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FIZE . VLB F 57 B R 35AR (PCB) 3k 4 B A4 (N-WPCB) #1025 64 4K g Bk, 18 st 4K IR A & L3R B4 7% 318
(BB Fo L E A S DAL B T 5 & T 4 4m N-WPCB kA4, 38 1 b s 8 o sk 4 2 5 )R f%dn‘?rt;‘? BT
&5 (PBT)/ 335 4F 4 (GF) LA, AF L T e A A 40 N-WPCB B ki1 6 S ph e e T L, R AW, %

N-wWPCB /& -40°C F 4% 8 h J&, /£45i% 2000 r/min Fé L AmA ST & 54 3% 69 2.6 um & s|o2 PR 347 3R B
B 20 min, KRS TR LEEvEE N-wPCB £/ 28 4 h B AR A8 % 5] KH560 #47 £ @ Hokt | %6 £ A= % 0.3 Pa
T2 ATHHATIFE 1.3 wm 94 N-wPCB 4k, % PBT/GF £ &4 #hF i A4 m N-wPCB #1485 , £ 444
AN R PT TS A2 B ER ST 9.4%, 8 0 £IR AR EH T 50%, B A SR R T 20.8%, LMK A b
UL 94 V-1 324t 4 UL 94 V-0, M4z APk 2 45
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Recovery Processing and Higher Value Application of Waste PCB Non-Metallic Materials
Zheng Xialian®, Ma Yuanhao®, Zheng Mingchun®
(1. Physics Science and Engineering Technology Institute,“Yichun College, Yichun 336000, China ;
2. Jiangxi Gukang New Materials:Limited Company, Yichun 336000, China)

Abstract : Taking the preliminary milling powder of non-metallic materials in waste PCB (N-wPCB) as the base material, the
ultra-fine N-wPCB powder was prepared by low temperature freezing, ball-milling, wetting and coupling, vacuum crushing. The ul-
tra-fine N-wPCB powder was used for modifying the poly(butylene terephthalate) (PBT) / glass fiber (GF) composite through melt-
extrusion and the influences of the ultra-fine N-wPCB powder on the properties of PBT / GF composite were studied. The results
show that the ultra-fine N-wPCB powder with 1.3 . m can be obtained by adding 2.6 . m SiO, micro particles with 3wt% for ball-
milling 20 min at 2000 r/min after freezing 8 h at —40°C, spraying the surface of N-wPCB with ethanol for wetting 4 h and add-
ing silane coupling agent KH560 for surface modification, and then crushing in vacuum crusher at 0.3 Pa of vacuum degree. After
adding the ultra-fine N-wPCB powder, the tensile strength of PBT / GF composite is decreased, but the bending strength is increased
by 9.4%, the notched impact strength is increased by 50%, the melt flow rate is increased by 20.8%, the flame retardant grade is in-
creased from UL 94 V-2 to UL 94 V-0, which indicate the performances of the composite modified by ultra-fine N-wPCB powder
are better.

Keywords : waste PCB ; non-metallic ; crushing ; recovery processing ; poly(butylene terephthalate) ; higher value application
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XIS ()75 e, 1E R an ik, PCB AR A — FhARp ik i
NCFE BT R GEUR DS A B AR ) & R
sz S F B,

AEFRPE IH PCB 42 J& i o3 1Y 7 bk L 46 25 1 st el
fik ¥ PCB ol 2 B i I A ) jima ml i ) 45 i
X% IH PCB HE4xJ& #4 B (N-wPCB ) ¥ 43, H &
BN R IS B S R AR i R B B T 4T (GF),
AT 52 Ay PRI , 450K L B2 P S 3 T Ml T 2 it G
o S O o2 S v R R S PSS DA
TN N-wPCB 1% [l e b 3 7

¥ N-wPCB 17 FH T8 ML 43 F b4 Ak i) el o S
— il A 28 B R G R Ak Bk T R A T
DA 5 PCB JE 554 0 W TS, iR 407 G )
R, 0 AT REARAT WL 431 AR AR -2 e B e P
B DRI, ZEA B 201 Rk ey a5 B 2 b )
FHI N-wPCB & H Rif N-wPCB [ &b 3 (Y — A4~ % Ji
Jr 1 B X TR / N-wPCB &4 kR B,
PR BB F BT 0 B A2, — 8 mT i s 4
B m AR 70 LAk B2 R {U Ak N-wPCB
AT TR R BRI AN RE 78 0 R AT R Th A HL A
FITCHL GF A HF S AL, Toiisnsr 12 N-wPCB
2T B 285 LAWT 28 8 i 1) N-wPCB “hy 3
BE, MBE B ZS A BE &, X N-wPCB HE TR IR %2
VA BRI o R 95 Vi S I R D A R R i 2 A5k
R 1.3 wm 448 40 N-wPCB ¥ 14 , 9K J5 1% 48 4
N-WPCB # il i 45 il B S IS I 2 R X 8 — R T
“fig (PBT)/ GF Z A #H R BF5E T 41 N-wPCB
Ky PBT / GF & G A EHERE MM . 285 R H]
) N-wPCB ki) iz , I b 3 T 2 R B 517, B
W1 £ 55 PBT / GF & G5 A BHK L L0 Pk GE T A A
RERAS, 1T R R IH PCB A [l i FHR A %

1 SKIGERSY
1.1 EZRH

N-wWPCB : BRUNHLR IR A A FRA F 5

AR (SIO,) : TSP-H10, /g 5t K A7 8 bkt
AR

B PEE HR VHOR NN T

Tk BE M B « KH560, 7 5 = T A3 HLEE A B
PR T

PBT :3020NCB, K& N WHAR] s A PR A
GF

GF : 988A, FL A M FRA ] ;

TRACERE MR : 00T60, M i AR JE A1k T A KR

NGIE

Sh,0; : 998%MIN, ifEFFiafb TA FRAF ;

P4 1010 i1 168 - ELHTRAL T A FRAF
1.2 EZMBEARESE

Y5 V46 . TF-60-318-WA %Y, i FH Sk A
PR F

B BREEAL: QM-3SP04 1, 7 57 Ui IR} % &
A BRI

RGP Bk B T84 : XTDQ-101-0A #Y 7T
IR ABRA ]

ELAE M RAL . ABLO HY e TR AR A TR 14
A BRA T

f TR R HIL . SRL-500 / 1000 74, ik 5 i 1ii B
KRR HIAT BR A 7 5

[i] [5) SUIEATBF Hi AL - SHI-35 7, B mL R HIL
WA PR 5

HEYAAL  HDX50 B, 7 1 38 YR LA A PR A
G

H, T T BEIREGHL : WDW-10-1000 %!, 7% 1
R A A BR A W) 5

M SEER L. 33-20 A, K FET R BB A
FRAF]

JERI S (MFR) %2 1 : SN—400A %Y, B2
LTS A FR A ] 5

BER 22 50 52 A% - 815 BU AL 1 B8 XA A7 FR 2
Al
1.3 N-wPCB #j el 432 & 5 PBT #9844

N-WPCB [ [o] Yz b # T 75 3 F2 4 & 1 fr oo
P A5 40 N-wPCB #3115 PBT A& B2
E IR AAE I BSUEAT B LR B 153
# 4 N-wPCB #3 1K 2t 1 PBT / GF & & 41 BF %k
(GF MUAH I B 2o ikt A ), SR 5 & 1 B ML
IH I HRAE AR o DR AT B 1 Il 160~240°C, 1L
SR R 220°C, % R 350 1/ min 5 3 B N
245,255,255,260%C .

840 um[¥/N-wPCB T e . LTl bmaie]
_40°CAT8 h — BREEHLHI 20 min — NowPCB fi
JHE S MR e
W3 bRk || IR FR A 3

K1 N-wPCB BY[IcAbHE T 25
1.4 Heaemx
ki (1) iH5E
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$§=14832.4 /m (D)
o s— i RRAE, pm;
m——i 1~ F 4

52 A BERHRL A B AT il 5 430 # ASTM
D638-2008, ASTM D790-2008 izt , il 4 5 14 Ay
5 mm/min ;

A MRS O whs i $ ASTM D256-2008
Mt 5

FAMEHY MFR % ASTM D1238-2010 i,
MRS K 2.16 kg,245°C;

52 A BERE PR 25 9 3% UL 94-2006 5k, 1 iR
JEEE R 2 mm,

2 ZR5iTe
2.1 N-wPCB #4154 /%

e K L 2 % N-wPCB E 17 4 25 5
R, 45 5 e IR B BB A 115 21 A N-wPCB
W AME DL T TR SR et . R R,
FEE A s ] R AT O AR AE LT 15
S AR AR 29k 840 pm. 3% H T M i
1Y) N-WPCB #5314 FIURL s 5, /S 25 ) M3 1 o A0 D W
S HLH & il % N-wPCB 4 ¥4 ik 42 v Hoby
AU (R RS B, DT A ) 20 M i R AR B 2
N-wPCB #3{Ak .

43 WIAE —40°CH1 —60°C R N-wPCB 414 4,8,
16 h, W& & B, 7 -40°C F &% 8 h, N-wPCB #}
PRHL AR B 7R, 0B IR AE 95 R B G 7 e, Tl
PLFIE N-wPCB 97 ZRARAS C i R i — 20 KB By
PR 5 2, PR AT IR, B A s ], ARV AR A TG
B RS, M SR TC I B AR T, DR e 23k AR
TR -40°C,8 h,

2.2 N-WPCB #3 B #

#5840 wm ) N-wPCB #: 47 % Ji, ] 2%
BREEHIXTHAE— 2L %, H i T N-wPCB 1 A A
R B ER 3R, HCR A A Si0, i 4l & =,
JERY SiO, .78 PCB #4 K, M 1T Iin A [ R A2 A
[F] &5 12t 1Y) Si0, TEAS [R] A0 B B HLS 3T 45 21 1)k 14
i EER LA 2,

AR P 2 LI e D2 B M) it s 2 AT o0 A ] R

(1) Jin AT 5050 1% 1) Si0,, SiO, #l1 N-wPCB i
Pl (4 Rl 15 TL %4 /1N, IF Bl T N-wPCB 3 4 i
W6 R EE A K, TC Ik 1 BRI ARy R 35 R, T A K
FE LA B 03 5 A 5% 19 SiO, &, 5 m
A 3% 1) SiO, M L, KRG L T, M ORI A

1 2 3 4 5
SIOLFLAAL / %
@

1 2 3 4 5
SIO it 444 / %
(b)

“1 2 3 4 5
SIOJF AL / %
(c)
434 ,m—1.000 r / min; o—2 000t/ min; a—3 000 r/ min

SiO, kift:a—6.5 pm; b—26 pm; ¢c—13 pm
2 IMARRRA ARG S0, AR
BRESHLRL T AR5 R oA

B R T, BOARAE SiO, Kift hy 6.5 pm HEREEHL
&34 Jy 2000,3000 r/min B, ¥ SiO, Ji &2
3% $1& 5 21| 5%, 1 BH g $2 TRy R SR, (R Mok A2
2S5 wm LR EAIA 3% Bk N 2.6 wm )
SiO,, Ak B AL A RICR , TlZr & % e 3% 11
SiO, T fHUkr ] by iR sk R 5 48 9% R 2% 38 B I £
(2) A 3% 11 SiO, kLI , BE&E SiO, Hifa (13
o, AR R ARLAR S0 N B, T ABE FH KA Sy
2.6 pwm A SiO, fBRL, (3) Bifi 5 BRES HLEE A1t 184
i, A5 B e AR AR 23], {H 2 5% UM 2000 1
/min #2555 3000 r/min, 53 ARHMACK 120 T B
i A B 48, T L 3 i R YR 9, T DA R ek T 1Y)
B JE 2000 r/ming ZE LT, 7EEREE ML N
2000 r/min T, IMA 3% /2.6 wmfSio, ks,
AT FRAT A B 25 25 A B BB IR IR, 15 21
N-wPCB ¥ {Akifeh 4.9 pm.
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2.3 N-wPCB #2818

N-wWPCB 3= % Hy P14 B JIE Fl GF A4 8, 78 24 %1
G AR T AT 5 2 1) GF % W), X 2 R I AR 1
RSB E YR RIR BT DA ZO6 H A B AL
O DU R R AR S R A A A DR DA (A b
RFAR A3 R AL T AR B AL FHRL 22 T, 1) 75 >R FHV )
N-wPCB #1139, DAHE (SR .

TR A R R R I BV R IR RS A 1
N-wPCB & & 4 h, 775 PCB YT & [
7 0.3 : 100, ¥ H R A A B BE HR |
FH 2R FNPER , 2R FH 50 ORGSR IS . K
FHFE | 2 BEXT N-wPCB # 1 #E4TI2 1, Wik 2 1f
PR, S P R BRI RE RE AR AR B I (e A P
SR AR B R MR R, — s B, T LK R
BEHERR o TR H R AN N AR , N-wPCB 341
BB, R A BES5 PCB A b BB SE M G 2
N, JRERIE TR, 25 5 | A R RE AR 1L 5 TR R A9 1
PR, i FeAl T BB 25 5 PR R IR 1 Y2 L N, 1 g
PEREAE L BT DR AR BRIV 2 £ T

12 4 h 5 BRI E) N-wPCB R A =
SRPEFERL A, REf P B 5 B A & 1% 47
RELEARI ] KH560 1818 AR A b i e
B kS HE 15 min, BT AT 5¢ AL N“wPCB # A
Fmab
2.4 N-wWPCB # A5 $5

P4 A R 1) 4 B 1) N-wPCB M AR5 A BL25 B
PEBL AR, IR LR i B2 B, T 100 kg A R 4
TE AR 23 B R A 2 phiAe S H i 45 SRk 1

FR .
£1 EFREZETESEMN N-WwPCB MMEHiZRERE
F55JE /Pa BHARIAE / wm A / kg
0.5 1.6 30
0.3 1.3 16
0.1 1.2 3

SyMTEE L RIAL FEEZS O 0.5 Pa AR Rk A
RN 1.6 wm s FEEASEN 0.3 Pa MRk Ak
%0 1.3 wm,TifE 0.1 Pa | EARIE S M AT 41,
IR H TR WA 3 kg, A HRCRI A, Fr A& 5%
B es T T % T PR LA M RIS Y 45 B0 0.3 Pa.
2.5 # 4 N-wPCB f£ PBT /GF & &-## ¥ 64 5 A

A4 N-wPCB FlA i A 41 N-wPCB [
PBT/GF Z &M EHIC T K R4 3 i W3 2, 70
PR R PEREXT L UL 3, ML 3 FTLIE I, A
8 4l N-wPCB J& & & M4 B fir o B 47 BT T B,

M 93 MPa %% 4 89 MPa, {H J2 25 [l 5 J&F 1k 11 i
7 5 B B S T, 40 N 127 MPa 8 kd/m? L
Tt % 139 MPa 112 kI/m*, #2551 9.4% #1 50%.,
AT R TR 25 1R A N-wPCB RiA21R/)N,
16 PBT HOAN A A% AE i Be e 2 4R 808 1y
Ve U Rt 2 $E T T PBT &2 A AR Bl 1 e
R, JAN, AR 4N N-wPCB Ji, &2 & 8 kHY)
MFR A fi$¢ &, 12 g /10 min 28 145 g /
10 min, 34T 20.8%, HFH#ASEZLM UL 94 V-1
FHE| UL 94 V-0, MK, iIn A#BZH N-wPCB Ji7,
PBT /GF & &M ELEA T4 G PERE
%2 PBT/GFE&#REESHE

g
X
&5

e
R . ML >
PBT 42.6 52.6
GF 20 20
IR EM NG 22 22
Sh,0, 5 5
B4 N-wPCB 10 0
Eipeaknl 0.1 0.1
KH560 1 1

3 IMA#EZH N-wPCB ®i/5 PBT/GF EA M RIHERERTLL

- RS

1* 2*

PRz / MPa 89 93
LR / MPa 139 127

B s / (kJ-m?) 12 8
MFR/[g - (10 min)™] 145 12
RHARSEE] UL 94 V-0 UL 94 V-1
3 i

(1) il & B 41 N-wPCB M fy T i f 2 : f
W12 B HE Y 840 m Y N-wPCB 7F —40 °C R ¥ 1%
8 h ; 7EBREEHLEL W H 2000 r/min T, HILA 3% F
2.6 pwm ) SiO, i Wiki, L BRI 5] 49 pm 1
N-WPCB #3145 4 £, i %5 7 W5 74 2] N-wPCB 2 [fi]
123 4 h JE AR T B 1% A9 {8 156 7] KH560 X
AR TR AL FE A5 E o 0.3 Pa T HAS B
LA A3E] 1.3 pwm A4 N-wPCB 34

(2) I A B4 N-wPCB ¥4 )5, PBT /GF & &
PR PR B AT SR 55, (H e s i B
FIpos B . MFR BEBA T RE 55 B A7 BTt i , MR Y
AN EAS B3G5
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