
OOlft'ACl' ... EXJ>ANSIOB CHILLOO AlID DEWAinll OF 

A LUBRICATDG OIL srocx us:mo DICHLORODlFLUOROMETRlD 



CO '.ACT-EXP IOU CBlLLim A?ID DmJ.AIING OF 

A LUBRICATING OIL STOCK USOO DICHLORODIFLUOROMETHANE 

By 

l!ALTm W. B 
I\ 

Bachelor or Science 

!ems Agr!cul turn1 and l! chanica.l College 

College station, Tams 

1946 

and 

JOHN B. J:W.mLErON, .m .• 

Bachelor of Science 

University of Okla.hom 

orman. Oklaha 

1947 

Submitted to the Faculty of the Graduate School of 

the Oklabom Agricultuml and Mechanical College 

1n Isrtial Fulfil 1 mont 0£ the Requirements 

for the Degree 0£ 

MASTER OF SCIENCE 

1952 

ii 



A OVED BY: 

lll 

er, ..... -..... -~ .. . -
• _ __.,. Ol(l A HOM• 

llGRICUlTURAL & MECHANICAL cour~E 
L IBRARY 

JUl. 31195i 

l<Je.mber of the hesis Committee 

l of the School. 



iv 

AC LJ::IlOMEllT 

The authors wish to express their deep a eiation to Professor R.. R. 

Irwin for hie advice, guidance, criticism., and aid 1n securing necessary 

mterials. 

Sincere thanks to trm:tY members o~ the technical stai'fs of Continental 

Oil Cotapm\Y, ~nos City, 0 ahom, for their valuable suggestions and aid 

in so-curing equip nt. for one base or the or ntn1 work., 



V 

mEF. CE 

One phase 0£ the trol · refining indus'tt7 is tho production 0£ 

lubricating o s . The blending stocks used in t'.laking finished lubrica

ting oil are the high boiling tractions of a. paraf'fin se crude oil. 

Theoe high boiling fractions contain s percentage 0£ \JBX t,ich is in ex

cess of that moount required for the blending stocks to moot the estab

lished pcyeicnl specifications, and most or the 'WllX mat be r ved fro 

the blending stock oils. 

There are 1n use at this timo sovoral mothodo of oil dcw:dng; .... o •. , 

pressing and mreating, centrifuging; and the newer rotary-typo enclosed 

continuous filters used w th special solvents, such as aeoto. bonzene, 

triehlorotbylen , ethylene dichloride--benzol (Ba.ri..,ol), and particularly 

nrun.un,e and ootcyleteyl kotone-benzol ( ) • 

For modern sol ent refining lubricating oil pl o.nt with an MEK d 

ing unit,, one piece of esaentinl equipment is a doubl p scraped surface 

beat exchanger for use ith direct-expanoion ann:>nia to chill the oil. The 

scraper is cessar.v to oop the beat tre.nsf r surface free of wax at all 

t s. The · ·cha.nicol scrapers usod in IL-odern ubl t. changers 

a.re a source of troubl.o and high 

It bas been noted that so rofTigera.nts will mix with lubricating 

oils in co osso:r sCl"U'ico on low orature rork and ke the oils 

:mdng. e qUGstion arose of 1 cthor r ofrlgoront could be used in 

contac nsion to rovido the required chilling of the oil and .also to 

serve as a oeial sol vont for dm.zmdng the oil, ther l:Js" replacing th 

ba.nical scrapors and the 



!hie investigation u&~ imn.gu!inted l-dtll the ,pll'rpOse of d~ 

lrbethel"' or mt Dicblorodiftuorometllro'le ('*PF~12n) could be used !n con

tn~ i;.-ritl:i: tile oil .i'm· chillina, ru-1d if the l"Ofrig~ 1\10Uld act. 

as a. d~ oolv-e.nt.. 
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' 14""'....,,, arc so r.:e.rw uses ror mineral oils t t formidable mTay of 

s arisen~ but in cenorai, lubricating oils can be 

divided to several e;roups such as engino and chine oila, com,,,ound -oils, 

turbine oils., cold teot oils, transf'ormor oils, color oils, and corrosive 

oilo. Thia investigation is concerned prim!lrily ·with the first group of' 

lubricating oils listed - the enr1ine and mcbino oils. 

In the nufaeture 0£ engine and mcltlne oils, a variety 0£ spoeifi-

cations tUSt met to ·ae suitable o · s for the dli"fer t required 

services. The finished: oil is e. bl of several cc onent oils (each 

oo, nent having a definite speclf'ication) plus the eoossmy "additives". 

Ono be.se of refining the oo-c.ru.lcd ttcomooncmt I oils consists of tho 

o~ excess vnx contained in the oil,s . A clearer understanding of 

tb probl ms involved in dewaxing · pstrolG.'Ulll oil my bo had by referring 

to th following descrintioni 

The w.xy terials present in tho high boiling £raetions 
of" I:l1nera1 oils a.re now considered to be crystalline throughoat 
but under certain oomi tions Xl'E;Y' behtlve liko aolloid.. A 
solution of retrolatum, bright atock, d nanh: n, hen agitated 
over long eriods at the crystallizing t eratul."O,. will form a 
oompl.etaly tran " ont jelly; but tho solution, vhen chilled 

re p dly with riodorato agitation, -will p_rec:l.p tnto a 'WX 
thllt can be eontr1:fuged but no't ... u tared because the wax lugs 
the ores of the filter cloth.. If t oil is dissolved in oueh 
ol vents ao prono.ne or acetone , tl e otrolatum fo:t"llW aryrogat s 

upon chilling vhich re ea. :Uy roted by i'iltrotion. 

l . so , • L. 
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The scra od surface oi' the heat exclwlger in the doubl . ipe chiller 

is required in nodern solvent refining :t toke the solidified vax 

off this surface in order to facilitate heat transfer .fluid fioo .. It 

a aolven were a"3.ilo.hlc which would carry the wax, af'tor being ehilled, in 

solution to the point of filtration and then permit the \J8X to be filtered, 

the mechanical scraper could be el1m.inated. 11th thin thought in mind, 

consider the i'ollowingr 

There are no commercially available lubricants Yhich have 
satisfactory vincoaitios at normal ~ero.tur s, in vhich the 
pour and dm;r.e.xing ints a.re lo-.mr than - 20 or ... 30 F. It has 
been found that thcro o.re several hig grade lubricants having 
satisfactory characteristics which do not congeal or dewnx to 
any preciable extent, provided that they~ in solution a 
reaso hl.e pro rtion oi' liquid refrigerant . 

With the inform:t1on from the above quotation, it YnS doeided to tcy 

ttFreon-12" as the refi"igerant "carriertt to keep the Y'tlX in solution to the 

point of filtration . 

Since this 1nv st igation is to determine Yhcther or not 'Freon-12 can 

oil being charged to a 

b us • Figure 1 is a f'J.ou 

lows as it is "cutn out of' tho crude oil and troatod to th int 0£ ent;,:,y 

into the ME deYBXing unit. Tablo I gives o. J.abor11tory aml.ysi of the oil 

before and .rter dmmxing in a tcyletl\vl Kota benzol solv:ent refining 

aml.ysis of th · oil, Table I; and the oil used in this investigation 

2 
Aoorican Societ,- of Rei'rigerating Engineers. 

Rofris:toration AP 11cat1ono Vo.lU!!!e~ • 550. 
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Gravity, 0 .A . P .. I . 
Flash,. P • .L. , °F. 
Viscosity 

s .. s .u. @ 100° F. 
S.S.U .. @ ad' F .. 

Viscosity Index 
Viscosi ty Gravity C'-0nstant 
Ool.d Test, °F. 
Color, A. S.T . ~ .. 
Uax content, Jeight % 
Fml'furl.u Content, Volume % 

Gravity, 0.A ,. P. I .. 
Viscosity 

s .s.U. ~ 1~ F. 
S. S. tT... ; 21.0 F,. 

Viscosity Index 
· ioeosit,' 1:nd.ex Corrected to ff> F,. 
C-o1d Test, °F. 
Viscosity Gravity Constant 

33 .. .3 
u..o.o 
13S.6 
43 ' 

11,5. 8 
0.004 

.. 88.0 
1 :0 -

14.:6 
less than OA00.34 

32 .• 2 

172. 0 
44.6 
98..-8 
99.2 
2·.o 
O.,.S08 

4 



:from the Cont· ntal Oil Oo . DY Refinery in Ponca City, Oklaho - • Thie 

type oil is dewaxed in e ? unit bcwcen the ten;,em 

-100 F. 

5 

In Tablo II is tabulat · the rel tion oot,oon t e1~at11ro and ressure 

i'or 11Froon-12tr o.nd the tolloving is a g"nernl desci-iption of the re!rigorant. 

Dichlorodiflooromothane, also know as "Froo 1211 or 1 -12n., 
is uoed extensively as a refrigerant in comfort air-condit,ioning 
installations .. 11Frco - 1.2n is one of th so-callod Woge ted
eydrocarbon 1~frieerants and its chemirol fornntla can be v:ritten 
from its chemical fl.a.mo by otarting ith tho formal.a for methane 
(CH1) and re lacing the hydrogen atoms ·1th the pro er number o:r 
ci'.lorine and fluorine nto!im. :1.hus the formula ap CCl.#2• 

rr co 12' s a r.:odarate prcscure ranee. It latent ho t 
is low, 50 to 85 B. t .u. per pound, so that the ight of Froon-
12 circulated per v.inuto per ton of rofrigCl'ation is hig:bor the.n 
for so of the other refrigerants . It bas a eritiool tompora.turo 
of 232. 7' F. at 582 pounds per squnre incb absolute. 

" ~eon-1211 is chemically stable and has practically no 001-
rosi-va eff'ecw on ordil:la.ry eta.ls unless contamimted b.1 • 1--
tios . This refrigora.nt is ncol!lbustiblo~ al though in the 
proo:enco of open fl s or very hot surfo.ces it brook:a dOYn and 
£0l'tl3 toxic gasos . It lo al.Irc t per:f cctJ.y no toxic even in 
ooncentrutione above 20 per cont by volume of air, and has only 
n very slight odor. lb ., ecial iping is required to hru::ldle 
ffFreo .J.2 in instru.lations . I bbor gasket ter.ic"U is 
inadvioable to use uit.."l oos't ho.logo too- hydrocarbon rci'rigorants, 
but varioun synthetic go.sh:it co sitio a (neoprene} ar oo.ti&
fnetory in nearly all ooses. 3 

\iith this basis of knowledge and informt1011, in doter.mining uhetber 

or not nn-eon-12' could be used in eonta.~ion fur chilling the oil 

and if 1Freo il.211 10-uld act as solvent to eep the ,:ax in solution to ·the 

i..11t of f-.Utra:~ion, it \-ro. dccid to conduct the nocccsary experiments in 

t,, phases . Pha ..... e l tests · ere conducted at atmo heric pr ssure cild t e 

corre$1"!0llding er ture for the flFreon-12n and oil l'llixture, and Hlaee 2 

3 Jennings, D. n. and r.., R. teuis. 
P • 393-.394. 



T.ADLr; II 

Pressure T ernture Relation of "Freon-12n4 

Ter:Jperoture Op . 

·- Iii) 
- JO 
- 20 
- 10 

0 
.+ 10 

20 
+ 30 
+ 40 
+ 50 
+ 60 
+ 70 
• so 
+ 90 
+. 00 

9.32 
12. 02 
15. 28 
19. 20 
23.87 
2 .JS 
35.75 
43.16 
51 .68 
QJ. . 39 
72 • .U 

82 
98.76 

ll4 .. .3 
131.6 
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t-e-st.s \1erG conducted at incrooeod essures and the corre::.-ponding tempera-

tures for the "Freon-l2tt and oil mixture .• 
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APP. TUS 

The apparatus uocd in Phaso 1 of the axperimont is sho\ffl :1n Figure 2. 

o 2 a.re a follws t 

1. An insulated 500 c .e . er filled ith 300 c. c . or acoto e, and a 

low temperature the~ter w1 th rango or - 100 to + 50 OF. crushed 

dry iee dded to the eetone aa rcquir to int.a.in the bath 

erature at - 500F. Thia ool.d bath v as used as the cold source in 

chlllir..g the oil and "Froon-12 o.txture. 

2. The equipment r uirod to keo the lfFreon,...128 in a liquid state at 

nt..TOOopherie co tions; an inrnllatod 500 c . c. beakar filled with 250 

c .. c . of ceto I a lou temperature th~ter uith a range of -100 to 

• 5 ., nnd a 200 c. c . tube for llFreon-12" storage rhile doing experi-

rk. Crushed dry ice we added to the acetono a 1i.: s required 

to . intain the bath tetparaturo at - 500F. 

3. 100 c . c .. . uated glo.os tube, a lw eroturo the:rIX>:meter with a 

range of - 100 to • 5CPF. ~ a 12 Ga. steel uira bent to form a mixer, and 

a cork to fit tho glaos tube perforat for ssage of tho thoroometor 

and I!d.xing • 

one quart ize bo b valvod for sto a.u..e>...,...rting of DFreo 12n. 

A 500 e . c . glaoa flask, a long stem plastic funnel, 

copper tube bent to £om suction connection to 

pieee .of l/8 inch 

vn.cuum SO'llreo hooo, 

rubber stop er perforated for the ssage or tho f\mnal. st.e and 

coP'r>er tube, and Dediun eight i'il ter para. 
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... e 2 ,_ 

F1guro .'.3 is flov di.a of se 2 erations nd Figures 4, S and 

sod 1n Phave 2 of the experiment. I e mnnbered pieces 

ot: equi nt in 4 are as follOYS i 

1 . Two six-1nch 150 pounds por .sq-uare inch American Standards Aaoociation 

raioed race blind fl nges with a groove mchined to take a rubber gas-

ket f'it the le:rlglass cylinder. Those nanges wre drilled .d 

tapped to tako psrt of tho piping connections shown, and tho other con

noctions ere eldod to the :f'lnnges. 

2. Four 5/8 inch d.irunoter bolt studo for sooting the fla:nges on t.bc plexi-

glass cylinder. 

3. A 5 'J/1+ inch inside dirunoto1~ plexiglass cylinder, six inches long. This 

cylinder has a bursting pressure of 125 pounds per square inch .. 

4 . A er do of a t in<ll diruneter ateo.l rod bent to form a hond.le, vitb 

a strip of l/8 inch plate steal t inch ride and 5 il'lohea long \ elded to 

the 1 or ond of the rod. 

5. A stuffing box mde by reldirJ€ n 1 inoh coupling to tho flange, sr.re111-

1ng plug into the coupling, and drilllng both the coupling and :O.ange 

vit a. 9/32. inch ill for the passage of th nixer rod. Tho stuffing 

box a clred uith graphite regno.ted asbestos rope eking .. 

6 . Ai inch theI'l!lOYCll J.mde by cl.osillg one ond of at fncll pipe nipp1e by 

elding. The 1e was serewd into a to: od hole in the top flange 

and filled wit: · zerextt anti- f'reez.o . 

7. A thermomtor i11t.h a r.:i.neo or o to loo:> • 

8. A gra tod scale on th outside of the plerlgl.Wls cylinder. T s scale 

ws · de of' dro.ftillg tape vith tho graduation marks added after the tape 

ws pl.need on the cylinder. 
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9. Ai inch needle valve vent. 

10.. A refrigeration pressure gauge with a. range of -30 inches o,r mercury 

to 150 pounds per square inch. 

11. A 3/8 ineh oil inlet line .. 

12. A nFreon-12" storage bottle containing 25 pounds or tt!l'eon-12" at 

atmospheric temperature.: 

13. A 3/8 inch combination oil and nFreon-12" inlet line., 

14. A 3/4 inch :mixtllre {oil and 11F.reon-12") outlet. 

15. A filter made by using a 3/4 inch steam line strainer. The perforated 

strainer screen was wrapped on the inside with medium weight canvas to 

form the filtering surface. 

16. A 3/8 inch globe valve mixture drain for strainer blowdow. 

17. A t inch globe valve filtered oil and "Freon-12" mixture drain. 

18. A one pint jar for catching the filtered oil and "Freon-12tt. 

The piping apparatus was assembled as shown in Figures 4, 5 and 6, and 

all joints were coated with pipe-joint sealer. 



nn.,,.,.....,. 1 
~ .... 

t..12o t!Froon-12ff ~Jatel;t w.po2"':iimd, but 1:ia..~ l"OEt1ined l~ AP t:oo 

.16 

fh"&t liquid "1Treon,...12rrt tonehoo the oil, tho 11Jrec:-:i-12n ~tely vnp.oriood 

em the top .four e.e •. ot tJ-1e oil ,ras :eolidil'iad wl1ich p:rtGV<mted t'iidng ot the 

if'I • ..!!· uu.. ? "'ff O.,w:. Ct!l,.a .u..i;·GOn-.u.:.· •,. 

It \JC.ti dod,:lod t.o first. clul1 the oil to a t.~orat.ttt,e of .... ~ ... , (bJr 

e"!:tcrmtcly in-se1~:lng ~ltl tube .bl 'the ~.old kitb nnd ~1.;v!ng, w·mmte.:m 

1lF.t>~t2n and solid oil to soo if. the 8!1"~1211 lJOttld ~lve th.$ so11d 

oil li.'1.tJ:1 the ~,·fa-.nu:l at a ~erat'U'.!:'e -of -3C'PI. Tl.ie ~tu:ro <:4 .... 3CP1t., 

t,~D oolceted. to be certe·~:Z! mno of· tl1~ 0Iireo1:i--12n uould (;."\~pomte-., 

li1. tho .second test, 8 o·.c., of oil "1'.1-am pcnu-cd into tl» 100 o.jljc,. tube 

~-m 20 ;c,..e., of ttFre,on-;t2'* wa:s e.dtted Blouly 'While thG oil ~ t~.eon ... 1-2u t~ 

and oil inn liquid ~~tti, t!za tet:pm'Q'tt!l'~ oi' tl10 oil~ inoroissril. a1igr~ 

·to ~:~ts a port:h'.m of tbo ~12,n. Uh~ t,,,;o -e,..e., of ~he ·rt.1r.eo:ri-l.21' 

1md bBo.n eva.po~t;oo. ~.l pm.--tic.too ·o5: ~'0Clec1 oil &:~- in tho 
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,soluhio:n. One e .. c,. ot UJ\-enn-12i1 ~ ru.'klctl ;e,.nd the part:161.es di~>~'*'· 

Tld.s prouod'tlrO ma tried three times, ~ mdl tltlne tli:e mtio of' flb-ron.-12" 

to o!l et -20°1!· .. t-~ 19 ·c,.cji, of 0!l".eon-12n to s ,c.,c ... et· on, mo :2:.,3 to 1, 

i.11 o:rdm- to !resp tr~ i~ um oil in ~ liq'll!d S'ttlte •. 

Tt,e sol'llt!on of o-11 mJd ~12u i;ns th® poured into the fll~ 

p....~Gr in tk.e fil.tmcll to seo 1f tlic 0 l?roon-:J.2l1 wonld 1~~~ 1n solution 1onz 

~11 £or, the solution .to be f'J.~ed 1tdtbout. using tho vac,.mm oomwct:ton 

.of tl1e filter fie·tik.. As ·soon as tho. solution of oil o.;frd *-'~2" l."E!S 

poured into tr..s fil-tar 1-~por, the *'Fl;,~321 'ba~.n ~~ting" nTd t,bis, 

~~:mti,ui t~s oo fast ths.t tl'i-0 :solution ·was ~ to 8. ms.a 0.t bubb.1:.oo 

~Jld £oom.. !he. fu~ a.woo.red to be mde 111:1, of oil ·bU'bble..<l f-J.llec111tit!1 

n~:n-12"' gas,. A st5.ff:ip_g rod im.s ·~ to ~{f,,i;;fato tha f<wl:1 tm!l w.elid:.vslly 

ell. of the b.ubblea w~ fsOOO.. ~ this t~ the rot~ng sol1tt!on t~s o.gain 

at room t~P..mttire !Ll'ld· the solution appei1rcd to be not11ing ~ titM the 

ori~ oil Sc~le-. A f~r clro~ 0£ the ret:nint..~g oil paooed th.rough the 

.fi.'ttt,r !~}.)er; but there 'tffi~ ml~ f:tl~ OUi\; !l:B tool.~ \-mt.l in GQlution 

td,'th tho, o'it .• 

/mot.her mooetu-e· of' S e . .,c •. o£ ,oil ·was cl:dllod to a t~wi·o of ....:3001? .. , 

1() e.e. of trproon~12n a.ddoo, p.,.nd ·cbo ~'llre ~mted until it 'W~:Ul a oo~, 

gcnous solution.. 'Tltt~ vt!;e:tt'll!Ji hnoe uas CJ.tt.sehoo to tfz@ oomiectian o,n too m
tor· fleet:: nm tl1e oil end ttFr~l.2., rolut,.ton: 132.s poured into the fllt-01" 

li~J"'el'.. , T,h.a ~eo1,>.-l:?ft 1:1~:b1 ~ed ~~poratine' &nd £or~ .r~, but pm,~ 

0£ 'the sa."tutian iw.c clJ:>B1,1n thl'm~ the filUir ~ beforo :tt ~ 'oogtm t!:ie 

fu~~ .. Tl:lt1l oo:!.utim1 thet 'H&a drewn t~gl1 tho f'ilter :p2per into the 

r.!.8~ t,'Ul"nOO to ~..m !rJI!Jet't'.hltoly upon c~,;;ping :into thi"' .ftask .me to the 

~pomt!on of Ule n~oon-12.n oo.ueed ~" in~eed t~era~ am the de

~. presmrro o:f ·the "'J!affli'l1tl syfitem. 
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'l'he foe.m was taken from the filter paper and stirred until all of the 

bubbles disappeared to form one sample, and the foam inside the filter :flask 

was stirred to :form another sample. The two samples t-rere placed in a e.old 

room at 4r:PF. and observed.. It was noted that both samples congealed at 

approxilllately the same time and both congealed above 4cf'F. which would: indi

cate that there was no appreciable difference in the amount of tfflX 1n either 

ea.nple, in other words~ none of the 1fflX ·was being filtered. 

A fourth solution ws prepared. This time 25 e.e. o~ UF.reon-l2tt was 

added to 8 c.c. or oil in order to have a surplus of ttFreon-12" to try and 

decrease the effects of :foaming in the :filtering operation,. !bis solution 

was filtered with the same resu:t ts as before except that the foaming appeared 

to have increased with the addition of' excess ttFreon-12".. The oil that 

passed through the filter paper appeared to have the same amount of wax in 

it as the oil from on top the filter paper upon observing the two sall¥)1es 

in the cold room. 

A fifth .solution was mixed having 8 e .. e. of oil and 30 c.c. or "Freon-

12'* to further test the effect. of excess n,reon-12" on the filtering opera ... 

tion. tJ:'his solution was filtered, again using the vacuum, and it was noted 

that the foaming definitely increased with a surplus ,of' ttFreon-12". Two 

separate oil sairples were prepared from the foam on the filter paper and the 

foam inside the filter i'la·sk.. Upon checking the congealing temperatures of 

the two samples,. it w.s found that, as before, no appreciable amount of 'Wax 

had been filtered. 

For verification of results a sixth solution of oil and "Freon-,,.12" was 

prepared with S c.c. of oil and 19 c.e, •. of nFreon-12"o· This solution was 

filtered with the vacuum system and again foam appeared inside the fiask and 

on the filter paper. ·Two samples were prepared from the foam aga:tn and were 



checked in the cold :room. Age.in the results i,rere the same; no wax ws 

filtered. 

To further check the mixing characterisitcs of the oil and "Freon-12", 

a seventh solution l-.'t:lS prepared uith 8 c,.e. oil and 19 e.c. of 6:F.reon-12". 

This solution was chilled to a temperature of -5o°F. and although the solu

tion apparently became more viscous, it appeared that no t.m.x particles were 

:formed. The solution was then warmed to a temperature o.f -3D°F ., and further 

warmed slowly to room tempera:ture to aJ.101,1 the :"Freon-12n to evaporate at a 

very slow rate. When the sample finally reached room temperature there ws 

no foam since the "Freon-12l• evaporation had been controlled at a veey slow 

rate. The remaining sm:nple measured just slightly above 8 c.c. which in

dicated that nearly all of the "Freon-12" had evaporated, leaving just a 

slight trace o:f "Freon-12ff in the original oil sa.nple. 

The apparatus constructed for Phase 2 ef the experiment, as shoi.m in 

Figures 4, ; and 6, \.1'S.S tested at a pressure of 75 pounds per sqmre inch 

gauge. This ws done by closing all valves in the piping system and slowly 

opening the valve on the "Freon-1211 supply cylinder. It was · noted that the 

vent valve was leaking and the bonnet on this valve w.s tightened, whieh 

stopped the leak., The pressure :in the vessel was again increased slowly to 

75 p.s.i.g. and the valve on the n1reon-12n supply closed. Arter five 

minutes it was noted tha.t the pressure as indicated by the gauge had not 

decreased and it ·was assumed that all joints were tight ... 

A smll quantity o:f oil was poured into the pressure vessel through 

the oil inlet 'With the vent valve open, and then ·the mixture outlet valve 
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and. the fllter .dmin ve.lve were opened one at t1. t.1~ until oil nm cut .o£ 

tho.se va.1:ves to fill the lmA.,w part .of tho sy~ with oil. All val:ves, "~· 

ribocka~ and !>J,..osed1 -oxeept the vent VE!ve i.1ltleh ue.s left open,: and 39 cubic 

mohos 0£ oil wero pc>11l"ed into the vessel. (Thts 39, cubicc 1nehes lil'tl$ tnU

catoo by tbs sooJ.e on the r,ledr.).nti:s cyli~~ and did mt include the oil 

tn the l0i1er 'l;li~h!g part of the ~ii) The oll inlet lin0 wa.s then closed. 

!'!1th t.b.e vent w.1,re remining pm-tic1ly 01)0:n tl1e val va c:n. the "Rreon-

12" supply .T,i'.li111de:r 1.~ op~ned olouly and 1tf'reon-..12n gas bubbled ~ tl'.il'OUgh 

tf'-,.e, oil. The presoura inoreaooo to 15 pounds per sqwa-a inch eauge bit the 

oil 1ovo1 did not :t.11aroo.sG ~"'p,,:,,eeinbl7 uh1:eh imiicated tbat no eroot vnount 

of 1:lqltld ~ao11.-12n ws going into solution id.th the oil.. It 'itroiS decided 

tJ~t tho n1reon .... 12ff sup;r,ly cylintk.'lr 'iilOUtd mve to be imr~ j.n order to 

int:r<K!"'uce liquid fll?:reon,..12" :t.11.to the oil .. 

valve otill f;f;l"tiolly ·open .. 

. l:,~:Ln. the liqui.d loi.rol in the :presmll'.'c veaoel did not i11ere:nse, eo the 

wl.ve on the ret.rigerant m..~ply eyl.:i:rid.€;:t> was opened fnrther.. thG level 1n 

vent vo.lve ~a opeI"&too to control and, zinintaw: the pressure on the eystem 

beloir '70 , .. c .• i,.g. · 1:MJ,,e tho liquid tlFl."eon-121' \;,,-ns bs1ng lidded t.o t.b.o oil, 

the v.ixer :t"t'.ts ~Bl to koer., the ·satution 'w~l agitartecl. 

'!'be liquid nF:reou,..12n ms added to tho syr:;tem m1til ~ t,oml of 39 eubicr 

i.nebeo !i12d be-o!:l added. At this: point. ·the f.:lct.;.le on the plex:t[gl..nroo eylind.er 

indioo.ted n totol of ?S cubic inches. A sl:tght a~m1t of' i"oo.!3 devalo:ped. at 

t-l1e to3) of tho 1-1¢..d level clue to the 'W:lJ:)Otrizing t'U'l{'i veming off' of' part 

of tho 'T'reo?l!-12ft. 
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to foon), 
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filtur 

o:l1t 

chill 



a.ml ·t:he· .fi'.J.teI' eleBen.t ~od,.. Alt.hougb tba filwr ~n~mod ~tllfrt ~pp~,;mxl 

m t"8 £~, thoro nr~Jed to oo ~.oo ,~ praa~ e:m tl1,1 £::i1tc~ motli.. The 

and f'om &. liquid+ Tbia liquid '\:~ts pl.need !tr1 a l!'~i~:too ~ice tt 

i,as noted tbat the ell congealoc1 ,above )~. Roforr:lng ·to ta:blo It it mn 

00 So@ that the, oongea.1.:tne '&~1!:l~t1.U"e of a O~t't-1' oil d~od :i,n .flt 

utdt. is 4'1!., Uti ~.l."i~n ind!ea.tns: tJ~t only a verg ~ll ~unt of 

:tng ten.~:tc'at'.i:lrGt aiiico the JU 'Unit tutors 'the HE~ ·~· ve:~ .~1:tiofl'..s. 

N11ile elaanbl~ th~ pros.~ voogQl:, afto;: tl1e fir'St to;st,,, it i.,m,~ wted 

t~t fo:ao ~n tlke tli'mrim~ tt"'..st ®nld l~ "ravo1.~ed to· a liqU:id ~· ;in,~Nris;;s,h-~ 

the pressu.rri.. !lhen tJstts pre~e, ·uras l'cl.Si(1ood suddw1ly the foam ~~pooroo., 

b'llt. when released. ~dwl]w.,. t'!O f~ \i~.s ~d. 



The pul"l)Ose of this e:aperime:ntal work was to determine whether JJF.reon ... 

12n could be used in contact-expansion ·with the oil for chilling., and if 

the refrigerant would act as a. de.waxing solvent. During the course of the 

before described experimental. operations, severel problems were encountered 

which can be answered only by rather experimental 1-rork vith a more elaborate 

apparatus., 

The most serious problem was that or foaming, which arose when "Freon-

12u was evaporated fi"om the oil and "Freon-12n mixture. Possibly there 

exists an 11anti-£oamn agent which could be introduced into the oil and the 

1'Freon-12'* mixture to red:uee the surfe.oo tension of the oil and prevent tho 

forniation of "Freon-12n bubbles. However, before such an ffanti-foam*' agent 

is tested, the ef£eet of the agent on the finished oil should be known, and 

also a study of the eeonomi.es of using such an agent should be ~de. Cer

tainly some method must be devised which will permit the evaporation of 

trFreon-12" from the mixture i1ithout foaming. 

Since it appears, from the e:xperimenttal work previously described, 

that the nrreon-1218 can be used in contact-expansion for ehilling the oil, 

but is unsuitable as a de·waxing solvent; if the problem 0£ foaming oon be 

overcome, perhaps a known dewaxing solvent, such as propane, acetone

benzene, ete., can be introduced at the point of filtering in orde:r to 

precipitate the wax in the solution. However, this process would require 

a mo.re intricate apparatus and a. moons of separating the solvent from the 

"Froon-12", after the solvent and «f:reon-12" bad been separated from the 

filtered oil. 
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One ot tbe factors that inter.f'e:rred th o · · ining the d~aired results 

was tho foaming COl'ldition 0£ the m:bct..ure.. ~ever. bad t..lie apporatus used 

1n Hnse -2 be. insulo:ted and cooled to ndnitnize tho effects of heat gained 

fr'oln e surrounding , mro concl.usive re te · have been obtained.. ·roo 
e: ratus was not insulated sineG v·suo.1 o-b.se1 rat on o:f the _.., _ _. __ 

reqi11:red. · al tornate proc ura v:ould .be conducti..'lg the · er t in 

cold room., but. t en c.ongooling or the oil 1rould e n e cotmte ed 

whicll vou1 delete the experitlent.al test of conto.ct-~ on. 



C01 LU IO~ 

Af'te:r eornpleti!J{t the e1epcrimental work previously described and 

lysing results, w are able to 001 c.l.uda that ''F.reo: 12 the oil 

used were erf eei'J.:y miscibl.e, providing 'the proper :rst1o of I F.reon.-J.211 to 

oil ws mintained, and that "F:reon,...12° can be used in contac sion 

ror ehilling an oil o.f this type~ 

Further r::aw cone.lode that ·within the limits 0£ tho investigat.ion~ 

'Treon-12 alone is not a ouitable d~ solvent for this type oil. 
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