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Perkct blending of the raw material 
suppl y to the pre heater in a dry 
process cement plant is absolutely 
essential-and the Fuller Airmerge 
SYS tC111 ensures this homogeneous 
supply. The quadrant blending 
method using Fuller equipment not 
only produces an accurately blended 
mix, even with Inatcrials of 
different bulk density and fineness, 
but docs so at a high rate of 
output at a very low power cos t. 
When a continuously reliable supply 
of carefully blended materi als 
helps towards an opt imum output 
of CC lnent froll1 the plant, then 
Fuller Airmcrge equipment 
is essential-and our engineers and 
laborator ies arc at your disposal to 
design the most effective system 
for YO Llr plant. 

CONSTANTIN (ENGINEERS) LTD. 
123 Victoria St .• London , S.W.I 

Tel .: Ta te Gallery 0637 
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STEIN MAG C * High resistance to clinker attack. * Forms clinker coating quick ly. * High retention of coating during 
ki I n sh ut-downs. * Excellent for oil firing. 
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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 

gHrindingE medlLa tha1t pWili ('"'''Be thes answei -;-0 Dan:~~i~~t~~lt~~~::2 
PREMIER WORKS 

. . GLOUCESTER 
A 
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ERECTION 

CONTRACTORS 

TO THE 

CEMENT 

INDUSTRY 

ROTARY KILNS. 

MILLS & CRUSHERS. 

COMPLETE PLANTS. 

ELECTRICAL PLANT. 

SEPT"'IBER, 19G2 

TRANSPORT EQU IPMENT. 

CONTACT 

INSTALLATION & 
MANUFACTURING CONTRACTORS 

LTD 

27 CHURCH ST" 
WEST HARTlEPOOL. 
HARTlEPOOl 5308 . 

HIGH ST., 
WARE, HERTS. 

WARE 3302. 
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For 
higher 

operator 
The Haver 

Packer with or 

without 
compacting for 
cement, lime, 
slag , plaster, 

etc., etc. 
THE 
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Developed to meet 
arduous present day requirements. 

Offers peak outputs of up to 110 TPH with eight 
spouts and one operator or 75-90 TPH with six spouts. 

U.K . Representatives :-

CONTINENTAL ENGINEERING CO. LTD., London Road, Ascot, Berks. 
Tel. Na : W inkfield Row 395 
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ECONOMICAL 

CONTRIBUTIONS 
TO EFFICIENCY IN 
CEMENT MAKING 

"NI-HARD" , which is 
made with the aid of mod­
ern mechanical plant, is 
the ideal material for the 
production of grinding 
media and mill linings for 
cement manufacture. We 
shall be pleased to make 
castings to your own speci-
fication and produce pat-
terns to your designs. Please ask for our 
illustrated leaflet giving proof of the many 
uses of "Ni-Hard and White Iron". We 
also manufacture wf!ar-resisting castings 
for many applications in gas works, 
shot-blasting, coke crushing, mining 
machinery, etc. 

More and more cement manufacturers 
are realising that" NI-HARD" has 
wearing qualities from two to five 
times greater than those of steel, 
depending on the material being 
ground, and is a quality material 
that saves money and time. 

lUNe 1ounJI'U 
•••••. 11. ..t ..... , 

WILLENHALL, STAFFS. Telephone : WillenhQ1/65541 /2 (2 line,) 
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STEEL 
GRINDING BALLS 

In High Carbon and Chrome Steel 
1"- 6" Diameter 

DESIGNED TO 
GRIND FASTER, 
LAST LONGER, 
NEVER BREAK, 
NEVER LOSE SHAPE 

Aho makerf of fin e hand-for6ed tools 
for QUARRY and MINE 

F. J. BRINDLEY & SONS (SHEFFIELD) LTD. 
CENTRAL HAMMER WORKS, SHEFFIELD, 1. 

Phone and Grams: Sheffield 24201 /2 

A " CONCRETE SERIES" BOOK 

CEMENT CHEMISTS' AND WORKS MANAGERS' 
HANDBOOK 

By W. WATSON, B.Sc. , a nd Q. L. CRADDOC K, M.Sc. 

The revisions incl ude 

SECOND EDITION REVISED 
1962 

Cement Specifications of World 
brought up t o date to 196 1. 

Latest British and American methods of testing 
All the data req uired for the man ufacture, chemistry and testing of cement, which 
were given in the preceding edition, are retained and include 

W eights and volumes of slurry. Standard sieves (British and foreign). 
Capaciti es of tanks and kilns. Kiln data. Fa n horse -power. 

Volumes, weights and densiti es o f gases. Raw mixtures. Hea t balance, etc. 
234 pages . Numerous Tables . 

Price 255.; by pos t 265. 3d. 5 .50 dollars in Canada and U.S.A. 

CONCRETE PUBLICATIONS LTD. 
14 DARTMOUTH STREET. LONDON. S.W . I 
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----------------
These figures mean 

SUSTAINED HIGH·EFFICIENCY 
DUST PRECIPITATION 

-------------

., 
I 
I 
I 
I .... 

CARRIBEAN CEMENT CO, JAMAICA ...... ... ...... 0,088 grains/ft 3' 

AUSTRALIAN CEMENT LTD, GEELONG ............ 0,006 grains/ft 3 

A.P.C.M. LTD, BEVANS WORKS ........................ 0,001 grains/ft 3 

* (S lack em iss ions measured duri ng offici ::d acceptance tests) 

Over 70 electro-precipitator units have been individually designed 

and built by Lodge-Cottrell for the cement industry throughout 

the world, thus preventing a ir poll ution from cement kilns, 

The experience we have gained is a t your disposal. 

LODGE-COTTRELL LTD 
George Street Parade , Birmingham 3. 

and at London. Brussels,Ca lcutta , Johannesburg, Sydney. Toronto. 

M£MAE,I! COMPANY 

SIM ON £NGIN£UING LTD 
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ROTARY 
DISC FEEDER 

British Patent No. 769603 

for controlle d. in finit el y-variable volum etric­
measurements to close limits of many kinds of 
crush e d a nd g round materials suc h as cement 

raw material . limesto ne. gypsum. coal. etc. 

• Operates safely. 
• Handles very moist materials 
• Offers immediate response to automat ic 

regulation 
• Is airtight and therefore suitable for use in 

grinding installations operating under 
vacuum or pressure conditions. 

DELO (ENGINEERS) LTD. Al so Drying Furnaces. Disc 
G ranulators. Short and Medium 
Distance Pn e u matic Conveyors 

138 Borough High Street 
LONDON,S.E. 1. Tel: Hop 0085(6 

Plants for making: 

ASBESTOS CEMENT PIPES & SHEETS 

WHITE CEMENT 

SLAG CEMENT 

PRESTRESSED CONCRETE 

RAIL W AY SLEEPERS 

ASBESTOS CEMENT ENG INEE HI NG CO. 

P.O. BOX 34.649 H aupstrn.se 26. VADUZ. LIECHTENSTEI N. SWITZERLAND 
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LOW COST CRUSHING BY 

High tonnage throughput with reduction ratios as high as 100 : 1 
with some materials is possible with the Joy-Hazemag Impact 

Crusher. Choose from a range of 20 sizes-from 3 to 500 tons 
per hour capacity. Small, compact Joy-H azemag Crushers offer 

low capital and operating costs-give efficient and economical 
crushing for a wide range of materials. Write for booklet giving 

full details and specification. 

JOJ·HIZEMIG 
JOY-SULLIVAN LIMITED' CALLYWHITE LANE' DRONFIELD . NR. SHEFFIELD 

B 
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O ur basic 

Special Magnesite ANKRAL Brick s: 

Due to their extremely high refractoriness our basic 
Special Magnesite ANKRAL bricks bring about 
considerable advantages in 

HIGH-CAPACITY LIME SHAFT KILNS 

ANKRAL-lined shaft kilns operate very economi­
cally for the following reasons : 

• Forced operation is possible. 

• No incrustations, hence regular kiln 
o"eration without standstills. 

• Lower number of intermediate repairs 
and greater total lining life. 

• Increased throughput. 

• Improved quality of the production. 

• Simpler kiln maintenance. 

Our technical service comprises all phases 
from the preparation of a complete lining 
proposal to detailed engineering advice for 
construction, starting-up and operational 
running. 

General Sale. Offic. 

Refractory Products Limited 
Ba.le 1. St. Albanvor.tadt '4 

Switzerland 

Representative for the U .K. 

JOHN LE BOUTILLIER LTD. 
3. REGENT STREET, LONDON, S.W. ' 

Tolopho"o : TRA 5005 

VEITSCHER MAG NE S ITWERKE 
ACTIEN-GESELLSCHAFT . VIENNA-AUSTRIA 
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complete 

electrification schemes 

for the 

CEMENT INDUSTRY 

POWER GENERATION 

SWITCHGEAR 

TRANSFORMERS 

FUSEGEAR 

CONTROL GEAR 

MOTORS 

FROM P L ANNING TO COMMISSIONING UNDER A SINGLE CONTRACT 

~ENGLISH ELECTRIC' 
ELECTRICAL PLANT D IVIS I ON· STAFFORD 

The English Electric Company Limited, English Electric House, Strand, London, W.C.2 



Designers of complete 
Cement Works and 
manufacturers of 
machinery for the 
cement - i~, dustry 

F. L. SMIOTH & co. L TO. 
105 PICCADILLY LONDON W 1 T elephone Grosvenor 4100 Telegrams and Cablps Folasmldth london 
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A N ew Cement Works In Saudi Arabia. 
TH E Il l' \\' ("l' lll l' llt worb for th e S: lUdi Cem cilt Co., ill th e PrO\'in ce o f E I I-i asa , 
Saudi Arab ia , comllH'IllTd ope ratill g l'; lrl y thi s year (as rep or t eci ill thi s journa l 
fo r ~I av la s t ). TIll" \I·orks . gC ll cra l \' il' lI' s o f whi ch arc sholl"l1 in Fi!!,s. l alld 2, 

has a cap ac it\ · o f 300 tOil S per <I a l· .. \ pl a ll of th c works is s howil ill Fig. 3 . Th e re 
is Olll' d ry-process rotary kilil . tired hI' Il a tura l gas, alld pro \ 'is io ll is m a d e for ill s ta l­

lin g all o t he r. Th e 1I'0 rb , whi c h is situat ed Oil a In'c l site -I3u ft. aho \'e sea le \'e l 

is about ko miles wcs t of th e po rt o f Dammam on th e P ers ia ll Cu lf . ft iscollll ec tcci 

to ]):Immam b~ ' th l' -I - fl. k ~ - ill gauge Sau<li C overnm ellt I ~ a ilway a lld a m a ill road . 

Th c loc alitl ' is s lI c h that dal ' ll'mp:' ratlll"cs ill t il(' summ er rall gc from I O O to 

r i ~. 1.- Ge n en) 1 View of WOI' ks (Look i n ~ West). 

Fi g . 2. - Gener,, 1 Vi e w of \Yorks (Looking East) . 
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MA I N STOIlL 

125 deg_ F_, fallin g by about 40 deg. F . at nighL The highest humidity is in Jul y 
and August. Winds are moderate, but sand-storm s occur genera lly in April and 
May_ Rainfall, which averages 3 in . a year, occurs in th e winter. Water is obtained 
from a bore-hole IIO m. (360 ft.) deep and is suppli ed to a water tower of 33,000 
gallons capacity by a submerged pump. The tank of th e tower comprises two 
compartments, one for drinking water for the works and houses of the staff, 
and the other for the circulating system in the works. 

Electricity is generated at the works in a power station having a capacity of 
600 k. v. a . at 0·8 p ower-factor and contains four pressure-charged g-cylinder 
four-stroke 1750-b.h.p. sets running at 300 r.p.m. and using white diesel oi l. 
Current is generated at 6000 volts 3-phase 50 cycles. The mill motors operate on 
6000 volts, other motors on 380 volts, and lighting and other single-phase circuits 
on 220 volts. Two small generating sets, which were used during construction are 
retained as auxiliaries. The cooling water and lubricating oi l are cooled ill air­
blast coolers. 
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Fig . " .-The Kiln. 

Raw Materials. 
LnI EsTo NE .- Th e pa rt of the qu a rry being worked at p resen t is 600 metres 
(660 ya rds) from the work s, which is built on a lim estone deposit . Th e lim estone 
is o f medium hardn ess and o f constant qua lity ha vin g a bout 88 per cent. o f 
CaC0 3 · ft is drill ed by wagon drill s , bl asted , a nd loaded by a z!-cu. yd . 5-+ - r~. B. 

di esel-opera ted shovel in to 9-cu . yd . ~ I erced es dumpers in whi ch it is t ra nsp ort ed 
to th e cru shi ng p la n t a t th e works. ft is di scha rged in to a hopper a nd is fed by a 
[ ' 2 m . (-+z- in .) ap ron-feeder to a prima ry jaw-crusher which reduces the p :eces 
of s tone to 150 mm . (6 in .). T o ob ta in optimum loadin g, th e sp eed of operati on 
of th e feeder, whi ch is va ri a bl e, is linked to t he power taken by the crusher. 
Th e cru shed stone is carri ed by a belt -conveyor and fed to a second a ry Symons 
'\ 0. -+ cone crusher whi ch reduces it to a size a t whi ch 95 per cent. passes through 
a .lz-mm . (It- in .) sc ree n. ft is th en cOlll'eyed eit her to the store or direc t to the 
mill blinkers. 

T he sto re struct ure, whi ch is seen in Figs. I and z and is shown on the pl an in 
Fig. 3, cont a in s a n overh ead crane o[ 25-m. (8z it. 6 in .) span a nd provided with 
a z ! -c u. yd . grab, which serves th e stocks of raw materi a l, clinker a nd gypsum 
a nd the respecti ve mill bunkers whi ch a re wi thin th e store structure. 
CLAY .- The clay deposit is loca ted 1-+ km. (a bout 9 mil es) f rom th e works and is 
on t he rai lway. Th ere is a n ol"{' rburden o[ lim e-ma rl 6 m . (20 ft .) thi ck which is 
d rill ed, bl asted , a nd loaded by a 22- 1~.B . diesel-operated sho\'el in to 9-cu. yd . 
du mpers for removal to a tip. Th e clay bed is 10 Ill . (33 ft. ) thick. Th e cl ay is 
hard a nd compact a nc! conta in s 28 to 30 per cent. o f moisture. ft is d ug by a noth er 
z2 - 1 ~.B. d iese l-operated shovel a nd a lso loaded in to 9-cu. yd . dumpers. Th e pi eces 
are up to 250 mm . (w in .) in si7.e bll t occasiona l p ieces a re as la rge as 500 mill . 
(zo in .) cube. 

Th e dlllllpers run on to a loadin g ramp a t th e ra il way and d ischa rge in to 
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50- ton tippillg railway wagoll s, whi ch ha n ' ('umprl'~sl'd - ; Iir IlI cc halli sm for tippill g 
to eith er side; th ey were origill a ll y "';l'd 011 harbo\ll' cO II ~ trll ct i o ll. On arril';d 
at th e works, the clay is t ipped into a grab-hopper \\'hi r h is situated at the cast 
end of the main s tore s tructure, Th e hopper i ~ sern'd by th e grab-crall e ill ti l\' 
s torc, by which the clay is tran s ferred to th e store or direct to th e hopper o f llJ(' 
clay crusher. A ro ll c rusher reduces the r lay to 25 111m , ( l in ,) alld it thell passes 
through a " Rapid" dri er ; thi s equipm ellt consish of a chamber with rapidh' 
ro ta tin g impellors at the bottom , whi ch repeat edl y thrOll' the material illto a ~t ream 

of hot gas in the chamber until the mois ture is reduced to () to R pCI' c('nl. I-\cal 
is provid ed by na tura l gas, Th c dri ed clay is the ll tra ll sferred by a belt -colll'e \'or 
alld elel'ators to the s tore, Th e sys tem is prOl'id ed \\'ith multi -cyc lonc dust 
coll ec tors, 
f RON OXIDE,- lron ore of 9u pCI' cenl. purit y is brought by road from a local 
source, f t is crushed in th e lim cston e nushin g p lallt and (il'lil'l'red to the s ton' 
or mill bunker. 

Gr inding and Blending of Raw Material. 
The raw material s, whi ch hal'e a moi s ture contellt up to K pCI' celll. , a rc 

ground in a Polysius double-rotator mi ll and c lassifie r to a li ncllL'ss gil' ing a residue 
of not more than 8 pCI' cenl. Oil a I7u-mesh screen , Til e Illill is 2 ,1\ m , (9 ft. 2 ill ,) 
in di a meter and is 8 '5 m , (28 fl. ) long, and is drin'n through girth gears and ;1 

reduction gea rbox by a 6Jo-kll', ()oou- I'o lt ma IoI' , Th e output is 2K tons pCI' hour, 
Hea t for dryin g in th e mi ll and classifier is obtained eith er from a gas-li red f\ll'll acc 
or th e flu e gas from th e kiln , The p\ll'g<' from th c sysll'1ll is c iL'a11l'd ill a fabri c 
bag filt er , 

T he raw meal is conl 'Cl'cd by sc n' II'-c onl'c~ ' ors alld clel'alors 10 til<' b/tondin g 

F i g, 5,- F eed-end H ouse and Chimney , 
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silos, which are six 440-ton concrete silos 6'1 m. (20 ft .) in diameter and 14 m. 
(46 ft .) high. The silos, which are seen to the left-centre in Fig. I , are equipped 
with the Polysius pneumatic system for mixing, and with screw-conveyors and 
elevators for re-circul ation. The blended meal is stored in another silo (Fig. 5) 
which is 9'5 m. (31 ft .) in diameter and 14 m. (46 ft.) high, and from this it is 
extracted by a drag-link conveyor and eleva ted to the kiln-feed hopper. The feed 
is extracted from th e hopper by a variable speed Redler conveyor and delivered 
into a double padd le mixer, where water is added as necessary to dampen the 
meal before discharge into the kiln . 

Burning. 
The Polysius rotary kiln (Fig. 4) is 3'2 m. (IO ft. 6 in.) in diameter and 90 m. 

(295 ft.) long, and is supported on five bearings with thrust rollers at the central 
bed and the adjacent bed. It is operated by a go-kw. slip-ring motor, with rotor­
assistance speed control, through a reduction box equipped with barring gear 
driven by a petrol engine for emergency use. The fiu e gas is cleaned in a multiple­
cyclone dust coll ector and discharged by an induced draught fan to a steel chimney 
(Fig. 5). 

The kiln is fired with natura l gas having a calorific value of 1550 B.t.u. per 
cu . ft. gross (1425 B.t.u. per cu. ft. net ). The gas, which is preheated, is di scharged 
through a dual-purpose burner which can a lso operate with white diesel oil in 
an emergency. The gas for the kiln and for drying the raw materia l is supplied, 
through the 200 mm . (8-in .) pipeline seen in the foreground of Fig. 2, from the 
Arabian Oil Co.'s (A RAMCO) gas-oil separation plant at Shedgum II km . (7 
miles) from th e works. The gas enters the pipeline through regul ating and meter­
in g equ:pment at a pressure of about 50 lb. per sq. in. , and emerges at the works 
through an oil and water separator at about 20 lb. per sq . in . 

The clinker is cooled in a Fuller-629 inclined cooler, the breaker of which 
di scharges into vibrating conveyors which carry the clinker horizonta lly to an 
inclined belt-conveyor, with an automatic-weigher, to the store. 

All instrum ents and motor controls for the kiln are located on a control board 
with mimic panels which gives centra l manual control of the plant. 

Grinding, Storing and Packing . 
The gypsum , which is delivered by road from a source 125 km. (78 miles) from 

the works, is a hard crys talline materia l and is reduced in a hammer crusher to 
a size such that go per cent. passes through a 25-mm . (I in .) screen. From the 
crusher, it is conveyed to a bin in the main store. The clinker and gypsum are 
ground in an open-circuit three-chamber Polysius compound mill, 2'2 m. (7ft. 3 in. ) 
in diameter and 13 m . (42 ft. 7 in.) long, fitt ed with a girth gear and pinion driven 
by a 630-kw. 6000-volt motor through a reduction box with barring gear. The 
mill is ventil ated through an automatic bag-filter. The output is 18 tons per hour 
with a residue of not more than 5 per cent. on a 170-mesh. 

The cement is taken by screw-conveyors under the main store and then by 
elevators to th e three concrete silos (seen at the left of Fig. 2), which are 9'5 m. 

c 
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(31 ft.) in diameter and 19'7 m. (9S ft .) high. It is taken from the bottom of the 
silos by Polysius extraction equipment and by means of screw-conveyors it is 
taken to the packing plant. Here it is elevated to a screen and the hopper of th e 
four-spout packer, which is provided with a dust collector, and where it is packed 
into paper bags for despa tch by ra il or road. The packing plant is seen on the 
extreme left of Fig. 2. 

Buildings. 
The buildings housing the plant are of reinforced concrete. The cl imate requires 

open bui ldings as exempli fied by the firing and feed-end bui ld ings. Since the 
ground is capable of bearing over 4 tons per sq. ft. , th e work of constructing the 
found ations was simple. A workshop full y equipped with machine tools and a 
3-ton overhead crane, and an a ir-conditioned la boratory and oflices are also 
provided. 

The senior staff are European and for them there is a housing estate with 
suitable amenities; the houses can just be di scern ed in the background of Fig. 4. 

The works were designed and constructed und er the supervi sion of Henry 
Pooley (Consulting Engineers). The p lant for th e preparation of the raw material , 
the kiln, and the grinding mill s were supplied by Polysius G. m.B.H. The main 
electrical equipment was supplied by Siemens-Schuckertwerke A.G., and th e 
complete power pl ant by M.A.N.A.G. The civil engineering work was carried out 
by Mi st Concrete Development Co., S.A. E., of Ca iro. 

False Set. 
IN a paper entitled" Qui ck and Fa lse Set in Portl and Cement" by \\'. C. H ansen 
[reprin ted from " A.S .T.M . Materi als Research & Standards," Oc tober 1961, and 
issued by the Nation a l Ready Mixed Concrete Associat ion (U.S.A .)]. th e informa­
tion in the papers presented at the Fourth International Symposium on the 
Chemistry of Cement is reviewed. F a lse set is defin ed as th e stiffening produced 
by the crystalli za tion of gypsum in the cement paste and q uick set as the stiffen­
ing produced by the reactions of CaA and C4AF with water. Some cements con­
taining dehydrated gypsum may not show false set until aera tion reduces th e 
rate at which CaA reacts with CaS0 4 . It is shown that some cements may 
develop quick set by aeration, reducing the ability of CaS to release Ca(OH h 
to the solution to control the reactions of CaA and C4AF with water. 

Cement Industry in South Africa. 
Transvaal.- The works at Slu rry of the P retoria Cement Co., Ltd , has been 

converted from a wet-process plant to a highly instrumented eflicient dry-process 
p lant having a dai ly capacity of about 10400 tons. The new p lant incorporates two 
new raw-mills each 19 ft. 6 in. long and 9 ft . 6 in . diameter, six soo-ton blending 
silos. two 48S-ft. kilns of about 12-ft. diameter, and two cement mills each having 
an output of 32 tons per hour. 
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• Combination of bricks will turn 
any desired circle to fit the burning 
zone of a rotary kiln . 

• This introduces the bonded type of brick construction, 
with its increased mechanical strength of the lining, 
resulting in extra lining life. 

• Easier and quicker bricking. 

• Colour key enables bricks to be easily recognised when 
fitting combination of bricks for ring. 

• Steel jointing plates attached to individual bricks if 
requested. 

SIZES ~ 
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CROWN 9" 
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CROWN 
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CROWN ')...~-0° 

t't1 
THE STEETLEY REFRACTORY BRICK CO LTD 

• Can be supplied in Mag. 90 or Mag-Chrome qualities at 
highly competitive prices. 

Technical information on request : 

WORKS A T , 

NORMANBY 
near MIDDLESBROUGH I OUGHTIBRIDGE I STEETLEY I 

near SHEFFI ELD ne.r WORK SOP 
BRASSINGTON 
DERBYSHIRE 

All enquirie. ro: Th e S teed ey Refrac tory Bric k Co. LId. Oughtib ridge near S heffi e ld Tel: Oug hribridge 2311 
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BOOKS ON CEMENT 

CEMENT CHEMISTS' AND WORKS MANAGERS' HANDBOOK 
By W. W ATSON, B.SC., and Q. L. CRADDOC ": , M.SC. 

Revised 1962 
234 pages. Price 2f)s, by pos t 26s :~d. In Canada and U.S. A., 5':,0 do lla rs. 

Cement specifica tions of the world (1961 ). 
Dimensions of s tandard sieves. Weights and vo lumes of slurry. Capaci ties of tanks and kilns. Gas vo lulIles per 
ton of clinker. Kiln da ta. Fan horse-power. Volumes and we ights of gases from kilns. Density of ex it gases. 
Density of gases in kilns. Proportioning and chemical control of raw mixes. H ea t ba lance. 
Conversion tables (English-metric and me tric- English)- Pressures. Density and concentra tion . Hea t , work , 
energy and ca lorific values. Specific surface. Air passing through pipes: rate of 80w. 
Properti es of substance, compounds, and alloys. Solubiliti es of gases in w a ter. Specifi c gravities of h ydrochloric , 
sulphuric and nitric acids at 15 deg. C. SpeCific gravity, degrees Twaddell and degrees Baume. Conversion of 
hydrome te r readings to specific gravity. Weights of subs tance. Tension of aqueous vapour . Density and 
volume of wa ter a t different tem peratures. Weights of sheet metal. Weights of wa ter va po ur and dry a ir in 
saturated air a t different tempera tures. Calibra tion o f pyrome ters. H ea t units. Combustion d a ta . Freczing 
mixtures. Evaporative power . Calorific power and carbon va lue . 
Standard solutions and bench reagents. Chemica l tables: a tomic weights, grav imetri c fac tors, conversion of 
weights and preci pita tes. Chemical ana lysis of argillaceous and ca lcareous ma teri als, coal and coke, gyps um, 
and cement . 
Tests: Setting, consistency, fin eness, soundness, strength; rev ised to 1061. 

PORTLAND CEMENT 
By SIR CHARLES DAVIS 

Reprinted 1948 
340 pages. Price :30s, by pos t :3l s Ud. In Canada and U.S.A ., 6.80 dolla rs . 
DEVEL.OPM ENT OF PORTL.A ND CEMENT MA NUFACTURE. 
RAW MATERIALS: Es tima tion and Analysis. Proportioning and Pre para tion. Preliminary Crushing and Grinding. 
Transporting. 
BU RNING: Intermittent , Chamber , Ba tchelo r, Continuous, Die tsch , Hoffm an, Aalbo rg. Stein , and Schneider 
kilns. Rotary kilns . Coolers. Linings. Coal firing and mi lls. Qualit y of coa l. Control of Rotary kilns . 
Instruments . Reac tions in Burning. The Hea t Balance in Rotary kilns. Waste-hea t Boilers. Coal Grinding. 
CLINKER GRINDI NG: Ball , tube, and compound mill s. Open and closed circuits. 
DUST CO LL ECTI ON : Mechanica l, washing and e lectrosta tic appara tus. 
POWER FOR CEMENT \~lORK S. P ACKIN G AND DESPATCH. SAMPLI NG AND T ESTI NG. 
CHEMI STR Y OF CE ME NT: Composition of Portland cement . Uncombined lime. Chemical analyses . E ffec t of fu('1 
ash. Silica, lime, and a lumina . Ferric ox ide and a lumina . Magn esia . Sulphu ric anh ydlide . Insoluble 
residue. Loss on ignition. Sulphur . Potash and soda. Carbon dioxide. 
SETTI NG AND HARDENING: Contro l of setting time. "False ,. se t. Determina tion of se tting time. High-a lumina 
cement. Normal consistency. FI NE NESS: Siev ing. Fine grinding. Cementit.ious va lue o f fine and coarse gra ins. 
E lutria tors. CONSTANCY OF VOI.UME: U.S.A . tests. Le Cha te lier test. "Cold plunge" tes t . Faij a tes t. 
STRE NGTH : Differences in tensile tes t results. Standard tests. Tes ting machines. Growth of strength . Com­
pression and Transverse Tes ts. 

The foregoing books a re in the "Concrete Series " publish ed by 

CONCRETE PUBLICATIONS LTD. 

WORLD CEMENT DIRECTORY 
An International Directory of the Cement Industry. 

Published (in English) b y Cembureau. Price 755, by pos t 77s 3d. 
The da ta are up to da te to the beginning of 1960 and a re presented in tables and maps giving size, loca tion and owner­
ship of cement works in about a hundred countries; names and addresses of the o pera ting companies and o f their 
works; number and t ype of kilns; me thod of manufacture; produc ti ve capaci ty; types and trade names of cements 
manufactured . 

REvmw OF PORTLAND CEMENT STANDARDS OF THE WORLD-1961 
Published (in E nglish) by Cembureau. Price 255, b y post 25s Od. 
Da. ta brought up to d a te to June, 1061; specified requirements of 42 countries; Chemical and ph ysica l require­
ments; strengths; tes ts. 

The foregoing books are obtainable, at the prices stated , f.'om 

CONCRETE PUBLICATIONS LTD. 
14, DARTMOUTH ST., LONDON, S.W.l. 



IN MORE THAN FIFTY YEARS 

as ma n ufacturers of electric motor control gear, 

Allen W es t & Co Ltd have deve lo ped a 

specia list' kno w -how ', backed by inte ns ive 

programmes of testing and research. 

For 01/ indus tria l, traction , and marine applications, 

the acknowledged symbol of se rvice and reliability is mALLENWEST 

A LLEN WEST & CO LT D BRIGHTO N ENGLAND· Telephone: Br ighton 66666 Telegrams: Control, Brigh ton 
Eng;nee rs ofld Monu facturers or Elcc !" c Molo r Co ntr ol Gea r ond SWIt chgea r 

SU B S I D IARY CO MPANIE S IN C ANA DA , SO UTH AF RI C A A N D RHODE S IA • A GE N C I E S THR O UGHOUT T H E WORlO 
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FINAL KILN SECTION ARRIVES 
-for new giant Blue Circle 
plant at Westbury 
Vickers-Arm strongs ha ve supplied the complete kiln 
inst alla tion a nd three grinding mills for the Blue 
Circl e Gr oup's new Westbury Cement works . 

THE GIANT COMPLETED 
The massive kiln , built at Vick ers-Armstrongs 
Ba rrow works, is 450 ft. in length. Ca pacity of th e 
pla nt is 800 tons da ily. 

Vickers are fu lly equippedfol' the design and manufar t ure 
of complete cemen t plants as well as individual k ilns. mills 
and ancillary equ ipment. For your special needs call in 

VICKE RS-ARM STRONGS (ENGINEE RS) L IMITED VICKERS HOUSE WESTMINSTER LON DO N SWI 
£8 11 A. 
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Specifications for Portland Cement. 
TAI3LES givi ng th e requirements regard ing the st rengths of Portland cement in 
accord ance with stand ard speci fi cations of certain countries were given in this 
journal for July last; these tables (Table III) are concluded on pages 80 to 
82 in the present number. Tables for Chemi cal Compositi on (Table I) and Setting 
Time and Soundn ess (Table If ) were publi shed in this journal for May last. The 
data is up to date to 196r. The notes in the following apply to Table III (Strengths). 
TYPES OF CEMENT.- Abbreviations denot e th e various types of cement as 
follows: H .S., high strength; L B ., low heat ; S. R.-LH., moderate sulphate 
resistant and low heat; S. R, sulphate resistant ; I~. H ., rapid hard ening; 0., 
ordin ary; A.E., a ir entrained . 

The Cement Industry in the East. 
Cambodia.- A Chinese aid proj ect is the construction of a cement works at 

Kampot ; work is due to start this year. 
Thailand.- The Siam Cement Co., is to build a new cement works in South 

Thailand which will p rod uce 250,000 metric ton s annually, and which will be 
the third of this Company's work s. The ann1lal product ion of the two existing 
works is 700,000 metric tons. 

Provisional quantities of the production of cement in Thailand in 196r are 
802,000 metric tons compared with 5-t3,000 metric tons in 1960. 

Indonesia.- The Cresik cement works, which recently produced its five-millionth 
bag of cement, has commenced operat ion of a third kiln. The annual output is 
expected to increase from 275,000 tons to 375,000 tons. It is sta ted that the 
annual requirement of the country is 1,000,000 tons. Present regular supplies 
amount to 800,oGO tons, includ in g 300,000 tons which are imported . 

Japan.- Cement production increased from 17,269,000 ton s in r959 to 22,539,000 
tons in 1960 when there were forty-six works with a total of 169 kilns in operation. 
The productive capacity was 2,350 ,000 tons monthly. I t is reported in " Cement , 
Lime & GraveL" that 85 of the kilns are d ry process, 21 are wet process (short ). 
30 are wet process (long), 23 are Lepol kilns, and there are ten shaft kilns. Nearly 
half the kilns have been in use for more than twenty years. In 1960, the amount 
of cement exported was 1,632,000 tons, an increase of 12 per cent. on the previous 
year. Home sales were 2I ,930,000 tons, an increase of 28 per cent. 

Malaya.-A new works, having an initial annual capacity of 180,000 tons and an 
eventu al capacity of 240 ,000 tons, began operation recently at Singapore. 

Pakistan .- Tn the J anuary number of this journal, reference was made to new 
cement works to be installed at Manghopir and Gharibwal. The works at the 
former p lace will have a capacity of 500 tons da ily and wi ll operate on the dry 
process. The works at Gha ribwal wi ll operate on the wet process and wi ll have a 
capacity of 1,200 tons daily. The consulting engineers for both works are Henry 
Pooley (Consulting Engineers). 
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Production Control with Closed-circuit 
Television Systems. 

SE \ ' EIU!- Cl' nt l' ll t works usc clused-circuit television to a id ill t he control uf onc 
or more st ages in production . A simplc exam pIc is t hc closed-circui t te levision 
system insta llcd recen t ly in th e dry-process works of thc British Columbia Cement 
Co., at Bambcrton, ncar Victori a, Rrit ish Co lum bia, and by means of which t here 
is centra lised cont ro l of so nte of t he operations concerned with the raw material. 
The insta ll a t ion reduces lab:)U r costs and increases effic iency. For an ini tial 
l'xpencliture of about £3000 on the installa tion , it is cla imed that a saving of about 
£5300 in wages is e ffected a nnua lly. 

The in sta ll a tion comprises two cameras, which are focused on the two stora ge 
bins, eac h So ft. by 1 0 ft . and which relay to a 17- in. monitor screen 'm the control 
panel of the dry-mill . Each bin contains 800 tons of crushed stone an d the operator 
is ab le to see the leve l of t hl' stone in eac h bin . With this informat ion , he ca n 
cause a trave lling tr ipper to move to enab le stone to be fed into any of the five 
compartn1l'nts in to which each bin is d ivided , and so add stone where it is needed. 
He can also cont rol the bclt-cc nveyo r wh ich is over the bins and is ISO ft. above 
t he control fl oor . Both cameras arc mounted on antenna rotators (Fig. r ) 
which ca n b2 mo ved by the operator who ca n thus sec a complete picture of eac h 
bin . The camera wh ich cove rs t hc upper bin is mounted in the roof of the mill , 

Fi~. 1. 
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30 ft. above the bin (Fig. 2) . Th l' o ther camera is at normal l'Yl'-!t-n' l a nd about 
25 ft. to one side of the lo\\'l'!' bin. Th ese comprl' hensin' s itings and the rotat in g 
mountings art' necessary b ::cause durin g trials it \\'as found that canwra s in a 
fixed centra l position relayed p ictures that wert' misleadin g to t il l' opera tor , 
sin ce they cou ld cow' r only about ha H of eac h bin . :\ probll 'll1 in th e in s tallatioll 
was to place the cameras a t t ile optimum dis tan ce from l'ac h bin to o btain an 
overall pic ture of the lewl of the stone instead of an unsat isfa cto ry picture of a 
part of th C' bins. To ge t the necessary con' ragl' of thl ' upper bin, it was necessa ry 
to raise the roof of the mill building by 12 ft. Til l' light in g is arran ged so that 
irregula r shadows fa ll on the s tont' (Fifi . 3), thus C' nsuring that th e contents of 
the bins arc shown in detail OIl th e monitor screen ; uniform lighting des troys 
the shading of the s tone as seC'n in th e pictun' . Light from outsidl' tlw mill has 
to be obstruct ed because, on bright clays, l' rran t light patU'rn s can seriousk 
disrupt the image shown on the monitor sc reen . To g ivl' sufficient light fur till' 
cameras tu operate at maximum e fii ciency, th e uppn bin has a batkry of t\Vel\'( , 
H40 300-watt flood lamps arranged a long t he bill. in pa irs o f lig hts at s ix equi ­
distant points . The layout is identica l for the lowe r b in hut , bl'ca usl' this is 
n.a turally darker, th ere a rc three flood lamps at eac h point . 

Although th e television syst(,1ll usua ll y works con.tinuoush' , t hl' c rus li l'l's 
operate on ly IV hen crushed stone is reljuirl'd . One min.utl' aftl' r til l' c ruslll'rs 
arc slVitched on, a tape- reco rder automati cally broad casts (I \'( 'r l{) ud-sp l'J kl'!'s 
a warning to workers to stand clear. ,\ft er anothl'r minut e, ; IIH\ \\'itilout an\' 
further manual muv(' nll'nt. tlie crushing plant begin s to \\'ork . TIll' t(' ll' \-i s ioll 
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"q uipmenl lI sl'd ,It thi ,; works IVa,; supp lied by till' Genera l Elect ric Compan y of 
Ca nada . 

. \ mo r(' Cl llnplicat,'d c los{'d-c ircuil te it' vision network ope ra tes at the lVo rks 
o f the P erman(' nt" Ce ment Co. , \\' a iana\', Hawa ii . T hree systcms comprising six 
ca meras and eig ht monitor sc ree ns g ive the operato rs of the ma teria ls hand ling , 
the fo rcmen , th e m ill opnalors, and th e c hemists current informat ion a bout 
progress at var iou,; s tages o f manufacture . One sys tem is a sing le camera mounted 
abo\'(' till' p r im a ry jaw crushn and t ransmitt ing to a monito r sereen on t he contro l 
pa n('1 of t he seco ndary crusher. Therefore t hr op r ra tor can see a ny stonr tha t 
is too large a nd wh ic h m ig ht subsequentl y prevent the even flow of stone to the 
second a ry crushin g station , and he ca n tak e immediate ac tion to re-esta b lish 
co ntinuity. In t ill' kiln a r('a, a s l 'stem o f th ree cameras relays to a treb le-monitor 
co ntro l pam,l IVhl'n ' olle man supnvisl's the th ree ope rat ions at this stage. A 
Dag(· hr al')H IlIt y cam era in a dust-proof housing gives an overall p ictu re of t he 
kiln . ;\nollwr camna is p l'rmanl' ntl y fo cused on th r c hain-and-sproc ket d ri ve 
,Ind shows a n I' fault ill th is l'quipm( 'nt which mig ht hinder the smooth e xit o f 
c linker from (h e kiln . . \n ~· ()\'t' rf]()\\' o f the c li nkn from the d isc harge conveyo r 
appea rs on til( ' (h ird nl(JIlitor scr('e ll . Th e mill operators and the chem ists res­
ponsible for proportion ing th l' k ed to tiI t' m ills are se rn:cl by the th ird sys tem , 
whi ch comprisl's two Dage hl',I\'y-duty camera s. Th ese a rc p ro tec ted by dust­
proof housings a ll c! , Ir( ' moun( c'd on'r tiI (' CO Il Vl'yorS ca rry ing th e In sa lt , gypsum 

Fi g.3. 
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and s ilica sand frum th e s tu rage s ilos to th l' mills. Consequently th e opL' ra turs 

and chemist s may chec k th e conveyors per iocl ica l'" to ensure t ha t th e passage 
of the ma teri a ls is unhindered . 

A ne twork of e ig ht c losed-c ircuit te l('v is ion ca meras an d lell moni to r screl' ll S 
has been opera t ing fo r two years a t th e works o f th r Dundl'r Ce ml'nt Co" ~ I i c higa n . 

U.S.A. , a nd is p a rt o f the highly a utomated production cont ro l sys t('m a t this 
wurks. When firs t open.ed the wo rks had a produ ction of J ,000,000 to ns a yea r . 
On ly 1I0 workers 011 production a nd fift y o th('l' employces a re required . Th(' 
wor ks (Fig. 4) occupies a bout 1 ~ acre. of a 30-acre s ite adjace nt to liJOO ac res o f 
land suitable fo r qu a rries. Coa l a rrivin g by ra il is pul verised at til(' wo rks. 

Th e limestone a nd clay slurry contains 33 per cent. of wa l r r . Two slurry mills. 
which arc cla imed to be the la rges t in the world , work in SNit'S a nd I'('d ucl' t hl' 
pa rticles to suc h s izr that ~o per cen t. passcs a 200-mcsh . The op('l'a tin g of t he 

two ro ta ry kilns, which a re eac h 4uO ft . long a nd frum [s fi . to IiJ ft . IJ in. in d ia­
mcter . is supervised from a ccntra l cont ro l room . Clin ker is disc harged fro m t ilt' 
kiln s a t 2000 deg. F . a nd is cooled to 200 dcg. F . in it huri zont a l a ir-q ucnching 
coole r 60 ft . by 10 ft . The cemcnt from threC' cement-grindin g mills a nd scpa ra to rs 
is pumpcd into e ight sto rage s ilos. each of which is I SO i t. hig h a nd has it capac it y 
of s ooo tons . There a rc a lso twek e I2s o- ton silos fur spec ia l c('ments. 

The te le vision systems perm it complete co ntro l o f th e manufac turin g a nd des­
pa tchin g operat ions a t thi s works. Th e opera to r o f t il l' srcondary c ru she r, for 
e xample. ca n rema in near his control pa lll' l (Fig. s ) a nd s imult a neously \ 'it'\\' 01\ 

the sc reens th e inlet a nd outlet of th l' CJ' ushL'J' a t til l' q uarry. t h(' rec la imed matnia l 
in th e tunn el beneath the s tockpile, a nd t he ra w-mate ri a l con n 'yor disc ila rg ing in to 
t hl' bun h ' r in the ma in pa rt of t Ill' work s. I' rom a srrl'( 'n in t 11<' sa It'S office. till' c Ink 
ca n recorcl th e weight o f lorr iL's \\'ilich a re load ing at l il e pac kin g il Olio'l ' a lld pn 'p:11'I ' 
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documents so tha t t hl'Y a re rl'ady when the lo rry a rri ves a t thc sa les o ffi ce. The 
cameras and five o f the moni to ring sets were supplied by the Genera l Electric 
Compa ny of America . The o ther five monitoring se ts, which were manufactured 
by the Co nrac Com pa ny and have la rge r sc reens, a rc on the mill cont rol-pane l and 
in the sales offi ce . I niti a lly there was de terioration of the elec tron ic components, 
high maintenance costs, a nd U1~sat i s fae to ry picturE's. These defects were found 
to be due to such ca uses as flu ctu a tions of vo ltage, in adequa te co-a xia l cable, and 
insufficient lighting. Sin ce these faul ts were rectified , it is sa id that excellent 
rc 'ults have bee n obta in ed and t ha t ma intena nce cost s ha ve bee n reasonab le . 

P a rticul a rs o f the in sta llat ion a t t he work s of the Pe rmanente Cement Co., a re 
abstrac ted from a recent number o f " Pit and Qua rry." The description of the 
inst a lla tions a t t he works o f the British Co lumbia Cement Co. , and the Dundec 
Ce ment Co .. is based on inform a tion co ntribut ed by MIl . L EO WA LTEH. R eferencc 
'hould a lso be made to the number o f t his journ a l for May 1959 in which a tele­
\' ision in sta lla t ion a t t ill' work s o f t he Ca lifo rnia Portl and Ce ment Co., is describcd. 

Conference of the Silicate Industry . 
TH E Se \'l'nth Confcrcncc of th c Si li ca te in dust ry will be h eld in Budap es t from 
Jun e 4 to 7, 1963. Thc mee t in g is organi zed by th e Scientific Society of th e Sili ­
ca te industry and by th e Ce nt ra l institute of Bui ld in g Materi a l Resea rch of 
Hun gary . The add ress of t he Sec rctariat is Seventh Conference of th e Sili cate 
industry, Exec ut ive Committ ee , BLldapest, \ ' ., Szabadsag t el' 17. 

Th e ~ubj ec t s of int ercs t to (E'ment man ufacturers includ e autom ati on , new 
ty pcs o f rc frac tories, th erm a l rani ons of clay min era ls, problems of rotary 
kiln s, hi gh-magnesia P ort land ccmcnt, th c hyd ra tion of cements, and drilling a nd 
bl astin g in qua rri es. Th c o fi'ic ia l languages o f the Conference a re E ngli sh, German , 
Hussiun a nd H un gari a n. 
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Research on Cement in Great Britain. 
TN addition to the research carried out continuously by the severa l cement 
manufacturers in Great Britain , m a ny investigation s a re proceedin g, either 
independently or in conjunction with m anufacturers, at th e Bui lding Resea rch 
Station and by the Cement & Concrete Associat ion . Some of these invest iga­
tions, particulars of which are a bstracted from the Annua l R eports for 196 1 
issued by both these bodies, a re described in the followin g . 

Reactions in the Lime-silica-water System. 
Work in progress on the CaO-Si0 2-H 20 system includes an investigat ion , 

by the Association , of th e nature of the hydra ted calcium silicates by method s 
of inorganic and physical chemistry as di st inct from crysta llographical method s. 
The two types of structure proposed for the calcium -silicate hyd rates thought 
to be form ed in cem ent-water p astes correspond essentia ll y to a tobermorite­
like structure of meta-silicate cha in s linked by calcium ion s and hyd rogen bonds , 
a nd an ortho-silicate structure built up of individual Si0 4 tetrahedra. The evi­
dence for the form er is deri ved la rgely from X -ray diffract ion d a ta, and th a t 
for the latter from the reactivity of cement gels towa rds acid s. rn ves tiga tion s 
tending to support the latter proposal include the followin g. 

Measurement of the rate a t which equilibrium is est a blish ed between calcium 
silicate hydrates and lim e solutions. 

Observation of th e effect of pH and Si0 2 con centration in solution on the 
cryst a llinity of calcium-silicat e hydrates. 

Measurem ent of Ca2-ion m obility as the CIS ra tio is cha nged in calcium ­
silicate-hydra te prepara tions. 

Observation of the structure of dehydra tion prod uc ts o f ca lcium-silicate 
hydrates. 

A very rapid ad justment of silica concentration in the aqueous phase in 
contact with Taylor 's CS H (r) a ft er sudden dilution has been found a nd suggests 
that the silica present in the crystals of CSH (I) is in a more read il y avail able 
form tha n infinite meta-silicate cha ins. When the compositi on o f the CS H (I ) 

is below CIS of about unit y , the composition of the equilibrium aqueous phase 
does not ad just itself so readi ly, possibly because the presence o f meta-silicate 
cha in species in the soluti on phase itself causes delay in reaching fin a l equili ­
brium ; or it m ay be that the solid-phase structure changes fundam enta ll y near 
CjS = r a nd below this value includes meta-silicate cha in s in the crys ta l struc­
ture. Both factors m ay opera te. 

Other experimenta l evidence bea ring on the crystal structure of CSH (I ) 
has been obtained from the condition s und er which it is precipitated in a crys tal­
lin e form. Sodium -silicate solution and calcium nitrate solu t ion on mixing give 
well crystallised CS H (r ) when the sodium -silicate soluti on is either o f hi gh pH or 
of low concentra t ion in silica, both t obermorite a nd CS H (I) have been reported 
from dehydration experim ents. On dehyd rat ing na tura l tobermorite at 7 00 deg. 
c., f3CS (f3 vVollastonite conta inin g meta-silicate cha ins) is form ed . On d ehy-
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dratin g CS H (I ) at 700 d eg. c., {3C 2S (dicalcium silicate containing Si04 ortho­
sili ca te ions) is form ed. An ortho-sili cate hyd rated compound might be expected 
to p rod uce an ortho-silicate anhydrous compound; furth er experim ents a re in 
hand. 

\\"ork is now in progress on the kin etics of the lime take-up by CS H. Radio­
isotope exchange results indicate a considera ble reduction in calcium ion mobility 
a t low CiS rat ios. A rela tionship between calcium ion mobility and ra te of lime 
take-up should exi st . 

X-ray Diifractometry. 
TIl\·estigat ions utili sing X-ray diffractometry are proceeding at the labora­

tori es of th e Bui ld in g r~ esearch Stat ion and th e Cement & Concrete Association. 
The technique is s:mi lar to norm a l powder X-ray diffraction, but instead of 
record ing th e spectrum by means of p~otographic film a direct record of scattered 
intensi ty is obt a in ed by mean s of a suitable counter and associated circuit . Th e 
main difficulti es a re the small s'ze of specimen (with consequent sampling errors), 
the \·aryin g X-ray reAecti ons obtained with components which differ slightly 
from one cement to acother, and confusion ari sing from the overl apping of 
reAecti ons from the many components present. 

The role of minor constituents in modifying the behaviour of the major hy­
draul ic constituents of Portl and cement is being studied a t th e Building Research 
Sta tion, because such work is necessary if the chemi stry of cement is to be full y 
und erstood and an optimum quality of manufacture maintained. For example, 
thou gh a hi gh proporti on of a lite (tri-calcium silicate solid solution ) in the clinker 
has a lways been associa ted with the development of high strength, some cements 
cont aining a very high proportion of alite may have low st rength. Thi s may be 
caused by th e solu tion of minor constituents in the solid a lite. Although the 
alite phase is essenti a lly 3CaO.Si02 ' it normally contains a little MgO and a trace 
of AlP3 substituting for CaO. 

An unsolved problem of cement chemistry is how to de termine the mutual 
solid-solu tion limits for the major cementing phase" and investigations are pro­
ceeding a t the Sta tion by means of qu antita tive X-ray diffractometry. Pure 
mixtures of cement composition are synthes:zed and, a fter a known heat-treat­
ment , a re analysed on th e diffrac tometer; the data obta in ed from th e counter 
are fed to a computer which analyses the results in term s of the compositi on of 
th e component s in th e mixture. 

Beca use of th e importance of sulphate-resis ting cement and the necessity of 
a standard speci fi cation, a ttention is bein g paid to th e estim ation of low contents 
of C3·-\ in cements. Thi s work is bein g don e at th e Station by a research fellow 
appoi nted by the Associa ted Portland Cement Manufacturers Ltd. 

Quantita ti ve X-ray diffrac tometri e a nalysis of cement has become a routin e 
method for th e examination of cements a t the Association' s labora tories. It is 
clear th a t the anh ydrous cement compound s require furth er study. The precise 
quantitative information whi ch the method provides enables small differences 
in th e compound s to be detected and it now appears that each of th e four 
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Fig. I.-Electron Micrographs of Tobermorite. 

principal compounds can cont ain small amount s of a li en oxides which mayalter thei r 
crystal structure. Even if there is no structural change, the fac t th at the com­
pounds can have a variable composition means that calculation s of th e com­
pound composition of cement from elemental analyses and the tradition al two, 
three and four oxide systems can only be approximate. These small inclusions 
change the crystal symmetry of alite so that triclinic C3S becomes monoclini c 
alite. In the case of belite, a hi gh temperature CzS phase becomes stabilised at 
room temperature. In the case of CaA the effect is merely a change in un it cell 
size; this change and th e capacity for take-up of other oxides is being studi ed. 
So far FeZ0 3 and SiOz have been examined and work on the effect of MgO and 
a lkali s is in progress. There seems to be no alteration of crystal symm etry (C3A 
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bein g cubi c) and th e changes in cell size are sma ll. Fe20 3 causes an expansion 
of th e U!l it cell as expec ted if Al a re rep' aced by Fe atoms. A decrease in cell s:ze 
is ca used by th e inclusion of SiO z, which is expected if Si replaces AI. 

Mineralogical Studies. 
The hyd ra tion p rod ucts formed at various stages in th e settin g of cement 

ha\'e been studi ed, a t th e Building Resea rch Station, usi ng X-ray diffrac tion 
differentia l th erm a l ana ly 'is, and infra- red sp ectrom etry. Mo ·t inform ation 
has been obtained by a combinat ion of th ermal ana lysis and X-ray diffrac tion, 
both meth od s bein g necessary because , in th e earl y stages of settin g, the products 
of reaction are poorl y crystallised and do not give clear diffraction pattern s. 
An extensive in ves ti gat ion has been made into the settin g of high-a lumi na cement 
<It \'a ri ous temperatures and there is more understanding of th e react ion whi ch 
causes th e cement to lose strength un der moi st warm condi tions. A simil ar 
investigation is being made of th e setti ng of supersulphate slag cement , recently 
introd uced as a British p roduct. 

An E.M.6 electron mi croscope, which has been in sta ll ed at the Station , is 
ca pab! e of a resolution of 7-LOA, and has been primarily used for th e study of 
th e products of cement hydrati on. Examination of calcium-sili cate hydrates 
has revealed st ructures th at are generally in accord with electron micrographs, 
but high-resolution in vestigation s have shown th at some supposed differences 
between th e vari ous form s are not , in fac t , real. P ictures of the calcium silicate 
hyd rate particles from a set commercial Portland cement show that tobermorite 
can co-exi st in many of its habits in one sample. High-resolution p ;ctures (Fig. l ) 
have shown much more deta il th an hitherto and thi s may result in a better under­
standing of the mecha ni sm of the settin g of cements. 

At (a.) in Fig. I , th e typical twi sted shape of the crimpled foil s of tobermorite 
gel is clearl y seen. Fibrous tobermorite, from a set cement, is shown at (b); 
the crystals are produced by precipita ti on from solu tion . The widths of the thin 
wi spy fibres a t th e end of a crysta l of fibrou s tobermorite shown at (c) are only 
abou t l OO A. At (d) is shown tobermorite from a sample of hydrated tricalcium 
si li cate; th e crys tals, whi ch exhibit an outer rim of toberm orite, were formed by 
topochemi cal reaction, tricalcium sili cate bein g replaced byca lcium-s; licate hydrate. 

Cement Industry in New Zealand. 
As part of a transport modernisation programme developed by Wilsons 
(?\.Z.) Port land Cement Ltd ., new load ing and unload ing facilities h ave been 
in stalled a t the works a t Portland , near Auckland. This company is the largest 
manufacturer of cement in New Zealan d and produces about 300,000 tons annually. 
The works is situated ad jacent to Whangarei Harbour, from where cement is 
shipped in bulk in the Company's cement carrier M.V. " John Wilson " (see 
this journ al for July 1961) and delivered to coastal towns in New Zealand where 
it is unloaded in to silos and la ter transported by road to inland areas. The har­
bour is very silted so that , to obtain sufficient depth of water for the vessel, a 
4 000 ft . wharf has been constructed. 
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Refractories in Kilns. 
RECEN T major developments in k iln s have resulted in greater prod uction with a 
reduction of costs. Kiln s are longer , the di ameters tend to be greater, the inta ke 
of fu el has increased, and liquid fuels a re being used. Conditi ons in the clinkerin g 
zones of many kiln s are now such th at it has been necessary to repl ace trad iti ona l 
refrac tories by bricks of greater chemical resistance. Thi s matter is di scussed 
in a paper entitled" Kew Approach to Portl and Cement Ki ln Refrac tory Prob­
lems " by H . Parnh am, which is given in "Edgar All en Kews" for May 196z. 

Publication Received, 
"PRO] ETO DE U M F ORNO R OTATIVO DE CIME NTO." By J. F . de Assump~ii.o 

Santos. (In Portuguese; published in Sao Paulo, 1961.) Thi s book of abou t 
100 pages describes the fund amenta l computations related to a particul ar wet­
process rotary kiln, the dimensions of wh ich are ca lcula ted from the th erm o_ 
dynamical data of a mixture of cl ay from Aratll, Bahia, and li meston e from 
Pindoba, Sergipe, in north-eastern Brazil. The fuel is a typi cal bunker C o il , the 
chemical composition and other properti es of which are known. The horse-power 
requirements are based on selected, but genera ll y accepted, formulre. 
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homogenising plants 

in modern cement works 
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