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FE. WSO EEIUMERED:, OB (GB) 5 1-C 53-8 Z FEbkm DU SR AN SR B TR ([HAIMIBF, )
HMESE, HE& T BETFRAEDRE A SRG (G@ILs ). ¥ G@ILs FMNMGENE-T M- R IR Y (ABS) RHKE
R4 T G@ILs/ABS B4+ k, it FTIR., XPS. XRD. f7&€5Gi%. SEM. TEM Fl EDS X} G@ILs i
TTFAE, XT ABS & GMBHTEREFIE ST T IMIEAIFRAE . 45R%0], [HAIMIBF, i FH & - AH 5 AE AR A
BIRHAT TAHRUBM, 455 T 0 BISHSHE It G@ILs MIFIAME G@ILs/ABS E-A kY S ERES R T
W, G@ILs FiEECH 1.0%0], #4509 G@ILs/ABS E44E (idh 1.0% G@ILs/ABS, TIal) M
TR AN Ay 42.4 MPa 1 2145.1 MPa, 433 ABS #2551 8.36%F1 12.76%. M4k, 1.0% G@ILs/ABS (1)
SIMZAHCN 0.249 W/(m-K), F ABS #2551 21.5%,

KR BTWR; A8M; ABS; EAMKL; Sk DhagkE

FESES: TQ325.2; TB332  XEAHRIRAD: A XEHS: 1003-5214 (2024) 04-0778-09

Preparation of ionic liquid modified graphene and its
effect on thermal conductivity of ABS composites

WANG Yijie, ZHANG Jinzhuo, LONG Jiapeng, LIANG Bing"

(School of Materials Science and Enginerring, Shenyang University of Chemical Technology, Shenyang 110142,
Liaoning, China )

Abstract: Ionic liquid modified graphene (G@ILs), prepared from graphite powder (G powder) and
1-hexyl-3-aminoethylimidazolium tetrafluoroborate ionic liquid [HAIM]BF, via a green ball milling
method, was blended with acrylonitrile-butadiene-styrene copolymer (ABS) by melt blending method to
synthesize G@ILs/ABS composites. The G@ILs was characterized by FTIR, XPS, XRD, Raman
spectroscopy, SEM, TEM and EDS. the properties and morphology of ABS composites were tested and
characterized. The results showed that [HAIM]BF, effectively modified graphene through cation-z interactions
and maintained the structural integrity of graphene. The G@ILs/ABS composites exhibited considerable
improvement in mechanical properties due to the introduction of G@ILs. When the mass fraction of G@ILs
was 1.0%, the tensile strength and bending modulus of G@ILs/ABS composites (named 1.0% G@ILs/ABS)
were 42.4 MPa and 2145.1 MPa, 8.36% and 12.76% higher than those of ABS. In addition, the thermal
conductivity of 1.0% G@ILs/ABS was 0.249 W/(m-K), which was 21.5% higher than that of ABS.
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FA, B BT WA S A R A X ABS S5 A RS A B R <779 -

FERRE . B, AT LA IR SR S
AEmEAmTRE, HSEHRARHEHN
5300 W/(m-K)!'?, BT T R E AR
5, G A MR R B R R A S 0 AR L
SR, ARG ERGYIAEP AR, HFHHER
B W R AT ) BRBEL AR K RS T UL T, TR
KHFEW T2 AR I, B, XA S50 i
TroRe b A R T3 & AR R A W AR v 1 43 HicE
M, dEmdceE g &R IVE SR ). 5
TR (ILs ) 2 —JEHA m s E M i = I A A
PLEL, B FXTAI, TR 2 ik f e B 4
PERARAE, B FHAE A4 01 bk s I B 1 I A
HRY IE H ) WK BH S T RES 5 A SRR I 3LEE 7 RS
R A L s AT, R AT DL A SR
FIPER . AR, BRREMTS e R A
TBMBRIEDORA R, LAdGE e RS YRR
ik, Mk — 8 m 2 A AR ke . B
BRI R . LY U S804 T B I AR A f i vk
S4B (GO ) IMD-Si@GO, HAFE MR 5
THEMENSHREmMMAEENE., b, |
IMD-Si@GO JE #4340 0.8%H| 153 W i ) 5

N .\ BE
cay” N\ SCHNH,
[HAIM]BF,

WABERE T 15.7%, XIONG 22 1-T %E-3-H
FER WS U R R AR IS e GO, il TE T
AR I ek AL A7 2455 GO-TIL )/ T 344K ( BIIR )
Yk AR, Hd, B GO-IL B4 80N 4%Hl
#11%) BIIR 99k 2 &M B A S 3 L4l BIR #2055 1
30%. YIN 2R3 14874 -3 F K e S8 Eh D g £k
GO (GO-IL) W EHI % T GO-IL/ T %M (SBR)
Yk E AR, Hodr, B GO-IL 80 5% 4
) SBR 4K A A EH I TR L ali SBR 451 T 34%.

J T ffPE ABS J12 R RE AT A 22 S T, U
VeIt BB TR 1-C 3 3-8 £ FEmkms DU el R
([HAIM]BF, ). R &% 0, B HE LB BRI 1k i 45 2
T E AL H A 8805 ( G@ILs )., FIFIERIER G@ILs
TNAZ] ABS ik, 5% G@ILs/ABS &A1 K]
Frd PR ER WA 1, [HAIM]BF, BA KAEbE R
e, BEUSHITR S ABS BUFHAME, S PR FH Y
BT T LA R A BRI 1 EE - S548 1, DA
PLARSAN B0 7 v B0 . B IR E S el v
A DAPR 8RS A B R, T e SR R A
A WIEA . G@ILs W HAT U0 B FAHZ P,
FHTE ABS SR 2 SR RS 2 — P hGa8

K1 G@ILs/ABS &AM B il 5 i fitm =
Fig. 1 Schematic diagram of preparation process of G@ILs/ABS composites
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TEMAACRH R A BR A F] s ABS (J85 HP181),
i E LG b # kSt

AK-36 BURURFFET AL, Rt BRI AL Tl e
#NTAl SA 600 1T HUFEIAHL, g RIBHLLE A R
A); Nexus-470 A8 B AR 3 21 P S 3% | Talos
F200S G2 B S M W 5% . EscaLab 250Xi A X
SHEOGH FREEAN, SEEFAEAF]; AscEnd™500
WG YR I 3% . D8 Advance I X SR A7 5% .
Ti25 BILT MRS AY , #5[E Bruker /A F] ;6550 QTOF
R oy BRI AN, SR ELPER B A E; ISM-
6360LV R F 0 b, HAH PRt
LabRAM HR -5 G AR HOGH &6, 74 E
HORIBA A #]; TPS 2500 S BIH T4 HTAX, i i
Hot Disk A7) ; YXQM-20L #7472 XBREENL, Kbk
AV B A A FRA ] 3 GT-7045-MDL AU h 36 4L
TCS-2000 AIF7 S5 HL, SR A BR A A .
1.2 Fi&
1.2.1 [HAIM]BF, #%] %

[HAIM]BF, & BB £ i

— BrC,H,NH,*HBr, EtOH /=\

CsHu/I\K/ T N

S —
N,, 85°C  CeHp N\/ C,H,NH,*HBr

T\ _ NaBF,, MeCN/H,0
N N B TR T &
CeHis CHNH,*HBr NaOH7k## CsHis

W, TEMARETR 150 mL = LB mA
50 mL —HI LA, 4.80 g (0.10 mol ) & A AL .
16.50 ¢ (0.10 mol ) 1-IECL%E M1 7.82 g (0.11 mol )
BRME, 7E N, SRR T 20 °CRREAHEFE 6 he ¥
SEMUR, A 100 mL & Be, I 100 mL Z€18/K
VEBBOR o WUEBR LR ER AN, 58] N-C FEpRmE
21.12 g,

HANERE TR 150 mL = FUBSIR FPAR Y n A
50 mL JG/K ZBE. 4.57 ¢ (30 mmol ) N-c JEBKmE A
6.15 g (30 mmol ) 2-IRCJEEIRFREL , 76 N, U T T
85 CHEFEILIY 24 ho WERR L ICAK L BE, T2
K, AR AT S AR AR ORI pH Dy 8, A =&
BEFN TR O BRUEAREOR , Wl R ZE 1R B 250 71 Jm 15 31
1-C0 3-3-Z £ FE K mg s £h

# 2.38 g (24 mmol ) FHNEREH A 50 mL Z i
A 6.25 g( 23 mmol ) 1-C) He-3-%0 2 FL kg 3 v
FEZR N HEHE 24 h i TR B FacHe , 5155 6.10 g
REORFBAK, RIN[HAIMIBF,, 7% 75.8%.
122 G@ILs ##) %

# 10 g G #3110 g [HAIM]BF, i AF] 50 mL
ZEWKH, fEER TR 0.5 he IREHSE,
AT R REREEHLAE IR T LA 150 t/min BREE 6 h (fifi

AN BF;
C2H4NH2

A 8 mm A eSS ER, BRBREIL N 3 1 1),
SRIG , AR 200 mL ZEE K, ik,
FRIBIK VRS 3 W, 80 °CTHE 10 h, 83 9.8 g
G@ILs,

1.2.3  G@ILs/ABS &4 #4649 ) &

# 7.00 g G@ILs 1 693.00 g ABS #4 Jig /il A 2] %L
IEAFER LT, SR T RLASIR L B R kL, B
MEER 220 °C, WRAFHE 4 200 r/min, £ H i RLZ
&, ¥ ABS EAMAEEURINAESEHL, 7£ 220 °C
T TR, 5% G@ILs REDECN 1.0%FH
G@ILs/ABS Z &1 8L, 124 1.0% G@ILs/ABS,

B ik I B R N i M - S = N ) SR E
B LR 1,

#£1 ABS E4MERE

Table 1 ABS composite formulation
FE ABS/g G #/g G@ILs/g
0.1% G/ABS 699.30 0.70 0
0.5% G/ABS 696.50 3.50 0
1.0% G/ABS 693.00 7.00 0
0.1% G@ILs/ABS 699.30 0 0.70
0.5% G@ILs/ABS 696.50 0 3.50
1.0% G@ILs/ABS 693.00 0 7.00

1.3 HZHMRMESEEENK

FTIR M3z i KBr & Fy ik % RE 5 547 FTIR
ML, 36 A 4000~400 cm ™' . NMR 32t : 7 500 MHz
T XTHAIM]BF, )53 45 b A7 200 A 15 sk,
%A DMSO-dg il D,O, MS il : X} [HAIM]BF,
HEATHE M FRAE, SR ESI B 18, RFyHE, I
AN IES . SEM K . 76 BIr A AR i 647 1 4 Ak
PG A T RIS HRAE . TEM WK K RE S 7
ToK CEEHB A /T EL, SRIG A, 7 200 kV
RTINS T WL i 1 45 AT S g AT e R 2
AT XRD MG 7 A 55 H8 7 5 457 B H 3 R ERL R
S5 40 mA Fl 40 kV R #1700 & . XPS ]
R FEMMPICEAM LS ESE 4x
10" MPa FiEfrile: . Fr8 i, g
WOCHL B LI AEZ IR T kA . J12#ERE L. hr
4% B8 GB/T 1040.1—2006 Wi, Fr %k
50 mm/min, 25 fiPERETRE GB/T 9241—2008 #47]
ik, 2 HE RN 2 mm/min, B O hi R BB GB/T
1843—2008 Wik, #EFHRTH 64 mmx10 mmx
6 mm, IR LSRN S MREARRKTEE, &
WARBOIHL . RIE 1SO 22007-2—2008 X 5E &4k
PP R TI . BOA: BRETE 80 °CTF
PR¥F 2 h, SRJGFEE IR T P L 78 2 B A IR o Bt
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2.1 [HAIM]BF,&#R1E
Bl 2 K 2-IROHEAIRIRER
[HAIM]BF, i FTIR 3%,

N- 2 F5k DK s A

1565
571

4000 3500 3000 2500 2000 1500 1000 500
WeE/em™!

B 2 2-MMARERE: (a), N-2 &kt (b) A
[HAIM]BF, (¢) AY FTIR i& &

Fig. 2 FTIR spectra of 2-bromoethylamine hydrobromide (a),
1-hexylimidazole (b) and [HAIM]BF, (c)

HIE 2 nTLLAH, N-CEEPKEEFI[HAIM]BF, 75
3078 1 2957 cm ' Ab Ay I YiC I R kR 3R | C—H ##
W 4430 2927 F1 2856 cm™' 43 B 3 | —CH,
FI—CH; B8 45 95 Sl U0 5 76 1565 em ' ZbHBE T
—NH, WS TR S g . C—NH, iYW 500G H BRAE
1171 cm "4k 1516 F 1459 cm " 42k By iz g e Ay bk s
Y C=C 1 C=N #1145 HE 3l . 2-1R i &R
fREhd 571 cm™ &b C—Br S0 4 45 2 W i i 7
[HAIM]BF, %A ¥, [HAIMIBF, 7 1060 cm'
Ab HER T BH S T BE, 1% B—F 42 4 1 4 415 50 W g 0
gEIRRI, VIR HAR YA B )

[HAIM]BF, 7£ DMSO-d it} "HNMR 4 /& 3 i .

1/2\/4\/6\8_9% . n DMso-d62 ias
3 5 N\/ 11 T
’
1
11
7 i 106 12
ul
10 8 6 4 2 0

Kl 3 [HAIMIBF, ) "HNMR 1%l
Fig. 3 'HNMR spectrum of [HAIM]|BF,
H & 3 AHT, 6=2.50 XF 1 Y J& DMSO-d FY % 7
I, 6=0.86 X1 F L%k E—CH; SR Tl T,

0=128 XMW T3 2, 3. 4, 5 (EPFEHIRS)
4 S—CH, MY Jii 714 ; 6=1.80 %f W T—NH, &5 T
BT, 6=3.37 Ni%EH—NH, [—CH, F&J5i¥
(I T-UEE . 5=4.17 FIl 5=4.46 43 511X I 3% 422 WK W 3R |
1 5f 3 5 N —CH, FEJ5E 7 E 71§,
0=7.81~7.85 U [Bl N By — F W XF N T K ek 3R |
CH=CH &R TR 11§, 5=9.29 X} T-BRIAIR |-
CH=N SR FRYE 7k, iR%E R S5[HAIM]IBF, %
TSR A W) 5 o

[HAIM]BF, 7£ D,0 Hi) *CNMR & E & 4
FIT7R o

3
A NH:
3 5 \/N 1
7 2 1
5
4
8,9 106 11
7 }
1

140 120 100 80 60 40 20 0
b
Kl 4 [HAIM]BF, ) >*CNMR i[5l
Fig. 4 "*CNMR spectrum of [HAIM]BF,

H I 4 T, 0=13.28 XF R Tk 1 S
H —CH; B C {5514, 6=21.81. 30.36. 25.10,
29.13 f1 4771 S FE 3k E 2, 3, 4. 5, 6 (EH
gEMbRS —CH, LAY C 155 0&,6=123.17 Fil 122.43
X} FBKIEER F C—=C ) C {5516, 6=135.50 X}
TFUKMERA | C=N 19 C {5516, 5=49.98 Fl139.27 71
ST % F CH—CH, i C {55, #F—4
UESE[HAIMIBF, 2544 5 H bR Y AEAT -

[HAIM]BF, (45 an il 5 fis .

M]*
196.2
[M+A]* [2M+A]* [3M+2A]*
282.3 479.3 759.5
| L L .J I ¥ RSV N
100 200 300 400 500 600 700 800 900
ml/Z

[ 5 [HAIM]BF, 5% &
Fig. 5 Mass spectrum of [HAIM]BF,

& 5 A LAE Y, m/Z=196.2 X} )% T [HAIM]BF,
FHES T A 454 . m/Z=282.3 . 479.3 i1 759.5 43 5%} 7
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FIM+A] . [2M+A] FI[2M+2A]°, M H[HAIM]BF,
PR E 4514, A H[HAIMIBF, H i B 1454,
TR 43T 45 S FI[HAIMBF,, 38368 25 ¥4 A X6 23 i
Ta—H.

FTIR. '"HNMR. “CNMR FIig4s £iEH, H
B 7= W B B
22 GO@ILsZHRIE
2.2.1 FTIR 5%

G A1 G@ILs #J FTIR 3% & 401 6 iR,

8
.
GaiLs\ &

1

3500 3000 2500 2000 1500 1000 500
HE/em™

K6 G G@ILs 1Y FTIR %K
Fig. 6 FTIR spectra of G powders and G@ILs

& 6 AT, G B TE 3420 e &b AR Wi Ry 12
FERRGEIR S . 1625 cm ! AL ARSI R [ T A SRR
B sp? 5 C—C B4R IR B % . 1085 em!
bk C—0—C MM IR s Il . G@ILs 7F
2960, 2930 F1 2860 cm ™' kb Ay W I i T & F—CH;
—CH, fl—CH B4R 3. kb, 1380, 1465 cm™
Ab PRI WA U Sy K AR BR - | C—N T C=N 4t i i
PRl , 1170 cm ™ AL ISIE Ry C—NH, B 45 TR 3,
B—F FRAE W o HIRAE 1030 em ™' &b, R0,
[HAIM]BF, ¥ G ¥y Ztgdk .

2.2.2 XPS 5 #r

FH XPS IR T G@ILs Mk Aoc &

EEIRATEL, 45 RE 7. 8 M 2 s,

2
O

ow

Cls

2 a2z
G@ILs = o Z

1000 800 600 400 200 0
ZEafk/evV
Kl 7 G#HH G@ILs 1y XPS 1%
Fig. 7 XPS spectra of G powders and G@ILs

mE 7 75, GKM G@ILs #y C s W IAE

[™AB 15

285.0 eV BifiL. T G ¥, G@ILs i O 1s HHEL
1F 533.0 eV [ff3fF, B 1s.F 1s FI N 1s 0§ HFAE 199.0.,
686.0 F1 400.0 eV [fit. G@ILs H¥ N, B 1 F JC
R, HBETFHRAEIIA. HE 8 nTLIEH, 4566
291.5 1 288.0 eV Ab IS 5IVAE T C—F il C—NI,
ARSIV, BRI B G B b W
F 2 WIS, G@ILs FHET G BT N. B
FIt#E, H O JUEEE/RMEWATLGN, /& h A
B TE B W AR K A 0 R BRI B 7 AR i B R S
B, TP AR, SIAEZRAEITE,
R LATR, BTmRIAC Y shae b EA A A L

c—C
284.8 eV

C—F C—N
291.5eV  288.0eV

296 294 292 290 288 286 284
ZEEREleV

K8 G@ILs 1 C ls &4 ¥ XPS %4
Fig. 8 C 1s high-resolution XPS spectrum of G@ILs

%2 GHH G@ILs WICREEIR /L
Table 2 Molar fraction of G powders and G@ILs

. IR 5350/ %
#un
c 0 N B F
G ¥ 98.58 1.42 0 0 0
G@ILs 93.73 2.81 1.57 0.82 1.07

2.2.3 XRD 4#F
& 9 b G ¥ Fl G@ILs (1) XRD %,

(002)

B (101)  (004)

A

G@ILs I

10 20 30 40 50 60
20/°)

K9 GH#HH G@ILs 1y XRD &K
Fig. 9 XRD spectra of G powders and G@ILs

M 9 [ W, G ¥ G@ILs ¥4 3 MFfEl,
A3 HIXFRE002) . (101)FI(004) 54T . G ¥ITE 20=26.5°
AL (002) 8 T AT 56 A7 25 AT, (002) 85 1 14
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SR HAREL, VLGSR AR R, Ak
R, BB A SBNIARLEH . BRIES 1=
G@ILs AHE T G MHE 20=26.5°F} 3T 7= A= % 1 T 47
H5(002) /7 T8I 45 K4 P R AE AT 5 I I FRAIK , G@ILs 1Y
R TR AR, DL EREE A ML 77 sy b X 1
BJZ T T B SR, AR 26=26.5°KHIT X 8 Y
FRAEAT ST TTF AT IE 25, H(101)F1(004) 4 181 B 1T 5
WEBTE G@ILs 1) XRD 5 EIH B, R ERE TR
b5, [HAIM]BF, it HES - AHEAERIXA
W AT T AR, (R T 1 B RS Al e a8
224 FEFRIESH

P S 6T T LU T AE A7 BRI 40K F B &5 F e
K, 1810 S G ¥F1 G@ILs FyiEtik, &l 10 af
UL, G¥ R 1345.0 cm ™ 2459 D K 1578.4 cm™!
B G IR 2717.4 ecm ' 19 2D 1§, $7EO%GiERY 2D ik
ERE I Mo BB P 25 A5 B 1Y), G Y 2D iRtk
RXFFR HLZEMAS W A6 R e, T G@ILs 14 2D i
REEIBEHXSFR, ZEMAJE WA, RFE
BREERBYUI NVERT, G Mypidles, GRG0
WP DR G W RYSERE LY (In/le ) SRR R
By BRE R IEA S, T G@ILs 1Y In/lg M 0.88, G
W0 In/lg M 0.76, FWAFERRBS SR 51 A T 454 Bl

(S

G
2D
D
G@ILs
G
1000 1500 2000 2500 3000
hrg (i /om™

Bl 10 G #H G@ILs HFL 2Ok
Fig. 10 Raman spectra of G powders and G@ILs

225 HBHaom

H TS G@ILs WRTIESL, FIH SEM X H
WORZEM AT Tk, 25 E 11 s, ME 1la
Mo AL, GHERKRTRILEY, 2R ZEMEE
HE, EHERR, RE e, d T, G@ILs Rf
FEEET/NHICT, SEECE AT VA =i ek
T ARG K, ARTRIEAS , OF HEA R840 G 2806 H 2,
A S0 )R R B RS O R s Z A LA B U AR
Mo BeAh, e MEASREIATE AR
PR, G@ILs FRILH B hM A )R M. 25 Lr
i, BREETS 20 B PR D) AR ik A 5505 G@ILs #4

TG 14 Lo T AR SO B T,k ek BE A
AR A AR 5 1 I 1l 1 S 0 X%, AT
= 2 BRI PERE o

B 11 G# (a, b) fl G@ILs (c. d) i SEM [
Fig. 11 SEM images of G powders (a, b) and G@ILs (c, d)

KT W5 G@ILs B R RIE S, # ] TEM
P HAMOMZE R AT TR, 255 AN 12 FioR .

S

1000m § s e

K12 G# (a. b) F1G@ILs (c. d) i TEM
Fig. 12 TEM images of G powders (a, b) and G@ILs (c, d)

HE 12a, b AT WL, G ¥y 2B IR ZRES
Sk, BARFEE S ORAT 3T T LIS 3] — 2 2ok
g5k, B FIEAR B I 12, d WL, G@ILs
I EW R SRR, REE R
FR 7 SR AR S5H L G@ILs 22 Th1 AN 45 36 A 1)
A7 SR G U T MR SR A B AR . X SR
i T G@ILs 5 ABS JEARMF AN, Fik—
U TR A AR 1 2 P RE RN 3
22.6 TLENF M

J TG G@ILs £ ILR A AlEN, (1 EDS
X G@ILs MFRMICE Ml T, 25 R Al
13 fis. mE 13 AW, G@ILs 1 FAF7EC. O,
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N. BHAIF6 fiotEg., Hi, CIuELRI/KIET
ARG H—/INEBor A B R 2 AR B R
WA k. O LERETABE ELEEERA, G
WA S &R ERER AL, G@ILs K2 i A1 B AE
BRES i AR b R Y B T AL 8. N BL F
JTCEYEME TSI AWM., WE 138 LLAEH,
N. B Ml F TR e s )R M, viilE
FHAARC W hThaeft G ¥, HE FRIAELE G@ILs
PR i TR 2T p I S

E 13 G@ILs ") SEM [l (a) & EDS JLE /i (b)
Fig. 13 SEM image (a) and element distribution (b) of G@ILs

23 ABSEAMRIERERRA
231 AFHEESAT

G/ABS Fl G@ILs/ABS & &+ By 124 PERE UL
Kl 14, M 14a 7] 0L, R G@ILs it /3501
fn, G@ILs/ABS &G iy hir Ao BE 2 v 4 s o
1.0% G@ILs/ABS & & A BHir A1 B 15 51 42.4 MPa,
tt ABS 1 1.0% G/ABS 43 5ll#2 5 T 8.36%F1 4.51%,
Ui G@ILs 7£ ABS JRh HA RAFMAHAM . h
E 14b AT UL, Bl G # A G@ILs o 43 50 38 m
ABS & AR RIS IR R K. 1.0% G/ABS %5
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