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Experiment of Optimization of NF Scale Inhibitors and Direct Reutilization of Waste
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(1. Shanghai Laogang Waste Disposal Co. , Lid. , Shanghai 201302, China;

2. School of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract [ Objective] This study aims to develop a comprehensive multi-method membrane lifespan extension technology system
tailored to the operational conditions of a nanofiltration ( NF) membrane production line at a leachate treatment plant. By optimizing
scale inhibitor formulations and exploring direct reuse technologies for waste membranes, the research seeks to reduce membrane fouling
and cleaning frequency, increase NF system water production, and ultimately lower operational costs thus enhancing economic benefits.
[ Methods] A combined approach of laboratory analysis and field test was employed. First, compositional analysis of crystalline
foulants on waste membrane samples was conducted using X-ray diffraction ( XRD) and inductively coupled plasma ( ICP)
spectroscopy to identify major metal ion components. Subsequently, scale inhibitor formulation experiments were performed to
determine the optimal blending ratio for the best scaling inhibition performance. Meanwhile, single-module cleaning tests were
conducted on waste membrane elements from the production line, evaluating key performance indicators including flux recovery rate and
pollutant rejection rate to identify reusable waste membranes and develop appropriate direct reuse strategies. [ Results] The study
revealed that Ca, Fe, and Mg were the predominant metal ions in membrane scaling. Scale inhibitor formulation tests found that a

1 : 1 blend of polyaspartic acid (PASP) and the plant’s original organic phosphates achieved optimal scaling inhibition performance,
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improving salt rejection by 3. 3%. Waste membrane Cleaning tests showed that 17. 6% of waste membranes ( weight less than 20 kg)
retained partial pollutant rejection capacity and could replace fractured membranes in production line when deployed as remedial units
at the end of membrane tubes, enabling resource utilization. [ Conclusion] The proposed scale inhibitor optimization scheme and
waste membrane reuse technology demonstrate strong practicality and economic viability. These solutions can increase NI system water
production without additional operational costs, while simultaneously reducing expenses for new membrane procurement and waste

membrane disposal, thereby enhancing the economic benefits of enterprises.

Keywords leachate nanofiltration( NF) membrane scale inhibitor optimization direct reutilization ~service life of membrane

LR TR B IR S A 5 il C S A Ak B A Sy

MR RB 1S

8 000 1/l 175 & WAL FI5 i b F 4 o iy 04 37 2 lﬁiﬂiﬁ‘@m S A
W05 I B TV T I R T 9 U e ey
W B YR T R R ) R B8 Lii
(MBR)+BE 2 57 Wi/ 1 fior. Ho gk R % ;14
T TR SO A AR B e A TEAHIE
(NF040 ) , 1% Al 1 15 T 165 7 /K Tk 5 55 5 % ﬁ“ﬁ
RIS | 7S B0 A 2 o e

2 S 0 D 9 BELR 300 3 4 o e Ak i
VAT HLBE 5, XF 4 2 408 B T (0 Ca® Mg —
Cu® 70 45) HAT{h I AR ) | B 28 X X 26 4
B I TEHLER (WIS BRSSO ) 5 U A s B
SR B A T (L LA K BEL 59 2 oo | !
5 K HE I 2 5 BOK T 5 32 1k M ¥5 e K BF | ] :
B DR 7B 9 A T 7 ARE S B 2 [ |
RSN T, TR A 5 A LB e 4 K Ji S
FEFH 5 TEHLER 4 22 6% 2 EL T A 4k I i 11 397 20 wk s

PR BELIG 7R , 2 3% A1 2 208 M Al ~ 0 e 01 R i K e D LTl

\ . _ _ wove B o
PR S BB RN e e e e R

IR E =
BRI A Ca® 3230 Bl J1 B % 35 35 45 W [

TR S T AR R R A IR T B A R B I

FRMLA RS, B TR, 4 W rrl —

VEE T C—C BB AY, BN ER' , R a “flf I

YA SR A SRR o, A4k B — PR e

FIA — R 0 SR R A R 45T R T e S BELIR i

PR SE T 3R AR R = I SUBERR (ATMP) M}W mlff&

S HC R 2 (1 U ) 2800, 45 SR W, 2 L I %R 1 L '

ik RE A% 2 — BG4, R A AR5 s L =1 B sk TR

Fig. 1 Process Flow of a Leachate Plant
[F) 2407, = JC 4 & B IR M RE A BT 42 71, {H K fiE
i RK A E R A PBTCA M o edl &, Wik, A&

SRR I BT R EG R 2 ¢ 3 I BHOYE M AR S
F PR T RRAER A O HE
M2 ( HEDP ) | 2-JBffRE-1,2,4 = & H& T &

(PBTCA) 3 FhFH 4R I BH CaSO, ¥5 4 6, i 50
B, ool A R R R A PBTCA Z [0 17 18 B

— 150 —

W e R K& AR 5% RUA HLBE R 8 B 3
T RS A5, 8 2 HL B IR ORIk H e



I G . N Vol. 44 ,No. 5,2025
WATER PURIFICATION TECHNOLOGY May 25th,, 2025

BIITE,

Prince 25" J B ek (0 28 AR SR A 2 05 1o 1Y)
R LBR A AT LLaE T30 o0 EOR AN A% 1 ) 5
UNESCO center ${EE 42 F T H (MemEOL) & 7¢ 5
Bl 5 P B8R B AR B P e 3, O 4t B P
FIH P B 8 0k B R B 3R DR R e 4, 58 B A H]
WaterSurplus I\ 21 B 5 0% B 42 750 G 7, 42
PTG VS HR e R AR | S8 S IR S
Bt BUE AN B St T 2 e s
WERHETIS A 25 1, DR AR 30 16 % T 422 1 Il FH O =K
ANJitE AT A 25 A1 Ak R it | S0 490 08 2 G U [l
FZ) IR R G AT BAR ™ $E T AR Al FH A
By K,

WRAEIT

1 AWigE/5HE
1.1 g &E
L1 il

AR REE P R (1] 2) H KRG I E T
VEHE MURIE 38 A AL fF S s R g, Hoe
LA 1 K 8040NF HUMSARTTF, ZE AT BHIR I 1L
RIGHT , B UETE -5 BR300 78 JFKE N 21T 78 0 TR
GG, R R BRI R AR IR R 40, 4K
TR G 53 U TS R T VR T TRE R 1T SR
TR B L2 2Kk 85% ., FEEAT A=A E Uk
PRI, Y VEHE P A GE B R/ B T PR 5 % T e
Eb F R K B TR TR U8 S | T MO A 1] i
VEHE  ANWHE A SE BB ST A T Uk .

X

i RS PR/

|

Bk

[
T S
e i

L 8040 NFHLEINE | e

M. e da L o JJ—"L
UK i

o

| BORVAE SSRaIERE RS

B2 R EHIR Al T e [l A

Fig. 2 Pilot Plant for Scale Inhibitor Optimization-Cleaning Reuse of NF Membranes

1.1.2 ERGA %

B 1 A SEPRis T e R G A
[ 3(a) ], 3t 6 MRAEAT 34 S BB, B b5 1
52 SEENSNE S O, T35 455
5.6 T NI 6 SCRETTHE, ANUE AR 2 P R
g, s 3(b) Fios, [FRIFERYEK s, T
e b 2 MRS R 5 SR TTiE, LI585
JEH T, ICPRiE B 2R, 15 K 2R K TR 2
HRZ2 A HLYE e o o 1 K A S 2 HR U Sk e AL
IR YL
1.2 REHE
1.2.1 43t H

X SFLAT I (XRD) AR SOl R e R, il
FH Cu #0724 1) Koo 14610 Bruker D8 Advance X it
LRATHHN, 1E 40 kV F130 mA T, % 2E W 4T 90
A3HT RIS IR A 10°~90° 10 5% XRD &3,

JEFIROETE AL (1CP) SR H H A Hitachi 23
(%) ICP-PS3500DD X iRk i 2547 JC ML BH B 43 B
MK, ARE DL R R U EWIR T,
R 3 T P i P e O VS VAR ) PR R S R S 2k
Ti;é/%(llflﬂ .
1.2.2  FHIGEFIE A

BURWR ) VR AT AL R £k BH I 70 45 i o v
JE2970 8. 75 mg/L, 4 55 il 48 1 Y 4% i BH.
TR R A 3.5 g0 FHIR AL AL AL 56, (R 55
BB A BT R REA RS A L6
FRER R 1 L BITC I, >R FH 45 i A8 = vk R 47 1 [
1.2.3 RS B R

AT R A 2205 e 7 2B R - -T2,
VRZG R 90 U & FH R/ BT VeI Ah, B 319% Hedh
1% 5 F i 15 pH,

— 151 —



IS BHE, KL

208 B 7RO A -5 I A P P X

Vol. 44, No. 5,2025

3 1 A GNuE A = L A 45 A

Fig.3  Cross Sectional Structure of a NF Membrane Production Line
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(22.56 kg) 6.8~10. 8 L/min , 3 1 AT I I AR oK 5 W A COD TN HEBOHR R bR B G bR 50% ) , 1 DU AT AR K
HWER. T JE LI A 3
7 i S BT, T
(28. 40 kg) RS . COD TN #/™=H bR
8 3+ Stk B E T, ot B
(32.72 kg) R WER. T
TESEBRAE = R TR, 1 AT 9 H AR 4~ 5 _(20-m) x18 (2)
SOBTBEAOCRET & H W 2R 7= B R oK, HLAR PR 4.6
TIBERITUA AR 1~2 SZEIBE COD TN K i bRAL Hor Rk A

T 20% LAV, SR8 G W KR BEATS AT Ak T ik bRtk
A, BB E BT 20 kg B UEE I TIRIZ I
24 h, FIEKRAEE . AR 34 SR KT
20 kg RN 6 52, (5 Hoh 17. 6% , R FH R AR
AT, BT A AR HE K 10 Bk 1~ 2 SRS
P2 3) PR8I e 7 2 31 7™ 5 1) Te LTS
SIS A W IE LT 3K R TR
Rizs , TR A RUAT Rl b S K A

RSB 18 A~ H W E M 20 ke iKHE
Sl FOKE W T R Y R A 2R (2) 4k SR
M E5E240% .
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Tab.4 Recommended Reuse Life of Waste Membranes

Wt/ kg Vit / kg R A m/ H
15. 86 0. 46 16.2
16.94 1.54 12.0
17.30 1.9 10. 6
18.54 3. 14 5.7
19.12 3.72 3.4
19. 82 4.42 0.7

R 5 2020 F—2022 FEYYUR A RIS K i
Tab.5 Water Output of NF Membranes during
the Service Life from 2020 to 2022

Skt kit ekl ek B

H/m H/m’
290 488 240 797 0. 828 94 8 544 7 082
281 297 232 187 0. 825 42 8 273 6 829
296 465 244 816 0.825 78 8 720 7 200
288 219 239 675 0. 831 57 8 477 7 049
280 194 231 916 0.827 70 8 241 6 821
256 269 210 175 0.820 13 7 537 6 182

3 g

AR 56380 128 P Tk BHLYR 700 2 e B3, 4 v T BRI
FIPUIRTERE , 42 = B U I h i £ B 7 R BRI B
BT A8 M IR 5 28, W T SRR AR [l B 4T
YIBAT AR R TR 4TS

(1) & BRI PR 7 G 7 kil 9 5 4 7=
Sk g b o B L R BH IR P2 = 4.3% 5 3.3% , 1
TR R,

(2) VB VIR G0 7 I I Dt R = 2 L i
PRS2 b S A HILTS Ye W3 %€ 15 Uk ) 38 8 TS K
2, MEALAR S K S 8005 Ye W 88 R K, HEso
b, JCI R AR R o 17, 6% IR I 22
TR TR A P 2 AT H AR PR R R A
BT B ASGHEK O, A B AR,
P K | HLRE AT B T 0 A, 4R T
A 2 sk s
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