Weathering of CICPs

Historical PVDF/Acrylic Liquid Coatings

New FEVE Based Powder Coatings .
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About Shepherd Color

The Shepherd Color Company

We Brighten Lives

 Headquartered in Cincinnati, OH

 Active Fourth Generation, Family
Owned Business

» World-Class Producer of Complex
Inorganic Color Pigments (CICPs)

&) More Expertise. ) Better Performance. @ Best Value.



High Performance Inorganic Pigments  zowocncn,

» Complex Inorganic Color Pigments (CICP)
* Not simple oxides
 Calcined at high temperature
* Resistant to
* Acid/Bases
» Solvents
* UV energy
* High temperatures

« More Expertise. €9 Best Value.



Weathering of Colored Inorganic Pigments - oA

We Brighten Lives

« Stable to acids, bases and solvents
* Inert to UV radiation
* Heat-stable to firing temperature

Impervious to Degradation in
Normal Condltlons

@ More Expertise. ﬂ Best Value.



Thanks for
Coming!!!!

Mark Ryan

-
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High Durability Color Pigments in Use Py
* High heat stable
 Fully oxidized to firing temperature (standard kiln)
» Resistant to acids & bases
* Insoluble in solvents
* Low surface area

» UV resistant
* Not photoactive like TiO2 (vibrational mechanism)

 |[n powder coatings
» PVDF
- FEVE

 Colors
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Organic Tints
I
PVDF/Acrylic

Phthalocyanine
Blue Tint

in Kynar® 500,
31 years
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50 year South Florida Exposure
PVDF/Acrylic with CICP Pigments

0769 5450173 1107 0173 11011067 430 1067 432 ~—

Unexposed
Portion

_ Exposed
Portion

Photos courtesy of Arkema Inc.
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Gloss Change

PVDF/Acrylic Coatings in South Florida Exposure
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Gloss Change \

* TiO2 lost most gloss
* CICP Black had least

PVDF/Acrylic Coatings in South Florida Exposure

» Black+White middle  :

- PVDF/Acrylic is
highly UV :
transparent /\

Even though TiOZ2 is highly-durable, it has a photocatalytic
effect.
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Weathering of Titanate Pigments

Masstone PVDF/Acrylic Coatings in South Florida Exposure
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Weathering of Titanate Pigments D,
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Masstone PVDF/Acrylic Coatings in South Florida Exposure
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Weathering of Titanate Pigments

Masstone PVDF/Acrylic Coatings in South Florida Exposure

140%

——PBr24#1
——PBr24t2
——PBr24#3
——PY53#1
——PY53#2
——PY53#3
——PW6

120%

100%
80%
60%

40% i e \

20%

Percent Gloss Retention

0%
0 5 10 15 20
Years

' 177 = Y TWU1Om "M v NN NN N W TTI TS e e



Weathering of Titanate Pigments

« PWBG6 Titanium Dioxide Masstone PVDF/Acrylic Coatings in South Florida Exposure
. 140%
+ TiO, ——PBr24#1
¢ Rut'le 120% _. . +Egr§:§§
« Silica coated . ' ——PY53#1
: : : ——PY53#2
* PY33 Nickel Antimony Titanate ~—PY53#3

80% —-—PW6

« NiSbTiO2
 Rutile
 Not coated
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 PBr24 Chromium Antimony Titanate

. CrSbTiO, |
* Rutile a 0 5 10 15 20
° Not coated Years
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UV Opacity of Various Pigments

in PVDF/Acrylic ~18um film /~0.65P/B 0.9.%,%,9,9,
OWDER COATING
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UV Opacity \-

UV Opacity of Various Pigments

in PVDF/Acrylic ~18pum film /~0.65P/B

25
- PBI28 | | —PBI28
« Cobalt aluminate | | —pPBR6
« High UV transmission 0T e
=]
- PBI36 <
» Cobalt chromium(lll) aluminate g 15
« Much lower UV transmission E
« BBk28 'S 10 -
« Copper chromite @
« Relatively no UV transmission ®
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Temperature of Materials in Exposed to Sunlight

Surface Temperature (ASTM-E1980 Calculated)
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Temperature Influence S,

» Surface temp depends on
 Sunlight intensity
 Reflectivity (TSR) .
* Emissivity

Surface Temperature (ASTM-E1980 Calculated)

20% Change in TSR
13C change in surface temp

* Atmospheric conditions f Low wind speed
* Sunlight :
« UV and Visible & n-infrared 7 O
* Reflect away Invisible n-IR N o L

 Critical for heat sensitiver-PVC ~»

» Heat drives other degradation fotalsofar Reflectance (158
mechanisms
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Color Change for Masstone
South Florida (PVDF/Acrylic)
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Color Change for Masstone
South Florida (PVDF/Acrylic)

Color Change (DE)

1 2 3 £l 5 6 7 8 9 10 11 12 13 14 15 16 17

Years Exposure (South Florida)

—g—_ulr PBkZB == (r Nilvin PBk 30 CoAl PBIZE == ColCrAal PBI3G
=8=—CoNiZnTi PGr50 CoCrZnTi PGr26 === o CrAl| PBI36 =—g=— FeTi PBK12
=—f—Fe(rZnTi PBrii N5 bTi PY 164 === r5bTi PBr24 == NiSbTi PYI53
=8=—NMnNHAP207 PVile =—8=C03(PO4)2 PVild Chromium Oxde Cr203 PGrl7 =—#=—|ron Oxide Fe203 PR101

Titanium Dioxide TIO2 PW6

264 AL* 5.6 7.6 100 | 120 | 133 | 135 | 149 [ 158 | 163 | 157 | 158 | 16.0 | 167 | 171 136 | 143 | 238
226 Aa* 4.9 £.5 8.6 98 | 123 | 143 | 160 | 172 | 185 | 193 | 197 | 204 | 208 | -21.2 | 146 | 147 | 222
MnNH,P.0; PVi16 182 Ab* 3.6 59 8.2 9.6 127 | 156 | 173 | 187 [ 200 | 207 | 210 | 208 | 207 [ 203 | 127 | 125 | 184
AE* 8.2 116 [ 155 | 183 | 221 | 251 | 279 | 299 | 31.7 | 324 | 328 | 333 | 33.7 [ 33.9 | 236 | 240 | 374
4 AG* 1 3 1 5 6 5 6 7 7 7 7 7 7 7 4 3 5

277 AL* 2.7 3.4 4.2 5.0 5.7 6.1 7.1 7.8 8.5 8.8 9.2 9.7 104 | 111 | 185 | 185 | -27.7
225 Aa* 2.9 3.2 4.4 5.2 6.1 6.6 -7.4 8.1 8.8 9.1 8.9 8.9 8.9 86 | 150 | 1150 | 226

Cos(PO,), PVil4 241 Ab* 2.1 23 3.3 4.0 47 55 6.3 6.8 73 7.5 8.0 8.2 8.4 82 16.1 161 242
AE* 4.5 5.2 7.0 8.2 9.6 10.5 | 120 | 13.2 | 143 | 14.7 | 151 15.5 | 16.1 16.3 | 28.8 | 288 | 431

10 AG* 6 9 5 11 11 9 8 8 6 5 4 3 2 2 N/A N/A N/A
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._Masstone Color Change Masstone L* Change
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a* Value Years Exposure (Reverse)
264 AL* 5.6 76 10.0 12.0 133 135 149 158 163 157 158 16.0 16.7 171 136 143 238
226 Aa* 4.9 6.5 86 938 123 | 143 | 160 | 172 | 185 [ 193 | 197 | 204 | 208 | 212 | 146 | 147 | 222
MnNH,P,0; PVi16 -18.2 Ab* 36 59 82 9.6 127 156 173 187 200 207 21.0 209 207 203 127 125 184
AE* 8.2 11.6 15.5 18.3 221 251 27.9 29.9 31.7 32.4 328 333 33.7 33.9 23.6 240 374
4 AG* 1 3 1 5 6 5 6 7 7 i 7 7 i i 4 3 5
277 AL* 27 3.4 4.2 50 87 6.1 7.1 78 8.5 838 92 97 104 111 185 | 1185 | 277
225 Aa* 29 3.2 4.4 5.2 6.1 6.6 -4 8.1 88 9.1 89 89 89 8.6 150 | 150 | 226
Coy(PO,), PVI14 241 Ab* 2.1 23 33 4.0 4.7 55 6.3 6.8 7.3 75 8.0 82 84 82 16.1 161 242
AE* 4.5 5.2 7.0 8.2 9.6 10.5 12.0 13.2 143 14.7 15.1 15.5 16.1 16.3 28.8 288 43.1
10 AG* 6 9 5 11 11 9 8 8 6 9 4 3 2 2 N/A N/A N/A
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Change in Gloss for Masstone A

South Florida (PVDF/Acrylic) 1 POWDER COATING |
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==@==Titanium Dioxide TiO2 PWe&
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Color Change for 4:1 Tint
South Florida (PVDF/Acrylic)
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Change in Gloss for 4:1 Tint
South Florida (PVDF/Acrylic)

Gloss Retention
2

:

20%

0%

Years Exposure (South Florida)

=1 1Cr PBK2B =@==FeCrNiMn PBk30 ==@==CoA| PBI28 =@=CoCrAl PBI36

=== CoNIiZnTi PGr50 == CoCrZnTi PGr26 g CoCrAl PBI36 —g— FeTi PBk12
el Fe Cr Zn Ti PBr33 el 1S BT PY 1164 el CrSHTi PBr24 el N {SBTi PYI53
=g=MNnNH4P207 PVil6 =—g=—=C03(PO4)2 PVil4 ==@==Chromium Oxide Cr203 PGr17 ==@=|ron Oxide Fe203 PR101

=== Tita nium Dioxide TiO2 PW6
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Weathering notes ol

* Weatherable
« Except for violets

* In PVDF/Acrylic liquid coatings
* Most of our weathering studies
« Masstone and 4:1 tints
* Findings
» Masstone keep gloss better than tints (TiO2 photoactivity?)
» Cobalt Aluminate (PBI28) have UV transparency issues (primer/substrate attack)
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FEVE Testing \
« 34 pigments

« 20 different pigment chemistries

« Masstone and 4:1 (white:color)

Testing methods

 QUV-A (ASTM G154-04)
« Emmaqua

» South Florida

* Ohio
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olors

Black 1G Black 430 Black 30C965 Black 20C920
FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating
Masstone Masstone Masstone Masstone

Green 10G603 Green 10G655 X1831 Green 410
FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating FEVE Powde
Masstone Masstone Masstone Masstone Mass

ue 214 Blue 385 Blue 10C595 Blue 30C588 Blue 211 Blue 30C527 Blue 424
FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating FEVE Powder Coating
Masstone Masstone Masstone Masstone Masstof Masstone Masstone




Masstone Formulations
FEVE Resin 59.7% 59.7% 59.7% 59.7% 59.7% 59.7% 59.7%
Polyisocyanate 13.5% 13.5% 13.5% 13.5% 13.5% 13.5% 13.5%
Tin-based catalyst 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4%

Flow & leveling 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%

Degassing agent 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%

Barium sulfate 17.5% 17.5% 17.5% 17.5% 10.0% 10.0% 10.0%

PBk28 (Copper Chromite) 7.5%

PBr29 (IR Black Fe:Cr) 7.5%

PBI36 (Cobalt Blue (GS)) 7.5%

PG50 (Titanate Green) 7.5%

PY216 (RTZ Orange) 15.0%

PBr24 (Buff titanate) 15.0%

PY227 (NTP Yellow) 15.0%
100.0%  100.0%  100.0% 100.0%  100.0% 100.0%  100.0%
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Tint Formulations (4:1) T
SUMM
FEVE Resin 59.7% 59.7% 59.7% 59.7% 59.7% 59.7% 59.7%
Polyisocyanate 13.5% 13.5% 13.5% 13.5% 13.5% 13.5% 13.5%
Tin-based catalyst 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4%
Flow & leveling 1.0% 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%
Degassing agent 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Barium sulfate 10.0% 10.0% 10.0% 10.0% 0.0% 0.0% 0.0%
PW6 (Titanium Dioxide) 12.0% 12.0% 12.0% 12.0% 20.0% 20.0% 20.0%
PBk28 (Copper Chromite) 3.0%
PBr29 (IR Black Fe:Cr) 3.0%
PBI36 (Cobalt Blue (GS)) 3.0%
PG50 (Titanate Green) 3.0%
PY216 (RTZ Orange) 5.0%
PBr24 (Buff titanate) 5.0%
PY227 (NTP Yellow) 5.0%
100.0%  100.0%  100.0% 100.0% 100.0%  100.0%  100.0%
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QUV-A FEVE Testing A,

Masstone Color Change (DE)
Hours of Exposure (QUV-A)

Pigmentation 500 1000 1500 2000 2500 3000 3500 4000
IR Black PBr29 0.3 0.3 0.4 0.4 0.4 0.4 0.6 0.7
Std. Black PBk28 0.2 0.4 0.6 0.7 0.7 0.7 0.8 0.8
Cobalt Blue PBI36 0.9 0.9 1.1 1.0 1.2 1.1 1.4 1.5
Cobalt Green PG50 0.3 0.3 0.5 0.6 0.6 0.6 0.7 0.7
RTZ Orange PY216 0.5 0.9 0.8 0.8 0.8 1.1 1.0 1.2
Chrome Titanate PBr24 0.4 0.8 0.8 0.7 0.7 0.9 0.8 0.9
NTP Yellow PY227 0.6 1.1 1.0 1.0 1.0 1.3 1.3 1.4

4:1 Tint Color Change (DE)
Hours of Exposure (QUV-A)

Pigmentation 500 1000 1500 2000 2500 3000 3500 4000
IR Black PBr29 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1
Std. Black PBk28 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cobalt Blue PBI36 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.3
Cobalt Green PG50 0.2 0.2 0.3 0.2 0.4 0.3 0.3 0.3
RTZ Orange PY216 0.2 0.4 0.4 0.4 0.4 0.5 0.4 0.5
Chrome Titanate PBr24 0.2 0.3 04 0.4 04 0.5 0.5 0.5
NTP Yellow PY227 0.3 0.5 0.6 0.6 0.7 0.8 0.8 0.9
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Emmaqua FEVE Testing

Emmaqua Weathering

Masstone Color Change (DE) 4:1 Tint Color Change (DE)
Emmaqua (MJ Exposure) Emmaqua (MJ Exposure)
Pigmentation 290 580 870 Pigmentation 290 580 870
IR Black PBr29 0.7 0.6 1.1 IR Black PBr29 0.3 0.3 0.3
Std. Black PBk28 0.3 04 04 Std. Black PBk28 0.3 0.3 0.3
Cobalt Blue PBI36 1.1 1.3 1.8 Cobailt Blue PBI36 0.5 0.5 0.6
Cobalt Green PGO 0.4 0.5 0.7 Cobalt Green PG0 0.2 0.2 0.2
RTZ Orange PY216 0.1 0.1 05 RTZ Orange PY216 0.2 0.3 0.2
Chrome Titanate PBr24 04 04 0.2 Chrome Titanate PBr24 03 04 04
NTP Yellow PY227 0.5 0.6 04 NTP Yellow PY227 0.6 0.9 0.9

290MJ/m2 roughly equivilent to 1 Year weathering
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Ohio Weathering \"

Masstone Color Change (DE)
Ohio (years)

0Nz
g
=5
=
-

Pigmentation 0.5 1 2
IR Black PBr29 0.3 0.2 0.5
Std. Black PBk28 0.3 0.3 0.1
Cobalt Blue PBI36 0.9 0.8 0.9
Cobalt Green PG50 0.2 0.2 0.2
4:1 Tints Color Change (DE)
Ohio (years)
Pigmentation 0.5 1 2
IR Black PBr29 0.2 0.2 0.2
Std. Black PBk28 0.2 0.2 0.1
Cobalt Blue PBI36 04 0.3 0.3
Cobalt Green PG50 0.2 0.2 0.3
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South Florida FEVE Weathering -

S

Masstone Color Change (DE) 4:1 Tints Color Change (DE)

South Florida (Months) South Florida (Months)
Pigmentation 6 12 Pigmentation 6 12
IR Black PBr29 0.4 04 IR Black PBr29 0.1 0.1
Std. Black PBk28 0.1 0.3 Std. Black PBk28 0.1 0.1
Cobalt Blue PBI36 0.8 1.0 Cobalt Blue PBI36 0.3 0.3
Cobalt Green PG50 0.5 04 Cobalt Green PG50 0.2 0.3
RTZ Orange PY216 0.2 0.2 RTZ Orange PY216 0.1 0.2
Chrome Titanate PBr24 0.1 04 Chrome Titanate PBr24 0.1 0.5
NTP Yellow PY227 0.3 0.8 NTP Yellow PY227 0.5 1.0
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Weathering findings
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* PBk26 (CuMnFe) didn’t weather as well as PBk28 (expected)
« PG50- Lithium modified versions weathering well (unexpected)

« Standard versus Easily-dispersed grades (hoped for)
« DE within tenths in QUV-A, Emmaqua

 Looking to do more correlation work with more SF weathering
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Thanks! 4

» Everyone at the Powder Coating Research Group
* AGC Chemicals for FEVE resin

* Brian Schwer and Doug Goetz at Shepherd Color Tech Serv lab

You for attending!
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The Shepherd Color Company

We Brighten Lives
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