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(57) Abstract: A toxicological friendly antifreeze composition having improved thermal stability is provided. In one embodiment,
& the antifreeze composition comprises from 5 to 80 wt. % of an aqueous freezing point depressant selected from alkali metal salts
N of acetates, formates, proprionates, adipiates, and succinates, and mixtures thereof; 0.1 to 10 wt. % of at least one of a 2-ethylhex-
anoic acid, isononanoic acid and 3,5,5-trimethylhexanoic acid; and 0.1 to 10 wt. % of at least one of octanoic acid, nonanoic acid,
decanoic acid, undecanoic acid, dodecanoic acid, neodecanoic acid, benzoic acid, 2-hydroxybenzoic acid, p-terbutylbenzoic acid,
and mixtures thereof. In one embodiment, the composition is employed as a concentrate in admixture with 10 to 90 wt. % water.
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Antifrecze Concentrate and Coolant Compositions and Preparation Thereot

FTRCHNICAL FIELD

- “h..‘.

{0011 The invention relates generally to antifreeze compositions exhibiting

nproved thermal stabtlity at low temperatures,

()

BACKGROUND
[G021 Tt is known to use antifreeze compositions in heat exchanging systems and
for for de-icing applications.  In these applications, the antifreeze compositions come in

() coptact with varous metals, allovs, and other components forming the different parts of
the heat exchanging system or the systens to be de-iced. Efforts have been made towards
tre protection from corrosion of parts and components in contact with the antifreeze
compositions. Prior art solutions include the addition of various corrosion nhibitors and
/o the use of different organic acids for multiple metal protection svstems.

15 {0031 Corrosion protection is critical at all temperature ran pes. However, at low
temperatures, other factors rapovtant (o the performance of antifreeze compositions come
into play, including the anwanted formation of scale and / or deposits. Water is often
used to ditute antifresze compositions. Water gualiny varies greatly with geographic
location, popalation axd degree of industrialization. Wheo hurd water is used, scules van

20 be formed from alkahine earth mctal carbonate and phosphate deposition. These norganic
films tend to inhibit thermal transfer and thas reduce the bheat transfer ethiciency of the
system,  Besides the use of haed water, the use of certain corrosion inhibitors contributes
to the formation of deposiis, e.g., stlicate gelation. In certain additive packages for
Coolants. sificate ¢ phu.:sp-ham COMrOsion mhibiices are used i hel 0 protect metal coolin &

25 systesm parts and also as a buffer to coutrol the pH of the antifreerze. When a composition
containing silicates / phosphates is mixed with hard water, copious precipitates develo i i
a short period of time. These precipitates may clog a cooling systern, resulting in
reduced antifreeze / coolant flow. increased engine operating temperatures and shorter

service e, Bepesit formation can also result in the physical damage of soft material
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parts, e.g.. water pump seals, engine bead seals, hoses, ete. used i the pagts and
cCoTnponents of the systent,

[‘{}(}4] To alteviaie the silicate deposit problem, stticate stalvilizers can be added
ter antifrovze comipasitions.  However, at fow operating temperatures, €.¢., sub-treezing,

3 some additives are not soluble thus further compounding the problom.  Ideally, antifreeze
compaostiions should remain transpareny and free of insoluble matersals i operation as the
urnwanted formation of deposits / sofuble materials decreases the heat transfer propenty of
the composition., And ideallv, the antifresze composition should be envirenmentally and
toxicotogical friendly.

1t [00S]  There s stili a need for a toxicological friendly antifrecze composition,
L.¢., a non-giveot based composition baving maproved thermal stabbity at low

lemperatures with nummald salt 7 deposition formanon.

SUMMARY OF THE INVENTION
. [0U6]  In one erabodiment, there is provided an antifreeze coraposition

comprising from 530 G908 wi % of a freezivg polnt depressant comprising at least one
of an agueons medinm alkali metal salt of anfons selecied from acetates, formats,
propraonaies, adiptates, and suecinaies; 0.1 w0 § o, % of at least a branched organic acid
(€5~ Cys) or alkah- or amino salt of a branched organic acid {Us ~ Cigp and 0.1 10 5§ wi.
20 % of 1) an aliphatic mono acid {Cs - 1) or alkali- o aming salt of an aliphatic mono
acid (Cs — Cp); o 1) an aromatic organic acid {Cy ~ Cha or alkali- or amino salt ofan
aromatic orgame acid (Cr - Cds 1) a substituted aromatic organie acid (O - Cigdor
alkail- or amino sail of g substitated sromatic organic acid.  In one embodiment, the
composition 1 employed as a concentrate, in adnyixture with an agueous antifregze
25 solution comprising 14 to 90 wi, % by weight of waier.
[i’)i’)‘}"} fe another aspect, there is provided an antifrecze concentrate composition
comprising 5010 99.8 wt. % of a [reezing point depreseant selected from the group of
atkalt metal salts of anlons selected from acetates, formats, proprionates, adipiates, and

- .

suceiates and muixtures thereoft 0.1 1o 10 wi. 85 of at feast one of g 2-¢ hvlhexanoic acid,
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isononanoie ackd and 3 A S-tmethyvlhexanoie acid; and 0.1 to 10 wi %ot at least one of
Beptanoic acid, ovtanme ackd. ponanoic acd, decanoie atid, andecanoic acid, dodecanoi
soid, neodecanoic acid, benzeic acid, 2-hvdrosyhenzoic scid, p-terbutyibenzoic actd, and

muixiures thereof

$ (0081 There is also provided & method to hmprove the thermal stability of an
antifreery cnposition comprising blending into the freezing puint depressant matrix of
an antitreeze composition a corrosion mhibitor svstem comprising: a) .1 to 10wt S ol
at least a branched organic acid (U~ Ty or atkali- or amsine salt of a branched orgam
aoid {Us L and BY & to 10wt So of 1) an aliphatic maono acid (Cs — O} ov alkalis

10 or anting sall of an aliphatie mono acid {Cs ~ Caly o 1) an aromatic organic acid (€ -

Usa) or alkail- or amino sait of an aronatic ovgante actd (Cr -~ Cygd; HY) 3 substitated
ardmate organie acid (U — Cipd ot alkali- or amoino sall of a subsututed arematic organtc

A,

R PDETAILED DESCRIPTION
{009] Delmitions for the following terme arve provided herein (o promole a
further understanding of the nventon.
L0 The tern "aptifreeze” refers to g composition which reduces the freezing

point of an aquecus solution, of s an aqueons sohstion with & reduced fres ozing point with

o}
<o

rexpect 10 water, e.g., a composition comprismyg # freszing point depressant,

(OL1] The term "coolant” refers (o a category of Hauid antifreeze compositions
which have properiies that allow an engine to function effectively without freezing,
botting, or corrosion. The performance of an engine coolant must meet or exceed
standands set by the American Soviety for Testing and Materials (A.S.T.M.1 and the
25 Sogfely of Automotive Engineers (8.4 E)

(0121 The term “heat transfor fluid” refers to a fluid which Sows throu oh &

system n order o prevent ils overheating, transfirring the beat produced within the

5

ystem o other systems or devices that can utilize or dissipate the heat,

Ve’



CA 02691225 2009-12-15

WO 2009/006128 PCT/US2008/068087

?"‘ 3

013]  The ferm “de-icing” fuid refors ty & fluid which makes or keszps a system,
a device, or 2 part free of (o, o a fluid winch meits e,
0141 Ax used herein, the {erm "antifreere” composition (ot fluyd or concentrate)

vaay be used interchangeabiy with “heat transtie,” “coolam,” or “de-lemny” finid
(compositioy OF copesnirale).

0] Inone enthodiment of the nvention, an antifreeze composition with
exceflent thermal stability properties s provided. The composition remans relativedy
clear with mintmal deposit formation {that can be visually abserved).  The composition
cewnprises a eonbination of corrosion inhibitors in a nonsglycol based {regzing point
depressant,

13161 Non-Glven! Based Fre

ezing Point Dopressan Matix:  none

Ty v Py “ﬂ\\'\\\wﬁ“\\ﬂ\ﬁ'\\‘\\\““ \\\\\\\\\\

embodiment, the freezing poing depressant matrix is free of glycol and consiats of at feast
1O10]  an agueons mediam alkall metal salt of antons selected from scetats
srmats, proprionaies; adipiates, and sucanates, i an anount of 50 to 98 X wi % of total

welght ol a final concenirate compasiion.  {n one gmbodiment, the compostion is iy

adtuiXture with an aqueoys gutifresze solution comprising 1 1o 90 wi. % by weight of
water,  Suttable examples include bt ave not limited to pitassium formate, potassium

proponate, polassium acetate, dipotassivim adipinate, and mibxtures thereof,

017 In one embodiment, the matrix further coraprises additional water soluble
Organit compounds such as formamide and Jor urea, contaiing an intensively hydrophilic
substituent, {or an extreme reduction in freezing poind. By another embodiment, some
glycol may be added o the non-glyoo! freezing point depressant for a matrix with @
giyeot: non-ghyeed base ratio o 1:2 {0 120,

{O18]  Inone embaditoeny, the noveghvoo! matrdy a mixture of some, if not ail the
aflcali metal salts deseribed above,  For some combinations / fi xIEes, €.y, acetales and
tormates, the combinations resalt tnan extrewse reduction in freezing point which is not

even approached when the mdbvidual atkall metal salft components are emploved.  For

cxampie, 8 concentrate aquenus solution of potassium acetate (40:03 has 8 freeving point

iy

# 1,

it

Of ~28 7L, A potassiam formate (3:0) 1 water solution freeves st -35°C. i these two

.l
oty
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potassian compounds are "dissolved” in water in combimation with each ather, a
compasition s obtamest that is iguid at 70°C. A copeenirate sodium proprionate (30:0)
i water Bas a freczing pont of -32°C. A miktwe of sodium proprionaie and potassinm

formate {at a rabo 20020} inowater has a freczing point of -48°C,, which is remarkably

R ower than the expected mid-poing of <34 °C, caloulated using the addition nude.

{3191 I one embadimend, potassium formate ¢ used as the freezing poin
depressmt. In 2 second embodiment, a mixture of prdassium fovmate and potassiwm
propionate 1§ emploved in the matris for a formate: propionate ratio of 5 to 1220, g
third embodiment, 8 mixtore of petassivm acetate and monoethylene ehveot s enploved

|0 i the matrix. In el a tourth embodiment, dipotassium adipinate s used as the freezing
poit depressant. It a flih embodiment, the non-glyeol matrix com PEISeS @ prixiure of
potassiym suceinate and sodnam poivaspariale ma ratio of St {0 o 5901

10302 1 one en IBGJN‘*R.M tha o -*fi\«.ni atriy CEHRPORent i‘\)ﬂ“if‘nbt,‘s w44 wit

Yo of alkali metal acetates or formates. {n vet another ernbodiment, the mairix has a
15 formate-acetate anjou concentration ratio of 1.6, when diluted with sater {Tor a water

content HF 63 wil %), the matrix has a freezing point of <253 and -R0°C. when diloted
with water for a 30 wi. % water content,

{28

I

..
Ty

{orrosion Inhibitors Syster: The antifreeze sorpasiton furthn

LS 8 “ AR LSS B N NN

somprises & combinaton off 23 0.1 10wt % of one or more branched organic acids

(g or alkali- or amino sait of the branched organic acids as 3 first componer i, and

bY {1 10 10 wt. S% of ane or more linear alinhatic mono~ oy di~hasie acsds {Cs — Tl

>

aromatic orgarge acids (s =€), or subsiitnied aromatic organic acids (Cy — Cisl ot

sikah~ or amino salt of the foregcng scids as a second component,  The combination

wnproves the thermal stability of the antifresze compositions as compared (o prior gt

Lo C-{}?f‘lnfilﬁfgiii{)ﬂ.-‘3 ih:‘i s;'.(}tli':;lin. Q}‘_’ii}" Llilphdflk‘ Q;‘Q '; n Cihi 5 OF \Gb\t tH1e d a-'r‘O?‘!'iEﬂ.j:{{Z &hi d‘:
Et""‘"“‘} hi QNG {.‘Tf?lbﬁ}ﬁi?iﬂ{??n\ {}38 U"'{ L'Clﬂ?i? WIEHT cON ’if’ i:)i‘di Jf. H;:.,I’}{ 210 !‘i

hriviched organic acwds, saits of branched organic acids, and mixtures thereof. bxampios

meinde but are not uited to the following branched Ci-Cly ~<carboxvlic acids and salts

therol: iobutanois ackd, 2-ethythexanoic aid, isononanoic acid and 3.5.5-

wis
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mmethylbexanoic acil. In one emibeadiment, the branched organic first component 13 2
ethyihexanow anid oy 3,5 34vimethvihaxanme acid.
(23] in one embodiment, the second component s selected from the group of

aliphatic mano acwds; sliphatic dibasic acids; aromatic organic acids: substituted aronatic

3 argamc acids; alkal motad, ammoniam, or amine salt of the aforementioned acids: and

'\

miiures thereol,

(4] Inone embodhinent, the aliphabic mono acid component nchides at least a

T

s O abiphatic monobasic aoid o the atkali metsl, ammoninm, or amine sal thereof

p.».cu-

Examples of the acids or isomers include but are not himited to ootanoic, nohanoic,

L decanoic, undecanoic and dodecanoic, and mixbures thereof.  Any atkali metal,
anmoniaan, of aming Can be used to formy the monobasic acid salt,  In one embodiment,
the secoud component comprises at Jeast an alkali retal of the aliphatic mono acids with
sodium and potassire berog used as the alkali metals for use in forming the monobasic
acd salt. I annther embodiment, nctanoic acld is used as the second component.

}A {25 In one embodiment, the dibasic acid componery ingludes at feast a
hydrocarbyl Cs ~Cyz dibasic acid ov the alkall metal, anmnoniom, or antine salt of such
dibasie acid, Examples include but are not hrited w subernic, sebacic, undecanedinic.

F 4

dadesanvdion, makimic, succinic, glutaric, adipic, pimelie, welaie, undvcansdioir avid,

. N

o

dodecanedioie, dicvelopentadioncedicarboxylic, phthalic, tercphthalic and mixtures
24 thereot.  {n one embodiment, the second component comprises at least an alkali wetal of
the dibasic acwd with sodiom and potassium being used as the alkali metals for use in

0 & secong embodiment, sebacie acid is used as the s

“4

forming the acud sa coona

\'h "
,h’/

COMponRent,

\

{026] bxamples of sromatic organic sckds and hyvdroxyl-subsiitaied aromatic

i /¢

organic acids include but not imited to benzoic acids, - Cx-allovibepzoie acids 7 salis
thereot, tor example o-, - miud p-methvlbenzoie actd or p-tert-butvibenzoie acid, €~ Cy-
alkoxybenzow acids, for example o-, - and p~methoxvbensoie acid, b vdroxvi-contamng
arcrnabic monocarboxyhic ackls, for example o, m- or p-hvdroxybenzoic acid. o-, m- and

pr{ivdroxymethyiibenzoic acil, and halobenzoic acids, for example o-, me ot p-

W
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thaorohenzow acid. fo one embodiment, the armmatic organic acd is selected from 2-

vdroxybenzisic acid, perbutvibenzaoie acd, margdelic acid and horopbthahe acid and

safts thereotl

Py

[027] Iname embodment, the carboxylic acids mentioned are present as alkait
3 metal salts, e.g., sodium or potassiunt salis, or as ammaoniom salis or substinged

ammanen salts (amine salts), for example with ammonia, walkylamines or
frralkanolamines.

{028 In one embodiment, the approximate proportions (based on the amount ©
the water non~giveod freezing pontt depressant present) of the  combination package are

F about G.1 10 1348 wi % of the first component and abom 0.3 0 150019 of the second

companent. 1o a second embodiment, the amount of gither the {irst or the second

component (31 the range o 0.1 to 3 wi Yo In a third embodimoent, either component is

W

present ot anead o0 0.5 0 3wt %, i a fourth emboduneut, the svstem comprises |-
3wt % of the first component and 1-3 wi. %% of the second component, with the ratio of
N the first to the second component in the range of 311 w0 1:3
0291 In one embodiment and afier betng dilated with water, the antifrecze
Composion comprises {10 3 wi. % of @ branched agid selected from 2-ethvihexanoin
acid and 3.3, 5-trimethyvihexanoic acid i 3 wi Ye of ut feast one oft benzote acid,

oelanoie acid, p-tertbutyibenzote acid, adipie agid, sebacic acid, and mixtures theveof, i a

“Ww\ bl e B RS Sk L B - .

0 atrix of 40— 55wt % (based on the final weight of the diluted composition) of at least
one of potassiun format, polasshng propionate, ;m*,ai;zsait'i.nf's acetate, dipadassium add ;\m:ai{
aocd muaxtures thereof.  In yet another embodiment, the dituted compusition comprises
about 40-50 wi. % of at least a non-ghveol freezing poitnd depressant material, -2 wi. 95
Z-ethythesanow acid and 1-2 Wi, % 3.5, 3«rimethvihesanoic acid.
25 [030]  Additional / Optional Components:  In one embodinient, the antifresse

composiion further comprises one or more additional conventiomal corrosion inhibitors
i combnation with the above-deseribed  components, at concentrations of 0.01.5.0 wi.%%

ased on the weight of the non-glyeol freezing point depressant matrix), Exampdes of

LAY

cptional conventional corrosion inhibitors mclude atkali metal bormes, alkali metal
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siftcates, atkals metal benvoates, alkal metad mbrates, alkali metal ninties, alkal wewl
miohybdates, and hyd m;:af’%}}-ii‘ thiazoles. In one embodiment, the additional corrosion
iniibitor s selected from hvdrocarbyl thiazoles, hydrocarbyvl thiazoles, sodung
matasilicate pentahydrate, organosilane stabilizers, and mixtoeres thereof,  Saitabie
8 hydrocarbyl triazoles include aronuativ friaznles or atkyl-substitoted aromatic irtazoles,
.4, benzotriazole or tolylirtazole, at 3 concentration of §.1-0.5 wit, % and combinations

™

thereol,  In vet another embodiment, the amtifregze composition comprises 8.2 to 5 wi. %
of a sulfite or an alkal voelal salt of sulforous agid as an addittonal covresion inhibitor.

{0311 in one emubodument, the antifresze compasition further contuins othey

it} additives in an amoant of 1035 o about §1 wi, % (based on the welglt of the non-glyool
freezing point depressant matrix} sach as antioxidanis, anti-wear apents, detergents,
antiipant agenis, actd-base indicators, and the ke, pt‘m;d i that the additives are

solubie and thermally stable &t low temperatures.
[032]  Examples of antifoam agents include bt ave not linited to polvalkylene
§3 oxide having a molecular weight of from about 1,000 to about 4,000: silivone oils such as
dimethylpolysitozane: and organic silicon compounds such as diethy! silicates.
LIS RY Examples of antioxidants include but are pot Himited to phenols, such as
2.6di--buty] methylphenot and 44 -methyiene-bis(2,6-di~t-buiyiphenod); sromatic

annes, such as pp-dioctylphenyiamine, moneooctyldiphenylamine, pheonothiazine, 3,7

20} dicctyiphenothiazive, phenyl-1-saphthyiamine, phenyi-Z-naphthviamine, alkviphenyl-i.
> fiphi’fii’ii'ﬁfBﬁ‘:iﬂi’:&‘ ar .:‘rl¥¥<}’1-~p§‘s£ﬂ"z}-’f «vfl?.---n:ap’iftthai ~amines, 8s well ag szzipiw FeOniain o
compounds, e.g. dithiophosphates, phosphitest, salphides ang dithio metal salts, such a
henzothiazole, tu-diatkyldithiophosphates and zine disryidithiophos sphates

[U34]  bxamples of antiwear agents inglude but are not limited to phosphates,

23 phosphate esters, phosphites, thiophosphites, e.g. zine diatkyl dithiophosphates, zing

AP I B - v . R
diaryidithiophosphates, tricresyl phosphates, chiorinated waxes. suiphariaed {ats and
olefing, such as thiodipropionic esters, diatkyl sulphides, diaikyi podvsuiphudes, alkvt-
mercaplanes. divenzothiophenes and 2.2 -dithichisthenzothiazole), organic fead

compounds, taty acids, molybdenum complexes, such as molybdenum disuiphide,

oL
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halogen substituted organosilicon compounds, organie sihicon compranids, borates and

halogen-substituted phosphonas compoinds.

II

10351 Examples of detergents inglode but are not timited w sulphonates,

4.r

aromatic sulphonic scids, which are substituted with alkyl having a long chain,

5 phoapicnates, hiophasphomates, phonelates, metal sabis of allyiphenols, and abiov

saiphides.

0361 In oue embodiment, g sufficient amout of at least a base, &g, Na(H s
adided to the composition to medify the pH of the formulation to bevween 7 and 10, In
vet another embodiment, a sufficient amwant of at least a base is added for the phl o be

16 petween 7 oand 3

10371 Method for Making:  The corrosion inhibitor combination, optivnal
addityves, opttonal glveol depressant can be blended tnts the non-glyeol based freezing
podnl depressant matrix individually or in various sub-combinations to formulate the
antifrecze composition. Depending on the amount of freezing point depressant used, the

s composiion can be in the form of a “concenirate,” which can be used as is or to he
further diluted.

LU3S] In one embodiment, an anti-freexe concentrate with S30-90 wi%6 of
aqueney freeding point depressant s further diluted with about 1090 vol. % waler DEIOT
o being used i cooling system or as an anti-freeze / devicing flwid.  In a sevond

Kt erabodiment, the anti-frezze composition is diluted with 25 16 60 vol. % water. In a third
embodiment, the amwunt of water added 1S batwaer 30%4 to SO w1 %%, i a fourth
embodiment, water is added to the antifreeze concsntrate for a composition com DrIsg

o % parls by weight water, from 1 o 2 parts by weight potassiung formate, Hom 1 1o 9

parts by weight potassium acetatg, optionatly up 1o 1.5 parts LDy weight yres anid

At

~ - " . i . : . o . < 1. R oo k ) 5 | . ] cn . .
25 optionaliy up to 1.5 pans by welght of a glvcol, and 1 to parts by werght ot the corrosion

intubiior combimation.

1039] Propertics:  In one embodiment with 1 non- ghveol matersal tor the

Ly Sy, A
B »

treexing point depressant mateix, the amtifresre composition provides improved heat

E LA

transfer properties and lower viscosities {as sompared to 4 glveol-hased systenn ) for the
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same level of frost protection. The compositton s chamcterized as exhiblting excellent
protection agamst the oorrosion of metals. The composition is further characterizad as
bemng thepmatly stable.

{40 A used herem, "thermaliv-siable” means 2 sample of the antifreeze

3 compaosition forms less than 2% precipitete when ehilled at 7C for at least 24 bours, I
apother embodiment, the term means that the cramposition is relatively free of precipitates
(as visually observed) after being chilled at <137 for ai least 24 howrs. I vet anothey
esbodiment, thermally-stabie” means that less than % of the compasition s
procipitates when chilled at <150, for ut feast 24 hours.  In a third embodiment., the term

}9) mians that fess than 1'% of (he composition forms precipitates when chilled a1 -157C. for

at feast 14 bours,  hnoa fouwrth embodivaeny, the compasition furms less than 1wt %
procipatates when chilled at =25 for st lerst 24 hours, As used herein, “precipitaie”
means broadiv to melade insotubles, coagulants, Hoceulants, solids and /7 o fine panticles

needies (fram orvstallizanon). crvsiais,

i

'

"A

gels. codiondal formations, aggregated or

......

123
l.-f-vu

precipitated fumps, clusters, or granales which may suspend, deposil, or settlo in the
antireeze composition.

1041} [n one embodiment, the composition further exhibits improved thermal
stabihty properies cevapared o the compesitions od the prior art, wherein the

composttion renaints relatively free of insolubles ¢ precipitates at a freezing or sub-

0 treezing temperature and after a perisd of at feast 24 hours. In vng embodiment, the
compisition remaius refatively transparent afler at least 24 hours at 3 temperature of fess

. . R ‘3 on, : : o A , « ? _ A
than §7°C. it one embodiment, the composition remains thermall

y‘.r.r.l'

TR D PPN

. 7',\..\ A R ; . T .. . Y o o Py .
of fess than -537C. i a soeond embodin nent, the composition remans ther allv stabie a
4 tesyperature of less than <10°C, 1o a third embodiment, the composition remains

thermally stable at a temperaturs of tess than 20°C.

10421 Applications:  Due o the thermad stability of the Buids and the excellent
protection provided by the corrosion inhibitors, the antifrecze compasition is especraliy

usetul in applications where # 19 desbable to provide long service Hie with wminimal taid

change-outs of fluid modifications once in service.  In oue smbodiment. the antifreers

¥ stable & g tempergtore
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compesition is used in applications i which heat is to be supplicd to petrolewn materials

dritfed or transported w cold climates to unprove the Thudity and decreass the viscosity of

.A.-

the petroieum materials. o another embodinent, the composition 1 also usetul in

cotventional applications for beal transior flutds, sach ax coolants m industrial engines

5 1043]  Inone embodbments oy an environmentally friendly composition with a
glyco! free 7 noneghveol matrix, te composition can he used in nperating cooding towses
it thenmal power station, indastrial and howsehold refrigerators and freazers, open and
closed heat exchangers, solar collectors, doublers and autoelaves used in the chemial
ndustry, gegerally providing equipment with protection against frost damage in case of

{0 freexing, and in the foodstofls sector for ndivect cooling {e.g., Feeze-drving, deep-fraeze
cabinet), In yet another embodiment, the composition can aiso be used m de-teing
appheations for melting 1og away froms airerafls, equipment, et

{044]  The following Examples are given as non-limitative illustration of aspect
of the present vention,

13 (5] EXAMPLES. Unk 5 specified oitherwise, the t.‘ii'."si-“ﬂpofﬁii’izi‘}ﬂfi‘ are prepared
by nuxing the components in the amounts indicated in Table 2. Ths componenia used
the Examples and the corresponding “code™ in Tabie § are Hsted below. All COMPONEnts
are covomerciatly available from 8 number of sourses,

{46]  Octanoic acid: C3.

24} [047] 2-cthylhexanoic acd: 2-sha.

[048] 3.5 S«trimethyihexanoic acid {Cebaneic acid): TMHA.
{0491 Sebacic actd: C10h.

FOS Adipic acid, Céh

{0311 Benroic acid: BA.
R {004 petentButvibenzoie acid; PTHA.

{0331 Potassiuny format (KPoomate), potassium proplonate (Kpropilonate)
potassin gcetate (KAcetate), and dipotassiom adipinate: non-glhyeok-hased i"%fee.zirtg

pomt depressants used i the }:Exztz.n*z;ﬁasz.
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{1541 Mono ethyiene glvend (MEGY optional glyeol-based Ireezng poimt
depressant wsed i some of the Exaaples.
10551 The antifreeze compositions were placed n glass vials and placed in

climate chambers maintaied & the specified temperatures in the Table, After 29 hours,

)

the class vials were taken ot and visually assessed. Uhservatinns abowt the iguid

f

samples in the examples (s iedicated in the Table) were made according to the
gurdelines w Table |

(356] Table §

“p TP ity e Sy twrts St T e e At Yt e N fate A St e St fe Be e A fe T A e T Aty Srti s e e M et e e e T e e et e e e et

....--.--.-*..O....“...‘..‘...‘.--..ﬁ.b..-‘-.--‘--..-....-..."‘.‘.\"Q\\\““‘\\\\ ﬁ k‘\ﬂ_\\““‘\\\\\“\\\ T B S B B B B, L B T, A, B . B el dad. b

S —— . -

presept Trace Moderate  Severe
FHaviness H - 1 MH SN
Gel fonmation 3 TG M S
fincaation E il MY SF
Ncedim ~ TN AN NI
reCHNU (afon ¢ - FP MP N

AR ARAAARNEARARA AR R AR AR R LA AL LA R AL AR TR AR TR R Ry aa R AR S

LA R A L AN L L RN LN Y SNy LN B LV )

A I B

LOSTT I the Bigind 1s observed to be shightly bazy, a code of "TH™ 15 ysed, i the
10 Hepnd is very hazy with trace of precipitate, then “SHETP i3 used. H the Hauid is olear,
but needies ate observed nside (more than just a fow) then a code "MN" s used.  1the

guid s stightly hazy, with a lot of gel on the glasswall, and with a trace of Hlocculatios,

.-

coanbinations of codes can be used, e, "THASGHTE” Lasthy, i the bgud s clear {no

¢‘

mstabilityy then the "OR™ code 15 used.

FFy A
LA

0581 o examples 1413, cach antifrecse composition emaploys 43 wi, %%
potasai formate {based on the {inal weieht on the composition . the

*m. Cidd

CesHent i wi. % as spectfied in the table, 2 sefficient amount of KOH for the sample pHi

{ew

o be between 108 and 11.2, and the remainder water,  Inexamples 14-395, each
exampie emplovs 22wt % potassium formate {based oo the fnal weight of the

260 composition ), 16 wi, % potassium propionate, speciifed organte acid contents, a sufficient
araount of KOH for the sample pH 1o be between 9.8 and 1.2, and water,  [n examples

004, each example employs 21wt % potassium acetate (based s the Hnal weight on

the compaosition), 28 wt, %% Mono ethylene glyeol IMED), specified oreanic avid conterts,

A
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a sufficterd amount of KOH for the sample ;}'I-i {Q be betwveen 8.8 and 2.2, and water. i

examples 63-43, cach example employs 22.8 wil % diprtassium adipinate {hased o the

d

final weight of the composition), specified organic acid contents, a sufficient amount of

f

O for the sample pH 1o bo between 9.8 - L2, ana waliy

10391 For the purpises of tus spectfication and appended clatms, gniesy

N,

’

otherwiae indicated, gl raimbers expressing quantities, petcentages of proportions, and

other numerical values used in the speestication and clmyms, are 10 be understood &3 baing
modilied inall mstances by the term "about” Accordimgly, unless idicated o the
contrary, the numenical parameters set forth in the fulowing specification and attached
clatms are approximations that may vary depending upon the desived properties sought t©
he obtained by the present invention. B is noted that, ag used in this specificgtion and the
appended claims, the singular formy "a." "an,” and "the” nclode pluval relerents anless
expressiy and wnequivocally Hiled to one referent. As used herewn, the term Tinclude”
and ds grammatical varants are mtended to be non-linnting, such that recitation of Wems

11 a st s not o the exclusion of other ke sterns that can be substituted or added 1o the

bisted fiems,
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| An anfiireeze cOMPOsHIG COMPUISIRG:
a) from S to 85 ol % of an sguecus freering pomnt depressant selected from
atkall metal salis of acetates, formuntes, proprionates, adipiates, and succinatus, and
mixtures therent:
) 0.3 to 10 wil 3% of at teast a hranchesd organie ackd (s - €553 or alkahi- or
amne salf of a branched organse acid {Us — L) and
€} 0.1 (o 10wt % of at least ong of i an ahiphatic moeno acid {8 — Uil 1)
1 an atiphatie dibasic acid {(Cs~ Cial, i an alkali salt of an aliphatic mong acid {0 — ()
or an aliphatic dibasic acid (Cs ~ Cpap ivy an amino salt of an aliphatic move acid (Cs-
sk v an alkal salt of an aliphatic dibasic anid (s~ Caa vy an amino salt of an
aliphatic dibasiz acid (Cs ~ Ciax vil) an aromatic organic acid {Cr — Coh vii) an alkali
sall of b ararpatic organic acid (O — Cuady 18 an aminoe salt of an aromatic orgame acd
i (s~ Ul %) o substituted aromatio organic acid {(Cr —~ Cial 1) an atkali salt of a
substifuted aromatic organic acid; &) i) an aming salt of & substituted aromatic organic
acid: and R1v) and mixtures thereof.
2. The antifrecce cooposition of elaim 2, whevein the composition i3
0 e¢mployed as a coneenteate in admitare swith 10 1o 90 wi. % water hased on the totad
weight of the composition.
3. The antifrecze composition of any of claimy 1 - 2, wherein the freszing
point depressant is sefected from the group of potassium acelate, potassiurng formate,
28 potassium forrmate, potassium propionate, dipotassium adipinate, and muxtures thereof.

L 4

4. Phe anttreeze composition of sy of claimas 1 - 3, furthey comprising 6.

yyvys

A

’5‘

0 0.5 wi 9% of 3 hydrocarbony! triazele.

r
i
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AR The antifreerg compomition ot any of clabma 1~ 4, wherein the aliphatic
mone seid {Cs — T) or salt 13 a Oy~ U abiphatic monobasic aoid or the alkall metal,
amnonitn, or anvine salt of said acid, present in a concontration range of 0.5-3 wi. %

& The antiffeere conposition of any of elaims 1 ~ 3, whergin

the aliphatie mono actd (U~ Oy o asdt e seleoted from the group consisting of
OcLanoil acid, nonanoie acid, decanoke z:za:Ed:, andesanain ackl, dodecanoic woid, and
. _,‘,t.‘)‘,“- P S R ’_,..‘:- s un %~ A7 ¢ A
neodecanoie gad, and mixtires thergot)

l ™M

the aliphatic dibasio actd {CUs — Cia) o salt 1 solected from the group consisting of

1§ subgric, sehaci, undecanediols, dodecanedioie, malonic, succinie, glutaric, adipic,

pimelic, azelate, undecanedioic acid, dodecanediote, dicyeiopentadienadicarboxyviic,
phthalio, terephithalic and mpitores thereof, and
the branched orgarue acud (T~ Ui or sall is selected from the CTERID CONSIStng

af isobutancic acid, 2-ethyihexanoie acld, sononanoic acid, 3,5, 3-trimethyihexanoic acid,

Py and muxtures thereof

S

1. The mtifreeze composition of any of clains 1+ 6, whersin the aronugic
orgame acid or sabstituted aromatic orgame a0d (s - Cig) or salt is selected from the

group o veagoic acids, O~ Cealk vibenzoic acids, U~ Cy-alkoxvbenzoie acids,

ALk pydroxyi-containmg aromatic monocarboxylic acids, haiohenzoic acids, mandelic acids,

harnophthalic acids, nitrobenzsic ackds, and mixtures thevent thereof

&. The antifrecze vomposition of any of claims | - 7, wherein the aromatic

erganic acid or substituted aromatic ovgantc acid (Cy — Ciyd or salt is selected from o, me

'3 and p-methylhenzote acids; potert-butythenzoic acid: o, m- and p-mothoxyhenzoie acids;

O, M OF p-RYAFOXyoerzoic acid; o m- or p-fluorabenzole seids, and mixhares thereof.
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.{;e.iumm adipie, punelic, azelale, dieyclopentadiencdic arboxyhe

oetaneic acid, nonanote acid. decanoie

aydroxybenzoie aoid, perbutvibenzote avid, ard mixtures

COMPBSHION Precipifates wii
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Y. The antifreeze comaponition of any of claims 1~ 8, wherdin the aromatic

srgamic acid or substituted aromatic orgame acid (Cr ~ Cigd or salt is selected from 2-

hydroxyvbenzoic acid and p-tevbutyibenzoic acid,

{0, The antifregze composition of any of claims § - 8, further comprising (.

.'l‘

Wr L5 wil 96 of al least one of an alkals metal borate, an atkal metal silicate, an alkali

metal be nzoates, an atkadt metal mitrade, wrcalkal metal mtrite, an alkall metal nt{}lw ate

an aiah netal chromate, an atkali metal phosphate, an afkall metal polvpbosphate a

hyadrocarbyvl thiazole, and mixtures thereod,

2“\

Vhe anttireere composition of any of ¢lam

e,
gy C

14'4'

¢ 1 - 10, whoreny an alkals

metal hydroxids is added to adjust the pH of the vomposition 1o a range of about 63411

2o An watifreere compasition somprising from 3w 80 wit. %4 of an aqueous

freezmyg pomt depressant selected from alkali metal salts of acetates, [ormais,

proprionates, adipiates, and succinates, and mixtures thereots 0.1 1o 10 wi. % of at least

o of @ Zeethylhexanoie acid, isononanoie acid ang 3 3,2 -irimethy he xanoic acick and 0.

1o L3 wi %% of at least one of sebacic, nndecaneds w01, dodecanedioic, malonig, sucoinic,

\

d’

. phibalic, fevephihalic

n¢ acid, aemdecansic acid, benzoic acid, 2-

S

shereot,

and wherein kess than 2 wi. % of the compasition precipitates when the

compasition 15 chilled at -0°C. for at Jeast 34 hours.

3. The antifreeze composition of elaim 13, wherein less than 2 wt. % of the

W

ten the composttion s chilled at ~15°C. for at feast 24 hours.



:
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b, The antifresze composition of ey of cliams 12 - 1
commposition i diluted with 10-90 vol. % water prior 1o heine used in a cooling svetem ot
{.-‘..hn.p(}bi AT N QRIS AR U0 VO Yo W aer p Q« (O _~k,].n|:__$? IRCEY 3T 3 OO0 13‘1& .-‘.‘t#y Siont O
as an anti-freeze / do-wing fuid.

N

P30 A method for increasing the thermal stability of an autifrecze conyposition,

.(J"p

the method comprises the step of adding to a Seezing poind depressant matrix a corrosion
ihibitor system commyrising: &) Q.01 1o 10 wi. % of at feast a branched organic acid (Cs
— ) or alkali- or amino salt of @ branched organic aod (T~ Ty and B3 .01 o 1wt
Yool ) an aliphatic mogo acid (Cs - Chy) ot alkali- or amina salt of an aliphatic mons
i@ acid {Us - Ul or i) an aromatic organie acid (O Ciey or alkali- or ammine salt of an
aromatic organic acid {0y ~ Cds 1) a substituted aromatic organde ackd (T - U or

s \

alkali- or aminn salt of & substitoted aromatic organie acld, and wherein the freering point

(

depressant matnix comprises at least one of potassinm geetate, potassann formate,
pexassiin for nﬁatt& petassim propuaate, \_ilpo assianm adipinate, and mixturss thereot,

3 wherein the branched organic acid {Cy ~ (o) or salt is sefected from the group
consisting of isobuianoe acid, Sethylthexanoic acid, isonmanoic acid, 3.5,5-
trimethythexanoic acid, and mixhures thereof,

v

wherei the avennatie arganic acid or substittied aromatic organie ackd {0y i)

Al ¢ 40

of salt 1 selected from o, w~ and paneshylbenzoic acids; prieti~butyibenzoie acid; o, mi-

at and p-methoxybenzote acids; o~ - ot p-hvdeoxybenzoic acid; s, mi- or p-Hluorobenzing

acids, o~, m~ and penitrobenzoic ackds and mixtires thereof, and

whwrein the ahpbatic wono actd (Cs - O or salUis selected from the groap

!u

conststing of heptanoic acid, octanoic acid, nonannic acid, decancic acid, undecansic

acid, dodecanoie acid, and neodecanoic acid, and mixtares thereof
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