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ABSTRACT

important issues for environmental protection. Since the 1950s, powder

coatings have been widely considered in the surface coating field, especially
pipelines, households, and office appliances, due to their environmental friendliness
and excellent performance. These types of coatings are solid and they are applied
to the surface in the form of powder using different methods such as electrostatic
or fluidized bed and then they are cured by heat. In this study, a brief history of the
development of powder coatings is described, and it is continued by full report on the
types of powder coatings, their production methods and processes, and the research
process, emphasizing the type and characteristics of the resins used in this industry.
Considering the importance of powder resins in the formulation of powder coatings,
the performance of various thermoplastic and thermosetting resins used in these
powder coating systems, including polypropylene, polyethylene, poly(vinyl chloride),
fluoropolyethylene, nylon, epoxy, polyester, polyurethane, acrylic, cellulose acetate
butyrate, and recycled resins are compared. In addition, the method of application and
film formation in electrostatic coatings and the factors affecting them are investigated
comprehensively. Furthermore, some of the challenges and problems of this giant
industry will be introduced in order to improve its quality and curing methods for to
expand the applications. Finally, new technical approaches, aiming to save energy and
produce more biocompatible powdered products, using infrared curing technology,
curing by ultraviolet radiation, or the ability to coat sensitive-temperature surfaces by
powder coating are described.

Today, reducing the use of volatile organic compounds is one of the most
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Fig. 1. The image of some powder resins used in powder coatings: (a) triglycidyl isocyanurate (TGIC), (b) hybrid, (c) polyure-

thane, (d) epoxy powder resin.
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Fig. 8. Schematic of corona gun and particle deflection in

electric field and free ion absorption.
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Fig. 10. the cross section image of two types of polyester powder coatings: (a) hybrid and (b) triglycidyl isocyanurate (TGIC) [12].
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isocyanate with different nucleophiles [65].
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Fig. 12. Deblocking of deblocked isocyanates.
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Table 1. The comparision of durability of different resins con-

sidered in powder coatings [17,21].

Durability of powder
Resin type coatings in outdoor
applications in south Florida

Epoxy 1-3 months

Epoxy-polyester (hybrid) 2-6 months
Polyester 1-2 years
Polyurethane 1-2 years
Superdurable polyester™ 3-5 years
Superdurable polyurethane 3-5 years
Fluoropolymers 5-20 years

*Superdurable and hyperdurable.
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Epoxy Higher resistance

Epoxy-poyester (hybrid) to corrosion

Polyurethane
Polyester TGIC
Superdurable polyester TGIC
Acrylic
Polyester HAA
Lower resistance

Fluoropolymer to corrosion
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Fig. 13. Corrosion resistance of coatings made from different

powder resins.
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Table 2. The comparision of chemical and corrosion resistance

of different resins considered in powder coatings [17,21].

Epoxy
Polyurethane

Fluoropolymer
Acrylic

Epoxy-poyester (hybrid)

Polyester TGIC
Superdurable polyester TGIC

Polyester HAA

Higher chemical
resistance

Lower chemical
resistance

e glac s,
Fig. 13. Chemical resistance of coatings made from different

powder resins.

Corrosion
Resin type S Chemical resistance
Epoxy 1000-5000 hours Excellent
Polyurethane 500-1500 hours Great
Acrylic 500-1500 hours | Very good-excellent
Epoxy-Polyester 500-1500 hours | Very good-excellent
(hybrid)
Superdurable 500-1500 hours Very good
Polyester
Standard polyester | 500-1500 hours Good
Fluoropolymers 250-500 hours Good

* According to salt spray (fog) standard (ASTM B-117), resistance with
minimal cracking on iron-phosphate-heated steel.

&Y b )l 23098 A 0)loub cauiudig w JUw ol ($I9J9iS5 9 pole ( sole dlxo



(cold rolled) s 5,5 3V 53 slaadys 55, 1y o35 Lids
¢Wvbsjsw)fbéﬁ;lg.a}éiﬂfb>jasjsdw|
Ay OLad sV g8 5l Clable gl 1y SIS Sasas ol
ol S (M..JS oS sl eslaxal SI[YF] O 5 Vdhd-Nissi

b Soe L;LA&:JJJ LgLﬁJM .]a_w}.ﬁ 0)"-/\4.\ 9 J>:l.>‘3 » (CaCO3)
G pezn JialS Com e lae S s ol leslinal s S 55158 5 andlas
5 Sz sl g 0Ll Rl s oo il s b 65
5 CaCo, s S5 3I[¥0] 0lKan 5 Kalaee .55 o 5o
Skl b sl od g CaCO, O3 gl 355 Jl il i
Jjﬁa& éleu B ] WLA )L;.w.z ‘-;WS}:{‘—JL.»‘&. o33
Cole § (60 Sidg able oo tle 5 3l 4 Colie
(MO0S,) A s (g5 Odd g0 oS 5 il S5 o ,uS (slyls
L;'"Sﬁ‘ LSLQJMII‘).: BE o,\..,Sﬁ U"‘ 3ls duu C’t.: S Ls.:L:))‘
[Y] sl on S slul 1 (g xin Al 4 o glin ol s 4 s
Shls Sl G55 i ol [F7] 0K ;5 Piazza
ok Sl S s laVOle Sl b sl ) secige o) 5L
Sie S s St a Seslie ol Sk e s
e iy sy Shigl dlesl Lol s ol
e Lsdr Jol e St 5 2ie 2bS Gl b
Al b ol S 5 o (SAST, Sk s
up\j}jﬁ;ewﬁ Q‘)JJWJ,WSJCJJ ..))‘.) deﬁ‘
sl J 0] OLKer 5 oo ajls Ssline BT iy
or S U’:M;’ﬁ BE) b $>92 6&17\.0 CJ‘)J}JL a.)u};sj:::
6&01,5(’.&‘)4) ‘_5§J“’*§‘_)'.’. J:JJM CJ\)J};L» U”‘ Ao edalin .,\;J)S
ol i g St 5 CanSll abadl (o ( SladS Jse
Lf o.)\.\:acw‘ LSL{.:L?A Qb} )\ ]:J [/\Yl] Q\)m E) Pulg Ju)‘b
el G035 Sidsy 53 (SN 0 ISy 48 Ol geay OV
s« aJu.ZCD)La\ S olys ols olis cl.q Ao S eslaad
;))?ﬁ‘f})w‘}m&J‘M&)ﬁ\)‘;wup\‘?

V&Y g )b 230958 A 0)louh aududig w JUw ol $I9J9iSS 9 pole (sole dlxe

......... 52393 Sdubigy SI9US )3 Anwwgi 3i9)

Bowis” » 9 BEIES ) ol b mangjh Y-
S Lz o S S 3l e sy LediS 5 b K,
el S odin i ole Lol ol ey lssl
Gl 5 (S| a8 (S L WSS, ol p S
53.5,8 ax 8 3505 ol L WO Ol s S cul 0 Jb S
oslixal Sdae dﬂ i, ¢ 3 2 S sem s b s
el &Sl e Sl (Ti0,) .Sl ol sl e
s [YATOLes 5 Shi 35l 5 518 (6555 o fd s 4 s
b sdkigdhol TIO, S350 S35 Y sl ik 600
SRS o THO, 5356 03530 0013 0L gl s S aslllas
Ol S Sy ST ol sles 5 g sles 52 0°C )
o Sl 6005 sl s 4 THO, S350 03558« 5
Tl 650 anlllas 3 copiman 35 Wl sy il 5 3 ) (S e
Lol SaS1, b dd o) Lam 5 Sl ey S LTIO, I35l
Al SR i e g SOl s i Sl 2

S5 s b Slas ol o)l [N0] OLKes 5 Lslas
L 3550 LOT .3 S axlllae (ZNO) ST (5,5 3 56 slls
OLES omlss S sl O g s 5 i3 & 5 o33 56 el
ol Sl sl S gl s & eJMiCBLpl ZnO oys 66 ols
2o SaSly s Bl i s Jle Bl co e S
DL 5 b Sbas slablel mls s 53 ek b
Sy oty skl Z0O 3356 shls sba il S s
ol gl [£] OLes 5 Trottier .ol sl W)l (g o Kair
3 AeST (g5 3 S ot L gla ol i 5 (9005 b (Sl
W, Olpea Sk il b oo iy dble 5 Kb
s oas s i o 5 (g3ledlad (65 5l eals 0L @L"J s S eslana
T, 548 S S sl s (il clads by (23l S
Gl il b, G558 b (g g

S, Calises pslie glols (65350 ik 2 [AV] O, es 5 Puig
Jlesl o33l SN (g5, | Slhtes Slins 5l Sl e S35
ot S b aas b 1 Lol (Sa,ds ol 5 LS
el o3 WG, Vo070l Lol ol @l LS e
5 S ol 20 Jdoa (S25 5005 ol (S0 s S £
bl b, Sl

3 55 sl (S35 Slaedilsil Ul pea s el S,
[YA] O s El-Ghaffar . cus Te s la il g 55 el
oL om0 melbm Sl Gl G0 UM
LS ag Sootds ol e sl Slad s,



15393 W iuiig SI9US 3 Anwgs 3o, [N

(S sladileles (sl e sl s lagn s 5l les S
5 i Ll 038 U5 oS sy clos L HAA 5 TGIC
S 52 (N0 °C Gl aS (g s slacn sy ) CSu sles
S sles 3 TGIC U Wil gie e sba il L ol S
Sl il bl sl 218 e pd S VFOC )
14:°C 5l S gles 3 HAA L plocsy 5 oS oo gl
Aldeesss 5 bl @l SIDSM oS 5 08 o Coy
SAad g B opl &8 Clls Oledl 55 S eslixal Cay hle Ol pea
Ses orl o S8l ooy JBATC 5 res glos o
IAY] Gl MDF (slaass W55 (sl iy oY yoame

G e JalS 5 oas sl Soy Al s sk
S Aol b Olsnce s sl 508 05 sl Sl sl (65
2l a5 g s sl &5 ol i (g5
4 2ol 5 gy gl i sy DSM s 5 olylghl
et ol lies LB st ) 5l eslisad LY min sl S
by 5 1y ghd> s, Photo Fusion Technologies S &
Sostd Slus » oyl el on ST 3 me (505 Sla il g Sy
o NSl 4l iy mlae (555 503 05 550 50 S o 555
Solr s s grm Y baa b b opl el b
Sl IAY] 558 0 oy plol 5 o o IS e 5 0
Sde palS 5 o2 lai s SO e SO e
b B 53 S35 by S Soukd Sl eslanal (s Ol
o SWllae ool cpl o3 s eddesls sleley Sp s s SIS Sy
S A5 e 315 5 5 (Sl iy e Lo
sl ga | Laa s (58 oy 43U 51 (6 S 53 S (551 L ke
3k JalS Dl Bl 5 (5551 S B re S il Lo e
TAO-AAT S sl 1 (6 5 3w (sla o5

A s S a3 ke bt L
Gl Bl Sl s LS e s D3 S
LBV S s &8 jsboles ol sdd il glayss L5L
Ob > b ollas s (23LE31 slay 5 51 (3L 3 s (ol odalice
askd Sl 4y S e oS Ol Gl G 4 S
356 ol I s ol s e S brOles 53 5t e
Y] s (5l amdad ity o il 4 55050 51 ok

Jusl oL a5 GOl mals ghuly L3 s
Sl gladbizs Ll g Jlsl gla 2y, (oo b
ssbas 5 Ul (g i Jsl LIS a8 Wledds s o Soliw 5 S
Sty 250 5 ) ahoes 5| 514 305 s an 5 53 el

S bigs o195 w918l g1y 98 SO Sd 55950
L)

Glp los 1S Dlalllas (O SU (g3 laidsy Bome sy
53 el 0 ool La0T iy 5 el Ayl b5 gy 5 ol 5 153
Corio 53 Eom db= 3 slas S5 5 b il 51 4 sed dir 4 el
wooh 3 e s S, Sl (S sde Ll ooy Sy
Syt o 4 g 8 rl Soos (Sovs sy
Cogohs oSl s al S0 s oL sl e
Gl ool o oslizal 555 55 Cms s Sy 2SI Ll
Gles paYomin s sd> oS3 Ymil U Y mil o il
(Sl Saio 53 Sudy sy i el il 5l YOO
5 Lsdp ol DS (g5 Dl a2y Gl Ak
gr ol b Al JolS sty (el a3ls e
s Ford <5 5 55 daly cpl 5y ool ol £ la il 5l
G A b ¢l bl bk (glls General Motors
i 03 lald g i S0 b b LS sba Las o
o) pl o3 AS Gasele 5 e 3 beas S slaa,
DALl o sl oy 8 o i ol b 5 (b ST(s035 slacns)
orl o gles S (g3 sl iy el 3 s iy

Ss i ool glacins Bl S cwla a6
oAl s OLLE Hlde 4 (5y3 5 A Oy &S Sl oyl
dnw g Jols gyl cnl sl o bds cpanas 30l 3l oL S
(pfekes &S 3 g dals oS glos 53 pliioy o3 m slas
Bala i 5y Skl 55 5 S5 B 53 s e OT 5
Sy 0xSE 3y dal g (6315 8 (slas 4 el glad] 5
S eksddlest ()25 Sl il g 5 Sl edas ) sbas 550
e 4 L tags e3s el Ll lasl s g3l gladl s
el s al » o st Bl Ol oS Sl ws,
Sy 5 sy Ll 5l sles 4 el e ms )
L 4 ol sl sl oy slos [IVOFF] 58 eslicd 3
SN0 e St b iy DY s g il
e 5 Sl e Lo el VYAV FC - b
Sl Govs i &S L ol oS Sy gles sk
Oeh s Al el b Lo el gladis] 5 sy ealind
Ll oS ooy Glos Lgir 2l 05, Stepan &S 5 a5
Sl 1y WeoC 5l zeS glos js oy ol Rucote 9900
b Allnex 5,5 ol o3 S > L TGIC (5,50 sla i

&Y b )l 23098 A 0)loub cauiudig w JUw ol ($I9J9iS5 9 pole ( sole dlxo



52393 S Yiulgs (59U ) dmwgs ig)

@ plied Soge 53 e WS o fldy Cns 53 (S35 b
U\yaljlﬁ:é.c,&b.k.a\jsdslij)wsﬂ)ls‘wb@u
S pis a5 54 S m o )8 5o Il Sl glary s, U 8
5 Seadades (2l S 3 Shee Wyl 5 iy T, Shalil b Lyl
s lS Gl 6ot s M s aws O alad
Lyl b S b gl ol slain sy s St s sl
Sl ol 22 VPOV AT ol (s Sl L S
o2l Rl Gl ot Sk a5 eslinal e s
S5k sbacn s o3k Ll el il (555 S id g 2l S
L5 (los 1S (sl ta st 5 ol ol ST s Spa L S 0 slie
> Southern Mississippi s 2ils 3 Dow Lile T sles 2

DFN0] ool plonil Jl 3 0,0 2l

S 5 doml —F

Oy Lo VOC A5 S s Sler hled & ax 5 L
8L d s Ol Kams 5 cl Gyl b s G i (S0
53 sl CdS Wyl 5 5 a8 gl L glacs
Ol b s s bt it G shamen L 2ty (850 gl
3 A $3m pid Shudse b ol s o ey ol
o S3001S csn e T« oo Sl g 5 wile ol
o oAl R sl A oo ok s L sl IS5
Al s P o8 sl Bae ) g8l gl
slacnis sl sk C\yl Sl edalie 5 s o bl i
S5l g eslid] La;i') O‘l\ Mg S C,;'r.wbjf B p_'bajf
S acnss el 3 el on s gt 26 ol S
Cslite SaG b osar ol 5 (S caleed Caslie
Sovy S S o)l ULy Ol g o @Lﬁ ool pcd
Sleslinal b s ags Sl o 2l Lo slacnss al podes ) sba
Cxos A yasedo plomed L gl o0 Jles! gﬁ_ﬁk,wjj:ﬂ\ =23
dole ol las oy 5 OIS e s Lo gun g iy
3 Sz Sl oy s Jlsl G Sy s s 5 oS B
s ,Soss orl 5l F il ge G s lama b 2l )5l
gl Gpas 3 prde 5 il ESlcey; Sda b &S
Elol DB sl ) eslinal lols il sl bl L
Tobe P Sl L (a3 L e 8 5) erbline s 2SI

el 0352 G025 A dlesl L les 4 bl

VEY g )b 939,58 A 0 Lo sty s S roals (639955 9 pole (sale alxo

slae (635 g oo LlsL ol a8 - 5l sl SV IS

LYV anks oy 5 blie oo a0 G S31 Ole
Fig. 15. A view of the movement of the charged powder coat-
ing particles towards the front and back of the plate according

to the electric field part [23].
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Fig. 16. Electrostatic cloud chamber considered for applying
and spraying powder coating with high efficiency [82].
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DMTA Dynamic Mechanical Thermal Analysis
EDX  Energy-Dispersive X-ray Spectroscopy
EEW  Epoxy Equivalent Weight
FDA  Food and Drug Administration
FBE  Fusion Bonded Epoxy
HAA  B-Hydroxyalkyl Amides
MDF  Medium-Density Fibreboard
PP Polypropylene
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