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Organic Boron Compounds and Liquid Leaded Motor Fuel
containing the same

10

15

20

We, THE StAnDARD O1. ComPaNy, of
Midland Building, Cleveland 15, Ohio, United
States of America, a Company incorporated
under the Laws of the State of Ohio, United

" States of America, do hereby declare the in-

vention, for which we pray that a patent may
be granted to us, and the method by which it
is to be performed, to be particularly de-
scribed in and by the following statement: —

This invention relates to organic boron
compounds and to liquid leaded motor fuels
comprising organic boron compounds in-
corporated therein.

It is well known that during the operation
of an initially clean internal combustion
engine, deposits form progressively and
accumulate on the surfaces within the com-
bustion zone, i.e., on the cylinder head, piston
top, spark plug, and the intake and exhaust
valves. As the operation continues, the amount

- of the deposits reaches a level after which
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there is no appreciable further increase in the
amount of the deposits. The engine is then
regarded as having deposit equilibrium and
old deposits flake off as fast as new deposits
form.

The deposit problem is aggravated when
tetraethyl lead is contained in the fuel because
the deposits are then no longer essentially
carbonaceous, but comprise appreciable
quantities of lead and lead compounds
generally mixed in with the carbonaceous
material. Despite the fact that one or more
organic halides are included in the fuel with
the tetraethyl lead to serve as a scavenging
agent, the lead is not all removed. A
carbonaceous deposit with lead is often more
tenacious and troublesome than a pure
carbonaceous deposit. The fact that this
deposit is partially metallic in character is
thought to give it a catalytic activity which
modifies the action of the deposit in affecting

[Price 3s.6d.}]

engine operation. Furthermore, since the lead
is intimately mixed in with the carbonaceous
material, the lead in the deposit is difficult to
reach by means of scavengers or material re-
active therewith to eliminate or modify it,
especially in engines which have been in
operation and which have such deposits built
up in them over a long period of time.

These deposits have a number of adverse
effects upon engine operation, but with
available fuels they cannot be avoided and are
inherent in present day operation of internal
combustion engines. One adverse effect of the
deposits is manifested most clearly to the
operator of the engine, particularly an auto-
mobile engine, by the fact that the presence
of the deposits in the engine requires a fuel
having 2 higher octane rating in order not to
knock than is required by a new or clean
engine. This requirement for a fuel of higher
octane number, as the engine becomes pro-
gressively dirtier, persists until the deposits
reach equilibrium, and is known as octane
requirement increase {ORI). Another factor to
be considered is the reduction in the volume
of the combustion zone equivalent to the
volume of the deposits and the consequent
increase in compression ratio which aggravates
the above manifestation.

Another adverse effect of the deposits is
characterised by uncontrolled ignition, either
pre-ignition or post-ignition. This is explained
by the fact that the deposits, or portions of
them become heated to incandescence and
ignite the hydrocarbon either before or after
the portion in the cycle at which the charge
would be ignited by the spark of the spark
plug. This manifests itself in various ways
characterised as “roughness,” “rumble,”
various forms of knocking, and a general lack
of smoothness in engine operation.

Another adverse effect of the deposits is on
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present in the
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tion, this phase of the matter deserves spec1a1 compounds having not more than 25 carbon
40 attention. atoms in the molecule. In a sub-group within
It is an object of this invention to provide this novel class of compounds each R repre-
novel organic boron compounds which may be  gents a radical of the general formula:
incorporated in leaded liquid motor fuels with
a view to mitigating the beforementioned
problems,

Organic boron compounds, if they are stable
under many conditions of use, are usually of
relatively high molecular weight and have a
relatively low boron content. As such, they are
not adapted for many uses where their suit-
ability depends on a high proportion of boron
in the compound. In addition, organic boron
compounds which do have a substantial boron
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content, as a class, are generally unstable and
do not satisfactorily resist oxidation or
hydrolysis.

The novel boron compounds provided
according to the present invention have the
advantage of a relatively high boron content

wherein R;, R;, R; and R, are the same or
different and are each a hydrogen atom or an
alkyl group having 1 to 6 carbon atoms. Said
alkyl groups are preferably methyl groups.

Examples of boron compounds within this
sub-group are as follows:

100



30 thereof may be |lost due to volatilisation during then heated and
becane conpletely liquid at the renoval of water. For this reason the

about 70 te#5fefr+H—€—106—cc—of—benzene—was—95 —conplete renoval of water
fromthe reaction -added and the water fornmed was renoved 822, 279

5 azeotropically by distillation wth the benzene proceeds in accordance
with the follow ng over a period of several hours. The reaction equation:
[err] and the product nay be naned bi s- (1, 2§7§r|- tent in I|qU|d forn;

t han any known be+er—He eREeXYy e—€ ofpotnd
which will not preci pltate borlc pound of thls Exarrple was found to be a
aci d when added to wet gasoli rﬁﬁeﬂg)gjt has the 1%3k0l our | ess i quid of nmedium

viscosity. It is follow ng naI e-pe-rt\es prior to 10 mscible in
hydr ocar bons, and parti cul ahr atl on &y repeated fractional
distillation gasoline, and f danic Ivents in as nentioned

bel ow. all proportions, and h a ~a ni gher bor ovr \con- Boi.l i ng point:
Approxi mately 275[err] C at *atﬁt!)jspherl c 20 B O
pressure and 140-142[err] C at 1 Mm Hg- 1n[err

1.4310 Mol ecul ar wei ght Ff#  Calcul at ed 269 9\/2 found 246.5. Per
cent. boron )ﬂﬂ-&!@éﬁ{Ol 24 The Dboron
determination was made by, Cals uI at ed 'Fo ﬁﬁ by Anal ysis 25
titration with mannitol, Gf\t\he nol eg,u‘l’ar wei g e cryoscopically
in benzene. Carbon 53 390 53.42 Infra re Iy5| s confirned

t he absence of Hydrogen 8.16 Cli5 9.02 the hy roxyl group, and
repetition under Boron 8.01 7.79 wc @@ .conditions

pernmitting recovery of the watgr S¢f130 reaction showed tRay o and
one-hal f nol es The liquid a técd.u-de roduct IS er‘y"O‘f"”\neter were formed

for each nole of glycol hyq{(g%opl c and digl ysfeacts with er to and
boric acid reacting. NG for/ﬂthe co bel ow, from

whi ch The above conpound was tvy"Q—'dT'é'tl lled at it can a{'s ‘be prepared by
dehydration, by a pressure lesg than 1 nm Hg. The narrow eati ng or
desiccation. This reversible rigacti;on 45 35 boiling hea#ig

submtted to analysis. is reprég/ented py the foll owing eq t|on The
fol | owi ng conposition was foune’ { 0.8
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Examples of other boron compounds
according to the invention are as follows:
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~114[err] C at 1 mm 50 31 granms—of- dry e Hg. It
has the fornula sane conditions as those of Exanple 1. The 6

822,279 [err] The yield was 61 grans, which was vacuum Cenerally an
anount of the conpound to pro- distilled at 1 mm Hg. to give a yield of
55.8 vide 0.002% by wei ght %}: ﬁt?)oron (based on 50 grans. The conpound
reats with water to the tof uel) is the smallest ampunt that will 5
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qu an
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bove hpaind adsipd a:d!tiedasolme hemmmpaiﬂynds of the general
I n an anount t€)5prOV| d
beakers, in a humdity

i n open

JONths at 75[err]

9 crystals were ¥ orned, a@ﬁdd@nﬁhayﬁdt& lﬁilketth&r g;aﬁﬂ»hlk ne before and.
af/e?—t-ﬁxt est sW%e bor onproditsaviich tae_jobidstané ds amereadfip preci pitation

ydrolyse further. The boron compounds of

“2°\ B -0- B\ this _invention, being themselves liquid, can 55
0—C = (CH,) readily be added as such to gasoline by con-
H/ ventional metering and blending operations, -
Cgllyy without the necessity of first dissolving them
in a solvent; furthermore, they will react with
The invention also includes a process for any water present in the gasoline, so re- 60
producing such boron compounds which com- moving such water therefrom, without precipi-.
prises mixing in a 1:1 molar ratio boric acid tation of the hydrolysis product which -
5 and an alpha or beta glycol having 3 to 20  although normally-solid is also soluble in the
carbon atoms, or an equimolar mixture of gasoline. )
two glycols, heating the resulting mixture until The compounds of this invention when in 65
liquid and continuing the heating to vaporise pure form may, on exposure to moistare, form
out, 2} moles of water, said glycol or glycols a c¢értain amount of solid product and even
.10 being such that the compound produced will though this product is soluble in gasoline, the
not have more than 25 carbon atoms in the presence of solids would make it more
molecule. To produce compounds within the difficult to blend the boron additive into the 70
sub-group referred to above, the glycol or gasoline. For this reason it may be desirable
glycols to be used are of the general formula®" to incorporate a certain proportion of solvent
therewith during or before blending them with
H B gasoline, so as to maintain the boron-contain-
Ry O H 0 Ry ing component in -a liquid form, whereby it 75
N / may the more easily be metered and blended _
15 /c =5 " c\ into gasoline; such solvent may for example
R H R, be toluene, methanol or hexylene glycol.
2 However, the greater the bulk of the supply -of
liquid boron compound the less is there a call 80
wherein Ry, Ry, R, and R, have the meanings for the use of an auxiliary solvent.
defined above. The following Examples illustrate the pro-
Of course, in the case of the production of duction of the compounds of-the present in-
asymmetric  boron compounds, equimolar vention.
20 quantities of the two appropriate glycols will
be used in admixture, instéad of using a ExaMPLE 1. 85
single glycol as in the preparation of 49.5 Grams of dry orthoboric acid and 94.5
symmetrical compounds. The materials are re- grams of 2-methyl-2,4-pentanediol (a 1:1
acted at mildly elevated temperatures until the molar ratio) were mixed together. Upon mix-
25 water of reaction which is required to be split _ing, the temperature dropped approximately 8
off is vaporised from the reaction mixture. All "t0 10° C. and upon additional stirring, - the 90
the water can be removed by simple boiling, ~temperature then rose rapidly to and slightly
However, because of the low boiling points of above 'the initial temperature, at vs.rhlch time
many of the compounds a certain amount the mixture became solid. The mixture was
30 thereof may be lost due to volatilisation- during  then heated and became Completely liquid at
the removal of water. For this reason the about 70 to 75° C. 100 cc. of benzene was 95

complete removal of water from the reaction

—gdded and the water formed was removed



occurred when the sanples were stored at wherein each Ris an al pha or
beta al kyl ene - 10[err] F. for several nonths, and the boron radical
having 3 to 20 carbon atonms, such 20 content was the sane beforeandafter
the test. conpounds having not nore than 25 carbon 70 Fuel containing the
boron conpound should atoms in the nolecule. be and is sufficiently stable

to be stored in 2. Conmpounds according to claim1, wherein contact with
noi sture for three nonths with- each R represents a radical of the general
out | oss of boron content. f82.pA% a: 25 The gasol i ne bdse

stocks to which the, bor ARAHRA S AL d o2 €in Ao O el Tlowin
Conventi onal |y usedet st Amk ot B SR e e ilorfie WA S, fpring
(gasoline for use in an autonobile). The gasoline of the invention al so
contains 30 tetraethyl lead in &#punts up to 6 cc., but usually from[err]
cc., per United States gall one -ard—acshal i de scaw®qgi ng agent. The latter
may be 1 theory of ethylepe &ichQQride and, perr] ?ﬁggmy—e#eethylene

di brom de (the so-called 35 ;;Jngiymmix " or M-6r 1 theory of ethylene
di brom de (the so-called " aviatiron m x" or wherein Rerr], Rerr], Rerr]
and Rlerr], aregthe same or AM. By " theory " is meant the stoichionetric
different and are each a hydroggn atom or an anount qf; {he ethylene

di halide for conbina- alkyl gr(ﬁb5having 1 to 6 carberf@tons. tion with
all of the lead as |ead halide, “Fre—0\3. Theeyrr‘r‘p—(mﬁﬁxq the formula: 40
AM is preferred since in cagﬁi}ation/ﬁ}mhcnh boron coggfband thHePe results
a better G e O [err]\bMeLaLb effect in engine
per formances. The gasol i ne nmay /éoptain any of the §Q§I adj uncts such as
anti-oxi dants, dyes, solvent 48 §&fds or alcohols. The afount of the boron
conpound dadpled to a¥1 gn;fﬁgo lllcﬁ % ¢ g‘a{‘n}{ed%psgl,i,?gri-ant?nl’tmitn fiq%idp¥o%1_1 tLa%raafgllgmwn boron
expresse In tef ethyleteoky) boric oxide. The com- compound which will not precipitate boric
822, 279 pound of this Example was found to be a acid when added to wet gasoline. It has the 15
colourless liquid of medium viscosity. It is following additional properties, prior to
10 miscible in hydrocarbons, and particularly in purification by repeated fractional distillation

gasoline, and the common organic solvents in as mentioned below:
all proportions, and has a higher boron con-

Boiling point: Approximately 275° C. at atmospheric
20 pressure and 140—142° C, at 1 mm. Hg.
np* 1.4310
Molecular weight Calculated 269.9, found 246.5.
Per cent. boron Calculated 8.01, found 7.41.
The boron determination was made by % Calculated Found by Analysis
25 titration with mannitol, and the molecular
weight was done cryoscopically in benzene, Carbon 53.39 - 53.42
Infra red analysis confirmed the absence of Hydrogen 8.96 9.02
the hydroxyl group, and repetition under Boron 8.01 7.79 40

conditions permitting recovery of the water of
30 reaction showed that two and one-half moles The liquid anhydride product is very

of water were formed for each mole of glycol hydroscopic and readily reacts with water to

and boric acid reacting. form the compound shown below, from which

The above compound was twice distilled at it can also be prepared by dehydration, by

a pressure less than 1 mm. Hg. The narrow heating or desiccation. This reversible reaction 45
35 boiling heart cut was submitted to analysis. is represented by the following equation:

‘The following composition was found:

(CH ), (cHy), (cH,),
C—0 c—0 o—
Hzc/ ook —"5’:1% H 2c< >B-0-B< >:H o+HH0

\ . / water /c(__ o ¢

ammra——|

C ¢} \
/\ /
H CHy H CH, H CH,
ExaAMPLE 2. product was a clear, colourless, viscous liquid

52 Grams pentanediol-2,4 is reacted with having a boiling point of 114° C. at 1 mm.
50 31 grams of dry orthoboric acid under the Hg. It has the formula
same conditions as those of Example 1. The



[err] The yield was 61 granms, which was vacuum Cenerally an anmount of the
conpound to pro- distilled at 1 mm Hg. to give a yield of 55.8 vide
—6-002%—by—weirght—of—boron—based on 50 grams—The conpound—reacts—w-th
water to the total fuel) is the smallest anmount that will 5 give a
product that is crystalline solid, having give any significant effect.
Amount s between a nelting point of 76[err] C. and which has the 0.004% and
0. 008% by weight are preferred. formula

Use qf6ampunts in excess of 0.1822fkually cannot be justified econonically.
55 [err] The specification of &ur”
copending Appli- / & i“a " CH3cat|on No. 26073/55 (Seri al
No. 822,278) sets out_c ail the re tests carried out on
gasolines containi gg the pro c.t onB e hydrol is of the conpound of
Exarrple 1 60 herez?\Such pe’sults ansy 0, i ndi ceft e2t he advan- tages of the
use of the conpounds ,of\ Thi's I nventi on, WT‘ conmpounds hydrolyse in wet
gasoline to gl ve such hSfgrol ysi s products Cﬁ*s,ol i ne solutions containing up
to 3 cc;rheym1 LPEL 6 grlarlné)n of tetraet Ead and to V\ch Chég o V\HAT VE CLAI M
| S: distilled at 1 mm. Hg. to’ﬁ @uFrgeSw h&ﬁaﬁm P Pbﬁ%ﬂjm géﬁ) 1.
Conpoynds. Dhe tdiPo@deNedcad! withOwint @ dlﬂoﬁnfua)'mldﬁtsmilﬁstﬂfrﬁbﬁt dac 90 tO 0.1%
bor &n give r @roduc thadlis icrystaljiersoliie bdving s giva aay kignificalitt vz;ct Amounts befweqnr | chanber for
sever §|MHERPAE: At767 5 @iy yhih hange | 000 g’gﬂ%ﬁ%&" geigly, W%ﬂeif:fl d anal ysis of
the gasoline before and after the ,§, y &cﬁnﬁﬁc grofi content to be the
same. No preci plcpatlon occurred V\he'nhetsfpe:mﬁmloeiiurv&p@dﬁg appld at  wherein
each Ris an\al/p or beta al kyl ersetion 118¢.e26073/53 ($eml Nevé?fZéVS)m)nt hs, and the
boron radi g Faving 8 to 20 car B58h O% 8, p’ﬁ;s co§n Pe r%jqu?@ was the same
before antdCafter the tesk— odonpo gfglha o E&ﬁ'ﬁl 5¢ggarbon 70
Fuel contai ni on COITpOUﬂdleﬁdﬁDﬂlllcﬁ maltsom mdicatehﬁe advhecul e. be and is
sufficiently/ss abl e to be stored itpges of the l@b (ﬂun pa@ésopfdthﬁg to claiml1,
wherein contact ®th noisture for "g"fﬂ”gﬁ QES PO §‘§C¢‘hwﬁ represents a

S

n-_sr

r adi cal GRlint euERD Sty LOFS:.0f bor on ot for mul a:
25 10 pihgll@gas aduastkyl kad endSt MhkE tHe O V\WHﬂT mEeChbﬁi\brlSc—errpounds aré® added may
be an)?nllyﬂndﬁh peusioned above had been added 1. Compounds of the general formula:
in an amount to provide 0.002 to 0.1% boron
were stored in open beakers in a humidity
chamber for several months at 75° F. No / \ —— / \
15 crystals were formed, and analysis of the
gasoline before and after the test showed the \ / \ /

boron content to be the same. No precipitation
occurred when the samples were stored at Wwherein each R is an alpha or beta alkylene
.—10° F. for several months, and the boron radical having 3 to 20 carbon atoms, such

20 content was the same before and after the test, compounds having not more than 25 carbon 70

Fuel containing the boron compound should atoms in the molecule.

be and is sufficiently stable to be stored in 2. Compounds according to claim 1, wherein
contact with moisture for three months with- €ach R represents a radical of the general
out loss of boron content. formula:

25 The gasoline base stocks to which the boron
compounds are added may be any of those
conventionally used in making motor gasoline R\ /112
(gasoline for use in an automobile).
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AM). By “ theory ” is meant the stoichiometric different and are each a hydrogen atom or an
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tion with all of the lead as lead halide. The 3. The compound of the formula:

40 AM is preferred since in combination with
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