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(57) Abstract: A three-dimensional composite material, a preparation method therefor and a use thereof. Specifically disclosed is a
three-dimensional structure composite material: a polyurethane sponge is used as a matrix, a surface and the interior of the polyurethane
sponge are coated in graphene, the graphene is sequentially coated in a nickel layer and gold layer by means of electroless plating, and
finally, the composite material is formed by encapsulating same by means of polydimethylsiloxane.
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—H=ESHE SR RES & TER RS

DR G

ARWE J =S MR, UL P =4E 4 i 2o bR SRk
SR R L2 T
BRIA

TR, BEERVER GE AT & Sl A R AR R R, SRIE S A R Dy 3
R SCIERRAB SONT FE R I R. BE R PR AR AR T A 1k AT iz
HSRME AR AR AT FE P ) VN AT R e AT iR e . SRtk
A BT R R, HRME IR ERKRE fe s R A R ik &
e B AR R A

R, O 7 e R BE R AT AL SR SR, AT T e R 7 iR EAT
TR FL, MOERIE B FEARE , Horh i B B BRI R T vk e A
FIw 2 B AORRRL (i 220, BRPUKE, RYDKRETYE, SRR M
HA REFEVER R SR (R R EER (PDMS), RalE (PU) ),
e @R A RHE I BT E R S VIR R TR B AL b, 3t al A5 2R 2 54
RLROSRVE SR (B, XMINEFA ERskiea, i, v 7 EFRRRES
PRRIHURE REAT 2 BV BE 2 I PR T — AN T, I3 SR AR S PR
R, X AR ] R b BRI R e SiAh, XA
T 2 H R B SR S A r - P RO 2 £ 0 AR I g R D R R R A T R
DA B 2 A s SR AT A R R 3 J e 1 A 3 FRL R B ) L fe — R A e A
A € Y R

N T R BRI, NATHERE S 5N T — S A 5 i 2 D5 2ok T ik
WHkEE, %40, George M. Whitesides i 48 H 7 ZESfMEAA B3 i Fihr {-F ik
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AR G N B SR R SCIR A 5 4 mT DA T 3R SR 31 R 4 A A3 B AR R A
B BT ML AZ Y o AFE AL IXRP O St A ] o AL FE B RO REAT T BON R IR, AT
BRI ) Tl A 77

SR IR 55 AR AR R WAL mf AR Sk T4 77 1 BB FORN, T ERAS T e /Y
eI SV i o A I RS e st A K S 1 b S N A 9 72 R 7 S e
R VER) v BE AT RSk A, VR BB IR KA Bk .

RN

A% T, B =405 W M2 S5 1 B 2k A b T R A i il 2 1 R
DU AP 3t B AR S PR A A KRS A 7 S5 w17 B A I A AR R P AR ol 5 1)
. o, =4 SR Mk S by Oy TR R AL 055 i VR AT R
T BRI LR B 1T B Ry S P S A ol 6 1 2255 R AL

AR H BAE T U IR SRR 6 FOA R, AR — T
=Y 2R SR B AT A SRR AR, AR A SRR R AR AR R TR AR T
FRENE CAIRH R 30%MAR), ANFEJEAR T FifaEN: (anhif, = i Andi i
&) D BMARRENE (RI7RZAFIEAZ T 1000 RAEH S8 MR
A i)

AR KA CA T 350K T7 R

— i, ARG T R =4 E A Ak, R DUR AR AR VR

HAER ARG R A NSO A 280, R EA 8N bl m R e E
BEME&E, AR _HEEAR (PDMS) H2EMm K.
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HEARRKYIRIEOARTT b, RENGHE 4 FL45K /) 100~300um, HIERZA S
4 RS N0.5mm~2mm,  fi%0.8mm~1mm.

EARRKYIRIEARTT e, B2 JE4250~275nm, #i11250nm. 260nm.,
265 nm., 270nm. 275nm%%, fLi£260nm.

FERRKPREARTT =, wEHE R H315~350nm, #141315nm,
320nm. 325nm. 330nm. 340nm. 345nm. 350nm%:, fILi£350nm.

TEARRARIEARTTE S, Frid =442 A0 e a3 Bk,

TENAR R FTIA SRR IORTT %, Irid REAigES (BN REA
FeiE4 2D MR N0.5mm~2mm, {Li%0.8mm~1mm.

ik, FridREREEANTIKIE N15mm~30mm, fLi%E20mm~25mm.

iz, Pirik SRz e AR Y 5 5 5 m~15mm,  LiZ8mm~10mm.

ST, AR BRI B — U7 1 T IA B = 4S5 2 A A RE B 2 05
Pk Tk aFE LT R

(1) HRANESZE TR 0 S MR iR, R A AERE R
AR BRI RN TEIR, KERBERN T4, BT, 53
A1 BRI

(2) kAT B LI RE IR, A ARSI T, fiin
ssiEa - BERAE, RoRER BN OSBRI EREH, BdE
e S LSRR R RE YN, AR A e R B A

(3) R LIRFES T IINE R e, @ PR A S R AR R

(4) KBBE (3) Pt TG, WwindEik, @l AT

PDMS, #RJaM1L, HilfF =42 ARt Sk,
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ARV (1) #5080 0N BAMES, B M EEEREANE
MNP =ZEE K, BRHA RIS RIERO RIGES, NG ge e
PEIRAL T R AIA KL

AR 7 15 DL B B A N B AR, IE R SR T TR Y IR 3L )R 15 2 4
A BRI B0 ST, R IEA AT, AN SRR TN 6 -1R

SRR, fRjEiE B AT PDMS X T #4%, 3 3IVEGE R 4F 1) =4E4S
R A MBI, ZIT7R M T SR R & T 2RI, FIN S
F AT R SR AR B BR B AT . R A RS PA AR E AT AT R AR A A 7
S

TENA R PNETNE IR I ARTT 58, Ik T ikic AR AL (1) Z ATt
TR (D BREABESN N EB 7KK QTR RaT.

VENA R FTIA TR RIIESBORTT 3, DIR (1) ksl & S 8 R
AN INEEE L T DR

(A) Rifl: KREANESE T80 SRR

(B) it Ji: MR AR IR A A A A R 1 R A g i 4n AT IE

(C) T, B3 BAOENEANRESN.

Peidesty, JDIRCAD A EAAT SBIG RIS R B2 1g/L~8g/L, BT 1g/L.
1.5g/L. 2g/L. 2.5g/L. 3g/L. 3.5g/L. 4g/L. 4.5g/L. 5g/L. 5.5g/L. 6g/L.
6.5g/L. 7g/L. 7.5g/L 8% 8g/L %%, ik 3g/L ~5g/L.

flici, D (A FridiZiEaInf Ay 2h~6h, {LiZ 3h~5 h.

iz tth, A5 (B) Frikid R I ]2y 10min~20min, 4£i& 10min~15min.

ik, B (B) Frid SRR b E . AR B A S R 7
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W EBE KRR ERECN 1:1~5, Rk 1:1~2,

ik, B (B) k=R fiR oy 560°C~100°C, 141 50°C. 55°C,
60°C. 65°C. 70°C. 75°C. 80°C. 85°C. 90°C. 95°CH 100°C%, fhik
80°C.

fLiksts, BER (B) Fridid )8 K s MitAT, KGRy 80°C~90°C,
ik 85°C~90°C.

TERAR R BRI LRI AR TT R, D (1 &40 S50 688 R A
AR R, CEIEAELR (B) IR JEHER (C) TR AT T gkHL
PR

iz, BB (1) & BN OB REAMREMNEED, CaREALD R
(CO) TG, MREZDEA-(C)IILER, HEERXEMRIEN 1 IR~T IR,
Flantiz 1 . 2R, 3. 4K 5k 6 RELT K, ik 3 R~5 K, Bt
PLizk 4 IXE 5 X

iz, LB (1) Hl& A RN OB REAMEMNEED, CaFRAEL
B Jn IR HE SR SR TRV 3R 2 BT HEAT 28 7 /KIE e 20— IR AT

VENA RN FTIR TR B AR DT %, R (2) Pk s i A BN
PASO, 1 HSO4 THRA H -

Pk, FridifACVE B PASO4 My 5~30ppm, #i4 5ppm. 10ppm.
15ppm. 20ppm. 25ppm. 30ppm %%, 1Li% 20ppm.

ik i, Frikis b HaSO, WK JE A 5~20mol/L, il SmollL .
12mol/L. 15mol/L. 18mol/L. 20mol/L %, fi% 13mol/L.

TERNAR R ITRITERRIREOARTT 2, IR (2) Ak w iy SR i A oy
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NiSO4-6H,0, NaH,PO, (XKIEREN) Al NasCeHs07-2H,0 ( /KATAEFREN) Y
TR VTR -

e Hh, BTk Ab A4 4R AT T NiSO4-6H,0 )T Ny 5~309/L, #iltn 5g/L.
10g/L. 15g/L. 20g/L. 25g/L. 30g/L %, fIi% 25g/L.

i, Pkl A sis it NaH.PO, ¢S4 10~50g/L, 4 10g/L.
15g/L. 20g/L. 25g/L. 30g/L. 35g/L. 40g/L. 45g/L. 50g/L %, fIi%
30g/L-

iett, Frikf 8T NasCeHsO72H,0 SN 1~15g/L, it
1g/L. 3g/L. 5g/L. 7g/L. 9g/L. 12g/L. 15g/L %%, 1li% 10g/L.

i sth, Fridfbfyseimim pH N 1~7, Bl 1. 2. 3. 4. 5. 6. 7 %%,
ik 4.5,

ik dh, It IR A~ 0% SR VA TR 850~100°C, 1 4150°C L 55°C . 60°C. 65T .
70°C., 75°C. 80°C. 85°C. 90°C. 95C. 100°C%%, fLi£85C.

ik th, PRI PS4 1A 9 1-10 min, #l401min. 2min. 3min. 4min.
5min. 6min. 7min. 8min. 9min. 10min%%, fLi%&5min.

Rk, Fridb g8 2 R % 8250~275nm, {5 41250nm. 260nm.
265 nm. 270nm. 275nm%%, fii%260nm.

TERARRAFTRINEMRIE R AT &, IR (2) Frid B &mmmt, &
WA K INasAu(SOs), (TEEIER4E4M) « NapS0s CIERRERHN) FIN(CH.POsH,)s
(A=A RITRE VR

il , BTIR B e &8 75 TH NasAu(SOs5) i 5 h1~10g/L, il tn1g/L. 2g/L.
3g/L. 4g/L. 5g/L. 6g/L. 7g/L. 8g/L. 9g/L. 10g/L%:, fLi%3g/L.
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fride s, ik B e 478V TR NapSOs i 5 - 10~50g/L, %14 10g/L. 15g/L.
20g/L. 25g/L. 30g/L. 35g/L. 40g/L. 45g/L. 50g/L %%, 1% 35g/L.

R3de H, T i B e G R IR P N(CHLoPO3H,)s 1¢S5 A 10~50g/L, il 4 10g/L .
15g/L. 20g/L. 25g/L. 30g/L. 35g/L. 40g/L. 45g/L. 50g/L £, fIi% 20g/L.

ige s, FridE B oM Em pH A 1~7, #ln 1. 2. 3. 4. 5. 6. 7 4%,
ik 7.

fligetth, FTik B e 4 vE iR % A 50~100°C, #1401 50°C . 55°C . 60°C. 65°C.
70°C, 75°C. 80°C., 85°C. 90°C. 95°C. 100°C%%, fIi% 80°C.

PR, AT ik B e ds e BN A 1-30min, %140 1min. 5min. 10min. 15min.
20min. 25min. 30min %5, fLi% 20min.

TENARRWFTIA T L IER AR TR, BB (3D Pk R & ww, %
WA RN NasAu(SOs), CERRIR 444, NaoSOs CIATER4H), NasCeHsO7-2H,0
(TIKEFTEEEREN) AT CH4NS (BRI FITR A VTR

s, FITd 34 J 448 75 7 H NasAu(SOs) 23 5 A 1~10g/L, il in1g/L. 2g/L .
3g/L. 4g/L. 5g/L. 6g/L. 7g/L. 8g/L. 9g/L. 10g/L%, fri%2g/L.

R3ge s, AT AR JE & 8 7 P NapSOs i 5 A 10~50g/L, %1111 10g/L. 15g/L .
20g/L. 25g/L. 30g/L. 35g/L. 40g/L. 45g/L. 50g/L %%, 1% 20g/L.

s, BT Idid I8 4 #8170 NagCeHsO7-2H,0 ¥ J% 4 1~20g/L, it 1g/L
5g/L. 10g/L. 15g/L. 20g/L %%, 1Ii% 10g/L.

IRidetts, FridRit)E & CHANLS Wiy 0.1~2g/L, filtn 0.1g/L.
0.3g/L. 0.5g/L. 0.8g/L. 1.0g/L. 1.2g/L. 1.5g/L. 1.8g/L. 2.0g/L %%, % 1g/L.

ik, FrRicH EfEW pH N 1~7, #iltn 1. 2. 3. 4. 5. 6. 7 %%,
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ik 7.

ek, FIRIE R &R A 20~80°C, il 20°C . 25°C. 30°C. 35C.
40°C. 45°C., 50°C. 55°C. 60°C. 65°C. 70°C. 75°C. 80°C%%, ik 50°C.

A3t Hb, BT A 5 45 J B TA] A 5-50min, #7140 5min. 10min. 15min. 20min.
25min. 30min. 35min. 40min. 45min. 50min %, flti% 30min.
Rk, kiR RN G, SaME &R R H315~350nm, 4
315nm. 320nm. 325nm. 330nm. 340nm. 345nm. 350nm%%, f£i%350nm.
HEEMRSE N250~275nm, 5 W1250nm, 260nm. 265 nm, 270nm, 275nm
4%, fik260nm.

VENAR TR ITE IR B AR TTZ, IR (4 Frid B #E PDMS Jf
[ B R R, KB BIRE AR s A AR F M e k2 5, BT
WA MR RIS A b, @I A E 2 PDMS (RS SUe A FAL,
ARG 10:1) RIAEE SR L, IR E TR D2, 808 30 min
R, AR AR AL, RIS E] Al R A A

BARIEBARTT M, SR FREE PDMS 977 SO0 M RHEAT 38, AR
JE T AL, AR SRR RS, S H A R Bl v A
TEMFEENE, AIRH AR L 30%.

fLigst, LUK (4) Frik — WARREGE A E AL R iRty 20~6:1, B4
20:1. 18:1. 1511, 12:1, 10:1. 8:1 8¢ 5:1 %%, flik 10:1.

ik, DI (4) Frid A BAA IR E Ay 5~40min, #1401 Smin.,
10min. 15min. 20min. 25min. 30min. 35min. 40min %%, fii% 30min.

ik, LR (4) Pk [ELiE S N 60°C~90°C, #la160°C. 65°C. 70°C.
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75°C. 80°C. 85C. 90°C%:, flik70C.
iz, BB FHRELES [ 1~5h, FlUW11h, 1.5h, 2h, 2.5h, 3h.
3.5h, 4h. 4.5h, 5h %, flLi% 3h.
KRRV =ATT R T AR Wik i) = 4451 &5 PR E R P AR
.
HSEABRME, AKPHAI N IRBCR:
(1) KR YA RA =G5 M R SR & i 4 Lol s 5 R )5 07 72
il 2 A PR R B SRR, SRS B AL A R TR A SRR A TR
w-, BEMe-RE-A RN eERANESILNNE SR, Bad A
NVEVE PDMS o FLbAT 3 B2 30t — 2D [ G 15 B =4E 5 . S AR PE 34k
XA =Y S W E SRR AR B R R Rl R Ak CRp oy A K AR A
30%) , BEWGAENFIEAR T IRFFFHEARENE (R, & mdd s =ML ,
KRR =G5 2 AR R SR T R AR R RN A . ANFETE
B NREMEA R KA R E Y EA G A8, KRS T E v fe
(2) AR IR H 6 IV o, MJERE EREAR TRAS, il a6 I ik ik 73R
PR L2, A, A4 AR 2R 3 e PR ARG M F P =
A e, T 2 T v ATl T OO A
(3) ARRULRANBER T, Mt TR, BENESREESS,
RERS AR AL IE AR AYIE O B AR KR R 47 H - B Pk e

P P 52 B
B 1 =4 B SRR R R 42 SEM A,
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K 2 M= E SRR TE AR B 2L SEM A

K 3 A=t R ORISR, DL s R P B BB R R AR
XRD &

K 4 N=4Esit R MRS R, AR PR e R SR A
AL [ 25 5 2045 B A AR 73 301 ARz o e R p AR o P AR AL

K 5 =Z4EE i E A AR IE 3R S mapping [, B T e EMERERE
.

Kl 6 =4e5iiyE A ARV AR A T 22 A BRI 0 B A v AR He P
AL

F AR LT 2

HAG AN, AR UE R E IR S BRI AR IR i i A T, B
ARRPAFHATRIRT PR VESEFR 120, RIA R A K I 06 20 3R 14
LI LA e B SR USRI SR N R NAZ I 1, 3 A A B AR ] e
BE, XA R T e % SRR A S5 S8R i R A B RS TN . B AR T U AR
PIPEAEA R I B ORI VB AT A VB B2 o SEHERI 1 )% =4E45 K Au-Ni 24
BRI S AR

(D HERAMEESENEZBE T KN LK OB REIET G, AT,
ReFLE T 3g/L ISR A S ROV TR 3h, 285 H 80°C AR KR A AL
A BRI R ANEE AL 85°CKIEFMF THETIER 10min, FHikdk, KERIEKE
W3 Ka, EBETKEERED IR Rk SEEmaeds T, 824
A RIF3 A SR A

10
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(2) ¥ prid 3k R pa fEEaaid 5 20ppm PdSO,4 A 13mol/L
H SO, W S AL WIZ IS, TONE S 259/L NiSO,-6H,0, 30g/L NaH,PO,
CIRWERREN) A1 10g/L NasCeHs07-2H,0 1) pH E 1) 4.5 1L A8 s, £
85°C T, =4 Smin, A EAEM —ZHER 260nm EHEHAE, R
Jr R A R SRR A O B e, B SRR D, RO 3g/L
Na;Au(SOs), CIEARER 44D . 35g/L Na,SOs CIERERSH) . 20g/L N(CH,PO3H,)s
(EAE=WERERR , MW pH N 7. B SPiAL 80°C FidktT, KA 20 74
AT e S SRR R R SR, AR < R LA
(3) # FRFETANG T £ BT IKM B TIONIE IR 0, 30 S5 SV A oy
2g/L NasAu(SO,), (R 44H) , 20g/L Na,SOs; (W4 ) , 10g/L
NasCeHs07-2H,0 ( /K AFFEEREN) « 1g/L CH4NLS (FillK) , ¥ pH A 7,
W )R RN 50°C, [ 30min, BRI TS ETE, SREM
4 350nm:;

(4) BB E HEB K EMETRE, #5385 6E P b H
FHRRFM Bk 5, B WA MR R IR ORI f, @A il & i
) PDMS ( — FHERRE U A AL EL 10y 10 DR T TRSIER SR,
FHHEE T PIHMEZ, BE 30 min J5EHE, &4 70°CHEIRBLE B E L
3h, B3| Al Ryt k.

SR 2 ] = 4ES5 R Au-Ni Z 5 PRI 34k

(1) BRAMEEREHEZBE F/KMIK AR ZIHEGE, TRAMFERET,
KL E T 59/l BIEAA S MG VE I R Bh, SR )5 H 80 C AR IR A EH AL
A1 R H R AN AN AL 90 CARKIB AT FREHTICIR Smin, FRiklE:, KEREIL)IR

11
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5 Jh, EETKIBEED K, RN RigmaciititT, SIAFR
B AR R A SR AT

(2) F ik T M RIFR A B a R 2 a5 20ppm PASO, AT 13mol/L

H SO, W S AL WIZ IS, TONE S 259/L NiSO,-6H,0, 30g/L NaH,PO,
CIRWERREN) A1 10g/L NasCeHs0,-2H,0 ) pH 1E 1) 4.5 4L A8 s, £
85°C T, =4 Smin, A EAEM —ZHER 260nm EHEHAE, R
JE R AR R A SR IR BB, Bie Ml WIRARCh 3g/L
Na;Au(SOs), CIEARER 44D . 35g/L Na,SOs CIERERSH) . 20g/L N(CH,PO3H,)s
(EAE=WERERR , MW pH N 7. B SPiAL 80°C FidktT, KA 20 74

AT e S SRR R R SR, AR < R LA

(3) ¥ FIRFEATING L 22 B F KM Be F NI R Al 16 R SR A
1N 2g/L NasAu(SOs), CFREE 44 , 20g/L Na,SOs CIFiEE4Y) , 10g/L
NasCeHs07-2H,0 ( /K AFFEEREN) « 1g/L CH4NLS (FillK) , ¥ pH A 7,
W )R RN 50°C, [ 30min, BRI TS ETE, SREM
4 350nm:;

(4) Ferfan U G HEB KR E Mo TG, K528 S 54 6w H
FHRRFM Bk 5, B WA MER R IR ORI f, @ i & iy
) PDMS ( — FHERRE U A AL EL 10y 10 DR T TRSIER SR,
FHHEE T PIHMEZ, KE 30 min JGEE, &4 70°CHEIRBUE B E L
3h, B3| Al Ryt k.

S 3 il =4ESE R Ni PRI PE Ak
(1) BRAMEREHZBEF/KMIK AR ZIHEE, TRAFERET,

12
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KL E T 59/l BIEAA S MG VE I R Bh, SR )5 H 80 C AR IR A EH AL
A1 R H R AN AN AL 90 CARKIB AT FREHTICIR Smin, FRiklE:, KEREIL)IR
5 Jh, EETKIBEED K, RN RigmaciititT, SIAFR
B AR R A SR AT

(2) Fprik ‘F v RN Mg a2 0 85 20ppm PdSO, AT 13mol/L
HoSO, W IS AL WIZ IS, JONEE 259/L NiSO,-6H,0, 30g/L NaH,PO,

CIRWERREN) A1 10g/L NasCeHs0,-2H,0 ) pH 1E 1) 4.5 4L A8 s, £
85°C I, L #4is Smin, fifE)diEaney /2R 260nm 2105 ;

(3) Ffan U 5 HEB KR E Mo TG, K528 S50 6w H
FHRR R Bke 5, BT A MR RV R ORI f, @A il & i
) PDMS ( — FHERRE U A AL EL 10y 10 DR T TRSIER SR,
FHHEE A PIHMEZ, KE 30 min J5EE, &G4 70°CHEIRBLE B E L
3h, B3| Al Ryt k.

S 4 I X S ATE R

WL X LTI Z 4RSS M S S AR R AR, DL g i iR
R A A REEAT RGN, A SE R L 3, AR¥E XRD 455 al LA Hid i A & B Y
INFEERERN A& Z.

SRS 5 Fr A I B o AR % L PH AR A

ISR S RE ] 1 ASEREA] 3 A5 SR AT h AR IR R oA FPH AR AL, 8K
55 77 V2 N WA di b AT A AL BE, 1RSI0 FRBH AR AL, A I N2 AE 0-30
I, ANFEPRA TR VERE, RS A 4, Ll a KA i AAHRER
FE b B PHAR AT S, 10 HoA 62 B RE o L P AR E
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St 6 5 AN I R rh AR X R P A AR AL

XS] 1 AR 3 A R HEAT R AR I R AR BB AR A, S
56 73 g o 0 R ot AT A AL A B, (RIS EE — ORI B — T ORI LR
A, SIS EIRZ MR 6, SE46 25 R A] ki BH AR A R 25t AT A B n )L
AR
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1. —F =g E AR, HRHEL T, HURAMREM T, HEER
AR AN EE A B, FEA R a2 R E R =
M&Z, il E RS (PDMS) 451 &

i, TEBEHEHILE KN N100~300um, HRERBEL4 5N
0.5mm~2mm, fLi£0.8mm~1mm:;

iz, )R y250~275nm;

ik, <2058 N316~350nm.

2. RIEBFEER A Prik ) =HEG5 M R ORISR IEAE T, &
Uk

() RKREAEESNZE TS0 BIE RSB hRIE, R0 AAE B R
AR BHNREANEEREITIER, KEREERNES, BEMLT, /53
A SRIT I AT

(2) Reprid s )figm 2 A BRI o, A A B, fin
SIS RRAE, R BROERN A RGBS ERe, ELE
e B N AEBRIE R E U], SRR R e R R

(3) K5 LIRFESh e BN I s, B AR T iR SRR

(4) KBHR (3) Prfgfrdt e T8 S, WIndtk, JFEdREEE
PDMS, $RJGMEfL, $l#3 =4E g2 Ah Bl bt Sk

3. MAEBNER 2 ik =4EL M B SRR & 7%, JLRIEE T, 2B
L” NG DR il ¥ AP IR P Nl < DR PR R YL &
(A) RifE: RKRAMEESE T 50 RG0SR R
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(B) it Ji: MR AR IR A A A A R 1 R A g i 4n AT IE
(C) T, B3 BAOENEANRESN.

4, —MECMER 2 Frid =4e 55 2 SRR RIS 28 051, FREAE T, D IR
(2) ik A B PASO4 T HaSO4 [ A s

figth, FEEWR P PASO, /5 N 5~30ppm:;

figth, WEEIR P HaSO, 35 A 5~20mol/L.

5. —MBORIELR 2 frik =445 i SO R 5%, HRHERE T, P
(2) AR T ZE 1A NiSO4-6H,0. NaH,PO, fit NasCeHsO7-2H,0 IR
EERCHIE

ik, AP BT NiSO4-6H,0 ¥ A 5~30g/L;

i th, Pridfb =48R - NaH PO J% 24 10~50g/L ;

R, Pk AL A S5 0T NasCeHs07-2H,0 )i N 1~15g/L;

Pith, PridfbF P ERvE T pH 1~7;

PRz ith, Pk ib = g I R 52 50~100°C.

6. MRIGBCRZLRAFTIA RG] 775, HAEAET, B (2 kB s
A CNNasAU(SOs)2. NaaSOaFIN(CH2PO3Hy) TR A 5 15

Rige i, Bl B 4 R W H NasAu(SOs) ik £ 2 1~10g/L s

Peiz i, Piridk B s A NapSO5 %y 10~509/L

Prigetth, Pk & <

&
&

Plidesth, Frid E s

=N

W N(CHL,POsH,), 5 >y 10~50g/L;
FEVSW pH N 1~7;

16
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fltieith, Firid & ¥ &SRS A 50~100°C.

7. WHAEBRER 4 ikl o7, AR T, IR (3) Frikic)R &
FEET, TN NasAu(SOs)2, NapSO;, NazCeHs07-2H,0 A CHYNLS
IR AT

Pridedth, Fridid R4

Pridedth, Fridid 54

Pridedth, Fridid R4

Pridedth, Fridid R4

Pridedth, Fridid R4

Pridedth, Fridid 54

TV P NasAu(SOs) 1K J% A1~10g/L ;
VA NapSO5 i % A 10~50g/L
W T NasCeHs07-2H,0 ¥ &y 1~20g/L ;
FEVEVR P CH4NLS %y 0.1~2g/L;

FEE pH N 1~7;

%H> %H> » & & %H>

B WRE N 20~80°C .

8. MRAEBHER 4 Frik il I7d, HARHEA T, DR (4 b BT
7= PDMS IR oy, 5515 2R A48 P i o Bk 2 ), il s e B 2 1) PDMS
BT, RSP, AEiREL, SEE SR

ik th, FridtcE i) PDMS Jy — WEERE S e A BRI A58, iz
b P PR U AT A 7 A9 D 541511

9. BURIZERA Frid i) =4ES5 1 B MR N - R i 38

17



WO 2020/119617 PCT/CN2019/123941

S

R

\\\ \ A 3
Tt
Tt ..
N \ . \\ \

.\ DR

3 .

§ -

5
A 1

1/5



PCT/CN2019/123941

WO 2020/119617

Nova NanoSEM

<
o
<
T}

6.0 mm

ETD

1300 x

11:24:15 AM

2

&

2/5



WO 2020/119617 PCT/CN2019/123941

e AU-NI@GPUS
e NI@GPUS

Intensity (a.u.)

30 40 60 70 80
2 Theta ()

A3

—a- Electroless Nickel Plating|
| {9 Electroless Au-Ni Plating | A

0 5 10 15 20 25 30
Stram (%)

& 4

3/5



WO 2020/119617 PCT/CN2019/123941

R
SN

\\\\\\\\\\\w & %
0 30 60 90 120 150 180
Degree (°)

<6

4/5



WO 2020/119617

PCT/CN2019/123941

5/5

<6



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2019/123941

A. CLASSIFICATION OF SUBJECT MATTER

CO081 9/40(2006.01)i; CO08J 9/36(2006.01)i; HO1B 5/14(2006.01)i; HO1B 13/00(2006.01)i; C23C 18/32(2006.01)i; C23C
18/42(2006.01)i; CO8L 83/04(2006.01)i; CO8L 75/04(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C081; HO1B; C23C; CO8L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
CNABS; CNTXT; CJFD; VEN; USTXT; EPTXT; WOTXT; CNKI; /7 /7, WANFANG; 175, DUXIU; ISL_Web of Science: #
E R BRI SEHE BRI 0B, SKEE, #67%, 52T, R, FME, =4k, 21t frfs, Sk, a0, 540, 100K, 124, &,
%, B " HEREEEUS, three dimensional, 3D, flexible, stretch+, conductor, polyurethane, PU, sponge, foam+, graphene, nickel,
Ni, Au, PDMS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X HAN, Fei et al. "Fabrication of a Flexible and Stretchable Three-Dimensional Conductor Based 1-9
on Au-Ni@Graphene Coated Polyurethane Sponge by Electroless Plating”
Journal of Materials Chemistry C, Vol. 6, No. (30), 10 July 2018 (2018-07-10),
ISSN: 2050-7526,
page 8136, paragraph 5, page 8137, paragraph 4, figure 1, page 8138, paragraph 1, page
8141, paragraph 5 and page 8141, paragraph 6 to page 8142, paragraph 2

PX CN 109749121 A (SHENZHEN INSTITUTES OF ADVANCED TECHNOLOGY, CHINESE 1-9
ACADEMY OF SCIENCES) 14 May 2019 (2019-05-14)
claims 1-9
A CN 107655398 A (SHENZHEN INSTITUTES OF ADVANCED TECHNOLOGY, CHINESE 1-9

ACADEMY OF SCIENCES) 02 February 2018 (2018-02-02)
entire document

A CN 104257367 A (SUZHOU LEANSTAR ELECTRONIC TECHNOLOGY CO., LTD.) 07 1-9
January 2015 (2015-01-07)
entire document

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (a§ specified) ) o considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report
09 January 2020 06 March 2020
Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration

No. 6, Xitucheng Road, Jimengiao Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2019/123941
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A HAN, Fei et al. "A Crack-Based Nickel@Graphene-Wrapped Polyurethane Sponge Ternary 1-9

Hybrid Obtained by Electrodeposition for Highly Sensitive Wearable Strain Sensors”
Journal of Materials Chemistry C, Vol. 5, No. (39), 19 September 2017 (2017-09-19),
ISSN: 2050-7526,

pp- 10167-10175

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2019/123941
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 109749121 A 14 May 2019 None
CN 107655398 A 02 February 2018 None
CN 104257367 A 07 January 2015 CN 104257367 B 06 April 2016

Form PCT/ISA/210 (patent family annex) (January 2015)



E R ERS [ i
PCT/CN2019/123941

A ESIRbaES

C08J 9/40(2006.01)1i; C08J 9/36(2006.01)1i; HO1B 5/14(2006.01)i; HO1B 13/00(2006.01)i; C23C
18/32(2006.01)i; C23C 18/42(2006.01)1i; CO8L 83/04(2006.01)i; CO8L 75/04(2006.01) i

FZIR PR R 23 3% (TPC) B ] 4% 8 ] 28 7 SRR TPC P ok 702K

B. e FR U

T2 A AR PR BE SRR (PR » R ARG M) 2K5)
C08J; HO1B; €23C; COSL

AR AL TR AU 10 o o I PR B SR L AR AR R 2R STk

e P R I & 10 H 1 R e (B R A4 A, AR A CanfiE DD )

graphene, nickel, Ni, Au, PDMS

CNABS; CNTXT; CJFD; VEN; USTXT; EPTXT; WOTXT; CNKL; J7 /7 ; 1575 ; ST Web of Science: H1[ER}S2FIE ﬂllﬁ'ﬁlﬁﬁjﬁﬁ}?ﬁ
Be, SKERE, 6%, SRET, SKE, 7ME, =4E Rt i, SF, RENE B4, K 085, 8] &,

HERESRT, three dimensional, 3D, flexible, stretch+, conductor, polyurethane, PU, sponge, foam+,

Journal of Materials Chemistry C, 2563, 530#§, 2018%F 7H

10H (2018 -07-10),

ISSN: 2050-7526,
HRI36 WAL, 81374, K1, 5813815, #8141 58, #8141
TUR6E-H8142 T 5B 2L

C. EESprats
%k Ay SIS, WER, FREBMCETE AR AR Bk
X HAN, Fei %. “Fabrication of A Flexible and Stretchable Three-Dimensional 1-9
Conductor Based on Au - Ni@Graphene Coated Polyurethane Sponge by Electroless
Plating”

PX CN 109749121 A (TP ERMEFBS RIS AR 20194 55 14H (2019 - 05 - 14) 1-9
B ESR1-9
A CN 107655398 A (F ERMAFE RN EFH AT 20184 285 2H (2018 - 02 - 02) 1-9
A
A CN 104257367 A (FHHaEHnE B FRBEERAT) 20154 18 7H (2015 - 01 - 07) 1-9
A
[V ]34 scpbreckms o b TR R
% 51 IR B PR “rr e E IR 2 JE AT, 5 AL, (Eh T R
“pr PCHAER B R T I A — BRR A RSO R 2 B e B 7 e S
“g” EB/%Eﬁi%ElE‘J%?EEZ‘ZEM‘EE@E?@EE%EZ%%U X GHESHIH, BERERTE, URERRPHZATR
LY AT BRI A TSR R BRSO, B S — RS F S pman Al X
x i O R SIS S
E}%%g‘g)ﬁﬁﬁ%l%E’ﬁ/i%‘l/wtﬁ%%iimﬁﬁélﬁﬁ’m# G fk Bupts iy N L L S Sk
“07 WROSATF. . BB R A TR - E{?Iﬁﬁ@”l{ﬂ
«pr A 46 R i EER T BRI R (s A (S0 & BRI SOr
| o A% 2R S e i A H B | BrrAdr 2 40 25 1R 2 H 29
20204F 17 90 20204F 3H 6[
TSA/ CN I 4% FR AT 25 SZE R
b [E [ ZR &0 B (ISA/CN) %El 25
oy [l T X B 1A PG L4565 100088 £
£E5S (86-10)62019451 1551 (86-512)88997219

PCT/1SA/210 3 (58271) (20154E1 1)




EfreRRE [ fr H i 5
PCT/CN2019/123941
c. PSS ats
By SIS, BER, FRERMHEXERE BN EES
A HAN, Fei %. ”A Crack-Based Nickel@Graphene-Wrapped Polyurethane Sponge Ter— 1-9

nary Hybrid Obtained by Electrodeposition for Highly Sensitive Wearable St—

rain Sensors”
Journal of Materials Chemistry C, 255%, #539#§, 20174 9H
19H (2017-09-19),
ISSN: 2050-7526,
#10167-1017511

PCT/1SA/210 3 (58271) (20154E1 1)




Bl s 18 5
XTREERNESR PCT/CN2019/123941
W B 3 PR S SO el 7 e el
CN 109749121 A 20194F 5H 14H T
CN 107655398 A 20184 2H 2H T
CN 104257367 A 20154F 1H 7H CN 104257367 B 20164 4H 6H

PCT/1SA/210 R (FMIREFMM) (201551 )




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

