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Inhibition of Antibacterial Agents MBC and MBT on the Degradation
of Paper-Based Water Permeable Materials
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Abstract: In order to prolong the service life of paper-based permeable materials, the mechanical properties, mass loss
rate, polymerization degree and surface morphology of paper-based permeable materials with antibacterial agents methyl 2-
benzimidazole carbamate (MBC) and methylene bis (thiocyanate) (MBT) were studied in different soil environments, and the
mechanism of antibacterial agents inhibiting the deterioration of material properties was analyzed. The results showed that
MBC and MBT inhibited the mechanical properties, polymerization degree and mass loss rate of paper-based permeable
materials, and the inhibition effect of MBC was better than that of MBT. Compared with the blank sample, when 0.05%
MBC was added to the material, the tensile index increased from 6.41 N-m/g to 16.03 N-m/g in the field soil and from
9.31 N'm/g to 17.15 N-m/g in the sandy soil; when 0.07% MBC was added to the material, the mass loss rate decreased from
25.53% to 4.10% in the field soil and from 23.65% to 2.06% in the sandy soil. The degree of polymerization decreased from
26.09% to 15.64% when 0.05% MBC was added.
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Fig. 2 Effect of MBT and MBC on mechanical properties of paper-based permeable materials in pastoral soil
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30
- I
25 —e=0.01%
—A-0.03%
20 =v-0.05%
——0.07%

A 4R 1%

0 ¢ N . .
0 5 10 15 20 25 30
Fifa)/d
(a) ¥ MBT

30
TR

25 ——0.01%
- —A—0.03%
g 200 —o005%
2 ——0.07%
= 15t
kS
I

0 5 10 15 20 25 30
5[] /d

(b) ¥ MBC

B 5 ¥t MBTH MBCIRES KR RERK RN
Fig.5 Effect of MBT and MBC on mass loss rate of paper-based permeable materials in sandy soil

P 4 FlEl 5 B, AR RPSEHTR R S AN 948
FB KRR AR o Bl S A A SE
ARIEIZ KPR R AR R BT N, 52 FARA
FE, USRI RE WL R IR i o 0 2k, FLREH
PUR A B3 55, AERHI T 40 e A T I
L 28d J5, PSR, A FUAR R BRI R R

23.65% , ME 0.07% MBT #1 MBC 1403 Kkt
BE, BRI R HIER 5.32% F1 2.06% ; H B 152
I, B 0.07% MBT Fll MBC 4CEEB K AR 5
HERA R AREN 25.53% 4 B E 8.32%F1
4.10%.

PUEFITREER MK 6 Frs. 76 [E



2023 4£ 12 A

FET5, & PUREF MBC Fl MBT XA K M RMERE S TL A0 £ 23 -

RAMT, &ad 90d &k, S ARG RREE TR
26.09%, MM 0.07% MBT MRS 4R REET
W 17.26%, ¥ 0.05% MBC MR 4EERAET
W 15.64%. WG R BT 4L LA F S5
—, B E RO T N TR R G B
BEARA 6, LF R AL S A NUERE T BRI R
migt Y BFSE R RA IR AT R RS E T
B 5 1A MR O 22 A 1 56 R lef 2 e R ),

= = A
2000 1 MBT
1 MBC
1500 |
#
dz
x 1000 F
500
0
0 20 90

iy )/

Bl 6 HESKkMBPAERRSENTU
Fig. 6 Change in cellulose polymerization in paper-based
permeable materials

i 35 2T A i — S ARAE Y i T W S A X 5
JE AR AR AT LSS Hr 41 2 R i e i O S  OR TR] k
PR T AL B KM RHLI AN GE N 7 BT

W& 7 AT Bl 3 R K, i 4s
TR RE A AR 5 5 T A T R AT P 94 2 AR % A e
(AT B, LS8 3 5k AT R oA 0 %) i B R o7 1 ke A A
k. 3400cm™ £k O—H B4EdESN, 2917 em™ &b
ki C—H Bh4EHR3), 1170 em ™' bl C—0—C Y2
AR, X LT AR AT 0 — LA B 53] O—
H.C—O0—C Ml C—H WA s B, i it 5a
7SI MBC Fil MBT 402K 61k O—H 5 C—H.,
C—O0—C 5 C—H MXI# A b, 90d J5, 25 FIFE
O—H 5 C—H Zr AR L 1) HUAE T R 16.32%, U
Jin MBT (AU KA BN R FE 14.88%, %5/l MBC (1)
PILBAKMENTFE 11.38%; 8 HFHM C—0—C 5§
C—H ZLAMRICR BE 1 HUAE RS 29.93%, W MBT
PIACELE KA BHEAR 12.30%, ¥RH1 MBC 405K
MRIBEAL 9.53%. Tl EWIME I FEFdE R eF 4ty 2eim,
HUEE RS FrP O—H Bk, C—0—C A AW
2420 28 0—H 5 c—H UKk ¢—0—C 5 C—H
BRI WA B HUAE R % T MBC il MBT 4R3E8 7K b
B O—H 5 C—H.C—0—C 5 C—H Hixf i s
ARI855 , 6B B 7L AT I 21 AR S5 F B SR i VE
H MBC (IR 5 m B .

—0d
—20d
—90d

o) AW

s
4000 3500 3000 2500 2000 1500 1000 500
PeE/em™
(a) ZSEAFE

341 o ) 1 61[) 1 0.54
4000 3500 3000 2500 2000 1500 1000 500
BEU/em™

(b) %l 0.05% MBC 4EH5 K bk}

4000 3500 3000 2500 2000 1500 1000 500
Pek/em™
(c) ¥¥hM 0.07% MBT ACHEE K b1k}
B 7 ARLSEBEGTHRESKMBIILIIMEE
Fig. 7 Infrared spectra of paper-based permeable ma-
terials under different treatment conditions

2.3 MBC 5 MBT 3 #f 1 3= @2 57 0 2201

i A B AN F - R (SEM) X 44
RER I TSR, DLRAE IR BT RS K
LRI R, 25 R 8 FiR .

I 8(a) FIE 8(b) I HI:90d &, if 45
TRMF RIS B AR TR VK, LR AT I A 2 | e 4
WEBSEHL., AP MR AR ERZ, B
0.07% MBC 402K MR TH5 0 0.07% MBT 4%
FBIK MR R D, RIEAA R DRV, R
I RPTE T . gl A R, TS A
2N T A T A5 b oAy /0 B AN R R T T A
A TR T A R, T R AR P AR A G 1
it , ELBf B ) B S | 4RBLIB /K bRk T T 7 ok
AEE S, X AR K AR BESE MR L5 B I



<24 .

Kl 8 (c) WAFEZ KRR IESN SEM 8. +
TS KR e R A PO, 35 %
TCEMIRIME R, BSR4 BRI . RESINBT
TR ARIEZ KO RER T Y B B TR 22 R BR , TR
JINAC 15 RS2 KR AR THT B 22 R By B A ] A D

() BhSHe

20d

(b) SerERREER A
8 AEHIERERRESKARIRERSE
Fig. 8 Paper surface topography of different soil burying time

IR SIG AR, KA AR A R, NI
I ACEB KRR BT i 1o A A
FRAE T B PR X o 2 44 S BT ke 34 R o £
BERREE IS B RIRE Ky A LB AR T )
A R SRR, R L B R 27 2 1, 1E i i PR 4R
BIKMRHEE R, ARACSS KM R PERE . Bomt
PR MBT 1 MBC X§ M4 8 REAR 2 A P HIE A,
H MBC BHLHZCR LT MBT.

2.4 JMEFIMERES KRS RN

FE A SEIREE B A I R AR ZEOK A Pl
MFERTT , 4CB/KRBH M RERRAIC, BSIPL I I g
e R R 28, NIl RHERE I 25 1k . 25

AEPBREER F38% Pl

b Hrp 0.07% MBC 4RSS KRNz 21 A YvE R
/N, S AR R S e A%, BUR RO B T o 7 = i
TR, 4125 50 VR FAES KM RDE BLSCR
P&, WA (AT, 2R K o A, R AT
Yrgy , T ACHEEE KR B 12 TR AT o

MBC

MBT & 5§

MBC

(¢c) SEM [

BARSZIAE R HEN MBC 1 MBT I 458 K b
RHERES TLAIHLERAIFE 9 FT/R

P 2 TR R 4 8 7 200 B R SR 200 By T AT
TEZE5E , MPURE A E MM, 238 AR R A
BEEFVERT . I 9 (a) #78 MBC X4 . EEIIHIHL
P, MBC #EAIAIZ5H), #id 5 mRNA BARLS 4,
Ot 20 PR AR AR (1 R 1) & R DNA A G, (75
P ZEIE T, IS B AR s MBC 58 AR
WE AW HAR S SER D], G858 R LS A
BT A K, RERE R B B8 AU R M, BRI ]
ABEL 1 20 BB A, 35 2090 ) 40 P o 27 4 3 27 44
FHEY H 2 18 9 (b) F/8 MBT XA . I ARLR



2023 4£ 12 A

FET5, & PUREF MBC Fl MBT XA K M RMERE S TL A0

« 25

PLBE, 55T MBT —Bemf(a)J5 , 40 M5 4 i
RE 2 (B 25 ] AR 58 , 46 P9 25 P04 TR 200 e 1 285
FIREREIN , MBT #E AN S5 iR DNA FIEE
JE A Ao MBT X BB 114 300 ) AL A2 53 i) ) 26 A o

fifR A ATP ik, MR A F ) B 1400 o) R 114

VPR, AT R MR L.

I 9 (o) WA A ELT U B AL, REOS A5
SRR AN 127 4 2 T O BRI, B TR
SERPRHERE T , T DI 60 bR 25 5 3% 5
.

il o0 %Eﬁj‘ » e 00 %m&

o & A o o o BRI

,) = 7, o mRNA W%DNAQE% — R 7 oy mRNA
HDNAS gﬁg%}zﬁ% ;ﬁ%%&fﬁ% [

,,,,,,,,,,,,,,,,, s sreisse veveeseesnnnns TS Hiany

AR LY R LT

: B A Rk s pomr BEEV . A W s
K HLIE . 7]

= 1,4
J

R e

B . K

‘@ﬁé}?l’ﬂﬂl}ﬁl . A4t 4 i e
R ARICH - p—
JJJJJJJJJJ JJ;JJ)JJJJJJ)JJJJ)JJJJ .....\00.0000000:000000.....00 afmﬂ—:% gﬁ[il?flj—/}\ﬁﬁ%*-v—ﬁéﬁéf\/ﬂfﬁﬁﬁ%f
YRR LT Y LT 4R LT 4k
H O
N )—OCH, ® N=—= 5 S—=N
O ———
MBC ©:N’>_NH MBT il

(@) MBC $itifEMr
L

(b) MBT HiE/EH T
MBC 1 MBT # I 4R E Sk M R sE 5 L O IR

(o) U A e T X

Fig. 9 Mechanism of MBC and MBT to inhibit the deterioration of the properties of paper-based water-permeable materials
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