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@ | We make testing simple. o o °
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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

e Qur archived webinars are hosted at:
g-lab.com/webinars

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

Thank you for attending our webinar!
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Topics

- VW === =EUAE
Durability of materials exposed to UV light

o XM & A
Ultraviolet Germicidal Irradiance (UVGI)

« UVCEEO BT
Standard UVC Exposures

e THEHY ACHO| uve &0 CHot D&
Considerations for UVC exposures in the pandemic era

«  QUV/uve ZEA[EL Z O CHoE A
QUV/uvc for exposure tests and material research

Disclaimer: We aren’t supporting use of our products for UVGI applications, just material testing.
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Material Durability to UV Exposure

— Ef S & 23}
Sunlight & Photodegradation
- 915 Ef YR A= 0] M & L2 E

(=1
Artificial Sunlight Simulation & Weathering

— UVC E At
UVC Radiation
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Z I (Irradiance)?
TRl HE T 2 O HX[7F HEHO| BO{X[=H|E
[W/m?] or [J/s-m?]
[mMW/cm?] or [mJ/s-cm?]

= Al 'o & (Radiant exposure)?
(EE= S A8 H(radiant dosage))
%'78 717t S| 2E
[J/m?] or [W-s/m?]
[mJ/cm?] or [MW-s/cm?]

AHER X (Spectral irradiance)? THe| Iy & H#H X

2
1ASTM G113 ~Terminology [W/m“/nm]
2ISO 9288 — Physical quantities 2
and Definitions [mW/Cm /nm]
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Electromagnetic Spectrum
gamma rays. w-c LB UV-AI infrareq _ MITOWalES

0 100 200 300 400 500 600 700 800 900 1000

nanometers

Sunlight
uv 295-400 nm ~7%

UVCis the UV range
below 280nm; sometimes
the energy below 200 nm Visible 400-800 nm ~55%

is called “vacuum UV IR 800-3000 nm  ~38%

We make testing simple. ‘ @
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Weathering vs Photodegradation

i

2+ 9}, Photodegradation, n—& 2|stX O =
S | AFEOf| #Si7t Qe = 242 o|n|
photochemlcally induced changes in the condition of a material (AsTm G113)

L =3, Weathering, n— E""OI [} 7| 2tA 0| =& 5| 0f
Sl U G2 W0l E) ~R(F2 57,012, 29 5

LI O

O|X|o| Eot™ Hsko 2 |:|=|2|-E| = 74= 9|0]

=/ |5 1 O
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.
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2.5

2.0

Spectral
Irradiance

(W/m?/nm), , |

0.5

0.0

1.5 -

Spectral Irradiance

also known as “Spectral Power Distribution” (SPD)

—CIE 85 Table 4
I I I
: : : —SMARTS2 ASTM G177
I I I
I I I
I I I
I I
1UVBI|
I I
I I
I I I
I I I
I I I .
< | I I Visible
uvc | I I

- I I I
I I I
I I
I I
I I

250 300 350 400 450 500 550 600 650 700 750

Wavelength (nm)

800

SPD: 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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Electromagnetic Spectrum

) 100 200 300 400 500 600 700 800

/ nanometers
A Of| L A| = mp-ghat

e R,

> The energy of a photon is
inversely proportional to its
wavelength
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Energy per Photon (Quantum)

500

~~ Short-wavelength light has more energy
450 - \ per photon and is more damaging than
400 - long-wavelength light

300

(kJ/mol) 250 -

200 -
150 -
100 -
>0 e —>€ >
O T T T T T T T T T
250 275 300 325 350 375 400 425 450 475 500
Wave I e ngt h (n m) Schnabel, 1981
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Chemical Bond Breaking and Photon Energy

Chemical Bond Energy(ic;/tr)‘:f:)k bond Wavelength of pehnoet;r;with equivalent
C-N 330 363 nm
N-H 339 353 nm
C-C 348 344 nm
C-O0 372 321 nm
C-H 393 304 nm
O-H 426 281 nm
Si-O 452 265 nm
C-F (CH3F) 460 260 nm
C-F (CFy) 544 220 nm

Bonds can only be broken by photons with a wavelength shorter
than the threshold value shown Schnabel, 1981

UVC Testing of Materials
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Energy
(kJ/mol)
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Chemical Bond Energy and Photon Wavelength

600 C-H example (Polyethylene)

550 C-H bond: 393 kJ/mol

Photons <304 nm can break

500

Polyethylene

H HHHHHHHH H
I m = e U g i
-Cc-—-C—-C—-C—-C—C—C—C—C—C—
Lo e 5.0 G 0 Iy JIE
H HHHHHHHH H

450

400

350

300

250

> € Visible

200

200 225 250 275 300 325 350 375 400 425 450 475 500
Wavelength (nm)
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Chemical Bond Energy and Photon Wavelength
Why UV Light Is Critical

600
C-F .
550 L __ D Key chemical bonds can only be broken ——
\ by high-energy photons in UV
500 - &F wavelengths! T
T Y~ Si-0
450 ] e NG 0O-H
Ener R | T cH
8Y 400 L ___ | ____ ___1_> c-0
(ki/mol) U I | P I Xu\cc
350 e 1 e
STt SRS | S It S T . LN\
300 -
250 -+
< uv >€ Visible
200 I I I I I I I I I I

200 225 250 275 300 325 350 375 400 425 450 475 500
Wavelength (nm)
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Spectral Sensitivity

0.15

0.10\
Carbonyl Formation ]
(measure of degradation) x
4 L PP Polypropylene
0.05
\&, PE | Polyethylene
0 ~—T--
280 300 320 340 360 380

Trubiroha
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‘Cracking'a

)

Effects of
Weathering

LSS '6F TensilesSirength—— —|
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Fluorescent UV, Xenon Arc, and Sunlight

2.5
—Peak Sunlight (G177)
—Q-SUN Daylight-Q "
20
—UVB-313 f
Spectral —UVA-340
Irradiance 1.5 '
(W/m2/nm) W
1.0
0.5
0-0 | [ | | | | j |

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

True or false: 22 A|ZtOJuvB =52 B2 A7t uvc = &0 L&
L+ 0| F 0| 7ts&77t?

Long UVB exposures can be used to indicate durability to short UVC exposures.

(FALSE)

UVvC
-UVC SAC EAF O X[ = uvALtuvB & AE = = LE ot 2ot S M 5
NS BHE ACH uva L uve 2 2AF A oA o H X | 2= Xt

7t-5SHA| BT
— Photon energy in UVC radiation is much higher and can break some chemical bonds that
withstand UVA or UVB radiation. If the UVA or UVB photon lacks the dissociation energy of the
bond, sending more of those photons won’t break the bond.
Your standard weathering tests won’t tell you much about UVC durability.
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Kl &
Ultraviolet Germicidal Irradiation (UVGI)

_ o N
7|2 EHO| A=Z {6l AFE E[= 200-320nm 8| &+
dAOef Rpf M mp&

The use of ultraviolet (UV)wavelengths of light in the germicidal range (200-320 nm)
for the diSinfectiOI’] Of ail" and Su rfaces_ Ultraviolet Germicidal Irradiation Handbook

0| =S ZO|L H| 23} A 7] = 240nmOf| A 280nm It LHS| SALE
0| &ot0] 7|2t = #HE &2=0t= Y H
Method for disinfection of air, water and surfaces that uses radiation with wavelength

in the range 240 nm to 280 nm to kill or inactivate micro-organisms
I1SO 29464
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Airports o Schools
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Action Spectra of DNA and Select Microorganisms

4 &
! +esxes M52 - Linden et al. 2001
35 II —-&— Cryptospondium - Linden et al. 2001
8 . —=a— Adenovirus - Malley et al. 2004
E 3 - 1 =+ Herpes Simplex - Linden et al. 2001
E E : ——DMNA - Rauth 1965
232 -
£S5 , o USEPA UV Disinfection guidance
o o Vi manual, 2006
g % 151 ol i,
o
5 o
< 14
=
2 05
o mmm= }5
0 | 1 : T T T T T T T
200 210 220 230 240 250 260 270 280 290 300
Wavelength (nm)

Source: Adapted from Rauth (1965), Linden et al. (2001), and Malley et al. (2004)
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Standard Germicidal Response Curves
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Relative Lamp Spectral Irradiance and Germicidal Response Curves

uvc

jamp \ UVB-313EL+ UVA-340+
7N \ /
’/ \\\
Germicidal response /
\/,"I
//:

NOTE: This chart
does not indicate
lamp irradiance

200 225 250 275 300 325 350 375 400
Wavelength (nm)
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Actual Lamp Spectral Irradiance and Germicidal Effectiveness Curves
(UVC lamp shown at half maximum value; others at maximum) .

N

/’ \
/ /4 \\\\

X4 W\ Germicidal response curves »
\
5 \ (DIN and IESNA) g
— N\— 08 g
(S yi \ S
& y \\ ]
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E /II \\ o
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; / \‘\ © 2
€3 ! \ S5
~ / \‘\\ 2 .E
/
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Disinfection Levels

Also called D90 Disinfection;

- (0]
1-Log 0% commonly-used benchmark
2-Log 99%
3-Log 99.9%
4-Log 99.99%
5-Log 99.999% Lowest level of “sterilization”
Sl 99 99999 Typically the lowest level

measureable

Dose vs kill ratio varies by microorganism and follows a logarithmic decay rate
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Irradiance and Dose Units

10 W/m?2 =1 mW/cm?

10J/m? =1 mJ/cm?

UVC Testing of Materials



SARS-CoV-2 £ H|&A3} A|Z &= Q= yvec ¥ 2?
What UVC dose deactivates SARS-CoV-2 ?

QUV/uve = AL A uvGH) E £/ 2F

XtH| 7} Of L/t

) ] We aren’t supporting use of our products for
That question Is UVGI applications, just material testing.

"““ BEA/BE 2 mJ/lcm2to 1.5 J/Im2 S/ 80/ 0f

Y5 Mm HES IZELIL

’ — yLEA L O .
/ However, doses of 2 mJ/cm? to 1.5 J/m? have
been cited for various microorganisms and
/ disinfection levels

1 Jlcm2 AFQIMAA(UVGI) O ZT
AFOIE= A 2F &/ LY.

1 J/cm? has been suggested as a standard UVGI
cycle

UVC Testing of Materials We make testing simple. | Q



Uuvc = A|eltH
Standard UVC Test Methods

e |[EC 60335-1, Household and similar electrical
appliances - Safety - Part 1: General requirements,
Annex T UVC Radiation Effect on non-metallic
materials

 BIFMA HCF 8.1-2019, Health Care Furniture Design
Guidelines for Cleanability

UVC Testing of Materials



IEC 60335-1, Annex T

S A4 G FRP| 7| FA|Of AR Bl LEHE Ol 3
X ot o] _Jlk_o 2T AR

- O—

Typically used for wire and other electrical insulation materials
Low-pressure mercury lamp

* |rradiance: 10 W/m? (1 mW/cm?)
e Duration: 1000 hours
 Temperature: 63 °C black panel according to ISO 4892-1

Total dosage achieved: 3.6 kl/cm?

We make testing simple. ‘ @
QLAB
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Business and Institutional Furniture
Manufacturers Association (BIFMA)

BIFMA HCF 8.1-2019, Health Care Furniture Design Guidelines for Cleanability

Specifically designed to address UVGI exposures

* Dose: 291 kl/m? at 254 nm, using low-pressure mercury lamp

e Duration: 12-24 hours but can be done faster

* No temperature specified (hormal room condition implied; we
recommend 30°C.

C. Difficle & Al wol= &2F0 2 = CIQI 2 AR | = 2
Method based on weekly UVGI at a dose to kill C. difficle

UVC Testing of Materials We make testing simple. | Q



Considerations for the Pandemic Era

- AUOM AMHEZ|= HE2 uve O H X[ 0]l 2|8l S =X St 0|
I:II-AHEI A 9I|:|-

Indoor materlals are now being subjected to highly destructive UVC energy
« X uvcEE2 EES AHSEN X H-EF0F0f| A 0| S0
O-I 24 |:|.
H .
Actual UVC dose experienced is unpredictable in most applications
- MEctERS MR Huve =27 gEHE QI L= d Al” HEE L
o W2 Z1t2 2 Y Z4o|Ct,
With the proper light source, UVC exposures will be much faster than standard weathering
tests for outdoor materials

UVC Testing of Materials We make testing simple. | Q



UVGI Applications

@ Soluva® Zone H - the mobile solution for'surfaceieleaningand disinfection

GEIH o= ZIfAPE HE2uv 20| AE + A 2=F ZA%/A F=L/LF uve
=2 LD A& 72 LA O A 151 2f A %= 0 ErY 2IL/C),

Interior materials are not typically designed to withstand UV exposure, and UVC exposures are not often
considered during material development

UVC Testing of Materials We make testing simple. | Q|
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MEEH N A HE =B AlEe 0]
Test Method Development and Service Life Simulation

« BIFMAETO|E2 A= XS
BIFMA standard provides a good template
- YT HIANE HECcE #FE = T
Define a standard dose based on a known pathogen
— OffH 7|2 uvGl AIO| 2 & AL X| Of &
Estimate how often UVGI cycles will be performed
- M& 3= oldetuve E= ALt
Calculate the estimated UVC dose over product’s lifetime
- B TS Qe RO EYN(RE o8, AR Y| Beto )
Inactivation doses are independent of irradiance (double the irradiance, cut the duration in half)
o 8| d Reciprocity
- O|H ez MEZ2| EEXMSIE WAL += AS7?
Does this assumption hold for material degradation?

UVC Testing of Materials We make testing simple. |
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Material Exposure to UVC

Soluva® Zone H - the mobile solution for'surfaceigleanin@iand disinfection

-,

MES HEHL Of0f S HSH 2 E 108 =
Y EPE A= E X0/,

Many surfaces will be significantly over-exposed in an effort to ensure all areas receive sufficient
dose, possibly 10 X the target dose.

Mo
Ofy
Nx
ro
b
n
™
o
T
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Io-|2

Test Temperature

» I{R = uvele LU QN ol R RO M =l & T

- "1 - O
Most UVGI applications are performed at typical room temperature
- FHAME 2E30°C
We recommend 30 °C set point
MES LR RAL HHAHO UK HAS 0F7|E 4 Y1
UVC SALS| ff =2 0t 7t LIEHE o= QUL
Excessive temperature may produce unrealistic degradation or mask effects of UVC radiation

. YEXEL40-60°C 7t HEE

40-60 C may be reasonable for some applications

-
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QUV/uvc

New model of “The World’s Most Widely Used
Weathering Tester.”

L& H .l E Bf L)/ 20/ E/ = 254nm £ &=
X215 71E S

Onboard radiometer precisely controls irradiance at
254 nm

Y 720] Bl OHRIB! A& A EF |
Light baffles and automatic safety shut-off features

Erag12 igt & 75 A7

Water functions removed for simplicity

UVC Testing of Materials We make testing simple. | Q



UVC-254 Lamp

UVC Testing of Materials

2t Hofa7fe 2= Z4/
4 lamps on each side of
Quv

2704 =&

Controlled in pairs

&£ 2517 7 A8/
7/of T & Ats =&

adjusted automatically to
maintain irradiance level

We make testing simple. ‘
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UC10/UVC Smart Sensor

- W& auv/uve FZ MM E AL SO
dug
ucto/uvc Used to calibrate QUV/uvc onboard irradiance sensors

SMART SENSOR

o CtotE 254nm HEHE E2HSH0 254nm
HAM =S dud
Calibrated for irradiance at 254 nm, including a narrow
- band 254 nm filter

UC10/uUVvC

e NMlI-traceable calibration

. DU IH =S MDA TR DE Qqlab
AFC| Smart Sensors = &

Yearly replacement or recalibration required, like
all of Q-Lab’s irradiance Smart Sensors

UVC Testing of Materials We make testing simple. | Q



uvc &Ef &
UVC Status Screen

Solar Eye =&

ZEYK| 7 HZ O

T8 1850 =5

Irradian(e {(mW/cm?) at 254n» Tem |
’ perature {°C) j O XM O C Ale
1 2 3 4 _ I EH2E FA.

Acual 6 () 6.0 6.0 Solar Eye irradiance control system
: 6.0 36 | maintains stable irradiance at the
set point for the lamps’ lifetime

Running Cycle A: Q-LAB UVC
Step 1 UV

Set 6.0 6.0 6.0

6.0 70

Step Time Test Time Total Time
(Hrs:Mins) (Hrs:Mins) {(Hrs)
Elapsed 103 1:03 2

Set  24:00 1000:00 1 @l "
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AH AHXK|
Specimen Mounting

—

Quv

—

Accelerated Weathering Tester

Flat or three-
dimensional items

Note: Lamps shown for illustration purposes—they will not
operate with the door open

UVC Testing of Materials We make testing simple. | Q
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QUV/uvc Operating Specifications

* Irradiance range: 1.0 - 13.0 mW/cm?

o 6.0 mW/cm? @254 nm is a typical value
o Note that 1 mW/cm? = 10 W/m?

 Black Panel temperature range: 24-76 °C

* Tests will often be near room temperature to simulate indoor
environments

UVC Testing of Materials We make testing simple. | Q



UVC Radiant Dosage

Assume 1 cycle of UVGI is a dose of 1 J/cm?

At typical irradiance, 6 mMW/cm?, a single does is achieved in 167 seconds

Time to achieve one year of

UVGI Cycle Frequency UVC dosage at normal QUV
irradiance (hours)
Daily 17
Weekly 2.4
Monthly 0.6

UVC Testing Of Materials We make testing simple. ‘
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UVC Dose Reciprocity

Will these exposures deliver the same result?

100 hours at 1.5 mW/cm?
50 hours at 3 mW/cm?

25 hours at 6 mW/cm? All achieve 540 J/cm?
12.5 hours at 12 mW/cm?

In the QUV/uvc you can run all of these tests to verify reciprocity
(on/off cycling also possible)

UVC Testing of Materials



Conclusions

o XM AT (UvGH S HFEAH =HCHE| D QUL
UVGI is growing quickly (any commercial space is a candidate for use)

« FE[VIAIESE ME2 40 H B2 uve o == &[22 UL
Your products may be exposed to more UVC energy than anyone can predict.

« UVCA|E2 MO = HEE2t | X] RERUCE.
UVC testing isn’t well standardized.

* QUV/uvc AlR7|= S AT S H|Z A0 22 =~O|Ct.

QUV/uvc is a new tool for material testing in the pandemic era.
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Questions?

info@q-lab.com
sales@ij-inc.com / 02-546-9071
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