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ABSTRACT

EETTErray

This report contains the resulis of an investigation on the effects of seven

plasticizers on the elongation at break point of rings cut from a glass-fiber-
reinforced plastic motor case.

The rings were stored for over a year with a saturated mixture of
fuller's earth and triethylene glycol dinitrate, tributyl phosphate, triethyl
phosphate, dipropyl adipate, dibutyl phthalate, dibutyl maleate, or
ethyl nonanoate. A blank was also used.

. The extensiou at break was greatest for the blank and for triethylene
) glycol dinitrate. With other plasticizers there was significantly less extension
‘at break.

The investigation is continuing using unlined motor cases packed with

. — - a mixture of sand and selected plasticizer. The actual burst strength will be
: investigated.
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SYMBOLS

molecular weight

surface tension (dynes/cm)
dipole moment

viscosity (g/cm3-sec)

density (g/cm)

solubility factor (call/z/cms/z)

hydrogen bonding factor, wavelength shift
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( 1. Introduction

This work is a continuation of that described in U. §. Army Missile
Command Report No. RK~TR-6.-1as Phase I [(1]. In this prior report
seventeen commercial plasticizers used in the manufacture of solid propellants
were rated by their effect on che shear creep ¢f gegments of rings cut 1rom

glass-wound epoxy resin motor cases. The effects of air and water were also
determined in the same experiment.

The motor cases had 3 inches inside diameter and 10 inches overall
length. The case consisted of 734 ends of S-glass per circumferential inch in
helical winding only. Helix angle was 45 degrees. Sizing used was a silane,
§-901. These mctors had an average burst strength of 2605 psi. Ninety-five
percent of the cases burst =6 percent of the average at a confiden re le- 1 of
90 percent. Further information about these cases can be found in the

periinent manufacturer’'s report [2].

The results of Phase * showed that the cumulative sag of the coupor. was
directly proportional to the surface tenston oi the plasticizer and inverselr
proporticnal to the viscosity. Properties such as dipole moment, nydrczen
bonding, and solubility factor were not cignificant. This indicates that the
penetration was a purely physical process. fhis type of penetration is

( explained more fully by Crank and Park [3]. A seemingly anomalous decrease

in accumulative sag in the case of certain hutyl esters at the higher temperature

corroborated findings of A. K. Doolittie {4].

2. Research Plan ond Materials

. The effect on rings cut from the motor cases of those plasticizers

found active in the first phase is investigated in this second phase. These rings
were 3 inches inside dlameter by ( 500 £0. 005 inches wide by 0. 055 £0. 005
inches thick and were cut dry from the cylindrical portion of motor cases from
the sume lot as in Phase 1. All raw edges were sealed with epoxy resin.

Seven plasticizers were selected from Phase [ to be used in Phase II.
Basis of selection was the greatest amount of deformation of the segment. The
plasticizers sclected were triethyl phosphate, tributyl phosphate, ethylnonanoate,
dipropyl adipate, dibutyl phthalate, dibutyl maleate, and triethiylene glycol
dinitrate. These plasticizers were algo from the same lots ax ured {n Phasge 1.

Simulated propellants were prepared by absorbing these plasticizers on
fuller's earth in the proportion of one mol of plasticizer to 533 grams of fuller's
earth. All simulated propellants were definitely moist with plasticizer except
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that containing triethyl phosphate which was damp only. The schedule called
fur tests at the two temperatures of storage, 7¢° and 140°F; at six time inter-
valg 8t 76°F and three time intervals at 140°¥; und for all tests to be run in
triplicate. Flank tests were also to Ye run. The storage area for the 6°F
test was a constant temperiture, 50 percznt relativ2 humidity room. Storaec
area for the 140°7% test was a test ~abinet kept at that temperature,

Rings were packed with simulated progpellant and stored between glass
platea Nine rings containing one composition were stored together. Plates
were stored one tier high at 146°F and no more than two tiers high at 70°F.
Rings ztored at 76°F were packed with fuller's earth mixtures containing
triethyl phosphate, tributyl phosphate, dibutyl phthalate, ethyl nonanoste,
dipropvi adipate, or triethylene glycol dinitrate. Rings stored at 140°F con-
taine< mixtures with triethyl phosphate, dibv‘yl pthalate, dibutyl maleate,
ethvi nonanoate, or diproryl adipate. Unpacked rings for blanks were stored
conurrently at ea:h temperature.

Table 1 [5-8] yives the physical properties of the plaaticizers used in
this phase of the experimert,

TABLE I. PHYSICAL PROPERTIES

Dlaaticizer M ) oex iD=, 3y wx jaic. 8]l po*|GI7 8]
Triethyl phcsphate | 182 | 32.4 | 3.00 1.8 9.2 1.068 | 11,7
I'ributy] phosphate | 286 | 30.0 | 3.07 3.71| 8.5 0.971] 11.7
Ethyl nonanoate 186 {29.2 | 1.75%¢ | 2.5 7.3 9.860 | 8. 4%
Dipropyl adinate | 230 ] 33.2 | 2.40%* | 4.7 7.3  10.979 | 8.4%*
TEGDN 240 | 47.2 | 2.3+ | s5.951 10.1 1.317 | 2.2%*
Dibut:1 phthalate | 278 | 36.2 | 2.75 1.2 | 9.3 142! 6.3
Dibutyl maleate 228 [32.9 | 2. 56%« | 4.0 | 8.5 |0.985 &.4%r
Epoxy resin - - 2. 23%% - 10. 3 - 24, 0%*

£2, 4%

* Measgured at 76°F

#x Estimated

3. Test Equipment and Methods

The original scheme of testing contemplated using a hydraulic

method adapted from that developed by Naval Ordnance Laboratory (NOL)[9].
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A modified hydraulic tester was made. IHHowever, during prelimirary testing it
was found that the amount of stretch in the rings on pressurizing, because of
lack of circumferential wraps, was so great that about half the time the seal
between the elastic obturator ring and the test fixture was lost, ruining the test.
Since the test war set up statisticzlly with three replicates, this entailed too
great a loss of confidence and the hydraulic method was abandoned.

A gplit-D tester of normal design was therefore made for use in a
Houndsfield Tensometer* and proved acceptable. This tensile tester can give a
permanent record of the relationship between stress and extension.

All tests were conducted at 76°F and 50 percent relative humidity. Test
rings were brought into the area, wiped, and allowed to temper for at least
30 minutes. They were then placed on the split-D tester and loaded into the
machine. Rate of crosshead advance was approximately 0.3 inch per minute.
All rings were stressed to rupture. Rings were then examined and data from
those rings obviously breaking in a resin-poor area were rejected. These
amounted to some 5 percent of the total number of rings,

Figures 1 and 2 show typical graphs of stress elongation, selected from
several actual runs. Figure 1 shows the typical variation in the stress-elonga-
tion curves for rings in contact with dipropyl adipate for various lengths of time.
Figure 2 shows the variation in the stregs-elongation curveg for various
plasticizers at 12 months, In cach instance, the curves start with zers force
and zero elongation.

4. Resuits

Several criteria were examined to determine :f one could differentiate
between plasticizers. Breaking strength of the rings, extension of the rings at
break, and ratio betweon applied stress and extension were investigated
statistically. Only extension at break was fourd to give satisfactory results.
Breaking strength was also found to correlate directly with extension at break,
bul the statistical evaluation of breaking strergth as a criterion of difference
between plasticizers was at a lower confidznce level.

Table II gives the breaking strengih and extension at break of rings
stored at 76°F for various plasticizers at increasing time intervals. Valuez of

* The use of this trade name is for identification purposes only and is not

to be construed as a recommendation of this particular instrument. - —-—

DT T mzmmwwmmmw,-;‘.:.m.mem}e\uﬂwmmmmamw;' Aol




B

+

e,

SDNIY ¥0J STFAHND NOLLVONOTIA-SSTYULS JH.L NI NOLLVIUVA TVOIdAL

e S it

ANWLL SO SHLONJIT SAOIEVA HOJ JLWAIAV TAJOYdId HLIM LOVINOD NI

NOISN3ILX3

Ut STL0

d,

(s1) 30404

T JUNDIL

1Y
Wv3g
SANIL
SNOIJVYA LV NN
$1531 40 S5WAWYX3
LTNSIA
J 9L LY
31vdiaY 1Ad0O¥dIQ
Hiim LIYIROD NI
LNIWLYIYL
NIS3Y AXOd3 SSYI19-S
‘NOILISOdWOD
31150dW0D
- IVIAILYN




B

1

[y

A m—— e et o e e

R L LRI, T 1 SR T e NN

- e R e i

SHILNOW 2I 1V SHAZIDILISVId

SNOIYVA HOJd STAYND NOILVONOTI-SSAUILS JHL NI NOLLVIYVA "2 JHNIId

NOISNILX3

¥

o4 €Z1°0—

00S ‘LYt
wy3as

31YdI13¥ 1Ad0¥8d ¢

31YIVHIHI TALNE °Z

ANYIZ L
ISNUYNIY

S¥3Z10115vd

SNOINVA NO

$1534 40 S3dW¥Xd
IS1INS3IN

SHLNOW Z] 304

d o9 1Y ¥3Z1D0115Yd

HLIWM LDYLNOD NI
SINIWLYINL

NIS3d AXOd3 SSYIO-S
INOILISOdWOD

000t 311504W00
FIVINILYN

{91) 30403

e e e ————. s ®




‘juawWnIIsu] ay} Jjo afurl ay) puoisq S I8N0V ‘PIIBUNST exx
*1jou} Uv JO SYIPUBSNOY} U) UaAlZ 8] UONEBUOTT s
‘spumod uy 81 Q13uadys I[IBUI], &

cs¥ otor | 9sv | otz | 1sv | oze c1s | 086 | zI¥ | osL qmmm 026
L , $¥S o¥6 | ves | 08s 9sy | 0£6 twv | ogs | ztv | w8 | 21y | 096
| | 06¥ o¥6 | o8y | 066 | (s22) [ (0g£9) | <s¥ | oee | (912) | (dgk) {(9L1) | (0¥S) | sreudsoud [AgiatiL
|
Z0% oL | cev | oI g | or9 tor | oss | 9ev | oue { oz | ous 3
|
Ry ooot | 0zs | ose v9s | 088 Ztv ; 0ozL | 9ev | osL | 20% | 068 ,,
2 ose | t¥v | 06 00S | 0SoT | (122) |{009) | 9FF | or6 | 8%¢ | 06L ajedpe [Acoadiq i
L - S o¥6 | vss | ots 60 | 099 9%k | 0S8 | s¢¥ | ogL | 8¢ | 069
, yLG 066 | 865 | 016 o8y | o8 6s¢ | 09e¢ | 635 | osL ; oos | ose
ISP otot | sos | cus ziv | oeL s6v 1 056 | c8v | 006 | cos | ooot! sEremud jMnqQ
- : LI o¥s | £09 )| 098 sck | 096 6zs | ozor | osr | ces | t¥r | o088
, 695 008 | <35 | csor | wes | o9L ggy | oot | wve | ooor | cev | ove
19% ovs | toe | o1L ety | ogor | o9zv ) o9z | cos | oror | osv | o0z8 aysouBUOU ([T

: 6€S 0¥8 L4z 0001 02S *xxx0031 (Lb1) | (08%) | (902) | (0LS) | SIS 0L8
st 0¥8 ¥¥S 0001 | ¥ES 4118 0zs 266 00s 066 695 oLL

082 0c9 SIS 0.6 <05 088 £6S 088 < £ 0L8 tes 096 Nan3alL
(8sg) | (OTL) | 00S 0201 L6E V59 625 062 0Lz g9 +¥S L8
0GP 0L 629 016 114 086 ¥os 0S6 82¢ 0L9 | (z6g) | (OLY) -

9sh 056 1¢v | o006 S0S 0101 ¥¥S 086 | 99+ | o038 et | 098 | aleydsoyd [{inqual

L0% 0LL £09 026 6SS 0601 628 0¥6 S6F 0r6 | (022) | (019)
4434 026 ¥as Lot 655 0#01 62§ 016 9%t 3 G2s 0g8

1224 018 (981) | (0€%) ¥9¢ 0es 00S oror | 6g€¢ 0i6 SIS 056 Hueld
q S.L 1 SL iCe SL K| SL 3 A LT *S.L 1310188 d
12 St ol 6 9 € !
(owr) awryl i
d.9. LY Jdv3¥E LV w©

NOILVONOTA NV HILONIYLS AVIYLI NO SHIZIDLISVId 40 Lo3dd4d "I ITdVL



the breaking strength are in pounds. Values of the extension are i{n thousandths
of an inch. The values in parentheses indicate that the ring broke in a resin
poor area. The value therein is the actual value found. The value used in
analysis was the average value of the two acceptable rings.

{F Table 11 gives similar data for samples stored at 140°F. The same units
are used and the same usage for rings breaking in a resin poor area.
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TABLE III. PLASTICIZERS VERSUS BREAK STRENGTH AND &
i ELONGATION AT BREAK AT 140°F STORAGE
i !
£ Time (mo)
H 6 9 15
Plasticizer TS E TS E TS E L
i :
i Blank 870 529 980 505 890 | 407
i 820 431 880 | 475 910 | 456
990 495 - (2only)| 1100 | 569
’ Dibutyl phthalate 960 461 1040 | 539 |1100 | 490
720 319 830 441 700 | 338
990 490 740 402 330 | 495
Dipropy! adipate 940 941 1040 525 | 1040 | 485
970 500 840 495 970 | 441
920 466 850 475 930 | 500
Triethyl phosphate (610) | (208) 870 | 485 930 | 539 i
510 475 (520) | (147) | 970 | 490
800 505 1000 500 | 1000 | 520
Dibuty] maleate 1040 480 1010 515 | 1000 | 529 -
990 569 1050 525 830 | 466
650 333 97¢ 495 £20 | 377

{tatistical analyais of the data on extension of Table Ii showed that both
plasticizer and time are significant variables. A strong interaction was like-
wise found between plasticizer and time. Time was found to enter in a higher
degree than linear. Results of this analysis for the different plasticizers are
shown in Table IV. Values given are the summation of all extensions for
single plasticizer.
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TABLE IV. RATING OF RINGS BY EXTENSIONS AT BRFAK

Rings

Blank 10. 92*

TEGDN 10. 64

90%

DBP 10. 27

EN 10. 24

TEP 9.95

TBP 9. 86

DPA 9.81

*Values given under the Rings are the sum of extensions at
break for all rings of that class. It is the summation of
values for 21 rings.

The statistical interaction between time and plasticizer was examined
further. 1t was noticed that a pronounced minimum, statistically significant,
occurred for each plasticizer except ethyl nonanocate. These minima occurred
at various time intervals. The minimum for dipropyl adipate occurred at
3 months, those for tributyl and triethyl phosphate occurred at 6 months, that
for dibutyl phthalate occurred at 12 months, and those for the blank and for
TEGDN at 21 montha. The time of the minimum can be related to the effect
of the plasticizer inasiuuch us the later the time of the minimum, the greater
the sum of the extensions at break, 1. e., the less the effect of the plasticizer.

These minima are probably related to the rates of diffusion of the various
plasticizers, either through the plastic or along the plastic-glass interface.
The fact of the minimum can be explained if it 18 assumed that the front of the
plasticizer penetration divided the ring into two layers, whose strengths are not
additive but are approximately equal. The small differences in extension and
the relaiively large standard error prevent a meaningful correlation between
physical properties of the plasticizers and the extension.

An analysis was made of the data on extension at 140°F (Table III). No
significant differencee were found between plasticizers or between times at
140°F. A significant differerce was found between temperatures, using
corresponding times and plasticizers in Tables 1! and III.
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5. Conclusions

Extenalon at break is capable of separating plasticizers at least
into two groups, those which have no effect and those which do.

The differences in conditions of the experiment in Phase ] and Phase II e
are such that different factors have become important. Neither the grouping
of the plasticizers nor their order within groupings is the same.

! Phase III of the experiment is now under way. In this phase pressurc
bottles of the same lot as in Phase I or Phase II will be packed with plasticizer
and inert material, and these samples of each plasticizer will be burst
hydraulically at intervals of 6 months.
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