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, I. Introducti‘on . . - s T j
4 e : T . : N 4
o ~ - {
- e A, Pu‘f‘po‘Se of the Project 4
4%’ ) _ . The prumary purpose of ‘ths proaect 1s the development of a f‘luorine :
L ;:goi . contalnlng 6il~ and fuel-resistanmt elastomer whlch will reta:Ln Its rubbery .
| 12,;, : . properties between -TOF, and +160°F o o N
e et "B B.es_ea-_rch Program
R co- ¢ EEE 2 T . ) R _ ) ] - -
f R o oo _ 3 N R 3 - , S
1 = To achieve this goal, the #M. W. Kellogg Compahy has been authorized g
72 ) . » MPBTLY
! K% = by the Quartermaster Corps to conduct & broad investigation ¢f fluerocarbon ;
K %gg polymers involving (1) monomer synthesis; (2) polymer preparation; and (3) -
51' ;{’7 polymer evaluation. Emphasis has been placed upon polymer preparation and
O . . especla._lly upon the. copolymerizabion of fluoro-olefing and fluoroédchloro-
- olefins among themselveg and with olefinie and diolefinic hydrocarbons.
’ _'f ;;ﬁ ‘Monomer synthesis at Kellogg hag been restricted largely to products ;
},3‘: ] arising from the thermal dimerization of CFp=CFCL, némely, Cho=CF-CE=CFp. 9
i Fg»CF—CF-CFg, and, CFg—CF_CFg. Other monomers not available ¢emmercially
) d ) ' have been’ requested from Dr. Paul Tarraant of the University of Florlda,
A Dr. Aldrich Syverson of* the Ohio State University, and Dr. W. 7. Miller of X
L . 'f"onnell Unlversity, or obtained On an exchange basis from Minnesota Mining &. )
P ,i‘ oo sMa”nufactui'lng ‘Co. ‘ : . '
go ",Itr; ) \\’4‘ - . e 5 3y ’ - .
: aef Polymer prepz@ratlon has proceeded through three phases: (a ) exploratory °
. g 3 cupolymerization. of new monomer pairs; (b) determination 0f the relative reac-
. N tivities of monomers successfully copolymerized into, elastomers; and {c) syn-
% '393; thesis of compositionally homogeneous, pound batvhes of these elastomers in
’r 3% SeVereﬂx co-monomer ratios for .evaluation. - -
' d Polymer compoundlng , testing, and evaliation have been made the ré-
RS 5 . spon81b111tv of Mr €. B. Griffis of the Chemical & Plastlcs Laboratory of
5 Lo J“’ the Phﬂ‘ladelphla Q,uartermaster Depot. ,
St i - e Past Progress
= o7y o s
H I - Q . - ?
= @ = . €, Quarters completed as of December 3%, 1951 é
! g " 2. - Mononmers egva:ula'ble for -copoly'-merlze.tron: 22 :
== ;;“: e ‘a. Punchased: 12 . - . h o :
‘ L R ” b, Mlnnesota Mining & Mfg. Co.: 2 .
! :‘i ¢. Dr. Tarrant: 3
; i?? d. DF. Syverson: .1 : -
o itan e. M. W Kellogg Co.: U ‘
b%é ) . = o :
; i pfé : Tl 3. ,'C'opol'ymer systems inve_sti'g'atedf Ly
- '¢-- - e “ .
R 1

5
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4. Rubberlike copolymers sélected for evaluation: 18 ' :
o 5. Ménomer reactivity ratios detérmined: UL 4
R e i - L
5:": < - . o & Ry o = )"’-af
i : n § L5} o s
| CFp=C¥CL | butadiene 0:00 1.35 5
" CF5=CFEL igoprene 0.11 1.y g
CFp=CFCL : CFp=CH 0.52 0.17 %
L ' :CFQ—CClg isoprene @-.-@o-‘ 0., 45 ]
6. Rubbers evaluated: [1/ * :
. -~ ¢!
fiod g
b Coribined ‘ ‘ . . :
*“ - Molar Elonga- % Swell - 7
. System o _Ratio Tensile tion SR-6 SR=10 TRr10 TR-70 . “j
L CFg—CFCl/bu‘badiene 10/90 . 1360 psi  180% 218 168 -61°C. -ky°c. .
e CFs=CFCl/isoprene 13/87 1750 250 226 196  -U3 =33 B
T CFQ—CFCl/CF[CHg 50750 = = 10 2 - - '
Cou | 2l
‘: i ‘{\, Tentative conclusions: (1) Bet‘ber low température properties if polymeriza- o
e = tlon is carried out at 50°C. rather than 20°C; (2) No difference in golvent
;<  resigtance between equivalent 50° and 29° rubbers; (3) Butadiene copOlymers: )
— are betbter at low temperatures thar 1s0prene copolymers.
e !
- T. Alfin apd anionic¢ (Na) polymerizations of fluoro- olefins °
- unsuccess:t‘ul ) - 3
8. No glass trans::blon température observed for Teﬂon, KEL<F,, - .
polyperfluorobutadlene, and polytrifluoroethylene frém -1509°C. to +85°C. .-i;.;
ST ‘II. Summary of Current Progress :
i ) : ' 'Thé number of monomers available for copolymerization studies has ine
IS .~ creaséd to 25; the number of copolymer systems investigated to 53, and the ¢
v humber of rubberlike systems to 2L. Monomer reactivity ratios have beeén
o determined for one additional pair, CFT_CC‘lg/bu'tad_Leneq The effect of d
‘M”‘ convergion on instantaneou.s copolymer cemposrtlon has béén ‘,ail.cu:!_ateds for :
; ) this system. g
LS ) . . ~ )
i Tn the CFg—CClg,/ isoprene séries, adequately homegeneous copolymers naye
e been tested at the 25/75 and L0 /60 molar levels. The 10/90 ¢copolymer is =
[y-ad ready for test. Of the three CF’g:CGlg/butad:Lene tubbers scheduled for test, N
o twd (at the 10/90 and. 25/75 molar levéls) have béen tested and the third (at =
et the lL@/60 level) is in process. Tegt results én several CFg:CClg / butadiene
So ’?"\‘ i H
o o ‘
b " Weéll-cured black stocks except for CFg:CFCl/CFQ—CHg rubber, for which ) s
£ gl

raw gum values are presented.
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-

is -and. CFQ—CHCl/butadiene Yubbers; recelved from the Office of the Rubber Reserve
through the Quarteérmaster Corps, have been compared with data obtained for our .
presumably nore homogeneous products. ] P

k]
I ) In the CFQ—CFCl/butadlene and CFQ»CFCl/lsoprene series, adeguately homo-
e geneous products containing 25 fiole % or more of the I;uorocarbcn must be
" prepared by increment feedifig technigues. Pound batches of, 25/75 and ho/éo
B molar CFQ—CFCl/butadlene rubber are now being
quantltles of the corresponding CFg:CFCl/lsoprene cqpolymers have been pre-
- pared. In both geries, the 10/90 molar products have been evaluated pre-
~ , viously. A dellberately‘heterogenpous %0/60 molar CFc:CFCl/butadiene copolymer
LT - S has alsSo been prepared for tegt.

B
so L . ) Progress has been mad° in the ilcanization of "saturated” rubbers,

: exempllfled by the CFg:CFCl/CFg—CH‘ copolymers in the neighborhopd of 50/50
'-;§> mular. These rubbers process readily on a warm mill, but incorporation of
’ fillers is facilitated by the addition of 5-15 patrts KEL-F 0il. Polysulfide ‘
and peroxide-amine <cures seem most effective at the mement. 2f

= YN

. ’jf . - The homopolymer of CHp=CFCL, one of the 18 ruoberllke products selected
- for evaluatlon, has been reaected because of poor processibility.

:‘§ _ ' CopGlymers of CFQ_CFCl/n-butyl actrylate, which are rubberlike over a
Ewi ;{ o . wide range of fluorocarbon contént, have given ewidence of being "grafted”
s et 'polymers composed of an acrylate backbone and fluodrocarbon 81de chains.

i

'gé' The production of CFQ—CF-CF—CFQ from CFp=CFC1 has been ihteyrupted

i temporarlly because of the apparent toxicity of some of the by<products. As

i soon ag ifproved ventilating facilities are available; productien will e .
resgumed. , _ i
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© III. Experimentsl Sec¢tion

e A. Monomer Synthesis
‘w;) ’ Twenty-five monometrs are now available for copolymerization
= 1. CFz=CFCl 13. CHp=CCl-CH=CHp
ia 2. .CF=CHy 14. CF3-CF=CFp
{00 3. CHs=CH-CH-CHp 15. CFo=CF-CN
=t L. ' CFo=CF-CP=CF2 16. CHp=CH-CN
ey 5. CHp=C(CH3)-CE=CHp 17. CHp=CH-CO0.CL4Hy (n)
- 6. (CH3)a0=CHp . © 18. CFa=CHC1
- T; :CFQ—CF—CF C¥o ' 19. CF3-€C1=CCl-CF3
&, 8. CH=CHCI _ 20. CF3-0=C-CF3

AN 9. CFp=CClp 21 CFo=CHF
(3 10. CH3~CH=CFp 22, CHA=CFC1

CBp=CClp

C6H5 ~CE=CHp

23.
o,

25

¢is CF3-CE=CH-CF3
C;E'2=CF2
trans CF3-CH=CH-CF3

AR lots of cis and trans CF3-CH#CH-CF3 prepared as follows:.

-

A

' trans CF3<CH=(H-CF3

1 | (b. 6:2-9:0°C.)

RN ' DE. DafFent has submitted 8.7 pounds of CHeCFCL to supplement,

HCONHp = . .

@01p=C01-CC1=CClo .

l SBF3Cly.
' cF_o_,:-'cézL:cc;l;(:F_o,
- - Zn
Meo}i
| gryczceory

¢is €F3-CH=CH-CF3

- Raney Ni

(b 32°C. )

During the current quarter, Dr. Syverson has submitted one pound

e the one pound batch previeusly gent to us, as well ag oné pound of
'i 24 CF3-CFLCF2 (b. -31° to «29°C.) prepared by decomp051tlon of sodivum per-
R fluorcbutyrate.
e
B 2
coi ks
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- “ ‘Seveéral po_und_s' of €F5=CFp have been prepared in our 1abofatérie$- by
7y zine-methanol dehalogenation of CFyBr-CFpBr received from Kinetic Chemicals
. o Division: .
[ : ‘ . .
L The synthesis of CFp=CF-CF=CFp (FBD) f¥om CFp=CFCl has bekn inter-
o rupted temporarily because of thée apparent toxicity of ¢ertain by-products,
& notably CFp-CF=C¥-CF,. However, approximately two and éne-half pounds of the
2 highly purified diene (b. 6.4-6.5%.) were isolated prior to the shutdcwn.
| This quantity will suffice for the determination of -FBD/butadien'e -and
: 'FBD/i-Spr"ené reactivity ratios .and for the preparation of some larger batches
e of these copolymers for tests. The synthetic program will be resumed as soon
. as improved venbilating facilities arée available. )
B. Polymer Prepardtion
: ol- The twenty-one copolymer systems considered rubbery enough for
P evaluation are the following (where the numbers refer to the monomers listed
! in Section ITTI-A): L=, 1-3, 1-5, 1-13, 1-17, 1-22, 2-4, 2-22, 3-4, 3-9,
R , 3"]:8, 3"19; 3"21) 3’22~.) 3"’2)"‘; I"!""S; '5'9'; 9"'12; 9'13; 9‘17; and 22'
l . i,
. = Recent experimental data relative to these and other copolymer
c systems are detailed in the following sections.
r N = - 3 < . » )
NS z 1. Copolymers of CEp=CFCL (KF) and CEp=CHp_(VFp)
RN i _ . )
; : During the eurrent quarter, no furtber attempts have been made
{ ¢ to prepare a homogeneoug 50/ 50 molar KF/VFQ copolymer by increment feeding
§ . techriques. Instead, several batches of admittedly heterogeneous preoduet
i with an average composition of about 50/50 molar have been synthesized in
s persulfate-bisulfite sugpemsion at 20°C,, blended, and sent to the Depot for
; ‘.7“: vulcanization studies (sée Section ITI-C for results). Until a satisfactory
e curing recipe has been developed for this type of "saturated” rubber, there
L - : will be no need f£or homogemeous products for final evaluation, y
S 2. Copolymers of CFo=CECl (KF) and Butadiene (BD)
R , In the last quarterly report (RL-52-183), it was shewn that
= adequately homogeneous (#2%) KF/BD copolymers can be prepared at the 10/90
N molar level by a &ingle initial charge of moncmer (corposition = 15/85 molar)
Sy if the coversion is limited to about 60%. Such a polymer has been méde and i
o téested (Polymer 323-6, in seéction IIT-C, report RL-52-183) . . Copolymers of ,
o s KF/BD at the 25/75 and 40/60 molar levels, on the othér hand, can be prepatied i
R hémogeheously on g practical scale only by incrément feeding techniques, since ;
S the limiting conversions for homogéneity are exeessively low. ;
A ) 6 date, there have been four attempts te prepsre & homogeneous
DT 25/75 molar cepolymer by inctement feeding: In each case 500 grams of mencmer ,
P (coriposition: 40/60 molar, as determined from reactivity ratios) have been :
i ra charged into & onz gallon autoclave initially, and seven 60-gram increments &
L ’ i
. . b2 .
x:‘ :;“ W:A D
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o ‘(composition: 25/75 molar) added périodically at a rate supposedly equal to :
S the rate of. polymerization. In theory, the yield should have been 480 zrams :
] p and the aVerage'cemppsition-25/75 molar &t the end of eight intervals,  Data )
1% are tabulated below for the four runs in thé Milual recipe at 50°C. _ :
R o
L Charging Actual Composition )
Code  Interval Yield _(RF/BD) _ Remarks . :
.ﬁg? 7 - y5h-¢ 1 hour 172 gu. lé/&h;mblar ~ Convetrsion too low
. 356. .. 2i/79 T W o
A . 512-¢ 3 691 22/78 i " high
-2 , 527-G  2:5 k56 - *

Being dried ‘

e The yield from run 527-G seems to be close to the desired 480 grams. If
) this is the case whén the sanmple is thoroughly dried, and if the composition

is close to 25/75 molar KF/BD, it will be &ent to the Depot for test. ’,
o

‘There have bgen‘twbqéimilar attenipts to prepare a homogeneous o
&f ) hO/GO-mOlar KF/BD copolymer. In each case, 500 grams of monomer (compogi- i
tion: 72/28 molar) have beén charged initially and 30 gram increments

» 519-G 3 hours © 216 gm. Conversion t6o high ] .
e : 528-G R o 138 gm., Conversion -teo high e {

E (composition: 40/60 molar) added periodically at a rate supposedly equal to
B . the rate of polymerization., DBata are tabulated below for two trial rums, .
; sl gL in which the theoretical yield should have been 90 grams. A third trial run .
. A is under way. ' ‘ ‘ : ' :
P :
4 Charging f
i Code Interval Actual Yield Remarks = .- S

. : , : , , i
' j ] There is no assurance that homogeneous copolymers are . .

necessarily the best Arctic Rubbers. Hemogeneity is being stressed pri< o
. marily so that the efféet of copolymer coimposition upon prope:r ties might ]
b be evaluated with some pre¢ision. TFor comparative purposes; & deliberately

S heterogeneous 40/60 molar KF/BD copolymer (529-G) has been prepared in the

oA Mutual recipe at '50°C. by charging the entire quantity of monomer initially

Ly (composition: 40/60 molar) and carrying the conversion to as high a level

Lo as possible. The actual conversioh was T5%, but the sample must still be

- analyzed before it is released for test.

i
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X 3. Copolymers of CFo=CFCL (KF) and Isoprene (IJ. .
: ;; Here, too, adéquately homogeneous copolymers c'an be prej)afed at ¥
ol the 10/90 molar level by a single initial chia¥ge of monoher (cOnrpo'sitiQn: '
R 15/85 molar). For test results, comfer the last quarterly report, RL-52-183, =
ol section III-C, run 316-G, At the 25/75 and 40/60 molar levels, however; the ;
monome¥s must be ch_axt'ged'incrémentally to maintain eopelymer homogeneéity. ' ‘
wefe 5 = . R - :
o Two trial runs have beeh madé at the lFO,./6Q molar level. In each g
= case, 500 grams of monomér (composition: 6U4/36 molar KF/I) were charged ini- '
- tially; and two 50-gram increments (composition: LO/60 molar) added &t two-
P hour intervals. In the first run (535-G), in which 0.1 part Kp3208 was used s
in the Mutual recipe at 50°C., virtually no polymer was obtained after gix 3
¥ hours. In the sécond run (538+<G), in which the KpSpOg was increased from 5
0.1 to 0.3 part, the yield was 207 grams, somewhat greater than the 150 grams .
predicted by theory. After further adjustment is made in charging protedure, G
a full scale run 'will be attémpted. - , : )
=5 7 Trial runs have also been made at the 25/75 molar KF/I level, °
T & but conversion-composition data are not yet available. &
g L. Copolymers of CFp=CClp (@) and Butadiene (BD) P
T T Monomer reactivity ratios have now bekn computed for CFp=CClp
- (M) and butadiene (Mp) on the basis of previously reported kinetic data. :
.k These parameters (r1 = 0.00 £0.06 and ro = 0.80 #0.05) are similar to those. -
already veported for the -CF2=CC12/ igoprene system. TIn both cases, the fact .
o that ri equals zero indieates that the -CFp-CClp. - radical camnnot add to =
Ml -CF2=CCZI:2_.bu-"l_: must add to the -él.iene, whereas‘ the diene radie_al may. add to >
e eithet CFp=CClp of its own monomer but prefers to add to CFp=CClp by a ratio N
& of 2.2/1 in the casé of isoprene and 1.2/1 in the case of butadiene. An =
'_.f‘, instantaneous copolymer-feed composition diagram based on the G"/BD constants. i}
S appears in Figure 1 (A). Up to about 20 mole % G, the curve follows closely .
BN thie azeotropic line; so that in this region a givén feed will produce a ;p‘olym;__e_-_x'! .
: of essentially the same composition from 0-100% conversion. Aboye 20 mole % G :
i the deviation becomes mére marked, but it seems likely that copolymers con- -
) taining as much as Lo mole % G ean be made adequatbely homogéneous if conversiohs
4 are somevhat below 50% (cf. Figure 1 (B)).
I _ Of the three G/BD rubbers slated for test, two (at the 16/90 and =
F. 25/75 molar levels) have been prepared homogenéously on a pound scale and tested. ,
S The third, at the 40/60 molar lével; is now being synthesized. Polymerization I
& data are tabulated bélow, and test results im Section ITI-C. All polymeriza- s
e tions were run in the Mutual recipé at.50°C. in a onevgzallon autoelave. Y
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T X 1
3 i
. . Moles G/BD % :
g Code; (Charged Combined  Conversion Remarks
A L= : < & L 5
gy, ! . N R . ‘
1 Lop-a  10/90 11/89 22 Too little rubber for test. .
=) . h98-¢  10/90 10/90 70 Sent to Depot for test : ,
I : k93¢ 25/75 23/77 90 Sent to Depot for test .
A0y ) 500~ 60/40 : 53 Conversion too-high;i heterogeneous .
3 ;,,)m‘ ) bowdery product. Run being re- .
A ' ' “peated With conversion &K50% 3
1 - 5. Copolymers of CRe=CClo (G) and Isoprene (I)
4 . Adequately hemogeneous G/ I copolymers can be prepared from a
K single, initial charge of monomer if the conversion is limited to values cal-
19 . culable from the reactivity ratios (cf. the las% quarterly report, RL- 52-183 : .
o Figs. 3,4). At the 10/90 molar G/I level, the limiting conversion is L0%; a ,
" . the 25/"(5 level, 50%; and at the L0/60 tevel (which is azéotropic), 100%. Two
" . of these copolymers bhave been prepared on a pound scale and tested; the third,
L . at the 10/90 level, is ready for shipment to the Depot. Data for the various .
' o ’ products, poly-merize.d in the Mutual recipe at 50°C., are summarized below: @
’ L ~ Moles G/I . _ %
i Code Charged Combined Conversion Remarks: {
{',’::' i' ) ) ) - N ’
f 3‘«' k-6 7/93 . 9/o1 _ 28 (To be blended for test as Soon -
PO hoo-g 7/93  12/89 - 38 (a8 533-G is analyzed j
(e 533-G  T/93 : 26 ( - ;
i k78-¢  21/79 23/77 51 mests completé. Gf. Section IIT-C.
. !‘: b ;452___.(} )-I-Q/OO 39/61 85 . " Rt " s " ;
e 6. Copolymers of CFp=CFCL (KF) and n-Butyl Acrylate (BA) . I
P 1 \! ! o - T o e o R 5 5 -. » .
o] A number 6f xCF/BA copolymerizations have been car:r";'ed out at - ‘
- '20°C. in a persulfBte-bisulfite suspension recipe, which is capsble of ‘FoPming ;
e oty homopolymers (a.nél therefore a mixture of pelymers) ag vell as a true co- &
polymer. When these reactions are carried to high conversion a large propot-
tion of KF can be inecorporated in the product. _ =
ey . Moles KF/BA . Wt. charged % - ' Hours ‘ :
IR ' Code 'Chahg‘ét'd " Found | KZF’/BA Conversion Polymerization Appeérance :
HOEUPAN e — — - e e T = o = s 2 — o
- 4 5 8
S 218 75/25 "78/22 13/27 72 16 - “Powder ;
P — 219- 50/50  L6y/5h 48/5 T2 16 Rubber j
e Byl S L2020 25/75 1o-/9o 23/77 93 - 16 Tacky rubber ;
Iy : ’ s i
(I 7
e If the reactions are shortstopped early in the polymerlzatch g
4T process, the yield .of polyfher is almost identical with the weight of BA charged, {
L a,nd the XKF content of‘ the polymers is very low. :

o :
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zoo "?} L e e e e e e e e i, e ) ;:fj;
8. L
e L © Moles KF/BA  Wt. KF/BA % Kours '
e s Code Charged Found Charged = ‘Conversion Polymerization Appearance .
S _ 506 70/30  6/9%  68/33 32 2 Tacky rubber
2 507 - 60/4o 58/k2 e 2 Rubber
e EI,:‘SG . R . 508 . 50/90’ 1-!-"(/53 53 o ar BN
s - 509 - ho/6o - 38/62 61 2 " ;-
L7 .~ - B10 . 30/70 - 2/98  28/72 70 2 " : a
s . %
At first glance these results seem to indicate that the products .
l W5 containing large propertions .of KF are mixtures of polybutylacrylate and KEL-F. N
5 But acetone extraction of éne of these polymers (#219) which originelly con- <
if' tained 46 mole pe¥ éent KF has led te a Welght Loss of 39% and an insoluble N
e, ©  residue containinhg only 43, 5 mole per. cent KF. Sirice acetone is & solvent for .
e polybutylacrylate buit not for KEL-F, it now appears that the products are true
e copolymers but -of the grmted" type; that is, polymers campesed of an initially i
f“'-”’,, formed polybutylacrylate backbone on which polychlorotr1fluoroethy1%ne side ‘
e chains grow during the latter stages of polymerization by a process of chain =
- transfeér. If this picture is torrect, the resultant copolymers should be highly "«g
e branched structures with a hydrocarbon backbone and fluoroecarbon appendages. -~
o From this point of view &dlone théy are worth evaluating as Arctic Rubbers. )gj
1 ﬁn‘,‘ : ’ - : . i nc:
Y 7. Copolymers of CFo=CFCL (KF) and Chloroprene (CP) -
§w 1 D i ' o ' ) j
: ‘i: ’ Because chloroprene is far more reactive than CFp=CFCl, it is .
:; g virtually mposs:Lble te prepare copolymers and especially hémogéneous co- .
] !».5 polymers, with appreciable amounts of ceombined CFp=CFCl. To¢ date, the highest
: %Q,};: KT level attained has been 12 molé per cent. The first attempt to prepare a. .
*'.1; product with more than 12 mole % KF by cha.rging 811l the KF 1nlt1ally and addinrg !
tx;" chloroprere slowly has failéd because of the unreliability of the Milton-Roy e
Sy Mini-Pump. Anether fun is planned in which chloroprene will be féd te the aubo-
by 1 clave contlnuously through manually certrolled rotameters. . . :
N . < . 5
o o2t
e 8. Copolymers of CFQ_CF-CF-CWQ (FBD) C
P FBD  copolymerizes with butadiene (BD) and isoprene (I) to )
: 5% foim Fubberlike polymers suitable for evaluation as Arctic Rubbers. There b
. 3“ is enougn FBD mohemer on hand now to permit the determination of the redc- ;
?’,:_,? tivity ratios for these systens and to begin the preparation eof larger sémples y
e for test. Xinetic data gathe; ed recently for the oalculatlon of react1V1ty s
Ry ratios is tabulated oelow' : A
= C -
RO 4
O g,
[ rf" s
PN : B
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Moles ¥BD/BD _ Moles ¥BD/I _-

Code Qﬁarge@;,cqméi?ed Cherged Combined % Conversion Appearance

513 0/ 70 22/78 - - 35 Rubber

51k 50/50 32/68 S = 6L Rubber

515 70/30 28/74 3 - 22 Tacky rubber
518 3070 12/88 39 - neooo
517 s - 50/50 - Very low - '
516 . - - 70/30 34 /66 21 Tacky rubber

9. Po}ymens;and-Qg@olymers,prCHb=CFCl

. The homcpolymer and many of the €opolymers of" CHQ—CFCl are
rubberlike. The preparation of & number of these systems has been reported
in RL~52-183. Data are presented below for additional pairs and for & pound
batch of homopolymer sent to the Depot for test. (cf. section III-C for
evaluatien).

Moles Moles . - Hours
Codeé Charged Found %\Conversion Polymerization Remarks

CHo=CFC1 only /1/
L468-a - - 90 30 Tacky rubber, For
) test results, ef.
gsection IITL-C.
CF2=CClp /CHo=CFCL /1/

461 70/30 - [f2/ 2 - 26 *  Flaky solid

Ug2 - 60/k0 = 2/ 6 - . 26 Hard solid

463 . Lo/60  11/89 b 26 » S
b6k 3@/70' = 2] - 26 S1. tacky solid

CPo=CRCL/CHp=CFCY /1/

W57 70/30  10/36 %6
k58 SC/HO 6139 9T
459 Lo/60  Lp/58 © 100
460 30/10  31/69 &

Hag@, fl@ky solid

Tough, shért: rubber
Tough rubber

o0 05 -0

Butadiene/CHy=CFCL /3/ |
ig9 - 70/30 98/z 1, L Rubber

k70 50/50  95/5 5 g Tacky solid
g 30/70  99/% 57 2l Rubbey

71/ Persulfate-bisulfite suspension recipe at 20°C.
/2/ Analyses inaccurate becausé of retalned impuritles oy loss of F and Cl.
/3/ Mutual recipe at 50°C. .
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- : 10. Other Butadiene (BD) Copolymers Cee

: A : Copolymerization of 2ll available fluorocarbon monomers With
e - putadiene is beirng attempted because these products are invariably rubberlike %

= ? and vulcanizable by ordinary sulfuf-baseo recipes. Comparison of the co- <
2@“ polymers at the same molar levels of’fluorocarbqn»comonomer content shquld }
w s - . give some indication of the more satisfactory fluorocarbon structures for oil ;

=7 o _ résistance and low temperature flexibility. A1l runs were carried out in the
- A Mutual recipe at 50°C. . -
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THE M.'W, KELLOGG COMPANY
Petroleum & Chemical
Research Dept.

Jersey City, N, J,

Moles Moles % '~ Hours i '
Code  Charged  Found  Conmveérsion  Polymerization =~ Remarks >
) EFCF=CF-CF,/BD .

30/70 -
50/50 -
T0/30: =

L3
W7k

-

+ L8l 25/75
Lo6 25/75
482 50/50
{)483

495 "
480 75/25 -

181 n -
kol L

505
%6

50/50 -
30/70» =

522
523

50/50

«10/81
30/70

13/87

196!
Loy

488 - 50/50

489 " . 2/98
486, 75/25 -
187 i -

~25f?5’

trace

1/99

Tetter yields of rub

products are still b

CF3<CHB=CH-CF3

5 2h
Zero - 2k
Zero 24

CFs=CHC1/BD

very low
very low

CRp=Cp /2D

28 6
31 7

vgiS'CF3¢CH%OH=CEB/BD

I\

33 S 20
39 . 2h

AL 20

% ok
very lew 20
very low ol

bery material Nave been obgérved in later rins
where polymerization time§ have been increased to 2k hours.

eing dried and analyzed.

. Of all the explora-
tory systems tabulated heve, the CFo=CFp and CFz=CHF copolymers
look best from the standpoint of yield and comonomer coutent.

Sticky, semi-solid

Sl. tacky rubber o

Tacky rubber A o

- N ©
b
- oo
.
.
3
s
o
. .
0 b
Rubber
1 g
4
’
n .
B A
1t 5 8
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X 11. Miscellaneous Exploratory Copolymerization
. T.O Moles Moles 4 Hours
. Code  Chargéd Found  Conversion  Pol¥ymérization  Remarks
s CPp=CHEL only /1/
b 497 = - zero : ol - ;
: CFp=CHp [CFp~CF=CE=CFp /2/
k75 50750 I3/ 1 2l Dry, flaky solid
P 12. Alfin Polymerization .
Sk il i :
P Alfin polybutadiene has been reported to be exceptionally sol-
ol vent resistant @& well as flexible at leow temperatures. Earlier attempts to

polymerizeé fludrocarbons such as CFp=CFCl and CFp=CF-CF=CF». with PP catalyst
(ef. RL-52-183, p 13) were umsuccessful because of rapid side reactiens leading

to & brown methanol-soluble precipitate and probably NaF.

More recent experi-

ments with Alfin PP catalyst and 50/50 molar mixtures of €Fp=CFEl/BD and

CFp=CF-CF=CFo/BD have been equally unsuccessful.

-

{ef. RL-52-183, section III-C, sample

Also included in

Pelayed to- us by

e carm ey e —— e

‘ - “
S L

T NS
K Sane )
2 C: Polymer Evaluation (with Mr. €. B. Griffis of the Philadelphia
N C T " Quartermastér Depot)
b . Copolymers of CFp=CHE1 (KF) snd Butadiepe (BD)
, L - An adequately homogdnetus member of this series has been tested
A at the 10/90 molar X¥/BD level (df. RL:52-183, section ITI-C, sample 323-G).
o dmy ) Copolymers at the 25/75.and 40/60/ levels will be Yeady for test shortly.
RO 2. Copolymers of €Pp=CFC1 (KF) and Iscprene {I)
'i- “j > e ~ An adequately homogeneous membér of this seriés has also been
S ‘tested at the 10/90 molar level. » : ]
T A 316-G). Here, too, copolyiers at. the 25/75 and 40/60 levels are in process.
e 3. Copolymers of CFp=€Cle (G) and Butadiene (BD)
! ,....,_?_-;‘,_’ Z=ran R e Lt « E——— . ey e
. b - Oof the thfee'CGpolyme%s‘in thig series slated for test, two
iR (at the 10/90 and 40/60 molar levels) have been tested. Polymerization
VT recipes for these two rubbers (h98-G and 493-G) appear in Table 1; com-
g g pounding and curing recipes and test results inh Table 2.
I Table 2 are results reported recently by M. Feldon and R. W. Laundrie of
- the Government Laborateories, Univensity of Akron, and
) l, ' P M. Griffis. : P ‘
5éy . L .
N /1/ Mitual Fecipe at 50%C. )
el /2] Persulfate-bisulfite suspension recipe at 20°C,
P /3/ MAnalysis inaccurate because of fetained impurities or loss of .F.
;o
L e - _ e
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Guring recipes and test vesults are summarlzed in Table 3.
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Copolymers-of CFp=CClo. (G04and ISoﬁféne-(IY

Polymerlzatlon récipes for two of the three members of this
series scheduled for test are recorded in Pable 1 (samples h78 .G and L452+G).

The last of this

series to be evaluated, v1z., 10/90 molair Gdl, is now ready for shxpment to
 the Deépot.

VFs, has been attempted in a variety. of recipes.

5.

'Gop'olymers Of CFp=CFCL '(1-1{;‘5?3 and CFp=CHp :(.‘VF'p)

Vulcanlzatlon of "saturated™ rubbers, sueh as the KF/VFp co-
polymers,, which are normally soluble in acetone im the range 30-70 molé %

The s@lubility data tabu-

lated below indicate that oxide, peroxidé-amine, and polysulfide cures are

most effectivé in cross-linking KF/VFQ copolymers

Further :studies are ‘being

conducted on. béhzoyl peroxide cures at various levels of concehtration, tlme,

and. temperature, and also on the hydrated sodium metasilicate-caleium hydroxide
cure develioped by Minnesota Mining & Mfg. Co. for vulcanlzlng polyheptafluctro-
dlhydro butyl acrylate

olil resistance.

Copolymers of KF/VFa are éspecially interesting beécause of their

Volume swell of the raw gum after One day at 73°F. in SR-6

has averaged 10%, and in BR-10, 2%: Mechanical and loy témperature prdperties

eannot be evaluated until a vulcanlzatlon recxpe is worked out.

Por polymeri-

zation recipes, consult Table 1, samples 328, 131-@G, blend.

1F15-
IFLT -

1520,

1F2h
1F26

- 1F29

Although the unsoftened polyters band readily on warm rolls:,

Polymer
°328 /il -

431-6 f2/

Blena /3/
h31-G

Blend

" Methoed of Cure

Red lead,

Red lead

NelSx

TETA

Benzoyl peroxide
Benxoyl peroxide,

TETA

Hydrophoblc Slllca

E

Appearance after 48 hours
in acetoné. at T3°F.,

Swollen

Dispersed, partially Ais-
solved

Swollén

Dissolved

Swollen

‘Dispersed, partially
dissolved

Incorporatlon of carbon black and silica into K}/VF has béen
facilitated cons1derably by the addition of 5-15 parts of KEL -~ AO‘plastmcmzer

cdadme plastlc enough to take up. fillers easily.
"% - ‘the copolymers which differ mérkedly in eomposition frém the 50/50 melar
level whete the rubberlike properties of the system are most prenounced.

KEL-FLO. 0ils blend w1th.KF/VF2 copolymers in ah unusugl manner.

they 46 not be-
This s espec;al;y true of

The ‘addition

of a few drops of o0il té the banded sheet causes the rubber to disinfegrate
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70/30

1

"Hetarogeneous 50/50 molar KF/VF2 copolymer
Homogeneéous

Mixture of smgil batches of KF/VF2 copolymers with an
average composition of &bout 50750 molar
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R into & fine crumb, which on continued milling soon re-bands inte a continuous 3
; sheét. Although this éffect is encountered afier eéach addition of plasticizer iy
e up to the_lS% level, KEL~FLO oils seem Quite compatitle with the rubber. There ¥
§-.j i8 no evidence of bleeding or surface tack, as is the cage where hydrccarbon or ,
. i dilicone oils are used as plastiéizers. -
3‘,4 s . 5 . - - 7
4 6. Homopolymer of CHo=CFC1 . Co
f N - - : .
: g _ This rubber, designated 468<G, processes pooply. At room tempera-
j 5‘. ture it is fairly tough and rubbery but at milling temperé_mt'une it softens so
‘;; much that it must be scraped from the rolls. This softening is not permanent
. % but it does interfere with normal cempounding procedures. Moreover, the polymer *
= is difficult to vulcanize (e.g., benzoyl peroxide ig ineffective) and its solw
K vent re_siéﬁance and low temperature flexibility are obviously poor. + wilid .
b not be further characterized. ’ : ‘ -
9 _ N : 5 . ‘
o iE T. Copolymer of CFp=CHCY (Y) and Butadiene (BB) ”
,’°; This series has been prepéaréd in these laboratories on an ex- ’
e ploratory scale but not in batcheés large ehough for test. Data are avalls

able, however, from the recent work of M. Feldon and R. W. Laundrie of the
Government Laboraiories, University of Akron. Cénsult Table L.

Rt

n
e ;“F - 3 ) ) :':.
X 8 IV. Plans for Future Work - 7 ] °§

A. Preparation of homogénéous sampies of CFp=CFCl/butadiene and
CFp=C¥C1/isoprene rubbers at the 25/75 and L0/60 molair levels; of o
CF2=CFCL/CPp=CHp rubber at the T0/30, 50/50, and 30/70 molar levels 25 soon vk
as compounding and curing recipes are worked out; and of CFo=(F-CF=CFs/ -
butadiene rubber at the 20/90; 25/75, and 40/60 molar levels. Preparation , do
of homogeneous samples of the remaining rubberlike gystems at three comonomer

- levels Wherever feasible. g . :

NS
{L.-u.
g

30 .

2
@’

e

R v
PR = S O S,

e

SRRy

.~ B. TEvaluation of the products for oil resistance, low temperature
flexibility, and mechanical propérties. : -

T e e AR

,
s

€ Compubation of reactivity ratios foi other rubberlike systems.

a
. l\;"’t o o < ) ¢ » I ) ) - e
il D. -Continuel production of €Fo=CF-CF=CFp from CFpzCFCL. _ o

%
§

_ B." Synthesis of other fluorinated diemes by thefmal dimefization of
oléfins. .~ . = :

iy

e -

/-

7

ralse A2
wse X
PR T Sy
i

F: Explor&tory copolymerization of additional monomer pairs as new
moneiiers are made available by Dr&. Tafrant and Syversen.
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TABLE b4
IS OF CFy=CECL/BUPADIENE RUBEERS .
; Méle # CFB=CHCL soubined 2.8
. Poliyuerizetion Teomp,, G, 50 o
9 Conversion - 8 A
L - .
= R Tensile, pei 1160
T mossties g 0
A P % Vol, Swell, SR-6 B 205 = . ¢ : -
T o 8 Vel vell, &R-10 s -
; E;m ‘ G@hﬁm Stiffnoss . p Zi‘*
i T 100 (Mirms °c Yo ' 7
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