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- Figgz1%: 130°C/4Hrs.
D H—BERRTE: 250°C (H T A HERIL 21 7)
240°C (FEr& bz 17)
ST FEIERER: 0.3~0.7 sec.
AR¥EEH: 10~60MPa
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40°C (FF@fka17)
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Polybutyleneterephthalate resin (PBT)
CAS No. 26062-94-2
Safety Information:

See 'Precaution for processing' in this brochure and Material
Safety Data Sheet (MSDS) 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 PLANAC ('Products').

2.The Information is based on tests or research
TOYOBO Co,, Itd ("TOYOBOQ") believes to be reliable, but
no warranty is given by TOYOBO 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. TOYOBO 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 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:250°C for reinforced grades and
240°C for un-reinforced grade,

+ Injection rate:0.3~0.7sec.,

+ Holding pressure:10~60MPa and

* Mold set temperature:60°C for reinforced grade and 40 for
un-reinforced grade.
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1.GENERAL INFORMATION

"PLANAC" is the registered trade name of
TOYOBO'S Polybutyleneterephthalate  resin
(PBT) molding materials.

PBT is polymerized by terephthalic acid or di-
methylterephthalate and 1,4-butanediol, and its
chemical construction as shown in Figl.l.
Having melting point of about 225C and glass
transition temperature of approximately 30C,
therefore this polymer shows rapid crystallization
during processing and has easy process ability.

PLANAC which is reinforced with glass fibers
possesses an excellent combination of properties
of interest to the designer and processor. It
improves heat resistance, strength, rigidity, creep
resistance and dimensional stability comparing to
the unreinforced grades. PLANAC is the typical
engineering plastics combined with superior
physical properties and excellent processability
and is non-burning by established industry
flammability test with specific flame retardant
chemicals.

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

B Heat resistance in short and long term,

B Superior mechanical properties,

B Excellent fire resistance of UL94V-0 grades,

B Low water absorption,

B Chemical resistance to wide range of chemicals,
B Excellent electrical insulation properties and
B Easy processing properties.
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2.PROPERTIES OF POLYMER

PBT polymer exhibits exceptional resistance to
thermal oxidative degradation. Its decomposition
temperature,as determined by thermo-gravimetric
analysis (TGA), is over 340C in air at Fig.2.l.
The high decomposition temperature in air is
indicative of PBT's good resistance to oxidation.
PBT polymer is partially crystalline and the glass
transition temperature;Tg is approximately 25 to
30C, and the melting point is about 225C by
differential scanning calorimetry (DSC). These
values are critical for the mechanical properties of
the moldings as the function of temperature, as
illustrated by the dynamic dumping properties for
the neat polymer as shown in Fig22. 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.

The comparison with PBT and other engineering
polymers is shown in Table 2.1. This table shows
that PBT has excellent heat resistance and
chemical resistance compared with others.
Especially PBT has fast crystallization, therefore
it can be molded with comparatively low mold
temperature and has excellent processing
characteristics compared with others.

Table.2.1 DI TZEDEEE
Comparison with other engineering polymers.

PBT PA-66 POM PC PPE

Rk b E4 H H b
Water absorption Excel. Poor Fair Fair Excel.
B B & & &
Heat resistance Excel.  Fair Fair  Fair Fair
PR = = 2] = F
Strength Excel. Excel. Fair Excel. Fair
T H & H s H
Rigidity Fair Poor Fair Fair  Fair
F = H = F

#t£/Toughness Fair  Excel. Fair Excel. Fair

%
ﬂ”ﬁjﬂir 5 & 4= B @

. Poor Fair Fair Poor Excel.
resistance
A B8 B B8 g5 g5
Solvent resistance  Excel. Excel. Excel. Poor Poor
7 IV H & & & B 5
Basic resistance Fair Fair Fair  Poor Poor
R B8 F 55 55 g5
Acid resistance Excel. Fair Poor Poor Poor
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3.VARIATIONS OF PLANAC

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

Bl UL94/HB type and
W UL94/V-0 type.

In this information the properties of PBT neat
resin and representative two PLANAC grades are
mainly described and other various grades are
shown in "PLANAC Guide Data"'.

BT-1030-05: GF30% reinforced HB and
BT-2230-90: GF30% reinforced V-O grades.
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4. KEY PROPERTIES
4.1.Short-Term Mechanical Properties

PLANAC shows excellent mechanical properties
over comparatively wide temperature range.
Figure 4.1 shows the tensile and flexural stress-
strain curves for the representative grades. Also
Figs. 4.2 and 4.3 show the relationship between
strength and modulus and the environmental
temperature respectively. In these figures, above
30C which is grass transition temperature;Tg of
PBT, the strength and rigidity fall lowering.
However, PLANAC reinforced grades as BT-
1030-05 and BT-2230-90 retain about one third of
the strength and modulus at room temperature
even at high temperature of 150C.
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The flexural elongation at break affected by the
temperature is shown in Figd44d and the
elongation is increasing at higher temperature than
Tg. As shown in Figs45 and 4.6, the impact
strength and compressive strength affected by
temperature show the similar curves to the
elongation and strength of it, respectively.

It is almost impossible to avoid the weld lines in
actual moldings. Especially, the weld strength is
weakened compared to non-welding portion for
the reinforced grades. Figure 4.7 shows the weld
tensile strength affected by temperature.
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Resin flow
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Flow directions and the co-ordinate system.
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Table 4.1 REWIFEDE LM
Anisotropy of mechanical properties.

=+
s 7.5'4““ BT-1000 BT-1030 BT-2230
Property Direc.
BRI 58 MD 90 200 205
FSY) MPa D 83 116 113
HR S RE R MD 2300 8000 9500
FM2) MPa D 2300 4240 4700
R T B T (R O MD N.B. 35 3.0
Fed at break,% TD N.B 4.3 2.3

1)Flexural strength  2)Flexural modulus  3)Flexural elongation

Fro BATVEOM R ORI R 2 R BT % L THEL
HPEEIZBILTid, Table 4.21ZF0KDKALEITV, FERIC
BIIBZNO HETable 4.31RLE T,

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 PBT which is a polymer, anisotropy is
governed by not only fibrous arrangement but
also molecular orientation. A 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 Fig4.5, the co-ordinate
system is introduced to explain the anisotropy.

Table-4.1 are the values of flexural strength ,
modulus and elongation at break in MD and TD
respectively. And Figs49 to 4.11 show the
dependence on temperature for flexural strength ,
modulus and elongation at break. These values are
compared with the properties in MD.

The elastic moduli for anisotropic materials are
very important in order to define the relationship
between stress and strain. In Table 4.2, five
elastic moduli are defined. And these values at
room temperature are shown in Table 4.3.

Table 4.2 BEXEH MM OEMERE
Elastic moduli of orthotropic body.

Modulus EF5/Definition

MD 73[R D e (R E (17> )

El Young's modulus in MD.

£2 TDAEDHEEIERE (V> TR)
Young's modulus in TD.

/12 MDARBDRT7 I bt
Poisson's ratio in MD.

/21 TDABRDRT7I b
Poisson's ratio in TD.

G2 AN MR E (MR ED

Shear modulus.

PLANAC

Table 4.3 7oy DiEEER
Elastic moduli of PLANAC.

BT-1000 BT-1030 BT-2230

E4, MPa 2800 9000 10500
Eo, MPa 9500 4600 5200
Vi2 0.35 0.36 0.36
voy s E1va1=Eavi2?) --m-mmmm

G12, MPa 780 1600 1700

1) MaxwellDE 2 F85%/Maxwell's reciprocal theory.
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4.3.Long Term Mechanical Properties

PLANAC parts show the small permanent

deformation during continuous static loading
under room temperature or lower temperature. It
is often understood creep phenomena or stress
relaxation and strongly affected by environmental
temperature because of the peculiar characteristics
to the PBT. The flexural creep properties under
room temperature and 100C are shown in Fig4.12.
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Table 4.4 PLANAC®D107 R ES
Fatigue endurances in 107 cycles.

m/Grade 23C 100°C

ﬁ‘i . 36MPa  20MPa

BT-1030 exura
513K 27 16
Tensile
HA L 31 17
Flexural

BT-2230
5|3&") 23 12
Tensile

PBT molded parts even withstand the prolonged
application of high dynamic or cyclic loads. In
this 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 107 repetitive
stresses. Generally, the fatigue endurance of
PBT is about 20 to 25% of the static strength in
the same conditions. Figure 4.13 demonstrates the
flexural fatigue S-N curves of BT-1030-05 and
BT-2230-90 as typical fatigue endurance curves.
This fatigue tests were carried by ASTM D-671
under the condition of constant stress. The
flexural fatigue endurances in various environment
temperatures are shown in Table 4.4.
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4.4. Thermal Properties

4.4.1.Linear thermal expansion

As with any other anisotropic materials, PLANAC
shows 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.4.14 (The thermal
expansion curve of BT-2230-90 is the same of
BT-1030-05). If the intensity of anisotropy is
weakened, the wvalues of thermal expansion
coefficient are middle values between MD and TD.

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 PBT
is subjected to high temperature aging, an
increasing in crystallinity during the first few
hours and causing a slight reduction in strength.
Figure 4.15 shows the diagram of heat aging
properties of BT-2230-90 and Table 4.4 shows the
continuous service temperature certified in UL
file number E-53829. Dimensional stability of
PLANAC under elevated temperature is based on
rigid crystalline construction of the polymer.. The
dimensional change after heat aging tests is shown
in Fig4.16.

Table 4.4 PLANAC®D107[EIfIFEH5H
Fatigue endurances in 107 cycles.

! E# sy HEAY/ Mechanical
Grade!)  Thickness Electrical gmesy) mem|
(m) With  Without
impact  impact
0.75 130 110 110
BT-2215* 1.5 130 115 115
3.0 130 120 120
0.75 140 125 125
BT-2230 * 1.50 140 140 140
2.90 140 140 140

1) *-may be followed by color, hyphen and any number
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4.4.3. Thermal conductivity

Thermal conductivity is defined in steady state
condition as the flow of heat exchanged.
Therefore the thermal conductivity depends on
temperature and Table 4.6 shows thermal
conductivity of PLANAC at room temperature.
Also it is affected by the degree of crystallinity,
because the thermal conductivity of crystalline
portion is different from the amorphous.

Table 4.6 75y DEIRER (FiB)
Thermal conductivity of PLANAC at room temp.

i GFEEE, wt.% HARBER, W/mk
Grade Glass fiber content Thermal conductivity
BT-1000 0 0.23
BT-1015 15 0.29
BT-1030 30 0.31
BT-2230 0.32

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.4.17.

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 p,

thermal conductivity , and density p as;
A=C/(n.p)

4.4.6.PVT curves

The specific volume varies according to the
temperature of the material and the pressure
applied to the latter. Figures 4.18 to 4.20 show the
relation between pressure;P, volume;V and
temperature;T. These data are useful to predict the
warp of moldings by computer simulation.

-1 o_
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4.5.Electrical Properties

Generally, electrical insulating properties are
estimated by the insulation resistance including
volume and/or 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. PLANAC possesses
excellent insulating properties and the dielectric
strength depends on the wall thicness,
environmental temperature and heat aging, as
shown in Figs4.21, 422 and 4.23 respectively.
Also, the arc resistance properties depending on
heat aging are shown in Fig.24.

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.
Figs4.25 and 4.26 show the dielectric and
dissipation properties of PLANAC.

-12-
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The insulation resistance is important electric
insulating property. Because of law water
absorption of PLANAC, the volumetric
resistivity is not strongly affected by a humid
comparing to other materials, Also PLANAC are
not strongly affected by a temperature or long tern
heat aging. These superior insulation resistances
of PLANAC are shown in Figs.4.27 to 4.29.

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 CTI value of BT-
2230-90 is over 250V and certified as rank-2 by UL.




PLANAC

4.6. T 32 i E i K 14
T 2 iE AR AL WIS OIAF AL IS L

TR TR A A>T E . Tabled. 712 R AR
LET.F2.M-4.30ICn T XHcHV) Y . 2oy
F AL AR U TR A 20 5 i R & R I R O
ABZEMHRE T BRICRL TRIRE MKW G AT A
HERBOET ., EIRE DD SN T AT/ TIE
ERNBETT, 72 AP OO TEPBTIE A 53 fif
238572860 CLL_ETOEAKPTO WO I T 5
DEBRBNET,

Table 4.7 THE&AM;1000Hrs. R EEEDEFEE(L

Chemical resistance: 1000HTrs. immersed in chemicals.

= R
B BE

Substance Temp e
E8 §IRME 4@
Weight Tensile Apperance
strength

TibE  REE %

Change Retention Change
H2S04,30% 23C *=% 96% A
HCI,10% 23 0.1 90 A
HNO3,10% 23 + 90 A
NaOH,10% 23 1.0 27 C
NaCl,10% 23 0.2 99 A
CaCl2,30% 23 0.09 99 A
I%./—)b/Ethanol 23 0.2 99 A
x5/ —Jb/Methanol 23 0.4 94 A
7tk /Acetone 23 1.0 90 A
NLVIX/Torene 23 0.2 95 A
'T'—el};gﬁ;lgn?;hane 23 O 100 2
eI R I
Tionoroetyione 28 20 80 A
E-%-#1JV/Motor oil 23 0.1 99 A
G m = e
2—E2#/Turbine oil 23 + 99 A
o w2205 o4 A
,zzﬁff{rgeeze fluid 23 * 99 A
#/)>/Gasoline 23 0.1 98 A
#3M/Kerosene 23 0.20 98 A
#VAR—IL/Gasohol? 23 0.2 96 A

1) BfR/Visual, A:Z{E4L . (£ 7] /Not changed, B:Z LAV ERTE
/Slightly changed and caution, C:Z{t#&")/Changed and not use.
2) #V)>Gasoline/ 2./ —JMethanol=85/15wt.%

4.6.Chemical and Water Resistance

PLANAC broadly resists to a wide range of
chemicals including organic solvents, fuels, engine
and transmission fluids. Table 4.7 provides an
overview of the excellent chemical resistance after
storage in various solvents, alkalis, acids and oils.
Figure 4.30 shows the long term resistance of
PLANAC for gasoline, motor oil and hot water
under elevated temperature.
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5. ZNDMDME
5.1. &M
Fig.5.1,5.212% vy Ay =¥ 4212 k54 3t fif
EME R BR DS R A R T X T T F o213 WA R D
TENTHET ., =2ALH T AR L -FTId &
NHENBBENSHED TR ENLETT,

5.2. B EF

A EDXEDEBEFEIL, ZOMADRE IS TED
DEF,F- WOEBICOWTIRMEDEBREDOT
—4% Table 5.UIRLET, &k, BEEHREIIFig.5.312
AT EI M EREE T2 W, 79 F s e REMEDT
RO EERE A RE LD T, 7272LIE JJP=150kPa,
HEV=0.3m/sec. DEMHFTT,

Table 5.1 PFEEREEFESEME
Abrasion and frictional properties.

EEVREEFEAS 1% BT-1030
Wear & frictional properties S BT-2230
TaberEfE & /Taber abrasion 10-15 25.35

mg/1000 cycles (CS-17)

EEI %2/ Co-efficient of friction
PLANAC vs. steel
EHEER{RE/Dynamic 0.14 0.21
BREEIR{RE/ Static 0.16 0.19
PLANAC vs. PLANAC
B EE{HRE/Dynamic 0.19 0.27
BRI (R EL/ Static 0.21 0.24

5.3.1FE

T IAF o ADME LIS Ty o TOLRE T &
LETH, Va7 —MEIR NI fraeyh— 2l E L
HRIOL A Iy oL OMBI%  Table 5.21Z/RLE T,
F7- L PBT O f ML RO B2 O sl AL 28
EOFE, < A0 T,
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5.0THER PROPERTIES
5.1.Resistance to UV Weather
PLANAC has good weather resistance, as shown
in Figsb1 and 52. However surface micro
cracks and color change would be caused
occasionally in case of the Glass fiber reinforced.

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 Fig5.3. The
properties of wear and sliding friction data are in
Table 5.1.

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 52. And
hardness is governed by the crystallinity of PBT.
Therefore, highly crystallized molded parts are
harder than the poor crystallized parts.
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6.2.3 51 Hi

B OB 8 5 70 I AN T, — 1 Y
BN D% A A BT % F O CHERS LY
D SHECT I L FE R RN L 0.5- 1.5 M REE 1275 %
EIRELET

6.2.4. 5 HRIFESD

HELDIZ FAETANDORBIHGE T RORFEESTY,
HWH L 50MPall EdIUSFE T FHCIRFHE i3 r A
RAELEFWIEHOREED T B fELNEFAE T,

6.2.5. 271 —MEHEETE

22" 2 — AR B, 40~ 150rpm A3 Y T, [AlER 5=
WIEAEBE DL, AL TH 55T A MED R % i<
HOHDMIEIK T 28726 THANHVET,

WL, Wy — U CL-2MPafe 8 T4, 7272 LaEHEN
AEE. ThbbYa—t a2 ET5L5%
B 3-4MPagx T LU BZENTEX T, BT HEEESL
THEG RPN RLDZENHDET,

6.2.6./5—=24

WIE#%OREBED )2 — 12 Sk E DR T FL vk
ETN=VV 7 T208EYTY . F HIROEFEHE
i TxET,

6.2.3.Injection rate

PLANAC grades have high to very 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 the high injection speeds
recommended, correspondingly high injection
pressures are often necessary. Holding pressures
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 between 40-150rpm., and low back
pressures of between 1-2 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.
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6.3.BEFA

TIF IR ATNRS Yy F—DO AR HIZ R TT,
R URAIC Y5 TE3DODEELFEAVILAEDET,
FPE IS HEMPEEORE M TTbh28DTHES
T TICHAEME EETRIENE —IEhThaZ
E RSB A B L R E AR LE T, 8 =1
B & 23R M A & O 354 FHE MR 11 2 Bl 2L
900077 AFEE DR A TR b2 5 78 42 U 7= & Ja B 23Tk
ABETHRINTNBRZELETY 2. PBTOHA .
FEMDBR N TABBERDHDET,

AN TIE AR AL R B S O B A REL T
FT L HAEMOBRAEE30%LL T FELLIE25%
UTICTAZLE2ERODLET . A TDFig.6.2~6.3121F
AEM%E20,30,50%L L7250 05 [HR R, 1 5253 251t
EARLET .  FAEMHEOREDOZ L, R~ —DE)
i a b CTHBH T AMMED R XZELIZFELTRIK S
2728 58 DK T DA S RE K T IRk 2 B Fit @y
DEALEESGEPHFDE T,
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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. Also the regrind materials
must be dried enough on PBT. The regrind of less
than 25% can be added in the repetition use,
depending on the level of property reduction
considered acceptable. The following Figs.6.2 and
6.3 denote the changes of tensile strength and
impact strength by repetitive rework of BT-
2230-90. PBT polymer has excellent heat stability,
however the cause of degradations or changes in
strength and flow will be a change of fiber length
and thermal decomposition of the polymer during
processing.




PLANAC

Table 5.2 75y DREE
Hardness of PLANAC molding surface.

'8 E /Hardness BT-1000 BT-1030 BT-2230
Rockwell
R scale R-116 R-118 R-118
M scale M-75 M-89 M-88
Shore D D-81 D-85 D-82
Dynamic 23 23 23
5.4.[RFBRFHLLOI

PR 1R SR 5 ML O LI R 2 2% 3 M K Y 20 B fiti
ZOM B R e % kAt 32 DI, HBVE—7E DI R
IABEL DT DIZBE LT B i D BB AT RDOIRIEERL
Y L2 TIRED B M FHEERA AR e A
E3C

Table5.31ZASTM D-2863ICHEC/- A TT I v ok
DT I 2F 9o 2D R e T AR B2 LU 728 DT A
77Ty 7 EA(FR) 7V —F I3 Ty W R BUE R
IR e DA E T,

Table 5.3 7S5+ v 7D TS XF 7 XDRFREEFRIEET
Limiting oxygen indexes of PLANAC and the others.

o FRFERIRIEEL. LOI
Materials Limiting oxygen index
PBT
PLANAC BT-1000 21
PLANAC BT-1030 20
PLANAC BT-2230(FR grade) 33
LCP GF30
24 7I/G.P. grade 35
%24 71/Heat resistant grade 47
PPS GF40 47
14066/Nylon-66 28
%’E%Q’EPPE 30
Modified PPE(FR grade)
#IKPC a4
Polycarbonate(FR grade)
PPS GF40 16
1108.66/Nylon-66 95
PPS GF40 18
11066/Nylon-66 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
continue 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
PLANAC with other plastics under the method
of ASTM D-2863. These values for PLANAC
flame retardant grades indicate excellent resistance
to burning compared with the others.
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75y 2 G I L 0 5 WA Ok BB =
TYEAE 7R, LTI 2R BIC O ML E
7,

6.1. 5 % fE
6.1.1. 58 H R 1%

WHEDAI) 2—A VT4 247 O 4 W H 6
TEET . hk., F7 AL i L Tids) g —
BOIZAZY) a—1& I EEFEME AR BT, WibhIE
FRNEDOF—T VAL T I ZLPEEFHINE T A, X
BIZEE R | T K B Y 5 % 15 5 7= 8 1S i 3% RE 1 B
Syt T ) TN DIEE BN T,

6.1.2. F sz 1%

PBT MK LA B %728 22X D 225K 53T
BIREHIZ L, R, Rieh  MBIR REHIKZG T
B CHMEDIK FEFIZRILET 5t > TRIBRENE
B SO R ER D 71§ PR A FIEL TR &
Vo PATZIRD S PG FEI R R RS> H D 3
E0ETA LT O EEETT,

120°C:4~ 6 [H]
130°C:3~5IRF[H]
140°C:2~ 31 [H]

6.2. s kA
Fig.6.1127' 75 2 MY b O BHE I 22 4 R L &
¥

6.21. 2V 5 —RE

VA —IE O i fE P IE R L T T230~260C. GF
HRALRT240~270°C T Ry S—HIDWEE BB L FIZ
eV b AGA RPEN L L BIE 020020 2
— VNV E—DEREN P BDET  F2/ AL DERE
LR LA FIRBEICL. Fe =Y AR R T 52
EIFTRE T Mh 7270 CEMA DL H CEESLYMIK T
DENDDHDE T FHIZHEIR 7L — P TIZEEIR H 2 B
LTARETHDTO. VIV E—REREIIITELD
Y,

6.2.2.28RE

77Ty 1d, K a L OB R T D Ay 1S Y
Wi X HF R A 5100 CE THIPH RN D AR R TY, 7272
URIEH A L & E 1§ hUd IRt 24 7 ik Rm e
XRS50 CHOMERE T, A7 ZfAME R AL s DI
a DS BLA T THRIRDBSH: EADIZTBIZI360TCT~
100C e TY,
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6.PROCESSING

The processing characteristics of PLANAC make
it an 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 filled compounds are
recommended to protect machine and mold wear.
Normally, open nozzle with non return valve is
used and positive shut-off nozzle also useful in
molding PLANAC to get the precise moldings.

6.1.2.Drying
PLANAC pellets must be dried prior to
processing in order to prevent the forming or
drooling phenomena and decrease of the physical
properties. Drying should be accomplished in the
following conditions,

120C:4~6 hours,

130C:3~5 hours or

140C:2~3 hours.

6.2.0perating Conditions
Figure 6.1 shows the standard temperature
conditions of the injection molding.

6.2.1.Processing temperature

Generally, cylinder temperature should be settled
230 to 260C for PLANAC unreinforced type and
240 to 270C for the reinforced type. Higher
cylinder temperature above 270C may causes
color change or decrease of physical properties.

6.2.2.Mold temperature

A wide range of mold temperatures from room
temperature to 100C can be selected because of the
rapid crystalline characteristics of PLANAC. In
order to obtain better surface finish on mold parts,
the mold temperature of 60 to 100C are normally
recommended for reinforced grades. On the other
hand the mold temperature of room temperature to
50C is recommended for the unreinforced.
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FHRHIE W T TET, Fea—-AFZRFSTTL
3.9V F—BIXUZAT I —D LRI T ERITTHFEN,
AT N — I NERERA T T T

AubIvF =TI F oIl TEE T AR TS
T — LD IEFE T D F o T B S iR > T
BEDERETEILERHDET,
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ZOIZRLTTFAZ2r = MEMESH LN EV) v 2 —Ik
DB GO MRS 2 IR T 2D RYHDES VT
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PARD7=20E BT,

6.4.5.%k = H)EC

BIOMERG IS RESLELEINE T2, —XIICIEF v
T A —REH10-50mmD A & TIE— M IS /0. 4%
FREORE NP LETY, 72720 REHP10mmEL T
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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 resist tool steels which is alloy
steel containing C, Cr, Mo and V have excellent
resistance to the erosive effects of glass fiber and
/or flame retardant PBT compounds. These steels
should be hardened to over 55 by Rockwell C
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, heated water or oil. In any method
selected to heat, insulation should be wused
between the mold and platens to keep down heat
transfer to the platens.

6.4.3.Runner and spur

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 spur and runners.
Standard spur 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
PLANAC. Disc gate are used to help keep
cylindrical parts round while film gates are used
to help keep molded parts flat. Also,submarine
gates are useful while automatic operation is
required.

6.4.5.Draft angles for molds

Generally, 0.4 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 bmm. If core
depth is over 50mm, draft angle of one degree per
side should be used.
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6.5.Mold Shrinkage

The mold shrinkage of reinforced PBT are greater
anisotropy than other reinforced amorphous
thermo-plastics.  Shrinkage and warping are
influenced by the following factors as flow
length/section thickness ratio, location of gate,
melt or mold temperature, injection speed 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
PLANAC. This is significantly reduces the
tendency of flat articles to warp.

Figures 64 and 6.5 give the mold shrinkage
depending on injection pressure and mold
temperature for mold direction (MD) and
transverse direction (TD) to flow. These data
ware determined on the rectangular molded sheet
of 105x50x2mm with 1mm thickness film gate at
narrow side. Figure 6.6 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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6.6.Flow Ability

PLANAC has excellent flow ability. Therefore, in
case of small molded parts, PLANAC can be
molded the parts with wall thickness 0.3 to
1.0mm. Figures 6.7 and 6.8 show the relation
between flow length, molding conditions and wall
thickness. Spiral flow is strongly affected by wall
thickness, injection pressure and resin
temperature but not strongly affected by mold
temperature.

— 5 BHIR O EIRE E D IR F —2H B0 AV 2 —4
IR B PR BT DI T — &2 LU T D VRIS B D & AW H i
A Fig.6.9~6. 111 /RLE T,

Figures 69 to 6.11 show the apparent melt
viscosity data affected by shear rate. These data
are used in computer flow simulation in the mold
cavity.
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6.7.Properties and Molding Conditions

Properties of PLANAC are varied by the molding
conditions as melt temperature, molding pressure,
mold temperature and so on. The cylinder
temperature is the most important and too high
cylinder temperature gives degradation of
mechanical properties. Some properties affected
by molding conditions are described as follows.

6.7.1.Drying

PBT in common with other thermoplastic
polyesters are liable to hydrolysis. As a result,
they may suffer irreversible damage if their
moisture content is too high during processing.
Therefore pre-drying should be needed under the
condition in section 6.1.2 in this brochure. Figure
6.12 shows the strength and moisture content
depending on pre-drying condition.

6.7.2.Melt temperature

As melt temperature is varied within a suitable
melt temperature range, some changes in physical
properties may occur. These changes are largely
a result of degradation of the polymer, or a result
of changes in melt viscosity, crystallinity and
glass fiber arrangement. Especially, mechanical
properties are largely affected as cylinder
temperature is above 270C to 280C, as shown in
Figs.6.13 and 6.14.

6.7.3.Residence in cylinder

Excessive residence should be avoided in cylinder.
Figure 6.15 shows change of Melt Flow Rate
during residence in the cylinder of injection
machine. And the decrease of mechanical
properties are shown in Figs6.16 and 617 on
residence in the cylinder.
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6.7.4.Molding pressures

Most parts can be molded wusing 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.6.18

6.7.5.Mold temperature

Figure 6.19 show the effect of mold temperature
on tensile strength. Tensile strength increases
until 60C as mold temperature increasing.
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7.FINISHING OPERATIONS

PLANAC 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 PLANAC
molded parts present no problems provided the
machining equipment is fitted with carbide-
chipped tools. However,the machined sharp
edges should be avoid to stress concentrations.

7.2.Adhesive Bonding

Because of the excellent chemical resistance,
PLANAC 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.

7.3.Welding

Available welding method for PLANAC are
ultrasonic welding, friction welding, heated tool
welding and induction welding. The ultrasonic
welding is better method for PBT. Impulse times
should be set between 0.2-04 sec., welding forces
low and amplitudes should be between 20~50
micro meter and the shear joint design is generally
recommended for good welding.

7.4.Painting

Same as adhesive bonding, surface treatment
improves paint adhesion. Suitable painting
system for PLANAC moldings include one or
two component acrylic resin, silicone resin and
PU-based coatings,priming with PU is essential.
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PLANAC

It is often desirable to fasten the PBT moldings
together or to connect different materials with

bolts or screws. Molded-in metal screw inserts or
tapping screws because of the excellent strength

important connecting method is to use the self-
rigidity and toughness of PLANAC.

ultra sonically staked inserts are generally used
for good holding force in plastic moldings. Other

7.5.Fasten by Tapping-Screw
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PLANAC

Table B HfUZiazk

Unit conversion table from SI to Gravimetric units.

IEH SIZ EHRIFS EPILTD:
ltems Sl Unit Conversion factor  Gravimetric Unit
TE. N _
Load Force N X 0.10197 = kgf
A, S, £, MR 2 2
)( =]
Stress,Strength,Pressure & Modulus A 1k G
fET
RS J/m X 0.10197 = kgf.cm/cm
Impact strength
bV Nm X 0.00102 = kgf/em
Torque
7§%E*£§ Pa.s X 10 = Poise
Viscosity
AE kJ X 0.2389 = keal
Heat quality
=R
AfnB* ., W/m.K X 0.8600 = kcal/m.h.C
Thermal conductivity
IR IR R ) m/m.K X 1 = ocm/cm’C
Co-eff. of thermal expansion
e _ q
Specific heat kd/kg.K X 0.2389 = cal/kg.C
BE K = 273815 _ C
Temperature C X 1
LLATE 3 3 — em?
Specific volume m*/kg x 10 cm/g
Table C  #EBHIE{T
Metric Prefixes
Numerical values Term Symbol

10 deka da

102 hecto h

108 kilo k,K

10% mega M

10° giga G

107" deci d

102 centi c

1073 milli m

106 micro u

10° nano n
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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.Predrying of pellets.
Predrying at about 120°C/4 to 6Hrs.,130°C/3 to 5Hrs. or
140° C/2 to 3Hrs. is recommended.

2.Suitable Cylinder temperature.
Range of most suitable cylinder temperature is 230°C to
270°C and do not heat over 280°C. However, most
suitable temperature for each PLANAC grades should be
confirmed.

3.Residence time in cylinder.
The followings give a standard, and may vary on grades of
PLANAC and different conditions.

Temperatur Max. Residence Time
230°C 60min.
240°C 30min.
260°C 15min.

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.Replacing to other resins.
When PBT is replaced to other resins, PBT should be
purged first by high molecular polyethylene of blow molding
grade.

7.Addition of pigments and others.
Do not mix colorants,additives or other resins with
PLANAC except materials which DIC recommends.

8.For safety during operation.
8-1.Ventilation system is recommended .
8-2.Wear protective goggles and graves.
8-3.Keep operator away from nozzle section.
8-4.Do not touch molten resin without gloves.

9.Disposal method.
Dispose or incinerate under safe conditions of in
accordance with local regulations.
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