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present invention is directed to the use of 1-propanol as a solvent in the
reaction of hindered phenols with sulfur. The use of 1-propanol g§oss
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ol i goner co s _are lower volatili i nproved oil solubility, and the
2bi Lty to PIoRUREED PRENOUICARTIoKANT ROEGSioN, Meriion oe et shanc
anti oxi dant conposi ti ANDRETROLEIBA P CONSARNING SAME:| | ent
el astoner seal conpatibility and i nproved corrosion properties. r‘(/

engi nes,

BACKGROUND In providing lubricants for internal conbustio

such as those used in passenger cars and trucks, it is desirable to

provi de anﬁﬁKQﬂEKHﬂlﬁﬂgﬂlives that inprove the useful life of the

| ubricants and reduce engi ne corrosion. : Antioxidants in the form of

hi nder ed, sul f uthbpredge thvelivads dirdeteditt1the asdsflrpbpaobdslaysblvedtinthe r@Btisd\6t
al pha carbon atom and nmade by reacting the phenol wsth sulfur dichloride in

a_ solvent iideRdRERiSit Qing PAEL 8t LiRbai a64iSdivef BThd dfetof BFfihalted™ X1 U €

are disclosed in U S. Pat .3, , e preparation of a
crystalline -t hi ohks= 6-djst-b ) . I react.i t he
phenol wt ﬁhé""isu% ?ﬁﬁﬁ fsl(‘%%q"ie # tgatsaoql}éaédﬁ? Q?S g]gl%ggmggcg:%ﬁf}% P m%g?edt iﬂ’b on
di sul fide or, carbon
su advantages of high oligomer contents are lower volatility, improved oil solubility, and the ability
to produce a liquid product having a low sulfur content. The antioxidant compositions of the

present invention exhibit excellent elastomer seal compatibility and improved corrosion

. properties.

BACKGROUND

[n providing lubricants for intemnal combustion engines, such as those used in passenger
cars and trucks, it is desirable to provide antioxidant additives that improve the useful life of the
lubricants and reduce engine corrosion.

Antioxidants in the form of hindered, sulfur-bridged phenols having a branched alkyl
group on the alpha carbon atom and made by reacting the phenol with sulfur dichloride in a
solvent with recovery of a crystalline product from the reaction mixture are disclosed in U.S. Pat.
No. 3,250,712.

The preparation of a v;xystalline 4,4-thiobis-(2,6-di-t-butylphenol) product by reacting the

- phenol with a sulfur halide in a solvent such as acetonitrile, carbon disuifide or carbon



2 tetrachloride with or without a catalyst followed by treating the
feaction mxture with alkali hydroxide in alcohol is disclosed in U S
Pat. No. 3,678, 115. The preparation of a liquid |ubricant oi
additive m xture of 45-75 w % ortho-al kyl phenol and certain amounts of
nono-, di-, tri- and tetrasulfides of the phenol by the reaction of an
excess of the phenol with sulfur using QE organic am ne catalyst is
disclosed in U.S. Pat hb 3, 929, 654. is also reported in this patent
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I nventi on. One of the objects of this invention is the preparation
of an oil stsegHsigan aHWIRthQi@ﬂﬁmdﬁlr moggt ¢nichiarifeigndde pavee gpperspiresiemprobsblyant
that is conpatible with el astoner seals, does not cause

due to the presence of corrosive sulfur species such as sulphochlorinated atkylphenol.

U.S. Patent 4,946,610 discloses a liquid, sulfur-bridged, hindered phenol antioxidant
composition that is prepared by reacting a mixture of hindered phenols with 2 sulfur chloride in
the presence of a polar modifier. The composition is an effective antioxidant in lubricating oils
without causing excessive copper corrosion.

Co-pending application, serial number 08/657,141, filed June 3, 1996, relates to the
preparation of sulfurized t-butylphenol oligomers using solvents analogous and homologous to
{-propanol, e.g., ethanol, 2-propanol, 1-butanol, and isobutyl alcohol. The products tanght in
08/657,141 have less oligomeric products than the products of the present invention.

One of the objects of this invention is the preparation of an oil soluble, chlorine-free,
sulfurized hindered pbenolic antioxidant that is compatible with elastomer seals, does not cause
excessive copper corrosion and is a highly effective antioxidant in low phosphorus (<1000 ppm

-«

- phosphorus) lubricating oils used primarily in passenger cars and trucks.



excessive copper corrosion and is a highly effective antioxidant in | ow
phosphorus (<1000 ppm phosphorus) lubricating oils used primarily in-
passenger cars and trucks.

3 SUMVARY OF THE | NVENTI ON This invention relates generally to
substantially liquid, chlorine-free, sulfur-bridged phenol s useful as
antioxi dants and nore specifically to thg preparation of substantially

| i quid, chl orine-free, sulfur-bridged, “hi ndered phenol conpositions which
are effectigtavRiR P OEPEE | | ubricating oils and |liquid organic fuels
wi t hout damegi-ng el ast omer seal's and causi ng excessive copper corrosion.

The invention al,so . ncl.udes |ubricating oil, nd.|iquid organic fuels
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invention, as well as a nethod of reduci ng oxidation in the lubricating
oi | and | i qirrelbusghirl as antigisidants andl tere spesifichilynte the prepasationiof substantially diquid,
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Ceneral |y the . appunt of crystallization is small but increases

si gni fi cantl IW%‘# thiophepo| antigridant addigvg gfithe pressntdnventiow as wrlh apt methodef

hi ndered phenols of 08/657,141 prepared with 0.43 parts of sulfur / 1 part
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internal combustion engine.

As used herein, reference to substantially liquid character refers to compositions that are
chiefly liquid. In this regard, aged samples of prior substantially liquid, chlorine-free,
sulfur-bridged phenols do tend to form a slight amount of crystallization, generally around the
sides of a container where product comes in contact with air and the glass container surface.
Sometimes more substantial crystallization is seen as a slight sediment at the bottom of the
sample. Generally the amount of crystallization is small but increases significantly with a small
drop in sulfur content. For example, the hindered phenols of 08/657,141 prepared with 0.43
parts of sulfur / 1 part hindered phenol generally has only slight crystallization from aged
samples at room temperature. However, a drop in sulfur content to 0.38 parts of sulfur/ 1 part
hindered phenol gives significantly more crystallization. A higher sulfur content is expected to

. improve liquidity but would significantly hurt elastomer seal compatibility and copper corrosion”

characteristics.
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sanpl es at roomtenperature. However, a drop in sulfur content to 0.38
parts of sulfur /1 part hindered phenol gives significantly more *’
crystallization. A higher sulfur content is expected to inprove |iqui di ty
but woul d significantly hurt el astomer seal conpatibility and copper
corrosion characteristics. :

In general terms, the antioxidant compositions of the present i nvent| on

i ncl ude antioxi dant conpositions conpri4si ng at |east one thiophenol

accordi ng to thed glnkQNehsk, teai&txddant compositib® dfithe present inventiblfinlufle R 1S an
al kyl group; wherern Rerr |s sel ected fromthe group consisting of alkyl

groups and &&c&ﬁ?&: Gt St 1 Péne 5phanol ttﬂe °t '”9_
hydr ogen; reirn one ‘o c8 rr e 0 8?
X is in the range of from1t08 andylsmthe range of from0t02

and wherein the antioxidant conposition is substantially free of chlorine,
and wherein the antioxi dant conposition being in a substantially liquid

form R Z, R
GG
R
‘ isf,

R{ Zy

wherein R is an alkyl group; wherein R, is selected from the group consisting of alkyl groups
and hydrogen; wherein one of Z or Z, is OH with the other being hydrogen; wherein one of Z, or
Z,is OH with the other being hydrogen; X is in the range of from 1 to 8; and v is in the range of
from 0 to 2, and wherein the antioxidant composition is substantially free of chiorine, and
wherein the antioxidant composition being in a substantially liquid form.

[n broadest terms the invention includes sulfur-bridged phenols referred to as thiophenols
prepared in accordance with the general synthetic scheme:

oH R Z R
Re surer, MOH
O z STy oH
{-propanol
RZ Ri [ﬁ x Z,
+ R
OH
R i R Ri Z,
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In broadest terns the invention includes sulfur-bridged phenols referred to
as thiophenois prepared in accordance with the general synthetic schene:
[err] H

5 wherein Ris an alkyl group; Rerr] is selected fromthe group consisting
of al kyl groups and hydrogen; R err] is selected fromthe group consisting
of all groups and hydrogen; one of Z or Zerr] is OHwth the other being
hydrogen; one of Z[err] or Z[err]. is OHWith the other being hydrogen; x is

in the range - and .y i S, . fgugto 2, may be
sel ect ed frorﬁﬁr&g?m&élgyég{oﬁﬁﬁr}g‘ﬁ%Féegtsﬁd[ﬁ%H@%&% ggg?ﬁsnuﬁég L groupand i
advantage of _.this inventjon, gver that described.in U S tent 4,946,610 is
the use of gy&‘ﬁﬁ?ﬂ; R & sefegted QW%WE%S%SG’?M %P‘H’ﬁé?‘ggﬂé?geé? ope ofZoF fat
with less unreacted 2,6-dialkyl phenol. A further advantage is that the :
sul furized hish@Hrvdth the ethed befngdytdogeny bug ¢, opZeisdPH withherathepbeing hydrogen; x is
substantially chlorine-free which | eads to inproved corrosion properties.

The mai n advaﬂma@%ebf&bgha th BVARAY P tBY Bhgd dTHonfI@ &Y, IMeshyibe sel&sH B8 lithium,
application 08/ 657,141 is that when 1-propanol is used as the sol vent,

much hi gher | S Syl A trimeric (y=1) and sulfurized tetraneric
SSHEL R, bl e

(y=2) specieS are’ ornmed. This gives conpositions with

mproved o | sol upj | ity and | ess,lendency to,crystaliiass QL goal ogaus
use of a chlorine-free sulfur source and the preparation of a product with less unreacted
2,6-dialkylpbenol. A further advantage is that the sulfurized hindered phenol product of the
present invention is substantially chlorine-free which leads to improved corrosion properties.
The main advantage of this invention over that described in pending application
08/657,141 is that when l;propanol is used as the solvent, much higher levels of sulfurized
trimeric (y=1) and sulfurized tetrameric (y=2) species are unexpectedly formed. This gives
compositions with improved oil soltubility and less tendency to crystallize. Other analogous and
hiomologous solvents produce less trimeric and tetrameric components resulting in products with
* a greater tendency to crystallize and poorer oil solubility. Further, the higher levels of trimeric
and tetrameric species produced using 1-propanol allows for the use of less sulfur in the
sulfurization process, thus producing a substantially liquid composition with improved corrosion
and seal compatibility properties as well as better conversion rates with regard to sulfur,
The present invention also includes lubricating compositions and liquid organic fuels
_containing a hindered thiophenol additive according to the present invention.
[t is preferred that the hindered thiophenol additive be present in the lubricating

compositions or the liquid organic fuels in concentrations ranging from 0.005 to 5.0% by weight,



honol ogous sol vents produce less trineric and tetraneric conponents
resulting in products with a greater tendency to crystallize and poorer
oil solubility. Further, the higher levels of trineric and tetrameric
speci es produced using 1-propanol allows for the use of less sulfur in the
sul furization process, thus producing a substantially liquid conposition
with inproved corrosion and seal conpatibility properties as well as
better conversion rates with regard to s® fur. The present

i nvention gls@mb L3k Lti haul d _organi ¢ fuyels
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i nventi on. . lt.is preferred that the hindered thiophenol additive be
present in %wFlgbtr‘?tléféeﬁ"H'@“‘E‘Hﬁposi tions or the liquid organic fuels in
concentrations ran?ing from0.005 to 5.0% by weight,

6 preferably 0.The lubsicatingRompositidingind ligwid orgasic fisel of the pishant nventiof nfayt 0 2. 0%
by wei ght based on the total weight of the conpositions. . The
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application and as is appreciated in the art. The suppl ement al
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di phenyl am nes, al kyl ated di phenyl am nes, phenyl - napt hyl am nes,

tert - butyl ghppiemental sutidxidants ety inchideyhiqsh seertest, framuthe group echsistieg oM.

di t hi ocarbamates, oil sol uble copper conpounds, and oil sol uble
diphenylamines, alkylated diphenylamines, phenyl-napthylamines, tert-butylphenols, sulfurized

alkylphenols, sulfurized olefins, dithiocarbamates, oil soluble copper compounds, and oil soluble
molybdenum compounds. It is presently believed that the use of supplemental antioxidants will
become more common in the future. Thus, preferred compositions of the present invention
include more than one antioxidant in addition to sulfurized hindered phenols of the present
invention.

Such lubricating compositions and liquid organic fuels may be formulated in accordance
with practices known in the art using the additive of the present invention.

The present invention also includes a method of reducing the oxidative environment in a
petroleum composition selected from the group consisting of lubricating compositions and
organic fuels, which method comprises adding to the petroleum composition an effective amount
of the hindered thiophenol 'a;ltioxidant composition according to the present invention.

The present invention also includes a method of producing a substantially liquid

sulfurized hindered phenol, said method comprising the steps: (a) preparing a mixture of: (i) at



nmol ybdenum conpounds. It is presently believed that the use of suppl enental

anti oxi dants w || becone nore common in the future. Thus, preférred
conpositions of the present invention i nclude nore than one anti oxi dant
in addition to sulfurized hindered phenols of the present i nventi on.

Such | ubricating conpositions and liquid organic fuels may be formul ated in
accordance wth practices known in the art-using the additive of the
present invention. The present /nvention al so includes a method of

reduci ng t ‘@(fy_m%_gt s&gﬁgﬁ,s I ed
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present |nvent|on present _invention also includes a nmethod of
produci ng &oBgerants{i) Gi) kyd ﬂm)qg redct forsuffigient Hme fandatesnligiepttemptratugesods tefotad
conprising the steps: (a) preparing a mxture of (i) at

7 | east t-watkaiishadlilofde-feeahlfrized hintiéreé phvndlier ed phenol s; (ii) a
substantially chlorine-free suI fur source; and (iii) at |east one al kali
met al hydr oxi de TRE RiHRLBd helngl %Q@&@éﬁoﬁx’lﬁeﬁr@ﬁp@o%k{&@f conponents (i),
(ii) and (iii) to react or ufficient tinme and ‘at sufficient tenperature
so as to form at |east one chI orine-free sulfurized hindered phenol.

The hi ndered phendHt may be selected fromthe group consisting of: [err]

R R

R2

wherein R is selected from the group consisting of alkyl groups; R, is selected from the group
consisting of alkyl groups and hydrogen; and R, is selected from the group consisting of atkyl
groups and hydrogen. Itis prefefred that the R group and the R, group be selected from the
group consisting of alkyl groups of 3 to 12 carbons and hydrogen, and most preferably from the
group consisting of alkyl groups of 4 to 6 carbons and hydrogen.

The hindered phenol may be selected from the group consisting of : 2-t-butylphenol,
2,6-di-t-butylphenol, 2,4-di-t-butylphenol, 2-sec-butylphenol, 2,6-di-sec-butylphenol,
2,4-di-sec-butylphenol, 2-isopropylphenol, 2,6-diisopropylphenol, 2,4-diisopropylphenol,
2-t-octytphenol, 2,6-di-t-octylphenol, 2,4-di-t-octylphenol, 2-cyclopentylphenol,
2,6-dicyclopentylphenol, 2 4-dicyclopentylphenol, 2-t-butyl-p-cresol, 2,6-di-t-amylphenol,
2,4-di-t-amylphenol, 6-t;butyi-o-cresol, 2,6-di-t-dodecylphenol, 2,4-di-t-dodecyliphenol,
2-sec-butyl-p-cresol  2,6-di-t-octylphenol, 2.4-di-t-octylphenol, 6-sec-butyl-o-cresol,

2-t-octyl-p-cresol, 2-t-dodecyl-p-cresol. 2-t-butyl-6-isopropylphenol, 6-t-octyl-o-cresol,



wherein Ris selected fromthe group consisting of alkyl groups; Rerr] is
sel ected fromthe group consisting of al kyl groups and hydrogen; and
Rlerr] is selected fromthe group consisting of alkyl groups and hydrogen.
It is preferred that the R group and the R err] group be selected fromthe
group consisting of alkyl. groups of 3 to 12 carbons and hydrogen, and nost
preferably fromthe group consisting of alkyl groups of 4 to 6 carbons and

hydr ogen. The hi ndered phenol nBy be selected fromthe group .
consi sting gft-dfiaectyb@é}c‘é& kures fndtedt] m&%ﬁfé@ﬂﬁ&%ﬁbeselected m any tWo or
2,4-di-t-butyl phenol, sec ut yl phenol’, 2, - secC- but yl pheno

2,4-di -sec | spopropyl phenol , 2, 6 d| I sopropyl phenol ,

2,4-dii soprgJ gtﬁgﬁg&mé’? g‘ctyl phenol , 2, 6 di -t-octyl phenol ,

2,4-di-t- octylphenol Iopentylphenol dlcyclopentylphenol

2, 4-di cycl opent ylt ﬁﬁﬁ!ﬁ%ﬁ %ﬂ{@ts%‘f%rce@ﬁﬂseeie fugny| phenol ,
2,4-di-t-anyl phenol, 6-t-butyl-o-cresol, 2,6-di-t- dodecyl phenol ,

2, 4-di-t-dodecyl 'ﬁhtechbdrine-&esﬂﬁxized Mhdqnedphem oﬂhﬁpxdﬁentin@emiphphgrbebrepared
2,4-di-t-octyl phenol, 6-sec-butyl-o-cresol, 2-t-octyl-p-cresol,
2-t-dodecyl p re@é@@c&mn&rédﬂhﬂﬁdkmﬁwe&a&rwén&Wmﬁ&mﬁeﬁm%wbma%ﬁm
8 6-t- dodecyl o-cresol, and m xtures thereof, and nost preferably wll be
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temperature of the 1-propanol (approximatety 100 °C). A higher reaction temperature will
increase the sulfurization yield and the trimer and tetramer content of the product, however,
higher temperatures (e.g., 101-120 °C) will often require running the sulfurizarion reaction under

. pressure. The process produces alkali metal sulfide waste that may be separated from the

product by washing with water. Separation of the aqueous and organic phases may be facilitated
by the addition of a noﬁ-polm solvent. After the water washes, the non-polar solvent may be
removed, yielding the substantially liquid sulfurized hindered phenol product.

The advantages of this process are that the sulfur source is substantiaily chlorine-free thus
producing a chlorine-free sulfurized product. Use of a chlorine-free sulfur source also allows one
to drive the reaction further to completion, i.e., reacting greater quantities of hindered phenol,
while maintaining a low level of corrosion. It will be understood that reference to the product
being substantially chlorine-free is intended to mean that the product is free of amounts of
chlorine, in whatever oxidation state, that would cause copper corrosion in a given desired
application. ' g

The process thus described produces a composition that is highly sulfurized (typically

greater than 6 wt. % sulfur in the final hindered thiophenol product), the main products being



The chlorine-free sulfurized hindered phenols of the present invention may
be prepared by reacting a hindered phenol mxture with elenmental sulfur in
the presence of an alkali netal hydroxide pronmoter and 1-propanol. The
reaction is preferably carried out at the reflux tenperature of the

1- propanol (approximately 100[err]C). A higher reaction tenperature wll

i ncrease the sulfurization yield and thegtri mer and tetraner content of the
product, however, higher tenperatures (‘e.g., 101-120 [err]C) w Il often
require run BSe 6 bfi Sl sQfur oy 2SS
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washes, the non-polar solvent may be renpved, yielding the substantially
liquid sul fmh@fz i Bhgealis dingheaneryfrase & &o 8. The process asyipseribed preduggemossly t hi s
process are that the sulfur source is substantially chlorine-free thus
produci ng abriddes tingingffroatoreud four sufids. Werg small qudnttissiof ngdrichaihddesulfetridged, f ur
source also allows one to drive the reaction further to conpletion, i.e.,
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| evel of corrosion. . e yndgrsfood that reference to the product
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greater than 6 wt. % sulfur in the final hindered thiophenol product), the
mai n pr oducapplisatiang.
’ Another advantage of the process and product of the present invention is that the products
. are rendered in substantially liquid form which greatly enhances their solubility as an additive,
such as when placed in a base oil.
[t has also been found that the chlorine-free sulfurized hindered phenol product is an
effective antioxidant in both conventional passenger car motor oils, i.e. oils containing
approximately 1000 ppm phosphorus derived from ZDDP anti-wear additives, and low

- phosphorus passenger car motor oils, e.g. oils containing approximately 800 ppm phosphorus

derived from ZDDP anti-wear additives.



sul fur bridged 2, 6-dial kyl phenols (y=0) and sul fur bridged oligoners
(y=1,2) derived from 2,6-dialkylphenols and nonoal kyl phenol's. The nunber- -
of bridging sulfur atons between any two bridged phenolic rings can vary
from1l to 8. The process as described produces nostly bridges ranging from
one to four sulfurs. Very small quantities of |onger chained sulfur

bridges, e.g. five, six, and seven, ¥ be produced. Thus, products with
low | evel s of unreacted hindered pheno 2 can be nade. An advantage of

gr eat er CONYETAILBIFDESCRIFION'GRTLE PREFERREDEMBOSIMENGWCt s produced are
| ess volatile, a property of practical inportance in high tenperature

| ubri cant appI| d
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found that the chlorine- free sul frized hindered phenol product IS an

ef fective anti oxXihdprocessidederbéd iothisinmention atodpees a sulfieized hindered pheneli product . €.
oils containing approximtely 1000 ppm phosphorus . -derived from ZDDP
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mode ther e%]:li not limited to nitrile rubber seals, and does not cause excessive copper corrosion. Third, the

product is a highly effective antioxidant in both conventional motor oils and low phosphorus
motor oils as well as liquid organic fuels.

The process for producing this chlorine-free sulfurized hindered phenol involves reacting
a hindered phenol mixture with elemental sulfur in the presence of an alkali metal hydroxide
promoter and [-propanol.

The hindered phenolic mixture used in this process should contain at least two different

- hindered phenols each having at least one hydrogen in the ortho or para position. Hindered

phenols of this type are called reactive hindered phenols since at least one ortho or para hydrogen
is available in the molecule for reaction \;rith sulfur. By hindered phenol is meant that the phenol
is substituted in at least one ortho position with branched chain C, to C,, alkyl groups and
preferably a C, to C, alkyl group. Examples of suitable ortho-alkylphenols include:
2-t-burylphenol, 2,6-di-t-but§[phenol, 2 4-di-t-butylphenol, 2-sec-butylphenol, -
2,6-di-sec-butylphenol, 2,4-di-sec-butylphenol, 2-isopropyiphenol, 2,6-diisopropylphenol,

2,4-diisopropylphenol, 2-t-octyiphenol, 2,6-di-t-octyiphenol. 2.4-di-t-octylphenol,



The process described in this invention produces a sulfurized hindered
phenol product that has a nunber of advantages over sulfurized hindered
phenol s produced using different processes. First, the product produced is
substantially liquid with very high solubility in oil.” Second, the product
I's substantially chlorine-free, is conpatible with el astoner seal s,
including but not limted to nitrile rubber seals, "and does not cause
excessi ve copper corrosion. Third, the bioduct is a highly effective

tioxid ' t j. I L | S I h t il
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chlorine-free sul furized hindered phenol involves reacting a hindered
phenol i x2&rd-timylphenel R érdizt-amyiphenel, f-t-butrborsreseleh64i-bodsaylphanal,i net al

hydr oxi de pronoter and 1-propanol. The hi ndered phenolic m xture
used in th2d-dintaodsylphtxmi Zsec-batyhporeas], 2 Gdistroctylphetiolf 2,8dbpoctylphai@Er ed
phenol s each having at |east one hydrogen in the ortho or para position.

Hi ndered phednbltl-Qfresdli Be-b ?—MI,Q&HO@EE pRfkoYR-buyHE S since

at | east one orfﬁo or para<ﬁ§ rogen is aggllabﬁé.ini?ﬁg nnggg@gbgor

reaction w ﬂﬁgg pnge ﬁg Phenol I's meant that the phenol is
substi t ut \é\g&]%ﬁ@g% eéé@gg%eggfdt’ 0 position with branched chain CJerr] to

C[err] al kyl grQups and, preferably a rr] to CJerr] alkyl group.

Exanpl es of suiﬁ%%%@&%@ lﬁ@&nﬂgﬁ?mﬁmamf%@%ﬁem&d

2,6-di -t-butyl phenol, 2, 4-di -t -butyl phenol, 2-sec-butyl phenol,

2, 6- di - secPhsnelmixhueoBy non-reactive &squedntia hindéredplienol vithsnomveitapledtydrogess in the

2, 6-di i sopropyl phenol, 2, 4-diisopropyl phenol, 2-t-octyl phenol,

2, 6-di -t - oothd qriparaqositidusiofdie-phesutt THepdshiefidls are completely substituted at the reactive
sites of the phenol aromatic ring and are thus not suitable for reaction with sulfur, Example§ of
such non-reactive hindered phenols include:
2,4,6-tri-t-butylphenol 4,6-di-t-butyl-o-cresol 2,6-di-t-butyl-p-cresol
2,4,6-tri-sec-butyiphenol 4,6-di-sec-butyl-o-cresol 2,6-~di-sec-butyl-p-cresol

2,4,6-tri-isopropylphenol 4,6-diisopropyl-o-cresol 2,6-diisopropyl-p-cresol

2,4,6-tri-t-amylphenol 2,4,6-tri-t-octylphenol 2-t-butyl-6-sec-butyl-p-cresol

Suitable hindered phenol mixtures contain 75 wt.% to 100 wt.% of a reactive hindered phenolic
mixture containing two or more reactive ﬁndmd phenols, and from 0 wt.% to 25 wt.% of a
non-reactive hindered phenolic mixture containing one or more non-reactive hindered phenols.
The mixture preferably contains at least 60 weight % to 99 weight % of a di~ortho branched
chain alkylphenol such as ?.,6;di—tert-butylphenol, based on the total weight of hindered phenols
used in the reaction. Concentrations of ortho-alkylphenol can range from | weight % to 30

weight %, preferably 9 weight % to 24 weight %, based on the total weight of hindered phenols



2-cycl opent yl phenol , 2, 6-di cycl opentyl phenol, 2, 4-dicycl opentyl phenol,
2-t-butyl-p-cresol, 2,6-di-t-anylphenol, 2,4-di-t-anylphenol
6-t-butyl-o-cresol, 2,6-di-t-dodecyl phenol, 2,4-di-t-dodecyl phenol,
2-sec-butyl -p-cresol, 2,6-di -t-octyl phenol, 2,4-di-t-octyl phenol,

6- sec-butyl-o-cresol, 2-t-octyl-p-cresol, 2-t-dodecyl-p-cresol, =~ --:
2-t-butyl-6-isopropyl phenol, 6-t-octyl-Q-cresol, 6-t-dodecyl-o-cresol.
Non-reactive hindered phenols may al so be€ present to a mnor extent in the

hi nder ed  pheDilthdieXdtish & AnBYariflE of £PEEEY BindSred BRRblicmidoie 85ea5h BRaRRIYY t h

no avail abl e hydrogens in the ortho or para p05|t|ons of the phenol. These

phenol s ar t.eb | = he phenol

aromt ¢ rf‘cﬁé&éﬁh?av?&%ﬁﬁp?Mu%‘lﬁw@baﬁé??avw?é %—&%ﬁ%m@af% anpl es
such nqgn- ct| hi nder ed phenql s incl ude 4,6-tri-t- butyI phenol

4 6-di-t-b re gempongntsand; Utwtt,/e,?#+&ty_t§qt~@§giphenolas the non-reactive hindered

2,4,6-tri-sec- butylphenol 4, 6-di -sec-butyl -o-cresol

2, 6- di - sec-phenofic comporesn| 2, 4, 6-tri-i sopropyl phenol

4, 6-di i sopropyl - o-cresol 2, 6-diisopropyl-p-cresol 2,4,6-tr-t-anyl phenol

2,4, 6-tri-t-oct Thehadetd heaoltmﬁtu&e/ﬁmﬁbes&sctéam elBm A $@lfir in

h| ndered phenol mxtures contain 75 wt.%to 100 wt % of a reactive hi ndered

phenol i ¢ Modbtl GalRR IR frdndfc QJnﬁPr%ﬁ%ﬁ% | 4621 SO BchoPHERBNE 0 A

fromO w. non- reac Jer &d phienol’i ¢’
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branched chain al kyl phenol such as 6-di-tert-butyl phenol, based on the
total wei giphenslichisadiebeweriovelsof sxnﬁ:ae@duqeri&qs iwalfurdridgeddundedipbencisraatioons of
ort ho-al kyl phenol can range from1 weight %to 30 weight % preferably 9

wei ght % t eutidnusilysolid frodbas etilolighdn tevele bhtulfve plitcealmdie botaystad ppidea0| The

physical form of the elemental sulfur is not critical.

The alkali metal hydroxide used to promote the reaction may be any of the commercial
alkali metal hydroxides, e.g. sodium hydroxide, potassium hydroxide, lithium hydroxide, cesium
hydroxide. The amount of alkali metal hydroxide used typically is based on the total amount of
hindered phenolics in the mixture. The concentration of alkali metal hydroxide may be in the
range of 0.75 to 1.25 molar equivalents of hindered phenolic per molar equivalent of alkali metal
hydroxide. Preferably, a molar equivalent of alkali metal hydroxide is used for every molar
equivalent of hindered phenolic. For the Endaed phenolic mixture described above the alkali
metal hydroxide content is determined as follows:
2,6-di-t-butylphenol 65 g/206.36 g/mole = 0.32 moles
2-t-butylphenol 22g/ '150.24 g/mole = 0.15 moles ‘
2.4,6-tri-t-butylphenol 11 g/262.48 g/mole = 0.04 moles

Total = 0.51 moles phenol



12 used in the reaction. An exanple of a specific hindered phenolic m xture
used in this invention contains 65 w. % 2,6-di-tert-butyl phenol and-22 wt %
ortho-tert-butyl phenol as the reactive hindered phenol conponent, and 11
Ww.%2,4,6-tri-tert-butyl phenol as the non-reactive hi-ndered phenolic
conponent . The hindered phenol m xture may be reacted with

el emental sulfur in anounts based on the total reactive hindered phenolic
content. Typically, a total of 0.20 to B340, preferably 0.28 to 0.38, nost

preferably Qoé?Ail&li%déﬁgi%r@{edel enment @_51 ﬁ‘?ﬁ? g%di%gg%&ggqe per -gram of

hi ndered phenolics used. evel s of su r e l'ess sul fur

Cevel's of SaPRR RGeS & Hordeubt0BeRps Sobdect. Tho physi cal form of

the elenmental sulfur is not critical. The al kali netal hydroxide
used to pronote the reaction nmay be any of the commercial alkali netal
hydr oxi des. e. g. sodi um hydroxi de, potassi um hydroxide, |ithium hydroxide,

cesi um hydr oxi d€he sbiveneded i thofeadtiohasd 1-propirdl. TheinRountier sabest shyvigal |y 1s

based on the total anmpunt of hindered phenolics in the m xture. The

frati | i e | f 0.75 t
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1. 25 nol ar® equi val ents no ival'ent of alkali

metal hydroxi dey, Pr.ef erahl a _nol ar _equi val e of kal i .petal. hydroxi de
is used for ever ??FBP%‘F“&@& | ety glﬁ‘f‘e ﬁa@‘“e%‘rf@ﬁ%# *W?@’@&T@H@P‘ﬁmér ed
phenolic m xture described above the alkali netal hydroxide_content is
det er ni ned #%€ PHPingtat room teuperatyre pag SOV eyrEmedsty reflyx omperamreq The reactionds 32
nol es 2-t-butyl phenol 22 g/ 150.24 g/nole = 0.15 nol es

2,4, 6-tri - cedrred/dyplaembix kit 30 h26Res4B 3 dusl The d@dé4r rapd efaddition of the reagents is not

critical. and the reaction time and temperature may be varied. After the reaction period the

- 1-propanol is removed by distillation. Vacuum may be applied in order to facilitate the removal
of the last fractions of 1-propanol. The concentrated reaction mixture contains substantial
amounts of various alkali metal sulfide salts that may be removed from the pfoduct by water
washes. Generally, two to three water washes are sufficient to remove the salts with the last
water wash containing a small amount of acid. A nop-polar Solvent may be added during the
water washes to facilitate the separation of the organic product from the water phase. Examples
of non-polar solvents thar may be used include hexane, petroleum ether, ethyl ether, chloroform,
methylene chloride, toluene, xylene, benz.ene, pentane, heptane, and octane. After the last
aqueous wash the phases are separated and the organic mixture is concentrated by distillation to
give the desired sulfurized hindered phenol product.

The sulfurized liquid-hindered phenol product includes, depending upon the phenols in

the initial mixture, mixwures of sulfur bridged bisphenols and/or polyphenol compounds such as

are represented in the above reaction scheme, where [S], =1 to 8. R is C, to C,, branched alkyl.



Tot al ' 0. 51 nol es phenol

13 Total Al kali Metal Hydroxide Used = 0.51 nol es sodi um hydr oxi de

Sodi um Hydroxide 0.51 noles x 40.0 g/nole = 20.4 ¢ The sol vent
used in the reaction is 1-propanol. The anount of solvéent should be
sufficient to dissolve the starting material and solubilize the sulfurized
pr oduct . The hi ndered phenol mxture, elenental sulfur, alkali
met al hydroxi de, and 1-propanol are cobbined at roomtenperature and

sl ow y war ned reflux t r.at.ure. eacti WS, cargied qu t,reflux
For 30 m nufe &8s S el BRE IS togs ok t CadreorS sl ob ot St 2t Pefichte 1 <
not critical, and the reaction tinme and tenperature may be varied. After
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be applied in order to facilitate the renoval of the last fractions of .
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of various alkali netal sulfide salts that nay be renpved fromthe product
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renove the salts with the last water wash c a sma noufit of

acid. A non: sol vent .y be added during,the ter washes to
facilitate f‘%%dg{fg ra%a%edé?ﬁ’f’ e i%glgh%?mfl? 'm t he wat er phase.
Exanpl es of non-pol .sol.vents that may be used include hexane, petrol eum
ether, ethyl et hﬁ"—, rrd pherof PRARUR bypicaliy williee isqlated asphigh iseosity oil.
benzene, pentane, heptane, and octane. After the |ast aqueous wash the
phases are Theploductdambrused es is orymay be dilutediin e prosess onlhbricatiag eil. Pypical dilutions
distillation to

contain between 10 wt.% and 95 wt.% of the hindered sulfirrized phenolic product with the

remainder being one or more mineral or synthetic based lubricants. Typically, dilution is
required to facilitate blending in regions where temperatures are low, e.g. arctic regions.

The sulfurized hindered phenol products are added to lubricating compositions or liquid
organic fuels in concentrations ranging from b.OOS to 5.0% by weight. preferably 0.01 to 2.0%
by weight and most preferably from 0.3 to 2.0% by weight. Typically, the product is added to
the oil or fuel in the form of an additive package concentrate. The amount of product in the
concentrates generally varies from 0.5 to 50 weight percent or more. The concentrates may also
contain other additives.

In automotive crankcase oil applications, the product composition can vary significantly
based on the customer and specific application. In general, the crankcase oil is a formulated
crankcase oil which is composed of between 75 and 90 wt.% of a mineral lubrication oil,
between 0 and 10 wt.% of a'.polymeric viscosity index improver, and between 8 and 15 wt.% of

an additive package. The additive package generally contains the following components:



give the desired sul furized hindered phenol product. The

sul flurized liquid hindered phenol product includes, depending upon the
phenols in the.initial mxture, mxtures of sulfur bridged bi sphenols
and/ or pol yphenol compounds such as are represented i.n"the above reaction
schene, where [S][err] = 1to 8, Ris (ferr] to (ferr] branched al kyl.

14 Rerr] and Rerr] are independently hydrogen or Cferr] to Jerr]-
branched al kyl, one of Z or Z[err] is OHﬂMtklthe ot her belng hydrogeh

one of Z[err] or Z t he,.ot her ..and, 0 to
2. The  product éﬁ'ﬁg%ﬁ‘é?—{@aﬂgfﬁ”ﬁag 2"3“}98?18 %}ﬁ% %%gr‘?ﬂ

whi ch contain an ortho or para hydro? O course, the non reactlve

hi nder ed phe¥Kte8 Polar otpd atiachsd éxehigh melecylar weighthydegcarbomehain, dlhe hydsocarbon
unchanged in the reaction and remain in the product. The

sul furized thainproeidepsudutility i the bigdrodarhion badel ssocks. | Thedispessahtafmetionto &edp dh
Vi scosity oiI ~The product can be used as is or may be diluted in a
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are low, e.g. arctlc regi ons. sul furized hi r])sered phenol
product s ar@‘cﬁ’d‘ﬁ’é‘ﬂi YGE’I‘W@&?‘?“P?@“%&?&W BhSucGtaiq §tes SHOSHed mapniph Beses, i n
concentrations ranging from0.005 to 5.0% by .weight, preferably 0.01 to
2.0% by weanghsubstitatedrtrizolps. e@mﬁy,yhémﬂnaycbezvrmtby thedingshed oilheiveenl 4.6/,
the product is added to the oil or fuel in the formof an additive package
concent r at eandi18 Ypppweighof product in the concentrates generally varies
fromO.5 to 50 wei ght percent or nore. The concentrates may al so

Detergents: The detergents typically are metallic additives containing charged polar

groups. such as sulfonates or carboxylates, with aliphatic, cycloaliphatic. or alkylaromatic chains,
and several metal ions. The detergents function by lifting deposits from the various surfaces of
the engine. Examples of commonly used detergents include neutral and overbased alkali and
alkaline earth metal sulfonates, neutral and overbased alkali and alkaline earth metal phenates,
sulfurized phenates, overbased atkaline earth salicylates, phosphonates, thiopyrophosphonate,
and thiophosphonates. Generally, the detergents may be present in the finished oil between 1.0
and 2.5 % by weight.

ZDDP's: The ZDDP's (zinc dihydrocarbyl dithiophosphates) typically are the most
commonly used antiwear additives in formulated lubricants. These additives function by
reacting with the metal surface to form a new surface active compound which itself is deformed
and thus protects the originzﬁ engine surface. Other examples of anti-wear additives include

tricresvl phosphate, dilaury| phosphate, sulfurized terpenes and sulfurized fats. The ZDDP's also



contain other additives. I n autonotive crankcase oil applications,
t he product conposition can vary significantly based on the custoner and

specific application. In general, the crankcase oil is a fornul ated
crankcase oil which is conposed of between 75 and 90 wt. % of a m neral
| ubrication oil, between O and 10 wt.% of a polyneric viscosity index

| nprover, and between 8 and 15 wt.% of an additive package. The additive
package generally contains the foll ow ngjgonponents:
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containing nitrogen or oxygen polar groupsS attached to a hi mol ecul ar
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products suspended in the oil. Exanples of compnly used dispersants
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copol yners, substituted succinam des, pol yam ne succi nam des, pol yhydroxy
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neutral and overbased al kali and al kaline earth netal eé)henat es
compounds and copper salts. The inclusion of the sulfurized hindered phenols of this invention

may eliminate &e need for some of these supplementary antioxidants.

The lubrication oil component of this invention may be selected from any of the synthetic
or natural oils used as lubricants such as that for crankcase lubrication oils for spark-ignited and
compression-ignited internal combustion engines, e.g. automobile and truck engines, marine and
railroad diesel engines. Synthetic base oils may include alkyl esters of dicarboxylic acids,
polygtycols and alcohols, poly-alpha-olefins, including polybutenes, alkyl benzenes, organic
esters of phosphoric acids, and polysilicone oils.

Natural base oils include mineral lubrication oils which may vary widely as to their crude
source, e.g. as to whether they are paratﬁ;lic, naphthenic, or mixed paraffinic-naphthenic.

The lubrication oil base stock conveniently typically will have a viscosity of about 2.5 to
about 15 cSt, and preferably about 2.5 to about 11 ¢St, at 100°C.

The optional polymeﬁc viscosity index improver (VII) component of this invention may
be selected from any of the known viscosity index improvers. The function of the VII is to

reduce the rate of change of viscosity with temperature. i.e. they cause minimal increase in



sul furized phenates, overbased al kaline earth salicyl ates, phosphonates,

t hi opyrophosphonate, and thiophosphonates. Generally, the detergents may
be present in the finished oil between 1.0 and 2.5 % by wei ght.

ZDDP' s: The ZDDP's (zinc di hydrocarbyl dithi ophosphates) typically are the
most  conmonly used antiwear additives in fornmulated |ubricants. These
additives function by reacting with the netal surface to forma new

surface act ive corrpound which itself - forned and thus protects the
ori gi nal %I ne s rface. ‘%’her exarrpbes o -vvear addj tives include
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oil between 1.0 and 1.5 %by weight. It is desirable from environnental
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ant|OX|dants I n addition to the sulfurized hindered phenols of this
i nventi on, dysed in oils that are |l ess oxidatively stable or in oils
that are subjec to unusual ly severe conditions. The suppl enentary

B sphenol s, ~sul f oA Bk ettt e B B s i g o

ol efins, al kézgr sul f i des_and, di sul fides, dial kyl dithiocarbanates,
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the sulfurized hindered phenols of this invention may elimnate the need
for sone of cethpaentsufpése additienaladditiveomelidds) psur point depressanls) eodrastoni ittdbitars) oi |
conponent of this invention may be selected fromany of the synthetic
rust inhibitors, foam inhibitors, and supplemental friction modifiers. Again, these additives are
not always required but may be used in specific formulations that require them.

There are a number of recent trends in the petroleum additive industry that may restrict
and/or limit the use of certain additives-in formulated crankcase oils. The key trends are the
move to lower phosphorus levels in the oils, the new fuel economy requirements and the move to
more severe engine test conditions for qualifying oils. Such changes may show that certain
currently used antioxidant additives are no longer effective in protecting the oil against oxidation.
The sulfurized hindered phenols disclosed provide a solution to this need. Furthermore, there is
concem that phosphorus from the lubricant tends to poison catalyst used in catalytic converters,
thereby preventing them from functioning to full effect.

The following Examples show the unique and unexpected benefit of using 1-propanol in
the present invention to produce a sulfurized t-butylphenol product with a high trimer and

tetramer content. A higher trimer and tetramer content produces 2 less volatile and more oil

soluble product than analogous material with a lower trimer and tetramer content.



or natural oils used as lubricants such as that for crankcase |ubrication
oils for spark-ignited and conpression-ignited internal conbustion

engi nes, e.g. autonpbile and truck engines, marine and railroad diesel
engi nes. Synthetic base oils may include al kyl esters of dicarboxylic
acids, polyglycols and al cohols, poly-al pha-olefins, including

pol ybut enes, al kyl benzenes, organic esters of phosphoric acids, and

pol ysilicone oils. Nat ural base o0ill8 i ncl ude m neral lubrication oils
whi ch may vExgmpleflely as to their crude source, e.g. as to whether they
are paraffinic, naphthenic, or m xed paraffinic-naphthenic. The
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placed in series past the condenser: a blank, 15 wt.% aqueous sodium hydroxide, and bleach.

. The reaction mixture was slowly heated with stirring to the reflux temperature of the solvent and
held at that temperature for | hour. After the reaction period the reactor was equipped for
distillation and the solvent removed. Distillation was continued until the reaction temperature
reached 100 to 108°C. Residual solvent was then removed by vacuum distillation at 100°C for
30 minutes. Water (215 g) was added to the slurry to dissolve the sodium polysulfide salts
produced in the process. The two phase system was stirred at 80°C, the phases allowed to
separate, and the bottom aqueous phase removed. The resulting organic product was diluted
with 223.4 g of Calsol® 5550 naphthenic.process oil from Calumet Lubricants Company, and an
additional 215 g of water. The two phase system was again stirred at 80°C, the phases allowed to
separate, and the bottom aqueous phase removed. The oil/product mixwure was washed one final
time at 80°C with a mixture c;f water (215 g) and concentrated sulfuric acid (0.12.g). The phases
were separated and the bottom aqueous phase was removed. Residual water was removed from

the product under vacuum while holding the product temperature at 80°C. The product was then



rust inhibitors, foaminhibitors, and supplenental friction nodifiers.
Again, these additives are not always required but may be used in specific
formul ations that require them There are a nunber of recent
trends in the petroleum additi-ve industry that may restrict and/or limt
the use of certain additives in fornulated crankcase-oils. The key trends
are the nove to | ower phosphorus Ievel%_'n the oils, the new fuel econony
requirenents and the nove to nore sever€ engine test conditions for

qual i fyi ng Ofjltdred EruBh & IpAIERS iR g&tﬁﬁ.&t@&mgcgﬁstsqater das b &l
anti oxi.dant additives a?e no fonger ffective in pro ecti nge‘%tﬁeég ol agal fist

hi s need. #ﬁ%*?ﬁ%rh%“%‘?n%%%‘%ﬁ?ﬁa PR R Sl ey 46, 1

| ubricant te )i son_ cat al t used i n catal ytic_converters, ther eby
preventing t 15tiRiono A Gl Prrancetion Clepmatography (GPC) methodpuglizipgi RV

Exanpl es show the uni que and unexpect ed :benefit of using 1-propanol in the
present i nveketacton was ugeddalamadyza the prdductidistibutioh.ult hapbren Gund tiad GEC gives Rsefulhi gh
trinmer and tetraner content A higher trimer and tetramer content produces

a | ess vol atihfobman rBEding O%?tstﬂbh%fﬁﬂﬁﬁﬂé‘dt-&ﬂﬂﬂhﬁaﬁl pewﬁlnar@t’et:héé Wi.th

a lower trinmer and tetrarter c toa 1.0 liter

4-neck roun g_gge IiL a vvater

cool ed condg erhp&b{ehgr m@qﬁﬁ&%ﬁw?ﬂwp‘%‘g%ﬁ% ?‘P ;. Was
placed in t follow n mg of the reaction- solv nt

sodi um hydr cXIVEE™H PReCATAIsE U ‘? da’fﬁﬁ eharasterizs am%m%p@at ed

in the Table I, and el enental sulfur as |nd| cated in the Table |. Dry
wexght regions characteristic of 2 given sample. This has been done with the product distribution -

results reported in Table I below. The GPC::'resuIts are reported in area % and are uncorrected for
the presence of the diluent process oil.
The results in Table { show the unighe ability of 1-propanol (Sample Nos. 1, 2, 5,6, and

7) to produce a sulfurized t-butylphenol product with a higher oligomer content.
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Connected to the condenser was a
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a bl ank,

condenser.

The scrubber system was conposed of the follow ng traps

scrubber systemto scavenge any hydrogen sul fide

ni t‘rogen was passed through the hitrogen i nlet,
reaction.

In series past the condenser:

.of the reactor through the
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and product distribution. A Gel Perneation Chromatography (GPC) nethod
utilizing a U V. detector was used to anal yze the product distribution. It
has been found that GPC gives useful information regarding the conposition
of sulfurized t-butyl phenols. -Peaks in a GPC trace represent nol ecul ar

wei ght and/ or nol ecul ar vol une regi ons and not i ndividual conpounds.
However, one can use individual conpounds as standards to characterize the
vari ous nol ecul ar wei ght regions charadleristic of a given sanple. This
has been ddixampl¢]f t he product distribution results reported in Table |

bel ow. The GPC results are reported in area % and are uncorrected for the

presence of the mw@atn:ﬂfs@ﬁzﬁﬁﬁe&ueperfomedmamﬁn&aﬁmgoastom&a@cﬁbédahow
the unique ability of 1-propanol (Sanple Nos. 1, 2, 5,6, and 7) t

0r091ce @ b gty RS 25 AR i 50 L content.

20
. ortho-t-butylphenol, 13 wt. % 2,4,6-tri-t-butylphenol) was used as the source of t-butylphenols

5 and the amount of sulfur used in the reaction was increased to give a sulfur / phenol ratio of
0.424. The resulting product was analyzed for sulfur content, viscosity at 100°C, and product
distribution as defined in example [ (GPC Method). Reaction conditions and analytical results
are shown in Table 1.

The results in Table II clearly show that I-propanol (Sample No. 9) gives both high

10 overall reaction conversions and products with a high content of trimer and tetramer species.
Soivents such as 1-butanol (Sample No. 10), 1-pentanol (Sample No. 11), and isobutyl alcohol
(Sample No. 13) give much lower overall conversions than 1-propanol. Ethanol (Sample No. 12)
gives high overall reaction conversiops but also produces less trimer and tetramer species than
1-propanol.

15 Upon standing at room temperature the sulfurized t-butylphenols produced with ethanol
(Sample No. 12_) generate solids due to a high content of dimer species and -a low content of
tnmet and tetramer species. The product; produced with 1-propanol (Sample No. 9), on the
other hand, do not show signs of solid formation because the dimer content is lower az.1d the |
trimer and tetramer content is slightly higher. The shift in product distribution to a higher trimer

20 and tetramer content produceé a more oil soluble product for use in a broader range of lubricants

and at higher treatment levels. Furthermore, the improved oil solubility greatly simplifies



21 Exanpl e 11 Reactions in this exanple were perfornmed in a
ranner anal ogous to that described in Exanpl e | except that- only

H TEC err] 4733 (75 wt. % 2, 6-di-t-butyl phenol, 10 wt. %

ortho-t-butyl phenol, 13 wt. % 2,4,6-tri-t-butyl phenol) was used as the
source of t-butyl phenols 5 and the anmount of sulfur used in the reaction
was increased to give a sulfur/phenol ra&%o of 0.424. The resulting

pr oduct maslgggbéfgd for sglfur content,“%¥iscosity at 100[err]C, and

pr oduct Stnee Rgomplstelicliquihstoduet ebeMaBsportédIRE oibdl . tio
conditions and anal yti cal resm?i; are shown Fﬁ Tabl e {%@wuﬁ$ﬁﬁcnaﬁ

The results ﬁm@&&{&&éﬁxﬁhﬁ&uﬁﬁeéhow that 1-propanol (Sanple No. 9) gives
both high 10 overall reaction conversions and products with a high content
of trimer and tetraner species. Sol vents such as 1-butanol (Sanple No.
10), 1-pentanol (Sanple No. 11), and isobutyl alcohol (Sanpl e No. 13)
give nmuch | ower overall conversions than 1-propanol. Ethanol (Sanple No. 12)
gi ves high overall reaction conversions but al so produces |ess trimer and
tetramer species than 1-propanol. 15 Upon standing at room
tenperature the sulfurized t-butyl phenols produced with ethanol (Sanpl e
No. 12) generate solids due to a high content of diner species and a | ow
cont ent of trimer and tetramer species. The products produced with

1- propanol (Sanple No. 9), on the ot her hand, do not show signs of
solid formati on because the dinmer content is fower and the trimer and
tetranmer content is slightly higher. The shift in product distribution to a
hi gher trimer 20 and tetranmer content produces a nore oil sol uble product
for use in a broader range of |ubricants




the inproved oil solubility

Furt her nore,

| evel s.

and at hi gher treatnent

.greatly sinplifies

22

handl ing since a conpletely liquid product can be transported and

transferred wi thout the need

for expensive heating capabilities.

[err]

Exanple |11

23
24

The fol | @@ ng exanpl e shows the i npr oved
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tert-butyl phenols prepared with a | ow sul fur content using 1-propanol as

‘the reaction solvent. Sanpl es of sulfurized tert-butyl phenol s
1, 2, 5, and 6 fromexanple | above were bl ended 5 into an SAE grade
15W 40 type notor oil as shown in Table I-'I1l. The only additional
antioxidants in these blends were the zinc dialkyldithi ophosphate (1.00 to
1.06 . %treat |evel) - and the al kyl ated di phenyl am ne Naugal ube[err]
680 avail able from Uniroyal Chem cal Coffpany (0.40 to 0.50 wt. % treat

| evel ). For Exanglafll son, sanples of sulfurized tert-butyl phenol prepared
usi ng the process described in co-pending US application 08/657 141, I e.

2-propanol as thg, Qidnﬁ:me &af‘; itﬁi. 11

15W 40 oil. The resuPtl ng ol ﬁm@%%&%?ﬁéﬁgﬂhé t em? ] Ity
with Allison itrile Sea ch eelastorre base sals kno

har den seveﬁe’étcfs'r’ ﬂé é‘gimﬁﬁh W ?V@Eﬁ% gachan sp "En"are

shown in Table I11. The results in Table I11 clearly show t he

detrinental pr orﬁ?ﬂml@s)feﬂﬁlfm tstbirtylhenals 1, 2, 5,tand Gfiprpixampled aboepareblendsing
t he process described in 08/ 657,141. Note that the oils containing 15

ant i oxi dary iatord SAR gtad¢) hs Wel0ftipie meaod oiinds shqwreipdlabid Is Theodlp eddiiciab s s
described in 08/657,141 (Q| Sanples C and D), fall outside the passing

linmits for &%M@ﬁ%&e%&hﬂ@e&&e%ﬂcalmmagtad%IOGW&?%%Q‘IFV%]B

the oil sanple containing a relatively | ow treat |eve

are 1iqu Lsmﬂ&sﬁﬁﬁ%??vé@%'aﬁ weatifer 130 RRGl ! Ol G Epepmme.

have limted applications in crankcase | ubri cants An oil 20 containing an
anti oxi dant (00 0&0v8viértreatipvell Fernamprtisonpsepples ofisulSwing tertrbutyinbensd pre
described in 08/ 657,141 (G| Sanple B), shows a borderline pass for the

har dness r dtsiagthé protdss dessuitd in co-pandingdis dpplid:atiyn 08687, 14loine 2epropanblens the
antioxidant used in oil sanple Bis highly crystalline and is
10 reaction solvent, were also blended into a similar 13W-40 oil. The resulting oils were evaluated
for their compatibility with Allison C4 Nitrile Seals which are elastomer based seals known to
harden severely in the presence of highly active sulfur. The results aré shown in Table ITI.
The results in Table III clearly show the detrimental properties of the sulfurized
t-butylphenols prepared using the process described in 08/657.141. Note that the oils containing
15 antioxidants with a high sulfur content, prepared using the process described in 08!657,141 (0il
Samples C and D), fall outside the passing hnuts for the hardness rating in this seal compatibility
test. Even the oil sample containing a relatively low antio;i-dant treat level of 0.3 wt. % (Oil
Sample C) fails for the hardness rating. These antioxidants are liquids but are not compatible
with nitrile seals and therefore have limited applications in crankcase lubricants. An oil
20 containing an antioxidant w1th a lower sulfur content, prepared using the process described in

08/657.141 (Oil Sample B), shows a borderline pass for the hardness rating in this seal

compatibility test. However, the antioxidant used in oil sample B is highly crystalline and is



25 therefore likely to cause handling problens in use. Even 50 wt. %oil
-dilutions of this sanple have shown heavy crystallization after

standi ng for short periods of tine. Al so, when conpared to the oil

bl ended with an antioxidant that does not contain sulfur (Gl Sanple A,
one sees a detrinent in seal conpatibility, i.e. a shift in hardness
rating from+3 to +5. It is desirable tz 5 have |ess of a detrinental

shift. Not e t hat sanpl es E h ed with the | ow
sul fur anﬁhﬁﬁ@&%ﬂg@)’@gg@%@@lﬂgﬁm bleapsin yse. h{;’é‘hgqq lk'%lﬁ‘é‘gw‘@ﬁﬁﬂ gmpler i | e

seal conpatibility versus oil sanples B through D, which are bl ended
with the nghehovmhdaw crysialiization aﬁtrlsmdldgfnrshmlamdmlﬁisd, whewcempzzsie s
hi gher neat antioxidant treat |evels and higher sulfur treat |evels can

be used ang tid il blended withRa SitidiiaRemEERESnot dehtdiR bl €Ol h@ﬁl@%,kﬁé k&ant s used
in oil sanples E through T are nore conpatible with nit e seals and

E 2?; ff Or € JRifedd Sl m%aﬁﬁxﬁﬁkféﬁmh% hidrBRY Bting from +3 to +5. Tt &esirable to
5 have less of a detrimental shift.

Note that oil samples E through T, blended with the low sulfur antioxidants described in
this invention, show improved nitrile seal compatibility versus oil samples B through D, which
are; blended with the higher sulfur content antioxidants of 08/657,141. In some cases higher neat
antioxidant treat levels and higher sulfur teat levels can be used and still yield passing hardness

10. ratings. The antioxidants used in oil samples E through T are more compatible with nitrile seals

and therefore more useful in crankcase lubricants.
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wherein 'R is an al kyl group; wherein Rerr] is selected fromthe group
consi sting of alkyl groups and hydrogen; wherein one of Z or Z[err] is. OH
wi th- the ot her being hydrogen; wherein one of Z[err] or Zerr] is OHwth
t he ot her being hydrogen; wherein x is in the tange of from1l to 8; and
wherein y is in the range of fromO to 2, and said antioxi dant conposition
being in a substantially liquid form wherein sai d antioxidant is prepared
by a process conprising (a) preparing a 2@ xture of: (i) at

| east " two chl ori nEhis inventionrisisuseeptiblead @baside
1 Astdersble varigion f ity pricid iaﬁdlaglwams

chlorine-free sulfur source; and (rr

met al* hydr oxiveatipn dsmoe Giiited to th ; [ Dyl - pa (b)
causi ng conponents (i), (ii) and ?i I c) ‘r ed OSFPEC’EF’TIF%‘?‘@PVN Rathendthist

suf ficient T eINEER Rl WS form ast one chlorine-free sulfurized '
hi ndered phenol . a sﬁﬁt&n%rf"ﬁ?ﬁ? Fﬂ‘feé #iess including dlroapuitialgtstthereof
claim1l whery ai d | s selected fromthe group consi sting of

al kyl groupse%l%b% "ﬁg’é

29 ? n anti ox&ggqant corrp05| tion according to cI a| m 1 wherein

said Rlerrd grouphe patemes mmmmwmgmmé% %ﬁ) roups of
3 to 12 carbons and hydrogen. An anti oxi nt co %@Pl?‘i’ﬁ?f{)

accor di ng t theekigntary diseisel ModifitatioR: & om.t he group
consisting of alkyl groups of 4 to 6 carb%én‘%m&%?ﬁmﬁ HI &‘smﬂ fdant

conposi ti onclainesph@y B dofsiderdd 15 'bd péM‘Sf (6 fhvS ol uﬂeg He]dogtrigg gf elqixvalents



selected fromthe group consisting of alkyl groups of 4 to

-hydr ogen. 6. An additive conposition conprisi nglmlm mrm mﬂ“lll
fromabout 30 %to about 95 % by wei ght of an anti oxi dant cénpbsitidh ¢
-conprising at |east one thiophenol according to the formula: [err]
wherein Ris an al kyl group; wherein Rerr] is selected fromthe group
consi sting of alkyl groups and hydrogen; wherein one of Z or Z[err] is OH
wi th the other bei ng hydrogen; wherein2sene of Z[err] or Zerr] is OHwth
t he ot her ' %ﬁ%x LQYeN; wherein x is in the range of from1 to 8; and
wherein y |s in ange of fromO to 2. said antioxidant conposition
being in a substlantlally lld%gld form

30 wherein saidlanti 6% W#‘P?WWME@M@W%hwb%@%fmmu si ng
(a) preparing a mxture of: (i) at least two

chl ori ne- free hignderggd phenol sg .

pasced

oS
R{ 1y
wherein R is an alkyl group; wherein R, is selected from the group consisting of alkyl groups and
hydrogen; wherein one of Z or Z, is OH with the other being hydrogen; wherein one of Z, or Z,
is OH with the other being hydrogen; wherein x is in the range of from 1 to 8; and wherein y is in
the range of from 0 to 2, and said antioxidant composition being in a substantially liquid form,
wherein said antioxidant is prepared by a process comprising () preparing a mixture of :
(i) at least two chlorine-free hindered phenols;
' (ii)a ci;lorine-ﬁee sulfur source; and
(iii) at least one alkali metal hydroxide promoter;
in 1-propanol: and
(b) causing components (i), (ii) and (iii) to react for sufficient time and at sufficient
tempéramre 50 as to form at least one chlorine-free suifurized hindered phenol.
2. An antioxidant composition according to claim 1 wherein said R group is selected

from the group consisting of alkyl groups of 3 to 12 carbons.



(it) a chlorine-free sulfur source; and - (i

-al kal i . metal hydroxi de pronoter; in 1- propanﬂlmum1“" “'m”“l
(b) causing conponents (i), (||) and (iii) to react for suffictent tind ahd
at sufficient tenperature so as to format |east one.chlorine-free

sul furized hindered phenol; and. (b) the bal ance of said addi tive
conprising at 1east one mneral or synthetic lubricant oil. 7.

A lubricating cqomposition qont ai ning an anti oxi dant conposjtion according
to claimi, 3. tioxidan F‘g p slamm § ghemmesaidRyggoupds cl ai m 7
wherein said antroxrdant conposition is present in said lubricating
conposi t i orsekcted fromtbegmumtdnsistingrofalkyl gramgef dfto 12 carbons afilyrdgenabout 5.0 %
by wei ght 9. A lubricating conmposition according to cl ai m 7 '
wherei n sai d ant4i oxi deidntio%iQiHR @sthpdsRidn aScoRfiESQ Hai'T Wikkdin SdR lsbp|
conposition at a concentration in the range of from 0.3%to about 2.0 % by

wei ght . Iectcd&%&theg@hél ',k" OYP%P%E%%E'M@@::& rd| ng to claim7, said’

| ubricati ng conpositio I'sing at [east one conposition

selected fromthe grqup ¢on str ng .f di spers nts ergents ant i wear
addi tives, suppPenenfaianigdagtgompasiton rcedng gla\"hhyg \;%B?“P%our

poi nt depressant S, corrosion inhibi tors rust I nhi bitors, foaminhibitors,
and suppl ermseleetad fromrthegroumcomsistirigiof akyl groups of 4 to 6 carbons and hydrogen.
31 .

6. An additive composition comprising:
(a) from about 30 % to about 95 % by weight of an antioxidant composition comprising

at least one thiophenol according to the formula:

R Z; R
z ISk oH
Ri
Sy 4,
R
Rj s

wherein R is an alkyl group ; wherein R, is selected from the group consisting of alkyl groups
and hydrogen; wherein one of Z ot Z, is OH with the other being hydrogen; wherein one of Z, or
Z, is OH with the other being hydrogen; wherein x is in the range of from 1 to 8; and wherein y

is in the range of from 0 to 2. said antioxidant composition being in a substantially liquid form,



11. A lubricating conmposition according to claim 10, wherei

-suppl enental antioxidants are selected fromthe group conS| mumlﬂ"“l““‘l"““l
di phenyl am nes, al kyl ated- di phenyl am nes, phenyl - napt hyl am nes,

tert-butyl phenols, sulfurized al kyl phenols, sulfurized olefins,

di t hi ocarbamates, oil sol uble copper conpounds, and oil sol ubl e nelybdenum
conpounds. 12. An organic fuel containing an anti oxi dant

conposi tion according to claim1. 30 13. An organic fuel according
to clai m 123vidoein eiid amtivxillaft SonPusitie i pRpiredby 4 prodess SomptisteaRY preparinghd | i qui d
organic fuel at a concentration in the range of fromO. 00596to about 5.0 %
by wei ght. .; of: 14 An organic fuel according to claim 12 wherein

sai d antiOX|dant'conpOSition is present in said liquid organic fuel at a
concentration in the of fromg;ﬁ:F t.0 ut, 2.0 % by weight.

15.  A-method of pr gﬁﬁ P‘ﬁﬁkd sul furi zed hindered

phenol, said nethod corrglol sing the steps: (a) preparing a mxture
of : ‘ (i) chlorine-free sulfiosastdepandne- f r ee hi nder ed phenol s;
(ii) a chlorine-free sul fur source; and (iii) at | east one

al kali netal hydrOX|dﬁ)aﬂ&mxehncahmetalhydrondepmmoﬂeﬂ 1- propanol ; and
(b) causing conponents (i), (ii) and (iii) to react for suff|C|ent time and

at sufficient tenpegaf., af¢ to format | east one chlorine-free
sul furized hindered phe%%?angp

(b) causing components (i), (if) and (jii) to react for sufficient time and at sufficient
temperature so as to form at least one chlorine-free sulfurized hindered phenol; and

(b) the balance of said additive comprising at least one mineral or synthetic lubricant ol

7. A lubricating composition containing an antioxidant composition according to
claim 1.
8. A lubricating composition according to claim 7 wherein said antioxidant

composition is present in said lubricating composition at a concentration in the range of from
0.005% to about 5.0 % by weight.

9. A lubricating composition according to claim 7 wherein said antioxidant
composition is present in said lubricating composition at a concentration in the range of from
0.3% to about 2.0 % by weight.

10. A lubricating composition according to claim 7, said lubricating composition
additionally comprising at least one composition selected from the group consisting of
dispersants, detergents, antiwear additives, supplemental antioxidants, viscosity index improvers,
pour point depressants, corrosion inhibitors, rust inhibitors, foam inhibitors, and supplemental

friction modifiers.



32 ' 16. A nmet hod according to claim15 wherein said

hi ndered phenols are selected fromthe group consisting of mllnﬁmanmm””“l
wherein Ris an al kyl group; R err] is selected fromthe group condisting *
of al kyl groups and hydrogen; and Rlerr] is selected fromthe group.

consi sting of alkyl groups and hydrogen. 17. A net hod according
to claim 16 wherein said R group is selffted fromthe group consisting of

al kyl groups of c.arbons . thod accqrdi ng to cI aim
16 wherein said é[er r% %W‘%}P%Fﬂ‘ilﬂ@n@r éﬁ‘a

al kyl groups of (3 to 12 car bons and hydrogen. A et hod
accor di ng t@WE@W@Mmébﬂwwmﬁﬁd@@W$ e group
consi sting of alkyl groups of 4 to 6 carbons. 20. A et hod

accordi ng t dipbémylaminds, pheayletapthyhinines] test-bity phenots, sulfisieédakyiphensls, rﬁxtﬁi&e@r ou Io

consisting of alkyl groups of 4 to 6 carbons and hydrogen.

met hod accopefifg dftﬁo@dr@dxﬁﬁt&%}Mﬁ{b?é Qppé g(&unhg%ﬁ& o muﬂlé &Byﬂdﬁé@ger ed

phenols are selected fromthe group®consisting of - but

2,6-di-t-bu pol , 2,4-di-t-butyl phenol,
2-sec-buty|%%ne&]“$dsz 6- di - sec- butyl phenol, 2, 4-sec-butyl phenol,

2-1 sopropyl pheno 2, 6-di i sopropyl phenol 2, 4-dii sopropyl henol
2t - ogt y%hgnol , {Z. 'An organic Bxei c%%ta?nmg an antioxidant compogmog%cc%rdmg to claim 1.

2,6-di-t-octyl phenol, 2,4-di -t-octyl phenol , 2- cycl opent yl phenol , 2, 6-di cycl ope
ntyl phenol , 13.  Anorganic fuel according to claim 12 wherein said antioxidant composition is
2, 4-di cycl opentyl phenol , 2-t-butyl -p-cresol, 2, 6-di -t -anyl phenol ,
2, 4-di -t - anpreseneinGhid liquid organic fuel at a concentration in the range of from 0.005% to about 5.0 %
by weight.

14, An organic fuel according to claim 12 wherein said antioxidant composition is
present in said liquid organic fuel at a concentration in the range of from 0.01 to about 2.0 % by
weight.

15. A method of producing a substantially liquid sulfurized hindered phenol, said
method comprising the steps: |

(a) preparing a mixture of :
(i) at least two chlorine-free hindered phenols.;
(ii) a chlorine-free sulfur source; and
(iii) at least one alkali metal hydroxide promoter;
in [-propanol; and
(b) causing componeats (i), (if) and (iif) to react for sufficient time and at sufficient

temperature so as to form at least one chlorine-free sulfurized hindered phenol.



o v o

2, 6-di-t-octyl phenol, 2, 4-di -t -octyl phenol , 6-sec-butyl -o-cresdl,
2-t-octyl-p-cresol, 2-t-dodecyl-p-cresol, 2-t-butyl-6- |sopropylphenol,
6-t-octyl-o-cresol, 6-t-dodecyl-o-cresol, and m xtures thereof.

22. A net hod according to claim15 erein said at | east one sul fur
source conprises elenental sulfur. 23. A et hod of reducing the
oxi dative envi rtB)MenA niethod aguatdisy © ehrim dSnvherkinisaid at keit¢wt bidéredphenbls agr oup
consi sting of. lubricating conpositions and |iquid organic fuels, said

net hod co nﬁﬁhg petrol eum conposition an effectlve anount
of an antrgﬂﬁﬁgggmgagﬁgggltlon onprising at |east one thiophenol according
to the follow ng formula: [err] wherein Ris an al kyl
group; wherein Rjgur] is selected fromthe group consisting of alkyl

groups and wherein one of Z or Z[err] is OHwth the other belng
hydr ogen; wher

wherein R is an alkyl group; R, is selected from the group consisting of alkyl groups and
hydrogen; and R, is selected from the group coasisting of alky! groups and hydrogen.

17. A method according to claim 16 wherein said R group .is selected from the group
consisting of alkyl groups of 3 to 12 carbons.

18. A method according to claim 16 wherein said R, group is selected from the group
cousisting of atkyl groups of 3 to 12 carbons and hydrogen.

19. A method according to claim 16 wherein said R group is selected from the group
consisting of alky! groups of 4 to 6 carbons.

20. A method according to claim 16 wherein said R, group is selegted from the group
consisting of alkyl groups of 4 to 6 carbons and hydrogen.

21. A method according to claim 15 wherein said at least two liquid hindered phenols
are selected from the group consisting of : 2-t-butylphenol, 2,6-di-t-butylphenol,
2,4-di-t-butylphenol, 2-sec-butylphenol, 2,6-di-sec-butylphenol, 2,4-di-sec-butylphenol,
2-isopropylphenol, 2,6-diisopropyliphenol, 2,4-diisopropyiphenol, 2-t-octylphenol,
2.6~di-t-actylphenol, 2,4-di-t-octylphenol, 2-cyclopentylphenol, 2,6-dicyclopentylphenol,

2 4-dicyclopentylphenol, 2-t-butyl-p-cresol, 2,6-di-t-amylphenol, 2,4-di-t-amylphenol,



of Z[err] or Zerr] is OHwth the other being hydrogen; wher

the range of from1l to 8 andy is in the range of fromO toﬂnmgﬂmmﬂnm””“l
anti oxi dant conposition being in a substantially Ii

34 form and wherein said antioxidant is prepared by a process corrprl SI ng

(a) preparing a m xture of: (i) at least two
chl orine-free hindered phenols; (ii) a chlorlne-free
sul fur source; and (ii33 at |east one alkali netal

hydr oxi de G-Bbutyles-cresol, 2,6-di-t-dodecylphenolj 24-di-pdwieaylphenolapdec-butyl-p-cresol b)
causi ng conponents (i), (ii) and (iii) to react for sufficient tine and at

sufficient o -ﬁﬂﬁ@&y’ﬁ:h@n@l §q_‘ﬁ§_0&91/gﬁ cbEFRb-cRREL, Shbaylfeeidee sul furized

hi nder ed phenol nmet hod accor di ng to clalm 23 wherein said

R group is ected from.t rou t al k of 3.t0,12
car bons. 2 emrk't%é‘fyﬁ Xﬁ’g 34% g@\ﬁ'ﬁq%g?ﬁ 0saPsqL AR 1 ]
group is selected fromthe group consisting of alkyl groups of 3 to 12

car bons and"!’FFH?Sdb@ﬁ"f 26. A nmet hod according to claim 23 wherein
said Rgroup is selected fromthe group consisting of alkyl groups of 4 to
6 carbons. 22. 27 method avedrlling toaalainy k6i wilspréin saidl ati leasPéheshifurasonres esrtipiseer 1 |
group is selected fromthe group consisting of -al kyl groups of 4 to 6

car bons angidiehid Sgfur. 28. A nmet hod according to claim 23 wherein
sai d anti oxi dant conposition is present’

23. A method of reducing the oxidative environment in a petroleum composition
selected from the group consisting of lubricating compositions and liquid organic fuels, said
method comprising adding to said petroleum composition an effective amount of an antioxidant

L]

composition comprising at least one thiophenol according to the following formula:
R Z R
{@%@%
R
‘ (si

Ri{ Zo

wherein R is an alkyl group; wherein R, is selected from the group consisting of atkyl
groups and hydrogen; wherein one of Z or Z, is OH with the other being hydrogen; wherein one
of Z, or Z, is OH with the dther being hydrogen; wherein x is in the range of ﬁ'on; 1to8;andy

is in the range of from 0 to 2, and said antioxidant composition being in a substantially liquid



in said petrol eumconposition at a concentration in the ran _
‘to about 5.0 % by weight. 29. A net hod accordi ng I“ Imﬂz II
u

wherein said antioxidant conposition is present in said pe eum
conposition at a concentration in the range of fromO.5%to about 2.0 %by

wei ght . 35 - 30.
An i nproved anti oxi dant corrp05| tion conprising at | east one thi ophenol of
the fornula: [err] . whereth Ris an alkyl group; wherein

Rlerr] is s&msyeadiwheroimsaidangoxidapt is prepared byngprotess coqprisiegaprepanis 2 migtuzgen:
wherein one of Z or Z[err] is OHwth the other being hydrogen; wherein one
of Z[err] oofZ[err] is OHwth the.other being hydrogen; wherein is in the
range of from1l to 8 and whereiny is in the range of fromO to 2, and

sai d antioxidant c Fhﬁ[b&? edh[bgin!: ha&%%p@{é g ly liquid form wherein
said antioxidant is p epared y an rove oceSs conprising (a)
preparing a mxture (it) a chlorine-free sulfur source; and

(i) at least one alkali metal hydroxide promoter;

in 1-propanol; and

(b) causing components ﬁj, (ﬁ) and (iiij to réact for sufficient time and at sufficient
temperature so as to form at least one chlorine-free sulfurized hindered phenol.

24, A method according to claim 23 wherein said R group is selected from the group
consisting of alkyl groups of 3 to 12 carbons.

25. A method according to claim 23 wherein said R; group is selected from the group
consisting of alkyl groups of 3 to 12 carbons and hvdrogen.

26. A method according to claim 23 wherein said R group is selected from the group
consisting of alkyl groups of 4 to 6 carbons.

27. A method according to claim 23 wherein said R, group is selected from the group
consisting of alkyl groups of 4 to 6 carbons and hydrogen.

28. A method according to claim 23 wherein said antioxidant composition is present
in said peroleum composition at a concentration in the range of from 0.05% to about 5.0 % by
weight.

29. A method according to claim 23 wherein said antioxidant composition is present
in said petroleum composition at a concentration in the range of from 0.5% to about 2.0 % by

weight.



?T | ) a chlorine-f ret(ai )suﬂ ulregzhrfz\é\? gmjori ne-free M ndeE?idi ?Hmmmnmllum " l“‘

al kali metal hydroxi de promter, in an-organic sof vent " and
(b) causing conponents (i), (ii) and (iii) to react for sufficient time and
at sufficient tenperature so as to format |east one chlorine-free

sul furized hindered phenol, wherein thezs |nprovenent conpri ses using
1-propanol as ti3@. or g’whﬂprsvﬂd\aﬁniﬂmdant composition comprising at least one thiophenol of the

formula:
R Z
z ISk ok
R of, 4,
O
(i z,

wherein R is an alkyl group; whetein R, is sei :cted from the group consisting of alkyl groups and
hydrogen; wherein one of Z or Z, is OH with ‘e other being hydrogen; wherein one of Z, or Z,
is OH with the other being hydrogen; wherein is in the range of from 1 to §; and wherein y is in
the range of from 0 to 2, and said antioxidant ¢ ‘mposition being in a substantially liquid form,
wherein said antioxidant is prepared by an img -oved process comprising (a) preparing a mixture
of :

(i) at least two chlorine-free hi: dered phenols;

(ii) a chlorine-free sulfur source: and

(iti) at least one alkali metal hycroxide promoter;

in an organic solvent; and

(b) causing components (i), (ii) and (iii) to react for sufficient time and at sufficient

temperature so as to form at least one chlorine-{ree sulfurized hindered phenol, wherein the

improvement comprises using [-propanol as the organic solvent.



