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Polypropylene is a plastic material that was developed to have high
resistance to a wide variety of chemicals. It is relatively limsune to

L..~J 
solvents, and , therefore, difficult to bond to itself with adhesives;

_
~~ 

any bond so accomplished is believed to be almost entirel y mechanic al.

A high—strength bond may be obtained by welding polypropylene parts
together ; coninonly—used methods are hot gas torch welding , spin welding,
ano the Cosom hot platen weld discussed in reference (a) . However, for ill

____ three methods special equipme nt is required .

Consequently, it is desirable to investigate the properties of a
number of adhesives which might be used successfully in lieu of welding
techniques. The use of adhesives can result in savings of bnth time and
mon*; however, the limitation s of adhesives must be understo od. Infor—
mation herein is presented in an effort to aquaint potential users with
the various propert ies of a number of adhesive s when used with polypr opy—
len. . A comparis on is made of the adhesives ’ bond strength, elasticity
(and shock resistance), effects ~f water i~~~rsion , and cure time require-.
ments ; bonding techniques are discussed , also.

BACKGROUND

Hollow polypr opylene forms , such as sphere s, right hexagon prisms,
and rh ombic dndecahedrona , having outside diameters up to 5 inches and
vail thicknesses up to 1.3 inches, are being investigated by USL for use
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as buoyancy objects at sea depths down to 30,000 feet. In practice, a
buoy would be made up of multiple buoyant objects placed in a free—
flooding container. (Reference (b) discusses polypropylene buoyant
objec ts in detail.)

Various methods of producing the hollow buoyancy objects were
investigated . It was determined that the mn~t economical method of
production was to mold the objects in two halves and bond them together.

Since method s of bonding were a part of this investigation, it was
determined that the Cosom welding process ( reference (a) ) is idea]. for
quantity production bondi ng of the buoyancy objects. However, adhesive
bonds , although much lower in strength and prone to handling damage,
are equally satisfactory for certain applications. For ex~mple,
preliminary hydrostatic pressure tests of buoyancy objects, tn determine
collapse pressures , are conducted with adhesive—bonded objects. The
only limitations are that the objects must be handled carefully and ‘~ y
be used, normally, for only one pressurization . The primary advantage
of the use of adhesives is the time saved; newly—molded parts may be
bonded together “in house”, whereas, for Cosom welding, parts must be
sent to locations where special equipment is available.

ADHESIVE IDENTIFICATION

During the course of the test program for the buoyancy objects, a
number of adhesives have been evaluated. They are listed below by
trade name identification and manufacturerz

Trade Name Manufacturer

Armstrong A—2 Armstrong Products Co., Inc.
Argonne Road, Warsaw, Indianna

Teflon Kit No. 2 The Fluorocarbon Company,
1754 South Clementine St., Anaheia, Calif.

_________________ , 
Plastic Lead Magic Iron Cement Co., Inc.,

Cleveland , Ohio
~~p ~~ction

r~ry’ B P ~~ :!ion ~ 
Devcnn F Devcon Corporation,

~ 
Danvere , Mass.

YAA. PRC PR -380—M Pr oducts Research and Chemical Corp.,• Otr ç. 410 Jersey Ave., Gloucester City , N. J .
BY
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Black Magic No. 59M Miracle Adhesives Corp.,
Beilmore, N. T.

Wal scn No. 56—02 Walacn Electronics Mfg. Co. ,
Rookford , Ill .

BONDING TECHNIQUE

Proper surface preparation of the polypr opylene , to provide for
reasonable bond strength , is a must. Where possible , surfaces should
be machined flat, and/or hand-lapped on medium-grit waterproof abrasive
paper , to eliminate oily machining glaze and to roughen the surface ;
this lapping operation may be performed either wet or dry . It is
essential that the surfaces be absolutely oil—free (no fingerprints )
before application of the adhesive . Surfaces may be further cleaned
with either V. T. Beam ’ a Metal Conditioner or the sodium treating agent
such as that included in the Teflon Kit No. 2.1

The adhesive used should be mixed in accordance with the manufacturer ’ a
instr uctions end appl ied thinly to both surfaces of the polypropylene .
The pieces should then be clamped together with moderate pressure ,
preferably by means of a jig, clamp , or vise . Enough pressure should
be used to obtain a relatively thin glue joint ( thi s a matter of judg nt) ,
avoid ing excessive pressure , which might extrud e the adhesive completely
and result in a “ starved ” glue j oint. Suggested cure times for the various
adhesives ( not necessarily in accordance with manufacturer s ’ instructi ons)
are shown in Table II. Temperat ures above 160 degrees F. should not be
used for accelerated cure schedules, since the thermal expansion coeffi-
cients of the polypropylene and the adhesives may be quite different.

DISCUSSION

It should be noted that all bonding results reported herein are
based on the use of Hercules Prnfa.x #6523 polypropylene with an additive
of 2-4% carbon black.

As applied to hollow spheres , the adhesive s were evaluated in four
way s ( the first two of vhloh ar e measures of the elasticity ~f the
adhesives) : first , by hydrostatic pre ssure tests of the sphere s,
pr oducing defor mation of the bond due to plastic yield of the poly-
propylene ; second , by drop tests of the spheres fr om table—top level

1 The limited comparison tas te conducted between these two cleaners
have been inconclusive .
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tc~ floor level , again with resulting shocks producing deformation of
the bond , but in an elastic manner; third , and most significant of the
evaluations, by tensile tests , in which the joined hemispheres wore
pulled apart on a tensile test machine ; and fourth , evaluation by exam-
ination of the adhesive after hydrostatic pressure tests , to determine
whether water imuersion had had any apparent effect on its adhesion to
the polypropylene.

The results of tensile tests are shown in Table I. For comparison,
the results of a test on a q) here bonded by the Cosom welding process
are also given; for this teat, the actual bond strength was really much
higher than shown, since considerable distortion of the sphere under the
high loading occurred prior to failure . Distortion was not significant
at the lower failure loads for the other spheres.

Table II , which is based in part on Table I , presents a comparison
of the adhesives for bond strength, elasticity, water iimneraion effects,
cure requirements, and recommended uses. The adhesives are rated by
listing in descending order of usefulness ( the best is at the top) .

Armetron2 A—? has been the adhesive used most in USL’e hydrostatic
pressure tests of hollow buoyancy objects. It is reliable for tests
involving only one pressurization. For certain long term tests, in
which there is only a small amount of plastic creep, an object ’s bond
may be expected to survive de—preesurization .

The last tuo statements also bold true with Plastic Lead, which
is rated third (below Teflon Kit No. 2) • for general purpose use,
because of its much lower bond strength; its shock resistance, although
low, is on a par with the Armstrong A-2.

Tefl on Kit Np . 2 has a somewhat higher bond strength than the
Armstrong A—2 , but is rated below it because it is more prone to shock
damage and because its bond is degraded somewhat by water ; survival of
de—preseurizati ,n is a rare occurrence .

Preliminary teats, to date, on Devcon F indicate it to be a promising
bonding agent. (Note that it has a considerably higher bond strength
than the other adhesives.) It is rated fourth only tentatively, since
its elasticity and water i rsion characteristics have not yet been
fully investigated for comparison purposes.

Wal~co Ne. 56-02 and h ack M~vic No. 59M are very low in bond strength
but are very good under shock and flexing conditions.
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PRC PR— 3g0—M is not recommended for any adhesive purpose because
of Its .~xtremely low tensile strength.

CONCLUSIONS

1. All adhesives tested have limited use, due to relatively low
bond strength and the other characteristics indicated in Table II.

2. Armstrong A—2 adhesive is rated the beet of those tested to
date.

3. Devcnn F merits further investigation on the basis of its
highest bond strength.

4. Proper surface preparation of the polypropylene mate*ia]. prior
to applying adhesives is essential.

5. Although adhe8ive bonds are considerably inferior to thermal—
welded bonds, they are satisfactory for certain limited applications
and require no special equipment to make the bonds. When used, with
intelligent discretion, in lieu of welding, economies in time and money
may be effected.

6. The search for a better adhesive for ‘-olypropylene should be
continued .

F~EC OM!€NDAT ION

It is recommended that the following adhesives be further investigated:

Trade Name Manufacturer

Devcnn F Devcon Corporation
Plastic Steel A Devcon Corporation
Armstrong C—? Armstrong Products Co., Inc .
Lefkoweld Type 109 Leffingwell Chemical C~.Whittier , California

~ 
._

~~~~,., 
a

DANIEL DINS)~ RE , JR.
Mechanical Engineer
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TENS ILE TEST RESULTS ON ADHESIVE BONDS OF
HULL(~I POLYPROPYLENE SPHERES

Bond Bond
a&lure Bond Tensile Tensile

Sphere Load Area Strength Strengt~Serial Np ., Adhesive (lb.) La~~ In) (nsi) Averate

* B 69/70 Armstrong A—2 1700 7.13 238
* A 27/28 Armstrong A—2 900 5.5 164

A 55/56 Armstrong A—2 1100 5.5 200 191
A 57/58 Armstron g A— 2 800 5.5 145
A 59/60 Arms trong A-2 1150 5.5 209
A 287/288 Plastic Lead 750 5.5 136
A 46/282 Plastic Lead 1000 5.5 182
A 300/301 Plastic Lead 600 5.5 109 118
A 302/303 Plastic Lead 400 5.5 73
A 304/305 Plastic Lead 500 5.5 91
A 7/9 Tefl on Kit No.2 1400 5.5 255
A 1/4 Teflon Kit No. 2 1000 5 5  182
A 294/295 Teflon Kit No.2 1100 5.5 200 218

A 296/297 Teflon Kit No.2 1100 5.5 200
A 298/299 Teflon Kit N o .2 1400 5.5 255
A 7/9 Walscn No. 56—a 500 5.5 91 91
A 1/4 Wglec,, No. 56—a 500 5.5 91
B 71/72 B1ack Megic *~.~~t4 500 7.13 70
B 79/80 PRC PR—380—M 125 7.13 18
A 294/295 Devoon F 1500 5.5 273
A 296/297 Devcon F 1500 5.5 273 273
A 298/299 Devcon F 1500 5.5 273
A 298/299 Devcon F 1500 5.5 273
A 269/270 Cos rqn Welded 3500 5.5 635

* B spheres have an 0.1). of 4~1h1 and an I .D. of 3” .
* A spheres have an O.D. of 4” and an I.D. of 3” .

TABLE I
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