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A 3 n-heptane in the vapor phase with cobalt trifluoride at 250~'
7 350°C. in a special agitated reactor. Yields of crude §- heptane
. of 8o- 85% of- theory -hdve Been- attained. cohsistently by this- L
T 77 methed in’a laboratbry scale model réactor. “Approximately. 5= 10 s .
. . of cyclic fluerocarbons are formed as beroducts in the reaction. .-
e The: ‘Testdual hydrogen containing compounds- in the crude %»hggpan@
- can-be fluorinated further by repassing over coba¥t trifluoride .
| . a,t 35©°Co ;;\__w . v . 4:' 3 T L ‘_:“b oo
*y-hf The total crude ﬁ-heptane after a second ﬁhss qyér cobalt ﬁri-"
e wag within specification- 1imits for coplant srade Under .
lot plant contract., Over 50% of: the second pass crud

K specifieation limits . for the sealant grade under the G 716 pilot
s plant contract. '_;. S - b I :

;;fi:fFQM-—m—¥ield data .on material pressing the proposed specifications
v for gealant grade C7F16under. the C-816 contract will not be
e availavle until further distillation studics a.re'complettag;h_._~ T

";“_}‘atibn n & Podbze%niak high temperature st11l and sxaminaﬁion of 'Q 5
.7 reflux boiling points of- foreshots from-the distifiation shows . & o

.. promise . as & control method for': determining CyF1y componpds in '
07?16. Absolute correlation of this method with infra-red

}57~}aaa1ybes 18 boing-hﬁld up pending insta tipn of a more effi- . .
} Apte] = & .. N

-




v . ) B

- with: ~speai#&ss%ionﬂl1mita—1n—the“Gallﬁ_gonizﬁgh_L~51 fb'-__, - E

1. Qﬁiresiduc) S T | O
Mechanical problcms have’ nmdc the stability test. 1n the '?f‘
Trangp.or ‘0.01 - 0.02% residuc- erratic, Further work is being R

T carrieﬁ out to im@rove the consistency of this test.for-the low‘w“
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pmwe,ss for the ﬁuomnation of
e and to.dévelop analytical .
ty af. tbe;:f]guorin&ted product...’i_j;
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;ul« latér 1n PL&CtOfo which we v
drterndl’ agitation.' Wher the’

3 -method«, hc.d been dcmonstrated

nting proccss for: 1'1rgc scalc . ‘
med OVEY to thé “3uPont Company. . - -~
-»lant layout (C-.‘?l6 contract) Were T .

Repéi"t of J:. B. Roborts oh Comparison _
'}"“Cobnlt Fluorida. Procuss for Manufacturc of ..,
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pnig th%'énpora over CoF} imv:”a
ture of 225-350°G. (3) «C&

pu-alng]tho firat poss crhﬁa dver CoF3 it 300-550‘0. L
v,.pthe crude f-heptane fvam the socond pass and
caustté to remove dise
.‘ ntan and distilling ]
' .{%rmed to 0033 uith

. (6) “Drying the - o
drtcd 5roduet. (7) Regcnerat- L
rine: a.nd rcpeat the cmlb.; :

‘.;;', - Pude &7 ter aecon@ pass wae setisfcote
to mﬁ. “l:he speeifica ions for coolant grade in : e
“tract with réspect to- boilinsorange and stabxlity o proecss gus Lo
eleas then 1% realdue). el w 'V ‘ ST

e RS s,_g ‘. q‘.' FAE

| ingle f r&'e'tion&tion of the crwde ﬂ»hepﬁm ih 18 20 pla{;e e

- 0@‘1“3 gave abou 0% of a midyeutewhich passed specificat‘ibna;__, T

Loy the. sealant g -
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have been vortcd out 1n & pre‘ 1m1nary R*7
que Ui -eut ¢~heptane to" meet thei, e
_ ’_for the secand order of C73157 {0.5% .
' ’E’tO‘M@cesa gas) E s

(3 4 _ T EhE™ rerlux boiling
t cut. shows pmmise of belng a aatisfa,ctg

[
'_G'v

v elatevwitzh the infra- -red analyeie for
Change.s of tne ‘order of 0, Or'c in
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ftest is satisfactor" ror
T1 to 1. 0% as required for

B

pweeise correlation will be made’ of the -
of GTFIG as shown by infra-red dha

- . -
. o . vv.,

. value.as a measure of the monohydro :
« ev&lu&ted further, A éorrelation bctvccn
and uonohydro ﬂ-heptane content~of C7F1
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N Tha vork dene on perrluoro n~heptane (ﬂ-heptane) will be-‘
“fraportad under the, following_hoadinsso ‘ o .

ky \‘t)

(A) Fluorination oﬁ n~heptane‘ . . . '
o ¢ ‘ 'J

'i“-?-*(B)' ‘Puritication of " crude- ﬁ-hepx&m‘

e
che g )

NON Aml;tieaz Methods L

, “'Macellmeoua expe*rimntééi Vot‘k- et
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,Qbelt}ch”'ride (7 g bs.) wau'c&arged”inng the

S .

’ ‘#e'ted ,w the: diflyaride by treatment With" ar;hmmns‘

acy: n-with fluorine gas
go tp cdmﬁletion vith
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: - The temperaturqa in the reactor werse adjustéd to 225 +25°C.
. &t the feed.end apnd graded up to '350°C. at.the exit end. The 2 _—
vaporizer was hehted to 150°C. and the condenser was cooled to C o
.-30 to -40°C. The liquid n-heptane vas fed dropwise (0 4 - 0 6-cc. -
o p&r minute) into the vaporizer,

" From the vaporizer the gageous n~heptane was passed: throhgh
- }agged lines to- the manifold feed of the roactor. As soon as 'the.
W«~ ‘organie’ feed cams in contact with_the cobalt trifluoride, ‘the . t
flwerination started as evidended by -a temperature rise in the | o
) reactor. The gggkhnxngra werd adjusted. to*mnintain,a bempqratuge A
"% of 200 +25’C. atithe feed end with the fecd ratas _gkyen abave. ' : - ‘.°
. The exit gases, HF and crude B ‘heptane, werse passed through the ‘ .
nickel seréden. o remove cobélt fluoride dust ‘and into:.the condensev. o
IL was rouad nsceceary to heat the dust collector in order to .., ‘
avoid condensation in the:}inea This wves done by ‘leading the hot -
burner ganes up around thﬁév" collector by meana—of a stack.. RN

vl 1:_»;1‘«

-

, Dﬁring the run,the pres Ure inside the nickel screen was
observed by means of a manometer to chedk for any‘plugsing ‘of the
-'screen or lines. ‘“The product """ waS, collected in a cold rebeiver with %

. & conjcal bottom and bottom dreain- valve, After the" heptane feed was :
‘ finished “the reactor was swept with nitrogen to displace ‘the -

R fluerocarbon into the sondenser. - The - fluorocarbon layer (Sp.. G+ - .
e 1.7) was separated from the HF lhyer (sp. gr. - 1‘0),by_drgw1ng off 7”%
- the'lower 1a‘yer mto dilutc KO}[.., T e '

\9-5

i”3ﬁThe HF vas drowhe&’into iée and vater and a’ sqgll amount of
- Tiygox carbon vas recovered by aep&n&tion from the: “aqueous layer. -
Tneytetal erude | rluorocarbon was washed with dilute’ KOH *tio- romove.

o HF, separated from tHe aquoous laycr and dried with anhydrous JET L
.1 aoddmm,sulfate.'.f ' ‘ o o o

°

- o P - 8 . Q g s . \‘

-

: A normal’ run of idb cc of. n-heptane’668 gramsﬂfgave 212 grams L
e ﬁ-héptans or 80.3% of thoory based”. . complote roaction. ‘ ‘
-t_for complete reaction.

:'with this size run, -
‘tage of the tot 1  (H”U,“

" thiy 'rﬁp'o'f-‘t""b;r ,
e after aeparating_tha HF, ugghinsﬁand_s@p&ragingj____w;}
hnd do hot include any -ef. therahove handling

cstimated that appromin&tely 5%“of%thc yield was lost
,1ng up,the samplea in the average runs.

T LSS




;‘reactora In each run, ~heptane from
; _wag uscd and. the Feed pates were. .
» -The runs were kopt small enough
8 th n?SO% exhaus@ad. The estimatod

,esevruns was of the ordei of
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T a auall hsated jacket nolumn containing a Nichrome apiral. Oniy.g -
) lit§le fracttnapion*,ga.affaétody;but o distilletion-ronge-was— < — T T

- 7 “obteined which gave & rapid method . of comparing various erude B
,:.%ﬁJ@,g§¢ngptanes.m”.%giiw wiw ‘f .f-a*-ﬁ. L ,;»_Q_‘ .
. Pig. 1" shbwg ho- comparaii;é dietillation ranges for the .

crudes described gng,J__mha tﬁmpo 4 vén are—hegémtempera-——-‘ ?3
tures taken at the.. stage of the disti latiop indlcited jIn_uach
cdme the holdback qf the oolunm wae =bout 7 8%.4‘ o

"

byfg@:wapqgrannbiof higher boiling materials.-‘whﬂ fermatian of
. .ower 4 1rng products which resultéd from cracking’ or'byprodugt
BN ji rinc c oI E - peactions Aincreases with fhcreaseﬁ temperature of -

- . fluorination.’ However, use of the manifold diatributmg feed and
i . cIos& cpnt:ol of tempereturcs end feed. retes to avolid hot.spots in .~\,
peactor; ., reduced the umounts of lower boiling prdaue%&Am&—~——~~;g
'”&éﬁbideraﬁly b@;ow tha 2& 30% reported. earlien.by "Q},ffv/
) pn ews usiqg st.tde reactors or single fbed =3 T
e",fgek“ | .

In order to reduce the. 100&1 overheating to a mmgﬁmum, most A
: ~n"gtionz using n-heptane’as fesd matertel have been' -egf' '

, : made with the- tempemture at the feed eqd 225 +25#c. and Bt the . -

S exdt end abdut 300~350°C. 6 ‘oruds. p-heptans obtatned ander thase S,

wb~'””5 tonditions still contained™ ogpiderable amounts: qr 1ncomp10te¥y S IR
. < fluorinated comgounds and requred 2" socond pass over, CoRy :after
T removal ot.thﬁ’&iluting E? in order to complete tna raacticn.l
wﬂing tablé shwws the resulga of. afseries of flumrin—
hz a temr&ntﬁme gmae,d from 295‘0“ ‘to 35
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Yiqld Gr ot
ﬁ-heptane o UUEIINS 3

R )
e. 160 76,1 ‘
“T183.5 . 88~ 1
21657817
217.9. -.82.6.°
176.6 - :83.8
©20k.6 - B0.1 \
P S A
;,,‘, S NV g T

fEF recove,v- n tiie gatter rUns 18 a: geflection pf/{
1ng techn_quw rather than‘ eal 1ncrease in com-
n, si aiz showed about the
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'“under the above conditiOna (Run 23&) 15 given below.

O

'3';:” ﬁ,Distillation © Head" Temp. ?c;

. stemt . . 72.0 \, 'J* Cooe
o X0 e 82A5 : e s

R '5'3 201’11 '“u'-3[}§%[f7°'83 5”‘;. T
_ - .0 ‘ ,‘l ) .L )  ' : ‘,—l‘ . - - 85_.‘5 ) : \_i\?: '...' o o ‘. . -_;v}:::\,
‘uv‘v: 80 .- ., .90.5/' . ; . N “ o
92 (max. temp )-mf; \10k.0 5 |
‘f;feet of percentage e;haustion of the’ CoEj was checyed -

& Fun-{66=T0% extmustton); collevting the
and then’ running an adddtional 30% of n-heptane through the .

T
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f7;-"““ratg~ar at thb sqmo -feed rate.to give 75 85% exh&ustion. qu : i
o ' of low bolling material in ‘the second,poition BN

R .,nb@ mtterial ¥ increased over -that in the first portion as "
) ‘\,t evidonced by.the distillation range,obut due to thosloyor actual R
34 “contact time. the fluorination 'wss pot as® complpte. This 1bs ”ff';“’
compléte reaot;on WAS. shovn by an increaae -An - the amount of hish
Jﬂoiliﬁs produets and may hsve apounted to about 10% 1esé~peaction. o

ERE) oy series of five funs QRuns 38-40, 42- k)) were‘made'to Siv P
compodito of orude f-heptane . for distilltionxstudies. In these ;runs: | °

e G RV d+%empert%nre—wa&—uaed~in~%he~rese¥er*§2' “350.°0 : S

- amount of fluorocarbon dissolved 4in the HF was discarded. - ‘The - §"

ds of vashed orude varied. from 13 to 83%, with ‘an' average yield -.

>
"t

Ly N
'~o£7 ﬂﬁﬁ‘of theory -based ‘on complpte -resction.. A composite of the -
" washed ‘and @ried crude f-heptane from these five,runs was ropassed

through the reactor at- 300-350’0.“at ‘a feed rate,of 2:%ce per ;= -
*  mfnute {Fun- &), The - second. pass’ “duns vere made In the same manner
f?';rtfit_pasa é%cept that™ higher temperatures were used’ and more
 rapid féed rates (2-3 cc. per ninute).:.Since thqpe was no- apprec-
1able amonnt of HF formed to act g8 a diluernt, the oontact tima

- “*about 5 minutas at thﬂse reeq ratesu ’ - : :

j“wiéh-~'?' ' ’\The second,paas crude was separated from the mall amount of
. HP. tormad, _washed ‘with dilute KOH and-drded with anhydrous. sodium ?x'T”
' sulfate as.described ‘above for first.pass:crudes.,. The yieldsion , =
!fﬁ‘w‘t'f ‘second -pass for normal ti&st pass. érudes were ‘99- 100% of materdal ':”5'“
¢}{;{-u; fed or about 95% of .theéory based on expected weisht gain corresppnd-
s 1ng to the HF'evolution. . *5_ : - .

. : . i S .‘;';' ".

S

,
o )

DR D s 'f'ﬁ,ew&ndi ':e anwovenall yield of second pgss crudé
i fjﬁ-heptana of about 79-80% of cheory‘baaed on n-hsptane Jusedy g ,wyk;
". Fignre 2 shows the distillation range of a typical finst fof’
co paaa .crude’ and the oorreqponding ‘second . pass cruae.- The reduction A
'v-é L oin amounts of high boiling mat.rials 18 evidence qr,move complgﬁe A
' fluorination.' S R ,‘j T

e . - .:vv-. . B N I

A

‘s. . L Cta B 3
L -

. A saLr:Les of - 12 nddit:ional ru.na (Rnns u5-56) were made to .- i
Y supply additional crude for distillation. W effort was made to
"#H.' recover product diaeolved in the HF. The yielde in this seriea

~—varisdtr (L ﬁb'BI% W1th an” average\of about 78% of . theory. Vrff'7§v

“ .., " . .
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‘wf, campo‘tté“wiﬁﬂgivbn a~second. ﬁass a§*“"”57 VIth & return.of—=*72‘r’f

';*1@G§"of ‘material fed,  There was spme evidence that the second pass
of this coupoaito ‘& not give as complete a reaction asuwsual Uy
p@ahghgy due either to temperatures being sligntly belev- 309°c‘ or Ty
; teo repid a reed rate. o . ' , :“HM¢T,H

li—'

S ‘ - ﬁﬁQ'WAr ' @fﬁ
(1) Liow . boiling cracked producta ;‘nompletely fluorinateg.fiiaQ
(2) Cyelic-by et 'IlnbrinatedALD7F1$} o
B . zﬂ

T a) S ‘ﬂ*“ﬂthyl cycluhexane - b.p. 76~33 C, . :
(b) Cut Ro. 10.. ~-probably ﬁ dimethyl cyclopenhans

2" >y C °
: ean,aining,Hineommletely fluorinated
. campoun&a*a boilins above ﬂ-heptane. e :
i1 r<f?5 Qhe faw boiling cradkeﬁ products are relatively easily ramoved .
hy distillation..  :?~T”'F' o PR LI . \’“
__________________ i%g;bafffﬁéigsints closer to~¢-heptane are
‘sepa :, . Similarli—ﬁﬁe mono and possibly di-:

anas appear -t0_have boiling polnts only 911ghtly sbove. . V.
e, and are difricult to reméme ‘eompletely by distillation.. .’
4 ‘ahslyses of crude f-heptanes prepared-at Jakins® HopkinS-mf YRS
ty by Dr. R..D, Fovler, ‘indicated an anpreciableqﬁ*aﬁﬁt'of i,
hy 'cyeldhaxgne present .and somevhat 1esser amounts of the Nb.
_1nwnr1ty.af‘~ R -

a.. - M . Lo : ' "o‘ "
. . " . . e . s —'-'
-

3deterniae tho amount& of 07?1u_cogg ds formed gqring the e
on made in agitated scale model reactor rdepcribed earlier,

ite aeeond ‘pass crude (run'#k) ‘described-1h section (A)
fonated in a vdcuum jacketed bolumn, 48 im. x 0. 5 in. papked
._in. slaa;j;flieaa (eatimated 15- %G“pheoretical plates)' o
f;owxng tablo shows’ the diatillation Panges ot ths*f""”f“"r
,ti&‘i‘aﬁa'%hair compoai&ianw s-detérmined- by infra»red -

by;nr.vvt Z. Rlll&tma at Ameri?an Cyana%#d Company.,

o HFI’MSSW lEﬂ \‘.‘*ﬁ .
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i,an of Second Paas Crudeaﬂ Heptaqu' e
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' tion range  hexane - boil- ’%7f.#'°‘f"'}'
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; L -“~:41~_iﬂh_,;_ .;,.;hf:f;
, rangs af the crnde g-hcptnno fraction beforc qnd aftcr -;
given., Since thé amount of HF evolved was small.in most :
was not possible to usc this value es detérmined by weight
a&iqn of oempletinn of reaction during the second poss.
e Qm“mm.“wmw:aaﬂw suana;anuauuszz :nl’_-s::::::; u=x=====:=§:§§=

. Process Gas
evolved . - Residuc

(% by -»#”B’/bru  Aftér
weight) ropass _repass

”ﬁgter Reggsa

Trace . 0.8% © 014

. 82 -Bg.5*  T79.5483.1° - Trace - 0.4% ’  0.10%
4 | ” | N f‘ B /

o B . .
;- ol
y . . \ .

S131° 78.2-8501 7% 0i5% 0 0.05

Co :" - . ) . ’ -

Theae resulta 1ﬂdicatc ghat some hydrogen coptaining bodics

with process gas at 100°C. ag with C\‘.!Fj at *350°C, At prcsunt the f
ﬁ%g,;best method of rcplacing the rcsidual hydrogon-atons on hjdro.ﬁh . ,
© ' heptancs secems-to be ropcaﬁcd trootpgnt With CoF3 at glcv4tud tcmpcr-
__mtures’ (}00 350‘0 )%




T o [ ST

' ?1rat paas crudes ahowcd a proces g i esidue varying fram
O GR»- Q l}ﬁ, vhile second -poss crudes shoved ‘valuss of 0. 08 .-+ 0, 20.
Thaae.ra&ulta indicate that the process. gos ‘test dogs not ﬁctcct .
Quantitatively hydro ﬁ-ﬁbptanos. B . -

- . o o ==

he -

ﬁ> ];(l) CYFlh compounds tnclu 
; '+ and No. 10 cut. .
: Hydrasen contafii”
ff;? ‘ 9 ysis 1s the ohly direct .mothod to

- date of determining the amount of © '10 C7F1u bodies in ﬂ—hept&ne*
;Vf?f?J ,In the absence of high bo&l; rhydrogen contaii{3ﬁ" »
ff””'nie Williams accuracyTOf detcrminingTC7F14 OYG11° ‘compounds: by thi&-"m"~*“;

d ‘in amounts up’ to the specification 1imit of 0.5% 1s +0 1%.
o Attempts hdave - been made to corrolata the infra-red analysea with
- more -simple’ tcsting msthod, such ‘as 1ower1ng of the reflux boiling .
pc;nt af ﬁ-ncptane, due ‘to the p;esence of the lower boiling C7F14 :
compounds. ;>=
. 4 . L .
. - In ordey to conccntrgtc the lower boiling 1mpur1t1es 1n a ..
famall portion of the.f-heptene sample, the following distillation 3 ’
schemo was adopted. .A 50 cc sample of the. 'p-heptane toabs teésted
vasvdistillsd in a high temperature Podbiclniak still with e spiral
paokod Qolumn withoxhe following tempcraturea an&-cuts being taken.‘

€.

: . : . . P .
- . K . P .. . ,‘

IR (a) Equilibrium temperature at total reflux priur to
’ vnny take off (E.P.T.). : C T A LT
o — (b}LW ceocuts L - - ~ - -
L - {e). Equilibrium tempergxure &t toﬁhl.raflux at midpoint f
o ””distillation. S R
RS ' (d) - Middle 2.5 cc. cut. . O R . ,3_ N |
at (p) Holdback of column (&pproxinately 2 5gco Yo L ’

s -.: .

) «—16~. S

T musm S

$
-~




LT R

= S i . -

ng, point (R B*P ) vas tak@n oi &h@ first 0 5
: ] t and 2. 5 ce holdback. ‘The appnratus _ s
"rmining refl v small tube with sidearm '
-thermometar (drawing attached) A mieroburnur was

! ed tip which had’a‘valume of abaut 0 y cc.

°

p;ea of 07316 were subjected to this Pudbjcl~ 5“
- 'thod of anelysis poth -alone and with knawn L
thyl cyclohcxane ‘714) and Cut #10 addod. The poSultr

J.L.  J.L.  J.L.
- 167-73 167-73 167-T73 °
.+ 0.5%+.0.25 + 0.5%
| “Cut 10 Cut 10 .

82.18 82.00

- 823 -
82.33 82.22 82.23 82,02
‘82,38  Bz.42 B2.40 - 82.39
82,99 82.97 B82.96 - -82.98

0 ‘_27 ‘0 026 n . 0.44 a‘
0:22~ 0.21  Q.b2

.-
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. o The foil ovins conclusitmﬂ can be drawn :t‘rom the ‘above rcéults.

(1) The presence or appreciable amounts of 1ow or high boil-
ing materials will lower or raise the reflux bolling: peint of &
aample 3n proportion to the amounts present. . ,Hwﬁ,,

(2) The Podbielniak column used did not have a sufficient ,

" ‘rumber-of theoretical plates: to remove low boilers early. in the -
_<atst _fatian ‘as shown by the lov R.B. P. ot the mid»cut from wnmples .
g con,aining added law boilers. : bw, : : .

! S - (3) The decreaae in. EuP.T.Aand 1ntR.B P. of 1st 0.5 3¢ With
fo ad’tg C7F14 6o eaponda te -& change of approximately 0 03‘0. pgr )
R B lﬂ‘of‘c7?1g addod to original sample. RN S y._b,.-,"‘

%;(4) Cut No, 10 effecta approximately gpuble the char
;u of lat 0.5 oc, oauaeg by an equal amount of p~methy1

| (5) Tha high'boilina.material 1s concentrated mainly in,
’ﬂfik or the eoluﬁn,vhen the original Qmounh present is low..

J,;ﬂtrafred'analySes bf ouxs trom a Pod. diatillatiqn of B nar- v

ction of f-heptane indicated an enrichment factor fod. ﬂ-meﬁhyl;”‘

. the first 0.5'cc of only.2 to 3 times that-of the =
%he folloving table shows the éhange in composition -
, In esch caae a- 50aco sample

j
" -
.--A
M n
-
t
5 .
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L R o ot origincl
#% of - ﬁ of ﬁ-methylﬁ-mcthyl - "
‘Distill- cyclohexane . cyqlohexun@ in
ate in a&mple sample
N W 007 S -
9 . . ,*wtlo 13 © °  20.8 . . e
10 - S . 1 . 10.6 0
75 .. .7 D.85.- . 65.6 B
. ‘\ I‘; )
- - 0.61 - . .
1 2.0 ¢ 3.6 '
10 . 1.17 . 21.1 -
. 75 : . g ) 0.37 P 50 .0'-‘ 3 el
o S e . s T :
mmmmnwnoauza-uaﬁaéaa:-:::::*sv , w::-;s ’ ..-,-:===—‘—-,"==——-i-.‘:—"——-'- —————— o s

A

-

The effect of adding th {lowsr boiling Cut No.,lO vas to givc ) .
"ghsr concentratien of - the {mpurity in the first pagt of ' thé B
1lstion thafl in the cdse of P-methyl cyclohexanc. Sincc;the
ff.”Uiity in & narrow-cut ‘of g- -heptane appears to be the ¢~mcthy]~
hexane rathsr than thc No. 10 cut, no further work 1s contumpla .
 on the effect of Cut No. 10 on boiling point. ' ST o

_ Attempts to. correlate the ﬁ-methyl cyclohexanc content “of & ¢ |
- given sample of ﬂ-heptane with 1ts reflux boiling point have not £

© . been entirely satisfactory in view of some uncertaintics as. to the
*;abaolute values. of’ the . amounts prescnt = Inframrod analydca uxpresn
[_the aanunt of impurity as an 1ncrca°e over & reference sample..

‘ther work on. obtaining a. pure. sample of ﬂ—heptune 15 in progrees
other‘iaboratories and’. thé sanmple obtained will -be used far future,

vork in correlating reflux "boiling point< and composition ‘as shown
by‘intra red analyses. '

>




3 OF other. bnyﬂical prqpo«*t.:ic's for,
it éindicated that high boiling 1

r}might e, sct up in ’ﬁmé“
) Mhio}ectric prdpcrtics

ong vhsan 1nsulating plug
'icanteking“pin through it whic
» for en inner. brass cylinder ¢
; 3k “The upper end:
q_ at1ng ring machined v=ﬁ
econd ctrical lead was talken' off-th 3k S
T “'”ﬁlér}épgbe'%eﬁwecn the shel.. and 1nﬂert cy&inder'is 0 0065_ N
an dwthe cell has @ total volume of about 1 ce of liquid.ﬁ, - ’

-

S The dielectripal capucity of the cell containing gli’
measured as approximately 14@a4“/furads.. ‘The dinlectrLca capacity
o of‘the'cell containing the sample. to be tested was meaJur.gi
specifiic inductive capacity (s.1.C.) was calculdtcd as th’.ratio R
én’ the“dielectric—capaoity of the cell with the samplc &nd with‘ffn,' ‘
.‘In gcneral 1t was :found. that aomples of complctcgﬁ luorinutfd T

- from different sources hod consistently & valu: fior the. o
“f:l 77v- 1 78 Samples which eontaiped hydroo.h, as. howu

‘This was done vy passing the sample] (vapor phase)
gh '_) in .a amdll static laberatory rcactor (l" X 9")
'.bsorbing the HF evolved In qtandard caudtic.

O s

g}v
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;ﬂdMonohy
. #-heptari

gﬁ{ 11ne rcIationship batweon %‘monohvdro ,
ese résults indlcatc-a changu~of S.I.C. of '
% of monohydro body prcsont. - e

'Qf polyhydro bompdunds which do not show a pro-
'h.S,IuG. per hydrogen etom end cyclic bodies
ohoXa $.1.C. 1.85). could account for the
vyresulbs thninnd vith thcsu crudo #-hept.

-
-

2

3 rbn m'ap by Dr Hennc at Ohio State
'iling ¢uts of #+heptane were evoluetod for
pg poﬂnt (R BMP ); The bulk of thoac SanlL‘

2 Lg t blc shows ths rulution butwukn S I C and ,
“thos : The lowest 8.I.C. valuc obtained to dntu
; Tfract 'aentially fnLe of - hydro bOdiOd and ﬁ-;
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) 23 e . c » " L e ' l ..93
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atsrggs..x.or h011ing PADES
";approximate. o »,W;:, v

Soon

=N\

| A.ssumng Cut 1T, which 13 from the middle of the. f1at, to S
ionphydrc ﬁfheptane, tgﬂlcdigl. ﬁﬁxs equal te 0. 0097? per %

,bielniak distillation methodtf analyg}s described above,,
L &Ppears prcmising ‘8.1.C. values for -cuts from a* typical Pod. dis- ‘

; ion ‘of a 'midcut f-heéptane- (82. 39- 82 49‘6 ) are.given below: =
of ‘monohydro t-heptane present 1s énlpulated from the linear -
C. value of 0.0098 given -aboye. - A 50 ce sample WAS distille' -

' euts were taken as 1ndioatod. B

. . . : Low
e . . .
1 .

KT ,,— 22

B 7




3:& ::sa*aansuhms:vzuaa:uaszﬁnzr: ===:...:==r_=aa$ “ :
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. : , ““‘a-r%; S e e—
R . . .",
L% M&pohydro ~ Total % of monohydro
' “ ﬁ -ligptane g-heptane in orig. =~ ... .
Do v_wwh.sqmple_ . P T

e 100 - . T

pooo B |

-3 )
0
, v © 0
- " 0
o 0 . N
“guk 6.5
0.2 6.5
0:92" 28.8
TR R R R TR TSN TEREISERTEERRES

o Sinca the high boiling monohydro ﬂ-heptanc appaars tp be con-
itrated in the last 10- 20%\bf the distillation, ‘this Pod. Aistill-

O mathod aﬁpears promis 'g as a control method of  evaluoting  ~ °
brﬁow cuts of ﬂ-heptane for he presence of high boiling compound

\

.

. Nh 2% oﬁ monohydro ﬂ-heptane was" aﬂded to & cut of ﬂ hwpyﬂn
%ha: = Sgbed yjeeted to the Pod. diutillatibn anslysis;. the

ts 1ndicated that come high boilers were appeering in the -

er cuts. Thls is. additional évidence that the spiral packed |

e-niak column being used is not suffioinntly cff*cient Sod give T

= : e ’ B 's ”

ot Calculating_the % of monohydro ¢~heptgne by the S.I. C. ‘method

) thﬁ various cuts as! compared to th» oﬁI@IﬁEi Humpic—give arc%@«e——————
vseuﬁnt on the-total.

-

: Additienal vork 1s required on- ﬁhe mfa@uremcnt of .$.I.C. to
A deternine the e¢ffect of tcmpuraturc and ‘to ascertain whether a 1in—
“-ng: ear or a logarithmic law of mixture applie : The latter method of

ﬂEBLASSIHEﬂ s




ﬂ"f*atab111t>lwests~j"." | f?=5' |
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PO, [ T~ MR T

1low1ng expression.» ‘ _ 8 I

B g;mmw._gxuﬁmmgme_Jn:  L o
! 81!‘1 = &1 ! . 82 2 o : . R

"_gﬁ dielcctric constant of a mixtura -
@1 = mole fraction of compound 1. with a dielectric constant

Joof gy v
“2 = mole fraction of compound 2 with a dioloctric con tunt
of &2 - o

- i

1nvest1gation of ths Podbiclniak column '‘ag an.

H”' ana1jt1ca1 method for determining both low and high!boilers will
on of a new Podbielniak column of high efficienc '

’*-await the install

',Lﬁf*f The - stability of v&riouc sample° of ﬁ hoptanes to proccss
‘gas ‘has 'been tust6d by the method proposed ‘in the specifications for

 the C716 contract. ' This test consists 1in heating a dry sample of
a 'th& ”"‘._ o '
T gas-for
'ﬁg;reactors after pumping out the rxcess procesv gaa and ﬁ"heptanc.”

ané (100 .grams) ‘with about. 10f of its welght- of process,
hours at 100°C. eand: wpighing the residue rcmaining in the

4

S (1) Difficulty 1n getting consistent blanka of 1633 th&n
‘,:mg vithvprocess gas ‘alone. -

©oo77 (2)  Mechanical troubles 1nvolving l’&king valves on the
?,feactors and in the-loading system. g

(3) Difficulty in differentiating between residpﬁfforming
;materials 1nherent in the ¢~heptane.cut and sxtraneous matericl
‘{Subh as moisturc, oxygen or greese 1ntroduced uith the sample.

E]

»

o’

.

leulstion (Raf’ Physik. Zeit ;1, 11) 158 (1926)) 1s glven by

— -

s

o The. principle difficultlcs cncountercd to dat in thbse tb“tu a
'»»_are as follows.‘. . TR - o : -



, n s

It has not ‘been difficult to prepare samplc; of ¢ thtnnc
y pass the, spécifio&ﬁ!ﬁ"'limit of' 0.1% residus glven in the
1 Ontract., Addntional work will be required:to determine the™

on iatencv,vith which q residuo test of 0~oa% can, be met. ,a

® .
\"‘

4
!

/ﬁﬁe solubility of ﬁater in p- heptane and of ¢ heptﬁno 1n w'te -

$1mated roughly by adding & small amount of the material tor
Q. L.o—a—L&rEE WO e of the ‘golvent; shaking vigonouslg for.'
pcarance of the seoond phuS'

f* of - time. and obs_rving the disap

atssclve 1cs¢ than 003% of ¢~heptnne ano'
-heptane will dis olve lesu than .003% of. - '

¥

A& 283C. wazer uil
a aqmﬂ temperature ﬂ

: ) ) : E ' ‘ ! " N Ny - . G‘ '’ .“ - ‘ ] " . . -
S

While no’ quantit&tive re%ul re available, cvid,nco -;,.'
solubility of ﬁ«huptane n - ';

sbtained to dato indicates thet th
hydrous hydrogen fluoride decreases‘appreeiably ad. the degree of”

_}ﬁérinatio jié 1ncrcased. .

S samples of liquid HF separa?ed from crude ﬁwheptanus aftcr
the fl\'férinatidn step ha U.«ecurt.q ‘£rom l 2% “to T. 0% of . dissolwd

fluorocarbov ‘the Quazity of crude ¢—huptanc. The

,fE”hearly'couplctq ‘the fluoriﬂatidn as shown by -the, distillﬂtion
?_'ﬁiof the fluorocarbon, th‘ lower the solubility oi the product

e'z

L, . RO
. .
A

5- The bnlk of the vork 1n this rcport 1s based on the u&é[bf_; -
synxhetic grade n-heptane as produced DY ‘Westvaeo Chlorine Producte: [
Co. ' By. infra~red ‘analysis, this material is. equivalent in quq}ity B

o to: zhe.nf ,1n1 atandard,n-heptane vith respect to methyl cyclo—“

hcxang content (XESB ‘than 0. 5%);; ‘ L

. = 1/ i ' o ' R S R Y
;_,g . Samples of n-heptane have bcen receivcd from Phillips R N
“,' _“, Petroleum Co. which are poorer in this Fespect. than the Westvaco -

. material. One sample of n-heptane wos obtained ‘from Phillips. whitc}
reprqsented material 1solated from a. pctroleum fraction byarepeateu

o e TSR

a0
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;uzeoﬁropic distillations and fracbionations. Thicf*aterial‘wéé o oo

. joged by .Dr., Williams at Ameiican Cyanamid Co. to hay;éabput,lﬁ s n\Q :
,g‘,‘gmoﬁo methyl,cyc ohexane than the Westvadco material.v Co N
: '. , Throe rubs wore made fluorihating this sample of f- hcptane o A'T
“in’ the ‘mannery described in Section (A). .After repassing, the . . o

'ff‘”“*cdmposite crude ﬁ-hcptane was distilled and founa to have .apprac- ";v"“
-,:1ably more.. low—boi;ing material than ﬂ heptane frofn the Nustvcga o
' Vfipptano.As,_

) , : in view of thu 1aat that any nethyl cyclohexanb would consume f:-v’.ﬁ
e »fluorinc ond-glve no usable product, 1t. was. mgreed that n-ﬂbﬁtuuL_’ L)
© .. supplied’ ‘for production of C7F16 in. the C- 816 contract woyld bo -

- w’.f$imilar in quality to Ves tVaGQ—QIT.’ ane . ) |
jf;;-;g;f;‘ . fL“ ' | : i
. : \K' | S ; o 1» , ) - -
o % " ] ié ‘ . . ,;:" " » B _ ~ ?Q
R - !l;\,;. : » ' :
v : CL - o
' + -)n J . " .
l , " .
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