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Abstract

Facing the increasingly complex practical problems of serious pollution of waste printed circuit
board (PCB) and difficult recovery of metal components, 298/77 K recycling treatment process is
introduced. First, the influence of temperature change on the internal structure of PCB and the
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change of mechanical properties of PCB itself are analyzed. Then, the feasibility of 298/77 K recy-
cling treatment process is verified by comparing the actual recovery after static and centrifugal
separation. On this basis, magnetic separation method was further introduced to test the actual
recovery of copper components from PCB after 298/77 K cycle treatment and to determine the
actual purity of copper components after recovery. The results show that 298/77 K cyclic treat-
ment process has an important impact on the internal structure of PCB. The mechanical properties
of PCB were significantly reduced. The actual output of PCB metal components and the recovery of
copper components have been significantly improved compared with traditional treatment me-
thods. And the purity of recovery meets the market demand for copper.
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1. 318

BE A A ERRLERR AN D, e A AR B IR AR R R, AR H R S EAE U
TR K1), Hrdr, JBEIEEDH| %A (Printed Circuit Boards, LA f&i#% PCB) & b E 4. mEH
& E A R 5y, WA AL FEA Y, HOX PRI BT I B SE PRy e B ™ #[2] . L PCB A (14 4 53 A,
FEBEAE PCB AE =i A v i) T2 AR FIdE 2D, HZH 7378 PCB H S br o Lh L2 98 30%, Rl PCB
o B K A R 2 [3] [4] AR R Tl AIE EAEREN R € “ DU A BAFAUE B HAR AR 55 % e
R AR, BRI EEEARAT AT K 2 A IR B — R A5 B BOR [ oK ok B 2k e diiddie — . BRI,
BEE B TR SR R R, EARRLSAH KER PCB M), N4 F2 ABe J{EHEH R, wikes
KRR IR, [FIBT 2 5] AL ™ B S Ge s, R N AR AR 28 PRI i ™ o g b o (RIS
BT PCB [RIWAT LTS J5 FrZa sk i) ERAREE (i,  Wifaf AN PCB sl e 2%,  HA Rosk S it M 581
FRRIG Y, A REZRD GRS R 0 N E[5] [6].

HAl, A LG B AR e M S BEACEE T Mk A BE T2 FATAE MR, s AL A Y0ih
S AEIG SRR AR IR T LI =W B, X T g S, AR 220 PCB {54, w7 —Mm i
FrEisn TR A e, Rk, HURIE A EER N R A B BT T oK o AR A B A 5k
FHR LS B A KR E K, HEEERHD, ERRNTT Q2 e F5[7] [8]. #&E DBURC
AT TR DY B AU AREE T2, RIFE . A R e o ik 12, RS EL
MEEMBT 2 AT RIR AR, DA EMIRS, R 240 T ZEMH PCB i, tHEEWIE—
SEFREE BB I HEARARM ks = A, Hiz B E AT AT A B SRR E A -100°C, BT
BRI TR RN S, R E BRI [9] [10]. Hh, ARFFIRE T —Fh &5 B RE A T 2,
RU7E B — BRI A 3 LA |, SINEIR 298 K SRR 77 K Z (M AR EE T2, 168k 1 298/77 K
PEA A IE AT 5 R AR EAR L, XFT PCB W HE5 /) fr i s sebrsgmd, gEmilil 7 PCB W4t &
AN G R E S, FERTT T R R AT RN B O X T 298/77 K B AR R T 2 S R IEl i
REW, a9 NRGE T 2R, 52T PCB FR42H 43 i) a1 BORn 28 YR AL A 7T
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2.1. SEIGMARIFN(L SR

ST S MR (0 P, SO TR P OB STIG A 8, 4 9% A K 2 A A AR IS H AR AT
WK, BEASHIN T 1 PR

Table 1. Name of main experimental instruments
1 EELWUF/BR

LAY ER AR e EFET R
PCB RIRS % [ g 3 A 5] (AMD)
TR $S-1022 RGN AT R AT
TEBEER AL SPEX Sample Prep 8000 M HBERS T EEARA A
T i B AL XDF 250%200 A R LU A PR =)
B MC-15 K R R AR IR A F
2N A ] FT-DW #41 PR FE RN 25 PR A ]
BT /7 R AL E44 % FEH MTS 27
ES ik Apreo 2 C B KRB (P E) G BR A 7
IR AL JBW-750 H LB AR A BRA F
ICP HLBH & LI YK-DG 300 R =R RERHE A R AR

2.2. MERESRIE

JIARAIE D206 ) = 1, SR thermo scientific Apreo 2 C 33 45 % PCB #£5h N #B45 ##E47 SEM %
fE. ZJE4y WIAE 298 K. 210 K. 180 K. 120 K. 77 K. 298/77 K (298/77 K Ab¥ifi=t. Efsc# PCB Zif
EREN 15 K, Z B4 PCB iR T E S0 298 K J&, FE T WA P45 PCB EMHA 77 K
JEHH, RENEH AL 30 YO 1E) I 6 Rl ALEEEIE R PCB 1 /1A R4k, R e b E T 5K

2.3. £RBRR KR EIYELE

X PCB AT A2 J5, NGB bRE, 2 et — D0 e HLE AT iR, PR N\ ek
BENLANRE, 2 J5 8 FF A 22 800 100 B A1 200 H EH T I8 5, R0 6 41 AVA MRS KT
0.147 mm FIH AR AL, BB, 4170 0.147 mm~0.074 mm FIR AR FE b, CiCo 447N 0.074 mm FIRS A FE 5
¥ Arv BRI Cy AU R RESBEAT R HLIM I, K Agy B I C2 ALEAT RS2k, 430340 th B R AR

2.4. $ALA S EISELE

EEXE PCB A A 4L (1 RIS BEIRALAR B, W] AR FHAS R 20 OB E 22 5, 3k 3345 P Rk 1 7 2ok o]
Weo Serbr, LI P E B PCB BlkE, HUH 2 Lok SO i 2 M iR (R AL B 25 1H G, /it 3R 15 1K) PCB
AR 5 PCB )by R o AR SROENL, FFRIFSE AN FUMAE 9 e b e, 408 T
G KRR TUS , RS R R T R 5 T Ja, BT — IRV IR (L), )5 fe s il
SREEE T T, b HE(RE) > Ay, AR 1R[]
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Figure 1. Magnetic separation process of copper
1. fEEVELERAE

3. &BR5WiL
3.1. iREX PCB AERGHIRIR A N F M RE T L RES

ERAE 298/77 K JEFRALFIAEAT, iR B0 PCB WiE I BEAT SRAE, JF9IN 298 K. 77 K 4t
R REAT XL
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Figure 2. Microstructure of PCB in different modes: (a) Microstructure at 298 K; (b) Microstructure at 77 K; (c) Micro-
structure under 298/77 K cyclic treatment

2. PCB ZEREHER THIPIERLEAIMMALSR : () 298 K KM TSR ; (b) 77 K £ TR ; (c) 298/77
K TR SCIR & T RO SR

Wi 2 frow, PCBAAFETE 298/77 K JEH b ER 26T, mT LRI H BE AR £R A4 AL I “HRBEIR” 2Ll
S, AN RETEL, Wi 3 iR, 24 PCB A FERE A R AL DA Iy, SRS IR AR A ] LS
PCB W5 B SRR IK ALK, 56 5380 PCB N 45 M ATl o (R, 284 5 Re LR A7
T PCB 7EMRRARIERAS T, HAMEWH o FRESWIMEGLS, »T@a @R BT, A s St
RS, FIRZEM UL R, R EE AR A B, 7R BRI R 2= A v S N e,
T RS B I AHI[12] .
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Figure 3. PCB thermal expansion coefficient comparison
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Figure 4. Characterization of mechanical properties of PCB: (a) stress-strain curves in different modes; (b) tensile
strength in different modes; (c) fracture toughness in different modes; (d) impact strength in different modes

[l 4. PCB JIFMHERIE: () EAREMERXN TR - RErhZk; (b) ERRENTHRMERE; () EREE
R THEIREMY; (d) EFRER TEPEIRE
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Wik 4 fioR, 156 MBS, PCB fE4 T 298/77 K fE¥AACEE 5, B - AR f 28 S 0 i o
TR P A 5 o DRI, 4R 2RI PCB P B 45 44 2038 I 1R 0 4 M R, e, it 2 F% Dy 150.3932 Mpa,
Wik BN 22.3428 MParmls, s[4 19.0248 KIm?, FI#T 298 K &4 Ab 370 5 B A
29.98%. 78.15%71 60.92%. Fr AR LLIER], PCB W&t kARG, FHH & 2% R sl iR
FEAR[13] [14]0 DML, SAlAbsR it nr DL E N 298/77 K JEFR AL B 2.

3.2. BREEEMBEROTIER = HERNRNE
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Figure 5. (a) Actual metal component output; (b) Output of metal components in different modes

E 5 (a) XFrERES~HE; (b) TRAEXNTHERAS=LHE

Wi 5 fizs, C 41 PCB &J@k KM al i iA S 2.577 g, SERREIR iR, HE O i [
mTEE, G NES A RS, T R EENE T B, PCB S Haw
PR fE, WA R, B, PCB WHERSSH RILBIRZS, MatEsgse, BEi 5 T E.
PlE e %1, PCB 4R 298/77 K E3H AR5, 4kZick#EA 1 200 HIf M5, FERIATE 0 ariedi A, o)
AT B AL R [15] [16] [17].

3.3.298/77 K fEEF4b st PCB shiF4A 4 Bl Y22

Wl 6(a)frn, R FROENIAE 0.8 T I LIRS, B e LBRmIA Ak, HEEN 24.7206 g,
215 PCB @4l 7 s &) 15.98%, T{EMLIEN LML AR SRR A2 5 T J5, £ PCB &J@fr AR, M4
A3 R = Bl 79.8396 g, #4015 PCB & J@ 414 M) 51.64%. [Rtk, Sl id #1533 CRLdk) AT LA 22
K& PCB & @ K R BRI/ M A B Bk, AT LUK JG 4 k413 (W4 ) [l WSO B 4 o3 SRR

[FE, 2Pk CIE) fE, 40 Fsehar= HER &l 50%, FEARFG 5 PCB 183 frA: =
TR A WAL 5y (5 L, AR R R — PR B AR, G PCB H AL /IR 2, DR A AL
(IR R AR SR TR 7T T, Ik BRI A PCB & @k R AL 7y, Sbnsy BRI & 6(b) s
FEE— PR (RE )P B, Rk PCB & @M R i ik 4 &8 9.3313 g, S5 AW (FHIE) B BL,
PRI A RN 89.1709 g, 495 PCB & /& ¥ K S B &1 56.67%, Rl PCB & & 1Y) 29.49%,
[F] A8 PCB 7E 5 A= = ask it v B 458 FH (04 2643 o7 B SR ASARARL . T 7E iR ik (R )i f rh, 2Bk —
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Figure 6. (a) Roughly select the amount of copper; (b) Magnetic separation of copper content
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Figure 7. Copper output under different treatment modes
7. AELEEXR LIRS

H AR, R B H BRI AL, Xt PCB N ESESHE i 1 SEBR 2, s 3 j54: PCB
F S PR B, 24 PCB £ 298/77 K JEIFALERFIES .0 orik 2 5, e PCB & J@# R 5 fr Hi 4
B, MHEHR M, Bl 7T ARREEREK, LM T 298 K iR A A 77 K KR AL
PRI, ol [E LEIG K T 31.59%F0 3.81%, 1AF| 7RI I 4 IR [20] [21]. 53, AR4E SEM
RIEGE RAGEIAEIE, o ECRREA M FEEFRET, H—, PCBIEL 298/77 K fFH AL HLFI
B rik 2 Ja, HeRM ARSI e S ; 2, PCB ELMMAIRIE 15 KA1 298/77 K fEHFALHE
Z g, BTN TR REMMA, H g FEES) T —EMHmER, EmflT5Es:
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Figure 8. Analysis results
B 8. R

AT W, 2 R AT (R ) 1 — k1 (W) 5 BT RAS A2 7y, B B B 22 VA i sg i,
BEARREA F SR AH OCHRE, BRI L R R SE bR A FH R R, B SEEE T X T PCB & @ ¥ K 4 21
a3 [ ESCR B YR AL AR 2R [23] [24] [25] -

4, &5ig

M THEARAART , PCB WL A2 IR EOR, B A VERE SR BN I, TI{E PCB & Jm 4l
Jr B RET, AEA RO ik IR ALRGT N, prigem 4l th R b, [, 785 AP
) M IR AT (R A8) TSR AL i, A AN ROCR . (B BB AEVF 2 T A A 24k Bildn,
HAE 7T K AEAE RS R R ARIR L, BT BE— PSR T SEPRRCR s BRIk Ah, A BRI aT Fe 4t T
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