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Upcycling Disposed Sunscreen Waste into Supported Catalysts for 
Environmental Purification
Toshiki Shimizu,a Fuminao Kishimoto,*a Yasuhiro Sakamoto,a Minh Thuan Pham,a Ryo Sasaki,b Rie 
Nakamurab and Kazuhiro Takanabe *a 

We report a strategy upcycling sunscreen waste into supported 
catalysts for environmental purification. Utilizing inherent ZnO 
nanoparticles and organic additives, Pt is photodeposited via UV 
irradiation without external reagents. This scalable process 
repurposes consumer waste into functional materials, advancing 
sustainable engineering and circular chemical practices.

Chemical upcycling of waste materials is increasingly 
recognized as a key strategy for advancing a circular economy 
and reducing environmental burdens beyond conventional 
physical recycling.1–3 While chemical upgrading of plastics has 
been intensively studied4–7, the chemical upcycling of everyday 
functional consumer products, such as cosmetics, has received 
little attention. Among cosmetic products, sunscreens are 
discarded in particularly large quantities due to rapid changes 
in consumer trends, frequent release of new formulations with 
improved performance, and regulatory restrictions on 
allowable chemical additives. While initiatives have been 
reported to reuse discarded cosmetics as craft materials such as 
paints8, approaches that upgrade their value through chemical 
transformation have not been explored.

Many commercial sunscreens contain approximately 5–25 
wt% zinc oxide (ZnO) nanoparticles for broad-spectrum 
protection covering both UV-B and UV-A regions.9 To enhance 
aesthetic appearance, these nanoparticles are uniformly sized 
at around 20 nm, coated with dimethylpolysiloxane 
(dimethicone, H3C-[Si(CH3)2O]n-Si(CH3)3), and exhibit 
exceptionally high crystallinity, corresponding to cosmetic-
grade materials.10,11 However, global zinc resources are limited, 
with the reserves-to-production ratio of Zn estimated to be 
approximately 18 years.12 Notably, approximately 82.6% of zinc 
oxide engineered nanomaterials production is reportedly 
directed toward cosmetic applications.13 Given the rapidly 
expanding demand for zinc-based materials in catalysis, 
batteries, desulfurization agent, and functional alloys,12,14,15,16 

the chemical upgrading of ZnO nanoparticles contained in 
discarded sunscreens represents an increasingly important and 
underexplored opportunity. Among these applications, the use 
of zinc compounds as catalysts—particularly in such as CO2 
reduction17,18 and photocatalytic reactions19–23—aligns closely 
with recent directions in green chemistry.

In this study, we propose a novel chemical upcycling 
strategy that directly converts high-quality ZnO nanoparticles 
contained in discarded sunscreens into environmental 
purification catalysts without any separation steps. Although 
sunscreen formulations contain numerous organic additives 
and impurities, we exploit the intrinsic photocatalytic activity of 
ZnO. Upon dropwise addition of an aqueous metal salt solution 
(e.g., H2PtCl6) to the sunscreen matrix and subsequent 
irradiation with ultraviolet light (~370 nm), ZnO is photoexcited 
and generates electron–hole pairs. The photogenerated holes 
oxidatively decompose organic components in the formulation, 
while the electrons reduce Pt ions, resulting in the selective 
deposition of Pt nanoparticles onto the ZnO surface. This 
process yields a highly viscous slurry containing Pt-supported 
ZnO catalysts. The slurry can be directly coated onto monolithic 
substrates or construction materials, enabling its practical 
application as an environmental purification catalyst for the 
degradation of hazardous pollutants.

Figure 1(a) shows a transmission electron microscopy (TEM) 
image of commercially available dimethicone-modified ZnO 
nanoparticles manufactured for use in sunscreen products 
(MZY-505M, Tayca corporation). The primary particle size of 
ZnO was approximately 20 nm, and a thin amorphous layer was 
observed on its surface, which was attributed to a surface 
coating derived from dimethicone. Thermogravimetric analysis 
(TGA) profiles of the dimethicone-modified ZnO and sunscreen 
product (Sunscreen-1, marketed by KOSÉ Corporation) are 
shown in Figure 1(b). The dimethicone-modified ZnO exhibited 
a weight loss of 1.4% upon heating to 600 °C in air, which is 
attributed to the oxidative decomposition of the dimethicone 
coating, with residual silicon species likely converted to SiO2.

a.Department of Chemical System Engineering, School of Engineering, The 
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan.
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H3C-[Si(CH3)2O]n-Si(CH3)3 + 8(n+2) O2 → (n+1) SiO2 + 2(n+2) CO2 
+ 3(n+2) H2O

The mass loss associated with this reaction was 18.9%. Based on 
the TGA results, the dimethicone content was therefore 
estimated to be 7.4 wt% of the total sample mass. In contrast, 
the sunscreen product exhibited a weight loss of 84.8% under 
the same conditions, leaving a residual mass of 15.2%. The 
formulation contains no thermally stable inorganic components 
other than ZnO (aside from minor silica derived from 
dimethicone).

The UV–vis diffuse reflectance spectrum of the sunscreen 
product and the transmission spectrum of the supernatant 
obtained after removal of the ZnO component by centrifugation 
and filtration are shown in Figure 1(c). The sunscreen exhibited 
an absorption edge at approximately 410 nm. In contrast, the 
supernatant showed a markedly reduced absorption intensity 
in the 350–410 nm region. These results indicate that light 
within this wavelength range is absorbed predominantly by ZnO 
in the sunscreen formulation, confirming the selective 
photoexcitation of ZnO under near-UV irradiation. Accordingly, 
photodeposition onto ZnO was performed using an LED light 
source with a central wavelength of 370 nm (Asahi Spectra Co., 
Ltd.; CL-1501, photon flux shown in Figure 1(c)).

Figure 1 (a) TEM image of dimethicone treated ZnO nanoparticles. (b) TG curve of 
dimethicone treated ZnO nanoparticles and sunscreen product. Gas condition: air. (c) 
UV-Vis spectra of sunscreen product and its supernatant, and photon flux of LED light 
source for photodeposition method.

As ZnO sources, commercially available cosmetic-grade 
nanoparticles were used, including unmodified ZnO (MZ-500, 
Tayca Corporation) and dimethicone-coated ZnO. In addition, 
three commercially available sunscreen products (Sunscreen 1–
3) marketed by KOSÉ Corporation, Japan, were employed in this 
study. The photodeposition of Pt nanoparticles under UV 
irradiation using these ZnO sources and their catalytic 
performance in CO oxidation as a demonstration reaction are 
summarized in Table 1. Compositional analysis by 
thermogravimetric (TG) measurements indicated that the ZnO 
content in the investigated sunscreen samples was 
approximately 15 wt% in all cases, with no significant 
differences among the products (raw profiles were shown in 
Figure S1). Inductively coupled plasma (ICP) analysis of the 
residual inorganic components revealed that the silica content 
increased in the order Sunscreen-1 < Sunscreen-2 < Sunscreen-
3. Because silica is derived from the oxidative decomposition of 
the dimethicone coating, this trend suggests that the surface 
coverage of ZnO by dimethicone increases in the same order.

These sunscreens or ZnO samples (ZnO basis = 0.5 g) were 
dispersed in H2O/ethanol (EtOH) mixture and then H2PtCl6 
aquation solution (ZnO basis = 1 wt% Pt) was added to the 
dispersion. EtOH was added as a sacrificial oxidant to promote 
the Pt photodeposition. After 12 h irradiation with 370 nm UV-
LED, the precipitates were separated by centrifugation. 

Figure S3 shows the quantitative results of H2 evolution 
during light irradiation. The amount of H2 evolved gradually 
increased over approximately one hour. During this period, the 
photoexcited electrons in ZnO are considered to have been 
utilized both for the reduction of Pt and for H2 evolution, with 
Pt nanoparticles acting as a cocatalyst. In contrast, after 
sufficient irradiation time, the amount of H2 evolution reached 
a constant value. This suggests that Pt reduction had been 
completed and that only photocatalytic H2 evolution by Pt/ZnO 
subsequently proceeded.

Table. 1 Composition of sunscreen cream used in this study.

ZnO source
Calcination 

residue / wt%[1]

Silica fraction
(as SiO2, ZnO basis) / wt% [2]

Added Pt amount 
(ZnO basis) / wt%

Deposited Pt
(ZnO basis) / wt%[2,3]

CO oxidation rate
/ mmol gcat

−1 h−1[4]

Unmodified  ZnO >99 n.t.[5] 1.0 0.97 9.6

Dimethicone treated ZnO 98.6 2.9 1.0 0.41 10.9

Sunscreen-1 15.2 4.9 1.0 0.58 7.6

Sunscreen-2 15.8 5.7 1.0 0.74 7.2

1.0 0.03 ~0
Sunscreen-3 15.1 6.7

5.0 n.t. ~0

[1] Analyzed by TG measurement up to 600 °C under the air. [2] Measured by ICP-AES [3] Photodeposition procedure: ZnO or sunscreen (ZnO basis = 0.5 g) was dispersed 
in 45 mL of H2O. H2PtCl6 (2.64 μmol) and ethanol (30 mL) were added. UV light irradiation (370 nm) for 12 h. [4] Catalyst weight: 1.3 mg (diluted by 78.7 mg of Al2O3: 
dilution ratio = 60). Pretreatment condition: pure H2, 300 °C, 30 min. Reaction condition: CO = 0.10 kPa and O2 = 10 kPa (Ar balance), flow rate 100 mL min−1 (WHSV = 
4615 L g−1 h−1), 170 °C. [5] n.t.: not tested.

ICP analysis of the samples obtained after UV irradiation 
confirmed the successful deposition of Pt onto ZnO. For 
unmodified ZnO, the Pt loading was nearly consistent with the 
initial feed amount, indicating efficient photodeposition under 

the applied conditions. For dimethicone-coated ZnO and 
Sunscreen-1 and -2, the amount of deposited Pt was slightly 
lower than the nominal feed amount but still indicated efficient 
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photodeposition. In contrast, Pt deposition on Sunscreen-3 was 
negligible under the same conditions.

To evaluate the catalytic performance of the obtained Pt-
supported ZnO materials, CO oxidation was employed as a 
model reaction. CO oxidation is a prototypical reaction in 
automotive exhaust catalysis,24 and Pt/ZnO systems have been 
extensively studied for this process.25–30 Thermal catalytic CO 
oxidation reaction is typical structure-insensitive reaction. 
Therefore, the size effect of Pt nanoparticles on catalytic 
performance is considered to be negligible. Rather, its activity 
reflects the number of accessible Pt surface sites under given 
CO and O2 partial pressures, providing a reliable measure of 
effective Pt deposition.31,32,33 Figure S5 shows stability test 
results of the catalyst derived from Sunscreen-1 for more than 
40 h.

The Pt/ZnO catalysts derived from Sunscreen-1 and -2 
exhibited CO oxidation rates reaching approximately 80% of 
those observed for catalysts prepared from unmodified ZnO, 
indicating comparable catalytic performance despite the 
complex sunscreen matrix. In contrast, the catalyst derived 
from Sunscreen-3 showed almost no detectable CO oxidation 
activity under the same conditions. Even when the nominal Pt 
loading was increased to 5 wt% relative to ZnO, no significant 
catalytic activity was observed.

The scanning transmission electron microscopy (STEM) 
image and corresponding energy dispersive X-ray spectroscopy 
(EDS) elemental mapping images of the Pt/ZnO catalyst derived 
from Sunscreen-1 are shown in Figure 2(a–d). Distinct bright 
spots attributable to Pt nanoparticles supported on ZnO were 
clearly observed in the STEM image. In contrast, Si signals, 
which were attributed to SiO2 formed by calcination of surface-
modified dimethicone, were broadly distributed over the ZnO 
surface, as revealed by EDS mapping (Fig. 2(c)). However, these 
SiO2-derived signals are located at positions different from 
those of the Pt nanoparticles, and therefore are considered to 
have little to no effect on the catalytic activity for CO oxidation. 
The Pt nanoparticles exhibited a relatively broad size 
distribution ranging from 2 to 10 nm, with an average particle 
diameter of approximately 4 nm (Figure 2(e)). In comparison, Pt 
photodeposited on untreated ZnO showed a significantly 
smaller average particle size of 1.6 nm, with a narrow 
distribution in the range of 1.0–2.5 nm (Figure S2). This 
difference suggests that the existence of surface coating agents 
on ZnO and additives in the sunscreen matrix influences Pt 
nucleation and growth. 

The XRD patterns of the prepared catalysts are shown in 
Figure 3(a,b). For all samples, the dominant diffraction peaks 
correspond to the wurtzite structure of ZnO, and no additional 
peaks assignable to other metal oxides were detected. For the 
catalyst derived from unmodified ZnO, no distinct diffraction 
peak attributable to face-centered cubic (fcc) Pt nanoparticles 
was observed near 2θ ≈ 40°, corresponding to the Pt(111) plane. 
This absence is consistent with the highly dispersed and small 

Pt nanoparticles observed by TEM. In contrast, a weak 
diffraction peak near 2θ ≈ 40° was detected for the catalyst 
derived from Sunscreen-1, indicating the presence of relatively 
larger Pt nanoparticles. This observation is in good agreement 
with the TEM results, which showed a broader particle size 
distribution and increased average particle size compared to 
the unmodified ZnO-derived catalyst. 

Figure 2. (a) STEM image, (b) Pt, (c) Si, (d) overlapped mapping and (e) Pt particle 
size distribution of the catalyst derived from Sunscreen-1.

After hydrogen reduction, the catalysts were sealed under 
an inert atmosphere and subjected to X-ray absorption 
spectroscopy (XAS) measurements (Figure 3(c)). The X-ray 
absorption near-edge structure (XANES) spectra exhibited 
features characteristic of metallic Pt, confirming the formation 
of Pt0 species. X-ray photoelectron spectroscopy (XPS) 
measurement also confirmed Pt0 species and interaction of Zn 
and Si (Figure S4). These results provide direct evidence for the 
successful deposition of metallic Pt nanoparticles onto ZnO 
derived from the sunscreen matrix. 

Figure 3. (a) XRD patterns of Pt deposited ZnO catalysts and (b) its enlarged figure. The 
standard reference data for ZnO and Pt correspond to the wurtzite and face-centered 
cubic structures, respectively, from Inorganic Crystal Structure Database (ICSD). (c) Ex-
situ XAS of Pt deposited ZnO derived from Sunscreen-2.

When sunscreen products were used as the ZnO source, the 
organic additives already present in the formulation (e.g., 
glycols) were expected to function as sacrificial oxidants during 
the photodeposition process. To evaluate this hypothesis, the 
catalytic performance of the resulting materials was examined 
as a function of ethanol addition and irradiation time (Figure 4). 
When this validation experiment was conducted using 
Sunscreen-1, comparable CO oxidation rates were obtained 
even in the absence of added ethanol and with a reduced 
irradiation time of 4 h. These results indicate that sufficient Pt 
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deposition was achieved under these conditions. However, 
when the irradiation time was further shortened to 2 h, the CO 
oxidation rate decreased significantly, suggesting incomplete Pt 
deposition. 

In contrast, when unmodified ZnO or dimethicone-coated 
ZnO was used as the starting material, neither Pt deposition nor 
subsequent CO oxidation proceeded in the absence of ethanol. 
These findings demonstrate that, when sunscreen products are 
used as the ZnO source, the intrinsic organic additives in the 
formulation can serve as effective sacrificial agents, enabling 
photodeposition of Pt onto ZnO without the need for additional 
sacrificial reagents. Because the optimal irradiation time 
depends on reactor geometry and light intensity, further 
systematic investigation will be required for practical 
implementation.

Figure 4. CO oxidation performance of Pt deposited ZnO catalysts derived from 
Sunscrren-1 varying UV light irradiation time and ethanol addition. Reaction conditions: 
Catalyst weight=1.3 mg (diluted by 78.7 mg of Al2O3: dilution ratio = 60). Pretreatment 
condition: pure H2, 300 °C, 30 min. Reaction condition: CO = 0.10 kPa and O2 = 10 kPa (Ar 
balance), flow rate 100 mL min−1 (WHSV = 4615 L g−1 h−1), 170 °C.

In conclusion, we demonstrated a separation-free chemical 
upcycling strategy that directly converts disposed sunscreen 
products into functional Pt/ZnO catalysts by exploiting the 
intrinsic photocatalytic activity of cosmetic-grade ZnO 
nanoparticles. Organic components present in the native 
sunscreen matrix can serve as sacrificial agents, enabling 
reagent-free photodeposition of metallic Pt without additional 
reagents. Structural and catalytic analyses revealed that the 
existence of surface coating agents on ZnO and additives in the 
sunscreen matrix governs Pt dispersion and accessibility, 
directly impacting CO oxidation performance. By eliminating 
conventional purification, solvent exchange, and external 
reducing steps, this approach provides a practical and 
materials-efficient route for valorising complex consumer waste 
streams. In the present study, Pt was employed as a model 
catalyst to clearly demonstrate the feasibility of our concept. 
However, this method is not limited to Pt; other more earth-
abundant metals (e.g., Ni, Cu or Co) can also be deposited onto 
ZnO using the same method. This work highlights the potential 
of transforming complex consumer waste into value-added 
catalytic materials, offering a practical pathway toward 
resource circularity.
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The data supporting this article have been included as part of the 
Supplementary Information.
Raw data for each experiment is available by contacting the corresponding 
author.
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