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The comprehensive range of grinding media supplied by us and our unique 
experience in the cement industry in practically every country of the 
world enable us to give expert advice and to supply a type of 
grinding media that will provide the answer to any grinding problem. 

H E L I PE BS LTD Pt10NE:GLOUCESTER51402 
GRAMS: HOlPERS. GLOUCESTER 

PREMIER WORKS 

GLOUCESTER 
A 





POLYSIUS 

engi neers 

advise you 

to choose 

The correct kiln 

POL YSIUS GMBH 
4723 Neubec kum , 
~est Germ a ny. 
:r.I.fon : (02525 ) 7 11 
Telecra mme : Po lysius N e ubeck um 
Teln : 0892893 

L ong kiln for w et a nd dry process 

for every raw material 
L EPOL kiln with prehea ter for g ra nul a ted and sm a l l- size materi al 

POLYSIUS LTD . 
L ondon R oad , 
A scot, Berk s. 
Telephone': W in kfiel d Ro .... · 1011 
C ables : Po lys ius Ascot 
Telex : 8-4 102 

POLYSIUS S.A .R .L. 
13 R ue A uber , 
P" ri s IXe( Fran kreich ),Fran ce 
Te l : Par is- Riche li eu 87 49 
Tele&ra mmes : Po lysiu$ Par is 
Telex : 21602 



PAG~ vi CEMEN T ANO L1 ~1E MAN FACT! R E :'I I IH(' II I (H~7 

FOR BALL AND 
TUBE MILLS 

IN HIGH 
CARBON 
OR CHROME 
STEEL 
from 

1" - 6" Diameter 

DESIGNED TO GRIND FASTER. 
lAST LONGER. NEVER BREAK. 
NEVER LOSE SHAPE. 
ALL HAND FORGED. 

ALSO FINE HAND 
FORGED TOOLS FOR 
QUARRY AND MINE. 

CENTRAL HAMMER WORKS, ACRES HILL LANE, POOLE ROAD, 
DARNALL, SHEFFIELD t. reI : Sheffield 49663/4 Gr.ms: 49663/4 

DELO (ENGINEERS) LTD. 

ROTARY 
DISC FEEDER 

British Patent No. 769603 

for controlled, infinite ly-variable volumetric­

measurements to close limits of many kin ds of 
crushed and ground materials such as cement 
raw material , limestone. gypsum , coal, ere. 

• Operates safely. 
• Handles highly hygroscopic and sticky 

materials. 
• Offers immediate response to automatic 

regulation. 
• Is airtight and therefore suitable for use in 

grinding installations operating under 
vacuum or pressure conditions. 

138 Borough High Street 
LONDON, S.E. I.Tel: HopOO85j6 
Telecrams : OLEO, LONDON , S.E.I 

Also Drying Furnaces, Disc 

Granulators . Pneumatic Conveyors 
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the cement industry 
relies on 

FIVES LILLE-CAIL 
7 RUE MONTALIVET 

SAG - Parle · 2581 . 

M atosinhos Cem ent Factory 
(Brazi l ) 
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.. CONCRETE SERIES" BOOKS 
Detailed particulars of the books in the" Concrete Series" will be sent on request. 

In the following list. the dates are the year of publication of the edition in print. 

Prices in Canada and U.S.A. are given in dollars in brackeu. 

BOOKS FOR THE CEMENT INDUSTRY 

Cement Chemists' and Works Managers' Hand .. 
book. WATSON and CRADDOCK. 1965. 234 pp. 3Os.; 
by p ost 31,. 9d. ($7' 50. ) 

How to Make Good Concrete. WALSH. 1955. 108 
pp. 8,.; by post 8,. IOd. ( $1 '90.) 

Concrete Flnlahes and Decoradon. CHILDB. 1963. 144 
pp. 18,.; by post 19,. ( $4 '50.) 

OTHER BOOKS ON CONCRETE AND ALLmD SUBJECTS 
Concrete Construction Made Easy. TURNER and 

LAKBMAN. 1958. 115 pp. 6,.; by post 6,. 9d. ( $1 '50.) 
Concrete Conltruction. REYNOLDS. New edition in 

preparation. 
Concrete Formwork De.lener'. Handbook. GILL. 

1960. 160 pp. 15,.; by post 16,. ($3'50.) 
Oaa":: Reinforced Concrete Desi.n. REYNOLDS. 

1962. Vol. 1. 264 pp. Vol. II. 224 pp. Each volume 
(sold separately) 24,.; by post 25,. 3d. ( $6·00.) 

Eo&,lneerin. Mathem.dee (Modern Developments). 
DOUGLAS with TURNBR. 1964. 224pp. 63s .; by post 
66,. ($15'75. ) 

Theory and Practice of Strudural Design Applied 
to Reinforced Concrete. ERIKSBN. 1953. 402 
pp . 25,. ; by post 26,. 6d. ( $5 '50.) 

Explanatory Handbook on the B .S. Code of 
l'ractice for Reinforced Concrete. SCOTT, 
GLANVILLB and THOMAS. 1965. 20s.; by post 21s. 6<1. 
($5.00,) 

Members Subjected to Biaxial Bendina and Thrust. 
PANNBLL, 1966. 52 pp. 24,.; by post 25,. (S6·00.) 

Reinforced Concrete Desianer's Handbook. 
REYNOLDS . 1965. 358 pp. 20s.; by post 21s . 9d. 
( $5·00. ) 

Examples of the Desian of Reinforced Concrete 
DuUdln.s. REYNOLDS . 1959. 266 pp. 12,. 6d.; by 
post 13,. 10d. ($3,00.) 

Reinforced Con(;ret~ Members subjected to Bend· 
ina and Dirc<"t Force. BBNNETT. New edition in 
prepara tion. 

Formwork for Concrete Structures. WYNN and 
MANNING. 1965. 388 pp. 50,.; by post 53,. ($12'50.) 

Prestressed Concrete. MAGNBL. 1954. 354 pp. 
20s. ; by post 21s. 6d. Custo"'llers in America should 
obtain the American edition from McGraw-Hili 
Book Company, Inc., New York 36. 

Guide to the B .S . Code of Practice for Prestressed 
Concrete. WALLEY and BATE. 1961. 104 pp. 
ISs.; by po,t 16" ($3.75.) 

Desian and Construction of Reinforced Concrete 
Bridles. LSGAT, DUNN and FAIRHURST. New edition 
in preparation. 

Reinforced Concrete Reservoirs and Tanks. 
GRAY and MANNING. 1960. New edition in preparation. 

Concrete Water Towers, Bunkers, Silos and other 
Elevated Structures. GRAY and MANNING. 1964. 
312 pp. 36, .; by post 38,. ($9'00. ) 

Reinforced Concrete Chimneys. TAYLOR and 
TURNER. 1960. 80 pp. 12s.; by post 13s. 
( U ·80.) 

Introduction to Concrete Work. CHILDB. 1961. 
120 pp. 4,.; by post 4,. 9d. ( $1 '00 .) 

Elementary Guide to Reinforced Concrete. 
LAKEMAN. 1950. 95 pp. 6s.; by post 6s . 9d. 
( $1 '50.) 

Introduction to Prestreased Concrete. ABELES. 
Vol. I: 1964. 379 pp. 60,. ; by post 62, . (U5'OO.) 
Vol. 2 : 1966. 347 pp. 72,.; by post 74,. ($15.00.) 

Prestre .. ed Concrete Desi.ner's Handbook. 
ABBLES and TURNER. 1962. 294 pp. 28,. ; by post 
29,. 6d. ($7'00.) 

Ultimate Load Theory ApplJed to the Deailln of 
Reinforced and Prestressed Concrete Frames. 
BAKllR. 1956. 96 pp. 18,.; by post 19s. ( $4'00.) 

Continuous Beam Structures. SHEPLBY. 1962. 
128 pp. 12 .. ; by post 13,. ( $3 '00.) 

Statically-Indeterminate Structures. GAR T NBR . 
1957. 128 pp. 18,.; by post 19s. ($4 '00.) 

Analysis of Structures. SMOLIRA. 1955. 176 pp. 
18,.; by post 19,. ( $4 '00.) 

Nomoarams (or the Analysis o( Frames. R Y G 0 L. 
1957. 58 pp. text and 26 nomograms. 18s.; by POllt 
19, . ( $4 '00.) 

Charts for Helical Stairs. CUSBNS and 
SANTATHADAPORN. 36 pp. lOs.; by post lIs . ($2'50. ) 

A~~~ I~~~I~~ ::::,rl!~e(di2 ' 8~~)RHURST . 1954. 64 

Inftuence Lines for Thrust and BencUua Moments 
In the Fixed Arch. ERIKSBN. 1955. 27 pp. 
4,. ; by post 4, . 8d. ( $1 '00. ) 

Deslan of Non·ptanar Roofs. TERRINGTON and 
TURNBR. 1964. 108 pp. ISs.; b y post 16,. ($3'75 .) 

Arch Ribs for Reinforced Concrete Roofs. 
ThRRINGTON. 1956. 28 pp. 4,.; by POlt 4,. 8d. 
( $1 '00. ) 

Desian of Pyramid Roofs. TSRRINGTON . 1956. 
20 pp. 4,. ; by post 4,. 8d. ( $1·00.) 

Deslan of Prism.atic Structures. ASHDOWN . 1958. 
87 pp. 9,.; by post 10,. ( S2·10.) 

Design and Construction of Foundations. 
MANNING. 1961. 231 pp. 24, .; by post 25,. 3d. 
(S~ · OO. ) 

Raft Foundations: The SoU-Line Method. BAUR. 
1965. 148 pp. 15,. ; by post 1~, . ($3 '75. ) 

Deep Foundations and Sheet-pUlna. LBB. 1961. 
260 pp. 20,.; by post 21, . 3d. ( $5'00.) 

Reinforced Concrete PIUna and PUed Structures. 
WSNTWORTH-SHBILDS, GRAY and EVANS. New 
edition in preparation . 

Foundation FaUures. SZBCHY. 1961. 140 pp . 20s.; 
by POSt 21s. ( $5 '00.) 

Concrete Products and Cut Stone. CHI L D 8 . 
1961. 320 pp. 18,.; by post 19,. 9d. ($4 '50.) 

Moulds for Ca.t Stone and Concrete Products. 
BURRBN and GRBGORY. Designs for garden ware. 
1957. 96 pp. 6,. ; by post 6, . 9d. ( $1 '50.) 

Estimatina and Costin. Precast Concrete 
Products and Cast Stone. FIBLDBR. 1963. 138 
pp. 16,.; by POlt 17,. ( $4 '00.) 

Concrete Farm Structures. PSNNINGTON . 1954. 
156 pp. 12,.; by post 13,. ( $2 '80.) 

CONCRETE PUBLICATIONS LTD., 60 BUCKINGHAM GATE, LONDON, S.W.I 
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MAXIMUM PROFITABILITY­
TROUBLE-FREE OPERATION 
We are specialists in the design and construction of high-efficiency 
Lime Hydrating Plants . Sturtevant Plants continuously produce 
hydrate of guaranteed quality, are fully automatic in operation and 
have full dust suppression. Only two operatives are required, 
including bagging-off. Sturtevant Plants have in-built safeguards 
against breakdown, and accurately classify hydrate by air separators. 
They are in use all over the world. 

Write or telephone for full details . 

STURTEVANT ENGINEERING CO. LTD. 
ENGINEERED "ROJECTS DIVISION 

Sturtevant House, Highgate Hill, London, N.19. 
Telephone : ARChway 0233 

Designers and Manufacturers of plant for Drying, Pneumatic Conveying , Gas Cleaning, Lime Hydrating, 
Vacuum Cieaning, Botching and Blending, Formulation of Insecticides and Materials Classification. SElll 
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ANAME 
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Our world-wide experience in the development 
of the cement industry is at lhe disposa l 
of our customers. 

F. L. SMIDTH & CO. LTD .• P.O. Box No. 137, 17. Lansdowne Road. Croydon. CR9 2JT. 

Tel : MUNicipal 5555. Telex No: 26402 1. Telegrams & Cables : FOLAS MIDTH CROYDON. 
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A Small Cement Shaft-kiln in India 
BY N. RAMACHANDRAD, B.se. (ENG.), A.M.I.E. 

THE new small cement shaft-kiln at Dalmiapuram is the first of its size to be 
established in India and is capable of producing 30 tons of clinker a day. It is 
therefore one of the smallest cement plants in the world, and has been in operation 
since August 1966. The thirty-seven cement works at present in India operate 
on the rotary-kiln process, with one exception, which is a Lurgi sintering plant 
having a daily capacity of 60 tons. The installation of a fully automatic continuous 
shaft-kiln has thus broken new ground in cement making in India and is the 
forerunner of several such plants, ranging in capacity from 30 to 150 tons per day, 
which are planned for the immediate future. 

An operating plan of the works at Dalmiapuram is shown in Fig. I on page 18. 

Raw Materials 
The main raw materials are limestone and clay, but a small quantity of laterite 

is added at times as a corrective material to make up the deficiency in iron oxide 
in the raw meal. The limestone is obtained from a quarry three miles from the 
works. Dumper lorries of 7-tons capacity transport the limestone from the quarry 
to the works, and deposit it in the common storage hall. Clay is brought in by 
lorries from deposits within two miles of the works. 

Storalle Hall 
The storage hall, which is 130 ft. long and 30 ft. wide, is used for the clinker 

and gypsum, as well as for the raw materials, the various materials being separated 
by reinforced concrete walls. The hall is provided with an electric overhead travel­
ling grab-crane of i-cu. yd. capacity. The raw-material bins are along the long 
side of the hall; thus the crane is able to pick up these materials from the heaps 
and deposit them in the appropriate bins, from which they are recovered for 
further processing. 

B 

., .. .. ~ 

~~~~~~ fi1~~U1~ia~1 

1 0 UJ. A, Z51. 
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I. Limestone Sto re 
2. Clay Store 
3. Coal Store 
4 . Correction-mate ria l 

Store 
5. Clinker Store 
6. Gypsum Store 
7. Gypsum Bin 
8. Clinker Bin 
9. orrection-material Bin 

10. Coal Bin 
II. Clay Bin 
12. Limestone B in 
13. Raw Mix Bin 
14 . J aw Crusher 
]5. Office 
16 . R aw-mill 
) 7. Homogeniser and Storage 

Silos 
18. Vertical ' ha ft -kiln 
19. Roots B lower 
20. Cement Mill 
21. Cement Silo 
22. Laboratory 
23. Toilet a nd Locke rs 
24 . H . T . suppl y Room 
25. Stores a nd Workshop 

Fig.l.-Plan of Cement Works at Dalmiapuram 

Preparation of Raw Meal 
Four weigh-batchers are installed below the raw-material b ins (F ig. 2). By 

opening manually the quadrant gates below the bins, the materials are fed directly 
into the weigh-batchers for proportionate weighing. A belt-conveyor runs below 
the weigh-batchers and , after weighing, the raw materials are allowed to drop on 
to the moving belt for transportation to a mixer. 

Pre-mixing of the raw materials and fuel is carried out in a mixer of special 
design. After thorough mixing, the raw meal falls from the mixer into the boot of 
an elevator by which it is discharged into a hopper capable of storing one day's 
requirements. 

The dry grind ing of the raw meal and fuel is done in a fine-roller Raymond 
mill provided with a 6S-h.p. motor for the blower and a 60-h.p. motor for the main 
drive. The feeding to the mill is automatically controlled to match the output of 
the mill. When the raw meal has been ground to a fine degree (170 to 200 mesh), 
it is removed from the mill by means of circulating air provided by the blower, 
and the product is collected in a cyclone. For small cern nt plants, the type of 
mhl used has been found to be suitable for grinding raw meal in view of its ability 
to provide close adjustments in the fineness of the product. 

The raw meal, which is no'~v : ready for blending, is conveyed by means of a 
bucket-elevator to a blending silo (Fig. 3) which is II ft . 2 in. in diameter. Intimate 
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Fig. 2. 
Welgh- batchers 

under 
storage bins 
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Fig. 3. 
Discharge 

from 
blending 

silos 
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Fig. 4. 
Noduliser 

blending is effected by a re-circulation process achieved through a special system 
of screw-conveyors and elevators. The carbonate content of the raw meal is 
checked at regular intervals to ensure that uniformity of blending is achieved. 
The corrected raw meal is then discharged by means of a screw-conveyor into a 
steel storage silo located directly below the blending silo. 

Nodulising 
The raw meal, in the form of dry powder, has now to be made into nodules 

of i-in. diameter before being fed into the kiln . This is carried out in a dish nodu­
liser of S-ft. 2-in. diameter (Fig. 4). where a controlled quantity of raw meal and 
water is continuously added into the rotating dish to form nodules of uniform 
pea-size. A vibratory feeder (Fig. S) controls the raw-meal feed to the noduliser. 
The noduliser is driven by a 7·S-h.P. motor, and is provided with an automatic 
scraper to prevent moist raw meal from sticking to the bottom and sides. There 
is also provision to change the angle of inclination of the dish as well as the height 
of the dish wall. Thus, by making suitable adjustments, nodules of any desired 
size can be produced. 
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Fig. 5. 
Vibratory feeder 

controlling 
raw-meal feed 

to nodullser 
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The Shaft-kiln 
The shaft-kiln is provided with a rotary feeding chute at the top (Fig. 6) 

and nodules, falling by gravity from the noduliser to the feeder, are distributed 
uniformly over the fire-bed by the feeder. Inspection doors are provided in the 
conical upper part of the kiln for the operator to observe the fire-bed while he 
stands on the operating platform. 

A Roots blower (shown in the course of installation in Fig. 7) , driven by a 
so-h.p. motor and capable of delivering a supply of 2,400 cu. ft. of air at 2 lb. per 
sq. in. , provides the air required for the kiln . The air enters at the bottom of the 
kiln, proceeds upwards in counter-current fashion to the flow of the clinker, and 
cools the clinker while becoming preheated before entering the burning zone in 
the top part of the kiln . The well-burnt clinker is drawn out of the kiln by means 
of a rotary grate (Fig. 8) and is discharged through a set of automatic discharge 
gates which prevent the escape of the air while allowing the outward flow of the 
clinker. The kiln is thus fully automatic in operation and the feeding, burning 
and discharging of the clinker is done under controlled conditions thus ensuring 
clinker of good quality. 
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Fi~. 6. 
Shaft-kiln 

Instrumentation 
A common instrument panel is located on the operator's platform in the kiln 

building. The panel indicates the volume and pressure of the air supplied by the 
blower, and the draught pressure in the kiln chimney. The temperature obtained 
inside the kiln and in the flue gas are given by four thermo-couples, fixed at 
appropriate levels, and a temperature recorder in the panel records the temperature 
continuously. 

Transporting and Grinding Clinker 
The clinker produced from the kiln is fed into a jaw-crusher , driven by a 

7·S-h.P. motor, where the larger lumps are broken down to less than 2 in . and are 
then transferred by an elevator to the clinker storage part of the storage hall . 
The same grab-crane that handles the raw materials is also used for the clinker. 

The clinker and gypsum, when required for grinding, are removed from the 
hall and are fed into two steel silos from which they are discharged at a constant 
rate by two rotary table-feeders into the cement mill. The table-feeders are 
capable of fine adjustment in order to control the proportion of the feed to the mill. 

The mill is 20 ft . long and S ft. in diameter , and is driven by a 130-h .P. motor. 
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Fig.7. 
Blower 

(during erection) 
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Fig.S. 
Motor driving 

rotary grate 
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Fla. 9. 
Screw-conveyor 
drawlna cement 

from silo 
and feedina 

to baas 
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It operates on open circuit. The ground cement is delivered into the boot of an 
elevator which discharges it into a steel cement silo of 60-tons capacity and of 
II-ft. 6-in. diameter. 

Bai\i\ini\ and Dispatch 
A simple and reliable system is used for bagging. The cement is drawn from 

the cement silo and is fed directly into the bags. Otherwise the operation is 
manual. The equipment allows two operators to fill the bags and weigh them 
alternately. The 30 tons of cement produced in one day by the plant can be 
bagged by two men in one shift. The equipment for drawing cement from the 
silos and filling bags is shown in Fig. g. 

The bags of cement are loaded into 5-ton wagons which run directly into the 
cement-mill building to a position very near to the bagging department. The 
loading of the vehicles is done by hand. 

The complete shaft-kiln plant was designed and built by the Government of 
Madras, all the machinery being fabricated in Indian workshops. The author 
designed the shaft kiln and auxiliary plant which was fabricated under his 
direction, and he was also responsible for the layout and the material-handling 
system. The building and civil engineering works were carried out by the 
Government of Madras with the assistance of local contractors. 
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Research in Sweden. 
A DETAILE D survey of past and present activities relating to research on cement 
undertaken in Sweden is given in recent publications by the Swedish Cement & 
Concrete Research Institute of the Royal Institute of Technology. 

In the first (1) of the three publications reviewed in the following, a history of 
cement research , in which reference is made t o Swedish contributions and to the 
activities of the Institute, and the present conditions of physico-chemical research 
are outlined . An account is given of various alternatives for projects or assign­
ments in the physical and chemical sections of a cement research institute, such as 
advanced t esting, examination of damages, development of new materials, and 
basic research on the nature of hydraulic binding and the relationship between 
physico-chemical structure and mechanical properties of hydrogels. With specific 
reference t o the last of these several subj ects, the present conditions of research 
work with respect t o questions on materials and methods are described. 

Portland cements of ordinary types are mixtures of several mineral con­
stituents. It is difficult to follow the hydration reactions of each separate com­
ponent and to distinguish the various product s of hydration, even when the most 
modem and selective methods of structure-analysis are used. There has, therefore, 
been a t endency t o employ methods of cryst al and colloid chemistry in studies of 
pure components or chemically well-defined systems, whereas studies of the defor­
mation and failure of hydraulic materials have mostly been made using standard 
cement , often in combination with sand and gravel in cement mortar or concrete. 
Not many attempts have been made to correlate the two set s of dat a. St andard 
experimental equipment for studies of microstructure, such as electron microscopy 
and X-ray diffractometry, have now reached such a degree of reliability, power of 
resolution, and accuracy, that they can be used to advantage for comparing and 
charact erising various t ypes of hydraulic materials with respect to their micro­
structural properties. However, in order t o be able to elucidat e these problems, 
it is also necessary t o use purified and standardised mat erials in the samples 
investigated. 

In the general case, a hydrogel consists of aggregat es of very small, badly 
crystallised or colloidal particles of various shapes. The cohesion in the mass 
is caused by the development of contact interfaces between particles in con­
tiguous aggregates. Most of the bonds are probably hydrogen bonds, either 
developed between hydroxyl groups in adjacent surfaces of hydrated particles, or 
transmitted through complet e interlamellar layers of water molecules. A hydrogel 
is usually prepared by mixing anhydrous material with water in certain pro­
portions. In order t o study the relationship between microstructural and mech­
anical properties of the gel itself, it is important to use pure, stable gels as mat erials 
of investigation . Thus the phases initially present, anhydrous material as well as 
water-filled capillary pores, should be eliminated as completely as possible. 

Comparisons are made between ideal and actual cement-gels and are illustrat ed 
by the diagrams in Fig. I on page 26. In this illustration , diagrams A and B 
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REFRACTORY CONSTRUCTIONS 

S.G . BLAIR.It CO. LTD., LESLEY HOUSE, BEXLEY HEATH . Telephone 5696 
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MILLS FOR THE CEMENT INDUSTRY 

PATENT 'H' TYPE 

MARTENSITIC NI-HARD 

SHELL LINERS FOR BALL, 

ROD AND TUBE MILLS. 

BRINELL HARDNESS UP TO 

650. STANDARD PATTERNS 

AVAILABLE. OTHER TYPES 

TO CUSTOMERS OWN 

DESIGNS TO SUIT EXISTING 

MILLS CAN ALSO BE 

SUPPLIED. 

Other Products inc/ude:-

1200 H.P. THREE CHAMBER 

GRINDING MILL RUNNING 

IN SELF-ALIGNING 

WATER COOLED OIL 

CASCADE LUBRICATED 

MAIN TRUNNION 

BEARINGS, PATENT 

FABRICATED STEEL ENDS 

AND SHELL LINED WITH 

MARTENSITIC NI-HARD 

LINERS. 

Rotary Kilns, Coolers and Dryers, NEwaH 
Apron, Table, and Scraper Feeders. C : ,: TE ;=) 
Slurry Pumps and Slurry Mixers. _ _ 

ERNEST NEWELL & COMPANY LIMITED 
MISTERTON VIA DONCASTER, ENGLAND 
Cables : Newells, Misterton, Notts, England Telephone : Misterton 224-225 

MEMBER OF THE HADFIELDS GROUP OF COMPANIES 
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represent a cement paste of high water-to-solid ratio. before and after complete 
hydration respectively. Diagrams C. D and E relate to a paste of low water-to­
solid ratio with entrained air; the first of these three diagrams represents the paste 
before hydration. the second after it has been vacuum-mixed or compacted. 
and the third after complete hydration. Diagrams F and G depict a paste of ideal 
water-to-cement ratio before hydration and during setting respectively. An ideal 
paste at complete hydration is shown in diagram H. while the diagram I repre­
sents a real paste of ideal water-to-solid ratio at completion of hydration. 

Materials and Methods 

In order to study the problems presented in the foregoing it is stated in the 
second publication (2) that it is necessary first to prepare a series of samples of 
suitable materials to be investigated. and secondly. to select and develop methods 
and devices for analysing and measuring the relevant properties of these materials. 
It is required that these materials should consist of fully-reacted homogeneous 
gel substances. implying that they should not contain residues of the basic mat­
erials. anhydrous compounds and water-filled capillary pores. On the other hand. 
it is not especially desirable to prepare materials which are closely related to 
Portland cement . but rather to have substances which are widely variable with 
respect to composition as well as microstructure. 

Examples are given of reactions in the general system C-S-A-F-H. in which 
substances of the required type are likely to be the final product of reaction . The 
systems C-S-H and C-A-H are closely related to common cement systems and are 
therefore considered preferentially and in some detail. but possible reactions in 
systems containing ferrite. sulphate and carbonate are also included. A review is 
given of information extracted from available literature: relating to the probable 
course of reactions. the influence of the composition of the basic materials. temper­
ature. and other factors on the rates and the final products of the hydration 
reactions. and the content of water necessary for obtaining fully-reacted dense homo­
geneous gel material. For many of these reactions the information available is 
very incomplete. and special studies are required to solve certain problems con­
nected with the preparation of materials. 

There are three main groups of methods for studying the relevant properties 
of the gel materials. First. it is necessary to have certain methods in which the data 
obtained can serve as criteria of the degree of reaction and of the homogeneity 
of the final gel product. These properties can be determined by quantitative 
mineral analysis. using X-ray diffraction methods. and by measurements of capil­
lary porosity. using some kind of gravimetric determination of water adsorbed 
in pores of different sizes. The second group of methods concerns the examination 
of the phase composition. the crystal chemistry. and the microstructural morph­
ology of the gel materials. These data can be studied by combining the results 
obtained by electron microscopy. electron diffraction. and X-ray diffraction. In 
addition. certain procedures involving chemical extraction analysis can be used 
to study the fixation and complex formation of certain structural elements and 
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mea,urements of dielectric data can give certain information on the fixation of water 
in the gel structures. 

A third group of data concerns the mechanical properties of the mat erials. 
The dynamic modulus of elasticity, corresponding to a certain pulse velocity, 
is a measure of the content and distribution of elastically deformable bonds 
between the material particles. The deformation under sustained load (creep) 
reflects th e inelastic rheological properties of the material, that is mainly the 
character of the mechanism of breaking and recombining of th e bonds in the 
zones of internal contact. A different t ype of mat erial displacement is the change 
of volume caused by changes in the hygrothermai conditions. The cohesive 
properties of gel can be expressed in different ways. One characteristic quantity 
is the tensile strength , as expressed for example by the data obtained in a so­
called d iametral-compression t est . Other measures of the specific internal cohesion 
energy can be obtained by determining the resistance against fine subdivision 
or tlee microharclness. 

Suitable methods of measurement of these various mechanical properties are 
briefly described and discussed, and the apparatus required are illustrated . For 
example, Fig. 2 shows diagramatically the apparatus used for determining the 
dynamic modulus of elasticity E or pulse velocity . The diagram in Fig. 3 repre­
sent s the appar;ltus for measuring creep, while that in Fig. 4 illustrat es a suggested 
prin ciple for an apparatus for the measurement of hygrothermal volumetric 
changes. The diagram (Fig. 5) shows a device for the measurement of the 
specific internal-cohesion energy. 

Heat of Hydration 

A specific problem, namely, the study of th e heat of hydration of Portland 
cement by means of a conduction calorimeter is treat ed in considerable det ail in 
the third publicat ion (3) . One of the calorimet ers used is shown in Fig. 6. 

The investigations described were made on neat pastes of a standard Portland 
cement and distilled wat er stored under sealed conditions. Where the cement 
past es were pre-hydrated at one t emperature and then the t emperature suddenly 
alt ered to the temperature at which the rat e of heat of hydration measurements 
were made, the following conclusions were reached. 

For a given tot al amount of heat of hydration, the rat e of heat evolution is not 
a unique fun ction of the temperature, but depends also upon the previous t em­
perature-history of the paste. The hydration product s formed at different t em­
peratures vary in one respect or another as, for instance, in phase composition 
ami morphology. The rate of heat of hydration is usually lowered when the 
paste is kept at a high t emperature during the pre-hyd ration period, and \'ice versa . 
The longer the pre-hydration period, and the more the pre-hydration temperature 
deviates, the more pronoun ced is this er:ect. 

The rate of heat of hydration for a paste pre-hydrated at a higher temperature 
can be so st rongly in fluenced by the pre-hydration that the total heat of hydra­
t ion aft er a time becomes lower when compared with a past e of the same age 
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which has been kept all the time at th e lower temperature at which the former 
past e has been kept during measurement. In the reverse case, with a lower pre­
hydration t emperature the pastes do not , in general, exhi bit higher values for 
the tot al heat of hydration than pastes kept at th e higher temperature all th e 
time, but they do eventually attain the same values. 

Due t o the foregoing facts, no time-temperature fun ction can be exactly valid 
for the heat of hydration of the pastes in vestigated . This follows also from th e 
results of experiments carried out at constant t emperature. evertheless, th e 
time-temperature functions given by other in vestigators can be used for practical 
purposes in order to calculat e approximately the heat of hydration developed at 
various temperatures within the temperature range studied, provided the heat 
of hydration developed at one temperature is known . 

The total heat of hydration is found to be proportional to th e amount of 
bound wat er, with a proportionality constant which is not essent ially influenced 
either by t emperature or the water-cement ratio. For high ages, there seems to be 
a t endency for the values to deviate from proportionality in a way th at corres­
ponds to less heat being released per gramme of the water bound. 

The specific heat of the unhydrated cement is found to be 0 '1 1)3 cal. per g.oC 
at 20 deg. C and its temperature coeffi cient about 4 X 10 - 4 ca l. per g.oU. The 
specific heat of cement pastes hydrated at 20 deg. C. for about thirty days is 
approximat ely 0' 18 + 0 '42 lC' o cal. per g.0c. for wat er-cement ratios between 
0'25 and 0'50 . The specific heat of the paste decreases linearly with the tot al 
heat ot hydration in the beginning but , for high degrees of hyd ration , the decrease 
seems to be fast er. 

For cement pastes hydrated at various temperatures in the range - 2 deg. C. to 
4 0 deg. c. , for ages of from twenty-one to thirty-six days, the specific heats lie 
between 0 '05 and 0 '08 cal. per g.0c. , below the corresponding values calculat ed for 
an unreacted cement-water mixture with the same wat er-cement ratio. 

The relative water-vapour pressure in equilibrium with a cement paste having 
no wat er exchange with its surroundings is, after sixty days, still about 80 per cent. 
and go per cent. for pastes with water-cement ratios of 0'25 and 0 '40 respecti vely. 

It is stressed that the quan titat ive results obtained for cement pastes would 
not be valid for mortars or concret es made with the same cement , because the 
aggregat es cause the course of the hydration processes to be modified. 

Publications 
I. - G R UDEMO, A. "The Cond itions of Cement Research. " Part I : "Ret rospect , 

Present St a te and Prospect." Reprint No . 37 (from "Nordisk Bet ong." 
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I nstitu te. P ri ce : 2 k roner . 

2 .- As Refe rence (1) above, except as fo llows: Part II: "Materia ls a nd :VIe t hocls ." 
n epri nt No. 38 (from" Norcl isk Betong, " Octobe r, 1966) . 

3 .- DAl' I ELSSOl', U. "Cond uct ion Calo rimete r Studies o f t he Heat o f Il ycl rat ion o f a. 
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Concrete Instit ute. Price : 15 kroner. 
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The Cement Industry Abroad 
India.- Mr. D. Sanjivayya, Union Minister for Industries, announced recently that 
the present annual productive capacity of the Indian cement industry was 
12,000,000 tons but only about II,OOO,OOO tons were being produced, although 
by the end of the year (1966) it was expected production would increase by 
2,000,000 tons. The Third Plan target of 13,000,000 tons had not been reached. 
In the Fourth Plan, the annual productive capacity of the cement industry would 
be doubled, making it 25,000,000 tons, but actual production might be only 
20,000,000 tons. The country was self-sufficient in cement. It was the lack of 
railway wagons that delayed movement. The Minister stated that the Govern­
ment was r ndeavouring to export cement. As the Fourth Plan progressed, 
construct ion work would increase and for this more cement would be needed. 
Brazil.- It is [(·ported that the International Division of Allis-Chalmers has 
n'c(' iwd an order valued at 3,300,000 dollars to make cement plant for installation 
ill a works at Hio de Jan(' iro. The plant, which will r mboc\y the Allis-Chalmers 
" gratt'-killl " system, is part of an r xpansion project being undertaken by Com­
panhia de Cimento Portland Branco do Brasil, S.A. It will be installed adjacent 
to the existing plant in Jraj a Industrial Park. The annual productive capacity of 
the works will be expanded from 36,000 tons to 231 ,000 tons when the new plant 
is in operation which is expected to be in 1968. The present conventional plant was 
supplied by Allis-Chalmers in 1952. The new plant will be the first " grate-kiln .. 
system to be installed in South America. This system is claimed to have the ad­
vantages of pellet ising with a special preheating method to produce cement of more 
uniform quality at lower cost and under cleaner conditions. The equipment to be 
supplied by Allis-Chalmers includes a pelletising pan of 15-ft. diameter, a 64-ft. 
travelling grate, a 160-ft. rotary kiln, a 70-ft. cooler and a 50-ft. rotary dryer, 
together with the motors, controls, electrical and allied machinery, and three 240-
h.p. wheel-loaders for handling the increased quantity of materials. The raw 
materials, limestone and clay will come from reserves owned by the Branco 
Company. 
France.- The annual production of cement in France was 22,255,000 tons in 1965, 
an increase in respect of 1964 of 4'4 per cent. Thus France is in the fifth position 
among cement-producing countries of the world, following directly the U.s.A., 
U.S.S.R, Japan and Germany. 
Africa.- ln the number of this journal of November 1966, it was stated that the new 
rotary kiln installed in the Lichtenburg (Transvaal) works will produce 250,000 
tons of cement per annum and that this will almost double the productive capacity 
of the works; actually the increase will be about So per cent., since the present 
annual production is about 500,000 tons. 

The annual cement production in the entire African continent is estimated at 
II ,000,000 tons. In 1965, the total number of cement works was sixty-nine, 
fourteen being in the Hepublic of South Africa. Egypt prcduces 2,500,000 tons per 
year and Morocco 1,000,000 tons. 
Italy.-The data in the following and the map on page 32 are abstracted from a 
recent number of ACM (the magazine of the Asbestos Cement Industry). 



CEMENT AND LIME MANUFACT UR E 

CEMENT FICTORIES IN nllY 
YEARLY PRODUCTIVE CAPAC IT Y 
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'" Des pat ch depots for ocean transport 
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The average decrease in the product ion of cement in Ita ly was 7.6 per cent. 
for the first six months of 1966 compared with the same period in 1964. The drop is 
mainly in the north where the decrease is 17 per cent. , and where consumption 
has fa llen to about 5,000,000 tons compared with 6,000,000 tons in 1964. Al­
though production has decreased , the p roduct ive capacity of cement works has 
considerably ilicieased due to modernisatioil of old works and the establishment 
of new works which was undertaken when the demand for cement was rising. 
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