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Safety Information:

See ‘Precaution for molding’ in this brochure and
Material Safety Data Sheet for safety precautions
during use.

Important Notice to Recipient:

1.The Information contained in this brochure
(‘Information’) shows typical data of natural resins
prepared for the purpose of assisting the selection of
DIC.PPS (‘Products’).

2.The Information is based on tests or research DIC
Corporation (‘DIC’) believes to be reliable, but no
warranty is given by DIC concerning the accuracy
or completeness thereof.

3.The supply of the Information does not release the
recipient from the obligation to test the Products as
to their suitability for the intended applications and
processes.

4.DIC has no liability for any consequence of the
application, processing or use of the Information or
the Products.

5.Information concerning the application of the
Products is not and should not be construed as a
warranty as to non-infringement of intellectual
property for a particular application.

6.The export and use of the following products may
require the approval of the government and/or
various regulatory agencies of Japan. It is the sole
responsibility of the recipient to determine the need
for and obtain any such approvals.

Specific  carbon  fiber filled DIC.PPS
compounds including CZ-1130 and CZL-4033.

7.The following standard processing conditions are
adopted for preparing to the test pieces unless any
comments in this brochure.

Pre drying: 130°C/4Hrs.,
Cylinder set temperature: 320°C,
Injection rate: 1 sec.

Holding pressure: 60 MPa and
Mold set temperature: 150°C.
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PPS is a simple chemical construction consisting

of benzene ring and sulfur atom

1. GENERAL INFORMATION

Polyphenylene Sulfide (PPS) is a heat resistant
partially crystalline polymer with simple chemical
construction as shown in Fig.1.1. This polymer has a
high melting point of about 280°C, has outstanding
chemical resistance and is non-burning by established
industry flammability test without any flame retardant
chemicals.

DIC.PPS which is filled with fiber reinforcement and/
or mineral filler possesses a unique combination of
properties of interest to the designer and processor. It
combines the high performance usually associated
with specialty plastics and the excellent processing
characteristics of typical engineering plastics. It is
thermally stable and exhibits excellent mechanical
properties as well as dimensional stability.

Two types of PPS are available. One is the cross-
linked molecular construction polymer based
compounds; these are especially excellent rigidity and
lower creep deformation under elevated temperature.
The other is the linear molecular construction polymer
based; these have excellent toughness and lower water
absorption than former, because of its high purity
polymer.

This combination of superior properties and process
ability provide the designer and processor with a
unique material in applications which require;

M Heat Resistance,

M Superior Strength and Modulus,

M Inherent Flame Resistance,

M Excellent Dimensional Stability,

B Chemical Resistance,

M Excellent Electrical Properties and

M Molding of Intricate and Precision Parts.
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2. PROPERTIES OF POLYMER

2.1. General Properties

PPS polymer exhibits exceptional resistance to thermal
oxidative degradation. Its decomposition temperature,
as determined by thermo-gravimetric analysis (TGA),
is over 500°C in air and nitrogen atmosphere in
Fig.2.1. The high decomposition temperature in the air
is indicative of PPS’s outstanding resistance to

oxidation.
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Mechanical dumping behavior of PPS

The PPS polymer is partially crystalline. As shown in
Fig.2.2, the glass transition temperature, Tg is
approximately 90°C, with the melting point, MP at
about 280°C. These values are critical for the
mechanical properties of the molding compounds as
the function of temperature, as illustrated by the
dynamic dumping properties for the neat polymer in
Fig.2.3. The properties are measured by ASTM
D-5418 used dual cantilever loading. Typical
crystalline polymer shows the reduction in mechanical
properties at the temperatures above the glass
transition region.

2.2. Cross-Linked and Linear Polymers
There are two types of PPS polymers as described in
the above. The cross-linked or cured polymer is heat
treated during production processes in the atmosphere
of air and increased apparent molecular weight.

This polymer contains partially cross linked molecular
constructions and is characterized by high rigidity and
small creep deformation or relaxation even at elevated
temperatures comparing to linear polymer. On the other

izi
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Comparisons of storage modulus; E' between cross linked
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23C 4,000 MPa 3,700 MPa
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Vb, R ) =7 —MR) < —1ZOoW Tk F L7
A, INHER)—%R—=ZE L7-ar 37y FliE, _"—
AR —DRBE L5252, Fig. 2. 41283 &9 ek
BEERLET,

3. DIC.PPS O &
DICPPS IZIZWA WA R EERICHIC TE 5 MEFEr
HAELTVWET,

W 7o ALY 4 7 (2GR

W7o AMKE, 74 R L —F (25T

W 7o ALy 47 () =7 —)

BT AMHE, 74 7—FREIL—-F (V=7—)
WA S—%77L—F

W7 o1, %% PPS

WE Narys47

W EE). HES A T

ARERCTId, DICPPS DA TH 2 LT D6 ik %
DMCHBL 4, o iF 2o W TIZ DICPPS D4 #F
EHFE"T BT S,

FZ-1140 : 7T A #k#E40% i L2455 PPS

FZ-2140 : 75 A#kiE40% 501t 1) =7 — &I PPS
FZ-3600 : %5 AMkiE / 7 1 5 —FCHEAER] PPS
FZ-6600 : /7 A#kiE / 7 14 5 —FeH ) =7 —%I PPS
7-230 : 5 AMkHES0% RIL A — /¥ — % 7 PPS

7Z-650 1 T AMEHE S T 4 T —FEHA—3—% 7 PPS

hand, low modulus and
ductility. Also, this highly purified polymer has

excellent dimensional stability even under hot and wet

linear polymer shows

conditions because of its lower water absorption than the
In Table 2.1, the cross-linked polymer
possesses higher rigidity than that of the linear under
broad range of temperatures.

cross-linked.

The comparisons of properties between two types of
PPS based compounds are shown in Fig.2.4.

Toughness
Resistance to
Creep hot & wet
resistance conditions
Rigidity Strength
Heat e Cross-linked
resistance e Linear

Fig.2.4 Z4EEU=ZT7—PPSIL /Ny NOAFHEBLS

Comparison of cross-linked and linear
PPS based compounds

3. VARIATIONS OF DIC.PPS

DIC.PPS is available in a variety of grades in order to
coincide with various properties of requirements.

M Glass fiber (GF) reinforced cross linked PPS series,
B GF & mineral filled cross linked PPS series,

B GF reinforced & un-reinforced linear PPS series,
B GF & mineral filled linear PPS series,

M Super tough PPS series,

H Alloy and modified PPS series,

M Low halogen type PPS and

B Self lubricant, electric conductive series & others.

In this information the properties of representative six
grades are described and of other various grades are
shown in “DIC.PPS Guide Data”.

FZ-1140: GF40% reinforced cross linked PPS,
FZ-2140: GF40% reinforced linear PPS,
FZ-3600: GF and mineral filled cross linked PPS,
FZ-6600: GF and mineral filled linear PPS,
Z-230: GF30% reinforced super tough PPS and
7-650: GF and mineral filled super tough PPS.
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4. KEY PROPERTIES OF DIC.PPS

4.1. Short-Term Mechanical Properties

DIC.PPS shows excellent mechanical properties over
comparatively wide temperature range. Figure 4.1
shows the tensile stress-strain curves at room
temperature for the representative six grades. Figure
4.2 illustrates the relationship between tensile strength
and temperature. Also Figs.4.3 and 4.4 show the
relationship between flexural strength and modulus
and temperature respectively. In these figures, over
about 90°C which is glass transition temperature of
PPS, the strength and rigidity gradually fall lowering.
However DIC.PPS retains about 30% of the strength
and modulus at room temperature even at high
temperature of 200°C. Also cross-linked grade FZ-
1140 shows high rigidity than linear grade FZ-2140.
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Effect of temperature on flexural strength

Fig.4.4 (3 M4EROE E KFMH

Effect of temperature on flexural modulus
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The flexural elongation at break affected by
temperature is shown in Fig.4.5 and the elongation is
increasing at higher temperature than Tg. As shown in
Fig.4.6 and Table 4.1, the other properties;
compressive and shear properties are the similar to the
tensile and flexural of it.
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Effect of temperature on flexural elongation at break
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Effect of temperature on unnotched impact strength
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Effect of temperature on compressive strength
Table 4.1 ¥ AWM DREKEFM
Shear strength depending on temperature
23T 80°C 120°C 160°C
FZ-1140 88 MPa 85 MPa 56 MPa 40 MPa
FZ-2140 90 86 50 36
FZ-3600 85 82 52 38
FZ-6600 90 85 54 38

In Fig.4.7, the lzod impact strength without notch
affected by temperature shows small temperature
dependence compared with tensile and flexural
properties. This result shows that super tough grades
Z-230 and Z-650 have superior fracture resistance.
Also the impact strength with notch is constant for the
broad range of temperature. It is almost impossible to
avoid weld lines in actual moldings. Figure 4.8 shows
the weld strength affected by temperature and super
tough and linear polymer based grades have excellent
weld strength.
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Effect of temperature on weld tensile strength
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Anisotropic properties of unnotched impact strength

Direction FZ-1140 FZ-2140
MD 500 J/m 550 J/m
TD 250 300
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4.2. Anisotropy on Mechanical Properties
Molding plastics filled rigid fibrous reinforcement
shows anisotropy which is different properties
governed by the directions of fiber arrangement. For
the PPS which is a semi-crystalline polymer,
anisotropy is governed by fibrous arrangement not
only molecular arrangement.

An intensity of anisotropy depends on molding wall
thickness, molding conditions and gates in the
moldings. The characteristics affected with anisotropy
are mechanical behaviors including strength, modulus
and elongation at break, dimensional properties
including mold shrinkage and linear thermal
expansion, and heat distortion temperature.

In this section, mechanical properties in the mold
direction, MD and transverse direction, TD are
described and as shown in Fig.4.9, the two
dimensional co-ordinate system is introduced to
explain the anisotropy.

Figures 4.10, 4.11 and 4.12 are flexural strength,
modulus and elongation at break as a function of
temperature in TD respectively. These figures are
compared with the properties in MD in the section
4.1. From these results, the super tough and linear
polymer based grades have more excellent strength
and elongation than cross linked grades. This
characteristic also shows in the impact strength in TD
as shown in Table 4.2.
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Effect of temperature on flexural strength in
transeverse direction
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Flexural elongation at break in TD as a
function of temperature

Flexural modulus in TD as a function of temperature
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The description of orthotropy which is special case of
anisotropy, is used the following engineering constants
for the two dimensional co-ordinate system;

E, : MD K O#EHMERE (¥ > 73%K)
E, : TD J I OMEERE (v > 73) E, : Young modulus in MD,
Vit MD HHORT VY VI E, : Young modulus in TD,
Vo P TD HIRIOKRT Y L1 v - Poisson’s ratio in MD,
Gy B AWHEELREL (o) vy © Poisson’s ratio in TD and
G,, - Shear modulus.
Table 4.3 D'C'_prs wﬁﬁfﬁ And these values at room temperature are shown in
Easuc mOduEhzo DIC'PF;m G, Table 4.3. The_ value of vy, under MD loading
MPa MPa - MPa increases according to ascent of temperature as shown
FZ-1140 15000 8200 0.36 2200 in Fig. 4.13.
FZ-2140 14000 7900 0.36 2000
FZ-3600 18500 10300 0.34 3600 0.50
FZ-6600 18500 10100 0.34 3500 /)
Z-230 9300 4700 0.36 1800 « 0.45 /
Z-650 14500 7250 0.35 2300 N /
Vo= E,v1,/E; (Maxwell’s reciprocal theory) -%0 40 _
w
2| | L —y
fors == —
- —| e 2230
0.30 L
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Effect of temperature on Poisson’s ratio
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Flexural creep modulus of GF40% grades
affected by temperature
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4.3. Long Term Mechanical Properties
PPS molding parts show the small permanent
deformation under continuous static loading. It is
often understood creep phenomena or stress relaxation
and strongly affected by environmental temperature
because of the peculiar characteristics to the PPS.

The flexural creep and short term compressive stress
relaxation properties are shown in Figs. 4.14, 4.15,
4.16 and 4.17, respectively. These data show that
cross linked PPS compounds are superior creep and
relaxation resistance compared to super tough and
linear PPS compounds. This phenomenon originates in
the characteristics of the visco-elasticity of PPS
polymers and the comparison of dynamic dumping
properties on temperature between linear and cross
linked neat polymers in Table 2.1.
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Flexural creep modulus of GF/filler grades
affected by temperature
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Flexural creep modulus of tough “Z” grades
affected by temperature

PPS molded parts even withstand the prolonged
application of high dynamic or cyclic loads. In this

i8i
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Table 4.4 Flexural fatigue endurance in 107 cycles

case, the fatigue characteristics should be considered
for the molding design. The fatigue strength or
endurance is defined as the maximum stress which
should not break at 10" repetitive stresses. Generally,
the fatigue endurance of PPS is about 20 to 25% of

DIC.PPS M10’E1f (155 & the static strength in the same conditions. Figures 4.18,
23°C 120°C 150°C 4.19 and 4.20 demonstrate the flexural fatigue S-N
FZ-1140 58 MPa 40 MPa 26 MPa curves and the fatigue test was carried by ASTM
FZ-2140 63 36 24 D-671 under the condition of constant stress. The
FZ-3600 40 82 2 flexural fatigue endurance in various environment
FZ-6600 44 32 20 . . -
temperatures is shown in Table 4.4. The fatigue
£:230 % 42 27 d is defined as maximum stress in 10" cycl
650 18 37 23 en u.rance is defined as maxi _u S _ess i cycles
and is generally 20 to 25% of its static strength.
100 =~ 100
— :--...\ LAt
© e L 7 ®©
o \h T o
s s e =
. /0 120°C E~::::"\__ e
IS ul Il\h.::::ll o
§ — 160 .nn:=h-_- 8
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Thermal expansion curves as a function of temperature

4.4.2. REAT B

PPSiE, o> Y =7V 7T I AF v 7 AT
T8 T AT AME B4 C 97 Table 4.50 UL746B
THREINTWS (UL File No. E53829) g EMixZn
EWEEo>TWE$, Table 4.6121XEAE0mm JEH2mm D
M DT EATEEALZ R L E IO TELEL TV E T,

4.4. Thermal Properties

4.4.1. Linear thermal expansion

As with any other anisotropic compounds, DIC.PPS
undergoes varying degrees of thermal expansion
depending on the orientation of the reinforcing fibers.
The thermal expansion curves measured in MD and
TD are shown in Fig.4.21. If the intensity of
anisotropy is weakened, the values of thermal
expansion coefficient are middle values between MD
and TD. These values are compared with that of
aluminum and the thermal expansion coefficient of
aluminum is about 2.4 X 10~° m/mK for broad range
of temperature.

4.4.2. Long term heat aging properties

At high temperature in air, aging results in surface
oxidation. The degree of oxidation depends on the
length of aging time and temperature. When PPS
is subjected to high temperature aging, the crystallinity
of moldings may increase during the first few hours
(annealing) and the annealing causes a slight reduction
in strength. Table 4.5 shows the continuous service
temperature certified by UL746B in UL file number
E-53829. Superior dimensional stability of DIC.PPS
under elevated temperature is based on rigid crystal
structure of the polymer. The dimensional change
after heat aging tests is shown in Table4.6. Figure
4.22 shows the excellent retention of mechanical
properties under high temperature heat aging.

Table 4.5 UL746BREREA TV I X
UL746B continuous use service temperatures (°C)

Fig.4.22i%, WEH LM% ML & FREICOVTRL Thickness biteEmeE]
conno~ I ™, CHE - Grade" Electrical  With Without
TA200C UL FTIEHILIFITEAEEIZE RO 0w E W (mm) impact impact
. < . s i i
REF. 772, BEOHET T0C L BRI S L RS —
BEPEORTREGIETL T, ShboBKEmn  FZ1140 & 220 200 220
ThHH, TR L LITHFICLRD 9, FZ-1140-XY 3.17 220 200 220
Table 4.6 BRI TO FZ-11400 AL Fzaso0 & 00 240 : 220
Heat aging dimensional stability of FZ-1140 using FZ-3600-XY 1.50 240 200 220
$50mm X 2mm disc molding with pin gate 2.90 240 220 240
Aging condition Dimensional change,% FZ-2140 & ?g? ggg ggg 228
100 -0.02 :
1000 -0.03 FZ-6600 & ?gg gjg 2(')0 ggg
100 -0.11 — — —
1000 ~0.13 1) FFEXIAZDIXF, FFY 1 0-0D1HF,

Suffix X:One letter selected from A to Z and suffix Y:one digit
selected from 0 to 9.
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Heat aging degradation of mechanical properties

4.4.3. B{pB=R

B, REOEVIT» SRV E T, BRI,
EFIREIZ BT 5 B R DR 2 £ b O THIRINIE
DR ZTET, Fig.4.23ll b &R LET,
4.4.4. EEHEE

HBGEEIREICB VT, BAEHREN72) OWEOHE
W& LImEE & 32 L £ 9. Fig.4.24121% DIC.PPS
DHBDMMERFEZ R L T T

T
30| FZ-1140, FZ-2140

FZ-3600, FZ-6600

2.0

/

Specific heat, KJ/Kg.K

0 100 200 300 400
Temperature, C

Fig.4.24 L3 OiR FE k771
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4.4.3. Thermal conductivity

Thermal conductivity is defined in steady state
condition as the flow of heat exchanged, via
conduction with the environment. Figure 4.23 shows
the thermal conductivity of DIC.PPS.
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Thermal conductivity as a function of temperature

4.4 .4, Specific heat

The specific heat, at constant pressure, measured using
an adiabatic calorimeter, varies according to
temperature; it is shown in Fig.4.24.

4.4.5. Thermal diffusivity
Thermal diffusivity is a measure of the speed at which
heat is diffused through sample. Thermal diffusivity
A is a function of specific heat #, thermal conductivity
{, and density p as;

A=Cl (n-p)
As highly filled compounds FZ-3600 and FZ-6600
have higher value of A than that of GF40% grades,
these grades have lower molding fluidity.
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4.4.6. PVT curves

The specific volume, the reciprocal of density varies
according to the temperature of the material and the
pressure applied to the latter. Figures 4.25 to 4.28
show the relation between pressure (P), volume (V)
and temperature (T). These data are useful to predict
the mold cooling or warp of moldings by computer
systems.
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Dielectric strength depending on wall thickness
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Table 4.7 FHFE4F!4/ Dielectric properties
FZ-2140 FZ-3600 FZ-6600
23C
1KHz 0.003/- 0.005/- 0.005/-
1MHz 0.002/4.0 0.007/5.0 0.006/5.0
1GHz 0.002/- 0.006/- 0.006/-
120°C
1KHz 0.020/- 0.030/- 0.030/-
1MHz 0.015/4.2 0.030/6.0 0.030/6.0
1GHz 0.012/- 0.025/- 0.025/-
200°C
1KHz 0.030/- 0.040/- 0.045/-
1MHz 0.025/3.8 0.030/6.5 0.035/6.5
1GHz 0.010/- 0.020/- 0.020/-

4.5. Electrical Properties

Generally, electrical insulating properties are estimated
by the insulation resistance including volume and
surface resistivities, dielectric strength, dielectric
constant and dissipation factor, arc resistance and
tracking index.

Dielectric strength is determined by the voltage at
which a molding becomes blown out by A.C. voltage
in insulating oil. DIC.PPS possesses excellent
insulating properties under such conditions, even at
high temperature, as shown in Figure 4.30. However,
dielectric strength is highly affected by wall thickness
as shown in Fig.4.29.
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Modern electronic circuits, which are becoming
increasingly dense and miniaturized, with ever higher
quality requirements in term of electric signal
transmission, call for dielectrics with a low dielectric
constant and low dissipation factor, over a wide range
of frequency and temperature. DIC.PPS fulfills these
criteria as can be seen in Fig.4.31 and Table 4.7.

As shown in Figs.4.32 and 4.33, insulation resistance
is important electric insulating property. Because of
law water absorption of DIC.PPS, the volumetric
resistivity is not strongly affected by a humidity
comparing to other materials, and especially linear
type polymer based FZ-2140 and FZ-6600 which are
based high purity polymer denote low water
absorption and more steady insulation resistance than
cross linked FZ-1140 and FZ-3600. Also, DIC.PPS
is not strongly affected by a temperature.
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Change of volume resistivity by water absorption

Dry arc resistance refers to the resistance of a given
insulating material to surface tracking currents caused
by a high voltage arc, periodically generated between
two electrodes applied to the surface. Generally, a
minimum 120 seconds is normally required for the
applications exposed to arc formation. FZ-1140,
FZ2140, FZ-3600 and FZ-6600 have an arc resistance
of over 120 seconds and also certified its values in
UL 746A.

The comparative tracking index (CTI) refers to the
resistance of a given insulating material to surface
tracking, when the surface of molding is subjected to
electric voltage in a humid and/or contaminated
environment.

The values of these dry arc resistance and CTI of
DIC.PPS are shown in this brochure Table A.
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4.6. Chemical Resistance

DIC.PPS has the excellent resistance to a broad range
of chemicals including strong acids, strong bases,
organic solvents, fuels, motor oil and transmission
fluids, even at elevated temperatures and DIC.PPS can
not be chemically dissolved below 200°C.

PPS is chemically decomposed by oxidizing media
such as nitric acid. Concentrated hydrochloric acid
weakens the bond between glass fiber and PPS,
leading to a marked fall-off in the mechanical
properties of the compounds. Table 4.8 provides an
overview of the excellent chemical resistance after
storage in various solvents, basis, acids and oils.

Table 4.8 THEEMAM;1000Hrs. ZE¥ ZHODEEZ(L. TEZLRUH IF# S FRIFE
Chemical resistance;Weight change, dimensional change and retention of flexural
strength after 1000Hrs. immersed in chemicals

Substance Temp. FZ-1140 FZ-3600
Weight ;Ireezugr?r: Dimension”  Weight SFtIre;ugr?rl] Dimension”

Change Retention Change Change Retention Change

H,S0O,, 10% 23°C +% 94% 0.20% -0.05% 93% 0.15%
HCI,10% 23 + 94 0.25 -0.07 92 0.22
HNO3, 10% 23 =+ 96 0.15 -0.07 93 0.25
NaOH, 10% 23 + 95 0.15 + 94 0.15
23 0.15 96 0.12 0.10 94 0.17
NIl 02 80 0.20 86 0.20 0.20 85 0.22
23 0.06 95 0.20 0.05 93 0.20
CaCl, 10% 80 0.28 76 0.31 0.20 78 0.23
Ethanol 23 + 100 0.05 + 100 0.08
Methanol 23 0.43 99 0.25 0.38 99 0.26
Acetone 23 0.20 99 0.12 0.15 100 0.12
Toluene 23 0.11 99 0.05 0.10 97 0.05
Motor oil 23 =+ 97 0.06 + 97 0.06
100 =+ 97 0.08 + 95 0.08
. 23 + 97 0.05 + 96 0.10
Brake fluid 80 + 98 0.05 + 95 0.05
Automatic transmission fluid 120 0.23 100 ~0.25 0.20 100 ~0.21
160 0.34 98 -0.30 0.30 100 -0.28
Turbine oil 23 0.06 98 0.08 0.06 95 0.06
80 0.18 89 0.20 0.14 90 0.20
. . 23 0.08 94 0.12 0.07 97 0.13

Window washer fluid 80 N 98 ~ N 97 _

. . 23 + 97 0.12 + 97 0.12
Anti-freeze fluid 80 + 95 0.13 + 93 0.14
Gasoline 28 0.07 97 0.09 0.10 95 0.12

80 = 96 = = 100 =
Kerosene 23 0.20 98 0.15 0.25 96 0.16

80 - 98 - - 97 -
Gasohol? 23 0.09 99 0.08 0.07 100 0.08

80 = 96 = = 96 =

1) DC:#eCEAABEDTEZE1L/Dimensional change on Transverse direction.

2) Gasoline/Ethanol=85/15wt.%
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4.7. Resistance to Hot & Wet Conditions
DIC.PPS is characterized by a small quantity of water
pick up. This characteristic is almost independent of
atmospheric humidity. However, certain precautions
should be taken in hot and wet condition. The relation
between water absorption and the conditions of 60°C/
95%RH, 85°C/95% RH and PCT (pressure cooker
test) using 2mm thickness test pieces are shown in
Fig.4.34 and Table 4.9. In this figure, highly purified
linear polymer based FZ-2140 and FZ-6600 show less
water pick up than the cross linked based FZ-1140
and FZ-3600. The quantities of water absorption in
wet condition are mainly governed by temperature.

Table 4.9 50085 % DT
Water absorption by weight % after 500 Hrs.

06| — Fz-1140
—7 PCT
o FZ-2140 %
E | —
g’ 0.4
g —|
: |/
[
5 0.2 % ”
g / 85°C/95%RH
p— = 60°C/95%RH
0
0 100 200 300 400 500 600
Time, Hrs.

Fig.4.34 SR %E F COWKEIL

Water absorption under hot and wet conditions
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Fig.4.35 RKICLBFEZEAL

Dimensional change by water absorption

Fig.4.36121%85C/95% RH. # X O°PCT (121T /225
JE) &UETFolntms EEMoERERLET. 28, W
MIZOWTIE S BAABLRMEITEZ G2 E T4, Ch
HIZDOWTIE 4.5 BRWUE" OHEZZRT 3w,

Conditions FZ-3600 FZ-6600
60°C/95%RH 0.20% 0.12%
85°C/95%RH 0.29 0.15
121°C Pressure cooker test 0.40 0.22

Also water absorption affects to dimensional stability,
mechanical and electric properties. These properties
are generally governed by the quantity of water
absorption. In Fig.4.35, relation between water
absorption and dimensional change and Fig. 4.36
shows the relation between flexural strength and time
in hot and wet conditions of 85°C/95%RH and PCT.

2 125 | e’ Fz-1140
= — F7-2140
o
c
o
= 100 85°C/95%RH
5
x
Q@
S 75
N

€ I ———
(0]
2

50

0 200 400 600
Time, Hrs.

Fig.4.36 EiR%/E F CORMEZEIL

Changes of strength under hot and wet conditions

Relation between water pick up and the electrical
properties is shown in the paragraph of “4.5. Electrical
Properties”.
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Weather resistance of FZ-1140
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Table 5.1 FEEEREFISMH
Abrasion and frictional properties
FZ-1140, FZ-3600,
FZ-2140 FZ-6600
Taber / Taber abrasion 60 79
mg/1000 cycles (CS-17)
Co-efficient of friction
DIC.PPS vs. steel
Dynamic 0.35 0.35
Static 0.35 0.35
DIC.PPS vs. DIC.PPS
Dynamic 0.44 0.42
Static 0.46 0.43
5.3. T8 &
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LETA, YaT7—fELRNIC, 70y h— AME &
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5. OTHER PROPERTIES

5.1. Resistance to UV Weather

When PPS is exposed to UV ray during a certain
term, surface micro cracks and color change would be
caused. However, degradation of mechanical strength
is slight. Weather resistance data are shown in Fig.5.1.

5.2. Abrasion & Wear by Sliding Friction

The resistance to abrasion, which measures wear due
to contact with an abrasive substance, is determined
using the Taber abrasion tester. Sliding friction caused
to a plastic material mounted on a steel rotary
cylinder can be measured using apparatus shown in
Fig.5.2. The properties of wear and sliding friction
data are in Table 5.1.

Upper Rotating Cylinder
Speed: V=0.3m/sec.
Pressure: P=150 KPa
Materials:
a: Carbon steel (JIS S45C*)
% : Carbon content=0.45%
Ra=0.2 um
b: DIC.PPS, Ra=0.2 um
Lower Fixed Cylinder
Material: DIC.PPS, Ra=0.2 um

7/

Om\

Fig.5.2 EEBRHUAIE &

Test method of the sliding frictional properties

5.3. Hardness

The hardness obtained using the most common testing
methods, Rockwell, Shore and Dynamic hardness
which is very similar to the Micro-Vickers hardness is
shown in Table 5.2. Especially, hardness is governed
by the crystallinity of PPS. Therefore, highly
crystallized molded parts are harder than the poor
crystallized parts.

Table 5.2 DIC.PPS Mg &
Hardness of DIC.PPS molding surface

Hardness FZ-1140 Fz-2140 FZ-3600 FZ-6600
Rockwell
R scale R-121 R-121 R-121 R-121
M scale M-100 M-100 M-100 M-100
Shore D D-86 D-86 D-87 D-87
Dynamic 28 28 28 28
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Table 5.31& ASTM D-2863\2i# U 72 /1T DICPPS &
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Table 5.3 DIC.PPS EfiDT' T XF v 7 ADBREREE
Limiting oxygen indexes of DIC.PPS and Others

Materials Limiting oxygen index
DIC.PPS FZ-1140, FZ-2140 47
DIC.PPS FZ-3600, FZ-6600 53
PES GF30 41
LCP GF30

G.P. grade 35

Heat resistant grade 47
PBT GF30 (FR grade) 33
Nylon-66 28
Modified PPE (FR grade) 30
Polycarbonate (FR grade) 34
POM 16
PTFE 95
Polyolefines 18
PVC 48

5.4. Limiting Oxygen Index

Limiting oxygen index (LOI) is a relative indication
of flammability. It is the minimum concentration of
oxygen when the test piece continues to burn for a
definite time or until a specified amount of piece is
consumed.

Table 5.3 shows a comparison of the LOI of DIC.PPS
with other plastics under the method of ASTM
D-2863. These values indicate that DIC.PPS has more
resistance to burning compared with the other plastics.
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6. PROCESSING

The processing characteristics of DIC.PPS make it
excellent materials for precision injection molding of
intricate and complex parts.

6.1. Preparing to Injection Molding
6.1.1. Molding machine
Any conventional injection molding machine can be
used with. Anti-wear screw, cylinder and mold for
the glass fiber or mineral filled compounds are
recommended to protect machine and mold wear.
Normally, open nozzle is used and positive shut-off
nozzle also useful in molding DIC.PPS to get the
precise moldings.
6.1.2. Drying
Although the absorption of DIC.PPS under moist
atmospheric conditions is negligible, pre-drying prior
to molding is needed to get high quality molded parts.
Drying should be accomplished in the following
conditions,

120°C: 4-6 hours,

130°C: 3-5 hours or

140°C: 2-3 hours.

6.2. Operating Conditions

Figure 6.1 shows the standard condition of injection
molding. Comparatively low injection pressure and
high cylinder temperature are recommended to prevent
flashing.

6.2.1. Processing temperature

The PPS’s sharp melting point of 280°C enables it to
be injection molded at 300 to 340°C is typical for
most PPS grades and applications. However, slightly
lower temperature of 290 to 320°C is recommended
for super tough “Z” series and PTFE, poly tetra fluoro
ethylene filled grades.

6.2.2. Mold temperature

A wide range of mold temperatures from room
temperature to over 150°C can be selected for use.
However, in order to obtain optimum properties, every
effort should be made to achieve maximum
crystallinity. This requires relatively high mold
temperature of at least 120°C, measured at the mold
surface. Temperatures of between 130°C to 150°C are
normally recommended. A higher mold temperature
ensures a higher degree of crystallinity, a better
surface finish and reduced post-shrinkage. In the case
of low mold temperature use, should be avoided the
mold temperature of 80-100°C, which temperature
range may be caused reduce of mold release ability.
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6.2.3. Injection rate

Depending on the particular formulation, DIC.PPS
grades have high to wvery high setting and
crystallization rates a feature which gives very fast
cycle times. High injection rates are therefore
necessary to prevent the melt from cooling and
solidifying during the injection process, resulting in
homogeneous, poor quality surfaces. Suitable filling
time range should be settled from 0.5 to 1.5 seconds.
6.2.4. Injection and holding pressure

In view of high injection speeds recommended,
correspondingly high injection pressures are often
necessary. Holding pressure should be relatively high
50 MPa or over.

6.2.5. Screw speed and back pressure

The plastication process requires slow to medium
screw speeds, and low back pressures of between 1-4
MPa. If both screw speed and back pressure are high,
excessive crushing of the glass fibers may result,
reducing the mechanical properties of the end product
6.2.6. Purging

Purging can be readily accomplished using high
molecular high density polyethylene for blow molding.
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6.3. Reworking of Scrap

There are three important criteria for recycling
scrap. Firstly, the original material must has been
correctly processed and secondary the scrap must be
carefully screened. The use of regrind material with a
granule size of less than 2mm and the presence of the
powdered has a highly detrimental effect on finished
product properties. And thirdly, the scrap should be
removed metal fragments mixed during crushing
process in order to clear away electric obstacles for
electric and electronic appliances. The regrind of less
than 30% can be added in the repetition use,
depending on the level of property reduction
considered acceptable. The following Figs.6.2 to 6.4
denotes the changes of flexural strength, impact
strength and flow by repetitive rework of FZ-1140.
PPS polymer has excellent heat stability and the cause
of degradations or changes in strength and flow will
be a change of fiber length in moldings as shown in
Table 6.1.
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Change of flexural strength by reworking
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Change of impact strength by reworking
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Change of fllow ability by reworking

Table 6.1 BEICK3 55 AfMi#tR < 2HEE
Change of glass fiber length by reworking.
(Regrind 100%)

Number of reworking 0 1 3 5

Average fiber length, um 350 310 270 240
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6.4. Mold Design

6.4.1. Mold

The choice of steel and finish for cores and cavities
for high volume protection is important to their
longevity and in helping to hold critical tolerances.
Wear resistant tool steels containing C, Cr, Mo and V
have excellent resistance to the erosive effects of glass
fiber and mineral filled PPS compounds. These steels
should be hardened to over 55 by Rockwell R
hardness. Titanium carbide or tungsten carbide tips
are effective to minimize wear of the cavity and ion
plating or ceramic coating are helpful to protect wear.

6.4.2. Temperature control

Heat should be supplied to the mold by cartridge
heaters or heated oil. In any method selected to heat,
insulation should be used between the mold and
platens to keep down heat transfer to the platens.
Laminated phenolic sheet can be recommended to the
heat insulation.

6.4.3. Runner and sprue

Generally, full round or trapezoid runners are
recommended and half-round and square runner
systems are not recommended. The cold slug wells are
needed at the ends of sprue and runners. Standard
sprue bushings are used with.

Hot runner systems are also used. However, for the
introducing of hot runner systems, precise temperature
control systems and wear protected tips are needed.

6.4.4. Gating

Side, film, disc, center, tunnel, pin and submarine
gates have been used with success in molding DIC.
PPS. Disc gate are used to help keep cylindrical parts
round while film gates are used to help keep molded
parts flat. Submarine gate can be used where
automatic operation is required and its tentative design
is shown in Fig.6.5.

6.4.5. Draft angles for molds

Generally, a half degree per side is used for 10 to
50mm depth cores. Though, a minimum of quarter
degree per side should be used for short cores and
shallow cavities less than 5mm. If core depth is over
50mm, draft angle of one degree per side should be
used.
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6.4.6. Air venting

All molds used to produce parts of DIC.PPS need to
be vented. This is usually done by placing vents 0.005
to 0.008mm deep by about 5mm wide on the parting
line. They are positioned so that entrapped air in the
mold can escape. Venting can be augmented by
flattening the sides of ejector pins. Vent pins are not
recommended because they will fill with flash and no
longer be operable.

Vacuum venting has been used effectively to evacuate
a cavity where a blind pocket or area exists which can
not be vented by conventional method.

YTV —R
Submarine Gate

B
Molding
<—>Jam Knockout Pin
.

Fig6.5 77U 4 —h i

Submarine gate design for DIC.PPS
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6.5. Mold Shrinkage

The mold shrinkage of reinforced PPS is greater
anisotropy than other reinforced amorphous thermo-
plastics. Shrinkage and warping are influenced by
the following factors as flow length/section thickness
ratio, type and location of gate, melt and mold
temperature, injection rate and others. In addition to
these factors, the type and content of filler also affect
shrinkage and warping. The difference in the
shrinkage values measured with and across the flow
direction (anisotropy) can be reduced by choosing a
suitable grade of DIC.PPS. This is significantly
reduces the tendency of flat articles to warp. Figure
6.6 gives the mold shrinkage depending on mold
temperature for mold direction (MD) and transverse
direction (TD) to flow. These data ware measured
by using rectangular molded sheet of 50x105x2mm
with 1mm thickness film gate at narrow side. Figure
6.7 illustrates the influence of wall thickness to the
mold shrinkage. However in the case of weakened
anisotropy which has been molded with pin gate, the
shrinkage should be adopted the average values
between these of MD and TD.
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Fig.6.6 B ZINEED £ TR E kiFtE
Effect of mold temperature on mold shrinkage
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Effect of wall thickness on mold shrinkage
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Flow ability affected by injection pressure and
cylinder temperature
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6.6. Flow Ability

In spite of most grades highly filled; 30-70% by
weight, DIC.PPS is having more excellent injection
flow ability than other filled engineering polymers.
Figures 6.8 and 6.9 show the relation between flow
length and molding conditions. Spiral flow is
strongly affected by injection pressure and resin
temperature but not strongly affected by mold

temperature.
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Flow length depending on wall thickness

Figures 6.10 to 6.15 show the apparent melt viscosity
data affected by shear rate. These data are used for
computer flow simulation in the molds.
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Melt viscosity of FZ-3600 as a function of
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6.7. Properties and Molding Conditions
Properties of DIC.PPS are varied by the molding
conditions as mold temperature, melt temperature,
molding pressure and so on. The mold temperature
is the most important because of the crystallinity
mainly governed by the mold temperature. Some
properties affected by molding conditions are
described as follows.

6.7.1. Mold temperature

PPS is the partially crystalline polymer and the
properties of molding; especially heat resistance is
affected by degree of crystallinity. Therefore, mold
wall temperature is particularly important in injection
molding of DIC.PPS. Basically, it should be above
120°C that is the post-crystallization temperature,Tc,.
The mold wall temperature of 130 to 150°C is
generally recommended. The deflection temperature
under load (DTUL) is the indicator of heat resistance
and the mold temperature dependence of DTUL is
show in Fig.6.16.

The effect of mold temperature on flexural and impact
strengths is shown in Figs.6.17 and 6.18 respectively.
Flexural strength is slightly reduced as mold
temperature is increased on cross linked polymer
based FZ-1140 and FZ-3600. On the other hand,
flexural strength increases as mold temperature
increasing for the linear polymer based. The impact

strength is reduced for all compounds as mold
temperature is increased.
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Flexural strength dependent on mold temperature

Surface condition, hardness, dimensional stability and
mold shrinkage are also affected by mold temperature.
These properties closely depend on crystallinity of
moldings. Figures 6.19 and 6.20 show the properties
affected by mold temperature.
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6.7.2. Melt temperature

As the melt temperature is varied within a suitable
melt temperature range, some changes in physical
properties may occur. These changes are largely a
result of changes in melt viscosity, crystallinity and
glass fiber orientation. Mechanical properties
including tensile, flexural, impact, weld strengths
increase slightly with increasing melt temperature as
shown in Fig.6.21.
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Tensile strength of FZ-1140 affected by cylinder
temperature

6.7.3. Molding pressures

Most parts can be molded using holding pressures
from 50 to 100 MPa. However, occasionally higher
pressures may be needed. The variation of holding
pressure may affects to the mechanical properties as
shown in Fig.6.22.
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Table 7.1 BI5RY EAKEERICK BEE®E S (MPa)
Adhesive bonding by tensile-shear strength. (MPa)

Adhesives Curing FZ-6600 FZ-3600

Epoxy

Super X1) Room temp. 2.3 1.4

EP-0012) Room temp. 5.2 3.1/6.19

XM1938/XV1939% 120°C/120min. 6.8 2.6
Silicone

KE1800TA/TB? 150°C/40min. 3.4 1.5/3.7"

SE1712 150°C /40min. 3.3 1.6

1) X442 (#k). 174&E., %8t /CEMEDINE Corp.

2) ExALA (k). 2%E, EiRFE{L /CEMEDINE Corp.

3) BANIV v X (%) 2RMEFEL. EFBRRy T TH/
NIPPON PELNOX Corp., for electronic parts potting.

4) EH1b% (%) 27%N2LAE{L /SHINETSU CHEMICAL Corp.

5) BLAwd—=>27 (#) 174&MZFE{L/TOREY-DOW CORNING
Corp.

6) %@ikE UVALIEG0F) /Surface improved by UV for 60 sec.

7) 7=—1) %R, 200°C/3Hrs./After annealed 200°C /3Hrs.

7. FINISHING OPERATIONS

DIC.PPS offers particular versatility for the effective
subsequent treatment of moldings and semi-wrought
products. Finishing processes include machining,
adhesive bonding to itself or other materials, thermal
and ultrasonic welding, painting, metallizing and
annealing.

7.1. Machining

Turning, drilling, milling and sawing of DIC.PPS
molded parts present no problems provided the
machining equipment is fitted with carbide-chipped
tools. However, the machined sharp edges should be
avoided to stress concentration as shown in Fig.7.1.
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Stress intensity factor dependent on p /a

7.2. Adhesive Bonding

Because of the excellent chemical resistance, PPS
molding parts can not be bonded together using
solvent-based adhesives. Best results are obtained with
other types of adhesive, such as epoxy based resin,
silicone resin and cyanoacrylates. Better bonding
strength is obtained by the surface improvement such
as corona, plasma and UV. Especially, UV treatment
is most suitable method. Also, annealing of moldings
is effective for the silicone adhesives before bonding
and the annealing condition of recommendation is
over 200°C/3-5 hrs.

Table 7.1 shows the results of adhesive bonding by
the tensile-shear tests. In this test, 25x25mm
bonding area was adopted.
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7.3. Welding

Available welding method for DIC.PPS are ultrasonic
welding, friction welding, heated tool welding and
induction welding. The ultrasonic welding is better
method for PPS. Impulse times should be set between
0.2-0.4 sec., welding forces low and amplitudes
should be between 20~50 micro meter. Shear joint
design is generally recommended as shown in Fig.7.2.
Table 7.2 shows the results of ultra sonic welding
using the test pieces in Fig.7.3.

P* Welding strength=P/md

4mm

Fig.7.3 BE M EAIE
Test method of ultrasonic welding

Table 7.2 BERAEHE
Ultra sonic welding strength.

Welding strength

Amplitude Pressure Time
FZ-1140 FZ-3600
40 um 0.28 MPa 0.4 sec. 28N/mm 15N/mm
40 0.28 0.2 21 12
40 0.14 0.4 31 14
20 0.28 0.2 22 13
50 0.28 0.3 30 21
7.4. Metallizing

Vacuum metallizing can be used to produce glossy
metallic surfaces, it is possible to dispense with
intermediate coating step which is normally necessary
to give filled thermoplastics a suitably high gloss
surface. Pre-treatment with argon plasma is
recommended to ensure good adhesion of aluminum
coating during vacuum metallizing.

7.5. Painting

Same as adhesive bonding, surface treatment improves
paint adhesion. Suitable painting system for DIC.PPS
moldings include one or two component acrylic resin,
silicone resin and PU-based coatings, priming with
PU is essential. Electro-static coating is possible with
the DIC.PPS conductive series.
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7.6. Fasten by Tapping-Screw

It is often desirable to fasten the PPS moldings
together or to connect different materials with bolts or
screws. Molded-in  metal screw inserts or ultra
sonically staked inserts are generally used for good
holding force in plastic moldings. Other important
connecting method is to use the self-tapping screws.
Because of the excellent strength and rigidity of DIC.
PPS, DIC.PPS moldings have good tapping screw
properties as shown in Figs.7.4 and 7.5.
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Relation between fasten torque at break and
effective screw length

7.7. Post Annealing

Heat history is a primary factor affecting the
crystallization of PPS. The crystallization degree can
be increased up to a maximum of 55-60% in DIC.
PPS by molding part in a hot mold. If an articles
have been previously molded in a cold mold (below
120°C), it may be annealed at over 150°C for one to
two hours with approximately high degree of
crystallization expected. Fig.7.6 shows the effect of
annealing. The dimensional changes are investigated
during the annealing in Fig.7.7.
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$ 04 e
—
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Post shrinkage after annealing affected by

mold temperature
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Precautions for molding
Be aware of the followings and the Material Safety
Data Sheet. And to the best of our knowledge, the
information contained herein is accurate. However, the
manufacturers do not assume any liability whatsoever
for the accuracy or completeness of the information
contained herein.

1. Pre-drying of pellets
Excess of drying temperature and/or time would be
caused a color change or change of flow ability.

2. Suitable cylinder temperature
Range of the most suitable cylinder temperature is
300 to 340°C and do not heat over 350°C.
However, most suitable temperature for each DIC.
PPS grades should be confirmed. Especially for
safety, the temperature range of the grades which
are filled PTFE* should be 290 to 320°C and do
not heat over 330°C.
*. PTFE; Poly Tetra Fluoro Ethylene

3. Residence time in cylinder
The followings give a standard, and may vary on
grades of DIC.PPS and different conditions.
300°C: less than 60 min.
320°C: less than 30 min.

4. Degradation or decomposition of resin
In case of degradation or decomposition of resin or
any fear of decomposition, reduce the cylinder
temperature and purge the resin out.

5. Shutting down
When shutting down the operation, purge resin out
completely and the heater off.

6. Do not mix colorants, additives or other resins with
DIC.PPS except materials which DIC recommends.

7. For safety during operation
7-1. Ventilation system is recommended and
especially is necessary for PTFE filled grades.
7-2. Wear protective goggles and gloves.
7-3. Keep operator away from nozzle section.
7-4. Do not touch molten resin without gloves.

8. Disposal method
Dispose or incinerate under safe conditions of in
accordance with local regulations.
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DIC Corporation

Engineering Plastics Division

Tokyo, Japan

Tel+81-3-3278-9905 Fax.+81-3-3278-1844
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Tel.+49-211-16430 Fax.+49-211-164388
DIC International (USA), LLC.

New Jersey, USA
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