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TEST REPORT 
 

 

Project Name:   
TTSL - Brake Drums 
 
 

Testing:  
1) Molecular Structure 
2) Chemical Analysis 
 
 
Items Tested: 
1) Molecular structure / chemical analysis prepared from sample brake drums 
 
 
Goal of Testing: 
1) Characterize alterations to material molecular structure resulting from 

Thermal Cycling treatment process 
 
 
For questions regarding this test report, please contact: 
 
 
________________________________________________________________ 
Dr. Thomas Bruce, PhD, PEng 
General Manager 
FORT - BRUCE TESTING INC 
tombruce@fortbrucetesting.com 
www.fortbrucetesting.com 
519-630-2185 
251 Alder Road 
Ingersoll, Ontario 
N5C 3Z1 
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1. Executive Summary 
 
The aim of this report is to perform the following: 
1. Determine microstructural and chemical change to materials resulting from 

application of the Thermal Cycling treatment process to brake drums. 
2. Identify key transformation mechanisms associate with Thermal Cycling. 
 
 
In summary, Scanning Electron Microscopy (SEM), EDAX X-ray intensity 
mapping, chemical analysis and metallographic examination all indicate a 
microstructural transformation to the brake drum ferrous material resulting from 
the Thermal Cycling treatment. 
 
The brake drums were determined to consist of gray cast iron.  The graphitic 
flakes present in the iron matrix were observed to have a finer structure and 
more even distribution for treated material vs the untreated material.  As well, 
silicon and manganese inclusions within the matrix experience an increase in 
size and frequency. The treatment can be seen to have encouraged diffusion of 
carbon from the graphite flakes and into the inclusions.  It also induces diffusion 
of iron into the carbide flakes.   
 
The Thermal Cycling treatment therefore has enhanced precipitation and 
diffusion reactions within the material and at the grain boundaries.  These 
transformation mechanisms will act to relieve residual stresses within the 
microstructure and enhance strength and wear properties. 
 
This analysis identifies a key mechanism of microstructural change that occurs 
due to application of the Thermal Cycling treatment.  Understanding this 
mechanism is critical to evaluating an optimized approach to improving treated 
material properties and ultimately, product performance, through the application 
of Thermal Cycling. 
 
It is recommended that further testing be conducted to fully understand the 
transformation mechanism associated with Thermal Cycling, and the benefits the 
treatment bestows upon the mechanical properties of the treated materials.  
Recommended testing includes metallographic and chemical composition 
investigation of a broader range of materials, and tensile testing, hardness 
testing, impact toughness testing and wear resistance / abrasion testing of these 
materials. 
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2. Introduction 
 

Thermal Cycling is an innovative and cost effective process of enhancing the 
mechanical properties of many materials commonly used in commercial and 
industrial technologies.    

Testing was performed on brake drums that were treated with the Thermal 
Cycling process (treated) and standard brake drums that did not reveive the 
treatment (untreated).  The goal of the testing was to determine the 
microstructural and chemical change to the brake drum material resulting from 
application of the Thermal Cycling treatment process to brake drums.  In 
particular, the testing sought to identify key transformation mechanisms 
associate with Thermal Cycling. 
 
The testing conducted for this project consisted of metallographic 
characterization and SEM / EDAX chemical compositional mapping.  These 
testing methods evaluate the molecular transformation to the metallic atomic 
structure resulting from application of the Thermal Cycling treatment process.   
 
Test results of the material from the two brake drums were compared to evaluate 
the relative change resulting from the treatment process.  The ferrous phases 
present in the steels, their respective ratioôs, and the chemical composition and 
distribution of the various phases present in the steels were determined and 
compared. 
 
The two brake drums provided for testing are shown below. 
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drum, treated    drum, untreated 
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3. Methods 
 

 

Chemical Mapping / Analysis 
 
Samples of the material were removed from the drums by cutting and the cross-
sectioned surfaces were ground with grinding medium from 60 grit down to 1000 
grit, sequentially.  The ground surface was then polished with 0.3 ɛm and then 
0.05 ɛm alumina to generate a scratch free mirror finish.  Specimen surfaces 
were examined by Scanning Electron Microscopy.  SEM specimens were also 
examined with EDAX to generate a chemical map and analysis of the surface.   
 
EDAX involves analyzing the x-rays produced by the interaction of the electron 
beam with the specimen and provides a detailed analysis of the chemical 
composition of the material.  As well, EDAX is one of the few methods available 
that also provides a map of the elemental distribution in the material. 
 
 
Metallography 
 
The molecular structure of the drums was determined by standard metallographic 
techniques.  Samples of the material were removed from the drums by cutting 
and the cross-sectioned surfaces were ground with grinding medium from 60 grit 
down to 1000 grit, sequentially.  The ground surface was then polished with 0.3 
ɛm and then 0.05 ɛm alumina to generate a scratch free mirror finish.  
Specimens were etched with 5% Nital (5% nitric acid by volume, dissolved in 
methanol) for 15 seconds.  Specimen surfaces were then observed with a optical 
microscope.     
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4. Results 
 
Chemical Analysis 
 
The samples were examined by SEM/EDAX using a LEO 440 SEM equipped 
with a Quartz XOne EDAX spectrometer. For this work a 10 kV electron beam 
voltage was used to obtain SEM images and EDAX spectra and X-ray intensity 
element maps from both samples. 
 
SEM micrographs of the treated and untreated materials are shown below.   The 
material is a gray graphitic cast iron.  The graphite flakes indicative of a gray cast 
iron are clearly visible in the SEM images. 
 
The following SEM micrographs show at increasing magnification first the 
untreated brake drum material (3 images) and then the treated brake drum 
material (following 3 images).  Graphite flakes can be clearly seen as the black 
patterns, while the white material is the iron matrix.  These images are typical for 
a standard gray cast iron. 
 

 

http://www.fortbrucetesting.com/


  

Statement of Confidentiality: This document is proprietary to Fort-Bruce Testing Inc. 
This document is distributed with the understanding that it will be not be disclosed or used, in whole or part, 
for any other purpose than for what it is intended, without the prior written consent of Fort-Bruce Testing Inc. 

 

 

 

FORT BRUCE TESTING INC 

Your Materials & Mechanical 
Testing Specialists 

www.fortbrucetesting.com 

Title: TTSL ï drums 

Report # # 1 

Revision: rev 1 

Date: January 5, 2013 

Page: 8 / 25 

  

 

 
 

 

http://www.fortbrucetesting.com/


  

Statement of Confidentiality: This document is proprietary to Fort-Bruce Testing Inc. 
This document is distributed with the understanding that it will be not be disclosed or used, in whole or part, 
for any other purpose than for what it is intended, without the prior written consent of Fort-Bruce Testing Inc. 

 

 

 

FORT BRUCE TESTING INC 

Your Materials & Mechanical 
Testing Specialists 

www.fortbrucetesting.com 

Title: TTSL ï drums 

Report # # 1 

Revision: rev 1 

Date: January 5, 2013 

Page: 9 / 25 

  

 

 
 

 
 

http://www.fortbrucetesting.com/


  

Statement of Confidentiality: This document is proprietary to Fort-Bruce Testing Inc. 
This document is distributed with the understanding that it will be not be disclosed or used, in whole or part, 
for any other purpose than for what it is intended, without the prior written consent of Fort-Bruce Testing Inc. 

 

 

 

FORT BRUCE TESTING INC 

Your Materials & Mechanical 
Testing Specialists 

www.fortbrucetesting.com 

Title: TTSL ï drums 

Report # # 1 

Revision: rev 1 

Date: January 5, 2013 

Page: 10 / 25 

  

 

 
 
 
 
Note that the reference calibration scale at the lower right hand of the image 
indicates the relative size of the examination area and of the various structures 
present.  The black lines are graphitic flakes, occurring along the metallic grain 
boundaries.  The pale gray circular regions are suspected inclusions.  Their 
composition will be determined by the EDAX analysis. 
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EDAX X-ray intensity maps are shown for the materials below.  
 

 
 

untreated 
 

 
 

treated 
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