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° Cetrimonium bromide (CTAB)
10 Cetylpyridinium chloride (CPC)
11 Cetylpyridinium bromide (CPB)
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Table 1. Specifications of Sari treatment plant wastewater
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Fig. 1. a) Purified microalgae sample b) Microscopic image of Chlorella sorokiniana pa.91 microalgage
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Tabel 2. Range of independent variables
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Table 3. The results of microalgae harvesting efficiency in FesO4/PACI magnetic flocculation process
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Continued Table 3: Microalgae harvesting efficiency FesO4/PACI magnetic flocculation process
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Fig 13. The effect of magnetic flocculant concentration on harvesting efficiency

Sl 5y S Lo 4 a5 e S o o> 095 mhaw 69, 1) Cuie ol ‘Pwyisli%;ls‘@%lf IRV PO

Jbil g Jod cplansl ansls Jols saie )L LS, slo Jolo b auly oo codie [b L oausSadaie &1y ol 05 oo a8l
ol y S e Jaie po 4 g i | Sde g ) sl Jebe e sla )b 155 w0l oo 55,5 e b bosgs LSis 4 yonie
Sl H lays cgaml Lo S ,000sS o Wl S5, il LIS slE )]y oo (il e gouml PH S>3 £
.Ji)l.b H+ 6L{b O UJ‘ g_AJ.’> 9 wl.o..: 6‘;) ‘5).\....“.: MJS L.s‘)':t"“‘" pH 00gde 4O g_i.\l}).v) LSL“JBL-“ ‘ULA) CndS l) ‘o)lo S99
Sals b sas o 2alS K0S 5l eyl Ssliwly pSUldasld 3 oS o i 1) Sl i, slo Joko (v slo,b ol é ol
loasd 15wl oo Gialidl cubls o leadly casms 0 .audl oo mozgial ) Jiol 4 S5, sl Joko ( Ssliulg wSTI andls
oduS Mxie Cude v o)l CuS 5 wied oo lax SUS s I poel) wyhie S sl Joke b awglis o 535
Jobo mezs 50938 OYeiil g J28 () .aiS oo olml o138l 51 Soe@iasl PH s & Soliwly oSl asdls ol b SaslS
Gl PH 5 55515 oaiiSadaie oS 5 ‘615)5.&;@.oﬁ@;;yjjsuT)lfgmloﬁqﬂuﬁj a3 o il Sl 5 o
e Sl ciloy (IS ohl5 g aiS e ool |y (g5lulaz iy 18l o o8l 3055 )5 sloaisd LSis (6l |y (ollae Ll

100
90 : m Control 25/25 m 50/25

80 : m 75/25 W 100/25 ™ 150/25

70
60
50
40
30
20
10

Harvesting effciency(%)

3 7 10
pH

il Lol youmadolio PH 512 VF i
Fig 14. Effect of magnetic pH on harvesting efficiency

\Y



bl 0,3 63l £l L Sl 9y Clld y 21,5 awslio Y-V

S Sl 5, e (Solwly mSUl iSen o b ecaiio [ b slizl 4 e ey S g yegil ojlail b cwedbline &l )3
Bl S > s a4 ()5 sbyial 59,0 bawgs Slge ¢ cmabline ilolaz gl LS o olbml gezd (iS 0 ite
a2s a4 Sl 5, by ol pmnblon casuS e 5l colaiul aigd oo lax  Jsers (gilwaisd o il F Gy sl 4 J1O
W230,5 oolazmsbasl 1o 8y 3ol e5lS > 5l Lye ST L e O 5l pae GlacSlls Bis gl poye a5 Jloj 00,5 o VAV
S3beliz (sl Sloali jsb 4 purbline 35505 w005 Gl 095 ] ook Az gl oSl ) Jawgs J 090 g a5 jshailon
culs males 5l canlids’ olss slylo JT oas! cmaboline il ) IYA] o Jlesl Jposm adgs sl 2y2 ol sloSid>5s, oLk g
oy mhaw Jdods Fe30s (MNPs) comabline G139l dLiwly ol 5o oitud a3e o5 § (5 lub wase solitwl ol el IS
=S 5 LSS 50 4 Ve ls MNP [Ya] wus solinsl acSlla g, cosls sl (slos inS ol dy uurbliiol )l 398
anlllas lodl jgye o0/ Sla 5 ) Elils 0], jo 1) calisee  pwodbline 0,3 9l o, Slee (FJgox) (slaslioe Jgo aigd o ooliiwl
alejl lal i g lacS> 5 ) slaaigSala;luasd glgil asle (goanie Julse a5 gl ol £45 45 ol S8 a5 03Y am0 o 4l 00
S| vowe!

B Sl 3y UL 5o @lisio (cumbliie ©lyd 5 Slos :F Jgux

Table 4: Performance.of different magnetic particles in the recovery of microalgae
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Abstract

Microalgae have the potentialito produce valuable substances for pharmaceutical purposes, as well as serve as a
food source, providing bioactive.compounds and ingredients for cosmetics. However, harvesting microalgae is a
crucial step in the mass production ofivarious high-value products derived from microalgae. This process often
becomes a major bottleneck in downstream processing. It is essential to find effective and cost-effective harvesting
methods in industrial applications. Among several harvesting methods, magnetic flocculation offers the benefits
of modest operation, energy savings and quick separation. This study investigates the harvesting process of
Chlorella sorokiniana pa.91 microalgae using a novel flocculation process involving nano-Fes3O4 coated with PACI.
In this research, we have used the chemical co-precipitation method to prepare nanoparticles. Using the response
surface method to optimize the most important parameters of the magnetic flocculation harvesting process to
check the microalgae removal efficiency, three variables‘of time, concentration of nanomaterials and pH in the
culture medium obtained from municipal wastewater have been investigated. The results demonstrated that the
highest harvesting efficiency, nearly 90%, was achieved under~the conditions of 3.5 g/L FesOas, a constant
concentration of 0.075 g/L PACI, a harvesting duration of 40 minutes, and a pH level of 4. on the other hand, the
lowest microalgae harvesting efficiency was observed under specific conditions: with a composite nanoparticle
concentration of 0.5 g/L per liter, a harvesting time of 27.5 minutes,.and a pH of 6.5, resulting in a mere 22%
efficiency. The rate of microalgae removal increased from 53% in the most alkaline condition to 75% in the most
acidic environment. Highest harvesting efficiency, reaching 80%, was achieved under neutral pH conditions with
a settling time of 53 minutes. Furthermore, the investigated combined method enhances the flocculation
effectiveness of microalgae. Based on the findings, it can be inferred that the efficiency of microalgae harvesting
rises with longer duration, higher nanoparticle concentrations, and lower pH levels.
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Harvesting, microalgae, municipal wastewater, surface response method, Fe3O4/PACI composite
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