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Arenes

The Romans required a durable hydraulic mortar for their ambitious public works program.  Through experimentation they found that pozzolana, a volcanic earth discovered at Puteoli (modern Pozzoli) in the Bay of Naples, produced a hydraulic material when mixed with lime.  In the Rhine Valley they used trass and in France they used Arenes, two other kinds of volcanic earth.  All of these materials contained silicates and some clay, as well as iron oxides and other substances.  When the silicates of the volcanic earths were mixed with the calcium hydroxide of common lime, a pozzolana cement resulted.  When volcanic earths were not available, the Romans mixed crushed clay tiles and bricks with lime to form a similar hydraulic material.17
17.  Neville, Properties of Concrete, p. 1; Jasper O. Draffin, “ A Brief History of Lime, Concrete and Reinforced Concrete,” in A Selection of Historic American Papers on Concrete 1876-1926, Howard Newlon, Jr. ed. (Detroit: American Concrete Institute, 1976), pp.5-6; Ancient Roman Construction in Italy from the Prehistoric Period to Augustus, cited by Harley J. McKee, “Historical Development of Hydraulic Cement,” paper presented at the American Concrete Symposium, 10 April 1975, at Boston.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp. 11-12.
Argillaceous Limestone   argillaceous limestone (i.e. of a “clayey” material)…
Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5.
Argillaceous  adj.  Of, having, made of, or resembling clay.

Webster’s II New Riverside University Dictionary

Artificial vs. Natural Cement – Development of Synthetic Cement
      It was difficult to control the temperature for calcining natural cement, to maintain its fine grinding, and to find consistently good sources of natural cement rock in  England.  For these and other reasons, several persons experimented with artificial, or synthetic, cements soon  after the appearance of Parker’s natural cement.  Those experiments consisted mainly of mixing various ingredients before or after calcining them, and the use of higher temperatures in the kiln.  However, it was nearly fifty years before any of the new processes were a success because of the difficulties involved in reaching sufficiently high temperatures to vitrify the cement and finding the right kinds and proportions of materials.

 Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the  History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 14.
Aspdin, Joseph  -  Named “Portland Cement”  
      Joseph Aspdin of Leeds, Yorkshire, is usually credited with having produced the first artificial cement in the world.  Like Frost, he carefully proportioned mixtures of limestone and clay prior to calcining and grinding them.  Aspdin named his cement “Portland Cement” after an oolitic limestone quarried on the Isle of Portland and used extensively as a building stone in England.  His patent of 1824 was entitled “Improvements in the Mode of Producing an artificial stone.”  Perhaps more than somewhat coincidentally, Aspdin’s patent was similar to the patent of Edgar Dobbs of  which expired in 1824, the same year that Aspdin’s began.  Dobb and Frost seem to have been the first in England to have experimented with the manufacture of artificial cement.35
      Actually Aspdin’s first cement may have been a hydraulic cement rather than a true artificial or “Portland cement” as we know it today because the bottle kiln which he first used was probably incapable of reaching the 1500 degree Centigrade (2700 degrees  Fahrenheit) temperature required to produce the necessary clinkers for Portland cement.  Though Aspdin provided the name “Portland Cement” and took the cement industry another step forward, his work was but one in a series which led to modern Portland cements.  William Aspdin, his son, took the cement to practical large-scale production after patenting his own improved method in 1852.  The Portland cements were more uniform in quality and stronger than natural cements and consequently had an advantage over them.

35.  Cumming, American Cements, p. 18; Francis, Cement Industry, p. 18; Chris Stanley, “Portland Cement 150 Years Ago,” New Civil Engineer, October 1974, p. 24.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 15.
Baldwin, Loammi   Loammi Baldwin also used such cement in the Middlesex Canal in 1796-1797… 

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 5.

Prior to the discovery and production of natural cement in conjunction with the construction of the Erie Canal, American civil engineers had to use common lime for mortar and concrete, though some of it had hydraulic properties, as did that used by Benjamin Henry Latrobe on the Chesapeake and Delaware Canal in the early 1800s and Loammi Baldwin in 1796-1797 on the Middlesex Canal in Massachusetts. …

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 17.

Calcination   … calcination (i.e. burning or dehydration)
Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5.
Calcine vt.  To heat (a substance ) to a high temperature but below the melting or fusing point, causing the loss of moisture, reduction or oxidation –vi.  To undergo calcination…
Webster’s II New Riverside University Dictionary

Calcining Limestone (to Produce Quicklime)

      In Calcining limestone a fairly low heat is all that is required.  The rock begins to lose its carbon dioxide at temperatures as low as 750 degrees Fahrenheit, and the process is completed at about 1300 or 1400 degrees Fahrenheit.6   Thus, even a crude bier or rick of wood burning in the open can accomplish the job.  As late as the Second World War farmers in West Virginia and probably elsewhere returned to this crude technique to produce quicklime for agricultural purposes when there was a shortage of commercially produced lime.  Natural cement produced by such crude means would be of inferior quality and lacking hydraulic properties.


6.  Kenneth Ries, “Lime and Cement Industries of New York,” Bulletin of the New York State Museum, November 1901, p. 662.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 9.
Canals and Early Cement Industry – Relationship
Had it not been for the need for natural cement by canal engineers, the natural cement industry would probably not have developed as quickly or as extensively as it did.  Conversely, had it not been for the discovery of extensive beds of quality cement limestone in the United States and the development of the natural cement industry, the growth of the extensive networks of canals would probably have been retarded.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5.
Canals as Stimulus to Cement Industry  

      R.W. Lesley, who was one of the leading authorities on the history of the cement industry, with penetrating insight stated:
The first large public works in this country were the canals, and the most necessary thing to build a canal was mortar that would hold the stones together at the locks or walls under water.  Consequently, whenever canals were to be built there was a search for cement and all the earliest (cement) works in this country were established on the line of the canals.*

* R.W. Lesley,  History of the Portand Cement History in the United States (Chicago: International Trades Press, 1924), p. 32.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p xi.
Caustic Lime  Quicklime (see).
 Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Cement  Cement is the powder which, when combined with water, hydrates to form a solid material of considerable compressive strength, but lacks tensile strength.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Cement Classification

1. 
CLASSIFICATION OF CEMENTS

2. Natural hydraulic limes.

3. Natural hydraulic cements.

4. Portland cement.

5. Puzzolane cement.

6. Slag cement.

      When ordinary limestone is burned or calcimined it forms lime, a valuable product in the building trades, but which will not set under water, or when set and placed under water will disintegrate.  It would be useless for hydraulic purposes.

      Certain impure limestones when burned form a product which can be used under water, and therefore have hydraulic properties.  If this calcimined product slakes to a powder on exposure to the air, this material is called hydraulic lime.  If it burns to a clinker which must be ground to a fine powder before use, the material is called hydraulic cement.  The two products depend upon a difference in the amount of impurities in the limestone.  If the percentage of silica and alumina in the lime rock is below 20 or 25, the calcined product will slake.

Portland cement is an artificial mixture of lime, silica, and alumina burned at high temperature and the resulting clinker ground to a very fine powder.  The proportion of ingredients must be carefully determined, thoroughly mixed, properly burned and finely ground.

      Puzzolane cement was originally made from cinder-like volcanic fragments found in large quantity at Puzzle near Naples, Italy, and used from ancient times.  The material is reddish brown to gray in color, insoluble in water and consists of silica, alumina, with small quantity of potash, soda, and iron oxide.  When mixed in uncalcined state with rich limes and ground it becomes a hydraulic, the soluble silicic acid combining with the lime.  The mixture varies in different places, but is about one part of lime to one of sand and one of puzzolane.  It is found in nearly all volcanic regions, and some varieties are improved by slight calcining.  Along the valley of the Rhine a similar material called trass has been used in the same way.

      Slag or puzzolane cement in later times has been made by mixing lime with granulated blast furnace slag, ground together without burning.  The slag may also be mixed with limestone, ground and burned together, forming a true Portland cement, sometimes described as slag cement, but not to be confused with puzzolane slag cement.
G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 423-424.

Cement Kilns – Preparing the Charge and Firing

      The manufacturer took cement rock from the quarry and broke it into pieces the size of a nut in an iron cracker before charging it in the kilns.  A typical cracker is shown in Figure 8 and dates from the mid-nineteenth century.

      Ries also described the calcining process as follows:
      In burning natural cement rock, the fire is first started in the bottom of the kiln, and on this are spread layers of coal and rock.  The coal is of pea or chestnut size commonly.  As the burned stone is drawn from the bottom, fresh stone and fuel are added at the top.  The kilns are commonly built on a hillside, or where the ground is flat, five or six or more in a row, and in either case tracks are laid at the top to facilitate the delivery of the stone and fuel.  The yield of these kilns is large, being 50-120 barrels of cement per ton of coal.10

      Ries then explained the grinding process:

      When the material is drawn from the bottom, it is commonly sorted into normally burned rock, overburned or clinkered material, and underburned stone.  At some works, the clinker is retained and treated separately for, though It is of much greater hardness than the normally burned stone, and requires much more powerful machinery to crush it, still it possesses a much higher tensile strength.  Three works in this state pulverize this clinker and put it on the market under the name of Portland cement.  There is usually a track running along the base of the kilns, on which the cars are brought to receive the calcined stone.  These cars are then run up to the grinding rooms, where the rock is reduced to powder.  Several types of crushers and pulverizers are used.11
      Until nearly the end of the century ordinary grist mill buhr- stones were used to grind the cement into a fine powder.  Mill stones were also mounted vertically in pairs running around a shaft.  The use of stones was possible only for the manufacture of natural cement since the clinker produced for Portland cement was too hard to be ground with stoners.  Even with natural cement the stones wore rapidly and required constant dressing.

10.  Edward E. Bauer, Plain Concrete, (New York: McGraw-Hill, 1949), pp. 5-6.

11.  Ibid.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Chesapeake and Delaware Canal  Benjamin Henry Latrobe, an American civil engineer and architect born in England, was one of the first to apply the hydraulic properties of cement in the construction of the Chesapeake and Delaware Canal (Figure 5) in 1804.  Latrobe studies under the noted engineer/cement experimenter John Smeaton and under the civil engineer William Jessop in England.  In both those experiences he learned the use of hydraulic limes and cements.  The pozzolanic cement that Latrobe used in the building of the Chesapeake and Delaware Canal appears to have been a mixture of lime and trass, the latter a volcanic earth imported from Continental Europe.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5.
Prior to the discovery and production of natural cement in conjunction with the construction of the Erie Canal, American civil engineers had to use common lime for mortar and concrete, though some of it had hydraulic properties, as did that used by Benjamin Henry Latrobe on the Chesapeake and Delaware Canal in the early 1800s and Loammi Baldwin in 1796-1797 on the Middlesex Canal in Massachusetts.  Latrobe apparently mixed common lime with imported trass, a volcanic earth from the Rhine Valley.44   The other choices were to import Parker’s Roman Cement or other natural cements from Europe.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 17.

Common Lime  Common lime is obtained from burning limestone with limited amounts of impurities.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Concrete  Concrete is composed of gravel, sand and cement, or lime, which upon hydration forms a solid material not unlike stone.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Erie Canal (1817-1826)  The engineers of the Erie Canal (1817-1826) in New York State appear to have been the first to discover natural cement limestone in the United States and to manufacture it and use it in extensive quantities.  At the beginning of the natural cement producing period, brought about by its use on the Erie Canal, it was particularly sought for its use in building the hydraulic structures of navigable canals.  Had it not been for the need for natural cement by canal engineers, the natural cement industry would probably not have developed as quickly or as extensively as it did.  Conversely, had it not been for the discovery of extensive beds of quality cement limestone in the United States and the development of the natural cement industry, the growth of the extensive networks of canals would probably have been retarded.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5.
Erie County (New York) Cement District – Second Oldest

The second oldest cement district in the United States (excepting some minor work for the Schuylkill and Union Canals near Reading, Pennsylvania, possibly in 1823) was in Erie County, in western New York.  Cement producers built the first plant there in 1824 at Williamsville to produce cement for the Erie Canal, including the famous flight of five locks at Lockport.61
61.  Lesley, Portland Cement Industry, p. 32; Cummings, American Cements, p. 18; U.S. Gazette, 22 August 1823.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial, 1994), p. 19.
Fat Lime   The properties of the lime vary considerably and depend upon the purity of the original; limestone.  For those rocks such as chalk or oolitic limestone, with less than 5 percent impurities, the resulting product is called a “high” or “fat” lime.  It was traditionally preferred by farmers and builders alike to other forms of lime.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Frederick Lime  Most of  the lime produced in the Frederick area of Maryland was noted for purity and was widely sold.3

3 Mathews, “Report on the Limestones of Maryland,” pp. 227-259.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 8.
Frost, James  

      In 1811, fifteen years after the appearance of Parker’s cement in 1796, James Frost began experimenting with artificial cements.  In his process he ground chalk (a nearly pure form of limestone) and clay together in a type of slurry which in later years came to be the “wet-mill  process” of modern Portland cement industry.  Frost burned the mixture at higher temperatures than Parker did, not to vitrification, but sufficiently high to drive off the carbon dioxide.32  The final step in the process was to grind the calcined material, the product of which he called “British Cement.”  Frost’s wet-mill process did not work satisfactorily, and he failed to reach the temperatures necessary to produce a truly artificial cement, but his work contributed significantly to the development of the manufacture of modern Portland cements.33
      Frost emigrated to the United States in 1834 where he became a practicing civil engineer.  Shortly after his arrival he communicated with the Franklin Institute about cement, but it does not appear that he was involved in the manufacture of cement in the United States, nor does it appear that he contributed to any significant transfer of cement technology because of his presence in this country.34

32. Sintering, vitrification, and incipient fusion are similar terms describing the chemical process by which the material being calcined becomes a glassy substance called a “clinker.”

33. Francis, Cement Industry, p. 78.

34. Ibid., p. 78.

      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 15.
Gypsum, Burning of  The products obtained by burning gypsum are known as plaster of Paris, Keene’s cement and cement plaster.  For example, plaster of Paris (CaSO4 + 1/2H2O) is obtained by burning off a portion of the water held in the gypsum.  Adding water to plaster of Paris causes it to slake and form a quick setting plaster.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Gypsum Plaster  Gypsum plaster and quick lime are the most common non-hydraulic cements.  Pure gypsum is a hydrous crystalline calcium sulphate (CaSO4+ 2H2O).
Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p5.
High Lime   The properties of the lime vary considerably and depend upon the purity of the original; limestone.  For those rocks such as chalk or oolitic limestone, with less than 5 percent impurities, the resulting product is called a “high” or “fat” lime.  It was traditionally preferred by farmers and builders alike to other forms of lime.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Hydraulic Cement  n.  A cement capable of setting  and hardening under water.

Webster’s II New Riverside University Dictionary

The term hydraulic cement, waterproof cement, and water lime were commonly used in the United States before about 1870; since then they have been supplanted by the term natural cement. Natural cement rock was burned in kilns similar to those used for lime; the calcined lumps were then ground into a fine powder and the cement was stored in air-tight waterproof containers. Refinements in this basic process were introduced late in the 19th century.

Harley J. McKee, F.A.I.A., Introduction to Early American Masonry: Stone, Brick, Mortar and Plaster, (Washington, D.C.,: National Trust for Historic Preservation and Columbia University, 1973), National Trust/Columbia University Series on the Technology of Early American Building, p. 68

The lead of the United States was attributed largely to the abundance and the excellence of its cement rock.45
Other early terms for natural cement were “hydraulic cement,” “waterlime,” “natural waterlime rock cement,” and “water cement.”  Sometimes the terms “hydraulic lime” and “hydraulic cement were used interchangeably, though there is a chemical distinction as mentioned earlier.46
45. Ries, “Lime and Cement Industries,” pp. 681-682; Draffin, “Brief History of Lime, Cement and Concrete,” p.8.

46.  Draffin, ; “Brief History of Lime, Cement and Concrete,” p .9; Harley J. McKee, Introduction to Early Masonry: Stone, Brick, Mortar, and Plaster (Washington: National Trust for Historic Preservation/Columbia University, 1973), p. 68. 

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 18.
If it burns to a clinker which must be ground to a fine powder before use, the material is called hydraulic cement.  The two products depend upon a difference in the amount of impurities in the limestone.  If the percentage of silica and alumina in the lime rock is below 20 or 25, the calcined product will slake.

.
G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 423-424.

Hydraulic lime  Hydraulic lime is produced by calcining (i.e. heating – see) argillaceous or siliceous limestone at a temperature of not less than 1000 degrees centigrade, which is sufficient to remove the carbon dioxide but not sufficiently high to sinter (i.e. to form a homogeneous mass by heating without melting) the limestone.  Instead of producing just quicklime, the calcium combines with silica to form calcium silicates.  Whether di- or tri-calcium silicate, each form has cementitious and hydraulic properties.  Even though the limestone may contain alumina, the low firing temperature  probably precludes the formation of significant amounts of calcium aluminates in natural cements.  Hydraulic lime, because of an insufficient argillaceous component compared to either Portland or natural cements, was only weakly hydraulic and was, apparently, never marketed in nineteenth century America.
      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 8.
Certain impure limestones when burned form a product which can be used under water, and therefore have hydraulic properties.  If this calcimined product slakes to a powder on exposure to the air, this material is called hydraulic lime.
G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 423-424.

Hydraulic Limestone

      Hydraulic limestone has a considerable percentage of silica and alumina (10 to 30 per cent.) in addition to the lime carbonate.  When burned it forms a cement which will set under water.

      G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), p. 313.

Hydraulic Lime vs. Hydraulic Cement
      Sometimes the terms “hydraulic lime,” and “hydraulic cement” were used interchangeably, though there is a chemical distinction as mentioned earlier.46

46.  Draffin, “Brief History of Lime, Cement and Concrete,” p. 9; Harley J. McKee, Introduction to Early American Masonry: Stone, Brick, Mortar and Plaster (Washington: National Trust for Historic Preservation/Columbia University, 1973), p. 68.

 Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 18.
Certain impure limestones when burned form a product which can be used under water, and therefore have hydraulic properties.  If this calcimined product slakes to a powder on exposure to the air, this material is called hydraulic lime.  If it burns to a clinker which must be ground to a fine powder before use, the material is called hydraulic cement.  The two products depend upon a difference in the amount of impurities in the limestone.  If the percentage of silica and alumina in the lime rock is below 20 or 25, the calcined product will slake.

G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 423-424.

      Hydraulic limes are rarely used in this country but are important in some parts of Europe.  Hydraulic cements were known and used by the ancient Egyptians and Romans, but the great development of the cement industry was during the nineteenth century, especially in the latter portion of it.
G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 423-424.

Hydrate  n.  A compound containing water combined in a definite ratio, the water being retained or thought of as being retained in its molecular state. –v. –drated, -drating, -drates. –vt.  To combine with water, esp. to form a hydrate. – vi. To become a hydrate. – hydration n. –hydrator n.

Webster’s II New Riverside University Dictionary.

Incipient Fusion
32.  Sintering, vitrification, and incipient fusion are similar terms describing the chemical process by which the material being calcined becomes a glassy substance called a “clinker.”

.

      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 22.

Johnson, Isaac -  “Real” Father of Portland Cement
      Isaac Johnson, who understood the importance of sintering, produced the first reliable artificial cement at Swanscombe, Kent, England around 1850.36  Johnson claimed he that he was the “real” father of Portland cement, and in a way he was the father of the modern cement industry in Britain.37 …

36. Davey, History of Building Materials p. 107; Bauer, Plain Concrete, p. 2.

37.  Hopkins, Span of Bridges, p. 106.

      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 16.

Keene’s Cement
The products obtained by burning gypsum are known as plaster of Paris, Keene’s cement and cement plaster.  For example, plaster of Paris (CaSO4 + 1/2H2O) is obtained by burning off a portion of the water held in the gypsum.  Adding water to plaster of Paris causes it to slake and form a quick setting plaster.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7.
Latrobe, Benjamin   Benjamin Henry Latrobe, an American civil engineer and architect born in England, was one of the first to apply the hydraulic properties of cement in the construction of the Chesapeake and Delaware Canal (Figure 5) in 1804.  Latrobe studied under the noted engineer/cement experimenter John Smeaton and under the civil engineer William Jessop in England.  In both those experiences he learned the use of hydraulic limes and cements.  The pozzolanic cement that Latrobe used in the building of the Chesapeake and Delaware Canal appears to have been a mixture of lime and trass, the latter a volcanic earth imported from Continental Europe.

      
 Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5.
Lean Lime  Those limestones containing more than 5 percent magnesia, silica, and alumina are called “lean” or “meager” limes.  They do not slake as readily as fat limes and produce less heat.


Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp 7-8.
Lehigh Valley (Pennsylvania) Cement District
      The Lehigh Valley became an important center for both the manufacture of natural cement and of Portland cement. In 1866, David Saylor of Coplay organized the Coplay Cement Company to manufacture natural cement.  Saylor’s experiments in developing a process for the manufacture of Portland cement led to the patenting of his process in 1871.  The Federal Government used his cement in the construction of the Eads jetties at the mouth of the Mississippi River, the first large-scale use of Portland cement in the United States.74
74.  Interpretive brochure from the Coplay Cement Museum.

            Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 21.
Lesley, R.W.    

R.W. Lesley, who was one of the leading authorities on the history of the cement history … (wrote) History of the Portand Cement History in the United States (Chicago: International Trades Press, 1924) …

Loammi Baldwin also used such cement in the Middlesex Canal in 1796-1797… 

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5.

Lime Classification 

      Limes are classified according to the kind and amount of impurities into five groups: Fat limes, lean limes, magnesian limes, hydraulic limes, hydraulic cements.  The first two groups are sometimes united under the terms, pure limes, calcareous limes, high calcium limes.

      Fat limes or rich limes contain less than 10 per cent. of impurities.  They usually are quick setting, but some are slow setting, the time of setting depending on physical as well as chemical conditions.  In the process of slaking they usually generate a high degree of heat and are called hot limes.  During this process they expand two to three times their original bulk.  On the addition of water, they form a paste which on hardening is accompanied by high shrinkage which must be counteracted by the addition of sand.  As the percentage of impurities is low, this grade of lime will carry more sand than poorer grades, so it is sometimes known as strong lime.

      Lean or poor limes contain more than 10 per cent of impurities, consisting of silica, alumina, iron, etc.  Gilmore in his classification places the magnesian limes in this class.  The lean limes are not made except in sections where high grade limestone cannot be obtained, or where it is to be used for fertilizer.  Such limes slake slowly and will not carry as much sand as the preceding group.

      Magnesian limes are made from limestones containing 10 to 15 per cent magnesium carbonate or more.  The typical magnesian lime would be made from dolomites.  In slaking they produce but slight elevation of temperature, the expansion is less than in the fat limes, and they are slow setting.  Many of these limes have a low percentage of silica, alumina, and iron impurities, less than 1 per cent. in the dolomitic limes of the eastern part of West Virginia.

      Magnesian limes are preferred by the workmen in many sections of the country, especially where the calcareous limes are quick setting.  The mason using magnesian lime mortar can place two to three times as many brick in a single spread of mortar as he could use of a quick setting lime. The plasterer can usually make a smoother wall, and the magnesium lime when pure is as white as any other lime.  One of the arguments long used against magnesium mortars was low strength of mortar which seemed to be shown on short time tests.  In tests of strength of mortar made from pure limes and magnesian limes for 30 and 60 days the former showed a greater strength, but after a six months and a year tests, it has been found that the magnesian mortars equal and in some cases surpass the strength of pure lime mortars.

Each group of mortars is popular in sections of the country and usually the one is preferred which is made in that section,  for when a plasterer or mason becomes accustomed to the use of one he finds trouble with the other until he becomes experienced in its use.  The demand in the Mississippi valley is for pure limes, and the same is true in West Virginia, Virginia, and Maryland to a large extent, while in Ohio and eastern Pennsylvania the demand appears to be for magnesian limes.  For building work, both groups of lime are good and will be used, for certain chemical and industrial uses the lime must have a high percentage of calcium oxide, and magnesium may then prove an injurious impurity.

      Hydraulic limes are made from limestones containing 15 to 20 per cent. of silica and alumina.  They may contain magnesia, but if so this element appears to be inert.  Such limes slake on burning and mortars made from them will set under water.

      Hydraulic cements are made from similar limestones to the last, but with a higher percentage of silica and alumina.  On burning they forma clinker which must be ground to a flour before it can be used.  

G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 326-328.

Lime Kilns – Charging of
      A typical intermittent kiln as shown in Figure 6 was the type used in America during the nineteenth century primarily for the manufacture of lime, but occasionally to produce natural cement.  This illustration has been taken from the 1864 edition of Gillmore’s influential book Practical Treatise on Limes, Hydraulic Cements and Mortars, and clearly shows not only the construction but the means for charging the kiln.  A description of the process has fortunately been preserved by Andrews who states:

When filled and well rounded over at the top they were ready for firing.  About eight cords of wood were needed for a kiln and this had already been placed about the opening of the flues  within easy reaching distance.  As it took two days and one night to burn a kiln, the firing was started in the morning, continued through the day and night, and slowed down about dark of the second day.  After firing it took three or four days to cool the mass sufficiently for handling before it could be taken out and wheeled into the upper story of the mill a short distance away.7


7.  Frank D. Andrews, History of the Discovery of Water-Limestone and Early Manufacture of Cement in Southington, Connecticut, (Vineland, N.J.: 1924), pp. 15-16.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp. 9,11.. 

Lime Kilns - Construction of 
      There is little difference in the construction or appearance of vertical kilns used  for producing lime and natural cement, or even an iron furnace, apart from the latter’s blowing gear.  The general shape of a vertical kiln was usually a truncated pyramid with a cone shaped opening inside, which, in later days, was lined with fire brick.  For convenience of operation the kilns were often built in batteries against a hillside so that they could be more easily charged from the top.  This is the general configuration discovered in the field for the Potomac mills along the C&O Canal.

      The intermittent kiln is charged with limestone from the top, and rests upon a rubble limestone arch or vault constructed at the bottom of the cone in such a way so as to leave space underneath for a wood or coal fire.  A typical intermittent kiln as shown in Figure 6 was the type used in America during the nineteenth century primarily for the manufacture of lime, but occasionally to produce natural cement.  This illustration has been taken from the 1864 edition of Gillmore’s influential book Practical Treatise on Limes, Hydraulic Cements and Mortars, and clearly shows not only the construction but the means for charging the kiln.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp. 9,11.. 

      Although the following description was written in 1900, much of the process remained unchanged since the earliest days of the cement industry.

    Ries described the construction of one of these kilns:

      The old kilns are made of stone, with the interior either round, oval or rectangular in cross-section, and lined with fire brick.  They are open at the top, and taper at the bottom to an opening, through which the burned stone is discharged.  When the material is not being drawn, this hole is sometimes kept covered by grate bars ….The height of all is 34 feet.  The more modern kilns are cylindric in shape, made of boiler iron.  They are from 40-45 feet high and lined with fire brick.8 

8.  Ries, “Lime and Cement Industries,” p. 687.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp.9-11. 
Lime Kiln – Schoefer Kiln

      The final development of the vertical kiln was the Schoefer kiln, developed in Denmark as a modification of earlier types erected in Germany.  In this type of kiln the design featured a separation of the fuel and charge by an elaborate system of flues, preheaters, and combustion chambers.  A battery of Schoefer kilns was built by David Saylor in 1892 to produce Portland Cement (Figure 9).  In 1866, Saylor established his cement mill near Coplay, Pennsylvania, in the Lehigh Valley to produce cement and in 1871, he was granted a patent for a process to produce Portland cement.  The Schoefer kilns at Coplay had a short life and were replaced in 1904 by rotary kilns much more suitable for the production of Portland cement. …

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p.11. 
Lime Mortar, Oxidation of  Eventually, lime will carbonate and return, chemically, to its original state.  When used as mortar (i.e. mixed with sand) in brickwork or stone masonry only the surface exposed to the weather is likely to carbonate.  Some have felt that over long periods of time the sand would unite with the lime to form calcium silicates which are hydraulic, but there is little evidence that this happens in practice.  Thus, it appears that the primary binding agents in lime mortar are the chains of calcium hydroxide which form when water is added to quicklime.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 7. 

Lime Mortar, Usability of   Unless there is an argillaceous component to the “meager” lime, then neither the “fat” nor “lean” limes are insoluble in the presence of moisture.  Thus, the necessity of re-pointing brickwork and masonry in old structures.  It should be emphasized, however, that lime mortar provides a superior bonding agent.  It is relatively soft and plastic compared to Portland cement, and thus yields if there is any movement in the structure, preventing crushing of the brickwork or masonry and allowing loads  which develop as the result of structural deformation to re-distribute themselves.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5. 

Lime Mortar vs. Cement Mortar  In architectural works such as buildings and houses, lime mortar continued to be preferred over cement mortar.  Lime was, however, not waterproof and could not be exposed to situations where it was in contact with water or used underground.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 5.
Lime Oxide 

      Lime oxide when pure is a white solid, without crystal form, infusible and non-volatile at temperature below 3000o C.  The commercial oxide is more or less tinged with color due to impurities present. …

      The lime oxide is usually obtained by burning rocks composed mainly of lime carbonate.  The carbonic dioxide is driven off leaving the lime oxide or quick lime.  This process of burning consists of two stages according to Reid:1     The first stage in which the water is evaporated from the stone and the organic matter is burned, called sometimes the “water smoking” period, or “vaporization” period; the second stage in which the carbonic dioxide is removed, “decarbonization” period.

      In economical lime burning in the intermittent kilns, the fuel is added slowly and in small quantity during the first stage of burning until the vapor ceases to rise in any quantity, then the fires are increased to bring the rock to the proper temperature for the expulsion of carbonic dioxide.  A failure to follow this method of firing causes a waste of fuel and also breaks the lime into small pieces by the formation of steam within the rock.  In the draw kilns less trouble is required in raising the temperature of the rock, since the rock in passing from the top of the kiln to the highly heated zone is gradually raised in temperature, the water being mostly forced out before the rock reaches this highly heated zone.

      The amount of lime formed from a given quantity of stone depends on the purity of the limestone.  One hundred pounds of pure lime carbonate would yield 56 pounds of lime, 44 pounds of carbon dioxide being driven off…

G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 324-325.

Lime Plaster

      Lime plaster has been replaced to a large extent by hard wall gypsum plaster in many sections of this country.  It has now become important in the lime industry to improve the product and by suitable preparation to form a plaster which can compete with the gypsum plaster.  While gypsum does not occur in this State in sufficient quantity to be of economic importance, there are large deposits in Virginia, New York and Michigan.  There are also some large companies in the State engaged in the preparation of these cement plasters.

G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), p. 315.

Loss of Knowledge of Cement Making

      After the fall of the Roman Empire in the fifth century A.D., the art of making a reliable cement was virtually lost.  During the Middle Ages there was a general decline in the quality and use of cement.  During that era builders used cement largely as a lubricant in positioning stones as the Egyptians had done earlier.  Roman-type cement use was not recorded until the construction of the Notre Dame Bridge in Paris, completed in 1497.22   The rubble lime concrete fill used in walls and columns during the early Medieval period in such noteworthy structures as Durham Cathedral were inferior to Roman practice.  In the high Gothic period cement was abandoned in favor of solid ashlar construction.

22.  Hopkins, Span of Bridges, p. 24.,

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p  14.
Louisville (Kentucky) Cement District

The only other natural cement antecedent to or contemporary with the Potomac Valley cement industry was the one at Louisville, Kentucky.  Engineers building the Louisville and Portland Canal discovered and utilized the natural cement rock found at the falls of the Ohio River (Figure 13) beginning in 1829.75  It became one of the most important locations for the production of natural cement in the country.  In recent years, natural cement has been produced there for a popular mortar mix.

After quarrying the cement rock from a six-foot thick deposit, the operators of the cement works calcined the rock in ordinary draw kilns, using anthracite coal as the fuel.  The mill for pulverizing the calcined material had one run (i.e. a pair) of 4.5 feet French buhrs (i.e. mill stones) driven by water power.76
75. Bauer, Plain Concrete, p. 2.  The Louisville and Portland Canal bypassed the falls of the Ohio with a 2 – ½ mile long cut channel. (Tanner, Canals and Railroads), p. 193.

76. Louisville Cement Company, Louisville Cement Company: 150th Anniversary, 1979 (Louisville Cement Co., P.O. Box 35750, Louisville, KY 40232.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 21.
Meager Lime  Those limestones containing more than 5 percent magnesia, silica, and alumina are called “lean” or “meager” limes.  They do not slake as readily as fat limes and produce less heat.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp.7-8.
Middlesex Canal  Loammi Baldwin also used such cement in the Middlesex Canal in 1796-1797… 

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p.5.
Mortar  Mortar is used in masonry construction to unite pieces of stone or bricks together and is composed of sand and cement, or lime to which water is added. 

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p.7.
Mortar – Use of Calcium Compounds  Although other materials such as asphalt and clay have been used for mortar, the most favored materials were and are based on calcium compounds.  These compounds can be grouped into two broad categories, namely: non-hydraulic and hydraulic cements.  Hydraulic cements will set (i.e. hydrate or harden) under water and do not slake with the addition of water, but rather form a hard mass of material.  The non-hydraulic cements slake or fall to pieces in water, accompanied by the generation of considerable hear.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 7.
Most Important Natural Cement Producing Areas in U.S.
The Rosendale, Lehigh Valley (Pennsylvania), and Louisville (Kentucky) districts developed into the three most important cement producing regions because they had reliable sources of high quality cement rock on or near navigable waterways which led to developing industrial centers.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 18

Natural Cement – Peak Production Year
      … The year 1892 saw the greatest natural cement production in the United States.  Portland cement increased in popularity thereafter and largely replaced natural cements in the next several decades (See Table 5).

       Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 18

Natural Cement – Use of
      … The year 1892 saw the greatest natural cement production in the United States.  Portland cement increased in popularity thereafter and largely replaced natural cements in the next several decades (See Table 5).

      Natural cements were almost exclusively used in the United States until the 1870s when Portland cement began to be imported from England.  Natural cements remained in extensive and general use until the turn of the century in public works such as dams, canals, breakwaters, and in sidewalks, sewers, and building construction.  The first Portland cement produced in the United States was at Coplay in the Lehigh district of eastern Pennsylvania in 1875.  American Portland cement exceeded that of natural cement for the first time in 189248; but as can be seen from Table 5, natural cement remained in production for several decades and managed to show an increase in the 1930s.

47.  Ries, “Lime and Cement Industries,” pp. 678-679.

       Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 18
Notre Dame Bridge in Paris (1497)
After the fall of the Roman Empire in the fifth century A.D., the art of making a reliable cement was virtually lost.  During the Middle Ages there was a general decline in the quality and use of cement.  During that era builders used cement largely as a lubricant in positioning stones as the Egyptians had done earlier.  Roman-type cement use was not recorded until the construction of the Notre Dame Bridge in Paris, completed in 1497.22   The rubble lime concrete fill used in walls and columns during the early Medieval period in such noteworthy structures as Durham Cathedral were inferior to Roman practice.  In the high Gothic period cement was abandoned in favor of solid ashlar construction.

22.  Hopkins, Span of Bridges, p. 24.,

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p  14.
Oolitic Limestone

Oolite  also oolith n. 1. A small, oval, calcareous grain occurring esp. in dolomites and limestones.  2. Rock usu. Limestone, composed mainly of oolites.  Oolitic adj.

Webster’s II New Riverside University Dictionary

      Oolite is limestone with granular texture composed of more or less rounded masses like fish eggs which give it the name oolite or egg-stone.  The best known deposit in this country is the Bedford, Indiana, stone which is extensively used as a building and trimming stone.

      G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), p. 313.

Natural Cement – First Produced in Quantity

      The first natural cement produced in quantity in the United States was that used on the Erie Canal in New York State, beginning in 1818.49  Earlier, American builders had to depend on common lime mortars.  Benjamin Wright (1770-1842), Chief Engineer of the Erie Canal from 1817 to 1828, proposed that hydraulic cement be imported from Europe, but the canal commissioners, perhaps to their later regret, did not heed his advice.  During 1818 and part of 1819 stone masonry on the Erie Canal that the engineers laid with common lime mortar failed under water.50 

49. The 363-mile, 72-lock Erie Canal connected Buffalo on Lake Erie with Albany on the Hudson River.  Henry S. Tanner, Canals and Railroads of the United States (New York: Tanner & Distrunnell, 1840, reprint ed., New York: Augustus M. Kelley, 1970), p. 52.

50. Laws of the State of New York in Relation to the Erie and Champlain Canals (Albany: State of New York, 1825), Vol. 2, p. 215.  Ordinarily the trass would have come from Holland and the Roman Cement from England.

       Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp. 18-19. 
Natural Cement – Manufacture of
      Natural cement, on the other hand, is made from naturally occurring limestone with a suitable argillaceous component usually 13 percent to 35 percent, of which 10 percent to 22 percent is silica.  Magnesium oxide (MgO) acts almost interchangeably with the lime present to produce a hydraulic cement which varies little from those produced by pure calcium carbonate.  The natural cement produced at Shepherdstown, (West) Virginia, which was highly regarded, had a significant magnesium content.  The cement rock (argillaceous limestone) is calcined at a slightly higher temperature than that used to produce quicklime, but well below that necessary to produce the hard clinker associated with Portland cement.  In fact, if the temperature is allowed to rise much above the necessary o drive off the carbon dioxide there may result an inferior cement which is “dead burnt.”  This condition occurs when there is enough heat to cause sintering of the outside of the limestone particles before the inside is calcined.

      The burned limestone is ground into a fine powder which, when combined with water, produces a hydraulic paste with the main cementitious materials being calcium silicates.  This paste does not slake, will set under water and is waterproof.  Because “cement rock” was used as found in nature, the resulting product varies not only from place to place, but also different limestone layers in the same quarry produced natural cement of varying quality.  In some cases, such as the Round Top Mill at Hancock, Maryland, on the Chesapeake and Ohio Canal, different layers of limestone were blended to improve the quality of the cement produced before burning it.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 9..

Natural Cement  -  What Is It?  Natural cement is a finely pulverized product resulting from the calcination (i.e. burning or dehydration) of an argillaceous limestone (i.e. of a “clayey” material).  In addition to the primary component of CaCO3 (calcium carbonate) such cement may contain significant amounts or sufficient quantities of alumina silicate (AlSiO3).  When mixed with water it hydrates again into a solid, making it useful as a building material.  Natural cement can be used as a mortar for stone and other masonry work, or as a binder in concrete.  Its peculiar characteristic is that it hardens under water.  James Parker, an Englishman, first discovered and manufactured natural cement in about 1796.  Engineers shortly thereafter used it extensively in Great Britain, and later throughout the world.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 5.
Parker, James   James Parker, an Englishman, first discovered and manufactured natural cement in about 1796.
Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 5.

About 1796, James Parker discovered argillaceous nodules of cement rock, called septaria, on the Isle of Sheppy.29 He broke them into small pieces and calcined them in a kiln similar to those used for burning lime to a heat nearly sufficient to vitrify them (i.e. to produce clinkers).  The cement was then mixed with water and inert fillers prior to its use as a natural cement mortar in bonding stone and brick.30  Parker’s “natural cement” became a commercial success because it was inexpensive to produce.  Parker originally called his product “ Parker’s Cement,” but later changed it to “Parker’s Roman Cement.”31  This was a confusing because of the earlier cement used by the Romans, but it was a clever marketing term.  “Roman Cement” became synonymous with much of the natural cement produced in Europe after the expiration of his patent.  Parker’s cement marked the beginning of the natural cement industry.

29. Cummings, American Cements, p. 15.

30. Parker’s Patent Specifications cited in Francis, Cement Industry, p. 28.

31. Francis, Cement Industry, p. 26.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 14.
Early Manufacture. John Smeaton came very close to making natural cement but the first person to patent the process was another Englishman, James Parker, whose patent was granted in 1796, 40 years after Smeaton's experiments. Parker's Roman Cement, which was advertised as equaling that used by the ancient Romans, was made from stones called nodules or septaria found at Harwich and Sheppy ... After Parker's patent expired, Roman cement was widely manufactured by others, who used cement rock obtained at several places in England and Boulogne pebbles found at Boulogne.

Harley J. McKee, F.A.I.A., Introduction to Early American Masonry: Stone, Brick, Mortar and Plaster, (Washington, D.C.,: National Trust for Historic Preservation and Columbia University, 1973), National Trust/Columbia University Series on the Technology of Early American Building, p. 68.

Plaster of Paris
The products obtained by burning gypsum are known as plaster of Paris, Keene’s cement and cement plaster.  For example, plaster of Paris (CaSO4 + 1/2H2O) is obtained by burning off a portion of the water held in the gypsum.  Adding water to plaster of Paris causes it to slake and form a quick setting plaster.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 7.
Portland Cement – First American Production (at Coplay, PA)
      … The year 1892 saw the greatest natural cement production in the United States.  Portland cement increased in popularity thereafter and largely replaced natural cements in the next several decades (See Table 5).

      Natural cements were almost exclusively used in the United States until the 1870s when Portland cement began to be imported from England.  Natural cements remained in extensive and general use until the turn of the century in public works such as dams, canals, breakwaters, and in sidewalks, sewers, and building construction.  The first Portland cement produced in the United States was at Coplay in the Lehigh district of eastern Pennsylvania in 1875.  American Portland cement exceeded that of natural cement for the first time in 189248; but as can be seen from Table 5, natural cement remained in production for several decades and managed to show an increase in the 1930s.

47.  Ries, “Lime and Cement Industries,” pp. 678-679.

       Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 18
Portland Cement – Origin of Term

Joseph Aspdin of Leeds, Yorkshire, is usually credited with having produced the first artificial cement in the world.  Like Frost, he carefully proportioned mixtures of limestone and clay prior to calcining and grinding them.  Aspdin named his cement “Portland Cement” after an oolitic limestone quarried on the Isle of Portland and used extensively as a building stone in England.  

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 15.
Portland cement is an artificial mixture of lime, silica, and alumina burned at high temperature and the resulting clinker ground to a very fine powder.  The proportion of ingredients must be carefully determined, thoroughly mixed, properly burned and finely ground.

G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 423-424.

Pozzolanic Cement  Pozzuolana  also pozzolana  [Ital. Pozzolana – Pozzuoli, Italy] n. A siliceous volcanic ash used to produce hydraulic cement.  2. An artificially produced substance resembling pozzuolana ash- pozzuolanic  adj.

Webster’s II New Riverside University Dictionary.

Pozzolanic Cement – Roman Origins

       The Romans required a durable hydraulic mortar for their ambitious public works program.  Through experimentation they found that pozzolana, a volcanic earth discovered at Poteoli (modern Puzzle) in the Bay of Naples, produced a hydraulic material when mixed with lime.  In the Rhine Valley they used trass and in France they used Arenes, two other kinds of volcanic earth.  All of these materials contained silicates and some clay, as well as iron oxides and other substances.  When the silicates of the volcanic earths were mixed with the calcium hydroxide of common lime, a pozzolana cement resulted.  When volcanic earths were not available, the Romans mixed crushed clay tiles and bricks with lime to form a similar hydraulic material.17

17.  Neville, Properties of Concrete, p. 1; Jasper O. Draffin, “ A Brief History of Lime, Concrete and Reinforced Concrete,” in A Selection of Historic American Papers on Concrete 1876-1926, Howard Newlon, Jr. ed. (Detroit: American Concrete Institute, 1976), pp.5-6; Ancient Roman Construction in Italy from the Prehistoric Period to Augustus, cited by Harley J. McKee, “Historical Development of Hydraulic Cement,” paper presented at the American Concrete Symposium, 10 April 1975, at Boston.

      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp. 11-12.
Puzzolane Cement
Puzzolane cement was originally made from cinder-like volcanic fragments found in large quantity at Puzzle near Naples, Italy, and used from ancient times.  The material is reddish brown to gray in color, insoluble in water and consists of silica, alumina, with small quantity of potash, soda, and iron oxide.  When mixed in uncalcined state with rich limes and ground it becomes a hydraulic, the soluble silicic acid combining with the lime.  The mixture varies in different places, but is about one part of lime to one of sand and one of puzzolane.  It is found in nearly all volcanic regions, and some varieties are improved by slight calcining.  Along the valley of the Rhine a similar material called trass has been used in the same way.

      Slag or puzzolane cement in later times has been made by mixing lime with granulated blast furnace slag, ground together without burning.  The slag may also be mixed with limestone, ground and burned together, forming a true Portland cement, sometimes described as slag cement, but not to be confused with puzzolane slag cement.
G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 423-424.

Portland Cement – Beginning of and Advantages of       

After the 1890s, Portland cement replaced natural cement as  building material because of its more consistent high quality and the fact that the basic ingredients were blended from separate components, and thus not dependent upon “cement” rock in which the necessary components occurred, with only a few exceptions, in only approximately correct proportions.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 5.

Portland Cement – Chemical Composition

      Portland cement is formed from a definite mixture of lime, silica and alumina, burned to a slag-like clinker and ground to a fine powder.

      The chemical composition of this cement has been a problem of investigation for the last twenty-five years, and has involved the skill of some of the most eminent chemists of the world.

      In 1887 the French chemist Chatelier,1   after careful synthetic determination gave the formula for Portland cement as

X  (3  CaO.  SiO2) + y, in which x and y are variable quantities depending on the relative proportion of silica and alumina in the clay used.  The lime silicate was regarded as the basis of the hydraulic activity, and on hardening shows the following reaction

3 CaO. SiO2  + XH2O = 2 CaO(OH)2 + CaO.  SiO2.  2.5H2OaO.  Al2O3
or two molecules of lime to one of alumina instead of three molecules of lime as in the Chatelier formula.2
      Substituting weights for chemical equivalents gives



Lime = Silica x 2.8 + alumina x 1.1

Or using carbonate of lime instead of the oxide Newberry gives the rule of mixture for maximum amount of lime carbonate to be used:

      Five times the percentage of silica plus twice the percentage of alumina equals the number of parts of lime carbonate required for 100 parts of clay.
G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 427-428.

Portland Cement – Manufacture of
      In contrast to natural cement, Portland cement is produced by artificially blending calcareous and argillaceous materials of constant proportions for each type of Portland cement.  The proportions are typically two parts limestone to one part clay or other argillaceous materials.  These constituents are finely ground before being placed in the kiln to insure a uniform blend, unlike the coarse material obtained from a cracker traditionally used to prepare cement rock for the production of natural cement.  The firing temperature for Portland cement production is usually 1600 to 1700 degrees centigrade to ensure that the ingredients reach incipient fusion.  The result of firing at this high temperature is the production of a hard clinker, which is then pulverized into a fine powder called Portland cement.  The addition of water to this powder results in a hard waterproof material which can be used as the binder for both mortar and concrete.  Unlike natural cement, Portland cement has significant amounts of di- and tri-calcium aluminates as well as similar calcium silicates.  The percentages of these compounds can be varied to produce the different types of Portland cements available on the market.  In order control the setting of this kind of cement current practice is to intergrind a small amount of gypsum with the cement clinker.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p. 9.

Pozzolanic Cement
      Pozzolanic cement is of considerable importance historically, as we shall see.  It was the basis, with few exceptions, of the hydraulic mortars and concretes used in antiquity in India, the Middle East, and the Mediterranean basin.  Pozzolanic cement is made by adding a siliceous material to hydrated lime.  This siliceous component may be obtained from volcanic ash or trass or other naturally occurring materials.  This latter technique is still used in India.


Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994), p. 8.

Pure Limestone  A pure limestone is composed of calcium carbonate (CaCO3),  which when burnt at a temperature of about 900 degrees is converted into quick lime (CaO) by driving off the carbon dioxide as a gas (CO2).


Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994), p. 7.

Quick lime A pure limestone is composed of calcium carbonate (CaCO3),  which when burnt at a temperature of about 900 degrees is converted into quick lime (CaO) by driving off the carbon dioxide as a gas (CO2).  With the addition of water, quicklime (also called caustic lime) slakes with the liberation of heat to form calcium hydroxide ([Ca(OH02].  Long hydroxide chains form which give lime its cementitious properties.


Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994), p. 7.


Quicklime n. Calcium oxide.

 Webster’s II New Riverside University Dictionary
      Lime oxide when pure is a white solid, without crystal form, infusible and non-volatile at temperature below 3000o C.  The commercial oxide is more or less tinged with color due to impurities present. …

      The lime oxide is usually obtained by burning rocks composed mainly of lime carbonate.  The carbonic dioxide is driven off leaving the lime oxide or quick lime.  This process of burning consists of two stages according to Reid:1     The first stage in which the water is evaporated from the stone and the organic matter is burned, called sometimes the “water smoking” period, or “vaporization” period; the second stage in which the carbonic dioxide is removed, “decarbonization” period.

      In economical lime burning in the intermittent kilns, the fuel is added slowly and in small quantity during the first stage of burning until the vapor ceases to rise in any quantity, the n the fires are increased to bring the rock to the proper temperature for the expulsion of carbonic dioxide.  A failure to follow this method of firing causes a waste of fuel and also breaks the lime into small pieces by the formation of steam within the rock.  In the draw kilns less trouble is required in raising the temperature of the rock, since the rock in passing from the top of the kiln to the highly heated zone is gradually raised in temperature, the water being mostly forced out before the rock reaches this highly heated zone.

      The amount of lime formed from a given quantity of stone depends on the purity of the limestone.  One hundred pounds of pure lime carbonate would yield 56 pounds of lime, 44 pounds of carbon dioxide being driven off…

      G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 324-325.

      When limestone, marl, chalk, or shells, composed essentially of carbonate of lime (CaCO3) are heated in a current of air at a temperature of 850 to 1,000 degrees C. (1,562o to 1,800o F.), the carbonic dioxide (CO2) is driven off leaving a lime oxide (CaO) known as quick lime.  This reaction is represented by the formula,



CaCO3 + heat = CaO + CO2
      The amount of heat required to produce this change is stated by Gruner1 to be 373.5 calories for one kilogram of lime carbonate.  Changing this figure to the English equivalent which is more commonly used in this country, one pound of lime carbonate would require 747 B.T.U. (British Thermal Units).2  Eckels3 gives the heat requirement as 784 B.T.U.  According to the Gruner figure one ton of pure lime carbonate would require 1,494,000 B.T.U. to remove the carbonic dioxide, or according to the Icicle figure, would require 1,568,000 B.T.U.  The carbonic dioxide does not begin to pass off until a temperature of over 800o C. (1472o F.) is reached…

G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), pp. 358-359.

Roman Cement (Parker’s Roman Cement)
Early Manufacture. John Smeaton came very close to making natural cement but the first person to patent the process was another Englishman, James Parker, whose patent was granted in 1796, 40 years after Smeaton's experiments. Parker's Roman Cement, which was advertised as equaling that used by the ancient Romans, was made from stones called nodules or septaria found at Harwich and Sheppy ... After Parker's patent expired, Roman cement was widely manufactured by others, who used cement rock obtained at several places in England and Boulogne pebbles found at Boulogne.

Harley J. McKee, F.A.I.A., Introduction to Early American Masonry: Stone, Brick, Mortar and Plaster, (Washington, D.C.,: National Trust for Historic Preservation and Columbia University, 1973), National Trust/Columbia University Series on the Technology of Early American Building, p. 68.

Rosendale Cement

      The first American natural cements, regardless of their actual place of origin, were often called “Rosendale Cement,” after the locality in New York at the confluence of the Delaware and Hudson Canal and the Hudson River, which became the largest producer of natural cement in America.47
47. Ries, “Lime and Cement Industries,” pp. 678-679.

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 18.
Rosendale (New York) Historic Cement District – Third 

      The Rosendale (New York) district is the third oldest cement district in the United States (ca. 1825-1828) in natural cement manufacturing.62  Engineers discovered natural cement stone with the construction of the Delaware and Hudson Canal in 1825.63  By 1843, sixteen companies there employed 700 men and operated natural cement kilns which produced between 500,000 and 600,000 barrels of natural cement per year.  The manufacturers at Rosendale shipped the cement down the Hudson River to various ports along the Atlantic seaboard after leaving the Delaware and Hudson Canal.64  In 1898 they manufactured 41.9 percent of the natural cement produced in the United States.65  Manufacturers at Rosendale produced their cements from a magnesian limestone found geologically in the lower Helderberg formation of the New York Silurian.66
62. Lesley, Portland Cement Industry, p. 32.

63. Natural cement was produced at Kensington, Connecticut in 1826, but as the plant there remained in production for only a few years because of unfavorable transportation facilities, it is not considered an active cement district. (Cummings, American Cements, p. 19)  The 124.3 mile Delaware and Hudson Canal, which passes through Rosendale, provided water transportation from the anthracite coal fields near Honesdale, Pennsylvania to the Hudson River near Kingston, New York.  Mitchell, Mitchell’s Compendium of the Internall Improvements of the United States (Philadelphia: Mitchell & Hinman, 1835), p. 21.

64. “Geology of the first geological district in the Natural History of New York,” cited by McKee, Natural Cement Industry, p. 43.

65. Draffin, “History of Lime, Cement, and Concrete,” p. 8.

66. Ries, “Lime and Cement Industries,” pp. 681-682.

      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 22.
Sintering
32.  Sintering, vitrification, and incipient fusion are similar terms describing the chemical process by which the material being calcined becomes a glassy substance called a “clinker.”

.

      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 22.
Slake  


Slake    4.  To combine (lime) chemically with water or moist air – vi.  To undergo a slaking process.

 Webster’s II New Riverside University Dictionary
Smeaton, John
Early Manufacture. John Smeaton came very close to making natural cement but the first person to patent the process was another Englishman, James Parker, whose patent was granted in 1796, 40 years after Smeaton's experiments. Parker's Roman Cement, which was advertised as equaling that used by the ancient Romans, was made from stones called nodules or septaria found at Harwich and Sheppy ... After Parker's patent expired, Roman cement was widely manufactured by others, who used cement rock obtained at several places in England and Boulogne pebbles found at Boulogne.

Harley J. McKee, F.A.I.A., Introduction to Early American Masonry: Stone, Brick, Mortar and Plaster, (Washington, D.C.,: National Trust for Historic Preservation and Columbia University, 1973), National Trust/Columbia University Series on the Technology of Early American Building, p. 68.

John Smeaton (1724-1792), a pioneer in cement experimentation, had observed the production and the use of the

trass quarried in the lower Rhine River then burned and ground in Holland.  Subsequently, he systematically experimented with various materials in the construction of the Eddy Stone Lighthouse in 1756.  Building on his European experience, one of his mixtures was one part Dutch trass and two parts lime, while another was one part Italian pozzolana and one part Atherthaw lime.23  His mixtures were limes which had greater hydraulic properties than the cements used previously, but less than the natural and Portland cements to follow in the nineteenth century.  It was the clayey blue Lias Atherthaw limestone that made the difference between Smeaton’s successful experiments and earlier ones.  As Reid stated in 1877, “The Atherthaw lime in itself could have accomplished all that he (Smeaton) desired, for he had unlocked the mystery of hydraulicity.”24
      Smeaton’s work was the first on the manufacture and use of hydraulic limes, and he was probably the first to understand the importance of clay in the composition;25  that is, when the amount of clay is over 10 percent, the resulting mixture is hydraulic to a certain degree.26  Smeaton’s greatest contributions were in being the initiator of modern cement experimentation, and as Cummings stated, to “rediscover the lost art of cement fabrication.”27  The producers of hydraulic limes calcined them in the same kilns that they used for common lime but they took more care with the length of time and the temperature at which they calcined the limestones.28
23. Davey, History of Building Materials, p. 97; A.J. Francis, The Cement Industry 1796-1914: A History (Newton Abbot: David & Charles, 1977), p. 26.

24. Portland Cement quoted by Uriah Cummings, American Cements (Boston: Rogers and Mason, 1898), p. 16.

25. Cummings, American Cements, p. 11; Hopkins, Span of Bridges, p. 11.

26. Davey, History of Building Materials, p. 106

27. Cummings, American Cements, p. 15.

28. An Elementary Course of Civil Engineering, for the Use of Cadets of the United States Military Academy, cited by McKee, “Historical Development of Hydraulic Cements,” p. 6.
29. Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994), p. 14.

The first recorded authentic experiments on the use of hydraulic cements were made by John Smeaton in 1756 in building the Eddystone lighthouse. …
G.P. Grimsley, Assistant State Geologist, West Virginia Geological Survey: Volume Three: Clays, Limestones, and Cements, (Morgantown, West Virginia:  West Virginia Geological Survey, 1906), p. 424.
Tabby

Used on coast of South Carolina, Georgia and Northern Florida.  Consists of equal parts:

· Oyster Shells

· Sand

· Water

· Lime (from Burnt Oyster Shells which produced quicklime)

Thomas Spaulding proponent.  Associated with Sapelo Island.  After the Tabby was mixed, it was poured into a wood box mold much like poured-in-place concrete.  Tabby related closely to Sea Isle Cotton and much of the plantation homes were built of Tabby.  Roof and lintels were not tabby.  Some of the walls were 2 to 3 feet thick.  Extensive mounds of oyster shells left by the Indians provided the raw materials.  Sugar Mill on Sapelo Island by Spaulding in 1809 was of Tabby (an octagonal cane press).  To see a lot of tabby without going to the islands, look at town of Darion, Georgia.  The word Tabby is a Spanish word from “Tapia” which was a Spanish word derived from the Indians in Florida.  Sometimes tabby bricks were made.  (Tabby was, of course, an hydraulic cement).

30. Notes made from Society of Industrial Archeology annual meeting, Savannah, Georgia, June 2-6, 1999.  Presentation by Buddy Sullivan, Sapelo Island Foundation, “Tabby: A Historical Perspective on an Antebellum Building Material in Tidewater Georgia.”  Presented Saturday, June 5, 1999.

Trass    The pozzolanic cement that Latrobe used in the building of the Chesapeake and Delaware Canal appears to have been a mixture of lime and trass, the latter a volcanic earth imported from Continental Europe.

 
Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994), p. 5.

Trass  [Du. Tras]  A light-colored tuff used in making hydraulic cement.

Webster’s II New Riverside University Dictionary.

The Romans required a durable hydraulic mortar for their ambitious public works program.  Through experimentation they found that pozzolana, a volcanic earth discovered at Puteoli (modern Pozzoli) in the Bay of Naples, produced a hydraulic material when mixed with lime.  In the Rhine Valley they used trass and in France they used Arenes, two other kinds of volcanic earth.  All of these materials contained silicates and some clay, as well as iron oxides and other substances.  When the silicates of the volcanic earths were mixed with the calcium hydroxide of common lime, a pozzolana cement resulted.  When volcanic earths were not available, the Romans mixed crushed clay tiles and bricks with lime to form a similar hydraulic material.17

17.  Neville, Properties of Concrete, p. 1; Jasper O. Draffin, “ A Brief History of Lime, Concrete and Reinforced Concrete,” in A Selection of Historic American Papers on Concrete 1876-1926, Howard Newlon, Jr. ed. (Detroit: American Concrete Institute, 1976), pp.5-6; Ancient Roman Construction in Italy from the Prehistoric Period to Augustus, cited by Harley J. McKee, “Historical Development of Hydraulic Cement,” paper presented at the American Concrete Symposium, 10 April 1975, at Boston.

      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  pp. 11-12.

Vitrification
32.  Sintering, vitrification, and incipient fusion are similar terms describing the chemical process by which the material being calcined becomes a glassy substance called a “clinker.”

.

      Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 22.
Water lime   The term hydraulic cement, waterproof cement, and water lime were commonly used in the United States before about 1870; since then they have been supplanted by the term natural cement. Natural cement rock was burned in kilns similar to those used for lime; the calcined lumps were then ground into a fine powder and the cement was stored in air-tight waterproof containers. Refinements in this basic process were introduced late in the 19th century.

Harley J. McKee, F.A.I.A., Introduction to Early American Masonry: Stone, Brick, Mortar and Plaster, (Washington, D.C.,: National Trust for Historic Preservation and Columbia University, 1973), National Trust/Columbia University Series on the Technology of Early American Building, p. 68

The lead of the United States was attributed largely to the abundance and the excellence of its cement rock.45
Other early terms for natural cement were “hydraulic cement,” “waterlime,” “natural waterlime rock cement,” and “water cement.”  Sometimes the terms “hydraulic lime” and “hydraulic cement were used interchangeably, though there is a chemical distinction as mentioned earlier.46
46. Ries, “Lime and Cement Industries,” pp. 681-682; Draffin, “Brief History of Lime, Cement and Concrete,” p.8.

46.  Draffin, ; “Brief History of Lime, Cement and Concrete,” p .9; Harley J. McKee, Introduction to Early Masonry: Stone, Brick, Mortar, and Plaster (Washington: National Trust for Historic Preservation/Columbia University, 1973), p. 68. 

Thomas F. Hahn and Emory L. Kemp, Cement Mills Along the Potomac River, Institute for the History of Technology & Industrial Archaeology Monograph Series Volume II, Number 1, (Morgantown, West Virginia: Institute for the History of Technology and Industrial Archaeology, 1994),  p 18.
Waterproof Cement   The term hydraulic cement, waterproof cement, and water lime were commonly used in the United States before about 1870; since then they have been supplanted by the term natural cement. Natural cement rock was burned in kilns similar to those used for lime; the calcined lumps were then ground into a fine powder and the cement was stored in air-tight waterproof containers. Refinements in this basic process were introduced late in the 19th century.

Harley J. McKee, F.A.I.A., Introduction to Early American Masonry: Stone, Brick, Mortar and Plaster  (Washington, D.C.: National Trust for Historic Preservation and Columbia University, 1973), National Trust/Columbia University Series on the Technology of Early American Building, p. 68

White, Canvass   
...Natural cement rock was first discovered in the United States, somewhere between Sullivan and Fayettsville, N.Y., by Canvass White (1790-1834) and other engineers directing construction on the Erie Canal. In 1820, White obtained a patent on his method of manufacturing natural cement, and about 1825 a he and his brother, Hugh, established a factory at Chittenango, N.Y. They called their product White's Water-Proof Cement. White later manufactured cement at Whiteport, in Ulster County, N.Y.

Harley J. McKee, F.A.I.A., Introduction to Early American Masonry: Stone, Brick, Mortar and Plaster, (Washington, D.C.,: National Trust for Historic Preservation and Columbia University, 1973), National Trust/Columbia University Series on the Technology of Early American Building, p. 68. McKee footnotes this portion with the following citation, Harley J. McKee, "Canvass White and Natural Cement," Journal of Architectural Historians, Vol. 20, no. 4, pp. 194-97.
White, Canvass – Role in Discovering Natural Cement

      In spite of Wright’s antipathy for common lime mortar, he had to carry out the mandate of the anal commissioners.  Accordingly, he contracted to buy the lime produced by Mason Harris and  Livingstone of Sullivan, Madison County, for the Erie Canal structures between Rome and Saline (present-day Syracuse).51  Because the lime produced by Harris and Livingston did not behave as lime should, Wright and his assistant,52  Canvass White (1790-1834), examined the limestone beds from which it came in Madison County, between Sullivan and Fayetteville.53  They took a sample of the limestone to the trip-hammer shop of John B. Yates at Chittenango where Andrew Bartow calcined, ground, and then placed the resulting product in a bucket of water to see what would happen.  The next morning they discovered the material had hardened under water, indicating that it had hydraulic properties.  The material later proved to be suitable for the locks, aqueducts, and culverts which were in contact with water.54    
      In 1817, Canvass White traveled to England where he examined canal structures, obtained drawings (which have not survived), procured surveying instruments, and observed the use of natural cement.55  White is usually credited with the discovery and first production of natural cement in the United States, but he alone should not have the credit.56  Benjamin Latrobe had been aware of the use of natural cement in England and he used (probably) hydraulic lime and trass on the Chesapeake and Delaware Canal as early as 1804, and others might have experimented as well.57  
      It may have been pure chance that natural cement was discovered on the line of the Erie Canal (Figure 10).  White certainly deserves credit for furthering the state of natural cement.58  There is no evidence that White went beyond empirical observations, the British tradition of natural cement production, or that he understood the chemistry of cement.

      Canvass White patented his cement on 1 February 1820.  In his patent he grandly claimed “all stones or minerals of a similar quality as included in this specification, and the text by which the above mentioned subject is to eb designated as to the property of hardening under water.”59  White owned a cement works at Chittenango which was operated by his brother, Hugh White.  Their firm produced a natural cement known as “White’s Water Proof Cement.”  Other than the fact that the first cement rock in New York State was burned “on large log heaps,” little is known about the early cement operations and the physical descriptions of the early kilns and cement mills.  McKee estimated that the engineers of the Erie Canal used approximately 500,000 bushels of natural cement in its construction.60
      The use of natural cement from Madison County on the Erie Canal led to the discovery and use of natural cement in other parts of New York where the engineers were building canals.  The second oldest cement district in the United States (excepting some minor work for the Schuylkill and Union Canals near Reading, Pennsylvania, possibly in 1823) was in Erie County, in western New York.  Cement producers built the first plant there in 1824 at Williamsville to produce cement for the Erie Canal, including the famous flight of five locks at Lockport.61
51. Harley J. McKee, “Canvass White and Natural Cement, 1818-1834,” Society of Architectural Historians Journal (1961), p. 195.

52. ASCE, Biographical Dictionary, p. 126.

53. McKee, Early American Masonry, p. 68.

54. Transactions of the N.Y. State Agricultural Society cited by McKee, “Canvass White,” p. 196.

55. ASCE, Biographical Dictionary, p. 126.

56. Draffin, “Brief History of Lime, Cement, and Concrete,” p. 8.

57. Stapleton, The Engineering Drawings of Benjamin Henry Latrobe, pp. Xv, 5-7.

58. Noble E. Whitford, History of the Canal System of the State of New York…(Albany, 1906), p. 197.

59. A copy of the patent is in the Canvass White Papers at the Cornell University Library.

60. McKee, “Canvass White,” pp. 196-197.  According to White, a barrel of New York Cement contained 5 bushels.  According to a 23 April 1832 entry in Robert Leckie’s Memorandum Book (Record Group 79, U.S. Archives, Washington, D.C.), a barrel of New York cement contained 3 to 3-1/2 bushels.  In any event, according to historical documentation, the engineers used between 100,000 and 167,000 barrels of cement in the construction of the Erie Canal.
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White’s Water Proof Cement
...Natural cement rock was first discovered in the United States, somewhere between Sullivan and Fayettsville, N.Y., by Canvass White (1790-1834) and other engineers directing construction on the Erie Canal. In 1820, White obtained a patent on his method of manufacturing natural cement, and about 1825 a he and his brother, Hugh, established a factory at Chittenango, N.Y. They called their product White's Water-Proof Cement. White later manufactured cement at Whiteport, in Ulster County, N.Y.
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Canvass White patented his cement on 1 February 1820.  In his patent he grandly claimed “all stones or minerals of a similar quality as included in this specification, and the text by which the above mentioned subject is to eb designated as to the property of hardening under water.”59  White owned a cement works at Chittenango which was operated by his brother, Hugh White.  Their firm produced a natural cement known as “White’s Water Proof Cement.”  Other than the fact that the first cement rock in New York State was burned “on large log heaps,” little is known about the early cement operations and the physical descriptions of the early kilns and cement mills.  McKee estimated that the engineers of the Erie Canal used approximately 500,000 bushels of natural cement in its construction.60
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Wilkinson, W.B. – First to Appreciate Application of Portland Cement

      … Perhaps the first person to appreciate the practical application of Portland cement and its versatility in construction was W.B. Wilkinson of Gateshead, England, who patented a method of producing reinforced concrete and concrete beams.38
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Vicat, Joseph – Father of the Cement Industry in France

      Joseph Vicat is considered the father of the cement industry in France, and his work is often quoted in British and American technical literature. 41  He is credited with the introduction of the term “hydraulic” in describing cements, for the theory of mixing lime and clay prior to burning, for producing a useful classification of cements and for the testing of cements. 42
41. Ibid. (i.e. Richard Shelton Kirby, Sidney Withington, and Frederick Gridley Kilgore, eds., Engineering in History (New York: McGraw-Hill, 1956), p. 196.

42. Davey, History of Building Materials, pp. 105-106.
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