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6.9 GPa EFFECT OF HUMIDITY ON BEHAVIOR OF POLYMERS tests. The ability of a collagen specimen to reach equili-
(010]) 8.6 GPa (b axis) A by brium points of stress, strain, temperature and RH by two {
(110] 2.2 GPa e Marion F. Mecklenburg distinct paths suggests a relationship between the mechanical
[111) 0.7 GPa x825 Department of Mechanical Engineering strain energy applied to the specimen by stretching and the |
[001] 312.5 GPa (fiber axis) 1008 and strain energy developed by stressing due to environmental
Comparison between the experimental and theo- L"%%‘ Pedro Albrecht changes. At RH values above 80% collagen was unable to de-

ritical results indicates that anisotropic behav-
iours of highly uniaxial and biaxial drawn high
modulus films reflect the much weaker intermolecu-
lar forces between chains. Furthermore, it is
suggested that the polymer chains composed of side-
way free uniaxial drawn films and simultaneous
biaxial drawn films are in more highly extended
states in comparison with those of successive
biaxial drawn films.
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The adverse effect of relative humidity on the mechanical
properties of polymers has been generally recognized, though
few studies have allowed test specimens to equilibrate fully
to the ambient enviromment. Water vapor absorption into
those polymers that absorb water takes considerable time, and
straining polymers alters water absorption capacity. Addi-
tional complications arise since most polymers exhibit consi-
derable viscoelasticity; they tend to creep under fixed loads
and to stress relax under fixed displacement constraints. If
the polymer is to equilibrate to the environment, then it
must also equilibrate to an applied load or displacement.

This suggests that at least four variables are involved in

monstrate an equilibrium stress-strain curve. In other words
stress relaxation was total. The EMI for collagen shows a
dramatic water uptake above 80% RH, and mechanical properties
deteriorate rapidly in this region.

Similar tests are being performed on neat epoxy adhesive
specimens. These include various two-part and film epoxy
adhesives cured at various temperature and time periods. Cer-—
tain preliminary conclusions can be reached. (1) For those
adhesive systems that demonstrate large response to water
vapor as measured by the swelling isotherm, there is a drama-
tic loss of mechanical properties with increase in RH.
Equilibrium stress-strain curves exist at the benign environ-
ments and do not exist at the high RH levels. (2) Stress
recovery occurs with the dessication of restrained epoxy spe-
cimens similar to the collagen, and the magnitude of change

holog MITT. ol ; i equilibrium: temperature, water content (which is related to in stress levels due to dessication appears to coincide with
Y -100 : RH), stress and strain. If one considers the equilibrium the changes in stress levels developed in the equilibrium
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505 (1980) = o S e e normally Zero’ HOﬁeYer, the specimen sw?lls w1t§ changes'1n stress-strain curve, then environmental stressing can als?
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; { tests were performed by rapidly straining the specimen a spe- present can induce stress relaxation.
i cified amount and allowing it to stress relax until there was 3
y no further stress decay. The specimen was incrementally !
it o strained after stress equilibrium was reached, developing the 0 COLLAGEN ;
¢ 200f a plots shown in Fig. 3. It took 1 to 2 seconds to load the ]
[ specimen and about 24 to 48 hours to reach equilibrium. The :
| g specimens were cut from cast films 0.002 to 0.003 in (0.05 to 35 i
i 150t Flgur? L. 120n 2 0.075 mm) thick into strips 0.2 in (5 mm) wide. The source '
} & Relation between modulus = of the collagen was rabbit skin glue. (4) Stress recovery
i X and drav ratio for UHMVWPE at fixed length (strain) vs. RH at 28°C. Specimens of colla-
y ] films made from various z gen were restrained at different RH values and then dessica- S0F
y 3 100 i:l shegts.b{ :ideYay = 100- ted. The stress developed was measured and plotted as shown
i3 ee uniaxial drawings. 3 in Fig. 4.
(0) 0.74 PE, 1% decal%ne 3 Figure 4. These tests related the following quantities, all measured . 25
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150 150 170 = Lz 6190 5 where the various tests are plotted on a stress versus < e
30 Crysrallite;size Xou (1) elongation coordinate system. The equilibrium stress-elonga- o /j:’
tion plots were constructed from the equilibrium stress- 0 Unrestrained
4 Figure 5. 10F Strain plots (Fig. 3), and were all initialized to 5% RH. 1In ;
Relation between draw ratio Figure 6. . this way the various curves begin at elongations correspon- g
2 20l of MD and modulus of MD for Relation between dra¥ TS ding to the free swelling of the unrestrained collagen speci-
" biaxial dravn UHMWPE gel z 9 of TD and modulus of 1D % Dens of the same length due to increases in RH from 5% to 30% 5
= films. = biaxial dravn UHMWPE gel and to 50%. An additional abscissa was plotted in terms of |
3 3 (0) constrained uniaxial < sp films. to identify, for convenience, the free elongations (swell-
3 10l 6 draving, Z A////////// (0) constrained uniaxidh ing) corresponding to increases in RH above 5%. The vertical o S SRR SN SO WY WA S WA W W
o (A) successive biaxial 3 draving, Plots show the stress developed at various RH values for 0 20 &0 60 80 100
DA’_,/—""” drawing, e RIS AT (D) successive biaxiak SPecimens restrained at 50% and 70% RH and allowed to dessi- RELATIVE HUMIDITY (%) |
19200 NS (D) simultaneous biaxial draving, - tate. The black dots indicate stress levels reached at the
3 ﬁrﬁ a . draving L L ) (0O) simultaneous biaxlal lndicated RH. The agreement is remarkable considering that
0 5 10 15 0 5 10 15 draving the data were obtained with different specimens and types of Fig. 1 Equilibrium moisture isotherm for collagen
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1 IMPROVEMENT OF IMPACT RESISTANCE OF CALCIUM CARBONATE Table 1 Shows the effect of filled particle size of CaCO3
f FILLED POLYPROPYLENE AND PROPYLENE-ETHYLENE BLOCK on the impact strength. It is observed that the stremgth
—_———— e —— ——— —— — 4 COPOLYMER increases up to 3um but it decreases with further increasing
36l Restrained [ % the size. The optical microscope photographs revealed that the
: SN LL?—GE—N by smaller particles tended to agregate when CaCO3 was filled
82°F smaller than o.3um. Fig.3 shows the Dupont impact strength as
Lol D Hideaki Nakagawa and Hironari Sano pERimD B ;he Verage SUTacc SteanoniCaC0] dispeiied in the
s \ o PLASTICS LOBORATORY, MITSUBISHI PETROCHEMICAL composites. It can be seen good corelation between the
| ‘\ CO., 1 TOHOCHO, YOKKAICHI, MIE 510, JAPAN strength and the weight average surface area.
3 A N The impact stress-strain curve shows remarkable difference
28) \ N Introduction in the plastic deformation region among samples(Fig.4). The
I \ s specimens, that small size CaCO3 was dispersed more homogenos—
S| \ S\ When an inorganic filler is added in a polymer, generally ly in the PP, was easy to plastic deformation. And from thiat—
<24l ] \ jts rigidity may be improved, but its impact strength may be fractography, it was observed that this behavior was Cor]f:zce
= = c\ reduced compared to unfilled polymer(e.g., refs. 1, 2). ed with amount of the minute cracks occured at the inter
= = % % Y \ Impact resistance of a filled polymer will be expected to of CaCO3 PE.
‘ o = r : z :
| 9 improve by considering as following y i b i
| § 2.0F 9 % o\ \ pl) . increase of the number stress concentration point and Consequently, if a filler is dispersed homogeneously and
1 = w °\ o\ °\ their homogeneous dispersion, finely in a polymer even if in the case of inorganic filler )
| - I b 3 g o 2). dispersion of impact stress(wider distribution of the filled polymer, a large amount of impact energy is absorbec.i in
w e ) X \ 8\ stress’ concentration sites) the course of the formation of the many minute cracks. So if
1 .6 9, ’ . . s . ] -
| Z \ \ 3). prevention of development from micro crack to macro a composite can.be satisfy such morphology, its impact resist
LI) Unrestrdined e \Q \ crack, ance leads to higher than un-filled polymer.
1l \ L] 4) . increase of micro plastic deformation ability in the !
| 1.2 5 ] matrix 2. CaCO3 filled PPB — TYPE A
i P o 3
i \q \ For the mechanism of impact resistance of propylene- In the case of Ca_1C03 fi%led PPB, even.when the filler
0.8 e \ ethylene block copolymer (PPB), we have been primarily tl.’eated and did no‘s w1th‘a higher fatty acid were \:lsed, they
l X\ % \%m‘ experimented from the fractography by considering the molecular dlspz‘arsed substantlall}.r in the PP mat.:rlx(Flg.S) . Flg'6 shows
o eyt N 1L and solid structural factors(3~5). The result was revealed the impact stress-strain curves. It is revealed that th? ]
o [¢} 20 40 60 80 100 PPB has a structure as shown in Fig.l. And upon the applicat- dependence of the particle size shows similar characteristics
§ : r e
RELATIVE HUMIDITY (%) ion of impact, micro cracks occur at PE/EPM interface in the i tl:le case of the filled PPH. But PPB system didn't improve
i th t st th( Table 1). An PPB h tructure as
| numerous dispersion phases, but development of these cracks ¢ JMPECL (SLLENgLhNSec San e L ssnn inasy gy SLLUCLUL i
| is inhibited by the EPM phase. So PPB shows higher impact shown in F;g~l(3,4)f- When impact is applied to i PPB, cra; 5
‘ L 1 1 e IR By . occur 'in t int in the
A fo5TiTi20e] 3740) €03 ] 8001 100 fireastha i ha s D Rhas e e Tan e temot )bl domsing. ; -asioe BEH eoiote. hetverh thel Siadiidd The el eits,
| RELATIVE HUMIDITY (%) Fig. 4 Effect of changes in RH on stress of discribed above. 2

growth of the crack is inhibited, and the impact energy is
absorbed by occurrrence of the crack and deformation of the
EPM. So PPB has high impact strength. When impact was,applied
to a composite that CaCO3 dispersed in the matrix portion, many
cracks occur mainly in the matrix as in the case of the afore-
said the filled PP, and a phenomenon of crack formation was
scarecely noted in the dispersed phases comprised of PE and
EPM. Thus,the favorable impact strength of the PPB was not
fully exhibited.

| restrained collagen specimens ) 1
' The purpose of the present work is to investigate the

i Fig. 2 Equilibrium swelling isotherm for collagen relationship between the dispersion morphology of CaCO3 and
the behavior of impact fracture for CaCO03 filled PPB and PP
using fractography and instrumented charpy impact tester.

Experimental

The polymers used in this work were iso-polypropylene (PP,

MFR=5) and propylen-ethylene block copolymer (PPB,MFR=5,ethyl- » k : .
ene content=7.2 wt%) which were made from Mitsubishi Petro- 3. CaC0j féllei PPB — TYPE.B.(ComPoslte‘havmg Ca()103 in the
SR E-640nsi— chemical Co.. Nine calcium carbonate(CaC03) varied the dia- E phase — Specified dispersion system
i A S%RM neter (0.07 to 7.0 ym) were used as filler (see Table.l). They e X AP ! .
/ v RH n,—-~"’»" T5%RH. vere made from Maruo Calcium Co. and Shiraishi Kogyo Co.. No.l Some necessary conditions in the specified dispersion
/ i 25%RH : { ~No.6 were precipited colloidal CaCO3 and were treated with SySEema) % A . ) 1
/ -7 | some higher fatty acid, and the others were crushed type and 1). Filler has higher affinity with the dispersed phas
/ AT 3 A ; did not treat than the matrix.
30%RH, . 3 ;

A / / 2~ = Z30% RH. Polymers and CaC03(20 wt3) were blended with RALOL0 and 2% Intertseialistrengthibetweenithe iiillorRandithe Lpy
= / 0% BH- a A RPH(each 0.1phr) in a supermixer and afterwards, these dispersion phase < between the matrix and the dispersio
£ / = / u/ compounds were extruded at 240°C using PCM-30(Ikegai Iron Co.) 3 phase. p A g . e d sHases
© /, 2 2 of a Resticined: . Injection sheets were prepared using Meiki SJ-35 under the ). Particle size of filler << S1zesg LHERCI PELSS I?t'on
v / " Paths (] codition of 240°C, 500Kg-cm2,70rpm. 4). When the dispersion phase don't satisfy the conditi
é’ / 4] EcRi 500/950‘/- RH ; 3 of 1), it must be used a modified filler or added a

L + R A it . S : o
=l Sk g o P Impact strength were measured by means of Izod and Dupont I?Odlfier having affinity to both filler and the disp
/ | e c/ / / impact tester. Stress-strain curves were obtained using instru- 101, PRAGE.s
i / /,—" It Dented charpy tester. g A t in
/ / /u/ The dispersion morphology of CaCO3 in the composites and o CaC03fh;§Bscar§e:‘Ly affinity with PP ind iE o EPIét g‘; PE
disty o the fractography were observed by means of SEM(Hitachi HHS-2R) LhenCaBeyoR used in this study, as molecular Lok
j F Swelling / e . The specimens were carefully sliced(see Fig.2) by the ultra and EPM components have higher than PP, CaCO3 czn 45 bi ?iszn_
i COLLAGEN . Pels i/ % : Bicrotome (Sovall Porter—-Blum MT-2-B) under deep freeze condit- Eod”:‘gorpor‘;tedlgl)gge dispersed phase.dSE'we uge a maj_:lmay
t Teef 0 02 D04 D6 B8 10z I TIs 18 2o AL(in) ion(-90 -100°C) and afterwards, ion etching were applied on by }rll 2 grz t‘fif' : (ng}—lHDiE)P;s Ciﬂ:“c’ g 1terj i;au;r?B S aith
1075 17720 T30 TRA0T I T e TS R.H. (%) the cross section. The particle size(average surface area) of S.nasesooc atolin  tywitigthe PORSHL samptae .
| CaCO3 in the composites were observed by means of optical CaC03 too. In this study, we used m-g-HDPE having lw? malel;PB
i Bicroscope at magnification 400 and afterwards,were analysed acgdcarcxg CaC03sof g°j6 1? Table 1. M_g';iﬁPE CEL] aqiignwgin
95 5 = = RETOT SRR Using Image Analyser (Hamamatsu Hotonics C995-2). and CaCO3 was mixed in the supermixer. The composi

weight was PPB/m-g-HDPE/CaC03=64/16/20.

Fig. 5 Comparison of tensile stressing and envirom'nemfl’:l

€ (x107 :
STRANE -G ) stressing of collagen

The resulting composite was found that CaCO3 was wonder—

‘ Results and Discussion fully filled in the dispersed phase(see Fig.f’?) . The impact

i strength was far greater than expected(see Fig.8).

: Fig. 3 Equilibrium stress-strain curves for collagen ileh CaC0y filled PP Su?h high impact resistam?e was similar to the'case of
the unfilled PPB except following phenomenon. When impact
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