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Abstract

Glutaraldehyde was used as a crosslinking agent to prepare polyethyleneimine PEI modified waste
DEAERE .
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tea dregs, which was characterized by SEM, and its adsorption performance for Congo red in dye
wastewater was studied. On the basis of single factor, using the Box-Behnken response surface
method to optimize the adsorption process of PEI-WT through the central combination experi-
ment design principle. Taking the initial pH value, adsorption temperature and PEI-WT adsorbent
dosage as the investigating factors, a three-factor three-level test was performed, and a multiple
quadratic regression equation was obtained. The results showed that the optimal process condi-
tions for the adsorption of Congo red by PEI modified waste tea residue were: the initial pH was
7.71, the adsorption temperature was 50.92°C and the dosage of PEI-WT was 0.10 g. Under this op-
timized condition, there is no significant difference between the unit adsorption capacity of PEI-WT
and the predicted value of the model, indicating that the equation optimized by the response sur-
face method has certain practical guiding significance. After the adsorption is completed, the waste
PEI-WT is made into a flower pot.
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1. 5|5 (Introduction)

REREYRE P KE, ARl fh KA EH 550 24, JeptrBaay EaaE it A2s—11],
AR, BRI E A T2 AR B E YRl PRI K, X EEPR K4 B SR KAR /K B IE
BT RORITG G e NI SRR — PS8 IR e 2R BB M B B T k), AR A P Al A A i 2k %
B HHENIKAR, XA R BIRER . NI R R KA KRR K. B COD ek i,
Se LRI K HR LS ez —12] [3].

WLBR[4] [S] [61M AR, FHRERI S, MOARBAR, PIHEA T ESRIHEM S, &—F 2
- T15 K 7. B2 MR RS A, TR, R A RS, [ C.W.Sheele (1773 4F)
XA TR I SR I R IEAT ISR LU, NI AR 2 901 50 & A S5 78 2 SRR AR W B PR B o R
WCRRALEE, DA B A G IE RS0, B4, YRR e R IR B 7R B A AR RS
ToBE R A, DRI TR — b B %) v R0 W B 71 AT 9 1 B A A

RGN Ol S ZEWRE N RS T AR —MKIEEREMT]. E0N
BB IR SRR M o 58 SR T LA AN R bk AT ook, R B & 11 5 £ B K (175
Pl AHSE RN R O W2 — PRSI SR G, BT DT SO, 7R85 A8 DR B2 i Be b
I, o 5 L0 S Je [ 5 A T B 7)1 DA e HL ok

KRR K HARE L —, FEGER 450 77 ¢ 250, HHFF22E0 40% L 4[8]. A 4,
MR IR, B B B B R T AR N RS I IR M 2R 2 f LA . B S FEE IR E, 4
R MZ AN, LERmMBER, LSRR 175 S A — 2 R BREE 7. (HRRARIEE
AR AT W B P R LU 22, 0TS G 2 SR LUK, B A B T 05 /K I 5 B AN T . 7R R
FAAS R 7732508 2 AT eete, vl AR ORI AN R B e 77, BB I B T K AR B o R AR
SR — S8 b 5 v, HLUR PR RE 3 S35, (H2 H TN IR 3 A4S i OO I 45 D, AR T
BB
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2. ¥ 575 % (Materials and Methods)
2.1. KM

JRFEAHE, B A(H804. NaOH. [, FEAEM S ROMWIL. NIRL)E Ao irat.
2.2. EWEH

UV-765 540 = o] WA da e FETHAL 5t b i@ AR A R 5345 2 7 ); DGG-9070A Y H AR i 5 X 15
FH( ARG LA A IR A F]); IS-RSH2 AUEIRFEIR (I3 M TR 0L sLI0 & A IR A F]); ZITY-FSTY B &
EhRIK IR R ALK BUBUM LKA BB )

2.3. S Ak

1) JRFERMEIATIT AR : JRE A B R KR, IR EEROKTEA, 78 S0°C IR A it
T TIRA R, TR LA B B 3 b 2 26 1 AR R ) RN AR 4R 24 B, i3 32-24 H 4 Tt i b
B, AR

2) PEI-WT R BRI 1) 2%« S S [O1AC B o L) — & LAZl i) PEL VAR, i R A B PEI
[ 7B FEAVE MY R, $% AR PEL 80 R R EE . SR ASTHERAR AT [ . AT IR B
S8, FH UV-765 AN O EETHE R G, HIERI R L bREth 2R AR FH 7 FR[10], i ARG RE T
BT IR BEJE R I, FAES RN PEL Ol R BN E AR 32-24 H FIZRH-E R i IR A b
5:2:20, IFE S5°CREY 3 /NN, HMOR B AERC LdAT SL 30 M. ARG R B FKMBE %, KBRIEART
PEL ¥, HEHTHLTHI1S PEI-WT.

3) PEI-WT £ RIE SEM I . 24 BRI LG TR AL .

4) Wi STV PEI-WT W b %1

a) HKRIEHREMN:

FE— 3 MRS . FEMmTIa] . W04E pH. WRPR AR . YeRITEIRE R 4T T PEL-WT X Wil SR4T [
AR . PEL-WT WP 25 [ 11 3% 20T 75

g -GG (M

m

X g WPHRIE 2R, me/gs Cov C. o3I W B i A0S PR 7 6 IR LD R B, mg/Ls 7 IR
BEERARL, Ly m RIS, g

b) M S

TSR BVE AR A Rt b, R A0 25356 Box-Behnken M BETH % PEI-WT W B 0t 173
PSS, HEEAC HAERXT PEI-WT WV GE R B AR — DAk . 1&8B4046 pH, #RFZ, PEL-WT #01
AR IR SR8 I R 3, AT = N R =K IS SRR 1210 76 S B K JRa b, 3T 17 415056
S SR BB P 45 R AT MY, B SRR T

5) J%&FF PEI-WT HA7 FH (2 HI1F).

3. &R 5118 (Results and Discussion)
3.1. EB1RAY SEM

bl 1 AA 2 Flr, BRI SR EVESR I REAT T LAY, SRR I R, B 1 R
(SEM)PEUER R R, BMEdT 2% AR T A 2 H A SO A — e L. 5] 2 B (SEM) BB RIR, Bittask
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Figure 1. Unmodified tea leaves

1. R

Figure 2. Modified tea
B 2. st

Figure 3. Modified tea leaves (magnified 25 thousand times)
B 3. BtREMGEK 25 %)

3.2. PEI-WT IR M55 a0l &

1) ZMH-Riiz ik B

il 4 T FERHRIARN 80-24 H N, BEAE AR RIARRIIE R, PEI-W'T W B 57 ) 5AA57 W B 7 3 35 44
i, BRI KT 24 HEFETPRR, SCLUI R 32-24 H A M EAT BME S
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2) SR R A HL

Wi s ATg1: #E 30°C~55°CN, BEE IR AT, PEI-WT HR BRI B R B St 2 T 24
it 55°C, AP EZR IR, SN R SRR S 55°C AT e SL R

3) PEI # & 173 Y

s 6 wI%A: 76 PEI 00N 3~5 g N, B PEL BN K380, PEI-W'T R B 71 Fry SR A W B 328 T v
Y PEL B R T 5 g i, BB EFF AR, # bl FIZH PEL #2005 100 mL 25 g/L 4T BePEsEgs .

4) RN I

W7 AL FER RN 0~6 g N, MR IEEOINE /N T 2 B, PELI-WT (5L b &l & K —
BRI IN; 4 R EEROIn EEL 2 g I, PEL-WT (ST & 5 AN I S AR AT, WA R
PEHL PEI $OIN&: 100 mL 10 g/L #E(T B0k 5256
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Figure 4. The influence of tea particle size on unit
adsorption capacity
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Figure 5. The effect of modification temperature on
unit adsorption capacity
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Figure 6. The influence of PEI dosage on unit adsorption
capacity

6. PEI $% fin & X S AL I 8 A2
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Figure 7. The influence of glutaraldehyde dosage on
unit adsorption capacity

Bl 7. R ZEEI N xS IR B8 RO R

3.3. M Bz A0 IR B < BRI SR AT B 7k

BRRMRKE

4% PEL-WT 0N ¥I4h pH B AR e AT N R H %,

1) PEI-W'T 1 %o W B 75 s 1 52 i

HERRFZ AL 50 mL 10 mg/L MRS LS CE THE S, 20730 0.06 g+ 0.09 g+ 0.12 g+ 0.15 g, 0.18
g 021 g ) PEI-WT, 50°C MEHEBE T/KBHEBIRG 2T, =R MR 8 h N fEr, REkE— /N
FER] WA GG ETE Ty 498 nm R I WO RS, IETH BB 22 . &l 8 WI A1, 24 PEI-WT #N&E N 0.12
g BF, WSRO PHRIA R R, 25 Hd— DRI s a, RSN 2 N, xR G
RHE K PRI LT St 72 4, MUS S5 30 B B 57 A #0in&:oh 0.12 g.
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Figure 8. The influence of PEI-WT dosage on adsorption
capacity

[# 8. PEI-WT 23 R MiE 2R 50

2) WlUE pH XTI B2 & ) R

AEFFLHL 50 mL 10 mg/L MR 2L E THE A, AR ER AN ZU A T T W SR LI 1 46 pH
[13E4 54 3.0 5.0. 7.0, 9.0, 11.0, ZRJEFEHMA 0.12 g PEI-WT, 50°C FEKBEIRIR 25 1E 7 h,
SN A AR /NI E AT DL AR YT TF KA 498 nm RO, SRR, Wil 9 iR
SERRIL, pHAEN 70, WL RCR R, RER K pH (E, MR P, X0 RER KA
% pH EHIEM, ¥t OH BSFHH Mg, B4 iE AR B PR L OH B 7 SRR LB & 7 G BHEAE
g4 NG E S SAN LV &N

3) kK R 5 ) B

HERRFZHL 50 mL 10 mg/L FIWIER LR B T 4EE M+, N 0.12 g PEI-WT, 737 - 30°C.40°C.50°C
60°C I HE TR HIEIRG 3, S TR 8 h RILEFE, &ERE— /N 7ERT W S BT
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Figure 9. The effect of initial pH on adsorption capacity
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Figure 10. The effect of temperature on adsorption ca-

pacity
10. i@ FE XA E RS20

w

AR R g /g

(=]

3.4. MR EEMAL PEI-WT IRFIRIEHIZETE

3.4.1. MR ESTHTSEEEITS R

TERR I, BEILLFER: pH N 7, WHHEE Y 50°C, PEL-WT #N&EHN 0.12 g. fERRFEER
Bepits b, FH o STV G R B 25 B AT i — D S, B8 T AR IR e R B 7RV B 5 o T A i — D
k. e pH, WLPHIRE, PEL-WT BN EAE AN E SRR, W 1.

Table 1. Response surface design factor level table

= 1. WNERTEZEKER

EESE -1.00 0.00 1.00
pH 6 7 8
T 45C 50°C 55°C
PEI-WT # i ¢ 0.1g 0.12¢ 0.14 g

FEMA S TE KTkt B, BEATRUT 17 5888, JFIREE R 2.

ERE A MANAEL I EE R, R T e UM AR 2% A 9 rh L s 25 BRL B[ 14, B pH 9 7,71, WRPRHREE DY
50.92°C, PEI-WT f5in#h 0.1 i, cePEMRBR R A 45 & PERE S DL . T A2 980 UE X 06 20 VR A5 HE o 2 A P B B 2
B =579, SHIMMEREL, YHHNRCREAR.
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EEge 4

Table 2. Response surface analysis test results

2. MR E SR EER

SEE pH R C PEI-WT # & g AR 5 mg/g
1 -1 -1 0 145
2 1 1 0 452
3 0 0 0 5.02
4 0 0 0 4.68
5 0 -1 1 3.43
6 -1 1 0 1.52
7 -1 0 1 1.78
8 1 0 -1 5.61
9 1 -1 0 4.54
10 0 0 0 5.81
11 0 0 0 5
12 0 1 -1 4.66
13 0 -1 -1 3.49
14 1 0 1 4.56
15 -1 0 -1 3
16 0 0 0 485
17 0 1 1 2.98

3.4.2. MRS Hr
P77 225K 53 A (A 52 TR AR L% 3

Table 3. Analysis of variance table

3. FESER
J5 R F R H HE ¥175 F {4 P
LY 29.63 9 3.29 25.38 0.0002 e
A-pH 16.47 1 16.47 127.01 <0.0001
B-ifE 0.074 1 0.074 0.57 0.4744
C-PELI-WT # & 2.01 1 2.01 15.50 0.0056
AB 2.025E-003 1 2.025E-003 0.016 0.9041
AC 7.225E-003 1 7.225E-003 0.056 0.8202
BC 0.66 1 0.66 5.06 0.0593
A2 4.07 1 4.07 31.40 0.0008
B2 4.92 1 492 37.93 0.0005
2 0.52 1 0.52 4.00 0.0856
Bz 0.91 7 0.13
KA 0.15 3 0.051 0.27 0.8453 NTES
afiiR 7= 0.76 4 0.19
MBS E 30.54 16

E: PAEMFER—AGTE, MUK RFHRER T ZE([15][16].
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FH7¢ 3 AN, IR[EEREAL R F B 25.38, RoniZAE BN . B MR T S AT el H
0.02%. P1EH/NT 0.0500, R F 2R EN, KPTUP ER 0.8453) AR, PEHISLIIRZER /N,

ST B A AR O R4 R2 5 0.9703, 77 % REGEEEIA T 1, ULHA DA 75 FE A9 A F2 BB T
AP P 0N M A e 2

T2 FH e S8 TR R 00 AR AT [V 40 AT, 8 IRl A ADURH 5 A5 31 el A 75 R -

BRI B = 5.07 +1.44% A +0.096*B—0.50*C —0.023* A*B+0.042* A*C—0.41*B*C—0.98* A2

~1.08%B2-0.35*C2.

MRAEEVATTRE, VEma S, B G R TEAR, SBAIR N & SR, pH, PEL-WT N
s, FLAE 2k BRI S TE B 11 . HO B AR S AT, RN AR .

& 11(a)%0: [Fl— PEL-WT #I0&E R, 75 pH 6~8 JalE N, FE#E pH MIFhmr, AR M Sz e
TE 6~7.5 01 PN AR B R T i S . S5 2R R pH 7 ARG OR, A pH 6F LA R P PR SR
T PEI-WT N & 5m .

I 11(b)%A: [F—IRJE R, 78 PEI-WT #0005 0.10 3] 0.14 YO E A, AR NEREE PEI-WT #hn&
b, FHAE 0.10~0.12 Y PG IR 3% o 55 s 2S5 BV IR RE 77 el AR A0, 150 B IR R X B A I B
fRIsEI KT PEL-WT $in & .

mE 11e)H: F—RE T, 76 pH 6~8 N, F%E pH MThm, HAIR P EEE 5, HIE 6~7.5
0 PRl PN BT R B B v . SR 2RIE pH T RGO, T BH pH R BT R B P S e TR

B30 B

C:PE-WTH N &
BT Bt

I
6.00 6.50 7.00 7.50 8.00
A:pH

(a) pH A1 PEI-W'T $35 -2 Xef 547 5 i 4D 5 sy 2 LR o 1 )
LA IR B

T =3
45.00 47.50 49.00 51.00 53.00 55.00
B:im

(b) WLFEAN PEI 43I0 XoF 5 A7 W 0 14 5 ey 452 R AR i . T 9

C:PE-WT# N &
BT Bt
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Figure 11. Contour plots and response surface plots of unit adsorption capacity and temperature, pH and PEI-WT dosage
11. BAIRMESIRE, pH F PEL-WT %N & A0 4 B A0 5 m &

gi bRk, R R BT BRBOR 5 TFBA T pH. IR, PEI-WT #n& 3 IEX HAR(ER
AR B 23 i JSEAF R 0, = PR 3Rk B IR B R (R A IS 9. pH > IR > PEL-WT #8n. Zmi N
T, AR 49 pH 771 TEJE 50.92°C. PEI-WT % 0#& 0.10 g.

3.4.3. BRI ALIE

N T B S A A AT AT, EARAE R R IS PEL-WT, 58 2SEPrefERI A = (R, K54 T
SSHUEIEN pH 7.5, TJE 50°C. PEI-WT #n 0.10 g 7EMLZAF AT =R E LRI, P s bt
BN 5.85, FHXTFRHEMZE A 1.51%. 2% B B (14 35 52 M FRS 9 FE BT

4. 58 (Conclusions)5 M BRI =REE

KL ARG HEL T PEL I IR FE 2SS, K] SEM AR Bt 57 PEL-WT 34T ZRAE o Wi 7 [ 00 A 1 Bt
NIRRT BN gLk, %2 1 W BRI B A 10« JELRE R KT A€ B LA e W 550 JURL A 4% S5 0ok MR B 12 i (1 52
Wi o WD TRV A0 M, B IR B 2614 h pH 7,71 % 50.92°C. PEI-WT & 0.10 g, fESCAR AL 261
T, PEI-WT XJ7K I FE 20 B0 B e K &8 11.46 mg/g.

e KRR E Tolk K s s rp e ar =, ATESLE RIFEMEIAFIH, CURIRE, 700 FIH K750
#, @i PEI etk WESC PEL-WT XFRISLL IR BV RE, PR 37 28 i 5 TR 7547 22 Bk Tk K o e
BHE RS R .
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