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Weathering Testing of Powder Coatings

Sunny Sun | #NEE — Technical Manager
EZEQ-LabArE R EEL
Q-Lab Corporation China Office
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https://v.qq.com/x/page/u3559ol5kun.html
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Cleveland , Ohio
dquarters & Instrument Division

Bolton, England Shanghai, China Saarbriicken, Germany

Q-Lab Europe Q-Lab China Q-Lab German
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What is Weathering?

Changes in material properties resulting from exposure to the radiant energy
present in sunlight in combination with heat (including temperature cycling)
and water in its various states, predominately as humidity, dew, and rain.

AT RETHAAPFRARINGS - UG ( BRREREM ) K ( EEZ
e ~ B/KFIMRZK ) MSBRIMRHERERIRE -
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Forces of Weathering
Know Your Enemy!

« Sunlight
FRYE

 Heat
P e .00l A 4

VAR

« Water
7K

*Other factors can impact weathering as well but we will not focus on those today
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Exposure Angles

45° South

90° South

5° South

00

O

{2}

Graphic I ]
90°
5° 0°
N + 5 N s N 5

Orientation Faces Equator (north in southern hemisphere) Horizontal
Materials * Powder/coil coatings * Window profiles * Automotive coatings « 3D parts
commonly * Corrosion tests * Vinyl siding * Roofing materials . RooF:Cin

tested * Outdoor plastics * Architectural coatings * Outdoor flooring 9
Comment Most commonly used Reduced solar exposure Increased wet time Highest time of wetness

outdoor exposure
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Vertical end-use
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45° South Exposure Angle
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Open-Backed Exposure
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Plywood-Backed Exposure
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SCIS E=NMEIIE
Lab Accelerated Weathering Test

Q-SUN @] izl 548

Q-SUN xenon test chamber

QUV Z=IMEAB T

QUV accelerated weathering tester
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SCIS E=NMEIIE
Lab Accelerated Weathering Test

A

b

, i
Q-SUNRUTIREE 56 QUVEESL Z1EIRIEH
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Xenon Arc Test Chamber

WATE Wi 4E

Rotating
Rack

SOLAR EYE

N

~ Irradiance

Sensor

| Water

Spray Nozzle

Xenon
Lamp

Filter

— Test Specimen

— Black Panel
Thermometer

Rotating Rack
=

13 R E L i B R

Xenon
Lamp

Filter

Water

Test

Specimen -

N\.I

Spray Nozzle

W . SOLAREYE
Irradiance
Sensor

Black Panel
Thermometer

Flat Array
FHR=
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Xenon Arc Lamps

WIMKTE

Air-cooled Water-cooled Water-cooled
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Xenon Arc Spectra - Major Influencing Factors

WTFGE - TEMNINEE

* Optical filters

J6RE R

 Irradiance level (intensity)

rEiR R e

«  Wavelength at which irradiance is controlled (“control point”)
R0 1wl =

* Lamp aging

TEZAL
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Unfiltered Xenon Arc vs. Sunlight
KRBT vs. KBHSS

3.0

Unfiltered s p

Xenon Arc |
2.5

2.0
Spectral Sunlight Outside
Irradiance . Atmosphere
(W/m2/nm) \1’ ! ! .
10 , )
Noon Summer
Sunlight
0.5

OO I | T T T T T T T T T
250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
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Overview of Filters
TR 24

Rotating drum “lantern” Flat array filter

Daylight B¢
«  Window &IKIE

e Extended UV £RIMEE

*Other specialized filters used occasionally
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Daylight Filter Comparison

B6iERRILLER
1.4
Outdoor solar spectrum 4
12

Atlas Boro/ Boro

10 | =Q-Lab Daylight - B/B

|rradiance 08 | Q-Lab Daylight-Q

(W/m%/nm) | AP
0.6 N = V
04

0.2 7

280 290 300 310 320 330 340 350 360 370 380 390 400
Wavelength (nm)
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Q-SUN SOLAR EYE™

Irradiance Control

«  Feedback Loop Control iA¥ 1R
—  Xenon-arc lamp &
— Light sensor Y33k
— Control module &R

« Wavelength at which irradiance is

controlled is referred to as Control
Point

FEHI R IR E YR KA N IZE T =

- SOLAR EYE
system

\ 4

N\
VIVN
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Irradiance Control Point Options
fR AR IR

« Narrow Band Ews
— 340 nm
— 420 nm
- Wide Band FEtH
— Total UV TUV (300-400 nm)
— Global (300-800 nm) — not recommended R#E#300-800nm Izl

Shorter wavelengths cause more photodegradation
RRAE R
Fails to account for xenon lamp aging

TR E AL ERYID A
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Black Panel Temperature Sensors

EIRBE(E RS
Panel Construction AST.M ) lSO. i
Designation Designation
Black painted Uninsulated Black Panel
stainless steel Black Panel 22y o
E|=isre 322y
Black painted
stainless steel :Dnasr:JeI?ted Black Black Standard
mounted on 0.6 cm 22y o
404
white PVDF BEEIR

* White Panel versions of the above are available but far less commonly used

21 BERRH R N
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Chamber Air Temperature Control
ERinEEH

« Required by certain test methods

B LETRESK

* Necessary for control of relative humidity (RH)
RS HEEHEZE SR EZEGIRY

« Sensor must be shielded from light
ERSLINIIEE S

« BP temp always hotter than chamber air temp from absorbing
radiant heat

EUREESCRE FATESREE
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Relative Humidity Control

YRR

*  Required by many test methods
RS Ml T 200 %
—  Textiles Z54R
—  Automotive J5%F
*  Many xenon testers can generate and control relative humidity
RZ & o] IS X R &
—  Boiler-type system 35
—  Nebulizer system B

*  For many durable materials, RH makes very little difference compared to spray and
condensation

XHRZ MfEFan - AT KBORA S5 - B ERTERR/N
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Xenon Arc Water Spray
SXTKIE R

Front spray A&
—  Primary method of water delivery

KEEIMBERTTE

—  Calibration technique for front spray recently developed (ASTM D7869)
ASTM D7869 X7 itk L &£ E IR

Back spray 7 I
— Result of a failed experiment intended to generate condensation;
persists in some standards

AFEERBMARORBEL - —EiRERFE
Dual spray XI5tk

— For delivering a 2nd solution, e.g. acid rain, soap
HiNss —_FAR - LR

Immersion (Ponding) 7Ki®
— Alternative to front spray called out in some standards

BRRELEARAEPALERYBIEH

24 | R RPHIHEE L MR
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Xenon Arc Summary

*  Best simulation of full-spectrum sunlight

618 KFEICAEHL

*  Lamps experience aging (fulcrum effect)

TEZE (XRA )

»  Temperature effects

el

*  Water spray and RH control

KRB FE

« Additional cost, maintenance, and complexity compared to fluorescent UV testers

MR RIMELE - IARES - #IPEE R
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Q-SUN Xenon Arc Testers

Xe-2
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Fluorescent UV Schematic
WRICEINREE

Room Air Cooling

UV Lamps

Spray Nozzle

(QUV/spray only) Test Specimen

Test Specimen Swing-Up Door

VN — /

]

Base Cabinet > Water Heater
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https://www.youtube.com/watch?v=ID6zcAhF3Qs&t=7s

Fluorescent UV Lamps

hcce\eca\ed Wea\\\ef\ng‘!es\er
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QUV Lamp Summary

. UVA-340 (Daylight UV)

UVA-351 (Window UV)

UVB-313EL/FS-40 (Extended UV)

UVC-254 (UVGI)

Cool White (Indoor, office)

29 | YRR EE E KT R



UVA-340 Lamps

14 A
12 1 Sunlight I
Spectral 10 \\
Irradiance 08
(W/m2/nm) |
0.6
0.4
UVA-340)\
0.2 \
OO 1 I I I I
260 280 300 320 340 360 380 400

Wavelength (nm)
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UVB Lamps

1.6

1.4

1.2 I A
Spectral 10 Sunlight I
Irradiance K T UVB‘313E|—\ A \

(W/m2/nm) 0

06
| FS-40% A
0.4 R
0.2 -
1 04
_/ /
0.0 . T T

260 280 300 320 340 360 380 400
Wavelength (nm)
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QUV SOLAR EYE™ |rradiance Control

Base Cabinet

Feedback Loop Control
738 [ (s 2
— Fluorescent UV lamp ££9MT
— Light sensor 1Rk
— Control module ¥z &R

32 A& % LA BER
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Fluorescent Lamp Advantages

RICERIMTIHSE

*  Fast Results

HRIRLE

«  Simplified irradiance control
E{CiRiR E S

*  \Very stable spectrum — no aging
JOBERE - AL

*  Low maintenance

R4E1P

—  Simple calibration &2 &] &
*  Low price and operating cost
AL A AR FNZE 1T AR
*  Simple and easy to maintain
HEPfE e
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Condensation ;£5%

Room Air Cooling

N

o e
O wapor O
& e
O o

t1

‘ HEATED WATER I Oxygenation Vent

v

Base Cabinet [~ Water Heater
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Water Spray 7K

» Ensures that parts get fully saturated
PRUEAE An 78 72 7K 1B A
« Creates erosion & thermal shock

B IRAI P T

Creating spray in the QUV is difficult and relatively expensive
FEQUV K I K A2 R 7l 27 22
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Fluorescent UV Summary

«  UVA-340 best simulation of short-wave UV
UVA-3404] E & i R PARZ R =5

«  UVB-313 fastest & most severe
UVB-313X & &AM R

«  Stable spectrum — no aging
RERICIE - AZ1L

*  No visible light

=Y,

«  Condensation realistic & rigorous
RRESSEINEK - FTOENE

*  Water spray available but not RH control

BKBAME R AR E S
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QUV Accelerated Weathering Tester
Model QUV/se
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Fluorescent UV and Xenon Arc - Complementary Technologies

RICHIMIRAT - B

Fluorescent UV

Xenon Arc

e UVA-340 best simulation
of shortwave UV

* Full spectrum (UV-Vis-IR)

* UVB-313 might be too severe

* No visible light

* Best simulation of long wave UV &
visible light

+ Stable spectrum

» Spectrum changes

* No RH control

» Condensation or water spray

e RH control

» Water spray

* Inexpensive, simple to use

* More complex system

38 AR %2 LA BFR
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49 vs. SEISEE
Outdoor Exposure vs. Lab Testing

39 %*5%*4@@%15‘)’!“&\75?% We make testing simple. ‘

QLAB



i iStFm
Test Specimens
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Why FIorida’.{
T AEFHESEIX?

« High UV irradiance
SESD

* High temperatures

—_ N\

=N
[=] /mm

« High time of wetness (TOW)
=080 B /8]

* High humidity

= <H &
E}ME
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SHTIE RIS R

Xenon accelerated weathering test conditions

MAA LA tester AT I Z AL B8 F6 Xenon test chamber
JEEEE filter H €8s daylight filter

IR T irradiance 0.51 W/m2 @340nm

FRbRIRE BST 65 °C

FA 2S5 chamber air temp | 38 °C
FHXHEEE HR 50 %

ik spray 102 mins sunlight; 18 mins sunlight +spray

e PLEER25 AT ZIRISO 16474-245#E
Note : according to ISO 16474-2

42 Iwﬂiiﬁ%ﬂﬁﬁﬁi%{tiﬂﬂﬁtﬁf% We make testing simple. ‘ @

QLAB



SeoMIEE RIS R

UV accelerated weathering test conditions

R &A% tester QUVEAMIniE Z RN UV accelerated weathering tester
RIEKTE lamp UVA-3404T% UVA-340 lamp
FEHR S irradiance 1.55 W/m2@340nm

60 °C OEHIEH) (UV step)

50 °C (#HHEIA) (condensation step)
8h OLIEMEH) (UV step)

4h (A EHIEIR) (condensation step)

T PLERE KA S IRASTM G154 M R1E316
Note : according to ASTM G154 Cycle 6

MR BPT

MRIEER test circle
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SeoMIEE RIS R

UV accelerated weathering test conditions

R &A% tester QUVEAMIniE Z RN UV accelerated weathering tester
AT lamp UVB-3134T4 UVB-313 lamp
I irradiance 0.71 W/m2@310nm

60 °C (GEHETEIA) (UV step)
50 °C (#HHEIA) (condensation step)

4h OEHETEIA) (UV step)
4h (A EHIEIR) (condensation step)

T PAERIG SRS IRASTM G154 g 312
Note : according to ASTM G154 Cycle 2

MR BPT

MRIEER test circle
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f8X1E Correlation

Definition of Correlation: “The agreement of
results between outdoor and accelerated

tests”
-ASTM GT13

BRI "FPONEENSS I EINZELEE 28
HYREXIE"

-ASTM G113
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X

Correlation
o FNABERAEAFRAIANEMZE

— Apply the method of rank order to confirm the exposure result

o EBEMMERIESNEREHITHER

— Rank specimens from best to worst

« fEHSpearmanBRAZITERP A ZBRIHERE
— Calculate Spearman Correlation Coefficient between the two methods
— r~=1-6).d2/[n(n?-1)]

« HRH2ZEANT - &N

— Spearman Correlation Coefficient is from -1to 1

46 |BRREHR IZE EKHR




Q-SUNSFloridaillitt 45 R Z [AIAYELER

ZIBQ-SUNJIHE 745 17800/) VY

%2 BIXF SMEIR1

HEQ-SUNSHZ BRI - FamkICR ZERIHERZE
Q-SUN3u600h S 1% 2 B IR R IR 1F 45 RHE =
Q-SUNLEu600h S 1% 2 A BRAM1 FHR 5210.9
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Q-SUNSFloridailllitéa R Z IBIAYELER

hEEAFRameTE (Bfy: By ¢
0 3 6 9 12

— A
1-e_B
nl_a—

o (o e bk

Q-Sun+
60 -

0 100 200 300 400 500 600
Q-Sun FRATMNFATIE) (E{U: <]BT) «
Q-SUN:MiK600hSFloridal® il 15E 45 mn R S 2R 2 B AY EE R
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Q-SUNSFloridaillist¢55R Z [BIRYELER

TIEZ2EAQ-SUNXI &= A1T Nl 2 ZFloridaF~ MR AR -
HRBYEFIT R AR

AEMIECERITRVRY + BIFWAIEE MERE

Q-SUNMI SFloridaF= SNl 2 (B R AH R 14 1R EF

49 |BRRPH ZE E KT R



QUV(UVA-340)5Floridailllis{ 45 SR Z [BIRYELER

1ZERQUV (UVA-340) NN #2 FF3z 171000/) VB

Florida = SMEif 1=

TFEQUV (UVA-340)SFloridafllisl - kAR ZBINER R
QUV (UVA-340)18052400h SFloridal& i1 45 R H =

QUV (UVA-340)i832400h SFloridal& il 1= 1H5R % 270.9
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QUV(UVA-340)5Floridaillitt &5 R Z [BIAI EL &R

ThE RS NRARRT 8] (Bfr: H) -

3

904

(v e S
o
S
1

4
P —E—A
—e—B
704 |_a—d |5
QUVUVA) BT
60
0 100 200 300 400

QUV UVA)S BITUIRET A (Ehr: A
QUV (UVA-340)illixt400h SFloridalR M1 8 4% o e & Z BRI EL IR
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QUV(UVA-340)5Floridaillitt &5 R Z [BIAI EL &R

TIEZEAQUV (UVA-340) X AR 1T 28 Z Florida~ SMERAR -
FRRSE R R EIRIE

ATEMICERITRVRY - BIFWAYEE MERE

QUV (UVA-340)Mizl SFlorida= SMEHR 2 [B] 9 AE R M AR UF
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QUV(UVB-313)5Floridaillitt &5 R Z BRI EL &R

ZEBRQUV (UVB-313)MNsl#2 F 3 17400/ B

Florida/= SMNE A 14F

THEQUV (UVB-313)5Floridalllis, - #H#mEkAEX ZBIBRAE
QUV (UVB-313)it4350h SFloridalR® ifi 15 45 R1E =

QUV (UVB-313)i42350h SFloridalg 151552 % #70.9
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QUV(UVB-313)5Floridaillitt &5 R Z BRI EL &R

THE RIS gAAETE (Bfy: R) ¢

%

£ a4l an
N
T 70{|—Aa—C| |ac

1 QUV(UVB ®ZEit
60

0 50 100 150 200 250 300 350
QUV(UVB)HFLMREAT(E] (Bfiy: -8ty «
QUV (UVB-313)illix{350h SFloridaf# il 14 mk e R Z BRI EE R
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QUV(UVB-313)5Floridailllis{45 R Z [BIRYELER

TIEZ2ERQUV (UVB-313) X 1Tzl 2E ZFlorida~ SMERAR -
HRAYEFEIT R AR

ATEMIEERIFARY - BIEFERAYCE MERE

QUV (UVB-313)ix SFloridaF~ MBI 2~ Bl ;A R R I
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51t
Conclusions

FINUNE 25250 Z NNk E (BN Y E i

TIEEQ-SUNT AT 150 - B EQUVERINE(BIH I, XM BHS BRI R
S5FIMRIR 2 BRI HE R M E B

QUVERINEEI I EEQ-SUNT AT 1 3 A 5 8B RAE HAFlorida = SME il 15£
ENESES
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Thank you for your attention!

Questions?

Send your inquiry to:
ssun@g-lab.com
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Q-LabHREGFIUS 2 RS
MHREZE RN EZR

VEAMN R - WEHNRER
VEERBIERANE ~ &R RS
VHRBEAOR - o BIFEEE - Bl E24/NTANFIREL S

www.g-lab.com

H—3 - RiEHEA]
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