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( Global plastics production )

by polymer
Mton 2022
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PA global production ca.12Mton (3%)
statista.com
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European plastics conversion by polymer
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Polyamide 6: Capacity to produce by geography 2023

PA6 2023 global capacity was 11.6 Million tons
2023 PA66 capacity ca. 3.7 Mton
utilization PA6 ca.65% = 7,5 Mt
utilization PA66 ca.80% = 3 Mt
PA6+PA66 = ca. 10,5 Mt
PA11+PA12+PA46+..> 12Mt

Ca.
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European plastics conversion matrix
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Relative Weather-ability of Plastics

dependant to each polymer different oxidation chemistry

More weatherable Less weatherable
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e

DLO modeling to predict heterogen/eO)SV/

~ oxidative polymer degradation (thermal
~ and light)

Oxidation took place only in presence of
Oxygen and gas permeation into a
polymer is proportional to the polymer
type, surface distance and crystallinity.
Oxidation involves an heterogeneous
degradation processes due to Diffusion
Limited Oxidation (DLO). DLO depends
on geometrical shape and size, intrinsic
oxidation rate and oxygen permeability
of the material (@

Oxidation rate
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DLO modeling to predict heterogeneous
-oxidative polymer degradation (thermal

and light)

Oxidation always start from the surface where O,
concentration is maximum

Oxidation rate depends on:
e Polymer type chemistry, specific polymer oxidation
scheme
e Oxygen permeability of the polymer
e Thickness of the item
» Temperature (faster at high temperature)

mechanical properties are more persistent in ticker
items because oxidation affect mainly the surface

Amorphous polymers are more O, permeable than

crystalline one
Article: "The influence of oxygen diffusion on the natural and artificial

weathering of polyolefins”
Enrico Costantini 10



UV "& Thermo degradation = General Sehe/
oxidation prevention by stabilizers

Ni-complexes
(HALS for O,*)

Quencher

polymer Y
hv

R — > R*

A
| excited state

AO Stabilizers:

throxyIamine
HALS
Benzoates
Phenols

H--Donor

- Phenols
- Phospites When two or
- Thio-esters more
UV Stabilizers: Stabilizers with
- HALS(\H, N-R, N-OR) dlffel_‘e.nt :
Stabilization
- UV-A e
B ¢ chemistries
- hElzas s | | are combined
- N_I-Complexes uv- Hydroperoxide Radical a Synergistic
- Pigments Absorber Decomposer | Scavenger .
System arise
| UVA HALS HALS |
Pigments (screeners)  Phospites Benzoates
SHEleD Costantinl = B2-120 Thio-esters  Phenols 2



(NO Melt Processing Stability)
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“techno-
polymers 3

<

Usually a combination of
Primary AOs (Phenols)
plus Secondary AOs
(Phosphites or Thio-
esters) is recommended
because of synergistic
performance

PA recommended —
AOs stabilizers:
1098, 245, 1010,
3114, PS: 168, 626,
P-EPQ, Thio:

DSTDP, 412S

Enrico Costantini

Primary

Secondary AOs

AO 1076
CAS5 2082-79-3

AO 1010
CAS5 6683-19-8

AO 3114
CA527676-62-b

AO 1098
CAS523128-74-7

AO 1330
CAS 1709-70-2

AO 1035
CAS541484-35-9

AO 245
CAS 36443-68-2

AO 1024
CA5 32687-78-8

AO 1135 (L)
CAS 125643-61-0

PS 168
CA531570-04-4

PS 626
CAS5 26741-53-7

TPU

PS P-EPQ
CAS 119345-01-6

DSTDP
CAS 693-36-7

DLTDP
CAS 123-28-4

AO 4125

CAS5 29598-76-3
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DIIZETS T = -
) CAS 52829-07-9

P — HALS 292 or 765 (Liq.)
== CAS 41556-26-7 (~75%)
techno-polymers
HALS 3853 (wax or MB)

CAS 167078-06-0

HALS 622 TPU
CAS 65447-77-0 or 70198-29-7 (*) £

Usually a

CA571878-19-8or

combination of cis e 13
HALS plus UVA or s 2

Benzoate Is ——
recommended .0

because of cas 19153

synergistic action ——

N-OR 356 CAS 1902936-62-2 HER (*)
Benzoate 2908
CAS 67845-93-6

PA re CO m m e n d e d Benzoate 120 /AM 340

CAS 4221-80-1

UV stabilizers, s i
HALS: 770, 119, casrosss

UVA 360

944, 622, 2020 . ol

UVA 81 /531 TPU

e e
/ 312 UvA3638 -

CAS 18600-59-4
UVA 1577

UV SE

/‘-"‘"" =

Benzoate : 1 20 CAS 147315-50-2
Enrico Costantini m‘;‘;ﬁ;;‘;‘ls

(*}influence on MF and transparency should be check (**} only for colored/pigmented ap)



Factors Influencing AOS Performance

Molecular weight / diffusion

Low vs. high molecular weight types of AOs (LMW vs. HMW):

e Low molecular weight AOs are more mobile in the Melt, more
protecting the polymer during any Processing.

e High molecular weight AOs are preferred at High temperatures
in solid state applications and tests because are more persistent,
protecting the all thickness where the oxidation take place.
Better TGA data at high temperatures and during processing.

e Combination of Primary plus Secondary AOs is always
syn_eEgistic and protect Mw during processing improving also UV
resistance.

Solubility / compatibility with the polymer matrix (AO 1098)

Choice of the co-stabilizer: antioxidant/process stabilizer
secondary AO/HALS/ UVA / Benzoate

Pigmentation : 0,3-2,5% with pigments high Heat stability
> 300°C (preferred) and Migration fastness 5 (no migration)

Fillers : low metal impurities are crucial for plastic long life

Environmental conditions : _
e moisture, exposure to water, rain, solvents, cleaning

substances, pollutants (NOx gases, acid / alkaline treatments
Enrico Yosgotrtacts with metals, metal impurities 15



Factors Influencing HALS —=
Performance

Molecular weight / diffusion

Low vs. high molecular weight types of HALS (LMWH vs. HMWH):

e Low molecular weight HALS are preferred in Thick items, because
are more protecting the surface where the oxidation take
place (due to blooming to the surface)

e High molecular weight HALS are preferred in thin items (fibers)
because are protecting the all thickness where the oxidation
take place in thin items, instead in transparent items a combination
LMWH+HMWH is preferred for core and skin protection

Solubility / compatibility with the polymer matrix

Choice of the co-stabilizer: antioxidant / process stabilizer / UVA /
Benzoate.

Pigmentation (0,3-0,5% to color, or 1,5-2% to have a UV
stabilization with pigment Light fastness 8 or weathering fatness 5)

Fillers : low metal impurities are crucial for plastic long life

Environmental conditions
e Solar irradiance, exposure to water, pollutants (acid rain,
pesticides...), contacts with metals, metal impurities

Enrico Costantini 16
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absorption

Absorption characteristics of UV absorbers

Individual polymers are affected by different wavelengths. Choosing the most effective light stabilizer for a given substrate depends upon
matching the right UV absorber with the susceptible wavelength range of the polymer.

UV sensitivity and UV absorbers for specialty polymers

285 nm m——

Fraction of electromagnetic radiation reaching
the earth’s surface

N
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285 nm - Benzophenone 81
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the earth’s surface o
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Volatility by TGA—===

Comparlson within UVA

100 - — % —UVA 312
—UVA-P
1164
80 -—UVA 234
234 \ =—UVA 326
L~
9 60 \ UVA 328
= \ UVA 329
[ —UVA 1577
40
N3 UVA 1164
1/531|—yvA 81/531
P\ —UVA 360
0 PA pmrpqll:ing
100 200 300

Enrico"Costshtini’ " 2"

Temperature (°C)
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Polyamides —— —

Functional Group characteristic for

ol adlces 0 £ NH—{ CH, )= NH — CO—{ CH, }-CO . PAG.6)
I _
R/C\N’/R“ £ NH —{ CHy )= NH — GO~ CH, }-C0 - PA 6.10/
||Q- £ NH—{ CH, 3= NH — €O —{ CH, }-C0 }- [PAG.12|
Aliphatic polyamides (PA 6, PA 66, PA - NH-{CH; ) i —CofcH, 005 [PA4S
610, PA410, PA 11, PA 12 etc...), . PAE
homopolymers (PA6, PA11,PA12) fuwfomyeoy, [P
copolymers (PA66, PA610, PA46,...) {NH_(CH%CO% AT
Semi-Aromatic polyamides (PA 6T, PA Lo )0 ), [PA12

61, PA MXD6 etc...), Aromatic = aramids
(Kevlar, very resistant to oxidati

H e O

Q
0 0 - NHE' PN LI:“ :jﬁ/]\
{t:I g NH £ CH, — CH - NH H;NQ +G'--W/C| PN D
8@t fon—gr ;
CH, N

n

Polyamide aromatique |PA 6-31'3




“Main grades of Polyamides

Type c.m.t.” Density Water Absorption
[°C] [g/cm?] @ 23°C/50 % r.h.
Polyamide 6 215 - 225 1.12-1.15 28-32%
Polyamide 66 250 - 265 1.12-1.14 25-2.7%
Polyamide 46 295 1.18 3.5 %
Polyamide 11 180 - 190 1.03 - 1.04 0.8-1.2%
Polyamide 12 175 - 185 1.01 - 1.02 0.7 -1.1%
Polyamide 6-3-T amorphous 1.06 - 1.12 3 %
Y c.m.p. crystallite melting temperature
Enrico Costantini 22




processing temperatures

Type IM Mass Temp. | IM Form Temp. | Shrinkage after IM
processing mold

["C] ["C] [%]
Polyamide 6 230 - 280 80 -120 1.3
Polyamide 66 280 - 320 80 -120 1.5
Polyamide 46 300 up to 340 80 - 150 0.7-2.0
Polyamide 11 210 - 260 40 - 80 1.9
Polyamide 12 210 - 260 40 - 80 1.1-1.4
Polyamide 6-3-T 260 - 290 70 - 90 small

amorphous

IM =ndnjectiomiMolding
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PA-degradation: first prevent PA
hydrolysis during processing

Polyamide is produced via poly-condensation.
e This reaction is reversible !!!
Most important degradation processes:

e Hydrolysis : drying step before processing is a must !

Polyamide has to be dried before transformation. The water content is depending
on the conversion technology and PA grade and has to be between 0.2% and
0.05% after drying and before processing, otherwise with hydrolysis there is a
strong lost of mechanical properties (decrease in Mw)

e Degradation during processing (mechanical/shear and
thermal)

 Thermal degradation in application
e Light degradation

Enrico Costantini 24



“streaked spots

.... because of high
humidity of the pellets

PAInfluence of-humidi

\

> Spotted and rough surface
» Less mechanical strength

Before extrusion compounding or
injection molding a dryer
treatment is need at 80-100°C at *
atmospheric pressure for 3-4
hours or half hour under vacuum

Hopper Plastic Dryer Pellet
Dehumidifier

Enrico Costantini

Large Dryer?



gradat‘lﬁﬁ\ e
Thermo- oxidation, isste

Phenol stabilizers
and Amine stab. act as

e Initial Steps Radical scavengers
i s
N—C—¢C o
ey (i

Radical formation

Hydroperoxides:

Copper stab.

and Phosphite stab. act as decomposer
Enrico Costantini 26



Photo oxidation, 2w step

"k)l\ 2
N =G =
BRI ZL” Co (H32
102 Initial Thermal processing
O—H 0 ~Oe
o r + H o
(I) D “*)LN c—c
Ne==Ce=—=C bt
Hess b

Hydroperoxides
decomposition: starting point for photodegradation

HALS radical l
scavengers 0 o 0 :

VH‘/U\N R e 4V‘««/U\N c—c + OH,

H i i HERE
S l Carbonyl UV sensitive
= degradation groups:
o = . o Blocked by UVA
MN/C\HM MNH + élé—c—

2 H
Enrico Costantini H o) H z 27



PA6 thermo-stabilization™

In real temp. applications :

80 - 100 °C, Phenols are

more effective than Cu/I salts

that instead are more efficient

in high Testing temperatures

“effects of different AOs on PA-6 LTTS Oven Aging time to 50% retained
(Long Term Thermal Stabilization) Elongation at Break, in Hours at °C
Stabilizers 100°C 120°C 150°C 165°C
hours hours hours hours
None 480 24 3] 3
3 ppm Cu (sal) + 1400 ppm lodine salt 5520 624 324 44
5000 ppm of AQ 1098 6840 600 36 15
2500 ppm AO 1098 + 2500 ppm AO 168 6480 576 43 12

120-165°C, but are leaching

effects of different AOs on PA-6 LTTS
(Long Term Thermal Stabilization)

with moisture, green colored
Cu (copper)

Oven Aging time to 50%
retained Elongation at
Break, in Daysat °C

Stabilizers 100°C

Bays Recommended
MNone 20 on PA :
3 ppm Cu (sal) + 1400 ppm lodine salt 230 AO 1098 and
5000 ppm of AQ 1076 85 AO 245 or their
5000 ppm of AD 1098 285 Combination with
5000 ppm of AD 245 290 AO 168 or
S ppeot A 1330 100 other phosphites
L000 ppm of AD 1010 05
2500 ppm AO 1098 + 2500 ppm AO 168 270

Enrico Costantini
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Plastic Additive Handbook 6th edition, editor HANSER, ISBN 978-3-446-40801-2 , section 1.7.4.1 Stabilization %f PA



~ PA-thermo=-stabilization

Oven time to
Charpy 50%
effects of different AOs on PA-66 LTTS |retained Impact
(Long Term Thermal Stabilization) Strenght, in Days at . . -
e e Combination of primary AO _phe|_10Is
Days plus secondary AO phosphites is usually
Charpy ki/m2 a good solution and adding thio-esters
Hloe 2 improve thermal resistance performance
5000 ppm of AOQ 1098 97
2500 ppm AO 1098 + 2500 ppm PS 168 150
5000 ppm of AO 1035 125 Owven Aging time to 50%
2500 ppm AO 1035 + 2500 ppm PS 168 145 effects of different AOs on PA-12 LTTS  |retained Elongation at Break
0,25% AO 1098 +0,25% 168 +0,3% DSTDP 296 (Long Term Thermal Stabilization) or Tensile Strenght, in Days
Charpy Impact test according to 150 179-1 (bar: 50 x 6 x4 mm)  Stabilizers 150°C } 150°C
Days Days
Tensile Strenght | E.B. 50%
None 1.5 0,4
5000 ppm of AO 1098 31 19
L000 ppm of AD 245 40 19
2500 ppm AQ 245 + 2500 ppm PS 168 27 12
2500 ppm AO 245 + 2500 ppm PS P-EPQ 34 16
0,25% AO 245 +0,25% P-EPQ +0,3% DSTDP 63 31
0,25% AO 245 +0,25% P-EPQ + 0,3% 4125 112 55

: an mechanical properties on 1 mm Injection Molding dumbbells
Enrico Costantini
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Plastic Additive Handbook 6th edition, editor HANSER, ISBN 978-3-446-40801-2 , section 1.7.4.1 Stabilization %f PA
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PInTtial Color in PAE

Effect of Copper Heat Stabilizer on Color with UVA

0.5% UVA-234 234 + 50 ppm Cu 0.5% UVA-312+Cu 234 + 0,5% 1098

Injection molded plaques, 1 mm thickness, natural color without pigments

1098/168 0,3%/0,3%

Enrico Costantini
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PA AOs selection table LTTS

Advantages

Drawbacks

Copper-
based
stabilization

O Excellent long-term
thermal stability,
especially at high
temperatures (>120°C)

[ Lower stabilization cost
VS. organics

O Poor initial color (used in Black PA)
O Pigment interactions

O Negative impact on electrical
properties

O Not effective for the stabilization of
polyolefin-based impact modifiers

Hindered
Phenols,
Phosphites

d Excellent long-term
thermal stability at lower
temperatures (£120°C),
in most real applications

A Non discoloring

d Non interacting with
pigments

No effect on electrical
properties

JEffective stabilizers for
impact modifiers

O Less effective than copper/iodide
systems at higher temperatures
(>120°C)

O Higher stabilization cost than
copper/iodide systems




" Light Stabilization of PA-12

Color after Weathering of natural plaque

0.5% UVA 312 (Oxanilide)

0.5% UV 234 (Benzotriazole)

No Light Stabilizer

0 5 10 15 20

YI (after 1500 hr exposure)

Exposure: Xenon arc (ASTM G155)
Injection molded plaques, thickness 1 mm in natural color (not pigmented), base stabilization 0.2% AO 1010

Enrico Costantini 32



_ Light Stabilization of PA-6

Gloss Retention after Weathering

100

O
o
|

00
o

ol O
EDaHIC)

Gloss retention (%)
N
o

AN
o

W
o

0 1000 2000 3000
hr exposure

==AO 1098 0,3% +
PS 168 0,3%

==AO/PS + HALS
119 0,3% + UVA
312 0,3%

==AQO/PS + HALS
119 0,3% + UVA
234 0,3%

==AQO/PS + HALS
/770 0,3% + UVA
234 0,3%

Exposure: xenon arc (ASTM G155); test specimens: natural Injection molded plaques 1 mm thick
Light stabilizers at 0.3% each, base stabilization 0.3% AO-1098 + 0.3% Phosphite 168

Enrico Costantini
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ization of PAT6

—=No Light Stabilizer

" Light Stabi

80

=—0.3% UVA 234
60

40 =(0.3% HALS 119

20
-=().3% HALS 119 +

0.3% UVA 234

Retained % of Elongation at
break

0

O 100 200 300 400 500 600 700 800
klJ*cm-2

Exposure: Florida natural outdoor exposure, 45° South, ca. 145 kLy/year or 600 kJ*cm-2
Injection molded dumbbells, thickness 1 mm, natural not pigmented

Enrico Costantini 34



_ Light Stabilization of natu

mechanical properties after Weathering

0.1% AO-1098 + 0.1% PS 68 + |
0.3% HALS 119 + 0.3% UVA 234 _
0.1% AO-1098 + 0.1% PS 68 +
0.3% HALS 944 + 0.3% UVA 234

0.1% AO-1098 + 0.1% PS 68 + -
0.3% HALS 119 B

No Light Stabilizer .

0 50 100 150 200
kLy to obtain the 50% of initial elongation at break

Exposure: Florida natural exposure, 45° South, ca. 150 kLy/year
Injection molded dumbbells, thickness 1 mm, natural not pigmented

Enrico Costantini 35



/Ugnt?StabHTia%ien@aat ~PA-

- thick sections, injection molding

Properties variations during time (kLy) in Florida

T
180
120

60

Y.I. units
rL-—"r-.
0
Elongation at Break Tensile Strenght at  Gloss 60° at 50% Yelloweness Index

at 50% 50% after 150 kLy

only AOs AOs + UVA 234 0.3%
® AOs + HALS 944 0.3% mAOs + HALS 119 0.3%

AOs +HALS 70 0.3% AOs + HALS 944 0.3% + UVA 234 0.3%

mAOs + HALS 119 0.3% + UVA 234 0.3% mAOs + UV 70 0.3% + UVA 234 0.3%

Exposure: Florida natural exposure, 45° South, ca. 150 kLy/year
Injection molded dumbbells, thickness 1 mm, “natural” not pigmented, AOs = AO 1098

0.CGA%% dodfton6i8i0.15% 36



nght ‘Stabilization of “Plgmente;l%é(6
ick sections, |nJect|on' molding

8
DeltaE
7 —--HALS 944 0,5% +
/ UVA 234 0,3%

6

5 -=-HALS 770 0,45% +

- / /, UVA 1164 0,2%

3 ~HALS 770 0,45% +

> Bz 120 0,2% + UVA
1164 0,2%

1

0 ! | : . Hours in WoM

0 1000 2000 3000 4000

Substrate: PA6 + 2,2% gray pigment (19:1 TiO,/CB), 2 mm injection molded plaques
Base stab.: 0.20% AO 1098 + 0.30% PS 168 + UV stabilizers
Exposure: WoM Xenon lamp according to auto SAE J2527, 0,55 W/m2 at 340 nm, 70° C BPT

Enrico Costantini 3T



Retained % of tensile Strength

Light Stabilization-of PA-6 B

|
o
o

“thick Fibers for fishing

0 O
o o
//

at break

\\\

70 \ BN
60 =
=
50
0 1000 2000 3000

hrs exposure in WoM

Exposure: WOM ci 65, no water spray, BPT 63°C, ASTM D 2565 with 0.35 W/m2 at 340 nm
Fishing nets of PA6, thick Fibers 420/17 ( 24.7 dtex/filament ) stretching ratio 1:4.2 , melt

EspHanipgaitidi/0°C

4000

nets

—0.075% AO 1098 + 0.075%
PS 68

—=0.075% AO 1098 + 0.075%
PS 68 + 0.3% HALS 119

—0.075% AO 1098 + 0.075%
PS 68 + 0.3% HALS 2020

0.075% AO 1098 + 0.075%
PS 68 + 0.3% HALS 783

—0.075% AO 1098 + 0.075%
PS 68 + 0.5% HALS 944

—0.075% AO 1098 + 0.075%
PS 68 + 0.5% HALS 119

—0.075% AO 1098 + 0.075%
PS 68 + 0.5% HALS 2020
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- natural Fibers 10 dtex/filament
Yellowness Index after WoM exposure

': FH r Dastroved

0.4% AO 1098 + 0.05% PS 168

Fiber > 6000 h runn

—
0.2% AO 1098 + 0.05% PS 168 + 0.3% HALS
hs E

Fiber > 6000 h runt

BER Ry N O He e ol B e B F ol e e DR o VA RS B B
+ 0.3% UVA 234

Yellowness Index 0 1 2 3 4 5 6 .
m5000h m4000h m2000h mO hours In WoM

Exposure: WOM Ci 65, no water spray, BPT 63°C, ASTM D 2565 with 0.35 W/m2 at 340 nm
PAG6, thin Fibers 170/17 (10 dtex/filament ) stretching ratio 1:3 , melt spinning at 270°C

Enrico Costantini
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PAG6 Fibers 105/24 denier, 4,6 dtex/filament, base™
M1098 0. ZS%TPWTZW un-pigmented natural

| WoM Ci65 Weathering according to ISO 4892-2, test till 50% elongation at break
Machine Conditions: 0.51 w/m2 at 340 nm , 65°C BPT, 102/18 min dry/water spray

Hours in WoM
4000 -
3500 -
3000 -
2500 -
2000 - 1
1500 -
1000 -

500 -

- = | =

only AOs 0,5% UV 0,3% LS 0,5% LS944 0,5% LS944
360 944 + 0,5% UV
360

3

21 “ Hours in
WoM

W _W_W_\

\\\\\
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natural flbers

~AO 1098 OM@Q %

Natural Weathering in Florida 45° South, according to ISO 877-2 direct exposure, test till
50%0 elongation at break

kLy
700 -

600 -

500 -

400 -

o

300 17
200 -

100 -

—~klJ/cm?2
in
Florida

e

0 .
0,5% UVA
360

only AOs

Enrico Costantini

0,3% HALS 0,5% HALS 0,5% HALS

944 944 944 + 0,5%

UVA 360 41



UV Considerations-for PA thick=

“sections (injection molding)

Always combine Phenol + Phosphite + HALS + UVA

HALS 770 show high performances and an excellent balance
between cost and long life span and is the choice of use in
most thick section PA applications, including both unfilled
and filled materials. Recommended if extrusion temperature
is lower than 280°C. Limited VOCs and paint adhesion
behaviors. Usual conc. 0,3% - 0,6%

HALS 119 is the best UV stabilizer if extrusion temperature
Is higher than 280°C, has a Low interaction with pigments

and GF fillers, and good pigments color yield. Improve also
long term thermal stability in PA till 150°C. (conc. 0,3%-0,6%)

Benzoate 120 is a benzoate that synergize with HALS, have
ood compatibility with PAs and give improved uv'
per ormances in “GF filled and pigmented” PA systems (0,2%)

UVA 234, 360, 1164 are optimized for high temperature PA
processmg and long lasting performances for optimum
color retention. Usual conc. 0,2% - 0,5%

Enrico Costantini 42



UV-Considerations for PA ﬁbfe/k/s

Always combine Phenol +Phosphite + HALS +UVA

HALS 944 is the more diffused HALS in Fibers, for
all fibers applications, best light protection
performances at a competitive cost (conc. 0,3%-0,6%)

HALS 2020 optimized for very fast line fibers
processing at high temperature, less die buildup

HALS 119 is better in pigmented formulations and
in engineering polymers, in gas fading applications,
superior chemical resistance, including resistance to
agrochemicals, acid rains, improved color yield
resulting from low interaction with pigments

UVA 234, 360, 1164 are optimized for high

temperature fibers processing, and long lasting

performances for optimum color retention and fiber
eripretection in techno-polymer fibers (conc. 0,2%-0,5%) 43




For processing and thermal stabilization suggested
combination of AO (1098, 245, 1010) with Phospites (168,
P-EPQ, 626), blend B1171 (1:1 1098:168),conc. 0,1-0,3%

Best UV stabilization is achieved by Synergistic
performance using antioxidants, phosphites, HALS (119,
/770) and UVA (234, 360, 1164). conc. 0,2-0,8%

High Mw HALS recommended for Fibers applications (119)

Less discoloration is evident when used without copper-
based heat stabilizers

Stabilizers has to have high temperature resistance for
compatibility with polyamides processing: Low volatility

in case of pigments they have to be with high Heat
stability > 300°C (preferred) and Migration fastness 5 (no
migration) and for "outdoor application” with Light
fastness 8 or Weathering fastness 5.

Enrico Costantini 44
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Disclaimer

Enrico Costantini makes no warranty, express or implied, including of
merchantability or fitness for a particular purpose and is not accountable for
any complaint. No statements herein are to be construed as inducements to
infringe any relevant patent. Under no circumstances shall Enrico Costantini
be liable for incidental, consequential or indirect damages for alleged
negligence, breach of warranty, strict liability, tort or contract arising in
connection with the product(s). Data and results are based on public
literature data and on controlled lab work and must be confirmed by
Customer by testing for its intended conditions of use.

Please visit _or

email to for additional information.

© 2024

Enrico Costantini.
Enrico Costantini
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~—Stabilizers structures

Cheap HALS ester family

HALS 770
CAS No. 52829-07-9

* Widely used in PP/TPO, styrenics, polyamides, polyacetals
* Synergistic effects with “*high MW HALS"”, UVAs

~H
o T * Most used HALS World Wide
DY\N\/\)LO * Excellent cost/performance
M 0
H

D\I_I/(CHE)M-1ECH3

N O

H+O o
N\/\O)J\/\rr
@)

Enrico Costantini
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and particularly with benzoates (in pigmented or filled
systems)

HALS 3853 (usually 50% MB in PE or PP)

CAS No. 167078-06-0

* Highly compatible with PP & TPO, styrenics, PE

* Resistant to extraction

* Low blooming / low VOC contribution, high paint adhesion

* It's a wax or usually sold in 50% MB (with higher cost)
« Synergistic effects with “high MW HALS"”, UVAs and Benzoates

HALS 622

CAS No. 65447-77-0

* Low alkalinity , pKa 6,5 : resistant to acids, thermo-stabilizer till 120°C

« Synergistic effects with other “high MW HALS”, UVAs and Benzoates
* Non-interacting with Carbon Black, better performances than others in CB
* Broad FDA clearances and also approved in EU Pharmacopeia

* Cheapest high MW HALS with Excellent cost/concentration-performances
* Have the Lower toxicity profile of HALS family

e compatible with polyesters Bio-polymers %7
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CHy

H

HsC

(CHge—N-H  HALS 944

CAS No. 70624-18-9
* Most used product in thin section applications in PE, PP, TPE,

N PA
H * Broad FDA clearances
« Low volatility and migration in polymers, sealing
issues

* Synergistic effects with “high MW HALS”, UVAs
and Benzoates (in pigmented or filled systems)

HALS 3346
CAS No. 82451-48-7

Historical alternative to 944 depending on price
Low/Not-discoloring, for example in PE rotomolding applications
Broad FDA clearances

thin and thick sections in PE, PP, PA, TPE, Styrenics
applications

HALS 119

N.__N.__N CAS No. 106990-43-6
C: ~ \C‘;Hg HS‘C\" . . . o
= \,5'/:,( NQ-CHa * Good chemical resistance to acids vs. agricultural
/

chemicals, and F.R., pKa 8,9
Low interaction with pigments and fillers, good color yield
Provides best long term thermal stability in PP/TPO at 150°C
performance in filled polyolefin due to low filler
interaction

« Reduced gas fading in fibers

48
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~—Stabilizers structures

Benzoate 2908
CAS No. 67845-93-6

HO
O-CygHas

benzoate light stabilizer suitable in all polymers, resistant to acids

Strong Synergistic performance with HALS mainly in pigmented, filled or acid
systems (additive effect in natural not colored polymers)

Non-discoloring, Low volatility and low VOC, high paint adhesion

Good resistance to migration and extraction

Contribute to thermal resistance and processing stabilization as an AO

Act also as a week UVA and as a good AO

Benzoate 120 (or 340)
CAS No.4221-80-1
z,D * benzoate light stabilizer suitable in all polymers, resistant to acids
HO CH * Very strong Synergistic performance with HALS (the best) mainly in
@] pigmented, filled or acid systems (additive effect in natural not colored
polymers)

Enrico Costantini

OH

* Contribute to thermal resistance and processing stabilization

P UVA 360
CAS No. 103597-45-1
* UVA with high Mw suitable in all polymers
e Synergistic performance with HALS
* High resistance to migration, volatility and extraction : better long
lasting performances than others standard UVA
_I% e Contribute to thermal resistance

* Lower toxicity profile than others benzotriazoles (low extraction) 49



SJ:ablllze rﬁstru ctures—

] HALS N-OR 371
(s e \ CAS No. 247243-62-5 (US) or CAS No. 565450-39-7

|| | |
N Qm HCQ Qm HCQ N provides UV and thermal stability as well as flame
T T retardant efficacy to polyolefin, Mw 2800 — 4000 g/mol

C4H9 Ho

N—cy ot _ high chemical resistance to acids , agricultural chemicals,
o H H H \ . :H pesticides, insecticides, soil disinfection agents, and
K ‘ : Halogenated F.R., due to pKa =4.1
b Provides long term thermal stability in PE useful where
H agricultural films are in contact with frames like wood,
c, iron, aluminum and in PP/TPO at 150°C
Patent US 6,677,451 B2 acts as a flame retardant in Polyolefin applications. It

shows flame retardancy efficacy in polyolefin fibers,
nonwovens and films at concentrations as low as 1%.

Synergistic effects with “high MW HALS”, UVAs and
j\ H Benzoates (in pigmented or filled systems)
o R

o N
s ; J) H HALS N-OR 356
\ . a CAS No. 1902936-62-2 and EC No. 812-927-5 (UVCB Reach)

provides Light and thermal stability as well as flame

N\]{NY“WNkM I
oM P ﬂ i retardant cy to polyolefin, Mw = 1700 g/mol

high chemical resistance to acids, agricultural chemicals,

N
|) H/ Q; GL pesticides, insecticides, soil disinfection agents, and

H Halogenated F.R., due to pKa =4.1

Provides long term thermal stability in PE useful where
Main Component as Constituent 9 of an UVCB Mix agricultural films are in contact with frames like wood,
Patent W02011029744 iron, aluminum. Synergistic with “high MW HALS”, UVAs

Enrico Costantini and Benzoates 50



-Stabilizers structures
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HALS 765 or 292

main component CAS No. 41556-26-7 ca. 76%

minor component CAS No. 82919-37-7 ca. 22%

* Liquid product form,

* High effectiveness and mobility in polymers

* Less prone to discoloration compared to 770

* used in PU, styrenics, PVC, Liquid masterbatches, Halogenated
Flame Retardant formula, TPV, rubbers, Coatings and Adhesives
* Synergistic effects with “high MW HALS”, UVAs and particularly
with benzoates (in pigmented or acids systems)

» Widely used in Coatings , Adhesives and sealants

HALS 3529
CAS No. 193098-40-7
 Historical alternative to 119 depending on price

Good chem. resistance to acids, vs. agricultural chemicals, F.R., pKa 8,8

Low/Not-discoloring, for example in PE rotomolding applications
Good FDA clearances

thin and thick sections in PE, PP, PA, TPE, Styrenics applications
Reduced gas fading in fibers

Thanks for your patience
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