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FOREWORD

This final report summarizes the work accomplished in an “add-on ” to Contract F336 1 5-73-
C-Si 71 , “Adhesive Bonded Aerospace Standardized Repair Handbook ,” by the Boeing
Commercial Airplane Company, P. 0. Box 3707 , Seattle , Washington.

Other phases of the basic contract have been reported as follows: Phase I report was a limited
distribution document; Phase II—AFML-T R-7 5-1 S8, AD-A0 17779; Phase III—AFML-TR-76-
65 , AD-A035601; Phase IV—AFML-TR-76-20 1 /AFFDL-TR-76- 1 31 , AD-A042384; Completed
Repair Handbook—AFML-TR-77-206/AFFDL-77- 139; Task I of add-on—AFML-TR-78-7.

The add-on work was accomplished under the sponsorship of the Air Force Materials Labora-
tory (Project 7381/Task 06). Mr. W . Scardino , AFML/MXE , was the project engineer.

Mr. J. E. McCarty was the Boeing Program manager, with Mr. R. E. Horton as project engineer.
Mr. M. C. Locke was the principal investigator for the add-on program.

The authors wish to acknowledge the efforts of Mr. R. Z. Mayberry and Mr. K. M. Harriman
for the fabrication and testing work , and Mr. J. A. Curtis and Mr. E. A. Ledbury for the SEM
analysis.
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SECTION I

INTRODUCTION AND SUMMAR Y

It was recognized during Phase 11 of the Repair Handbook Contract (F336 1 5- 73-C-5 171)
that additional studies were required to define and optimize the phosphoric acid non-tank
anodize (PANTA) processing conditions. Although excellent durability results were obtained
using PANTA as compared to other hand clean methods , the scope of the effort did not permit
detailed investigation of critical anodizing parameters . As a result , this supplemental program
was conducted to evaluate these variables. Parameters investigated included the effects of ano-
dizing voltage , temperature , time , and rinse delay on bond durability. In addition , bondability
of various adhesive system/surface preparation combinations was investigated. The data will
form a data base for material selection and facilitate the repair process.

This progra m consists of two major tasks , as shown in figure 1. Task I was to investigate pro-
cess variable effects on the phosphoric acid non-tank anodizing (PANTA) procedure. Bond
verification tests were included. Task I I  focused on an evaluation of adhesive/surface prepara-
tion combinations , including vacuum bag curing to simulate repairs made under reduced tem-
perature and pressure . The two tasks were performed over a I 9-month period. The tasks and
program schedule are shown in figure 2. The Task I program results were reported in AFML-
TR-78-7 (re f. I ) .  A synopsis of the results is summarized in Section II.

The work accomplished in Task I consisted of the following:

I .  Phosphoric acid non-tank anodize (PANTA) process variables investigation

• Determination of the effects of anodizing potentia l , temperature , and time

• Determination of the effects of rinse delay time , part size (to 24 x 24 in.), and anodizing
mode , i.e., vertical , horizontal , etc.

• A scanning electron microscope ( S E M )  examination of oxide characteristics

• Evaluation of anodizing clad versus bare

• Anodizing with batteries

• Effect of anodizing over titanium and aluminum fasteners

• Identification of common errors in the application of PANTA

2. Bond verification tests

• Selection of optimum PANTA conditions

• Demonstration of compatibility with adhesive systems

For Task 11, the work focused on an evaluation of surface preparation method /adhesive com-
binations to develop a data base to faci litate repair applications. Task II has been completed
and the results are documented in this report. The following work was accomplished in this

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -  - .



task :

1. Surface preparation

• Optimized FPL etch—baseline

• Phosphoric acid non-tank anodize

• PasaJell 105 (non-tank)

2. Adhesive systems

• 250°F cure—AF 127-3, FM 73, EA 9628

• 350° F cure—AF 130, FM 400, FM 300, AF 143

• Room-temperature cure—EA 9320 , EA 934

3. Cure conditions

• Autoclave bonds

• Vacuum bag bonds

4. Tests

• Bond strength—lap shear , L/t h~p shear , metal-metal peel

• Durability—sustained stressed lap shear , wedge

• Environments— 120° F/ lOO% RH , salt spray (5% NaCl , 95 °F) ,  —67°F , 180°F, 350°F ,
room temperature (70- 75°F )

No significant differences were noted among the three different surface preparations in their
initial , unexposed bond strength . Surfaces prepared with PasaJell 105 , however , resulted in
reduced bond durability.

Bonds made under vacuum bag cure (reduced temperature and pressure) showed lower bond
strength. Reductions in cycles to failure were also Iound in earlier work (ref. 3) in the vacuum
bag bonds as compared to autoclave bonds. This points out an inherent problem in making
vacuum bag bonded repa irs—reduced strength and durability can be expected. This can be com-
pensated for by keeping the stresses low in the splice bond. The adhesive systems that were
tested showed that they are compatible with the evaluated surface preparations.



SECTION II

SYNOPSIS OF TASK I RESULTS*

The purpose of Task I was to investigate the process variables affecting the phosphoric acid
non-tank anodize procedure . The effects of varying process parameters on bondabilit y were
assessed using the wedge crack extension test. Prior to bonding into wedge test assemblies ,
anodized surfaces were inspected for interference color , tape tested using 3M Company No.
250 tape , and examined for oxide characteristics with the scanning electron microscope (SEM) .

Task I was conducted in two parts. The following processing parameters were investigated in
Task I , Part A:

• Effect of voltage variation

• Effect of anodizing temperature

• Effect of anodizing time

• Effect of rinse delay

• Effect of part size

• Anodizing mode

• Dry cell battery anodizing

• Effect of anodizing over titanium and aluminum fasteners

• Identify common errors in PANTA application

Following the processing parameter study, bond verification tests were conducted as Part B
of Task I using optimized PANTA surface preparation conditions. For the bond verification
tests , both 2024-T3 clad and 7075-1’6 bare aluminum adherends were used. Selected adhe-
sive systems from room-temperature cure , 250°F cure , and 350°F cure materials were evalu-
ated.

2.1 PROCESS VARIABLES INVESTIGATION

This part of Task I was aimed at an investigation of the processing parameters that affect the
application and bond durability of PANTA-treated surfaces, Specific conclusions and results
relating to individual processing parameters were reported in reference 1. Figure 3 shows the
typical processing sequence for the Part A investigation. Table I shows a summary of the
variables and processing conditions investigated. Based on the results of this investigation , in-
cluding the SEM analysis of oxide characteristics , wedge test , tape test , and color inspection ,
recommended processing conditions are given. On the basis of the results , the following con-
ditions were selected for the Part B bond verification tests:

• Voltage : 6 volts

• Temperature : 70-80°F

* Reported in AFML-TR-78-7 (ref. I) .
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• Time: 10 minutes

• Rinse delay: less than 5 minutes

• Gelled phosphoric acid , 10- 1 2% concentration: (PR 50 from Products Research)

A brief review of the more critical parameters affecting the PANTA process is given here:

2.1.1 VOLTAGE POTENTIAL

Applied voltages of 1 , 2 , 4 (baseline), 6, and 10 volts were investigated. Figures 4 and 5 com-
pare the oxide characteristics on 707 5-16 bare and 2024-13 clad as a function of voltage. It
can be seen that oxide uniformity is increased as voltage increases. Little or very thin oxide
was formed at I volt on 7075-16 bare aluminum. These surfaces also produced wedge test
failures. Figure 6 illustrates the effect of voltage potential on oxide thickness. These results
provided the basis for increasing the voltage to 6 volts from the baseline 4 volts (ref. 1).

2. !7  ANODIZING TEMPERATURE

Two other anodizing temperature conditions were evaluated in addition to ambient room tem-
perature (70°F-80°F). Two temperature extremes (100°F and 40°F) were selected as condi-
tions that may be encountered in repair situations. Wedge test failure s were experienced on
100° F, I- and 2-volt anodized surfaces (both bare and clad) and clad surfaces anodized at
40°F (ref. 1). Due to these sporadic failures , and SEM photomicrographs (see figs. 7-10) of
oxides formed at these temperatures , it is recommended that the present process be limited to
ambient room-temperature (70° F-80° F) conditions.

2.1.3 ANODIZING TIME

From the baseline 10 minutes, anodizing time was varied to 1, 5 , 15 , and 20 minutes to deter-
mine if shorter or longer times would affect oxide formation and bondability. Both bare and
clad wedge specimens showed failure when anodized for 1 minute. Sporadic failures were no-
ted on the clad , 5-minute anodized specimens. No apparent difference was observed on the
15- or 20-minute anodized specimens. The short time (1 to 5 minutes) is inadequate to form
environmentally stable oxides (see figs. 11 and 12).

2.1.4 RINSE DELAY

The effects of rinse delay times of 2 , 5 , and 10 minutes were investigated and compared to no-
delay cases. Except for wedge test failure s on the 10-minute rinse delay specimens , no other
failures were noted. The SEM photomicrographs (figs . 13 and 14) show increasing amounts
of loosely adhering oxide to the substrate from no delay to 10 minutes delay. As reported by
other investigators (ref. 2), phosphoric acid will dissolve the aluminum oxide formed if the
acid is left on the surface after the current is turned off. For optimum processing conditions ,
no rinse delay or less than 5 minutes rinse delay is recommended.

4 - I_ 
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2.1.5 SUMMARY OF PROCESS VARIABLES INVESTIGATION

Table 1 shows a summary of the variables and processing conditions investigated. Recom-
mended processing limits are given. The results indicated that the phosphoric acid non-tank
anodize (PANTA) process can be satisfactorily effected under varying conditions. These in-
clude variations in voltage potential (4 to 6 volts), temperature (70°F-80° F), anodi zing time
(10-15 mm ), and rinse delay time (0-5 mm ); over large surfaces (2- x 2-ft); vertical or horizon-
tal surface orientation; over titanium and aluminum fasteners; and using dry cell batteries.

2.2 BOND VERIFICATION TESTS

The purpose of Part B of Task I was to demonstrate process verification of the PANTA pro-
cedures and conditions selected fro m Part A. Table 2 shows the test matri x evaluated on re-
presentative room-temperature , 250°F , and 350°F cure adhesive systems. Tests were selected
to provide bond strength data , e.g., lap shear , bond durabili ty (sustained stressed lap shear),
and compatibility (wedge and metal-metal peel). The comparative bondability performance
of clad versus bare aluminum adherends was investigated.

Table 3 illustrates the data summary obtained on the different adhesive/primer systems. No
apparent incompatibility in the bond strength or durability exposure on the non-tank anodized
surfaces was noted. The optimum anodize conditions used produced environmentally durable
bonds and reproducible bonding surfaces.

I
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SECTION III
EVALUATION OF ADHESI VE/SURFACE

PREPARATION COMBINAT IONS FOR ALUMINUM
This part of the program was aimed at an evaluation of the adhesive/surface preparation corn-
binations for bonded repairs. The objective was to develop a data base on representati ve room-
temperature , 250° F and 350°F cure adhesive systems using three surface preparation methods.
These included two hand-clean methods, phosphori c acid non-tank anodize and PasaJell 105,
and the optimized FPL etch tank process. Special emphasis was placed on the non-tank ano-
dize method. The other hand-clean method , PasaJell 105 , was included because it is used in
some Air Logistics Centers (ALC’s). Optimized FPL etch (Boeing process specification BAC
5514)  was chosen as the baseline on the basis of its current availability at the ALC’s.

Adhesive systems evaluated include those in use currently as well as improved durability
materials. The tests selected provide a balance of bond strength data and bond durability un-
der environmental exposure.

3 . 1  SURFACE PREPARATION PROCEDURES

Three surface preparation procedures were selected for evaluation , including one tank immer-
sion and two non-tank methods. 1 he processes were selected on the basis of their current
usage at the ALC’s or with potential repair bonding applications. The following surface pre-
paration processes were investigated.

• Optimized FPL etch (BAC 5514 , tank immersion)

• Phosphoric acid non-tank anodize (PANTA)

• PasaJell 105 (non-tank procedure)

Detailed processing procedures are given in the following paragraphs.

3.1.1 OPTIMIZED FPL ETCH

1. Vapor degrease or solvent clean.

2. Alkaline clean 10 minutes.

3. Rinse 5 minutes in tap water , 110° F minimum.

4. Deoxidize 12-15 minutes at 150°F-I 60°F in:
Na2 Cr2 O7 . 2H 20 - 4.1 to 12.0 oz/gal
H 2S04 

66° BE’ - 38.5 to 41.5 oz/gal
Aluminum (2024 bare ) - 0.20 oz/gal dissolved aluminum (minimum)

5. Rinse 5 minutes in tap water.

6. Dry at 140 °F maximum.

6
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3 .1  2 PHOSPHORIC ACID NON-TANK ANODIZE (PANTA)

I .  Solvent wipe with MEK , trichloroethane, or equivalent.

2. Abrade with nonwoven abrasive such as nylon abrasive pads or equivalent.

3. Dry wipe with clean gauze to remove dust and debris.

4. Apply a uniform coat of gelled 12% phosphoric acid or PR 50 (gelled phosphori c acid
compound can be purchased from Products Research Corporation or made by adding
Cab-O-SiI to acid until thickened) to aluminum surface.

5. Place two or three layers of gauze over top of coating; apply another coat of gelled phos-
phoric acid to completely saturate and wet out the gauze.

6. Secure a piece of stainless steel screen over the coating. Apply another coating of the
gelled phosphoric acid.
NOTE: Be sure that the stainless steel screen DOES NOT CONTACT any part of alumi-

num surface being anodized.

7. Connect screen as cathode (-) and aluminum as anode (+) as shown in figure 16 .
NOTE: Check this setup before proceeding: screen as cathode (-) and aluminum as

anode (+).

8. Apply a DC potential of 6 volts for 10 minutes (4 to 6 volts for 10 to 1 2 minutes are
satisfactory).
NOTE: A rectifier may be used to supply the voltage and current during anodizing. Cur-

rent density should be in the range of 1 to 7 amps/sq ft. In an emergency, a
fresh or fully charged dry or wet cell battery may be used to anodize small areas.

9. At the end of the anodizing time , open the circuit and remove the screen and gauze.

10. Moisten clean gauze with water. Lightly wipe off the gelled acid with moistened gauze
without delay. The rinse delay time is limited to less than 5 minutes. Do not rub the ano-
dized surface. Immersion or spray rinsing should be used if possible.

11. Air dry a minimum of 30 minutes at room temperature or force-air oven dry at 140°F to
160°F.

1 2. Check quality of prepared surface. A properly anodized surface will show an interference
color when viewed through a polarizing filter rotated 90° at a low angle of incidence to
fluorescent light or daylight. An inspection being accomplished is shown in figure 17.

13. If no color is observed , repeat steps 4 through 12.
NOTE: Machined surfaces or abraded surfaces sometimes are difficult to inspect for co-

lor. Rotation of the polarizing filter is required because some pale shades of yel-
low or green are so close to white that without a color-change inspection , they
migh t be considered “no color ,” which would falsely indicate no anodic coating.

7
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CAUTION: DO NOT TOUCH the dried anodized surface. DO NOT apply tape to the
surface.

3.1.3 PASAJELL 105 METHOD

F CAUTION: PasaJell 105 can cause severe corrosion when it has been allowed to enter unsealed
joints and recesses. Mask those areas prior to use of PasaJell 105. Completely
flush the areas to remove all traces of PasaJell 105 after using.

1. Solvent clean with MEK , trichloroethane , or other approved solvent.

2. Abrade with a nylon abrasive pad or 400-grit aluminum oxide abrasive paper.

3. Dry wipe with clean gauze pads.

4. Apply PasaJell 105 to surface with a spatula , brush , or gauze.
WARNING: WEAR RUBBER GLOVES AND GOGGLES WHEN USING PASAJELL. IF

SKIN OR EYES COME IN CONTACT WITH ACID , IMMEDIATELY FLUSH
WITH WATER.

5. Leave PasaJell 105 on the surface for 10 to 15 minutes.

6. Wipe off PasaJelI. Do not wipe PasaJell onto adjacent areas or crevices or allow it to enter
honeycomb core.

7. Dampen a clean gauze pad with clean water and wipe the treated area. Repeat as necessary
and check with litmus paper to be sure that all trace of acid has been removed.

8. Allow to air dry before applying primer or bonding.

3.2 ADHESIVE/PRIMER SYSTEMS

Adhesive/primer systems were selected for evaluation on the basis of their applicability for re-
pairs and current or future utilization at the ALC’s. Three categories of adhesive materials were
evaluated:

• 250°F cure—AF 127-3 , FM 73 , EA 9628 , all on BR 127 ClAP primer

• 350°F cure—AF 130/EC 2333, FM 400/BR 400, FM 300/BR 127 , AF 143/EC 3917

• Room-temperature cure—EA 9320, EA 934 , with BR 127 CLAP primer

These adhesive systems provide a representative spectrum of repair materials currently in use
(e.g., AF 127-3 at San Antonio ALC, AF 130 at Sacramento ALC) and upcoming systems.
The latter include high-durability 250° F cure adhesives such as FM 73 and EA 9628 or 3 50°F
cure systems such as AF 143. The FM 300 material , a 350° F cure adhesive , is being considered
to fill the gap for service temperature s between 180°F and 300° F.

8 
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3.3 CURE CONDITIONS

Both autoclave cure bonds and vacuum bag cure bonds were evaluated. The vacuum bag cures
were made to simulate repair cure conditions under reduced temperature and pressure . The
cure conditions shown in table 4 were investigated for the adhesive/primer systems studied.

3.4 250° CURE ADHESIVE SYSTEMS—AUTOCLAVE BONDS

Table 5 identifies the test matrix used to evaluate 250°F cure adhesive system , autoclave bon-
ded panels. The adhesive systems include one presently used for repairs at the ALC’s (AF 127-3)
and two new , improved durability systems (FM 73 and EA 9628). In all cases, corrosion-
inhibiting adhesive primer (BR 127) was used .

Following surface preparat ion and priming on the aluminum adherends, the panels were bon-
ded into wide-area (24- x 24-in.) lap shear , peel (14- x 17-in.), and wedge (6- x 6-in.) assemblies.
Panel and specimen configurations for lap shear , peel , and wedge assemblies are shown in fi-
gures 18, 19, and 20.

Tables 6, 7, and 8 summarize the results obtained with AF 127-3, FM 73, and EA 9628. The
effects of surface preparation are compared for each adhesive system.

No significant differences were found in the mechanical strength , i.e., stressed lap shear or peel
tests, among the three different surface preparation methods. All three adhesive systems
showed similar trends.

Test temperature had a significant effect on the bond strength properties. As shown in the fig-
ures 21 , 22 , and 23 L/t lap shear plots , tests at 180°F showed shear strength reductions in all
cases. In comparison , a slight increase for the 1 /2-in , overlap shear test was noted at -67° F.
This trend was observed on all three adhesive systems and the three surface treatments. The
characteristic behavior of modified epoxy materials to undergo visoelastic changes probably is
responsible for the increased ultimate failure load of the 0.5-inch lap tests at -67° F. However ,
at the longer overlaps (1 and 2 in.), the influence of peel at the bond joint load-transfer edge
prevents this trend from continuing. The -67° F values at these lap lengths therefore are nearl y
the same as the room-temperature values.

While the mechanical bond strengths were not significantly affected by the surface preparation
methods , the bond durabil ity under environmental conditions as evaluated by the wedge test
was affected. Under an opening mode stress on the bond line , the influence of surface prepara-
tion is significantly demonstrated by the crack extension. The crack extension increased rapid-
ly for PasaJell 105 bonds , particularly with FM 73 and EA 9(,28 . as shown in tables 6. 7 . and
8. It was less affected on the AF 1 27-3 system. Figure 24 illustrates the crack growth charac-
teristics for the three adhesives and three surface treatment methods. Failure modes on the
PasaJell 105 were 1 00% adhesive at the adherend interface. Cohesive failure or center of-the-
bond failure modes were observed on the optimized FPL and PANTA bonded specimens.

9
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Bonded specimen failure surfaces are shown in figures 25 through 33 for the three adhesive sys-
tems and three surface preparation methods. Comments regarding the mode of failure are as
follows:

• AF 127-3 System F
Figures 25 , 26 , and 27 for optimized FPL etch , PANTA , and Pasaiell 105, respectively.
All show cohesive failures except for PasaJell 105 wedge crack specimens after exposure
with 100% interfacial or adhesive failure.

• FM 73 System
Figures 28, 29 , and 30 for optimized FPL etch , PANTA , and Pasaleil 105, respectively .
All show cohesive failures except for PasaJell 105 wedge specimens with 100% adhesive
fail ure after 4 hours exposure .

• EA 9628 System
Figures 31 , 32, and 33 for optimized FPL etch , PANTA , and PasaJell 105 , respectively .
All show cohesive failures except for PasaJell 105 wedge specimens with 100% adhesive
failure af ter 4 hours exposure.

The intent of the developed data is to serve as a basis for selecting material systems and surface
prepara tion methods for repair bond with consideration for subsequent environmental dura-
bility. The latter is important because only certain tests shown environmental stability for
bonds as influenced by processing variables. This was clearly demonstrated on the wedge tests
with bonds made on PasaJell 105 treated surfaces .

As a further comparison to the wedge test results , metal-to-metal peel specimens (FM 73 ad-
hesive) were tested in the dry/wet conditions using the “Bell” peel method. Figures 34, 35,
and 36 are the test charts for these tests. Note that no difference was observed in the peel
strengths on the optimized FPL etch and PANTA specimens tested dry and wet. However , on
the PasaJell 105 specimen , the peel strength dropped to nearly zero when tested wet , with
100% adhesive , interfacial failure ~Similar failure modes were encountered on the wedge speci-
mens , as shown in figures 28, 29 , and 30. Although on certain adhesive systems, e.g., AF 127-3 ,
the environmental durability results were less affected by the PasaJell 105 treatment , in general ,
the peel test and the wedge test demonstrated the lack of environmental durability on bonds
made with PasaJell 105 treated surfaces.

3.5 250°F CURE ADHESIVE SYSTEMS—VACUUM BAG BONDS

The test matri x for this task is shown in table 9. L/t lap shear tests at room temperature , 1 80° F ,
and -67° F and stressed lap shear tests were run on the vacuum bag bonded specimens. It was
fel t that these tests would be adequate to provide a comparison to autoclave bonds , which were
used as a baseline. The vacuum bag bonds were made unde r reduced temperature an d pressure ,
as shown in section 3.3, to simulate repair situations. The 200°F cu re tem perature refl ects re-
pai r practice to stay below the original bond cure temperature to avoi 1 possible thermal degra-
dation of the initial bond. The vacuum bag pressure (23-28 in. Hg) represents vacuum heat
blanket capability.

10



The adhesive systems and surface preparations were the same as those used for the autoclave
cured bonds. Tables 10, 11 , and 1 2 summarize the test results , and the L/t versus test tempera-
ture data are plotted in figures 37 , 38, and 39. A slight reduction in the bond strengths occured
on the Pasaiell 105 specimens for all adhesive systems. This reduction is also noted on the sus-
tained stressed lap shear tests. The latter were residual strengths determined on specimens
after the 60-day sustained stressed exposure. None of the specimens experienced any failure
within the 60-day exposure time .

Failure surfaces are shown in figures 40 through 48 for the three adhesive systems and three
surface treatments. Generally , failure modes were cohesive , center-of-the-bond type. Some in-
stances of adhesive-primer failure were observed on the longer (2 in.) overlap specimens , par-
ticularly when tested at -67°F. This type of failure was more prominent on the PasaJell 105
specimens than on the FPL etched or PANTA specimens. This correlates to the marginal sur-
face preparation results using PasaJell 105 on wedge and peel specimens.

A comparison was made between the vacuum bag bonds and the autoclave bonds. A reduction
in shear strength was found in all cases on vacuum bag bonds. The reduced cure temperature
and pressure resulted in a strength reduction ranging from 5% to 1 5%. This reduction was also
noted in the PABST repair program (ref. 3), in which a significant reduction in cycles to failure
was found on vacuum bag bonds versus autoclave bonds. The design of repair bonds made un-
der vacuum bag conditions must consider this reduction. The effect of the quality of the sur-
face treatment used also must be considered.

3.6 350° F CURE ADHESIVE SYSTEMS—AUTOCLAVE BONDS

The test matrix for this task is shown in table 13. Four 350°F cure systems were evaluated in-
cluding AF 130, FM 400, AF 143, and FM 300. All systems are intended for elevated-tempera-
tuer service to 3 50°F except for FM 300. The latter is a new adhesive being considered to fill
the service temperature gap between 180°F and 300° F. The FM 300 system has improved
toughness, i.e., higher peel strength , compared to the other 350°F cure systems evaluated.

As in earlier tasks with 250° F cure systems, three surface preparation methods were evaluated.
Optimized FPL etch served as the baseline with PANTA and PasaJell 105 as the hand-clean
methods. Mechanical strength tests and stressed durability tests were conducted.

Tables 14, 15 , 16 , and 17 summarize the results of this evaluation. Except for FM 300, all
showed the cha racteristic low peel , low toughness typical of 350°F cure systems used for high-
temperature applic ations. Further , all except FM 300 were unaffected by the elevated test
temperature (350° F).  Since the FM 300 was designed for a service temperature range of
1 80°F to 300°F, additional tests were run at 250° and 300° F to determine the effect of tem-
perature . Also , since BR 1 27 ClAP primer ( a 250°F curing system) was used with this system ,
tests were run with and without BR 127 to evaluate the degradation of the ClAP primer at high
temperatures . These results are plotted in figures 49 and SO. The shear strength showed a sig-
nificant dropoff from 250°F to 350°F. Lower values were obtained on the unprimed specimens.
With both pri med and unprimed specimens , higher values were obtained on the anodized sur-
faces than on the optimi zed FPL etch surfaces.

I I
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Failure surfaces of representative specimens are shown in figure s 51 through 62 for the four
adhesive systems and three surface treatments. General comments about the failure modes and
comparative bond durability are given below.

• AF 130/EC 2333 System
Figures 51 , 52 , and 53 show bonded surfaces for optimized FPL etch , PANTA , and Pasa-
Jell 105 specimens, respectively. Mixed failure modes were observed on these specimens.
Most specimens had cohesive failures, i.e., center of the bond or near the adhesive-primer
interface. A few “slick” failures were noted on -67° F test specimens on all three surface
preparations. Comparable results were obtained with all three surface treatments.

• FM 400/BR 400 System
Typical failures modes of tested specimens are shown in figures 54, 55 , and 56. Mixed
failure modes were common with this adhesiv e system. Some “slick” failures had primer-
adhesive on the surface . Again , no significant differences in the test results were found
among the three sur face preparations , including the stressed lap shear and wedge tests.
~Large scatter in the data is evident from the large standard deviations shown in table 15.

• FM 300/BR 127 System
Figures 57 , 58, and 59 show typical failure surfaces for optimized FPL , PANTA , and Pasa-
Jell 105 treated specimens. Failure modes were mostly cohesive , center of the bond , or at
the primer-adhesive interface. Failure surfaces on specimens tested at 350°F showed ap-
parent softening of the adhesive not observed on the other 350°F adhesive systems. The
350°F test results were extremely low . It was due to these results that additional tests
were run at 250° F and 300° F (see figs. 49 and 50) to determine the effect of temperature .
A definite reduction can be seen in figu res 49 and 50 in the temperature range of 250°F
to 350°F. Again , no significant difference was noted among the three surface preparations.

• AF 143/EC 3917 System
Figures 60, 61 , and 62 show the typical failure bond surface of specimens tested under
various conditions for optimized FPL etch , PANTA , and PasaJell 105, respectively. As
with the other adhesive systems, mixed failure modes were observed . Most failures were
cohesive except for some “slick” type adhesive failures for the -67° F tests. In general ,
the test results showed less scatter than with the AF 130 or FM 400 systems. Some im-
provement in toughness is seen in the peel test values. Except for the peel values , results
comparable to FM 400 were obtained .

3.7 350°F CURED ADHESIVE SYSTEMS— VACUUM BAG BONDS

The test matrix for this task is shown in table 18 with three adhesive systems evaluated under
vacuum bag bond conditions. The cure temperatures and pressures are shown in table 4. The
primary emphasis was to simulate repair conditions where vacuum heating blankets may be
used and the cure is to be made at reduced temperatures. Test results are shown in tables 19 ,
20, and 21 for AF 130, FM 400, and AF 143, respectively.

12 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~
--.---

~
. 

~~~~~~~~~~
-

~~~~~~~~~—-Th~~~
—.- -

~~~~~~ 
.-- -

A slight reduction in the bond strength was observed for the vacuum bag cured AF 130 and
FM 400 specimens as compared to the autoclave bonds. No difference was noted on the
AF 143 specimens. On the basis of these results , it appears that the 300°F cure was adequate
to cure the bonds and vacuum bag pressure was satisfactory.

Typical bond failure surfaces are shown in figures 63 through 71. General comments regarding
failure modes are noted below .

• AF 130 System
Figures 63, 64, and 65 show the bond failure surfaces for optimized FPL etch , PANTA ,
and PasaJell 105 , respectively. As seen previously in the autoclave bond specimens, mixed
failure modes were observed on these specimens. The adhesive on the AF 130 seemed to
separate from the carrier often. A few “slick” type failures were noted on the -67° F tests.
Even these appeared to have polymer adhesive on the adherend surface.

• FM 400 System
The bond failure surfaces are shown in figures 66, 67 , and 68 for the three surface prepara-
tions. Generally, fail ure modes were similar to the autoclave bonds where mixed modes
(cohesive and adhesive) were observed. Typically, the longer overlap length (1- and 2-in.)
specimens showed larger amounts of adhesive-type failure , nea r the load transfer tips. No
significa nt differences were found among the different surface preparations, although in
some cases a little reduction was shown on PasaJell 105 specimens.

• AF 143 System
Figures 69, 70, and 7 1 show the bond failure surfaces on the three surface preparations
evalua ted. Failure modes were similar to the autoclave bond specimens. Test results
showed similar trends as for autoclave bonds when compared for each surface preparation
(see tables 17 and 21). The 300°F cure appears to be satisfactory in fully curing the ad-
hesive . The test results showed no significant difference in vacuum bag pressure bonded
specimen s.

3.8 ROOM-TEMPERATURE CURE ADHESIVE SYSTEMS

Table 22 identifies the test matrix used to evaluate two RT cure adhesive systems. EA 9320
is intended for lower service temperature (less than 180°F) applications , and EA 934 is used
for higher temperature service. Both adhesive systems are used for repairs at various facilities.

Following surface preparation , BR 1 27 ClAP primer was applied to all bonding surfacer Wide-
area ( 24- x 24-in.) lap shear assemblies , metal-metal peel (14 x 17 in.) and wedge assemblies
(6 x 6 in.) were fabricated. A positioning fabric , Monsanto Cerex 3603-23 , was u sed to con trol
bondline thickness . Curing was accomplished under vacuum bag pressure (approximately 20-27
in. Hg). Panel and specimen configurations are as shown in figures 1 8, 19 , and 20.

Tables 23 and 24 summarize the results obtained with EA 9320 and EA 934 , respectively. The
effects of surface prepa ration , test temperature , and test environment are compared. Both ad-
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hesive systems showed the characteristic reduction in mechanical bond strengths when tested
at elevated temperature. Also, EA 934 showed its brittle behavior or lower toughness in the
peel strengths and the initial crack lengths in the wedge specimens.

Due to the large amount of scatter in the data and the appearance of “adhesive-starved” bond-
lines , additional specimens were made and retested for comparison. As shown in figure 72 , typi-
cal bondline thicknesses of the original specimens were measured to be 4-6 mils. The retest
specimens had bondline thicknesses of approximately 10- 1 2 mils. Generally, improved bond
strengths were obtained on the thicker bondline specimens. It should be pointed out , however ,
that in fabricating the assemblies , much difficulty was encountered in an attempt to achieve
uniform , void-free bonds. This is especially true for the larger panels such as the wide-area lap
shear or metal-metal peel (24 x 24 in. or 14 x 17 in.).

Failure surfaces of typical specimens are shown in figure s 73 through 78 for the three surface
preparation methods and two adhesive systems. Some general comments on the failure modes
are discussed below.

• EA 9320 System
Figures 73, 74, and 75 show bonded surfaces of typical specimens after test from optimized
FPL etch , PANTA , and Pasaiell 105 treatments. Nearly all specimens had cohesive failure
modes with a few specimens failing near the primer-adhesive interface on the -67° F tests.
Some reduction in bond strength and durability on the PasaJelI 105 specimens was observed.
This is obvious in the peel and stressed lap shear residual strength tests (see table 23). Data
on the optimized FPL etch and PANTA treated surfaces appeared similar.

• EA 934 System
Typical bond failure surfaces are shown in figures 76 , 77 , and 78 for the three surface pre-
parations evaluated. As with EA 9320 , mixed failure modes were observed with most of
the specimens exhibiting cohesive failures. Few primer-adhesive failures were observed on
the -67° F tests and wedge specimens. No significant difference was found in the test re-
suits.

3.9 SUMMARY OF ADHESIVE/SURFACE PREPARATION COMBINATIONS

Based on the results of this task , the following general summary is concluded:

• Surface Preparation

• Optimized FPL Etch Satisfactory

• Phosphoric Acid Non-Tank Anodize Satisfa’~tory

• Pasaiell 105 Reduced bond strength
and durability when used
with the 250°F cure
adhesive systems
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• Cure Conditions

• Autoclave Bonds Satisfactory

• Vacuu m Bag Bonds Reduced bond strength

• Adhesive Systems

• 250°F Cure All compatible with

• 350°F Cure surface preparation

• RT Cure and cure conditions
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SECTION IV

CONCLUSI ONS

Work accomplished in this program resulted in the following general conclusions. Specific con-
clusion relating to individual tasks have been presented in sections II and III and in the Interim
Report (ref. 1) .

• The phosphoric acid non-tank anodize (PANTA) process was evaluated over varying con-
ditions of voltage potential , temperature range , anodizing time , and rinse delay time. Ex-
treme high or low anodizing temperatur es , long rinse delay time , short anodizing time , or
low voltage potential produced sporadic bond failures .

• The PANTA surface treatment produced durable bonds on clad or bare aluminum alloys;
on surfaces oriented in various positions , e.g., vertical or overhead; using dry cell batteries;
and over large surfaces (2 x 2 ft .).

• Of the three surface treatments evaluated , phosphoric acid non-tank anodi ze (PANTA)
showed overall better perfo rmance than PasaJell 105 , and comparable results to optimized
FP L etch (tank process) when used with the 250°F cure adhesive systems. Comparable
results were obtained with all three surface treatments when they were used with the
RI .  and the 350°F cure adhesives.

• No incompatibility was observed with the adhesive systems evaluated on the thre e surface
treatments and cure conditions.

• Vacuum bag bonds exhibited reduced bond strength and durability as compared to auto-
clave bonds.

• SEM analysis of oxide characteristics showed that optimum non-tank anodizing condi-
tions produced environment ally stable oxide ‘.vith good bond durability. 



________________________

TASK I PHOSPHORIC ACID NON-TANK ANODIZE FOR
ALUMINUM

• PROCESS VARIABLE INVESTIGATION
• VERIFICATION BONDING TESTS

TASK II EVALUATION OF ADHESIVE/SURFACE
PREPARATION COMBINATIONS FOR ALUMINUM

• AUTOCLAVE CURE 2500 F AND 3500 F ADHESIVE
SYSTEMS

• AT CURE ADHESIVE SYSTEMS
• VACUUM BAG BONDING

Figure 1.—Add-On Program Tasks
- --‘ S

Quar t ers from go-ahead 
_________Task description

1 2 3 4 5 6 7

Task I Anodize optimization
Test plan, submitta l 7

approval V
Part A Process variables

investi gat ion
Part B Process verification

Specimen fab
Test

Task II Adhesive evaluation
Test plan, subm ittal 7

approva l V
Part A Autoclave cure

Spec imen fab
Test

Part B Vacuum cure
Specimen fab
Test

Technology transfer
Monthly reports VV ~ V V V V V V V V ~Interim report
Oral reports
Final

Figure 2 —Program Schedule 
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Figure 11. —SEM Photomicrograph—Anodize Time Variation— 7075- T6 Bare
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Tank Processes, Aluminum Surface Preparation

sulfuric Vapor I I Alkaline I I Hot J Sulfuric- ] Cold 1 I Dry
acid degrease clean ~~~~~ 

wate r F~’~I 
dichromate 

~~~~~~~~ 

wat er ~~~~~ 130°FilO° F

~~~i
i

mate I I I I rinse etch I I rinse max

Nontank Aluminum Surface Preparation

1~~~~1 Apply 
Anode ( +) 

1
Nontank I Solvent I gelled substrate , Remove I Dry
phosphoric wipe 

a c i d  
______ 

cathode (-) screen , ‘, check
acid abrade auz~ 

screen gauze, for
anodize 

~creen ~~~~~~~~~~ 
- rinse color

Apply
PasaJell Solvent PasaJell
105 wipe. ~ 105 for ~ Rinse ~ Dry

abrade l O to l S
minutes

Figure 15. —Surface Preparation Processing Steps
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Screen (— 1

Gauze 
S

Acid paste \,, Aluminum (+)

Figure 16.— Cross Section of Non- Tank Anodize Set Up-Typical

Light source —i Polarizing filter

View here

Oxide film Aluminum

Figure 17.—Polarized Light Test- Verification of Anodic Oxide Film
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24 ±1/8 
5

_ _ _ _ _  ~~~~~11 iL -
- X • 2  

—— 
- X -1 2

- X - 3  U,~~~~~~~~~~~~~~~- X - l 3
X 4  ci ~ c o  X . 1 4

- X - 5  - X - 1 5

~~~~~~~~ - X - 26
- X - 2 7  

~~~~~ 24
• X - 2 8  - S S

- X - 2 9  ~ ±1/8

- X - 3 8  - X • 4 1
- X - 3 9  • X - 4 2  • X - 5 8  

-

- X - 4 0  - X - 4 3  - X - 5 9— — — - X - 4 7  — — — — - X - 6 0
- X - 4 8  - X - 6 1

IS) ~ 
- x - 49 ~ ~ U) ~ N - X - 62

‘
~~ - X • 5 0  “‘ I? ~ - X - 6 3

° ~ • X - 5 1  - X - 6 4
- X - 5 2  - X - 6 5

All coded areas are 1 x 7 inches minimum. Typical cut
widths should be 1.06 inch minimum to provide excess
for milling the edges.

Typ edge finish
125

7.00

II 

/
t’~~~ 

~~~~~~~~~~~~~~~ ~~~~~~~~~_>

0.2l8slot-mill to expose _
,. ‘- - ~~~~~~~~~~~~~~~~~~~

- 3.25 nom

adhesive (but not through)
Test panel assy -

0.50 nom 
0.50 0.53

S ~~~~~~~~~ 0.47

1.03 
These ends parallel within 0.005

1.00 0.97 0 50 0.53
0.47 All dimensions in inches

S • S S 0.281 Optional pin grip holes , diameter 0.25 0.22

Figure 18.— Lap Shear Panel/Specimen Configuration

32

_ 
-- - — 5 --—— - -5- - - — - -  - - -5 5 - -



- 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 

— —

- 

D~ card~~~~~~~~~~~~~~~~~~

12. 0 

~~~~~ Typical
I saw cut

S 
- — + - —- .  

— 
Discard 1.0

14.0 *.25 • 1  
~~ 5 • 5 • 5~ - - 

App. 2.0

~~1 Unbonded

Trim discard edges shall be 0.50 inch minimum. Cut specimens
1.00 ± 0.03 inches wide.
0.020 inch

0.040 inch

Figure 19.—Metal-Metal Peel Pane//Specimen Configuration
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a 6.00 ±0.125 -~
_______ _____ ________ __________ ~ 

—

~~ 

(-*— 0.125 nominal

— 

~ —1- —1— 1— norruna l IIfl’ adhesive 
separator film or omit

6.00 /

*0.125 ( Dimensions in inches

Trim-k ....4 1” 1,00 “s~~Trim Adhesive
* 0,125

Cut five 1-in.
wide specimens

Wedge Test Specimen Assembly

± 0:03 
~~~~~~ ..*.] t4_ O.l25 nominal 

S

* 0.03 ~ iii Dimensions in inches

3
0.25 * 0.03

Aluminum or Stainless Steel Wedge

Initial crack length

Wedge Crack Extension Specimen

Figure 20.— Wedge Pane//Specimen Configuration
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• Opt FPLetch

Ultimate load, lbs x ~~ 

~ 

/ 

7~~~~ &e

Phosphoric acid

Ultimate load, lbs x 

~~~~~~~~~~~~ 

S

6 PasaJell 105
5 - 7075T6 bare

Ultimate load, lbs x 0 180°F

.4 .5 1.0 2.0
Overlap length, in.

Figure 2 1.—LIt Lap Shear—A F 127-3/BR 127, Autoclave Bonds
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Ultimate load. lbs x 1O3 

: 

~~~~~~~~~~~~~~ Opt. FPL etch

Ultimate load, lbs x 

~~~~~~~~~~~~~~~ Phosphoric acid

Ultimate load, lbs x

Overlap length, in.

Figure 22. — L/t Lap Shear—FM 73/BR 127, Autoclave Bonds
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~
kb;:dize 

S 
S

6 - PasaJell 105

5 - 7075T6 bare

Ultimate load, lbs x iO~ 

2.0
Overlap length, in.

Figure 23. —LIt Lap Shear—EA 9628/BR 127, Autoclave Bonds
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AF 127-3/BR 127
1.0 - 120°F/100%RH

Crack growth, in. 

___•_~~~~~~~~~~~~~~~~~~~~~~ E~~
Exposure time

FM73/BR 127
120°F/100%RH

Crack growth, in. :: 
,,
,,
,,,

4

~

,11
.i..
...
i......... . . ..... ___.. e

Exposure time

EA9628/BR 127
120°F/100% RH

Crack growth, ~~~ 

___4 
24 14 30

Exposure time

Figure 24.— Wedge Test Comparison—250°F Cure Adhesive Systems
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40 - Opt. FPL etch Dry _- - Wet
7075-T6 bare

Lbs/in . 

2: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Time

Figure 34.—Dry/ Wet Peel—FM 73, Optimized FPL Etch

PANTA
40 - 7075-T6 Bare

Dry - —~~ Wet

Lbs /in . 
2: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Cohesive failure

Time

Figure 35.—Dry/ Wet Peel—FM 73, Non- Tank Anodized

Jell 105
40 - 7075-16 bare Dry —~~ Wet

Lbs/in . 2:

Ti me

Figure 36.— Dry/We t Peel— FM 73, Pasa.fell 105
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Ultimate load, lbs x lo~ 
~

Ultimate load, lbs x

6 Pasajell 105
5 - 7075-T6 bare

4 .  O A T
0 180° F

Ultimate load, lbs x 

: 

1.0 2.0 

~ —67°F

Overlap length, in.

Figure 37. —L/t Lap Shear—A F 127-3/BR 127 Vacuum Bag Bonds
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Ultimate load, lbs x 10~ 

Opt. FPL etch
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~ 

non-tank anodize

6 - Pasajell 105
0 7075-T6 bare

Ultimate load, lbs x 

E 

.5 1.0 2.0
Overlap length, in.

Figure 38.—L/t Lap Shear—FM 73/BR 127, Vacuum Bag Bonds
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Figure 39.—L It Lap Shear—EA 9628/BR 127, Vacuum Bag Bonds
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FM 300/BR 127
5000 - 7075-T6 bare

4000 - Phosphoric Acid Anodize

3000 -

Shear stress , psi
Opt. FPL etch

F 
2000 -

1000

0 100 200 300 400
Test temp, oF

Figure 49.— Effect of Temperature on Shear Strength—With Primer, FM 300/BR 127 S

5000 - FM 300 No primer
7075-T6 bare

Phosphoric Acid Anodize
4000 -

3000 -

Shear stress , psi

2000 - 
Opt. FPL etch

1000 -

SI I I
0 100 200 300 400

Test temp, °F

Figure 50. —Effect of Temperature on Shear Strength—No Primer, FM 300
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Table 1.—Summary of Variables and Processing Conditions Investigated

Process variable Conditions investigation Recommended processing
conditions

Voltage 1, 2, 4, 6, 10 volts 4 - 6 volts
Temperature 40, RT(70-80), 100°F 70 - 80°F
Anodizing time 1,5, 10. 15,20 mm 10- 15 mm
Rinse delay 0, 2, 5, 10 mm less than 5 mm
Part size 6” x 6”, 6” x 12”, 24” x 24” All satisfactory

Anodize mode Vertical Satisfactory
Horizontal Satisfactory

Both surfaces
Bottom
Top

Battery anodizing 2, 4, 6, 12 volts 6 and 12 volts

Anodizing over Ti and Al Satisfactory
fasteners

Bare vs clad 7076-T6 bare and Satisfactory
2024-T3 clad

Common error 4 conditions identified Corrective actions
provided
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Table 4.—Cure Conditions for Adi7esive/Primer Systems

Cure
Method Materials Cure Conditions

Autoclave Adhesives Temperature rise: 4-6°F/mm
Bonds AF 127—3 Cure : 225—250°F for 90 mm

FM 73 Pressure: 35—50 psi
EA 9628

AF 130 Temperature rise : 4-6°F/mm
FM 400 Cure: 340-360°F for 60 mi~FM 300 Pressure: 35-50 psi
AF 143

Vacuum Adhesives Temperature rise : 4-6 F/min
Bag Bonds AF 127-3 Cure : 200 F for 2 hrs

FM 73 Pressure: 10-14 psi vacuum bag
EA 9628 pressure only

AF 130 Temperature rise: 4-6°F/mm
FM 400 Cure : 300°F for 2 hrs
AF 143 Pressure: 10—1 4 psi vacuum bag

pressure only

Oven Bake Primers Application : Spray
BR 127 Cure : Mr dry 1/2 hr , then

cure at 250°F for 1 hr
Thickness : 0.1 to 0.4 mu

EC 2333 Application : Spray +

Cure : Air dry , then bake at
160°F for 30 mm

Thickness: 0.1 to 0.4 mu

BR 400 Appl ication : Spray
Cure: Air dry, then bake at +

200°F for 30 mm
Thickness: 0.1 to 0.2 mu

EC 3917 Application : Spray
Cure: Air dry , then bake at

250 F for 1 hr
Thickness: 0.1-0.4 mu

RT Cure Adhesives Temperature : Ambient RT (70-75°F)
EA 9320 Cure : 7 days
EA 934 Pressure : 10-14 psi vacuum bag

pressure only
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Table 9.— Test Matrix, 250°F Cure Adhesive Systems— Vacuum Bag Bonds

Lit Lap Shear
-67°F, RT , 180°F 0.5-in Lap Shear

Surface Adhesive 60 Days,
Preparation System! 1200 psi Stress
Methods Primer 0.5 1.0 2.0 120°F/100% RH

o Optimized FPL AF 127-3! 75 45 45 12
Etch (Tank) BR 127

o Phosphoric Acid
Anodize (Non-Tank) FM 73/ 75 45 45 12

BR 127 +

o PasaJell 105 
___________ _____ _____ _______ ____________________

EA 9628/ 75 45 45 12
BR 127

+ 

Total Specimens = 531 225 135 135 36

NOTE : 5 specimens each test except 10 for RI and 180
4
F 1/2- in , overlap

and 4 each for sustained stressed lap shear.
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Table 10.—Data Summary—A F 127-3/BR 127, Vacuum Bag Bonds

Lit Lap Shear - lb 60—day, 1200
psi stress

Adhesive ! Surface Test 0.5 1.0 2.0 lap shear ,
Primer Preparation Temp. in. in. in. 120°F/lO0% RH

AF 127-3! Optimi zed RT 2467 3960 7376 4390
BR 127 FPL etch 

- 

96 376 446 252

180°F 1558 2644 5264
56 296 176

-67°F 3178 4198 6896
42 402 747

Phosphoric RT 2390 4194 7372 4450
acid non- 244 75 532 129
tank anodize

180°F 1553 2770 4964
67 90 667

-67°F 3178 
- 

3932 5880
127 341 772

PasaJe ll 105 RI 2194 3632 6724 374~-266 331 428 654

180°F 1449 2688 5604
201 487 453

—67°F 2360 2914 3658
260 285 318

NOTE :

o Avera cie of 10 specimens each test for RI and 180°F, 1/2-in, overlap;
others are 5 specimens each except 4 for stressed lap shear .

o 7075-16 bare.

o Sub values in the table indicate standard deviation .
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Table 11.—Data Summary —FM 73/BR 127, Vacuum Bag Bonds

L/t Lap Shear - lb 60-day, 1200
_____ 

_____ _____— psi stress
Adhesive ! Surface Test 0.5 1.0 2.0 lap shear,
Primer Preparation Temp. in. in. in. l20°F/100% RH

FM 73/ Optimized RT 2400 3964 6542 4380
BR 127 FPL etch 51 100 282 375

180°F 1786 2788 5118

- 

81 97 191

-67°F 3144 3908 5938
84 50 321

Phosphoric RI 2274 3658 6080 4560
acid non- 45 106 147 347
tank anodize

180°F 1681 2604 4902
47 21 33

-67°F 3074 3860 5658
42 105 366

PasaJell 105 RT 2290 3478 5602 4150
113 301 193 640

180°F 1593 2576 5096
171 264 405

-67°F 2760 3286 4632
167 213 643

NOTE: +

o Averaae of 10 specimens each test for RI and 180°F, 1/2-in, overlap;
others are 5 specimens each except 4 for stressed lap shear.

o 7075-16 bare.

o Sub values In the tabl e ind i cate standard deviation.
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Table 12—Data Summary—EA 9628/BR 12?, Vacuum Bag Bonds

L/t Lap Shear - lb  60-day, 1200
psi stress

Adhesjve/ Surface Test 0.5 1.0 2.0 lap shear,
Primer Preparation Temp. in. in. in. 120°F/100% RH

+ EA 9628/ Optimized RI 2249 3616 5852 4155
BR 127 FPL etch 124 197 511 240

180°F 1526 2506 5158
120 72 72

-67°F 3028 3670 5260
164 219 62

Phosphoric RT 2144 3960 6374 4300
acid non- 169 115 420 82
tank anodize

180°F 1508 2594 5120
93 210 210

-67°F 2968 4130 6028
168 345 107

PasaJell 105 RI 2133 3640 5652 4045
175 197 389 306

180°F 1491 2702 5076
121 181 373

—67°F 2634 2872 3422
92 254 327

NOTE :

0 Average of 10 specimens each test for RI and 180°F, 1/2-in, overlap;
others are 5 specimens each except 4 for stressed lap shear.

o 7075-T6 bare.
+ a Sub values In the table Indicate standard deviation .
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Table 18.— Test Matrix, 3500 F Cure Adhesive Systems — Vacuum Bag Bonds

Lit Lap Shear
-67°F, RT , 350°F 0.5-inch Lap Shear

Surface Adhesive 60 Days,
Preparation System! 1200 psi Stress
Methods Primer 0.5 1.0 2.0 120°F/100% RH

o Optimized FPL AF 130/ 75 45 45 12
Etch (Tank) EC 2333

o Phosphoric Acid
Anodize (Non-Tank) FM 400/ 75 45 45 12

BR 400
o PasaJell 105 

__________ _____ ____ _______ ____________________

AF 143/ 75 45 45 12
EC 3917

Total Specimens = 531 225 135 135 36

NOTE: 5 specimens each test except 10 for RI and 350°F, 1/2-in, overlap
and 4 eac h for sus ta ined stressed lap shear.
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Table 19.—Data Summary—A F 130/EC 2333, Vacuum Bag Bonds

Lit Lap Shear - lb  60-day, 1200
psi stress

Adhesive ! Surface Test 0.5 1.0 2.0 lap shear,
Primer Preparation Temp. in. in. in. 120°F/l0O% RH

AF 130/ Optimized RT 1303 1211 1388 3535
EC 2333 FPL etch 87 89 154 192

350°F 1083 1447 2064
45 42 50

~-67°F 1252 1057 1188
187 91 129

Phosphoric RI 1285 1266 1486 3685
acid non— 147 107 120 194
tank anodize

350°F 1104 1492 2225
57 55 85

—67°F  1194 1236 1548

145 112 281

PasaJell 105 RI 1333 1201 1471 3695
178 119 171 266

350°F 1078 1308 1951
73 233 159_-

—67°F 1107 1280 1165

_____________ ______________ _______ — 

72 181 111

NOTE:
o Averaqe of 10 specimens each test for RI and 350°F, 1/2-in, overlap;

others are 5 specimens each except 4 for stressed lap shear.

o 7075-T6 bare.

o Sub values In the table indicate standard deviation .
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Table 20.—Data Summary—FM 400/BR 400, Vacuum Bag Bonds

L/t Lap Shear - lb 60-day, 1200
- psi stress

Adhesive! Surface Test 0.5 1.0 2.0 lap shear,
Primer Preparation Temp. in. in. in. 120°F/lO0% RH

FM 400/ Optimi zed RI 1786 1801 1927 3205
BR 400 FPL etch 254 250 ‘196 637

350°F 1304 1686 2422
177 185 236

-67°F 1608 1700 1906
263 213 317

Phosphoric RT 1825 1782 2010 3765
acid non- 238 194 356 351
tank anodize —

350°F 1321 1573 2242
105 227 358

-67°F 1802 1 786 2218
215 166 164

PasaJell 105 RI 1539 1858 1960 2800
251 34 239 327

350°F 1255 1606 2179
155 201 434

—67°F 1440 1751 1607
308 221 142

NOTE:

o Average of 10 specimens each test for RI and 3500.
F, 1/2-in. overlap;

others are 5 specimens each except 4 for stressed lap shear.

o 7075- T6 bare.

o Sub values in the tabl e indicate standard deviation ,
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Table 21.—Data Summary—A F 143/EC 3917, Vacuum Bag Bonds

L/t Lap Shear - lb 60-day, 1200
psi stress

Adhesive ! Surface lest 0.5 1.0 2.0 lap shear ,
Primer Preparation Temp. in. in. in. 120°F/l00% RH

AF 143! Optimized RI 2053 2472 3308 4615
EC 3917 FPL etch 62 58 78 357

350°F 954 1632 2890
74 69 187

—67°F 1572 1752 1862
155 95 176

Phosphoric RI 1985 2264 3046 4710
acid non- 59 59 118 244
tank anodize

350°F 887 1476 2810
127 152 221

-67°F 1568 1682 1890
85 98 64

PasaJell 105 RI 1860 2187 3010 4726
142 96 110 31

350°F 933 1734 2950 One specimen
125 50 475 failed during

l oading
—67°F 1355 1406 1776

139 115 236

NOTE :

o Average of 10 specimens each test for RI and 350°F, 1/2-in , overlap ;
others are 5 spec imens eac h exce pt 4 for stressed lap shear.

o 7075-16 bare.

o Sub values in the tabl e indicate standard deviation .
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