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| AN ANALYSES o
OF CRITIOAL ECONONIES IN PORTLAND CENENT PRODUCTION

-
The manufacture of portland cement has become a very
important industry in the United States, in faot is next to
that of {ron and steel in the ospital invested and value of
‘yearly prodﬁot. " In cdnaidorutton~6tithil'i-portanoo:it is
remarkable that so very little information regarding the
prooess is available. Especially is this true of the
data bearing on . operating costs. ‘Nearly sll of the plants
heve aocurate systeas of oost keeping and any ochange in the.
008t of an item in immediately noted and tts omuse sought
out. Very . little attention is paid bowever to the.
rol'suvo\"ooat of the various 'opontiona aml a8 these oosts
are ocarefully guarded it is difficult to tabulate ;nything
1ike average costs and results.

Port land cement 1s vory,exuctly detined by tae Geraan
po-onf MNanufacturers' Assoociation as follows:-
Portlsnd ogeont is & hydraulio cementing ssterial witn not
less than 1,7 parts by weight of lime to | part by weight
of soluble siliocs, plus alumina, pilus iron oxide; prepared
by fine grindtng., ’To this oeaent shall nbt be added more

than 3% of other material for partioular purposes. The
maxisun magnesia content shall not exceed 4% and the
sulfuric anhydride shall not exoeed 2 1/2%,
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- Page® 2.
The elements that enter into.the coaposition of .
portland ocement are the most common found. on earth, viz,
ocalojum, silioon, aluminum, iron, In the United States
linestone, marl, olay, and shale are used and in the aiddle.

wést a speoies of .chalk rook, and in the BEast a "ocement Rool'
having nearly correot proportions of the elements.

In the manufacture.of the product thor.«‘ro four
important oporations:-

{a) Proportioning the raw materisis.

(b) Mixing and grinding the raw materials.
(o) Burning mixture.to a olinxer.

(d) Grinding'ol;nxors-to cement.

The physioal properties of.tho raw materials are .so
varied that the necessary -aohinory for grinding oan
hardly be reduced to a standard, as some of them are very
soft, some of them are altoady finely divided, and again
the limestone and oement roock may be very hard and refractoy
roquiring.vory different treatment.

In proportioning‘tne raw natorials tne foramula in
post comson use is:- R ‘ A
uuuul Calofum = 2,8 Luo £ 2 I Huultnt + lron Oxido).

Preo lime in very injurious to oement as it ocauses it
to swell and cheox, therefoére the proportion of lime.
approaches this maximum as oclosely as oxporiohoo.anows
to be possible , the nearer the better.the cement as long
as there is no free.lime present,

Tne burninz was formerly done witn a vertiocal «iln
similar to those in whioh lime is burned. These nowever nave
nearly all been replaced in the United States by the.
rotary kiln whion is inclined a few degrees out of tne
horizontal., The vertiocal <iln requried oonsideravle lavor



‘d NOILIDAS S¥04.) /IJlA )/H\y'

g e
2~
‘ Al
11600000
|
|
i
S
| 1500000
|
i
[ a
| 1400000 £
| =
-
o
x
=
a.
1300000 =
: | ]
k-]
s LENGTH OF KILN.
11200000 <. T
1 S Sy mauurEmT-Rou-EmmosEEn:dwms:sust-bass:aEi
W © RATIO LENGTH TQ DIAM:TER 7
S I e
<] (3 o~ (= ~ = L]







fagoJ3.

anuqdidannt,d.ltror;afunitoru,produot. " The rotary «<iln doe
deliver a uniform produot ana requires very little labor,

it is’not as economical in fuel. The design—of tnese kilng
nave undergone rapia transfor-ation.‘oapootsly since Edison
_obtained good results witn a.very long kiln. Up to the.
present time there nas veen no puolished comparison of the
officienoy of the various dosighs. :

BEST LENGTH AND DIANETER FOR KILNS,

Edison's kiln was 150 feet long'aﬁd had a diameter of
9 feet. It devoloped a capacity of 750 Barrels in 24 hours
with a fuel consumption of 85 pounds of coal per barrel.
The 6' x 60' kiln has a oapgoity_of 240 6arrols per day
and a fuel consumption of 110 pounds df coal per barrel.

The following table gives the lenght, diameter, fuel

consumption, and heat units por oarrel ou various xilns:-

Size. .. _Capaocity ___ PUQI Sien 2 _Be _Te _Use
. g====z3% bg;_’:’g 9,5:::9“:‘9922 ;g == gg£=22;5=====;======:= A
- 150x9 750 851bs. coal 1240000

1254.,8 | 751 19.25 gal. oil 1280000

100x 7 | 400 87,5 lbs. coal 1280000

80 x 7 | 300 - .92, ™ » 1350000

60 x 6 | 240 110 » w» 1610000

Diagram "A" is a ourve ploftod from the heat units per
barrel ‘and the lengyth of the kilns. The first iscrease in
length gave very marked deorease in fuel consumption but
the amount drops off very rapialy after we pass the 100"
mark.






-

ot e
Sl ¥
BN (119 SRC-H 606
Qb
TR
< gel oy
=
Slozt =
s f=
Bl :mm,_ it
—AnuEEIRE RN
= =
e 2
=l
soi it
-
i {5 e =
XT06 01 ™
o
=
08 x
WG ; T i e (o7
ug
“SHE ¥2 NI STd4dvd ALIOVAVD
o o o © o o =} o o 05
o (=3 (=3 (=3 (=3 (=3 o (=3 o
-— o [} =~ o w - - o~







Page 4.

The heat lost by radiation is so very great that tni.
diameter of tne .<iln is also very important. Diagreaa "B"
is a curve of the heat units and the ratio of. the.length
to the djameter of the «iln.

The fuel used was ocoal puiverized to 92% through a
;00 mesh sieve. with the exception of the .25' x 8' kiln
whioh used reéiduun oil from a refinery in the Miaale West.
This 011 contains many impurities ana does not burn quite
as efficiently as pulverized coal. Allowing for this we
have very smoothn ourves for "A" ana "B".

A very important element in tne study of tne rotary
xiln is its capacity. Diagram “C" has been’propured to show
that the ocapacity inocreased with tne lengtn up to a certain
point. The 125 foot «iln has the same ocapacity as the.
150 foot although the fuei consumption in tne latter is
slightly lower. As the ourve nas a very great siOpo as it
approaches 125' and comes baocs« to the same capacity at 150'
it must f&Ilow a path something lice that smown by tne.
dotted portion. Tne 225' «iln 751 barrels as an average
and has a maximum record. of 1100 bparrels per 24 hours.

This would indicate that tne yreatest capacity woulu bé
obtaineu e & xiln having a length somewnere vetween 125'
and 150" lotg.

Diagram "D" is.the .same .capaoity records plotted.
tcoor&in;fto.thehastfd.ofﬂtho.lens;n.to,tpo;oialetor ana
deternines. thut. a.rutio petween 15,6 and 16.7.should.ve:
correct for maximum capaoity. '

. In consideration ofathoao.diagraps.thqﬂiaeul xiln

_seems. to be .one.that has a length of .130' - 140' and &

diameter. . of 8' ‘4", Tuis «<iln shoulu have a capacity of
about 1000 varrels and .« fuel consumption of 86 lus. of.

coal per oarrel.
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THE EFFECTS OF FINE GRINDING,

In an analysis of the effects of fine grinding of
rav waterial in preparation for burning. there are many
things to be ta<en into consideration and some of ithem nave
a very oritical bearing on operation. . The nearer. the
raw material in its natural state satisfies the formula for
correct proportions the ocoarser it may be fed into the xiln.
In the process of burning.it is first necessary to drive.
off the volitile carbon, oxigen, sulfur, eto. Nexi each
group of elements that form a molecule of cemvwnt compound
shoulu be associateu together ana fused into a oinder.

In a perieoct ocement rooc..this grduping is already in
existence but in an artifioial micture this grouping has to
Do performed . mechanioally by fine grinding and thorough
mixing. It is obvious. that muoh uepends upon the position
of the elements when they shoula unite and the ciosor they
are orought togetner the less work (heat) is necessary to
perfeot the process,

, COST OF FINE GRINDING,

To establish the exaot amount of grinding to reaon a
desired finesess will require a definite materiai to work
upon. In an effort to determine tne amount of wors
neceésary to reduct nard limestone to various aeygrees of
fineness a quantity of it was placed in a test tube awill
ana at tne enu of 19 hours 75% would pass 200 mesh sieve,
at 21 hours 80%, at 23 hours 85%, and at 26 hours 90%.

Diagram "E" ‘is a curve illustrating these results and
show that the time will vary nearly witn tne fineness

within the limits siven.
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A tube mill pbeing delivereu a harh limestone mixt.re of
-tne same class, alil of whion passed a 20mesh sie?e and 45%
through a 100 mesd sieve, gave. the fellow}ng capacities:-
87% througn 100 mesh, 30 barrels per hour; 92% fine, 16 .
ourrels, 99% fine, 5 carrels. .The average for a udrirfin
mill on the same uaterial was 87% fine, 9 barrels; 92% fine,
4 varrels; 94% fine, 2 barrels. These .capacities are shown
oy diagrams "F" and "u".

All of these diagrams indicate tnat for eaon aegree of
fineness obtaineu a definite amqunt of gr;naing must oe
daone. The tuove will reqiireu avout 80 HP. to operate. it
ama the uriifin mill avout 30 horsepower. From "F" ana "u"
the following taoie‘nas veen preparea which shows. the.
horsepower nours per oarrel for each and the average.

%"ine Capaoity Horsepower hours Average HP,.Hours.

~ Tuoeuriffi Tuo urlftzn e N .
Mill I Nill 1% - - i

99|5 16, 26.3

.98 6. 13. 21.0

. 971 7.6 10.5 17.0

1 96|8.6 9.3 13.3

.95110,3 7.8 10,6

.94(12.0 | 2 6.7 | 15 8.7

'93 14.0 3 5.7 10 7.8

- 92116,0 | 4 5.0 7.5 6.2

9118.3 | 5 4,4 | 6,0 5.2

90121.6 | 6 3,7 5.0 4,3

89i24,4 | 7 3,3 4,3 3.8

87130.0 9 2.7 3.3 3.0

Diagrams "H" and "I" are plotted from the horsepower
hours for tne tuve mill anu for tne sriifin mill.

"J" is an average curve and shows that the horsepower nours
will increase very fast for reductions finer than 92%.
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FUEL SAVeD BY FINE GRINDING.

IT has already been shown that less fuel will be.
required for burning fine particles than for coarse ones.
This fact is well <nown but. there is no published record
of Just what saving ia effected. The remarcable fuel
consumption of tnree <ilns operating on a mixture of dry
marl anda clay is very gooa proof of this. The marl when
separated frou the insoluble matter, mostly silica, will
‘all pass 200 mesh sieve. The yearly average of tnese kilns
(60' x 6') was 65 pounds of coal per barrel. The alumina-
iron ratio wus very nigh ana does influence this low record
very materially but does not account for the fact that this
fuel consumption is at least 35% lower than it woula be on
the average milleu raw rook. '

Again, a raw material averaging 72% on 200 mesh sieve
and 85% on 100 mesh required a temperature of 2936 deyrees
Fahrenheit to properly burn. Tne same material wnen -
reground would averagze 98% on 200 mesh sieve and required
a temperature of but 2687 decrees, or 246 lower to do the
same worx.

Taxin, 400 pounds of clinker to the barrel ana its
specifio heat to pe . ,25 it woula represent a saving of
100,000 B, To U. per barrel in the heat supplied tne olinke:x
The effiociency of tne rotary xiln is about 27,5% henoce the
aotual saving .n heat units i3 about 364,000 B, T, U,

A goeneral average of tne heat units required per barrel is
about 1,360,000 B, T. U., nence a saving of 26,8% in fuel
can be made by regrinding.this material..

Observations of the fuel oonsumption of 125' x 8'
kiln yave for 95.5.,% through a 100 mesh sieve 1280000 3, T. U
while 1390000 B. T. U. were required for 93 1/3% fine, and
2420000 B, T, U. for 87% fine.
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Page 8.

" The material and. other conditions were. tne same.throughout.
The fiy ures were taken from tne daily recora of tne myll ana
each 13 an average value, tne wnole extendiny over a period

of several montns. .
Diagram "K" is plotted from these recoras. Reading

aireot from the dia.ram we can oot the neat units saveu [or
each increaseu per cent of fineness and by using the value
of 14,6000 8, T. J. per pound of coal, its coal value can
be obtained. This value diviued by tne efficiency of the
<iln gives the actual saving of coal effected.

Pulverized coal costs delivered .10 the kiln avbout
$7.00 per ton and on tais basis tne money value of the
saving for eacn degree of fimeness can be ootainea.

%Fine . T, U. Difference Coal Actual Saving.

az==yiss==z==ss===sz=z==z=z======J8JU8e-008le-cccczzoza=
87 | 2420000 | . » _

88 | 2130000 290000 | 19.9 | 72.5 | 8.252
89 | 1930000 200000 | 13,7 | 50.0 175
90 | 1770000 160000 [ 10.9 } 40,0 .140
91 | 1630000 140000 | 9.6 35,0 v122
92 | 1820000 110000 | 7.5 27,4 .096
93 | 1420000 100000 | 6.8 24,7 .086
94 | 1350000 70000 | 4.8 17.4 . 061 .
95 | 1290000 60000 | 4.1 14,9 .052
96 | 1260000 30000 | 2.1 7.7 .027
97 | 1230000 |

The cost per horsepower hour will average about 3.015
and this figure can be used in computing tne cost per
barrel for each increased percent of fineness, The ocost of
maintanence will also increase peir barrel as tne output is
restrictea ana snould be considered. In the case . of the
~tube mill this cnarge will be about -1155 per year or $.13
per mill hour. Prom "F" ocan be obtained the capacities
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Paze 9.

per hour for eaoch percent.of fineness, Dividing the
maintenance charge per hour oy tne capacity, the maintenance
charge per barrel {or tne various fineness of product is
ootained from wnich.the charge for each percent of increased
fineness can be determined. All of these steps have veen
comvined in the following table:-

- % Fineness tnrough 100 mesh sieve.

Horsepower hours per barrel.

- Power cost per parrel.

- Maintenance and depreociation cost per varrel.

Total cost of grinuing per oarrel.

Increasedi cost of grinding per ¥ Fineness.

Saving_in fuel per each inocreasea % Fineness.

B C D E F g

87| 3.0 [1045| 0040 | ,0490 _
88| 3.3 [1050| ,0055 | ,0555|,0065 | .252
89| 3.8 058 | .0065 | ,0645(,0090 | .115
90| 4.3 |.064| ,0070 | ,0710|.0065 | .140
91| 5.2 [.078| ,0075 | ,0855|.0135 | .122
92| 6,2 [.093 | ,0081 | ,1011|,0156 | ,096.
93| 7,8 [(117] ,0108 | .1278}.,0267 [ .086
941 8.7 [.130| ,0130 | .1430[.0162 | .061
95| 10,6/, 159 | ;151 | ,1741 o311 | 052
96| 13.3/,200| ,0180 ,2180E;0439 . 027
97| 17,0,255 | .0226 | .2776[.0596
1981-21.0,315 | ,0240 | ,3390],0614 |
199126.3 1,394 | ,0260 | ,4200/;0910 |

QUM U Q w e

-

Diagrams "L" and "N" show the relative increased oost
of each percent of fine grinaing and the,corrospond1n5
decrease in the cost in fuel. They meet at a point of
fineness of about 96% and as tne curves meet at a very wide
angle it is apparent tnat for tne conaitions considered this
is tne most economiocal point to wnich fine grinding can oe
ocarried. |



" Curves "A" and "B" show tnat very little saving in fuel
consumption need be .looked for by increasing the length of
.the «ilns more.than 150 feet or by a length to diameter
ratio of more than 17. Mechanical difficuliies also vecome
very nard to overcome. Increasing the length and also the
len-th to diameter ratio inoreases the capaocity very rapidly
up to a lenyth of 125' and a ratio of 15.7; but vetween this
a point where length is 15C' and ratio is 17 there seeas to.
be no increase in capacity and very little 1eduction in fuel
consuuption, ~ Should the 125' kiln record ve an exoceeding
good one and the 150' a poor one the ourves might pass
vetween them and still have reatly increased values for

zreater ratios and longer kilns. By special appliances. it
is possible to «<eep the 125' «ilns open and free from rings

.of material but it more than probavle that these difficultie
<eep down the capacities of the longer «ilns. Hence & «iln
135' loug and 8' 4" should meet all conditions imposed on
it petter than any other and shoulu have a capacity of about
1000 barrels per day anad a fuel consumption of less than
86 pounds of coal per barrel.

The data on fine grinding are averages of long perioas
on harua limestone, olay, or shale ana snould be concl.sive
for this material. For otner raw material it Bay oe
necessary to ma<e sligynt onanges wnich can pe .determined by
observation of tne spe:ial case and corrections made by
sinilar process of calculation. The first cost of fuel
will vary between very wiae limits as will its heating value
and will effect the cost of burning and power cost out
incieasing or decreasing together as they will, the results
will be compensating to a degree. Tne curves for fine
grinding all snow that the yreatest reduction of particles
for power applied tace place between certain lim.ts anu
woula inuicate that much can be expected by grinding in 1ely
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where a rineness of 92% or finer is desired.

Another very important consideration of fine yrinuaing
it . that tne finer. the material is ground the more perfectly
the correot formula is set up in each molecule, ma<ing the
oement more uniform, of mucn yreater strength, and its
soundness is assured to a much preater ue.ree.
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