e A I R - =

2015%2H17H

% X B B . Study on Succinic Acid Extraction by Liquid Membranes and
Aqueous Two-phase Systems Containing Ionic Liquids (-1 F &4

ZE TR L OYKME 2 FIVAIC K 5 a7 BROHIHIZ BE5 5 AfF5E)
AL HFEFE:  AULIAINDAH PRATIWI
#AHZEZBR
¥ & Huﬁﬁ%ﬁ%hﬁl%ﬂ B ik ik EW
Bl & FESHERFRFERETAZER R B EA
Bl & TUNRFERERR TSR iz Bk RER

)

Ull

E =
X, BEERFHRETHD, ité‘%iﬁh@ﬁﬂf%bézﬂﬁaw”ﬁ% 7%

%ﬁmE@@W%ﬁELT ITEBRBERI AL Y UCHER S QWA 1 ViR a2 S Eigik
e, B FIREER LOVKME 2 FiEEZ AV TRETL, 205 %%%%ikwt%@f%é
Wi s B E R B —FICHN T, FETE, A AV REO—TED 4Rk7 o E=T L
WERY 7 vk = FUBEICER LIRS L OSERE KSR & BRI W T2 T BRD
EIREE BRI LT, - ORGSR IRET L, BRI 2T BEDA A ARIROD SR
BATHAIT 5 2 L 2 BIETERIS AL IC, BN NI BOTT =F U HETHDH Z
EEHILMNIL TS, SHICEZETIE, BIREFELY DLEETH D LR SNDEEO—FETH
HRVELE =L e ART =T MEARES L CRIE L =@ 0 AR A VT, a7 B S5
PE A RE LTS, SIS TR0, [EUREREET N U LKEERE LT25a1s, 10 S
PERERIL, aZEBOTRTOFBAERICEE L TWAZ EE2I LML TS, BIUETIE
A F WS R L OVKIREAFEIRIEE YR DKM 2 fBRI R 2 VT, a7 B Zmat L
TWA. a s ORISR R TR pH 23, A A kIS HR TlEA A iR
ROKFIREN EHELKE 2R LTCND I EEHALNNIL TS, SHITKEELT M) bz any
B % e KIS BRI L O A U RIRICIRINT 5 Z L2 L0, ans@gOF ) v LEE LTE
BMICEINTX 5 2 LGN LTWS. FHETH, BV BRBEARO/NI 222 v
KM 2 FEFRHIEIC L B a7 BROFIH A RET L T . FBRIR CHEE S5 a7 BEBEE D 80%
VBRI T 5 2 EBRTEDLREEZF LN LTS,

uL®;5L AHFFEIIRBER DS D NI BEOEINETRE LT, 14V RIEEE0hER IR
W, EOFEIEL L O 2 RIEIC L 2 a2 BROSEEEE E O LD THY, BEECKIT
6%E$F7mtx;kwf%bw“%&%%ﬁﬁé%®fké AN IA A AR FAVT=
SINT RO ST B BRI TH Y, TNO ORI ONHORBIIZ KRR D55 %
THLDOTHD. Lo TRBUIEL (T%) (AEHKT) OFGERLE LTHoMiEs A
THLDLFEROHBND.



RERBREROEE

201542H17H

% X B B : Study on Succinic Acid Extraction by Liquid Membranes and
Aqueous Two-phase Systems Containing Ionic Liquids (- 4 if&

Za LRI K UVKME 2 FRTEIC & 2 27 B ORI BE4 2 HF5E)

SALHEEH: AULIA INDAH PRATIWI

EEZLZEH:
F E: RHEEREREETEHER  #H% X B
Bl &: FHHCRERERETSMERS #i% HH #EA
Bl &E: JUNKERFER TN % HEE LR

B =

AGE SR HHE T, B TEURHE L3RR (%) ITEZER TH B, AR DETZ 5H%AIL, Journal
of Chemical Engineering Japan, Vol. 46, No. 6, pp. 383-388, Vol. 47, No.4, pp.314-318 (215
Sh, +okaHliE= T3, 20154 1 A 31 BRI 10 B B 1 BRI T2 U 28R
LB S, fx OEEE - STy, REFORAIIC L > THYRBRIE LN
SR TR, FEZRICK Y AESUCEIR L= MBICE L CniEAR 2 2l LR, +
RRFN R TE. BRHFIIEFBICL M ICREBICOEREEZTToCEY, +47kiEE
BAHEZHATHLBOLND. LoT, REAROHERIIEKE THELRDOLNB.



Bt wm XEE

am X %8 H : Study on Succinic Acid Extraction by Liquid Membranes and Aqueous
Two-phase Systems Containing lonic Liquids (1 A gk &2 & OmiRS &
UK 2 HiTRIZ &% a0\ B Oz BE 3 2 55%)
% . Aulia Indah Pratiwi

2 =

Succinic acid is widely used in many industrial sectors; pharmacy, textile, food, etc. The
bio-production of succinic acid from renewable resource was desired because the petrochemical
production of succinic acid became costly. Ethanol, acetate, malate, pyruvate, lactate, malate, and
formate were known as by-products of fermentative production of succinic acid. In this study, the
extraction and separation techniques of succinic acid by liquid membranes (LMs) and aqueous
two-phase system (ATPS) containing ionic liquids (ILs) were exploited.

In chapter 1, the background and purpose of this study were outlined.

In chapter 2, successful permeation of succinic acid through supported liquid
membranes including IL (SILM), Aliquat 336, was demonstrated by using hydrochloric acid as the
receiving solution. The pH for optimum condition of permeation was found to coincide that in the
fermentation process. Based on the permeability and distribution ratio approach, it was suggested
that permeation proceeded via an anion-exchange reaction. A di-anion species was involved in
the permeation of succinic acid through the SILM. From the proportional relation between the
permeability and the distribution ratio, the permeation was found to obey the solution diffusion
mechanism.

In chapter 3, successful permeation of succinic acid through polymer inclusion
membrane (PIM) including Aliquat 336 was demonstrated by using sodium carbonate as the
stripping agent. PIMs showed complex permeation behavior involving un-dissociated,
mono-anionic and di-anionic forms of succinic acid as the species permeated. Permeability of the
mono-anionic form of succinic acid was largest among these species, and the optimum pH range
for succinic acid permeation was found to be around 4 to 5. SILM and PIM had different optimum

conditions.



The ATPS with water-miscible alcohols/salts and ionic liquids/salts was studied for
improving extraction performance of succinic acid (Chapter 4). The phase separation abilities
were in the order of t-butanol > 1-propanol > 1-hexylmethyl imidazolium bromide > 2-propanol =
1-octylmethyl imidazolium bromide > 1-butylmethyl imidazolium bromide > ethanol. In the cases
of alcohols, undissociated succinic acid was considered to be extracted species because it was
critical to control the pH of the salt solution, suggesting that undissociated succinic acid may be
integrated in the hydrogen bonding network in the alcohol-rich phase. On the other hand, the
extraction behavior of succinic acid with ATPS using ionic liquids was affected by the salts used,
suggesting that the formation of water pool in ionic liquid and the distribution of succinic acid and
succinate to the water pool. The ATPS with 1-octylmethyl imidazolium bromide and ammonium
sulfate system gave highest extractability. Succinic acid extracted into 1-propanol was
quantitatively precipitated by adding sodium hydroxide to the extracted phase and recovered as
crystallized sodium succinate.

In chapter 5, the ATPS using sugar to extract succinic acid was examined with alcohol
(1-propanol) and ionic liquid (1-butylmethylimidazolium trifluoromethanesulfonate). It was found
that the extracted species was an undissociated form of succinic acid in both cases. Maltose has
higher ability to induce ATPS than sucrose and other sugars (mono- and disaccharides) with
1-propanol. The pH condition of ATPS technique is very important in order to attain high
extractability.

In conclusion, the main findings obtained in this study were summarized along with some

future prospects.



