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Solutions to rising social 
problems such as the provision 
of adequate shelter require that 
research be carried out into the 
use oflocal building materials 
which reduce costs of 
construction. Two vast natural 
resources not fully utilised, 
volcanoes and oceans, could 
help in resolving the housing 
problem. This article deals with 
the basic technology Jor 
employing sulphur, whereas 
the utilisation of seawater for 
accretion of building 
components will be featured in 
a future :lrticle. 

Sulphur may be used as a 
binding agent, replacing in part 
the need for Portland cement, 
and thereby provides an 
alternative for the under-paid 
countries, where a binding 
agent represents a large 
proportion of the cost in 
constructing inexpensive 
housing. 

Sulphur is available in many 
parts of the world but 
particularly in volcanic areas. 
The maps included here show 
more than a thousand locations 
of active volcanoes. Sulphur is 
also readily available in deposits 

View of the transportation facilities for solid sulphur resultingfrom a gas pmcessing 
plant in Pall, France. 

Locations ~f active volcanoes and hence the availahility of sulphur from this source. Fmm: l.l. Couchtchenko, Catalogue des 
Eruptions volcaniques du monde, Connaissance, edit. Moscou, 1979. 

64 



In Dubai, U.A.E. the interlocking sulphur blocks were laid on a concretefoundation. 
The first course of blocks was laid on cement mortar in order to have them in true 
level: then the mortarless blocks can be laid by unskilled workers. 

View of a free-standing wall built at the building materials laboratory of the U.A.E. 
Ministry of Public Works in Dubai. Sulphur concrete can be produced having many 
colours as a result of the combination of sulphur yellow and the natural colour of 
different aggregates. Metal oxide colours can be added to the mix for greater variety. 
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Paving blocks (20 cm X 20 cm and 10cm 
thick) made if sulphur are laid on a 
layer of sand in an interlocking manner. 
Originally developed by the United 
Nations in Lima, Peru for rural 
sidewalks and roads, thisform and 
technique lends itself well to the 
employment of sulphur. 

as a native material and large 
quantities of sulphur are 
recovered from natural gas and 
petroleum industries, as a result 
of anti-pollution efforts. Hot 
springs and solfataras are also 
important sources of sulphur. 
Vapours emanating from 
solfataras vents produce, after 
sublimation, sulphur as a result 
of oxidation of hydrogen 
sulfide emissions. In the future 
coal gasification will produce 
quantities of sulphur as a 
by-product. 

What can be done with 
sulphur? First of all, it is a basic 
material for the chemical 
industry, particularly for 
producing sulphuric acid which 
is a primary material for 
large-scale industries. Sulphur is 
also used as agricultural 
fertilizer. When it is melted 
sulphur and combined with 
sand and gravel, it forms a 
concrete with compressive 
strength equal to a concrete of 
Portland cement. Unlike 
conventional materials which 
are difficult or impossible to 
recycle, sulphur concrete can be 
remelted and reused. 

Sulphur concrete can be cast 
to produce building 
components with precise 
dimensions and sharp edges. 
These qualities permit the 
manufacture of interlocking 
blocks that can be assembled by 
unskilled labour and without 
the use of mortar. The 
non-absorbant surfaces of the 

Melted sulphur in contact with a 
smooth surfoce produces a marble-like 
finish . There is no need for polishing or 
painting a sulphur concrete element, 
and the smooth, non-absorbant surfoce 
is essentially maintainancejree. 

blocks are maintenance-free and 
eliminate the need for plaster 
and paint on all surfaces. 

In addition, sulphur adheres 
strongly to a wide range of 
materials, while at the same 
time it is relatively impermeable 
to moisture. Sulphur concrete 
can also tolerate chloride and 
sulphate-containing aggregates 
since its bonding properties are 
not attacked by salts, as is the 
case with concrete of Portland 
cement. 

Safety Precautions for 
Working with Hot Sulphur 
Sulphur is not classified as a 
hazardous chemical; even when 
heated below 1500 centigrade, 
there are not any dangerous 
emissions of hydrogen sulphide 
or sulphur dioxide gases. 

When working with 
sulphur concrete its 
temperature must be 
maintained between 1350 and 
1500 centigrade. At less than this 
range it will cool and solidify, 
whereas at greater temperatures 
sulphur will react and give off 
hydrogen sulphide or sulphur 
dioxide gas. Proper ventilation 
in the working place is required 
to prevent high concentrations 
of gas from reaching toxic 
limits. When sulphur concrete 
is produced below 1500 

centigrade, gaseous emissions 
will not exceed the allowable 
threshold limit values . 

Sulphur actually ignites at 
2450 centigrade, and when it 
bums in air sulphur dioxide 
(S02) is formed. It is a 



Various types oj equipment have been 
used to prepare sulphur concrete mixes 
including standard lahoratory 
equipment, concrete mixers, heated 
transit mix trucks, etc. The even heat 
distribution in the mixer is important to 
avoid hot spots which can cause the 
sulphur to ignite. A cast-iron bottom in 
the mixer helps distribute the heat 
evenly. Propane gas burners attached to 
the supportingframe oj the mixer heat 
sulphur as the mixer rotates. 

Sulphur can be melted using electricity, 
as shown here, or with gas or even by 
huming wood. Only a small quantity 
oj energy is required Jor melting to occur 
at 12(f centigrade. 

colourless gas having an 
irritating odour. These gases 
can be monitored and measured 
with commercially available 
instruments. Two-hour 
inhalation tests of vapour from 
sulphur concrete heated to 140° 
centigrade showed no toxic 
effects. 

Constructing with sulphur 
concrete involves precautions 
similar to those encountered in 
operations with hot-mixed 
asphalt. Normal precautions for 
handling hot fluid materials 
must be observed, such as 
wearing proper protective 
clothing, safety glasses, goggles 
or face shields. 

Basic Questions 

Why does the use of sulphur 
in construction makes sense? 
o Sulphur can be an economical 

substitute for Portland 
cement. 

o Sulphur occurs free in many 
parts of the world and it is 
associated with volcanic 
'rocks. (See maps of volcanic 
regions) 

o There are many minerals 
containing sulphur in a 
combined state: Pyrite, 
Calena, and Gypsum are 
some of these, 

o Sulphur can also be recovered 
from natural gas and fuels, 

o Sulphur used in construction 
does not need to be of high 
purity. 

Moulds Jar casting interlocking building blocks (40 cm X 20 cm X 20 cm) weighing 
120 kilograms, They are made of 6 mm thick steel plates. 
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What are the properties of 
sulphur that make it 
advantageous? 
o It adheres strongly to a wide 

range of materials, 
o It is a fast-setting and a 

high-strength cement. Its use 
goes back to ancient times. 
Good water impermeability 
and unsoluble in water. 

o Poor conductor of heat and 
electricity . 

o It is remeltable and reusable 
without changing its 
chemical properties. 

o Techniques for melting and 
casting are inexpensive and 
simple. (Sulphur melts at 120° 
centigrade) . 

o It helps in improving other 
building materials by 
impregnation (wood, 
concrete). 

Where can information be 
found on sulphur resources? 

Visit your local geological 
department. Abundant 
information is generally 
available in most countries on 
the location of sulphur 
deposits, hot water springs, 
fumerolas and volcanoes. 
If you live in a petroleum 
producing country, it is 
possible that sulphur is found 
as by-product of this 
industry. 

What is needed for 
producing sulphur concrete 
building materials? 
The basic equipment required 
for producing sulphur concrete 
has multiple functions: 

To melt sulphur (120°_140° 
centigrade). Electricity, gas or 
wood can all be used. 

o To mix molten sulphur with 
aggregates. A regular 
concrete mixer is adequate. 

o Moulds for casting molten 
sulphur-concrete (metal, 
v.ood or plastic). 

o Small tools (Rubber hammer, 
spatula, shovel, bucket, ladle, 
plastic beaker). 

o Safety goggles and gloves 
(for heat protection). 
Construction with sulphur 
involves precautions similar 
to those encountered in hot
mixed material like in asphalt 
paving operation. 

What type of fuel is 
recommended for melting 
sulphur? 
o Butane gas from a cylinder 

has been used successfully. 
The burner is attached below 
the mixer barrel so as to heat 
the cast-iron base when in 
rotation. 

o Melting with electricity is 
another possibility. There are 
several kinds of equipment 
available in the market. 
Electric melting pots are 
found in most laboratories. 

o Another alternative is 
fire-wood, particularly for 
use in rural areas. 

Are there any other uses for 
sulphur? 
o Sulphur is used to anchor 

metals to brick, stone or 
concrete. 

o A sulphur paint protects trees 
from harmful parasites, it is 
termite resistant. 

o Sulphur is an excellent 
waterproofing material and 
when mixed with a plasticizer 
it becomes a flexible coating, 
useful for keeping humidity 
out. 

o It is also utilised in medicine 
both externally and internally 
and is an ingredient of soaps 
used in certain skin disorders. 

o In rural areas after yearly 
harvest when production 
requires preservation, sulphur 
coating technique is the 
answer. 



View of a demonstration house in Manila, Philippines constructed from volcanic sulphur. 

A demonstration house in Dubai, U.A.E. built with sulphur concrete blocks, the sulphur being derived from oil rifrnery by-products. 

An experimental sulphur block house (90 square metres in area) was erected by engineering students of the Institut National des 
Sciences Appliquees in Rennes, France in 1983. Designed by Samir Moalla of the Tunisian School of Architecture, and supervised 
by Professor M. Laquerbe of INS A , the structure employs interlocking blocks and has an arched roofhuilt with 3 centimetre truck 
sulphur tiles. 
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cremental housing, econOllllC cross
subsidies and "trade-offs" etc. have long 
been part of the thinking of planners. 

Although Mr Mumtaz decries the 
provision of housing units as "rarely been 
prompted by the desire to provide hous
ing so much as that housing intervention 
has been prompted by other considera
tions" (presumably politics), illustration 
by actual example is a powerful tool. 
More sensitive interventions can be very 
positive and act as a generator for growth 
.. . The State cannot just initiate program
mes, it must also provide shelter ... I 
know that this is an unreso'lvable debate 
but it is one that must C0ntinue. Policy 
decisions alone do not lead to a program
me and a programme without examplars 
is almost uncommunicable to the public 
which is the recipient of such interven
tions ... Less romance and more prag
matism please. 

Robert W. Brainard 
Santa Mnnica, California, USA 

Zanzibar here we come! 

I was excited to see your all too short 
piece on the island of Zanzibar. It whet 
my appetite to go there. If the buildings 
you presented are typical it must be a 
wonderful place. 

Ann Friedrichs 
Amsterdam, Netherlands 

Will Zanzibar be the next Mykonos as 
inspiration for architects? The 1960s was 
for the white Mediterranean villa. Will 
the 90s reflect the stone, wood and com
plexity of the Zanzibar and Lamu build
ings? 

I am now looking for material on the 
architecture of the African East Coast -
the mix of several cultures is indeed a 
lesson for us alL 

Aditya Kumar 
Fune, India 

OnMIMAR27 ... 

I was surprised to read an appreciation of 
the building of the French Cultural Cen
ter, Damascus, published in your issue 
number 27, instead of reading a hard cri
ticism for such an attempt that has no
thing to do with a full understanding of 
the extemal urban constraints, culture, 
tradition, surroundings, use of materials 
and the urban fabric. 

I cannot understand how Jose Oub
rerie can impose what is left of the Mod~ 
em Movement and the Corbusian 
method on such a sensitive traditional 
neighbourhood (Al-Bahsa), in an attempt 
to administer the "kiss of life" to the 
Modem Movement. 

What we achieve from such buildings 
is the same as we achieved from demoli
tioning the other traditional areas of 
Damascus: lost traditional heritage. 

Sultan Barakat 
York, England 

... and on MIMAR 29 

I must congratulate you with yet another 
interesting and visually superb issue 
(MIMAR 29). Your magazine is a most 
important source on non-Westem build
ing, and a very necessary supplement to 
most U. S. and European architectural 
magazmes. 

However, I would like to draw to 
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your attention an unfortunately incorrect 
statement in Timothy Beddow's photo
essay on the Swahili Stone House in 
Lamu. He opens his article by stating: 
"Swahili culture has existed along the 
East African coast from southern Somalia 
to northern Tanzania for at least a 
thousand years, according to historians". 
He then refers to James de Vere's article 
in AARP, December 1979. 

De Vere defines the Swahili area in 
line with other historians, like Peter Gar
lake in his "The Early Islamic Architec
ture of the East African Coast (OUP 
1966), Ronald Lewcock and James Kirk
man in AARP 9, namely extending from 
southern Somalia to the border area be
tween Tanzania and Mozambique. They 
all make reference to Sofala as a Swahili 
town, and also the Swahili settlements on 
Comoro Islands. 

To claim that e.g. the Kilwa sites, the 
town of Mikindani, etc. are not part of 
the Swahili cultural heritage may be in
terpreted as gross lack of insight. Being 
able to produce interesting photographs 
does not reduce the importance of the 
written part of the essay. 

Terje Bodsgaard 
Oslo, Norway 

Thank you Jor your comments on the dabate 
concerning the geographical limits oj Swahili 
culture. However, upon cariful re-reading of 
the text a((ompanying Mr Beddow's photos, 
you will not Jail to observe that the authors 
remarks Jocus on the specific characteristics of 
the houses and their regional context - not on 
the archaeological controversy . We do notjeel 
we have misled our readers . 
-Editors 

Corrigendum 

We apologise to Dr. Engin Yenal for 
inadvertently omitting his name for 
his contribution Tribute to Sedad H 
Eidem featured in MlMAR 30. 


