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N MANY refrigeration applications, heat is transferred to a sec-
I ondary coolant, which can be any liquid cooled by the refriger-
ant and used to transfer heat without changing state. These liquids
are also known as heat transfer fluids, brines, or secondary
refrigerants.

Other ASHRAE Handbooks describe various applications for
secondary coolants. In the ASHRAE Handbook—Refrigeration,
refrigeration systems are discussed in Chapter 4, their uses in food
processing are found in Chapters 14 through 28, and ice rinks are
discussed in Chapter 34. In the ASHRAE Handbook—Applications,
solar energy use is discussed in Chapter 33, thermal storage in
Chapter 34, and snow melting in Chapter 50.

This chapter describes the physical properties of several second-
ary coolants and provides information on their use. The chapter also
includes information on corrosion protection. Additional informa-
tion on corrosion inhibition can be found in Chapter 48 of the
ASHRAE Handbook—Applications and Chapter 4 of the ASHRAE
Handbook—Refrigeration.

The preparation of this chapter is assigned to TC 3.1, Refrigerants and Brines.

Fig. 1 Specific Heat of Calcium Chloride Brines
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BRINES

Physical Properties

Water solutions of calcium chloride and sodium chloride are the
most common refrigeration brines. Tables 1 and 2 list the properties
of pure calcium chloride brine and sodium chloride brine. For com-
mercial grades, use the formulas in the footnotes to these tables. Fig-
ures 1 and 5 give the specific heats for calcium chloride and sodium
chloride brines and are used for computation of heat loads with ordi-
nary brine (Carrier 1959). Figures 2 and 6 show the ratio of the mass
of the solution to that of water, which is commonly used as the mea-
sure of salt concentration. Viscosities are given in Figures 3 and 7.
Figures 4 and 8 show thermal conductivity of calcium and sodium
brines at varying temperatures and concentrations.

Brine applications in refrigeration are mainly in the industrial
machinery field and in skating rinks. Corrosion is the principal
problem for calcium chloride brines, especially in ice-making tanks
where galvanized iron cans are immersed.  

Fig. 2 Density of Calcium Chloride Brines
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Table 1 Properties of Pure Calcium Chloridea Brines

Pure CaCl2,
% by Mass

Specific Heat at 
15°C, J/(kg·K)

Crystallization
Starts, °C

Density at 16°C, kg/m3 Density at Various Temperatures, kg/m3

CaCl2 Brine −20°C −10°C 0°C 10°C

M QNUQ MKM MKM VVV

R PUSS −OKQ ROKO NMQQ NMQO NMQN

S PUOQ −OKV= SPKM NMQV NMRN NMRM

T PTRT −PKQ= TQKO NMRV NMSM NMRV

U PSVV −QKN= URKR NMSU NMTM NMSU

V PSPS −QKT= VSKV NMTU NMTV NMTT

NM PRTT −RKQ= NMUKS NMUT NMUU NMUS

NN PROP −SKO= NOMKR NMVR NMVT NMVR

NO PQSQ −TKN= NPOKR NNMQ NNMT NNMQ

NP PQNQ −UKM= NQQKU NNNP NNNS NNNQ

NQ PPSQ −VKO= NRTKN NNOP NNOS NNOP

NR PPNU −NMKP= NSVKU NNPO NNQM NNPS NNPP

NS PORV −NNKS= NUOKS NNQN NNRM NNQR NNQO

NT POMV −NPKM= NVRKT NNRO NNSM NNRR NNRO

NU PNSP −NQKR= OMVKM NNSN NNTM NNSR NNSO

NV PNON −NSKO= OOOKT NNTN NNTV NNTR NNTO

OM PMUQ −NUKM= OPSKM NNUM NNUV NNUR NNUO

ON PMRM −NVKV= OQVKS NNUV

OO OVVS −OOKN= OSQKP NOMN NONQ NONM NOMS NOMO

OP OVRU −OQKQ= OTUKT NONN

OQ OVNS −OSKU= OVPKR NOOP NOPR NOPN NOOT NOOP

OR OUUO −OVKQ= PMUKO NOPO

OS OURP −POKN= POPKN NOQO

OT OUNS −PRKN= PPUKR NORP

OU OTUO −PUKU= PRQKM NOSQ

OV OTRP −QRKO= PSVKV NOTR

OVKUT OTQN −RRKM= PTUKU NOUV

PM OTPO −QSKM= PRUKQ NOVQ

PO OSTU −OUKS= QNUKN NPNS

PQ OSPS −NRKQ= QROKM NPPV

~j~ëë=çÑ=qóéÉ=N=ETTB=ãáåKF=`~`äO=Z=Eã~ëë=çÑ=éìêÉ=`~`äOFLEMKTTFK=j~ëë=çÑ=qóéÉ=O=EVQB=ãáåKF=`~`äO=Z=Eã~ëë=çÑ=éìêÉ=`~`äOFLEMKVQFK

Table 2 Properties of Pure Sodium Chloridea Brines

Pure NaCl,
% by Mass

Specific Heat at 
15°C, J/(kg·K)

Crystallization 
Starts, °C

Density at 16°C, kg/m3 Density at Various Temperatures, kg/m3

NaCl Brine −10°C −0°C 10°C 20°C

M QNUQ MKM MKM NMMM

R PVOR −OKV RNKT NMPR NMPUKN NMPSKR NMPQKM

S PUTV −PKS SOKR NMQP NMQRKU NMQPKV NMQNKO

T PUPS −QKP TPKQ NMQV NMRPKT NMRNKQ NMQUKR

U PTVR −RKM UQKS NMRT NMSNKO NMRUKV NMRRKU

V PTRP −RKU VRKV NMSR NMSVKM NMSSKQ NMSPKO

NM PTNR −SKS NMTKO NMTO NMTSKU NMTQKM NMTMKS

NN PSTU −TKP NNUKU NMUM NMUQKU NMUNKS NMTUKN

NO PSQM −UKO NPMKP NMUS NMVOKQ NMUVKS NMURKS

NP PSMT −VKN NQOKO NMVQ NNMMKP NMVTKM NMVPKO

NQ PRTP −NMKN NRQKP NNMO NNMUKO NNMQKT NNMMKU

NR PRQQ −NMKV NSSKR NNNM NNNVKQ NNNSKO NNNOKR NNMUKR

NS PRNR −NNKV NTUKV NNNU NNOTKS NNOQKO NNOMKQ NNNSKO

NT PQUR −NPKM NVNKQ NNOS NNPRKU NNPOKO NNOUKP NNOQKM

NU PQRS −NQKN OMQKN NNPQ NNQQKN NNQMKP NNPSKO NNPNKU

NV PQOT −NRKP ONTKM NNQO NNRPKQ NNQUKR NNQQKP NNPVKT

OM PQMO −NSKR OPMKM NNRM NNSMKT NNRSKT NNRQKN NNQTKT

ON PPTS −NTKU OQPKO NNRU NNSVKN NNSRKM NNSMKR NNRRKU

OO PPRS −NVKN ORSKS NNSS NNTTKS NNTPKP NNSUKT NNSPKV

OP PPPM −OMKS OTMKM NNTQ NNUSKN NNUNKT NNTTKM NNTOKM

OQ PPNM −NRKT OUPKT NNUO NNVQKT NNVMKN NNURKP NNUMKP

OR POUV −UKU OVTKR NNVM

ORKO MKM

~j~ëë=çÑ=ÅçããÉêÅá~ä=k~`ä=êÉèìáêÉÇ=Z=Eã~ëë=çÑ=éìêÉ=k~`ä=êÉèìáêÉÇFLEB=éìêáíóFK
Äj~ëë=çÑ=ï~íÉê=éÉê=ìåáí=îçäìãÉ=Z=_êáåÉ=ã~ëë=ãáåìë=k~`ä=ã~ëëK
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Fig. 3 Viscosity of Calcium Chloride Brines
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Fig. 4 Thermal Conductivity of Calcium Chloride Brines
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Fig. 5 Specific Heat of Sodium Chloride Brines
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Fig. 6  Density of Sodium Chloride Brines
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Ordinary salt (sodium chloride) is used where contact with cal-
cium chloride is intolerable (e.g., the brine fog method of freezing
fish and other foods). It is used as a spray in air cooling of unit cool-
ers to prevent frost formation on coils. In most refrigerating work,
the lower freezing point of calcium chloride solution makes it more
convenient to use.

Commercial calcium chloride, available as Type 1 (77% mini-
mum) and Type 2 (94% minimum), is marketed in flake, solid, and
solution forms; flake form is used most extensively. Commercial
sodium chloride is available both in crude (rock salt) and refined
grades. Because magnesium salts tend to form sludge, their pres-
ence in sodium or calcium chloride is undesirable.

Fig. 7 Viscosity of Sodium Chloride Brines
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Fig. 8 Thermal Conductivity of Sodium Chloride Brines

Fig. 8 Thermal Conductivity of Sodium Chloride Brines
(Carrier 1959)
Corrosion Inhibition

Brine systems must be treated to control corrosion and deposits.
The standard chromate treatment program is the most effective. Cal-
cium chloride brines require a minimum of 1800 mg/kg of sodium
chromate with pH 6.5 to 8.5. Sodium chloride brines require a min-
imum of 3600 mg/kg of sodium chromate and a pH of 6.5 to 8.5.
Sodium nitrite at 3000 mg/kg in calcium brines or 4000 mg/kg in
sodium brines controls pH between 7.0 and 8.5, and it should pro-
vide adequate protection. Organic inhibitors are available that may
provide adequate protection where neither chromates nor nitrites
can be used.

Before using any chromate-based inhibitor package, review fed-
eral, state, and local regulations concerning the use and disposal of
chromate-containing fluids. If the regulations prove too restrictive,
an alternative inhibition system should be considered.

INHIBITED GLYCOLS

Ethylene glycol and propylene glycol, inhibited for corrosion
control, are used as aqueous freezing point depressants (antifreeze)
and heat transfer media. Their chief attributes are their ability to
lower the freezing point of water, their low volatility, and their rel-
atively low corrosivity when properly inhibited. Inhibited ethylene
glycol solutions have better physical properties than propylene gly-
col solutions, especially at lower temperatures. However, the less
toxic propylene glycol is preferred for applications involving pos-
sible human contact or where mandated by regulations.

Physical Properties

Ethylene glycol and propylene glycol are colorless, practically
odorless liquids that are miscible with water and many organic com-
pounds. Table 3 shows properties of the pure materials.

The freezing and boiling points of aqueous solutions of ethylene
glycol and propylene glycol are given in Tables 4 and 5. Note that
increasing the concentration of ethylene glycol above 60% by mass
causes the freezing point of the solution to increase. Propylene glycol
solutions above 60% by mass do not have freezing points. Instead of
freezing, propylene glycol solutions become a glass (glass being an

Table 3 Physical Properties of Ethylene Glycol
and Propylene Glycol

Property
Ethylene
Glycol

Propylene 
Glycol

oÉä~íáîÉ=ãçäÉÅìä~ê=ã~ëë SOKMT TSKNM

aÉåëáíó=~í=OMø`I=âÖLãP NNNP NMPS

_çáäáåÖ=éçáåíI=ø`

~í=NMNKP=âm~ NVU NUT

~í=SKST=âm~ NOP NNS

~í=NKPP=âm~ UV UR

s~éçê=éêÉëëìêÉ=~í=OMø`I=m~ SKT VKP

cêÉÉòáåÖ=éçáåíI=ø` −NOKT pÉíë=íç=Öä~ëë=
ÄÉäçï=−RNø`

sáëÅçëáíóI=ãm~ˇë

~í=Mø` RTKQ OQP

~í=OMø` OMKV SMKR

~í=QMø` VKR NUKM

oÉÑê~ÅíáîÉ=áåÇÉñ=å
a
=~í=OMø` NKQPNV NKQPOV

péÉÅáÑáÅ=ÜÉ~í=~í=OMø`I=âgLEâÖˇhF OKPQT OKQUN

eÉ~í=çÑ=Ñìëáçå=~í=−NOKTø`I=âgLâÖ NUT Ô

eÉ~í=çÑ=î~éçêáò~íáçå=~í=NMNKP=âm~I=âgLâÖ UQS SUU

eÉ~í=çÑ=ÅçãÄìëíáçå=~í=OMø`I=jgLâÖ NVKOQS OPKVSV
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amorphous, undercooled liquid of extremely high viscosities that has
all the appearances of a solid). On the dilute side of the eutectic, ice
forms on freezing; on the concentrated side, solid glycol separates
from solution on freezing. The freezing velocity of such solutions is
often quite slow; but, in time, they set to a hard, solid mass.

Physical properties (i.e., density, specific heat, thermal conduc-
tivity, and viscosity) for aqueous solutions of ethylene glycol can
be found in Tables 6 through 9 and Figures 9 through 12; similar
data for aqueous solutions of propylene glycol can be found in
Tables 10 through 13 and Figures 13 through 16. Densities are for
aqueous solutions of industrially inhibited glycols. These densities
are somewhat higher than those for pure glycol and water alone.
Typical corrosion inhibitor packages do not significantly affect the
other physical properties. The physical properties for the two fluids
are similar, with the exception of viscosity. At the same concen-

Table 4 Freezing and Boiling Points of Aqueous Solutions
of Ethylene Glycol

Percent Ethylene Glycol Freezing Point, 
°C

Boiling Point,
°C at 100.7 kPaBy Mass By Volume

MKM MKM MKM NMMKM
RKM QKQ −NKQ NMMKS

NMKM UKV −PKO NMNKN
NRKM NPKS −RKQ NMNKT
OMKM NUKN −TKU NMOKO
ONKM NVKO −UKQ NMOKO
OOKM OMKN −UKV NMOKO
OPKM ONKM −VKR NMOKU
OQKM OOKM −NMKO NMOKU
ORKM OOKV −NMKT NMPKP
OSKM OPKV −NNKQ NMPKP
OTKM OQKU −NOKM NMPKP
OUKM ORKU −NOKT NMPKV
OVKM OSKT −NPKP NMPKV
PMKM OTKT −NQKN NMQKQ
PNKM OUKT −NQKU NMQKQ
POKM OVKS −NRKQ NMQKQ
PPKM PMKS −NSKO NMQKQ
PQKM PNKS −NTKM NMQKQ
PRKM POKS −NTKV NMRKM
PSKM PPKR −NUKS NMRKM
PTKM PQKR −NVKQ NMRKM
PUKM PRKR −OMKP NMRKM
PVKM PSKR −ONKP NMRKM
QMKM PTKR −OOKP NMRKS
QNKM PUKR −OPKO NMRKS
QOKM PVKR −OQKP NMRKS
QPKM QMKR −ORKP NMSKN
QQKM QNKR −OSKQ NMSKN
QRKM QOKR −OTKR NMSKT
QSKM QPKR −OUKU NMSKT
QTKM QQKR −OVKU NMSKT
QUKM QRKR −PNKN NMSKT
QVKM QSKS −POKS NMSKT
RMKM QTKS −PPKU NMTKO
RNKM QUKS −PRKN NMTKO
ROKM QVKS −PSKQ NMTKO
RPKM RMKS −PTKV NMTKU
RQKM RNKS −PVKP NMTKU
RRKM ROKT −QNKN NMUKP
RSKM RPKT −QOKS NMUKP
RTKM RQKT −QQKO NMUKV
RUKM RRKT −QRKS NMUKV
RVKM RSKU −QTKN NMVKQ
SMKM RTKU −QUKP NNMKM
SRKM SOKU ~ NNOKU
TMKM SUKP ~ NNSKT
TRKM TPKS ~ NOMKM
UMKM TUKV −QSKU NOPKV
URKM UQKP −PSKV NPPKV
VMKM UVKT −OVKU NQMKS
VRKM VRKM −NVKQ NRUKP

~cêÉÉòáåÖ=éçáåíë=~êÉ=ÄÉäçï=−RMø`K
tration, aqueous solutions of propylene glycol are more viscous
than solutions of ethylene glycol. This higher viscosity accounts for
the majority of the performance difference between the two fluids.

The choice of glycol concentration depends on the type of protec-
tion required by the application. If the fluid is being used to prevent
equipment damage during idle periods in cold weather, such as win-
terizing coils in an HVAC system, 30%=ethylene=glycol=or 35% pro-
pylene glycol is sufficient. These concentrations will allow the fluid
to freeze. As the fluid freezes, it forms a slush that expands and
flows into any available space. Therefore, expansion volume must
be included with this type of protection. If the application requires
that the fluid remain entirely liquid, a concentration with a freezing
point 3°C below the lowest expected temperature should be chosen.
Avoid excessive glycol concentration because it increases initial
cost and adversely affects the physical properties of the fluid.

Table 5 Freezing and Boiling Points of Aqueous Solutions
of Propylene Glycol

Percent Propylene Glycol Freezing Point,
°C

Boiling Point,
°C at 100.7 kPaBy Mass By Volume

MKM MKM MKM NMMKM
RKM QKU −NKS NMMKM

NMKM VKS −PKP NMMKM
NRKM NQKR −RKN NMMKM
OMKM NVKQ −TKN NMMKS
ONKM OMKQ −TKS NMMKS
OOKM ONKQ −UKM NMMKS
OPKM OOKQ −UKS NMMKS
OQKM OPKQ −VKN NMMKS
ORKM OQKQ −VKS NMNKN
OSKM ORKP −NMKO NMNKN
OTKM OSKQ −NMKU NMNKN
OUKM OTKQ −NNKQ NMNKT
OVKM OUKQ −NOKM NMNKT
PMKM OVKQ −NOKT NMOKO
PNKM PMKQ −NPKQ NMOKO
POKM PNKQ −NQKN NMOKO
PPKM POKQ −NQKU NMOKO
PQKM PPKR −NRKS NMOKO
PRKM PQKQ −NSKQ NMOKU
PSKM PRKR −NTKP NMOKU
PTKM PSKR −NUKO NMOKU
PUKM PTKR −NVKN NMPKP
PVKM PUKR −OMKN NMPKP
QMKM PVKS −ONKN NMPKV
QNKM QMKS −OOKN NMPKV
QOKM QNKS −OPKO NMPKV
QPKM QOKS −OQKP NMPKV
QQKM QPKT −ORKR NMPKV
QRKM QQKT −OSKT NMQKQ
QSKM QRKT −OTKV NMQKQ
QTKM QSKU −OVKP NMQKQ
QUKM QTKU −PMKS NMRKM
QVKM QUKV −POKN NMRKM
RMKM QVKV −PPKR NMRKS
RNKM RMKV −PRKM NMRKS
ROKM RNKV −PSKS NMRKS
RPKM RPKM −PUKO NMSKN
RQKM RQKM −PVKU NMSKN
RRKM RRKM −QNKS NMSKN
RSKM RSKM −QPKP NMSKN
RTKM RTKM −QRKO NMSKT
RUKM RUKM −QTKN NMSKT
RVKM RVKM −QVKM NMSKT
SMKM SMKM −RNKN NMTKO
SRKM SRKM ~ NMUKP
TMKM TMKM ~ NNMKM
TRKM TRKM ~ NNPKV
UMKM UMKM ~ NNUKP
URKM URKM ~ NORKM
VMKM VMKM ~ NPOKO
VRKM VRKM ~ NRQKQ

~^ÄçîÉ=SMB=Äó=ã~ëëI=ëçäìíáçåë=Çç=åçí=ÑêÉÉòÉ=Äìí=ÄÉÅçãÉ=~=Öä~ëëK
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Table 6 Density of Aqueous Solutions of Ethylene Glycol

Concentrations in Volume Percent Ethylene Glycol
Temperature, °C  10%  20%  30%  40%  50%  60%  70%  80%  90%

=ÓPR NMUVKVQ NNMQKSM NNNUKSN NNPOKNN
ÓPM NMUVKMQ NNMPKRQ NNNTKPU NNPMKTO
ÓOR NMUUKMN NNMOKPS NNNSKMQ NNOVKON NNQNKUT
ÓOM NMTNKVU NMUSKUT NNMNKMS NNNQKRU NNOTKRT NNQMKMT
ÓNR NMTMKUT NMURKSN NMVVKSQ NNNOKVV NNORKUO NNPUKNQ
ÓNM NMRQKPN NMSVKSP NMUQKOO NMVUKMV NNNNKOU NNOPKVQ NNPSKMV
−R NMPSKUR NMRPKNN NMSUKOU NMUOKTN NMVSKQP NNMVKQR NNONKVQ NNPPKVN
M NMNUKTP NMPRKST NMRNKTU NMSSKUM NMUNKMU NMVQKSQ NNMTKRM NNNVKUO NNPNKSO
R NMNTKRT NMPQKPS NMRMKPP NMSRKON NMTVKPP NMVOKTP NNMRKQP NNNTKRU NNOVKOM
NM NMNSKOU NMPOKVQ NMQUKTS NMSPKQV NMTTKQS NMVMKTM NNMPKOP NNNRKOO NNOSKST
NR NMNQKUT NMPNKPV NMQTKMT NMSNKSR NMTRKQS NMUUKRQ NNMMKVO NNNOKTP NNOQKMN
OM NMNPKPQ NMOVKTO NMQRKOR NMRVKSU NMTPKPR NMUSKOT NMVUKQU NNNMKNP NNONKOP
OR NMNNKSV NMOTKVP NMQPKPO NMRTKSM NMTNKNN NMUPKUT NMVRKVO NNMTKQM NNNUKPO
PM NMMVKVO NMOSKMO NMQNKOS NMRRKPV NMSUKTR NMUNKPR NMVPKOQ NNMQKRR NNNRKPM
PR NMMUKMO NMOPKVV NMPVKMU NMRPKMT NMSSKOT NMTUKTN NMVMKQP NNMNKRU NNNOKNR
QM NMMSKMN NMONKUP NMPSKTU NMRMKSO NMSPKSS NMTRKVR NMUTKRN NMVUKQU NNMUKUV
QR NMMPKUT NMNVKRR NMPQKPS NMQUKMR NMSMKVQ NMTPKMT NMUQKQS NMVRKOT NNMRKRM
RM NMMNKSN NMNTKNS NMPNKUN NMQRKPR NMRUKMV NMTMKMS NMUNKPM NMVNKVP NNMNKVV
RR VVVKOP NMNQKSQ NMOVKNR NMQOKRQ NMRRKNP NMSSKVQ NMTUKMN NMUUKQU NMVUKPS
SM VVSKTO NMNNKVV NMOSKPS NMPVKSN NMROKMQ NMSPKSV NMTQKSM NMUQKVM NMVQKSM
SR VVQKNM NMMVKOP NMOPKQR NMPSKRR NMQUKUP NMSMKPO NMTNKMS NMUNKOM NMVMKTP
TM VVNKPR NMMSKPR NMOMKQO NMPPKPT NMQRKQV NMRSKUP NMSTKQN NMTTKPT NMUSKTP
TR VUUKQV NMMPKPQ NMNTKOT NMPMKMT NMQOKMQ NMRPKOO NMSPKSQ NMTPKQP NMUOKSN
UM VURKRM NMMMKON NMNQKMM NMOSKSR NMPUKQS NMQVKQU NMRVKTQ NMSVKPS NMTUKPT
UR VUOKPV VVSKVS NMNMKSM NMOPKNM NMPQKTT NMQRKSP NMRRKTO NMSRKNU NMTQKMN
VM VTVKNR VVPKRV NMMTKMV NMNVKQQ NMPMKVR NMQNKSR NMRNKRU NMSMKUT NMSVKRP
VR VTRKUM VVMKNM NMMPKQR NMNRKSR NMOTKMN NMPTKRR NMQTKPO NMRSKQQ NMSQKVO

NMM VTOKPO VUSKQU VVVKSV NMNNKTQ NMOOKVR NMPPKPP NMQOKVP NMRNKUU NMSMKOM
NMR VSUKTP VUOKTR VVRKUN NMMTKTN NMNUKTS NMOUKVV NMPUKQP NMQTKON NMRRKPR
NNM VSRKMN VTUKUV VVNKUN NMMPKRS NMNQKQS NMOQKRO NMPPKUM NMQOKQN NMRMKPU
NNR VSNKNT VTQKVN VUTKSU VVVKOV NMNMKMP NMNVKVQ NMOVKMR NMPTKRM NMQRKOV
NOM VRTKON VTMKUN VUPKQP VVQKVM NMMRKQU NMNRKOP NMOQKNU NMPOKQS NMQMKMU
NOR VRPKNO VSSKRV VTVKMT VVMKPU NMMMKUN NMNMKQM NMNVKNV NMOTKPM NMPQKTQ

kçíÉW=aÉåëáíó=áå=âÖLãPK

Table 7 Specific Heat of Aqueous Solutions of Ethylene Glycol

Concentrations in Volume Percent Ethylene Glycol
Temperature, °C 10% 20% 30% 40% 50% 60% 70% 80% 90%

=ÓPR PKMSU OKUQQ OKSNO OKPTM
ÓPM PKMUU OKUSS OKSPS OKPVT
ÓOR PKNMT OKUUU OKSSM OKQOP OKNTT
ÓOM PKPPQ PKNOS OKVMV OKSUR OKQRM OKOMS
ÓNR PKPRN PKNQR OKVPN OKTMV OKQTT OKOPR
ÓNM PKRSM PKPST PKNSR OKVRP OKTPP OKRMP OKOSQ
−R PKTRT PKRTQ PKPUQ PKNUQ OKVTR OKTRT OKRPM OKOVP
M PKVPT PKTSV PKRUV PKQMN PKOMP OKVVT OKTUO OKRRS OKPOO
R PKVQS PKTUM PKSMP PKQNU PKOOP PKMNU OKUMS OKRUP OKPRN
NM PKVRQ PKTVO PKSNT PKQPR PKOQO PKMQM OKUPM OKSNM OKPUM
NR PKVSP PKUMP PKSPN PKQRN PKOSN PKMSO OKURQ OKSPS OKQMV
OM PKVTO PKUNR PKSQR PKQSU PKOUN PKMUQ OKUTU OKSSP OKQPU
OR PKVUN PKUOS PKSSM PKQUR PKPMM PKNMS OKVMP OKSVM OKQST
PM PKVUV PKUPU PKSTQ PKRMO PKPNV PKNOT OKVOT OKTNS OKQVS
PR PKVVU PKUQV PKSUU PKRNU PKPPV PKNQV OKVRN OKTQP OKROR
QM QKMMT PKUSN PKTMO PKRPR PKPRU PKNTN OKVTR OKTTM OKRRQ
QR QKMNR PKUTO PKTNS PKRRO PKPTT PKNVP PKMMM OKTVS OKRUP
RM QKMOQ PKUUQ PKTPM PKRSV PKPVS PKONR PKMOQ OKUOP OKSNO
RR QKMPP PKUVR PKTQR PKRUR PKQNS PKOPS PKMQU OKURM OKSQN
SM QKMQO PKVMT PKTRV PKSMO PKQPR PKORU PKMTO OKUTS OKSTM
SR QKMRM PKVNU PKTTP PKSNV PKQRQ PKOUM PKMVT OKVMP OKSVV
TM QKMRV PKVPM PKTUT PKSPS PKQTQ PKPMO PKNON OKVOV OKTOU
TR QKMSU PKVQN PKUMN PKSRP PKQVP PKPOQ PKNQR OKVRS OKTRT
UM QKMTT PKVRP PKUNS PKSSV PKRNO PKPQR PKNSV OKVUP OKTUS
UR QKMUR PKVSQ PKUPM PKSUS PKRPO PKPST PKNVP PKMMV OKUNR
VM QKMVQ PKVTS PKUQQ PKTMP PKRRN PKPUV PKONU PKMPS OKUQQ
VR QKNMP PKVUT PKURU PKTOM PKRTM PKQNN PKOQO PKMSP OKUTP

NMM QKNNO PKVVV PKUTO PKTPS PKRVM PKQPP PKOSS PKMUV OKVMO
NMR QKNOM QKMNM PKUUS PKTRP PKSMV PKQRQ PKOVM PKNNS OKVPN
NNM QKNOV QKMOO PKVMN PKTTM PKSOU PKQTS PKPNR PKNQP OKVSM
NNR QKNPU QKMPP PKVNR PKTUT PKSQT PKQVU PKPPV PKNSV OKVUV
NOM QKNQT QKMQR PKVOV PKUMQ PKSST PKROM PKPSP PKNVS PKMNU
NOR QKNRR QKMRS PKVQP PKUOM PKSUS PKRQO PKPUT PKOOP PKMQT

kçíÉW=péÉÅáÑáÅ=ÜÉ~í=áå=âgLEâÖˇhFK
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Table 8 Thermal Conductivity of Aqueous Solutions of Ethylene Glycol

Concentrations in Volume Percent Ethylene Glycol
Temperature, °C 10% 20% 30% 40% 50% 60% 70% 80% 90%

=ÓPR MKPOU MKPMT MKOUV MKOTQ
ÓPM MKPPP MKPNO MKOVP MKOTS
ÓOR MKPPV MKPNS MKOVS MKOTV MKOSP
ÓOM MKPTN MKPQQ MKPON MKPMM MKOUN MKOSR
ÓNR MKPTT MKPQV MKPOR MKPMP MKOUP MKOSS
ÓNM MKQNR MKPUP MKPRQ MKPOV MKPMS MKOUS MKOSU
−R MKQSM MKQOO MKPUV MKPRV MKPPP MKPMV MKOUU MKOSV
M MKRNN MKQSU MKQOV MKPVR MKPSQ MKPPS MKPNO MKOVM MKOTN
R MKROM MKQTS MKQPS MKQMM MKPSU MKPQM MKPNQ MKOVO MKOTO
NM MKROU MKQUP MKQQO MKQMR MKPTP MKPQP MKPNT MKOVQ MKOTQ
NR MKRPT MKQVM MKQQU MKQNM MKPTT MKPQS MKPOM MKOVS MKOTR
OM MKRQR MKQVT MKQRP MKQNR MKPUM MKPQV MKPOO MKOVU MKOTS
OR MKRRO MKRMP MKQRV MKQNV MKPUQ MKPRO MKPOQ MKOVV MKOTU
PM MKRRV MKRMV MKQSQ MKQOQ MKPUT MKPRR MKPOT MKPMN MKOTV
PR MKRSS MKRNR MKQSV MKQOU MKPVN MKPRU MKPOV MKPMP MKOUM
QM MKRTO MKROM MKQTP MKQPN MKPVQ MKPSM MKPPN MKPMQ MKOUN
QR MKRTT MKROR MKQTT MKQPR MKPVT MKPSP MKPPO MKPMS MKOUO
RM MKRUP MKROV MKQUN MKQPU MKPVV MKPSR MKPPQ MKPMT MKOUP
RR MKRUU MKRPQ MKQUR MKQQN MKQMO MKPST MKPPS MKPMU MKOUQ
SM MKRVO MKRPU MKQUU MKQQQ MKQMQ MKPSV MKPPT MKPNM MKOUR
SR MKRVS MKRQN MKQVN MKQQS MKQMS MKPTN MKPPV MKPNN MKOUS
TM MKSMM MKRQQ MKQVQ MKQQV MKQMU MKPTO MKPQM MKPNO MKOUT
TR MKSMP MKRQT MKQVS MKQRN MKQNM MKPTQ MKPQN MKPNP MKOUU
UM MKSMS MKRQV MKQVU MKQRO MKQNN MKPTR MKPQO MKPNQ MKOUU
UR MKSMU MKRRN MKRMM MKQRQ MKQNP MKPTS MKPQP MKPNQ MKOUV
VM MKSNM MKRRP MKRMN MKQRR MKQNQ MKPTT MKPQQ MKPNR MKOVM
VR MKSNO MKRRR MKRMP MKQRS MKQNR MKPTU MKPQR MKPNS MKOVM
NMM MKSNP MKRRS MKRMQ MKQRT MKQNS MKPTV MKPQS MKPNS MKOVN
NMR MKSNQ MKRRS MKRMQ MKQRU MKQNS MKPTV MKPQS MKPNT MKOVN
NNM MKSNQ MKRRT MKRMR MKQRU MKQNT MKPUM MKPQT MKPNT MKOVO
NNR MKSNQ MKRRT MKRMR MKQRU MKQNT MKPUM MKPQT MKPNU MKOVO
NOM MKSNP MKRRS MKRMQ MKQRU MKQNT MKPUM MKPQT MKPNU MKOVP
NOR MKSNO MKRRR MKRMQ MKQRU MKQNT MKPUM MKPQT MKPNU MKOVP

kçíÉW=qÜÉêã~ä=ÅçåÇìÅíáîáíó=áå=tLEãˇhFK

Table 9 Viscosity of Aqueous Solutions of Ethylene Glycol

Concentrations in Volume Percent Ethylene Glycol
Temperature, °C 10% 20% 30% 40% 50% 60% 70% 80% 90%

=ÓPR SSKVP VPKQQ NPPKRP NVNKMV
ÓPM QPKVU SRKOR VSKRT NQNKMO
ÓOR PMKRM QSKTR TMKPU NMOKON NVSKUT
ÓOM NRKTR OOKMT PQKOU RNKVQ TQKRP NOUKQP
ÓNR NNKTQ NSKRP ORKSV PUKUU RRKMV UTKRO
ÓNM SKNV VKMS NOKTQ NVKSO OVKRP QNKPS SNKUR
−R PKSR RKMP TKNU NMKMR NRKOR OOKTS PNKRS QRKMU
M OKMU PKMO QKNR RKUP UKMV NOKMR NTKTV OQKQQ PPKTQ
R NKTV OKRQ PKQU QKUO SKSP VKSS NQKMV NVKOM ORKUQ
NM NKRS OKNU OKVR QKMQ RKRM TKUR NNKPN NRKOV OMKNU
NR NKPT NKUV OKRP PKQQ QKSP SKQS VKNU NOKPP NSKMQ
OM NKON NKSR OKOM OKVS PKVQ RKPU TKRP NMKMR NOKVR
OR NKMU NKQS NKVO OKRT PKPV QKRO SKOQ UKOV NMKRV
PM MKVT NKPM NKSV OKOS OKVQ PKUQ RKOP SKVM UKTT
PR MKUU NKNT NKRM NKVV OKRS PKOV QKQO RKTV TKPQ
QM MKUM NKMS NKPQ NKTT OKOS OKUQ PKTS QKVN SKON
QR MKTP MKVS NKON NKRV OKMM OKQT PKOP QKNV RKPM
RM MKST MKUU NKMV NKQP NKTU OKNS OKUM PKSN QKRS
RR MKSO MKUN MKVV NKOV NKRV NKVN OKQP PKNO PKVR
SM MKRT MKTQ MKVM NKNT NKQP NKSV OKNP OKTO PKQR
SR MKRP MKSV MKUP NKMS NKOV NKRN NKUU OKPV PKMP
TM MKRM MKSQ MKTS MKVT NKNT NKPR NKST OKNN OKST
TR MKQT MKRV MKTM MKUV NKMT NKOO NKQV NKUT OKPT
UM MKQQ MKRR MKSR MKUO MKVU NKNM NKPP NKSS OKNO
UR MKQN MKRO MKSM MKTS MKUV NKMM NKOM NKQV NKVM
VM MKPV MKQV MKRS MKTM MKUO MKVO NKMV NKPQ NKTN
VR MKPT MKQS MKRO MKSR MKTS MKUQ MKVV NKON NKRQ
NMM MKPR MKQP MKQV MKSM MKTM MKTT MKVM NKNM NKQM
NMR MKPP MKQM MKQS MKRS MKSR MKTN MKUO NKMM NKOT
NNM MKPO MKPU MKQP MKRP MKSM MKSS MKTS MKVN NKNS
NNR MKPM MKPS MKQN MKQV MKRS MKSN MKTM MKUP NKMT
NOM MKOV MKPQ MKPU MKQS MKRP MKRT MKSQ MKTT MKVU
NOR MKOU MKPP MKPS MKQP MKQV MKRP MKSM MKTN MKVM

kçíÉW=sáëÅçëáíó=áå=ãm~ˇëK
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Table 10 Density of Aqueous Solutions of an Industrially Inhibited Propylene Glycol

Concentrations in Volume Percent Propylene Glycol
Temperature, °C 10% 20% 30% 40% 50% 60% 70% 80% 90%

=ÓPR NMTOKVO NMTVKST NMVQKRM NMVOKQS
ÓPM NMTNKPN NMTTKUO NMVMKUR NMUUKUO
ÓOR NMSOKNN NMSVKRU NMTRKUQ NMUTKNU NMURKNR
ÓOM NMSMKQV NMSTKTO NMTPKTQ NMUPKQV NMUNKQS
ÓNR NMRMKQP NMRUKTP NMSRKTP NMTNKRN NMTVKTT NMTTKTQ
ÓNM NMPVKQO NMQUKTV NMRSKUR NMSPKSN NMSVKNS NMTSKMQ NMTQKMM
−R NMOTKOQ NMPTKUV NMQTKMO NMRQKUQ NMSNKPT NMSSKSV NMTOKOT NMTMKOQ
M NMNPKUR NMORKUQ NMPSKOQ NMQRKNO NMROKTN NMRVKMM NMSQKMV NMSUKQV NMSSKQS
R NMNOKSN NMOQKPO NMPQKQS NMQPKMV NMRMKQQ NMRSKRM NMSNKPS NMSQKSU NMSOKSR
NM NMNNKOQ NMOOKSU NMPOKRR NMQMKVQ NMQUKMQ NMRPKUU NMRUKRN NMSMKUR NMRUKUO
NR NMMVKTR NMOMKVN NMPMKRN NMPUKSR NMQRKRO NMRNKNP NMRRKRQ NMRTKMM NMRQKVS
OM NMMUKNP NMNVKMN NMOUKPR NMPSKOQ NMQOKUT NMQUKOR NMROKQQ NMRPKNO NMRNKMV
OR NMMSKQM NMNSKVV NMOSKMS NMPPKTM NMQMKMV NMQRKOQ NMQVKOO NMQVKOO NMQTKNV
PM NMMQKRQ NMNQKUQ NMOPKSQ NMPNKMP NMPTKNU NMQOKNN NMQRKUT NMQRKPM NMQPKOS
PR NMMOKRS NMNOKRS NMONKMV NMOUKOP NMPQKNR NMPUKUR NMQOKQM NMQNKPR NMPVKPO
QM NMMMKQS NMNMKNS NMNUKQO NMORKPM NMPMKVU NMPRKQT NMPUKUN NMPTKPU NMPRKPR
QR VVUKOP NMMTKSQ NMNRKSO NMOOKOQ NMOTKSV NMPNKVR NMPRKMV NMPPKPV NMPNKPR
RM VVRKUU NMMQKVV NMNOKSV NMNVKMS NMOQKOT NMOUKPO NMPNKOR NMOVKPT NMOTKPQ
RR VVPKQN NMMOKON NMMVKSP NMNRKTR NMOMKTO NMOQKRR NMOTKOU NMORKPP NMOPKPM
SM VVMKUO VVVKPN NMMSKQQ NMNOKPM NMNTKMQ NMOMKSS NMOPKNV NMONKOT NMNVKOQ
SR VUUKNN VVSKOU NMMPKNP NMMUKTP NMNPKOP NMNSKSP NMNUKVT NMNTKNV NMNRKNR
TM VURKOT VVPKNO VVVKSV NMMRKMP NMMVKPM NMNOKQV NMNQKSP NMNPKMU NMNNKMQ
TR VUOKPN VUVKUR VVSKNO NMMNKON NMMRKOQ NMMUKON NMNMKNS NMMUKVR NMMSKVN
UM VTVKOP VUSKQQ VVOKQO VVTKOR NMMNKMR NMMPKUN NMMRKRT NMMQKTV NMMOKTS
UR VTSKMP VUOKVN VUUKSM VVPKNT VVSKTP VVVKOU NMMMKUS NMMMKSO VVUKRU
VM VTOKTM VTVKOR VUQKSR VUUKVR VVOKOU VVQKSP VVSKMO VVSKQN VVQKPU
VR VSVKOR VTRKQT VUMKRT VUQKSN VUTKTM VUVKUR VVNKMS VVOKNV VVMKNS

NMM VSRKSU VTNKRS VTSKPS VUMKNQ VUPKMM VUQKVQ VURKVT VUTKVQ VURKVN
NMR VSNKVV VSTKRP VTOKMP VTRKRQ VTUKNS VTVKVM VUMKTS VUPKSU VUNKSQ
NNM VRUKNT VSPKPT VSTKRS VTMKUN VTPKOM VTQKTQ VTRKQO VTVKPU VTTKPR
NNR VRQKOQ VRVKMV VSOKVT VSRKVR VSUKNN VSVKQR VSVKVS VTRKMT VTPKMP
NOM VRMKNU VRQKST VRUKOS VSMKVT VSOKUV VSQKMP VSQKPU VTMKTP VSUKSV
NOR VQRKVV VRMKNQ VRPKQN VRRKUS VRTKRR VRUKQV VRUKST VSSKPT VSQKPP

kçíÉW=aÉåëáíó=áå=âÖLãPK

Table 11 Specific Heat of Aqueous Solutions of Propylene Glycol

Concentrations in Volume Percent Propylene Glycol
Temperature, °C 10% 20% 30% 40% 50% 60% 70% 80% 90%

=ÓPR PKMVS OKUQP OKRTO OKOSQ
ÓPM PKNNU OKUSU OKSMM OKOVR
ÓOR PKPRU PKNQM OKUVP OKSOT OKPOS
ÓOM PKPTU PKNSO OKVNU OKSRR OKPRS
ÓNR PKRUS PKPVT PKNUQ OKVQP OKSUP OKPUT
ÓNM PKTSR PKSMP PKQNS PKOMS OKVSU OKTNM OKQNT
−R PKVNU PKTTV PKSNV PKQPR PKOOU OKVVP OKTPU OKQQU
M QKMQO PKVOV PKTVP PKSPS PKQRR PKORM PKMNU OKTSS OKQTU
R QKMRM PKVQM PKUMT PKSRO PKQTQ PKOTO PKMQO OKTVP OKRMV
NM QKMRU PKVRN PKUOM PKSSV PKQVP PKOVR PKMST OKUON OKRPV
NR QKMST PKVSO PKUPQ PKSUR PKRNP PKPNT PKMVO OKUQV OKRTM
OM QKMTR PKVTP PKUQU PKTMO PKRPO PKPPV PKNNT OKUTS OKSMM
OR QKMUP PKVUP PKUSO PKTNU PKRRN PKPSN PKNQO OKVMQ OKSPN
PM QKMVN PKVVQ PKUTR PKTPR PKRTM PKPUP PKNST OKVPN OKSSN
PR QKMVV QKMMR PKUUV PKTRN PKRVM PKQMR PKNVO OKVRV OKSVO
QM QKNMT QKMNS PKVMP PKTSU PKSMV PKQOT PKONT OKVUT OKTOP
QR QKNNR QKMOT PKVNT PKTUQ PKSOU PKQQV PKOQO PKMNQ OKTRP
RM QKNOP QKMPU PKVPM PKUMN PKSQU PKQTN PKOSS PKMQO OKTUQ
RR QKNPN QKMQV PKVQQ PKUNT PKSST PKQVP PKOVN PKMTM OKUNQ
SM QKNPV QKMSM PKVRU PKUPQ PKSUS PKRNR PKPNS PKMVT OKUQR
SR QKNQT QKMTN PKVTO PKURM PKTMS PKRPT PKPQN PKNOR OKUTR
TM QKNRR QKMUO PKVUR PKUST PKTOR PKRRV PKPSS PKNRP OKVMS
TR QKNSP QKMVP PKVVV PKUUP PKTQQ PKRUN PKPVN PKNUM OKVPS
UM QKNTN QKNMQ QKMNP PKVMM PKTSP PKSMP PKQNS PKOMU OKVST
UR QKNTV QKNNR QKMOT PKVNS PKTUP PKSOR PKQQN PKOPS OKVVT
VM QKNUT QKNOS QKMQM PKVPP PKUMO PKSQT PKQSR PKOSP PKMOU
VR QKNVR QKNPS QKMRQ PKVQV PKUON PKSTM PKQVM PKOVN PKMRU

NMM QKOMP QKNQT QKMSU PKVSS PKUQN PKSVO PKRNR PKPNV PKMUV
NMR QKONN QKNRU QKMUO PKVUO PKUSM PKTNQ PKRQM PKPQS PKNNV
NNM QKONV QKNSV QKMVR PKVVV PKUTV PKTPS PKRSR PKPTQ PKNRM
NNR QKOOT QKNUM QKNMV QKMNR PKUVU PKTRU PKRVM PKQMO PKNUN
NOM QKOPR QKNVN QKNOP QKMPO PKVNU PKTUM PKSNR PKQOV PKONN
NOR QKOQP QKOMO QKNPT QKMQV PKVPT PKUMO PKSQM PKQRT PKOQO
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Table 12 Thermal Conductivity of Aqueous Solutions of Propylene Glycol

Concentrations in Volume Percent Propylene Glycol
Temperature, °C 10% 20% 30% 40% 50% 60% 70% 80% 90%

=ÓPR MKOVS MKOTR MKORR MKOPT
ÓPM MKPMM MKOTT MKORS MKOPT
ÓOR MKPOV MKPMP MKOTU MKORT MKOPS
ÓOM MKPPQ MKPMS MKOUM MKORT MKOPS
ÓNR MKPSV MKPPU MKPMV MKOUO MKORU MKOPS
ÓNM MKQNM MKPTR MKPQO MKPNO MKOUQ MKORV MKOPR
−R MKQRS MKQNS MKPUM MKPQS MKPNQ MKOUR MKORV MKOPR
M MKRNM MKQSQ MKQOP MKPUR MKPQV MKPNT MKOUS MKORV MKOPQ
R MKRNU MKQTO MKQOV MKPUV MKPRP MKPNV MKOUU MKOSM MKOPQ
NM MKROT MKQTV MKQPQ MKPVQ MKPRS MKPON MKOUV MKOSM MKOPP
NR MKRPR MKQUR MKQQM MKPVU MKPRV MKPOP MKOVM MKOSM MKOPP
OM MKRQP MKQVO MKQQR MKQMO MKPSO MKPOR MKOVN MKOSN MKOPO
OR MKRRM MKQVU MKQQV MKQMS MKPSR MKPOT MKOVO MKOSN MKOPN
PM MKRRT MKRMP MKQRQ MKQMV MKPST MKPOV MKOVP MKOSN MKOPN
PR MKRSP MKRMU MKQRU MKQNO MKPTM MKPPM MKOVP MKOSN MKOPM
QM MKRSV MKRNP MKQSO MKQNR MKPTO MKPPN MKOVQ MKOSN MKOOV
QR MKRTR MKRNU MKQSS MKQNU MKPTQ MKPPP MKOVQ MKOSM MKOOV
RM MKRUM MKROO MKQSV MKQOM MKPTR MKPPQ MKOVR MKOSM MKOOU
RR MKRUR MKROS MKQTO MKQOP MKPTT MKPPR MKOVR MKOSM MKOOT
SM MKRUV MKROV MKQTR MKQOR MKPTU MKPPR MKOVR MKOSM MKOOT
SR MKRVP MKRPO MKQTT MKQOS MKPTV MKPPS MKOVR MKORV MKOOS
TM MKRVS MKRPR MKQTV MKQOU MKPUM MKPPS MKOVR MKORV MKOOR
TR MKRVV MKRPU MKQUN MKQOV MKPUN MKPPT MKOVR MKORU MKOOQ
UM MKSMO MKRQM MKQUO MKQPM MKPUO MKPPT MKOVR MKORU MKOOP
UR MKSMQ MKRQN MKQUQ MKQPN MKPUO MKPPT MKOVR MKORT MKOOO
VM MKSMS MKRQP MKQUQ MKQPN MKPUO MKPPT MKOVQ MKORS MKOON
VR MKSMT MKRQQ MKQUR MKQPO MKPUO MKPPS MKOVQ MKORS MKOOM
NMM MKSMU MKRQQ MKQUR MKQPO MKPUO MKPPS MKOVP MKORR MKONV
NMR MKSMV MKRQQ MKQUR MKQPO MKPUO MKPPR MKOVO MKORQ MKONU
NNM MKSMV MKRQQ MKQUR MKQPN MKPUN MKPPR MKOVO MKORP MKONT
NNR MKSMU MKRQQ MKQUR MKQPM MKPUM MKPPQ MKOVN MKORO MKONS
NOM MKSMU MKRQP MKQUQ MKQOV MKPTV MKPPP MKOVM MKORN MKONR
NOR MKSMS MKRQO MKQUO MKQOU MKPTU MKPPO MKOUU MKORM MKONQ

kçíÉW=qÜÉêã~ä=ÅçåÇìÅíáîáíó=áå=tLEãˇhFK

Table 13 Viscosity of Aqueous Solutions of Propylene Glycol

Concentrations in Volume Percent Propylene Glycol

Temperature, °C 10% 20% 30% 40% 50% 60% 70% 80% 90%

=ÓPR ROQKMN VNSKNU NQPQKOO PUNPKOV
ÓPM PPMKPV RRNKNO VMUKQT OMTNKPQ
ÓOR NNMKRV ONNKQP PQMKMV RTRKVO NNTSKMV
ÓOM TPKMP NPTKVS ONRKST PSUKTT SVSKMV
ÓNR PPKOO QVKTM VOKMM NQMKSO OPVKUS QOUKNV
ÓNM NNKUT OPKOT PQKTU SOKTU VQKOP NRVKMO OTOKVQ
−R QKVU VKMU NSKTR OQKVV QPKUQ SQKUP NMTKSQ NTVKTU
M OKSU QKMR TKMU NOKPT NUKQM PNKPO QRKTQ TQKQR NOOKMP
R OKOP PKPQ RKSN VKPR NPKUR OOKUT PPKMQ ROKSP URKNR
NM NKUV OKTV QKRO TKOO NMKSR NTKMR OQKQN PTKVV SMKVP
NR NKSP OKPS PKSV RKSV UKPQ NOKVS NUKQN OUKMM QQKSO
OM NKQO OKMO PKMS QKRT SKSR NMKMQ NQKNR ONKMQ PPKPU
OR NKOR NKTQ OKRT PKTP RKPV TKVN NNKMU NSKNM ORKQR
PM NKNN NKRO OKNU PKMV QKQP SKPQ UKUN NOKRR NVKTS
PR MKVV NKPQ NKUU OKSM PKSV RKNR TKNO VKVQ NRKSM
QM MKUV NKNU NKSP OKON PKNN QKOR RKUQ TKVV NOKQV
QR MKUN NKMS NKQP NKVN OKSR PKRR QKUR SKRO NMKNR
RM MKTP MKVR NKOS NKSS OKOV PKMM QKMU RKPV UKPR
RR MKST MKUS NKNP NKQT NKVV OKRT PKQS QKRN SKVR
SM MKSO MKTU NKMN NKPM NKTR OKOO OKVU PKUO RKUR
SR MKRT MKTN MKVN NKNT NKRR NKVP OKRU PKOU QKVT
TM MKRP MKSS MKUP NKMS NKPU NKTM OKOS OKUP QKOS
TR MKQV MKSM MKTS MKVS NKOQ NKRN NKVV OKQT PKSV
UM MKQS MKRS MKTM MKUU NKNO NKPR NKTT OKNU PKOO
UR MKQP MKRO MKSR MKUN NKMO NKOO NKRV NKVQ OKUP
VM MKQM MKQV MKSN MKTR MKVP NKNM NKQP NKTP OKRM
VR MKPU MKQR MKRT MKTM MKUS NKMN NKPM NKRS OKOP
NMM MKPR MKQP MKRP MKSS MKTV MKVO NKNU NKQO OKMM
NMR MKPP MKQM MKRM MKSO MKTQ MKUR NKMU NKOV NKUM
NNM MKPO MKPU MKQT MKRV MKSV MKTV NKMM NKNV NKSP
NNR MKPM MKPS MKQR MKRS MKSQ MKTQ MKVP NKMV NKQU
NOM MKOU MKPQ MKQP MKRP MKSM MKSV MKUS NKMO NKPR
NOR MKOT MKPO MKQN MKRN MKRT MKSR MKUM MKVR NKOQ
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Fig. 9 Density of Aqueous Solutions of Industrially Inhibited
Ethylene Glycol (vol. %)

Fig. 9 Density of Aqueous Solutions of Industrially Inhibited 
Ethylene Glycol (vol. %)

Fig. 10 Specific Heat of Aqueous Solutions of Industrially
Inhibited Ethylene Glycol (vol. %)

Fig. 10 Specific Heat of Aqueous Solutions of Industrially 
Inhibited Ethylene Glycol (vol. %)

Fig. 11 Thermal Conductivity of Aqueous Solutions of Indus-
trially Inhibited Ethylene Glycol (vol. %)

Fig. 11 Thermal Conductivity of Aqueous Solutions of 
Industrially Inhibited Ethylene Glycol (vol. %)
 
Fig. 12 Viscosity of Aqueous Solutions of Industrially Inhib-
ited Ethylene Glycol (vol. %)

Fig. 12 Viscosity of Aqueous Solutions of Industrially 
Inhibited Ethylene Glycol (vol. %)

Fig. 13 Viscosity of Aqueous Solutions of Industrially Inhib-
ited Ethylene Glycol (vol. %)

Fig. 13 Viscosity of Aqueous Solutions of Industrially 
Inhibited Ethylene Glycol (vol. %)

Fig. 14 Specific Heat of Aqueous Solutions of Industrially
Inhibited Propylene Glycol (vol. %)

Fig. 14 Specific Heat of Aqueous Solutions of Industrially 
Inhibited Propylene Glycol (vol. %)
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Additional physical property data is available from suppliers of
industrially inhibited ethylene and propylene glycol.

Corrosion Inhibition

Commercial ethylene glycol or propylene glycol, when pure, is
generally less corrosive than water to common metals used in con-
struction. However, aqueous solutions of these glycols assume the
corrosivity of the water from which they are prepared and can
become increasingly corrosive with use if they are not properly
inhibited. Without inhibitors, glycols oxidize into acidic end prod-
ucts. The amount of oxidation is influenced by temperature, degree
of aeration, and, to some extent, the particular combination of metal
components to which the glycol solution is exposed.

Corrosion inhibition can be described by classifying additives as
either (1) corrosion inhibitors, or (2) environmental stabilizers and
adjusters. Corrosion inhibitors form a surface barrier that protects
the metal from attack. These barriers are usually formed by adsorp-
tion of the inhibitor by the metal, by reaction of the inhibitor with the
metal, or by the incipient reaction product. In most cases, metal sur-
faces are covered by films of their oxides that inhibitors reinforce.

Fig. 15 Thermal Conductivity of Aqueous Solutions of Indus-
trially Inhibited Propylene Glycol (vol. %)

Fig. 15 Thermal Conductivity of Aqueous Solutions of 
Industrially Inhibited Propylene Glycol (vol. %)

Fig. 16 Viscosity of Aqueous Solutions of Industrially Inhib-
ited Propylene Glycol (vol. %)

Fig. 16 Viscosity of Aqueous Solutions of Industrially 
Inhibited Propylene Glycol (vol. %)
Environmental stabilizers or adjusters, while not corrosion
inhibitors in the strict sense, decrease corrosion by stabilizing or
favorably altering the overall environment. An alkaline buffer such
as borax is an example of an environmental stabilizer, since its
prime purpose is to maintain an alkaline condition (pH above 7).
Some chelating agents function as stabilizers by removing from the
solution certain deleterious ions that accelerate the corrosion pro-
cess or mechanism; however, exercise caution in their use because
improper combinations of pH and concentration may lead to exces-
sive corrosion.

Certain oxidants, such as sodium chromate, should not be used
with glycol solutions, because the glycol can oxidize prematurely.
Generally, combinations of the two types of additives, inhibitors,
and stabilizers offer the best corrosion resistance in a given system.
Commercial inhibited glycols are available from several suppliers.

Service Considerations

Design Considerations. Inhibited glycols can be used at temper-
atures as high as 175°C. However, maximum-use temperatures vary
from fluid to fluid. Therefore, the manufacturer’s suggested temper-
ature-use ranges should be followed. In systems with a high degree
of aeration, the bulk fluid temperature should not exceed 82°C;
however, temperatures up to 175°C are permissible in a pressurized
system if air intake is eliminated. Maximum film temperatures
should not exceed 28°C above the bulk temperature. Nitrogen blan-
keting minimizes oxidation when the system operates at elevated
temperatures for extended periods.

Minimum operating temperatures are typically −23°C for ethylene
glycol solutions and −18°C for propylene glycol solutions. Operation
below these temperatures is generally impractical, because the vis-
cosity of the fluids builds dramatically, thus increasing pumping
power requirements and reducing heat transfer film coefficients.

Standard materials can be used with most inhibited glycol solu-
tions except galvanized steel, because the galvanizing material,
zinc, reacts with a portion of the inhibitor package found in most
formulated glycols.

Because the removal of sludge and other contaminants is critical,
install suitable filters. If inhibitors are rapidly and completely
adsorbed by such contamination, the fluid is ineffective for corrosion
inhibition. Consider such adsorption when selecting filters.

Storage and Handling. Inhibited glycol concentrates are stable,
relatively noncorrosive materials with high flash points. These flu-
ids can be stored in mild steel, stainless steel, or aluminum vessels.
However, aluminum should be used only when the fluid tempera-
ture is below 66°C. Corrosion in the vapor space of vessels may be
a problem, because the fluid’s inhibitor package cannot reach these
surfaces to protect them. To prevent this problem, a coating may be
used. Suitable coatings include novolac-based vinyl ester resins,
high-bake phenolic resins, polypropylene, and polyvinylidene fluo-
ride. To ensure the coating is suitable for a particular application and
temperature, the manufacturer should be consulted. Since the chem-
ical properties of an inhibited glycol concentrate differ from those
of its dilutions, the effect of the concentrate on different containers
should be known when selecting storage.

Choose transfer pumps only after considering temperature-vis-
cosity data. Centrifugal pumps with electric motor drives are often
used. Materials compatible with ethylene or propylene glycol
should be used for pump packing material. Mechanical seals are
also satisfactory. Welded mild steel transfer piping with a minimum
diameter is normally used in conjunction with the piping, although
flanged and gasketed joints are also satisfactory.

Preparation Before Application. Before an inhibited glycol is
charged into a system, remove residual contaminants such as
sludge, rust, brine deposits, and oil so the contained inhibitor func-
tions properly. Avoid strong acid cleaners; if they are required, con-
sider inhibited acids. Completely remove the cleaning agent before
charging with inhibited glycol.
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Dilution Water. Use distilled, deionized, or condensate water,
because water from some sources contains elements that reduce the
effectiveness of the inhibited formulation. If water of this quality is
unavailable, water containing less than 25 mg/kg chloride, less than
25 mg/kg sulfate, and less than 100 mg/kg of total hardness may be
used.

Fluid Maintenance. Glycol concentrations can be deter-
mined by refractive index, gas chromatography, or Karl Fischer
analysis for water (assuming that the concentration of other
fluid components, such as inhibitor, is known). Using density to
determine glycol concentration is unsatisfactory because (1)
density measurements are temperature sensitive, (2) inhibitor
concentrations can change density, (3) values for propylene
glycol are close to those of water, and (4) propylene glycol val-
ues are maximum at 70 to 75% concentration.

A rigorous inhibitor monitoring and maintenance schedule is
essential to maintain a glycol solution in relatively noncorro-
sive condition for a long period. However, a specific schedule
is not always easy to establish, because inhibitor depletion rate
depends on the particular conditions of use. Analysis of sam-
ples immediately after installation, after two to three months,
and after six months should establish the pattern for the sched-
ule. Visually inspecting the solution and filter residue can de-
tect active corrosion.

Many manufacturers of inhibited glycol-based heat transfer
fluids provide analytical service to ensure that their heat trans-
fer fluid remains in good condition. This analysis may include
some or all of the following: percent of ethylene and/or propy-
lene glycol, freezing point, pH, reserve alkalinity, corrosion in-
hibitor evaluation, contaminants, total hardness, metal content,
and degradation products. If maintenance on the fluid is re-
quired, recommendations may be given along with the analysis
results.

Properly inhibited and maintained glycol solutions provide bet-
ter corrosion protection than brine solutions in most systems. A
long, though not indefinite, service life can be expected. Avoid
indiscriminate mixing of inhibited formulations. Exercise caution in
replacing brine systems with inhibited glycols because brine com-
ponents are incompatible with glycol formulations.

HALOCARBONS

Many common refrigerants are used as secondary coolants as
well as primary refrigerating media. Their favorable properties as
heat transfer fluids include low freezing points, low viscosities, non-
flammability, and good stability. Chapters 19 and 20 present physi-
cal and thermodynamic properties for common refrigerants. Table
14 lists two halocarbon compounds that are commonly used as sec-
ondary coolants. Table 15 gives vapor pressure, specific heat, ther-
mal conductivity, density, and viscosity values for methylene
chloride (R-30). Table 16 gives the same properties for trichloro-
ethylene (R-1120).

Table 9 in Chapter 19 summarizes comparative safety charac-
teristics for halocarbons. Threshold Limit Values and Biological
Exposure Indices (ACGIH) has more information on halocarbon
toxicity.

Construction materials and stability factors in halocarbon use are
discussed in Chapter 19 of this volume and Chapter 5 of the
ASHRAE Handbook—Refrigeration. Note particularly that methyl-
ene chloride and trichloroethylene should not be used in contact
with aluminum components.

NONHALOCARBON, NONAQUEOUS FLUIDS

In addition to the aforementioned fluids, numerous other second-
ary refrigerants are available. These fluids have been used primarily
by the chemical processing and pharmaceutical industries. They
have been used rarely in the HVAC and allied industries due to their
Table 14 Freezing and Boiling Points of Halocarbon Coolants

Refrigerant Name
 Freezing  
Point, °C

Boiling 
Point, °C

PM jÉíÜóäÉåÉ=ÅÜäçêáÇÉ −VSKT PVKU

NNOM qêáÅÜäçêçÉíÜóäÉåÉ −USKN UTKO

Table 15 Properties of Liquid Methylene Chloride (R-30)

Temper-
ature,

°C

Vapor 
Pressure, 

kPa

Specific 
Heat, 

kJ/(kg·K)

Thermal
Conductivity, 

W/(m·K)
Density, 
kg/m3

Viscosity, 
mPa·s

SM NTR NKOQ MKNOU NORQ MKPO

RM NPT NKOO MKNPO NOTN MKPQ

QM NMM NKON MKNPS NOUV MKPT

PM TMKR NKOM MKNQM NPMT MKQM

OM QTKM NKNV MKNQQ NPOR MKQQ

NM PMKP NKNU MKNQT NPQO MKQU

M NUKU NKNT MKNRM NPRV MKRP

−NM NNKP NKNS MKNRQ NPTT MKRV

−OM SKT NKNS MKNRT NPVR MKSS

−PM PKU NKNR MKNSM NQNO MKTS

−QM OKNU NKNR MKNSP NQPM MKUU

−RM NKOO NKNQ MKNSS NQQU NKMR

−SM MKSV NKNQ MKNSV NQSR NKOV

−TM MKPU NKNQ MKNTN NQUP NKSU

−UM MKON NKNQ MKNTQ NRMN OKRM

Table 16 Properties of Liquid Trichloroethylene (R-1120)

Temper-
ature,

°C

Vapor 
Pressure, 

kPa

Specific 
Heat, 

kJ/(kg·K)

Thermal
Conductivity, 

W/(m·K)
Density, 
kg/m3

Viscosity, 
mPa·s

SM PVKR MKVSR MKNMT NPVN MKQM

RM OVKM MKVRQ MKNMV NQMV MKQQ

QM NVKU MKVQP MKNNO NQOS MKQU

PM NOKU MKVPO MKNNR NQQQ MKRO

OM TKU MKVOO MKNNU NQSO MKRT

NM QKSM MKVNO MKNOM NQUM MKSP

M OKRR MKVMO MKNOP NQVU MKTM

−NM NKPT MKUVO MKNOS NRNR MKTU

−OM MKTM MKUUP MKNOäU NRPO MKUT

−PM MKPS MKUTR MKNPN NRQU MKVV

−QM MKNSU MKUST MKNPQ NRSR NKNQ

−RM MKMTS MKUSM MKNPT NRUN NKPP

−SM MKMPP MKURP MKNPV NRVT NKSM

−TM MKMNQ MKUQS MKNQO NSNO NKVP

−UM MKMMS MKUQM MKNQR NSOT OKQR

Table 17 Summary of Physical Properties of 
Polydimethylsiloxane Mixture and d-Limonene

Polydimethyl-
siloxane Mixture d-Limonene

cä~ëÜ=éçáåíI=ø`I=ÅäçëÉÇ=Åìé QSKT QSKN

_çáäáåÖ=éçáåíI=ø` NTR NRQKQ

cêÉÉòáåÖ=éçáåíI=ø` −NNNKN −VSKT

léÉê~íáçå~ä=íÉãéÉê~íìêÉ=ê~åÖÉI=ø` −TPKP=íç=OSM kçåÉ=éìÄäáëÜÉÇ
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cost and relative novelty. Before choosing these types of fluids, con-
sider electrical classifications, disposal, potential worker exposure,
process containment, and other relevant issues.

Tables 17 through 19 contain physical property information on a
mixture of dimethylsiloxane polymers of various relative molecu-
lar masses (Dow Corning 1989) and d-limonene. Information on

Table 18 Properties of a Polydimethylsiloxane
Heat Transfer Fluid

Temper-
ature,

°C

Vapor 
Pressure, 

kPa
Viscosity, 

mPa·s
Density,
kg/m3

Heat 
Capacity, 
kJ/(kg·K)

Thermal
Conductivity, 

W/(m·K)

−TP MKMM NOKQ VOQKS= NKQNM MKNOVQ

−TM MKMM NNKO VOOKN NKQNU MKNOUU

−SM MKMM UKOS VNPKR NKQQP MKNOSV

−RM MKMM SKOQ VMRKM NKQSV MKNORN

−QM MKMM QKUP UVSKQ NKQVR MKNOPN

−PM MKMM PKUN UUTKV NKROM MKNONO

−OM MKMM PKMT UTVKP NKRQS MKNNVO

−NM MKMN OKRN UTMKT NKRTO MKNNTN

M MKMP OKMV USOKM NKRVT MKNNRM

NM MKMU NKTS URPKP NKSOP MKNNOV

OM MKNS NKQV UQQKR NKSQV MKNNMU

PM MKPO NKOV UPRKR NKSTQ MKNMUS

QM MKSN NKNO UOSKR NKTMM MKNMSQ

RM NKMV MKVU UNTKP NKTOS MKNMQO

SM NKUR MKUS UMTKV NKTRN MKNMNV

TM PKMO MKTT TVUKQ NKTTT MKMVVS

UM QKTS MKSV TUUKT NKUMP MKMVTP

VM TKOR MKSO TTUKU NKUOU MKMVQV

NMM NMKTP MKRS TSUKT NKURQ MKMVOR

NNM NRKQR MKRN TRUKP NKUUM MKMVMN

NOM ONKTR MKQT TQTKT NKVMR MKMUTT

NPM OVKVR MKQP TPSKU NKVPN MKMURO

NQM QMKQR MKQM TORKS NKVRT MKMUOT

NRM RPKST MKPT TNQKN NKVUO MKMUMO

NSM TMKMS MKPQ TMOKP OKMMU MKMTTT

NTM VMKNM MKPO SVMKO OKMPP MKMTRN

NUM NNQKOV MKPM STTKT OKMRV MKMTOR

NVM NQPKNT MKOU SSQKU OKMUR MKMSVV

OMM NTTKOT MKOS SRNKS OKNNM MKMSTP

ONM ONTKNQ MKOR SPUKM OKNPS MKMSQS

OOM OSPKPS MKOQ SOPKV OKNSO MKMSOM

OPM PNSKQT MKOO SMVKR OKNUT MKMRVP

OQM PTTKMP MKON RVQKR OKONP MKMRSS

ORM QQRKSN MKOM RTVKN OKOPV MKMRPU

OSM ROOKTQ MKNV RSPKP OKOSQ MKMRNN
d-limonene is limited; it is based on measurements made over small
data temperature ranges or simply on standard physical property
estimation techniques. The compound is an optically active terpene
(molecular formula C10H16) derived as an extract from orange and
lemon oils. The “d” indicates that the material is dextrorotatory,
which is a physical property of the material that does not affect the
transport properties of the material significantly.

The mixture of dimethylsiloxane polymers can be used with
most standard construction materials; d-limonene, however, can be
quite corrosive, easily autooxidizing at ambient temperatures. This
fact should be understood and considered before using d-limonene
in a system.
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Table 19 Physical Properties of d-Limonene

Temper-
ature,

°C
Specific Heat, 

kJ/(kg ·K)
Viscosity, 

mPa·s
Density, 
kg/m3

Thermal 
Conductivity,

W/(m·K)

−TP NKOT PKU VNQKP MKNPT

−RM NKPV P UVTKN MKNPP

−OR NKRN OKP UTUKP MKNOU

M NKSR NKU URVKO MKNOQ

OR NKTU NKQ UPVKU MKNNV

RM NKVN NKN UOMKN MKNNQ

TR OKMQ MKU UMM MKNN

NMM OKNT MKT TTVKR MKNMR

NOR OKP MKR TRUKQ MKN

NRM OKQN MKQ TPSKS MKMVS
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