G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




I———Nit‘

.0

—
—

= [

L2 [JLL e

X

12




10 June 10-1
ENGLISH

N C
oL O

1

RESTRICTED

IMPROVE¥ENT OF pUIINING MATERIALS MANUFACTURE
>P/cPR/80/01C

CHINA »

)

Technical report: Cement study tour for the establisnment

of a cement development centre at Tian Jin*

Prepared for the Government of China
by the United Nations Industrial Development Organization,

acting as executing agency for the United Nations Development Programme

Based on the work of A.M, Afify, expert in cement technology

United Nations Industrial Development Organization

Viznna

*This report has veen ranrrcduced without fermal editing.

Ve 81-26277

() vl o/
5 Urf AU ooie WY




have

Explanator. notes

Besides the ccmmon abbreviation:s symbols and teims, the fcllowing

been used in this report:

»
ATC advanced technology center
cm2/g muare centimeter per gram .
de direct current
ho JQorsepover
IHT Tskikawajima Harima Heavy Industries Co. Lid., Tokyo
IS0 Internationel Standards Organization
KHD Kloeckner Humboldt Deut=
k¥ Filowntt
kWh kilowatt hour
m3 cuhic meter ,
PCA Portland Cement Association '
rpm revolution per minute
SF flash--furnace suspension pre-heater
5D suspension pre-heater
t/d metric ton per day
t/h metric ton per hour
t/y mecric ton per year
UNIDO United Nations Industrial Development Orgenization
UNDP United Nations Development Programme

[ diameter
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As pert of the United Nelions Development Programme {UNDF) project
"Improvement o building materisls manufaciure" (DP/CPR/80/010) for which
the United Neiions Indusiriel Devalopment Crgarization (UNIDC) is the executing
agency, an expert in cement technology esccompanied & delegation of Chinese
cement experts on a study tour to the Federal Republic of Germany and the
United States of America. The eypert's mission was later extended te cover
visits to selected Chinese cement plants with a view to suggest ways of

adapting the findings of the study tour to lcecal conditions.

During the two-month tour the delegatiorn visited 12 cement works, four
manufacturers of cement machinery and equipment and th-ee:research and
dev=lopment institutes thereby gathering informstion orn the present status
and future trend irn cement technology, on the latest desian of machinery
and eguipment as well as on the organization and the scope of activities
of cement recearch and development institutes, including the equipment
and instrumentetion of research leboratories. This informa .on was of
ereat velue in elaborating detsiled propossels for .he establishment of &

cement development centre Jshich is under construction at Tian Jin.

In addition to an account of the firdings of the study tour or such
issues as transfer of technology, energy conservation, automation, marketing
etc., the report contains suggestions for the orgsnization ~f the future
centre, Its manpower requirements, an assessment of training possibilities
for the future staftf as well as an exhaustive list of proposed laboratory
equipment. The exper: finally prepared a draft proje=t proposal for
further UNDP/UNIDO assistance.
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IFTRODUCTION

Cement industry in China hud sterted in 1889
when the first shait kiln was installed in Ten G5an,
and the first rotary kiln was erected in 1906
in Tan San Cement Plant with an instelled capacity
of 4000C t/r. After the liberation in 1949 the
totel cement production ceme to 660000 t/y. Abundant
exrtensions 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 Vet process witk average calorific

consumption 15C3.5 Kcal/Eg. Clinke:.

20.80 % by Lepol semi-wet process calorific

coasumption 1205.8 Kcal/Kg (linker.

16.64 % by long dry process kilns with waste

h2at boiiers : 1506.7 Kcal/Eg clinker.

4 veriety of cement types is produced to the follow-

ing proportions :

49.98 % Hormal Portland Cemeat
. 91.38 %
N

41.40 % Blast Furnmace Cement
3.49 £ Repid hardening 3
1.50 % Pozzolanic
1.9 % 01l well

0.83 % Low heet 8.62 %

0.17 % White .

5 %

C.T1 Others.




ia€& 1&rge and medium scale cemen
normelly supplying cement to big projects &s in main
constructions, marine civil work, and development of
main cities, whereas the small scale plants ere vastly
distributed for coping with cement demands over vast
areas with economy in tresnsport expenditure. This
small scale production is emerallr utilized for locel
consumption, esvecially for agricultural and

industrael development. OSmall scale cement plants
require modest investments and comparatively short ex-
ecution time. On the other hand the face several
problems such as : lorg distances frea raw materiels
resources, the heterogenity of cli:cer quatity, and
increased cost price. The first development objec*<ve

would be tc secure economic raw materiais resources and

to improve the process technology and plant manage-
ment. Another main objective would be to reduce the
evidently high calorific consumption. dith the dry
process works suspension preheaters were erected but
still with excessive calorific consumption: mainly

due to high exhaust gas temperature. Lkoreover the
exhaust gases are not utilized for drying of raw mat-
erisls but dryers are functioning in conjunction with .
supplementery heat generation. To this respect it is
hoped to introduce secondary burning in precalciners to
reduce the erergy consumption to & considerable extent,
and to utilize low grade materials such as lignite and
waste ccmbustibles by development of effective ways to

in7est these materias.




Ir order to achieve ambitious gosls in ameliorat-
ion of cement technology, a Development Center is being
established in Tian Jin, expected start up in 1982. In
the ccurse of preparation of key stafi for this center,
e two months study tour to several modern cement
vorks, was organiged and cement machines suppliers, anc development

institules in the field of cement technQlogy were visited in

ESA and FRG, in order to allow the participants to
familiarize themseives with the present status and
development trends of the cement industry and the

related research in the countries visited.

The study tour has been crganized by ULDP/
UiIDO, whereby the writer has accomparied a team of
four Cninese leading personnel in the field of
Cement Industry through the post DP/CPF/80/010/11-01/
32.1.B. The expert hes been specifically expected to:
-~ Advise the participants on the information received
and observations made in order to maximize the
benefits derived from the visits end to facilitate
the integration of the aquired know-how into the
context of the Chinese situation.

~ Advise in geaeral terms cn the practical and admin-
istrative aspects of tue establishment I a cement

Research & Development Center.




I, FINDIEGS AND CONCLUSIOES

OBJECTIVES AND OUTCOMES OF STUDY TOUR

The study tour was organized for the duration of
2 months for v’ sits tov esteblishments concerned wich
cement production, supply of cement making machinery,
and cement research & development in USA & FRG. For
eccomplishment of the study tour, & group of 4 Chinese
participants were delegated :

- Mr. Zhang Pei : Chairman of Cound¢il br Techno-
Economic Society of Building
Materials Industry.

- Yr. 1i Teo-Ping: Director of Cement Development
Center of Chira.

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

- Kr. Gao Chang-ling:Eng. in Charge of Raw haterials
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 develcpment instit-

utes and their role in mervice of the nmeaufacturing




sectior, raw materials jnvestigations, application
of low grade materials and industriul products in

the industriel process.

Por achievement of the said activities:
12 cement plants were visited: 7 in USA, ‘i jeras,
New Lexico - Knoxville, Tennessee — Theodore,
Alabama : all 3 belonring to Idesl Basic Industries-
Regland, Alabame: National Cement Co., - Balcones,
Brannfels, Texas : Ceneral Portland Incorporetion -
Permenente, California : Kaiser Cement Co., - Daven-
port, Sauta Cruz, California end 5 cement works in
FRG : PFortu-sa, Geseke - Readymix, Beckwm - DPyvckerhoff
Zementwerke, Lark II, Beckum - Dyckerhoff Zementwerke,
Amoeneburg, Wiesbaden, Alsen Breitemburg, Lagerdorf,
Hamburg. 4 summary of findings end observetions from
tne said plent visits are exposed in ennex III. The
practice of varidus types of technologies were wittnessed in
the said works especially the points of special interest:-
- Processing raw meterials with excessive moisture or
alkali chloride, synchronizetion of raw materials
stacking & reclaiming by echo-lot system, prehomo-

genization by blending bed.
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- Storage belt for raw maeterials securing regular
feed, combined raw materials grinding by eerofall
mill operated in conjunction with conventional
tube mill for secondary grinding, acoustic device at

" mill shell determining set point for the feeding
systen.

- Various batch & continuous homogenizeation systems
reducing chemical fluctuations by 15:1 in terms
of stendera deviation,

- kodernizetion involving raise of production cepa-
city and reduction of specific calorific consump-
tion, upgreiing plant economics through introduc-
tion of & second string of pyroclon system, ex-—
ecution of civil and erection work without distur-
bing the functioning prcduction line. Application
of low grade combustibles, motor tyres and infla-
mmable weste materiels,

- Application of & variable bypass system to increase
the ore to waste retio, while still maintain low
elkall content.

- ¥odern sv-iem for scenning the kiln shell tempe: -
ature and grenhic display on the central control
penel, with the possibpility for exposure of the

whole shell circumference whinever required.




- Computer control on cement bulk despatch with
sell service system, magnetic card being proce-
ssed by cumputer for billing the despatched ce-
meni. Loading cement bags with pueumatic staecking
system on transport means.

- Process & operetion control by digitel computer
system operated with a light pen & typewriter
terminal, enlogue system for manual operation.

TV closed circuit with cameras that cen be foc-

usec at points of speciel importance.

Four machine suppliers were visited : 2 in

USA : Fuller Co., Bethlehem~-4llis Chalmers, Milwmaukee

end 2 in FRG; Humboldt Viedag, Cologne - and Krupp

Polysius AG, Neubeckum, whereby philosophy was indic-

ated:

- Trends in design to overcome industrial problems.

- Research work for modernizeation of industrial
proceedings & rationalization of operational
processes,

- Raw meterials investigetions revealing particular

characteristics, enabling appropriate process
determination, machines selection end detailed

desipn.
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- Clerificetion of basic principles for particuler
specilizations, recent iunovations, and design
development.

- Flash furnace suspension greheater, its virtues
in raeising production & reduction of specific
heat consumption, epplication of low grade comb-
ustibles, pyroclone techrology.

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

- Kodern coucepts of clinker cooling, test deve-
lopment in clinker coolers, regulating speed of
grates with pressure, automatic dust disposal
through air precof chutes.

- Modern facilities for research & development :
chemical investigations, physical tests, micro-

3tructural & mineralogic analysis, pilot tests.

Four establishments concerned with study and
development : in USA: Portland Cement Association,
Sinkie, Illinois - Natiopal Ash issociation, Wash-
ington DC : were visited, in FRG: Zemlabor, Beckum,
wes visited., Technologic facilities devoted to
scient:fic studies, research work on Portland Cement,

Concrete, Technicel services to promote materials
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gquality, industrial safetly, environmentel control.

The following aspects were of special interest:

- Up-to-date research equipment, their application,
adaption to solve eventual problems.

- Informations assessing for energy conservation
in the iadustriel fielé and in constructional
design.

- Utilization of some industrisl by-products for
production of mixed cements.

- Orgenizationel structure, ample pz2rsonnel for
conducting routine tests and reszerch & develop-
ment work,

- Liaision with cemert producing units, adaption of
reseerch work for trouble shooting in existing
works end planning for new projects.

- Educational facilities for progremmes covering

manufacturing process, management, meintenance,

Through the said tour, useful information was
procured, practical operation and actual results
were witnessed, research and development substant-
ials were exposed. Discussions were held around
industrial bottlenecks, procedures for scientific
approach, with specimsl reference to specific cases

from the Chinese cement industry.




- Date were consulied for verificetion ‘f hendled

information. Perticulars vere discussed with
experts concerned to clearify princirles & under-
standings,

- Research and development proceedings were illustrated
ty practical examples to assess results and
to conclude principles. Relations with cement
producers and machine suppliers were analysed,
and geaere. features for proceeding with new pro-
Jjects were approached.

- Orgenizational aspects were discussed in detail
in both ceses of Portlend 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 guiodling aid for development of the set up
for the Cement Development Center of Chine, and use-
ful basis for selectlon of equipment to be supplied

to the center.




GENSRAL REMARKS ON CEMENT INUSTRY

One of the most important objectives for the
study tour is the study of the generel trenrnds of
cement industry in USA & FRG, end concluding in
which way the industry in FRC would benefit of the
said experience for appropriate amelioration and
developmert. It would therefore be advantageous to
sun up the findings from plant visits, trends of
manufacturing ani marketing, ectivities of machine
suppliers, concluasions of research work of Portland
Cement Association, experience of the Hetional ash
Association, so as to extract the general philosophy
of +he whole trend, and (o be abie to judge what

would match the Chinese industrial cond’<iomns.

Cemer.t Industry in USA and FPRG

The observations from the study tour have to
be tekepn with extreme care. Some trends mey be ett-
ributed to special conditions that encounter cement
manufacture and utilization in a specific area, but
still they may be takem as examples for respopse to

national and internationel demands.




- PFlasr furpnace suspensior preheatexr :

Tne revolutionary trend in cement manvfecture

is the introduction of the fully efficient pre-
celciner. The fuel corsumption resches an aveiage

of 40 % calorific economy. Jlieanwhile the adoption

of dry prc 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

round 30 % . In the flesh furnace it became a pract-
icable experience to use low grade combustibles suck
as lignite. Even waste materiel can successfully be
ignited such as motor tyres and inflammeble 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 bypess
aystem co becomes more precticable with better econ-
omics. The epplication of lower grade rew materials
became possible, and qualities pow used in the produ-
ction process could have not been epplied before with
the traditional suspension preheeter. Purthermore,
the calcination up to 90 % in the precelciner reduces
the role of the ¥iln to sintering covered by only 40%
of combustion requirements. This secures mild heet

leading to longer life for refractory lining, and more

reguler performance yielding better clinker quality.




- hlkeli bypass system :

Renders approprizte solution to meny problems
in the dry prccess suspension preheater technology.
Chlorides are nearly all voletilized by the sinter-
ing temperature, cerried by the air draft tou 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 bvpess dust,
This eliminates the blockage of the preheater cycl-

ones by chloride condensates.

The alkali bypass elso removes & considerable
percentage of alkalis carried by hot gases before
they pass through the preheeter. This avoids alksali
occurence in the clinker and promotes the production
of low alkali cement. This represents a speciel
importance when the alkali content in clinker should
be lower than 0.6 & tn evoid dangers of alkali react-

ions with alkali reactive aggregates.

- Changing to Coal firing :

The cement plants in USA & FBG were originally
coal fired. During the last half century, the kilr
firing systems were converted to oil and gas firing

which is known for easier and cleaner operation.




As e 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 politicel susceptibilities. The converted comb-
ustion to coal firing has nc# attained 87 & of the
total fuel used in cement industry. This attitude

is continuously progressing, apa it is planned that
by the end of this year nearly 90 % of the plantswill
be coel aoperated. Provisions for oil or gas epplic-

ation will be restricted to emergencr cases.

- Xodernization of cement industry :

kEostly involves conversion frum wet to dry pro-
cess or to semi-wet in cases of excessively humid and
sticky raw materials which necessi.ate wet raw mix
preparation. Another important modernization is ach-
ieved thrcugh introduction of a flash furnace precal-
ciner for promotion of energy economica and increasing
the production capacity. When the modernization in-
volvecs conversion of wet (o dry process, the total

water requirement is reduced by 65 % . The rest will




be meintcined for make up water for industrial

purposes znd provisions for fire protection. The
conversion from wet to Jdry procese has been depen-
ding on prevailirg conditions of fuel end labour
aveilability. When comparing these parameters in
USA and Burope it is ncticed that in the former
caese the conversion is much slower and
considereble number of plants are still operated
by tne wet process, wherecs in Europe thc problem
of evailability of fuel and labour are more ecute
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 deteiled feasibility studies. The firat epproach
mey 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 ias
found the most feasihble to instel a completely new
production lire with zn economically large size to
replace entirely the old group of small size lines.In

USA, it wes seen unprofitable to spend omch on




projecte involving life extension for extiremely

old machinery. The new invesiment was found to be
so high compared with the veiue of the original
units that the effort and financing of conversion
would better be extended for comstruction of an
entirely new plant with modern technology. In FRG
the pnilosophy is different: The cement demsand 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 beea in favour of
completely abandonning the old wet process lines.
The toial number of wet process kilms is therefore
progressively diminishing, being substituted by large

scele dry units with flash furnace precalciners.

- Kerketing aspects :

Cement distribution over vast areas is remark-
able in USA. Due to the intensive cost of transport
in comparison with the indﬁstrial cost price per ton,
further existence of a considerable number of small
scale plants is justified, where cement works are
covering e comparatively limited area. The constru-

ction «f large scale plants i% subject to an extensive




study for site location. It is the normal practice

to locate the plant in e strategic distribution
center, well established with econonic meaens of
marine or river transport. Th:c last statistics in
USA indicated that 84 %_of totel cement mcvement

is achieved over ajstances less than 200 miles, and
50 % is shipped cver less than 90 miiles. Cenment
bulk despatch has increased up to 95 % of total re-
quirements end only 5 % is packed in paper bags con-
fined to small comstructional meintenance work. Bulk
cement despatch is still increasing with the progr-

essive developmeni of ready mix concrete.

- Epersy Conservation :

Cement manufacture is one of the highest energy
intensive industries. IEnergy accounts for about 50 %
of iirect cost price. Since the start of the energy
crisis in Fovember 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 modern cement plant
construction is economically orieunted, aiming at the
reduction uf energy consumption as far as possible.
Amongs, the endeavours ir this direction are the foll-

owing : -
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- General itrend towards large plants with economicel
size, witk appropriate choice of site location in
an economic distribution center, mostly adopting
navigaetional means justifying transport over large
distribution areas.

- Transport of raw materials by rubber belt conveyors
knovn for extremely low energy consumption. Trans-
port by trucks, being an intemnsive fuel consumer is
reduced to & minimum.

-~ Appropricte selection of raw mix components with i
easiest crushability and grindability, and proper
proportioning of raw mix with adequate proven moduli
leading to easiest burnability, adjustment of burn-
ing conditions to produce uniform clinker witk 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 epply & seperate dryer.

- Direction of kiln installation to dry process with
flash furnace precalciner known to be most economic
cnergy consumer. The modernization by conversion
from wet to dry process, and introduction of pre-

heater precaiciner 1s justified by appreciable savings




in caloriic consumption. The application of

bypass system made it possible to use raw mater-
iels with alkali & chloride content which did

not allow for adoption of dry process suspension
preheeter. The application of hot gases from

the clinker cooler for flash precelciners cont-
ribute to energy conservation to a considerable
extent.

The modern design of storage and preblending of
rav materials, the efficient homogenizaeticn red-
ucing chemical deviations in raw mix composition
enable eesier kiln operation with more regular
clinker texture and consequently better grindab-
ility, equipping the ball mill with well designed
classifying lining plates, tend to spere final
grinding electricel energy.

Efficient dust collection systems contribute to
better envirommental pollution control. Iieanwhile
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 -f
peper bags, being the product of another energy

consumer industry.
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- The increcesing production and utilization of
blended cements is one of the most effective
means Hr enerzy conservation. The mixing
material requires no burning and would only
need .the electrical energy for finel grinding.
There is a recent trend to increase consider-
ably tne proportion of blended cements, espe-
¢cially with natural or artificiel pozzalanic

meterials as eédmixtures.

- Project Design :

In recently executed projects it has been
noticed thet the turn key basis is avoided to el-
iminate restrictiomns to specific suppliers. Best
reputed and well proven systems are selected among
internationzl sourc~s. Elaborate engineering work
is achieved to combine various supplies in a well
harmonized set up, so that advantages are taken cut

of specialized achievenents.

- Automation & Control :

The vast advance in central control, electrical
interlockings, and compnter displays are demcnstrating
a general feature of industrial development, especi-

elly in USA where a remarkable advance 1is achleved in




the field of electronjies. Quelity control is
followed up through sutometic sampling, x-ray
analysis, whereby raw mix proportioning, fine
adjustments, and precise process control are
instantaneously achieved through computerized actionm,
inducing graphic displays, complex process loop
control, and recorded outprints of current inc-
idents for further refereunce. The motors control
center is mouitored by computer interlinking with
sophisticated interlockings maintaining indusirisl
secu.ity aspects. However, in spite of all facil-
ities for maintenance and repairs by highly speci~-
alized and well treined electronic engineers, eas-
ily and quickly celled at any time, yet provisioms
ere made for back-up systems, stand-by computers
and analog output stations are foreseen to maintein
important operations and keep up uninterrupted pro-
duction in case of computer failure. This requires
a great deal of experience im avoiding damage to

machinery and equipment.
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Cement industry in PRC:

One of the mein objectives of the study tour
is to detect how to transrer modern technology to
the Chinese cement industry in tne present develop-
ment phase. The abovementioned aspects have to be
scrutinized to conclude sui*ability of adaption to
the Chinese industrial conditions whenever feasible.
For this purpose : samples of the Chinese cement
works were visited, and the metter was dicscussed witih
Chinese experts in charge in the Linistry of Building
Laterials Industries. The main features are dezcribed 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 Laterials Development
after the start up of activities of the Cement Development
Center. The study will serve the dual purpose of supp-

ort for the existing cement works and raw materials
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investigations for new cement projects. Geologicel
prospection will reveel the nature of various streta
tharough well plenned network of drill holes. Samples
from the seid 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 meterials and by-products

from other industries.

- The industrisl process :

The mejor part of tne present cement indusiry
in PRC is besed 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 end reduced energy consumption. But this
direction has to be very carefully studied, taking in
considerction the high capitel costs to be invested
for old machinery with various aging inconveniences

and doubtful life, the limited cepacities for the




supporting machinery for preparation of raw mix and
final product, and most complicated would be the
size of clinker cooler and its suitebility for hot .
air supply to a flesh furnace precalciner. Ome of
the factors may be the procedure for executioa of
the conversion, considering the down time for accom-
plishment of the required modifications. Every par-
ticular case would need & special study for <the
specific conditions, whereby the techno-economic
substantizals would determine the feasibility of con-
version. Generally specking it mey prove to be the
most adventageous to plan for instiellation of compl-
etely new production lines, with entirely promoted
industrial conditions especielly caring for energy
conserverion concepts and envirommental protection
precautions. The old production units mey 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 instellation of
nev plants ample attention should be given to the

determination of the economic plant size. The




econoric concepts would go for bigger production
units to ctiain an optimum of cepitsl investment

end production cost per ton of finzl product. In
PRC there would be no limiting fectors from the
marketing viewpoint in virtue of bright prospects
for future cement ¢emands to cope with the long
term development plan. On the other hand the ex-
tremely large units create difficulties in machires
manufacture & ir process operation. Iliere example:r
may be demonsirated br incorveniences in refractory
lining for big kiln djameters, complications in
édrives and geers of lerge miils, plus many diffic-
ulties with meterials to be epplied “or manufacture
of machinery to resist especielly 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 eve. with the
most advenced 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 ecoromic means of transport.
lleanwhile special consideration will still be
devoted tc¢ distant land-locked areas where med-
ium or small scele plants will have to be installed
to cope with reasonable distribution areas.

-~ liachinery & Equipment :

Traditional cement machinery and equipment
are manufactured in PRC in central workshops and
considerable amounts of spare parts are produced
in the works workshops. To cope with modern trends
in cement machinery design there is a generel plan
for creating specielized workshops for rationaliz-
ation of machine production. ZThere are various des-
igning fields that willi 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 reesonable level of automation and control has to
be adopted. It would be more feasibdle if this is
confined only to parameters extremely necessary for
protection against undesirable abnormelities end rat-
ionelizetion of process operation. All sophicticated

loops should be avoided to elininate complication




sources, maintenance difficulties, and failure risks.
The automeation end control instellation have to be
absolutely restricted to systems thet carn eesily be
handled by local experts, highly specialized and
edequetely trained in the specific field. Even in
USA, with a1l facilities for procurement of expertise
and spare parts from suppliers within short elapse

of time, yet a newly designed modern control system
is normally safeguerded by stendby installation.
Purtbe. more provision is made for a back up system
for mapuel operestior of important process stages.
This high expenditure for financing stand-by instail-
etion and back-up system as precautional measures
against failure of the originsl control device, would
indicate the evident probabilities for failure and

risk.
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TRAINING POSSIBILITIES

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

For fellowships in process and operation: the 5
most practicable would be through "Kmiser Engineers"
that may organize training programmes in one or more
of cement works belonging to Kaiser Cement Co.

For fellowships related to process & machine
design one of the machine suppliers : Fuller Co.,

Bethlehem, Pennsylvania, or allis Chalmers Co.,
kilwaukee, Wisconsin.

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

consideration.
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For reseerch and develomment studies the most
appropriate training would be ir & development ass-
ociation well eguippea wiith research facilities. The
most remarkable treining possibilities for the pur-
pose are evailed 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 witn UNIDC assistence, an approach in this re-
spect will be handled as a special case which will be
teckled witn utmost goodwill., Regular treining pro-

renmes are held in diversified fields including :
Lanufacturing process, lLiicroscopy of clinker & cement,
Plant maintenance systems, Fundamentals of placing and
finishing concrete, Training of trainers, Sales and
managcement, Supervisory and financial transactions....

Pield training programmes are also organized by
the "Educational Services Department” within the scope

of special agreements.




ORGANIZATION SCHEME

The 6hinese concepts for organizational parem-
eters of the Cement Development Center were discussed
t0 figure out & comprehensive organigram for the ant-
icipeted staff. This is of special importance as a
sterting point for planned recruitment of personnel
with & foreseen level of qualification and experience.
It would accordingly be a guide for establishment of
a treining plan, in terms of study tours, fellowship
progremme for treining ebroed, as well as local on-
tne-job training. Neiurally the training programme
should conform with the timing concluded for procure-
ment of research instellation in accordance with ant-
icipeted activities and availeble financing possibil-
ities. Thne generel outline of the concluded organig-
ram is illustrated in annex VIII, and a job descr-
iption should follow with adeguate particulers about
duties and responsibilities for each post.

The Research & Development Center will be headed
by the General Director who will plan for the generel
policy and manage the mein activities through high
responsibles. The activities will be covered by 7

departments : © of them are technicel to be monitored
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by the Jlaiei EZngineer of Research & Development,

and one dJepertment taking cere of financiel and

adminisirative affairs, the manager of which,

together with the said chief engineer will be

directly attached to the General Director. The

7 depertments are :

1. Depertment for raw materials: comprising 15
members headed ty a maneger who will supervise
2 sections : one of them composed of 7 persons
concerned with guarries and geologicel affeirs: l
A geologist to esteblish prospection plans and
follow up execution thrcugc 2 assistants who
will be Involved directly in prospection fields,
sampling and reporting to the geologist. A group
of 4 w~ll experienced cement chemists who will
assess the results of chemical analysis and phy-
sical tests, evaluate the findings and recommend
adequate raw mix design, adept and follow up the
findings and quarrying schemes proposed by the
geologist. O(ne of them will act as chief for the
section and 3 will mostly be visiting raw materiel
sites for follow up procedure. The other section,

composed of 3 persons : one chief & 3 acting




s x 4 assistant chemists will teike care of

(3

Chenis

sme.ll scale pilot tests, covering comminution and
prroprocessing parameter: up to production of
laboratory clinker samples for further investig-
ations. They will elso cover the trc .onle shooting
in the existing quarrying processes and periorm
adequate investigations whicih they may deem necess-
ry for conclusion of adequate solutions for occas-
ional problems.
2.Departmnent for chemicel analysis & Physicel testis:

This department represents the main laboratory work

differentiated into 3 mein sectioms :

e) Section for chemical aralysis which will adopt
the traditional wet analysis procedures. It will
mainly bc equipped for analysis of materials
involved in ckment industry as from raw materials
up te final products comprising various types of
cement. Provision will be made for equalitative
identification and gquantitative determination of
unknown elements and compounds occasionally en-
countered in the course of raw materials explor-
ation. Special anslysis will be performed for
celibration of electronic installation and desig-
nation of standard samples. This section will be

composed of 2 chemints, well prepared to assess




b)

c)

analytical problems and find out eppropriate
solutions.

Section of instrumentel analysis :

based upon eapplication of modern equipz.ent for
rapid determination of elements end compounds.
The investigations will be performed by well
qualified chemists, capeble to operete modern
equipment of x-ray fluorescence, atomic absorp-
tion, microscopy, photometry, determinatiorn of
minor coanstitutents as alkelies, chlorides,
sulphur, phossaorous by modern rapid determinati-
ior procedures. This section is expected to have
up vo 8 chemists who will be subject to intens-
ive ireining whether abroad in well distinguished
modern laboratories or on the job by specielists
of suppliers and short term intermational eaperts.
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 g@s chief &

2 leborantis to be well trained for the purpose.
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3. L2partmernt for technological stud’es :

This cepc>tment is supposed to comprise up to
12 aigaly cuelified well experienced experts, with
a relevent packground know anow in the field of
cement process techrology end plent design. One of :
them is supposed to menage the deparitment, 5 to bpe
concerned with pyroprocessing studies, 4 to teckle
research and development work in the field of comm-
inution, end 4 to compose the section for design
work of conveying instelletion and storage guestions.
Procurement of tne seaid experts should be based upon
the presentcapacities in cemert research and design.
It is wortn mentioning in this respect that there are
elready about 500 engineers involved with advanced
cement technology in the Design Institute for Cemert
Industry in Tien-Jin. About 50 of taese expertsare
pr2sently dealing with reseerch work related to cem-
ent technology, 135 engineers specialized in mechen-
ical design of cement meking machinery. The rest are
cement technology engineers in various other speciel-
izetions such es civil construction, water su, )ly,
ventilation, electwrical engineering ...etc, with var-
ious cevpabllities which can be coordineted for fuil

cesizn perticulers of complete projects. This Institute
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was in possession of & pilot plant at the previous

locetion at BSeijing. The nucleus for this section

to be carefully selected among the seid engiiueers
should be delegated to machine designers or well dis-
tinguished cement corsultants for adequate fellowship

prograns.

Department for automation :

This departaent will be composed of 13 highly gyaalif-
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, calib-

A and design of works instruments and automaiic
control loops, and 5 to compose & section for computer
technology sterting from primary maintenance up to
sophisticated designs with light pen and graphic dis-
plays. It is to be itaken into consideration that
there are already 3 well cized cement plants, of 1
million tons each, under comstruction with sophistic-
ated interloclkings, actomatic loops, and ccmputer con-
trol : 2 plants being supplied by the Japanese firm

" Litsubishi® with electronic supplies from "Toshiba";
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and the third plant is being supplied by the Roman-
ien enterprise " Usine Impért Export ® with elect-
ronic equipment produced in Bucherest under licence
in cooperation with verious Japanese firms. It
would therefore be extremely beneficial to enticipate
intensive training for the engineers of this depart-
ment in the said firms for adequate elapse ¢’ time,
probebly much more than the contractual training

specified witnin the supply egreement.

Department for development research :

This department is supposed to comprise o engineers
with relevent experience in cement industry and an
adequate background of economical knowledge. Two of
them will draw up feasibility studies including
‘techno-econowic concepts., Members of the fessibility

studies section should be cepable to prepere 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.
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The second section will be composed cf 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 particulars leading to . contin-
uous promotion for locel skills. They will establish
a permanent system for follow up proceedings. Furth-
ermorz, this section will perform continuous efforts
for exchange of technical information and promotion

of international contacts for cooperation in the

fields of industrial development.

Department for pilot studies :

This department will be responsible for pilot plant
effairs starting from machinery design, supply, er-
ection, and operation for conclusion of adeguate sol-
utions for occasional problems. The pilot plent has
no limited scope but depends upon special design in
accordance with the specific question to be tackled.
Lormally it would necessitate an intensive capital

investment open to various forecasting possibilities.

Hence it would be foreseen for later stages of execution.
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T™his department will be composed of 10 persons
covering activities of 2 sections : 2 engineers +

4 %echniciens to perform pilot tests, and 3 for
repairs and maintenance of the pilot plant equip-
ment. This group will be composed of e mechanic
capable of electrical & oxy-acetylene welding, and
an electrician with some nowledge about basic pre-
ventive maintenance for instrumentation. This
group will be able to make simple spare parts made of sheet

metal.

Department for financial and administrative services:
This department will ccmprise 5 officials : the
menager for the depertment & an accountant to deal
with 2ll financial affairs & & storekeeper who will
take care of stock keeping as well as purchase ques-
tions, and 2 officers for settlement of personnel
aeffairs including attendance, leaves, insurance,

medical treatment ....etc.

The total number of full =cale would therefore
be 80 persons. The research and development center
would be meinly concerned with questions concerning

the large and medium scale cement plants.
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UNIDO/URDP ASSISTANCE

Cement industry has realiced a remarikable
expsnsion to cope witn the rapid development. The
major part of cement is produced by small scale
cement plants with shaft kilns and wet process
rotary kilne. The present cement industry needs
2 lot of efforts to overcome difficulties being
encourtered with ravw materials heterogenity, high
energy corsumption end distinct environmental nu-
issance. The netional development plan requires {
eppreciable expansion of cemeant industry in tne
form of ameliorations and extepnsions for the pre-~
sent plants as well as installation of new cement
projects in line with modern techno-economic con-
cepts.

As a consequence of the great interest of
the Government of PRC o promote the cement in-
dustry, the Cement Development Center is being
constructed to supuort to development of cement industry.

|
|
1
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UEIDCG/UNDP assistance is required for start-
ing up the center's activities and supporting its
performance in approaching the ambitions targets.

Based upon the experience gained from the cement
study 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 &
years of operetion ( 1982-1985). The project pro-
posal comprises the most important assistance cam-
ponents :-
- International expertise in the form of short term
consultancy covering the following disciplines :-
11.01 : Technicel advice.
11.02 : Testing & evaluation of raw materiels.
11.03
11.04 : Raw mix design & pilot tests

Laboratory tests

11.05 : Process Design.

11.06 : Equipment selection.

11.07 : Machine design.

11.08 : Instrumentetion & Control.

11.09 : Computer science & technology.




- Preining in the form of fellowship programmes
for national specialists, study tours for key
personnel of the cement industry, and in-service
training for adaption of recent techmology to
Chinese vorking conditions. The proposed fellowships
cover the following fields:- ~

31.01 : Laboratory research.

31.02 : Application of low grade meteriols.
31.03 : Application of fly ash.

31.04 : Preblending of raw materials,

21.05 : Roller mill technology.
31.06
31.07

Preheeter and precalciner.

Dust collection.

31108 : Conveyors and cement despatch.
31.09 : Automation and control.

31.10 : Jeasibility studies.

= Supply of a languapge laboratory to increase foreign
langusge skills of nationals enahling them to benefit
paximally of the above-mentioned training. Supply of
research equipment with special modern scientifie
features vhere the international practice is highly

appreciated.
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II. RECOMMENDATIOES )

On the basis of zbovementioned informations,
the following measures are recommended :-

UNIDO/UNDP Assistance

Por sterting up of the Cement Developmert
Center of China with appropriaete set up and rat-
ionalized activities, it is highly recommerded ithat
UKIDO/URDP assistance would be extended in accord-
ance with the project proposel detailed in Appendix
5.11 comprising :

- International expertise in the form of short term consultancy.
- Praining to be achieved in the form of fellowship
programmes for netional technical personnel in
various fields of industriel technology, study
tours for key personnel to keep in touch with
foreign technologies and international firms, and
in service training for language and professionul
studies.
- Supply of research equipment having advanced te-

chnological Cfeatures.
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The said project proposs” is drawm up for
the period of 4 years 1932-1985, before the end of
which the situation may be reviewed for conclusion

of further action to be taken ir this comcerm.

Training

To meet with the planned activities of the
Cement Development Center in the field of research
and support to cement industry, and as & pre-requ-
isite for the auticipated development for the forth-
comming phase :n line with modern trends of indust-
rial techmology, training is of top importance and
close necessity. National experts should be sent
abroad to live in the industrial works, to get acgu-
ainted with philosophy of machine suppliers, and
witness research work achieved by development ass-
ociations, so as to follow up internetional 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 m:dern terh»nlrgy to

the Chinese working conditions. Ali abovementioned




activities are included in a2 compreheasive pro-
gramme detailed in aforementioned project propo-

sal for UKIDO/URDP assistance,

Language Studies

t is essential to master a foreign language
in order to establish the necessary link with the
international techunology through treining proced-
ures, technicel publicetions, and sciertific journ-
als. It would be advisable to start with English
language as numerous nationels 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.
lloreover full surveys are required in various loc-
ations to be clerified through geological investig-
ations, chemical analysis , and physical tests to
avail comprehensive bagis for feasibility studies

for establishment of new projects.
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Process Conversion

It should be profiteble 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
scrutinize every particular case to conclude the
suitability based upon techno-economic factors. Irn
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
evertual problems, to carry cn with their role in

production.

Plant Size

The modern 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 2000-4000 t/d. The project location will




be subject to & close feasibility study to deter-
mine the well suited distribution center with ec-
onomic means of transpcrt, taking'into consider-
ation the economics of raw materials tramsport.
In distant land locked ereas: medium and smell

scale plants will have to be considered.

Locel machine manufacture

Por rationalized local machine manufacture:
specific specializetion wo:ld promote continuous
progress of machii components in terms of design
perticulers and meterial composition. Some design
criterie have to profit of up-to-date achievements
for edvanced industriel technologies, especially
in the field of power consumption, efficiency of
homogenization, accuracy of weigh feeding, and in-

tensity of dust collection.

Pnergy Conservetion

While plenning 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
speciel importance should be taken into considerat-

ion whenever possible such as :
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Tronsport of raw materiels 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 rrecalciners, ade-
quate preblending of raw materiels end homogen-
ization of raw mix, efficient dust collection &
recirculetion, promotion of bulk cement despatch,
increasing production of blended cements. Other

minor factors would 2lso be considered.

Blended Cements

The production of blended cements should be
highly promoted. Thorough invesiigations are to be
performed upon various mixing materiels originating
from pnatural or artificial pozzolenas. The develop-
ment may be extended to production of mixed cements
with inert mixing materiels that have to be properly
selected to have hard grein texture so as to ect 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




instellation. This is & well distinguished meens
for energy conservation, as it involves the ut-
ilization of mixing materials which need no pyro-
processing and would tkerefore consume no ene~gy

in this phase.

Environmental Protection

Should be adequately planned. Few projects
located out of the city skirts will be approached
by housing end agriculturel activities. The present
envirommental 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 tn 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 instellation ageinst ebnormal operational

particulars and rationalization of production process,




giving prior importance to the numan resources,
freely available at e high degree of industiriel
adaptability. Automation and control installation
should be restricted to the level to be handled

end maintained by specielized netionels, who should

;eceive utmost attention in suitable fellowship programmes.

Organization Scheme

The orgenizetionel parameters of the Cement
Development Center were concluded with the Chinese
group according to the organization chaert drawn up
in annex VIII which is recommended as a start to
be applied as basis for recruitmeat of personnel.
It hes been taken as & guide for establishment of
truining plan. The proposal is composed according
to the generel set up of the center being built up
of 6 technical depurtments headed by the Chief eng-
ineer of research and development, & financial &

administrative depertment headed by the respective

manager.
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.
Aparatus Sudply

According to the general set up of the Cement
Development Center, and based upon conclusions
dravn up from the experience of the study tour the
recommended equipment ere enlisted in eunnex IX,
comprising :

. Proposed equipment, for purchase during
1+ 1 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 internationel
bidding. However, some items are recommended ( by
the Chinese group ) from specific suppliers due to
technical superiority reported by intermational
experts during the study tour. The 2 lists comprise
research equipment to be imported due to special
technologicel features.

proposed local supplies for the chemical
leboratory.

Proposed Local supplies for Physicel Lab.

n " n " concrete Laboratory.




TRAVEL SCHEDULE

ADOPTED FOR THE STUDY T 'R

25.2.81 Arrival at XNew York, USA
26.3.81 Fellowship section, Office of Technical

cooperation, UH, NY, USA,

0l.3.81 Flight: Hew York-Allentoun/Bethlehem,
USA.
2=5.3.31 Fuller Co., Bethlehex (Pennsylvenia),
USA.
05.3.81 Flight: Bethlehem-Albuquerque, USA.
06.3.81 Tijeras cement plant (Tijeras,
Hew Lexico), Ideal Basic Industries,USA.
07.3.81 Plight: Albuquerque~Birminghem. USA
08.3.81 Regland cement plant (Ragland, Alabama),

Netionsl cement Co.,USA.

05.5.81 Flight Birmingham - Knoxville, USA.
Enoxville cement plent ( Knoxville,
Tennessee), Ideal Basic Industries, USA.
Flight kKnoxville-lobile, USA.

10.3.81 Theodore Cement plant (lobile, Alabama),
Ideal Basic Industries.
Flight : Liobile-San Antomnio , USA.

13.3.81 Balcones Cement Plant (Braunfels,Texas)
General Portland Inc. USA.




14.3.81
16-17.3.81

17.3.81
18v¥19.3.81

20.3.81
23.3.81

24.3.81
25.3.81

26.3.81
27.3.81

28/29.2.61

30.3.81
1-2.4.81
3.4.21
5.4.81
6.4.81
7.4.81
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Plight : San Artonio - Lilwaukee, USA.

Allis Chalmers Co. (lZilwawkee, Wisconsin),
USA. ’

Plight : gilwaukee-Chicaso. USA.

Portland Cement Association

Plight : Chicego - San Francisco, USA.

Permanente Cement Plent, EKaiser Cement Co.,
USA.

Travel : San Prancisco-Santa Cruz, USA.

Devenport Cement Plant, Lone Star
Industries Inc., USA.

Flight San Francisco - Washington DC.,USA.

US Office of Intermational Viesitors
Program, National Ash Association, IFC,
Vashington DC, USA.

Flight : Washington - New York - Frankfurt-
Cologne ¥ R G.

Cerl Duisberg Gesellschaft, Cologne FRG.
E.H.D. Industrieanlagen A.G., Cologne,FRG.
Cement plant Fortune, Geseke, FRG,

?rip Cologne - Beckum, FRG.

Readymix Zementwerke, Beckum, FRG.

Zemlabor : Institut fur Baustoffprufungen,
Beckum. FRG.

Dyckerhoff Cement Works Kark II ,

Beckum, FRG.
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3.4.31 Krupp Polysiw s AG, Leubeckum, FRG.

%.4.81 slsen-Breitenburg Cement plant zt Laeger-

daorf, ¥RG.
10.4.81 PTrip Beckum-wiesbaden, FRG.

13.14.4.81 Dyckerhoff Engineering GiBH,
¥iesbaden, FRG.

15.4.81 Trip Wiesbaden-Cologne/Bonn, FRG.
16.4.81 Flight Cologne- Frankfurt-Viennsa.
23/24.4.31 Flight Vienna-Beijing.

25.4.81 Briefing at ULDP Bei jing.

f}a

27.4.31 Visit to Cement Development Center
Tian Jin Cement %orks.

23.4.81 Visit to Cepital Cement Plant in Lu Lee
Hou
29.4.81 Discussions with officials from the

Kinistry of Building laterials Industries.

30.4.81 Discussions at UWDP Beijing.

1/2.5.21  Flight Beijing-Vienna,







PERSONNEL MET DURIRG THE STUDY TOUR

A) USA :

- Xs. Nipne Silvera : Fellowships Section,
Office of Technical Coo-
operation, UK.

- kr, Vialdemar B. Steck :Program Officer,
Division of Professional
Gov. exchange,

Office of Internationel
Visitors Programme,
Bureau of Internetional
Labour Affairs, US dept.
of labouf.

- Er, aichard G. sSchlauch : Vice Presicdent,
Process products & Proje=t
division, Fuller Co.

- lir. G. Kris Kepoor : 4ss. Vice President,
International regions, Puller

Co.

~ kr. Edward B. Greef: Regionel lianager, Far East, -
Fuller Co.

- kr, Li Fu : Ass, Regional Manager,

For East, Fuller Co.

- KEr. P~ter Beckschi : Hanager of training, Fuller
Co.

- kis. Josephine Gibson: Treining Coordinator,
Puller Co,




¥r.

George R. Goude

David W. Friedman:

Gerzld R. Koch

Sidney k., Colen :

James F, Borneman:

John H. lieberry :

Ted li. Houseknecht:
" : Sales Engineer, Crushing &

ifur Hao

: kanager, Cement Technology,

Fuller Co.
Senior product seles
engineer, Cement pyropro-
cessing systems, Fuller Co.
Project engineer, Process
Industry products group,
Fuller Co.
Assistent Director of
research, Fuller Co.
Southern USA regionel sales
meneger, Cement Industry,
Fuller Co.

Chief Engineer, Process
Industry productis group,
PFuller Co.

Laboratory Manager, Fuller Co.

¥illing, Fuller Co.

Leslie C. Bartholomew: Sele3 Engineer, Pnenmatic

conveying, Puller Co.

Douglass V. Parmenter : Process simulator trainer,

Pred Beauer

Eit Dobbins

John C. Thomson

system engineer, Fuller Co.
Vice president, Technical
eflairs, Cement division,
Ideal Basic Industries.
Assistant to the president,
Ideal Basic Industries.
Assistant to the President &
Project dire_tor, Ideel Basic
Irdustries.
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Xr.

Lir.

Lr.

Kr.
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Frenli E. Briber,

A, P. Hdunter,

Ervin J. KElovers

D. R. Olson

S. W. Tra southick

Willijam F. Braun

J. J, Estes

Philip Chen

George G. Sulzer

F. 1. Eohanowski,

liary A. Wadsworth

Lorry Lieier,

Eivind Hognestad

*"

(1)

Vice Presidert,
International Eerket Deve-
lopment, Allis Chelmers Co.
Senior process engineer,
Allis Chalmers Co.

Senior process engineer,

Allis Chalmers Co.

Senior process engineer,
Allis Chalm ers Co.

Leneger, Pyro-processing &
Cement technology, Allis
Chalmers Co.

Lianager, Cement & Chemicel ‘
Project engineering,

Allis Chelmers Co.

Menager, Lanufacturing,
Allis Chalmers Co.

Project Sales Lanager,

Allis Chelmers Co.,

lianager, Process Research &
Test Center, Allis Chelmers
Co.

Kenager, Process & Applicat-
ion engineering, Allis
Chalmers Co.

Area vice president for PRC,

Allis Chalmers Co.

Regional Manager,

Allis Chalmers Co,

Director, Technical &
Sciertific Development,
Portland Cement Association.
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l.r. Gilbert L. lLockheed :

ir. James C. Huchison

kr. Joseph lic Lullan
Xr, Barry L. Lower,
Rzckert E. Liummey

Kr. Tom R. Johnson
Er. Herold Covingtén
Er. C. V. Henry

Er. Fred Eoester,

Mr. J, T. Hills,

Xr. Charles k. Finch,

Vice President for
Engineering, Ideal Basic
Industries.

: Senior Engineer, Idesal
Basic Industries.

: Plant lLianager, Tijereas
Cement plant, Ideal Basic
Industries.

: Production supervision,
Tijeras cement plant,
JIdeal Basic Industries.

: Meintenance supervisor,
Tijeras cement plent,
Ideal Basic Industries.

: Project lanager,

Theodore Cement Plant,
Tdeel Basic Industries.

: Plant Manager,

Xnoxville cement plant,
Ideel Basic Industries.

: President, Netional Cement
Co. , Biainghnm.

: General Plant Lanager,
Balcones Cement plant, New
Brunfels, General Portland
Inc.

:Assisteant plant Lispager,
Balcones Cement Plant,
New Braunfels, General
Portland Inc.

: hdministrator, Balcones

Cement Plant, New Brzunfels,

General Portlend Inc.
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- Dr. I. D. Lin ¢ Seninr reseerch engineer,
Portlend Cement Association.

- kr, Howerd L. Ranare: Associete Research Chemist,

Portland Cement Association.

Market & Economic Research

Dept., Portalnd Cement Ass.

- Dr, Ellis li. Gartner: Lannger, Basic Research Sect-

- Mr. Rob Roy,

4

ion, Portland Cement Assoc.
- Kr. Charles L. Veise: Lanager, Process development
section, Portland Cement Ass.
- lr. George K. KEc Cord: Director, Project development,
FPortland Cement Association.
- kr. sdwerd I. Kawels : Director, Educational Serv-
ices dept., Portland Cement
Association.
- Ms. Harilynn J. La Salle, lManeger, Information serv-
ices, Portland Cement Assoc.
- Lr. Victor Tchebitcheff: Vice president, Kaiser
Cement Corporation.
- Lkr, . J. Horm Gilbertson, Plant Keanager,
Keiser Cement Corporation.

- Kr. Klem Gus, Process engineering manager,

Xaiser Cement Corporation.
- XZr, Von Bargen Robert: Design & Project engineering
Yanager, Kaiser Cement corp.
Internetional Projects lianager,
Keiser Cement corporation.
- Nr, X, J, Bishop : Mineral resources manager,
Kaiser Cement Corporetion.
- KMr. Xichael Janner, : lLianager, China opereations,

- kr. £ rong Adolph

Keiser engineers.
- e, Deanna Cheung : Senior Financial Associate,

Kaiser Ergineers.
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-~ Lkr. vovid Liaars,

Kr. John Laney,

- Hr. James K. Covey

- Kr, Bussein Mustafa

B) FRG:
- Krs. Rode-ield

- Dr. R, Kuhs

- Lir, Horst Herchenbach:

- Er. Bernd Lube,
- Mr. Hubert Kormath

- kr, H.G. Hoevel

Plant penager,

Developmernt Plant, '
Lone Star Industries Inc,
Technical Manager,
Develop. Plant,

Lone Star Industries Inc.
Executive Vice President,
Hational Ash Association
Inc.

Cement feasibility studiec
expert, Internmations
Finence Corporation.

Carl Duisberg,Gesellsheft
e.v., Cologne.

Director Development Dept.,
Humboldt VWedeg, KHD
Industrieanliagen A.G.
lianager, Process Design,
Humboldt Wedag, KHD
Industrieanlager A4.G.

Sales IZngineer,

Humboldt Wedeg, KHD
Industrieanlagen A.G.
Chief, training section,
Humboldt Viedag, K H D
Industrieanlagen AG.
Assistant, treining section,
Humboldt Wedeg, KHD
Industrieanlager AG.
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Siegbert Bihlmaier

Trautmann

“Werner Loch

E. @iscel,

Haestrup

viclier Staffherst
¥anfred J. Duerr
Lutz 7. Schneider
Josef Schumacher
Ernst A. liiemeyer

Richard Luenk

(X3

Lianeger, Seles & Merketing,
dumbeldt Vedeg, IZD
Industrie-onlagen AG.
Chemicel expert, Control
Section, Humboldt Viedag,
KHD Industrieanlagen AG.
Development expert,
Humboldt Wedag, KED
Industriearlagen AG.
Readynix Zementwerke,
Beckum.

Director, Zemlebor, Beckum.
Chemist, Dyckerhoff IEngz-
eneering, Wiesbaden.,

Krupp Polysius AG.
Technical services,

Erupp Polysius AG.
lanager, Kiln Projects,
Krupp Polysius AG.

Xill Dept., Krupp Folysius
AG,

Leeder of research group,
Krupp Polysius AG,

Worus Hanager,

Lacgerdorf Cement >lant iG.
liember of the bard,
Dyckerhoff Engineering
@:B3, Viesbaden.

Director of technicel coo-
peration, Dyckerhoff

Zementwerke AG, VWiesbaden.
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r. Lertin Loeck : Tecnricel Leader, byclkerhalfl
Sementwerke AG.,

- Dr. Corl Schmiti-Henco: Head of Central Leboratory, .

Dyckerhoff Zementwerke AG.

Chemist in the Certrel Lab-

oratory, Dyckerhof{ Zementwerke

AG.

- Ls. ¥F. aAlter : Chemist in the Central Labcrct-

ory, Dyckerhofi Zementwerke AG.

- Dr. Heinz Zeeh

roduction Engineer,
Dyckerhoff Zemerntwerke AG
Cneif Chemist, Dyckerhof?
-tnentwerke AG.

- hir, Parpart

Dr. Bossdorf
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C) PRC:

- Lir. A4leon Doss : Deputy Resident Rep., UNDP
Beijing.

- Ks. E. Leitner : Assistant Res. Rep.,
UNDP 3Beijing.

- Lr. Gao Hai-Hong : Vice head of Bureau & Foreign
affairs, Xinistry of Build.
iat. Ind.

- Lr. Vang lieng-Yan : Foreign Affairs Bureau,

Linistry of Build. Mat. Ind.
Chief Eng., Capitel Consiru-
ction Bureau, Linistry of
Build. Mat. Ind.

- Lir. Hdu Hong-Tai

- ¥r, Li Zi-Yuaen : Capital Comstruction Bureeu,
Linistry of Build. lat. Ind. ’
- kr, Bian Zhan, : Vice President, Tian Jin

Desigring Institute of Cement

Industry.
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Designing Institute of Cement
Industry.

- ir. Lan Chan VWein Woriis Lanager,

Capitel Cement Plant,

T

Production Xaneger,
Capital Cement Plart.
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Annex III

TECRWOLNCY N* VISITED CEMENT WORKS

A. United States of America

1, TIJERAS CEMENRT WORKS: IDEAL CEMENT CO.,
NEW MEXICO:

The most importent features in this plent are :

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

- Two long dry-process kilns were operated with natural
ges. With the continuous infletion of oil prices,
both Lilns were converted to coal firing since 1977
end the ges I{iring system is still kept for emergency
ceses. A 2-stege preheeter was introduced with an en-
ergency air damper for protection of preheater entr-
ance. zach o1 both kilns was shortened by 21.336 m.,
end 8 circles of refractory cestables were adapted to
kilnc lining. ‘The reted 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. rew mix is composed of 4 components : low & high
grade limestone, cley, iron ore., Raw mix design is
worked out by thne chief chemist according to anelysis

results, provided by an ARL x-ray analyser and print

out by an aralysis computer. 4automatic sampling for
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rew mix s achieved through a sampling screw where-
by lourly samples are tronsported to the x-ray anel-
yser for routine control, according to which the
components proportioning is eutomaticelly adjusted
by a process computer, which also monitors the
production process particulars.

- Before the conversion, the final grirnding cepacity
was ample for grindin; all aveilable 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.




2. XNOXVILLE CEMERT PLANT: IDEAL BASIC INDUSTRIES,

TENNESSEE:
This plart represents a typicel cese of process
conversion involving the following particulers :-—

- The raw mix is prepared by a 39200 HP HMill,
12.192 x $ 3.658 m., with classifying lining
plates. The mill was converted from wet to
dry grinding with the process onvers.on in
197%. The raw mix was ther -ovided with 3
blending units each composed of e homogenizat-
ion installation constructed over e storage
silo with Claudius Peters pneumatic ecguipment
for continuous blending systea with 10:1 red-
uction of standerd deviation. The raw mix con-
veying is hendled by air lifts.

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

An elkeali bypass is provided for bypassing up
to 35 & of total air draught, although satisfactory
operation could be achieved with o 7 Dbypass. 4
bap house dust filter is performing satisfactory

performence.
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- Final grinding is accomplished by 2 bail mills
of 2000 iif, dimensions 9.754 x § 3.353 m. prod-
ucing 500 000 t/y. 4 Puller Eenyon pneumetic
pump is applied for conveying cement to etorage

silos.

|
|




3. THEODORE CPMENT PLANT, IDEAL BASIC INDUSTRIES,

MOBILE, ALABAMA:

1.254 iillion %/y plent under construction, .

anticipeted stort up eround July 1581. The fellowing

Hh

eatures were identified :

- hioisture abnormelly high in raw materieis, averaging -
22 % which renders a sticky constitutiicz with & very
poor flowability in general end with remarkeble adh-
erence to silos & bins. Still the dry process is
adopted, using rotary dryers utilizing hot gases from
the grate cooler and additionally an accessory hot
gas generator. oSand is ground in & wet ball mill as
environmental protection ageinst silicosis, and due
to the sand texture known to be of harder grindabii-
ity then limestone end clay which are especially eas-
ier to grind.

- Raw grinding by a roller mill of 3500 BP, comperat-
ively small due to eesy grindability of raw materials.

- Rotary kiln of Allis Chelmers design, 4170 t/d rated

roduction capacity, £ 4.877 m & length 54.864 n,
grete clinker cooler with 9 chambers & sutomatic dust
enptying. Dust collection by a bag house with glass
fivers tube filters.

- Pinal grinding by FLS cement mills driven by twin

motors of 6500 HP and symetro gears, final cement

passed irn & cement cooler.




'
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- Cement storzage silos of 48000 t storzge ceapacity,
despatch asdepted for navigetionel shipment for
covering requirements of the golf coast area.

- dot gases from the grate cooler ana eccessory heat
generator will be applied for the rotary dryers,
fiash celciner end raw npill.

- An emergency power generator is installed for kiln
stirriag & water pumps opercation wihen the electrical |
current is interrupted & in cases of fire break out.,

~ In addition to the computerized interlockings, the
centrel control is provided with a complete analogue

system for manual operation in case the computer

control is out of fuhction.




k., RACLANKD CEMFNT PLANT, NATTIONAL CEMENT Co., ALABAMA:

In tkis pilant there stands the world's first
totelly cozl-fired flash celcining system equipped
with an elkali bypess. The Tollowing achievements
were noted :

- Modernization of the plant was accomplished by in-
troduction of SF system which jnvclved shoric._.ing
of the 4.11/4.572 mf kiln from a length of 152.4 n
to 98.755 m. The kilm rotatior was speeded up from
meximum speed of 1.33 to 3.50 REL which involved
the substitution of the originel two 150 HP motors
by two new 300 HP dc motors. The kiln rated prod-
uction cepacity was raised from 1060 to 2000 t/4d,
whick now attained 2200 t/d. The horizontal 15.240
x 3.048 m Fuller grafe cooler was modified to incl-
ude an inclined grete over the initial third of ics
lenstn 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
dryincs eir branches off the hot gas duct from the
clinker cooler to the flash calciner. Dry pulverized
coal from the roller mill passes through & cyclone
and is transported pneumatically to a low pressure

drop splitter for providing equal fiow to each of the

three flash furnace coal burners. The origimel oil




& gos burners are kept for applicetion in emergency
caeses. The coel epplied has sbout 30 & volatile
netter end leaves 14 & asa for which the raw mix
design accounts. The SF firing system utilizes
Primary eair fron pneumeatic conveying.

An alkeli bypass is erected with a quench air fan
and 2 conditioning spray tower. However the bypass
is out of operation in virtue o chloride free raw
materials applied for the time being.

The original ball mill was replaced by & Loeshe
eirswept roller mill, sized for production of the
increased raw mix requirements, using hot gases from
the preheater exbhaust i5r drying rew materisls.

The conversion proceded without stopping the plant
by installation of most of the sutbstantials includ-
ing the civil construction, suspension prehesater,
precalciner, alkali bypass, raw meal PFuller-Kinyon
pneumatic cornveying sys.em, snd a central comtrol

panel. Then the plant was shut down for cutting the
kiln and accomplishmr 1t of connections, so that the

dovm time could be reduced to six weeks after which

the newly modernized plant resumed a smooth operation.
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- A remcricble incident is thet the limestone gquerry
pit woe recerntly innondated by water that leaked
from a2 neighbouring ertificial lake after & heavy
rain. The limestone crusher and quarry hauling
equipment disappeared under water and the rubber belt
conveying limestone from the quarry site to the feac-
tory became out of function. A thorough investiget-
ion was ready for another concession from a previous
ravw materials prospection. A new limestone querry
was opened, and was provided with a2 mobile crusher, .
adequate drilling and hauling equipment. Limestone
transport, which has then been organized by dump trucks,
was interrupted for only %“®o weeks, during which clin-
ker production was cortinued in virtue of ample stocks.
- A limited part of the production is finelly ground as

meson: ry cement whereby the limestone texture is suit-

able and the market demands ere adequate.
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S. BALCONES CEMENT PLANT, GENERAL PORTLARD INC.,

BRAUNFELS :

4 newly instaelied plant with modern process
technology and letest centrzal control and computer
incorporation. The following innovetions were seen:

- Cruched limestone and clay are stocked in two raw
materials storage halls ( storage capacities 24000 ‘
& 6000 t respectively). Stocking is eccomplished
by an overhead shuttle belt corveyor in the form
of 2 conical heap which is extended latersll; by a
shiftirg motion adequately edjusted through an echo |
system. Llateriels are recleimed by =2 side scraper
reclaimer autometically 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 ). Fach is fed to a
360 t/h roller mill from a buffer hopper through
syncaronized constant weigh feeders. %he raw mix
proportioning is effected by a computer, based upon
computed x-rays daiffractior anelysis.

- The finec from the roller mill & dust recleimed 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 nomogeniz-
ation system, based on coatinuoucs blending by over-

flowing successively over seven head silos to each

of the lower storage silos, from which the raw meezl
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is lifted by a bucket elevator to a buffer bin,
gozed by & Schenck weigh feeder end blown up by

an seropol blower to feed the kiln suspension
preheater. .
The kiln (2500 t /d, 73.152 x £ 4.597 m ) is

coel fired with provision for oil or ges firing
when required. The firing syster is designed
with dual function for the kiln and future pre-
caleciner with the possibility to devote 2ll fir-
ing capecity to the kiln whenever the precelciner
is ou% of function. The produced clinker is coo-
led by & PFuller grate cooler with antometic dust
emptying to a reclaimin: drag chain conveyor. Hot
gases from the grate cooler ere applied at present
for the orimarv and secondary kiln air requirements, vhereas
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 & deep bucket conveyor to 4 clinker
silos ( each with 8000 t storage capacity ).
Cement grinding is accomplished by 2 finish mills
( ball type with cliassifying liners, installed power

5000 iIP, rated output 96 t/h) provided with cement

coolers. Grinding Blaine Specific Surface area is




governed from the central control panel by handl-

ing the sepcrator parameilers. Resultent cement is
conveyed by a rubber b:slt conveyor to the bottom of
cement storage silos from vhere it is blown up by an

aeropol blower, a system which has been found to be

the most economic with regular uninterrupted operat-
ion.

Cement is despetched in bulk frcem 3 loading stations
equipped for filling railway waggons, :wo of the
loading stations of dual purpose, additionclly for |
£illing silo-trucks. The loading operetion is comp-
uter controlled to adjust the flow speed and cherge
weight.

With the said computer control the shift operation

is meintained by only 4 persons: Production Supervisor,
Producition assistant, Centrel control operetor, Qual-
ity control chemist. An administration computer cont-
rol is ex tended to follow up mointenance time recorded
by badge readers and hence organize maintenance cost
when computing essential information of work orders.
The identification of preventive maintenance proceed-
inzs end spare parts ordering are also computerized.
However a complete anelog syctem 1is foreseen for manual
operation which has been adopted during the starting

up untill the computer component transections are succ-

essively put into operation,
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6. PERMANERTE CEMENT PLANT, KAISER CEMENT CORP.,

CALIFORNIA:

Hodernization 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, wkich is presently under commiss-
ioning, will replace the old 6 wet process kilns
which will be abandoned upon completinn of the sche-
duled phases. The following remerks upon the new
sroduction line were noted :-

- The kiln is equipped to burn principally coal,with
provicsions for o0il & netural gas. Coel ash is worked
out as a part cf reactinz components in the burning
p. - .ess and sulphur content is taeken as & natural
scrubber for stebilizetion of alkali content.

- Limestone and ciay are crushed seperately in 2 steges:
primery : jaw crusher, and secondary ¢ gyratory
crusher. Primary storage piles are built by & trev-
elling tripper; storége capacity for high grade lime- N
stone 4700C 1 , for medium quality 52600 t , and for
clay 2130C t. The three components ere proportioned
through weigh feeders to a 3rd. closed circuit gira-

tory crusher. The mix is transported to a sampling

tover where the samples are automatically extracted,
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crushed, and cnslysed for further re-edjustment.
reblencing is accomplished in & circuler dome
structure where raw meterial is deposited br e
radial stacker and reclaimed by & cable scraper
along tne cross sectional aree, for feeding the
preblended bins. High grade limestone is used for
corrections and adjustments. The rew 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-peripherel discharge mills, in
closed circuit with bucket elevators, air slides and
eir seperators. Hot gases from the preheeter nre used
for érying 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 wnereby dust is recuperated to the same bucket
elevaetor to the blending silos. Raw mill product stream
is continuously sampled for quality control thiough
routine anelysis. Raw mix is conveyed by air slides and
bucket elevetors, and radielly discharged through dis-
tribution boxes into two 7700 t mixing chambers aomogen-
izaetion #ilos. 3Blended products are combiped end routed

via an air clide and bucket elevetor to the kiln feed bin.




4 complete ctand-by tronsport system is provided for
easurin; uninterrupted kiln feed.

The kiln is 76.2 x ©§ £.877T m, 3.2 rpm, with refr-
ac*tory liiters, dval siring 4-stage suspension preheeter
with swirl precelciner, where raw meal is 90 % calcined.
Firing is arranged for coel with provisions for oil and
naturel gas. Hot gasses from the reciprocating greate
cooler are used for kiln combustion and for swirl pre-
calciner. The system of refractory lifters promote ex-
posure of kiln charge tc tne hot draught. Hot gasses
exiting tne preheater are diverted to raw grinding &
coel disintegration. In cese the grinding systems are
not functioning, the hot gasses are cooled tnrough an
air to air heat exchanger before running thrcugh the bag
filters. The partially cooled clinker procedes into two
G-coolers, where en indirect heat exchange uwrops the
discharged clinker temperature to SZOC, aefter which it
is conveyed to two clinker storage silos of 41000 t
capacity. A provisiorel 1000 t silo has been foreseen

for high free lime clinker.

Coel grinding end drying is accomplished in two
bowl mills, for the requirements of kiln and precalciner
being 40 & 60 » of coal successively. Hot inert gasses
from the preneeter are used for the bowl mills. Pulver-
ized coal is reteined through e classifizr and cyclone.

Exhaust air is blown out through e bas type dust collector.
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Finel grinding is eccomplished by the existing
finish mills, being capable of grinding 5000 t/d of
type 1 cement. Cenment storage capacity is 94000 t.

The existing cement grinding and storage facilities
will be in use until the n=xt stage of modermnizetion.

The process and operation are designed and
controlled by digital computer systems operated with
e light pen and tyrpe-writer terminal : one system for
motors monitoring end the other for process control.

A third computer is provided as stend-by to function
whenever one of tne said computers would fail. Addit-
ionally 50 enelog output stetions are prepared to con-
trol vitel opereting paremeters in case of totel fail-
ure of the whole computer systems. Lloreover the plant
is provided with the most moderu system for scanning
the whole kiln shell temperature with a graphic display
upon the control panel. The system is adjustable in
terms of marimum temperature alarm and magnitude of a
specific area, with the possibility fur exposure of

the whole shell circumference whenever required.
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T. DAVENPORT CEMENT PL..NT, LOKE STAR INDUSTRIES, SANTA CRUZ,

CALIFORKIA:

Modernization has been achieved by instellstion of

[/ &}

& dry-process rotary kiln with flash furnace precalciner
suspension preheater, & varieble bypass system to incre-
ase the cre-to-waste ratio from 4:1 to 12:1 and still
produce low alkeli cement in accordance with requirem-
ent cf the present code of practice. The related proc-
essing equipment bas been provided from raw materiels
recloim up to the cement silos to replace the old wet pro-
cesz plant, reising the annual production capacity from
363 000 t/y to 703 000 t/y, and bringing the plant into
compliance with the environmental laws and regulations.

A reduction is anticipated in celorific consumption from
1305 to 930 Kcal/kg clinker, and in labour requirement
from 0.9 to 0.4l manhour per ton cement. The new inste-
llation is under commissioning, after which the old plant,

comprising 3 1epol kilms will be abandoned.

The plant visit revealed the following mein features:-

-~ The raw material reclaim comprises 2 areas:

e~ Limestone and shale to be received from the exis-
ting quarries vie an overland belt conveyor across 5.6 km,
to be stacked in 3 stock. p.les: éhales, and high & low
grade limestone, each of which is recleimed bty an apron

feeder controlled by & belt scale.

b= Sand and iron ore for composition adjustments.

Both are conveyed to storage bins from which they are
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g weiche feeders 1o & common conveyor
system with limestore and shale to the raw materials
surge bin mounted on load cells controlling the weight

of overell flow to the raw meterisls grinding grsten.

Raw gindings is effected with & roller mill driven
by & 1750 HP motor, reted production capacity 170 t/h of raw
mix with e fineness of 80°/ passing 200 mesh screen,
where drying is aeccomplished by exit gasses from the

xiln system from 7.7°/ down to 0.5°/ moisture.

Exhaust gasses are dedusted Dy an electrostatic dust

precipitator.

A emergency air hester is installed to provide add-
itionel beat whenever raw materiels moisture exceeds 7.7°/

or the riln system is operating at more than 50°/ Dbypass.

Homogenization is performed through blending chambers
system in 2 silos of 3000 t each, reducing chemical flu-

ctuetions by 15:1 in terms of stesndard deviation.

Coal is dried and groumd in e bowl mill designed to
handle coel feed of 10°/ moisture. Drying is accompli-
shed by low oxygen gases from the preheater exit. A boo-
ster fan is used to overcom2 the negative static pressure
at the preheater exit. Pulverised coal is collected in
e surge tank from which it is pneumatically conveyed to
Lre kiln firing end precelciner through 2 weigh-feeding
systems. The kiln feed system consists of a meteriag and
air lift systems feeding through e rotary air lock and

tripping wvalve thus availing a douole seel protecting




The kiln is 56 x @ 3.962m, reted et a daily production
of 205C t, designed to accept & feed of 1.3°, total
alkeli and 0.5°/ moisture content . The bypass system
is desizmed 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 Folax cooler
with 3 grete sections of which 1 is inclined + 2 hori-
zontal, with 9 undergrate compartments and 7 undergrate
cooler fans with hydreulic drive system. The cooler air
flows as secondarv air for kiln burning zome combustion and

tertiary air to the precalciner and excess air is vented to

the stmosphere through a graval bed filter. Exit gesses
from the preheater are pessed through a conditioning
tower for adjustment of temperature for raw mill safety,
end molsture for efficient operation of electrostatic

dust rrecipiiator.

Final grinding is accomplished by 2 finish mills
11.633 x P 3.658 m, drives by 3000 HP motor, reted at e
production of 60 t/n at 3700 cm2/g Blaine specific surf-
ace area. Produced cement is pessed through a cement cooler
for avoiding complicetiors in poor flowability from cem-

ent silos.

The centrel control system is incorporating motor and
process control system distributzi over 5 major ercas.
Overall sypervision of the system is monitored frcm the
central contrel, whereby the operator can change set poi-

nts as well as start ana stop in plant sections in any of
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the remote devices from the operators console. A compu-

ter generates graphic displeys end performs more complex
process luop control than 3s possible with the remotle
process control devices. A back-up system is provided
for intermediate control. 1If the computer fails, the
system will continue to operate witkh the only loss of
graphic display, tLe more complex process control loops,
and miscellaneous alarms not critical to plent 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 importence.
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B. Federal Republic of Germany

1. FORTURA ZEMENTWERKE, GESEKE

The visit to this plant was arranged by Humboldt-Wedag
in order to demonst -ate latest achievements in ameliorating
and increasing the production capacity, cutting down the heat cnergy
consumption and the appropriate planning to minimize production
losses. The restructured plant stands as a representative
example for upgrading plant economics through a well-tailored

modernization.

A dry process kiln with dimensions 50 x § 3.2 m was
first installed with a four-stage suspension preheaier.
A second string of pyroclon was letely introduced. ®he
civil and erection work was performed while the kiln was
in operation. The stoppage was therefore reduced to e
very short time for the connection between the old and
rew parts and for junction of the tertiary air duct from
the grete cooler to the flash furpace. The rated produ-
ction capacity for the kiln was consequently raised from
650 to 1500 t/d of Postland clinker. The modified inst-
allation is still under commissioning, and the practical
results for the fuel economy are not yet finelly establ-
ished. However the Larget 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. READYMIX ZEMENTWERKE, BECKUN

In Readymix Cement Vorks in Beckum, & model is dem-
onstraced for economicel extension achievement. The
plant visit reveeled the following:-

- In 1971-1972 an extension wes instelled by sddition of
a complete new production line of I million t/y, with
modern concepts of cement technology and an . ideal speci-
fic capitel expenditure of ebout 58 DL/t of instelled
capacity. The investment has be«n retaired at a satisf-
actory rate through the economical cost price in virtue
of well planned luy-out and experience of personnel, inv-
olving 4630 t yeerly prcduction/worker, heat energy co-
sumption of 755 K cal/kg clinker, and electricel energy
consumption of 85 KWE/t of produced cement.

- The raw mix is composed of 80°/ marl + 20°/ high qu-

ality limestone.

The marl is crushed by & €50 t/h Hazemag single rotor
hemmer crusher, then transported to the works on a rubber
belt conveyor. The raw mixture is disintegrated by e
Pfeiffer r.ller mill, driven by & 1000 KW movor, rated
at 210 t/b of raw mix with e fineness of 10°/, residue
retained upon 4900 mesh sieve, wnereby the exhaust gases
from the prebeater are uszd for drying and carrying up
of fine raw mix to an electrostatic dust precipitator
preceeded by e settlement chawber. The raw mix is moved
out hy a screw conveyor to air 1ifts thaet transport the
raw mix up to the storage silo of 6500 3 storage capac-

ity. The homogenized raw mix is conveyed bty air lirfting
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1o feed boin preheaster sirings.

~ The kiln is 80 x ¢ 5.3 m, cepacity 3000 t/d cliaker

with 105t/ of raw meel totelling 210 t/h, with a
conversicn factor of 1.t8. The heat energy consumption

is 755 Kcal/kg of clivnxer, in virtue of 2 ry firing in

a8 precalciner wneveby 8§5°/ fuel ail + 15°/, of coal

are presently applied to maintein & temperature of

900°c. Required oxidising air for both precalcination ana
sintering processes passes throngh the clinker cooler

and rotr.ry kiln. Through precalcination the said econo-
mic parameter of ealorific consumption is realized and
regular pevformance is securad; with a consequent lorgex
lifetime for refractory lining and thérefore shorter st-
oppeges. Acounter-current shaft clink2r cooler is sati-
sfactorily functioning, coping with 3000 t/4 production,
and still overcomming dust and noise problems. Witk read-
uction of moving parts in this innovation 30°/, lower
initial capital cost wes invested and minimel wear and teer
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 investiment
and no high tempersture risks-

- Pinal grinding is &ccomplished by a finish grinding ball
millli4.3 x ¢ 4.6 m, reated production capacity 150 t/h

of cement having & fieness of 2600 cm2/g Blaine specific
surface area, driven by 2 x 2200 KW motors, electrical
energy consumption 30 KWH/t cement. Cement 1s stored

in 2 cement silos, each with a storage captity of 12500 t.
- Despetch of cement is rated et 500 tn/h: with and average

of 80°/, in bulk and 20°/ in Dbags. Bulk loading is
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effected sutomatically within an efficient self-service
system. The driver has to switch on the process and all
then procedes antometically by computer control adjusti-
ng the cemeﬁt flow and monitoring the filling rate eand
meight and arrenging 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 cerd is processed by the
computer for billing the despatched cement.

- The whole plant operation is monitored from a central
cenirol panel, except for a seperete control stand at
the crusher location and locel computer céntrol of bulk
loading. A TV camera exposes the flsme state at the

central control. Iiaterial ievels in silos and bunkers

are detected by Gamme. Rsys installation.
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3. DYCKEREOFF ZFMENIWERKE, MARK II, BECKUM:

The visit to this cement plant was organized by Zea-
iabor Beckum es an instance for cooperation in the field
of quelity control and development of cement types mith

promoted market demands.

The two - component raw mix (limestone and marl) is
prepared through & roller mill of 270 t/b productioncap-
acity, usiwg hot gaéés from the kiln exiting the suspen-
sion prehééter. The system is provided with an electro-
static dust precipitator from which fine rav mix + dust
are retained by a screw conveyor, then pneumatlically lifted
to the homogenizetion system, being composed of 7 top silos
to be filled by the overflow method, then emptied together
to a storsge sijoc of 10 BOO t capacity, from where it is
lifted by a bucket elevetor for feeding the kiln heat

exchanger.

The kiln system is an example for free selection of
mechinery and equipment of lpecii.]:ly favourable features.
the engineering work being organized by Drckerhorf
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 inflemmable waste materiels. The kiln is F.L.Smidth
89 x § 5.5 m, production capacity 3 000 t/d, driven by

twin motors 2 x 40C Kw, with 10 Unex plenetary rollers
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of tube cimensions 22.3x ¢ 2.1 m. The cooler system is

enclosed in & sound proof chamter for envir:.meniel pro-
tectiion, whereby the cooler tubes function is supplement-
e: by weter cocling. The resultant clinker is ther conv-

eyed to 3 concretie clinker silos with totel storage capa-

city of 45 600 t.

Finisk grinding is sccomplished by & cement ball miil
dimensions 15.4 x § 4.4 m, production cepacity 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 measure
taken in the coursez of envirunmental protection. Cement
is stored in 4 cement silos of 5000 t storage capacity
each, from which it is despatcheri either through an
asutomaticelly adjusted bulk despatch syst=m, or in paper

bags by & rotary packing machine,

Automatic control of the process is effected from
a central control panel with optimum interlecking system,
monitoring the production process and securing all possi-
ble protection measures for mechinery and equipment. The
laboratory is well equipped with control installation,
including xeray analysis facilities for rou*ine checking
of analysis upon periodic samples obtained Ly automatic

sampling end pneumatic conveying systems.
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L. AISFR-RREITERBURG ZEMENTWERKE. LAEGERDORF, HAMBURG:

The plent visitl was arranged by Krupp Polysius AG to
cemonsiratate advantegeous ackievement in conversion of wet
process into semi-wet Technoliogy, introduction of coal
firing with nighest precautions ageinst explosion hazaxds.
The plent represents an instance for rav materials with
high moisture and alkali chlorides content necessitating rav
mix preparation by the wet process, then disposel of the
largest amount of water to get rid of alkalies and attain

better ecalorific economy.

laegerdorf plant was first estaeblished in 1884, originally
had 25 vertical kilns, then extensions were echieved 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 80°/, soft porous chalk with
over 22°/, water and 20°/, sticky sea clay with 26-30°/
water content, quarried by open cast working below see level.
The chalk is 94-97°/ CaQQB, mainly calcite, originating from
sludge consisting of shells of deed 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 slurrey in & slurry drum. Due to the seid
nature of raw materials, in addition to the main question
of rew materials characteristics and clinxer quality, vari-
ous factors were taken into consideration including operating
beheviour, dust extraction, heat and electrical energy consu-
mption, laboi.’, meinte:.ance, and investment costs, the

process vas designed based upon wet rav materials preparation then
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sexi-wel burning with fiiter cake briquettes and low bypass

In virtue of the fine neture of raw meteriels, the chslk
cuarry and cley pit represent the storge ereas. The pit and
quarry operations and siurry rrocessing ere simpie ené advan-
tegeouz . The background experience &and pilot plant research
indiceted the semi-wet process with 7°/, btrypass ges tc be
tne most ravourable. The system was accordingly installed with
an output of 3300 {/d with a lepol kiln installation, filter
cake of 21.7°/4 moisture content, ealorific consumption of
£50 K cal/k9 clinker, using esutomatically operating chamber
filter presses. Due to the fine plestic water reteining
nature of raw mix, piston diaphregm pumps compress the siurry
ir 100 chambers. The fiiter cake obteined iz first stored
in round hoppers and then metered to the screen compactor.

Electricel power requirement for the kiln including he
processing of filter cekes is 18 KWH/t and for the travelling
grate cooler 5.5 KWH/t. Electrical enei'gy requivement for
raw preparetion plue kiln system is 3C.1 KWH/t. A low dust
loss of 1.55°/4 of *the elinker out;utl has ¢ fabourable offect

on leowering the elkesli level in the clinker, perticulerly
since these dusts generally occur in the form of selwvable

potash filter dust.

The kiln is dimensioned 90 x § 6.0 x 5.6 m, speed
1.7 r pm, ratad output 3300 t/d, designed with high shell
stiffness for longer lining |ife. Tine cooler is Recupol
horizontal +travelling grete with cooler waste a2ir recovery
on the prereater grate. Next to the cooler is a disc type
clinker hanmer crusher of 1.45 m impact circle diameter

The travelling g:;ates of the preheeter and cooler are
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equipped with & cenitirel lubricetion system. The cooler
recirculeting and waste ae.r are freed from dust vie 2 x 5
cvcliones to protect the fen. Recupersted dust is fed
directly to the clinker conveyor. Clinker is removed by

e scocper conveyor to the clinker bunker of the new cement
grinding plant of <20 t/k on to the clinker hell of 7500 t
useful capecity through en cpen drag conveyor with remotely

controlled switches for intermediate unload.ng.

The cosal pulveriiation and firing systems were also
seer during the plent visit. A centrel coal grirding aad
drying plant is instslled with indairect firing and inter-
mediate storage of pulverized coal. Imported ceal is
trensported from vessels by railway waggons, self dumping
into 2 sub-surface tipping burker, whereby coel is recleimec
to 8 storage si.o. Extraclion is effected with an Aumund
pan ccnveyor leading to & rubber belt conveyor provided
with & seperating mszgnet and an induction probe. An elect-
romechamical multiple roller.weigher with integreting
action is incorporated in the belt conveyor for measuring
the 18te of coal discharge. The coal is then pessed thro-
ugh e triangular roller screen whereby bulky bodies are
fed to & hammer crusherwith impact breaker plate. A bucket
elevator 1i1fts the coal to a chein conveyor delivering. to
3 sterage silos on to the mill feed bin, mhich is provided
with an ultrascnic level control to limit empily space for
eliminating excessive air. Coal is ted from the whole
bunker section, to aviod blockage, over an aspron feeder,
weight monitoring by e drag sensor. Due to varietions

of coael types, an air swept ball miil is applied,
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10.25 x ¢ 4.0 m with two compertments predrying & grinding,
vith an intermadiate diaphracm with 1ifting scoops. The
dryir.g compartmert is equipped with fligots to 1if*t end
shower the moist cosl through the hot streem. The grinding
chember is provide. with liner pistes developing & lifting
end cievsifying ection for grinding beils. The rated c.tput
is 5 t/h, power requirenent 1360 KW, 25.0 kWH/t coel. The
mill is mounted on a slidine £ .0ce besring at the inlet end.
An gir elesszifier seperétes the pulverized meterial in the
exl:aust air discbarged from the mill into: fines to remain in
the sir streaxn, and tailings returning throug!' the tottom

outhet.

Dedusting is effected with an electrostetic precipitatcr
operating with forced draught, equipped with two precipitating
fields in which the exhaust &ir is cleaned to 30 mg/Nm3 dust
content. The explosion hezerd at the inlet of electrostatic
dust precipitator 1is reduced by cutting down the dust concen-

ration below the flammability limit. The precipitator is
fitied with en sutomatic voltage cortrol unit which is set

at & voltege below the sperk-over lirmit. 82 explosion

doors are provided, with rust resistant steel movable closing
fleps, eacnh venting eperture provided with seeling rim.
Pivots for these flsps can »e electricelly hested tc ensure
functionel readiness unhinderad by ice formation. In the
event of ignition the casing is rapidly inertized wiih carbom
dioxide. A screw conveyor »ithout a center heering delivers
the finished products from tihe cyclones and electrostatic

dust precipitetor to the pneumatic conveyo:.
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5. DYCKERHOFF ZPMENTWERKE. AMOENERFRG. WIPSTADEF:

This fectory was first established in 1804. The
method of spreying sturry into the wet-process rotary
kiins wes deveioped in 193C 3. There nad been severel
innovetions in the wet process technclogy thet retained
& good position in the cement indus:ry 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 beer inst-alled and the o0ld wet process
units were consequently stopped. The new production units
were well planned to reduce the heat enrergy consumption,
economize the personnel cost, rationalize the maintenance

and repairs expenditure, and prevent air pollution.

The rew mix components: limestone marl and clay marl +
cverburden sand correction are handied by a double roll
crushevr, the rollers ccnsisting of circumpherencial rings
provided with teeth and ridges. The crushed mix is adjusted
in accordance with aralysis resvlits of samples taken by
e sampling station mounted for the crusher outpui.. Samples
are teken by & szmpling chute isolating 2k
extracts per hour at am overall rate of about 12 t/h.

Samples are delivered to & pilot station for further comminution
in & 2 stage roll crusher to 12-16 mm. product size. A paddle
sampler extracts 600 Kg /L which are dried end ground in &

smz1l roller m.1ll, tner samples »f 1 Kg ere teken &t half

hourly iuntervels from e mixer. The operation of quarry exce-

vetion is controlled on the besis of enalysis results of the

said samples.
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Due to the heterogenrnity of raw materiels, substantiel
rrencmogenization is performed in e blending bed system
coxposec of & circu.ar stockpile et the center of which
stenls & tower to which e stacking mecnine and bucket wheel
reclaimer are pivotably attached. At the top of the centrsl
tower is the transfer psint where the material is fed to
the stacker, which cen slew through 360° and deposit the
raw materials in a series of raws on a circular track of
100 m diemete: with a travel speed controlled by aweigh
belt installed on the stacker bridge so as to obtein raws
of constant cross section. The stacker builds up a stack
pile of 50 000 t while another stockpile of similar stor-
ce cajacity is being reclaimed. The meterial is recleimed

by & circle-shaped cut, tasken perpendicularly to the centezr-
line of the pile, at 3 levels so &s to suppiy the grinding

and Jrying plant with material et an automated and progrem-
controlled feed rete. The s<zooped material is carried to
the works by #nsverlspd riboer belt conveyor feeding e
storge belii convey:. r, d.signed to even out minor interru-
ptioﬁs in nperation and secure regular feed
to the grindirg and drying plant. The storage belt is fed
by & mobile belt controlled to deposit & continuous leyer
of constant denth. Combined grinding is achieved by an
eerofall mill operating in econjunction with a conventional
tube mill for secundary grinding of oversize particles,
together with necessary cyclones and classifiers. An
electro-acoustic device at the serofell mill determines
the set noirnt for the weigh belt feeder and the speed of
the storge and intermediete belts. The material removed

from the aserofell mill with flow of gas is precipitated
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in two cyclone stages. The oversize material is precipit-

ne oversize is deliv=-
ered by eir activeted conveyors snd bucket elevators to
rotery air seperators iz which the tinal classification is
effected. The fines from the seperetor are asaded to the
finished product from the mill.

The ltailings are fec to %two tube milis of
0.5 x # 5.6 m for further grinding. Samples are taken from
the product by mechanicel means. According to its analysis
corrections can be adjusted from the control room by addition
of high or low correcting meal by means of & weigh-belt fee-

3

der from 2 correction silos 250C m” eeach. For drying raw
mix: waste heat from kiln exit gases is utilized. The hotter
pert of air from the cooler is used, being extrected in tne
middle of the cocler and passed through a multicyclone sys-
tem for dust removel before delivery by a tlower to the
grinding and drying plent. Due to the high moisture content
this is supplemented with hot gas from an auxiliary firing
system whereoy the hot intermediate air iIrom the cooier is
used as cumsbustic air.The capcity of serofeil and secondary
grinding mill is 176 t/h for & fineness of 1°/ residue on
0.2 mm and 16°/ residue over 0.07 mm sieve. Dust is colle-
cted by an electrostetic dust precipitator wheredby #n evapo-
urative cooler is applied for effective dust ccllection even
when the grinding and drying plent is not functioning. The
dust, together with raw meel from the grinding and drying
plent is conveyea to the tlending ccmpartments: composed

3 bins which are successively fiiled by the

of seven 350 m
overflow method, then emptied ..multaneously into a
finishad meal silo of 7500 n3 storage capacity. Despite the

considesable irhomogenity of raw materiels, a good homog-
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enigation is achieved with 0.2°/ s*tandard devietion.

The two kilns ere 80 x @ 5.2 m, driven by two synchr-
onized steplessly veriable 200 KW direct current motors
vith dopol prehester and Fuller cooler. rated cavacity 2000
t/d, heet energy consumption 760 Kcal/ke tlinker. Each
kiln is fed by & screv feed pressure-operated pnemmatic con-

veyor, with & third unit as stand-by.

Feed is propoertionei by & cuntinuous measuring device,
being extracted from mun 8 % bin kept full by overflowing,
supported on load cells, enabling checking and calibration
of the said dosing equipment. An euxiliary drive is prov-
ided with electric motor supplied by currert from a stand-

by diesel generating set.

Clinker is cooled in & Fuiler combination type cooler,
reciprocating frequency veried with pressure in the first
of 5 compartments. Clinker dust is collected in hoppers
with monitored empcying to a drag-chain conveyor. A hammer
crusher 1s provided for breeking lumps larger than 40 mm.
The hotter pert of the exhaust air is dedusted by multicy-
clone before being supplied to the grinding and drying
plant. The rest of exheust eir is passed through a cyclone-

type gravel-bed fitter.

Monitoring and controlling the process is a chieved
from & centrel control desk whereell necessary switching
operations can be carried out. Flaptype desks are where
all nececsary switching operations can be carried out.

Plaptype desks are recessed into the well below the mimic

diagram, designed tc enable individual drives to be switched.




Quite & wide range of cement products are produced in
various Dickerhoff piants, including Kormel, Super-fine,
High esrly strengtih, Sulphate resisiant, Expansive, Pozzo-
leric, Blast furnace sleg, Nasonary, white end coloured
cements. Within the scope of eacn type, veriius compos-
itions & colours are tailored to suit the »airkev neads.
Extensive efforts are exerted for quelity ccntrol end for
maneging raw materials composition and precess particulars

for keeping up satisfactory stendaris.

The central leboratory for Dyckerhoff cement plants
was visited. The mein activities for th.s laboratory is
for assistance of the works leboratories at production
sites for checkings on chemical analysic and pnysical tests
and for re'ea;ch and development work, aiming at trouble
shooting for occesional industrial difficulties in the
manufacturing processes and studies for innovetion in verious

fields of cement industriel activities.

An explanation was made for organization of laboratory
personnel with a brief introduction to the score of work
for esch 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 installatiorn were presented. These
informations contributed to the apprapriote selection of
installation to be applied in the researeh and development

center.
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Annex IV

PHILOSOPRY OF MACHINE SUPPLIERS

A. Uaited States of America

1. FULLER CO., BETHLEHEM:

One of the most useful visits was that to Puller Co.
designers and machine suppliers. Reseerch end developm=-
ent work are promoting cemeni manufacturing technology.

A satisfectory review was made in an approach to process
promotion and research procedure:s. iuller philosophy in
development of appropriate design was explained for several
tyres of equivment known to be Fuller speciality. 4 spe-
cial emphasis was made for.:
- Flash calciners: as means for reduction of the role of
rotery kiln by accomplishment of 90°4 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 preheater kiln, The flesh calciner suspen-
sion  preheater, commercielly proven system £s now prod-
uced under licensing agreement with the Japesnese Co.IHI.
The rew mix is heated in the preheater end then fed into
the flash furnace where it is 90°/, 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 rotery kiln, thus securing
longer brick life and therefore less downtime is necess-
ary. In virtue of the reguler operation an easier

operation is practiced and better quality of clinker is
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secured. Also air pollution is r-duced due to lower
temperstures in the flash furnace to about 900°c, and
thus lower NOx, but this factor hes to be carefully
studied to disclose exceptional conditions in case of
a srecifie cosl composition, Because only 40°/, of total
fuel is burnt ir. the kiln, end only 10°/ of the calcina-
tion is effected, the amount of kiln exhaust gas/t of
clinker is substantially reduced. This results in e
higher concentration of alkalies in kiln exchaust gases.
Thus the size of bypass system is drasticclly reduced.
The result jis reduced capital costs in virtue of smeller
kiln and bypass dimer Jions & lower electric power cons-
umption due to the reduced gas flow.
This system can restore an old small uneconomicel kiln
into a highly productive operation. An existing wet
kiln may be modified to increase its production 3 to 4
times with consequent seving in power and labour, but
specific consideration has to be given to the kiln
conditions and capecity 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 which are eimost
completely volatilized in the buraing zon> and recond-
ensed in stege 4 are recirculated and concentrated,

and consequently cause bulld ups and

plugging. Sice alkalies and sulphur &re only partially
volatilized in the burming zrne, they eventually leave
the kiln in the clinker and therefore adversely affect

its quaiity. The main philosoply of the bypass system
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is to drive out e part of gases to an air quenching
chamber to cool the objectionable compounds (usinly
compounds of Cl, alkalies, & sulphur) to cause the
rapid transition from vapovrto solid state and prevent
liquid formetior. A progremme for evaluation of bypess
fraction has been demeloped by tracing concentration
and volatility of various undesirable components and
readjustment in accordance with practical experience;
When an excessive bypass of 30°4 or more proves to be
necessary, the operation of en Sp kiln may be impractic-
able SP with bypass is advantageous, as much smaller
bypass ie regquired to create the same effect. With
some raw msterimsls when the volatility of alkali is
lew it would be economic to increese volatility through
the use of additives in réw feed.
- Clinker cooling: the role of Fuller air quench reecipro-
cating grate co.lers were explained in providing quick
quenchiuz of clinker, recuperating heat to provide nign
temperature secondary air, clinker cooling to a low temper-
ature for sefe handling by other system equipment, clinker
conveying to & point vhere it can be discharged onte a
low temperature conveyor; clinker sizing to preclude en-
trance of laerge 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 1ts own fan to supply eir at a pressure
end volume compatible with conditions in the specific
section.
An emphesis ws3 mede to possiblities of teking air from
the cooler to flash calciners or dryers and venting exc-

ess coolirng air to the etwoaphere. Optimum cooling
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conditions were emphasized through meintaining proper

air flow and bed depth by regulaiing ithe graie speed

to assure proper clinker retention time end sair dist-
ribution. The sizing of clinker weas demcnstrated

through dircharging it through e 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 cocler
has recently been achieved to cool clinker and recuperate
heat simultanecusly, with & minimw1 of maintenace and down
time. Engineering analysis of the cooler design resul=-
ted in structura) 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 combinetion 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 velves to reduce lea-
kage of cooling air. The pressure in each compartment
regulates speed of corresponding grete sections. Ana
internal wheel design has been incarporated, elimine=-

ting all openings in the side franie except for drive
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shaft penetration, resulting in a more efficient use of

cooling air. A viewport for periodic visuel ius-
pection of the wheel is includ2d in the design. Aul
improved shaft seal is being used on the crosshead

shaft. The clinker breaker hammers may now he replaced
without removing an entire rew of hammers. Supporting
the 1gwer end of the grizzly aszembly aliows for thermal
expansion. Ffor avoiding aduitional stacks the gases not
used for combustion or drying are recirculated after
passing through a low pressure drop mechanical dust
collector and air-to-air heat exchangers in parallel.

The automatic contrcl 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 (atasauqua, where the role
of the resea.chk team in product development and in pro-
blem shooting was discussed. A bief account wes given
of procedures adopted to evaluate suitability of raw
materials, propose -adequate equipment design and predict
futare performance. For this purposs a demonstration

was performed for computer application; date eanalysis and
cornclusion formvlation. The research and development
comprise a well established laboratory equipped with
installation for chemical anelysis, modern research equi-
pment. A visit was performed for microstructural inves-
tigations being achieved by epplication of the Universivy

electron scanning microscope.

Pilot tests are practiced in e well equipped rilot
plant in Catassuqua, provided with model installation for
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development of various aspects ot cement technologr
inciuding comminution, pyroprocessing, &and puonmetic tra-

nspert.

The visit and related explenatic~ #ere orgenized 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 maintenece. Training cources are aveli-
lable in: sutomatic control, cement plant process simul-
ation, preventive maintenace, supervision, management far
technical der . ileads, problems solving & decision meki-~
ng. Seminars are organized in operation, maintenace,
Puller Kinyon pumps, rotary compressors, grate coolers,
will systems, conveying, process systems... etc.

Most modern is the sutomatic process control course rec-
ently prepared to meet demands for plant personnel to
epply the latest control technologies. Hands on training
in controller tuning and loop operations are performed

on the "Process Simulator Ereiner" covering important fi-
elds including: Appliesation cf process control, Instru-
ment characteristics, process loops, Variake measurements,
Control signals, Controller actioms: proportional, reset,
derivetive, Final control elements & Controller tuning
concepts. The distinct advantage of simmlator training

is the ability of trainees to develop ocperating skills
without affecting plant operation, experience various of
malfunction, break downs and failures that would ethewise

interrupt plant sctivities and damage equipment.
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” a MOAT MTRC
2. ALLIS CEAIMPRS 0o

The visit to Allis Chelmers Co. was very useful, as
it provided good knowledge ebout continued efforts of
designers to overcame problems encountered in practical experience,
anéd information about achievemerts of the advanced technology

center (ATC) team ir developing adequate technologies.

211is Chalmers Co. is dealing with a wide range of mining
and processing systems, cement making machinery and equipment.
Modern achievements in the field of cement technology -rere studiec.
An innovation in the design of the traditional suspension preheater
vas explained: by removing the ‘imitation in production cepacity and
increaging the speciiic loading of the kilm by rav mix precalcination

before feeding to the kiln.

The development of RSP (Reinforced Suspension Prehea-
ter), being produced under licence agreement with Japenese
firm Onoda could drop the specific heet consumption to 74
Kcal/Kg clinker, and increase the specific kiln loading
to 2.5 times the normsl suspension preheater. A swirl
furnace is included in the preheater 3rd & 4 th stages
with hot air 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 Trequired
for decarbonation of the raw mix. Kiln exhaust gas is also
used for preheating, ard the swirl furnace provides & 2 nd
heat source. Only 40°/, of the total fuel is burst in the

kiln; that lowers the gas volume fiowing through the kiln

and the heat released therein, permitting smaller kiln,
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#ith cunsequently lower invealment end shipring costs.
It also costs less to maint:ein & smaller kiln, the -refr-
Aactory liire is improved in virtue of smeller diameter
and lewer heet intensity and end stable operatiorn. The
bypass operation involves less dust and heat loss, the
quentity of bypass gas from an RSP kiln being epproxi-
mately 40°,, from thei of an SP with seme bypass percen-
tage. Seperate firing of kiln and preheater sesults in

better control of the process.

Tuere are two gas psths from the cooler to the pre-
heater mixing chamber, with consequently common differen-
tial pressure between start ard end points. The recoup
duct has greater resistance at its desired flow rate than
the kiln et its desired flow rate. To compensete for this
imbalence, an additional resitance is added to the kiln
in the form of an orifice located between the kiln feed
and hou;;ng & the mixing chamber. The desired flow in
each path is obteined by sizing of the resisiance contr-
olling orifice. Desired flow split is obtained through
a damper in the recoup duct. A single preheater string
would be used up to 3000t/d, and for higher capacities
a doubl2 string prebeater is used. The preheater.. kiln
air sea. tilizes & 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 tracke at the seal

borizontal centerline, permits axial kiln exnansion and

movement. The combustion in swirl calcimnexr occurs at a

S ———
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relatively low gas temperature due to the repid heet abso-

rption by suspenced mix as celcination occur

8, quenchin

; qu 15
the gas to e celcining equilibrium temperature. Combustion
ges and pertially celcined materiel exit from the bottom

of the furnace through a duct to the mixing chamber, where
decarbonztion up to 85°/ occurc. <Coal as fuel in the

swirl furnace is introcduced downward zt 2 coal burners in

moderate cases, and 3 burners ir caeses of larger capacity.

Various other systems known for Allis CLalmers supp-
lies were explained:
- Stc'er type clinker cooler: effectively recoups heat
and grate plates for longer life.
- The ACL system travelling grate cooler: makes it possible
to produce top quality low. alkeli cement form high-alk-
ali raw materials, being a travelling grate preheater/kiln
system with double bypass and an Allis Chalmers stoke cooler.
- Roller mills: being manufactured and marketed under licence
egreement with G.Pfeiffer A.G, FRG; with 3 roller design,
grinds eand classifies cement raw mix, handling raw materials
size 5-10 cms with moisture up to 18°/ ; 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, are and mineral testirg, for best utilization
of natural and energy resources. Pacilities are available
for performance of individual lab. scale tests, on more

extensive investigations on a pilot scale to dupliceile
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complete process flows, whether a single circuitl or ecn

integral plant. The test program permits specielized exp-
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end design equipment for the specific case.

Complete fae ilities are available for investigating
every important processirg phase. The study starts with
chemical analysis and mineralogical examination. Repres-
entative ltestirg facilities of interest were indicated:
- Raw materials analysis: data used to evaluate potential
clinker proportion, determine mix proportions, levels of
alkali, sulphur, and echlorine that can affect system oper-
etion.

- clinker analysis: determination of majsr 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 = 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. Mozt
important tests performed are: sieve analysis, infrasizer analysis,

Blaine specific surface area.

- Thermal analysis: Determination of specific eat enth-
alpy and temperatures of major compound reactions. These
data, related to pyroprocessing equipment design and
operation, include: thermogrevimetric analysis, differencial

scanning calorimeter ,differencial thermal analysis.




- Alkali veletiity test: determining the amount ¢f alk-

eli removed from & sampie of raw meel at various temper-
atures and atmospheres. Data derived from tnis test car
be used to design kiln ‘bypass requirements.

- Clinker burnsbility tests: determining the relative ease
of burning into clinker: a given raw meal of given compo-
sition By microscopic examination, clinker quality and

potentisl can elso be checked.

The development of processing parumeters continues
with extensive tests in the pilot plant. Extensive faci-
lities permit practically unlimited range of investiget-
ions for varieus processing persemeters:
- Crushing & screening: possiblitiees include jaw cushers,
hammer mills & roller crushers. Each unit can be opera-
ted individuslly or may be integrated into & coatinuous
open or closed circuit, with a variety of screens posit-
ioned before and beitween crusling steges.
- Roller mill circuit: complete roller mill installation
for applicatirn studies, combining drying, ginding, and
clasgsifying into one operation. Materiel is fed tc a rotating
table, get with 3 grinding rollers, fastened acwnward onto
the table by loaded spring pressure, into a stream of hot
gases. Ground materisl is cerried up by rising gaeses to
e chassi ‘ier, oversize [particles are returned into the
grinding zone.
- Ball mill systems: complete grinding circuits, in pilot
scale, are meintained for continuouvs grinding investigations.
Conventional mills are availeble and can be operated wet

or dry in open or closed circuit. Mills can be augmented




with an assortment
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Filtering of slurry from the grinding mills is accomplished
with disc drum or pressure filters.
- Commninution lavoratory crushebility and grindability
tests ere conductted to determine the materials bond work
index , & velue from which comminution equipment require-
ments are calculated. Metal wear in grinding mills varies
with eech materiel. Abrasive cheracter is eveluated by
sbrasion testing, results of mhich are applied for desig-
ning process equipment.
~ Agglomeration: product quelity improvement and raw pro-
duct application, resulting from s tering size, shape,
density; or other material properties, are eveluated in
a complete compacting and granulating circuit, equipped
for homogenizing, prewetting preheating prior to seperate
or integrated compacting end granuleting stages.
- Pyroprocessing: Thermal prccess studies are made in
continuous pilot circuits using a suspension preheater
tower, travelling grate, a sclection of conventional and
ported rotary kilns and static or dynamic bed coolers.
Typ ical processes investigated include drying, dehydrating
calcinirg, burning.... The pilet plant is equipped to
transport received materials directly to pyro-processing'
equipment or to continuously prepare agzlomerated
feeds before subsequent pyro-treatment.

These facilities may be considerd as & model to be

quoted for the set up of the Chinese Cement Development

center.
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B. Federal Republic of Germany

1. HUMBOLDT WFXDAG, KHD INDUSTRIEAN.AGER A.G. COLOGNE:

During the visit: 3-days programme was arranged,an
intensive explanetion wes given of
the whole scope of machinery and equipment in the field
of cement industiy, with specisl reference to latest de-
velopment achieved by KHD in machinery design, and recent
innovation for rationalizing cement making processes.
Examples of conversion processeé were exposed to evaluate
the progess developed with old machinery, medernized for
atteining doubled production, reduction of fuel consumpe
tion, and atteining reguler operation with consequent
rationalized quality.
~ Clarification was made with examples for application of
multicyclone separators for closed circuit grinaing, which
eneble a production rate up to 500 t/h of fimish ground
material with one separator still yielding top quality
cement with a fineness up to 6000 cmz/gm Blaine gpecific
surfece 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 cf
raw materials before entering the mill and thus spares
the effort to be exerted for crushing in the first compart-
ment. Furthemore a considerable proportion of grinding 1s
also economized as the fine part of crushed material is
carried by the upgoing stream of hot gasses straight teo

the gravity seperator, which returns the coarse particles




to the mill fo. furiner disintegraticn, snd the fines are
cerried up to the cyclone seperator, whereby it is conve-
yed to the homosilio.

- The evolution of rawmmeel preheating for retional clinker
production was traced since tbe introduction of Humbo dt
sugpension preheuster with multicyclone system at the begi-
nning of the fifties. In collieboration with the Japanese
firm IHI, the pyroclon system was develop2d whereby fueli

of any type is burat in a precalciner in a gas atmosphere
formed by the rotary kiln waste guszes and clinker cooler waste
air. The raw mea) is thus preheated to decarbonation.
Mnltiline preheater was developed by matching the number

of linea to the desired overasll cepacity with advantage-

ous patterus for cross sections of individual linea. Use
could be made of coarse coal, truck tyres, mooden remainé,
still keeping the temperature near to the dissvcistion levels.
Kiln dimensions could be maintained within economic levels
with extended service span of Tefractory lining and an
increased production capacity. Close studies are being
performed to apply the most economical sclutions to specific
cases and capacities of types of pyroclon systems.

R: Regular: where combustion air for the pyoclone firirng
facility is directed as tertiary air in e seperate line.

S: Special : Where combustion air is pamsed through the
rotary kiln in order to attain a high degree of caleination throush

higher temperature exposure, the exit gas losses can

be reduced by addition of s 5th. preheater stage. A prec-
alcining rate of 95/ can be realized by high firing rates

at the precalciner. The resulting high waste ges temperatures




and relstec 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 aveailable raw materials do not ellow
for dry prccessing of raw meel, processes have been dev-
eloped for changing cver 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 hombgen-
ized slurry is subject to mechanical dewatering to =
residual water content of 17 - 22°/ then thermaliy dri-
ed to resiaual moisture of less than 1°/ in a.special
flesh dryer by utilizing waste - gas heat from the burn-
ing process or coocler. This arrangement enabled drastic
redvction of specific heat consumption especially when
combined with pyrog€lon system.

- Selection criteria mere surveyed including:

- Effect of location in respect of plant size, dust leiden
gas, noise emission, space and area requirements, layout
possiblities, raw materiels 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 materlels, inswuleting work, building operations,
erection and commissioning procedures, and spare parts
requireinents.

- The operating costs were approached for each type with

special reference to heat consumption, electrical power
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requirement, wear and maintenance burdens, operational
eveilebility.

- Some design &rd engineering problems were mentioned such
ag pogsibilities for design improvements, flexibility

of throughput, cliuker quality, coating formation on the
cooler, and suitability for hot air offtake.

- Electiostatic dust precipitators air installed for de-
dusting large flow rates of waste gases behind kilns, gri-
nding & drying installation. The electiostaetic 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 al protection.

Qualities were surveyed, speciaelly 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 & result

of small pressure losses.

A clos2 explanation was given in the department for
electrical engineering and automation for incorporetion
of aptimum electric equipment from high voltege incoming
feeders via emersv distribution, electrical drives,
monitoring and controlling up to the control center and
different control standerdas. The contral systems are
facused on facilitating process particulars for the oper-
ating staff. Miniaturized eomstruction and colour display
units for multitude of variables are suitably presented
to the operating staff, whereby computers are used for

data processing.
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Cortrol programs are developed and tested for different
prnductiun processes resulting into comprehensive progr-~
amme packages for fully automatic process run and synch-

ronized starting and stopping of tre plant.

Genersl iaformation was given about the function of
monitoring & interlock systems of reley type with elect<
ronic cards or with programmeble coutrol unit, the inco-
rporation of computer for dete processing scen, log and
slarm systems process control and optimization, the ada-
ption of computerized "WARTAS" system for planning of

-preventive maintenance and erganization of spere

paris depositing and ordering.

A review was also mede for the x.ray fluorescent
spectrometry b;sed 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 contirol signals that hexe 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 aaalytical fineness. The x-
ray fluorescent analyser is integrated in & closed 1loop
with the sample processing faciiities anad process comp-
uter. Sampling and transport facilities eare deéigned to

meet the continued analysis.

Several technologies were also explained:

L
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~ The spplication of high pressure water pumps for clea-
ring the preheater chescking, heevy building in the entr-
ence of the :otary coolers, and for eating up growing
teeth of clinker ring formetion.

- Study for effect of flame tempersture in comparison with
sintered charge in the buringing zone.

- Determinetion of optimum dresught speed for the least
dust development

- Applicetion of speciel kiln hood for dedusting and ccnd-
itioning of tertiary eir from ceoler on the wey to the
pyroclon .

~ Appliceiv >»n of low grade fuel as lumpy coel, briquetted
lignite, motor tyres, wooden chip upto 20°/ of fuel requ-
irements in the pyroclon, and odvantages of consequent slowv
oxidation, The harmfuvl pollutants containeG in these

fuels are absorbed in the preheater and are found in the
clinker in & harmless form.

- Governing conditions for development of NQI. & SOx in exit

geses.

Ultimately the research and development laboratory wes
visated, whereby various physical and chemical investiga-
tions were .zplained with epplicebility of
edequate laboratory installation for the purpose. Some of
the instaelletions ore tailored tn match the diversified
fielas of specializetion in the mining and metallurgical fielads.
Others are aprlied for study of new raw materials prospected
for the study of instellation of a new project. The experi-
ence & know how are implemented for deriving appropriate

relations leading to the designing criterie of machinery.
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2. FKRUPT POLYSIUS AG., NEUBECKUM:

The visit to polysius 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 keeping wet
process preparation of raw mix, them adopting the semi -~
wet processing through mecharical dewatering by disp-

osal of practicable portion of water corntent, 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 meterials pre-
paration is preferabvle due to emcessive moisture in raw
materials and wmhere leaching out of alkalies and chlori-
des is required for obteining low &lksli cement. Automa-
tic pressure filters are mostly aepplied 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 & new cooler of larger capacity the _ ;
procedure for evaluation was considered for the main fa-
ntors of cost, downtime, and limited space. To meet tae
requirements for the production of low alkali cement, a
by-pass arrengement can be installed for the continuous
discharge of gases with alkeli content. The by-pase arr-
angement also reduces the danger of operating problems

such as chokes and buildups.
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Fcr the Lepol grate using pellets instead of raw meel
reduces the dust load in the kiln exhaust gases. The smo-

unt of waste dust with the same percectage of by-pass is

lewer tharn 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 pqinted out. The criteria for selection of the type of mill were
epproached, depending upon compositicn of raw meterials, whether

the air sweot 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 conseg-
uent need to reduce the operating coste. The two main
domeins of conversion were tackled: viz. conversion from
the wet to semi-wet process, and shifting to coal to repl-
ace the oil fiwring. 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 weter content in the slurry would require 20 K cel/
Kg. of energy. This fact stands as a guidance for the

economy of conversion of wet to semi-wet process.

The impact of fuel eil 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




and environmentel protection. Meicr attention has been
paid tc ensure that the optimal specific fuel consuamption
is mainteined, end possibilities for utilization of cheap
waste meterials as fuel. The effect of coel ask upon cli-
nker composition perameters was exposed, supported by exa-
mples froxn the actual practice, especielly when low grade
coel with high amh 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 solfving the quality problems. The factors to be
taken into conecideration within the engineering aspects of
c631 firing are: cweloific value, ash and meisture content,
voletile constituents fineness of pulveriz etion, primary
eir proportion and temperature , secondary air tempereture
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 evin wood shav-
ings and motor tyres. The coal grinding mill is heated
with inert waste gas from the preheater. Special mention
hes 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: oxjgen, ignition source, and coel dust concentration
were exposed with possible measures for avoiding coincide-
nce of their accumuletion. Precautions by providing edequate
area of explosion doors were exemplified by instances from

practical experienee.
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The visit wes extended to see the development center

studies, dealing witn questicus arizing from numercus
parts of the world, whether irvestigetions for new

raw meteriels for future projects or through follow up
proceedings for works under commisioning or continued op-
eration. One of the first targets of raw meterials inves-
tigaetions is to conclude raw mix design, recommend machi- .
nery type, foresee materials charr.cters and therefore-the

behaviour in the chosen process.

In the dewelopment center: various activities mere
studied:
- Traditional chemicel analysis promoted by modern facilities
for stirring, sheking, automatic titiation .... etc
- Detection of chemical nature by the help of useful appar-
atus such as calorimeters, fiam2 photometer, atomic absor-
ption spectrometer . .... etc.
= Qualitative and quantitetive mineralogical investigation
with the help of Remtgen diffrectometry and fluorescence,
high temperatue microscopy ... etk.
- Studies of fine structure with modern facilities of micro-
scopy to determine the microstructure and therefore back-
tp the chemical knowledge with explanation to different behevi-
~r for materials of sdentical chemical compositioxn.
-~ Reveal of physical nature of materiels such as particle .
#ize distribution and behaviour in reletion to temperature

rise .

The pilot plant is well equipped with models availing
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the industriel ccnditions for study of verious feetures,
and conclusion of meterisl bYeheviour on an industial scale.
The pilot plent is furnished with verious instelletions
for crushing, grinding, zixing, granuiating, btricuetzing
drying, burning, and cooling. Of the main pilot plant
equipment provided are:
- Ball mills of verious types and sizes.
- Roller miils with different roller wheels and plates
possibilities for testing the grinding'parameters as well
as wear intensity.
- Rotary kiln with different elternatives before the inlet
and after the outlet.
- Belt weigh-feeders provided with regular flow of material
from adequataly sized hoppers.
- Various types of conveying equipment, sieving devices,

grenulators, pelletizing installsation, homogenizing facilities, dust

In the cource of technologicel investigatiorne, many
alternatives are provided for edaption 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
enticipated to be the most suitable whereby practical
results are detected. Meanvhile, 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.




Varisus ccmponents of vilot plant eguipment can be connected
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1. KAISER ENGINEERS, USA

During the visit to XKeiser Cement Co., meeting was

rranged with leading personnel of the consulting group
"Keiser Engineers"™, wherca briefing was given. Accordizng
to in?ormations exposed by Kaiser Ergineers representat-
ives and litereture ebout activities of the said consul-
ting group, it is said to be one of the world leading
engineering end construction arganizations. 1Its origin
reverts back to 1914. Sinte then it has provided techn-
icel pleanning, engineering and construction knowledge,
with special experiemce in handling large difficult proj=-
ects in remote locations where introduction of new techn-~
ology has been achieved, with special reference to the
know how in the field c¢f suspension preheeters with flash
furnace precalciners. The group provides consulitancy over
e wide range of activities including survey and merket
analyses, industrielizetion 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 refer:-
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. Treining in this case mould
be more suiteble than many other possibilities where the
questions of languege and availebility of training facil-

ities may be a decisive factor.
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Beckum and Amoeneberg ir Viesbaden were organized and
guided by Dyckerhoff Engineers. It was well emphasized
that Dyckerhoff Engineers pian for all technicel e‘feirs
for the group of cement works which ere in fact of an
appreciable size, widely distibuted over vast areas of
diversified conditions. Dyckerhofr engineers assess
results of research work in Dyckerhoff central laboretory
and plean for modernization of existing cement plants
with special concern for environmental protection, energy
conservation, and appropriete epplication of low grade
combustibles. Dyckerhfr Engineers also conduct feasibility
studies for new production lines and adapt the mest up-to-
date design to satisfy the latest requirements. The most
suitable designs are selected from various origimns, and
detailed engineering work is achieved to combine the whole
assortment of machineny end 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 mumerous

countries of various industriel conditians.

Speciel training programmes can be tailored according to
needs whereby practical studies can be organized in cememt
works of Dyckerhoff group. Intensive language courses may
be arranged at request. Technicel management is negotiable

to cope with special conditions.

Experts of Dyckeilof:! engineers mentioned some examples

from practical expeiece in various locations .
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Annex VI
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STUDIES ANT DEVELODIENT

PORTT ANT CEMENT ASSOCIATION, SXOXIE, ILLINCIS, USA

=
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Esteblished in 1516, dedicated to improving end ext-
ending the uses of Portlend Cement and Ccacrete, it is
supported primer:ily through voluntery contribution by mem-
ber companies in USA and CTanade, end through contract res-
earch and educetional fees. Activities include: scientific
research in Portlend cement and concrete, engineering work
in all fields of concrete use, development and promotion
of new and improved cement using procucts 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,
industrisl safety, and environmental control for member

companies.

The visit to Portland Cement association revealed &
lot of information in the fields of cement and concrete
research. Through long experience, a wealth of useful
data and practical knowledge clerify the sides of problems
before laboratory research begins. This created the capebi-
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 epproaches were explained,
and the organizational structure wes clarified through com-
prehensive analysis. Speciel attention was peid to inves~

tigate various particulars of the activities practiced so

far, being an adequate model for technological facilities




- 130 -
devoted for scientific study of cement &nd concrete to be
adopted for future activities of the Chinese Reseerch and
Development Center after adaption of activities tc accord

with special conditions in China.

The testing and resarch capebilities werc explained
through a slide display, and an incicative demonstration
in various laborastoires, with cbservetions and remarks made
on laboretory equipment and research installetion 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, end pinpoint internal
cracks, voids, and other flows electronicelly. consegquently

remedial measures can be recommended.

For 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 buildirng systems. Special efforts are extended to deve~
lop improved light weight concrete using conventional und
special as9yregater, 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 repairability of damage caus-
ed by fire and explosionas well as modernization of older
buildings to with-stand heavier loasdings. Heat testing

furnaces are linked to computerized deta acquisition system
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thet gethers diversified test information and provides

it ir» e printed form, assistinz in detevaination of high
texnperature properties such as short and long term creep
charaecteristics, compressive and spiitting ternsile stre-

ngths, modules of elesticity, end thermel expansion

The informations section maintains e library relev-
ent to the specific and engineering aspects of cement and
concrete technology, including & vast collection of refe-
rences, periodical volumes, patents, governmental
and university reports, techmnologicel publications, bibl-
iographies, journels, internationel literature, exchange
agreements are meintained with cement and concrete assos¢-
ietions, institutes, testing laboratories through-out the
whole world. Information is also available in the form

of digests, translations, comprehensive literature sear-

ches, and other library services .

Educetional facilities are arranged for in-house pro-
grams, covering manufacturing processes, sales & management,

maintenace, & speciel 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 errenged to accord with specific cases.

The set up of activities achieved by the Portland Cement
agsociation is the most suited for adoption in the cource of

erganization of the Chinese Cement Development Center.
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2. NATIONAL ASE ASSOCIATION, WASEINGTOR L.C.

During the visit tc "Notionel Ash Associstion™, &
generel survey of fiyash occulence and properties was
exposed in & narretive explanation, slides show, 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 burming enthracite or bituminous coel, and fly ash
from ligniteor sub-bitumemous coal, were discussed with
a special stress upon the economic aspects of fly ash app-
lications. Published research work aend useful literature
was obteined treating numerous aspects inclucing
- Instances for using flyash as stebilizer for bridges.

- Bottom ash utilization 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 & borehole

to seal openings, prevent air movement, and reduce subsidence.

- Use of bottom ash in cold mix with emulsified asphalt for
treatment of secondary reads.

- Bottom ashes in road comstruction

- Fly ash - sulphate slmudge - lime road bulding materiel

- Ash as impervious fill for storage tanks.

- Fly ash embankment used as stabilizer for correction of
skip caused by poor drainage.

- Fly ash application for production.of high quality brick-

gand end sther fired structured products.
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- Cement statlizec fly zsh navenen:

- Light meight aggregate designed to meet all requirements
of modern construction practice, basic meteriasl ‘s pulvei-
zed fuel ash.

- Pulverized ené sintered et 1300°c to produce he~d sphe-
rical nodules with & 40°/, void ratio.

- Applicaetion as admix in mass and structural concrete
inciuding rumping, grouting, slip formiag with better
results in environments subject to freezing and thawing
and ecid attack. -

- Use as additive to improve concrete properties to pre-
vent corromion of the embedded reinforcing steel.

- Advantageous improving resistence of concrete to sulip-
hete attack.

-~ Effectiveness to overcome undesirable =ffects of heat
produced by hydretion 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.

- Mixed with raw materials before forming cement clinker.

- Mixed with clinker or cement

Pertial repleacement of cement in concrete and blocks.

- Light wveight gggregate

- Pill material for roads, construction sites, lend recl-
amation, ecology dikea.

- Stabilizer for road bases, parking areas.
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Zermlahor: Institule for Buil
etions;is & private testing enterprise based upon 60 years
experience in scientific cement investigetions, being
performed through uptodete reseerch procedures and .

moderrn laboratory technigues.

The scope of activities covers the ad 1ce in &ll
questions releted to construction 3including building
meterials production, technologic examination. This
covers various scopes releted to cement, mortar, concrete,
building and construction practice, with an adeqmate back-
ground know-how evout characteristics and behe- .osr of cem=-
ent products in normel life prectice. The institute per-
forms research work upon cement and concrete, and conducts
a fgllow Lp and development investigations, besed upon
experienced chemical analysis and physicel tests. To this
effect it examines building materiels and essures proper
exegcution of construction work & highwags establishment.
1 »ervises concrete producing plents for reedynix con-
crcie, precast and prestressed components, speciel archi-
tecturael walls and partitions, building bricks, and light
weight concrete, with adequate control upon aggregate

constitution, mixing proportions & trensport substantials.

It meintains the production of stendard sand for
cement testing in accordance with tne specifications of

composition, granulometry, and packing.

Zemlabor organizes training programmes in the field

of cement and concrete studies and standard specificrtions
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requirements. Theoretical teaching sessions ere orgenized
followed by actual workshop practice achieved through int-
egration in tne deiiy leboretery werk. Technologicel inf-
ormation printis are issued for the sake of full comprehe-

nsion.

During the visit to Zemlebor, the study group wes
guided in & tour through verious research sections where
e demonstration wes mede to aquaint the group with equip-
ment applied and procedures aedopted for achievement of
chemical investigations for-cement, morter, concrete,
and aggregate, as well as foliow up of eventuel problems
of waterproofness of cement elements, wear and tear upon
concrete members, heet effect upon constructionel messes,
factcrs upon eerly and lete stregth of mortar and concrete,
frost and thawing phe.aomens, léng term effect of sulphete

water, elasticity of prestressed components.

Zemlabor orgenized & visit to Dyckerhorr ilark Il
Zementwerke to demonstrate a living instance of practical

cooperation in the field of quelity contrel.
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Annex V22
VISITS ARRANGED IX PRC

1. CEMENT DEVELOPMENT CERTEFR: CONSTRUCTION STTE

In PRC & visit was arrauged to the construction site
of the Cement Dewelopment cernter. The living quarters
cuildings ere neerly reedy, pending for minor finishing
work. The mern construction ectivities are now devoted
to the mein buiiding of the Cement Development Center,
on & total erea of 1100 m2, with an internal useful ares

of 600 m°.

It is foreseen that the seller will be devoted for

physicel tests for cement & concrete

- 1lst floor for administration

- 2nd floor for offices for the director, engineers & chemists.
- 3rd floor for research work comprising laboraties for
chemical anelysis,

X. ray anelysis, microscopy, particle size studies, raw
mix burrnability, microstructural investigetions, thermel
diffraction analysis, flame photometry, particle size

studies. Raw mix burnability, carbon & sujphur enalysis,

physicel asnaslysis of raw materials and cement.

- 4th floor: for electricel control and distribution, ins-
trumentation and control, thermodynamics, thermsl instru-
ments, grindsbility test, technology of comminution,
pyroprocessing, dust collection, ventilation, conveyors ,
eand cement despatch. There will be & 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.
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2nd. floor: Informsiions arrangements, secre“arial work

3rd. floor: Library.

Ir the present steze of execution, the sellar is resdy
for casting its roof which will serve as ground for 1 st.
floor. Tne finished pert was the most compliceted es
it comprised foundation pales especielly Gesigned rfor
the special week neture of the soil, end for the §ncreased
effort for pumping the ground flowing weter & water proo-

fing of the concrete work for the seller 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 fne end of the current year 1981.

The uppermost 5 floors 6-10 are scheduled for execution

during 1982.
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This cement piants is the nearest to the site of the
Cement Development center. It is composed of 2 mein pro-
cesses:-

Sheft kilin process: comprising 3 raw mills @ 2.5 x L.3.9 m
with 13 t/h production capeacity + one rew mill ¢ 2.2 x
4.4 m producing 10 t/k of raw mix. There are 2 shaft kilns
$ 3.6 & height 10 m. Producing 17.5 t/p, with specific
calorific consumption of 1000 k cal/kg. clinker. PFinish
rinding is accomplished by 5 cement mills: 2 cement
mills @ 2.6 x 7.9 m producing 14.5 t/h, & 3 cement mills
g 2.5 x 6.5 m. ~

Wet process rotary kiln plant: an extension which wes
commissioneéd since 5 months, comprising a slurry mill @ 4.6
x 13 m producing 45 t/h.

The rotary kiln @ 3.5 x 145 m producing 23 t/h, with
speci®ic heat consumption of 1400 Kcael/kg. ciinker.
Pinish grinding is accomplished by 2 cement mills: § 3

X 9 m with 35 t/h production capacity inclosed circuit

In addition to normal Portland cement, blest furaace

cements is produced with 30-40°/ granulasted  slag content.

The actual production for the year 1980 was in the
vicinity of 360 000 t vhich exceeds the rated annual

production cepacity 330 000 t by about 9%.
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This plant is located in Lu Lee 3au city, and repr-

for cement manufacture by semi-wet proc-

(]

esents & mode
28s, rotating pelletizec nocules over e Lepol grote and

by the &ry process combined with wesie heet boilers.

The plent was first commissioned in 1942 with 4
dry process kilns # 2.4 x 39 m with 5 t/h chiker produ-
ction for each. Hot exhaust rases being eprlied for
waste heat boilers, thus consuming 160C K caelfkg. tlinker.
Raw mix is prepered by 3 raw mills ¢ 2.47 x 1 7.5 m; pro-
ducing 27 t/kb in closed circuit with seperstor. Fimal
grinding is accomplished by 2 closed circuit cement mills
Pp2.2x 2.5m& @ 2.2 x12 m. In the beginring 100 000
t/y were evailsble which were doubled to 200 000 t/y
by 1952, due to introduction of some modifications, and
still more output has been ettained in virtue of blast

furnace cement production since 1953.

Extensions were executed in 1958 & 1975 by instell-
ation of 2 Lepol semi-wet kilns @ 3.7 x °~ 50 m producing
800 t/d each, with spmﬁfié-heat consumption of 1159
keal/kg. The clinker production was thus raised to 730 000
t/y for the whole plent. Adequate extensions have accord-
ingly been achieved in the raw and finish grinding which
then became 6 raw mills & 11 cement mills, thet led to en
annual production of 300 000 t normal Portland cement +
1 million t of blast furnece sleg cement. about 35°/
of the produced cement 1s despatched in bulk Dby special
tank reilway waggons, and 65°/ packed and distributed in
bags over building sites of smaller consumption. The

total men power is 3500 of which 50°/, are devoted for
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services incliuding educetional and medical activities.
The plant workshop is producing more than 50°/,
of spare parts requirements, with a canability for rolling

and machining kiln sections with minimum mechanicel resouces.

The plent is mainly concermed with 2 mein problems:
- Reduction of air pollution which is more aggrevated with
the increasing environmental concern. To this.effect a
long term plan has been projected for provision of electr-
ostatic dust preciéitotors.
- Energy conservation: as the specific heat consumption is
comperctively higher than the recent international achiev-
ement in this respect. In the course of planning for the
near future the said main fieids of action have been foreseen
for improvement of insulation under refractory lining in

the celcination zone and eliminstion of air leaskage for

reduction of heat losses.
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1 J R
Ser. !h Pers, . s
1\:O.r;_evel Yo. Job Title
1 & 1 | General director
c 5 1l Chief enginr .r for reseerch & dev.
3 4 1 | Manager, raw materials dev. divisdion.
4 3 1 Chief, guerry & geologicel section
5 2 1 | Geologist
6 1 2 | Attendant, rew met. investigetions
7 2 > Chemist, follow up proceedings.
g 3 1 Chief, raw mat. studies section.
9 2 3 Chemist, raw mat. studies
10 1 4 Ass. chemist, rew met. studies
11} 4 1 | Nanager, chemical & physical lab.
12 3 1 Chief chemical section
13 2 1 chemist, chemicel analysis
14 3 1 chief, instrumental anelysis section
15 2 7 Specialists, instrumentel enalysis
161 3 1l Chief,rhysical testing section
17! 2 2 | Laborant , physical tests
18| 4 1 Vanager, technologicel dept.
19 3 5 Expert, pyroprocessing
20 3 4 Expert, comminution
21 3 4 Expert, conveyors & storage.
22 4 1 ilanager, automation dept.
23 3 1 Expert, elect. drives & power distriluvion
24 2 2 Ergineer, elect. drives & powe~ distr.
25 3 1 Expert, instrumenve "inn & cortrol
26 2 3 Zngineer, instrumentetion & control
27 < 3 Engineer,, comouter science and technique
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Ser.| bers W
No. LeveﬂlNo. Job titie s
1 ; :
25 ! 2 4 Engineer, computer science & technology
29 i 4 1 Yarager, development reseerch dept.
30 i 3 1 | Chief, feasibility studies section
31 2 1 Zngineer, feasibility studies
32 3 1 Chief, plenning & information section
33 2 2 Engineer, planning & information
34 4 i Manager, pilot studies dept.
35 3 1 Expert, technologic tests.
36 2 1 Engineer, technologic tests.
37 1 4 Technicien, technologic tests.
38 2 1 Engineer, repairs & maintenence
39 1 1 Mechanic, repairs & meintenance
40 1 1 Electrician, repairs & maintenance.
41 4 1 ¥anager, financiel & adm. dept.
42 3 1 Accountant.
43 2 1 Storekeeper
44 3 1 Personnzl officer
45 2 1 Personnel clerk
80 Total
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1. PROPOSED PURCHASES FROM ONGOING PROJECT DP/CPR/80/01C

rower supply: Voltege : 220 V
Frequency: 50 HZ
Test materials; Portland clinker & cement
and their raw meterials: limestone, clay, send,
iron ore, gypsum ..... etc

e- Flame photometer: enabling relisble end repid determination

of potassium and sodium; Ignition preferred electrically,
with & flame guerd autometicelly interrupting the ges supply
when flame is extinguished, making possible high degree
of operating sefety; High reliability and precisicn; With
microprocessor to accomplish the celculetion; Preferably
with protection egainst felse operation steps by signelling
test errors end when exeeding measuring range; Measuring
renges adequately dimensioned; Autometic ges & air pressure
control; Storage of zero & standard values by key actuation,
epparatus check by a check key; atomizer system
sample scving; Frecture proof; Witk easy accessible nozzle

head; compressed eir supply by external compressor. Ges: Propane.

b=~ Sulphur anelyser: 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 hezards, esutomatic Oxygen shutoff; amperometric
titration technigue unaffected by normal interference; Direct
digitel read out by microprocessor converting titrant volume

to o/o .
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C— PHmeter : With <trazmsistorized d.c. amplifier and built in

veltage source for potentiomeiric titrations, complete with

~ M2t S mamera A e Avn T A~ aALEs A
T Vi bidi LUIPLUYCOU Wyl Guuil s VUL daavw

N A+
- d i v

(47

combinetion eieciro
cf better than 5 micro-volt per®c. The indicator scale mirror
becked. Protected against overflowing liquid by compact
structure, sealing rings eround protruding control szindles,
end tightly fitted glass covers. PH ranges : 0 to & FE, 6 to
34 FH .

Accuracy: PH better than 0.02; mV better 0.1 mV,+ 0.5°%

d- Atomic ebsorption spectrophotometer : with accurate ges

flow contrels,high resolution temperature compensated grating
monochrcmator, peak height on peak area measurement and digi-
tal displey of concentratiozn, absorptionvor emissicn. A deut-
erium arc lamp background corrector to be provided as accesscry.
with date centre: c¢ 1pect programmeble colculetor providing
data processing fecilities. Program for concentration read-
out via curve-fitting suprlied stored on magnetic cards.

Regults to be printed out on the imbuilt printer together

with statistical informetion and error warnings.

e- Research binocular polarizing microscope: for investigation

in incident & transmitted light, with rotatable analyzer,
binocular & photo tute. 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 operture & fieid diap-
ragns, objective centring clutch for single objective change
with 5 objective chenging rings & diffusion disc.

Rot ry stage mounted on bell bearings, graduated in degrees

& with verniers. Inclined binoculaer Pol-Photo tube with auto-

matic sharpness conpensetion. Incident light stege micrometer
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1l mm - 100 intervels.
Stein free incident light objectives end trensmitted light
ctjectives : 5x , 10x, 20x , 50 x, & 100 x

Attechable mechenicel stege with click stops for point countinz

compiete. Camere system for photomicrogrephy : fully evtomstic

35 mn» microrcope camers, Photoeutomet consisting c? interzharncze-

able 35 mm megezine, Kotor adapter with objective, Shutter

piece for integral measurement.

f -~ Lquipment for rew mix-burnaoility testing :

- Laboratory muffle furnace, with fully automatic regulating
system providing current supply voltage to the heating eleme-
nts. Actual value indication for selecting the opereting temp-
erature; Energy regulator for infinitely variable setting

of the heating cepacity; Selector switch for

meximum constant temperatures; High quality refractories; Equal

temperature distribution. Temperature range : ambient to

1500°¢
Internal volume : large 30 x 30 x 30 cm.
-~ Ditt ; Temperature range : ambiert to 1600°c

Internal volume ; Small 15 x 20 x 15 cm.

g = Equipment for raw mix grindability testing : composed of

grinding device; based upon applicaetion ¢f a set pressure upon
ebrasion resistant steel balls disintegrating the test material
for fixed periods, plotting the grinding time against the
resultent fineness and conclusion of relation of pilot char-
acteristics to the industriel scale.

Recommended supzliers :

Based upon the experience of experts questioned obout

the seid equipment during the study tour, and invirtue of
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technicel superionrily, specific suppliers ere recommerndec
by the s*nd;y tour Jellows for scme of the sbovementioned

- Y

equipment 8s fcllows :-

item Equipment Recommendeé suprlier
E - Fiame photometer : Eppendorfer Letheler U. Einz
GmbH, 2C00 Hemburg, FRG,
e - Polerizing microcope: hikon, Jepan.
g = Raw mix grindebility Tonindustri- ruftechnik GmbH
tester : Kopenhagenerstr. 60 = 74 ¢,1000

Berlin 51, FRG.
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2. TROPOSED DURCHASES FROM THE PROPCSET FPROJECT
Power suppl : Voltage : 220 V
Frequency: 50 EZ
Test meterials: Portlend clinker & cement
& their raw materisls: liriestone, cley, stng,
iren ere, gypsum .... etc

g - x - ray fluorescence anslyser : complete x-ray fluorescence

quentometer equipment of the multi-channel instrument

for the quantitative simultaneous determination of up to eigit

elements (Si,Al, Fe, Ce, Mg, K, Ne, & ¢l ). The instrument

will be eutonomous, compact unit and iis modular concept

essures flexibility to cope with changing anelyticel requir-

ements, to be furnished complete with:

- The;mmstdmnizer against fluctuation of ambient tempereture

- x-ray tube end power supply complete

- Measuring and read-out section complete, with instruments,
wiring & strip chart printer

An incorporste mini-zomputer syscem complete including:

- cabinet for housing all computercomponent.
- Central processing & control unit.

- Electronic filter assembly to protect computer against radio

frequencies.

- lingnetic tape casette system
- Printer terminels

- Essentiel accegsories : including:

- Motor-generator voltage stabilizer.

- Closed circuit water cooling system

- Sample preperstion equipment for finsihed products: grinding mill
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with conteiner, oil hydraulic press.

- Semple preparation ecuipment for rew meteriels.

-

- Overstionel supniies : incliudin

oo
-0

- Oil for vecuwk & hydraulic press for x-rey anelyser.

- Faper sheets, ribbons for printer.

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

b- Particle size analyser:

For autometically plotting the size analysis as a graph of
cumulative mass percent versus particle diameters; The appar-
etus will provide for scanning the sedimenting semple by e
beam of x-rays whic sives & high resolution. 4 solid state
digital seguencer controls all instrument functions to cont-
inuously solve the fundamental relationship of Stokes low
end date ere automaticelly 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 1d 1°/
- Particle size range : 100 to 0.01 A3 m.
- Dava presentation : continuous grapnic plot of "cumulative mess
percent" versus "Equivalent spherical diameter®
- Resolution ¢ The sedimentary sample scanning in & narrow
beam less than 0.2°/ of the total distance
scanned permitting high ~esolution.
~ Wetted materials: Steinless steel, vinyl on rubber tubing.
- Accessories : To be provided: an adequete set of accessories
for rationel routine semple dispersion end

cell clean up for 5 years operetion involving




1500 samples anzlyvses.

¢- Zlectronic sir nermesbility epparetucs:

For cuick determinatior of specific surface eres. Appera-
tus electironicelly cenirciled timing register with indication
in terms of 1/10 second; electric suction pump; absclutely
tightly sealed solenoid velve; verticelly adjusteble elect~
rode for celibreting; observetion - ndow in the front piete.
- Accessories : ample amount of operationel meterial for 5 yee-
rs involving 150C semples: filling o0il, circuler filters of
40 mm @, dust filters, stamper for pressing out specimens.

d~ Coal enalyser : for determinetion of mcisture, volatiles,

ash, & fixed carbon, with automatical displey of information
for furnace & oven temperature & time remaining for run.
Compact self cont o ined system comprizing :-

- ¥uffle furnace : of high performence to be operated es stetic

air furnace for valatiles or forced eir furnace for ask deter-

mination. Temperature crenge . apvient 4o 1000 °c.

selectable in 1°c increment. Temp. unifor-
mity + 10°c,temp. accuracy + 2°/4 , accepts 40 samples simult-
eneously.

- Oven : for moisture determination; forced &ir determination
with 4 complete etmosphere chenges per minute. Temperature
programmeble from ambient to 140°c selectable in 1°¢ incre-
ments. Temp. accuracy + 2°/, , accepts 40 samples simultaen-
evusly.

- Sample crucibles : self-sealing fused quertz cups with self

sealing 1lids which rise to allow combustibles and noncombus-

tibles to escepe during the volastiles run, then sgink beck

to restore seal; Eliminate the need for manual Trepositioning;
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end provides and cxygen-free eimosphere which prevents

semples from ashing during voletiles run.
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each accenti
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ng 40 semples simulteneousiy,

for cooliing semples in a éry <imosphere, ersuring eccurete
dry basis resu:ts.

- Xicroorocessor: Built-in operstionel programs for veietiles

and ashing determinetions; Processes signels from keyboard
for entering own programs; Performs all netessary celculations
including that for °/, of fixed carbon from dry weight, voletilie:
& ash data; Controls heating temperature, atmosphere, and
durstion of run in furnacec and oven.

~ Printer: Records the results of eash determination. Date tc be
printed at the end of each analysis or stored in the memory
for recell at any time. ZXKesults grouped & printed asut as °/
of sample weight under the appropriete sample number.

e~ DTA system equipment : for high tempereature differentia! ther-

mel enalysis, comprising: Thermel anel;sis controller, Differ-
entigl thermel analyser, connecting cebles, spares and access-
ories kit including 4 replacement furnace certridges, 4 Oven
thernocouple essemblies, 12 platinum sample cups, alum ne

& platinum liners; purge tube. O-rings,

spatule, ‘weezers ..... etc.

- Thermal analysis recorder : Two range-selectable channels for

the simulteneous recording of 2 thermal analysis signals as
a function of time or sample temperature; Independent third

pen event merker for temperature scale indication and remote !
pen 1lift end reset operation.

f.- Raw mix designer: Small desk top programmeble computer for

vaw mix proportioning according to enticipated design; Capeable

of conclusion of feeder setting based upon celculated feed
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cerbonete targetl yielding selected clinker perameiers of
LSP, SiR, minerelogicel constituents, storting with oxide
enalysis for eveileble comporents and coel ash content;
aspplicetle for conciusion of adezustze rew mix correciions
vased upon composition of rew miil discherge on x-hcurs
cuzuliative saempie, entering oxide anelysis, required pa-
raneters, and designed targei, and concluding new components
proportions.

g~ Scenning electron microscope : with high resolution top
stage; low sphericel aberretion lens, Micro-computer conmt-
rolled electronics ; magnificetion range 10 x to 3000 x ,
pneumatic vibration isolation mounting,

Automatic vacuum system with gun and

specimen eirlocks; large specimens bottom stage; 100 mm
$ x 75 mm thick size witn full specimen coverage from edge tc edge,
x-y motions + 28 mm, rotation 360°; Tilt- 10° to + 80°;
Duel signal imeging; ultra - high resolution recording
witn camera and polaroid film hoelder; Automatic data entry
on micrographs; Variable scan speeds; Dynamic focusing;
Gamma control; Wave forn displey 360° scea rotation.

- Accessories : complete set for adequate operetion 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 diffrac*ion enalyser : Automatic powder x-ray diffr-

actometer 1o be used for qualitetive and quentitative sepmle

enalysis. The system should be appliceble for enelysing

e great number of samples with accurate results. Through
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microprocessor control it will be possible to cerry out
acutometically & complele analytical program whichk mey
involve severel cdifferent meesuring operations and modes

for each semrzle, -ithout needing someone consistantly in

ettendance.

The system comprises :- '
- H.V. generator (4 kw maxi.ium power)
- x-ray t.bes (Cu, Co, Fe targets )
= Verticel goniometer
- Automatic sample cherger (for up to 35 samples)
~ Channel control unit
- Motor control unit
- Automatic divergence slit
~ X~-ray focusing monochromator
- Input / output teleprinter
- Recorder (Chart)
- Minicomputer,

Recommerded suppnliers:

Based upon the experience of experts quemtioneé 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 es follows:-

Item Equipment Recommended supplier
a x-ray Fluorescence analyzer: applied Research laboreti-

ories Konigstrasse 5, 4.00
Dusselderf, FRB
b Particle size enalyzer Micromeritics Ingtrumnent
Corporetion, 5680 Goshen

Springs Rd., Norcross,

Georgie 30 093, USA,




FECOMVENDED LOCAL SUPPLIES
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CHEMICAL LABORATORY

oty Descrirtion
T rrecisicon Lztoratory talance

Capacitr 27

g
Accuracy: 0.1 g

1 Precision balance
Capacity: 7?7 kg

Accuracy: C.1 ¢

1 Drying cven
Temp. ran-e: 25 - 22C oc
Arprox. inner dimensjons:

10C v 80 x S5C cm

1l Electrical laboratory

screening machine
for sieve diameter 200 mm

1 Set of 12 sieves
With bottom
diameter: 20C mm
0.063 _ C.C75 _ C. 9 _ C.125

C.18 _ C.25 _ C.5 _0.71 _ 1 _

1,18_1.7_2me wire mesh
Sieve bottom non ferrous metal

1 Sample splitter
with 1 in., and 1 / 2 in.

chut . ¢pening
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2 Spare bulbs

ot

Digital analytical balance
Cavacity: 20C ¢

Accuracy: C.S mr

Dimensicnes: iC0C x 80C v S2C mm

Semi — automatic turettes

¢

- for titration
Capacity: 21
Gracduation: 5C ml
Readability: C.1 ml

1 Autometic water distillation apparatus;
water supply, checking cooling weter, switching on
and off automatically incase of lack of water or

storage vessel being filled; outflowing cooling

water passing through control device into the still.
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Muffle furnace

with max. temperature of 115C c
with spare heating elements
Apcrox. inner dimsnsions:

26 x 16 % 45 cm

Orosat apparatus
incl. apprcpriate absoprtion vessels.
solutions, standard gas cylinder,

and 3 rubber bags for gas sampling.

Hot plates up to 35C °c
1500 W
Approx . dimensions:

25 »x 35 cm

Magnetic stiirrer

with variable speed and heating,

2uprox. 12 x 12 cx=




oty Description

1 ¥ater tath vitikr shaking device
anc temperature control
for free lime determination

» v 3
1l Vater bath with four cvenings
, h
1l Hood

120C x 82C0x 240C mm

incl. connections for
warm and cold water,

pressurized air,

gas, and electrical outlets.
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Sty  Descrinti
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Balanc= Qgoonm

2 Elaine apraratus
for cdetermination of
specilic surface of cement
including spare manometer
liquié and
filter paper &iscs,

officially calibrated

2 Stop watches

with 1/10 sec. graduation

2 Sets of standards for

calibartion of the Blaine apparatus

2 Digital analytical balances
Capacity: 200 g
Accuracy : C.l mge

1l Digital precision balance
Capacity: 40OC g
Accuracy: 1 mg

1 precision laboratory balance
Capacity: 20C0 g
Accuracy: 0,1 g

5 10 g weighing scoops

5 20 g weighing scoops

1 Balance table
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1C ‘unnels , long stem flutad, accurats, 607, @ 65
- bt rw TED g
lisk y e PP SR {7749
L funnels, powéer, polyrroprorylene; tor I. D, 150 mm
2 funnels, stainless steel; tomn T, DL 50 mm
2 semi-automatic burettes 3-way stop-cock ,25 ml
L semi-automatic burettes 3-way stop-cock,25 ml

2 automatic burettes, 25 ml

Bealrers, high
10 50 ml
1C 10 ml
1C 25¢ ml

2¢ 400 ml
10 60C ml
10 800 ml
1C 1C0C ml

Erlenmeyer flask, cop joint 24 / LO,
20 250 ml

Erlenmeyer flask, wide neck with ring finished neck,

30 30C ml
5 500 ml
5 1000 ml

Condensers, bulb type; with bottom joint 24/40

5 lencth So0 mm
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Narrov neck bottles, pelvethylens

1~

¥ide neck

1
10
20

5
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Kg

-4

I
n

1

AY

[O TRV I AN
O \n

s}

—

¢

"

=4

~
N

D oW

-~

o ol

row

) 0y

L)
(@]

(]

o]

0

jo ]

ml
ml

ool

[}

bottles p

ml

ml

opring bottles with cover stopper, 100 ml,

glass rods in different dimensions

glass

narrov. neckbottles,

tubes in different dimensioas

polypropylene, 20 liters

with rubber stopper

glass plates 12C x 120 mm

Measuring f£las:z cylinders with round foot, graduatec

5 10 ml
5 50 ml
5 100 ml
5 250 ml
3 50C ml
3 1000 ml
S pipettes, volumetric, glass, canacity 5 ml
< id 10 ml, 20 12, 50 m1
3 automatic pipettes 50 ml
5 pyknometers with ground-in thermometer and lat-
eral capillari€s, carnacity 50 ml
100 test tubes of 160 x 16

Wash bottles,

glass tubes

2
A
[
s

flat bottom flasl, with rutber stopper and

500
1000

ml
ml
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3 - thermometers, wall tyres, indoor, centigrade
scale

watch glasses

10 40 mm 8

10 loo mm £

10 125 mm¢

1C 150 om £

lo 175 mm £

Volumetric flaske (gracuated)

5 cC ml
5 50C ml
5 100C m1
wvide neck bottles with ¢~~~ 1lids (sample bottles for

powder, white glasc)

100 100 ml
10C 250 ml
5 50C ml
10 1000 ml
5C 20CC ml

Sample containers (tirn box:s or plastic)

30 500 ml
- 20 100C ml
1C 25°0 =1
1C 5280 ml
< desiccators, 250mm I,D.
2 agate mortars with pestle, standard quality,

only cavity flawless
aperox. 125 mm outer ¢

2vprox. 100 mm inner ¢

2¢ wire gauzes with asbestos insertion, 16x16 cm




1C

17

10 pk

10 pk

2C ok

200 ok
12

evaporating diches of porecelain, medium-cdepth

idem 150 ml

vith steel tubs, burettez can

p

rlate supports,

be easily pushed down, for 2 burettes.
burette trishee 3C mm @

filtering funrel support:s consisting cf iron

plate support with plastic plate for 2 funnels

round filters, 11 c¢cm £, no 5891, black

ribbon,su.s

idem 11 .o £ no 5892, white
ribbon s u. s

idem llem @ NOS5893, blue

ritbon, S U. S

filterpaper discs, " dia. (Blaine)

test tube trushes

assortment of glass bruskes

Rubber hose, red,

15 m
30 m
15 M
15 m

20
1C
10

1

5 me ¢
Sme 4
10 mm @
15 mm &

Buchner funnels of porcelain €5 mm £

poiicemen for analytical work, -arrow
spatula svoons of alumina, 2C + long
idem 140 mm long

set cork horers, 10 cm boring length, with
solid brass handle, set of 18 borers, § 5 -
2€ mm
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orcelain dishes 305 mm inner anc outer £.

10 D
glazed
5C meltire cruciples of porcelain, 3C mm high,

capacity 16 rml

1c idem, capacity 25 rl
2 pipette suprort of rlastic with 2iL boriangs

porcelain mortars with pestle

1 10C me ¢
1 21C me &
1 29C mm &
€ fine hair brushes, 95 mm long
|
1C brushes, with brase wire bristles mounted in

wooden handle

5 test tube holcers 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, 4C mm
3 support clemps without sockets, round javs.

clarping width 25 mm {
3 idem, 4O mm

double spatulas of pure nickel , narrov form
3 10 cm long
3 15 em long

spatula spoons, pure nickel, 15 cm

10C rubtber stoppers, assorted, 6-50 mm &

2 crucible tones of pure nickel, 20 cm

2 idem, 60 cm
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§ = vacuur hose, 5 mm insice £, S mm wall thickness

wvith gauze ingert, 1C mr inside @

AV) ]
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5 weighing boats of aluminium with counter welght,

80 mm long

3 water jet pumps low water pressure (C.5 ke/em2),
which is reguired to obtaim the [inai vacuum

(vapour pressure of water).

12 pairs of rubber gloves, heavy type, medium size

20 sample containers with closing clamps, capacity
7.5 1 for sample storage

plastic hags of various sizes

1l tool box, contairing hammers, 1 pair of cutting
pliers. set of iron and wood saws, flat
pliers , various screw drivers, ruler 2 m, set of
adiustable wrenches, steel brush, se¢: of fork wr-

enches 6-40 mm, etc.

1l glass cutter

5 tripod supports of steel, & 5 in.

lu tube clamps vwith steel spring

5 asbestos cement sheetings (under hot plates)

1l set of balance weights, precision grade 50 g to

5 mg

10 triangles of nickelechromium (side length 2 in,)
2 balances, triple. beam, metric, max. 2 Kg

1l bygrometer, wall type

10Pcs universal indicator paper PH 1-10 including col.
scale

2 kg Ffglass wvool

5 kg silica gel with moisture indicator (blue gel)

200 g 3topcock grease
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. PROPOSED LOCAL SUPPLIES
PHYS1CAL TESTS LABORATORY

COMPRESSTON TESTING MACHIKE 60C KX max. test loac

consisting of:
CCMPRESSICY 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 loa¢ control, loaé mea=
suring arc¢ lcad indication; pressure generating unit incorporated

in lower part

1l Laboratory jaw crusher
feed opening 100x10C mm
variable slit from 1 — 2C mm

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

10 Sieves M 10C
Diameter POC mm

pe Sieves M 20C

Diameter 200 mm

2 42 ¥ 100 stainless steel

screening cloth

2 MZ ¥ 20C stainless steel

screening cloth
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ty. Description

1C

a5

10

40

Precision talance
Capacity: ? kg
Accuracy: C.1 g

Vibrating machine
for mortar cubes
acc, to BS 12

Vicat avpparatus
complete with 6 spare needles,
1 mould, ané 10 glass plates

Le'Chatelier ring
for determination

of cement expansicn

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

Weights for
Le Chatelier rings
ancd length compactor

Water bath
to boil the Le Chatelier rings

Moulds
for cubes acc., to BS 12
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y. Description

e ———————

I

1l Shrinlkage tester

incl. 100 measuring pins

1 Moisture cabinet for sample storage,
water bath

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

and small collection filter

1 Set of sieves
for air jet sieving machine
ASTM No 225-20C-1C0-50-~
30-20~16-8-4-3/8"~
1/2"-3/4"=1"

b Le Chatelier flasks
for determination of

specific gravity
1l Thermohygrograph

to record temperature
(approx. 5-,0°C) and
humidity (C-100%7)

with recording mechanism,

3 Double moulds
’ 1%x1"x 10" (asTM.)

for chriiliaiie tester
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Technical latorstery balance

Laboretory concrete mixer

Slump cone, complete set

Set of moulds

Compression machine 3000 KN for test on cubes.

" " 1200 KN " n = eflinders

Universel compression machine 3000 KN for compression/flexioa

tests

Compression mechine 2000 KN for tests on cubes.
In situ mechanical measurcment

Climete conditioning cabinet

Air entrainment meter

Flow teble

Ultrasonic concrete tester

Concrete penetrometer for settin, time
Accelerated curing tank

Manual flexion testing machine

Machine for flexion testing on tiles, brique.tes ... etc
Compression machine 5000 KN

Apparatus to measure hydrsulic shrinkage
Comcrete permeability apparatus

Steel reinforcement detection meter

Core drilling machine

Grinding machine for ctubic and cylindric specimens.

Specimen cutting machine




Folr aggregete:

Splitters

Jaw crusher

ilechanical shaker

Grinding mill

Abrasion testing machine

Drying oven

Compression resistence tester for granules
Carbide moisture tester for sand ¢ fine aggregate.
Sieven cloth, complete set ecccrding to standard

Sieves, perforated piate, complete set according to standerd

Laboratory belance

Hygrometer for moisture measurement
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Arnex ¥

DRATT PROJECT PROPOSAL

A. Development objectives

The main objectives cf the project are:

To rationalize the technical level of industrial
resesrch for the cement industry through
scientific studies maki~g use of modern concepts

of intermationai technological advances;

To promote the utilization of natural resources
through well-planned raw meteriuls investigations
as suppori for the present industry and &s =a

basis for future expansion;

To realize an apprecisble quantitative and quel-
itative increase cf the cement production as &

funéamental basis for develiovment;

To further and accelerate the social and economic
development of tne country by contributing to
the progress of activities in the construction

sector.




3. Irmediate chjiectiives

The immediate objective o the project is to create
a technelogy vool in the form of a Cement Develoovment
Centre, which shell co-orcdinate all efforis for the
development and modernization of the cement industry,
thereby ensuring that the cemert industry progressively
fulfils its role as surplier of all cement neceséary
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-plannol raw materials research
as assistance to the existing industry and in
preparation for the establishment of new cement

plants;

(e) Trouble-shooting in existing cement works,
svch problem solving being based on intensified

research work;

(@) Estavlishment of a comprehensive technical plan
for the mcdernization of existing cement plants

aiming at production increase and energy

conservation;




(e} Elaboretion of 2 technological basis for +he
establishment of new cement indanstries, including
detalled techno-ecconomic studies eand plans for

the execution based on the mest modern concepts.

C. Svpecial considerations

The project will raise the technical level-sf the
versonnel so that they will be more useful to the
country in resvect of gquality of work and quantity
of production. The partial mechanization which will be
achieved through the modernization of existing cement
plants will certainly reduce the volume of labour force.
The question of employment is of special importance in
Chinga. However, all surplus lebour will be needed for
the horizontal expansion of the cement industry. The
redeployment of personnel from the preserit industrial
units in the new cement works will require well-planned

-  upgrading of skills to cope with modern operationsl
requirements. The introduction of modern concepus of
sutomation and control will ovpea up opportunities for

female workers to increase their capabilities and to

become members of the national technical staff.
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The letest trends ir cement werks design will
neturally care mere for environmental protection
and elimination of ecological disturbances. This
will heve & favourable impact on health and saritation
and will thus contribute to the preservation of the

environment.

D. Background and justificaiton

Tc 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
Lo 000 t/y n 1906, when the first rotary kiln wes
instelled in Tang Shan, tc 80 191 000 t/y in 1980.
China has at present about 3 LOO cement plants.
About 1/3 of the cement is produced by 51 large-
and medium-s:.ze plants supplying to important construction
vrojects, mostly marine eivil work and urban development.
The remeining 2/3 is produced b& small-scale plants with
shaft kilns and wet-process rotary kilrs, generally
catering for locel consumption, especially in rural
areas. The main utilization has been for the construction

of housing for about 800 000 peovle employed in the

agricultural sector.




Since more ambitious vareets esiming <t a higher
standerd of living have been announced, a substantial
increase in the cemen® vroduction is required to
reach that development target; yet, considering
extension possibilities and aveailable 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 measurs s:

(a) Full utilization of the potentiel of the
existing works through rationalizaetion of
oper:tion and maintenance, overcoming eventual

difficulties and elimination of bottlenecks;

(b) Increase cf present production capacities
through modifications snd improvements of

existing production lines;

(¢) Extension by additional production lines to

be incorporated into some of the existing units;




(¢) Erection of new cement werks 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 ccment industry cannot supply the
reguired quality, quantity and variety of cement to
cope with the arbitious development objectives. With
a viev to overcome this difficulty, the Govermment of
China is devoting speciel attention to the cement
industry and is establishing the Cement Development
Center with the sim to support the development and
promotion of new improved technologzies and plant design

tased 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 essistance would
be the appropriate support for reslization of the said
objectives; it would promote the role of research
work for industrial develomment; realize the

transfer of know-how through international
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experts’'advice in various f{ields of research and
technology; upgrade the scientific knowledge and

tecinical experience throngh fellowship programmes,
study tours and in-service training; and, in addition emsure
the supply of research equipment, intermationally

proven to be the best means for extraction and

processing ol scientific information.

The strategy of the present readjustment is
to adapt ~~diern scientific approaches to pramote
development through research findings, making use
of modern technologic achievements in the advanced

industrialized ccuntries.

The projected expansion in the cement industry will
avail cement to the majority of the population for the estatlishment
oI proper housing facilities after having secured life
substantials. This gives special importance to rationalization
and the, increase of cement qQuality sand juentity. In additiom
to the constructional benefits anticipated as & conseguence
cf the devalopment of the cement industry remarkable social
benefits will also be realized especiaily by creating
additionel employment opportunities through the development

of the industry.




Z. DQutputs
The purpese of the project is to assist in the esteblishment
cf the Cement Developmeni Center, to render advisory expertise
for its stari-up, and to support its functioning sco as to

assure the realization 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 instellatior with services, including advice
on technical and organizational aspects tc ensure its prorer
functfoning ;

(b) Assistance in the taking over, installation, and putting
into operation of all necessery eguipment for anmslysis
and testing of raw meterisals, clinker, cemen: mortar
and concrete;

(¢) Transfer of national personnel from other duty

stations to the center in Tien Jin;

(@ Training of professional personnel from the

Center Or from the cement industry through
assignment of international experts to the
center;

(¢ Treining of professional personnel from the

Center or from the cement industry through

study tours or fellowships :;
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(f) Organization of an Interregional Seminar on
Cement Technology in 1984 to review the latest
development of the cement ipndustry in Chins
and in other countries;

(g) Translation of Chinese documents of interest
for developing countries into selected officisl
United Nations languages and translatvion of selected

documents, axrticles ernd papers of interest for

Chine into Chinese;

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

(i) Establishment of a well-equipped laboratory for
checking and celibretion of instrumentetion ;

(j) Development of new practices for automation and
control with all basic substantials {or 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 techmolegies.




In order to assume this role, extensive con-
taci-making and correspondence with other similar
institutes and with foreign companies working in
the field of the cement production will be necessary
in order to have some of these development partners
to release qualified engineers and scientists for temporary

assignmments to China through the United lationms.

Special attention should also be given to com-
bine bilatersl co-operation with the planned project
activities in order to supplement the uNDP/UNITO
input by additional expertise, fellowship training,
study tours and equimment. The ongoing industrial
development of Ch.na makes this country an ideal vartner
for deveioped countries to support their comme=ciel relations

with China through bilateral assistance.

Transfer of know-how from abroad to the Center
will be secured through the assigmment of international
specialists on short-term basis. covering discipli-
nes of importance for t' ° development of the Chinese

cement industiry and the Cement Development Center.
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Particuler at.ention will be giver to the creation of
a dynemic technology bese for large-scale cement.
industry, that can further improve and develop the

Chinese engineering capacities.

UKRIDO will further extend headquarter's support
to the development of the Centre in the form of an
ennual visit to prepsre for end participate in a
+ripartite evaluation of the project with possible
project revisions to follow in accordance with the
development of national, international and bileteral

co-operation.

Fellowship treining and study tours will be organized

and cover various areas from basic training of Chinese




engineers tc work in large-scale cement plants to the
advanced training of Chinese scientists and engineers

who will greduslly take over the design of new large-scale
cement plants. The proposed fellowship programmes cover

all fieids of cement technology and research aspects deemed

to be necessary for effective development.

Furthermore, research equipment will be furnished
to support the scientific investiga*ions, including the
most modern installations capable of exposing materials
characteristics which can not be revealed by traditional

chemical anaiysis and physical tests.

The Center will co-ordinate the training of the
Chinese experts abroad. Upon their returp it will
start them up at home with the new facilities, make
then work on specific teck: related to new and exis:ing
cement plants, send them for further training if needed
or include foreign specielists in the team to enhance the

transfer of know-how.
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G. Inputs
et ———

1. To be provided by the Government

{a) Salaries of the national staff, at home and
abroad, durirg the fellowship programmes
and study tours;

(b) Investments necessary for the main
construction of the Cemeunt Develomment Center
and living quaiiers for local steff and
international expr.ris;

(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 interpretatioan for project
activities;

(£) Sundry expenses for minor items not incl-

uded in the above-mentioned sta*ement.

2. To be provided by UNDP

11.¢7 Technical adviser, 12 men-months in split

missions : 6 m/m over the first half of 1883,
3 m/m st the beginning of 1984, end 3 m/m
during the periol April-Jume 1985.




An engineer or chemist with long ané high-level
experience in the technicel as well es the managemen:
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
varinus branches of research; {¢) Train local staff
in the assessment of results to conclude the specific
significance of observations, and their technologic
consequences; (d) Follow-up the organizational aspects
to adept duties and responsibilities planned for the
technical staff; (e) Assure the p:oper functioning of
the Center as & 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 l#st mission he
will advise oa further steps to be achieved, and draft

& project proposal for extended UNDP/UNILO assistance.




11.C2 Adviser in testing and eveluation of rawv materals.

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

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

A chemist or cheumical engineer with long
and high-level experience in the Tield of testing
and eveluation of raw materisls for cement
production. The expert will be expected to: (a)
Advise on the appropriate test apd analysis
procedures for rew materials, giviug special
consideration to minor undesirable components;
(b) Demonstrate modern analytical techniques,
whether by wet analysis or by instrumental
investigaticn; (c¢) Giv guidance on the correct
interpretation of chemical, mineralogical and
micro-structural informetion for the conclusion
of anticipated charecteristics and expected
behaviour in tle course of industrial processing;
(d) Revise the geologicel investigations,
establish the geographi: location of raw
materiasl deposits of suitable qualities,
evaluate confirmed and probable reserves
of such deposits, and propose adequate measures

for future proceedings.




11.03

11.0b

Consultant in isboratorv 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 parsmeters; (b) Demonstrate
particulars for appropriate fol.ow-up of production
proceedings, with specisl empha:is to significance of
eventual phenomena and proposal fo. remedial measures to
overcome industrial problems; (c¢) Coaduct 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.

Consultant in raw-mix design ard pilot testing, 3 man-

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

and 2 m/m during July-August 198L.




11.05
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A chem:st or chemicel engineer with considerable
theoretical knowledge and practical experience in cement
composition and technology. The expert will be expected
to: (&) 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
vhich can be locally procured and would suit the
industrial process; (c¢) Propose proper ratios and
moduli for the ‘most convenient processing; (d) Advise
on and conduct pilot tests to produce clinker ¢n a2
semi-industrial scale, perform the necesscry gquality
investigations of the product and conclude further

medifications to be performed accordingly.

Consultant in process design,3 man-months during

the period October - December 198kL.
An engineer with long experience in cement
industrial technology and appropriate know-how irn

process design.




11.06

The expert will be reguired to: (&) 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; teking also into
consideration the local availability of manpower,
meintenance 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
eqvironmental protection; (c¢) Prepare a forecest of
expected benefits and draw-becks, if any, of such

process re-design.

Consultent in eguipment selection. 3 man-months

during the period October - December 198L.

An engineer with advanced know-how in machine
characteristics, long experience in cemert producing
works and appropriate knowledge of modern trends in

cement process technology.




11.07
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The expert will, in close co-operstion with the

expert in process desigs and with his national
counterparts, select the cement-making machinery

ané equipment best suited to local conditions. He

will give special ccnsideration to thz process promotion,
especially to energy conservation and envircmmental
protection. Possibilities for local menufacture should
b & guiding factor in the selection process, and

the introduction of new international d=signs should
take into consideration loe:l conditions, facilities feor

meintenance and procurement of spare parts.

Consultan: in maclhine design. 4 man-months in 2 split

missions: November - December 1982, and July - August
1085,

A mechanical engineer with relevant experience in
machine design, preferably from one of the well-distinguishcd
machine suppliers. The expert will study local conditions
in national workshops, and the performance of locally-
manufactur 2d machinery in terms or operational efficiency
and maintenance characteristies. In co-operatidr with
national engineers concerned with machine design he will

propose the most app-opriate designs to promote
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11.08

Consultant in instrumentation and control, 3 man-months
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techno-economic sdvantages. He will 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. Ee
will establish the basic substantials for electiical
facilities to be adapted and a reasonsble degree of

automation and control to be introduced.

in three split missions: August 1982, November 1983
and November 198k,

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
establisiment and start-up of bagic control systems,
follow up aand possibly ameliorate work proceedings.

He will then advise on the foraation o an instrumentation

laboratofy with possibilities for maintenance and
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calibratisn of measuring instrumenis for the proper
functioning of control panels. He will propose the
most reasonaule extent of automation with necessary
Interlocking of main production units to adjust
material flow and rationalize operstional parameters
vith amnie degree of sutomation and ccntrol. The
sutomation and control parameters will be explained,
and meintenance systems will be established. A special
study will be devoted to existing automated control
sytems, and special advice will accordingly be
formulated for new projects, based on the experience

geined with already functiocning systems.

Consultant in computer science and technology, & man-months

during the period September - December 1985.

University graduate in electroni: engineering
or mathematics, PhD in computer engineering and relevanut
experience with computers, inciuding systems analysis,
design, soft-ware programming, and knowledge of
hardware. The expert will be required to: (a) Prepare

a svrvey on computer applications in the cement
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industry and in recearch 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;
(4) 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. gzet; (e) Study
new projects, and, un the light of local possibilities
and the pature of problems encountered, define the
most appropriete systems for the respective purpose,
including definition of required periferals (input
and output devices, secondary storage memory etc.);
(£) For computers already in function, assure that the
suppliere maintenance instructions are correctly

followed.
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Fellowship training will be provided in the
following areas:

31.01 lLaboratory 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 menths in particle size studies

1 chemical engineer: L4 months in electron microscopy

1 chemical engineer: L months in X-ray diffraction

enalysis

31.02 Application of low-grade materials. (24 m/m)

2 geologists: 3 months each in geological investigations

2 geologists: 3 months eech in quarrying low-grade
materials

L chemical engineers: 3 months each in process-related

regsear-ch




31.03

31.05

31.06
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Application of fly ash, (6 m/m)

2 chemical engineers: 3 months each in the utilization

of fly ash in cement industry

Pre-blending of raw materials. (4 m/m)

1 chemical engineer: 2 months in pre-blending bed and

sampling station

1 chemical engineer: 2 months in rav-miz homogenization

Roller mill technology. (8 m/m)

1 chemical engineer: L months in techrical design

1 mechanical engineer: 4 months in equipment design

Pre-heater and pre-calciner studies, (9 m/m)

1 chemical engineer: 3 months in technical design
1 mechanical engineer: 3 mnnths in equipment design

1 chemical engineer: 3 months in operation and control




31.07

31.08

31.09
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Pust collection studies. (6 m/m)

1 mechanical engineer: 2 moaths in equipment desgig .:
bag house, gravel h.d

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

1l chemical engineer: 2 months in technical design

for dust collection systems

terials conveyors and cement dispatch, (10 m/m)

1 mechanical engineer: 2 months studying large elevators
and drag chain conveyors

1 mechanical engineer: 2 morths studying air lifts
and prsumatic conveyors

1 mechanicsl ungites:: 2 months studying packing
and pelletizig

1 mechanical engineer: 2 months studying cement hulk
dispatch

1 mechanical engineer: 2 months studying measuring .

and feeding

Automation and control, (38 m/a)

2 electrical eugineers: 3 months each studying electrical
drives ard power distridbulion

2 electronic engineers: L montks each studying coutrol
centres

L electiuvuic engineers: 6 months each in computer studies




- 195 -

31.10. Feasiility studies, (b m/m) 2 econonists/

engineers: 2 months each: techno-economic

studies, lry and final feasibility study.

The f£-.1luving equipment will be furnished:

L0.01. Rasic 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 ore of tne
first project activities to allow for ample
preparation time of nationals to fol.ow the

proposed training schedule.

40.02. A series of specialized research equipment

vhich is not among the normal local prodnction.
This equipment will assist the Chinese research
workers to gather scientific informetion which
cannot be obttained by the traditional apparatus.
A provisional equipment list has been drawn

up based uoon the experience gained during the
cement study tour of March/April 1981, but the

final volume cf equipment supplies will be
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determined after international bidding and
selection of the purchasable eguipment
according to the tendered values and available

funds.

H. Preparation of work pler

A tentative work plan in the form of bar chart is
attached as u« preliminary guide. As soon as feasible
a detailed work plan for implementation of the project
wi.l be prepared by th: Nationel Project Co-ordinator
in consultation with the representative of UNIDO
headquarters during the yearly review mission. The
agreed work plan will be attached to the document

and will be considered es an integral part.

I. Institutional frame work

The Miristry of Building Materials Industry will,
as tne government implementing agency, co-ordinate
the various activities of +he project in consultation

with the units directly involved In its implementation.
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Project personnel Total 1984 1968 1984 1985

1l. Experts / Post title % $ $ % $ % $ % $
11-U1 Teochniocal adviaser 12 | 75 300 - 6 |37 200| 3}18 600} 3 |19 500
11-02 7Testing and evaluation of raw materials | 3 18 400 6 000 | 2 12 400| - - - -

| 11-02 Laboratory testing 3 | 19 200 - 1l 6 200| - - 2 |13 000
1104 Raw-mix design and pilot testing 3 18 (.0 - 1 6 200 2|12 400 - -
11-05 Proocess design 3 | 18 600 - - - 3|18 600 - -
11-06 Bquipment selection 3 | 18 600 - - - 3|18 600| - -
11607 Machine design 4 | 25 400 - - - 2112 400} 2 |13 000
11-08 Instrumenta$ion and control 3 | 18 400 6 000{ 1 6 2000 1| 6 200]| -~ -
11-09 Computer ssjence and technology 4 | 26 000 - - - - - 4 |26 000
11-99 Total evperts 38 [ 238 500 12 600 {11 (68 200 14 86 800{11 {71 500
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FELLOWSHIPS

30,00 Training Total 1982 1983 1984 1985

31.00 Fellowships % % $ 75 $ % $ % $
31,01, lzboratary research 27 (48 600 | - - 27| 48 600 | -~ - - -
31.0,2¢Application of low-grade materials 24 {50 400 | -~ - - - 24 150 400 - -
31,03, Application of fly ash 610,800 ]| - - 6] 10 800| - - - -
31.04. Pre-blending of raw materials 4] 8 400 -~ - - - 4 | 8 400 | -~ -
'31,05. Roller mill technology 8|14 400 - - 8| 14 400| - - - -
310060 Pre-heater and pre-calciner 9|18 900} = - - - 9 {18 900 - -
31.07. Dust collection 6|12 600| - - | = - 6 |12 600 | = -
31.08. (lonveyors and cement dispatch 10| 24 000 | - - - - - - 10( 24 000 .'-:
31,09, Automation and control 38| 91 200| = - - - - - 38| 91 200| &
31.10. Yeasibility studies 4! 8 400| = - - - 4| 8 400 | -~ - '

Total fellowships 136 (287 T700| -~ - "1 (73 800 |47 |98 T00 | 48115 200
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UNDP contribution (in $US)
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Total 1982 1983 1984 1985
% $ % $ % $ % $ % $

11. PROJECT PERSONNEL

11,99 Total experts 38 238 500(2 |12 ¢00 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 ocosts 20 000 5 000 5 000 5 000 5 000

19,00 Total personnel componsnt . 268 500 17 300 75 400 96 000 79 800
30, TRAINING

31,00 Fellowships 136| 287 T00|~ - 41| 73 80047 | 98 100 | 48 (115 230

32,00 Ssudy tours 40| 78 000|10f 15 000 | 10| 18 00C|10! 21 000 | 10| 24 000

33.00 In sevice 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 00¢

40,00 Total equipment component 700 000 KOO 0OC 140 000 80 000 80 000
50, MISCELLANEOUS

51.00 Operation/ maintsnance 24 000 6 000 6 000 6 000 6 000

52.00 Reports 11 400 1 000 3 000 % 200 3 000

£3%00 Sundries 3 200 100 600 1 400 1 100i

59,00 Total miscellaneous 38 600 7 100 9 600 11 600 10 399!

TOTAL 1500 000 485 600 340 800 334 300 339 300‘




Government contribution (in RMB (¥ x 1 000))
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Te+al 1982 1983 1984 1989
National staff, salaries 1125 180 270 315 360
at. home and aborad
Buildings and staff quarters 5 000 4 00C 1 000 - -
Local equipment 2 000 560 1 000 500 -
Secretariat, office space, catering
facilities, local transportation for 250 30 50 70 100
experts
Ssoretariat and interpretation for 80 10 20 30 20
project activities
Sundries 180 30 50 50 50
TOTAL 8 635 4 750 € 390 965 >0

C —— ey




SCHEDULE OF ACTIVITIES

Activity 1982 1983 1984 1985

11,01 Technical adviser - — —_—

02 Testing and evaluation of - _

rav materiels :
03 Laboratory testing - ‘ -
04 Raw-mix Qe<1gr. and rilot : - l J—

testing .
05 Process design —_—
06 Eguipment selection S —
07 Machine design ' — —_
08 Instrumentation and control] - » - -

09 Computer science and
technology

16.70 Other personnel L - -

31.00 Fellowships
01 Laboratory research |
02 Aptpl. of low-grade —_—

erial
02 Appl. of fly ash —
04 P*-e-'blendmg of raw -
05 Roller mill technology I—
06 Pre-heater and pre-calciner +t—
07 Dust collection _—
08 Conveyoi's and cement -
dispa 2
09 Automa‘t on and control —

10 Feasibility studies —

33,00 In-service training

40,01 Langnage laboratory -
02 Research equipment _ _—










