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Specifications of the membrane used for this study.Table 1
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Fig 1. Schematic diagram of the Lab-scale ultrafiltration setup used for this study
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Table 3. Four models of membrane fouling proposed by Hermia [1, 26]
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Fig 2. Effect of feed pressure, flow rate, and temperature on the permeate flux

Loys 0ns (65t Blads 5o iaVUl,3 Lad slaas! L quulSo ~Y-Y
e gloJoe o adly (ool JLs cw) 5l bole @bl 6 )0 b oy 9590 Ll 1S 51 S5 5o 0 sl Il S
A8le ojlail 31 xS g5 o3lail glyls aST oDl il )3 (ddlie o asbiwt slawdl cdl> ool eolaiwl (V) Jaaz o ouls &l)]) Lo o
L oS 09d o0 (h9l5 5 (5398 x> Rl 4y Ml pax 1S L a3 S (o0 15 Mlie (chomy s ;0 S
stz BB sb 4 el o3 ilie LolS sl 3,50 50 sl oo a3l 0 bl cls sl Leé 38l | o Lial33l
ol Sl Sl pailSe (pzl 55 el ol s oS o Sgias |y Lt ey Lyles s o g 009y L S8lis o3l 51 25,59
FRYFRVLOWE NP Wy L.:).m o3lail ghyle Lae ddlie 5 Mol ol (ddlie Sl slail cdl> (gly aisS ol Sgas 1 d3L 210
J s conlply ol ainlys jitase 008y g S i 3g0us g9 (nl )3 1) Blie (295 BB 5k 4 Ol D)5 ez
Ble 51 5550 B el Ol S5 9500 S arlilid S 5 e (2815 e SuBIS L g o L
ooy SIS g 3y, Jlie IS 5 4 oad ST K5 Y apce K5 e ol (55, S @Y S 5 azis
b G55ln e bl oaibige RalS dBlol Coglio Jdo @y sl gl jle onlpln b oo Gl o] culs il
Sl 505 ks lae 3l ope g kg b o b imie o) loj a2 J 7O Jl50s (R Siian oy e s
aailSo oo lis IJG T o 5l (o0 9 kp bas oo b by cn p INT7T Jlages o laibin] sladl Jow oyog Sle
Alie slaws] Joo masilSe (090 e Sl s 5 4 lo) o> ).3]_2 o ] Gl lages ¢ ddlie JelS sladl Jue e
2 R (Sed oo polin I s J52 5 gt s 5l G2y s ke 5 Ki (oo lacad LSS gl il 5 Sle
05 ¥ ¥ Gladss jloges o bl o,5e JLad aw jo adly (ool )Ls 5l ol mls poad (53l (s slalages 51 S5 5o
S 53 (RY) (Siaed cupd (392 50335 Canl 55 4 ¥ 285 18 oy 0 )90 Sladl L sl (a5l
(1) sladses )3 oud &l (Sonon ulpd 4298 b Cosl a3 )3 plonil e (55l osims (LA Sy 0e 4 (Dbl 0 90 Ll
Crpimads ol S gl il Sl LI aanlSo V0 DAF 5 ) STy Lid 15 g Lo g STyex o cilien Lyl o (F)
5] slaloges ;0 F-0C slos Vo ML/S STygs oo Vb bar ) Sgs jLad Luld 10 Siaced colpd 4 axg5 b
Sl pailSe e Ay dslion i b S gl y2lid 5 o dlie Sl pilSo «(C,0-F5 ¥ USE) (o) o 2 J 72
BB o Lae 38l J31o a5 2ol 1,3 54,9 9 F2OC (sloo ;0 STye5 a4l 55y (2alS & e o |y eduay () 0l aseine
Sl oo ;0 aS ol Coi Lid Jlad mhaws o y05 2alS g Ve ML/S Lo azgi b S @Y LSas 51 8 g5l e ayl

ool 0ais oamlice Lid mlaw (59, S Y iy o LSS 4 ax gl b ST i

Yhar jLid 5o Loy a5 ki Gub p dlowdl b loges (V) Jsio
Fig 3. Fouling mechanicm according to Hermia's theory at 1 bar
Vo bar jLid ;o L yp as ki Gub w5 olowwdl o yloges (F) JSi

Fig 4. Fouling mechanicm according to Hermia's theory at 1.5 bar
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Fig 5. Fouling mechanicm according to Hermia's theory at 2 bar
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Table 1. Specifications of the membrane used for this study

Unit Quantity
MWCO kDa 3-3.5
Membrane pore size nm 30-40
Initial flux* L/h 3-20
Operating pressure bar 1-6
Maximum temperature °C 50
* With pure water at 25 °C, 1-6 bar

Get ol 53 odd (1 b a0 sa3T (1) g

Table 2. The designed tests in this study

Run Pressure (bar) Flow rate (mL/s) Temp. (°C)
1 1 10 27
2 1 15 27
3 1 20 27
4 15 10 27
5 15 15 27
6 15 20 27
7 2 10 27
8 2 15 27
9 2 20 27

10 1 10 40
11 1 15 40
12 1 20 40
13 1.5 10 40
14 1.5 15 40
15 1.5 20 40
16 2 10 40
17 2 15 40
18 2 20 40

Lopa golgin ol il Jue 5l (F) Jgae

Table 3. Four models of membrane fouling proposed by Hermia [1, 26]

State no. Hermia's Model Concerning equation | Schematic diagram
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(A) Standard pore blocking J7O5 = J505 4 kgt
Standard blocking
(8) Complete pore blocking Inj™t =InJ;* + kyt
Complete
(pore plugging)
(€) Intermediate pore blocking Jr=5t + kit
Intermediate
(D) Cake filtration JE=5t + kot
Cake filtration

b ot oo 5055 Gl 1 VIS 1 b 53l B 1 (6)

Table 4. Effect of clarification by ultrarefining process on the physicochemical properties of date

syrup

Physiochemical & Microbiological Properties Date syrup (Control) Permeate of date syrup after UF
1 TPC (mg GA/g) 571.10+15.32° 387.96+9.74 °
2 IC50 1.8840.10° 1.6840.12°
3 TSS (°Brix) 11.55+0.18° 10.5940.18 °
4 Turbidity (NTU) 259.50+16.31° 42.95+3.31°
L* (lightness) 28.7742.66° 48.11+2.47°
Color c
5 a* (red/green) 3.491+0.21 0.87+0.22 ¢
Parameters
b* (yellow/blue) 36.1045.47 ° 29.58+4.53°
6 Pectin (%) 4.39+0.23° 0.02+0.01°
*Different superscript letters in each row shows significant difference between the P< 0.05.
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Fig 1. Schematic diagram of the Lab-scale ultrafiltration setup used for this study
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Fig 2. Effect of feed pressure, flow rate, and temperature on the permeate flux
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Introduction

High cost, energy, and water consumption, waste discharge, and environmental pollution of
conventional clarification and decolorization methods of fruit syrups such as using lime, resin,
and activated carbon affected their efficiency and effectiveness, greatly. Therefore, membrane-
based process has gradually become an efficient separation technique for the purification,
clarification, and concentration of various fruit syrups due to its unique separation capabilities,
high output, and low energy consumption. The main problem associated with the membrane-
based separation process is the reduction of permeate flux during operation due to concentration
polarization and membrane fouling. Cake or gel layer formation on the surface of the membrane
or increasing the osmotic pressure at the interface between the membrane and the solution and
reduces the effective driving force are the results of concentration polarization. The membrane
fouling causes membrane destruction, reducing productivity, and increases operating costs for
washing and replacing the membrane. On the other hand, the use of membrane purification and
clarification of date liquid sugar is of great importance because it excludes the use of chemicals
in the clarification of this product and produces an added value and superior quality product.

The aim of this study is to prepare clarified date liquid sugar from depectinized date syrup. In
addition, the effects of different ultrafiltration feed parameters (pressure, flow rate and
temperature) on the permeate flux and fouling mechanisms were investigated. Hermia models
were used to interpret the membrane pore blocking conditions in order to investigate the details
of the fouling mechanism.
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Materials and Methods

Polysulfone membrane with effective surface area (0.0096 m?), pore sizes (30-40 nm), MWCO
(3 -3.5 kDa), and initial flux (3-20 kg/ (m*.h), pure water at 25 °C, 1 bar) was used for
ultrafiltration of depectinized date juice (DDJ). DDJ was purchased from Pars Minoo Industrial
Company, Tehran, Iran. The feed solution for the ultrafiltration clarification was prepared by
adjusting the DDJ concentration to 11.5 wt% using deionized water. The different operating
conditions include two temperature levels (27 and 40 °C) and three pressure levels (1, 1.5 and 2
bar) and three flow rate levels (10, 15 and 20 ml/s), were performed. The mass of permeate flux
as the main output parameter of UF was determined by measuring its weight change over UF
time At. Hermia models, including standard pore blocking, complete pore blocking, intermediate
pore blocking and cake filtration are used to predict the fouling mechanism of membrane due to
purification and clarification processes.

Results and discussion

Clarification of date syrup in different operating conditions in 16 different modes were done with
ultrafiltration process. The results revealed that the temperature, pressure and flow rate have a
significant effect on the permeate flux and the final achieved transparency. Therefore, the
effectiveness of the operating conditions on ultrafiltration membrane fouling mechanism based
on Hermia models were investigated in the plot form to specify the different parameters of the
models. The results showed that the change in the operating conditions will cause a change in the
membrane fouling mechanism. Cake filtration, intermediate pore blocking, and standard pore
blocking were the evaluated membrane fouling mechanism in the considered operating
conditions in this study. In the most examined conditions, the cake filtration mechanism was
identified as the dominant mechanism of membrane fouling in the ultrafiltration clarification
process of date syrup.The comparison of the physicochemical properties of clarified date syrup
under the selected conditions (pressure 1.5 bar, temperature 40°C and flow rate 10 ml/s with the
highest permeated flux) shows the reduction of TPC, TSS , turbidity and pectin in the final
product incompare to the feed were 32.06%, 8.3%, 83.4% and 99.5% respectively. Also, L*
parameter value increased from 28.77 to 48.11 during the ultrafiltration process, and a* and b*
parameters decreased from 3.49 to 0.87 and 36.1 to 29.58, respectively. According to the results
of this research, the use of ultrafiltration membrane process in optimal operating conditions is
suggested as a suitable method for clarifying date syrup.

Conclusion

In this study, Hermia pore blocking models were used to evaluate membrane deposition in the
clarification of date syrup with the ultrafiltration process. The results showed that by adjusting
the operating conditions (including temperature, pressure and feed flow rate) ultrafiltration
clarification of date syrup, it is possible to achieve proper clarity while maximizing the
permeated flux, despite achieving the appropriate physicochemical properties of the product.
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Although the maximum permeated flux during the ultrafiltration process by choosing the optimal
conditions of feed temperature and pressure affects the transparency of the final product, but the
high clarification of date syrup are achieved at very low permeated flux, which it is not a cost-
effective process. However, the performance of ultrafiltration process is significantly better than
conventional thermal and chemical purification and clarification methods. Fouling analysis was
performed for all clarification experiments using four Hermia’s models to identify the
appropriate fouling mechanism. Among these four models, the cake filtration mechanism was
determined as the dominant membrane blocking mechanism during the clarification process of
date syrup.

Keywords: Date syrup, Electric field, Ultrafiltration, Color removal, Clarification, Fouling
mechanism



