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|. Target of this study

I1. Behavior of DA-910, DA-810X and
competitor A with a standard blend of HALS

I11. Interactions of DA-910 and competitor A
with other HALS & Synergistic LS Blends.

V. Conclusion and Recommendations
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' Comparison PPA

PPA GRADES _ MF _ Concentration I\_/Ioon_ey DBQ Risk of [?rop size
elimination needed viscosity reduction gels (dispersion)

15t gen PPA

DA-310ST

DA-810X + <500 ppm 30-45 + Low +

Competitor

2nd gen PPA +

No Daikin PPA <300 ppm 65-80 - High -

Competitor

New gen PPA

DA-410 + <300 ppm 30-45 + Low +

DA-910

New gen. PPA: Product characteristics are based on customer needs.
Technology used is functionalized fluoroelastomer
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' |. Target of this study
A. What is HALS ?

B. Potential interactions

C. Application: agricultural & industrial films
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' l. A. What Is HALS ?

Hindered Amine Light Stabilizer (HALS):

— used to improve the ultra-violet (UV) stability in
outdoor applications.

— to scavenge radicals which are produced by
weathering (Denisov Cycle).

R-O++ R’ — R-O-R’

— and they can also stabilize thermal degradation.

— HALS blends or synergistic combinations with
UVA'’s are used to improve performance or address
specific application requirements.
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' |. B. Potential interactions

* These interactions reduce strongly the effect of
PPA

 Two kinds of interactions

— Acid / base reaction (chemical)
— Prevents PPA bonding to the die wall (competltlon)

F CF,

HALS HALS /o A

\0\)\00 \\ N
HALS CUNL L i

Die Die

HALS
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' |. C. Application: agricultural film

Examples
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' |. C. Application: agricultural film

* Properties

— to allow the outdoor stability of polyolefin films
— longevity
e for 1 to 4 seasons or more

 Polyolefin mulch films, greenhouse films, tunnel films,
etc.

 Other applications include polyolefin & TPO
protective films, roofing membrane films &
laminates, building product films, solar films,
& a wide range of other consumer & industrial
packaging films
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' 11. Behavior of DA-910, DA-810X and
Competitor A with a standard blend of HALS

A. Products used for this study

B. Procedure

C. Machine settings: coating curves
D. Trial sequence

E. Results

F. Conclusion
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' 11. A. Products used for this study

« Equivalent BASF Tinuvin 783®

— Chimassorb 944 ® — Tinuvin 622 ®
« BASE * BASF
« Mn 2000 - 3100 g/mol * Mn 3100 - 4000 g/mol
;QHJ/ \(ﬂg/ s s ) )
O O
H=N——CH,), NH[ |11//N |N N—(CHz)e_Nﬂ‘H 4o N—CHQ—CHQ—O—U—CHQ—CHQ—U——
T " i
\r - -
tert. CgH,;
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' 11. A. Products used for this study

 PPA
— DA-810X
— Competitor A (eq to DA-810X)
— DA-910

« Masterbatch based on these PPA
1. 5% Competitor A in the MB
2. 5% DA-810X in the MB
3. 3% DA-910 in the MB

4.

10 % HALS in the MB (5% Chimassorb 944 ® +
5% Tinuvin 622 ®) (eq BASF Tinuvin 783 ®)
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Il. B. Procedure

MB HALS
(Chimassorb®
Tinuvin®

MB PPA
(PPA

LLDPE C4 LDPE 7)

LDPE 7)
MFI 0.7

Coating

curves
D.B.U.
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' 11. C. Machine settings: coating curves

 Bear resin:

— LLDPE LL1201XV (Exxon Chemical)
MFI: 0,79/10 min, Density: 0,925, C4

e Extruder:

N oy

 Mix method: Masterbatchs blend
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I1. D. Trial sequence

Test run 1 2 3 4 5 6 7 8 9
Competitor A | 500 |1000|1500
DA-810 X 500 {1000|1500
DA-910 300 (10001500
HALS 4000{4000{4000|4000|4000|4000{4000{4000{4000

Concentration in ppm
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Vv 1. E. Results

All PPA formulations include 4000 ppm of HALS
DBU for each sample in the same proportions

1000 ppm 1000 ppm 1000 ppm
Competitor A DA-810X DA-910
after 120 min after 120 min after 120 min
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Vv 1. E. 1. Global curves

330

HALS 4000 ppm

310 DA-810X 500 ppm +
) HALS 4000 ppm
Né_\ -<DA-810X 500 ppm

290 \

270 \\

250

T~

Pressure (bars)

230

210 . | . | . |
0 20 40 60 80 100 120
time (min)
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Vv 1. E. 2. Pictures of melt fracture

e 500 ppm DA-810X without HALS
— 10 min 70 min

D DWW W N e I ]

PP PP UV R ————
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' 1. E. 3. Low level of PPA

- HALS 4000 ppm

DA-810X 500 ppm

310 -><Competitor A 500 ppm

%\ -<DA-910 300 ppm
290

270
\ e I

Pressure (bars)

230
210 All PPA formulations include 4000 ppm of HALS
0 20 40 60 80 100 120
time (min)
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V Il. E. 4. Medium level of PPA

HALS 4000 ppm

DA-810 X 1000 ppm

310 —e—Competitor A 1000 ppm
=-DA-910 1000 ppm

N e T

290 \

Pressure (bars)
N
\l
o

250
230
210 All PPA formulation include 4000 ppm of HALS
0 20 40 60 80 100 120 140
time (min)
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V II. E. 4. Medium level of PPA

All formulations include 4000 ppm of HALS with 1000 ppm of PPA

Competitor A DA-810 X DA-910
DI e Zopn s Bl T L

eI T T e— e e
G S—— ([ T T T T
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' Il. E. 5. High level of PPA

HALS 4000 ppm
DA-810X 1500 ppm
310 —Competitor A 1500 ppm

\ —DA-910 1500 ppm
o\

Pressure (bars)
N
\l
o

—
230
210 All PPA formulation include 4000 ppm of HALS

0 20 40 60 80 100 120

time (min)
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P Il. E. 6. Comparison at same pressure after 2 hours

HALS 4000 ppm
—Competitor A 1500 ppm
\\ —DA-910 1000 ppm
290 \ N
&
qe]
2
S 270 S
%
S — _
o ————
250
230
210 All PPA formulation include 4000 ppm of HALS
0 20 40 60 80 100 120

time (min)
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P Il. E. 6. Comparison at same pressure after 2 hours

1500 ppm
Competitor A

1000 ppm
DA-810 X

1000 ppm
DA-910
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' I1. F. Conclusion

* 1500 ppm Competitor A + 4000 ppm HALS
after 140 min still presence of melt fracture.

* 1000 ppm DA-810X + 4000 ppm HALS after
140 min elimination of melt fracture.

« 1000 ppm DA-910 + 4000 ppm HALS after
140 min elimination of melt fracture.
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' [11. Interactions of DA-910 with other HALS

A. Products used for this study

B. Procedure

C. Machine settings: coating curves
D. Trial sequence

E. Results

F. Conclusion
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' [11. A. Products used for this study

L('Eg; gﬁ t?]iclii'z:r CYTEC | Proprietary Blend Various applications
LS Blend B CYTEC Proprietary Blend Various applications
Oligomeric HALS C| BASF N-—H Agricultural Films
HALSBlendD | BASF NNRCaljgd Agricultural Films
HALS Blend E BasF | Proprietary Blend Roofing Films, TPO
NOR HALS F BASF N - OR Various Applications
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' [11. A. Products used for this study

 PPA
— Competitor A (eq to DA-810X)
— DA-910

* Masterbatch based on these PPA
1. 5 % Competitor A in the MB
2. 3 % DA-910 in the MB
3to 8. 10 % HALS in the MB
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[11. B. Procedure

MB HALS MB PPA
(HALS (PPA

LLDPE C4 LDPE 7) LDPE 7)
MFI 0.7

Coating

curves
D.B.U.
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' I11. C. Machine settings: coating curves

 Bear resin:

— LLDPE LL1201XV (Exxon Chemical)
MFI: 0,79/10 min, Density: 0,925, C4

e Extruder:

N oy

 Mix method: Masterbatchs blend
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[11. D. Trial sequence

Test run

DA-910

1000

1000

1000

Competitor A

1500

1500

1500

LS Blend A

4000

4000

4000

LS Blend B

4000

4000

4000

Oligomeric
HALS C

4000

4000

4000

Concentration in ppm
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[11. D. Trial sequence

Test run 10 | 112 | 12 | 13 | 14 | 15 | 16 | 17 | 18
DA-910 1000 1000 1000
Competitor A 1500 1500 1500
HALS Blend D {4000 | 4000 {4000
HALS Blend E 4000 {4000|4000
NOR HALS F 400040004000

Concentration in ppm
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lI]. E. Results

For each HALS or LS Blend we will see the
efficiency on pressure, the DBU and MF
eliminations.

1. Detalls of results on different HALS

2. Global curves with 1000 ppm of DA-910 or
with 1500 ppm of Competitor A

M. LE GUILLOU / M. GRANGETTE - Interactions HALS with PPA — 02/13



DAIKIN

yV I11. E. 1. LS Blend A: pressure

4000 ppm LS Blend A
1000 ppm DA 910 4000 ppm LS Blend A
1500 ppm Competitor A 4000 ppm LS Blend A

300 N

280

Pressure (bars)
)
N
S

240

220 —

200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
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' I11. E. 1. LS Blend A: DBU and MF

All PPA formulations include 4000 ppm of LS Blend A (Cytec)

1500 ppm 1000 ppm
aftel\lrolzgﬁnm Competitor A DA-910
after 140 min after 100 min

M. LE GUILLOU / M. GRANGETTE - Interactions HALS with PPA — 02/13



DAIKIN

I11. E. 1. LS Blend B: pressure

—4000 ppm LS Blend B
——1000 ppm DA 910 4000 ppm LS Blend B
——1500 ppm Competitor A 4000 ppm LS Blend B
300 Q\
__
—

280

Pressure (bars)
)
N
S

220

200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
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' I11. E. 1. LS Blend B: DBU and MF

All PPA formulations include 4000 ppm of LS Blend B (Cytec)

1500 ppm 1000 ppm
afteNroldp,(F))'?nin Competitor A DA-910
after 140 min after 140 min
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P lll.E. 1. Oligomeric HALS C: pressure

4000 ppm Oligomeric HALS C
1000 ppm DA 910 4000 ppm Oligomeric HALS C
! 1500 ppm Competitor A 4000 ppm Oligomeric HALS C
300 —
280 o
Tz
S
S
g 260
Z
2
a
240
220
200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
M. LE GUILLOU / M. GRANGETTE - Interactions HALS with PPA — 02/13



DAIKIN

' I11. E. 1. Oligomeric HALS C: DBU and MF

All PPA formulations include 4000 ppm of Oligomeric HALS C (BASF)

1500 ppm 1000 ppm
afteNroldp,(F))'?nin Competitor A DA-910
after 140 min after 140 min
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I1l. E. 1.HALS Blend D: pressure

—4000 ppm HALS Blend D
—=1000 ppm DA 910 4000 ppm HALS Blend D
——1500 ppm Competitor A 4000 ppm HALS Blend D
300 -
/
280 e
Tz
S
S
g 260
Z
2
a
240
220
200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
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' I11. E. 1. HALS Blend D: DBU and MF

All PPA formulations include 4000 ppm of HALS Blend D (BASF)

1500 ppm 1000 ppm
afteNrolg(F))'?nin Competitor A DA-910
after 140 min after 140 min

M. LE GUILLOU / M. GRANGETTE - Interactions HALS with PPA — 02/13



»  IIl.E. 1. HALS Blend E: pressure

—4000 ppm HALS Blend E

——1000 ppm DA 910 4000 ppm HALS Blend E
——1500 ppm DA 910 4000 ppm HALS Blend E
300 ——1500 ppm Competitor A 4000 ppm HALS Blend E
280
Tz
S
S
g 260
Z
2
a
240
220
200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
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V I11. E. 1. HALS Blend E: DBU and MF

All PPA formulations include 4000 ppm of HALS Blend E (BASF)

1500 ppm 1000 ppm 1500 ppm
Competitor A DA-910 DA-910
after 120 min after 140 min after 140 min

No PPA
after 120 min
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I1l. E. 1. NOR HALS F: pressure

—4000 ppm NOR HALS F
——1000 ppm DA 910 4000 ppm NOR HALS F
300 3 ——1000 ppm Competitor A 4000 ppm NOR HALS F
_/v/_
280
T
s
2
g 260
E \H\\_‘_*’.__‘N
o
o
240
220
200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
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v I11. E. 1. NOR HALS F: DBU and MF

All PPA formulations include 4000 ppm of NOR HALS F (BASF)

1000 ppm 1000 ppm
aftglrolzgénin Competitor A DA-910
after 140 min after 140 min
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I1l. E. 1. NOR HALS F: pressure

——4000 ppm NOR HALS F

——1500 ppm Competitor A 4000 ppm NOR HALS F
300 ——=1500 ppm DA 910 4000 ppm NOR HALS F
_/v/_
280
T
S
2
g 260
2
o
o
240
220
200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
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V I11. E. 1. NOR HALS F: DBU and MF

All PPA formulations include 4000 ppm of NOR HALS F (BASF)

1500 ppm 1500 ppm
aftglrolzgénin Competitor A DA-910
after 140 min after 140 min
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' I11. E. 2. Comparison with 1000 ppm DA-910

4000 ppm LS Blend A
——4000 ppm LS Blend B

4000 ppm Oligomeric HALS C
——4000 ppm HALS Blend D
—=4000 ppm HALS Blend E
——4000 ppm NOR HALS F

300 ~

280

pressure (bars)
)
N
S

240

220

200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
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' I11. E. 2. Comparison with 1500 ppm Competitor A

4000 ppm LS Blend A
——4000 ppm LS Blend B
4000 ppm Oligomeric HALS C
300
——4000 ppm HALS Blend D
——4000 ppm HALS Blend E
——4000 ppm NOR HALS F
280
Tz
S
S
£ 260
Z
2
a
240
220
200 I I I I I I 1
0 20 40 60 80 100 120 140

time (min)
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' I11. F. Conclusions

« At lower dosage DA-910 is often better and
sometime equivalent to Competitor A in term
of pressure drop depending on LS/HALS.

 DBU of DA-910 is most of the time better than
Competitor A.

» Speed of coating of PPA still visible with
LS/HALS.

 HALS and PPA cohabitate on metal surface
with an equilibrium of concentration. Degree
varies depending on LS/HALS type &
concentration.
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' V1. Recommendations

Depending on LS/HALS type used & level,

the concentration of PPA In formulation can be
reduced when DA-910 i1s used. DBU most of the
time I1s improved as well.
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Thank you for your attention
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