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An In-Depth Analysis of the Scientific Connotations, Testing Methods,
and Applications of Free Volume in Polymer Physics
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Chemical Technology, Beijing 100029, China.

Abstract: The concept of free volume originated from the study of liquid viscosity and was later utilized by Fox and
Flory in the analysis of the glass transition in polymer materials, establishing itself as a crucial tool for understanding
various physical phenomena in polymers. However, there is currently a lack of comprehensive discussion on free
volume in educational contexts. This paper provides an overview of the origin, definition, and applications of free
volume, explores different testing methods, and investigates the relationship between free volume and the physical
properties of polymers. The study aims to deepen students’ understanding of the free volume concept, promote a
comprehensive grasp of polymer physical processes, and inspire interest and enthusiasm for scientific research.
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KPR VARE B HAR, M BRI SRR R DORAR R 4> 720, dfe o FIOA R R 48 B AT . R B
B, 1% SRR T 2L MRS, B AR IR SR AR S AR AR IR 2 AR 4y Y A
16 (van der Waals)/& A . A T XA Al is 4 Bdk 47 1 5, 19544, A. BondiZEM%f H AR
T T, Frdsr =2, HYaEe s A, MK B BB ATKRE B HARRR . Hod, RPEJaeE
15 LHE HARFIF NEmpty Volume, B V= Ve — Vw, 31X B Ved8 iR B 8 TH 9 22 AR AR (cm®-mol ),
VwHe B XS R AT S BB ) 2 T SRR e AR AR R ~F s BRIk B AR e SO Ve = Ve — Vo, F
W Vore 73145 BoIRASTEO KIS BT G 8RR A . DRI, B2 R AR 2t 0z 3h 7= AR I BT MR AR R, e 4
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LB S
Cohenfl Turnbull H RS T 9 T I A RTR R 2 2 T ROV AR . B Ve AR R 1 B i o 195940101
oy FHE WAERT I B BN A 2Rk E, 4 B §E0RH B bR E R0
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HL7E H AR G am i, MEM B AN G ar ca . DAL, Jlad 4 A 1 W1 10 i 20 A TUs
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H RIS B 32 H DR, R 28 MR kAT B IRt 7. 7 LiRgiE, fiE
SRR 7R3 B HARFL . WiCurro. LagassefISimha (CLS) A2 A1 B AIB6], CLSHRH T =FpnlfE
5 AL BRI R A B AL o 31X = A2 kg e« A A IR K RN BE % 3l . McCaigFllPaul B7)
B T — N XHLHIEE R, ZB A B IR S5 S ALY B S &, X 5504 B MY S . Lee B8IF
RETHEINEFR AT R, DR R 282, XREW &ad Lmill &R A MNERE, R
MECARFR G BE BB R 2 A e« SRR o B AR Z ()T i oA

V-,
f= % =1-pVy (10)

Hrhv=1pr B, nZREMEURE R RIS A . Leetith, Vo L IRBNI I HERA Z5 T,
BPE SHERR L, S5 A. Bondi MR H G4 B ARV VIS, BIVo=1.3Vw. Ib4h, HLeit&E R
MR HEARS T REIAT I, an) U PR 18 (Generalized Entropy Theory, GET), ‘BFIH T #& -+ Hl ik
AR & 7 FE 45 & Adam-Gibbs POV # i . White Al Lipson $2 i T J& B #H 5% & #% (Local Correlation
Lattice, LCL)IZ —MEE B Z2ER M, W TS0 MRS AR, UEH T8 8 B S #S
SEBR I E B Ty 1A ARG, DA () I B AR R E SCAH R . JE R I, I IE B 55 /N (L) Viree
CHFT B, SRS IR, % AR RESREELERR.

AR, BEEREERAR KR, B HERE R WREE Pk, —J7m, WA HE BER
THEINEVAAE — € N RRYE, ML R R & 7 TR B R s A BAER . teah, X TJL4E
T ERARREM IS TR, B BRI E MR EMFEE— P wg. B—m, A
MRS & o T AR R 2 B X R TR IR . RECEHF X T HHERS &0 FIERE
FE . PRS0 FE S AR A S ROE, (HIX LR RV EIEM A 4. Bk, TEHE—LPHRR
G SEe BB 7L, DAER B AR S o TR R T R SCBEE A .

3 BHHEARESS TYEASEINH
H AR & TV TR S 2 AP AR ) o8 /104 B | i AREL G N, & FEEBIE3)

PEISR, AR AR, XN H R R Dy FREBGR L T 2 g s al, sk TR B 1)
PEEFILE J7 o 153 F VT 00 3 B2 B 5 F Arrhenius 7 F2 347 R R8BI

1= Aexp(zh) (1)
Hrp, AREH, ESRFIRIEIGEE, RABERSEELR. Had, ETM, 35 RERE BN RZ A
WAE Arthenius/E R KL, BEHEFNE BAES H &, 450 TS B AR R T
Iz A 3. Doolittle Wl i X IEFe kS R FERE FLA3 H, AN RIS NS E 5 H AR AR A ¢

n=Acmx%?) (12)
HrhA, BNHH. LR, SETEMERE, B ~ 1, EIEEEBHRS 713068 NILT 2 1% 25 8 fE 22 58 1%
izl M HAAWLETFEGENQ3)), BVAT#3 255 3 H AR 53 30(f;) 90.0025. Cohen-Turnbullik g4y
e RAEKR TG I A AR A Sk A, §H0E BT B BRI E B 5 Am 8 5, A Bk
WEH AT ERE, WA TERRAMER. T XK, 5] A T Vogel-Fulcher-Tammann
(VET) A B3-Stk ix f 8 ArrheniusqT N 7

Iny=InA+ T?TO (13)
HAPANBREE, ToRHE=AHEHEEFA “VogelitE” ). MR TN, Wik#aT L5 K,
I RS AR, Toll H HE TR K950 °C VETA NS WLF T FE 22540 ). AllalZs NHOHR T —
A E AR B R R R A 5 TR AR LR R, SRARREUE TR R FETE 5 /L, & B Y [ 908
0.01-500 MPa.
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HEH AR R R RE T 8 20 T A R B B B A R R P AR EE R . B FRAL R R R T AR B RS
ARSI, B85 H HERB KNS mEVIG. EEBHEREEN, &9 riEErs
BTER SR, PR, Mmook, B AR S HON T A IR S B ARG, TN
N B ARy B, AR EIS — B N =2 BRI, sh AT
712318 . Fox-Flory H AR IR PN T4 B e ARAR 20 20N B 2l 5 e 00 8L, B

fi=K+ (aL— ac)T (14)
Horb, £ B EARF G KON0 KIN 1) H RT3, ol il 2 S AT A 2K 24 Fox-
Flory W\ A H FHARFRBE IR B 4R A2 4k . fEURIERN b, WLF A2 B3 B ARFE .

Se=fet (aL—ac)(T— Ty) = fo + adT — Tg) (15)
ar = (aL — ac)¥E H AR A 2% BHE N4.8 x 107* K™, Simha & Boyer [ HARFA B S HTHA
N, HHEABBIET, LT I RGRES, BEIREE N REmA WD, 0 KN AN AET. B2, L4510 HEH
IR VLR T, SN TR 90 &R, DA S s 4 FAE T UL N SR CE S R h, BAR AR B R RN
BRIk, 28T 83 1R R R T, IWNTE R (T> Ty) F s MRMAE N EE RS | B R AE
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