—7
AD-A142 347 HIGH ENERGY BINDERS(U) MORTON THIOKOL INC BRIGHAM CITY 171 -
T WASATCH DIV 21 JUN 83 N@8B14-32-C-06808

UNCLRSSIFIED F/G 11/1




28 W25

o

F[‘EEEEEE
EEEE
kB

b
L £ 5 JJ2g
= |

1.

2 s e

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

«cwr .

b

o

NN ..o’.:..::...-._..._ -as,




0
NIy
s % = %

1%
\

o 84
s

Thioko! Corporation a Subsidiary of

MORTON THIOKOL. INC.

- 2415~83-M059

i 2
J".a /'n’

""“P’{u
t

o
X%
;;: 21 June 1983
o iy - RELL w4
ot Office of Naval Research ]r!’!%t)‘-“-’f-‘?‘}"-l.~ jf?ﬁ}?,:;
800 North Quincy Street PIST... Cravke WheEhTs
" Arlington, VA 22217
¢
'\,. ATTENTION: Dr. R. S. Miller; Code 432 D I l( :
L SUBJECT: Quarterly Letter No. 2: "High Energy Binders" ELECTE
\ Covering Period: 1 March 1983 to 31 May 19%83. JUN 20 1984
o Contract N00014-82-C-0800; NR659-792 P
" Thiokol Project: JM101
= - o
o Dear Dr. Miller ) > kczf,,»(uilf, T AJ4* c,‘f.EB,i

& A

i

During this reporting period, we have continued. our .reaearch_ef_f.p»t/\in the areas

of monomer synthesis, including non-energetic monomers for the thermoplastic
elastomers, polymer synthesis, and polymer characterization. MWefilso initiated ¥
the determination of reactivity ratios of new monomers and the thermal depolymer-
ization/decomposition of polyethers by thermogravimetric analysis. ™~
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="Two new monomers were synthesized during this reporting period for use in impart-

o

) ing internal plasticization to poly(THF). The first, 3-octoxymethyl-3-methyl-

N oxetane (OMMO) was readily prepared in high yield by the reaction of octyl bromide
:.v: on the sodium salt of 3-hydroxymethyl-3-methyloxetane in dioxane. The second

x.:’,," monomer, bis(methoxyethoxy methyl)oxetane (BMEMO) was prepared by the action of
t bis(chloromethyl)oxetane on the sodium salt of methoxyethanol in excess methoxy-
e ethanol. Both monomers were isolated at >99% purity by vacuum distillation from
:,. - sodium hydride. — ... . _ . S Ao, '/./ S

L. R ¢ {

',:.):' % The polymer synthesis effort was divided between preparing simple low molecular

e ¢D weight energetic polyether glycols and relatively high copolymers for the thermo-
plastic elastomers. During the early part of this reporting period, we prepared
I Lid two 100-gram batches of poly[bis(azidomethyl)oxetane/bis(nitratomethyl)oxetane)

4 __"'_‘_". (BAMO/BNMO) and poly(nitratomethyl-methyloxetane) (NMMO). Both materials were

}.-z Lie divided into three batches for evaluation by ourselves and outside investigators.

4 Samples of each of these polymers (25 grams) were shipped to Dr. R. Reed at China
AL 2 Lake and Dr. C. Gotzmer at Indian Head. Their individual results will be trans-
- g mitted to you at the completion of their investigation. We submitted the remaining
material to vacuum thermal stability and Taliani testing at our facility. Both
U polymers were evaluated against nitroglycerine (NG) and TMETN, with and without
"t stabilizer (MNA). Initial results clearly show that both polymers are as stable
-::- or more stable than TMEIN depending on the test and significantly more thermally
- stable than NG. Each polymer showed oven stability up to 130°C at which time self-
~— heating occurred to fire at 208°C. This property is reflected by TMEIN. Comparison
o of the two polymers shows that BAMO/BNMO is slightly more thermally stable than NMMO.
- In view of these encouraging results, we have scaled up poly(NMMO) to & one-pound

]

quantity for formulation evaluation.
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- T7In order to develop thermoplastic elastomer with highly elastomeric properties,
we have synthesized two new polymers based on poly(THF) using OMMO and BMEMO
as comonomers. -tf-our-reasoning is correct, then a dramatic drop in viscosity
—strould -be noted over such polymers as THF/BMMO and THF/BEMOx Therefere, two polymers
were prepared: poly(THF/OMMO) and poly(THF/BMEMO) with a molecular weight of 20,000.
Both polymers were found to have very low viscosity upon isolation and visually can
be called internally plasticized. As time permits, each will be incorporated into
a thermoplastic elastomer with poly(BEMO) as the crystalline block. -

—

During the previous reporting period, we identified the components of our first-
generation thermoplastic elastomer. Poly(BEMO) was elected as the crystalline
block and the copolymer poly(THF/BMMO) as the rubbery block. Theoretical cal-
culations lead us to synthesized specific block sizes for phase separation. During
this reporting period, we have prepared six distinct block copolymers varying

block size and block configuration. Block sizes for poly(BEMO) were 12,000 and
20,000 and poly(THF/BMMO) 20,000 and 35,000. Block configurations of ABA and

(AB) _were used for the above combinations of polymers. Blocks were linked via
carbonated coupling employing phosgene in pyridine at 0°C. 1Initial results indicate
that 20,000 BEMO produces too large a crystalline domain causing the material to be
cheezy under stress. 35,000 poly(THF/BMMO) with 12,000 poly(BEMO) in an (AB)
configuration appears to give very promising material. This polymer was extremely
tough, 6,000 psi; Young's modulus t_-50°C, and T_82°C. To show its thermoplastic
property, it was processed ten time by melt castTng at 100°C and cooling to room
temperature. Each time, the polymer was observed to retain its physical properties.
Samples of these polymers, as polymer crumbs and melt cast sheets, have been supplied
to Professor Sperling at Lehigh University for his evaluation of physical properties
and morphology.

The reactivity ratio of nitratomethyl-methyoxetane and bis(azidomethyl)oxetane

was determined by our previously described method. The data was handled by a
Hewlett-Packard 9825A computer. The Apple II program used for our previous work
on the azido polymers was adapted to the H/P. The program and results are enclosed
with this report and clearly show that copolymerization of azido and nitrato
oxetanes will produce random insertion of each monomer.

R1 BAMO = 0.9346%0.1081

RZ AMMO = 1.1130£0.1683

R1 NMMO = 1.8909%0.1653
R, BAMO = 2.438620.1427

Further monomer pairs will be examined during the next reporting period including
nonenergetic cyclic ethers to enable the best copolymers to be synthesized for the
thermoplastic elastomers.

To compliment the work being pursued at Lehigh University and Space Sciences, we
have examined the thermal properties (depolymerization/decomposition) of polymer
(BEMO) by thermogravimetric analysis (TGA). The TGA was calibrated using oxalic
acid, the standard procedure. At 2°C/min a satisfactory calibration curve was
observed for this standard. At heating rates greater than 2°C/mm, the dehydration
overlapped the decomposition portion of the curve. Poly(BEMO) was then analyzed
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-~ . . at 0.5, 2, 5, and 10°C/min in air and under nitrogen. It was immediately apparent

. that the analysis was extremely atmosphere dependent. The nitrogen atmosphere

A increased the "initial" temperature. The "initial" temperature is when the balance
-:} can first detect a change in mass. Repeated scans in nitrogen revealed initial
AN ~ temperatures between 205°C and 216°C. This inconsistency cannot be explained at

5} this time but may be due to atmosphere loss on some runs.

Isothermal TGA curves were obtained at 125, 150, 175, 200, and 225°C under nitrogen.

. The lower temperature curves were straight lines for the mass versus time plots;
O however, the slope changed during the scan. The higher temperature scans were not
Q: straight lines and suggested that the order of the reaction changed with temperature.
N A more detailed report will be submitted when the completed data are assimilated.

v A DSC curve was obtained at 10°C/min with the sample in a large volume cell under
\ air. An exotherm was observed at a significantly lower temperature (135°C) than
by by any of the "initial" temperatures observed by TGA (167°C).

%

During this reporting period, a presentation was given at the ONR Workshop held at
the University of Massachusetts, April 5-6, 1983; and two abstracts were submitted
for the upcoming JANNAF Propulsion Meeting.
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P 1. '"Novel Polyether Thermoplastic Elastomers for LOVA"

5
‘:ﬁ 2. "Nitrate Ester Polyether Prepolymers"
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S2:
53
S4;
-1-1]
S56:
57
t-1-11
$9s

daim ALT.3, 33 E07, 3,3
dim ASC303,E$L3025sfg 14
1,507

21,007, 3,30,

HLTI,RLET, 21,2507, 2]

DL, 71,LL73,NLTT,

dim EL7,2],FI7T,.2 CEIGHIT 3 LT 3, 007, 23, FPIV, 2 0T, 33,70, 21,208[50)
Tdk 1

cfg Z3ent "REARD DRTA FRPOM A FILE?", I ¢ f1glv=czs ‘g Z33azdb “"RERD"

Wfonet Filgltent “IDELTIFY MOMOMER 17,R$, "IDENTIFY MONOMERF 2", EF

fmr 1,16 "«"tprt “"MONOMER 1 IZ",HE,"", 'nuHﬂMEF o Is",Ef8,""

if 'lg;,gmo +8
"INIT"i1ent
ent "WEIGHT OF STANDRRD",rS
dsp "WEIGHT QF",RAfjent "',re&
dsp "WEIGHT QF",Efient "“,r7v
fxd @3prt "# OF GC SHOTS",ra,
fxd 43prt "WT OF

STRANDARD", r S,

"INFUT # OF GC SHOTSY,r@;03H-E5C

" II’HL'JT l:IF II’Hg’r‘E’II "

prt "WT OF ", B&,r7,""

fxd @3for I=1 to ro

if not £1ga3if £lgisgrto +7

dsp "ARER 0OF STRAWDARD IW GC =SHOT",I

ent """, DL1,I13;¥xd @3prt “"ARER OF STANDARD“,“IN G0 ZRHOT*,1,DL1,13,%"
dsp “HREH UF“ A$, "IN GC SHOT",I;fmt 2,"RAREA OF",c&

ent "', 1€6.2,AF 31t
dsp
ent “", D03, 135uwrt
R+DC1,I)+A;E+DL2,
next [

(BRI (rS/rérsrl
(CARAY PSS rPder2
if not flgd;if flgjgto +7

DEE,IJ;th

1€.2,B%3prt
11+BsC+DI3, I

ent "RUNS @ DIFFERENT MONHOMER

prt "MONOMER CONC.",r8,""

ent "SAMPLES TAKEN PER RUN",r9
PER SAMFLE",ri@;prt

ent "GC SHOTS

“AREA OF",B$,"IN GC SHOT",

"XH GC sHOT",I,DC2,T12,""
I

"IN GC SHOT",
1»C

I,nCa,13,""

Cl:'Nc.",r'E:;pF‘t VRBUMS ® DIFFEREMT"
“SAMPLES/RUN",rg, "

"GC SHOTS PER","SAMPLE",

;pl"‘t.
r“lﬁ, uoa

dsp "MOL. WT. OF",A$3ent "",rilzprt "MOL. WT OF ",A%,r11,""
dsp "MOL. WT. OF"“,B$ient "““",riZ;prt "MOL, WT OF ",E$,ri2,""
-99999995r13

“rl13+ri14

for I=1 to rg

"ANAL"sfxd @

fmt 1,16"*"3spc suwrt 1é6.13prt
if not F£1g53if flg23gto +?
dsp
ent "', LLIdjprt ",
fxd 63dsp "WT OF",A$,"IN RUN"
ent """ MIIJswrt 16.2,A%5prt "

fxd O;dsp "WT OF",E$,"IN RUN",

ent """, Nl{Idjwrt 16.2,B$;prr *
for J={ to r9

fxd 4
fmt 2,"RUN",

f2.06," SAMPLE",

"ANAL. FOR RUN",Ijwrt le&.1

"WT OF SOLVEMT+CATALYST IN RUN",I3fxd @
“WT OF sOL + CAT",

"IN RUN",I3fx=d d3prt LLTII,""
JI13fmt 2,"WT OF “,cl@

IN RUN",Is¢xd 43prt MLCIZ,""

1

IN RUN",I3fxd 43prt NLIJ,""

fe.0

spc jwrt 16.2,1,J3if not f1g5s3if flg2sjgrto +3

ent “WEIGHT OF SAMPLE TRKEN",RCI,Jliprt
ent "WEIGHT OF 3TANDARD ADDED",SC(I,

spc 30+A+B2C;Fxd O
for K=1 to rie
if not figStif flgaigto +7

“WT OF SAMPLE",
“WT OF STANDARD®,

"TAKENW",RLI,J1,""

I1;prt "ADDED",5C01,J3

dsp "AREA OF STANDARD IN GC SHOT",!

ent """, ALI,J,Klsprt

dsp "ARER OF",

"

- Q‘q
N vy

"HRER OF STANDARD",
dsp “ﬁREﬁ OF",ﬁt,“IN GC SHOT",K3fmt 2,"AREA OF
ent """ BLI,J,Kljurt {€.Z,RSipre
Bs. "IN GC SHOT",K

e Y S T J0 BN N S R TS TR
AN HERINLG RN Y

"IN GC SMOT",K,ACI,J,K1,""
"B o
"IN GC SHOT", ,K,BR[I,J,
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X

ent "M ClI T b lwetr e 2 EBEsprt “IH GO SHOT" b C01 X 0D 0"

A+RCL, J,KI*R3E+ECT, T, E-B3 C+0C0I, T, kDL
next K
SCI,JIBCLCII+MCId+NCII-RCI, T rIARLL,J]#rcz
MLI)<rllorld

NLIdrr12oraS
SCI,JICCLCIY+NMCLI+NLII-RII, I r2RRIT, T)»r2e
ra23-rilerdé

r2é-r12er49

r24-r4g+rso

r25-rd4%sr Sl

r2d4- - r2d+r2S4EL]LT]
re2Soor24+r2S51+F[1,J)

rSe- rSe+rS1 0601, ]

rS1 s rSa+rS10-HII, N)

(rS@+rSt1o r2q4r2Sisk[1,J1

fxd €3urt 1&.1

grt "IN, MOLEYX A“,ELI,J3,""

prt “IN, MOLE% EB",FCI,T],""

prt “MOLEX: A IW FPOLN",GLI,J3,""

prt "MOLEX B IN FPOLY",H[I,JI,""

prt "% CONVYERSION",kKLI,JI,""
ECI,JI-FL1,J1-%

GCI,J1 HLI,J1aY

KLI, JYIC1+HD2 014V 09r27

Yr27/-%+rag
logll-r28r-logil-ravr+2
¥r224001,J]

(Y=12729PC1,J]
if 0C1,Ji<r13;g9to +2
arl,Jl+rla
if 0C1,Ji>r14;59t0 +2
0rIl,Jlor14
next J
if £1g539t0 "CHRHGES"
next I
if flgasgre “CHRANGES"
ent "CHANGES?",l:;if £1913=@9;g=b "CHANGES"
Firi3r1d4rsr29
for I=1 to ré
for J=1 to r9
OCI, Y <r29+001,J30-0(1,J]
PLI,J) ¢r29+001,J30>T(I,J]
r30+QL01,J3+r20
r31+701,J1sr31
r32+001,J)12+r32
r33+7C0I,J1129r32
r34+T01,1)001,J1+r34
next J
next 1
rér9+Aa
(Ar34-r30r31) - (r32A-r3012>+r3%
(r31-r3%5r30>-A+r36
(r34A-r30r31 212/ (r32R-r3012> r33A~r31122+r37
prt "CORR COEF",rr37
-r36r2%9+rid
r35+r36+r3
prt "Ris" r3,"R2=",r4
Ar32-r3012+r38
r<r33R~r3112-r38r3S1t2) - r((A=-Z)R)+r39
r39r<A/-r3g8r>srdp
r397(r32/-r38)+r41
FCr41t2+rd4pt2>+rda2
FC(=r29rd41>12>+r43
prt “DEV IN Ri="," +/=" r42
prt "DEV IN R2=",* +/~",r43
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. 1261 ent "STOFE DRATRA?",I;1¢ §1g13=0;gst “RECORD"
. 127 &nt "PLRACE FPAFER IN FLOTTER, HIT COMT",I1
Ry 128: cfg 1i3gsb "GRID"
e 129: “A":for I=8 to 1 by .01
Ca 138 1-1+r4%
i 131t (r31I+r4SI0-CrEl1I+2IrdS+rdrdSt2rsrds
{ 1321 if f1glzplt 1-rd46,r45;gto +2
. 133: plt rd4g,1
‘i 134: next ljpen
e 135: csiz 1,2,1.9;3¢fxd 4
;° 136: "Rl "2C$;AFCE(lentCea+11;" ="+C80leniCEr+l]
N 137: plt .6,.22,1;1b) CH,r3," + =", rd42
138: "RZ "2CEF;Bs-CelleniCEr+1];" =">C¢[1encCEr+1)
139: plt .S,,16,1;1b) C$,ra," +-=" r43
y 1490: plt .&,.1,1;1b1 “CC =", rr3av
N, 141: i¥ figl=@3sfg 13o0fs B,-1.53gtc "R"
1 142: ent “"INSERT PAFER FOR Eta VS ®i PLOT",I
h) 143: r36+rS56;r3+rs?v
b 144: for I=1 to r83for J=1 to r9
P 145: if TCLI,J1>rSVsTL1,J)2rS7
e} 146: if QLI,JY<rS&3001,T1+r56
o\ 147: next Jinext 1
. 148: gsb "LIMITS"
o 149: gsb "ETA-¥I"
") 158: for I=1 to r8ijfor J=1 to r9
151: gsb "SYMB"
S, 152: next 1
b"s 1S3: wrt 78S,“YS10“;pit B,r36,-23plt 1,r3,-1
L 154: wrt 705, "VYS";pen#
o 155t end
M 15¢: “"GRID":wrt 7vOS,"IP11806,1359,7527,9154";pen# 1|
157: scl 06,1,0,2.5;cfg O
N 158: csiz 1,1.5
Y 159: wrt 785,"TL2"juwrt 785,"vS"
150 1606: xax 9,.1,0,1
IN 1611 fxd 1
e 162: for =0 to | by .1
> 163: ply 1,0,13cplt -2,-131b1 1
, 164: next I
'y’ 165: vax 0,.1,0,1,2
& 1663 wrt 705,"TLO,2"
o 167: xax 1,.1,0,1
o 168: vax 1,-.1,1,0
e 169t wrt 705,"vS10";plt ©,0,-23pltr 1,1,-1
) 170: c¢csiz 1.2,1.53"MOLE FRACTION OF "sC¢#
P 171 if £1QOIASCSClencCer+113" IN MONOMER CHARGE"+C$[ien(C$i+1ljgro +2
f: 172: B$+>Cs[len<Cs$,+11;" IN MONOMER CHRARGE"+C$[leniCs$i+1]
:ﬁ 173: plt . 85,-.15,1icplt -len(Cs$>-2,0;31b] C*
f: 174: "MOLE FRACTION OF "+Cs$jcsiz 1.2,1.5,1,90
, 175: if FI100;AS>CS[lencCEI+113" UNITS"»CE[1en(CEr+1]53t0 +&
- . 176: BS+CS${1end(C$>+1)3" UNITS"+Cs[1enc<CHr+11]
- 1772 ply =-.1,.5,13¢cplt -leniC$>-2,0;1b1 C$
Y 178: plt -.07,.5,13¢cplt -9,851b1 "IN INITIAL POLYMER"

179: if f1g0=B3sfg Bj0fs 0,1.5;39toc -21

189: csiz 1.5,1.2;5p1r .95,1.25,13cplt ~15.5,0

181: b1 "INSTANTANEOUS COMPOSITION CURVE"

182: "OF "»CS$;AS*CES[1encCHr+1);" - "»>CEL1encCEI+1;BE2CF[1eniCEr+1)
1833 " COPOLYMER"+»CS$[leniC$)+1]

184 plr .5,1.17,13¢cplt -len(C$>-2,08;31b) C*

185: ret

186: "READ“"ient "FILE #7",Iztrk 1

1873 1df 1,AL#),BC#),CC*),DC+*),LL*) , ML*),Nl{#],R(*],S(*],A$,ES
188: 1df 1+ :

1891 trk Ojret

1901 "RECORD"3ent “FILE #7",Ijtrk 1

191: rcf 1,ARL#),Bl#],CC%) , DL*),LE%) , MI*),NL#),RI%],5[+],Rs,ES

A S A7

3
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N 192: rof I+1,r12
o 193: trk djret
P 194: “"LIMITS":cfg 3
, 195: if rS7-rSe>=18;.1rS7+rS7;.1rSé=rSe;3fg 2
*. 196: (intCl@rSer-1r2-18+rs5e
b - A97: if r96:0; C10rSE+frcil@rSed -1 01852t C1BrSE ) 1 Bsr S
{ 198: Cint(1@rSP+1). 1@+r54
3 199: B2r5351-U
A 208: "“INT":¢aor I=5 tao 9
- T 281 if frcd1BirSe-rS2roIa=8s rS4-r820 1953 .
'& ) © 2082t next 1 :
203: 1 f P5¢-U,.1N+tk53+N"rkqd+H3'-1N‘ gto “IHT" .
204: frcir54-r5304rS -1r rS5=63gto +32 r
. 285: it tSS..‘:rna rSSrSEer S, r;;—r‘ﬁr"évﬁz;if ST i Sd i rSd4+r 53454 ]
\ 286 i f rSor=, v§4+r=‘ 53 *rq4.15 +rSSrS3erS2if rSELrSirSs-rS2ar s -
¥~ 207 if f1g3;1 8 SErS2;10rS23+rS2slors 49r44 ]
5 208: ret
n 209: “"ETA-HI":wrt 7@5,"IF1748,3025,65%58,7928"
218: =scl @8, l,fu:.P54;th TO5,"TL2"jwrt 7O5,"¥S"3csiz 1.5,1.5
. 211: =xax ro;,.l, Az13fx=d 13for I=60 to 1 by .1
W 212: plt I,rS3,13cplt -2,-131b1 1
”, 213: next I
4 214: vax 9,rS3,r52,r5%4,13csiz 2,1.5
N 215: wrt 70S,"TLO,2"ixax r54,.1,0,13vax 1,-r53%,r54,rS2
g 216: plt .5,r52,13cp1t =1,-25101 "Xi"
N 217: cs3i2 2,1.5,1,903p1t B,r52+4(r54-rS22-2,13cplr -1.5,2¢101 "Erta"
N 2158: "Eta VS XKi PLOUT FOR "acs,nsecs[lenacs;+1l
. 219: "/"oC¥lleniCsr+1];E$+CelleniCsr+1]
) 220: cziz 2.5,1.53plt .S,rS4,13¢cplt -lencCs$r-2,2;1b1 C$
. 221: csiz 1.5,1.53¢xd 3i1plt .€,r52,15¢cplt @,231b) “ALPHA=",r29
) 222: ret
. 223: "SYMB":plv QLI,J)+.0075,T(1,J),1

224: for L=8 to 368 by 20
225: plt QLI,J)+.007%¢cos<L>,T[],J]+.08075r%4-rS520=iniLy,2

A

W 226: next L
b 227: plt @LI1,J1,7TLI1,J1,1
_g 228: ret
? 229: "CHANGES™":
238: ent "CHANGE INITIAL FARAMETERS?",Il;if §flglz=@3:sfg Z,43gtc “"INIT"
N 2311 cfg 4
o 232: ent "CHANGE PARAMETERS FOR A RUNT",Il;if f£1g133ret
N 2331 sfg S,23ent “"RUN #7",I;g9to "ANAL"
N 234: cfg S;ret
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