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Cdesd i.ﬁ?%n qu fo o‘!vigghgaptment:
In the petroleum industry, the handling,
stordge and use of industrial liquids such as
gasoline, diesel oils, fuel oils, lead anti-knock
compounds and ethylene dibromide results in
corrosion and consequent rapid deterioration of
the insides of storage drums, pipes, valves and
the like. This corrosion causes fouling of the
products, blockage of valves and jets, per-
foration of containers and storage vessels, and
other difficulties. The rate of corrosion
increases considerably when the product is
saturated with water and/or the operating
temperature is high, eg. 50°—80°C. Con-
siderable attention has been given to this prob-
blem and attempts have been made to elim-
inate corrosion by choosing suitable materials
to construct the apparatus or by the addition
of corrosion inhibitors. For example, attempts
have been made to find a means of reducing
the rate -of corrosion of mild steel, which is
widely used in the handling and storage of

. liquids of the petroleum industry, by ethylene

. find_wh

--dibromide; the only previously discovered

additives that significantly reduce such corro-

. sion are 4-methyl-2,6,-di-z-butylphenol and

-'propargyl alcohol, which cause a2 reduction

0f, about40%,.

% Investigations have now been carried out to
: ether other materials would be suit-
able. ~Fhe experimental procedures used, to-
gether with: their results, are set forth in detail
below, and particular attention has been given
to the inhibition of corrosion by ethylene di-
bromide, which is commonly added to gasoline
as a “scavenger” to remove lead produced
during the decomposition of lead alkyls, them-
selves added to improve the octane rating of
the gasoline. These investigations have led to

[Price 4s. 6d.]

dilo pily fuel oil, and gasoline. In
accordance’ with the present invention, epi-
chlorohydrin is added to ethylene dibromide
and to lead alkyls, diesel oils, fuel cils and
gasoline in order to reduce the corrosive
activity of such materials.

The lead alkyls to which the invention
applies are principally lead tetraethyl, lead
tetramethyl, and their physical mixtures, and
lead tetraethyl and lead tetramethyl that have
been chemically reacted in the presence of a
_ catalyst to form a competent mixture.

In the application of the invention to ethy-
lene dibromide, the preferred amount of epi-
chlorohydrin is 0.1 to 0.5%, by volume of the
ethylene dibromide, although larger amounts
may be added. #Butyl acetate and iso-butyl
acetate can be added to the epichlorohydrin
and ethylene dibromide to stabilise the lead
alkyl compound to which the ethylene di-
bromide will eventually be added, providing
some degree of lead appreciation.

Before the investigations leading to the dis-
covery on which the present invention is based,
investigations of the corrosion of mild steel
by ethylene dibromide had shown that phos-
phating of the metal did not appreciably affect
the corrosion rate, neither did it make

" much difference whether redistilled ethylene
dibromide was used, although corrosion did
increase with the temperature. The tests on
cthylene dibromide described below . were
therefore carried out on unphosphated steel
with warm ethylene dibromide from normal

c

production plant which, instead of being re-

distilled, had been subjected to continuous
steam - injection to hydrolyse impurities. The
number of specimens tested was as large as
practicable so that a high degree of signifi-
cance could be attached to the results.

tgfus, (and -the Hethgl by ndichlaide leadanti-dmock ofmpdeds mpsidsi 9 on at
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rate eventual |y decreased so that after sone 12 Exam nation of mld steel
corrosi on speci - weeks the total amount of inorganic |ead was nmens after
about 300 days exposure th Varl ous. not__si r‘inl fi r\ant | y Ti Aret-eased- —
types-of gasoline containi ng 1ead" anti -knock 45 I.n the handling of di esel
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i 4 Extensive light corrosion WHATI VE: CLAIMIS 6. A
met hod as “¢T ai med i SHiyapenabse) c NonedCopaply. A nk?48dd of decreasing the

corrosion 1-4, in which the .indy quid i com _pfzoduced in

storage .druns, pipes,:valves agd %%{glrrlat’édr)ﬁ xture§03?3 et hyl_gine di brom de,

with a5 the like bythefollovm 19%MDBR+i al |iquids, |ead alkyl or a.

mxture of lead alkyls. viz., ‘GasdiVadeNGs esel f , fuet®§ils, residual

7. A method as clai'med in clalmB ‘A which
2 96 days 3 (liquid phase) None (control) 0.0231

0 l% cyclohexyl- _
.‘amme palmitate 03150 - —I1260

o | ly 0.3617 —1470
s (vapbur ph;sf_t;:)' None (control) 0.1378
00158 . 885
<l i\ v :;‘- f“ .:

1% chortho-

1.1450 —72.5
S
3”. . No 0.3329
1.0%, ECH-
SRR sy 109, IBAe s vy s 70,1046 66.6
y g :31.0% BCH+
TTime L g | 5% 0.1176 64.7
T ST rmhioo, BCHA4 -
AT £5701% IBA 0.1609 51.7
+5 MDY BCHpurt s Lt & iz
_. _1. 0% IBA 0.1186 64.4
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oils, lead anti-knock conpounds, ethylene di- the lead alkyl is |ead
tetraethyl. 30 brom de, ethylene dichloride and m xtures of 8. A
Met hoQ St Lz - . : Sz
addi ng “epi - the | ead- aIkyI is Iead tetranethyl 10
said industrial liquid. 9. A nmethod as clainmed in claimf6, in which 2. A
method as clained in claim1, in which the m xture .of ad al kyl s consi sts
of tetraethyl up4to 1.0 vol % of eplchlorog%qE;n is addelg Iead and

_l ead_physi CalJv m xed 35 t1Q0 e liquid =

thd._' as clajmed in claim6, in ZTasd (cathod as claimed in clai mf@e

chl'or ohydr into the

in whi ch the mixture of |ead al kyts—comststs of 15 the | dustrl s

liquid sol i ne and pi- tet raet hy teM '
have ch 8r ohydr i !}%ﬁ |Fs Rioflof speciiéds %‘{&Sﬁbggﬁ chgagsga |yofrIE]§§i£09d |n1"'
the pr nce of —a—w+| l—e-n—-by—wel—gh-t—-—— at at-yst+—He~ ®
forma conpetent mixture. 5 frapour phaschet Nens (@8tred) ai ned 1t5?\17any precedbﬁ)é
11. A nethod as clained in any one of claijp Ahich t-butyl acetate or

i sobutyl clainms 1-4, in which the indust rmpf l13Aqui d is d03s5acetat@sés

added together with the epichloro- diesel 0|I a residual oil, a fuel oil
or a gasoline. hydrin. 0% ECH 0281112 _ ;hod as
claimed in claim1l, in 5. A nmethod as cl al’ r'réd i'n any one'o]f t he \g\zlch t he
industrial . liquid is gasoline con- 45 prereyiBagl aims, in which the -.
industrial liquid taining ethylene di bron®iéIBdgether W|°t3f’ﬁ2a is effh§l ene

di brom de. | ead al-kyl . 0.5° @CH+
986, 453 t he tabl e below - Type of ~ Addit{y@qga Gum 0,28'47'I nducighen
Corrosi on_Gasol i ne (parts per fornati 051 ti r_r‘_e _ Vapour phase [
i qui g nillion): my/ 100m . mnutesgﬁ Appear - {54
pgar- Metal ance* | oss ce | osg 05058 %'%
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0.1% IBA 0,3015 81.5
0.1% ECH+ ' -
1.0% IBA 0.8211 625
- 0.1% ECH+ _
. 05%IBA 0.8874 45.6

) 01%ECH+
- 0.1% IBA
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" 1O{BECH-++
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’ ECH
o | b

(L LW 5._ ) 124 days 5 (ligedd phas'e).' " None (control)
0.1% ECH
05% ECH
1.0% ECH
5 (vapour phase)  None (control) |
0.1% ECH
0.5%, ECH
1.09, ECH
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>450
1, “Afte) Test 5, none

d ‘ifRe spichloeohydrin?

i 1Li ylene i e
0! &drrbefibid; gm of g d cos%%#s%gim%
were covered with corrosion products, ‘This test
shows that epichlorohydriti on its own, without
any: added butyl acetate;'has an efficiency of
over 99%, as-a Corrosion ishibitor,

 Tests were also carriedSout to ﬁnd—?iwhe_ther effects in stability
epichlorohydrizt with or without the addition of -

tertiary
accelerated the decomposition of iead alkyls
whenadded with the etliylene dibromide. It
was found that; while

incredse the rate of decommposition at first, the

_ raﬁe_e'ventually-_decreased'-_sb'- that after some 12 " Examination of mild’ steel’corrosion speci-
- mens after dbout 300" ddys exposure to various
“1ypes of gasoline containirg’ Jead anti-knock

weeks the totdl amount of

not significantly increased. ,.
_In the handling of diesel fuels and'gasoline,

inorganic lead was

carbon and many alloy stéels are widely used. -

The corrosion increases with increase in sul-
phur content, ‘and’ Gpe

he: range
‘the- liquid,
rate of corrosion of

considerably reduces the
i ‘those liquids.- Thus;: for

‘steel by specimens of-

&t

e smtioydon: NATED 2 N s A Bl s on 2

butyl acetate “or isobutyl- acetate ‘¥

) “-diesel oil
these additives tended to *

feduction in~thé" anGutie of corrosion; partichs

48

after 4 weeks exposure, show heavy surface 30
“‘Corrosion in-.the abserice of ‘epichlorohydrin;
“but substantially no ‘corrosion: when 0.5%of
épichlorohydrin by volume is added to the oil.
- The addition of epiclilorohydrin to gasoline
““Has not been-observed to result in any adverse
or ‘enginie‘endurance tests;
effect-on oétdrie number been
- £ g

35

“fieither has any

observed. S
_ The corrosion of mild steel specimens in

3 has been reéduced”in testslasting
“about 300 days by the addition of20;1x0.5
~per cent by ‘volume of “epichlorohydrin.

-compounds has showit that the ‘addition of 2 to

‘5 ‘parts per million' by weight of epichloro-
_hydrin to a gasoline brings about a substantial

larly in the vapour phase. The addition
chlorohydrin has no adverse effect

amount of
time. Beouths of

of epi- _
on the Sl
formed or on the induction
these tests are set forth in 7/ 7edndls
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4 Extensive light corrosion WHAT W\E CLAIM | S: 6. A
nethod as claimed in any one of claims 25 1. A nethod of decreasing the
produced in
ethylene di brom de,

vaI ves and petent mxture ‘;‘

st or age dr uns, p| pes

Wthathellke bythefollovmnglndustrlal | i qui dsk | ead al kyl- or a
m xture of lead al kyls. wviz. gasol i ne, diesel fuem fuel oils, residual

7. A nmethod as clained in cIa|m6 in which oils, "I%mdianti-knock
conpounds, set hylene di- the |ead alokgdssis | ead tetrae hyI 30 bgg

et hyl ene - T o A TEthod—as—Cctrarmed—T1T-C
in which s@ewbhﬂ’plewq—al s, which conprises adding epi -~ the lead alk
| ead tetramethyl. 10- chl orohydrin-to-the said industrial liquid. %
net hod as ‘Bieepfired Addmdsal rﬁlﬁn, i n duction2. A net hodCawssied ai med in cI 2

in which #ding xt ) Mk% consi ¥apeurgthaseet r aefinpid abgpet ozt
of epi chl orohydri add d tehﬁﬂet }M;ml ea%\zmﬁ%r htlh.
35totheI|qU|d ance* od i@ cl-aine
claim 6, in 3. AM@BP]BGHas clained in claim 1;nd n whi ch  wheeh the?nmm,&re
of lead alkyls cons st's, of 15.the stri I|q s soling.and 't he-
epi- tet rﬁ%’?ﬁ I Iegad aﬂj teglianet E;%JI eadaijt hat- ye chlggrohyggn addition :
is 2 to 5 parts pero bekn chewi cal bwso eacted in kbsé presence eRsa mllion
by wei ght .. 0 - 102 22 24| yst 3to forlMa co et en2pi xt ure.

40 4. A nmethod as 2@ Fﬁa‘ﬂ ing %ny pié%dl ng3 11, d as3ainmed in

any one of claim qm\/\m;h tabutyl >a§¢etate10r |5Q531tyl claingg-4, in -
whi ch the |ndustr|M4I|5:|U|d 2% 20 >adetate 3 s. adeesl toges her wsh the

epi chl oro-. _diesel oil, a residual giJ, a fuel oil or a gasoli hydrin. .
12. A net ¥l rreaggn c§§| m 11303 n 5. 2 et Hedi as ggal rre@gfn any one ..
of the which the im'dusgfl al 51 qui d22§ gaSQJ I ne-.qeNn- - precgés ng clai nms,

in which the indust@i aIlO2 [ quitl tal Bﬁing et Byl ene 100 br om2e toqﬁ! her with a

: 7.4 7

_|7s et hyl'ene di br omlgif 1 o 250 I §ad al Iégg__ 4986 45§5 _

L 174 25 13.0 100 . 1 <25

, 174 .51 50 390 4: o 7_9 - 3 <25

Catalytic 0 0 14 . >450 4 79 2 <25

Reformste 0 2.5 ‘1.5 >450 1 <25 2 <25
S 51 . 24 >450 ‘2 140 2 <25 -

0 10.2 27 - >450 .3 .. 150 3. <25

0 174 25 >450 4 81 4. <25

174 0 08 - . >450 3 38 - 3 <25

174 25 1.5 >450 2. <25 2. <25

174 5.1 0.9 >450 -4 61 3 . 48

- §NotE 1. Solvent Washed Residue . *NO'm 2.1 No wslble con'osxon
: : 2 Very slight corrosion
. 3 Slight corrosion

4 Extensive hght corrosion | .

WHAT WE CLAIM IS: .
1. A method of decreasing the corrosion
produced. in storage drums, pipes, valves and
5 the like by the following industrial® liquids,
viz.,, gasoline, diesel fuels, fuel oils, residual
oils, lead anti-knock compounds, ethylene di-
bromide, ethylene dichloride and mixtures of 8. A method as claimed in.claim 63in
such materials, which comprises adding epi- the lead alkyl is lead- tetraméthyl.\ ¥
10 chlorchydrin to the said industrial liquid. 9. A method as claimed. in.lairs-6; bk =
2. A method s claimed in claim 1, in which  the mixture of lead alkylsconsists-of ﬁa thyl <

up to 1.0 vol%, of epichlorohydrin is added lead and tetramethyl lead physncall“r‘nuxod SR

a1 Inh. el

. 6.-Amethod as damed in any one of claims 25
1—4, in Wthh the mdusmgbhqfﬁd“ is7a-com- i

the lead alkyl is lead tetraéﬁlyl s L3
)ﬁﬁ‘

to the liquid.

3. A method as claimed in claim 1, in which

million by weight.

hydrin.

is ethylene dibromide.

15 the industrial liquid is gasoline and the epi-
chlorohydrin -addition is 2 to 5 parts per

4. A method as claimed in any preceding
. claim, in which #-butyl acetate or isobutyl
acetate is added together with the epichloro-

5. A method as claimed in any one of the
precedmg claims, in which the industrial liquid

which the mixture of lead < vgfff
tetraethyl lead and tetramethyge_adiﬂ‘g

been chemically reacted in the ptesence of :
catalyst to form a competent mixfure. - .-

11. A method as claimed inany one of_
claims 1—4, in which the industrial liquid is
diesel oil, a residual oil, a fuel oil or a gasoline. .

12. A method as clalmedmclalm 11, in
which the industria} liquid is gasoline con-
taining ethylene dibromide together w:th a
lead alkyl. .

45



13. Lead anti-knock conpounds,

et hyl ene 18. A pr-oduct as clainmed in any
one of 15 di brom de, ethylene dichloride, diesel-oil clains 13-16 in
whi ch epichlorohydrin is the residual oils, fuel bil gésolines and

m xtures only additive. of such materials containing® %chl orohydrin. 19.
A method as&laimed in claiml, sub- 886453 14 FEthyl ene 'di bronide
containing &bLe. babANL | lally as hereinbefore described. |orohydrin.

20 15. A mixture of a |ead

20. A conpositi on cont ai ning an industri al
| | - di brom de

wi th ethyl eRg L. |fl qui nd e% chl or o%ﬁ%ﬁn substanti
dﬁ%lel & formation Efo greﬁlﬁe

cont ai ni ng
clainmed in any one C lutay 108 mil 3 midutesi N m/m C _

epi chl oroh¥ydrin is usedppm— Metal Appear-  Metal
of ance” loss

For the applicants,
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2 Very slight corrosion
3 Slighit corrosion
4 Extensive light corrosion

for

by
o

»
(%]
-

Catalyti 0
Reformate 0
. (V)

0

174 ©
17.4
174

INore 1. Solvent Washed Residue

PHONNNEM (Ul ine
VLMoo MNRVGE OO~ ND
LI N D BN WL NN
WNLVBARLDDNND . WEWLANND=N

WHAT WE CLAIM IS: 6. A method as claimed in anj one of claims 25

10

15

20

1. A method of decreasing the corrosion
produced in storage drums, pipes, valves and
the like by the following industrial liquids,
viz., gasoline, diesel fuels, fuel oils, residual
oils, Jead anti-knock compounds, ethylene di-
bromide, ethylene dichloride and mixtures of
such materials, which comprises adding epi-~
chlorohydrin to the said industrial liquid.

2. A method as claimed in claim 1, in which
up to 1.0 vol%, of epichlorohydrin is added
to the liquid.

3. A method as claimed in claim 1, in which
the industrial liquid is gasoline and the epi-
chlorohydrin addition is 2 to 5 parts per
million by weight.

4. A method as claimed in any preceding
claim, in which #-butyl acetate or isobutyl
acctate is added together with the eplchloro-
hydrin.

5. A method as claimed in any one of the
preceding claims, in which the industrial liquid
is ethylene dibromide.

-
Ay MY

‘1—4, in which the industrial liquid is a com-

petent mixture of ethylene dibromide, with a
lead alkyl or a mixture of lead alkyls.

7. A method as claimed in claim 6, in wh:ch
the lead alkyl is lead tetraethyl.

8. A method as claimed in claim 6, in whlch
the lead alkyl is lead tetramethyl.

9. A method as claimed in claim 6, in whlch i
the mixture of lead alkyls consists of tctraethyl_;
lead and tetramethyl lead physically mixed.

. 10. A method as claimed in claim 6, in -

which the mixture of lead alkyls consists of

-tetraethyl lead and tetramethyl lead that have

been chemically reacted in the presence of a
catalyst to form a competent mixture.
11. A method as claimed in any one of

claims 1—4, in which the industrial liquid is

diesel oil, a resndual oil, a fuel oil or a gasolme

12. A method as claimed in claim 11, in
which the industria]l liquid is gasoline con-
taining ethylene dibromide together with a
lead alkyl.
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dibromide, ethylene dichloride, diesel oils,
residual oils, fuel oils, gasolines and mixtures
of such materials containing epichlorohydrin.
5 14. Ethylene dibromide containing epi-
%, __dorohydein. .
“7" 45. A mixture of a lead alkyl with ethylene
_dibromide containing epichlorohydrin.
16. A product as claimed in any one of
10 claims 13—15, in which up to 1.0 vol %, of
epichlorohydrin is used.
17. A product as claimed in any one of
claims 13—16 and also including #butyl
acetate or isobutyl acetate.

"PgA prodtice 4s. claitied” 1n- ahy’ Oe 'of
claims 13~-16 in which epichlorohydrin is the
only additive,

19. A method as claimed in claim 1, sub-
stantially as hereinbefore described.

20, A composition containing an industrial
liquid and epichlorohydrin, substantially as
hereinbefore described. cz

&

For the applicants,
D. YOUNG & CO.,
Chartered Patent Agents,
9, Staple Inn,
London W.C.1,

L i S
eSS

* ¢

;_ Printed ‘for Her Majesty's Stationery O
td.—1965. Published by the Patent Office,
ndon, W.C.2, from which coplies may be obtaine

|
O o

ffice, b{hthe Courier Press
25 Sou ax‘ll‘lpton Buildings,

] s .

Page 3,

Page 4, 4th Columm, 28th entry, delete "%
RCol umm, 13th entry,” for "0.095" read "0.0095" Page
Page 4, 3rd Col um,
read "[err]"

6t h and

3965

20 -



