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ABSTRACT

Treatment of Dyestuff Wastewater Using Flotation

Column and Microfiltration Membrane Separation Processes

Kim, Wook
Advisor : Prof. Kim, Sun-I1 Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

This work focused on the treatment efficiency of dyestuff wastewater by
hybrid processes of flotation and membrane. The removal efficiency was the
highest when dodecylamine among three collectors (i.e., 1-hexadecylamine,
dodecylamine, and octylamine) was employed for the removal of dyestuff. It
was also found that the removal efficiency was dependent on the solution pH
when the molar ratio of the collector amount to the dye concentration was less
than 1.0, while the efficiency was independent when the molar ratio was greater
than 1.0. On the other hand, the effect of the flow rate on the color removal
efficiency was negligible under the condition of the Ileast color removal
efficiency of 30% in the flotation process, followed by microfiltration treatment.
Interestingly, the addition of powdered activated carbon into the solution
enhanced the color removal efficiency up to 96% because of the higher

adsorption capacity of dyestuff onto microporous activated carbon.
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B8] (flotation separation)t 4w (dispersion medium) %o /¥ 54
(suspended phase)oll W A3k 7] 3 (bubble)E F2HA1A EA 9} F7]7F Hetaz 3
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_OL
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gyzelA S AEIHH LRI AYALNA FABL) FH Y
$ seEA RPEE ¥ AANZ AW EBE FRHon gAgoRs Fue}

DAF =ZdA A= HAS 7|22 5F
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O-1-2. wA7IEe 772
= oF 10~120 me] Mol EA8tH o] 7|XE= Ao B o)

of 4%8e ANtk ¥ ESYA ATAE BAH 4L e A @

E5 YAkl 7129 H-Z(adhesion)
- 71329 YAretel F = (collision)
- 71X 949 A A(precipitation): o 7]oll= 7]E 9 & A I A (process of

.

nucleation)o] *73t

)

A E S50 o3 A571x9 EF (trapping)

EPPA FEFF UH 7129 FF(absorption) ¥ & ZH(adsorption)



Precipitation of the gas on the solid or liquid phase  Collision of rising gas bubble and suspended phase

=8 o—8

gas bubble has grown as
pressure is released O
s bubble nuclel formation o
solid particle or oil gobule) rising air bubble

Gas bubbles are trapped within the floc or in surface irreguiarities

e “““’“”“Z%“?;’;ZZZ“;

or floc particles
. 8% o
o o O 050 O
rising air bubtie rising air bubbie

Fig. II-1. Schematic diagram of float (floc-bubble agglomerates) formation.
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eI e HE

Fresh water Saline water Fresh water Saline water
—> Semipermeable L—> Semipermeable
membrane membrane
(a)Normal osmosis (b) Osmotic equilibrium
pressurizing

e o

Fresh water Saline water

—> Semipermeable
membrane

(c) Reverse osmosis

Fig. II-2. Schematic diagram of osmosis and reverse osmosis.



Fem /

Permeate

Retentate
Spacers

(a) Flat membrane module

CONCENTRATE

Retentate

S

1= Feed channal
2=Membrane
Permeate channel

(b) Spiral-wound membrane module

(c) Hollow fibre, capillary or tubular membrane module

Fig. II-3. Membrane module.
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HAA AAEFETOZME cellulose acetate $] ol W& polyamide & H| x4 AF=2
22 Adx JiEEoe] gon HA Y (plate and frame), ¥ (tubular), YA
(spiral wound) ¥ 3 AF (hollow fiber) 59 EEo] thwpH e Ry Aol o] &
H3u Adn?. FEAEL dHg e AT FEAE URoREE FiEol wA
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Cross—flow filtration
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Influent — — Effluent
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Fig. I -4. Membrane separation process.
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pore size TE B3 B2} (molecular weight cut-off)e] xzfo]7} itk HAt&Ew
(reverse osmosis membrane)®] pore size ¥ EIFEX#HL 0.1~1 mn (<200 &=}

2ol a1 g+9] o ¥} Y (ultrafiltration membrane)< 5~50 nm (300~500 E=}=F), A=
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o= 50~1000 nm (>500,000 #AFH)Z2 T8 Qv H NFE2 ta =&
g 9 AE " (loose-RO) S 2 pore size’}t >1 nmolw, & =
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29| « oleEd — « EBoE >« DA EE =%
24|« {71 & - « E{Ed -
754 — QFEAE -

Fig. II-5. Useful range of various separation processes.
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Table II-1. Comparisons between Membrane Processes

Membrane | Micro and Ultrafiltration Nanofiltration |Reverse Osmosis| Electrodialysis
MF, UF NF RO ED
L Macromolecules colorinity, |Ca®*, Mg”* ) . . .
Rejection L . . . |Single charged ion|Single charged ion
Turbidity and Virus Multi-charged ion
Pore Size > 9 nm ~nm ? ~nm
Operation
< 10 bar < 30 bar < 50 bar
Pressure

Application

Removal of turbidity and
colorinity

Potable water

Potable water

Potable water

* Removal of turbidity in

* More econamic

* Most popular

* Not economic

groundwater than RO when TDS is
* Potable water higher than
* Most economic # Hard to remove| production 5,000 mg/l
mono-valent ion| with brackish
Ete * Hard to remove low water * Hard to remove
’ molecular weight organize |* Removal of (TDS<10,000), trace organics
pesticides seawater
* Combined with powdered (TDS=35,000)
activated carbon * Replace RO
* Ultrapure
water production
n-2-2. ¢+& WAJUYS
SR o]Ze FE HwAYUFA #ste] @ ATt o] ghov oA 7tA
THEI A g e vk MFY UFd 2 A&4xHs 28 AT L2+
sieve mechanisme] Qlth. o] EAL Z3 UYxo] FE7t Z A A7 Aol o A

HZ2HE0a BReEd & 2249 2771 v58 JEFo] Lol ROY NFd oz &3
HE @4 A9d £ vk o 348 (resistance in series) AL sieve
mechanism< 7|22 3l RE92A4 ZH2 J& 9g#E Ao gtz =(Ry),
2dF[Ry) 2 W AolZFR) AT T FAH=(n)o] wol vl
=3

/= n(ﬁmi;;—l—/?/) ey
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E3 ROd F= ALH= WIUFds Fa2Z2Ev 7Y F(hydrogen  bond
mechanism), A&#HEZ ZAAHFF w7}y Z(preferential sorption-capollary flow
mechanism) 183 £3]-84F W 7}Y & (solution-diffusion mechanism)e] ¢}, 4
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Fig. II-6. Hydrogen model for water transfer in cellulose acetate membrane.
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HIGH PRESSURE

H,0 Na*CI"H,0 Na*Ci™ H,0 No*Cl™ H,0 Na*Cl®
H,0 Na*CI"H,0 Na*CI-  ~ ~ H,0 Na*Cl~ H,0 Na*Cl

__________________________ BULK SOLUTION
- - - - - - - - - - - - - - T T T 7 77 ( PHASE

6 7 T W0 NaToIT R,0 Ne'Cr
20 H0 H,0 H,0 H0 HZC;’ Ho0 H,0 H,0 H,0 H,0 ) INTERFACIAL REGION

OF APPROPRIATE
CHEMICAL NATURE

CRITICAL
PORE DIAMETER

JA¥20 H,0 Ha0 Hp0
Hy0 Ha0 H,0  H,0

TH0 Hz0 Ha0 Hn0
Hy0 H,0 H,0 H,0

ATMOSPHERIC PRESSURE

Fig. II-7. Schematic representation of preferential sorption—capillary flow mechanism

for reverse osmosis separation of sodium chloride from aqueous solution
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A48 24%e ¢EA, FEA L AR Fo 22, of A A ax

1) 714 &2 ¥ (Gas separation)
g o] & VAR ATE 19471 FRHEH FgEo] 204]17] Fuke]l o] 2
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3) 94 %" (Reverse osmosis)
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= oEaan. A2 e ¥4 o 2daed Aduys wegew
A BT A E EA4-F A (hybrid process)e] o] 543t 9t} Table II-20
AANA7E T 4F LH=2H ol Agstrle Age dite 4T AHAES U
g elnh
Table II-2. Application Hybrid Process in Membrane Separation
LYEH HH ol g7ls &g TA stolBE = FA
A&, A 5 22 Bipolar, ¥4, A7 %4, s}t d X 2] + MF/UF
oo == of 7w} A} )
SET2 (o FEaA) Membrane contactor(MC)
ANETA Bars 472 | $2F, AEd Bioreactor + MF/UF
XA FIE Nk MC, T3z Absorbent + MF/UF
ZE AT LU= e e E, AFEe Bioreactor + MF/UF
5t ] of 7}
aEAF] FIE gl 9] of 7} Bioreactor + MF/UF
(o el 4)
ZRo= Aot ghe] o]y Chemical + MF
(F14, 714, FA)
A2 (10 m 74HA]) A o] 3} Chemical + MF
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AMA. Ad A5 L 49y

m-7. 28 A=

M-1-1. F3%Eg e 2o A AA

AR 2 (flotation separation) 2 ¥ &

B

H A 7 3.0 cm, ¥°] 30 cm? columng 4
A gtRe] AR A &S] Abgstden, AFA7I7E 10 md] 9FE Al 7
iﬂv‘f—%ﬂ(gas diffuser) 2 &712 FY3AT Columnol HAAIZ F7] FHHFS
2E AdoA 7A FHA(gas flow meter)E FA3do] 100 mL/minl & -f % &}
ATt Sodium dodecyl sulfate (NaLS: &% 90%)¥ Junsei Chemicalrl % sodium
oleate (NaOl: =% 98%)% Aldrich ChemicalAl2] A% & collector® Ab-4-3} 93 U},

2 gl A Z37] 935te] Sigma AFY G7IA 932 Basic Yellow 28
(BY) ¥ AHEE< Direct Orange 31 (DO)E& Al&3stgom, o9 FxAL
Fig. M-1, 2o YetArt. Az w55 AAs7] $189 Shimadzurbe] UV
spectrophotometer& AF&3te] H U FFEApa)oll A EFHFAE A4S & 2A

stggom 7zt Ao HAEFEE 440 nm (BY) 2 427.2 nm (DO)o]t}.

K}

M-1-2 #4245 32l BalFgol od 4 A
-7 9 (flotation column) W-ol 4 7] =FL 100 mL/min® = U A 57
FA39 21 collector® Aldrich Chemical A2 lfhexadecylamine(—ffE 99%),
dodecylamine(= = 99%) % octylamine(=%= 99%)= Al&3Fdch. 2 F8 08
Azst7] $18ke] Sigma A2l WH-EA 9 E <l Direct Red 81 (Fig. M-3S AF83%
o AR FE =A< Shimadzu A% UV spectrophotometerE Al-8§38lo] ZHof
B % (Amax) 508 nm (DR)OIA & FHS AT F SA A
Ao (MF) "2 2] & A4 ol uhe pore size 020 m, FEEWA 4,667
mm?9l By oln] REW =49 Table m-191 YEFH T w2 g ol
A dAFO/W), FEEAd ] dAE F8dd EuRddus F
A2 (W/PAC)9E FY3HA &2 A5 (WO/PAC)E AH&3H4 Tt

°
o

ook
>~
-
ofo
e

of
N
iR

Ho

jinss
rt
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N—N OCH; Cl

CHs

CHs

Fig. IM-1. Colours removed from solution by flotation separation:

Basic Yellow 28 (C.I. 45048).
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HsC =N N=N OH

SOsNa

Fig. IM-2. Colours removed from solution by flotation separation:

Direct Orange 31 (C.I. 23655)
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SO;Na N=N N=N SOsNa

HO

(e}

Fig. IM-3. Colours removed from solution by flotation separation:

Direct Red 81 (C.I. 28160)
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Table IM-1. Experimental Equipment for Microfiltration System

Equipment Material / Model Size / Range Manufacture
Feed pump SUS 316 1 HP Procon Co.
0.2 /m
Membrane Ceramic Channel : Monolith Dow Danmark Co.
OD @9.02 mm x 229 mm
) Stainless steel
Housing OD @15 mm x 269 mn Dow Danmark Co.
/ T-70
Pressure gauge - 0~6 kg¢/cr Sl 3} 87 &
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m-2 43 ¥y

M-2-1. #7422l o3 4 AA

F714 A=< Basic Yellow 289 A AAE&ES dolr7] fsto] oz st
71 Y4 AH(mineral particle)& AEst=d F2 o]&5H+E Sol& collectorq! sodium
dodecyl sulfate (NaLS)¢} sodium oleate (NaODE AF&3l9tr. Zhzbe] & oo
collectorE F93te] 102 F<F 200 rpm o2 wwHkd & 747} 300 mLA 3o 3
2 w8719 columnol FY 3L columne "HEoA F7]E Bojyo] A AA

Fetdt. 45492 1000 mg/LZ WY stock solutione A Z3 & 3

>
e

[e]

= T
Asto] Aol ARESEAT. 7] A R E 50 mg/LE &2, collectord] &=
of e A A& vAs FFS A7) Adl collectord] FEE @R 8o
tatel 10 mg/L, 20 mg/L, 30 mg/L % 50 mg/L= W3AA dEsilon,

X

collector®} A Fx ol =ZH[E 02~187hA WHIA A HAAS NPt 7M &
ol EHE ZAFSII U 3 NaLSE S99 M7t S w pH7F 5~63 kA
w3, NaOl> pH7} 9.00= 47tg|Ad & = 7] wiio |99 pHel WE AAES
ZA}sES

AggdozHE Mo AAER%))E 271 = Cm)t tAZF T2 F2=(Cy)
T3kl b Al s AA A

o

et

C/ﬂ//_ c b

c . x 100 (m-1)

R(%)=

mM-2-2 2AA4% Adcze 23 o3 A A7

AAg e RAFAHAHE Direct Red 819 A Al Ao Abgd  opvlF
collectorE-& 1-hexadecylamine, dodecylamine % octylamine°]t}. Q88 A&
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1,000 mg/LZ ¥ stock solutione #|Z38 T 3]4]35to] Ao ALg3tt. %7
A g 50 mg/LE 3L, oY FE &

o 0.1%(v/v)e] gkl &afA7 FAsAtt. Collectors H7F 842 102 &
oF wwWkalk % 300 mLE 3] columnol ¥z A AA AIS P35}
Collectorg9] Fol=Fo] A AAL v x= dFES FASH7] Y5l pHE 4.00=
TdsA AN L FAFSE 0~20 mg/LE ThFstA BSAI7|HEA AHE 79
stttk e 8o pHZF A A& mAE FFE A $1dte] pHE
40~8022 W3A 7] A dodecylamine?] Fo%S 0~20 mg/L7HA 57121 A pH
of e Hof AAES] WsE AHEA

2
=
e
ofo
o,
o
(d
fu
O
ﬁ
o
2]
=
ol

>

m-2-2-2. 344349 2234

MF3 Aol AaAF(0O/W) 2 dAgHE Also] 224 SS FYst9S 45
(W/PAC)St F93HA4 ks AF(WO/PAC)H we wie A4¥s Fadstarh
S 12~14 L/mino2 AFAHoH, ¢4 25 kgyem’
1C=2 FA3t2 99 pore size= 0.20 mE A5t o] e F32
e GFE AR T AHE 98te backflush A& A A sfo
= B E JfHstEA AdSE FdstAo Hid =4 10, 20 2 40 min "R
backflushE 5, 10 ¥ 20 sec 5¢F AA 9 om, backflushel AgE 2729
el 25 kgi/em®ol A A8 Falato] backflush®] F7] 2 7]7ke] wiE uhe] 3

H
BEg 2ASY

2
T
[>
=2
=)

_35_



T~

ANV 23 2 a3F
V-1. F4&gd 9% A AA

NalLSe] FolgFa Algbe] wE A AAES A 23 Fig. V-1o YERY 3L
5ol H7F#o] 10 mg/L, 20 mg/L, 30 mg/L 2 50 mg/LY wl ) AALL 7217
40%, 80%, 96% 2 99% = NalSe FojgFo] &5 M AAZ 2 5o
Folgk 5 8% ool A A ALl HAHE HEWHAT. Fig. V-2014 & F+ A%
o] NaOlS FYste] AL AAY o H7F#Fo] 10 mg/L, 20 mg/L, 30
mg/L 2 50 mg/LY A% Aol AAES 7}7} 42%, 60%, 85% 2 93% = Fof &
o] T7tEFE AAEo] Tt A, 719 & ol Ho A A& =St
Collectorg H7betA] &2 FAAPdAAE A AAE] 8%AEE wf-¢ v o
Byt om NaOl Bt} NaLSE #H7tetds 497 o 8540w Aol 2 AAHS]
on NaLS9 NaOl& €9 10~50 mg/LZ H713 wf FitAda d7ej4d S o
Rnow, Z+7: collectors2] A AAEL 40~99% % 42~93% = FAFSHA UERS
of, agmz Ae AAGT] Y3 FAAHAA collector =EE AA 9L vz
W pHe M2 93-S XA Fevds AS 4 5 Aok Fig. V-39 e
o] NaLS+ F <Ak &EH]7F 0.6914 96%, 1.0014 ol 99%7FA] #| A ¥ HbH,
NaOl2 0.6°1 41 70%, 1.0o14 FHdl AAEL 90%= NalLS7} NaOlEth A& &7
3 AAG=E o Z&AAT. NaLsSE 7 dAe =¥)7F 06~07 A=, 5 A

%7} 50 mg/LY W NalLS T %S 20~30 mg/LolA E&Holgls AL 4t

o~

o 99 AIdAAzEEH S84 9485 YAE AFAHLE F
S0l collector® 4T A% column? AHFolA S3H HHAEZo] WAsIe A
o] AAY AoE HQIT}
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100

80

60

40

Colour removal [%)]

20

0 4 8 12 16 20
Time [min]

Fig. IV-1. Colour (Basic Yellow 28) removal by flotation as a function
of collector concentration [mg/L]. Collector; sodium lauryl
sulfate (NalLS, pH 5-6), initial colour concentration; 50 mg/L
(1.45x10 * M), gas flow rate; 100 mL/min.
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100

80

60

40

Colour removal [%)]

20

0 4 8 12 16 20
Time [min]

Fig. IV-2. Colour (Basic Yellow 28) removal by flotation as a function
of collector concentration [mg/L]. Collector;

(NaOl, pH 9.0), initial colour

sodium oleate

concentration: 50 mg/L
(1.45x10 * M), gas flow rate; 100 mL/min.
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100

ey ——Nal s
= 80 —ill— NaQl
=
>
[@)
£
@ 60
5
2
8
- 40
=
E
=
= 20
0

0 02040608 10121416 1.8

Collector : colour concentration [M : M]

Fig. IV-3. Effect of collector : colour concentration ratio on colour (Basic

Yellow 28) removal

50 mg/L (1.45x10 “M).

by flotation. Initial colour concentration;
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V-2 R4APd Aol BaFAH @ 4 AA

N-2-1 324 24%F4

=
N
~
~
41
Im
it
o

)

H ¥3lo] @& A AAE

Fig. V-40] 4 ¢} zo] pH 40«] T8 do 9 mg/Le collector® H7FE A A A
A& oA octhylamine® dodecylamine %78t S uwl 8% o]uo] H AAEL
7+7y 60% % 65% % UElH ¥hH | 1-hexadecylamined #H7Fe A S Ho AAEL
30% A== wj$ A Jeryth Fig. V-50] yebdnlel o] Fdd  pH 4.09]
Fgdo] o} F FoIHL 9 mg/LolA 14 mg/L2 F7HA120 A& A A A
&5 M3, octhylamine2 60%°l A 97% %, dodecylamined 65%°] 4 99% =
7 e v ol F T 7 1 AFE S 7R 1-hexadecylamineS Fol @ uwleo] A
A&LE 30%1A 63%= F7stArth. Fig. V-4, 59 Ad Aol oJstH ofnlF F
7FA A A Z&o] L AL dodecylamined S ¢ AAT. ol F o HIbH
A A A wAE JEFe B ALE #FEE] & pHE 4002 dA
SHA FAAIZIAL, A A A ZEo] 7Y 9 dodecylamine®] Fo wE WSHAIA
Aget A3 E Fig. V-6°] Yedde. FoJFo]l 2 mg/L, 5 mg/L 2 9 mg/LY
o Hdl AAEE 47 35%, 50% 2 656%=2 FolFo] TUEFE Frtstd o,
14~20 mg/L o] @ &S H7ME A fo Ao AAEe] EF 9% = ofF =
A ety FolgFo]l A AAE A FFS A= Aom veput =3 pH
6.09 8§ Ao A collector FoAFE WA A AP ZA3E Fig. V-7 HEeES
t}. Dodecylamine® Fol#o] 2 mg/L, 5 mg/L ¥ 9 mg/LE ZF71&d+2 FHo A
A&E 747 28%, 35% % 60% = S7FsE o™, dodecylamine®] o #Fo] 14~20
mg/Ld W Hdl AAEL 9% =2 EFW T Dodecylamine?] FofwFo] 2 mg/L, 5
mg/L % 9 mg/Loli, &° pH7F 49 64 W Z7te] A A& W3l= 35%00 A
28%, 50% A 35% H 65%° A 60% = pH7} T71E4F A AEo] iAo,
14 mg/L o4& H7lstds A fole AAE] pHel #AGle] BF 99%= LhEL
wrth. Fig. V-8 Yebdnlel o] 2 mg/LE 789 S W pHYF 4004 82 &=

2
il

filo
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Zderol wel A A& 35%0lA 20% =2, 5 mg/LE H7EeA S A $-ol 50%c°l
A 271% %2, 9 mg/LE HA7ME W= 65%lA 53% % ZHAsto] Fofwko] 2~9 mg/L
oAre= A AALe] pHel oEste 2oz YElyil, 14 mg/LoldS H7bstd <
woll &= pHoll &3t A] ¢a pH 4~8 WA BT 99%<] AA &S YERY ST

V-2-1-2. o}9F YAFAHF 2L d5 o e A AAE
Fig. V-6~89 ZAx=z Hol A A Ao <9loJAx dodecylamined AT

(critical dosage) 14 mg/L&t+ RS & 4 U3, dAIFAHF o]stoA= 2 A

ot

=

7A&o] pHol 9<E3% vk, 1 o] oA &= pHell &4 Fevde AE & F 9
AT, A AT Fel 14 mg/LE collectort Mol Eu)z Ao 100 FEetm
2 Direct Red 81 (DR)¥} o}%l &7} DR + RNH> — DR-RNH.¢| ez HF-$-3}o]

Aol Aol AAFE Aoz 44T F AT Fig. V991 vhehdntsh ol
W7k Ae 100149 W 2E pHEANA b me A AALE

y
i
iy
S
i
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100

g0 | | —@— 1-Hexadecylamine
--O- Octhylamine

80 | | —¥— Dodecylamine

pH 4.0

Collector : 9 mg/L

= 70r

S

< _N——v—v——Y
§ 60 [ v O O-eene
£ " -

s / O

o

o

o

Time (min)

Fig. IV-4. Colour (Direct Red 81) removal by flotation with various

amines as collector (9 mg/L).
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100

90 ~ -
//V/ ©
80 v//)y B
O
~ T70F /
= /
‘©® 60 r
>
£
o 50
5 40 + -
o .
5 /
O 3o : —@— 1-Hexadecylamine
-+ O+ Octhylamine
20 —w— Dodecylamine
pH 4.0
10 Collector : 14 mg/L
O 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
Time (min)

Fig. IV-5. Colour (Direct Red 81) removal by flotation with various

amines as collector (14 mg/L).
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—@— Collector
100 — - O Collector
—w— Collector
90 | —- Collector
—l— Collector
80 |- pH 4

12 mg/L
15 mg/L
19 mg/L
114 mg/L
: 20 mg/L

Colour removal (%)

Time (min)

Fig. IV-6. Colour (Direct Red 81) removal by flotation with dodecylamine

(at pH 4).
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—@— Collector : 2 mg/L
100 — - O-- Collector : 5 mg/L

—w— Collector : 9 mg/L

90 || =+ Collector : 14 mg/L %/
—l— Collector : 20 mg/L ./
80 pH 6 —

Colour removal (%)

Time (min)

Fig. IV-7. Colour (Direct Red 81) removal by flotation with dodecylamine
(at pH 6).
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100 = = o =3 O

90 —@— Collector : 0 mg/L

~-O-- Collector : 2 mg/L

(; 80 —w— Collector : 5 mg/L
O:’ —/- Collector : 9 mg/L
g 70 | —— Collector : 14 mg/L
) V= — o —-- Collector : 20 mg/L
E 60 v |
3 so0r -
— —~
8 A
c 40 \\
> O V‘\\
E 30t O e o ~—w—_
= > P00 o v
= 20t o

10 +

3 4 5 6 7 8 9
pH

Fig. IV-8. Effects of pH and a dosage of dodecylamine on colour (Direct
Red 81) removal by flotation.
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100

9%
~—~ 80
S
g 70r
£
G 60F
3 50f
3 e
40 - Sy
g /// @ pH4
E 30t 7 ~O pHS5
s % —¥— pH6
= 20F —7 pH7
—— pH8
10
O 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 16

Collector : Colour concentration [M : M]

Fig. IV-9. Effect of collector (dodecylamine) concentration on colour

(Direct Red 81) removal by flotation.
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V-2-2. 4235 2254

V-2-2-1. PAC A7t @& A2 gdo A AAE

Ay Tl AFEE collector T A AAE] P GHA YEpd
1-hexadecylamine®. 2 A2 FE&H4S MFFAA FUAl THEs AHYE
Table V-13} Fig. IV-10, 1191 YJeFH AT Fig. V-100] vebdale} o] 443
259 4HFol A FHS 12, 13 ¥ 14 L/mino 2 F/IAZFE AN 18 F
I} F dHFO/W)e] FHREYE 2 AAET A Re] FEHEARS Hbet A F&
7 $-(WO/PAC)St #7kat Z-(W/PAC)e] F34Z e~ 242t 151, 172, 1.83x10° L/m’ - h
2202, 221, 2.42x10° L/m”* - h ¢ 173, 1.82, 1.91x10° L/m” -

=
!
o|\
N
-~
ol
oL
32
o
:‘(3

A F A AALES 47 13, 10 2 10% 2 %9 ‘%}oﬂ o2 AALEe] e
M2 zpol7t YA g Ao AFHJY FHFE 12 L/mine 2 dAIA FAA
20 4% 1,40 2 100 mine] Algto] Axs Fo AALELE 747t 13, 16 E 23% =
Z7he e A A 5ol BdaAes HbeA 42 4-$S(WO/PAC)H =
ZFo] 12, 13 ¥ 14 L/min¥ w 1% A3 & A AAELS 77 22%, 22% B 24%
FFe] Wale]l ME AALY P BFHA FUT. F%Fo] 12 L/ming
1, 40 2 100 min®] A]zto] 7 Fo) AALL Ztzh 22, 38 F 44% 2 ERL
AAG FaFo] el Azte] ARTFE=2 AAL] T4TS & = A AdA
g Ho EdEAdESs Hrbe AS(W/PAC)O oA+ el 12, 13 2 14
L/mind o 1% 73 A&L 247F 85%, 90% 2 87% = o] Wato] ut
2 AAE MAE dFe A2 A@AHA gl frEFo]l 12 L/mind W 1, 40 2
100 min®] AJ7te] A} Fo AAEL 717 85%, 0% % 96% = = YEFR S

W, oA EEEAge |20 EddAdeted FHE =2 AA

lo

40\.
=
2

jin
o
o
o
Ho
N

o
=
o B Ao AgRd
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Table IV-1. Removal Efficiency of Unit Process

Pre treatment Post treatment
Process . . .
Concentration Flotation with
(Orginal 1-hexadecylamine MF-PAC
wastewater) (9 mg/L)
Item ] .
Final . |Removal(%) Final . |Removal(%)
concentration concentration
pH 7.6 7.3 - 7.2 -
Colour 50 mg/L 35 mg/L 30 1.4 mg/L 96
(Direct Red 81) & & ’ &
SS 804 mg/L 515 mg/L 36 10 mg/L 98
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Permeate flux ( x10° L/m*h)

(O Flow volume 12 L/min
Il Flow volume 13 L/min
[] Flow volume 14L/min

... WOIPAC
= _:_:_:_:8 W/PAC
— $— O/W

1 1 1

20 40 60 80 100

Time (min)

Fig. IV-10. Effect of flow rates on permeate flux.
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Rejection rate (%)

100

o ——g==—-A====8 WPPAC
04 _—CO T T " g——
B_;:,—-l-—

80 A
01 (O Flow volume 12 L/min
60 - Il Flow volume 13 L/min

] Flow volume 14L/min
50 1 WO/PAC
40
30

20

10

o/w

1

20 40

Fig. IV-11. Effect of

60 80 100

Time (min)

flow rates on rejection rate.




V-2-2-2. A2 o399 packflushol W2 F3}Z

Table IV-2¢] backflush F7] % 7|3te] W& F3Zg2o] R s Yyl
om 108 Ho # 24 F backflushE 5, 10, 2027 AAsAS W LA
(O/W)et dAeg g Alge E2d4es H7beA ¥ 4+-(WO/PAC) B H7He
B5+-(W/PAC)Y FHEY 2~ 3|8HLE== 217 606, 61.5, 63.3%% 65.1, 66.5 67.9% %
82.1, 839, 89.7%= A|Zto] A= vt MHgH7F 5HA YEE T T3 107 5
2 4 % backflushE 5% 2 FdstA AAeAS wl AAFO/W)ek AdA e A
o BugAgers HrbskA @2 A$(WO/PAC) 2 H7bek 4 $-(W/PAC)2 F3
ZY2 IEEE 47 606%9F 65.1% 2 821%= EEdders YT A s
A= F71E0] FAE o HEBETF b =A e 208 Fok ot &4 ¥
backflushg 5, 10, 2023 AAJstH S ol LHAF(O/W)e dA e Alsd 4
Aers H7bskA 22 A (WO/PAC) 2 7k A9-(W/PAC)Y Fo&9
T 47 587, 601, 62.4%<9F 587, 619, 65.6% = 775, 793, 874%=Z UEY

=
backflush 7]7te] A2 2 A5 g347F 594 <4 & U

J
[>
e

Table IV-2. Degree of Recovery with Backflush Time

Initial flux

28 x 10° L/m* - h
(Pure water permeate flux) 8 x 10" L/m

Operating times (min) 10 20 40

Backflush duration (sec) 5 10 | 20 5 10 | 20 5 10 | 20

O/W 60.6 | 61.5 | 63.3 | 58.7 | 60.1 | 62.4 | 50.0 | 54.1 | 56.0

Degree of recovery

(%) WO/PAC | 65.1 | 66.5 | 679 | 58.7 | 61.9 | 65.6 | 53.7 | 56.0 | 58.7
(&)

W/PAC | 82.1|83.9|89.7|775| 793|874 747|779 | 79.2
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(1)

(2)

(3)

FAHS Ao 2y g% @AHsAe ddEA=ZNTH OE5H

TR A A A ZaE gotetr] fdte] o] AW AL NalLS
5 #H7Fste] Basic Yellow 289 A& AAT A 9-ol = collector FHS 10
~50 mg/L2 FZ7FA1 7ol uegt AAEL 27 40%~98% =2 Y EFL collectord]
ol A TS & 5 AMew, pHY Wt wE JFS A9 vE
WA erskth. NaLSE #H7Fet s W A A7 &2 collector T+ =3 A F i
o] EH]7F 0.69014 96%, 1.0914 99% = Y EINEo W NaOlS H7FsslS W
0.6014 70%, 1.0o14 90%= EFR . NaOl ®Btt NaLSE FY3 4% A

AAZE] o 3

o

AMA T A agEe FHA7 A FAAEYE EETAHoRE AAFEG oA
Ao yut BlFgdor FAs AT FAAH Al 3T ofdlF
collectorS #H7}3te] Direct Red 81 (DR) 21 AAES 3 AgoA
dodecylamine® 2 A2l A A A AL(99%)o] 71 $43HA YERGoH,
collector o] Fr} A Fxo| Eu]7} 1.07] %o A= pHel &3k o 1 o]
Fl A= pHel oEsHA 2eS ¢ F AAUTE Dodecylamine™ A F %
o] E4¥] 1.0, F dAFALEA 14 mg/LolA 7FE a&4d 02 o] AAHNL
™, 0] 21 Direct Red 81 (DR)¥ ¥ 77k DO + RNHs — DO-RNH:9] 3 &f
B gkgsto] Mol AAEE Aow AbmETh

v

BaAdE BalFAol AL collector T A AALE (30%)°] 71 WA LE
~hexadecylamine2.2 A2t & A4S Adogya BFAd FYAA
o] Wl e A AALES dugE oS el A gkon

(0]
o
FEde TEEAATS WU A Fole =2 AAE (96%)S HEF AT

mlo

AR

°
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