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(Enhancement of coating efficiency of polyester powder on metal lantern
by electrostatic powder coating)
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Abstract

Powder characteristics of fresh and reused polyester resins and coating conditions in a
metal-lantern electrostatic coating process were studied as they play an important role in reducing
polyester resin loss, recycling of the resin and coating efficiency, which was considered in terms
of powder transfer efficiency, film thickness, adhesion and product appearance. Powder
characteristics regarding shape, size, particle size distribution, moisture content, density,
flowability, fluidity and chargeability wete!ifivestigated. It was found that the reused polyester

resin had smaller mean particle ster; largerpary ize distribution; higher moisture content
and chargeability leading 1g iong dﬂﬁbﬂiw and fluidity than fresh resin,

/// %\\\\ ed by coating fresh polyester resin

on a work piece of 70 /

but no change in density.
s found that the spray gun voltages

\ \\ transfer efficiency, however, the

piecce from 100 to 300 gim it cr - .r cutransfer efficiency decreased. By

of 30-80 kV had almo

thickness was within spgéificy between the spray gun and work-
increasing the gun output FOngOAR I ) il thickness increased but powder transfer
efficiency decrcased. Subseg ipg time from 0 to 25 seconds, film
thickness increased. The maximum =i iranster efficiency was obtained at about 3 seconds
and decreased afterwards. T Yer, fresh knd stergesins were mixed and coated on

the work piece with NATE Bt cfficicncy of 53 % was

obtained at the wcightr@ of fresh am nster resi_u@ 3:1.

In addition, to ﬂm uverspm ; the Microsoft Excel program was used to

S msﬂ%@@sgq RIS WBH AR S e oo oo

this case study. e speed of the spray, gun and cunvc}rur speed were varied at the ranges of

oo Q444 RAATOHIN VIR e 0

was usediNo overlapping of the displacements of the spray guns must be considered.
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AVUA T . . .

w4 ALIN A A
mafinniou
ATIUNUT AT fun ] Aun
AN ”

Aun A
anufou
MINUNIEUNN Aun
Anudangy int
nIBRAR \ fun
" N
1m ' \ ‘b\ qn
Anuaizalsingiiaan
TR R LT #
s0 Tulasiuns
ANUNUABN TAT "
- y . e ' -
2.4 ﬂ"lﬂ'ﬂﬂﬁ"“ﬂﬂﬂﬂ'li i Wi 1 “i'l'l-n“ﬂ'iﬁ“']“ﬂ'ﬁﬂ“lﬂﬁﬂ“

e Ilvhada [6-13 =

iqn'mrlnﬂ 7 Eqaufnd Ivthgaanda Tt

Uaethiiueynin un., oun TUETTHONRRBIS I I (electric force) uaztisaoInet
NARAAT 7D USIRA (drag }ua:tﬁﬂuww (gravity force) IduMINIsIAABLTD
m;mﬂ (particle m ‘Hnﬁm iwig:]ﬂﬁm#ﬂ’m‘?w.lﬁﬂﬂﬁuﬂﬁ

ﬂ1‘ﬂﬂ‘l‘.'lﬂ1m [cquaﬂan of motion) [6] ﬂtv

ARIANN U 3»1?1’1’37]%]’1@%1

mg dts = FD+FI-: +FG (2.1)
df
o m, = wIaveI8YMA (kg)
Up = AT IVBIBYNIN (m/s)
- d ;r
Up = 2.2)

dy
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= 4 o
MIN3297 (displacement) VBINIFINdUNYDIBYMIA (m)

|
o
Il

- al
t = natieymamdeui lumu v )
Fp =  usama()
FE = usama v v
Feo = usaTiuga (N)
Fy
a P - JE 3 4 o o )
29 useiinszini uasaumsnundoudae Tlihada

4

A5OSR
E . .
HMA u'.-iaqnwnumrlm'i":unxﬂ11u

1 unqﬁu \
v g

) 2 X 4
mnuduveveslua UL Y090YN A, (projected arca) 115 IRAVOIDYMAHLILITD

ﬁTmﬁillﬂSﬂﬂlﬂulE’@Wlewﬁﬁﬁqu [6-11] ﬁdﬂllﬂ'l'i‘ﬁ 23
RN IPURIBNE

w— =~
-

(2.3)

de U, = anmudavesveslva (ms)
Py = ATHUNNIUYBIUD IHa (kg/m’)
= ﬁuﬂtawsauumﬂ (m’)
&, = dunlszAniusanavoa0ynIn (drag coefficient)
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24 1 oss
Re,<1,000 Cp = ey 1+_R‘r (2.4 n)
r Re, G
Re,> 1,000 Cp = 0.44 (2.4%)

P

Re, = fustlund (Reynolds number) Y030y

M (2.5)
DF -
# =
2. ad T fi¥ 6 A ooy i ing s e smun Inlih (electric field
strength) taz1/Tunai s giluod 7 l6-9 »
2
+q—F2) u«ﬁ]

iile

e tuwtynffmcspnmﬂﬂﬂxlﬂ A s/V m)

L ﬂlﬂﬂﬂlﬂﬂm P!
Q WQMQ?@J &Il%q "a (%]ﬂﬂb’] tﬁcﬂ»#mﬂﬁm Ao

image ¢ g: force Falumsdnimusama ez hitomhdnfasanld ween image

¥
charge force wmnwmnaumnug'lnﬁwﬂu unziAntoodemoufuusagaou’

d » - 2
Uszgueseymavuiuvinauazglivessynn Yimunnuiuvesiynin

- - o A
anuusavese Wi eymandound i naznameymanteufidiumu i waa

AMAUAURUTUBY Pauthenier (Pauthenier’s equation) [12-13] Aaeranis# 2.7 lumisduou

e & "
Aoainlszy e seymamonnuazainszdmualioymaiizsadiunsanay
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& = [1+z(z +i]]4:r(r,] £ ﬁ @7

u'}u & = amwoeudining (relative permittivity)
rpoo= Sriup0YN A (particle radius, m)
T = AneAIarlunsdalseq (charging time constant)
4g, 2.8)
eny;
was  J =
_-ﬂ
CLUE ELSty ﬂn o |
o / N —
0N
n = // iy \\\\\ dunmtyoflonﬂ
ey \\\\ o
H, = ] } 088U (ion mobility, m/sV)
Tﬁ
3. usalnugd dniadats 9'
A
S 2.9)

cation offmefall,?&mfs}
‘l

h |
il |
L
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2 5.1 ﬂlilﬁitlﬂﬂﬂﬁ"ﬂ“ﬂ“ I5, 14]
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anuagmnunmmﬂu{mﬂ illanzédaulvihatdin

" i
ms oA uadunszuum A 190 v jeRuA S uan e
¥ »
dmiunswunisuflveynialitunoudail
MININNUALOIATING (mechanical cleaning) 194 YARIoulsa n3elday

aanh
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nINAuaze R 1aolda15indl (chemical cleaning and pretreatment) 414
Fusnidaonsanion wu naadailain nsalearlein msazany Tudeemla dhidy

M15U9AAT11 1¥0U (degreasing) Hrsunudwinhazawliu (degreasing
solvent) Hazminza1wvdans 10 luileiiaa 1 (alkali degreasing solution)

mst/AuuanINANAY (conversion coating) ti‘.luﬂ'tiﬂi'uﬂmfuﬁafmm'inu
ﬂﬁfﬁmlﬂﬁﬁ{uﬁwaq‘funuﬁmmmxmunmﬂerrﬂﬂ?n wiemsazmuFaaroaia iite
dinnmnam Heatumsknieunazmafinaiiy  uazsaelinmstamevesiundouuy

& 4 &
FUNUAINULITY

Wlanzdelvhadn [1-5, 7-9,
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ATEUIUN AT aafy B in nea a Taulv Tanzdu' I ataves
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usunituns i Anya8ls wonviane Isu1v1iataviia
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- 4 44
fnd fhavuazdndan MONIUAUNITIADBUNTYUAIVDY
¥
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1 w - d B = - : : 4
Puriveyninldnasiangd o Simdvilpins g UABUMTIATOUAUAIF U
mavunieveynin uacn g W enI1uIuMTHUAReBYNIAATY
Thadn
b | E o
of spray gun) YuAUBATUTIVOIM WY

¥ ¥
a_ o - ] A w
HITHATU ATTUHUIVDIN FEL HUDTUVUIRTHITY IHE'EI'HTII-?']'IIBQ
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Ragitn Sy nnezdsannaie 1A

N
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AN NNIFUIUT IV
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Turiveymn (s
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. i - ¢, o . - -
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vesmonmhiuagssuanzgaiunderiihials  uaddanidmsndeuiivesiy
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2.53 MIUNTUIM[3, 5]
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2 ¥iia Ao
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luaniiviitiaad
- 31374 (shape)

- YUIA (size)

ﬂ1‘iﬂi:11ﬂi‘iﬂlﬂ~!'&u1ﬁﬂ1{ﬂ1ﬂ (particle size distribution)

i 4 .
U3u1A27M% Y (moisture content)

AUNUUY (densit

z-ﬁ-l i’jil.l"‘ YU . 1AL | : AT 3 4. [lz, 19_121
, s R &
i nn N3¢ ANBNENAADNGANTIDUT VDY
Tunisimzdin (cohesiveness)
-
VINMABYLYTIVUIAL éan particle diameter) NIV HUAD
Uszdininmmsdio Teuwdag v S Tunssuumsnundoveyma
fan'lfhate fio 25-50 ul ' 99 Bailey [12] 110040 A usIY
s -I .4 ] Wk i -
AUINANAURALYDIDYNIANIN LS auns  Meymaduingiizlialng
- F 1 . o

(regular shape) UASHESATETHAIUBIVARDUAMUATVRAVASIU mono disperse Tasiivum

y
tﬁumuquunmqmn : f:. 130 w3e 40 lulasiums el

dszimsammaieTon 0I0YMA ANTAMT MDA LAY mms'hmt;u CARNERET

HanInel §iiA ﬁﬁ ﬂi iﬁnummmmmmuﬂ il
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aANMNI3 uo MVUIRANT ]
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mmmﬂ'laau'lmwu

&
2.6.2 YR [16, 23-29]
& wa a4
auiuveseymailuguauiAnuuengunInyeIsynIn Ms1zilnade
Lo J
autianis Iva anmnis na wazaawaunsalunmsazaulszy Idfhwesoynminiild
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2.6.3 ATIMHUMMY [20, 30]
¥ " e o & A ¥ &4 '
ﬂ’.'I'IH'I‘I'I-.l'lI.i‘l-.l'I-.Ilﬂ“nﬂﬁﬂﬁﬂﬂu#’lﬂﬁ'lﬂﬁgﬂﬂﬂﬂﬂ1i FIND WIRNTITADHUINUIY
iinasueaas HouMHINANIINYBINIIWMUILNYBIBYNNANYAIEA 1Y AB

y 0 &
1. ATMUHUNNULT (true ity, ) TRUIGR! ANUHUNUUYDIDYNINE

IA9INLIATITVRIBYNIANITA \\\\ | /)Nuqmﬂﬁ'hinuﬂ?mmﬁmﬁ:ﬂu

;n;u'lun‘fnm{mﬁ |

2. AYWMITLLNUsANg (apparcn m ,) M1NuH ATIMUIINYeY
oyNIAFLIANINLINT T ' - g asnfinasdaiiiugnqu
luifooynindau dnfus , unE UAMMUIINGGY

3. Aanumyalhg . unq ATUMULINYBIDYA IR
IANINUIMITYDINGUDY ﬂ avsnlSumsdnadiiiugngu
uifooymanasd il e, £) AW ¥83ITTNTIBYNIA

fna1den

(2.10)
o STHEas ;5’;‘;‘;:" ﬂllUHﬂT'lUHN'H”aiuﬂfiﬂ

- q. & - - fv\‘ -
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mmu1'1'1uﬁ'1t1u%qmﬂﬂmﬂﬁﬁmlmmwumﬂ ﬂ'm'.lmﬁmuuudwanmm,'fh

M LA CLOUCA I R

3on1 ahuruiniunguuaisdn (packed bulk density, 0,) HAAWRITHINATINUUNIY

L]

nquvaizdauazamuiniunguyuznanlfiudyilvendnuuzmnidvessynin fe
L4

A0 lun1T8AAI (compressibility)  SwasiilinInuaasnnuausely

[ i -Iq oo = i L] ] o e e o

misaRIveseynInliige eymaninssadagassiioudan na'lid dennetaiidsi

M3 M@ (flowability index) HAZA¥IINS IMANEAN (floodability index) A1

AnuannInlumstain (%) = 10000, - P! Py (2.11)
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2.6.4 auVANI 1M [19-20, 22, 24, 30-33)
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0.1 dawlsznevvesszundieyninvesgnsaivivindeveynindloiviadingu
MPs-1F/MPS-2F Tugilii 0.1 (47)

1. Venting hose (without Air-mover - & 40 mm % 3 m)

3. Hopper cover
3.1 Inspection cover complete _

4. FRubber seal (1.24 m)
5. Powder hopper body s

6. Fluidizing plate /

6.1 Rubber seal

10. Aperture disk
11. Quick-release hose mﬁn:_
12. Quick-release connection for iV-‘
13. Fluidizing air hose )
14, Suction tube - contplet

14.1 Suction tube 41
15. Inmjector support

6 Losk ﬂUEJ’JVIEJVIﬁWEJ’]ﬂ?

17. Plug cap - In]::ctor opening

u.msaummﬂ@mummmaﬂ

29. Vcn g hose adapter complete
32, Hopper cover (No holes)
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0.2 gUnsaivivndeveymadadlifhadingu MPS-1F/MPS-2F [47]
Control unit housing
. Gun holder
. Milled nut - M4

1.

2

3

4. Control unit support
5. Base plate

6

. Trolley wheels

i 02 danlszneuvesgilnsaiviundevoymindao Ithadaiu MPS-1FMPS-2F [47]
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03 thaiveymalalsumnindawuviviiendnlasu3sim GEMA [47)

1.
2.
3.

o v oA

% =

10.
1L
12

13.
14.

Easy tronic control unit

Easy select-cup manual powder gun

Pneumatic connection (conveying air) 6 m — red
incl. Screw connection and Quick-coupling
Pneumatic connection (conveying air) 12 m — red
incl. Screw connection and Quick-coupling
Rubber pad

Spacer
Hex. Screw - M6 X 1
Spring washer - M6

Grounding cable -

Easy tronic mains

- complete
Column - complete

Powder gun holder-comp

J L} b L
a3 danlsznevvesiuriueyminTaTsumniataunnmuile [47]
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2.4 sruumauadeveymadanivfadauuusalifalasdadsturiveymayiia
aelnnmindaiuialsinmed [47]

1. Support bracket

2. T-clamp block - 2 30 / & 30 mm

3. Tube - @30 X 600 mm

4, Tube -0 30 X 1,000 mm

5. Rubber strap (1 per Gun/Hose)

6. Overall height

7. Lower reversing point

8

9

. Adjustable stroke

~
-

FIEA 2/
IR TUAMINYAE

Ui 0.4 dnnlsznevvesszuumsvundeveynindae Ifhadauunsn Twid [47]




112

2.5 Heaviueymnavesginsalrivndeveymadaslrihadniu MPs-1F/MPS-2F
111;1#! 0.5 [47)
4. Fan incl. sleeve
4.1 Fan incl. sleeve - 3.0 kW
8. Silencer
8.1 Silencer
11. Swivel roller, Wheel - & 100 mm
12. Swivel roller, Wheel - @ 100 mm, Do :
20. Filter cartridge - 8 325 X 750 s wit
25. Frame -
26. Filter pad
27. Star grip
28. Adhesive seal strip - 13
30. Vibration pad - M8
38. Adapter

39, Elbow joint - @ 6 mm-2 6

40. Silencer - 1/8"
41. Connection - 1/8"-8 6 mm
49. Powder collecting captain

50. Swivel roller, Whee V. <3
51. Clamp lever 1

AULINENINEINS
AR TN TN
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25,26,27,28

4.1
8.1
38,39, 40, 41

y:..-i

AULINENINYINS
RIAINIUUNINY A Y
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2.6 nzunsaserlusznheymandvivvesgunanivivindeveymndagvivhadagu
MPS-1FMPS-2F gl 0.6 (47)

1. Stand

2. Sieve base

3. Double sieve - 300 pm - complete (Standard)
Double sieve - 265 pm — complete
Double sieve - 400 pm - complete
Double sieve - 500 pm — complete |

3.1 Upper sieve for double siey
Upper sieve for doublt e
Upper sieve for dg
Upper sieve for d
3.2 Supporting mes:
3.3 Oscillating rings fi
4. Sieve cover '
6. Steel pin
7. Grounding spring
14. Rubber bush - 20 X 25 n;m {%‘ﬁ
17. Connecting hose - L=
18. Quick-release clanfpy
20. Vibration motor -
23. Clamp band

a5 el “ﬂﬂﬂ??’lﬂ‘ﬂﬁwmﬂﬁ

» L RRIRN T UM AN

40. Blind grommet
61. Plastic hose - & 60 mm

62. Plastic hose -2 30 /22 mm
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Characteristics and Coating Conditions of Fresh and Reused Polyester
Resins for Electrostatic Powder Coating: Powder Recycling and Loss
Prevention

A. W. Lothongkum', R. Nonthapone', K. Seangkiatiyuth' and W.
Tanthapanichkoon’

' Department of Chemical Engineering, Faculty of Engineering, King Mongkut's
Inmtm‘e of Technology Ladkrabang, Bangkok 1032 ﬂ Thailand

130 Paholyothin Rd., Klong Lurmg , #90, Thailand, and
Department of Chemical Engineéring, v of € uelring, Chulalongkorn
- —d 4

Abstract— Powder ¢hara-::tcn( oating n: significant factors in
electrostatic powder coating L po : \\ 165 of the reused polyester
resin or recycled powder pagi particle size distribution,
moisture content, density, ¢ were compared with
those of fresh resin or as-recg er. recycling. The coating
conditions for a metal-lantér; were studied with fresh
polyester resin on a work piec# o708 156 g @ iahual corona spray gun by
varying spray gun voltage, th€ dij e, ray gun and work-piece, and gun
output. For full utilization of p@wdel ‘ different weight ratios of
fresh and reused polyester resins B . pbserved using the obtained
cnalmg conditions accordingly. The o of fresh and reused polyester
resins was 3:1. In addition, to pre der particle in the automatic
electrostatic powder coa ng dug™ 10~ ‘;.A the relations between the
displacements of the spray.gdss and convevor distance were ::.r' >d by the Microsoft®
Excel XP on the model m&% lantern of & o over-lapping of the

displacements of the spray 1 m

Keywords: Electrostatic puwder‘:c&mg, polyester r&Jn corona spray gun.

nnmwcmmﬂ UEINENINBEINS

the maximum gun stroke or amplitudé (m)

L ponisHL A RESL | 3 614 G071 ] FNHA Y

Ve cunveyo speed (m/s)

Vo speed of the spray gun (m/s)

b conveyor distance (m)

¥i range between the spray gun no.l and no.2 (m)

¥2 range between the spray gun no.! and no.3 (m)
Y3 range between the spray gun no.l and no.4 (m)
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L INTRODUCTION

Powder characteristics, coating conditions, and the relation between the
displacements of spray guns and conveyor distance play important roles on film thickness
and powder transfer efficiency in the electrostatic powder coating industry [1-9]. The
expected product quality is a good appearance and high durable finished products with
uniform film thickness under specification. The electrostatic powder coating works on the
principle that opposite charges attract using either a manual or an automatic system. In
many automatic electrostatic powder matlng the gun-motion system, which is more
versatile than the fixed spray gun system, ig W d [10]. However, back ionization
which is an excessive build up charge pow and limit further powder being
deposited on the substrate or work-piece dofis the electric charge on the
surface layer may be reversed i Afteg suffaee™f€atment, the work-piece is
electrically grounded so that the powe Bigh Voltagesehiarge is strongly attracted to the
surface of the work-piece and § ¢ coating powder which
composes of resins and additivg sdhopper through a spray
gun where the powder gains low bscquently charged to the
target work-piece.

In this case study, the me
spray guns. The loss of coatifig
substrates, rework and pnwdcr

polyester resin using 4 corona

180 Wnattached particles to
of about 800 kg/month.
12\ the powderthat does not
, sp aying are of interest. To
reuse the unattached particles, powdgl chass€teristitstel the'reused polyester resin must
be compared with those of fresh resifi of@s-foccives ler'@s well as their mixing ratio
[10]. Powder characteristics relates clos cO3 onditions. With suitable coating

conditions and movement of the eyor speed, the unattached

particles and powder overisp L___;_+ diges to indicate the
coating efficiency in the ele ‘%‘ ystatic powder coa .,jl thickness of the
product and powder transfer ¢ -'

Therefore, pnwdcr cha ',1 eristics of tresi and reused pc- ter resins in terms of

shape, size, particle size dlstrlbut n, mulstun: content, density, ﬂﬂwabilll}', fluidity and
chargeability were chaﬁ %

1 1 previous work
[11]. The coating cond n E;; 'ﬁg: the distance
between the spray gun 4 d wo piccc an gun ou pu w rate of coating powder
were investigated. The wmght ratios of fresl powder miyed with reusedgpowder were
studied. The rcfﬁoﬁqﬁﬂaﬁﬁmnum;g ﬁmﬁ i distance
were simulated b tl uns that
are normally usédl in the automatic case study process to prevent loss due to over-
spraying.

L. MATERIALS AND METHODS

2.1 Powder characteristics
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Fresh polyester resin or as-received powder in this work is obtained from the Jotun
Powder Coating (Thailand) Ltd. The reused powder is the recycled polyester resin which
does not adhere to the substrate.

Particle shape and size were studied by the Scanning Electron Microscope (SEM).
Particle size distribution was analyzed by the Malvern Mastersizer 2000, which employed
an optical diffraction method for size analysis of powders dispersed in an aqueous
medium.

Moisture content was measured by the Halogen Moisture Analyzer HR73.

Powder density and flowability werg determined by the Hosokawa Powder
Characteristic Tester (model PT-N E 3 icron). The tester constitutes

\ \ ‘ physical powder properties,

a multi-parameter analytical tool ta 1aract /-
including flow properties. The aerafesbulk de sit . bulk density, angle of repose,
ing the flowability index

angle of spatula, and cohesivengss Were assegse
having the theoretical values fro Thel {lowability index less than 60

generally presents significant cohesig : atly pegr flowability [12].

Fluidity was calculated®Top - g ive x“, wiitels was measured by the
Sames Fluidmeter AS 100 [13]. / = B

Powder chargeability*Was #€n 6d- by Als ehaggento "tass ratio, which was

determined by the Faraday cup
2.2 Coating conditions

Fresh polyester resin was goal€d on 2 ; of 708> 150 mm by the manual
corona spray gun at the voltages of 60 ax Vothe distances between the spray gun
and work-piece of 100, 200 and 300 m n ats of 0.3, 0.5 and 1.0 g/s. Film
thickness was measured by the mlcru 1 hts of powder on the work-piece
before and after coating' wege ret powder transfer efficiency

(% TE) was calculated by Eg;

"'1*_' )
%TE = veight of WElK - piece (8) 100 (1)

gun output (g/s) x coating ti ae (s)

Subsequently, aﬂ mtgfm mﬁ ﬂ different weight
ratios of 1:0, 3:1, 1:1 0 itions.
2.3 Simulation ﬁ W)la { f] ﬁb gﬁam ? ﬁ

The Mi el were applied to simulate %ﬁl: relation

between the dtsplacements of 4 spray guns (d,) and the conveyor distance (x) over a

metal lantern of 600 x 1,216 x 120 mm by varying the speed of the spray gun (vg) and
conveyor speed (vc) from 0.40-0.55 m/s and 0.030-0.035 m/s, respectively, and setting
the maximum gun stroke or amplitude (d) constant at 1.38 m. Ranges between the spray
guns vy, ¥z, and y; were 0.2, 0.3 and 0.4 m, respectively. The values of the maximum gun
stroke and ranges between the spray guns for the simulation are the values normally used
in the automatic case study electrostatic powder coating. The over-lapping of the
displacement of the spray gun depends on period and phase difference. No over-lapping
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from the simulation implies no over-spraying. Fig. | shows the configuration of the spray
guns setting in the automatic electrostatic powder coating in this case study.

Displacement of the spray gun no.1 (dy;)

d
da = Scos(Tval) @

(3)
Displacement of the sp

(4)
Displacement of the spra

()
Conveyor distance (x)

(6)

3. RESULTS AND DISCUSSIO
3.1 Powder characteristics % 4. fj

Shape and size of frﬂ and reused polyester resins I shown in Fig. 2. The
particles of the reused polyester geg are smaller th resh polyester resin and somewhat
agglomerated. Fig. 3 'PTn ncludes powder
characteristics of fres (ﬁ g 3 H . From Fig. 3 and

Table 1, mean parl:lclﬂld:-amcters of frcsh and reused pulyr:stcr resms are 23.55 and

14.60 pm, re - gﬂ} of the
reused pulycst ﬁbﬁ ﬂ‘ ﬂ pum). A
typical value ofgp artlclc size distribution stated in the ltcrature 1S apprmumatcly 25-50

pum [14]. And smal! particle size, not less than 10 um without agglomeration gives better
deposition consistency and a uniformity of the coating layer. The smaller particle size,
the higher agglomeration is found [2]. Therefore, the unattached polyester resin is
possibly to reuse with fresh resin but small particle sizes less than 25 pum is recommended
to be separated.

Another parameter that involves with particle agglomeration is moisture content.
It is suggested that moisture content not more than 0.5% is preferable for electrostatic
powder coating [13]. The moisture content of the reused polyester resin was 0.48%. To
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ensure that moisture content of the powder particle does not exceed the suggested value,
the recycled powder should be circulated in a cyclone which exists in general in the
automatic powder coating system for particle segregation and drying. Aerate and packed
bulk densities of the reused polyester resin were almost the same as those of fresh resin.
The flowability index of the reused polyester resin, particularly the fluidity were much
lower than the values of fresh resin. This is because the reused polyester resin which has
smaller particle size is more cohesive and easier to agglomerate than fresh polyester
resin, The flowability index and fluidity influence the movement of powder particle from
the spray gun to the work-piece. However, the acceptance range of the flowability index

3.2 Coating conditions

Fig. 4 shows film thickn
with the spray gun voltages o
work-piece was fixed at 300 m
varied from 0 to 25 s. It was fi
work, had almost no effect on fi
spray gun voltage of -60 kV is an the metal lantern in this
case study is specified at the r 15]. ] Fig. 4, at -60 kV film
thicknesses at the coating times of 3 nd - 3 um. The powder transfer
efficiency reached the maximum val DAy Cdndc ased afterwards.

Fig. 5 shows the effect of the dist tam he spray gun and work-piece on
film thickness and powder tragsfer T . pliage.was fixed at -60 kV
with the gun output of 1.0 gés3#n increase in the distanceBel —-_,u the spray gun and
work-piece from 100 to 30Q 7am, the film thi 5 transfer efficiency
decreased. This is in acmrdan %ﬂhargﬂd particles and
work-piece decreases with th square of the distance betwedd the spray gun and
work-piece [16]. It was found thaeat the distance beWan the spray gun and work-piece
of 100 mm and the coa film thickness
of 90 pm was achlnvemﬁeﬂ: %ﬂ mzwﬂwatww“ for the

automatic electrostatic pbwder coatmg, the distance between the spray gun and

wark-pmce of 20 m \L and the
e et Lo ST U AL L
Fig. 6 sh o ess and deF transfer

efficiency. The spray gun voltage was f' xed at -60 kV with the dlstance between the
spray gun and work-piece of 200 mm. When the gun output increased from 0.3-1.0 g/s,
the film thickness increased but powder transfer efficiency decreased. At higher gun
output, powder transfer efficiency decreases because of back ionization which agrees
well with the data reported in the literature [8]. In this work it was found that at the gun
outputs of 0.5 and 1.0 g/s and the coating time of 3 s, film thickness within product
specification were obtained with powder transfer efficiency of 58% and 33%. In general,
a suitable gun output to be set in the automatic electrostatic powder coating process

against coating time
#en the spray gun and
The coating time was
were studied in this
nsfer efficiency. Thus, the
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depends on, for example, shape and size of the work-piece, the number of spray gun in
the process, spray gun speed and conveyor speed.

Fig. 7 shows the results observed from different weight ratios of the mixture of
fresh and reused polyester resins using the obtained coating conditions on the work-piece
of the same size. At the coating time of 3 s, the film thickness of 44 pm which was in
product specification was obtained at the weight ratio of fresh and reused polyester resins
of 3:1. Reused polyester resin had lower film thickness and powder transfer efficiency
than fresh polyester resin due to less flowability index and fluidity.

3.3 Simulation of the displacements of t nd conveyor distance

un speed from 0.40 to 0.55
m/s, the periods and phase diff: the spray guns at the same
side of the coating process in Fig " 3 and no.2; and the spray guns
no.3 and no.4 decreased. In a spgailfi :- ' en or spr:cd increased from

74, sfithe displacements of the
example of the simulation rés “Spray guns at each spray
gun speed of 0.55 m/s and a cg lm/s. It was found that the
phase difference of the displ& ] , and no. 2 was 0.05 m with
no over-lapping. No over-lappifiz [f€1g8 prevent¥oss of tile polyester resin due to over-

spraying.
4. CONCLUSIONS

Powder characteristics and codn i influence film thickness and
powder transfer efficiency, The has smaller mean particle
diameter, wider particle sigeddistribution, higher moistup g contet-and chargeability than
fresh resin leading to partig|5/ge i W and fluidity. Recycling
the reused resin in a process,flie’s um should be separated
and moisture content shoudd® be reduced. Increasing the y gun voltages from
-60 to -80 kV shows almost nckcﬂ:-:l on film th ess and powder transfer efficiency.
An increase in the d 100 to 300 mm,
the film thickness anﬁoﬁﬂﬁ msgwwwmﬂgnb}f increasing lhr:
gun output from 0.3-140 g/s, the film thlckncss increased, however, the powder transfer
efficiency decre.ascd because of back ioniZation. The suitable weight rafid of fresh and
e AR R SR AR o
thickness. Lus powder
coating is possible by setting spray gun speed and conveyor speed to attain no over-
lapping of the displacements of the spray guns.
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Table 1. Powder characteristics of fresh and reused polyester resins.
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Powder characteristics Fresh polyester resin R’““fﬂ]:?':}r s
Mean particle diameter (um) 23.55 14.60
Particle size distribution, dzo-dgg (m) 25-?!_‘.} 15-65
Moisture content (%) 0.37 0.48
Aerate bulk density, (g/cm?) 1‘! ” %{ 0.71
Packed bulk density (g/em®) 0.96
Flowability index /%ﬁ 5800~ 49.00

Fluidity // é& ‘H \.vh_

Charge-to-mass ratio (uC/g Il [IET "\ A\‘
‘ o

55.56

0.45
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