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Processes for Concentrating and Purifying Itaconic Acid from

Fermented Liquor using Anion Exchangers

~ Mitsutoshi Nakagawa, Isei Nakamura, and Tatsuyoshi Kobayashi

Laboratory of Wood Hydrolysis and Fermentation, Faculty of Agriculture
Tokyo University of Education, Komaba, Meguro-ku, Tokyo

One process for recovering itaconic acid from dilute fermented liquor by a reversible
ion exchange process using anion and cation exchange resins has been reported (J.
Ferment. Technol. 46, 158). However, this process has not been adopted by the general

~ chemical industry because the countercurrent operation is barely feasible both mechanic-
ally and economically.

The following ion exchange processes, operable at atmospheric pressure, were
investigated: Amberlite IRA 93-itaconic acid (HeIA)-NHg-HyO (process I), Amberlite
IRA 93-H,IA-H,SO4-NH3-HaO (II) and Amberlite LA 2-kerosin-HpIA-K,CO3-Hy;O
(H). :

Processes (I) and (III) were eliminated based on comparison of criteria such as (a)
recovery yield of the desired product, and (b) elimination of undesirable by -products.

Process (IT) is more clearly shown as follows.

Itaconate cycle: 2ROH + HA — RIA + 2Z2HO
Sulfate cycle: RoJA . + HeSO4 — RySO4 + HyIA

. Ammonium cycle: RySOq + 2NHOH — 2ROH +  (NHy):SO,

Reversible ion exchange capacities of the acid in the itaconate and sulfate cycles
amounted to 1.4 meq/ml resins, and 41 to 44 percent of the acid adsorbed onto resins
was obtained as crystals only by cooling the effluents eluted with 20 g/dl HeSO,.

That of sulfuric acid in the ammonium cycle was also 1.4 meq/ml resins, and the
peak concentration of (NH4)3SOy in the effluent amounted to 14 g/dl on elution with
14 g/dl NH,OH. '

This process was compared with conventional evaporation process. The estimated
plant construction cost of this recovery process is about two thirds that of the conventional
plant and the production cost estimate shows comparable savings provided the by-
product of (NH,4)2SO4 can be sold.
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Fig. 1. Adsorption of itaconic acid from fermented
liquor with hydroxyl form of Amberlite IRA 93
in 1st itaconate cycle.

Influent concn. of IA (g/dl); 4.25, flow rate (ml/
cm? min): 2.5, column (as ROH type): 13 x230
mm.

"~ Concn, in effluent (g/d!1)
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Fig. 2. Desorption of itaconic acid with ammonium
hydroxide from itaconate form of Amberlite IRA
93 in 1st ammonium cycle.
Influent concn. of NH4OH ég/dl) : 13.9, flow rate
g";l(glcm2 min): 0.5, column (as ROH type): 13 x
mm.

Table 1. Reversible ion exchange capacities of Amberlite IRA 93 to adsorb
itaconic acid from the fermented liquor or pure solution (itaconate cycle)
and desorb the acid with ammonium hydroxide (ammonium cycle).

Influent

Capacity (meq IA/ml ROH resin)

Itaconate cycle Ammonium cycle

Itaconate cycle

Ammonium cycle Reversible ion
Concn. Concn.
(g HeIA/d)) (g NH;OH/dl) 1st 2nd 1st 2nd exchange
Fermented soln.
4.25 13.9 1.75 1.78 1.92 1.92 1.7
2.62 13.9 1.76 1.65 2.00 2.07 1.7
Pure soln.
4.03 13.9 2.22 2.21 2.17 2.29 2.2
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Table 2. Recovery of crystallized itaconic acid from ammonium itaconate
solution by acidification with sulfuric acid.

3.13N (1\{58205}1404 36.0 I(Vm%2804 B/A i?arg’:l’tﬁglazgidd Recovery
: B (equiv/equiv) () (%)
20.0 (4.07 g as TA) 0.85 1/2 0 0
20.0 1.71 1 3.43 84.3
20.0 2.56 1 1/2 ‘ 3.57 87.8
20.0 3.44 2 3. 66 90.0
The acid was crystallized from acidified itaconate soln. at 10°C overnight.
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Fig. 3. Adsorption of itaconic acid from fermented
liquor with hydroxyl form of Amberlite IRA 93
in 1st itaconate cycle.

Influent concn. of IA (g/dl): 2.60, flow rate (ml/
cm? min); 2.5, column (ROH type): 13x230

mimn.
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Fig. 4. Desorption of itaconic acid with sulfuric acid
from itaconate form of Amberlite IRA 93 in 1st
sulfate cycle.

Influent concn. of H2SO4 (g/dl): 20.6, flow rate
(ml/cm? min): 0.5, column (ROH type): 13 x
230 mm. :

U, SEMEEDOHRERECY L CEBES 23 VB
BELX oy b LcbOTRERICHT 2 LEHKEED

H2S04 concn. (g/dt)

Fig. 5. Solubility of itaconic acid in the mother li-
quor containing sulfuric acid.
The acid was crystallized by cooling the effluent
of sulfate cycle at 10°C.

(: Pure itaconic acid soln. @: Mother liquor
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Table 3. Reversibleion exchange capacities of Amberlite IRA 93 to adsorb itaconic
acid from the fermented liquor (itaconate cycle), desorb the acid with sulfuric
acid (sulfate cycle) and regeneration of the resin with ammonium hydroxide

(ammonium cycle).

Influent solution

Capacity (meq IA/ml ROH resin)

13 x 230 mm.

0005

Itaconate Sulfat Ammonium Ammonium .
o cyc?ec cy(():lé Itaconate cycle Sulfate cycle cycl e"l‘ Revi?)rrsllblc
(g (I}'IozIIlX}dl) Colr\llcn. Colr\lrcn. 1st 2nd 3rd Ist 2nd Ist 2nd exchange
Fermented
IA soln. HeSO4 NH,OH
2.5-3.0 4.2-4.1 4.03-4.06 1.85 1.41 1.39 1.86 1.43 1.37 1.41 1.4
(purity; containin
96-97%) 1.5g/dl IA in
2nd cycle
Pure
IA soln.
7.5 4.2 3.59 2.01 — — 2.1 — 1.38 — —
* (meq SO4/ml ROH resin)
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Fig. 6. Regeneration of sulfate form of Amberlite = i ]
IRA 93 with ammonium hydroxide in 1st am- © oolot— —
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Influent concn. of NH4OH (g/dl): 14.13, flow g i
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Fig. 7. Extraction™of itaconic acid from ‘pure or
fermented solution with 0.1 M Amberlite LA 2
kerosin (989, )-n-octanol (2%,) solution.
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Table 4. Recovery of crystallized itaconic acid from potassium itaconate solution
by acidification with hydrochloric acid.

11.35 N HCI

Crystals

3.12N KqCsH404 B/A Recovery
(ml) (ml) o (c uiv/ i IA (9 -
B quiv/equiv) IA (g) KCi(g) (%)
20 (4.05g as IA) 2.71 - 1/2 0 0 0
20 5.42 1 3.02 0 74.6
20 8.13 1172 3.15 0.02 77.8
20 10. 82 2 3.22 0.49 79.5

The acid was crystallized from the acidified soln. at 10°C overnight.

N L L
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% 2_55— Pure /7 -
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g F E
£ 15 =
w C ]
- —
| | L | | L L l .

0 | 2 3 4

Feed K2COs, Normality

Fig. 8. Stripping of potassium salt from itaconate
form of 0.1 M Amberlite LA 2 solution containing
0.0203 g itaconate per g prepared from pure ita-
conic acid soln. and 0.0186 g itaconate per g
from fermented soln.

O: equivalent ratio, KaCOg/ Ttaconate in 0.1 M
Amberlite LA 2 prepared from pure itaconic
acid soln., 1.00 and stripped itaconate %,
98-100.
equivalent ratio in the case from fermented
soln., 1.04 and stripped itaconate %,, 92-97.
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Table 5. Assumption for design.

Production capacity : 1320 tons of the acid crystals with a purity of 99.9%, per year.

Raw materials : Raw cane sugar (999, purity).

Fermentation conditions :

Batch Continuous
Concn. of itaconic acid (%) 7.7 2.5
Concn. of reducing sugar (%) 0.05 0.36
Culture temp. (°C) 36 36
Acid production rate (%/day) 1.55 6.75
Acid yield (%) 58 52
Fermentation time(hr) 120 Mean residence time (hr) 8.9
Volume of fermenter (m3) 110x 3 110

Recovery conditions
for simple evaporation-crystallization process for proposed anion exchange

integrated with batch ferment. with cont. ferment. process with cont. ferment.

Acid recovery (%) 96.8 90.0 99.0
Concentration ratio 1/17.9 1/25.4 reversible ion exchange
Area of evaporator (m2) 15x3 503 capacities (meq/ml) 1.4

mean residence time (hr) 6

volume of resin (m3) 36.7
column (ms3) 15%3
Plant investment cost, |03 ¥/tonIA year o Pmdualion cost, 103 lY/Im 1A
| 100 200 300 |1|l]lr1|clx)l|||]52|t|r2?011.|12£l’o
1 T T T T I
Baich Bach process um-t;[ Labow, mairtenance  etc. [Fixq charges| Raw materials
aicn process (with tion| (24) (sn (52) (6%)
(with evaporation) 158 W/ ) wiin evaporalion ! -

Continuous process 91
{with evaporation)

V722213622222

Confinuous process-
N g1
(with anion exchang .
proposed )

AABY /)

Fig. 9. Comparison of plant investment costs of dif-
ferent product recovery processes.
Hatched portions indicate the costs for product
recovery plants.
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BiEE - 4 A vTEICEDA 2 a v BHE4L N VO
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\
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;

S 4
(67 (48) [ (89)
l (33 , (9%) %

Fig. 10. Compariosn of product cost estimates for
1320 ton/year itaconic acid of different product
recovery processes.

Hatched portion indicates the credit for by-pro-
duct of (NH4)2 SO4.
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d) &30, FEHIKED 13% 10°C (<h# LkiigicR
ELIA 23 vEBON~UBEERE LTEIR L.
B/E Q) itk 3XHAERED 1.4 (meq SOy/ml resin)
T 14 (g NHOH/dl) o7 v e=7KEH THEHL,

MEBEDOC— 713 14 (g/dl) i L.
HEEEEGBEE L DB O N BB 2.5 BOWEIK
POBE LA Y RIIEICK > TA 43 vEEAHE
4 PURETE o ROEES LR, BT 5
Y PaARMIEROEREICHL2/3EELIETL
oo FIEEaX MeBWTha—F4 ) F 4 —X,
FHRE, EEBEOKMISEIRSASNID, #iED
BREBIUBERE L TOT Ve THEMISIHE
BB 2034, 2L LToax MIEmEICEHL
Y1 ICHE »7c. Lo LEET BB HIERE L
THFAHRNISEICRESI RSP/ T 2.
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