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A Study on the Separation of Activated Sludge by Dissolved Air Flotation
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Abstract

An effective technique of sludge separation is required for concentrated activated sludge pro-
cess. The dissolved-air flotation (DAF) has been shown to be efficient process for sludge sepa-
ration. The factors affecting DAF process for activated sludge separation are type and concen-
tration of sludge, air/solid ratio, ratio of pressurized water flow, pressure, sludge detention
time, temperature, sludge and hydraulic loading rate, recycle flow rate of sludge and type and
quantity of chemical aid.

In order to study the optimal operation condition for sludge separation, the influence factors
such as type and concentration of sludge, ratio of pressurized water flow and pressure are in-
vestigated by the batch and continuous reactor experiments of DAF and sedimentation test.

By the experimental investigation, the results are as follows; :

1. For the bulking and concentrated sludge, DAF is more effective than sedimentation for
the sludge separation.

2. In DAF, the critical ratio of pressurized water flow exist. The critical value varies with
the pressure in the tank. That is, according to the pressure changes from 3 to 5kg/cm?, the
critical value varies from 0.25 to 0.67 accordingly.

3. Pressure affects the ratio of pressurized water flow, but it does not show any influence

upon the DAF efficiency directly.

' F

EEE A7 AR St A BRERe] MLSS Bt w2 A5, ke ENitlkes: ¢
Ao SMEct olgich o] MY MAM ez MR EES AAYE HEke WESA.

e kL) R HWE T BT BRI g x 425 REERY MLSS @, <aix e
AR, KR, e Bl =B mEER R AEd Add BESR KBRS EER RBe

*ERR - 2ABRE THAR Mg ATRA
ERE - AR R H-rBE

WEE WMIW-1985F R — 21—



QAR e B BREE A

EiEEd A BAKS SMt A EHEEoEE old S APdx MR LES

o F2

ZRE ebd e R R e BE Bk ] o) BAMe BN =t S
BN WX mEkRE T Bl v X2 2 A mER L aEedE A Bl Y. EEMR

o) EAA wR 2o D}f" o] Helalnt.

EhEYAEE ¥ BODBEEE J-&4 9
2} Sl A HES s BN H K &3 A
7b T¢E o] BEFHEC] YJAA Heh 28z
2 EHEe Ay HBAEL £34 BAWY
E W BifEd keld YREA e Qg
At

BiEee A7 BEE AT =8 #:A5)
BILE A ohistgct EA s Ek g i
BT ¥ FHikoz, MEMMS) MLSS
7} e A, 10,000 mg/l ALY, HEkKe]
BIUERE 2L BRI $HAREE
9 EBSHEET A o] FolAA gErt. <AL
A BERY BB ERTHE A=Y B
oz Eﬁ%m‘%ﬂ BRI E nEERE ki
o BLEoMEEE B A8 MERES W
st RS uHE K#cdA EitstE wholdh

B2 DAF (dissolved-air flotation) EE = 3
2 Fol|Th BAKEd FiM= e Seveen-
Pedeson system™®® o] -z FAloltk. 3% 1960
ERYE FESe A ke MBI L] FIES
71 AFAcr. R Rk G A K4 &
A BAKS BRI BiEd @RS
2= 2 vk, BB T%e BFR RBE &
e MLSS @i 7,000 mg/l LI TFel A& ESH 3
kg/cm® A IEEKE 25% 8 Fe) X BERKY [E
W e skl ovd, Katz 9} Geino-
polos®= DAF K& FIRsle] &8 &
A A& 7§ digester o] {BILEE D] HAHH &
B A& BEE A oL AR REERgel 2}
k.

mEEE B A X BAKY B &
#o] F= @FHVE 1A #iRe B, Ff

ABEKRY HsHE, A/SH, E), WENEH, B
B, ER e AR, RENS EE & Foldt

& HRAAE S 22 BEMET A4 E
Ealow AZ4HE BRAMA MLSSlE, €
B9 R, mEEKEM, BHE #EA7HA
ARG BEAE €& + JE MERL EHES
e naA f. 44 BESR KEE K
B HWAT HEBRTEY BEE kY F EKR
& BHe FAGH-

2. 3k W%

—ffYo. 2 ¥ ki (flotation) o] gk 43 #if (dis-
pered medium) el £3-#cs ### (suspended ph-
ase)o] EEE MEAA FHOES BET B3
2 e BREAA BEAIE BRI,

¥ LR E KRETAA REE orifice
U S EAA B ¥E THESREERE
(dispered-air flotation), AEETFA HHE
A A A HEL FEREA o) Y& & =R
BREE TaAAA FHE BEAYE BExg
k¥ (vacuum flotation)s} ¥iso] EEH-L s}
o BRE BMADLE, o)A KRERE &
A7 el zhaslel shof g8 o 9d
wRIL BASES s MnEERR ki (dissolved-
air flotation)% 3 IS ok, Sk
HRELES E2 gl Bid FHVN4
el EHEY, Bmirkde FATHE B8

ol RKEETANA L BEHE v AR %3}-‘11
HEER HEL BE SEEE B slug
Ao FEREA $E S, nEER RS B
KEEHE) o) flﬁﬂtﬁ] ERY hEEHE 2
ok asin Fikel webA REFK B (total
flow pressurization), BE/K4rik InEEz: (partial
TR K HnME i (total

K LA R e

flow pressurization) %



flow pressurization) o 2 U9}, EHS
SR FHT BARETRAAE =2 HBRX
RS wel WA

* KRAA ¥ EELED, BFR K
Ae FRKE EASE G4 SEES A
o HEEE MMAAE ERAK ERE 6
At :

3. RBME U 5
A BAWS BEKEE dotns 4

50 ©
X

o]

1:@7“1
@ g (9)
¢ ) f
{a)  baftch  system

o] EHFRS WHRS) Kot WWE +93
95

3.1 MkkE

& Ko AT EAR W MR S E
KRERE 29 13 2o BEi¥e SRS
SRS A$ 1 BHEMR A 13.800]5 &
B Arcyl 2 8i{psl o).

LY U woe mEKS BB S
& 9ot g2Ydoz dgon = oo m
Wk HEADS S BREY & A HHn

1) airr compressor
pressure reguiator

<
+ 31 lower saturatlon tank
! L 4} upper saturation vank
3} magnetic stivrer
‘ (,’D E A} water inlet i
jor o 7). pressuye release valve
l\ J ) wat leval indicaim
¢

on pump
notank

sludge

v +
. . |
] @ @ |

@ f%m___

Q) JQ'Q .
o o) ﬁ_]
/"'\ sl
[ L—;E';JJ \_%Lf:-:_. 9
N Y
(by continuous system

a8 1. mERE RREE

£ ez F L B 10om MfRe 2 BEEK
£ R¥s JEE RARES REAS.
Compressor 2 MY EEE Kpo HEA
7171 8t b, T 2B mEHE el
TR WRE WA= LB mEe
2 nEEAE B2 THEME §4H8 BEec. =

54 B3 10854 00

S Kk BriEiE e £ HiE ] Flow meter &
HEAAA MEAXERE WL A=E o
o] JEAE 0.9mm 9 FaAulEL Fed 8L
ol AR

Compressor = EJjo] I~10kg/cm® 77 3
g e e Ao [mEEA i o



= mEkS RBE BEE & A=F BHL
7 %o k.

3.2 XMHE

<94 BEWSEEY BEE ¥ 23] Astd
BT MR Rk HE WL A
et

;o) MY A€ o8 ABCH 37
A o] . |

AR £elA A EESe FiedA
& EEY ¥, EHEKEF/M =0.3kg BODg
/kg MLSS day 2 feeding 3}] #H43 €24
olvl, WEREMEAKS RFe £ 1% 2.

BHE £3A : ERMEH] HHEAAE &
mE %, AR TAE F/M=0.5kg BODs/kg
MLSS day & feeding &}o] 4 LA o,
ERTK Ky & 29 3.

CH <27 : F/M | =0.3kg BODs/kg ML-
SS day 2 ®AF <Al s KA B
B3 F—dh}.

¥ 1. WEEAS R

b | H i & il
pH 3.10

TOC 10, 600 mg/?
TBOD 17, 300 mg/L
TCODus» 16, 600 mg/I

¥* 2 AHTK BE 1159 ROER

o] BE SAARMERY LK SSE W
et

2) IS L

¢ BaR Kig

EHedx BEKY €A SHE BFRR
IR SEEA Y B JelA Kilg 15°C, ¥
LIER MBS 15408 gila, £8A #
i, EEA BE, mEKER, mESER BhE
BLA A o B B BETH(RE O~D)-

EaR MESE KB ohg gAY E 4
A8ttt

O© #EE 92 BAKE., nE#Ed ¢
¢ Ago.

@ Compressor ¢ Flfisle] g A4 B
J1& FAA7 Z BES B& ElEA SRS
el ¥y 15~30 5 RE T BB

Q@ FAlutE(ER 0.9mm)E LERS mE
ER BRIOKE B o Y= HiESHA
BAWS & BAaAA. o4 BAks ERKL
(X E /AR KE) S 2r}

@ 15~20 4 BE A3 §F Tkt #kd
81X W3l g AA 8t

F LS dolrr] sty A AT WHEHEE
2 BHELS o 2.

e O =34 #iRke g

=87 Ml WE B FEE dolrr
18t o2 HEiFo 2 KBS 35

B & = {t1]
Skim milk 100.0
Urea, (NH).CO 10.0
Sodium chloride, NaCl 3.0
Sodium phosphate, Na;HPO,-12H,0 10.0
Potassium chloride, KCl 1.4
Calcium chloride, CaCl,-2H,0 1.4
Magnesium sulfate, MgS0,-7H,0 1.0

¥ E# 17 COD : 132,000 mg/!
BOD : 112, 250 mg/?

1) EHmE:
12 2] mess cylinder o] &8)x EA&MW(MLSS
WEE 2,000~10, 000 mg/)& ¥ 3 FrkEEER) A

X 82 B #
<8 X #l%EH B
MLSS(mg/l)| R |P(kg/cm?)
AR 2, 286 1.0 3.0
4,190 .0 3.0
& REE
cm 4,970 1.0 3.0
) 7, 000 1.0 3.0

K @ €84 @EY BEE

<87 WESLD & FLAE Fold ¢
o~ $3td EEHE 3~5kg/cm? R=1,0°
2 8t3, CH <ejx 2 MLSS B 2, 000~10,
000 mg/l 744 WLAI A BLERE Fo] 2
#HiAk SSE MEsAt.

AL RE AR R



Kk @ mEKELSY BE

kL (R) & BERE o1 BE
<2jAle] WEE Gob 1) S5k EhHE 4kg
/em?, MLSS e 7,662 mg/l 2 8lm R==0.43
~1.571A #EAF A CH €A BLER
H ol HEsdor, Re| Mt HE &
F 2¥A @EE MLSS 7,662 mg/l, R=0.2~
1.5, P=3~5kg/cm® 9] G T #ER £
Bl BEE MBI

g © BEH(P) BR

B hHt(e] & B LA s 8 Lolrr] 4
slo] R==1.0, ¥higesR 15 5, MLSS @ 7, 297
mg/l g 33, CH F8A & P=3~bkg/cm?
A @A HA B ERE ol & REstoch.

¢h EHR B

23 1(b)sh 7 KEE FASY KB 3
Arh. REERY X BEAKAR, MLSS§
& 3,088 mg/l)-¢ HiE Q=300ml/5po 2 ¥k
ol WAAZNF Rl  nMER (P=3~5kg/
em?)el| 4 HnEEASE Wil Q=300mi/SFo g &
L AR}, olw RS MRS
2341l BhE FeAe BE 2 ke SS
+ WEstelet.

4. RBFER 9 BR

4.1 EheRE

E7 i K7 KBASEE g8 o
3 Zrt.

O & Kol AT A, CH &elAe Wk
HikeE KRYE BRE =9 29 2o

A-typs

100

B-1yps

.

L L L L L

T S R T I

. i
5000 10000
MLSS (mg/1)

a¥ 2. €A EER
Mok MWL 19854 9N

2P BE uket Ze] CHE €2 x = MLSS
YERE 3,000mg/l YW SVI=33 o34 FEIEED
o BEE <X Wktte] BIF3} = SVu(%)
(30 577 ¥R <=1 B L 2% Ets)
At of CH £ #&E9 €v4 FA%
HE HRE AR £e8x worme] &8 FYest
Q& o] 4#x worme| o goz Ha] b
Retkol SEEHAICE BFSRstz A Zd .

A% & MLSS#E 3,000mg/l dw
SVI=200 .24 BHLE d2o77] AFF Rig
ol {bRgtke] ARtz FA WES AH e
wpE}l SV & FA 0] Eindt thle) A9 T
g zich o] AR A& pH3. 19 £ 4
2 feeding 814 7] o ¥ &2 EAE#S pH
7} Batko 2 #{bste sP3r} doiyutr] = Fof
2 A 2 o

B <Ay MLSS#EE 3,000mg/l U
SVI=97 24 E# R <eAelx BES
AR wleb Pkt e 4 o

@ A9 WERE 2 o)X BEe i
asste MEgsE 29 33 2ot

00 e SS9
< N qrg9c T T -,
= [ 1
T
& 4. ' 5 A-type
I Y "
sol- 1, . |
S 2286 ~ . _ _ v
VR e .- e X
i 7000 T T T e -
\" *
[~ oAl C-t{pe
- 4978 -
! | 1 L 1 _—
o 10 20 30
BRI (57)
O 2. A s 9 £ BES
AR HE

CH #e] A& W] 43+ WHERM 5
Rl LEEK] HA e ¥oE 62~T8%°1t
AR A & IERetEe] KRS FhRRr:R 8N
o wEl £¥x k@R S gukdict. =3
ZoF £ QARE A #EES AAH
Iz RS 2asw 53], o] RS Ik
o] FREE FHAYLFE Felo] veldd ¢
k.



® &7 WS HEE D LEEY SS
H&e o9 49 2}

00 * 1] T L v

- -t

B o W) Q
N

so}- 50 B
] — o

- 0

. Z

- s

. 43

Wl M (%)

el L "
o 2000 4600 000 8000 10000

FH AR g/ 0 )
38 4 SelA RES pEsmE R LEE SSHE

23 404 A (CH) BAKY FHEL
99% A Toln) LEIKY SS = 16~40 mg/l o]t}

4.2 MESELE XM

o) EFA R

T O oA RS B8

KB OO HRE LB BFd 29 5
st %

Y% em
1004 | W. L.
o a0 A b o ek -
o [ -:_—;—:_-‘ :
L R e
= [N Siael A
= ity
ﬁ; 50k ocd-il 07
o i TR 2
= o P: 3 kg/em
Y,
1o f'a/ R: 1,0
3
Gl gy 2 i )

5 10 i5
PELNERT (1)

: MLSS 4,190mg/l, AX
: MLSS 2,286 mg/l, AR
: MLSS 4,970 mg/l, CH

AR 5 gElA B RS BERE o) BF

28 54 ejA CH #8x7 AM £
Boh BE SRl S B2 BMOHRA
o A3 Eo) (AR £8x 58~75%, CH <
27 83~90%)E iF L¥& & & itk CH £

BA & flocd] §3AHo] F&r] HAfd flocs
wEol AN BEEEOL A 2E 45 R
#e) el ANE RKE, AM €24 & F3br}
deivt floc ] 3ol ofshw floc Atelol FF
of FFEsty) w-Eol FFHEY #e] HlA
CH <eiAd H3le] LGN Holxd).

Kk @ =eA BES BE

W @ o el A MBS RS W M
RE EHIY Frctd 29 63 A+

6.0
E b el .
< 4.0 ~ \XON
£ T,
;-j " o 3 ng/em? =
= x4 o
w 20F
e 4B "
"R 1O
d L 1 ;' 1 4 .
e 1000 3000: 5000 7000

ol AP (mg/ £ )
a3l 6 A BESH B LEE ME

23 6ol glolA BEHEEE €8x RE
uel Eigae 2 #Miksle SeAREST E5E
B LE#E Foldch. oA MEAES BN
o] —E% KHETAAN £8AY 2ot 45
floc o] A&t BrEE) FE7} gl ¥
Bt AR 7] wEolot. ®E, 28 BAR &7
Ao st fuo] ¥ EEEAY RiFigelst R
ol & o ¢ Ed )AL €AY FEIF
4 floc B#s} A e B0 @ES 8
ol W ste] o] o Fol et

HE @ 9 97 Fxg FLoEER A
¥ fERE BEle Fpstd oY 73 2.

28 7oA BLEOMES B8%EECZ HiH
ko] SS & 52~88 mg/l o] gl o WEES #inst
B LomEe Y Rk SSd rAe HE
Ealo] vehvbA @stoh. ¥, HiHike SSob
A3 THUY FEE A AL Bl
kS AR MEK EEIREY THEA 7]
Q13 Aolw MR E Wigel SlolA EEE E
B} Bio) o}

HH O MEKEHL BE

K LORB R R



loo . ¥ e *A e ALy
§ L —
E
ﬁ*} 6o}
gﬁ Lo 5
E
- N A R %
‘ . ) #
o 2000 6000 10000
SE A B (ng/0 )
28 7. g WES BESRE D FHKkS
SS Mtk

Ki 00 HREE gmelg HRsw 29 8
st 2.

ST
l 3 kg/em?
) x4 u
‘J,I‘.A.A. WL, 4B "
o MLES: 7662ma/1
K l USRSt
}; 30 K Lo P
= g
oot 8 [ -
= &L! S e |
| [ -
Wy ! ! d
i fl' 1 l' // ;\;
. / -
lOi e g J— 6.0 S.:(
- 5
f,,'-/ P - 50 3:
T ’ a0
i 1% 4=
! :1{;3,0 -
A ; | ~
9.6 05 10 15 0o
S A It
DB 8 MEXEES BEAE Eol R BLéEd
7 BE WR

23 8¢ SlolA mEEkEC] o1 BAME L
TE AE de €29 BEFET & 4ot
A g 2 BAME DEdAE mEkEe] E4
5 BERE Eol7l Fold4 BLTE RS
BRI & 5 A9 z BRAMEKELE W
Bk A Ehe] daded wek s H#insle

#5% HIW-19854E 9

%L e Ed o)A
2 B =REC] Aol # ol EJE

BEFo) zhage] nt

feol e BE MEARHE KT 3kg/om? o
0.67, 41kg/cm?w} 0.43, 5kg/cm?= 0.25 | %
& 4 Atk o9k o] MEER LMl oiA
A% BES BTE mEXEH]® 2 e &
EY BTe kR Bholst & 4 9k
BR EKEE N E ke #ing
of WPE’r Fheen FE7 ERMHCR Bing
£ &
#d, A/Su)E g eg K 4 ).
.38.(fP—
A/5—1:3 gf )

oA7A, A/S: F—@Ek, mi(air)/mg(solid)

S, 1 mES] BmE, mi/l
f 0.8

P . Ef, atm.

S;

WA E£8R] BE, mg/l
22g 23 8¢ A/SHE FHEMNG ER
3t =g 99} #d)

E 5()}- !
;‘;.10—‘—W ! . .. ’
g 30k T ’ -
25 ool - ’ﬂl ;\{
X — ] =
% L e 130T
ot 407 i3
A5 155 i
MLS1  : 7662 3.0
O B Sy A

A/SH ml/mg > 107
O 9. A/Suld B E BLEdAREY) BLA
& ¥l R

2y 9e 3y A/SHls} F4E BESE
A F=rt Bhwstew o) AL MEEKR HER
H g R golA s wFo)ot.

K @ BhHe B

K @9 #RE &Hsld ®Red 29 10
s} Z2t}.

23 10 A InEKEES —FYE(R=
1.0) 4% BhH#LE <29 BERE ol
o A9 Fg& v A Be-& & 4 gl =



50[

40:— w. L .
—_ s ¢ H 5
I
o 30+
= o1 3 kg/om?
£ x:4 0
-z 20
S 2d ais n
}; R: 10

10} MLSS : 7297 mg/!

L} 1 i
o} [} 10 3
w4

3§ 10. Bkt BERE ol BF

2.8 6o AT MBI} (3~5 kg/cm?) L
Bel Pl 4= A ded ¢+ U2 2
d 7oA BEhHe ol Bk SME Y i
Hike SSef wlAE ddo] A 1&g & F
et

) EHR K%

EEE EFX BRRAAE =2 €29 &
LRl Pl A& BT S LoMS RS S
E HES Aol

KB BEPAAE @iz FLERE
SFEE o] & zheldte] HiMX MER L WRE
8+ et

HRA S HRE E 30 EBFEG we
Zet.

3. ABA mERFL RBRHR
ﬁﬁl%l’—-] MEM | Mk

NES | S5 ﬁhgﬁi
(mg/l) (kg/cm?)| (mg/?) | B (%) (%)

w®

3 455 | 2.3| g5 | AR €34
SVI=269
3,088 4 220 | 2.8) 93 | p_; 0
5 240 | 3.2 92 #ﬁ@&?ﬂﬁ
=234
£ 3elA BE uleh o] AM ] (MLSS

BE 3,088 mg/l, SVI=269)% R=1.0, & L
A TIERER 23 5. nMEK MEH 3~5kg/cm? &)
BT HHX B ERBS ¥ #E 29X
SR 85~93%, B <X ME 2.3~3.2%
T 29.em ojAL B Ml Hid g

fhac] wWolA(ESR MEE 24 SR
& 98% M, ¥E €9 BE 3.5~4.8%) B
Y BEERE 25492 B 5 U

4.3 EHXRMEL MEP EEo| K

2% 264 FEEENeR EHe] F& ¢
HAE(CH) Botstz, ¥E €32 HBH),
BEE ol 8 (AE)E BES Bt
ugl S A7F A WA o] ERSNE
7} Ruyhs A o} |

2% 33 29 5% HiEW Wo BIF
A CEH) BE TRt Etﬁ}% &
4 qich. =3 AK MLSS #5 4, 190 mg/l 9
Fe A &= BIRBE EEE A9 kSR o
v R E 2BRoE2E 35K 50%,
15 Al 78% RE EolE B LsE Ao
u] Fo] Mol WL E SN 2%
Fe|X e} Al Lo 2E S WHEY
£+ & 4 g 2y 28 49 2f 7E 4
adte] B FEl A MR 'R Y n
B Eiko] thio] Fot(98%M4t) BBk SS
£ BHRE: 3%71(16~40 mg/l) iRk
%9 A (52~88mg/l) Rt} Foby g A
& 9% 4 st

5.% W

A2 i #Re A E HARY BHLE
e MEEE KBS e oo 2L BR
€ 494

1) FmHEEsA s BEE 9oz 89 (SVI 200
PAE)Y %58 <3214 (SVI 100 Pash) 2= )
& (8,000 mg/l Ll F) & BEHEBEd Kk
<8 A S o B g Rkl ket 4
A G + It

2) MMEEE Lo fkdle BtkesA BEKE
SRS 2A ¥, 1 BEY BTE nEAE
ool o] ImEEEE ko] BEE JHEStE BAMEX
BT FERT. o BR WMEKELE B
wtel 2R} glor] & RECL 7,662 mg/l Q
o, mEEXENS EKH 3kg/cm®, 4kg/em?, 5
kg/em® o] A £ 4 0.67, 0.43, 0.25¢]5it}.

LSV s



3) MEXER EH BWE(3~5 kg/cm?) =
LR uwhel o] MR MEAREAE BB
W3 2 Ao BESHE BB HENQ B
&L A9 viAA o}y )

4) FEiEee A W|EST Btz B OB D
RE RiFst on 2 4e)x) @ (F, 10,000
mg/t RPN A = &) SEEEL 94}

5) MMEEXE X2 EHiEk il 48X

SHRE A ZFghot, EEKY SSE ¥}

6) EHR MEE LR ESR MEE L
thste] @EEEhESC] <7k o) X R
90% BEolxz, BL X EBEE 2.8% BE o
At

2 % X R
1. D.J. Hahm, J.J. Jende, T.F. Rich, and F.J, Tr-

emel, A New Flotation Aid in a Paper Mill '

White Water System, Wat. Sewage Works, 11
6, 1969, pp.321~324.
. E.S. Chase, Flotation Treatment of Sewage and

[

Industrial Wastes, Sewage and indusirial wa-
stes, Vol. 30, No. 6, 1958, pp.783~7T91.

3. J. Bratby and G, V.R, Marais, Dissolved Air
Flotation in Activated Sludge, Prog. Wat. Te-
ch., Vol. 9, 1977, pp.311~322.

4. BMHE M, BEGRO MESE S8R TRER
g3k, Vol. 16, No. 181, 1979, pp.9~20.

5. M.C. Mulbarger and D.D, Huttman, Mixed Lig-
uor Solids Separation by Flotation, J. of Sani-
tary Eng. Div., ASCE, Vol. 96, No. SA4, 1
970, pp.861~871.

6. G.A, Ettelt, Activated Sludge Thickening by

H3E H3IPW- 19854 9 A

10.

11.

12.

13.

14.

15.

16.

17.

18.

Dissolved Air Flotation, Proceeding 19th Ind-
ustrial Waste Conf., Purdue University, 1964,
pp. 210~244.

BUISEEL S, SR FIA L SHEE B8,
E2E #HAETHR N®, 1965, pp. 119~139.

. W.]J. Katz and A. Geinopolos, Sludge Thicken-

ing by Dissolved-Air Flotation, WPCF, Vol. 3
9, No. 6, 1967, pp.946~957.

. K.L. Roberts, D.W. Wester, and R.O. Ball, Di-

ssolyed-Air Flotation Performance,

A A. Kalinske and R,R. Evans, Comparison of

Flotation and Sedimentation in Treatment of

Industrial Wastes, Proc. ind. Wastes. Conf.

8th Conf., 1954, pp.64~71.

M.G. Biesinger, T.S. Vining, and G.L. Shell, In-

dustrial Experience with Dissolved-Air Flotation,

R.A, Baum and Hurst, Treatment of Municipal

and Industrial Wastes by Flotation,

FHARE, FEREQ), KEEHEM, Vol 10, No,

5, 1969, pp.53~58.

R.A, Hyde, D.B. Miller, and R.F. Packham,

Water Clarification by Flotation, Water Rese-

arch Centre, paper No, 14~5, 1979.

R.F. Packham and W.N. Richards, Water Clar-

ification by Flotation-1, WRC TP 87, 1972.

H. Hopper, Water Purification by Flotation, J.

Am. Wat. Wks, Ass., 37, 1945, p.302.

FHEEL, B LEEEQ), KREEHM, Vol 10, No.

6, 1969, pp.59~64.

TEE, mMER L % KPEE RER AR

7t A e BE 2B L2BE, 1984
(5 : 10985, 4. 10)



