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Abstract Functionally graded materials(FGM) are a new type of material that is heterogeneous, it can meet the
urgent needs of practical applications and has great economic prospects.The research status of FGM at home and abroad
was reviewed,and expounded the concept and types of FGM, preparation methods and its problems and shortcomings

were introduced emphatically.Finally,a thermodynamics non-equilibrium injection molding method using the traditional

polymer injection molding equipment and technology was proposed,which had industrial application value.

Key words FGM, preparation method, metal, polymer,thermodynamics non-equilibrium method

FARER N DL A A R K R 1) W) T Rl A% ¢
PRI} 2 F L 2 — 7 15 5 BT R PHOR AR AR
PERE , (ELREE Bk B 0 A A 8, BR80T 30 858
L HAEREEOR M BOR B HE ML . (RS R P T
19 0 T A B — B R DL R B — B A% ) [ PR R
g )s G et EAMRES MRS YILREY S F. 1Y
HME LAR 32 BAREEC b BT T X 0958 25 2% 1 S BE W 2
XERERHER I Z2 B S PR RE AL BEOR . AR 1Y
WHIE 5 A AR IR T 4 s L R &8 L i 1 2 B —
PYORPRE 3 T AL AL SRR R S
JRARJZ BERE 27 4 BURE 38 5 52 5 4 RE L S RO R A
B R ER T e i RE 2 Pk 1 AR 5 HOR AR
11 BB 2 e dl . SR, 14 5 4 T b 2 7 o L
R A AN T A A AR R T RUR A

HEEWMA ERARB=H 4 (51574113)

FEE R X K (1993, T3 AL W5 A, F2 BEM AR -5 5 1 R B i T 5

AL, PRI G BEORE N B ROUL 45 Al X 2
Aii o B LLHCAPE BE AR I 349 20 08, IR AN BERE B4 ) 8 2 2 4
RE 2 B 24 2. 91 g e i < SR AR A AR L &
JERE T TEALIORL T~ 27 2k oV o 23 1 AR A T
{5 S SRR S ik ey AN (] e P 1 0 e 9 ol LA
BB R PR eSS BT LA AR
IR BUZTE L, 4 Js /g e s e oy T
B g/ oy U BURMORL, BT AR — E AR ARG
Py J5 A i B A 1 A M B L AEAN [ s A R ]
FTHT 25 56 B L R AV E S M5 8 R ) B TG L A )
R, i BT S L TR O B R BIE 5 40
St B G AHT Y BEIE 5 ik BAH R A £ R L 38 )
R BE AT T AR Ok R BAR s BRI  OK
[a] FF S5 o 1 FH ) 300 470 s S R B R ) 8 95 T S i A

BCOR AU 1962-) 5 b BB, R BT S O7 W 8 3R S Wy AR A R



< 16 - o T BB ow 5 48 &

AL 5 A R BRI B BRI ST RS 2 —

1987 4F, H AR £ 35 1E 33 T — o 280 b4 e} Ak
S E e # #l (functional graded materials,
FGM)™M, H AR 22 5 AR T8 2 1 7 — 36 T
FGM ) B F G R - & FIF & 20 g #08 db Aef
JE T RE M RE A ZERE B 7T 70 L% R A BT S . A
H A /NI ZS K AL HOPE 4241 17 CFF 51 % Fn 44 5
WAL IS T AR B R A e, RS
PLFGM il # H AR Jhy 3 23 G BB AR 19 35 [ NASP
T 8 Sanger T4 % E HOTOL R % #iE—
2000 T3 5t AR 4k J T, 3% [ T 1984 4E RS I R
T FGM W3¢, 3F 5 T E K 486371141

1 FGM #%it

FGM J& 41 BUARE 3 50 / o4 kL, o S e B[]
a2 0] L, —Fh I RE (4L 80 1) H At 2 i (4L 80 %
SRARAG I — (AR A RL” L 3 Bl PN R A B a4 2 AR R Y A
49 05 B B 5 K AR L G WA A B I L 45 5 AR AR AL i
JAA L LA B i B 5 5 B2 A R T S LA 1 e )
A7 B 2 B2 v R il B — e o O 6Lt S AL R
AR B B 225 22— LA 8 43 A 4 8k 1) RO W]
A 7 0 F B K 4% T 5 A L L 4 K AT

FGM HAG 1555 4 kR Tk LA A A8 s, T LA
WA BN SR W m o T A s, e
TR 5 = R R AT 1Y 4 IR / 42 B FGML B % / B
B FGM.mA T /84 F FGM. &8 /W% FGM . &
J& /w4 F FGM., DL KB %/ 47 F FGM 7S K &
B, 45 P R R R SR A S AT TR Y
FHHT

2 FGM RI#HI & 7%

FGM il 28 T2 20wl 2 76 25 () bAs g i 3
T B 45 ¥ 5 =22 %% b b B8 B R OR R ) i T 3
T, MR FGM A R R e e B R 22 5%, 1
il £ L2 b IRAFAE AR A X ]
2.1 &R WMEGKZR

XA )R/ 4R B/ P L AR/ R AR & T
H KR o AR L A R A R R

A 3 o R i IR — SR S B 1Y 43 A, 7E 2 [H] B
JEAE T BE MR O v . BSR4 (PMD
P VB FEER (PS) BN VR ULR (2 S
DU CVD WS AR DT AR PVD s 9 B4k 2= <A U0
FUPCVD) L SO 8 i sl 8 DL & 3D
FTERLS 26 H M FGM 4170 19 A B4 A FF 16 . >R

S et R R IR Kb 2 2 M 5E FGM,

E TRy | W3S BT N AN N T e W s 3
SR A% i 02 A 18 A N A O 5 ) v ol s 2 LA B 1Y
Jiik. FEEAKE B OB ED DR IR A
P e [ R R B Y RO B R
HL b2 0 B S DAL A o Sk Y O vk L R AR
1 2l S B B B AL T T SR B Y fOUE &5 A
BT A Y 53 R 184 SRR BE S5 A .

2.2 SHFHR

e o3 1 WA R R R B Ak A L 3R B T T Y
QA oS [ 2B - o N R =0 e
Gy AT/ TR AR FR AR AL R Y R A A e
A REFH S T L, 0 5 8 e 07 ik My s gy
A FE RGO,

b2 J7 9 2 A e 43 1Ak E W 08 e I P 3 ik
RAG LR AR b 2= T WAl A A 2 (R BB
AR ik, RE A R mEE KRR A 6
FRADY YE-RADY LR F R BENY
HZEM LN A STk

Yy B 5 S ok s [R) 2 2 AR SRR BE 25 A, ORI
FH T 431 BB U A Ve | PR PE S5 ) BRLE RE L 8 I
1) I e R T QBT (T INY i B =R (VTR A E R
PRSI R o TN O 45 ) LA s 2 9 A ) 3R 77
SRR FE 25 R B T 3 . R EALEG 3D FTENY 0 %
Pt JLPCRENT S BRSOk il
Fr-2 R w3 R B A - A TR A B
U O R HOES AN AE RS A A BAE R
IR BT - AP AR
2.3 EB/BHTFHER

XFaESEaFIRRNE .\ TEE LYt
MERKZS . &E/FoF FGM B4k £ 2L T Y5
07 2% BB Gk 7 2 (8] 32 2 4 SRR BE 45 4, Bl
AR S Y AN A R B AR A A
SRAL W LG T8 18 3 R RO 445+ B A I 5 Y AR 4
B WA I 35 ) 1 7 1 A A O A A B R Rk A R
3 SRy s RS AR A B AR (AR A ) 1 2K
2.3.1 &R/ &% TH B

i A S W SR U AR R R R AR A R A S A
3 Ao S 2 ST 1 S A g SR e UL 43l DA 2 R A Y
D50 4 a8 5 3R A 1 v Bl R A IR S O DURRAE B i 2
T A TR A EE R L AT LA sk X i S
55 ) Y % SRR L b TE 0 B BE 45 A B
Piedade 55 FI I 2l % T Fe/® MU £ 4 (Fe/
PTFE) B i



%2 W X RAE - R /5 00 T AR R RT S IR 5 R .« 17 -

FL b 27 30 T 76 0 2 R it 1) SR AE O TR
N JEER , 7E H A2 B o R A T 4 R AR A
HPER , 10 BIRGE RS, 28 2o ORI ISE D 4 ) B —
i ) BB AT B , 45 31 L 1340 )5 R 4 R BT L 7R UL i B
r i I s R PN 4 R T T BORT DR 4 3h 7 2 R
R AT TR Z BB B 2 8 )2 R DURR 2 i B4R
ik, FIRIESEDST ORI AL E R R A& TR S
TURE-H LN O R OB ER-H XL N O R 3L R )/ Cu
[PEG-P(MMA-co-MAA) /Cu [ JF ¥,

T R O R AR AE WM A B R Y
TURE LG 38 3 458 1 4 Ja R0 T 78 3R A W0 7 TR D9 T %
AT R T 2R T 2R R R A A R R R
F 0 78 2 b R v B I 78 2 3 T 1) IS 4% T VR 4 1Y)
ZH 18 43 AT T AR A5 R B AR AR RS B b RE, EOR AR
G TEIE-T /R OB A W/ Cu(ABS/
Cu) VA TR 28 8 3 A L 3 1 8 2 V5 TR A 400 B vk
SRR B % T ABS/Cu BB AR,

2.3.2 &R/ &5 THIEAKRMEH

LA B TR AR RR B DY E e
ANFUCRR G 15 42 )8 /4 J i 20 43 W TR B Ty o) 2
T JBE A3 AT, P38 3 CH AR B TR A T IR IR & R/ &
J R A A P R A R Oy IR AR LA R AL
ZER) Z AL a R AR BT R A IR R SIS
SIE AL b, 5B & R/ R G W R AR R MR
Watanabe 557 3% H I 75 il &  Ti/ 22 i€ B 3L R
(Ti/PLLA)# B # K,

EEBEES BREARR LY &R S REY
(TR A ) 42 TR 1) 43 A LA 2 J2 I AR EL N, Al
PELEIE BB AR BB, Krone 4510 F) F 2 3 41
#% T Mg/ R M (Mg/PE) A (48 B2+ 4

%% TR (IDB) 01 - SR FH k7 1 EORL 3 L 58
i VSR LAY I L Ok AR E L AR TR Y
PRTURBAE R LY, SR 5 R TR L be 4 L B 1k, fe
LU AR BE MR, Liew 254 F B HI4 T
Al/BORFRES (AL/PC) A A K 41K,

DL Bl 48 7 e R AR AR AR — S ]

(1) 33 2 1] % 2 AR 4 A 22 B0 PR S it o R R 2%
il A T BB AR 45 1 T 20 L A RORAR T 5
K2 AR 2 IV 2 42 ol FR) S 25— A s A 1mg R i e
H & Tolv i M

(2) JIr RE 1 45 1 B0 32 b ek il i 5k R B 7 4
KEHOR R 3 20T SO R BN S50 5 8 R
B B AR AS B R K ) 5 R 1 SO AR
2RI ZA AL s FLAE AR s R A (E /D

(3) & R R IDB ik AT R 1 B8R mT o 4%
AR EM B HE B RN TS S0 FES
IELUEA MR JE ST FGM b, & J8 K g AH
L A SR AR S RS BB FE 4 A BE 4 T 1Y D R
JE L A A TS AR

(O WA F AT 1 8 o 7 504 i i T2
5 & il A B R RE S R B K, B
ANRESE LI S Ak AR 7 8 Tk A i B e

3 RE

XF T4 IR /1R AR B RARL B i b RHAE T
PR B, S B & R ) 1 3 5 T L R ST T Y 4
55 M e R AE J5 1 784 R BAT i 43 F UL B 4
JE R AR 5 T A%, S B R L 2 R o S
BRI T2 — WO G b RE /25 4/ JF AR — Ak B
14 J i A 3 AT O T R AR AL L RE kL Tl
b AREAS 1 i & FR L R IF R &R/ 4y T FGM
Tl A AR i SR

SR B BRI 4 B . BT N T
VEBR B S5 M L TR X 28 3 1 B A AR B ah i 77
FE 56 32 1B BE S5 40 b1 RL R B — R 7E A AR BN TR
AT il 5t 5 40 S A7 9 5 5 A & sg e i 2E K
TR PIFRATTTG 255 REBEAE , 2% 2 A SR R D i B
FERT L. 2R AR I 2 AR S
TR R SR MEA WA GIE MR d.S=
0 MR dS=d.S+d;S=d S H 5| & i1 & 7
A =0, WOl A R R AR B R IE B TG T 1 34 A
SEMY, HERF d.S<<0, H 2 | d.SI=>[d S| &
B dS=d. S+ d,S<T0, B2 3 3R 45 4K R i b
i 5 AN RS e BE B T AR R AR BE ST A — A %
1) B I AR B S AT R A A R R S
S A5 I o I AR TE R ST 4 S I 1 Sl O
T NI BB D/ A S W N WA A LI WA
A, 3 ¥ BT 15 V- A A5 I BRI AR 0 R B A
1 ] fg ]

AT S IR E AR BB B 45 M S B O
AR A 2 3R K LN T AR S = oy T AT
HRL T g AT B R A L
T B B 1Y) o5 43 F 2L TR M R 8 T 4 ) 2% A F i Ik
A TE TR 19 (] Bof 3 3 =1 1 85 AR B0 B S A% S VR
FI 20 SUY BAS [R] 28 1Y 1) 6 B AH 43 B 4540 . TR R, 3R
TTTE AL G2 e 5 R 5k B b, R B A 8 o ol i
S T SR RS L AE R G W R A AR e R 1 [ B
S TR T AE T 75 s P9 0 IR, 28 — s i 28 [



18 - & T BB OB

o548 %

Ja SR TTHE LSBT IR WA AR R A A T S
ﬂgﬁéﬁ%%%ﬁ%%ﬁﬂTE¢ﬁﬂUEﬁﬁ
R USAPIE S NA R LR Rl R N T EARICEOE Y A
1@EmTI&%ﬁ§ﬁFHﬂ%ﬂ%ﬁo

EHE NN X — AR ) 2 A FE BB R AT R
T%%é%ﬁ%ﬁ?ﬁﬁ$%ﬂﬂoﬂMEﬁfﬁﬁ
PRAEARIE KB R /W o TR W T 5 8L i 7 v, A8
HL R R SRS RS 55 DR 4 O fi AR L
T J AR 5 < SR /8 2 1 AT SO0 I A TR /Y
T2 WAL KU B E S5 F 1O TE L 1 LA K 9 P2 L)
T LA A AR A5 R 45 ] 5 R T — OB R < b
HHES R T AR — 1Al WUTE 18 6 0 A 2 O " B
MR 20 < JaR /8 0 5 B B2 23 A 19 A 249 o b s i T
AR

&% ik

[1] Zhang L,Zhang J.Han S,et al.Phase transformation and elec-
trochemical properties of Lag70 Mgo.3o Nis3; super-stacking
metal hydride alloy[ J].Intermetallics,2015,58:65-70.

[2] XuC H.,Feng Y M. Zhang R B, et al. Wear behavior of
Al; O3 /Ti(C,N)/SiC new ceramic tool material when machi-
ning tool steel and cast iron[]J].] Mater Process Technol,
2009,209(10) :4633-4637.

[ 3] Correia D M,Costa C M, Nunes-Pereira J,et al.Physicochemi-
cal properties of poly(vinylidene fluoride-trifluoroethylene)/
poly(ethylene oxide) blend membranes for lithium ion battery
applications: influence of poly (ethylene oxide) molecular
weight[ J].Solid State Ionics,2014,268:54-67.

[4] Zhou D,Qiu F,Wang H.,et al. Manufacture of nano-sized par-
ticle-reinforced metal matrix composites: a review[ ] ]. Acta
Metall Sin (Engl Lett),2014,27(5):798-805.

[ 5] Abad J,Colchero J.Metal-conducting polymer interface stud-
ied by Kelvin probe microscopy: Au and Al on poly (3-octyl-
thiophene) [JJ].] Polym Sci Part B: Polym Phys, 2014, 52
(16):1083-1093.

[ 6] Kitazawa R, Kakisawa H,Kagawa Y. Anisotropic TGO mor-
phology and stress distribution in EB-PVD Y, 03;-ZrO; ther-
mal barrier coating after in-phase thermo-mechanical test[]].
Surf Coat Technol,2014,238:68-74.

[ 7] Zheng Z.Zhang Y.Yi F,et al.Surface metallization of alumina
ceramics: effects of sintering time and substrate etching[ ] ].
Ceram Int,2014,40(8):12709-12715.

[ 8] Bacha N E, Bouterfaya S.Mechanical properties of nanocrys-
talline coatings prepared by thermal spraying process[J].Ap-
plied Mechanics & Materials,2014,511-512:32-36.

[ 9] Chen H.Yeh Y M,Chen Y T,et al. Microstructure properties
of ZnO/indium tin oxide and ZnO/CulnSe; grown by electro-
chemical deposition[J].] New Mater Electrochem Syst,2013,
17(1) :45-48.

[10] Pinchuk N D, Parkhomei A R, Kuda A A, et al. Composite

[11]

[1z2]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

coatings from bioactive calcium phosphate ceramics on metal
substrates[ ] ].Powder Metall Met Ceram, 2014 ,53(1-2):40-
47.

Harhash M, Sokolova O, Carrado A,et al.Mechanical proper-
ties and forming behaviour of laminated steel/polymer sand-
wich systems with local inlays-part 1[]]. Compos Struct,
2014,118:112-120.

Chi Q.Sun J,Zhang C,et al. Enhanced dielectric performance
of amorphous calcium copper titanate/polyimide hybrid film
[171.J Mater Chem,C,2014,2(1):172-177.

Kawasaki A, Watanabe R.Thermal fracture behavior of met-
al/ceramic functionally graded materials[ J].Eng Fract Mech,
2002,69(14-16) :1713-1728.

BEFAE 2 S JE Ok L U 2 = A AR AR AR — A A
fif 44 2 B4 L CLI ] H AR & MR 2258, 1987,13(6)
257-264.

N SROG RE ORI AR B B A A OB DB . B AR Bk
St € % 7%,1989,75(6) :887-893.

Okamura H.State of the art of material design projects for se-
vere service applications[ J ]. Mater Sci Eng A, 1991, 143 (1-
2):3-9.

AL SRR, Oy AL AR B T S RS R T R AL RHEE R
(1. ZhREHT B, 2008,39(2) :301-304.

K S5 5 3R B i A ZrO-Co T REAS BB RHF 58 [D]. AT -

WL K2, 2012,
% J5 % — AEA AR AT R > i 2 - B TE - ROk (1], R Sk A1 KL,

2004,4(6):16-21.
Kieback B, Neubrand A, Riedel H.Processing techniques for
functionally graded materials[J]. Mater Sci Eng A, 2003, 362
(1-2):81-106.
Sobczak J J, Drenchev L.Metallic functionally graded materi-
als:a specific class of advanced composites[]J].] Mater Sci
Technol,2013,29(4) :297-316.
Hofmann D C,Kolodziejska J, Roberts S, et al. Compositional-
ly graded metals:a new frontier of additive manufacturing[ ] 7.
J Mater Res,2014,29(17):1899-1910.

eSS B R 4 1 ) A R 0B L D RE AR R PR REWFSEL DL
BB AT 7 TR AR K%, 2007.
HR A IR R A Cu-ALO B B3 P 28 U )2 10 41 20 2tk
REBFFE D94 % . P4 242 B TR 2%, 2007.
JE BT U, 4 B A SR DR B AR (9 F 58 B AE T AL R 4

g R B (S5 [T aR DU H TR 22 . 1995, 17(2) .
119-121.
k4 I, 5k B B R L L EOR IS B IR AOK Fes AL/ALO;

b B2 U R AR AR A 0 F S LT 00k Tl 2012,42(12)
61-64.

TRAG L B R AE O IR G L CTIC) pNi/ TiAl/
Ti DI AE M AR )64 4 T8 A1 RS TR, 2011,40(4) 1620~
624.

255 BE AR R UK L A5 MOG 3D 9T BRI 2 4l 4 Nb/SiC
1A Z 06 A (0 SO 20 40 B S R ML L DA 42 24 4, 2016, 37
(2):1-4.

R, BROR T R , 4 B0 A AL Ti/AL R B 4
IR R AR RT3 T 12,2007, 36(5) : 31-34,



Feol

X RAE - R /5 00 T AR R RT S IR 5 R « 19 -

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

o R K BBk S T S 30 A s ) A 40 3 2 1 B 6 B 6T R
LI B RR S 5 T.20,2002.10(3) :326-330.

BRREN 22 o) S 0 2R B O it 0 o R R R S AR () . 5%
#,1997(11) ;51-55.

A, B R ALCu & 45 B R E 1) BE [F G R R S
AELT T RPRHF S8 4], 1991,5(6) :461-466.

RV, L B.EERBH# Sis Ny /AL B EE A MR ] A
0,4 8 T/ ,2014,4(4) : 15-16.

BB ZR-Ti A & B B Btk C/C A MR BT 5[ D]. K
U B R, 20138,

232 WL R AL 24 0k ) & Fe-W T RE R B2 A1 L 19 3 ik BF 5
(D] AR AL K2, 2005,

Claussen K U,Scheibel T,Schmidt H,et al.Polymer gradient
materials: can nature teach us new tricks? []].Macromol Ma-
ter Eng,2012,297(10) :938-957.

Ishigure T, Nihei E,Koike Y.Graded-index polymer optical fi-
ber for high-speed data communication[ ] ]. Appl Opt,1994,33
(19):4261-4266.

Sterner O,Serrano A, Mieszkin S, et al. Photochemically pre-
pared, two-component polymer-concentration gradients[ ] ].
Langmuir,2013,29(42) :13031-13041.

Chekanov Y A.Pojman J A.Preparation of functionally gradi-
ent materials via frontal polymerization[]J].] Appl Polym Sci,
2015,78(13):2398-2404.

Williams B M, Barone V,Pate B D,et al.Gradient copolymers
of thiophene and pyrrole for photovoltaics[]]. Comp Mater
Sci»2015,96:69-71.

AT B B e ) P22 S TR A PR SRR IR B SR R A
YO RCERELT ). W 20 7 M OB R 5 TR, 2014, 30(7) : 154~
157.

Karabanova L, Pissis P, Kanapitsas A, et al. Thermodynamic
state, temperature transitions,and broadband dielectric relax-
ation behavior in gradient interpenetrating polymer networks
[J1.J Appl Polym Sci,2015,68(1):161-171.

Ishiguro Y,Inagi S, Fuchigami T.Gradient doping of conduc-
ting polymer films by means of bipolar electrochemistry[ J].
Langmuir,2011,27(11) :7158-7162.

kA MC R IR E A B SRR A A (D] M at . Mt
TR, 2013,

J5 R EE R AL S X MG R 1 i 4 T R B R A BB 5
LM SR, 2014,28(15) . 119-124,

BARAL IR IR AL DL Stoke 15 W 75 2R & W K06 2 T g A1 R )
P R I CCT TN « v [ i A8 2 WF 50 6 % , 2010,

i M. UHMWPE/ HA 86 52 5 & 8 E A R ) o K 1 e AT
FELD1 K K3 M Tk, 2013,

TAR AR BB, 4. Cu/ABS & & 5 da B B T RE A1 R
i il 5 AN RELT ] 52 & BRHE . 2010,27(6) : 146-151.

Ning N Y, Zhu Y B, Zhang X Q. et al. A new technique for
preparing polyethylene/polystyrene blends with gradient
structure[ J].J Appl Polym Sci,2010,105(5) :2737-2743.
Saito T, Tanuma H,Pan P,et al.Gelatin/poly(ethylene oxide)
blend films with compositional gradient:fabrication and char-

acterization[ ] ].Macromol Mater Eng,2010,295(3) :256-262.

[51]

[52]

[54]

[56]

[57]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

26 FLAFE T P2 W1 AL 3 A5 1R T v 4 TR IR W 4 0 VR BE
BEARIIBETELT ] 8 A2 B Al 22 416 . 2001, 22(10) - 1764-1766.
Hu L,Zhang C,Chen Y,et al. Effect of annealing on self-or-
ganized gradient film obtained from poly (3-[ tris(trimethylsi-
lyloxy) silyl] propyl methacrylate-co-methyl methacrylate)/
poly (methyl methacrylate-co-n-butyl acrylate) blend latexes
[J].Colloid Polym Sci,2012,290(8) :709-718.
Nakao R,Kondo A,Koike Y.Fabrication of high glass transi-
tion temperature graded-index plastic optical fiber: part 1-ma-
terial preparation and characterizations[ ] ].J Lightwave Tech-
nol,2012,30(2) :247-251.
Nunes J,Piedade A P.Nanoindentation of functionally graded
hybrid polymer/metal thin films[J]. Appl Surf Sci, 2013, 284
(11):792-797.
Piedade A P,Nunes J, Vieira M T.Thin films with chemically
graded functionality based on fluorine polymers and stainless
steel[ J].Acta Biomater,2008,4(4):1073-1080.
U, R A A VR D B W 4 TR R A T IR
JoE AL B A PRI LT ] AL 2 T 5, 200344 (4) £ 191-193.
EIRTE TR R SRR A W 4 TR B A R R
B HEEMIFFEL)] AL TR, 2008, 22(5) : 1-3.
Watanabe Y,Iwasa Y, Sato H, et al.Fabrication of titanium/
biodegradable-polymer FGM for medical application[ ] ].Mater
Sci Forum,2010:199-204.
Watanabe Y,Iwasa Y,Sato H,et al. Microstructures and me-
chanical properties of titanium/biodegradable-polymer FGM
for bone tissue fabricated by spark plasma sintering method
[J].J Mater Process Technol,2011,211(12):1919-1926.
Krone R T, Martin L. P, Patterson ] R, et al. Fabrication and
characterization of graded impedance impactors for gas gun
experiments from hot-pressed magnesium and polyethylene
powders[ ] ].Mater Sci Eng A,2008,479(1) :300-305.
Ruys A J,Popov E B,Sun D, et al.Functionally graded electri-
cal/thermal ceramic systems[]].] Eur Ceram Soc, 2001, 21
(10):2025-2029.
Liew C K, Veidt M, Chavara D T,et al. Metal-polymer func-
tionally graded materials for removing guided wave reflections
at beam end boundaries[ CJ. Australia: 5th Australasian Con-
gress on Applied Mechanics (ACAM 2007) , Engineers Aus-
tralia,2007.
De Groot S R, Mazur P.Non-equilibrium thermodynamics[]].
Am ] Phys,1963,31(7) :558-559.
Georgiev G,lannacchione G.Self-organization in non-equilibri-
um systems[ M ].New York: Wiler,1977,31-62.
OWRE T ERE DS AT S S5 R T R B v ) A B e
G B R R R BT R DL b R, 2005, 19(8) 1 56+
62.
Dai Y, Yan X, Dai J.Self-Assembly formation of composition
gradient polymer blend by co-extrusion[ ] ]. Kobunshi Ron-
bunshu,2010,67(2):147-150.
T L )T O EE R A W B T Re AR R R St %
il 4 77 1% : CN101618595[ P].2010-01-06.

W7 B #1:2018-09-24





