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Abstract

Objective: In order to improve the application fields of lignin, carbon fiber (CF)/lignin-based phe-
nolic resin composites were prepared by lignin-modified phenolic resin and thermosetting tech-
nology. The effects of CF content on the resistivity, mechanical properties and electromagnetic
shielding effectiveness (EMI SE) of composites were studied in detail. In addition, these results
would provide a useful reference for lignin in the field of electromagnetic shielding. Method: In the
experiment, 20 wt%, 30 wt%, 40 wt% and 50 wt% of CF were filled with lignin-based phenolic re-
sin (10 wt% of lignin), and the system was mixed and homogenized using a flat vulcanizer CF mass
fraction of CF/lignin based phenolic resin composite material samples, and the composite mate-
rials were characterized by microcomputer control electronic universal testing machine, metal
four probe resistivity square resistance tester and electromagnetic shielding performance tester.
Results: The results showed that the mechanical properties of the composites increased with the
increase of CF content, and reached the maximum value at 40 wt% CF. But the volume resistivity
decreased with the increase of the CF content. The EMI SE also increased as CF content increased
and got to the maximum value at 40 wt% CF. It can be seen that the composite with 40 wt% CF had
excellent physical properties: Electrical resistivity was 0.003 Q-cm, flexural modulus was up to
9202.93 MPa, and the EMI SE reached 75 dB. Conclusion: The mechanical properties, volume re-
sistivity and EMI SE of CF/lignin-based phenolic composites are related to the mass fraction of CF.
40% CF, acting as physical crosslinking point, dispersed in the lignin-based phenolic resin, which
connected different lignin-based phenolic resin molecules to form a cross-linked network struc-
ture, thereby enhancing the mechanical properties of composite materials. However, excessive CF
leads to the poor wettability, bringing a lot of physical defects and thus reduces the mechanical
properties. When CF is 40%, the CF web with good conductivity is filled into the lignin-based phe-
nolic resin so that the probability of forming the conductive network between the fillers is greatly
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increased. The complete network structure can strongly reflect the electromagnetic wave and
consume electromagnetic energy and reduce its resistivity and improve the shielding effective-
ness.
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MR SR, BB E, BBBERSNHET AR, REERHENARR XA RN
BREFAGEE. Hik: AXUARFREBREBMIBORERBESEN10 wt) AEEM R, H720
wt%, 30 wt%, 40 wt%, 50 wt%BES T4, BE 556 EARBAHLE] &R Rk 4
EENBRA S /KB EEMEMNIEE SRR . REAMILIES BT AR, &RNUELBEEZES
RELU 32045 0 B e B O RE T AR A X B A M BT RAE . &5 : TR %/ AR BEBBENIEE A MBS
P REPEE R G S BRI, HAE40 wtoiX BB KE, B H%EMEFHE TR, B4R K%
R e BEL 2R ) B S Tk A 4 S B N R BT R R, A Mk R R B LR e U I S Tk A 4 B o v 386
FHIE40 Wt Bk 4 40T, SHEMBBERNRASIRNME. KN R A4S AR FIX9203 MPa,

Z iR EIAH82 MPa, /AFH HLHZRIAF]|0.003 Q-cm, HLRE MR AL B & fEiA )75 dB (30 MHz~1500
MHz), &8: R %/ RKRBEREMBNEE MBI %R, ARBEHER, BRERINE SRS
HHESBER. URAESEZT 40 wt%l, BREESBEARRREMBERE S, EBEARARRE
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PRI IERRE, AR T BRARAT BRI & A R, R BEI HL[2] [3]. 4 Cetin P FPAS [ )
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FERRE S AT T R P46 BT V) 6 AR PRI BER i . 1) KM . ARFURM =02 RS S AL
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Table 1. The components of carbon fiber reinforced composites

=1 BRAUEHEREAMRNA A E

TRET 4 (Wt%) AR5 2R ST B M I (wit%6) i (MPa) 2 i35 (MPa) PR BH 2 (Q-cm)
20 80 8898 62 0.075
30 70 9139 71 0.041
40 60 9203 82 0.003
50 50 5607 30 0.006

12/ he BUEREY, HONEARN 14 cm, 0N 1.2 mm BRI E b, AL, % e 4
JR ) BB ET SR R S By R AR 2 AP R v lRE SRRSO & AR 1 Floss o [ A 2 AT ] 5
B 170°CHI 2 h, KK 7k #% 10 MPa. FPAREAL HLA] A ] -

2.5. IEMEEMIR

TRET -1 A SR 2 FE My B AR 52 & PRI S i M BE T4 I GB/T 9341-2008 #EATIK. ZHhiEE SN 10
mm/min, FEEEREA 64 mm. MRE AR N 35°C . BFEAHMIRIREE 5 4N, IETHA1E

2.6. {&FREEPH R

BRET Y- 5 3R S By I I 52 A B0 A AR e FEL 3 SR P < Je DU 9=k v BEL 3 7 BELIUR S AT I 4, s
IR E N 35°C . N m M HERG B, AU S 1 12 A AT I e 5, BOLIE.

2.7. FARABHRRERIA

K B R RIS (DR-S02) Mol B £ 24/ A Jii 2 B By BE W) g &2 & A4 R4 T, 3B N ELAR 14 om,
JEIE N 1.2 mm IR . A TE E N 30 MHZz~1500 MHz. SR S8 5 35°C .

3. BZREHh
3.1 BRAHSEXMNESH TR

K2 v MRE AN L 22 B RN S B0 A P RGO A2 % 2 R A 8 X vt 57 K
BE, /A TERERI R o BT Y iy T i 3 A AR 22 P RE R T AE A AR A B R B 2 )2 N
[9] [10].

ASCRERRETAE A TE I BE M IR AR R T, AT 20 77 57 T R (U R ET 4 AC o Ry B S i 2 5 F1 e
B 1A 2 RESMEHEA FIBRA4E S 8T 1S iR 525 ien AR mEw R, AR R
PR 2 A PR 25 L RERE B B AT 4R & BN TG 0, JFAE 40 Wil A B i KB . HBRET4E 5 SIA 5 20
W%, SR R I IR B A AR 25 5 FE A S i B ) IIA F) 62 MPa A1l 8898 MPa., ikZF4E S &
IEE] 40 WOl ARJ5TER HE Y I I B2 A ORI 25 1 56 BE A il B 7 i IR F1) 82 MPa Al 9203 MPa, 7373
BEINT 32901 3.4%. Ui IR AT HEAE — € & BV A AT RCE B AR E ik Re . XAEREMRTC
O AT YEIPMI S I A A RH (S A R 91 MPa) [11]. AR 2RI i 52 6 4 R B 1 2l 3
LG R R AT A HUE AR OGRS By i PP e, e o B2 (R B 2T A P8 i RO L AR R G, e R B
TE WA ks 2432 BN RIS 45 ) BE A N A ROMAE W IR 55 Bk 21 4k [ 2% 2[RI A% 3 AT AR L
BETFE R 2 S ORI S i PERE . XA DL 5 AR IR A SE M g R AR R REA[10]. 55— T 2 i P fE
(IS5 i BT AR B AR B (M m NIVEZE R BT B0, X RS MR ADRL 5 Ve R — e G E A . (HRE 2
BRETLE I INN T BURR £ AE AN Jig 2 18] ST PR RE T P, MOBRET4E & BEIA 3 50 wioolt, AR Sy fig 52
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Figure 1. The effects of CF content on flexural modulus of carbon fiber/lignin-based
phenolic resin composite
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Figure 2. The effects of CF content on flexural strength of carbon fiber/lignin-based
phenolic resin composite

2. WRETHE S EXTIRTH BB BE E AR TR E 20
SRS A IR FA 3 5607 MPa, 25 i8R 5 T £ %) 30 MPa.
3.2. IRAFHRE S BT E S HRHE TR FER R

—RORUE, MORH R AR, R RO R R . I R R A I N N 5 E SRR R R
19 Lk, TTEE AR ISR AR RE[12] . WFTCR IR B AR BR AT 4k SR 78 B LR AR
BN, BONBRET R LT IR A AR 2 50 T B T HL I 2%, ANTTTIA 2 v 7 HPE[13] [14]. 14 3 2mRET
IR 5T 2R FE YRR i 2 5 AR R A PR BEL 2 B A £ 248 5 0 B AR AL & ol BT T R B A B 2T 4 4 70 8 1
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Figure 3. The effects of CF content on electrical resistivity of Carbon fiber/lignin-based
phenolic resin composite

[ 3. WReFHE S BT 4B EE I AR B & M RHATR B PR R #2

BN, AR BTER R R TG AR AR AR H B AR N . BRETYEAE 20 wioeltS, KRBT R IEMyBEM IR 2 &
MR R 214 5] 0.075 Q-om, ERIRAJEC LA WA RP LS RN L, =0T
C4 HAGAREAT N TR SXPIBRET 2t i 0 2% G500 A R T 7 AR 3, 30 Ui Aot 2R S e A i &2
BIPRHAR Z A AT OB 5 RS . R AT4E S S IA B 40 W%y, AR BT R R M I IR 2 S AR AR AR
L P AR BE— 22 N 3 0.003 Q-cm, X2 T BREF4E S BRI, AEASIE R 5 R 45 1 OROR I AN
B MR LT 4E T 50 W%l , =70 TR & B AR XS s, BRI N, R SRR AT A It e
WA, TR TY R BB AR} P H I A o X 2l 5 SR T 3R I R IS 2 ) L BE e B B
0.006 Q-cm.

3.3, BRAUERB S B E AR FFRIERERI RN

BEAE LT AR 2 S, = 2 1) R S R N 2R T AR R 1) 2 B il ) 2 —[15].
FERATH TE B MK RE = 0 G AR AR 27 0 L BB i ST I AL s 2 —[16] [17]. S & ARl sl bt
WM RELF IR, AT BE Wi XA (shielding efficiency, SE)RFAE. — MR F, A B MRS IO R/ INMEH T A1)
HLRE A, AR H B FBR A, I R BT R T R

Vel 4 BT 24 T 5 47 BONT B A1 4R 0 3 T I R I 52 A A R B S e s L. AN AR R LUK B,
TEMFIRZE T, WA R4S B0, AR 2 HE M i IR 52604 B R BR IO BE AR R 3% . 20 wit%
B £ 24 4 45 K I 5 i My I g 55 & A4 BHAE 30~1500 MHz Ji [ P FEL R G il Ak g is 3] 50 dB, X RHIA
99.999% 1] FEL R M 57 & WA RL B iR o IR AN 45 SRz a8 1 TR L R (20 dB)o 4 BR AT 4ER N E] 40 wtOor ,
SRR B L B WK AR IR B 75 dB & X A2 R TR AT 4 S AL R T T e B 5 H R 45 A TR i ) RO T
TEH RS AR E RS H ki, 10 FLIGAE % T 2R A N FL 45 A e = 2B B A rEL L I Y FE PR B B[ 18], M
e m 72 A B LT AR . SR T 4k SR 3G Bk 1 4 & X CLA TR UV 3 FB 248 5 AN K, RIS
S SHCAFZE B, DRI I 2R By WA T 52 S R R B R AR R T AR R A R
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Figure 4. The effects of CF content on EMI SE of carbon fiber/lignin-based phenolic
resin composite

Bl 4. BRETHE S EXIRAH/MEHEER IS € & bR HEF R 92

HIBERT L, ABRET YE 5 F ik 3] 40 wi%olt, 58 BEAIRR 2T AR EE M BUREA 5 3R S By I IR 52 5 M1 L
WA RE IR A H 75 dB o DAA TR S By AR IR 93 R (R 214 52 5 4 RL r G B O RE R T SRR R
BRI BT AE R R G EEMRL, Hoim BRlURE S 49 dB [19].
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