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SOFW JOURNAL    BEST PAPER AWARD 2025

The winners of this year’s SOFW Award have been officially 
announced! From a total of 67 submitted papers, an inde-
pendent jury of eight experts selected the most outstanding 
scientific articles published in SOFW Journal for recognition.

The SOFW Award honors innovative research and practical 
advancements in the fields of cosmetics, personal care, 

1st Prize: Gematria Test Lab
Colorful Skin – How Tattoos Influence the 
Antioxidant Balance of the Skin

(SOFW Journal, May 2025)

2nd Prize: BASF
Sunscreen Solutions: 
Film‑forming Wax 
Increases Protection and 
Water Resistance 

(SOFW Journal, March 2025)

3rd Prize: 
Lignovations
Innovative Colloidal Lignin 
for Natural SPF Boosting and 
Antioxidant Protection 

(SOFW Journal,  
July/August 2024)

SOFW Award

Honoring Outstanding Scientific 
Contributions 

BERLIN, GERMANY, OCTOBER 15, 2025

Saugata Nad (Dow), Stanislav Krus (BASF), Julia Tomasich (Lignovations) and Robert Fischer (SOFW)

and home care. This year’s award-winning articles im-
pressed the jury with their scientific depth, originality, and 
relevance to the industry.

The award ceremony took place during the SEPAWA CON-
GRESS 2025, where the authors were recognized for their 
exceptional achievements.

SOFW congratulates all the winners and thanks the au-
thors for their valuable contributions to scientific progress 
in the industry. We look forward to many more inspiring ar-
ticles in future issues of the SOFW Journal.

Best Article Home Care: Dow
Defining Future of Cleaning in Home Care 
– New Surfactants Enabling Lower Carbon 
Footprint of Cleaning Products 

(SOFW Journal, October 2024)
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Hello I’m the
SOFW AWARD.

SCIENTIFIC HONOR FOR THE BEST ARTICLES  

OF THE PREVIOUS YEAR.

APPLY FOR 2026
TAKE THE OPPORTUNITY TO WIN! 

powered by

I honor the top scientific papers of one year in the SOFW Journal. 

I am awarded by an independent jury and I AM UNIQUE. 

More on www.sofw.com/award
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Introduction 

Tattoos are becoming increasingly popular in Germany. Ac-
cording to the market and opinion research institute YouGov in 
2021, around a quarter of all people in Germany have tattoos, 
with the number of tattooed people increasing by around 40 
percent over the past 20 years [1]. The mechanical, chemical 
and cosmetic requirements in the tattoo trade are constantly 
changing in order to improve the longevity of tattoos as well as 
wound healing and tolerance in the body. For example, the use 
of products with a high metal and metal oxide content (as a pig-
ment component or impurity) and the intensive use of titanium 
dioxide (e.g. in the color white) have been known to cause seri-
ous and long-lasting skin reactions [2,3,4]. In the past four years, 
many tattoo inks and formulation components have therefore 
been restricted or banned in the European Union due to toxi-
cological reservations in accordance with the REACH regulation 
[5]. In order to provide REACH-compliant products, organic pig-
ments are increasingly being used. In addition, labels such as 
“vegan” and “sustainable” are further drivers of the use of new 
ingredients. It is often not sufficiently clear what by-products are 
formed in the skin, e.g. through UV radiation, and what long-
term effects may occur. The declaration of ingredients on the 
products themselves is also repeatedly inadequate and not legal-
ly compliant - pigments are listed incorrectly in around every sec-
ond tattoo ink [6]. Various degradation products are known to 
occur during the UV-induced decomposition of pigments, such 
as the carcinogenic 3,3’-dichlorobenzidine and other aromatic 
amines [7,3]. The frequent addition of dibutyl phthalate (DBP) 
as a softener is also suspected of causing allergic skin reactions 
[8]. In addition, the agglomeration of pigments can play a role in 
the generation of reactive oxygen species [9]. Gematria Test Lab 
GmbH develops and uses electron spin resonance spectroscopy 

(ESR spectroscopy) methods for safety and efficacy studies in 
cosmetics and dermatology. ESR spectroscopy is a physicochem-
ical technique for the characterization of unpaired electrons, e.g. 
in oxidation and reduction processes. In this article, the prop-
erties of tattoo inks of different compositions are investigated 
and conclusions are drawn from them, which should make an 
important contribution to the production of tattoo inks as well 
as to the development of corresponding care products. First, a 
selection of tattoo inks was examined in-vitro for radical gener-
ation under UV radiation. This was followed by the tattooing of 
pig ears with these same inks in order to investigate the develop-
ment of radicals in the skin on the tattooed skin biopsies.

Materials and Methods  

Inks and Instruments
Tattoo inks containing pigments from the entire color spectrum 
were selected for the experiments. These were a yellow, a red, 
a teal and a black color. Teal contains increased concentrations 
of preservatives, making it not REACH-compliant. In addition, 
it contains the colorant CI 74266, for which no information 
could be found in any database. According to the index it is 
a phthalocyanine which could be related to the now banned 
pigments PB 15:3 and PG 7. All other inks are commercial tat-
too inks permitted in the EU and contain the pigments listed in 
Table 1. In addition, all colors contain nickel and chromium (VI) 
according to the article labeling.

An MS-5000 magnettech ESR spectrometer from Freiburg In-
struments (now Bruker) was used for all measurements on the 
skin biopsies, and a magnettech MiniScope MS 300 was used 
for the in vitro analysis of the colors. A Hönle SOL2 UV sun 

Colorful Skin – How Tattoos Influence the Antioxidant Balance of the Skin
L. Kasper, M. Seifert, K. Jung

The regulation of selected pigments in the EU under the REACH regulation has brought innovations to the tattoo ink segment 
with new organic compounds. At the same time, as the number of tattooed people in Germany increases significantly, so 

does the range of tattoo care formulations. However, the impact of the injection of pigment-containing formulations on the 
skin and the resulting need for protection is difficult to quantify. For this reason, Gematria Test Lab GmbH is dedicated to the 
assessment of UV-induced radical development in tattoo inks and the effects of tattooing on the skin. For this purpose, pig 
skin was tattooed and the influence on the intrinsic antioxidant power of the skin and the effect of UV radiation on the skin’s 
intrinsic free radical formation was determined. The aim is to provide test procedures to identify protection and care strategies 
for skin modified by tattoos and thereby support the development processes of cosmetic care products. At the same time, the 
methods presented can help to assess the influence of the application of specific tattoo inks and to minimize the damaging 
effect on the skin through targeted optimization.
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ter and the PCA signal was recorded after defined irradiation 
intervals in the Hönle sun simulator with UV full spectrum [11]. 
The radical development in tattooed skin due to UV radiation 
was compared to the radical development in untattooed skin. 
Here, too, each condition was tested on four pieces of skin.

Results 

in-vitro radical generation in tattoo inks
The progression of UV-induced radical development is shown 
in Figure 2. The irradiation of the colors in a quartz glass tube 
(in-vitro, double determination) produced a clear increase in 

simulator was used to irradiate the skin (UVA = 18,81 mW/cm2; 
UVB = 6,71 mW/cm2), for the in-vitro measurements a New-
port UV-Lamp (UVA = 12,58 mW/cm2; UVB = 3,46 mW/cm2). 
The pig skin for the tests was obtained from a regional slaugh-
terhouse. Immediately after receipt, the ears were cleaned, 
shaved and professionally tattooed with the listed colors in a 
local tattoo studio the following day. The skin was then pre-
pared for the experiments on the premises of Gematria Test 
Lab GmbH and frozen until further use.

UV-induced free radicals in tattoo inks
The relevant literature reports the generation of free radicals 
in tattoo inks as a result of decomposition processes caused 
by UV irradiation, particularly when TiO2 is used. To test this, 
five tattoo inks were first mixed 1:10 with deionized water 
and 0.01 mM PCA (2,2,5,5-tetramethyl pyrrolidine 1-oxyl) was 
added as a spin probe. The samples were then placed in quartz 
glass tubes (40 µl), initially without irradiation, and then mea-
sured in the ESR spectrometer according to the scheme below 
after defined irradiation doses. The decrease in the PCA signal 
intensity was recorded and calculated over the entire irradiation 
period according to AUC analysis (Area under Curve) to the RP 
value (Radical Potential). It indicates how many radicals (in %) 
were generated in the sample by means of UV radiation [10].

Tattooed skin biopsies
For the ex-vivo examination of the colors and the tattooing pro-
cess itself, a pig’s ear was tattooed with the aforementioned col-
ors. A reference, for which the skin was damaged with a tattoo 
needle but no color was applied, was also prepared. A cordless 
Cheyenne SOL Nova with a 5 mm stroke and operating voltage 
of 9V was used for tattooing, combined with a Kwadron Round 
Shader 12 needle array with a tip diameter of 0.35 millimeters. 
Figure 1 shows the ear used with colored tattoo. The skin was 
then detached from the cartilage, cut into 1x1 cm pieces, sort-
ed by color and treatment, and then deep-frozen.

Skin antioxidant potential
The instrumental antioxidant power of the skin was deter-
mined using the test radical 2,2,6,6-tetra-methylpiperidinyloxyl 
( TEMPO). The 1 cm2 pieces of skin were placed on filter paper 
soaked in 40 µL TEMPO and allowed to react with the test rad-
ical for 5 minutes before a 4 mm biopsy was taken and placed 
in the skin cell for the ESR spectrometer. The degradation of the 
radical by the skin’s own antioxidants was monitored at intervals 
of 0; 1.5; 3; 5; 7 and 10 minutes. The aim was to investigate the 
influence of the injury caused by the tattoo needle and the ef-
fects of the ink application on the skin’s own antioxidant power. 
Each condition was tested on four biopsies and the mean values 
and standard deviations were compared with each other.

Radical generation in the skin under UV irradiation
In order to determine the radical generation in the skin by UV 
irradiation, a 1 cm2 piece of skin was placed on a filter paper 
of the same size containing 27 µL PCA for 10 minutes and a 
biopsy was then taken. This was placed in the ESR spectrome-

Table 1: Tattoo inks used and the color pigments contained according 
to the list of ingredients.

Color Pigment

yellow CI 21290, CI 77891, CI 12760

red CI 56110, CI 12475

teal CI 73000, CI 74266, CI 77891

black CI 77266

Fig. 1 Tattooed pig ear.

Fig. 2 Free radical generation in tattoo inks over the course of UV irra-
diation.
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free radicals in the color teal up to saturation, which is 
reached after about 15 minutes. This is a product with 
ingredients or ingredient concentrations that are now 
prohibited under the REACH regulation. At the same 
time, the color teal also contains TiO2 (C.I. 77891), which 
tends to photocatalytic reactions depending on the tech-
nological realization and quality. The radical potential 
could provide information about instabilities in the prod-
uct, which can lead to severe skin reactions in the body.

A clear, linear increase in radical generation can also 
be observed in the color yellow. TiO2 is also contained 
here, but with C.I. 12760 and CI 21290 also azo pig-
ments, which are assessed in the literature as potentially 
unstable and decompose through photodegenerative 
processes, for example into benzamides or (nitro-) tol-
uenes [7]. The color red is stable up to the section be-
tween 25 and 30 minutes, from which an increase in the 
development of free radicals becomes visible. The color 
black is inconspicuous over the entire irradiation period. 
According to the AUC calculation, the in-vitro free radi-
cal development is as shown in Table 2:

Reduction of the skin’s intrinsic antioxidant  
potential through tattooing
When examining the intrinsic antioxidant power of the 
skin, it becomes apparent how the tattooing process af-
fects the skin. It can be seen that processing the skin 
with the needle array already leads to a significant re-
duction in the antioxidant power to around a third of 
the original value, as shown in Figure 3. 

From the point of view of the injured skin, the introduc-
tion of the colors results in a further reduction in antioxi-
dant power. In the case of the color red, this reduction is 
the lowest at around 20 percent compared to the com-
parative value of the needled skin. The colors yellow, 
turquoise and black show very comparable influences 
with reductions in the antioxidant power of the skin of 
around 40 percent compared to the needled skin. The 
results are shown in Figure 4. The differences between 
the needled skin and the skin tattooed with color are 
significant.

Influence of UV radiation on skin tattoos
The influence of UV radiation on the skin is shown in 
 Figure 5. The relative number of UV-induced free rad-
icals is almost three and a half times higher in needled 
skin than in untreated skin. This also reveals an increased 
need for sun protection of already injured skin. If the skin 
treated with tattoo inks is included, the effect is reversed: 
the pigments injected into the upper layers of the skin 
create a barrier that reduces the formation of radicals 
in the skin biopsies. A decomposition of the pigments 
caused by photodegeneration with the release of free 
radicals cannot be clearly observed in this experiment.

Table 2: Amount of induced free radicals in tattoo inks.

Color
Induced free radicals 

in mM
± Standard deviation RP in %

yellow 2.54 ⋅ 10-3 0.03 ⋅ 10-3 25.4

red 0.42 ⋅ 10-3 0.51 ⋅ 10-3 4.2

teal 7.28 ⋅ 10-3 0.10 ⋅ 10-3 72.8

black 0.00 ⋅ 10-3 0.00 ⋅ 10-3 0.0

Fig. 3 Antioxidant power of the skin in relation to untreated skin. The skin 
injured by the tattoo needle already shows a drop in antioxidant potential 
of around two thirds. A further drop can be observed when tattoo inks are 
applied.

Fig. 4 Relative antioxidant power of the skin with significant differences be-
tween the skin injured by tattoo needles and the skin treated with tattoo ink 
(* = p < 0.05, ** = p < 0.01, *** = p < 0.001).

Fig.5 Radical development in the skin as a result of UV irradiation in relation to 
untreated skin. In all colors except turquoise, a reduced radical development is 
observed compared to untreated skin, whereas the radical development in nee-
dled skin is strongly increased (* = p < 0.05, ** = p < 0.01, *** = p < 0.001).
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similarly high UV-induced development of free radicals as the 
untreated skin. Injured, non-tattooed skin suffers greatly from 
UV radiation. The increased need for antioxidants and UV pro-
tection for damaged skin can be deduced from the data.

Furthermore, it is unknown to what extent the tattoo prod-
uct manufacturing industry is aware of the photocatalytic ef-
fects of certain pigments, particularly the various technological 
purity forms or crystal structures of TiO2.Careful selection of 
raw materials may be able to significantly reduce the potential 
health risk at this point.
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Discussion  

The studies showed that, on the one hand, the photostability of 
the inks can be measured well in vitro and, on the other hand, 
that the influence of tattooing on the skin is visible using ESR 
spectroscopy. When measuring the intrinsic antioxidant power 
of the skin, no connection can initially be established with the 
results of the in-vitro tests. The most conspicuous colors in the 
development of free radicals under UV irradiation – turquoise 
and yellow – show no pronounced influence in the reduction 
of intrinsic antioxidant power compared to the other colors. 
Meanwhile, the color red is comparable to black in the in-vitro 
test, but is clearly better tolerated in the ex-vivo test. If the re-
sults of the UV irradiation of the skin are now added, a drastic 
increase in UV-generated free radicals in the injured skin com-
pared to untreated skin can be seen, which can be attributed 
to the damaged skin barrier. In contrast, the skin tattooed with 
the colors yellow, red and black shows a significant reduction in 
the development of free radicals under UV radiation. Only the 
color turquoise shows no significant differences compared to 
untreated skin. It can be speculated that a physical skin protec-
tion as with the other colors possibly takes place. At the same 
time, induced photodegeneration of the ink, as already seen 
in the in-vitro study, may in turn lead to increased radical de-
velopment ex-vivo, and thus to a non-significant radical reduc-
tion compared to untreated skin. Skin reactions usually occur 
on healed tattoos. During the healing process, the formulation 
components of the tattoo inks, such as plasticizers and solvents, 
are released from the wound. A considerable proportion of the 
injected pigments are also lost during the healing process, as 
they are introduced into the epidermis instead of the dermis 
and are therefore shed during the skin’s regeneration process 
within the first two to three weeks after the tattoo. From this 
point of view, tattooing pig ears to obtain skin biopsies can only 
be an approximation of the reality of tattoos in human skin. At 
the same time, the fact that the removal of formulation compo-
nents by wound or lymphatic fluid has come to a standstill may 
also make it possible to improve the measurability and thus the 
risk assessment of these volatile product components.

Summary  

Gematria Test Lab GmbH has examined tattoo inks using ESR 
spectroscopy methods. Using the in-vitro method, products 
with increased UV-induced radical development could be iden-
tified, which represents a potential health risk. The ex-vivo in-
vestigations were carried out on skin biopsies. For this purpose, 
a pig’s ear was damaged with a tattoo needle and selected 
tattoo colors were applied to other areas. The intrinsic anti-
oxidant power of the skin was already strongly reduced in the 
damaged skin, and this was further reduced with the applica-
tion of ink. When the skin is exposed to UV radiation, there 
is a significant reduction in UV-generated free radicals in skin 
tattooed with ink compared to untreated skin. Only the color 
turquoise – a product no longer approved in the EU – shows a 
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1. Introduction 

Sun care products use UV filters as their primary active in-
gredients, which are essential to provide adequate protection 
against harmful UV radiation. The efficacy of a filter system in 
a sunscreen product against erythema is estimated by mea-
suring the sun protection factor (SPF) of the product, which 
can be improved by incorporating specific additives such as 
particles that scatter UV light, film formers, or thickeners. 
These compounds act by means of different mechanisms im-
proving either the distribution of the sunscreen product on 
the skin or optimizing the filter system’s contribution.

Research has shown that the inclusion of film formers can 
enhance the effectiveness of sunscreens. They are known for 
their ability to create a uniform, flexible layer of the sunscreen 
product on the skin. This helps to hold active UV filters in 
place. Film formers are added to enhance the product’s water 
resistance, durability, and longevity, which is especially im-
portant for sunscreens that need to perform under diverse 
life-conditions, such as swimming, sweating, or prolonged 
outdoor exposure. Many conventional film formers exist and 
include synthetic polymers, such as Triacontanyl Polyvinylpyr-
rolidone (PVP) and Vinylpyrrolidone (VP)/Hexadecene Copoly-
meracrylates. These synthetic options are commonly used to 
form resilient films, but they are currently a matter of concern 
due to their synthetic origin.

To address this concern, there is a push to develop new film 
formers derived from renewable resources that can provide a 
similar level of performance with regard to water resistance 
and durability without the drawbacks associated with envi-
ronmental concerns. This will therefore appeal to eco-con-

scious consumers and help brands to comply with evolving 
microplastic regulations.

Finally, the incorporation of thickeners can help to increase the 
strength of the sunscreen film. Sohn et al. [1] found that the 
viscosity impacted the film thickness distribution of a different 
vehicle, which directly influenced the measured sunscreen ef-
ficacy. This suggests that a thicker sunscreen formulation may 
provide a more uniform film layer and, subsequently, better 
protection against UV radiation. Synthetic polymer thickeners, 
such as acrylates and carbomers, are widely used to improve 
the texture, stability, and spreadability of sunscreen products, 
as they help to achieve a smooth, uniform application, control 
viscosity, and enhance water resistance. However, they are 
typically not biodegradable and may be classified as micro-
plastics, once again raising environmental concerns similar to 
those associated with other synthetic polymers.

2.  Film-forming wax for optimized photoprotection 
and water resistance 

The need to replace synthetic polymers in sunscreen for-
mulations is urgent due to environmental objections and 
the growing demand for non-synthetic, eco-conscious and 
skin-friendly alternatives, especially for sensitive skin. There is 
an expectation from sunscreen manufacturers to receive ac-
cess to renewable-based alternatives to satisfy customer de-
mand. Alternatives are expected to provide the same desired 
texture and water resistance in sunscreens as their synthet-
ic and/or microplastic predecessors. However, some natural 
waxes can recrystallize unevenly during manufacturing or 
storage, affecting formulation stability and aesthetics. 
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as they help to achieve a smooth, uniform application, control 
viscosity, and enhance water resistance. However, they are 
typically not biodegradable and may be classified as micro-
plastics, once again raising environmental concerns similar to 
those associated with other synthetic polymers.
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The need to replace synthetic polymers in sunscreen for-
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the growing demand for non-synthetic, eco-conscious and 
skin-friendly alternatives, especially for sensitive skin. There is 
an expectation from sunscreen manufacturers to receive ac-
cess to renewable-based alternatives to satisfy customer de-
mand. Alternatives are expected to provide the same desired 
texture and water resistance in sunscreens as their synthet-
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A film-forming wax by BASF addresses these challenges.  
Cutina® Shine (INCI: Dicocoyl Pentaerythrityl Distearyl Citrate) 
has been identified as a promising solution for the optimi-
zation of photoprotection and water resistance. The wax is 
derived from sustainably sourced palm kernel oil (RSPO cer-
tified) and boasts a 75% renewable carbon content. It mani-
fests itself as slightly yellowish flakes with a melting range of  
45-50°C, which makes it easy to be melted in the oil phase of 
emulsion production.

3. Materials and methods  

A comparative analysis was conducted to evaluate the per-
formance of the wax Dicocoyl Pentaerythrityl Distearyl Citrate 
against synthetic water-resistant film formers such as Tria-
contanyl PVP and other natural wax alternatives, in particular 
carnauba wax, to assess its relative effectiveness. Beyond the 
overall performance of the sunscreen products, the analysis 
focused on evaluating compatibility with common sunscreen 
formulation ingredients and the effect on viscosity. 

The study involved testing several sunscreen formulations us-
ing different UV filter systems. The main UV filter system used 
in this study is based on a combination of photostable and ef-
ficient filters, including the UVB filter Ethylhexyl Triazone (EHT), 
the UVA filter Diethylamino Hydroxybenzoyl Hexyl Ben zoate 
(DHHB) and the broad-spectrum filter Bis-Ethylhexyloxyphe-
nol Methoxyphenyl Triazine (BEMT). SPF was assessed using 
the ISO24444 in vivo or an internal in vitro test method. In 
addition, the ratio of UVA protection factor (UVA-PF) to SPF 
was assessed to confirm compliance with the European Com-
mission’s recommendation to maintain a ratio of at least 1/3.

The water resistance (WR) of the formulations was assessed 
through in vivo testing according to ISO18861 and ISO16217 
in order to determine their durability under water immersion. 
Viscosity measurements were performed to assess the influ-
ence of different film formers on the viscosity properties of 
the formulation. Macroscopic and microscopic evaluations 
were also carried out to identify potential formulation issues, 

sun care

such as recrystallization or agglomeration, which could affect 
product stability and efficacy. The stability of the developed 
sunscreen formulations was monitored over a period of three 
months, with storage at three different temperatures: 40°C, 
25°C, and 4°C. These tests were designed to assess physical 
stability and to detect any changes in appearance, viscosity, 
or phase separation.

4. Results  

Compatibility in formulations
The compatibility tests of the different film formers that were 
investigated revealed significant differences between the al-
ternatives evaluated. Notably, carnauba wax was observed 
to potentially lead to formulation instability, as character-
ized by recrystallization and agglomeration. By contrast, the 
wax Dicocoyl Pentaerythrityl Distearyl Citrate demonstrated 
good compatibility within the tested formulation, as shown 
in  Figure 1.

The impact of Dicocoyl Pentaerythrityl Distearyl Citrate on the 
viscosity of the formulations was also analyzed and compared 
to Triacontanyl PVP. All waxes and film formers may impact 
the viscosity of sunscreen formulations. As shown in Figure 2, 

Fig. 1 Polarized light microscopic pictures. Left: sunscreen without film former. Centre: with carnauba wax. Right: with Dicocoyl Pentaerythrityl 
Distearyl Citrate (magnification x200).

Fig. 2 Impact on viscosity. The wax causes a lower increase than syn-
thetic WR film formers such as Triacontanyl PVP.
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the impact of Dicocoyl Pentaeryth-
rityl Distearyl Citrate on viscosity 
was less significant than that of the 
synthetic water-resistant film for-
mer Triacontanyl PVP. This indicates 
that Dicocoyl Pentaerythrityl Distea-
ryl Citrate causes a lower viscosity 
increase than synthetic WR film 
formers while maintaining desirable 
characteristics.

Performance enhancement 
The proposed formulations exempli-
fied the use of a photostable core 
filter system, additionally incorpo-
rating a water-soluble or water- 
dispersed particulate filter. The core 
filters used in these formulations 
included EHT, DHHB, and BEMT, es-
tablishing an efficient, photostable 
foundation for UV protection.

The first and second formulations 
(Table 1 and Table 2) also included the 
water-dispersed particulate Tris-Biphenyl 
Triazine (TBPT), a UVB-UVAII filter used 
where a high SPF and broad-spectrum 
protection are desired. 

In vivo SPF tests were performed in ac-
cordance with the ISO 24444:2019 stan-
dard protocol. The SPF of the placebo 
formulations was compared with the for-
mula containing Dicocoyl Pentaerythrityl 
Distearyl Citrate. The SPF measured for 
the placebo in Table 1 without the new 
wax was 33, whereas the SPF increased to 
46 with the enhanced formula containing 
Dicocoyl Pentaerythrityl Distearyl Citrate at 
3%. This reflected an approximate 40% 
increase in this sunscreen’s sun protection 
efficacy. 

The comparison of the formulations in 
Table 2 shows a significant increase not 
only in the in vivo SPF but also in the in 
vivo water resistance (WR) of the formu-
lation containing Dicocoyl Pentaerythrityl 
Distearyl Citrate versus the placebo. While 
the placebo formulation showed an SPF of 
37 and a WR of 27% (thereby failing to 
meet the WR claim), the formulation containing the new wax 
showed an SPF of 60 and a WR of 57%, which signifies an 
increase of more than 60% and 100%, respectively. By com-
parison, the SPF of the formulation containing the synthetic 
polymer was increased by only 20%.

In both cases, the addition of Dicocoyl Pentaerythrityl Distea-
ryl Citrate significantly increased the performance of the test-
ed sunscreens.

Table 1: Sunscreen formulation without and with 3% Dicocoyl Pentaerythrityl Distearyl Citrate. In 
vivo SPF values measured according to ISO24444:2019. 

Phase Ingredient INCI % (by weight)

A Emulgade Verde 10MS
Cetiol B
Cetiol Sensoft
Cetiol CC
Euxyl PE 9010
WR agent
Uvinul A Plus
Uvinul T 150
Tinosorb S

Polyglyceryl-10 Stearate
Dibutyl Adipate
Propylheptyl Caprylate
Dicaprylyl Carbonate
Phenoxyethanol and Ethylhexylglycerin

Diethylamino Hydroxybenzoyl Hexyl Benzoate (DHHB)
Ethylhexyl Triazone (EHT)
Bis-Ethylhexyloxyphenol Methoxyphenyl Triazine (BEMT)

2.00
10.00
5.00
5.00
1.00

Qs
6.00
3.00
2.50

B Water
Glycerin
Verdessence Xanthan

Aqua
Glycerin
Xanthan Gum
Lecithin

Qs
3.00
0.10
0.10

C Tinosorb A2B Tris-Biphenyl Triazine (nano), Aqua, Decyl Glucoside, Butylene 
Glycol, Disodium Phosphate, Xanthan Gum

4.00

Performance enhancer Formula # SPF in vivo

Placebo (no WR agent) UV-21-089-17-2 33

Placebo +
3% Dicocoyl Pentaerythrityl Distearyl Citrate (Cutina Shine)

UV-21-089-17-1 46

Table 2: Sunscreen formulations without and with 3% renewable Dicocoyl Pentaerythrityl 
Distearyl Citrate or synthetic Triacontanyl PVP. 

Phase Ingredient INCI % (by weight)

A Eumulgin Prisma
Cutina GMS-SE
Lanette O
Cetiol B
Eutanol G
Cetiol Sensoft
Cetiol CC
Cetiol OE
Euxyl PE 9010
WR agent
Verdessence Xanthan
Uvinul A Plus
Uvinul T 150
Tinosorb S

Disodium Cetearyl Sulfosuccinate 
Glyceryl Stearate SE
Cetearyl Alcohol
Dibutyl Adipate
Octydodecanol
Propylheptyl Caprylate
Dicaprylyl Carbonate
Dicaprylyl Ether
Phenoxyethanol and Ethylhexylglycerin

Xanthan Gum
Diethylamino Hydroxybenzoyl Hexyl Benzoate
Ethylhexyl Triazone
Bis-Ethylhexyloxyphenol Methoxyphenyl Triazine

0.20
2.00
1.50

12.00
3.00
2.00
5.00
2.00
1.00

Qs
0.50
6.00
3.00
2.00

B Water
Glycerin

Aqua
Glycerin

Qs
3.00

C Eusolex 232
Water
Tris Amino Ultra PC

Phenylbenzimidazole Sulfonic Acid
Aqua
Tromethamine

0.70
Qs
Qs

D Tinosorb A2B Tris-Biphenyl Triazine (nano), Aqua, Decyl Glucoside, 
Butylene Glycol, Disodium Phosphate, Xanthan Gum

4.00

Performance enhancer Formula # SPF in vivo WR in vivo

Placebo UV-21-089-11-12 37 27%

+3% Dicocoyl Pentaerythrityl Distearyl 
Citrate (Cutina Shine)

UV-21-089-11-10 60 57%

+3% Triacontanyl PVP (Benchmark) UV-21-089-11-11 44 61%
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In addition to the typical oil-soluble filters (core filter system), 
the tested sunscreen formulations successfully incorporated 
water-soluble filters or a particulate filter, demonstrating the 
versatility of the wax to be used and its effectiveness in com-
bination with all filter types. All tested formulations achieved 
a UVA protection factor to SPF ratio of at least 1/3, thus en-
suring compliance with the recommended European Com-
mission guideline on UVA protection.

The results of the study support the ongoing research and use 
of natural ingredients in the development of effective, stable 
sun care products in line with consumer preferences for sus-
tainable solutions.

References:
[1] Sohn et al. Film thickness frequency distribution of different vehicles determines 

sunscreen efficacy. JBO (2014).

5. Conclusion 

Improving the performance of sunscreen products requires a 
multifaceted approach involving innovative ingredients and 
formulation strategies. The exploration of alternatives to syn-
thetic polymers, along with the use of advanced film formers 
and thickeners, is critical to the development of effective and 
stable sun care products that provide optimal UV protection.

This study investigated the efficacy of a novel alternative to 
synthetic polymers in sunscreen formulations with Dicocoyl 
Pentaerythrityl Distearyl Citrate, which is traditionally used in 
hair care products. The results showed that the use of this 
film-forming wax, made from renewable-based sources, pro-
vides a significant SPF increase of 40 to 60% and improves 
water resistance through effective film forming, rendering it 
possible for non-water-resistant formulations to achieve the 
criterion of water resistance in Europe. In parallel to this, Di-
cocoyl Pentaerythrityl Distearyl Citrate does not affect the ap-
pearance of formulations or leave a shiny, waxy effect on the 
skin; this is comparable to the placebo formulations.

This dual functionality makes the product particularly appeal-
ing for formulators seeking to create multifunctional suncare 
products that not only protect the skin but also provide added 
benefits. At the same time, avoiding the potential drawbacks 
associated with synthetic alternatives is a significant advan-
tage.
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Issues of UV-Filters in Cosmetics Products

Solar exposure has multiple advantages, such as vitamin D syn-
thesis and enhanced mental health [1–3]. However, excessive 
exposure without protection can result in dermatological con-
ditions like sunburn, photoaging, and potentially, carcinogen-
esis [2].

In recent years, the safety of multiple organic UV filters [4-6] has 
been called into question. Investigations have uncovered alter-
ations in human reproductive anatomy and detrimental ecologi-
cal and health effects [7-12]. Inorganic filters like Zinc Oxide and 
Titanium Dioxide are generally recognized as safe and effective 
(GRASE) by the FDA [13]. Nevertheless, these mineral-based fil-
ters present formulation challenges, potential aesthetic draw-
backs in non-nanoparticulate forms, and ecological concerns at 
the nanoscale, particularly impacting marine ecosystems [14].

Innovation in this domain remains difficult due to high regu-
latory barriers as shown by the FDA’s approval of merely three 
new filters since 1978 [15]. Therefore, to mitigate the limita-
tions of UV filters, SPF boosters are employed to increase UV 
filter efficiency, enabling a reduction in their concentration 
while maintaining or boosting SPF values. 

Synthetic and Bio-Based SPF Boosters

The first SPF Boosters were developed for film formation and 
stabilizing UV filters, thereby increasing SPF efficacy [15]. Cur-
rent trends favor SPF boosters from natural sources [16] such 
as grape seed extract, jasmine, hibiscus, desert rose, propolis, 
aloe vera, yellow milfoil, and vetty fruit [6, 17]. However, the 
production of bio-based SPF boosters often necessitates exten-

sive cultivation and energy-intensive extraction methods, ad-
versely affecting sustainability and cost-effectiveness [18]. For 
a bio-based cosmetic ingredient to be genuinely sustainable, 
it should be abundantly available and exhibit properties highly 
relevant to the cosmetics sector.

Lignin – A Multifunctional SPF Boosting  

Derived from the Latin term “lignum” meaning “wood,” Lig-
nin is a highly diverse polyphenol [20] and a key structural 
component of terrestrial plants and algae. Lignin, the second 
most prevalent renewable biopolymer, is found in wood and 
woody plants and makes up 18-35% of plant biomass [20]. 
Lignin functions as a UV shield, a free radical scavenger, and 
reinforces secondary cell walls in plants.

With the rising demand for bio-based ingredients and the 
strategic importance of bio-based industries, new-generation 
biorefineries are becoming operational globally [23]. Unlike in 
traditional pulp mills, they do not burn lignin for energy but 
use modern processes that yield lignin in a near-native form 
without sulfur contamination, strong odors, or dark colors [18, 
21,22]. These new extraction methods also preserve lignin’s in-
herent functions, such as UV protection and antioxidative po-
tential important for high-value applications [19].

However, even with advanced extraction techniques, raw or 
bulk Lignin is not suitable for use in cosmetic formulations [24] 
because it is often characterized by particle sizes exceeding  
10 µm, irregular shapes, wide molecular weight distribution, 
and heterogeneous molecular structure [25,26]. Therefore, re-
fining bulk Lignin is essential for its application in cosmetics.

Unlocking the Power of Lignin for Cosmetic Applications

To optimize the utility and effectiveness of regular lignin particles, 
they can be transformed into Colloidal Lignin Particles (CLPs), 
characterized by uniform, spherical shapes, a narrow molecular 
weight range, and particle sizes less than 1 µm. These modifi-
cations enhance processability, dispersibility, performance, and 
uniformity, rendering them suitable for cosmetic formulations. 
Scanning electron microscopy (SEM) images of bulk Lignin and 
CLPs demonstrate this transformation [27, 28] (Figure 1).
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Issues of UV-Filters in Cosmetics Products

Solar exposure has multiple advantages, such as vitamin D syn-
thesis and enhanced mental health [1–3]. However, excessive 
exposure without protection can result in dermatological con-
ditions like sunburn, photoaging, and potentially, carcinogen-
esis [2].
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been called into question. Investigations have uncovered alter-
ations in human reproductive anatomy and detrimental ecologi-
cal and health effects [7-12]. Inorganic filters like Zinc Oxide and 
Titanium Dioxide are generally recognized as safe and effective 
(GRASE) by the FDA [13]. Nevertheless, these mineral-based fil-
ters present formulation challenges, potential aesthetic draw-
backs in non-nanoparticulate forms, and ecological concerns at 
the nanoscale, particularly impacting marine ecosystems [14].
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sive cultivation and energy-intensive extraction methods, ad-
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a bio-based cosmetic ingredient to be genuinely sustainable, 
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Scanning electron microscopy (SEM) images of bulk Lignin and 
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Maintaining a stable colloidal system is crucial for ensuring uni-
form distribution of active particles. Precise particle sizing and 
purification in the production process result in stable aqueous 
suspensions of CLPs. Initial assessments evaluated the compat-
ibility of these suspensions with common sunscreen ingredi-
ents, identifying the viscosity and conductivity of the aqueous 
phase as critical performance parameters. Favorable conditions 
include low viscosity and minimal salt concentration for incor-
porating CLPs.

Utilizing this knowledge, sunscreen formulations were devel-
oped incorporating a variety of inorganic and organic UV filters 
in the oil phase and CLPs in the aqueous phase. Optical micros-
copy, centrifugal testing, and in-vitro SPF assessments (based on 
DIN EN ISO24443) were conducted to evaluate the formulations.

It was observed that formulations containing CLPs had small-
er oil droplets compared to control formulations without 
CLPs. Long-term stability and resistance to phase separation 
and creaming were confirmed through centrifugal (3000 g / 
20 min / 25°C) and thermal (40°C over 6 months) stability tests. 

Comparative studies of emulsions using 
bulk Lignin and CLPs reveal that CLPs sta-
bilize oil-in-water (o/w) emulsions, creat-
ing an evenly distributed particle network 
(Figure 1) compared to bulk Lignin.

Advantages of Colloidal Lignin  
Particles in Sun Care Products

CLPs exhibit several advantageous prop-
erties for cosmetic applications, particu-
larly in sun protection.

• Their small size and uniform distribution 
in sunscreen films enable enhanced re-
flection and scattering of sunlight [29].

• Their predominantly hydrophilic sur-
face properties (2) stabilize o/w emul-
sions by aligning at the oil-water interface, forming a robust 
droplet network.

• This leads to improved and uniform distribution of UV filters, 
thereby increasing their efficacy.

• Furthermore, their potent antioxidative properties stabilize 
UV filters and mitigate skin damage from UV exposure [30].

A comparative analysis between typical bulk lignin and CLPs 
manufactured by Lignovations was conducted. Lignovations 
used a patented physical process to create CLPs with diam-
eters ranging from 100-200 nm featuring high efficacy and 
enhanced dispersibility delivered in a stable water suspension 
(Figure 1).

Antioxidant Properties of Colloidal Lignin Particles

In addition to SPF Boosting, CLPs exhibit strong antioxidant ac-
tivity due to its molecular structure. The colloidal form of its 
relatively small particles makes it possible to reach high activity 
even if the Lignin is solid.  Lignin has demonstrated stronger 
antioxidant properties than common antioxidants like vitamin 
C and E. According to the ROS (Reactive Oxygen Species) meth-
od performed with human keratinocytes, CLPs show higher 
performance than vitamins C and E, which reduces oxidative 
stress by around 60% in similar concentrations (Figure  2). 
In contrast, CLPs demonstrate a 84% reduction of oxidative 
stress when used at a 2% active concentration, as measured 
by Dermatest GmbH.

The Importance of a Stable Colloidal System

To validate the SPF boosting potential of CLPs, an empirical 
methodology was adopted to determine the optimal formula-
tion route for integrating aqueous CLPs into oil-in-water (o/w) 
cosmetic products. 

sun care

Fig. 1 left: SEM picture of bulk lignin and microscope picture of corresponding o/w emulsion 
with MCT oil; right: SEM picture of CLPs and microscope picture of corresponding o/w emul-
sion with MCT oil.

Fig. 2 Antioxidant potential measured by Dermatest GmbH at 2% ac-
tive concentration (ROS-Method using primary human keratinocytes)
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This stability is attributed to the robust 
droplet network established and main-
tained by the CLPs (Figure 3).

In-vivo SPF Efficacy  
of Colloidal Lignin Particles

The in-vitro evaluations of sunscreens 
indicated promising SPF enhancement 
capabilities of CLPs for both organic and 
mineral filters. Subsequently, four sun-
screen formulations with 2-3 wt% CLPs 
underwent in-vivo SPF testing to measure 
real-life SPF enhancement. These tests, 
conducted according to DIN EN ISO 24444 
at an external institute, revealed SPF 
boosts up to 50% or 22 SPF points com-
pared to control sunscreens (Figure  4). 

Conclusion

The collaboration of Lignovations GmbH 
and Vienna University of Technology (TU 
Wien) has showcased a groundbreak-
ing innovation in the field of cosmetics, 
showcasing the application of Colloidal 
Lignin Particles as effective SPF boosters 
and powerful antioxidants. As the cos-
metic industry faces challenges related 
to the environmental impact, health con-
cerns, and supply shortages associated 
with conventional UV filters, exploring 
sustainable alternatives is critical.

Lignin, derived from forestry and wood processing waste, 
emerges as a promising solution due to its abundance and 
the utilization of green chemistry techniques. The transforma-
tion of Lignin into CLPs overcomes inherent hurdles, such as 
heterogeneity, making it a viable option for cosmetic applica-
tions.

The demonstrated increase in SPF efficacy of CLPs, achieving 
a 50% or 22-point SPF boost, highlights their potential to 
improve both the effectiveness and sustainability of sun pro-
tection products. The successful demonstration of CLPs as SPF 
boosters not only marks a significant advancement in cosmetic 
technology but also aligns with the growing demand for sus-
tainable and eco-friendly beauty solutions. 

Based on the research, Lignovations has developed a commer-
cial CLP dispersion marketed as LignoGuard. This multifunc-
tional cosmetic ingredient is made from upcycled biomass 
and has received COSMOS and NaTrue approval. Samples are 
available from Lignovations, including sample formulations 

and best practices using CLPs in cosmetic products as well as 
extensive technical and regulatory documentation.

Visit www.lignovations.com to learn more about LignoGuard 
and explore sustainable solutions for your cosmetic formula-
tions.
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Fig. 5 Sample tinted sunscreen formulation with organic filters and SPF 50+. Detailed instructions and additional formulations are available from 
Lignovations.
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Sample Formulation 
Tinted Sunscreen with 
LignoGuard® SPF 50+   

Phase Ingredient INCI %wt 

W I Water deion Water 45.9 

Glycerin 3 

W II LignoGuard® Aqua 20 Water, Lignin (20% CLP), Pentylene Glycol 15 

W III Solagum Acacia Senegal Gum, Xanthan Gum 0.3 

Pentylene Glycol 3 

O I Tinosorb S Bis-Ethylhexyloxyphenol -Methoxyphenyl Triazine 5 

Cetiol B Dibutyl Adipate 5 

Cetiol AB C12-15 Alkyl Benzoate 6 

MCT Caprylic/Capric Triglyceride 2 

O II Montanov 202 Arachidyl Alcohol, Behenyl Alcohol, Arachidyl 
Glucosides 

3 

Cetearylalcohol 1 

Eumulgin SG Sodium Stearoyl Glutamate 0.8 

UV-Filter Tinosorb M Methylene Bis-Benzotriazolyl 
Tetramethylbutylphenol (nano) (and) Aqua (and) 
Decyl Glucoside (and) Propylene Glycol (and) 
Xanthan Gum 

10 

W = water phase, O = oil phase 

Procedure – Combined Hot/Cold Process 
1. Mix Phase O I and heat up to 80 °C, stir for 15 min (Beaker A).

2. Add Phase O II to Phase O I (Beaker A) and heat it up to 80 °C stir for 5-10 min

3. Heat Phase W I to 60 °C (Beaker B)

4. Add Phase W II (LignoGuard®) into Phase W I (Beaker B) homogenize at 10,000 rpm (30 s)

5. Add Oil Phase (Beaker A) into the Water Phase (Beaker B) and homogenize at 10,000 rpm (~3 min)

6. Add UV-Filter Phase and homogenize well for another 2 min

7. After that add Phase W III into the formula and homogenize at 10,000  rpm (~1 min)

8. Cool down under low stirring

Please refer to the LignoGuard® Technical Data Sheet for extensive information on formulation and 
ingredient compatibility. 
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1. Introduction

Addressing global warming requires action on CO2 emissions. 
Consumers are demanding low carbon products without com-
promising performance or other sustainability metrics. Today’s 
technologies are based primarily on fossil fuels which contrib-
ute to a linear carbon economy and have high carbon foot-
prints. Another alternative to virgin fossil feedstocks is either 
bioethanol or bio-surfactants. Bioethanol is produced today 
from agricultural feedstock such as sugarcane, corn, sugar 
beet and other bio-feedstocks that are renewable, yet energy, 
carbon, land and water-intensive to produce. Bio feedstocks 
also often compete with uses for food for people or livestock. 
Bio-surfactants (e.g. alkyl polyglucoside or glycol lipides) are 
more expensive to produce and have poorer cleaning perfor-
mance. This leaves consumers with the dilemma to either im-
pact land and food chain or to compromise on performance. 

As the largest US materials science company, Dow is unique-
ly positioned to reduce the carbon footprint of materials by 
strategic choices of feedstocks and energy sources. 

LanzaTech, the carbon recycling company transforming waste 
carbon into sustainable raw materials, has partnered with 
Dow, to introduce a new biodegradable surfactant to the 
home care market. The process LanzaTech is using to create 
ethanol from captured carbon cuts the GHG emissions from 
this process by 82% compared to the traditional fossil-fuel 
process, according to a LanzaTech study. This results in a high 
performing surfactant with an improved sustainability profile. 
Dow’s surfactant, EcoSense™ 2470, is made using  

LanzaTech’s recycled carbon technology and ensures imme-
diate market entry, while maintaining high-performance 
standards and advancing sustainability with recycled carbon 
materials. Surfactants are a critical ingredient for creating the 
foam and cleaning action of many household cleaning and 
laundry products. 

LanzaTech’s bio recycling technology works like a brewery: 
proprietary bacteria consume carbon-rich pollution from in-
dustrial facilities, such as steel mills, and convert it into Car-
bonSmart™ chemicals, such as ethanol. This ethanol can be 
converted into ethylene oxide, and subsequently used to pro-
duce surfactants. 

The novelty of recycled carbon surfactants compared to 
bio-surfactants lies in the unique process in which it is made 
from waste industrial gas emissions. Due to their amphiphilic 
character, they can adopt various molecular assemblies when 
dispersed in water, such as bilayer, vesicles, or micelles, which 
give them unique interfacial properties and render them very 
attractive in terms of foam, cleaning, or emulsion stabiliza-
tion. The surface tension-lowering capacity was studied in a 
water–air interface. The minimum surface tension and criti-
cal micelle concentration were determined.  Recycled carbon 
surfactants can offer a valuable platform for tuning interfacial 
properties to optimize surfactant performance. 

In addition to this amphiphilic character, recycled carbon sur-
factants enable good primary cleaning at low temperatures, 
thus further reducing the in-use carbon footprint during 
wash. This recycled carbon-based surfactant, marketed by 

C leaning is a weekly or even daily household chore for many consumers globally. It is bound to rank low on most people’s list 
of great leisure-time activities. Transforming cleaning into an experience while offering sustainable technologies is nowadays 

a differentiating factor that triggers consumers’ purchasing intent. Household care consumers’ demand for safer, non-toxic, 
bio-sourced, and sustainable products is increasing. This growing interest is coupled with stringent ecolabel schemes promoting 
more sustainable solutions. These trends have led to increased interest in recycled carbon surfactants, based on recycled carbon 
having targeted performance.
Surfactants are a critical ingredient of many household cleaning and laundry products. The new process now allows surfactants 
to be made using recycled carbon. Recycled carbon is a key form of renewable carbon and is essential to eliminating the use 
of fossil fuels. Dow is expanding its portfolio of sustainable surfactants by adding recycled carbon technology to help brand 
owners meet the sustainability and performance goals for their formulations. In addition to this recycled carbon surfactants also 
enables good primary cleaning at low temperatures which further reduces the in-use carbon footprint during wash.

abstract

Defining Future of Cleaning in Home Care   
– New Surfactants Enabling Lower Carbon Footprint of Cleaning Products 
S. Nad, S. Creutz, C. Simon, F. Vandemeulebroucke 
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DOW as EcoSense™ 2470, has versatile properties suitable 
for diverse home care applications. 

A brief outline of the process of Carbon capture utilized for 
making EcoSense™ 2470 surfactant is highlighted in Figure 1. 

Surfactants are the critical ingredient for creating foam and 
cleaning action in cleaners. The collaboration started with the 
team deciding to join forces to introduce a non-ionic surfac-
tant with low temperature cleaning as the target. LanzaTech’s 
carbon recycling process captures carbon emissions & con-
verts them to ethanol through gas fermentation. That ethanol 
is then dehydrated to ethylene, which is converted to eth-
ylene oxide, which is then ethoxylated to make EcoSense™ 
2470 surfactant. 

The process of gas fermentation comprises providing a gas-
eous substrate comprising CO, H2 and CO2 to a bacterial 
culture in a liquid nutrient medium 
and fermenting. Underlying the Eco-
Sense™ 2470 surfactant is the right 
carbon chain length for the hydro-
phobe and the right level of ethoxyl-
ation.  Basically, optimizing the mo-
lecular structure of EcoSense™ 2470 
to achieve the specific cleaning task of 
cold water washing through a deep 
understanding of structure-property 
relationships.  The goal is to achieve 
the optimal hydrophilic lipophilic bal-
ance which translates to being very 
interfacially active, which in turn leads 
to the lowering of surface tension and 
lowering of the oil-water interfacial 

tension, which facilitate removal of soils/stains from fabric 
surfaces.

Ecosense™ 2470 is a truly interdisciplinary effort, combining 
the traditional disciplines of chemical synthesis at scale such 
as process engineering, chemical engineering and thermoca-
talysis with gas fermentation. LanzaTech’s technology oper-
ates in a truly continuous manner & accepts simple one-car-
bon inputs to produce more complex hydrocarbons. At the 
same time, LanzaTech’s technology leverages the flexibility & 
specificity of biology, being able to process compositionally 
chaotic inputs that thermocatalytic processes cannot handle 
and produce an array of molecules with high specificity. Arti-
ficial intelligence helps optimize.

Figure 2 depicts the scenario for the future global demand 
for embedded carbon for chemicals and derived materials in 
2050.

Fig. 1 Carbon capture process for making EcoSense™ 2470 Surfactant
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Figure 1: Carbon capture process for making EcoSenseTM 2470 Surfactant 
 

Surfactants are the critical ingredient for creating foam and cleaning action in cleaners. 
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Underlying the EcoSenseTM 2470 surfactant is the right carbon chain length for the 
hydrophobe and the right level of ethoxylation.  Basically, optimizing the molecular 
structure of EcoSense™ 2470 to achieve the specific cleaning task of cold water washing 
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active, which in turn leads to the lowering of surface tension and lowering of the oil-water 
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2. Materials and Methods 
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In this study EcoSenseTM 2470 surfactant was evaluated as a surfactant in Heavy Duty 
Liquid laundry, Unit dose formulation and Hard surface care formulations. 

The formulations with EcoSenseTM 2470 surfactant were compared under identical test 
conditions and compared with fossil based non-ionic surfactants, Bio-based surfactants 
and Bio-surfactants. The following design of experiment was proposed in each case 
across different formats. Formulation was processed in the lab using a variable speed 
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factants enable good primary cleaning at low temperatures, 
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2. Materials and Methods

Subject and study design
In this study EcoSense™ 2470 surfactant was 
evaluated as a surfactant in Heavy Duty Liquid 
laundry, Unit dose formulation and Hard sur-
face care formulations. The formulations with 
EcoSense™ 2470 surfactant were compared 
under identical test conditions and compared 
with fossil based non-ionic surfactants, Bio-
based surfactants and Bio-surfactants. The 
following design of experiment was pro-
posed in each case across different formats. 
Formulation was processed in the lab using 
a variable speed overhead stirrer and the or-
der of ingredients were added as listed in the 
Formulation 1, 2, 3 and 4.

The test protocol for assessment is as follows:
• Washing machine Miele W1614
• Program Cotton (40°C), 1000rpm
• Hardness water : 14 °dH
• Ballast load : terry towels/ bed sheet/ 
• huckaback towels 
• Soil : 4 * SBL-2004
• 1 Stains monitor with different types of 

stains

The hard surface care assessment was con-
ducted using the following test methods:

Testing conditions:
• IKW test method
• 0.20g Fat Dust Soil / tile (white / ceramic / 

245*100 mm)
• TQC-Sheen 

Table 1 Formulation design of Liquid Laundry

Ingredients % weight

DI water 34.54 41.54 41.35 41.3 43.67 43.03
Stepanol WA Extra E 25 25 25 25 25 25
Texapon N70 12 12 12 12 12 12
Eltesol SC40 10 3 3 3 10 10
Synthetic Non-ionic surfactant 0 15 0 0 0 0
EcoSense™ 2470 Surfactant 15 0 0 0 0 0
APG 1 0 0 15 0 0 0
APG 2 0 0 0 15 0 0
Bio-surfactant 1 0 0 0 0 5 0
Bio-surfactant 2 0 0 0 0 0 5
Propylene glycol 1.6 1.6 1.6 1.6 1.6 1.6
Citric acid 50% solution 0 0 0.25 0.3 0 0
NaOH 10% solution 0.06 0.06 0 0 0.93 1.57
D-Sorbitol 0.5 0.5 0.5 0.5 0.5 0.5
Medley 100L 1.3 1.3 1.3 1.3 1.3 1.3
pH 7.5 7 7.2 7.8 7.1 7.1
Appearance Stable / 

Transparent
Stable / 

Transparent
Stable / 

Transparent
Stable /  

Transparent
Stable / Yellow / 

Transparent
Stable / Yellow / 

Transparent

Table 3 Formulation design of Hard Surface care formulations

Ingredients
Formulation

1 2 3 4
% by wt % by wt % by wt % by wt

Non-ionic surfactant (Synthetic) 1.75 0 0 0
EcoSense™ 2470 Surfactant 0 1.75 0 0
Bio-surfactants 1 0 0 0.6 0
Bio-surfactants 2 0 0 0 0.6
Hexyl Cellosolve 1.35 1.35 1.35 1.35
TIPA LFG85 1.325 1.325 1.325 1.325
DOWANOL™ EPH 0.25 0.25 0.25 0.25
Kool & Fresh perfume 0.15 0.15 0.15 0.15
DI water 95.175 95.175 96.325 96.325
pH 9.30 9.30 9.50 9.40
Appearance Clear Clear Not stable Not stable

Table 2 Formulation design of Unit dose

Ingredients

Dow Unit Dose with 
synthetic surfactant

Dow Unit dose with 
EcoSense™ 2470

% by wt. % by wt.

Propylene glycol 15.64 15.64
LAS (95% active) 52.67 52.67
Tinopal CBSX 0.11 0.11
Synthetic Non-Ionic surfactant 12.98 0
EcoSense™ 2470 Surfactant 0 12.98
MEA 11.04 11.04
Hexyl Cellosolve 3.62 3.62
Dowsil AF-8017 0.34 0.34
Glycerin 0.28 0.28
Preferenz P300 1.33 1.33
PreferenzS210 0.26 0.26
Preferenz M100 0.26 0.26
Revitalenz 200 0.06 0.06
Powder dose 84 1.4 1.4
Total 99.99 99.99
Final pH of the prototypes: 9,30 9,40
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Fig. 3 Comparison of EcoSense™ 2470 surfactant with equivalent fossil based non-ionic surfactant.
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Figure 3: Comparison of EcoSenseTM 2470 surfactant with equivalent fossil based non-ionic 
surfactant

Fig. 4 Comparison of EcoSense™ 2470 surfactant with bio-surfactant.

General Business

Figure 4: Comparison of EcoSenseTM 2470 surfactant with bio-surfactant                

                                                               
                                                                             

 

 

  

  

  

  

                
            

                 
           

             
    

                 
               

            
      

                  
  

                
  

                 
  

                 
     

               
                 

                                                 

                          

                             

                             

 
  

  
  

Fig. 5 Comparison of EcoSense™ 2470 surfactant with alkyl polyglucoside.
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Figure 5: Comparison of EcoSenseTM 2470 surfactant with alkyl polyglucoside                
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2. Materials and Methods

Subject and study design
In this study EcoSense™ 2470 surfactant was 
evaluated as a surfactant in Heavy Duty Liquid 
laundry, Unit dose formulation and Hard sur-
face care formulations. The formulations with 
EcoSense™ 2470 surfactant were compared 
under identical test conditions and compared 
with fossil based non-ionic surfactants, Bio-
based surfactants and Bio-surfactants. The 
following design of experiment was pro-
posed in each case across different formats. 
Formulation was processed in the lab using 
a variable speed overhead stirrer and the or-
der of ingredients were added as listed in the 
Formulation 1, 2, 3 and 4.

The test protocol for assessment is as follows:
• Washing machine Miele W1614
• Program Cotton (40°C), 1000rpm
• Hardness water : 14 °dH
• Ballast load : terry towels/ bed sheet/ 
• huckaback towels 
• Soil : 4 * SBL-2004
• 1 Stains monitor with different types of 

stains

The hard surface care assessment was con-
ducted using the following test methods:

Testing conditions:
• IKW test method
• 0.20g Fat Dust Soil / tile (white / ceramic / 

245*100 mm)
• TQC-Sheen 

Table 1 Formulation design of Liquid Laundry

Ingredients % weight

DI water 34.54 41.54 41.35 41.3 43.67 43.03
Stepanol WA Extra E 25 25 25 25 25 25
Texapon N70 12 12 12 12 12 12
Eltesol SC40 10 3 3 3 10 10
Synthetic Non-ionic surfactant 0 15 0 0 0 0
EcoSense™ 2470 Surfactant 15 0 0 0 0 0
APG 1 0 0 15 0 0 0
APG 2 0 0 0 15 0 0
Bio-surfactant 1 0 0 0 0 5 0
Bio-surfactant 2 0 0 0 0 0 5
Propylene glycol 1.6 1.6 1.6 1.6 1.6 1.6
Citric acid 50% solution 0 0 0.25 0.3 0 0
NaOH 10% solution 0.06 0.06 0 0 0.93 1.57
D-Sorbitol 0.5 0.5 0.5 0.5 0.5 0.5
Medley 100L 1.3 1.3 1.3 1.3 1.3 1.3
pH 7.5 7 7.2 7.8 7.1 7.1
Appearance Stable / 

Transparent
Stable / 

Transparent
Stable / 

Transparent
Stable /  

Transparent
Stable / Yellow / 

Transparent
Stable / Yellow / 

Transparent
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% by wt % by wt % by wt % by wt
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Bio-surfactants 2 0 0 0 0.6
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TIPA LFG85 1.325 1.325 1.325 1.325
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Kool & Fresh perfume 0.15 0.15 0.15 0.15
DI water 95.175 95.175 96.325 96.325
pH 9.30 9.30 9.50 9.40
Appearance Clear Clear Not stable Not stable

Table 2 Formulation design of Unit dose

Ingredients

Dow Unit Dose with 
synthetic surfactant

Dow Unit dose with 
EcoSense™ 2470

% by wt. % by wt.

Propylene glycol 15.64 15.64
LAS (95% active) 52.67 52.67
Tinopal CBSX 0.11 0.11
Synthetic Non-Ionic surfactant 12.98 0
EcoSense™ 2470 Surfactant 0 12.98
MEA 11.04 11.04
Hexyl Cellosolve 3.62 3.62
Dowsil AF-8017 0.34 0.34
Glycerin 0.28 0.28
Preferenz P300 1.33 1.33
PreferenzS210 0.26 0.26
Preferenz M100 0.26 0.26
Revitalenz 200 0.06 0.06
Powder dose 84 1.4 1.4
Total 99.99 99.99
Final pH of the prototypes: 9,30 9,40
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magnitude of positive impact on the environment meaning-
ful.  A double win is when in low temperature laundry deter-
gents to also save energy. 

EcoSense™ 2470 not only supports global carbon manage-
ment efforts but also challenges the status quo by disrupting 
traditional virgin fossil-based supply chains. EcoSense™ 2470 
paved the way for other materials.  Brand owners benefit 
from new label claims and new product offerings. Consumers 
feel good about their choices and are empowered to force 
change by purchasing products with a lower carbon foot-
print. The sustainability goals of all companies in the value 
chain are accelerated. CO2 to chemicals is expected to rep-
resent 25% of the feedstock for the chemical sector, which 
will be a major disruption for the chemicals industry. Many 
technical routes are under exploration, but this one is the first 
(and only one) at scale.

sustainability

Figure 7 shows the plot of Delta E (Y-Axis) as a function of 
different soils and stains (X-axis). Delta E is a parameter which 
measures stain removal. Higher the Delta E better is the pri-
mary cleaning. In this scenario, a Dow Model formulation 
containing EcoSense™ 2470 surfactant is being compared 
with a leading market benchmark from Belgium. We clearly 
see the impact of low temperature cleaning with EcoSense™ 
2470 surfactant.

Figure 8 shows the impact of EcoSense™ 2470 Surfactant 
in terms of tough soil removal. In this scenario, there are 4 
Dow Model formulation. The formulation 1 contains the fossil 
based non-ionic surfactant, the formulation 2 contains Eco-
Sense™ 2470 surfactant and the formulation 3 and 4 con-
tains two different bio-surfactants. Clearly, EcoSense™ 2470 
surfactant provides superior cleaning performance v/s the 
bio-surfactants and parity.

4. Conclusion  

Cleaning products is a foundational platform to drive change 
from nearly every household or business consumer by raising 
awareness of lower-carbon options & offering cost-compet-
itive, high-performing, everyday products. The large market 
size of cleaners incentivizes companies to respond and the 
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Appendix

Video links highlighting the LanzaTech process

Where does your carbon come from?
https://www.youtube.com/watch?v=kQq219XwVMU

The LanzaTech Process:
https://www.youtube.com/watch?v=k3WLwKrEu7c&t=6s
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and stains (X-axis). Delta E is a parameter which measures 
stain removal. Higher the Delta E better is the primary clean-
ing. In this scenario, the EcoSense™ 2470 surfactant is being 
compared with an equivalent fossil-based surfactant in a unit 
dose formulation. Parity performance is observed with Eco-
Sense™ 2470 surfactant.

sustainability

3. Results & Discussions

Figure 3 shows the plot of Delta E (Y-Axis) as a function 
of different soils and stains (X-axis). Delta E is a parameter 
which measures stain removal. Higher the Delta E better is 
the primary cleaning. In this scenario, the EcoSense™ 2470 
surfactant is being compared with an 
equivalent fossil-based surfactant in a 
liquid laundry formulation. Parity per-
formance is observed. 

Figure 4 shows the plot of Delta E 
(Y-Axis) as a function of different soils 
and stains (X-axis). Delta E is a param-
eter which measures stain removal. 
Higher the Delta E better is the pri-
mary cleaning. In this scenario, the 
EcoSense™ 2470 surfactant is being 
compared with a bio-surfactant in a 
liquid laundry formulation. Superior 
performance is observed with Eco-
Sense™ 2470 surfactant.

Figure 5 shows the plot of Delta E 
(Y-Axis) as a function of different soils 
and stains (X-axis). Delta E is a param-
eter which measures stain removal. 
Higher the Delta E better is the pri-
mary cleaning. In this scenario, the 
EcoSense™ 2470 surfactant is being 
compared with alkyl polyglucoside in 
a liquid laundry formulation. Superior 
performance is observed with Eco-
Sense™ 2470 surfactant. 

Figure 6 shows the plot of Delta E 
(Y-Axis) as a function of different soils 

Fig.6 Comparison of EcoSense™ 2470 surfactant with equivalent fossil based non-ionic surfactant in a unit dose formulation.

General Business

Figure 6: Comparison of EcoSenseTM 2470 surfactant with equivalent fossil based non-ionic 
surfactant in a unit dose formulation

                

                                                
                                                                

 
  
  
  

 

  

  

  

  

  

  
                              

                                       

                                           

Fig. 7 Impact of low temperature cleaning with EcoSense™ 2470 surfactant.
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Fig. 8 Hard Surface cleaning performance.
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Figure 8: Hard Surface cleaning performance
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magnitude of positive impact on the environment meaning-
ful.  A double win is when in low temperature laundry deter-
gents to also save energy. 

EcoSense™ 2470 not only supports global carbon manage-
ment efforts but also challenges the status quo by disrupting 
traditional virgin fossil-based supply chains. EcoSense™ 2470 
paved the way for other materials.  Brand owners benefit 
from new label claims and new product offerings. Consumers 
feel good about their choices and are empowered to force 
change by purchasing products with a lower carbon foot-
print. The sustainability goals of all companies in the value 
chain are accelerated. CO2 to chemicals is expected to rep-
resent 25% of the feedstock for the chemical sector, which 
will be a major disruption for the chemicals industry. Many 
technical routes are under exploration, but this one is the first 
(and only one) at scale.

sustainability

Figure 7 shows the plot of Delta E (Y-Axis) as a function of 
different soils and stains (X-axis). Delta E is a parameter which 
measures stain removal. Higher the Delta E better is the pri-
mary cleaning. In this scenario, a Dow Model formulation 
containing EcoSense™ 2470 surfactant is being compared 
with a leading market benchmark from Belgium. We clearly 
see the impact of low temperature cleaning with EcoSense™ 
2470 surfactant.

Figure 8 shows the impact of EcoSense™ 2470 Surfactant 
in terms of tough soil removal. In this scenario, there are 4 
Dow Model formulation. The formulation 1 contains the fossil 
based non-ionic surfactant, the formulation 2 contains Eco-
Sense™ 2470 surfactant and the formulation 3 and 4 con-
tains two different bio-surfactants. Clearly, EcoSense™ 2470 
surfactant provides superior cleaning performance v/s the 
bio-surfactants and parity.

4. Conclusion  

Cleaning products is a foundational platform to drive change 
from nearly every household or business consumer by raising 
awareness of lower-carbon options & offering cost-compet-
itive, high-performing, everyday products. The large market 
size of cleaners incentivizes companies to respond and the 
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and stains (X-axis). Delta E is a parameter which measures 
stain removal. Higher the Delta E better is the primary clean-
ing. In this scenario, the EcoSense™ 2470 surfactant is being 
compared with an equivalent fossil-based surfactant in a unit 
dose formulation. Parity performance is observed with Eco-
Sense™ 2470 surfactant.

sustainability

3. Results & Discussions

Figure 3 shows the plot of Delta E (Y-Axis) as a function 
of different soils and stains (X-axis). Delta E is a parameter 
which measures stain removal. Higher the Delta E better is 
the primary cleaning. In this scenario, the EcoSense™ 2470 
surfactant is being compared with an 
equivalent fossil-based surfactant in a 
liquid laundry formulation. Parity per-
formance is observed. 

Figure 4 shows the plot of Delta E 
(Y-Axis) as a function of different soils 
and stains (X-axis). Delta E is a param-
eter which measures stain removal. 
Higher the Delta E better is the pri-
mary cleaning. In this scenario, the 
EcoSense™ 2470 surfactant is being 
compared with a bio-surfactant in a 
liquid laundry formulation. Superior 
performance is observed with Eco-
Sense™ 2470 surfactant.

Figure 5 shows the plot of Delta E 
(Y-Axis) as a function of different soils 
and stains (X-axis). Delta E is a param-
eter which measures stain removal. 
Higher the Delta E better is the pri-
mary cleaning. In this scenario, the 
EcoSense™ 2470 surfactant is being 
compared with alkyl polyglucoside in 
a liquid laundry formulation. Superior 
performance is observed with Eco-
Sense™ 2470 surfactant. 

Figure 6 shows the plot of Delta E 
(Y-Axis) as a function of different soils 

Fig.6 Comparison of EcoSense™ 2470 surfactant with equivalent fossil based non-ionic surfactant in a unit dose formulation.
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Figure 6: Comparison of EcoSenseTM 2470 surfactant with equivalent fossil based non-ionic 
surfactant in a unit dose formulation

                

                                                
                                                                

 
  
  
  

 

  

  

  

  

  

  
                              

                                       

                                           

Fig. 7 Impact of low temperature cleaning with EcoSense™ 2470 surfactant.
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Fig. 8 Hard Surface cleaning performance.
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