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SUMMARY

Comparisons were made of the effectiveness of 22 different cleéaning
methods in preparing 0.06k-inch 24S-T3 clad aluminum-alloy sheet surfaces
for bonding into lap-joint specimens with four adhesive bonding processes:
A, B, C, and D. The cleaning methods used included solvent treatment,
abrasion, alkaline cleaning, a¢id etching, electrolytic cleaning, and com-
binations of alkaline and acid cleaning methods. The adhesive bonding
processes used were considered to be representative of the types of
adhesives capable of producing high-strength joints between metals.

In general, preparing clad 24S-T3 aluminum-elloy sheet surfaces for
bonding joints of high-strength with any of the four bonding processes was
best accomplished when using & werm sulfuric acid-sodium dichromate solu-
tion for cleaning.

: With bonding process A, the best results were usually obtained when
an ac1d cleaning solution such as hydrofluosilicic acid or sulfuric acid-
sodium dichromate, or the acid decxidizing cleaner L, was used in preparing
the clad 245-T3 aluminum-alloy sheet. Abrasion cleaning was also
moderately effective in preparing the clad 24S-T3 sheet for bonding with
adhesive A, but solvent cleaning or immersion in alkaline solutions was
usually found to result in low-strength joints.

lThlS rrogress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy Bureau of Aeronsutics No.
'NBA-PO-NAer 00619, Amendment No. 2, and U, S, Air Force No. USAF-PO-
(33-038)49-4696E,. Results here reported are preliminary and mey be
'revised as additional data become available.

fMalntalned at Madison, Wis., in cooperation with the Uhiver51ty of
Wisconsin,
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With bonding process B, several of either acid or alkaline cleaning
methods were found to have prepared the surfaces so that high-strength
Jjoints were cbtained. Alkaline cleaning methods were generally found to
result in better cleaning of the clad 24S-T3 sheets for bonding with
process C or D than did acid or other cleaning methods, but several of the
acid etching processes, including sulfuric acid-sodium dichromate solution,
also gave very efficient surface preparation.

With the three bonding processes, B, C, and D, merely wiping the
clad 24S5-T3 sheet surfaces with a cloth saturated with benzene, elthough
not resulting in as:efficient cleaning as that obtainéd with some of the
other cleaning methods, did result in bonds with joint strengths exceeding
2,000 pounds per square inch.

The efficiency of the several types of cleaning processes in prepar-
ing for bonding clad 24S-T3 sheet surfaces having various types of contami-
nation was compared. Surfaces having sodium metasilicate stein were found
to be the most difficult to bond. The acid etching process with sulfuric
acid-sodium dichromate solution gave the best results in preparing the
metasilicate-stained surface. Fairly good preparation of the surface for
bonding was also obtained by washing this surface with benzene and then
abrading it thoroughly with eluminum wool. When surfaces coated with oil
and paraffin to simlate a surface contaminated with grease were washed with
benzene and abraded with aluminum wool, good-quality joints were obtained,
and cleaning the paraffin-oil surface with sulfuric acid-sodium dichromate
solution was found to result in even better bonding. Cleaning this oil-
paraffin surface with benzene and sodium metasilicate was also found to
result in good joint strength when bonding with processes B or C.

Bonding directly to the side of the clad 24S-T3 sheet containimg the
identification lettering without prior treatment of the sheet was &lso
investigated. Joints made to these surfaces with bonding processes B or C
were found to have strengths of about 2,000 pounds per square inch, which
was 65 to 80 percent of the strength of joints made with these adhesives to
clad 24S-T3 sheets that were cleaned by the more elaborate cleaning :
processes. Joints made with bonding process A on untreated clad 24S-T3
sheets were only about half as strong as those obtained with the other two
bonding processes under the same conditions.,

INTRODUCT ION

Experience in bonding a metal such &s aluminum to itself or to other
materials has shown that occasionally bonds result that fail considerably
in adhesion to the metal. Frequently these faulty bonds have been attri-
buted to improper cleaning of the metal. It has been alknowledged for some
time that cleaning the metal is an important factor in bonding high-
strength joints, but present knowledge of the mamy variables involved does
not permit fabricators to select simple methods that will produce metal
surfaces that are properly and uniformly cleaned for bonding. Available
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information on currently used méthods for cleaning metsl prior to bonding
was collected from various manufacturers and processors and assembled,
Results of this survey showed that a number of procedures for cleaning
metals prior to bonding had been adopted, but that opinions varied as to the
effectiveness and limitations of some of these methods. Some of the clean-
ing methods that were described for certain adhesives required excessive
changes in procedure when shifting from one bonding process to another.
Often there was no agreement among menufacturers of one chemical type of
adhesive as to the best method for preparing a given metal for bonding.
Included among the recommended cleaning processes were abrasion, solvent,
alkaline, ecid, or electrolytic cleaning. These methods may be used
separately or in combination.

, The aluminum alloys, 24S-T3 (bare), clad 245-T3, 75S-T6 (bare), and
clad T55-T6 are the principal alloy sheet metals now used in aircraft. Of
these, the clad alloys are used for the most part. It was therefore the
purpose of this. study to investigate the effectiveness of ‘different clean-
ing methods. in preparing one of these sheet alloys, clad 24S-T3, for o
bonding with several adhesive processes in order to determine the need for
changing cleaning processes when replacing one bonding process with
another. These results should then be applicable to other aluminum alloys,
both clad and bare, but since the cladding with 245-T3 is pure aluminum
and the cladding with 75S-T6 is aluminum alloy containing approximately
1 percent zinc, tests with these other alloys should be made to verlfy the
results before doing any extensive bonding.

The study of cleaning methods was divided into two parts. In the
first part the clad 245-T3 sheets were used as received, and in the second
rart certain contaminants were purposely deposited on the metal before
cleaning it by some of the methods that gave 'most promise in part I. Bond-
ing processes are described under part I, and some of these same processes
were also used in part II.
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PART 1., STUDIES OF VARIOUS METHODS OF CLEANING CLAD

245 .73, ALUMEWIMyALLOY:'SHEETS AS NORMALLY RECE IVED

. .Procedure

Type and Number of Test Specimens -

.Test panels were prepared from two 0,06k4-inch clad 245-T3 aluminum-
alloy sheets, 4 by 6 inches in size, by overlapping and bonding them for
1 inch along the 6-inch dimension. The clad 24S-T3 sheets used throughout
the study were from one menufacturer and conformed to Army-Navy Aeronautical
‘Specification AN-A-13. Two.panels were prepared for each bonding varisble
investigsted. : Five test specimens, each 1 inch wide, were cut from each
panel, with allowance for &t least 1/4 inch along each edge of the panel .
for trimming. A total of 10 specimens was thus available for each variable
studied. . : . : ;

Bonding Processes. 2

- Four adhesive bonding processes, considered representative of the
types capable of producing high-strength joints between metals, were used
in preparing the lap-joint specimens. The bonding processes included two,
A and B, in which were used adhesives A and B, believed to consist of
Polyvinyl resins modified with phenol resins; a process, C, in which was
used-a phenol-synthetic rubber adhesive, C; and & process, D, .in which were
used the adhesive C as a primer on each metal face and an intermediate-
temperature-setting: phenol-resin adhesive, D, as the secondary adhesive,

Bonding Conditions

The bonding conditions (amount of spread, assembly, precure, and
cure) used were either those recommended by the adhesive manufacturer or
those that had been found satisfactory in preliminary tests at the Forest
Products Laboratory. The conditions for each bonding process were kept
constant throughout the investigation of the various cleaning methods in
order to eliminate, insofar as possible, the effect of variables other than
the condition of the surface and the cleaning method used.

The conditions for the various bonding processes were as follows:

Process A.--Adhesive A was supplied as a liquid resin and as a
separate powder. One light coat of adhesive A liquid was brushed on each
clad 24s5-73 aluminum-alloy sheet surface, the adhesive A powder was then -
immediately sprinkled on the wet surface , and the excess powder was removed
by shaking. The adhesive layer was air-dried for approximately 20 hours,
and then the panels were assembled and pressed for 15 minutes at & tempera-
ture of 300° F. under & pressure of 200 pounds per square inch.
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Process B.--Adhesive B was sprayed on each faying surface to produce
a film thickness of approximately 0.004 inch. Eight coats were generally
required, depending on the adjustment of the spray gun. Following an open-
assenbly period of 20 hours, the adhesive film was force-dried for 45
minutes at a temperature of 200° F., precured in the hot press for 9
minutes at 200° F. without pressure, and then the joints were pressed for
15 minutes at 300° F. wmder a pressure of 200 pounds per square inch.

Process C.--Eight coats of adhesive C were sprayed on each faying
surface with an elapsed time of 3 minutes between coats. After an open-
assembly period of 18 to 24 hours, the panels were pressed for 25 minutes
at a temperature of 325° F. under a pressure of 200 pounds per squsre inch.

Process D.--Eight coats of adhesive C were sprayed on-each faying
surface with an elapsed time of 3 minutes between coats. After an open-
assembly period of 18 to 24 hours, the panels were cured in an oven for
25 minutes at a temperature of 325° F. One medium heavy coat of adhesive
D was brushed on both primed metal surfaces, which had been cooled to room
temperature following the curing of thie primer. Follewing an open-
assembly period of 16 to 20 hours for adhesive D, the panels were pressed
for 1 hour at & temperature of 240° F. under a pressure of 200 pounds per
square inch.

Cleaning Methods

In this part of the study all clad 24S-T3 aluminum-alloy sheets
were from one source (E) and were used as received, except that the 4- by
6-inch sheets were washed on both sides with a clean cloth saturated in
benzene to remove the identification lettering and any other contaminatiom
that might be on the sheet. Four of the 4- by 6-inch sheets were cleaned,
and two bonded panels were prepared from them for each cleaning method and
bonding process. - The cleaning methods investigated were as follows:

Method A--Benzene Wipe.--In method A no treatment was given the
clad 245-T3 sheet surfaces other than the benzene wipe used on all sheets
included in this part of the study. This method was used for the controls.

Method B--Abrasion Cleaning.--In method B the clad 24S5-T5 aluminum-
alloy sheet surfaces were abraded in one of the following ways:

(1) By light sandblasting with clean sand for approximately 1/2
‘minute. The surfaces were then wiped with & clean, dry cloth. Surfaces
outside of the bonding area were masked to prevent destruction of the clad
layer.

(2) By hand rubbing in parallel strokes with No. 00 aluminum wool
(dry) and then wiping with a cleen, dry cloth.

(3) By hand rubbing with an iron-free abrasive cloth (grit No. 80)
and then wiping with a clean, dry cloth.

Note: Iron-free abrasives were selected in order to avoid use of materials
known to promote corrosion of clad 24S-T3 aluminum alloy in service.
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Method C--Solvent Cleaning.--In method C the metal was. cleaned in
one of the follow1ng ways:

(l) By 1mmer51ng for 3 minutes in a solution made by mixing 5 per-
cent by weight of the adhesive as received with 95 percent of the same
solvent as used in the original adhesive,

(2) By vapor degreasing with stebilized trichloroethylene (product
F), meeting the requirements of Army-Navy Aeronmautical Specification
AN-T-3Ta, in a commercial degreasing apperatus.

Méfhod D~ -Alkaline Cleaning.--In method D the metal was cleaned in
one of the following ways: ;

(l) By scourlng with a fiber-bristled brush and & hot borax powder
solution (product G) (2.0 t 0.5 ounces per. gallon of water at l50° F.).

(2) By 1mmer51ng for 5 minutes in a hot (160° to 180° F,) solution
of the following composition:

3.6 + 0.5 ounces of sodium metasilicate
0.t + 0.1 ounce of wetting agent (product H)
1 gallon water

(3) By immersing for 5 minutes in & hot (160° to 180° F.) solution
of the following composition: .
6.0 + 1.0 ownces of an inhibited alkaline detergent cleaner
for aluminum (product I)
1 gallon water .

(4) By immersing for 5 minutes in a hot (180° to 200° F.) solution
of the following composition:

6.0 + 1.0 ounces of an alk@linéfetchiné cleaner for aluminum
(product J)-
]l gallon water

(5) By immersing for 10 minutes at room temperature in & solution
of the following composition'

4.0 + 1. 0 ounces of sodlum hydrox1de
i gallon water

(6) By immersing for 5 minutes in a hot (185° to 212° F.) solution
of the following composition:

5.0 + 1.0 ounces of a soap meeting.Navy Aeronautical
Specification C- 152 (product K)
1l gallon water
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Method E--Acid Cleaning.-—Tn method E the metal was cleaned in the
following ways:

- (1) By immersing for 10 minutes in & warm (140° to 160° F.) solu-
tion of the following composition: '

45,0 + 1.0 ounces concentrated sulfuric acid (specific
gravity, 1.8k4)
4,5 + 0.5 ounces sodium dichromate
1l gallon water

(2) By immersing for 3 minutes in & warm (140° to 160° F.) solution
of - the following composition:

7.0 + 1.0 ounces chromic acid
1 gallon water -

(3) By immersing at room temperatures for 3 mlnutes in a solution
of Tthe following composition:

10 percent by volume concentrated phosphoric acid
(85 percent‘HjPOh)

40 percent by volume butyl alcohol

30 percent by volume isopropyl alcohol

20 percent by volume water

- (4) By immersing for 5 minutes at 140° to 160° F. in a solution of
the followlng composition:

10.0 + 0.5 ounces of cormercial phosphoric acid (85 percent E Poh)
O_ 0. 5 ounces of chromic acid =
20 + 0.05 ounces of wetting agent (product H)

gallon water

0.0 #
3.0 ¢
0.
1l

(5) By immersing for 5 minutes in & hot (l60° to 180° F.) solution
of” the follow1ng compos1tion

6.0 £ 1.0 ounces of a’ depx1d121ng cleaner (product L)
B gallon water

'(6) By immersing for 8 to 10 minutes at room temperature in a
solution of the following composition: '

5 O < O .5 ounces of commercial hydrofluosillcic acid
(27 percent, H281F )

'0.20 + 0.05 ounces of wetting agent (product H)

a0 gellon water
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Method F--Electrolytic Cleaning.--The metal was cleaned electrolyti-
cally by immersion for 5 minutes at a temperature of 130° to 190° F; in a
solution of the following composition:

40 percent by volume sulfuric aeid¢(speeifie gravity, 1.84)
40 percent by volume phosphoric acid (85 percent HBPOh)

20 percent by volume water.

i

A current density of 0.3 to 0.5 amperes per .square inch of anode
surface was applied during the immersion in the solution, with the clad
24S-T3 aluminum-alloy sheet as the anode and a copper sheet as the cathode.

Method G--Combinations of CleaningﬁMethods.yQIn_method G the metal
wes cleaned by one of the following combinations of methods:

(1) »(1) (borax wash), followed by D(2) (sodium metasilicate)
and then by E(2) (chromic acid).

(2) D(2) (sodium'metasilieate), followed by E(2). (chromic acid).

(3) D(3) (detergent cleaner I), followed by B(6). (hydroflu031llcic
acid).

In'all of the methods by which the metal was cleaned by abrasion. .
or by solvents, the metal was bonded without any further treatment. In
the cleaning methods where water solutions were used, care was taken to
wash the clad 245-T3 alumlnum—alloy sheets thoroughly with tep water upon
removal from the cleaning baths in order to remove all the chemicals
before they could dry on the sheets. In combination treatments, the clad
245-T3 sheets were rinsed in water after being removed from each aqueous
bath, Following removal from the last cleaning bath in each process,
the metal was thoroughly washed with hot water and was then quickly air-..
dried. Throughout the study, observations were made and recorded of the
condition of the water film on the surface when the metal was removed from
the rinsing water. The clean clsd 2hS-T3 sheets were dried at normal room
temperatures for 1 hour before application of the first coat of adhesive
to the surface. In no instance were the clean sheets allowed to remain
for more than & hours before appllcation of the adhesive.

All solutions were used in vessels of nonreactive materials. .
Precautions were taken to see that none of the solutions were contemi-
nated, that the cleaning solutions wvere agitated to prevent concentration
or temperature stratification, that the surfeces to be cleaned did not
touch each other or the containing vessel, and that the clean clad
245-T3 aluminum-alloy sheet surfaces did not become contaminated during
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the interval between cleaning the metal and the epplication of the adhesive.
Determinations were made of the pH values of the various solutions used in
the cleaning.

Equipment limitations prevented preparation of specimens by all of
the cleaning methods for a particular bonding process at one time. It
was therefore necessary to repeat each bonding process on each of several
days with use of only a few of the cleaning processes on each day. In
order to insure that the quality of the Joints in the several series of
runs made with each bonding process was the same, a control group of two
pancls cleaned with method E(1) (sulfuric acid-sodium dichromete) was
prepared with each bonding process on each day that this bonding process
was being used in investigating methods of cleaning.

Testing

The two lap-joint pahels prepered with each bonding process and:
cleaning method were sawed into a total of 10 individual test specimens
in such a mammer that the Joints were not overheatgd or subjected to
excessive mechenical damage in cutting. The specimens were then loaded -
to failure in tension at a rate of approximately 600 pounds per minute in
a machine in which the ends of the specimen were held in testing grips'
of the type shown in figure 1, Jaws in the grips were offset in such a
way that the center of both grips and the adhesive line were in alinement.
Testing was done at a temperature of 80° + §° F. The failing load-and
the estimated areas (expressed as percentages of total area of joint) of
adhesion failure, of cchesion failure, and of lack of contact were
recorded.
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PART II...STUDIES OF SOME OF .THE MORE PROMISING CLEANING

" ' METHODS IN TREATMENT (F CONTAMINATED SURFACES GF

CLAD(Q#SfT}vALUMINUMHALLOY SHEETS

Procedure

S i o i

Surface Condltlons

As a socond part of. this study, severel of the cleaning: methods
representative of the types used in part I were used in cleaning clad
24S-T3 aluminum-alloy sheets having several types of surface contamination.
The surface conditions were: (1) sheets as normelly received, (2) sheets
as received and then coated with a greasy layer to simulate & surface con-
dition such as might be .encountered after long storage, and (3) .sheets
having stains of -the type obtained. when alkaline cleaning solutions are
allowed to dry -on the surface.. The greasy leyer (2) was obtained by
dlpplng the sheets, as recelved, for..l minute in a solution.of -50 parts.
by weight of carbon . tetrachlorlde, 10 parts petroleum peraffin, and 25
parts clean §,A.E. No. 10 0il, and by.then air-drying the selution. The
stalned sheets (5) were prepared by dipping the sheets, as received, in a
solutlen of sodium metasilicate as used in method D(2) of part I, and by
then allow1ng the. solutlon to dry on the surface without rin51ng after
removal from the- bath._ In the preparation of each of the contaminated sur-
faces, the sheet was washed w1th ‘benzepne before any contamlnant was applied.

Cleaning Methods

The clad 24S-T3 sheets (4 by 6 inches) of each kind of surface con-
dition were then cleaned, before being bonded with one of the three bonding
processes, A, B, or C, by methods that were the same as methods A, B (2),

C (2), D(2), end E (1) in part I, except that a new method, H, was added.

In method H the surface was not cleaned prior to bonding, and when the clad

) 245-T3 sheet was bonded as received, the bonding was done on the lettered
side.

The rinsing, drying, and general precautions taken in part I of this
study were also used in cleaning specimens for part II.

Two bonded panels, providing a total of 10 specimens, were usually
prepared for each surface condition, cleaning method, and bonding process.
Because of equipment limitations a series of bonding runs was made on dif-
ferent days in the same memner as in part I of this study, and on each deay
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a controlsgroupkof specimens was prepared from clad 24S-T3 aluminum alloy
sheets, as received, that were washed with benzéne and then cleaned with
sulfuric -acid-sodium dichromate. : '

The procedure for testing was as described in part I.
Results

In table 1 are given the results and the types of failures obtained
in tests of the clad '24S-T3 aluminum-alloy joints cleaned by the 22 clean-
ing methods and bonded with the 4 gluing processes described in part I.

The pH of the fresh solutions used in cleaning the clad 24S-T3 sheets, the
appearance of the sheet surfaces after cleaning, and the appearance of the
water film obtained when water was rinsed over the sheet surface after
cleaning, are also given.

Of the 22 cleaning processes investigated for cleening aluminum, the
sulfuric acid-sodium dichromate cleaning method, E (1), generally resulted
in joints having the highest strengths. This cleanimg method was included
as a control in each of the several series of bonding runs that were found
necessary in completing the evaluation of all of the cleaning methods used
with each of the bonding processes. The series numbers for each bonding
process are designated in table 1., The average shear strength for several
series of l-inch lap joints cleaned with the sulfuric acid-sodium dichro-
mete process was 3,300 pounds per square inch for bonding process A, :
2,940 for bonding process B, 2,690 for bonding process C, and 2,590 for
bonding process D. If the results with each bonding process on clad 245-T3
sheets clcaned by method E (1) may be considered as a standard, the relative
Joint quality may be expressed, for each of the same adhesives on metal
cleaned by the other methods, as a percentage of the value obtained for
method-E (1) in this same bonding series. Results are expressed in this
mmer in table 2, - :

When no treatment other than a wash with benzene was used in prepar-
ing the surfaces of the clad 24S-T3 sheets as received, bonding processes B,
C, and D gave joint strengths that exceeded 2,000 pounds per square inch.
These strengths were approximately TO to 90 percent of the strengths
obteined when the sheets were cleaned with the sulfuric acid-sodium
dichromate method, E (1). When the metal was cleaned with a benzene wash
only and.was then bonded with process A, an average joint strength of
1,632 pounds per square inch-was obtained, which was somewhat lower than
that obtained with the other three bonding processes, and which was epproxi-
mately 50 percent of the strength obtained wken using this bonding process
to bond clad 24S-T3 sheets cleaned with sulfuric acid and sodivm dichromate.
Since it is of interest to know, for each adhesive process, how much better
or poorer. results may be with other cleaning methods when compared with
this simple benzene-wash method (A), these comparisons are presented in
table 3 as percentages of the average joint strength obtained when the
sheets were cleaned by merely washing with benzene.
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. When clad. 24S-T3 sheets were benzene-washed and then abraded by sand-
blasting, rubblng with aluminum wool, or rubbing with abrasive cloth, the
joints bonded with processes A and D were somewhat stronger than those
cleaned only with benzene; whereas no significant differences between these
m%m%ofd%mmwwemwdmmtmo&wtmbmh%pmwww.
Although joints prepared from the sheets cleaned by these mechanical abra-
sion methods were not so good as those cleaned by the sulfuric acid-sodium
dichromate method or by some of the other acid and combinational methods,
they were often superior to joints in Which the sheets were cleaned by
some of the alkaline or solvent cleaning methods.

Dipplng the clad aﬂS-TB sheets in a dilute solutlon of the adhesive
after. the benzene wash and before bonding (C(1)), as was recommended by one
adhesive manufacturer, was found to have no significant advantage over the
benzene wash, and for three of the bonding methods (B, C ‘and D) lower bond
strengths resulted... -

Vapor degreasing with stabilized trichloroethylene (C(2)) had no
marked advantage over the benzene wash with bonding processes A and B, had
some moderete. advantage with bonding process C, and resulted in- weaker
Joints w1th bonding process D, Note: Good cleanlng of :metals: for bonding
has been reported using vapor. degreasing methods. The imconsistent. results
obtained in this study might be attributed to the small size and lower
efficiency of the vapor degreasing unit used in.this investigation..

When clad. 2hS-T3 sheets cleaned.by the two solvent cleaning methods,. C(l)
and. C(2), were tested by ellowing water to rum over the dry surface, water-
film breaks were obtained that 1nd1cated imperfect cleanlng. -

; The six alkallne cleanlng solutlons used in preparing clad 2#S-T3
alumlnumpalloy sheets for bonding -gave w1de1y varying results with.the = ..
four bonding processes., Of those investigated immersion in & solution:of
sodlum metasilicate (D(2)) or in a soep conforming to Navy Specification: -

C-152 (D(6)) prior to bonding with process B;.C, or-D gave an improvement
over the results obtained when the surfaces were merely washed with benzene,
and in several instances the joint quelity was equal to that obtained when
sulfuric acid-sodium dichromate cleening (E(1)) was used. In bonding with
 process A, scrubbing with borax powder (D(1)) or immersion in sodium .
metasilicate solution. (D(2)) gave some improvement in Jjoint strength over
that obtained by washing, with benzene, but joints of clad 245-T3 sheets
cleaned with the soap, Navy Specification C~152 (D(6) were poor, although
results with sheets. cleaned in this menner and bonded with the other three
bonding processes were good. . Two of the more alkaline cleaning methods
D(4) and D(5) gave consistently poor results with all. four ‘bonding-
processes., The cleaning process D-4 was found to result in a loose black
film deposit after rinsing in water. Higp pH velues are apparently not
directly correlated with poor cleaning. behavior, however, since .the Navy"
soap in method D(6) hed the highest pH measured and yet gave good results
with three of the four bonding processes. The alkaline detergent cleaner I
(D(3)) resulted in low-quality joints when bonding with process A, and with
the other three bonding processes it gave strengths approximately the same
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as those obtained on surfaces that were merely washed with benzene. It is
worth noting, however, that joints made with cleaning method G(3), in which
treatment with the alkaline cleaner I (D(3)) was followed by rinsing in
water and by an acid treatment (E(6)), were consistently high in strength.
This improvement, after an acid rinse, was also noted with bonding process
A and cleaning method G(2), in which chromic acid treatment followed the
sodium metasilicate bath.

Of the acid cleaning methods investigated, several gave very good
results with certain bonding processes. For adhesive A, both the deoxidiz-
ing cleaner L (E(5)) and hydrofluosilicic acid (E(6)) solutions gave
results nearly equivalent to the average results obtained with sulfuric
acid-sodium dichromate solution (E(1)); and phosphoric acid (E(3)) gave
results equal to those obtained with abrasive cleaning methods and better
than those obtained with any of the solvent or alkaline cleaning methods
investigated. For adhesive B, hydrofluosilicic (E(6)) or phosphoric-
chromic acid (E(4)) cleaning resulted in joint strengths that were nearly
equivalent to those obtained with the sulfuric acid-sodium dichromate
method or with any of the better alkaline cleaning methods, and phosphoric
acid (E(3)) and deoxidizing cleaner L (E(5)) gave only slightly lower
strengths. In both bonding processes C and D, phosphoric acid cleaning
(E(3)) gave an improvement in joint strength over the strengths obtained
with benzene washing (4), and process C gave equally good results with the
chromic acid method E(2). In these cases the strengths were nearly the
same as that obtained with sulfuric acid-sodium dichromate cleaning.
Generally, chromic acid (E(2)) and phosphoric-chromic acid (E(4)) were the
least effective of the acid treatments.

Electrolytic cleaning was investigatedé and was found to result in
low and inconsistent joint strengths, except for bonding process D, in
which results were equal to those obtained when the clad 24S-T3 sheets
were cleaned by the sulfuric acid-sodium dichromete method E(1).

Several combinational cleaning methods  were also investigated in
which an alkaline cleaning was followed by cleaning in an acid solution.
The combinational methods used with each of the four bonding processes
generally gave joint strengths that were essentially equal to or only
slightly lower than the strength of joints cleaned with sulfuric acid and
sodium dichromate (E(1)). Generally, the combination of two cleaning
methods gave better results than either method used alone,

In tables 4, o) and‘6 are given the shear-test results and the types
of failures obtained in part II on joints made to clad 24S-T3 aluminum-
alloy sheets having three types of surface condition, the normal surface as
received, a surface contaminated with paraffin and oil, and a surface con-
teminated with metasilicate stain. Six types of cleaning are compared for
preparing these surfaces for bonding with three processes. Series numbers
of the bonding runs made on different days are given as in table 1.

2The investigation of electrolytic cleaning was limited to the use of one
cleaning method. The use of other electrolytic cleaning methods, or a
variation in the conditions of the method used, might give improved
results.
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Generally, the quality of joints on clad 245-T3 sheets, as received
end then cleened by the various metheods, agrecd quite closély with those
results obtained under the same conditions in part I (table 1). When
Jjoints were prepared with clad 245-T3 sheets as received and the bonding

was done to:the side of the sheet having identification printing, geod re-
sults were obtained with process C (2,380 p.s.i.} and with process B
(1,954 pes.i.). Process A showed pocr bonding to this surface. In
generel, throughout the work of part II, process A was also found to be
somewhat more exacting as to -the method of surface preparatlon than the
~other two bondlng processess:

The surfaces having metasilicate stain were found to be the most
diffieult to clean and bond properly. Acid cleaning with sulfuric acid-
sodium dichromate solution E(1) gave the best cleaning of this type of
surface, and the 301nt Strengths obtained closely approached those obtained
when this cleaning method was used in preparlng clad 24S-T3 sheets, as
received, for bonding. The use of a benzene wash followed by abrasion with
aluminum wool was found to give good results in cleanlng ‘the sodium-
metasilicate-stained metel, but it was mnot qu1te g0 efficlent as the use of
sulfuric acid-sodium dlchromate cleanlng.

The sulfuric acid-sodium dichromate cleaning following a benzene
wash was found to ‘be the mdost consistently effective method of preparing
clad 24S-T3 aluninum-alloy sheet surfaces contaminated with an oil- v
paraffin film for bonding wzﬁh any of the three bonding processes investi-
gated. Sodium metasilicate also produced reasonably efficient’ cleanlng of
this type of surface for bonding with processes B or C, but poor bonding
was obtained when the clad 24S-T3 sheets were cleaned by this method for
bonding with process A. Good results Were also obtained when surfaces
having oil-paraffin contamination were cleaned by washlng with benzene and
abrading with aluminum wool (B(2)) and were then bonded with adhesives A
or B. The use of a benzene wash'alone or of a vapor-degreasing process was
found, in some instances, to improve the bonding of the clad 24S-T3 sheets
having oil-paraffin contamination more than the bonding obtained when these
contaminated surfaces were not cleaned at all, It was noted throughout
this study, however, in both parts I -and II, that results were often so -
inconsistent when using thesé solvent methods that it was difficult to
predict whether or not solvent treatment would improve the bonding proper-
ties of a’'surface.

The conclusions on the effectiveness of various cleaning methods
used in parts I end II were based on the results obtained in these present
tests with cleaning methods used in the mamner described under the test
procedures. If the concentration or temperature of the solution, or the
time of immersion or degree of treatment were changed, some of the
results might be expected to vary from those reported.
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Table 2.,--Comparison of shear strengths of lap shear specimens when clad
2LS-T% aluminum-alloy sheets were cleaned by various methods and
when cleaned by the sulfuric acid-sodium dichromete process E (1)

1 :Percentage of control strength obtainedg
Cleaning method- e e A m ot S . ————————
: Bonding : Bonding : Bonding : Bonding

:process A:process B:process C:process D

------------------------------------- : -'..--"'-ﬁ.p.-.-:---------.-h--t—--—'F-n-': A e ———

A. Benzene wash, no other treatment...: L8 68 = 9 T

Il . »
" . .

B. Abrasion cleaning

(1) Sandblasting..i...eeeess P ™ 80 taiiaee.-t ce eraann
(2) Aluminum WOOL.s .. vevsonunnnonsnst 67 6 12) I 98
(3) Iron-free abrasive Clothe.e...,.: T - 66 8 97
C. Solvent cleaning f ; G
(1) Five percent solution of adhe- : : :
sive in solvent....seavanse. ot 48 3T 80 69
(2) Vapor degreasing..c.sreavssvenass 55 & 70 ¢ 102 52
D, Alkaline cleaning > 3
(1) Borax powder...seevessusanns eenal 67 70 64 85
(2) Sodium metasilicate........ v e e at 55 ¢ 102 98 89
(3) Detergent cleaner I....ueuuvrus- : L3 I il 0 ()
(4) Alkeline cleaner J..uivuvuress vl 15 & 17 % 21 b
(5) Sodium hydroxide, ssss-a-sssarasat ho o 8 6 6>
(6) Soap K, Navy Specification C-152: 2 i 88 7T 102
E. Acid cleaning s . :
(1) Sulfuric acid-sodium dichromate. 100 : 100 : 100 100
(2) Chromic 8Cidese voennsonraa fae sl 50 D 91 62
(3) Phosphoric 8Cidss-vsrva- e sl T2 8 98 9%
(4) Phosphoric and chromic acid.,...: b I R i 66 53
(5) Deoxidizing cleaner L..ecunasuss : & 88 (I 81
(6) Hydrofluosilicic a8Cid..sessereasi 8 o TR T 4 69
F. Electrolytic cleaning. «s s cis--seeol 7 48 6y ¢ 102
G. Combinations of cleaning 2 S r
(1) D (1) (borax), D (2) (sodium : : :
metesilicate), and . 3 - :
E (2) (chromic acid)..es.vsasst %0 & : 100 : 98
(2) D (2) (scdium metesilicate) and : . A 3 :
E (2) (chromic acid).ve e ensns : R 72 91 B
(3) D (3) (detergert solution I) : 3 : :
and E (2) (chromic @cid)ese.u.: 95 8& 88 14

LThe metal surfaces were washed with benzene before being cleaned with each of
the other cleaning methods. The solution temperatures and concentrations,
and the procedures involved in each of the cleaning methods, are described
in the text of the report. It should be noted that both concentration and
temperature variations between different solutions of one type meke direct
comparison of components inadvisable.

2In this table, control strength is the average strength of joints prepared at
the same time and with the same bonding processes to clad 245-T3 sheets
cleaned by method E (1) (sulfuric acid and sodium dichromate).
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Table 3,--Coamparison of shear strengths of lap shear specimens when clad
245-T3 aluminum-alloy sheets were cleaned by various methods
and when cleaned by a simple washing in benzene (Process A)

:Percentage of control strength obtained®

Cleaning method}- e e e e e e e T A M e —————— e
¢+ Bonding : Bonding : Bonding : Bonding
1process A:process B:process C:process D
A. Benzene wash, no other treatment : 100 : 100 : 100 : 100
B. Abrasion cleaning G : 3 g
(1) Sandblastingeuiisessesesssnnsent  I5L 1 11T fecusnrvaaZosnsceens
(2) Aluminum Wool.,...cesuseveueenenan: 139 H* 0 : 125
(3) Iron-free abrasive cloth........: 152 9% 8 : 124
C. Solvent cleaning : : :
(1) Five percent solution of : : : :
adhesive in solvent.,..........: 108 55 i 87 88
(2) Vapor degreasing,.ecsceeesssceese: 115 3 99 : 112 64
D. Alkaline cleaning ; : : e
(1) Borax powder......uvvevsesssesns: 142 & 106 = 70 : 109
(2) Sodium metasilicate,,.vvuniesosa: 122 : 146 109 : 11k
(3) Detergent cleaner Ta..,..s.eveen. : 72 : 109 : 100 93
(4) Alkaline cleaner Jue..vewrvsovssot 29 2 2a 5
(5) Sodium hydroRide. .s.ueeseesosoeot 8 12 66 T0
(6) Soap K, Navy Specification C-152: 36 2 133 = 98 142
E. Acid cleaning P 3 A P o3 i3
(1) Sulfuric acid-sodium dichromate.: <2200 : 2147 : 2108 : 2128
(2) Chramic 8cide.ssvvavevsrsnsssaees: 109 ¢ 106 : 102 76
(3) Phosphoric acid.s..... aresasesns: 155 ¢ 116 @ 110 ¢ 134
(4) Phosphoric end chromic acid.....: 93 : 139 7 = 67
(5) Deoxidizing cleaner L.ueesssnsos: 185 : 125 - " 101
(6) Hydrofluosilicic @Cid.,.sevsvaae: 187 : 143 0 86
F, Electrolytic cle8ning. veusssesseveqs 8 7 o 61 : 122
G. Combinations of cleaning s -
(1) p(1) (borax), D(2) (sodium : :
metasilicate), and : - : :
E(2) chromic 8cid).sesssesssaes 168 @ 137 : 110 : 124
(2) D(2) (Sodium metasilicate), and : ; g :
E{(2) (chromic 8¢id)essurrerasa: 172 : 119 : 100 : 125
(3) D(3)(Detergent solution I), and : : : :
E(2) (chromic ac¢id).iveveerans: 173 @ 136 @ 97T+ 123

1The metal surfaces were washed with benzene before being cleaned with each of
the cleaning methods. The solution tenperatures and concentrations, snd the
procedures involved in each of the cleaning methods, are described in the
text of the report. It should be noted that both concentrstion and tempera-
ture veriations between different solutions of one type make direct compari«
son of components inadvisable.

2In this table, control strength is the average strength obtained when metal
was cleaned only by & benzene washing process (method A),

—-5—Ba.sed on average of all values shown in table 1 for method E(1) for that
adhesive,

Rept. No, 1813




g £8The W %

‘T BTOFSG UT ®IPD Lo2J UGHRY] adsm POULeT Juiusa[o puw UOTITPUOD B0wIIng STUL
10J Bewp 39 aeayy “Apras aud Jo jamd eIyg JdoJ eesooxd uyswasBap eyl 4eadag o0 819IJL1ED JUITOTIINE JO MO®W[ w }O omﬁﬁaumm

] ) *TOLUCD ¥ B¥ 2IWWOIGOTY WNTDOB
-PI2® OTINJINE UlTh PauUmaTd (peaTansd 89v) 8433Ud Y3 Ul pedwdaad - ees suswgoads. Jo je8 ® ‘@alJger yvseve jo jasd v sy -Lwp
JWBE $if) UO ATENOIUR]TNUIE padedaJtd 8Taued WOJJ Leulwiqe 2J46M E3TNEAJ 282Ul JO TT¥® 38U3 BajzoTpUT 31 ‘83Tneas 3sel Jo Jequmu
¥ J0J USATH 87 uoQumil 8aTJs8 2W¥e-ayuj- ualy *ssedcld sAYESpE suwe oy} yj3Tm odep JUBISJJTP UC SUNJI. 33€0iPUT sJaqunu geltagy

*satssups duypuoq-308Tp U3 UT { "0D)
2INTYES UCTAIWLD JO DU (DY) SIV[TE] TRIOL-0}-UCTBSUDE JO siBjusotad SU3 JO OGP €31¥DT}E8 PUE DaUlWEXS altam 8sInfT8] unﬂanﬂ

rupaued Quiol-deT SpPTM-UOUT~j M3 JO UDBS MO 4Md aJdaM aATJ Yojus jJo "susuioads gy 3o afvlasn. Y3 €1 sniva ﬂndmw

: ‘UCTSNT0E Al U3ta peuvelo Futeq Blaeys
moaJ pasutd Ardacload qou B uUoynlag 2JE0TTTILFL el IMTPos UgilM PLaUTEIQO UOTITLUCR 20¥IINE 9U3 839Tnmie 01 FuTeuTa 3noylia
AJp-ITW O3 PAMOITS PUBR USTINTHE aY82TTIHF W EN{DOS WIWM UT DBJIDRT adass susWTasde seayus Sutaudesd ut peen 83334s TE1aW 2UL_
. *£Ip~IT8 0F W{TJ o3 SuUTasT(® uagy puw ‘(audtes £q T1T®) TIC 0T *o4 ‘*T*¥°g 93x8d ¢z puv
utjiJIeaced mrefodgad plawd pi ‘splJOIUONA3sd Uocgqaeo w3Jded Qf Jo UGTIRIOE ¥ Ul ©320UP @4j 3ddip feuszusq ul paxTOR Yoo
® HITA JJo JuTIe33T UOCTIEOLITIUSPT aW3 Futdim Lq peavdesd ssaM PRORJINg SU)  DPIRUITELOD ATTPRENUN oJ¥ JFY] Badujaus

JC UoTITpUCH Jyg 23EINUIE 03 UOTINTLS WIJwswd-TTC UT UM [93vady adas suamloasds sesyj Jutsedaad uy pesn §333ye [wial uﬂhﬂ
*JuTaajssl ay3 Sulavy ov¥IJING
a3 03 LT30allp 1JODUOQ adak jUamiwad)l (nocuaTa psawdsad susntoads syl ‘epoyjad Isyjo Aq jJUamIwsay Jaygjan] o3 Jojad sussusg
Ul paxysos 4YwIo ¥ ulis pedim saem BavsJing yjoq ‘luswiwads inoylim paswdsad susmioades ayg Jo uotidenys syl HITA "apIE
2uC U0 FuTI33387 UVOTITOTITIUSDT DAL UITA PaaTa0a LITPMLOU BY 8459Ud sJ8s BuamTnade seay) Julgsedesd uy pasn Pleays T93aW Y

, z
snrodag ey jo 3¥63
oyl UT PeqTJOSep aJ¥ SPOUjeW BUTUESTO AU} JO UO®a UT DOATOAUY SPOYJaW OUJ PU® SBUOTLBIIUSOUCO Pus seanjexsdwe) uopinios Sl

T
ne e

*

T o

00T 682 T 194 SL t onz6'T t TT £1 1 L8 : €16 juewysasl ON °H
L R ...........”.....u........nu.._.._.u....-n T : BB : MN : OﬂONﬂ . -
Edrmw .-+.-+...._...u+...+++...- gt ane ] L) A .H ] 3“ * W.z s %N ﬁ :
L NN FE RN R ] LE R RE] u.-.-.iii--ﬂ-...!r!-"i LA u N.ﬂ " o& " on " ONm-n u op‘EOEOdq
LENE N L ] IRAAASERENEARE LR R [ 1T i N\s . DN ' Ohﬂcﬂ : mipos-o0TaInIns
0T : €L ¢ 2 48 ¢ €T ¢ 268°zT : OT ¢ G4 3 ST i 096 1 pue yses euezueq (T)
3 " : : : : { t : : ButuesTo PIOV T
0T 0 t 00T i 62t 6L f BOT'T : OT 1 9h i HS = L69°T ¢ 23¥0{TTY
H E g ¢ H H : H ¢ =818 mMipos
s : ' 5 H : z 5 : PU® UBBA SUAZUSH (Z)
s : H p ] : : : 1 Bujuwe(o SUTTYATY °d
cemciriiasesssspessssssesscsiitey owyoo oo+ 06 3 026°T : (B) : €2 o+ 4L i 9lg'T ¢ spwsadep Jodea
H H L 5 H H : B H 3 H o H s pU®. LSBM JUaZULH" (Z)
H : H H H H H ¥ i . < H FUTuweTd JUIATOE *D
€T : €9 3 L€ t 918'C ¢ €T : 9§ i Hh ¢ 906z : €1 ¢ gL : 22 : 6£8g'T 1004 EnUTWITE
H H : s s : s . 3 H : : pUe yswa aueiueg (7)
H : : : = : : - : 5 $ g BuiumeTd UOTEBIGY °d
ST L dY- B : 00T : 2E€ T 2T : T ot 665 : 866'T : 2T ¢+ BE 1 .29 i 998°T . Juemywery
3 H ] B : : F | 1 1 r Joyjc ou ‘yaem suazilag vy
uuﬂouhom :JueoJaag: 18 um H $3U30J3d :3UAOLI]: 18 .nm ] H Hﬂwcﬁwm “aﬂoo.ﬂ" ud. ‘8 u. d
e e o i ) o m  r r rr — —  r—a — o ] — ]t mm e e e ——— St
R L ‘oY :guldueags: : *0p i by :gujBuease *0p i ‘py  :pudBucays

SON mmmmmmmmmmmwemr=:? JIBIYE § FOON 1-——————r-———===—=:7 JBQUS
[} ahom.Mo&zﬂau« Jo adf),s oFeaesy :8 Tasgigeanites Jo adf]: a3exeavy

ﬂﬂddun 238OTTTS U3TM 908BJIng H ﬂEHah utyJeaed-TT0 YITH 808JING

.oz mfr1111r1|||rrr| ndunu
] dnom"w¢nsﬁamh.uo odfls oFeaaay

MﬁmbdDOﬂh 8% 230BJjJang

1 4o @8 ee oo oo eo oo

gpouzen Butuse1)

B .m....mlzlm...uleﬂﬂu.—: PoDpLUG PUY BPULLeW [BAPASE JU LOUE AU pouvaiy  TUOTITU[UuL Uy By Judils
JO 850K BUO(dB4 JULAWY 8306UB ACLLG-LOUIWHLE LL-Ghe PEL? UOUI-w90 0 J0 BGUT0L 4ol 40 93893 U3HUSI3F JO B3[nBay--*f 9TqQ8l




I hgThe W & -

; "10JqUOC ¥ ER 27¥TOIUDTD UNTPOS

-PIOE OTINSINS YjimM pauedald (PeATedad S¥}  EBlesus sy} 3Ta pRredead pesm suswosda Jo 388 ® ‘Bajase yvsa Jo qand ® sy  *Amp

amEA i} U0 ATEncausgTnwia passdaad g{auvd WOJ] DSUTRIQO sJoM FITNSad efeul Jo TTP 4¥UL 82380TDUT 2T ‘B3THEaI 3823 JO JIOQURU
® J0J U3AT2 BT JAQUNU BITJ9¥ OoWEB Sl USYM *EB800I0 SATBOMDS WSS 8Ul UL IM FABED qUsIaJJIP UC BUNI 3LROTPUT EJBQERY moﬂnmww

*osTSaype BFUIpDUOG-30aITP aUZ VY {*05}
SUNLTES UCTEaUGD 30 puw ( "IY) 9JUITE] 1¥18T-03-UCIH3UPE IO aBenuaoasd ouy JO o BelTNI3Es DUV PAUTWEYS adan PadniTel pnﬂohﬂ

*a1awed jujof-det IPTA-YOUT-0Q OAY JO LO¥a LOIJ 3MD sdam 3ATJT UDTUm Jo ‘fusmioade QT JO oZwmdaswm alj BT SO9A no.mﬂw

éo.“p_...ncmuﬁnuﬂ:ﬁmcﬁmﬁumcawmamm
Hedl pasuts ATgadord 30u #7 UCTIRIOS ALBITIISTFIIW LNTPOS UIKHA DoUTELqC U0 [4]pHOD @oBJIng a1} aTETNUTH of wc._“mn._“nnuawﬁmx

£Ip-a1¥ 0] PaMOTIE DUY UOTINTOR 21BATIECI3U EN{pOP WiWM UF DABLIUE] ofsM fUBNTIade ofeyq Hutawdouad uy psen Eisayuye 1sj8w L.
"
*AIp-ITR 03 WITJ 2ul FUTABTLR USUL PUR ‘(aufiTam £q TTe) 116 01 "ON *I*v'g eqred (Z pue
‘UTFJeawd unstoagsd gqued g1 ‘SpPTIOTYIBLIAL UIQLwD BIIwd 045 Jo uoggnice @ Fm«. fi30a8l8 a1y vadtp "eusttsq Uy payEos YJOTO
¥ UITM .Hpo.wudnmppﬁ. COopleaTITuepy Ayl Auidia £q pasudasd wlam 9908Jans Sl *DHIFUTWOIUOD LTTENENUN JL8 [Wy) ©808JINS
JO UOTRTPUGE AYJ IFBINWIE 0] UOTINTOB UTJJOImd-T10 U U3 PBipad) adem suamjaads sseiy Jutisedetd uy Pasn B333lUg [WIEW SUl,

[

*Autaalsey suy Bulawy aowilng

SU3 0] ATJVSITD POPUGH BJAM JUIWIBALL JUoMITA Daawdead suswiceda suyy “spPoyulem Isuje Aq juamgeedy Jayulanl 03 JoiJgd auazusq

Uy PIRBOE Y013 ® (3TM padIM aJoM BIVEIINS YIDQ ‘JUSEWIVIIL JNOULTM padmde.dd susmToads ayy Jo uetidatixa aug (1M TepIe
9lUo UO JUTJalgs] UOTIRGTITIUEPT Pod YT Daafedsd ATIUNRIOU Bm 9132u8 adoh .gusmioads assl] Futawdsad UT PEEN 9Ysous TWRET AyL_
e

*la006d BUY IO 3xXag
3UF U PeqTJoesD ade Gpoujanm JufuwRa(d U JO YOLS Ul PAATOAUT SPOUISE SU4 PUR SUCTLBIJUAOUQD puw samjeladms) UCinNToE mﬂn.-ﬂ.

g : 0 ¢ 00T : 062 : @ : 0L : Of : BYZT t § ¢+ HL i 98 % HSE'T qusmyEagy oN °H
-m.-. --..-«-....-«L g nma AR L R PR AR R mH A bm s mw . NOO-N .
AFF A+ P AA YA PR R Y -kt Al ......i_..++u+..+_.-_..+u+++._-+... N.H * .Hm B QW . WONHN '
rdrrdaghaddid 4 (AKX [ rmssragbhhh s drapnbhinTm H.H H O“ ' Om . NQNN :
L N R PPN A 1...-. “.c.u MH H MM . WM . WMM“N H E?Hﬁowpwﬂmmwmww
N T R T M R LN 2 : 0 : z H
v 1€ t 69 : 819 €€ H L9 8 H 9c ¢ Hd ¢ 9€6C i Puw ysum @uaZIUIg (1)
g 3 2 z g . H 8 g § SujuvaTe PIAY °F
) i A+ i 00T & 492 P2T ¢ €€ i A9 : 4Td'T o 2T ¢ SE ¢ §9 o 899°Z 53807178
H 1 H ¥ 3 ; H H H H H ¥ -gjal UMTpCe
B H H - . i 1 H 5 : $ 3 pU®R ysmm euazUasd (2).
: : s § L H H F s 3 g t Auiusaro SULTENIY °Q
Versadgessevarkpessiaskpemessiesot €T 2 9 3 46 0 002°T ¢ TU ¢ T2 : 64 i 0202 :  @EWeadop-dadwa
3 : : 8 : s : H : : H pue ysea auszuag {Z2)
g 3 i ! 3 i d g 3 8 H BuTuesd JUAATOE °D
OF—xii VAENT = 69 " - 929%¥z i om i 6f) T E TUG-I, 0fefz. & OTa v 6 .m0 69 ¢ 96hH°Z f To9K wnuTUnTe
B " 3 2 : ¥ E 4 : e . ‘ PUT USBM suaszuag (&)
7 5 < " H i H g 8 g : g FuTuwssTo UOTERIAY °f
8 0 00t 2ot &4 syt LT €8 7561 6 9 "6 9661 qusmieads

Jouyl0o ou UEEm aulzZUag °Y

PORT
nowe
s o0
o oo
oo ou

TRL

:Jueoasg :juUa0I3g: uﬂunum g

: : _ﬂumcm.uum.m “py Mwﬁuw:mnum
Z °oN ¢ awoys 3 FUON =mrwrroocmo=rreer” JBOYS
B3TJag:gonTTIR]) Jo odAl: 93wasAy :88TJagigaanyiel Jo adi]: admuaay

FUTEIS 020TTIE UATA S0BJang : ZUTTS UTIJeand-T10 U3Th e0sjung

| 1JUevded: *1'8°d

:qdo0ded ;jue0dad: °*T°s5°‘4d

“ “0p .. oy mwnuwcohun"
TOON fmmr——ma— sy Jeays
é1aog:goanyies Jo odhy: o3eJeav:

Mﬂmbdmowh 8% aowvjuang

oo o
.
(=}
©
.
=

dcoﬁoa Butimal)

|se 00 <+ o0 ao o0 aq 1+
1o oo b

b g BB VoY N4lA PeRUUY UV EpOULell [BAUADE 30 U593 AG PRUvSLo TUCTIRUIWEEIU00 S0ugMNE
JG 99047 ELUIRA UUTABL nleolr AULLY-WULLWILLY epl=54c WHLY YaUb=f90 0 JU 83U 0} UW| sU B3B3 Uzdusdjds 1o oilunded--*( aTqe]




d GRTHE H Z

2 °1 91qe1 UT ¥1ED WOJJ USXE] LA DOYlew Buluva[od puw
UOTITPUOD 308Jane 8TU) J0J BIED 3893 980Ul ‘Apnys syl Jo 3484 67U} J0J 59990xd BuTsweJa3Ip oyl 3vedad OF STVIJeIRE JUSTOTIINE JO YOG ¥ JO o9nvoeEy

_ °*T0J1U0D B 98 91¥WOJUITP EMTPOS-PIOE OTJINIING YITA DPIUEI[0 (PRATEdad 89) 83Q9Us ay3 -U3ta pegedezd sem euemtoeds
, Joles s ‘88TI08 Yoo jJo qxed ® oy -Lwp awes ayy ‘uo ATsnosus)inmis paledsad sTeuwd WOIJ PIUTELQO oA 93TNEIL 9893 3O TI¥ 19Ul 9338OTPUT 4T
81TNBAI 1833 JO JI9QUNU B JOJ ULAT3 87 Jequnu B8aTIe8 WSS oY USUM ‘889904d SATSIUDE SWES a1 UL TA SL8P JUSJIJJTP UO SUNJ 91BOTPUT 8JSQUNU 8O TJIog—

3 4
*("9°N) sedvjuns Buiutof uo s3uUT1800 SATHGUDY USEA1aq 398B3U0D MOT JO OU DPUB ‘(°0)) eATSeUpw
Butpuoq 390JTP SUI UT IaNTTRJ UOTHIYOD ‘( °PY) SINTTE] [930W-03-UOTHUDE JO 3881U00J0d YUY JO ODEEW B94BET180 DUB PIUTTEXS IJOM 8eINTTES Jutory

*sroued Jutof-duT SPTA-UOUT-9 OM]1 JO UOBe WOJJ INO SJIA 9ATJ YOTUA Jo ‘suemioeds QT Jo oBeJoAs ayj 87 onyea uovgg

*UOTINTOR SYJ U3 TA PsURaTY 2uteq 833084% WGIJ TPaFuUTa ATJadoad 40U 8T UOTINTOS IIED[TIBVGalt MMTPOD Uaym PaUTRIqQ0 UOCTATPUOD S0WJIANE AT} S4UIAWTE
03 BuTLUTI NOUQTM ALIP-JY¥ 0 POMOTIY DUW WOTFNTOE a339OTTTIAVI-U UNTPOS WIVA UT pPapdswdy -ausm guamiosds aseqy -Sutsedaxd uf pesn 83a3ays [3aW YT

]
*AIp-iye 04 wWlf; auy HuTMOTTE
usys pus ‘(juByen Lq TT¥) TTO0 OT °oN "¥"¥"g #jaed 4z puw ‘urjieaed mnatoagad e4awd 91 ‘5iaciuavazsy uovqase ejaed (¢ JO UCTINTOR B uf BlesUM
ay] Fuyddip ‘suezuseq UT PoNBOS UJOLD ® UYITA JIO JuTasqlsT UcTLe0TITIUSPY syl Futdim 4q peandsad sgam 8sovJans U *DIRUTEEIUOD LTTYREN

-un aJge jEy3 BIDWIA0NE JO UOTITPUOD oUZF simTnwWie 01 ULOTANTes uyiJeaed-110 u® YA palEal) suaes suauroseds avayy Sutaedsad ul pesn 9jasys Telsm B..Fn

*3uTJde333 ] alY BUTARY 90BJUNE 9yl 03 ATI034TD DAPUOY Suk fUamjead] Incujia pesvdszd Buamiosds SUL . BPOU3LW Jauj0
£q juamywauy asuyldnly o4 Jotad suezusq UT PANEOS YIOTO ¥ Ul padiM dUOM S90BS.NO YOG ‘JusmyEsI] jnougja paasdsud susmioads ayy Jo uotidaoxa
U3 UITH  *IPTD U0 uo FUTJIIeT UOTIVITITIUBPRT DSJ UITM PIATI0dJ A{TPLJIOU 5F $323Us oades puantoads asauy Futaedsad uy peen sisayus Tegsm BE_.N.

*qJ0d3g aqy Jo 1X2% oY1 UT PAQTJI003P 8J8 8DOUILW SUTUBSTO 8Y3 JO UIE3 UT DIATOAUT €pPOYIem oU3 DU® BUOT1BJIIUSOUOD DUB BadnisJedwel UOTINTOS onn_h.w

e

<
Q

o1 : o ! g t00T 0L L

00T ¢ ¢%2 : 8 @ ¥ H 62 L8 -t 08’2 juamieail ON °‘H
cdssssanan . [P 21 ¢ ) . 98 It & 962°2 ¢
...... FiTiz e el 11 ¢ g : 0 a% * ¥68°‘2 !
ot: 1T : 1 : 8 ! 008’3 : @3 8mOIYITE
o ) 6 ¢* 8 ¢ 69 1 ¢ i 06¥‘Z ! WATPOB-DIJINIING
3122 : P8 ¢ TT ¢ B4 T TU ¢ O¥L'Z t  PusB Yema auatueg (1)
H H B B g £ % Futuse? POV 3
21 . * : [+] i 96 VL E : ST ¢ [+1: I 0 Poouy's ¢ g ¢ g T 6 b LEIE 7- TR0 S - 218ITTTH
: 2 H H 5 H H H & H [) H . : T —gl3m OMIpoe
: H 1 . H ] A i : i g B : 1 PUS deea suIltieg ()
- $ H H H H H H H 3 : H T H ! w:._C6u._”0 JUTTENTY °*d
L R N R T . 0 : _u_r 1) 00T ¢ Nww.d : nmv" F ] . 24 : 9z . 8\;.& . OOHNLWUQRQ&.HD
* 7 g 1 s g 5 ] g i g g % z . PUR_UIRR suaiuig (3)
: - - : % ! : : H g E 2 3 : : ' JuTueaTo juUaATOg °O
ol H 4 b ] I ¢6 t QU6't ¢t 6 : st ¢ 2 : g8  999°‘T e & 9 : Q 1 ¥6 : ©g3°‘T Tooa ENUTOOTE
: H H 3 3 H H : : H H : H H H PUF USEA 2UaIusg ()
4 ] f H 3 g 1 : B 4 : : H B H Buiuseo uoiwwaqy °g
ot : o] : ¢} P 00T ¢ 699 LR : g - oy = g8 * o¥3‘s e @ 9 ¢ ey @ 08 : ¥29°2 ¢ Juem}BeJ]
! : - - 2 : : s : s : F ] :1J9430 OU ‘Usen euezueg 'Y
:3Us0J0g: JUPOdeg: Jusoded: -1-8°d ! IJuevac g:JUdodag:Jusvaeg: *1°'8'd ¢ 1juvode g Iuadaed
: *9°'N ‘0 oy mmgwco_uumm : *9°'N t °0) : oY .mmnumco._u-m - : o'y : ‘o) 5
== 27 qeeys ! ZTON poame— e e —maarT gwoys ! 2°ON- @ = = s
geanTTes Jo edfy + 9BudaAy iBatJdeg: geJntTiel Jo adAy s 9Bwdaay :satJaasg: FoInITe] Jo odfy : eSwasay
FUTEI8 2363TTTE UITA e0wjang : UL UTJJeasd-110 YITA @9BZamg : FVOATE00X 99 eowang Froqiaw Butueayy
Eootoat URiA Depdig [US bpUlLjou LuUdsApy J0 _qubs hm-ﬂﬁ_rnm.mu "UGLIHUTAE3L0U GOR ARy

5
SU D3IAY ETWTLFA m._..mw. T ELEoUE ACTTU-GIKTULTT £L-S+2 P9I UdUl-nG0'D JO UG O | JO Bi¥ey YouoIy® Ju wiuwdy—-*9 aTqe],




Figure 1.--Test machine and grips used in applying
tension loading on bonded lap-joint specimens of

0.064k-inch clad 24S-T3 aluminum-alloy sheets.
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