Essentials of

Laboratory Weathering
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https://v.qq.com/x/page/x3088f614pv.html

Administrative Notes L) | ety i

You'll receive a follow-up email from
info@email.g-lab.com with links to a
survey, registration for future webinars,
and to download the slides

Use the Q&A feature in Zoom to ask
us questions today!

Thank you for attending our webinar!

We hope you found our Essentials of Laborarory Weathering webinar to be helpful
and insightful. The link below will give you access to the slides and recorded
webinar.
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What We Will Talk About &

« Basics of Weathering Z1{E4/118
«  Why Perform Laboratory Weathering? RNt A TEIEMEREL ?
« Laboratory Weathering Testing 3250z 2Nz

—

— Xenon TXJ
— Fluorescent UV IEERAINT

« Elements of an Effective Testing Program BRNNIHFZENER
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What We Will Talk About &

» Basics of Weathering Z{E#/13%
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Weathering: B4

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.

HTRETHXPRE=INES - DURAR ( BFRRERY ) K ( ZZ2E
E ~ BIKAMRIK ) SR RHIEEERRE -

Sunlight ~ Heat  Water
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Sunlight ¥

« A form of energy

« BEERVET

 Electromagnetic radiation

. ERHiIESY e

° UsuaIIy described in terms of irradiance & wavelength ()

- AEHBRBEANKRITEL
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Electromagnetic Spectrum EBEZFGIE
WWV\/\/\/-\/\/\/_\_/
gamm’ﬂ:ﬁ: e s UV-A: infared ,"‘i‘“’"‘,‘;‘&?g

0 100 200 300 400 500 600 700 800 200 1000

nanometers

Sunlight

UV causes virtually all uv 295-400 nm ~7%
polymer degradation!

G e A=t Visible 400-800 nm ~55%
REWEaE IR 800-3000 nm  ~38%
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Irradiance iSBBE

Irradiance’ is the rate at which light energy falls on a
surface, per unit area

[W/m?] or [J/s:m?]

BIRE - 2UMER ERINER

Spectral irradiance? is the irradiance of a surface per
unit wavelength

[W/m2/nm]

HEERE - ERK MIERE

Radiant exposure’ (or radiant dosage) is irradiance over
a period of time

[J/m?] or [W-s/m?]

RIS E - BIRE SN EIRIRN

1 ASTM G113 —Terminology
2 1SO 9288 — Physical quantities and Definitions
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Spectral Irradiance FEiSiREEE
Also called Spectral Power Distribution, or SPD YiEgEE ST

2.5
: : : —CIE 85 Table 4
| | |
2.0 - ! | : ——SMARTS2 ASTM G177
! Ve ! :
Spectral 15 :UVB: :
Irradiance ! ! UVA Visible
/mZ/nm i 1 |
T 0 e :
| | |
1 1 1
05 | | I :
| | |
1 1
| | |
OO L I L I \l I I I I I I I

250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

The absolute or relative radiant power emitted by a source, or incident upon a receiver as a function of wavelength. (ASTM G113)
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Spectrum Modifiers Y&k
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- Sunangle XHBE

— Time of Year (e.g. summer)
— Time of Day (e.g. noon)

— Latitude
- Altitude &K



Sunlight Through Window Glass AKBRY¢iE S &GS

2.5
T Outdoor Daylight
o0 | ~°T Daylight behind Window Glass
Spectral 15
Irradiance  + )
1 V)
m~2 nm T { B\ W
(W/m2/nm) T
05 | '
OO T T T T T T .
250 450 500 550 600 650 700 750 800
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Sunlight Through Automobile Glass APE¥iED S FEIIE

1 | A= 3.3 mm thick, clear
B= 5.8 mm thick, clear
10
C= 4.0 mm thick, lightly tinted
Spectral  %° D= 4.9 mm thick, tinted | / ,‘ |
Irr?dlf/nce 06 | A/ { |
m24/nm .
W ) Direct )
04 .
Sunlight A C
02 -
B D
0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
260 280 300 320 340 360 380 400
Wavelength (nm)
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Heat Effects IV

* Elevated specimen temperature HFamaEH S

Dimensional change 2%

Evaporation &

Thermal aging #ZE1L

Thermal cycling &I
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Photochemical Reactions and Heat ¥t REISH &

« Photochemical reactions are not usually simple one-step reactions
« EFRNBREAEE RN —DL RN
 Primary photochemical reactions are not affected by heat

« EEFIRICIEF RN ARRE

 Secondary photochemical reactions areaffected by heat

« MBRRYIEEFRNZHRFE N
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Effect of Temperature: iSERISZIN
Oxidation Rate of Polyethylene RZIHRIFIESE

60

50

40
Oxygen Uptake
(ML/G)

30 +
20
10

0

0 100 200 300

Time in Hours
*Time In Hours Exposed to UV lamps
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Temperature and Color BEHIENE
Darker Colors Have Higher Temperatures! Eit#dix, SEHS

0
-5
Temperature A
(°Q) -10
-15

-20

-25

Tete

Outdoors
' Open Back

1S

A

-10

-15

-20

-25

Outdoors
Plywood Backed

Fischer and Ketola, 1993

S

We make testing simple. ‘ @
QLaB
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Heat behind Window Glass ZFE&EIEIE A9k

Temperature of automobile interior components behind
window glass can exceed 100 °C
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Water 7K

« Chemical Reactions {5 &5
— Reactions in solution A& R N

— Facilitates reaction via increase in oxygen- -
transport B33 I8 NNE S s e #}if

* Physical Effects #IBRURY
— Erosion 2% ( FRZKF R )
— Absorption/freeze-thaw IRUX/ZR 74
— Thermal shock #vhh
— Impact (material loss) g - FIEHE
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Forms of Water 7K/i#HiZk9fZ3t

| ddd
/. éd
— | —
Relative Humidity Rain F/K
*EXYT?EJE Thermal Shock and Erosion

Time of Wetness

Dew &K
Most OQutdoor Wetness

Materials outdoors are wet longer than you think 12+ hours/day
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Dew, nhot Rain, Is the Source of Most Outdoor Wetness!
=K, A=MK, BRI EERIHEEE!
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Don’t Underestimate the Effect of Moisture!
AE(KAhEIEAIR200

151

« Changes the rate of degradation tRZTE({LHYRS
 Changes mode of degradation tZZ{CAIET

« Difficult to accelerate 1EXENNZE
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Summary: Forces of Weathering 245: E{kE=E

Sunlight ¥
— UV is most damaging for most durable materials

— Material-specific “Spectral Sensitivity” affects degradation

«  Temperature JBE

— Includes both heat and thermal cycling

— Influences secondary reactions

«  Water K

— Dew is responsible for most wetness

— Rainfall and humidity also contribute to weathering

Weathering includes synergistic effects between these factors!
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What We Will Talk About &

«  Why Perform Laboratory Weathering? At A#{TSC=EMEEAE ?
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Why Test? JaftAfailizt?

*  Meet specifications « Save on material costs

* Avoid catastrophes « Expand existing product lines
* Enhance your reputation * Enter new markets

 Verify supplier claims « Qutrun the competition

« Improve product durability » Stay ahead of regulations

24 | Essentials of Lab Weathering We make testing simple. ‘ @
atas



Laboratory Testing is a Tool for Directional Decision-Making
SEHENINEERRTIHITR

Laboratory Accelerated tests can help you:
SEO6 2= NN M, o] AFSIR

— Make decisions better and/or faster

— HEHERRAR

— Reduce risk of making bad decisions

—  PREMELERARAIXG

— Reduce risk of making decisions too slowly

- BRERRFEEIIERIXK
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What Kind of Test Should | Run?

Accelerated Test Type Result Test Time Results compared to
, _ * Defined , o
Quality Control Pass / fail Short Material specification
* Shor
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What Kind of Test Should | Run?

Accelerated Test Type Result Test Time Results compared to
, _ * Defined , o
Quality Control Pass / fail Material specification
* Short
Qualification / : * Defined Reference material
L Pass / fail . L
validation * Medium-long or specification

27 | Essentials of Lab Weathering We make testing simple. ‘

QLAB



What Kind of Test Should | Run?

Accelerated Test Type Result Test Time Results compared to
, _ * Defined , o
Quality Control Pass / fail Material specification
* Short
Qualification / : * Defined Reference material
L Pass / fail . L
validation * Medium-long or specification
* Open-ended
Correlative Rank-ordered data P . Natural exposure
s Medium (Benchmark site)
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What Kind of Test Should | Run? Ri%

1E1 T IRRF L ?

Accelerated Test Type Result Test Time Results compared to
, _ Defined , -
Quality Control Pass / fail Material specification
Short
ificati Defined '
Qua||'f|ca’_[|on / Pass / fail | Referencg ma’gerlal
validation Medium-long or specification
Open-ended
Correlative Rank-ordered data P . Natural exposure
Medium (Benchmark site)
o Service life Open-ended Natural exposure
Predictive ‘ . .
Acceleration factor Long (Service environment)
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Advantages of Accelerated Lab Testing SCI&=nNiEMiktaoLLE

e Fast [RIE
e Repeatable OJEE
« In-house EN

» Great for Quality Control, Qualification, and Research & Development

- JEREAm=EEG - NEMF A
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What We Will Talk About &

- Laboratory Weathering Testing SE4 2= & {E:ix
— Xenon TAT

— Fluorescent UV IEERAINT
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Xenon Arc 4T
Laboratory Weathering SCI&Z=E(




Xenon Arc Test Chamber S¥TE4iIEFE

SOLAR EYE

Rotating
Rack

Xenon
Lamp

Filter

st Chamber

Rotating Rack &%zt

33 | Essentials of Lab Weathering

Irradiance
Sensor

| Water
Spray Nozzle

— Test Specimen

I Black Panel

Thermometer

Xenon

Lamp

Filter

Test

Specimen -

Water

Irradiance
Sensor

Black Panel

Flat Array FrR=

We make testing simple. ‘

Spray Nozzle

Thermometer
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Xenon Arc Lamps TXTXTE
‘ /
Water-cooled J |

Air-cooled Water-cooled 1
Assembly /i

i) Km KA |
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Xenon Arc Spectra STy
Major Influencing Factors £EEIHEE

Optical filters #JE A

Irradiance level (intensity) fRIRE

Wavelength at which irradiance is controlled (“control point”) ¥l =

Lamp aging XJ&Z&1t
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Overview of Filters TiE R

Rotating drum “lantern” Flat array filter

-« Daylight B
«  Window &I

e Extended UV £RAIMLEE

*Other specialized filters used occasionally
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Daylight Filter Comparison B¥idighR

3.0
—Daylight-Q

5 Daylight-B/B |

' —Daylight-F |I

50 —Direct Sunlight ' A

"Wdﬂw

Irradiance M ' M 1
G A

- Wi m

0.5

0.0

250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
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Window Filter Comparison &igiEidiEhR

2.5
— Window-Q
Window-B/SL
2.0 | =—Window-IR
—Window-SF5
15 — Sunlight through Window

lance ! / l l
(W/m?/nm) 10 ﬂd oY u' WW w

0.0 Z
250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
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Extended UV Filter Comparison SBIMNERETER

3.0
Extended UV-Q/B
2.5 | ——Extended UV-Quartz
—Direct Sunlight
2.0
|
Lot
Irradiance
(W/m?/nm) '{w "w “iw
A N
0.5
0.0

250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
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Optical Filters: UV Region 3R : £9MEER

0.9

0.8

07
Irradiance 0.6 Daylight //

(W/m?/nm), . /

/

/
N Extended UV ‘// /
N / / / Window

0.0

260 270 280 290 300 310 320 330 340 350 360
Wavelength (nm)
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Optical Filter Aging TR &4k
Water-Cooled vs Air-Cooled K/ 25K,SRILLESR

 Filters for water-cooled lamp systems need to be replaced every
400-2000 hours K= ERZRIT IR R FTEE400-2000h E #

— Contaminants, even in ultra-pure de-ionized water, reduce filter
transmittance over time SRR IR R HE G =

* Almost all filters for air-cooled lamp systems do not age or need
to be replaced JLFFrEXNSIERGNTIRA AL LHEER
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Q-SUN SOLAR EYE™
Irradiance Control XPAARiRERE =t

«  Feedback Loop Control ¥ 5215
—  Xenon-arc lamp &
— Light sensor Y33k
— Control module &R

« Wavelength at which irradiance is
controlled is referred to as Control
Point

- ZEHRRERKKIRAZER =

- SOLAR EYE
system

N\
VIVN

\ 4
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Irradiance Control Point Options igBEEIE s Hli%iF

- Narrow Band &t
— 340 nm
— 420 nm
- Wide Band B
— Total UV TUV (300-400 nm)
— Global (300-800 nm) — not recommended A#7£300-8007%
- Shorter wavelengths cause more photodegradation %@ i&mE1L

» Fails to account for xenon lamp aging

TR KT BB RO
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Why Is Choice of Control Point Important? A{t&i=Hl Nt EEE?

« Xenon Arc lamps age with use

- BEREATI=ZEL

« Spectral shift limits useful lamp life

o OB ERIRS S ESm

 Controlling irradiance in wavelength region of interest maximizes
repeatability and reproducibility

- ERIRFRKXENERE IR oI ES Mo FIHE
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Black Panel Temperature Control EiRiEE=H

* Most common in test standards

o MR EPRER

« Approximates maximum specimen surface temperature

o AZEEFEmETENESERE

« (Can be used in combination with chamber air temp sensor and
control

o NHBBEESRERLENZET]
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Black Panel Temperature Sensors EiyiBE(EREEE

) ASTM ISO
Panel Construction : : : :
Designation Designation
Black painted Uninsulated Black Panel
stainless steel Black Panel 22y o
E|=isre 322y
Black painted
stainless steel Lnasr?el?ted Black Black Standard
mounted on 0.6 cm 22y o
404
white PVDF HBERIR

* White Panel versions of the above are available but far less commonly used
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To maximize acceleration, use maximum service temperature

ATERXUNE, FRRELERE

To minimize error, DO NOT exceed
maximum service temperature

AT RMNRE, FEEYRS

RRE

>Z
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Chamber Air Temperature Control 8= ;EE=El

« Required by certain test methods

- BEIREEK

* Necessary for control of relative humidity (RH)
- REZHIMEEFTEEREZETIRY

« Sensor must be shielded from light

o ERSLINIGE S

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

ECREECRE FATESRE

48 | Essentials of Lab Weathering We make testing simple. ‘ @
atas



Relative Humidity Control HYJ;EEisH$l

 Required by many test methods 1EZ M1l 5 20 E 125

— TethleS ZE//\
—  Automotive RZE

« Many xenon testers can generate and control relative humidity
o RZBTAuiaRE o] DUHESIEXEE

— Boiler system ZERAR4T

— Nebulizer system #BEK %51

— Air atomizing nozzle Z=SE{LEE

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

o« XIRZMMEan - AHE T KBORAD 25 - JEErERIERR/N
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Xenon Arc Water Spray SixT7KIi#

Front spray Bl
—  Primary method of water delivery
- KEEMREZE A
—  Calibration technique for front spray recently developed (ASTM D7869)
—  ASTM D7869 X B # U & S RIR A

Back spray 5 I
— Result of a failed experiment intended to generate condensation;
persists in some standards

- AFELBRMARNEKELY  —EiEREE
Dual spray XI5tk

— For delivering a 2nd solution, e.g. acid rain, soap

- HEINSE FAR - LEUIRERR

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

- BRLEARE PN ERI BTN
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Xenon Arc Summary STl S84

»  Best simulation of full-spectrum sunlight
o ENEAPEICEDL

« Lamps experience aging (fulcrum effect)
« XEEL (RN )

« Temperature effects

« mEFN

«  Water spray and RH control

o KB ADE EAE S

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

o MZOCRIMEALE - AR S - HFREZ
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Q-SUN Xenon Arc Testers Q-SUNTTRXTixt 3874

Xe-3 Xe-8
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Fluorescent UV

Laboratory Weathering
KICEIE




Fluorescent UV Schematic @I REE

Room Air Cooling

Spray Nozzle
(QUV/spray only)

Test Specimen

Base Cabinet

==
VN — /

T
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UV Lamps

Test Specimen

Swing-Up Door

Oxygenation Vent

Water Heater

We make testing simple. ‘
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https://www.youtube.com/watch?v=ID6zcAhF3Qs&t=7s

Fluorescent UV Lamps Ey¢EIMTE

« UVA-340 (Daylight UV)

« UVA-351 (Window UV)
 UVB-313EL (Extended UV)
« UVC-254 (UVGI)

e TUV-421

* Cool White (Indoor, office)
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UVA-340 Lamps

1.4

1.2

Sunlight

Spectral 10
Irradiance

oo s
! ; \g\

260 280 300 320 340 360 380 400
Wavelength (nm)

0.0
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UVA-351 Lamps

14
T Sunlight behind
12 | window glass
Spectral 10 \\
Irradiance 08
(W/m2/nm) ~ | '
0.6
0.4
0.2
0.0 . .
260 280 300 320 340 360 380 400

Wavelength (nm)
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UVB Lamps

1.4

1.2

Spectral 10 UVB-313EL R
Irradiance ,, | i S~ A \A . /\/\/\ ﬂ/

(W/mz/nm)O.6 T ) \\W \/\/ v V
] /N

o | /S N )

00 / / . . \]\\

260 280 300 320 340 360 380 400
Wavelength (nm)
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UVC Lamps

60

>0 UVC-254

40

Spectral
Irradiance 30

(W/m2/nm)
20

10 Sunlight

240 260 280 300 320 340 360 380 400
Wavelength (nm)
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TUV-421 Lamps

2.0

TUV-421

N

Irradiance

(W/m2/nm)1 .
0.5 Sunlight
0.0
275 300 325 350 375 400 425 450

Wavelength (nm)
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Cool White Lamps

Cool White
— Office Fluorescent
0.8
Spectral
. 0.6
Irradiance
(W/m2/nm)
04 - =
0.2 —_— -
OO i |‘ |. I T T ] —rt T 1
250 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)
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QUV SOLAR EYE™ Irradiance Control XPRERiRBEEE=HI

Feedback Loop Control
738 [ (s 2
— Fluorescent UV lamp 9N
— Light sensor Jt#Rk
— Control module 1ZEHITER
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Fluorescent Lamp Advantages SeS¢E2iMT{iLEE

« Fast Results BR1ER|%E
« Simplified irradiance control E{E4288 E1ZH|
« Very stable spectrum — no aging J¢IEi27E

e Low maintenance 1E4E1F
—  Simple calibration REE &

* Low price and operating cost &ML AFI3E 1T A

 Simple and easy to maintain #EiF{E &£
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Temperature & Color BEHERE

Temperature difference between colored panels and Black Panel

Outdoors UV Fluorescent
Open Back UVA-340 Lamps, 70 °C BPT

: \“‘
Temperature ->
e \,
-10

AN

-20

Fischer and Ketola, 1993

-25
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Condensation £5%

Room Air Cooling
y O

O
A {
- t

& VAPOR C.D.
4O e
@) A A O

‘ HEATED WATER I Oxygenation Vent
VW _ _/

—

Base Cabinet [~ Water Heater
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Condensation Advantages Qi

*  Closest match to natural wetness

- FARUFINEE

«  Best way to accelerate water in an laboratory tester
o SERENMN&EHFIKINE

»  Elevated temperature

- TR

*  High O, content

- SE3E ) -
Creating condensation in the
QUV is easy and does not require

expensive, pure water

«  Tester performs distilling — you cannot deposit
debris on specimens! Water is guaranteed to be
clean.

« FRRELGR - ORETEREK
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Water Spray 7KIi#h

» Ensures that parts get fully saturated
«  RIUETFARTE D 7KIEA]

* Creates erosion & thermal shock

o FERMEAFRUPSG

e Less common than condensation

o AT
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QUV Specimen Mounting itff&aE
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Fluorescent UV Summary 3¢5¢Eeip 24

«  UVA-340 best simulation of short-wave UV UVA-340X] & & i #1115 I &2 8 £ 5h
«  UVB-313 fastest & most severe UVB-313X] & & (BN 1R

«  TUV-421 offers a broader spectrum for color fade TUV-421X] & 12 55K R AL 1E
«  Stable spectrum — no aging HIEI2E

« Novisible light ;BT Il

Condensation realistic & rigorous 2 S ESLIEHIFEIK - FTTH T

Water spray available but not RH control o] DI7K B - 1B ARBEIEHIEX T E
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QUV Accelerated Weathering Tester QUVilliERE{LitIEHN
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Fluorescent UV and Xenon Arc SS5¢E24MNSKT

Complementary Technologies BihMIZA
Fluorescent UV Xenon Arc

« UVA-340 best simulation « Full spectrum (UV-Vis-IR)
of shortwave UV

» UVB-313 might be too severe

Best simulation of long wave UV

* TUV-421lamps offer some visible & visible light

« Stable spectrum Spectrum shifts

 No RH control RH control

« Condensation or water spray Water spray

* Inexpensive, simple to use More complex system
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What We Will Talk About &

« Elements of an Effective Testing Program BRMIX A EMNEER
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What Kind of Test Should | Run? MiZzi=13HEFH:0liat?

Accelerated Test Type Result Test Time Results compared to
Quality Control Pass / fail * Defined HER Material specification
[FRE=H OIS * Short %3R8 RS
Je L . , - Reference material
Qualification / validation Pass / fail Defined FxERY or specification
i) B/ . SH!
Dl LL/QEX& Short% E__I-'E_I_] %Ltlﬂ:j*:‘l'
. . ) —rtaco Natural exposure
Correlative Rank-ordered data Open-ended ANBRE (Benchmark site)
1 ° 1 Epd . s
o Natural exposure
o Service life . : .
Predictive receleration fact * Open-ended AHEE (Service environment)
cceleration factor - I,
E&F \ « Long {ATE BRI (SEFRIAR)
’ PEREE 7

73 | Essentials of Lab Weathering We make testing simple. ‘ @

QLAB




What Kind of Test Should | Run? MiZzi=13HEF4:0izt?

Accelerated Test Type Result Test Time Results compared to
_ , * Defined , o
Quality Control Pass / fail Material specification
* Short
* Defined '
Qualification / validation Pass / fail _ Referencg ma’;emal
« Medium-long or specification
* Open-ended
Correlative Rank-ordered data : _ Nl exposUre
s Medium (Benchmark site)
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Putting It All Together

 Identify the kind of accelerated test
o HEAINENHAYBE R
— Outdoor data is imperative to correlative and predictive testing
— FPONIENTHAMMREMNSw I ERER
 Identify service environment
- RAIMRRZE
— Indoor or Outdoor ZERZEZFIh
— Wetor Dry BUEAZE T
— Hot or Cool #3802
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Putting It All Together

« Use Best Practices BR1ESLEL
— Run until a defined failure mode —E NI ZE W 895 &= H 3T
— Use multiple replicates EFEEHF

— Perform evaluations and reposition frequently EHIM LTI A MRAIE

* Pick an appropriate Test Architecture #E3%3& 289NN 1A 2 4514
— What does the standard say? #R/ERAL ?
— s full spectrum important? ZXIEEZEN ?

— How important is water uptake? KifiNBZEE ?

76 | Essentials of Lab Weathering




Thank you for your attention!

Questions?

Send your inquiry to:
ssun@g-lab.com
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