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Abstract 

This report summarizes the results of a study to develop and evaluate low temperature glass sealing 
technologies for photovoltaic applications. This work was done as part of Cooperative Research 
and Development Agreement (CRADA) No. SC95/01408. The sealing technologies evaluated 
included low melting temperature glass frits and solders. Because the glass frit joining required a 
material with a melting temperature that exceeded the allowable temperature for the active elements 
on the photovoltaic panels a localized heating scheme was required for sealing the perimeter of the 
glass panels. Thermal and stress modeling were conducted to identify the feasibility of this 
approach and to test strategies designed to minimize heating of the glass panel away from its 
perimeter. Hardware to locally heat the glass panels during glass frit joining was designed, 
fabricated, and successfully tested. The same hardware could be used to sed the glass panels using 
the low temperature solders. Solder adhesion to the glass required metal coating of the glass. The 
adhesion strength of the solder was dependent on the surface finish of the glass. Strategies for 
improving the polyisobutylene (PIB) adhesive currently being used to seal the panels and the use 
of Parylene coatings as a protective sealant deposited on the photovoltaic elements were also 
investigated. Starting points for further work are included. 

b 
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Objectives 

The overall objective of this Cooperative Research and Development Agreement (CRADA) was to develop 
an improved joining technology for photovoltaic modules in order to ultimately enhance and accelerate 
product penetration in the marketplace. 
The specific technological objectives were: 
1. Optimize the solder bonding technology for joining plate glass for photovoltaic modules; 
2. Identify alternative bonding technologies; 
3. Transform science solutions into manufacturing practice. 

Background 

Golden Photon, Inc. (GPI) has demonstrated the field use of CdTe-based Photovoltaic modules. 
The primary advantages of the technology are 1) the simplicity, and therefore low-cost of the 
processing equipment; 2)  the forgiving nature of the active semiconductor materials (CdS and 
CdTe); and 3) the resulting low processing costs. A typical panel is shown in Fig. 1. 

The primary obstacle to obtaining the desired field life of 20 years or greater, is that the active 
semiconductor material in unencapsulated modules degrades with time in the presence of excessive 
humidity. Expected field life is therefore directly related to the permeability of water into the 
module through the edge seal. The total measured permeability for the current design is 
characterized by exposure to 85”C, 85% RH for extended periods. The total weight of water per 
year per lineal foot of edges is the figure of merit. The present value is 0.56-0.73 g of water per 
year per lineal foot of edge.’ To increase the life of the module in .the field, to improve the 
confidence of the lifetime prediction, and to reduce or eliminate the desiccant that is presently used 
to reduce the moisture content of the module, a significant reduction in permeability of the module 
is required. The goal of the project was a 100-fold reduction of water permeability per year per 
lineal foot of edge at 85”C, 85% RH. The resulting module must anso pass “Recommended Practice 
for Qualification of Photovoltaic Modules,” prepared by IEEE Standards Coordinating Committee 
2 1, Photovoltaics. This includes thermal cycling (dry and humidity-freeze), hail impact tests, twist 

( 4  (b) 
Fig. 1. Golden Photon solar panel with aluminum frame. The dimensions are 24”x24”. The 
design is from the early stages of the project and is sealed with a polyisobutylene (PIB) adhesive. 
(a) Front of panel (b) Rear of panel. Loose desiccant, which is beige, is present on the right side 
of the panel. 
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Whatever sealing materials or techniques are used, they must be compatible with the soda lime 
glass front and rear panels, the aluminum frame around the panels, and the various photovoltaic 
materials (Ni-Cr, carbon, CdTe, CdS). The sealing technology should allow the elimination of the 
desiccant, ease of assembly, and a fifteen-twenty year life span in a hot and humid environment 
(extrapolated from an 85”F, 85% RH test environment). 

A small initiative began in the summer of 1994 demonstrated that glass could be bonded with a low 
temperature solder using existing Sandia technology. Once the CRADA was in place, a meeting 
was held at Golden Photon (March 22, 1996) to brainstorm and identify alternative sealing 
technologies. The main constraint on the sealing technology is that at 0.5” (approx.) from the edge 
of the glass panel the temperature cannot exceed -250°C because of the presence of a graphite 
coating on the CdTe layer. There is approximately 10 mil (250 pm) clearance between the glass 
panels. This space is needed to accommodate the active elements and a crimped bus bar. 

When the project began, the moisture problem was being minimized by including loose desiccant 
between glass panels that were sealed by Polyisobutylene (PIB). During the project with Golden 
Photon, the loose desiccant was replaced by a desiccant canister that was attached to the back glass 
panel. Access for the desiccant was through a 5/16” hole. 

Approach 

The first task was to propose and evaluate ideas for providing a controlled environment for the CdTe and 
CdS films on Golden Photon’s photovoltaic panels. Ideas included providing a hermetic seal between the 
two glass plates by improving Golden Photon’s existing technology (polyisobutylene (PIB) adhesive), 
implementing new sealing technology, replacing the back glass plate with a metal foil that would be 
hermetically bonded to the front glass plate, and coating the active elements with a transparent coating in 
conjunction with the existing sealing technology. After our initial evaluations, we pursued two approache: 
to reducing the exposure of the active elements to moisture. One was to hermetically bond glass plates 
together at low temperatures and the other was to use a polymer coating to cover the active elements. Both 
of the bonding approaches required that the glass temperature not exceed -250°C at 0.5 inches in from the 
edge of a W x 2 4 ”  panel. The first bonding approach used a low temperature glass frit in conjunction with 
localized heating to prevent the glass from exceeding the critical temperature away from the joint. The 
second bonding approach utilized a low temperature solder (T,-21OoC) on metal-coated glass. In support 
of these approaches we used thermal transport and stress simulation codes to determine what processing 
parameters, geometries, and sizes would allow us to stay within the desired temperature range of -250°C. 
Hardware that will allow localized heating of the glass frit and the low temperature solder was designed, 
manufactured, and tested. Hermeticity testing of the sealed panels was not completed. Each area of the 
study is summarized in the remainder of the report starting with the thermal and stress modeling, followed 
by the evaluation of the glass, solder and organic bonding, materials, and finishing with a description of 
the hardware used for localized heating of the glass panels. Further details about some of these studies can 
be found in the Appendices. 

Thermal Modeling 

Details of the thermal modeling effort can be found in two memos that are Appendices A and B of this 
report. A schematic of the geometry of the panel sealing arrangement that was used for the modeling is 
shown in Fig. 2. 

The thermal response of the part for localized heating was modeled as a function of different heating rates 
(25 and 50°C/min) and hold times (0,2 and 5 min) at the melting temperature for a fixed glass frit melting 
temperature of 430°C (See APPENDIX A). For these cases, thermal energy was supplied to the periphery 
(all four sides) of the glass panel. Results indicate that the maximum temperature would be exceeded in 
the critical area with traditional glass frits that melt in the range of 430°C. One solution for this would be 
to increase the distance between the edge of the glass panel and where the active elements are located from 
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0.5 to 1 .O inches. This solution w s r 
the resulting loss in power output. 

Dwell Time 25OC/min, 25"C/min, SO"C/min, 

0 min 274°C 21 1°C 244°C 
2 rnin 290°C 223°C 27 1 "C 
5 min 306°C 24 1 "C 297°C 

OP Hold 0.5P Hold OP Hold 

sisted by the manufacturer because of the loss of element area and 

50°C/min, 
0.5P Hold 
163°C 
203°C 
227°C 

wer Glass Panel 

Aluminum Heaters 

Fig. 2. Schematic of the panel sealing arrangement. 

The thermal analysis for 6"x6" plates and 24"x24" glass plates predicted similar results. 

The situation in which parallel sides of the plate were heated sequentially was also modeled to determine if 
this reduced the absolute temperature in the glass and the themal gradient (See APPENDIX B). This 
modeling was done for a glass frit with a melting temperature of 350°C. The staggered heating with a hold 
time of 0,0.5 or 2P (where P=ramp-up, dwell, and cool-down) between when the first and second set of 
heaters are turned on produced substantial decreases in the maximum temperature achieved in the comer of 
the glass panels, 0.5 inches from each edge as shown in Table 1. 

For example, this modification produced a 63°C reduction in the temperature for a heating rate of 
25"C/min, a dwell time of 0 min and a hold of 0.5 P. There were no advantages to using a hold time 
greater than 0.5 P, and this would only increase the total production time. 

Results were compared to actual temperature profiles measured using thermocouples at various positions 
on the glass plates. 

Stress Modeling c 

Details of the stress analysis can be found in a memo that is included in the APPENDIX C of this report. 
Using the output from the thermal modeling, the position and magnitude of the maximum tensile stressdue 
to thermal gradients were modeled assuming that the glass was elastic. The maximum tensile stress of 
-39.8 MPa (5800 psi) is located in the region of the highest thermal gradient when a glass frit melting 
temperature of 430°C was used. The highest stress occurs when the temperature at the corner of the glass 
panel is 369°C. Although this stress exceeds the strength that is usually used as the design stress for glass, 
the stress is transient, and therefore may not produce cracking in the manner that it would under sustained 
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loading when subcritical crack growth can occur. It is also worth noting that the maximum stress occurs 
in a region away from the edge of the glass plate. This is beneficial because the worst flaws are usually 
located at the edges of the plate where cutting damage occurs. If the maximum stress were located in this 
region, cracking would be more likely. The stress analysis for 6"x6" plates and 24"x24" plates produced 
similar results in terms of the magnitude and position of the maximum tensile stress. 

Glass Frit Joining 

Our initial efforts were with a Plasmaco glass frit with a melting temperature of 430°C." Based on the 
initial thermal modeling results we chose to evaluate glass frits with lower melting temperatures than those 
available using traditional glass frits.3 A developmental frit that has a good thermal expansion match with 
Corning 7059 glass was provided by Johnson Matthey.' It is composed of compounds of lead, zinc, 
copper and manganese. The glass frit is applied as a slurry to the glass and then put under a heat lamp to 
remove the volatiles. It is then heated to 140°C to remove the organic binder. TGADTA results indicate 
that binder burnout is complete by 140°C. Its melting temperature was specified as 350°C but it appeared to 
melt at 330°C during initial tests. It produced a bubble-free joint at the specified melting temperature using 
conventional oven heating of l"x1" coupons. At higher temperatures (380"C), there appeared to be some 
degradation of the glass, with the frit becoming less viscous. 

* 

. 

The melting of the glass frit also appeared to be sensitive to the heating rate. It appeared to crystallize 
during heat-up at a ramp rate of 5"C/min. This crystallization behavior appears to cause it to set until much 
higher temperatures are reached (>4OO"C). These temperatures are unsuitable in terms of keeping the glass 
away from the edges at temperatures below -250°C. When a ramp rate of -5O"C/min was used for 6"x6" 
no crystallization was observed and the glass melted at temperatures in the range of 320-330°C. Quick 
thermal excursions through temperature ranges where crystal phases nucleate and grow should limit or 
prevent crystal growth. The glass also contracts significantly during melting, drawing in glass from the 
surrounding regions, and in some cases causing a columnar structure to form that may be detrimental in 
terms of the hermeticity. There appear to be several phases in the glass. Some of these may simply be 
fillers to control the coefficient of thermal expansion (CTE). 

The glass frit was successfully melted and used to bond two 6"x6" pieces of float glass together using the 
hardware built to produce localized heating. All four heaters were energized. The glass melted and flowed 
slightly out of the joint in some regions when the heater elements set-point was approximately 385°C. The 
glass in the corner (1/2 each from each edge) reached a maximum temperature of 257°C at a time of 700 
seconds, 200 seconds after the glass melted. There were small cracks dong the edge of one of the glass 
plates and perpendicular to that edge as shown in Fig. 3. These cracks most likely formed during cooling. 
This problem might be eliminated by tuning the heating and cooling profiles. Active cooling may help 
reduce the corner temperatures and would also provide the added benefit of speeding up the process. 
Cracking can also be minimized by ensuring that the edges of the glass plate are relatively flaw free. This 
can be achieved by careful machining and subsequent finishing and annealing. 

* Schott Glass frit from Plasmaco that replaces Schott G017-334. It has a high PbO content and a density of 4.8 
g/cc. Assumed to be -60% PbO, 40% SiO,. 

Jh.18400-045 Sealing Glass Paste, Lot 042363. Johnson Matthey Electronics, 10080 Willow Creek Rd., San 
Diego, CA 92131. (619 566-9510). 
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Fig. 3. Photograph of the 6"x6" glass panels bonded with Johnson Matthey glass frit (Tm,-325"C) in 
which the heater set-point was -400°C. The horizontal lines are ink lines drawn to distinguish the top plate 
of glass from the bottom plate in case of catastrophic fracture during processing. 

Solder Joining 

Initial tests indicated that soda-lime-silicate glass could be wetted with 63Sn-37Pb (Tm=183"C), 60Sn- 
40Pb (T, =183-188"C), and 80In-15Pb-5Ag (T, =148-149"C) solders after sputter coating the glass with 
0.15 pm Cr - 0.15 pm Pd - 2.5 pm Au, respect i~ely.~~~ Sessile drop tests conducted without flux in 
nitrogen and vacuum at 205-210°C indicated that the SnPb solder gave the best wetting results. A fluxless 
solder is desirable because the absence of chemical flux residues in the panel after soldering eliminates 
potential long term corrosion problems. Some fluxes are more of a problem than others. 

Glass-solder-glass lap joints were made and used for microstructural analysis. Tests were also done in 
helium to determine the feasibility of processing the joint in an atmosphere that was inert and could be used 
to detect seal leaks after soldering. Lap shear specimens were made from stainless steel soldered to the 
coated glass. (The strength of the steel-glass bond was of interest initially because in the original design 
there was a stainless steel spacer between the two glass panels. This was subsequently eliminated.) The 
avera e shear strength for seven specimens was 11 MPa (1600 psi). The strength ranged from 7.6- 14.7 
MPa. The stronger joints appeared to have more solder adhering to the glass. Weaker joints tended to 
show a web-like coverage of the glass by the solder. 

F 

Scanning electron microscopy examinations of cross sectioned glass-to-glass joints showed good coverage 
of the glass by the solder. The solder itself appears to be somewhat inhomogeneous with three major 
phases identified by Energy Dispersive Spectroscopy (EDS). There is a Pb-rich phase, a plate-like Sn-Au 
intermetallic phase and a Sn-rich phase. There appears to be some segregation of the Pb-rich phase in the 
middle of the joint and segregation of the Sn-Au intermetallic in layers. This segregation may contribute to 
weakening of the joint. There was some evidence to suggest that failure of the joint occurs along the 
segregated layers. We believe that the presence of significant amounts of the Sn-Au intermetallic was due 
to too thick a Au coating on the glass metallization. We used 2.5 pm for initial attempts but used 1 pn for 
our next set of specimens. A reduction in the amount of gold would reduce the amount of the Sn-Au 
intermetallic phase with a corresponding increase in the strength of the joint.' Results, although limited, 
indicated that thinner Au coating was better. There was less intermetallic in the joint. 

. 
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Strength (psi) 
Au/Ni/Steel-to CrlPdl2.5 1580 k400 

8 

Strength (ps9 

(CrPdll .O pm Au) 
Glass-Glass 2400 
(CrPd l  .O pm Au) 
Glass-Glass 1675+180 
(GP-NiCr/Sn Baseline) (-50% bonded) 
Glass-Glass 
(GP-NiCr/Sn Baseline) 
Glass-Glass 3335k85 
(SNL-NiCr/Sn: 1 0 0  k 
1.5 pm) 
Glass-Glass 3342404 
(SNL-NiCr/Sn: 1,OOO A 
11.5 pm) 
Glass-Glass 303 1%3 1 
(SNL-NiCr/Sn: 10,OOO 8, 
11.5 pm) 
Glass-Glass 2690 
(SNL-NiCr/Sn: 100 A (-90% bonded) 
/1.5 pm) 

300 
(-20% bonded) 
21393561 

1 8 2 7 s  18 

1 3 W 7 9  

690 
(-50% bonded) 

The gold coating option was not pursued further because our focus shifted to soldering to glass coated 
using Golden Photon's current process. They use a 26Ni-74Cr coating that is 75-100A thick. It is 
deposited on the edge deleted surface on the perimeter of the glass panel in a vacuum furnace. 
Subsequently a 1 pm thick layer of Sn is deposited on top of the Ni-Cr layer. 

Ni-Cr coated glass coupons were tested to determine whether the existing coating was conducive to 
soldering. The low temperature solders wet the coating well both for as-received and edge-deleted glass. 
Bonded coupons were produced that appeared to have good integrity, although the solder may not have 
adhered in all locations due to the roughness of the glass surface. The smooth surfaces seemed to have 
-7040% coverage whereas the rough surfaces had -530% coverage when a flux was used with the 
solder. On the smooth surfaces without a flux, using an inert atmosphere, the coverFge was -100%. 
Three different coating thicknesses of Ni-Cr were evaluated (100, lo00 and lO,OOOA), using coatings 
produced in Sandia's Thin Film and Brazing Lab. There was no evidence of the dewetting or dissolution 
that we had initially observed. This may be because the initial samples were produced using Golden 
Photon's existing process and the surface coverage on these coupons may not have been complete. 

Shear strengths were measured for different surface preparations (rough vs. smooth), different glass 
coating thicknesses, and different soldering conditions at a test rate of 0.01 d s .  The results are shown 
in Table 2. 

Table 2. Lap shear strength of soldered glass to glass joints. 
Soldered Test Sample I SmootNSmooth I Smooth/Rough 

p Au/Glass I 
Glass-Au/Ni/Steel-Glass I 2200 

Comments 

2 1O0C/N, 
No Flux 
210"UHe 
No flux 
21O"UHe 
No flux 
220"uR-flux 
N, Cover 
220"uR-flux 
N, Cover 
220"uR-flux 
N, Cover 

220"uR-flux 
N, Cover 

22O0c/r-flux 
N, Cover 

22O0C/R-flux 
Air 

Test samples were processed with a nitrogen inerted table-top reflow machine, using a reflow profile of 
220°C peak topside temperature and a four minute processing time (from room temperature to final peak 
temperature soak). A rosin-based flux was lightly applied to the 60Sn-40Pb (wt. 9%) solder preforms 
before soldering to accommodate the partially inert conditions of the process. The samples were uniformly 
heated in this arrangement. The shear strengths of solder joints for smooth-to-smooth surfaces were in the 
range of 3000-3300 psi, with failures primarily in the glass pieces. The smooth-to-rough joints were in the 
range of 1300-2 100 psi and generally failed between the glass and solder interface on the "rough" side of 
the joint. The lower strength of the solder bond on the rough (edge-deleted) surface was probably due to 
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the removal of the SnO, film during the edge-delete operation and an uneven NiCrlSn coating thickness, 
resulting from the rough profile of the edge-delete surface. SnO, is normally deposited on the glass to 
promote adhesion of subsequent “active” layers. The oxide film was removed during the edge delete 
process, prior to deposition of the NiCr and Sn coatings. Its absence could reduce the overall adhesion of 
the succeeding films. It is also likely that the edge-delete machining process introduced surface flaws that 
further contributed to the reduced joint strengths. A mask could be put down to protect the SnO, and NUCr 
coatings during subsequent coatings processes (CdS, CdTe, graphite, etc.). * 

The SnO, effect on bond strength was investigated during the next round of testing at Sandia. Individual 
1”xl” NiCr/Sn coated glass coupons, without SnO, between the NiCr and glass, were fabricated. Shear’ 
test specimens were soldeFd using the processing and test conditions used to evaluate the SnO, coated 
glass substrates with 100 A NiCr and 1.5 pm Sn. The resulting smoothkmooth shear strengths were 2860 
psi _+ 278, comparable to the SnO, coated samples. The lower strengths of the roughened samples appear 
to be caused more by the induced surface flaws and uneven coating of the NiCr and Sn layers. 

Another important investigation was to determine the soldering requiFments for scaling up to the 6”x 6” 
test configuration. Four test plates were directly metallized with 100 A NiCr and 1.5 pm Sn around their 
outer 0.5” perimeter. Prototype soldering with the resistance heating device described in the “Hardware” 
section (see below) was planned. The project ended before these experiments could be conducted. 

Polyisobutylene (PIB) Adhesive Improvements 

Polyisobutylene (PIB)* adhesive is the sealing technology that was being used at Golden Photon during 
the duration of this project. When the front and back glass plates are pressed together the PIB is at 125°F 
and the glass is at room temperature. There is an applied pressure of 10 psi on a 1” band around the plates. 
The only cleaning prior to the PIB application is to vacuum off any ground glass from the edge delete 
surface of the front glass panel on which the active elements are deposited. Several suggestions were made 
for improving the level of performance of the PIE3 sealing technology (APPENDIX D). Many of these 
suggestions related to the surface preparation of the glass prior to the application of the PIB. The PIB 
contains glass beads that could serve as leakage paths between the PIB and the glass beads. The use of a 
coupling agent should improve the bonding between the PIB and the glass plate if it is not already 
incorporated in the adhesive. Information about the coupling agent, as well as the actual glass bead loading 
of the adhesive, were proprietary. One way to minimize leakage paths due to the presence of the glass 
beads would be to use PIB-3, which contains no beads. Other butyl compounds that can match PIB’s 
moisture permeability may offer better wet-out and adhesion to the glass. One example is polyvinyl 
butyral, which is used extensively in glazing applications. Urethanes, which initially have higher moisture 
permeability, but then couple with water molecules over time, may retard permeability. 

Parylene Coatings 

The use of Parylene$ coatings as a transparent sealant deposited on the photovoltaic elements was 
proposed for evaluation late in the project. Parylene is a vapordepositable polymer that can be deposited 
under roughing pump pressures with the substrates at room temperature. The basic member of the 
Parylene family, Parylene N, is poly-para-xylylene, a completely linear, highly crystalline material. 
Parylene provides a conformal coating due to the vapor phase deposition, and can be formed as continuous 
coatings with thicknesses from submicron to tens of microns. Six test panels (-2”x2”) with active 
elements were coated with Parylene N and Parylene D. Parylene N and Parylene D have moisture v a p  
transmissions at 90% RH, 37°C of 1.5 and 0.25 g-mil/lOO in2-day) respectively. Test panels were sent to 
Golden Photon in Aug. 1997 for testing in the lo00 hr test at 85°C in 85% RH. The intention was to test 
them for their I-V output and then compare the values to uncoated panels. Testing was not completed ’ 
because of the closure of Golden Photon’s facilities. 

ADCO’s PIB-7 that contains 0.010 diameter glass beads. 
* Parylene Conformal Coatings, Specialty Coating Systems, Union Carbide Cop, 5707 W. Minnesota St., 
Indianapolis, IN 4624 1. 
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Hardware 

Various options for locally heating the glass on the perimeter of the panel were evaluated including lasers, 
high intensity lamps, induction heating, and microwave heating. Lasers had been investigated at Sandia for 
sealing flat panel  display^.^*^-'^ We decided to pursue heating with a device with embedded heating 
elements, similar in design, but simpler, than equipment constructed for the National Center for Advanced 
Information Components Manufacturing (NCAICM) Project. 

We designed, built, and tested hardware that allowed heat to be applied in a very localized region around 
the perimeter of two Vx6" plates of glass. The chuck was constructed of Maranite thermally insulating 
block, 17.78 cm (7 inches) on a side and 1.27 cm (0.5 inches) thick. Thermal energy is supplied to the 
two stacked glass panels via an aluminum electrical resistance heating element embedded in the Maranite. 
Drawings of the chuck are provided in APPENDIX E. The hardware can be used for bonding with glass 
frits, where localized heating is a necessity because the frit melting temperature (T -350°C) is higher than 
the critical temperature of -250°C, and for bonding with low temperature solders sere the temperature Of 
the glass is not critical because the solder melting temperature is well below 250°C. Both glass plates are 
heated using heating elements on the top and the bottom of the heating fixture. The hardware was also 
constructed such that heating of alternate pairs of sides was possible. 

Initial tests were used to measure the temperature profile in the glass without the glass frit. The heating rate 
was -35"C/min to 220°C. Temperature vs. time was monitored for the nine thermocouples in the interior of 
the glass plate and for one on the edge of the glass plate for different heater element setpoints (250°C 
35OoC, 40°C). There was a temperature lag between the elements and the edge thermocouple of - 80°C. 
Therefore! with a set-point of 350"C, the edge is hot enough to melt the low temperature solder, and at a 
set-point of 40O0C, the edge is just hot enough to melt the low-melting glass frit from Johnson-Matthey 

In one test the glass fractured catastrophically. The fracture origin was in the region approximately 1.5" in 
from the edge, where FEA had predicted high stress. Examination of the glass fracture surface indicated 
that the failure stress was approximately 4100 psi, consistent with Ed's stress predictions. An applied 
weight and centering pins may have contributed to the problem because of the constraint they provided 
when the glass was expanding during heating. They were eliminated for future runs and subsequent tests 
were conducted without catastrophic glass fracture. 

(Tw-325-350"C). 

For a run in which the Johnson Matthey frit melted and bonded the two glass panels, the approximate 
positions of the nine thermocouples and their temperatures are shown in Fig. 4. The heater setpoint was 
400°C and the temperature at the edge of the glass was 3 18"C, very close to the temperature where melting 
occurs for the Johnson Matthey frit. 
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Fig. 4. Position e) of nine thermocouples used to monitor the glass temperature and the thermocouple 
used to monitor the temperature at the edge of the glass. 

Summary 

Two different glass sealing technologies have been evaluated for bonding glass panels for solar panel 
applications. One utilizes low temperature solders to bond the glass after it has been coated with thin metal 
coatings and the other utilizes low melting glass frits. Thermal modeling and stress modeling indicated 
that a localized heating approach could be used to achieve a high enough temperature to melt the glass frit 
or solder without allowing the glass 0.5" from the edge to exceed the maximum temperature limit 
(-250OC) of the active elements bonded to the glass. A staggered heating approach in which the four 
heating elements on the perimeter were heated as parallel pairs with a delay time in between when the fust 
and second set of elements were turned on indicated that the maximum temperature in the comer of the 
glass panels could be reduced even further. Tensile stresses on the order of 39 MPa (7800 psi) were 
modeled for the predicted thermal gradients in the glass. Although this stress level is high, it is a transient 
stress and occurs in a region away from the edge of the glass where the glass is expected to be weakest. 
An active cooling approach might minimize the thermal gradients that lead to these stresses and would also 
reduce the processing time. Hardware was constructed that allows localized heating of the glass. Trials in 
which a glass frit with a melting temperature of -325°C was used were successful in bonding the glass . 
together without exceeding the 250°C temperature limit. Some cracking of the edge of the glass was 
observed but this could be minimized by finishing the edges of the glass to reduce the damage in the cut 
edge and thereby increase the strength of the glass. Cracking could also be eliminated by tuning the headng 
and cooling schedules. 
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Starting Points for Future Work 

e 

e 

e 

e 

e 

e 

e 

e 

Optimize bonding with glass frit by tuning the heating and cooling profiles of the localized heating 
hardware. 
Explore the use of active cooling in the center of the plate to maintain the glass temperature below 
250°C and to reduce the thermal gradients during cooling. 
Change the configuration of the heaters in the comer to reduce the temperature and temperature 
gradient in the glass adjacent to the corners. 
Screen print the glass frit (or solder alloy) onto the plate glass to achieve reproducible and uniform 
thickness. 
Optimize bonding with low temperature solder and Ni-Cr coated glass. 
Test hermeticity of glass frit and solder bonds. 
Heat 6"x6" panels with CdTe and CdS coatings in the localized heating hardware and check 
afterwards whether efficiency has been lost. 
Conduct stress modeling to determine what stresses the joints and glass see in service. 

Outstanding Issues 

e 

0 

Alternatives to measuring the weight gain of the desiccant as the quantifier of permeability need to 
be identified.' ' 
The effects of the edge deletion process on both coating for soldering and how the process may 
introduce mechanical flaws that contribute to glass breakage during heating and cooling need to be 
understood. 
Environmental Protection Agency issues relating to the solder and glass frit bonding materials. 
The temperature and time that can be sustained by the active elements depends on the environment 
during bonding (it ranges from 250°C for 10 min in inert atmosphere to 150°C for 1 hr in air). 
The space available between edge of plate and the active elements may be critical. If this 
was larger than the current value of -OS", our ability to stay below the critical temperature 
would be enhanced. 

e 

e 

0 
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Q Sandia National Laboratories 
ODerated for the U S Department of Eqerqy by 

Sandia Corporation 

dare: May 17, 1996 

tot S. J. Glass, MS 0333, Org. 1845 

Albuquerque. New Mexico 87185. 

smea:  Thermal Analysis of a Solar Panel Sealing Process for the Golden Photon CRADA. 

Introduction: 

A thermal analysis has been performed to evaluate a solar panel sealing process in support of the 
Golden Photon CRADA. In the process investigated, a sealing glass is sandwiched between two 
rectangular glass panels (solar panels). The panels are heated on their periphery in order to melt 
the sealing glass, making a hermetic seal. The impetus for this study was concern that the sealing 
process may overheat and degrade the active elements which are deposited on one of the glass 
panels. Results indicate that, for realistic heating rates, and employing a sealing glass with a 
melting temperature of 430 O C ,  peak active element temperatures exceed 250 "C. 

Process Description: 

A thermal analysis has been performed for the solar panel and heater chuck arrangement shown 
schematically in Figure 1. The preliminary chuck design consists of a square Maranite thermally 
insulating block, 17.78 cm (7 inches) on a side and 1.27 cm (0.5 inches) thick. Thermal energy 
is supplied to the glass panels via an aluminum electrical resistance heating element embedded 
in the maranite. Together, the maranite insulating block and aluminum heater make up the chuck. 
The square glass panels considered in this study were 15.24 cm (6 inches) on a side and 0.3175 
cm (0.125 inches) thick. The square heating element was 0.95 cm (0.375 inches) on a side and 
was located directly under the edge of the glass panel as shown in Figure 1. The chucks 
peripherally heat the glass panels and melt the sealing glass to form a hermetic joint. The sealing 
glass (Plasmaco frit) melts at a temperature of approximately 430 OC, which is substantially lower 
than the substrate glass (float glass) melting temperature. Active elements, which begin 12.7 mm 

minutes when processed in an inert environment, and 200 "C for 10 minutes in a 1000 ppm O2 
environment. 

L (0.5 inches) in from the glass panel edge, must not exceed 250 "C for a period of longer than 10 

Analysis Description: 

The finite element mesh of the chuck and glass panel assembly is shown in Figure 2. One-eighth 
symmetry was used to minimize mesh size. The sealing glass was not modeled as it  should not 
significantly altcr the substrate glass's thermal response. Thc rclevant temperature-dependent 
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substrate glass and maranite thermophysical properties are given in Tables 1 and 2 respectively. 
Aluminum thermophysical properties are assumed to be temperature-independent and are k = 177 W/ 
mmK, cp = 875 J/kgmK and p = 2770 kg/m3. The effect of the active elements, which would be 
incorporated in the actual upper glass panel, were ignored in this analysis (note that this provides a 
conservative estimate of panel temperature since the added thermal mass of the elements will reduce 
their maximum temperature slightly). Convective losses were assumed at all except symmetry 
surfaces. Symmetry surfaces were assumed to be adiabatic (insulated). Electrical heating of the 
aluminum strip was modeled by imposing the desired heater temperature history to the aluminum- 
glass panel interface. Various heater temperature ramp rates and hold ("soak") times were 
investigated to determine their influence on glass panel temperature at various positions from the 
periphery. 

Analysis Results: 

Ramp rates of 25 and 50 "C/min, and soak times of 0,2 and 5 minutes were investigated to determine 
their influence on glass panel thermal response. In all cases, a maximum heater temperature of 430 
"C was employed. Of particular interest is the resulting maximum active element temperature 
reached during the process. Since the active elements are not incorporated in the model, the 
maximum active element temperature is assumed to occur in the comer, on the surface of the glass 
panel where the elements would be attached in an actual assembly (see Figure 1). In the video 
conference of April 10,1996 with Golden Photon and Sandia, the maximum separation distance 
between glass edge and active elements (the "dead-band") was specified as 1.27 cm (0.5 inches). 
Figure 3 shows the comer active element temperature histories for all ramp rate and soak time 
combinations investigated. It is evident from the figure that none of the processing histories result in 
maximum element temperatures less than 250 "C. 

Figure 3 indicates that for realistic thermal processing parameters, maximum allowable active 
element temperatures are generally exceeded for elements placed 1.27 cm in from the glass panel 
edge. If, however, a wider dead-band is allowed, significant reductions in maximum active element 
temperatures can be achieved. Figure 4 shows the active element comer edge temperature histories 
for a dead-band of 25.4 cm (1 inch). The figure indicates that all cases (except the 25 "C/min, 5 
minute soak case) result in maximum active element temperatures of less than 250 "C. Additionally, 
both the 50 "C/min, 0 and 2 minute soak processes result in maximum temperatures near or below 
200 "C. It is anticipated that since the wider dead-band allows for lower heating rates, and hence 
reduced temperature gradients in the panel, thermally induced stresses (and hence cracking) can be 
minimized. This difference in thermal gradients induced in the glass for low and high heating rates 
is illustrated in Figure 5. Figures 5 (a) and (b) show the temperature distributions in the glass panel 
for the 25 "Chin, 0 minute soak and the 50 "C/min, 0 minutes soak cases respectively. The results 
of Figure 5 correspond to the time when the glass temperature 0.5 inches in from the periphery has 
reached its peak value. 

Conclusions: 

The effect of heater ramp rate and soak time on maximum active element temperature was 
parametrically investigated for a peak heater temperature of 430 "C. The results indicated that, for 
realistic thermal processing conditions, maximum allowable active element temperatures were 



S. J. Glass -3- May 17, 1996 

exceeded when a 1.27 cm (0.5 inch) distance between panel edge and active clemcnts was assumed. 
However, if a 2.54 cm ( 1  ,O inch) separation distance was allowed, all cases (cxcept the 25 OC/min, 5 
minute soak case) showed maximum active element temperatures remaining below 250 "C. 

Another way to reduce the maximum active element temperature is to use a lower melting 
temperature sealing glass. This would allow reduced heater ramp rates which would in turn result in 
decreased glass panel thermal gradients. Reduced thermal gradients will, of course, reduce glass 
panel thermal stresses (and glass cracking). Evaluation of lower melting temperature sealing glasses 
is currently underway. 

copy to: 

MS 1435 
MS 0340 
MS 1349 
MS 0549 
MS 0958 
MS 0841 
MS 0828 
MS 0833 
MS 0835 
MS 0835 
MS 0835 
MS 0835 
MS 0443 
MS 0443 

1800 
1831 
1846 
2476 
2484 
9100 
9 102 
9103 
91 13 
91 13 
91 13 
91 13 
91 17 
91 17 

H. Saxton 
F. M. Hosking 
W. Hammetter 
L. Kovacic 
P. G. Stromberg 
P. J. Hommert 
R. D. Skocypec (route to 91 11,9114,9115) 
J. H. Biffle (route to 91 12,9113, 91 16) 
T. Bickel 
S. E. Gianoulakis 
T. E. Voth 
Day File 
E. L. Hoffman 
H. S. Morgan 



S. J. Glass -4- May 17, 1996 
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Figure 1 - Schematic of the panel sealing arrangement. 
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:a .te :r 

Figure 2 - Finite element mesh employing one-eighth symmetry. 
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R 

430OC 

Figure 5 - Temperature contours for the a) 25 "Urnin and b) 50 "C/min, 0 minute soak cases at 
times t = 1057 and 551 seconds respectively. 

Table 1. Float Glass Temperature-Dependent Material Properties 

Property 0 "C 100 "C 300 "C 500 "C 700 "C 900 "C 

Thermal Conductivity 1.34 1.34 1.65 2.14 2.55 
(W/m-K) 

Specific Heat (JkgSK) 

Density @g/m3) 

711.76 

2300.0 

879.23 1130.4 1236 

2300.0 

Table 2. Maranite Temperature-Dependent Material Properties 

Property 0 "C 93 "C 177°C 205°C 316°C 425°C 600°C 

Thermal Conductivity 0.13 
(W/m* K) 

Specific Heat (Jkg-K) 1046.6 

Density (lcg/m3) 737.0 

0.12 

1046.6 1255.9 

0.11 0.12 0.12 

1339.7 1423.4 1423.4 

737.0 
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Aug. 28, 1996 memo from J. M. Herlehy, 91 13 to S.E. Gianoulakis, Golden Photon Analysis 
Results. 
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dare: .August 28,1996 

10: Steven E. Gianoulakis, MS 0835, Org. 91 13 

Sandia National Laboratories 
Operated for tha US. Department of Energy by 

Sandia Corporation 

__ from: Julie M. Herlehy, MS 0835, Org. 91 13 - --_-- 
\\ / 

subiect: Golden Photon Analysis Results 

Problem Background: 

Sandia National Laboratories has been examining techniques for sealing glass solar panels using 
a low temperature frit glass. An active element is screen printed onto the inside surface of the 
top glass panel. The active element absorbs the sun's energy and converts it into electricity. For 
reliability purposes, the active element should not exceed 200' C during manufacturing of the 
solar panel. However, the frit glass, which is in close proximity to the active element, melts at 
350' C. Thus a problem is created. If the glass is heated at a fast rate, the heat may not diffuse 
to the element. Nevertheless, this approach will cause a significant temperature gradient intro- 
ducing severe thermal stresses in the glass, which may result in cracking. If the glass is heated 
at a slow rate, the gradient will be minimized, yet, the active element will then most likely 
exceed its allowable temperature. 

A thermal analysis has been performed to evaluate a solar panel sealing process, simultaneous 
heating of all four edges of the panel. The results of these simulations indicated that the temper- 
ature of the active element could not be kept below 200' C while maintaining reasonable ther- 
mal stresses in the glass. 

This memo will discuss the results of additional simulations where two opposite edges were 
heated then the remaining two edges were heated. The effort of these additional simulations was 
aimed at determining whether or not the active element could be kept under 200' C and reason- 
able thermal stresses in the glass maintained. 

Analysis Description: 
A series of thermal andyses was performed to evaluate the response of the glass panels to several 
processing parameters. These parameters included 1) the heating rate, 2) the dwell time defined 
as the length of time the heater stays at the maximum temperature, and 3) the holding time defined 
as the length of time between heating one pair of sides and then the other pair. Table 1 lists the 
ranges of tile processing parameters that were evaluated : 
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Table 1: Parametric Variables 

Heating Rate 

Dwell Time 

Hold Time 

August 28, 1996 

25' Umin. & 50' C/min. 

0 min., 2 min., & 5 min. 

0 Period, 1/2 Period, 1 Period, 2 Periods 

Results Description: 

Both time-temperature traces and maximum temperatures have been examined. The locations on the 
glass where the data was taken were 1/2", l", and 3/2" in from the edge of the glass panel. These 
locations correspond to the potential edges of the active element. The second viewgraph shows the 
positions of these data points. 

The results from the analyses have been plotted to determine the feasibility of joining the glass pan- 
els using a low temperature frit glass. There are two sets of graphs, one set for 25' Umin ramp rate 
and one set for 50' Umin ramp rate. These graphs show the effects of different hold times for 0,2, 
and 5 minute dwell times. When 0 period hold time was graphed, the data was extracted from 0.5" 
in from the corner because it had the highest peak temperature when both heaters were simulta- 
neously active. For the staggered heating, the data was extracted from 0.5" in from the left edge. It 
had the highest peak temperature because it was preheated by the first heater before it was heated by 
the second heater. 

Conclusion: 

There is a reduction in peak (maximum) temperatures when the heaters are staggered, as seen in the 
third through the eigth viewgraph.. However, there is no improvement in increasing the time 
between firing the second heater after the first heater. This indicates that there is no advantage of 
using a hold time greater the 0.5 period. All it would do is increase the production time.The ninth 
viewgraph shows the differences between hold times from 25' C/min ramp rate and for 50' Umin 
ramp rate. 

By comparing a fixed dwell time and a fixed hold time, it has been observed that using a higher 
ramp rate results in a lower peak temperature. When comparing a fixed ramp rate and a fixed hold 
time, it can be seen that using a longer dwell time results in a higher peak temperature. 
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Sandia National Laboratories 
Albuquerque, New Mexico 87185 

date: July 22, 1996 
to: S. J. Glass, 1845 

~ 

from: Edward L. H o f f m e  

c 

subject: Structural Analysis of a Solar Panel Sealing Process 

1 Introduction 

This report presents the structural considerations of a process proposed for hermetically 
sealing two 609.6 mm-square (24 inch-square) glass panels while maintaining temperatures 
12.7 mm (0.5 inches) inward from the edge of the panels below 250 "C. The reason for the 
temperature constraint is that one of the glass panels contains active solar elements which are 
deposited over the surface, starting 12.7 mm from the edge of the panel, in an earlier process. 
If heated above 250 "C, these active elements will degrade. The region of glass without active 
element coating is known as the "dead-zone." In the proposed process, a strip of sealing glass 
is sandwiched in the dead-zone between two glass panels. The panels are then heated around 
the periphery to melt the sealing glass, creating a hermetic seal. The proposed sealing glass 
(Plasmaco frit) has a melting temperature of 430 "C, which is substantially lower than the 
melting temperature of the glass panels (float glass). The challenge of the proposed process is 
to heat the periphery of the glass panels to 430 "C and then cool it before the active element 
region can reach 250 "C. Initially, 152.4 mm-square (6 inch-square) mock-ups of the solar 
panel will be manufactured to determine the feasibility of this process and test the hermeticity 
of the joints. Only the length and width of the glass panels are scaled. The glass thickness, 
spacing and dead-zone width will be the same as the full-size unit. A thermal analysis was 
performed to determine the heating rates and hold times required to achieve the process goal 
[l]. Results of the thermal study indicated that, for realistic heating rates, peak active element 
temperatures exceeded 250 "C. The thermal study concluded that the process goal could be 
achieved if the dead-zone were widened to 25.4 mm (1 inch). Even if the dead-zone is 
widened and the thermal requirements are met, the high thermal gradients resulting from this 
operation will cause differential thermal expansion of the glass panels, producing stresses in 
the float glass. This memo presents structural simulations of the sealing process which were 
performed to determine if the proposed thermal process will produce stresses in the glass 
panels which are greater than the tensile strength of float glass. Simulations were also 
performed to determine if the 152.4 mm mock-up accurately represents the mechanical and 
thermal response of a full-size unit. The structural calculations were performed using JAC3D 
[2], utilizing the results of the thermal studies as input into the structural calculations. 

Exceptional Service in the National lnterest 
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2 Model Description 

The structural calculations presented in this memo consider only the glass panels which are 
sealed together. Because the sealing glass is not considered in these calculations, the 
development of residual stresses due to the differential thermal expansion between the glass 
panels and the sealing glass is not simulated. Such residual stresses are expected to be much 
smaller than the in-process stresses. For this reason, simulations of residual stress formation 
will not be performed until manufacturability is proven. 

The finite element model of the proposed glass panel sealing apparatus is shown in Figure 1.  
The model shown is of a 152.4 mm-square glass panel which is 3.175 mm-thick. Utilizing the 
three symmetry planes in the geometry, a one-eighth symmetry model was developed. The 
entire glasdfrit assembly is sandwiched between two heater chucks consisting of an 
aluminum heating element and a Marinite insulating block. Though necessary for the thermal 
simulations [ 11, the heating chuck was not required for the structural simulations but is shown 
in Figure 1 to demonstrate the symmetry of the thermal boundary conditions. Hence, the 
structural model consists only of a quarter of one of the glass panels. 

The float glass mechanical properties are assumed to be temperature-independent, with an 
elastic modulus E = 70 GPa, Poisson’s ratio v = 0.23, and thermal expansion coefficient 
a = 94.0 x lo-’ ‘C’. Symmetry boundary conditions were applied along the two through- 
thickness planes of the glass. Symmetry boundary conditions were not placed on the third 
symmetry plane as the two glass panels are separated by a small gap. The results of the 
thermal simulations were entered as input into the structural simulations. Although the 
thermal analyses investigated many heating rate and hold time combinations, the only 
combination used in the structural simulation was the one which yielded the most favorable 

glass panel , 3 symmetty planes 

element 

Figure 1. Finite element model of the 152.4 mm-square glass panel. The aluminum 
heating element and Marinite insulating block are not included in the 
structural simulations. 
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thermal results, a 50 "C/min heating rate with a 0 min hold time. To heat from room 
temperature (20 "C) to 430 "C and then back to room temperature at a rate of 50 "C/min 
requires 984 seconds to complete. 

3 Analysis Results 

The structural performance of the glass panels is presented in terms of the maximum principal 
stress, as maximum principal stress controls fracture in low fracture toughness materials such 
as float glass. Although the maximum tempcraturc is attained at 492 seconds, the maximum 
thermal gradient occurs at a later time. Figure 2 is a. plot of the temperature and maximum 
principal stress distribution in  the 152.4 mm glass panel at 571 seconds, the time at which the 
largest maximum principal stress occurs. The maximum temperature occurs at the comer of 
the panels. However, the maximum principal stress of 39.8 MPa occurs inside of the corner. 

T 
Temperature ("C) 

Maximum Principal Stress (MPa) 

Figure 2. Temperature and maximum principal stress distribution in the 152.4-mm glass 
panel at 571 seconds, the time at which the largest maximum principal stress 
occurs. 
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Allowing for a safety factor, the allowable design stress for annealed soda-lime glass under 
sustained loading for 1000 hours or more is 7 MPa. Glass exhibits a time-load effect. Hence, a 
glass article breaks at a lower stress under prolonged loading than under momentary loading. 
In practice, glass products with surface imperfections will exhibit a short-term strength of 
nearly 70 MPa. Since the duration of the peak stresses due to the proposed sealing operation 
are relatively short (-1 min), the glass panels may be capable of withstanding this momentary 
extreme. However, since the factor of safety is small, the probability of fracture will be highly 
dependent on the condition (Le. surface condition, flaw distribution, etc.) of the glass panels. 
The fact that the peak stress is not located near the cut edges of the glass will reduce the 
likelyhood of failure. 

Because the cool region of glass would be proportionately larger in a full-size solar panel than 
in the 152.4 mm test specimen, concern was raised as to whether the 152.4 mm solar panel 
accurately represented the thermal and mechanical response of the full-size unit. Since the 
maximum stress occurred toward the center of the 152.4 mm unit, the maximum stress might 
actually be smaller in a full-size unit because there would be a larger cool region to strain. 
Hence, the same thermal and structural calculations were repeated for a full-size 609.6-m- 
square solar panel. All of the same assumptions and boundary conditions were applied to this 
model. Figure 3 is a plot of the temperature and maximum principal stress distribution in the 
609.6-mm glass panel at 571 seconds. Like the 152.4 mm unit simulation, this is the time at 
which the largest maximum principal stress occurs. Local to the edges, the thermal response 
appears to be the same as that predicted for the quarter-symmetry model, exhibiting the same 
maximum temperature and temperature gradient. As expected, the larger cool region of glass 
results in smaller stresses in the center of the plate. However, the maximum stresses in the 
full-size unit are exactly the same as those predicted for the 152.4 mm panel. Hence, the 
magnitude of the maximum stress is due to the temperature distribution at the corner of the 
glass panel. The glass is trying to expand uniformly along the outside edges but is constrained 
from doing so by the cooler inner region of glass. On the sides of the panel, the expanding 
glass is constrained in one direction (parallel to the edge). However, at the corner of the panel, 
the expanding glass is constrained in two directions. The close comparison between the full- 
size and 152.4 mm units is due to the fact that the temperature gradients in the corner of the 
glass are exactly the same for these two models. Hence, for the proposed heating concept, the 
152.4 mm mock-ups assembled for proof of concept accurately represent the mechanical and 
thermal response of a full-size unit. 

4 Conclusions 

Finite element simulations of a proposed glass sealing process were performed to: (1) 
determine the mechanical response of 152.4 mm solar panels manufactured for proof-of- 
concept, and (2) determine if the 152.4 mm mock-up accurately represents the mechanical and 
thermal response of a full-size unit. The simulations yielded nearly identical thermal and 
mechanical results for both the hll-size unit and the 152.4 mm mock-up, indicating that the 
152.4 mm mock-ups accurately represent the mechanical and thermal response of a full-size 
unit. The simulations revealed that the magnitude of the largest maximum principal stress is 
the result of the large temperature gradient at the corners of the glass panel. In the corners of 
the panels the expanding glass is constrained in two directions. The large temperature gradient 

. 
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in the corners ( a  product of thc rapid heating rate) resulted in a predicted maximum stress of 
over 39 MPa, much larger than the 7 MPa design stress usually used for float glass. However, 
sincc the duration of the peak stresses due to the proposed sealing operdtion arc relativcly 
short (-1 min), the glass panels may be capable of withstanding this momentary extreme. 
These large stresses could be reduced by reducing the hcatinglcooling mte. However, this 
would undoubtedly result in a thermal response which would not satisfy the process 
requirements of maintaining tempcraturcs below 250 "C in the active-clement region. Another 
way to circumvent the high thermally-induced stresses inherent to this process is to 
sequentially heat the parallcl edges of the panel. This modification to the sealing process 
would eliminate the high temperature grdients in the corners of the glass which produce the 
large stresses. This modification to the scaling process will be investigated next. 

- 
Temperature ("C) 

40 .0  
80.0 

120.0 
160.0 
2 0 0 . 0  
2 4 0 . 0  
2 8 0 . 0  
320.0 
3 6 0 . 0  

Maximum Principal Stress (MPa) 
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12.0 
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Figure 3. Temperature and maximum principal stress distribution in the 609.6-mm glass 
panel at 57 1 seconds, the time at which thc largest maximum principal stress 
occurs. 
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date: September 24, 1996 
c 

to: S. Jill Glass, MS-0367, Dept. 1833 

Sandia National Laboratories 
Albuquerque, New Mexico 87185-0367 

from: Paul M. Baca, MS-0367 (1833) 
845-7133 

We originally met in your office on 8/14/96 to discuss options in sealing the Golden 
Photon photovoltaic collector. You showed me a test unit, and explained that two other 
sealing methods were being researched here at Sandia. I have read correspondence 
between Golden Photon and Sandia, have spoke to Scot Albright at GP, and have 
contacted Various GP suppliers. 

Performance goals include: 

100 times less water absorption 
Materials compatibility with; soda lime glass, aluminum, various PV surfaces, (Ni- 
Cr, Sn02, Cu, Cr-Pd-Au, etc.) 
Possible elimination of an edge seal 
Elimination of a desiccant 
Easeof assembly 
A 15 to 20 year life span 
An 85 degree F, 85% RH operational environment 

Scot says that the collector has undergone several iterations since he gave you the part 
that you have in your office. As of July 1996, the stainless steel spacer will be removed, 
a “U” shaped edge band will replace the aluminum extrusion, and a different desiccation 
system will be added. Formerly, they used HB Fuller TL-0471 urethane as an edge 
sealant. The new spacerless design will use Fuller’s UR-5127H urethane. 

GP’s surface preparation and assembly follows these guidelines: 

0 Glass panes are cleaned with Alconox, water rinsed, and towel dried 
0 An edge margin a b u t  0.35” is ground around the periphery of one pane using a 220 

grit diamond wheel 
0 ADCO’s PIB-7, (polyisobutylene),which contains 0.010” diameter glass beads is 

applied to one glass surface 
The panes are matched together and bonded 

0 A urethane adhesive is applied to the periphery of the panes and the retention 
channel, (“U” shaped band), is applied 



In order to reach the level of performance that GP expects, surface preparation prior to 
bonding becomes a major consideration. I suggest the following: 

Perform all work in a clean environment 
Wear powder free butyl rubber gloves and a dust mask 
Degrease the glass with MEK or acetone 
Mask and abrade both surfaces to be sealed with 600 grit abrasive 
Unmask and wash all surfaces with 1 tbs. Alconox to one gallon water 
Rinse with DI water 
Dry in oven at 200 degrees F 
While warm, etch each edge with a solution of chromium trioxide, (1 pbw), to DI 
water, (4 pbw), for 10 minutes 
Rinse off the immersed edge with DI water and immerse the next edge, rinse and 
r e p t  until all edges have been etched and rinsed 
Oven dry the glass at 100 degrees F 
Allow the glass to cool 
Degrease edges with MEK or acetone 
Blow dry with clean compressed air 
Apply sealant and cure 

I realize that this procedure is more extensive than what is currently used. I am 
concerned that GP is not getting better permeability figures for this material. Several 
reasons may account for this. Most importantly, the current surface preparation in 
conjunction with the glass beads may be creating leakage paths at the interface of the 
ground glass and the glass beads. 

Grinding glass correctly is not a trivial operation. In order to avoid imparting 
unwanted physical anomalies to the glass, the wheel must be dressed properly. The 
wheel must then be fed incrementally to the glass, and traverse smoothly across the 
glass while the work remains rigidly fixtured. A liquid coolant should be used to 
remove fines and avoid over heating. 

I suggest a finer abrasive. A 220 grit diamond wheel has an average micron size of 
66. By going to a 600 grit aluminum oxide paper, size drops to about 15 microns. 
This reduction in groove depth will minimize leakage paths while offering mechanical 
interlock. 

PIB is one of the best materials available for this type application. I calculate that on a 
24" square panel utilizing a 0.010" bondline, there would be 0.96 square inches of 
exposed adhesive. Water accumulation figures given to me by GP on units 
incorporating a spacer and desiccant, suggest the permeability for this system exceeds 
the value normal for this material. However, PIB formulations vary widely from 
manufacturer to mandfacturer as do their properties. 

ADCO will not reveal the glass bead loading on their PIB-7 material as it was 
originally produced for another consumer and its nature is proprietary. It may be that 
the loading is too high for this application. They also will not say whether or not the 
beads have been treated with a coupling agent. This is critical to the beadhealant 
interface. I would like to see testing done with PIB-3, which has no beads. 

2 
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Other materials should be considered. There are butyl compounds that can match 
PIB’s moisture permeability and may offer better wet-out and adhesion to the glass. 
Polyvinyl butyral is used extensively in glazing applications. Also, there are urethanes 
on the market which initially have higher moisture permeability, but then couple with 
water molecules after a time. This coupling retards further permeation unless the 
differential pressure of the water vapor becomes significant. 

The concept of differential pressure is noteworthy. GP currently uses a beaded 
desiccant between the panes to capture water. In the future, they plan to remotely 
locate a desiccant canister that will also relieve the ratcheting that takes place during 
expansion and contraction of the panes. In effect, they have built a pump with a semi- 
permeable membrane, An alternative may be to seal the glass, but locate the desiccant 
source between the seal, and the “U” channel. This would require a fillet on either side 
of the channel against the glass. The desiccant could then be plumbed to the space 
between the aluminum channel and the glass. 

Instead of a desiccant, an internal pressure source such as a compressed gas with a 
molecular orifice, or a sublimation material may provide positive internal pressure. 

I would like the opportunity to visit and exchange ideas with GP. Much could be 
learned from a hands on tour. Please contact me if you plan a visit in the near future. 

copy to: 
BK Damkroger, MS-0367, Dept. 1833 
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I R 5 1 4 3 8 - 0 0 0  

i 
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1 
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2 

1 
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