Black Panel Temperature Control in Accelerated
Laboratory Weathering Testing

LINEFCECNN PR ER IR E

Kobe Qu (E21ERX)
Sr. Technical and Marketing Manager
kqu@qg-lab.com

Q_ |3 b S EEERRE AR AR K

1| Temperature Control in Accelerated Laboratory Weathering Testing


mailto:kqu@q-lab.com
https://v.qq.com/x/page/d31705bexls.html

Temperature in Accelerated Weathering Testing
FELNIXPRYEE

«  Temperature is specified in nearly every accelerated weathering test
JLF8NEENNHE KR B EH

—  Black panel temperature (UV fluorescent, xenon arc)

FHORE (R - @A)

—  Chamber air temperature (xenon arc)

MEZESRE (TAT)
*  Goal is typically to accelerate degradation by testing at elevated temperatures
Mt SR MINEE(E
«  Tester control temperature often differs significantly from actual specimen temperature
SERREFE R EMIRE TGN REEBRAERH
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Temperature and color ;2EFIENE
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* Specimen color affects strongly
temperature when exposed outdoors

FERPRTRRAA, #4EE 2R ERE

* Specimens in xenon testers absorb visible
and IR light, increasing their temperature
much like outdoors

FERTE AT Z AL 78 R IR U KT & & H B9 B] TS

LIk, RUFFIITIR

* UV fluorescent testers do not generate
much radiant heat for specimens; color
differences are small

RIEEN TSN E XSRS, B E
B/




Black Panel Temperature Control iR BEi=Hl

. Most common in test standards
ERENHIREPERERI

. Approximates maximum specimen surface temperature better than air

temp
LEESREEEINFRANESREE
. Can be used in combination with chamber air temp sensor and control

EHRCREMNZE SR E L —E 2
. Typically not practical to monitor sample surface temp
AR IR ERF AR

. Samples might melt due to unrealistic high surface temperature if
uncontrolled

MAMBUESIRCRE - W ot BT SHREREE MEE
. BP control improves test repeatability and reproducibility

FEHOREZERRS FH o EEM MBI
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Where is your sample surface temp?

{RAYHF orim|

BST temp
BPT temp

Air temp

rﬂ—
EESI?
« Painted steel panel
Sample 1? ) )
«  White plastic
Sample 2? + Black plastic
« Transparent plastic
Sample 3?7 ° Dlsplay

 Leather and textile
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Terminology: Black Surface Temperature Sensors

white PVDF

i ASTM ISO
Panel Construction . ) X ¢
Designation Designation
Black painted Uninsulated Black Panel
stainless steel Black Panel 22y o7
E| 2152322
Blagk painted Insulated
stainless steel Black Standard
mounted on 0.6 cm Black Panel 22y
‘ “aix BEHR
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Black Panel (BP) Temperature Control

*  BP temp sensor mimics specimen temperature; does s ke) T
not match chamber air temperature

BHCEERIFEREE, MBEAESERRK

*  BPT standardizes conditions experienced by
specimens, independent of room conditions

iR B TR BRI S, FILi ERE T X

Black Panel

»  BPT does not necessarily match any particular
specimen temperature or represent the hottest
temperature in the tester!

BiREEF—ENREEMXEEEERATR, hF—ERE Insulated Black Panel
Et*¥§ﬁﬂ”]ﬁilﬁllm,#'

Xenon arc temp sensors
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Black Panel (BP) Temperature Control

*  BP temp sensor mimics specimen temperature; does
not match chamber air temperature

BHCEERIFEREE, MBEAESERRK

*  BPT standardizes conditions experienced by
specimens, independent of room conditions

iR B TR BRI S, FILi ERE T X

»  BPT does not necessarily match any particular
specimen temperature or represent the hottest
temperature in the tester!

RinEFR—ENRFEMINEFEREELER, hF—ERE Insulated

Et*¥§ﬁﬂ”]ﬁilﬁumfﬂ= ! Black Panel Black Panel

UV fluorescent temp sensors
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What influences Black Panel Temp?

. Radiation (mainly visible light and infrared radiation)
BE ( EZE IS INE )
—  More significant for Xenon Arc than UV fluorescent
TITEERERINERRE
— lrradiance level
RBIRBE
—  Optical filter type (infrared absorbing or reflecting)
FERE R AP ((ZIIMRINEL R 8T )
. Thermal conduction construction (insulated vs. uninsulated)
RES ( BWAMEIRRLEY )
. Chamber air flow and temperature
MEESRENSR
. Water Spray (though BP temp is not typically controlled)
IKIBAM (B TKBUM PN BB AT )
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BPT, CAT, Airflow, and Irradiance

A(BPT-CAT) 4 A(BPT-CAT) 4
Negative correlation Positive correlation
R X IEFEX
Air Flow Irradiance Level
Greater airflow narrows the temperature differential Higher irradiance widens the temperature differential
SRB K@=/ ERBEEEEX
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Black Panel Specification

* Intheory, an insulated black panel is intended for plastic materials and an uninsulated black
panel is meant for painted metals.

Eig F o BEERATER - FESERBTEERER

« Inpractice ... {B3LPr
—  BP are more popular in the USA; IBP are more popular in Europe
BPTEILEEZ - IBPEMMEZ
—  Many standards allow both types, with no guidance
F2IRERITFRIPREEL - RBESEN
—  Standards for general testing may only allow BP, like ASTM does
EEZAASTM AN S8 1 FBP
— ISO plastics and paint standards both list IBP first
ISO ZBRIARBIIREME ELUF - (BILIEIBP
—  "Equivalent” temperature setpoints for BP and IBP are not aligned
BPHNIBPRIPFIBRY "SFW" REIRERFFARXNTT
— IBP are never, ever specified in UV fluorescent tests

IBPZ BT AR I SR IMMESR

11 | Temperature Control in Accelerated Laboratory Weathering Testing




Selecting a Black Panel Type

. Test results demonstrate that proper choice of black panel type can bring specimen temperatures in line with test setpoints
M A RFRIBIEFAREER LA UEFS R RER LR IR EE

— Painted metals match BP

TEREMERSENR

—  Plastics match IBP

BRI B S RBAR

— IBP should be used more in UV fluorescent testing for Plastic

IBP N 88 2518 F T 2B I R S =AM A BN

— 3D specimen testing also better suited to IBP

— 4 BN IZ FFIBP

. Construction of a “Black Standard” IBP is carefully specified
"RARCRE S A RRIBNE

—  Other insulating BP designs are not expressly permitted

Hith e 5 BRI 1 RERIE 7o F

—  They can be shown to match well results from a Black Standard

XL 5 AR O] IR T VL AL RARRY4S
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Specimen Temperatures:
Fluorescent UV

Room Air Cooling

N

UV Lamps

Spray Nozzle

({QUV/spray only) Test Specimen

Test Speci
est Specimen Swing-Up Door

Oxygenation Vent

Water Heater
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Fluorescent UV testing
Standard “2D” Specimen mounting

+  Typical mounting for flat panels in a fluorescent UV tester
HAMENZEFEPHTERESR
Front two “"quadrants” are shown

M35 IE E A IUF R 15
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Fluorescent UV Test Cycle

110
100
90

70 °C light

%0 60 °C light ﬁ{>
70
60 //\_ E : ! : | :

Temp. ! r I
(] 50 _—-—---"-—-—---"-—--J—-—-d—t—-—-—'—l--—'--—l"
| | |
co : - ' | P S
30 +—1 20 °C light : : \\lé/ : :< relg)?artl?on
20 50 °C
10 condensation
O T T T T T T T T T
0 8 16 24 32 40 48 56 64 72

Test time (hrs)
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Fluorescent UV Experimental Results

110
. ——— Chamber air 60 °C light I 70 °C light
) Metal panel
90 A Plastic panel M\
g0 1 == =BP setpoint ‘l I
P
Temp. 00 -
e ' d ) Lo
@ = ﬁiﬁ‘ﬂf‘a = f%/ e R
| B

cHONV T N

= . 4 o - relaxation —
20 50 °C light 50 °C
condensation
10
O T T T T T T T T T
0 8 16 24 32 40 48 56 64 72

Test time (hrs)
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Fluorescent UV Test Cycle: Simplified View

10
B Chamber air
100 1 @ Metal
90 A Plastic
o0 L~ BP setpoint
Temp [ ]
(OC) 70 ——
0 ] [ ]
50 -i
CAT >> Plastic > Metal > BPT
40 T T T T T 1
45 50 55 60 65 70 75

BP temp setpoint (°C)
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Fluorescent UV testing

“3D” Specimen mounting
!

Quadrant boxes allow weathering of three-dimensional specimens
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Test Cycle: 2D results (reminder)

110
B Chamber air
100 1 @ Metal
90 - Plastic -
w0 L~ BP setpoint A
Temp - ‘1"
(OC) 70 ——
60 - &
’ &L
CAT >> Plastic > Metal > BPT
40 T T T T T 1
45 50 55 60 65 70 75

BP temp setpoint (°C)
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Specimen temperatures: 3D configuration

10

B Chamber air -
® Metal

0 A Plastic -
g0 | — BPsetpoint f'
Temp. A ‘1'
O 70 B —
O
60 ‘Iﬁ—
fg Temperature differentials much

greater in this configuration
40 T T T T T 1
45 50 55 60 65 70 75

100

BP temp setpoint (°C)
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Why the temperature differences?

*  Black panel was cooled by laboratory air
LI 2% =S ERRL A

¥

«  This increases heater output, leading to higher
temperatures

AZBMMAR L - SBESNESRE

«  This can lead to melting and glass transition
when testing plastics

HEMSBERMRIBYERBEREMAEL
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Insulating Black Panel

« IBP will retain heat better than BP, offsetting some
of the heat loss to the chamber air

HHEEBP BPERZRIEME @ K HE D A=K

«  How will specimen temperatures be affected by
use of an IBP?

FERBPEEI IR RE ?
— Metals vs plastics
TE vs BB
— 2Dvs 3D
—HEIAE vs 4R
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Specimen Temperatures - 70 °C setpoint

Specimen Material

Front Door Black Panel Type steel aluminum plastic

- | O | O [ -
standard
configuration

|:|IBP 67 63 @

I BP 91 91 96
4" 3D Specimen

Quadrant Box
|:| IBP 76 77

IBP better match for 2D plastics, and all 3D specimens
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Specimen Temperatures - 70 °C setpoint

100 '
=== Setpoint
90 ® Metal .
Plastic
80
Temperature
°O) 70 | N\ =gemme———- 2D
60
50 | _ ]
40

Standard BP Standard 1BP 4" 3D Box BP 4" 3D Box IBP
Test Configuration and BP Type
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Use of IBP in UV Fluorescent Testing

« |ISO standards define precisely the construction of a “Black
Standard"*

ISO TR/ERBIEENX 1 "Bir" B4EH
— Dimensions R~F
—  Materials # &
— Sensor location (not facing specimens) &8I &

*  Other insulated black panels are not expressly allowed unless
they produce the same results

BRIEF LW GRIER - ST F AR MBS R

*ASTM defines the identical construction and calls it an Insulated Black Panel
SASTMEX T HEIEHIZEH, H 5.2 92652
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3D configuration with Insulation

80

75

70

65
Temperature 60

Q) . Control BP (60 °C)

50 -

45

40 I I I I I 1
0 10 20 30 40 50 60
Time (Minutes)

Temperature controlled by a BP to 60 °C
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3D configuration with Insulation

80

—o—Black Standard
75

—-=-BP Black standard

70 -

65
Tempoerature €0
(°O)

i—a—a—a
Control BP (60 °C)

55

45

40 I I I
0 10 20 30 40 50 60
Time (Minutes)

Black standard runs hotter because it holds in heat
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3D configuration with Insulation

80
—o—Black Standard
75 | -m-BP
Black standard
70 IBP NA —Nh— NN
65 y
Temperature €0 & BB —u

(°C) Control BP (60 °C)

40 I I |
0 10 20 30 40 50 60
Time (Minutes)

Insulated black panel delivers the same values as a Black Standard
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Specimen Temperatures:
Xenon arc
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Xenon Arc Experimental Test Cycle

100
80 °C BPT == Chamber Air Setpoint
v 70 °C BPT light = =BPT setpoint
80 +— g = |
60 °C BPT light ' | | !
70 4 light ] : | | r - | |
60 r - i l ! l
I | !
Temp 50 | | | 1
°C) | I ' :
( 40 —
30 +— 38 °C CAT || 47 °C CAT | 56 °C CAT N\ 7\ e
20 1| light | | light || light 38 °C CAT
dark
10
O T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20

Test Time (hrs)
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Xenon Arc Temps: Simplified View

100

——BPT BPT much higher than
07 ——CAT CAT in xenon arc testers
80 -

. A //\\ A\
AN/ N\ AN AL N\ AN

Temp ~°
C0) 40 -

30

2 BP 60 70 80 60 70 80
CAT 38 47 56 42 52 60
10
0

Dark Light Dark Light Dark Light Dark Light Dark Light Dark Light Dark
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Xenon Arc: Specimen Temps w/ BP control

100

——BPT
90 4| —e=CAT

g0 4| =#—Plastic specimen A A
~—-Metal specimen /A\
. =R A

D. A\-A / AN VA 7o\
Tl ) NIANY L~ ‘WA“/A\

Q) 0
30
20 » Plastic specimens hotter than BP and MUCH hotter than chamber air  ——
10 * Metal specimen temps ~ BPT I
0

Dark Light Dark Light Dark Light Dark Light Dark Light Dark Light Dark
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Xenon Arc: Specimen Temps w/IBP control

100
IBP
90 1 —e=CAT
80 —+—Plastic specimen /\
20 -#-Metal specimen
60
50 —
Temp
° 4 -
Q)
30 ) ) o
» Plastic specimens cooler than IBP
20 o
* Metal specimens ~ plastic specimens
10 o
* IBP control preferred for testing of plastics
O T T T T T T T T T T T T
Dark  Light  Dark  Light Dark  Light Dark Light Dark  Light Dark  Light  Dark
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Black Panel Transition Times and Test Results

et m S F R AT TR U4 SR AV RZ I

SAE J2527 Case Study
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Case Study: SAE J2527 BPT ramp adjustment

*  Q-SUN Xe-3 tests were showing
less color change than tests
performed in other xenon
chambers

Q-SUN Xe-3BZER/)

Sample GPPS
5

Q 95
g
[}
*  Red dots are Q-SUN Xe-3 testers S 20
2] MEQ-SUN Xe-318 & = .
s
*  Gray dots are different xenon s
chambers 75 833,88
KRZEMTAIRE
*  Yellow dot is the average RREES
Eo2X9E Polycarbonate Ab
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Case Study: SAE J2527 BPT ramp adjustment

. Optical filters and water spray were adjusted, but did not produce additional color change for
transparent plastic (PS, PC)

B 7R R FKEM - BHAREESXEEAERAFNEERKR
. Alternative chambers in this case had faster temp increase rate, and significant temperature
overshoot

RREEX PROEMIAIGEREECTTER - EE2HBRERRET P
. Q-SUN Xe-3 testers had a moderate temperature increase rate, and no temperature overshoot
Q-SUN Xe-3ix#)RE LTHig - RAREI PINE

. Polystyrene (PS) Lot 9, a standard reference material, is sensitive to UV cut-on and temp, but
insensitive to moisture

PREIARPS lotd WRINEERANRESUK - (BE T AEUK
. Temperature transition time can be adjusted to affect results

BENEHIRE O LUREE R ImNIK 45
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SAE J2527 in alternative tester

+48n

SAE J2527 — XXXX tester

=== Aesds + 348N

"7
308N
yleg

=== Aeudg

T e
348N

Temp
overshoot
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SAE J2527 in Q-SUN Xe-3: S/ow Temperature Increase

SAE J2527 - D.I-SUN XE-3 Default EP

Wan
Aeads + 348N
yieg
Aeadg + 34BN

BO

— BP Temperature

= = =BP Set Point

Temp(°C)

Air Temperatur

= = = Ajr Set Point

40

20 1
15:36 16:48 18:00 19:12
TIME(Hour:Min)

22:48
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increase

Fast temperature j

-SUN Xe-3

inQ

SAE J2527

Air Temperature
= = = Air Set Point

— B Tem
= = =BPSetF it

16:48

15:36

- R-SUN XE-3 with new EP

14:24
Time (Hour:Min)
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Delta b (yellowing) - PS lot9, SAE J2527

—— Slow ramp
—— Fast ramp

6 e Alternate chamber

Delta b
NN

94.8 KJ 221.2K]
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316 KlJ

Faster ramping
increases PS
yellowing

442 .4K)J




Delta E (color change) - PC, SAE J2527

—— Slow ramp
3.5

Faster ramping
increases PC
yellowing

Alternate chamber
3 —— Fastramp I

2.5

Delta E
IJ

1.5

0.5

94.8 KJ 221.2 KJ 316K] 442 .4K)
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Delta E (color change) - GPPS, SAE J2527

10
9 —— Slow ramp
Q Alternate chamber
—e— Fast ram
7 p
6
Ll
£ 5
Qu
&)
4
3
P
1
0

94.8 KJ 221.2 KJ
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316K)

1

442 4Kl

Faster ramping
increases PC
yellowing




Conclusions: Fast BPT ramp affects resuits

*  More color change for these

three transparent materials using | " .
a faster BPT ramp 10 \

EHORENEF R - BEHA % , \\
S (3.16, 9.04) |
2 .
*  Red dots are default ramp 2 ( /
o o
I REEREIAE = ‘ " o
8 \ (2.95, 8.20)
. ’ \\\ o B il
«  Blue dot is faster ramp “ ~ — 833,88

B e B RV FBRME T

1.2 16 20 24 2R 3.2 26 A a4 48 52 56 6.0

Polycarbonate Ab
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Conclusions

« UV Fluorescent testing Z¢ 529N
—  BP for flat, conducting metal specimens
ERE X R SAEEIFR
— Insulated BP for flat, insulating plastic specimens
IBPET Xt FER AU 4B RAEB NI 4
— Insulated BP for any specimens tested in 3D boxes
IBPEF XY PREAI3DHF mm
— UV fluorescent IBP matches performance of Black Standard

RIEINE(CREPRYIBPFIFARMERE— 2

«  Xenonarc mXT
—  BP for metals
ERENER
— Insulated BP for plastics

IBPEF X 2B

«  Transition times 335 AY(8]
—  Not specified in any weathering test standards
FEZ EMARERRBIE
—  May influence severity of test results
ogEaFImltE R
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Thank you for your attention!

Questions?

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