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Optical transmittance of 3D printing materials
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The increasing prevalence of three-dimensional (3D) printing of optical housings and mounts necessitates a better
understanding of the optical properties of printing materials. This paper describes a method for using multi-
thickness samples of 3D printing materials to measure transmittance spectra at wavelengths from 400 to 2400 nm
[visible to short-wave infrared (IR)]. In this method, 3D samples with material thicknesses of 1, 2, 3, and 4 mm were
positioned in front of a uniform light source with a spectrometer probe on the opposing side to measure the light
transmittance. Transmission depended primarily on the thickness and color of the sample, and multiple scattering
prevented the use of a simple exponential model to relate transmittance, extinction, and thickness. A Solidworks
file and a 3D printer file are included with the paper to enable measurements of additional materials with the same
method. © 2021 Optical Society of America

https://doi.org/10.1364/AO.427525

1. INTRODUCTION

3D printing technology is becoming widespread through engi-
neering industries, including the field of optical engineering.
Within this field, the applications of 3D printing range from
3D-printed optical elements [1–10] to 3D-printed mounts and
enclosures [11–21]. In the fabrication of mounts and enclo-
sures, it is critical to know how much light could be transmitted
through the 3D-printed components. Even minimal transmis-
sion has the potential to elevate background signals and degrade
the contrast of the measured signal for sensitive measurements.

The transmittance of 3D printing materials commonly used
in optical mounts and enclosures could vary with wavelength,
so spectrally resolved measurements are necessary. There are
many examples of materials that are opaque in the visible spec-
trum while being partially transparent in one or more IR bands
[22,23]. For applications covering a wavelength range beyond
the visible spectrum, the possibility of transparency becomes
concerning. The transmission properties of specific 3D compo-
nents like light pipes [24] and lenses [25] have been compared to
commercial products, and absorption and scattering coefficients
have been reported for a white material and a gray material over
the spectral range of 700–1000 nm [26]; however, the optical
properties of a larger range of common printable plastics have
yet to be evaluated from the visible through the shortwave IR
(SWIR) spectral range, to the best of our knowledge. To begin
filling this information gap, this paper presents measurements of
transmission spectra for common 3D printer plastic filaments
over the wavelength range of 400–2400 nm.

2. OPTICAL SETUP

Because the optical transmittance was expected to vary with
the thickness and color of each of the 3D printing materials,
samples were designed to allow for the measurement of multiple
thicknesses, as shown in Fig. 1 (design files available online
[27]). Each sample was printed from the same CAD file on
a fused deposition modeling 3D printer (Creality Ender 5)
and extruded with a 0.4 mm nozzle in the materials and colors
presented in Table 1. We designed the sample so that four thick-
nesses of the material (1–4 mm) could be tested by shifting the
sample sideways on a translation stage while changing noth-
ing else in the setup for each measurement. The samples were
also designed with a perimeter wall that, when lined with low-
reflectivity paper (Edmund Optics Flock Paper #65), provided
baffling around the measurement probe (although turning
off the room lights made this shielding redundant). Note that
the Flock paper is not so dark in the IR, so future users should
consider more spectrally consistent dark materials [28].

The printed samples were mounted to an optical table on a
linear translation stage for transmission measurements through
each thickness without further adjustment of the setup. As
shown in Fig. 2, the samples were positioned such that the
spectrometer probe would remain 4 cm from the aperture of
an integrating sphere that illuminated the sample with light
from a halogen bulb. Note that an alternate approach could
be to use a multiport integrating sphere configured to measure
transmittance, although our setup only requires any bright light
source that can fill the sample area with light that remains stable
between the reference and sample measurements (1 min in our
case). We have implemented this method using two different
single-port integrating spheres (Sphere Optics unmarked model
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Fig. 1. Sample design replicated for each material and color. (a) CAD drawing of sample design; (b) physical, printed sample.

Table 1. Measured Materials (All Printer Filament Had
1.75 mm Diameter)

Material Color

Hatchbox acrylonitrile butadiene styrene (ABS) Black
Hatchbox acrylonitrile butadiene styrene (ABS) Gray
Coex Pro acrylonitrile butadiene styrene (ABS) White
OVERTURE Nylon Filament (PA) Black
Longsell polycarbonate material filament (PC) Black
OVERTURE polyethylene terephthalate glycol (PETG) Black
Hatchbox polylactic acid (PLA) Black
Geeetech polylactic acid (PLA) Blue
Hatchbox polylactic acid (PLA) Gray
Novamaker polylactic acid (PLA) White
Amazon Basics thermoplastic polyurethane (TPU) Black

with 30 cm inner diameter and 12.5 cm aperture; Labsphere
model V3ND-NNNN-NNSL-NS00-0000 with 30 cm inner
diameter and 10 cm aperture). Transmission through each
material sample was measured with a visible-SWIR spectrom-
eter (Analytical Spectral Devices FieldSpec Pro). For each
sample, the bare fiber spectrometer probe was positioned nearly
flush with the largest step thickness so that the translation
stage could be adjusted without disturbing the position of the
probe between measurements. All measurements reported here
were conducted in an interior laboratory space with all lights

turned off to limit ambient light that could otherwise bias the
measurement.

3. MEASUREMENT PROCEDURE

Measurements for each material type, color, and thickness were
obtained from 400 to 2400 nm with 1 nm spectral resolution.
Every measurement was taken with 136 ms integration time
and averaged across 50 samples to increase the signal-to-noise
ratio. To avoid saturating the reference measurements, the
spectrometer was optimized to the integrating sphere source
to determine the integration time of 136 ms. The integration
time was then held at 136 ms so that all direct reference and
sample measurements were directly comparable without lin-
earity assumptions (to avoid saturating the reference spectra,
we chose to adjust the exposure through the integration time
alone while leaving the source brightness at maximum to limit
any source spectral shifts). The reference measurement for black
acrylonitrile butadiene styrene (ABS) is shown in Fig. 3, and the
reference measurements for the remaining samples were visually
indistinguishable from this curve.

To convert the raw digital number (DN) spectrum captured
by the spectrometer to spectral transmittance, a direct reference
measurement of the unobstructed integrating sphere aperture
was recorded for each sample, maintaining the same spectrom-
eter settings and physical position of the probe. The direct
reference measurement for each sample was taken immediately

Fig. 2. Experimental setup showing sample placement, alignment of spectrometer fiber, linear translation stage, and integrating sphere.
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Fig. 3. Direct reference measurement associated with the black ABS
sample. The reference measurements associated with the remaining 10
samples were visually indistinguishable from the above curve.

after the sample measurements so that<1 min elapsed between
the measurements. The spectral transmittance of each material
was calculated in 1 nm steps across the measurement range
of 400–2400 nm as the ratio of light transmitted through the
material sample (DNsample) to the reference measurement from
the unobstructed integrating sphere (DNreference),

T =
DNsample

DNreference
. (1)

The spectra were multiplied by 100 to obtain percent trans-
mittance, shown in Figs. 4–6 for several 3D printing materials.
As shown in Fig. 4, black materials [ABS, PA, polyethylene
terephthalate glycol (PETG), and polylactic acid (PLA)] of
1 mm thickness exhibited an average transmittance of zero,
with random noise ranging from approximately−1% to 1% in
spectral regions with low detector sensitivity and lamp output.
For both polycarbonate (PC) and thermoplastic polyurethane
(TPU), transmittance rose in the IR to a peak near 2000 nm.
However, when the thickness was increased to 2 mm, all black
materials exhibited low and/or noisy signals, representing
virtually zero measured transmission at all wavelengths.

In contrast to the spectral transmittance observed in black
materials, colored samples of ABS and PLA exhibited greater
spectral transmittance. Figure 5 presents the spectral trans-
mittance of gray and white ABS. The gray sample exhibited a
low signal and high levels of noise across the measured spectral
range, again indicating effectively zero transmittance through
the sample. Conversely, the white sample showed a relatively
high maximum spectral transmittance of 19.0% at its greatest
thickness of 4 mm. Figure 6 presents the spectral transmittance
of blue, gray, and white PLA. For thicknesses greater than 1 mm,
the spectral transmittance observed in the gray sample reduced
to noise. However, the blue and white samples exhibited higher

Fig. 4. Transmittance spectra of low-transmission, black materials. (a) Black filaments at 1 mm thickness; (b) black filaments at 2 mm thickness.

Fig. 5. Transmittance spectra of ABS at material thicknesses of 1–4 mm. (a) Gray ABS; (b) white ABS.
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Fig. 6. Transmittance spectra of PLA at material thicknesses of 1–4 mm. (a) Blue PLA; (b) spectral transmittance of gray PLA; (c) white PLA.

spectral transmittance, with a relatively large maximum trans-
mittance of 27.8% and 30.7%, respectively, at their greatest
thickness of 4 mm. These results indicate that the spectral
transmittance of the sample strongly varies with the color of the
material, where lighter colors transmit greater percentages of
light in comparison to absorptive colors like black. Nevertheless,
PC and TPU are black materials that had notable transmittance
over a wide spectral range.

The noise below 500 nm, near 1000 nm, and above 1750 nm
in Figs. 4–6 when the sample transmittance was well below
approximately 0.1% was caused by detector falloff and low
lamp output (confirmed by the lack of noise in Fig. 3). The
VIS-SWIR spectrometer uses three detectors to gather mea-
surements across the spectral range of 400–2400 nm. The
visible and near-IR spectrum (350–1050 nm) is measured
by a 512-channel silicon photodiode, while the first SWIR
spectrum (900–1850 nm) and second SWIR spectrum (1700–
2500 nm) are measured by separate gallium arsenide detectors.
Measurement uncertainty was highest in the spectral vicin-
ity of these detector transitions, resulting in the most reliable
measurements for 500–950 nm and 1050–1750 nm (on these
regions the measurement uncertainty is less than 0.1%, and
measurements are repeatable within this level).

The transmittance spectra can be used to calculate extinction
coefficients α with a Beer–Lambert–Boguer law assumption
of transmittance varying exponentially with the product of

extinction coefficient and thickness. This leads to the following
expression for extinction coefficient:

α =
−ln(T)
1 mm

. (2)

The extinction coefficients presented in Fig. 7 for the mate-
rials with reasonable transmittance through 1 mm thickness
were obtained through Eq. 2. However, because the product of
extinction coefficient and thickness is>1, the simple exponen-
tial model is not valid because multiple scattering dominates
[29]. This can be confirmed by noting that the transmittance of
white ABS at 1000 nm in Fig. 5 is approximately 0.31 for 1 mm
thickness and 0.22 for 2 mm thickness. The former corresponds
to extinction= 1.17 mm−1, while the latter corresponds to
extinction= 0.757 mm−1, indicating that there is less light
lost with the thicker sample than would be predicted by using
the extinction coefficient derived with 1 mm thickness in an
exponential model with 2 mm thickness. Therefore, in mate-
rials with significant multiple scattering, it is more accurate to
measure the transmittance for a specific thickness rather than to
use extinction, absorption, or scattering coefficients. Another
option is to use a more complex scattering model, such as the
doubling-adding method [26].

A related concern is that we see some evidence that multiple
scattering could introduce a bias with the multithickness sample
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Fig. 7. Extinction coefficient plot for materials that demonstrated
reasonable transmittance, from 1 mm thickness transmittance data.

relative to a fixed thickness. Therefore, the multithickness sam-
ple method is recommended for quick characterization of mate-
rial transmittance, but a single-thickness sample would remove
this uncertainty.

4. CONCLUSION

We presented a simple, easily replicated method for measuring
spectral transmittance of common 3D printer filaments across
a spectral range of 400–2400 nm for multiple material thick-
nesses and colors. The method uses a multithickness sample to
enable measurements through different thicknesses without
altering the setup. The multithickness measurements showed
that multiple scattering requires transmittance to be measured
for a desired thickness instead of assuming that transmittance is
exponentially related to the extinction coefficient and thickness.
The percent spectral transmittance data collected from the 3D
printed material samples revealed that sample colors such as
white, blue, and gray transmit light. In 1 mm thicknesses, the
white ABS had a maximum transmittance of 35.4%, while
the gray ABS exhibited a low signal. In 1 mm thicknesses of
the PLA materials, the white, blue, and gray samples demon-
strated a maximum transmittance of 49.0%, 52.0%, and 2.0%,
respectively. However, all measured black samples (ABS, PA,
PC, PETG, PLA, and TPU) demonstrated minimal spectral
transmittance in sample thicknesses greater than 1 mm for all
wavelengths in our spectral range. For the samples with 1 mm
thickness, two of the black materials (PC and TPU) exhibited
up to 4% transmittance in the SWIR. Our measurements
demonstrate that the spectral transmittance of the sample varies
with color and thickness of the material. Materials printed
in thicknesses greater than 1 mm in absorptive colors, such
as black, will transmit a negligible amount of light for most
applications between 400 and 2400 nm, while deviations from
these thicknesses and color selections will not reliably block
light in the measured spectral range. A remaining uncertainty
is how much the transmittance varies with different batches of
material.
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