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Abstract

Based on the sludge from water treatment plant which treated the wastewater generated during
the process of producing alcohol with cassava activated carbon was prepared by chemical activa-
tion pyrolysis with sodium bicarbonate as activator and was used to treat tetracycline wastewater.
Some factors such as activated carbon dosage, tetracycline concentration, the pH dosage of acti-
vated carbon, tetracycline concentration, pH and adsorption time were presented to design the
tests of response surface methodology. The quadratic polynomial regression model equation was
established and the optimal technological parameters for the removal of tetracycline by activated
carbon were obtained. The results show that the surface of activated carbon is rich in pore struc-
ture with the specific surface of 375.75 m2-g-1, the pore volume of 0.10 cm3-g-1, the pore volume of
0.29 cm3-g-1, and the pore diameter of 3.05 nm. The established model equation can be applied to
predict the removal of tetracycline by activated carbon with a good reliability. The interaction
between pH and activated carbon has great influence on the tetracycline removal. The optimal
parameters for the removal of tetracycline by activated carbon are as follows: pH = 3.26, concen-
tration of tetracycline 53.27 mg-L-1, dosage of activated carbon 1.39 g-L-1, and adsorption time
4.05 h. The removal efficiency of tetracycline is 97.87% in such conditions. Therefore, the pre-
pared cassava sludge-based activated carbon is a potential absorbent for the removal of tetracyc-
line from aqueous solution.
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1. 5|15

VYR £ (tetracycline, TC) 25t b BT RZ —, EARRERNZY PAE g Z M4 H[1]. H
THEMWR, "AENEIKES TC FEARME R Dy A L& Y e NT5 K38 ), 157K
JREAKAPURR A 7= 7K e B e Hk h K S i 1 B ARKAR i AR 3R W R 2R IR 2] BB AR F i 24 %
DRIRI 4 8 P 7 R R R e SRR (1095 e AE TR B8 n, TC IR /K AR B Bh 7 — /N R A e (1 1l 3]«
e v 285 ELIR T LT R KCHE 1 AT BRI 1) TC, # i K R sR A s el B RTHF AL # et gl T
A A AR 2 38 1 H s

W B TR B RRYR )2 B UPA S = k5 g, i K E A T U R K AL B[4, TR B
RS TR RS, R T BRI S A L. RTEREFFEE . WINCEEESM S,
AR5 GKTT A & BRI 7151 BT RsDIis P a8 AR BRI 1 B SR R, AIRAAS . e
VS T R B T W AR B [6]0 TSR RIS /KA B AR T 1 R R =), kAR I R FE ARG K)
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PRI IRNERSRHIEIG R, B K TC ML BRReE7] [8]. REBAEREAHEMAMFHE, H
HORHR o FISRAE N RRE ) Tolk k), 7EAE =i R R ) P IR K AL B 2 7= A2 K& LB KI5 YR [9] -
FHEC TSGR T5l EA0) aKISUe. ) KI5 X Gi AN g R KTG IR, ANEAS KI5 R EEH
Eim e E  F A E G DA R A FY, 2 RAGE MR L5 EORH10] [11] [12], i H #iik A o
TR AP RE 15 Ve e il 2 TiE Pk

i . [ 72:(Response surface methodology, RSM) & ik 4e F LI 7k —, # Z BH FHAe s L
Z M2 H[13] [14]. Dzigbor Z5[13]HF 8 Fbf el s AR ) T2, RIVZ BN ] 250 FIRR Ak iR
M EEAE P2 2 E 40 B 4 hy 0.25 A1 500°C . AHEL T BRI RS0 5 IE AT S206,  AERG i RREE USRI 2015
By Ul SIS ETR], 5 N JTRCARTERE, [FIE15 B HER B [15] . A& SR ZnCl,. NaOH.
HaPO, S5 171 75 J Tl i 4 BUAS B S 1 i, DRI b — S8 i RO R B0 67 (5 cOZ « HCO, B Ttk &
W) FFbf iz FH 2030 1 % B ) 46 SOtk ek A R [16] . ASHIF 78R AR 22 ¥ K575 )8 (Cassava alcohol sludge, CAS)
TERIERE, DA IR ORIF B B S A iE A7), 0 — 0 R A v 0 1 A i ) 8 A S0 W K 35 V08 ik 3 12 o
(Activated carbon based on cassava alcohol sludge, ACCAS). T~ 5[k 2R 5, 38w 5 gh vt — 5 otk
R K R DU 2R 1) 5 A, K A TR 20 e it — S W i 42, AR AR E TS e i 2 %
HAREE, AR LLRIE R E

2. M5 %
2.1. SEIEMR SR

TR BT 28 T 3 A S A = RN RE 1R P57k Ab B B K5 e, 7E 78 2 BHOG TR
M — s RE, U578 B T RS T T HUNR BT A =, BORTR5YE, B TR N
Ja it 20~50 H i, B G5 Je R T AR A7 R fh (CAS) % F o B Tl 24 v] 15995 e L= 2 4o 5
BUIR: KOEENT.40%, KoM 29.36%, 5K )7 & & 51.57%, [HeikeE bk 11.67%.

SEISARF: AR VUIR K (CooHouN,Og HCI) #hEZ(HCI, 36.5%) . B R Z 4N (NaHCO,) . A AL #I(NaOH),
B A sl BAEL, T E 28 R TR A A

2.2. SERES TR

ML RF-(FA2004A, HiREERI A AR A R]), ¥% pH tH(PHS-3C, bilgdfiiss) ), EHK
AL HEEF(SHB-IN, NIRRT ARAT), WK 320K 3R(DZ-10L11, KRR A4 R
Aw]), HAREXTRAE(DHG-9023A, Lig—tERHM AR AR, ERAKBIRG 25(SHA-B, &I E L
AR AT]), AT WA e ETH(TU-1900, JbsiEHriE A AR A wl), BrEHL(XB-CP, K HET/)
EHBMAWAF), FNmiREEY (KSL-1200X, A ALEHFM ARG RAF), W HEaT8-1, #HM
2R A R A F])

2.3 SEWAHE

2.3.1. FEHERBIESE

FERTHHIEAS S50 Al b, e T ) iE MR I A 2 A, BRI 2% T R

1) FREL—7E B ) CAS K™, %8 CAS H/™ i i (g) 5 NaHCO, Jii & (g) 2 te oy 1:2 iy ELfl, K
— & R 1) NaHCO3 M R IIAZIFTiR CAS = it F IR AN —E ML B FoK, B T iiHEas it 2
h, #HEBNBEPEIRKBH T 60°C F KB INI 12 h.

2) KB DFIS TSR BONH R, RSB A, RS, BL10°C - minTt TR
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HEMNERIZE 8000C, Ei1h G, HARBH, 793 ACCAS /™.

3) %M ACCAS HL7 i i B (0) 5 Sh BB MUAA R (mL) 2 LA 1:40 I ELB], F— @K 3 mol-L ™t £k
FRVE R e L3R ACCAS HL7= i 2 h; K ERVLIG I ACCAS ML= i &R N 28k e 2Kk, BE
I pH > 5.0, J5 B T H 2 TIEAM N 60°C T 24 h, SRGAEE =5, W f5 i 200 H 7§ X #3%] ACCAS
R A o
2.3.2. RIFZW

TETER I R AR S FLBR S5 M B ASAP-2460 4> F 3l Lk R T AR S FLBR 73 HT 4% (BET, Micromeritics,
FE)WE, Eid ISM-6490LV A4 i T BAMEL(SEM, JEOL, HA)WFFFE M R HTEA .

2.3.3. IR EKRIECH

FREX 1.0101 (R IELENE ) EhER VU Ry T 1 L &Mk, 7840 bk 513 5] 1000 mg-L ™ F DY 3%
TR ARS8 B, U BRI 2 KRR 22 v i, T4 S S e
HIVU IR 2 R K o

234, BERXE

ZEE R ¥OINE:(0.1, 0.2,05,1.0,2.0,3.0g-L ™). pH (2,3, 4,5, 6,7, 8,9, 10, 11). PUFFZIKJE (20, 40,
60, 80, 100, 200 mg-L ). W I} [a](15, 30, 60, 120, 240, 480, 720, 960, 1200, 1440 min) 4 B& 256 DY 3K 2 25
BREEEN . SEER IR W T HL 100 mL — @ WL I, TC /K E T 200 mL B EEHERIMA, IIA—
ERAGIRIETER, B TER/KIBRG A A LL 160 r-min 5% 8 B IR 37 T — & 15 8] (298 K)o MRt 58
U5, KRBV 0.45 pm JEBGEIE, A AT WAt BEvH7E 358 nm bWl sE R JE VRV RO EE, i
P TC PRkl i 28T SR FR EE[17] o MR PRHASS B 8 = IR IME, sk ACCAS X} TC L BR#F(E, %)
S0 7 (g mg-g )2 BB AR QAR Q) E TS, HHEARIT:

E =100%(C, —C,)/C, (D)
g =(Co —C,)V/W (2
A Co o TC VEMAMILEIREE (mg-L ™Y CONMHT t M %IJE TC W (mg-L Y W iR & (g): V =&

TC #M AR

2.3.5. MRZAAmE it

R4 Box-Behnken Design 57!, %H Design-Expert 8 #E4T RSM Sz it . AR B PR 25 K i 9 i s
gk, EEUAT pH. TC¥KEZ. ACCAS F&E. WM A 4 NS HENEZRE, 5 HHEH Xiv Xon Xas
X4, LA ACCAS W TC I LR RAENRAZ &, SHFHANERE, WE TIKED FO)REED) =K. #&
1B T A 70 BT 2 A8 s (O R AN T R, St AR 5 A IR 3R S AR 8L

Table 1. The selected factors and levels of RSM experiments
F 1. MR phE SR R 5KF

level

Factors Coding
-1 0 1
Initial pH X1 3.0 7.0 11.0
TC concentration (mg-L™) X 50 100 150
Activated carbon dosage (g-L™) X3 0.5 1.0 15
Adsorption time (h) X4 3.0 6.0 9.0

DOI: 10.12677/wpt.2021.92010 83 KI5 G Je Ab B


https://doi.org/10.12677/wpt.2021.92010

VRIS, 5

3. HR5ITR
31 FAHBERERIERARSARLES

X} CAS #ll ACCAS IR HTEI AT ARG, HEARWIE 1. M 1) T AE i, CAS JFEHT
RIMGEESE, WA BB, RECHEMIRGEFLER; AE 1(b)TEAEH, ACCAS IR B A
B, SR, I HAEARZ AN NFUIRGER, X 0T Re R F NS R 5 e vh A AL 35
fife = A FFFLVE I A S [18] . MbAh, iR AFAE T, 3EIF) NaHCOs B/ iR 515 YR AT OB, R AR
M, ARHE T AR BRI AR AL R EE A [19]s IRl YR SR TE 2 SR B R T #idis At BHURIE S S
SRR, FTREHE— PR T IR R T E AR FLBR SR K R

ACCAS 5 CAS MIfLBRFFE W 2 Fros. ATEAE ], HFIH NaHCOg 1 i 4 )il £ i i 1t s AH b T
JE4aT5Ye, H Seers MALMFURITHIRAUSIE K . X T B2 T CAS P BIE B i S A MU E NIRRT, Tk
fiE it R T FLER S5 49 . ACCAS 1 Sger 9 375 m2-g o i FLIAFR 4 0.10 em®-g %, L4 #1 )9 0.29 cm®-g %,
FLAREEHTE 3.05 nm Zifq, TR NaHCO, i AR A6 A SRS 28 7015 T AE B A2 rh = 2R T U Rk
- FLILBREE M, 3 FLAE A

X1,000 10pm

@ (b)

Figure 1. SEM of CAS (a) and ACCAS (b)
1. CAS (a)F1 ACCAS (h)ay13& B B E

Table 2. Specific surface area and pore structure of ACCAS and CAS
7= 2. ACCAS F1 CAS Hytb RE R FLBRL S

SBET SMicru VTotaI VMicro Dp
The sample
(m*g™) (m*g™) em®-g™) (em®g™) (nm)
CAS 0.75 - - 0.001 6.10
ACCAS 375.75 187.57 0.29 0.10 3.05

32 BEERIE

TC ¥R, ACCAS BEINEE . VAW pH W B sy ) &5 R 2550 DU PR 21 B i e 45 LA 2.

2B, EIEERIINEN 1g-L pH =4, WRFHFY 24 h (55, TC AR 20 mg-L™!
B3 200 mg-L i, £ 99.42 %iZ W PR ZE 42.26 %. iX = ACCAS E A& It f A ¥ B 5,
B TC MR B (38 TGP P A 45 A (095 I m (S BT D2, T DA 2 ok 03 iR A1 5 [ PT LA 3] ACCAS
Xt TC KWL TC WL K e U s e ka 174, EeminliA %] 84.51 mg-g™. XZRNTE TC
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VTG R AR, TC R At Rt P W R 338 1 2 TR 5 S Y75 P R TR R A A ) AR e 85 IR B AT
W& TC MR EEI K, W TC Sib MR R M1 TC AA7E —E MR IERRE, W2 £ TC A
FIEMER I FRFLIE S, WP R ARSI VR TR RS MR S A R R, IRBHA S T AR .

B 2(b) iR, 7 pH = 4. WRERESIAA 24 hy PUPRRIKREE N 100 mg-L 94 4E T, Ffi% ACCAS #hn
I, TC M LBRFEETHE A . X2t TG M s AR fl o T M R SO = g nim &%, TC 52
LTI ZBR. 24 ACCAS #EhE A 1.0 g-L i, Xt TC I RBRR A 80%LA E, 4iE R 5 & 4k
SRR, HARRRMPE 5, WIA 98%, (HIEHEARLE, F WA BT (4L 5 Bh JI 7RIS .

FEVEME RSN 1 g-L™ WP R4 24 hy DUBRSRVETRVIAGIREE A 100 mg-L ™ (4%, 753 pH
%t ACCAS W Bt PUPR 2 (s i gt U 2(c) . 24 pH 7E 2~11 JEE WA, ACCAS X TC [ EBR8CR S
pH FRIHE KT A1 K5k, pH Ay 3 I ERR AR A Ik 90.24 %. WHRIIHIAG pH SHE T 12 I s 2
TC fE/K A ) i B FE B L B, R sm TC eyt W BHE FH 71[20]. W FCR ISR pH 2544
T, TCHIESWAMFE. £ pH < 341, FHEST(HTCT) 2 H E AR [20] . MR A S50l 5E
ACCAS [1] pHppe N 2.38. DAL, 7EH pH < 2.38 /e 4HF, ACCAS i iIEH, TCAAERALAHE TR
¥, )RR T TC WHE] ACCAS b: 2.3<pH<3.3 1, ACCAS FH 7, £ F) Tl /e
B IEHR ) TC W pH 7E 3.4 3] 7.6 Z IR}, HaTC 42 TC (T EAEAEMR I [21], Ui W5 2 [8] ()i e
S AVERRAN, LA EBRRCRBEAG; 6 pH > 7.6 I, TC HEUIBAE FIRRIEE22], BEE pH MK, %
PER R AT RWTIE 2, B R IRER O, SET TC W4k SR M LE H

(a) 100

% 100 () 100

— *
I \*\ 1 Tw I /*/
~ 80| *T. ________ ® g0 g =80t *
& ’ RS
> ,./ ] 2 >
g 60 J/ 1605  ge60r /
o ® Q=
=) L , J ] & L
o ’ (5] 2 *
§40- o * 40 8 540t
5 | ./ *— Removal effi 5 51
—%— Removal effienc 2
S S Y 40 ® a0
I - @- The adsorption capcity 2 L %
[_‘
0 N 1 N 1 N 1 N 1 N 1 0 0 1 1 1 1 1 1 1
0 40 80 120 160 200 0.0 0.5 1.0 1.5 2.0 %.5 3.0
The initial concentration of TC solution (mg-L™) Activated carbon dosage (g-L™)
100 T @ 90
- ] L
T 80 - =
80 u ~ /
@ I \ X 3 n
S 70 —m_g N /
> L 70 ]
[3) '\l\. > _—
5 60 ~n Q L _m
) L N g -
& so | = | Seof /
o o L
ek Esol
= )
2 0l =t
20 & 40 | /
10 [ ]
0 1 1 1 1 1 1 1 " 1 " 1 " 1 " 1 " 1 1 1 " 1 "

1 1 1 1 1 30
1 2 3 4 5 6 7 8 9 10 11 12 13 0 200 400 600 800 1000 1200 1400 1600
pH The adsorption time (min)

Figure 2. Single factors of TC concentration (a), activated carbon dosage (b), pH (c) and adsorption time (d) on the removal
rate of TC

B 2. TCHRE (a). SEMRIZME (b). pH (C)FAIRMIETE (d)%F TC R IMEEE
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£ pH > 5 I EAR TC ZBRFAEBMIFFC, (HRZPEEARIR K. XA ReE N TC SiF P Z AR AA L HoAth
TER 7, Hein n-n M- AR AN AR I [23] 0 UhAh, TEVSRBRIE SR, 1 22 0 OH e i 2R T 1)
TEPERL R BB, W RRAR T X575 e B & [24] . ATLA pH = 3 J& ACCAS W TC FIsefE pH 1E.

K 2(dygs T AETEPE RPN 1 g-L Y pH = 4. DURREKIKEE N 100 mg-L A&, B Ak ) ot
ACCAS Wt TC [RI5ZM . ACCAS X} TC [1)2% b2 bt 25 W B I R] R MG KT g i, 7E 24 h Ze ik 21 1 Wbt
P, WP RE T AR A = AN B BB B BRAERT 2 h, BRBR B BRACRREESE N, X AR R
TC A] LURGH Mg B VG MR R T, AT S5 35 PR R T W A s 256 o 26 I BRAE 2~20 h 2 [a], LR
BEE W P I BRI AR 24T, PR RIE RIS FRIRET AR % . X ATRE RN TC fEREZMIER T, B8y
FUTEE R 0 A EAL T, SALR I RIS AL S 45 G . 28 =B BURAETE 20~24 h, TEULIEE TC 1 LBr%
& T, U 24 h i LLIA 2] ACCAS MR TC (W Bt ~F-4 .

3.3. ACCAS ZB&PUTF 3% AN K B E 1L

3.3.1. EIFRBIHE T
AR g 7 T 0 S8 B HEAT 1 29 IR TC WP SeEe, A5 R 3. I @)X i B #t T G
BT RTVEM pH VUKL L TR FH R B (A TC EBRFZIE I — Rk 2 Bl A T 1,
WRAER(4) T 1532 TC AR T TC EBRABIFIME, FINFE 3o 2% 81 JA 75 R 0 T30 w525 A 20.19 %
# 89.02 %A%, W] TC LBk 5 AW FTILI IS H0A 5<[25].
E(%)=h, +Zhx +Zhx> +ZhxX, +¢ KEB)

= [ |
A ho BH R, hi 25 | MAAZEENERIH RS, hy 25 | MR R EHREL hy 2
N2 (B AZ AN B VA R B, i A xg A2 RS X A X A2 AR R [ A R B, e s REALIR % -
E =55.53-9.43x, —17.57x, +16.82x, +5.85X%, +1.62X X,
—11.31x, %, —0.56 X, X, —1.21X, X, + 2.71X, X, + 2.75%,X, X(4)
-0.11x7 +1.81x% —3.96xZ — 0.99x’

Table 3. Design and results of RSM
Fz 3. WMo Sz ghmE s it R SEaess R

Experimental value Coded value E(%) E(%)
Serial number of experiment
X1 X, X3 Xe Xi X Xz X4 Experimental value Predictive value

1 11.0 1000 15 6.0 1 0 1 0 51.13 47.54
2 70 1500 10 30 O 1 0o -1 30.12 30.23
3 70 1000 05 30 O 0o -1 -1 32.98 30.66
4 70 1000 10 60 O 0 0 0 54.57 55.53
5 7.0 1000 10 6.0 0 0 0 0 56.31 55.53
6 11.0 1000 10 90 1 0 0 1 49.81 50.28
7 7.0 1000 10 60 O 0 0 0 52.81 55.53
8 7.0 500 10 90 0 -1 O 1 77.91 77.06
9 7.0 1000 10 60 O 0 0 0 60.88 55.53
10 70 1500 15 60 O 1 1 0 53.48 39.71
11 7.0 1000 15 9.0 0 0 1 1 74.79 75.99
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Continued
12 7.0 1000 15 30 0 0 1 -1 62.81 58.80
13 70 1500 05 60 O 1 -1 0 21.32 20.19
14 7.0 1000 10 6.0 0 0 0 0 53.09 55.53
15 11.0 50.0 10 6.0 1 -1 0 0 63.98 63.75
16 70 1500 10 90 O 1 0 1 47.74 47.33
17 30 1500 1.0 60 -1 1 0 0 48.36 47.47
18 11.0 1000 10 30 1 0 0 -1 34.55 39.71
19 3.0 50.0 10 60 -1 -1 0 0 91.35 85.85
20 7.0 1000 05 9.0 0 0 -1 1 33.96 36.85
21 7.0 50.0 15 6.0 0 -1 1 1 85.99 88.98
22 7.0 50.0 10 3.0 0 -1 0 -1 71.12 70.78
23 30 1000 10 90 -1 0O 0 1 73.56 70.26
24 30 1000 15 60 -1 0 -1 0 29.91 32.75
25 3.0 1000 15 60 -1 0 1 1 83.57 89.02
26 110 1000 05 60 1 0 0 -1 42.71 36.51
27 3.0 1000 10 30 -1 0 0 -1 56.05 57.45
28 7.0 50.0 05 6.0 0 -1 -1 0 49.00 52.92
29 110 1500 10 6.0 1 1 0 0 27.48 31.86

332 EARBSRENAIRMSHES

[ )31 5 FE R 0L A 2 30RT DU SRAG B0 B S 0 FR B b, VRSB E 4. BRI RERIE RE R N
0.97, ¥iHI TC PRI SLIGAH 5 TMME BT, B AR 75 72 mT UARRE 97 % i ma BA{E A fk; 7 4h, 451
(b4t 22 (SD)ME T LAIE— 45 1t B [ VA AL 280 5 R HL AT R A ROADVE FE RS T R® 4 0.85, 5 1 B2 )5 1] R%q;
N 0.94 FI R —EE, U TG S S PR A 0 AR O [26]: bk, AR NIAR T R E(CV =
8.32%)iEM T R Z B E 7 FR 0 m kB IR 5 RS FEAE N 21.23, @@ s T 4, X R IZAIR
RURS BT 5E[27]0 X LLZE FR B, AR TG 20 H EABLAY )7 FE X ACCAS Z:fk TC Msie BA guit 1
AR

WeAh, T ZE S e TG =k 22 TRl A 5 R AT SR (28], A R AR 5 BToR . 7E T Z T
W, FAEAD p B VRE T Bl AR T P I 25 P B B Y R A, FEBR K, p B /1N (<0.05) /2 ) 5] )
R RE B Gt 5 5 U E BAKHE[29]. B4 5 A%, FAE A 32.75, p {E/NT 0.0001, Ui BHAHTFL1
[ AR 5 FE A B, TRk . RIMIBKIME Prob > F Sk ARG I B U 5 R RS R, M4 H KT 0.01
I, 2B B 1R ARORS B P2 [30] o AN AL I R L IDUAE >y 0.2304, 15 B H 52 R IR R FHLAR /I, A
LR )

Table 4. Model-dependent parameters

* 4. BRBXEY

R-Squared Pred R-Squared Adj R-Squared Std. Dev Ccv Adeq Precision

0.9704 0.8483 0.9407 4.51 8.32 21.229
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Table 5. Variance and significance analysis
=5 AEREBEMSH

Source Sum of Squares df Mean Square F Value p-value Prob > F Significance
Model 9316.67 14 665.48 32.75 <0.0001 significant
X1 1066.72 1 1066.72 52.49 <0.0001
X, 3704.81 1 3704.81 182.30 <0.0001
X 3396.63 1 3396.63 167.14 <0.0001
Xs 409.97 1 409.97 20.17 0.0005
XX 10.53 1 10.53 0.52 0.4835
X1Xs 511.66 1 511.66 25.18 0.0002
X1 X4 1.27 1 1.27 0.06 0.8066
XaX3 5.83 1 5.83 0.29 0.6006
XoX4 29.32 1 29.32 1.44 0.2496
X3sX4 30.25 1 30.25 1.49 0.2426
X 0.08 1 0.08 0.00 0.9505
X 21.30 1 21.30 1.05 0.3234
X4 101.88 1 101.88 5.01 0.0419
X2 6.41 1 6.41 0.32 0.5832
Residual 284,51 14 20.32
Lack of Fit 241.01 10 24.10 2.22 0.2304 not significant
Pure Error 43.50 4 10.88
Cor Total 9601.19 28

3.3.3. MERIZE(EAXHIFREFRRN

N T e SRR AE EAE P SRR, TR ST [ AR () Rt b, e = g S TR RS i R IR
B Sz e 35 A8 2 TA]AH ELAE FE i AR 520 . 3T Design Expert-8 #1 Origin #2F, 73 5ilfi4 7 pH 5i%
PERAINEE  DUPRZRUR P AIE PR AN B TP 45 2 AR RS 1) S8 = 2EUAH A P 9 == 2 v 7 T R 45 1
], MR SAEZ A EAERXN TC ZERMLRG M. AR 378K 3. & 4 FIE 5 fos.

ST pHAE S35 B BN & 32 HAE X ACCAS 254 TC KIS . [& € TC A9 9 100 mg-L 1.
W BRI A 6 h, AT DARBRAE pH (BN 3, SEHERIEINEN 1.5 g-L i TC AL MF A F K E 82.39 %.
23 AN R LA (0.5~0.6 g-L T, TC IRBRFREES pH M3 KA KA R4 4iEtER B0
HEIK(0.6 g-L I, TC IILBRFEEE pH (T i A B SRR RN o 3 AT RE 2 RN E BN BB
B, 5 TR BT SR AL IR T B R B s 2 52D, pH KW BRI R PR 2 LA /N o T AE iR B0 (R, 35 1 2R
PRI T P BTG s A 70 2, pH FE AT DL M52 TC I 25kk. 4 pH A 11, WEMERBINE A 1.5
g-L i, TC HIZLBRFAUN 47.54%, X UG IR B, TC 3648 s S A I B8 7454, T ki ACCAS
RIMFE OH EF AN, PAFEF SR ERERK. X TR, BRI Ss 2 5 1)
FHEAE 2R ERI[31]. AE 3(0)Faf LUE H, VW pH SiE TR & 128 BLAFE 2 A B3 .

DUER 23R FEANGE M R AR I 0T ACCAS 22k TC HIsZmaan &l 4 Fraw, [ & FIE a6 pH 2 7, WP

[0 6 ho FTLAF FIFE TC RN 50 mg-Lt it RAINEA 1.5 g-L I, TC MIEBRFIAS T HAH
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88.98 %. TC M) EFRABFRREF VUIA IR FERIIG KT FRAK, BEE ISR BN & 38 217 5 . ACCAS #in
RO, TSR TS T AT R Z, A B TC WP B R R, (2 TC kB, DU RREHE A
G, W TC P E, IETEREEIEE S AR LS AR TC, SEEBRECE TR, ML T,
VUIR IR XS TC R MR MR B K TG MR BN st TC KB MFLE .. hE 4(b)rf LLEH], %
LB ToFATER, DRI DU PR 2R P AR 1 2 13 m e et DU B 3% 25 B 2R 10 58 LA M AR 095 o

100
a
§6 1.4
ki ~ F
qg) 60 [ »;D 12
g w M
K 40 [ 1.0
g of $
g 2] 208
& 107 s
03 <
0.6

Figure 3. (a) Response surface; (b) Contour plots of pH and ACCAS dosage
3. pH FEMRIRMER]; (2) MAHEE; (b) FSH&E
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Figure 4. (a) Response surface; (b) Contour plots of TC concentration and ACCAS dosage
4. MIFRREREMRIMER; () WEHEE; (b) FokE
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Figure 5. (a) Response surface; (b) Contour plots of ACCAS dosage and adsorption time
5. JEMRIRMEEMEER; (2) MAEE; (b) FS&E
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T AR B AN ) ()5 ACCAS 2B TC sz &l 5 fias,  [BE S vIas pH A 7, VU ERIK
FE 100 mg-L™ FTLLE H, TC 2 bR It 25 W PR 1] 386 K AE B8 0, I 8 oo ek o 430 o - PO 88 o 35 1)
PR I R AR [ R L B B R R KA 2, M MR BN 0.5 g LT N 1.5 g LT
TC 2 B FRE B N, RS VE RPN &N 0.5 g-L i, WRFHIS M 3 h #8400 E] 9 h, TC 2R 4L 40 %
e A A FEROINEA 1.5 g-L I, TC 2335 70 % UL b, EBINE N 1.5 g-L . W 1] 9 9 h i),
ISR B KAH 75.99 %o M S(0)RTEAE H, 6 PR 45 2 FH W B pf TR TC 1) 25 B2 28 BAE A2 md, {5
SER AR

3.3.4. HEFHMUIRE

Wb S 1) = 2 (9 R BT S R R A T R 4R HE R FH ACCAS B TC e T. 2240 FI A Design
Expert-8 B /Fxf g 57 (1) [ A 75 FE(GR(3)) AT R M, 193 T TC MR FE ALK b1 e T 2 S HOR T 25 bk
K, BN pH =3.26, PUPREIKE 53.27 mg-L Y, EMERAINE A 1.39 g-L 1, WL IR A 4.05 h.
TELRAT N RMTIESESS, 152 TC MK LBRH N 97.87%, HTRNME 99.39%17% % 1.52%, it AR
HLSEATEE,

4, g5ig

AR ST 00 R TV BT ) % TS PR R R T A = B M FLBR S5 M . BF LR B pH RIS PR R 5 2 [
(A ELAE X TC R BRACR MM s ¥ P e 45 I e AR B B R0 6) TC 1) 25 B 22 AR F R A, {H2&
SMFEAN R . VUPRZUR BRI M e 43I0 &0t DU PR 22 5 PR 2R A8 BLAE TS M 5« A SIS V5 e v
2K TC I T 250N, pH = 3.26. VIR ZR KKK 53.27 mg-L7 i tER N E 1.39 g-L
W IS IE] 4.05 h, TEMLZEAET TC 228300 97.87%. AR E ST Ve I 15 ML AT A R gk TC, & —
oA I FH I S5 B AR B AS W B A R
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