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| I-ﬁgmmts ofiThe Presentation

ﬁﬁglution to extended long term
thermﬁ-—gxidative stability of black
pigmented polyolefins is how

commercially possible. Both 150 C
oven stability and O.1.T at 190 C
compliment each other.

No compromise in Jetness or UV
performance. No need for dyes !




Analysis of Black
ited Polypropylene

, @
~ PIC
. m
@%ﬁhere WEere approximately 260
e 1gnds of filled PP used in

autemBLVE UREEr the hood applications
In NorthapAmErica.

Air intake 14%, Battery Cases 27%,
Housing/Covers 29%, Fan Shrouds and
Blades 11% and other shields 12%.




ﬁq@mlyﬁé Continued

restrlctlons Under the hood are
raisin Standards for thermo-
oxidatverstapility’at 150C and 190 C

OLI5IFtesting by Ford.

Ford requires 1,000 hours at 150C with
/5% retention of physical properties
and O.I.T.testing at 190C. GM setting
standards of 336 hours oxidative
stability or 1,000 hrs 140C.




ong lerm Specifications By
| @f‘ojt Altomotive
omimon belief perpetuated by the
plastichtry from: years of

UnRsuEEEsSIUl iésearch or lack of
iesearchiphias reduced the expectations
by’ Detroit and others for enhanced
thermo-oxidative stability at elevated
temperatures. Downsizing and reduced
R&D have compounded this perception.




Pigmentation

equiréements

- -
Vel of carbon plack is usually just

addeaNierV stabilization. Loadlng
levelsiianger firom 0.25% to 1.00% by
welght. This range of loading equates
to between 650 thousand to 2.6 million
pounds of carbon black. Actual
consumption is estimated at 1.5 million
pounds. Problems with recycled resins.




ing Relationships and
Predictions

-

nglat 150 € for 1,000 hours
egliat ever 10 years of
PEMGIMENCE IR tnder-the-hood
applicauiens: Actual testing of parts
from 10'year old cars found that the
mechanical preperties were still
adequate.

Today over 3,000 hrs is possible !




ting Relationships and
Predictions

e
* AElnduction Time is used to

COMmp Oven aging tests. Shorter
LestiRERtimes result with smaller sample
weightsialie method is reportedly less
reproducible to oven testing and due to
greater extrapolation less correlation
between it and actual' in-use
performance is reported.




-actior Fiction

=
ﬁ@'@%e periermance in filled and non-
flllee yglefins drives the market

EJUIEIMENTS and'so does UV stability

OfF pelYBIERRS. Once a technology
Preaches mediocre performance new
standardsi are established which sets
new bench marks for the industry
regardless of paradigms.




ants in the Industry

Black'Pigmented PP

_ n T -
ﬁ@gmeda Lo extend thermo-oxidative
- stabili wlack pigmented polyolefins

anduisSaUIRTating does exist. Ford
aNNOUREEEMIEW! protocols two years
agorat ACS San Diego,California. The
guestion' of weather the industry is
ready for this technology will be
decided in the market.




id'New Black Pigmented
Polypropylene

——

0% Final Black Pigment







rimental Design

i -
M&n{wpounding off Polypropylene
IHOMOG VATIEr with' Black Colorants with

convenrbional prinary and secondary
antieoxicanptst withrand without co-
additives. Acid Acceptors common to all
formulations. Pellets injection molded
into 95 mil chips for L.T.H.A at 150 C in
a circulating air oven and O.I.T testing
of pellets and molded chips.




n the Study

Antioxidant - A0-1

Antioxidant - A0-2




sed in the Study

Antioxidant - R0-3

Antioxidant - R0-4
















BlackaPigments Used in Study



Used In Study
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k&;ﬂecular Modeling
9031 tational Chemistry

Carbon Black versus Sulfur
Black Chemistries

Chemical Interactions
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OXIDATION OF THIODIPROPIONATE ESTERS

R=C Jmr ROCOCH CH SCH CH COOR
2 2 2 2

'R=C H DSTDP
18 37 1 RooH

ROCOCH CHZSCHZCHZCOOR (Sulfoxide)

1)Stoichiometric Reaction

> 60 C TJ Z)JReversible Reaction

ROCOCH SOH + .l, CH CHCOOR (unstable sulfenic acid)
>606 C

ROCOCH CH SSCH CH COOR + H ZO(Thiosulphinate ester,unstable)

2 21 2 2
0 J, 3) Disproportionates
0
ROCOCHZCHZESCH 2CH::!COOR + ROCOCHZCH 2 CHZCHZCOOR

(Stable Disulphide) (Stable thiosulphonate)




Peroxidolytic Species
RSOH (Sulfenic Acids)

RSOH (Sulphinic Acids)
0

/1
H\S\ﬂl‘l (Sulfonic Acids)
0

RSSR (Thiosulfinates]
\\
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WPEroxidolytic Antioxidants by

1 Oxidation of Thiols

RNHSRR 05> 2RSSR + 40 + R A

alinhatic lﬁiﬂ%xiﬂatinn to disulfide and regeneration of the amine
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W Melt Compounded
Pellet
= ellets

Préparation For Long Term
Testing at Elevated Temperatures
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1% Carbon Black 1% 4G Black









_ Unstabilized Natural
3ne at 150 C
UNSTABILIZED POLYPROPYLENE
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Sample #2 432 hrs (18 days) i
at 1500 Su#faee—(—:fazrng'tmx R
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4 ified Carbon Black 150 C
/ | j'] EHOIOL ég'raded Plaque
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Sample #2 432 hrs (18 days)
at 150C,Interior 40X




Degraded PP 150C
th'Carbon Black
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d Controel Carbon Black
pylene Interior View

Sample #2 432 hrs (18 days)
at 150C,Interior 40X




d Carbon Black PP
dation Side View

Sample 2 After 18 Days/150C
Edge of Plague

Sample 2 After 18 Day
Edge of Plaque
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Phaserl desting of New Black
150 0ven Iiesting Fortified

Thermo-0Oxidative Stahility 150C
, 600 Hrs (25 Days), ~
PP Plaques -

o

ion '

L -

#5 No Degradat




_Df;'c}rz d 150 C Fortified PP
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43 Days/150C 41 Days/150C
Edge Failure Only

Surface and Edge Failure




d Surface at Edge
dne Testing

Edge Degradation Only.




Fortified New Black
mbrittlement

ample 5 (43 Days/150C)
Center of Plaque (Brittle)




5/24/01 INTERNAL CONTROL
2.5% CB,0.1/0.6% 1010/STDP/
0.1% CALCIUM STEARATE

17 DAYS/150C




- 5/25/01
-

P’ 13 DAYS/150C

COMPLETE FAILURE

*2.0% CB,0.1% 1010,0.6% STDP;0.1% CAST2




INTERNAL CONTROL
2.5% CB 0.1/0.6/0.1% 1010/STDP/CAST2

. R =
. 1. iy
. .
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GO MIL 90 MIL 120 MIL
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Resl f All Phases of Study

Graphic Analysis of Carbon Black
VErsus
Oxidized Sulfur Black




Codes For Slides

AO-1 to AO-4 represent standard
stabilization using one part AO to six
parts of thioester and acid acceptor.

AO-1 to AO-4 coded as AO-C1 to AO-C4
represent co-stabilizers or catalysts
added to the standard stabilization
systems at 0.1% unless noted.

S-1 Ester of Propionic Acid
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pon Black Pigmented
Systems
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Relationships between Primary
Antioxidants with Carbon Black
and the Addition of Catalysts




rittlement)

Thermo-oxidative Stability at 150C (Days to Failure by E

Non Pigmented

Thermo-oxidative Stability of Polypropylene at 150 C

0.5% CB 1.0% CB 0.5% SB 1.0% SB

O No Additives

W 0.1% AO-1

00.6% S-1

® 0.1% AO-1:0.6% S-1




Carbon Black versus Oxidized Sulfur Black
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Formulations in Polypropylene

B None
E S-1 only




Black Pigmented Polypropylene Homopolymer
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Primary Antioxidant (0.10% wt.)



Thermo-oxidative Stability at 150C (ASTM D-3012) Days

to Embrittlement

50 -

Black Pigmented Polypropylene Homopolymer

AO-1C1

AO-2C1 AO-3C1
Antioxidant Systems with Catalyst C-1

AO-4C1

m0.50% CB
H1.00% CB




Thermo-Oxidative Stability at 150C (ASTM D-3012), Days to

Embrittlement

50

45 |

Black Pigmented Polypropylene Homopolymer

40 |

30

25

15

35

20 |

10 |

AO-1 AO-1C1 AO-1C2

Antioxidant System with Various Catalysts

AO-1C3

<=0

m0.50% CB
01.00% CB




Black Pigmented Polypropylene Homopolymer
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Embrittlement
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Thermo-Oxidative Stability at 150C (ASTM D-3012), D

(3, ]

m1.00% CB

AO-2 AO-2C1 AO-2C2 AO-2C3

Antioxidant Systems with Various Catalysts



to

i

Thermo-Oxidative Stability at 150C (ASTM D-3012). D
Embrittlement

Black Pigmented Polypropylene Homopolymer

50 ¢
5 |
40 | - '
35
0.50% CB
31.00% CB

AO-3 AO-3C1 AO-3C2 AO-3C3

Antioxidant System with Various Catalysts
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Black Pigmented Polypropylene Homopolymer

AO-4

AO-4C1 AO-4C2
Antioxidant System with Various Catalysts

AO-4C3

m0.50% CB
H1.00% CB
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ulfur’'Black Pigmented
olypropylene

Relationship Between Primary
Antioxidants and Catalysed
Systems on Thermo-Oxidative
Stability




Thermo-Oxidative Stability at
150C
Carbon Black vs Sulfur Black

150 C Thermo-Oxidative
Stability ( Days to
Embrittlement)

0.50% Sulfur Black 23 Days (552 hours)
1.00% Sulfur Black 40 Days (960 hours)
0.50% Carbon Black 21 Days (504 hours)
1.00% Carbon Black 18 Days (432 hours)

* No Primary AO, 0.6% S1
with calcium stearate
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Embrittlement)

Thermo-Oxidative Stability of Black Pigmented Polypropylene with Sulfur
Black

80

<00

AO-1 AO-2

Formulations

H0.50% SB
m1.00% SB




Thermo-Oxidative Stability at 150C of Black Pigmented Polypropylene

Containing 1.0% Sulfur Black
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Thermo-Oxidative Stability at 150C (Days to Failu
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AO-1C1

<=0 (IS

W 0.05%
H0.10%
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Thermo-Oxidative Stability at 150C (Days to Failure by Embrittle

Thermo-Oxidative Stability of Black Pigmented Polypropylene Containing 1.0%
Sulfur Black

70

60

DataBasedomHalithelimountofiermary/AQ

0 |
40 {
30 {
0 |

10

AO-1 AO-1C1 AO-4C1

fifs:

M 0.05%




Thermo-Oxidative Stability at 150C (Days to Failure by Embrittle

Thermo-Oxidative Stability of Black Pigmented Polypropylene Containing
Oxidized Sulfur Black

90

AO-1C1 AO-2C1

<1700 /S

H0.50% SB
H1.00% SB
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Thermo-Oxidative Stability at 150 C (Days to Failure by Embritt

1.0% Sulfur Black

Thermo-Oxidative Stability 150C of Black Pigmented Polypropylene Containing

o]
o

ComninationsorAntoxmantSynSulinrBlaCKSySEMS:

M 0.10%
M Catalyst




Thermo-Oxidative Stability at
150 C (No Catalyst Present)

Antioxidant Carbon
Type&%wt. Black

AO-1
AO-2
AO-3
AO-4

0.50 %
32 days
23 days
31 days
46 days

1.00 %
25 days
23 days
23 days
44 days

Sulfur Black

0.50 %
53 days
57 days
71 days

1.00 %
53 days
51 days
66 days

104 days 93 days



Thermo-Oxidative Stability at
150 C (Catalyst Present)

Antioxidant Carbon
Type&%wt. Black

AO-1
AO-2
AO-3

AO-4

0.50%

31 days
30 days
31 days

47 days

1.00 %
22 days
23 days
22 days

45 days

Sulfur Black

0.50 %
77 days
51 days
77 days

1.00 %
67 days
44 days

>145
days

113 days 95 days

145 days= 3,480 houts



Thermo-Oxidative Stability 150C
Affect of Catalyst on Sulfur Bk.

0.50% No

Sulfur Bk. Catalyst
AO-1 53 days
AO-2 57 days

AO-3 71 days

C-1
77 days 81 days 69 days
51 days 59days 63 days
77 days 77 days 78 days

AO-4 104 days 113 days >145 >145

C-2 C-3

days days

IS

115(ays 31 80/hoL

CatalysHOMOp )
W/O00% LYD,0/6% S-1



Thermo-Oxidative Stability 150C
Affect of Catalyst on Sulfur Black

1.0% No C-1 C-2 C-3
Sulfur Bk. Catalyst
AO-1 53 days 67 days 79 days 64 days

AO-2 51 days 44 days 45 days 43 days
AO-3 66 days >145 72 days 78 days

days
AO-4 93 days 95days 99days 93 days




GGk
Thermal Stahility in Excess of - 3,000 Hours

OO0

Oxidized Sulfur Black Systeins:
0.50% Black: From a min. of 1.272 hours to 2,456 hours.
With catalystup to 2,712 hours.

1.00% Black: From a min. of 1,272 hours to >2,136

oty

Carhon Black Systems:
0.90% Black: From 552 hours to 1,116 hours maximum today reyardless of antioxidant used

1.00% Black: From 952 hours to 1,036 hours maximum today tegardless of antioxidant us
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%ﬂ ical Modification of Sulfur

Black via Carboxylation
- Xy

Conversion to a metal salt
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Thermo-Oxidative Stability at 150C (Days to Embrittl

Thermo-Oxidative Stability of Black Pigmented Polypropylene

>100/days Actually108Days

01% SB
B 1% Carboxylated
B 1% Carbon Black

016,181
0X;{Cast2

AO1 AO2 AO1C1 AO2C1
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‘i)n/.g n Induction Time Data
E:a‘ Blk. Vs Sulfur Blk.

Expressed in Minutes to Induction
off Rapid Oxidation at 190 C




ERECTT
bl

o)

| S XS0 RS B W S S LW A BN
B )
e A A B 2 S R







O.LT (minutes, to induction time)
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25 ¢

10 +

Oxygen Induction Times of Carbon Black Pigmented Polypropylene
Homopolymer

H0.50% CB
01.00% CB

AO-1 AO-1C1 AO-1C2 AO-1C3 AO-1C4 AO-1C5




O.L.T (Minutes, to Induction )

25

20

15 |

10 |

Oxygen Induction Times of Carbon Black Pigmented Polypropylene
Homopolymer

AO-2

m0.50% CB
@1.00% CB

AO-2C1 AO-2C2 AO-2C3 AO-2C4 AO-2C5




O.L.T (Minutes, to Induction time)

Oxygen Induction Times of Carbon Black Pigmented Polypropylene
Homopolymer
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AO-3 AO-3C1 AO-3C2 AO-3C3

m0.50% CB
H1.00% CB




O.L.T (Minutes,to Induction time)
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Oxygen Induction Times of Carbon Black Pigmented Polypropylene
Homopolymer

AO-4 AO-4C1 AO-4C2 AO-4C3

m0.50% CB
H1.00% CB




Oxygen Induction Time (minutes at 190C)

80

Oxygen Induction Time at 190C of Black Pigmented Polypropylene Containing
Sulfur Black

60

50

40 -

30 -

20

10 -

AO-1 AO-2

m 0.50% SB
m 1.00% SB
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Oxygen Induction Times (Minutes at 190C)

Oxygen Induction Times at 190C of Black Pigmented Polypropylene
Containing Sulfur Black

80

60
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10 -

AO-1C1 AO-2C1

H0.50% SB
H1.00% SB




SORCIUSIONS

Carbon Black Pigmented
Polyolefins Continue to Show
Significant Limitations to extend
LTHA at 150C and O.1.T at 190C.

Oxidized Sulfur Black is a cost
performance alternative and has
no limitations with antioxidants
and can be catalyzed in-situ to
further extend LTHA & OIT.




—_—

t Year'Non-Warping
Colorants

-

A Photo off Non-Warping Blue in
IHDPE Beverage Crate

Thermally and UV Stable
Colorants at 200 ppm







