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PREPARATION AND ION ADSORPTION PROPERTIES OF CS BASED
COMPOSITE NANOFIBER MEMBRANES

ABSTRACT

At present, the pollution of heavy metal ions generated by organic
dyes and industrial wastewater has attracted widespread attention. The
adsorption method is chosen because of its advantages of low cost, simple
operation and high adsorption efficiency. This work used polymethyl
methacrylate (PMMA) as a composite skeleton and prepared
Chitosan(CS)/PMMA and CS/PMMA/Polyethyleneimine(PEI) composite
nanofiber membranes with strong self-supporting skeletons by
electrospinning method, this provides a new and convenient method for
preparing efficient adsorbents, which has great potential in removing heavy
metal ions from wastewater, the following studies were conducted on the

above-mentioned nanofiber membranes:

(1) The morphology, chemical structure, thermal stability,
hydrophobicity and mechanical properties of CS/PMMA nanofiber
membrane were systematically studied, as well as the adsorption and mass
transfer mechanism of heavy metal ions (Cr(\V1), Cu(ll) and Ni(ll)). The
results show that the CS/PMMA nanofiber membranes with uniform
diameter distribution (100-500 nm) have been successfully prepared, which
have good hydrophobicity (about 1009, thermal stability and mechanical
properties (2.3 £0.1 MPa). It was found that the CS/PMMA nanofiber
membrane exhibited good adsorption of heavy metal ions when the initial
adsorption concentration was 200 mg L™, when the Cr(VI) ion was
adsorbed, the pH value was 3, the mass of adsorbent was 70 mg, and the

maximum adsorption amount was 209.0 mg g*; when the Cu(ll) ion was
v
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adsorbed, the pH value was 5, the mass of adsorbent was 90 mg, and the
maximum adsorption amount was 51.2 mg g™*; when the Ni(ll) ion was
adsorbed, the pH value was 4, the mass of adsorbent was 80 mg, and the
maximum adsorption amount was 80.8 mgg™. It was found that the
secondary adsorption effect (Cr(V1) 163.5 mg g™, Ni(Il) 78.0 mg g™) and
the mechanical properties after secondary adsorption (Cr(VI) 1.4 =0.1
MPa, Ni(ll) 0.8 £0.1 MPa) of CS/PMMA nanofiber membrane remained
high, indicating that the nanofiber membrane had good reproducibility for
Cr(VI) and Ni(ll) ions. The adsorption mechanism was studied by Fourier
transform infrared spectroscopy (FT-IR), X-ray photoelectron spectroscopy
(XPS) and Zeta potential measurements, the results showed that the
CS/PMMA nanofiber membrane had abundant active sites of amino groups
(-NH,) and hydroxyl groups (-OH), and could remove heavy metal ions
(Cr(VI), Cu(ll) and Ni(1l)) through chemical complexation and electrostatic
adsorption. The removal of Cr(VI) ions also reduces the toxic hexavalent
Cr(VI) to the non-toxic trivalent Cr(lll), thus exhibiting better adsorption
properties for Cr(VI) ions.

(2) The morphology, chemical structure, thermal stability,
hydrophobicity and mechanical properties of CS/IPMMA/PEI composite
nanofiber membrane were systematically studied, as well as its adsorption
and mass transfer mechanism for heavy metal ions (Cr(VI), Cu(ll) and
Ni(Il)). The results show that the CS/PMMAJ/PEI composite nanofiber
membrane with uniform diameter distribution (800-1000 nm) has good
hydrophilicity (14.9 % 1.4, thermal stability and mechanical properties
(2.2 £0.1 MPa). It was found that CS/PMMAJ/PEI composite nanofiber
membrane exhibited good adsorption of heavy metal ions at the initial
concentration of 200 mg L™, when the Cr(VI) ion was adsorbed, the pH
value is 3, the mass of adsorbent is 90 mg, the maximum adsorption

capacity is 226.5 mg g™ when the Cu(ll) ion was adsorbed, the pH value is
\Y
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5, the mass of adsorbent is 70 mg, and the maximum adsorption capacity is
83.3 mg g™; when the Ni(ll) ion was adsorbed, the pH value is 4, the mass
of the adsorbent is 80 mg, and the maximum adsorption capacity is 64.6
mgg*. By analyzing the secondary ion adsorption and mechanical
properties of CS/PMMA/PEI composite nanofiber membrane, the
secondary adsorption efficiency (Cr(VI) 194.4 mg g™, Ni(1l) 59.0 mg g™
and the mechanical properties (Cr(V1) 1.4 £0.1 MPa, Ni(ll) 0.7 0.1 MPa)
of the nanofiber membrane remained high, the results show that the
nanofiber membrane has good reproducibility for Cr(VI) and Ni(ll) ions.
The adsorption mechanism was studied by Fourier transform infrared
spectroscopy (FT-IR), X-ray photoelectron spectroscopy (XPS) and Zeta
potential measurements, CS/PMMA/PEI composite nanofiber membrane
has more abundant amino group (-NH,) because of the introduction of PEI,
which makes it have better adsorption effect to remove heavy metal ions
(Cr(V1), Cu(ll)) by chemical complexation and electrostatic attraction.
However, for Ni(ll) removal, the N 1s spectra shift towards higher binding
energy due to the introduction of PEI, and the zero-point potential of Zeta
potential does not move towards negative direction after adsorption,
therefore, the adsorption effect of CS/PMMA/PEI composite nanofiber
membrane on Ni(ll) ions is reduced due to the weakening of its chemical
complexation and electrostatic attraction ability.
Mengyun Yu (Chemistry)
Supervised by Jiangang Gao and Zongrui Zhang

KEY WORDS: electrospinning, composite nanofiber membrane, heavy

metal ions, adsorption method, adsorption mechanism

VI
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Figure 1-5 Schematic diagram of nanofiber membrane prepared by electrospinning®™"
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HeJEET (As(V). Pb(Il). Cu(ll)) &5 F R ILHIS b 81 B B 870 il ol ik
39.4. 57.3f1112.6mg g™.

1.4.2 BREAGEREBLE (PMMA) ZEIRMIFR}

PMMA K+ 5, EA SHUGREM RAFImER IR, |2 N TS d e
o fHIIZL)EN PMMA PERERACRFFAZE, £F4EIR PMMA fERZHCA S H
R 2 A e ) 2 P OO,

Rocha 25 A% 7 PMMAEZK (PHA) FERILIS (PPy) H-&40KLT4EIE,
WFFE T HAE Cr(VI) B 7RIV B fE 9 360.5 mg g™, IERH T %4 k4 4 B —E 1)
IKAEE IERE. Mohammadnezhad 5820 PSR FH R A 4 B 775 PMMA $3 NS LB
1Ef MCM-41 S AbkEr, DL3-R A = 2 AR ER N BB & T APTS-MCM-
4UPMMA GUKEAMRL, W70 R BN CA(I1) B (0% B4 B ATIA 24.75 mg g™
FRIZAKE MR T-41 PMMA 1B LT . XK PMMA 7] LGB A
5 CS KAMEAEH, T8 CS 7 THINIMES G, IS AN KL LE R AT Ui 22
AR E 1 o

A)
2y
He

143 RZETRE (PED) EIRFHFHY

KON (PED A& —FIBMKIEVE S 72 7 #0kE HAT IR 9 K 26 VAR B
PRS- BT m Wi e AR (L), DRI, PEI AT DL fh 4% & it
ST AR E SRS T (NH, SEgEE T2 BRAEEM IR , AEeRE
TR PR AN S B AR AT T BT, AR, PEN BT K, MELU R K A B R
GirhoyEsitiok, KPR T ISEBRRIATA, AT X B, AU KIEYE PEI 22
HRE A ARAE [ AR BCR B it b, DARBEEA DL /K I/ PEL,

Zhang VLTI 27 LR 4 FUEKASSEPERR) PVAIPEL 9PKET 4L,
S A SEI P B K Cr(VI) B T HITRBHERE, KT, 150 mg g,
T FATLEE g e 5| FSE LA . Zhu 285 NN 78 AR R KRR AT 32
B PEL, FBIDH % T R A R R IR IR AR R B AL R AR
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LA TRER S 22 Ar 8 3

ft77) (PEI-PCS) , Wt R B4 PEI-PCS XF Cu(ll) B -F It fg /1 nlik 85.47
mg g, FEAEEMEIA B AT EE R Liv S AR A R T R
PEI/PAN LIRS, %5 LA BJr 5 =X Bk i 1 Cu(ll) 257 (97.6 mg g™ il
Cr(VI) &7 (136 mgg™h) , fE— N EA RIFf ] EE R M. Wang B4
VoLl 7 A FAE R S22 PEVREZIG (PVC) GRKeT4e M bRl B 5tk
BLZI IR As(V) B8 T RA L R RE (115.79 mg g™ FIR] S GRS

15 KR MHIMREXEAR

MR Y7510 1 30 5 e W P2 B PR B < Jo 1 (K0 S, 80 D e BT 0 3 ) PR PR 71
BEATIN B R E T, H AT St SO TR BRI b R B T AT
TR RAREDR I SRS, CS RIE TR B I RR L
i, HAmREENERMYE, 78 PSR AL A5 (NHy) At
(-OH) , PEI & MBI EME RS T, AAFE RN ERBIIZEE (-
NHz) 0 7 ) 46 BEEWR B 707 ThT 51 A2 1 AT oo, sk, ¢S i3
FAAESBR AN R FEARSE R AL, (FFF G722 CS MIZAFLLIET %, PEI HT S TK,
ML 438, R T B bR R Y, MR TR F B B RERIN CSHI PE
TEREERE TN AL SIANREYIEE IR E MR GORT YRR, X T2
PRI B RCR R 2 . PMMA B RAFHIAU R AN IRYE, 1F &)
BLJ5t i BT 42 i T R i R A K ELE R LA E RE AT /KA -

on O 1vo . / <&
on0 I u;;ﬁé&}!&?{:‘é&l‘:%ou / !&N ‘
[ 1 43 0 Nln GO >
(:l() N r ; 4 - - .
cs / P
K\": ~ AN, 7 \‘ >
H;N \/‘.\’\/\}.\"\'}\! NH, (\/\ '\,QN:I & ,.r// - -
Jf o ]L T B S
BN~Nng, N, o ; - ~5pm
PEI -~ Hydrogen bonding ’g o ‘Wﬂv .
® ovDp O Crdm s

o.. -
@-ic=0- ) B - 0/C00 2 =@
® cuan @ NiaD HE \%\\ ¥ H
=) Oxidation reduction :-'-'-:o ~ ‘\
o

‘\%\4! NHy ==@
--=-- Elecrostatic interaction l f

N
. N
------ Coordiation interaction o+ i SR

...— NH,*
1-6 S A GNOK AT SR B A3 P

Figure 1-6 Composite nanofiber membrane adsorption mechanism diagram
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RTS8 S

LA AL L, PMMA N A B4, 8 F g 2l ae 7 B B Scs 48
[f) CSIPMMA 4K 4EEAT CSIPMMA/PEL B A9 KeF4efs, I & B0 48
£ (FT-IR) « BEBEIIRIEESC (PH NMR) X BHEATHMY (XRD) « [R5t
1% (TG-DSC) . 2l (CA) FHHE TR (SEM) XfYker4E
AT o 250 ARt SERUKMERESRSE 7T, Bhah, RARME IR, B
g X FEOE (EDS) « X 7k (XRP) « X FHEobTFREE (XPS)
A Zeta HAL> BT FE T AR E4E N BB T (Cr(VI). Cu(l). Ni(ll)) 1
MR EREAILEE (& 1-6) o (RIS, NS oK LTSN BRI 5 PR FARR e A ) 27
PERE, DASPAEXTESBE T (Cr(VvI). Ni(l). Cu(l1)) FrImR B R e 1k A a] 2548 5]
FE, W FUEs SRR 7K B 4 S B 1 25 B 1 IS FH A S Bk 1 AR 110 B 10 A 52 R AR
¥




TRUTAE R 2 A 3

523 CSIPMMA iREF 4 BRI B B TR M AR5

215|585

B TV AT AR R PR A, KT R oy Rt i E R A . 4 AR 4
GG, IRBE ) S BINBK R 1 S R B TS R s TN D
U2, f 47 B Tk mid &40 AR AR e AR R P 2 fa s, Tt 3ab)®
TEAUTNE PR P ERESEE T, DAL H R . R T
SO U N Sk | L N Y100 %Y - LN e ST 110 QU K =B A s g e
TRBRTT . WA S R R T RS . KB B . nT R A AR R
MK 2 R B 4 R B8 T R AR TS, ik, CS RO 2
THEFE S AR B R K B B 8 B 1, E AT CS B IR 3 S VA 7R R 3 B 75
R SR A, (R PR T VR A R R AL FLBRR . KR A
JESE, MIFR®I 1 CS B/ BREFE, BRIk, TFR—Mh R IE 2 I SRS R A i
AN EEBIBIEREN) CS BEMPR A LB 5 HARE S & 7L, g
HARMMERERT 2, ST 2R, TERBE, JoT7 AL R AT il 21 4k
PP (B Li42 CS AR EL R T 21, [Nk R ) ON R A I R MR
(PMMA) , DU K A4 WU R

ARTAEFIEE PMMA NEABZE, CS NER, Wil FEg 24 7 RRA
) CS/PMMA ZKEF 4 . WA [FIZLRRKT CS/PMMA 44K 41 248 155 14) 25 44) 14 B
PAETERE . SREUKIEATEI S HAR A BEAT RAERT IE o FEXS 9K £F 4 50
J&E T (Cr(VD). Cu(I). Ni(ID)) HJW 1 e AR B ML EE R 4T T RGN . [
I, WUE J K LT YR <5 B T IR B IS R e PR g SR, M E SR S
TR B R E VA AT B R MEREAT URAL, BRI IRy CS/PMMA 9K AR 4R
AR D B 75 AP 7K P 25 B B 8 J8 8 7 T PR R P A3 1 (R 47 ) SR S FH Al

2.2 SEIGER Y

2.2.1 SEIGTHR SRR

S8 i R A 2 B i S AR LR 2-1 1 2-2,
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* 2-1 EESLIR A

Table 2-1 Main experimental drugs

24 4 4l i HEPRT 5
P i 2.5 90% IR R A PR A T
5 5 T s 1 FE S M,,~350000 SEIG = H )
FF 35 A 2 T Y AR [ 2442 F A 22 70 A B
2% (UKESRR) AR I 2442 FA A 2270 A B
Gk AR [ 254 P Ak, S0 B A 7
TSR AR [ 254 P Ak, S0 PR A 7
Gl AR I 2442 F A 2270 A B
i AR [ 242 FA A 2270 A PR
KB4 AR [ 254 P Ak, SR B A 7
LW 2R AN, ok AR R R T AR AR R A R A T
Frim AR [ 244 A R A B A 7
Sk AR I 2442 A 22k 704 PR
gk G AR I 254 F AL 2R A PR A
ATV IR AR B R T AR AR R A R A T
=k — —EA AR
—ﬁ%%fi%gﬁﬁg AR FE 244 A 2 A PR 7
NI B AR I 254 F AL 2R 70 PR A
ORI oL AR I 254 F L 2R 0 A PR
T 5 AR I 2442 A 2k 70 A PR
W (KD AR I 2442 A 22k 70 A B
EhR AR I 254 F AL 2R 0 PR A
SR O AR [ 2482 R A 2k 70 A B

* 2-2 FHESII A

Table 2-2 Main expermental instruments

X 28 4 Fx XA EIE
L AAE R X T 8 DHG-9036A ARG 7 S R A A PR A
SEAGUIE R R as DF-101s T TR AR A
B, TR FA2004B TR RS A IR A
SEIG E A K RGE Smart-Q15 b AR A A R A A
7 B L YM-040S RYNTE 7 B 7 A TR A
ErHL g 2L HZ-02 I REMRARH A PR A A
BT R S-4800 H A H 37/ ]
XYFERATHIHN XRD-6100 H A By A 7]
XEFER G HE T REHEAX Escalab 250X FEFEER G R B A F
XU 5 Y et A PANalytical Axios 5 [ T SERF vl A PR A 7]
TG-DSCH #Hr X STA 449 F1 2k ] i Bt A 8% A1) 35 A IR A )
2l A I E A SL250 R ERRE T A PRA
{8 B2 AR 1A Nicolet iS20 % E B CHRBHE A A
Bruker AV 500M EKFI . GBCRF2A A3 28 3 7]
BT~ 3 B AR IR AL Al-7000-SU1 ] %4GOTECHA A
A = PANRY PANRN
ﬂﬁﬁ%ﬁéﬁﬂﬂﬂﬁ TU-1950 JE ST A B A 7]
ZetaHL 47 73 BT A% ZSU3200 RS EMY A R 2 7]

11
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2.2.2 CSIPMMA 4K eF4E PR RO I &2

K E Y 22 H AR $] % CSIPMMA K AF4EE, FREUE R PMMA I 10 mL
80% M) LR, 35 °C KR IR e &V fG, FFREL 0.3 g CS My AR
PMMAGR ARSI AR CS B (K4 4 h it , $ilfREERREDS
VL, CAECHIAnZR 2-3 BTSSRI AL R 97 220 . PG 2 R 2 24 e
R BHTE RS 2, TR 25 HE 18.90 kV. HIEERE 15 om. AR
F20mLht. [, FCH PMMA BT, T L 24 % PMMA S4ERE VX

\\\\\

R 2-3 LI I AR

Table 2-3 The compositions of the spinning solutions

T 5 CS Jfi&E(g) PMMA ¥ (g:mL™")
1 0.0 0.2
2 0.3 0.026
3 0.3 0.028
4 0.3 0.030
5 0.3 0.033
6 0.3 0.037

2.2.3 LI5S (FT-IR) FI#ZEIEIREE (‘H NMR) izt

NlE CSIPMMA YK EA 4L AR vERE, SRS 204 (EE
FEER /R Nicolet iS20) HEATINA, 7E=EAMT, KFEMS KBr BiRIES KA
IR K98 BBl 650-4000 cm™, S A Bruker AV 500M %S SEIRBASSGHEATINR, 2
HLUTARG ) (CDClp) FIPY I SERERE (TMS) E I 75 A1 P A I 2 SRR B gk
LRAE T P 4 B TR S I LLA S AR R

2.2.4 X BTk 078F (XRD) M FngeSkizmm (WCA) ik

N E CSIPMMA KA 4 45 b vE e, R X SFRATHAC (HA B3
XRD-6100) HHATMIR, EFFFGEE N 4 Imin, VTR 20 = 5 ~ 505 JFARL & 44
KATHEREBEAT XRD PRk IIE CSIPMMA K AT 4RI SRR MERE, I 228
fik A (EEEHE SL250) %F PMMA fiiE, CSIPMMA Ji Jz AN [RIZH ) CSIPMMA 4%
KAFYEHAT R A MK BEHLIERE 3R, M ETETY) 3 Pt 256 em HUHUIREE M,
SRJGAEAFERE B B EAARMALE A%, diaD BHTIRK, i E Rt

12
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I3 AAE 0s. 55 A1 10 s I sl ffy V(8 S bt 22

2.2.5 DSC #1 TG M3z

NITE CSIPMMA GUREFAEE I HAPERE, KA TG-DSC RIS #I T (TR}
Bt STA 449 F1) BHATINAGRAE, £ N BN, TG MHAM &M HmANEIRTT 2
150 °C, R 5 min, Zk&EA-EZ 800 °C (FHEIEZE 20 °C/min) 5 DSC ik 2&fF: M
40 °C F£ % -20 °C J5JHiR % 150 °C %5 3 min /5% % 40 °C (JFHEE RN
10 °C/min) .

226 FAHBTFEME (SEM) MEEEEE X Skt (EDS) Mk

AME CSIPMMA KA eI TSR R AT e R & &, KA H AL S-4800 3
SRR T BB AT R AR AT X BB R, REN R RS AR, 78
5KV AN R T, 2RJ5 ] Image J 48l 200 ARLT4E ELA% .

2.2.7 X BHETT I (XRF) SR 344 Bzt

% CSIPMMA PR LT YERRIR b B 4 I8 B T R e R & BT /00, SR X
SRR (XRF, PANalytical Axios) X 44k 22 FIE 5 [t 55 4 J 251 11 J FR o
HIATERDHT. RIS E AT CSIPMMA K 24 5 P-4z e 58 P50 470K
e AU BT AR 256 em (T, R MRESER 5 M, E I E KA 4E R
ERE, JeRPER A% 10 mm, FTH MRS, WERANEZE) 6 mm/min,
NFTHRBUE, RS, WERARR AR .

2.2.8 X Bkt FREIE (XPS) #0 Zetasizer Advance &%l (Zeta) BB

% CSIPMMA GHK LT YE R I B 58 25 7 AT S T3 . B RERTAT LR
BEAT 3T, R X SHGHTAEiE (XPS, Thermo K-Alpha, Escalab 250XI, USA)
TR, Bl Mg Ka (1253.6eV) Jy X BRI, 78 1 eV T M 0 £ 1100 eV
MY RE . FE Zeta WAL T4 (ZSU3200) W B 5 42 @ 25 TR ) Zeta
HIAL

2.2.9 CS/PMMA £ 5K £F 4 B Al IR i 14 B,

PRI 5E B MUK T AEERE i, TREAE €A pH EAREN E SR e T

13



s RN I e RS
VI, REATIR SRR, BERE 5 RO TR OB R A h- 1T W73 B I e R e 3%
KAIBOGREE, B AR MHE R 5 1R

GKET RN 5 48 15 7 (P B v 25 BR %6 Removal IR FHRE . (mg g™
Fon, HEARW 2-1. 2-2 Fik:

Removal= C‘é—c x100% 2-1
0
e= (CO'(I;e)XV 2_2

Rt Cor Co— BAIHE TUMUWILAWERITHIKRE, mg L™
q, — A, mg g’
m— IR R g
V— EARE TR ARL mL.
2210 ESBETARER RIS

HRHESEE T (Cr(VI). Cu(ll). Ni(l1) AR IAW, FREL 2.829 g
TS TET ) KoCrO7. 2.51 g CuSOy4 1 4.48 g NiSO4 6H,0 73 MIVE T /K, 43 W%
A 1000 mL EERAHIKER, BRESEE FI&REM (1000 mgL™h . AF
WRHY 5 mL 242 2 100 mL A K E ARSI ESEE T (Cr(VI). Cu(ll).
Ni(l) FIFRAEAR (50 mgL™)

2.2.11 B &R ‘R H

L1 BRI RARIRER (H,S0.) ZARmin I FAARI K S, niasise, fr
AREZFEAA: L1 BERRER: KBER (HPOy) SRMARBUKIES.

TORGEIENRIEW: FREL 1.0 g RN (CisNwNOD , A 250 mL (1A
(CaHeQ) WA MRE, % 500 mL HEIR T IR EZIELES], TAEamh
IR AT

EDTA-FFEBREAA W : AREX 10 g 4 &P 4R 8 (EDTA) , 20 g 715
BREE, NI & 7K AR f5 7 2 500 mL 25 2 e 25 .

14
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R-FAEE AW B 70 g EALE DN E =K P AR, =K 48 mL,
% 1000 mL B EIH T E R .

TERTTE: FRECATVEVEERY 05 g, TIEE/KFT AW 2 min, AAE=R/GE,
M\ 100 mL R E 7, BBECILH .

=OKE T OEETHANE I FIRVA R PRI 1.0 g AR HE R 5 B K
VR, FeAr A 500 mL AR ER, AL R

1.25 mol L™ S AN : FREL 25 g EEALEN (), T EENEE
Tk, #ZE 500 mL AEHTES.

0.14 mol Lt AR S VAW : FREX 16.0 g i iR EE ((NH4),S:08) » HIERE )
FBETFIOKEM, BE 500 mL FE A H 28 FRKER.

0.05 mol L™ T —Fill5iAw: FRET —Fifs (W2 85 299, HiER
ITEIK LIV G 212 8]\ 500 mL A2 I K LB e 2, RIEIRT

2212 E€RBE TR EZRAT]

I 6 32 50 mL A&, Z#I0A 0.00. 0.40. 1.00. 2.00. 4.00. 6.00 mL
Cr(VI) BFAREW (50 mgL™) , IMEBFKMBREZEL, HinA 11 Mk
R (%050 mL) , IREIEIRAW (2.00 mL) #£5), HEA-TT WAk
THTE 540 nm JEKALI B B E A s hbRE i 2 (18] 2-1a) . 7E 6 3 50 mL %
EIP 4 AinA 0.00. 0.40. 1.00. 2.00. 4.00. 6.00 mL Cu(ll) B FFruEiER (50
mgLl™h) , FEWIMA EDTA-FFEER AR (5 mL) , Z-EAEEhER (5
mL) , #HF (5 mL) FEmiEm (1 mL) , IEEFKER, THK 450 nm
AR TE WG A 2 AR AE R 2R (B 2-1b) » T 6 % 100 mL Z5-&3 43 i
0.00. 0.80. 2.00. 4.00. 8.00. 12.00 mL Ni(ll) B FAruEAW (50 mgL™) , 1%
UIMNE S (30 mL 1.25 mol L™ , idHifk4% (10 mL 0.14 mol L™ F1T —
Bif579% (10 mL 0.05 mol L™ , FAEBEF/KESR, Tk 460 nm A35E Ok
FEf IR lbaE i 2 (B 2-10) o b, WRE Cr(VI) B R® {424 0.9995. )
B Cu(ll) B 71 R E24 0.9997. W B Ni(I1) B57#) R {5 0.9993, =4knifeh
2R R® (KT 0.999, 45 BT S0

15
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—_—
=
—

=
=
—

y = 0.1923x - 0.0171
R’ = 0.9993

¥ = 0.7545x +0.0319
R? = 0.9995

y=0.1847x-0,0034
R*=0.9997

Absorbance
s s

0 1 2 3 4 s 3 o 1 2 3 +
Cr(VI) Concentration (mg/L)

K 2-1 EEJEE T (Cr(VI). Cu(ll)s Ni(l) bt i 2%
Fig 2-1 Heavy metal ion (Cr(VI). Cu(ll). Ni(ll)) standard curve

Cu(Il) Concentration (mg/L) Ni(Il) Concentration (mg/L)

2.2.13 IR MR L FN N S S MK

R A 25 i 2k e 8 A 5 e R 9 K AT A N B < R B 1 TR IR B LR, R
R B 55 T 2t 5o AN 7] B < Ja W 7 VK BE T B AT I B S AT AR 2R U S, 8RR
Langmuir F1 Freundlich 75 F2f0 A58 . M1 B 3l F7 2748 F /& 9 K £ 2E 8 AN 52 4
BT B EAE, 2o SN [a) 55 08 B 2 TR AT AR 240 S, SR HE—
71 (pseudo-first-order) #ALFI#E —F5h /12 (pseudo-second-order) F5 %Y %t
ORI B S FREAT G, MHYPKR AR S BRSO R,
TE IR AT AT & BRI B 1 A, SR B ) i IR AT R A

Langmuir 77 F£ 4023 320 2-3 7

q,.=K1q,C/(1+C) 2-3
Freundlich 7721 AR 2-4 .

q.=KrC."(-n) 2-4
A Co— WP (R, mg L™
qe — PRI &, mg g
K. — Langmuir W & %1
Ke, n — Freundlich W% fff & %5 .
#HE—Brah 1 7 R A 20 2-5 Pk

q,=q,(1-¢"(-K;t)) 2-5

#HE Bz 1R A 3 2-6 s
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q,=(q,7Kt)/(1+q K1) 2-6

A Ky MKy — AR IE 2, mint

23 ERE51E

2.3.1 CS/IPMMA 2l K4 BRI 25 #a E BE S0

o e ]

CS/PMMA NF

CS/PMMA NF

Son . N ) ‘J

=
3429

Transmittance (a.u.)

336 3001 |~

T T T T T T T T [
4000 3600 3200 2800 2400 2000 1600 1200 800 400

- 52 38 2.4 1.0
Wavenumber (cm ) ppm

] 2-2 CS. PMMA £F4E[E AT CSIPMMA 9K 4EEfH (a) FT-IRJGEER (b) 'H NMREiE
Figure 2-2 (a) FT-IR spectra and (b) *H NMR spectra of CS, PMMA fiber membranes and the
CS/PMMA nanofiber membranes

S AT CSIPMMA GUKEF 4RI FT-IR Y6l 'H NMR &% (B 2-2) , CS 7F
3464-3402 cm ™ AL SEUEKT ML O-H SR N-H S8t f R IR shig, 7F 1646 cm™
A VA VAR T B N-H 025 382, 1078 cm™® A1 1029 cm™ 4 (E 5
CS ' B-1-4-WEHF 4 C-O Fuffizh 4 561, WmEAE b CS MIRHIENR CIg i1k 2%
HrF7E 1.27 ppm. 1.63 ppm F1 2.19 ppm®. PMMA £F4EfE7E 1736 cm ™t 4bfyisqE
SRR LAY C=0 R fiiRBNIE, Kk C-H FIRFRShES T 3001 cm ™ Al
2954 cm* kb, 1.26 ppm. 1.68 ppm F1 2.19 ppm J& PMMA ‘&% -CHj. -
CHa #1 -OCH3 Jit T HIML 2 AR50, CSIPMMA 20K 27 2 i 41 4 M i Pt v )L
F-HA CS M1 PMMA HIFTA RERFIENE, g R eIg i B AR B AR A T — E /Y
Ak, BItn, CSIPMMA 4K EF4Efifig e C=0 FifRIRENxF R I M 1736 cm™
#1733 cm ™, 5 O-H M1 N-H HI5< (1) 3464-3402 cm ™ Ab 14 5 6 th [ S5 1K 0 38 4
#3l, HYEER R R kss, FIK, B N-H Zah3Rsh 5] m s A o fE ek 55
1o PLEARWEY], CSIPMMA UKL T CS 5 PMMA 2[R #7 76 2 8 55 55 AH
FAER, IXATReRBE MRS
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(b)('smxm,\ NF adsorption Ni(ID)[]
N 1630 I

—1730 I
W CS/PMMA NF adsorption Cu(Il
.

CS/PMMA NF adsorption Cr(V]|
30
730 Bl B B T

CS/PMMA NF

~_~
®
S’

CS/PMMA NF adsorption Ni(Il)

CS/PMMA NF adsorption Cu(ll)

3420 CS/PMMA NF adsorption Cr(VI)

CS/PMMA NF

Transmittance (a.u.)

N420

T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
Wavenumber (em ) ppm

[] 2-3 CSIPMMA KA AR IR Bt T8 B RIS (1) (2) FT-IRBHEAT (b) 'H NMR1%
Figure 2-3 (a) FT-IR spectra and (b) *H NMR spectra of CS/PMMA nanofiber membrane before and
after adsorption of heavy metal ions

HoH T CSIPMMA GUKA4EEERESEE T (Cr(VI). Cu(il). Ni(11)) Wt
A Ja G A4 (I 2-3) , KRB Cr(VI) & 7 )a f 2k A2 4t (3464-3402
cm ™) IR IRBNIE L EEE (1650 cm™) [ dhIRZhIE B SRS, A EE bk
FALMAE 3.68 ppm AL LB RIS, HEAT CS H -NHy 3 [ 5ERVE GUkH)
Cr,07” JEBIEKA B 44, Cr(VI) 8115 5 SR 3 R A4 4 A R B K
Cr(OH)s %:[, iZ45 RAERM PR LR RE gl AL 2B (255D 1977 SR
UK Cr(VI) B W Cu(1l) 2575 O-H, N-H HIRffifRahig A\ 3429 cm™ #3)
£ 3420 cm™7, 1650 cm™ Ak N-H (1725 R4 I 7 M8 I8 0B 3 R Rl
B2 F2 45 3.68 ppm AL A HUHT OIS UG, X R A S Cu(ll) & 1K
ZEL G R, FIRAEE K], CSIPMMA 9K 4Ef AWM Cu(ll) B T4t T
FREEMBIE AL S, 5 Cu(ll) & T AN ER G AT M Ni(l) &1
Jei, 3429 ecm ™t AbAUIE (N-H A1 O-H [RrffRash) &R, WeismE 8%
BEACAIZ L B AL A A R AE 3.68 ppm ALK BB IR ISC I, R @ & 1 rl e s
W B 75 SR B U R AR B A e ARAE SRR, N O RS A A 3%, el
AU DR R R B 20, [k, AT LA B B CSIPMMA 4K R 4E )
TR AL A EUR FRASE T, -NH,. -OH Rib &4 O At N iR Z Y
IR

2.3.2 CS/IPMMA £l K44 PR s A BE O #hr

ST CSIPMMA 44K 47 4 45 s A bk e, 1 XRD i & (& 2-4a) fr
R, PMMA ZF4EIEAE 20 = 13.9° MHEA — A5 EFEPY, 1 CS 78 20 = 19.9°
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B — MEEAEIERS, CSIPMMA Gk £F 45 7E 20 = 14.8°F1 22.8°4b45 P MFAE
i, FCARSE T BALE CS By AR A PMMA LF4Ef, PN [l i FA FE RS B, 1A
WKL e CS 5 PMMA RAAABAER], E3L4s & BRAR. R4 R DSC
MLk FT (B 2-4b) , CS 7 67.7 °C ib BRI, FHIK 3B, PMMA
O BRI ALIR B (Tg) 129.9 °CP™, CSIPMMA iy K 2 2 5 (i 35 39 44 T
(Tg) 4 52.9 °C, CS/IPMMA ZHAK LY R i B AL iR B2 B B B4R, SR RH 45
PEREAHNT R, RIFYPRRAFYERRAE R KL FE P, CS 5 PMMA Z[H#sL &4 THE
1R

X2 (b))

—
-]
'

CS/PMMA NF

DSC (mW/mg)

13.9° CS/PMMA NF

Intensity (a.u.)

129.9°C

5 10 15 20 25 30 35 40 45 50 -20 0 20 40 60 80 100 120 140
20 (°) Temperature (°C)

2-4 CS. PMMA £F4EFRT CSIPMMA GUKEF4ERE (a) XRDIGIER (b) DSCHi%
Figure 2-4 (a) XRD, and (b) DSC spectra of CS, PMMA fiber membranes, and CS/PMMA nanofiber

membranes

2.3.3 CSIPMMA K4 fERFa E M D 4

3HT CS. PMMA 74k, CSIPMMA 40K 27 4 i (g ke e M fig (& 2-5a)
(] 2-5¢) , CS MAE MBI ERIL (2.02%) &l T /KWK, M
B 300 °C FFEAMIFEK (55.54%) YT 52 RBEA R (10 %, PMMA £F
YEEAE 200 °C WITIR iR, A TESUAEIT 98%, KU PMMA 24 iEAE
200 °C UL R BA BAFRIHFEE LY, CSIPMMA gk 4L TG sk /T4
PMMALF-4Efii 5 CS 2 [8], 43 IFE 253 °C fl 368 °C FH A AR E, B—E
JREARKR (18.79%) IR EZ CS Mo, H B EHIR (56.35%) MIH]
REAE T PMMA K50, CSIPMMA K AL HTTE 250 °C LA FRIHE R
TFRFAFEENE, XX T EREKT I ESEE T (Cr(VI). Cu(ll). Ni(ll)) KR
2 R 11
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(a) $2.02% (b)
100 - 1004 ¥
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s s7.56% &
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£ 60+ 5.14% £ 60+ ;'3 0% 75.14%
70%
E £ 98.09%
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= 404 — ¢ | S 404
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) 20 —— CS/PMMA NF
204 Cs ——— CS/PMMA NF adsorption Cr(V1)
PMMA ——— CS/PMMA NF adsorption Cu(ll)
o —— CS/PMMA NF (04 —— CS/PMMA NF adsorption Ni1) I —
T T T T T T T T T T T T T T
0 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Temperature (°C) Temperature (°C)
(©)y.0. (d)y.0-
0.4 0.4
E =
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= £
< 0.8 X -0.84
> <
£ £
A a
—— CS/PMMA NF
-1.24 —CS -1.24
PMMA = CS/PMMA NF adsorption Cr(VI)
——— CS/PMMA NF adsorption Cu(lIl)
CS/PMMA NF e CS/PMMA NF adsorption Ni(IT)
-1.6 T T T T T T T -L.6 T T T T T T T
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Temperature (°C) Temperature (°C)

2-5CS. PMMA £F4E[EFT CSIPMMA 9K T4 (a) TG 1 (¢) DTG Stk CSIPMMA
KL YENEIR I B R 7 AT 58 (b) TG A (d) DTG i

Figure 2-5 (a) TG and (c) DTG spectra of CS, PMMA fiber membrane and CS/PMMA nanofiber

membrane, (b) TG and (d) DTG spectra of CS/PMMA nanofiber membrane before and after

adsorption of heavy metal ions

MR E VEE R M B &R F (Cr(V). Cu(ll). Ni(l1)) # R H B AT
HERE N, X CSIPMMA 4K 4 &)@ 557 (Cr(V1). Cu(il)s Ni(l)) Wt
A5 B e Mt AT T (18] 2-8b) (8] 2-5d) , A CSIPMMA 4K £F 4k 5
ff Cr(VI) E7 I TG MIZRAE, Br 12— M BBtk B 728 & A2 & 1 ot
Bk, RATE 268 °C A MR, HiEZHIE 600 °C I, FUEHUAA
BF 93.70%, HBCAH HILHARB BURI BT, ARX T IR AT ARIOK 2 e,
FHE G R E R OVIRIE, £ 268 °C PR EWREREHT Cr(VI) B1 5
CSIPMMA AT YE BN B 7 A 7S 45 S B, R B AR 2T 4 R B 2 <
B, B R B R R RIS VEAL AU R T AR g S A s T (kAT
BT . CSIPMMA GRKEF4EREI I Cu(ll) &7 /51 TG 4k, BR/Kiffs i &
BURSE, HE 210 °C JaitAT 05— Mg, FLBESIR N 73.57%. I CSIPMMA
YUK AR B Ni(1) B /58 TG #h4k, BREE —BBoKZ& KM r= A8 1 i S 40 2k
bk, £ 200 °C Ja P oRiE— B0 if, A BERR Y 98.09%. CSIPMMA 4K
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£y GRS TR IR
AT M E SR E T (Cr(VI). Cu(Il). Ni(l) J57E 200 °C LA 37K K
PR R R H e ARG, Hi, TG 4R A JiHuiEs: T CSIPMMA 44K
CTYEEIY B E 4B BT (Cr(VI). Cu(ll). Ni(ll)) ®iJE7E 200 °C DL F#RIH R
1 By R 100

2.3.4 CS/IPMMA £l K T4 BRI =K M BE 0 4

MWE 7 PMMA i, CSIPMMA i DL AR H ) CSIPMMA 442K £ 4 ik
£ 0. 5. 10 s W7KEEARA AR, PIHE PMMA & 8X CSIPMMA 49K 214t 5
SEHUKMERREm (B 2-60 2-7) . 4l PMMA R M8 73.7 £2.6°5 RO
KYE, T CSIPMMA FEESR KRS FTFEAR, FEflfA I KF] 85.2 £3.4S 15k 2-2
Fi7R, CSIPMMA ZKEFYE IR il A — R AE 100724, £ H] CSIPMMA 91K 4F
Y BAT Fasg K MR BE . o4 PMMA & &K 3] 0,037 g mL™ I, 4kef4e
A f A 123.6 £9.35 454 SEM BT AL, BT ZIKEE R YK LR 4E i
BRI AKBIZ) 810 nm, IR MECE QK LT S IR BRI 8, DR T 1234 B G K 41 4
SR HE RGN, 28 5 s f 10 s WA SR R B, 9K AT 4E IR 2 Ak £
A AR, R CSIPMMA 90K 21 4 [ 7K fa 5g 1 B4

0 sec 5 sec 10 sec

K] 2-6 (a) PMMA {EfEE.  (b) CS/PMMA FH#JEAI (¢) CSIPMMA KT 4E7E 0. 5 f110's

I 7K B o A
Figure 2-6 The water contact angle of (a) PMMA film, (b) CS/PMMA film and (c) CS/PMMA

nanofiber membranes at 0, 5 and 10 s
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#2-40. 5. 10s i} PMMA B, CSIPMMA S FIAN R 2 i) CSIPMMA GiK £ 4E B 7K
FEfk £
Table 2-4 The water contact angle of PMMA film, CS/PMMA film and different composition

CS/PMMA nanofiber membranes at 0, 5and 10 s

FE i 0s 5s 10s
PMMA film 73.7 £2.6° 74.0 £1.8° 73.7 +£15°
CS/PMMA film 85.2 +3.4° 83.7 +4.3° 82.8 +4.0°
CS/IPMMA (0.026 ¢ mLY NF 94.0 £1.9° 95.6 +2.8° 994 +4.1°
CS/IPMMA (0.028 g mL™) NF 104.1 £5.7° 101.5+5.8° 102.5+5.3°
CS/PMMA (0.030 g mLYH NF 101.2 £5.4° 99.9 +4.3° 98.6 +4.3°
CS/IPMMA (0.033 ¢ mLY NF 100.5 £5.3° 98.7 +6.4° 99.3 +6.8°
CS/IPMMA (0.037 ¢ mLYH NF 119.6 +4.3° 120.8 £5.0° 119.1 +4.6°
0 sec 5 sec 10 sec

ai ) a3

2-7 ANFRALE CSIPMMA 4K 4T 4R K 35/ (a) PMMA=0.026 g mL™,  (b)
(¢) PMMA=0.030 g mL?, (d) PMMA=0.033 g mL™ 1 (e)
PMMA=0.037 g:mL™ 0, 5and 10 sift}

PMMA=0.028 g mL™,

Figure 2-7 The water contact angle of different composition CS/PMMA nanofiber membranes (a)
PMMA=0.026 g mL™, (b) PMMA=0.028 g mL™, (c) PMMA=0.030 g mL™, (d) PMMA=0.033
g-mL"and () PMMA=0.037 g mL™" at 0, 5and 10 s
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2.3.5 CS/IPMMA KT RIFLSR R E R D
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AN I
" %\\§_“.‘ 40

hLS
\ .‘\"3

J
AN §\w:\:\.\:x“
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»»»»»» .~ Fiber Diameter

| = Max./nm 799

. Min/nm 177
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w1 ~Fiber Diameter
/| Max./nm 1785
| ~Min./nm 221

s . | | .
Ll 200 400 600 800 10001200140016001800
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2-8 ANALLK I CSIPMMA 9K £F 4RI & B A% 47 6 () 0.026 g-mL™,
0.028gmL™, (c) 0.030gmL™, (d) 0.033gmL™"and (e) 0.037 g mL™

(b

Figure 2-8 The SEM morphology and size distribution of different composition CS/PMMA
nanofiber membranes (a) 0.026 g mL™, (b) 0.028 g mL™, (c) 0.030 g-mL™, (d) 0.033 g:mL™ and (e)
0.037 g mL™

Kl 2-8 AR HT CSIPMMA ZKEF4ER Y SEM K BEAR A B, M43 9)
KEFUEIE B AR AN 5], RIEDGH . WK 2-5 Fin, CSIPMMA 9K 44 i
% PMMA KRB, “FHEAEBEZIER, X4 PMMA & &1 K% 0.037
gmL™t I, PR 4EF A B2 AT IA 809.8 +£253.4 nm. [k ZH PMMA & &
(3N, 95 2 IR IE ARG K, 7597 22 WU R E SR ARG DL R, Bl
KA AR EAC BB 3K T4 T 3R BAR BN PR 4RI, BRI
W E (IRt (B E R AT R E, AR YT 2. R
PEASZIG SR LI, BT 40T PMMA ¥KEZ7E 0.026 ~ 0.033 gmL™ 2 1A, A
g 3R43 HAZALE 100-500 nm 2], H o ATHBNEISIH) CSIPMMA 9K L1415 .

F 2-5 IN[FILLE CSIPMMA 4K £F 4 ) ELA%

Table 2-5 The diameters of different composition CS/PMMA nanofiber membranes

FE TS PMMA ¥ J# (g'mL™") 2F4E H A2 (nm)
1 0.026 112.6 +43.6
2 0.028 253.4+57.2
3 0.030 258.4+116.6
4 0.033 438.4 + 140.1
5 0.037 809.8 +253.4

23



TRUTAE R 2 A 3

2.3.6 CS/IPMMA £J5K £F 4 B A IR B 14 BE 43 1

2.3.6.1 #MliaE FRERFMN

ANEAVIGERERE LR T (Cr(VI). Cu(ll). Ni(l)) ¥ - &% (1000
mg L™ HEATFR. SRSBIN: AIE TR 6 4 0.09 g YKl 4EiE T
B 100 mL AR EE® (20 mgL™t. 50 mgL™*. 75 mgL™t. 100 mgL™t. 150
mg L™, 200 mgLh HHZERGAEREE., SR E RN RTEREE I K T
JCREME, BERIROCEEARAR . RIEE 29 Fras, BEE WM,
CSIPMMA 9K 4T 4 I %t 2 42 I8 B 7 IO P B3 09, CSIPMIMA ik 2T 44 JEE I,
BIRIEAHE N 200 mg L BOEES TIE VI AR M B K, T 24 B TR A B — e
i, E T PR R B R BT s AT B, R U 4 a1 AR A 1%,

40
1—=—Cr(VI)

1——Cu(1n)
301—a— Ni(Ll)
25 1

35

201

q, (mg/g)

15 1

— r r r —
0 20 40 60 80 100 120 140 160 180 200 220
Concentration (mg/L)

K 2-9 CSIPMMA K ETYE R B AE A R AR B TR BB
Figure 2-9 Adsorption capacity of CS/PMMA nanofiber membrane at different initial ion

concentrations
2.3.6.2 pH {EHIZZ M

AR HYEE FIRENZN, $ELSEET (Cr(VI). Cu(l).
Ni(l1) & AR S 200 mg L™, SRJGME R pH I B SR som, W B
() pH (B FT BE 2 B0 H 4 R B8 148 4N K 4T 4k JR A T I B AN e 1), s pH
R A HCI Al NaOH (0.1 mol L)) #HAT AT, WM D IR T : FREL 5 RN
0.09 g YKL 2 L B3 H pH=2.0 ~ 6.0 BI& F¥A ) (100 mL. 200
mg L) [ FL 28 LE U b i BT, AR o A I TR R TR T ROk
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6, BERWOLEAE AL,

180

—s— Cr(VI)
—— Cu(Il)
Ni(1I)

160 1

140 -

- - pHvilube - .
2-10 CSIPMMA R £F4ERE I AEANR] pH T MR P B

Figure 2-10 Adsorption capacity of CS/PMMA nanofiber membrane at different pH values

4] 2-10 7y CSIPMMA ZREFAEIRAEAN R pH #F IO T2, XET Cr(vI)
BT pH fELA 2.0 $En 2] 3.0 I FLIR Y RE /o Hg o, (HREE pH AE 103 ik Y
BN, X -SRRM], NN RE T A A g AR B S SRR RS, bk
Rl R AR IO, TN LR YR RSAE SRR A A O Cr(V1) BT I I B
RE/TRLES, ZIGOLI T B AR AR 9L 26 1 T, WRPNFR B -NHy B8 TR
Wz, WAL R s, EA S R IR, 2 Cr(VI) TR
(f) pH $ERIS, JrERIEdk (NH) HBoEIgZ, REEE/Em. X+ Cu(ll) &
TR pH A\ 2.0 342 5.0 I IR REF 4G5, IX AT RERE I TREE pH E IS
s B RE AL (-NH) BB AR S, X Cu(ll) & TG EET)
¥, {HAN 5.0 F] 6.0 I, HULPNRESIBEAL, XATAEd T2 pH HERH|—E R &
I, 2B HC Cu(OH), Magh E®. s F Ni(ll) &5 (R MR pH 5 T,
CSIPMMA gREF4EIE F () H BE g -1k, [k CSIPMMA 9REF4EIR S &)
By BRAERESEF, SR AR R BTN, BEE R pH
RIsgn, AKEFYEfE B 3E (-NH) (I TALREREIES, R CSIPMMA 4K 214k
i < B R e HE R AR s, R, ) B T DURE 5 st AL
XA HNETELL R, AP RE IG5, TR pH B R IR B RE 7 BEAR AR 32 225
RIATREAE, 5 pH B T W B 77 T A A R R AR A R P AR B 1 Ui (s s AL
) 1O,
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2.3.6.3 MR B335 BR = RS20

WG A ERE T, GEHURAEYIGGIRE (200 mg L) A pHAE (Cr(VI)E T pH
A3 Cu(ll) BT 1 pH {E4 5 Ni(ll) S-F1 pH {ER 4>, i — 50T LB B
FAU AR B A Bt eI IR AN R . BREX 6 G ASIFLR B4R A 4ERE (60
mg. 70 mg. 80 mg. 90 mg. 100 mg. 110 mg) & T-3%4 100 mL 200 mg L. &1
VR B ZELL A R B IR, B RE— i M R ERR E R NI A, B
B CEAERER . B 2-11 BIR, CSIPMMA YK L7 4k IENT 55 WK B = i
6 W B RO R P3G N3 R SN S B AR, T Cr(VI) B, MR RN 70
mg iR, N 163.6 mg g, KT Cu(ll) BF, S4EREIBR £ 90 mg
IR RO, A 46.7 mg g™, X Ni(Il) B, 4B 5E A 80 mg IR
W BB f K, Ay 105.5 mg gte X AT AEAE B T I PEAL AT AR BAR TR T e A
B, 1RGSR R AR TR, R, e v R A
A RS SR VS AL S ERAR, MRS 7 R PR R S R TR, 5 SO

/113-115]

180
160 1
10 —=—Cr(VI) z
120 —o— Cu(ll)

—a— Ni(Il)

T T T T T T T ¥ T ¥ T
60 T0 80 90 100 110
Adsorbent amount (mg)

K 2-11 CSIPMMA 22K 2124 5% (4 46 AN ] IR B 751 i 2T B B
Figure 2-11 Adsorption capacity of CS/PMMA nanofiber membrane at different adsorbent amount

2.3.7 AEIZERK CSIPMMA 43K £F 4 BE B R B3 R

2.3.7.1 I[E)2A R CS/IPMMA ZlK T FE ST Cr(V1) B -F R MR

TRAE 3R S PR 2 4R 9T, G BEIEE Cr(VI) 27k JE )y 200 mg L. pH=3.
B R &N 70 mg, RAAFLH L CSIPMMA 4K LT 4E 5T Cr(VI) & T &
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5. B 2-12a B8 T CS Bk, PMMA £F4EfEAT CSIPMMA 9HK £F 4 %t
Cr(VI) B L BRI &, Hh CS MR N HA KEME IR, WAL 2
JINIRF Pl RE B DU Cr(VI) BT, MR IR RIIE 80 mg g, PMMA £ 4 il %}
Cr(VI) BT JLFRAWMM R, CSIPMMA KT 4EENT CrVI) B 125 R AN
VR B B2 B ST (D RS T 3 00, 10 h AT BRI IRBH, B REIA S 180 mg g2 5
W PR %A, 40 h S PR BV, R PR KA ) 190 mg gte WRPHHERTE
BT 10 h PYARER, IX T B F T K AT 4 R E W B T AR I LG R R A
FRIEEREMA], M ELIX S R B s SR e, IRZE 5 5PN Cr(VI) BT
BEATEE A, Bk, X Cr(VI) &7 1R RE P . 10 h 5 R B L, ]
BE AT YK 2T M5 2 1T PR BTG M 87 BT Cr(V) 257 i, BR80T B 5
(RIS ek /D L VAT S R R BRI, T (1 R B = R B T AR AT
YEREXS Cr(VI1) 857 HEAT P ERI I

100 250
a / —— PMMA NF 240 [—=— CS/PMMA(0.026 g/mL) NF
3 " {—®— CS/PMMA(0.028 g/mL) NF
—=— Chitosan powder _ —A—c'mmnn:n.nsu 5.213 ne  First adsorption
80 —a— CS/PMMA NF_ ACT=E-0-5=587 200 [—v— CS/PMMA(0.033 g/mL) NF
B o . 20044 CS/PMMA.037 gimL) NF
=0 L0
= =Ty
= 604 F160 = E
g = £ 150+
3 120 2 é ]
g 404 z E PO
S L g0 e g 1001 GzbzfopremnEe
& = 2 o E .
20 $ 5 o G-p-P-2-Y
40 3 E 50 4 A v _—vav-v(b‘yp\ml,\uum. g/mL) NF
-=%- PMMA NF < =1 = 0= CS/PMMA(®.028 g/mL) NF
-=-0=- Chitosan powder. = &= CS/PMMA(0.030 g/mL) NF
i | = 7= CSIPMMA(0,033 g/mlL) NF
0 --t- CS/PMMA NF 0 i CS/PMMA(0.037 g/mL) NF
............... 0y ; i i i \ 2
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60
Time (h) Time (h)

2-12 (a) CS. PMMA £T4EAT CSIPMMA Gk LT 4EExE Cr(VI) 551 25 [ AN b &
(b) ARRELLE CSIPMMA GKEFHEEXT Cr(VI) 251 (KW I &

Figure 2-12 (a) The removal rate and adsorption capacity of Cr(VI) ions by CS, PMMA fibrous
membrane, and CS/PMMA nanofiber membranes, (b) The adsorption capacity of CS/IPMMA
nanofiber membranes with different composition for Cr(V1) ions

Kl 2-12b A FIZH ) CSIPMMA G KA 4EE0 Cr(VI) B FIR B &, ik
Il CSIPMMA AiK 27 Y W B il 280 2 Se ok Bt Jeget® b, &)t
Ko Hr CSIPMMA (PMMA=0.028 g-mL™) £k 27 i I 10 W Jfs R0 SR e 2, Wi
b B fp A E 209.0 mg g7, FBRERIA 84.7%, £k CSHEAK (33.2%) 2.6 fi%.
VENE &R BT IR, AR R B 303 S A i 5 i, IR 7 T B
MR PERERS R I AR g B . ARSI BTl 2% A R AL ) CSIPMMA 44K 21 4 1)
TR RE W 2-12b B, XFEEIE UK CSIPMMA K 2T YRR ) — TR
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Bib, ORI IR B B — E R AR, B, ot CSIPMMA (PMMA=0.028
g ML) g K 2T Y B — RO B R I B Bk 209.0 mg g, T VR R B R R R ik
163.5 mg g, KIS IRIVRBR B R AR IIR AR, PR RE I B R, &
I HE A e PRI B B g AR e 1, 3R A T EE R BRI

2.3.7.2 IN[E]¢A K CSIPMMA ZRAKEF4EBRE ST Cu(ll) 2 -FHI IR MIR R

W _EIREZ IR R MR T, SEBERILE Cu(ll) B TKIEN 200 mg L™, pH=5.
W BB RN 90 mg, RAASFELLR CSIPMMA 9K A 4EESS Cu(ll) 27 B 2%
Fszm . K 2-13a 4 CS #i K. PMMA £F-ZE[EFT CSIPMMA 4K £F4E 5% Cu(ll)
BS PR 2 BRI AR M B, HoR CS MRy BAA REME MR, 72 2 /)
IS} A BE IS BRI IR BT Cu(ll) B 5, WRBtE AL 33.1 mggt, PMMA £F4Ef%T Cu(ll)
B SOR LSS, 1 CSIPMMA PR EF LN Cu(ll) 551 1) 25 bk 2 R B 2
IS RN EAEAL TG 0, 5 h POORTEUR AN, IR PR 5 TR Cu(Il) BT (5 8

60 60
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2-13 (@) CS. PMMA £F4EEAT CSIPMMA ZUKEFHERES Cu(ll) 2551 2 BR 2 AN b &
(b) AR CSIPMMA GUK AL Cu(ll) &5 FIWR B &

Figure 2-13 (a) The removal rate and adsorption capacity of Cu(ll) ions by CS, PMMA fibrous
membrane, and CS/PMMA nanofiber membranes, (b) The adsorption capacity of CS/PMMA
nanofiber membranes with different composition for Cu(ll) ions

Kl 2-13b NARIALELK CSIPMMA K LT 4EENT Cu(ll) &7 W&, 704
KIL CSIPMMA K £ 2 Jiss iy W Bt ith Ze 102 Je i BT, Jel&am Fok-F. Hf
CS/IPMMA (PMMA=0.037 g-mL™) 9K £ 2 i (1 W8 B 280 SR e i, W B R de v
% 51.2mggt, AL CS KK (331 mgg™) K15 1%, (H I = R B MR B A
= 16.3 mg g*, XFEW CSIPMMA ZKEF4ERIL I Cu(ll) B -1 m] 25 & F =
At
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2.3.7.3 I[E¢A R CSIPMMA ZRKT4ERERT Ni(Il) BT B B R

R _EIREZ IR R MR T, RBERILE Ni(Il) B T3KREZ N 200 mg L™, pH=4,
I RN 80 mg, ALK CSIPMMA K LF4EEXT Ni(11) 257 W Fff %
REFI ., B 2-14a 4 CS By K. PMMA £F4EEAT CSIPMMA gk 2148 5t Ni(11)
BRI L BRI M R, L CS MR N AR KEM A B, 75 80
min A AERS PRI I Ni(11) 557, W ATA 55.0 mg g, PMMA £F4E 5T Ni(11)
BRI AR TS . 11 CSIPMMA KR 4ERRNT Ni(11) 555 1) 25 Bk 2 R0 B BB
I (] AR T 3G 0, 40 min PYURBRIR AR ALK, 120 min IR PR 2 — 2 IR B
i, 120 min JEURMHAFIMAT, WHHE 5 K 80.8 mg g

35 100 b 100 - -
a —#*— PMMA NF 90 - g;g:m:::’gig z::{“; ﬁ First adsorption
304 / &— CS powder |—4— CS/PMMA(0.030 g/mL) NF
—4— CS/PMMA NF 80 . BO—v—CSPMMA(O033 g/mL)NF_ __, o
~ = CS/PMMA(0.037 glml) NF
254 2w 704 .
g E -
~ 90 F60 = 2 60+ - R Qoo xfQcrzzQrizzgnis
5\°m BZeeeQeee=Q====0----0 s £ ‘ IILLET o -.--..g-._.g-__.g
< H ] ' v -
3 s --%- PMMA NF : g % : -
E o’ --0- CS§ powder F40 2 : 404
ko 3 --A- CSIPMMANF| 2 &
10 ' = 304
L0 2 & 20 - CS/PMMA(0.026 g/mL) NF
5 Z Z 1/ - CS/PMMA(0.028 g/mL) NF
< 104 H - <= CS/PMMA(0.030 g/mL) NF
o - CS/PMMA(0.033 g/mL) NF
04 0 0d ¢ CS/PMMA(0.037 g/mL) NF
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Figure 2-14 (a) The removal rate and adsorption capacity of Ni(ll) ions by CS, PMMA fibrous
membrane, and CS/PMMA nanofiber membranes, (b) The adsorption capacity of CSIPMMA
nanofiber membranes with different composition for Ni(ll) ions
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Figure 2-15 EDS of CS/PMMA nanofiber membrane before and after adsorption of heavy metal
ion(Cr(VI). Cu(ll)s Ni(ll))

X B9t (XRF) & —MRA A I 70 A B g 79 Qe pe i Al TR, &%
EE T RSN R T EE KRER TR ESEREM, . AT LLE R E 2 F =5
J&, I FLAT LA e R AT ST AR SEIOARYE XRF 20 5E B 48 JL %
HIPLFH, Xt CSIPMMA GR AU B AT — ORI kIR B JE 3617 XRF Pl

30



£ NN T e A

14
(al) First adsorption (aZ) 14
12 11.868
12 4
TR 9.897 & 104
S8 S0
E E
4 7.535 = 84
-l 6.981 5
| £ 6
S 6 5&97 E
f S 4 ~—#— CS/PMMA(0.026 g/mL) NF
T 41 E ~®— CS/PMMA(0.028 g/mL) NF
© 2 —&— CS/PMMA(0.030 g/mL) NF
24 CS/PMMA(0.033 g/mL) NF
0 —&— CS/PMMA(0.037 g/mL) NF
0= preads'orption First ad'snrption Second a'dsnrption
0.026 g/mL 0.028 g/mL 0.030 g/mL 0.033 g/mL 0.037 g/mL
CS/PMMA NF Number of adsorption
14
(bl) First adsorption (b2)14 4~ CS/IPMMA(0.026 g/mL) NF
12 —&— CS/PMMA(0.028 g/mL) NF
12 {—A— CS/PMMA(0.030 g/mL) NF
= 104 . CS/PMMA(0.033 g/mL) NF
? £ 10 {—9— CS/PMMA(0.037 g/mL) NF
= E
= 84 7.375 < 84
3 6.736 6.751 g
z -
g 6 5.676 5 o
g 4.251 g 4 2
T 44 =
]
o 2
24
04
0- 0.026 g/mL 0.028 g/mL 0.030 g/mL 0.033 g/mL 0.037 g/mL prcadslorption First ad'sorption Second a'dsorption
CS/PMMA NF Number of adsorption
14
(CI) First adsorption (CZ) 14 4—%— CS/PMMA(0.026 g/mL) NF
124 ~—®— CS/PMMA(0.028 g/mL) NF
12 1—&— CS/PMMA(0.030 g/mL) NF
10 - CS/PMMA(0.033 g/mL) NF
Y 8 10-]—— CS/PMMA(0.037 g/mL) NF
£
= 84 % 8
g 6.738 ;
§ 6 5.7IM § 6
= 4.671 4.596 a
= I = 41
= 4 3.399 =
24
24
04
0 0.026 g/mL 0.028 g/mL 0.030 g/mL_0.033 g/mL 0.037 g/mL preadslorption First ad'sorption Second a'dsorplion
Number of adsorption
CS/PMMA NF P

P 2-16 CSIPMMA Gl K 2T 4 B it 25 4 J& 251 (Cr(VI1). Cu(I). Ni(l1)) /5 1) XRF
Figure 2-16 XRF of CS/PMMA nanofiber membrane before and after adsorption of heavy metal
ion(Cr(VI). Cu(ll). Ni(ll))
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Figure 2-17 (a) Adsorption isotherms and (b) adsorption kinetics curves of Cr(V1) ions adsorbed on
CS/PMMA nanofiber membranes
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Figure 2-18 (a) Adsorption isotherms and (b) adsorption kinetics curves of Cu(ll) ions adsorbed on
CS/PMMA nanofiber membranes
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Figure 2-19 (a) Adsorption isotherms and (b) adsorption kinetics curves of Ni(ll) ions adsorbed on
CS/PMMA nanofiber membranes
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Figure 2-20 XPS curves of CS/PMMA nanofiber membrane before and after adsorption of Cr(V1)
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Figure 2-21 XPS curves of CS/PMMA nanofiber membrane before and after adsorption of Cu(ll)
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Figure 2-22 XPS curves of CS/PMMA nanofiber membrane before and after adsorption of Ni(ll)
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Figure 2-23 Zeta potential of CS/PMMA nanofiber membrane before and after adsorption of heavy
metal ion(Cr(VI1). Cu(ll). Ni(ll))
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PR, B — OB AN EE R B S B AR BER EE AR 2008 1.9 £ 0.1 A1 0.8 £0.1
MPa, KEATE ™8 560 Nl DURFEIE AR E P, WRBTHLEE R I, 2R T4 R
RS N A O PSS T N, HA5 Ni(l) & AAEs R s

A TARRE X W K BR ROK B & & & 7T J& 7Rt FT, AR g 280K
% 7 AT HEA K CSIPMMA GUOREFYERR, 3 B & i & 7RI =20
WRBTPERE, AR A 2SR UL A TR A (10 LA ] AR T 52
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% 3 & CS/IPMMA/PEI & & 4K A HERIH & X B T IR Mt

RERST

3155

H R K5 e O 4RO A Bk O 1 Bl 2, o i 48 B Tis et il T 3
|, SR TS e R TR AR LN ESEE T, B
BRI FasE. 54w B H A DA i P, R A4 (WHO) FUER
FI7K FRVE MR Cr(VI) B 75 SR PRAE A 0.05 mg L7, 4B T1F i W3R B 354
Misg 2 —, BAMEERA Cu(ll) ATREFENMRIRE . & O, St 7
FERGUIE, YORK A Cu(ll) BT IR VEIRE AN 1.5 ~ 2 mg LML Ni() B 7 HA
U AEF, 2 06F fili 35 R I 3 Bl A S AT R AR €L B R R g S AR
(2340, it 57 PR L] (WHOD BE, WORZKH Ni(l) 857 Bk PR E A 0.02
mg LML R, EUIH E RN ERESBE T, L R
bR BLORE 7 Ity o B s O e AR RO At A B
Xl L M E S BB T LM TR WHTER L ER G RRA . (K5,
RIS s MK b 2B 4 SR T ) I A A AR,

MR B R PR N A A L R e w7 Ikt . KOG (PED 72—
T BRI E R 737, & KRR AL, AT AR 9 I Z5 1 AR R
OTOL TR, PEL AR -NH, B 4 4 B AL 5 4 8 7 22 0 AR A A LA
Fi, 7R 4@ B F HOMR TR A BE S AT iz iR AT 4R, PEL AV TOK,
DUAAEEE R Gi b o B ok, IR PR T Hsebrs V2, T Se ko —Bat, mTBLKK
W PEI SC KB BRAE B A B S I b, DARALRAT IS iR /K P Y PELL

LIRS E ) PMMA RS 3E0k, CS Al PEI NERL, RAFHES 2 & T
CSIPMMA/PEl E & YK AF e, FI Bt H LA HE (FT-IRD o iR
i (*H NMR) . TG-DSC [ Hii. e fil (CAY X HLE5H6Hk
i (XRP) | T RMEmEE AT X F2okiE (SEMEDS) f1 X 4t
THEE (XPS) X CSIPMMA/PEI E-&YUKLA4ELAT T RAE. HAh, RGEH T
TE AR AR E ST R RE AL LB . B, WK T
CSIPMMA/PEI E & DKL YE I B AT AT )5 RE,  PAVRAN N < s 3
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PRI B A R PEANRT SR I . T T ROV K B e B T I L BRI TIRA

AT 55 B BEAR A1 2 B AR

3.2 SKRuER Y

3.2.1 LM ENEE

S8 iR B 2 2 i S AR LR 3-1 1 3-2,

#3-1 TSI b

Table 3-1 Main experimental drugs

2 44K uli i PR R
FE i 2. 90% AR B A PR A F
0 F BL TR T H e M,,~350000 SEIG % H )
PR 355 T 075 15 Y i AR I 254 F AL 2R A PR
RNz M,,~10000 R T AR A A R A ]
2. COKBERR) AR I 244 A 1 2k 70 A B
Ak AR I 254 F AL 2R 70 PR A
TR AR I 254 F L 2R 0 A PR
B AR I 2442 A 2k 704 B
{77, AR I 2442 A 22k 70 A PR
T KGR AR I 254 F AL 2R 0 PR A
RNz A, —oK AR iR R T AR R A B A
PR AR I 2442 [ A 2k 70 A B
A, AR I 2454 B 2R 70 B
ok CAAED AR I 254 B 2R 70 A B
AT AR iR R T AR A A B A
=k — — IS AR
*ﬁ@gﬁi@%ﬁﬁg AR FEI 258 A 2 U TR A 7
NI B AR I 2454 B 2R 70 B
Lt o AR [ 25 4 A R0 A R 7
TS AR I 2442 [ 1 2 k704 B
2 (FKZED AR I 244 B 2R 70 A B
i AR I 254 B 2R 70 A B
SR O AR I 2482 R A 2k 70 A B

®3-2 FESLIAES

Table 3-2 Main expermental instruments

X 2§ 44 FK e a CIIE
R P i B X T J e DHG-9036A R 7 SIS R A TR A F
SEIGE IR S0 3% DF-101s TR TR AR AR A A
R FA2004B TR MU B PR AT
SIS RAIK RS Smart-Q15 b A FR A B PR ]
B P I B YM-040S YN 7 B+ R A A
iR E21N HZ-02 H B REARRH A R A A
R LT S-4800 H A H A &
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4R 3-2
X 2% 4 FR e CIIE
XS ERATHIAX XRD-6100 H A By A 7]
X-BF 226 FRE T Escalab 250X 2 [E Thermo Science /A 7
X-9F 2R a1 PANalytical Axios 52 [EI T S v A PR A )
TG-DSCHr#711X STA 449 F1 72k 6] i 5t A 8 1) 35 A PR 2 )
T Ee i A SL250 EERBE TIA R AT
18 HLIH-2T A6 1A% Nicolet iS20 X EFEE G REH A A
WM SEIR A Bruker AV 500M BRI GBCER} A% 28 /3 7]
HL 7 Rehr I L Al-7000-SU1 ] ZGOTECHA T
\ Y AN AN
TORREA et TU-1950 LT A A IR AT )
Zeta B A7 7) AN ZSU3200 IR SCMAZNEMY 3445 TR 2 ]

3.2.2 CS/IPMMA/PE| E & 4K AFLHFERHI =

KB 2 H AR H] 4% CSIPMMAJPEL H & 9K 4EE, =&, &
HUE B PEI AR B AEREE R I PMMA JREE T 80% ZMKIEW T, s
WG, TFREC 0.3 g CS MyoRIEME TR, HIASWIE B i, DL an
* 3-3 Fior AN F PMMA. PEI BCEU AR . FE S 38 97 2 0B 3 |,
BHATHE Y 2, B2 &M N HIE 18.90 kV. ZIKFEE 15 cm. #HEEER 2.0
mL ht,

% 3-3 YLLK

Table 3-3 The compositions of the spinning solutions

FEAES CS () PMMAKE(gmL") PEIWKE(gmL') PMMA:PEI(c:c)

1 0.3 0.056 0.014 4:1

2 0.3 0.056 0.013 9:2

3 0.3 0.056 0.011 5:1
33HERETTHL

3.3.1 CS/IPMMA/PEI & & 4NK AU R HIZEFIME BE S 47

CSIPMMAV/PEI 8 & 49K 41 e AL 24 45 My gt FT-IR A1 'H NMR i
MsE (B 3-1) . WKl 3-1a FiR, CS MAREE e -OH Fl N-H HiAfEz)
(3464-3402 cm™) . N-H Z#h#E5) (1646 cm™) A B-1,4-FH1F kI 7 B ME C-0 i
4Rz (1080 A1 1029 cm™) o PMMA ZF4EJETE 1736 cm™ Ab (I {E Ay i A v 7Y
ff) C=0 hrfh ¥z, 7E 3001 cm™ H1 2954 cm™* Kbyl & ke dk b C-H HIFLHRS)
W, tbAh, PEI ZLAMNEIE -CH A BRALAH ARSI [ A 2R3 (2950 Al
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1290 cm™) , -NH, fil C-N Fuffi#z5U4% (3500-3000 Al 1060 cm™) LK R-NH, *F*
T A HREIA R-NH HHi#R3 (1600 F1 1460 cm™) 90, 14 NMRYGik e CS FIHHE
2R RAE 1.27 ppm. 1.63 ppm A1 2.19 ppm &b, 1M1 PEI AH B AT iz i) 0% B 1Ak,
2R IRTE 2.4 A1 2.7 ppm 2 8], 1.26 ppm. 1.68 ppm 1 2.19 ppm ALk
RERE 5 % BT PMMA 15 521 -CH3. -CHy f1 -OCH3 i+ (B 3-1b) « K 3-1 &
/R 1 CSIPMMA/PEI E& 9K R0 is BA Bra e (CS. PEL A1 PMMA)
(¥ BRI R AR, HOR A B AR > SR H il FAEf s I R 5
THEEM -NH, 2R, N-H SRS (3440 cm™) SRR B HILT -NH,
M EAL R (3.2 ppm~3.6 ppm) , FIRB R, 1EE G YUK 4] & f2E o,
CS. PEI fl PMMA Z 77 /E S AR AR, it

(b)res T

U{U\a{\._,\_/
Yigpizon 1260 CS/PMMA/PEI NF

1630

1]
cS
\3440 \/(’S“/_\ ’ .
N HO- - J
1646 /l 029 n
d |
3431 1078 ‘[\Oﬁ)
n

3436 =/ 3001 | 2954 1736~
L L L T L L L T
4000 3600 3200 2800 2400 2000 1600 1200 800

PEI

_
8
~

e  a \

1600
295
CS/PMMA/PEI NF /|

1740

Transmittance (a.u.)

W - 6.5 6.0 55 50 45 40 35 3.0 25 2.0 1.5 1.0 05 00

avenumber (cm) ppm

i 3-1 CS. PMMA 44, PEI #1 CSIPMMAJPE| E &4 K4 4Ef5 ) (a) FT-IRYGEEFT (b)
'H NMRE

Figure 3-1 () FT-IR spectra and (b) *H NMR spectra of CS, PMMA fiber membranes, PEI and the
CS/PMMAV/PEI composite nanofiber membranes
AN, &5 Hr T CSIPMMA/PEl A9 KA 4RTEELEE T (Cr(VI).
Cu(l). Ni(Il)) WPHaT S s (B 3-2) o KIVEF Cr(VI) BF )5 3440 1
1630 cm™ (N-H RiffRzl) Ab[EsREFEAL, £W CSIPMMA/PE & A YKEF4E
SR AL s 4 8 B T B R AT I, Ak, T -NH, £ S b
Jekl Cr0.% HEPERN R T ILE 4, 3.45 ppm AL A R sm R I, b ik 4h
REW], CSIPMMAIPEl &KL HEB NI Cr(VI) B TR 4 7R Lk
AL, 5 Cr(VI) BT RAMESE S . W Cu(ll) 55 -OH, N-H HIRidiEz)
i M 3440 cm™ #5hF] 3430 cm?, XESEBEE RIS Cu(ll) B RME T
HEERIMILE R, 1630 cm™ Ab N-H (12 d RS IR S MR B8 3 F 3.3-3.6
ppm AbE I MR AT RS 3R 0 kT, X AT R R T AR S Cu(ll) B TR
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3 SR N2 B VAT

MRS GHER, FIRGEREY, CSIPMMA/PEI B &4 K44 AT B Cu(ll)
BRI T BRI R AL, 5 Cu(ll) B RAENFEASMHEAER- . Tt
Ni(ll) &7 J5 3340 cm™ 4bRyIE (N-H 1 O-H HIFiidRsl) B3EBsh, WERRE
RERIK, RUSEE RS EE90KA4EE ER B S F A REER, 1R
PECER, N A1 O EEFHIHB X, EAT LR REE 1, Hit, aTlE
PR % CSIPMMA/PEIL K& 94K 21 4 15 1) 32 W A7 sl B 3 R T A s 1
ik, -NHa. -OH FIHAbE 4 O At N (ML H AT GE 2 5 1 W e,

(2)

(b)‘ S/PMMA/PEI NF adsorption N| (IIW

CS/PMMA/PEI NF adsorption Ni(Ily
— 3430

CS/PMMA/PEI NF adsorption Cp(IT)

CS/PMMA/PEI NF adsorption Cu(l

CS/PMMA/PEI NF adsorption Cp(VI

CS/PMMA/PEI NF adsorption Cr(V]I) 1628

b |

- ] ’ _J

CS/PMMA/PEI NF
1630 -NH;
A ]

Transmittance (a.u.)

-y

CS/PMMA/PEI NF

T T T T T T T T
4000 3600 3200 2800 2400 2000 ,.1600 1200 800 65 60 55 50 45 40 35 30 25 20 L5 10 05 0.0
Wavenumber (¢cm ) ppm

K] 3-2 CSIPMMA/PEI & & 40K 4T 4E IS [ F & BB T RIJE 1 (@) FTIRGIEA (b) 'H-NMR
i
Figure 3-2 (a) FTIR spectra and (b) *H-NMR spectra of CS/PMMA/PEI composite nanofiber

membrane before and after adsorption of heavy metal ions
3.3.2 CS/IPMMA/PE| 8 &R HEIRRIEE AN RE 4R

Kl 3-3 o5 I CSIPMMA/PEI B &4 KA 4EE ) XRD Stk Al DSC k.
CS. PEI 1 PMMA ZF4EJi5ff) XRD S350 7 20 = 19.9< 20.24 11 13.9°fff it
SR A R AT (B 3-3a) , RUIEATAA —w g mtkae, 5EpHHHE
e, CSIPMMA/PEI 2 & YK EF4E RANAE 20 = 13.5 S FfIL Bor H %8 (ORI, X%
WIE S S AR L 4EE R CS. PEI 1 PMMA 2 A /7 7E 5340 BAE Y, ¢S, PEI #1
PMMA £ 5 (1 e 23 51 BIAZE 70.6 °C. 62.7 °CF1 129.9 °C ) DSC HiZk
i (& 3-3b) , 1 CSIPMMA/PEI 54 9K A4 B B A A IR B (Tg)
64.5°C, 5K, CSIPMMA/PEl G KA YRR Tg &35 FFAK, X545 &M
AE—3%, JHIESZ T CS. PEI Al PMMA #1RVR A T AHEAE R -
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(b) 64.5°C

o
CS/PMMA/PEI NF
20.2°

CS/PMMA/PEI NF

—_—
-]

e
-
(%)
th

' per 62.7°C

st PEI
g

E.E
DSC (mW/mg)

Intensity (a.u.)

CcS 70.6 °C
cs
13.9° - 129.9 °C|
015 20 ’-l‘i;ﬁ ,,3l° 3540 45 S0 0 0 20 40 60 & 100 120 140
©) Temperature (°C)
K] 3-3CS. PMMA £74ifi5. PEI 1 CSIPMMA/PEI 5 & 9K LF4ER 1 (a) XRDIGIERT (b)
DSCHh 2k

Figure 3-3 (a) XRD and (b) DSC spectra of CS, PMMA fiber membranes, PEI and CS/PMMA/PEI

composite nanofiber membranes

3.3.3 CS/IPMMA/PEI & &4 K T4 ERFEE S D HT

CS/IPMMA/PEI E &YKL 4L AAR E RN 3-4 Foni) TG HH SR A1

S MR —M BUR IR (2.02%) JfE/KIMZEAK, A 300 °C FFUAIEE i B
HEHFE (55.54%) T CS HI . PMMA ZF4EJBEAE 250 °C JFah /i, B2
FRE L 98%, MhAk, IR E M 234 °C % 430 °C i, PEI REWIH 2K
HEREAR, BAREROET] 99.96% %, CSIPMMAIPEI & 40K A 4L R I =

ANIRM B S—BBON CS MRS (11.20%) 5B FrBeh PEIL (15 =45
% (24.99%) =B PMMA KT &K (48.58%) , H-AGIKLTYENRA
200 °C DA NERIH RaFrfdaett, & T R EK T EESEE T (Cr(VI).
Cu(ll). Ni(1)) IR M. thah, BT /DERKZERFTESRKI, W E
&JEEF (Cr(VD. Cu(1). Ni(ll)) 5] CSIPMMA/PEI & & 9K A 4E AV Bon Y
2y 270 T W IR, HARBAEM B R SR (8 3-4) o LRk
450 <T B, WP Cr(VI) BRI EM KIS 97.90%, W Cu(ll) &F i Edik
ik 84.92%, WRFF Ni(ll) &R Kik 80.41%. 270 T NHIB RN HE
EJEET (Cr(VI). Cu(ll). Ni(ll) 55 &K 2 A 4k 75 ol &2 1), X
R CSIPMMA/PEI 5 YK 41 4 IE %o 5 45 B9 1 1AW Bt 32 B 3 1 i ATV
YA 55 4 8 BT 2 M KA IR M. R, CSIPMMAJ/PEL 54 40 K 41 4 IS5 )
B A JS AR e MR B, B ATTRT LA T 200 <T BLTR IR BRI P A

46



TRUTAE R 2 A 3

(a)mn }11.20% oz (D) |
1= ¥ T 1004
T 1120%
f . f
_ 80 36.19% 80 36.19%
S 3
< 57560 &£
- < 80.41%
& 60+ 81.77% g 604 8492% | 84.77%
£ 9808% o g 97.90%
= =
]
3 404 £ 1
& PMMA = s
1——cs — 204 —— CS/PMMA/PEI NF
20 —— CS/PMMA/PEI NF I — —— CS/PMMA/PEI NF adsorption Cr(VI) ——
——PEI = CS/PMMA/PEI NF adsorption Cu(Il)
0 ) 4 —— CS/PMMA/PEI NF adsorption Ni(IT) I—
T T T T T T T H i ! H . ! T
100 200 300 400 500 600 700 800 100200 300 400 500 600 700 8OO
Temperature (°C) Temperature (°C)
(€) oo — (d)o.o] .
0.4 -0.4
E z
E £
& 0.8 = 0.8
I ©
2 PMMA [
a
1.24 —CS 1.24 —— CS/PMMA/PEI NF
PR J s CS/PMMA/PEI NF adsorption Cr(VI)
CS/PMMA/PEI NF
PEI = CS/PMMA/PEI NF adsorption Cu(ll)
Iﬁ 16 = CS/PMMA/PEI NF adsorption Ni(Il)
o T T T v T T T v T - T v T v -1 T T T u T u T T T ™ T T v
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800

Temperature (°C) Temperature (°C)
3-4 CS. PMMA £-4EfiiE, PEIFI CSIPMMA/PEl E & 40KA4EE (a) TG Al (¢) DTG ik,
CSIPMMA/PEI E & 4K AT 4B b & 2 7 AT /5 1 (b) TG A (d) DTG Jiil
Figure 3-4 (a) TG and (c) DTG spectra of CS, PMMA fiber membrane, PEI and CS/PMMA/PEI
composite nanofiber membrane, (b) TG and (d) DTG spectra of CS/PMMA/PEI composite

nanofiber membrane before and after adsorption of heavy metal ions

3.3.4 CSIPMMA/PEI € &40 T4 PRI R ERIK M BE D #
X 3-4 FEO. 5 F1 10 s B (7K Befik /7

Table 3-4 Water contact angles of materials at 0, 5, and 10 seconds

FE i 0s 5s 10's
PMMA NF 74.4 £0.6° 73.5+0.8° 734 x1.4°
PEI film 63.2 +£3.8° 50.3 +£3.7° 48.5 +4.2°
CS/PMMAV/PEI film 437 £2.2° 40.2 £1.5° 33.1+1.3°
CS/IPMMA/PEI NF 149 +1.4° 0.0 £0.0° 0.0 £0.0°

MET PMMA £F4EE. PEI # . CS/IPMMA/PEI # AT CS/IPMMA/PEI &
YR YEAE 0. 5 1 10 s B IR IEfl AR 4L, DU AL HSR KM (B 3-5) .
N3 3-4 Fix, PMMA R4 SR K, #filifh 735 £0.8< M4k, BT
SINT BEAERS KR PEITY (652 £3.89 , CS/IPMMA/PE ki3 firh £ (% Ky
435 +£2.25 CS/IPMMA/PEl &Kl M 52 14.9 £1.4S M TE
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5548 & 9K AT e Bt 5 #0010 FPES 58 44 B3 CSIPMMA/PEL 5 & 40 K 47 4k i
. Hitk, CSIPMMA/PE| 54 4K 21 4 5 28 B0 HS 58 4 ) S 7K 1

0 sec 5 sec 10 sec

d CS/PMMA/PEIR A £ 4E R A7k $ / F
3-5 (a) PMMA 214, (b) PEI i, (c) CSIPMMA/PEI #EF (d) CS/IPMMA/PEI
FEWPREFYEREAE 0. 5 R 10 s B[ 7K B i A
Figure 3-5 Water contact angles of (a) PMMA fiber membrane, (b) PEI film, (c) CS/PMMA/PEI
film, and (d) CS/IPMMAV/PEI composite nanofiber membrane at 0, 5, and 10 seconds

3.3.5 CS/IPMMA/PEI E 8 NKAFHRIFIR R B R 71T

3-6 L/~ I CSIPMMA/PEl E & YUK 4R HEM BRI, W
RPN EA AL RIEDGHIE YR YL, FF5 T PMMA, PEI BCHEXE 5
BYURF UL EAR RIS, FEE I 2K R PMMA, PEI BCEEA 5:1 38/ 5] 9:2

(K PEI &8 , EEYPURAYEFFA B 996.2 nm H5KF] 1039.4 nm. X
e gzt CS M PMMA ELRFFAZRIHEL T, 1/ PMMA. PEI B HE RIS
KT G limIEh e, MR BEREEERE T, FERSEa9RFgEEE
B K. M2 PMMA. PEI Bitboh 4:1 B, 5 A 90K 4F 4 15 1) B A2 O /)

(856.2 Nnm) , IXW]REZYT LI T R R PEl 5 CS Al PMMA KA T 3 BAE
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g N N2 e = VA7
FHRAL T2, M E 9 K4 EAW /N LI s R, mliE i
PMMA. PEI fit b3R5 90K 4F 4115 ELAZ 208 900 nm HL 43 A1 AHXT ¥ 51 5 & 9 K 4F
HEfE

@ =7
L

Fiber Diameter
Max./nm 1491
Min./nm 498
Mean./nm 856.2£178.7

Max./nm 1562
Min./nm 416
Mean./nm 996.2£199.7|

wem | (1)

Mean./nm 1039.4£218.5

NN

M - NN
1200 1400 1600 1800 400 600 800 1000 1200 1400 1600

0SS
400 1200
)

0
Fiber Diameter (ni

PMMA :PEI=5:1 PMMA :PEI=9:2 PMMA :PEI=4:1
K 3-6 N[/ PMMA. PEI Fit L[] CSIPMMA/PE| E & 90K F 411 (a-c) SEM JESRAT (d-F)
B

Figure 3-6 (a-c) SEM morphology and (d-f) diameter distribution of CS/PMMA/PEI composite

nanofiber membranes with different ratios of PMMA and PEI

3.3.6 CS/IPMMAV/PEI & & 4N 4 BR 1 IR M3 14 BE 53 4
3.36.1 ¥MIEEFRERFI

EE KA AL B R 2B BB BT (Cr(VI). Cu(ll). Ni(ll) %]
IR E AL TIANF . a1 3-7 Fizs, CSIPMMAIPEI 4 40K 21 44 B (1 W Bt B i
TR R, MG E SR E T (Cr(VI). Cu(ll). Ni(l1) #KJE
ikF] 200 mg Lt B, WRBHEROR, Cr(V1) BT IE KR MHEN (95.3 mgg™t)
Cu(ll) BT K& KWMEN (61.2 mgg™) , Ni(ll) BT K& KW HE N (60.2
mgg") , FERKFZLELEET (Cr(VD). Cu(ll). Ni(l)) EMRKE T,
CSIPMMA/PEI &9 KA 4RI H R A AMEE, —HELSERT
(Cr(V1)~ Cu(ll)s Ni(l)) REMEME—E{E)G, CSIPMMAIPElI E & 4Kt 4 i
PO B B 5 KA, AR T PRI VR PR PR A 5 4 o 40

49



TRUTAE R 2 A 3

100{—=— Cr(VI)
|——cuqn
80 —— Ni(II)

60 -

40

q¢ (mg/g)

201

0 20 40 60 80 100 120 140 160 180 200 220
Concentration (mg/L)
& 3-7 CSIPMMA/PEI 5 & 94K 2T YE I AE AN [RI W) 46 75 I B IR b &
Figure 3-7 Adsorption capacity of CS/PMMA/PEI composite nanofiber membrane at different initial

ion concentrations

3.3.6.2 pH {ERISZM

X CSIPMMAIPEI B & PR EIEMR B 57, IRV pH B 7T e 2 o
4 BT R T VR PR AT OO BRI, e R R pH L (pH=2 ~
6) AT T — RIS, LI ss R K 3-8 Fin. CSIPMMA/PEl 56 9K 4
YERET A B F (Cr(VI)s Cu(Il) Ni(I1)) FIMR BB pH A 38 0 5 38 s B¢
fik. CSIPMMA/PEl & 9AKLFYEBEIIT Cr(V1) B2 pH=3 IiE 3] 1 & Rt
BN 226.5 mggt, CSIPMMA/PEI & A4k 4EIEAE pH=3 I 8B HH 5 v (0 bt
PERE, AT CS. PEI 4 FH RSB FHATENL pH E N E S 9PREF 4 I
BE 175 IE B 5 S L) HCrO il Cr07% 2 I S s 51, AR, 24 pH>3
I, IR Pk, RIS RS2 pH ERIFN . CSIPMMAIPEL & 9K £ 45
WRBR Cu(ll) 25724 pH=5 MR I H i B B REN 65.9 mg g, X IHIR T a8
ik pH &, EIEMR TACRERIME, -NH" A1 Cu® Z (8 i et sm, 177 BE
EVEW pH>5 B, KRR W AR 15 OR T 2R, 5 SO BT R ) R R DA
CSIPMMAV/PEI & & 40K £F 4 B T Ni(11) 257 pH=5 B 3L H f e PR B 1
N 67.4mggt, XIHRFLEM pH T, CSIPMMA/PEI &40k 4EE 5 fE [
W, FMS &R RRA AR EHF, SR E IR A,
BEE R pH I3, SEER R A ERRES, CSIPMMAIPEL 5 & 9K A4 5
SR BT M EE A R E RS, R, 48 B 1 T DURZS 5 Hhidk Ak 224 &
ERL R, AR RAEK, MR pH B TR RERER, S8 —4R M E
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PR AT RERAE R pH N8RS T UiiE CUnE Ay R B 712 i H 7 (14
fy,1142-145]

2404

200+

q, (mg/g)

1204

80

1—— crev)
160 1

—o— Cu(I)
—a— Ni(1I)

404

o =

pH valube

4] 3-8 CSIPMMA/PEI 554K L4 HIAEAN ] pH 18T IR B &=
Figure 3-8 Adsorption capacity of CS/PMMA/PEI composite nanofiber membrane at different pH

values

3.3.6.3 WRFI5TIERERIFMN

3-9 /& CS/IPMMA/PEI & & 4K A4 EAEA RN B 7 &= T X B4R B 1

(Cr(VI). Cully. Ni(U)) TR (OB, 25 R B9 R A 350 R 2
R,

240 4
2004

160

1201

q. (mg/g)

80

404

80 90
Adsorbent amount (mg)
&l 3-9 CSIPMMA/PEI 55 AR K 2T 2 JIE (1 1A [R] W B 771 o 221 AR B 2
Figure 3-9 Adsorption capacity of CS/PMMA/PEI composite nanofiber membrane at different

adsorbent amount
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Figure 3-10 (a) The removal rate and adsorption capacity of Cr(VI) ions by CS, PMMA fiber
membrane, and CS/PMMA/PEI composite nanofiber membrane; (b) The adsorption capacity of
Cr(VI) ions on CS/PMMAV/PEI composite nanofiber membranes with different ratios of PMMA and
PEI
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Figure 3-11 (a) The removal rate and adsorption capacity of Cu(ll) ions by CS, PMMA fiber
membrane, and CS/PMMA/PEI composite nanofiber membrane; (b) The adsorption capacity of
Cu(ll) ions on CS/IPMMA/PEI composite nanofiber membranes with different ratios of PMMA and
PEI
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Figure 3-12 (a) The removal rate and adsorption capacity of Ni(ll) ions by chitosan, PMMA fiber
membrane, and CS/PMMA/PEI composite nanofiber membrane; (b) The adsorption capacity of
Ni(ll) ions on CS/IPMMA/PEI composite nanofiber membranes with different ratios of PMMA and
PEI
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Figure 3-13 EDS curves of CS/PMMA/PEI composite nanofiber membrane before and after
adsorption of heavy metal ion (Cr(VI). Cu(ll). Ni(ll))
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Figure 3-14 XRF of CS/IPMMA/PEI composite nanofiber membranes with different ratios of PMMA
and PEI before and after adsorption of heavy metal ion(Cr(VI). Cu(ll). Ni(ll))
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Figure 3-15 (a) Adsorption isotherms and (b) adsorption kinetics curves of Cr(VI) ions adsorbed on

CS/IPMMAV/PEI composite nanofiber membranes
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Figure 3-16 (a) Adsorption isotherms and (b) adsorption kinetics curves of Cu(ll) ions adsorbed on
CS/PMMAV/PEI composite nanofiber membranes
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Figure 3-17 (a) Adsorption isotherms and (b) adsorption kinetics curves of Ni(ll) ions adsorbed on

CS/IPMMAV/PEI composite nanofiber membranes
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Figure 3-18 XPS curves of CS/PMMA/PEI composite nanofiber membrane before and after
adsorption of Cr(V1) ions
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Figure 3-19 XPS curves of CS/PMMA/PEI composite nanofiber membrane before and after

adsorption of Cu(ll) ions

3.3.9.6 CS/IPMMA/PEI| E &K LFH4EPEIN M Ni(1l) EF8Y XPS 3%k

3-20 Ao MR Ni(1) B 7RIS XPS Ak A R OO . B 3-
20a fi, WRHY G 855.2 eV ALHIL T Ni JeE &, XUl CSIPMMA/PEI & 444
KEFYERE I T Ni(Il) 1. & 3-20b fiias, Ni(ll) L& Py g, 878.1.
872.2. 859.8 fl1 854.3 eV, Z5IXtMTF Ni 2p1ps Ni 2pap. #E N 1s ditirf, 398.1
eV MUV D, g G R T Es), R -NH, R AL & E R 2
57 WL AR, SR, ZEIEH Ni() B TR O 1s Jtirh, 529.6 eV Ak
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3-20 CSIPMMA/PEI S5 4K LT AERER B Ni(11) #2555l 5 IXPS il 25
Figure 3-20 XPS curves of CS/PMMA/PEI composite nanofiber membrane before and after

adsorption of Ni(ll) ions

3.3.9.7 CS/IPMMA/PE| E 8 MK LFHIRH Zeta BB 1R

Ak, A T CSIPMMA/PEL B & 9K 47 4k W B 5 8 &5+ (Cr(VI).
Cu(Il)s Ni(lly ®if5 € WAL, DUBFFREGYOKRA AR ESALH (& 3-21)
CSIPMMAV/PEI & & 9K 21 4EJER BT AT 50N 12.27 mV, T B 354 15
T (Cr(VI). Cu(ll). Ni() J5 ¢ ®AimFa g, W Cr(Vl) 875 ¢ B
frF%ZE 3.56 mV, W Cu(ll) BF)5 ¢ HAFEZE 1.38 mV, W Ni(ll) &1 )5 ¢
HUAL A 11.37 mV, X ATRE T 5 A 9K 2T 4 i rh 1 B RE AR BRI 46 1F T 485 61
M, RPESEET (Cr(VI). Cu(ll). Ni(l)) 5E &R 4R n) w5 i
MR 51 AR S 5 A A0 PR PR 52 & P A BER T, TR Ni(I) B0 Zeta A
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RLFARAIIEATR, B B A GORE SRR Ni(I1) B s R 51 B8 1859 .

Zeta potential (mV)

CS/PMMAMPEINF  CSPAMMAPEINF-Cr(VI) CSPMMA/PEI NF-Cu(Il) CS/PMMA/PET NF-Ni(Il)

&l 3-21 CSIPMMAV/PE| & YK A 4E i bt 84 )8 &+ (Cr(VI). Cu(ll). Ni(ll)) #iJ51Zeta
Ci¥DA
Figure 3-21 Zeta potential of CS/PMMA/PEI composite nanofiber membrane before and after
adsorption of heavy metal ion (Cr(VI). Cu(ll). Ni(ll))

3.3.10 CS/IPMMA/PE| E &K TR HZF M RE S

%t CSIPMMAIPEI & 9K 4T 4 RE I8 Jok HL SR (10 7 77 AR i1 2 RRE I 1) fof
VEREHEAT TR (W 3-22) o WTLATEAEHE B, W E S B TR I B aR A A
2.2 £0.1 MPa, ifi CS/IPMMA/PEI & & 40K A1 4 IEAE 55— R AEE IR Cr(VI)
BT R MR R 2 0N 1.9 £0.1 1.4 £0.1 MPa (& 3-22b) 5 7EEE— RIS —
B Cu(Il) B8 J5 BIRiAH 5852 4374 0.8 £0.1 F10.4 +0.1 MPa (& 3-22¢) 5 1£
BB — A R Ni(1) &+ Ja iRz 4y 708 1.6 £0.1 fi1 0.7 £0.1 MPa

(B 3-22d) o XLLLEIRRE, JERE S TE KR AN 29 25 R Gerh 2 31 7 — L8 41
SOME, A DN B RPN o i BUBAE O B PR RE R B, 4N, CSIPMMAVPE
S A UK LT Y A FE FE PRI BT Cr(VI) AT Ni(I) B 1 R R R e Bk, 0t
B} CSIPMMA/PEI 54 9K A 4E AT — e 54 T BATEMF o, 1 Cu(ll)
BT RRLAHREE AR, XEH] CSIPMMA/PEL & 9K 4RI Cu(ll) I7EFF
Fase g% .
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Figure 3-22 (a) Tensile curves of CS/PMMA/PEI composite nanofiber membrane for adsorption of
heavy metal ions, (b) Cr(VI) ion adsorption, (c) Cu(ll) ion adsorption and (d) Ni(ll) ion adsorption
of Strain-stress curves

3.4 KEINEE

AT TR B L5 2 BRI 145 T CSIPMMA/PEI B A 400K T4, IFxt
HEBE T (Cr(VI). Cu(l). Ni(1)) I B 4 R A A& AL BRBEAT T 7 45 50
Fio @REH, CSIPMMA/PEI &K 4EE N HAZTE 800-1000 nm, 43 A%ty
B5). A, #E CSIPMMAIPEI &KLY rh KIL T 8 i ML, T
DAL TE 2 6 22 D BE IR A7 A5, AT AR I (Ve M A0 R G ) e e, AT F
200 T AT HO BRI PR

CSIPMMA/PEI & & 9K £F 4k I Bt Cr(VI) & ¥ W Bt & 5 KAl ik 226.5
mg g, U B R S R B AT iE 194.4 mg gt BT R BN AR AT ]
BEER M, B URPRREE R E R R SRE  Z 0 1.9 £0.1 R 1.4 +
0.1 MPa, RHATE™ 84 AF T Al CARFFIE Ao se 1, WRPHALER R, 7 S e
HCrO, I Cr,0;" SHU KBRS (-NH) FfESEE (-OHD JJo FLI it
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SRR 24 A8 S
KICr(VI)FER 238 JE R Cr(1H) . CS/IPMMA/PEN & 4K 4R 4E AR BT Cu(Il) &7 K
B K FTik 83.3 mg gty URIRFRHKIUR PR BE F1d K TIA 32,5 mg g7, B RAT
(IR B, (E R SR RV, R — IR B AR 5 R B S 0 Ao i B 4 )
279 0.8 £0.1 1 0.4 £0.1 MPa, KUIEMFE ERLSS, WINPT, PIRer4E
JERMAAIE (NHy) F¥EE (-OH) AT LIE I Ak 22 4% & A e 51l 5
Cu(ll) 14545 . CSIPMMA/PEl 5 9K LT YERER B Ni(11) 557 1R Bt & f K AT
& 64.6 mg g, URBBH BT AE OB AT 59.0 mg g, HLA R IRHE
ey AR I, 5 R B AR 58 R B R R AR i B 43 30l 297 1.6 0.1 A
0.7 £0.1 MPa, LML 5% N o] MRFFEIR RS ENE, EE90Ke 4R b
W& N A O B2 Tkt M, HS Ni(ll) &P Es R sIER. BT
PEI 5l N, MEEGHKAEBEAFLTEENEL, FHEELREE T
(Cr(VI). Cu(ll)) a4 s s 51 RE 38 am,  MATTT R R R SR 4, T B
Ni(11) 255 TG N 1s Seil i ms G aer s, Zeta HUALIZ s SR
JE 55 RS AN B, R 2 S AN R S| R 00855, AT R B Ak R
PEAEK.

ATAEN T —DRENEESE S TR, SIANTHAEFEREN
PEI #il45 T CSIPMMA/PEl A 90KEF4EEL, {1 Cr(VI). Cu(Il) &+ =
CERE R, NESEE TR TR AL s R 7 .
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FBAE RESRE

M T <A B 1 S e SR AT Ml 5C VT, 1 N AR Rk e A it — 2B
J&, AR PR K AL B v H < e 1 I A RIS B AT DRI AR AE o AR SRR e S
B (CS) MR LML (PED SIANEKFEANGRTEE (PMMA) Jjid, KH
BT LRI & 7 PR YEEL, BT 7R E A58 T

(1) % PMMA & 8ER HF LT 2 H5R Dl 7 A FA R CSIPMMA
PR YENE . ARYE SEM AHABAIPERERTE, KW T CSIPMMA PUKELF4EE B AT
#£ 100-500 nm , A, RARGERBKYER 200 °C LUK R F#AFEE
o AR LR IRl SRS BT Cr(VI) BT BR EA 209.0 mg g,
YRR B B B KW B S FTIA 163.5 mg g, HLRLAH 58 FE AR MR Y G A AR R s KT, 38
B0 Cr(VI) B 1 B R W P Re A m] 1R P WeB Cu(ll) BTk
BN 51.2 mg g™, U AR R B A 16.3 mg gty R B i fe
FERAR, RETHXF Cu(ll) &1 Hmf EE MR WA Ni(11) B 05 Rt
BN 80.8 mg g, UKW IR KRB 78.0 mg g, HLRAH R EAE IR B IS A
CRIFRLRIKT, REHXE Ni(I) 857 B R4 1 W b R A e s 2R A . did
X W B HT S 9N K £ o B 45 A 1 B . XPS PR AN Zeta HL A AR 43 AT 15 2
CSIPMMA K £F 4E JE W B B 6 8 25 T O WL Dy ks S A s 5, Ho
Cr(V1) B3k Al ik 5 e SR T IR BN, PRI Cr(V1) 5251 PR B RO B4«

(2) % PEI FE R INH & T AR PMMA. PEI ECLLE ) CSIPMMAIPEI £ &
AUKAFYERL . ARG SEM FIHAB I HERERAE, KB T CSIPMMA/PEI & 9K 4 4k
i EASAE 800-1000 nmZcAy, A%, HAMREHIIEIREAT 200 °C LT R
IR E M o R FCVR B I SRAS BB Cr(VI) BT s KI & 226.5
mg g, TR R B K BB T I 194.4 mg g, LA R AR IR O T (R R
K, R Cr(VI) B BA R R B RE R AT BRI s WREE Cu(ln)
BB R A 83.3 mg g, R AR KR B 325 mg gt IR
B S AT SR B AL, SR Cu(ll) & R P SR MR 2 B Ni(1) 2T
(i KR & 64.6 mg g™, VR BHBROKRBE B 59.0 mg g, Hohu s
FEWR M S TR e KT, AR Ni(I) B 7 B B4 B B4 B T 26 42 )
FIAE G I 0 IR B AT S K T 4RI S5 R RE . XPS JUIAAT Zeta FEAZ N7 HT 43
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FRTAEML PMMA AE

Al
EH4e,

F| CSIPMMAV/PEI 5 & 4K £ 4 R it 8 42 J& 55 W LB . A2 A s B
50, Bk b, HWRH Cr(VI) &7 RN AR FE RN . I H BT PEI 175l
N, HEEGR BRI RIS, BULHEX Cr(vI) 1 Cu(ll) &1 8 it
KRS, EXE Ni() BTN SR BT PEI 51N, AL 22 E R0 f ik 5|
RE RS 1T A1

I 8] R LT 22 T & T B R
THEE K CSIPMMA PR ERAT CS/PMMA/PE]L B & 9K £F4Eiss, HIL A
SN 4-1 Ffw, 45 SR o & s SIS A T — Pk (o i 0%, R 25k
K i 4 8 B U7 T R TR ST 7T

B 4-1 PRFIGAK AT SE N T R B

Table 4-1 Comparison of the properties of the two nanofiber membranes

PERE CS/PMMA YK 41 4k it CS/PMMA/PEI & £ 40K £ 2 i
KA 200-500 nm 800-1000 nm
R K B K SRR
VIR E 200 mg-L" 200 mg-L"
pH 3 3
W o 71) o 70 90
Cr(VI) | — KRR & 209.0 mg-g"’ 226.5mgg’
IR K R 163.5mg g 1944 mg-g"
QES=FEE BT BT
W BRATLEE RN B RN EEIR | BRI . A RN B
WILHIR L 200 mg-L" 200 mg-L"
% pH 5 5
i W B 710 ot 90 70
[;i Cu(Il) | — R K& 51.2mgg’ 83.3mgg’
o TRECKIR I 16.3 mg-g" 325mgg’
e GE-LILILE: I o
W B2 LA N i LA LA N e LB
IR 200 mg-L’' 200 mg-L"
pH 4 4
W o 551 ) 80 80
Ni(Il) | —RE R & 80.8 mg-g”’ 64.6 mg-g"
IR R P 78.0 mg-g” 59.0mg-g"
BES-EEES BT BT
W PR LR RN LR YR RN LR
Cr(VI) S 2 Freundlich I 2% i 2 Freundlich T H 25 R 2%
HE IS 3l ) 2 HE sl A
G Cull) HiRmZ Langmuir W 55 iR 2k Langmuir i fH 45 IR 26
Il )1 1% HE gl 2 HE gl 2
= Ni(IT) A 2% Langmuir WY f 4515 28 Freundlich W 25 5 2k
BN HE gl 2B HE—F gl 12
VAL 2.293+0.098 MPa 2.204+0.084 MPa
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