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DISCUSSION 

In this program, approximately one hundred adhesive-coating 
materials were evaluated for corrosion protection of steel and for 
use in bonding TNT-based explosives to the interiors of projectiles. 
Hot melts and acrylics (with and without plasticizers) were investi- 
gated, but they did not meet the requirements of the projectile ad- 
hesive-coating (see tables 1 and 2). 

A United Kingdom (UK) technology which uses a paint solution 
was investigated as a standard for comparison.   Since the paint is 
not readily available in this country, several paints produced in 
the US similar to the UK sample were ordered and evaluated. 
These materials were also unsatisfactory (table 2), 

Polyurethane polymers supplied by Hooker Chemical, B.F. 
Goodrich, and Thiokol Chemical were evaluated.   Initially, the 
aliphatic polyurethanes, aromatic-polyester polyurethanes, and 
polyether polyurethanes supplied were unsatisfactory.   The bonds 
formed with zinc phosphated steel were marginal at best.   Adding 
adhesion promoters to the polyurethanes increased the bond strengths 
to steel in several samples; however, only one of the polyurethanes, 
Estane BTIS/VTVICH, met the requirements of bonding to steel and 
reactivating at the melt temperature of Comp B to form a strong 
bond at the coating/Comp B interface.   The slight solubility of 
Estane 5715 in TNT enhanced bonding.   When Estane 5715 (B.F. 
Goodrich) and VMCH (Union Carbide Corp.) were combined in a 
concentration of 50/50 parts by weight (pbw) by dissolving them in 
ketone solvents, the resulting adhesive-coating had superior pro- 
perties to the UK coating material (table 3).   The combination of 
Estane 5715/VMCH works in almost all concentrations of from 
5-95 pbw.   However, the 50-50 concentration was found to give 
the best overall results for coating, bonding, and ease of applica- 
tion by spraying. 

Tensile strength tests at low (-40oC), ambient (240C), and 
high (630C) temperatures and split-shell tests indicate that this 
coating meets all the requirements of the program.   The vacuum 
stability test at 100^ gave the following results: 



Gas 
evolved 

(ml) 

1. Comp B with 0.61 MNT + 0.5% Estane 5702 0.21 

2. Estane 5715/VMCH with 1% Epon 828 0.78 

3. Combination of 1 and 2, above 0.93 

At present there is a problem in spray coating with the avail- 
able equipment.   Coating the interior of a 105-mm projectile using 
10, 15, and 20% pbw solids in solvent (50/50 pbw of Estane 5715- 
VMCH in a 50/50 pbw of methyl ethyl ketone/methyl isobutyl ketone 
solvent) has not been entirely satisfactory.   Satisfactory spray 
coatings can be achieved by using the proper spray equipment or 
manipulating the concentration of solvents (methyl ethyl ketone/ 
methyl isobutyl ketone).   There is also a possibility of using 2- 
pentanone, 3-pentanone, or 2-methyl 3-butanone, all of which have 
higher boiling points than methyl ethyl ketone and lower boiling 
points than methyl isobutyl ketone.   The use of 2-pentanone, 3- 
pentanone or 2-methyl 3-pentanone depends on their availability in 
bulk quantities. 

EXPERIMENTAL PROCEDURE 

Tensile Strength of Adhesive-Coating Materials 

Adhesive-coating materials were evaluated by coating a 1. 27 
x 2.54 cm (1/2 x 1 in.) area on each 2.54 x 7.62 cm (1x3 in.) 
aluminum coupon.   Three samples of each adhesive-coating system 
were prepared and tested using a Baldwin Test Instrument.   Using 
the tensile strength of Comp B neat as a standard [approximately 
1.38 MPa(200 psi)], only samples exceeding this bond strength were 
tested. 



Tensile Strength of Adhesive-Coating Materials with Comp B 

The coating materials exceeding the 1. 38 MPa (200 psi) 
tensile strength were further evaluated by placing them on 2. 54 x 
7.62 cm (1x3 in.) zinc phosphated steel coupons and shipping the 
coupons to the Energetic Materials Division.   The coated coupons 
were heated to 80°  i  S0^, and a layer of Comp B was poured onto 
one coupon before the coupon was assembled to a second coupon 
(fig. 1).   Three tensile shear-strength samples of each material 
were prepared and tested using an Instron Tensile Tester.  Samples 
that met the requirements for adhesion at 24°^ (750F) were further 
tested at -40oC (-40oF) and 630C (1450F).   A minimum 2.54 x lO"3 

cm (0.001 in.) thick coating was necessary for successful bonding. 

Formulationof Preferred Adhesive-Coating Materials 

A 20% pbw solution of solids in solvent was prepared as 
follows: 

260 g methyl ethyl ketone Certified Grade, Fisher 
Chemical Co. 

260 g methyl isobutyl ketone Certified Grade, Fisher 
Chemical Co. 

65 g Estane 5715 B.F. Goodrich, Adhesive 
Prod. Div. 

65 g VMCH Union Carbide Corp. 
1.3 g Epon 828 Shell Chemical Co. 

(Stabilizer) 

Split-Shell Test 

After brush coating 2.54 x 10~3 to 3.81 x 10"3cm (1 to 1.5 mil) 
layers of adhesive on split shells, the shells were loaded with 
Comp B containing 0.5% Estane 5702 and 0.6% mononitrotoluene 
(MNT).    Brackets were attached to both halves of the shells and 
they were placed horizontally in a nest.   A dead load of two tons 
was applied to the lower halves of the splits to rupture the bonds. 
The shells were removed from the nest and the location of the 
rupture determined.   The acceptance criterion for this test was 
failure within the Comp B, not at the shell/adhesive interface. 



ADHESIVE 

STEEL COUPONS 

Figure 1. Coupon assembly for tensile test. 



Materials 

Modified Comp B - 60/40 RDX/TNT containing 0.5% Estane 
5702 plasticized with 0.6% MNT. 

Estane 5715 - a heat reactive aromatic-polyester polyurethane 
obtained from B. F. Goodrich. 

VMCH - a copolymer of vinyl chloride (86%), vinyl acetate 
(13%) and inter-polymerized dibasic acid (1%), obtained from 
Union Carbide Corp. 

Methyl ethyl ketone and methyl isobutyl ketone - certified 
grades obtained from Fisher Scientific Co. 

Epon 828 - an epoxidized bisphenol A supplied by Shell 
Chemical Co. 

CONCLUSION 

Evaluation of Estane 5715-VMCH 50-50 pbw, the preferred 
adhesive/coating formulation, shows it to be superior in desirable 
properties to the adhesive/coating system used by the United 
Kingdom to reduce prematures under setback conditions. 
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