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ABSTRACT: Boehmite nanofibers (BNF)-reinforced polymethylsilsesquioxane Total reﬂectance
at 400-1100nm

(PMSQ) composite macroporous monoliths were systematically optimized to
achieve high diffuse reflectance, mechanical robustness, and machinability for
optical applications. By varying the BNF content and methyltrimethoxysilane
(MTMS) concentration, monolithic materials with controlled microstructures and
tunable skeleton sizes were successfully fabricated. The optimized BNF—PMSQ
monolith exhibited a diffuse reflectance of approximately 99.5% in the visible to
near-infrared region of typical silicon photodiode detection (400—1100 nm),
slightly exceeding the reflectance of the widely used diffuse polytetrafluoroethylene
material (Spectralon). The improved mechanical properties facilitated precise
machining by computer numerical control (CNC) milling and the fabrication of
complex shapes using 3D printed molds owing to the chemical stability of the
PMSQ matrix. The composite monolith exhibited surface hydrophobicity (static
contact angle ~ 155°) and thermal stability up to 350 °C without significant optical degradation, indicating potential suitability for
outdoor applications. These results demonstrate that BNF—PMSQ_macroporous monoliths are promising alternatives to traditional
reflective materials, and combine environmental compatibility with high optical performance and versatile processing capabilities.

This work > Spectralon
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1. INTRODUCTION

Diffuse reflectance materials play a crucial role in optical
applications including spectroscopic calibration, optical detec-
tion enhancement, and the provision of uniform illumination
inside integrating spheres. In optical metrology, the quality of
the diffusive surface directly influences the accuracy and
reliability of measurement systems. The recent surge in
automated remote sensing, especially via drones and robotic
inspection systems, has further increased the demand for
reflective materials that are not only high performing but also
durable and scalable.'~ In such applications, the stability and
uniformity of the diffusive surface critically determine optical-
calibration accuracy and consistent light distribution.
Currently, the most widely used diffuse reflectors include
barium sulfate and porous polytetrafluoroethylene (PTFE)-
based materials such as Spectralon.* Barium sulfate has been
valued for its cost-effectiveness and high reflectance in the visible
light range;® however, it is typically handled as a powder or
additive and cannot be used as a bulk material as is. In contrast,
PTFE-based materials have excellent reflectivity and remain
stable over a wide range of wavelengths, including the near-
infrared. >~ !! Despite these advantages, their high cost and
complex manufacturing process hinder their widespread use,
and environmental concerns about fluoropolymers'” pose

© 2025 The Author. Published by
American Chemical Society

WACS Publications

additional problems. These limitations have prompted the
search for alternative materials that can provide comparable
optical performance while also offering improved mechanical
and environmental properties.”’’ In addition, the growing
demand for optical measurement systems to operate under
harsh environmental conditions, including high temperature
and humidity, requires the development of reflective materials
with proven long-term durability in these challenging environ-
ments.

Silicone-based materials, particularly those with macroporous
architectures, have emerged as promising candidates for next-
generation diffuse reflectors due to their low absorption in the
visible and near-infrared regions, excellent thermal and chemical
stability, and mechanical robustness. Although few studies have
investigated their diffuse reflectance in detail, several works have
reported related optical functionalities such as radiative cooling

Received: May 16, 2025 G R
Revised:  July 5, 2025
Accepted: July 28, 2025
Published: August 1, 2025

https://doi.org/10.1021/acsapm.5c01749
ACS Appl. Polym. Mater. 2025, 7, 10594—10600


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Gen+Hayase"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsapm.5c01749&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.5c01749?ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.5c01749?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.5c01749?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.5c01749?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsapm.5c01749?fig=tgr1&ref=pdf
https://pubs.acs.org/toc/aapmcd/7/16?ref=pdf
https://pubs.acs.org/toc/aapmcd/7/16?ref=pdf
https://pubs.acs.org/toc/aapmcd/7/16?ref=pdf
https://pubs.acs.org/toc/aapmcd/7/16?ref=pdf
pubs.acs.org/acsapm?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsapm.5c01749?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/acsapm?ref=pdf
https://pubs.acs.org/acsapm?ref=pdf
https://acsopenscience.org/researchers/open-access/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

ACS Applied Polymer Materials

pubs.acs.org/acsapm

14—-17 k18,19

or spectral selectivity. Our previous wor successfully
demonstrated macroporous silicone macroporous monoliths
with a diffuse reflectance exceeding 97.5% in the 400—1100 nm
range, which is well within the detection range of standard
silicon photodiode detectors. These materials were prepared
using a sol—gel process incorporating tri- and difunctional
silicon alkoxides, resulting in a porous structure capable of
efficient backscattering. However, their inherent brittleness
limited machinability and thus practical application in custom
optical components or large-area reflective panels. To overcome
these limitations, we turned to polysilsesquioxane-based porous
materials, specifically boehmite nanofiber (BNF, AIOOH)*"*'-
reinforced polymethylsilsesquioxane (PMSQ, CH;SiO, )
core—shell macroporous monoliths.””** The incorporation of
BNF into the PMSQ matrix significantly improves mechanical
strength and crack resistance, outperforming conventional
macroporous monolithic porous organosiloxane materials.
This improved toughness allows for precision machining
where computer numerical control (CNC) milling has been
successfully applied to PMSQ macroporous monoliths to
fabricate complex microstructures.”* Such machinability is a
critical advantage for optical applications that require custom-
ized reflective targets and integration with complex optical
systems.

This study systematically optimizes the composition of BNF—
PMSQ macroporous monoliths to maximize diffuse reflectance,
mechanical integrity, and long-term stability while maintaining
their high processability. Although the basic synthesis method-
ology remains unchanged, I refine the material properties
through composition optimization and structural control.
Furthermore, I validate the material’s ability to undergo precise
structural processing, demonstrating its feasibility for next-
generation diffuse reflectors with superior optical performance
and manufacturing versatility. By comparing the optical and
physical properties of the optimized BNF—PMSQ monolith to
Spectralon, I establish its potential as a low-cost, high-
performance alternative. In addition, the absence of environ-
mentally concerning fluoropolymers and the ability to fabricate
complex geometries highlight the environmental and practical
advantages of BNF—PMSQ_ monoliths over conventional
materials. This research provides insight into the design of
versatile diffuse reflectors, enabling broader applications in
advanced optical technologies.

2. EXPERIMENTAL SECTION

Materials. A nanofiber sol, F-1000 (7.0 wt % in 2 M aqueous acetic
acid), was obtained from Kawaken Fine Chemicals Co., Ltd., Japan. Its
concentration was confirmed by drying at 80 °C for 24 h and measuring
the residual mass. Methyltrimethoxysilane (MTMS) was supplied by
Tokyo Chemical Industry Co., Ltd., Japan. Acetic acid, 2-propanol and
limonene were all sourced from Kanto Chemical Co., Inc., Japan. All
reagents were used as obtained without any further purification.

Sample Preparation. To prepare the monoliths, BNF dispersion
sol F-1000 was first diluted x times (x = 5, 10, 20) in 100 mL of solution,
resulting in final concentrations of 1.4 wt % (for x = 5), 0.70 wt % (for x
=10), and 0.35 wt % (for x = 20). Methyltrimethoxysilane (y mL; y =
50,75, 100, 125, 150) was then added to the diluted sol, and the mixture
was stirred for 15 min. After ultrasonic degassing, the mixture was
poured into molds with an internal dimension of 115 mm X 115 mm,
sealed, and allowed to gel at 75 °C for several hours. After gelation, the
wet gels were heated for an additional 24 h. The resulting wet gels were
then washed by immersion in 2-propanol for 24 h. After solvent
exchange, the alcogels were evaporatively dried at 60 °C to yield
samples designated BPx-y. A schematic overview of the preparation
procedure is provided in Figure 1. The range of successfully obtained
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Figure 1. Schematic of the experimental procedure for fabricating
BNF—-PMSQ monoliths.

samples, which are defined as crack-free monoliths that retained their
original shape after drying, and the conditions where sample formation
failed are shown in Figure S1, Supporting Information. The IR and
Raman spectra of BP10-100, a representative composition among the
obtained samples, are shown in Figure S2, Supporting Information.
Shape Processing. BNF-PMSQ_ monoliths were formed by
micromilling and 3D-printed molds. Micromilling was performed using
a Kitmill CL200 (ORIGINALMIND Co.,, Ltd., Japan) equipped with a
1 mm diameter long neck ball end mill. BNF—PMSQ panels were fixed
to the machine stage using 3 M double-sided tape during machining. 3D
data representing the area around Mt. Fuji, downloaded as STL files
from GSI Maps (Geospatial Information Authority of Japan; https://
maps.gsi.go.jp/), were used for machining. The tool paths for three-
dimensional machining were generated using Computer Aided
Manufacturing (CAM) software Cut3D (Vectric Ltd, UK). For
molding, a high-impact polystyrene (HIPS) mold was fabricated using a
Flashforge Adventurer 4 (Zhejiang Flashforge 3D Technology Co.,
Ltd.,, China). The sol was poured into the mold, sealed with a film,
vacuum degassed, and gelled in an oven. After gelation, the mold was
removed by solvent exchange with 2-propanol and dissolution in
limonene at 60 °C for 24 h. After dissolving the mold, the remaining
material was subjected to another solvent exchange with 2-propanol,
followed by evaporation drying at 60 °C to obtain the final product.
Characterization. Bulk density was determined by measuring the
mass and dimensions of the panel-shaped monoliths. Prior to
measurement, the surfaces were lightly polished with waterproof
sandpaper to remove irregularities from mold release. The micro-
structure of the samples was observed using a field emission scanning
electron microscope (FE-SEM) SU8000 (Hitachi High-Tech Corp.,
Japan). The Al:Si atomic ratio was evaluated by energy dispersive X-ray
spectroscopy (EDX; Quantax FQS060, Bruker, USA) attached to the
FE-SEM. The skeletal diameter was analyzed using Diameter], a plugin
for Image], and the Super Pixel Diameter value was determined to one
significant ﬁgure.2”26 To observe cross sections of the microstructure,
focused ion beam—scanning electron microscopy (FIB—SEM) was
performed using an Ethos NX5000 (Hitachi High-Tech Corp., Japan).
The samples were coated with carbon and milled using a Ga ion beam.
Surface precision was measured with a Laser microscope VK-9700
(Keyence Corp., Japan). For molecular structure analysis, Fourier
transform infrared spectroscopy (FTIR) was performed using IRSpirit-
T (Shimadzu Corp., Japan) equipped with an ATR unit QATR-S. 100
scans of each sample were recorded at a resolution of 4 cm™.
Additionally, micro-Raman spectroscopy was conducted using inVia
Reflex (Renishaw plc, UK) with a laser wavelength of $32 nm and a
grating of 1800 mm™'. Optical measurements were performed on
samples that were polished using waterproof sandpaper with an average
particle size of S ym. Total reflectance measurement in the ultraviolet—
visible-near-infrared (UV—vis—NIR) region was performed using a
spectrophotometer V-770 (JASCO Corp., Japan) equipped with an
integrating sphere unit ISN-923. Standard deviations from repeated
reflectance measurements are provided in Figure S3 the Supporting
Information. Angle-resolved measurements were performed using a
spectrophotometer V-7200 (JASCO Corp., Japan) in combination with
an automatic absolute reflectance measurement system VAR-7020. A
diffuse reflectance standard (Spectralon SRS-99-010, Labsphere, Inc.,
USA) was used as a reflectance reference in all measurements.
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Midinfrared reflectance measurement was performed using a 10 cm
gold-coated integrating sphere, Golden Eye III (Systems Engineering
Inc., Japan), in combination with a Fourier transform infrared (FTIR)
spectrometer IRTracer-100 (Shimadzu Corp., Japan). A diffuse gold
coated mirror was used as the reference material. Uniaxial compression
tests were performed using EZ Test EZ-SX (Shimadzu Corp., Japan)
with a SO0ON gauge. The samples were cut into rectangular pieces with
dimensions of 1S mm X 15 mm X 8 mm and used for the
measurements. The crosshead speed was set at 1.0 mm min™". The
Young’s modulus was determined within the displacement range of
2.5% to 5.0%. Thermogravimetry—differential thermal analysis (TG—
DTA) measurements were conducted using Thermo plus TG 8120
(Rigaku Corp., Japan). The measurements were performed under a
flow of high-purity air at a rate of 100 mL min ™" with a heating rate of 10
°C min™". Open aluminum pans were used as the sample container, and
a-alumina was employed as the reference material. Water droplet
contact angles were measured using a custom-built device. Measure-
ments were performed with 8.0 uL water droplets, deposited using a
pen-type microsyringe pump SBP-100G-LLC (Takasago Electric, Inc.,
Japan). Contact angles were analyzed from images captured with a C-
mount camera VCXU-02 M (Baumer Holding AG, Switzerland),
equipped with a TECHSPEC 0.5X, 65 mm WD CompactTL telecentric
lens (Edmund Optics Inc.,, USA) and a white LED backlight. Angles
were determined using a custom program based on an ellipse-fitting
method (source code provided in the Supporting Information).
BELSORP-max (MicrotracBEL Corp., Japan) was used to measure
the specific surface area by nitrogen gas adsorption and water vapor
adsorption. Before measurement, each sample was degassed under
vacuum at 110 °C for 12 h.

3. RESULTS AND DISCUSSION

3.1. Structure and Property Control of BNF-PMSQ
Monoliths through Variation of Starting Composition.
Skeleton size is an important factor in monolithic macroporous
materials because li%ht scattering depends on the size of the
scattering medium.”’ In our previous studies of macroporous
materials composed of polymethylsilsesquioxane (PMSQ) and
silicone, we observed that when the skeleton diameter was
significantly smaller than the wavelength of visible light, light
scattering was suppressed, resulting in enhanced trans-
mittance.”*™° Conversely, when the skeleton size reached the
micrometer scale, strong light scattering occurred, rendering the
material white and opaque. In the case of BNF-PMSQ
macroporous monoliths, increasing the amount of PMSQ
added relative to BNF resulted in the growth of thicker
skeletons. Therefore, I adjusted the BNF concentration and the
MTMS mixing ratio in the initial composition to prepare
samples with different structures. The physical properties and
microstructures of the resulting samples are shown in Table 1
and Figure 2, respectively. Although the boehmite nanofibers are
not directly visible in the SEM images due to their incorporation
into the PMSQ_skeleton, their presence could be indirectly

Table 1. Starting Compositions and Physical Properties of
the Crack-Free Monoliths Obtained

Bulk Young’s Si/Al

BNF ag. MTMS/ density modulus atomic

Sample /wt % mL /g cm™? /MPa ratio
BPS-75 1.4 75 0.209 4.09 26.2
BPS-100 1.4 100 0.247 4.31 28.2
BPS-125 1.4 125 0.345 7.95 38.5
BPS5-150 1.4 150 0.411 11.5 69.0
BP10-75 0.7 75 0.215 2.79 43.4
BP10-100 0.7 100 0.261 4.30 53.6

observed through increased surface fibrillation after ball milling
(Figure S4, Supporting Information).

During sample preparation, excessively high concentrations of
BNF inhibited skeleton formation and promoted aggregation,
while excessively low concentrations resulted in uneven skeleton
growth, making it difficult to produce homogeneous monoliths
under either condition. All samples obtained exhibited fibrous or
rod-like skeletons. These rod-like skeletons are expected to
retain the previously confirmed core—shell structure, in which
each boehmite nanofiber is coated with a PMSQ_shell.*>**
Notably, BPS-75 and BP10-100 had average skeleton sizes of 40
and 400 nm, respectively, a difference of more than 10-fold. I
investigated how light scattering changes due to this difference
in skeleton size. Integrating sphere measurements revealed
significant differences in total reflectance among the samples due
to variations in skeletal structure. Sample BP5-75, with the
smallest skeletal diameter, exhibited a reflectance of over 98.5%
in the visible region (400—800 nm); however, a significant
decrease was observed in the near-infrared region (Figure 3).
Conversely, BP10-100, which has the largest skeletal diameter,
exhibited a relative total reflectance of 100.5% compared to
Spectralon over the entire sensitivity range of a typical Si
photodiode (400—1100 nm). This result indicates that the
absolute reflectance of BP10-100 exceeds 99.5%. This enhance-
ment is due to significant Mie scattering as the skeleton diameter
equals or exceeds the wavelength of light in this region.”"** All
samples exhibited absorption near 1200 nm, corresponding to
the second overtone of C—H stretching vibrations. Beyond this
wavelength, reflectance decreased due to various infrared
absorptions, including those from the Si—OH stretching
vibrations of the residual silanol groups. These results indicate
that BNF—PMSQ_ monoliths, when limited to wavelengths
below 1100 nm, exhibit total reflectance exceeding that of
Spectralon, suggesting their potential as effective diffuse
reflective materials.

3.2. Optical Reflectance Performance of BNF-PMSQ
Macroporous Monoliths Compared with Spectralon. The
bidirectional reflectance distribution function (BRDF) on a 2D
plane of BP10-100, the sample with the highest total reflectance
among the prepared BNF—PMSQ macroporous monoliths, was
measured at a wavelength of 550 nm for incident angles of 5° and
45° and compared with that of Spectralon (Figure 4). At an
incident angle of 5°, the BNF—PMSQ monolith exhibited
slightly higher luminance than Spectralon over the entire
detection angle range of —60° to 60°. At an incidence angle of
45°, the BNF—PMSQ monolith showed higher luminance than
Spectralon in the —40° to 60° range. However, this trend was
reversed in the —60° to —40° range, where Spectralon showed
higher values. Overall, the difference in reflectivity between the
two materials was small, although the BNF-PMSQ_ monolith
showed higher retroreflection than Spectralon.

The differences in retroreflectivity between the BNF—PMSQ
monolith and Spectralon appear to be largely due to their surface
roughness. Higher roughness is known to increase retrore-
flectivity and thus strongly influence the perceived brightness of
matte objects.”” Roughness measurement using a laser micro-
scope showed that even after precision polishing, the BNF—
PMSQ monolith retained an arithmetic mean roughness (Ra) of
~5 um (Figure SS, Supporting Information), while Spectralon
exhibited an Ra of ~3 um. Consistent with this correlation,
preliminary BRDF measurements of the as-prepared, insuffi-
ciently polished BNF-PMSQ samples revealed an even stronger
retroreflective component than that recorded after precision
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Figure 2. SEM images of BNF—PMSQ samples. Each scale bar indicates 2 pm.
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Figure 3. UV—vis—NIR spectra of BNF—=PMSQ monoliths measured
as relative total reflectance using Spectralon as a reference standard.

Certain regions exceed 100%, indicating a higher reflectance than
Spectralon.

polishing, suggesting that a coarser surface further enhances
backscattering. However, differences in internal pore geometry
may also contribute and warrant further investigation.

3.3. Surface Durability and Processability of BNF—
PMSQ Monoliths. Spectralon, produced by compressing
polytetrafluoroethylene (PTFE) powder, exhibits significant
hydrophobicity, which facilitates wet polishing of surfaces.

10597

Similarly, BNF=PMSQ_monoliths exhibit a considerable
hydrophobicity, enabling eftective wet polishing. Typically,
highly porous materials are considered fragile and difficult to
polish. However, the composite nature of BNF—PMSQ
monoliths overcomes this challenge by providing sufficient
mechanical strength to withstand the mechanical forces applied
during polishing. Its adequate elasticity allows for secure
mechanical clamping and pressure to be applied to the surface
during polishing without causing damage. In a uniaxial
compression test up to 60% of the original sample thickness
(Figure S and Movie S1, Supporting Information), about 5%
residual strain was observed immediately after unloading, but
the sample gradually recovered over the course of several hours.
This slow recovery is likely due to the heterogeneous porous
structure, where thinner regions of the skeleton relax more
slowly. The density of hydroxyl groups on the BNF—PMSQ
monoliths, calculated from adsorption measurements, was 14%
of the total specific surface area, based on BET specific surface
areas of 156 m” g~" for nitrogen and 22.0 m* g~" for water. These
values are indicative of hydrophobic properties, although not as
pronounced as those observed in fluoropolymers. However, the
micro- and nanoscale surface roughness is likely to contribute
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Figure 4. (a) Photograph of BNF—PMSQ_monolith BP10-100 and
Spectralon samples. Luminance distribution characteristics of BP10-
100 and Spectralon for diffuse reflection: (b) at an incident angle of 5°
and (c) at an incident angle of 45°.
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Figure S. Stress—strain curve of BNF—PMSQ monolith BP10-100
under compression test. During the final stage of unloading, the shape
recovery of the monolith did not keep pace with the crosshead speed of
the testing machine. Approximately 5% residual strain was observed at
the end of the test; however, the monolith gradually returned to its
original shape within several hours.

significantly to the water repellency of the material.'®'>**~°

The static water contact angle measured on the sample surfaces
used for optical evaluation was 155°, corresponding to a
superhydrophobic state. (Figure 6) However, it is important to
note that this contact angle showed some variation depending
on the polishing conditions. This hydrophobicity can reduce
surface contamination and simplify maintenance for long-term
outdoor use.

Thermogravimetric—differential thermal analysis (TG—
DTA) showed that BNF—PMSQ monoliths exhibited no
significant weight loss or thermal degradation up to approx-
imately 400 °C, indicating structural stability at elevated
temperatures (Figure 7). The optical performance of BNF—
PMSQ monoliths remained largely unchanged after heating to

Figure 6. Water droplet (8.0 uL) on the BNF-PMSQ monolith; the
static water contact angle was 155°.
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Figure 7. Thermogravimetric—differential thermal analysis (TG—
DTA) curve of a BNF—PMSQ monolith BP10-100.

approximately 350 °C, demonstrating thermal stability com-
parable to that of Spectralon. These results suggest that BNF—
PMSQ monoliths possess durability suitable for potential
applications as diffuse reflective materials in optical measure-
ment systems operating under severe conditions, such as
exposure to high power light sources and high-temperature
outdoor environments. In the future, radiation and other tests
will be conducted with an eye toward space applications.
Spectralon is known for its exceptional diffuse reflection
properties and is widely used in optical standards. While it can be
machined into specific geometries, the fabrication of intricate or
highly detailed structures remains limited due to the inherent
rigidity and mechanical properties of the material. In contrast,
BNF—PMSQ monoliths offer enhanced versatility for producing
fine and complex geometries. Their compatibility with both
CNC micromilling and solvent-removable 3D-printed molds
enables the direct formation of detailed surface features and
customized optical components (Figure 8). By taking advantage
of the resistance of polyorganosiloxane to organic solvents, these
monoliths can be fabricated using 3D-printed templates. In
addition, their robust mechanical strength allows for precise
CNC machining, achieving accuracies in the tens of micro-
meters. This adaptability facilitates customized material designs
at the laboratory scale, such as the fabrication of integrating
spheres and other optical devices. Furthermore, BNF—PMSQ_
monoliths hold promise for applications in solar reflective
materials with a radiative cooling property, given their
reflectivity over a range of wavelengths and mid-infrared
emissivity at wavelengths of 8 to 13 um (Figure 9).'*'>*7
Taken together, these properties highlight the potential of
BNF—-PMSQ monoliths as future diffuse reflective materials.

4. CONCLUSIONS

To overcome the limitations of existing diffuse reflective
materials, the composition and structure of boehmite nanofiber
(BNF)-reinforced polymethylsilsesquioxane (PMSQ) macro-
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3DCG model

Micromilling

Templating

10 mm

Figure 8. Microfabrication of BNF—PMSQ monoliths: (a) 3D-
computer graphics (3DCG) model of the topographical surface; (b)
sample fabricated via CNC micromilling; (c) 3DCG representation of
the 3D-printed mold (a photograph of the actual mold is provided
Figure S6, Supporting Information); (d) sample obtained by removing
the mold with limonene. Even the filament layer lines of the 3D-printed
mold are reproduced. Each scale bar indicates 10 mm.
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Figure 9. (a) Solar absorption irradiance calculated from total light
reflectance of BNF—PMSQ monolith BP10-100 and air mass (AML.5).
(b) Midinfrared spectrum of BP10-100.

porous monoliths were systematically optimized. By adjusting
the ratio of BNF to MTMS, precise control over microstructural
properties such as skeleton size and porosity was achieved,
allowing tuning of optical reflectance. The optimized BNF—
PMSQ monolith exhibited a diffuse reflectance of approximately
99.5% over the spectral range relevant to silicon photodiodes
(400—1100 nm), slightly exceeding the performance of the
commercially available Spectralon material. The mechanical
properties of the composite material facilitated precise
machining, allowing wet polishing of the surface and fabrication
of complex geometric structures. Thermogravimetric—differ-
ential thermal analysis demonstrated the thermal stability of the
material up to approximately 400 °C with no noticeable
degradation in optical properties. Given the intrinsic stability of
silsesquioxane and ceramic-based materials, degradation under
ambient conditions is expected to be minimal over the long-
term.

These results demonstrate that BNF—PMSQ monoliths have
the potential to serve as alternative diffuse reflectors to
conventional materials, with potential applications including
optical calibration systems and solar reflective coatings. Future
research will specifically focus on extended environmental
durability testing and scalability studies to further evaluate
practical applicability.
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