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Abstract

The continuous carbon fiber chemical nickle-coating process is researched in this paper. By means
of SEM and XRD, the micro surface of the fiber, the nickle component and the structure of the
nickle-plating can be watched. The electromagnetic shielding composite materials are made of
epoxy resin with fire retarding process and the nickle-coated carbon fiber, the fire retarding cha-
racters of the composite materials is excellent. The HPM electromagnetic shielding efficiency are
tested, the test results show that the shielding efficiency of the composite materials is more than
60 dB (the typical four frequency spots: 1.3 GHz, 2.8 GHz, 4.3 GHz, 9.4 GHz) and the highest result
is under the frequency 2.8 GHz.
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HUTA B 3 A MR E DS — Mo R D ek S5t RE, R B S R 46 2 ORI )32 . TTTE
U7 i D R i AR SR AR R AEAE S ORARHBE S BRI EE BTt EE RS AA R 2 R A
{EPIR AW i 2R o e SN R AV B A =R v R R AR B T Tl e AV 7ty v U = TR VS T
FAE m DR G as VT AT SEVERIT S C2UAN A 2, T P AT T [ 2R A4 R A 0 et HORBIE 7 4
R o AR R ET Y 3R HDE S PR 1077 20, I X I SRR AT YA TRV E B A A TR T
BEATHEIC, JF 5 2nd BEMAE RECS I IO PR SE W R R AR HEAT S 1146 17— e i Zh SR b LA K oA 52 1 R
A RUFP T RCR M PR K h 2SR IEWE T T HAE L, S, C X DU B R D A A H R ik
PRIE PN BB Ik ot e s R

2. REI5
2.1. FHR

T700-6K FESRREFYE, | M RABREF YA, HAAN 7 um; E-51 MEM G, Hrrd 5 B AEA R, T31
A7, Brrd o BER IR A . FR-101 (B R FEBAA)), & ST THRAR . KRR 0 ral, R
ARFIA R A .

2.2. IRFHERMIHER

T AT 440 3R I AX S AR A B A P VT B B i R 511 /S /KRR B 2 36, TEBE VA BN pH 14 8~10
MBI 2 26 1 NS RIN 0y B & . AR R S 5055 . TEMTA R 2 a0, N IRIERE 2
A2, AFAER AT T — RAI T TAE, B HAE 75°CTFH 60%~65% (v/v)HJE IR BRIk AT 4 %
TR IR 25, [R5 s SR T 2 DU B8 2 KGR RE 77, TAE 35~40°C 564 T~ F IR AN Z B 1)
TREVEFNRIIRA 4 20~30 min LABR L HRMRR MG REHATBUCRE (AR, ZH T2
A 205 T o N AR ER I R, K AT AL B FS BB AT 4R AR OCGHEAT B A B (R TS 50 g/Ls HERIR S0
mL/L, 2587 7K 950 mL & Z)ANE AL FE (GUALAR 0.25 g/L; WE:EE 5 mL/L, 255 77K 995 mL & %)% 7
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30°CALEE 5~15 min. FACERHBUSLE LTI AT, S R @V )e 4 Redt N R — 22 3R[6] [7].
2.3. [ERBUERRTHE SHRHIE

W E BEST FIEALTF] T31 5B — 2 L BIVR &, WS Ins JIg Ji 247 50 8% FR-101 BHEAF . R H4EER
BREFUEAE R ) L3 bt iT e chigise, HRMIRRIBAE, Wil & R AT, A5 A P 7E SR ML il
WAL, 4 RSN 260 mm x 260 mm JE N 2 mm FIHR S FEE LA T

2.4. MEBETR

1) BRET 4R THI A0 2 B 5 1 eIt

{8 FH H 3L R S4800 AL 44 FEL T A BE (SEM) LS SR 21 44k 2 B 5 I R T B3 A XD-D1 &Y
X ZRATHH(XRD) I i 27 4645 )2 I AL RN 4584 76 CH-2 BY4 48 £l e (X 3% 88 GB/T 2406-1993 &
FEM IR E(LOL 1H).

2) HERRDRA T A AR BRI

I FH v D 28 0B (HP MRS AU B 7= A 1) s D) S e FEURA K o 858, b Rl v s Ty e e FEL R ik e
() BETRCRE, VPAS L TR sk e Bk b Bl P M A o RS BL ik, AR ER Sk 5 HPM 48 5 R LGP B
— e, MEHk BRI O E, HPM 58S RAE AN, 2l e A TE R A w5
0L, BEAT LB A5 B4 WIRE ACLE 4 BT S 2R (Th 22 BE) B (R e sk o U Cid A2 A DY & HPM #3440
BE, R 4 DARBRK HPM (55, SR T IR [8] [11][12].

DUARRFH PR IS I, 28— B B PR Sk R FH 56 o P TR e R 26, ORI U Th s 55 KR 7R 4RI
W, KA A A AR 2 HPM R B A The . /R S B E 1 pR.

218 5 il % 15(GB12190-90) K MR A4 Ak (1) B M AL RE[10]. W E WK 2 Fion T35, 78 1~2 GHz (L ¥ E)
AEEN . 2~4 GHz (S JBOMEL N« 4~8 GHz (C BN« 8~12 GHz (X % Bo) MBI i — M A,
Yk E > 20 kV/m. 18 H B 25 8] 8 B R 2637 98 M8 B, > 20 kV/m NS EE, R LN
TG, R R E R TR b, PRI R AR, A8 E By, BRlOEE SE # A (1) iH &,
MR ELan ] 2.

E,
SE = 201gE (1)

2

3. ERE5 9
3.1, ERRAERR RS 2T
B 3(a) WBRA 4L 2 ORI . TR, BRAFUERR N 7 um 24T, FLTHIAT I B 1A 11 2% SOIR 28

Table 1. Main components of chemical nickel plating

1. WERERRD

chemical reagent Concentration (g/L)
NiSO46H,0 50
NaH,PO»'H,O 50
NH.,C1 50
Na;C¢Hs07-2H,0 100
NaOH PH regulation

Reaction temperature: 55°C - 60°C, 15 min, pH: 10 - 10.5.
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RUEAR R P 3(b)BREFESEER S RS . KPR, ELF4EL 2B 5 R S RS
— 22, ARG M EEES, BEREEAN lum £4.
3.2. FHEERERR

SN T IR BEL R 2R A R 2T 44 5T A M R SKT R AK JE R SR R PR PR R R A e, IR T Al A S I [ A 420
BELIA S0 S5 2 400 R [ A 7 PO A0 PR 4 i 50R UL-94 BRI, 455 0% 2 BT

FH#< 2 AT, FR-101 (B R BEAFD) I 14 2 5 AR BR A Fa Bk 22 38 2 55, AR A A 150%
CAE, SR R 2B = B PERE, 7R SC bl A Hh 2 R A SE R ME .
3.3. ERRALE SR SHMERE

¥ 3 NIESLPERR AT 4 SN EM R E A G R BREER, BEEH, 15 ISR 4 Nk i 2
BARIL PR O AR B — MR IOFERE, A — B4 8 107°~107° Q-m HBHE, L Sl kfE CARH BT,
HHMRHEATB AT BB, RS RN 0 BRI 40 LA 1.6 x 107 Qm, AHHEPHR AT
BT 1) T Lk BB A KR P B2 T, b I nT DA W de S AR £ 4 & & P RE B A 1R 10 e R ok o o i 28
34. (ERRAE E S M RIAV R ABK P R s

B 4 Al RIE G HAEHE 1 GHz~2 GHz (L 3 BO)ME N .2 GHz~4GHz (S BB N 4 GHz~8 GHz (C
BB A . 8 GHz~12 GHz (X I B)I758 E > 20 kV/m HIFREE T, & B k£ 5 T #5G 808 1 & Th %
TR PR Bk b o LR
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Figure 1. Schematic diagram of the test
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Figure 2. Test environment
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Figure 3. SEM images of carbon fibers. (a) Carbon fiber monofilament (x6000); (b) nickel-plated carbon fibers monofila-
ment (x6000)
B 3. BRETAEMMMIR. (a) RLFIRO6000 f); (b) FHEERBHMUAIR(6000 )

Table 2. Test results of limiting oxygen index and flame retardancy of UL-94

= 2. MPRMRPREIEEFN UL-94 FERRMEAOMIK 45 R

A LOI UL-94 [H#AME
AEIRSE A R E L4 22 /
FEAA SO 5 20 S8 0 I [ L4 55 V-0 %

Table 3. The relationship of resistivity between Nickel fiber content and composite material

3. ERAUSESSEAMHBRARIR

fiber content (vol %) 0 40 50 60
Resistivity (Q-m) 1.6 x107° 3x1072 53 %107 23 %107

Table 4. The HPM shielding effectiveness with the nickel plated carbon fiber composite materials in different band
T 4. PERMRATHE S S M RHE T IR R MBS ThZR GO B #E Rk B i S RE

Band L S C X
Test frequency/GHz 1.3 2.8 43 9.4
Electric field strength in no sample/Kv/m 22.1 232 20.0 20.4
Electric field strength with sample/Kv/m 1.76 x 107° 6.93x 107" 9.68 x 107 1.40 x 1072
Shielding effectiveness/dB 60 91 86 63

EAERRRE, PBHME LB 1.3 GHz IR NIER] T 60 dB LA ERIBRlCRE, I HAEH BAHIE
BB AT Y A MR bR lRRE, HAE 1 GHz~3 GHz W BRIl REZITE 35~40 dB Ay, X ULEA T 7ERKR
LT YR e R AR DT T R A AP RHERAIS [ FURE bk v B 97 RCBE ) 58 A2 AR S A

4. g

ARSCRI T ISR YR AN T2, AT ERTIII ST T 1 um A REN—ZEREZ, IF
CATUAR i BB BB 2T 24 D 38 s P Ak P 5 BELAA AP PR 3R S8 I 1) 6 17 B BRI 2T R RS ARk o i X i A e
YT Gt HPERE AT DAL P )46 B R RDRE Lk RE AN IR e D R K o B MR RESE W 7T, FIE
TR T YRR B SRR R BT R RE BN o 22 A5 Y EER PR AR AT 4E B 5 FRHE 9 50%~60% (v/v)
LR S BT RA B T RERE, JRAEA SR T B e B v h 2 s AU w57 i R »
I BAEHER] T B A BHRATERE,  ORIE 7 A4 RS I 0 TS 1
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