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Abstract: [Objective] Biodegradable plastic mulch films, which are representatively made from polybutylene adipate
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co-terephthalate (PBAT), have been widely used in the agricultural areas of northwest China. As a result, a large quantity of
nanoplastics is left in the local soils. However, the effect of these nanoplastics on the properties of this predominantly clay
soil remains understudied. [Method] This study used clays separated from saline-alkaline soils from northwest China and
PBAT-based biodegradable nanoplastics (PBAT-BNPs) as research objects. Clay rewetting was conducted to simulate the soil
moisture changes during the agricultural irrigation period in Xinjiang. The effects of PBAT-BNPs on the aggregation
behavior and physicochemical properties of sterilized high saline-alkaline clays were explored. [Result] The results showed
that rewetting significantly promoted the aggregation of clays, which was further enhanced by PBAT-BNPs but was hindered
by the high salinity-alkalinity of clays. During the rewetting treatment period, the cation exchange capacity of
PBAT-BNP-added clays increased significantly, whereas their electrical conductivity and pH decreased noticeably. The acidic
environment induced by PBAT-BNPs facilitated the dissolution of clay minerals and the release of silicate ions. Under the
rewetting condition, the Al cations promoted the formation of aggregates through flocculation. Meanwhile, the release of
PBAT monomers and soluble ions from clays led to a significant increase in the interlayer spacing of minerals. [ Conclusion]
This study provides a new perspective on the abiotic impacts of biodegradable nanoplastics on soil properties.

Key words: Biodegradable nanoplastics (BNPs); Polybutylene adipate co-terephthalate (PBAT); Clays; Rewetting;
Aggregation; Salinity-alkalinity

PO AL I X AE g H ] E B AR X 3, L A IR A b A= = T RS R oA E LR . SR,
W X AT R, KBSIEARNT B = HAE SRR BB KA AN 2 B RS, gk i DA
BB T, TR R, SR ENY, %k, REPICARX ) R, DL
I K 7 R e IR, CEMI A KR KRR . MR RIR I 4, A Atk G k)
R, DLERXTHE - HES-C F8 T s (Polybutylene adipate co-terephthalate, PBAT) NfCFE )R
A= el B AR EERL (Biodegradable plastics, BPs) i Okl 22 i fE A Bkt X 15 21 S F 12, g B
& EFKRNEmFEARFWRTEX AN, ARG (PBAT. BARM SR BERTARS OfF
12 200 hm? fry Rl AR F= s FH L,

HAAERNZ, 2T SEgERAHLL, BPs nl RSN E ZHMEakl, HEHKIER
(Biodegradable nanoplastics, BNPs). Zhao ZEWIHF 5% & B, £ =PI 25 B 38 2 50k B3 1 L a3 b f e
B2y 27 92241 995 n-kg, T —F BPs 5% B 1+ 389, kL (MPs) 3= B 518 2 458 72550
848 n-kgt. Tong SECIEMIAU SIS SN BT 26 1F T, X BPs F=4: 1) BNPs S Hme v di AT g%, &K
BPs (PBAT. % T i | —EMEAER) MIXAE BNPs hif2EH N (31.6210.00 ~ (97.9+21.4) nm,
Gk CROIEG . BROIFMER LG rERBRR T ((226.0+43.6) ~ (308.0+61.1) nm)
FEL, HRifRBENTAEGE. T BPs FEWIFRVER . Ab 224K UL K Mtk RS 5 Tl 54% G S RIAE
TERRZER],  Ho IR B R (0 R vl e AN R AL 8k

B, BT YA FEAEEEEL, BNPs @ H &4 2 S A TR, Al oR BRLE I iR A
fuf, B 7 IERRIERLER AR BE J1 A8, BT EE E RG] KA SRS BNPs 5 &R
FHES T M EAEH . Bk, BNPs — H2I5E L3R, @i /K7 N5 UL AR TPt 358 B 3R g
P RE e N L3 E 5T, TT A8 [ I 50 3 ORI 1 [ SR A7 80 e 398 v 38 1 (R R AP R AE D) A o 14
) 5 Ak v B B0 = B A0 AR O BIF ST 6 0, 44 72911 BRI 5 43 T SR AT eI/ 45 &, oAl Ak
TorHCIREE, XEWE LIEFE BNPs nlge2 5 7 LIBHISIARIER. =, KZH BPs [FFf#
AR RSP VLR, W1 PBAT IR A%, 2K —HR (Polycondensation of terephthalic acid, PTA)
AR (Adipic acid, AA)D, FLFREEZE4) 7108 3.501F1 4.4100, X RKEHRIRILHE] (-COOH) B
MRtk (-OH) HMKRIEMEAK G vl HY, 7R R R A, nlRe gl 128 pH 19 R R, i
M0 HIEEE M FITh Re = AR 2R . Ak, IS /KEEXT BPs (1) B A 2 R 2 520 . Wang S50
R, AE T B Z B S BUE AR R BN GANS,  TCE B R ) P s 2R R . T, g
(T2 T RE S 4 0 BPs, JudL/@ BNPs, X H3EHR. B1&E. pH SR, R RE
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FEAHIHIT T o

YERRIAZELE 0.002 mm LLR ) 3k, ZRRi7Er b T RIX R E R B EEER, 538 tE
W4 o A7 BT BRRA 7 SR AN A V7 -8y B4 ik 115 4101 g-kg™ AT 240 +121 g-kg 2, 35
BRI O FEZ Bk . . ZHe e A B 2. WK EER pH 2 iR &y, Hrb, %6
R A8 e BB FNE AL P R A2 T B A SR A i) 2 ALY, R () [ 2R 5 4 iU - 4 2
TTRNPIEERN, WE IR, NBHEER, w2 e K. &P R EE4T N
5 SRR TR AR R et DA R R IR ER R . R SR A DA G . B BPs HUBRE R E PE LR B
X)) 2 R, PR FRLAE 2 3 b A7 H 255k, H BNPs X Ehis T FRi K. BF
WP AN pH SEVE PR R MR AT . [FIRT, EVEILHLIX SR R AR A T (TR AR & E
W 3~4 Ik, [EIFEAE 5~15dI5)), BNPs WALk 45 k) 5 1 5 0 Mt iR A R 2R

BT RS, APFRKBER: (1) 5T PBAT BRhH (8 FHBLRFS Gt i, Bl Y
A T IAEZIRE ) PBAT-BNPs X T3 ERI 1SR . ShEEABRZ M ; (2) 82 PBAT-BNPs X 1
g AR LI H B FIAF CREOD s2ma . BFFL RN BNPs B0 T30 5 b g # AP i 2
HEFALA

1 MRS 5k

1.1 THRESTHNFMRIZRGE

TR R A P E RS E R RE (0~20cm) TRE, HRE T E 3 R 50 3N MR
A, BT SR XIS R X KRERIM LIRS RS T 5 mm 5, 2RI
FHR R4 Ja AT BT BE , i 2 mm 07 )5 4% FH o % 338 00 32 B FE AL 5l : pH9.040.0, HEL$ % 30.4+0.8
mS-cm?, & /KZ 43+15 g-kgt, ZhkiE 646.6 g-kgl. FFHBOGKIEE L (Mastersizer2000, /R S
MRIERR AT, JEED WRE 1Pk 3.120.0 pm. AR4E (EFr 02 ZiARdE) (International
Society of Soil Science, 1930), HMFEEZA k4> (0.002~0.020 mm), HEEFAMEFTN: pH:
8.9+0.0, HS%: 6.720.0 mS-cm,

¥iEL 2 mm GHEFLAEFE (50.0 @) ALK R 1: 5 R ELBIH] BB, #73% 1h &, 20 15 min
(1 000 rmint), Fx LiEH. EE LR, HE LERESFNT 40.0mS mt, PLEBRATEHE
Eho FELT FIR AL AR S R OGE B SR RR VAW (1 mol-LD), FhnsK & 250 mL, T 80 “Chi#k 15 min,
HAWERE. HEEAREE 0 15min (1 000 rmint), #2% FiEW, #H BAREEESE FERT S
SHR/NT 400 mS'm?, DALEBREREREE. WAL ELE A R R, InEEK, AR
| 7E 150~200 mL, FHIA 25 mL 7N ImBEE N 7 5O, TR B3R 18 h (90 rmint), DAoL
TR KB (63 pm) TREBESIRE B, FERR S IE TR R B R R B
F R e R i B PR B . R A /K 1000 mL, il R . MR HE T 7e e
FIF A RLTE K A DR, R AL R IR &, BTS2 F o BT L3RR R 35T K
WAL B DLHEBR AR AR A, IR AE R R b LR (1~2cem) FHIT, 8 H & R K # R
(LDZF-75L-11, g zzBEsr 28 ) 7F 121 'C. 1.1 atm 2544 F K% 60 min.
1.2 BNPs & Z I & RIREEE S £

BRI PBAT Sk (R8s, k4% 500 pm) E7EBRIRE = ML b in 56 4 5 Je B 1564
LRZFE (ZC-80, MiAXEy, WY i, 7F 60 CEANEIL IR, YefEf sz A 20 pW-cm2,
B 24 /NBFBEFE— BRRE S, DA CRIE RIS 51224k, Z AT % 5 28 d. 8% 0.1 g &1k 28 d 11 PBAT
Wk 5 10 mL 4K (HBRER (0.1 mol-L1) 7 pH & 4.0) W4, WREWAEREIK (150 rmint) 4k
Y 72h 5, £idig (0.1 pm) BRIFIEHRECAGPKIEERL (BNPs) Bl K JEAR R R EY 7o
MBEHUER, FOAR TR RRE, did T B BIET S B E M E R EIR A, 8 0.6£0.0 g-L .
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HY 2 uL BNPs =yFM e 4 b, R 62 et (BX53, BAMRET, HA) #iw 4 A L (2 ub)
(78 G A (439 471 um?), B f5iEId Image J BAXTRURIHEAT THEL, S 2545 31 BNPs [HRk
[}y 3.4%10° particles-mL2.
1.3 PBAT-BNPs 5 HBEF R SNSRI

FREC 15.0 g K ANER f5 EDRL A, 351 Fa T BE48 90 mm BEEgEE 7RI, S 15 mL 8.8x10°
particles-mL™ ) BNPs ¥ T35 ILrh, i F 08 70 20 f bk DL DR 5 EAES SR B 1. S35
AR FH A=) R 68 At bt 2 A e B 100, DA | L 0 ELBR AR 5 T0% ) PBAT i JE ik, AR 4 PBAT
5 FE AN A IS MAS () BNPs ~F-3JKi4t, X PBAT-BNPs FRIRURL A FE & 5 o

REALL P AL 52 X A FEE R P20, 1) PBAT-BNPs 55+ (R S FE SN 22 B 1K 3 AR KT, 78
KA, iR (FA2004, FIHPACERAER) ) Sy il F 398 5 5800 DA 8 2 /K2R
TAb, BEFGKEWREZE KT (439-kgh) SEK. EILEERE 1, 235 PHAbHL X SRR HH I )
FE (VR W ER 3~4 Ik, [AIRG7E 5~15 diS)), # PBAT-BNPs SRR A FE S 2 B E 0.
7. 14, 28d JEHIEHT UE KA (EDER), A RTEEXE LB S5, [, %E=4
SRR : (AN PBAT-BNPs {H & i, (2)in PBAT-BNPs {H 0 d hi7/K J5 R, (3)45 i PBAT-BNPs
HOdIKEAER. MHRKESE =k, UIBHAEEE ]SS Amy =2 .
1.4 FHRIF RS

RAFERIKSE, 237E 0.5 1. 2 h AN s ATEURE . BRREUDRERIRIFE (0.19), A
10 mL HAKFRE IR iR G, L 50 uL FEMTEREE (BX53, HAREM, HA) F (20x)
W52 SRR RLAR AR o 7E BRI, SRAEOERLE X (Mastersizer2000, 5 /R IR R AF],
BEED 434 0.7+ 1428 d SR8 L AN REZELRE i 1)~ F- 350 R0 4% (Do) FURLAZ 34 o [FI B, PR 5T PBAT-BNPs
S FI AR K ARG B VE R Sm, W AE BB T 28 d SRAERIRE W T8 241 T 14817 230d J5,
RENE, DE B SRR RS A5 o
1.5 TIEBUMBNE

3 pH (IE S (HI962—2018 3% pH EME shrik): FHt -+ GF 2 mm ffijE) A
FRAE SR A LIK B E LG 2.5: 1 ELBR A, RIZIERE 1 min, # & 30 min, M pH it (FE-28,
MERFEFC R Z R AR AR, i) 73 RIS FNE pH. HSRENE S (HI802—2016 +
el R MME BARE): R G 2 mm 555 MRS 7 A DLK LR & 5. 1 [ ELBINR
&, EFEK (200 rmin) #E#3% 30 min, BUREE 30 min, ¥ EiEWA e EEad i, SR AE
eI E SR, Hk, BAKESE (HI613—2011 TR AK g EEE). KiE
45T 105 'C5 CRFHMET Lh, FRAEE GG 5T, BT TR a/0»E 45 min, W58 55 548
R . #F 10~15g RTHIREFEREBE ORI RS, FEARS, WERFE. BUFAR
i, KA R R B — RO B, 7E 105 “C5 CRE TR 1EE, A 2528 i .
w s, A ERSLENIE T AR AT LR AR . A, BB TR (CEC) IR
(HJ889—2017 L3EFHES TAZH R I E SN NE AR L) 2 ARE 3.5 g i+
THERERRE & T B0, I 50 mL =& SE A (1.7 cmol-LY) ¥, 7 20 ‘G2 CRR%
605 min. LA 4 000 r-mint 250> 10 min, W4 B, @i LM T (UV-1800, SEAYEs (F5
MDD HIRAT, TR FERK 475 nm &b, LUK RS, 2 5IERGE .
1.6 TIEFAAMESBFRINE

JR A3 G 2 mm 555D FERRIRE S 2 LUK B B 5. 1 I ELEIRE A, FR% 3 min 5 LR
g, JERAE NIRRT ER A I BRI AR (KDL 85 (Ca?t). B (Na™) ZEFHES 148 gl
(AR 7 VN TE T fRRE AR Hh I 3 E VR RS BRTBCE INFW, N 30 min J5 %, 28K B IRWCNEE
B R 0N 1. N2 B TOK ERBUL TR 2 A2 10 mL, it B R &% 5 PR R SHEEY GGCAP
7000 Plus Series ICP-OES, FEERK, #HED 7w, HIR, KRR (CO2). mIREM (HCOs)
SR F R 7 77 H R s v e 8T, PR R I NI BRAE R, W R e I, FH R ER AR AV
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YT PRI ST R, FHARER AR RSO B . HARTERR BP9 UK FH R 1T 43 ) ok A8 3 h
COs*. HCOs & & . ST (CH RAMBMRTE, S| (GB11896—89 /K &M E i
FRER VL) MSE . JEMH INNERBREF R/~ R, FIAHIRER I & 405, 103 B R IR AR 1A v R AR
FEAEZ A e, IRIEAFZEREG T3 CH & &, MBRIRE T (S02) KA, S
(GB/T5750.5—2023 AiHIXH/KbrHERR IR 75 56 6 &5 THLAEEETaMs) WE: JERTImAR
HRGEN CFAER . =B LED . YR BEGS I S, FRE I 2s 4t . Srp
PRV ARSI, LA KAE 2L, £ 420 nm AL TEEIR G o 388 I ot I AR s v Y5 V0K 1) 45 R s v
MR B LI SO . &Ja, FERMREF (Sio?) RARHE »OLEZENE, 1
(SL91.2—1994 A ALk CRIyEtE) MM (REFHTE R BEVZO ) I N $h R 1A RN sH IR 44 1
Wi, KB 5min, IIAFERIEW, 1 min JGLBIhn 1-53E-2-Z5 W -4-TE R 1AW, iCE 10 min, PLRF%s
Fo8Z L, 7E 640 nm AL sE FROGRE . i — A RERR IR VA VR % R AR v it Ze 11 55 b SiOg? ik
R
1.7 X 81475+ (XRD) RE&{KEEE S

B 0.1g i3 (BB EE 0.075 mm [EF) 5 ERALEE RN PBAT-BNPs 25 7 K15 28
RAEER, X BHEATHX (SmartLab SE, Rigaku A&, HAO #4700, JAFEH N Cu #E, X 4
KN 1L5A, FHIMAEEEE 5°~90°2 18, HMGEEREN 1(°)-mint. WRIEAM R 72
(nj=2dsin®), THEGAEZEEE (dE). Hi, 18 XL, 0 T A, n ATEH R
1.8 PTA BIxEETTE

X VR ALEE R NN PBAT-BNPs 55 7 K K J5 4 338 R 5t 3047 55 B Ve , B33 RF i I N TF IR V1
FE 240, W BEWR, BOUGERHTIEM. £ BIINERR . ARRAMEER, BT
TFAMR Lo 0S5 FRER I AT I R B A B o Ik, IONESER, In#EIE . A LB T /KER
WOL TR, EAZE 10 mL. BUER I MAR (7.d) BETH 2K — IR & il g (19201, 56 28 — H R
I OB (3% (High Performance Liquid Chromatography, HPLC, SEAX#ES (J5MH) AHRRAF,
TR K KA 240 nm; WENAEA 6: 4 (viv) HIREESKIBETAWR, FIVK A pH N
3.0; VLEEE N 0.8 mL-min?; A 30 Co 5y EHE 43 AR VA VROE L R 5 55 2 T R S AR
HEAT NatiR BE 52 o
1.9 BUBALTE

X SIS EH 0k HRH DL R A AS [F) A 3 ] (1) i 25 8 i StatView5.0 ##FiE4T One-way ANOVA
BRRST, MR GSAEREEZER (P<0.05). @il HighScore 3.0.5 % XRD %l #E47 Rietveld
F1s, DASEH PG . XRD o A B L FE L S e . VIR A AHUC L . 38 IE S R
2 W B T ISR AR RS S, BRGNS (R B GHE T EEMEE T (Rep)-
BIEATSEMER T (Rp) INALEIRERTSEMERR T (Rwp) FIILEIRE (G)) AFIAHZTEE CEUE I
TR FERED .

2 2R 51

2.1 E;8% M T PBAT-BNPs Xt T35k FI 22 1T A HOR M

HiR2 TIRA T 2 R TR SIRIEIEA SRR, 2 T8k A AT N E G 1, R
WA R PBAT-BNPs U FIOCHER 2. i da HIR AR 2HU00E A (B 1a), Hdr, /MRifgE (0.2
um) AR JE TR REE . fEIA 28 d IR SR R, . LN PBAT-BNPs [0k
H, JEARS T 0.2 um AR BRI AR SR, RIAR S A MO 3 A AR N B o3 A, S5 R MR
31pum A 7.0pum B L, HEES @A KBS RF R E, BRI S AR PBAT-BNPs 1]
AR (K 1b), PR RAE T SEERA R X, WIis-EAEnK G AR R A A 5],
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PBAT-BNPs FIFRIIAMY AL IAA (1 d) A AkL H B0 B S5 3 —— P ki4e 17.940.9 pm, & S5E,
KL 532.5 pm B RKHIZR A BEAE T-HRAC BRI A e, XA 53 A i /N RS B AR RAR BN, T
KERGGEAFLE . HULATHEN, PBAT-BNPs AR AT e S ECTIRA R B, (HiZIRAELL 7d N
JE I A B R R R

B35, X PBAT-BNPs [HZSRINZK G 2 h P [ H80RE 1 R S edb 4 ol (& 10), KPR
25 um HIHIRL; EARRA N PBAT-BNPs 9K BERLZH (¥ kL1 B A1 3R, (HoRiAR R/ B2/ T
PBAT-BNPs Ab3H4H . 7K 73 (A8 O FLBR RS, A AT SRAR W AR ARG, s TR AR TR 1 RiAR
AT g R ke PERY T PBAT-BNPs 2> fEAR &GS (8] (G 2 h) Wk— PRk A5, R, L3k
FEFIES T2 40 A 18] Cln 7 dD WIHIZRACE, Bith, BARICNERZM4 T, PBAT-BNPs 1
FEANS W2 aR A RN T 3R

2 FE VG AL X JEAR B I T R AU S A, AR FUIEAR T T PBAT-BNPs 7E &R I A7 230
d HFBRIRAETS, ZORIR RSN . I RAR 8RB T 776.4 pm KETRLIITE AL, 12K B4
RAEARNIN PBAT-BNPs 12 B (] 1d). 1X5KHH, PBAT-BNPs KA L8 KA1 5,
B ERA RS SRR A B HER .

A3 )5 4] Rewetting period

[H % 1) 5] Aggregation time

>

b) c >
1d 7d 14d 28d 0.5h 1h 2h
212 12, ) 12 i 12, SRR 7 T
oD =7404um (1D =72400um Dy =T0N0.Tum  ppaake o [ e e
m 8 e 9 76um 8 6um oo \‘T%;Ps, [ e 2
of ‘ 1 ] AT-BNPs + | 13
g : : G L rofim| o om0
2 ‘) '3 - g - 207pm
=5 [l ) &K )
JGR i E G0T0.0 110 1001000 00T 0.1 1 10 1007000 0.01 0. 110 1007000 f”“ 3 o QJ‘
a) NEE A 3 b P4 s Clays - - ? -lc
- Raw clays oDu=8551.0um D =80:04pm D =7.5:03um D= 61510 um 100 pm 100 m |245@, T00m |
s = = b 4 2205 7 361
< = = bk 84 8 t . ’
£ 5|De" 3100 % Clays 74pm ¢ 76um 76um ¥ 7.6 um 30K 1"”"
g 5.8 um o 6 6} ,
24l 02um ! d 3 | d) 230 d, rewetting
z 3 &2 2t 2 2t A IMPBATHK K
x b3 ) == DN
2 . J0T0. 1 10 1001000 00T 0.1 T 10 1001000 00T 0.1 T 10 1001000 0.01 0.1 1 10 1097000 W PB:"‘T ERLERALE
= b e - . . o g i Clays
i FEAET4 5 U] Continuous drying period % 8D, -90:0.4ym
=0 5 9.3 um
0.01 0.1 110 1001000 - 1d N 7d R 14d » 28d 54 7N ot
4% Particle size/um 21050 = 179509 pm  ([D¢, =9.240.2 ym 1o[Pso = 10.040.7um (D, = 9.020.7 pm 3”: o
PBATHYKANE 3 8 sf i B Gses 8 79 m €02
+ER 56 - 6 ! 1 0.0 L.
L N i 0.01 0.1 110 1001000
PBAT-BNPs + 2 4 10383 s 59 AR MPBATHY A Y
Clays um_ um o Without PBAT-BNP addition
.1 1 10 1001000 00101 1 10 1001000 001 0.1 | 10 1001000 =10
12 5 12, 12 3 _(— #ki Clays
10D =93:02pum (D =9.5204um | [Dy, = 64518 ym £ 8{D,, = 89402 jum
k-0 s 8 8 10.0 pm 8 8.7 pm = 6 8.7 um
Clays 56 6 6 324
=4 af 4 4
B g N 0 £
001 0.1 1 10 1001000 607 6.0 1 10 1007000 001 0.0 1 10 1001000 0.01 0.1 1 10 1001000 0.01 0.1 1 10 1001000
1% Particle size/um $L7% Particle size/um $iL7% Particle size/um 272 Particle sizefum #i% Particle size/um

VE: PBAT ANEX K FIR-CL R T EEES, Dso N {EHI12. FIH. Note: PBAT stands for poly(butylene adipate co-terephthalate), Dso stands for
median particle size. The same below.
K1 JRAERRLIRAR A (a). RORAE IR AR SE TR AF N3 1. 7. 14 1 28 REGKAR ML (b)), RKIAER
{05, 1. 2h MEME R (o) KEIBFIT 28 d B AETHRIRAF 230 d J5 FRASZIR FRIAE M (d)

Fig. 1 Particle size distribution of raw clays (a), particle size distribution variation of clays at 1, 7, 14 and 28 d under rewetting and
continuous drying conditions, respectively (b), microscopic images of clay aggregates at 0.5, 1, and 2 h after rewetting of clays (c), and
particle size distribution of clays under rewetting after 230 d dry preservation of 28 d rewetting samples (d)

2.2 EiREMT PBAT-BNPs X FHRIIBIL M B AUE.

221 HE TR (CEC) it 3ERHE v 2o R i 3R I g AN B AL 57 ) 3 4R 122,

CEC 53R ARAL . FHE T RMM pH Ak, WilE 2a fon, SRMGARALL, FERRBLHETAL
75N PBAT-BNPs [IZi#E CEC &M 1d JTaG R BT, 1Kl T3 dh BEAIGRE T B 5 g
AR AL RN, AR =y CEC i[RI, SR AL FH N RO SR AR IR B 1 3584 240 B 1
A 2RI, TENKEARIR GFeE) ftsgd (& 2b), A7 PBAT-BNPs 21 CEC M
91 OREBUEE RN RIS PBAT-BNPs 41U 75 ZACKI H] (14 d) 4 REAEI 571 PBAT-BNPs
AR X R BITE PBAT-BNPs [ S HIE T L3 RKi ) CEC Al &, 1A RAIF e
g FRL CEC KN, 7F 230 d RIS, RIRAMT 41+ n PBAT-BNPs f] CEC & &1
BT IR R
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FRi BB CEC 2 Mt 30 P i B 22 ek 1tk , i LI ) K %2, PBAT-BNPs 35K
45 & L B8 DA B TR &3k CEC, HARZHIREIRMEm . 1E RN TR AR “ K,
5 CEC MR fE I B R R 540, i HIsE gk B, AFFRAAK. b, CECH
R B R IR A R AR B AR T, 3 T S AR ) 0 3R A RSCRI . AR A
PBAT-BNPs [{Jf£7E (i 13 CEC #&/, FTHan IRt pH. sh o RgEnSmgmitae, st
TIEF R EY SRR A KA, e LI AR E . ELL Td AR EIR AT,
PBAT-BNPs [’ 2 35 FORE R B AR AE B0 22 (R TR H B, X0 3R a0 FEE RN R R 75 55 3 v
AL X R R S, BN, JERHE RERE KR R B I LT — i R AR RN ZE

a) 24 [ [ IPBATH: A kL + ik b) 24 [ pBATHS K%L + ik
o PBAT-BNPs + clays ~ PBAT-BNPs + clays
:_in 20 [ [__J## Clays aA _iﬂ 20 P @k C;JI;ys 1:\_ aA
S aA 1 bAoA = oA _[_
S16¢ e ER —I— Si6f cA cA  bA
= I B g il A
O e | S
= 53
o2 O 12
iz .
b ﬁ
o B w 8F
:\E :\E d cB B
) bA cA 5 A cA
E 4 | , ‘- E 4 | / f +‘ +|
0 0
RC 1d  7d  14d  230d RC 1d  7d  14d  230d
I TH] Time IR 17 Time

TE: RCONFUARFIRL. AF/NG F-RERR A BRI PBAT-BNPs 4L AR R AL HEIN (] 22 57 23 (P<0.05), RIFIKS 7R RAR Ak
FRIN 7] A FTEER N PBAT-BNPs 1122 57 i 2 (P<0.05). [, Note: RC is raw clay. Different lowercase letters indicate significant difference
(P<0.05) between different treatment times in the group with or without PBAT-BNP addition, and different capital letters indicate significant
difference (P<0.05) between groups with and without PBAT-BNP addition at the same treatment time. The same below.

2 HW () RIFFEETHEAE (b) FRRLIRH RS 7 ac e Bk
Fig. 2 Changes in cation exchange capacity of clays under rewetting (a) and continuous drying conditions (b)

222 HRAN WK 3a s, fEEIRALHE TN PBAT-BNPs ZLRRi ) H1 G R AR K R ) 2
NS, JFHEEEME SRR AN 2, FOR SR ARG 6.7 mS-em?t FEE 5.1
mS-cm™; (ARSI PBAT-BNPs [RIFRL HL 34 5 JRAARRAH FLIC 0 3% 4246 (P>0.05). PBAT-BNPs
AR A BLAE . R4S S AN B T AR L B B 7 (i, Nat . Ca?* 48D, ARt
SErP I BB B TR AL, SR T M. AR, £ NaCl KN 2.0 g-kgt U3, R4
Mo RIS R LR T3, Rl BV MR CRILIR) . 5T F iR 25
ftl, PBAT-BNPs thbr Geidd AH AR AL R 4 i . (i T PBAT-BNPs HAT SR LR T AN
S R YE, oo 3 B RO M e T REEE . 3R SR B AR D R EE Y
SoMA. RltE, PBAT-BNPs Al fgox TP 3 b (8 1P, MM Bl B e L3 i) i S5 ik
bb, R FRA T RREETTRE S LI B RAKRIE A % EEIRAAMT, 7N PBAT-BNPs AL AT 2
e 3 CEC, Hghnt-3rh R & 5. Fkirh Il 7RAR ORI BIERAR, IR EH], PBAT-BNPs
RIS AN AT REIE L L BE B BRAR RT3 ARG A, TAHRRRAI 1 33 il B s 1 IR

2.2.3 pH &AL IRPIRIRG ST, FRAAELRALET, 7N PBAT-BNPs 411 pH 7E 5 4
R E RN EEYS, JF BREE SR OginiZH il & (K 3b), pH MJRLGH] 8.8 TFF% 8.5; 1M
KRN PBAT-BNPs Fkiff] pH BA NF%, {H NIRRT PBAT-BNPs Ab#4 .

43 pH KT BE /2 PBAT-BNPs /KRN 70 T A MR S BUR K2 B AW vl A SR o
Rt RE b 2 A 2 M HURR B AR, K B FRDRE TR 2 S 25 S SRR E P . 5, PBAT )
LR PTA I AA (IR E R A 59 3.5 Fl 4.4, 21X e 5 IR AL 4] (—~COOH) Bz 5 (~OH)
IR W S K e, 2B HY, IR R R MR RO3A G, 3 pH F#1K. 25 LA,
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PBAT-BNPs i@ [ F=4) CHIURSAR) FIRR. BTtk GE LA IR IATE S, BEMm T3
Kiff) CEC. HL'F:ZA pH. M PBAT-BNPs BB HLER AR M FE, H458 7 RIFE S g AT %5 BE e 43
B, b BB AR T Nat Al PTA RS 78 PBAT-BNPs 4 FE 44 4F R 484k (% 1). PBAT-BNPs 4t
FHZH ) Natik R IRIRAS 6.6 ETHE 7.2 g-kgt, 23 ETHEH . RN, HIERES T PTA WREE I
JRAIRAS R 1.7x10° WM 6.1 mg-g?t, Ui BRIt PBAT-BNPs Bl | K& A HLER
LR 7NN

= 9r 9.0
8) B O ppatakomsl + Wk b)

e PBAT-BNPs + clays | aA

g 8 |~ -e-- Fiki Clays 8.9

2 2 bA
= 8.8}

.g =1 aA

=

g T 87

2 6t

3 8.6}

E S5t PBATHKIERL + Fiki

f;i 85t PBAT-BNPs + clays

ﬁp --e - FHFL Clays

_ﬂ] 4 L L L L L L 8.4 1 i 1 L 1 1

RC 2h 1d 7d 14d 28d RC 2h 1d 7d 14d 28d
B8] Time 18] Time

3 HIBKME N LW N PBAT-BNPs [IZRIHL % (a) 1 pH (b) 751k
Fig. 3 Changes in clays electrical conductivity (a) and pH (b) under rewetting conditions with and without the addition of PBAT-BNPs
* 1 LIRS Na W EZRR (PTA) RE

Table 1 Concentrations of Na* and polycondensation of terephthalic acid (PTA) in soil samples

¥ Sample Na* /(g-kg?) PTA/(mg-g™)
JRIGFRL Raw clays 6.63+0.15b 1.69x1073+0.04x10%0
7K 7d 7.29+0.11a 6.05+0.75a

W FASIAFR/NG FREFRARFEFEMIARE B &M 2R (P<0.05). Note: Different lowercase letters in the same column indicate significant
difference between samples (P<0.05).
2.3 PBAT-BNPs T2 T IRFERI Y & TR MIT 4 E

NTIE T L SR P IR R P B IR BE AL, XA R SEEG 26 AR T R 3IR R A B TR BEHEAT T E
S E MR L, 7E 28 d SIRACEL VNN PBAT-BNPs ZH 1) Lk b, BT PBAT-BNPs 55 (12
VEIREE, R YR, WARTERAEERAR B TR (I 4a, & 4b). SRTIAE 2 /NI RIR AT T
VNN PBAT-BNPs 4111 -3 0% it 5 R 78N PBAT-BNPs 4LAHEL, #HEMEAR IR EERG G FRAK (B 4a).
TR R BT B T 3 CEC BT b SR ge b E NG N, R m i CEC 15100 T ReM by
MR T [ CEC HThE R /RS BN, A58 TR INERE L0 L, 7ERIRRF N
BB, 25 LR RERIE K.

TR Oelkers®HR i IFEE, ERRPESRAT T, HERRELFIA M FE T 2 R 7 N 7, £
AR PR ) PBAT-BNPs Rl e H AR 1 AR SR BLR PEROA R, SERE 1 M) i K 3 71 2
A, mASBEERRK RN, AR LT YEFESES, DEE T IR RS 7 MR A
TR IR 2], AR S N SRR BRUS NIALA], pH W R R B B . A
PBAT-BNPs T Gi& Mk pH PAEE, SE 1 RENS SHRERR Fh VIR T R A2 S, et < Jas B 8 7 Ak
PR T IR, T PBAT-BNPs HIZR M E A HIIE RES & )8 B 17 BUAG 2 RS & 2627, c e
TR, BETIR AR R

SIRALFE VNN PBAT-BNPs ZHLARL A i i rEan (&l 4c) A (& 4d) 5 AR RRIAR Lk B
B K. ERTERNIRE I BEKS PBAT-BNPs Xt Na* 5@y bt it 713 UIAE 5C . A AL @i R &
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AeH] (41, —COOH FI-OH) 53y Nat R A28 ¥ [ B, AT FRAR 3 R 28 Nar ks 21
FIFIBIHLEE, &5 & % AeEl i PBAT-BNPs th 2 F 201 Nar [l 52 A8 /1. VARSI B 1 PR A AT
RESH WA RE K. TERRIH, Ca? Ik BRI nT R VI KT PBAT-BNPs 55 Ca2* (4% & B 1 FH o

FEVSIN PBAT-BNPs AbFE ) 1A% i h RILH 20 &8 5 F R BOREF = LR . N T B HLR
5+ BEREM Z ARERMAHTAEH: — 4, &BfisEd s /e SRR N 78
BLER: 55— 7T, WP AA HLER Be 8 (2 & I8 S AL M A A & o IR . kA, A HLERIE AT
W FREE R (RS H=Si-0-M #, M NEEMHE T, BEAT Yk, InEy ¥
Wi UL 25 53R, PBAT-BNPs (¥ xS 358 v 4 J@ 551 IR I8 LA S e R A s fie LA (R kA P o

a)  130p b)
—;120 an A aA 4 an A . 3so0p N
plop - abA T 2 300
. Emo bA bA ) é" bA
¥ 2 g0t = g
& ® 5 250
# 5 80 - cA
¥ = g B L2
w3 70 = § L
ﬁ 60 a dA
2 U o L B
% S % 90TcA bea cA bA a B B bB
7 4
0 L 0
RC 2h 1d 7d 14d 28d RC 2h 1d 7d 14d 28d
18] Time i fi1) Time
c) 9.0 d) 1
= 2 aA aA
2 83 2 1ok
°EG 8.0 faA aA ED
= = 09
E E 75 ADA  BA bA g 2 BB DA ph pA bA bA
= £ 0 £ A e £ 2 o0s B[] op
9 o N
E - o8 PBATHYK HE
2 65 w207 dB [
- -8 PBAT-BNPs
- 5] + Clays
=075 = o
=050 = |:| HRE Clays
A ().25 » 0.05
0.00 0.00
RC 2h 1d 7d 14d  28d RC 2h 1d 7d 14d  28d
I 8] Time 8] Time
Kl 4 SR A JCUIN PBAT-BNPs [{ 1IN ES 7 (o VEMPERR, b RERRAR, c. VAMRAVERN, d VEMMEES)
IREEARAL

Fig. 4 Changes in ion concentration (a. soluble Al, b. SiOs?, c. soluble Na, d. soluble Ca) in soil leachate with and without the addition of
PBAT-BNPs under rewetting conditions

2.4 PBAT-BNPs S HIBFER A 45400

SRR AS UL R ST VR AR5 7 RN 28 KNI PBAT-BNPs 28] L3 RF S 247 1 XRD 4347, LLsE
e T b 4Ly (B 5a). sbhh, B AR RAR A ST R AR CLBRI Ak A o B
BEAT TR, 55 (I8 5b) R, HIRALEE R PBAT-BNPs VR INTE R R fE b — e FEFE b2 it
LI Z PR . SR A N2 PR AR 13.8 A S5 7 KN 14.4 A RIS 28 KIi¥ 143 A, 1
FIARZAPEMN 9.8 A% 100 A (557 K) M 101 A (5 28 K)o W HZIRFERIAE AT LR LA
Jr M BEAT 73 Hr: ¥ 5E, PBAT-BNPs 7E [ fified F2 OB A A HLBR SR T BEdE N2 18], S EUZ AR
HE R, FLR, AHUER PARBEN R B, ORI HE A1 7T BEWR B A AR A BH 1, 3 i 52 2 [|] 2 R 290
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a) |ak Clays o Tk VT ok D) | o mER PBATHKILEL + Bk
Quartz  Calcite  NaCl * o  Chlorte PBAT-BNPs + clays
o B A 5 PRI o SR 23 *FHA 51 28R
Albite  lllite  Chlorite iy Ilite Rewetting Day 28
A A
Kaolinite
* *
=2 11§ TR
4 e TR
== I Rewetting Day 7
< Y
2R
? c{\ L. RC
10 20 30 40 50 60 70 80 90 10 20 30 40 50
26/° 20/°

T ALY (001D & 11 [8) BE A (dooy 18 5 IR AR KLAR LA Bt in - Note: * indicates that the (001) d-spacing (doo: Value) of mineral
has increased compared to the raw condition.
B 5 Zhki) X FH&ATH (XRD) %E () EFPZERE (b
Fig. 5 X-ray diffraction (XRD) spectrum of clays (a) and mineral interlayer spacing (b)

KRB = EEAR L AN, i8I HighScore B f4%) XRD #dfi#E1T Rietveld #4512, E&Hr 7 B
WIS FE B AR & BB (R 2). MR4E Rietveld #5245 %, K I PBAT-BNPs Ab#E 5% fF T 135
FESREERRIRE Y G, Albites THFIA, ites 4kJEF, Chlorite) AN & & 5 IR 4G F RiAH
P IR Bt th o 145 R FIRENIE T PBAT-BNPs [ Il 7] fg il i H R A (2 i T 0 Wi i,
NI S 25 50 1 S P DR R 5 B0 A

x2 EETVYHNSETK

Table 2 Changes in relative mineral content under rewetting conditions

.y A RN B R RN B GV AAHNS B HABARS B2
i
Relative content of Relative content of Relative content of Relative content of
Samples albite/% illite/% chlorite/% others/%
JER AR Rk
20.0 30.0 23.0 27.0
Raw clays
7K 7d 16.3 27.9 185 37.3
28 X 28d 16.5 27.2 175 38.8
34

KT T EAR YT T PBAT-BNPs X 35 - Bk ] AR R A2 12 A FH B T 280 s 24 1 ol 11
SO o I B SRR PR AT R X g I R, RIS R R A P B (i AR A 5R
RIIK T 25 A B2 AP 14 58 PBAT-BNPs 5 I8 ki < (8] () AH EAFEH s PBAT-BNPs Fys it — 2542
BETAZRN, HSZ BRI AR SRR A BR 1. 3k P ) PBAT-BNPs i H CEC B &8N, &Gk
T IS, T PBAT-BNPs SHFES FAE T (1 Na* ) A5 A DA K 3 b BB IR B G, +
SR 3 R P . PBAT-BNPs [V IIINIE T REARER LD s A M (2 LA EIR
FARE), FERRAR B BRI A8 2 7 ] Bid i R B A R R A5 s RIS, A B T AN AR SR} AR R R
FAET )2 BRI K . IR A 2% PBAT-BNPs {2 3£ B4 158 A0 it #5587 A 07 TR« ASHIF 7045
SN AN AT B AR K SRS 3B R R AR R TSR AL TR AR AR
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