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he Study of the Optical Propetti’k k
Reflectance Surfaces in Space
,lnstrumentatlon has a Long Histor

!Low reflectance surfaces have included the following:

.~ Paints: Aeroglaze/Chemglaze Z30x products; Akzo “Catsa

- lac’products, et al.

-~ Surface treatments: Various black anodizations (e.g. Martm'
Black, Infra-black et al.}, depositions (e.g. Ball Black/NBS Black
or NiP Black, Electro-less Ni, et al.)

Fortunately, there are many good reviews and databases avaﬂab,'

‘on the reflectance of these surfaces ,

-~ M.Bass, ed., Handbook of Optics-Third Edition, Vol. IV, “Cha

8. Characterization and Use of Black Surfaces for Optxca

_ Systems,” pp. 6.1-6.67 (2010).

~ Stellar Optics Research International Corporation (

base of optical scatter data; S.H.C.P. McCall, et al

@ https://ntrs.nasa.gov/search.jsp?R=20110007134 2019-08-29T18:15:01+00:00Z

{iuh?of Low Reflectancef:sﬁi%face&
~ Optical Instruments

w reflectance surfaces have wide application in optical mstrume

Beam dumps

-Solar collection applications
-Beam dumps

-~ -Baffles, vanes, and stops

=~ Housings

he choice of low reflectance surface is strongly application dnven
. Operating wavelength range of instrument

Angles of incidence and reflectance as defined by instrument’s. thxca
configuration

' Specular surface

. Diffuse surface
Substrate material
mentin which the surface is to be deployed

il focus on the application of low reflectance surface:
icontrol in spaceﬂ:ght mstrum

. Fullerene any molecule composad enﬁm}y

-1965: C60 first mentioned as a poss;b[e stmcture by
H.P. Schultz in J. Org. Chem., 30, pp. 136%-

-1985: Gy, produced and detected by TOF-MS by
H.W. Kroto, J.R. Heath, S.C. O'Brien, R.F.Cud,"
and R.E. Smalley in Nature, 318, pp. 162-163, "
resulting in Kroto, Cud, and Smalley wmnmg the

N Pz I TS Y

e \alled Carbon Nanotube (SWCNT)

-1993: SWNCT’s reported by NEC (April 23).and IBM
{May 24) in S. lijima and T. Ichihasi, Nature, 363,
pp. 603-605 and D.S. Bethune, C.H. Kiang, M
DeVries, G. Gorman, R. Savoy, J. Vazquez, et

Walled Carbon Nanotube (MWCNT)

-1952: Published TEM images of 50 A dia. G
nanotubes by L.V. Radushkevich:and V.M,
Lukyanovich in Soviet Journal:of Ph
Chemtsty 24, pp. 88-98.

give rthe
44, pp. 16211623




¢ 'Research ObjeCﬁV‘eﬁ’s»i

Develop and apply MWCNTSs to spacecraft instrument components:
ealize an improvement of a factor of 10 in reflectance aver curren
alments e
~. Stage 1. tuning nanotube geometry on Si substrate to produce a 10x decreas
- and bidirectional reflectance e
~.Stage 2: improve adherence onto Si Lo
-1 -Stage 3: demonstrate adherence and optical performance on nanotubes on spacecta
“ instrument materials {e.g. Ti)
Thig'is not the first study of the optical properties of MWCNTs: ;
Lo WA, deHeer, et al., "Aligned C Nanotube Films: Production and Optical and Elect
Properties,” Science, 268, 845-847 (1995) o
o = Fid Garcia-Vidal, et al., “Effective Medium Theory of the Optical Properties of;
R € Nanotubes,” Phys. Rev. Lett., 78, 42809-4202 (1997) :
e ZP Yangetal., "Experimental Observation of an Extremely Dark Material Mde
.'Low Density Nanotube Array,” Nanoletters, 8, 446-451 (2008) o
=X Wang, et al., “Visible and Near-Infrared Radiative Properties of Vertical
Multi-walled C Nanotubes,” Nanotechnology, 20, 215704 (9 pp.} (2008).
hope to perform the necessary engineering to make MWNCTs
sufficiently robust to be used in spacecraft instrument stray scatte
control applications while maintaining optical performance over the
ortwave ir wavelength region , e
ical performance is monitored using 8° hemispherical reflectan
reiine?iaggedismbuﬁon function (BRDFg} measure?nentg i ecta

MWCNT Samples (2 o
e adhesion point of failure is at the catalyst/s
red alternate substrate prep techniques

Explored Cr, Ti, and alumina thin film sticking layers.
e catalyst layer

: Bestresults were achieved using the alumina thin film sticking la
— Sample: Enhanced adhesion MWCNTSs on Silicon substr

i
P
i
|

CNT Samples (1 of 3)

abrication of vertically oriented MWCNT films was ‘
plished by catalyst-assisted chemical vapor dep:

exposure to H,C=CH, feedstock gas at 750°C in a

. reducing environment. S

~ Varying catalyst thickness modulates MWNCT height:
‘Sample: MWCNTs on Silicon substrate treated with

- -oxidizing ple .7 o TR '

£ B

orittle, Siis not the material of choice for
which control stray or scattered light, such

plored nanotube growth on materials capable of supp
gher structural loads, such as titanium, inconel, and aly

ample: MWCNTs on Ti substrate
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‘Measurement of 8° Directional/Hemisphe
- Reflectance »

Savoge fees Evtranon Pt
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BC News: February 6, 2003 In Reuters: January 15,

acker xs the new black (NiP)

ritish scientists say they have produced the :

lackest ever’ surface developed Sofal. CLICAGD| Tue Jan 15, 2008 630

he industrial coating for telescopes is one of

the darkest and least reflective surfaces on CHICAGO (Reuters) - U.S. nesea{dw{s

Eé th on Tuesday they have made the darkes
S material on Earth, a substance so hlack

Mew material pushes the boundary
Bladkmaggeenhuysen '

By minimising the scatter of stray light, it could o
prove the vision of telescopes, from absorbs more than 99.9 percent of lig

! - ) Made from tiny tubes of carbon standi

ateurinstruments to the mighty Hubble. . o Rt

£ reflects 10 t0 20 times less light than S 1S Mmaterial s amast 30 times dark

rrent coatings and has a number of . n substance used by
ions in astronomy. such as on star National Institute of Standards:and.

kers. which help spacecraft navigate. Technology as the current ben

R ) biackness.

It's a very interesting surface to
‘look at because if's so black.”
Dr Richard Brown, NPL

In Conclusion

i!ummated MWCNTs on Si substrate are 310 1
500nm and 900nm than commonly used spaceﬂi
fified paint
t 45° illumination, MWCNTSs on Si substrate show a clear
cular peak . lntereshngly, no retroscatter was detected
Enhanced adhesion MWCNTs produced a black surface wsm
1.4x to 1.0x the reflectance of the Si MWCNT surface.
MWCNTSs on Ti substrate produced a black surface with 2x the
Teﬂectance of the Si MWCNT surface

A significant amount of testing is still required to qualify
M CNTs for space applications

= Addrtlona! optical measurements: more wavelengths, mcsdent
angles, and scatter angles over full scattering hemlsphere
{currently underway)

Optical stability, uniformity, reproducibility (currently unde:
Mechanical stability: vibe, shock, aging tests
hermal behavior

hemxcai & physnc:al stability: hygroscopic, out—gassmg

| on»—orblt charging .
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