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QUESTIONS TRYING TO 
ANSWER

• How does CNF physically compare to SWCNT and MWCNT?

• How does the CNT and CNF physically relate to asbestos?

• How does the CNT and CNF exposures relate to asbestos 

exposure?

• How is CNF processed?

• Is there employee exposure to CNF?



HINDS, 
1982



PARTICLE DEPOSITION IN 
THE LUNG

• Particles with =/< 10 um diameter will deposit somewhere in the respiratory 

system if inhaled (inhalable)

• Particles with =/< 4 um diameter will deposit in the respirable region of the 

lung, lower region (respirable)

• Size-selective sampling devices

• NIOSH REL for CNT and CNF is 1.0 ug/m3 of the mass of the sample  that 

contains elemental carbon in the respirable size range, using NISOH Method 

5040 (elemental carbon), 8-hour TWA



PICTURE OF RESPIRABLE CYCLONE WITH 
MEDIA



HINDS, 1982

• 1 um = 1000 nm (particle with diameter of 4000 nm or less is 

respirable)

• Nanomaterial – one dimension is less than 100 nm in size

• Diameter of an air molecule – 0.37 nm (0.00037 um)

• Mean free path – average distance traveled by a molecule 

between successive collisions

• Mean free path – 66 nm

• Nanoparticles fall or “slip” in between air molecules

• NP settle slightly faster than particles in um size range



HTTPS://WWW.RESEARCHGATE.NET/FIGURE/SCHEMATIC-
REPRESENTATION-OF-SINGLE-WALLED-CARBON-NANOTUBE-SWCNT-

AND-MULTI-WALLED-CARBON_FIG1_319966218 



SWCNT
• 1 to 10 mn diameters (NIOSH) individual fibers

• Up to 1 mm in length (1,000,000 nm)

• 20 to 50 nm diameters in bundles (Maynard et al, 2004)

• Form tight nest-like bundles or ropes (Birch et al, 2011)



MURRY ET AL, 2012

SWCNT



MWCNT AND CNF

• MWCNT - Larger Diameters than SWCNT

• MWCNT - Less flexible than SWCNT

• MWCNT - Graphene shell runs parallel to alignment of the fiber

• MWCNT - Very similar to CNF

• CNF – Graphene shell are not exactly parallel to alignment of the 

fiber

• CNF – cupped like or herringbone shape



FRASER ET AL, 2020



FRASER ET AL, 2020



BIRCH ET AL, 
2011

CNF in bundle 

and individual 

fiber



MURRAY ET AL, 2012  A-CNF, B-ASBESTOS, C-
SWCNT





NIOSH CURRENT INTELLIGENCE BULLETIN 
65

CNT General Measures 

Diameter Length

SWCNT 1 to 4 nm <10,000 nm

MWCNT 2 to 100 nm <10,000 nm

CNF 40 to 200 nm 10,000 to 

1,000,000 nm 



FRASER ET AL, 2020; MURRAY ET AL, 2012

Type Individual Agglomerated

Diameter Length Diameter Length

SWCNT 1 to 10 nm ____________ 65 to 150 nm 

(ropes/bundles)

1,000 to 3,000 nm

MWCNT 

(not 

including 

7)

13 to 54 

nm

800 to 7,640 nm 30 to 9500 nm 

(bundles/some 

singles)

1,110 to 49,5500 nm

MWCNT –

7

67 nm 5620 nm 130 nm

(bundles/some 

singles)

6,270 nm

CNF 110 nm 3,200 to 5,200 

nm

120 to 210 nm

(bundles/some 

singles)

Asbestos (by TEM)

160 to 800 

nm

(by TEM) 

2,000 to 30,000 

nm

Only singles 





ASBESTOS COWL
HTTPS://WWW.ZEFON.COM/CASSETTE-HOUSING-25MM-3PC-ASB-

WCOWL-CF-50BX-2



Using this method only asbestos with diameters of 1.7 um (1700 nm) or greater 

and lengths of 5 um (5000 nm) or greater are counted.

Fibers < 0.25 µm (250 nm) diameter will not be detected by this method





PICTURE OF RESPIRABLE CYCLONE WITH 
MEDIA







MAYNARD ET AL, 2004

• Study focus on SWCNT exposure at 4 facilities in US

• Ablation process – very compact vs High Pressure Carbon Monoxide – less dense

• PBZ - 25 mm diameter open-faced filters used – not size selective – not respirable

• Sampled at NASA, Rice University, Carbon Nanotechnology 2x’s

• With no agitation particles >/= 0.1 um diameter released, airflow across powder

• With agitation 0.01 um diameter particles released in high numbers

• Estimated SWCNT by % of Ni and Fe found

• 0.7 to 53 ug/m3 PBZ (30 min samples)

• Dermal exposure – on cotton gloves  0.2 to 6 mg per hand

• Not the best study but show exposure



HAN ET AL., 2008
• MWCNT created by CVD – Chemical Vapor Deposition

• Nanotube Research Lab

• Used a cowl sampling device

• Exposure measure was mass concentration, PBZ 

• 210 to 430 ug/m3 over est. 6.5 hours

• No indication of process sampled

• No EC analysis

• Not Respirable sampling

• Shows exposure exists



LEE ET AL., 2015

• Large Scale MWCNT manufacturing workplace

• CVD – chemical vapor deposition process

• Produced 20 kg/day, worked 24/7, 3 shifts

• PBZ samples measured Total Suspended Particles (TSP) with 

closed-face cassette

• Analysis for Elemental Carbon (EC) mass concentration

• PBZ range 6.2 to 9.3 ug/m3, mean 8.34 ug/m3

• Not respirable sampling, can’t compare to REL



DAHM ET AL, 2018
Assessed personal respirable exposures for 108 workers at 12 different sites across the US that  

were primary manufacturers, hybrid produces/users, or secondary manufactures of CNT/CNF 

(Mostly MWCNT)

PBZ EC Respirable Mean – 1.0 ug/m3

Range – 0.001 to 43.8 ug/m3 (can compare to REL – 1.0 ug/m3)

83 filters collected – highest exposure at extrusion and weighing

7% of average EC mass Respirable Results were found above REL

102 workers – 70% showed CNT/F on wrist

- 63% showed CNT/F on hand

90 workers – 18% had CNT/F in sputum



CNF (BIRCH ET AL, 2011)

60 to 250  nm Diameter

Stacked Cup or Herring- Bone Shape

Similar to MWCNT

Bundled/discrete

Graphene plan not parallel to fiber 

axis

Highly reactive edges

Up to 4um (4000 nm)  in length



EVANS ET AL,
2010



45 ug/m3 Resp PBZ EC

Thermal Treatment

80 ug/m3 – Resp PBZ EC

Reactor A

Birch et al, 2011Facility Manufactures Vapor-Grown CNFs

Resp Particulate Mass Conc. -

Manual Dumping of fibers into 

bag - 1.1 mg/m3 (1100 ug/m3) 

(direct reading)

Resp Particulate Mass Conc.

Manual  - Change of bags –

0.5 mg/m3  (500 ug/m3) (direct 

reading)



Tapping of bags to settle material before change out



METHNER ET AL, 2007

• CNF Exposure in a university-based research lab to produce high-

performance polymer composite materials

• EC Area sampling using analyzed for TEC using an inhalable sampling 

device but can’t compare to REL (may be slightly overestimated because 

TC)

• Appears to be task sampling and the length of time sampled isn’t given

• Majority of fibers were loosely bundled agglomerates

• Evaluated 5 processes

• Shows exposure exists



Methner, Crawford, and Geraci, 2012



METHNER, CRAWFORD, AND 
GERACI, 2012

During the weighing operation, the sleeve of the PPE garment tended to ride up at the wrist/glove 

junction, thereby exposing the skin and enabling the deposition of CNFs onto bare skin

(Figures 2a, 2b).



METHNER, CRAWFORD, AND GERACI, 2012

• Facility that researches, develops, and conducts projects on epoxy-based 

nanocomposite material

• PZB samples collected using task sampling 21 to 428 mins at 7 l/min

• PBZ were open-faced 37 mm cassettes and calculated for mass 

concentration of EC using NIOSH 5040

• Side by side samples analyzed by TEM Method 7402 to characterize 

exposure with respect to bulk sample

• Can’t compare to REL because not respirable air sampling

• PBZ samples ranged from ND to 1000 μg/m3, with 90% of the samples 

having detectable amounts of EC



METHNER, CRAWFORD, AND GERACI, 
2012

• The lowest measurable PBZ air sample was collected during the weighing 

of CNFs inside a laboratory hood (2 ug/m3),  and highest measured PBZ 

sample occurred during wet saw cutting of composite without controls 

(1000 ug/m3).

• The majority of samples contained mostly non-agglomerated CNFs, but a 

smaller subset of samples contained a larger amount of loosely 

agglomerated CNFs.

• CNF material is released to the workplace atmosphere in both bound forms 

(within or attached to the composite matrix) and unbound forms (free fibers, 

bundles, or agglomerates).

• Nearly 90% of all samples examined via TEM indicated that releases of 

CNFs do occur and that the potential for exposure exists.



METHNER, CRAWFORD AND GERACI, 2012
Engineering controls/PPE weren’t always effective

• Plume of airborne spray from wet saw cutting – analysis indicated that 

droplets contained structures of nested CNFs – aerosol plume led to 

contamination of the entire room

• PBZ samples indicated that for wet cutting inside a three walled 

enclosure, samples inside and outside the booth showed exposure to 

single and bundled CNFs.

• PBZ analysis showed that an employee weighing CNF inside a 

laboratory hood was still exposed to a release of CNFs

• Dermal exposure even though wearing latex gloves



MURRAY ET AL, 2012

• Oxidation properties in lung - SWCNT>CNF>Asbestos

• Inducing acute pulmonary cell damage – SWCNT>CNF>Asbestos

• Potency of alveolar interstitial fibrosis – SWCNT>CNF=Asbestos

• Mice, pharyngeal aspiration



SUMMATION

• CNF – Individual factories made/facilities used

• CNF – Exposures exist at factories/facilities

• CNF – Engineer controls aren’t always effective 

• CNF – Some measures exceeded the REL

• CNF – Inhalation and dermal exposures exist

• CNF – Similar to MWCNT (Group 2B – possible 

human carcinogen)

• CNF – May be more reactive than MWCNT on the 

edges of the cup-liked shapes of the fiber



The End

Questions?
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BIRCH ET AL, 2011 – PROCESS FLOW

• Raw CNF discharged from Reactor A and B

• Reactor A – compressed raw product was manually pulled from open trough (not B)

• Product broken into small pieces and put in open lined box (picture)

• Large clumps manually broken into smaller pieces

• Raw CNF then loaded into a hopper/mixer with solution

• Placed in ventilated oven to dry and form cakes

• Discharged into drum

• Poured into another hopper for thermal treatment to remove organic and metal impurities

• Final product discharged into plastic bag inside box
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