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Research Progress in Moisture Absorption Mechanism of Foam Material
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Abstract: The classic adsorption theory, influencing factors of moisture absorption, new technologies used in moisture
absorption research were summarized. Research thought of expanded PVOH’ s moisture absorption mechanism was put
forward. The purpose was to provide reference for moisture absorption mechanism and absorption ability evaluation of
foam material.

Key words: foam material ; moisture absorption mechanism; PVOH

BAMEHEN—IPER A ERRA R, ELE
ﬁEWJAE%J\‘E ety , BERs A  REPElk
Rt RERERSFRM Y, SISEREARE 1
RREERGY. 2 RTEEDNS , BIeTE%RT

HAESNABEBESRN,

IR IETELRA

*4@@?77/357@7“( WEEREE O & /ﬂ{%j&\ BRSO & EPZS
B OBKRES) SEERARM R REYPEAM R (R
E N E?USEEM KD BEEGERMRE, Bl T
EPEE RS SRR AR ) B R ARSI A
[72™ . BaEl,BAINK TR RIBHRE, RIS
AR %E%D&HQM&FD/)SED&HQ%H@E%H%{ ,BEt
NSEAMNEOTAN IR EIHT ST E D, SRN
ERIMRFIRMIEE SEARM BT S HF] I%& SN
MRS IEAR TR AR TRE , NESHERR
RRRR OIGEE (PVOH ) BARM R EOT 2BV
FTTNRCEM, FFAMBEARM R IR e R TORE

NEMEEUFERNUARS RIS E, WE DR

RERRES | RIR R IRBIAR AL P IR AR Y

i B E . 2012-11-15
HEEWMB . | AASEFREERAATH
1EERAT:

SEAMRIRBUK DS B+ 2 S RMSols, Al
WU&WEL&’EFU BREDMEEHT TIEEEY R
EH T L HIRIAERL . Freundlich(1906) 12 H8Y
HIEREZERMEN 52, B Freundlich J512 28
BHRMIERY ) Langmuir(1918) BT BAKREH
IPaE N REEH TR D T ERMAEARERE S
NS ZKERDYNEE, BH T RS ELZK
Il LB0 Langmuir )5*%51 o Brunauer, Emmeett ] Tell-
er(1938)3 AfE Langmuir IBIGEM -, E T EAREXE
BV, REDERM, BRE—EVRMRINER
SENRMREFFIRREVRICASERIRFIR, IR
3 BET 20 3 ERMIZICHEL 5 IRWSRSE
o Sips(1948) @AY+ Langmuir JJIEBVEM FSIA

JElTE (1984-) , 55 BIAL N AR TE AR RYIBOY SR 27 B BN BRWFSE 57, F2 205807 ) L pT et

BIRESE . EAME(1976-) 4 LA 1t RIINBE SR 2 Be etz , EZMTFET7 10 o A AS M i st 3 2 AL B 241k

RERAL



JATEAE IR RIS LT TS i

SHNTE, ESET Sips RHFTFRLL, Dubinin A
Radushkevich(1975) 2&FRMIFIR B 2D S8Y, Ik
By 2O PUE TS IR M SLENI 2 BVERIE , 12 5 Du-
binin-Radushkevich 5 2% Wojciechowski 5§ A
(1989)ET Langmuir, Freundlich IRMNZFRELS , HESIR
/=2K4 Langmuir-Freundlich ( LF ) g ﬁﬁ_s] o Toth
(1995) 7t Langmuir JDTZBVEN CSIASHBDA,
HESWT Toth =SBRMHERS , HARBITDEH
WABNEMIAE, BISIANEZSHN DA, B
SIS hSHEEINRMIBS, F N CARH
IRIRCHE 5 AEBIERR , RERMIIECEE
IR RESNA,

2 SEARMHRERIIRF

Bal, ERINK AR R T B FT S A
B0, BDFEHNENRSYPEAM R, RIT—iD
F PR TN HEETRER REEFVEN, &
ToXSEARM RNIEEI0E 5 2SN DITH, I
BRRNEEZRKLUT 7 THBERIBESTRNAERK
MRSTHIREAT
2.1 BEE

RE JEEBREAMNINEN BARRPNERE
RS, X. Lefebvret™ (2009) FH 2 5 A&
I8 BRBIRRES AR R 3 IMEGRRER
SEERVEXN R EL, & IR E B RI08AM
RILRITANNEBEINA ST, Zhang FA(2009)
X FT30 A0 LF10 2 M E SRR ERN N RRIEREHT
S HEBEAR, BRI T IR ESENEE 2 BIBVK R
2, RENREEEESRH T, X ARELIRE Langmuir
IRMF R L, AN S8R E FH TR E Flory-
Huggins(1953) 218, THERE AR E G R
BRREEABRNIERERENZEE T
SMHTHUXRR,BENMEREANRTEENAS,E
REMRBBABRNNRTERBRIB K, FFYF
APIRAFER - BRECENREERARRNEER
MRPKDSEHTHIN, N 2 M7 e9 KRS
HITAR,EE—RE (2920 C)FHT,2 EFRM
ROV DSERBREEASMEXN;, EREN
20 C MW EEZ AR BER N EEREEHAS,
MROKDSERETE R, NBEFENVHART S
[(BEH T300/5405 E G RIE 6 R RIAR 6

2 13

WETH, BETERSNEEFTE T, KDY
BURERSIZNIBVEE,
2.2 [E&

BEMEA AR T IREREEERESH R
(RNBHERSR) BRKESKEZBEXRZR , KINARIY
MRIBERKEZINRERK, BKEASN, KDESS
OB RARBHSL RAIRSE RS EANRBHE D
A RRNENS 2, B2 B RRE—LE0E5569850
BN, SEMRRKERRIE A, BIB KNED
PEE BBV LS, X. Lefebvre F A BYH
RERI, F@W BRI R ERITAERAEN,
I, FERA R AERARIRRD, KRRBNEN

SSEZEREZ—
2.3 FXNMER

SRKMENEE — X E T RE KRG
ENVEREKEN=HTENESSRY , SBAEH
FNUEED(WRE RE RREE MRES) B
BeRKEISRKERR. TBEAHART
FEREBEEAN S0 BTN R IEE A BT M 8L
N, RIS8SHEEANERTEXSTSES
SHEDAIMEREZR, SRNEBTED
(—COOHA]—S0,—) &N STt NI TaE DT
AKFZ=IFEBEFEMB (—CONH,,—OH K—COOCH,)
MRITEE], KDSEENE, MESERMNEN
BIMEDNRARZTSKERIEE, B0 HSK
DFZBNEE N, HMENEERNREX",
EBTMENEN LBR GBS (PVOH) # B IRIK
MEBRIER T INGEDT, RIMABRZIGEENR
REIEEEBIMFTEIRIE, RISERKHRBEGE
BREWERN, BTYIERM, 4 3400 cm™ 25
B—OH BRI, R EX T REIEZ AL
=, TE2EBTFKNBED TIPS E—0H KRS,
R/E—OH EN0s®, @YD S BN E s,
2.4 BE FFIE

SEAM R REEZ2EATENBE  ENEB
HATEVEMEIIRER" , BHRIRORXIEEES
FAFSLERBEN, BARM RV B SRS EH L. M
LRSI FILEMEN R ML ER
SHIXEROLE, RXESKBEFFLAR
(SIRDIEERSUATRR) ANIED , X2 — TR Z, 48
MAKDSZHT BAZEHAER, XB2—TIEY
12, BAMNZTUZIRBUK D, 2B FFH3SLATH,



A% T PACKAGING ENGINEERING Vol. 34 No.3 2013-02

14 =

FLE BN TR AR, EEE R —EB
SR SURKEA, BERY), ABABAM R IER
IR, Tagliavi 5 AP RS BTN &3 E BN
[EEERARENNSEHITEENZI0, INVRARI A
RNESHEN X ETEA R, BN LT A,
RESLBREBKDERBAN AT BURENERF
BRS, MLEENZRBZIME S,
2.5 3Lz tERER

RNEFSANPHRT EERELENLERER
BT SLESAEE SBA-145 WBESBHIRMITTN, &
MRS ESHNERARMNEZE TR RER,
BERWESEXRERBESMRR, £—ELE
SEEM, BIARMHREAIN BRI MR EFESLE
BUSBI0MIERIRIG K , RIPY BURE N ZII810,
2.6 TWEIRS

FREEISE A AR T MR AR E R i
BECEANE BRE SRR AR AR, BUE T
fe, KU KRR BERSN RXENORNNEEER
0, AR EEEERERED, RRKER/], M
BEnfiEeBERE, BT 2B RBVZKERIT, &
2 T THRERIER,
2.7  URBS-FRURHY

Sabbahi %5 A P> WRSESRFAM RISV K M
75000, B E—RAalsaR g NS RES HTIRM
SHBIRN, RIEY SR AUNE, B, RN
KB IRBED IDERAR , KD ERAM RRERY BlAR
HR, FERKIE T A 2B RN, m2E8
RMHRZKIGA, LR I B ARER 2B MY, B2
X RS ENRER T, ESHTERAEE
WIMREUASHR 2 &8 (PVOH ) BRAT RN RTI6E
E TSRS DRSNS, (DB HEN 2B T
- R R S A IR K DY Blis{E e
FTEL, BRRZIERCIKIE , 8 N EAM RBIE
FOEER R TH— SRS, IR,

3 SEARMBRENIEARR AL

SENIABEITRIRIINEOE DTN (FT-
IR) SBF TR (SEM) FEAT ZRATF K
RZIRAR . WHIRAER(MRD BEAEENES
RN 2, WO BEFARRZ I, Braun F
NPT ERR BHFEAR AR (MRI) B AN BRI AZESA

AT RNERIT TR A RIE DT, N
SEAMRAB T DR T HEHT S EXIN, B8
BUARRNGEEAEERARS, Cnudde 5 AP
KERP SR AEMNBT 2 RIRAR, 8 S
WIEBVMR , RN DHT(NRA) BT 19 1843 70
F,80 FRGE, FHE AT S0 8 RN BYH
Ko Pilli EAER N DT (NRA) AMBF
B/ MNENENRIEHR,

4 BE

RINZEN D RESEAM N (WE SBANM
BLPVCEAMRNR REES) R INE T HE
TRRMER, BRN DR MRS HERTIEAR D
T, 7 E, BRI TBARM N EOE A2 R EAE
TENEARE A, STV R BURIRIEC 80 5
MRZAGHEENMARNBIUZSSZLBo £
BITERMA IEAEN ZBER JIGES (PVOH) SRR
REPIR M B TR B SIAZB M EID
HW , S BRI NSRS AR
RENER, B ZRA N R RS X200
=, RUBRRRERNTTESHEE, SERNSH
=S¥ BURE, IREABR JIGES (PVOH) BRI RIBY
BoRERY, FWHERAIGE PIREe M B2 T B
FROMG, BEFTHMESINZBAM R THE, &
< BEIERVEPRRM R, STIEAEEMHIFL B
B a2z PP R BBV FRIN (B

SE M

[1] KIM Ho Sung,PLUBRAI Pakorn. Manufacturing and Failure
Mechanisms of Syntactic Foam under Compression [ J].
Composites Part A: Applied Science and Manufacturing,
2004(35) :1009-1012.

[2] BECKMANN C, HOHE ]. Assessment of Material Uncer-
tainties in Solid Foams Based on Local Homogenization
Procedures. Int[ J]. Solids Struct,2012(1) :1.

(3] FRAALE. BRfL-ZALA R 20 T IR B [ ). 75 i R
AR (AR ,2001(12) :34.

XI Yi-jia. The Absorption Model of Single-aperture and
Multi-aperture Material [ J]. Journal of Qinghai University
(Science and Technology) ,2001(12) ;34.

[4] MANNARSWAMY A. D-optimal Experimental Designs for

Freundlich and Langmuir Adsorption Isotherms[ J]. Che-



JE AT

RNz g SLIRITIRE L0 eI

[10]

[11]

[12]

[13]

[14]

[15]

mometrics and Intelligent Laboratory Systems, 2009, 97 .
146-151.

CAMPBELL L S, DAVIES B E. Soil Sorption of Caesium
Modelled by the Langmuir and Freundlich Isotherm Equa-
tions [ J ]. Applied Geochemistry Applied Geochemisfry,
1995,10.7163.

DUBININ M M,ASTAKHOV V A,RADUSHKEVICH L V.
Physical Adsorption of Gases and Vapors in Micropores,
Progress and Membrane Science[ M ]. New York ; Academic
Press,1975:1-70.

WOJCIECHOWSKI B W,HSU C C,RUDZINSKI W. Adsorp-
tion from Multicomponent Gas Mixtures on the Heterogeneous
Surfaces of Solid Catalysts[ J]. Can J Chem Eng,1989,63;
789.
RUDZI ~ SKI W. Mixed-gas Adsorption on Real Solid Sur-
faces: Lack of Correlations between Adsorption Energies of
Various Components Related to the Wide Applicability of
the Generalized Langmuir-Freundlich Isotherm Equation
[J]. The Chemical Engineering Journal 1996 ,64 :85.
TOTH J. Adv Colloid Interface Sci,1995,55:1. (&ATE)
LEFEBVRE X. Durability of Syntactic Foams for Deep Off-
shore Insulation: Modelling of Water Uptake under Repre-
sentative Ageing Conditions in Order to Predict the Evolu-
tion of Buoyancy and Thermal Conductivity[ J]. Oil & Gas
Science and Technology : Rev IFP,2009,64 2.

ZHANG X. Absorption of Water in the Active Layer of Re-
verse Osmosis Membranes [ J ]. Journal of Membrane Sci-
ence,2009,331.143-151.

R AT, R TR, S5 R A I SR R v R A
RYMRAL R ATTSE[ ] SR Tk, 2009,37 (S1) :54.

LI Jing-ming,ZHOU Xiao-yu, YAN Xi-lin. Moisture Absorp-
tion Effect Sdudy of Reinforced Rigid Polyurethane Foams
[J]. China Plastices Industry,2009,37(S1) :54.

B 2. 5 IR L TR 15 i YL DR B L I R K P BE D AP T 5T
(7] 3HHEAR ,2010,30 (34 F]) :17-20.

TAO Ping. Principium Study of Water Absorption-Desorp-
tion of Polyurethane and Silicon Foam[ J]. Surveying Calcu-
lation Technique,2010,30(S1) ;17-20.

XIEEAE. REAR S 5 MR T300/5405 1) WL 1 g B I #4
WBEXt Sy PERE R R [T ]. A =5 B k241, 2010, 30
(4).75.

LIU Jian-hua. Infuence of Hygrothermal Environment on
Absorption and Mechanical Properties of Advanced Compos-
ite T300/5405( J|. Journal of Aeronautical Materials,2010,
30(4).75.

HERR PR, 38 5 2R SR U TR 52 5 b b R K M B B4 BIF Y
(7). B TR 541, 2007,29(3) < 12-15.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

& 15

MEI Qi-lin. Research on the Behavior of Reinforced Polyu-
rethane Foam Composite Under Deep Water[ J]. Journal of
Wuhan University of Technology,2007,29(3) ;12-15.

P R AR, AR AN B AR N R 4 T
SRR I BGR A RE SR [ )], R KB 4 ( AR
Bl2#iR) ,2011,42(1) 30.

LI Xin, LI Hui-ling, FENG Wei-hong, et al. Effect of Differ-
ent Hygroscopicity Groups on Moisture Absorption/Release
of Polymer Humidity Control Materials[ J]. Journal of Central
South University (Science and Technology ) ,2011,42(1) .30.
XIE Jian-jun, LIU Xin-rong, LIANG Ji-fu. Absorbency and
Adsorption of Poly ( acrylicacid-co-acrylamide ) Hydrogel
[J]. Journal of Applied Polymer Science,2007,106(3) .
1606-1613.

AR BTAE L. AL 45 R S PERE (55 2 D) [M].
XEE A 2. AEaT R R i, 2003.

GIBSON L J,ASHBY M F. Cellular Solides: Structure and
Properties ( Seconde Edition) [ M ]. Beijing: Tsinghua Uni-
versity Press,2003.

WS LB T LRERB IR IR AR RE AT RE R [T ]
e Tl , 1998 ,45 .647.

HU Wen-jun. Effect of Porosity on Properties of Open Cell
Silicone Rubber Foam Materials [ J ]. Rubber Industry,
1998 ,45 .647.

Wit A6 TSR M. Bt A= Toll i ik, 2006.
CHEN Ming-heng. Principles of Chemical Industry [ M ].
Beijing;: Chemical Industry Press,2006.

WRIGER , EFEA e R 0, 2. =i 0 IR A A IR K
BORESAG[T]. 2k, 2003,32(4) :40.

CHEN Xiao-li, WANG Tong-wei, JJANG Rong-feng, et al.
Water Absorption-Desorption and Microstructure of Three
Types of Foam Materials[ J]. Plastics,2003,32(4) :40.
TAGLIAVIA G. Influence of Moisture Absorption on Flexur-
al Properties of Syntactic Foams[ J].J Composites: Part B,
2012,43.115-123.

POCEE . FLAR TN P 2 T AR P22 0F SBA-15 ¥4 11 25 1% I
SRR [T ], 35 MO i (B2 R , 2011 (1)
139-143.

DAI Wen-yan. Effects of Regulation of Specific Surface Area
and Pore Diameter on Adsorption Kinetics of Lysozyme on
SBA-15[J]. Journal of Jilin University ( Science Edition)
2011(1):139-143.

[24] SABBAHI A, BOUZON ], Vergnaud J M. Absorption-de-

sorption History of Water at 100 C by Polyurethane Foam
[J]. European Polymer Journal1994,30(5) :657-660.

(F#% 31 0)



FERA FERMOUIER FRER 79 15 1 AE % 1 A B ]

EEBENINKZMHBINETECEERENNEZX
7949.89%%]52.28% , LA EBRFTARIGEEHIE
EeENVABMENTECEENEBEENINE
WR,

4 i

LESFSKEN 0. 40 mol/L, ERIENINEFZHIR
BN EL N 1 1 5, RMATE 20 min 87,
HENFTRENANRRERR R KIAF) 92.96% ., WF K
e E2elERENR/ ) IEREDSINI. 4
mg/mL A 1.2 mg/mL, KA FRRBENVINEML,

HERBENIIRRESEN 10% , RO IGESH
FESHERYAbMENTEcEERENNEER

DRNAZE]95.67% K1 97.45% VENERBDEEER
SBYNEIE
S HK

1] 285, RS o S e Ak BT T 5 1 A ] B Pl e
REMERERY SR [ )] f%% T/ ,2009,30 (9) :10-12.
LI Hui, WANG Li-qgiang, LU Li-xin. Inference of Microwave
Treatment on Sodium Alginate Based Edible Packaging Film
[ J]. Packaging Engineering,2009,30(9) ;10-12.

(2] SZHUbSE, VEAN . SRR A R A AT T ()], f 2 TR,
2005,26(5) :93-94.
PENG Shan-shan, JIANG Song-jian. Study of Packaging of
Flavoring with Film [ J]. Packaging Engineering, 2005, 26
(5):93-94.

[3] JEONY J,PARK P J,KIM S K. Antimicrobial Elect of Chi-
tooligosaccharides Produced by Bioreactor[ J]. Carbohydrate
Polymers,2001 ,44 .71-76.

[5]

[10]

i 31

YUDOVIN-FARBER Ira, BEYTHA Nurit, WEISS Ervin I,
et al. Antibacterial Effect of Composite Resins Containing
Quaternary Ammonium Polyethyleneimine Nanoparticles
[J].J Nanopart Res,2010(12) :591-603.

ZHANG Yu-mei, JIANG Jian-ming, CHEN Yanmo. Synthe-
sis and Antimicrobial Activity of Polymeric Guanidine and
Biguanidine Salts[ J]. Polymer,1999(40) :6189-6198.
TrHLE. SERBERUIER ) & TR B PR MG G P i
B[ D]. L AR ,2010.

QIAO Zhen-zhen. Sythesis of Chitosan Biguanidine Hydro-
chloride and Its Application in Antimicrobial Finishing and
Dyeing of Wool Fabric[ D]. Shanghai: Donghua University,
2010.

Jie SCHR RE TR L. SRR MR ER A4 5 i S LA
ERSWY LRI T]. BARGTSEEAR 2010(1) -8
-13.

ZHAN Yi-zhen, ZHAO Xue, QIAO Zhen-zhen. Sythesis of
Chitosan Biguanidine Hydrochloride and Its Application in
Dyeing of Wool Fabric [ J]. Modern Textile Technology,
2010(1) .8-13.

Wty o BRI S AR LA LRSS D).
HLPR KT R R, 2009.

CHEN Dong-mei. The Research of the Degradation, Antimi-
crobial, and Antioxidant of Chitosan [ D ]. Chongqing:
Chongqing Technology and Business University,2009.

T3 1. BT BB E B3 - 58 M0 B /K B e 1) ) 25 S 1k R
WFFE[D]. B & AR T RS 2011

FANG Yuan. Study on Preparation of Antimicrobial Starch-
PVA Hydrogel Dressings and Their Properties [ D]. Nan-
chang: East China institute of Technology,2011.

HU Ying, DU Yu-min, YANG Jiang-hong. Synthesis, Char-
acterization and Antibacterial Activity of Guanidinylated Ch-

itosan[ J]. Carbohydrate Polymers,2007,67 :66-72.

(E#&% 15 7)

[25] SABBAHI A, VERGNAUD J M. Absorption of Water by
Polyurethane Foam. Modelling and Experiments|[ J]. Euro-
pean Polymer Journal ,1993,29(9) :1243-1246.

[26] BRAUN ]J. Non-destructive, Three-dimensional Monitoring of

Water Absorption in Polyurthane Foams Using Magnetic Res-

onance Imaging[ J].J Polymer Testing,2003,22.761-767.

[27] CNUDDE V. High-speed Neutron Radiography for Monito-

ring the Water Absorption by Capilliarity in Porous Materi-

als[J].J Nucl Instr and Meth in Phys Res B,2008,266:;

[28]

155-163.

PILLI S P. A Novel Accelerated Moisture Absorption Test
and Characterization [ J ]. J Composites: Part A 40,2009
1501-1505.

TAM w1 KRR RS MRS [ ) ]
f12%E TR, 2012,33(7) ;. 1-3.

WANG Dong-mei, LI Yun,BAI Zi-you. Research on Cushio-
ning Characteristics of Expanded Polyvinyl Alcohol [ ] ].
Packaging Engineering,2012,33(7) :1-3.



