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(Cl 260—-537)

This invention relates to the production of .

fumaric acid and more particularly to methods

of producing fumaric acid from liquors contain=

ing maleic acid.

An object of this invention is to produce fu-~

maric acid efficiently and economically.
- Another object of this invention is to recover
the values from maleic liguor in a usable form.
Another object of this invention is to obtain
fumaric acid from liquors containing maleic ac1d
which were ordinarily discarded.

In the production of phthalic anhydride, the:

scrub liquor contains maleic acid in addition to

smaller guantities of other orgahnic compounds..

These liquors are frequently discarded because
of the unavailability of a satisfactory method for
the recovery of the maleic acid values from such
liqguor. Many methods have heretofore been pro-
posed for this purpose, but they require elaborate

equipment and are inefficient in operation or re-

sult in small yields. Likewise, in the production

of maleic acid from benzol or other raw mate-

rials, maleic liquors are formed containing many
impurities.

In accordance with this invention, methods are-

provided whereby the maleic¢ acid values may be
recovered in good yield efficiently and econom-

ically. The method in accordance with this in~
vention comprises, in one aspect, reacting in an-
aqueous solution maléic acid with hydrochloric-
or hydrobromic acid in the presence of an alkali:

metal chloride, an alkali metal bromide, am-
monium chloride or ammonium bromide. The

amount of maleic acid employed in this process is-
desirably 0.1 to 10 mols and preferably 3 to 5
mols per liter of water present. The amount of

hydrochloric or hydrobromic acid used is de-

sirably 0.1 to 15 mols and preferably 1 to 4 mols.
per liter of water present, and the amount of

the alkali metal chloride or bromide or am-
monium chloride or bromide is desirably 0.1
mols per liter of water present to the solubility
of the halide. Preferably, the amount of halide
is 3 to 5 mols per liter of water present. The
yield of fumaric acid is related to the molar con-

centration of the halogen acid and/or halide’

salt and/or maleic acid. However, if too high
a concentration of maleic acid is used, then the
separated fumaric acid forms too heavy a slurry
to handle satisfactorily.

The reaction in the aqueous solution of the
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by ‘weight,
* yation results not only in an economic waste but
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maleic acid with the hydrochloric or hydro-

bromie acid in-the presence of the specified hal-

ides results in the production of fumari¢ acid.-
The resulting fumaric acid may be readily sep--
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ara,ted from the mlxture by any suitable means,

such -as: filtration, decantation or centrifugation.
:In'accordance with-another aspect of this in- -
vention, fumaric ‘acid is produced from alkali

. metal maleates or ammonium maleates. In this

aspect -of the invention, the method is substan-
tially the same, namely, the alkali metal maleate
or'ammonium maleate is reacted in an agueous
solution with"hydrochloric or hydrobromic acid
in the ‘presence ‘of - an ‘alkali metal chloride, an
alkali’ metal -bromide, -ammonium chloride or
ammonium bromide. - The amount of alkali metal
maleate -or ammoniuini-maleate used is-the same
molar amount as’ that-of -the maleic acid used

*in’the production of fumaric acid heretofore de-

seribed: The amount of hydrochlori¢ or hydro-
bromic acid is also the same as employed when
maleic -acid is used as a starting material ‘ex-
cept that in :addition there must be used an -
amount equivalent to the theoretical amount re-
quired for the conversion of the alkali metal
maleate or -ammonium maleate to maleic acid.
The amount of alkali metal chloride, alkali metal
bromide, ammonium ‘chloride or ammonium

5. bromide is also the saime as that employed when

rialeic acid is used as 4 starting material. How-~
ever, the amount of alkali metal halide or am-
monium halide resulting from the reaction of
the alkali metal maleate or ammonium maleate
with the hydrochloric acid or the hydrobromic
acid, must-.be calculated.as part of -the alkali
metal or ammonium halide present.

The process of this invention is admirably
adapted for ‘the recovery of maleic acid values

. from’ serub liquor resulting from the production

of- phthalic anhydrlde In this process, the scrub
liquor- which - contams appreciable amounts of
maleic acid; such as-of the order of 15 to 30%
is ordlnarlly discarded. ‘This sit-

may also involve a problem of stream pollution.
The maleic acid values in ‘such serub liquor may
be: recovered as fumaric acid by the methods of
this invention. ' The ‘maleic acid in the scrub

“liguor is partially neutralized by the addition of

sodium carbonate, ‘sodium bicarbonate or so-
dium hydroxide until the pH of the liquor is
within the range of 3.5 to 3.7. This partial neu-
tralization ' ¢onverts the maleic acid to sodium
acid maleate. The mixture is then cooled to
below 252 -C. and the prec1p1tated sodium acid
maleate is. separated from the mixture by any
sultable ‘means, such as filtration, decantation
or centrlfurgatmn The resulting precipitated
sodium acid maleate is then reacted in an ague~
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ous solution with hydrochloric or hydrobromic
acid in the presence of an alkali metal chloride,
an alkali metal bromide, ammonium chloride or
ammonium bromide, The 8odium chloride or so-
dium bromide formed by the reaction of the so-
dium acid maleate with the hydrochloric or hy-
drobromie aeid-is-caleulated as-partof-the alkali
metal chloride;:alkalii metal bromide,. dmmoniuim.
chloride or ammonium bromide present. The

amounts of hydrochloric or hydrobromic aczdumadesmable resuit.

-and the amounts of halide employed in this phase
of the process are the same-ds-these teretofore: -
described. The resulting - fumaric. acid..formed:

is then separated by any suitable means;isuch:ias-:
About: )

filiration, decantation or centrifugationds:..
85 to 95% theoretical yields based.upon: the.

maleic -acid equivalent of the purified crystals »
have been obtained in two hours of processing

by the practice of this method.

The presence of the dlkali metal chlorlde the
alkali- mebal::bromide;: ammonium: chloride:-or:
ammeonium:-bromide-:is: essential-:for: obtaining:
-the maximum- yield- of-;fumaric acidyand-from
an-economic standpeint;:itris-a-marked advance
over any -of.the-methods:;heretofore:proposed::
Such- alkali metal-halides-orzammoniumirhalides:
accelerate:- substantially . the» reaction:: over:
methods in which-.the :hydrochlorieor: hydros
bromie: acid alone is-employed::. For-example;-in.
tests.: conducted-. both:: with:: and-: without - suchz
alkali~metal halides or-ammonilm: halides- under:
identical- conditions.;and. starting . with-recovered:
maleic-aecid; it-was:demonstrated:that:the: yield:
of-fumaric acid- without-suchshalides-was50%::0f:
the-theoretical:whereas:with:the halide;up:10:90%:
of-the theoretical-yield-was obtamed Jdrzthessame::
penod of time.:

Examples-of-alkali: metal-mmaleates are: sod1um=

maleate; sodium: acid-maleate;:potassivm:maleate;:
potassium- acid: maleate;« hthmm smaleate.-and:

" lithium acid.-maleate.

Examples..of.;alkali metal chlorides-and:bro=-
mides are-sodium: chloride;-soditum: bromide;: po=:
tassium:- chloride,. potassium:: bromide, 'lithium:
chloride..and- 11th1um bromide.

“A.more- comprehensive umlerstandmg of» ‘this-
mventmn is-obtained:by-reference:to-the-follow.
ing examples:-

Efample 1 .—Procluctzo'n sof - fuia
scrub©liguor- contaifiing el
tiited ds ‘o BY= =product: - t’he»
phthalic anhydride > -

100 gals. of a- seruhb. hquor obtained.as.a:. by-
proauct. in the-production. .Of. phthahe anhydﬁde

prodd’ctzon of -

and cGontaining . about 1 ib pex. gaHon of malelc... '

pH. of the hquor was abouﬁ 3.6. After the addi-
tiox of.thé caustic soda,.the. tempetaturekof— the.
mixture was. lowered to.about-20°.C.. The. precipi-.-60
tated .sodium. acid .maleate . formed- was .drained-:
and. washed. with... water.  The. precxpltat&
amounted. to 170.1bs..of wet. crystals of. sedium-;
acid .maleate . which .was. equivalent 10-120: Tosi:

of dty crystals of sodium acid.maleate- containing: 65.

3 molecules of.-.water .of.: crystalhzatlon‘ “These:
wet crystals of sodium .acid: maleate -were. placed:.
in.a glass lined: reaction. keftie-and to. them. Were::
added .105 1bs.. of..20° Ba,uméuhydrochlorxc, acids:

and the necessary. water:to adjust -molar.; CoN=- 70.

centration. : No. additional water may- \bef‘neede &
if. Crystals.are. summently wet... The. reaction mix-. -
turé wads. boiled at about.1104 & for.a. period.-of.
two Hours at. atmospheric. pressure. duringswhich.:
,tlme the fumarlc .acid wasqproduced. Lower.tems.-

" 270 ¢ce. of water...
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peratures, such as temperatures between 90 and
100° C. may be employed but a longer time is re-
quired to produce the fumaric acid, depending
upon the deviation from the temperature of
110° C. At higher than atmospheric pressures
the reaction time is shortened due to higher op-
erating. temperatures. 'Thesreactionrmixture in
this example,.represents.4lie desired ‘molar ratio
of reactants and catalysts to achieve the most
In this example, 4 mols of so-
dium acid maleate per liter of water present was
used and- 6-mols’ of tiydrochloric acid per liter of
water present.-was.used. The sodium acid maleate
and-hydrochloric acid produced 4 mols of sodium

vehloride:leavirig 2.mols of free hydrochloric acid

per liter of water present..

E:mmple 2.—Preparation of fumanc acid from
maleic acid

464 grams of maleic acid are dissolved in 840 cc.
of: water, and.234-grams..of- sodium: chleride-and
200..cc..of . 20°. Baumé-hydrochloric.acid-is added:
to.the-solution.: The.mixture is heated to boiling
for a period of about two hours,- The:mixture:

.is.then cooled to ahout:252-C.; and-the pr ecumtated

fumaric acid was.drained and- washed::

EXxample -3 -—Prepardation: of ‘fumiaric’ acid” from
soditin- maleate

324 grams of Sodium mialeate are dlssolved in:
T6 this sclution .is added. 1205
grams of 40% hydiobromic acid.. The. mixture is
Hested.to. a temperatiite of abous. 110, C.. for..a.
period of two hours. THE mixture is. then .cooled:

5::t0 about 25° C., and.the furnaric acid formed is-

digiried . ffom the mixture and ‘washed. freeof
ac¢id and salt. . Tt then may be dried,.if desired:.

THe térms and expressions. which.T ‘have em~
ployed.are used as terms.of description and-not-

O lithitation, and I have no. intention,. in.the use.

of such-terms-and expressions, of. excluding :any-
eqmvalents of. the features.shown and. described-
oL portions. thereof, but: recognize.:that: .various.
modifications are possible w1th1n the scope-of:the:

45 invention.claimed..

What. is.claimed. is:. :
1..The. method . of producmg fumarlc acid:
which. ~eomprises . -reacting, . in- an:-aqueous solu=:
tion,.0.1 to..10 mols. per liter. of water- present:-of -

” 50-maleic acid.with:0.1 to. 15.mols. per. liter- of water:

present.of -free. hydrohalogen: amd selected :from-
thie_class. consisting,.of hydrochloric. acid.and .hy--
drobromic. acid in.the. presence.- of--0.1. mol:per:

liter .of water present. to. the: solubility. limit-of 2

56.1halide selected -from:the class consisting of alkali.

metal ‘chlorides; alkali-metal.. Jbromides, . ammeo--
nium chleride and. ammonium.bromide: and sepa-
rqt}pg JAHe resulting \fumarlc acid from the ‘mix=-

tiite.. .
2.The method of producmg fumamc -acid:

" which .comprises. reacting,; in an. agqueous. solu--

tion,. 3 :to 5.mols .per. liter. of..water present. of
maleic: acid.with .1.to. 4 mols:per liter -of- water..
present .of. free hydrohalogen: acid selected from::

#the class consisting of: hydrochlorlc acid-and hy-<-

‘drobromit.acid.in the presence of-3 te. 5 mols-per:
litér .of. water present: of :a-halide-selected : from-
the.class. consisting..of . alkali: metal- chlerides,:
alkali- metal Jbromides, -ammonium. chloride: and.:

‘ ammonium bromide and sepgrabing the resulting:
fumaric acid.from .the mixture.-

3.-The ~method- of~ produeing:; fumaric . acid:
which:comprises - reacting; in- an - acqueous -solus:-
tion, about 4 mols.of maleic-acid- per liter of water:

T3:presentwith -about--2 . mels --per: liter. - of: - water:”
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présent of free hydrohalogen acid selected from
the class consisting of hydrochloric acid and hy~
drobromic acid in the presence of about 4 mols
per liter of water present of a halide selected
from the class consisting of alkali metal chlo-
rides, alkali metal bromides, ammonium chloride
and ammonium bromide and separating the re-
sulting fumaric acid from the mixture.

4. The method of producing fumaric acid which
comprises reacting, in an.agueous solution, 0.1 to
10 mols per liter of water present of a member
selected from the class consisting of alkali metal
maleates and ammonium maleates with a hydro-
halogen acid selected from the class consisting of
hydrochloric acid and hydrobromic acid in the
presence of a halide selected from the class con-
sisting of alkali metal chlorides, alkali metal
bromides, ammonium chloride and ammonium
bromide, and separating the resulting fumaric
acid from the mixture, the amount of said hydro-
halogen acid being 0.1 to 15 mols per liter of
water present above that theoretically required
to convert maleate to maleic acid, and the amount
of said halide being 0.1 mol per liter of water
present to the solubility limit of said halide.

5. The method of producing fumaric acid which
comprises reacting, in an aqueous solution, 3 to b
mols per liter of water present of a member se-
lected from the class consisting of alkali metal
maleates and ammonium maleates with a hydro-
halogen acid selected from the class consisting
of hydrochloric acid and hydrobromic acid in the
presence of a halide selected from the class con-

‘;«.,fsisting of alkali metal chlorides, aikali metal

bromides, ammonium chloride and ammonium
bromide, and separating: the resulting fumaric
acid from the mixture, the amount of said hydro-
halogen acid being 1 to 4 mols per liter of water
present above that theoretically required to con-
vert the maleate to maleic acid, and the amount
of said halide being 3 to 5 mols per liter of water
present.

6. The method of producing fumaric acid which,
comprises reacting, in an aqueous solution, about
4 mols per liter of water present of a member
selected from the class consisting of alkali metal
maleates and ammonium maleates with a hydro-
halogen acid selected from the class consisting
of hydrochloric acid and hydrobromic acid in
the presence of about 4 mols per liter of water
present of a halide selected from the class consist-
ing of alkali metal chlorides, alkali metal brom-
ides, ammonium chiloride and ammonium brom-
ide, and separating the resulting fumaric acid
from the mixture, the amount of said hydro-
halogen acid being about 2 mols per liter of water
present above that theoretically required to con-
vert the maleate to maleic acid.

7. The method of producing fumaric acid which
comprises reacting, in an aqueous solution, 0.1 to
10 mols per liter of water present of maleic acid
with 0.1 to 15 mols per liter of water present of
free hydrochloric acid in the presence of 0.1 mols
per liter of water present fo the solubility limit
of sodium chloride, and separating the resulting
fumaric acid from the mixture.

8. The method of producing fumaric acid which
comprises reacting, in an aqueous solution, 3 to
5 mols per liter of water present of maleic acid
with 1 to 5 mols per liter of water present of
free hydrochloric acid in the presence of 3 to 5
mols of sodium chloride per liter of water pres-
ent, and separating the resulting fumaric acid
from the mixture.

9. The method of producing fumaric acid which'
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comprises reacting, in an aqueous solution, about
4 mols per liter of water present of maleic acid
with. about: 2. mols per liter of water present of
free hydrochloric acid in the presence of about
4 mols per liter: of water present of sodium
chloride, and separating . the resulting fumaric
acid from the mixture. )

10. The method of producing fumaric acid
which comprises reacting, in an:aqueous solution,
0.1 to 10.mols per liter of water present of sodium
acid maleate with hydrochloric acid in the pres-
ence of sodium chloride and separating the re-
sulting fumaric acid from the mixture, the
amount of hydrochloric acid being 0.1 to 15 mols
per liter of water present above that theoretically
required to convert the maleate to maleic acid
and the amount of sodium chioride being 0.1 mols
per liter of water present to the solubility limit of
sodium chloride.

“11. The method of producing fumaric acid
which comprises reacting, in an aqueous solution,
3 to 5 mols per liter of water present of sodium
acid maleate with hydrochloric acid in the pres-
ence of sodium chloride and separating the re-
sulting fumariec acid from the mixture, the
amount of hydrochloric acid being 1 to 4 mols per
liter of water present above that theoretically re-
quired to convert the maleate to maleic acid, and
the amount of sodium chloride being 3 to 5 mols
per liter of water present.

12. The method of producing fumaric acid
which comprises reacting, in an agueous solu-
tion, about 4 mols of sodium acid maleate per
liter of water present with hydrochloric acid in
the presence of 4 mols per liter of water present
of sodium chloride, and separating the resulting
fumaric acid from the mixture, the amount of
hydrochloric acid being about 2 mols per liter of
water present above that theoretically required
to convert the maleate to maleic acid.

13. The method of producing fumaric acid
from a liquor containing maleic acid which com-
prises partially neutralizing the waste liquor by
the addition of a member selected from the class
consisting of sodium carbonate, sodium bicar-
bonate and sodium hydroxide until the pH of
said liguor is within the range of 3.5 to 3.7, cooling
the mixture to below 25° C., separating the pre-
cipitated sodium acid maleate from the mixture,
reacting in an aqueous solution 3 to 5 mols per
liter of water present of the separated sodium
acid maleate with hydrochloric acid in the pres-
ence of sodium chloride, and separating the re-
sulting fumaric acid from the mixture, the
amount of hydrochloric acid present being 1 to 4
mols per liter of water present above that the-
oretically required to convert the maleate to
maleic acid, and the amount of sodium chloride
being 3 to 5 mols per liter of water present.

14. The method of producing fumaric acid
from a liquor containing maleic acid which com-~
prises partially neutralizing the waste liquor by
the addition of a member selected from the class
consisting of sodium carbonate, sodium bicar-
bonate and sodium hydroxide until the pH of said
liquor is within the range of 3.5 to 3.7, cooling the
mixture to below 25° C., separating the precipi-
tated sodium acid maleate from the mixture,
reacting in an aqueous medium about 4 mols per
liter of water present of the separated sodium
acid maleate with hydrochloric acid in the pres-
ence of about 4 mols of sodium chloride per liter
of water present and separating the resulting
fumaric acid from the mixture, the amount of
hydrochloric acid being about 2 mols per liter of
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