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1. SUMMARY

Sulphuric acid may be produced not only from
sulphides but slso from caleium sul ‘hate, by the use of whieh
portland cement can be manufactured simaltansously with the
acld. For the manufscture of sulshuric aclid and portlsnd
cement from caleium sulphste and aluminium silicates, a
mixture of anhydrite, elesy, sand, and coke as a reducing sgent,
is usually used.

However, it is possible to use gypsum instead of
anhydrite snd oil shalss or other fuels instead of coke.
FPurthermore, it is not always necessary to add the aluminium
silicates separately: they may be contained as Impurities in
the anhydrite or gypsum rocks, or in the ash of the coke or
oil shalss. Hence, it is quite possible to obtain a portland
cement elinker conforming to the eustomary standards without
adding elay or sand, provided that the non-volatile components
of the raw materials already have the correct composlition.

e [VULVED IN THE PRODUCTION OF SUL HURIC
SEE T FROM CALOIUM SULPHATE

The fundsmenial idea when using ealelum sulphate
instead of sulrhides for the manufacture of sul "huric acid is
to produee in one single process not only sulphur dloxide but
also portland cement clinker by burning an appropriste mixture
in a rotary kiln, The sulphur dioxide can be converied in
the usual manner by the econtaect »rocesse.

The couplete thermal deecomposition of eslcium
sulphate without reducing medium is possible only sbove 1375° ¢ 3

CaSO4q = Cad + SOp+d Og - 116.86 keal/mol.

By adding a reducing agent like coke to fix the
generated oxygen, the reaction starts at lower temperatures and
needs less snergy

CasS04 + C = Ca0 + S0g + CO - 87,36 kecal/mol.

. By further reaction between CaS04 and CO, COg may be
generated.

Besides the reactions shown above, the caleium
sulphate can be reduced to ealeium sul hide by too high
a proportion of coke

CasQq + 2 C = Ca8 + 2 002
CasS0y + 3 C = Ca8 + CO0g + 2 CO

Too ra:id a reduction should be svoided; otherwise,
a large gquantity of calcium sulphide would be produced causing
the mass in the kiln to fuse instesd of sinter and the caleium
sulphide itself to enter the cement clinker to a high percentage.
Hence, less than 1 mol C (from the reducing coke) for every mol
CaS04 should be used.

A method of avoiding premeture action of oxygen and
the formation of calcium sulchide, developed by G. Polysius A.G.,
Dessau, Germany, consists of formin: granules from the mixture
of gypsum, clay and carbon. These granules have a size of 3 %o
20 mm d%a?eter and are preparcd by adding water to the pulverized
mixture(l), :

(1) British patent No. 326,612, Accepted March 20th, 1930,
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In the process of decomposition of CaS0),, the
basic sulphste ?§§Ou.aa0 may be partly formed, according to
P.B. Budnikoff » because its fusion temperature is much
lower than the temperature of dissociation of gypsum. This
may sometimes lead to the fusion of the mass instead of its
sintering and to & surplus of calcium sulphate in the cement
clinker.

Aluminium silicates, for instance clay and sand,
have to be part of the charge, not only to obtain cement
clinker but also to accelerate the process of decomposition
of the calcium sulphate by fixing calcium oxide, transforming
it into caleium silicates and calcium aluminates, and so
removing it from the process.

According to Budnikoff(B}, at 1273° C the
following reaction between calcium sulphate and silica takes
place :

With aluminium silicate, calcium sulphate reacts
at 1130° C :

6 CaS0y + 2 AlpSigly = 4 GaSi03 + 208A10) + 6 S0y + 3 0y

By further burning in the furnace, di-calcium
silicate, tri-calcium silicate and tri-calcium aluminate are
produced instead of mono-calcium silicate and mono-calcium
aluminate,

If calcium sulphide has been formed from calcium .
sulphate, it can also react with calcivm silicate :

2

Sunmmarizing, the entire resection between calcium
sulphate, sluminium silicates, and a reducing agent like coke
may be represented by the following eguetion :

CaS + 3 Cas0Oy + L 038103 =4 CaZSiOLL + 4 SO

22 CaSOu + 2 HuA1281209
= 2 CaZSiOh + 4 033A1206 + 22 S0p + 11 COp + 4 Ho0,.

+ 2 5105 + 11 C

Other elements which are usually contained in the
raw materials used in this process, like sodium, potassium,
magnesium, and titanium, have no influence on the above
reactions. Only the presence of larger amounts of iron oxide
may be of importance since iron oxide can combine with calcium
oxide and sluminium oxide to form CahA1F6201O.

By fractional burning, fusion of the charge may be
avcided and the proportion of ca%ﬁ}um sulphate in the clinker
lowered, sccording to Budnikoff . In order to lengthen
the time during which the mass remains in the zone of maximum
dissociation of CaS0,, he suggests that the process be
conducted preferably in a rotary kilan with 'enlarged zone'.

(2) Budnikoff, P.B., 1935: Portland cement and sulphuric acid
from gypsum anhydrite. GConcrete (mill. sect.), Vol. L43.

(3) 1.c.
(LY 1.c.
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Je ITHE RAW MATERIALS FOR THE PRODUCTION OF SULPHURIC
‘ ACID AND CEMENT PFPROM CALCIUM SULPHATE.

31. Anhydrite and Gypsum.

For the production of sulphuric acid and cement
from calecium sulphate, anhydrite which containg no water is
usually used, and not the hydrated gypsum.

However, it is quite possible to use gypsum instead
of anhydrite. Of course, by introducing a large amount of water
which has 1o be vaporized 1ln some way, the costs of the process
will be raised to a certain degree,

There are two possgibilities : either dehydrating ihe
gypsum by & special eperation before mixing it with the other
ground materials; or, provided that the gypsum does not contain
much uncombined water, grinding the raw gypsum as it is worked
and mixing it with the other parts of the charge before buraning
in the kiln. In this second case, more fuel will bs resguired
for the burning process in order to evaporate the combined water
of the gypsum, and the concentration of sulphur dioxide in the
gases leaving the furnace will be less, but a costly separate
treatment of the raw gypsum can be avoided.

The gases leaving the kiln contain nitrogen and
sulphur dioxide as main constituents, Using raw materials
which contained no carbonates, only 2.6% Hp0, and 45.2% 80z,
2 German plant found some years ago 8.8 per cent by volume” of

S50p in the gases. If nearly pure gypsum rock were used instead
of anhydrite, the content of 50, in the gases would drop to
about % per cent,

Since the sulphur di-oxide has to be oxidized to
sulphur tri-oxide by the contact process, the gases leaving the
kiln must be mixed with air. Thus, il nearly pure anhydrite
is used, the preportion of 805 in the gases will be lowered to
about 5 per cent by volume, and, 1f using gypsum rocks, te
sbout 4.5 per cent. To-day, however, sulphuric acid can
easily be generated from gases containing L.5 or 5 per cent by
volume of 30, by the contact precesse. _

It is by no mesns necesgary thal the anhydrite or

‘gypsum rocks be especially pure; impure anhydrite or gypsum

deposits can be used &s well for this processe Imporities
whieh are contained in these rocks, so far as they are not
volatile, enter the cement clinker, By choosing suitable partis
cf the anhydrite or gypsum deposits which are to be worked, it

is often possible to recover a raw material which already
contains all the constituents of a portland cement in the correct
proportions, so that no clay snd sand have to be added.

It is essential that the impure anhydrite or gypsum
rocks de not contain too much carbonate, especially not ioo much
calcium carbonate; the smount of calcium carbonate should be less
than 5%, otherwise the quantity of cement climker produced would
become too large compared with the amount of sulphuric acid
generated,

32, Coke and 0il Shales as Reducing Agents.

: As the reducing agent, coke is usually used.
Nevertheless, it is possible to substitute other materials, for
instance coal or fuel oils, As fer as the limited information
available indicates, o0il shales probably can be employed for

this purpose.
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There exists a Canadian patent according to which
0il shales may(g? used teo reduce casleium sulphate and generate
sulphurie acid‘-/, The patent claims protection essentially
for the fellowing process: mixing dried and pulveriged anhydrite
with pulverized oil-yielding shsale fines or retorted oil yleld-
ing shale; burning the mixiure elther without adding anything
else by spraying fuel oil on it, or by intensifiying the hsat
during operation in esnother way; and finelly recovering the
gaseg evolved and converting them inte sulphurie acid in the
ususl manners

.The description of this proeesgs is quite obscure,
probavly on purpose, However, 1t indicateas that it is possible
to use o0il shales to reduce esleium sulphate. it is noct knowm |
which of the abeove mentioned various methods included in the
patent have actuslly been proved and used on an industrial scale.

Atiention should be paid tc the fact thal large
amounts of non-volatile components would be introduced inte the
charge by the c¢il shales, it is necessary that these non-
volatile oil-shale compenents which consist mainly of aluminRium
gilicates correspond, together with the other nocn-volatile
components of the charge, with the standard composition of
portland cement, The amount of caleium oxide in the oil shales
net present as celcium sulphete should be low; otherwise too
much cement clinker would be produced compsred with the amount of
sulphur dioxide generateds

33s The Fuel Cengumption.

To burn the mixture in the rotary kiln, comparatively
lowsgrade fuels like blsck coal fipnes, brown coal, or fuel oils,
may be used sg loug as it ig poosible to obtaln a temperature
of about 1400° C which will be reouired to form portland cement
clinker,

For the production of 1 kg cement clinker and the
corresponding amount of sulphur dioxide the following quentities
of fuel f?g)reducing and burning sre needed, acecrding to

Budnikoff provided that more or lesgs pure anhydrite rocks are useds
Coke comsumption for reduction 0.122 kg
Coal consumption vor the rotary kiln 0.242 kg
‘fotal consumption 0377 kg

Tgf Canadien patent No. 308,293, issued 3rd FPebruary, 1931,
for Louls Simpson, slbert Mines, New Brunswick, Canada.

(6) 1.e.
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Budnikorr(7) gives the following heat balance sheet
for the process:-— : »

Gain of heat Consumption of heat

Feom burning of fuel 67.6% For vaporization of
moisture b BA

Heat of foramation of
COn from CO 3 lt or rewoval of water
of hydration 0.6

Other sources ' 1.0 ¥or disseciation of
G 83(314 3746

Carried off with kiln
oxit gases (7509C) 3.3

Overheating of water
vapor 243

Carried out by clinker
(100° ©) Uab

Losses through eonvection 1%.4
and radiation

Cther losses 0.8

The same author cslculastes from this heat balance that
the theoreticel consumption of heat for the production of 1 kg of
clinker and the corresponding quantity of sulpbhur dioxide is
2524k gl, including the inevitable losses of hest.

P, Parrish(8) reports thet considerably larger
guentities of fuel were needed in England for the production of
1 kg of elinker, obviously by employing wet raw materials ¢

Crdinary cosal for drying of rsw materials Cei7 kg
Low grafe coke fines for reduction 0e37 kg
Cosl dust for the rotary kiln 0.28 kg

Total consumption 0.28 kg

In Germany, some years ago, the following quantities
of fuel were used for the producticn of sulphuric acid ard
portland cement clinker from amhydrite, cley, sand, and coke, the
figures applying to the menufscture of 1 kg of cement clinkeri-

Coke fines for reduction )
(70% ¢, 12% ash, about Ce1li kg = sbout 900 keoal
6500 keal/kg)

Brown coal dust for burning
(55% C, 11% ash, about Oe36 kg = about 1800 kcal
5000 kcal/kg)

Total consumption
' 050 kg = about 2700 kesal

This figure of 2700 kecal corresponds very well ?1th
the fheoretiesl consumption of 2524 kcal, given by Budnikoff 9)e
More.energy would bes needaed, of course, if lower grade raw
materials were used, for lnstance gypsum rocks instead of
gnhyirite or ¢il shale instead of coks.

(7) 1l.c.

. 1929: . .
(8) Parrish, P.: The significance of the procduciien of sulphuric
acid from anhydrite. Industr, Chemist, Vole5 pp.491-493.

(9) lecCe
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34, The non-volatile component
formation of cement

As stated above, sluminium silicates are required
for the precess; they can either be present as impurities in
the anhydrite or gypsum rocks; or they may partly be contained
in the ashes of coke, coal, or oil shale, whichever is used as
redueing agent; or they have Lo be sdded to the charge as clay
and sand. In eertain variants of the process even the ash of
the fuel used fer the heating of the rotary kilm may become
part of the cement clinker,

The non-volaiile componeats of the mixture used for
the preocess consist mainly of calcium oxide, silicon dioxide,
and aluminium oxide, together with smaller amounts of iroa
oxide, magnesium oxide, alkali oxides, and titanium dioxide.
These non-volatile components pass over into the eement clinker,
mostly with a small emount of undecomposed caleiym sulphsate.

In order that a satisfactory portland cement may be produced,
eertain standards have to be met,

Usually, the properties of a portland cement are not
given by the percentage of its chemical composition, but by
certain ratios showing the relations between the different
components., The s&lumina ratio gives the proportion of aluminium
oxide to iron oxide, and the silica ratio, the proportion of
dilicon dioxide to aluminium c¢xide plus iron oxide. More
important than these two ratios, which may vary between wide
limits, are the hydraulic ratio and the lime stsndavrd. The
hydraulie ratie indicates the proportion of caleium oxide te
silicon dioxide plus sluminium oxide plus iron oxide; this
ratio should be between 2.0 and 2.3. The lime stendard shows
the percentsge of caleium oxide available to fix the other
components’ of the charge; it should amount to 96 to Y9%; a lime
standard of more tham 400% means that there exists free cslcium
oxide which would considerably lower the guality of the cement
and cause excessive expsnsion of the concreile,

Thegse different ratios are summarized in the
follewing table:~ :

Pormula Favourable values
for poriland
cement,

Alumina A150 ' ’
}ratie ﬁﬁ@§§ . More than 1.0
8ilics .3102 8

ratio A1§33‘: Fey05 1e8 = 3.5
Hydrsulic Cad

ratio 81@2 +* 31203 + Fezej 20 = 203
Lime , 100 Cal

standard |2 55 8102 + 1,18 A1g03 + 0.65 Fex0y 96 - 99%

| ]
Thcre remain seme(?g er eonditions with which a

portland cement should comply . A high grsde cement should

contain a large proportion of tri-calcium silicate (CaizsiO:),
about 40 to 50%; on the other hand the content of alumina and

(1e)ﬁnited~8tataa, Department of the Interior, Bureau of Reclamation,
1941: Concrete Manual, 3rd edition.
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comsequently of tri-caleium aluminate (Cay 120§) should be
comparatively low as many undesiresble priperties of cements are
due to too high a percentage of tri-caleium aluminate,

A limited gquantity of iron oxide may be useful for
fixing sluminium oxide as ca%51gﬁb 0.~ Whiech supersedes the
inferior tri-caleium sluminate, zﬂagever, the amount of iren
oxide should not exceed that of aluminium oxide; otherwise, the
detrimental di-calcium ferrite (GapFesO5) would be formed,

The proporticn of the magnesium oxide present should
be less than 4% of the non-volatile components, and the cement
cliﬁher(§??t contain not more than 2.75% sulphur tri-oxide after
burning . ' ,

(12) (13) As shown recently by Alderman, Gaskin, Jones, and Vivian
“’. even less than 1% of alkeli exides (sodium amd potassium
oxides) within the cement may be very dangerous in the mortar.
If there is amy cryptocrystalline gquartz or opal present in the
aggregate used for the mortar, even small amounts of alkali oxides
tend to combine with it and to cause excessive expansioni and in
the hardened mortar, alkali oxides can still migrate and cause
damage., However, since a lsrge proportion of alkali oxides
contained in the charge will be volatilized in the kiln, the raw
materials may contaim up to 1% alkali oxidess .

(11)gtandaras Association of Australia, 1939 : Australian
standard specification and methods of test for pertland cement
and high early strength portland cement. Standards AssocC.

Aust, Technical Standard No. A 2 - 1930.

(12)Aldermana, A.R,, Gaskin, A.J., Jones, R.,H., and Vivien, H.E.
1947: Ausiralian aggregates and cementis. :
- Studies in cement-aggregate reaction, Coune Se, Ind.
Res. (Aust,)s Bull, No. 229, ppe7-ibe

(13)Vivian, H.,E., 1947: The effect of alkali movement in
hardened mortar. ,
Studies in cement-aggregate resction. (Coun, Seci, Ind.
Reg, (Aust,) Bull. Ne. 229, pp. 47-54s !
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