——

C

~N - =z b HE v

N

v

99

— F O R W LR

o >
ros
o
A B

Surface Gloss of Paste PVC Sheets

Masatoshi KIMURA
Norio TAKAGI

The effects of several properties of paste resins and processing conditions employed on the surface gloss

of PVC sheets formed from plastisols have been investigated using a Mathis laboratory coating and curing

apparatus,

This paper reports the results obtained in the studies concerning topcoat resins for the foam flooring

constructions. From the results, it has been found that the surface gloss of the sheets is mainly dependent

on the degree of morphological irregularities during the gelation and fusion processes.

The practical solutions for decreasing the surface gloss of paste resin sheets may be summarized as

follows:

a) adding blending resin

b) increasing polymerization degree of paste resin

¢) blending two paste resins having largely different polymerization degrees

d) decreasing fusion temperature

The quan tative relations between these factors and surface gloss have also been investigated.
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Table 1 Properties of paste resin used for topcoat evaluations
Sample Polymeri- Averaged Content
resin zation particle of coarse Supplier Remarks
code degree size (p) particles* (%)
703-1 1350 5.5 0.1 TSK Test resin :
-2 1627 —_ — u 7
-3 1650 3.4 1.6 ” ”
-4 1705 4.5 1.3 ” ”
-5 1715 5.1 1.4 ” Commercial resin
-6 1730 6.2 0.8 ” Test resin
-7 1730 12.4 1.8 ” V (Ungrounded)
-8 1830 6.0 1.6 ” ”
-9 2195 6.6 0.8 ” ”
-10 2195 8.8 1.5 ” 7
-11 2195 15.5 8.6 ” ” (Ungrounded)
761~1 1750 2.6 1.3 ” Test resin
-2 2080 2.7 1.1 7 Commercial resin
725-1 1050 2.6 0.5 ” Test resin
-2 1050 6.2 1.2 ” ”
-3 1050 9.7 2.8 v ”
~4 1050 18.2 7.2 7 ”
720B-1 1200 20.3 18.1 7 Test resin
-2 1200 28.0 38.2 ” #  (Ungrounded)
710 870 8.4 0.7 ” Commercial resin
PR-A 1665 2.9 0.5 M Commercial resin
PR-B 3085 2.3 0.3 M ”
PR-C 1840 13.0 6.1 C ”
PR-D 2060 7.8 14.6 C ”

Polymerization degree: JISK6721

* larger than 324

Particle size measurement: Coulter Counter (Type TA II)
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Table 2 Plastisol formulations

a. Topcoat
A B C
Paste resin 100 70 100-X
Blending resin 0 30 X
DOP 60 60 60
AC-118 3 3 3
O-130P 2 2 2
b. Foam layer
D E
Paste resin 70 70
Blending resin 30 30
DOP 60 60
Whiton H 20 20
AC-3M 2.5 2.5
TiO, 4 4
ZnO 1.25 0.3
BAP-2 0 0.5
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Fig. 1 Mathis laboratory coating and curing ap-
paratus
(a) Oven (b) Exhaust channel (c) Control
panel  (d) Doctor knife (e) Gauge
(f) Paper frame (g) Lever for lifting/
lowering the coating head (h) Counter
roll for doctor knife

Table 3 Conditions for sheet preparation

F G H

Temperature 200°C 206°C 196°C
Hot air, Volume 15 mmH,0 5mmH,0 5 mmH,0O
Blowing side Both side Upside Upside

Heating time 2 min 80 sec 120 sec

Coating thickness 0.45mm  0.30 mm 0,30 mm

(as plastisol)
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Light source

HEEWETRRE $27% #2255 (1983)

Fig. 2 Gloss meter
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80 __A (89.0% gloss) . Formulation : B
N~ & ~— - 1600 Fusion: Condition F (200°C X 2min)
/,'O — “'---..,__._H on release paper
601 / = ~N .
o X Back plate in gloss measurement
I at 1401~ A None
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A (1.0% gloss X A Y¢ Mirror
é o 120 B
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Fusion time (min at 200°C) \
Fig. 3 Effect of back plate in gloss measure- P Se S S £
ment 601 S
Resin: 703-5, Formulation: B,
Fusion: Condition F on release paper
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Carbon black content (phr)

Fig. 4 Effect of transparency of sheet on surface
gloss
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Fig. 5 Change of surface gloss in fusion process
Resin: 703-5
Formulation: A (Open marks) and B
(solid marks)
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90 ‘ /////Q //
Formulation A o /A
80| ///// /
/
70 /

T

/ /
60~ //
N
3¢ s0F /  Formulation B
p /
g /
S 4o /
/
301 /

A Resin: 703—5

/ Fusion : Condition F
20 o on release paper
(Fusion time : 2min)
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[ 1 | |
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Fusion temperature (°C)

Fig. 6 Relation between fusion temperature and
surface gloss
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(f)

Fig. 7 Microscopic observations of surface roughness in fusion process of topcoat resin

(Scanning electron micrographs: 300 x )

Formulation
(a)~(d)
703-5 70
BR-S 30
DOP 60
AC-118 3
0-130P 2

(€)
100
0
60

(£)
0
100
60
3

2

(38)

Fusion temp 200°C

Fusion time: (a) 0,5 min

(b)
(c)

1
2

min
min

(d) 5min
(e) 2min
(f) 2min




N—AMEE Y- F OFEmIR 105

© (®)
Fig. 8 Microscopic observations of plastisol fusion (Optical micrographs: 150 )
Formulation Fusion temp 200°C
703-8 70 Fusion time (a) 10sec (d) 2min
BR-S 30 (b) 30sec (e) 5min
DOP 60 (c)60sec (f) 10min
AC-118 3
0-130P 2
(39)
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Table 4 Effect of hot air in oven on surface gloss

Sample Hot air Surface gloss (%)
resin Qutlet  Volume | Ll min 2min 5min
Both side 15mmH,0| 76.8 67.9 52.8

7035 ” 5 # 77.2 76.4 —
035 | Upside 15 # 76.9 69.2 54.6
” 5 # 77.6 75.6 62.2

Both side 15mmH,O| 76.4 74.1 54.9

PR-A ” S 7 74.6 82.0 —
Upside 15 # 76.1 76.7 55.3

” 5 # 75.1 80.6 60.6

Formulation: B, Curing temperature: 200°C
Coating thickness: 0.45mm on release paper
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Resin : 703—5 b\
| Y
40 Formulation: B ‘@
Fusion (on Release paper)
30k A : Condition G (206°C X 80sec)
O': Condition F (200°C % 2min)
20 C
T 1 ! ! | _
0 0.1 0.2 0.3 0.4 0.5

Thickness of sheet (mm in dry)

Fig. 9 Relation between thickness of sheet and
surface gloss
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Fig.10 Change of thickness by fusing
Resin: 703-5, Formulation: B
Fusion (on releare paper)

" O Condition F (200°C x 2 min)
/\ Condition G {206°C x 80 sec)
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0 1 2 3 4 5 6 7 8
Fusion time (min at 200°C ) ZQJ_
Fig.11 Effect of blending resin on surface T ] | | { |
gloss, 0 1 2 3 4 5
Fusion time (min at 200°C )
Fig.13 Gloss-lowering behaviors of several com-
100 mercial blending resins
Resin: 703-5, Formulation: B
903 /E Fusion: Condition F on release paper
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Blending ratio

Fig.12 Relation between proportion of blending
resin and surface gloss
Resin: 703-5 and BR-S, Formulation: C
Fusion: Condition F (except fusion time)
on release paper
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Table 5 Characteristics of blending resin

Sample Mig _ Bulk Averaged  Content Surface gloss (%)

) Supplier P density  particle of coarse _ Maximum
resin method (g/m¢)  size(p) porticles (95)* at 2 min gloss
BR-R M Susp. 990 0.54 44 80 69 69
BR-S M ” 930 0.63 38 71 64 73
BR-T G 7 975 0.54 35 59 59 74
BR-U B ” 970 0.562 36 64 61 72
BR-X C Bulk 665 0.65 60 98 50 63
BR-Y H Emul. 1210 0.52 14 5 80 88

P and Bulk density: JIS K6721

Particle size determination: Coulter Counter (Model TA II)

Surface gloss: data from Fig. 13

* Coarse particles larger than 32 p diameter.
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Fig.14 Effect of polymerization degree (P) of
paste resin on surface gloss
Formulation: A (A) and B ()
Fusion: Condition F (200°C x 2 min) on
release paper
Polymerization degree of blending resin

(BR-S): 930
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o
L\
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\ -
.
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~ T ‘A
4
T 501 (Blending ratio=1/1)
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Fusion : Condition F
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Fig.15 Blending effect of paste resins on surface
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Fig.16 Defference of blending effect between
paste resin and blending resin
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Formulation: B, Fusion: Condition F (200°C x 2 min) on release paper
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Table 6 Effect of fillers addition on sarface gloss or plastisol viscosity
Inorganic fillers Formulation (a) Formulation (b)
Averaged Content of Surface glose (%)/Haze (%) Brookfield Viscosity
Materials particle gg?triscfies .
size {u) (>32 1, %) Ophr 1phr 3phr 5 phr 2hrs/24 hrs after mixing
TiO, (Rutile type) 2.2 0 93/23 — 91/90 — 132/131 poise
CaCOy (Whiton B) 9.5 0 93/23 90/41 87/62 83/74 98/ 98
CaCO; (Whiton H)  16.5 13 93/23 89/32 86/46 82/56 99/108
}{Yd?§?€0:9¥?%—06) 3.2 0 %8/ — 8/ — 128/165
Plastisol formulation Sheet preparation Brookfield measuring
(a) (b) Resin: 703-5 B8H Viscometer
Resin 100 100 Curing condition: F g6  Spindle
DOP 60 50 (200°C x 2 min) 20 rpm, 25°C
Filler 0~5 5
AC-118 3 0
O-130P 2 0
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Fig.22 Relation between surface gloss and
thickness of topcoat layer covered onto
foam layer.

Topcoat: 703-5, Formulation B.

Foam dayer: Formulation E,

Expansion and Fusion: Condition G on
foam layer
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Fig.23 Surface gloss behavior of each layer of
a foam flooring construction during
expansion process.

Topcoat: 703-5, Formulation B.
Foam layer: Formulation E, Expansion
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Fig.24 Effect of polymerization degree of top-
coat resin on surface gloss (in the case
of fusing topcoat layer on foam layer)
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