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Weatherability of Plastics

Satoru SUZUKI, Hiroshi KUBOTA
Takashi TSURUE, and Okio NISHIMURA

SYNOPSIS

1. Objects of this report.
The objects of this report and the back ground of the study are stated.
2. Outline and history of researches on the weatherability.

The history and the transition of the researches on the weatherability of plastics for about twenty
years in Japan are stated shortly, and the researches which were compared on the weatherability in
other countries are summerized.

3. Outline of this report.
The outline and the composition of this report are stated.
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Table 1. Tocations of exposure site.
Site Latitude Institute in charge
Sapporo (43O 03' N.) | Government Industrial Development
Laboratory, Hokkaido.
Choshi (35O 44' N.) | Choshi Exposuring Test Field of
The Japan Weathering Test Center.
Yokohama (35o 28" N.) | Research Institute for Polymers
and Textiles.
Naha (26O 14" N.) | Industrial Research Institute,
Okinawa Prefecture.




Table 2. Meteorological data.

Average | Average Annual Annual Annual*
temp. humid. | rain fall | solar radi.|U.V. radi.
°c % R.H. mm cal/cm? cal/cm?
Sapporo 8.0 71.9 1207 101052 6127
Choshi 14.7 73.4 1504 105215 8303
Yokohama| 15.1 68.5 1613 - 6554
Naha 21.9 76.2 2123 113263 10645
Note 1. Values for July 1973 to June 1978.
Note 2. by Monthly Report of the Meteorological Agency.

* U.V. quantities in 270 to 410 nm range.
( Measured by the Institutes listed in Table 1.)
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Table 3. Species and types of accelerated weathering tester.

Weathermeter Fademeter Dew-cycle
Xenon lamp WE-6X-HC FA-25XC-T -
UV carbon arc WE-SH-2C FA-25XC-T -
Sunshine carbon arc WE-SUN-HC WE-SUN-HC WE-SUN-DC

Table 4. Operating conditions of Sunshine Weathermeter.

Test hour 506G, 1000, 1500, 2000 (hr)
Black panel o}
temperature 63z 3°C
Spraying 18 min. spraying in 120 min.
cycle Deionized water (10-20x105Q.cm)
were used (149°C)
Operating 20 hour operation, 4 hour stoppage.
cycle 5 cycle operation per week.
Samples were reverced in each cycle
in the order showing in Fig. 3
Temperature Ordinary; Dry-bulb temp. 35+1°C
and humidity Wet-bulb temp. 29+1°C
in test chamber Relative humid. 60+10%
In spraying
Dry-bulb temp. 34+1°C
Wet-bulb temp. 31+1°C
Relative humid. 80%+10%
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Table 5. Original data of samples.

Sample
Ps BvC PMMA ABS POM PE
x o X a x o % g % g X g
Strength kg/ml'n2 3.79| 0.25} 7.36{0.04| 7.70 | 0.06 | 4.28; 0.06| 6.48 | 0.02| 2.B1 | 0.07 ] J1s K-7113
Tension Elongation L] 1.30| 0.03| 22.7]11.0] 4.84 | 0,03} 6.96| 1.42| 19.9 | 4.5 791 &6
Rupture energy kg=cm/mm?| 0.281 0.03( 12.6 | 6.2 2,92 | 0.16 ) 2.56| 0:63| 13.4| 3.1 194 9
Strength kg/m.m2 6.08|0.23} 12,11 0.04 | 12.9 | 0.33| 7.18| 0.05( 10.9 | 0.07| 3.33] 0.03 | J1I5 K-7203
Flexion Deflection mm 2.86) 0.16] 5.83 | 0.04 | 8.46 | 1.45) 6.83{ 0.15] 9.49 | 0.11| 10.0] 0.2
Modulus of 2
Elasticity kg /mm 355 3 379 2 335 2 224 2 319 4 149 4
Barcol 934-1 25 1 25 1 50 1 - - - ASTM D-2585
Barcel 935 81 1 84 1 92 1 64 1 73 1 29 1
Hardness
Rockwell M scale B2 1.6 77 2.6 101 1.4 - 84 1.8 - JIS K-7202
Rockwell R scale 125 0.7 125 Q.7 125 0.6 106 0.5 i21 0.7 58 3.1
: i Reversed plane 2 _ _ %
Fatigue limit flexural method kg /mm: 0.70 0.95 2.0 0.55 2.9 JIs K-7119
Tristimulus X 70.6 61.1 73.8 46.0 50.9 48.6 JIS Z-870L1**
Optical value Y 72.3 62.9 75.6 46.9 52.1 49.8 J1s -8722
property
{colox) Z 80.7 65.5 83.7 36.0 62.2 63.6
Molecular Mn (number average) x1o0" 14.1| 0.3 3.321 0,06 87.5} 3.1 - - 1.28] 0.03 | **#
‘:lgght Mw(weight average)| x10% 43.6] 0.4 | 8.00] 0.06§ 211 | 2 - - 22.0| 0.5
distribution Mw/Mn 3.094 0.06]| 2.42]| 0.05( 2.44| 0.09 - - 17.371 0.7
* Constant stress method.
% white plate reflection method for PS, PVC, PMMA.
Reflection method for ABS, POM, PE.
**%  G.P.C, method.
THF(40°C) for PS, PVC, DMMA.
‘o-DCB(135°¢) for PE.
: 4
Table 6. Apparatuses and measuring methods of GPC?
{A) (B (Ch
= # PS5, PMMA, PVC PSS, PMMA,K PVC PE
- - HEV - Waters & CF) Waters #
= = .-
HLC—801A ANA—PREP GPC 20038 GPC
TSK—-MXHS6 Styragel Styragel
B I ARU (27 44— FX2K) (47 4= bFX5H) (47 ¢—FxX4K)
N . . 6 5 i 3c
Iy d AT BT A4 X aj)10 ,10",10 ;10 A
- 6 6 g T 6 E) ic
FoT AT I 3x10°,3x 107,107, byto', 10°,30°, 10" A
] 32 3 5 1 30
10,10 A C)5x10 ,107,10 ,10 A
i . B 77 lFa7z s (THF) THF O—YsoxvEy
5« fm N N
40°C 35°C 135 C
B e ]
. 1.2 1.0 1.0
(mf / min} *
EABE 01 0.25 0.25
(grdb
ENE Sl 0.5 1.0 2.0
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WEATHERABILITY OF THERMOPLASTIC'S SHEETS
Species and Molding Methods of Samples
and Common Testing Methods.
Hiroshi KUBOTA

SYNOPSIS

In this report, the species and their molding methods of the samples which are used in this
Chapter, and testing methods common to all, are reported. And mechanical, optical and molecular
properties are introduced generally. Main contents are as follows :

(1) The species and the shapes of the samples.
(2) The compositions and the molding methods.

(3) The outdoor exposuring methods and the meteorological data.
(4) The testing methods for the accelerating testers.
(5) The measuring methods and the conditions of various characters, and the original data of the

samples.
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Fig. 1. Changes of the stress—strain diadram of PS by weathering. (Choshi}
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Fig. 2. Effects of shape of exposure specimen on tensile strength of PS.
Sheet. . . Tensile specimens were cut from exposed sheets.
Dumb-bell. . . Exposed in the shape of the dumb-bell.
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Fig. 3. Effects of exposure sites on tensile properties of PS.
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Fig.21. Comparison of Sunshine Weathermeter, Sunshine Fademeter and
Dew-cycle Weathermeter in tensile properties.
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Fig.28. Comparison of degradation speed of tensile strength.
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Table 2. Exposure hour when characters go down by half or one fourth.

1 1
3000 4000

Tensile strength | Molecular weight | Tensile rupture | Order
My energy*
%zggﬁermeter 2800 hrs. 2850 hrs. 2550 hrs. 4
%ggiﬁiiieter 2050 hrs. 2000 hrs. 2000 hrs. 1
poNeoyele 3200 hrs. 2550 hrs. 3000 hrs. 5
R oter 2300 hrs. 2300 hrs. 1700 hrs. 2
Eﬁﬁiiiﬁir 2300 hrs. 2050 hrs. 2150 hrs. 2

* The values for character goes down by one fourth.




Table 3. Table 3. Results of exponential regression analysis(PS).

Tensile strength Molecular weight Mn Tensile rupture energy
r A B r A B r A B
X-W | -0.950| 1.04 | -0.000260| -0.991 | 0.98 | -0.000237 | -0.949 | 1.07 | -0.000536
S-Wi{-0.964| 1.00| -0.000335| -0.910 | 0.88 | -0.000285 | -0.970 | 1.01 | -0.000705
D-W|-0.965| 1.05| -0.000234 | ~0.945| 0.94 | -0.000241 | -0.975 | 1.08 | -0.000488
X-F [ -0.928} 0.97| -0.000289 ! -0,931| 0.93 | -0.000271 | -0.978 | 1.03 | -0.000846
S-F | -0.922| 0.95 | -0.000283 | -0.929| 0.90 | -0.000289 | -0.880 | 0.91 | -0.000603
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Table 4. Reaction order and integrated rate equation.

Reaction order | Rate equation | Integrated rate eguation
dy
- ¥ = x.2(y)
dt
0 f(y) = ].1Y = Kt
1 f(y) = y ln—y— = Kt
n(¥%1) f(y) = y2 1 ( 1 - 1) = Kt
n-1 yn-1




Table 5. Apparent reaction order and accelerating factor. (Qutdoor ex-

posure)
Character | Exposure | Reaction Integrated Reaction Exposure Accelerating
site order n rate equation rate K period yr factor Ax*

o, Sapporo 2.5 Il—s(—}—s ~1)=Kt| 6.59x10-5 2.1 0.91
Choshi 0y 7.21 " 1.9 1.00

Yokohama 6.78 # 2.1 0.94

Naha 11.0 7 1.3 1.53

dt Sapporo 2.5 " 5.52 2.5 0.84
Choshi 6.60 2.1 1.00

Yokohama 5.83 2.5 0.84

Naha 9.80 ¥ 1.4 1.48

Mn Sapporo 2.5 " 6.56 2.1 0.67
Choshi 9.73 # 1.4 1.00

Yokohama 6.53 # 2.1 0.67

Naha 11.4 # 1.2 1.17

W Sapporo 2.0 I g 16.1 # 0.71 0.98
Choshi ¥y 16.4 0.69 1.00

Yokohama 15.4 0.74 0.94

L Naha 26.5 " 0.43 1.83

* The values from Choshi are selected as the standard.

Table 6. Apparent reaction order, reaction rate and accelerating factor.

Character | Accelerating | Reaction!| Reaction Exposure Accelerating

tester order n rate K time hour factor Ax

o, S-W 2.5 55,3x10° 2200 7.67
S-F 45.1 2700 6.26
D-w 26.9 4530 3.73

dt S-W 2.5 69.3 1760 10.5
S-F 59.7 2040 9.04
D-W 40.7 3000 6.16

Mn S-W 2.5 57.9 2110 5.956
S~-F 56.4 2180 5.80
D-w 41.0 2970 4.21

w S-w 2.0 143 700 8.72
S-F 119 840 7.26
D-w 66.4 1510 4.05

* The values from Choshi are selected as the standard.

L7z, TDHEA 2 bnEQRICTET,

Bl 22, PS D5EREEMIH U DIET Iz 2w T E
SNERBRBIC L 2MEEICELT, 6T 121
72356, ALIR, HEIEDT0.851E, F¥EAS1 4545 &
7 RERDY, FDIIRIEMI D AN F — (KT IR L
T, $hF% 1 & LA, SW 8 720, S-F
7.261, D-W 274 051% & SRR iz,

5.

¥ & ®

GP 74 7D PSlzonT, B RERE LR

FAFR LT, KDL S R 2E2,

(L) HEEEZ IR C5IE, BRI LS TERRAE

2k =T, $EBIRaYICETL 2,

@ FHHEENETRIBSBThBEIETH ), BE
PHECIZ S TRIZRE 2o 72,



(3) IIIFFELCEEICH L, KAERORL bk
F IR R IE L 2h, KEERIC L 251D
REBRRIBDH LN Lo 72,

4) HEIC X rEBEENEER R REL T, W
PEAERI OAERE 2 et L 22 4ER, TIREE, 5k
WY, BOERS FREOMIC—ROBED,
%72, BIREIMF= A NX—, iR, BEF
¥y FEAT R S i L T ROBRERT
ZEWbhhalz,

G) REC L AFEENELE, BEETFHTTE
FHWT, ZELTENMEIEEL TS D
rhibhiro iz, BREESTFRIST SR
DI, FRBEDHELZIT WL I &N
oz,

6) SRFEE ORISR FERIZ D\ W T—RE R
BIEEDERS 2T, fEsnzl (E) &
b, BHEPHREN 29D L 27213 40D
it CIETT288BHM TL - ThBEZE
BOCEHET T 2 2 EATE L,

(7) EIEH— Ky 7 A 7TORERBRRICL 55
THIZBARE & I3 BRE L %8 279, 2Nt
AR T v f > 54 7, Wit
H, BARE: OBUEOE TENATYWS,

Q® HriwdrFAT, ¥k rIATORE
ST kAR E AL & IBEERS T A 2
Yok, HLEECETIRELRDDLZ &
PTER,

©) EBEHRE IREHbic kaHEEE, KU
HEEOTE A IS L, R EEIC RAENT RUGK
¥ L RUR R SR % s, £ L E v TR,
WrrmRNcER L, 22, ZORRIE
R, TLERBRIC & B RRER L & TR
B LT N as R s 2B L 28R, 1313 —
WY LRI LNT,

# 5 X B

1) N.A.Weir, J.Polym. Sci. Polm. Chem. Ed., 16, 13
(1968)

2) C.David and D.Baeyens—Volant, Eur. Polym. J.,
14, 29 (1978)

3) G.Geuskens, D.Baeyens-Volant, G.Delauncis, Q.
Lu. Vinh, W.Piret and C.David, Eur. Polym. J.,
14, 291 (1975)

4) G.Geuskens, D.Baevens-Volant, G.Delaunois, Q.
Lu. Vinh, W.Piret and C.David, Eur. Polym. J.,

14, 299 (1978)

5) M.Nowakowska, JKowal
Polymer, 19, 1317 (1978)

6) C.David, W.Piret, M.Sakaguchi and G.Geuskens,
Makromol. Chem, 179, 181 (1978)

7) JKubuka and B.Gora, Eur. Polym. J., 13, 325
(1977)

8) G.A.George and D.K.C Hodgeman, J.Polym. Sci.,
Polym. Sump., 55, 195 (1976)

9) P.Smith and L.B.Gilman, Polym. Prepr. Am.
Chem. Soc., 17, 714 (1976)

10) D.Weichert and K.Bihler, Plaste. Kautschuk, 12,
664 (1965)

11) P.H.Massey, Materis Plastiche, 32, 317 (1966)

12) BDolezel and L.Adamirova, Int. Polym. Sci.
Technol., 4, 113 (1977)

13) A.HMerkymov, V.P.Pritkin, LF.Avezov and
T.A Merinik, Mekh. Polim., No.5, 915(1978)

14) H.XKuroda, HKondo, K.Komaki and T .Tanaka,
Report of the Government Ind. Res. Inst. Osaka,
No.335, 1(1970)

15) S.Suzuki, HKubota, ONishimura and T.Tsurue,
Report of the Government Ind. Develop. Labo.
Hokkaido, No.6, 1 (1971)

16) S.Suzuki, H.Kubota, O.Nishimura and T.Tsurue,
Proc. Int. Conf. Mech. Behav. Mater., Ist, 3, 657
(1972)

17) S.Yamaguchi and N.Amano, Japan Plastics,
23 (5], 31(1972)

18) S.Suzuki and T.Tsurue, Proc. Int. Conf. Mech.
Behav. Mater., 2nd, 706 (1976)

19) MMurayama and Y.Murakoshi, Bulletin of
Industrial Arts Institute, No.66, 1(1963)

20) M.Murayama and Y.Murakoshi, Buil. Ind. Arts
Inst., No.72, 1(1963)

21) MMay, B.Jonach and U.Rufke,Plaste. Kautsch,
22, 797 (1975)

22} M.R Kamal, Polymer Eng. Sci,, 6, 333 (1966)

23) M.Adamirova,B.Dolezel, Plaste. Kautsch., 15, 179
(1568)

94) J-ch. Marechal and Ph. Eurin, Int. Symp.
Weathering Plast. Rubber, p. D7. 1(1876)

95) B.Ranby, J.F.Rabek; Photodegradation,Photo—
Oxidation and Photostabilization of Polymers,
p.165, Jhon Wiley andSons (1975)

26) A, FEHK ; A I2ERRMR 728 & 34 2 R,
p. 103 (1968)

and B.Waligora,



27) MKoike, K.Tanaka ; Rep. Res. Lab. Eng. Mater. 28) (L 7 RF 7%, 23, (5), 54 (1972)
Tokyo Inst. Technol, (1) 177 (1976) 29) T.W.Dakin; AIEE Transactions, 67, 113 (1948)

Mechanical Properties of Weathered Polystyrene

Satoru SUZUKI, Hiroshi KUBOTA, Okio NISHIMURA,
Shigeru HATTORI*, Kiyoji YOSHIKAWA** and Tadashi SHIROTA**

SYNOPSIS

A GP type’s polystyrene was exposed to the natural weathering conditions at four exposure sites,
and accelerating tests which used seven types of Weather—tester have been carried out simultaniously.,
And the influences on the mechanical properties and polymer characteristics have been examined.

As for the outdoor exposure tests, following results were obtained.

(1) Changing rate of nearly all properties were in order of the latitude (the lower the latitude, the lower
the retention), however, the acceleration by urban and industrial atmosphare was not recognized.
{20 All characters of tensile, flexural tests (except the Modulus of Elasticity) and molecular weights
changed exponentially by the outdoor exposure, Accordingly, exponential regression analysis was
applied to those data, and experimental equations of the degradation were obtained. The exposure
periods when tensile strength goes down to half were obtained from the equations. The results are

as follows :

1.8 year exposure at Choshi

=2.6 year exposure at Sapporo
=1.3 year exposure at Naha

As for the accelerating tests, following results were obtained.

(1) The UV type tester showed a different nature from other telters in the degradation tendency.
The Sunshine type testers showed excellent results in acceleration perfomance and in the similarity
to the outdoor exposure.

(2) Changes of the characters obtained in accelerating test using Sunshine type and Xenon type
testers, were analyzed by the exponential regression method, and the differences among testers in
regard to the degradation rate were obtained.

As for the correlations beween the outdoor exposure tests and the accelerating tests, following
results were obtained.

(1) Changes in properies obtained by the outdoor exposure and the accelerating tests, were inves-
tigated from the angle of reaction rate : and the apparent reaction orders and reaction rate constants
were obtained for each property. By using these results, the differences depending on the exposure
site and the accelerating testers were expressed quantitatively.

(2) An Approximate coincidence was recognized between the data obtained from the analysis using
the reaction rate theory and the data obtained from the exponential regression analysis.

* National Chemical Laboratory for Industry.
** Research Institute for Polymers and Textiles.
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Table 1. Results of exponential regression
analysis for accelerating tests.

r A B dt+ 1/2 dt+ 1/4
X-W -0.983 | 0.939 | -0.000732 870 hr 1800 hr
UvV-Ww | -0.825| 0.719 | -0.000498 730 hr 2100 hr
S-W -0.772 | 0.688 | -0.000465 - (2200 hr)
D-W -0.7501% 0.694 | -0.000417 - -
X-F -0.946 ] 0.763 | -0.000790 530 hr 1400 hr
UV-F ! ~0.956 | 0.904 | -0.000593 | 1000 hr 2200 hr
S-F -0.723 | 0.645 | ~-0.000459 - (2100 hr)
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Table 2. Apparent reaction order, reaction rate and accelerating rate.
Character | Exposure| Reaction Integrated Reaction Accelerating
order n rate eqguation rate K factor A¥
1 1 _ —~ 1
dt Sapporo 1.8 m(w—l)—Kt 1.26x10 0.81
Choshi " " 1.55 " 1.00
Yokohama " " 2.42 " 1.56
Naha " " 2.22 " 1.43
X-W " " 13.4 " 8.6
uv-w " " 1i.1 "¢ 7.2
S-W - -
D-W - _
X-F " " 18.8 n 12.1
UvV-F " " 10.3 v 6.6
S-F - -
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* The value from Choshi is
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Table 2 (kEFz HoT, FIBRAERTH 258D
BN 250 L £k 4450 LITIETT 5108
2 BT %5k C Table 3 iR, BEWHE U A
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selected as the standard.
Table 3. Comparsion of exposure period.
d,+1/2 d,+1/4
year hour year | hour

Sapporo 0.8 7350 2.3 | 20000
Choshi 0.7 6000 1.9 | 16500
Yokohama 0.4 3800 1.2 | 10500
Naha 0.3 4200 1.3 | 11500
X-w 690 1200
Uv-w 830 2300
S-W

D-W

X-¥ 490 1350
UV-F 200 2500
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Mechanical Properties of Weathered Polyvinylchloride

Hiroshi KUBOTA, Satoru SUZUKI, Okio NISHIMURA, Shigeru HATTORI*
Kiyoji YOSHIKAWA**and Tadashi SHIROTA**

SYNOPSIS

A polyvinylchloride was exposed to the natural weathering conditions at four exposure sites,
and accelerating tests which used seven types of Weather-tester have been carried out simultane-
ously. And the influences on the mechanical properties and polymer characteristics have been exami-
ned.

As for the outdoor exposure tests, following results were obtained.

(1) The tensile properties maintained ductile behavior after two year exposure, however, they showed
brittle fracture after three year exposure.

() In all characters of tensile and flexural properties (in the exception of modulus of elasticity), the
differences depending on the exposure site became obviously for a long term exposure and were in
the order of the latitude (the lower the latitude, the lower the retention). The acceleration by urbon
and industial atmosphere was recognized also.

() Though the molecular weight and the distribution changed slightly in all exposure levels, the
reason was explained by the phenomena that the degradation layer became insoluble because of the
occurrance of the crosslinking.

(4) The elongation at rupture changed exponentially by the outdoor exposure. Accordingly, ex-
ponential regression analysis was applied to those data, and the experimental equations of the
degradation were obtained. The exposure periods when the elongation at rupture goes down to half
or one fourth to the original values were quantitatively evaluated for each exsosure site.

The results are as follows:
0.9 year exposure at Choshi
=1.3 year exposure at Sapporo
=1 year exposure at Yokohama
=0.5 year exposure at Naha

As for the accelerating tests, following results were obtained.

(1) In the case of PV, the black panel temperature (63°C) adopted in JIS Standard and others, was
proved too high.

(2) ‘The Sunshine type testers showed good result in the acceleration and the similarity to the outdoor
exposure, however, the experimental equations were not obtained because of the exposure schedule.

As for the correlations between the outdoor exposure tests and the accelerating tests, following
results were obtained.

(1) Changes in properties obtained by the cutdoor exposure and the accelerating tests, were in-
vestigated from the angle of reaction rate; and the apparent reaction orders and reaction rate
contants were obtained for each property. By using these results, the differences depending on the
exposure site and the accelerating testers were expressed quantitatively.

(?) An approximate coincidence was recognized between the data obtained from the analysis using
the reaction rate theory and the data obtained from the exponential regression analysis.

* National Chemical Laboratory for Industry.
** Research Institute for Polymers and Textiles.
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Table 1. Results of exponential regression analysis and accelerating factor.

Character | Exposure Factor M>1/2 |M>1/4 Accelerating
site r A B factor*
Mn Sapporo -0.963 ]| 0.956 -0.245 2.6 yr{ 5.5 yr 0.81
Choshi -0.939| 0.831 -0.240 2.1 5.0 1.00
Yokohama | -0.980| 0.934 -0.251 2.5 5.25 0.84
Naha -0.914| 0.786 -0.305 1.5 3.75 1.40
M, Sapporo | -0.949| 0.923 -0.182 3.4 7.3 0.76
Chishi -0.949| 0.860 -0.212 2.6 5.8 1.00
Yokohama | -0.954 ] 0.876 -0.194 2.9 6.5 0.90
Naha -0.905{ 0.765 -0.243 1.7 4.8 1.53
* half.
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Fig.15. Changes of glossiness factor by
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Table 2. Changing rate of gloss and degradation layer.

1 1

Retention of Gloss Degradation layer
r A Rate r A Rate
X-W [~0.953| -0.0000560| 0.85 0.990 | 0.0120{ 1.64
UV-W| -0.993 -0.0000661| 1.00 0.971 [ 0.0073 1} 1.00
S-W | -0.978| -0.000241 |(3.65)| 0.9924 | 0.0167 |(2.29)
D-w 0.989 | 0.0991 {(13.86)
X-F | -0.951} -0.0000117 ] 0.18 0.985 | 0.0092 | 1.27
Uv-F| -0.973 -0.0000201| 0.30 0.991 ] 0.0098} 1.34
S-F [-0.916| -0.0000116 |(0.18)| 0.979 | 0.0121 |[(1.66)
ot®
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Fig.27. Changes of number average molecular weight by Weathermeter or

Fademeter test.
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Table 3. Results of exponential regression analysis and accelerating factor.

Character| Tester Factor M 51/2(M 51/4 | Accelerating
T A B hr hr factor#*

Mn X-W -0.980 | 1.05 -0.000317 2350 (4600) 0.77
Uv-w -0.951 ] 0,901 -0.000339 1800 (3800) 1.00
S-W -0.987 | 1.02 ~0.000972 | ( 750) | (1450) (2.4 )
D-W -0.904 1 0.723 | -0.000717 | ( 500) | (1400) (3.6 )
X-F -0.984 | 0.953 | -0.000620 1050 2200 1.71
UvV-F -0.950 | 0.941 | -0.000385 1700 (3400) 1.06
S-F —0.973 | 0.914 | -0.000764 | { 800) | (1700) (2.3 )

Mw X-W -0.994 | 1,02 -0.000249 2900 0.86
Uv-w -0.977 | 0.955 | -0.000261 2500 1.00
S-W ~0.995 | 0.949| -0.000598 | (1100) (2.3 )
D-W -0.964 | 0.880) -0.000501 - -
X-F -0.962 1| 0,932 -0.000344 1800 1.4
Uv-F -0.921 | 0.914] ~0.000271 2250 .
S-F -0.939 | 0.889| -0.000574 | ( 950) (2.6)

* The values for molecular

weight reduce by half.

Table 4. Results of linear regression analysis and accelerating
factor of gloss and degradation layer.

Gloss Degradation layer

Exposure A Accelerating| Al Accelerating

(x10™°) factor (x10” %) factor
Sapporo 0.303 0.42 0.131 0.59
Choshi | 0.719 1.00 0.221 1.00
Yokohama!| 0.115 0.16 0.201 0.91
Naha 1.50 2.1 0.343 1.6
X-W 5.60 7.8 12.0 54
uv-vw 6.61 9.2 7.30 33
S-W (24.1) (34) (16.7) (76)
D-W ~ - - -
X-F 1.17 1.6 9.20 42
UV-F 2.01 2.8 9.80 44
S-F (1.16) (1.6) (12.1) (55)

WL TE 3z idT e, £2C 2T
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W a2 Lo T b, k%2 Tabled |2R ¥ 861 %
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leon T RENT ORISR En= 2 25F & L2 A,
a2 —Fiz kAR ERBR T, n=155



Table 5. Apparent reaction order, reaction rate and accelerating factor.

Character | Exposure | Reaction Integrated Reaction |Exposure period| Accelerating
order n rate equation jrate K hour year factor A*

M Sapporo 2 (—;——1)=Kt 0.513x10° 7| 19500 2.2 0.86
Choshi 2 " 0.597 16700 1.9 1.00
Yokohama 2 0.568 " 17600 2.0 0.95
Naha 2 " 0.924 10800 1.2 1.55
X-W 1 ln%=Kt 2.87 " 2400 7.0

1 1 _ = "

uv-w 4.5 3_5(—?73—1)—Kt 15.5 1900 8.8
S-W 1 9.63 " ( 720) (23)
D-W - - - ~ -
X-F 2 g9.54 " 1050 16
UV-F 2 6.03 " 1650 10
S~F 2 17.2 v 570 (29)

* The value from Choshi is selected as the standard.
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Mechanical Properties of Weathered Polymethylmethacrylate

Satoru SUZUKI, Hiroshi KUBOTA, Okio NISHIMURA
Shigeru HATTORI*, Kiyoji YOSHIKAWA** and Tadashi SHIROTA"

SYNOPSIS

A cast type Polymethylmethacrylate (PMMA) was exposed to outdoor conditions for five years.
The molecular weights decreased to one—fourth in Naha and the changing degrees were in the order of
the latitude. As for the mechanical properties, though the small changes were recognized in the
elongation at rupture and tensile rupture energy, the significant changing tendency and the difference
depending on the exposure site were not obtained because of the large scattering of the data.

As for the accelerating tests, following results were obtained :

(1) High acceleration in S-W and S-F, extraordinary high acceleration in D-W were observed,
respectively. However, as for the changing of the surface state, the molecular weights and the
mechanical properties, no similarity to the outdoor exposure tests were observed. So, we concluded
that the Sunshine type testers should not have been used to the prediction of the weatherability of
PMMA.

@) As for the changing of the gloss, the X-W and UV-W showed high acceleration.

(3) As for the thickness of the degradation layer and the molecular weights, the X-F and the UV-F
showed the high acceleration and the good similarity.

To obtain the correlation between the outdoor exposure tests and the accelerating tests, the data
of the number molecular weight which reflect sharply the change of the surface state and the
mechanical properties, were examined from the view point of the reaction rate, and the differences
depending on the site and tester were evaluated guantitatively.

* National Chemical Laboratory for Industry.
** Regearch Institute for Polymers and Textiles.
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Table 1. Results of exponential regression analysis of flexural deflection of ARS.

Character | Exposure Factor df+1/2 Accelerating
r A B hr factor*

df Sapporo -0.926 | 0.901 —O.95x10_h 6200 1.1
Choshi -0.939 | 0.898} ~0.87 " 6750 1.0
X-w ~-0.994 | 0.996 | -2.74 " 2500 2.7
uv-w -0.957 | 0.9871 -3.17 " 2150 3.1
S-W -0.969 | 0,925 | -3.29 " 1900 3.6
D-W -0.861 | 0.867 | -2.39 " 2300 2.9
X-F -0.800 1 0.954 | -0.69 " - -
UV-F -0.981 1 0.988; -1.88 " (3600) (1.9)
5-F -0,997 ( 1.03 -3.30 " 2200 3.1

* The value from Choshi is selected as the standard.
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Mechanical Properties of Weathered ABS Resin

Hiroshi KUBOTA, Satoru SUZUKI, Okio NISHIMURA
Kiyoji YOSHIKAWA* and Tadashi SHIROTA*

SYNOPSIS

A high impact type ABS resin sheet was exposed to the outdoor conditions and seven types of the
accelerating testers. The mechanical properties were examined, and following results were obtained.

(1) The tensile strength showed over 50 percent of retention after five year exposure, however, the
elongafion at rupture and the tensile rupture energy decreased to one-third or less by only one month
exposure period in summer.

(2) The flexural strength decreased more than the tensile strength and decreased to the half by the 2.5
year exposure at Naha. On the other hand, the modulus of elasticity increased about 10 percent.
(3) Changing of the characters in tensile, flexural tests were in the order of the latitude (the lower the
latitude, the lower the retention), however, the acceleration by the urban and industrial atmosphere

was not recognized.

(4) Decreasing of mechanical properties were proved to depend on the ultraviolet dosage and the mean
air temperature.

(5) The tendencies of yearly change of the tensile and the flexural strength were expressed quan-
titatively for each exposure site by using the method of the exponential regression analysis.

6) As regard to the temsile and flexural strength, the changmg tendencies could not evaluated
because of the shortage of the whole exposure period. Accordingly, the exposure period when each
strength goes down to the half were not obtained. However, in a overall evaluation, it can be
expressed that a result of one year exposure at Choshi equals to the results of 1500—2000 hour
irradiation by each Weathermeter. The acceleration factor by Weathermeter is nearly 5.

(7) On the other hand, the elongation at rupture and rupture energy decreased to one—third at first
exposure stage (one year exposure for the outdoor, 500 hours irradiation for the accelerated tests).
Accordingly, a short term outdoor exposure and accelerated weathering tests were cartied out.
However, nearly same results were obtained, namely, the elongation at rupture and rupture energy
decreased to one-third at first exposure stage (one month exposure for the outdoor test, 80 hours
irradiation for the accelerated weathering test). Finally, we could not obtain the changing tendency
in the initial stage.

(8) The accelerated weathering tester is little similarity to the outdoor exposure test. As regard to
mechanical properties, high acceleration were recognized in Weathermeter groups, and the diversity
in degradation behavior which were not recognized in another resins were observed in ABS resin.

* Research Institute for Polymers and Textiles.
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Table 1. Exposure periods when characters go down by half or one fourth.

(Unit ; year)

Exposure | Tensile strength Elongation at rupture | Rupture energy Accelerating
site 1/2 1/4 1/2 1/4 1/2 1/4 factor*
Sapporo 3.0 (9.3) 0.92 1.6 0.81 1.4 0.74
Choshi 2.2 (6.9) 0.68 1.2 0.60 1.0 1.00
Yokohama . (8.7) 0.86 1.5 0.76 1.3 0.80
Naha 1.7 5.4 0.53 0.93 0.46 0.8 1.28

- % The value from Choshi is selected as the standard.
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Table 2. Correlations of outdoor exposure to accelerated weathering test on
thickness of degradation layer (at the point of 100um).

Character Exposure Factor** Exposure period| Accelerating
A B year hour factor*
Thickness Sapporo -1.98x10 | 1.46 0.86 7500 0.87
of Choshi -1.87 " 1.66 0.74 6500 1.00
degradation| Yokohama | -1.22 " 1.18 1.05 9200 0.71
layer Naha -1.66 " 1.64 0.74 6500 1.00
X-W ~2.08x107°| 0.102 1350 4.8
uv-w -2.50 " 0.144 790 8.3
S-W -5.15 " 0.211 530 12.3
D-W 4.03 " 0.082 860 7.6
X-F -4.74 v 0.137 1300 5.0
Uv-F -4.59 " 0.160 820 7.9
S-F -4.39 ¢ 0.157 810 8.0
* The value from Choshi is selected as the standard.
*¥* Factors of formula of guadratic regression analysis.
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Mechanical Properties of Weathered Polyacetal (POM)

Okio NISHIMURA, Satoru SUZUKI, Hiroshi KUBOTA
Kiyoji YOSHIKAWA* and Tadashi SHIROTA*

SYNOPSIS

Polyacetal (POM) made by the molded using extrusion and injection molding method were ex-
posed to the natural weathering conditions at four exposure sites, and accelerating tests which used
seven types of weather—tester have been carried out simultaneousely. And the influences on the
mechanical properties and surface characteristics were examined.,

As for the outdoor exposure tests and accelerating tests, following results were obtained.

(1) Alt characters of tensile and flexural tests changed by the outdoor exposure. Changing rate of
nearly all properties were in order of the latitude, however, the acceleration by urban and industrial
atmosphare was not recognized.

(2) The degradation rate of POM was determined mainly by U.V.dosage. Moreover, the degradation
process was separated into two stages :

i) The primary process which was appeared in the range of U.V. dosage of about 0~20 kcal/
cm?. In this process, the amorphous region of the sample was invaded by oxygene, more-
over, the stabilizers of polymer were consumed, and the characteristics were decreased
rapidly along a quadratic curve.

ii) The secondary process which was appeared in the range of U.V. dosage greater than 20 kcal/
cm?.  In this process, crystalline region of sample was invaded by oxygene and characteristics
were decreased slowly along an exponential curve.

(3) The difference by the molding method was examined, however, no difference was recognized.

(4) In the injection samples, the influence of thermal treatment in regared to the degradation ten-
dencies was checked, however, no difference was recognized.

(5) Inaccelerating test, the tensile properties showed rapid decrease in an exposure level, then showed
high values again. But the cause and the mechanism with respect tc this phenomena were not
revealed.

The changing of the flexural properties in accelerating tests were very slight, therefore, the

degradation tendencies depending on the exposure period were not obtained also.

(6) On the other hand, the thickness of the surface degradation layer in weathered samples, which
observed using an optical microscope, were examined by the regression analysis. Using these
results, the correlation between the outdoor exposure tests and the accelerating tests were obtained
quantitatively.

* Research Institute for Polymers and Textiles.
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Table 1. Equivalent exposure period.”

Weather-COmeter | Outdoor exposure (month)
(hour) Arizona | Oklahoma | Ohio
1000-2000 12-24 24-42 42
3000-4000 24-36 42 42
5000 42 42 42
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Table 2. Results of exponential regrassion analysis.
Character | Exposure Factor Exposure periodiAccelerating
site T A B o+1/2 og»1/4 Factor

Ot Sapporo -0.959 1 0.542 | -0.249} 0.32yr |[3.1lyr 0.91
Choshi -0.887 | 0.528 | -0.264| 0.20 2.8 1.00
Yokohama | -0.934 | 0.469 | -0.257 - 2.5 1.
Naha -0.9692 4 0.351 | -0.128 - 2.7 1.

O Sapporo ~-0.989 1 0.706 | -0.339| 1.0 3.1 0.82
Choshi -0.956 | 0.895 | -0.498| 1.2 2.5 1.00
Yokohama | -0.709 | 0.554 | -0, 320 - 2.5 1.0
Naha -0.836 | 0.231 | —-0.310 - - -
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Table 3. Results of exponential regression analysis.

Character | Tester Factor Exposure period Accelerating
T A B g+2/3 | 0»1/2 factor
Ot X-w -0.942 | 1.08 -0.000477 1000 1620 0.86
UV-W | -1.00 | 1.49 | -0.000588| 1360 | 1860 0.75
S-W -0.977 | 0.738 | -0.000281 360 1390 1.00
D-W -0.898 | 0.750 | -0.000284 390 1430 0.97
X-F -0.950 | 0.633 | -0.000083 - (2800) (0.50)
UV-F [ -0.459 | 0.791 | -0.000042 - - -
S-F -0.996{ 0.648 | —0.000080 - (3250) (0.43)
of X-W -0.973 1/ 1.68 ~0.000565 1630 2150 (1.2)
UV-W | -0.998 | 1.92 -0.000616 1700 2180 (1.2)
S-W -0.943 | 1.01 -0.000286 1560 | (2650) (1.0)
D-W -0.979 | 1.04 -0.000159 400 | (4600) (0.58)
X-F | -0.554| 0.933 | -0.000024 - - -
UV-F | -0.976 | 1.18 | -0.000278 - (3100) (0.88)
S~-F -1.00 1.01 -0,000236 - (3000) (0.88)
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Table 4. Comparisen of outdoor exposure
and accelerated weathering test
on thickness of degradation layer.

Character Exposure Changing Accelerating
rate factor

Thickness Sapporo 0.0122 1.04

of s

degradation Choshi 0.0117 1.00

layer Yokohama 0.0134 1.15
Naha 0.0216 1.85
X-w 0.0518 4.4
uv-w 0.0414 (3:5)
S-W 0.0854 7.3
D-W 0.162 (13.8)
X-F 0.0443 3.8
UV-F 0.0418 (3.86)
S-F 0.0948 8.1
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Mechanical Properties of Weathered Polyethylene (HDPE)

Okio NISHIMURA, Hiroshi KUBOTA, Satoru SUZUKI
Jun IYODA*, Kiyoji YOSHIKAWA** and Tadashi SHIROTA**

SYNOPSIS

A high density polyethylene (HDPE) which had no U.V. absorber and is molded by extrusion
method, were degraded by the outdoor exposure test and the accelerated weathering methods, then,
the degradation tendencies were examined about the mechanical and molecular properties. The
results obtained are as follows.

(1) All properties of samples exposed to outdoor conditions, decreased violently, therefore, the outdoor
exposure was stopped within the four vears periods.

(2) In the first exposure level, the tensile strength decreased to half, the elongation at rupture decreas-
ed to more than a-hundreds, and the sample lost the ductile property completely.

(3) To obtain the changing behavior of the tensile in the early exposure level, short term exposure
tests (1, 3, 6 and 9 months) were carried out, however, we failed to obtain the behavior because of
the rapid degradation phenomena. _ _

4) The changing rate of nearly all mechanical properties in the exception of the modulus of elasticity,
were in the order of the latitude (the lower the latitude, the lower the retension).

(5} The influence of the air polution were check, and the acceleration by the polution were recognized.

(6) The molecular weight and its distribution were analyzed by the GPC. However, it was proved
that the data had not been used for evalution of degradation tendencies because of the formation of
insoluble structure (Which reached about 14-55%).

(7) "The correlation between the outdoor exposure tests and the accelerating tests in regard to the
mechanical properties, were not obtained because of the unsuitable planning for exposure level.
However, by using the data of the thickness of degradation layer, the correlations were obtained
qualitatively.

(8) The S-W and S-F testers showed excellent results in the rate of the acceleration and the similarity
to the cutdoor exposure test result.

* Government Industrial Research Institute, Osaka.
** Research Institute for Polymers and Textiles.
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Table 1. Measuring conditions of color
difference.

Optical

conditions Reflection method, JIS Z-8722, (45-0) P method

Luther A light 1llumination.
conditions C light measurement by phota~cell with luter filter

Light
source

Halogen lamp, 12V, 50W.

Standard

white plate | Y783.7, X=81.7, 2=03.4.

Condationing | 48hr. over in the room of JIS 2nd class.
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Table 2. Tristimulus values of test sample.

W-P. Rellecticn Reflection

P S PVC DPMMA ABS POM P E
Y| 72.3 62.9 75.6 46.9 52.1 48.8
Xl 70.6 61.1 73.8 46.0 50.9 48.6
7zt 80.7 65.5 83.7 36.0 B2.2 63.6

Tristimulus values of standard white plate:
¥=83.7, X=81.7, Z=03.4
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Fig. 1. Color differences by outdoor ex-
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Fig. 2. Effects of exposure site in changes
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method).
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Fig. 3. Effects of exposure site in changes
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posure (White panel reflection
method).
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BRI A 2 iz 2 2 5 TEEIE L L3
LT 329, RBERBEESREETOATHRT
A D B 2 72 2 2 b, RIROEMIRERB O
Vi AP N AR LI LN o R A

4.1.3 R#isLUEHEBNRERBORE
DEALER

ER HEEm % (') T 5728
=, BB X EPEESR OGS (AE) 2%
WM (T) & 1 RE a0k 240 &t
L CEVRSH 24T, HBE oS oEERo
% K72y Table 3 +Tabled Th z, ~h
bEN L, REIEELERRRE LTI, BEC
Lo TR DB B4 D5h - 72,

fz& ZAE, PSS i RE cli 6= R BN
AL L REER A E G 2R L ok L,
FHHEZTENERIBER OB S A 2R L
7z, 72 PVC, PMMA, ABS B L1 POM o4
WREZE CEHEMNE»FHEE 2RO
L, BRHEFZE T PVC & PMMA #5—k[l/F
ERVHEE AR LY Ic e B, BESRED
Hic k- THHE LT LR 2 =T = &z nFEp
bbb s,

72, COREABLCT, baElEoEEN S
SMEICET 2 DI 2 BB % Hud 3z ke
5Z&ELTEDL, WE, 4~ bFEMBEL -EH
NE > &2 2 MBIz S0 U TG % AT L 7o 5 %
Table 5 |27R9, #LIR, $bF, TR L Ci3EE
BIZEBENRENWT LD, ST LIRS
Hilg4 5 &, PVC 2n» 1, BREREDS
D EFEEDVINE o,

4.1.4 REFFEAHOTES

IR TR L 72 B HilE 0 /#8532 & Photo. 22
Y. F 72, S-W €2, 0008F RS L 72358 %2 Blic
&N, T BEOREEL % Fig. 1810w,
PVC pikonazz 4R L, PS, POM 472 iz k
¢, WTALEWOL, 000K 3 TOZEic
T, FnbiEogibizEEch s, Thllito 3
FEDEALTE»TH B,

R TR ERERIC L2 SRR ERESE
FhnEFh Fig. 19 ~ Fig. 27T 128, o8, X
EMREERL I hEURLE, ~

PS &2 % Fig. 19 127R4, 50008 = ©
i, BEILITRSIER L - LICERSICEEL
L7z, FRCBEE SR 24 778 X-W %

Table 3. Factors of linear, logarithmic
regression analyses in changes of

'
color difference by outdoor
exposure.

PS= PVC PAnA ABS POM PE*

k2 k1 k1l k2 k2 k1

r[0.97 0.96 - 1.0 0.94 0.94

SAPPQRO | Al31.5 -2.24 - 11.8 11.5 0.78
Bl4.57 3.54 - 1 4 1.71 1.27

r0.97 1.0 1.0 0.08 0,99 0.92

CHOSHI Al29.7v -0.71 0.05 14.0 14.1 0,66
Bid. 34 4,41 0.31 1.94 2.04 1.59

r{ 1.0 0.97 0.95 0.99 0.99 0.95
TORCHAMA | Al30.0 -2.60 0.08 15.0 12.3 Q.88
B|4.29 5.42 0.11 2.17 1.75 1.58

| 1.0 0.98 0.97 0.59 0.98 Q.97

NAHA A|37.3 1.24 0.13 13.4 15.6 0.78
BI5.2¢8 4,97 0.47 1.886 2.24 2.42

K1.4E=A=BT, 12:4E=A+BinT, T: Exposure year.

r Gefficient of Correlation, *I Four Years Exposure.

Table 4. Factors of linear, logarithmic
regression analyses in changes of
coler cifference by short term
outdoor exposure,

PS*  DPVC  DuMA  ABS  POM  DE*
k1 k2 k2 k2 k2 k2
rl0.e3 0.95 ©0.86 0.90 0.94 0,93
S4PPORO | A{2.06 4.61 0.31 4.25 7.45 1.08
Bl16.0 0.61 0.05 0.54 0 98 0.15
rlo.96 ©0.98 ©0.98 0.97 o©0.89 0, 97°%
CHOSHI | 4(2.29 4.52 0.38 3.84 7.95 0.23
B{19.9 0.61 0.05 0.51 1.01 1.98

k1l ZE=a+BT. k2:4E=A+BinT, T. Exposure Year.

v Coelficient of Correlation, =: TFour Years Exposure.

Table 5. Rank on exposure sites of color
difference by outdoor exposure

for four or five vears.

SAPPORO CHOSHI YOKOHAMA NAHA

P g* 3 2 4 1
BPVC 4 3 1 2
PMMA 3.5 2 3.5 1
ABS 4 2 3 1
POM 3 2 4 1
P E* 4 2 3 1
w2 s

*

: After four years exposure
Note: High rank shows large change.
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Fig.18. Color differences by Sunshine
Weathermeter test.
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Fig.19. Effects of irradiation hour in
changes of color difference by
weathermeters and fademeters
(White panel Reflection Method).
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Fig.20. Effects of irradiation hour in
changes of color difference by
weathermeters and fademeters
(White panel reflection method).
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Fig.21. Effects of irradiation hour in
changes of color difference by
weathermeters and fademeters
(White panel reflection method).
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— 30/ O S-W Table 6. Factors of linear, logarithmic
Z z ?Jile regression analyses in changes of
= 2 UV-F color difference by long term
[0) .
o 20t O X-W accelerating tests.
= B X-F e
o © D-W . PS  DVC DPMMA ABS  POM  PE
D o k1l k1 k2 k2 k2 k1
= ..l |l @0 ©SHSHe—eeae _ O
s 10} & r| 0.2a o0.91 1.0 0.98 w0.97 o0.98
O S A 3.8 2.5 0.02 1.77 6.09 0.14
D B| 0.0% 0.03 0.002 0.39 1.38 0.001
> r| 0.98"2 0,902 - 0.e8 1.0 0.99
ot S-F | A} 8.12 25.1 -  6.94 6.13 0.24
0 160 320 500 1000 1500 2000 Bl 1.84 5.87 - 1,55 1.33 0.27
X K 2
_ ) r| 0.e8 .0.97 0.92® 0,92 0,96 0.95
Irradiation period (hr.) x-w | A] 1.42 -4.52 0 1.36 1.68 1.10
B| 0.01 0.02 0 0.005 0.01 0.24
. ) . . r 0.99}<2 0.97 0.86 0.95 1.0 0.95
Fig.25. Effects of irradiation hour m X-F | A| 8.29 -1.58 0.14 5.65 5.05 0.58
. Bl 1.84 0.03 0.03 1.24 1,09 0.002
changes of vellowness index by 090 004 057 0.97 003 o007
weathermeters and fademeters Uv-w | A[-2.08 -10.9 ©0.13 -0.48 2.8 0.286
(Reflecti thod) Bl 0.02 0.04 ©5.03 0.01 0.01 0,002
eliection method). r| 0.99 0.93 0.89 0.96° 0.99 0.97
uv-F Al 0.04 -5,06 0,17 7.98 5.89 1.51
B| 0.01 0.03 ©.03 1.83 1.31 0.34
r| 0,94 0.99k2 0.94 0.98kl 0.93 0.95
Dw | A|] 3.4 15.1 2.45 0.7 3.28 1.6
B| 0.01 3.32 0.56 0.004 0.72 0.005
— 30r O sS-W k1l: AE=A+BT, k2:AF=A+BinT, T: Irradiation hour.
"'é ® S-F r: Coefficient of Correlation,
:D’ A UV-W
A UV-F
Q . . .
5 207 O X-W Table 7. Factors of linear, logarithmic
E g )IZ():CV regression analyses in changes of
= color difference by short term
© 10 B .
. e accelerating tests.
[s) T
° e A BS  DVC  DMMA  ABS  POM  PE
o 0 ; ‘ ‘ k1 k1 ki k1 k2 k1
0 160 320 500 1000 1500 2000 | 0.99 0.93 0.94 0.60% 0.94 0.97
. . s-w |al 0.13 -1.0 0.08 1.13 4.15 0.06
Irradiation period (hr.) Bl 0.02 0.02 0.001 0.18 0.84 0.002
r| 1.0 0.84 0.97%%0.92 0.93 0.94
) o . S-F | A|-0.09 -5.0 0.16 0.29 4.42 0.12
Fig.26. Effects of irradiation hour in B| 0,03 0.07 ©0.03 ©0.02 1.04 0.004
changes of color difference by KL:E=A+BT,  k2:4E=A+BenT, T: Irradiation hour.
Weathermeters and fademeters r: Coefficient of Correlation,
{Reflection method).

Table 8. Comparisons of degradation rates
of color difference by acceler-
ating tests.

(At the point of 1000 hours.)

> 9 g:\g §-W UV-W X-W D-W S~F UV-F X-F
< A UV-W PS 3.5 5 7 3.5 2 6 1
6 A UV-F PVC 2 6.5 6.5 3 1 5 4
g 20F [ X-W D PMMA - - - - - - -
- W X-F T ABS 7 4 5 6 1 3
0 S D-W i
3 - POM 1.5 3.5 6 7 3.5 5
g 10 & PE 7 6 5 1 2 3.5
[}
> 4 &/?/h oyer 5 6 7 4 1 3 2
>~ //6 o o

0 0 180 320‘ 5(‘)0 iOIOO 15'00 20'00 Note: High rank shows large change.

Fig.27. Effects

Irradiation period (hr.)

of irradiation hour in
changes of yellowness index by
weathermeters and fademeters
{Reflection method).

4.1.5 BHARBLRERE  nBE#ERD

Ak

+HBE
@ Table 3 ~ 4, Table 6 ~ 7 iR % F)H

LT ENFELELBELELIRLDICE
T SRR 0 AT IE % 3K 7o fE2R % Table 9
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S WN2L2OPTWN =N 2

Photo. 1 Color changes of test samples by various outdoor ex-
posure sites.

Photo. 2 Color changes of test samples by various accelerated
weathermeters.
(*Total time, 480, 960, 1440, 1960 hours respectively.)



Table 9.
ating tests.

Correlations of color difference in outdoor exposure and acceler-

Exposure year Irradiation hour

Choshi AE S-W UvV-w Xe-W S~-F Uv-F Xe-F
PS 0.4 12 500 %00 700 400 900 (400)
PVC 3.5 15 400 1000 1100 400 500 500
PMMA - - - - - - - -
ABS 1.0 15 - - - 500 500 600
POM 1.0 12 500 700 1400 300 {400) 500
PE 1.0 4 - - - 2000 1000 2000

( ) : Presumed wvalues.

2R, & ORERRE 2 & BRI &K
HEBIzDIT, BRSO LIS H{bv -~
IHET L P T E %o 7288, FNENOES
FEEOHM IR T 2 WA 2 R b = LT
25,

72l 2 PSOEERSFOOLEDBE
(AE=12) (3T 51287 2 BHRRTI: S- W 7500
BRf, S-F C4000 B ELF 2R LT b, 4
N LY H IR0 755 & S-F 6008 [ A%t
BT 5 & LEL D IR MEHEA RSB ST TV
b, ZOMRIGBENMED L ) p 7, BEL
PR BRI FE e EOMHENH DD EEL L
5, SW & UV-W 2 i3 2 L BEHIRIHED
18D LEE 2D, S-W i3 UV-W
D2 EOEENED H B T BUELDOF L1 TT—K
T35, B, ZOBRIIETOEIEOE AT KT
THLNDTRWZ F &ML TH (.,

PVC &% A 13 8 F 3 .54 & SW 74008 [
BEPFELNEELZS 2 TN, SLEEITE
L3 )R %, Lal, HERERERR
THRHEENTHB T 5w 782 LI ED63CIT
PVCohgBa, E3Es2 180 Tigsnt
BN, #8RLYNOBETL ML OESE T
EREMENTHBZ Ed b, 7Ty 7R LR
BEAECHEEENS L 3o, MokEs 2
IHEEMRIZE B2 4D #2505,

Vil BHVEECREERZEDERENEEIZ DWW
TR, FR L k50, BAMEEI BT
SREEBI, RERBTEIZ L - (EEoaE
BILUHEE ) RE(ELTHI F 2+
SEBE L THETNETCHB EEL2 2, 272, B
NBEECENTREREZEDELLH»PVC »

ABS (72— FA—5) ZBTUENME:L %Y,
RERBRBOEEESH T VE 22 b
B0 f:O

4.2 HREZE

4.2.1 BENRERAHORREEL

PUF izl ~ % #fi b3 5~ Table 10 (= 5743k
AR OEEAIE (Gs 45) 25k b | 7235R
ERFFE (%) TFERT 5,

WE ST T ERMBEL e R &Y,
HHIF OHIRE O F 51 % Fig. 2812574, 7
L, HoREMM L, 3, 6, 9p» AT
FELCFNET, BYMERENEE 0EH/NE
o2 THbETRLE,

Table 10. Gloss of the original samples.

P 8 PVC PAMMA ABS POM P &
X| 144.1 146.3 145.9 85.8 62.9 41.2
a 6.1 1.4 0.4 4.5 7.5 3.6

Gs(45) ]

100 -

80

60 —

Retention of gloss (%)

20

Exposure period (yr.)

Fig.28. Changes of gloss by outdoor ex-

posure (Choshi).
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PVC ¢ PMMA »4 3 FH&EHA & X i
IFESEIC#RT 2, PS, ABS £ rPOM (3%
=1 EHICART 57, FnMENZEizRE T
b, FoRTL K w—ThH 5 ABS DR
REETFFEZLE BRERXR)=—TH 5
POM #5= #Lick ¢, PE 3R 28 2 RL, &
Tz iR —B R L, ZOREREIZE
T¥ 5.

£ 5le o B IR E R R OB F R £
Fig. 29~Fig. 34 27”7,

PS oy feiRE 2 Fig. 2912 RT, Bk L7z & D2
BEEEATHRRE 2T 22, FOETER
IR 2 e TR ks (HUREA RO b1
7o, F 70, WEOIITESLWEET LR BT
2r, HEE (B/HER) 0% WRIEDET A
BV, AU BT A RABRE (K3,
THRHEEL &) OBELET, KAHRWE
PHEHEHHLEIRL TwELDEEL S,

PVC ¥R # Fig. 80 [oad, Mz 3R
RN BWT/A3 A, BESEBL EbHITKREC
Yo Tnd, 2ok ThRARBEOE K TOK
THRESHH TABICKRE (L), BETHE
Ta Lo CIEEOEETT L 12k b O0NEE
Thb,

PMMA #¥aiRE % Fig. 31 1omd, MIELRKRC
HHI i ISR A E LD, BEDETES 4
g — &N A v, 2L Fig, 32 ) iR RIRE
Cgs{b L SR ORI BV, HRER O3
HIBONRENME T 8B T hHRMRBICKET
0 L, BIERITIZES »ENERT, 20
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Fig.29. Differences of the exposure site in

changes of retention of glossiness
factor.
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Fig.30. Differences of the exposure site in
changes of retention of glossiness
factor.
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Fig.31. Differences of the exposure site in
changes of retention of glossiness

factor.
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Fig.32. Relation of U.V. dosage to gloss
changing (PMMA).
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FIR & LT, KA DR R i HE1E
L 72 BEHR 2 & B REE RGO 2 51
LI EHTEL D,

ABS ¢ POM o3:iRE % Fig. 33, Fig. 34 1ok
T, &g 1 FH OHRRERREE»Z L FN30%,
W0BLUTICE TRRKLE, LA LZFOBAHETIR
£ Th 2, F2HIBEDVNS WD FHRTH 5,

PE #3iRE % Fig. 35 iRy, Ak o & 5 o
£ 1 FH@id il k- T8t 2 L oA
LD H B U CEMLEHE R, TLEH
Hig DB { F2THE W 548 BT o 250 LRk 0 8 AR B
L72Y, WERIGHIC L2 277w 798E L2 Y,
BIZIZ D7 T ZICERWEIZAD AL &
RO EIEEIRECERHERLLLNDEEZ S
no, LrALZORIEFREERE & Lz Ml
LRECHET L2, 282, 3EHO$MFORR
LTl L /A& D3 KRB AEH T
BN, 7Ty INDEZEDAN ABDL T L,
REEHRRERT L AL D EEZ 5,

JEREARE LFHLUANIC RKE WK T 2R
PS, ABS # L tr POM (20w T, LI & $kF 4
HENREDT 75 b8 R & R E R
DR AR L 7205 Fig. 36 Th 5, PS 13544
MBI CETT2L00E LTESZ)
TH 54, ABS % POM DA 2 ALIE THOIE T H*
KEBIZRELL ZHEMPREND, ZHIZRIME
#2UNORTF, bbb, 777 (ABS niEs)
RF 3 —% > JE (POM DA ~DFELRE o
ANiAA, TIREBOIRSLEEENE L & hikE
CTEHLTWRZ e L5,

KA SCIRE o >4 b i & 2 BRI ik
¥ 572812, IR (Gs) DEREA R (T)
DK, B LU O & RIRGIE - T2
T5L0 LML TEFBZHF 2TV, F0EHhT
RLMEENE IR E 2 51, FOEEERS
727 Table 11, Table 12 ¢4 5,

ZORER, AL RURERR TR R 20N
Wi TEILT 2R 5 2 Eotbhrr o7,

fz& 203, R L SR T THER L 284, PS &
ABS 22w CHMEE Tl — KRR 275 w48
BERToHIL, RPRETIINERER O
HEVMEE 2R L2, £ 72 POM o384 3 5 il
= CHREERSS, BMSE TlikE & L
AT CFEBE 2R 72, —H, PVC, PMMA 5
FUPE BRIBZEEIC SV C— kKBRS 75 48
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Fig.33. Differences of the exposure site in
changes of retention of glossiness

factor.
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Fig.34. Differences of the exposure site in
changes of retention of glossiness
factor.
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Table 11. Factors of linear, logarithmic regression analyses in changes of
glossiness factor by long term outdoor exposure.

PS* PVC PMMA ABS POM PE*

k2 k1l ki k2 k2 k1
r | -0.99 -0.99 -0.92 -0.97 -0.98 -0.87
SAPPORO A 44.6 148.0 143.5 20.0 13.1 49.9
B|-21.2 -9.60 ~3.39 -13.1 -9.98 -10.1
r |-0.99 -0.96 -0.99 -1.0 -0.97 -0.92
CHOSHI A 36.7 144.7 146.9 21.7 12.9 47.9
Bl-23.0 -9.76 -9.40 -13.2 -9.93 -8.17
r |-0.99 -0.97 -0.97 -0.98 -0.97 -0.95

YOKOHAMA A 27.9 153.2 145.6 18.2 13.4 45.7
B |-23.6 -16.3 ~1.42 -13.6 -9.85 -8.66

r -1.0 -0.98 -0.99 -0.99 -0.97 -0.98
NAHA A 34.6 145.1 151.5 22.6 12.9 41.6
B|-22.8 -15.0 -20.3 =~12.9 -9.94 -8.32

k1l:Gs=A+BT, k2:Gs=A+BinT, T: Exposure Year.

r: Coefficient of Correlation,

Table 12. Factors of linear, exponential
‘regression analyses in changes of
gloss by short term outdoor

exposure.

P S ABS POM

k1 3 k3

r| -0.96 -0.99 ~1.0

SAPPORO Al 141.9 79.8 58.6
B| -41.4 ~100.5 2. 74

r| -0.98 -0.99 ~0.94

CHOSHI Al 143.8 80.7 51.6
B| -72.5 -107.4 ~1.80

kl: Gs=A+B-T, k3: GserB'? T:Exposure year.
r: Coefficient of correlation.

B 2R 4y, BIRENELy R RELRIC
LoTRLAEMRAREE B Z LD b LI,
Lo L, &htigic BT 5 BRE0RIEE %R
% &5 EGREETICEZ b, SREME
X ABEWEE 2R ERR R L TH B R &AL

*: Four Years Exposure.

R RIS R b e,

Kiz, 4~ 5EMBELEHIEONREY
o &R A & Red,  HIEGI B UNEAL 2
LT Table 13 |z /5§, BPIR L 2B hV 2 <
7 513 EIRE RS R E v, S RICEREEIT
CHIRER LA AR E W PS, PMMA, ABS B &
POM @ & 5 ic L KEFRNRE LT T
FEHIELL AR L H 5,

4.2.2 BESESHOXREEEL

S-W 2, 0008 MBS L 2B & & FIc 2 0, &
Je B o> e IR E AR R e o) ek 254 % Fig. 3T 27w
., B, HEcERERBEERE HHOE TR
L7z,

BAREOSE L B UL 2 e TR %
Tt A, PVC pENE T A RE WD &, Wi
PEDET oLV kEZHELTH L,
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Table 13. Rank on exposure sites of gloss
change by outdoor exposure for
four or five years.

SAPPORO CHOSHI YOKOHAMA NARA
P S* 1 1 2 3
PVC 3 4 1 2
PMMA 3 2 4 1
ABS 2.5 2.5 2.5 2.5
POM
P E* 3 3 3 1
OVER ¢ 2.5 2.5 1

*: After four years exposure
Note; High rank shows large change.
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Fig.37. Changes of gloss by Sunshine
Weathermeter test.

PVCHET k& vl &ZE{ban & 2 A Tk~
2k i, PVCIzx L €, RERRIC BT 280
FEPHELTELONRR EEZ B,

FIZ BRI & B BRSO SRR R O ARG S
fb% Fig. 38~Fig. 43 jim¢, LI, BB E1R
EFBER T HHETURT,

PS o J5iRE % Fig. 38 |oR{, AL R,
RHRERE & bHRRENME TR 72— 2—7
DIEFT=— FA=FINREICREZ - Tnb,
HE T 2= A= DRE L b icHigEE D
KREeHLL, 77 v 7 ELTL 299271V —
DR Lah Iz k- T, #IgREOEE, PHELS
REENE & Dz, FHUSKGE - T
LR T B 12O WIRE KT 25585 5 172
LrtEZ L, REREORMICEIEEICLLZE

DL b DFENERERR CEEL AR T

Fb, B D-Wizonw iz EfNEESMOIRE

5 3 8 8

Retention of glossiness factor (%)
N
<

0 160 20 500 1000 1500 2000
Irradiation period (hr.)
Fig.38. Differences of the accelerated
weathering in changes of retention
of glossiness factor.
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Fig.39. Differences of the accelerated

weathering in changes of retention
of glossiness factor.

(OS-W, @S-F, AUV-W, AUV-F, (IX-W, BX-F, OD-W)
FEAE L DBILEROELUMD L RT, HLC
REDFD LN 2D T TORIRIC DV TRIE
DFRAM A & BRI L 72,

PVC o3iRE# Fig. 39 =R+, &8 X 413
VERREREEIC B L IR T L=, e, Y iw
AT 7T TOEFRE DI, Lo
TIEREFTH 2, FLBE 2 HEH T 2861t
T2 FA=FDEFrBenig, 7o¥—x—
FTRATV—RKEOHILREL NI, B
WHIOR D FIZHE CER L T b 7202, iR
BEOETrERIniz 22 5,
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PMMA 7R E % Fig. 40 12533, D-W 2%
W, £HE L LRIRENETI3/AE v, 2o
THEHRE ZETFR LN S-WitBWwWTiE
MIBEE A L 2Kl £ 57N OB DD
122, 0008 Fi R AT TI2A0% DB T 2R/ L 72,

ABS %iRE % Fig. 41 o779, > 2 v 4 >
FA 7RO THRET S &, AHRERETE
S-W P EHEICET Lol L, S-F Ttikb T
PRETICE TR0 Y, ZOEIKRECDHHR
WMTHb, RMEERBETR 72— F A—7FD
FT—FicoZ X RN BY, JLENHEEIZHE
"7 l, TaP— X =FDETH»E L WERD A
Lith, L7d-T, ZofiRizRHAIc L 2410
ATV —IC L AR AR LMOZIT A L
b oz,

POM iR # Fig. 42 127§, v d >
& A FOEMEERTE T ABS Xz SF o
BTHSWEDRERaT, TDZ LWL,
POM #4103, PVC oA B LI AT
L — B RBORHOEEN 2122 L Twb EAT
Bw, LaL, BERHOZSE -2 Lo L
LEIINE 0Tz,

PE o¥iREs # Fig. 43 i2n§, SR ERTE T
it S-W, S-F & § —H#¥ @M 251 &0 KESME
BoiL) & R EMEL ¥R A2 L, RIUEE
BRETRSTIVXLARLN LD, RLIGED
BECIE 72— F A=K TH 7 — A7
INLKREWLEGTH S, :

HrE R OYLIRE D2 LR % BRI T 2
iz, BARENSALAL LI, BIRE
(Gs) OEAMEH TSR (T) 123 L, —K &
s L oEROBFEICH B Lo EDL TRElES
FEIT», e, 209 bEEOEWERERE 2
LU, #oFHrRkeznpTableld s L F
Table 15 T %,

SRR E T2 SW 2 £ oitls T— KA
R E WA 2R T oK L, SHF dxEmliE
#® > oL, $7- POM TidmgE s L1
BEER SV R L2, REMEERE TR
D-W #Kw T, ABS (ffic 7 f—x—2 54
7) & POM #tf#mliF ¢ Syl 2R & O
e B Y, IR B LR E AV AR R BRI
JZ 2 T%?ﬁfﬁﬁjﬂ'f:o

ZRAENOBIRICOWT, FRERD I BRD
FHEOEW L OF 2 LU, FBIRERREREHSE0%
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Fig.40. Differences of the accelerated

weathering in changes of retention
of glossiness factor.
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Fig.41. Differences of the accelerated
weathering in changes of retention
glossiness factor.

(OS-W, @S-F, AUV-W, AUV-F, OX-W, BX-F, ©D-W)

(PS, ABS, POM & L 8 PE) # 721380% (PVC,
PMMA) %4 3 & Chlt L ¢, &g EEto
BWIE (ETEOKE W) B E DT 28R
Table 16 |=5=3, D-W »AEaD#gIz 5T
B I roREEF R L2, BIEL2BERCLY
BEst L CNEGRE & 21 72,

Mg L SWEESFrgEliebss
7o, NERARBESHrOEELEET, BRIZELT
12 S-W ik LR EEHSE L, SF sk
ZEaihhra iz,
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Fig.42. Differences of the accelerated

weathering in changes of retention
of glossiness factor,
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Fig.43. Differences of the accelerated
weathering in changes of retention
of glossiness factor.
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Table 14. Factors of linear, exponential and logarithmic regression analyses in
changes of gloss by long term accelerating tests.

PS PVC PMMA ABS POM PE
k1 k1 k1 k2 k2 k1
r| —0.96%% _0.99  _0.9s -1.0 1.0 -0.85
S-W| A| 103.2  143.2  137.1 59 .3 42.9  41.6
Bl -9.33  -0.07 -0.03  -7.13  -4.37 —0.005
r| -0.97  -0.99  -0.88% _p.g9 -1.0 -0.94
S-F| A| 146.7  141.7  145.0 67.4 39.2  44.90
B| -0.05  -0.06 -0.21 -3.88 -5.05 -0.01
r{ -0.97 1.0 -0.91 -0.98 -0.93 -
X-W| A| 211.5  145.2  147.5  104.9 46.5 -
B|-0.002 -0.03 -0.01 -0.002 -3.86 -
r{ -0.97 -0.99  -0.90 - -1.0 -
X-F| A| 146.7 144.4  145.4 - 39.0 -
B B| -0.04  -0.03 -0.001 - ~5.08 -
r| -0.97 -0.96  -0.99  -0.93  -0.99 -
UV-w | A| 156.1  156.0 144.9  103.9 43.7 -
B| -0.07 -0.04  -0.01 -0.002 -4 39 -
rl -0.84  -0.95 -0.94 - ~1.0 -
UV-F | A| 167.1  148.7  146.0 _ 40.4 -
B| -0.06  -0.03  -0.003 - ~4.89 -
r{ -1.0%% -1.0® _-1.0%%2 _g.97 _0.¢9 1.0%2
D-W | A| 91.9 89.7 89.0 60.4 38.8  26.9
B|-11.1  -12.2  -12.2  -5.81 -5.11 -3 11
K1:Gs=MBT,  k2:Gs=A4BIT,  k3:Gs=A-eB'T

r: Coefficient of Correlation,
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Table 15. Factors of linear, exponential and Bzl 2Ry, PSErEL L2, FLRER
logarithmic regression analyses m L MIE T AT L BT D 2 A S
changes of glossiness by short
term accelerating tests. Z AT REEATE (, ETARMICR LN

52340 (ABS), POM o kSic7 = F—A—7,

S BUC  DMMA  ABS  POM
k1l k1l k1 k1 k3 71*FX~§7&¥) ﬁ*iﬁ")ﬁiﬁﬁ 7'[P€_F7€T?L
w1 12070 17T 1% R BEAREE 2 OIS ) B b Oph - 72,
B| -0.20 -0.05 -0.03 -0.21 -0.003 . o e H T X s
o L[ 0877 085 0.94% 0787 0 o7 5, Eﬂiﬁsﬂaft/f\'@&fbﬁ A N2 PYVC
A| 1837.1 146.4 144.3 82.9 51.2 BT R R E R TR T LT v b o kA
B| -1.47 _-0.06__ -0.35 -0.64 -0.005
k1:Gs=A+BT, k2:Gs=A+BLoT, k3: Y=Ae"" b, HBEL EDETHRALEBNEEI P ) KE
T: Irradiation hour, r: Coefficient of Correlation L RERBFERICHERHDZ Ehhhro Tz,
Table 16. Comparisons of dagradation rates grPholsi, EHOBMEE TIRLRED
of gloss change by accelerating {EE_F#jc% Wy ﬁt {RIERFE T, HEE
tests. EEDE WS- T 2,000 R RE »ENZRZED
5-W UV-W Xe-W D-W| S-F UV-F Xe-F 3 3R (R 50%) ICAEM T 2 A &, {RIEEAYE
AT I S Bote, ZOEI, BIRE &> TRERERR
pmak| 1 _ B _ _ - _ BN RESBRE ORI ) KRENERD D -7,
aBs | 1 2 3.5 - | s 5 _
POM | 4 5 6 - | 1.5 3 5. ¥4 &
il E e U 6 OB R D\ T, 8135 & B

( At the point of 30 % retention )

miﬂ% T SRR 2T - 2 RBED
=, BEEBIURRER RO, I NL D
4.2.3 HRECETI»EHNFECRERE %ﬁmowf@amﬂﬁ%ﬁ%ﬁu BHigE, M

(*At the point of 80 % retention )

BRAER 48R HzE, KABRERE, #E RERHSEZEIEO
Fik ey Table 11 ~ 12, Table 14 ~ 15 2 #]AH L BABIE - D W TIRETL AR, KDZ L b o7,
T, BAEEIRULREE(L2ELEE LD B (BEB L OEEE) KB LTI,
CETREEFORMEM L KO HR 2 1) ZEEORBEMTE (148) %k 2L
Table 17 (=7, DBIHR TR &k & WIRENE D MU= 68
ZnFELD, PSOBEARETN0.9FHNIRE BT, RERERE CLICEFNERNSS
R (50%) R ZFET 852510, oz,

@aﬂl

S-W #3008, S-F T#y1, 8008 2 R4 A7 @ ZERENRFWL (1FLIE) OZbIIRE

Table 17. Correlations of outdoor exposure and accelerating tests about the
gloss change.

Exposure year Irradiation hour

Choshi S-W UV-W Xe-W | D-W S-F UV-F Xe-F
Ps 0.9 300 1400 800 - 1800 1800 1900
PVC* 2.3 500 1200 1000 - 400 1400 900
PMMA* 3.3 600 - - - - - -
ABS 0.3 200 600 700 - 1700 (800) (700)
POM 0.3 300 400 600 - 100 200 100
PE 3.3 - - - - 2000 - -

( At the point of 50 % retention.)
(*At the point of 80 % retention.)
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PG FEEPRERORERN T OHEHIRE W
ZED bk,

@) FRENLKRRE TOLER G~ DRE 2
BAEE RO LN B L (PS, PVC, ABS)
EFEBBRIICEDH LD L (PVC, PMMA,
POM) ## - 7=,

@) 1REHREABROLREGEE BRI
FoTHEFBD LD, &ficT72—F
R—=FFZATONBPERBBIAREL, THhTH
S-F AR E A Z EHT b 72,

(B THEOVRERRBED L1 TD-W 2% { nf
JRCEBRE CGBIREZE&HTC) g bREES
E o f2d, BAERBSMoOEERBEBICRS
N2 WERERTE BRI AR 2 3 7 PIRRR 2358y
IRz,

6) BARBERBOLEGOHTHEERE L 23
EEN LD RENEFZRL, RFETHER
K2,00008 [ & v R ERBEE T A
ZeWbhroiz, 2770, PVC TleEE
DFDEALIRE - T2d, TSRS
BT TWB I b vhdo 72,
FIRECEL Tid,

1) BAREHIOEIRE TIHIREEIZ ST A
KREVWBEMADED LN LD, BHEERE L
I EDEIREL DL D(PS, ABS, POM)
CRBREAICREICEIAEZLC LB LD
(PVC, PMMA, PE) #% - 72,

@) HRENLZRKABEORRE~DEE T
PS, PVC B L t*PMMA 128 LN 2 L 0D,
EBREEFEREGRBEBTEI R -T2,

() TRERFRR TORIRE LI IE0o8E
-, FRBEEMIC L - TE b sy —>
ICEDRED bz, —HRic T e 74
THMEMEREDTE , e T, S-W s 1T,
S-F iz iz ks,

@) PS, ABS(#ic7 = F—x—2% 7 4 7), POM
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Surface Changes of Weathered Thermoplastic Sheets (1)
Color Change and Glossiness Factor

Hiroshi KUBOTA, Satoru SUZUKI, Okio NISHIMURA
Isamu TAMURA, Kiyoji YOSHIKAWA* and Tadashi SHIROTA *

SYNOPSIS

Six species of thermoplastic sheets were put under outdoor exposure for five years (partially for
four years) at four different sites and were exposed to the accelerating testers using four types of
Weathermeter and three types of Fademeter, and the changing tendencies in color difference,
yellowness index and glossiness factor were compared. From the data of the color changes or glos-
siness factors in surface with the elapse of time, differences depending on exposure site localities,
environmental conditions, accelerating testers were quantitatively evaluated. Recommendable ac-
celerating testers were selected, and accelerating factors were obtained from the comparison of the
exposure periods in Choshi.

As for the color change, following results were obtained.

(1) The differences depending on the exposure site were recognized clearly in early exposure stage,
and were in the order of the latitude.

(2) The influence of the air polution was recognized in early exposure stage about PS, PVC and ABS,
was recognized also in later exposure stage about PVC, PMMA and POM.

(3) The differences depending on the accelerating tester were recognized in nearly all plastics.
Fademeters showed the high acceleration, especially the Sunshine Fademeter showed the highest
acceleration.

@) Dewcycle Weathermeter showed the highest acceleration in all surface characters, however, was
omitted from the evaluation because of the lack of the similarity to the outdoor exposure.

5) Color changes by the outdoor exposure for five years were larger than the accelerating tests for
2000 hours (in the exception of PVC).

As for the glossiness factor, following results were obtained.

(1) Large difference depending on the exposure site were recognized in early exposure stage about PS,
ABS and POM, however, the difference became small in later exposure stages. On the contrary,
large difference was recognized in later stages about PVC, PMMA and PE.

(2) The differences depending on the air polution were recognized in PS, PVC and PMMA.

(3) The differences of the changing pattern were recognized in each resin, tester and exposure stage.
In generally, Sunshine types showed the high acceleration, the highest in S-W and the second in
S-F.

(4) Good similarity of the changing pattern to the outdoor exposure tests was recognized in PS, ABS
and POM.

(5) Changing degress of the gloss by the outdoor exposure for five years were larger than the ac-
celerating tests for 2000 hours.

(6) Some regression analyses were applied to the data, and the regression formular which showed the
highest correlation factor were selected. Using these formulae, the differences depending on site or
tester were obtained quantitatively, and the exposure period when the character goes down to a
fixed value were obtained.

* Research Institute for Polymers and Texiles.
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Table 1. Meteorological Data.

Average Average Annual Annual Annual*
temp. humid. rain fall solar radi. U.V. radi.

°C % R.H. mm cal/cm? cal/cm?

Sapporo 8.0 71.9 1207 101052 6127

Choshi 14.7 73.4 1504 105215 8303

Yokohama 15.1 68.5 1613 - 6554

Naha 21.9 76.2 2123 113263 10645

Note 1. Values for July 1973 to June 1978,

Note 2. by Monthly Report of the Meteoroclogical Agency.

* U.V. quantities in 270 to 410 nm range.
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Table 2. Formation Rates of Surface Degradation Laver.

P s pve PMMA ABS POM P E

Sapporo 25 40 0.3 46 32 96

Choshi 113 46 1.0 41 56 100

Yokohama 105 48 1.2 51 44 129

Naha 120 52 2.7 53 59 220
S5-w 0.11% 0.059 0.013 0.017 0.075 0.067
X-W 0.054 0.037 0.010 0.023 0.047 0.049
uv-w 0.165 0.080 0.004 0.021 0.073 0.033
D-W 0.112 0.293 0.073 0.075 0.177 0.185
S-F 0.075 0.102 0.007 0.025 0.038 0.062
X-F 0.036 0.048 0.006 0.024 0.009 0.051
Uv-r 0.238 0.085 0.007 0.028 0.046 0.034
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Table 3. Exposure Periods to form Equivalent Degradation Layer.

P S BPVvC PMMA ABS POM P E
Choshi (Year) 2.5 2.5 (14) 1.0 1.0 1.4
S-W (hr) 2000 2000 1000 (4000) 1000 2000
S-F (hr) (2500) 1600 1500 (3200) 2000 1800

Parenthesised Values were obtained by extrapolation.

Table 4. Ranks of Degradation in OQutdoor Exposure.

Sites
Characteristics
Sapporo Choshi Yokohama Naha
Degradation Layer 4 2.5 2.5 1
Color Difference 4 2 3 1
Yellowness Index 4 2 3 1
Glossiness 4 3 2 1
Tensile Strength 4 3 2 1
Break Elongation 4 2 3 1

Table 5. Ranks of Degradation in Accelerated Weathering Test.

Apparatus

Characteristics

X-W

uv-w S-F X-F uv-F

Degradation Layer
Color Difference
Yellowness Index
Glossiness

Tensile Strength
Break Elongation

H WS

ooy U1utn

MM UOITOYOY
> NP W
WD
o OVl W W
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Table 6. Correlations of several characteristics by the method of Spearman’s

rank correlation coefficient ; Accelerated weathering test.

DL AR AYT AGs (45) ot eb
zd? 33 29 21 19 11
D L rs - 0.057 0.171 0.400 0.457 0.686
o - - — — 0.1
7a? 33 2 22 35 40
AE rs 0.057 - 0.943 0.371 -0 -0.143
o - 0.01 - - ~
5a? 29 2 12 31 27
AYT rs 0.171 0.943 - 0.657 0.114 0.229
a - 0.01 0.1 - -
7d? 21 22 12 26 22
AGs (45)  rs 0.400 0.371 0.657 - 0.257 0.229
o N z z - -
5d? 19 44 38 26 2
ot rs 0.457 -0.257 -0.086 0.257 - 0.943
o - - - - 0.01
za? 11 40 34 22 2
b rs 0.686 -0.143 0.029 0.371 0.943 -
o 0.1 - - - 0.01
D L : Degradation Layer AYI : Yellowness Index o, : Tensile Strength
A E : Color Difference AGs (45) : Glossiness cp : Break Elongation
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Surface Changes of Weathered Thermoplastic Sheets (II)

Changes in Surface Micro-structure and
Surface Degradation Layer

Okio NISHIMURA, Hiroshi KUBOTA and Satoru SUZUKI

SYNOPSIS

As a part of the previously reported study, the micro-structure of the surface and the thickness of
the surface degradation layer using an optical - microscope were examined about the outdoor exposed -
and the accelerating weathered samples. And the influences of the exposure sites and the acceler-
ating testers were compared. '

As for the micro-structure of the surface and the thickness of the degradation layer of surface,
following results were obtained.

(1) The micro-cracks as like as the Austenite structure of steel were observed in PS and ABS.

(2) Changing degrees were nearly in order of the latitude at the early exposure stage, and acceleration
by urban and industrial atmosphare was recognized also.

(3) The similarity to the outdoor exposure were checked in the accelerating weathered samples, and
the D-W was omitted from the evaluation.

(4) The nearly excellent results were obtained in the Sunshine type testers in view point of the
similarity and the acceleration.:

The correlation between the outdoor exposure tests and accelerating tests were examined about
the surface characters and the mechanical properties and the equivalent accelerating test periods tothe
outdoor exposure periods were obtained quantitatively.
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Fig. 1. Schematic classification of hardness.
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Table 1. Rockwell hardness of original sample.
PS PvVC PMMA ABS POM PR
M scale| X 82 77 101 - 84 -
R 1. 2.6 1.4 1.8
X 81 75 104
R scale| x | 125 125 125 106 121 58
R 0. 0.7 0.6 0.5 0.7 3.1
* | 124 122 125 111 - 80
* Plastic testing handbookl) P. 165.
/@ O
FRERBA D S— 2 )L R OB ERER B 120 A
Table 2 (= 5%, 935% T& R OB AL = ./
Eibhir oz, 100} R seale // o
S RERBIRO S—aANp & 0y 7T I / /
27 2 0 £ Fig. 2 i3, ERO LI R 2 v ol // o
br— b, FIEMZ & — L CHOBIEM 2R T, 935 9 / A
B2 /e & E RAS— LDy 7 77 L)L E / /
18 L OMRMFECHRCRL S b 5 O 6 W scale
7293581, <— 3 L 72 S80BLF D b DIz oV T ;
LB GBETT Yy 77 VRAF—AR 23 % & 40}
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#6888 % Fig. 3 & 1* Fig. 4 27" T ,.PS »55k, gl A pve A rou
B X R\, ERtEODIERE, ghiFEE, i O puma ® o=
BT 2 35T S — 3 LA 22 & Ol Iz & B s s s 700

(—konREf%, #ABIE%E, 0.990~0.996) 2585
(2% 4B

Barcol 935 hardness

Fig. 2. Correlation of Barcol 935 hardness
to Rockwell M, R hardness.
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Table 2. Barcol hardness of original samples.

PS PVC PMMA ABS POM PE
934-1 1 x 25 25 50 ~ - -
R 1
935 X 80 81 91 60 72 24
R 0.8 0.9 0.6 1.3 1.6 1.9
100 / 100 b
d 0
w 80 0 /A 80 fO FAN
(]
z A
ke
e
= 60 | sor-
[Te]
m
3]
°
g 40 40
o
[aa}
bt o
20 |- 20k 387
0 i | L 0 1 I 1
0 2 4 6 8 0 o 10 20 30 40
Tensile strength (kg/mmz) Elongation at rupture (mm)
Fig. 3. Correlations of tensile properties to Barcol 935 hardness on original
samples.  (QPs A pvc Opuma W ABSAPON@PE)
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I
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[aan]
¢
201 20+
o i ! I 1 o ] ! 1
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Fig. 4. Correlation of flexural properties to Barcol 935 hardness on original

samples. ( O Ps Apve CIPna M ABS A Pou ®PE )

—131—




3. RESREO/S—ILHLTzENEAL

B2ERBEHEO NN H 2 DELE Fig.5
i27w3, PMMA ¢ POM % BT, JEER{LEGIZ

PS

PVvC

PMMA

ABS

POM

PE

80

75

70

85

80

75

95

85

80

70

60

75

70

65

30

20

10

o CHEE ORI, 0%z EHIbEIGDOETICE
S HEMETEmS RS LN, 2D, FOET
BRI ERE MER T Yk E WEEHES sz, L
Prhteo T, SN—2p72E I, WEl-EELES

Fig. 5. Changes of Barcol 935 hardness by outdoor exposure.
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Changing of Hardness by Outdoor Exposure

Satoru SUZUKI, Hiroshi KUBOTA
Takashi TSURUE and Okio NISHIMURA

SYNOPSIS

Correlation between the Rockwell hardness and the Barcol hardness was examined about the
unexposed PS, PVC, PMMA, ABS, POM and PE. A relation was recognized between the type 935
Barcol hardness(in the range of over 80 hardness value) and the R-scale hardness of the Rockwell
tester.

A relation was recognized also between the Type 935 Barcol hardness and tensile strength, flexural
properties (in the exception of PS).

It was clarified that the above mentioned correlations between the Type 935 Barcol hardness and

the mechanical properties were lost in the samples which changed the characters largely by the
outdoor exposure.
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Table 1. Meteorological data.

Average Average Annual Annual Annual

temp. humid. rain fall solar rad. U.V. rad.

°C $RH mm cal/cm? cal/cm?
lst year 8.1 75 1,205 100,015 6,548
2nd year 8.0 73 1,275 96,902 6,153

* In the 270 to 410 nm range.

Table 2. Tensile properties of thermoplastics.

Material Exposure Maximum Rupture Elongation Rupture
period strength strength at rupture energy
year hkg/mmz _kg/mm2 _ mm kg_—cm/mm2
X S S X S X S
0 3.79 0.25 1.51 0.04 0.28 0.03
PS 1 2.26 0.31 1.00 0.14 0.13 0.04
2 1.76 0.12 0.78 0.08 0.07 0.01
3 1.65 0.08 0.72 0.04 0.06 0.01
0 7.36 0.04 4.42 0.06 26.2 12.7 12.6 6.18
PVC 1 7.35 0.10 5.71 1.48 6.06 3.08 2.81 1.14
2 7.24 0,01 6.15 1.49 6.61 5.06 2.89 2.25
3 6.13 0.64 2.84 0.72 1.02 0.46
0 7.70 0.06 5.59 0.34 2.92 0.16
1 7.50 0.27 5.23 0.81 2.71 0.39
PIMA 2 7.59 0.13 5.14 0.26 2.38 0.19
3 7.83 0.09 6.12 0.54 3.34 0.43
0 4.12 0.07 2.98 0.07 0.77 0.05
ABS 1 4.05 0.08 2.85 0.13 0.67 0.06
2 3.78 0.16 2.59 0.14 0.55 0.06
3 3.46 0.03 1.15 0.12 0.44 0.08
0 6.48 0.02 6.08 0.10 23.0 5.10 13.4 3.07
POM 1 6.08 0.02 5.91 0.08 8.03 1.19 4.11 0.0l
2 5.83 0.04 5.70 0.05 5.38 0.40 2.28 0.21
3 3.57 0.53 1.75 0.43 0.71 0.31
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&g o SN 2 Fig.8~12, 3 % R
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Table 4, 3% R OEFROZEG L% Fig.13
loR, IR IZ PMMA » PVC i3 5L A
L, BE1FET0%, 28 34EHTN%D
BF2RLED, o 3/ LN TETIR2 %
oz, LT, PSIZRE 1 4FT760%, &
% 2 E A THUOET T, 5EOBIRFRANE

TERL2D, BREZEHUETHETERD L
w72, 72, ABS, POM jz PMMA, PVC
r PSodoidia 2 L, £ 14 H TR50%,
ZE SHEH THEONRIET L 72,

PS, ABS, POM i3 #% 1 4B T¥ TIZ507%H]
#oEHEBRICET T 5720, 10H (PVC
PMMA iz £ & 1 £ H CHOETEIEN 2Dk
), 3mA, 6 HOEHRBR T2, O
# % Fig. 14 ~ 18 =777, PS, ABS, POM (3535
1% H T&%220%, 20%, 30% &9 Tio@EME T
HREL, BEINVHATING, BFE6»rATER
35%, 35%, 40% iy EihrEL V., 2
nicw LT, PVCRRRE3I AT %, &% 62
ATI0%ETT 6RETH DL, £72, PMMA |35
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Table 3. Flexural properties of thermoplastics.

Material Exposure Maximum Rupture Deflection Modulus of
period strength strength elasticity
year  kg/mm? _kg/mm? _mm kg,/mm?
X S X S X 3 X S
0 5.85 0.20 2.61 0.13 351
PS 1 3.43 0.11 1.53 0.05 345
2 2.32 0.02 1.23 0.02 355
3 2.05 0.04 1.16 0.04 341
0 12,1 0.04 5.83 0.04 379
PVC 1 10.0 0.41 3.44 0.26 381
2 11.2 1.28 4.54 0.81 381
3 8.18 0.72 3.20 0.34 374
0 13.0 0.26 9.61 1.63 336
1 12.5 0.68 9.15 2.02 339
PMMA 2 13.1 0.45 8.38 1.12 343
3 12.9 0.33 8.35 0.94 340
0 7.18 0.05 6.83 0.15 224
ABS 1 6.30 0.16 3.84 0.07 244
2 5.71 0.20 3.60 0.14 252
3 5.25 0.46 3.81 0.53 242
0 10.9 0.07 9.49 0.11 319
POM 1 16.1 0.07 9.21 0.16 319
2 9.72 0.09 9.60 0.41 317
3 9.01 0.11 9.24 0.12 310
T I T
1.00 - ]
1. 00
- s
o 0.75 — ~
= £ 075
k= —
—~ |
| ~
s 0.50 - 5
E % 0.50
[ -+
+~ Q
& -0-|PS o
0.25 — | |PVC -
| PMMA 0.25
—-(ABS
—A—|POM
i [
0 0 1 2 3 0
Fig. 2. Retentions in tensile strength(e:) of Fig. 3. Retentions in tensile elongation (&)

weathered thermoplastics.
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Fig.12. 5-N diagrams of weathered POM.

Table 4. Fatigue properties of thermo-*

plastics.

Property Exposure Material

period PS PVC PMMA ABRS POM

vear (at N=107 cycle )
Fatigue 0 0.70 0.95 2.0 0.55 2.9
limit 1 0.30 0.75 1.6 0.30 1.5
Sup 2 0.10 0.75 1.7 0.20 1.3
kg /mm? 3 0.10 90.865 1.5 0.25 1.1
Relative 0 0.18 0.13 0.26 0.13 0.45
fatigue 1 0.13 0.10 0.21 ©0.07 0.25
limit 2 0.06 0.10 0.22 0.05 0.22
Oupi/Oti 3 0.0¢ 0.10 0.19 0.07 0.31
Relative 0 0.12 0.08 0.15 0.08 0.27
fatigue 1 0.09 0.07 0.13 0.05 0.15
limit 2 0.04 0.07 0,13 0.04 0.13
Oypi/0f; 3 0.05 0.08 0.12 0.05 0.12
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Table 5. Weatherabilities of  thermo-

plastics.
Property Material
PS PVC PMMA ABS POM
Exposure period ( year )
123 12 123 123 123
Surface c¢rack - - - =~ - - crack chalking
O DEE AAB AAA ABB BBD
gf DEE BBD AAA BCC BBB
Uwp EEE CCD BBC DEE DEE
GWP/O’t CEE CCB BBC DED DDD
Uwp/Uf CEE BBA BBC DED DDE
=3 DEE DCD BBB DDD AARA
§ DDE EEE BBA ABE EEE
Upy EEE EEE BBA BCD EEE
Ef AAA AAA AAA AAA ARNA

Note) Retention (%)
A:above 95,B:95-80,C:80-70,D:70~50,E;: under 50.

BKL, 20, EOTORMICERDZ T v 7
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Fatigue Properties of Weathered Thermoplastics
Takashi TSURUE and Satoru SUZUKI

SYNOPSIS

Five types of thermo-plastic sheets (PS, PVC, PMMA, ABS, POM) were exposed to outdoor
elements for one, two and three years. Changes in tensile, flexural and fatigue properties were
measured and correlated. After three years exposure, tensile strength and flexural strength of PMMA
unchanged almost, while above 50% decreases were observed in PS, and tensile rupture energy of PVC
and POM decreased to 109%. Fatigue limit for N=107 cycles of PMMA and PS decreased 25% and
859, respectively, and relative fatigue Hmit (ouwp/ce, oup/c? of PS, ABS and POM decreased re-
markably and the phenomena corresponded to their surface changes.
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Fig. 1. Charpy impact method for exposed
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Table 1. Resuits of Charpy Impact Test. (Edgewise)

Exposure period ( year )
0O 1 2 3
E Bxe E Bk E Axe E Bxc
p g* g X 1.07 6.39 0.38 2.31 0.20 1.20 0.15 0.92
0.41 2.43 0.03 0.20 0.03 0.24 0 0.07
PVC** H X 0.48 2.88 0.54 3.27 Q.53 3.11 0.49 3.03
a 0.01 0.09 0.01 0.07 0.01 0.07 0.04 0.19
PMMA u X 2.65 15,8 3.10 16.8 2.74 16.3 2.84 16.8
] 0.13 1.05 0.14 0.60 0,20 1.07 0.11 0.64
ABS gy x| 3.877718.7"") 2,95 | 15.3 2.60 | 13.1 2.35 | 11.4
o] 0.29 0.79 0.72 3.25 0.45 2.12 0.24 1.19
- * ok *
POM H X 1.00 6.1§ 0.46 2.58 0.34 1.94 0.28 1.65
a 0.03 0.19 0.08 0.46 0.05 0.29 .05 0.27
_ *x Ak * * * * * *
P E H X 4.12 23.8 0.44 2.37 0.24 1.33 0.22 1.23
0.29 1.34 0.086 0.27 0.05 0.21 0.03 Q.20
I
H ; Site ( Sapporo ) E ; Rupture Energy (kg-cm)
Fullscale ; 40kg ( Tested at 10kg in * mark ) aKC ; Charpy Imgact Strength
** . Notched samples were used. (kg-cm/em#)
X ; Average
0 ; Standard deviation
Table 2. Results of Charpy Impact Test. (Flatwise)
Exposure period ( year )
0 1 32
E aKc E Cs E aKC B aKC
P S* q X 1.03 6.10 0.23 1.41 0.14 0.81 0.13 0.78
0.03 0.27 0.05 0.27 0.03 0.07 0.03 0.03
PVC H X 21.1 112 ‘21.1 116 21.1 114 21.1 120
g - - - _ - - - -
PMMA H X 21.0 127 21.0 116 21.0 125 21.0 123
ABS q bie 21.1 99.5 2.06 10.3 2.11 10.3 1.84 9.19
- - 0,22 0.67 0.13 0.25 0.20 0.58
POM g X 21.1 118 0.39 2.16 0.23 1.31 0.16 G.v2
- - 0 0.05 0.08 0.43 0 0.09
bz 5 % | 211 |a1s 0.287| 1.48™ o0.18%| o0.96" 0.15*| o.81*
- - 0.03 0.09 0.05 0.27 0 0.13

; Site ( Sapporo )
ullscale ; 40kg ( Tested at 10kg in * mark )
; Average
; Standard deviation
; Rupture Energy (kg-cm) 9
KC Charpy Impact Strength (kg-cm/em™)

G Xi @

w0
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Fig. 2. Correlations of Charpy impact
strength (akc) to Tensile and
Flexural properties.
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Fig. 3. Correlations of Charpy impact
strength (akc) to Tensile and
Flexural properties.
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Fig. 4. Changes of the stress—strain diagram
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Table 3. Correlations of the Charpy impact strength (akc) to tensile and
flexural properties. (Samples were exposed at Sapporo for three

years.)
Tensile Elongation Rupture Flexural Maximum
strength at rupture energy strength deflection
ot(kg/mmz) d, (%) Wt(kg—cm/mmz) ot(kg/mmz) dg(mm)
P S Linear Linear Linear Linear Linear
PVC No change Non Non No change No change
correlation correlation
Non Non Non
PMMA No change correlation correlation No change correlation
ABS Quadratic* Quadraticx* Quadratic* Quadratic* Quadratic*
POM Linear Linear Linear Linear Linear
(Broken line){ (Broken line)| (Broken line)! (Broken line)| (Broken line)
P dratick dratick Quadratic* Linear Linear
E Quadratic Quadratic ua (Broken line)| (Broken line)

* after some induction period.

2 ¥ X ®

1) AT Dibendetto and K.L.Trachte;J. Appl. Polym.
Sci., 14, 2249 (1970)
2) WAL BT 7S 25w 70 vl il
BEE (1979) 77 25 v 7 RSB HEHES
3) E.L Kirillova and G.P. Fratkina : Mater. Plast.
Elastmeri., 6, 463 (1976)
4) E.1L Kirillova; Plastischskie Massy., 15, (3) 49
(1973)
5) E.Priebe and J. Stabenow ; Kunststoffe, 64, (9)
497 (1974)
6) K. Binder; Mitt. Chem. Forschungsinst Wirtsch
Qesterr., 25, (1) 31 (1971)
7) J. Zelinger and E. Wolfova ; Kunststoffe, 63, (5
319 (1973)
8) Rev. Gen. Caoutch Plast., 53, (565) 89 (1976)
9) G.Menges and W, Schneider ; SPE Tech. Pap.
Ann. Tech. Conf., 19, 700 (1973)
10) AEAYSEAE, (L& 58, thigss EL 16, 903(1967)

11) gk & S16EHRETEE S LM H IR E,

p.16 (1973)
12) SR 8 BARREE S FR RS HIRIE,
p.45 (1973)

13) H.Kubota, O.Nishimura and S. Suzuki: “Com-
parsion of Degradation Tendencies of Weathered
Thermoplastics”, Proceedings of the 24th Japan
Congress on Materials Research, 24, p.282,
(March, 1981)

14} S. Suzuki, O, Nishimura, H. Kubota, S. Hattori, K.
Yoshikawa and T. Shirota, “Mechanical Proper-
ties of Weathered Polystyrene, 1. Outdoor
Exposure, ibid., p.268 (March, 1981)

15) THEE 72 AF v 2D T v L —EEERBT
JIS K-7111 (1971)

16) T.Tsurue, H. Kubota, O.Nishimura and S.
Suzuki; “Falling Dart Impact Resistance of
Weathered PVC Pipe,” Proceedings of the 24th
Japan Congress on Materials Research, 24,

0.295 (March, 1981)

—151—



Charpy Impact Resistance of Weathered Thermoplastics
Okio NISHIMURA, Hiroshi KUBOTA and Satoru SUZUKI

SYNOPSIS

The flatwise and edgewise Charpy impact test were carried out on the six kinds of thermoplastic
sheets which were exposed at Sapporo for three years. The yearly changes in Charpy impact strength
were evaluated, and the correlations with mechanical properties were investigated. The results are as
follows :

(1) In the case of PS, ABS, POM and PE, the Charpy impact strength sharply decreased by the
outdoor exposure. The decreasing degree was largest at the first exposure level, and became
gradual at the following exposure levels. After the one year exposure, all (in the exception of PVC)
broke in the edgewise striking, and four kinds in the exception of PVC and PMMA broke in the
flatwise striking unnotched state. Lower values were obtained in the flatwise test than the
edgewise test.

@) For PS, ABS, POM and PE, the correlation between the Charpy impact strength and each o, dy,
W, orand d,were obtained. In the case of the tensile test, the gradient of the line, which shows the
correlation between them, changed widely by whether the breaking occurred before the vield point
or after it.

3) The d; and W,of PVC decreased by exposure, but changes in Charpy impact strength were not
recognized because the breaking took place in the ductile area.

4) Generally speaking, in many cases where a plastic breaks ductility-wise in a statical tensile test in
spite of the actual degradation by exposure. The Charpy impact strength does not show such
changes as to correctly indicate the practical impact performance. Attentions have to pay when it
is evaluated or test system is designed for it.
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Table 1. Strength of deformed steel bar.
_ﬁﬁﬂl 70'7 7\7' v 7*3ﬂ@ﬁiﬂﬁ?$'fﬁmugo Noninal Rupture Sectional Strength
S, B KIC{ 5B EIEFEICKE W, F2 size load area )
1% Table 112 #4R00 8 BRAERAE R 5 R T, Bk ke n ke /mm
BHDPEE- CA LR IR G2 YKL, D 10 4050 71.33 56.8
- o . 4030 56.5
EDEFHBRBICFT v o X L THRERHEL 2890 54 5
fC %) @T% 5732 %EU@I%E’ L ti‘ < ’C %) &it’iqﬁ D 13 4900 126.7 57.6
REFTHMTIL, B, MUribENEson%k 4880 57.5
v 4680 94.6
° D 16 7500 | 198.6 58.3
7z Table2 cENTHERE N -2BEH& (3.5 7575 58 2
~4 bmm, SFHAHMIZRESE D F LoTwad)o 7600 58.1
SIREBER TH L, MY RS IZYUNL, 20 D 19 14900 286.5 52.1
~ ~ . 9 52.1
FEF e v XL CEES L DTH D, T 14930 2
Table 2. Strength and elongation of weathered metal wire.
Sample| Tensile Elongation | Sample | Tensile Elongation | Sample | Tensile Elongation
strength strength strength
kg/mm2 % kg/mm2 % kg/mmz %
A 17.0 - B 137 - C 151 6.2
16.8 2.5 135 1.3 151 6.1
18.8 - 134 1.4 153 6.7
17.2 2.4 139 - 153 6.4
17.1 - 140 - 155 6.1
17.7 2.0 135 - 152 6.1
17.5 2.2 140 - 147 6.2
16.5 2.0 135 1.6 151 6.7
17.5 - 140 - 153 6.7
17.3 2.4 137 153 5.8
17.0 2.2 134 1.3 154 6.8
17.7 - 133 1.4
17.2 - 133 1.4 D o -0
16.5 2.3 137 1.4 las 5'5
17.4 - 139 1.1 143 6.2
16.9 1.8 134 1.3 )
17.3 2.2 142 6.0
17.8 B 140 6.0
17.9 _ 143 6.2
17'1 _ 141 5.7
17'3 B 142 6.5
17 - 142 6.1
17.3 - 141 6.4
17.3 1.8 142 6.6
17.3 1.8 141 6.1
17.4 -
17.3 1.7
17.4 2.0
17.3 -
17.4 1.9
A ; Heat resistant type aluminum wire.
B ; Steel wire covered by aluminum.
C ; Zn plating steel wire.
D ; Zn plating steel wire B.
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SEERRTAIEAELLLDO I TF Yy 7
ORI A 5N A D, fERITeBITIzhRT
HIRTL, 12525 L7,

—H TS 2 F o P DBENE, T2 e AEROLD

ThHoTLFNEFH RSO TIRF ¥ v 78N
BB oL, ERLHE, MUOBERED TV,
BRI B H 72 - T, AIM(FRED 2 5
LEi) Tilire k9 I mPIomTEE THBT &
CIHIL 72 6 D TH 5 A HHLER L DA THESK
Yoy Table LIZRLIRRENEHDELET 5,
R MY I B AL e = VB IR AR (1 X2
m, B3 3mm, 7v—), 7=/ HEIEEREIR
(1x1m, E23mm, #HAN) 22~ T]JIS
K-711301 588 iz & 0 Table3 o & 5 7o
P ARWELTE DR L = U R IR o> BT 58
R TR ERAR D 5 | SREBEM{H UM R & Tl 60 & F
HbIELEHEL T,

I AREENERTICB T, REARRD
2 bic Saw tooth pattern 254 61, £

Table 3. Variation of tensile properties of plastic

AR UEM DHEERE 2 T Twb 2 &z
FTrlmLE, FITARE TS (BBIUE
NRTE) SELRBROTFFENL LD &AL
D E ST P DONTHRET S,

2. BHic & sHEESHOEL

A A — P ECRETALENT Ty
2SR VIR EE I 2 L v63C T2, 0008 [ #A%51L
B RBADGIEE, BHITEREIC DWW ORE &
2B, AR AR EEDRIRFII B W TH
AL 6BORFBEETZF v 73— FTHb,
BEALDFHERFHBPIC BT~ E) Th D,
FHIbB L OB HOAREE D B & % 2 72 B IR
LISO-18n 4450 1 D-KEIDIRRBEA &
3.5~ 4 mm, £ S75mme) iR B & 8080 L
BRI 72,

FBREFORBKIZOWT, FHFII6MEOHER
B2 {E 0 BIERER % 1T - 2 A% R 4 Tabled 2R
T, R L Tz, POM #ix L ZEI RIS

1,2)

Material Character Yield Rupture Elongation
strength strength at rupture
kg/mm2 kg/mmz mm
Pheet | test ppiece| (37O | (370) (369)
| Max. 6.36 6.47 155
Min. 6.03 4.61 31.6
Range 0.33 1.86 123.4
X 6.168 5.708 125.7
g 0.0504 0.4761 20.87
C.V. (%) (0.818) (8.342) (16.58)
Egiggiting Eggge;12£e (182) (182)
sheet Max. 8.45 5.04
Min. 7.42 3.80
Range 1.03 1.24
X 7.906 4.465
o) 0.209 0.252
C.V. (%) (0.24) (5.66)
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Table 4. Tensile properties of original sample.

Material | Character oy og dB
kg/mrn2 kg/mm2 mimn
PS n (36) (36)
X 4.22 0.606
o 0.120 0.0395
C.V.(%) 2.84 6.52
pvVC n (36) (36)
X 7.35 23.01
g 0.0800 11.97
C.V.(%) 1.09 52.0
PMMA n (33) (3) (36)
X 8.00 7.91 2.44
o 0.0414 0.0804| 0.275
C.V.(%) | 0.523 1.02 11.3
ABS n (36) (36)
X 4,13 5.86
o 0.177 3.03
C.V.(%) | 4.29 51.7
POM n (36) (36)
X 6.34 18.5
g 0.0308 4.66
C.V.(%) | 0.468 25.1
PE n (36) (36)
X 2.89 254
o 0.0342 37.8
C.V.(%) | 1.18 14.9

< T0.468%, ABS 7"l b K& < 4.29%ThH 5, —

¥, BRI OB BB 2 ¢ 6T IR Table 5. Significant changes in mean of
imk%<,%m¢?%PVQﬂBSﬁw%%ﬁ ;ﬁﬁiﬁé&iﬁiiﬁOfmp
BB & - CHIREEE & # DB EE T Material | Character| Mean! C.V.
It 26872 Fig.l~6io-t, AL ERL S - R o
EYME F 722 3T R EE LI X o T L 72 dt . .
LNk z LU LiznpsTables T4 3, PS, pvC f . .
PVC B+ ABS mE |3 & &, PS, PVC, PMMA t
RUr POM (= 5 [BERERT (V2 b 8 b b 17, . jt ° e
T TS ORFEEID D TR RER SRR A t
W 3, 20k % Fig. T~13 R, %51 ABS o - °
FORFEROE) Th 5 0 BB, & 07 [0 % ° ] °

M, o BERIRERE, o/% TEEMRE M, [ £ —

—155—



5 10 1.0 10
NA o~ o~
g W @
£ . € 2 ©
oo —0——0 o0 045} ° 5
= -8 9 0.8+ . 8‘5
+ QL D
y : Sk
= -
g - O NN u / p
% 3+ /_““E!—- 6 : £ 0.6 = 0 . 6:
w (e} ﬁ o}
K ®—>/ 8 2
= 0O . & o ﬂ @
[0 ~ P ol
o 2F - 44 o + 0.4F -4 40
) e el @ -~
B o oo 4
Sad % g ph
D-——"' () o [}
Q — o]
[} <] [}
1r 4 2 0.2r -1 2
0 ! I 1 1 0 o [ J 1 ]
0 500 1000 1500 2000 0 500 1000 1500 2000
Exposure time ( hr ) Exposure time ( hr )
Fig. 1. Changes of tensile properties and their coefficient of variation of PS.
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Fig. 3. Changes of tensile properties and their coefficient of variation of PMMA.
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Table 6. Changes of elongation by heat
treatment of POM.

Heat Direction Elongation
treatment X o}
No X 12.3 4.05
Y 43,2 8.31
140°C X 16.2 | 1.75
3 hrs. Y 5.7 5.05
( n=5 )
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Table 7. Changes of flexural properties by heat aging.

(63°C n=18)
Material Aging df E

time X C.V. X C.V.| x C.V.

hr | kg/mm? - mm - {kg/mm? -
PS O | * 6.34 |0.042 | *x 2,88 | 0.073 355 0.012
500 * 6.13 | 0.041 | ¥ 2.69 | 0.0686 361 0.012
1000 * 6.05 | 0.053 | * 2.64 | 0.087 3560 0.013
1500 * 6.35 |1 0.043 | * 2.81 | 0.064 362 0.009
2000 * 6.04 | 0.048 | ¥ 2.69 | 0.078 363 0.014
PVC 0 11.4 0.007 5.74 | 0.019 371 0.011
500 *12.0 0.0562 | * 5.068 | 0.113 381 0.010
1000 12.6 0.013 6.34 | 0.022 384 0.019
1500 12.7 0.004 6.08 | 0.016 382 0.009
2000 *¥12.0 0.047 | * 5,05 | 0.104 380 0.009
PMMA 0 12.9 0.011 10.2 0.031 345 0.018
500 12.2 0.006 10.3 0.010 342 0.011
1000 12.4 0.004 10.1 0.042 333 0.013
1500 12.3 0.006 9.88 | 0.044 335 0.010
2000 12.3 0.005 10.0 0.043 337 0.012
ABS 0 7.11 | 0.009 6.46 | 0.064 229 0.025
500 7.10 | 0.010 6.06 | 0.011 227 0.008
1000 7.08 | 0.009 6.23 ] 0.017 224 0.014
1500 7.17 { 0.010 6.82 | 0.052 229 0.010
2000 7.10 | 0.008 6.35| 0.041 224 0.014
POM 0 10.3 0.006 9.62 | 0.020 320 0.013
500 10.4 0.019 10.3 0.015 312 0.024
1000 10.5 0.008 10.3 0.026 313 0.011
1500 10.6 0.005 10.1 0.043 311 0.014
2000 10.7 0.006 9.70] 0.013 307 0.012
PE 0 3.104 0.009 10.0 0.027 154 0.028
500 3.00 | 0.007 10.4 0.009 147 0.053
1000 3.091 0.015 10.4 0.014 143 0.046
1500 3.14 | 0.009 10.3 0.009 145 0.045
2000 3.10] 0.007 10.6 0.007 143 0.043

* Rupture strength.
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Table 8. Changes of distribution by outdoor exposure (P3).

Character| Exposure |Class [Check Frequency
Uy 0 3.63|/ 1
3.731/// 3
3.830//111 11111 10
3.93 /111 111 11
403177171 110 1000 1T 21
4.13 /1111 110 1T 15
1 yr 1.96\// 2
2.12 (// 2
2.281//111 111 8
2.44 /1711 100D LD T 17
2060 (/0711 17707 11010 FI0E 1000 T 31
2.761// 2
dt 0 1.594//// 4
1691 ///1 1111 11 1T 19
.79 \//007 100 100 1 P 28
1.891///// 5
1.99|/// 3
2.09|// 2
1 yr 0.75|// 2
0.86|// 2
0.97 (/111 11111 1] 12
.08\ /[0 1000 (100 10 TN 29
.19\ //1 10 100 N 18
1.30]|/// 3
Table 9. Changes of distribution by outdoor exposure (PVC).
Character| Exposurg Class| Check Frequency
o 0 7.38 |/ 1
Y 7.56 |/ 1
VT VLI LI A 33
792\ JI11 1T T LT 20
8§.10 0
8.28 | // 2
1 yr 7.33 |/ i
7.40 |// 2
7.47 |}/ 2
T84\ LI T 15
161 VS0 1T T 24
7.68 | //// 4
og 0 1.97 | // 2
| 8.05 | //1/] 1111/ 1/ 12
4.13 | /171110010 T 23
5.21 |/ 1
6.29 |/ 1
TBT L T 26
1 yr | 2.71 | ///]/ 5
3.61 | /11 11N I AT 22
4.51 | // 2
5.41 0
6.31 | // 2
.21 | /01 AN T L 29
dy 0 5.45 | J/110 L100 L0ED L R 1T T 34
9.05 | /111 11111 11/ 13
12.65 | ////] 11117 11 13
13.25 |/ 1
19.85 | /// 3
23.45 | // 2
Loyr | 4025 | /)00 010 LT T LT H T 35
5.88 | ///]/ 5
7.51 | /1111 11T 9
9.14 \ //]]1 1 6
10.77 |/ 1
12.40 { //}/ 4
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ELBILT 2, Thbh, FEAIBBRELZET
KE BTHRTlaxf L, 14EREZERITS
EAMEVERIC TS 5, BERRDREZ (Bh2a o
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Table 10 Changes of distribution by outdoor exposure (PMMA).

ICharacter| Exposure| Class|Check Trequency
g 0 7.80 |7/ 2
ax 7.93 |// 2

(VeI 10

801\ /11 11100 11t 17 17

8.05 \///11 11111 11 12

8.09 |/ 1

Lyr \7.83 \/77/] 1107 11 12
g-gé f//// LHETE I T 10000 10000 11000 117 38

. 1

8.17 Q

8.25 0

8.33 |/ 1

ag 0 7.82 /177 4
7.62 {/ 1

.72 |// 2

782 \//1(f 1T 10

TO2 NI TIIIT 10 R T 28

B.02 /7117 1111 1041 11111 ] 21

lyr |7.46 |/// 3
7.57 |/ 1

7.88 /111 ] 6
AN 1 10

90 NI i 1 25

801 WJIIIL 1111 1T 11 19

d ¢] 5.27 /1111 5
8.27 |177]1 1111] 1 11

T27 7117 1000 1E0E 10 000 25

827 NI/ 110 111 11T 13

9.27 11//11 5

10.27 |// 2

1vyr 15.83 |//// 4
6.40 \////7 1117 9

TET AL T 1 18

B4 \J///] 11111 11107 71171 20

9.01 \///7) 111/ 9

9.88 4
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Table 11. Changes of distribution by outdoor exposure (PE).

Character| Exposure| Class| Check Frequency

o, 0 2.93 | 7/ 2

2.99  [//1]] 6

3.04 | J/LL N0 L0 FENE N HETE 1Tl T 38

.09 [ J/111 11111 11711 15

3.14 | / 1

3.19 | / 1

g 0 2.44 | // 2

2.71 | // 2

2.98 | // 2

3.25 [ /11711 1111] 10

3.52 L I L 1T 21

S9N S I 26

1yr |1.99 ] /// 3

2.06 | //1/] ] 8

2,13\ SIIL 000D 1L T 20

2.20 V fI111 1000 01T 15

2227\ I 1170 171 15

2.34 | /// 3

d, 0 638 /!l 2

715 | / 1

792 7 3

869 L7711 11

946 LD T TErrE (iiil 71l 1l 27

1023 | /1101100 1110 11T 19

1 yr 1.32 4§ // 2

1.46 | ///]1] ] 6

1.60 | [//1] 11111 1111 15

.74V /10001000 1 LI LT 25

1.88 | ///11 11111 10

2.02 { //// 4
Table 12. Evaluation of changing tendency of mean, coefficient of

variation and distorition of distribution.

Material| Type of degradation | Character | Tendency
PS Depolymerization X ¥
C.V. 4
,t\
PVC Side chain scission X -+
and crosslinking C.V. -
K -
PMMA Random scission x >
C.V. >
K >
PE Random scission X ¥
and crasslinking C.V. -
K >

+ Decreasing,

4 Increasing, > No change.
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Table 13. Changes of flexural properties and their distribution by outdoor

exposure.
Material | Character | Exposure| n X o C.Vv Mg K
vr
PS UB 0 72 5.81 | 0.221 |0.038 5.78 0.1
1 67 3.11 | 0.145 {0.047 3.07 0.3
dB 0 72 2.66 | 0.165 | 0.0862 2.52 0.9
1 67 1.47 { 0.099 {0.088 1.45 0.2
E:f O 72 351 2.76 0.008 352 -0.4
1 67 353 3.43 0.010 355 -0.6
PVC Gmax 0 56 11.8 0.143 [ 0.012 ¢ 11.9 -0.7
1 15 11.6 0.106 |0.009 | 11.5 0.9
d 0 56 5.90 | 0.066 |0.011 5.89 0.2
max 1 15 5.87 | 0.070 |0.012 | 5.81| 0.9
OB 0 16 11.5 0.212 (0.018 | 11.7 -0.9
1 57 11.3 0.294 [0.026 | 11.6 -1.0
dB 0 16 5.25 | 0.321 10.081 5.34 | -0.3
1 57 5.23 1 0.399 [0.065 5.10 0.5
Ef 0] 72 366 6.2 0.017 368 -0.3
1 72 359 4.9 0.014 357 0.4
PMMA Omax C 42 13.4 0.184 |0.014 | 13.5 ~-0.5
1 471 13.5 0.147 (0.011 | 13.6 -0.7
dmax 0] 42 10.3 0.179 | 0.017 | 10.3 0
1 41 10.5 0.145 [ 0.014 | 10.4 0.7
OB 0 29 13.3 0.281 (0.021 | 13.2 0.4
1 31 13.1 0.514 | 0.038 | 13.5 -0.8
dB 0 29 9.31 3 0.939 | 0.101 9.62 | ~-0.3
1 31 9.05 1] 1.23 0.136 9.58 | -0.4
Ef 0 71 340 4.1 0.012 340 0
1 72 339 3.4 0.010 340 0.3
PE Umax 0 72 3.49 1 0.035 [ 0.010 3.50 | -0.3
OB 1 72 2.66 | 0.125 ! 0.047 2.64 0.2
dmax 0 72 10.2 0.523 [ 0.051 ] 10.3 0.2
dB 1 72 2.791 0.214 | 0.077 2.911 -0.8
Ef 0 72 168 6.0 0.036 172 -0.7
1 72 205 5.1 0.025 206 -0.1
’Zﬁz"?'ﬂﬂﬂ Eﬂ&')%ﬂ?ﬁ’ﬂ fCo & % I ﬁ

T8, BEICLIHMIRE ABRE om0
WA ANFER 2 FH L T Table 13 i 5=, 5| 854
LT L AR LERPR LN,

4. #

i

63°C T 872 6 oo BBk (PS, PVC,

PMMA,ABS, POM, PE) &, fUE T 1 EHEN &

EL 2 4fEoREkik (PS, PVC, PMMA, PE)

IZDWTHEMEAE, EERE, SF0Q A E L

WEbERE L, o2l 43 L

(1) REBOPVC OMX, MM 2 20— 7
RO LNz, i, MUDOTENERIZ50% %
ZZ7,

2 BB EBNERRICHEBL -SEmE L
TRESUELZTLPSIc BT, ZTEIS
BB, 585 0 2B R 17 8
T M D S N7,

1) BRSNS 20 AR SRR A R S
HIBI p.63 (1976)

2) TR, Ho2M AR AT TR R A
p-64 (1978)

3) #HARE, BHK, BiTE, ENES; g26ME
T zeE A EiE S RIRIp. 222 (1978)

R
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Changes in Distributions of Tensile and Flexural
Properties of Degraded Thermo-Plastic’s Sheets

Satoru SUZUKI Hiroshi KUBOTA, Okio NISHIMURA
and Takashi TSURUE

SYNOPSIS

Six species of thermo-plastic’s sheets (PS, PVC, PMMA, ABS, POM, PE) were degraded in a
heat box of 63°C for 2000 hours and four species of thermo-plastic’s sheets (PS, PVC, PMMA, PE)
were exposed to cutdoor conditions for one year at Sapporo. Their tensile and flexural properties were
measured and the influence of the coefficient of variation and distertion of distribution were examind.

Two peaks were recognized in results of the tensile strength and the elongation at rupture of
original PVC,and the coefficient of variation of PVC was above509.As regard a common phenomenon
in the heat degradation and the cutdoor exposure of depolymerizing degraded PS, the cofficient of
variance increased and the distortion of distribution spread to the low strength side.
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iz Tablel (z/R9 Lk 5 ic, PMMA %< 5582

PMMA, POM R PE @ 4 7§ (- & FEIIE ) $udgi 2
R b, JIFRTRME O A & BRI
WIZEEAE R E otz REICHMM LTy 2
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Fig. 1. Effects of environmental conditions
on tensile strength.

B ooy, REEE CIIEEIE 7 53PS
TIXHFE > AR>S 5T OlEC, 72 ABS i3k F
SHEBE SRS REBIKRE Do, ZHit

HEIEOHIRZE ST 51, BT 251 TROSBERFOELE AL EORE LR R
PihE oI, TTn272dThHhb I Edbiroz, —F, K&
Table 1. Differences depending on exposure site of mechanical properties.

PS PVC | PMMA | ABS | POM PE
Difference of latitudinal o
order depending on exposure © X © © ©
site
Difference depending on %
atmospheric conditions © X % x ©
0; Yes, x; No.
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Table 2. Difference depending on exposure site of color difference, gloss and
thickness of degradation layer.

Character P3 PYVC PMMA ABS POM PE

Difference of latitudinal AE A o o A o fo)
order depending on exposure Gs

site 0—=X o o X X b4

tg o o o o o A

Difference depending on 4E o) o o) o 0 A
atmospheric conditions o

s l¢) X— 0 e) X X X

td b4 o X X b4 o)

o: Yes, x: No,

AE: Coler difference,

B3 O o\ Tl PE & ¢ 5 Ic AT RS
B b N A REMM ORS & kL ICEEEEONE
frasgE 4 s EIe0 H - 72, Bl 2iE, PVC ook 5
2 KA RENB WKIEOER B FHBEY TR
Wikt b0, PSo L Tl oEsE
PR ELL LD EERETH L, F o,
PMMA (3% 5\ TELPFRIC D L dr o T2 F
Z iU, FRE I L AR R T IC On
Tk, B D BRI ER R RS T
W EN B2 EE2 D, T REENPNEER
TRBEE, BREETE THORERNOFELE

(T B Eb bz,

W E L T, ERRENELORICL T
PVC, PMMA |c#2RE o iz 45588 b L7z,
PMMA % ffliz & ) &% % Fig. 2icm§, PSE
PVC Tz KEFROBE THENMETHRE
ozttt L, PMMA 2o 8 F & 0 HET
247, R ARBAATGEEROET 247
HLTwadbnEELL, FRUio 3EIT DN
T, 77w 2~DFENDBEAN ¥ DBEFRIIP L
AENHEBEERRBTZ ek a o7z,

FEHHILEIcowTi3, PE 2Kz bHEICHE
EEEO MR EE S & 1172, PVC 246l & D#ER
% Fig.3 12 R"¥, 272 PE w4 4 Fig. 4 (2R
SRS S FOT— S IcERRAH Lo 12
PHFOEIRIC K E Do T2, KATFTROFZE
i PVCEPE Iz bz, ZO%RURICET 5
B, EEEofEAEmE, HFRERICED
ZEpIM XT3 7z,

iz B o Dwn T, REBEEABRICIONTR Y
7T VR A=l & L9836 R— LTz
R c—ENERIFRD b L7z, F 729368 —

A Partially yes.
Gs:

Gloss, t

—_

%

(

Retention of glossiness factor

Thickness of degradation layer ( um )

Thickness of degradation

d layer.
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Fig. 2.
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Changes of glossiness factor by

outdoor exposure of PMMA.
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Fig. 3. Changesof thickness of degradation
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Fig. 4. Changes of thickness of degrada-
tion layer by outdoor exposure.
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HN, BEFHENELL L S— 2 R oER
PO THET20RGERTHLZ L2 RE L7,
WERMEIZ DT, B8ic k- TPS, ABS,
POME UPE ? 3 v )L B —H8AHI3{E T L 7=, 4T
BTEC L - THERERZELY), BEE23EE
TEICEATITRL 2 (759 274 2) a0
T xoy DT 4 DB 72 & & L) LEHEE
Sholz, BEICL - THEEIETL 72 45
(PS, ABS, POM, PE) (2w HEL/HI-
U —XKF 72 d RO S L,
BHFECDWTE, O ERERI
FIR/ERE) D RBEIC L > TAEETT 282
HN, TN, REICLDERNY S o 7k
CREAT I 2hE L0z LTz,

3. {EERERS

BILO B RERE & HTLC, 4w
W2t —2 (X-W, UV-W, S-W, D-W, ~Fn
LAV CHEA L 2552 HE, LTRL) & 35
N7 z—FA—=% (X-F, UV-F, S-F) 12t -7
RERFERBR 21T, B0k & SR E & Hs
BETL 72,

TORE, BHRE, FHEICRLRE WHhH
EERTHENRLY, 355 E0RE (H213
S-W) #°% { ORI DV TR RO BTN
EROLLZUERDEZ P LT LLRA L LT
LWz Edibhro iz,

Thbb, NHUEEDS b, 5I5EHRIP8|E
BN (ZDBORED 75 259 7 DR
RS L B A2 L0 2 S BIEI B
TEFEN22) (2B L TizTable 3 & Table 4 |- 7
TLOLEREPBONS, ©B, ZOFIIEE
WnaZl b TEARERAR L omiM (H1bEm
iRy —> HMBMEEL EOEH 5
FTzwv 7 L7%) bERL T8, #1213, PSo
FIRRRIEIC D T3, RSO UV-W
WERARDEHEET 2R L7205, Hiborcg— 4
BAUJRFEOHR LR LB 72,
PMMA o34, £ TofHici L ¢ D-W »& R
BIZAEEN R L 228, BARE CEIFES v
) A REDERAE U 720 THFIH 5Bk 7,
R, SIREEEIE NS, PSEPEIcEL Tiz
S-W 2y, ABSYPOM iz B L © 12 UV-W 5,
PVCEPMMA B | T3 X-F & X-W PWENE
NBEANDHEEY £ 3 5, oBEUEOETL
WRTELZ Ebhoiz, 22751, PVC B L
TRBERHINTWBE 7Ty 73R LEE (63

Table 3. Order of acceleration of tensile strength.

PS PVC | PMMA | ABS | POM PE

Weathermeter | Xenon Lamp 2 1 3 3 3

U.V. Carbon 2

Sunshine Carbon 1

Dew-cycle
Fademeter Xenon Lamp 2

U.V. Carbon 2 3

Sunshine Carbon
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Table 4. Order of acceleration of elongation at rupture.

PS PVC | PMMA | ABS | POM PE
Weathermeter | Xenon Lamp 1 3 3 3
U.V. Carbon 2 1
Sunshine Carbon 1 2 2 2 1
Dew-cycle
Fademeter Xenon Lamp 2 1 2
U.V. Carbon
Sunshine Carbon 2 3

T) TRETETHEH LD EDHE TS, P HKRE
TEZ7:-0WAEISOETHE I N Ty 545~55
CTHRBT L LES DS, FOHEE, Th
b DFIIBT IR ST b B b D EER B,
MRS OBz oV Tid, BRI L - T
HRRETI b OB 20T, FELRED
B 720 & 2 b UIEGL % 4 L 7= &5 % Table 5
W2, ZEEEICBE L Ci PVCIcBWwTii S-F
B4, ABS (2 50713 UV-F 7 Bk MR 1 1 % 7

T LT 2= P RA=F A TDEBEIRED -
7z R L Tz PSic vtz UV-F 23,
PE iz 8w T3 SF ikt 2 m L 7277
POM » PE #wC 7 f—2—F 714 70N
REMETHREVWL I THE, HLEIELT
2 PMMA & POM icB L i3 S-W e ki
W RS 72 &, Ao bic B L O bIRENE
DE N EFREIRRIC L > TR > TWwB I EWD
o f:n

Table 5. Order of acceleration of surface change.

PS PVC | PMMA | ABS | POM PE
Gs AE td AE ty Gs
Weathermeter{ Xenon Lamp 2
U.V. Carbon
Sunshine Carbon 2 1 1 2
Dew-cycle
Fademeter Xenon Lamp 3
U.V. Carbon 1
Sunshine Carbon 1 3 2 3

Gs: Gloss, A4E: Color difference, td:

4. BARBE RERBHBER IS 2HER

75 2 Gy 7 Ot i+ 5 T 5 I RAk
DM R A WLEDHYELTHDE L 1351
5O TR~ e, SRR LT, BAMRE L
RERBEOHEE 2 HTLHATY, SITRERNO
frd ) (TG O £ R 2 DHE L TH
552 5,

L L, AEBICBWTE, ERECE DD
6FENT T AF v 7 &4 TE—OREKE T
L7272, BISERERE OCEE L ¢, PMMAIZ D

Thickness of degradation
layer.

TR bRV, 20, I D EATKE WS,
37 ABSFPE (cM L TR EBOH RETHY
HFEETLTLE - 2fentBlE2RHHZ L
WOE Loz, F2T, FOL ) ELHIDOW
Tid, 50 O FTERIERE F 723 ) SRURRE L
AR Z AL TW5E 2 & hibhro TWARHEICD
v CHERS B R 72, £ OfER & Table 6 (2R AT
L S IHEORAEEL T — 2 2 EYRSAT L CEYGE
#e2Re, FoRHLBIEEAIERT BICETS
BRI, % b, KR & > TIEERE A, 2K
&z,
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Table 6. Accelerating factor of outdoor exposure site and accelerated
weathering tester.

Exposure P3 PVvC PMMA ABS POM PE
dy de My de 3 tq

Sapporo 0.91 0.81 0.86 0.87 1.64

Choshi 1.00 1.00 1.00 1.00 1.00

Yokohama 0.94 1.56 0.95 0.71 1.15

Naha 1.53 1.43 1.55 1.00 1.85

X-W 8.6 4.4

uv-w 7.2 8. 3.1 8.3

S-W 11 6 12 7.3

D-W

X-F 12 16

Uv-F 10

S-F 9.0 3.1 8.0 8.1

The values from Choshi were selected as the standard.

dt: Elongation at rupture, t

. ti(Choshy)
G
Z =ty (Choshi) (3 & 2 HMEES S TIC 5
WY B ET 2 BEMM (F),t: (DR P
LRBME 3 H S RERBEBRIC B W TRIEED
BT A ICEY A EFEYRH () TH B,
BAgEzE LTI, $hTaREc LT, AL
120.8~0.9, #EIF1.4~1.9% » JREFRED,
72, RESESRICEL T, S$tFiIcBlTEE
WREERIEEICLT, 3~12F (FhuclefE) &
W RERBE L L2, B, Z OREREIT
Bl IC & - T, TR UEE T, fEEc
FoTRL2LDTHBZERZERTRLTEC,

.................................. (1)

5. 2 & ®

1) G6EOMTEM7TI2F v 27— 2BAE
FEL, S|, it SFRFEoE» L8
bR %R~ £0kE, BBThoEed
wEIEOMIEEY, PVCEPE o kABYRIC &
BH LR A RS b LTz,

2) TREOEERBETH W CURERRRRET
v, HEER, RIS R DS R 2 b D8
fo 2L 7o,

3) F& L TSIERENEEOMIZOWT, BiME

a-
Mn; Number-average molecular weight, d

Thickness of degradation layer

Max. deflection.

£
FLIEERTE - R E LKL, $hFicBiT 5
BEAEIC L, R B DR RE R K 2
ZEMTEN,

4) ZBBREERERE O PVCEABS 2K\
T, BARESROT bk L, e
DIREEFHENE LN E b7, H
REIPS, ABS, POM oME#sEo—I L B
SRBREAER X ORISR & L7,

5) ZmBt, RRERUVEAHLEE R DELy
WA & 2 VI EFEHEICENT 230 &L
TEVESAT 47, IR LA OFE W IER 2 5,
ZORREENEGER 2400, HBEE, {E#R
BReE, REEERPRHDL I EHTES,

6) BRIUERZEL-RBEN»X, Y, T
& OB ZL & a0 1 S L &
DYELERETZ e TE R,

s F X
1) S. Suzuki, O. Nishimura, H. Kubota, S.Hattori, K.
Yoshikawa, T.Shirota; “Mechanical properties
of Weathered Polystyrene, I, Qutdoor exposure”,
Proceedings of the 24th Japan Congress on
Material Research, 24, 268 (March, 1981)

2) O. Nishimura, S. Suzuki, H. Kubota, S. Hattori, K.
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of Weatherd Polystyrene. II, Artificial weather-
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impact resistance of Weathered Thermoplas-
tics”, ibid., 24, 288 (March, 1981)

4) T.Tsurue, H. Kubota, O.Nishimura, S. Suzuki;
“Falling dart impact resistance of weathered
PVC pipe”, ibid., 24, 295 (March, 1981)

5) 8. Suzuki, O.Nishimura, H.Kubota, K. Yoshi-
kawa, T.Shirota; “Weatherability of plastics
films, I, Mechanical properties of outdoor ex-
posured films”, ibid., 23, 253 (March, 1980}
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Comparison of Degradation Tendencies of Weathered
Thermoplastics sheets

Satoru SUZUKI, Hiroshi KUBOTA
Takashi TSURUE, and Okio NISHIMURA

SYNOPSIS

As a part of previously reported studies, six kinds of thermoplastic sheets were put under outdoor
exposure for five years (partially for four vears) at four different sites and artificially exposed using four
types of weathermeter and three types of fademter, and the degradation tendencies in mechanical,
surface and molecular properties were compared inclusively.

The results obtamed are as follows :

(1) Difference depending on site locality in order of the latitude were recognized for nearly all plastics
and characters, and the acceleration by air pollution was recognized in regard to PVC and PE.

(2) ‘The tester having the maximum acceleration was selected for each plastic and for each character
under the consideration of the similarity to the outdoor exposure.

(3) The results of the outdoor exposure and the accelerating tests were compared among test site
localities and tester types in terms of the elongation at rupture, and the accelerating factors hased on
the values at Choshi were obtained for each exposure site and for each tester.
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TIFBRARBEORRICDOWTENS,

2. ERHE
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Tablel 273, 75 AF vy 7 nEERTE (&
2 1 100um (—Ep150em) 5 & U50um o 2FE)
D74 NLERR, &b, fRicBwTINnE
N LTEFOT A VLADBNEEE EML 72,
INLENT A NWADMBE L TTE BETBMT
LALIAENH DL DERATZ,

ATZ,

KER~TEEE, 170X65mm & L, Fig. 127w
T r9 i E T RAAE T — 7 CHE L 2R
%, KM ST OBEELENRESICEY

ot 7z,

B L THIR X ST 2B AN, shFidbdr
EoizhlicfrB L, BEERFRHNHL LD
TH 5, AR EFOMER TH 57, "THRET
B o Lrud, RIRICHOWToFEEE LTl
1% 8°C, $kF15°C, #E22°CL2->THY, #F

Table 1. Species and thickness of film
specimens for outdoor exposure.

Thickness(um)| Note
PETP 100 | 50
PA 100 | 50 Nyron 6
LDPE 100 | 50
HDPE 100 ] 50
PVC 100 | 50
PC 100 | -
POM 150 -
65
’P/
4
™
[ ) f
= ®©
E
(&)
Lih]
O
w
E
T
7////
y 1//1

Cloth adhesive tape
for enforcement

Fig. 1. Make up of specimen for outdoor
and accelerating exposure.

PHOMCEIDBEEZESZNRLENTCTHY, L
1% & g TFic BT B 5GEORE b UL, HED
ZLERLHEETE B EH 2 72, BT OR
FroERT— 4 & Table 2 |27/ §,
ST OBE L R 5 2008k, & K

T HBBE X LT, FAEFNKRDIKER
BATZ,

MEFI404E11 A 11 8 BHgA

FEATS04E 3 H11H Bth

FEFN504E 7 H 110 Bash
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Table 2. Meteorological data.

Average | Average Annual Annual Annual*
temp. humid. | rain fall solar radi.|U.V. radi.
°c % R.H. mm cal/em? cal/cm?
Sapporo 5.1 72.3 1201 100482 6240
Choshi 14.7 74.9 1693 103703 8220
Note 1. Values for July 1974 to June 1976.
Note 2. Dby The Monthly Report of The Meteorological Agency.

* U.V. quantities in 270 to 400 mu range.
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LS, B S BRIERTIF OO T AL RNX—) LIES
AOS| R RIEL /2,

T A N ADBITREEOREIC S - TE, BE
H7 4 et Z, Z0 JISHEH Y, T T
B, i, RBEEEEHTWEY, K
EBE TREEABREROERKOE S b OHIKHH 5
fzey, Fig LIC/R L 7o B K D #HEER % By v 72
120X 65 mm DER 2 6, Fig. 2icR L2 L9z
1810 mm, & &60~65 mm o) 5H M B A A HERE
2HEA»LESMT UM L2, s, RBH
DYEF T 7 4 N2 OIE T, AL
T 4 VABRIBEORFFECHET 5, IO

101
— T
L
| | | | | |
P! bl i
Pl b
]
3 1[ S0 : |
T o !
- | I I ! |
| | ! | ! I |
RN
U |
ey npu B - L -ug
Lengthwise ”
N
L]
R
65 —>

Fig. 2. Layout of tensile specimens and
their cutting out direction.
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Determination of Tensile Properties
of Films.
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Tentative method of Test for Tensile
Properties of Thin Plastic Sheeting.
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cJ 1S K-6734(1968)
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adhesive tape
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and protection of grips part,

Protective
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Fig. 3. Make up of tensile specimen.
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Table 4. Tensile properties of original films.

Widthwise Lengthwise
Nominal Yield Rupture Rupture Rupture Yield Rupture Rupture Rupture
thicknesy |Thickness|strength strength| elengation| energy Thickness| strength|strength elongaticn| energy
pm um kg/mm? kag,/mm< % kg=-cm/mm um kg/mm2 kg/mm2 % kg—-cm/mm?
PETP 100 x| 103 10.8 22.2 110 79 102 11.4 18.3 148 87
5] 1.0 0.38 1.04 9.9 9 1.6 0.47 0.69 8.0 6
PA 1c0 x| 105 3.76 7.38 373 71 87.6 3.76 8.36 433 88
g 2.8 0.068 1.23 66 18 5.8 0.17 0.30 22 6
IDPE 100 x 81.2 1.09 1.43 512 23 88.8 1.15 1.83 250 17
o 1.1 0.022 0.17 70 4 3.0 0.022 0.088 38 3
HDPE lco b 95.3 2,84 2.48 916 68 9l.0 2.68 2.79 762 65
a 0.5 0.025 0.12 45 7 2.2 0.039 0.28 87 9
PVC 100 x 88.8 *0.664 3.63 325 31 89.4 *0.625 2.81 342 28
o 2.1 C.038 0.24 31 4 1.6 0.025 0.20 29 3
PC 100 x 97.5 6.11 8.91 153 39 98.2 6.13 8.41 161 42
[ 0.5 0.05%9 0.66 18 & 0.4 0.069 0.69 18 &
POM 150 x| 134 5.99 5.21 30.5 6.8 143 6.21 5.53 49.2 12
[ 2.0 0.14 0.12 2.7 0.6 4.6 0.077 0.25 14.9 4
PETF 50 x 48.0 11.3 19.7 90 63 48.0 12.0 20.4 112 74
a 0.6 0.29 1.4 16 14 0.6 0.1%8 1.7 19 17
PA 50 x 49.2 3.65 8.74 395 81 51.0 3.69 7.53 352 69
a 6.7 0.078 1.55 57 19 0.9 0.078 2.17 77 26
LDPE 50 X 42.7 1.07 1.32 484 22 43.6 1.09 1.72 387 21
g 0.5 0.040 0.14 57 3 0.8 0.036 0.042 24 L
HDPE 50 % 47.2 2.87 2.32 752 64 43.4 2.60 2.88 554 53
[of 0.4 0.080 0.030 27 3 1.9 0.030 0.18 37 3
PVC 50 x 40.2 *1.20 3.93 259 29 40.2 *1.09 2.84 261 23
g 2.0 0.033 0.42 33 6 0.7 0.036 0.29 40 5

* Values for 5% offset.
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Fig. 5. Correlation of elongation at rupture
to tensile rupture energy.
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Fig. 6. Differences of widthwise and lengthwise in changes of elongation at
rupture by outdoor exposure (Part I).
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Table 5. Degradation rates of outdoor exposure films.
(Sapporo, Started in July, widthwise)

Nominal 1 *2 %3
thickness * dt> 1/2 UO> 1/2 dt’UO>0
Hm month month month
PETP 100 5.5 4.5 12
50 5.5 - 6 12
38 1.5 - 2
16 1.2 - 1.5
PA 100 8 8 12
50 2 4
30 0.5
LDPE 100 12 9 - 12
50 4 - 5
20 0.7
HDPE 100 4.5 4.5 6
50 1.5 (2.5)
20 0.5
PVC 100 (12)
50 ( 4)
20 ( 0.3)
PC 100 8 ) 10
POM 100 0.5 0.5 4

*1 Period when elongation at rupture reduces by half.

*2 period when rupture energy reduces by half.

%3 Period when elongation and energy become zero.
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Table 6. U.V. energy irradiated on fiim surface.
(In the range of 270-410 nm, kcal/cm?)

Starting season Starting season
at Sapporo at Choshi
March | July | Nov. March | July Nov. |
4 months elapsed 2.7212.24 | 1.24| 4 months elapsed 3.14 | 3.51 |1.86
8 months elapsed 4.96 | 3.41 | 3.96| 8 months elapsed 6.65 5.44 | 4.99
12 months elapsed 6.13 | 6.09 [ 6.20 |12 months elapsed 8.58 | 8.42 | 8.50
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Fig. 9. Differences of exposure site in changes of elongation at rupture by
outdoor exposure (started in July) (Part I).
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Table 7. Estimation of activation energy. (PETP, 1004 m)

Site Start T (°K) | t (month) | U (keal/em?)| B (kecal/mol)

Sapporo | November | 276. 3 9 4.4
} 0.9

Choshi November | 283.6 6.3 4.1 6
Sapporo Jul 290. . .

pp uly 0.1 7.5 3.2 ) 1.3 7
Choshi July 2987.1 4 3.5
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Fig.14. Influence of starting season. (PETP)
Table 8. Results of visual inspection.
Results of visual inspection Ranks of change
PETP Color | Noticeable change after twelve months exposure. 7
Gloss | No change.
PA Color | Noticeable change after four months exposure,
slight yellowing after twelve months exposure. 4
Gloss | Change gradually (more severe in Choshi).
PE(LD)| Color | Noticeable yellowing. 6
Gloss | No change.
PE(HD)| Color | Noticeable yellowing. 5
Gloss ' No change.
pyC Color | Small specks by fungi were recognized after
four months exposure, then spread widely and
the specs became dark brown. 2
Gloss | Change severely.
PC Coleor | Slight yellowing after four months exposure,
become yellow after twelve months exposure. 3
Gloss | Noticeable change.
POM Color | Yellowing after four months exposure, whitening
after eight months exposure and become fragile. 1
Gloss | No gloss after eight months exposure.
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Sapporo Choshi

Original Four months Four months

Twelve months Twelve months

Ph;)to. 1. The exposure was started in March. (PA)

Sapporo Choshi

Original Four months

Eight months

Twelve months Twelve months
Photo. 2. The exposure was started in March. (PVC)
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Photo. 3. The exposure was started in March. (PC)
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Photo. 4. The exposure was started in March. (POM)
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Table 9. Exposure periods for craze

occurrence.
Sige Lapse month

um Sapporo | Choshi
PETP 100 12 12
PA 100 12 8
LDPE 100 - 12
HDPTs 100 - -
PVC 100 (12) (8)
pPC 100 - 12
POM 150 4 4
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Weatherability of Plastic’s Films (1)
Mechanical Properties of Outdoor Exposed Films

Hiroshi KUBOTA, Okio NISHIMURA, Satoru SUZUKI
Kiyoji YOSHIKAWA** and Tadashi SHIROTA**

SYNOPSIS

Seven species of thermoplastic films (PETP, PA, LDPE, HDPE, PVC, PC and POM) were
exposed to outdoor conditions for four, eight and twelve months at Sapporo and Choshi. Their tensile
properties were measured and the influence of the exposure site, starting season, exposure period and
thickness of films were examined.

As a measure of degradation, elongation at rupture were selected, and degradation tendencies
were examined. The results are as follows :

(1) In comparison of the widthwise and lengthwise directions of film, differences were recognized in
original values, though no differences were recognized in the degradation tendencies.

(2) The exposure period for elongation at rupture goes dewn to half, decreased exponentially ac-
cording to the decreasing of film thickness.

(3) In three species out of seven (PETP, PA and LDPE), differences depending on the exposure site
were recognized, and PETP, PA and LDPE degraded rapidly in a lower latitude exposure site,
though no differences were recognized in the residual species.

() In the case of being different in starting season, the degradation rates in the early stage of
exposure are largest in the case of starting in the summer, are middle in starting in the spring and
are smallest in starting in the autumn. Though after a twelve month lapse, no differences are
recognized. It is considered that the main reason causing such differences is in the difference of
U. V. dosage.

(5) Sharp plots against the U. V. dosage were not obtained in PA and LDPE so on. It was considered
that the scatter was caused by the temperature, humidity and inner stress so on, however, we were
not able to evaluate quatitatively the effects.

** Research Institute for Polymers and Textiles.
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Table 1. Species and thickness of films
used for accelerating weathering
test.

Nominal
thickness(um) | Note

PETP 50 16
PA 50 30
LDPE 50 20
HDPE 50 20

Nyron 6

PVC 50 20
PC 100 -
POM 150 -
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Table 2. Expcsure period when elongation
at rupture reduces by half (wid-

thwise).
Nominal |Weather | Fade
thickness meter | meter
um hr. hr.
PETP 50 300 90
16 95 45
PA 50 (850) [(460)
30 - 360
LDPE 50 - 310
20 350 90
HDPE 50 (570) 110
20 175 60
pPvVC 50 370 470
20 215 -
PC 100 a0 90
POM 150 20 15

Table 3. U.V. dosage and elapsed months
when  widthwise  elongation
reduces by half. (Outdoor ex-
posure in Choshi)

Nominal U.v.
thickness| dosage |Elapsed
um kcal/cm?| month*
PETP 100 3.8 S
50 2.9 4
PA 100 2.8 3
) 50 2.5 2.5
LDPE 100 6.1 7
50 4.8 5.5
HDPE 100 4.9 6
50 3.5 4.5
PVC 100 - -
20 - -
PC 100 5.7 6.5
POM 150 1.1 1.5

* Elapsed months in the case of
started in March.

Table 4. Correlation of outdoor exposure
to Sunshine type accelerating
testers.

(As for the elongation at rupture
of widthwise)

(): Presumed values.
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Nominal |OQutdoor |(Weather | Fade
thickness|exposure | meter |meter
1m month* hr. hr.
PETP 50 4 300 20
PA 50 3 (850) |(460)
LDPE 50 5.5 - 310
HDPE 50 4 (570) 110
PVC 50 - (370) [(470)
PC 100 6.5 90 20
POM 150 1.5 20 15

* Elapsed months in the case of starting
in March at Choshi.

() :Presumed values.
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Weatherability of Plastlc’s Films (11)
Mechanical Properties of Accelerated Weathered Films

Okio NISHIMURA, Satoru SUZUKI, Hiroshi KUBOTA
Kiyoji YOSHIKAWA* and Tadashi SHIROTA*

SYNOPSIS

As a part of the previously reported study, accelerating weathering tests using the Sunshin type
Weathermeter and Fademeter were carried out about the seven species of films. The elongation at
rupture were measured and the degradation tendencies were compared. And influence depending on
the differences of the tester and thickness of film were examined. Then a correlation between
accelerating weathering test and outdoor weathering test were obtained. The results are as follows :
(1) Changing degrees of films were extremely susceptible to the thicknessof films. Lower values

were obtained. in lower thickness films.

(2) The degradation tendencies of films obtained in accelerating tests using S-W and S-F showed
similar, however, changing degrees of films are rather high in S-F than in $S-W.

(3) The correlation between the accelerating tests and the outdoor exposure tests were examined
about the degradation rate were obtained quantitatively.

* Research Institute for Polymers and Textiles.
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Table 1. Properties of original FRP.

Property UP-CSM UP~PWC UP- (WR+CSM)
A A B A B
Glass content 25.0 51.6 - 41.9 -
Barcol hardness 48 62 - 52 -
(GYZJ934-1) (8.6) (3.4) (6.4)
Tensile strength 8.31 9.66 30.5 27.4 14.3 11.0
(kg/mm?*) (3.1) (5.9) {3.3) (3.3) (8.3) (10.5)
Tensile elongation 2.24 2.20 5.31 4.62 3.09 2.41
(mm) (9.8) (7.3) (4.7) (2.4) (6.8) (14.5)
Tensile rupture 1.03 8.77 - 2.78 -
energy (kg-cm/mm?) (10.7) (3.5) (14.0)
Flexural strength 15.5 17. 37.6 36.8 21.5 25.6
(kg/mm?) (10.3) (9.9) (2.3) (3.8) (7.2) (7.8)
Flexural deflection 2.49 3.88 - 2.07 -
{mm) (9.2) (20.8) (4.3)
Flexural modulus of 760 853 1700 1662 1600 1374
elasticity (kg/mm?) (4.5) (2.3) (0.9) (1.7) (4.9) (1.7)

A: Experimental value of our Laboratory.
B: Data of Government Industrial Research Institute, Osaka.
(): Value (%) of coefficient of variance.
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Table 2. Mechanical properties of weathered UP-CSM.

Tensile properties Flexural properties
Sampling Exposure Tensile Elongation Rupture Flexural Deflection Modulus of
direction period strength energy strength elasticity
(year) (kg/mm2) (mm)  (kg-cm/mm2) (kg/mm2) (mm) (kg/mm2)

0 8.31 2.24 1.03 15.5 2.49 760

(0.26) (0.22) (0.11) {1.60) (0.23) (34)

1 8.00 1.90 0.91 13.0 2.30 715

Longitudinal (1.09) (0.32) (0.28) {(0.77) (0:19) (24)

2 7.15 1.97 0.80 13.4 2.23 830

(0.28) (0.18) (0.08) {1.41) (0.15) (41)

3 9.81 2.46 1.31 15.8 2.83 780

(0.24) (0.21) (0.19) (1.34) (0.12) (43)

0 7.62 2.19 0.94 15.2 2.74 715

(0.68) (0.25) (0.18) (0.96) (0.12) (36)

1 7.86 1.91 0.93 13.1 2.54 735

Transverse (0.76) (0.30) (0.27) (1.26) (0.31) (21)

2 7.68 2.28 1.02 1z2.5 2.50 620

(0.53) (0.17) (0.13) (1.08) (0.23) (28)

3 9.12 2,62 1.39 19.7 2.96 875

(0.91) (0.28) (0.28) (2.28) (0.25) (30)

(): Standard deviation.

Table 3. Mechanical properties of weathered UP-PWC.

Tensile properties Flexural properties
Sampling Exposure Tensile Elongation Rupture Flexural Deflection Modulus of
direction period strength energy strength elasticity
(year) (kg/mm2) (mm) (kg-cm/mm?2) (kg/mm2) (mm) (kg/mm2)

0 30.5 5.31 8.77 37.6 3.88 1700

(0.99) (0.25) (0.31) (0.85) (0.81) (15)

1 30.7 5.57 9.16 37.2 3.58 1710

Lengthwise (1.04) (0.17) {0.84) (1.03) (0.29) (35)

2 29.7 5.16 8.51 37.1 3.45 1680

(0.72) (0.13) (0.66) (0.86) (0.11) (18)

3 28.6 5.27 8.35 36.5 3.57 1750

(0.40) (0.18) (0.14) (1.04) (0.12) (36)

0 27.9 5.42 8.18 37.6 3.82 1620

(0.62) (0.19) (0.36) (0.64) (0.19) (27)

1 26.8 6.16 9.00 37.4 3.53 1710

Widthwise (1.07) (0.26) (0.76) (0.66) (0.11) (34)

2 28.2 5.62 8.37 38.5 3.80 1600

(0.86) (0.28) (0.71) (0.47) (0.09) (41)

3 28.6 5.61 8.54 35.5 3.68 1690

{0.59) (06.07) (0.32) (2.48) (0.27) {15)

(): Standard deviation.
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Table 4. Mechanical properties of weathered UP- (WR+CSM).

Tensile propertiesg

Flexural properties

Flexural Deflection Modulus of

Sampling Exposure Tensile Elongation Rupture
direction period strength energy strength elasticity
(year) (kg/mm2) (mm)  (kg-cm/mm2) (kg/mm2) (mm) {kg/mm2)
0 14.3 3.09 2.78 21.5 2.07 1600
(1.19) (0.21) {0.39) (1.54) (0.09) (79)
1 18.4 3.57 3.84 31.3 2.93 1690
Longitudinal (0.57) (0.19) {0.38) (1.69) (0.18) (55)
2 11.4 3.08 2,08 21.5 2.98 1200
(1.40) (0.31) (0.46) (2.61) (0.49) (67)
3 15.3 3.53 3.11 27.6 3.17 1400
(0.66) (0.20) (0.28) (1.31) (0.89) . (68}
0 17.6 3.95 4.03 20.1 1.97 1640
(1.45) (0.36) (0.60) (1.64) (0.22) (47)
1 17.0 4.12 4.15 27.0 2.49 1670
Transverse (0.76) (0.17) (0.12) (1.79) (0.24) (57)
2 13.1 3.82 2.82 17.5 1.58 1270
(0.50) (0.26) (0.29) (1.36) (0.11) (73)
3 11.8 3.00 2.04 26.9 4.23 1430
(0.69) (0.25) (0.22) (0.83) (0.12) (28)
(): Standard deviation.
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Fig. 1. Retentions in mechanical properties

of weathered FRP.
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Table 5. Coefficience of variance (%) in mechanical properties of FRP.

Tensile property Flexural property
gt Utr of d Ef
L W L W L W L i L W L W
0 3.1 8.9{10.0 11.4/{10.7 18.9{10.3 6.3| 9.1 4.3 14.5 5.1
UP-CSM 1413.6 9.7(16.7 15.7(30.6 28.5{ 6.0 9.7| 8.0 12.2 [3.4 2.9
2 3.9 6.9 9.0 7.3{10.4 12.5|10.5 8.6| 6.7 9.2 | 5.0 4.5
3 2.4 9.7| 8.6 10.7(14.3 20.4| 8.5 11.6| 4.3 8.3 |5.4 3.4
0| 3.3 2.2| 4.7 3.5| 3.6 4.4{ 2.3 1.7| 4.7 4.9 [0.9 1.6
UP-PWC 1 3.4 4.0 3.0 4.2] 9.2 8.4} 2.8 1.8] 8.1 3.1 ]2.0 2.0
2 2.4 3.1| 2.6 5.0 7.7 8.5 2.3 1.2| 3.1 2.4:1.1 2.6
3 1.4 2.1| 3.3 1.3} 1.7 3.7y 2.9 7.0| 3.3 7.4 12.0 0.9
0 8.3 8.2 6.7 9.2{14.1 15.0| 7.2 8.2| 4.3 11.3 |4.9 2.9
UP- (WR 1 3.1 4.5| 5.3 4.2| 9.8 2.8| 5.4 6.6| 6.0 9.6 | 3.3 3.4
+CSM) 2112.3 3.8} 9.9 6.81(21.9 10.2(12.,1 7.8|16.3 6.7 |5.6 5.7
3 4,3 5.8 5.8 8.2 8.9 10.5| 4.8 3.1{28.0 2.7 |4.9 1.9
L : Lengthwise, W : Widthwise.
Table 6. Fatigue properties of original FRP.
Property Material
UP-CSM UP-PWC UP~ (WR+CSM)
A B C A B C A B C

Fatigue limit
(N=107, kg/mm?)

Relative owp/cf 0.29 0.26 0.23 0.18 0.20 0.18 0.30 0.26 0.20
fatigue

limit

4.4 4.5 3.9 6.9 7.2 6.8 6.5 6.6 5.0

Uwp/Ut 0.53 0.47 0.40 0.23 0.26 0.25 0.45 0.60 0.45

A: Experimental value of our Laboratory.
B: Data of Mechanical Engineering Laboratory.
C: Data of Government Industrial Research Institute, Osaka.

Table 7. Fatigue properties of FRP.
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Fatigue Properties of Weathered FRP
Takashi TSURUE and Satoru SUZUKI

SYNOPSIS

Three types of fiberglass reinforced plastics (FRP : UP-CSM, UP-PWC, UP-(WR+CSM)) were
exposed to outdoor elements for one, two and three years. Changes in mechanical and fatigue
properties were measured and correlated.:  After three years exposure, tensile strength and tensile
rupture energy of hand lay-up FRP (UP-CSM, UP-(WR+CSM)} increased by 10 to 609, while 594
decreases were observed in press molding FRP (UP-PWC). Fatigue limit for N=10"cycles in
UP-PWC, UP-CSM and UP-(WR+CSM), on the other hand, increased 209, did not change and
decreased 1595, respectively.
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Summary of Results Obtained in This Issue and Guide Line
for Predicting Methods of Weatherability of Plastics

Satoru SUZUKI, Hiroshi KUBOTA
Takashi TSURUE and Okio NISHIMURA

SYNOPSIS

The outline of the results obtained in this issue are summarized. And a guide line to predict the
weatherability of plastics which have unknowned weatherability is proposed based on mentioned
results and informations from the listed literatures in each paper in this issue.
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