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Abstract  

 

 Transmission Electron Microscope, or TEM, is one of the most valuable tools 

used in materials science today. It is valuable because it allows the observer to study 

materials at an atomic level. However, TEM needs to use extremely thin samples (< 50 

nm) for electron beam transparency. There are various methods such as crushing, ion 

beam thinning, ultramicrotomy, cryo-ultramicrotomy, etc. used to obtain an adequate 

sample for TEM analysis. But to produce quality TEM samples is very challenging due to 

the huge characteristics differences of various materials. 

 

This research is an effort to study the effects of cutting parameters via ultra-

microtome on TEM sample quality for carbon nanotube (CNT) composite samples. The 

CNT composite samples of focus are the nanotube yarn composites. Because nanotubes 

exhibit extreme strength and stiffness, appropriate cutting parameters should be chosen 

according to the material properties. During sample preparation, the nanotube yarn 

composite was embedded longitudinally in Armorstar resin and then cut using the 

microtome. 

 

The results showed that the parameters chosen did not lead to obtaining good 

TEM samples when comparing to the baseline TEM images. This is most likely due to 

the fact that the experimental sample is a nanotube yarn composite. Each experimental 

sample cutting block had three very small nanotube yarn composites embedded 

longitudinally in the Armorstar resin. When cutting the block using the ultra-microtome, 

only a small part of the nanotube yarn was cut compared to the overall sample surface 

area. As a result, obtaining a uniformly thin sample becomes challenging due to the cross 

section of the cutting block may have large property variations. Further study on the 

cutting block preparation and cutting parameters are needed.  
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1.0 Introduction  

  

 Transmission electron microscopy, or TEM, is one of the most valuable tools used  

 



in materials science today. It utilizes a process in which electromagnetic lenses focus 

emitted electrons into a thin beam, which in turn passes through the specimen being 

observed.  The specimen should range from 10-50 nm in thickness permeable to the 

beam. The scattered electrons of the samples due to the incident electron beam hit a 

fluorescent screen and results in the creation of a “shadow image” [1-3].  This “shadow 

image” has various shades of darkness depending on the density of the sample. The TEM 

allows the observer to study material at an atomic level, as small as angstroms (10^-10 

m) [2,3,4].  In order to accurately obtain informational results, the researcher must utilize 

various methods and techniques to produce an adequate sample for TEM analysis. 

Different methods include, but not limited to, are crushing, ion beam thinning, 

ultramicrotomy, and cryo-ultramicrotomy. Obtaining an ideal sample usually consists of 

preparing the TEM specimen by more than one method depending upon the sample 

materials [3]. Also, in order to achieve a quality cut, the researcher must select the 

appropriate temperature, cutting speed, and feed rate based on the chosen sample 

material. In this study, the type of material being researched for TEM sample preparation 

is carbon nanotube composites. 

1.1 Carbon Nanotube Composites 

 

 The most important material in this composite is the carbon nanotubes. Carbon 

nanotubes exhibit extreme strength and stiffness of approximately 50-100 GPa and ~1000 

GPa respectively [4]. Because of these characteristics, carbon nanotubes have been used 

to improve mechanical characteristics of polymers and have been of interest to a variety 

of applications today. As a result, achieving a quality TEM sample would be beneficial in 

that it would result in a better understanding of carbon nanotube composites. The most 



common method for creating a carbon nanotube composite is to mix nanotubes with the 

polymer solutions and then evaporate the solvents. However, this process must be 

conducted in a controlled manner. Below, Figure 1 portrays the alignment of nanotubes 

in the polymer matrix. The arrows in the figure show buckled nanotubes and alignment 

induced by microtome cutting [5]. 

 

 Figure 1: Alignment of nanotubes in polymer matrix cut with microtome [5] 

1.2 TEM Technique  

 

 A TEM specimen sample must possess three main characteristics in order to 

obtain a quality TEM image.  First of all, the electron transparent sample must be 

representative of the bulk material [6]. This means that the specimen sample must have 

the same structure and composition as the bulk material that we want to study. This 

allows for the achievement of useful and accurate observations for the researcher. The 

second goal is to allow for easy accessibility to the required specimen information [3,4]. 



This is important because the specimen preparation protocol does not always yield 

“ideal” or adequate specimens. Adequate specimens for TEM possess specific 

characteristics. First of all, the specimen must be thin. The thickness of the sample will 

depend on its application as well as the information sought [3,6]. Another characteristic 

requires that a thickness of less than 10nm must be obtained for energy loss spectrometry 

and that the thickness must be the same throughout the sample. Also, the sample must be 

homogenous, flat, strong, stable under the electron beam, clean, conducting, and non-

magnetic [6]. The final goal of achieving a quality specimen sample for TEM is to 

produce a thin specimen that is representative of the material’s microstructure [3]. 

Achieving these goals for TEM allows for accurate information to be obtained from the 

sample and, as a result, add knowledge to the database of the scientific community.   

1.3 Advantages of TEM and TEM Imaging  

 

 TEM is very useful technique for concerning the scientific community. The TEM 

images are produced by the interaction of electrons with the specimen sample and allow 

the researcher to magnify the sample specimen to more than a million times its actual size 

[7]. The result is a black and white, high quality, detailed image in which information can 

be extracted. Usually, the information extracted pertains to the compound atomic or 

lattice structure and surface features such as grain shape and size [7]. Because of these 

advantages, being able to produce a quality sample of a carbon nanotube composite will 

enrich the scientific community by adding knowledge to the database.  

2.0 Problem Statement and Research Objectives 

2.1 Problem Statement 

 



 There are many current methods used to achieve quality specimen samples for 

TEM observation. However, most of the methods pose disadvantages that lead to 

ineffective observations under the TEM, particularly for “soft material,” such as 

polymers, carbon nanotubes (CNTs) and their composites. Preparing an adequate sample 

requires vast amounts of knowledge and skills about the material and the type of results 

that will be expected. Knowing the makeup of the material allows the researcher to 

choose the best method in order to obtain a sample for TEM analysis. The most frequent 

issue that occurs when preparing a sample for TEM is making sure that the sample is 

transparent for the electron beam and thin enough so that it can reveal an accurate picture. 

If the specimen sample is too thick, TEM will be unsuccessful. Another problem is that 

most methods actually alter the micro structural organization. For example, crushing 

reduces the material to a powder form, which inhibits the researcher from being able to 

view the structure of the interfaces [3,8,9]. For successful TEM analysis, we want to 

make sure that the microstructure of the sample is intact and representative of the 

material. Also, other methods of obtaining a TEM sample such as twin jet chemical 

thinning result in chemical burns to the sample [3,8,9]. One method that appears to result 

in minimal damage to the specimen’s microstructure is cutting the sample via ultra-

microtome. However, this process is tedious and requires various preparation techniques 

to ensure that a good sample is obtained for TEM analysis. The scope of this research is 

to study the effective techniques and optimized protocols to obtain adequate TEM 

samples using the ultramicrotome for CNT and composite research.  

2.2 Research Objective 

 



 The objective of this research is to study and reveal the effective ways to prepare 

adequate specimen samples, specifically carbon nanotube composites, via ultra-

microtome for TEM analysis.  The ultra-microtome utilizes a diamond knife to cut cross 

sections of various lengths of the selected sample specimen. In order to gain a better 

understanding on TEM analysis,  we must research knowledge on various methods and 

techniques to prepare quality samples, as well as knowing the makeup of the material. 

The cut sample should be thin with the uniform thickness throughout the sample [3,8]. 

Also, the sample must be transparent to electron beam, flat, homogenous, nonmagnetic, 

clean and conducting. For this research, we will need to investigate preparation 

techniques in order to find the most effective way to prepare the carbon nanotube 

composite for microtome cutting. This will ensure that it is adequate for observation 

under the TEM.  In order to effectively achieve our objectives, we will need to conduct 

the following studies 

� Prepare frozen as well as room temperature samples for microtome cutting 

� Cut specimen samples under varying temperatures via microtome 

� Cut specimen samples under varying speeds via microtome 

� Cut specimen samples under varying feed rates via microtome 

� Observe sample quality under TEM  

� Analyze and discuss which parameters positively correlate with sample quality 

� Organize results into a knowledgeable thesis paper 

 

3.0 Literature Review 

 



 TEM samples can be obtained from various methods such as crushing, ion beam 

milling, ultramicrotomy, and cryo-ultramicrotomy to name a few. However, these 

methods may not be beneficial if the material being researched is carbon nanotube 

composites. Carbon nanotube composites exhibit extreme strength and stiffness in terms 

of tensile strength and elastic modulus. As a result, these qualities must be taken into 

account when preparing the sample and choosing a technique. 

3.1 Crushing 

 

 Crushing is used to produce a fine powder from a bulk material or fine particle 

using mechanical crushing [3,6,9]. This process can be summarized in Figure 2, which 

shows the specimen being crushed by a mortar. This method is used for ceramics, 

minerals, composites, etc. Basically, this encompasses any material that is brittle and has 

an average to high hardness [8,9].  If the material is not hard or brittle enough, it can be 

made to exhibit these qualities by cooling it via liquid nitrogen.  After the powder is 

obtained, it can be placed on a support grid and observation under the TEM is possible.   

Found on the next page, a sample TEM image can be seen in Figure 2.  

 

 

 

 

 

 

 



 

 

  

 

 

 

Figure 2: TEM image from crushing diatoms [9] 

Advantages to this method include that it is easy, quick, and simple. Also, 

crushing does not cause chemical diffusion, and it allows for a good representation of the 

material [9,10]. However, this method does have disadvantages. This can be seen in 

Figure 3 in which most of the specimens appear broken. As a result, loss of micro 

structural organization on a large scale occurs [3,9,10]. This is due to the fact that the 

sample becomes transformed into a powder. As a result, this is not a good method to use 

if the goal of the sample is to view isolated interfaces where we are interested in the 

structure of the interface. Also, this method is difficult to utilize if the material is too hard 

or too soft such as polymers. This method would prove ineffective to cut carbon nanotube 

composites because they are very strong and soft, when compared to ceramics and metals 

[10].  



 

Figure 3: TEM Image of Carbon Nanotubes Obtained by Crushing    

3.2 Ion Beam Milling 

 

 Ion beam milling can also be used in order to obtain samples for TEM. This 

method is used to thin samples down to electron transparency. Basically, the ion beam 

wears down the sample using ionic abrasion and cleaning [7,11]. In this process, the ion 

beam is accelerated and directed towards the center of the sample and then, lifts atoms 

from the surface [1]. An advantage to this method is that the sample can be thinned 

without strain hardening. However, there are multiple disadvantages to this method. They 

include a risk of re-deposition under the ion beams from one point to another, chemical 

diffusion, as well as, thermal damage to the sample [1,7]. 



 

Figure 4: Ion Milling Method [5] 

3.3 Ultramicrotome Cutting 

 

 The ultra-microtome technique is another method used for obtaining a suitable 

TEM sample. Using this method is beneficial because it can make soft materials more 

hard by freezing. The ultra-microtome can be used for room temperature cutting or for 

cryogenic cutting at various freezing temperatures. It can produce ultra thin slices (30-

100nm) by creating a micro crack that progressively propagates into the sample, based on 

the areas of least resistance [1,9,12]. This crack is created by the use of a diamond knife 

or a glass knife. For room temperature, the sample is cut with a diamond knife attached to 

a boat in which the cut sections float on top of the water. Then, the cut sample is carefully 

collected and placed onto grids for TEM observation. In order for this method to work, 

the material must be hard enough to produce a fracture without crushing the sample and 

plastic enough so that the fracture spreads without breaking the sample into fragments 

[9,13,14]. If the sample is not hard enough, cryogenic cutting can be utilized to cool the 



sample with liquid nitrogen. This will make the sample harder by bringing the material 

closer to its transition temperature. The basic cryogenic setup is shown in Figure 5 . 

 

 

 

 

 

 

 

 

Figure 5: Cryogenic Chamber for Ultra-microtome [3] 

 Advantages to this method include that it can be used on a wide range of 

materials, it’s fast, and multiple samples can be created in one session. Also, the sections 

produced can be reconstructed into a 3D structure [3,9]. Another advantage is that this 

process allows for cross-sectional as well as longitudinal cuts [9,14]. An example of this 

can be seen in Figure 6 in which a copolymer is cut at room temperature in various 

directions. If the sample is extremely small, embedding with resin can be utilized so that 

the sample can still be cut via microtome. Limitations include that the technique requires 

expensive machinery. Also, there must be a trained professional on the microtome so that 

precision is achieved. Other limitations including mixed composites of heterogeneous 

hardness may undergo disorganization under stress, which results in tearing or even 

crushing [9]. Metallic samples result in surface strain hardening [9].  Found on the next 

page, Figure 6 shows arrows indicating cutting direction [9]. 



 

 Figure 6: Copolymer via microtome at room temperature [9] 

 3.4 Understanding TEM Images 

  

 Being able to decipher whether or not a TEM image is of good quality or bad 

quality is important for this research in order to make conclusions as to which parameters 

have the greatest effect on the quality of the cut samples obtained. 

Characteristics of Good TEM images include: 

� Overall transparency, limited dark spots due to excessive thickness  

� Microstructure can be easily identified 

� Limited cut artifacts 

Below, Figure 7a is an adequate TEM image because of the overall transparency 

of the image. The transparency of the image signifies that the specimen sample is 

relatively thin and as a result, the microstructure can be easily identified.  Figure 7b is 

also of good quality; however, it is a slightly better TEM image than Figure 7a. This is 

because Figure 7b has minimal dark sports when compared to Figure 7a. 



 

Figure 7a and 7b: CNT Open Ends from mixed buckpaper [4] 

Characteristics of Bad TEM images may include: 

� Dark spots 

� Sample is on edge 

� Sample cannot be identified 

� Sample is not transparent  

Below, Figure 8 is an example of a bad TEM image in our research. As you can 

see, a majority of the image is very cloudy and dark. This means that the sample was not 

cut evenly and most of the sections are too thick to view under TEM. If the sections are 

too thick, viewing the sample under TEM is pointless because no information can be 

extracted. 



 
 

Figure 8: Uneven cut of Nanotube Yarn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.0 Technical Approach 

4.1 Parameter Selection 

 

 The hardness of the material dictates the parameters chosen in order to cut a 

quality slice. If the sample is hard, the researcher should select a diamond knife with a 

thirty-five degree angle, as well as, a small clearance angle [6,7]. Also, because the 

sample is hard, the researcher should choose a slow cutting speed of approximately less 

than 0.5 mm/s. Choosing a slow cutting speed will decrease damage in the form of cracks 

to the sample [6,7]. If a high cutting speed is chosen, the sample is more likely to break 

off into multiple parts. On the other hand, for a softer sample, the researcher should select 

a diamond knife with a forty-five degree angle and a clearance angle of less than five 

degrees. Regarding the cutting speed, the researcher should select a speed greater than 

1mm/s in order to cut the sample efficiently [6]. Cutting the sample at a quicker speed 

will create a cleaner cut and edge.  If there is a particular section of the specimen sample 

that must be cut within the actual specimen sample, start with a 5 mm by 5 mm cutting 

surface [9]. This will allow the sample block to be reworked after the cutting process has 

begun via ultra-microtome. Table 1 below shows the relationship between slice thickness 

and recommended surface area of the block [9]. 

 

 

 

 

 

 



Table 1: Thickness vs. cutting surface [9] 

 

 

 

 

 

 

 

Selecting parameters for a multiphase sample requires consideration of the layers 

that placed side by side to each other. If each layer has varying hardness’, the cut should 

be in the same direction as the layers [9]. This would reduce potential crushing of the 

layers onto one another. However, if cutting the sample in the direction of the layers 

leads to actual separation of the layers, the researcher should embed the sample in resin.  

 Adequate slices for TEM can be determined based on the color of the sample. If 

the slice is uniformly gray or golden, the slice is within the range for TEM observation 

[9]. If the slice has a combination of gray or gold, the speed must be adjusted so that only 

one color is dominant. If the sections of the cut appear the same color, then the thickness 

is considered homogeneous. As a result, an adequate cut has been obtained for TEM 

observation. 

4.2 Preliminary Sample Preparations 

 

 In order to achieve a quality cut via ultra-microtome, the researcher must take into 

account the nature of the material being cut. With this, there is a possibility that the 

Section Thickness  Cutting Surface Size  

100nm 1mm 

80nm 0.8mm 

70nm 0.5mm 

60nm 0.3mm 

50nm 0.2mm 



material may need preliminary treatment. There are five distinctive characteristics for 

materials that require preliminary treatment.  

1. If sample is bulk or compact, it must be sawed to form the shape of a cube or a 

parallelepipedic piece. The sides must measure between 0.5-2.0 cm in length 

[6,9,13].  

2. If sample appears porous, utilize resin infiltration in order to fill up the pores. 

Usually, epoxy resin is the more common choice.  

3. If the sample appears hydrated, use chemical fixation to extract the water from the 

sample. After the sample is dehydrated, follow the same guidelines for a bulk 

sample [6,9,13].  

4. If the sample is multilayer, the material must be cleaved, embedded in resin, and 

impregnated. After heat is used to polymerize the resin, the resulting block will be 

treated in the same manner as the bulk sample.  

5. If the sample is made up of fine particles in the form of powder, embed the 

powder in in either a mold or capsule of resin [7,9]. After the resin has been 

polymerized using heat, treat the sample block in the same manner as the bulk 

material discussed earlier.   

For this research, a nanotube yarn composite will be embedded in a mold 

filled with resin. This will secure the nanotube yarn in place and make it possible 

to cut using the ultra-microtome. 

4.3 Creating Specimen Pyramid 

 

 After the sample undergoes preliminary treatment, the researcher must create a 

sample block. The first step is to cut the far end of the sample into a pyramid base of a 



few millimeters in height. This can be done using a razor blade or a specialized tool. This 

reduces the cutting surface to a rectangle of sides approximately 1 mm and 2 mm [6,7,9].  

In order to create an optimum block, the edges of the surface must be made smooth and 

clean.  Also, two of the sides must be parallel with one another, while the other two sides 

must be trapezium or square. The cut will start on the smaller parallel side and, if the two 

sides are rectangular, the chosen side should be no more than 1 mm length [7,9]. As for 

the lateral sides, there is no length requirement. Figure 9a and 9b shows various views of 

the specimen sample pyramid. Figure 9a portrays the downward view of the sample block 

[9].  

 

Figure 9a and 9b: Varied views of pyramid sample [3]  

This view shows that the tip of the pyramid cannot be at a sharp point. It must be 

flat and smooth respective of the cutting edge of the diamond knife. The tip cannot be 

sharp because the vibration phenomena could result. Even though stress is inflicted on the 

sample when the actual pyramid block is created as well as the actual clamping of the 

sample block in the specimen holder, the researcher must make sure that no damage 

occurs to the sample. In order to reduce damage, a sharp razor blade should be used to 

make the initial cut [9]. After this initial cut, all subsequent shapings should be done via 



diamond knife. The sample block created for this research is depicted in Figure 10. All 

samples share this similar shape. The mold for this particular shape was chosen because 

of the parallel sides, as well as, the trapezoidal tip. Using a mold will decrease the 

preparation time necessary in order to smooth the surface for cutting. 

  

Figure 10: Mold with Nanotube Yarn Sample Embedded in Resin  

4.4 Cryogenic Setup 

 

The cryogenic setup consists of a cryochamber, dewar vessel, liquid nitrogen 

pump, power supply, connecting cables, as well as, accessories such as knives, specimen 

holders, tools, etc. The cryochamber is important because it allows for a constant internal 

temperature to be maintained, protects the sample from external factors, as well as, 

inhibits the sample from receiving outside vibrations. The main reason the sample will 

stay unaffected by outside vibrations is because the cryochamber is mounted onto the 

actual chassis of the ultra-microtome.  

After all connections are established and the cryochamber has been placed firmly 

onto the chassis, the liquid nitrogen pump is connected to both the dewar vessel and the 

cryochamber. Automatically, the LN2 filled dewar will pump LN2 into the cryochamber 



and create a stable low temperature environment around the knife specimen area. Then, 

the LN2 is heated and the evaporating gas is used to cool down the chamber, specimen, 

and knife either diamond or glass. Figure 11 depicts the dewar and liquid nitrogen pump 

necessary in order to cool down the cryochamber. 

 

 

                              Figure 11: Cryogenic Tool 

(A) Dewar; (B) Liquid Nitrogen Pump and Hose 

 

The researcher is able to control the temperature of the knife and gas using the 

touch screen control unit. Ultimately, this allows for the control of parameter selection. 

Figure 12 portrays an image of the touch screen unit. The touch screen unit allows the 

researcher to select and vary parameters, as well as, adjust the speed and feed 

appropriately. 

 



 

      Figure 12: Control Unit 

 Keep in mind, before the cutting process can begin, the cryochamber must be 

cooled down to the desired temperature. In order for this to occur, a specific temperature 

must be chosen on the touch screen of the control unit. Then, liquid nitrogen will be 

pumped into the cryogenic chamber.  After the cryogenic chamber has been cooled down 

to the desired temperature, the sample can be inserted into the specimen holder and 

tightened with a cryogenic tool. The cryogenic tool is a screwdriver that was made to 

specifically fit the shape of the specimen holder. Next, the diamond or glass knife can be 

inserted into the knife holder and then placed into the cryochamber. The knife holder 

must be clamped down by the cryogenic screw driver. This will ensure that the sample 

does not move during the cutting process. Next, the position of the knife holder can be 

varied based on the researcher’s preference. Both the glass knife and diamond knife 

should be at a 6 degree angle. The glass knife will be used to smooth the edge of the 

sample and once the edge of the sample appears glassy and shiny under the microscope, 

the researcher can now use the diamond knife to obtain thin sections.  

 



5.0 Experimental Setup 

 

 The goal of this research is to obtain an adequate cross section of a nanotube yarn 

composite. The nanotube yarn composite will be placed in a rubber mold and then, 

embedded in Armorstar resin in order to stabilize the sample.  Using a mold reduces the 

sample preparation time, as well as, allows for smooth edges. Smooth edges are 

beneficial in that less time will be needed to prepare the surface using the glass knife, and 

more time can be used on obtaining a thin slice utilizing the diamond knife. 

For both setups, the Leica EM FC6 ultra-microtome will be used to cut a 

representative cross section of the nanotube yarn composite. Also, the researcher will 

vary specific parameters such as temperature, speed, and feed. The approach step of the 

ultra-microtome will remain constant at 0.2µm. Keep in mind that the temperature chosen 

will be the same for the specimen temperature, the knife temperature, and the gas 

temperature. Once the baseline TEM images have been chosen, process parameters will 

be varied and the sample will be cut under those specific conditions. After the thin 

sections have been obtained, they will be viewed under TEM and then compared with the 

baseline images. From these images, we can establish which parameters produce 

adequate TEM images. This will allow the researcher to gain a better understanding as to 

which parameters affect the quality of the slice.  

For the cryogenic setup, the researcher will choose a 45 degree cryo-diamond 

knife in order to accurately obtain thin sections of the sample. The 45 degree cryo- knife 

was chosen because the sample will be embedded in resin. Once the sample has cured, 

the researcher will cut the nanotube yarn composite at -30 and -45 degrees. Figure 13 



shows the overall cryogenic setup. The main goal is to obtain a sample approximately 

between 25-50 nm thick.  

 

Figure 13: Cryogenic Setup 

(A) Dewar; (B) Pump; (C) Control Unit; (D) Cryogenic Chamber  

 (E) Ultra-Microtome 

 

 In order to compare and deduce which parameters affect the quality of the cut, the 

researcher must also cut the sample at room temperature. The room temperature setup is 

completely different from the cryogenic temperature setup. Figure 13 depicts the overall 

setup for room temperature.  

 

 

 

 



 

Figure 13: Room Temperature Setup 

(A) Control Unit; (B) Ultra-Microtome  

 

As you can see, there is no chamber to protect the sample from external factors so 

the researcher must make sure that the sample does not become contaminated. Here, the 

researcher chose a 45 degree diamond knife with a 6 mm edge at a 4 degree setting with a 

built-in boat. The boat is filled up with water using a pressure system and allows the 

researcher to control the level of the water in order to effectively extract the cut sample. 

A closer image of the room temperature setup can be found in Figure 14.  

 

 

 

  

 



 

 

 

 

 

 

 

 

 

 

 

Figure 14: Room Temperature Setup with Sample 

 (A) Sample Holder; (B) Diamond Knife Boat; (C) Water Hose 

Once thin sections have been cut from the sample block, the sample will be 

viewed under the TEM. Three TEM pictures have been chosen to represent the baseline 

images for comparison. These images can be found in Figure 14.  The quality of all these 

images are considered as acceptable [4]; however, some have minor defects. For 

example, the red arrows in Figure 14 (a) show irregular dark spots. These dark spots 

signify uneven thicknesses, which makes it harder to view the carbon nanotube’s 

microstructure. For Figure 14 (b), there are also limited dark spots; however, there are 

also areas thin and transparent. These selected areas are signified by the red arrows. Keep 

in mind that the goal of this research will be to obtain thin cuts with uniform 

transparency. Figure 14 (c) appears to be the most acceptable image. This is because a 

majority of this image is relatively thin and transparent which allows the microstructure 



to be visible. This image has minimal dark areas; however, the darkest area is still thin 

enough to extract information on the microstructure.   

 

Figure 14: TEM Baseline Images 

(A) Image 1; (B) Image 2; (C) Image 3  

 

  

           In order to obtain information on which parameters affect the quality of the cut, we 

will vary parameters for both the cryogenic and room temperature setup. Chart 2 and 3 

portray the cutting parameters chosen for the cryogenic setup and the cutting parameters 

chosen for the room temperature setup, respectively.  

Table 2: Cryogenic Setup for Sample 

 Experiments 1 2 

Temperature (Celsius) -30 -45 

Speed (mm/s) 10 & 50 10 & 50 

Feed step (nm) 25 & 50 25 & 50 

Approach Step (µm) .2 .2 

 



Table 3: Room Temperature Setup 

Samples (#) 1 2 

Speed (mm/s) 10 & 40 10 & 40 

Feed (nm) 25 25 

Approach Step (µm) .2 .2 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



6.0 Problems Encountered 

 During the experimental phase of this research, multiple problems were 

encountered for both room temperature and cryogenic cutting. Most of the problems were 

centered on being able to effectively and accurately extract the cut sample. Below 

describes a list of problems encountered and depicts the steps taken in order to provide a 

potential solution. 

Problems encountered: 

1. The inability to accurately collect the sample because of cryogenic 

temperatures. 

� This was one of the most challenging aspects of the entire cutting 

process. When attempting to extract the cut sample, the water  

would either freeze due to cryogenic temperatures or settle on the 

diamond blade in the form of  ice. The solution to this was to use 

sugar water instead of normal water because it freezes at a lower 

temperature.  A downside to this was the appearance of crystal-like 

structures when viewing under the TEM. 

2. Unable to view the sample cut 

� Because the cut sample obtained was so small, being able to 

actually extract the sample became a challenge. A solution to this 

was to take the TEM grid and rub it onto the diamond blade in 

hope that the sample would adhere. The limitation to this solution 

was that when the researcher viewed the cut sample under TEM, 

microstructures were only present around the edges of the grid. 



3. Time Consuming 

� Even after more than 5 hours of cutting, the sample obtained 

was minimal. A solution to this was to have the ultra-

microtome running for hours on end.  

� Locating the cut sample under TEM was difficult because of its 

nanometer size. Solution to this issue would be to gain training 

for TEM and practice viewing samples. 

4. Unable to Distinguish Between Sample and Resin 

� Because both the sample and resin become gold when ideal 

thinness has been achieved, it is almost impossible to 

distinguish between the sample and resin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7.0 Results and Discussion  

 

 TEM images were obtained from implementing the selected parameters in Tables 

2 and 3 from the experimental setup. Initially, the researcher cut the embedded nanotube 

yarn composite at 50 nm. This, however, was too thick to be viewed under the TEM and, 

as a result, the remaining samples were cut at 25 nm. The images obtained can be broken 

down into good TEM images and bad TEM images.  

7.1 Bad TEM Images 

 

 The following TEM images obtained were not of good quality. These images 

reflect samples that were cut at a high cutting speed and a low temperature of  -45ºC. The 

first image to be discussed is Figure 15. This image appears rough, thick, and dark. This 

is most likely due to the high cutting speed chosen. The grooves depicted in the image are 

most likely due to the cutting pattern of the ultra-microtome.  

 

Figure 15: TEM Rough Surface 



            The next TEM image to be discussed is Figure 16. In this image, the nanotube 

structure is visible; however, the sample cut is still too thick. This would be a better 

image if it was lighter and more transparent. When comparing this image to Figure 15, 

we can see that this TEM image is of better quality which is most likely due to the lower 

cutting speed selected.  

  
 

Figure 16: Microstructure Visible 

 

As mentioned in the problems encountered section, transporting the sample to the 

grid was not an easy task. This was because of the low temperature and  the size of the 

sample being collected. The solution to this was to extract the sample with a sugar water 

solution. A sugar water solution was chosen because it has a lower freezing temperature 

then water alone. As a result, the TEM images in Figure 17 appear contaminated most 



likely due to the addition of sugar molecules.     

 

Figure 17A & B: Contaminated Images 

 

            Finally, the last image chosen to discuss is Figure 18. In this image, the researcher 

can view nanotubes in the lighter areas; however, the thinness is not uniform throughout 

the sample cut. From this picture, it appears that the nanotubes are coming out of the 

thick, dark areas. This would be a better quality image if there were no visible dark areas. 

 

Figure 18: Thin Nanotubes Coming Out of Thick Areas  



7.2 Good TEM Images 

 

 Unlike the above images, there were some adequate TEM images obtained. These 

samples were cut at low temperatures -30ºC and -45ºC using a very slow cutting speed (1 

mm/s). Figure 19A is of better quality than Figure 19B; however, nano-tubules are visible 

in each image. Figure 19A is of better quality because the image appears uniformly thin, 

and transparent, with little or no dark areas.   

 
 

 Figure 19: TEM Images 

(A) Nanotubes Extruding; (B) Nanotubes on Edge of Dark Areas   

 

 Another good TEM image obtained can be found in Figure 20. In this image, the 

researcher can view a nano-tubule extended outwards. This is a good TEM image 

because the whole image is light, as well as transparent, but most of all, because the 

microstructure is clearly visible. Because information can be extracted, we can 

categorize this as an adequate TEM image.   

 



 

             Figure 20: Nanotube Extended Outwards  
 

            Figure 21 is also an adequate TEM image. It is adequate because we can view the 

microstructure of the nanotubules visible in the center of the image. We are able to see 

the microstructure because the image is light, as well as, transparent. 

            
 

             Figure 21: Nano-tubules in Center  
 



8.0 Conclusion 

 

 This research is to study the effect of cutting parameters of ultra-microtome on 

TEM sample quality of CNT composite samples. The results show the selected 

parameters are not leading to good TEM samples. This is most likely due to the fact that 

the experimental sample is a nanotube yarn composite. Each experimental sample cut had 

three nanotube yarn composites embedded longitudinally in Armorstar resin. As a result, 

when cutting using the ultra-microtome, only a small part of the nanotube yarn will 

actually get cut compared to the overall sample surface area. As a result, obtaining a 

uniformly thin slice would be harder to obtain if the whole cross section of the sample 

was not comprised of the same nanotube yarn composites. This was the big distinction 

between the experimental and the baseline images of uniform CNT/epoxy composites.  

Further improvement of cut block preparation with more uniform cross-sections is the 

key to get quality TEM samples.   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9.0 Future Work  

 

� Develop effective method to distinguish between sample and resin during sample 

collection 

 

� Investigate how to increase the surface area of the nanotube yarn composite 

sample block 

 

� Find a different way to extract sample in cryogenic setting 
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