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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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(SCMs) has come into common usage in recent years and it appears evident that their usage will 
only continue to expand.   
 
SCMs used to supplement/replace the calcareous portion of the raw feed mix have included the 
following:  low-grade/marginal limestone; cement kiln dust; lime-rich sludges from the paper, 
fertilizer, water purification, sugar, and other industries; blast furnace slag; phosphorus furnace 
slag; and shale residue. SCMs used to supplement/replace the argillaceous portion of the raw 
feed mix have included: catalyst fines, fly ash, bottom ash, ponded ash, red mud from bauxite 
processing; basalt rock; and mill scale. SCMs used to supplement/replace the siliceous portion of 
the raw feed mix have included: foundry sand; sand washings; ore tailings; and rice husk ash.  
Other SCMs have been used that have fluxing and mineralizing potential. These aid in increasing 
reactivity of the raw mix, thereby reducing the amount of heat required for clinkering. SCMs 
used for this purpose have been largely waste from the fertilizer and fluoride industries, but have 
also included wastes from zinc, molybdenum, barium and phosphogypsum industries. Many 
other materials are currently being examined for possible use as SCMs. These include coal 
processing/prep wastes; municipal refuse incinerator ash; and flue gas desulfurization sludge{1}.  
Once the clinker is formed and cooled it is usually interground with various forms of calcium 
sulfate, particularly gypsum. Soluble calcium sulfate retards the initial set of the cement, thereby 
allowing sufficient time for placement. In recent years other materials have been increasingly 
allowed to be interground with the clinker and calcium sulfate. These have included raw 
limestone, fly ash, blast furnace slag, silica fume, metakaolin, and natural pozzolan. Raw 
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. The other materials mentioned are silica-rich and 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. 
 
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.  
 
Many companies that produce oilwell cements are considering the addition of SCMs to their 
products, but it is not currently known how the addition of SCMs will affect the performance of 
common oilwell cement additives such as fluid-loss control additives, dispersants, and retarders. 
This investigation seeks to determine whether SCMs will affect the performance of these oilwell 
cementing additives. 
 

PROCEDURE 
 

In addition to physical testing for total thickening time, fluid loss, rheology, and compressive 
strength, representative samples were also examined by x-ray diffraction, environmental 
scanning electronic microscopy, polished section microscopy, and quantachrome 
stereopyncnometry. 
 
Tested samples included a Canadian produced ASTM Type I cement with and without raw 
limestone interground with the clinker, and a U.S.-produced ASTM Type I cement with and 
without SCMs used in forming the clinker. The SCMs used in the U.S.-produced Type I included 
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a blend of 20% pozzolan materials. A U.S. API Class H cement and the same Class H cement 
with 40% SCM added was also analyzed.  
 
Duplicate total thickening-time tests (T.T.T.) were performed on each sample using the 1.7 
temperature gradient chart of Schedule 9.6 from the API Recommended Practices 10B (API RP 
10B) {2}. Slurry formulations for thickening time tests consisted of 800 grams of cement, dry-
blended with 2.4 grams of a calcium lignosulfonate retarder, and then mixed with 368 grams of 
deionized water. Class H thickening times were tested using 860 grams of cement and 327 grams 
of deionized water with 0.5% glucolignin for the Class H and 0.3% glucolignin for the blended 
Class H. The thickening-time test was done on neat cement at 38% water. Slurry formulations 
for fluid loss tests consisted of 550 grams of cement, dry-blended with 3.3 grams of a dispersed 
cellulose additive, and then mixed with 253 grams of deionized water. Slurry formulations for 
compressive strength testing consisted of 1,000 grams of cement, dry-blended with 20 grams of 
calcium chloride accelerator, and then mixed with 460 grams of deionized water. All slurries 
were prepared according to section 5, API RP 10B. Test data are presented in Tables 1-5 below. 
 

Table 1—Thickening-Time Test Data 
Sample T.T.T. 1 (minutes) T.T.T. 2 (minutes) 

U.S. Type I 107 107 
U.S. Type I + pozzolan 88 83 

Canadian Type I 87 83 
Canadian Type I + limestone 83 85 

U.S. API Class H 285 (0.5% additive) 275 (0.5% additive) 
Class H + SCM 336 (0.3% additive) 325 (0.3% additive) 

 
 

Table 2—Fluid-Loss Test Data 
Sample Fluid Loss (cc/30 minutes-API calculated) 

U.S. Type I 255 
U.S. Type I + pozzolan 191 

Canadian Type I 237 
Canadian Type I + limestone 223 

U.S. API Class H 40 
Class H + SCM 38 

 
 

Table 3— Compressive Strength Data 
Sample 24 hr. Compressive Strength (psi.) @ 100°F 

U.S. Type I 4,730 
U.S. Type I + pozzolan 4,860 

Canadian Type I 5,590 
Canadian Type I + limestone 5,310 

U.S. API Class H 3,040 
Class H + SCM 3,200 
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Table 4—Rheological Data [Bearden Units of Consistency (Bc)] at 120°F 
Sample Bc  -  Initial Bc  -  after 20 minutes 

U.S. Type I 11 17 
U.S. Type I + pozzolan 9 15 

Canadian Type I 13 19 
Canadian Type I + limestone 12 17 

 
 

Table 5—Specific Gravity Data 
Sample Specific Gravity (average of 6 determinations) 

U.S. Type I 3.113 
U.S. Type I + pozzolan 3.025 

Canadian Type I 3.076 
Canadian Type I + limestone 3.085 

 
 

ESEM ANALYSIS 
 

ESEM analysis indicates the most notable differences occur in the U.S. produced cements.  
Figure 1 shows void spaces, indicating trapped gas in the cement matrix of the U.S. Type I 
containing pozzolan SCMs. This is consistent with the report of small amounts of H2S being 
liberated during the slurry preparation of this cement. Figure 2 shows small particles of a 
“glassy” nature found in the same cement, consistent with some pozzolan materials. 
 
  

   
Figure 1—U.S. Type I + Pozzolan SCMs.   Figure 2—U.S. Type I + Pozzolan SCMs. 
 
 

POLISHED SECTION ANALYSIS 
 

Table 6 lists observed crystal size and other features.  All samples exhibited C3S crystals that 
were tan to light blue in coloration, using a CDTA wash for 1 minute before examination.  
Possible free lime was observed in the U.S. Type I with pozzolan SCMs (Figure 3). The U.S.- 
produced cements exhibited relatively large Alite crystals (Figure 4), whereas the Canada- 
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produced cements exhibited many small Alite and Belite crystals (Figure 5). Finally, the U.S.- 
produced cements exhibited some nesting of Belite crystals (Figure 6). 
 

Table 6—Polished Section Visual Observation 
Sample C3S C2S C3A Observations 

U.S. Type I 10-120 µ 5-50 µ observed Some C2S nesting 
U.S. Type I + pozzolan 10-100 µ 5-50 µ observed Some C2S nesting 

Canadian Type I 5-50 µ 5-30 µ observed - 
Canadian Type I + limestone 5-50 µ 5-30 µ observed Some C2S poorly formed 

 
 
   

 
Figure 3—U.S. Type I + pozzolan SCMs.  Figure 4—U.S. Type I. 
    

 
Figure 5—Canada Type I.   Figure 6—Canada Type I + limestone. 
  

XRD ANALYSIS 
XRD Analysis of the U.S.-produced cements indicates two notable differences. The U.S.-
produced Type I contains primarily gypsum (~4X more), while the Type I with pozzolan SCMs 
contains a considerable amount of Anhydrite (CaSO4). The Type I cement also indicates the 
presence of Portlandite (Ca[OH]2), whereas the clinker containing pozzolan SCMs does not. 
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Table 7—XRD Data for U.S.-Produced Cements 
Compound Type I Type I + pozzolan SCMs 
Tricalcium Silicate (C3S) observed observed 
Larnite (C2S) observed observed 
Brownmillerite (Ca2[Al,Fe+++]2O5 observed observed 
Gypsum (CaSO4 • 2 H2O) observed observed 
Calcium Sulfate Hydrate (CaSO4 • 0.62 H2O) observed - 
Anhydrite (CaSO4) - observed 
Bassanite (CaSO4 • 0.5 H2O) - observed 
Cristobalite (SiO2) observed observed 
Portlandite (Ca[OH]2) observed - 
 
 
XRD analysis of the Canadian produced cements reveals that the Type I contains approximately 
25% more gypsum than the sample with interground raw limestone, while the sample with 
interground limestone contains more quartz. 
 
 
 

Table 8—XRD Data for Canadian Produced Cements 
Compound Type I Type I + raw limestone 
Tricalcium Silicate (C3S) observed observed 
Larnite (C2S) observed observed 
Brownmillerite (Ca2[Al,Fe+++]2O5 observed observed 
Gypsum (CaSO4 • 2 H2O) observed observed 
Cristobalite (SiO2) observed observed 
Bassanite (CaSO4 • 0.5 H2O) observed observed 
Portlandite (Ca[OH]2) observed observed 
Katoite (Ca3Al2[OH]12) observed - 
Aluminum Oxide (Al2O3) observed - 
Calcium Aluminum Oxide (Ca3Al2O6) - observed 
 

CONCLUSIONS 
 

Based on the limited number of tests performed, the following observations were made: 
1. The pozzolan SCMs in the U.S.-produced cements yielded a lower specific gravity, reduced 
slurry viscosity, lower fluid loss values, and shorter thickening times. They do not appear to have 
any effect on short-term compressive strength. 
2. The intergrinding of raw limestone into the Canadian Type I cement appears to have no 
appreciable effect on any of its early physical properties. 
 
 

REFERENCES 
1. Bhatty, J ; Miller, F. ; Kosmatka, S., editors, Innovations in Portland Cement Manufacturing, 
SP400, Portland Cement Association, Skokie, Illinois, USA, 2004, 1404 pp. 
 
2. Recommended Practice for Testing Well Cements, API Recommended Practice 10B, 22nd 
Edition, December 1997, American Petroleum Institute, Washington, D.C. 



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

 


	ABSTRACT
	BACKGROUND

