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Studies on Stable Manufacturing and Proper Usage and on the Processing
Technology of Pre-painted Steel Sheet

This study investigated the development of pre-painted steel sheet, which is
appropriate for forming and assembling, the technology for forming and
assembling pre-painted steel sheet, and efficient painting technology.

(1) The bonding technology of pre-painted steel sheet, which cannot be welded
because of the insulation paint film, was investigated. The bonding strength
and the durability of mechanical joints and adhesive joints were examined, and
appropriate bonding methods for the environment in which they are used were
considered. In addition, the development of a new steel sheet pre-painted with
hot-melt adhesive on the surface of one side, is mentioned.

(2) A method of measuring the reaction ratio of melamine resin in the topcoat
film by Solid-state 13C-NMR was established. A good correlation was found
between the reaction ratio of melamine resin and the formability of the
pre-painted steel sheet by t-bend test. This value is available as an index of
properties of the film.

(3) The influence of properties of paint on the stability of the liquid curtain
formation, which enables stable painting without defect, was investigated.
Analysis by dimensionless numbers revealed the calculating formula by which
the minimum flow rate for curtain formation can be estimated.

(4) The method of controlling the bubble defect (hamed popping), which occurs
in the process of paint curing by heat, was investigated. First, the influence of
the volatile element of paint was experimentally verified, and the effectiveness
of controlling the rate of temperature rise was shown. Next, the influence of the
curing of the paint film was verified according to the viscoelasticity
measurement of the paint film. As a result, the selection criterion of the resin
and the curing agent for controlling the bubble defect was explained.
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Top coat (12~18um)

/ Primer (3~10pum)

Pre-treatment
(chromate, chromate-free)

\ Galvanized steel sheet

Pre-treatment
(chromate, chromate-free)

Backer (3~7um)

Fig.2 Cross section of general precoated steel sheet
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applicator roll
(APR

)

pick up roll
back up roll
(BUR)

B },.a,ﬂ ST

paint supplier steel sheet

Fig.4 One example of structure of roll coater.
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Appliances 1975 1980 1985 1990

Microwave oven O—»
Heater O-»

Audio equipment
VTR

O—
O—
Washing machine O—
O—
O—»
O—»

Lighting fixture
Refrigerator

Vending machine

Outdoor portions O—>
of air conditioner

Fig.5 First applied year of PCM to each kind of appliance. 3



Vending machine —

L] 1988year end

Refrigerated _
display case

L1 1994year end

Outdoor portions _
of air conditioner

//////////// 1997year end

Microwave oven -

Heater -

Washing machine —

Lighting fixture _|

Refrigerator -

VTR -

Audio equipment -

Total of -

ten appliances

0

10 20 30 40 50 60 70 80 90 100
PCM application ratio (%)

Fig.6 Transition of PCM application ratio of ten kinds of appliances.
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Fig.7 Transition of annual shipment of pre-coated steel sheets
in Japan. 4
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Table 1 Kinds of joining method investigated in this study.

Kinds of joining method

Condition

ToXxY

Dice diameter: 6.0mm

TOG-L-LoG?

Dice diameter: 4.6mm

Mechanical joint

Self-piercing rivet’

)

Diameter: 3.6mm
(Unichrome plated steel)

2-liquids type
urethane adhesive

Adhesive area: 9.0cm?
Heat: 160 degreeC, Smin.

Adhesive bonding

polyester film
adhesive

Adhesive area: 9.0cm?
Heat: 200 degreeC, S5min.

Spot weld bonding

Electrode tip diameter: 4.5mm
(CF type)
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b TOG-L-LOC®

T _m=
#30]

¢) Self-piercing rivet 7

S

Fig.1 Sketches of mechanical joints
investigated in this study.
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_— = 1“1“11“ :T
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a) for peel strength b) for shear strength

Fig.2 Sketches of test pieces for measuring joining strength.
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Shear strength (kN)
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7.0
6.0
5.0
4.0
3.0
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0.0

B Sheet thickness 0.8mm

O Sheet thickness 0.65mm

TOX

TOG-L-LOC

Mechanical joint

Self-piercing rivet

2-liquids
urethane

Adhesive bonding

Fig.6 Comparison of shear strength (PCM-PCM)
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Shear strength (kN)

6.0

5.0

4.0

3.0

2.0

55cycle: Correspond to 33 years
exposure at Okinawa coast

—{3— Adhesive (2-liquids urethane)
T —o -Self-piercing rivet | |r __________________
--O--TOX 'L
1 -a-10G-L-LOC | r
I
O R el 2 O S o
B, § =0
____________________________________________________ I == _ﬂ________
I
I T I
0 20 40 60

Cycle number of CCT

Fig.7 Change of shear strength of every joining method
after cyclic corrosion test.
(PCM sheet thickness: 0.65mm)
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Low & Stick resistance ->High

Low & Stick resistance ->High

adhesive A

¢

Optimum

| —

125

150 175 200
Drying PMT (°C)

225

250

Low & Rubber bonding property ->High

-@-Rubber bonding
property

-O-Stick resistance

Fig.9 Effect of drying PMT on stick resistance and rubber

bonding property. (adhesive A)

adhesive B
Optimum

125 150 175 200 225 250
Drying PMT (°C)

Low & Rubber bonding property ->High

-@-Rubber bonding
property

—O-Stick resistance

Fig.10 Effect of drying PMT on stick resistance and rubber
bonding property. (adhesive B)
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Low & Stick resistance ->High

Low & Stick resistance ->High

=
adhesive C 2
o
Fy
o
Q.

S -@-Rubber bonding

a0 property
5
No optimum 8 -O-Stick resistance
3
Q2
&
v

¢ v
3
| | | 3

125 150 175 200 225 250

Drying PMT (°C)
Fig.11 Effect of drying PMT on stick resistance and rubber
bonding property. (adhesive C)

adhesive D

N

-@-Rubber bonding
property

-O-Stick resistance

Low & Rubber bonding property - High

125 150 175 200 225 250

Drying PMT (°C)
Fig.12 Effect of drying PMT on stick resistance and rubber
bonding property. (adhesive D)
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adhesive D

adhesive A, B, and C
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Low & Rubber bonding property ->High

o

»
5 10 15 20 365

Keeping time at R.T. (day)
Fig.13 Change of rubber bonding property of every
adhesive as a function of time.

48




Table 4 Formability of PCM used each pretreatment.

Formability test gg:ﬁg}?% (?grmogrr;?;cze) Zinc phosphate
T-bend and taping 3T~A4T 5T 3T~4T
. no crack no crack no crack
Erichsen (7mm) no peel no peel no peel
Cup drawine % no crack no crack no crack
P & no peel no peel no peel

* Drawing ratio: 1.8,

Die corner radius: 3.0mm
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Table 5 Effect of adhesive thickness on rubber bonding property.

Adhesive
thickness Peeled shape of rubber
24m Interface peeling .
(between rubber and adhesive)
3Um
4um Coherent rupture of rubber
S5Um

ol




Drying PMT
)

N 150°C

ST 175

;f‘ 200°C

225°C
250°C

Exothermic —

| 1 | o | i 1

50 100 150 200 250 300
Temp. /°C

Fig.14 DSC peaks of free films dried at 150 250
as PMT.
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Endothermic heat
o

125 150 175 200 225 250 275
Drying PMT (C)

Fig.15 Relation between drying PMT and endothermic
heat.
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Table 6 Applied making conditions of adhesive coated
PCM for practical use.

Substrate 0.6mmt Hot —dip galvanized

Pretreatment | Dry —in—place type chromate (60mg /m?)

Adhesive film Nylon type(Mw:30000) 4m

Lubricating film| Epoxy resin with polyolefin wax 1.m
PMT 170°C
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Table 7 Properties of new proposed adhesive coated PCM.

with rubber after
stick resistance test

Peeling by hand

coherent rupture >%%

Performarice Test method Result lzelt_landed level_
[ Erichsen(7mm)
Bonding strength . No peel No peel
: and taping
with substrate : -
T—bend and taping 4T f 5T -
Bonding Strength . Area ratio of rubber
with rubber Peeling by hand coherent rupture>90% >80%
Adhesi - i : 3
esive Bond.mg Strength | Vertically leaving of No displscemarit No displacement
with rubber bonded sample £ rubbe £ rubber
at high temperature | for 20 sec. in__170°C OF Tubber o
. Sie bc.mdlflg te.s ¥ Area ratio of rubber -
Storage stability after leaving in 30°C coherent rupture>90% >80%
for 3 months P B B
: | Bonding Strength Erichsen(:('mm)
Lubncatci:_ with substrate and taping No peel No pe el___
Drawing ratio: 1.8,
Drawing corner R:3mm, Drawable and no peel Drawable
BHF:3 ton and taping
Hot press(50°C, Easil oli
Total Stick resistance 50 kg /em®, 24hrs) 11y peefing Easily peeling
) and no trace
and peeling by hand
Bonding Strength .
Area ratio of rubber >80%
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Rasp (1mm pitch)

30mm

40mm

Fig.1 Prepared tool for scraping coating film
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CH:O|CHs

Hexamethoxymethylmelamine | H:C JOHC
(HMMM) N N~ _~N
H,‘!C OH:C [;,"J E \CHzo CH;]
Ny ~N
C
N
H,C |oH.C” >cH.0lcH,

Linear-type

high-molecular weight polyvester

O 0]
C 1] 1]
\O" \O/l{\O/C\ @/C\O/H\D/C\R,Cn\

Fig.2

dicarboxylic acid

+ RE-N-CH,0|CH,

R1-N-CH,0)| CH,
CH,0CH;

CH,0CH;

+ RZ-OH

R1-N-CH,0|CHs
CH,0CH;

aliphatic
dicarboxylic acid

I I

aromatic

D/R

n

alkylene glycol

Molecular structures of ingredients for the top coat paint

D|CH,

—>  RIN-CH,-O-CH-N-R? + |CH3
CH,0OCH;  CH,OCH;
—> RLN-CH,-O-R? + [CH3OH {

H,0CH;

Fig.3 Schematic reactions of HMMM and polyester.
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0.28

S2
melamine
: vam“h\&

polyester "™\~
IS L T O B
75 50 25
ppm

before baking

"’.r-r_-' r
NLENLALLA FLENLE I I B e o s e o o
100 (5] 20 29
ppm

after baking (PMT 210°C)

Fig4 Example of 3C-NMR spectra of paint films
before and after drying by heat.
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Reaction ratio of melamine resin / %

90
80
70
60
90
40

T

190 200 210 220 230 240 250
PMT /°C

Fig.5 Relation between PMT and reaction ratio of

melamine resin (top coat film thickness: 20um).
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Reaction ratio of melamineresin/ %

90
80

01
60 |
o0
40

# Lab 2 (20um)
¢ Lab 2 (30um)
X Lab 2 (20 um without primer

190 200 210 220 230 240 250
PMT/C

Fig.6 Relation between PMT and reaction ratio of

melamine resin (oven: Lab2).
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Fig.7 Relation between reaction ratio of melamine resin and

formability (OT-bend test).
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Fig.8 Relation between PMT and formability (OT-bend test).
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Fig.9 Relation between reaction ratio of melamine resin and
solvent resistance.
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Fig.1 Sketch of painting image by curtain coater.
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Fig.2 Sketch of roller curtain coater.
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Fig.3  Balance of surface tension force and viscous force

at lowest edge of liquid curtain.
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Table 1 Polyester resins used in this study

Number-average

Resin molecular weight
Polyester A 13000
Polyester B 18000

Polyester C 8000

87



Table2 Solventsused inthis study

Solvent Surﬁﬁ;t/fg)s ton
N-Methyl-2-pyrrolidone (NMP) 42.1
Cyclohexanone 35.1
Cyclohexanone/Solvessol50%=1/2 32.0
Ethyl 3-ethoxypropionate (EEP) 25.4
Ethylacetate 23.9

*) Solvesso150: solvent naphtha (p etroleum), heavy aromatic
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Minimum tlow rate for curtain

formation (kg/(m-s))

0.02°

A\ surface tension of solution (mN/m) (solvent)
A 41.0(NMP: N-Methyl-2-pyrrolidone)
A O 35.3(cyclohexanone
A o 32.5 %clohexanone/ Solvesso 150%=1/2)
o A * 27.3(EEP: Ethyl 3-ethoxypropionate)
0o B 26.1(ethyl acetate)
D%E A
|:|O o Polyester A solution
* O O o)
* m
I
B X *
i3

05 1 15 2 2
Viscosity (Pa*s)

S 3

Fig.5 Effects of surface tension and viscosity on flow

rate for curtain formation

*) Solvesso150: solvent naphtha (petroleum), heavy aromatic
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0.08

- 0.06-

"8))

0.04-

Polyester A solution
Viscosity 0.9Pa-s

Mintmum flow rate for curtain
o/(m

formation (k

O

0.02 ; ; T
25 30 39 40 45

Surface tension of solution (mN/m)

Fig.6  Effect of surface tension of solution on
minimum flow rate for curtain formation.
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Ka= o3 0/(g x*) (4)
o RiE7, g BEITINHE

#3121E, RV T ATV ABIIEZBFOEH THINL TER L 72~ O#flE
FEIRIZHOWT, FARIRAEERF D Re 38 LN Ka Z51HE LT R A O CRidi L
T\, £70, &3 OBIERKIZINZ T, RVZZAT7VBEBIORI = X7
v C BHiE 2 S5 OAI TAR U CTERL U 72 BHREIK (O 3700 b SR miE A
BERW) ICL DT —ZEMFT LD 2T, EEIRRRICOWT Ka & R ARIRA
WERFD Re L ORRE 7wy ML 772K TICRT, B TEDPRKE S B
% 3 FEOBIBEK DT — 2 BE—# LIZR->TEY, ZoZbnd, <
EHRY AT NUBIREK CHLFR—M BRI bOEEZ NS, £722
DHEML, Ka OWEEHT HBIREROKIKRAGE Re #X L TEBD, Z0
BEARE Y BRI —T VIR, TR —T AR A B L TV D,
Ka b Re lZIZEBWEMEBBRN A ONTTZD, 74 v 7 471280 KiBLWn
ZRODHZLIZRY, Ka b FARBIURERFO Re & D RARA(S) % 1572,

Re=K; Ka» = Ki (Bol(gi))»  (K;1=0.29, n=0.34) (5)
GO XNELND,
Q= poud=0.134+ g10- p034. ;035 (6)

TITRIL I—T U TE DRIERAMETH 5, OS50 D 2 L,
Q 1%, RMEES EBEEOHIMI LN ER L, MEOHMNE & HIZHPbT 5, F
7ol b RERET R0 RO E b KE W) OBRREERNITH 5,
AREBRTHGR LT 5 KO IR EFEK CIX, WKROEEIZKRT 5 FZmigksEn
FIRTBIIC R &E K 2 D72, KEBES OB RNPRE 0% Z LITHMR LT
VY,

B)X B H U - KR AL & Qealed &, FEBRIT XL 0 KD 7= I (KR A7 &
@measd & ORE 7T 7L LT-b D %K 8 [TRT, 7 LFRIERIZ, AU A
TNVARTTRIAYVZATNVBBLORY 227V CE2ELEBIRRKOT
— X EMZTHD, @Qealed & @measd [ZIZTEWVHEN RO Z Enb, I—
T U T E DR EIE, EREFEm L2 THLORNOHETE L L
EZohb,

F72, Ka 3IERT 2L (DAD X HIZRETE S,

Ka= 03 0/(gu)=(oldl(udd)?-(oldI(pgd) (o2 xuld)?

= (FRHEESIKNE T2 GRIEIRS1/E 7)) - 1B M1 PR T7)2 (7)
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All liquids
y = 0.34x — 0.54 r2 =094

—-0.9-
U _] .0‘
S
ol )]
<
-1.9-
-2.0-
_2'5 1 I 1 I 1

-50 -40 -30 -20 -1.0 0.0 1.0
log Ka

Fig.7  Relationship between physical property
number (Ka) and Reynolds number (Re)
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0.10 All liquids
- . 0 /

0.08 - O

0.06
0.04 E,Eprnﬂﬂ

0.02 oo

minimum flow rate (kg/(m-s))

Actually measured

0 002 004 006 008 O0.10

Calculated minimum flow rate
using Eq.6 (kg/(m-s))

Fig.8 Relationship between calculated minimum flow rate and
measured minimum flow rate for curtain formation.
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7z, KRG EXDD, KO EMND, .
Re=Ko(( o/ uld)> ((oldI( 0 gad)t  (Ks=1.7-1073)

= R RIIRENE )21 GR AR ) /E 7)1 (8)
ZZT Re 3W—T PR TE LRERFITEOREL DX 5T ENTE
HOT, RKREFIEEIT, BROK®EBES) RS DT A, BLOKHE
BRI EENEDNRT AL > THEINTEY, ENENOEIN/NINIZE
=T VREEWNPEND (I —T VBRI TE D RRRAEEN D 720) & fif
WTx5,

4.5.3 H—T v OLEMEIC KT T RIERIEERIIN O 52

KFEDOF A% 0.5% M LD —T VI T& 5 RIKRATREDZE
bEEK 91 RT, HEARLZRDHRY = A7/ ABIRAKI, WHINY 7 a~x1
BRIV ARy Y 150 (HRO S EBRRRIGCKFIRGEE) OIRGHEAIT,
FEEEIX 0.9Pa + s, XAEIL 32mN/m Tho7-, FEEBRFTOFHITIX, RHEHE
REBRMT2Z LKV REEIDMETL, h—TREELRM ETS2H0L
BZTCOWTER, ZOX 5 RBEMAREREITROGRhoT, TXTORMEHEH
T, WINZ LB REESIOE T BRMHERTE 2N, BEODT—7 U ERIZE Y &K
IKBRFUREME N L —7 VZEMER M B LDk, BIEl M OB TH-oTz,
A E B LA S OB TIEWFh s, BRENIMET LIS 0vb
ST —7 UREVETIKT LT,
ZORRERLNCT 5720, BIRER OB K LRmEREDPEEZIT> 7,
REEA ZEEERE L& &, FINLZRRFAEAORIEIC L > TEOIED
OEIRENRR o7, K101, BREREORIER )% 5 BT OHE L L&
DRT—Z &7y NLTeZ T 7% T, BIFIE &H25WIERINA S 2L
TeVSIR D6, WRINFI M 2 0 L 723560 R il A 2 N L 722 WiGE L Ehig
LT, RERELDEZALTLTWDL I ENATEND, FREHERBIKROE
miE %, K10 FICKWER TR L, Al M O551%, BHIEEK D&
iR 7] & REFFERNORIIENNZE A EZERRONOICK L, BINA E B X ONR
n#El S OREIE, REFREAIHAEORER) XV bEIFERORmIES DX D
INERINCEWEER &> T D, ZORERIT, WINA M IR RIE O 3 %
B2 X HOITEBE LT D oicxt L, WAl E 35 Z OVRINAI S 138t HE AR
DRE TOWEFEREN AR —THDLZEEEKRL TS EEZLND, LY
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g
g 0.08-|(a O
=
Q
5 O
QO ©»n
= = 0.06 -
2
2 E 0
£ §
E '«é 0.04 - []
g
> & L I I I
(b) :
_ * Polyester A solution
£ 34 A (Cyclohexanone/Solvesso150)
é \Zg 2 4 o * Viscosity:0.9 Pa-s
5 =
58 30 - O O
=
a5 28
| | |
No E S

Added surfactant

Fig.9 Effect of surfactant on (a) minimum flow rate
and (b) surface tension.
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omOA¢ five times measurements
mm surfactants themselves

33
32 4 ©
~ o
g 31 - 8 =
52 .
cC 3 X
29 o
8§ 29 - — _—
S o
5 &
©1 O 928 - 'Q'
27 1 1 ] 1
No E S M

Added surfactant

Fig.10 Effect of kind of surfactants on surface tension
variation for five times measurements.
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/R \
C— CH,
C=0
O

2
N\ R 7 N

R!'= +H (acrylate)

- CH; (methacrylate)
R>= - alkyl

* polyester

* polyether

- salt

* etc.

Fig.11 Typical structure of polyacrylate-based surface additives. 'V
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Dl EEH/LEDTHD, THRLRY U IFE LTRESNZRNFI ML, %
DOHFHEED LBV, T 2EFDRWEE LIzRKEEI ORER RGN
LOLEEBEZ LD, ZHUTx LIEHEANS, 18%2ZEL STV D EERREE 2 (]
SPDIETARLENL, HREMITHINIE S &V ) RGEHEIRIZESW TN %,
THTEAl & UCRRE SN USNA E 38 X OWINAL S 1%, WFEmIC AR —IcW &+
%2 L CREENTEHONEZEZELSE, BELEZEZMBESIED Z L2
STEbDTHDHTED, ZOXIREFLOXDZLVREENOWERER L7z
LOLEHEEIND, IINAIE ERMAIS L 242 &, WAl E 3ushngl S
L0 HRBIBAERORERA R EZ NS E TV D, K10 2525 &, i
F SIZXDRERNOIXLSOZOREX, WINAIE OBEXLY LY, i
&, WAL S BSEIIF E LV b REENO AL —MHZ L0 L AELSHE, I—
TUDOREMEEZEL L TWLTeEBEZ NS, UL EDORHERND, WRORER
N7 alie—HE2RL O KR TFEELZ EDOTXLHWMAINT—T D
LEACIZHEAN, WICRmESIO I 7 oyl —MEE2 L3 & 5 ilingnx, Kizz
NNREENEZERTFTEEDLILOTH-TYH, I—T VEEMICITEREL LT
TENRBEEIND,

B, —MRIRT 7V IVRERREBEAR OGS Z X 11 127 W, g
DRI BIORR2 OFMEAZZAL ST S Z LICX» T, REFEABKOFREES
R0, HHHEBEAOBIRARE OFEEEZa L he— LT 52 ERTE, b
DNRT LA ES>TLRY U 7HIE L TCOMELZ -0, HEIEELRE
SHVTLHZENTED, 77 U NRKEMESOBIIRAIR & OFREEMENME
WRFHZ T D L, T 7 U VRFREER DN BRI TEE L CRmER 0% —
PEAZEL LA RN AT D L ST W, ININF E B LORNAI S1ZZos
— R TIHLDEZZHND,

4.5.4 H—T L DEEMIIRET T PHA FOE

REIZPE LT A THEEARRE I A TR Y, £ ZITKkRLIMZ EDiikE B
Bt L, XA THERN DT E O TS 5 % A 7 OB B D T30
W & AT 5, Mitrovie!2(3, B BHE LTCHRIRD /A 70534 712
TT2BoT2X 12 1RT X 57 3 SO (a¥iil, b=y K, ¢ —
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(©)

Fig.12 The idealized intertube falling-film modes. ?
(a)droplets (b)jets (c)sheet
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5.2
5.2.1

0.1mm mm

Price  Aust

5.2.2

5.2.2.1
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4,5)



Small popping Large popping

100 w2 m
|_|

surface

Fig.1 Example of bubble defect (popping) in paint film. 3
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(1)
= mypi (1)
P
mwi
V1
P
(1)
- P P
(1) Flory-Huggins 6)
Inav=Inmys =In(/ p1)=Ingi+ (1-1/N) @ + X122 (2)
an P P2 Ptz =1
N X12
THF () PS
( ) M=72.1g/mol M-=115000g/mol
1=880kg/m3 0©,=1380kg/m3 N= (1/1380) (115000) /
((1/880)(72.1))=1017 X12=0.3588
2 60%
1
40%
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1 ..,—;—ro-l-o-ro—
ot?

0.8 —

0.6 *

0.4

0.2

pv/p*l

0 0.5 1

Weight fraction of solvent in resin solution

Fig.2 Relation between weight fraction of solvent in resin
solution and partial vapor pressure of solvent of resin
solution.

(binary system of THF-polystyrene)
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5.2.2.2

3%

10-20%
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50%



RIN-CH,OCH; + R%N-CH,0CH; ~ —> R:-N-CH,-O-CH,-N-R? + CH;OCH;f
CH,OH CH,OH H,OH H,OH

RLN-CH,0H + R%-N-CH,0CH; —> RLN-CH,-O-CH,-N-R? + CH,OHf
H,0CH; H,0H H,0CH; H,OH

RLN-CH,OH + R2N-CH,OH —> RLN-CH,N-R? + CH;OH{+ H,0f

CH,OCH, ¢H,0CH, CHsOCH,  CH,OCH;

Fig.3 Typical salf-condensation relations of melamine
compounds.

R2-|}1-C-0-R3—> R2.NCO + R3-OH M
H

R1.OH + RZNCO— R1-|\||-|c|:-o-R2

Fig4  Schematic relations of blocked isocyanate
compound and polyester resin.
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1000
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OH 10 6
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PMT230
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5.3.1.2

5>5cm 10
5>5cm
0 10 1 2 9 3 4 8 5 7 7
8 11 6 12 16 5 17 25 4 26 50 3 51 100
2 100 1

5.3.2
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|
6
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E F
E 130
NMP F
150
155 180 NMP 202
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5.3.2.2
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D 110
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NMP

D NMP
120 180

5221

5.3.3

1)

123

100 160



Substrate Temp/ 0

D 1 1 | |
0 10 20 a0 40 a0

Heating time/sec.

Fig.8  Heating patterns having lower speed heating periods
in middle range.
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Table3. The evaluation of the popping by a variety of the lower
speed heating ranges

_ Evaluation of the popping
E:&g?g th ;lziflrgsrgizcej Resin liquid C Resin liquid D
anone/S150
Straight 8 8
120 180 1 10
100 160 9 7
140 200 1 4
120 160 4 4
140 180 4 7

Popping Excellent-10...... 1 - poor
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Fig.9 Result of TBA measurement (Liquid 1).
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Fig.12  Relation between Hp and terminal viscoelasticity
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