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Membrane

YANG Si-giao, LI Hai-chao
(School of Chemistry and Chemical Engineering, Qinghai University for Nationalities, Xining 810007, China)

Abstract: Gelatin/chitin composite membranes were prepared by blending method. Tensile strength, elongation at break, water adsorption,
WYVP and SEM were used to characterize the samples prepared in different temperature. The results indicated that the tensile strength increased
firstly and then decreased with graphite content increased. The tensile strength of the samples prepared at 35 ‘C (49 MPa~85 MPa) and -10 C
(23 MPa~40 MPa) were better than others. The elongation at break increased firstly and then decreased with graphite content increasing. The
elongation at break of the samples prepared at 10 ‘C (70%~112%) and 0 ‘C (48%~110%) were better than others. The water absorption rate of
the control sample increased faster than others. The water adsorption rate decreased with graphite content increased at the same temperature.
WVP increased with temperature. For WVP, the graphite concentrations (0.5%. 3%- 5% ) were better than others. For water solubility, the order
of the temperature was 35 C >25 C >5 C >15 C.
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A BRI MAEE T B AR b A e R,
Pt ek B, HARERUN, MR BA ST, g
R, SR, BT AT AR, B
BEEATY mlR . PIEZKRECN, SRS Ji#k
FEMPL TV E. AEME. R, Rk
TR K i A B AL . AR, A B g B
MR ENASEE, R Al TI0EE ) 6k
WiFsEER: 2018-11-12
HETE: SEYEARNFELTR (2015-2J-909); SEHERNEESE
IiE (2019-2J-928)

YEEET: BT (1993-), B, gL, WsAm:
BREE: 288 (1973-), B, %, WLESIE, HRAE: HAKE

SR

TR 1 A BB, 7 SBAPRIE KT 400 CH 450 C
I U R IR SO, AR T 2 o 5 T P s
PRI SRR — R B MR AR, TS, HE
B2, iR R AME, RIEEmTYERE, EAMA S
TCHFRIEA G045 SR HIMRGREAR, SN,
PefezE, PusbditEael,

B iR e — i ER R iR B 30 a0 K = A R v
Y, A+ ) AR R R AN = g e it KA
2 TIEE, JRAT I = I e st t il B iR,
FEAE TR R RAESERER, BT REE T
AFAEL = FE R A P B 8] AR AH EL AR W B S P F
fr (R ESF, IREEFL A A P2 A oy [RI YEAEAE J) . FREE
W51, AR Trgs a1, iR oK

193



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

1R5%, BEIATIE B EER S B 10 1%, WKEESRER
o BRI AR B A AR T, FR
Z R BRI A e, HART Ak
EH SRR AR EN, A% R S ISR A,
SR Niodi AP ig: e il R 1 7 SN = 23 e
HhaE AR SR LA 2,

BINTAE, Z2HEREHARNSH. B, 0%
PERERRE SRR A, SRR I — ek
M, BN A IR A SRR SRR
SRR RER], AR TSR, BN CAR)
o 5 UAESCHRAN [FIFE T A S0 3 20 F A S v
PE. PTERNE, PR SERE RS B A A ke i B
—Letkge LIOANE, RSN, ASEMERILEN SRS
JEIE AR WAR T o AP #5 FR 0] B G L 2 (GB/T
30768-2014 £t LS HAC SRR A, £5) IR,
1 B KIM B 7L A A S8k CR a2 e E =) fns
WK IR T ERE (PET) YRS AR AL
C4i FTE A e ™Y, B (Co0y th D4l
2 N FH TR TR [ 25 E AT, X e
BHART LA A 82 ] ARSI HIFE B i A . 4R A
S5 HRIRE A R EA LR SR & .

1 SEIE

L1 AR RSSO

BARS, rbrd, Bamhr TR (Rl HRRA A
FEEy (200 HD, 404rd, RS TARA A
H, g, REREMAFEGH s Seied K
HEAEIK .

XLW 2 e R al3e b, B 2 6L BE AR A
FRAT]; JCM-6000 BENCHTOP SEM #1455, HA
¥ XH-50E #rfsliitas, JbattisshHik e
AIRAF; TH-500 [HIREIBARIGFE, T8 75 mis iR
A HBR AT OHG-907385-I1T HE HVIE IR 5 X T4
fa, BT SRS TR A E .

1.2 F&

12.1 #MES M ey7AR

B S g BIREHIA 70 mL #E267K, iR T 30 min
LA FE ISR 43, i8] XH-50E BUv- i i bk as
7E60 CF, $itPE 30 min SEA B, JEIAH
2mL, 7E60 C F##E 30 min, JEIMAAEFRERA
SHHTIOR, gREREEE, 7R 60 CTHHFE 60 min (K
JE i 7 B A R A DS, BRI 40 min), IR
AT B PVC AR RAUETER % S A, H

194

TS N 24 h JE U, Al T
VRSN Ei ]
122 FAFH94E

iZHH JCM - 6000 BENCHTOP SEM F4i A% % it
(I T TSR O 45 MY HEAT 82
1.2.3 43k K

F5H8 (GB/T 1040.3-2006 YRR AH 4 A M) ,
ZH XLW & e h B LA T, A R
RSP CEFE 30 mm KFE 100 mm), KA A
200 mm/min, TG TH-500 T8 AE IR E6AE H7E-104
0. 10, 25. 35 (£1) CHIE FiE 24h, FG4LRFE
WA 3 %, SRITh e, DO IME. &R
BT

F
bxd

Hb: g AR, @B LN A, MPa; Fh A,
N; bA%E, mm; dAFE, mm.
124 B3R FR K

1% (GB/T 1040.3-2006 YR s R ),
ZH XLW & B h B LA T, AR
JRF CFERE 30 mm K 100 mm), RS HEE Ny
200 mm/min, FRAERERIAIGARTE-10. 0. 10, 25,
35 (1) CIHEIFE 24 h, AR 3 X,
SRR KRB, BOPIIME . #2208 NS T

5=5—1><100% 2)

0

¥ e AMBEMPRE, % [ AXRKZNGGIES, mm;
Iy A3 KA, mm,
12.5 Bk

YR A BATHEEY, 5 20 mmx20 mm, &
FEAE B R BRI K Sy, NI RIS AR 7R
5. 15, 25, 35 (£1) CHIE RS R T THR
1ThFR 1 IR 12 h 284k, 129 mes SR KRN
K EERKTE A, PRI 2R K 2 Ja PR
#H, i m BHEEE (EEBE 1%, TK

ES W ¥
0 MMy 100% 3
m,

1.2.6 fR&gKAAFE TN E

JEL ) 7K 78 S0 i @ FX WVP (water vapour
permeability, WVP) iz Shiku 25 A\ sag 5
SE o fF 50 mL FIBERRAF N 30 g THRAORERS, LR
FUEEE, KRR BRI A, KR HI7E 5.
15, 25,35 (£1) °C, 07 1 h W& 1 IR R i &,
WA 6 h PR L



MR BRI

Modern Food Science and Technology

2019, Vol.35, No.3

Amxd 4)
AxtxAp

HF Am A (B A R R A g, g d ARGE
Jeo m; A AR @A, m’ t AMBHEEE, h; Ap A
JEASNEZ, Pa.
12,7 KisH

FERRBT A 2 cmx2 em BIFES, N OHG-907385-
T H AR 3 TR v 35 CHI M+ 24 =,
FREEE Wi FFERIREAE 30 mL 281K F, Tl
MNAETEAEIARIGARAE 5. 154 25, 35 (£1) CHIEE R
2024 hy REAEE P HUHAE 35 CBUATIRAE T
HET- 24 h, FRERT B WP, /K (water solubility,
WS)iHE AT

WVP /(g /(mxhx pa))=

WS(%) =11 (5
M}i
128 %K%

PREUR B8 M IS, BT 35 C.25 CHI 15 C
FIBFE T8 24 h GRS FEN My, TR KR AT
PRI B 2R Y,
el (6)

MC(%) =

1.2.9 #HE% 547
1§ Excel XHMEMER 3 IRIEIEHATTH
ROER, AbER SRR SN Origin #H T

2 ZR5E

2.1 BT

ME T HHRTBAE H 0% 10%51 1% B,
WAL K IR, INAR SRR RS A
o 5 B UK Z SRR, EWERIL 0%
HiE LT BEABA AT, T4 H W Rk 1% MR
UESEI ¥ DR S 3 /eI R S <P eT: X< Y e BT
(IR IR T T BRI 2 AR, %)= (B AR IR 51 R 45
7188, BBLES AR, e SRE S
FORE, TRk 10% 47 SRR A — L0 A A ST
WP HIANA =, Nl T RSSERZ KD
[ GVAR | A0 MR VY= SR EIL 8

0% I A HRAE 32 B4 7 He 32 7175 BN 5,
I3 IR SRR T2 B T A B A BN 505 1%
(KRG AL 52 BB 1 )5 52 I AN K S BL T R A 2
o, A SET B IGEE, BT A ssED,
ROUSERYAT ST RIS 10% A 8104 70 )5 HEL
—E SR S ABEARL,  5ORSZ R THT AR HA SR
FIERAEI B, BB, 15 TR

5 SRR U E Ay S5 TP IR e A PR

IRFEFEAR IR b, RS2 T TN SIHFAIAE — ST i
M4iE T, HZ1)a 00 8 SO BER .
a b

1,00 um

1 %500k SE(U) )
0% B B YRR G

5 v e 100 5 .
ligh-vac. SEI PC-low 10kV__ x300 2018/918 000001 JlHigh-vac._SEL PClow 10KV
10%H 5 BT Ji

B 1 TEIRE RSN IMRBISR IR EH SEM
Fig.1 SEM of composite membrane before and after tensile
experiments with different graphite concentration

22 kkE
6 .
5+
=
o
® 35 = KKK (35 C)
P e JFKF (25 C)
- RIKE (15 C)

00% 05% 1.0% 30% 50% 7.0% 10%
VEE=!
E 2 TEIREAZSENEIRE THIKKER
Fig.2 Loss water of composite membrane with different
graphite concentration in different temperature
M 2 thE AN R AR R R A A
A BN PR R K 2R AR A, IR B R K . 7
15 °C. 25 "CHI 35 CHFE T KM IFAKE,
MAFHIARAR T BIARES & K 0 R AG O, R
AR IR AMER T 50 ClEA 28K, Ay
AR , 75 87K B T h 7 BT
RAETE—ilE. 135 CHI, 0%I[MJKFEHR 5.5%, I

195



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

NDERAE (0.5%) B HRKERICH 4.75%, X
RFNA S EERIEREREEINS, HKR+
MKV S5 A 8B G — S HUKE R K 7 5
BEA B I A SR A LR B K BG 0, BT 7%
[IRIKE N 6.3%, 10%HF KoKF N, X &HTH 5%
TEEZ, BARBITRE, HEhs RIS 5KE
TRyKSrs TE 15 CHREHBLERE S 35 CHEAK;
25 CHIBEFE A 885 s IS 0 /K ZB TG 0, 24158
TEREE (7%) B RKEBEA UG TR, X2l TR
TRE N BKZ T R e B % 1) SR B T A SRR
T T iRz, IMNEHUH IR S . XA
[FHRLE KR, A3 0.5% A 55 5 B IR I 45 A T ik
(B K JZ LT o

23 JATIEE

ME 3 HET LA AN E & R R A S/ B R R A iR
TEAFNRE T PthssE A b g, AR T
BN BEEA S EIIN, PrimE K e ik
B, 35 °C (FiinkfEyaE 49 MPa~85 MPa) #1-10 “C
(Hihr o T 23 MPa~40 MPa) [ & s i
BT
90
80
70
60 -

50 i 38R
40 | ¥ FUREREZ (35 C)

PUhL 3% / MPa

301 i/;\f—/}/&\}\*
20
i ———
0700% 05% 10% 30% 50% 7.0% 10%
f
& 3 FEIREAZERNELRE THHTHERE
Fig.3 Tensile strength of composite membrane with different

graphite concentration in different temperature

WA R BUKARI =4, A K R 2R R
AR Rk SRR CEWREERD P, 8t
NIRRT, A S A R T 508 Ak
WSS &, B RBHEERRN, 55 BIRAE
—#®), 7£35 'C (49 MPa~85 MPa) Fl-10 'C (23
MPa~40 MPa) I HHihi s EHK, BUATEIGRE
N, RPRE GRS T ERD, PTUBKEIER S
ARG ETRBORNES & /1 72 25 C (8 MPa~13
MPa). 10 C (0.7 MPa~5.5 MPa) #1 0 °C (4.5 MPa~9.5
MPa) I TR IREE g B b oA 8200 & & A
WIEARK, BFINTE25 C. 10 CHI0 CHE, P &H
KA 35 CHI-10 CE %, HHAZEEAHK

196

PE, BrCA A 88 5 UK RIS &, I TsE
JEASE BARA K. G561 1 10% I SRS -
A SHUKAIERE SR — MR, PR,
1, ZRAE R RRIT, K B ) oA

24 WiRfkE

M 4 sl DUE HEAF S 2 A £/ MR E A
JEAEAN RIS () R AR B, 3 HRAE 35 °C
CPEBRUEK AN 24%) F1-10 C CPEAWZRHK
N 34%) Wi RETE, 10 C CPlZiik
R 102%) B HERERAT - AR T Wi R
RABA N —IN 10 CHI 25 Clias, bEE
AR, WM AR I SIS vk ) s
T2%N-10 C. 35 CHIO CHI#a%A, EMAN 0.5% %
EIASRN, BN, SRS R s A )
W, RPN R REHETES IE RN . A IX
PRSI 3 BRI R F A I B A R K o i
TG B B 1) 22 /0 B A A SR AE A R 1) 7 B
P CGE R S A ARBER IR  EE—KA),
120
100
80 -
60 -
40

WA / %

20

0700% 05% 10% 30% 50% 7.0% 10%
VEE=!
El 4 NEREASENERE THIBZRAKE

Fig.4 Elongation at break of composite membrane with

different graphite concentration in different temperature

—2H 10 C (70%~112%) F1 25 C (22%~49%)
W, REEPESHRARNEK SRR, SRR
T IR, SRR N, (HA OGR4
FARN IR BBERK S BB, AR 5HRPH
GUKYI R, B ASRNS R, 15650
IKIAWT R AE R, FrCABTR SR RN, H
GKIE S0 SRR — RS, SRR B
B, WIS — 280810 C (5%~55%)-
35 C (13%~34%) 1 0 C (48%~110%) T4
BEEIK L, BINA R T BRI G, (B
8 ik i o) P8 /5 4 A e 1 9 [ i o
T CAFES U o BE S I WA el . 13 B8
BRI S DI, BURIBREECOR, (HWTR
KFRBUN, RS IIK I 2 N AR .



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

25 Pk
a 700 E 0% _
: 4:&1;; o~ £18(0.5%)
650 o T H(5%) - HE(G%)
600 | > FH(10%) GEGD]
5501
¥ 500+
X
=X 450
400 F
350 F
0l
1 2 3 4 5 6 7 8 9 10 11 12
i iE] /b
900 - 0%
b TENO) g
(0 - FHG%)
bl BN R T
° 700
M L
2 600
B s00f W
400 -
M3 4 5 6 7 8 9 10 U2
i iE] /b
c 1100
o ./l\./.\'\l—-
S 900t
Zﬁ 800 -
h (0% }
: ;:ui?é; il :‘n;t'f(os%)
700 - FEG%) - 1B (3%)
+E$(10/) GE U]
600

I 23 4 5 6 7 8 910 I12
iFIA] / h
B 5 NEREASAENERE THIRKIE
Fig.5 Water-absorbing of composite membrane with different
graphite concentration in different temperature

E: a: 5C, b: 15C, ¢: 25C.

MK 5 sRTBLE HAN R S R s/ IR A
FEAN R EE T oK F AL (FE 35 CHEEH A
S/ EHR 2 h A EE T /K T ATGIE I & .
WoKEE GRS R, TRz, WER
EMEAEIK H R R TRIE N, 5 ARt H B A el
IR A SNEKYIT, BRI (KD .
WK ZREEAH T 4 AN/ N, Bl R B #T21S
FRAEREA AR, X ECANFIR R R, T R K
PEBRGE . WK T2 B A MR (KO B A T
PERERISEME, EANEIREE T S IR R R A T
A—FERAR, FEBTAESRPETE A K

Vs, EMEASFIRE IR EEUKZ, R
b7k 7> IEEN, (HEKIR RN EEH A A o
f£5 C (NE a FalBLEHD WINAARRNE
HIAE 12 h AROKFR T2 AR, X2 TR
FET, AsBRmAS SUR PR GRS )
R4, R MEUKR, HEUKEAEZE,
IKRESIANR, NSRRI SRR R, SERKFREL
mis fE 15 C CNE b HaTBIE HD 1, 0.5%f 85
EREAHRIE 12 h WIBUKERECR, 7% 85510
SEAMEAE 12 h WK A B, X2 i TR E 7%
I RIS 2 B B DR T B A s DI,
WoKZFEmPER S 5 CRAHRE; 7E25 'C (B et
FUAE D B, 2 EFEE 12 h WIBOK RSB, A
SRR S R R ORI TR DR
SRERHR, TR K RS A .
FEW KPR, 5. BEERERT R, Ak
E 12 h WRIWR/K R SRR EE T FAb A HLiZd i
[t 2 T B A 2 Q%E’Ji“bﬂﬂ&ﬁﬁﬁﬂﬁ, A

JEAEARIR T X BB K PR (P4 AN B SR, 3 3R T P
?F)(jj%mo
26 KEAFZITRHK

M 6 F ] LLE A& B A A/ E A

FE AN [ BE R 1 7K 28 iE i & 3 (water vapor
permeability, WVP)[AELEH, WVP [ B2 R
WREPE, e BB R /)N RS N A7 A 1 LR
FREE, WVP $Elk N 3B S A IR % B4, RN
WHEETT, FrA 1 WP S EH b i R (3 g
(PRI, AR A IR kR WVP K

1E5 C (N a AT LAE D B 6 h WVP i34
NGi—, 5%1) WVP RER/D, 10%F 0% 115 =,
XA TAEMIRE R 10%00 40 BB, 7R E
S BRI TERE, 0% A& BT BH AR & (MR K 1
WRHE PSR 5% Ay SR AN ) mk%fﬁﬁ,ﬁkﬁ’]
BKE HVECREE) Bbf; 7215 C (M b B
ATLLUEHD) BF 6 h WVP %, 0%1IE S, Hens
BUR, R TIERET, ASRMANERERE
BEEMIKIZ: 1E 25 C N ¢ BB S i
0%[1 WVP /N, 1% WVP Bk, A8 mALE L
T SR BUKEYIR S S AT, RIERA R
MEK)Z, RiMif#ES WVP Bk 7635 'C (M d EH
ALAEHD B 6 h WVP a3, 0% WVP &K, 0.5%
F10% s, X e T AEBLIR R A 58 S R P i
KR4S S E— e TR R T R B K Z

197



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

a 40x107 e
: gig’; ; -~ 17 5(0.5%)
_35x107 - ERE%) :Ei(zy
£ 3.0x107} > £ (10%) o
g s
g 2.5x107
;ﬂ 2.0x107
£ 1sx107
. X i B
=2
1.0x107
-7 L I
5.0x107 — 2 3 4 3 6
Time /h
b 6.88x107 Thmy  eEEOm
o 15 (3%)
6.02x107 | > aRe% <
= L CONE R
A& 5.16x107 T
=
5 4.30x107
=
= 3.44x107 |
Ay
; 2.58x107
1.72x107 |
1 2 3 4 > °
Time /h
3.0x107 i
c - bf%(oo/) - 1 5(0.5%)
& FR(1%) > 4B (%
= 2.5x107 | 3 o +F;§W“;
E ' > FE(10%) o
<
g 2.0x107
S
e
= sx107 L -\'\.__.‘.\'
(=9
>
B 10x107F
7 | L L I : :
5.0%10 1 B 3 4 5 6
Time /h
d esaxiorp TEETS o
H(1%) ¥ (%)
627x107F N\ HRCN <« rime
- > £ H(10%) _
A& 5.70x107
=
§ sax07f W—*
=
= 4.56x107
(=¥
; 3.99x107 |
3.42x107
1 2 3 4 > °
Time /h

& 6 TEIREAZENEIRE TH WP
Fig.6 WVP of composite membrane with different graphite
concentration in different temperature
E: a: 5C, b: 15C, ¢: 25°C, d: 35TC.

2.7 KEMH

M7 T B AN ) R A SR IR A
FEANFIREE T IRV Y. 7235 CRTrA E &5,
FEFEIS (8] N AR, T AR I BAEE T CAE 8 o

198

ATLUE HHAE 35 C T EEEMAR 0.5%. 1% 3%.
5%IPIEAE 0.5 h BLBEA A5, 7%80 10% itk
AHRE SN HL 1 h A O Tk, 5
TESGHR B A 82 o KIS TR 22 )s 25 CREIIA
fEiG, BEA SRR IKEE RIS NG
BNES, (A& EESAIRIIKIEHEELF OKE
PEPHAIE R 39%); 15 CHE & EE A BREIKE Y
B OREMREIES] 29%), W EA R 5EK
P, faNBUKE B WERE, KBRS
BEA A5 B A NG K S NE S, (HEERA
FasE, TEULIREE T A S8R Z D0 KRBT mA
K 5 CH 25 CHKEMEAZENAK, (HIGKT)
BAE IR, X STESRIREE T A SRR b s
IKPIRES & R TR R IFHIBUK 2R REE A R, Hik
B RIS U, BUKE R RN R
Hie JKIEME: 35 (C>25 C>5 ‘C>15 °C, @A T
W, ARERA FIE B GR2 P K

60 = K (5 0)

50 -o- KIHPE (15 °C)

- - KM (25 C)
X 40
2 f
@ 30
< |
20
10

o.d% 0.§% 1.0|% 3.6% 5.6% 7.6% 16%
i
B 7 TEIREAZEFEIRE THIKEHE
Fig.7 WS of composite membrane with different graphite
concentration in different temperature

e

a b ; c
& 8 FARIKEAELE S5 CTRHKEM
Fig.8 WS of composite membrane with different graphite
concentration in 35 'C

VE: a: JF4AT, b: 30min, c: 60 min.
3 it
3.1 ASERINAEE SRR e neg, XEmT
FAESHRPNGKYIRG S, e T8E7, #i18

PUhLm e —EVE BN RN, (HYARER 2
I, L RBL GO R A=A RER RIBIA AOVE  -



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

JIEHp R BB 7K A0 B BRI (WnAE 35 “CHA-10 °C)H
Hprhi o = (49 MPa~85 MPa 1 23 MPa~40 MPa) ,
{H I 2K RN 35 C (13%~34%) A1-10 C
(5%~55%) 5 KPS EZHMF, 1E 10 CHBZe
i (70%~120%) , (HFTHHREE 10 “C (6 MPa~10
MPa) .

3.2 WRoKVEREIR EE AR I sG n, 1€ 25 CHbA7saxt
BRI BRI OB RBUBKZE8AE) , IAA 5
JEAEARIRAT BRI K PE AR AS B s, S 4
HIE, JK¥EME: 35 °C>25 'C>5 'C>15 °C, fEimA Al
TV, ARIERA R TABKRTZ R .

3.3 WVP ZiRFERISZIECR, BEREHA IR EE K
WVP K.,

34 N E SRR NGRS, kYR
HAFH B S EA R RS NI A& 2 A 54
SRR XL EbR R TR R, AR A
AAE-10 CH1 35 CHfpfh i FEk B, FAbR AL
PR R B S UG, ARIABINEFR; % b B AR 1)
WVP, E A& WVP {H 45Kk BIhRdE .

[1]  EEE CHLAIMLAL R @A B, 1994
CAO Xi-zhang. Inorganic Chemistry [M]. Beijing: Advanced
Education Press, 1994

(2] ZEPRIE T RA, A, 5 DB 45 1R M. A JE: A [ o
PR A, 1990
LI Jiu-qing, HE Tian-jing, WANG Jian, et al. Introduction to
Material Structure [M]. Hefei: China University of Science
and Technology Press, 1990

[3] CHU Yan-hui, FU Qian-gang, LI He-jun, et al. SiC Coating
toughened by SiC nanowires to protect C/C composites
against oxidation [J]. Ceramics International, 2012, 38(1):

189-194

[4]  EETEs, RN RIRA SRR TS R IR SR a4 (1],

AL T,2018,35(7):3-7
CAO Shu-ting, MA Ming-jie. Research and application status
and development trend of natural graphite [J]. Henan
Chemical Industry, 2018, 35(7): 3-7

[5S] Doane J, Myrum, T, Beard J. An experimental-computational
investigation of the heat transfer in mechanical face seals
international [J]. 1991, 34(4-5):
1027-1041

(6] AERUHL LTI RE B h A5 R S R A I A SRR
(IR B A RS (0] AR B R AT,1999,22(5):5-9
REN Jing-cheng, SHEN Wan-ci, YANG Zan-zhong, et al.

Heat Mass Transfer,

[11]

[12]

[13]

[14]

Flexible graphite material and expanded graphite material of
the present situation and development trend [J]. Non-Metallic
Mines, 1999, 22(5): 5-9

THAE 0, VA A, A5 AT SR VT AR e UL
PR FVE REAOSEMAIL)]. BE R 2 241%,2005,25(3):216-210
YIN Yan-guo, LIU Jun-wu, ZHENG Zhi-xiang, et al.
Graphite on copper base self-lubricating materials the
influence of high temperature friction and wear performance
[J]. Tribology Tribology, 2005, 25(3): 216-210

Michita H, Seiichiro H, Yoshihisa S, et al. Friction and wear
properties of graphite-glassy carbon composites [J]. Wear,
2000, 237(1): 54-62

BIVRERL. Rl T A S5 P L B A 45 1 RE AF 5 2 T
[D].2LFH: AR b KE2,2012

HU Tian-qi. Friction and wear performance research and
forecast of graphite sealing materials in high temperature [D].
Shenyang: Northeastern University, 2012

TR S A SR AR 2% A SR R L VPR RERE 7T (D).
IR RV Tl R 2#,2015

FENG Lin-min. Preparation and thermal conductance
research of graphite film by graphene oxide [D]. Harbin:
Harbin Institute of Technology, 2015

FU Q G JING J Y, TAN B Y, et al. Nanowire-toughened
transition layer to improve the oxidation resistance of
SiC-MoSi2-ZrB2, coating for C/C Composites [J]. Corros Sci,
2016, 111: 259-266

JIAO G S, LI HJ, LIK Z, et al. Multi-composition oxidation
resistant coating for SiC-coated carbon/carbon composites at
high temperature [J]. Mater Sci Eng A, 2008, 486(1-2):
556-561

TH7 k- A SRR 5 2 9 T8 ok i 2% 2 1.
2484k, T.,2018,47(9):1952-1955,1960

YIN Yang. Application of carbon-graphite materials in
mechanical seal and anti-corrosion equipments [J].
Contemporary Chemical Industry, 2018, 47(9): 1952-1955,
1960

W38 MR 9K S R i A & N (D). 5
BT B T R,2015

CHEN Guang-xin. The preparation, characterization and
application of gelatin nanocomposites [D]. Jinan: Qilu
University of Technology, 2015

H DR I AL i) 2 ST FE (D] R R R HOR A,
2017

XIAO Jin-dong. Preparation and research of the gelatin

emulsion films [D]. Tianjin: Tianjin University of Science &

199



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

Technology, 2017

nanomaterials [J]. Scientia Sinica Chimica, 2005, 1: 1-10

[16] Parani S, Pandian K, Oluwafemi O S. Gelatin stabilization of [23] Hosseini S F, Rezaei M, Zandi M, et al. Preparation and
quantum dots for improved stability and biocompatibility [J]. functional properties of fish gelatin-chitosan blend edible
International Journal of Biological Macromolecules, 2018, films [J]. Food Chemistry, 2013, 136(3-4): 1490-1495
107(Pt A): 635-641 [24] Balange A, Benjakul S. Enhancement of gel strength of

[17] BRBEF, RS E A ERAT R B YL 70 [1]. 4 B ARl bigeye snapper surimi using oxidised phenolic compounds [J].
Bt 54,2017,33(1):43-47 Food Chemistry, 2009, 113: 61-70
CHEN Xiao-yu, ZHU Jie. Composite hydrogel material for [25] VEZNIE. K HCA SR FR ) 45 B T [D]. 95 M 25 MM R 2,
dye adsorption [J]. Journal of Jinling Institute of Technology, 2006
2017, 33(1): 43-47 WANG Jin-bo. Study on the dispersity and stability of

(18] M. S Bz WA Joe BB 1) ) 2% B R MR B 95 [D]. 3 PR 78 e K2, graphite aqueous suspensions [D]. Suzhou: Soochow
2017 University, 2006
YANG Hui. Preparation and characterisation of rabbit skin [26] HRK AT ZFRER R ] £ S HAEAT SR/ 7K - B R )
gelatin films [D]. Chongqing: Southwest University, 2017 YERALHID]) AR BE T k24,2013

[19] Shiku Y, Hamaguchi P Y, Benjakul S, et al. Effect of surimi GAN Lin-huo. Preparation of carboxymcthylatcd lignin and
quality on properties of edible films based on alaska pollack its wechanism of action in graphite/h20 disinersion svstem
[J]. Food Chemistry, 2004, 86(4): 493-499 [D]. Guangzhou: South China University of Technology,

[20] Iy, Eyrig g i B Wi ] 24 S5 AR SR AE S mT e FH A T 2013
FL[D] K KIE Tk K22,2017 [27] REE WR-7C R AR R &% G55 R
LIU Yang. Preparation and characterization of skin gelatin B FE[D] A EBIN K 22,2015
from chum salmon and its edible film study [D]. Dalian: SONG Hui-jun. Preparation, structure and properties of
Dalian Polytechnic University, 2017 gelatin-chitosan based biodegradable films [D]. Zhengzhou:

[21] Kim N H. Cellulose/PET Humidifying elements having Zhengzhou University, 2015
horizontal air and vertical water channels [J]. Appl Therm [28] 4R At 2 EIREHE RN BT AR BLAE H EATE i BE A 3R i
Eng, 2018, 128: 1502-1509 BiK D] AT TR 2,2014

[22] VEUK,ZEATI0 88 T2 55, 25 R AR AE W 6 N HL 75 1 22T YU Jing-mei. Measurement of protein  surface
Fdk R[] A EREEB E 1659),2005,1:1-10 hydrophobicity by fluorescence probe eethod and
WANG Bing, FENG Wei-yue, ZHAO Yu-liang, et al hydrophobic interaction chromatography [D]. Hangzhou:
Advances in Dbiological effects and toxicology of Zhejiang University, 2014

(E3%58 105 51D
[36] &BR AR, ARDL T 26 A4 . TR FiRE LEHRBWITTA LI An-lin, XIONG Shuang-li. Extraction technology and free

200

AEELL 53 53 M S TR AR AR (0] £ R 22,2017,
38(4):133-140

PAN Yao, ZHENG Shi-lian, ZOU Xing-ping, et al. Analysis
of antioxidant compounds in ethanol extracts of grape,
mango and strawberry and their interactions [J]. Food
Science, 2017, 38(4): 133-140

e R REBUIT. 22 B R 28 S BRI L A, DPPH [ Hi
By P[], o A SR8 N31,2010,5:113-116

radical scavenging properties of flavanone from Sambucus
williamsii Hance [J]. China Food Additives, 2010, 5: 113-116
Blanch M, Rosales R, Goya L, et al. NADP-malic enzyme
and glutathione reductase contribute to glutathione
regeneration in Fragaria vesca, fruit treated with protective
high CO,, concentrations [J].

Technology, 2013, 86(8): 431-436

Postharvest Biology &



