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Cement and concrete—production and use in New Mexico

by George 5. Awstin and fiemes M, Barker

Mew Mloexico Boteau of Mines and bineral Resources, Socoree, MM 87801

Abstract

Modermn portland cement, discoversd in
1524 by an English bricklaver, has become
onie of the world's favorite building materi-
als. As & cement that will biarden in water (a
hydraulic coment, it s wsed in many ways
under many conditions with varying
degrees of success. Lnderstanding the
cement-making process, the different con-
crefe ageresabes, and the affect of the enwvi-
remment o the hardened conceete ane all
cesenbial b understanding the durabiliny of
concrede stractiees and highways.

Four dominant chemical compotcnts are
contribubed by the raw materiala of portland
cement: lime (Ca(¥, silica [Si0;), slumina
(AL, and irem oxide (I-elﬂq} The com-
baned wengght of thesie four oxides is about S
with of cement, so they are refereed to as the
“major nxides.” Tortland cement comsists of
a mixlure of chemical compoonds rather
than a precise chemical formula, Each com-
proutud also contains appreciable dissolved
impurilies. Tricalcium silicate (C,5) and
dicalcium silicate (0,50 account for about
78 of portland cement. The other two
cemenl “ninerals” an: tricaleinm aluminate
.AY and  betracalcium aluminoferrire
IC AR Each of the four cement minerals
mntrlbutes its own characteristics o hard-
ening cerment. The propertions of these com-
pounds ane carefully comtrolled, along with
the tempetature and speed oF the uarning
Iclinkering] process, o produce six major
types of portland cement and their many
rhodifications,

Some geologic materials are deleterions to
makimys cement and con be tolerated only in
small amounts. Some, such as porous, weak,
or treactive materials, are deletetious when
mibxed with cerment a8 aggregale, In particu-
lar. alkali-bearing minerals or matertals ane
carefully repulated both in cement raw
materials and aggregate, In concrete, agare-
gates qomtaining strained quartz, volcanic
glass, and amorphous or microcrystalline
silica {chert, Aint, opal. chalcedony, and
agate) produce alkali-wilica reactons {ASR).
These materials can hydrate, producing
expansive foroes that cause the oomcrete to
crack or spall. Acidic Igneous rocks also are
potentially teactive, but although  fine-
grained voloanic varielies will react quickls,
litther chamge s apparent in coansely crystal-
lite warieties even after 20 years. One way 1o
meduce ASR in concrete apgrmepate s b add
pozzolans, [imeatones, or marble.

Mewe Mexico™s one coment plant, operatod
by the Kie Grande Portland Cement Corpe-

ration in Tiperas east of Albwguerque, pro-
duces only low-alkali cement (6% alkali
paides or less), Ready-mix plants and can-
tractors must pick and choose to selact gt
able aggregale [or comercte in Fhe state's
zand and gravel pits, particalarly along the
Kio Grande, Light-colered volcanic rocks
and amorphous o microceystalline silica are
highly reactive as aggregate. For durable
comcrete, geologlsts must be aware of potsn-
tiul problems and solutions for both cement

and appregate.

Introduction

Although cemend as a2 construction
material has been known for thousands of
yvears, modern “portland  cement” was
first patented by an English bricklaver,
Joseph Aspdin, in 1824 (Soroka, 1979). He
produced the new coment material by
burning limestone and clav together in his
kitchen stove. When ground to a fine pow-
der and mixed with water to form a paste,
it would harden to a stone-like material
even in water, forming a hydraulic
cement. Aspdin named his discovery after
the well-knoswn dimension stone, which it
resgmibled, that was quarried onthe [sle of
Portland off lingland’s southern coast, Al-
thaugh Cnglishoan fohn Smeaton had
already developed a “hydraulic cement”
in 1756, it was Aspdin’s  “portland
cement” that revolutionized construction,

The Ramans, and before them the
ancicnt Ugvptans, wsed poxzolanic ce
ment that was compesed of voleanic ash
and Time {CaCN and is called a hvdraulic
lime. A pozzalan is composed of siliceous
ot siliceous and aluminous material,
which in itself possesses little or noe
cementing value but will, in finely sround
form and in the presence of moisture,
chemically react with calcium hydroxide
at ordinary construction temperatures to
form compounds possessing cementing
propertics. TPozzolans include dintoma-
ceous earlh, opaline chert and shale, vol-
cardc miff and ash, and fly ash.

Masonry cement, also hydraulic, is a
finely ground mixture with portland
cement as the major constituent. Secon-
dary constituents provide the water reten-
tion and plasticity required for use as rmuor-
tar. The cssential characteristic of any of

these cements 15 that they harden into a
stone-like mass when calcined, ground to
a powder, then mixed with water to fovm
a paste and allowed to react or “hydrate.”

son-hydraulic cements include “plaster
of Pariz” or calcined gypsum (CaS0;-
b2H.CY, which rehvdrate after being mixed
with water. They harden into stone-like
but soft gypsum (CaS0)-2HAY that fur-
ther softens and breaks apart in water,

Conerele is essentially a mixture of port-
land cement, waler, fing aggregate (sand),
and coarse {large-sizel aggregate, Portland
cemncent may amount to as litthe as 10% of
this mixture, but it is the most costly major
constituent.

Cement composition
Raw materials

The raw materials of portland cement
contribute four duminant chemical com-
ponents: ime {Cald), silica (Si0,), alumina
{ALOL), and iron oxide '[FE:D_,_'J. The com-
bined weight uf the four “major oxides” is
aboub #0% of the cement, Table 1 lists these
oxides, their common percentage in ce-
ment, and tvpical rock or mineral sources
tsoroka, 1979 Ames of al, 1994; Austin
and Barker, in pressh 'The common seuce
of Cal? is limestong, which is composed of
calcium carbonate (CaliOny). Calcining dri-
ves off O, leaving livne (Calh. Silica and
alumjna are the dominant components of
shale. Tron-boaring maletials may be pre-
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