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ETEHBARSARMPEESHE. GHRERTA

HE

WMEZFORERBAEFALHRE, MINBEERTHEFHRRE
HTERMESR, MEAEIANLRLNLER, ATHLAEERARELET
HEABNEBNBEIROERRK, FARFHREDRNERFHNILARLR
HEKWEN. THWNAEKNHRELTVHARNR, RARREHED
BHAKTERERE—CMBEMEME, FUFRREREIIME R THK—
THBEHERAEENRE, AREESRX—DEFR, TEHNTHE
g A RMRIE. HEANRERA AR, FEFOREELE RN KK
158 {5 FEAT TR A

AXEHEART —HREHF RO EMEAER R MR RE % &
(CGH), B HEARMRNEME, HAT RNEE. BE. SRKRE. BR
RUNEHEHNERECRNamFEENEHER BHBRMRNES: R
RGBS 90°C. RIGRT[AN 2h. ERERIREEH 0.4molL”. FEHE S MMUKEE/R
bk 1:3. BERRMAMET TSR XRD MR, BHALPHEK
FHEEHTHRYORR, HEHTREERIMERE,

AXERF pH ERFE T, BEHRE CGH 5RFEAEENCMOLES
WREHTER 4%, HEHMOETSE. SRNYEREERURBAK
FEMFTELE. BAERMIERTT 2. HRAERRH: CGH/CMC B
AETRLEBER Zeta BUREERRFANRE, HFRAKEOEKE
fe. EHMBENELHEEHAREHMEMERK RN LR, HHEKKN
BEMERAFEIEREMER, LJIEH CMC KKEFIRBOTRE
¥ede, MBSMNE D CGH REEBEIRMRAEIRE L. & pH=75 KRIET S
HAKENH 8 BN, EROHKEH. WE. HREEMNREEHSHR
BT 84.29%. 650%. 67.20%%F1 62.56%; HEAKEE A 7B, KKIEHR
IR MG B HREMK T 635.08%F 376.22%. iBit SEM MR, £ H
HELBENAERTEELE. BEELLINENRTFNEMENRIE,
8 CGH ¥4 C=NH,'5 CMC ## COORET RN, %M T REHR
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ey, SEESMRRAIAFSHMERNE4WIH, ERERMHAF
RIS

BfE, AXFHRT KKK CTS AR CGH M REHENEROEH
RENBENERE, WATZ284ELBEREAKN KEAENEROEHR
BHOTENE. FRERRY: CISHABHENERCHAERENRENE
WEHN 1.0mgmL, CGH W ABTEMEHAHHRENRICIMEREL A
% 0.5mg/mL # 0.25mg/mL, CGH MIFEMREM T CTS. E=MAFE pH ¥
ETHENNERK, BARESEZE, KRN RBHERENERS 4290%,
BgwimEAEEY, EROTERERKBER: MYEEAREHEN 2
B¥, PERNAENSEECHERENAENEE 0% 2 EEEME4A
EEH, KKNAREMEBTREEE 100%. Xt CGH/CMC BA%KZ
FHAKNERCHEREATRFNMERR .~
@i, AR LKL CGHCMC B4A%: MERE: HENE
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The Influence of layers self-assembly’s on antibacterial
Paper preparation, structure and properties

Abstract

With the rapid economic development and improvement of living standards,
people have higher daily requirements, paper product is necessary in our daily lifc
and antimicrobial paper product, In order to prevent the spread of harmful bacteria
and infection of infectious disease, Study on antibacterial life and industry of paper
is great sighiﬁcance. However, it is only on initial stage for research on
antimicrobial paper product, neverthless the one with synergistic antimicrobial and
strength enhancing effects which is important for most paper grades.This paper
focused on investigating an antimicrobial agent suitable for papermaking industry,
mainly including synthesis and characterization of antimicrobial agents,
self-assembly of polyelectrolyte, synergistic antimicrobial and strength enhancing
effects.

Chitosan biguanidine hydrochloride (CGH) which has more cationic was
synthesized by chitosan with the dicyandiamide as modifier, studied the reaction
temperature, time, concentration of hydrochloric acid, molar ratio of modified
chitosan on charge quantity and yields of CGH. The optimum reaction conditions:
Reaction temperature 90°C, reaction time 2h, concentration of hydrochloric acid
0.4mol/L, chitosan and dicyandiamide molar ratio of 1:3.Through the methods in
this paper, antimicrobial agents of CGH was synthesized successfully with designed
characterized by FT-IR and XRD.

In this paper, the effect of pH on environment, Self-assembly processes
between cationic CGH polymer and sodium carboxymethyl cellulose CMC on the
surface of the fiber, on the charge properties of slurry, paper physical strength
properties and self-assembly of fibre surface properties, the self-assembly of
adsorption mechanism were analyzed. The results showed that: the CGH/CMC

self-assembly caused the Zeta potential positive and negative charge reversal, and
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improve Pulp Filtration. With the increasing of self-assembled layers, the strength of
paper showed a wave-like rise, and strength performance depends on the outermost
layer of polyelectrolyte, when the outermost layer of CMC can get higher dry
strength properties, the outermost layer of CGH can obtain good wet strength. In
pH=7.5 fiber environment, the paper tensile index, folding strength, tear index and
burst indcx werc improved by 84.29%, 650%, 67.20% and 62.56% with the
self-assembled layer on 8, When the self assembled layer was 7, the paper wet
tensile index and wet strength retention rates increased by 635.08% and 376.22%.
Through the surface properties of fiber samples were characterized by SEM
techniques, the surface of treated fibers became smooth. Finally, through FT-IR and
AFM characterization, The C=NH2" of the CGH was reacted with COO- in CMC,

-—generated polyelectrolyte complexes, these polyelectrolyte surface has a lot of

particulate composite particles, which caused the rugged topography.

CGH was determined by minimum inhibitory concentration (MIC), Escherichia
coli and Staphylococcus aureus were used in the test. It was showed that the MIC
of CTS were 1.0mg/mL on Escherichia coli and Staphylococcus aureus,and the
MIC of CGH were 0.5mg/mL and 0.25mg/mL on Escherichia coli and
Staphylococcus aureus respectively. CGH antibacterial effect was superior to the
CTS. The handsheets which treated by self-assembly in 5 layers on Escherichia
coli antibacterial efficiency could be above 90% in three different environment,
continue to increased the self-assembled layers, the handsheets did not greatly
enhance the antibacterial efficiency; and the handsheets which treated by
self-assembly in 2 layers on Staphylococcus aureus antibacterial efficiency could
be above 90%, With the increasing of the self-assembled layers, the paper
antibacterial efficiency closed to 100%. This result showed that CGH/CMC self
assembled of the paper which has good antibacterial effect on Staphylococcus
aureus.

Key words: chitosan biguanidine hydrochloride; CGH/CMC self-asscmbiy,

strength; antibacterial efficiency
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BEMEREROERIAMVERRENANRE, MINEERRHEREERE
B, EAREERSHELFNEBR, M 2003 FH e ) 2004 FHEHE, LK 2009
FEHEPE HIN RREORR, SARNBREERT ENEE. EHATELRS%H, £
o R R R R R A BE T A SR 2000 5N 2 BIET A B 30%. BEALIX B
BEEPOEERARRETERNER, HAFKEGHE. KERHAEMHE, EM
HUMAREZ—. MEEAANLRLHLFESR, [ERTET. 485K, OKERE. 2
FEBENEFFHAOTR:() FENEFASBTHEARRE. IERLIMNFE
AGALNBLERELE, EASTELAERAERENIIME. ERAKNEERIR
YA, BRRANEHSRY. HEDAGERE, MRABENERE BEX
EIRBAANEE,(Q XEh. RASAREAAENENENEERARBERFERAMN
MALER, ANTUFEERSERZREFAROFLQ) £EFAKNIEL. @HEM
REARSZ, BERNASEL, BREEREDEHRAKEREN ARKREERRA
HFERRBUEEAEE, ANATRHALEERRER@G) FAOAEMENR, EURR
HEBPRAA R BERR. MEAEERMAFARIER, Bo—LEBROTR.
BE, THSREHRERE TERNRRAL ) ATH LRAECAREIETAES
EOEBRMBRLS I RNERR, BRAFENENENERFNTYRAKATERNEXN.
1.2 HiEARERERETHONA

HERRE—LMEYEERE, LERANUNTRFRRIFMIIELAE, BMHIRH
EYREK, PEREERMEMOLENR. BiHAERRIAFEROTRT A
THHER . BHHEN R,

FHHEAKXBT>AREER. EREUMIERNEEFSREAMN. —BRHOT
. B, 85455 AEAENENSRETFRINRERST.

HENSEREERREFLE A REFRR. RATEREERNSEDRIUER L X
BMR. TEFERE. LR, 2EEE. EFTRDY. ERRALRBERERS.
A RNAENSERN T EESHER, BH, BE. BREE),
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EVHEANETERBLNE R OB AREEEA AR, RHZE, ATTERIRE.
PR BMER. CAEAEERR. HENER. BANENTE. hITEARER
EWFRE. FNERERAMEE. BHEFEPTHEHRA".

121 BRENSGHRER

ERERNATALENE-ARRES FY, BRBWMBAR T RIAE—HRE
gRRRES TR, R B (chitsan) X B HZBPEE. THEFRENPRRES.
HAL 2 2 FR K (1,4)-2- B &-2- i -8-D-H %% (poly-(1,4)-2-amino-2-deoxy-B-D-glucose), 7
FRACHINO) REBHLEHRME 1-1 FTR",

NH,

11 EREREHR
Fig.1-1 Chitosan structure
AEEAEREN. BAM%. BRI, EYEE. BAt. BEGERSSYE. BT
EREAYRFHOYE, LEREMERS, ATASTRENRE, HIBRREER
7, BRBANT, EAEREELE. SR, OF. BEY. 88, FERPESHERY
FEONATENY, EREEEERRFAHRASL, FETK. ZBAORH, HBAE
FENRATNMS, ARBAEAEYE, REVE C, LEARE, EREAHT, -NH,
55 HASHRNE ERET, MARGEREH0S RN, FAERER. B,
EREEN LK, BEHENERY.
122 BRBENANSYBLENR
BT ARE AR FREEHRIEEET, TIARATREAMEERT, RERKR
EERSTENA, BEATFLAEEE. BESFHHER, RULAUNEREET—R
IS, FARNARE. B, HAREOLSSHTRARS, TENEHL,
REM. B, SR, Bk, BEL. B4, AL, BRAXBERNAD,
12.2.1 REMRN
ERBAE—RNAGTSRZRNZERRN, TERERERELIARE, HiE
BREBHRAA Y O-RFEXARME. NRFEAREANO-RTEARE, RARD

B1-2fim. RFEXRRENFET, SHRE. 88, RESRUER, AERFHOR
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B RiETheE. Liu ZPMEHT NO-RFEXARMEUR O-RFERRE, KW NOR
FEERELEBNERENERRES, T O-RFEARBHNERRNERE. ®
BBENEI NO-RFEXRBELHTIINRTFE(CH,COOH), #RETHEME, AR
REDHABERRTHE ST EENE. RRRENRTERRERI L MBHFENE
FREH . FEEPHRZRHEHRE REKBENNO-RFERRE, RFETKE
MEREHHREONEERRER, LRRMENE, MABHFENMEERRSE.

H,ORCOOH
0

H

—_— NH,

OH
H,0H
4+ CIRCOOH ——» 0,
OH OH
NH,
——

NHRCOOH

B 12 RREREARN
Fig.1-2 The reaction of Chitosan carboxylation
1222 FHHURN
EREERLRAARENEBBISINERHRAFELEREE—MEL TEE

theaEtt, HRNKAWE 13 7R, Qn EPMRARESHKHH=FERLENR
RS ITERY, EERENEE LREDRERRRERRE=FERLE, BIRT
KM BERENEA REOWEER, FERAXREEEEEMMEM R T LSRR &N
THABELER. AEESRATNSEEALAREREEE AT ERABERS|
H, ERMBAREY. £H. PEFEERRSHEAERVENRE. BEEHE
HWES FRERESRATELB TR, HAEFERGECHARENAERREE

FABNE.
“énc’* . + | . Hon * I
HoN (CHa)aCl
NH,

NH
HICHZ)N'(CHy)sCl”

13 REXBEG RN AR

Fig.1-3 The reaction of Chitosan quaternary ammonium salt
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1223 BLR N

L5 a N REERSERENRE, LHR C-OH RERURN, BT
HESKATEY) . ARENRBRELAFNEEFRER. ZSWUH. ALK, RRRS,
RERIE 14 fic. EEFUHEHTARS FENARERRE, KA TFEANR
RERREN S AHHRER —EHMERR, MRS FEMERERRENIERRMR

—‘*g X‘IHEE © -—
\\ OH
OH ‘\o
0, HH ,so SO SHCI
OH T RS0 50,
NH,
14 ERERMRBLRN
Fig.1-4 The reaction of Chitosan sulfate esterification
1224 BEMLRN o

ERBTERMARSELE. RARTITEHRAZR. 20ZH,. FARRRNER
RZERBRRELNGTEY, ERERME 1-5 FiR. Peng EPHRUT AL FEHTR
BT ARRSR T KBEHBERERRE, ZTEPNKBHENSHCHERERT
MEER, MAHEARK FERERE, YRRYAE, FRFAEHRENMAR
FREBEEMEER. EFEPHIEHNRRERREET . MEAMH THRFOKE
#, FEEBERMMBAEANERESN, AHTREAKNYERE.

CHOCH,CH,OM
HzC-CHz
et Lert
B 1-5 AREREURN
Fig.1-5 The reaction of Chitosan hydroxylation reaction

1225 mEARN
ERENEERAKE, A ET, RAERBYFEZYE, TUSHAHTENK
AR, B8 NEEATEY, RESIAT 2 RKENEZE, REXWE 1-6 i,
Yang ZPERBANERNEE T ARE N-REULKIHE, ZFE. AE_HEH
WY, TIEREN NGRS EMEPENREF 4 RAEFHKEE. RREN
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JLBE. R, 4%‘%%ﬁi%ﬁk%ﬁﬁﬁﬁﬁéﬁ%ﬁ%ﬁﬂﬁ—ﬁﬁﬁ%Wﬁﬁ
Fi EME%#T,m%ﬁNﬁ§%%MEMMMﬁﬁ%Eﬁ?

H,ou

u-cu,ou
H

B 1-6 RRBERELRN

Fig 1-6 The reaction of Chitosan alkylation reaction

12.2.6 FERKRN
EEBOEETUSEREREFRRBRNY, £RANMNETRARTESSE. FA

© Schiff MR M AT LMEE B BK LAY THER AT RENEEN £, A N-ZEH

AEHEY. REAWE 17 FiR. 5ERSHARREE L ARRAREEXE, 9
EAHRIFNRRMEANEY, YREAS RIFOREMER.

CH,0H CH,0H
WT 4 NR—CHO — WT
NH, N

B 17 ARBEERRRN
Fig.1-7. The reaction of Chitosan and shiff’s base

123 BREERMEYEREAT N ATARR

BFAREMETELIUTHRELR: (1) KXARMAERNGTR: QRERA.
Wi, BRARREEMIAR: () AR EZRERETENT.
1230 ERFMHR

Bk FENEE, TUBHERARMTEY, BMEREONATE, —&EH
Bt HERFBAERES TEMTHNRENERNRINES, EHSFHELIIAFKEE
B, BHFREHNKEETEY. TRKRSILMME, BTG AR S LA AR
BHERAREAEN, BETELENRME TR FRKTEEEE.

Ma ZPB A RBARBT 5—RZBRME, BENO-RFEARME, HAAARKA
» RIMERMBSHEHETER BIHNERRAR, ARHONO-RFERRENEZREN
EHBRMMEER, EXRA%KZ, NEFORREBE. NO-RFERREIHEH
BEANFERERAY, XEEhAREERERENAEE. Zhag BUHE T REH
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EREEEENAENEAL RUARTHEORRE SHLARRENE2 KE%
B, ELEPHEAGTRFOMEIER, MBEHEHRE WA, Sun PR
TEERWI A YRR LR B SRE, % EREA LR E(PHGH) A AR
F B H R N T R ENI(PHGHE) 4 SI R RBEAT S Bistt, &I PHGHE-RRHE L
PHGH-Z BB KT RBEES. EHRENGE, HHSUERNTRENE BIFHH
EME, BEFNAHAARENENE. ARE RN B8R KPR T
WNTTEEMER RN, THESSIREKBHNHE RN 23-FARE=FERMLEER
BIANFIERME, KMBAAERRENAEN RE"RRAEEMER, 2TBRE=R
ERNEERELESNAEK, KETYBESEHRT, FANKEFENERAHRNK
EHE-EHMERS . HERREEEASNARRESARIASEERTREL, 29
—AEEEF. BHETHRESF. ERRFNDOBNSHERRRE T LMERKMTIKTE
H. WREN. WHEET —CHRE, MRFEFHEENSE FNABFENERAH
BRER —ENREE L.

g LR, FARMNGTRFSHINNEBLERE, FENRRESTUIHERRT
Kett, ZRFMBEMFERERHZENER, BRI REESHEEQKNARKERFA
RAR, #MEFERHRE,

1232 EMIFR

EREEBRMNATTURTUERTE A ERAMRERR, BdBERMNOERS
FEEFETOAEEREN, NTEREREEE. TR REBTRERT. BHE.
HRHBHEFRARNBETORE, FREKRFIE Y. FMITALXARRET
R, TEERECTBRTHARENENNRE, ROABNNIEFNTX, BASER
FAERRIE.

KEREVFRERESARNRELRSE, ZRRUXZRERTANSKEOETR
e, FEEENHERRES, KBTERZ, MEFERE. BERREREOEM
BAGMIRENE. BRM. SEBTRD. NFEYIBARBRAREVRNESNE
%, FREVERERAGTENEHERFREFNAFERR. KARAWRTEER
ERNEEREY, SN BORRENITEIBIFNMERR. FRAKA CusO, 5t
EREHTHMALE, HERRAEN, 2RUABERMREER T EETER. #
EHMERBE—ABEYERERE, REENAEGETETHEIRY, TESFRHERF
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BETHENER. ANETIEREARAHRMARREORERRER T NHHERN S
. RENEAOAENRR RN, ERARAREHFREEXREBEENE. BER
RESMHRIAMHER, MIESHRBREEHRRERATHELNMIF, Nicolas
Bordenave Z UM A K HIZHRARBAZFHERRRERAELEEL, BERE
BERGNAEREEERABEN TEHLHENKEE, BRHEKERRENEM AT
EET 110°, tHEBERE MR RBERE MR TRER, T REEDIEN
PEA RS TSERERERFNTENE. E5RNMALRES, TUEESRNAR.
K. BELEEMAEAERNENERL. Meng ZXHEMNBLA 23-FARE=
FREALAINARE, BINERBESRAURDBRNTMAZKKS, HEHHR
WA IEN. WRENEFEM, BAERE TR, NeRCHERENRNEESH
RIFHHIEM. FEFEORERFEAREANEANRAREM IS EERD,
ZHNEREN A ENS EAHERENTINERT, BEHEE pH EHRK A &0
B LB HTRIK, 7 pH=63 ARER.
1234 FE3H

ABFRTOMRRRKOHEEEFEENEW, BT ERHTIR T IR
B4 fit. Hou Z1RIS T 7 5B XU 4 4 % (Chitosan-Dialdehyde Cellulose), £ Fl H B
BENEAHHARRLEER, RFEETASFENRRE, SRTEANRAEHEDRE
A% E. ROEERRESTRENEMN, ARENBAEZTHINSFARRESE
HoWD. EEENBAERLERREAUAFERYPENROEBRE. TRE, HKE
MAKIEHBENE, FHERRES FENMMATHEREREZ TR, XRE L&
EMARENRERERN, REBRENHR, SBALAAXREXELRRREAL
ARED, EEENBALRHEHNERD KGAENS ZAHERETRENTER
B, BAGINARENBAERNAKDEL LHHT T, EHRT TRKFHOIE-NE
to BiEHEY ERAMRERPHAR, LIHRENSIEN, BREEHTERIR
HIEHAEAEERNAERER, TUSEEAEERLDEN REREDROKK.
1.3 KK MHE SYBE MR D FER

WESFIEK LRI T A R8T THY, HERTELERFNA T AR FHKN
wEiae, MLFRANEKSEREYERENER, RURRAEREIIEMAELGE
WEMAKEK, XHFERTUTRAERONIESE*RFTEENEX.
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ERMBELTERRTRETAERELEEENNAEEEWRE, URKPIEN
AHERHEFFRSLFENEE, TRIENRRAERNE SN, BN h: AREE
fs EENRS. BHRESIANREXR SN RFEREE5ETRNXREIER,
BIT#EERUKHMR, BEMEERALBEKFHAE, EAE=ERKERMALT
Beih, NTTHARLRERRMAEFERTD=ET KENRE, S8ELREKERE
BERBSE, Bl EREKEFERRTE-K-AEORERENEARES, RN
T Kok ro e e,

FuASHHERERY, BFEESGRAETLEESRMERNEKRNEREERT
i, HTHBAKFNYELE, REFKKEHYERN, ATREERDKIRE.

BT ARRAD AT RAFGEEN, AKNTFREROERLKELE TRIOR
ATHROBE AT, FARSNHETENTERERTEY . BYRAE BT RN,
MTEFNEENETIERSN: — BBS5AERTAAEESI THEARES, Hndg
SRELEERBERAEENARNEE: = ABELTAK, SHETUREENISS A
MF R FNSE: = SR RANF RO BERREKE R, BB RNELSY.

MERERETRENAKTLBKBENER MG, KRKNYEREEE. BT
EHETUNRERARSOEREENFETREMER BN &, ZREKFEMNER
K&, REEA AR, OB, BZATEED. LMERENILES HF
RO, — RPNE, WHREBRATH—EAEEAREIRN, QSETEREER—
NI ERPR ), LT Kok R FERNRKERK, ATRETHKERERR
TRENTE. =, HENE, AHEERESTERRTHHN. SUKNEER, FRX
R HaARE LN,

14 B BAEBAREEKTLFHNA
EEBAEBAREERRBERN—HATEAERAR, BRBAREEA(The
layer-by-layer (LBL) deposition technique)#k & L% %48 % e, 77 B 5 s A S8 1t 79 R IR 5
XBARBREEREHRC. BEEARERTUSZNAEEYNKRLS T AREHE
AR TAES S MR, B—MERE, FERFHNER, FHEEIARNRE,
EATFERAMOILER, TRIMBERREHT,” TUKBRT, TUHEARARER
ErnEEret, BE AR REAETREFABBSIEANMNERE, BERF 1998
%, Forsberg EARBEREERUMATIREAERE, MAEHTERARN, B
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T BAEBREAEF AN, WHERBARR—HAEKRINENEAR. ZE5H
HRI¥ K L Wagberg % \BFFT T F FI PR B 1 J 4 7 2 (PAH) FI B B + R IEBR(PAA)
ERFAERE L#1TT 26 AAEFHROES FEEENRIUERAEM, SRR
FHET BHKBEH KIERE . ZJ5 Notley ZONfEH T RME A XS BHMRTHE
FH EMBEXN AR pH 5T PAHPAA BARMAM RERGHET THA, RIPAHE
pH=7.5 T PAA 7 pH=3.5 &M THTHARLE, ARREREMAHRMEES, M
PAA AESMNER, BARBAFERMMEHNY, HHEARRWRENE NTRINER
PAH A )W B & .

Wistrand %8 7 P F R REREPAH) MBI B 7RG 4- T Z R EEH)- (K
ZJ5T) (PEDOT:PSS) 4 53t i R E SR St A 4esdt AT T B AR BT, RFEN
HRA LRI B E R TREMNAE: R Y PAH ABINEN S RBEERH BT,
{82 4 T AOMI R 1 SO A 75 5B AR T 8 4M 2% PEDOT:PSS RefiRiL: BJaftufilthxt B
AR AGRT THHBRORIE. WA 1-8 Fix:

PR By ’

3 0, N et g v o
’.\;.-’; PR s, R

¢ N ) =

— 2y o = >

@K BARLENFRRE  0)BARN I BE@INEHN PADNTERE

() BA%EN 10 E@®SE N PEDOT:PSS) A # R

1-8 BARSRAENAERE SEM B

Fig.1-8. SEM images of a single wood fiber partly treated with PEDOT/PSS: (a) the untreated part
of the fiber (b) shows the treated with an 9-layer part and (C) ows the treated with an 11-layer
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Lingstrom 212 \ % FH B F 3 — B — R E KL B (PDADMAC)F I B FRIHEZ
#(PSS)4 BIEE SiO RER b 24 A4 LT ER A%, HiTEARNEBNE, HR
MEERAED 11 B, ERNIHKIEERTT 90%, BEMRRSREBEESERTH
RHBEXR, ANRBERNKELSENENREBRARANKXE, HRIEN
PDADMAC it # =4 E R MK BRE BERASRHAREDENE T2 e 4%LEL
BEA%RRENEZNAR. - - -

Eriksson!*> 6914 [l 2 1% 4 F st/ 0 PR BS FIe 0 M B B8 Fie g L R R 4 £ 1T
BARLE, KATNAKBERFREESEEREENYEE, THIKTHEEYLRA
MR EAE L EMOBHEE X, EE5EXHRBNEHFRROXR, LARIENRR
HWES AFEENRHEFERE, EMENTRKBELANRE. Zheng X
ARMREARAEE LHTER BAS, AAERE LREITHR 20~50nm M AAKE, R
BRATIRGRMA LY MHREATR, KRMBEEREEERT 274 SHRNGRIE
TEEHARNFEEENAE - RFENERZY ; Yol SRR TRA AR
RE-REIRAE, #EAELEEEAERHEEE 11 MLEREEYER, KREKD
HRBERAT %, HEREPRNEUZENZIRAE, SRMEBIEE 35%, ik
BETGIOERE, SRR NBRENSBEES, HILEREAKKNOEE. Torgnysdotter ™!
AT QAR IR Ra@A A0RMEIH, EARMIERTTHRIY. WAF4ELE
R R R R MA /T EESNEE. BRANTESSHRNINR, XL
& HRBRBETHYERE. |

Lu"%{# F PDDA 1 PSS M XS B2 1F 8 AR A KA HIH Si0,. TiO, MR
BRREAENEREL SEAKEENE, FERE LR T ARRTHADMIGKA
¥, 2512 BEAERERE, [HE SO TiO, MREANAERTHER AL T
58, 46 F1 1150m, B BAREHK Tio, FEPELKHK, X 450nm H#) R HIE 84%,
HZAKTHEREY 4%,

TEAN T BAEEF S NFRRENRD, BFHRFEPEWER PAECMC
EELBETREAEN-THNBRE, GRRVEHEHREEELHNHERT, PAE/CMC
SRMBRERAMATMYBNEERTFEMERA PAE H#E CMC. MEERAZE IR
T PAE/CMC Zt B RAE K RS A LAMESR, KIALERE OCC KKMFIHK.
it B P AN I R A B8R A0 A ik, FIRHIE RINENE AT RERH PAE J5, REHEH
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HREREBREY CMC HERIER, KTHEREZIMEKR. Z/FE PA H PAA WH
EEMRERRAERN BARHTTLR, KANRKEE. WHE. WREMTEE
SHBRERRRIBEGRE, BHRIEIEMN TR,

EEUEARMRAERY: EREAEHAEAESE ERRATAEN, REHER
BATHYERE. AL TRERBAEAEDIGHYEEFREERRERESNETRSE
ERRFEAREMNGTEAAAS, LIENYENERESTEDRER, NEYERL
HBUEMERN, BTRKNEDRE,

15 ZARIFRAMBEXERE
151 ERIHHAEX

BEEEEAGOTERR, REERANAEEER, AMFEEIAREFOLER.
HEEANKHREAERELE AN —ROKKIXEFLAE—EHRELRE, i
EEENRMEATYERELGRERE. BEXERBEFNYE. FULEBLEE
SRR, FRAAEHNEDROEESR, ERAAKYEM RN FERTRKITED
it

AEFRRA—MLFNEEHE, CGH/CMCE A B AEBAM KRS TLE, #
REERAEESVRREEFNENCCHHBER, B BARLENRER M REKYEH
BME, BEMAAEY FEKOAFEEERT THA, XAERTWHERYE SRM
TERAERZ .

152 REFATERE

BRERXFRMEOMLAEENDE, FRIARYAZTEIECEUTILATE:

1. ®itHEEENABTEEFANFZAEERERNMSEREHEN, FRT AN
EE(RAEE. ME. SMKE. BRELNSERENEREFEENEHERENERHE
R, BEHTRENEETE. REELOIERN X HEMHRET SR ™~Y.

2. ZEXRFE pH ZKFET, BEREHERBEIIMAEMICCHERFEALERM
(CMO)EA K RTRTERM AR, FitTREEAETRTRE Zeta BAIFAEKEHERN
T, BEWR CGH/CMC BAERHTAKBEEMRN M, HEBITMERE (SEM)
R Y B AR TR G 4 A R AT T RAE

4, BB HERENIARENENOBREMERERT TR, RENTREK
#F CGH/CMC 28 BB 35 AR F%& H S R M HTE M RHAT THA.

11



WL T KF M2 3T

FE REFELR L HE &
21 5%

% BB (chitosan) R —FY KRR ERMEM IR A, BERFESHRANE—HRA
Wi, EAEENAERALLE, XEHOAEEERK, FEATRRERRETR
REBUEBET, MARBTREABEERT, IERKERLRETIRNA, BHY
FLEERE. PESFEHER, RRTUMNEREBET—RAIOAZSE, RETRE
MR, T RENAER.

ARFUEL N AR BT IESNE, SIAMEER, HiFT AREE M3 RENA
ML CGHNPERMERE R NP mER, BRIUBREEMRNEH, BEMNEHNTRE
KUK Eh G 24T T RAE . BB R AR RTRBE MK B E, MinTRENHEE
FH, REXBENTIEEE, FERNERENLEYTFER, BERENRA,

22 TRVEH |

EEE (CP) , ¥BE: 400-800mPaS, EHAKANZAMARAARM: WHE(CP),
EAERLERANERAT; BBOERE 37%), AR, BLAGHUTIERARRE: £KZ
E(AR), BAEANFERNFRAT.

23 LRFELARREA

E4 S B K iche]
BF S HRF HZA Shimadzu /2 & UX620H
BEBRT R LEEEEVERAAETRE GZX-9070MBE
S A 88 W REERNE DF-1018
=0/ ks 250ml
A RE B¥ GG-17
B EN TR EEAELT Nicolet 5700
X SHEATHL %1 Thermo ARL 28] ARL XTRA

23 RRBIAMENHERARE

231 RRBSHMARAHEHFERSH
EREETNEEREN, SILAEE, BHARERIIARE, bTEREN

SMASESMIEER, HESEMERTLE, HANBERENNET, AR

Bk pH EA R E LI,
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RN 2-1 BizR:
OH OH
NH
0 0 N= —_— 0 0
: OH T + NH)j\ NH, OH
n n
NH, NH
E=NH, CI’
NH
- ==NH; CI

NH,

B 2-1 ARBOMEREERTER
Fig.2-1 Synthesis equation of chitosan biguanidine hydrochloride
EX 2.0g FREE, A 50ml KRER 0.2~1.0mol/L R, WAZTLER, MAEE
HMNER, E—EREAGTRAZSTERN, AHEHTHRERE, BEALKZENR
L, MESNENBHTKZEERER 238, #TEZTER REXEENMLRE
BR. BENEWERTK, TETFLE. RBEHIEN.
232 REEI R R N>R KT H
B2TRBHEY), BEFRFIHREREN o), BIHEFYE RNYMERLERR
™R,
REPE) = 1320 x 100%
/162
AH: o-CGH WAE(g): m-ERBEHNKE(g): 320-CGH BTHAE/RRE
(mol/L);162-72 5% & B 7 i) /B /R J & (mol/L)
233 REEI GRS R EENNE
BT CGH #AH S ANMEEEH, * CGH s EHTME, TLRBHERER
BAMEE.
¥ CGH WARELAL 1 %R BRI, B RERBBE 10mL BT Tk B i %
X (Muetek PCD-03)f S RHI B o Py, FRARHERS 1B B F 3% FL A8 - 2R L6 AR 9 (Pes-Na)
Wi, CRF R AR AT AT AR E R R,

VxC
m

ED=
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FH: ED-BA % E [umol/g]; V-HREEMRERB AR ML) CHRMERBRA B E
BE[mol/L] ASLH 4 0.001eq/L; m-# & M E AR E ()

FORE U £ s b e o 2 B MO U B AR SR o R
2.3.4 REEWI M FT-IR A XRD Jilik

S Nicolet 5700 B M RASMEHAL, # CTS F1 CGH KM AR # &K H KBr k&
W TN

A D8 DISCOVER & X 4148475 447 (X (# E Bruker-axs), # CTS 1 CGH KX
FATIR, R#GEE 5~50° .
24 ERERGWHR
241 RNIENEWER

BEHERNEE. RNME. SMKE. TRESNEAKRLEEMG, SER=Y
M= E B T E R, —
24.1.1 RNBEN CGH = EfB i EEMEW

22 RBEFREET CGH =R MBHHEFXMORALER. G/ 2-274: (1) BF
BEOANAR, FENGTEEERHNR, Y53 -CBERN, FENERERXSH
EEENENESRE: Q) YRMEHER 90°CH, CGH MF=RMBH % E LD
75.98%% 18.27ymol g’ e XREH: RNEENAR, EERBLECER RERK, 4HK
BB EE RN, SHEMAAHARERENEE, RN REEENAEIEMRNL
FliFzit, ENEREASBERRETRT, BinERRENEMER, ¥ CCH
WERREHEELENA; BRERAT, NRAKMKBEENERENRGRE, aX
REESAER.



IV T KF R #AIR X

100 30
ke
90} - -
{25~
80} y
¢ ] e 10
NL 70F /AF—_—‘ A =
,a; & 416
60} : %
sl 10 5
s} 15
30 0

6l0 7‘0 8.0 Qb 160

B/

B 2-2 ROGEEX CGH PR A m

Fig.2-2 Influence of the reaction temperature on the yield and charge density of CGH

2.4.1.2 RINAHEX CGH R MBHFENEN s
2-3 B/ 7 RMAEHE Y CGH = £ e HFEEREmEMR. tE 2-3 ATLUEH: EK

R HRTE, EREGSEIORERK, BAEXNRRGRANLE, 2R EN 2h
B, CGH W= %i53]T 85.96%, HHAE L% 19.20pmol-g”; EFEMMRMARE, 7
REAGLRE—EHEK, BENIERGBEIRREBRPRERN; HATRE
SEHMHRERE, KBRAEEHES, BRENFZNEHEZBIMEL TR,

100 30
o hwen
—r—
80r 425_,
|
80} 20 o
§ - . \-\. 8
i T 173
60 Ly ' Y g
410 %
50+ E
40t 1% °
30 . 0
1 2 3 4 5
B8 /h

23 RNFEIRY CGH =R MR EENER

Fig.2-3 Influence of the reaction time on the yield and charge density of CGH
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2.4.1.3 MR EX CGH FRMERFE KK LN

B 2-4 KB T hMKES CGH R M HHENXR, dE 24 L. MHERMRKE
(MK, CGH FrRAmATHE ML N, 7EHMKEH 04mol-L” i, CGH HIF=5RiAE]
T 84.14%, HFEEH 17.92umolg’. KR E AHEHRMKERBM, AREARELR
SR OV B (AT 1IN (ER BN REIRE SRR AR U ER, 4
B & TR R S A

-
3

w

o

N
o
1

3
\
)

7=
[+
o
T
-
(4]

]
WA/ nmol g~

8 8 ¢

0z 04 06 08 100
RV /mol + L7
24 HEKRER CGH =R A BF & E K Ew

Fig.2-4 Influence of the hydrochloric acid concentration on the yield and charge density of CGH
24.14 EERE SRR LY CGH FEM BT ENER

2-5 RBEERBESNREARRLT CGH R MaHEENELER. aE+®
2-5 A[%: (1)CGH M= RKE# N EKAENMK, 5 LA, BAXNREENE—E &N,
CGH =R LAWK QMENMERNENEM, CGH KEHEKEHMAE R
ks Q)LERHESWEEERLE 1:3 5, CGHERFN=EMEMERE, FHh
76.14%H 17.93umol g o XRE X UKL BEHFEAR, F2E57RENRMN/LE
®’E, ENTREWOET, hTHNEEATSEENEE, EREGTERBLEIEN. A
EENER B, ERELATRANEEMAREDT, BRONAEIEARZE
AR K, RUAHTREGEST, PEERNBTEEEHEK.

16



WL E T KFF LRI

w
o

100

-n- R

-] ~A- BHENX {25
T
w
.80- 1o -
¥ 70} — g
415 =
‘LGO- A/ 4 Q
y {10 #
50+ £
a0f s F

30

M1z 13 14 15
FRH : XUk (/R EL)

25 ERE R HY CGH ERABRFEENE R
Fig.2-5 Influence of the molar radio of chitosan and dieyandiamide on the yield and charge density
- of CGH

Eit, @dERELROTR, TREILR OB RN EHEHR:

() BE: REMEREEHR 90T;

(2) EHiEl: AR R AR 2h;

(3) HBIKRE: BMAERIREN 0.4mol/L;

| ) AR SRR SRR 13,

7 LR &M T & ML B CGH fI7=£% 86.13%, HHHEEH: 18.82umolg’s
2.4.2 CGH 4 5M 6 ¥

B 2-6 17 CTS F1 CGH M St E, @ittt kM. FHEE 1280cm™ ML C-N
BgEENEEARE RRGRERBE 1650 cm™ A4 C-NH, £EAH BERNREE, T
CGH 7 1640 om™ b I T BB UE, HIIE C=N-HCL #) C=N [#4ER3N&; Rt FTRHE
7 1380cm™ &b L T MR8, A B M S B9 C-NH, 7-OH % & T iRz ™ 3430 em™
HI 958 & -OH MR iRZIR I8 S N-H B84 Rtk 18 2 & 1 A B ER S . XML
EReEny, SLURENEEFAERBARNAFRAN) FREAR, BENER,
XRBTZRNES. MEREIMERETARRNIXMEERET, WRRELT
NE AR, BETLUAY, AREPHNH, R4 THRRRE, CGHPEHNE
C=N-HCL #H.
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2160 1640

CTS

380 1070

2800 1380 596
M H 1680

3500 3000 2500 2000 1500 1000 500
& ¥ew®

EiLFEm%

HE 2-6 ERBRERENI MK E R
Fig.2-6 IR speetrums of chitosan and chitosan biguanidine hydroehloride
2.4.3 CGH ) XRD 247 ]
& 27 87" T CTS # CGH M) X HEAT5TEE . dE 2-7 Al%0: FRMWE 20 4 11°0
2008 BHIMT —MREMATHE, HRNNAZERBOKEESEHNN I REREW. T
CGH 7 20 2 12°70 23°Ri 7 ST M )2 B 0B B 55

—— CGH|

° ’ ? 29 ::legre;; ) )
2-7 CTS # CGH # XRD B
Fig.2-7 XRD patterns of chitosan and chitosan biguanidine hydroehloride
BUBTERBNEREESNERT CGH, REERFAREE) FAREEREN
SRR TFENABLENTAFTRRENERE: T CGH FIMERRAERMLFER
BATHFANAR, FRARE B4 0RRANEEY, #EREMREK, CGH RAK

FeAE ),



WL B T A FMEFARI

25 XENG

AER AR R RECTS) TS, R T —HARENI &M EE(CGH), #Fid
THEIBRHEAENEER EREINEENETEROEN, HBE T RENHEE
1, BIEXBRAHEHEAT T LS XRD BRIE. ZEBUUTER:

1. B REE TR, CGH MR MEfHEEHZIER, YRNEEN 90CH,
CGH M= R % B 4 Wik BB K 75.98%F0 18.27umol g,

2. HERMHEE, ERERBEIOREEK, BASUAKRRENE, HRN
B[R] 2h B, CGH MIF=%5XFT 85.96%, MAHEEE 19.20umol-g’.

3. WA LR ENYA, CGH =R % E MMM, EHMIKEN 0.4molL
B, CGH MIF=%2 3T 84.14%, BAHER 17.92umolg’

4, HEEVERFMENEM, CGH MFENERERLEXEERRPBSE, =
RESWEME/RLE 13, CGH BRIFN&=ENETER, 754 76.14%H
17.93umol-g

5. Bt FRRELRIHR, BH CGH MBERN &M RAEE 90°C. KR
(] 2h. AR IR BE 0.4mol/L 1 R L AE/R B 1:3, 7E i 414 T & B A9 CGH B~ 2 4 86.13%,
HATHEY: 18.82umolg .

6. BIASRHRIE, THRREFHNL, RETHRRKM, CGH F&FME
C=N-HCL #M@; 7 XRD #&BMRIE, i CGH FMERRAERALERBAT 2F
WER, GERE-BERNEERTER, HERERK, CGHRHKHEHE.
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#=% ETENBAREANKKEERTERE IR

31 5|8

BEREHARNRERR, FHREETETER BAKRMNTEERETRAINR
¥, T2 8 B 4 %+ A (The layer-by-layer (LBL) deposition technique)#f & LA % #8 KX B 7
HRER BT HERITERRE AL ZEEE.

AERERRETRHER, FATERR pH LHFET, KERSE OB
HEMI(CCGH) SRFEAETRNCMOEAERMATENELAE, KITEAMBART
B Zeta BAIFEKERMEW, BEHR CGH/CMC BAREH M KKEF LN
B, FHAE B B B (SEM)X TR B 3K B AR R 4T 4 R T AT T RAE.

32 TRFRAEA

BEORBREATAR, MANTIEER : REEFERNCMC)SHA, HE:
300-800mPa-S, EZEEFAULRAERAARM: NaCl AT, LERANHELIHR
AFIRAE; NaOH 474, WLMMKFWERF R4 HCl 244, HHE: 118gml,
WL AGEL T H R A R R .

33 TRFIENBRRRE

£ BT K itk
THH BRFaRHE REVM HlE ZQS,-23
T3 B € X Beda R K F I HIE ZQS2-100
LRI K&FAH N RRHARAH GBJ-A
Zeta FEAIAX 1% [E Muetek 2 7] SZP-06
EASTEKRE 21X #EE Muetek 2 7 DFR 04
CAREE/AE BEFERIB KU HE ZQJ;-B
AR TFEME & ZEISS A7) ULTRASS
CERE 3 RS - 1 RERBAT Nicolet 5700
R HEME #E PSIA 247 XE-100E
34 TRHR

KEE RN ARRRRE, TRERRITRER 35°SR, BRARKER 0.8%H KK BT
W, 7 100 ¥min MBAEET, MAGENEREUMERE, EREVEFE LRM
30min, TRE—EAEE. RE, HLELBEENAERE. L8, BERAKREN 0.8%

20
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BT RS BAER, £ 100 #min BBAEHT, MAEBNRFEAERN, RS
Wz ERH 30min, ER LiRS{E, ERENAAKELN. HATREBRLEHR
BERHDRE EDHAT, £&% 0gm?, HREEERT.

35 XRFTERPR

3.5.1 KRKH %

3511 7%

(1) TR FESBIzHE: QB/T 3703-1999;

(2) ETRANE: ZQS,-23 & Valley T HHL:

Q) TRFEESE: EARBERNOKISBAITRRE, HHELHELT(G60:5)g
AT RENAKE, EMATENMN, FEESLHKTRIE L. REHK
25mmx25mm B/ KR . IMA—EBHK, HBRKRNY 2%, HE—BREEEENERT
¥, BEFRE, NTEFG, SR—EHBRENETRE, ZRFITRERNELTK.-
ALRPTRITRER 35°SR. FHRARER.

35.1.2 TREXFE

(1) LR FZESBIRAE: QB/T 3332-1982;

(2) EHAAE: ZQS1-100 B M AXITREW

Q) ERAEESE: BHLT 20 BT ROKH, BMANEEEAN, IiEKLA 300mL,
RAAEFARERAMTEE, BRBEKHREE 1000mL, FARBEBHEADY, BEET
BAED, BE S BRHFR, FUREELEKE NUTNEHEY LY.
3.5.1.3 KRK S HRE

(1) ERFESRITHE: GB/T 741-1989;

() TR UX620H HBFHHRF, GZX-9070MBE B M B 5 XTI H:

Q) ERTEESE: EHRI 7~10g BREHE 0.0001g, BRENZELTET
$ B 23 TRANELHTZEEENRERYES, EF005£2) CHRAFTH# 4h, BHFRE
WBATHRES, BH05Sh EHE. RAEERERBBAMAE, RS 1h, REETTE
BhAH 05hE, BHRE. ntRE, EEREBEE.

4) THRHELE: RS SR X(%)ETR#THE:

21
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X(10006) = % % 10004

AT m-ERERTHHREQ):
m- KB ERT FHRE ()

URRUEOERPHEENER, ERIDBARHE, BRIERDRER
it 0.2%.

35.14 ZEBBEE

(1) TRHESEIRAE: GB/T 1462-1992;

() LRI GBJ-A BATEIRAEMER 2%,

Q) TRAEESE: KRPELATNECERR—EBMMEK, BAAEFERRSET
HFIMAEEK, WHHBLATENSEY, REFDEN, BEHFLEESR, REREE
Frels. EMERAS, NSERE—REE, HERRTEBEAL.

3515 KADE

(1) LR FESHBITHE: 1SO 5269/2-1980;

(2) LK. ZQI,-B- I R TR 28

Q) LRAZESE: BREATHTENEREERY, ERRRE—EREEHEA
AETEEERRE, TREENKRBEREN 035%, READRRDR, HEEK
T 105C FHESHT. KT EE R (7023)g/m’.

352 FRERERRE
3.5.2.1 %% pH HFE

(1) TRSE: ZD-2A B BF LT

Q) LRAESHRE: EUEEFEFREE pH 8, BiFEmaRiceshk. FAA
BN AL A B pH R4 E H Kt pH.
3.5.2.2 XEIKEREMIE

(1) L% DFR 04 B EAKRE MG

Q) LR HFESHE: B 1000ml KEH 02%K Kk, #H 60 B,

% 7% E Muetek 2 7 DFR 04 ZhZ0 KR B 247 (X B BR A B SRl AT BRAE B SE B K 12,
ALREERBANMAGHEHRABRNRERR, REREBKFLHNSEN: ERF
i& 800g B M AL £ 100s, I E/KERF X 800g B BT/ S (B R R RHKBHE K. Hat/E

2
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5% 100s T E B 5% B3k 800g ff, A 100s NEBHIAKERKRR K. RHEBAM
ALE BB E .
3.5.2.3 KK Zeta BALRIHIE

(1) LR ES: SZP-06 B Zeta HIAI{Y;

Q) ELRAEESE: WEM, BERKRY 2% ERHEFFEA EAFH S F O Smin,
AREEEMALRE L. 4 500m! AEESFAELED, #TUR LEREEER.
353 KRB RRRN T &

AXFERMBETMAKIEE. WHHE. HREL. WHELHTUE.

W5 77 k% B 4R GB/T 10739-1989 #4T. R MKT B H LA, EEEXHE,
PBREE, BEEMIEREENEF. LR FREER, HRHRTREKEHEX
INF 20, BHRER R R EATIE.

- 3531 EAEERNNE —

(1) LR HESBIRHE: GB/T 451.2-1989;

) LRV D-DLY50 BT 5 HKAR I 2 1Ls

G) LR HEESE: MEHERBER GB/T 451.2-1989 H#1T;
@) TREFELE: KAHEERTAHTIHE:

m

>| 8

g= axn

R, g-EB(gm’):
m--iA B R E(g):
AR B R E R m);
a-B— KA ER (m):
1-B—BRENEL.
WEERR=AEREZE.
3.53.2 KHAHKBRE KN E
(1) ERFEBHEITHE: GB/T 453-1989;
(2) TRAY®: DC-KZ300C & il = ik AR
(3) BMHRT: 150mmx200mm, EXHEZED 10 &;

23
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@) TRAFEESR: EBEMABHKRBHRIES. 100mm, WAKKEE, BE
IR BRBERA L TRLTR, BRI, FFRAA, HElRERe, SRR
ﬁ:

(5) TRHARLHE: HKITHBMKET XFTHE

F
Y = ——x 103
Lw'g

A, Y-HKIEHWN - m/g):

F-- 3955 I (N):
Ly~ iR F¥E ) % & (mm);
g-- B E B (g/m’)

UHANBENEIERT, SRRBMUARRL.
3.5.3.3 4RIUwHTEE RS

(1) TR FESBITHE: GBIT 2679.5-1995:

(2) LHX28: DCP-MIT135 R e iy 54 47 B 43

(3) BUER~: 140mmx(15£0.1)mm, RAEZED 10 %

@) ERAEESE: HBEHER 419N, BEHERALTRLA, REHFEHH
BERAOBECERL, BEHNE, FHEIR, UEER BSHRRERT, LilHHEH,
PEEU BB K

) TREELE: UTAKENTHERTR, SRREMEAFRL,

3534 HAHRBEORE

(1) SR HESBIFHE: GB/T 455.1-1989;

Q) LREE: J-SLY1000 B HRE

() BEERT: (75£22)mmx(63£0.5)mm, /A 6 MAHE, BMEH4E:

@) TRAZESSR: KERR, AR ORI —BF0I0, TR ER
IR, (st S8 R, AFREETEZNESLE FEEERIRENELVE
B, BRMEEE, KTRIESFEOHE. MR ARENLE. ’

() TRBIBLE: KTHHRIEHE T RBTHE:

24



HHLE TRFMEFEA R

S-
n:

o

X =

-]

R, x-BiBEHmMNmYg);

S-—-7E R 77 16 b B P 3 2 B R
P-HERY, HZENRT B
N-FRFRAAEEE: o
g-RFE T B (gm’);
SRR DA FHAL
3535 KAWHEERWZE
(1) ERFES R GB/T 454-1989;
(2) TRALER: DC-NPYS600 e i #4255 B {5
6) LRAESHR: AREFX, TRE, TR I10KERLL, BEEHETH
HiRdE, XBREET, BRERN, ERENRYE.
(4) TREEAE: BTOWREHIRT XETHE:

X =

wiw

R, XWEEHKPamYg):;

P--iii B ¥ (kPa):
g--HE R E B (gmd).

SRERE /MY ATEPAL
3.6 ERERGITR
3.6.1 CGH F1 CMC X 5K Zeta H=E AL RIR W

% T2 CGH #l CMC KT &EMRME, ZEERIREN 2%, pH b 7.5 B
B4 BN CGH #1 CMC, ZEREIF TS IRM 30min, BBKEIK Zeta AL,

H & 3-1 T40: 24 CGH RMBMZE B MM, FE Zeta A th 2HEZ EF. BN CGH
EEREERT, RHEEERRHNAEL, PMABE, NTERE Zeta BT, 3
TRINEAE] 0.6%R, K Zeta BAURERY, Zeta BAHARER, AHERKERET
KBOERH, XH23H CGH MMM RMEK, Zeta AMMMBE /). ZRENFIE
B, FAEF CGH PHMBMFAERE, Pﬁﬁzﬁs CGH i, CGH RE DY
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EEFERE, EABFEEUREEROBIMBEAKERT, SRR Zeta BAL T
FEBIR, BE¥ CGH WM BAE M, FERE S BFAEHIRE, EHERIK)IEH
B3, Zeta BT FEN, HA%E CGHERMTRAGENHFMEN 1%.

s
o

o]

2|
=
]

= I
st |

|||||

jUM 0% 08 10 12 14 186

CGH#HIME/%

ZetatiL {7 {H/mv
o

4
N
o

FS
=3

B 3-1 CGH F iR KK Zeta BALMIY W

Fig.3-1. Influence of CGH addition amount on the Zeta potential of pulp

ZetatB A7 {H/mv
S & A A b
o oo o o o

" . 1
~N o
o o

T

[ 1

00 02 04 06 08 10 12
cMCFE ik %

3-2 CMC B3 #H Zeta BAIKES
Fig.3-2. Influence of CMC addition amount on the Zeta potential of pulp
& 3-2 REK Zeta ALK CMC RERIME HRU ML, KRB H5-37.2mV, B
# CMC HIMBHMINZ KB Zeta B AL FEHFRIK, £ CMCHRINEN 0.6%LLEHREH Zeta
M FHENTE. XEERAN CMCEFRFE, XFHALHE, MACMCE, 54
% FMBEREKAERARKT SEH, ¥ Zeta BAPBIK. ERALRM CMC, RER

CMC IR I £k B — /MR, AERNBEHEFNLWK, M1 CMC SFERRM.
2
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ME 32 47, CMC ZERIME N 0.6%E, K% CMC HIRHHEIEHEHA, LFEMEEE
0.8%Ff, KK Zeta A ARBRT, CMCHEMBERMBHRREL. TRESE CMC
BALKRINE R 0.6%.
3.6.2 CGH/CMC 2B B A3 KKl Zeta BALHIR W

& 3-3~E 3-5 FiR A : SHEARE pH MES T CGH/ICMC B AR EHKRIHAT Zeta

B AR
30}
20}
g 10}
3
o ||||||||||||| A
'%’ 0 1[2_'3456 7 8 9 10 11 12 13
-
S -10}
-20
-30

BAREH

3-3 pH=5.5 2R B BT KB Zeta BEAIIEW

Fig.3-3. The influence of pH=5.5 self-assembly on Zeta potential

oL

ol 112]3 (4 sm7|i|sl1e1111213

104

-20

Zetatlifir /mvV

30}

-40

BAXEN

3-4 pH=7.5 B0 BAXN KK Zeta BAIKIEW

Fig.3-4. The influence of pH=7.5 self-assembly on Zeta potential
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10} l—|

0 ety m.m, bl

01234L516789H111213
E-w l_' U
g
)
=30
~N

-40 -

L
Ssop -
HAEEH

3-5 pH=9.5 (6] B A FX KK Zeta BAIKHH
Fig.3-5. The influence of pH=9.5 self-assembly on Zeta potential

pH R AKMBEFHRER—NEENEMEE, CRBEHERPAE ERENEE
E5, HEPWHADRERTIZ0EE. WE 3-3~F 3-5 Parfm: (1)BEF pH f98RA, X
B Zeta ERWTIRE, M pH=5.5 BT #9-25.8mV 32 B pH=9.5 A {%#1-40.8mV: (2)7
pH=5.5 B % pH=7.5 Bt CGH. CMC B4 %kE# X | ERMZH LN T ERHAR, ZRH
T4 EBF A CGH R MZER A S AT AR kL LFTE. T pH=9.5 it CGH/CMC BA%Z
¥h 1 ERASUER, XRENMEE pH MRE, KRPH%E ENRE(COOH)RBER
AU, Mt Bl A, B3 CGH MRNTEERHGEHENEME. 3) &
pH=5.5 B, BAREYN 2 BRAMER, TE3IBLUEHIEM: £7FUE, &N
CGH I CMC JUF RS KB Zeta AL, X EARERAES & LELRIIER; &
pH=7.5 B, KEIH Zeta B SHEEAENEHRENERRHHTEHE, SEZAMN
Zeta WA BB A, TUEMHAERTRM CGH/CMC MEHRRE. A RFHELEER
HERMENRLY, £ 11 BEE—HRFEM: EpH=05K, EFBAKEYNTEH,
- AHRERH, HAMEE CMCIARKMA, BYRN Zeta AL EEH T B, XR
BG4 mMARE FREMFE CMC 5, KEH CMC LI CGH ZRIEBEMER, £8
£t CGH 5 CMC X R A A VMR EF 4 RE L, MHEFRE KM, £
FRBEHEEBERKEKR, CGH 5 CMC BRI IRz /) D L& K.
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3.6.3 CGH/CMC ] B S % HRH Kt BRI R ma

BRI EKEREEED VAT IRTFERN—ANEERMER, a0k e
BRI ERNREERNGETEL, B 3-6: RIT AR pH %4 T CGH/CMC EfEl 8
B0 R K A B

©
o

| —#— pH=5.5,
—e—pH=7.§
| |—#— pH=9.5

» [o2] ~
(3] o L4 ]
T T

FE ERK /s
w
o

||||||||||||||

0123458678910111213
HAREN ‘—

-
o (34
T

B 3-6 BLERETRREKE LS
Fig.3-6. The influence of self-assembly layers on filtration time

18 3-6 B &1, CGH/CMC ZE AR R pH K KIFF 5 b % B A 5 E B AW, R
B K B 18] 38 4k 2 T M. THIX LR (1) 76 pH=5.5 FRIIRE TREE B A K2 M,
K R EF R THSE LAtk 7 0 BREKEEN 67s, A 72N, EER/MH
KT 31s, FREEN 53.73%. BEMBAEEH, BAHERTLMEHLEN. (2)
% pH=7.5 HRIIE T, M HAREHMMEN, BKNARFTRYES. ZEARE
011 B, BKEAGTFEERE 27, FTHRIBER 60.29%. (3) 7 pH=9.5 KX+,
KR B NRE, BARERRN0EN 69, THE 13 EH 57s, THRIER
(0% 17.39%. ZRENAEFREHMERE CGH SREERR, BRMA%E. A NANTIH
RERE, 3 EEhRNfa, F—EA N ERERSE, BROWAEHES, REEKHERE,
3# BT CGH/CMC BA%R, EA4XRE LUR—EERBHOMELH, BORIEHE
H. TARMMBERES EROEKEEENRA, ZRANERELHT, KBT4E
FRESBMBERRE, AEEOBNAEFREYR, ERRFEN CGH MAX MK,
AT LS KR A T FRER, BEHKEHHMEM, CGH 5§ CMC BHIIREMARK &
RHRTA, RAUSEMAENMNTFEZFHEREEAER TR, % pH=9.5 %
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BT, KBWAEEEHE, FENNEEEE, KEZHME, NT¥nTEKES.
#7E CGH/CMC 7 pH=9.5 I IR At 4 RLIE K 1 el B B
3.6.4 CGH/CMC B B X KNP EBE RN EH

% TH% CGH/CMC BR B A KB RNEW, EERBIET, ELER
1.0%CGH. 0.6%CMC 1 0.01mol/LNaCl 478 pH 4514 5.5, 7.5 #1 9.5 gkl A THEXK

- BRARGERNRREAERE L, HEEREHEREAKEED. 30min. A NaCl
BRATHARERAEAE LHRHE, XRENERE NaCl BKBERT, REEBRA
SHFHASEELARGHRERF, A THEONRLRMRE, WRREAERE LML
BOR, REBNERRE, REBLEDS. WA NaClE, BTHOBEFEREN,
STEHHZBEH, SERETEENREY—HUSES FHERA—LER, KN
2RI, ERWENEERN, RKEBEZERD.
~—  3.6.4.1CGH/CMC ER AAEXNAR TRELENER -~

% 7% CGH/CMC METEBEHANEWE, FRINERR pH RRAETH
B B TURAT THKIE M. TR, WiREEAWRERFHERNNL. w37~
& 3-10 fik:

—s— pH=5.5

0123458678910111213
BAREN

B 3.7 BAREENERAKEROEH

Fig.3-7. The influence of self-assembly layers on Tensile index
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—s— pH=5.5

0
012345678 910111213
BAREN

& 3-8 B4EBEHETAMITREK LW
Fig.3-8. The influence of self-assembly layers on folding strength

) HE 37 M 3-8 AN, BEAAKERNREEM, KROFAKELNHTEES

P KIBRERIRE. BT LUE Y, CGH/CMC 7E pH=7.5 KA FEH 2 B ARX K THY
U TSRO 4 B AR BT . A 3-7 A 40: (1)7E pH=5.5 1 pH=9.5 MK KI5
B BAEEHMNE, KRORKESEKEER. FKESM 0 EM 23.0Nmg"
223INm-g’ B AL EHY 8 EREIRKME 34.7INm-g’ f 39.01Nmg’, HIESHN
50.45%F1 74.85%. BHEMMEARKEY, KNOHKEHETRE. (7 pH=7.5 XK
KIS, FIKEH 2N BHEENEK, W0 EN 2477 Nmg' #HKE 8 EH 45.65
Nmg', WKEFEZ 84.29%. Q)VE=FARKENRKED, CGH/ICMC BAEKEHHE 6
BLUE, KRMMmkELETRE ANRABLKENNKESERTEHE.

ME 3-8 TT4: ()AER pHHET, HEBAEERNMM, KFKTHEREZ
Wan. 7 pH=5.5. pH=7.5 fl pH=9.5 ZFHKKIIHE P, WHEIHM 0 ZH 26, 22 127
REIBAH 141, 165 #1132 1K, MBS FIIEF] 442.3%. 650%F1 388.9%. ()= BHEN 6
RS, & pH=7.5 BRI ES, KTNHTEEAREF T8, M pH=5.5 fl pH=9.5
W RIS, KTOHTESHEAEREHNEM, BHNRK, BERFRE.
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—s—pH=5.5
8.5 H—e—pH=7.5

0 1A2 3458678 910111{13
BAREH

39 BARBEHNETHRERHER

Fig.3-9. The influence of self-assembly layers on tear index

40

—s—pH=55
35+ +pH=7_5
"o ——pH=9.5
"'5 3.0
£ s
= .
g’ 2.0
-
15+
L)1) S SR SN E ST WP EPU S ST S A S |
012345678 91011213

BAREN

3-10 B4R A TRBEEN LW
Fig.3-10. The influence of self-assembly layers on burst index
& 3-9 1 3-10 27REFR pH KFETF, CGH/CMC BAEZHM KRR igHM
WSS, HEPTH: BEEBARERNANEMN, KITHOHRTE SR
EME—TEENNEK, RN CGH/CMC B AR pH ¥ T 3 4L TUH 3 A0 i 6 &
EWX AR, WE 39 Fa4M: (1)% pH=5.5. pH=7.5 fl pH=9.5 ZF KK EF, H#H}
184 B 3.93 mN-m>g”. 3.75 mN-m>g" # 3.70 mN-m*g" & 2|5 K9 6.07 mN-m*g",
6.27 mN'm>g" #1 5.83 mN-m*g", BIRET 54.04%. 67.20%H 57.58%. (QE=FMEKE
i, EAEENN4EZH, ARMBIRBELEFRRBENRE, ERAEEMEA
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BEH, KRTOHREEEARRERE: RREETERSAENBUENHRIEH KT
FHEHHRIEL.

B8 3-10 FA4: (1)% pH=5.5. pH=7.5 #l pH=9.5 =R KA I EP, HKITHIMWRE
¥4 5 1.82 KPam?g's 1,95 KPam®g" 71 1.89 KPam® g R /& KM 2.91KPam>g"
3.17 KPam®g" M 3.06 KPam*g", HKIERESHIEF) 59.89%. 62.56%F 61.9%. (2) £=
B pH BRI FFE S, MENREEY, ENEHEG A, CGH/CMC BAKEH
HBERENHBERSERTFEEN. HEEBAERYKT 8 ELE, RKMNMBELK
TR, FREHRUBEELRRD.
3.6.4.2 CGH/CMC 2 [] B 41 % % 4K ¥R 58 R O o

ATARBEREATERS FEEREY, FTEUTHEEINBENEE, Ba254
% FRREMES, MEKNEBREA —EHEW. BERINMERR pH XKEFET,
CGH/CMC X AR HKEH B RRBRHTTHR. WA 3-11~E 3-13 fix:

5 14
- —s- BHKIH
" 4| -+ RERER]12
: : Nﬂ«m
’ A B
sl \/\/\‘/'“?é
=
S1f 1°%
2 44
%,
. 412
S W 0

01234567 891011213
BAREN

3-11 pH=5.5 M T BAREE BAKESNEBRELHER
Fig.3-11. In pH=5.5,The influence of self-assembly layers on wet tensile index and the retention of wet

strength
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-
BRERE/S
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N

0
0123458678 910111213
BARENH

& 3-12 pH=17.5 R T AR B HEBHKIABARBRREROL W

Fig.3-12. In pH=7.5,The influence of self-assembly layers on wet tensile index and the retention of wet

strength L
4 10
- —a— EHKER
" N - REREE | o
L3t 1 2
. A “"
z A6 &
L) AR
¥ 14 B
§ 2
0 |||||||||||||

BAREN

& 3-13 pH=9.5 FH T BAREFHBHKEREAEBRRTRNEW
Fig.3-13. In pH=9.5,The influence of self-assembly layers on wet tensile index and the retention of wet
strength

B8 3-11~E 3-13 T40: ZAAF pH ZHIET, BF CGH/CMC BAREH MM,
ETBHKIESRERE B R A EFEM, % pH=5.5 « pH=7.5 M pH=9.5 =W FKK3F

BT, ETEETHRIESEM 0 2H 0.49Nmg's 0.57N-mg" M 0.64N-mg' REEBKH
2.75Nm-g'. 419N-mg’ 7 298N-mg", KT 461.22%. 635.08%F 365.63%; TiiEE IR
BEM 0B 2.16%. 2.32%F 2.88%M KEI B K 8.64%. 11.06%7 8.61%, HK 300%.
376.72%%1 284.03%. RRAEEH, Z=FERTET, KRR KERARENEZHX L
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F, #H CGH BE®TF CMC B; =% pH ¥EHHET, BEHAEEHIHIEE 7 E.
9. 5BZE, KTMEHKELIERERRZRRFLRNEY, TRENRIERE
HwBaTFRE.

(c)pH=7.5 B4% 12 BA%RE (d) pH=9.5 H4% 12 ZA %X
3-14 HIRKELA 4% SEM B

Fig.3-14. SEM images of single fiber surface

(a) untreated fiber, (b) fiber treated under pH=5.5 with an 12-layer, (c) fiber treated under pH=7.5 with
an 12-layer, (d) fiber treated under pH=9.5 with an 12-layer
%t CGH/CMC HAEMAERTMBPAM BN, 4RWE 3-14 Ffin. B 3-14a)%8
F EABARBEHBER, REOZTITRLEEE LEERERA. B 3-140). (c). (H
CGH/CMC ZE=FARREFE T A4S 12 EENAERERSE. Mo, ZZ84
EREBEHARRTLE TR, B, XAREETAETAARGAENRAORIIVA—Z
BRI AR, AR LRI AFA.
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3.6.6 CGH/CMC B[] B A% HRMIEHRR

LR RE R RAE RN, TLEEHRRI AR HREEREN LBL
B, MEARNEEARERH ARANEERME LR —ZH EBfHRERT, X
MEARTEREST KENHETFREBAMEERE, REEEGRARKR—BHR
BRHNEEER IHRERKEGIIRABHNRERAE K.

A3 CGH/EMC HA% SR B R LBL B THENRT. Bdoitil
(FITR)RAE T CGH 5 CMC MMt B2 E AMEL: TR FHEMBEAFM)T LR
RAERUMRENERENREVEREN.
3.6.6.1 CGH/ICMC HAREMABMEH

o

oH CH,~0—CHCOONa W ] n
Rl a e
n n “““ 25

NH H CH,=0~-CHCOO CH,~0—CHCOO'

. 0
NH; CI oH o ° o
NH

NH) O H " H "
NH,

3-15CGH 5 CMC AR = ## K LBL A4 &
Fig.3-15. Polyeleetrolytes complex of LBL membrane structure reaction between CGH and CMC
& 3-15 35 CGH 5 CMC R R 8 R LBL B & B .CGH R MM BEFHEERFE
CMC $#-COOH #48 fisfy, Bid# R iEAS K RN AH A5 B # 5 LBL .

430 210 %00
3180
12001090930
CGH
3420 1600 1000
1420
=0 emc
2140
= CGH-CMC oo -0
2020 2200 1420

3500 3000 2500 2000 1500 1000
& ¥uem™

3-16 CGH. CMC ¥l CGH/CMC X ### it LBL A5 iR

Fig.3-16 IR speetrums of CGH. CMC and CGH/CMC polyelectrolyte LBL films
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CGH. CMC FI3LiR L 1:1CGH/CMC % A% it LBL REAIZL A1 B a8 3-16 FT .o
CGH # M, 3430 cm™ 9% W8 -OH 94 RN RME 55 N-H {11 45 e 51 MR Wi 6 T 28 10
% ERUIE. 7E 1640 cm™ REHIR T 3R, AT C=N-HCL #) C=N {4z,
1570cm™ % 7 C-NH-C £ F % — BB F. CMC B+, 7 1600 cm™ F1 1420 cm™ I
COO-FEXFR M AR BRI R E . Ti7E CGH/CMC R LA/ LBL i, 3400~2000 cm™
WA R, TIZE 1640 cm™ BINIEE C=NHCL ) C=N /RZE{RZNE R 1420 cm™ F2H P 1)
COO-W W e 9855, X183 CGH F #54 #) C=NH2+5 CMC #H#] COO-R4ET R, M T
REMAEEY.
3.6.6.2 CGH/CMC B AR A AR REH

3-17CGH 5 CMC R 2 BR M AFM 5B
Fig.3-17 The AFM image of CGH/CMC polyelectrolyte LBL films

R 3-17 7741, H4% 2 ENRERFBRREHRSBRNE SRR, ERER
MM AP X CGH/CMC ETE B — 2 M ™ AR ) TR .
3.6.7 AE/NG ,

ABHRTHERR pH FRFHT, ARG MR R & (CGH) SR FEL

WEPHCMOEARRTLTERAAE, N AARIEREN Zeta BARMIEKME, B
2T CGH/CMC BAREH MR RERI W, FFEBY IR B BESEM)MALSh i
(FITR) A% bt 28 e R () 4F 4 RIS AT T RAE. AFBHUT SR

1. CGH FI CMC BB IN3S 3K Zeta HALAVE MR i, MR INBIXE 0.6%0T, KK
() Zeta ALK A4 RS, ZEEHIN CGH, Zeta AT V4. 4&%E CGH XK T
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HETRMER 1%. CMC ZERINER 0.6%E, FE% CMC HBRMELRM, TRE
# CMC BALKIF B K 0.6%.

2, 7 pH=5.5. pH=7.5. pH=9.5 XK FHEP, F|H CGH/CMC ML 41T/ A B 4%,
BEE HARBEHNEL, 2IERE Zeta IARKITAL, 7 pH=5.5 K, BAEE3IELURF
A IEE; 7E pH=7.5 i, KR Zeta BABERZHERRFERETHIRE, FH Zeta
BAUREERA: T pHISH, BRBARZEN 720, A HNESRHF.

3. CGH/CMC B BAEX KREK R RWRE, 7 pH=7.5 KRHFET, BBE
AALENMEM, BAkMEREREE. YEHEEHH 113 2, BANEETREE
1BE 27s, THIBEAR 60.29%

4. #)A CGH/CMC 7t pH=5.5. pH=7.5. pH=9.5 KK FHH1TE A 4%, HEH
GEEHMEN, RRMIENEREHERIAKNEENEK, ERBRAMEK, BY
EHREREEA T EETAYENBRESR: Eplh 1.5 XRAHET BAKEDEHH
ERMYBERERERA, YAAEEHH 8 BN, ARMTKER. WIE. HiREL
FIRBIE S IR E T 84.29%. 650%. 67.20%F 62.56%. FEFHKHKET, BEARE
¥oh 7 BE, EHMEHIKIEHERREEHMKT 635.08%M 376.22%.

5. BEAAESRIAEREN SEM HTiEH, REARAERELEERER
4, M2TARAELEY EAERAILRTE. Lk, XTHERETETBAREAEN
RELTR—EENRERAE, BREdEREEOMLTTEL.

6. X CGH/CMC BB F £ MM LBL AN ERNRF N EHEMRIE, &K
T EABHHLE, 7 CGH/CMC F AR LBL ML SMER S, 1640 cm™ BUBIEE
C=N-HCL ) C=N 45 R 1420 cm™ B E ) COORERST, X¥is CGH FH
ME#H ERff5 CMC $#-COOH #H i, EdBBeAIRERNEAHHIRE
% LBL I, £ TREMARTEY. TrE CGH/CMC IR BT AFM LR+,
X AR ERREER— MO OEE.
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#NE ETERNBARGAREKETELRETR

4.1 5|F
MHAEFEKTEOTERE, @ERIRNAKEE LRREFRSHEROBRR
FRAT, EANBRBENEEEFRASIENSFHELR. RN ARBRERNER
£, BRAIMAEEFFHEEARRETERNESR, HAFRAFHE. K6
T mERE, R MR AT, TREIARSSHBER, HTHILREERR
BERTEEAFHOEBNBLS RNERR, RERERATHEME.
AXREAT RRKVEANZREALMEREZE, KAERBARN A EH
EEHEENARK. EAMBEHMEZENRRELURTRERIGEREHT T R
ERERLLE, RERATEAAAAEEEHE EMTNERNIIENE.
42 FRERARE
421 TREN
NaCl, MMBERBERLIERARARE: BROEHCp), CHELIARATRME:
BBRA—H(Cp), CEAIERATRE: FRRE, AMBEBREYERERAFTRME,
BAK, MMEREYRAETRATRYE: EFFEERE MNEBREYBARERAH
Bt KEFEATCC 25922)M 4 H G M A HRE(ATCC 6538) AL B T KL MR FFE
Br SRt .
42.2 XREE

v

B EFT K BE

BATENFRAENRIKER EXTHRFETUBERLT  YXQ-280SD

2Rz EQANBILTES BB LR EFRAA SW-CJ-2D
R FHRERALVARAF SPX-150B-Z
4.3 LRHTERPR

431 NG EHFENEHBEHLE
A. RZEHE
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TEERFIMAE AR 10g, NaCl 4 5g, 41 3g BT 1000ml ZIRKF, HAEEES
BREEFSERCHERE, VEL pH AN 68£0.)FRIFMF, £ RICELER
KERAKE 20min & .

B. EFFIAEHE M

% 10g BEM, 5g#NaCl, 3g £ NRHE, 15g HIEMMAZILERT, HMA 1000ml
FiEk, REMAERBEREMLEEFLEATERE, UREKpH X 720.1), &
121 CEHFRAKEHAKE 20min &H.

C. B¥MZ ik (PBS)ACH

Y 2.84g B A —F 1.36g BB M T 1000mL K)ZIBKF, % pH B 7.2~74,
ERICEHAFRKEHAKE 20min FH.

432 ERIKEFE

— FEMTRER—REEBOKGTE Ecoli MEHEHHIKE S.aureus B, M -

BAKEHRZEFRAD, HERSBPHEY 1min, BAZKGB7C, 3%~10%CO,, 150r/min)
BRI 18h~24h, HEFBRIEM, WAEEFAA.
433 HiE R
A, BRIV WRE MK

HEANEEMEREMOBRAERBZNE. ARLRIR: BFEHAGTE
ME&EEEEKERA PBS £l EZE 106CFU/ML. 4 5IEHKRE A 2mg/mL # CTS #
CGH HiE MR . W9 X RERS, ZERN 1 SEAEFMA 2mL BIHUEFH 2mL
MIRZE R, 2~8 SREFOHERMAZEFREERY 4mL, HPHEFAREK
Wit % 0.2mL BB IFH KB ENS X CHEREBZRIWABRR TIE A AR
B, MERGBRFRY Imin, REHHEAFANBELET 37°CHAEFENREE 18
BELR. MEHEAEPAENELRRL, SRNAENET GRETE. WRNAZH
HRE R ANRE, RTREEREEK, WMAER, URUAHCLEK. UTLEH
B4 K BRI B AR R BB FI M B AR B E (MIC),
B. RHGZNEBHEAMIERE

BHABAENR Smm*Smm/ TR, FRE0.75gMA\BEPBSE MBS ET, MA
ZRRBHAGHERESHONERERR, FRKRERLNH10°CFUML, BERHEE
ITCHEFHHBDEFINERE, RERImLEMEHRAEHR, BEN0.1mLE LEHR
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WAREERERREHRL L, BRFIREITCHEFATHEF MG HARREL,
ETARALREAIREERE A ERFEERLLERATYE), HHREATHAE
BE,

(+8)

KT ERE= x x100%

R A-FEFERELNEEY
B---§/MAREFRE L EE R
44 TRER5iHR
44.1 REERILERENBKINEIREMIC)

TRFRANABHFEAZZRAUENRER, MeRAHERENEZRAEEN
RE, RIVERXHEHERERIRNS, HTHAT CTS M CGH M ARAEMH 1
WEER. —_

B BN EREORENENEGERINR. BRXRE, THIEHRRARHES
HUTLE: (1) BRATEREATRE, BRRETHEYEERN, SHAFARKEH
SEHNY IS, EAERALA—BERAY TR, E4FREVA—ERY TR, #
RRMERRREN Mg™ . COEMBTRESY. SRESHLHMEENLRE, KB
EHEERE LR, ASBEHEKE EWAESERYRENTN, EHEHFHENR
BHRE., MTIXBHEER. Q KRATENEREIAIAEARMYNE, BAARK
PR SYHRARS, FHER. TH, 5AESTFAMDNA KM, BEBET mRNAKSE
B, MHAENEE, SBRAENRT. O) RRENNH,' 5SAFARENEARES
YRN, FEARER SITARENEEYE NESAEARBAAKREZKMANLE,
MRBRE, SWEE, SHEENRER)ER— ALK, HAERENTELEK
MBI, HEERETE,
4.4.1.1 FERRE NI 2R £ 3t K #F B8 0 BRI B R B

B 4-1 FIE 4-2 451% CTS # CGH W AH AN RENERE, EET, ZTAKA
SHERGRGEHNTRMAKGITE G RE, M 1~8 SHEATEIREAENH WAKX
BATERARE. 28 18h (RS, ELEALE, RFEARTREAEERNRIR
P B B D i B BRI BRE .
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4-1 CTS M ABHF BRI RIEMEWRBEMIC) MERREE
Fig.4-1. The experimental diagram of CTS on E.coli minimum inhibition

concentration

4-2 CGH X3 KT i () B {0 B R FE(MIC) B SE R 7 R PR
Fig.4-2. The éxperimental diagram of CGH against E.coli minimum inhibition
Concentration

HE 4-1 FE 42 ATLUFH, CTS X KB BARMERE A 1.0mgmL, 1 CGH
6 K F 81 ) B A B R FE b 0.5 mg/mL. iX %3 CGH X KB #F B i hi s RE L e R 9
HHRE, RREN KB EOMANEAENEOE R R, ZERREBTER
BrEREHERE LN ERMSARREN A EFELHERIMER, NMIEHERE
7, T CGH B FSIATIEREME, {f CGH WA ELZMIERN, NTEAZEHERE
MM RSHEER, BREMES FREMA, B EREL, REEBH
HMR.
4.4.12 AEEII LR LN & CHHRE O BRIENERE

4-3 F14-4 23 5)% CTS A CGH *t & B M A RE M BLINERE, BFZEHR
EHNHHTEANTTRMAEEOMERE RN BEE, T 1~8 SHNTERRIR BT FIH
MAEHEGHHRE R . 214 18h E3RE, BIEMLE, KPESHFTRAN
T A e A 380K B 470 580 ) O 9 FBE D 9 12 ) B A B OR L
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‘ -:;‘,;:;j g q%(;‘.; e i N
4-3 CTS X & 3 o WA ER W (0 AT BRBEMIC) MR

Fig.4-3. The experimental diagram of CTS against Staphylococcus aureus minimum

inhibition concentration

PP S it AT s o o
T i
.

R

4-4 CGH Xt & # MR O BEMERFEMIC) LR <ER

Fig.4-4. The experimental diagram of CGH against Staphylococcus aureus minimum
inhibition concentration

& 4-3 FE 44 TUFEW, CTS W& HEHERENRCMEREN 1.0mg/mL, i
CGH Xt & # A H AR E M BIKMERE A 0.25 mg/mL. X8 CGH X & 3 G H % XK E M
HE e —EREMNRE, TH CCGH £RAMARFNNEERERT KEHHE, X
R EAREASHRHEROMHERNERRMARX. KRB SHEAWERE M
HNBEIER FANBNE=M, SHOHARENAREREEAFENMER, TR
W FRAOEERTREMERE S, WA AHETIME, FAROKEZME, T CGH
RENTIERER, BESHONH,, #MNTEHERESHNE, RN ERAMER
HHHE SR
442 ETEMAAEBRANAERNTERE

AHABEVEMAN CGH 5 CMC XK T BZR BARZ G, X B AR fF 4Kk
MM REAT TR, IR T BARE R HIE M p EwitE .
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442 1 ETER BARBEAROHEEN KBTEHTENR
& 4-5~4-10 BRI, TE=F pH ZRFE T, AFEH CGH/CMC B4AREH P&
4% 7 Xt K B A B LR K R ) S A O

8

a—t—p— a8

@
o

.
- —
—"

HUBRFE /%
& 8

N
o

lllllllllllll

012345678 910111213
BAREH

o
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Fig.4-5. In pH=5.5,The influence of self-assembly layers of paper on the antibacterial efficiency of E.coli

B 4-6 %G ERBIMHEIRE BRI EER A
Fig.4-6.Agar plate after incubation by shaking method
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Fig.4-7. In pH=7.5,The influence of self-assembly layers of paper on the antibacterial efficiency of E.coli

4-8 RGERBIMHIRE O EFFRER A
Fig.4-8.Agar plate after incubation by shaking method
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Fig.4-9. In pH=9.5,The influence of self-assembly layers of paper on the antibacterial efficiency of E.coli

T — e

410 RFGERBIBIMHIRE OEFRFRERA
Fig.4-10.Agar plate after incubation by shaking method

A 4-5~M 4-10 TTLUE H: KT BARM T QKK KBHELFAREHEN
R, HEENEHLIET 1% TREFEINME, WLL CGH/CMC BAREHIDEL
(45K B0 B X KT B MEIE A . 76 pH 2508 5.5, 7.5 F1 9.5 RE T & H MAHK, =
CGH/CMC BA%EYECH 1 Bi, KK KB EMTIEREL MK 76.19%. 73.52%H
77.16%, I HBE# QA% BTN, KU KR E SRR R AR RR R,
LEAAKEHN IR TR 8BRS B, KKMTIEBEREET 90.47%. 96.3%H 90%,
ZEBMMARKEY, HENRATRE. R GB/T 20944 PHEBCRMIFN, L
HE=90%, HRAEHEMNR. RNAHHATFRMNN CMC RREHE I,
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(B 24% HUETh RE A PR 7 3 M AR R CGH 5 1 78 ¥ SR FLAR I CMIC ZE 47 4 3R THT 7 B3R P A I
Ay, WE 4-5~4-10 R8I, CMC MR BBRAKRM PR ER, FFEZH R
AR E R AR B X WY T CGH P T o 5 H B F CMC it e R
B B4 T R R AR SR S BT, R MR SR R X 40 Bl o S R AE A
4422 TER BAHBEARNHEEN SRAMGREHHERE

4-5-4-10 BTHR, =% pH ZRINET, RAEH CGH/CMC BEAXEHPEH
MRk Xt & B M AR E TR MRt
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Fig.4-11. In pH=5.5,The influence of self-assembly layers of paper on the antibacterial efficiency of

Staphylococcus aureus

4-12 TG IERB M IRIE 008 ISR AL A

Fig.4-12.Agar plate after incubation by shaking method
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Fig.4-13. In pH=7.5,The influence of self-assembly layers of paper on the antibacterial efficiency of

Staphylococcus aureus

414 FGERBIMBEIRE OB FFPRR
Fig.4-14.Agar plate after incubation by shaking method
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Fig.4-15. In pH=9.5,The influence of self-assembly layers of paper on the antibacterial efficiency of

Staphylococcus aureus

B 4-16 ﬁﬁ?ﬁﬂﬁ&ﬁ#ﬁﬂﬁ#ﬂiﬁﬂﬁ
Fig.4-16.Agar plate after incubation by shaking method

ME 413~ 4-16 TLABH, M4EAREECH 0 BH, FAKKDEHAMEAREN
AHEGEINGE: M4 AAEREN 1 BE, & pH 2510 5.5, 7.5 51 9.5 FE T P& H 4K
%, HHEBENHIEE T 84.69%. 87.36%H 85.56%, fithHA B AIMHI& H AW RE
M. 2R AAEERMANEM, KEMTERREERNNRE, YEA%E
¥0h 2 B, R pH FRE T 83 AR M FTE MR SUEF T 90.47%. 90%H 96.3%,
#Bit T GB/T 20944 FHE MR HIFN, DMEE=>90%, HARAHEARBAMN. 25
BN B 4% ERE KO ERREIET 100%, FBRAREFHRELR. AFEARE
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P ThAEE CMC, ZES5AZHIETHEEM CGH /T BAR R BIRHE, BH T RRATK
HENE,

B, £AF pH HET2it BAELEZ BHEK, NAKBFENEHCHERE
HHERRRERENEM, & pH=7.5 FET, PEHNEAKNNERRERHKTE
HAbFAFIFE T8 KK,

4.5 EFNG -

AEYENRRARENZ SN2 EHREENMERECGHMN KA ENER
EEHRENEENERERTTIARNLER, RERATELARE 5 AKZ FHKKR
KERERSHRCHERFANTENE. FEBUUTER:

1. REBMHRRZRECT)N KRBT EN RO ERENRKMNFRES N
1.0mg/mL, 2B BEHERERMERECCHN KEHFENEREAERFNR
{E B AR BE 5 514 0.5mg/mL 1 0.25mg/mL. X8, CGH MHMERREMRT CTS, K
CGH X BRMEMAEARANMENR, BT CGH &5 M4 R B R E MM EINE
PNGE

2. XHTHAERENT AKKFRET AL, £ pH 25K 55, 7.5 7 9.5 5%
THEENEK HELAEEHSINTE. SEMIER, KK KBHEREREE
BT 90.47%. 90%F 96.3%, HELMMEAAEERTMEREBRAERE. LAARELH
%2 BN, PGS A MRRE N ERESREE T 90.47%. 90%H 96.3%
SHAEHEDRE YAAREHAT S EZRE, NEREHEE 100%, RAE RIFHR
BNE. SHFAN, CGH MR T HAS5HEF CMC @i # R M 41 AL BUOR AR R
ey, HRAREEAERR.
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5 S5 RE

AE L& B AGTEEERNZETESE IR (CGH)TLEH, ¥ CGH By
HETEREEWEITTRIE, REFITT CGHICMC BAEM KRR AT
W, ARPIRT QAEZ EETRMIELRE. BHUTER.
51 &%
51.1 AREIMEMENHE

1. HAMERENMLEREOHE TZLFETTER, AT RNEE. BHE.
HERE. BREENARERMEREN=2NEGEENEN, EIIRRA: RN
BENAELENRNAFIGHZYE, FURKERSBEIRRETN T, BNERE
$HEMER, % CGH MR MafEELBHg K. YRNEFN 90CH, CGH =
S 4 RIS F] 75.98%F0 3.15meq-g . KR MHIAHE, REBGEBERIORER
B, MASUEENRNIE, 4RMEEY 2hE, CGHMNFRIAET 85.96%, BHE
B 3.31meqg’ . EMRE KGNS RETREEMELERAIRE L Z AR,
ZE MUK E 2 0.4mol-L! B, CGH B RIA BT 84.14%, HATHE N 3.09meqg’ s TIRE
EREBOMAEZ SERENRMALERE, WARNTFREMET, aTHEEATE
EEANEE, BHETEEBEZ N, ERRESNRKERILE 1:3 B, CGH F8YF
HFE R AR, 4908 76.14%F 3.11meq g« B HARE NI AR & BRI R
REfH: BN 00C, A 2h, HEVRKAN 0.4molL: AR S TRBA/RL Y
1.3, ZELEAREHETARLN CGH M=% % 86.13%, BFHEN: 18.82umolg’

2. AT REHEI R A (CGH)# AT T LML R X HEATH MRIE, KIL CGH
7 1640 cm™ 4b IR T BB MRiE, HAIE C=N-HCL # C=N {#4i{R3hi¢; R CGH £ 20
% 12900 23°RH AT ST BB A BRI, SRR EEARNSRERK, RRETH
NH, RETBARRRE, LS B A7) h 7558 WU £ 8 £ (CGH).
512 A TFER BAREBARNEKEERAERTOME

1. EEEARF pH £ T CGH/CMC s E#TER BAKLR, BHEEEAR
EHm, % pH=7.5 FETREHN Zeta BUBERSHERERAENE FBHTE
ik, 3FH Zeta BAKERB K. HRGIERE pH=7.5 REFHET CGH/CMC BRI IR
€
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2. CGH/CMC 7EARFIHI pH ¥ FRHE + FE# B HEREHNAMR M, KR @A
EEEETRAR, 7 pH=75 FHAET, LEEKEEN 11 B, BKNEETHREE
% 27s, FHEIBEHEH 60.29%. XEERR N CGH/CMC BEBIRME —La /M4 R 4 R 4E
WOHIEE S, REHIEKEEE.

3. ESHRE pH ETHITERNBALE, BEBAKBEHMMMER M TREY
AT REENEE, BMERAM L, HEBRENEESGEL L ERTEREN
AN, & pH=15 ZXEMETAAREDEHNAKNYERLBREZK, LELE
B84 8 BR, KTMHHKIEE. WHTE. FRBEENWEELIHRET 84.29%. 650%.
67.20%F1 62.56%. T4 TAIIE R At 0B E B AR E R NZEHEm, FERTHE
EENRERTEHE. £FHEHNIET, BARELNTER, KKNERKELN
BREEBREKT 635.08%F 376.22%. X B BHKKIRE L RRRTRINEHIR BHF
FRHZEH . —

4, BEAXMEEAAEEHFERTHT SEM 247, BAELEREHRBAERE
BHRE, XROETAAEIEFHEREN CGH. CMC ELNREAEREHTH.

5. % CGH/CMC B4A%W AR B 5K LBL BiH 7 NEMKN, % CGH/ICMC R/
J% LBL BERILIAMEE S, 7 1640 cm™ BINIE C=N-HCL ) C=N {#45{R & 1420 om™
2R COORKIERT, Xt CGH F#4H C=NH,"5 CMC ##) COORET #
WM, £RTRERFEEY. T CGH/CMC R HEREEA AFM BHET, Zil
EE- N e A = T W e o 0 5
513 ETER BAEBREKMHAE TR

1. BEMRRARBCTMREZE HFERE NI ERECCH)FMFEMET T
BIRMBEREHIE, ERRY: CTSHABFENLECHARBNRENHREER
1.0mg/mL, T CGH ¥ K@M &EEHMHRE N RLMNERESHH 0.5mg/mL
0.25mg/mL. X ¥ /E ) CGH MM B aEE MR T CTS, T CGH ¥ & H B HAREN
WHRRENERTRBHE, XB CGH AR BHERNHNHNETRAKRR.

2. REXNSTEAELERRKOAEREHT TR, EpH=55, 7.5M95=
BRI THE NIRRT, HAEARERSHEE 72, S BB, KK KETER
B EIEF T 90.47%. 90%F 96.3%, HEWMEABEEY, KKMTENERKIBER
F, YAAKENTN2EY PREBNAKNEECHARENTENRIAEET

52



BHLE TP LA X

90.47%. 90%%1 96.3%, 2 FEMMEAREY, KKMAENEBTREEKE 100%. X
8 CGH/CMC BA%2 BNk 2RO AHRFRT REFNMNERR. A4 AL
FEIHEER CGH SRR & MBI HER CMC B B LRI ER R B AT & W, 3
% FIB8{% CGH MHE B R,
52 RYE

ARAMFALGEZRENFUBRREHRT, BT —EWHR, BEREREFTE
K0 B R B — SO R AR

1. LA R REE EREN-NH, #T 2R RA, SEHREERERRNTRENE
9.

2. FTLARH (A B A F T T KK NaCl RN & X SR s R A R B

3. WLUEA LB ER BT BA%, HMTHEEa e R Kkt m Rt

4, TLLEAVIREMREBRAEENERNHITER AARNENER, HE&
WHHENE.

5. AL EAMBARITHROTESHT, FXRELEMYAFTEHFEAN
1.
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