UNCLASSIFIED

. TR ) R

W W

AD 403795

Reproduced
by the

DEFEMSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA, VIRGINIA

~ UNCLASSIFIED

S —————— —




NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsidility, nor any
obligation vhatsoever; and the fact that the Govern-
ment may have formalated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
vise as in any manner licensing the holder or any
otlier person or corporation, or conveylng any rights
or permission to menufacture, use or sell any
patented invention that may in any way be related
thereto.



iy
R
k]
k “?x
o
N e

J

XY

waith

CORFORATION

3
-

r ' ',. e !
‘ \"1_.[5‘\ LIRGA T N

i AT 2 01963 H
U‘EELJEVTI 15T

TISIA A

L.-.—-.—,- -

Best Available Copy

e e ———— 56 AR



—— o B

MILWAUKEE 1, WISCONSIN + UPTOWN 3-3000

[ ] .
F@Wﬂth CORPORATION ’

L3
¥

o
. Gentlemen: * e . s .

Fiber Reinforced Plastics for the period April l'tbrough
Apnl 30, 1963 is enclosed.

Some interest ing deductions have be®n made from‘tﬁe bond °
* life studies. The bond strength testing is still somewhat .
: ¢ erratic, but we believe significant results will be obtained.
It appears that a higher, faster cureaycle increases the
- bond strength in our particular test® @® e °
. ® ° L]
e : Very truly yours, ¢

. A. O. SMITH Corporation *

elson, Director .
. Cerarmc Research and Development

FWN:mk o*

L]
Progress Report #14 on Glass Surface Chemisteror.Glass *
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i+ Summary T e e s e
. . T : ®
Owens-Cornmg s HTS f1n1sh on E glass continu®d to compare favorablx
to successful c"ouplmg agents, such as A-1100. The HTS samples have

been on flat plate ‘test in 190°F water for 35 days. In m1scdlaneous bond

»

‘:5

. life studies, it yas found that (1) a 190°F 10030 ReH. environment

cappéared more severe than ifnmersion in 190°F®water, (2) gynthetic
°. sea Water behaved similar to distilled water,-and (3) extrapolations of .
*‘bond life data indicated that room temperature water would require an

, estimated 45 years to cause complete debonding of A-1100 treated E

0l

glass laminates. . e . SIS

..q . A ] 0 ® -

Ol
L]
o
L 4 .. ®

Add1t1ona1 ev1den;:e was gathered to demonstrate®the effect of specially

'." const1tuted E glass surfaces.on the strength of glass- epoxy systems.

*t 'Imptegnatmg-E glass, surfaces with sodium created a weak interfacial
laYyer that fa11ed prematurely, probdbly because of excessive shrinkage
stresses in the resin. Treatment of this alkali-rich glass surface withs

"A 1100 was helpful, but the addition of chopped E glass fibers to the
.. re sin.in &n attempt to reduce shrinkage and promote strength was of flo
L benef1t As expected,.no discernible effect resulted from treating the
& alkah def1c1ent glass surface with A-1100 because faflure wasg glways
et in the matenal, and.not in the interface. o °

R . . oo o . » [
P ‘
®

To date, the h1ghest strength o any butt -joint cham specnimen that
% fa11ed in the resin was 6700 psi. Tensile specimens of'Epon 828 (CL)

; * ‘in dog bone sha.pe falted at 13,000 psi, This d1fference in strengths

was beMeved due td the *special shape of the resin column requu'ed to
* concentrate the stress .at the glass res1n bond. However, epoxy resin
cast 1nto rods and m.ac}ﬁned to the shape o&th‘e butt-joint chain specimens
failed at lz, 600 ps1 Thus,, the -strength difference was not due to the
specxal stness concentratmg shape. Itewas,also found that a higher curing

* .+, temperature, dhogter tirge, .a.nd fagter coofiflg inreased the glass-resin

‘bond strength. It would appear that residual tensile stresses in the resin
is the sxgmfxcantovanable that requires control T

ve . ) «
It is anticipated that'the bond stx:xength testing will be completed in May.

& . . - -
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* tespect -to debondmg epoxy resin from untrgated®chemically cleaned glass ®

perature is linear: . " ® e
. . LY * ., M o . °
'... 1 X ¥ alc where, * . hd ¢ ° “.'
ab . [ ] . ®
. . . * y s o . * °
X , = » bond lifesof A-1100 treated glass surface in room « '
. ~. ,temperature water, in days °.‘ . .
¢ A . @ a . .
. L4 * L]
) "a- S= bond 11fe of A-1100 treated chemlcafly cleaned a.s - ’ s @
.. Lot cast glass surface in 190°F water, in days . o
RN k . R . e
. . ) b = bond Iife of untreated chemicalfy cleaned as-cast
e .glass- surface in room temperatdre water, in day’s :
. . . [ ] [}
tL [ 4 ..
 E [ = 'bond‘ life of untreated chemically, cleaned g14ss .
. e surface in 190°F water, in days o * e « e .
L ¢ LI . * . ° . .
Thus, from Table I. = ° . 0 te
s . . « o : . * * ¢ . .
. e (2) ~ 186 S Y. e .
. . — F ——==- = 54,500d .
coe e s 6} (5/24) 1500 days o . ° v
« ° . se o0 ° (approx. 150 years) _ ¢ .., o
*° aee %o * .. ¢ % °
..' Smcg.moa la.mmatg the glass fiber surface more near s1m115.tes a de- ’ - ’
toete gassed-glass sdrface, another calculation predicts that the £-1100 o .
e treated degageed glass surface would fail in room temperature water *
I Safter about %5 yearsf This same calculation will be applied to HTS .
fifish glass as soon as testing is completed. hd .
- .

2 [ ]

*

*See Table II for formula.

‘  Debonding from untreated’glass by water at room temperature occurred

. Bgnd Life Studies by the Flat Plate Test .=
¥,
@ Table I summa.nzea,the present flat plate testing. Affer 35 days, three
¢ ofgthe fqur HTS samples showed signs of degradation, but none have
.  failed. Exposure of A-1100 treated chemically cleaned E glass flat
pfage spgmmens toga 100% R. H. atmosphere appeared more severe than
exposure | to water (73 days compared to 186 days). No significant dif-
"ference®was ound.)between synthetic sea water* and distilled water with

surfaces (both a.bout 5 hours or lesﬂ ®
. .

o g ®
after 61 days, which’is about 250 times longer®than at 190°F. This data °
* cgn be used to exirapolate the bord life of A-1100 treated chemically
cleaned E glass in rogm temperature water, assuming the effect of tem-

®

Y1t would seem unhkel'y sthat water exposure at room temgerature 3egrades *
the laminaté by causing debonding. The possibilities would be if the'glags
fibers were incompletely covered with A- 1100(1), or if the Watlr was®

allowed to,w1ck along the individual glass fibers in a ﬁlament or rovmg( ),
8 ¢« ®

. De2711 Pers.
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IIl. Bond Strength Studies by the Butt-‘Iomt d1a1n Method

Correlatmn of Cure Schﬁdlﬁ
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‘viously, reportedQ

Figure 1 shows the eé@ct of resin curmg procedures on the bond'j

strength. Increasing the curmg. temperature from 290 to 350°F, ¢
& -4

decreasing tH re t1me1 and fan cooling the specimeng in the

air-circulating oven increased the bond strength. , Th1s.resu1't was

established guwith 95% coﬁﬁdence Tabxe III surxfmanzes the two *

4

cure proced res. e . . : . . e

’\ LY
a .

In apparept d1sa.g‘reement, McGarry(z') used a d1fferent test meﬂmd
and found that a polyester resin required an opt1mum cure tempera-
sture {about 150°F) for maximum bond- strength Nevertheless, - it
would be ‘interesting ‘to see whether glass fiber laminate strength
couldealso be improved by the higher cure temperature, shorter
cure time’, and faster cooling. :

. - Addition of Chopped E Glass Fibers to Resin

Figure 2 shows the effect of adding chopped E glass fibers to the

resin in an attempt to reduce shrinkage and promote strength.

'Figure' 2 indicates that no apparent benefit resulted from this
. procedure since glass,
vented.” However, it is felt that glass fibers could be of definite

resin, and pre-test failures were not pre-

benefit if allowed to directly contact the glass surface to be
bonded, but this modification would not maintain the des1red resin-
to-glags 1nte rface.

'_Bonding _to .Alkalir Deficient E Glass

. .F1gure 3 shows the variation of bond strength due to ac1d leachmg

the E gl'ass. No failures occurred in the bond, defined-as a mirror
interface on the glass a.fter ‘removal of the resin. ‘Rather, fa11ures
génerally occurred 1;1 the gla.ss. This result agrees with that pre-

the streng.th'of the. alkah deficient glass- epoxy. system becauge

* Treatment with A- 1100 did not appear-.to affect '

failure was’in the matenal -and not in the 1nte1;face contammg the -

AIIOOo ° "l. . "..‘ . . . ‘. . '.,. . P
Bonding to Alkall-Rich'E Glass, oo _
F’1gure.4 shows tife vimahon of bond strengftlf due to° exposmg E -
glas's to godmm vapo rs’ . Wgtﬁout treatment of coupling a.gent, hll »
fa11ures were pre-test and ocgurred at the interface. * Apparently, .

the sodium created a Weakdnterfacé that could not withstand they *
* . e & e

¢ o . e *tev s ;¢

% ® e

-
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. effective’in 1mprovihg the strength of the gla.ss -resin.interface,
. "However, the bond St rex\fgth~was stnl cons1stent1y.lower than
" the bond strength of.the’ chermcally cleaned gla&s surface.

N .0 » o ) o
Ghrﬁm'ka 2 gtres%es of thg resin and the aecgssary mechamcal

hang}lf;g to.enable%estmg oTreatmenb with A-1d00 was® Qa,

This .
®

o t'est;ng 1nd1cated that the presence of alkali a.t the interface K
] .-def1n1fe1y 1mpa1.red b.ond strength. o A A

. Relation of Stress Concentratmn Shape 'to Res1n Strength S e

. o‘.' ': .

3 .It was prev1ously reported that the tens11e st;‘ength of Epon 828 ,

(CL) was about 13,-000. ps1‘(5). However, the maximum strength

" of a butt-joint ‘chain: specimen which caused fa11ure in the resin ¢

-was only about 6700 psi.

A posgsible explanatmn for. this d1ffer-‘-
ence was based on the special shape-of the resin column bonded
to the glass surface. This shape was des1gned to concentrate .
the stress at the bond, thereby prombting bond fallu’res'.‘ o . T
To evaluate the shape factor, epoxy resin was c’a's.t into rods‘and
machined to the form of the butt-joint chain spe¢imen. For's
specimens, the average tensile strength was'12,6Q0 pgi (T =

3,600 psij. The range was from 11,200 to 15, 300 psi.” This . .
strength correlated with the tensile strength of the resin in the

dog bone shape. Thus, the stress-concentration- sha.pe did . NN
not decrease the measured strength of the resin. . o

It is presently believed that the main cause for this d1fference ‘ .
of 6700 psi compared to 12,600 is due to residual tensile stresses  °
in the resin. A possible way to further evaluate this effett would
be to prepare butt-joint chain specimens that bond redip to x'esm
However, it has also been observed that the magmtude of the res;n
failures appeared dependent on the type of glass surface. .
glass surfaces have been evaluated for glass-epoxy. strength, itis’ ..
planned to compare the resin failures for each glass surface. .*" ..

t I

‘When a.ll -3
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TABLE 1
BOND LIFE STUDIES BY FLAT PLATE TEST
Days to Failure Determined Visually
Type of Surface -Treatment Days to Failure
® AS-CAST E GLASS -
Chemically cleaned ¢ None 1
» Chegnically cleaned ° o A-1100 186
Contaminated ¢ PY None 1
l#2¢  Contaminated . A-1100 ° 186
Contaminated e HTS 35%
o Alkali-deficient (prepared in air) * None 106*
s Alkali-deficient o ® None 230

e  Alkali-deficient °® ® ° A-1100 @ 226%
Alkali-rich None s 12
Alkali-rich A-1100 49
*L1ght1y sandblasted None a 7 -
Lightly sandplasted , ®A-1100 205%

. Cleaved in resin None 1
Degassed ¢ e o None 1
eDegassed . « 1/2% A-1100 55
'Degassed . 10% A-1100 80
Pegassed * o . 1/2% Z-6040 229*
Asg- Cast {Annealed) o None 1
- .Chemlcally cleaned, heated to .
.° 190°F lfefore resin gpplied. None 1
. Chem1ca11y cleaned, exposed only .
to 100% R. H. at 190°F None "+, 1
. Chemically cleaned, exposed only .
* to 100% R. H. at 190°F . A-1100 . 73,
° Chemically cleaned, exposed to ¢ o, S0 .
. wafer at room temperature, ¢ * None . “61 *
Chem1ca11y cleéngdr exlposed to . °. e .
sgnthenc sea water abt 190°F * None 1
OPTICALLY FLAT E GIJASS  ° o . »
®Chemically cl8aned (marblesf * * None® "~ . 1
. *Chemijgally cleaned (marbles) A-1100 : * 18
Chermcally cleaned (repeat) * ., A-1100 50%
¢ Alkali-deffcjent (marbles) . . _None 4 °* 11
Alkali®eficient (nfarbles) = *A-11000° ¢ 54%
* *Alkali-deficient o & € None 44%

o, sAlkalj-deficient . A-1100 = . 44
Lightly sandblasted (marbles) -None 51%
Lightly sandblasted (marbles) A-1100 51%

. ¥ i F
*Still on test, « = T K
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TABLE II
SYNTHETIC SEA WATER*

Grams Per Liter o Water

Sodium chloride
Hydrated Magnesium Chlorid
Sodium Sulfate ’
Calcium Chloride

Potasgium Chloride
Sodium Bicarbonate
Potassiun; Bromide

»

Boric Acid o e
eHydraged Strontium Chlorider,’ .
Sodium Floride Py
[} [

SodiurggCarbonate was added to adj;:sta the pH to 8.2.
[ =

24.5366
11.1181
4.0944
1.1583
0. 6925
0.2010
0.1028
0.0273
0.0420
0.0030

*Navy specification, Kure Beach, North Carolina, June 7, 1246.

[ (] [ ] « *
L4 [ ] e [ ] e ©
» ® [ ° E
. * Y . ° L L
. . . e e 0
v TABLE III 5 °
* . . * ‘ 3 ® .
. [ ]
RESIN CURING SCHEDULES 'FOR BOND SPECIMENS ¢
. . * L ] ° PY b4
) i t e + ’ [ ]
Present Short dure,Procedure S NOL Ring Cure Procedure
: . . ¢ °* .
e 4
Time (hrs.,) , Temp. °p . Time (hrs.) Temp. OF~.
3 . . . s0o ° 4 ° - .
1 . 250 * ° 16 ° = Rm
) ° s B @ s r
® 1 . * « 350 _ 2 140
- fast-cool * L. v 2 190
o @ . 3 :‘2 290
- S
P . o x
L . -
o® ® #
. . « ¥ 2 ‘
2 i - z
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