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Nanofiltration for Recovering Benzoic Acid from
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Benzoic acid (CsHs-COOH, M=122, pK, = 4.21) is an antibacterial preservative used widely in food and cosmetic
industries. Recently, it is produced by oxidation of toluene with following drawbacks: high energy consumption, high
impurities, and high production cost. Thus, it is necessary to look for an alternative source which is cheap and friendly
with human health to produce benzoic acid for using as a natural preservative in food and cosmetic industries. Benzoic
acid naturally occurs in cranberry (Vaccinium macrocarpon) with high concentration. The total content of benzoic acid
(both in the free and bound states) in fresh cranberry juice is 178 ppm. Therefore, if benzoic acid is recovered from
cranberry juice with low cost, it can be used as a natural preservative.

Nanofiltration is a pressure-driven membrane process with molecular weight cut off (pore size) situating between
ultrafiliration and reverse osmosis membranes. It has been widely applied in food industry because of the low operating
temperature; consequently retain the natural quality of products, and low cost for energy. Moreover, it is easy to install,
operate and maintain a nanofiltration system. The separation of solutes by nanofiltration is achieved by sieving
mechanism (steric effect) and electrical exclusion. Comparing with other components in cranberry juice, for example:
sugars, malic acid, citric acid, quinic acid, anthocyanins etc., benzoic acid exhibits the differences in molecular size and
electrical charge. Therefore, nanofiltration can be applied for separation of benzoic acid from cranberry juice.

To screen the suitable membranes for separation of benzoic acid from cranberry juice, fifteen kinds of commercial
nanofiltration membranes from six different manufacturers, made from different materials were investigated with bench
scale system (dead-end test cell) of nanofiltration. Result indicates that rejection of benzoic acid was significantly lower
than that of other components in cranberry juice, including: anthocyanins, sugars, organic acids. The permeate fluxes of
membranes were significantly different, even when the pore sizes of membranes were the same. The 7 promising
membranes for benzoic acid separation from cranberry juice were HCS0, NFT50, GS; Desal-DK, DRA4510, UTC60
and NTR7250 because they exhibited the large difference in rejection of benzoic acid (approximately or higher 40%)
and other components in cranberry juice, and the high rejection against sugars and organic acids (above 70%) .

Six kinds of commercial nanofiltration membranes, including NFT50, G5, Desal-DK, DRA4510, UTC60 and
NTR7250, were investigated into the effects of the operative conditions in cross flow plate and frame system. Results
showed that, rejection of benzoic acid was significantly lower than that of other components in cranberry juice,
including sugars and other organic acids. In range of 2 - 7.5 L/min, feed flow rate slightly affected on the performance of
nanofiltration. The higher temperature resulted in higher permeate flux and lower rejection of benzoic acid, whereas
rejection of sugar and organic acid was stable at high value. In range of 2.5 — 5.5, pH also significantly affected on
separation of benzoic acid and negative rejection against benzoic acid was observed at pH 4.5 with some kinds of
membranes. It implies that pH 4.5 is considered as optimum pH for benzoic acid separation from cranberry juice. The
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lower permeate flux caused lower rejection of benzoic acid and negative rejection of benzoic acid was observed at low
permeate flux. The pretreatment by ultrafiltration with CR61PP membrane could improve the permeate flux but
insignificantly influenced on the efficiency of separation. The results also indicated that NFT50 and DK membranes can
be effectively used to separate benzoic acid from cranberry juice.
Then, the nanofiltration of cranberry juice in plate and frame pilot system was investigated was carried out with NFT50
membrane at pH 2.5 (natural pH of cranberry juice) and pH 4.5 (optimum pH for benzoic acid separation) with
concentration mode. In case of cranberry juice at pH 2.5, nanofiltration rejected above 70% of benzoic acid and
approximately remained 95%, 86% and 97% of total soluble solid (based on Brix), total organic acids and sugars,
respectively, at 4.23 of concentration factor. With cranberry juice at pH 4.5, nanofiltration rejected more than 80% of
benzoic acid and approximately remained 92%, 91% and 94% of total soluble solid (based on Brix), total organic acids
and sugars, respectively, at 2.89 of concentration factor. Effectiveness of cleaning procedure was investigated and the
result showed that the cleaning with Ultrasil 10 (0.25 %w/v) could recover more than 90% of pure water permeability.
To know the rejection of individual components, nanofiltration of pure solution of glucose, citric acid, malic acid and
benzoic acid with concentration being same with themselves in cranberry juice with NFT50 membrane and Desal DK
membrane were investigated in ranges of 2.5 — 5.5 of pH. Result indicated that rejection of benzoic acid and malic acid
was strongly affected by pH, whereas that of glucose and citric acid was high and stable.
The modeling of nanofiltration to separate benzoic acid from cranberry juice was investigated to estimate membrane
area and characteristics of nanofiltration in practical scale. The simulating result of nanofiltration at pH 4.5 (recovering
benzoic acid) showed that the NFT50 membrane area requiring for nanofiltration of 1000 L of cranberry juice at 3
MPa in 6 hours to recover %0% benzoic acid was 10.023 m’>. And 5733 L of permeate containing approximately 155
ppm of benzoic acid was obtained. On the other hand, for nanofiltration at pH 2.5(concentration simultaneously with
recovering benzoic acid), in order to process 1,000 L of cranberry juice, that requires 9.83 m® of NFT50 membrane area
for nanofiltration at 4 MPa in 140 min to obtain 3.0 of concentration factor. Recovery yield of glucose, citric acid and
malic acid were 0.96, 0.92 and 047, respectively. While, 73% of benzoic acid was rejected from feed and the
concentration of benzoic acid in the permeate was approximately 100 ppm.
The second nanofiltration of permeate from the first nanofiltration for purification of benzoic acid was also investigated
with NFT50 membrane and model solutions at pH 4.5. The result indicates that benzoic acid content in permeate of
second nanofiltration was about 10 % higher than that in feed, whereas the concentration of sugars and organic acids
strongly reduced and became significantly low (lower than 0.1%w/v of glucose and citric acid and about 0.12 %w/v of
malic acid). To recover 90% benzoic acid in 1,000 L of feed from permeate of the first nanofiltration at pH 4.5, it
requires 5.4 m” of membrane area to process in 210 min at 2 MPa of operating pressure. Concentration of benzoic acid
in permeate was approximately 175 ppm. If feed stock was permeate from the first nanofiltration at pH 2.5, it also
requires 5.4 m’ of membrane area to process 1,000 L in 120 min at 3 MPa of operating pressure. Concentration of
benzoic acid in permeate was approximately 110 ppm. I
In conclusion, my research on nanofiltration of separating benzoic acid from cranberry juice indicated that it is
promising to recover benzoic acid from cranberry juice. On technical side, it is feasible to build up an industrial scale
plant for recovering benzoic acid from cranberry juice and use as a natural preservative. However, the economic
assessment is required to ensure profitability of the process. Moreover, result obtained from this research is also useful to
extend for study on recovering benzoic acid from the cranberry cake that is a byproduct of cranberry juice processing.
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A3, K38, F 18, SIASHEK 14@N 5258 H 161 HOEXGRX TH D, MIIBERL
1WPRALNTNS,

+ /%38 (Nanofiltration, NF) [ ZEABEEOESE - HBEENTH D, SBECTRES I
XEIEET 5L, BAAE (Ultrafiltration, UF) E¥EBEE (Reverse osmosis, R0) O
A BOT 5N D. T DXL AN X LIIEIEIR S BERNPRREREICH D EENTVD,
SHOF ) H@HERE T TRIESTIHETH D, MM (BH) OREHEICELSERIFS
P, MOIRNF—MEBRENDLRVWEEOREEET IENS, REEXTIIRLEIBAZINT
VBRI TH S, MATT/ 2BEEIE) B O RENES T, REBLIUOEHFERD
LBWERENER FORIEELTHEIT SN TWS, BIGEEOEIXNF—, BEHDRITAR
EMHORNO T T, ERAR - REEBVMBERNOREL INTNS,

—%., REE® (CHCO0H Mw=122) BRERE LU TEHENIZHRASNTESY, Bt
BicE<EHINTWS, @%. TR IamBsko b L ((HCH) ZEbT5 I & TH
BEN, TOEE /O AR IINF—HEBRENKEL, ELHURKOMEBEN LS HERR
EOMMETOLZAZ2ETHEESDHD, HROCBEIZ MAELI D EWHbNTNS,

PEDz &S, ARIXTIE, k0 SDOAEIICBAINS T TN 1) — (cranberry,
Vacciniummacrocarpon) ¥ a—AWNEBEEZILBHNESEBE (178mn) IT5FTHDT,. Ih%E
BEEET2F ) ABICL L EEAFREANEZZONOTHRABBEEZHANWEZEREET) > VICED
THRIEL. EIX MO ORERER CGEGHBNR) ZEFRMESWMORRIIET S ZEZ2B/W
&L,

1) I5BEOWKRS / 2 BEEEKL. ERERAEOT ) AiB%E (dead-end test cell) 12k
KLU, Ny FERIZTENS O BEEEZFEL /2. el (B : Brix BE 0 E) Or 5N
J—a— AW Brix 8T 10 BICHE XN, & SIS A8 GR61PP (DDS, MWCO:20, 000Da)
ITHILEEZ L2 8ICH /) 2lictia s, EROEER. ROBEA -, ¥HE., B (HEH%
) ko TENS OB THo /20t BRKPOEENE (ZEFR) BELZOMOD
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B (7 b7, B AEE). BIUHERAIOZNSBE, X5I0EAREEEEICH
B U7=#5%. HC50, NFT50. G5. Desal-DK. DRA4510. UTC60. NTR7250 ASBUF/siiaiLr=. &
H2EUT pli=4. 5 ITHBL 2 BEA% pli=2. 5. pH=3. 5 DPE XD HHREVRIF TH - 2.

2) LR THEM BEF /R EREZ R U7z TR S HC50 25 < 6 % 6 SR EE A 0EEICHA
RATRBBEORDAAZTO R, ZITIE. BEEBLUERIEZENESG L TRVELUEH
L7z X2 BRAZBIC K 2 AL OF B D 2[R 57, B L UEIRE S % 2~4MPa. @ % 2~17. 5L/min.
ECEE ol % 2. 5~5. 5 D& TEL S 7z, FMBEEEII LR 1) OBALRAKTH 5. EBREERIT.

BRI 28I K DEILEN T ) A@ONEEER EX VL& =4 5 ICTRBEERD T LR
L. NFT50 & Desal-DK @ 2 A3 5 >R =2 a—2A M5 OEBFREIBEICHNWT VWS Z &%
Mmorz,

3) BIREN/NFTH0 BXUW Desal-DK 2 FANTERDO I 5> R) =P a—ADpH=2.5 L Zh%
pH=4. 5 ICFABE L 726 & Z BRI L7z, pH=0. 5 TIILBEFELR O (E) I 108 TH
D727%, pH=4. 5 TIIH 80K L LTz, FMDmRAOPR S X DR TH o2, iR
BE L OB pH=4. 5 IZBWTERL > Tz, T3, Lk L7zF ) BBOEIE 5 A 7 =
ALITERT 2 DEEZX SNz, £z, EHEETIOEEICBES TREZEATIZ 0L
THEEREN Z KD RIFRICO > THRF TE 5 2 E bEND SN,

4) 2 EEOEBRERERIIBNENETIIND/INT A—FHREZTV, TNSICEIREORE,
NFT50 DEZHWSBE, pi=4. 5. 1, 000L OV T >R —2 a2 —2ZFEH NPa T:EEEL . 6 B
T 905D BFEMERZIT I, ¥ 10 OFIEERSHETH S EREEZHASMTLE,

BEDXDIZ, ARIXTR, 752N —=2a—2An5F )/ 3@ &> TRBEREZEINT %
KREETFTNBEENS T/ 2BPEDTH . HROBBICEHKT DEIX M ORERER

GEamek) ZEHFRMHENE L COBHEZBTOOTH LI LEHONILE, Fimy
TN =P a—ADHEII pl=4. 5 AEIE p £HTH V. BRILZBICLDATLE, X 5ITEH
HIREBLIF DA L - THEIGIROH#E & RIFRER 2 ATEICT 572 £ OEMERICE T 2158
B L THBOFHETE S,
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