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Cashew Nut Shell Liquid (CNSL) is a promising non-edible renewable resource, directly extracted from the shell of the
cashew nut. The interesting structure of CNSL and its components (cardanol, anacardic acid and cardol) lead to the
synthesis of biobased surfactants.
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| 1. Introduction

Numerous studies are bringing to light the possible toxicity of currently widely used products such as pesticides &, and
additives B4, This has the effect of accelerating the search for alternatives that are as safe as possible for human
beings and the planet on which human live. It is in this momentum that sustainable and green chemistry is emerging and
defined B, The aim and the definition of sustainability are to reconcile economic, environmental, and social dimensions
with the aid of the 3Ps: People, Planet, and Profit, around the same objective, and to ensure its continuity over time [zlel.

In these times, when components and additives are deeply studied, scrutinized, and criticized, surfactants are crystallizing
a certain focus for consumer interest. Present in the shampoos, detergents, household products, cosmetics, and also in
the world of construction and materials, their omnipresence and their possible impact are worrying. Their proximity to
human body, the food, and the water people consume make surfactants a potential source of pollution and danger for

humans, but also for rivers, oceans, sea life, wildlife, and flora on which people depend, and for which people are
responsible [,

Many bioresources such as sugar 12131 yegetable oil 2413 or lignin 28 have been already used to synthesize and
produce efficient surfactants. Some of them such as Alkyl PolyGlycoside (APG), or glycerol esters are already
commercially available. However, vegetable oil and sugar are feedstock and compete with animal and human
alimentation. Moreover, the actual production of beetroot for sugar induces the use of neonicotinoid, poison for bees, and
other important insect pollinizers L8l |n addition, a so-called green or sustainable surfactant is, of course, a biobased
molecule. However, the term “green” is not limited to the source of this raw material. It is good to remember that “bio-
based” or “natural” does not equal “non-hazardous” or “non-toxic”. “Green” also relates to the manufacturing process, the
low degree of dangers or toxicity of both reagents and final product, and the end of life of the product [,

CNSL (Cashew NutShell Liquid) is a versatile abundant bioresource already used to synthesize surfactants. Even now,
CNSL is absent or barely mentioned in specialized reviews or chapters talking about synthetic biobased surfactant 1229
(211 A ot of work on this raw material has been undertaken in this field since the last, and only a brief, review focused on
CNSL 22, Given the growing interest in this resource over the past decade, it seems relevant to summarize the work
carried out.

| 2. Cashew NutShell Liquid

Cashew NutShell Liquid (CNSL) is an oil extracted from a by-product of cashew cultivation, currently considered as waste:
its shell. Inedible, and not competing with food production, the tonnages of the nutshells are closely linked to that of the
edible cashew kernels already produced. The annual world production of cashew nut shells is estimated at around 3M
Tlyear and is located in geographical areas with a tropical climate such as South America (Brazil), Asia (India, Vietham,
etc.), and Africa (Céte d'lvoire, Benin, Burkina Faso, Tanzania, etc.) (231241 various extraction methods make it possible to
obtain CNSL (pyrolysis 22, solvent extraction (28], screw pressing 24, and supercritical CO, extraction [28128]) with mass
yields oscillating between 15 and 30%. When talking about CNSL, two different types of oils must be distinguished by
their composition: the CNSL says “natural” and the one called “technical” (Figure 1).
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Figure 1. Chemical structures and compositions of the natural and technical CNSL's molecules.

Natural CNSL is obtained under gentle or low-temperature extraction conditions. The oil obtained is mainly composed of
anacardic acid (60-70%), cardol (10—20%), and cardanol (<10%). Anacardic acid tends to decarboxylate into cardanol
around 140 °C B9, This decarboxylation can take place during extraction under heating or pressing conditions. It yields a
technical CNSL, mainly composed of cardanol (70-80%) and cardol (10-20%). In both CNSLs, there are also methyl
cardol (<3%) and traces of urushiol. Some extraction processes also tend to promote the formation of residol, a polymeric
residue from the polycondensation of CNSL phenolic compounds. It is possible to separate and purify the various
compounds of CNSL by precipitation B4, distillation 2], liquid/liquid extraction B3l or chromatographic column B4,

The three main compounds of CNSL, anacardic acid, cardol, and cardanol can be each found in four forms: saturated,
monoene, diene and triene. Unsaturated or mixed compounds are present in oil form, whereas hydrogenated compounds
are in the solid form.

| 3. Synthesis of CNSL-Based Surfactants
3.1. Introduction

Surfactants are amphiphilic molecules widely used in industry. The global surfactant market is estimated at $41.3 billion in
2019 3], Their peculiar structure, composed of both lipophilic and hydrophilic parts in the form of nano-domains (micelles,
etc.), to adsorb at interfaces where they reduce interfacial or surface tension. This property makes them very interesting
for a wide range of applications such as household detergents, personal care, industrial and institutional cleaners, food
and beverage, etc., 38,

3.2. Anionic Surfactants Based on CNSL

The CNSL-based anionic surfactants are divided into sulfonate and carboxylate compounds and are mainly based on
cardanol with rare examples on anacardic acid derivatives.

3.2.1. Carboxylated CNSL-Based Surfactants

Two routes have been investigated to synthesize this class of surfactants, either starting from a natural phenol bearing a
carboxylic acid (anacardic acid) or converting the natural phenol group into carboxylic acid by carboxymethylation.

The simplest carboxylated surfactants were the anarcardate salts resulting from the deprotonation of the acid group by
KOH (98% vyield) (Scheme 1). They were compared to 2-o-cardanyl acetate sodium salt, produced in a low yield (41%) by
carboxymethylation using Williamson reaction between the phenol unit of cardanol and sodium chloroacetate [BZI38],
Compared to the first natural one, this second surfactant was 85% biobased and uses an irritant and environmentally toxic
reactant. More recently benzoxazine surfactants were synthesized via a Mannich reaction using amino acids (glycine) and
cardanol 22,
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Scheme 1. Carboxylated CNSL-based surfactants.
3.2.2. Sulfonated CNSL-Based Surfactants

The most abundant anionic cardanol surfactants are the sulfonated ones with the polar head linked to the aromatic or at
the end of an aliphatic chain (with a molecular or polymeric spacer between the cycle and the ionic head).

Aromatic Sulfonated Surfactants

The most direct route to reach sulfonated cardanol surfactant was the sulfonation of the aromatic ring to afford a mixture
of two isomers in ortho and para position in 86% vyield with 80% biobased. (Scheme 2) [20[41][421143] |t a5 compared to
sodium n-alkylbenzenesulfonate as dodecylbenzene sulfonate (DDBS) 44! and diversified into calcium 2 and potassium
(48] salts. The phenol ring was also converted into an acrylate group to elaborate saturated cardanol surfmers using
acrylate chloride (87% yield) followed by sulfonation using chlorosulfonic acid (65% yield) ¥, An alternative was also
described with the addition of a spacer between the phenyl ring and the ionic group using 2-chloroethanol, reducing the
biobased content under 70% and using more toxic reactant for no real improvement.
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Scheme 2. Monosulfonated cardanol surfactants.

Gemini Aromatic Sulfonated Surfactants

Ester-linked anionic Gemini surfactants were investigated using various lengths of diacid chain (from 4 to 6 carbons) by
esterification of phenol followed by a regioselective sulfonation in the ortho position (Scheme 3) 411, Otherwise, ether-
linked anionic Gemini surfactants were studied after sulfonation of cardanol in presence of highly reactive oleum followed
by etherification with various toxic dichloroalkanes 8. Another pathway was the reaction of epoxidized cardanol with
various diamines producing a surfactant that was 50% biobased 44,
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Scheme 3. Gemini aromatic sulfonated surfactants.

3.3. Cationic Surfactants Based on CNSL
3.3.1. Ammonium Derivatives of Cardanol

Cashew nutshell liquid (CNSL) has been used for the first time to prepare quaternary ammonium salts with the aim of
obtaining water-soluble compounds with germicidal properties BY.

Several decades later, quaternary ammonium salts used as a phase transfer agent were prepared in five steps starting
from cardanol (Scheme 4).
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Scheme 4. Five steps synthesis of 3-methoxy-phenyl- N,N,N-trialkyl-1-N-octylammonium iodide surfactants from
cardanol.

3.3.2. Macromolecular Ammonium CNSL-Based Surfactants

Amphiphilic poly(ionic liquid)s C-29a and C-29-b (Scheme 5) were obtained from an acrylamide monomer bearing acid
sulfonic group, the 2-acrylamido-2-methyl-1-propane-sulfonic acid 4. In the two first steps, the phenol group of cardanol
was etherified with diethanolamine, ethanolamine, and tetraethylene glycol using a linking agent-based on bis(2-
chloroethyl)ether. Then, the amine group was quaternized by acid-base reaction with the monomer and the radical
polymerization was performed with 2,2'-azobis(2-methylpropionitrile) (AIBN) as initiator at 70 °C (C-29a). The surface
activity of the polymer was studied with the aim to use it as a demulsifier for crude oil-water emulsions. This study
reported the preparation of another amphiphilic poly(ionic liquid) bearing three hydrophilic chains (molecule C-29b not
described here).
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Scheme 5. Preparation of poly(ionic liquid)s based on cardanol and acrylamide monomer.
3.3.3. Pyridinium Derivatives of Cardanol

Two studies report a similar procedure for obtaining 62% biobased cationic surfactants by introducing the pyridinium
group to cardanol in two steps 22331 Firstly, cardanol was used for the nucleophilic substitution of an alkyl halide in the
presence of a base (K,COz or KOH). Further, the pyridinium salts were obtained after reaction with pyridine, not the
friendliest solvents (Scheme 6).
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Scheme 6. Synthesis of pyridinium salt from cardanol and hydrogenated cardanol.
3.4. Zwitterionic Surfactants Based on CNSL

Zwitterionic surfactants are organic compounds exhibiting an apolar aliphatic chain and a polar head group with a positive
and negative charge. This particularity provides them with very advantageous properties compared to conventional
cationic or anionic surfactants. Usually, zwitterionic surfactants possess valuable antibacterial and fungicidal activity
combined to good compatibility with a large range of surfactants. These salts are known for their robust structure, high
tolerance to salinity and temperature. Moreover, zwitterionic surfactants have low toxicity which makes them almost non-
irritating to the skin and eyes. Thus, these foaming agents can be used in mild shampoos and skin cleansers. Several
other interesting and complementary properties should also be noted: these zwitterions are classified as antistatic and
emulsifying agents with good dispersibility, wettability, and biocompatibility.

To date, very few examples have described zwitterionic surfactants derived from CNSL oil. All studies used cardanol as a
raw material with a cationic part resulting from a quaternized amine or introduced by a ring-opening. Concerning the
anionic part, a carboxylic or sulfonate anion was mainly used. To this end, phenol represents a very promising reactive
function for developing zwitterionic surfactants by simple etherification.

3.5. Nonionic Surfactants Based on CNSL

Nonionic surfactants are molecules that do not undergo ionization when being dissolved in water. They exhibit high
stability in solution, good solubility in both water and organic solvents, and excellent compatibility with other surfactants.
This section describes the different syntheses of nonionic surfactants based on CNSL. All these surfactants have a
hydrophilic part such as poly(ethylene oxide) or PEO, polyoxazoline, and/or sugar groups. According to the nature of the
polar head, nonionic surfactants can be partially or totally biobased.



| 4. Structure-Property Relationship for CNSL-Based Surfactants

Indeed, CNSL surfactants are characterized by a large structural diversity, whether in terms of the nature of the polar head
(anionic, cationic, zwitterionic, or nonionic) and/or the hydrophobic tail into the cardanol, cardol, or anacardic acid with the
presence of alkenes on the C;5 side chain combined with other hydrophilic/hydrophobic groups (alcohol, ether, amine,
etc.). For example, several publications reported the preparation of Gemini (or dimeric) surfactants, which are composed
of two polar heads and two hydrophobic tails, linked together by a spacer B4[55, Gemini surfactants are known to be
considerably more surface-active than conventional (single chain) surfactants.

Analyses of the structure-property relationship of CNSL surfactants were realized by comparing Critical Micelle
Concentration (CMC), surface tension at CMC (ycmc), and sometimes Krafft temperature (Ty) or Cloud Point (T¢) of some
CNSL-derivatives described in the synthesis section (cf. Figure 2, Figure 3, Figure 4 and Figure 5). Some trends related
to the polar head (nature of the hydrophilic group, length) or the alkyl chain (nature of the phenolic compound,
unsaturation) are considered here. However, one must bear in mind that experimental data about CNSL-based
surfactants are often lacking. For example, very few studies deal with Tx or T¢ of such molecules. As such, it can be
difficult to conclude about the influence of a structural parameter on the surfactant properties.
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| 5. Conclusions

CNSL is a generous raw material with high potential. Generating many synthons in the field of polymers and additives;
their application in the field of surfactants is no exception to the rule. From “A Brief Review of Cardanol-Based Surfactant”
by Yang et al. in 2014 22, the number of publications using one of the CNSL compounds for surfactant synthesis
increased significantly. Numerous patents attest to the enthusiasm and interest of industries on this bio-based solution. It
is also mainly patented from the Asian continent, which is very active in the production and valorization of these co-
products of the cashew industry.

Considering a little more closely, the nature of the surfactants obtained or their synthesis, it can be noticed that, for the
moment, it is far from an idyllic model. Even if the physicochemical properties (CMC, surface tension) of these surfactants
compete with the commercial products currently on sale and in the process of substitution, many of these surfactants are
biobased only from the hydrophobic part of their structure provided by the CNSL derivative. Indeed, except for some
nonionic structures, where the polar head is a derivative of sugar, most come from compounds that are petrochemicals
and/or use toxic/CMR reagents such as sultones or ethylene oxide.

CNSL is, therefore, a good track as synthons for the synthesis of effective surfactants. Much progress has been made
over the last 10 years and efforts must be maintained to synthesize and produce non-hazardous surfactants that are the
most biobased as possible. Synthesis routes still need to be optimized considering the fundamental principles of green
chemistry. The future of this resource will be shaped by simple, inexpensive, and virtuous chemistry, involving the use of
all CNSL compounds or even crude oil itself. CNSL provides the hydrophobic part of the surfactant, so it is necessary to
imagine, as it is already the case for some nonionic surfactants, the use of bio-based polar heads, which also meet the
criteria of non-toxicity. It is then able to think of sugars, glycerol already used but also some amines, amino acids, acids,
and diacids, etc.

References

1. Mesnage, R.; Séralini, G.-E. Editorial: Toxicity of Pesticides on Health and Environment. Front. Public Health 2018, 6.

2. Bolivar-Subirats, G.; Rivetti, C.; Cortina-Puig, M.; Barata, C.; Lacorte, S. Occurrence, toxicity and risk assessment of pl
astic additives in Besos river, Spain. Chemosphere 2021, 263, 128022.

3. Barali¢, K.; Buha Djordjevic, A.; Zivan&evi¢, K.; Antonijevi¢, E.; Andelkovié, M.; Javorac, D.; Cur&ié¢, M.; Bulat, Z.; Antonij
evi¢, B.; Buki¢-Cosié, D. Toxic Effects of the Mixture of Phthalates and Bisphenol A—Subacute Oral Toxicity Study in W



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

istar Rats. Int. J. Environ. Res. Public Health 2020, 17, 746.

. Naveira, C.; Rodrigues, N.; Santos, F.S.; Santos, L.N.; Neves, R.A.F. Acute toxicity of Bisphenol A (BPA) to tropical mar

ine and estuarine species from different trophic groups. Environ. Pollut. 2021, 268, 115911.

. Horvéth, I.T. Introduction: Sustainable Chemistry. Chem. Rev. 2018, 118, 369-371.
. Anastas, P.T.; Warner, J.C. Green chemistry. Frontiers 1998, 640, 1998.

. Brown, B.J.; Hanson, M.E.; Liverman, D.M.; Merideth, R.W. Global sustainability: Toward definition. Environ. Manag. 19

87,11, 713-719.

. Marion, P.; Bernela, B.; Piccirilli, A.; Estrine, B.; Patouillard, N.; Guilbot, J.; Jérbme, F. Sustainable chemistry: How to pr

oduce better and more from less? Green Chem. 2017, 19, 4973-4989.

. Lewis, M.A. Chronic and sublethal toxicities of surfactants to aquatic animals: A review and risk assessment. Water Re

s. 1991, 25, 101-113.

Drobeck, H. Current Topics on the Toxicity of Cationic Surfactants. In Cationic Surfactants; CRC Press: Boca Raton, F
L, USA, 1994; p. 34.

Attwood, D.; Florence, A.T. Aspects of surfactant toxicity. In Surfactant Systems: Their Chemistry, Pharmacy and Biolog
y; Attwood, D., Florence, A.T., Eds.; Springer: Dordrecht, The Netherlands, 1983; pp. 614—-697.

Stubenrauch, C. Sugar surfactants—Aggregation, interfacial, and adsorption phenomena. Curr. Opin. Colloid Interface
Sci. 2001, 6, 160-170.

Vafakish, B.; Wilson, L.D. A Review on Recent Progress of Glycan-Based Surfactant Micelles as Nanoreactor Systems
for Chemical Synthesis Applications. Polysaccharides 2021, 2, 12.

Valerio, O.; Misra, M.; Mohanty, A.K. Poly(glycerol-co-diacids) Polyesters: From Glycerol Biorefinery to Sustainable Eng
ineering Applications, A Review. ACS Sustain. Chem. Eng. 2018, 6, 5681-5693.

Sutter, M.; Silva, E.D.; Duguet, N.; Raoul, Y.; Métay, E.; Lemaire, M. Glycerol Ether Synthesis: A Bench Test for Green
Chemistry Concepts and Technologies. Chem. Rev. 2015, 115, 8609-8651.

Alwadani, N.; Fatehi, P. Synthetic and lignin-based surfactants: Challenges and opportunities. Carbon Resour. Conver
s. 2018, 1, 126-138.

Christen, V.; Mittner, F.; Fent, K. Molecular Effects of Neonicotinoids in Honey Bees (Apis mellifera). Environ. Sci. Tech
nol. 2016, 50, 4071-4081.

Woodcock, B.A.; Bullock, J.M.; Shore, R.F.; Heard, M.S.; Pereira, M.G.; Redhead, J.; Ridding, L.; Dean, H.; Sleep, D;
Henrys, P.; et al. Country-specific effects of neonicotinoid pesticides on honey bees and wild bees. Science 2017, 356,
1393-1395.

Wang, L.; Queneau, Y. Carbohydrate-Based Amphiphiles: Resource for Bio-based Surfactants. In Green Chemistry and
Chemical Engineering; Han, B., Wu, T., Eds.; Springer: New York, NY, USA, 2019; pp. 349-383.

Bhadani, A.; Kafle, A.; Ogura, T.; Akamatsu, M.; Sakai, K.; Sakai, H.; Abe, M. Current perspective of sustainable surfact
ants based on renewable building blocks. Curr. Opin. Colloid Interface Sci. 2020, 45, 124-135.

Foley, P.; Beach, E.S.; Zimmerman, J.B. Derivation and synthesis of renewable surfactants. Chem. Soc. Rev. 2012, 41,
1499-1518.

Yang, X.H.; Wang, Z.M.; Jing, F.; Hu, L.H.; Zhou, Y.H. A Brief Review of Cardanol-Based Surfactants. Appl. Mech. Mate
r. 2014, 483, 83-87.

Caillol, S. Cardanol: A promising building block for biobased polymers and additives. Curr. Opin. Green Sustain. Chem.
2018, 14, 26-32.

Voirin, C.; Caillol, S.; Sadavarte, N.V.; Tawade, B.V.; Boutevin, B.; Wadgaonkar, P.P. Functionalization of cardanol: Tow
ards biobased polymers and additives. Polym. Chem. 2014, 5, 3142-3162.

Abrego, J.; Plaza, D.; Lufio, F.; Atienza-Martinez, M.; Gea, G. Pyrolysis of cashew nutshells: Characterization of produc
ts and energy balance. Energy 2018, 158, 72-80.

Senthil Kumar, P.; Arun Kumar, N.; Sivakumar, R.; Kaushik, C. Experimentation on solvent extraction of polyphenols fro
m natural waste. J. Mater. Sci. 2009, 44, 5894-5899.

Chaudhari, A.P.; Thakor, N.J. Extraction of CNSL usign screw pressing. Asian J. Biol. Life Sci. 2015, 4, 71-75.

Shobha, S.V.; Ravindranath, B. Supercritical carbon dioxide and solvent extraction of the phenolic lipids of cashew nut
(Anacardium occidentale) shells. J. Agric. Food Chem. 1991, 39, 2214-2217.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Patel, R.N.; Bandyopadhyay, S.; Ganesh, A. Extraction of cashew (Anacardium occidentale) nut shell liquid using super
critical carbon dioxide. Bioresour. Technol. 2006, 97, 847—853.

Chatterjee, S.; Dhanurdhar; Rokhum, L. Extraction of a cardanol based liquid bio-fuel from waste natural resource and
decarboxylation using a silver-based catalyst. Renew. Sustain. Energy Rev. 2017, 72, 560-564.

Paramashivappa, R.; Kumar, P.P.; Vithayathil, P.J.; Rao, A.S. Novel Method for Isolation of Major Phenolic Constituents
from Cashew (Anacardium occidentale L.) Nut Shell Liquid. J. Agric. Food Chem. 2001, 49, 2548-2551.

Durrani, A.A.; Davis, G.L.; Sood, S.K.; Tychopoulos, V.; Tyman, J.H.P. Long-chain phenols. Part 231 practical separatio
ns of the component phenols in technical cashew nut-shell liquid (Anacardium occidentale): Distillation procedures for o
btaining cardanol. J. Chem. Technol. Biotechnol. 1982, 32, 681-690.

Phani Kumar, P.; Paramashivappa, R.; Vithayathil, P.J.; Subba Rao, P.V.; Srinivasa Rao, A. Process for Isolation of Car
danol from Technical Cashew (Anacardium occidentale L.) Nut Shell Liquid. J. Agric. Food Chem. 2002, 50, 4705-470
8.

Yuliana, M.; Nguyen-Thi, B.T.; Faika, S.; Huynh, L.H.; Soetaredjo, F.E.; Ju, Y.-H. Separation and purification of cardol, c
ardanol and anacardic acid from cashew (Anacardium occidentale L.) nut-shell liquid using a simple two-step column ¢
hromatography. J. Taiwan Inst. Chem. Eng. 2014, 45, 2187-2193.

Surfactants Market by Type (Anionic, Non-ionic, Cationic, Amphoteric, and Others) and Application (Household Deterge
nts, Personal Care, Industrial & Institutional Cleaners, Food Processing, Oilfield Chemicals, Agricultural Chemicals, Tex
tiles, Emulsion Polymerization (Plastics), Paints & Coatings, Construction, and Others): Global Opportunity Analysis an
d Industry Forecast, 2020—-2027. Available online: https://www.alliedmarketresearch.com/surfactant-market (accessed o
n 12 November 2021).

Tadros, T.F. An Introduction of Surfactants; De Gruyter Graduate: Berlin, Germany, 2014.

Scorzza, C.; Nieves, J.; Vejar, F.; Bullon, J. Synthesis and Physicochemical Characterization of Anionic Surfactants Der
ived from Cashew Nut Shell Oil. J. Surfactants Deterg. 2010, 13, 27.

Koteich Khatib, S.; Bullon, J.; Vivas, J.; Bahsas, A.; Rosales-Oballos, Y.; Marquez, R.; Forgiarini, A.; Salager, J.L. Synth
esis, Characterization, Evaluation of Interfacial Properties and Antibacterial Activities of Dicarboxylate Anacardic Acid D
erivatives from Cashew Nut Shell Liquid of Anacardium occidentale L. J. Surfactants Deterg. 2020, 23, 503-512.

Wang, Z.; Yao, S.; Song, K.; Gong, X.; Zhang, S.; Gao, S.; Lu, Z. A bio-based benzoxazine surfactant from amino acid
s. Green Chem. 2020, 22, 3481-3488.

Peungjitton, P.; Sangvanich, P.; Pornpakakul, S.; Petsom, A.; Roengsumran, S. Sodium Cardanol Sulfonate Surfactant
from Cashew Nut Shell Liquid. J. Surfactants Deterg. 2009, 12, 85-89.

Ahire, M.B.; Bhagwat, S.S. Novel Ester-linked Anionic Gemini Surfactant: Synthesis, Surface-Active Properties and Anti
microbial Study. J. Surfactants Deterg. 2017, 20, 789-797.

Wang, J.; Wang, Y.W.; Li, C.Q.; Li, J. Synthesis and Surface Activity of Biomass Cardanol Sulfonate Surfactant. Adv. M
ater. Res. 2011, 183-185, 1534-1538.

Castro Dantas, T.N.; Vale, T.Y.F.; Dantas Neto, A.A.; Scatena, H., Jr.; Moura, M.C.P.A. Micellization study and adsorptio
n properties of an ionic surfactant synthesized from hydrogenated cardanol in air-water and in air—brine interfaces. Coll
oid Polym. Sci. 2009, 287, 81-87.

Li, M.; Quan, C. Novel Sodium Salt Cardanol Surfactant and Preparation Method Thereof; Shanghai Meidong Biologica
| Materials Co. Ltd.: Shanghai, China, 2009.

Li, M.; Quan, C. Novel Calcium Salt Cardanol Surfactant and Preparation Method Thereof; Shanghai Meidong Biologic
al Materials Co. Ltd.: Shanghai, China, 2009.

Li, M.; Quan, C. Novel Sylvite Cardanol Surfactant and Preparation Method Thereof; Shanghai Meidong Biological Mat
erials Co. Ltd.: Shanghai, China, 2009.

Kattimuttathu, I.S.; Foerst, G.; Schubert, R.; Bartsch, E. Synthesis and Micellization Properties of New Anionic Reactive
Surfactants Based on Hydrogenated Cardanol. J. Surfactants Deterg. 2012, 15, 207-215.

Jin, Z.; Zhao, S.; Xu, Z.; Gong, Q.; Zhang, L.; Zhang, L.; Luo, L. Saturated Anacardol Ether Sulfonate Surfactant as Wel
| as Preparation Method and Application Thereof; Technical Institute of Physics and Chemistry of CAS: Beijing, China, 2
014.

Zhou, Y.; Su, P.; Xu, B.; Han, F. AKind of Anacardol Dimeric Surfactant and Preparation Method Thereof. CN Patent C
N103725279A, 23 January 2014.

Gulati, A.S.; Krishnamachar, V.C.; Rao, B.C.S. Quaternary nitrogen germicides derived from the monophenolic compon
ents of cashew nut shell liquid. Rao Indian J. Chem 1964, 2, 114.



51. Ezzat, A.O.; Atta, A.M.; Al-Lohedan, H.A.; Abdullah, M.M.S.; Hashem, A.l. Synthesis and Application of Poly(ionic liquid)
Based on Cardanol as Demulsifier for Heavy Crude Oil Water Emulsions. Energy Fuels 2018, 32, 214-225.

52. Luo, Y.; Liang, W.; Ma, W.; Wang, P.; Zhu, T.; Xue, S.; Yuan, Z.; Gao, H.; Chen, Y.; Wang, Y. Cardanol-derived cationic
surfactants enabling the superior antibacterial activity of single-walled carbon nanotubes. Nanotechnology 2020, 31, 26
5603.

53. Sunnapu, O.; Ravipati, P.; Srinath, P.; Kalita, S.; Bhat, P.P.; Harshitha, S.R.; Sekar, K.; Vemula, P.K.; Mahato, M. Design
of cationic amphiphiles for generating self-assembled soft nanostructures, micelles and hydrogels. Bull. Mater. Sci. 202
0, 43, 172.

54. Mondal, M.H.; Malik, S.; Roy, A.; Saha, R.; Saha, B. Modernization of surfactant chemistry in the age of gemini and bio-
surfactants: A review. RSC Adv. 2015, 5, 92707-92718.

55. Zana, R. Gemini (dimeric) surfactants. Curr. Opin. Colloid Interface Sci. 1996, 1, 566-571.

Retrieved from https://encyclopedia.pub/entry/history/show/48678



