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Response to “Chemical Information Call-in” requested by DTSC  

 

To Whom It May Concern: 

 

  In order to comply with the California EPA requirement of the “Chemical 

Information Call-in”, namely, carbon nanotube-related environmental, health and safety 

information, we prepared the following response, at our best knowledge, trying to 

elucidating what we understand and have achieved in our practice. 

 

1) What is the value chain for your company? For example, in what products are your 

carbon nanotubes used by others? In what quantities? Who are your major customers? 

 

Confidential and Proprietary 

 

 

2) What sampling, detection and measurement methods are you using to monitor (detect 

and measure) the presence of your chemical in the workplace and the environment? 

Provide a full description of all required sampling, detection, measurement and 

verification methodologies. Provide full QA/QC protocol. 

 

It is generally perceived that air-borne nanoparticles may pose threat to human through 

his/her inhalation system. Ingestion or injection is less likely viable pathways for 

nanomaterials to transport to human body. Therefore, we implemented air quality 

monitoring policy to sample, detect and measure possible release of carbon nanotubes to 

our workplace. 

 

The rational behind our air monitoring is to measure air-borne particulates which may 

contain or are composed of nanoparticles. Nanoparticles are hard to make and hard to 

maintain in an un-agglomerated state. It is important to understand that a dispersion of 

nanoparticles in a fluid, i.e., air or water, is thermodynamically unstable. In fact, the 

challenge is to create, at least briefly, un-agglomerated nanomaterials. Even in the 

absence of any bulk flow, Brownian motion causes particles to collide, coagulation or 

agglomeration follows. For mono-dispersed size distributions, one can calculate 

concentration as a function of time for various particle sizes. These data show that for 

ideal systems (mono-dispersed spherical particles); only at extreme dilutions of less than 

10
6
 particles/mL are significant particle lifetimes calculated. In “real” systems, i.e. 

poly-dispersed distributions, non stagnant fluid and nonspherical particles, these times are 

significantly reduced. It is notable that the presence of ordinary dust in the air creates just 

such a poly-dispersed distribution. Thus, an un-agglomerated nanoparticle or other 
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nanostructure exists only fleetingly from the moment of its synthesis until it encounters 

other, like or unlike particles with which it associates. These agglomerates quickly grow 

out of the ultrafine (<0.1 micron) range. It is also notably that once agglomerated, 

deagglomeration cannot spontaneously take place. Thermodynamics requires that there 

be a driving force - typically the application of energy - to make this occur. Ordinary 

handling will not deagglomerate nanoparticle agglomerates.  

 

Due to lack of standard protocol in dealing with nanomaterials, we adopt the method used 

to monitor air-borne asbestos, and carbon black in workplace. The air sample is collected 

using a commercial test kit, such as portable air sampling pump manufactured by BGI 

Inc, Waltham, MA. By placing this test kit in various locations in our workplace for 

various time periods, we then measure the weight of particulate trapped on the filter 

membrane and calculate the concentration against total sampled air volume. In a further 

attempt, some sample will also be transferred from the filter membrane to a microscopic 

sample grid and examined for possible presence of carbon nanotubes. The goal of 

spill-free operation is to find zero nanotube through this method, and particulate 

concentration less than 3.5 mg/mL (OSHA PEL) or 8 mg/mL (Chinese standard). 

 

The protocol is following OSHA’s carbon black protocol, and conventional asbestos test 

method as enclosed as references to this document. In addition, Chinese National 

Standard on workplace particulates is also enclosed.  

 

The following table demonstrated an example of our workplace air quality evaluation. 

 

 
 

 

3) What is your knowledge about the current and projected presence of your chemical 

in the environment that results from manufacturing, distribution, use, and end-of-life 

disposal? 

 

Carbon nanotubes have long been used in commercial products since late 1990s. Most of 

the products were seen in automobiles, where front end parts, fuel systems, etc have 

SamplingDate Point Status SamplingTime/min SamplingFlow/L/min ParticleConc./mg/m3 Allowable UpperLimit/mg/m32009.10.27 2F Lab Operation 30 3 2.22009.10.29 1F Prepartion Operation 30 3 3.32009.10.30 1F Lab Operation 480 5 0.22009.11.21 CNT Mfg Operation 480 5 0.92 8
Facility Airborne Particle Test Record
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adopted CNTs as conductive filler to enable electrostatic painting or dissipate static. 

Carbon black in tire is another know example of nanomaterials being used widely today. 

Since nanotubes or nanoparticles such as carbon black are all embedded inside plastics  

/rubber matrixes, there is no belief that these materials would be release into environment 

during use, even under severe distortion like brake mark. 

 

Manufacturing these nanomaterials or nano-embedded products, however, presents some 

challenges in term of EHS concern. Therefore sufficient measure should be implemented 

in practice to prevent release or spill. 

 

For end-of-life disposal, as we believe, these nano-embedded products can follow 

traditional recycle method as long as no intentional separation is used to recover the used 

nanomaterials. 

4) What is your knowledge about the safety of your chemical in terms of occupational 

safety, public health and the environment? 

 

Since carbon nanotubes are a new material in the area of environmental, health and 

safety, we have very limited knowledge about their safety in terms of occupational safety, 

public health and the environment like many others who are studying and producing 

these types of materials. However, it is important to define risk from toxicity as we 

approach the EHS concern. Nanomaterial is a new and exciting class of materials and 

should be embraced with enthusiasm but also with great precaution when producing and 

handling. There are a number of raw and intermediate product that are used broadly in 

today’s chemical, pharmaceutical and even food industries have more or less toxic effect 

to certain degree, and some of them are even extreme toxic. These materials are not 

banned but instead with great caution when handling, have been proved to be safe in their 

current applications. Similar effort should also be exercised in dealing with new materials 

such as carbon nanotubes. Raw product should never enter the consumer product market 

without proper agglomeration or bondage. In another word, freestanding or free-flowing 

nanotubes should always be prohibited with no exception.  

 

There are quite a bit of toxicology studies of carbon nanotubes published in the literature. 

We think there are many mixed reports concerning the toxicology effect from carbon 

nanomaterials, largely due to their inconsistent material source, sampling procedure and 

treatment, method of exposure, etc. The reliable conclusion is still not available. 

Individual study often follows product by process route thus conclusions and results can 

vary in a great deal among different systems, not to mention contradicting against each 

other. It is common in the nanotechnology community, where risk is usually represented 

mistakenly with toxicity. We think it is important to view the risk no matter whether 

nanotubes are toxic or not. Therefore, we implemented several measures in our 
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workplace trying to minimize exposure risk of carbon nanotubes to our workers and 

researchers. These measures are briefed in the following paragraph. 

 

 

5) What methods are you using to protect workers in the research, development and 

manufacturing environment? 

 

In our corporation, we pursue an internal safety philosophy as “prevent”, “contain”, and 

“isolate”, which include safety training, good chemical hygiene practice, engineering 

control and personal protective equipment as the last defense tool. 

 

As highlighted in the attached training presentation, we generally educated our 

researchers and workers about the potential hazardous risk of carbon nanotubes, 

importance to a good chemical and personal hygiene, as well as correct ways of checking 

and wearing protective clothing and masks. 

 

Sufficient engineering controls are in place to prevent release of carbon nanotubes to 

workplace, and isolate a close environment where carbon nanotubes are packed for 

shipping. 

 

All lab and production personnel are required to wear lab clothes and gloves in lab and 

production area, and wear NIOSH approved respirator with N-100 filter. 

 

 

6) When released, does your material constitute a hazardous waste under California 

Health &Safety Code provisions? Are discarded off-spec materials a hazardous waste? 

Once discarded are the carbon nanotubes you produce a hazardous waste? What are 

your waste handling practices for carbon nanotubes? 

 

Whether the discarded off-spec materials are hazardous waste is not clear at the moment, 

since the toxicological study is still in its very early development stage. However, we 

view the discarded materials seriously. Our off-spec materials are usually bagged and 

sent to a furnace to incinerate when enough are accumulated. 

 

 

Submitted by: 

CNano Corporation 

3333 Bowers Ave., Suite 130 

Santa Clara, CA 95054 

Tel: (408) 826-0918 
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Fax: (408) 899-5157 

www.cnanotechnology.com 

 

 

 

/Enclosures/ 

Asbestos Test Kit and Method 

CNT Safety Training 

GB10330-1989 Chinese Workplace Carbon Black Standard 

GB16241-1996 Chinese Workplace Asbestos Standard 

OSHA-Carbon Black Monitoring Standard-ID196 

CNT MSDS 



.. .'

FOR: ASB-II , II-S & III DECEMBER 1988
FOURTH EDITION

ASBESTOS SAMPLING KITS
OPERATING INSTRUCTIONS

INTRODUCTION:

The purpose of this sampling kit is to take large volume air samples over short periods of time. Such a require­
ment exists in areas where asbestos has recently been removed or removal is being contemplated. Flow rates
are controlled to the value of the critical orifice selected and the capacity of the particular size sampling kit
purchased. This will vary from 10 to 24 Ipm which results in sampling volumes ranging from 600 to 1440 liters
per hour. These pumps and orif have been designed to draw this flow through a 0.8f!m membrane filter. This
equ ipment also meets all the requirements for EPA/AHERA sampling with the req uired special med ia. For
information regarding flow through other media, see the calibration card on the lid of th e cas e, or con tact
Customer Service.

FILTER
CASSETTE

METAL ROO

PUMP

SCHEMAT IC DI AGRAM

EQUIPMENT:

The heart of the ASS is a high capacity, oil-less, rot ary vane pump. This pu mp requires no maintenance for at
least 3000 hours. Airflow through the pump is controlled by a critical orifice located downstream of th e fi lte r
cassette. A needle valve is also fitted for AHERA sampling procedures. The instrument, set up for operation is
shown in the photograph and schematic diagram.

BGI INCORPORATED
58 Guinan Street/Waltham, Massachusetts 021 54
Telephone: 617-891-9380 Fax No.: 617-891-8151



SAMPLING other than AHERA:

I Place the pump on a solid dry surface and plug into a grounded oullet. Screw the extension mast into the

threaded hole in the case.

Extend the mast to the desired height and lock in place with the collet locking rings on the mast. (Earlier models
utilize 2, y," diameter threaded rods which are to be screwed together). Install the casselle adaptortothe end
of the mast using the thumb screw. This unit has three positions which allow the casselle inlet to be pointed:
downwards, hori zontally or in the AH ERA position, at 45 degrees down from the horizontal. For other than
AHERA work, there is some disagreement over which direction to use. In the absence of personal op inion,
regulation or other advice, point it downwards.

Use the rubber hose provided to con nect the barbed filling on the front of pump to the barbed filling on the
casselle adap to r. The proper casselle to use wi ll be one of the fo llowing five types:

1. 37mm, 0.8JLm pore size, mixed ce llulose este r membrane.
2. 37mm, 1.2JL m pore size, mixed ce llulose ester memb rane.
3. 25mm, 0 .8JLm pore size, mixed ce llu lose ester memb rane.
4. 25mm, 1.2JLm pore size, mixe d ce llulose ester membrane.
5. 25mm, 0.4 5JLm pore size, mixed cellulose ester membrane,

backed by the 5.0JLm MCE (AHERA).

The 25mm casselle must be the type provided with a 50mm long conducting, extension cowling. The most
commonly used filters are Nos. 3 and 5. For background and clean air sampling we recommend No.3 as shorter
sampling times may be used to obtain a valid sample.

Each of the four casselles listed above is of 3 piece construction. The blue cap is on the inlet end and the red
cap ison the outlet. The filter itself consists of two layers.The thin (top) membrane and a support pad.This filter
assembly is sandwiched between the exhaust end of the cassette (red plug) and the middle ring. No.5 has two
layers of membrane.

Remove complete, V3 of casselle body that co ntains the blue inlet plug by us ing a coi n, inserted in the groove
between the pieces and twist, to release cassette body pieces. This shou ld leave the filter held between the
exhaust end (red plug) and the casselle center piece, exposing the whole surface of the filter. Remove the red
plug and place the cassette on the tapered nipple using the hole that previousiycontained the red plug.There
is also a more recent cassette design available which is ident ical to those described above, but which screws
together instead of a taper fit.

Prepare label ind icating:

Sample No.
Date
Location
Flow Rate Selling
Start Time of Sample
Stop Time of Sample

Place label on casselle-wrap around body, sealing exhaust end piecetocenter piece of cas selle body.Switch
on pump, noti ng time and writi ng it on the label.

Run pump for suHicienttime to collect 1800 liters of air. With a flow rate of 10 Ipm, run pump for 1800/1 0 = 180
minutes, i.e. 3 hours. These flow rates are the EPA maximum figures for a 25mm filter cassette. If another flow
rate is used be certain to sample long enough to obtain a statistically valid sample. Guidelines forthis calcula­
tion may be found in the NIOSH/OSHA 7400 Method.
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, NOTE: Length of time is not critical other than it exceeds the time necessary to collect 1800 liters. What is
- important is to note the exact time of switching on and off the pump sothat the amount of air collected is known
t and can be used by the laboratory to ca lculate the fiber concentration of the air passed through the filter.

Note the t ime the pump is switched off and write it on the label. Place the inlet cap, with blue plug, overthe end
of the cassette and push in place. Remove the cassette from the pump and replace the red plug . Check label
that it contains the following information:

- Sample No .
- Date
- Location of Sample
- Flow Rate of Pump
- Start Time of Sample (Note: Use 2400 hour system, not AM/PM).
- Stop Time of Sample

Alternatively, place a numbered label on the cassette and record the information on a data sheet.

SAMPLING, EPAAHERA

At the present time AHERA Regulation sampling relates only to clearance testing conducted in school
buildings. Nevertheless an increasing number of building owners are calling for testing to be done to these
standards.The difference between rout ine area sampling and AHERAsampiing may be summarized as five points.

1. Ana lysi s to be by TEM (t ransmission electron microscopy), which requ ires a new filter. The new item is the
25mm cassette with conductive cowling. The filters comprise a 0.45J.Lm MCE followed by a 5.0J.Lm MCE
followed by a backer pad .

As an alternate, the first filter may be a O.4J.Lm polycarbonate.

Check with your TEM laboratory before making a selection.

2. The filter head must be held at a 45 degree angle (down from hor izontall .

3. The only connection between the pump and the filter must be via the suctlon hose. In other words the exten­

sion rod must not be connected to the pump.

4. The maximum flow rate (25mm cassette) is 10 Ipm.

5. The sampling volume is 1200 to 1800 liters of air. Again, con sult yo ur TEM analyst before se lect ing a samp-
ling time.

Because of the very highly resistive filter pack mandated underAHERA the maximum flow rate attainable is 9.5
to 10.5Ipm. This limit has nothing to do with the size of the pump but the limiting flow condition occurring in the
filter pores. More powerful pumps will not pull more air through the filter.

Because of this limiting condition it is not possible to util ize a cr itical orifice for flow control. However, under the
regulations, the flow must not exceed 10 Ipm. Since the natural critical values of commercial f ilters fall across
the 10 Ipm figure, a valve has been incorporated for throttling purposes.

Set the equipment up as shown in Figure 1. Be certain there is no critical orifice installed in the system and the

valve is fully open. Plug a rotameter into the front of the cassette, as detailed below under calibration. Turn on
the pump. If the flow indicated on the rotameter exceeds 10 Ipm close the valve until this flow rate is achieved.
Remove the rotameter and filter cap and proceed with the sampling. Note the filter numberand flow rate.When
the sampling period is concluded,while the pump isslill running, loosen the thumbscrew and detach the entire
sampling head from the extension rod. Orient the cassette vertically upwards and reinstall the inlet cap (blue
plug) then shut the pump off. This maneuver is intended to prevent fibers from falling off the filter, according to
the regulat ion . Replace the outlet plug (red ) and record the appropriate data.

NOTE: When a normal 0 .8J.Lm MCE filter pack is used install a critical or ifice and open the valve, all the wa.y.
Under no circumstances should you use the valve when a critical orifice is installed.
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' !.- CALIBRATION CHECKING:

The procedure for field confirmation of the original
orifice calibration value is to select the same type
filter cassettes originally used. (See calibration card
on lid of carrying case). In this instance the top por­
tion of the cassette is not removed. Simply take out
the red and blue plugs and install the cassette as if a
normal test were to be conducted.

A rotameter is now plugged into the hole in the front
of the cassette and hand held wh ile the pump is
switched on. Check that the vacuum gage is reading
at least 16 inches of mercury (Hg). (Rotameters of a
suitable type, complete with plug in fittings are avail­
able as our part No. RM·67 or RM-69). The rota­
meter is read by observing the line closest to the
CENTER of the meter ball. Finer values between
lines are estimated by eye. If the value observed is

not within ±5% of the calibrated value a fault exists
and must be corrected. These faults could include:

Faulty pump - insufficient vacuum.
Cracked or leaking hose.
Missing "0" ring on orifice.
Cracked boss around hole of cassette.
Cassette suffering from internal/external leakage or both.
Incorrect media in cassette.

5

ROTAMETER

PUMP

SCHEMATIC DIAGRAM - CALIBRATE

More precise calibrations of the orifice can be performed in the laboratory using ±1 % rotameters Wet test
meter, Bubble meter, Spirometer, or the Mini-Buck Calibrator.

APPLICATION NOTES:

While th is instruction manual equally applies to the ASB-II , II-S and III, there are special cautions to be noted
with the ASB-II-S unit. In this particular "silent" model a fan has been fitted to the pump box as the unit is
designed to run with the box closed. This fan provides adequate air movement over the pump for adequate
cooling up to ambient temperatures of 100°F. Under no circumstances should the ASB-II-S be operated in
environments exceeding this temperature. The pump will not be damaged in any way but the automatic ther­
mal overload switch will turn the pump off and prevent its operation until the unit cools.

FILTER CASSETTES:

We can not caution too strongly against reusing filter cassettes as an economy measure. Several problems
can arise. First they must be thoroughly cleaned and dried in a clean room. When recompressing the plastic
parts repeatedly the plastic expands and takes a permanent set. This leads to external leakage. Some have
attempted to cure this leak by wrapping the cassette with tape or by the use of air dry, shrink bands. While this
may stop external leakage it does not cure internal or filter bypass leakage. The shrink bands can make this
problem worse. As they contract they can actually draw the tapered surfaces apart and create bypass leakage.
This can be observed during a calibration test as excessively high flow due to elirnlnatlon of the filter
resistance.
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CNT Safety

www.CNanotechnology.com

http://www.cnanotechnology.com/


CNT Safety
Suspect of Asbestos hazard- “pneumonokoniosis”, but 
some reports claimed it to “straight and short” CNT
Require more in-depth study on the CNT hazard 
CNano received US EPA PMN in August, 2009
CNano committed to participate in in-depth program of 
“Nanoscale Materials Stewardship”

2010/1/11 CNano Confidential and Proprietary 2



Control in Practice ....
Purpose

Prevent adverse health effects 
(physiological and psychological) 
attributable to work

Help maximise workforce availability 
(Healthy, Happy and Here)

2010/1/11 CNano Confidential and Proprietary 3



2010/1/11 CNano Confidential and Proprietary 4

What For- prevent harm

When- today or tomorrow

Which- engineering or procedure

How- management

Control in Practice ....



Safety Measures

– Engineering control
– Management control

2010/1/11 CNano Confidential and Proprietary 5



Engineering Control

HEPA or Water Scrubber-LEV (Local 
Exhaust Ventilation)
– Collect CNT by filtration before dumping waste 

water to city sewer 
Compartment
– Confine CNT powder working place

Ventilation
– Collecting hood around handling opening 

2010/1/11 CNano Confidential and Proprietary 6



Management control

Minimize exposure (operators, time, space)
Changing clothing, shoes in work place
“Wet” cleaning spill-soap water mopping
Waste disposal-cremation advised
Respirator “Fitness Test”
Annual physical examination for workers
Regular airborne particle measurement

2010/1/11 CNano Confidential and Proprietary 7



PPE is the last tier of protection
Air respirator: NIOSH approved, 
Filter cartridge N100/P100/R100
Chemical proof glove, clothing
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Fitness Test

Individual test and record
Every year

2010/1/11 CNano Confidential and Proprietary 10



Airborne particle measurement

Work place regular measurement
Asbestos sampling

2010/1/11 CNano Confidential and Proprietary 11



Facility Test

Sampling
Date

Point S tatus
Sampling
Time/min

Sampling
Flow/L/min

Particle
Conc./mg/m3

Allowable Upper
Limit/mg/m3

2009.10.27 2F Lab Operation 30 3 2.2

2009.10.29 1F P repartion Operation 30 3 3.3

2009.10.30 1F Lab Operation 480 5 0.2

2009.11.21 CNT Mfg Operation 480 5 0.92

8

Facility Airborne Particle Test Record
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GB 16241-1996

Health standard for asbestos fibre in the air of workplaces
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Carbon Black in Workplace Atmospheres 
  
 

 
 
Method no.:   ID-196 
    
 
Control number:   T-ID196-PV-02-0709-ASD 
 
  
Matrix:    Air 
     
  
OSHA PEL:   3.5 mg/m

3
 

  
 
 Procedure:   Samples are collected by drawing a known volume of air through pre-

weighed 37-mm diameter low-ash polyvinyl chloride (PVC) filters.  
Sample filters with gravimetric results greater than the PEL are dissolved 
in tetrahydrofuran (THF).  The residue is redeposited on THF-rinsed 
quartz fiber filters.  The quartz fiber filters are heated at 150 °C and then 
cooled and weighed.  The filters are reheated at 600 °C and then cooled 
and reweighed.  Weight lost after heating at 600 °C is reported as carbon 
black. 

 
  
 
Recommended sample 
volume:     480 to 960 L  
   
  
 
Recommended sampling  
rate:    2 L/min 
  
 
   
Analytical procedure:  Gravimetric 
 
 
Status of method:   Partially validated.  This method is presented for information and trial 

use. 
 
    
 
Detection limit:   0.1 mg (administrative) 
 
 
January 1982    Alan Peck 
Revised September 2007  Robert Douglas 
 
 

Analytical Services Division 
OSHA Salt lake Technical Center 

Sandy UT 84070-6406 
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1. Introduction  
 
 1.1. Scope  
 

This method is used for the measurement of airborne carbon black particulates to assess 
carbon black exposure in workplaces where carbon black is known to be used. 

 
 1.2.  History of the method  
 
  1.2.1.   A previous method for the analysis of carbon black was gravimetric. All dust present in 

an atmosphere known to contain carbon black was reported as carbon black (Ref. 
6.1.).  

 
   1.2.2.  In 1975, ignition was used at the OSHA Laboratory to eliminate interference from 

particulates that do not lose significant weight upon ignition, i.e. minerals.  
 
  1.2.3.  In 1979, scanning electron microscopy was used to distinguish between carbon black 

and other organic substances. With the current procedure, scanning electron 
microscopic analysis is no longer required.  
 

  1.2.4. The method was tested at the OSHA Salt Lake Technical Center (SLTC) in 2007 and 
the currently available glass fiber filters were found to have high and somewhat 
inconsistent gravimetric blank levels after heating at 600 °C.  This rendered them 
unsatisfactory for use in the method.  Quartz fiber filters were tested, but were found to 
also have high blank levels.  The material causing high blanks was not identified, but it 
was found to be soluble in tetrahydofuran (THF).  Quartz fiber filters were selected for 
use in this method because glass fiber filters were observed to have melted after 
heating at 600 °C.  The blank issue was circumvented by prerinsing the filters with THF.  
Evaluation data to support these changes are presented in Appendix 1. 

 
 1.3.  Principle  
 
  Organic chemicals and the filter are dissolved with THF and carbon black is re-deposited on a 

quartz fiber filter. Carbon black is determined as weight difference after heating at 150 °C and 
then reheating at 600 °C.  

 
 1.4.  Classification and properties  
 
  Carbon black may also be classified as lampblack, channel black, furnace combustion black, 

and thermal black. Each form is produced by the partial combustion or thermal decomposition 
of liquid or gaseous hydrocarbons. It is composed of more than 85% elemental carbon in the 
form of near-spherical colloidal aggregates. The properties of carbon black commonly 
evaluated for control and classification purposes are usually based on particle size, surface 
area, structure, and surface chemistry.  

 
 1.5.  Uses  
 
    Carbon black is used as a reinforcing agent in rubber and as a black pigment in printers ink, 

coatings, paper, and plastics.  Ninety-five percent of carbon black is used in the rubber 
industry, predominantly as a pigment and reinforcing agent in tires.  

 
2.  Recovery  
 

  The average recovery of carbon black based on weight loss after heating at 150 °C and then reheating 
at 600 °C was 104.4% (Appendix 1).  This recovery was within acceptable limits of uncertainty. 
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3. Interferences  
 
 3.1.  Source  
 

  3.1.1.  The most probable sources of interferences are chemicals used in the rubber-
processing industries that are released as dusts with carbon black during the weighing, 
conveying, and mixing operation. These airborne particulates will contribute to the total 
weight of carbon black samples.  Particulates (other than carbon black) that are 
insoluble in THF and that lose weight after heating at 600 °C are interferences in this 
method.  
 

  3.1.2.  Rubber-processing chemicals are usually grouped into accelerators, antioxidants and 
stabilizers, antiozonants, and miscellaneous materials (Ref. 6.2.). These chemicals are 
defined by the U.S. Tariff Commission as "organic compounds that are added to 
natural and synthetic rubbers to give them qualities necessary for their conversion into 
finished rubber goods" (Ref. 6.3.). Most of the commercial organic chemicals used in 
the rubber industry are listed in Tables of the Encyclopedia of Chemical Technology 
(Ref. 6.4.).  

 
 3.2.  Controlling interferences  
 
  Chemicals or substances are eliminated as potential interferences in this method according to 

the following physical constants:  
 
    1. Those that vaporize at 150 °C.  
    2. Those that are soluble in THF.  
    3. Those that are weight stable at 600 °C.  
 
    THF is the preferred solvent extractant because of its unique solvent properties and wide 

miscibility. It is a saturated cyclic ether (CH2)4O and is a good solvent for high-molecular weight 
polyvinyl chloride, polyvinylidene, resins, and other organic materials. THF is miscible with most 
organic solvents and with water in all proportions (Ref. 6.5.). 

 
    Other solvents can be used for the removal of organic chemicals insoluble in THF. The efficacy 

of each should be pre-determined in tests with bulk samples.  
 
4.   Sampling  
 
  Note  Some carbon blacks may contain significant amounts of polynuclear aromatic hydrocarbons 

(PAH) such as: 
 
     Anthracene/Phenanthrene 
     Pyrene 
     Chrysene 
     Benzo [a] Pyrene  
 
    If PAHs are suspected to be present, the following additional steps and analyses can be 

performed:  
 
   A.   Provide a bulk sample.  
   B.  Take separate personal air samples on glass fiber filters following OSHA Method 58 (Ref. 

6.6.) or other suitable method. 
   C. Take area samples on glass fiber filters following OSHA Method 58 (Ref. 6.6.) or other 

suitable method. 
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   The bulk sample and glass fiber filters can be analyzed for PAH content using parameters 
established in OSHA Method 58 (Ref. 6.6.) or other suitable method.  

 
 4.1  Apparatus  
 
   4.1.1.  Pre-weighed (tared) 37-mm diameter low-ash 5-µm polyvinyl chloride filter contained in 

a polystyrene cassette.  OSHA personnel can obtain this filter and cassette from SLTC. 
 

  4.1.2.  Personal Sampling Pump: A calibrated personal sampling pump whose flow can be 
determined within ±5% at the recommended flow rate. The pump must be calibrated 
with a filter holder and filter in the line.  

    
 4.2.  Procedure  
 
 4.2.1.  Immediately before sampling, remove the top and bottom plugs from the cassette. 
 
 4.2.2. Attach the cassette to the sampling pump so that it is in an approximately vertical 

position with the inlet facing down during sampling near the worker’s breathing zone.  
Position the sampling pump, cassette, and tubing so it does not impede work 
performance or safety. 

 
 4.2.3.  Air being sampled should not pass through any hose or tubing before entering the 

cassette. 
   
 4.2.4.  After sampling for the appropriate time, remove the sampler, and replace the top and 

end plugs.  Wrap each sample end-to-end with a Form OSHA-21 seal.  
  
 4.2.5.  Submit at least one blank sample with each set of samples.  Handle the blank sampler 

in the same manner as the other samples except draw no air through it. 
 
   4.2.6. Record sample volume (in liters of air) for each sample, identify the type of operation, 

and identify any potential interference.   
 5.  Analytical Procedure  

 
 Samples are first gravimetrically screened for carbon black following OSHA Method PV2121 (Ref. 

6.7.) or other suitable method.  Samples with results greater than 3.5 mg/m
3
 (the PEL for carbon 

black) are then further analyzed as described below. 
 

 5.1. Apparatus  
 
  5.1.1.  Muffle furnace capable of maintaining temperature at 600 °C.  
 
  5.1.2. Drying oven capable of maintaining temperature at 150 °C.  
 
  5.1.3.  Balance accurate to at least 0.1 mg.  
 
  5.1.4.  Filtering assembly and vacuum system.  
 
  5.1.5. Quartz fiber filters (37-mm) without organic binder.  Millipore quartz fiber filters (lot 

R6MN83955) were used to gather additional evaluation data.  These filters are rinsed 
by placing them in a small beaker containing about 10 mL of THF for about 10 min.  
The beakers are swirled several times.  The filters are air dried in a hood before use.  
See Section 5.3., Safety Precautions, for handling THF. 

 
  5.1.6.  Centrifuge tubes (50 mL).     
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  5.1.7.  Ultrasonic bath.  
 
  5.1.8. Filter holder (for quartz fiber filters) and accessories with a vacuum source and a cold 

trap for collection of THF.  
   
  5.1.9. Quartz crucibles.  Fisher Scientific Fisherbrand Self-Sealing 10-mL Quartz Crucibles 

(catalog 10-490-4) were used to gather additional evaluation data. 
 
 5.2.  Reagents  
 
  5.2.1.  Tetrahydrofuran [CAS no. 109-99-9].  Sigma-Aldrich tetrahydrofuran, 99+%, A.C.S. 

reagent (lot 17769T0) stabilized with 250 ppm BHT was used to gather additional 
evaluation data.  

 
  5.2.2. Carbon, Lampblack [CAS 1333-86-4].  Fisher Scientific, 100% (lot 061965) was used to 

gather additional evaluation data. 
 
 5.3.  Safety precautions  
 
  5.3.1.  Care should be exercised in using THF.  It is extremely flammable and the vapor is 

harmful. It should be used only with adequate ventilation and contact with the skin 
should be avoided. Other dangers are listed on the reagent label.  

 
    When using THF, work in a well ventilated hood and wear protective gloves to avoid 

skin contact.  
 

  5.3.2.  Usual precautions in working near high temperature furnaces or ovens and fumes 
should be observed. Protective gloves and tongs should be used in the transfer of 
samples to and from the high temperature apparatus.  

 
 5.4.  Laboratory quality control samples  
 

   Quality control samples are prepared by placing weighed portions of carbon black, PVC filters, 
and 15 mL of THF into a 50-mL centrifuge tube.  The carbon black is weighed to the nearest 
0.1 mg.  The weighed amounts of carbon black corresponding to 0.5, 1.0, and 2.0 times the 
PEL are 1.7, 3.4, and 6.8 mg based on a 960 L air sample.  

 
 5.5.  Sample analysis  
 
  5.5.1.  The air sample filters and 15 mL of THF are placed in a 50 mL centrifuge tube and 

sonicated for 10 minutes to dissolve the PVC filter and organic interferences.   
 

  5.5.2.   The samples are transferred (filtered) onto rinsed quartz fiber filters. The filtered THF is 
captured with a cold trap.   The quartz fiber filters are washed 3 times with 2 to 3 mL of 
THF. 
 

    Occasionally, a carbon black sample has a very large amount of material that will not 
allow the THF to pass through the filter. To facilitate filtration, the pre-filtrate sample 
material can be portioned onto one or more additional filters (as many as needed) so 
as to allow for smaller amounts of sample material per each filter.  The result for each 
of the filters for that sample is added together to obtain the correct level of carbon black 
in the original heavily loaded sample.  
 

 After the final wash, immediately remove the quartz fiber filter from the filtering assembly in order to 
prevent its adherence to the assembly.  Place each filter in a separate quartz crucible. 
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  5.5.4.  The crucibles with the filters are dried in an oven at 150 °C for 30 minutes, cooled to 
room temperature in a desiccator and weighed (W1) to 0.1 mg.  

    
  5.5.5.  The crucibles with the filters are placed in a muffle furnace at 600 °C for one hour. 
 
  5.5.6.  The filters are cooled to room temperature in a desiccator and reweighed (W2).  
 
 5.6.  Calculations  
 
  The amount of carbon black is determined by subtracting W2 from W1.  Average the results for 

blank samples and identify the average as W3.  Subtract the average blank result, W3, from the 
carbon black result.  This value in milligrams is divided by the sample air volume in m

3
 and 

reported as mg/m
3
.  

 

33
m

]3W)2W1W[(

m

mg,blackcarbon
−−

=  

 
 where: W1 is the weight after heating at 150 °C 
   W2 is the weight after heating at 600 °C  
   W3 is the average weight loss for the blanks 
   m

3
 is the sample air volume in cubic meters 
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Appendix 1 
Additional Evaluation Data 

 
Three samples were prepared by weighing aliquots of carbon black (Section 5.2.2.) into 50-mL centrifuge 
tubes, and adding 15 mL of THF (Section 5.2.1.) and a PVC filter (Section 4.1.1.) into each of the tubes.  
The centrifuge tubes were sonicated for 10 min and each sample was filtered separately through a THF-
rinsed quartz fiber filter (Section 5.1.5.) as described in Section 5.5.2. of this method.  The quartz fiber 
filters were heated to 150 °C for 30 min and then placed in a desiccator to cool to room temperature.  The 
filters were weighed to 0.1 mg and then heated to 600 °C for one hour.  The filters were returned to the 
desiccator to cool and again weighed to 0.1 mg.  The weight difference was divided by the sample weight 
and then multiplied by 100 to calculate percent loss which is defined as percent carbon black.  The data 
show that the blank issue was resolved and that carbon black recovery was excellent. 
 

Table 1 
Additional Evaluation Data 

sample 
carbon black 

(mg) 
crucible 

weight (g) 
weight  after 
150 °C (g) 

weight after 
600 °C (g) 

weight loss 
after 600 °C 

(mg) 

blank 
corrected 

(mg) 

carbon black 
(%) 

cb 9.6 6.8551 6.9546 6.9446 10 9.9 103.1 

cb 3.1 7.1915 7.2838 7.2804 3.4 3.3 106.4 

cb 5.4 6.8894 6.9815 6.9758 5.7 5.6 103.7 

        

blk 0.0 7.1980 7.2885 7.2883 0.2   

blk 0.0 7.0736 7.1622 7.1621 0.1   

blk 0.0 7.1769 7.2676 7.2676 0.0   
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Rev. 1.1 
Issued Date: 03/8/2008 
Revised Date: 09/17/2008 

Multi-Wall Carbon Nanotubes 
 

 
 

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

Product Name: Multi-wall Carbon Nanotubes (MWCNT) 

Product Code: FloTube 9000 

Company: CNano Technology Limited 

Tel: +86-10-67892366   Fax: +86-10-67892846 

Emergency Telephone Number: +86-10-67892366       
 
 
2. COMPOSITION/INFORMATION ON INGREDIENTS  

Ingredient(s) CAS Number ﹪(by weight) 

MWCNT 7440-44-0 >95% 

Other inorganic substance - <5% 
 
 
 
3. HAZARDS IDENTIFICATION 

Potential Health Effects 

General Overview 

Product is in the form of odorless black powder and is not expected to cause environmental hazard under good 

industrial hygiene plan.  

Dusts from handling or processing may cause eye, skin and respiratory tract irritation when exposed. 

Product contains small amount of metal oxides and consequently may produce an allergic reaction. 

Wear appropriate personal protective equipment. Keep the product handling in confined space. Proper air 

ventilation system is advised in handling the product. 

Eye 

Contact with the eyes may cause irritation due to abrasive action of the dust. Not expected to cause prolonged or 

significant eye irritation. 

Skin 

There is no known hazard, but may be mildly irritating to the skin. It is not expected to cause prolonged or 

significant irritation, even at high concentration. Not expected to be absorbed through the intact skin. 

Inhalation 

The dust from this material may cause respiratory irritation. 

Ingestion 

No known hazards. The product is not expected to be harmful if swallowed. 

Acute and Chronic Health Effects  

High concentration of dusts may be irritating to eyes, skin, mucus membranes and respiratory tract. No applicable 

chronic information at this moment, but none of the components is known to be a carcinogen or a suspected 
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Multi-Wall Carbon Nanotubes 
 

 
 

carcinogen. 

Target Organ Effects 

No data 

Developmental Information 

There are no data available for assessing risk to the fetus from maternal exposure to this material. 
 
 
4. FIRST AID MEASURES 

General 

Remove all contaminated clothing immediately. 

Eyes 

Hold the eyes open and rinse with water for a sufficiently long period of time (at least 10 minutes). Obtain medical 

attention if pain, blinking or redness persists. 

Skin 

In case of skin contact, rinse thoroughly with soap and plenty of water. Obtain medical attention if irritation 

persists. 

Inhalation 

If dusts are inhaled, move the person into fresh air, keep warm and allow to rest. If breathing is difficult, oxygen 

may be administered and medical attention should be obtained 

Ingestion 

Rinse mouth with water and obtain medical attention. 
 
 
5. FIRE FIGHTING MEASURES 

Flash Point 

Not applicable 

Explosive Limit 

No data 

Auto ignition Temperature 

No data 

Hazardous Products of Combustion 

Carbon oxide, small quantity of metal oxides 

Fire and Explosion Hazards 

No special fire hazards are known to be associated with this product 

Extinguishing Media 

Water, Carbon Dioxide, Dry Chemical, or Foam 
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Fire Fighting Instructions 

Wear a self-contained breathing apparatus for fire fighting 
 
 
6. ACCIDENTAL RELEASE MEASURES 

Personal precautions 

Equip cleanup crew with proper protection. Ensure adequate ventilation. 

Environmental precautions 

Prevent entry to sewers and public waters 

Spill Procedures 

Sweep or vacuum according to normal housekeeping practices 
 
 
7.  HANDLING AND STORAGE 

General 

Keep in closed container. Additional sealing may prevent accidental dust release 

Precautions in handling and storage 

Good ventilation of the workplace required. Contact with the skin and the eyes as well as inhalation of dusts must 

be avoided 

Storage 

Keep only in the original container in a dedicated place 

Handling 

Handle in accordance with good industrial hygiene and safety procedures 

 
 
8.  EXPOSURE CONTROLS/PERSONAL PROTECTION 

Eye Protection 

Chemical goggles, safety glasses or full-faced shields 

Skin Protection 

Suits, gloves and other items of protective clothing. Protecting gloves including, for example: nitrile, latex, and 

rubber 

Respiratory Protections 

Wear suitable respiratory equipment with High Efficiency Particulate Air Filter (HEPA), such as NIOSH P100 filter, 

or air-supplied respirators when directly exposed or handling the powder 

Engineering Controls 

Provide sufficient mechanical (general and/or local exhaust) ventilation for dust

Exposure Guidelines 

In case of contact, ensure prompt removal from eyes, skin and clothing. Wash hands and other exposed areas 
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with mild soap and water before eat, drink or smoke and when leaving work 
 
 
 
9.  PHYSICAL AND CHEMICAL PROPERTIES 

 

Boiling Point：Not applicable Appearance：Black Powder 

Specific Gravity：>1 @ 77 F Soluble in Water：Insoluble 
Melting Point：No data Odor：Odorless 

 
10.  STABILITY AND REACTIVITY 
 
Stability 

Thermal decomposition or combustion may produce smoke of carbon oxide and metal oxide 

Incompatibility 

Avoid contacting strong oxidizing and reducing agents. No hazardous reaction when used as directed. 

Conditions to avoid 

Avoid excessive heating (above 400 C) in oxygen rich atmosphere 
 
 
11. TOXICOLOGICAL INFORMATION 

Rat oral LD50 [mg/kg] 

No data 

Rabbit dermal LD50 [mg/kg]  

No data 

Rat inhalation LC50 [mg/l/4h] 

No data 

Health Hazard Data 

Experimentations performed on reconstituted human epidermis have shown no sign of toxicity of even very large 

doses (full skin coverage for 24 hours) of carbon nanotubes (results to be published). However, preliminary 

reports, based on pre-studies on rats which were instilled with severe, high-level doses of carbon nanotubes 

material, indicate that, if inhaled in large quantities, carbon nanotubes are potentially toxic for humans. Such an 

exposure scenario is however unrealistic. Nevertheless it is recommended that respiratory protection should be 

used to prevent inhalation exposure to carbon nanotubes. 
 
 
 
12.  ECOLOGICAL INFORMATION 

The product is not expected to present environmental hazard. 
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13.  DISPOSAL CONSIDERATION 

Disposal  

As prepared the product is considered as non hazardous. It can then be either disposed in an approved landfill or 

destroyed by incineration. Volatile dust must be collected during incineration. Liquids containing significant 

amount of carbon nanotubes must be filtered before being released to the sewer. 
 
 
14.  TRANSPORT INFORMATION 

Not regulated. Use precaution during transport in order to prevent accidental spill. Not dangerous cargo. Keep 

separated from foodstuffs. 
 
 
15. REGULATORY INFORMATION 

Symbol(s): None 

R Phrase(s): None 

S Phrase(s): S22 Do not breathe dust 

S29 Do not empty into drains 

S36/37/39 Wear suitable protective clothing, gloves, eye/face protection 

Regulations 

This product is listed in TSCA (US Toxic Substances Control Act) 

Canadian Domestic Substances List (DSL)  

European Inventory of Existing Commercial Chemical Substances (EINECS)  

Korean Existing Chemicals List (ECL)  

Australian Inventory of Chemical Substances (AICS)  

Philippines Inventory of Chemicals and Chemical Substances (PICCS)  

Swiss Giftliste 1 Inventory of Notified New Substances 

This product is not regulated in Japan and excluded from the Japanese Chemical Substances Control Law 

according to the Japanese Ministry of Economy, Trade and Industry, formerly the Ministry of International Trade 

and Industry (MITI) 
 
 
 
16. OTHER INFORMATION 

Further information: None 

 

The information accumulated herein is believed to be accurate but is not warranted to be whether 

originating with the company or not. Recipients are advised to confirm in advance of need that the 

information is current, applicable, and suitable to their circumstances. 
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