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{ i Table 2 .. .. Thermal Stability of Fluorinated Refrigerants®
gyt T
i | teap for

| Approx. Max. | Decomposition " Loy
# Refrig. Temp for Rute of 400 F

i ot | Formdo Contiowous | iaSteel | Decompes-
i1 Exposwe | Percant/Yr | Moo

! i 13 | CCLF-COIF; 225 6 570

i ke 1 | CCLF 25 2 840

I /| 12 | CCLF,y 250 Less than 1 1000
FiE 114 | COIF-CCIF, 250 1 -

if ¥p 22 | CHCIF, 275-300* - 550

g 13 | caw, Over300 | — -
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8 i chemical formula. In the third column a.re listed the approximate

in the prwenee:lf oil, steel, and copper. Tlns condition would be

:
operate
$ for many years. The recommended temperatures are based on
i laboratory testing. Field has been in sub
f ment although there is some indication that these limits are a Eme
11k conservative. I'.ns ible that hotmdxschmgetemgunures
k higher than those shown could be tolerated, especially if
TEI

S b gt

eonem't&hon is low.

Some actual observed decomposition rates at 400 F for the

By refnmc alone in steel are shown in the fourth column. They

onexpou\uuofmdsyamddmegarda er rate

d on initial There iderabl erence in

the fﬂ'ect. bgf Mvarwua metals '{'Z;foh% deeamn rate. For ex-

3 ample, wi t 11 af in s initial rate was
1 1 i Felopma

i

and the rate wad 36 percent per year. However, in
lnm’:el the initial dleeompoz\'ilon rate wes 3 puoeTnge per ﬂw a%t}
in platinum it was less than pcreentperyw tendenc;
thermal d f the fl ’y

d. Other Refrigerants. Bulfur dioxide is thermally stable to' very
high temperatures. Hydrocarbons do not present stability prob-
Iems in Mngemhon use. Undet nuf.nble conditions of tempera
they are m um l\yd!o-

earbons of lower molecul weight.
are beyond the range ususlly encmmtaed in refngemhon_

2. Chemical Reactivity. A chemieal tion is one in which
the identity of the materials involved is changed. Usually, but
not necessarily, more than ons. material enters into the re.

action. In general, refngenmts do not have much chemical .

reactivity Of course, it is possible for a compound to be un-
reactive in a refngcmnt system and yet have considerable re-
activity under other conditions. Reactions of most interest in
xeingemuon pmbably mclude hydrolysis, oxidation and re-

0, _' with oil, and direct

reaction with metals. .,

K3 Flum-mazed szngaunl.v The ﬁuonnaled rcfngemn
inert under usually found in re(ngerant
systems. ﬁawevex, some of the less highly fluarinated members
on.hmgmupw hkepartmchcmxcnlrescmmwaeem\mu-

The “reaction wlth wuter may hydrolysis and the forma-
tion of hydrochlonc and hyd.mﬂuonc acids And m.rbon dlonde.
Obvmualy, the f of these

ngumlaysunnmdmordmaryu:agethumcuonunesll&!hle.
In a very wet

some hydrolysis may occur. l{dnﬂyms rates for aome
ted refrigerants are given in T
With water alone at shnosphz.m: pressure, the rate is too low
to be determined by the analytical method used. When cai
by the presence uf steel, the hydrolysis rates are detectable but
‘still quite low. At saturation pressures and a hlgher temperature,
the rates are further increased.. The hydrolysis-is d.xm:tly de-

metals to p
4 frigerants Is in the following general order

Least decomposition: Inconel < 18-8 stainless steel <Amckei
< co?er < 1340 steel < sluminum < bronze < brass < gilver:
eeompumhnn
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i] Th:a ordEl’ is only appmmmte and exceptions may be found
for i or for epecial conditions

of use. Most of the commanly used construction metals—such as

i steel, cast iron, bras?h:o?er tin, lead, aluminum—can be used

b eatisfactorily with luorinated tdngena.nm under normal

: . eondxhona of use.

P

a.lloya md \| g more than 2 per-

on the amount of water present. The basis for compari-
zlon mtEx;.btl% 3isone hwfr (é‘nons ht.wo ) of water. Itis

ear e amount of refrigerant d.rnyudmnyearuvery
amall when based on the Amount.ofv{nrzrutmu present in &
refrigerant system. It has been proposed® that, so long a8 mois-
ture doadnot. appear m:{q\nd or solid for"g:mm '.he systcm. e:‘li]

ceedenoughwbedewcu.blemwww ea.m. 4
Vdixet.hez or not hydrolysis of the mmgemnt is & significant
factor, experience has" without question that rjrl:lgerant
uyubems operate longer and better when they are as dry aa pos-
able and effort should be made to ki eep'.hﬂtnh:hatwny
reaction bet

cent i ded for use in syst
uarmnted xdngcmnta where water may be present,
c is pot recommended for use with igerant 113,
ence with sinc and the other fi

- Tbepomb tyof hemical

and | il is of direct concern in refrigerant
Direct naachnna’ oceur between Refngerantl and
oﬂnptheprmeneeofasteelshpm[orm hydrochlorie aci

limited and no unusual reactivity has been observed. However,
zine is somewhat more chemically reactive than other common
construction metals and, dmrefnre, it would seem wise to avoid
its use with the fi un!ms d testing m
carried out.

In the last column, d are ill d

22, and other | ucts as shown by Spauschus an
Doderer.® Considerable differences are fourid ‘with different re-
frigerants and different oils. Kvalnes and Parmelest have; studxed
the decompozition of Refrigerants 12 and 22 in

tubes. The amount of cleavage was measured by the unount of
:hlonde ion found at the end of the test penmt Temperature,

for moderate conditions. No meul.s were present in these testa
and the exposure time was 30 seconds. Refrigeran t 13 was not
included in the tests but other evidence md:ea(a that it is sub-
m_ha.l.lyuggembleml%ef t 12. Tbepmenwnfh

in place of one of the

atoms in Refrigerant 12 decmses thenm.l and a.l.lmhne m
bilit bu'.m-.l:u it less reactive u\ oil.

stabifity of the ﬂuommwd relngemnu will rob-

ably be bet the il in the table for a par-

hcular apphmt.:on i
is i3 ively stable gas at ordi-
nargtan peratures® and, dxetdore, u:armalmbxhgyumta
lem in ordinary ngmhnn Unda- conditions of high
K there may.be a slow docomposition to
form hyq and G\Aas ‘does not affect the ¢

and r be the
controlling factors in the fummhnn of the chlnnde fon: At tem-
peratures of 250 F neither refrigerant. decom; significantly
(aee Fig. 1). At 300 F.the decomposition of Refrigerant 12 rose

Table 3 ... Rate of Hydrofysis in Water®
Grams per {Uter of Water) (Year) :

sition rate. om:lmn, pumice and metals such as jron, nicke} and
sine increase thu; decomposition markedly. The ;ﬂec?.' of pressure
into b

isto ang

c. Methyl Chloride. Under ordmary eondmons, ry meth; l
chland::L stable hwardb hmt:e- Mgtbyl cl:ﬂomidel xﬁ\y biryused mzh
irop, s copper, brass, ef ut not wi luminum, mag-
nesitm or sinc. T} 'o{nlummumpam ly should be

: 1 At Preszire Seturation
Batrig. | Formeda . s F <] “Pressure=- -
erunt 122 F
.| Water Alons | With Steet- | With Stoet
113 CCLFCCIF, <0.005 80 40
11 | CCLF <0.005 10 28
~.12 CCLF, <0.005 1 10.
21 CHCLF - <0.01 5 9
114 | CCIF«CCiF, <0.005 1 3
CHCIF, - <0.01 0.1
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Contaminant Control in Refrigerant Systems

tly while t 22 decomposed less than 01%
PR T Ll e B et
t of reaction of Refrigerant ‘was depen: upon ype
;fm‘l,:l?nmnt. Four times as much reaction occurred: with one
Jubricant s with another.

The chemical reactivity of the various ﬂuonnxmd refrigerants
in & geseral way follows the same order in different types of
reactions. Thus, a t with & low hydrolymis rate will

bahlyhavenlowmcuonmnewlthoﬂmd,a.lso xhslikelyw
show up well cl: dzmnn-lml mmmty, if devoid of yd_rogm,
in
o m’l“ll! ] B | resctivity of: ammonia

ter solution. Water reacts with ammonia to form
mmum“ id lsfarmedxtmrm
with some of the comp of oil to gi soapa lead-
ing to oil detenomhoz&x and L&e fomamndof sludge. ’l‘i&;nmglr'nhum
ide reacts rapidily with copper and copper ya. us,
By be with these metals onl

ammo: only in eystems from
'mchn:t:rm is rigidly ududed There is some evidence that the
presence of air or axygen the of

tion gystems, even in the absence of water.
n ME?‘ r;l (,"Jhlandc Methyl chloride was used successfully as

a mfngmm'. fora numba- of years in ;plte of a rather high degree

loea not react duecdg
oil but in contact with memfa can be decomposed to form
chloric de Hyd.rolym gee Tnble 3) glvea methyl a.looho n.nd
:iygm when xgmbed Methyl chloride can react duecuy wn.h
certain metals such as magnesium and aluminum. The product of
the reaction with magnesium i3 used in chemical gynthesia to
introduce the met.hyl group into org:uuc oompounda The reac-
un; with forms

Other Refrigeranis. Sul.fur dioxide 2 a liquid is an active
et ot el oy S
and other of the col foun: erein. Thus highly
mg““d with sulfur dioxide just as

is the case with many of the fluorocarbon refrigeranta. Sulfur
dmmde i3 also a good electrolytic solvent and is corroaive to metals
when even limited amounts of water are present. In addition,
dioxide is an ueel.lent solvent for, or is réactive with, many

of the roaterials whi resently used as motor insulation.
The nbove problems as we.lf as the u'nutzng namxe of the gas

P y limits the useful ofthxs‘ oall

The hyd fri a.nd mct mpxdly
with o w&’. Althnugb mchve under z'ﬁmd cond -
tony_ an: ueed wu e\y in

b (other than ﬂAmmnbxl.\ty) is
uaua.lly nnt a pmblem in refrigeration service. -

Lubricants

’I'he physu:al pmpert.\es of the lubricant must be earefully
for eq t made on the basis

of desired pmpertws These factors are covered in Chapter 50.
In addition, lubricant selection iz based on the type of re-
fngemnttobeused aswellassystemdemgn, p and
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Fig. 2.... Stability of Refrigerant 12 Corxtml Sysfems
at 250 F and 300 F

from the standpoint of its stability, or the tendency of its
decomposition products to contribute to contamination of &
system. The fundamental work of Steinle 3% Elsey, Flowers
and Kelley® and others has contributed greatly to the under-
standing of the primary characteristics required of a refrigera-
tion grade oil. Usually the oil refrigerant breakdown is started
by ‘traces of air and moisture in the system as well as the cata~
lytic action of steel, copper, and othér materials of construo-
tion.

1. Stability. A wide variety of petroleym based lubricating oils
have been used over the years with varyin mcm in refrigerant
systems. In general, during recent years, has been pri-
marily oonﬁned to low viscosity index na; ht.hemc ase oils due to
their reduced tendency to separate wax from oil refrigerant mix-

. tures at low base oils have a

low wax content and are usually further dewaxed. These oils are
usually refined to a pale yellow oolur but ordinarily are not refined
to the point where they are water-white, becawse this scems to
reduce the general stability of the oil and in some cases reduces the
lubm:atmg qualities. Generally, pale oil has less stability to at-
m oxygen in system but when oleoresins and sulfur

mgept suﬂictenﬂ‘y low the tendency of the oil to deposit copper

d react with the refri is kept at a

The paraffin base oils have a high viscosity index (see Chaptes
50). They have more wax and they are much more stable to
temperatures. use of the wax content, they are not uscd or
low

Carbonak slndgu due to t.ﬁe thermal decomposition of ﬂae

pressure. Consideration should also be given to its contact with
the materials of construction, because its behavior is  depend-
ent to a great extent on other mahemls in theé system. Specifi-
cations adapted from those for mobor oils are not 8 guarantee
for stability in operation and resistance to copper plating.?
In this section it will be the purpose to consider the lubricant

organic materials of the system are frequently found in mfnger
ating units. Of particular interest, in this regard, are
formed by the mtcnu:tmn of the lubricating 6il and the refnger
ant. P p and Ti 8 procedure whereby a solu-
tion of urdwndeu:oxln ed in an air-free glass tube and
stored at 500-F. The rate at which the oil darkens 1s taken as an
indication of the stability of the oil towards the refri t. With
slight modification of this ure Steinle* and y, Flowers

it was found that some
oils are more stable towards refrigerants than othera. On the other
hand, it was also found that some refrgerante are more reactive
with ox]s du.n o'her& In cases where significant reactivity
acids were freq: 1 formed l.n add.mon to sludges:
Again, increased tem d the
oot prfoman 5 oaied abe e,
unit lormance and
Kelleﬁund that dudpnq occu.rs when t.he 05 ]m%
which bines with
to form hydrogen chlonda Those ha.\owbom having the greatest
number of chlorine atoms in the molecule were the most reactive,
These oil sludges n:fm related to tlhe v::xs wﬁlnch faf&h hmre& preclpx—
tate out of the refrigerant to ¢lo; e orifice of the refrigerant
i (:ievme. It has been nouied that the dorker a used oil

anq Kelley® mn%ed the behavior of refrigerating oils {la with various
U
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Rg.-1.%.. Stability of Refrigeram 22 Control* System

has become the higher its floc point may be.
With any refngmn@ t it is therefore necessary to choose-the
proper lubricant and to design for the lowest pmble operating .




