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A Review on the Enhancement of Photocatalytic Activity of Pigmented Nanocoatings Produced by Plasma

Electrolytic Oxidation (PEO) on Metals and Alloys as Photocatalysts

Vahid Arabi Dilmaghani', Mehrnaz Gharagozlou®*, Saced Reza Allahkaram'™*

1- Faculty of Metallurgical and Materials Engineering, College of Engineering, University of Tehran, Tehran,
Iran, P.O. Box 11155-4563
2- Department of Nanomaterials and Nanocoatings, Institute for Color Science and Technology, Tehran, Iran,

P.O. Box 16765-654

Abstract:

Plasma Electrolytic Oxidation (PEO) is an advanced electrochemical technique widely studied for the formation of adherent
conversion oxide layers on the surface of metals and alloys. These oxide layers, particularly as active pigments in
photocatalytic applications, are of special importance. Among them, TiO: pigmented layers formed on titanium and its alloys
have been extensively investigated. Furthermore, the PEO process has been applied to metals such as aluminum, magnesium,
zinc, niobium, zirconium, tantalum, and steel to develop pigmented coatings. The catalytic activity of these pigmented oxide
layers can be significantly enhanced through methods such as doping and heterojunction formation, either in-situ or post-
impregnation of the active components. This comprehensive review systematically discusses photocatalytic pigments derived
from the PEO process for various applications, providing a reliable reference for researchers in this field. The structure of the
paper is organized based on the type of metallic substrate used in the PEO process. Moreover, the role of process parameters
in determining photocatalytic performance and pigment characteristics of the formed layers is analyzed, along with details on
the effects of doping or heterojunction formation with nonmetals, transition metals, rare-earth elements, noble metals,
nanocarbons, and other materials.

Keywords: Plasma Electrolytic Oxidation (PEO), Photocatalyst, Doping, Heterojunctions, TiO2 Pigmented Oxide Layers
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Figure 1: Voltage-time variation during PEO process and the associated formation mechanism (4,10).

! Plasma Electrolytic Oxidation
2 Dielectric breakdown

3 Crater-like

4 Passive

> Working electrode

¢ Counter electrode



o 4% %@M

<

Godld 5 o olay 5l 36 slooT wad (FoglT L allie g1y 00,08 jsbay w3 0as Ll o Slas alaulgay oo JBlS 5558
9515 o0 4 35800 (hemS] Sl loaisS wlgi a4 e allebs @y celis Can B398 Sy 055 ilaid S8 0 0550 (Sl
a8 wn lom g Of dhal 4 09000 Slge (0l 915 ALS @320 e jsboas 48 iy seslanST glani] B 5k 5 leeasy YT
gl sl g g5l aiS oo bl (o GBS 35 (S 9enST60 (215 g s (359,00 a5 alox 51 Il (6550 o slooje
Slo STy 5l oawy il )3 cizmen 5 (gl ol Ceols b pdia e b de wl slge cale (Jld SIS, olaw dnngs
')l YU o35l Clas ol Loz JBS 58 350 o ,Sloe (sl 60l slo T g 090 oo oolitinl bl 35 olors
Tauc Jse b 5 iz oy 5l oolial b Ysane slse (al (6558 6,515 (V0= Vol V53 51 256 (53,95 il ) Cenglio 5 oy

OAN )55 o drslna
(1 Dlidos glp Subg 1o e (0 Saz 5 it slaaY ) 0 PEO slajidy, 5l slamlic (Jlow o Jugns sl
il (b o eniidpan (65l () 0,05 oo S5 50 1) (glS ole ez ailols ol s i85S o lononiz ganas; ailoles S
YU e bl 5 oadigilodleys Jole o dhrmecan )y sloasly (9) 5 by GHlpSs jlade () ¥ ) anje () PEO
S5 4>l i S BNV Y S Sz b Gillas wwo oo (LS [ 380es 1 it Vg (eSO )0 45 S o0 2l o

B)d T Ojgo ik cadaislis Sl slaced Golal ¥ s anse Sb5) (V) s oo las |, J"ad.ﬂ 69,

Band gap S— :/II‘PP]’E]?O
g-
Fe-PEO
s 70-PEO
mmm= Nb-PEO
s T1-PEO
s [deal

HMIS » Cost

Energy consumption

(O)dikises sloay ) 55, PEO (b 136 b)Y JSi

Figure 2: Evaluating the effect of PEO coating across various substrates (5).

! Band gap
2 Photo-corrosion



& g8 % R
@é&yﬁ@é@g}fﬁg@

oS 5 e sk laglh i culitisn, Jols Jalse cnl o)l 3 ele iz 3l o PEO slaiiigs (1S 95 o Shos
Slply oormes )0 gl PEO Glo ity ) s Jobine (b oulilcon,; aiis b ids 58 @iz slaShs 5 bt
Sloaist adgi g 03,8 Jeped |) Ban slosSge iz 355 g 4 ol (nl aespe (I 8 She @iz 5 (BB sla STy
Jbed slaplSe sl alizes laaensT Jold wilgs o a5 PEO slaiudsy (ploord oS 5 didu oo W) 1) 58 (200 a0 b
(53S slajls Jols Ysans a5 PEO sl piiigy polote Jbslo 5 oS 5 (V) 0 oo (atd |) iS58 (sla 25Ty
5,85 e RPN B 5598 Ll 6 pSedir jsba wiis 3l glo wlibcsy, 5 58 slbaSy uel/lea, s
Slals als L gslelaz Gl b1 e Jblgg o Sles latidisy 40 (0938 Slge 5 (o3l slaanST blise slajl g
S5 5 6l (555 p Wlgoe plete S slajle 252 s aisu co d5up 2B GBS (gl s S 5 TS 5L
5B o 1) i 205l 51 e 55 SB35 6 iyl 5 L5 055 agi a4 Jelse cl 0,38 3l oty (59,2l
ATYLYY) 055 o ol 3 1, e (53, plae slojls Sis ool ol Sy 2SIl il s oo 3

S, Wleoss 35 aie SL aiai o JT cbalaSs, 4328 1 PEO 5y e slacadilSgigs o, oadpll clalllas ]
Jsl 4 yo SiSTy Satiges 31 el oSy ol 4y 35 g co 0licis] Bl 553 lalllas 5 2l B (pralsy, g s oylie il
S5 owilo 3l g adsl Cale (o ay Cr 5 Co ] 4 o5 1355 co cyowsd K 210 (CO/Co) salolan b )T (K) et yos i 5 W3S oo Coprd
(VEYO)Zed (£ b e 51 )

a2 g Gy O950nl Sladige iS5 (0,5 s (Lol opaly e (o518 wnST SlalaSS,) sloarY (i JU 5598 © Slos 55l (5
S0 3 LI dant 9 6P BL alS 4y e 655 I LSl o (mdge o (e Sl b (9,5 0gs ailes STl 055 s
0958 S 55k Jlee b g 00,8 Jee il slael> (sl Tl ST Glyieas atili co rizmen (mdse 555 sl el 05 o0
Slitie b 658 sloaSl plo b 658 ST oS 5 L (9%0al losion s (sgw 5l aiide Sene 1) (Sl 9558 0330 0y
1) 0,859 iU S 55k wi)ls (gl 5 S i Jad sl 50 5l JUEST Jiged 50 5500l lasisey gl o0 L35 (5518
OFVY) wigd oo gl )3 5L sladelo (992 (o 7wd 50 3gu el 5 Wil oo Joloo

gt § a8logay (So3ed 5 (SHlo (olsm Sl 4 sl zolans (g3, oad Jlasl (slacun bl (5,05 locu bl giss b anglio ;o
Bl 5393 o Shos IV oo ) o S Jdos (509 JSO wiz e s oo LS 093 5l (28 BB Jeily (a0 S8
b (e 5 (Ol sleailele )3 05150) 92,15 55 (5)lsds (DS mexd 4y hled wiile ola Al b Lol acesl ls)95 5 ool
oY il gl PEO an]b 5l ealiti] o)y 45 cgoaiae Slalllas i, ) 55 (OVEYEYY) Cel 50, (0 milimsms <l 5
I8 LPEO 5l Jol> J5dsiie (g Y laisls p alizre slajlll g l3ls (g5, (Jled 6308 (slaailaSs, iz 5l 0354 (50
Sl oo oold LBl 358 o Shas Sgng sl |y aie (Sl o ol p Sz

39 7SI (slo 2ol elats 25l 5l (oSt Y pulidiisn ) 5 55 log S J 7S 50 (1 (U155 PEO an T8 (ga.lS sla S 51 (S

o1y sllas aT 4 el el collB ol o9 oo pekas BB 55 4Y B 5358 cudled o] ad a4 conl cuds oS0l

! Charge separation
2 Recombination
3 Trap centers



S hinz JJots aidlbanngs sloa (K3 g 3l aiSe Szl Vb slos ;0 Sl Jgass alo o 5l g ol a1 b elisS slagle;
B 598 3 Shoe (Sl (6l i oo Lad 093 5l (ormlin Jlons (63, Shoe (plo3 (( F3595 Rl )3 VU Cunglie g a¥ 5 a0 Jle
5o lazd 318 solitl 050 " Oldes o b Ly Jlb glixl 0933 5 e S85USS sla by, PEO 5l Jol> sannsT slaasy
S 5585 7SIy (S 1S (65 g 3l 00l L Bikos 5 igih gn 039331 oy iUl 2 )15 590 (olimed Slga b 53 oo (slat,
Jd sz 99331 el ¥ ST oS 5 380 QLRI b iz Ol o0 3985 (SIS ganST Y Sl o L 55 v
e gy 005 At i leyd ey slacs y5lid 3l slaegazie da by (nl JUS )0 0,10 2525 PEO aiyT b (b aY 5 518 955 |
Jubd (slizl o938l slinans 537 (Sused (Bomgsy 5 T stliord (BO0sm; T atlordy il (m0gms; TS gy Slikes (3

(FY=YANFD) Wlazb )5 15 sy 0590 PEO claay sl ay

Clld 5 sllae (5,55 sla Shy abulgay pailil 55, 55 U PEO 5 oo edblgigd Slallae 5l glodas iz az S

Gl Baa by ol dlie sjlu oo atz n ) (2255 )l slasdy) (Slayiern 5 65

PEO aiyl;3 ;5 oolitul 0590 a¥j anly 56 bl oS3l °-‘E Ol 50 09290 slagtaghy 5l oy g gel> 5950

P RO PR L;_\....u...lo
3%
] @

gl B2 B3 04 @5 B6 7 B8 m9 75%

oo 5 o iz (_gLD)LJT/Q‘Jb &9, PEO o, )0 oais 5,155 ledlas o oaimolis slo pls Jloges 1Y S

o5 (B) «59,y (F) oo sute () epgiasl (V) cpguilis (V): wilazd I )13 oy 3550 y550 (50 a8 o (e JlS 535

YoVF Lo b GugsSllcalizes mbie .5Y58 () iy (A) pssisS 05 (V) ol ()

! Post-treatment

2 Impregnation

3 Thermal deposition

4 Electrochemical deposition
3> Chemical deposition

¢ Physical deposition




& g8 % R
@éﬂ«;@@%fkﬁg@

Figure 3: Pi-chart on the extent of reported studies on PEO on different metals/alloys in photocatalytic applications
as discussed in this review: (1) Ti, (2) Al, (3) Mg, (4) Zn, (5) Nb, (6) Ta, (7) Zr, (8) brass, (9) steel.Reproduced with

Scopus /different sources untail 2024.
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Figure 5: (a) Mechanism of semiconductor photocatalysis (61) and (b) the mechanism of photoexcitation generating

electron-hole pairs in the semiconductor under light irradiation(62).
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Figure 6: Pi-charts on (a) the extent of reported studies on different types of doping/heterojunctions attempted with PEO-
derived TiOz: (1) nonmetals, (2) transition/post-transition metals/oxides, (3) precious metals, (4) rare earths, (5)
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Figure 7: (a) Photodegradation of TiO2 coatings fabricated at different PEO voltages vs irradiation time. (b) Rate
constants vs applied voltage plots with various electrolyte concentrations. The inset shows the SEM surface view image

of the PEO layer fabricated at 400 V (83).
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Figure 8: (a) (ahv)"? vs photon energy and Tauc plots, (b) Optical band gaps, and (c) Rate constants of photodegradation
by N-doped TiOz. The inset shows the SEM surface view image of the PEO layer developed in 0.33 M NH4OH-added
electrolyte (18). (d) % dye degradation, (e) In(Co/Ct) vs time plot, and (f) mechanism of degradation by B, N codoped

TiO2 (84).
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Figure 10: (a) Photocatalytic efficiency of W-doped A1203/ZnO layers produced by PEO, (b) The impact
of sodium tungstate concentration in the supportive electrolyte on the PA of W-doped Al203/ZnO layers after 10 hours of
exposure to Light, (¢c) PL emission spectra at 280 nm excitation of W-doped Al203/ZnO layers with varying
concentrations of Na2WOa4-2 H»0, and (d) PL emission spectra of layers produced in various electrolytes, excited at

280 nm (138).
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Figure 11: Photocatalytic activity of PEO/ZnO layers incorporating ZnO particles at different concentrations(147) .
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