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Analysis of Citric Acid Recovery Technology for Recycling of Citric Acid from
Waste Solution
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Abstract

Citric acid is an organic acid used in various industries, and its demand is steadily increasing. Citric acid is primarily obtained
via recovery processes, such as the separation and purification of the fermentation broth obtained from microbial fermentation.
Various technologies have been developed for the recovery processes, such as solvent extraction, ion exchange resins, and
electromembrane separation, with a primary focus on precipitation methods. This study examines citric acid recovery
technologies that are both commercially available and are being developed and suggests directions for the development of more

efficient and eco-friendly recovery technologies, particularly for recycling waste citric acid solutions.
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Table 1. Reactions involved in acidolysis and complexolysis mechanisms for metal recovery

Structure Acidolysis reactions pKa Complexolysis reactions
(@] o OHO a) C¢HsO; — CH,07 + H* 3.09 a) n[CcH,077] + M — M[CcH;07]n
b) C5H707_ d C6H6072_ + I'I+ 4.75 b) n[C(,H(,O72'] + 21\/["+ d Mz[C(,H(,Oﬂn
o =eE 2 ¢) CHO7 — CeHsO7 + H' 6.40 ¢) n[CH:07™] + 3M™ — My[CeHsOy]n

20280+ 3.29 million tons O & Z7}o}2] 2} Adolar
Urk FALE F= 3FHA oy nE WA E 5
3 AJ4to] 7Hssht oFehA e Eoll ABAtEE A
AR VT 15 AF O R A 27} 7RssHARE a7t
O Az H-& & o] Folgt oFF ARE 5= Qlsto]
AYito] At 0 & o]FofZ| 1L Qlof tRES n]gE2
HE AHES o]-8-5to] A - BE I QoY T4t
735 BAtolu G459 =40l Al 714kl Hlgf v
I 22 E40] o] % & Eofoll B2 380l 7|t
I I, (1) FAAR 37]9] 7F2 B4 T (pKal =
3.09, pKa2 = 4.75, pKa3 = 6.40) 0.2 A% AFFgAPAE
(triprotic acid : H;A)2 2 1&59] 71AAR A2 02 3
S HE W= 4= AUt webs] et Ao} ok e 7
3t Aol E B B/l 7102 4= Qlof F<5 o3}
9] 2= FA& FHAZ 4= U Table 10 A4S 4k
B3] YF3(Acidolysis reaction)T} &% ZAFA €k
(Complexolysis reaction)©]] tial] LFERH ATt

(2) 7} Ao] w&0] tiste] APt A g2 o
I ol 7 F714to] Blste] B WA W2 AF 5 9F ARt
A A& 2AMAEANE R 22 HE 8 &2 IS
= Atk (3) R37E o] 1Az, e Al 4Rl
FE A e SRR IEA JZ2 D o 3
n)ekEE AR & ¥R Folu BES Fofl fA &3l
o= Stk wEbA FALRE T4 o AIY Easde] A
SH|= @A GF AREE AL 1L FFoll= HAE|o] 1
g A& F 2(Ag) oMo =R 7|E ARESIo] gd
Q4| o E(etchant)E t4lsto] thA] AMGE 7T
3L Qleh TR A4t F1eHE /] wiizoll Aol H 2
EAA9A Li, Co, Ni 59 F7Fas= 315-517] 915t %
23 AEA = EE517] A%t A7 2Es] XSl A
oD gt Ak 5 A4S ARk i E A A
Sgol A-8sto] frhaS e EEAPIE TAE
ZZ&(Bioleaching)o]l et A= Z75ta QYo'

0|9} o] ke TRt Hofof| A A 4te] ARgo] ol

2
[e]
p i,

Hofl wpe} FAAke] 1 AJAL 7]&8 T of g} TF
HRgo] o=l = AL HHY AL 7|& Bofoll =
AE 7100k & Aot @A A4 Bl4=9] H-¢- o
HE &7]4 Edl(anaerobic digestion)*]2] & S]] u}
(ultrafiltration)} Y=} ¥ nanofiltration) S AX &
H7] A2sial glow, 1171e] A2 g5 of2] 7] &
AHo] A H =1 ek

2 AFolA = A 483t HAAY E= A-E8SHE 9
AT ol A= TSRt ALY FA E R VeE

f:,—l.

2 B4j5}0] G vhef 4180 2 Q18] WAgo] ol 7
S} g6 Wole] W3 AR 7S N 722 vk
s} s,

2. 2K Citric acid) 8|4~ 7| &M

T-AARE 90% o)’ go] u]FE R (fermentation)of] &
S 3lE AL Qlek 7FE Eol ARG HAES 580]
591 Aspergillus niger o] F2 TJ'd(molasses) oL+ Y
}9ossl2 S0 A7} ARS F2 AAgSkE Uk E
st a2 ALY Yarrowia lipolyticak AFEE11 QJTh.
Aspergillus niger?] B a2-2-2 E5}to] AAE A5 9]
ZFAAHRAL : crude acid)9] FH= GHIAOR 5
9 277 o] AT AE AARA e E Ie
£o] TUREOR BealT Q. 2T oA
e JALEC & 355k A Hlgol & B4 HI-E-9
30~40%2 AAZIIL LA Ak Fig. 10]] v]3E 2
RN FLALS 35T 5 Q= TSl dish ek
At 1B E HRE AR B dad(EFALt &)
O 2 HE ZZ(precipitation)O]L} FE(extraction), S-2}
(adsorption), A7) (electro-membrane) 5= ARE-
sto] JAAEC 2 Fl4=5}ar Qlet. o2 gt AA] Bl A
A= R0l T2 AMGE AL QLo 3] THAoA 9]
I o] v, Bt 37, gl foieh Aloke] e
QAN GO & Qlsto] H A Aol 273 %18} o
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Fig. 1. Production of Citric Acid.

Table 2. Comparison of citric acid recovery methods (adapted Ref. 4)

Recovery Chemical . Environmental
Advantages Disadvantages .
method products impact
¢ Use of large amount of water and chemicals
¢ Reagents cannot be reused
¢ Generate large amount of wastewater and gypsum
Precipitation |* Lime * Process simplicity * High energy consumption .
L . . High
¢ Sulfuric acid |* Low equipment cost ¢ Low yield
¢ Need subsequent purification steps
¢ Decreased CA quality inability to operate
continuously
¢ Reagents can be reused ¢ High costs of extractants and diluents
Reactive  |* Extractants |* Low energy consumption ¢ Need subsequent purification steps .
. . . .o . . Medium
extraction |* Diluents * No prior broth concentration is |* Relatively complex some solvents cause high
required environmental impact
¢ Reagents can be reused
¢ Low energy consumption
. ¢ High recovery yield ¢ Need subsequent steps for eluent separation and
¢ Resins . P . .
Ion-exchange |, Eluents ¢ High selectivity resin regeneration Low
¢ High purity ¢ Generation of waste streams for resin regeneration
¢ No prior broth concentration is
required
* High purity ¢ Concentration polarization
. . ¢ Simultaneous separation and  |* High equipment cost
Electro- Cleaplng CA concentration * Membrane fouling Medium
membrane solutions . .
* No need of regeneration steps | Pretreatment of the broth is necessary
* Bases can be recycled ¢ High energy consumption
A% 7Ps e WO R 714 B Alo] 871 ek, 5 % Sholt). o] 71&e 11(85-90°C)9] 4]
Table 2°] @A 4831 71&3} A-8SHE fls A+ (lime)E ARE-to] TaNof| EAfSH= FALS FALHY
53 9= ol2] 71 5ol vt 4 e e st (2, 28 B UEB FH PA7IE ol
o|F BgH &8/ FAtAS ol s et o=
2.1. EF(Precipitation) AR S AR T 9 71eE EE oA R 22 =
A 7led A Aol 7 g AR EE 3 == AT ol S FHHS0) 2z A2E
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Fig. 2. Overview of the conventional recovery of citric acid
by precipitation.

3t o] FALEHE FAEE(CaSO,, gypsum)t £
sto] 3]sttt o] Ik AEE A7) Hside 5
A S AREeE &3 5, 245 2 Axe 22
T dAZE E sttt o]of tigt 34 JiSF=E Fig. 201
HERA A

A 3789 A WA D= AEEER(Ca(OH),) £
£ A3)(Ca0)E H7Isto] 7184 A4S &84 +
AAE O & Aok A O|THA] (1).

¢

206H307 +3 CCL( OH)z
= (CsHsOn),Cas - 4H,0 +2H, O 6))

7 9A Sl FAHHS00)S 7 Foto] AL dat
§817 7849] TN B8] FARIH(CasO,
gypsum)©| A== TAo|TH( 4] (2).

(06H507)2C(13 . 4HQO + 3H2$O4
g 2C6H807 + 30&504 . 2H20+ 2H20 (2)

A7) BFSofl A LA 1 kg A2 A] 0.58 kg2 S4t3kd
+7+0.76 kg] gAto] T astet. 18] Al wpA|eto] 1.3 kg
o] Aol MAE N ek 18 L] Bo| Au|Hch &

At Bl 71E 24 17

Rk AR SIo) AL B A 5 3
SORE-L A A AT THUIE2 11498 A5
of G A TP A5 7] 1)L B
8] 8598 ATk FeiA k. ARl AT
2 VAL 4910 2L FAN B, £, WAL pH
7

9 45]9] H7h S Solrh. TEE 9 Zohet AL
7] $I8AE 413](Ca0) THAEE -89(180~250 ke/m')
2 90°C ool 123 pHi= 7.0 ofstolA] 4145 A
7hellok gk o] 79 89 & AL L 15% o)
ololof 5}m, %5 THYL BE 120~ 1508 HE §A%
o RS Tt Fol 5% BAK60~70%)7H 3t
A7 gl 3} ANER PAAHS AT F4
4% ojziste] AAH 25-30%9] 7-H4-8Yo] &
ofxlc}. ofzfole 2 B4R AAS] ol B
2 AsAt ol e AL B9 AL 4 ek 4
RE §AE 40°C ofslolA] AFFE 557104 55
AgstErt. ofF A% WY AR T4 B A4
o] Feiato R 3|47} TRs it ojefat el o 3]
SEL P SR 648~920% AER FeiA
QTP ofefst WA Hp SApuloh g u] 8o] Ho] 4
asich E3t chepe] sfalokE 9 447t ALgHH vt
A GARIAE hepe) H712e R 417k 2
The whgo] TP ofefet ShelE B7akl o] 71&e
B2 7] &3 AR B sk eka 349 BAo] W &
24 9lor 714 78 L ALgo] Golaly] o] Teat
sldeo] de) ARG Slck:

2.2. 01F&(Solvent extraction)

141 A i A 3750l 71 wol A
|5 = 7o) Ae AL B2 E ol SuiSE(HA-H
A £2) 7Iex LY. s AAES /718
uj7t R R Aol SR Rt E A
A=, AAgE 87 2AY B 8WF citrate 4
ol 713 = o] 5E o] F&Hrh FA4R] F]40] o]
AHQl guiEE &80 Z1 EE 2L A
Slsfof gt 7+ Grll= £4 Bd Ul AlS(distribution
coefficient) 5 231 Q1 OH, oli= PP oA =1 4t
T} g ollZo] ol Q12 A F o] vl R A oHr). 27|
ofl= &4 & F-2(long-chain alcohols)d A= (ketones),
RerZa 22 87t A5 AREE I 71E s AR
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Fig. 3. Schematic diagram of reactive extraction process for
citric acid.

Ni

gt BHiFEEo A= 5 G&0] ¥ HEe] §He
(reactive extraction)0] FTLE QT BRSA =
3/g0] 73t &A1t AL R |2 RRkE S B4
A|A BE5= vl]o|t} o] 7|&& FZ(extraction)} I
Z=Z(back extraction) 302 155 4= QI FEHA
|Me F2A2F AL A 9] 71 8lgkEC] B/ =

o
= il{w

N

:

)

2 Thi] SAF 02 Of5 A7) 95 uhgo] At o

FZ0] of2| ¢ QHET). ¥hg/d &0 A
{5 FEA 2 a0 ATE AAE 7R 224, &
7]918}8+E(organophosphorous compound) &4 12]
11 1 ER} Xk o}l A (high molecular weight aliphatic
amines) A2 728 4= QI TOPO(trioctyl phosphine
oxide)2} TBP(tributylphosphate) 5-2] 77]|21s}3tE &
EAl= 52 5Y2 v Do A =] Higt 54
o] wo} drgHofjA| 7t2EAA 5T D7 AREO]
At ey F o= 9t 55 A 8ol
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SO = Qlsto] opdlA =&A7} B Aedst Ao g Hrist
I}, oA &4 FollA % 1 XK primary) oFF19] 7
=0l thet 838 =AI7F AL, 2% K(secondary) OFH1
22 Fof o] T ofdrk tho] ek nfeA 3
2} oFRl(tertiary amine)| F=EA|7F F= AREEIL 912
1], TOA(tri-octylamine) @ Alamine®336(tri-octyl/dodecyl
amine)7} SEA Q] 32} oFRlA] FEA 0|k, ShH &
< SHIES WL 2P3eh] E4E ZiAsk ] st
o] T FEAE ARESHAY FEAIE SJAAIF £9tst
o] ARERE = Qit}. A& £0] 34} ofHl2 & IHFof|A
2 A= FAY 9 21 ES Yl 7| die] 571
|iE SIHAE ARESICE S|4 &4 E B9
F 7] MR U 4 ok 84 314 Als 340 @1t
TFa, AEAY 718, 5 Eol 28 A3 Sl
£ 7M1= o2l 28715 2= =4 ol Hig
A SRl LxL WA, D o] XHE WSS 2
ook Hl54d T olH 25hEo] sl vl B2 &=
£ Uehdith. Thakre 527 A5z §AoflA] 1914t
W8/ =00 sl Aottt &A1= TBP, TOA
Aliquat®3365 AME-5FIL SIAA 2 K opA|E|o|E, H|7t
< 4 S Agote] 5 AES AR AT 20%(vIv)
TOA + 7 oA|E|0]| E AIARIS ARS8 JHf =&
£(95.5%)2 ATt TH3IIE Keshav 52" 30%
(v/v) TOA o]l 452] ¥/ S|AA|E AREsto] AL =
£ g4 AFE XY ok, A+ 2 At FEE
< BAR95%), T715(94%), A715(94%), SHt7]
H93%) <ozt YISt Liu 527 7|29 vk 5
29 2ot 8423518 742 3-8 2ul(Deep Eutectic
Solvents : DESs)E AMERF A2 FEH 2 AIFsHA
o} 10714 A2 T2 f Y ola|=(dialkyl amides)S 5=
EA| 2 Aol o]AAH|oFd Y F-E(isostearyl alcohol)
2 A 2 AREsto] R AN AL 5 - E25t
7] $i5t 172 ALt S 23 5B A hydrogen
bond acceptor)Z O} = (amide: CoH2 NO)Q} =4 ATt
3] A|(hydrogen bond donor)Z -14to] HE-g-5l0] A4
*J(hydrophobic) DESs”7} @AJ=+=t] 30°Cof|A] 2087k
HR3-6ko] 11525(99.8%) ] F+A4kE 75% F20] 7HsSt
At EJHFGFo] 2EF AF(75°C)AIA BolsHA 5
EA A= 7FsdtekaL h9lth Rongjie 5272 A
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718 224 9 )40 7102 dlste] A o] ok
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AL 79408 we & 4= Q= E4o] Qo] 249
] - Aol go] ol- 8=}, sl 54 59 23
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A4l it F3Hd 1t Ael/do] L<4=ct0] ARG 9l
t}. P. Gluszez 527 A4 345 ¢Jato] 18714 o
£ o] wgk Ao thsto] A=, 2FA7]4d 2ol
£ w3} ]9 Amberlite®IRA-670] 71 &2 &Fo]
L4510k WHESIC) Van den Bergh 52 A

dol §E 1A 9714 Sole Wk +47

At Bl 71E 24 19

345 Yoo 359] 4X|(PVP: Poly(4-vinylpyridine),
Amberlite®IRA-900 2 Amberlite®IRA-67)°]| That A%
= H|wslelr}. A+t 23 PVP $=A]7} A pHERE oLzt
Shitedo] SE $9 pH |dolA = 1153 8509
glgyE Hol1l FaLte] gk Ae/d e 955t E3t v
g0l oetEZ AREsto] Ao = ZjAgo] 7hsst
TRl ST C. Jacinto 527 OF1714] ol 2w 3t
222]9] Dowex ' Marathon” WBA2} 738714121 Dowex "
Marathon "MBAZ ARg-5t0] 0] Bhg-gofof A L34t
Blpo] tigt AF-E AXIBHIT. A A FE 714 ol
W3R B F2REo] oF 238 A fAEH E3]
22 pH(=1.5)0|4] 49 Bl4=&o] g B3ty
SIoitt. o] 7o SR8 28 0.46 g/goI]aL, 92% &=
T2 85% FL9] FALE Sl 5= k= AT ARE
HEotct. FHE, Wu 52019 S2 A2 32} PVP &=
A& AREslal HO] o]5-Z(Simulated moving bed: SMB)
71&E o]&5to] LS FFES TN = =T
B Aletict. wAE FR(FY R 150 mLAD)9]
ATE Bl 2 97.2%2] A4 347t 7Sl Bl4E

AAl T 99.8%2H1 WESISICE Delgado 5-&°7
A8 A (Reillex® 425y5 ARSSIL HlThEZ 824
ARE5lo] 5A3E SMB 7] ARSSHe] ATE 53
SIoith. o]&9] A+ 2o oJshd 4=X19] S 8F
0.57 g/goI %L, 99% o1’ F] &= 95% oV &
2 4 3l57 7Rs stk WYL Wang 527
A, Bk 5 11811 o] 2 nBRAE AR 3714
340l it AAA, e 3l s vl A= st
Aot A 2 o|2W TR E AR A9 AHE) B
FUB} A =4 L At 2438} 7Fsdo] Rot 7Rt &
7AX18F 7]zolar ARbslirt. T3 6,400 kg/h E
9] AL B4 A9, 34 2QHEY A= &
(6,1005F Z&)o] -Gui=2(5,4005F D) Ert =04 3
Z(7,0005F ephEch= 3ok, SEARS 34 3,510
THE, 8UiEE 3,2608HE, S&H9] B3+= 4,1509H
T8 FA5Hich mEhA] ol 2 ndRE EES S
&2 Aoy 8ulEE 7|& Hrhs 284 7leclzt
P QAT S ol x| 8]-8a} SBRE ARE £ =
e 42219 A2} 71491 wAof wHE vl-go]
Zhgstar Qick
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2.4. Electro—-Membrane

71E AT 5 G715 71 S AikE 02 27
5% WAL Bast, Slef H712 sk 1t

8vhg BAE Sfo), ofiA] Bl:go] ks Bho] U,
olef3 EAIS ShEs] 91 W 3 271wl
30l that e Tl o] 1gE| T Yep .

2.4.1. A71%4(Electro-dailysis : ED)

WAL Fig 49} 2] 72 344, 534 L 42
& 2T 24 745l . S 2 Aol
% Qrole walujo] Hjslo] ik ¥} 23
Nolol 714 i A%, Fole 8 Soheo] ol
2wy} 9 golenEulg o HEg o Siaol
e A
X B4 e 3ago] A1) WAls}A) Ok KNS BHak
ﬂﬂﬂ A3 47| o] &4 3183 7ol A
Ho A = S 7HAIAL Qloh ERE 239 o]
44 Oﬁ*é A&EHo] 7kl FZofle 4%t o]
2AE 9 WaA 183 Wglel/do] 93t o] 2wk
o] 7R QlIsto] thefet £719] gHgolA £<io] 7ks

SHA H At} A71FA 7]e2 Aolekior] g 3-8
I o st A2 Hok= & HA —E—OFoﬂ
S8EHA FHERY Aed D TaHls A2 Eolell
X—’Flol L) S 5‘4101]‘: UEE H FAEEY

1% 9l 350w 31 QT

S. Novalic ‘3843) A715A4E ARgste] AL 5
5 7A5= AT -89 pH, feed B= 123l 2%
W3] wE FFE ARSI A-ET B2 pHOflA]

NaOH

0, H;'9
Anode /H* OH \ Cathode
© - °
HzO HZO

HzC‘ NagR HzC‘

Fig. 4. Schematic diagram of Electrodialysis process.
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= B4 Ado] Lg)7] &9 pH—7 sHIog 2HEs}
L Ao] 885}, 5~20 wt% 2] FL feed 3 =52 A

go & 056}2 2] x| Q= o}?&u}. E3H 1 kg Citric
acidE B2J5}7] gt o] %] AHERS- 0k 6 1 x 10°~7.2 x
10° kwah 3}tk R. Nikbakht S &% A7 5412 A}
8ofo] AL Flg=of] T AFolA] 37 B4R pH, A
%h 7 2% Y feed 5529] FFe thofl a2st3ich A
T A3} pH F7H= FAAE 89| 7] AjkS A
A RS F AL AY 71 /5 Fas 4T
I AT AIZFe] o= Qlsto] Al Ad5o] ZiE
= 2 IRISHATE AL Blro] H A9 2 27408
pH 7.5, AL 20 V, &% 55°C 131 8§42 4 mL/min7}
AAs1tT AA5HITE A. Chandra 5-&% H7| 244
feed 8Y0f NaCl, CaCl, = FeCl;@+ Z2-2 735t A&
o] &34 7-9of 4t Fg~go] [t 40%71A] FAE
o E£3}F 55 B2 9 fouling ALO R Ql5}o] dlo] 24
9 771 £AH] &2 7Fs/do] lo] mAloi Tk oy 24
gt = A (resin)of] 25 S 508 B8 14 =4
o} T 0|29 AAE AT AA =7 a5t A=
Sl

2.4.2. BPED(Bipolar Membrane Electrodialysis)

Hlo|&e} A7|E4(BPED, Bipolar Membrane Electro-
dialysis)& 0|27} 20| 2w g0 2ut LA HHE
27154 87401 E(H0)2 w55He] 40l &(H) I 4
A13}0] &(OH)S A 2= 9l Hlo|Zapake 2715k
ZAolr}. Hlo|Eghake oFo| . wglat 3} o]y glato]
e F3hE S5 Fee] ol makatolck, ufojBet
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