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Abstract. Imaging optical systems components for satellites must have low specific mass and
high stiffness, as weight is a problem for payloads and stiffness is essential to keep the
substrate front surface shape. In this work, Re-carbonized Vitreous Carbon (RVC) was tested
as a substrate material. The process to obtain RVC is different from the traditional process to
obtain the Monolithic Vitreous Carbon (MVC). It is essential to understand the process to
evaluate the surface roughness data. This work describes the process to obtain RVC, as a
candidate for optical component substrate, and the results of its surface roughness
measurements.

1. Introduction

The traditional process to obtain the Monolithic Vitreous Carbon (MVC) is well described in the
literature [1-4]. Vitreous (or glassy) carbon has low specific mass (1.5 g/cm’) and good mechanical
strength [5], combining glassy and ceramic properties [6]. In principle, it is a good material for optical
substrates applications. Mainly in aerospace imaging reflective optical components low weight is
essential. But the state-of-art thickness limit in this material is 10 mm [2] and could be a problem for
many applications. This limit is caused by stress due to the exit of volatile gases formed during the
poly (furfuryl alcohol) resin (PFA resin) carbonizations process. It is common to find 20% of the
samples broken after carbonization [7]. In order to avoid the stress, a new route [8] was used to
produce the substrates. The broken samples were crushed and ball milled (Retsch PM 100). The
powder was classified by size. Powder metallurgy technique was applied, using the same resin as
lubricant and humectants. The pressed (400 MPa) green samples were carbonizes at 1000 °C. Samples
till 30 mm thick were produced, with no breaks during carbonization. The sample surfaces had the
surface finishing: curve generation, grinding and polishing. The flatness and roughness were
monitored during the process.
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2. Material and methods
One conventional route to obtain vitreous carbon [9] can be very shortly summarized as:

1. Furfuryl alcohol + sulfuric acid = PFA resin
2. PFA resin + p-toluenesulfonic acid = polymerized resin
3. Polymerized resin + low gradient heat = vitreous carbon

All the steps depend on very controlled temperature gradient and can last 10 days. The
shortly resumed route used in this work can be described as:

a) Furfuryl alcohol + sulfuric acid = PFA resin

b) PFA resin + p-toluenesulfonic acid = polymerized resin

¢) Polymerized resin + high gradient heat = partially carbonized resin (T=600 °C)

d) Partially carbonized resin + ball milling + size classification = partially carbonized resin
grains

e) Partially carbonized resin grains + PFA resin + uniaxial press = green samples

f) Green samples + medium gradient heat = re-carbonized vitreous carbon (T=1000 °C)

As the partially carbonized resin will be milled, the temperature gradient in step “a” can be

high (1°C/min) in opposition to 0.1°C/min in step 3 in the conventional route. In step “f” temperature
gradient of 0.5 °C/min can be used, as the amount of volatiles is much lower and also the volatiles can
leave of the sample among the grains during the (final) carbonization process. None of the samples
broke at the end of the process, which lasted 5 days. The number of open and closed pores on the
substrate depends on: the amount of catalyst acid added to furfurylic; the proportion of resin added to
the partially carbonized resin; the powder grain size chosen in step “e”. Smaller grains lead to
smoother surfaces [10]. As the uniaxial pressing is done using one moving piston, the neutral line
appears in one surface. Hardness measurements showed a factor of 3 between the front and back
surfaces. The front part was polished and the back part was honeycomb milled, in order to lower the
weight.
All the surface conditioning was done using classical generation (Karl Zeiss Curve Generator),
grinding (Zeiss grinding) and polishing (Loh PM 2000 and PM 250) machines. The main aspect
concerning light scattering is the surface roughness. Values as A10 for flatness and A/100 for
roughness were the targets.

During the polishing, the flatness was monitored by a Zygo Mark IV phase interferometer
and the roughness by a Taylor Hobson PGI 1000. Both equipments belong to a metrological laboratory
(LMSO) that is accredited by INMETRO (Brazilian NMI).

3. Results and Discussion

Catalysis of organic compounds highly depend on the amount of each reactant, temperature, among
others. The catalysis of furfuryl alcohol is a good example of this [11]. The proportion (% m/m) of
sulfuric acid in the furfuryl alcohol catalyses in order to produce furfuryl resin leads to visible
differences after carbonization at 1000°C (Figure 1). The size of the pieces is smaller when 1 % m/m
of sulfuric acid is used when compared to 1.5 % and 2 %. All samples were carbonized in the same
batch. So, the whole process to produce the re-carbonized vitreous carbon can be directed in order to
get smaller grain sizes, to increase the packaging.

The proportion resin/partially carbonized resin also plays an important role on the green
sample texture. When less than 20% of resin is added, it is very difficult to manipulate the samples,
because they are too dry. When more than 30% is added, they become pasty. A set of samples having
20, 25 and 30% of resin in partially carbonized (at 600 and 1000 °C) resin grains is shown in figure 2.
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Figure 1. Vitreous carbon pieces after 1000 °C carbonization. The resin had 2% (left), 1.5 % (midle)
and 1 % (right) m/m of sulfuric acid catalyst.

Next, the surfaces of the samples had the surface finishing. The first step was the surface generation.
Flat surfaces were generated in a traditional curve generator, using diamond tools. The removing rate
was very slow (1 um/h) and lasted for more than 8 h, after a leveling process (Figure 3).
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Figure 2. A set of samples having 20, 25 and Figure 3. Blocking having 5 samples during
30% of resin and resin grains partially polishing process (flat).
carbonized at 600 °C and 1000 °C.
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Each blocking had 6 or 9 samples. Some samples went directly from generation to polishing.
The flatness and the roughness were measured along the surface finishing process. The roughness
measurements were performed on an area of 5 mm x 1 mm in the central sample of figure 3. The
measurements attended the ISO 4288. The 3D image was obtained by 101 measurements on the | mm
direction (Figure 4). Open pores can be observed and their origin can be attributed to tearing of small
grains during grinding.

Figure 4. 3D virtual image of
the surface of the central sample
blocky during the polishing
process.

wird

The analysis results of the 3D surface showed a medium Ra value of 66 nm, having a high
standard deviation. Both the standard deviation and the mean standard deviation are indicated in
Table 1. This high deviation was caused by the presence of open pores on the surface.

Table 1. Main roughness parameter of 101 measurements
performed on the central part of the sample.

Amplitude parameters — Roughness profile

Mean Std dev Min Max
Rp um 0.139 0.0828 0.0461 0492
Rv um 1.72 0.678 0.530 4.30
Rz um 1.86 0.726 0.576 4.55
Re um 0911 0.630 0.176 417
Rt um 4.15 191 0.832 10.3
Ra um 0.0656 0.0367 0.0168 0.180
Rq um 0.188 0.0908 0.0462 0.442
Rsk -24.6 144 -65.8 -8.48
Rku 467 429 759 2187

Material Ratio parameters — Roughness profile

Mean Std dev Min Max

Rmr % 94.6 19.0 0.151 100

Rdc um 0.0471 0.0222 0.013 0.121
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4. Conclusions
Re-carbonized Vitreous carbon can be considered as a good candidate as optical component substrate.
It presented a low surface roughness, even with open pores on the surface. Probably the pores were
caused by the removing of grains during the grinding or polishing process. Lower grain sizes will be
used in order to get less open pores in the future.
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