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HIGH SPEED
LOADING
with
Fuller
equ 1[)1-718111‘
OF BULK

CEMENT
CONTAINERS

High speed filling of bulk containers is

essential to ensure the maximum use
of cement transport—and the Fuller
system gives you this with dust-free
efficiency and an absolute minimum of
maintenance. Full details of **F.H.
Airslide’’ fluidizing conveyors

and automatic loading equipment are
readily available to help you plan the

most efficient system.

*1J.K. Regd. irade Mark

W rite for full Jetails t~ Dep:. .7.,
125 VICTORIA STRZET, LONDON, S.W.I
Telephone TATe Gallery 0637

Constantin

(ENGINEERS LIMITED)

Sole Licensees of Fuller Co., Catasauqua,
Pa., U.S.A., for the manufacture and sale of
Fuller equipment in Great Britain.
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ST

For Rotary Cement Kilns

-

ST E I N M AG C Photograph by courtesy of the
- i e Billingham Division of 1CI.
The Basic Lining for
Rotary Cement Kilns

STEIN MAG C offers
< High resistance to clinker attack.
Forms clinker coating quickly.

High retention of coating during
kiln shut-downs.

#  Excellent for oil firing.

From our range of High Alumina bricks and FircLricks we can also supply
the correct type of Refractory to suit all zones i Retary CementgKilns,

!OHN G STEIN &LO LTD. Bonnybridge, Scotland. Tel: Banknock 255 (4lines)
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'5.3.A.2506
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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.
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L GLOUCESTER
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The lar gest kilns in the world

COMPLETE CEMENT |
FACTORIES

[
Crushing, grinding, drying,
burning plants for all kinds of minerals

PHOTO PARIS MA

Alhandra cement factory (Portugal). View of the kiln (167.5 m x 4 8/5.3 m - 1600 T/day)

FIVES LILLE - CAIL

7. rue Montalivet, PARIS (8¢°) - Tél.: ANJou 22-01 et 32-40

SAG - PARIS - 2022
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LOWCOSTCRUSHINGBY

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-Hazemag 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.

JOYHAZEMAG chﬁss

JOY-SULLIVAN LIMITED - CALLYWHITE LANE - DRONFIELD * NR. SHEFFIELD
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Plants for making:

ASBESTOS CEMENT PIPES & SHEETS
WHITE CEMENT
SLAG CEMENT
PRESTRESSED CONCRETE
RAILWAY SLEEPERS

ASBESTOS CEMENT ENGINEERING CO.
P.0. BOX 31.649 Haupstrasse 26, VADUZ, LIECHTENSTEIN, SWITZERLAND

“LOMA” FURNACE

The illustration shows a ‘‘* LOMA "’
duplex, oil-fired FURNACE (no
refractories) serving ‘‘ LOESCHE "'
MILL engaged in grinding a mixture
of limestone, anthracite and coke at
the rate of 35 tons per hour with an
average moisture of 4%, and a maxi-
mum of 7%,. 32,000 cu. ft. of air per
minute at a temperature of 175°F.
after the Mill. Entrance temperature
abcut 400°F. Fuel is Bunker C oil.
MILL fed by ‘‘LOESCHE' all-
enclosed ROTARY FEEDER.

Also Feeders, Disc Pelletisers, Short
and Medium Distance Pneumatic
Conveyors.

DELO (ENGINEERS) LTD.

138 Borough High Street,
LONDON, S.E.l.
Tel: Hop 0085/6

Telegrams:

(INLAND) CLAYCOMP LONDON SE1
(OVERSEAS) CLAYCOMP LONDON SE1
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260-1

300000 long tons/year

100000 long tons year

Vertical shaft kilns and
homogenising plants

in modern cement works

50-300000 long tons/year

10000G !ong tons/year

L.DE ROLL SA ZURICH/SWITZERLAND
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Powder, Particles or Pieces...

a revolutionary method of
CONVEYING, feeding, mixing
and proportioning

TOTALLY ENCLOSED AND DUST FREE

NO ABRASION OF PLANT

OR OF MATERIALS HANDLED

LOW POWER CONSUMPTION |

v BR TOR c N EY Rs A remarkable method of conveying
I A Y 0 v 0 chemicals, ashes, coal and other

materials, giving efficient dust-free trans-
portation, extremely economical to

operate and to maintain.

OWL ENGINEERING SUPPLIES LTD., Kirkstall Rd. Leeds 3 A MEMBER OF THE

STEEL
GRINBING BALLS

In High CGarbon and Chrome Steel
ALL 1”- 6” Diameter

HAND FORGED

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

Also makers of fine hand-forged tools
for QUARRY and MINE

F. J. BRINDLEY & SONS (suerriewn) LTD.

CENTRAL HAMMER WORKS, SHEFFIELD, 1.
Phone and Grams: Sheffield 24201/2




Jaxuary, 1963 CEMENT AND LIME MANUFACTURE PAGE X1

When it's a question

of producing un iform

high grade hydrated
lime, at low
operating

cost....

Complete plants can be supplied for crushing, hydrating,
classifying, weighing and bagging off . . . plants with ocutputs
from |-16 tons per hour . .. plants combining compactness
and accessibility with simplicity of control ... plants pro-
ducing hydrate guaranteed to meet the most stringent
specifications.

Write for publication LC. 9803 which gives full particulars.

STURTEVANT ENGINEERING CO. LTD., SOUTHERN HOUSE, CANNON STREET, LONDON, E.C.4

SPECIALISTS IN

ALL TYPES OF FANS e HEATING AND VENTILATION e AIR CONDITIONING e AIR FILTRATION e FUME REMOVAL e DRYING

DUST COLLECTING . ELECTROSTATIC PRECIPITATION . PNEUMATIC CONVEYING o INDUSTRIAL VACUUM CLEANING
CRUSHING. GRINDING, SCREENING AND SEPARATING e CHEMICAL ENGINEERING e TULNKEY PROJECTS
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Higher output of

Superfine Powders

It is possible to obtain a superfine product up to 99-99
passing 300 B.S.S. from a grinding mill working in conjunction
with a British “ Rema”’ air separator. The separator extrasts
the fine product from the mill and returns the oversize for
further grinding. Two types of separators are available—the
vacuum type for use in the vacuum system of closed circuit
¢grinding and the unit type for use with mechanically operated
closed circuit grinding systems.

The illustration shows a 4 ft 7 in diameter air separator (note
explosion doors for processing powders with explosive
qualities).

BRITISH ‘REMA’ MANUFACTURING CO. LTD.
(A subsidiary of Edgar Allen & Co. Limited)
ONE INDUSTRY ROAD, SHEFFIELD 9. Tel: 42721/2

One Industry Road, Sheffield 9. :
: Please send data on ‘“ Air Separators™ to: |
| Namhes cosesvesenesesniss Position. |
|
|

» AAALERS w0 vaims, s o

.and a

prOSperous

Pt APt SR

New Year
with
Pearson Refractories
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ECONOMICAL

CONTRIBUTIONS
TO EFFICIENCY IN
'CEMENT MAKING

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.

“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 vour 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 wear-resisting castings
for many applications in gas works,
shot-blasting, coke crushing, mining COMPANY LIMITED
machinery, etc. WILLENHALL, STAFFS. Telephone: Willenhall 65541/2 (2 lines)
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r-----------------

SUSTAINED HIGH-EFFIGIENCY
DUST PRECGIPITATION

1

These figures mean H
|

i

1

. CARIBBEAN CEMENT CO. JAMAICA ............... 0.088 grains/ft *
s AUSTRALIAN CEMENT LTD. GEELONG ......... 0.006 grains/ft *
' A.P.C.M. LTD. BEVANS WORKS ..........cccoeeeennnn. 0.001 grains/ft 3

* (Stack emissions measured during official 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 air pollution from cement kilns.
The experience we have gained is at your disposal.

LODGE_COTTRELL LTD M[M%Suw
E

George Street Parade, Birmingham 3.

and at London, Brussels,Calcutta, Johannesburg, Sydney, Toronto.
SIMON ENGINEERING LTD

SC 267/PS
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complete
electrification schemes
for the
CEMENT INDUSTRY

POWER GENERATION
SWITCHGEAR
TRANSFORMERS
FUSEGEAR
CONTROL GEAR
MOTORS
CABLES AND WIRING

FROM PLANNING TO COMMISSIONING UNDER A SINGLE CONTRACT

"ENGLISH ELECTRIC

ELECTRICAL PLANT DIVISION - STAFFORD

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

P5.4d
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A name as 1ailar
a8 cement 119e/F

S — -

You are invited to take advantage of our world-wide
experience by consulting us regarding any problem
connected with the manufacture of cement.

F.L.SMIDTH & CO.LTD.

105 PICCADILLY, LONDON, W.I

Telephone: Grosvenor 4100 Telegrams and cables: Folasmidth London

SR
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Modern Vertical Kilns For Cement Manufacture.
By S. R. DEVLIN, M.I.Mech.E.

Intensive research in recent years has resulted in important improvements in
cement manufacturing processes based on vertical kilns. Some recent develop-
ments are described in this article.

Vertical Kilns in Operation in Austria.

At the end of March 1961, production commenced at the new cement works
of Steirische Montanwerke von Franz Meyr-Melnhof at Paggau, Austria. The
plant includes a vertical kiln and is the first works in the world designed from the
outset to incorporate the patented Interground fuel process.

The raw materials, limestone and clay, are available close to the works, the
ratio of limestone to clay being about 4: 1, with a small percentage of pyrites
and quartz sand. The four raw materials and fuel, which are accurately propor-
tioned by means of electronic weigh-feeders (Fig. 1), are fed into a Loesche mill
(Fig. 2) having a capacity of 32 tons per hour. The fineness of the raw meal is
such that go per cent. passes a 200-mesh (6 per cent. +DIN 0-09). The mill,
being of the air-swept type, permits drying simultaneously with grinding, the

CHANGE OF ADDRESS

Concrete Publications Ltd., the publishers of this journal,
announce that
their office has been moved from

14 Dartmouth Street to
60 BUCKINGHAM GATE, LONDON, S.W.1
The new telephone number is
VICTORIA 0705/6
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Fig. 1.

hot gases for drying being supplied by two Loma furnaces fired with bunker C
oil.

The prepared raw meal is conveyed pneumatically to silos in which homogenisa-
tion is carried out also pneumatically. The homogenised raw meal is then stored
in two large silos, discharge from which is by means of pneumatic dischargers.
From these silos, the raw meal is conveyed to the kilns by elevators and drag-link
conveyors and is finally fed into nodulisers (Fig. 3) by belt-conveyors.

The two vertical kilns are fully automatic in operation and incorporate the
features described subsequently in this article. The average output is 190 tons
per day from each kiln and peak outputs of more than 200 tons per day have been
achieved. The cement produced from the clinker is rapid-hardening and has an
average compressive strength of 550 k. per sq. cm. at twenty-eight days. The
total power consumption is 82 kw.-h. per ton, and the fuel consumption is 880 k.-cal.
per kg. of clinker. The cement is ground relatively finely so that nearly half
of the total power consumption is used in the grinding. The cement is delivered
by a pneumatic conveyor to the storage and packing plant from which it is des-
patched by rail and road in sacks or in bulk.

The works, which are designed to facilitate the installation of two more kilns
without requiring additional handling equipment or buildings, had been in opera-
tion for just one year at the date of the fiftieth anniversary of the introduction of
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Fig. 2.

vertical kilns with automatic discharge, and exemplifies the full development of
the process to date.

Operation of Vertical Kilns.

In general, the operating cost of a vertical kiln is less than that of a rotary kiln,
mainly because cheaper fuel can be used and the thermal efficiency is higher.
For an equivalent output, a vertical kiln can be accommodated in about one third
of the space required by a rotary kiln and the initial cost is lower. Small works
can be established economically at centres of developing demand. For the pro-
duction of up to 275,000 tons per year, which would require four kilns, the instal-

c

d
.
LU NY BITL R ATUINUINIE N

NIENINBATIKAIIY
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Fig. 3.

lation of vertical kilns provides an economical solution. Since the various parts
of the kiln are comparatively small and light in weight, there are few transport
difficulties even in territories where rail and road communications are poor.
In a cement works where the grinding plant is in excess of the productive capacity
of the rotary kilns installed, the output can be increased cheaply and expeditiously
by adding vertical kilns, as has been done in some cement works in Europe.

The fuels most suitable include anthracite, coke, low-volatile coal and other
materials with a high reactivity, such as charcoal and brown coal, while mixtures
of anthracite and coke or of coals may be used. Although the best fuel is naturally
that with the highest heat content, it is also possible to use coal of lower quality
but with some loss of efficiency. Little water is needed for pelletising the raw
meal, and need not be fresh but may be sea-water or brackish water since all
alkalis are burned off in the calcining process.

The kiln is continuously full of pellets, about -in. in diameter, which after being
calcined in a shallow burning zone at the top of the kiln progress downwards
until they are discharged through a rotary grate and air-lock gates (Fig. 5). In
passing downwards the nodules are cooled rapidly by the blast of air rising through
the spaces between the pellets. The rising air is heated by the descending pellets
and pre-heats the charge above the burning zone.

(Continued on page 5.)
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In goes yet another

ROTARY KILN
LINING

lllustration shows details of Jack assembly

M STEETLEY

who are themselves rotary kiln operators and have a unique
experience in design, manufacture and practical use of bricks to
suit all conditions. For ordinary Portland Cement practice the
choice is either Magnesite/Chrome or Serpex ‘S’ bricks,

both developed after much research and practical experience of
rotary kiln lining problems. For white cements which must be

Send for special brochure — burned at high temperatures on chrome-free brickwork,
""Rotary Cement Kiln Steetley provide a spinel bonded magnesite brick designed
Refractory Linings" to withstand the most arduous conditions prevailing.
THE STEETLEY REFRACTORY BRICK CO. LTD.
WORKS AT—
NORMANBY OUGHTIBRIDGE I STEETLEY I BRASSINGTON
near MIDDLESBROUGH near SHEFFIELD near WORKSOP DERBYSHIRE

All enquiries to The Steetley Refractory Brick Co. Ltd., Oughtibridge nr Sheffield. Tel: Oughtibridge 2311
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Yes,
they are 3
the right

ones!

ANKRAL BRICK

They

keep on passing
the hardest tests
day after day

Actien-Gesellschaft, Vienna-Austric
U. K. - John Le Boutillier Ltd., 3, Regent Street, London S. W. 1

Federation of Rhodesia and Nyasaland - Johns & Gould (Pvt.) Ltd.,
P. O. Box 1309, Ndola, Northern Rhodesia

General Sales Agents:
Refractory Products Limited
Basle 2, St. Albanvorstadt 94
Switzerland

Agents for:

Union of South Africa - Charles Chiappini (Pty.) Ltd., 18 Keerom Street, Cape Town
Avustralia - A. Kahane & Co., Engineers, 210, Silverwater Road, Lidcombe, N.S. W.



January, 1963

CEMENT AND LIME MANUFACTURE

CLAY| Lime- | MARL | PRITES| coAL
B87/H.O | STONE

v Y L2 v
0 o o o o

[T

PaGe 5

il

HOMQ SILO

HOMO SiLO

=

OFSSS=S

WHITE BLACK
MEAL ME AL
CLINKER

GYPSUM

CEMENT
SILO

!
[T EQ

CEMENT
SILO

Fig. 4.—Flow-chart of Cement Works with
Vertical Kiln.

To charge a vertical kiln to the greatest economic advantage, accurate quan-
tity control of the raw materials and fuel is necessary and may be carried out by
bulk weighing machines or preferably by weigh-feeders. For materials of a constant
weight in bulk, drag-chain conveyors may be used and the feed can be adjusted
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Fig. 5.—Cross-section of Vertical Kiln.
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once the conveyors have been calibrated. There are several methods of forming the
raw meal into pellets. Extrusion machines and subsequently roller presses or
briquetting presses have been used but have proved expensive in power and
maintenance. In modern works pan nodulisers are used since they have the ad-
vantages of low power consumption, little maintenance, and uniformity of product.
In an ordinary vertical kiln, the fuel is supplied to the noduliser and added to the
raw meal in the form of particles 1 to 8 mm. in size, but this process has some
disadvantages, and closc attention on the part of the chemist and kiln operator is
essential.

A New Fuel-preparation Process.

A recent development in the operation of vertical kilns is the introduction
to full-scale and continuous production of the Interground fuel process invented by
Dr. E. Spohn*. The raw materials and fuel are accurately proportioned prior to
grinding and are then ground together in the raw mill. When coal or coke breeze
of up to 8 mm. in size is used as in the previous process, the clinker is contaminated
by large particles of ash around which C,S is locally enriched and there is a tendency
to dusting, the material around large particles of coal being frequently * reduced
and white. There is much less reduction when the fuel is finely interground with
the raw meal, and no contamination by ash can occur. The raw meal so obtained
is then homogenised by a process called the “‘black meal process” (Fig.4) which
makes it possible to produce clinker of the highest quality. The advantages
claimed for this process, compared with the conventional vertical kiln process,
are reduced consumption of fuel, consistent quality of the clinker, increased out-
put, automatic operation enabling one operator to control several kilns, and
automatic control of the flue-gas temperature permitting the use of electrostatic
precipitators.

Quality of Clinker.

Three qualities of clinker are typical of the product from vertical kilns, namely
under-burned, well-burned porous clinker, and over-burned, all three being often
produced at the same time in varying proportions. Under-burned clinker is
relatively harmless and quantities up to 2 to 3 per cent. may even improve plasti-
city and initial strength; larger quantities indicate, however, that the kiln is out
of order or soon will be. Dense over-burned clinker is highly undesirable, and some
of the factors causing such slowly-cooled clinker are burning shrinkage, poor in-
sulation of the kiln and unsuitable sizes of fuel and pellets; these factors are con-
sidered in the following.

Burning Shrinkage.
Burning shrinkage forms an annular gap at the kiln lining. Air escapes through
this gap causing a lack of air in the central area. Thus the periphery of the burning
zone is hotter and less in depth than the centre, which moves downwards and

*E. SpoHN: Der Zementschachtofen Heute. (** Zement-Kalk-Gips”, Vol. 7, 1958).
E. SpouN and E. WoErMaANN: New Grate Boosts Quality of Shaft Kiln Cement. (“Rock
Products,” February 1950).
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becomes elongated. As a result, the clinker there is compressed by its own weight
and still less air will be able to pass through it. If increasing flow of air results in
the fire at the periphery being blown out, it is difficult to re-establish normal opera-
tion. A conical sintering zone at the top of the kiln helps to avoid formation of a
peripheral gap, but the shape of the cone must be adapted properly to the shrink-
age of the material and the depth of the sintering zone. Once the lining is built
to the right shape, the depth of the sintering zone must be adapted to that shape and
maintained properly.

Insulation of Kiln.

Heat losses take place at the periphery of the charge in a poorly insulated
kiln, but the amount is negligible compared with the total. The charge at the
periphery of the burning zone needs more fuel, however, to prevent it being under-
burned and, since no extra coal can be added at the periphery, the whole charge
must be enriched with fuel. This results in excess fuel at the centre and in a fire
that is too long and too hot and a clinker that is densely burned, reduced and
poorly cooled. In practice the result is the same as that of shrinkage, and each
result complements the other.

The alternative of adding extra fuel at the periphery has proved effective with
ordinary kilns, but continuous operation could not be so maintained, since the
clinker became so porous and friable that an ordinary grate could not retain it,
the gates were flooded, and the short sintering zone disrupted. These defects
result when ““ black-meal " is used with ordinary grates.

Size of Fuel and Raw-meal Pellets.

The sizes of the fuel and of the pellets of raw meal are important because they
determine the reactivity and depth of the burning zone. The amount of fuel also
exerts a minor influence. In many older installations, these factors are not fully
under control. The fuel, especially, has no constant properties, and is rarely
classified for uniformity of size and the thermal value varies considerably-.

Fine pulverised coal reacts differently to coarse coal, which requires oxvgen
to effect the reaction. Sometimes oxygen is not present in the upper part of a
kiln and combustion can only be completed in the lower part. Finely ground coal
can react, however, with the raw meal even without oxygen; according to Hauens-
child

CaCO; + C = CaO + 2CO (simplified).

A deficiency of air does not result in a drawing down of the burning zone.
The fire remains shallow and surplus coal in zones of air deficiency will disappear
as CO in the upper part of the kiln.

With pulverised coal interground with the raw meal, the depth of the fire
depends mainly on the size of pellet and so it can be easily controlled and kept
uniform. A shallow fire in the upper part of the kiln does not produce a dense
clinker, but the material remains porous; the pellets do not fuse but stay loose or
are only slightly fritted together. It is casy to adapt the depth of the fire to the
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cone-shaped lining by changing the size of the pellets, and proper action of the
cone can be maintained. Also the clinker does not shrink so much, and the burned
pellets have a shell-like structure. The cone need not be tapered so much and
uniform distribution of air throughout the kiln is facilitated.

It is understandable how improvement of quality is related to better heat
cconomy. With a properly shaped cone, good insulation, interground coal and
raw meal, and an improved grate, 860 k.-cal. per kg. of clinker is obtained, an
improvement of some 200 k.-cal. per kg. compared with that of an installation
with a conventional grate, medium insulation and coal graded from o to 3 mm.
This fuel consumption is considerably less than that of a typical rotary kiln.

The Grate.

A short sintering zone and a porous clinker cannot be obtained by a grate cf
ordinary design, since such grates break up the masses of clinker and the broken
pieces fall through the grate. If all the material were loose, it would flood ur-
controlled through the grate; boreholes and craters would develop on the surface
and the fire would collapse. With an ordinary grate, therefore, the burner must
produce a compact clinker to ensure steady operation. The resultant denscly
burned and slowly cooled clinker is the cause of the less consistent quality of
cement produced in the earlier type of vertical kiln.

The improved form of grate results in better quality clinker, regulates the
discharge closely, prevents flooding and cratering, and would break up dense
clinker if such were produced. Loose clinker is discharged at a regular rate.

Result of Combined Factors.

The combination of improved grate, cone-shaped sintering zone, gocd insula-
tion and Interground fuel results in a great improvement in the quality of the
clinker. The reduction rate is 0-2 mg. of oxygen per gramme of clinker compared
with 0-6 mg. or more in an ordinary vertical kiln combined with a low rate cf
fuel consumption, increase of output and simplification of operation of the kiln.
The feed to the kiln is fully automatic and this helps stabilization. In tests with
ordinary grates, continuous success with automatic feed was not obtained. A
kiln which is successfully fed automatically has a uniform flue-gas temperature
and, since there is no danger of condensation, electric static precipitators can be
used efficiently. The use of mechanical dust collectors or of electrostatic precipi-
tators makes it necessary to keep the waste-gas temperature above dew-point;
this presented some difficulty because of the good heat economy of a vertical kiln,
until a new design of kiln hood was introduced which, by preventing leakage of
air into the kiln hood, avoids lowering the waste-gas temperature.

Since the improved grate handles larger quantities of clinker, it requires more
power to drive, so a new drive was developed with double the efficiency of the old
drive and therefore no extra power is required. New air-lock discharge gates were
designed to deal with the larger output of clinker, and these have much larger
channels than the previous type. The gates are actuated by an hydraulic double-
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piston system and close safely against a kiln pressure of 2,500 mm. (water gauge).

The outputs quoted, the uniform burning, and the restricted sintering zone are
attained by the use of Roots blowers of standard design, for pressures up to 8o in.
(water gauge) and air volumes up to 7,200 cu. ft. per minute.

Development continues. At the cement works of Gebr. Spohn, A.G., Blau-
beuren, Germany, a new ‘‘ coating process ”’ has been introduced which results
in further savings in fuel, since in this process, fuel consumption is below 8oo
k.-cal. per kg. of clinker.

Variations of Test Results.
THE two papers described in the following deal in a concise manner with the
causes and effects of the variation of results obtained when testing cements with
different samples of the same or similar cements.

CAUSES OF VARIATION IN CHEMICAL ANALYSES and PHYSICAL TESTS OF PORT-
LAND CEMENT, by B. L. Bean and J. R. Dise. [National Bureau of Standards
(U.S.A.) Monograph 28 (1961).]—Variations in testing that could lead to the
rejection of a cement fully conforming to specification requirements, or the accept-
ance of a material with undesirable chemical or physical properties, are apparent
in the results reported by laboratories participating in comparative tests of
Portland cement. Many of the causes for variation in chemical analyses and
physical test results are considered, and remedies for some of the deficiencies
more frequently encountered in apparatus and methods are suggested. Con-
sideration is given to problems which do not seem to have been dealt with
sufficiently in previous discussions.

VARIATIONS IN PorRTLAND CEMENT, PART 2, by Stanton Walker and D. L.
Bloem. [Reprinted from “ Proceedings 1961,”” American Society for Testing and
Materials, and issued by National Ready Mixed Concrete Association (U.S.A.).]
Fourteen different non-air-entraining cements were sampled monthly for one year
and the samples tested for compressive strength at ages of 7, 28, and 91 days. For
each period, tests were made concurrently with a control cement. The samples
were also tested for air-entraining capacity. (This work is similar to that re-
ported upon previously.) Cement from all sources varied in strength from sample
to sample, the degree of variability being greater for some than others and, in
many cases, was sufficient to make it difficult to comply with specified concrete
strengths without uneconomical over-design. The air content also varied but
was always substantially below the maximum of 12 per cent. specified for non-
air-entraining cements. Tests of samples from various positions in railway
wagons of two cements were highly uniform. Comparisons of the results obtained
by two operators showed mortar strengths to be almost identical in magnitude
and uniformity. These supplementary data provide assurance that variations of
strength were actual and were not caused by vagaries in testing.
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The Absorption of Carbon Dioxide by

Lime Mortars.
The Influence of Additives and Temperature.

THE continuous measurement of the absorption of carbon dioxide by means of an
infra-red absorption recorder makes it possible to follow the process of carbonation
of lime mortar without decomposition of the specimen. Tn a recent number of
“Zement-Kalk-Gips” F. HENKEL describes the use of this method to record the
absorption of carbon dioxide by lime plaster containing additives which are used
as water-repellents, hardeners, densifiers, and for protection against frost. The
effects of temperature and humidity are also studied. The frost-protectors were
calcium chloride, and mixtures of sodium chloride and calcium or barium chloride,
all of which had similar influence on the absorption of carbon dioxide.

The investigations were made under constant ambient conditions with control
of loss of moisture giving measurements of absorption of carbon dioxide under
reproducible conditions. White and dolomitic limes containing more than 97 per
cent. of CaO and CaO -+ MgO respectively in the ignited state were used. The
hydraulic limes were made from a natural lime containing marl.

Tests were carried out on prisms made in moulds coated thinly with a silicone
oil which was found to have no influence on the amount of carbon dioxide absorbed.
Measurement of the absorption was started immediately after de-moulding two
days after making the specimens.

The carbonation of white and hydraulic limes in general decreased with
increasing amount of the frost-protector, but in the case of dolomitic lime the
admixture in many cases caused no reduction in absorption. The development of
strength was favourably influenced by the addition of the frost-protectors,
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Fig. 1.
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especially in the case of hydraulic lime, but there were a few exceptions in the case
of white lime.

The absorption of carbon dioxide was not significantly influenced by external
treatment of the specimens with a silicone preparation nor by the addition of
lime soaps or solutions of salts of silicofluoric acid to the mortar.

The influence of temperature and humidity of the air was studied with air-
hardening lime mortars. The curves in Fig. 1 show the rate of absorption of
carbon dioxide in milligrammes per day for the first eight days by a mortar of
1:3 white lime and standard sand at different temperatures and relative
humidities. At 30 and 40 deg. C., the amount of carbon dioxide absorbed falls
sharply after two or three days; at lower temperatures it rises slowly and at five
days it exceeds the values for the higher temperatures. This result is caused by
the fact that the air had a constant total moisture content so that at higher
temperatures the relative humidity was lower, and when the mortar was too dry
it was unable to take up carbon dioxide.

Relating the thickness of the carbonated layer in the case of white lime with
the bending and compressive strengths it was observed that greater strengths
were produced where carbonation progressed more slowly. The initial formation
of the layer of carbonate results in internal stresses which reduce the strength
during the early part of hardening. It was also observed that after two weeks the
bending strengths exceeded the compressive strength and this was attributed to
the ““ stiff-tube " effect of the layer of carbonate.

Symposium on Calcareous Materials.

A Two-pay Symposium on the Analysis of Calcareous Materials is to be held
under the auspices of the Road and Building Materials group of the Society
of the Chemical Industry, on 18 and 19 April 1963, at the Imperial College of ,
Technology, South Kensington, London. The symposium will deal with methods
of sampling and analysis of limestone, chalk and other calcareous rocks; gypsum
and gypsum plasters; hydraulic cements, lime, whiting, slags; calcareous ceramic
products; calcareous building products such as concrete, mortar, and calcium-
silicate (sand-lime) bricks; and asbestos-cement products. The sessions will
be in four sections: (1) Sampling. (2) Gravimetric, volumetric and colorimetric
methods of aralysis. (3) Physical methods of determination of content of elements
and radicals. (4) Methods of determination of compound content.

Enquiries regarding the Symposium should be addressed to the Secretary,
Mr. H. N. Lee, The Chalk, Lime & Allied Industries Research Association, Church
Street, Welwyn, Herts.
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The Shrinking of Concrete with
Finely-ground Cement.

SOME views on the effect of the fineness of cement on the shrinkage of concrete
were included in a paper entitled ““ Shrinkage and Creep in Concrete,” which was
read in November 1961 to the Reinforced Cencrete Association by Mr. A. M.
NevILLE, M.C,, M.Sc. (Eng.), Ph.D., AM.I.C.E.

It is stated in the paper that the properties of cement have little influence on
the shrinkage of concrete. Mr. Swayze! has shown recently that a higher shrinkage
of ncat cement paste does not necessarily mean a higher shrinkage of concrete
made with a particular cement. The fineness of the cement is a factor only in so far
that particles coarser than, say, No. 200 sieve, which hydrate only little, have a
restraining effect similar to aggregate. Otherwise, contrary to some earlier
suggestions, finer cement does not increase shrinkage!.  The chemical composition
of cement is now believed not to affect shrinkage except that cements deficient
in gypsum exhibit a greatly increased shrinkage since the initial framework
established in setting determines the subsequent structure of the hydrated paste?,
and thus influences also the gel space ratio, strength, and creep. Inadequate
retardation results in a more open framework and a higher shrinkage. An
optimum gypsum content from the standpoint of retardation of cement is also
onc that leads to least shrinkage?.

Shrinkage of concrete made with high-alumina cement is of the same magnitude
but takes place much more rapidly than when Portland cement is used®. Entrain-
ment of air has no effect on shrinkages. The addition of calcium chloride increases
shrinkage by varying amounts generally between 10 and 50 per cent.®, possibly
because a finer cement gel is produced.

In the discussion following the reading of the paper, the author stated that
greater fineness meant more rapid hydration of the cement and hence greater
strength.  Thus it could resist cracking better, but it also had a lower creep so
that it could relieve the cracking less easily. Hence it was right to distinguish
Detween shrinking and cracking. It was possible to have cracking and at the same
time measure comparatively little shrinkage because cracking took place around
the picces of aggregate. It had been doubted for some time whether the statement
that finer cement led to greater shrinkage was true. Results of tests made by
Mr. M. A. Swayze, and reported at the International Symposium on the Chemistry
of Cement in 1960, show that in the case of neat cement, and partly also in mortar,
there was definitely greater shrinkage accompanying the finer cement but, in
the case of concrete, the tests showed that there was no sensible difference, and
certainly no regular pattern of the variation of shrinkage.

In a written contribution to the discussion, MR. A. GOLDSTEIN referred to the
statement that fineness is a factor only in so far that particles coarser than No. 200
sicve hydrate only little and have a restraining effect similar to aggregate; otherwise
finer cement does not increase shrinkage. He stated that he supported the
practical opinion that increased specific surface increases shrinkage and the
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possibility of shrinkage cracking. Rapid-hardening cement made in Britain is
often ordinary Portland cement ground more finely. If the prevention of shrinkage
cracks is to be taken seriously when casting concrete, it is desirable that
(inter alia) cement of a limited specific surface be used.

Shrinkage increases with fineness when other factors such as chemical
composition, clinker, mixes, and water content are identical. The report by Mr.
Swayze does not state whether the various cements used were identical, apart from
specific surface, and whether all other factors were identical. M. L’Hermite
expresses a view contrary to that given by Mr. Swayze, and supports the view
that increased specific surface increases shrinkage, by reference to various workers
in this field. Apart from practical views, there is a considerable opinion amongst
research workers that increased specific surface does increase shrinkage. There is
the difficulty in that conclusions drawn from tests on mortars may not apply to
large-scale concrete construction. The answer will not be obtained until very large-
scale tests on concrete are carried out under site conditions ranging from no
curing to full curing. For example, it may be that the increase of shrinkage and
shrinkage cracking which takes place on a site where finer cements are used,
is manifested only under imperfect curing; if this is so, it is sufficient reason
for using cement of lower specific surface.

In reply, Dr. Neville stressed the point that the authorities mentioned had
tested neat cement pastes. The influence of fineness of cement on the shrinkage
of neat paste is well established but it does not follow that the same influence
exists in the case of concrete. Further, it is not stated whether the gypsum
content was varied with the fineness of cement or not, this factor being of con-
siderable importance. The finer the cement the higher the gypsum requirement
for proper retardation. Thus, regrinding a specific cement without the addition
of gypsum, yields results which have limited practical significance; under
such circumstances shrinkage appears to increase with the fineness of cement.
However, using cements ground from one clinker to different fineness, but cach
with the appropriate optimum gypsum content, concrete of fixed proportions
exhibits practically the same shrinkage in all cases. The ‘influence of fineness '
for the same and for different gypsum contents is illustrated in Table 1, all results

TABLE I
\ =
Specific surface SO, ‘ Shrinkage (10—¢) for specimens
(Wagner) content 1 water-cured for
sq. cm./g. % |
| 7 days \ 28 days
1500 19 550 ‘ 487
1800 19 574 493
2100 19 \ 610 508
) rs 603 | 516
559 { 19 550 3 487
1800 19 574 ‘ 493
2100 24 565 482
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VERTICAL KILN CEMENT WORKS
OPERATING ON THE PATENTED "BLACK MEAL" PROCESS

TWO “LOESCHE’ KILNS OUTPUT EACH 200 TONS PER DAY

This works went into production on 23rd March 1961, the
50th Anniversary of the invention of the Rotary Grate and
of its application, together with the later application of
Automatic Discharge Gear, to the hand-operated Shaft
Kiln. It embodies full and accurate proportioning and
intergrinding of the raw materials and fuel, and homo-
genisation of the resultant “black meal’’prior to pelletising
for feed to the Kilns.

DELO (Engineers) LTD
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LONDON S.E.I
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referring to 1 :2-43 1 2-97 concretes with a water-cement ratio of 0-49 and made
with cement ground from the same clinker; all specimens were cured in water
for seven or twenty-cight days prior to exposure to a relative humidity of 50 per
cent. for 300 days. Table 1 is an extract from a report? on the shrinkage of concrete,
but it illustrates the pattern of behaviour. There is an optimum gypsum content
for minimum shrinkage at any fincness, but in practice it may often not be possible
to use such a high amount of gypsum because of the danger of false set. It is
thus possible that some commercial fine cements have a gypsum content con-
ducive to rather high shrinkage.

Mr. Pickett’s results show that the increase in shrinkage with fineness of
cement at a constant gypsum content is greater with a shorter period of water-
curing. It scems logical that the effects of fineness of cement disappear on pro-
longed wet curing: by then the cement is hydrated to an appreciable extent and
the size of particles that no longer exist is immaterial. If the period of wet curing
is short there is a large difference in the degree of hydration of fine and coarse
cements; as a consequence, the volume of restraining unhydrated material differs
and so dces the ability of the cement paste to creep and thus to relieve shrinkage.
By a similar reasoning any difference in shrinkage when cements of different
fineness are used occurs during the early stages of drying only. The rates of
shrinkage beyond ten days’ drying are the same, whatever the fineness of cement.

The influence of gypsum, as is apparent from Table 1, illustrates the difficulty
of comparative studies when, apart from specific surface all other factors are
identical. In the case of concrete it is not possible for all factors to remain
constant. Of the three quantities, cement content, workability, and strength,
only two can be unaltered when the fineness of cement is appreciably changed.
In practice, the use of finer cement is often accompanied by a reduction of the
cement content, and this affects the magnitude of shrinkage. Thus discussions
of influences on shrinkage need qualification.

Commercial cements generally vary both in fineness and compound com-
position. In Great Britain and Europe rapid-hardening Portland cements often
have the same compound composition as ordinary Portland cements, so that
the conditions are not strictly comparable with those under which Mr. Swayze’s
tests were made in which each cement had an appropriate gypsum content as
well as a different degree of fineness.
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Developments in the Cement Industry Abroad.

IN the papers contributed to the Second C.I.B. (International Council for Buildirg
Research, Studies and Documentation) Congress, which was held at Cambridge in
September last, there are accounts of the state of the cement industry in several
countries. Abstracts from some of these papers, the full text of which are given
in “ Innovation in Building ”’ (Elsevier Publishing Co., Amsterdam), are given
in the following.

U.S.S.R. and Eastern Europe.

The construction of concrete structures in the U.S.S.R. and associated coun-
tries in Eastern Europe is developing rapidly and consequently the consumption
of cement has likewise increased and new types of cement have been developed.
The output of cement for the period 1950 to 1960 is shown in Table I.

TaBLE I.—PropuctioN orF CEMENT (in millions of tons).

1060 as

Countr. 1950 1955 1960 ercentage of
g 53 L

‘ | 1955 | 1950

Bulgaria | 060 0-81 159 196 | 205
Hungary | 080 | 117 157 | 134 ! 100
German Democratic Republic 141 2:98 503 | 1069 357
Poland 2-54 3-82 6-59 173 250
Rumania | 1-03 1-93 305 158 290
U.S.S.R 102 | 225 455 202 446
Czechoslovakia 2 [ 2:89 ‘ 505 | 175 | 253

Total | 1858 | 3010 | 68-38 ‘ 180 ] 368

The increase in the production of cement is accompanied by improvement
of the quality and widening of the range of cements.

In the U.S.S.R. the average strength of cement increased from 353 kg. per sq.
cm. in 1950 to 429 kg. per sq. cm. in 1960, the average strength of Portland
cement amounting to 482 kg. per sq. cm. in 1960. In 1950, cements, having
strengths of 500 kg. per sq. cm. and higher accounted for 17 per cent. of the total
output of cement, while in 1960 this increased to 37 per cent. Cement with a
strength of 700 kg. per sq. cm. is being produced and production of cement having
a strength of 8oo kg. per sq. cm. is about to be started. The quality of cement
is steadily improving also in all East European countries.

In 1925, Portland cement was almost the only type of cement produced in the
U.S.S.R. In the following years, and especially during the last decade, production
was started of new types, namely, pozzolanic and slag Portland cement, oil and
gas-well cement, plasticised and water-repellent, quick-hardening, sulphate-
resistant, magnesia Portland cement and low-heat (belite) cement. High-alu-
mina, expanding, white and coloured, acid-resistant and other kinds of cements
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are also produced. The production of quick-hardening slag Portland cement
has been started.

In the U.S.S.R. and associated countries of Eastern Europe, the total output
of cement in 1905, compared with 1900, is expected to increase by about 82 per
cent. In 1965 the production of cement in the U.S.S.R. is likely to exceed 8o
million tons.

Other Asiatic Countries.

In 1960, the production of cement in Burma was 44,300 tons, all of which
was produced at a works at Thayetmyo. The amount imported was 23,350 tons.

A works in Bangkok, Thailand, produced 445,000 tons of cement in 1960. The
importation of cement into this country is gradually decreasing.

The cement factory at Padang, Indonesia, has an annual productive capacity
of 150,000 tons. In 1959 the government constructed a cement works at Gesik
having an annual capacity of 250,000 tons and this may be expanded to 375,000

tons in the future.
The annual production of cement in 1960 from six companies in the Philippines

was 1,030,c00 tons, which is more than three times that in 1952. The amount
imported in 1958 was 20,800 tons. Because of the rapid increase in demand,
however, the cost of cement is still high.

The output of cement in Taiwan is increasing rapidly; it was 445,600 tons
in 1952, but was 1,183,000 tons in 1960, and some is now exported.

Production of blast-furnace cement in Japan has increased rapidly since
World War IT because of the prevailing demand to cut down the cost of cement.
A new manufacturing process has made it possible to increase the ratio of slag
up to 75 per cent. without reducing the strength. Companies producing blast-
furnace cement increased in number from five in 1955 to ten in 1960. Consequently
the annual output of the blast-furnace cement reached 1,077,562 tons in 1960,
almost twenty times as much as that in 1950.

Slag Cement in South Africa.

The steel industry in the Republic of South Africa produces, as a by-product,
about 600,000 tons of blast-furnace slag per year. The fact that the local slags
contain from 14 to 20 per cent. of magnesia led to doubts as to whether cements
made therefrom would either have the necessary hydraulicity or be completely
free from unsoundness. The fact that the geographical location of the steel
industry was favourable, that the tonnage of slag involved represented some
20 per cent. of the annual production of Portland cement of the country, and that
the cost of the waste product was low, made the possibility of its use attractive.
As a result of discussions with the steel industry during 1947, extensive investiga-
tions were undertaken to establish whether local slags were suitable for cement
manufacture. The first conclusions were that, while the project was sufficiently
promising to justify more detailed attention, a good deal of basic research work
on the slag was necessary, including a study of the quaternary system CaQ—
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Al,0,—Si0, differential thermal analyses. During
1950, it was established that there was no risk of unsoundness, and pilot produc-
tion and limited field trials of the slag cement were undertaken in co-operation
with the steel industry and selected consumers. Laboratory studies of the perfor-
mance of the slag cement in concrete and other cement products were con-
currently undertaken, and by 1954 it became apparent that this work made
possible new industrial development. From 1955 onwards, the National Building
Research Institute, the Portland cement industry and other industrial interests
commenced production respectively of Portland-blast-furnace slag cement and
finely ground granulated blast-furnace slag for admixture on the building site
with Portland cement. Standard specifications for both these products are being
prepared by the South African Bureau of Standards. The demand for what was
formerly a waste product is now increasing to a point where it absorbs virtually
the entire quantity available. The product is widely used in concrete and masonry.

[An article dealing with the estimation of the slag contents of mixtures of
unhydrated Portland cement and South African granulated blast-furnace slag is
given in this journal for November 1962.—ED.]
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