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1.1 SEIeHH

KRB CPFLA229 19. 1 nm) [ il 105
BRCPSEH U8 B AE R 3 # 2, MPD (it & 53 48
99.5%) W [ 2 vi M 7 A\, TMC i & 43 5
9920 1 A b5 E R R A B AL IE O b O i
SEC98Y0) W21 (CR) Iy [/ % BRI\ &), Wi iR
B (Na, SO B i@ =4k T A BRAF].
1.2 PR#EEH &

ik MPD Al TMC z [a] #9510 38 A B R » il
& T —ZRANM/N LR R B BIERE (R D. &

SeFEL I B Bk 0. 1% [ MPD ZK AHIE . 2R )5
B i B 43 B0 0. 005 % 9 TMC/IE & B T AH 1%
W A T PST S 2 8 7K FE % WA £ A
PST )2 I 5B HiHE fik 30 s, #2385 103 2 R 10
IRV W - FH AR IR T B K T AV T 5 IS 2% T
3 Mz fil 10 ~ 120 s, 48] 22 4% 0 I AH S W 7E
80 “C By HEAE rh B E AL AL B 5 min, B 5145 L 1 B
FERUAE 25 B F oK v it g B 8] 5 5 7 HG b 4% 4
AR 4% LR . A8 MPD (1 & 43 800 B ok
0.03%.0.05%.0. 1%.0. 2%. i &t} MPD f{f
f 5 B2 B0 S s s TMC iy 5 40 50 3
0. 005% .0, 01% 0. 02%. % F& 5| 4 & 1k kb 3 % i
MR RZ IR 0T 3 4L RS2, ol AR S b
BRI 538 60.70.80 °C.

1 D ILBRR B A XA RS 4 Fo k) & 07 ik
Table 1 Naming and preparation methods of small aperture polyamide spiral ultrafiltration membrane
[ S TE] /s MPD Jfii 54/ % TMC B 540 % PAb PR/ C
M1 10 0.1 0. 005 80
M2 30 0.1 0. 005 80
M3 60 0.1 0. 005 80
M4 120 0.1 0. 005 80
M5 60 0.03 0. 005 80
M6 60 0. 05 0. 005 80
M7 60 0.2 0. 005 80
M8 60 0. 05 0. 01 80
M9 60 0. 05 0.02 80
M10 60 0. 05 0. 01 60
Mi1 60 0. 05 0. 01 70

TE - M1~M4 LA SR I i) s M3, M5, M6, M7 S flifk MPD ¥ & ; M6, M8, M9 ik TMC # & ; M8, M10. M11 Jyff;

b L
1.3 PEiEaemliK

SR FHRE T Ao 8 2 8 0 B 1 2 7K G i 18 4T
F174 0. 4 MPa, iR B (25 1) °C. B
RN ALY ST

-Q
F= (D

KX FoalikKiE s, L/ (m” » h);Q Mali/KiEid &,
L A BT AL, m’ 5 ¢ SAiliast E] , h.
KPS I e 2 I CR A B R, sk CR
JE RN 100 mg/L, 517 %J1 R 0. 4 MPa, i i
W25 CL 3 (2 A BT CR B
—%;) X100 % (2)

ARy CREFAZ, 005 C Rk Wi CR B itk

R(‘R — (1

&, mg/L;C, it BR CR i ik &, mg/ L.

KA A 08 2 R Na, SO, 13 BE %, gt
7K Na, SO, BB h 2 000 mg/L,is17H 128 0.
4 MPa, YR R (254 1) C, 4R (35
X Na, SO, F# R,

R5:<1—%)><1oo% (3
4

X Rs 4 Na, SO, # B %, %; G N iE i K
Na, SO, Fﬁi?ﬁfﬁvmg/lz;tl jﬂﬁ*’l‘(& Na, SO, ﬁﬁ:
R, mg/L.
P A (O TS CR/Na, SO, 1535 B
_Ru
Rs
N T AL B o1 2 R T AR O3

N €Y)
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8 A4

FEES 200,400,600,1 000 3R 2 —EE(PEG)fE
KR P B B R R LA R B PEG (1Y)
B A, K PEG Bis VR E S 100 mg/L. iz 177
9 0. 4 MPa, IR EE R (25+1) CL 4% (5) i
RN PEG R#E 2. M#li i 2o 90 %ohf , PEG 1y
AEXT 3 I it RN IR R 0 2

R:(l—%mloo% (5)
6

KR Jy PEG 8%, %0;C; A PEG iz
We R, mg/L; Cs A ERE PEG ik B . mg/L.
1.4 FRRE
1.4.1 ZI9M65E5Hr

I IRk 4 S S — A8 B AR 42T P S5 (ver-
tex8003 , 1 [F] A5 & 7o/ F) ) o 5 35 17 (1) 5 A1 45 #) 1k
FIffHT. LM B R 500~4 000 em ', £ L
HI 2 R
1.4.2  JRIEMhAAFRAE

K DSA30S 74 4= [ 2l 2 fil 1 I 12 4300 S A
(7K B2 fb R /N, R SR HEA L S BE S i BN
T PR S B b AR TR N 1 p L LB
FOK AT 5 sSARLA VR s B 1T K B2k A B9
FEAIE 4 0, BOE- AL
1.4.3  HHH 5 (SEM) RE

K k& SR BB (Regulus 8220, H
AR H LN B $8 7R B0 R HTE S S5 k). 8 in ok L 4
THIFE 10 kV.OREA i B SERTHE T 2R 5 i BRI
A HAE S  FBORE TR B b AT R AT
W4, H Y 5 SR AE T 0 S WA AR R
Blate SCD005 # FL25 B IS S 2emi 4 90 s /2
A WA 4 R SRR S A T R
1.4.4 JFEFEE Zeta B FRAE

K FH AR ST Zeta HLASL A3 A7 (SR DAk 6 2 1T
A HL AT PERE. DU [R] pH T A4 R T i 3l H L O
sk pH R ZR DB A G i A S (TEP).
1.5 HisfidmiaEEscn

I3 (Na, SO, ,2. 0 g/L) Fgek(CR,0. 1 g/L)
RS VAR 2 0. 4 MPa 2500 FHF5E T /ML
1 TR 2B U8 B (%) 35 Y AT R 400 s 2 7 A e S
B ARSI 60 min, B 15 min 5% 1 YOF47KHE
it o ARG SRR A VP I 60 min, 0 SR B 5
WA ITIE T, AR5 25 B oK b e T e iy JEE
60 min. ZEAA RIS AT o PRI 3 6 f 1) 4l 7K
i T XTREANIER LARB SRR T R ER 24

TEER. R 5 [ R (FRR) FLENS Y H (RO #om
EAREE 1
JW.Z

FRR:]7><100% (6)
w, 1
Rl:<1—JJ—P>><1oo% N
w,1
A5 5% (R, 5 43 09 W B a8 0 R D) A
X%, AT AR (8) KKk,
R, =R.—R, ()

TE R34 2508 T il %8 8 (Na, SO, . 2. 0 g/
L) AGEHCR,0. 1 g/L) MIR-A W FH T/ L
A SR e 1 G i A St/ h o s v RIS 1T Y

2 HEREE

2.1 IILERERREBIREES
20101 J o RDX R O R B 11 5

XoF AT A 1 L B RO, B 1 SR AN TR
S5O s ] P8 7N L A 28 s P o 2K, 1 B 174 0 P 3 K
A E L. ROV ISR 25128 10,30.60 K 120 s.
SN [B] P38 i 368 S R AR B 2R S B R A AR Ak
PORMER I S VT RINTF 60 s B BT ISR 21
F4) 8 P 5 I 2 [ 79 92 T ALK 5 24 5 1z B[] K
60 s M, A% 38 B AR BA M B R TR . ORI R B
TSR O A RR R . B v B A0 s 2R e
JH J2 1) T o 1S 2 B 1 i A4 2R W e J2 79 T i
W R T RS SR 2 L T ST 2 S I Y SN N R] 45
HIHE 60 s.
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Fig. 1 Rejection rate and water flux of small aperture
polyamide spiral ultrafiltration membrane with

different reaction time



55530

WSO S - /NFLAR SR Mt e 2 A B o o e 20 g 167 «

2.1.2  MPD ¥ B 8 U8 B BB Y 52 e

&l 2 JEAN[A] MPD i B 19 /INFL AR 3R ok e 45 =
TS (%) 48 BR R A AGE A 0. MPD Jit i 4388053 301 Ry
0.03%.0.05%.0. 1% % 0. 2%. BfizF MPD ¥k i i1
RRARR  /INFLARS SR Mot M A X 0 X . i P A B o
TR E R T Gl TR BRSO B R T AR AR
i SR K it A i o KM () R 0, 4 v T R T 1Y
SEARPE . MPD S 43 80 0. 2% B 5 0. 0524
F o /INFLAR SR Mot Mg 4 =X D8I B e 1 CR R %
(5 94%) i % Na, SO, f# B R & 10%. MPD
BB 0. 05 Y[ %) 0. 03 %o it s /INFLAR B kR :
A PEEXT CR (B 54T B, X AT e K o 3k
ARG 2 S BORBEIGZ T A Sk B CR,
i FLAER B R N L BRI Y MPD it 4340k 0. 0576
if s ZINFLAR 2R Tk e 45 =X 88 B8 S X CR/Na, SO, #9453
B R M 9. 4.

400 100
, —
350
= 300} —— W20 5 80
i BRI |
= 250( 160 &
s 3
—~ 2001 al
= 150 &
X 100t
g1 120
50T

07003 005 0.1 0.2
MPD J5 7350/ %
Bl 2 ORIE MPD ¥ BE )/ INFL AR SR Ik A =B B AR 1
AR ARG
Fig. 2 Rejection rate and water flux of small aperture

polyamide spiral ultrafiltration membrane with

different MPD concentration

2.1.3  TMC ¥ Xp i g R RE 14 52 el

R T AT 2 BR A I SRR A K il A R KPR Y
FRAL TR v R L B e TMC Rk B kAT T
— S [ 3 R ANTE] TMC He B il /N FL AR B2 1k i
4 2 B B ) B R R K Gl 1 . TMIC Jog 2 4
o5k 0.005%,0. 01% K 0. 02%. 455 k3, 12
i TMC (R B2 -3 4 g /N FLAR SR g A e U
FRE At ST ARG T RS Al o (R 5 T X B R 4N
AR R X — B Y IR T RE =4 R TMC
(MR, S EE SN XAETE B 2219 TMC BA, A F)
T IR A T A A IR T S 4R fef SR gk e
JEAEAS NS . T B0 5 0 BB R A A B

R ETE 2 ERNA . e TMC Rk EEAR R
Tk DA I T ) 2 7K e B i R ) e

100
ool L.
7 160} —— WL 380
9 BRI
! 160 <
B ~
A 120+ oy
] 140
¥ 80} -
VE
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TMC k54K /%
3 ORI TMC W FE /AL BT e 2 SR I
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Fig. 3 Rejection rate and water flux of small aperture
polyamide spiral ultrafiltration membrane with

different TMC concentration
2.1, 4 FRAb P TR 08 I RE Y52 )

SEERAITFE T A A U X AR P AR K Y
SR ARE TR 235 60,70 K 80 °C. &1 4 &
[Fi A T s T B2 ) /LA SR8 T i A X DA 1 4
AR T A7 O AT A Ak 3 Y A% O A 37 o g
I K FIA LI ) 1Y 78 &, IF 02 9E 5B SN Y 5¢
L SR O B A B A R R B CR
AR R A Na, SO, H B AR KA B T B i e
WA Tt PRI 36 AR A A T Al 8 L AN A 2
R CR AR 38, 38 2 R AR XS Na, SO, f # B2
R ORFTF XS CR F Na, SO, 14385, Bk st %
A1 AR AR A 1 A L B2 B 8 ke RS 3 TR TR 00 o ARG 0
Vi T A B R O kel R B B
2.1.5 BRHT

25 b R IR LG 2 005 AR AT T Ak, 2350
DAL T & RHTE] . MPD B2, TMC ¥ B2 AR A
FE 4 R A LT T 11 R 5 9056 1K 5 2 11
T/ INFLARS R T e o = B CR AT Na, SO, 93
PR A FI K G B ROIE L NI 5 R LUA Y 5 M3
M6 Xf CR 19 R AR 1K 5] 95 0 247, Horp i M3
X Na, SO, 1 B AR 2= 2300 £ 45, i M6 X
Na, SO, HIHFAFANE 1020 28 47, AHECF A 7
UL, M3 Fl M6 % CR 1 Na, SO, #9755 1 g
U BT LAAE 11 BRIEBCTT k4 M3 il M6 s T T
— RN, 75 380 /N -FL AR 5 Tt e 15 X 0 I 5 i
) S TR A R S ROUL A+ 23 B /N FL A SR gt e 45 =X



- 168 - BB ¥

5 f A

544 15

B P38 A1 B P R PR LA
120 100

1007 —— WL %180

S —— BRI

g i : e

; 160 é
BE
&

60 70 80
PAEFRIREE /C
FEl 4RIk R 1 /LA SR I 2 R
R BR K Bt

Fig. 4 Rejection rate and water flux of small aperture
polyamide spiral ultrafiltration membrane with

different heat treatment temperature
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Fig. 5 Summary of rejection and water flux of

small aperture polyamide spiral ultrafiltration membrane
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K HI ATR-FTIR 7347 >f 56 11E Bt e 82 9 2 7L
PETUE R PSE SC 4% )7 B R B D REZ A 7E. [ 6
J& PSSt ZH#E R M3 Fi M6 ) ATR-FTIR i,
WE 6 firzs. AN 3 PSE S R R M3, M6 7E
1606 em ' b BT 2R P M 7 R MMM 7E 1
640 FI 1 540 cm ' Ah AR HY BT T A e 501 g
it T AT AR DAL, SR ISR IR 1L T 2R Mok e
g2, 78 1 428 em '4bE—COOH i) O—H 45 )%
Y s i 2 B IR THT A7 A B Y T S
VT K A £ T R R S A

T A P e A Sl £ Ofe DYl JIEE 2 TR A S K P
PST I M3 F1 M6 3 Bt i) K S il ffs an i 7 B,
WL SE SR, M4 T PSIL I M3 F1 M6 (1) 7K $ fim

i 2 AR X — A IR T B A R
JEE B AR T S VAT 28 7K Ak A A K i R 2
MTTEZME T 3R I SRR PR /N FLAR SR I e
OB IR IR 7t — 2 PR 1 A R L 3 — 28 43
HrlsE M3 1 M6 A 7K 32 fi #f K080 - e B M3 B 7K 42
il F T M6 YK figh £y o T LAHEIRT L BEE MPD
VR BE ARG » 15 THT A 7K & figh #7380/ 0N+ S K P 3
SiR. XA PR R B A 9 MPD e B 5 80 B P AR AT Y
P Sk A 8 22 T 7 A A AR R 3 .

WOGEE 1%

2000190018001 7001600 1500140013001 200
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6 PSf.HE M3 Fil M6 ) FTIR &
Fig. 6 The FTIR image of PSf, M3, and M6
100

TR /()
S 2 8

[\
]
T

PSf M3 M6
554k =

7 PSELEE M3 F M6 F K42 fih £
Fig. 7 Water contact angles of PSf, M3, and M6
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Fig. 8 SEM images of small aperture polyamide spiral ultrafiltration membrane surface

FIH Zeta A7 3 At B T8 1) 4 HLPE RE. 1 9 2
PSI.JEE M3 Fl M6 3 Fl A BLE) Zeta Hifv. PSI,
M3 i M6 1955 H sSE /N T 7, Ul SRR/ NLAR B
T e A X 0 BB 0 T o 2 L AP L TR SR B A LY
FTCHLER Ay eh 72 v 25 32 3 0 B HE R SO0 9 52 . 5
PSf AR L, B M3 F1 M6 f 45 H e 1) B8 &5 9 pH S
By, R PR S T IR o STk AT R
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Fig. 9 The Zeta potentials of PSf, M3 and M6
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TEZRIPIWEGE H, B X/ NFLAR Rk e 4 =
UERER PR REHET T T 04k, I ELE A RAE X LA R
it frig A X 0 B ) 1 R P MR AL A T T
Br. TEl  REEAR S A/ NFL A SR B e A = DB A A T
SCH AR E AR 2. K’ 10 2k E B /hFLAR
SRk e A X8 D8 JBE X AR X 4 - B 43 i R 200,
400,600,1 000 [ PEG AY#E 8 K. MR E 10 AxfEA
PR B SRR 90 U6 Bt 7 A AR X 43 F S5 HR R 750,
UEHTOLAR IS 08 7 INFLARS 2R Mgt e A6 X U B ) 46 B 3
2R 750. CR AIAEXT 73 F ik 697, 1 CR 4Lk}

J& T I B Rk JR AR L 07 2 5 A e FRL T 2
AR T AT 4 CR AR 205 T 9000, [l AEAL
VLI T /NFLAS SR M A R B S 1 78 B Pk e 2 21 4L
TEG 73 S5O0 A R RO A S [ S .

100
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20+ i

0 1 ObO 860 660 4OIO 2(I)O
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& 10 ARAKIE i /INFLARS 2R T i o X U B ot
AFIRXF B PEG 3R
Fig. 10 The rejection of different molecular weight
PEG by the optimized small aperture polyamide

spiral ultrafiltration membrane was studied.
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PRS0 Y 1 MU (FRR) A 76 V60 5 G b
(ROA 27 %0 s NAl 5 9% (RO 24 %. UiAfE LIS
0 /INFLAS SR M A5 O g I B A — 5 LTS etk
EATYSRAT S TH 025 ).

XL IR B /N FLARS R gt i A X D ) A e
PEAT THIFSE L 1R 12 S BRAE 180 min A I 5 R A
FARAAF L. K IAE 180 min X CR Hl Na, SO,
AR Al T AR Ll i AR JT IR Y 38 L/ (m? « h)
TREE)T 28 L/ (o’ « by, X U B EAE K I ] 13 47
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Fig. 11 The flux changes of the optimized small
aperture polyamide spiral ultrafiltration membrane

in two cycles of experiments
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Fig. 12 The flux and rejection rate of the optimized
small aperture polyamide spiral ultrafiltration membrane

changed within 180 min
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Preparation and separation performance of small aperture

polyamide spiral ultrafiltration membrane

CHEN Wengjie', LI Zhonghua's CHEN Donggen®, XU Yinong?*,
CHANG Na*®, LIU Peng®, WANG Haitao'

(1. School of Environmental Science and Engineering, Tiangong University, Tianjin 300387, China;

2. Zhejiang Jinmo Environmental Technology Co. . Ltd. , Shaoxing 312000, China;

3. School of Chemical Engineering and Technology, Tiangong University, Tianjin 300387, China)

Abstract; The separation of molecules and ions is a hot topic in the field of membrane technology.

Ultrafiltration membrane technology is widely used in the field of separation of organic matter and

inorganic salt, but the selective separation ability of the two is limited. It is an important demand to

develop ultrafiltration membrane preparation technology that can separate small molecular organic matter

and inorganic salt. In this study, a small aperture polyamide roll-type ultrafiltration membrane prepared by

interfacial polymerization was proposed to effectively achieve the efficient separation of dye organic small

molecules and inorganic salt ions. The small aperture polyamide roll-type ultrafiltration membrane was

prepared by optimizing the synthesis conditions of polyamide film at ‘low concentration’. By optimizing

the synthesis conditions of polyamide membrane, a polyamide roll-type ultrafiltration membrane with small
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Design and application of “electrolytic + reverse osmosis membrane”
in electroplating wastewater project

ZHAO Lifang , DONG Jian

(Tianjin Chuangyuan Bikai Environmental Engineering Co. , L.td. , Tianjin 301800, China)

Abstract; The reuse project of an electroplating wastewater in Anshan city, the treatment design scale is
14. 6 t/d. After the comprehensive analysis of the water quality and the common process of electroplating
wastewater, the treatment process route of “electric flocculation + reverse osmosis membrane” was
determined. The process flow, operation parameters, operation effect and processing cost were introduced
in detail in this paper. The treated water is higher than the electroplating pollutant discharge standard (GB
21900—2008). The treatment cost saves 1~1. 5 million yuan/a, saving water about 5 000 t/a, and has
good economic and environmental benefits.

Key words: electroplating wastewater; wastewater reuse; reverse osmosis membrane; electric flocculation
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increases the membrane flux, but also causes the rapid formation of periodic intimal pollution. The pilot
test results show that the effluent turbidity of flocculation/ultrafiltration combined process is 0. 1 NTU,
the turbidity removal rate is 98. 8%, the permanganate index removal rate is 14. 02%, and the microbial
index meets the sanitary standard of drinking water. In addition, the system maintains good performance
in long-term operation, and the average membrane water production flux can reach 155 L/(m* * h) at a
constant pressure of 0. 1 MPa. The application of the combined flocculation/ultrafiltration process in
surface water treatment is realized, and the high treatment flux and water quality are guaranteed.

Key words: ceramic ultrafiltration membrane; flocculation; micro-polluted surface water; water production

flux
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pore size was prepared. The molecular weight cut-off of the ultrafiltration membrane was 750, the
rejection rate of Congo red (CR) was 95%, the rejection rate of sodium sulfate (Na,SO,) was as low as
10%, and the highest separation degree of CR/Na,SO, was 9. 4. The interfacial polymerization method
proposed in this study to prepare small-aperture polyamide roll-type ultrafiltration membrane is simple and
easy to promote in industry.

Key words: roll-type ultrafiltration membrane; printing and dyeing wastewater; polyamide; interfacial pol-

ymerization; Na, SO, resource utilization



