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The onset of WWII just after the invention of the electron microscope by Knoll and Ruska in the 1930’s 

placed a premium on this new technology, and in North America at that time, having an electron 

microscope usually meant building it. This was first accomplished with resolution surpassing light 

microscopy by graduate students J. Hillier and A. Prebus in April 1938, working under Prof. E. F. 

Burton at U. of Toronto after Burton had visited Ruska in Berlin in 1935 [1]. 

 

Under Research Director William Wiegand, a U. of Toronto alumnus, Columbian Carbon was one of the 

first commercial interests to be attracted to Burton’s microscope [2]. Columbian Carbon produced 

carbon black, a widely used reinforcing agent for rubber (including tires) but the fine structure (and 

therefore rubber reinforcing mechanism) of carbon black had not yet been resolved. Columbian Carbon 

funded EM studies at Toronto leading to the first elucidation of the spheroidal, fused particle structure of 

carbon black (Figure 1). Following this success, Columbian Carbon commissioned the construction of a 

microscope, undertaken by William Ladd, who had joined the U. of Toronto group in 1939. The 

microscope was finished in 1941 and came, along with Mr. Ladd as its operator, to Columbian’s New 

York laboratory in July. (Ladd disassembled the microscope and boxed it across the border as 

“miscellaneous hardware” [3].) The microscope enabled Columbian Carbon to lead the early 

understanding of surface and colloidal characteristics of carbon blacks and facilitated control of carbon 

black morphology through the development of the furnace process (Figure 1). The importance of the 

relationship between surfaces and the reinforcing effects of fillers in elastomers was recognized via the 

1960 Charles Goodyear Medal [4]. 

 

The microscope also aided the US efforts in WWII as the war demanded great improvements in rubber 

performance and utilization. Ladd worked with the microscope to determine the particle size and 

structure of carbon blacks used in tires captured from German forces. The microscope also aided in the 

development of the first tread carbon blacks (Statex B and 125) produced via the furnace process from 

natural gas and oil [5]. Carbon black thus became one of the world’s first structurally engineered 

nanomaterials. The quality of the original microscope was such that it served as Ladd’s research 

microscope until 1946, when he designed and built a second microscope for Columbian Carbon. This 

microscope remained in service until he left Columbian in 1954 to found Ladd Research Industries. The 

original microscope was donated to what is now the National Museum of Health and Medicine located 

in Silver Spring, MD.  

 

Electron microscopy remained the primary technique for understanding the morphology of carbon black 

as Bill Hess assumed leadership of the Microscopy Laboratory after Ladd’s departure (Figure 2). 

Columbian has continued a program that has seen the utilization of 12 electron microscopes to 

characterize and help develop unique grades of carbon black for the last 75 years. As Columbian Carbon 

has evolved into Columbian Chemicals and then Birla Carbon, the commitment to electron microscopy 

has remained strong and we celebrate this vibrant history of 75 years of industrial electron microscopy. 
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Figure 1.  Left, William Ladd Microscope, constructed 1940-1941 (2016 photo courtesy National 

Museum of Health and Medicine, Historical Collections); one of the 1st EMs in the USA. Top right, 30 

nm mean particle size carbon black dispersion in nitrocellulose, from first Toronto TEM, 1939-1940
 
[6]. 

Bottom right, c. 45 nm particle size carbon black dispersed on carbon film, late 1940’s. 

 

 
Figure 2.  Left, Margaret Ladd, William Ladd, and Bill Hess, early 1950’s. Right, High-resolution 

carbon black image taken with modern TEM.  


