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Recent Progress on Graphene/Polymer Nanocomposites

CHEN Hao WANG Xinxin LI Jiefei CAO Xinxin HE Xiaofang
(School of Material Science and Engineering of Henan Polytechnic University, Henan 454000)

Abstract
reviewed. The preparations and properties of the nanocomposites of polyethylene (PE) , polypropylene (PP), polysty-

Recent progress on the polymer nanocomposites modified by graphene and functional graphene were

rene (PS) and polyaniline (PANT) modified by graphene were mainly discussed. The graphene modified by dipheny-
Imethane diisocyanate (MDI) , octadecyl amine (ODA) , aluminum chloride (AICl;) and other modifications and im-
provement of properties of polymers after functional graphene addition were then discussed. Finally, the potential ap-
plications and prospects of graphene/polymer nanocomposites were pointed out.

Key words Graphene , Composite , Modify , Mechanical property , Conductivity
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Fig.1 Some common structures of carbon materials!®’
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Tab.1 Comparison of the physical properties of

graphenes and carbon nanotubes! "’

. PRbERLE  RifhERE AER A
/GPa /GPa  /kW-(m-K)™'  /m?-g”!
GNs 1100 13010 5 2600
MWCNTs 1240 60 ~ 150 3.5 200
S

FABPR T2

1 AEH/ REVHKEEHH
1.1 AER/ BZEMKESHE

F.C. FIM %" 2Kt GNs PE ik 5] & 51 ¥5) 1R
G, 38 b R AR A R4S GNs/PE 99K 2 A 4
Ak, I A AT T AR L T
5t GNs BT IR 52 45 AR B TR A AP A Uk B2 34
FRTE, GNs 50 6. 6wt% 12 A MR & fif

RN 472°C ,GNs 1R 15. 3wt% I E A MR
R figp e (IR B R 510°C, ¥ e R oetE Y PE #2781
30°C, HULTT UL, GNs M M$E & T PE M9 AR E
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GNs AMYAEHE = PE By #ERE M, g H )
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Fig.2 SEM images of GNs/UHMWPE nanocomposite’ "
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Effects of Titanium Alloy on Flying Equipments

WU Chongzhou
(Institute of Aeronautical Materials, Beijing 100095)

Abstract Here some titanium alloys of commonly used and with stable mechanical properties after developed
more than fifty years in china,are introduced,which can be selected venturously for designers. Compared with nickel
alloys and steel alloys,the structures of titanium alloys are complicated and sensitive to the producing process,and it
has big effects on the properties of titanium alloys,and great care must be taken when the titanium alloy product were
made. The basic mechanical properties of TC18 TC21 and TB6 are introduced and recommended as high strength tita-
nium alloys. The TC25 [TC11 .TC6 ,TC4 . TA19 and TA15 alloys are introduced at high temperature alloys. Compared
with those of Ti—100,IMI834 .BT18Y ,BT25Y and BT36 alloys,the TC25 and TA15 high temperature alloys have good
comprehensive mechanical properties, with lower costs and were easy to be produced. The TC25 and TA1S5 alloys are
more suitable to be used enormously in china. The titanium alloys developing trends are also discussed.

Key words Flying equipments, Alloys, Strength, High temperature strength
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IKPAR R, T B = 9 B (3 5 KT 2 GPa, Al
SR ATIK 2.4 GPa Y 18Ni 8 /51 4 B2 49 ) ofe ik J fuff
FHELR AR sl vl LU AR & 4, B = ismT LU
it FH R B AR A i B A AR, R SR A R R,
ERA A MERERIR IR 3 52 6 A RHA AR W8 i i FH 2 119
=R

Z VBN AT RS AR, vT UM BR R 2 A
b B S17KFAE 400 ~ 1 200 MPa F4 25 ¥4 12 F11 & 7 1
AR, HR 0T LA A 4 ok i 1, 70 2 32 T
FER RIS, wT DAl 4% 25 4 o o FBRE S 4R 2 L, 7RI
—IEM T B A A R AT L
2 HEESMMARR
2.1 SEAKESHESNA

PUAE TS I A& o R AT 2% (R KT A5 ) AR
I R RS S SR, Je H R 2 A
RIEEFG 1R R 2 | SR HLH Bk L 1 LA
BN 1% 325 B PAER) 41% , 35 EAE 80 4EC LIS
BT B 45 T S 45 F R - LR 2 KEALH sk 4
N 20% , 56 = A0 EHL F-15 k& & ES
27% T PRI ML F-22, 8k & i 41%
R A ) Y BT22 KA 4 fr i B2 0T 1 100
MPa, %6 4 C S FH R A 1L-86 F1 1L-96-300 1Y
BLE HLFE R P52 A At = B Ty AR 2 3

H R ok Bk A 4, EEADRARER Ao
iy FH A v 5 2 R B, T 48 4 2 T U 30%
~40%

F 1N L P A R i R A e A S PR N R
AT LAIR BN 758 B GO0, 3 S — AR A R AR 2R,
P TR B 5 P ER G  F 3R EAT R A B S R T
Tl s R R e R e R R AR M T Y ) B

FEARFNR SF AR

o *1 SREMKEEERERE
Tab.1 Room temperature tensile properties of
high strength titanium alloys
o=y
Ti-5A1-5Mo-5V-1Cr-1Fe

e

TC18

o /MPa 5/% W/%

1080 ~ 1230 8 20
TC21 Ti-6Al-2Zr-2Sn-3Mo-1Cr-2Nb-0. 151 1030 ~1100 8 15

TB6 Ti-10V-2Fe-3Al 1103 ~1241 6 10

SRk E e SN A

RS ALA, BK A 4 il A BT 4R
A320/A321 Z5 BG4 V2500 & shbLFHAEK 2 b 25 )
JEE Y 31% , %648 F15 BHHLAY F100 A& shHL Ak
H36% , ARE W A& SHLH R A A 0 1 R
B,

2 Bl iR Ak A 4 RS RS DL AR 2, i
ERA A 0 2 IR RN R R L 3 ~ 4l

P2 ~ A4 VB B E NI E RS ST
SRR B, AT LR AZ A ek Y TR R RE A% 1K B A PE g
BRG], FEIX 0 R R AT DA R Ak il 25
FPZEAE,

TC25 Bk & 4 Wk & 5 0 H Il E ¢ R WL E
156710 nT AR H,600°C LU, SR A 4 10 0 R i 3 i 25
TR B i MR R R, AR TE H R A R T, T
600°C J AN B fiff FHBR A 4 il it 1) 23R4, %5 7E 600°C
DL EA R A 4 B, T B E R IR R 1, s
KB RIRA S HEF 4, [, T TALS 1
TC25 BhA 4 BN Tl T2 FL Ay 50, BUAS HL AR

2.2

B A TR A R AR IV
2 ERKASHLERS
Tab.2 Chemical compositions and using temperature of high temperature titanium alloys wt%
a4 Al Sn Zr Mo Nb Si HoAb
£ Til100 6.2 2.7 4 0.4 - 0.45 -
I IMIS34 5.5 4 4 0.3 1 0.5 0.06C
% BT18 8 - 8 0.6 1 0.22 0. 15Fe
BT18Y 6.5 2.5 4 0.7 1 0.25 0.7W
BT25 6.8 2 1.7 2 - 0.2 -
BT25Y 6.5 2 4 4 - 0.2 1.0W
BT36 6.2 2 3.6 0.7 - 0.15 5.0W
1 Ti60 5.8 4.8 2 1 - 0.35 0.85Nd
L 1) XLk B i HTALEE D 500 ~600°C
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Tab.3 Room temperature mechanical properties of high temperature titanium alloys

e i PR R/ °C 3% a,,/MPa 5/ % /%
TC25 500 ~ 600 Ti=6.7Al-1.55n-4Zr—2Mo-1W-0. 15Si 1030 ~ 1225 10 ~15 20 ~30
TC11 500 Ti-6.5A1-1.5Zr-3. 5Mo-0. 3Si 1030 9 25
TC6 400 Ti-6Al-2. 5Mo-1.5Cr-0. 5Fe—0.3Si 980 ~ 1180 6 20
TC4 400 Ti-6Al-4V 895 8 20
TA19 480 ~525 Ti-6A1-28n-4Zr-2Mo-0. 1Si 895 10 25
TA15 500 Ti-6.5A1-2Zr—1Mo—1V 930 ~ 1130 8 20
TA7 350 Ti-5A1-2.55n 785 8 20

x4 BERAEGESNEEMELE
Tab.4 High temperature mechanical properties of

high temperature titanium alloys

GEa HERE/C oy /MPa 8/% /%
TC25 550 686 - -
TC11 500 685 12 40
TC6 400 705 14 40
TC4 400 600 12 40
TA19 480 620 15 35
TA1S5 500 635 - -
TA7 350 460 15 40
1200+
I\
)
& 800 \\
=
E: \
400 \
0 T L4 T ¥ T ¥ T 4 T
0 200 400 600 800
BE/C
BT TC25 BRE 4 Y o i 5o 3
Fig.1 High temperature strength of TC25 titanium alloy

2.3 ALNEFH

PR R A S A W /N kb
SERAG BT AR TTER & 4 00 FE 352 2% AN 20/
T ARG AR, IR A SF R 2 SUSH A M
HA WL AR o FS AL, R
TN T B A5 BIAS[A] B L S | AN [R] i 2L 212 7
SOGERE AT AN R BB RE 17T (] —ZH 2 A 228 55 AN [+
PFAE PR  FLA M RR 22 BIBAR K . XA &
P AREAS R A R PR RE R AR RN T T2, T
A, HERE R s A R
3 ZEREREM

3.1 A&mgit

TERR G4, W[ Mo ] M AL Al] 4 & 31 E
a1l

[Mo] =1.0Mo+0.67V+2.9Fe+1.6Cr+0. 44W+
0.28Nb+0.22Ta

[ Al] =1.0A1+0.33Sn+0. 17Zr+4Si+100

TE RHLZS AR K AL L b B AR 42 1)
[ Mo | M AI[ Al] M WES5,

KAWL HER G &ALl &R 6.3 ~ 10,
[Mo] M 00.4 ~4, KWMLK AGEM[ ALY
HAE 9 BT, AT LLAE 600°C 2245 F K W48, &
F RSB Bl a2 E N AR 5
BUH SRR 0 & sh ALk L, 24T AL Y& i 10
Je , TN AR £ KA Aokt B PR R
e il 1 A A AR p 2 2 th BUME T 2, S 80k shlL
T il s A S vy, B R e S — A bl
HAMER T i a ik G &0 7t R, 80
RANHARERH

x5 INEMTBEMEZHNNRHDERKEEH
[Mo] HEF[AI L=
Tab.5 Mo equivalent and Al equivalent of titanium alloys

in common used in the structure and engine for airplanes

e [ Mo] [Al] “ [ Mo] [Al]
TC18 12.85 5 £ Til100 0.4 9.57
TC21 5.16 7.4 i IMIS34 0.58 9.5
TB6 12.5 3 % BT18 1.315 9.36
TC25 2.44 8.48 BTI18Y 1.29 9.01
TC11 3.5 7.75 BT25 2 8.55
TC6 6.8 7.2 BT25Y 4.44 8.64
TC4 2.9 6 BT36 2.7 8.07
TA19 2.0 8.33 1 Ti60 1 9.12
TA1S5 1.7 6.3

TA7 - 6.8
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I CHLES A FH AR A i [ AL] S5 AE 3 ~
7.4 Z 08, [Mo] M 87E 1.7 ~ 13 Z[i], fE£ 6
[ Mo ] 4 & H 25 ~33, X[ Mo | 4 &1 =1 4k & 4,
FEEPN AN CHLE IR E M, ke amES
[Mo] MEMKER WK 2, ] WAEE A 4T, [Mo] 24
HIE 1S JIJG , A4 05 A 05 1Y d5e v i 32 Y15 T
BEHUME] Mo ] 4 15 R, ISR ARG, BT A% &
[ Mo ] A0 K& & 1F CHLES I Z R AR F A
R4 Mo ] 24HHE 15 ~ 30 Z[HI WA E kS 4,
GV EIAHARS B RETRSTENLR L

AR A EYET AR, (A e, T RAL
H RS BT RE AN A S AIL A T AR R 2 22 1k
VEPMEHT, AR — UM S s FVE E ( h Fon T
il 3 A HE L, RIS — PR e i 3 R
e, W nT LUK A T RBLES A & gL b FH Y R
BBAEL) | BT AT e b4 85 Al AR AR 5 B LA
AFREMRS 6, 2B BB S H S [ Mo ] &
/NF 5,
®6 B[Mo]HENHKAESE
Tab.6 High Mo equivalent titanium alloys

3, A WA RS e BRA 42 53 N ARG E FAILIOAS RS e L4 ET 0 [ Mo] (Al
PR, PORTREBRG B R 7e il i R rh sz FAm i 4201 Ti~33Mo 33 0
S ARG P EENETERT A A BN s LA #f BT1S Ti-3Al-7Mo-11Cr  25.3 3
TE kG @R M e h sz B FIERT T, &7 HETi-13-11-3  Ti-3AI-13V-11Cr  27.6 3
1.5
121
g‘ 1.1
o1t
I 5, s g
L4 ©
. ; ? v ? v 0
2.5 5 10 15 20 25 30
C BRETLRMYE%S '+ o [Mo]
o ol arpaR B A4 TRER AL B
K12 [ Mo 246 5Bk 4 0m BE RIS 5 & 1K
Fig.2 Relationship between the Mo equivalent and the mechanical propertis of titanium alloys
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Fig.3 Relationship between the phases after quenching
and the B stabilizers of titanium alloys
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SRR TR BT AN, an , FF &2 AY R A 7
HL B R ET , B o AH 1K 20 ~60 nm, EI4E 4 nm f)
MR A

H1 o FHBT H 3 B A s Ak A5 A 4 Mtk , ik
PSR AR P A I H
3.3 BRAEEHERE

WD KA T AR KA BRI RE IR T kAT R
FI T HE Y AT B AP R T SRR kAT
TP NI IE R I H bR, T8 w0 BE GO0 R 4
U 7110 ok B 1 R B 4 T RE AR AZ Y I 7 7K
XK IESE F— DGR,

MRS A Mo ] XM W3 8, [ Mo ] 54K
INTF 15, 5 R KA 4 1 22 0 AE T AL B | o
JETE 1 ~1.2 GPa WIEKG 4 iR ORI, & T
KASCHLEEF 2, i T 3 o A% 25 5 5 i ok B A
1.3 ~ 1.5 GPa [ /&5 3 B K G 4 00 4 R 350tk
A, HBEHE RF/N— e i 3, Jn o s ol F Al

FEPRIXE

e RHLES R R0 K S BLH E 2 HT ORI
YR 4 HAT YR (8 A9 S (AR TE T3 K
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PESEAR , MEHEAT T35 %08, 258 T 3R 201k Wy
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T3 A | T X o A A TR RS A 22 T
LRETEDR

TR i 5 R B S AN B, AR R o A S 2k
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Tab.7 Room temperature mechanical propertis of super—strength titanium alloys

& (&% AL B a,/GPa 3/ %
BT23 Ti-5A1-4.5V-2Mo-1Cr-0. 6Fe 1.460 =5
BT22 Ti-5A1-5Mo-5V-1Cr-1Fe VK + PR 1.475 8
BCEZ Ti-5A1-2Sn-47Zr-4Mo-2Cr-1.2Fe 1.506 13

*8 BEEEASEM[Mo]HEM[AIISE
Tab.8 Mo equivalent and Al equivalent of

super-strength titanium alloys

e [ Mo] [Al]

BT23 8.36 5

BT22 12.85 5

BCEZ 10.68 6.34
4 HiE

(1) 7E— 228 w5 Ul T AR BB A 1) 25420 ) Bl %
e TR R R T 5 4 T 3 7R EIOR R ) AR
FIASL ) ol P A R SR B AN (SR BE R T 2 GPa) 36

(2) 75 A7 o A TARERAL A F A A, 7] K=
R G A il i
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