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i OE. AP B OK AEHEAOT IR R T 69 P M, & PVA/PHEMA
AR IR U JE SF PP 4 R K P e R LR M AT ARG . AR T M BE (polyvinyl
alcohol, PVA) B R EAE A M A4 AR, mMAR YR A H K E T 8S
( polyhydroxyethyl methacrylate, PHEMA ) W %, VA 3% AL JE B 3 4= 4448 5
Bk, FIE, ERAITAR A A4 B4R I AR R R 2] 4R 3L,
I A S e KB B, 5538 #F9%Z PVA/PHEMA A &K B I BET T &7 & %
Fo R R4 B Ay S AL R B B 5 A A 89.7% A7 93.1%, L iEid & 4 5 ik 3

58L/ (m*h) ## 10.7L/ (m>h) , B7H RIFes MR G1EM .
KEIF: PAARNRAETE; BOWEE; TIEBE,; Z4k; fPL KA

hESES: TQ323; 0647.3

NEkERERG: A
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i, R X 5  PVA/PHEMA 7K %% A 8 B3t 69 4] & &

Jrat s P g KB RATE [1]. R FR, 2021, 13(3): 13-20.

1 HRE=

ERYS PR K HP & A K IS5 YW, Akt
TR, BRI TR BN, YRR
{CEBRIFNE, BHEAEER . RS, SRR A
DAREMRAERE R, #5 HEAROE S S 8UE S KI5
JUE, N RMERE

HET, XFTFERGLK AL B AT 2280, g bt
P HAREE L AR IRE | By B kR A Ak
A, AL Y R ML ik —, %
BiF ] 2 M — A TG k. 1 AL WL Tan 45 ™ R
P RB 7 ) 5 114 2 i R A ST R R e ksl A0 L 30

°C I PR f K B S IR iy 434.78 mg/g, (R IR
M H AR A RIAE . RS AR S ) )i, phst,
A7 Tl TR W B T k), HATL Sy i
ot P L O P LA 7 A ) BV B, R B T
WGk B, — oG T, B IR,
T T 2 /K A B b A e i i e Ak 2, IR I 4F R
HBL SO A o AR A 1 R b S BR ED
Pl K Hp b2 75 4 & ( chemical oxygen demand,
COD) M, Z5REH, 2 =4t 10 min
J&i, COD M BRR ik 89.03%, {0 i) Bk % ik
99.43%, AbFACHR B I o AHI 7k S5 X 1 A e AR ol
I SEN AR FAE SR o B DL E AP AL :4h A kb
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B A AR AR BRE K T, A A B R R A
AW EAE AR A LA, K KA B i A7
ML AR BLTCHL ) B 45 Tl SR W o s AR ot Ak
AT HAT I8 AT AR . A PRECRES 2 SR
EIZEN YLK K BT A R, Ba— AR RO E 1 A
SRR W B Y B s ReR s .
2R oG RERRIRAEOLA, IR Bl iz
MBI EZ — Hdr, AW BUKEK H A
AREIFREL . SRIESFMPERLA, X4 o Fl s
BHG A SR R, 7 BN B BB I 1
M EHEAE RN .

R MR (polyvinyl alcohol, PVA) , Y HH
BB N Z N T A Mmoo TRz —, HapT
bR gL, T LU A SO s B EAE A
TE R 01 M 48 S5 A0 B K BRI, DRI T RE 8 2 (it R 4
PIHLAEPE RE A DA 2 E U BT PVA Y RE
M/ B —, ANEA R IIReYE; T A [FAE
BAT B SRR A AP A BE R i PR R, Ha A
— 7 R 25 AT g HH B PN A R ¥4 T ( 2-hydroxyethyl
methacrylate, HEMA ) ¥4k, 5] F KK b L6ty
W B g Y B R RS T DL HEMA SRR i
FALZEF B (benzoyl peroxide ) 5| &H], RAVILE
RBEY, AT R HEMA LRy, R8s 1%
B, 1z SR B BUR R E 45 0 DL SO R
1, X R YRl A BRI e )T, 7 LBk
ekt y RAT N A

ABFFER ] PVA VRN SCHE LR, JFHE SRR
22 5L AT 1) 2R R BE N 2 2 U TBiR ( polyhydroxyethyl
methacrylate, PHEMA ) , il £t —Fh & & /KB
DN TR, 3 5 7E A B R NS A i v B AL AR
TAACRETCHLE TR, JEXS BB WA T SRR %)
T, A58 HAT RAT KA BRERE K BER T DA . 52
Bt R R, 205 AT AR SO AR AR Y
TN, A ES R IEE, #AERIME S T, 45
iR, 5517% PVA/PHEMA & 4 /K 8l 155 - 0
FH B 5 ISR L LA ORI T AR 3503501k 89.7%
193.1%, 1€ §iAF] 5.8 L/(m™h) A1 10.7 L/(m*h),
R RAFI ORI VEHT

> LHERS

2.1 SR#E
LN IGIR PR Z0R (50 96% ) .« N, N'-

MY REX (TSI ) (N, N'=methylene-bis(acrylamide),
BIS) . if #i FR % (ammonium persulphate, APS)
FIN, N, N, N= JUH 32 i (N, N, N', N'-tetramethy]
ethylenediamine, TEMED ) ¥y B |- i 2 4% pk 4= {
Bl £ A B2 2 7w ( Shanghai Macklin Biochemical Co.,
Ltd. ) ; Hh ( glyceraldehyde, GL) . B Z 4% ( PVA,
M, 212 145 000) . SAH b RE . ERFR HCI Al
T ( glutaric acid, GA ) , ¥ A B T35 (_Hifg)
ARRAF.
22 EBRMUBRIZEZ

o P A o g B B, DP-150 AL, g Y
WSl A BR 2 Wl B4 AT WA e T, UV-5500
A, B oo AR A PR\ BT RE B L,
UTM4304 B4, RN — SRR BLH A A1 FR A F
4 B F W L 8% (scanning electron microscope,
SEM ) , Phenom Pure B, fif 2% Phenom 2\ r); 442K
RLEE 5 AL, 23000 Y, 5 [E PSS AL LA
i B 78 21 4 S % ( fourier transform infrared,
FTIR ) 1%, Tensor Il %, f#[% Bruker /\#],
23 EBRAE

HAERRIL—E &1 PVA By K, SRIEH M AK
FIH M AR AR, A8 95 CORIB N i, 15
FTIE M PVA IR, B0l FE S M. BTk
o3 BIFR B — 5 5 1Y HEMA Biik 5] % 7] APS il
SRR BIS, R ki i Tk, BIAS 3 R
HEMA TR W . )5, ¥ PVA Hl HEMA ¥ i 4% it
s LVIRG A, JRMA R ECh 3% M
TAHAREERR, AR, SRS G PR
FEIR A TR R HCL, {215 TEMED 158
PSR, WS R R A E e, ST
N2 hy ZJEHRLHEERS 2 20 CHEE TR 12 h,
PRI 2= AR 3 h, IFAE 100 CRIBKALHE 1.5 h,
S B R I AE 4% B9 HF 3 12 h, B ER I
TER B TR %, RIT3 5] PVA/PHEMA & 45 K &t
JE et g g

A3 SIBEC I 50 mg/L 14 37 HY 356 4 T SR 21 L) 55
W, HATRERLESEE:, L UEITAY 6 ho
2.4 Wik 5RAE
241 RBE

SR FH 1 e R RS 2 Ao e B X el B MR T,
B ROK RN 1.0 MPa, S8R E Kl 0.4 MPa,
W55 7K P R RS et 22 7K 7 e 8 A D R 7K 3 1 1 R
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Ao o, REUERGE T J TR AR
J=VI(s1), (1)

K. VRBERIAR, L;

s ISR, m’;

t IS UEIFE], he
242 FHERBRGBRALE HFELTE

SN BT, /0 A7E 662 nm Fl1 497 nm
AT £ Y BE R AR T R O B L R, I
RIS RN WO C R, THRKEBENE L g AR ekt iy
#ER, Hata Ay

—A
_ A 00w (2)

0

s
b Ay R AT YRR ERE 5

A, NITTHIER I EE o
243 #HELE

SR A 7 R B K B ) N PR 2 A,
TR RRE I8 B 8 I 87 1) 7K M JE R A v VR R 20K

OH OH

GyoEA bR, PR TR SO0
244 ok

K A B ZLAM G A, @ik KBr s ik
FHE SR RAE K BE I B A 454, s 15 40
Mrf KL RN 400~4 000 cm™ .
245 HEFHR

fii ] UTM4304 B J7 BB IO HL, 7E5 I B XF
TRKBE IR ) 7 2E M BEHEA TN, ) A5 IR i e R
Hfir k100 No MHCEE, K EERRE S YIRS R 0.5
mm , PR FE R S mm K 35 mm AR TERE SR,
MR APiE 48 5 mm/min.

3 HREE

3.1 PVA/PHEMA KRB HEHRIE
PVA 4T J2 i % % PVA/PHEMA 7K 58 12 14 A= %
SR 1,

;:Zw
e

YT g g S N
© A, e Yo
H O >€ O
PVA ' ~
oA O>\/\/<E)/\ °

1 1 9 APS
X)l\ O'/\/ OH \)H\Y W _— HN> O, \_]\g[
CH, H H S HN, =
HO =0 0
HEMA BIS PVA/PHEMA

1 PVA #FRMEX K PVA/PHEMA K4 i% BRI =%

Fig.1 PVA molecular reaction formula and PVA/PHEMA formation reaction formula

WK 1 s, PVA/PHEMA ZKEEIEHY B2 1 A rp
FEEAIR RN : 1) PVA FERRYESAE T, a5k
BESCH, RS —SCBEM%; 2) HEMA 7E LI iR
BAEREI ZAIR LT, 5 BIS B4 AMERE,
I FREHRGEFTIF, 2R PHEMA; 3 ) PVA 7 T4 |
PHEMA 734 b F 42 (5250 F0 I itk — 28 R A 4
PRIV, T8 LA B2 () RUAE I P 4 4544

i3k FTIR X 7K BE IS I R0 B BRI 45 H0 E A T 2RALE
PVA. PHEMA F1 PVA/PHEMA 7K BEJKE (LT 4P GiE]
REERILE 2. & 2 # PHEMA Fl PVA/PHEMA £T.

SMETEIIZE AT IR 1, #iZk 1 1 650~1 500 cm ™ 4b 3%
AU R A Pk B, 1P HEMA (1 [ H JE 2R
Both, o FhE LA SRR . PVA/PHEMA Y
LIAMERE 2R 3 401 em™ &b W I 04 S —OH 1Y
g4k SRR I 0%, AT PVA Fil PHEMA B F
TKBE I 1) 8 B AL U, A5 R FE 11 W M WA 431 3 7
HZm, R R ARTE, X &5 PVA Fl PHEMA 43
THE B SOE R o I HLIZ WG ) 5
FEAT T T B, X AR T8 R SIHFE T 41 B A
BT,
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Fig. 2 Infrared spectra of PVA, PHEMA and
PVA/PHEMA hydrogel films
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Fig. 3 Distribution of fumed silica particles

dispersed in water
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Fig. 4 Scanning electron micrographs of PVA/PHEMA
hydrogels before and after film hole-making

F & 4 FF 7 il FL AT S 9 PVA/PHEMA 7K 58 1% i
T BT LA R, LT A K S e 1A
BONECE, JCFLIRZER s AR A ARk ) 7k
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N, X8 BRI RUSE RN S0 A o A . LS R
SN RS, — 7T, SRR S R R
TR SO, MR TEZ i AR
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FIH T T BB IEHL, Wik T A HEMA 414>
HIJE, DASCHI LR S K BE IR Y ) 2# P g, irds 3
(RN 7 — AR LR AN S i . A Sa 151, H—
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Fig. 5 Stress-strain curves of the hydrogel membranes

R T B KB RERT YR K AR R RE T, A
PHMEA W45 , 3XXHEEIC I J1 2E P RE A T — g 5
WK 5a ffr7n, PVA/PHEMA 7K 5K B A 5 B [
4.08 MPa, WrZL iR 3N 983.4%, Ki4li PVA 41431
H—E R

{H PVA/PHEMA JK I R TH 2%, /KICHE K
Wk PRI ASAH A R ZI L, A IALS
WA W BERE )2 P BB E— 2B R AIG, S IR A i i
FEAL A 1.75 MPa, Wi 26 536.6%. (H151EH]
M, BRI R I i, (FR 2] D)
it R 7K P R I B ) — P P 3K

KU 3oL 0 JE T i R 2 AR LK i 5 2
FUABE Ty , W IR 2 — 2 P RE ). I,
AW 2.5 kg B AR EBRUKEERAE TAER K Z 1Y
FEJ7, Wit R 6 frs o

B !
6 SERFEMXIETEE
Fig. 6 Load-bearing test process diagram of
the filter membrane

BEHF ML R L], )k 10h 5, iR
HIFREEIS A8, (ORI S, xR
T HEEHE A Y8 K
3.3 PVA/PHEMA 7K BRE % 74 B 4 iY i B 3 SR

SRR 205 240 Bl 28 1 26 PVA 2o g e
F PVA/PHEMA & G BERC IR, K5, 2 5k
S b P SR 21 BH 25— ok 7 Y R PR R ekt
W 8 R i e bR R M. R T ROR I S
WREERUE Y, DRI S8 A0 43 B Rl v ot
B, s (2) A IR #EE R, £ 1R

F1 BERHEEHEBENSERE

Table 1 Retention and filtration data of two dyes

R /% KR/ (Lm™>h™")
P ETiES — —
A HEMA B LA HEMA J5  HIFLET  HFLG
RIAEE 43 67.4+2.38 89.7+2.3 0 58+0.8
MR L 76.5 3.4 93.1+3.1 0 10.7 + 0.6

M1 1 A[1, PHEMA 443U, 80 1 /K%
Jiz B FR B BE A B H , PVA/PHEMA /K 5 JBe 1k 1 i
Xof ISR TNV 5 1 YRk 0 - 298 B %03 31k 93.1%
H189.7%; IMASAH S LRERIFLIG , BIBHEE TK
B A e, X ISR 21 R ) S R K
3524 10.7 LAm™h) F1 5.8 L/(m>h).

PR G 3 8 A ) EE R DL IR 7, 3 I R
WY R R L DL 8, 2 NI SR 4T YL i
Je R 7kt L UL 9

a) M HIE Gk
BE7 MR R e E

Fig.7 The comparison diagram of two dye solutions

b) WISRZLGH

before and after filtration

1 7 BR RS S Hin s AT FL R, R
TSR YA S B S G IR R R, BT R
JEEF G ACRA PR RE R4
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Fig. 8 The filter membrane pictures before and after

filtration of methylene blue dye
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Fig. 9 The filter membrane pictures before and after

filtering Congo red dye respectively
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Fig. 10 Scanning electron micrographs of the hydrogel

membrane before and after filtration
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3) B 10 h 5, SLuBBEARE PR, R
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43 90h 93.1% Fil 89.7%;
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Study on Preparation of PVA/PHEMA Hydrogel Membrane and Its Characteristics in

Filtration of Printing and Dyeing Wastewater

LI Jie, FAN Xiaokun, CAI Rong, LI Xiang, HU Jiawei, LI Yu, CHENYi

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to solve the problem of environmental pollution caused by the direct discharge of printing and
dyeing wastewater, PVA/PHEMA hydrogel filtration membrane was prepared to intercept organic waste in printing and
dyeing wastewater. Polyvinyl alcohol (PVA) gel film was used as the dye treatment matrix, and a polyhydroxyethyl
methacrylate (PHEMA) network was added to enhance the absorption of dye components. At the same time, fumed
silica was added to the polymerization and etched with hydrofluoric acid to increase the water flux of the membrane.
The rejection rates of the PVA/PHEMA composite hydrogel membrane for methylene blue and Congo red dye solutions
were 89.7% and 93.1%, respectively, and the filtration flux reached 5.8 and 10.7 L/(m*h), showing good dyes retention
effect.

Keywords: hydroxyethyl methacrylate; polyvinyl alcohol; filter membrane; etching; printing and dyeing

wastewater treatment

(EBEFI12T)

Adsorption Characteristic and Mechanism Studies of Lead and
Cadmium on Coal-Fired Fly Ash

YU Zheng', WANG Qiong’, LUO Zheng', WANG Shuangku', CHEN Yi’, LIU Zhen’

(1. Guangzhou Zhujiang Power Generation Co., Ltd., Guangzhou 511457, China;
2. College of Urban and Environmental Sciences, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Through the characterization of fly ash samples, the speciation and physicochemical properties related to
the adsorption of lead and cadmium were explored, and the static adsorption experiments of lead and cadmium in water
were carried out. Based on the experimental data, adsorption isotherm was modeled with Langmuir, Freundlich, and
Tenkin equations. The adsorption equilibrium properties of lead and cadmium were analyzed, the adsorption kinetics was
studied to describe the adsorption process, and the potential adsorption rate control steps and adsorption mechanism were
studied. The results showed that the content of unburned carbon in fly ash had a certain influence on the adsorption of
lead and cadmium, and the AI—0/Si—O or Si—O—Si/Si—0O—Al functional groups in the cyclic silicate on the surface
of fly ash played a major role in the adsorption of lead and cadmium. Langmuir isotherm equation presented better fitting
result, indicating that fly ash surface was uniform, and the adsorption of lead and cadmium in aqueous solution had both
physical and chemical adsorption, which belonged to monolayer adsorption. The maximum adsorption capacity of fly ash
for lead and cadmium at 25 °C in water was 69.930 1 mg/g and 36.904 0 mg/g, respectively. The pseudo-second-order
kinetic model could describe the adsorption process more accurately, showing that lead and cadmium adsorption on fly
ash surface was controlled dominantly by chemical adsorption.
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