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STEEL 
GRINDING BALLS 

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

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

Aho makers of fine hand-for.ed tools 
for QUARRY ond MINE 

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

Phone and Grams: Sheffleld 24201/2 

HEAT RESISTING 

IRON CASTINGS 

IS CA 
RAILWAY SWITCHES AND 

CROSSINGS, TRACK, TURNTABLES 

ISCA FOUNDRY· NEWPORT· MON. PHONE NEWPORT 65224/5 

LONDON: ABBEY 6407 
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Powder, Particles or Pieces ... 
a revolutionary method of 
CONVEYING, feeding, mixing 
and proportioning 

A rema rka ble method of conveying 
chemica ls, ashes, coal and o ther 
materia ls, giving efficient dust-free trans­
po rtation, ex tremely economical to 
operate and to mai ntain. 

OWL ENGINEERING SUPPLIES LTD. , Kirkstal/ Rd. Leeds J A MEMBER OF THE CD 

ci itator nits 
HAVE BEEN INSTALLED FOR THE 
CEMENT AND LIME INDUSTRY IN 
-x- UNITED KINGDOM * SOUTH AFRICA * JAMAICA 

-::- AUSTRALIA -x- HONG KONG * EIRE * RHODESIA -:{- ISRAEL 
. sc 25~ / PS 
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Reserve copacity ogainst thermal overloading - Irouble · free 
kiln operat ion without sticking or coking - particularly high 
resistance 10 abrasion - longer lining life - (ewer intermediate 
repairs - increased kiln oulpul- improved qUo.lily of the product 

are the main advantoges of our 

ANKRAL 
Special Magnesite 8dcks 

Super ior raw moteriells . most up·lo-dole manufacturing plont , 
comprehensive quality control and our scienlific research ore 
your guarantee for the excellence of our products . Thanks to 
their technological propert ies our Special Mognesite Br icks are 

HIGHLY ECONOMICAL 

VEJ:TSCHER. MlI.GNESJ:TWERKE-
Actl~n G~sellu:hoft. Vienna A ust r ia 

G"nerol Sales OH.(l" Refractor, P,.oduch lImIted 
Po,t OHlce 8 0_ 8 0 , I e 2 SWllu'r!and 

Agent, for U K - Jonn l e Bouldlu>, lid 1, Regent S'rut, Lo ndon S W t 
Ind IO - J B Ad vanl & Co Prlvat(" lid" P 0 B 687 , Bomba)' 1 
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A .. CONCRETE SERIES" BOOK 

FOUNDATION FAILURES 
By C. SZECHY, D.Se. 

The Author, who is Professor of F oundation Engineering at Budapest, 
invest igated numerous cases of the fai lure of foundations in Hungary, and 
the book includes the results of these examinations toge ther with reports of 
many other failures in various parts of the world. 

The causes of failures are diverse , but the principal possible causes in 
design or construction are classified as follows: 

Insufficient or wrongly interpreted site investigation. 
Unsuitable structures and foundations. 

Defect ive execution. 
External influences. 

IIS pages. 123 di agrams and photographs. 

Price 20S.; by post 21S . 5 dollars in Canada and U .S.A. 

CONCRETE PUBLICATIONS LTD. 
14 DARTMOUTH STREET, LONDON, S.W.I 

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

A NEW " CONCRETE SERIES " BOOK 

DESIGN AND CONSTRUCTION OF FOUNDATIONS 

By G. P. MANNING, M.Eng., M.I.C.E. 

This well-known engineer deals with the type of founda tion work that would 
normally be undertaken by a civil engineer without calling upon specialists, and 
is suitable for practising civil engineers and students. A feature of t he book is the 
large number of examples of actua l problems with drawings showing the detail s. 

The p,·incipal Contents include 
Site Investigation; Applied loads; Settlement. 
COllstruction.-Operations ,rithin various sizes and types o f excavation; 
Materials; Caissons on land s ites; Work on suhmerged sites. 
Design.- Mass concrete p iers a nd walls: Reinforced concrete slab a nd beam-and­
slab footings; Anchor foundations; Rafts; Dri ven ami bored piles; Foundations 
subjected to lateral loads. 

Numerous ilklstrations. 
Price 24s. , by post 25s. 

J 3 DESIGN CHARTS 

235 pages 
6 dolla rs in Canada and U.S.A. 

CONCRETE PUBLICATIONS LTD. 
14 DARTMOUTH STREET, LONDON, S.W.I 
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homogenising plants 

in modern cement works 
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OUR 

DRYERS 

ARE -

gentle 
British 'Rema' pneumatic dryers 

are particularly suitable for 
small materials easily damaged 

by breakage or overheating. 
The particles are separated and 

swept by hot gases giving a 
rapid transfer of moisture from 

the material to the air stream. 
Drying plant is manufactured 

for many different products 
and we supply plant up to 

the largest sizes. Please fill in 
the request form to 
gain all the 
information you 
require. 

1-------~R49/CL~ 

I To BRITISH ' REMA' MANUFACTURING co. LTD. I 
ONE INDUSTRY ROAD, SHEFFIELD 9 

I Please post data on •• British Rema Dryers " to :- I 
I I I Name ............. .. ............................. .. I 
I Position ... . ................ . .... I 
I Rrm ... ... I 
~dress~~.~.==.==.=.=.~ 
BRITISH'REHA' HAN UFACTURING CO. LTD., 

PROPRIETORS : EDGAR ALLEN & CO. LTD. 

ONE INDUSTRY ROAD, SHEFFIELD' 

Telephone : 42721/2 

Alite 
SUPER REFRACTORIES 

for 

CEMENT & LIME WORKS 

High Alumina bricks and 
speCial shapes for Rotary and 
Shaft kilns. Full details 
available on request. 

: .............................................................. . 
i Allte Alumina Rlfractorinea 

i No. 1 89-72% CONE 37-31 

i B.1 82-64% 38 

i B. 67-69% 38 

I D. 39-42% 33 
! .............................................................. . 

High-temperature Insulating Bricks. 
" PEE R " Air-selling Refractory 
Cements. 
"R" Quality Fire brick for lower 
temperature work and resistance to 
abrasion. 

E. J. &. J. PEARSON LIMITED 
$TOURBIUDGE, ENGLAND 
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The Haver 

ROTARY 

without pre­

compacting for 

cement, lime , 

slag , plaster , 

etc., etc. 
THE 
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arduous present day requirements. 

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

U.K . Representatives :-

CONTINENTAL ENGINEERING CO. LTD., London Road, Ascot, Berks. 
Tel. No : Winkfield Row 395 
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Plants for making: 

ASBESTOS CEMENT PRESSURE PIPES 

ASBESTOS CEMENT SHEETS 

WHITE CEMENT 

SLAG CEMENT 

ASBESTOS CEMENT ENGINEERING CO. 

P.O. BOX 34.649 Haupstrasse 26, VADUZ, LIECHTENSTEIN, SWITZERLAND 

ROTARY 
DISC FEEDER 

British Potent No . 769603 

for controlled , infinitely-variable volumetric­
measurements to close limits of many kinds of 
crushed and ground materials such as cement 
raw material, limestone, gypsum, coal, etc. 

DELO (ENGINEERS) LTD. 
D8 Borough High Street 
LONDON,S.E.1. Tel: Hop 0085/6 

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

regulation 
• Is airtight and therefore suitable for use in 

grinding installations operating under 
vacuum or pressure conditions. 

Also Drying Furnaces, Disc 
Granulators , Short and Medium 
Distance Pneu matic Conveyors 
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NO-V-O 
A HIGH ALUMINA REFRACTORY 
WITH A LONGER WORKING LIFE 

Devised specifically to withstand 
exceptionally severe conditions 
or provide a large safety factor, 
NOVO 70 is eminently suitable 
for the highest temperatures in 
cement and lime rotary kilns , 

Other Bonnybridge Refractories for these 
industries include 

NOVO 60 
NOVO 50 
OCTO 
CALDER L 
CALDER LS 

BONNYBRIDGE SILICA " FIRECLAY CO. LTD. 
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BONNYBRIDGE. SCOTLAND. Telephone: Bonnybridge 227, 
Telegrams: "Silica" Bonnybridge. 

AUTOCLAVE EXPANSION 
OF PORTLAND CEMENT 

A.S. T.M. Specification C.ISI-S6 

An apparatus designed for determining the soundness of Portland Cement in the form 
of samples lin . square x lOin . long, and subjected to a steam pressure of 295 p.s.i.. for 
a period of three hours. 
Autoclave consists of a mild steel horizontal pressure vessel complete with removable 
cover to which is fitted an air-release valve. 
At rear of Autoclave are two siphon tubes. one carrying pressure control switch with 
adjustable setting. the other carrying Bourdon Tube type Pressure Gauge. 
Heating is by means of 3,OOO-watt knuckle-type heating element surrounding body of 
Autoclave and protected by asbestos casing. the whole apparatus being mounted on 
a cast-iron baseplate. 
A removable water bath for steam generation and complete with rack for carrying eight 
samples is supplied for positioning in Autoclave. 

Illustrated and descriptive leaflet with price from;-

CHAS. W. COOK &. SONS L YD. 
97 WAlSAll ROAD, BIRMINGHAM, 22B 

Telephone: Birchfields 4223 Cables: Abnorpress 
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ROTARY 

FLUXO 
PACKER 

f or 
CEMENT 

TELEPHONE: 
GROSVENOR 4100 

TELEGRAMS: 
F O L A S MIDTH 
TE LEX , LONDON 

CABLEGRAMS: 
F 0 LAS M I D T ·H 

L ONDON 

CE\IENT ANt) LJ \ IE ~ I At\l · F . \ cn T R I~ SI·. I'TUII IER , ]00 1 

For automatic fillin g and weighing of cement into 
valved sacks. 

LARGE OUTPUT 
combined with weighing accuracy and economy 

in la bour. 

F. L.SMIDTH 
& CO . LTD . 

105 PICCADILLY, LONDON, W.1 



CEMENT AND LIME 
MANUFACTURE 

PUBI.IBHED A I.TERNATE MO~TUS. PRICE Is. 2d. A COPY ANNUAL S UBSURIPTION 78. POST FREE 

$1.30 IN CANADA AND U.S.A 

P UBUSHED BY 

CONCRETE P UBLICATIONS LIMITED 
14 DARTMOUTH STREET, LONDON, S.W.l 

TELEPHONE, WU1TESALL 4681. 
TELEGRAPHIC ADDRESS , 

C05CRETIU8. PARI.. LOKDON. 

VOLUME XXXIV. NUMBER 5. 

PUDUSHERS OP 

COXCRETE & CONSTRUCTIONAL ENGINEERING" 
" COXCRETE BUILDING & CONCRETE PltODUCTS" 

"CEMENT &: LIME MANUFACTURE" 
"THE CONCRETE YEAR BOOK" 
"CONCRETE SERIES" BOOKS. 

SEPTEMBER, 1961 

Simplified Phase Diagrams For Cement Pastes. 
By F. S. FULTON 

C EMENT paste which has been cured continuously under water is a three-component 
system consisting of unhydrated cement, hydrate and water. The method used 
by Mr. T. C. Powers! to illustrate the transition from the system (cement p lus 
water) to that of the three-component system is shown in the first and second 
diagrams in Fig. I, in which 

Wo = weight of water in the fresh paste (corrected for bleeding and any 
dilation of the paste during hydration). 

c = weight of original cement. 
Ve = specific volume of the orig inal cement (cu. cm. per gramme). 
We = weight of capillary water a t a stage when a fraction m of the cement 

has hyd rated. 
N = volume of cement gel produced by the hydrat ion of I c.c. of cement. 
w. = weight of evaporable water under specified conditions of drying at 

hydration stage m . 
P. = inherent porosity of the gel. 

All weights are in grammes. 
The construction is based en the assumption that once corrections have been 

SUBSCRIPTION R ATES 
The Proprietors of " Cement anel Lime Manufacture" regret to announce that , 

in view of successive increases in the costs of printing anel postage, the prep aid sub­
scription rate for this journal will be 95. per annu m inCluding postage (or 1.75 dollars 
in U.S.A. a nd Canada) as from J anuary 1962. 

The price of copies of current numbers, commencing with the number for J anua ry 
1962. will be I S. 6d. each o r by post 25 . (35 cents post pa id in U.S.A. a nd Canada ). 

(65) 
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made for bleeding and early dilation, the total volume of the system remains 
constant for any given paste at a ll stages of hydration. 

As shown in F ig. I, the fresh paste consists on ly of cement and water. When 
a fraction m of the cement has hydrated, the system consists of capill ary water , 
unhydrated cement and porous gel, the pores in the gel being fill ed with water. 
The gel water and the capillary water together constitute the evaporable water. 
The third diagram in Fig. I represents therefore the proporti ons of evaporable 
water , gel solids, and unhydrated cement in the particul ar paste at hyd rat ion 
stage m . 

The di agram is over-simpli fied, and a more satisfactory expression2 for the vol­
ume of the gel solids is V he(me+ Wn), in which V he is the specific volume of 
hydrated cement in cu. cm. per gramme and 11'1" is the weight of non-evaporable 
water, under the specified drying conditions, at hydration stage m . However, 
from a consideration of the values given by Mr. Powers it is evident that , for the 
purpose of diagrammatic illustration , no great error is involved in stating 
Vhe(me + wn) = (I - Po) NmevVe· 

The disadvantage of any di agram of the type shown in Fig. I is that it illustrates 
volume relationships for only one paste at one specific stage of hydration. The 
effects of changes in the ratio of original water to cement , of increasing 
maturit y and of restricted hydration, can be represented only by a succession of 
similar diagrams. 

A new form of diagram is therefore presented which may lead to a clearer 
appreciation of the process of hydration. From Fig. I it is seen that 

11'10 + eVe = We + NmeVe + (I - m)eVe 
and 11'10 + eVe = We + (I - Po) NmeVe + (I - m)eVe· 
Consequently We = 11'10 + meVe - (I - pg)NmeVe (I) 

and We = 11'10 + meVe - N meVe (2) 

T ---r-
-----

-r 
Capillary Tot al 

· c Pores porc:s We Wattr 

1_ ·0 

~-
mcVc 

cVe -4--
(l - m)CVe ___ t _ _ 

-----

Fresh paste Hydration stage m 

Fig. 1. 
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(I-m)cv 0 10 20 30 40 50 60 70 BO 90 100 (1_ p) NmcV 

c Solid Volume 'of Gel 9 c 

Fig. 2. 

'The exact va lues of Ve, P. and N depend on the methods used in their de­
terminat ion, and also on the cement used. For purposes of illustration the 
following va lues , which are given by Mr. Powers2 may be used. 

N = z·z e.c. per C.C. ; p. = 0·z8. 

I I - .---. - = - = 0 '318 c.c. per gramme. 
specific gravity 3' 15 

F urthermore, if Ve = 2, 

Then 111. =wo - o's8 meVe (3) 
and We = Wo - 0'38 me (4) 
From these relationships, the phase diagram (Fig. z) may be drawn. For example, 

for l!!o = 0'40, let e = 100 g.; then Wo = 40 g. 
e . 

By absolute volumes, eVe = 100 X 0'318 = 31.8 c.c. 
= 40'0 c.c. 

Total = 71.8 c.c. 
Expressed as percentages by volume, eVe = 44'4 pCI' cent. , and Wo = 55.6 per 

cent. 
These values establish the starting point Xo on the hydration curve for a paste 

c 
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of wolc = 0'40. When 111 = 0'20, that is when one-fifth of the original cement 
has become hydrated, the following apply. 

Evaporable water = We = Ss ·6 - 0'58 X 0'2 X 44'4 = S0'4 per cent. 
Un hydrated cement = (1 - m)cV e = 0·8 X 44'4 = 35'5 per cent. 
Consequently the volume of the solids in the gc l = 100 - (SO'4 + 35'S) 

= 14'1 per cent. 
The point X20 corresponding to this composition ca n therefore Ix: plotted on th e 
phase diagram. . 

Si milar calculations establish points X40 • X 60 • X 80 and X 100 corrcsponding 
respectively to values of m of 0'4, 0·6. 0·8 and I. Thc line XXX therefore 
illustrates the progress of hydration in a pastc having a ra tio of ori ginal water 
to cement of 0'40 . 

Hydration lines for other values 'of wolc can be established similarly. 
Mr. Powers l has pointed out that with water-cement ratios below about 

0'38 by weight (represented by the broken line through point A on the diagram) 
complete hydration of the cement is not possible because thcre exists insufficicnt 
space fill ed with water to accommodate a ll the products whi ch would result from 
complete hydration. Below this water-cement ratio . there will always exist some 
proportion of un hydrated cement. while at higher ratios there will always be 
capillary pores. The stage at which all the space fill ed origi nally with watcr is 
completel y ftlkd by the porous gel may be estimatcd from (fluat ion (4) , by sub-

stitut ing W e = o. t hat is 100 - 0'38mc = o. Hence m = 

0'30 
for wolc = 0'30. m = ---.; = 0.7<). 

0'3<> 

Fer cxa n' ple, 

By calculating lit for ot her values of ?i'olc the li ne 0/\, \\"h:ch dclincs the limit 
of hydrati on, may be drawn . 

The completed diagram ca n therefore be used to illustrale not l' lll y the prq;ress 
of hydration of cement pastes of all possible water-ClInlilt ratios, but alsu to 
depict the restric ti on of hydration in pastes of low rati t·s . 

REFERENCES 
1.- 1'. C. Powers. .. Thc Ph ysical Structure and Engi neering Pruperti es o f Con­

cre te." Portla nd Cement Association Hesearch and Develupmen t Laburaturies 
Bulletin 90, July 1'158. 

2.- 1'. C. Powers . .. Physical Properties uf Cement Paste ." Fuurth Interna ti unal 
Symposiulll un the Chcmistry o f Cement ( 1<)60). 

Accidents in the Cement Industry. 
IN the six months ending June 30 , there were on ly thirt y-Illo disa bling injuri es 
resulting in loss of time in the twenl y-seven cement -producilib unit s of the Bille 
Circle Group. This number is fi ft een fewer than ill the same period of l()(!l' . The 
cumulative frequency rale is now 0'3S compared with t 'SJ last year. III the 
p eriod under review. there were no accident s resultili g ill loss of lime ill lll eh 'e 
works. 
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New Grinding Plant at an American Cement Works. 
TH E works of th e Hllron Portland Cement Co .. at Alpena, Michigan. U.S. A .. 
is claimed to be th e largest single cement works in the world. It has a capacit y 
of 2.000,000 tons per year . The mills operate eight mon ths in th e year , and the 
kilns operate all the year rOllnd. The kiln s have a capacity. at present. of 5000 
tons per day. Finished cement can be prod llced at the rate of about 8600 tons 
per day. The apparent gap is filled by reserves of clinker of up to about 400.000 
tons in a storage area wh ere clinker is stored during the winter months whi Ie 
the Company 's cement -carrying ships are ice-bound . The storage capacit y of 
fini shed cement is [75,000 ton s. ( ft is reported that a new Is -ft. rota ry kiln 460-ft . 
long is to be insta lled ; it is expected to be in operation early in 1962, and wi ll 
increase the capacit y o f the works by 330 .000 ton s per year. ) 

The most recent of several major innovat ions, since the Company became 
a subsidiary of th e Nat iona l Gypsum Co .. is th e installa tion of a new finishing 
plant which has a rat ed capacity of 54 ton s per hour and is described in the 
followin g. 

Fig. 1. 



1'."'" 70 

Fig. 2. 

Grinding Plant. 
Limeston e is obta in ed from quarries located a few hundred yards from tli e 

cement works. Shale is delivered by rail. The feed to the mills is controlled by 
an electronically-operated system (Figs. I and 2) . The raw-materi a l grinding 
mills comprise nin e 7-ft. by 26- ft . tube-mills with 14-ft. a ir -separators a nd four 
lO-ft. 6-in . by IS-ft. mills with 16-ft . air-separators. The raw materia l is reduced 
to a size such that 90 per cent . passes a 200-mesh screen . Sixteen mi lls deal with 
the .. Bradley" product and three grind th e clinker . Fina l classi fi cation is 
carried out in nineteen separators, ranging from 14-ft . to IS-ft . in di ameter. 
The newest and largest mill . which commenced operating in the autumn of 1960. 
uses 21S ton s of grinding balls in a 2750-h.P· 12- ft . by 36-ft ... Compeb " tube-mill 
(Fig . 3) . which is de: igned to have an output of 5-1 (ons per hour. it is connected 
to an I S-ft. air-separator dri ven by a 250- h.P. motor and 'upplied by the Stur( e\'an t 
;vlill Co .. of Boston , ~Iass.; the output of (he separa tor is gua ranteed a lthough 
there has been no pre\'ious experience of such high output wit h a n l8-ft . separator. 

It is estimated th at the new mill. which is said to be a t present one of the 
largest in tIl(' worlel . prod uces a bout 58 (ons per hour. and th is is considered to be 
th e norllla l operatin g capacit y One run of 2-1 Ii ours prod ll l'l'd a n average of 
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F ig . 3. 

nearly 70 ton s per hour. The two-compartment mill receives 66 to 70 tons per 
hour of material ha ving a max imum size of z-in. The fi rst compartm ent is loaded 
with balls to th e extent of 36 per cent. of the intern al volume. Of these grinding 
media, 1 '4 per cent. are 4- in . in diameter, 7 per cent. 3! -in ., 43 '3 per cent. 3-in ., 
and 31'Z per cen t. z ! -in . The remainder are smaller. r n the second compartmen t , 
34.6 per cent. of the grind ing media are I i- in . in diameter, 37 per cent . I-in. , and 
the remainder are sma ller. About 35 per cent. of the in ternal volume of the 
second compartment is occupied by grinding media. 

Air Separation . 
About 75 per cent. of th e ground material is fin er than zoo-mesh, less than 

5 per cent . exceeds lOo-mesh, 7'7 per cent. is between IOo-mesh and Iso-mesh , 
and 12 '5 per cent. is between Iso- mesh and zoo-mesh. The product is passed to 
the air-separator. which consum es about zz5 h.p. to drive the pinion shaft at 
500 r.p.m .. and receives th e materia l and passes it through selector blades. The 
blades. which are 2ft . to 2ft. 6in. long and taper from IO!in . to lz in .. are 
mounted so as to wh irl th e ma teri al in a horizontal spray. The overhead fan , 
which has twelve 3-ft. 6-in . blades. sucks up th e fin es. separat ing centrifugally 
any large particles which might ot herwi se escape with the fin es. Simple ad just­
ments a llow exact regulation and control of the centrifugal force and the air 
currents. The fin es are expelled through a con ical outlet and the oversized 
material passes through another out let for re-introduction into the grinding 
system. 
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Fig, 4 . 

Several methods can be used to regulate the size of particles recovered from 
the separator. The speed of the vertical shaft can be varied whereby the suction 
of the top fan is affected. The volume of air sucked upwards by the top fan can 
be controlled by open ing or closing a series of d iaphragm valves which are spaced 
around the periphery of the separator (Fig. 4). The number of blades on the 
upper plate can be varied; the fewer the number of blades the coarser the part icles 
withdrawn, since a larger number of blades creates more interference to the 
inward passage of the cement-laden a ir and only the finest particles can get 
through. 
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The fin es leave the separator at a temperature of from 160 deg. to 200 deg. F. , 
having undergone an increase of temperature through attritional heat. accom­
panied by cooling of the ambient a ir during the classification process. The usual 
range of cooling temperatures is IS deg. to 60 deg. F.; investigations are being 
made to effect further cooling during hot weather. The fines thus separated are 
such that 88 per cent. pass a 325-mesh, and have a specific surface of 1650 sq. cm. 
per gramme measured on the Wagner apparatus. 

Determining the Initial Set. 

Fi~. 1. Fi~. 2 . 

The apparatus in F ig. I is a penetrometer for the determination of the initial 
set of concrete, mortar, or cement on sites or in laboratories. The apparatus, 
which has been developed by Soiltest , Inc., is 7 in . long and is intended to be used 
in conjunct ion with A.S.T .M. Test C-403 . The procedure is to force the steel shaft , 
which has an area of 0·05sq. in. , into the material (Fig. 2) to a depth of I in. as 
marked on the shaft. T he resistance in pounds per square inch is shown on a 
direct reading scale by the sliding sleeve wh ich is held automatically in position 
until released . The scale ranges from zero to 700 lb. per square inch. It has been 
established that ini t ial set of concrete is reached when the resist ance is 500 lb. 
per square inch. 
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A High-speed Grinding Process. 
WHAT is claimed to be an improved high-speed grinding process using a vibrating 
ball mill has been devised by Dr. H . E. Rose and Dr. R. M. E. Sullivan of King's 
College, London. The process, which is available under licence from the 
National Research Development Corporat ion, uti lises grinding rates more than 
fifty times greater than those attainable in present commercia l mills. The 
increased rate of grinding can be obtained by a moderate increase in the speed of 
rotation of the out-of-balance weight shaft of the mill. To do this by merely 
increasing the speed of driving of a convent ional mill would in t roduce mechanical 
problems. Therefore the effective exploita tion of the possible increase in the 
speed of operation of a mill requires basic changes in the design of the machine. 
Theoretical considerations suggest that to achieve a high rate of grinding, operation 

Fig. 1. 

of vibration mills at high frequency is essential. In a large mill the loads on the 
bearings and frictional losses become very great but this obstacle may be overcome 
by introducing operation by resonance. The bearing load is zero and frictional 
losses are very small at exact resonant speeds. Such operation requires stiff or 
stron g springs, which are the probable limitation of what can be achieved by this 
method . Overall efficiencies of between 65 and 75 per cent. are claimed. The 
largest possible fraction of the energy absorbed by the mill charge should be 
converted to energy associated with new surface. Theory indicates tha t use of 
grinding media of the greatest density are required . It is also considered that 
there is an optimum mill fi lling rat io. The type of motion imparted to the mill 
is also important and a circular motion has been found to give a rate of grinding 
twenty times greater than the same amplitude of motion entirely in a horizontal 
plane. 

The vibrating ball mill shown diagramatically in Fig. I comprises four mills 
arranged to vibrate in anti-phase. By this means, the disturbing force acting 
on the frame is minimised. Parts I, 2, 3 and 4 are the primary or stiff suspension; 
parts 5 are the secondary or soft suspension . 
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An Investigation of the Slaking of Quicklime 
by Steam. 

I N a recent number of " Zement-Kalk-Gips," M. KR EUTZ and G. SCHIMMEL 
describe an investigation of the behaviour of quicklime when it is slaked by 
superheated steam a t a tmospheric pressure and also by high-pressure steam. 

Apparatus. 
The apparatus (Fig. r) used for slaking the quicklime in superheated steam 

comprise two copper tubes, one of which was half the diameter of the other, 
connected by a t apered section (Fig . 2) . The smaller tube was packed with 
Raschig rings and the larger tube accommodated a porcelain boat containing the 
charge of quicklime. Helical heating coils were wound around both tubes and 
t he assembly was enveloped in a gal vani sed metal jacket fill ed with vermiculite. 
Small side-tubes , connected at right-angles to the larger tube, allowed thermometers 
to be inserted to reco rd the temperature of the steam, before contact with the 
charge, and the tempcrature of the lime during the slaking process. The steam 
became superheated as it passed through the heated Raschig rings in the smaller 
tube, and it then entered the larger tube containing the lime. 

Tests. 
The raw materi a l used in the in ves tigation was a natural finely crysta lline 

limestone crushed to pieces of 4 cm. to 6 cm. and burned at different temperatures 
between goo and I 300 deg. C. for different periods of time. The quicklime was 
then crushed furth er and the fraction between 2 mm. and 5 mm. was selected 
for the slaking tests. Every test was carried out at a definite tempera ture to 
which the apparatus was heated before admission of the steam, and heating was 
maintained for half an hour after the supply of steam had been discontinued. 
Tests were performed at different temperatures for different periods. 

Each sample was subsequently tested to determine the percentage of the lime 

Fi~. 1. 
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Fig. 2. 

which had crumbled during slaking, and the molecular ratio CaO H20 was found 
by chemical analysis. Values of the plasticity were obtained by means of Emley 's 
apparatus. 

After each experiment, there remaincd an appreciable percentagc of grains 
which had not fall cn apart into a powdcry hydrate. These hard grains, howcvcr, 
had not escaped hydration since they mostly cont ained water in amounts approach­
ing the theoretical proportion for calcium hydroxidc. The proportion of non­
disintegrated grains of hydrate from lime burned at I 300 deg. C. was always 
below 50 per cent., while with lower burning tempcratures the reverse occurred. 

Thc proportion of water in the hydrates deviated most from the theoretical 
value where the minimum temperature of slaking had been high, suggesting that 
aboyE' IOO deg. c., the reverse reaction may begin to come into effect . After a 
certain value had been reached, prolongati on of the period of slaking did not 
increase the proportion of combined water. The rate of slaking was lower for the 
limes burnt at I 300 deg. C. than for those burnt at lower temperatures . Few 
samples showed complete hydration. 

Fig. 3. - Electron-micro~raph of the 
Fractured Surface of a Grain of CaO. 

Fi~. 4.-Electron-micro~raph of a Grain 
of Ground Ca(OH)2' 
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The Emley values tended to be rather low, for example between II3 and 180, 

for the self-powdered hydrate. The hard grains had to be ground in a ball-mill 
before the tests could be made, and the values were higher. 

Slakin~ without Expansion. 
In order to investigate the phenomenon that quicklime can apparently be 

slaked without expansion of volume and the consequent falling apart, I-cm. cubes 
of limestone were cut with a diamond saw, and burned for six hours at 1000 deg. C. 
in an electric oven and immediately slaked in superheated steam at about 
200 deg. C. Some cubes fell apart but others retained their original form and 
none of the edges of these exceeded their initial length. Since the oxide and 
hydroxide have different forms of lattice with different lattice constants (the 
distance between calcium ions is greater in the case of the hydroxide), it appears 
that expansion in volume must be accommodated by pores. This would explain 
the result that grains from lime burnt at a higher temperature fell apart more on 
slaking than in the case of limes burnt at a lower temperature. 

Slakin~ in Autoclaves. 
Further eX'Periments were carried out on slaking lime under pressure in an 

autoclave. The lime used was burnt at I050 deg. C. in a gas oven . About 3 lb. 
of the lime was put in an autoclave fitted with t emperature control and a 
mechanical stirrer. When a steady temperature of 150 deg. C. had been reached, 
water was injected while st irring the charge over periods of I , 40 and 60 minutes. 
After the addition of water was complete, the heating of the autoclave was 
switched off . When the temperature had fallen to 130 to 135 deg. c., the water 
vapour was allowed to blow out and the autoclave was cooled with water. It 
was opened at room temperature and the slaked lime removed. 

Again there was a proportion of hard grains which were shown by chemical 
analysis to consist mainly of hydrate, and the general properties of the material 
were similar to those of the product from hydration by superheated steam at 
atmospheric pressure. 

Visual Results. 
The two photographs taken with an electron microscope (at a magnification 

of 5000) show carbon impressions of the fractured surface of a grain of calcium 
oxide (Fig. 3) and a grain of hydrated lime (Fig. 4) ground in a mortar. 

Experiments were carried out in which the process of slaking by superheated 
steam could be recorded by X-ray diagrams. These showed that calcium oxide 
free from hydroxide was converted at 140 deg. C. to calcium hydroxide containing 
some oxide, but that when the apparatus was allowed to cool and the steam no 
longer superheated, the recordings of the oxide disappeared. The recordings of 
the hydrate were then more intense than before, suggesting a state of finer 
subdivision. 
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Prevention of Dermatitis in the Cement Industry. 
MATTERS relating to the cause, prevention and incidence of dermatitis in the 
cement and concrete industries were brought to notice in a law case, early this year, 
in which a firm supplyin g ready-mixed concrete was sued by an ex-employee 
who alleged that he contracted this cutaneous disease in the course of his em­
ployment . The employee's hands were soiled with oil, grease and dust as well as 
cement, and the basis of his case was that the firm did not supply a barrier cream. 
The result of the case turned on the question whether barrier creams were 
efficacious in preventing the disease. Tn the event , the defendants won the case 
because evidence did not establish this to be so. The judge, in his summing up, 
quoted medical evidence to the effect that barrier creams were not necessarily a 
preventative against this particula r disease. It was stated that the principle 
or theory of the action of barrier creams is good, that is, the cream is supposed to 
provide a layer on the skin which prevents noxious substances reaching the skin. 
Also, the only proof of the value of a barrier cream must come from properly 
conducted trials carried out under industrial conditions and followed by an assess­
ment of the incidence of dermatiti . 

Views of the Cement Industry 
From the evidence available it appears that dermatitis is much more prevalent 

among workmen handling wet concrete, especially if oil is present, than among 
workmen in cement works. Enquiries made at a large firm of cement manu­
facturers elicited the information that this particul ar firm does not issue any 
special instructions to employees on the precautions to be taken when working 
with cement, because it is the belief that dermatitis can be prevented by personal 
hygiene. Throughout the works and supply depots of the firm, adequate washing 
facilities are provided with plentiful supplies of hot water and means of drying . 
Barrier creams are available for the employees' use. The employees make consider­
able use of these facilities, and , as a consequence, on ly six cases of derm at itis were 
recorded among the thousands of employees in twenty-eight works and munerous 
depots. 

It is thought that the daily use of barrier creams, although not necessarily 
providing complete protection against dermatitis, certainly conditions the hands 
for easier and quicker removal of cement by washing and thereby no doubt helps 
to lessen the chances of dermatitis developing. 

It seems to be fairly well established that oil derm atitis is more common than 
cement dermatitis, and that the latter form is an allergy and is not contagious. 
That some workers are allergic to dermat itis is considered to be such a basic fac tor 
in the incidence of the disease that it is reported that one fi rm of precast concrete 
products makers required each new employee to certify that he had never suffered 
from dermatitis. (Some views of the precast concrete industry are given in " Con­
crete Bui lding and Concrete Products," May 1961). 

Medical Views 
A summary of the present state of medical knowledge of the disease as ex-
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perienced in th e cement industry is gin:n by Dr. Cha rl es D. Ca ln an in an a rtic le 
entitl ed " Cement Dermatitis" in the" J ournal o f Occupat iona l Medicine," 
J anuary, 1960 , from which the following information a nd da ta a re abstrac ted. 

Th ere is ev idence of th e disease throughout ma ny centuri es, but more recen t 
medica l opinions a re t hat excessi\ 'e swea ting and o\ 'er-d ryness o f th e skin a re pre­
di sposin g fa ctors. fn cement work s, th e fini shers, packers and men sea lin g sac ks 
were amoll g thosc most liable to contract th e disease. I ~ eports from I~ussi a stat e 
th at IllCII carry ing bags of ccmcllt on th eir backs without adequate protection 
incurred th e di sease. During' th e past decad e th e incid cnce of the di sease has been 
a llied to chroma te scnsiti\·it y. ft has eve n been claimed that handling cement with 
chrome- tann cd leather g loves ha s at least agg ravated the disease. :ll any in ves ti­
ga tors conclud e that allergic eczematous hyp erse nsitivity to chromate is th e 
prin cipal l'a nse o f dermatitis, alt hough less ex treme opinion states that chrom ate 
se nsitivit y may initi ate and maint a in ce lll en t derm atit is with ou t being entirel y 
I he primarv caw;('. 

Chl'ome Compounds in Cement 
Th cre an' sC\'cra l possibl e sources of chrome compound s in Portland cement. 

I'll th c artic lc mentioncd, it is stated that in th.e raw materia ls, namely cha lk, clay 
(and Ih e rcsllilani slurry), alld gypsum th ere is practica lly no chrom ate (expressed 
as 1~ 2 Crt 07) Probable sources a re coal. ba lls in grindin g mills, and th e refractory 
bricks in kiln s. I'n a killl , .>00 ft. long, a length of about 60 ft. might be lined with 
spl'c i ~ 1i bricks , which may conta in R to to per cenl. of hexava lent chromate. 
fn th e course o f wea rin g, th e chrome in the bricks find s it s way into th e cement to a 
maximum n lt'lll calc ulated to be 27 part s p er milli on. F rom th e chrom ium -steel 
ball s ill gr indin g mill s it i;; est imated th a t, in th e case o f one works, th e th eore tica l 
amounl of mclallil' chrom ium from this sourcc in IOO g . of cement is 200p.g 
The chrom,lI e from th ese sources accounts for much of th e total chroma te content 
of cement which , in B ritish ccment, may be up to LOOO micro-gram mes p er cent. 
The small remaining part may be due to th e chromatic-content of th e pu lveri sed 
coa l u sed as fu el in th e kiln s; th e cont en t o f th e fu el ash may be abou t 945p.g· 
per cent. There may. however, be considera bl e di sparity (even up to tenfold ) 
be tween th e total chromium cont en t o f the cem('nt and th e amount presen t as 
hexava lent chromate. 

fn modern cement works, statcs Dr . Ca ln an, derm at itis is infrequent in spite of 
t he fac t that ccment dust is so fin e. Apart from th e reduction of the hazard by 
mec ha ni sa tion (o f packin g as well as other processes) and aut omation, th e work­
men a rc exposed to drv rather than wet cement and th e absence of moisture avoids 
sla kin g of th e lim e, wh ich appears to be th e \'irulent substance. On t he ot her hand , 
sufferers from th e disease may oft en be men exposed to cement dust whose 
clot hi ng becomes impregnated ; th e majority of patien ts a re sensiti ve to chromate, 
a ncl t heir work is often hot and heavy causing them to sweat profusely. The cement 
dus t settl es on th e sweat ing skin and becomes mixed in solu t ion, resulting in 
generation of heat and an increase in a lka linit y consequent upon slakin g of th e lim C'. 
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The Cement Industry III Europe III 1960. 
THE E uropean ccm cnt in clu strv continu es to bcnefit from gcncral t rad c l':-.­
pansion. accord in g to " Th c Cemc nt Tn dust ry in Europe I C)()() " (pllblish ed b\' 

the Orga ni sation for Europcan Economic Co-opcration ). and product ion ill 1.9 ~ l() 

il' c rcascd by 6 p er ccnt. Alth ough lower than in th c prc l' ious year. th i, e :-.pansion 
wa s due cntirely to hom c d emapd s. sin cc e:-.port s showcd a dO\\,II\1';\I'(1 t end ency. 

Cemcnt priccs at th c cnd of 1960 \\'cre much th c samc as thosc at th e l' nd of 1959. 

Thc world prod uc tion o f ccmcnt in 19~1O wa s 315.oco.oco ton s o f \I'hich 
97.<':(;0.oco ton s was produccd by countrics which a rc m embers of ().E .E.C. 
Of th cse countr ies (; crman y produccd thl' g rca tcst amount . namelv 25 .05().oOO 

ton s. followcd by I ta ly \\'ith 1.5.8 17.(:(,0 tons. Frall ce Lj . l 7,i.CCO tons and t hc 
l ' nit ed Kin gdom l,).500.( 00 tons. (,-\11 quantiti cs in th e forl'goin g and follo\\'ing 
a rc in m ct ric ton s.) 

The producti\ 'c capacity o f th l' ccml'nt indus try in Ill l'mlw r countr ies a t th e 

end of 1960 am ou nt ed to 1('C) "7co.cCO ton s whic h is about 7.2co.0(,o lO ll S m orl' 
than at t he end of th e pre'\'ious year. Thl' g rca tes t increase \\'as obtain cd by the 
in s tallation of new kiln s at c :-.i s t in g work s. and impro\'l' nH' nts in plant o th l'r than 
kiln s. Thi s incrcasc is comput ed aft c r allo\\'in g for som c kiln s taken Ollt o f ope ra­

t ion, C; crm anv had th c g rca t l'st inc rcase in capac it y du l' to th e es tablishm cnt 

of a ncw works an d add il~g si:-. kiln s to c:-. is tin g \\'orks. rcpresenting an in('l'case in 
capac ity o f 1.-1-00 .COO tons, Of th e li\' c ncw works ilbt a ll cd h\' m embcr cOllntri l's. 

h\'o a rc dry-proccss works and three arc \I'C t -proccss work s. 

:\ft er a continu ous dec lin c sin cc I955 e:-. porh in 1c)59 sho\\' cd an illlpro\·cmcnt. 
but in 19()0 export s dropped by 6 pcr ccnl.. thi s tcnd cncy was gcne ral fo r mos t 
mcmbcr countries. Bc lgo- I.u :-.cmbourg Economic l ' lli oll (B. I .. E.l'. ). whic ir is 

classilied a,; a s in g lc country. f':-.po rt ed 1.c9CJ.900 tO lb. th e l 'nited Kingd om 

e:-.porteell .<.: 72.2CO tons a nel France 991:l.,)Co ton s. 
Th e total imports of cem cnt by m cmber conntrics, Ill os t of wirich rcprc,;cnt 

trade be tll cen th e m cmber cOllntries. amount ed to J.917.cco tons. which is 
()-1-.oco lon s more tha n in 1959. Th c l'nit ed I-\ingdolll import cd ll 8. 7( 0 ton s in 

1960 compared with 35.3cO tons in 1959. Th e :\c th erlands rcmain th c la rgest 

importers of cem cnt with 1.393.200 tons for 19CJo, 
Th c tota l consumption of c('mcn t bv m cm be r cOlin t ri cs in 1 C) 'lO \\'as 9,\..ICO .CUO 

tons. a n in crease of C,.ceo.(TO ton s comparcd with th c prc\ 'ions year. 
The trade in .c link c j, bclll'ccn m embcr countries amount ed to 775.0(:0 tons 

and export s to nOIl -mcmber countri es were about 2I\O.()CO tons. 

During th e yea r th e a\'l'rage labour force employcel in the Europ~a" c('m ent 

industry was about 1c9.()( 0 comparcd with le9 .-I' 0 in 1959. Th ere wcre fClVer 
manual work crs. but tir e c ler ical and e :-. cc uti\ ·l' s taffs incrcased. Tiri,; trend . 
which ha s been apparcnt for som e years. indicat cs the in creasc in Ill cc irani s;rtion. 

In tir c l' n ited I-\in gdom th c tota l number of p e rsons cmplO,vcd in tir c cClll cnt 
industry in 1960 \I'as 17, l CO. 

\I elllbe r countrics as a whole c:-.pec t to incrcase tirc ir cem ent produclin' 
capacit\ , by q .ooo.()CO tons durin g th e \ 'ea r 1C)(, 1- r.c/,2 ancl hy th e end of If)1l 2 
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to 123.000,000 tons. Of thcsc cstimat cd add itiona l capac itics (; erm any will 
have -l ,ooo,ooo tons, which will be accompli shed by exi sting kiln s, as no new 
works or kiln s a rc int end cd to be sc t up duri ng thi s forthcomin g period. Ita ly 's 
prodl.lcti,·c capacity is cxpcc tcd to bc in creascd by 3. IOO,OOO ton s by the in sta ll a­
t ion of twcnty-four kiln s. Ten new kiln s, a ll o f wh ich will bc rotary kiln s, arc 
cxpec tcd to be in s tal led in the L'nit ecl h:in gcl olll, t hrce in ncw work s and seven 
In exi stin g works. 

Associated Portland Cement Manufacturers Ltd. 
IN th e An nua l I~ epo rt for L960 of t hc Assoc ia t cd P ortland Cement Ylanufacturers 
Ltd., th c Chai rm an, 1\11'. J. A. E. I ~c i ss , B.E.i\'f., announced tha t d eliveries of 
cemcnt in Grea t Britai n werc 5'2 pCI' ccnt. highcr tha n in 1959. Thc programm e of 
cOIl\'ertin g four of th c work s to oil fi ring wa s com plcted and result ed in economies 
of fuei. but th e reduction of price of cement , in February 19)0 , and the increased 
costs of wages and coa l and the imposition of a dut y on oil ca ncell ed th ese 
savings. Thc in crcase in costs rcsulted subsequently in prices being raised. 

Export trade showed a furt her modera te reducti on but sales of specia l cements 
in creased. Deli veries in the ea rly months of L9(n showed a greater in crease th an 
ever experienced (9 .8 per cent. ). The output of th e build ing industry has shown 
a markcd risc which , couplcd wit h th c in creasing usc of concrete building materi a ls, 
point s to the need for more ra pid expansion of capac it y t han wa s intended twelve 
months ago. Last yea r a three-yea r plan to add nearly I ,OOO,OOO tons per annum 
to th e producti on capac ity was announccd and t he first fruit s of th is program me 
a rc a lready comin g to hand in that th e second kiln at the Cauld on works went into 
fu ll product ion in J anua ry last a nd a new kiln a t P lymstock works is expected to 
be in operat ion by th e middle of thi s year- The building of a -lOO ,ooo-ton works 
nca r Dunbar is to commcncc soon and build in g work has a lready begun on a site 
at Wcs tbury. A d ec ision has bcen made in prin ciple to increase t hi s p rogramm e 
to th e ext ent of a bout 500,000 tons per annum , part of wh ich will be by in creasin g 
th e capacit y of cxistin g works, sin ce expansion can be eHected more quickl v 
in thi s way th an by startin g on a new sit e. 

The works overseas sold 2, -l89,500 tons of cement th ereby exceeding p revious 
record s. The Commonwea lth P ortland Cement Co., Ltd. (Austra lia), acquired 
the ~'I e tropolitan Port land Cement Ltd . An extensi,'e li mestone deposit near 
Geelong in Victoria was acq uireci, and a new company, The \ ' ictoria 
P ortl and Cement Co., Pty., Ltd ., has been form ed with the obj ec t of erec t in g a 
new works to produce 300,000 tons per annum . Malayan Cement Ltd., again 
achieved rccord result s and p lans for furth er expansion of capacity a re in hanc1. 
The :'vlixcoac Co., and Tolt eca Co., in Mexico, exp erienced a satisfac tory year 's 
workin g, th e new works at Atotonilco havin g comm enced p roduction recently. 
The Colden Bay Cemen t Co. , !.td., 1\ ew Zcaland, surpassed p revious record 
resu lt s a nd ha: acquired a prim ary interes t in th e Wa itomo Port land Cement 
Co ., Ltd., wh ich operates a 60,000- ton plant a t T e Kuiti in th e :\ orth fslancl. 

- . This ki ln is now ino perat ion. 
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Pla ns are bein g put int o operation to moderni se and c:\ pand prodnrtion at T l' I~nili , 

Tn South Africa, thc crca tion of th e I ~cpublic a nd withdrawal from thc Com­
monwealth hal'c affected trad e generally and , while on balance th e re~ulh of 
\\'hites Sou th Africa n Portland Cement Co .. l.td" ~h owed little chan ge las t yea r , 
th c course of trad e this year is I'iewed with some un cert a int y, The Sa li sburl' 
Portland Cemen t Co" made record delil'e ries but , sin ce thl'n ' has been a marked 
reduction in constructional work , trade \\'ill inel'itabl y be less, Tn Kenya, th e 
East Africa n Portland Cement Co" Ltd .. had a success flll yea r' s tradi ng, bnt 
politica l del'elopmellts h a l'e had a n ad\'(.'rse e ffec t , Th e new works in ;\igeria , 
which has a capac it y of 200,000 ton s a year , ca me int o product ion in J <)Go, 

Tn Ca nada, productil'e capacit y in British Columbia is in l':\cess of th e presen t 
dema nd and there appea rs lit t le prosp~ct of earl y improl'Cmcnl. By taking steps 
to increase e ffi ciency and to red uce cos ts, th e Ocean Cemcnt l\: Supplies Ltd , I ~ 

well placed to take ;te ll'antage of impro\'('d trading conditions, 

New Cement Depot. 

THE Cement :\I a rketing Co" l.td " oPened recentl y a lI e\\' depot at Sllndl'rlalld to 
mec t the in crcasin g demand in nort h -ea~lerl1 I ~ n g lane\. Th e depot ha s bcen 
designed to dea l with 75 ,uCO tons of ccment a \'l'ar, mainly ill blllk, Cemcllt will 
bc delil'e red to th c depot by th e Company's cemellt -ca rry in g ship " \\'alcrete," 
which has been fitt ed with l'quipm ent so that th e discharge of th l' cellll'nt can bl' 
carried out und cr dust-frce conditi ons, Th e I'cssd , which has ;1 capacit y of l :Ho 
tOil S of ccment , is loaded at a works in I~ e nt at a rat e of 300 tons pl'l' honr , 

Cement is cOIlI 'eyed from thc ship int o th e dcpot by a scraper-con\'('yor at 
the ratc o f 200 ton s an hour and is di sc harged int o an eil'I'ator which feeds tw o 
50-ton hoppers, one for ordi nary and onl' for rapid -hardenin g P ort land cement. 
.-\ p erm ea ble conl'l!)'or delil 'c rs slIrpllls mat eria l to a warehouse in which can bl' 
s tored 1800 tons of ordinar~' and 1200 t o n ~ of ra pid-hard enin g Portland Cl'ment. 
The cement is return cd to th e hoppl'rs at the rat l' o f too tons per holll' through 
a scre\\' -con I'el'or. 
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CRUSHERS 

SlUg Sillgle R ull Crusher 36ill. x 36;'/. 

Th~ Stag rull Lru~ hcr i ~ , ui tabk fur rcduci ng cual, IUlll P limc, ami 
m<lny uther pruduct ~ frulIl large lump~ to va ryillg ~ i z~~ ranging frum 
6 in che ~ tv I ~ inchc~ and under. 

The cru ~ her~ an.: mad~ in ~everal ~ i ze~; the ~ IIJalle ~ t can dca l with 
lumps up tu t) im:hes in ~ izc and the largest will t ak~ 2U in ch~~. 

\V~ alsu manufacture Ja lV C rushers, fur rap idly reduci ng lumps uf 
maximulll size , R uta ry l)ryer~ I()r drying at the IUlVest puss ible cost, 
and K13 Rotary Granulators fur reducing large materi als to apprux i­
mately 1 inch . 

EDGAR ALLEN & CO. LIMITED r~:-E~~;-A~L;N-;' ~;-~H~T~-:- - -II 
I SH EFF I EL D 9 

IMPERIAL STEEL WORKS, SHEFFIELD 9 I Pl ease send data on" STAG SINGL E ROLL I 
I AND DOUB LE ROLL CRUS H ERS" lO : I 
I NM I E I 
I POS IT ION I 
I I'JI(M I 

I ,\ !)I)I{ESS I 
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