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(NH,) PERP AR RO, 7 AR B ™ B SR o T 13 T B RE 7 H,S F1 NH, BEBR AW, Bl s
HRL PRI BETR B . FC IR N o TSRS, AN R SR BRI U B ] s, R USRS SRR o . SR
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TG PERER 80 2.0% PIAERE . 0.5% ASHPRTMARE, ARHBREN 1.0%, LRy S Bel ] #0052 5 1% H,S #1 NH, #Y
AUARHERE A (BT B 70 mgrm™) 78 30 min BJTTIK 95% . /KR 2B IR AT UL, SR IR, W
REAS A SRR BT BE TR BA-7C R R L A S I, NI~ BR 500 . S 950) . Bl 790 2 i o X B2 IR A T
G AL B IR S UM RE R 1, AERr i i AR PR RE S BB gy ¢ rh i e iz mp ot S MR A R 2B
B, AP AR BRI TR H 5K

KEA BRREGHE; MR TR REMIG R R

HET, FREAISERICERATEFEA 3 Fioyal, A | ke HEE, Hob DA AR R H A
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BE BRSO B B e e, B iR . Hak, A8 25ImeiRee
Ak, AR, =, R L. SR N (PE) . M (PP) MY HRHRR
WIS, AR MTHIANME, I RS A R IR, Y RS M A S AR

ABIFFE VM C SR I SE IR B R I SE T ), A2 o SRR R S A A A, W e S
H,S F1 NH; “UARBHN . BRI E2RE SR, BSINEBER . USRI RE, AR A A%
MR, EEMmEZ MR, BRI, SRR IR T T B AR 2L At . EfE
BE. X SRR TS RIE, IS T WA AR B ATk R AT SRS IR SR . A
FERERME A N . SAOREIMAARL, BORH RN R R AR T, DI & s R Ry,
T TSP R S b e i e AR A R AR
1 #RERE
1.1 SCIeHPRY

VFBERREN (3 HT2l, AHEE=0.02, 4iBE=99.5%) , 5cHM (Orbral, O mEE 80.0~95.0) , BRIREEN (4
Préfi, NaHCO;) , il 80 (4r#Hr4li, C,H,0) , Hih (43#r4l, CH0,) , KHmREN (/#ral, C,HNaO,) ,
ZMEREIh (el | R (e, CH,ye) , PPk H EZER.
1.2 ((HFE5EF

FHEEW S H,S KL (BSQ-BH,S, I AMAUERRAARATR]) , FREER NH, KL (BSQ-
BNH,, FIGAEZIERBSARRAR]) , BUBEERESEeS (852, HIEAIGERESARRAR]) , Hinif
FI4L (HLD+HP-500, SRiEAEEAANARAT]) , BIiHEs (D2004W, IR A M E A TR A
Al , FiEF RS (ZeissGemini300, [

IREERVRHL AT TR AR L LIS (Y g s nZ L UR
(Nicolet5700, ISR AHY A BRAR]) , Hfih 4o

FAMRRAL (JY-82, AR BRI HURIN 15 55 A PR 3] SR

AT o (R —

PAgREUET ) RV AS S A 1 R, B ER
100 mm, = 600 mm A HIBEEHIS. 78 400 mm 1 5
AN EFLAE R 1.5 mm AUARAHR, ARI0R S T N —
O b, RSO, S0 mm, w1 TUSSEREREREES
. g. 1 Schematic diagram of upstream experimental device

i 50 mL /NEUSEAHBH .
1.3 E&ERHH R BRI & A

1) Z AR T 50 mL /NEITE Ry SC i S AUBEA S, BRI SIWEN 10~15 mL AUBEZG 5] T
BIEHRZ R, H,S. NH, SR e Jy 70 mgm > ARt PG i b o 0 <Uk
WK 0.5 L-min™', S FHFREZEN G ETTIEXT R AR HS . NH, WRE . BRHSCIRE1 7SR 30 min,
FERAAARIERSEIR 1 min, AEFE S min M0E 1R, BREHE 6 k. ARLSCIGH 3 4FA7RE, DOFIE
TR MR

2) AT . ARBGE B e R0 . I ERENA T 100 mL 237k, 78 45 C TR T ik
20 min, fHH SIS . T HEEWEBEERE , 7R mE B AN IiniE & A ik IR S8 (NaHCO,) , TF
300 rmin' AR FHEFE 15 min, LSS PR MRGIERE K. SRR Foc SRR
FEXIR 2%, RN . SCRME . BRI AN SRR AR L AR, SRR SR i E 5 MR K
e, HFT 3 IREE S . DL HLS Bl NH, B ST R, B el A R R H 3

ORI S5e MR N 10:0, 8:2, 6:4, 4:6, 2:8; RIREGMIEE N 1%,

QMR EEMIREE RN 0% . 1.0%. 2.0%. 3.0%. 4.0%; VSRR 57, 8:2,

AT A TR TARERE, FEE DN 2R S0 A i AT S R B R0 5 5 A R S AN [l B2 A3 2 5]
Hh . RGP 80 AR RRAN I LA S IR A B 2GRS AR SRR -7 e SRR =
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3) MR & KA I R TR A TR G E e AT, AR 150 mm —RPETCRE R FRIL
Kl FEFRIMAPCE TEREES b, SRR T AR 3~4 d J5, IR RFRIA BRI
BRSPS .

1.4 SEERS BRI IRRA

1) AR LTSNS (FTIR). #EHGE TR E S, (A 5MERE{Y Thermo Scientific Nicoleti
S5, £ ATR B FHFLIAMGERAE, WEGERTEHIZE 4 000~500 cm™, 5K EL 32, /39EF 4 cm ',

2) P EEEE (SEM) o BOEE TR R GIFEFES, HIE 2 cmx2 em BEd, FDOURIE LAZKSF-J7 [
FE T B ZEISS MERLIN Compact ££44 & o BEESZER MR HR BT AU g 50 10 kV,
FRAEECH 2 500 £7521,

3) X AT (XRD) o X SHATHREe MRS MR . o ARy 0.154 18 nm,
JE 40 KV, HLJE 40 mA, $H#EHEN 10~80°, FHii201K 0.04°, FHHfiEEE 38.2 B/,

4) FET (TG) o BUE e THEIG R E S TERES 5~8 mg, HCE THHIRT, 7EA SR R8T
TATGAS55 A AT ST, IR 20 °C THEZ 600 °C, FAEHTHEHE K 10 C-min™' . HRIEE AL
FAFOCINEL, SEFTARZA I
1.5 4YFEMRERIE

1) BRI . B ot & T B B A IR B9 i
2 emx10 cm WHE SR, RSB M 0.001 mm /Y
B 3T DRSO e SR, R ARV 5 B
3 (PREE RO FIREE Py R TR R,
SERBUP . AR E AN 3 41K 4%, HUFY
B2 LRl TR 2 R .

2) AU RN R MBI B A2
i S 2 42 BRIE AR GB/T1040-2006., #F
SERTIIG N A IEE T 2 emx10 em K4
AR, P BT HLD e e it Riehesh
B 500 mmemin', DA SRMIZOARE, I MR A UG BRI A0 RN 3 AT T
FE, ZERCFAME.

MR EE A= (1) Fios.

(a) B (b) 4
2 BEARERANLYES
Fig. 2 Film formation of spray solution

TS =F, /(bxd) (D
AP TS AWIMGEREE, KPa; F, MFEWZ ASZ R KHN, N; b WEEAEAOTERE, mm; d MRS
JEJE, mm,
WA= (2) s
E = (L, —Ly)/Lyx 100% )
A ERBEEREME, %; LOoABERERIIAEC R, mm; Lo AEREREKC R, mm,

3) IKZEAABR (WVP) o AR 2 SRR K28R E R . BRI BT A, 75 mmx 75 mm UL 7
WEHE, BB TEA 11 mL Z58KEEN D, 5 B e R R 5 01 LR g b B
% 6 h FREE 1 IR, FRLSCE 3 41FA7HE.

KFER T RN (3) Fis.

WVP = (A, xd)/(AXA, XA,) 3)
KX WVP KRS EL R, gm-h''m>Pa; A, MRGEFREAIGE, g; A NMEFEMER, m’; A MIE
AORFTEIEIRG, Dy d WBERPFIEEE, mm; A, WEERERMIRKZESUE2E, Pa, 25 °C I2H 3.168%10° Pa,
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2.1 EEBESMAEERE

TR B RN e SRR SN A, M HELAS TR 1Y HLS R NH, YRR 28, 4% ISR
WSRO TR LA EE 1000, 8:2, 6:4. 4:6 F12:8, HAEKFAGHED NN 2%, e nim iR 7
Jer il g BB, PRI S AN N 1.0%, & 3(a) ATHIBEE SRR SN ; STIRMEELERE I, H,S 1 NH, <
BB R LTS TRk, e eh : 5o BB L R 82 WhARE KRR 2. It & A BT
H,S SR R Tk 98.229%, NH, AR R i3k 99.21% . SHF 10:0 B, BIVEALE S HERR
BATRERIEEA L, BEE TR TROUIN, BRI, SO i TRy s, SERMY IR,
Wi ZaE s R, sCHk, TERUEECE MRS R T2 A RAIBH A, (HREE e R pEC L
I, RRCP IR A TA N, pH FRE, R R PR Z20E, EA YR RRMER i S E
TFEEIREN B S AR R, B R e T O B AR . TRl SV sl e b
FeBRIE 8:2 WEE, FERbE & FL AR NS 2 A A B R A

100% 100%
99% |- 99%
98% 98%
¥ 97% | ¥ 97%
8E BE
& 96% | Z 96% [
= =
v o95% . r 95%t o
—8— H S UARME R —— H S URHE R
94%  —@— NH, T & 94% —@— NH/AAHA R
93% | 93%
92% 1 1 1 1 1 92% 1 1 1 1
10:0 8:2 6:4 4:6 2:8 0.0 1.0 2.0 3.0 4.0
FBRIREN . Fo RN L) R S B BE
(a) HEHERR S ST BRI T L SRR SR S (b) BT LA S X A B R A5

El3 EERRIN- TR SR S BRI

Fig. 3 The influence of sodium alginate-chitosan-sodium bicarbonate concentration ratios on gas retention rates

PR S A A K TIE U HCO;™ AIESR pH AT ES 1Y, I ABESERR-7E SR K I A 2 rh iy
pH, VA SRR - AR e I, R TRER M EDI0E . &AM A 1 iR . eSO L
H 8:2 AR, BRIRE IR IERAEN 0% . 1.0% . 2.0%. 3.0%. 4.0%, &G T H,S Al NH, SAR#E
BRSS . HhIE 3(b) AL, Bl NaHCO, WREHIN, MR- c R an e AT A R 2 e L
FHE TR, IFE NaHCO, HKEEH 1% BHARIE MRS, i NH, SUABE RN 99.11%, H,S SUA#L
FA#H 98.74%, XTI fig)/e NaHCO; $AULSSIRM IR, A7 OH iy IEFR AT SRR AL B+, (15
PR TR A R AR R ORI AT pH RS, IMZEFIRRE . NaHCO, i, W3R
WA 2 RO LR, T IS0 A 1 4 3R 6 IR RS T 2 2 AR I R P AR . (1Y NaHCO, i —7
) pH {H, W pH 25, 247 OH S IEFLA ISR o+ R0, THAERLER e M LA 2 5 IR0 TE
o [FES, BEE pH AR, WREmb:, RS FO2aie, REWMEmERIR, JFLDTEEA,
52 G A S A BE P R BT
22 SEEMS RISRRIEER

1) {HEI4T 4R (fourier transform infrared spectroscopy, FTIR) . FTIR %5 isalRiN-5c SRA-HRMIR A
PR AR REE A, WSE . BRIE . BERCEAE, AT AR R, AR 4 v, AR
FRENZTAMERE R, 1099 em™ 4hoh-C-O MR g, 3 258 em™ MM , X F-OH {45 i sl
1594 F1 1 409 cm ™" AR, 435028 COO-IH RATFRM IR FIX AR MPAa R shmeliclds . seRpa MG
., 3360 cm™ AbIgR-OH FI-NH, Mg Hkshzi 4%, 2 920 ecm™ J-CH, 4R shmISEEFT 2 850 cm™ Abh
-CH, 4R s, WEAFE SR B 4. 1560 em ™ ZbHEL T H-NH, WlsciRahg, 1370 cm™ 4bth
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BT C-CH, Z BRI MR, B2 ) | R B
e EARLI CRERUL, 1070 71 658. em! o7 M
AL A IR AL SRR T T
AL ST BUBEAR L, 1594 1 1 409 em ! 4b COO- . Lo
FRO B R 5 50 Rk 5 4 B W i ] m%\ﬁg
5, IFEEIEULESE, SRR SRR W
BHEMERARET . SRA I RIEIEA L, Y Lo ¥
R TR A3 JRAE 3 360 om ™ AL .22 4000 3500 3000 2500 2000 1500 1000 500
B&, AIREE THMEZMEHA/ER, 74 NH,', WoAom ™
T B ESER N RO RRR S El4 SEHERN-EIE- B ENE AR SRS EN
5 RN e B e A A, 1 594, FTIR 534

1409, 3360 cm ™' AW WA IH AR %S PLRHAR R
SN AT A S Ve PR AN - SR SR H A R CIE )

Fig. 4 Fourier transform infrared spectroscopy analysis of
sodium alginate-chitosan-sodium bicarbonate composite

membrane

RN, BRI T RN R A L Rk,
PRGN T 525 TR ARSI P

2) 4% (scanning electron microscope, SEM) . SEM BEME MO EE [ A IR ETESN,
g, FLIR . HEEEELE, HHRAIRAEBCEERE SR MRIEE S(a), I HNEEERREN AL A 1)
SRR, JCI AR A, EMERE R . MR 5(b) mIN, SERMAL IR, A
AREGH, TEI R AL Az, AL S(c) I BERREN-Te SRR A AT I B AR 0P R . MRS R, UiIAvsE
FREN-TCRIEM S B BE, WM, BEIE RS TR AT i T80 . A 5(d) AT, InABRER 40
Joi s VEFBERREN-TC BRI IR SN A IR A5 I s L, URRHBRIR SENTE A pH TS, $Em TR
VIR H AR TR RS R A R A TR A A

3) X PEATH 43T (x-ray diffraction analysis, XRD) . R XRD K&, ZrHrifpseadiiis, 5C R

(a) MEEERREN L S R SEMIE

~ g

(c) MR EN-TC IR IR B IRSEMIA (d) MEBERREA-5C RNE-TRIR SN B IRSEMIA]

YRR IR IR S N E AR K B A ERY SEM

Fig. 5 SEM images of sodium alginate-chitosan-sodium bicarbonate composite membrane and single component membranes
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T BEIREN-TEIRME S S IHORT I . NIET 6(a) AT, AR MIRSS St AN G,

TR NTE 20=19.7°F11

260=39 8RR INTETI, TV EERRENAE 20=20. 1A R INTETIE . WK 6(b) /R, TEFEERREN-TE B M

TICE A 20=39.8°F1 26=20.1°%4) H BT R AT ST,
HAHPERAS, ATERGH TP (BASIRER S 40

BB RR N AN 7T ST B A T B, TR B
TFHEBRENTE 20=20.1°AbAT T I A SR A28 T

K, ULATERNE ST BRI T M REREAR Y, P, SO IR S AEA , EM IR

BABETT TR - SRR BN R B IR AR A

20.1

TR

W’“‘WM

10 20 30 40 50 60 70 80 90
20/(°)

() VF BEFR SN 7E B B2 S X R D]

20.1

TREBR TR BN -52 SR
39.8

AR -7 SR -
39.8

WMM

10 20 30 40 50 60 70 80 90
200°)

(b) MHHERREA-FE R M-I TR SN AL

A IEXRDIE

El6 IEERMN-FTRE-RIREINE SR BLE SRR XRD &

Fig. 6 XRD images of sodium alginate-chitosan-sodium bicarbonate composite membrane and single component membranes

4) #FS3HT (thermal gravity analysis, TGA)
EME SRR T R B 7 PR, FeRBERIAKE E B AR, 5
DFERWEL; HABI 250~475 °C, XN T FAERIRI B
Hk C-CHE, H&JF C-0 8P,
100 °C /KA ZERBBE; 100~375 °C ABEH WAL B

IWTRIN Y, B S C-N i,

T TGA PEAGERRERREN-TC RB-IR SN E S A PR

—BrBNE IR 100 °C, XTIk

4 \”Uﬁkéﬁgﬂ;ﬁnaﬁ%mﬁﬁ HRAEERE R/
@@gm%wm%ﬁazgﬁﬁg\m&. iR
Sy FAEH-OH Wit &= el =) 375~575 °C

HBRACIIRITBL, P 2R, BRI CO,, TR RN Na,O. RSN A S Y

PR A = AP B, REM FEHB LA
TE 175~300 °C BOMET ST B, S aliifseir i
JERPR AL, B BRI EA S, REX
[ARAE U BHSE R 2L SR R L T
FRELIBRE R, TR HART . I A SR R i
S50 R RN PR A IEA L, 45 T R R\
SEMERERT . 7E 600 °C B, FERMEBIMEFEN 93%,
TFHTRENIE MR RN 97%, HFHETR e BME T
RATEERR T0%, T EERREN-C FM-IRIR SN
BAWERRN 75%. 1P RERREN 550 MR
HIRTERERBE Y5, /g rEmmT
R PR AR E M . X RTRESE AT Nk
FRANE A, /i fiag, FEHRTXHA
W pH [WZZMEE 1, HEM 8RB R AR e M
g
2.3 CERERREMAISERIE

100%

80%

s 60%
L3 TR -7 SR DR TR S A5
K 400 |

20% - : \ SERNE

0% -

0 100 200 300 400 500 600
TR/ C
7 EERRI A RE-BIERENE A TGA EiL

Fig. 7 TGA images of sodium alginate-chitosan-sodium

bicarbonate composite membrane and single component
membranes

IR A | TE IR AL R FIIEE BER B - RM-RRTR 2 BN B A PaK AR | TR | Ok

P, KRS REO LR B TERIHUIERERAE (& 1)

MR E MR E TR . Dok S TATEAN

WIRLZR 0T T REARSZ BTN ), SRS A I UG A B 2RAR . AREHTKSRIE RN, FIWTAE A
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® 1 SEREERIN- R RNE- BRSNS S IR K B4R S BRI RAE
Table 1 Physical characterization of sodium alginate-chitosan-sodium bicarbonate composite membrane and
single component membranes

A5y PUikiRE/MPa Wi R/ KRBT REU (2m-h ™ m2-Pa)
TEBER AN 43.51+0.44 12.52+0.51 43.33+0.64
FERWE 52.70+0.21 4.04£0.35 62.100.79
TEBERREN-7C R 45.65+0.53 11.43+0.68 59.31+0.63
T BER -7 SRR IR L 5M 37.76+0.47 15.67+0.47 52.77+0.56

FIBIREPERY . WigUiHoR B TR R A B AAE B, KRR TR SIS /KEMAE, ol
MR A BRI E AR MRS KRB R R ST KRAINELRE T, SE A AR
PEREA XL

FERME AR, VEAEBTRISCA 35 min, KZEES REURAR . UL SRR A U RE
U, W SRR/ RT3 12.52% . 43.51 MPa, MR- T2 ARG, E7eRmA
J&, RN, AKFERES RN IS AR L, ARk AR K, i3
i RRAR/ N, [RIEE, S INERIR SN e RN S e R - IR S N R AR, A 2 [aliE i e VR E B R F i
i, R SRR R GE S E i 2B, T H AL A A s o] e — A TR RS MR GE R, R
MUbRIERE
2.4 EERERN-FEE-REIRSINE SIE TR

1) BATEPERENALAINF . N=BEh =J0RE, HA =R, fefTWiRAWaER A I/, Bkl
FIZEPIME, BRI IR, (EUEE AR ZE it e, PO Y2 N TR, ik 80 J&2—
PR FRIEEHR, BAGUKAEEKPRR Y, R GRagEmd:, o S s, sracih
aonE, RIS A BRI, (AN TR B SE R Y RS A YIS, B
FRRRI DT BAR, FARRAEREE | M3 RARAER, AR E A B AE—Fh B 2R A5 1 Ak iy
e, SR HAEREE N R S 15, SRR AR Z R, A ZMAENUESY, e R AR
PP RIRBITEAR, T AR E R, M ZIE G, Sk, (EY%E TRBR RN B B
MR 53, PERRITE AR 1.5% BITN —BENIGEET], 1.0% nhii 80 MERENG M . 2.0% A PREERE AR
BREFIERE, 0.5% WIASHIRTIIR BRI IR, Xt
TEFBERAEN- e M- TR S BN B A T RE AL

_.

o

S

N
1

2) FURIBEA . A W R B R, [ T
TR R U R . AR R R .l 9 a0
FEAPE, —JI7 H SRR AL - v IR 0%
MaPki, SR R SR, i % 6% -
T B A PP SIS, AT VP A g
FH, PIEIREEESIMEDIRR . R, % I
R B e B AN B P, B .l
S AERE, TR G BRI ZE B . _
PRt SR TAREE FR, IR BB 0% -
JEEFR), A 8 frn, ZIEIELE 30 d AR BTY s 10 15 20 25 30

P, 1.0% B R R 0 T A3t e 1 A 7 T8 AL Tk
o Gt Ak i v e R AN -7 RA-h R A &
A BEAE TP ¥R 32 30 min X H,S 1 NH, 4K
B RA A ERE 95% LA b, 584t e TR 1

At /d
8 KERRIREE X ERER - T RAE- IR SN E AR 30
d RSAEEEERSN
Fig. 8 Influence of sodium benzoate concentration on gas

retention rates within 30 days of sodium alginate-chitosan-
sodium bicarbonate composite membrane
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3 Z5ip

1) MGEEIREN . FERBE e o AL, ASIBRIREENIE R pH VR, 4 T IR e SR -
IR EENE A, IEXTRIEEN H,S A NH; B B RCRIE TS . MR TR 25 A i el
R BRI EERR N S e SRR A L] 8:2, fb PR AR AN 1.0%, XWX H,S Fl NH, “UAH
FEAE 30 min NITTLRIETE 95% VUL, USIE2EBREF NaHCO, J&, il iir — o G2 A e PRI
WEETE; MR . FERME AL, IR - IR SN A TR A, Wi
AR, HIMERE R P, IS A TSR A

2) g i RN 5T M- NaHCO, = & &I 1.5% B 88578 =1 . 1.0% 218 165 75t 75 80,
2.0% PREREBTIEAS HUGR . 0.5% SSRPASIERE . 1.0% ZEH RGN MBI FIRT, H4 A RR -5 SRR IR A
B A IR TSR T AR

2 F x
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Film preparation and performance of sodium alginate-chitosan-sodium
bicarbonate membrane

GUO Jie', FU Jiahui'? LIU Airong'**, ZHOU Tao'?, ZHAO Youcai'?

1. State Key Laboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, China; 2. School of
Environmental Science and Engineering, Tongji University, Shanghai 200092, China

Abstract Landfill waste often releases a significant amount of foul-smelling gases during excavation and
transportation processes. These gases are characterized by high production, long duration, and wide-ranging
impact. Among these foul-smelling gases, hydrogen sulfide (H,S) and ammonia (NH;) are some of the most
typical. In this paper, an environmentally friendly spray film formula with barrier functionality was developed.
By selecting appropriate ratios and using sodium alginate with a negative charge and chitosan with a positive
charge, an alginate-chitosan polyelectrolyte was formed through -cross-linking. Chemical deodorants,
plasticizers, preservatives, and other ingredients were added to optimize the composite membrane, allowing it to
maintain its physical transport effects while exhibiting excellent gas barrier properties. The results showed that a
mass fraction of 2.0% of sodium alginate and chitosan membrane substrate, with a mixing ratio of 8:2, and the
addition of 1.0% sodium bicarbonate as a chemical deodorant, 1.5% glycerol as a plasticizer, 1.0% surfactant
Tween 80, along with a mass fraction of 2.0% cinnamaldehyde as a fly repellent and insecticide, 0.5% tea tree
oil as a fragrance, and 1.0% sodium benzoate as a preservative to inhibit the transformation of sodium alginate
during transport. The prepared sodium alginate-chitosan-sodium bicarbonate composite membrane could
achieve a gas retention rate of over 95% for hydrogen sulfide(H,S) and ammonia(NH;) with a mass
concentration of 70 mg-m~ for 30 minutes. This meted the requirements of residual waste resource utilization
engineering projects and effectively blocks foul-smelling gases during the mid-transfer of landfill waste.
Keywords deodorizing composite membrane; sodium alginate; chitosan; polyelectrolyte; gas retention rate
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