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ABSTRACT 
 
Bacillus pasteurii ATCC 11859 cells were immobilized on Siran, porous glass beads, allowing 
surface immobilization.  Kinetic studies on microbiologically induced calcium carbonate 
precipitation (MICCP) by free and Siran-immobilized B. pasteurii showed that the overall 
performance of Siran-immobilized B. pasteurii in MICCP was better than that of free cells.  
Substrate inhibition was observed in the free cell system, but not in the immobilized.  The 
presence of ammonium chloride lowered the initial pH of medium, showing its buffering 
capacity.  The absence of NH4Cl from the CaCO3 precipitation reaction mixture resulted in 
increase in pH, inducing additional chemical precipitation of CaCO3 and consequently 
decreasing in Km values.  The Vmax values of both free and Siran-immobilized B. pasteurii 
increased in the presence of NH4Cl.   
 
Scanning electron micrographs (SEM) provided evidence of MICCP on Siran beads and 
energy dispersive X-ray (EDX) analysis further identified the chemical composition of calcite 
crystals on the beads. 
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ABSTRACT 
 
Determination of the air-void system parameters of hardened concrete is generally 
performed using an optical microscope and procedures outlined in ASTM C 457.  This 
process is tedious and the results dependant upon the operator performing the analysis.  
Recently, an approach to performing this analysis has been developed using a high-
resolution flat-bed scanner.  The developed approach provides a complete analysis 
including aggregate and paste fractions based upon image analysis techniques.  This 
paper presents recent developments at streamlining this analysis process to provide 
fundamental analysis of the air-void system parameters assuming aggregate and paste 
contents from mix design data.  Additionally, the results obtained from the high-
resolution scanner are compared with results from the same specimens obtained from a 
conventional office flat-bed scanner. 



PUBLISHED IN THE PROCEEDINGS OF THE 27TH INTERNATIONAL CONFERENCE ON CEMENT MICROSCOPY 

Oilwell Cements and Calcium Hydroxide Formation 
Part II 

 
 
 

Bill Caveny, Halliburton 
Carole Fleming, ChevronTexaco 

 

ABSTRACT 
 
This paper continues the study of calcium hydroxide in oilwell cements. Samples of hydrated 
cements cured at elevated temperatures and pressures were examined with the environmental 
scanning electron microscope (ESEM). Other samples with various chemical admixtures were 
also examined with the ESEM to attempt to determine their possible stimulation or retardation 
effect on calcium hydroxide formation. 
 
INTRODUCTION 
 
The study of calcium hydroxide crystals and their effect on oilwell cements is continued from the 
paper “Oilwell Cements and Calcium Hydroxide Formation,” published by the ICMA in the 
“Proceedings of the 26th International Conference on Cement Microscopy.” The conference was 
held April 18-22, San Antonio, Texas, USA.  
 
This “Part II” paper examines various cement slurries that have been hydrated and cured at a 
wide range of temperatures. These samples were evaluated by subjecting them to (1) 
compressive-strength tests (crush tests and/or UCA ultrasonic cement analyzer tests), and (2) 
analysis by environmental scanning electron microscopy (ESEM).  
 
EXPERIMENTATION 
 
Cement slurries were mixed, pumped (in consistometers), cured, crushed (or measured on the 
UCA analyzer), and finally examined in the ESEM. Most of the  samples were from real-world 
samples being evaluated for oilwell cement jobs. Some samples were research slurries that were 
being used to evaluate new additives or systems 
 
Strength Retrogression 
As the temperature rises beyond 200°F, damage to the hydrating cement may increase, possibly 
because of formation of calcium hydroxide crystals (solubility decreases as temperature 
increases).   
 
One of the major factors affecting the hydration of cement is temperature; elevated temperatures 
accelerate cement hydration. When the silicate phases hydrate, tricalcium silicate and dicalcium 
silicate (a gelatinous, calcium silicate hydrate) forms. This C-S-H gel is for early strength 
development at ordinary temperatures. Calcium silicate hydrate gel is an early hydration product 
even at higher temperatures. Strength retrogression refers to the metamorphosis of the C-S-H gel 
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ABSTRACT 

The present work found its origin in a case history we encountered in year 2004 with a fast 
hardening mortar. It is well known that the fast setting in this kind of products is due to a 
certain blend of ordinary portland cement (OPC), calcium aluminate cement (CAC) and a 
source of sulphate ions, which gives raise during the first part of hydration to calcium 
sulphoaluminate hydrates such as ettringite (Ca6Al2(SO4)3(OH)12(H2O)26). In the job site under 
consideration we found that after 4 years since the installation the product was completely 
deteriorated and a large amount of hydrated product was still present. Performing a series of 
analysis such as powder X-ray diffraction (XRD), Thermo-Gravimetry (TG) and elemental 
analysis by Induced Coupled Plasma Atomic Emission Spectroscopy (ICP-AES), we found 
that this hydrated product was not a sulpho-aluminate, but a carbo-aluminate. In fact we found 
a large amount of monocarbonate (Ca4Al2O6(CO)3(H2O)11) as described in literature [1] . 
Object of the present work was the study of the genesis of this mineral in a simplified cement 
system. In order to do this we synthesized pure phases such as tricalciumaluminate (Ca3Al2O6, 
or C3A) and ettringite and we followed the different stages of transformation up to 
monocarbonate with Environmental Scanning Electron Microscopy beside all the previously 
cited analytical techniques.  
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ADDING SCMs TO PORTLAND CEMENT: IMPACT ON 
OILWELL CEMENTING ADDITIVE PERFORMANCE  
 
Tom Dealy, Halliburton; Bill Carruthers, Lafarge North America 
 

 
ABSTRACT 
The manufacture of Portland cement involves the heating of limestone and other materials to 
approximately 2800° F to form new compounds. One of the major chemistry changes that occurs 
during this process is the reduction of limestone to calcium oxide and CO2 (CaCO3=CaO+CO2). 
 
Cement plants are under pressure worldwide to lower emissions of CO2. One simple and 
inexpensive way to lower CO2 emissions is to add supplemental cement materials (SCMs) to the 
produced cement clinker. Because these SCMs do not go through the kiln, the end result is a 
reduction in CO2 for equivalent tons of final product. SCMs include silica-rich materials such as 
fly ash, silica fume, blast furnace slag, and metakaolin. These materials readily become part of 
the chemical matrix and impart advantageous properties to the hydrating cement, such as reduced 
permeability, enhanced compressive strength, and increased sulfate resistance. 
 

Another additive, raw limestone, is becoming increasingly popular in many parts of the world. 
Limestone is usually added in small amounts (less than 5%) and ground with the clinker. 
Limestone added in this manner is considered inert and appears to have little effect on the 
properties of the hydrated cement. 
 
Many companies that produce oilwell cements are considering the addition of small amounts of 
raw limestone to their products to reduce CO2 emissions. The concept is appealing because 
limestone is inexpensive and readily available and because its addition could reduce production 
costs. Limestone is available at every cement plant in the world because it is the primary material 
in Portland cement. The addition of limestone can save money because less energy would be 
required for pre-heaters and kilns.  
 
Nevertheless, it is not currently known how the addition of SCMs and/or raw limestone will 
affect the performance of fluid-loss control additives, dispersants, and retarders. This 
investigation seeks to determine whether SCMs and/or raw limestone will affect the performance 
of these oilwell cementing additives. 
 

BACKGROUND 
 
During the manufacture of Portland cement, calcareous, argillaceous, and siliceous materials are 
heated to approximately 2,800° F to form new compounds called clinker. For many years, the 
raw materials used to produce this clinker have been naturally occurring materials such as 
limestone, clay, sand, and iron ore. However, the addition of supplemental cement materials 
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Properties of artificial slags produced by the ZEWA process 
Michel Gimenez, Catherine Bouillon, Frédérique Ferey, François Sorrentino* 

 
ABSTRACT 

 
        Treatment of steel-making slags, EAF dusts, fly ash, car shredder residue, under reducing 
conditions by means an electric arc furnace (ZEro WAste process) produces iron alloy that can 
be recycled by the steel industry and a mineral having the same chemical composition (main 
oxides, CaO, Al2O3, SiO2, MgO) and the same mineralogical composition (% glass) as an 
industrial blast furnace (BF) slag.  
    Utilization of these new materials as cementitious additives requires an evaluation of their 
properties. In this study, we compare the reactivity (reactivity index) and the durability 
(carbonation) of these materials to the equivalent BF slag. Comparisons are carried out with 
mixture 50/50 of slag, ground at 4500 cm2/g and Portland cement type 1. 
   Results show that the main properties of these artificial slags are in the same range as those 
found with industrial BF slag and thus can be used as cementitious replacement. 

 
RESUME 

      Le traitement de laitier d’aciérie, poussières de four électrique, cendres volantes, ou résidus 
minéraux de voiture au moyen d’un four électrique, dans des conditions réductrices produit un 
alliage de fer qui peut être recyclé par l’industrie sidérurgiste et un produit minéral qui a la 
même composition chimique (principaux oxydes, CaO, Al2O3, SiO2, MgO)et minéralogique (% 
verre) qu’un laitier de haut fourneau industriel (ZEro WAste process) 
    L’utilisation de ce nouveau matériaux comme additif au ciment  nécessite une évaluation de 
ses propriétés. Dans cette étude, nous comparons la réactivité (indice de réactivité) et la dura- 
bilité (carbonatation) de ces laitiers artificiels aux laitiers de haut fourneaux industriels. Les 
comparaisons s’effectuent sur des mélanges 50/50 de laitier broyé à 4500 cm2/g et de ciment 
Portland type 1 
     Les résultats obtenus montrent que les principales propriétés de ces laitiers artificiels sont 
dans la même gamme de valeur que celles des laitiers de haut fourneau industriel et donc  
peuvent les remplacer dans leurs applications de substitution. 
 
 
 
 
Lafarge Laboratoire Central BP 156 38291 St Quentin Fallavier tel 33 4 74 17 71 Fax 33 4 74 95 56 23 , 
francois.sorrentino@lafarge.com 
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Abstract: 

 

Fundamental investigations on the influence of modern PCE-type superplasticizers on 

the morphology of the early hydration products of cementitious systems are a crucial 

element for understanding the basic mechanisms of action of this class of admixtures. It 

is believed that a more profound knowledge on the early stages of cement hydration in 

general and in the presence of  high performance superplasticizers in particular can lay 

the foundation for development of tailor-made products of a new generation. 

The cryo-SEM technique is well established for the investigation of biological systems. It 

has also already been applied successfully to cementitious systems in the past. 

However in recent years most research groups were focused on the ESEM technique 

since it provides the possibility to study hydrating systems in situ. Advanced cryo-

transfer SEM allows detailed examination of the microstructure at very high resolution 

even at very early hydration times almost free of any artefacts. 

The present paper deals with time-resolved cryo-transfer SEM of cement paste and 

concrete in the presence and absence of selected PCE-type superplasticizers.  
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ABSTRACT 
 
A 30-in. diameter steel cylinder reinforced concrete pipe (concrete pressure pipe, bar-
wrapped, steel-cylinder type, AWWA C303) was investigated for deterioration by sulfu-
ric acid generated inside the sewage force main.  A section of the pipe from the crown 
region, containing a mortar coating, steel cylinder, and mortar liner, was examined.  Re-
sults show an inherent dense, low-absorptive, and impermeable nature of the outer coat-
ing but a soft, porous, and absorptive nature of the inner liner.  The latter was severely 
attacked by sulfuric acid, lost 25 percent of its thickness, and developed distinct compo-
sitional and microstructural features typical of a sulfuric acid attack.  The study empha-
sizes the importance of a dense, low water-cement ratio (w/c), and impermeable liner ma-
terial for resisting such an attack in sewer pipes.  
 
 

INTRODUCTION 

The most common type of damage in concrete sewer pipe is corrosion of the pipe wall by 
sulfuric acid generated within the pipe (1).  The first stage of such deterioration is the 
formation of hydrogen sulfide (H2S) gas by decomposition of sulfur compounds; and, 
conversion of sulfates into sulfide by the sulfur-reducing, anaerobic bacteria situated in 
sewage effluent (slime) in the submerged portion (Figure 1).  The H2S gas diffuses 
through the sewage, escapes upward into the atmosphere above the effluent, dissolves 
into the moisture film that coats the above-sewage portion of the pipe wall, and becomes 
oxidized very rapidly to dilute sulfuric acid (H2SO4) by the aerobic, sulfur-oxidizing bac-
teria (e.g., thiobacillus) that colonizes at the exposed arch or crown of the pipe (2).  Sul-
furic acid then attacks and dissolves paste from the crown and portion of the wall-surface 
above the sewage.  Acid attack causes preferential leaching of paste relative to the sili-
ceous aggregates and corrosion of the inner wall of the pipe.  The severity of corrosion 
depends on several inter-related factors such as the sulfur content of the effluent, the rate 
and amount of H2S gas generation, the type and concentration of bacteria causing the 
H2S-to-H2SO4 conversion, sewage temperature, pH, and the flow rate of the effluent (2, 
3). The present paper describes the effect of microbial induced corrosion by sulfuric acid 
attack and the overall microstructural features of one such pipe. 

Carbon dioxide gas in the sewer atmosphere causes carbonation along the inner wall of 
the pipe, which reduces the pH and creates an environment favorable for bacterial 
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ABSTRACT 
Cements used in zonal isolation for oil and gas wells can be subjected to a wide range of cure 
conditions where temperatures in permafrost regions can be as low as -10°C and for geothermal 
wells can exceed 300°C. Pressure in these wells can range from about 1.38 to 138 MPa. At 
temperatures above 120°F normal, Portland cement systems start to show strength retrogression 
over time. The retrogression is considered to result from formation of lime-rich calcium silicate 
hydrates, notably α-dicalcium silicate hydrate (α-C2SH), hillebrandite (C2SH) and β-tricalcium 
silicate (β-C6S2H3), the stability field of which is dependent on the temperature and pressure.  
Typically, this form of strength retrogression is overcome by addition of excess silica to the 
system, which results in formation of silica-rich crystalline phases such as gyrolite (C2S3H~2), 
tobermorite (C5S6H5), truscottite (C7S12H~3), and xonotlite (C6S6H).   
 
It is generally considered that the silica-rich crystalline phases will coexist stably in aqueous 
solution with silica in the silica-rich part of the CaO-SiO2-H2O system if the total lime to silica 
(C/S) ratio is ≤ 1.0 and that strength retrogression will not occur. Although the C/S ratio plays a 
significant role in phase stability, it is not the only factor involved and results of the present 
investigation show that metastable phases formed in the early stages of reaction modify the long- 
term stability and phase equilibrium. Source of silica, whether as predominantly pure SiO2 or 
alumino-silicate, the particle size of the silica source and localized C/S ratios within the cement 
matrix all influence the initial phases produced as well as crystallite size and morphology. At 
180°C and 20.7 MPa pressure, cured up to 25 days, the stable phases with quartz flour (SiO2 > 
98%) as the silica source, are tobermorite and/or xonotlite, both of which give good compressive 
strengths. On the contrary, silica fume (SiO2 >93.8%) (1) gives a number of crystalline metastable 
phases that have so far not been identified, (2) gives lime-rich α-C2SH, and (3) shows severe 
strength retrogression. Class F fly ash used as an alumino-silicate source formed hydrogrossular 
(Ca3Al2(SiO4)(OH)8), a calcium aluminum silicate hydrate, as the primary stable phase with some 
α-C2SH and aluminum substituted tobermorite as secondary phases. The compressive-strength 
development at 1, 3, 7, and 25 days also showed a good correlation with the obtained stable or 
metastable phase equilibrium composition. Good compressive strengths and no strength 
retrogression were only evidenced when quartz flour was used as the source of silica, whether on 
its own or in combination with silica fume or fly ash. Silica fume or fly ash, when used as the only 
source of silica, both showed severe strength retrogression to occur within 3 to 7 days. 
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ABSTRACT 
 
 
A section of the first USA concrete pavement, cast in 1891 in Bellefontaine, Ohio, was studied by using a 

scanning electron microscope (SEM).  The pavement had been placed in two layers: a dark, top “wearing 

course,” and a bottom, light-color “base course.”  Many locations of well-hydrated, relatively dense 

cement paste contain monosulfate.  The concrete predominantly contains dolomitic aggregate particles.  

The “wearing course” has a thin top layer of dolomite particles underlain by a very thin layer of clay and 

then by a layer of hydrated cement paste.  Some cracks parallel to the exposed surface occur in this paste 

layer.  Both courses contain a few shrinkage cracks.  The concrete, after more than 100 years of weather 

exposure and service, does not contain ettringite, and does not show any sign of deterioration or distress. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key Words:  concrete pavement, scanning electron microscopy 
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