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SRR I

Chemical mechanical polishing (CMP) wastewater in se_.mic'onduct'or
manufactor)./ is characterized as exiremely stable dispersion of
nano-size silica. Generally. coagulation- flocculation and.
sedimentation processes arec employed by most of the semiconductor
manufacturers in Taiwan. This treatment needed large area for the
sedimentation tank and take long time to separate the precipitate and
~clean water. Dissolved air flotation was recognized as a method of
separating particles in the early 1900s. Small air bubbles are formed.
by injection of pressurized recycle water into a flotation tank using
“special nozzles. In this study, we use dissolved air flotation (DAF)
process combined Nanometer Bubble Generator (NB(’])lwhich can
pfoduces very small bubbles. This study is divided into four parts.
The first section discusses in fundamental properties of CMP
wastewater and nana-bubbles. The second sectlion is devoted to
control pH value by adding acid or base and recycle ratio (R). In this
section we do not add any activator or collector. It is expected that
there must be some relationship between operational parameters and
removal efficiency. In the third section, we add both activator
(aluminum sulfate or ferric chloride) and col.lector (NalOI or CTAB) to
measure the removal efficiency. In the final section, this study will
fotlbw the conclusion of first two sections, and confirm the best
dosage (activator and collector). All experiments are design in
Design of Experiment (DOI:). Use central composite design for the
second and final section, and 2% factorial design for third section.
Experimental data were input to Minitab software for analyzing and
plotting. By DOE method, this study would have minimum trials and
gel complete analysis. It is found that CMP wastewater is very stable
because of adding dispersant. Bubbles are at a size of 30 to 5000 nm. -

Bubbles diameter less than 100 nm was 25.3%, and less than 1000 nm



was 80.1 %. [t was gquite obvious that particles are smaller than
bubbles. Results in second section showed that pH value had no
significant impact on removal performance, but the R did. In third
and fourth sections. the result showed that the activator, both
aluminum sulfate (150 mg/L) and ferric chloride (100 mg/L) had good
removal 'efficiency (turbidity and SS). And combined the collector
NaOl (10 mg/L) had lower TOC residual concentration. With proper
chemical and dosage, herc we used aluminum sulfate combined CTAB,
had betier removal efficiency (turbidity < 5 NTU, SS < 0 mg/L and
TOC residual concentration < 10 ppm ). Finally this study verified
that flotation technology combined NBG process show much potential
for the treatment and possible rcuse of CMP wastewafer. But there are
still some aspects didn'l investigate about chemistry interface of the

bubble and particle.
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Abstracy

(I Introduction

Chemical mechanical polish-ing (CMP) wastewater in
semiconductor manufactory is characterized as extremely stable
dispersion of nano-size silica. ~ . Generally,
coagulation-flocculation and sedimentation processes are
employed by most of the semiconductor manufacturers in Taiwan.
This treatment needed large arca for the sedimentation tank and
take long time to separate the precipitate and clean water.
Dissolved air flotation was recognized as a method of separating
particles in the ecarly 1900s. Small air bubbles are formed by
injection of pressurized recycle water into a flotation tank using

special nozzles.

(2)y Methods

In this study, we use dissolved air flotation (DAF) process
combined Nanometer Bubble Generator (NBG) which can produces
very small bubbles. This study is divided into four parts. The first
section discusses in fundamental propertres of CMP wastewater
and nana-bubbles. The second section is devofed to control pH
value by adding acid or base and recycle ratio (R). In this section
we do not add any activator or collector. It 1s expected that there
must be some relationship between operational parameters and
removal efficiency. In the third section, we add both a.ctiva.tor
(aluminum sullfate or ferric chloride) and collector (NaOl or
CTAB) Lo measure the removal -efficiency. In the final section,
this study will Fo[iow the conclusion of first two sections. and
confirm the best dosage (activator and Clollector). All experiments
are design in Design of Experiment (DOE). Use central composite
design for the second and final section, and 2K factorial design for
third section. Experimental data were input to Minitab software
for analyzing and plotting. By DOE method, this study would have

minimum trials and get complete analysis.
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(3} Results and discussijons _

s found that CMP wastewater is very stable because of
adding dispersant. Bubbles are at a size of 30 to 5000 nm. Bubbles
diameter less than 100 nm was 25.3%, and less than 1000 nm was
86.1 %. 1t was quite obvious that particles are smaller than
bubbles. Results in second section showed that pH. value had no
significant impact on removal perf,ormance,'bu‘t the R did. In third
and fourth sections, the result showed that the activator, both
aluminum sulfate (150 mg/L) and ferric chIo_ride (100 mg/L) had
‘good removal efficiency (turbidity and SS). And combined the
collector NaOl (10 mg/L) had lower TOC residual concentrati‘on.
With proper chemical and dosage, here we used alumiﬁum sulfate
combined CTAB, had better removal efficiency (turbidity < 5 NTU,
SS < 0 mg/L and TOC residual concentration < 10 ppm ).

(4) Conclustions

Finally this study verified that flotation technology combined
NBG process show much potential for the tfeatment and possible
reuse of CMP wastewater. But there are still some aspects didn't "

investigate about chemistry interface of the bubble and particle.
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BNt EhTabRRMME (CMP) RE B2 2 dH Py
M - BAHATHERGB ARG T L EIEAELBLERAEER
ﬁ':F@wtﬁwﬁﬁﬁ~%ﬁaaﬁggiﬁ‘ 1996) -
Lm%ﬁmm@&ﬂ%ﬁw@ﬁﬁﬁ&mimﬁﬁﬁm’me@%
ay I 5 B B (reagent) > %#a%iﬁ]%@%i&ﬂ&?ﬁféﬁ%@ v — Ao 1A
BR@hdTiodiEue B 2-1 (BRE 1997) BE MK LS (wafer
wmmqéﬁﬁﬁﬁe-%%ﬁﬁﬂTﬁs%m@%(WMMQ

pad) » AL AR dEH - L REFE A BR (slurry) REER L



FORBLAGEFIR A R R T
1L My oI R ARk 2 ) A

(GEE R DI R I A ﬁ:—#ﬁéﬁ@%t%&l@iﬁ%ﬁ%mﬁ{’ﬂﬂ &y F 38 4t B
ﬁaﬁ%@%@mw@%ﬁrmﬁﬁé&mﬁmﬁﬁ&~ﬁa~&ﬂ
RANAFBOBE pHRHNAKABHTORAHES -AEER
@%ﬂﬁ%&&%%%%@%'ﬁ%@@?ﬂﬂﬁﬂCMP@&%%

AEEBEE (FRE - 1997, Dejule, 1998) o

Phiss 22
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B
{PPolixh Pady

- S
—— W aker
¥ ."i} “Ht I -

tarrier; /
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i B P larem
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B 2-1.CMP 7~ & B (k% ' 1997)



B a2 A X0k E AR

2.2 o B B R A

CMP R —fasgrAmmEMAEAABREELEDTHRE B
AEPRAOET - —BErRBE - HELOEE C RBORAL P
REERE B EHE ALK -B22ACMPREZAER

(# > 1996)

(mpﬁﬁﬁéi%%ﬁiﬁﬁm%ﬁ’F%Wﬁﬁﬁ(Wm
slu'uy — % CMP #% #F & B+ & (Post-CMP cleaning wastewater) - £ %
2 kR kiﬁ*ﬁﬂ ER Z%EH R T BESBEMARE - AR
Ei.tﬁ‘l’fa’ﬁﬁi}? CARFEMm T D HERERE SN CMI; % F ik
%ﬁ;%%~%%%*tﬂﬁﬁw%m&pHﬁ%&%’&%jﬁ%

ot R @eE AR E M R k2 KN

~%%§~MW%*?@ﬁa%H@ﬁ&%ﬁ%%ﬁ°E¢m@
&ﬁ@%m#ﬁw~#@ﬁﬂd(& & LM ﬁm(%épHﬁ)
%&%ﬁiﬁ%“%&%%&ﬁﬁ@¥MAﬁ*(%ﬁ%%ﬁ%%
~ﬁ@’mﬁﬁMﬁﬁﬂﬁﬂﬁﬁuﬁéf&%ﬁﬁ%ﬂﬁﬁzﬁ
# oo gk b ﬁMLFﬁLM%$H%iﬁzmzhmm HEES

S A B TR CMP R M AH 25 EH LHEBNT A



ERMELERG KN ESRI Y
LA MRS R R AR B AR

R—M MTHMEBE LR BFEZ S b B AeHs
EMEHBIEAROEY - & 2-l BLLARABB AT 4 E 2
P R HEBAKESEABR  FEALES R CMP
REMABFAELZ RS ARAERNE  CLTBAREERY
%%z%z@*mﬁ(%;MMp%%’m%$$%ﬁﬁ%ﬁﬁ-m
ﬁﬁ%ﬁﬁ%%ﬁiﬁ'&ﬁUM%&%*?%%%%&%%%%'
-@ﬂ%TﬁﬁwﬁwM%%-&&mﬁgsﬁwﬁmmﬁ%ﬁM%@

# 5 it £ (Golden et al., 2000) -

B 2-2.CMP H 8 me (K 1996)
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>>. ‘SOpIXO'1] pUR B| & Bz 2

HO ,ﬁ._um LD ° THN “O8'H “ONH 4H ‘ 930
YOIDH “f0O%S *,"HN "HO'HN ,,,,.oz_.mof .ﬁo._v_ TOUNM e S Ukt

‘ {0IZ 102D TOUN OV FOIS Y2 # e
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W ¥ s | W W
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BAMAEFREH S FFETE
e o B Bk Z 4 A

& 2-2 %Jﬁ%ﬁ!ﬁ@éiﬁi’.&}hﬁﬁ o W L 7 4u f:\%%%’r@fé&yx
Bt iER (PHE A 8.7-99 e $EE A 100-300 mhos/cm Z
BR o B A A 100-140NTU» F s @#4 8 017 um tt-—*ﬁ&ﬂiﬁﬁ.@i‘%’ﬁ.
a‘-‘nM%? TEFME IR EEMH &G éﬁ#s‘i%m (-42; -47 mV) o
ﬁ@@f&ﬂ@%r}arﬁ&%{méu (pH {a% 3-5) HEk B E A (66-115
pmhos/cm) B # A (59-77 NTU) %tk /€ & 5.8 B & # & F ¥ ig
(0.‘19um) AR MBEERAGH R EET M AEMEM pH EAFR L4

HRAE

% 2-2.CMP ﬁfﬁr{z%i&&ﬁ'

A Y A 8 AR B SRRTE
PH {1 8.7-9.9 35
ETE (;,Lmho.s/cm) 100-300. 66'—1]5
A (NTU) 100-140 59-77

F ¥ 42 (um) 0.17 0.19
REEM (MV) -47- -42 -5- -1

F 5 4 % (mg/L) 1000-2000 750-1000
ek e g (mg/l) 0-6 >30

R R R
F (2001).

Maag ¢t al. {2000); Chen et al. (2001); Hong et al. (2001);
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s S EE B AN CMP R AMKA LA A
9’]\-‘}‘-%%’3’?—‘:}‘%}&:'57 Mg s E - BIALRERERE lﬁﬁ-i%—z
BEEA CMP RA T St  ANBB&REF THEHEAKR
Y3 M ME LA O A RARAENABR - EREKE
BN SR LEER S migﬁﬁmn%ﬁé(%’MM)aés'

A 2-4 7—5'; CMP 8k & 52 4% i 2 4 % tb & -

BATE MW ¥ S E Yy Rk ﬁﬂﬁ-i&‘zﬂiﬁ%ﬁfﬁﬁ CMP g Kk =
S BRSUIHEM ARG RALERB I L KBEREARE AR
BeoK Bl o B R A AN R E R RBRARS & R A A
E R ROE SRR - 5 OR #} RERESRTREELES
(Zouboulis er al.; 1995) B AL EABP S AL D EBLEF » FR
%Wﬁﬁ%%&m@mﬁ%zﬁ@ﬂoéﬁuﬁﬁﬁ& 1A
CMP Bk 2B i i ok F R BRLMERA - Bob Ast £ X 2N
HMEMBEEAMALTER KWL E  EHELEANESTR T ELLER
mw@%m@w&ﬁﬂm'mﬁﬂmw&%%$%ﬁ&&#&ﬁiﬁ

2 CMP BRFABRMEH H 4K -
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FoF MG UKE AR

2.5 ER®E
(1) 5861

AR R ARANRE S ® o BB GAHA RS R AR
A A L “H:%#ﬁ'&;'&ﬁ%-f%ﬁﬁ?i R E R K DNZA/E R AR
IRZBEEY M EFESREDMUAFSRE  LED r8EH B8R
8z H i (Hall er af., 19;95) s M EIEMRERACELS F K 1 T4
B 5B Y R F Mk (Dissolved Air Flotation) ~ 4 ¥ = £ % B &
{(Dispersed Air -Fllolalion) . ?Eﬂ?-’yif- My (Electrolytic Flotation) ~ fo 4%
% F L H 5 (Electrostatic Spraying) & ¢ 4\:# TR R R
PEMERFRE  ALAXANLEMEAFRAAE - BRER
FHERAABERAANERSARBY  FRELRBN - LR
NTFRBRE SR R AR EER AL R o LN A
iéflﬁiﬁém'l‘ﬂ_ﬁ@ﬁﬁk ' Wffﬁﬂﬁ.iﬂﬁiﬂ%éﬁﬁi&%@ =0 4
RMBE R - BB ME fﬁgf%ﬁ%:ﬁ%ﬁéléﬁﬁ‘ﬁﬁﬁﬁzﬁhk—%ﬁeﬂ%

(Matis er al., 1991) s

(2) iFM ik 2 3 1F 4 %
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FHCRR A T E T
wﬂ%t&@%*zm%&m

@E AR FR 2R E BRTHEEMERRE - RRAS

ﬁpHﬁzfiﬂ&%MMﬁﬂﬁkfﬁ’Wﬁé&%&% A

B

A ZEBAD AKRSA L BMEAMEE  MEZRE - Bk
ﬁ@iﬁ%ﬂ*ﬁﬁ%'ﬂﬁ?ﬂ+%&m#ﬁﬁﬁ$m& 8 2 B
F .45 pH @ (Heinancner ol 1995)~ M B (HEE - 28 -
&AL B - 4 &l #) (Somasundaran, 1988) ~ R &4 ( u:€+ﬁﬁ“~ a8
EAaFRX  BAERAS - ABLAERL REAAHERLZHAEKE)
(Caceres et al., 1993; Eclzwald; 1995} -

b3

I BRERES

SEmBRt  TRLAOHEBRIEAEARKRLSCERAIREBF 0 b

B2 dhd A ﬁﬁiﬁwﬁ¢’wmﬁ$ | &
C=K x P
LAY  C BapainedeiEs P ALHBHEHES K

BEMNATH - F RGP Th  REEMERRHNAEL AR

REECHBERNATAR RTEZHESHEAALARBY  —288F



[ A F X i Q)

FHEAER  BTASL ST MHAL LRAR  TUE P H&F

T

E
-
(o

2. fE b 8

AELABAT IR w22 R A A LA RELNE4H EXABR

BE N2 EAE R R AR OO R ERH I - TAA4T

A4 138 (P -DHR
s X

b ¥ 0 A/S N R e zmﬁ’mym”

Sa: LB AR - mg/L*atm

;‘ﬂk

fr AOERATHEREHRAF
Pr#8HREAH - am
X B#imEE  mglL

R @R £

ERABREALFALHMTRE  RMAREE S 0 AERR

Lot B XEBMROA AL QABTRLABHRR %
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£ A BACHIER M E B g
‘ft‘# Bt ot ’E‘f&?}\z_l’»‘i O

WAEAS  RAELEEH B ERARE T8 Y
3. pH &

~EBRARIEB AT D AT AY pH ATHRELAD
EH AR AEBENMF AN TRE c BWE pH & TH#
TR IARFAMK  wii (Cu)o £ pH =485 Cu® » £ pH = 10

% Cu(OH): -
4. KB EHE B AEE R F

EEBBEY B THIERG AL &5 56 E B R

%R o T’Tﬁ\%'f‘_ Bl % 46 (Somasundaran, 1998) :

a. HEH (collecton): A X B LA SR FREE  TAHNBE L
SRS T TR P TR R

b. A28 # (frother) : I%}—If}_ﬁfﬁéaﬁfaﬁi;eﬂiﬁﬁfé E,ﬁ/ﬁkﬁ’]aﬂ.f*.

c. &1t B (ac.tivalor) E AL B t$J ﬁﬁhﬁﬁ W RN EAEAF N R

RASLEZOHS i RFaRFE -
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d. #p ] &

{(depressant) :

Bl OFLH SRR B IR AR &) B B -

o it it %

B R R R

B % i ad Ui E AR

FREKE R B KA

(3) %‘@r&ﬁg;r_:T-:L;-;-M\Jf""‘f,k;?i[;tgﬁif{ &uf{ 2.5 B T o

£ 2-5.

BT RFR LR S H L (Edzwald ef al., 1995)
B %] | South {Finland [Netherlands UK. Scandinavi | & § %
% B Africa a
FRRESMH [1-4 3 ().()'~2.i _ _ # 1min
(min) 5%
MR BB K [40-100 B 50-100 _ _ 8.8
1 & dr (m/
ht)
TEEE K A B [5-11 2.5-8 9-26 _ _ _
{5 (m/hr)
Recycle. % 6-10  |5.6-42 16.5-15 5-10 10 20*
# % B A 300-60 300-750 |400-800 400-550 |460-550 800-900
(kPa) 0
SRR E o AR E R R A A 20% -
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’-"r"i"f"iﬂfﬁ. A A TR
b 5 B S R AR 2 B R

Eﬁ%i*%ﬁ%%%ﬂﬁ%ﬂ Bk Eg ¥y CMP B
(& - 2000; @ m(1ﬁ£§%uﬁ%zﬁ%ﬁw%i’§$%m

— XA FZHEHAFLH T EE i{f*?ﬁﬁﬁﬁﬁ:{ ii“i% B gk o

T

A& THRE ARG 5 F 28

-L

& ﬁ&&&wﬁﬂéz*%%TMA
ﬁﬁ*%ﬁ'ﬁiﬂiéﬂuﬁé@%ﬁﬂmmﬁﬁﬂﬁzﬁﬁ°@
AU EZLRANRAMNAA AL AE BRALAZARZH
m%ﬂ*@ﬁﬁﬁﬁﬁﬁﬁ@@‘w%zﬁﬁ’ﬁ%ﬁﬁﬁ%%ﬁﬂ
—1’1‘@% CMP Jgkz 2 F - jﬁi:ﬁ’)‘ﬁﬂ%‘%% CRAREABKREHA

Z T 4T e

2.6 RAELERHE
(1) fit 4 &R

MMMmﬂHmMWU%ﬂﬁmTﬂﬁﬁﬁ%@ﬁ%?&ﬁm%
i&ﬁi*wmfa'iﬁ%@@&:%~%&%%ﬁmwﬁm
(nucleation) Frﬁ R AEFERZE > T RKEEM #ﬁ&ﬁiﬁ.
Mo B A - BRME G R e SR SR A A

Ade o LR - MRS R B o AREME - ER R &



R EWRARAREOMA

fBAMGOBALN — & RALEEFHILARALZHS &S
(coalescence) * AW LB FE MM K » AL AL SEHX L 0 AP

R PR BIR-AA® (BAM) - dheb P R R o
‘U)ﬂ&ﬁi.f%zwh

226 AFRAYAALALRBAEEL LR BHAHLBSRZ
BA A (Diffuser) T R A B S AMTEOHARBLEZALAUAL XA
ﬁmzﬁﬂ»E&ﬁmgizﬁmﬁﬁomﬁ%zmmﬂﬁ%ﬂﬁﬁ
2'-%_1?']" EE T A4+ RENH TS5 £ 655 },H-Tl il Z & 7 (Ahmed and
Jameson, 1985) - e M iw A b A A M A — AT H ?ﬁi#ﬁ‘fﬁ ' B A
¥R H Z e A /el)?;_ £ B AR EHAL R (electrostatic spraying}
(Shin and Yiacoumi. 1997; Burns ef /.. 1997)« 3t % » L TH AH TR
i rr &2 & fltmian 2 M 10 2 180 um Feﬁz_ﬁ,‘}@, (Shin

and Yiacoumi, 1997) 11_{-5_3’5 CECI SV e B A Tl (s 10 E 80 um R 2

- I ) (Burﬁs el al.. 1‘)07)! {e1 E{ﬁ/ﬁﬁ“ﬁ‘ﬁﬁ BRI o AR

%ﬁﬁ%%*%ﬁﬂéi%~%Tﬁ%ﬁ%@%%£ﬂ§ﬁﬁ%%'
EARBRABCB-BAAPMHEORREDERE  BRH S

EyRGE T B A R R ”?’i #

h#i

(<lpm) HRb LB HRERE

RFEREMAAZROAARN SO M Z LIRS - LTUHEERXEGH#



BRBALFRRENE SO X
AL S O R R 2 B4R R

MEeGMH PROGYERM 2B E - TREFEASGFRAR - &
S U EWEN TR FHBRTERARLI FOER

WA

This is the time

. immediately after pressure
%% release.  No air has

*e e b precipitated yet. but
nucleation centres are
present upon which air
could precipitate.

This is the time
immedsately after all the
excess air has precipitated

® & 00 - out of sotution. . During
® o @ ' - | the time of air .

o0 ¢ O tun precipitation, the

qcleation centres steadily
' : grow and the pumber of
bubbles stay constant. No
bubble coalescence has
occurred yet,

. A @ : AFLEP tie, DO MOFC aiF iS
O - precipitated, but bl_;bt_ile_s
0 - grow in size and diminish
@ in number due to bubble
) ‘ coalescence.

B 2-3. flibtei4 &4 X (Rykarrt and Haarhoff,1995)
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P 2N ANA BT

£ 2.6 FABXRAELBHREEL K

B EE AN | BEILET ﬂiﬁ
{1um) |
ok BLE £ B <l | HGMENE| Y ESGHERSF R
(A5t %) 2a
M FAE A A 100-500 YR X1 Aquatic Services
Microbubble Ceramic Plate Corporation
—Diffuser
B RE 40()6 % £k Septic Hydro-Tech
Forced Air Diffuser
PBAE S B 50-100 | eEEd OHM Remediation
| Microbﬁbble generator Services Corporation
MEELER 10-180 | FHEHAM |  Shin and Yiacoumi
Microbubble generator 2 (1997)
MILELS 10-80 | HREMAM| Bumnseral (1999)
Microbubble generator 24 |
i 2 K B R AR 75-655 % ¥4t Ahmed and Jameson
(1985)
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AR AT L T %
TSR O B R K 2 P 5 A TR

(3) /b gty £ 2 1% A

E R P o BURE T4 & M A (entrapment) ~ &K & (g.rowth)-~
4% (C_oliision) 45 % (adhensionm)E # @ F4H > & — @
@%’Eé&%¢iﬁﬁéﬂ%@%wﬁﬂ@ﬁ@ﬁﬁﬁﬁ?ﬁ%ﬁ
FoRERT ARG AUAY TS E ST BB R AR
# # & (Edzwald, 1995) > B 4t Bunker e al. (1995) & Edzwald (1995)
PARBESHERAGAEZT  RamBUREHRR  FREH
Mo H%H‘i"’ﬁfﬁ.ﬂ.—'f-_ﬁ? AR E AR ﬂﬂr T f%’-l‘@‘ 2 A o9 3L R - sk oh o
LwWMMﬁ%)ﬂ%ﬁ%%ﬁﬁﬂ%%'%T%%%Mﬁ%ﬁéﬁm

RMARAERAERBRAEE X TR P B REHRTHE DA L0

pm&"aTL’L'f%ﬁl:}:Fﬁ'}ﬁ,]ﬁi,? .

ﬁ@ui%mﬁ1ﬁ%@ﬁ%%$ﬁﬂ@%ﬁ%%%m%@%m
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5 _ 0.56 192 1500 3.11
. 0.56 192 1540 2.84
9 0.50 192 1680 2.96
13 0.56 192 1540 | 2.95
5 0.56 192 | 1660 3.01

ARG R B S C RMEBBKZ pH HBHERA 8 kgom®;
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200 . 300 1200
30 269 1100
40 175 500
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EREBRBRE AAFEABAHLE LR 40my/ L5 RA KK
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turbidty removal, %
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Main Effects Plot (data means) for turbidty removal
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Main Effects Plot (data means) for SS ré-moval,%
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Main Effects Plot (data means) for TOC Conc. (mg/L}
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Main Effects Plot (data means) for SS removal,%
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TOC residual Conc. {(mg/Ll)
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Main Effects Plot {(data means) for TOC residual
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Main Effects Plot (data means) for turbidity removal,%
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TOC residual
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Main Effects Plot (data means) for TOC residual Conc. (mg/L)
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Main Effects Plot (data means) for t'urbidity removal,%
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Main Effects Plot (data means) for SS removal,%
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Main Effects Plot (data means) for TOC residual Conc.
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MR ERGRE R FEE A
W A s
1414 -1 0 ] 1.414
X1: pH 2.00 310 | 550 | 7.90 9.00
X2: 3 B 0 .23 | ss 87 | 100
(%)
PR ORI
oy BEEER[SS £t [TOC £ &
PR R e ony o) (%)
0 o 503 66.7 545
0 141421] 559 66.7 202
1 | 608 66.7 36
0 14143 20 292 137
0 Y 542 492
RWRPY, o 475 515 45 1
0 0] 489 52.9 477
i O 3 30.5 408
0 0 533 54.7 36.5
2 O 354 30.0 39.5
7 [ 542 62.5 326
[ 4147] o 503 5338 245
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FooRbiRmER K12 &
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Level

Design factor

O

I &% 48:150
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X1 D Eiem el & (mg/l) 50 ,
HAbL4:100
X2 HEFHE (myl) 10 ’ 40
2" B Fagit &
CEREE4B(X11) b EEAR(X23) EiEg48(X11) CTAB(X21)
1-1 -1 -1 3-1 -1 -1
1-2 1 -1 3-2 1 -1
1-3 1 ] 3-3 -1 1
1-4 -1 | 3-4 1 1
_ AAL(X12) S dhEE4N(X23) ‘ A ALSK(X12) CTAB(X21)

.2-1 1 : | 4-1 - -1 1
2-2 | -1 4-2 i i
2-3 -1 I 4-3 -1 -1
2-4 -1 -1 4-4 ] -1
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BB ER T RARIRL

M (msicm) BAENTL) HELRE SS(mg/L)ISS #=m &% TOC(ppm)
I-1-HH 0.63 1600 32.593]
i-1-L 0.63 304 -18.072 1600 22,593 3.32
1-1-drain 0.63 1600 22.593

% & A (ms/cm) BENTY)  (HE£mE SS(mg/L)SS %% TOC(ppm)

1-2-HH .64 1100 46.783
1-2-L 0.64 28.4 §8.594 0 100.000 4.58
1‘-2-d1‘ain 0.64 5200 -151.572

% F & (ms/cm) HENTU) WEEMRE S [SS(mL)SS Erk &% TOC(ppm)

- [1-3-HH ' 0.66 15100 -630.527

1-3-L 0.66 235 90.362 100 95.162 10.01
1-3-drain 0.66 2800 -35.462

@ F A (msfem) A AINTU) B R SS(mg/L)|SS H & TOC(ppm)
1-4-HH 0.64 _ 1500 27.431
1-4-L (0.64 405 -62.651 1600 22.563 15.63
1-4-drain 0.64 1700 17.755

% B (msfem) A NTU) MEERE SS(mg/L)ISS & TOC(ppm)
2-1-HH 0.66 100 93.750
2-1-L 0.66 11.8 94.010 0 100.000 3.31
2-1-drain (.65 12800] - ~700.000

#F f# (ms/cm) FHAEINTU) WS SS{mg/L)|SS £m & TOC(ppm)
2-2-HH 0.66 6900 -331.250
2.2-L 0.05 " 97.389 0 100.000 1.46
2-2-drain (.63 0 100.000

WA & (msicm) i B (NTU) WA AR SS(my/L)|SS Hm & TOC(ppm)
2.3.HH 0.6l 1500 6.250
2-3-L 0.62 3184 -94.924 1600 0.000 17.93
2-3-drain 0.62 1600 0.000
B |4 & (ms/em) MENTU)  [MEEME  [SS(ugL)[SS £ME  [TOC(ppm)
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2-4-HH 0.01 1700 -6.250
2-4-L .61 - 347 -76.1420 - 1700 -6.230 4.97
2-4-drain 0.6t 1700 -6.250
B F & (msicm) A E(NTU) B TE F I B SS(mg/L)[SS & TOC(ppm)
3-1-HH 0.63 3600 -125.000
3-1-L 0.63 LT -81.726 1300 18.750 4.11
3-1-drain 0.03 1300 18.750
% F /& (ms/em) A EINTU) HEEnE SS(mg/L){SS £ % TOC(ppm)
{3-2-HH 0.63 13300 =731.250
3-2-L 0.64 7.31 96.289 0 100.000 4.66
3-2-dra@n 0.04 6800 -325.000
# F & (ms/icm) B ENTU) HHEERE SS(mu/L)SS £ & TOC(ppm)
3-3-HH 0.63 8100]  -406.250
3-3-L (.63 77.4 00.711 100 93.750 6.07
3-3-drain .63 700 56.250
%% & (ms/cm) BENNTU) |HEEnE SS(mg/L)[SS %%  [TOC(ppm)
3-4-HH 0.6l 18900 -1081.250 y
3-4-L 0.64 1.68 97.624 0 100.000 9.77
3-4-drain 0.66 300 68.750
#F A (ms/om) FEINTU) HRERE SS(mg/L)|SS #£mr® . [TOC(ppm)
4.1-HH (.56 13200 -956.000 )
4-1-L 0.56 43.4 74913 0 100.000 6.21
4-1-drain .56 400 638.000
B F A (msicm) HEINTUY WHEEmE SS(mg/L)|SS k& |TOC(ppm)
4-2-HH 0.6 9800 -684.000 '
4-2-L 0.0 [5.6 90.985 0 100.000 4.54
4-2-drain 0.6 0 100.000
i F & (msfcm) A (NTL) HEEmSE SS(mg/LY|SS Hm# TOC(ppm)
4-3-HH 0:33 1400 -12.000
4-3.L 0.33 290 -67.630 1300 -4,000 4,11
4.3-drain (133 1400 -12.000
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# T A (msicm) BENTY) HERRE SS(mg/L)|SS £ E TOC(ppm)
'|4-4-HH 0.53 6700 -436.000
4-d-L 0.53 25.4 85.318 0 - 100.000 4.54
4-4-drain 0.53 0 100.000
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% F A (ms/cm) BENNTUY) |38 £ %) [SS(mg/l) 1SS 4 %(%) [TOC(ppm)
1-L 0.49 4.2 G7.647 0 100.00 11,52
2-L 0.3 1.7 69.048 0 100.00 13.11
3-L 0.45 13.3 92.437 0 100.00 11.73
4-1 .47 RIS 82,185 0 100.00 10.13
3-L .5 8.16 45429 G 100.00 13.06
6-L (.45 0.7 96.246| - 0 100.00 10.84
7-L .46 10.8 90.588 0 0.00 11.87
8-L 0.51 39 97.184 0 100.00 10.94
9-L 0.51 33 97.617 0 100.00 9'40.
10-L 0.52 57 95.884 0 100.00 10.04
11-L 0.55 7.2 94 801 0 100.00 13.42
12-L 0.55 Gl 93.430 0 100.00] - 9.90
13-L 0.53 4.8 96.534 0 100.00 10,34
14-L 0.49 83 36.462 70 94,40 11.80
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Response Surface Regression

The analysis was dons using coced units.

Estimated Regression Coefficients Tor iyl liigna$

Term Coefl Sthev T F

Constant 50,550 0.941% 53.775  G.200

2331 1.27¢ G.6660 1,807 0.105

H P 10.213 ¢. 6650 15.484 0.000

pH*ph —0.712 G.744% -0.957 (0.376

R LY L -3,912 0.7446 -5.254 0.002

pH* ML 1,756 $.9419 1.858 0.113

S = 1.8814 E-5g = 57.3x R~Safadi; = 96.1-

Analysis of Variance for gl Jiip#

Source DE Seg 58S Ady 55 -Adj MS

Regressicon ! 973,955 973.955 194.791
Linear Z 8563.703 863.703 431.851
Square 2 9g. 0072 98 . 002 45,001
interaction i 12,250 12.250 12.250

Residual Errcr G AL LG 21.2%92 3.549
Lack-of-Fit 3 L0 7,082 2.3061
Pure Error 3 a.21¢ 13.210 4,737

Total L 995,247

The analysis was done using zoded units.

Estimated Regression Cosfficients ror 55 H0#

Term Coer Sthax T P

Constant 57.12E 2.0l 21.766  0.000

pH 0.882 1.856 0.475 0.6532

L 15.104 1.856 8.139 0.000

pH*pH -2.900 2.0%5 -1.398 0.212

R LL i L -5 250 2073 ~2.530 0.045

pH~ Ik L 1sn el J.4368 0 0.6877

S = 5.245 R-32 = %2.° R glad 6.2

Analysis of Variance for S8 #H

Source oF Seqg 55 Ad3 5SS Adj MS

Regression 5 2035.40 2035.80 407.160
Linear z 183y, TESLL26 915.647
Sguare 4 H Tht 22 99.608

fit &

F P
54.89 0.000
121.69 0.000
13.81 0.006
3.45 0.113
0.50 0.709
F P
14.78 0.003
33.23 0.001
3.62 0.093
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Interaction 1 5.24 .29 5.2%90 .19 0.677
Residual Error 6 Z6B5L 3 165,321 27.551
Lack-of-Fif G 47, 3 41,34 13.780 0.33 0.804
Pure Error 2 T3 AT 123,97 41.322
Total 21 220100
Unusual Cbservations for S§iiiné
Observation  SSJFHfTHE Fit © StDev Fit Residual . St Resid
i 66.7300 537,020 2.624 9.575 2.11R
R denotes an observation wiin larae standardized residual
The analysis was done usging ooaed unite.

Estimated Ragression Coefficients

Term Coef S+ Dev T E

Constant 36.475 4.7 8.271 0.000

pH -3.054° 30375 -£.905 0.400

AL -2.081 3.37¢% -0.617 0.560

cH*pH ~2.625 3773 -0.896 0.513

LA AL 2.950 3,773 0.252 0.810

pH* AL ¢.525 4.773 0.110 0.918%

S = §.5406 R-Sg = 23.6: R-5qg adi) = 0.0°

Analysis of Variance for TOC I

Scurce oF Seq 5§ Ad] SS Adj MS E P

Regression 5 168.97¢ 166.979 33.79¢ 0.37 0.852
Linear z 109,272 10%.272 54.636 0.60 0.579
Square 2 HE. 604 53.604 29.302 0.32 0.737
interaction H J.703 1.103 i.103 0.01 0.8%81s

Residual Error [ 540,701 5460751 91.125
Lack-of-Fit 3 151,423 151.423 50.474 0.38 0.774
Pure Error 3 385,38 395,328 131.776

Total 1l 715.729
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Response Surface Regression

The analysis was done using ool unlrs.

Estimated

Term Toef”
Constant 45, N3
Block L.ae
Activator . N G
Collector 25
Activator*Activator -11.9%2

Collectcr*Collector ol
Activator*Collector -1.8%
$ = 10.84 R-S5g = .753.5%.

Analysis of Variance for

Source OF
Blocks 1
Regression &
Linear =
Square z
Interaction i
Residual Errcr 7
Lack-¢f-Fit 3
Pure Error 4
Total 13
Unusual Observations for

Chservation
Resid

turbidity

R denotes an observatlon with s large

The analysils was done

Estimated Regression Coeffloicnis 7

Terni
Constant

Co
100,

Seq 38 Adj 58
124.02 124.02
2415. 35 241%.35
1187 .21 1i87.21
1214, 27 1214.27
13.8% 13.88
R22.74 222.74
. 789,41 789.41
33,33 33,33
3362.11
rureidity
it 3t oe
52,203 9,047
51,3226 9.047%

ef
Qo0

Bliock G.4a00
Activator C.99g
Collector S.000
Acvivator*Acrivaror -3.080
Ceclliector*Colliector 33510
Activalor*Collector -0 eon
§ = 1.166 R-Sg = 67.2
of Vaviance for 83

Analysis

Stev
4,426
At
ToH2Y
L33
3.989
3.989
o421

ey {ady;

sina soded units.

.o -
I oo re

o)
Re

Sthev
0.4761
03115

2

A R
L

L4123
112z
CLtaMl
VAN
# TOoTr

R=~%¢ (ad!

t

iy M
Teslio Vet

Regression Coefficients ror turbidity

3

P
.00C
. 339

[}
eV e
R I =
RS IR
-3 O
[ e

1 0.017
G.624 0.552
-2.928% (£.9220

.854 0.372
.344 0.741

.6

adj MS
124.016
183.071
593.603
607.136
13.876

117.534
263.137

8.332

.
1.06
4.11
5.05
5.17

G.12

P
0.339
0.046
0.044
0.042
0.741

ffd #

31.58 0.003

Fit Residual TOC Conc

-14.043
-14.864

noval

T P
10.042 0.000

1.285
2.401
0.000

0.240
Cc.047
1.000
0.044
0.442
L.000

2.35R
-2.49R

St

séandardized residual TOC Conc
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Scurce

Biccks

Regression
Linear
Sguare
Iinteracrtion

Residual Error
Lack-of-Fit
Pure Error

Total

Unusual

Observation

Resid
4 H
6 100.-00C
14

R denotes an |

The analysis

Term

Constant

Block

Activator
Collector
Activator*Activa

Collector*Collector
Activatcr*Collector

S = 0.8143

H

Observations

R-Eg

g
Tl 52 M A 5 A K 2 P 43 168

Analysis of Variance for

Scurce
Blocks
Regression
Linear
Sgquare
Interaction
Residual Error
Lack-of-Fit
Pure Error
Total ’

DF
‘1

[N

Lo K

L4040

arge standardized residual TOC Conc

4. 52000
G.OGOCOo
9.52000

0.973
(.973
G.973

i
.

Adi MS
2.24000
3,47200
3.92000
4.76000
0.00000
1.36000
3.17333
0.00000

F

P

1.65 0.240

2.55 0.127

2.88

0.0

0.122
3.50 0.088

0

*

1.000

t Residual TOC Conc
1.290 2.C1R
1.290 2.01R

-1.700 - ~-2.65R

Conc

Coef - StDev T P
11.2217 N.3324 33.75%6 0.000
0.458¢ 0.2176 2.107 0.073
C.7701 2879 2.675 0.032
G.4274 Y.o37%9 1.485 0.181
9.7473 (.2997 2.494 0.041
-0.6227 0.2947 -2.078 0.07e
0.167% 0.4071 0.411 0.693
75.4 P-fSglady) = 59.87

residual TOC Conc

Seg 8% Ad3 38 Adj MS F

2.2440 2.6440 2.9440 4.44

13.8743% 13.9793 2.775%9 4.1¢%

6.2063 6.20632 3.1631 4.68

TLUEGOR 7.5608 3.7804 5.70

D,1122 0.1122 0.1122 0.17

d.641TY 4.6415 0.6631

2,700 27001 0.9004 1.86

1.9405 1.4405 0.4851

21

oo O o0

P
.073
.044
.051
.034
. 693

.278
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‘Sizing analysis report |

4 ik

15 5k ' ;i - ;‘lf
B b e G A [g.::
10 T57 5
=
2
Diameter (nm) (x104[)
[ntensity
(x1 0,\32 Correlogram
3
2
5
8 1.
O
= 100 200
& Channel
Correlation function
SAMPLE TITLES

MERRRIES 7= 7 8 / Data tal < non 21/10/03 at 15:30:09

Size distribution(s)

Cumulants maan (Z Ave) 33941

Title 1st line = ZRAS ATk 2L

_ Title 2nd tine =

Title 3nd line = HREEHTFBLL,
File date from Live size Record 10

SAMPLE PARAMETERS

Vigcosity (ep) = 1.002
pH = N/A

Dispersant R = 1.330
Sampte Rl = 1.000
Sampla Abs, = .C0

% in class

G1

Size distribution(s)

AL

10
5 50 5005000
Diameter (nm) (x10°1)
Volume
G1vs time
2‘0 _.‘.I' ‘-.“.:. i :.:.‘-"“.I.
1.5
0.10 5.0100.0
Time(us)
Data points

INSTRUMENT PARAMETERS

Wavelength (nm)-= 633
Temperature = 200
Angle = 80.0

Zataslzer 3000HS

RESULT PARAMETERS

in Range = 52.7
SignalMNoisa ratio = 332.8

it error = 0.0048

Aralysis range =.100

Peak 1'intansity mean 5593.0
Peak Z:intensity mean 5593.0

This report printed on 21/10/03 at 15:44:49

Malvern instruments Lid, Maivern Uk +44 1684 892456

S R » oo

D
m-40 0 AT B T o
500 1000
Time(us)
residuals

Relax.‘ time distribution(s)

10 I

Intensity
(41 ]

Relaxation Time(us) (x1045)

Polydispérsity 1.000

MEASUREMENT PARAMETERS

Measurement dutalion (seg) = 83
Analysis type = Manaomodai
Number of filted points = 22
Spacing ratio = 1.2

First poim used = 85

CORRELATOR PARAMETERS

Corr.Sample ime (us) = 0.5
Dilation factor = 1

Thousands Coums/sac= 3.8
Cale. far poimt - 807

Meas, far point 758
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