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Fig. 1 Flow chart of AGMD experimental setup
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Mg /(mg« L™ 247 BT RS

1.4 AGMD 4%geEHR

FEE 3 22 () Ay B A7 JRE T AR BRLAS7 B[] R 7 A Y
BRI SR RIE A KBTI S8, B hi
kg/(m? « h), iz (D&,

W
I=5~ D

AW =K R, ke S HEEF A 4N R
M5 B9 BB AR m 52 I B E] L b,
1 7K Fe (GOR) FH K i 5 B 25 18 1o 72 i PR
=R 25N,
o «SeAH «SeAH
GOR=1 *Zm AH_ Qf : g o
A Q. AANB IR AL AR k] /h; C, M BHR
M HEAEE KT/ (kg « C) s Q A RHE MG Rt & » ke/
hy AT Sy #ORb A 11 3R B 5 v 30 O A R
#,°Cs AH PR 0 78 & 55 kI / kg, HZC(3) 1)

(2)



55 6 1] T 8 5 A R U A B 0 AR e 4 Y - 129
(= Ja AR, L,
AH=2 258. 442. 47[373. 00— (T+273.5)] R, Y0 TP AGMD 75 YL 4 1 fig

3

b T O BRRR 2R °C

FANLREREL SEC, (kW « h) /L 45 B2 R G i ™
1 LK rs g aenafgat, thal (O .
Qu/3 600_Q+ C, = AT/3 600

J/oXA J/oXA

Ko KIS 1 ke/Ls A AR, m’

Wi 2 (CF) 2 SO BERMN 400 46 25 R AR
SRR N OO g R CF
L BRI 75 RIDERR AR B W B BB AR AR — 2 1
CF=2,24 CF 2% 5 mHE Ih 4505

CF:% (5

AP Vo JPRHRARIR AR L V., SRR 4R 2 o %

15

SEC=

4

—
N
T

PEE R/ (kg -m2-H)
AR
\\ tt

3L
0 . ‘ ) s s
40 45 50 55 60
HERHELEE /°C
(a) JEIE
100
a
N 22
8ot N N e
=
= 60} N
=
= 7
< 40.
Q
= N 7
0

40 45 50 55 60
HEBHEEE /°C
(c) BANIRERE

JIEEESE = (6) 3,
R=(1—"2)%100% (6)
my

2o my, B g A3 BN FE K FERNR F S G B
mg/L,
2 X5
2.1 AGMD 42 LLMC By gE
2.1.1  BHAREE AR

AR 0. 45 pm FiK iR (a) 0. 22 pm B 7K R
(b).0. 22 pm SUH AR Co) o BN EAY 3 1
12 L/hCRED KPR 5E)E K 1 mm, 48 HIR IR N
7 CHF AR R T AGMD JE2H 401 g 28 4k
D—LLI?I 30

0.05

03025 30 55 60
PERHERE /°C
(b) KL
60
Ela
)
50 S ¢ TN
=7Nl=
40 NI= =
£ =N =N 2
e 30T B - —
ui = = = =
20rE = = =
105 5 =N E
= = = =
40 45 50 55 60
PERHERE /°C
(d) 2=

K3 RHBGER X AGMD TERER 2

Fig. 3

W 3 s, fEXF LLMC g7z e,
K 0. 45 pm BiK I (I ) B2H 1419 AGMD B

Influence of feed liquid temperature on AGMD performance

el R 0. 22 pm BK B CRSE b)Y 1 0. 22 pum XYL
BUBE B o) 5 HL =P JIRXH Bi7 Y T ek 3 7K L 2



<130 - WOR

5 oH A A5

BRI BE TR 5 b TR R B T A7 R AR 34 I AL
JETFE R R RN IR 40 CTFRE ] 60 C
B a b T e %R A9 AGMD JEEZH {4 1) Jm &5 43531
M5.15.3. 67 F1 1. 76 kg/(m® « h) F+E5 5] 10. 92,
9.93.5. 61 kg/(m® « h) [ 3Ca)], i K Ik M
0.021.0. 015 1 0. 007 FF 5 5] 0. 028, 0. 024 A
0. 014[ & 3(b) ], T B GEAFE NI By 31. 61,44, 51 Fl
92. 67 (kW « h) /L F&K %] 23. 75.26. 20 F1 46. 55
(kW « /LI 3(o) ], 5B/ CHkiE" H .,
A S F A R (5 SC R R {5 A AR T
K FEARL AR /0N o F X (2) R 3K He S A AU
T AR 22 (AT 56 o i T AR ST B 1 9 AGMD
HEELE A A KB TE R Oy 0. 002 7 m® HAR T BV
SR AR TR, R] 1P A S T RS /DN R R 2 R 1 1 0
T, 53 AGMD (37K EABXT /N

FLF Antonie J7 . 2850 Rl A4 E LR BE 19 T
T S B ) A 2 A 22 B el 54 o
O BH) 3G, R A AR T B2 T e 3 2 ol R 285 B AR

15
—=— a
— b
T/\ 12 5 —a— C
~
g 9l
2
MEH 6 '\ﬁ\'\t\‘
M)
B 3l
0 L L L L L
7 12 17 22 27
P ENBIREE /°C
(a) IR
%0 = a
N b
40+ N Y ¢
2 N D
~ 30}
> 7 77
< 20} N EA &
Q
=
w2
10+
0 !
7 12 17 22 27
PENBIRE /°C
(c) FANLREFE

SRR AT ) 55 90 P A A IR 52, 5 B3 o (b
F BT A HIR I R AR AR R LR L R
R b T 5 | EAHRGIE F IR 54 J00 s TR (4]
BORZE AR _ETFCIE 3D T Rk A 2 A8 1 s o
RS TR A A0 B EAIR B A1 ) AR (Qu) A ]
BESEIN . K b 5 B 5 I e AN A AR R AR A A
HARSEEH iy G AR RRROR TR R TR
SR Ry b 2 B R 0 18 R R T AR AR R 4
Pag AT R B K EL BRI R IR T i T
BB L) . TRl R 7 3 e ) L T LR 22 T
BEREOLT , SEC H 30 BRI TH s i R A
s, = (4O AT AL, SEC F8 (9 2 07 77 K Y
i, SEC B AR U8 B 76 = BHRR B 1% 50 AGMD
) LA BEFE T AR .
2.1.2 AR

TERRBGRE 60 CRISBRIEE R 1 mm &1,
AR HIR L EE . AGMD BPEREASfk LI 4.

NP4 T = Ff JIEE S 07 174 308 £ A0 27

0.05
—=— a
— b
0.04 - .
A5
T o %4{,:/’2
1)
0.02 M
0.01}
0 L 1 L L L
7 12 17 22 27
BHIREE /°C
(b) #EK L
L Ea
OTEPN b
= N Y c
405 =
= = N
£ 301 E =N BN =
= =N EA E
% 20E SN EA E
] = = =N\ E
7 12 17 22 27
RHWIRSE /1°C
(d) M2

4 BHWEREEXT AGMD H:BERY 5200

Fig. 4 Influence of coolant temperature on AGMD performance
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Fig. 8 Pollutant rejection rate during LLLMC concentration process
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Air gap membrane distillation for treating landfill
leachate membrane concentrate

DU Yongliang'*, LI Zhengyu', LIU Bo*, SONG Yang*,
HE Shaolin®, ZHANG Guangyuan', YUAN Hongying'*

(1. Tianjin Key Laboratory of Aquatic Science and Technology, School of Environmental and Municipal
Engineering, Tianjin Chengjian University, Tianjin 300384, China; 2. International Joint Research
Center for Infrastructure Protection and Green Biotechnology in the Environment, Tianjin 300384, China;

3. PetroChina Planning &. Engineering Institute, Beijing 100089, China)

Abstract: A large amount of landfill leachate membrane concentrate (LLMC) is generated during the
treatment of landfill leachate using reverse osmosis technology, which is characterized by high salt
concentration, poor treatability and high environmental risk. In this study, air gap membrane distillation
(AGMD) was used to concentrate LLMC extracted from a domestic landfill plant, to investigate the
performance of AGMD and the retention capacity of the pollutants in the deep concentration process. The
results showed that increasing the feed temperature significantly enhanced the performance of AGMD, and
when the feed temperature was increased from 40 ‘C to 60 C, the mass flux and gained output ratio of

AGMD with 0. 45 ym hydrophobic membrane increased by 112. 04% and 33. 33%, respectively. Membrane
(THE 154 T1)
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solutions is their low concentration factors, which fail to meet the required feed concentration for
subsequent drying and result in high energy costs. This study employed the disk ceramic membrane to
concentrate soybean protein, and compared it with the tubular ceramic membrane. Operating parameters
(pore sizes, transmembrane pressures, and rotation speeds) of the disk ceramic membrane and flux
recovery performance using different cleaning methods were investigated. Results showed that the tubular
ceramic membrane concentrated soybean protein solutions by about 2 times, while the disk ceramic
membrane achieved approximately 4 times concentration. The maximum solid content of the concentrated
solutions from the tubular ceramic membrane was 9. 4%. In comparison, the disk ceramic membrane
reached 19. 2%. The concentrated solutions of the disk ceramic membrane met feed requirements of
subsequent drying. It maintained higher permeation flux and concentration efficiency under optimized
conditions (100 nm pore size, 0. 2 MPa transmembrane pressure, and =>300 r/min rotation speed).
Membrane fouling, caused by the coexistence of saccharides and proteins, was mostly removed through
integrated physical and chemical cleaning methods. The formation of melanoidins in the final stage of the
Maillard reaction was inhibited by shortening the time and lowering the temperature during alkaline
cleaning. The water flux of the disk ceramic membrane was successfully recovered. This study offers a
green and highly efficient approach with high concentration factors for non-Newtonian fluids in fields, such
as food, beverages, pharmaceuticals, enzymes, fermentation and plant extracts. It also provides cleaning
guidance for membrane fouling caused by the coexistence of saccharides and proteins.

Key words: disk ceramic membrane; soybean protein; non-Newtonian fluid; membrane fouling; Maillard

reaction
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module structure and membrane material also had a significant impact on AGMD performance, with the
best performance when using a hydrophobic membranes with 1 mm gap width and 0. 45 ym pore size.
During the LILMC deep concentration treatment process, the performance of AGMD was stable, and its
rejection rate of all pollutants except ammonia nitrogen reached more than 99%, and there was no
significant membrane contamination and membrane wetting when the concentration factor was 5. It can be
seen that AGMD technology can be applied in the field of LLMC deep concentration treatment.

Key words: landfill leachate; air gap membrane distillation; deep concentration; permeate flux; concentra-

tion factor
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