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Abstract

Powder characteristics of fresh and reused polyester resins and coating conditions in a
metal-lantemn 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 were investigated. It was found that the reused polyester
resin had smaller mean particle diameter; larger particle size distribution; higher moisture content
and chargeability leading to agglomeration; and lower flowability and fluidity than fresh resin,
but no change in density. The coating conditions were examined by coating fresh polyester resin
on a work piece of 70 x 150 mm by a manual spray gun. It was found that the spray gun voltages
of 30-80 kV had almost no effect on film thickness and powder transfer efficiency, however, the
thickness was within specification. An increase in the distance between the spray gun and work-
piece from 100 to 300 mm, film thickness and powder transfer efficiency decreased. By
increasing the gun output from 0.3 to 1.0 g/s, film thickness increased but powder transfer
efficiency decreased. Subsequently, by changing coating time from 0 to 25 seconds, film
thickness increased. The maximum powder transfer efficiency was obtained at about 3 seconds
and decreased afterwards. Thereafter, fresh and reused polyester resins were mixed and coated on
the work piece with the same size. As a result, the powder transfer efficiency of 53 % was
obtained at the weight ratio of fresh and reused polyester resin of 3:1.

In addition, to reduce the overspraying, the Microsoft Excel program was used to
simulate the displacements of 4 spray guns and the conveyor distance for the automatic process of
this case study. The speed of the spray gun and conveyor speed were varied at the ranges of
0.40-0.55 m/s and 0.030-0.035 mV/s, respectively. The metal lantern of 600 x 1,216 x 120 mm

was used. No overlapping of the displacements of the spray guns must be considered.
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2.2.3 Hoanuayn 1, 3, 5]
Y ' o v 4 g dq @ A o q ¥ a0
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pon luduaz liAadunuunsnszarvean ldmouenszuy  doanuoynianionldezdl
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Yuavetlszgmiadwazosnmidusuiadunun ngngauazilanasanal Asglin 2.8
¥ 14
o @ o =Y Y 1 = [ a
ANUFUTUNNT (relative  humidity) uazguuniiludosnveymninanolsnunimdy
. ¥ d:l a a Jd
(moisture content) LazANWAWITD Tumsazaudsyy i wesoyna nuldanududusing
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2.3 ouMANIFIUNMIWIAADY (coating powder) [3]

pyuman1F lunswunionlsenoud 106l (pigment) A15AUAY (additive) UAZITFY
' a’ % L & Y =
(resin) 1%U WAEANNDS 1uwA (thermoset plastic) FegnualiiilunsaziBvauazionving
v b4
oumafitonlFlumswundonuuTan I Tanzdao Idihada uyauilu 3 nqu fail
= s a . a 97 o o’a’ y J A
2.3.1 8uNABNWBNTISTH (epoxy resin) Honlylunumaly Msdunsanuaaie

4 ) 4 o o A =1 1A Y ° 4
A0 LazsetosfuRuRIIANISYaduazasAl  ualveIne A 1ooUNIA
¥

]

¥
=1 a

- 14
snenFisgugnuudioanudenuwnull dMwasudnidony  wenainfioyninyiiadly

Ve A w = 1 P Y =] Qy ~ &
wumumasaaaamﬂﬂmaﬂ %a"lilmmz'w%ﬂwumaw%mmwhmuuanmms

v a

¥
a 4 a a [} 9
2.3.2 BYNIANBALBTINGS (polyester resin)  BYNAFUALNUNIUADTIT AN
I = d‘ g =} Qy d' 3 1 o =
lalema damuizfiseldvuwndonduanunlsnmouenins uaguantaniauniuialszns
[ 1 s o ) 9 1 P=} P=} a
IFU ANUNUADAINIALAI0 A1502A 1WA LAZNTAIIDIE VABINIIDYNIADWONFITFU
aw & ) a o ' A A 9 Y a day v o
Tuaidoive ldoymanedioamos lunswunaon 1ol lay lWminsanadaldauldng
moulunazMoueneIMs Haging1¥s 1INV IBYNIA LU gaN

b4
o I=} ~

a < a
2.3.3 BYNINDWBNTNODIDAINBII5TH (epoxy-polyester resin) OUNAYHATIT

wa a [ = ~ a o LY 1a wa 1w AW
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M 2.1 puauiaveseyn i lflunsyuaumswumaoudls Wiada (5]

FUADUNIA
AuauYA ! aUNIN aYNIA BYUNINDWONT
= < a a 4 = a
INONTITFU WO AINDS Wodlo Ao 13T

Y a a v oa
M3 iFumouen Tu@ A TiRovd
AR IUNIY . . .

oo Auan f f
mMsfnnsou
ANUNUAITIAL aun f fuin
AR TUNIY B . .

) aun @ f
Ausou
N1TAUNTZINN Auan Auan Aun
AMDANGY AN Aun fun
|

NMsUARA AN auin Aun
5191 hunaig ihunais an
anuuzilsinginany
HUIRIADD f f @
50 Tulasiuas
AIIUNURDNISVAT @ f A

4 4 . 5 "
2.4 munaeniveseyninanunueymaluFunulunszuiumsnuniey

e lvhasa [6-13]

symanniuriveyninliihadazgni iiRay sz adofnd IWihgeaind Tnihi
Jareiluriveynin uaziadeui ldesuaudaous eIl (electric force) uazusserme
wamans Ao 1s9nA (drag force) azsa1Tugae (gravity force) 1dumInInadowudives
91N (particle trajectory) ﬁuﬁuzxsaﬁnszﬁwdawmﬂ ﬁagﬂﬁ 2.9 wazmiwanldvninauns

4 A . " A
NSIABDUN (equation of motion) [6] AD

dap

m, = Fo+Fe+Fo 2.1)
ds
A
weo  m, = uInueIoYNIn (kg)
Up = ANLIS1UDIDYNIA (m/s)
Up - — (2.2)



12

Xp = N13N529A (displacement) maanwamgéuﬁmmaqmﬂ (m)
t = nmﬁaqmﬂmé’aumuaumwﬁw (s)

Fp = 1399 (N)

FE = usama vl ()

Fe = uselunae (V)

Tssavea
0101

d’ dl o 1 v & by a
3N 2.9 useiinsyidoeymalunszuumsvuadondlo Idhadia

[ b4
TS wdazlssnninsgideayna Aadl
- o dg’ a a
1. Usdge ﬁi) usmwﬂwﬁﬂs:mmm}gmﬂ USIRAVUNUAINITIUDTAIN
b4 [ v ¥ »
' p=1 a &K
MUY 11a  LaziuRIYDI0YNIA (projected area) HTIRAVDIDYN NN

e ) I 4 2 4 o -
AN IATANVH U UVDIDI IMaUAZ ALY YMANNAY [6-11] AT 2.3

—2

UF
F, = Cp, Pr A, (2.3)
2
A - <
We U, = A58 IVBI 1A (m/s)
P = AMUNUUYEIYB 11 (kg/m’)
4 4 2
Ap = WUNLIVDIDYNIA (M)
LD - SIJJUJ&HHULB\!\J}&YIUU"\JHEJ‘Hl\UAd:.D'LULLLAVA\JAl‘}
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“ 24 1 0.66
o Re,<1,000 c, = ——| 14— Re, (2.4 1)
’ Re, 6
1D Re,> 1,000 CDP = 0.44 (2.4 9)
Re, = AN301UAR (Reynolds number) ¥990YN 1A
D ap
Re, = e PP (2.5)
U
D, = (FUAURNONA199890YN 1A (m)
7 = ANuNTIaveuealya (N s/m’)

[ b4
d o ] 2 ar
2. usen Idhiinsesthiaeeumadiuiunnuussvesauin T (electric field

strength) azUsunlszguueynin [6-9] AT 2.6

. . 2
Fe = me(( g E+—2—) (2.6)
167e,a

= USunlsgguueynn (particle charge, C)

o g,
E = e 1 (electric field, V/m)
&, = ANINUDLUDIDINIAIN
(permittivity of free space, 8.859 x 10" A s/V m)
a = 'szUzﬁwawinmgmﬂﬁwﬁmm

(spacing between the particle and the target, m)

N = e 1 =
aInuINYeITNNIIN 2.6 AD UIINABN (Coulomb’s force) LAz dIUNABI 7D
. & o MV ra o 1 a % d’ .
image charge force 49 lumsdiurnusanaldihez lidomhduiaownld iessn image
a dy A 1 y-:y = V) Py r=1 a o
charge force ziNAYMNBOYNIADY INATLNY naslMTBuBIMBUNUILIInA DY
£ o ' a &
UszguetoymnvuiuvIanazjlnveseyma  Ysuimanuauyeseynn
anuussvesauy Tiheymamdeunsu uaznaneymamaoundiuay Wi waaq

@ W L4 . [ 4; o
MUANUAUWUTUDY Pauthenier (Pauthenier’s equation) [12-13] A3aUNITN 2.7 Tunmissam

51|UJ||LJUJEV\45)()1(UU\JUPédIlllhlll.l((oIl-lt:lu./r:all'uu./lilIAH(It_IIUHq)JI|‘A¢J3‘Ud PNLL b rtd N oy
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g —1 - ¢
2 - 1+2] == 47r(rP2) g E 2.7)
g +1 (t + ‘c)
N v o R L.
e £ = ANINUDUTUNNT (relative permittivity)
s = $AUY9YNIA (particle radius, m)
T = A1n9aI11uN150R15%Y (charging time constant)
' de, E de,
T = = (2.8)
J engt;
waz  J = ANUHUNUUNTZUEUIN AN JopDY

(current density of the ion flux, A/mz)

ad
e = ﬂsxgmmamﬂmau (charge of an electron, C)
n = $IUIUAMUHUUU YD 190D U (number density of ions)
IR ANuaIn lumsindounveslevou (ion mobility, m’/sV)

3. useluada amaldan
Fg = myg (2.9)

'ﬂamsi'uﬁmmﬂusﬂﬁudw (Acceleration of free fall, 9.8 mz/s)

&
=)
oQ
I

2.5 pszaumsWwnasueumavieaeamesuulaulvlaneaevivhada

' A a L v a v
nszuIuNIsHumasuoyniawedeamosuy Iy lW Tavzdio i atadsznoudae
b4 b4 b
o a a a - ' a (3
YUABUNITIAS UURUHIFUI (surface pretreatment) NISHUIATDUOYNIANDALDTINDI U
b
Tan T Tangdaw Ivfadia wazmstuFuau (uring)

2.5.1 MIATOUNHAITUOY [5, 14]

¥ ¥
=) a a

=) dy = Qy P b ar by
mswIouiuAFuOwlunszuaunsildlSulgeiniasuauldine
14 } 4
dmsumswundoudueyMAldunDUAaLl
o a R . ' o v
MIMANUALDIAPING  (mechanical cleaning) YU daaaulse wielday

a 1
RIS |
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° Y ) . - LY
AsMIaasea laulsaisal (chemical cleaning and pretreatment) @14
::l b Il J ] @ a a < LY
Funudionsansea1s 1w nsagaiasn nsaearesn msazawlsRoureara dudy
¥
a Y . Y ) @ o ar R
n1599An310 1UTY (degreasing) A19FUNUAIAIMIaza10 1957 (degreasing
solvent) HAZA15AZA10UIAATIV 103 HBIIAAT (alkali degreasing solution)
a f::, a [« a d’l a n’l
M3 aouaATWAUAT (conversion coating) (UM sdSuYganuAIFunulay
aaa ad'; a n’l LY a P=| a 4'4
UgpTuualinvinAIvesrunuawmsazawnsadeareIn viemsazarvgavemiva e
a @ 1 a o ' ) =& a
Wuanuaany tesdumsynsounazmaifaaidy  uazgioldmsvamzyesiuniovuy

v » ¥
FUNUAINUTITY

. a g a
252 msvwnasveymanedemmesunlanllanzaseIdthada (15, 7-9,
12-13, 15-18]
] .d a o 9/ a
nTzuIUNITHIAdoveymanededmos U TauIv Tansdvlidhadaves

a'y q‘ = =-] [=? o waa' 9 1 = < a o
Umwm*ﬂuﬂif,uﬂﬂmxﬂua:uuaﬂuwﬂ%ﬁuwuaumﬂ“vuﬂﬂ@Timmimwuﬂ
o o a & o oaa ¢ . & A4 ad

And i avuazanaeduss 1Usiames (reciprocator) IWOAIUANNTITIAADUNUUAIUDY

b4 v
a a

» ¥ ¥ 14
Turiuoyninldniduain  waziioowinihdusudigiuneunisms sy uiiFuay

o a '

14 1
MsruAdouayNa Lazmsuudunu aulsidiAgaenszuiunsHuniousymndiu
Tivhada 1wy
14
o A [ [ a
2.5.2.1 $1M3UTUNUYMA (number of spray gun) YUAVBATUTIVOI WY

¥ b4 v ¥ »
REAVRRLY 'ﬂ’ﬂll‘H‘H"I"UE)Qﬁ?Lﬂﬁ@UUN%ﬂGWHW%@GﬂWi HAZYUITUITU Lﬁi‘)@ﬂﬁﬂ%’)‘ﬂ@x‘l

14 14

o & & 2 - S ' Y 2 A PV YY)
muwmuwmmqwu ua:‘-uumcvudmclﬁaﬁm mmuﬂuwuaqmﬂﬂmaaum%umaiﬂﬂ
b
‘ﬂ'ﬂﬂ‘ﬁ‘l‘!W‘U'&NN?Lﬂﬁ'&)ﬂﬂﬂ%ﬂﬂWHﬂWNN?ﬂﬁgTN

2.5.2.2 WBUWAQA (amplitude) H30MINITTAFITAVOINITIAAO U VD

A

' 4 &4 o '
’{‘luwuagmﬂ mﬁmﬂiwuwmazuzmimaauwﬁuua:mqaqmaaﬂuwuaqmﬂ Ha

¥
Y- [

¥ v +

o = R 1 a
WRUEAUAIINGIVeITUII HInszozmsnfeuiYulazatvealunueoynmauauiiuldey
o VY9 by 1 Qy ' = v 9 a : a A
wldduuunarduasvesiunugnriuadey ladoy  ARiuAMLUIvEIRNAT DY
e a S a Vv A a4 ' Y a
Funuusnaiitei uadiszozmsndouhvunazasvosunueymanunulyl anunu

¥ v v

Ruafeuduuniazd e vessuuIzInniua i ndunar gaidvounta 1esniniie

' A a IYERY] ) ' e '
Yurneynimioui lufesduuunsoduaiwesFuay anuusswesauin IWiisznig

¥ v l v

PuriueynwiuTuauaT W HUirgInWsHuEY JufansWiAiouuIn WeNI NI

aq 9 ' & 4
AlalumswundouazuIuIY

ar o d' d' d' 1 LA v o o
M1 571 AMSHSAAISIQAANINAUR NN DA AVD M men s s - PN S TR L

[ 0 a [ < - o ' o XY [
ﬂUaﬂﬁ']Lg'JSUENﬁWUW']uu']GUuQWH ‘Vnﬂ@ﬂﬁH'i'.]ﬂ’]ﬂﬂa@uﬂ"l]@ﬂﬁuWﬂ@Hﬂ]ﬂﬂuLﬂ@ﬂﬁ’Hﬁ'J
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° Qy Qy v ] Y o o 4 o
PRI IONIINFUNUGIFUOUIzgIWLAdey Al uadignsusinsiadounveiiy
¢ o < ° iy ° a 2
WUBYMIAGWAZTATUTIVOITOWINANTUOINAT  AUHUIYDIRAATOVLUFUNILIZINN
= d' 1 v 4 o d 4 dl
vl wazlunszuaumsiidduwueymmnnndi 1 nszuen duld d1dasusimsindoun
[ [ o o ;: to o Jdao ' a 4 o
Yol unuoYMIALazoRs IS eI ewIHThFuO IduusAY wuezifensnaoui
Founuiuvedn1snsednvesmsiniounyesilunuaynin (displacement of spray gun) 1%t
avwwwesiundomnmiuanuduuazgydveynin
[ ' o o
2.5.2.4 sindldfhvesthurneynin (spray gun voltage)  daeind Ivlvves
[ c'. o as Y [ 9 d‘ v = ' o
Puviveymaduinlld msoadszylduneyninszdos oymangnrueonunisliimefauy
Qv Aa o o 1 a =
Fuam Junsaindng ldvhvestlunueymaguinly eyninseiivszyuazusmaldhga
2 A oy g v a 2 = ¢ a o A
DYMATUANDUNAIWANWSIGINTTUNNAVHIVEIFU NN T3 lihRamsimezAauaziaiioy
Qv s 2,’ a a ’ o - < t
Fuay  aeiudszdanimmnisaioTeuveseyniadedt nngufssydnd lviheea
t d’ | 1 =y [ ' = I'd
Yurnoymaimzaudemswuniovoymas v lvvhadneglusae 30-100 Alalad 3]
2.5.2,5 szozvi1esenialuniueymAGUTUIIY (distance between the spray
v [
gun and work-piece) 5¥UZHNIENITUNUOYMAAUFUNUAHIN TUABNSHIATBUDY
v )
Tuga9 150 - 300 adwas 3] Siluwueymaeglndnusuaiunu livsdoyninniilsyy
v 14 v
azaupguuAIFUIMINANIINMSTIEMYsE I InFuugmeay Jufauua loes lusduiu
MmlddszdninimmsoiTeuvesoymaaaat lunsainszozritesznietunuoyniany
v
Funuegiiiumiu 'l anuusswosauy lizasas ildeymatius imaliduas
7o 2 A = A 2 Y o &
usIIMANAmaRs A1 oymadtundeudn hndouuusnaulades daiuanuruives
a =3 : 8 .
HUAAB UL UTUNIUTIAT
2.5.2.6 3ZHZHILTTHIGTUNU (track distance) HHARDAUHUIVDIHUATOUAN
iy Y o .o iy o 1 A
audawesiuny  iedasuSiwesmennnhiFuaunm  A1szoriassnNduaduAY
a a ™ a g 9 2 o A sq g v A
Wl anumnvesiamdeundutnwessunuszautesnInnmnlslumswunaengn
o @ kY » U _Qw 9 a = ~ ] p=1 ]
Sia duzerieszuiaduaunhatu v gaidveymaitiesainniswunden T lay

iy = ' 2 @ Y & a o do Y a
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as wa a Y A o Vv a
ﬁﬂHﬂIZﬁNUﬂﬂlﬂﬂﬂHﬂTﬂlﬂuﬁ\?'ﬂfﬁ iU@UWQUQ“v’WnGl.'ﬁl‘UTi"UWE]ﬂﬂ'i'iu“ll@\?@lgﬂWﬂ e
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av o d 1 1 v a Y o aa ~
llﬂﬁll HEITHINIUMA HAZITHINIYNANUTAULIAN DY aﬂymzﬁuﬂﬂﬂlﬂﬁauﬂjﬂﬂﬁﬂyj

€e

- g‘lJS'N (shape)

- YU (size)

- MINTTIVAIVBIVUIADYNIA (particle size distribution)
. a 5’

- sumnnuru (moisture content)

- AUNUMUY (density)

- guiang tva (flow characteristics)

- @mwNs IMa (fluidity)

Anuaso Tunsazauisyy Wi (chargeability)

2.6.1 31919 Y119 BAZNISNIZV WA IVBIVUIABYAN [12, 19-22)
71579 U119 1azN1INIEN0AIVBIVNIABYMALINTHARONGANTTUINY VD9
DUNIN 1BU AUUANIT IMA dn1Wn1s Ina 1azaua w150 TUN151N12# 7 (cohesiveness)
= v 1 I's P . . & .
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v Y a =] Qo . v v '
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I o a A LY [} [P=} [ a
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wiuguona1undvdognislurnanmuizauana wu 30 15e 40 lulaswas 9l
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2.6.2 YSnamnutu [16, 23-29)
b 4 [
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auianms Iva aniwnis lva wazanwauiselunisazaudszy Iddhaesoymanld
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2.6.3 ANUNHUY [20, 30]
' o vad o w & ' 4 .

anuvuiuludnyuzruiAiddyuesads dfio uiamsdenianiig

Y51103999013 T wAIIIAAATINVBIANUNULINYDIDYNIATNEULAIA AD
v a . =< [ é

1. AUHUIMUULATE (true density, £) MU ANUHUILUUYDIOYN AT
@ ¥ a 4 Y a & 1 a 1 P
Jannuiamsveseymansaodiuiasiutsevesoynind lusaulSasaauiidly

2

gwiulutieayma

2. AuMUIMNUYSING (apparent density, 0,) MUWHI ANUUUIUUYD

A o [ a A4 a 1 o o
BUNINFITAINUIA A5 VDIOYMAMITAI0LT AT VoI YMAFIT YT et ugwgu
v Vv

b2 LY ] R a0 Y 1 [ v a

Tuieoynnd 1o aeiunNuMULLU S INY AT UM T O IA VAU UILLLDSS
1 1 = 1 a

3. ANUNUUNUNQY (bulk density, £,) MNIUDI ANUHUMUUYDIOYNIAN
a [ a ' 3 a [ g
Jannuramsvesnguaymamisawlsmasvosnguoynia lavswlsmasdmnidugngu

¥ .

Tuileoymanazduilugesinsgnineyma (voidage, £ @0 Wo3319358MI90YMA

o b3
A 1don

£ - 1-(0/0) (2.10)

ar '

Tun 19 JUATouTaAN UM IINLNYBIDYMIARVUANUHUIMUUNGY
14 b4

o o ey o o a by g
wafiidudesfiarsananiiziiia nsdia ldsooyninlinessiudu oyninlunoses

b4

31596100191 009 MANUUUIUUYDIBYNIA TUNSATIETAIAINIIAITUH ULV

b4

aYNIANYNEA 130nNNTATIANUAUMUUNGUVUENAIY (aerated bulk density, 0,) Tun1g
AsanuINduvg1o YNNI 0dAR N IHLINE  AIANMIUHENGNYBIDYNIATZTM

' 14 ' . b4
Wudy 1fesnnuseneuszir liresineszniveyninanas anunwmuungulunsal

3091 ANMUNUMUUNGUUEDA (packed bulk density, 0,,) HAANIZHINANUHUILIY
nauvmzdauazanunuuiunguvusnalfiudsiivendnuuzaudfvesoynin o
t4
L - ¥ ’ p=1 ' ' .
AW IN501UN158AAD (compressibility)  AHaA1eHdAuInUAAIIIANLEINT Ty

v a =) & @ o = e rey A 2 o
M3IPARIVDIBUNIAUATIY 'Olgﬂ?ﬂ“ﬂllﬂ?i@ﬂﬂ]q’&i]ZNﬁlJUﬂﬂTiklﬁﬁ‘lllﬂ FINWNWOIUAYU

M3 11a (flowability index) HazA%Tin1s Ianzdn (floodability index) ¢1

ANUEINITAIUMIOAAD (%) = 100 (0, - P! Py (2.11)
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2.6.4 audiansiva [19-20, 22, 24, 30-33]
autians Tnaveseymadszdnninmeariinis 1va wasmasiims nangdn
o o u
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1) ariyunoaluynzngatia (angle of repose index)
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4 . do 4 4 N .
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' 3 4
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2) Artinaasveaunee luvngngatlwazyunosluvusngatimainsnig

(angle of difference index)
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M15190 2.2 Ariinig Inauazaaiinis Tnangdnuoaeynia [20]
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60 100 1 10 140.00 | 143.00 | 153.00 | 167.50 | 150.88 2.55 2.63 291 3.00 2.77 24
15 154.52 1 157.37 | 153.97 | 151.75 | 154.41 2.33 2.25 2.11 2.88 2.39 14
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0 0 0 0 0 0 0 0 0 0 0 0
3 55.65 50.92 58.35 50.50 53.86 1.11 1.20 1.28 1.03 1.15 33
5 89.35 87.05 86.15 88.65 87.80 1.62 1.74 1.54 1.71 1.65 28
60 200 1 10 146.85 | 140.10 | 136.87 | 141.75 | 141.39 | 2.48 2.92 2.77 2.56 2.68 23
15 148.25 | 15475 | 161.00 | 148.50 | 153.13 | 2.93 3.38 3.50 2.75 3.14 18
20 148.50 | 165.00 | 171.00 | 162.75 | 161.81 3.34 3.62 3.67 3.09 343 15
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LNEYRTRTLY . L M n3) DRI NP
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(ilalan) - ¥ul | Fu2 | ¥u3 | Fu4d | wfu | Bul | Fu2 | Fus | Fuds | mbe (%)
0 0 0 0 0 0 0 0 0 0 0 0
3 39.32 71.58 49.85 47.53 52.07 0.56 0.64 1.49 0.81 0.87 58
S 61.05 04.85 81.00 72.50 69.85 2.11 0.78 1.63 1.66 1.54 62
60 200 0.5 10 84.57 92.62 97.57 | 107.25 | 95.51 1.76 2.23 1.06 243 1.87 37
15 120.75 | 134.00 | 91.55 64.85 102.79 | 2.65 2.76 1.89 1.44 | 2.185 29
20 130.25 | 118.12 | 111.00 | 98.55 114.48 | 2.55 2.43 2.28 2.09 2.34 23
25 133.30 | 121.50 | 134.00 | 136.25 | 131.26 | 2.58 | 2.43 2.68 | 2.81 2.62 21
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3 21.15 16.15 23.77 1 2046 90.31 0.45 0.52 0.67 0.52 0.54 60
5 29.07 34.47 30.50 | 29.16 118.81 | 0.68 0.60 0.76 0.74 0.69 46
60 200 0.3 10 34.90 38.95 39.75 | 306.73 150.88 | 1.12 1.49 0.96 0.77 1.08 36
15 38.00 68.62 3045 | 40.59 15441 | 0.83 1.60 0.82 0.79 1.01 22
20 44.27 47.00 47.87 | 47.08 154.04 1.00 0.88 1.40 1.28 1.14 19
25 47.42 60.37 60.32 | 506.61 162.40 | 1.04 0.91 0.97 1.25 1.04 14
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’7 5 40.40 37.60 42.75 34.57 38.83 1.06 0.93 1.07 0.93 0.99 40
60 200 0.5 10 28.87 32.70 58.77 75.95 49.08 0.69 | 0.78 1.39 1.90 1.19 24
15 66.90 | 40.30 39.63 86.30 58.28 1.41 0.87 0.91 1.91 1.27 17
20 70.60 60.32 69.25 66.53 66.68 1.60 1.57 1.53 1.59 1.57 16
25 82.85 87.17 93.90 92.10 89.01 2.01 1.40 1.38 1.96 1.69 14
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(flalaae) : BU 1 BU 2 BU 3 WU 4 Mo | Al | wu2 | PU3 | YU4 | 1D (%)
0 0 0 0 0 0 0 0 0 0 0 0
3 35.97 39.17 34.83 38.47 37.11 0.72 0.85 0.48 0.91 0.74 49
5 52.82 55.35 47.20 56.32 52.93 0.97 1.12 0.98 1.22 1.07 43
60 200 0.5 10 76.27 81.65 66.53 72.22 74.17 1.66 1.24 1.11 0.95 1.24 25
15 82.20 72.25 92.20 75.15 80.45 1.78 1.51 1.73 1.52 1.63 22
20 101.90 | 86.23 91.83 87.70 91.91 2.13 1.90 1.72 1.78 1.88 19
25 101.82 | 99.97 104.85 | 94.95 100.40 | 2.07 1.77 1.59 1.86 1.82 15
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C=Y a a d
AUEHTAYEIDYNIN PUYNIABTBNTIITY BUNIANDARAINBS
AMWAIUNIY, Q-cm 10" 730 °C 10"%-10"

a d a
AMUAINUUDA 1ADIANASA, 400-300 500
v/mil
[ Y] a o a
Anaaa ladianasn 3.5-5.0 3.3-8.1
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gaungdlynugega, F 330 200
mstadanuTang AuIN AHMTUHITUOIUNVI S

TuddmsurFuauiaiu
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10.
11.
12.
13.

14.

15.
16.
17.
22.
29.
32.

MPS-TF/MPS-2F Tuguit 0.1 [47]

Venting hose (without Air-mover - 8 40 mumn X 3 m)
Hopper cover

3.1 Inspection cover complete

Rubber seal (1.24 m)

Powder hopper body

Fluidizing plate

6.1 Rubber seal

Clamp band

Fluidizing air chamber

Elbow joint

Aperture disk

Quick-release hose connector

Quick-release connection for fluidizing air hose
Fluidizing air hose

Suction tube - complete (incl. Items 14.1 and 15)
14.1 Suction tube

Injector support

Lock nut

Plug cap - Injector opening

Inspection cover seal (0.65 m)

Venting hose adapter complete

Hopper cover (No holes) -



16
15
14
17
14.1
6.1 ~ .
/‘ TS -
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/NN
9 10 1 12 13
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sl 9.1 dhuilsznevesszuvdieymnvesgUnseivundeveynnal Iidta

U MPS-1F/MPS-2F [47]
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2.2 gunseivumndeeymadiolWihafingu MPS-1F/MPS-2F (47]
1. Control unit housing

2. Gun holder

3. Milled nut - M4

4. Control unit support

W

Base plate

6. Trolley wheels

f2es]

LN

5

‘ i
@’ & U Bl

3l 0.2 dautlszneuveaginsaivumaoueymadao Wi atiagu MPS-1F/MPS-2F [47]
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2.3 Huriveynnlalsnmsadwuunuilendnlnou3in GEMA [47]

1.
2.

10.
11.

12.

13.

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 mm

Spring washer - M6

Grounding cable - complete

Easy tronic mains cable

Base

Column support - FS30 =
= - _H
Clamping element - g 30 mm 14— gg - ae
ece
- complete
2
Column - complete

3

4

. Powder gun holder-complete

P
N

' [] Jd a [ A
3.3 muﬂﬁzﬂammﬁuwuwmﬂTﬂkmﬁmamumuwum {47]
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2.4 sruumsHndoveumadaslihadauvudalutalasiadsduviveyninyiia
aalsnrsadeanusalysimnes [47]

1. Support bracket

2. T-clamp block - ¢ 30 / 30 mm

3. Tube-930 X 600 mm

4. Tube -2 30 X 1,000 mm

5. Rubber strap (1 per Gun/Hose)

6. Overall height

7. Lower reversing point

8. Adjustable stroke

9. Base incl. wheels

i 7
9
¥ Y T T Y Y

sifi 9.4 dautlsznevvesszuunswunioueynndae Iihadauuuda Tula [47]



112

2.5 Hoaviuoymnavesglnsainundoveymadas i adngu MPS-1F/MPS-2F
Tuzii 0.5 [47]
4. Fan incl. sleeve
4.1 Fan incl. sleeve - 3.0 kW
8. Silencer
8.1 Silencer
11. Swivel roller, Wheel - g 100 mm
12. Swivel roller, Wheel - g 100 mm, Double stop
20. Filter cartridge - 8 325 X 750 mm, without Venturi
25. Frame
26. Filter pad
27. Star grip
28. Adhesive seal strip - 15 X 2.4 mm
30. Vibration pad - M8
38. Adapter
39. Elbow joint - g 6 mm-g 6 mm
40. Silencer - 1/8"
41. Connection - 1/8"-g 6 mm
49. Powder collecting container - complete (incl. Items 50 and 51)
50. Swivel roller, Wheel - g 40 mm

51. Clamp lever
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25,26,27,28
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8.1
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(mgf_ 38,39, 40, 41
30 ————=7

____________ |
7]
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4 . v
sidn a5 dmilsznouvesrivanueuma [47]



114

2.6 pzunsaserluszuheymandiuiuvesglasaviundeveymnadislivhadagy
1\41)5-11«‘/1\1})5-21@‘lugm‘ﬁi 2.6 [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 sieve - 300 pm (Standard)
Upper sieve for double sieve - 265 pm
Upper sieve for double sieve - 400 pm
Upper sieve for double sieve - 500 pm
3.2 Supporting mesh for double sieve
3.3 Oscillating rings for double sieve
4. Sieve cover
6. Steel pin
7. Grounding spring
14. Rubber bush - ¢ 20 X 25 mm-M6 /21
17. Connecting hose - L = 500 mm
18. Quick-release clamp band
20. Vibration motor - HV 0.4/2-380V
23. Clamp band
25. Washer -9 7/30 x 2 mm
26. Protecting sleeve - DV 12/ 18 mm
30. Rag bolt - M10 X 55 mm
31. Screw - M10 X 60 mm
40. Blind grommet
61. Plastic hose - 8 60 mm

62. Plastic hose - @ 30/ 22 mm
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View D

31

32

33

—-

30; 31

14
25
26
18; 17

519 0.6
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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. Nonthaponel, K. Seangkiatiyuth' and W.

Tanthapanichkoon®

' Department of Chemical Engineering, Faculty of Engineering, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok 10520, Thailand

? National Nanotechnology (NANOTEC), Thailand Science Park, Convention Center
130 Paholyothin Rd., Klong Luang, Pathumthani 12120, Thailand, and
Department of Chemical Engineering, Faculty of Engineering, Chulalongkorn
University, Bangkok 10330, Thailand

Abstract— Powder characteristics and coating conditions are significant factors in
electrostatic powder coating. In this work, powder characteristics of the reused polyester
resin or recycled powder particle in terms of shape, size, particle size distribution,
moisture content, density, flowability, fluidity and chargeability were compared with
those of fresh resin or as-received powder to consider powder recycling. The coating
conditions for a metal-lantern electrostatic powder coating were studied with fresh
polyester resin on a work piece of 70 x 150 mm using a manual corona spray gun by
varying spray gun voltage, the distance between the spray gun and work-piece, and gun
output. For full utilization of powder particle, the effects of different weight ratios of
fresh and reused polyester resins on film thickness was observed using the obtained
coating conditions accordingly. The suitable weight ratio of fresh and reused polyester
resins was 3:1. In addition, to prevent loss of powder particle in the automatic
electrostatic powder coating due to over-spraying, the relations between the
displacements of the spray guns and conveyor distance were simulated by the Microsoft®
Excel XP on the model metal lantern of 600 x 1,216 x 120 mm. No over-lapping of the
displacements of the spray guns must be considered. :

Keywords: Electrostatic powder coating; polyester resin; corona spray gun.

NOMENCLATURE

d the maximum gun stroke or amplitude (m)

dg displacement of the spray gun at the conveyor distance x (m)
TE  powder transfer efficiency

Ve conveyor speed (m/s)

VG speed of the spray gun (m/s)

X conveyor distance (m)

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

¥2 range between the spray gun no.l and no.3 (m)

Y3 range between the spray gun no.l and no.4 (m)
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1. 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 coating, the gun-motion system, which is more
versatile than the fixed spray gun system, is widely used [10]. However, back ionization
which is an excessive build up charge powder particles and limit further powder being
deposited on the substrate or work-piece must be avoided as the electric charge on the
surface layer may be reversed [1-2, 10]. After surface treatment, the work-piece is
electrically grounded so that the powder of high voltage charge is strongly attracted to the
surface of the work-piece and cured in the curing oven. The coating powder which
composes of resins and additives is pneumatically fed from a feed hopper through a spray
gun where the powder gains low amperage and high voltage, subsequently charged to the
target work-piece.

In this case study, the metal lantern was coated by polyester resin using 4 corona
spray guns. The loss of coating powder in the process due to unattached particles to
substrates, rework and powder over-spraying found to be of about 800 kg/month.
According to business strategy, cost reduction by recycling the powderthat does not
adhere to the substrate and by prevention of powder over-spraying are of interest. To
reuse the unattached particles, powder characteristics of the reused polyester resin must
be compared with those of fresh resin or as-received powder as well as their mixing ratio
[10]. Powder characteristics relates closely to coating conditions. With suitable coating
conditions and movement of the spray guns with the conveyor speed, the unattached
particles and powder over-spraying can be reduced. General indices to indicate the
coating efficiency in the electrostatic powder coating process are film thickness of the
product and powder transfer efficiency [2].

Therefore, powder characteristics of fresh and reused polyester resins in terms of
shape, size, particle size distribution, moisture content, density, flowability, fluidity and
chargeability were characterized. The feasibility study was done in our previous work
[11]. The coating conditions that affect back ionization such as gun voltage, the distance
between the spray gun and work-piece, and gun output or flow rate of coating powder
were investigated. The weight ratios of fresh powder mixed with reused powder were
studied. The relations between the displacements of the spray guns and conveyor distance
were simulated based on the maximum gun stroke and range between the spray guns that
are normally used in the automatic case study process to prevent loss due to over-

spraying.
2. 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 were determined by the Hosokawa Powder
Characteristic Tester (model PT-N Hosokawa Micron). The tester constitutes
a multi-parameter analytical tool to characterize many physical powder properties,
including flow properties. The aerate bulk density, packed bulk density, angle of repose,
angle of spatula, and cohesiveness were assessed in achieving the flowability index
having the theoretical values from | to 100. The powder of flowability index less than 60
generally presents significant cohesion, and consequently poor flowability [12].

Fluidity was calculated from the relative fluidity which was measured by the
Sames Fluidmeter AS 100 [13].

Powder chargeability was represented by its charge to mass ratio, which was
determined by the Faraday cup [1].

2.2 Coating conditions

Fresh polyester resin was coated on a work-piece of 70 x 150 mm by the manual
corona spray gun at the voltages of -60 and -80 kV, the distances between the spray gun
-and work-piece of 100, 200 and 300 mm, and gun outputs of 0.3, 0.5 and 1.0 g/s. Film
thickness was measured by the micrometer. The weights of powder on the work-piece
before and after coating were measured. The percentage of powder transfer efficiency
(% TE) was calculated by Eq.1.

o, TE _ weight of powder deposited or.1 a wiork - piece (g) X100 (1)
gun output (g/s) x coating time (s)

Subsequently, the mixture of fresh and reused polyester resins at different weight
ratios of 1:0, 3:1, 1:1 and 0:1 were tested using the selected coating conditions.

2.3 Simulation of the displacements of the spray guns and conveyor distance

The Microsoft® Excel XP and Eqs. 2-6 were applied to simulate the relation
between the displacements 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 (v¢) 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 yj, ¥z, and y3 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 /2
dy = —cos (—vgt 2
1 5 ( 1 Ve ) (2)
Displacement of the spray gun no.2 (dy,)

o = %cos (Zvolt yiivo) 3)

Displacement of the spray gun no.3 (dy3)
d /4
dys = 5 cos ('EVG(H‘ yz/Vc)) (4)

Displacement of the spray gun no.4 (dy4)

dya %cos (% vo(t+ y3/ve)) (5)

Conveyor distance (x)
X = vet (6)
3. RESULTS AND DISCUSSION |
3.1 Powder characteristics

Shape and size of fresh and reused polyester resins are shown in Fig. 2. The
particles of the reused polyester resin are smaller than fresh polyester resin and somewhat
agglomerated. Fig. 3 shows the particle size distribution. Table 1 concludes powder
characteristics of fresh and reused polyester resins obtained in this work. From Fig. 3 and
Table 1, mean particle diameters of fresh and reused polyester resins are 23.55 and
14.60 pm, respectively. It can be seen that the particle size distribution (dyo-dgo) of the
reused polyester resin is 15-65 um, which is wider than that of fresh resin (25-70 um). A
typical value of particle size distribution stated in the literature is approximately 25-50
um [14]. And small 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 pm 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
is 60 [12]. As a result, the reused polyester resin was sent to a cyclone before powder
recycling. In case of charge to mass ratio, the value of the reused polyester resin was
higher than that of fresh resin due to the greater surface area. Powder of high charge to
mass ratio easily causes back ionization.

3.2 Coating conditions

Fig. 4 shows film thickness and powder transfer efficiency against coating time
with the spray gun voltages of -60 and -80 kV. The distance between the spray gun and
work-piece was fixed at 300 mm, with the gun output at 1.0 g/s. The coating time was
varied from 0 to 25 s. It was found that the spray gun voltages, which were studied in this
work, had almost no effect on film thickness and powder transfer efficiency. Thus, the
spray gun voltage of -60 kV is suggested. The film thickness on the metal lantern in this
case study is specified at the ranges of 40-60 pum [15]. From Fig. 4, at -60 kV film
thicknesses at the coating times of 3 and 5 s were 24 and 63 pum. The powder transfer
efficiency reached the maximum value of 23% at 5 s, and decreased afterwards.

Fig. 5 shows the effect of the distance between the spray gun and work-piece on
film thickness and powder transfer efficiency. The spray gun veltage was fixed at -60 kV
with the gun output of 1.0 g/s. An increase in the distance between the spray gun and
work-piece from 100 to 300 mm, the film thickness and powder transfer efficiency
decreased. This is in accordance with the attractive force between charged particles and
work-piece decreases with the square of the distance between the spray gun and
work-piece [16]. It was found that at the distance between the spray gun and work-piece
of 100 mm and the coating time of 3 s, the best results were obtained. The film thickness
of 90 pm was achieved and the powder transfer efficiency was 48%. However, for the
automatic electrostatic powder coating, the distance between the spray gun and
work-piece of 200 mm is recommended to avoid crashing between the spray guns and the
work-piece surface. :

Fig. 6 shows the effect of gun output on film thickness and powder transfer
efficiency. The spray gun voltage was fixed at -60 kV with the distance 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
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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 pum 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 the spray guns and conveyor distance

At a constant conveyor speed, an increase in spray gun speed from 0.40 to 0.55
‘m/s, the periods and phase differences of the displacements of the spray guns at the same
side of the coating process in Fig. 1, i.e., the spray guns no.l and no.2; and the spray guns
no.3 and no.4 decreased. In a similar way, when the conveyor speed increased from
0.050-0.035 m/s at constant spray gun speed, phase difference of the displacements of the
spray guns at the same side decreased, however, the period was constant. Fig. 8 shows an
example of the simulation results for the displacements of the spray guns at each spray
gun speed of 0.55 m/s and a constant conveyor speed of 0.030 m/s. It was found that the
phase difference of the displacements of the spray guns no.l and no. 2 was 0.05 m with
no over-lapping. No over-lapping helps prevent loss of the polyester resin due to over-
spraying.

4. CONCLUSIONS

Powder characteristics and coating conditions influence film thickness and
powder transfer efficiency. The reused polyester resin has smaller mean particle
diameter, wider particle size distribution, higher moisture content and chargeability than
fresh resin leading to particle agglomeration and lower flowability and fluidity. Recycling
the reused resin in a process, the small particle sizes less than 25 um should be separated
and moisture content should be reduced. Increasing the spray gun voltages from
-60 to -80 kV shows almost no effect on film thickness and powder transfer efficiency.
An increase in the distance between the spray gun and work-piece from 100 to 300 mm,
the film thickness and powder transfer efficiency decreased. In addition, by increasing the
gun output from 0.3-1.0 g/s, the film thickness increased, however, the powder transfer
efficiency decreased because of back ionization. The suitable weight ratio of fresh and
reused polyester resins was achieved at 3:1 and gave the on spec work-piece film
thickness. Loss prevention of powder particle in the automatic electrostatic 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.

Powder characteristics Fresh polyester resin Reusefes ionlyester
Mean particle diameter (jim) 23.55 14.60
Particle size distribution, do-dgo (um) 25-70 . 15-65
Moisture content (%) 0.37 0.48
Aerate bulk density, (g/cm?) 0.72 0.71
Packed bulk density (g/cm®) 0.95 0.96
Flowability index 58.00 49.00
Fluidity 147.30 55.56
Charge-to-mass ratio (uC/g) 0.27 045
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