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ievement Award

30 Years

QLAB

Presented to:

Unkel (Thai) Limited

In recognition of 3 Decades of
standing cooperation with Q-Lab

July, 2018

QLAB

CERTIFICATE OF TRAINING

Presented to

CHANATORN CHANTANUKUL

In recognition of participating in a 40-hour technical training program for:
QUV Q-SUN Level I&II

Technician proficiency: Level I

2018 March 19

Fwi e e

efhnical Trainer Iiddie Corcino, Global Repair Dircctor

Years Cooperation
With Q-Lab

Certificate of Authorization

This certificate of authorization is presented to:

HJ. Unkel (Thai) Ltd.

registered in:

Bangkok, Thailand

H.J. Unkel (Thai) possesses the
technical capability to sell and service
Q-lab Corporation’s goods and services, including

QUV Accelerated Weathering Tester
Q-Sun Xenon Test Chamber

Q-Lab Test Service

MTG Gravelometer

QCT Condensation Tester

Q-Fog Cyclic Corrosion Tester
Q-Panel Standardized Test Substrates

Richard A. Kish, Int’| Sales Mgr.
Q-Lab Corporation
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Q-Lab Corporation

* Founded in 1956

* Specialize in material durability testing equipment and

QLAB services
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Westlake, Ohio
Headquarters &
Instrument Division
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Bolton, England Shanghai, China Saarbriicken Germany,
Q-Lab Europe Q-Lab China Q-Lab Germany
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Importer and Distributor of color testers.
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Importer and Distributor of color testers.
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FORCE OF WEATHERING — THE 1*' FACTOR



e SLVINIKVDINNE (Solar Radiation)

Electromagnetic Spectrum

BLIIWVAVAYA Y A

X-F.
gamma rays

uv-C

300 400 500 600 700 800 900 1000

nanometers

\ Y J
Sunlight
uv 295-400 nm ~7%
Visible 400-800 nm ~55%
IR 800-3000 nm ~38%

SUNLIGHT
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SHORT UV
WAVELENGTH

IavIO0EIvL UVAAUSU

7% UDVUSUINUEIVSLAWS-DIROEAVKIUO
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(Spectrum Modifiers)
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NISNS=IEUDVYWALLVIUFIUNASUIED
(Spectral Power Distribution: SPD)

£.J

2.0

Spectral ;|
Irradiance

(W/m?2/nm)
1.0 A

0.5 A

S S

0.0

—CIE 85 Table 4

UVA —SMARTS2 ASTM G177

uvB

uvcC

250

300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
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NISNS=IEUDVYWALLVIUFIUNASUIED
(Spectral Power Distribution: SPD)

2.5

- Daylight

20 1 auiia Window

Spectral 1 s
Irradiance
(W/m2/nm)

1.0

0.5

DD - T T
240 280 320 360 400 440 480 520 560 600 640 680 720 760 800

Wavelength (nm)
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NISNS=IEUDVYWALLVIUFIUNASUIED
(Spectral Power Distribution: SPD)

1.2 4 A =3.3 mm thick, clear

1 B= 5.8 mm thick, clear
1.0 -

| C=4.0 mm thick, lightly tinted

0-8 1 D=4.9 mm thick, tinted
Spectral .

Irradiance ;¢ |
(W/m?/nm) _
Direct

0.4 7 Sunlight

0.2 +

DD T T T T T T
260 280 300 320 340 360 380 400
Wavelength (nm)
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WaNs:nUYINDIUKNU
(Heat Effects)

DIUKNIIBULIUFVUU
yunnduvIuIlaau

NISS:IKEY

NISIFDNANIWIINDIUKNT ( Thermal Aging )

NIsIJaaunlavdrukniis:Kk31vnisnaasu
(Thermal Cycling)

- Umsiasunlavaruknidon 75 10u 25 ovrmisaidua nafu 2 Ui
Florida - 10uaikarifRIAO Physical Stress

- J@isinasuuuwaladninanisidaaundav

TEMPERATURE

DIUKNU
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Jovanruknidavwand 501s1oondingu
(Oxidation Rate)
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Oxygen Uptake 20 L
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Temperature A
(°C)

-10

-15 |

20 |

-25 |

Qutdoors
Plywood Backed

Fischer and Ketola, 1993

Outdoors
Open Back
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Wans:nUAIRNINUN
(Major Effects of Water)

UNASaINIAi (Chemical Reactions)

- UfnSufuaisa:any (Reactions in Solution)
- nisinapudnaupvluianaluaisa:angviadu (Oxygen transport)

UnnsainivnignNIw (Physical Reactions)

- MsNOIy: (Erosion)

- mSOOUU nmanLJumnuo narurmum (Absorption / Freeze- thaw)
- mTr(arur(nuana\)n nur(uuuaumu (Thermal Shock)

- INONTSY:=av QMIHUUDa (Material loss)
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HUMIDITY RAINFALL DEW

ADUEU Wunn ChAo

Usrudh Ragilupinia

- oo _ *  1INONISY:AAWIKUIEN « TounfuomAnRns:nuAUIEU
« 10uaikarifKInoAIWIASLNUDY _ . S - . Soa
- : * INOWUWLNWIKUEN Ia2sauIJuKanUIATYDUUU
guvu ( Stress ) . - o v
PR ( Chalking ) TulifukNKSDIONL 9
« 1AnduldnvNmelu - L ‘
* yzawnswanusn * U Ddondugv.

Ia=NYUDNDIAS
*  ANUBUFUWNS (RH)
= UsurudhnoimAfuaruknOKdY
AausnAnifula

. |ﬁnn15|LJ?iauuLJa\)qmr<nuD
N:NUKU (Thermal Shock)
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HUMIDITY RAINFALL

UV (Dew) mmsaanidnitcn o n1D:IUEJn

1JDIVBULIUANAIDY
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JIKOUDVNISIFDNANIWUDVEULIU
(FORCE OF WEATHERING)

V ATHERING

Uswngmsru

IFvIn0 DIUKNU AJBU

Polymer Degradation an:Jan uuduviu
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IASDVISVANIDINA

“MYIUANTU AnUNIWAUA DENVINUEN”

US:10UWaaWSANUNIWYDLAUAINIE NISYIADVANIIDINIA
dunissus:zaznal NMElAan12:9sv 10
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2. a0 AUIFaL aonasAaInMNIdagundavyovwannnuniawann

3. a0 AWIFAL NNISAQFUET doNIsSWaIUISUAN
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50% - =E=Simulation

=#=Typical Correlation
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IASDVISVAN:IUU Xenon

‘LAB
Xe-1 Xe-2 Xe-3

27
Q-Sun Xenon Arc Tester




sUnuuwduvu fudinSavnnaou

‘LAB

Water Spray Solar Eye

Xenon Lamp Nozzle Sensor

Fillej
Xenon Water
Lamp Spray
Light —/&
Monitor
Test
Specimen

Test Specimen Black Panel
Thermometer

Rotating Drum

Flat Array

Q-Sun Xenon Arc Tester
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Air-cooled Water-cooled

‘LAB

Q-Sun Xenon Arc Tester



Unfiltered Xenon Arc vs. Sunlight

3.0

Unfiltered Xenon Arc

25 | -

Spectral Irradiance "’

(W/m?2/nm)

Sunlight Outside

L5 Atmosphere

1.0 .

Moon Summer

Sunlight
0.5

Da{] 1 I I 1 I I
250 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)

30

Q-Sun Xenon Arc Tester




Xenon Filters

Rotating drum
“lantern” Flat array filter

Daylight

Window

Extended UV

‘LAB

Q-Sun Xenon Arc Tester



Uvvanid UHﬂDﬂ"ISnﬂHDUTUIﬂSD\)
LAB

1. gUOcINsovIav ( Optical filters )

2. St nUﬂ‘ﬂUIUUIIa\) ( Irradiance level )

3. hvANUEMAIUNRKUN ( control point)
4. DIYNMIS[EVIUYDVKADN

Q-Sun Xenon Arc Tester



IJsSaulinau Extended UV Filter

1.4 :

1| =——Outdoor solar spectrum j g
1.2 ===()-Lab Extended UV - Q/B /QJ{.J /
1.0 H Atlas Quartz/Boro //’7\/\ / \ /—‘\ /
0.8 A—

| WV
0.6 N ,
0.4 /fj/
0.2 M
0.0

280 290 300 310 320 330 340 350 360 370 380 390 400
Wavelength (nm)

Irradiance (W/m?2/nm)

Q-Sun Xenon Arc Tester



IUSauinau Daylight Filter

1.4 _
1| ——Outdoor solar spectrum 1

1.2 7 Atlas Boro/ Boro

__ 10 /| =—Q-Lab Daylight - B/B

€

c 1 Q-Lab Daylight-Q

S

NE 0.8

...'.... T g

g 0.6 p M

S . ~J !

Q

o 4

c

2 04

o

o

0.2 .
— f-f
7
0.0 + T

280 290 300 310 320 330 340 350 360 370 380 390 400
Wavelength (nm)

Q-Sun Xenon Arc Tester



IJsaulneau Window Filter

1.4
1| =——Sunlight through window glass

1.2 Atlas Boro/ Soda Lime IY
10 Window - B/SL
g 1 —Window - IR
% 0.8 _
£ | —Window-Q
..g_.. 0.6 \"}
Q
g 1
c
& 04
T
& 1
= 02 ~

0.0 T | % | | | | | |

280 290 300 310 320 330 340 350 360 370 380 390 400
Wavelength (nm)

Q-Sun Xenon Arc Tester



* WainosdkSu Water — Cooled lamp SuJuddviJagu nn < 400 -2000 &1UL
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WATER - COOLED
AIR - COOLED

e WalndSaIKSU Air — Cooled lamp MU
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Q-SUN SOLAR EYE Irradiance Control

FEEDBACK LOOP

§ CONTROL
Irradiance Data From Sensors

Lamps
Sensors
-
Specimens

Xenon - Arc Lamp
Light Sensor

Control Module

USIrUAINIBINIAYONAIUANADE
IBUIEDSIAY (UINNAVATN

Q-Sun Xenon Arc Tester
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Xenon Arc Irradiance Control

AUAUUSKUINUNISRNESLA ANINETDAAU

- 340 nm
- 420 nm
- @IV UV TUV (300-400 nm)

- Global (300-800 nm) — lUnu=un
@V UV AWePAAUAUIDUAIKOYUDY Photodegradation)

bl ]

ndlapdvidus:ansnawnazniugn

*KaD0 Xenon T1gNslEvIUIAN FvASIVAEUKADOOIIAIKUN

Q-Sun Xenon Arc Tester
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Black Panel Temperature Control

IBUIEDSDIUKNU IFUDUWULIIUDLEUVIUNNADU

@ f8sounu

- IBUIDSAYINBrUKNTDINTA fudnaasu

(Chamber Air Temp Sensors)
- (MAUANRIUKNTUDLEULUlUANOADU

(Chamber Air Temperature Control)

Q-Sun Xenon Arc Tester

| ﬁ

JAdN1LVIidINGL



Black Panel Temperature Sensors

white PVDF

) ASTM ISO
Panel Construction : ; : =
Designation Designation

Black painted Uninsulated
stainless steel Black Panel Black Banel
Black painted
stainless steel Insulated Black
mounted on 0.6 cm | Black Panel Standard

Q-Sun Xenon Arc Tester

L =
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Chamber Air Temperature Control

d1KSULVINNADURDYNISAIUAN
AWBUAUWNS RH IWDIKaonAdDVOINUIASSIU

DrUKNTUDY Black Panel 3:50uUNn31 Brukniid>INANTE(U Chamber
1D VINNISQOFUAIINSDUINNISILISVS

dNiVdidiNaL

42

Q-Sun Xenon Arc Tester
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AWBUFUWNS
(Relative Humidity)

@ Xenon Model Xe-2 lla:Xe-3 aW1SNAIUAU RH [

@ IK=AULIUNOdoUu

- W ( Textiles )
- snaun ( Automotive, SAE )

dIKSUBULIUNADYNISAINUYIISDVAIIVNUNIU
nisf@inSovnnadu Xe-3 ( NINISAIUAN RH ) TRWAAWS ti1wn

Xe-1, QUV ( s:UU Spray ) lla: QUV ( s:uU Condensation )
IWavianUaainiuu

Q-Sun Xenon Arc Tester




Water Spray

Front spray ( aIUsgwWuQIUKUN3ULIUNOADU )

- 1DuausdwusuABTuIASDL
- ASTM D7869

Back spray ( @IUSEWUOIUKAL3uvIuNQasu )
- dKSuvIUNQaoU UIvNIOSSU

Dual spray ( a1Usg 2 KJ)
- d&KkSuvIuNaasuRadYNISNaadUAUAISa:aNdIWMIAN 15U nsa ay 1Jucu

Immersion ( Ponding - JWIIY)
- dKSULIWNOADUUININSS U

Q-Sun Xenon Arc Tester



TRmsz‘)'*naa\)ua\)nsaunquqnmmmonﬁu
yovIlavoINNe

Iﬂ§D\)I§\)H NSO TINNF Kapn Xenon J21gN1sldvIus Ao

XENON

SUMMARY

ADUANDIUKADIU Chamber [0

OWONdu Water Spray lazAJUAU RH

AunucmIASDLYNNADU, Maintenance
gon31 Quv

Q-Sun Xenon Arc Tester



IASDLISVAND:=IUU UV

‘LAB
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QUV Accelerated Weathering Tester




Fluorescent Lamp

i
i y v

UVA-340 (Daylight) UVA-340 Plus

UVA-351 (Window UV)

UVB-313EL/FS-40 UVB-313EL Plus

(Extended UV)

Cool White (Indoor)

1HOITNNS §

QUV Accelerated Weathering Tester



NISNS=IEUDVYWALLVIUFIUNASUIED
(Spectral Power Distribution: SPD)

1.8

16 UVA-340+ /- \
- High irradiance A

L1 / N| |
| UVA-340 f UVA-340+
1.0 =+ - A

Spectral

Irradiance ! _
(W/m2/am) o8 Sunlight  ~—_

0.6

04 + al W

0.2

D..D ' T T T
260 280 300 320 340 360 380 400

Wavelength (nm)

UVA — 340 Lamps

vee

LHSIINNS 4
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D
(00)



NISNS=IEUDVYWALLVIUFIUNASUIED
(Spectral Power Distribution: SPD)

Spectral
Irradiance
(W/m?/nm)

UVB Lamps

1.8

1.6

1.4

1.2
1.0 -
0.8 -

0.6 -

0.4

0.2 +

0.0 -
260 270 EED 290 300 310 320 330 340 350 360 370 330 390 400

UVB-313EL+

High irradiance

A
paite |

UVvB- BIW

\\ N

IJ"'.I’E 313EL

%6~ S

Wavelength (nm)
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NISNS=IEUDVYWALLVIUFIUNASUIED
(Spectral Power Distribution: SPD)

ce———————— e ———

60
50
40

Spectral
Irradiance 30
(W/m2/nm)

20
10
0

240

UVC Lamps

260

280

300 320 340 360 380 400
Wavelength (nm)

4 L A A



NISNS=IEUDVYWALLVIUFIUNASUIED
(Spectral Power Distribution: SPD)

1.0
== 00| White

= Oiffice Fluorescent

0.8

Spectral
. 0.6
Irradiance

(W/m?/nm)

0.4

0.2

0.0 - . . .
250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
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UoO() Uov Fluorescent Lamp

3
.

IRwaawsnisnaaounsiais)

— — —l = 0 J
FT)UF]UUSU'IFUH']SO’IEJS\)HTO\)'IUUU

Knavaidnasvainas fGoiuldaduiu

$1A0N

Qua Snuve

- Yldvuauisnasuifigunaviadeanuny

LHOTTNNS

QUV Accelerated Weathering Tester



Temperature s
A (°C)

-10

-15

-20

-25

IUSEUINGUDIUKNIUS:KIV Colored Panel 11a: Black Panel

Outdoors UV Fluorescent
Open Back UVA-340 Lamps, 70 “CBPT

Fischer and Ketolo, 1993

QUV Accelerated Weathering Tester

dNLVdidNGL
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Room Air Cooling

Oxygenation Vent

Water Heater

54

QUV Accelerated Weathering Tester



Water Spray

¢

wuullunduvaulaaasy
913DV an1I:=NIsNOIE: ( Erosion )

Y1aov Usannnisnunasidagundav
DIUKNUN:NUKU (Thermal Shock)

TIVANIVAY ¢

55
QUV Accelerated Weathering Tester



QUV Accelerated Q-Sun Xenon Arc
Weathering

LS
-

KapO UVA-340 TKnsSapviaiiou * [KnavainnsunsouAaUIALDINOENLKUN
v uv ( UV-Vis-IR)

. Kadn UVB-313 [Rwadawsnsuisun3n 1a:15an31 fRns$1aovan1:nav uv dvAueInau
g1 [Usunvgvnnuyudsusiavla

« [UnspumauEILAIUNOSV Visible Light (Visible Light )

e JIJNOSUYINKADAO Fluorescent UV A WJIANUs e dIUNOSUYINKADO Xenon Uiangs

* TumUAUAIWBUFUWNS RH ¢ AIUANADINBUAUWNS RH [0

e [JS:UUAIUIIUU (Condensation) Ia: Water Spray (QUV/Spray) GW\)ﬁéu Water Spray ( UIVSU )

sIANWL fdvuvie Quasnuvie « sUnuunNISHIVIUGUEDUNINNIN

AunuNISNOAdUFYNIN e
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KannasnisiaonsuinSovidonnaoulRIKWzaunUuLIU

QUV or Q-Sun Model

‘LAB

S:yUs:INNYDYNISNOADUIUUISY l S:UANIWINOADN l

- melu K$D N1&uDnNdIAS
- anm:dagn KSO an:lKv
- DIUKNIISdU KSd 18u

KMUINIvNISNOADUNIKU:A l IaDNNISNOADUNIKUI:AUAAN l

- Run IA$DVIUNIFULIUDIFDUANIWAIUARIKUA

- apvldnisSnaovkanasianisfunisisauifau

- AnsusHdula:usunisavAl dUNI WKWz
AUZULIU

- AdvdvsUnuunisi@viu mefdanii:osy

- DLOINIASSIURIKUN

- AUvhvwaawsnisnaaosu maldaiunasu
uovKannluIAEDY

- s:uU Spray U1 BAWIKUI:AN 7 3u0u
tiosUnuugpYaN1:108SDUYDVLEULIUKSDI

58
Q-Lab Tester
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Us:ma K E.!ﬂ NAzENIAN  nssnskunaranalw

UVB-313EL ( Non-Plus Lamps ) fuds:zinfAilnaagvidunionis

lngvokuraibukanalw UVB-313EL+ ( Plus Lamp ) nainu

*Jwaaviadun 1 UNsIAU 2566
- KSDOUNIJUuA:KUO-

Sponsorship Deck



LUS LAMP
Kaoalw UVB-313EL+

n UszanSniwnand
F1U1SNNOADUAGNISAVAIS:AUANIGUIAY
1.55 W/m2/nm (O

UVB-313EL UVB-313EL+

Minimum lrradiance 0.20 0.2
Typical Irradiance 0.48 - 0.62 0.48 - 0.71
High Irradiance 1.23 1.55

Maximum Irradiance 1.23 1.85

Sponsorship Deck



LUS LAMP
Kaoalw UVB-313EL+

a aunasu inuliidaunanav NI

IKwaawsnisnaaoaulinalaindou

10 + ‘ !
| |uve-3136L+
08 ' -
Spectral Fs
1
[

Irradiance I
(W/m?/nm)

UVB-313EL
D
\
\
\
)
\

~
\~‘

-~
e ———

120
Wavelength (nm)

Sponsorship Deck



Sponsorship Deck

LUS LAMP
Kaoalw UVB-313EL+

6 Jwsnsuus:AUIWIUEIUL

NNYILS:AUAIINITUUDVIAY

UVB-313EL UVB-313EL+

W/mz2/ Warranty W/m2/nm Warranty

nm hours hours
Minimum lrradiance 0.20 0.2
Typical Irradiance 0.48 -  Tuupen316000  048-071 6,000 - 8,000
0.62
High Irradiance 123 [UsSuus:ru 1.55 1,500

Maximum Irradiance 1.23 NdsuUs:nu 1.85 750
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o X "
Calibration

CR10 Radiometer Handheld Display Unit ( UC1)
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Handheld Display Unit ( UC1) Irradiance Smart Sensor ( UC10)
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Irradiance Smart Sensor ( UC10)
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7| H.J.UNKEL (THAI) LIMITED
= 35 Importer and Distributor of color testers.



Q.1 1S1AISIADNYDIASDOLVNOADUNUUIKU S:KIV

{ 1. QUV Accelerated weathering tester }

[ 2. Q-Sun Xenon Arc light fastness tester }
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1. QUV Accelerated weathering tester | = V1Uu 833U
(KsoUs:zuru 3 10DU)

= 9UDU 46 U

2. Q-Sun Xenon Arc light fastness tester - Y
(KSoUs:zUnu 1 10DUASY)
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{ 1. Color Changed }

)

2. Polymer degradation }
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Q.5 AJsiaonfdutoKkananuula fulINSDYL QUV Accelerated weathering tester

L 1. KaoQ UVA-340 }[ 2. KaoQ UVA-340 + }

[ 3. KaoQ UVB-313EL J[ 4. KaoQ UVB-313EL + }

[ 5. KaoQ Cool white } { 6. KaoO UVC }
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[ 1. QUV Accelerated weathering tester }

[ 2. Q-Sun Xenon Arc light fastness tester }
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Q.9 USUN H.J.Unkel Thai SunaaouduviudainsovnaaduidagxsSoli




Q.10 1nSovnnasusulkii Gen 4 Ui A2WIONCIY DINSURDUKUINDEWIS

{ 1. QUV Accelerated weathering tester }

[ 2. Q-Sun Xenon Arc light fastness tester }




ANY QUESTIONS

Presented by

Chanatorn Chantanukul
Technical Sales of H.J.Unkel (Thai) Limited



H.J.Unkel (Thai) Limited
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