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i B BEY RIS BN R A H R (konjac glucomannan, KGM)/BRK I £ 21 4k 5 & 4514 10 2
5k X KGM HEFTIE 2 ek, B 2 BERT IS A9 KGM 5 BBk BB af 4 . Hm . i 4R, R AE B &
PIFNE AR, UG IRRLRREE | Wi KR | KRB R BRERERENR, e iid)r, i
AR LTSNS A A H B A T RAE BESR B T IR R OK B B AT 2 52 N A s AR 5 B 100 mL
ZELBAK A I BE 2 T SR 037 g SBOKBEELT4E 0.074 g, T 0.60 g 1547 0.074 g, 54 B AR TR i w]
ik 11.20 MPa. it 2T 38 3 T SRME/ SRR R (47 4k 52 & I s R 77 0 B 100 mL ZE K s it 2 B2 0.2%
JEEAEATH BB 0.37 g BAKREELYE 0.074 ¢, Hl 0.50 g 1547 0.074 g, TEMAMFET, hifH3REE N 12.67 MPa,
JI5E 2 Tt SO A6 5 MR BP0 P A 5 13% . TR R BRAR 17% | W /K REAIR 12% . /K ZE B 1 REEAR 41%,
ZLAMGIE S A AR AR R W B E R ORI a A e SR A e . i OBk
PEACFREACE T 5 A RO ZE R, $ 8 T A I W B BE AN N B B A2 A B T R AR ERIE 22, JF RS
A RN KR B AR AR T & R RS
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ABSTRACT: Objective To explore the effects of deacetylation on the characteristics of konjac glucomannan
(KGM)/black rice dietary fiber composite films. Methods KGM was modified by deacetylation, KGM before and

after deacetylation was mixed with black rice dietary fiber, glycerin and vermiculite. Two kinds of composite films
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were prepared by the spreading method. The tensile strength, elongation at break, water vapor transmittance and
water solubility of composite films were taken as indexes to determine the optimal formula, and characterized by
Fourier transform infrared spectroscopy and scanning electron microscopy. Results The optimum preparation
formula of konjac glucomannan/black rice dietary fiber composite film was 0.37 g konjac glucomannan, 0.074 g
black rice dietary fiber, 0.60 g glycerol and 0.074 g vermiculite were added to 100 mL distilled water. The tensile
strength of the composite film was 11.20 MPa. The optimal formulation of the composite membrane for deacetylated
konjac glucomannan/black rice dietary fiber was deacetylation 0.2%, konjac glucomannan 0.37 g, 0.074 g black rice
dietary fiber, 0.60 g glycerol and 0.074 g vermiculite were added to 100 mL distilled water. Under these conditions,
the tensile strength was 12.67 MPa. Deacetylation could increase the tensile strength of composite films increased by
12%, the elongation at break decreased by 17%, the water solubility decreased by 12%, and the water vapor
transmission coefficient decreased by 41%. The results of infrared spectroscopy and scanning electron microscopy
showed that the konjac glucomannan/black rice dietary fiber composite films were more stable. Conclusion The
deacetylated treatment have improved the physical properties and microstructure of the composite films, which can
provide a theoretical reference for the new composite films, and provide a reference for the development and
utilization of konjac glucomannan and black rice dietary fiber.

KEY WORDS: konjac glucomannan; black rice dietary fiber; deacetylated modification

526 5 8 2 H T R OK B B 47 45 (KGM/BRDF) K &
R RRE, IRFTI S BEX 2 A R E R, S KGM &
A B T R AR LR S

0 3 =

JBE 22 K LR A 1y R, I A3 A A U

AR X B O A AR, e ATl P
FZ R o BEERTH B B (konjac glucomannan, KGM)J2& &
FWEERS, WHATUEFEGE . EFEEERE R
SRS AR, FEF I R R AR AR O, R R
P A R, R P S R 0 2 ). KGML HLAT R
0 BBEAE A g e e ™), i A B AT LA Y
BTV T1, {2 KGM HA TR AWK YE, S5 KGM #i
Gy W e, BRI T R Y, o] s ot b ok HN Ve
Fl. B %A KGM ek S ARt . ¥
ALY i wu 20BN T KGMY/Z BELR
R IR, CEAREROIMA R ERFA T E A B
AKPERIBHBEE . LI 452 o 75  KGM b 7 4 P b,
/N T R, SR T R A MEfE  ZHOU 26114
SRS S X KGM #4772 ek, oo 7 =454, WaR
THMERSHKMER . (A4 LR 5 248 G i i 53 fef /0 W,
i, oot g6 R R R A EERE, Y
R T

KRERAFEES, BXPREISAFLESEE
4.55%1) Bk 4T 4E(black rice dietary fiber, BRDF)#]
5 KGM IR, Bk KA A R S5 U0 v g A n] 4
A BT R, MR R R e e R, ARl
FXF KGM #EAT e 2 kel 75 208 2 Mk 2 40 T 3R 0%
(deacetylated konjac glucomannan, Da-KGM), ¥ BRDF, 1
T AN S I Z BEET S 1 KGM TR, Hl&E A5,
Xt BG B 2 T B8 < 4 T SR/ REOK R £ 21 2 (Da-K GM/BRDF)

1 MRERE

1.1 MRS

JEEHH BB (KGM &5 =92%, bR LY
BHEA RA D, BRREELTAEERER %), BAaad 800
B, A RERRABHCARA ), Tk B, i, i
~80. VIR . JOAKBRERAN . JoKEALES (O Hral, KRR
HHLE A RRA ).
1.2 UE5EE

TESCAN MIRA LMS FI#HF i i [ 28 5 5 5 (1
WA BRA ], CMT6103—MTS 7 B 12 I AL CE R T
VA BRZSED); Nicolet iS20 # HLM-2T /M ERE{U [FEER G /R B
B (R EYA AR, SP200-2T L mg JtHEa (HTH KBk
{UEAG PR D), BPG-9100BH 5 st X 1At (g —1E Rt
FAMRAFD; PX22ZH Tz — PRI (B S A R
2~ l); PB-10 5 THEEE S Z R F]); 800Y =%
T REA BAL R R T BARR L4 A R F))

1.3 7 &%
1.3.1 KGM/BRDF & A& %) &
(HAHE KRR

Z ek Ik, A AIFREL 031, 0.34, 0.37,
0.40.0.43 g KGM 5 0.00.0.037.0.074.0.111 ,0.148 g BRDF
W78k, 55°C, 300 r/min 7% JiHERE A%, FREX
0.00, 0.037. 0.074., 0.111, 0.148 g 547, JIA 5 mL JE/K
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BT, BEHES), o AR WANEROR A, W 030, 0.40.
0.50, 0.60. 0.70 g HiliA1 0. 50 g 980, IMZEKER
% 100 mL, 55°CHt4E 3 h J5 180 W A B 15 min, R
TAER A AR OEH . FEAEBIM (20 cmx15 cm)H,
40°C T4 20 h, BFE AW,

(QIEA IR i

JBE 4 28 T B8 W 2k e e T DA i ) T TR A, RRAI
Gy N ZS R BH, 3958 43 FHE RO B AR, (R G R
DG, e il b S A 5 N R 152810
I KGM BREHML, SREWHE, &Rk, f
il B ARG . B L DR P o B 2 5 4e b, AR R R
5%, YEEL KGM & (4). BRDF W& (B). Himasm
(). AR (D) Lo3YIFAZikE, kB &
il 128, Wk 1.

F1 EXRBERERE
Table 1 Orthogonal test factor table

KA Ak
Alg Blg Clg Dig
0.34 0.037 0.40 0.037
0.37 0.074 0.50 0.074
3 0.40 0.111 0.60 0.111

1.3.2 Da-KGM/BRDF £_&-Ji 64 %] &

(1) Da-KGM il %

S e 4507 s, ERRFREL 5.00 ¢ KGM, LA
100 mL 40%Z. B %, BT 40°CIHEIBABH A, 150 r/min
PP K 30 min, SRHITIIBE L 0. 0.005%. 0.010%.
0.015%. 0.020% Na,CO;, 40°C/Z i 12 h PEATHL 2 BE,
50%ZBEPE E pH=T7, FEH 75%E% . 95% L EEFITEK 2
B4 BRI 3 IR, 155k B LB HE R, 40°CHXL T 12 h,
BRI B S>30 0, 0.1%. 0.2%. 0.3%. 0.4%HAJ KGM

[PLABEST s a7y

TEMPRI 0.37 g TR 0. 0.1%. 0.2%. 0.3%.
0.4%[¥) Da-KGM 5 0.00.,0.037.,0.074.,0.111.,0.148 g BRDF
T 28K, 55°CHE P HEE LR % . FREL 0.00, 0.037,
0.074, 0.111, 0.148 g1&A, A 5 mL oK ZBE, HidEdy
59, ¥ FRWRETRIE S, WA 030, 0.40. 0.50. 0.60.
0.70 g i, 0. 50 g nti-80, MIZEIH/KERZE 100 mL,
55°CHHE 3 h /5 180 WA B 15 min, RAIEEE A
JETHEH . PR A IR0 cm=15 cm) 1, 40°CT 146,
T4 20 h JE158IE A

GOma J TrT A IR B

A ZIR I A SERE L, DIR AR s& B P T8 05, 1
PRI WEEE(4) . BRDF WE=(B). HWMSINEC). #0
WD) 4 MR, K Box-Behnken $&317E47 i 17 T 1
fEiRe, PR LG 2,

2 MNEIRERITTERKEREG

Table 2 Factor level and coding of response surface test design

K% il

-1 0 1
Al% A 0.1 0.2 0.3
Blg B 0.074 0.111 0.148
Clg C 0.5 0.6 0.7
Dig D 0.037 0.074 0.111

1.3.3  ZATEMUARMA B8 69 M) 52

PR A O DU 5 AT, TR TR
TP IEAE R (mm) . A B SR RBT 2 150 mmx
25 mm KK, 2% GB/T 1040.3—2006 (¥R Rl
FISE 55 3 3850 TR R e 2 1 Dl ik, R
AT Re 1S I ML 8 &G BERY P fil 8 B2 (tensile strength,
TS, MPa)Flr 41K 2 (elongation at break, EAB, %), &
Je I RILATEES 100 mm, FAPHER 25 mm/min, FF4RFE
SEATINE 5, SrilE IR (1)(2)1H 5 TS Hil EAB:

F
TS = 1
LxX &

E - E,
EAB = x 100% 2)

0
Ao FARERALPEE T (N); X AR (mm); L ACRBETE
JE (mm); E CFRBBT R A (mm); Eo FCRBEA R
IR (mm).
134 A6BAERRELRHK

HRE AR AP Oy vk, BRI A 3 g K

45, 105°CHET 2 E . R GRS, 10316
Hiw, B TIRHRCA R NaCl A0 T8, F 12,
24, 36 M 48 h HATFRE . AR KZES B 5 (water
vapor permeability, WVP)¥ BB/ 2 (3) 114

Am x d

WVP = — 3)
A x At x Ap

RrP: WVP #4724 g-mm/(m?-h-kPa), d H/EJE S (mm), Am
SRR RO A 1 (), Ar ] (h), 4 4 BT R (m?),
Ap RPN K 28 E 22 (2630 Pa, 25°C),
1.3.5 Ak

M T W 2 S PV Ok, A A IR 2 emx2 em 1)
IEJTE, 105°CT 1 3 h, FREFHBEA 50 mL 28K,
24 h JEHBUE, T 105°CT 4 4 h, FRE, #HIEAR@GITHE:

5 IK 2R /%=(M-m)/M>x100% 4)

o MO, g m ARG R, -
1.3.6 4246 F RRAELSHT

P AN 3 mmx3 mm BYIE 5T, 60°CHEAE T
P, AN, WEA b IR 5 kV, 5000 15 T i
HH SIS A B RHIE 5
1.3.7 ABE ot T 4o bk da 4 5 41

% 1:100 [ LK KBr 582 G B0RST, IF7E 80Tk
rRBIFEE, TR, 7E 4000~400 cm™ KT EE P, TR
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Bk 32, A3HERR 4 cm P,
14 HIELIE

FAREEE R 3 WRELMBIE, A 451U EA
HEMZEFIR, K SPSS 19.0 B Eds 5313 tr, KA
Duncan X ESREIAT R H5HT, SR Origin 2019 #4317
2[R, Wi TR R Design-Expert V10.0.8 B3 K347

2 HER5HH

2.1 KGM/BRDF E&EBEZ RS
2.1.1 KGM #m&3t KGM/BRDF & A& 1 649 % v
M 3w, B KGM HA RIF 8RR E K
VERPEDY, BEE KGM IR RGN, & A B
B W SN K R i K, (H2Y KGM B =
0.40 g/100 mL I, [K>h KGM ik B2 1S3 KGM
Sy FRESCHINRE, FEITE R LLE S PR R, ZATE
FHEHE IR ELE I, REATE . AW, B KE
Pl ™ E, 55 A I S o B AN I 24 Al K ST IR R AR,
WVP B 5 A IR 25 002 B/ MRS R . M imE
0.37 /100 mL B}, &4 MM R A B i R H 36.83%,
IR SR BE 4 10,31 MPa, A IRIHAKR S WVP 44
FIEIE, 3510 49.45%F0 0.65 g-mm/(m?-h-kPa). % [ FF
W, M KGM ity 0.37 g/100 mL i, 524 Bk Rg i
%3 KGM HinExt KGM/BRDF £ A& P& ARV S MR

Table 3 Effects of KGM addition on properties of KGM/BRDF
composite films

KGM @3 hifhseE Wi WVP/[g'mm

BKR

/(g/100mL)  /MPa 1% /(m’*h-kPa)] 1%
031 338+0.12 16.09+0.46  1.0040.03 47.47+0.67
0.34 6.25+0.21 19.10+0.44 0.84+0.03 48.76+0.51
0.37 10.3140.16 36.83£0.55  0.65:0.04 49.45+0.18
0.40 11.43£0.25 26.69£0.39  0.58+£0.03 52.49+0.45
0.43 10.47+0.15 25.87+0.45 0.63+0.02 53.17+0.25

2.1.2 BRDF #r&%xF KGM/BRDF Z A& 1 4864 %
gk 4 fizs, B BRDF ININELAGE N, 24 AR
e B T 2L A BB TS R, WVP R 7K B B B 1K,
24 BRDF #A1HE4 0.074 ¢/100 mL B, 54 BRI i
FRF L SRR Bt KA 7.74 MPa Fil 34.33%, WVP i
/N, 9 0.58 g-mm/(m*-h-kPa); 332 N REE £ 4 vl 4 %
T ) v A T 2 ) e i i 124, /0B ) BRDF fiE
R SERAR EAEH, T Iees B8, W Kas 7
BiE, NMISHE SR WVP FF. {2 BRDF Z3 i 4k
LEMAKHT, 2410 BRDF FIRSHIEE A LM 5
P, ST 2 AR ESANE, E A B R 5R B
F 2RI IR T %, KA TFTERESBBIEABRN,
WVP Zii A, tah RSB EEE I &M, b5 R
N EE R SE AR Al AN N3G K, B A IR har A s 3 A 7 2 Aif
KB ETHE TR, KRR T BRI R —

. 4 L, X4 BRDF SRR A 0.074 g/100 mL A,
AR

% 4 BRDF R E% KGM/BRDF £ & 4% RS20
Table 4 Effects of BRDF addition on properties of KGM/BRDF
composite films

BRDF ifinse frffag s Widdfi® Wvp/[gmm  #HKE

/(g/100 mL) /MPa 1% /(m*-h-kPa)] 1%
0.000 4.97£0.14  9.00£2.00  0.74+0.01  52.42+0.23
0.037 5.85+0.11 13.33+2.08  0.64£0.01 49.43+0.27
0.074 7.74+0.09 34.33£1.53  0.58+0.02 46.59+0.37
0.111 6.28+0.11 17.67+2.52  0.66£0.01  42.95+0.42
0.148 4.79+£0.04 13.00£1.73  0.67+0.01  41.83+0.09

2.1.3 HihifsmEst KGM/BRDF 5 A4 AL 69 %ok

e 5 FroR, A MR B AN 2 R B T
NIRRT LA AR,
HHBRIEMAH S A KRN KGM/BRDF HHRAR
AR PERCAT, [RIE Ay 3o SR, WA R (0 S KRR
PR A B RLPEREE | Wi K R F e, (S
T 5K F KGM . BRDF MHEMA IR, &S50k
FUAT BT B Y H AR T 0.60 g/100 mL i,
O A5 T A B R A R R T [, WP, IR R AL
BEFHER . g5, HIMBSmE N 0.60 g/100 mL B, &4
PR REfcfE, DU PSR IR SIN 10.56 MPa, WiZdfhik
RIKFHR 30.73%, #&BELRECN 0.50 gmm/(m’-h-kPa),
TRIKHK 40.97%.

£S5 HiRAMEX KGM/BRDF E&EMERERF N
Table 5 Effects of glycerinum addition on properties of
KGM/BRDF composite films

Hobdsna PR WK R WVP/[gmm IR

/(g/100mL)  /MPa 1% /(m*h-kPa)] 1%
0.30 438+0.10 18374050  0.58+£0.01 44.42+0.28
0.40 7.15£0.23 22.30£0.40  0.54+0.01 42.01£0.22
0.50 8.0940.18 25.1740.57  0.5240.01 41.27+0.27
060  10.56+0.13 30.73:0.42  0.50£0.01  40.970.30
0.70 6.52£0.13 19.80+0.66  0.62+0.01  42.14+0.35

2.1.4 ¥ & HHImE KGM/BRDF 545 HE AL 69 %0k

MR 6 PR, BE ARSI, AR s
PRSI TR R REIC, A US4 0.074 g/100 mL A,
P fihas B AT 2 IR B K (E 6.30 MPa #136.33%, X &
KA 32 41V s i A AR TP A2 A IR F R o B R AT,
IR T EEETE R, A BRI RR T E AR AT K
R, HIIN T E AR WVP, Z4kE i, RS
g AT HAIEE, $20 BRDF Fl KGM 22 JAI3ZHE, AR A A
SR, 5 XSS PR A -5 2 s AR ) 45 5 A B A2
B RER IR A A I R AR 2 R — 3 MR AT
JNEA 0.074 g/100 mL B, AR KZEN 37.40%, WVP
M 0.56 g'mm/(m*-h-kPa), EAMEMERERA:.
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% 6 MEARMEN KGM/BRDF § & IR aEA950
Table 6 Effects of vermiculite glycerinum addition on
properties of KGM/BRDF composite films

WA BIGRE KRR WVP/[gmm  BUKE

/(g/100 mL)  /MPa % /(m**h kPa)] 1%
0.000  4.90£0.11 19.3342.08  0.47+£0.02 44.18+0.13
0.037  5.98+£0.13 32.33+£1.53  0.54+£0.01  42.10+0.28
0.074  6.30£0.04 36.33£2.52  0.56£0.02  37.40+0.42
0.111  5.54£0.06 17.6742.08  0.59+£0.01  34.44:0.44
0.148  4.30£0.07 13.00£1.73  0.65£0.02  33.48+0.78

22 EXRRWLERDH

FE R F A B A b, X IE A IR B B4 Rk T B
AT, SR 7, IR AR, & W E & A
W R B 8 B (BRDF IR )>4 (KGM
HO>COHHR IN)>DUE A I, 4 K, Stds
N AyByC3D,, HIRIGLERTTH, 5 5 AR FARKMET
(4,B,C3D)) TS 2 i 52 A P sE BE R 35 11.14 MPa, 45
BFaE, B KGM Wit 0.37 ¢, BRDF W MilliE 0.074 g,
A 0.60 g, WEATINE 0.074 g B, B A BRHLH
5 E AT 1K5(11.20+0.20) MPa, Wiz K 34 (36.00£1.30)%
7K (42.00£1.40)%  WVP 4 0.59£0.07 g-mm/(m*-h-kPa).
WM 5E A,B,CDy A AR IR

F7T LEHEXRBLER
Table 7 Orthogonal test results Lo(3)

ETE= Alg Blg Clg Dlg PSR /Mpa
1 0.34 0.037 0.4 0.037 5.02
2 0.34 0.074 0.5 0.074 7.66
3 0.34 0.111 0.6 0.111 3.65
4 0.37 0.037 0.5 0.111 6.23
5 0.37 0.074 0.6 0.037 11.14
6 0.37 0.111 0.4 0.074 7.43
7 0.40 0.037 0.6 0.074 8.54
8 0.40 0.074 04 0.111 9.77
9 0.40 0.111 05 0.037 4.65

K, 5443 6597 7.407  6.937
K, 8267  9.523 6.180  7.877
K; 7.653 5243 7977 6.550
R 2.824 4280 1.597  1.327

2.3 Da-KGM/BRDF E8IREEAEZ DR
2.3.1 KGM BLTBLE 3t Da-KGM/BRDF 2 &-JE 45 22 #4458
#9757

% 8 fr/R, Da-KGM/BRDF 5 & 5 By $ {135 18 B 25
KGM Wi ZWEEE s n, 236 LT R, 4z
T3 4 0.2%8, Da-KGM/BRDF & & B AL At 5 14 5] 55K
{E 11.59 MPa, FLHFKIZAHK RN 27.54%, WVP kS /M,
M 0.36 g-mm/(m*-h-kPa). [H A ZBEREFE 4322 1] B A Bk
FE, Wl N WERE B3, 4 [l SR, A EAC K
B, SR T TR A A S i s A W 2 A K R )

KGM 5 /K ik P Al B 3 B0 2 T 52 % 38 fm i s /b, %
Da-KGM/BRDF 5245 i 17 /K AR Bt I L BERE S I 2 BE T
R (UYL R L 0.2%)5, B ZIEIER IR, &
3 T A feh e JEE IR R A K R SR e g, DA B A
IR, A BIATE, B ABS, X5 QIAO
AP B LR, TR R TIN5 2R —
B 45 b, KGM BEOBEEELE 0.2%0), EA B R RAE.

# 8 KGM Ht ZEiE % Da-KGM/BRDF £ & It 2RI 220
Table 8 Effects of KGM deacetylation degrees on properties of
Da-KGM/BRDF composite films

BZBEE  SUMSRE  BRMKE WVP[gmm  FKE
1% /MPa 1% /(m*+h-kPa)] 1%
0.0 9.54+0.18 36.44+0.92 0.54+0.02 48.62+0.61
0.1  10.67+0.17 30.39+0.64  0.5240.02  45.49+0.63
0.2 11.59+£0.28 27.54+0.56 0.36+0.02 43.25+0.40
0.3 9.32£0.19 22.88+1.00  0.47+0.01  41.72+0.46
0.4 4554020 15.6840.55  0.60£0.01  40.22+0.71

2.3.2 BRDF #&4n &%t Da-KGM/BRDF H_4-E 4 22 14 4t ¢4
#h

W3 9 iR, Wiz BRDF WIS, Da-KGM/
BRDF & & Bt fifag & Fs 24K S 2 358 F A TR
Ffa%, 4 BRDF 7RI R 0.074 g/100 mL B, &4
FA LAt 3 A R A I SRR B KA, 4331 11.20 MPa
1 28.20%. Da-KGM/BRDF & & B WVP FvE KRG #H
BRDF i nE 2 B T ias, HhOmakn Lk,
T KGM BIEKE, [IAS5ER 5, BRDF WIS KTF
0.148 g/100 mL A, WVP R IERIVE A Sk, 24
BRDF W ARELIE R, A AP HL, WVP T iR
Ko & BTk, BRDF LN 0.074 ¢/100 mL.

& 9 BRDF RMEX Da-KGM/BRDF £ & & 14 A& A2
Table 9 Effects of BRDF addition on properties of
Da-KGM/BRDF composite films

BRDF ifsfinte  fiffisRfE Wi WVP/[gmm %K%
/(g/100mL)  /MPa 1% (m*hkPa)] /o
0.000 10.03£0.05 19.2740.31  0.54+0.01 44.55+0.18
0.037 10.44+0.04 23.97+0.21 0.48+0.01 43.26+0.12
0.074 11.20+0.04 28.20+0.26  0.41+0.01 42.75+0.10
0.111 10.71+0.03 23.30+0.44  0.37+0.01 41.90+0.14
0.148 10.42+0.06 21.17+0.35  0.37+0.01 38.78+0.13

233 HihdAngst Da-KGM/BRDF £ &4 3 M 6 69 %5 7
mk 10 s, BEE T WA, Da-KGM/
BRDF & 45 B (1 F A Ji A 24 K R T S BRI, 41
TSI 0.5 g/100 mL B, 524 B Hr s B2 Ak 2L
FIR P KAE, 43590 12.39 MPa Hl 36.20%, &8
WVP KRR/ ME, 525124 0.35 g-mm/(m?-h-kPa)Fl
40.17%. A H IR kSR K, KM WVP JF
B ZE TR, RN 0. 5 ¢/100 mL,
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# 10 HHRMES Da-KGM/BRDF £ & M RERI SN
Table 10 Effects of glycerin addition on the properties of
Da-KGM/BRDF composite films

Frmasinst frfisg il B MKE WVP/[g-mm

BIKR

/(g/100mL)  /MPa 1% /(m*-h-kPa)] 1%
0.3 10.6140.58 17.42+0.50  0.45£0.01  43.80+0.15
0.4 11.26+0.07 25.03+0.61 0.37+£0.00 42.61+0.15
0.5 12.3940.04 36.20+0.78  0.35£0.01  40.17+0.13
0.6 11.7140.08 30.42+0.68  0.38+0.01  41.62+0.10
0.7 10.8540.08 28.9240.57  0.40£0.01  42.50+0.12

234 AR EX Da-KGM/BRDF S A3 464935k

R 11 PR, MIEEAEINES 0.074 g/100 mL B,
Da-KGM/BRDF & 4 JI5 () A ik 8 0 7 24 AR Bl Rk
&, 433 12.55 MPa Hl 28.70%, WVP kRIHAEME, N
0.38 g-mm/(m*-h-kPa), $547 NN BIRIEIN T & A IRk 7%
TR, AR BE 2, Tk B % 16 DSk B K VR F I Dk L
Or IR SUREE A I STIRR R, BTLAE AR WVP B
SEREARE BRI, BOKSBIREAR, 25 DIk, 8h
H B LS i 0.074 /100 mL.

Fz 11 ERRMES Da-KGM/BRDF £ & JE %8152
Table 11 Effects of vermiculite addition on properties of
Da-KGM/BRDF composite films
AN PR BT KA WVP/[gmm KR
/(g/100mL)  /MPa 1% /(m’-h-kPa)] 1%

0.000 11.71£0.03  21.33+0.58  0.47+0.03  44.01+0.29
0.037 11.90+£0.06 24.93+0.81  0.42+0.04 43.61%0.15
0.074 12.55+0.06 28.70+0.40  0.38+0.05 42.44+0.28
0.111 12.10+£0.05 16.43+0.35  0.40£0.05 39.48+0.15
0.148 11.68+0.04 13.39+0.28  0.43+0.05 37.63+0.19

24 MWNEIREERS S0

FER R RS B b, w7 ORI T AR R 12,
F| ] Design-Expert10.0.8 i 7 i 1 {4-15 11 Box-Behnken %,
VLR A BB s B (Y) i AR, X &5 SR T A 40 #r, 15
F| [\

Y=12.53-0.0464-0.31B+0.15C-0.093D+0.0984B+0.094C
—0.14D+0.5BC+0.085BD+0.21CD-0.894>-0.62B>-0.65C*0.56D*

WER 13 43Fr Al 40, #EE P<0.01, ELAGR B, 8
I P>0.05, A2, BB RIEAMERIA &, R/ AR A
(4 5 5 RR A R E R B RP>95%, THIE R AL R A = 0.9608,
TOEBUEART, TR R B e v, e Rl %
LT Xof 52 5 B 18 7 o 88 04 7 0 . AR F (AT, 4% A
TN B A B A 8 5 i KNk BORE K G £ T 4 Jn
B)>COH MmN &E)>DIE A I E)> AW L BEE) . P
fERIH, —KI B, C, K3 4°. B*. C*. D*, % HI
BC. CD Xt & A5 WP i i 2w i 8 2%, — K30 D X 4
[ EDRLIEIYES A TR TE WL TSN e L A ) S 1Be
TR A R, (HE A S R B B4

RIS WER . S, SEEABEYEE, PLATERE
B, AEE RSB R | PR EEDIRER T K,
DR e B 1 T ) £ T Y LA o S S, P DAAE AR
AR P B S BERE B9S2 255 AR BT T BRDE, HHh | 48
AIHFARE .

Fz 12 MEERERITRER

Table 12 Response surface experimental design and results

RIE 4/% B/(g/100 mL) C/(g/100 mL) D/(g/100 mL) Y/MPa

1 0.1 0.037 0.5 0.074 11.52
2 0.3 0.037 0.5 0.074 11.21
3 0.1 0.111 0.5 0.074 10.82
4 0.3 0.111 0.5 0.074 10.90
5 0.2 0.074 0.4 0.037 11.67
6 0.2 0.074 0.6 0.037 11.51
7 0.2 0.074 0.4 0.111 10.88
8 0.2 0.074 0.6 0.111 11.58
9 0.1 0.074 0.5 0.037 11.02
10 0.3 0.074 0.5 0.037 11.21
11 0.1 0.074 0.5 0.111 11.09
12 0.3 0.074 0.5 0.111 10.88
13 0.2 0.037 0.4 0.074 11.95
14 0.2 0.111 0.4 0.074 10.26
15 0.2 0.037 0.6 0.074 11.20
16 0.2 0.111 0.6 0.074 11.50
17 0.1 0.074 0.4 0.074 10.93
18 0.3 0.074 0.4 0.074 10.60
19 0.1 0.074 0.6 0.074 11.12
20 0.3 0.074 0.6 0.074 11.15
21 0.2 0.037 0.5 0.037 11.77
22 0.2 0.111 0.5 0.037 10.92
23 0.2 0.037 0.5 0.111 11.53
24 0.2 0.111 0.5 0.111 11.02
25 0.2 0.074 0.5 0.074 12.41
26 0.2 0.074 0.5 0.074 12.60
27 0.2 0.074 0.5 0.074 12.67
28 0.2 0.074 0.5 0.074 12.45
29 0.2 0.074 0.5 0.074 12.54

®13 WEEEEFRESES TR

Table 13 Response surface regression model variance analysis table

KR M BAME ¥ F P Pk

MR 11.01 14 0.79 50.02  <0.0001 ok
A 0.025 1 0.025  1.60 0.2260
B 1.8 1 1.18 7496  <0.0001 o
c 026 1 026 16.61 0.0011 ok
D 0.0 1 0.10 6.65 0.0219 *
AB  0.038 1 0.038  2.42 0.1421

AC  0.032 1 0.032  2.06 0.1730

AD  0.040 1 0.040  2.55 0.1330

BC  0.99 1 0.99 6299  <0.0001 ok
BD  0.029 1 0.029 1.84 0.1966

CD 0.8 1 0.18 11.76 0.0041 o
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558
R13(E)

KW CPHmM ABRE By OF P M
A 5.11 1 511  325.02 <0.0001  **
B 2.48 1 248  157.97 <0.0001  **
c 2.74 1 274 17433 <0.0001  **
D? 2.02 1 2,02 128.81 <0.0001  **
k2% 0.22 14 0016

KT 0.17 10 0.017 1.54 03593
4iiizE 0.045 4 0.011

BT 11.23 28

R?=0.9804, R*»4; = 0.9608

T+ N R, P<0.01; * 2R B, P<0.05.

R Al [0 0 5 R A5 45 R 36 22 i) 58 AR T A2 A Er
frf g S v £ e 7 RN S R 2R . HHE L WAL, BCL CD =
) 1 58 BRI A2 4 IR R s B S Al B 3, 1451 S
T3 224y BT g e—0 ARGE RH 7 B WU A3, A5 A5
BB B AR S KGM B ZBERE N 0.196% . Da-KGM #s il

HLA5E EZ/MPa
s

0.074
B: BKIERLF4E/(g/100mL)  0.0555

i MPa
=

D: W Fi/(@/100mL)  0.0555

0.037 70.40
P 1 4% DR 32 5 AR A W IO T 5 4 e 2

Fig.l1 Response surface and contour maps of interaction of various factors

045 C: Hi/(g/100 mL)

154 0.37 g/100 mL, BRDF %4 0.064 g/100 mL, H
VSN A 0.499 g/100 mL, #E47EIE N 0.07 g/100 mL,
G IBRIE I TIBIE, 1E$E Da-KGM B ZBEHE 4 0.2% .
BRDF #8H4&: 0.074 g/100 mL, Hlis i 0.5 ¢/100 mL
AR 0.074 g/100 mL. FESLEAET, PifhsgE N
12.67 MPa, BiS{E K 12.58 MPa, HHXJIRZ N 0.7%, B
Wz BRI A , B RIFMIE S E S, HEILEMET,
Da-KGM/BRDF & & i i 24 i 4 2 547(30.00+1.70)% . ¥
7K #(37.00£1.20)% . WVP 4(0.35+0.03) g-mm/(m*-h-kPa).

25 ERBEFPEERIN

e 2 fizR, USHiBRDF 5, 5 KGM AL, BA& K
R AR LI, FEE NS, Fh KGM 5 BRDF
HATHIRNE, 2T Z B R T 2B M 25 45 F 02 it 2 ki
AF T KGM 25 A1 2548, ikl T KGM 2 TRk, KGM il
SN, WD T W %43 Da-KGM/ BRDF & &
PR ZE R T I 5] B0, OB R 0.2%8T,
KGM %rF5 BRDF 43F[B)JE B S AN B AR R, 70
Sy AE T

P A5 /MPa

0.111

=
g 0.0925
S
e
£ oo
= 0
R
#
;? 0.0555
pe
0.037
0.10 0.15 0.20 0.25 0.30
A: IR BERE /%
0.111 Fi7 15 /M Pa
_0.0925
—
E
(=3
=
= 0074
N
£
R 0.0555
0.037

0.40 0.45 0.50 0.55 0.60
C: Hl/(g/100 mL)
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Wi, ATRESE IR A 2 B35 T KGM . BRDF Flig A
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Fig.2 SEM of composite films
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Fig.3 Infrared spectrum of Da-KGM/BRDF composite film
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