viscosities.
- Accuracy l°/o
- Particle size range : 100 to 0.01 M  m.
- Da«.a presentation : continuous graphic plot of "cumulative mass 

percent" versus "Equivalent spherical diameter"
- Resolution s The sedimentary sample scanning in a narrow

beam less than 0.2°/o of the total distance 
scanned permitting high resolution.

- Wetted materials: Stainless steel, vinyl on rubber tubing.
- Accessories : To be provided: an adequate set of accessories

for rational routine sample dispersion and 
cell clean up for 5 years operation involving
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Ip'-'O sanples analyses.
c- Electronic air permeability apparatus:

For quick determination of specific surface area. Appara
tus electronically controlled timing register with indication 
in terms of 1/10 second; electric suction pump; absolutely 
tightly sealed solenoid valve; vertically adjustable elect
rode for calibrating; observation vrndow in the front plate.

- Accessories : ample amount of operational material for 5 yea
rs involving 1500 samples: filling oil, circular filters of
40 mm 0, dust filters, stamper for pressing out specimens.

d- Coal analyser : for determination of moisture, volatiles, 
ash, k fixed carbon, with automatical display of information 
for furnace & oven temperature & time remaining for run. 
Compact self contained system comprizing :-

- Muffle furnace : of high performance to be operated as static
air furnace for valatiles or forced air furnace for ash deter
mination. Temperature range . №ieilt to 1000

selectable in l°c increment. Temp, unifor
mity + 10°c,temp. accuracy + 2 %  , accepts 40 samples simult
aneously.

- Oven : for moisture determination; forced air determination 
with 4 complete atmosphere changes per minute. Temperature 
programmable from ambient to 140°c selectable in l°c incre
ments. Temp, accuracy + 2 %  , accepts 40 samples simultan
eously.

- Sample crucibles : self-sealing fused quartz cups with self 
sealing lids which rise to allow combustibles and noncombus- 
tiblea to escape during the volatiles run, then sink back
to restore seal; Eliminate the need for manual repositioning;
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end provides and oxygen-free atmosphere which prevents

samples from ashing during volatiles run.
- Desiccators : 2 each accepting dC samples simultaneously, 

for cooling samples in « dry dtmosphere, ensuring accurate
dry basis results.
- llicroorocessor; Built-in operational programs for volatiles 

and ashing determinations; Processes signals from keyboard 
for entering own programs; Performs all nehessary calculations 
including that for %  of fixed carbon from dry weight, volatile: 
& ash data; Controls heating temperature, atmosphere, and 
duration of run in furnace and oven.

- Printer: Records the results of eaeh determination. Bata to be 
printed at the end of each analyses or stored in the memory 
for recall at any time. Results grouped & printed aut as %  
of sample weight under the appropriate sample number.

e- DTA system equipment : for high temperature differential ther
mal analysis, comprising: Thermal analysis controller, Differ
ential thermal analyser, connecting cables, spares and access
ories kit including 4 replacement furnace cartridges, 4 Oven 
thermocouple assemblies, 12 platinum sample cups, aluor.na 
& platinum liners; purge tube, o-rings, 
spatula, tweezers ....  etc.

- Thermal analysis recorder : Two range-selectable channels for 
the simultaneous recording of 2 thermal analysis signals as
a function of time or sample temperature; independent third 

pen event marker for temperature scale indication and remote 
pen lift and reset operation.

f.- Raw mix designer: Small desk top programmable computer for 
Yaw mix proportioning according to anticipated design; Capable 
of conclusion of feeder setting b*sed upon calculated feed



carbonate target yielding selected clinker parameters of 
1SF, SiR, mineralogical constituents, starting with oxide 
analysis for available components and coal ash content; 
applicable for conclusion of adequate raw mix corrections 
based upon composition of raw mill discharge on x-hours 
cumulative sample, entering oxide analysis, required pa
rameters, end designed target, and concluding new components 
proportions.

g- Scanning electron microscope : with high resolution top 
stage; low spherical aberration lens, ¡ü.cro-computer cont
rolled electronics ; magnification range 10 x to 3000 x , 
pneumatic vibration isolation mounting,

Automatic vacuum system with gun and 
specimen airlocks; large specimens bottom stage; 100 mm 
0 x 75 mm thick size with full specimen coverage from edge tc edge, 
x-y motions + 28 mm, rotation 360°; Tilt- 10° to + 60°;
Dual signal imaging; ultra - high resolution recording 
witn camera and polaroid film bolder; Automatic data entry 
on micrographs; Variable scan speeds; Dynamic focusing;
Gamma control; wave form display 360° scan rotation.

- Accessories : complete set for adequate operation in research 
work.

- Supervision & advice : the supplier will render technical 
services for supervision of erection, putting into operation
and taking over tests in Tien Jin, PRC.

h - X-ray diffraction analyser : Automatic powder x-ray diffr
actometer to be used for qualitative and quantitative sapmle 
analysis. The system should be applicable for analysing 
a great number of samples with accurate results. Through



microprocessor control it will be possible to carry out 
automatically a complete analytical program which may 
involve several different measuring operations and modes 
for each sample, .ithout needing someone consistently in 
attendance.

The system comprises :-
- H.V. generator (4 kw maximum power)
- x-ray t.ibes (Cu, Go, Pe targets )
- Vertical goniometer
- Automatic sample charger (for up to 35 samples)
- Channel control unit
- Motor control unit
- Automatic divergence slit
- X-ray focusing monochromator
- Input / output teleprinter
- Recorder (Chart)
- Minicomputer.

Recommended suppliers:
Based upon the experience of experts questioned obout the 

said equipment during the study tour, and in virtue of technical 
superiority, specific suppliers are recommended by the study 
tour fellows for some of the obovementioned equipment as follows:- 
Item Equipment Recommended supplier

a x-ray Fluorescence analyzer: applied Research laborat
ories Konigstrasse 5, 4-00 

Dusse I d«r.f, PRfi
b Particle size analyzer Micromeritics Instrument

Corporation, 5^80 Goshen 
Springs Rd., Norcross, 
Georgia 30 093, USA.
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3. E5C0KMENDED LOCAL SUPPLIES 

CHEMICAL LABORATORY

Des ion

Precision Laboratory balance 
Capacity 20 ~~ g 
Accuracy: 0.1 g

Precision balance 
Capacity: 7 kg 
Accuracy: C.l g

Drying even
Tenp. ran-e: 25 - 220 ° C  

Approx, inner dimensions:
IOC x SO x 50 cm

Electrical laboratory
screening machine
Pqj" sieve diameter 200 шш

Set of 12 sieves 
With bottom 
diameter: 200 mm 
0.063 _ C.C75 _ 0. 9 _ C .125
C.18 _ C.25 _ C.5 _o.71 _ 1 _ 
1.18_1.7_2mm wire mesh 
Sieve bottom non ferrous metal

Sample spl? tter 
v/ith 1 in. and 1 / 2 in. 
chut . cnening



Precision balance 
Capacity: UV" g

A c c u r a c y :  r . ' i  g

-nclucmr an infrared d r y i n g  unit 
for moisture determination and 
2 spare bulbs

^ip-tal analytical balance 
Capacity: 20C g 

Accuracy: 0.5 nr

Drying oven
Temp, range: 25 —  2 2 C c C 

Dimensions: I00C >: 80C x 50C mm

Semi — automatic burettes 
for titration 
Capacity: 2 1 
Graduation: 50 ml 
Readability: C.l ml

A u to m a t ic  w a t e r  d i s t i l l a t i o n  a p o a r a t u s ;  

w a t e r  s u p p ly ,  c h e c k in g  c o o l i n g  w a t e r ,  s w i t c h in g  on 
an d  o f f  a u t o m a t i c a l l y  in c a s e  o f  l a c k  o f  w a t e r  o r  

s t o r a g e  v e s s e l  b e in g  f i l l e d ;  o u t f lo w in g  c o o l in g  

w a t e r  p a s s in g  th r o u g h  c o n t r o l  d e v ic e  i n t o  t h e  s t i l l .
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D e s c r i  r t i c n

2 Muffle furnace
with max. temperature of 1150 C 
with spare heating elements 
Apcrox. inner dimensions:
26 x 16 x k 3 cm

1 0ro5*t apparatus
incl. appropriate absoprtion vessels, 
solutions, standard gas cylinder, 
and 5 rubber bags for gas sampling.

3 Hot plates up to 350 °C
1500 V.'
Approx . dimensions:
25 x 35 cm

3 Magnetic stirrer
with variable speed and heating, 
approx. 12 x 12 cm
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Description

Water bath vith shaking device 
and temperature control 
for free lime determination

Water bath with^ four openings

Hood
1200 x 8OOOx 21tOC mm 
incl. connections for 
warm and cold water, 
pressurized air, 
gas, and electrical outlets.



Sty Debcriptior.
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0 65i r : urinais l o n f  ¿tern f l u t e d ,  a c c u r a t e ,  6C

U funnels, powder, polyprcprogylene; top I.D. 150 mm

2 funnels, stainless ; te” I.D. 50 mm

2 semi-automatic burettes 3-way stop-cock ,25 ml

k semi-automatic burettes 3-way stop-cock,25 ml

2 automatic burettes, 25 ml

Beakers, high
10 50 ml
10 ICC ml
10 250 ml
20 kOO ml
10 600 ml
10 800 ml
1C ICO 0 ml

Erlenmeyer flask, cop joint 2k / kO,

20 250 ml

Erlenmeyer flask, wide neck with ring finished neck,
30 o o ml
5 500 ml
5 1000 ml

Condensers, bulb type; with bottom joint 2 k / k 0  

5 length 5oo mm
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Narr ov. neck botti
1C -¡c: ml
1C 250 ml
1C 5CC ml
20 l O T  ml 

✓
Wide neck bottles
10 250 ml
10 500 ml
20 1000 ml
5 dropping bottles with cover stopper, 100 ml,

brown

3  K g  g l a s s  r o d s  i n  d i f f e r e n t  d i m e n s io n s

3 K g  g l a s s  t u b e s  i n  d i f f e r e n t  d im e n s io n s

12 narrow neckbottles, polypropylene, 20 liters
with rubber stopper

20 glass plates 120 x 120 mm

Measuring glass cylinders with round foot, graduated
5
5
5
5
3
3

10 ml 
50 ml 

ICO ml 
250 ml 
500 ml 

1000 ml
5 pipettes, volumetric, glass, capacity 5 ml
r ic' ' ; 1C ml, 20 n ] , 50 ml
3 automatic pipettes 50 ml
5 pyknometers with ground-in thermometer and lat-

eral capillaries, capacity 50 ml
100 test tubes of 160 x 16

Wash bottles, flat bottom flas1', with rubber stopper and
glass tubes
7J 500 ml
c; IO00 ml
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1C wash bottles, plastic, yCC r.l

Thermometers, general purpose centigrade scale, ?6 mm 
imme rsicr.
r -t«- * 1 r.r> 2 „

—  - W —  ✓ ' V  ^  9

y _ 5C to -CC cc,
3 - thermometers, wall type, indoor, centigrade

scale

watch glasses 
10 iO m  i
10 loo ram 0

10 125 mm0
10 15C1 ram C

lo 175 nim 0

Volumetric flasks (graduated)
5 25C ml
5 50C ml
5 1000 ml

wide neck bottles with £ 
powder, white glass)
100 100 ml
100 250 ml

"1

Lids (sample bottles for

yu
10

500 ml 
1000 ml

50 2000 ml

Sample containers (tin boxes or plastic)
30 500 ml
20 1000 ml
1C 25"0 ml
1C 5000 ml
cy desiccators, 250ram I.D.
2 agate mortars with pestle, standard 

only cavity flawless 
approx. 125 ram outer 0 
anprox. 100 mm inner 0

quality,

20 wire gauzes with asbestos insertion., 16x16 cm
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1C e v a n o r a t i r . o  d i s h e s  o f  r o r e c e i a i n , m e d iu m - d e p t h  • *
w i t h  s p o u t ,  IO C  m l

1C id e m  130 ml

6 e l a t e  s u r n o r t s ,  w i t h  s t e e l  t u b s ,  b u r e t t e s  c a n  

b e  e a s i l y  r u s h e d  d o w n , f o r  2  b u r e t t e s .

2 b u r e t t e  b r u s h e s  JO mm 0

5 f i l t e r i n g  f u n n e l  s u p p o r t s  c o n s i s t i n g  o f  i r o n  

r l a t e  s u p p o r t  w i t h  p l a s t i c  p l a t e  f o r  2  f u n n e l s

1 0  p k r o u n d  f i l t e r s ,  1 1  cm 0 ,  n o  5 8 9 1 ,  b l a c k  

r i b b o n , s u . s

1 0  p k id e m  1 1  -m 0 n o  5 8 9 2 ,  w h i t e  

r i b b o n  s  u .  s

2 0  p k id e m  1 1 c m  0 N 0 5 8 9 3 ,  b l u e  

r i b b o n ,  S U .  S

2 0 0  p k f i l t e r p a p e r  d i s c s ,  •£" d i a .  ( B l a i n e )

1 2 t e s t  t u b e  b r u s h e s

1 a s s o r t m e n t  o f  g l a s s  b r u s h e s

R u b b e r  h o s e ,  r e d ,

1 5  m 5  mm 0

30  m 9  mm 0

1 5  K 1 6  mm 0

1 5  m 1 5  mm 0

n B u c h n e r  f u n n e l s  o f  p o r c e l a i n  6 5  mm 0

2 0 p o l i c e m e n  f o r  a n a l y t i c a l  w o r k ,  " a r r o w

1C s p a t u l a  s p o o n s  o f  a l u m i n a ,  2C .* l o n g

1 0 id e m  li+ O  mm l o n g

1 s e t  c o r k  b o r e r s ,  1 0  cm b o r i n g  l e n g t h ,  w i t h  

s o l i d  b r a s s  h a n d l e ,  s e t  o f  1 8  b o r e r s ,  0  5 -  

2 6  mm
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1 0 p o r c e l a i n  d i s h e s  

g l a z e d

305  mm. i n n e r  a n d  o u t< iY  0 .

5 0 m e l t i n g  c r u c i b l e s  

c a p a c i t y  1 6  m l

o f  p o r c e l a i n ,  30 mm h i g h ,

1C id e m ,  c a p a c i t y  2 5 m l

2 p i p e t t e  s u p p o r t o f  r l a s t i c  w i t h  2L b o r i n g s

p o r c e l a i n  m o r t a r s  w i t h  p e s t l e  

1 IO C  mm 0

1 2 1 0  ram 0

1 290 ram 0

6 fine hair brushes, 95 nm long

10 brushes, with br«>ss wire bristles mounted ir.
wooden handle

5 test tube holders of wood

2 test tube supports for 12 tubes of PVC

10 support clamp with two corner jaws (angular cla
mps) of steel, corrosion proof lacquered, clamping 
width 25 mm

10 idem, £+C mm

3 support clamps without sockets, round jaws,
clamping width 25 ram

3 idem, ¿tO mm

d o u b le  s p a t u l a s  o f  p u r e  n i c k e l  , n a r r o w  fo r m  

3  1 0  cm l o n g

3  1 5  cm l o n g

spatula spoons, pure nickel, 15 cm 
10C rubber stoppers, assorted, 6-50 mm 0

2 crucible t o n r s  of pure nickel, 20 cm

idem,2 SO cm
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5 a  v a c u u m  h o s e ,  5 mm i n s i d e  0 ,  5 ram w a l l  t h i c k n e s s

5 n

5

3

12
2 o

1

1
5
lu
5
1

10

2

v a c u u m  h o s e ,  w i t h  g a u z e  insert, IP n r  i n s i d e  ft 
3mm w a i l  t h i c k n e s s

w e i g h i n g  b o a t s  o f  a l u m i n i u m  w i t h  c o u n t e r  w e i g h t ,  

8 0  mm l o n g

w a t e r  j e t  p u m p s  le v :  r a t e r  p r e s s u r e  ( C . 5  k r / c m 2 ) ,  

w h ic h  i s  r e q u i r e d  t o  o b t a i n  t h e  f i n a l  v a c u u m  

( v a p o u r  p r e s s u r e  o f  w a t e r ) .

p a i r s  o f  r u b b e r  g l o v e s ,  h e a v y  t y p e ,  m e d iu m  s i z e

s a m p le  c o n t a i n e r s  w i t h  c l o s i n g  c l a m p s ,  c a p a c i t y  

7 . 5  1  f o r  s a m p le  s t o r a g e  

p l a s t i c  i a g s  o f  v a r i o u s  s i z e s

t o o l  b o x ,  c o n t a i n i n g  h a m m e rs , 1  p a i r  o f  c u t t i n g  

D l i e r s .  s e t  o f  i r o n  a n d  w o o d  s a w s ,  f l a t

p l i e r s  , v a r i o u s  s c r e w  d r i v e r s ,  r u l e r  2  m , s e t  o f  

a d j u s t a b l e  w r e n c h e s ,  s t e e l  b r u s h ,  s e t  o f  f o r k  w r 

e n c h e s  6 - W  mm, e t c .

g l a s s  c u t t e r

t r i p o d  s u p p o r t s  o f  s t e e l ,  0 '  5  i n .  

t u b e  c la m p s  w i t h  s t e e l  s p r i n g

a s b e s t o s  c e m e n t  s h e e t i n g s  ( u n d e r  h o t  p l a t e s )

s e t  o f  b a l a n c e  w e i g h t s ,  p r e c i s i o n  g r a d e  5 0  g t o

5 Bg
t r i a n g l e s  o f  n i c k e l - c h r o m i u m  ( 6 i d e  l e n g t h  2  i n . )  

b a l a n c e s ,  t r i p l e ,  b e a m , m e t r i c ,  m a x . 2  K g

1  h y g r o m e t e r ,  w a l l  t y p e

lO P c s  u n i v e r s a l  i n d i c a t o r  p a p e r  PH 1 - 1 0  i n c l u d i n g  c o l .  

s c a l e

2  k g  g l a s s  w o o l

5  k g  s i l i c a  g e l  w i t h  m o i s t u r e  i n d i c a t o r  ( b l u e  g e l )  

g s t o p c o c k  g r e a s e200
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U. PROPOSEE LOCAL SUPPLIES 
PHYSICAL TESTS LABORATORY

COMPRESSION TESTING MACHiNi. bOO KN max. test load

consisting of:

COMPRESSION TEST FRAME

in rigid two column design with adjustable test height bymeans 
of middlespindle for compression tests on cement prisms, light 
concrete, refractories, lime, plaster, and natural stones

connected to:

MEASURING AND CONTROL CABINET

Rack design with function modules for load control, load mea
suring and lead indication; pressure generating unit incorporated 
in lower part

1 Laboratory jaw crusher
feed opening 100x100 mm 
variable slit from 1 — 20 mm

1 Laboratory ball mill
for clinker grinding 
capacity: max. 20 kg

10 Sieves M 100
Diameter EOC mm

1C Sieves M 2CC 
Diameter 200 mm

2 M 100 stainless steel 
screening cloth

2 K 2CC stainless steel 
screening cloth
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Sty. Description

1 Precision balance
Capacity: 7 kg 
Accuracy: C.l g

1 Vibrating machine 
for mortar cubes 
acc. to ES 12

2 Vicat apparatus
complete v-lth 6 spare needles, 
1 mould, and 10 glass plates

1C Le Chatelier ring
for determination 
of cement expansion

25 Cover glass plates
for le Chatelier rings 
( 50 x 50 mm )

10 Weights for
Le Chatelier rings 
and length compactor

1 Water bath
to boil the Le Chatelier rings

kO Moulds
for cubes acc. to 12
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Sty» Description

1 Shrinkage tester
incl. IOC measuring pins

1 Moisture cabinet for sample storage,
water bath

1 for 200 mm dia. sieves
incl. vacuum cleaner, mini filter, 
ana small collection filter

1 Set of sieves
for air jet sieving machine 
ASTM No J25-2CC-1C0-50- 
30-20-16-8-^-3/8"- 
l/2"-3A"-i"

3 Le Chatelier flasks
for determination of 
specific gravity

1 Thermohygrograph

to record temperature 
(approx. 5 A 0 CC) and 
humidity (C-10P9S7 
with recording mechanism,

3 Double moulds
l"xl"x 10" (WTH-)
for shrinkage tester
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5.- PROPOSED LOCAL SUPPLIERS 

CONCRETE LABORATORY

Technical laboratory balance 
Laboratory concrete mixer 
Slump cone, complete set 
Set of moulds
Compression machine 3000 KN for test on cubes*

» " 1200 KN ” " " cylinders
Universal compression machine 3000 KN for compression/flexion 
tests
Compression machine 2000 KN for tests on cubes.
In situ mechanical measurement 
Climate conditioning cabinet 
Air entrainment meter 
Plow table
Ultrasonic concrete tester 
Concrete penetrometer for setting time 
Accelerated curing tank 
Manual flexion testing machine
Machine for flexion testing on tiles, brique tes ... etc
Compression machine 5000 KN
Apparatus to measure hydraulic shrinkage
Concrete permeability apparatus
Steel reinforcement detection meter
Core drilling machine
Grinding machine for cubic and cylindric specimens.
Specimen cutting machine

a



For aggregate; 
Splitters
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Jew crusher 
Mechanical shaicer 
Grinding mill 
Abrasion testing machine 
Drying oven
Compression resistance tester for granules 
Carbide moisture tester for sand * fine aggregate.
Sieven cloth, complete set according to standard
Sieves, perforated plate, complete set according to standard
Laboratory balance
Hygrometer for moisture measurement



Annex X

DRAFT PROJECT PROPOSAL

A. Development objectives

The main objectives cf the project are:

To rationalize the technical level of industrial 

research for the cement industry through 

scientific studies making use of modem concepts 

of international technological advances;

To promote the utilization of natural resources 

through veil-planned rav materials investigations 

as support for the present industry and as a 

basis for future expansion;

To realize an appreciable quantitative and qual

itative increase cf the cement production as a 

fundamental basis for development;

To further and accelerate the social and economic 

development of tne country by contributing to 

the progress of activities in the construction

sector.



. -immediate objectives

The immediate objective or' the project is to create 

a technology pool in the form of a Cement Development 

Centre, vhich shall co-ordinate all efforts for the 

development and modernization of the cement industry, 

thereby ensuring that the cemert industry progressively 

fulfils its role as supplier of all cement necessary 

for development and progress. This objective will 

be met through the following approach:

(a) Centralization and rationalization of research 

work for the development of the cement industry, 

applying the most effective development-oriented 

methods and proceedings;

(b) Performing well-planned raw materials research 

as assistance to the existing industry and in 

preparation for the establishment of new cement 

plants;

(c) Trouble-shooting in existing cement works, 

such problem solving being based on intensified 

research work;

(d) Establ •’ shment of a comprehensive technical plan 

for the modernization of existing cement plants 

aiming at production increase and energy 

conservation;



(e) Elaboration of a technological basis for the

establishment of nev cement industries, including 

detailed techno-economic studies and plans for 

the execution based on the most modern concents.

C. Special considerations

The project vill raise the technical level"of the 

personnel so that they vill be more useful to the 

country in respect of quality of work and quantity 

of production. The partial mechanization vhich vill be 

achieved through the modernization of existing cement 

plants vill certainly reduce the volume of labour force. 

The question of employment is of special importance in 

China. Hovever, all surplus labour vill be needed for 

the horizontal expansion of the cement industry. The 

redeployment of personnel from the present industrial 

units in the nev cement vorks vill require veil-planned 

upgrading of skills to cope with modern operational 

requirements. The introduction of modern concepts of 

automation and control vill open up opportunities for 

female workers to increase their capabilities and to 

become members of the national technical staff.



The latest trends in cement works design will 

naturally care mere for environmental protection 

and elimination of ecological disturbances. This 

will have a favourable impact on health and sanitation 

and will thus contribute to the preservation of the 

environment.

D. Background and justificaiton

To cope with the rapid industrial development and 

the expansion of the construction sector in China, the 

capacity of the cement industry has grown rapidly from 

kO 000 t/y In 1906, when the first rotary kiln was 

installed in Tang Shan, tc 80 191 000 t/y in 1980.

China has at present about 3 k00 cement plants.

About 1/3 of the cement is produced by 51 large- 

and medium-size plants supplying to important construction 

projects, mostly marine civil work and urban development. 

The remaining 2/3 is produced by small-scale plants with 

shaft kilns and wet-process rotary kilns, generally 

catering for local consumption, especially in rural 

areas. The main utilization has been for the construction 

of housing for about 800 000 people employed in the

agricultural sector.



Since more ambitious targets aiming- at a higher 

standard of living have been announcedt a substantial 

increase in the cement production is required to 

reach that development target; yet, considering 

extension possibilities and available resources, 

a growth rate of 5 to 6% has been forcasted by the 

present five-year national development plan for 

the period up to 1985- This rate of increase would 

be realized through the following measures:

(a) Full utilization of the potential of the 

existing works through rationalization of 

operation and maintenance, overcoming eventual 

difficulties and elimination of bottlenecks;

(b) Increase of present production capacities 

through modifications und improvements of 

existing production lines;

(c) Extension by additional production lines to

be incorporated into some of the existing units;

iI

a



*

(d) Erection of nev cement works using the latest 

cement technologies, such projects being based 

on thorough feasibility studies including 

comprehensive investigation of such fundamentals 

as suitable raw materials and sound techno-economic 

basis.

The present cement industry cannot supply the 

required quality, quantity and variety of cement to 

cope with the ambitious development objectives. With 

a view to overcome this difficulty, the Government of 

China is devoting special attention to the cement 

industry and is establishing the Cement Development 

Center with the aim to support the development and 

promotion of nev improved technologies and plant design 

based on modern scientific findings.

For that purpose local experts require substantial 

support to enable them to utilize all their potentialities, 

thus contributing in the most effective manner to the 

development programme. UNDP/UNIDO assistance would 

be the appropriate support for realization of the said 

objectives; it would promote the role of research 

work for industrial development; realize the 

transfer of know-how through international
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experts'advice in various fields of research and 
technology; upgrade the scientific knowledge and 
technical experience through fellowship programmes,
Study tours and in-service training; and, in addition ensure 
the supply of research equipment, internationally 
proven to be the best means for extraction and 
processing of scientific information.

The strategy of the present readjustment is 
to adapt ¿ M e m  scientific approaches to promote 
development through research findings, main'ng use 
of modern technologic achievements in the advanced 
indus trialized countries.

The projected expansion in the cement industry will 

avail cement to the majority of the population for the estatlisbment 

of proper housing facilities after having secured life 

substantiais. This gives special importance to rationalization 

and the. increase of c.ement quality and quantity. In -addition 

to the constructional benefits anticipated as a consequence 

cf the development of the cement industry remarkable social 

benefits will also be realized especially by creating 

additional employment opportunities through the development 

of the industry.



1

E. Outputs

The purpose of the project is to assist in the establishment 

of the Cement Development Center, to render advisory expertise 

for its staru-up, and to support its functioning so as to 

assure the realisation of its objectives.

The most important outputs are :
( a) Adaption of the building of the Cement Development Center 

for appropriate fulfilment of its programme of activities, 

follow-up of its installation -with services, including advice 

on technical and organizational aspects to ensure its proper 

finer t ioumg ;

(b) Assistance in the taking over, installation, and putting 

into operation of all necessary equipment for analysis 

and testing of raw materials, clinker, cement mortar 

and concrete;

(c) Transfer of national personnel from other duty 
stations to the center in Tien Jin;

(d) Training of professional personnel from the 
Center or from the cement industry through 
assignment of international experts to the 
center ;

(e) Training of professional personnel from the 
Center or from the cement industry through 
study tours or fellowships :
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( £ ) Organization of an Interregional Seminar on
Cement Technology in 19S4 to review the latest 
development of the cement industry in China 
and in other countries;

(g ) Translation of Chinese documents of interest 
for developing countries .into selected official 
United Nations languages and translation of selected 

documents, articles and papers of interest for 
China into Chinese;

(h ) Reports summing up results of raw materials
investigations and results of trouble-shooting 
techniques ;

( i) Establishment of a well-equipped laboratory for 
checking and calibration of instrumentation ;

( j ) Development of new practices for automation and
control with all basic substantials for proper 
fun„ ioning.

F. Activities
The Cement Development Center will be the focal 

point for the transfer of know-how from abroad to China, 

and the organization planning the implementation of 

innovations resulting from local investigations 
or imported technologies.
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In order to assume this role, extensive con
tact-making and correspondence with other similar 
institutes and with foreign companies working in 
the field of the cement production w i n  be necessary 
in order to have some of these development partners 

to release qualified engineers and scientists for temporary 

assignments to China through the United Nations.

Special attention should also be given to com
bine bilateral co-operation with the planned project 
activities in order to supplement the u n d p/unipo 

input by additional expertise, fellowship training, 

study tours and equipment. The ongoing industrial 

development of Chxna makes this country an ideal partner 

for developed countries to support their comme-cial relations 

with China through bilateral assistance.

Transfer of know-how from abroad to the Center 

will be secured through the assignment of international 
specialists on short-term basis, covering discipli

nes of importance for t' ' development of the Chinese 
cement industry and the Cement Development Center.
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Particular at.-ention will be giver to the creation of 

a dynamic technology base for large-scale cement 

industry, that can further improve and develop the 

Chinese engineering capacities.

UNIDO will further extend headquarter's support 

to the development of the Centre in the form of an 

annual visit to prepare for and participate in a 

tripartite evaluation of the project with possible 

project revisions to follow in accordance with the 

development of national, international and bilateral 

co-operation.

Fellowship training and study tours will be organized 

and cover various areas from basic training of Chinese



engineers to work in large-scale cement plants to the 

advanced training of Chinese scientists and engineers 

who will gradually take over the design of new large-scale 

cement plants. The proposed fellowship programmes cover 

all fields of cement technology and research aspects deemed 

to he necessary for effective development.

Furthermore, research equipment will be furnished 

to support the scientific investigations, including the 

most modern installations capable of exposing materials 

characteristics which can not be revealed by traditional 

chemical analysis and physical tests.

The Center will co-ordinate the training of the 

Chinese experts abroad. Upon their return it will 

start them up at home with the new facilities, make 

them work on specific tasks related to new and exis-ing 

cement plants, send them for further training if needed 

or include foreign specialists in the team to enhance the

transfer of know-how.
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G- Inputs

1. To be -provided by the Government

(a) Salaries of the national staff, at home and 

abroad^ during the fellowship programmes 
and study tours ;

(b) Investments necessary for the main 
construction of the Cement Development Center 

and living quailers for local sts.ff and 
international experts;

(e) Supplies for local equipment : for the 

chemical laboratory, the cement physical 

tests and the concrete laboratory';

(d) Provision of secretariat, office space, 
catering facilities and local transport for 
international experts;

(e) Secretariat and interpretation for project 
activities ;

(f) Sundry expenses for minor items not incl
uded in the above-mentioned statement.

2. To be provided by UNDP

11.Cl Technical adviser. 12 man-months in split
missions : 6 m/m over the first half of 19S3, 
3 m/m at the beginning of 1984, and 3 m/m 
during the period April-June 1985•
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An engineer or chemist with long and high-level 

experience in the technical as well as the management 

aspects of cement development centers. He will be 

expected to: (a) Advise on the general set-up of

the Cement Development Center; (b) Organize the proper 

application of research equipment in the service of 

various branches of research; (c) Train local staff 

in tne assessment of results to conclude the specific 

significance of observations, and their technologic 

consequences; (d) Follow-up the organizational aspects 

to adapt duties and responsibilities planned for the 

technical staff; (e) Assure the proper functioning of 

the Center as a whole and its contribution towards 

the development objectives.

During his first mission, the expert will assist 

the Director of the Center to start-up the technical and 

managerial activities, and during his list, mission he 

will advise on further steps to be achieved, and draft 

a project proposal for extended UHDP/UNIBO assistance.
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i .C2 Adviser in testing and evaluation of rav materais. 

3 man-months in two split missions: 1 m/m during

July 1982 and 2 m/m during July-August 1983.

A. chemist or chemical engineer with long 

and high-level experience in the field of testing 

and evaluation of raw materials for cement 

production. The expert will be expected to:(a) 

Advise on the appropriate test and analysis 

procedures for raw materials, giving special 

consideration to minor undesirable components;

(t) Demonstrate modern analytical techniques, 

whether by wet analysis or by instrumental 

investigation; (c) Giv guidance on the correct 

interpretation of chemical, mineralogical and 

micro-structural information for the conclusion 

of anticipated characteristics and expected 

behaviour in tie course of industrial processing; 

(d) Revise the geological investigations, 

establish the geographic location of raw 

material deposits of suitable qualities, 

evaluate confirmed and probable reserves 

of such deposits, and propose adequate measures 

for future proceedings.
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11.03 Consultant in laboratory testing;. 3 man-months

in two split missions: 1 m/m during September 1983

and 2 m/m during July - August 1985-

A Chemist with relevant experience in cement 

laboratory work. The expert will be expected to:

(a) Illustrate the best procedures for checking 

various process parameters; (b) Demonstrate 

particulars for appropriate follow-up of production 

proceedings, with special emphasis to significance of 

eventual phenomena and proposal for remedial measures to 

overcome industrial problems; (c) Conduct chemical 

analysis and physical tests for cement, mortar and 

concrete; (d) Advise on the proper application of 

modern equipment being introduced to cement laboratory 

work.

He will further be required to ensure that 

appropriate procedures will be adopted by issuing 

comprehensive instructions and will be responsible 

for the training of the national personnel in those 

rationalized procedures.

11. Ok Consultant in raw-mix design and pilot testing. 3 man-

months in two split missions: 1 m/m luring October 1983

and 2 m/m during July-August 198k.
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A chemist or chemical engineer with considerable 

theoretical knowledge and practical experience in cement 

composition and technology. The expert will be expected 

to: (a) Work out the most appropriate raw-mix design to 

be composed of two or more components according to 

available resources; (b) Propose the suitable correctives, 

if required, after a techno-economic study of materials 

which can be locally procured and would suit the 

industrial process; (c) Propose proper ratios and 

modioli for the most convenient processing; (d) Advise 

on and conduct pilot tests to produce clinker cn a 

semi-industrial scale, perform the necessary quality 

investigations of the product and conclude further 

modifications to be performed accordingly.

11.05 Consultant in process design.3 man-months during 
the period October - December 198U.

An engineer with long experience in cement 

industrial technology and appropriate know-how in 

process design.



- 1ST -

The expert will be required to: (a) Assess results 

of raw materials investigations, study possibilities 

of local machine manufacture including modern trends 

in machine design and propose accordingly the 

appropriate process design; taking also into 

consideration the local availability of manpower, 

maintenance facilities as well as distribution 

channels ; (b) Making use of latest technology in 

process design, propose ways of applying innovations 

leading to energy conservation and increased 

environmental protection; (c) Prepare a forecast of 

expected benefits and draw-backs, if any, of such 

process re-design.

11.06 Consultant in equitcient selection. 3 man-months 

during the period October - December I98U.

An engineer with advanced know-how in machine 

characteristics, long experience in cement producing 

works and appropriate knowledge of modern trends in

cement process technology.
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The expert will, in close co-operation with the 

expert in process design and with his national 

counterparts, select the cement-making machinery 

and equipment best suited to local conditions. He 

will give special consideration to the process promotion, 

especially to energy conservación and environmental 

protection. Possibilities for local manufacture should 

ba a guiding factor in the selection process, and 

the introduction of new international designs should 

take into consideration local conditions, facilities for 

maintenance and procurement of spare parts.

11.07 Consultant in machine design. ^ man-months in 2 split 
missions: November - December 1982, and July - August 
1985.

A mechanical engineer with relevant experience in 

machine design, preferably from one of the well-distinguished 

machine suppliers. The expert will study local conditions 

in national workshops, and the performance of locally- 

manufactui-id machinery in terms or operational efficiency 

and maintenance characteristics. In co-operatior with 

national engineers concerned with machine design he will 

propose the most appropriate designs to promote
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techno-economic advantages. He vill further 
propose: (a) Means for adaption of modern designing 
principles to the Chinese proceedings. He will 
further propose the suitable material composition to 
cope with the anticipated operational conditions. He 
will establish the basic substantials for electrical 
facilities to be adapted and a reasonable degree of 
automation and control to be introduced.

11. 08 Consultant in instrumentation and control, 3 man-months 
in three split missions: August 1982, November 1983
and November 198U.

An electronic engineer, with profound theoretical 
knowledge and practical experience in the field of 
instrumeutation and control. During his first mission 
of one month, the expert will assist in the initial 
establishment and start-up of basic control systems, 
follow up and possibly ameliorate worx proceedings.
He will then advise on the formation of an instrumentation 
laboratory with possibilities for maintenance and
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calibration of measuring instruments for the proper 
functioning of control panels. He will propose the 
most reasonable extent of automation with necessary 
interlocking of main production units to adjust 
material flow and rationalize operational parameters 
with ample degree of automation and control. The 
automation and control parameters vill he explained, 
and maintenance systems vill he established. A special 
study vill he devoted to existing automated control 
sytems, and special advice vill accordingly ht; 
formulated for new projects, based on the experience 
gained with already functioning systems.

.09 Consultant in computer science and technology k man-months 
during the period September - December 1985.

University graduate in electron!': engineering 
or mathematics, PhD in computer engineering and relevant 
experience with computers, including systems analysis, 
design, soft-ware programming, and knowledge of 
hardware. The expert vill be required to: (a) Prepare 
a survey on computer' applications in the cement
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industry and in research work, and, subsequently 
advise on appropriate computerized control in relevant 
fields; (b) Propose suitable systems for process 
control, preventive maintenance, and stock-keeping 
for spare parts; (c) Organize and educational course 
in the said fields for the national personnel concerned; 
(d) Formulate the technical problems, draft technical 
reports and documents, and advise on programming 
techniques necessary for obtaining useful information 
in order to achieve the project t. get; (e) Study 
new projects, and, u.n the light of local possibilities 
and the nature of problems encountered, define the 
most appropriate systems for the respective purpose, 
including definition of required periferals (input 
and output devices, secondary storage memory etc.);
(f) For computers already in function, assure that the 
supplier? maintenance instructions are correctly
followed.
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Fellowship training will be provided in the 
following areas :

31.01 Laboratory research. (27 m/m)
2 chemical engineers: 6 months each in X-ray fluorescence
analysis

1 chemical engineer: 3 months in atomic absorption
and flame photometry

1 chemical engineer: 2 months in diffraction microscopy
1 chemical engineer: 2 months in particle size studies 
1 chemical engineer: 1* months in electron microscopy 
1 chemical engineer: 1» months in X-ray diffraction
analysis

31.02 Application of low-grade materials. (21» m/m)
2 geologists: 3 months each in geological investigations
2 geologists: 3 months each in auarrying low-grade
materials

1» chemical engineers: 3 months each in process-related
research
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31.03 Application of fly ash. (6 m/m)
2 chemical engineers: 3 months each in the utilization
of fly ash in cement industry

31.0U Pre-hiending of rav materials- (U m/m)
1 chemical engineer: 2 months in pre-blending bed and
sampling station

1 chemical engineer: 2 months in rav-mir. homogenization

31.05 Roller mill technology. (8 m/m)
1 chemical engineer: It months in technical design
1 mechanical engineer: months in equipment design

31.06 Pre-heater and pre-calcincr studies. (9 a^a)
1 chemical engineer: 3 months in technical design
1 mechanical engineer: 3 months in equipment design
1 chemical engineer: 3 months in operation and control
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31.07 Past collection studies. (6 m/m)
1 mechanical engineer: 2 mouths in equipment derig .:
hag house, gravel V.d

1 electrical engineer: 2 months in equipment design:
electrostatic precipitator 

1 chemical engineer: 2 months in technical design
for dust collection systems

31.08 Materials conveyors and cement dispatch. (10 m/m)
1 mechanical engineer: 2 months studying large elevators
and drag chain conveyors

1 mechanical engineer: 2 months studying air lifts
and pneumatic conveyors

1 mechanical c n g i : 2 months studying packing
and pelletizing

1 mechanical engineer: 2 months studying cement hulk
dispatch

1 mechanical engineer: 2 months studying measuring
and feeding

31.09 Automation and control.(38 m/n) ,
2 electrical engineers: 3 months each studying electrical
drives ari power distribution >

2 electronic engineers: b months each studying control
centres

1* electxwuic engineers: 6 months each in computer studies
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31.10. Feasibility studies, (h m/m) 2 economists/
engineers: 2 months each: techno-economic
studies, lry and final feasibility study.

Tb* following equipment vill be furnished:
0̂.01. Basic equipment for a language laboratory.

For the training in foreign languages 
necessary for accomplishment of the technical 
training particulars, whether in the form 
of fellowship programmes or in-service 
training. This supply will be one of the 
first project activities to allow for ample 
preparation time of nationals to follow the 
proposed training schedule.

kO.02. A series of specialized research equipment
which is not among the normal local production. 
This equipment will assist the Chinese research 
workers to gather scientific information which 
cannot be obtained by the traditional apparatus. 
A provisional equipment list has been drawn 
up based upon the experience gained during the 
cement study tour of March/April 1981, but the 
final volume cf equipment supplies vi.ll be
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determined after international "bidding and 

selection of the purchasable equipment 

according to the tendered values and available 

funds.

H. Preparation of vork pier

A tentative vork plan in the form of bar chart is 

attached as u preliminary guide. As soon as feasible 

a detailed vork plan for implementation of the project 

vill be prepared by thi National Project Co-ordinator 

in consultation vith the representative of UNIDO 

headquarters during the yearly reviev mission. The 

agreed vork plan vill be attached to the document 

and vill be considered as an integral part.

I. Institutional frame vork

The Ministry of Building Materials Industry vill, 

as the government implementing agency, co-ordinate 

the various activities of the project in consultation 

vith the units directly involved in its implementation.

■f



PROJECT BUDGET PROPOSAL
Project personnel

10. Project personnel Total 198 A 1963 1984 1985

11. Expert« / Poet title % $ % $ % t % * % $

11-01 Teohnioal adviser 12 75 300 6 37 200 3 18 600 3 19 500
11-02 Testing and evaluation of raw materials 3 18 400 1 6 000 2 12 400 - am - -
11-02 Laboratory tea ting 3 19 200 - - 1 6 200 - - 2 13 ooo
11—04 Raw-mix design and pilot testing 3 19 C:o ue - 1 6 200 2 12 400 - -
11-05 Prooaaa design 3 18 600 - - - - 3 18 600 - ••
11-06 Equipment eeleotion 3 18 600 am - - - 3 18 600 - ••
11607 Machine design 4 25 400 - - - - 2 12 400 2 13 ooo
11-08 Instrumentation and control 3 16 400 1 6 000 1 6 200 1 6 200 - «•
11-09 Computer solenoe and technology 4 26 000 er 4 26 000

11-99 Total experts 38 238 500 2 12 000 11 68 200 14 86 800 11 71 500



FELLOWSHIPS

3 0 . 0 0  Training
31.00 Fellowships

Total 1 9 8 2 1983 1 9 8 4 1985 !

% f t % f t % ft % f t % ft

31*01« Laboratory research 27 48 600 _ _ 27 4 8  6 0 0 mm » - -

3 1 , 0 , 2 « Application of low-grade materials 24 50 400 - - - - 24 50 4 0 0 - —
31,03* Application of fly ash 6 10.800 - - 6 10 800 - - - -
31*04« Pre-biending of raw materials 4 8  4 0 0 - - - - 4 8 4 0 0 - -
31.05. Roller mill technology 8 14 400 - - 8 14 400 - - - -

31 * 0 6 ,  Pre-heater and ppe-ealciner 9 18 900 - - - - 9 18 900 - «M

31,07* D^st oolleotion 6 12 6 0 0 « - - - 6 12 600 - —

31*08, Conveyors and cement dispatch 10 2 4  000 - - - - - - 10 24 0 0 0
31*09« Automation and control 38 91 2 0 0 - - - - - 3 8 91 2 0 0
31*10, Feasibility studies 4 8 400 mm 4 8  4 0 0 ••

Total fellowships 136 287 700 - - *1 73 800 47 98 700 48 115 200



UNDP contribution (in $US)

Total 1982 1983 1984 1985
% * % $ % t % $ % $

11; PROJECT PERSONNEL
11.99 Total experts 38 238 500 2 12 COO 11 68 200 14 86 800 11 71 500
15*00 Experts travel 10 000 300 2 200 4 200 3 300
16.00 Other personnel oosts 20 000 5 000 5 000 5 000 5 000
19*00 Total personnel component 268 500 17 300 75 400 96 000 79 800

30* TRAINING
31*00 Fellowships 136 287 700 - w 41 73 800 47 98 100 48 115 200
>2.00 Study tours 40 78 000 10 15 000 10 18 000 10 21 000 10 24 000
33.00 In aevloe training 127 200 46 200 24 000 27 000 30 000
39.00 Total training component 492 900 61 200 115 800 146 700 169 200

40. EQUIPMENT
40.01 Language laboratory equipment 50 000 50 000 - - -
40.02 Research equipment 650 000 350 000 140 000 80 000 80 000
40.00 Total equipment component 700 000 400 000 140 000 80 000 80 000

50. MISCELLANEOUS
51.00 Operation/ maintenance 24 000 b 000 6 000 6 000 6 000
52«00 Reports 11 400 1 000 3 000 * 100 3 000
53*00 Sundries 3 200 100 600 1 400 1 100;
59,00 Total miscellaneous 38 600 7 100 9 600 11 600 10 300¡

TOTAL L500 000 485 600 340 800 334 300 339 300



Government contribution (in RMB (V x 1 000))

200
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SCHEDULE OF ACTIVITIES

A c t i v i t y

--------- r
1 9 8 2

--------- r
1 9 8 3

----------r
19 8 4 1 9 8 5

1 1 . 0 1  T e c h n i c a l  a d v i s e r

02 Testing evaluation of raw materials
0 3 Laboratory testing

- —

04 Hav-mix design and nilot 
testing

0 5 Process design
•

06 Equipment selection —
07 Machine design — —
08 Instrumentation a n d  c o n t r o l ' - - -
0 9  Computer science a n d

t e c h n o lo g y
—

16.00 Other personnel

31.00 Fellowships
01 Laboratory research
02 Appl. of low-grade

m a t e r i a l s03 Appl. of fly ash
■ 11

0 4  P r e - b l e n d i n g  o f  r a v  
m a t e r i a l s05 Roller mill technology

—

0 6  P r e - h e a t e r  a n d  p r e - c a i o i n e r

07 Dust collection —
0 8  Conveyors a n d  c e m e n t  

d i s p a t c h
0 9 Automation a n d  c o n t r o l

10 Feasibility studies —
32.00 Study tours — — — —

4 0 . 0 1  Language laboratory 
0 2  Research equipment

-






