El Arteal.
Its Bricks and Mortar.
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In 1894, when work began on the el Arteal pumping station, brick and lime kilns were constructed in order to
make the necessary bricks and mortar. Making bricks on site had great advantages, as the exact size and
shape could be specially made for what ever they were required for. This was particularly useful when lining
tunnels and shafts, and when building chimneys. Clay, similar to London clay, is found in abundance along
the foot of the Sierra Almagrera, where it is layered with conglomerate and sandstone. The bricks used in the
Jaroso buildings and underground workings were made at el Tomillar, using the plentiful clay found there.
The clay used for the el Arteal project was probably dug from the area beyond where the bath houses now
stand, the base of the incline plane, or near to the quarry on the top road to the bath houses.

Possible sources of the clay and brick kilns.

The position of the brick kilns is marked on the 1908 plan of the area. They were somewhere near to the
pictured, circular structure above the Rambla del Arteal. There is no trace left of them.

Circular structure on the possible site of the brick kilns.

The engineer, Gustave Charles Reinhold, worked on the early part of the construction of el Arteal. In 1898,
he presented a paper about the project to the Institution of Civil Engineers in London. In it was a diagram
showing the position of the lime kilns and that of the adjacent cement mill.
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Reinhold’s diagram showing the position of the lime kilns and cement mill.

Of the three lime kilns, all that is visible today is the remains of either a buttress or the wind shield of one of
them, incorporated into the wall of the house next to the entrance to the Casualidad tunnel.

The sloping wall on the right of the entrance to Casualidad’s
tunnel is now all that remains of the lime kilns.

Classically, lime kilns were built into hillsides, close to a quarry, and near to where the lime was to be used.
Those at el Arteal certainly used the lie of the land to great advantage. They could be charged from above
and emptied onto the broad flat area at their base. They were also close to where the lime was to be used,
which was at the adjacent cement mill. There was a quarry 150 metres along the track above the kilns, but I
think that it was the stone used in the rough reconstruction of the buildings that was quarried there. The
limestone possibly came from the area to the west of Los Lobos.
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Google screen shot of the position of the cement mill, the lime kilns and the quarry.

The kilns at el Arteal could have been either flare or running kilns. Flare, or intermittent, kilns were loaded,
fired, cooled and emptied. Then, the whole process started again. Running, or continuous kilns were, as the
name suggests, continuously charged and fired.

Flare or intermittent kiln.
ucl.ac.uk

Running or continuous kiln.
ucl.ac.uk

The fact that there were three kilns calcining two differing types of limestone, makes me suspect that they
were flare kilns, possibly working in series when the demand for lime was high. Three running kilns would
suggest production on an industrial scale, producing far more lime than was required for the el Arteal project.
Both types of kiln look similar, the boxy shape being given by an outer, stone built casing that contains the
tapering, cylindrical oven. The oven, or pot, is lined with refractory bricks, capable of withstanding the great
heat. The gap between the oven and casing is filled with ash and rubble.
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The casing provides support and insulation, and has an archway beneath the pot where the hearth and draw
hole are situated. Both types of kilns are charged from the top and the quicklime removed from the bottom.

Remains of a running kiln.
Drawing of a flare kiln
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In a flare kiln, a vault made of large stone blocks is created above the hearth, and a single charge of
limestone is placed above it. A fire is then lit, and kept stoked for several days, until the limestone has been
calcined. At this point, the top of the kiln is sealed and the everything is allowed to slowly cool down over
several days. The contents, which now are 45% lighter, are then removed.

Diagram of a flare kiln showing the stone vault.
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A running kiln has a permanent grate on which the fuel and limestone are piled in layers. The heat from one
layer of fuel, dries and pre heats the next layer of stone before it reaches the hottest part of the kiln. As the
limestone is calcined the resulting powdery quicklime drops through the grate and is removed, thus giving
room for more fuel and limestone to be added to the top.
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A rail track ran
around top of kiln.
Alternate layers of limestone and coal fed
all around the circumference of the kiln.

Coal burning to convert
limestone to lime.

Draw hole to remove lime.

Diagram of a running kiln.
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The main difference between the two types of kiln is that in the former the limestone charge does not come
into direct contact with the fuel. This is the same difference as that between a reverberatory and an ore hearth
furnace used for smelting lead.
When limestone, calcium carbonate (CaCO3), is burned at temperatures in excess of 900°C, it gives off
carbon dioxide, (CO2) and is converted into calcium oxide, or quicklime (CaO). When slaked with water, the
highly corrosive quicklime becomes calcium hydroxide, or hydrated lime Ca(OH)₂.
Hydrated lime, more commonly called lime, is thoroughly mixed with either enough water to form lime
putty, or with less water to produce a lime powder. As slaking is an exothermic reaction, a dry powder can be
produced because excess moisture is driven off as steam. Hydrated lime, naturally turns back into calcium
carbonate as it reacts with carbon dioxide in the air. For this reason it needs to be stored either under a film of
water, in the case of the putty, or in air tight containers, in the case of the powdered product.

The Lime Cycle.
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Whichever type of kiln was used at el Arteal, the fuel was probably imported coal or coke as this would have
already been on site to fuel the boilers.. The kindling was most probably dried jara, what we call yellow rock
rose, it was the traditional kindling in this area. The Barranco Jaroso owes its name to the jara that grew
abundantly there and which, with the healing passage of time, is again flourishing.

Halimium atriplicifolium. Jara or yellow rock rose. ©José Quiles

Reinhold had this to say, “Excellent limestone of two kinds was found in the neighbourhood and was burnt
in kilns erected for the purpose. One kind of limestone when ground yielded a hydraulic cement of excellent
quality, very quick setting, and attaining in time to great hardness. This was invariably used whenever
masonry or brickwork had to be carried out and where the work was interfered with by water, or likely to
become submerged soon after completion”
The availability of this limestone was a boon to Brandt, Brandau and Siret. It was argillaceous, or clayey,
limestone which, when burnt, reacts differently from more usual limestone. Clayey limestones contain 1540% silica, alumina and iron oxide. When burnt in a kiln, lime combines with them to form silicates
aluminates and ferrites of lime. This modified stone doesn’t crumble and isn’t slaked when water is poured
on it. Known as Natural Hydraulic Lime, it sets partly by reaction with water, (hydraulic set), and partly by
reaction with air, (carbonation). Cement made by grinding this lime would set, even in areas that were wet,
and unlike Portland cement needed no further additives.
Reinhold tells us that no special machinery was used to grind the burnt stone. It was simply spread onto a
stone floor (probably circular), where it was ground by the action of roller, made of either stone or cast iron,
pulled by a mule. After sieving, the ground cement was spread on to a floor and left to dry for about a week,
and then stored in bags. Neat cement was used to render the surfaces of anywhere that was intended to be
watertight, for example the balsas. Ordinary lime, presumably produced from the other type of limestone
mentioned by Reinhold, was added when the setting time of the mortar needed to be extended.
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The cement mill was situated where this ruin and house stand today.

While the brick kilns are shown on the 1908 plan of el Arteal, the lime kilns are not. It is even possible that
they no longer existed by the time that Reinhold actually presented his paper. He left the project, probably in
1897, before the tunnel to Casualidad was driven, the entrance to which is on the possible site of the kilns.

1908 plan.
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Because of the experience and skill required to calcine limestone, traditionally it was a family business
where boys learnt the art as they grew up, working alongside their uncles, cousins, fathers and grandfathers.
This poses a question about the operatives of the kilns at el Arteal. Were they perhaps a peripatetic group,
who both built and operated kilns for relatively short term projects, such as the construction of the pumping
station, rather than the more traditional, long-standing, family affair?
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For details about some of the skill that was required to load and operate a lime kiln I recommend
buriton.org.uk. Buriton Lime Works and Mr Chitty’s Story. If however, you understand Spanish, or have the
patience to Google Translate it, the PDF, Estudio y análisi de la utilización de la cal para el patrimonio
arquitectónico. R.M.Usedo Vallés, takes you through every stage. From the quarrying and dressing of the
stone, through the careful selection of pieces for the arch, and the meticulous placing of the charge inside the
kiln. To the laying, lighting and maintaining of the fire, which had to be nursed night and day, until it was
time to cap the kiln and allow it to cool. Vallés’s paper would serve as a handbook for anyone wanting to
revive this lost art.

Dressing Limestone.
R.M. Usedo Vallés.

The precision placing of limestone

in a kiln.
R.M. Usedo Vallés.

Some of the more technical details can be found at:
Rosendale Cement.
Kiln Architecture and Technology. ucl.ac.uk
Original Issue of 200 years of Soot and Sweat. vtarchaeology.org.
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