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Topics Covered Today

e Motivation: Goals and activities for QA TG5

e E_interlaboratory experiment (TG5 US)
Motivation and background
Some details of the E, experiment:
Encapsulation discoloration
Encapsulation adhesion

Edge seal adhesion
e Timeline for TG5




Goal and Activities for QA TG5 (UV, T, RH)

e |EC qualification tests (61215, 61646, 61730-2) presently prescribe up to 137 days field
equivalent (IEC 60904-3 AM 1.5) UV-B dose.

e Goal: develop UV- and temperature-facilitated test protocol(s) that may be used to
compare PV materials, components, and modules relative to a field deployment.

Core Activities:
1: Consider weathering literature and climate meteorology (location-dependent information).
e.g., known benchmark locations...Miami, FL; Phoenix, AZ
2: Leverage existing standards, including other industries.
- summary exists from Kurt Scott et al.
3: Improve understanding of existing PV UV tests.
4: Improve understanding of module durability.
4-1 Collect information about observed failure modes.
e.g., the literature, site inspections
4-2 Confirm appropriate models for aging.
5: Verify suitable UV sources.
- summary of module capable equipment from David Burns et al.
6: Generate test procedure for UV-related accelerated service aging.
7: Perform laboratory verification of proposed test standard/failure mode.
- mini-module study (Japan), SoPhia round-robin (Europe), E, interlaboratory study (US)
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_Motivation for the E, Interlaboratory Experiment (TG5 US)

e Knowing E, (for rate of change in a characteristic) is critical to prescribing and
interpreting a UV- and temperature-mediated test.
e Unfortunately, E, is not known for the common UV-related PV degradation modes.

k:AH”e[,f;}

1,
The modified Arrhenius equation

Critical unknowns
(Goals for the interlaboratory experiment):

1. Quantify E, so that applied test conditions can be interpreted.

2. Provide a sense of the range of E, that may be present by examining “known bad,”
“known good,” and “intermediate” material formulations.

3. Determine if there is significant coupling between relevant aging factors,
i.e., UV, temperature, and humidity.
What factors does TG5 need to consider?

4. Investigate the spectral requirements for light sources by comparing E_ for
different sources, i.e., Xe-arc, UVA 340.
Is visible light required in addition to UV light?
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Interlaboratory Participation Enables a Wider Range of Study

e Indoor aging is expensive. No one institution has all the resources to apply the
complete set of factors we would like to examine.

e Discoloration and adhesion will be studied in detail at (9) -volunteer- institutions
using similar makes and models of instrument (e.g., Ci5000, QUV).

e This overcomes the difficulty of limited availability of aging equipment.

field deployment
LIGHT SOURCE, FILTER] Xe Arc (right-light/cira filter) or (Suga-Q/#295/Ircut) UWVA 340 fluorescent (no filter) UWVA 340 fluorescent (no filter) No light (outdoors)
UV LIGHT INTENSITY 7~ NOMWYAL (102 wem™ for 300<:.400) N NOMINAL [1.0 Werg?@ 340 n NOMINAJAISTWe m™ for 300<2.5400) PN \
CHAMBER RELATIVE HUMIDITY {%}] / 30("ow") \ sa (high”) \ ~7% ["veff low") N\ 60 ("Mgh") 30 ("low") ambient
CHAMBER TEMEPRATURE {"CH] a0 60 80 40 60 ‘ 40 60 60— 80 §> 40 40 60 80 ambient
/ Fraunhdfer NIST MNIST NIST
3M (Ci5000) 3M (Ci5000) 3M (CiS000) | Mitsui (SX12§)] NREL [Ci5000) QLABE (QUV) QLABE (QUV) {custgin) (custom (custom) [J(custom}l | ATLAS (EMMA in Phoenix)
QLAB (QSUN XE3) ‘ QLAB (QSUN XE3) | JATLAS (UVTEST) JNREL (custom UV suitcase) CWRU (5x in Cleveland)
PARTICIPANT TLAS (SunTest XXL) \ Fraunhofer (customized) NS ATLAS (rack in Phoenix)
(INSTRUMENT MODEL) \ suga(sx75) \ Suga (FDP) ATLAS (rack in Miami J
\/ CWRU {QUV) %/
<55W-m-2@340nm// fl{rackin Go;

Ummary of participating laboratories and test conditions

e A standard condition (60°C chamber ambient) allows a broad variety of other
instruments (light sources) to be compared.

e Rate of degradation will be compared against field data to allow site-specific
acceleration factors to be determined.
e Qutdoor data will verify the validity of the test.

e Separate experiment at NIST (same EVAs) will examine action spectrum.
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Materials Used in the E, Experiment

e Discoloration has been studied in the literature:
We have a sense of the general rate of degradation.
We have a sense of the sorts of formulations used (historical and contemporary).
We have prescribed known bad and known improved formulations of EVA.
A TPU formulation is chosen as a known bad material.

Ingredient Comment Mass {g} Mass {g} Mass {g} Mass {g} Mass {g}
Elvax PV 1400 Dupont EVA resin, 33 wt% VAc 100 100 100 100 100 / NA \
Dow Corning 76030 |Silane primer, gama-methacrayloxy propyl frimethoxysilane 0.25 0.25 0.25 0.25 0.25 / ? \
Tinuvin 770 Hindered amine light stabilizer (HALS) 0.1 0.1 0.1 NIA NIA ? \
Tinuvin 123 MNon-basic aminoether-hindered amine light stabilizer (NOR-HALS) NIA N/A NIA 0.1 0.1 ?
Curing agent, OO-Tertbutyl-O-(2-ethyl-hexyl)-peroxycarbonate,
TBEC 0.133kPa at 20C. NIA 1.5 1.5 1.5 1.5 ?
Lupersol 101 Curing agent, 2 5-Bis(tert-butylperoxy)-2,5-dimethylhexane 15 N/A NIA NIA NIA ?
Maugard P Phosphite anti-oxidant (AQ) 0.2 0.2 NIA NIA NIA ?
Tinuvin 329 Benotriazole UV absorber (UVA) NIA N/A MNIA 0.3 MNIA ?
Cyasorb 531 Benzophenone UV absorber 0.3 0.3 0.3 N/A N/A \ ?
. Material A” Materla_l B . Matena_l C . Material D Material E ‘\ TPU /
Comments known bad", | "intermediate”, | "intermediate”, | ., . "
" . " " " " known good” | "modern, no UVA (known ba
slow cure fast cure fast cure
N

Encapsulation materials being compared in the transmittance (discoloration) experiment.
The encapsulation adhesion experiment examines Material B only.

e Degradation of adhesion is not well known for PV encapsulation or edge seals.
First study a limited set of materials to get a sense of the degradation rate and
relative importance of factors (UV, T, %RH).

(1) EVA formulation used to study encapsulation adhesion.
(2) Edge-seal formulations used to study edge-seal adhesion.
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Details of the E, Methods and Experiment: Encapsulation Transmittance Test

e Coupon specimens will be measured using a spectrophotometer
(with integrating sphere)
e Measure at specimen center (anaerobic, no O,) and edge (aerobic)
e Analyze: solar-weighted transmittance, yellowness index, and UV cut-off

T, vs. Wavelength, material averages, unaged
__ 100
£ 90 s e
g o P 7]
e AR (A — maa
g 60 / / / /// EVAB
§ 50 I / / // ” ——EVAC
‘T; 40 I / :” // ” ——EVAD
£ o0l [ ——evAE
s 20 I ' 1] ——TPU
g 10 == // /I Td_silica
b 0 . _ JJ ----- Solite

200 250 300 350 400 450 500

Wavelength {nm}
Transmittance will be examined Specimen in sample holder for Specimens on outdoor rack, aging

using silica/polymer/silica samples. indoor aging at NREL. in Golden, CO at NREL.

User summary:
e Geometry: glass/polymer/glass (3.2 mm/0.5 mm/3.2 mm)
o Size: 2" x2”
e Quantity: 3 replicates of 6 materials (pre-conditioned), and 1 reference (not pre-conditioned)
e Aging: 0, 15, 30, 45, 60, 75, 90, 120, 150, 180 cumulative days (indoors)
or0, 1, 2,3, 4, 5 years (outdoors)
e Measurements (non-destructive): repeatedly age and measure at each laboratory/test site
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Details of the E, Methods and Experiment: Encapsulation CST Adhesion Test

e 25 mm square specimens (diced, after aging) examined using loadframe.
e Pristine edge quality is critical. Dice using abrasive water jet cutter.

Sample holder configuration Specimens on outdoor rack,

forindoor agingat NREL.  ,4ino in Golden, CO at NREL.

User summary:
e Geometry: glass/polymer/glass (3.2 mm/0.5 mm/3.2 mm)

The CST will be used to examine
e Size: 3" x3” the attachment of EVA.

e Quantity: 10 replicates of 1 material (pre-conditioned), Method from: Chapuis et al.,

PIP, 22 (4), 2014, pp.405—41.

plus 5 extras (not pre-conditioned) (EPFL)

e Aging: 15, 30, 45, 90, and 180 cumulative days (indoors),
orl, 2,3, 4,5 vyears (outdoors)

e Remove 2 coupons at each increment

e Measurements(destructive): age at each laboratory/test site,
then sent to NREL for measurement
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Details of the E, Methods and Experiment: Edge Seal Lap Shear Adhesion Test

e Lap shear is the standard test method for RTI and other certification protocols.
e Edge quality (handling of the glass specimens) is not as critical here.

f Y

Specimens on outdoor rack, aging in Golden, CO at NREL.

Testing Summary:
e Geometry: glass/polymer/glass (3.2 mm/0.5 mm/3.2 mm). 25 mm X 25mm test area.
e Quantity: 10 replicates of 2 test materials
e Aging: 15, 30, 45, 90, and 180 cumulative days (indoors),
or 0.5, 1, 2, 3, 4, 5 years (outdoors)
e Remove 2 coupons of each material at each increment
e Measurements (destructive): aged at each laboratory/test site,
then sent to NREL for measurement
e Use a displacement rate of 10 mm-min-1. Record o

€ and failure mode.

max’
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Details of the E, Methods and Experiment: Edge Seal Wedge Adhesion Test

e Fracture mechanics test for interfacial adhesion (J-m2),
not an attachment strength test (N-m2 or N-m) .
e Specimens will be examined visually and using a micrometer.

0.125 in.
G = Fracture Energy

. 3Et3h?
- 16a*

A DCB wedge test will be used to examine the attachment of edge seals.
Marceau et al., Adhesives Age, 1977, 28-34.

Also: ISO 10354, ASTM D3762.

User summary:
e Geometry: glass/polymer/glass (3.2 mm/0.5 mm/3.2 mm)
o Size: 1" x9”
e Quantity: 2 replicates of 2 test materials
e Aging: 15, 30, 45, 90, and 180 cumulative days (indoors)
or0,0.5,1, 2, 3, 4, 5 years (outdoors)
e Measurements (semi-destructive): aged and measured at each laboratory/test site
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Timeline and Goals for TG5

e NREL specimens are presently at 15 days (Ci5000) and 60 days (UV suitcase).
e Other institutions (including Fraunhofer) are beginning the experiment.
e Results will be used to assign t, T, %RH for a comparative UV test.

vised NWIP
ubmitted

Issued as
standards

Current
status

Proposed as

concepts Concepts

evelop criteria

Submit : Initiate E, test.
:g::l Ed 361215 # b“_?g new Create strawman te ereac:utec‘:tie?vhfcse
UV standard.
Ed 261730 standar ife; NWIP
Submit UV
Stdrt use OF standard NWIP.
. . Create strawman
2015 Publl_s_h new tHe TS in test sequence
goal editions ctory standard.
ingpection Complete E, test.
Publish E,
2016 results.
goal Submit CD UV
feedback standard.
Chamber
~6 months ~18 months
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Conclusions/Goals (for the E, Experiment)

® \We have initiated a large interlaboratory experiment
investigating the degradation kinetics (E,) of
encapsulation and edge-seal materials.

e We will investigate transmittance and adhesion as a
function of exposure to heat, humidity, light, and light
source.

e Hundreds of test samples were made and shared with
multiple collaborators in the PV industry.

e The results of these experiments will enable the
determination of acceleration factors facilitating the
design of accelerated stress tests, with field-performance
prediction capability.
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adhesion, edge-seal attachment).
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Use of REDCap Database for Transmittance Data

e LOTS of transmittance data will be generated for the experiment.

e Case Western Reserve University volunteered the REDcap database to TG5.

e REDCap comes from the medical (research) industry.

Benefits: Ensures designed experiments, high data capacity, simultaneous user
access, automated data quality verification.

e REDCap allows users to view and analyze results in real-time.

dmiller | My Profile | Log out

fREDCap

X 88.79
4 Home | | » My Projects & Training Resources = @ Help & FAQ L% Send-it Y 93.67
z 100.08
Welcome to REDCap!
REDCap is a sacure, web-based application for building and managing online surveys and REDCap Features
databases. Using REDCap's stream-lined process for rapidly developing projects, you may create .
and dasign projects using 1) the anline method fram your web browser using the Online Dasigner; Build online surveys and databases quickly and
. . . securely - Create and design your project rapidly using d
and/or 2) the offline method by constructing 2 ‘data dictionary’ tempiate file in Microsoft Excel, which secure web authentication from your browser. No exira
can be later uploaded into REDCap. Both surveys and databases (or a midure of the two) can be software is required I
built using these metheds. Fast and flexible - Conception te production-level solar weighted
REDCap provides automated export procedures for seamless data downloads to Excel and surveyldalaiase miCHEREEE foi 89.39
common statistical packages (SPSS, SAS, Stata, R), as well as a built-in project calendar, a Export data to common data analysis packages - -
scheduling module, ad hoe reporting tools, and advanced features, such as branching logic, file E;"’S”P’}Sg”";’r‘;:‘:,;:L:;"U“S“" Excal it
uploading, and calculated fields. T :
Ad Hoc Reporting - Create custom gueries for representative
Learn mare about REDCap by watching a 2 orief summary video (4 min). If you would like to view generatng reporcciuinatiioae i weighted
other quick video tutorials of REDCap in action and an overview of its features, please see the Scheduling - Utilize a built-in project calendar and e 92.07
Training Resources page scheduling module for organizing your events and
Tralning RESOUrces pag appointmens. Y1,1964 0.49
Please note that any publication that results from a project utilizing REDCap should cite grant Easily manage a contact list of survey 2 {HITI} 3530
support (Clinical and Translational Science Award - UL1TR 000439), respondents or create a simple survey link - Buid UV 4
a list of emall contacts, create custom email invitations,
WNOTICE If you are collecting data for the purposes of human subjects research, review and and track who responds, or you may also create a
approval of the project s required by your Institutional Review Board. single survey fink lo cral oUtorpE iR 5 YK
. ) send files to others securely - Using ‘Send-It, readpoint {days}
If you require assistance or have any questions about REDCap, please contact CASE REDCap upload and send files to mutiple recipients, including N b KK
Support Team existing project documents, that are too large for email sa (senial number)
attachments or that contain sensitive data.
Save your data collection instruments as a PDF to . bl b
print - Generatz a PDF version of your forms and A {nm} T Tt
surveys for printing to collect data offiine.
Advanced features - Auto-validation, calculated fields,
file uploading, branching/skip Iogic, and survey stop
actions.
REDCap API - Have external appiications cannect to 200 0.00 0.00
REDCap remotely in a programmatic or automated
fashion
Data Queries - Document the process of resolving data
issues using the Data Resolution Vorkfiow module,
Piping - Inject previously collected data values into 201 0.00 0.00
question labels, survey invitation emails, etc. to provide a
more customized experience. 202 0.02 0.02

; ) Transmittance results will be uploaded to

Home screen for https://dcru.case.edu/redcap REDCap using an Excel template file.
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Moisture Conditioning of Specimens

e \Water content is a critical factor in the experiment.

e A set of 3 different conditions were applied to render an internal
water content (ppm) similar to that in the aging chamber.

e Specimens were pre-conditioned for 1 month prior to
distribution.

e Specimens need to be maintained with a water content during
intermission (between aging and measurement).

total
(3 total
NREL replicates (3 replicates
for condition at CHAMBER equipment each) each) plus
40/25% S&TF 205 salt solution in oven 8 10
A40/46% OTF bay chamber 4 6
45/85% FTLB 158-03 chamber 3 6
45/85% FTLE 158-03 chamber 1
reference 25/0% N/A dessicator 1 1
N/A CO ambient 6
7%RH ambient (25/low%) N/A CO ambient a
31 23
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We Need Estimates of the Sample Temperature

* |[n weathering instruments, the sample is heated above the air
temperature.

 We are sending thermocouple-equipped samples to the labs to
evaluate the heating of their particular instruments.

* Depending on the sample and the chamber, they may be between
2°C and 18°C above the air temperature.

25
5% ¢ 15295-Silica #1
by N m 15295-Silica #2
% 15 A A9918 Starphire #1
<r.§ x A9918 Starphire #2
' 10 % 15295 Starphire #1
g f % & » i ® 15295 Starphire #2
2 s = . : . o + 15295 Window Glass #1
. R - 15295 Window Glass #2
0 . . | | | | 15295 Window Glass #3

40 50 60 70 80 90 100
Ambient Temperature Setpoint (°C)
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