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POLYSIUS LTD 

To date 21 Kilns over 2000 tons per day 
Th e Brackens. Ascot, Berks. (England ) 
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POLYSIUS AG 
4723 Neubeckum (Germany) 

Paris • Maddd • Johannesburg 

Guaranteed output of 
Dopol Kilns built in recent 
years or under construction 

2400 tons per day 

. 2550tonsperday 
2550 tons per day 

3000 tons perday 
3000 tons per day 

3000 tons per day 

3200tonsperday 
3500 tons per day 

3500 tons per day 

3800 tonsperday 
4000tons perday 
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ONE 
METHOD 
OF 
DUST 
COLLECTION 

THIS IS ANOTHER 
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Mikro-Pulsaire dust collectors are compact, versatile and fully automatic units, with no internal 
moving parts . Continuously self-cleaning, they have a high air capacity, are capable of handling 

dust streams up to 4250 F, and require far less floor space than comparable units . The economical 

and highly efficient range of Mikro-Pulsaire dust collectors is serving collection and recovery 

requirements, in many widely varied fields, throughout industry. They are attaining extremely high 
standards, with significant economies and very low maintenance requirements . 

There must be a Mikro-Pulsaire to suit your particular requirement - if not we'll design one! 

ASSOCIATE COMPANIES 
SLICK INDUSTRIAL co, 
(CANADA) L TO.. I 

421-4 DUNDAS STREET WEST ' 
TORONTO 18, ONTARIO 

PULVERIZING MACHINERY 
G.M.B.H. 
ROSRATHER STR. 267 
COLOGNE 5 RATH . 
GERMANY 

For further information contact : W. G. Foot, Sales Manager 

SUBSIDiARY OF PULVERIZING MACHINERY, SUMMIT, NEW JERSEY 
DIVISION OF SLICK CORPORATION 
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Up 1090 sac:ks per man/hour 
for fast, economical sack filling and bagging you need 

Here's 12 reasons w h y! 
1. Up to 90 sacks per man/ hou r. 
2. Jute or paper sacks of all types. Even drums if 

requ ired . 
3. Idea l for all loose materi als. lime. cement, 

wa ll plaster, seeds, grain and fert i lisers. 
4. Occupies no floor space. Simple to instal l. 
5. Can be used wi th almost all existi ng types of scales. 
6. Subject to headroom. can be used w ith most types 

of storage bunkers. 

7. Lever operated-on ly one control. 
8. Driven by belt or direc t coupl ed elect ric motor 

as preferred. 
9. Speeds, adjustable by pull ey change. 

10. Outstandingly low pri ce for so versa tile a 
machine. 

11 . Ruggedl y built for long cont inuous serv ice. 
12. Virtuall y no maintenance required. 

~s~n~ ~d~S ~~ 'I 
RAPID PACKER machine I 
Name -.--.... ~.- I 
Address 

~ .. -~~ I 
Type o f materi al I 

CLJII ------_. 
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Designers of complete 
Cement Works and 
manufacturers of 
machinery for the 
cement industry 

F L SMIDTH & co LTD. POBox No 137. 17. Lansdowne Road. Croydon CR92JT. 

Tel MUN,( Ipal 5555 Telex No 264021. Telegrams & Cilbles FOLASM IDTH CROYDON 
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SEPTEMBER, 1969 

PUBLISHER'S ANNOUNCEMENT 

The publishing assets of Concrete Publications Limited, a wholly-owned subsidiary of 
The Associated Portland Cement Manufacturers Limited, have been transferred to 
the Cement & Concrete Association. Concrete Publications Ltd., is to be wound up in 
due course. This journal, "Cement & Lime Manufacture", and the "Concrete Year 
Book" and other books and periodicals published by Concrete Publications Ltd., will 
henceforth be published by the Cement & Concrete Association. 

The change of ownership will not affect the reader of, or the advertiser in, this journal. 
All communications regarding sUbscriptions or advertisements should be addressed to the 
Cement & Concrete Association at 52, Grosvenor Gardens, London, S. W.1. 

Forty Years of Progress 
THE OCCASION of the change of proprietorship of this journal , as announced at the 
top of this page, prompted perusal of the earliest numbers of this journal , namely, 
those in the first two volumes, and the following comments, based on such a 
perusa l, have been contributed by MR. K. C. BARRELL, F.I.Mech.E. 

TH E FIRST number of the predecessor of this journal appeared just forty-one years 
ago, in September, 1928, as a supplement in "Concrete & Constructional Engineer
ing" * under the sectional heading of "Cement & Cement Manufacture." This 
supplement subsequently started its career as a separate journal under the sa me 
title in January 1929 (Volume 2, No. I) , a nd later was renamed "Cement & Lime 
Manufacture" as at present. 

The opening leading article in the initial number was entitled " Portland Cement 
of Today & Tomorrow. " In the period from 1928 to 1969, great changes have 
occurred in the practice in the industry and it is not without interest to take a 
backward glance at so me of the items that were published in what may be called 
"yesterday" . 

The descriptions of new cement works included Bevan ' s at Northfteet , which was 
recon structed with three kilns , two 250 ft. (76,2 m.) long and one kiln 294 ft. 
(89'6 m.) long, thus making it at that time "the largest works in Europe" with a n 
annual output of some 500,000 tons of cement. Today, adjacent to Bevan's works , 

* Now inco rporated in "Concrete" . 

B 
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a new Northfleet works is in the course of construction by The Associated Portland 
Cement Manufacturers Ltd ., and this will ultimately comprise six kilns, each 650 ft. 
(200 m.) long, with an annual productive capacity of 3,600,000 tons. 

In these early days, Johnson ' s works at Greenhithe were extended to incorporate 
two kilns , each 317 ft. (96'6 m.) long, having a combi ned annual output of 400,000 
tons of cement. Similar activities at Chinnor, Barnstone, Holborough , all in the 
U.K ., were noticed , while overseas the E.N.C.1. cement works at Maastricht , the 
first works in Holland , and the Japla works in India were described . The latest 
extension to the E.N .C.1. works was described in a recent number of this journal. In 
relation to the Indian works, it is of interest to note that the labour force was 
eight hundred in the works and a thousa nd in the qua rry, for an output of 1,500 
ton s per week; this is in contrast with the insistent demand in many developing 
countries today for the most modern labour-saving equipment, although there are 
vast resources of labour available. 

The controversy regarding the merits of the wet and dry processes for hard 
raw materials looms largely in the pages of the first two volumes, the wet process 
being definitely favoured , probably because the industry in the U.K . had been 
nurtured on this process. The conversion of some works from the dry process to 
the wet is cited as evidence in favour of the wet process. The improved fuel 
consumption resulting from the filtering of water from the slurry in the wet 
process is discussed and the view is expressed that "It is conceivable that in the 
future this may have a substantial effect on the equipment of cement plants ." 
The day for widespread adoption does not appear to have arrived . The process is 
very sensitive to the physical characteristics of the raw material , both in respect 
to resistance to filtering and stability of nodules produced after filtering . A success
ful application , however, for example, in Western Nigeria was described in this 
journal for Novem ber 1963. 

Because of technical developments, the one-time trend towards the wet process is 
now reversed where hard raw materials are concerned. New works in recent 
years have adopted the semi-dry or suspended-dust processes and conversions have 
also been made from the wet to the dry process in existing works. The recent 
extension at the E.N.C.1. works, previously entirely wet process, has adopted the 
dry process for the new extension in which the kiln is 178 m. (584 ft.) long a nd has a 
productive capacity of 3,000 tons per day. Even where the raw material is chalk , 
the new trend is evident ; for example, at the new works at Pitstone, albeit with a 
low-flint chalk , which was described briefly in the January and November 1968 
numbers of this journal , dry ('omminution is being adopted in combination with a 
kiln 430 ft. (131 m.) long. 

The development of equipment of improved and new types and new materials 
were duly recorded in these early numbers and include the Fuller-Kinyon pump, 
high-alumina refractories, electrically-operated excavators and air-elutriation as 
adopted by The Associated Portland Cement Manufacturers Ltd. to determine the 
flour content of cement , while the Raymond mill and the "Atritor" are featured 
as modern pulverisers. The advantages of bulk supply of electricity to cement 
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works and the advantages of electric drives are also dea lt with . The largest mill 
motors mentioned are of 750 h.p. com pared with 3,000 h.p., o r even 6,000 h.p. 
today. Many of the older illustrations show motor d rives for kilns, coolers and 
mills with fl at belts without, apparently, a ny guards. White Portland cement 
manufactured in the U.K. was noted when marketed for the first time. 

In these early years, the a nnua l production of cement in the U.K. was a lmost 
7,000,000 tons, whereas today it is abo ut 16,000,000 tons. It is unlikely that the 
cement industry has yet reached the peak of its development and it will be of 
interest to see what the next four decades will produce: a nd whether Portland 
cement wi ll not have found a rival in some of the newer cementitious materia ls 
that a re beginning to appear. 

Sir George Earle Trophy 
THE SIR GEORGE EA RLE TROPHY, the awa rd made annua lly by The Royal Society 
For The Prevention of Accidents (RoSPA) for a significant contribution to 
industrial accident preventio n, was won in 1969 by the General Post Office. In 
ma king the award to the G.P.O., which entered for the trophy for the first time, 
RoSPA recognised the outsta nding achievement in establishing a fully co-ordinated 
accident-prevention organisation extending from the workshop down to the 
individua l postma n. The project involves over 400,000 employees in diverse 
occupations working mainly in sma ll groups a nd has resulted in a reduction of 
accidents over a period of five years. 

A special certificate of commendation has also been presented to the Ready 
Mixed Concrete Group of Com pa nies for its outstanding record in the field of 
industria l accident prevention . 

The Sir George Ea rle Trophy is a magnificent silver Georgian inksta nd a nd was 
presented to RoSPA in 1956 by the la te Sir George Earle, one-time President of 
The Associated Portland Cement Ma nufacturers Ltd . Winners ho ld the trophy for 
a year a nd a re presented with a plaque as a perma nent record of the achievement. 

National Standards for Portland Cement 
ON PAGES 86 to 89 is given the fou rth a nd las t of a series of ta bles giving the 
requirements of most of the natio nal standard specifications for Portl and cement. 
Previous tables in this series, which were published in the March , May a nd July 
numbers of thi s journal, related to the chemical composition , the tensile, co m
pressive and bending st rength s, and the setting times of Portland cement. The 
present table gives data co ncerning the fineness. Some of the data are a bstracted 
from "Cement Sta ndards of the World 1968," but other information is in accord
ance with the requirements of la ter ava ila ble Standards. As previously mentioned , 
other revisions may have been made since the tables were prepared for the press. 

The following abbreviat ions a re used for the various types of Portla nd cement: 
O-Ordinary SR- Sulphate resistant 

RH- Ra pid hardening (or high ea rly strength) AE- Air entra ined 
LH- Low heat 
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ENCI Cement Works, Maastricht 
IN THE JULY number of this journal, a general report was given of the ENCI 
(Eerste Nederlandse Cement Jndustrie) cement works at Maastricht, Holland , 
and, in particular, the recently-installed dry-process pl ant was described . The 
following data supplements or supersedes that given in the previous article. 

The consumption of cement in the Netherlands is some 400 kg. per capita 
per annum. The works a ffili ated to ENcr include ROBUR at Rozenburg a nd 
CEMI (Cement Industrie Muiden). 

At the Maastricht works, the four older and smaller kilns produce Portland 
cement clinker. The conveyors below the central crusher pit extract up to 10,000 
tons of limestone daily. The covered store for pre-blended raw materials is 
rectangular in plan. The drum-type dryer for the limestone is set at a 3-per 
cent slope. 

The cement despatched by boat from the works is pa rtly in bags and pa rtly 
in bulk. There are road facilities for despatch but no facilities for despatch 
by rail. 

Recent B.R.S. Publications 
SEVERAL PAPERS on cement in the " Current Papers" series issued by the Building 
Resea rch Station have been published recently. These include the following. 

"The Analysis of Belite in Portland Cement Clinker by means of an Electron
probe Microanalyser." By K. E. Fletcher. (Reprinted from Magazine of Concrete 
Resea rch, 1968, Vol. 20(64), September.) Current Paper 13(69. 

"Effect of Admixtures on the Composition of the Liquid Phase and the Early 
Hydration Reactions in Portland Cement Pastes." By M. H. Roberts. (Paper 
presented at the RILEM Symposium on "Admixtures for Mortar and Concrete", 
Brussels, August 30- September I, 1967.) Current Paper 61 (68. 

"The Composition of Alite (Tricalcium Silicate) in a Portland Cement Clinker." 
By H. G. Midgley. (Reprinted from Magazine of Concrete Research, 1968, 
Vol. 20(62), March.) Current Paper 71 (68. 

"The Composition and Possible Structure of the Quaterna ry Phase in High
alumina Cement and its Relation to other Phases in the System CaO-MgO-AI 20 3 . " 

By H. G . Midgley. (Reprinted from Transactions of the Briti sh Ceramic Society, 
1968, Vol. 67(1) January.) Current Paper 75(68. 

" Studies of the Role of Calcium Sulphate in the Manufacture of Portland 
Cement Clinker." By W. Gutt. (Reprinted from Transactions of the British 
Ceramic Society, 1968, Vol. 67(10) October.) Current Paper CP89(68. 

"Manufacture of Portland Cement from Phosphatic Raw Materials." By W. 
Gutt. (To be published in the Proceedings of the Fifth Internat ional Symposium 
on the Chemistry of Cement, held in Tok yo in October 1968.) Current Paper 
CP90(68. 
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Sturtevant 
All new Sturtevant Air Separators are 
equipped with an automatic fineness 
control system designed to operate 
with a continuous Blainemeter. 
You set up any desired fineness of 
cement on the control panel and the 
Separator adjusts itself to produce it 
with the best efficiency .. . automatically. 
The panel shown above controls two ' 
Sturtevant 22' Air Separators producing 
320 Metric Tons of cement /h. 

STURTEVANT MILL CO USA 

P AG E " j j 

EUROPEAN OFFICE N. N. ZOUBOV ENGINEERS 
10, avenue de Saturne , BRUSSELS 18 / BELGIUM . Phone: (02) 740910 

c 



Stein 
Service 
Technical Service Fully qualified and experienced staff are 
available to solve most problems on the spot. But. wherever and 
whenever necessary, there is also the backing of first-class 
technical service. 011 the spot service by a S tein Teclanical Representative. 

J\ service cov(~ring rcfr;:cloric.; 
applications in [ron and Steel , 
Cement, Glass, Non-Ferrous 
Metals and many other branche: 
of heat using industry. 
A problem well defi ned is a 
problem half solved. Over 80 year,; 
of defining and solving refractories 
problems allows us to be confident 
in recommending which of our 
many products is exactly right for 
your particular application. 



Design A large and competent 
design stalf who. by using sound 

I 
refractor ies engineering principles. 

!1 show you how to obtain 
:l1aximum life at minimum cost. 

i ~upervision A team of skilled , 
widely experienced supervisors 
is available to oversee any 
refractories installation anywhere 
in the world - even at very short 
notice. Heating-up schedules and 
other advice on the commissioning 
of refractory lined plant are 
provided when required. h ll'('S/tRflIIfJJl of 11i(' <> /rudurf' of 11 ('/(' (111(/ 

usn/ , (" r(lr/orln /..; do,,(' /Ill (J 1'0" ,,-1/ (' hasis hv 
S t('in '~'(hl/olol:u;ls . T he dlus/ra tlO N sl1ou's a" 
samplt- a/.Stein {i:fA ( maRl/ ljicf/ l ion x7()O) 
alley f1 rl'(ou/ /ill ' in fiN '-,'/('(tr;( 0- \ r c FlO 1UIt't 
UN)/: 
Support Facilities Our Research 
and Development, using simulat ive 
laboratory and pilot plant testing, 
has already anticipated many of 
the problems you might encounter. 

New tests are constantl y be ing 
evolved for the material and 
method evaluations which are 
carried out long before our 
products become commercially 
offered and a regular practice is 
made of examining products 
returned from service, and 
analysing the wear mechanisms 
so that these may be overcome. 
Stein is more than refrac
tories _ .. Stein provides the 
complete range of services 
necessary for the supply and 
efficient installation of 
refractory linings. 

John G. Stein & Co. Ltd 
Bonnyb,-idge 
Scotland 
Banknock 255 
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the cement industry 
relies on 

FIVES LILLE-CAIL 
7 RUE MONTALIVET 

SAG - Pari • . 2681 • 

S I.l' II ~ IIJI " 19(.9 

3 ro tary ki ln s, Obourg (Belgium) 
Capaci ty: 1,750,000 tpy. 
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Build-up of Rings caused by Spurrite Formation 
BY F. BECKER AND W. SCHRAMLf 

TECHNICAL CENTRE HOLDERBANK (SWITZERLAND) 
Synopsis 

PAGE 9 1 

A CAREFUL investigation of the mineralogical composition of the material of a kiln 
ring over the whole cross-section of the ring body revealed the presence of considerable 
amounts of spurrite. The examination of rings in other kilns confirmed these results 
and led to the opinion that the form ation of spurrite is typical for rings of the kind 
described. A special operating condition of all these kilns was insufficient deca r
bonisa tion of the feed in the calcining zone. The conditions favouring the formation 
of spurrite are thus considered to be at the same time those which favour the 
formati on of rings. It is argued that the entry of incompletely dissociated material 
into the burning zone gives rise to a solid state reaction between ca lcite and siliceolls 
materi al, the product of which is spurrite. 

IN SOME PAPERS(1)(3) submitted to the Fifth Interna tional Symposi um on the 
Chemistry of Cement, which was held in Tokyo in 1968, reference was made to 
the form atio n of terna ry mineral s consisting of dica lcium silicate and calcium 
or a lkali carbonate or sulphate during the burning of Portland cement clinker. 
Earlier, Courtaulte) dem onstrated in labora tory tests that spurrite C 2S. CaC03 

is formed in the system CaO-Si0 2-C0 2 at tempera tures as low as 850 deg. C 
when fluorspar is present to the extent of a small percentage. Jt seems to be 
essential that the pa rtial pressure of CO 2 is of the order of one atmosphere . 
Courta ult pointed out that the form at ion of spurrite as a consequence of the 
presence of fluorspa r markedly favours the form a tion of C 3S at comparatively 
low temperatures. Spurrite may thus be considered as a tran si tion phase in the 
tra nsform ation of belite to a lite. 

Amafuji and Tsumaga ri (3) postula ted the formation of spurrite and other 
ternary minerals in the cement kiln as a product of reaction of CO 2 and/or S02 
with the solid ma teri a l. They adva nced the idea that the spurrite and the other 
terna ry minera ls formed contribute to the formation of rings in rota ry kilns 
due to their tendency to bind the loose materia l together. 

Mention of the transitory occurrence of spurrite during the burning of raw 
mixes for cement in a laboratory furn ace was a lso made by Herr, Hening and 
Scholze(4) . They pointed out that the spurrite is formed even under low partial 
pressure of CO 2 in the presence of chlorides, which act as mineralisers. 

In an attempt to clarify the conditions under which rings in a rotary kiln can 
be formed, the authors investigated in some detai l the minera logical composition 
of ring materia l through the entire cross-section of the ring. For this purpose, 
the ring body was carefully cut into pieces parallel to the kiln lining, and each 
piece was examined sepa ra tely. The ring was located at the upper end of the 
burning zone, a bout 20m . (66 ft.) from the discha rge end of the kiln. The internal 
dia meter of the kiln investiga tor was 2·6 m. (8 ft. 8 in .) and its length was 103 m. 
(340 ft.) . The maximum thickness of the ring was about 0·8 m . (2 ft . 8 in .). 

The method of investigation used was semi-quantitative X-ray diffractometry. 
The results of this exa minat ion a re summarised in Figure I. Supplementary 
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information was obtained by chemical analysis of all pieces. The chemical com
position of two pieces in extreme positions are given in Table I. Figure I shows 
that at the surface of the ring body only a small percentage of spurrite can be 
observed . Towards the interior of the ring the amount increases more or less 
steadily to reach 50 per cent or even more in the layer directly adjacent to the 
kiln lining. The shape of the curve indicating the ali te content in the ring shows 
the reverse tendency for this mineral. 

The opinion advanced by Courtaulte) that spurrite is a transition phase in 
the formation of alite thus seems to be supported. However, it seems at least 
doubtful that the presence of fluorspar or of other mineralisers are indispensable 
prerequisites for the formation of spurrite. This was not confirmed by the author's 
investigations. Chemical analyses of the raw mix and the ring material revealed 
only traces of fluorine (0·03 per cent) and an S03 and alkali content of the order 
of magnitude found in the clinker produced in this kiln. The curve showing the 
content of ~ -C2S reaches a slight maximum in the centre of the ring body, whereas 
the amount of free lime increases more or less steadi ly from the surface of the 
ring to the kiln lining. 

TABLE I. - TYPICAL CHEMICAL COMPOSITION OF RING MATERIALS 

Loss on ignition 
SiO, 
AI ,O, 
Fe ,O, 
CaO 
MgO 
SO, 
K ,O 
Na ,O 

CaO free 
Insoluble 
CO, 

Adjacent to 
the kiln lining 

per cent 

5·6 
19·3 
7·0 
),1 

61·5 
2·0 
0·7 
0·5 
0·2 

6·9 
0·4 
4·8 

At the surface 
of the ring body 

per cent 

0·7 
21·2 

6·8 
3·2 

65·4 
2·0 
0·2 
0'6 
0·2 

1·7 
0·6 
0·4 

An analogous examination of the mineralogical composition of the same ring 
at another point along the axis of the kiln indicated the same pattern. Examina
tions of ring materi al formed in kilns of simi lar size and shape and also operated 
in a similar way, but fed with considerably different raw mixes with respect to 
their mineralogical and chemical composition, led to the same results . 

The fact that the structure of the ring seems to be typical for many kilns leads 
to the conclusion that there must be peculiar conditions in these kilns causing 
ring formation. 

The authors considered as one of the only common features of these kilns the 
temperature distribution throughout the kiln. They are characteri sed by an 
incomplete calcination of the carbonates in the calcining zone so that material 
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containing a considerable amount of carbonate enters the burning zone. Bearing 
in mind the almost complete absence of mineralisers, the authors suggest that 
spurrite may be formed by a direct solid-state reaction between calcite and the 
siliceous components present. 

The authors found an indirect proof for our reasoning in the fact that, after 
the installation of a denser chain curtain in the kiln on which the detailed study 
was made giving rise to a better heat exchange and thus to a more complete 
dissociation of the carbonates, spurrite was not formed any longer, and as a 
consequence, the ring disappeared. 

REFERENCES: 
(') R. W. NURSE: "Phase Equilibria and Formation of Portland Cement Minerals," Principal 

Paper V-ISCC, Part I- Session 2, 14, 1968, Preprint. 
(2) B. COURTAULT : " Study of Reactions in the Solid State up to I 600°C" (in French), Centre 

des Etudes et de Recherches de I'lndustrie des Liants Hydrauliques, Pub. Tech. 140, 1963. 
(3) M. AMAFUJI, A. TSUMAGARI: "Formation of Double Salts in Cement Burning," Supple

mentary Paper No. 1-82, V-ISCC, 1968, Preprint. 
(,') A. M. HERR, W . HENNIG, H. SCHOLZE : Spurritbildung in Zementrohmehlen. Tonind.-Ztg. 

92, Nr. 12.491 (1968). 

Asbestos-cement Products 
THE FOLLOWING is abstracted from a brochure entitled "The Mineral Asbestos" 
published recently by Turner Brothers Asbestos Co. Ltd. 

There is an ever-growing demand for asbestos-cement in the building trade 
and in industry in general. This material is used for a variety of structural purposes, 
such as roof and wall cladding, huts, partitions and ceilings. I n addition, moulded 
asbestos-cement products are available as rain-water and drainage goods, flue 
pipes, cisterns, cable conduits and troughs. Other uses include fire protection, 
thermal insulation and sound-absorption treatment. 

The manufacture of asbestos-cement is far removed from the simple admixture 
of Portland cement with an aggregate, and requires specialised knowledge and 
efficient supervision, The asbestos fibre is a reinforcement and must be correctly 
located to resist the stresses to which the finished product will be subjected. 
The degree of fibre separation has a most important bearing on the matured 
product and considerable knowledge and skill are required in the initial treatment, 
together with an ability to select the correct grade and blend of asbestos. Constant 
sampling and testing are essential features throughout production and great care 
is exercised to ensure a homogeneous fabric, 

In the mixing of fibre with cement, a considerable excess of water is introduced, 
This may appear to jeopardise the setting properties of the cement, but is a purely 
temporary phase employed primarily for the proper positioning of the fibre. 
Excess water is rapidly drained off, leaving a very thin film or lamina of cement 
with embedded fibre on an endless belt which is eventually carried to a revolving 
forming bowl or mandrel. This forming bowl picks up film after film in a con
tinuous operation, superimposing one on the other to a predetermined thickness. 
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Determination of Sulphate in Cement and Gypsum 
The following is a translation by MR. R. KEEN of an article by N. N. BASARGIN 
and T. G. AKIMOVA in the Russian journal 'Tsement' (No.6, 1968), describing a 
new indicator which can be used for the rapid volumetric determination of sulphate 
in cement and gypsum. 

THE QUALITY of some building materials such as cement and gypsum is controlled 
by analysis of the sulphate content. There are well-known methods for determining 
sulphate based on ion exchange (I, 4) as well as infra-red spectroscopy (5 ). Of these, 
the ion exchange method with alkimetric titration of the sulphate merits particular 
attention (I). 

A new rapid method has been developed which is different in principle from 
the foregoing. This is based on a volumetric determination of sulphate using a 
new indicator, nitchromazo (6, 7) which allows both the rapid and accurate 
determination of sulphate in cement or gypsum without the need for complicated 
apparatus. The method involves the suppression of calcium and magnesium by 
fluoride ions (from the addition of H F or N H4F) and the direct titration of 
sulphates by standard barium chloride solution at a pH of 1·7 to 2·0 using the 
barium salt of nitchromazo as indicator. Tests have shown that a high concentra
tion of boric acid did not interfere with the titration. The properties of nitchromazo 
and its synthesis are described in earlier publications (7, 8) . 

Determination of Sulphate in Cement 
A sample of cement (0'800 g.) and water (90 ml.) are placed in a covered beaker and 
heated on a water bath for 15 to 20 minutes. The mixture is cooled and filtered 
into a 100 ml. volumetric flask . The residue is washed twice with water, keeping 
the total volume below the mark on the flask. The solution is acidified with a few 
drops of 6N.HCI to give a pH value of 4 to 5 (using indicator paper as a check) and 
made up to the mark. 

An aliquot (5 ml.) is transferred to a 50-ml. beaker and treated with HCI (2 ml., 
0·1 N), water (2 mI.), NH 4F solution (I ml. , 0·1 N), aqueous solution of nitchromazo 
(one drop, 0·2 %) and ethyl alcohol (8 mI.). The solution is then titrated against 
standard 0·02N .BaCl 2 solution. The titration is carried out slowly with 15 to 20 
seconds stirring after every two or three drops of solution have been added until 
the colour changes to a persistent blue. Hydrofluoric acid (5 ml.) can be substituted 
for both the NH4F and the HCI solutions. The strength of the HF solution is 
0·02N. 

A blank test is carried out as follows. HCI (I ml. , 0·1 N) is introduced into a 
50-ml. beaker and treated with water (8 mI.), NH4F (I ml., 0·1 N), aqueous solution 
of nitchromazo (one drop, 0·2 %) and ethyl alcohol or acetone (8 mI.). One or 
more drops of the standard barium chloride solution are then added to produce a 
blue colour. 
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The sulphate content is calculated from the formula 
(a - c)K 

SOa (per cent) = x 100, 
W 

SEPTEMBER 1969 

where a = amount of standard BaCI2 solution used in the titration . 
c = amount of standard BaCl2 solution used in the bla nk determination. 
W = weight of sample in the aliquot portion (milligrams). 
K = KI X fl. 
K, = difference in norma lity of the BaCI2 solution from 0·02 (that is the 

the factor on the solution). 
f, = amount of SOa equal to I ml. of 0·02N .BaCI2 solution ( = 0·80). 

The barium chloride solution is standardized against standard sulphuric-acid 
solution of the same strength without the addition of NH 4F or HF solution . 
NH 4F or HF is added to react with the calcium which , in the uncombined form , 
tends to affect the colour of the indicator. 

When titrating in the presence of H F, the indicator changes colour more markedly 
from violet to blue and the aliquot portion can be increased to 10 ml. still using 
5 ml. ofO·2N.HF solution. 

Determination of Sulphate in Gypsum 
A sa mple of gypsum (0·20 g.) and water (150 ml.) are hea ted in a 250-ml. beaker 

on a water bath for 15 to 20 minutes. The solution is cooled and filtered, and the 
residue is washed with 20 to 30 ml. of water. The volume is then adjusted to 250 ml. 
in a volumetric flask . 

An aliquot portion (5 ml.) is tran sferred to a 50-ml. beake r and treated with 
HCI (I ml., O·IN), NH 4F (I ml. , O·IN), water (3 mI.) , aqueous solution of nit
chromazo (one drop, 0·2 %) and ethyl alcohol or acetone (8 mI.). 

The sa mple is slowly titrated agai nst standard 0·02N barium-chloride solution 
from a microburette until the colour changes from a bluish-violet to persistent 
blue . 

A blank determination is carried out, and the SOa content calculated from the 
formula given in the foregoing. 

A titration takes 5 to 7 minutes and the whole determination abo ut 30 minutes. 
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The Effect of Alkalis on the Behaviour of Cement 
ACCORDING TO I. A. KRYZHANOVSKAYA and her colleagues, in an article in the 
Soviet journal "Tsement" (April, 1969), and translated by R. KEEN, there is a 
connection between the alkali content of cement and its activity in concrete. 
A translation of the article by R. KEEN is given in the following. 
To DETERMINE the effect of the amount and the composition of the alkali compounds 
on the strength of cement, cements were made up from pure synthetic minerals 
ground to a given fineness. The amount of alkalis in these cements ranged from 
0·6 to 1·5 %. The SOa-content was varied so that there was either just alkali 
sulphates or a mixture of alkali sulphates and alkali calcium silicate or aluminate 
(KC2aS 12 or NCsAa) present in the cements. These latter compounds are formed, 
according to most research workers, after the sulphuric anhydride has entered 
into combination during the firing. 

The investigations on the effect of alkalis on the hardening process were carried 
out with alkali-free cements (Series I) and four series of alkali-containing cements 
with (i) K20 in the form of potassium sulphate only; (ii) the same but with KC2aSJ2 
present; (iii) Na 20 in the form of sodium sulphate only; and (iv) the same but 
with NCsA:l present. The compositions of the cements and the strengths obtained 
(from small test specimens) are presented in Table I. 

The data show that with a K20-content of from 0·6 to 1·5 % at K2S04 (cements 
Nos. 3, 4 and 5), the strengths start to decrease at between three and twenty-eight 
days when compared to those from alkali-free cements (cements Nos. I and 2). 
Only at one day are they higher. With both K2S04 and KC2aS 12 present, the 
strengths are lower still. 

Introducing 0·6,1 ·0 and 1·5 % of alkali as sodium sulphate (cements Nos. 9,10 
and II) brings about a more marked reduction in strength. All the 3-day strengths 
are lower when sodium sulphate is present. When both Na2S04 and NCsA3 are 
incorporated, the drop in strength is particularly pronounced especially at later 
ages. 

The strength is also reduced when both alkalis are introduced, the sodium 
compounds having a more marked effect than the potassium compounds. 

The strength of potassium-containing cements increases at early ages as the 
SO:l-content rises. Sodium-containing cements, on the other hand, have the 
highest strength when the SOa-content is minimal. So, when raw material con
taining sodium, such as nepheline slurry, is employed for making cement, it is 
particularly important to reduce the percentage of SO:l. 

During hydration the alkali oxides are transferred to the liquid phase. If the 
K20 and Na20 are combined as sulphates, this transfer takes place immediately 
after gauging. Analyses of the liquid phase show that in only two minutes after 
adding the water, the amount of alkalis in solution approximates to the total 
amount in the cement. The alkalis are also readily transferred to the solution when 
the cement contains NCsAa. The compound KC23S 12 hydrates more slowly and , 
when this is present, the alkalis are not fully water-soluble even after a year's 
hydration. 
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If the strengths of cements containing potassium oxide and sodium oxide are 
compared, the higher values of the former can clearly be seen. These higher 
strengths are found despite the fact that KC2:JS12 is a compound with low activity 
while NC sA3 gives a reasonably high strength especially at early ages. The amount 
of chemically-bound water is approximately the same for all cements at anyone 
age. 

The compositions of the liquid phases with alkali-free and alkali-containing 
cements differ with respect to the amount of hydrated calcium oxide (lime) present. 
]n the absence of alkali, the solution is supersaturated at early ages but later 
becomes normally saturated with lime. The amount of lime in solution falls as 
the alkali-content increases. This was found with all cements at all ages between 
two minutes and one year. 

TABLE II. - DATA ON THE COMPOSITION OF THE LIQUID PHASE 
AFTER 28 DAYS' HARDENING 

\ 

Chemically \ Content (per cent) I Content CaO as 
Cement bound H 20 ----- -----1----- percentage of 

No. (per cent) K 20 I Na,O CaO sat uration val ue 
------- -------- ----- --------- - ----------

I 17·37 None 1·50 121 ·9 
2 None 
3 12-41 0'61 
4 12·3 1 0·91 
5 14·09 1'46 
6 13·74 0 ·61 
7 12·59 0·70 
8 12·26 1·06 
9 12·52 

10 13·00 
II 12·36 
12 12·81 
13 15 ·67 
14 17·13 

0·58 
0·96 
1-44 
0·67 
1·10 
1-61 

1·26 
1·09 
0·82 
1·18 
1·07 
1·05 
1·08 
0·93 
0·79 
1·10 
0· 82 
0· 70 

102-9 
88·6 
66·6 
96·0 
87·0 
85 ·3 
87-8 
75·6 
64·2 
89 ·4 
66·6 
56·9 

]n Table Il data are presented on the composition of the liquid phases of cements 
after 28-days' hardening. The least saturated so lution with respect to lime 
contains both Na 2S0 4 and NC3As. This is evidence that the hydration of the 
clinker minerals is being suppressed. 

The lowest strengths, especially at later ages, come from cements containing 
sodium oxide having a Na 20:S03-ratio much higher than the equimolecular value 
and the drop in late strength is greater the higher the ratio . 

In the liquid phases of cements Nos. 13 and 14, which contain I and 1·5 % Na20 
as Na2S0 4 and NCsA'h an unusually high percentage of Al 20 a was found in the 
early ages of hydration. Thus, after 3-ho urs' hardening 149 mg. per I. AI 20 a were 
present in the liquid phase with cement No. 14 as against 1 to 2 mg. per I. with 
normal Portland cement. It became less with time and reached the normal level 
after three days. 
. The investigations established that , in the presence of 0·06 % alkali, the activity 
of Portland cement is reduced irrespectively o f the kind of alka li compounds 
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present. An increase in the alkali-content reduces the activity both at early a nd 
late ages due to suppression of the hydration of the clinker mineral s by the a lkalis 
in the liquid phase. 

Experience has shown that the use of a lka li-containing cements for general 
construction work does not lead to long-term difficulties. These cements can be 
troublesome in hydraul ic engineering wo rk, especia ll y wit h aggregates containing 
amorphous si lica. Therefore it is reasonable to introduce a special grade of 
Portland cement, " low-alkali", conta ining less than 0·6 % a lkali with recom
mendations on the fie lds of application. 

Computer Control at German Cement Plant 
A BRITISH- MADE HONEYWELL DDP 5 16 real-time computer system, valued at nearly 
£43,000, has been exported to the German firm of Klockner Humbolt Deutz A.G . 
to aid in the control of a n a utoma ted cement plant. The duties of this computer 
system include the a nalysis of data on the raw mix obta ined from a n o n-line X-ray 
fluorescent spectrometer. In the analysis, the comput er collates the characteristic 
values of the product and compares these with previously stored sta ndard val ues. 
Any deviations from the standard cause the co mputer to modify the flow of raw 
materia ls from a series of bunkers. 

A TYPICAL 
PRoDUCTIUITY 
AGREEmEnT 
WHEn YOU 
EmPLOY 
BRlnDlEy'5 
HAnD FORGED 
STEEL 
GRlnOlnli BAllS 

We've designed increased 
productivity into all hand 
forged steel grinding balls 
by Brindley. They're man
ufactured in High Carbon 
or Chrome Steel for Ball 
and Tube Mills. The hand 
forging ensures that they 
will grind faster, last longer 
and never break or lose 
shape. 

THAT'S A PRODUCTIVITY 
AGREEMENT EVERYBODY 
CAN AGREE TO 

F.J.BRINDLEY &SONS(SHEFFIELD) LTD IR In 0 LE Y,G---, 
ACRES HILL LANE· POOLE ROAD' SHEFFIELD, S9 4JP. Telephone STD 0742-49663 
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CONTINENTAL ENGINEERING CO. LTD. 
21 Montagu Street, Portman Square, London, W. 1. 
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solve your 
dusl collection 
problems 
with the Mulliclone ® 

Dust Collector 
-proved in over 4,000 installations! 

Multiclone. with its small diameter multi - tube design. means greater 
compactness, better adaptabi lity, higher effi ciency, and less 
maintenance. In every industry. the Mu lticlone offers the economy of 
unit construc t ion w ith the adaptabili ty of custom-built design. 
Long and narrow ... square .. . short and wide ... the Mul ticlone 
ca n be made to fit YOUR installat ion requirements. 
APPLICATION S. The Multic lone has been successfu lly applied to 
dust collec tion problems in many industries. including power. cement, 
chemical. coal and rock products. 

® Multic/one Is a reQ istered trade marh 

with Western Precipitation Dust Valves 
-the best you can buy! 

These valves all operate eff iciently at temperatures up to 750°F 
and are available in six. eight and ten inch sizes. 

THE TYPE R-1 
MOTORIZED TIPPING 
VALVE 
... positive time cycle 
motorized operation; g ravi ty 
free -fl ow flushing features; 
gravity retu rn assuring positive 
valve seating wi thout pressure 
closure that guara ntees 
non -jamming . 

THE GRAVITY OPERATED 
TIPPING VALVE 

. . . ideal for sealing dust 
collector hoppers operating 
under negative pressu re 
(0-6 ins. W.G.) when hand ling 
dry free-flowing material. 

THE FLOATING SEAL 
DUST VALVE 
... for operat ion w hen handling 
abrasive materia ls parti cularly 
al high temperature. 

Western Precipitation, the world leaders in dust control. a re manufacturers of cottrell elec
trical precipitators. mechanical dust collec tors. gas scrubbers. high temperature bag filters 
and dust valves. Write for more information a bout any of the above products to : 

• 
WESTERN PRECIPITATION 

division of Joy Trading Corporation. 7 Harl ey Street. London W.1. 
Tel : Langham (01 -5e0) 7711 . Telex: 23704. Cables: J oyloader London. W.P.6 
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Permanent Linear Chan ge after 24 hours. 
In ord er to measure t he safety margin of 
Selfrac 23. samples were hea led to various 
temperatures u p to and above normal 
maximum operat ing temperature for 
twenty- four hours and the resu ltant 
permanent l inear change IS shown. 

Based on tests over a period at GR 's 
Centra l Research Laboratory. 

Compressive Creep. Selfrac 23 was tested 
for l inear deformat ion afler four hours under 
a load of 10 psi . al 1230°C to check lIS 
abi lity to w ithstand stresses such as would 
occ ur In an arch span. 
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COLD FACTS 
ABOUT 
FURNACE INSUlATION 

PR ICE-PEARSON insulati ng bricks and castables 
cover the temperature range 800-1 800 °(. P- PD moler 
bricks and two types of ve rmiculi te castable provide 
the highest insu lating properties up to about 1000°C. 
P- PI 23 bricks and specia l shapes. also P3 insulating 
castable effectively cover 1000-1300°(. P-P I 26 goes 
up to 1450°(. For the highest temperature there are 
28 & 29 grade bricks together w ith A 17 castable . Cost 
and perform ance are equated in the PR ICE'PEARSON 
fo rmula. 
PRICEmPEARSON (SALES) LIMITED STOURBRIDGE 
A M EMBER OF THE PRIC E-PEARSON REFRAC TORIES GROUP 
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