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(54) Titlee METHOD FOR PREPARING GRAPHENE-MODIFIED POLYMETHYL METHACRYLATE COMPOSITE
MATERIAL HAVING ULTRA-HIGH CONDUCTIVITY

(54) RAAZFR: — Pl i T 30 SR Ok IR R AR T R R SR8 7 i

(57) Abstract: The present invention relates to a method for preparing a graphene-modified polymethyl methacrylate complex having
ultra-high conductivity. The method comprises the following steps: (1) firstly, slightly oxidizing an expanded graphite to obtain an
expanded graphite intercalation compound (EGIC); (2) modifying the EGIC with a silane coupling agent to obtain an mEGIC; (3)
adding the mEGIC, methyl methacrylate and dibenzoyl peroxide to an 1-methyl-2-pyrrolidone solvent, stirring the mixture at room
temperature for a period of time, and then warming to a reaction temperature for polymerization reaction; after the reaction, pouring the
product into methanol for centrifugation, washing and vacuum drying, thus obtaining a graphene-moditied polymethyl methacrylate
complex. In the present invention, when the mEGIC content reaches 10wt%, the glass transition temperature of the complex can be
increased to be 18 ° C higher than that of polymethyl methacrylate, the elastic storage modulus is increased by approximately 300%,
and the electrical conductivity can reach 1700 S/m or more.

SN WHE: KAERWHYE—MESE S R0 RN R FRNIGRTEE SR H& L. EhHEaEmEn T e
B: (HEREKA ST RMEASE KR A SHZENEP(EGIC): QMRS ERANEGICIHHT 12115
BB JE ) mEGIC: 3)BmEGICH AR S, S — 2K R B 1- FF -2 I g e B 7, Je7E
%ﬁFﬁﬁ B, REBERMBEBITRESGRN, RNERGEE=DEN RS ITE 0. RN
T, BRASBERENRFRENFRFEESY. XRAYF, YmEGICH EiAT10wt%, EEYHITE
%w@rw% SHENER R 518°C, MMM EREA300%, HSHEAEE(1700S/mLl L.



10

15

20

25

30

WO 2017/186127 PCT/CN2017/082040

P v HL 3 AR SR A 2R R M TR I R L ) T Tk

BRI
AK B el fa] B A SR IG 2R SR S ik, R — it R AL 1Y
A SR O S R A GIR TP R R A I8 5%, R THPRE A R

BREEAR

A7 SR b LA TR R AR o BRI M R K B
THH(2630 m?g™), fREIH KRR (~1TPa), MEIHHE F9(5100 Wm K™ LUR A R
MBS R LTI T . A7 SA SRR AR B GR B ME R A A e L TR B
EESURA T T TR, T CRAER AR SRR, A7 B E AT T R
iR —

SR, 5B BIGA R A e A R . IR R A B G-R AW E S
PR, A0 (R B ] JAE T A7 BRI T JR A 3 0 P AN B L B A BB 5 TR B 2 T
AR AR 2Ei 25 F 2 BT 90 R, AT S T Sa 4 0 SR, AR5 PR AT SRR AT % i
St R ESRAMIITE S KRR AR, BIEES, I HME ARG R
B, SEAPPRIRDRL R 4 B R A, 3K N SR AL AR T Pk o

B PEETTGIR TRGPMMA) T2 B AT — 2K 2 AR R B RE M. 58
i 2 A0 L B T LR, 3F B AT X EC A 2 TR, AT EL5R
FH 7 BRI e o5t B PR TR 8 PG ) ) 2 A 2 e B . AR, BRISOMESS 169 PMMA. B 456
BHEE 2 B8 B OIS, (HAZ 7T EmBK . RME a2, vk 2 Tl i sz
SRR, AR IR R B AR AT B AR R T S AN T, T
VTN SRS A B, TR B R BRI I . LA 2 (mEGIC),
HAs 2 5 MMA S B RR A G BT R B, A MR i R A BT LAZE B S Fr % )
AR EIRE . IS AL ORI T AR E A TSR, i A
DLZCIE SEBUIAL R o FEZR A I R, o T AT SRR AR AE R AR 004 77, BRI MMA
AT LLBIEHE A mEGIC 2% A B0 5 A RV, il MMA 76 mEGIC B[R4 R M 3 K
% mEGIC $B AT BA%, 10 HL, 7 SE IR B 7R J5 S AR A i R h ik — 45 51
TR A4k, R MAR AR F e 770 BB A PMMA A (0 40 SR T 2% bl g, ohsb, T
7y PMMA 7 TRES{E R AP 43 mEGIC b, 4L T A 845 5 PMMA KA A A
JH, A4 1K PMMA 52 & B R B A5 60 7 24 2 MR T . %5045 PMMA- 77 38
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MR EME 2R . BRAERME, AT R i S b i A

K NE

KRB H IAE TR Fh e 25 0038 PMMA 454 MERE I — P B AU IR AL RE B
SR DA SR PRI IR T R RS I 2

AR W e SR R AL PR B AL R B K A SR (mEGIC) L 5T R A 7k 0 PMMA ()
PEfE. 2 mEGIC & EE3) 10 wi%, EEHEHBEEIRZAH L4 PMMA 25 T 18°C,
PEAE RERT AR 2 300%, HLSFIEBIHEAM 1719 S/m, 2 HATHESERENESWELSY
Z—

AR B2 R A AR 5 S S

AR — TR HE T — P B AR S A TR A SR M 2 L T IR TR PP s B & 4 1 1)
I, RARPRWTE

(1) F 1~3 g A S 200~600 mL WA R 1~3 g SRAAFIIAT B AL

() B EMAENRI KA SBEGIC)IMAE] 50~150 mL 258 F7KF 100~300 mL Z )
IREWIPAE 60~70°C FHFEZ), 153 EGIC R GG ¥ 2.5~7.5 mL EEbe BB
pH=4~5 ] 40~120 mL RIZKIEEPHFKAR: KK 5 AR IR R BN ik
EGIC KRB, 75 60~70°C MY 2 /N, 5 Jo 4 79y F F BT /K g A 319 1) mEGIC;

(3) ¥ mEGIC. FHEAIHER FERMMA)FI L E A K FELBPO)IMAE] NMP #71H,
TR TR — B RS, FHER] 70~90°C KN 7~12 /NI, R P= RN R 225 B0
PRl MBS T, 1S 3I0UER PMMA S50 8L . ARG P REOMMA) RIS AL —
2 P EL(BPO)HI Bz A 100~300: 1,

TER— RGN T, PR b AR TR A A 38 ok 2 R R A TR P R 5 A I 1l 46 732
45 DR

(a) FIZMK A A WRIRIR SR AFNRS, HITHRETR A KA 55

(b) AHLEFIT, 2T ()3 B AR A AT B 2 I A B SRt b IR AR &, HilfS
mEGIC; Al

(c) AT, # mEGIC. MIEEAMRK T ERMMA)N L EN KT E(BPOYRS, i
FRECPE R PR NG PR E S KL

TR — R, B IR A S B S s A A AR

TRy — Rk, , BRI AR R . BRI IRONIRARI IR 54
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(R 1-5:1) kIR, ARG R AT SR B 1-5: 1.

T — ikt , Frid PR EE B@T, FrdSb i A A SR, ERm.
W BRI BRI S (AL 1-5:1) FkRer . siHdl s,

TR —igflt, Frid B BRO)BCER@, Pk 5 IRm R e SR AR LY 1 g:
(40-200) ml .

TR —iEflt, Frid ZBRG) BB ()T, Frid mEGIC 15 P #AR TR SR HL Ay
1: (10-100).

15—k firh, A BREQ) T ARG A 3-( T 2R T M I 40 ) A 6 = TP Al R ek ot
(MPS). LMkt =PI . CsE = Q- PR QR B Ok = SRR S O
XU R R At AR AR AT — A

e 7 — P fih, LR BT RSB BB 0.02~0.2 g/mL.

T — ik, BIREG) P E T iR — BN A2 R0 H I T HH: 0.1~10 /M.

15—k, Frid 2By, B fAapLERIE B~ 4. N-F LS S iI(NMP) . N,
N-Z PR (DMF), —HEWTH (DMSO). sBlHAA.

TR — R B, ARIGEL SRS ER 0.1-15wt%, B4l 1-10 wte.

AR, FIRHUH M R AR Ry 0 A B AR 30 L SR A A A B iy il 2 70
FE TR S BRIHATIE .

AR HRIA AR T

AR ) HE LRI FME R 5 W R A AL B2 IR A 38 (mEGIC) 5 MMA T R 58 &
SRR R R IV S E AR, 24 mEGIC & 853 10 wt%lt, £ A4FRH B LI
FELL4E PMMA 425 18°C, Itk fil R B 42 14 300%, HLSHEH[IA 1700 S/m LA b, & Hy
WS EINEEMEEMELL— WINETME Jolil A 800, SIS, HEMe,
BA R TR

e 1] B

Bl 1 A REEA I IZ I A B2 (EGIC) MR R BME I 5 1 iZ KA 88 mEGIC Wik E
(TGA)Hh £k

B 2 A& A 1 wit% mEGIC ) PMMA B AR B H) B 5 i Bi e .

K 3 M & A 4 wt% mEGIC ) PMMA B AREH B H) B 5 i BiE .
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Kl 4 E&H 10 wi% mEGIC [ PMMA 8 &M BB D) % B

K 5 M & 1 wt% EGIC [ PMMA &4+ BB T % 5 szl

K 6 & A 4 wt% EGIC [ PMMA 24+ BB T % 5 sz .

B 7 M & 10 wi% EGIC () PMMA R AF0RHG D) F 5B 5 R

K 8 & 1. 4. 10 wt% mEGIC [{] PMMA & &M EHA BN T (DMA) fh £k .
K9 & 1. 4. 10 wt% EGIC [¥] PMMA B 54 EHA BN 5T (DMA) £k .

FLAASLHE T 2\

LU SIS 45 5 B B A AR — D Ui Bl o B B, XS O UL A K
iy AN T PR AU AS A B R o Xt AU RO N S AE AN T T8 A S IR AR DR S T ) 1
Ot MG e AR B 2L R EA K I R 2 A

AV R VE B R AR A RS R T R, TR IR A, s ) R
WA BRARSS SN, 7500 23 LUy 502 B 1 0 U R 4

LR St 9] o Bir A6 S 360 R AR50 TR Sl B 8 m AT B SR IE 3R AT

AR

SR AR AN SO 75 WA SCrP i R A BB R by B2 AR 35 A s e Y i s 0 43 )

AN G E AR AR S X

WA, (e B BARS 28 RHUE TP A I, RiE“29” B3z 8 7] LG 28 (8
BN Z T 1% B, WASCHTH, RAR“Y 1007655 99 Rl 101 Flz (7] 143 AE () 40,
99.1. 99.2. 99.3. 99.4 %),

WASCHTH, R “SAH” 8 “BiFEE)” vTRUR TGN 28 R A .
Bs, TAREEER “EALE. HER” . 3 “H. MmR” .

WA, ik “AREARE B IR AT 27 “RBAMEA R Ik A= 7, “EGIC” WA
B, HAMED X

WA AL, Tk “mEGIC”. “HRELe R BE RIS R R AL I AT 52 7, “ SAB M 2
AT =67 Al H A A, BAAHRES

JERL 5 38 A 75 i
BB s ARG, BT JRURHZ A AT S 1 A e B A AT S 4% 5 VA R ]
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ANZHIEMBAR G208 sKAEEE . BRTE, — BB s T ERH & AT S s SR 1
J7i%, CN201510792745.00 A& AT A B H S 8ok (AR, Ed . akEEfE
£ 210K *, Room-Temperature Intercalation and ~1000-Fold Chemical Expansion for Scalable
Preparation of High-Quality Graphene, Chemistry of Materials 2016, 28, 2138-2146) Frikifil
o

G Rt R

DMA 7 #7 i ik BATHBIE 1% (DMA, | Z8: Mettler Toledo, 75
SDTA861e) MR S e tsi B, FRATEHH A, #2504 K: 10.5 mm, BE:
6mm, f: 0.5 mm. JRSAA 1Hz, WA 40 3] 140°C.

Sl 1: EEME1

2 g KA. 350 mL KRR . 2g AELMRHINE S S INATI 500 mL =%, 1E
35°C TR 1 /M, 13 2RI AL B2 AT 32(EGIC).

I _EiR EGIC H—F AR &4 50 mL 5 77K 100 mL LEFHITRG IR = B
T, AR 62°C R HiHE. SRIEH 2.5 mL BERLIEEC MPS IS pH=4 K] 40 mL £ & 77K h i
IKAE, fir MPS K56 )G, MAR] B EGIC FHEAHRTTE 62°C N4kEL R 2 he I
100 mL #1200 mL £ B /K e fm flik, 1532514 5 1 mEGIC.

¥ 0.5 g Bk mEGIC. 30 g MMA. 0.15 g BPO JIIAZI 44 100 mL NMP ¥%571)(#] 500 mL
ZOFE, EFEAESEY IR 1 b )5, THEE 80CKRMN 7 h 54w, HRMN)G
PRI 500 mL FEEF, AR A AR A B0 E, BTN EVUE, H SRERIKEE
BZ WG T 80°C B AMEAR b T8 24 /i, B RIBEM AR A, BIK Hbsr= Ykl
WA BIEE IR PMMA 606, Hip, ABGEEEGMEPREEN 1 wiv.

&l 1 2 EGIC Ml mEGIC fJ#VREMZ:, 7] LLE M T MPS #:8(3] EGIC 1) &4 B BE
T 73 mEGIC #IG 7 iR e 30°C A f .

K 2 &0 mEGIC Bt JG 2 & MR EIES BEt i, WL M ASEER &Y
SR IT

Kl 8 A %41 mEGIC it E &K DMA El, 7 LR 2 mEGIC & &4 1 wi%l, &
GIEH A BE R B S K 26%.
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S 2: AR 2

[ 1, ARZAATET, HERRI SR, fREE ek as. 4
R IR

2 g KA. 350 mL WBRIR. 2 ¢ EARREIEAFIMAZR] 500 mL =K+, 7F
35CTFRM 1 /hIN, 13205 A A 2K A SR (EGIC).

I _EiR EGIC H—F AR &4 50 mL 5 77K 100 mL LEFHITRG IR = B
M, AE 62°C T HE . RN 2.5 mL REBE R I L4 5 = AR I B pH=4 ] 40 mL
LB TAKPEFEARME, FriEbeBEHK RS S5, AR L& EGIC RVR &1L 62°C T 4%
SV 2 he PP 100 mL A1 200 mL 2% & /K PEE E g, #3350 5 ) mEGIC.

¥ 0.5 g Bk mEGIC. 30 g MMA. 0.15 g BPO JIIAZI 44 100 mL NMP ¥%571)(#] 500 mL
SR, SGEFIET, ZAE P 4h. RE, THEZE 80CKRMN 12h F4iH. ik
N JE P EI 500 mL PEES, A BOREAERR E . B0, HEUT RV, H QR
IKBEBZ RGP T 80°C B RMEAR T4 24 /M, 793 AR AR E M4, HIH BER=
EEFEA AT SR EIE ) PMMA B A MR, o, S8 EE MBS 8N 1 wt%.

A ST BRS-GBS S 1 AR

SEHEf) 3: BEMEL 3

D4 1g WA AT 200 mL WKBRIR . 1 g BHERRETIR &5 NI 500 mL = FIpeiit, 76
35CT M 1 /hIE, 13212 MA AL I R A 32 (BGIC).

2)% Lk EGIC A &4 50 mL £ 8 1/KF 100 mL ZEEHE SR = D8RP, 7
62°C R Pk ARG 3 mL EERE BRI L3 — (- 43 L5 30 iEBE) I A B pH=5 [ 50 mL
FBS TR PR AR, R Le R IR A AR 58 J5 I B 3R EGIC VRS IRPAE 62°C T 4k
[ 2 he PoAH 100 mL #1200 mL 455 7K Bk fE,  fhiEes 28t 5 1) mEGIC.

3)¥ 1g FiR mEGIC. 30 g MMA. 0.15 g BPO MIA &7 100 mL NMP %71 500 mL =
e, EFRFESRY iR She )5, THREZ 80°CR MY 7Th G4 WMV, B, ¥
PRI 500 mL FEEF, AR A AR A B0 E, BTN EVUE, H SRERIKEE
BZ WG T 80°C B AMEAR b T8 24 /i, B RIBEM AR A, BIK Hbsr= Ykl
WA BIEEE PMMA E6ME. ARGTEEEMEREERN 4 wt%.

AL mEGIC 5 EGIC H#VAE ki A B 1 fror. EA R E S iAs g5 L W 3
R, LG A SIGEL S A RIFK 8. BEMEH DMA 45 3 W8 8 firx,
H LU B2 S A R i REATE K IN 2T 100%.
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S 4: BEME 4

V¥ 1g B2k 88 200 mL RAEER . 1 g miEkIREES S5 AR 500 mL = 1%, 78
35°CR R 1 /DI, GRIRMEAL IR AT S(EGIC).

2)F b3k EGIC IS4 50 mL £ 5 77K 100 mL ZEERE-EE I = OB, 78
62°C FHiFE AR5 3 mL AEREAR I LM 2k = (2-F 42k IR I B pH=5 (1) 50 mL
LB PR, Frit bt EBEGRAK #8585 AR iR BGIC MR-A I T E 62°C N 4k4t
SV 2he F4H 100 mL F1 200 mL £ B /KBRS G, fluEfs 3ot 5 1) mEGIC

3)¥ 1g I3k mEGIC. 30 g MMA. 0.15 g BPO JIA A 100 mL NMP ¥ 500 mL =
R, R EAE TR TP HidE 0.1 he ARG, FHEZR 80°CIRMN 7Th &5l R V. 5,
Ker=EIN 500 mL FEEH, A BEREKPR A, BONE, HEFEiE, K
PR BT 80°CEUNIEAS th T4 24 /N, BRI EEACIRIE K, BIG HbRF=4%E
B A B E PMMA A0 F A BIGER SR 5N 4 wt%.

ARSI T A S A R 2 R M e S S 3 A M

SEHEB) 5. HAEMELS

) 2g MK ATER . 350 mL WKERER . 2g mARRATR A IS 500 mL = B8+, 1E
35°C TR 1 /M, 13 2RI AL B2 AT 32(EGIC).

2)¥ Lk EGIC IMA R &4 50 mL &5 17K F 100 mL ZJEFITR A #5E = D5,
1 62°C I HidE. SRJ5H 16 mL Tlbe BB L M2t = A AU AE 8 ) I A 31 pH=5 1] 80 mL £ 5§
TR BEREARAR, FrrERe BECHIK RS G AR IR EGIC MR G P {E 62°C F4kak R .
2he P=#IH 100 mL 1 200 mL £ & F/KPER G, g 20 5 1 mEGIC.

3)#% 1.5g iR mEGIC. 30 g MMA. 0.15 g BPO JIA & 100 mL NMP % #(%) 500 mL
ZOFE, EFEAEIEY FREE 10 h, RGTHEE 80°C KM Th G4 RN . 5,
KB 500 mL g, A REEAR R BO0E, WECEEIUE, HOBFK
PRl 2 KGR = T 80°CBUXAMAR h T4 24 /NI, BB EMACIRE 4K, BI % HEsr= ik
Al A B IE U PMMA B6ME. ASSGTERE A B INE &N 10 wi%.

ASEiE mEGIC 5 EGIC MR MLl 1 frR. SAMEHNIES faist R unE 4
B, ATLLE A SBIEAER AP A RE. EEMEH DMA &5 3 WK 8 fian, HAkhes
Y 300%.
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SEHEB) 6: HAEMEL 6

1 2g BEIE A 85 . 300 mL ¥R . S0 mL WRAHERVE A 5 AR 500 mL = 58+, 7F
S55CTFRMN 1 /N, 15 2CEA TR K A S2(EGIC).

2)¥ FiR EGIC A ZIEH 50 mL £ 577K 100 mL ZEERRAE AN =05,
15 62°C e REH 5 mL IEGERIFI( L5 = SR B pH=5 ) 80 mL £E]
TR BEREARAR, FrrERe BECHIK RS G AR IR EGIC MR G P {E 62°C F4kak R .
2he P=#IH 100 mL 1 200 mL £ & F/KPER G, g 20 5 1 mEGIC.

3% 1.5g Lk mEGIC. 30 g MMA. 0.15 g BPO JIAEH 100 mL NMP % 7(¥) 500 mL
SR, EEREMESAY TR 6 h, RETHRZE 80°C RN Th G4 R R V.. B,
PRI 500 mL FEEF, AR A AR A B0 E, BTN EVUE, H SRERIKEE
BZ WG T 80°C B AMEAR b T8 24 /i, B RIBEM AR A, BIK Hbsr= Ykl
WA SBIEE IR PMMA BE6 B ASGTEREAMEINEEN 10 wi%.

A SE R P A 2 A RS R MU BE L SR 5 A .

xFEeBl 1. &AL C1

[FISEHER] 1, AFRZAAET, ANGIREGEEIGH MPS, R RAEE.

2 g KA. 350 mL KRR . 2g AELMRHINE S S INATI 500 mL =%, 1E
35°C TR 1 /M, 13 2RI AL B2 AT 32(EGIC).

0.5 g FIRRZBEMIK EGIC. 30 g MMA. 0.15 g BPO IIAZIEH 100 mL NMP %7
%) 500 mL = B, R IEAE TR N Hik: 4 h, SR J5THE S 80°C ). 7 h [ 85 i Ve
B J R BN 500 mL REEh, A B AREARUR 4. B0 E, BN REUE, H O
MUKBEEZ G, KT 80 CHRMARh 18 24 /NiF, 13 31BER AR £, B4 £ 5%
IHCCER PMMA EAME CL, o, A3GHSEA 1 wive.

AXTEeEd, mEGIC 5 EGIC VR E MM IEARWE 1 fron. EEME C1 K& f
T RS R 5 R, WTUGE A SRR SR C1 20 B0 A W mEGIC Bt s
MEAEME 1T (B2,

AILLE H, RERESBICAMEM EGIC AR T MMA #E EGIC JZ R RN, BRI G
TR AT SR AT SR I B

HHEMELC1 ¥ DMA 25 UK 9(1wt%EGIC HiZ)FTn, W LA BIR AW e E R K
A BT
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XL 2: HEFEL C2

[FISEHER) 3, AFRZAAET, ANGIRELGEEIGH MPS, R RAEE.

D 1 g B2IEA . 200 mL WKBEIR . 1 g M RENES G IAZE] 500 mL = OHEf, 78
35°C R 1 /M, 133 EAL R IZIK A 52 (EGIC).

) 1g LR RZAEAMK) EGIC. 30 g MMA. 0.15 g BPO IIAE 1 100 mL NMP ¥ 711
500 mL = pSRH, (ERIEAE TR FHid: 5h, ARETHES 80°C )W, 7h JF &5 W V.
BifE, R EIN 500 mL FEE, A RGN 4. BOE, BN REDE, HE
BEMUK RG2S R 7T 80 CHUXBEAR T4 24 /M, 733 B AR AR 4, B4 B bR
A SBIEU R PMMA S5 MR, b, ASEEREEN 4 wt%.

AXFEHIH, mEGIC 5 EGIC WA A WA 1 From. PMMA S5 H BHIE S
WL W A R AN 6 R, W LUE AT S0 A8 2 A0k C2 Y20 R AN 41 mEGIC Bt
JERIE &Mk

AILLE H, RERESBICAMEM EGIC AR T MMA #E EGIC JZ R RN, BRI G
S EGIC 7843 3

BAMEL C2 ¥ DMA 5035 Wi F 9(dwt%EGIC H&)FTn, 1T LUR 2R Ak et 25
2y 58%, MWARTEEME 3 I ispe .

XL 3. HEME C3

[FISEHER] 5, AFRZAAET, ANGIREGEEIGH MPS, R RAEE.

D 2 g 2R A . 350 mL KGR 2 g ML IREIE S G A ZE] 500 mL = OFEf, 78
35°C R 1 /M, 133 EAL R IZIK A 52 (EGIC).

2 1.5 g BIRARA MR EGIC. 30 g MMA. 0.15 g BPO JIIA&A 100 mL NMP ¥%55)
%) 500 mL = B, /R IEAE TR N Hid: 6 h, SRS THE A 80°C )WY 7 h [ 85 i Ve
BifE, R EIN 500 mL FEE, A RGN 4. BOE, BN REDE, HE
BEMUK RG2S R 7T 80 CHUXBEAR T4 24 /M, 733 B AR AR 4, B4 B bR
YA AR PMMA AR, Hd, AR EER 10 wive.

AXFEHIH, mEGIC 5 EGIC WA A WA 1 From. PMMA S5 H BHIE S
WL W A R A& 7 PR, WL AT SR AR 2 SRR C3 20 O AN A1 mEGIC Bt
JERIE &Mk

A LUE Y, RERELBBFEMT EGIC A%+ MMA 3E X EGIC Z (0] b, Fl i ASgE

_9_
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X EGIC =478 0 #8801
H4ME C3 ) DMA $UE 1B 9(10wt%EGIC &) Fion, 7 LUE BB S feti 2 1
T 108%, KA TEEMEL S P i il geti e .

FEA R W B B BT AT SCRRFRAEA WA b 51 I8 225, it o R A — s SOk A gt 5 |
WE R Z 2 T5HE . BEANRL PR, FED B T AR LR YR A R R, AU ECR A R
A DO AR B AR 25 ol e sl A 5, X L8 S 1 S R V1A R P IR BORI 25K A5 B PR
e o
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A E K

1. — i iy A3 3 SR O ME 2R R R N A TR TP R (PMMA) I & W IRl 28 T v, Hofe
fETE T, A4 0 %

(1) # 1~3 g AT 58 1 200~600 mL WA R A AL 7 e i E AL

(2) BRMEAE KA BEGIC)IM AT 50~150 mL £ 77K 100~300 mL
LA TR ST, A 60~70°C T HidE45), 133 EGIC HITR SV K’ 2.5~7.5 mL
(WRE Gt B IR ATE pH=4~5 1] 40~ 120 mL W7KE M P BEFE KM, SR )5 1 1) S A f Ja 1 ke
Bt AR B AR TR EGIC [FVR -G P AE 60~70°C N4k 82 [ B 2 /NI, 7~ i A
e FK BEE g, 493 30 A AU ot B B2 1K A0 28 (mEGIC):

(3) KA E2)1F RN mEGIC. T EENMER T ERMMA)HL 4 2K T EL(BPOY A
) N- B L0k gt e B (NMPYEE I, T8 35T Bl de— Bt 1), THE 2 70~90°C J5 ]k B 7~
12 /NI, R NS R TR AT L PRI S TRALEE, S EIBUE R PMMA &
HW; 7EHT1F PMMA B4, mEGIC ¥4 PMMA 6 WM RE SN 1% ~10%,
PP 25 TR s 12 P P o 4 A — 2R AR B i BB O 100~300: 1.

20 RPERAMER 1 Pri’ 77k, HAFIEAE T 2R s I A 28 0 #ulz ik 4 58
s A R

3.0 MAEBANESR 1 Prid 77k, HARIEAE T2 ) pr AR A SR e &=
IR AR 101 B WO IR AR AH IR VR & W) sl e R IR B PP AT — B, SRR 5 S B I
£ B E A (1-5): 1.

4. MRABCRMELR 1 P 7708, R AEAE T8 BR(2) T T R e A3 G0 0 3-(FR L
IHEEE) N2 = AL (MPS). LMHEE = AR . JME = Q-FRE LA
Bt B8 A AL = AR TR R R AT — A,

5. MRRACRIER 1 Prk iy o7k, HRFAEAE T 25 B (2) ™ B R ek Jo 4834 B0 45 o ) Ik
4 0.02~0.2 g/mL.

6. MIMBANER 1 Frid w7k, HAFEAE TG T HE IR T Hidl — Bt 7] 5 785
i TR 0.5~6 /N,



WO 2017/186127 PCT/CN2017/082040

(%)
g 5 2 8 3 3 8 B8

1/5



WO 2017/186127 PCT/CN2017/082040

X
N R N
NS

AR \ N
N N &\\ N
\\\“\\\ X N & X
TR R i  na

\\\\\ R \-\\\

R \.\\ X
\. \

INUIREINY

N

2/5



WO 2017/186127 PCT/CN2017/082040

3/5



WO 2017/186127 PCT/CN2017/082040

,,,,,,,,,,,,,,,, O a4 mEGIC
- e W% MEGIC
& 5000+ S e 10 Wi mEGIC

4/5



WO 2017/186127

&

PCT/CN2017/082040

8000
FOUO

SO0

)

5000 -

(Mba

20004

1000

~~~~~~~~~~~~~ 0 with EGIC
et it% BGIC
e WS BGHD
10 Witk BGIC

5/5

120 140



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2017/082040

A.

CLASSIFICATION OF SUBJECT MATTER

COSF 120/14 (2006.01) i; CO8F 2/44 (2006.01) i; CO8K 9/06 (2006.01) i; CO8K 9/02 (2006.01) i; CO8K 7/24 (2006.01) i

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

B.

FIELDS SEARCHED

CO8F; CO8K

Minimum documentation searched (classification system followed by classification symbols)

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)

CNKI, CA, CNABS, VEN: oxidation, PMMA, graphene, oxide, GO, composite?, coupling agent, methyl methacrylate, silane

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
PX CN 105820276 A (FUDAN UNIVERSITY), 03 August 2016 (03.08.2016), the whole 1-6
description
Y CN 102642830 A (NANJING UNIVERSITY), 22 August 2012 (22.08.2012), description, 1-6
pages 2-3
Y ZHANG, Danfeng et al., “Preparation of FGO/PBMA Composites with Improved Thermal 1-6
Stability”, CHEMICAL JOURNAL OF CHINESE UNIVERSITIES, vol. 35, no. 11, 30
November 2014 (30.11.2014), pages 2466-2467
Y ZHANG, Lin et al., “Preparation of PMMA/Graphene Composites by In Situ 1-6
Polymerization”, ENGINEERING PLASTICS APPLICATION, vol. 44, no. 4, 10 April
2016 (10.04.2016), pages 11-12
Y XU, Lining et al., “Preparation of New Conductive PMMA/Graphite Nano-Composite by 1-6
In-Situ Polymerization”, CHINA PLASTICS INDUSTRY, vol. 29, no. 6, 30 November
2001 (30.11.2001), page 17

[ Further documents are listed in the continuation of Box C.

X See patent family annex.

*

A

“gB

“

“Q

«“p»

Special categories of cited documents:

document defining the general state of the art which is not
considered to be of particular relevance

earlier application or patent but published on or after the
international filing date

document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

document published prior to the international filing date
but later than the priority date claimed

«

“x

«y>

“ &

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person
skilled in the art

document member of the same patent family

Date of the actual completion of the international search

17 July 2017 (17.07.2017)

Date of mailing of the international search report

28 July 2017 (28.07.2017)

No

Name and mailing address of the ISA/CN:

State Intellectual Property Office of the P. R. China
. 6, Xitucheng Road, Jimenqiao

Haidian District, Beijing 100088, China
Facsimile No.: (86-10) 62019451

Authorized officer

SHOU, Jianhong

Telephone No.: (86-10) 62084481

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

. ) International application No.
Information on patent family members

PCT/CN2017/082040
Patent Documents referred Publication Date Patent Family Publication Date
in the Report
CN 105820276 A 03 August 2016 None
CN 102642830 A 22 August 2012 None

Form PCT/ISA/210 (patent family annex) (July 2009)



EfrE RS [ b i
PCT/CN2017/082040

A EIl b S

CO8F 120/14(2006.01)1; CO8F 2/44(2006.01)1; CO8K 9/06(2006.01)i; CO8K 9/02(2006. 01)

7/24(2006. 01) i
12 L B % R 232 (TPC) 2R3 (] I 2 FRLE 2K 7 RN TPC P 232

i; COBK

B.  HMER
2R IR AR BR L SOk (PRI ) 2R RG22 5)
CO8F; CO8K

B TEAS TR 14 5% B I PR B STRIR LA AP A 2R ST

TE [ P R I 20 1 L TR 2R (R R A4 3, AN R RE 3R] I Al )

CNKI, CA, CNABS, VEN, &4k, 8845, Rk, RESH, HEAGIRFRE, E44, PMMA, graphene, oxide, GO,

composite?, coupling agent,methyl methacrylate, silane

C. [Py g
EEe SRR, B, JREMIEETE AH 2 AR ZE SRk
PX CN 105820276 A (H B X%) 20164E 8H 3H (2016 - 08 - 03) 1-6
PIEESS'S
Y CN 102642830 A (FFHR%) 20124F 8 22H (2012 - 08 - 22) 1-6
T3 582-3T0
Y RIFRE. TEANA B/ ERERHR TIRE 5B RARET” 1-6
Ay 2 2R HE353, 1188, 20144F 118 30H (2014 - 11 - 30),
246624677
Y RS, TR EBEA RS REFERGRFE/ A BInE SR 1-6
TREMARIR B, 443, 485, 20164F 48 10H (2016 - 04 - 10),
11127
Y VPIL T R RS VE & PWA/ F Bk SR E S MR 1-6

VAR T, 25203, ZE6HH, 20014 114 30H (2001 - 11 - 30),

BT

(] st sopteors o gt . RBER
s IO AR, 1 g AR ] 25 AT, 5 T A, (0 T A

o St s 10 i S 5
“ar WA B AOTER T AT ECR — oA S

“wy 2 ﬂ:‘:’ E ; ¢ B AN EL

g 6 R O SR A2 B A AR 56 it e ! %%%%?égﬁﬁ?%ﬁllﬁ IERRGPRANAR
“Lv TR IR L. SOOI SR 1 B s & WS At
b S sk (R P PR e T S A LR s SN L SRS e el

B0 ) B FL A B
wo7 WRAKAT. M. ML AT “or FUBERICRE

“pr AT HSET B By HE HARE T ISR SEAL A Aot

TRl iz 2% S o 5 A ) H 341 ] oz 2R 41 T A 5 1 341

20174 7H 17H

20174 7H 28H

ISA/CNF) 42 75 FI AR 25 3t ik

AR A R E E R A0 AUF (ISA/CN)
A b A T M X R [ TR 3R k65 100088

HEHES (86-10)62019451

TR

G588 (86-10)62084481

& PCT/ISA/210 (Z82T) (2009%E7H)




Efrte R RS [ b B 15 5
&k flRY s 8
RTRIBEERINES PCT/CN2017/082040
AiH . AEH
KI5 BRSO @) A/ H) w5 R (/A /H)
CN 105820276 A 20164F 8H 3H ¥
CN 102642830 A 20124 8H 22H I

2% PCT/ISA/210 ([FHELFIFHAE)

(20097 H)




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

