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In this study, rheological properties and flow dynamics in roll coating process of basecoat paints have been
investigated for automotive precoated metal (PCM) sheet applications. Various rheological properties for base-
coats with three colors (black, blue, and silver), such as shear viscosity data at room temperature and elas-
tic/viscous moduli under thermal curing condition, have been measured using a rotational rheometer. It is found
that the relative portion of function groups inside basecoats and their viscosity level have greatly affected the
formation of crosslinked networks by thermal curing. Also, operability coating windows for basecoats have
been established in three-roll coating process system by observing their flow instabilities such as ribbing and
cascade. It is confirmed that rheological approaches applied in this study have been usefully applied to develop
environmentally-friendly PCM coating technology and optimally control the coating operations for
non-Newtonian PCM paints.
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Figure 1. (a) 3-roll coater used in this study and (b) its

schematic diagram (APR : applicator roll, PUR : pick-up
roll, MR : metering roll.)
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Table 1. Parameters in Carreau Fluid Model for Three Basecoats
Zero shear viscosity ("0) Infinite shear viscosity (77=) Time constant (A) Power-law index (1)
Black basecoat 2.01 0.77 0.76 0.56
Blue basecoat 2.10 0.73 2.53 0.37
Silver basecoat 0.44 0.31 0.24 0.30
2.5 2.5 2.5
2 Black basecoat Blue basecoat ok Silver basecoat
= Experiment data . = Experiment data = Experiment data
@ 15F Carreau model o 15¢ Carreau model @ 15F —— Carreau model
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Figure 2. Shear viscosity data fitted with Carreau fluid model for (a) black, (b) blue, and (c) silver basecoats.
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Figure 4. Coating windows demarcating ribbing and cascade instabilities for (a) black, (b) blue, and (c) silver basecoats in

reverse 3-roll coating process.

ZZ A blocking agent®] |2 EAsIEH I, F F

£719] Rkgo 2 <l rtwAde]l FAHET. o|Hg
a7t A o3 mEdx FA7F FUre] AR
st Ae 1T 4 Aok AEd vt 72 FAH o
2 84 E%a%ﬂ A4 gaiﬂoﬂ Hls] X AR
= & T Utk 57, A2olA A= FFo] Fdd
silver H]o]2 3”57} 7tal Ag} o] YmA F Hlo]x
FERT REHA X7} 34 2790 o] A

o sl ¥ A 7FsAdE nHdE & 4 dok A W
A= NCO/OH Hl&ol| &3 ZAS =, isocyanate (NCO)
o Hlgo] EEFE FAAF 3 start u gol
AZIA HA 2o wet g Ee] ok Hew F
SHg. 7 HAZR silver Hlo]A2FEE AW HE7}
02 wo)lAzE H wFe Hwold, AA| Fx 7}
oA 7re] Hm FHEe AR L2E S d
ol 0% g3pzxog w3ld 4 Qth B8 97
8 z7le] WMol wel AHE wmel AT Byol
My 248 5 Ye Ao ARALG

Journal of Adhesion and Interface Vol 16, No.1 2015

3.3. e 3-E3E SHIMS 2E window MZE
A= A 7led 48 7 3-8328 4 ¢
A4S H71sl7] 918 MR, PUR, APRS] 45 W3}
AlAZH Figure 494 20| _u_ﬂ‘?‘—;-_ F& windowsS A
AstAatt. F Fx HQl PURY MRe &5
(VMR/ Veur)®t capillary <ol w2} I8 374 Oﬂ A Hé"gﬂ
+ ribbing, cascade =S
Al 0]'91‘;]'
SH] Wzl & I8 5 54& 1F
3l PUR«] 55 AN & MRY £55
)& }9“%14 ol# 3t 7%, capillary FollA A}
|5 = é?—_‘::_ AE= dA%E, 35 AR F8 Ad
E£5 2 73 Carreau AE2XCZRE o =8 4 Qo)
dE 9}, PUR £5& | m/minS®E 143 & MR
52 0.1 m/minF-E 1 m/min7FA 0.1 m/min® =7}
ANAZIH kst 99 9 ribbing/cascade EQFYAHL
A ES A HI=E WHOE PUR —’_'T—Ei
28 = 7Lo§ TAZI T MR £55 53t 5_:__1‘:_
H7b HES S7MIAT. PUR 5= 1 m/mint
4.6 m/min7t4] 04 m/min A2 F 107FR] ¢ =4

¢

r{r



20 o<l - XY - A

L T RN eSS

(b)

©

Figure 5. Stable and unstable patterns of coating layers on
the surface of pick-up roll (PUR) for silver basecoat : (a)
ribbing at Ca = 0.51 and speed ratio = 0.2, (b) uniform at
Ca = 0.51 and speed ratio = 0.5, and (c) cascade at Ca =
0.51 and speed ratio = 0.7).
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