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Surface Chemical Engineering in Amphiphilic Paints with Anti-biofouling

Performance
Amirmohammad Momenirad, Helma Vakili”

Polymer Engineering Group, School of Chemical Engineering, College of Engineering, University of Tehran, P.O.Box:57131-
14399, Tehran, Iran.

Abstract

Biofouling remains a major challenge in many industries, especially in clinical and medical applications,
prompting the development of diverse anti-biofouling materials and strategies. This review simultaneously
examines anti-biofouling properties and polymer amphiphilicity. The first section discusses the physical
and chemical factors affecting biofouling resistance. The second section focuses on anti-biofouling
concepts, mechanisms against bacteria and other biofoulants, factors influencing antibacterial activity, and
mechanism-based classifications. It also reviews smart paints containing pigments and colorants that
respond to environmental stimuli such as temperature, pH, visible and nonvisible light, and oxidation,
resulting in antibacterial behavior. The third section explains the history, definition, morphology, self-
assembly behavior, and major classes of amphiphilic materials and polymers. Finally, polymers exhibiting
both amphiphilic and anti-biofouling properties are classified and compared, together with their
mechanisms of action. The novelty of this review lies in the combined analysis of amphiphilicity and anti-
biofouling behavior and the factors influencing their performance.

Keywords: biofouling, Anti-biofouling paints, Amphiphilic properties, Morphology, Classification of
anti-biofouling polymers.
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Figure\ bacterial colonies formation and it's time requirement (7).
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Figure 2 bacterial drug resistance in three stages: A) single bacterium B) bacterial colonies drug resistance C) biofilm and bacterial
aggregates drug resistance (10).
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Figure 5 scanning electron microscope (SEM) images of natural and biomimetic micro-textured surfaces (11).
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Figure 6 Transmission electron microscopy (TEM) micrographs of various morphologies formed from amphiphilic PS-b-PAA: A:
Spherical micelles. B: Lamellae. C: Rods. D: Bicontinuous Rods. E: Vesicles (29).
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Table 1dfferent types of hydrophilic polymers with anti-biofouling application.
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Wettability Hydrophilicity type Hydrophilic polymers Refferences
PEG (4,11)
PMVE (13)
PNIPAM (32)
PVCL (32)
PVP (33)
PVA (13)
Polar PEO a2
PHEMA (34)
PHPMAA ®3)
PHPMA (34)
PMOXA (39)
AG (36)
Polyglycerol @37
PLA (38)
PMA (12)
PSS 12)
Anionic PVS (12)
HA (39)
GA ®
PB @)
hydrophilic polymers
SB (40)
Zwitterionic CB ®)
Polybetaine SSENA 7D
PCBMA (42)
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Polyampholyte pC (43)

MPC (44)
Amino acid- PserMA (45)
based PornAA (46)

PMVE-= Poly(methyl vinyl ether), PNIPAM= Poly(N-isopropylacrylamide), PVCL= Poly(N-vinylcaprolactam), PVP=
Polyvinylpyrrolidone, PVA= polyvinyl alcohol, PEO= polyethyleneoxide, PHEMA= Poly(2-hydroxyethyl methacrylate),
PHPMAA-= poly(N-(2-hydroxypropyl) methacrylamide), PHPMA= poly(3-hydroxypropylmethacrylate, PMOXA=
Poly(2methyl-2-oxazoline), AG=agarose, PAA= polylactic acid, PMA= Poly(methyl acrylate), PSS= poly(styrenesulfonate,
PVS= Polyvinyl siloxane, HA= hyaluronic acid, GA=glycolic acid, PB=poly betaine, SB=sulfo betaine, CB= carboxybetaine,
PSBMA= oly(sulfobetaine methacrylate, PCBMA= poly(CB methacrylate), PC=phosphorylcoline, MPC=
2-methacryloyloxyethyl PC, PserMA= poly(serine methacrylate), PornAA= poly (ornithine methacrylamide)
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Figure 8 illustration of steric hindrance and elesticity force for resistance against bacteria (8).
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Figure 9 hydration process of PEG. red dots represent water molecules and black lines are polymeric chains (49).
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Figure 10 Field emission scanning electron microscopy images of Chlorella cells on PP with diverse surface topologies(61).
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Table 2 hydrophobic and super hydrophobic polymers with anti-biofouling application.

Wettability Polymer type Referrences
PAA (13)
PCL (13)
PBO (13)
Hydrophobic polymers PLA 13)
PSO (13)

1 Super-oleophobic
2 P.aeruginosa
3 Xue
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PBMA (62)
PMMA (64)
Pl (3)
PET-g-P(TFEMA) (63)
Superhydrophobic polymers PDMS (65)
PTFE (63)
PFMA (66)

PAA= poly(acrylic acid), PCL= poly(e-caprolactone, PBO=polybutyleneoxide, PLA= polylactic acid, PSO= polystyrene oxide, PBMA=
Poly(butyl methacrylate), PMMA= Poly(methyl methacrylate), Pl= Polyisoprene, PET= poly (ethylene terephthalate), TFEMA=
(trifluoroethyl methacrylate), PDMS= Polydimethylsiloxane, PTFE= Polytetrafluoroethylene , PFMA= poly(1H,1H-
pentafluoropropyl methacrylate).
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Table 3 copolymers and composites with integrated anti-biofouling and bactericidal functionality.

Dual functionality Polymers Referrences

PEG-Co-AMP (74)

L Amorim

2 Antifungal properties
3 Monascus purpureus
4 Solano

5 Calcination
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. . . Incorporation of PNIPAAM and QS (75)
Fouling resistant + Contact Killing

P(VCL-co-DMAEMA*-co-MPC) (76)
Fouling resistant + drug release Combination of HFBM and TOB an
. Ag-PMHS nanocomposites 78
Fouling release + Drug release 9 P (78)
P(HFBMA-NVP)-I (79)

AMP=antimicrobial peptide, PNIPAAM= poly(N-isopropylacrylamide), QAS= Quaternary ammonium salts, VCL=(N-
vinylcaprolactam), DMAEMA= 2(dimethylamino)ethyl methacrylate), MPC= 2-methacryloyloxyethyl phosphorylcholine,
HFBM= 2,2,3,4,4,4-hexauorobutyl methacrylate, TOB= tobramycin, Ag=silver, PMHS= polymethylhydrosiloxane,
HFBMA-= hexafluorobutyl methacrylate, NVP= N-vinyl-2-pyrrolidone
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Figure 12 C |cati0n of amphiphilic molecules according to head group charge (15)
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Figure 13 Changes of some physical properties vs. amphiphile concentration in the determination of micellization (15).
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EquationY Effective volume of hydrophobic part pf chains: nc= the number of Carbon in hydrophobic parts.

I.=15+41265n, (3)
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Figure 14 Assembled structures based on the critical packing parameter magnitude(95).
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Figure 15 hierarchical self-assemblies: c1: nanospheres can form helical sphere chains and microspheres; c2: nanofibers can
further form single-helical fibers, double-helical fibers, helical bundles with two fibers and multiple fibers, c3: nanorods can
assemble to helical and twisted rods c4: nanobelts can construct twisted ribbons, dendritic twists, helical ribbons, chiral tubules c4:
nanosheets can assemble into helical petals and microsphere, three dimensional nanotubes can form helical rod and microtubule
flowers (100).
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Figure 16 Effect of concentration on morphology structure (15).

J> Jsloe y0 oy Kol cawgasl LCST 5 slales jo .l s ol abais o 5ol (LCST) Jolno Sl slos JSlas

(A 0SS oo 0l (G gumiliwgan) 518 50 5 00l lax ‘_J Jslze 5l LCST 3L slales (o Lol caigds o

L anisotropy
2 Kraft Point
3 Cloud Point

Yy



& g5 T L
@QMMJg)AQ

Sl o) (S 5 st 5 WB IV S W S 53 0t oals plas 538 Jlasal lad Bl 25 ks s
sl Jiws S sl isle 56 Jloges W ISV 5o 05 SaS b @ by Sl-cassa] LLC sla sl 5 oole

5 oo ale a1 5 Kolcisgn] sla JsSUge (sl 2l Pl Sy 55 Sy s

300

Free - “Inverted” phases

amphiphiles: Critical micelle g
G concentration liquid crystal

T (°C)

Krafft point Crystal and water

0 1 1 1
0 20 40 60 80 100

Concentration (%)

00) 5,8 el slasSlge sl Gl Pl S 5y s mle Jl S skl 5306 Jloges WV JS5
Figure 17 Phase diagram of lyotropic liquid crystalline-structure for amphiphilic molecules in a selective solvent (15).
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