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NOTICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in
any way be related thereto.
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Copies of this report should not be returned to the Directorate
of Laboratories unless return is required by security consider-
ations, contractual obligations, or notice on a specific document.
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Figure 4. Aluminum Borosilicate Glass-Polycarbonate
Laminate Bonded witt 5% OH Ethylene
Terpolymer.
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5 EPARATION OF TRANSPARENT TEST LAMINATES

'o demonstrate the efficacy of the various ethylene terpolymer adhesive
compositions, laminates consisting of glass—-polycarbonate, glass-glass,
and polycarbonate-polycarbonate, were prepared. A standard polyvinyl-
putyral and a modified polyvinylbutyral bonded laminate was also fabri-
cated in order to demonstrate the problem and the degree of success
achieved.

were prepared in an air-type autoclave, which is shown
The technique used is similar to that for bonding
polyvinylbutyral. It involved elevated temperature-

*ax"a—hwni‘q of the transparent plates in the autoclave. Each

structure was first laid up and sealed within an aluminized

¢ on which a vacuum was maintained throughout the entire auto-
veleh This provided for removal of all volatiles.

The heatins was achieved through an exterior oil bath and the pressure
a cylinder of nitrogen. With this equipment

up to 300°F and pressures of up to 150 psi could be

st instances, temperatures of up to 250°F and pressures
used. No major effort was expended on determining the
conditions. Thus we were conservative and just used

.,, y
(‘J H O O "

O

st lﬁllqitlw:

temperature-pressure cycle of heating to +250°F in three hours
followed by cooling to room temperature overnight. The vacuum was

intained on the bag and a pressure of 15 psi on the autoclave
the entire thermal cycle.

Importantly, also, the glass and polycarbonate were all routinely
cleaned with appropriate solvents, acids, and detergents solutions
pefore use. Following any cleaning procedure, the specimens were

also dried in a moderately elevated temperature oven. The adhesives
were dried too, but this was done only as an extra precaution, and
probably was not required.

The laminates that were prepared are detailed in Tables III, IV and V.
These tables give the identification number of the laminate, the

type and thickness of adhesive used, the total number of non-adhesive
plies in the laminate, the number of plies of polycarbonate and glass,
and the dimensions of the flat surface of the laminate. These tables
also contain comments regarding the laminates. These comments are
discussed in Section IV.

Table iescribes the laminates that consisted of a single ply each
of glass and polycarbonate. The ethylene polymers hewing 1.8, 3.5,
5.3, and 7.0% OH were used to bond these laminates together. The
laminates 1 d in Table IV all consisted of two plies of soda 1lime
glass ar 2 bonded with the same ethylene terpolymer compositions
as those shown in Table III.



Figure 7. Equipment for Pressure-Vacuum Laminating.



Table III
COMPOSITION AND CHARACTERISTICS OF GLASS-POLYCARBONATE
LAMINATES PREPARED FOR OPTICAL AND MECHANICAL EVALUATION

Thermal’ Thermal®
Cycles Cycles

tample Altestve' Adnesive’ Total Glass  Glass pc? rc Laminate® Laminate® Shock® <65 to =05 to . -
N e Thicuness es Plles Thics Plies Thickness D ons Condition Cyc +165¢ +130 Ph
™. milsy  (inche —'&Eﬁ«-’s* nches ——‘_EHH%—M“'“&_

thlei ) 10 ? 1 250 1 «29) ELE) GOOUN LSS ALSO
Hd - B / 1 o250 i LTS axs [V IR}
121=4 2 20 ¢ 1 50 1 e /50 LTS HGUOD REFURY
I16l=? 2 2 Pl 1 «250 1 «2%0 S5 [V ) Hl LSS ALSO
L 9= 29 4 1 « 250 1 250 SxS

11t > I & Z 1 o250 1 250 S5xy OO k1 9 CyCLLs
1iles , ] 2 1 0250 1 2% ErEY U REFORY
tls=l ] ‘19 2 1 o250 1 250 Had GOUD
162e1 3 10 2 1 ' e250 1 «2%0 HaH 600N LSS ALSO
hbaim? s 29 F 1 «250 1 250 5x5 FAIR Pl
hh2e? L) 2 ? 1 250 1 /50 Hx5 FALR LY 650FS IvP
N ) > ? 1 250 1 2% SXy
Hhlt-, ' 2 ? 1 250 1 «250 5%5 PUOR CRACKED
Alh=s ) 20 2 1 W50 1 50 SxS GOUN

iul=1 ‘ 20 ? 1 o250 1 %) 5x5

121=5 3 29 ? 1 250 1 «250 S5x5 GO0 REFORS
1622 2 29 F 1 «250 1 «250 5x5 GOOD LSS ALSO
1] i 2) 2 1 250 1 250 Sxy GUUD Fl 9 CvdLes
ilte2 ) 3) ’ 1 50 1 250 Sx5 [geli L)

Ldl=b ‘ 30 2 1 «250 1 50 S5x5 FAIR bR BuoL
1= 3 LR 2 1 o250 1 «250 5x5 ExCL 20

1w 3 0 2 1 250 1 250 5x5 FaCL 16 18 TO 16y

28«0 L} LR 2 1 W 250 1 o250 5x5 (Vo0 1 XLNK
Ve, 1 i ? 1 250 1 «dd) 5x5 [gé <D} in KLK
hlies 3 3) 2 1 e250 1 e2% HX5 POIR CRACKED
silb=1 £ bR} 2 1 250 1 o250 S5xS FCL e

163=1 14 1 ? 1 o250 1 «250 S5x% GOOD HAZE LSS
hilad ) »” 2 1 o250 1 250 5x5 GO0 HAZL
1htes i 20 ‘ 1 250 1 /50 TR GOOH HALL LSS
Yikel e 2) / 1 50 1 /50 Sa%
9291 4 20 2 1 250 1 250 S5x5 POOR HusL
Ghb-]| e 29 ? 1 «250 1 « 250 5xY FAIR [ BUSL
fa =] ‘ 2? F 4 1 o250 1 250 “xs POOR LaAlnt
172 =? '3 21 ) 1 0250 1 oS50 Sx5 POUR el i) ¢ IA
L=l U 2) ? 1 o250 1 /50 S5 FALR FLAW »C
CPEL L “ 20 /2 1 250 1 2% SxY POUR

1= “ iy l 1 250 1 o250 5x2
Votim “ 29 2 1 °250 1 250 945 poOR HUML
vl ? ? 1 25N 1 2% Hah Pane

-l 2 2 1 25" ! %) Ly Goen

hhiml 3 o 1 re 1 29 Hah POuR remLed =kl
n -] “ 3 é 1 250 1 o250 5xy FAlw 1 RIS IPANY)
121=4 “ 1 2 1 o250 1 o250 Sxh POUR UFRNG
VAR & o ’ 1 0250 1 .i%) SXY BOOK :
LAY “ ! / 1 W25 1 90 95 POk vEBUNY
hotied « 6 2 1 AN 1 IYLN] ET ) POUW CRACKEY
4! em ’ A% 2 1 o250 1 /%) 5¢H [N I RN

12 15 1.88 OM, 3 1s 1.58 ON, 38 1s 5.48 ON, and & 1s 7.08 OH containing ethylene terpolymer.
iDoes not inelude adhesive layer.

'pC - Polycarbonste.

*Pront Surface.

SBased on visual inspection of clarity, freedom from hase, bubbles and unbonded sections.
SShock cycle consisted of direct lmmersion into ~65°F 11quid and transfer to ¢180°F liquid.
¥+ passed with no visible change.

"Thermal Cycle: TP to 165°F for 15 minutes, nold at 165°F for 4.5 hours, cool to -65°F
in 15 minutes, hold at =65°F for 1 hour, equilibrate to 78°P (RT) in 2 hours.

P- indicates number of cycles required to cause v is fallure.

*Thermal Cycle: Same as indicated 'n footnote ’ upper temperature was 130°F.

.55~ Lap Shear specimen prepared, refors- laminated second time to eliminate imperfections;
IF- Balilstic impact tested at speed shown, 18 to 140= number of thermal cycles to +140°F:
ILNK- crosslinked; Plame PC- flame treated °C; Ni= no bond, SB- some bvond

19pnatograph taken for record.
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Table 1V
COMPOSITION AND CHARACTERISTICS OF GLASS-GLASS
LAMINATES PREPARED FOR OPTICAL AND MECHANICAL EVALUATION

Thermal’ Thermal®
Cycles Cycles
Sample Adhesive'! Adhesive? Total Glass Olass Laminate* Laminate® 3hock* -65 to ﬁ

.o, _(gu.}__ %ﬂ Plies Plies W _u_g W D!nnﬂom Condition S‘-’-}‘ ‘i 3-; ”g Remarks® Photc!®

LLITDY 2 20 2 2 «250 0 SX5 ExCL Rw

150=1 2 20 2 | «250 0 5x5 GOOD Fl

195=2 ? 20 2 2 250 0 S5x5

130=2 2 20 2 2 250 V] S5x5 GOOD Fl

195%=2 ? 3n ? 2 «250 0 Sxs 6OOD Fl

4 33=0 2 49 Z 2 250 0 S5x5 GOVL TC IN LAv
649=] E) 20 - 2 250 4] S5x5 FALR Ra BUBL
652=1 3 20 2 2 250 0 5X5 FAIR Pl 650FS 1w
654=] 3 20 2 l 250 n 515

¥)l=2 3 20 ? 2 «250 n Sx5

15)=3 3 20 ¢ 2 250 0 5x5 GOUD Fl

151=0 3 20 F 2 «250 0 S5x5 POOR NO HBAG oL
Q2k=2 3 20 ? 2 «250 0 5x% GLOD Fl

PEEE 3 20 I3 ? 250 0 Hx5 600D

Li7=] 3 30 7 2 250 M) Su% FaCL

190=4 3 30 é 2 «250 9 S45 GUOD Fl

153=1 4 20 2 2 «250 0 5XYH GOOD Fu HAZL
1=y 14 20 2 2 0250 v 5x5

V29=2 36 20 2 2 25N 0 Sx5 FALR

Valymy 1e 20 2 ? il G 5x5 FALR 9

194=2 14 30 ? ? °250 o ETEY GLOD HAZE
h42=2 “ 29 2 2 250 0 Lxs POOR GLS FRCY
153=3 4 20 ? 2 «250 0 5x5 FAIR Fl

1951=2 ‘o 20 2 2 «250 0 5x% FALR CLh GLASS
LhH=/ “ 20 s 2 250 0 S5x5 FALR rl

153=4 - 30 ? 2 «250 0 5x% GOOD

‘2 i1s 1.88 OH, 3 15 3.55 ON, 34 1s 5.38 OH, and & 1s 7.08 ON contalning ethylene terpolymer.
7Does not inciude adhesive layer.
tprons Surreee

t
‘Based on visual inspection of clarity, freedom from haze, bubbles and untonded s H tions.
$3nock cyele consisted of nmet i-nlu into =65°F 11quid and transfer to nu F 11quid.
P 4 with no visible ¢
'm::'c,:u 74°P to 162" or 15 minutes, hold at 165°F for 4.5 hours, cool to -&%
in 15 minutes, hold at -65°F for 1 ". equilibrate to T4°P (RT) in 2 hours.

P- indicates number of les red to cause visible fallure.
.c{.::n h-u.!:ll in footnote ’ except upper temperature was 130°F.
x-uua.:.-n—mmu-;wnua-;muumc«

ure measurement; NO BAJ - Sample not bagged for laminating
uduuounn surface cleaned three times. ,
Protograph taken for record.
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Table V

COMPOSITION AND CHARACTERISTICS OF MISCELLANEOUS
EXPLORATORY LAMINATES PREPARED FOR OPTICAL AND MECHANICAL EVALUATION

Thermal” Thermal®
Cycles Cycles

amg Adnesive! Adnesive ta a rc? ¥ Laminate® Laminate® Jhock® <65 to =65 to
e lowr . L jies Thickneas O yns Condition Cycles ¢165°F "ii we? wotot?

\ 1e ’:'_T‘__ . 11 13 Flles : i r‘ g1t ion ‘ 1 s rb.r 1 - Remar rn
LLIES] 2 20 2 o 2 «250 x5 G000
676=2 3 30 2 o 2 «25%0 5x5 G000
674=0 - 30 2 0 2 «250 5x5 GOOoD Rw
686-0 3 20 2 1 250 1 «250 6xe G000 Rw W56
690-0 3 20 2 2 «250 o 6xé G000 HS6
115-0 3 30 2 1 «500 1 «500 6Xx6 ExCL HSG
112=0 3 30 2 1 «500 1 «500 X6 ExCL HSG 1500AP
699-0 3 30 2 2 250 oxl1 G000
696=0 3 20 2 1 «500 1 «500 oxl ExCL
923=1 ve 20 2 1 250 1 «2%0 x5 POOR HIGH MAZE
923=2 ve 20 2 2 250 0o x5 ExcL mOoD PVE
9233 Fx 25 2 1 «250 1 «250 x5 POOR CRAZED
9234 Fx 25 2 2 «2% O 5x5 ExcL STD Pve

12 19 1.08 ON, ) to 3.58 ON, 38 1s 5.35 ON, and & s 7.08 OH containing ethylene terpolymer.
10oes not include adhesive layer.

PC - Polycarbonate.

SPront Surface.

Spased on visual inspection of clarity, freedoa fros hate, bubbles and unbonded sections.
t5noek eycle consisted of direct immersion into «65°P 11quid and transfer to *180°F liquid.
P = passed with no visible change.

"Thermal Cycle: 7T4°P to 165°F for 15 minutes, nold st 165°F for 4.5 nours, cool to -65°P
in 1§ minutes, hold at -65°F for 1 hour, equilibrate to 78°F (RT) in 2 hours.

¥ indicates number of cycles required to cause visidble fallure.

Smermal Cycle: Same as indicated in footnote ' except zr temperature was 130°F.

YhW - Sample delivered to R, E. Wittman for inspection; PPG Aluminum borosilicate glass
#7408, MOD PVE, unmodified PVE; STD PVR - standard greade FVE for safety glass.

lipnotograph taken for record.
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Table V lists some miscellaneous laminates that were prepared for the
program for various purposes. They included the bonding of two
pleces of polycarbonate; the use of PPG aluminum borosilicate glass;
the fabrication of a 10 inch x 10 inch laminate and glass-glass

and glass-polycarbonate laminates bonded with a modified polyviny-
butyral and the polyvinylbutyral presently used in safety windows.

4. PHYSICAL CHARACTERIZATION OF THE TRANSPARENT LAMINATES

Obtained in a selective manner on the laminates prepared were

(1) a qualitative description of their optical performance by
photographing through them; (2) a determination of adhesion through
ballistic impact analysis; (3) a characterization of the adhesive
and laminate stability by thermocyclic exposure; and (4) a minor
amount of form stability improvement through crosslinking.

a. Qualitative Optical Description

One of the best ways to demonstrate the optical clarity and freedom
from distortion available in transparencies (bonded together by

the various adhesives) was to visually observe and to photograph

a printed surface through them. Photographs were taken both through
the specimen to a printed transparency, which was back-lighted by a
diffused 1light, and to an opaque photographic glossy from which
light was reflected. In order to show differences, portions of the
uncovered printed matter were also included in the photograph.

The results of the visual examination of each of the laminates are
summarized in Tables III, IV, and V and are indicative of the results
in general. To demonstrate the past adhesive problem, a specimen
consisting of two pieces of polycarbonate bonded by a modified poly-
vinyl butyral and including two pieces of soda lime glass was prepared.
A description of this laminate is given in Table V and photographs of
this laminate were shown earlier in Figure 1. Because of the con-
figuration of this laminate, four surfaces of the polycarbonate were
exposed to the modified polyvinylbutyral. The haze is the result of
the crazing of the polycarbonate by this modified polyvinylbutyral

and demonstrated one of the primary problems of the polycarbonate

for use in transparencies, i.e., the lack of suitable adhesives.
Figure 8 is a photograph of a laminate prepared from normal polyvinyl-
butyral and indicates the unacceptable high degree of crazing due

to this adhesive.

To demonstrate the clarity and compatibility of the ethylene terpolymer
adhesive, two laminates were made which incorporated the adhesive
35772=-30 (3.5% OH). One specimen consisted of two pieces of soda

lime glass bonded together, and the other two pieces of polycarbonate
bonded together, both with 30 mils of the material. Transmission
through these two transparencies is shown in Figure 3 in Section II.
Note the very slight reduction in optical transparency and that any
reduction that did occur was purely a result of the polycarbonate and
not of the adhesive.
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