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Abstract

The process of dismantling electronic components on printed circuit boards by hot air process will
release a variety of benzene compounds. In this paper, toluene was selected as a typical pollutant
to develop an efficient volatile organic compounds (VOCs) removal process by absorption method.
The absorption rate and cost of the three chemical reagent aqueous solutions were investigated as
the selection target (including Tween-20 aqueous solution, Tween-80 aqueous solution and so-
dium citrate aqueous solution) for the efficient absorbent solution, and it was found that the av-
erage absorption rate of toluene was 91.30% for the absorbent solution with 0.3% Tween-80
concentration, 95.47% for the absorbent solution with 1% Tween-20 concentration, and the cost
of 0.3% Tween-80 absorbent solution was about 80% lower than that of 1% Tween-20 absorbent
solution. The average absorption rate of sodium citrate absorbent was 92.73%, and the cost was
about three times of that of Tween-80 absorbent. It showed that Tween-80 can be used as an effec-
tive component of a more ideal and efficient absorbent for toluene volatiles.
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1. 5|8

2020 FAEIRFHEEIE B E A 107.52 #[1], FEEHA 113.9 #[2]. BEREAORA S LY
PRI R [3)48 2020 £+ [E FHLELS IR K Bk 5 34921.96 T3 & [4], K IHFHLHI ZIRAL AL FE H 2552 3 557F .
JR |H E[V IR 28 % 8% (Waste Printed Circuit Board, WPCB)2& & [HFHLHIZ LA, i EA BISMES] [6],
%5 WPCBs [T Ioas 3T RBR IR, SR g R YEA HLY (volatile organic compounds,
VOCs), WF7LEM], 250 CHRHERM P 2R, 228, ) H2E, KM, A8 2, EELHNEF
AN G, FHER RIS 2 R R VA MU R A 7] (8] [9] [10], X I BREE 7 >Ri5 e I 4
IIAF I MNP N 53 FR Ak AU o

H AT VOCs Ab B AR5 3L B AT 73 WL (A0 R WS B SR [11])s 2%
AR 12] IRIREE B T2 13158 DL AE A [ 14] . X VOCs W BERU/INIRE s, B HUER & 1
FUAR IO A7 M 3ok P2 o = 2 1) PR A A T IR A 3 EL A — e () S B i S R T VA M R IR AR Y IR UL R R
TR RS ZY B IR DR [15], ZKVE TR HP 2 TVt 1 7R B S 98 K, Y VAR 6 T 578 A A SR T P 71 40 P 7 i
BRIV 21 S AR BE(CMC) i, 4 5238 T 2 TV W 7510 B B 2 PRV R T B — P sl K SR g 4k, i 7K 26 ]
P s, B RO, RIKE K HR 0 3R T AR K o S R L K A TR R D PR R R AIG, RE e AR e T AR
FEKF, Wl 1 R AR A TOKEGE TOK A I NS & B S AR R Rz
IR 22 BT 16].

AW LI Tween-20, Tween-80 MATHRERIN =i 2= 2550V E yidtike H bR, ¥ NFERS 13RS E],
A5 2 IV 1 79 BRI P SRR BE A, 4 T ) P AR P R 7KV, R FH R AT W Wi SR A
Tween F 513 [ V751 32 B2 B 43 D9 2R /K LL B B2 T 7 P 5 A IRk, o — P JG B T TR 811 2 € bR R AR B
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Figure 1. Surfactant micellization process

B 1. REEMFIRRLIEIE

2. MRIRTE
2.1. ARBALEE

B2, KB, FERW, B, BERe, RS, IETHE, B2 F(5800) N Hrat,
Tween-20 (Bioss), Tween-80 (& & H7K) A k2.
Honeywell MiniRAE 3000 + F4f VOCs falll{¥, sartoriusPB-10 pH it, Signal §&z)%E .

2.2. SEWFE

15 A% BN A0 it B R BN H R B, A — A = I8 I B 3 ) B S AR I v
WA, SRR s A, AR NS SRR B THERR SO, 2 5081 i 2h 42
B R SSRGS R, R H IR B SRR . TROCRT S R R AR B A F T RF VOCs AR
K, BARRAR A E 2 FR.

WSOILZR N 75 ml WO, SE36 SRR BN 20 L/h, SR R USORGEFE N5 20°C, Bl 2R R <
WRPE N 380 ppm, BECSLIG N FE AL P 2K S 30 min,  F A IR S M AR EE AR AL, IR RE
5E JE T UR SR .

1) AR Tween-20, Tween-80 VAV FH Ml %

I HIEH 0.2%, 0.5%, 1.0%, 5.0%WKER Tween-20 WA 0.3%, 0.2%, 0.5%, 1.0%KEH
Tween-80 VAW, I 1.0%1E T A N BhR T V& 1 77 o 05368 ok SR SO AT J5 S0k VOCs MR EE, HI R,
WA F R AT

n=fiiflxum%, (1)
0

o — TR (%)

Co—— F RS HIT IR B2 (ppm);

C—— H 2RI 5 ¥R ¥ (ppm) o

2) /S [RIVAR FEATAGE R BN /K I ) R I

SRIEH] 2%, 5%, S8Y%IKJEATIERRANIE, WINTCHLERN KR & —RE(PEG), HAE AT BRI 15
pH =6, EIIFFEIRIN KB R FIFLRCR, BARACLE N 0.05%FERREN, 0.1%BRIREN, 0.1%BERREY, 0.1%
RO BRSO B AR T B BRI B, 5 & B 0 1% Tween-20 (EIESEE 1 15 H 1B A
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Figure 2. Exhaust gas absorption simulation process

B 2. RSIRBHRBURTE

3. BREVTE

HT T RSO b DX /N, — BN 1 Ji5 RSO A VR A 2 A B8 A D R i R SO, 2E N B2
W, TEECRIERT A A 78 0 AR SO, 5] 3 B o AT MR MAOHA 1A R AT 4 F 8t i <5 2 miin
B Sy, LR X 78 222 A MR T T £ 5 R AT RT FR A AR R IR AR

3.1. FNERE Tween-20 XFEHFEAI R U2

AN[AIAE Tween-20 Fl Tween-80 7K O H 2R S AR B ISCR an 1< 4 BT o

Tween-20 LN 0.5% 12 1.0%0F (] 4 72, WSRO B R SUR IR S 330 I 32 5, il 21 98.33%,
0.2%F1 5.0% 173 B %of B 2R B R SO 38 S AN AR Y Tween-20 FIZKIE IR EEA 1.0%E , WSO8 e bt
JC B AN [F] 9 B 1) Tween-80 ¥ HHAT H 2RO RCR B FL(K 4 £7), 4R BEN 0.3%KT, Tween-80 /K
RS RS TR A o RO, TR, I R 94.50%, & FEFRFE Tween-80 <, H M
o RME TR, b Tween-20 LA ¢ MR ORI JEE X 1)1 61 B 4 o A 2B MR MAC VR PR S 3k R BB W WAk P2 1 7
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Figure 3. Absorbent liquid is converted
into bubble overflow
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Figure 4. Absorption rate of toluene gas by aqueous solutions of Tween-20 (left) and Tween-80 (right)
at different concentrations

& 4. RERE Tween-20 (Z)F1 Tween-80 ()7K A Xt AR SFRIIR LR

EIe BT T EERE Y, 5 AR K 7 R T R AR GO S T R s e b SR, Rl
TR FE K B S AR BE 5, Ak S0 Ik FE 2 S SO R (H IR ISOBGR BE i, 7T RE R T B 1
2 RIS , TR T O 78 W R T4 1, 38 B P AR, T B 22 ) R vl i 7 e A K
PR 42 i 281 28 T 7 P 7 RO /K i e B EL OB AL A VR A K, 3 380 R 5K A% RS T B
PREEGE BTG, H AR, A TG AMUIR 25 10 B 3 S BRI, 38 R B 2R R B B PR
1.0% Tween-80 KIE WAL 2 73 Bl A WRCRA BT BT, LR E N P AL ) G E R HA 5 I, 1559
WAE T BN TIRILUE RCR BT, BB s, GBI, ORI T A AR O AR I H
KR B IE LT, R R
3.2. FEIREFTEER AR R AR ARG R

AN RIAR AT IR A/ PR R R (R SR ] 5 s

Wk 5 B, FPERERAN KIS WO T R AR BRSO Bl R BRI BE T T 2 BLSE B THA TR R
‘s, MFTEIRINREE Y 5.0% 0, FEE AR A, Fomis®] 97.93%, AR E B RR
PR TK T, H Tween-20 #4538 £ - WEI 0T T BRI WIS % T0 2 3 AR gk
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Figure 5. Absorption rate of toluene in aqueous solu-
tions of different concentrations of sodium citrate
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Figure 6. Comparison of absorption efficiency of dif-
ferent absorption solutions

6. AN EIIRHTR IR R 3T EE

Wl 6 fzn, 1.0% Tween-20 7KV T SR IR RCR e flt,  HLRIACSCR th Ze M L 5P A4
B 5.0%F T B AN SR R R 2 R Y 1.0%01 Tween-20 5, HWUcZ BTF, Hmk s th 2 3
W& =T 0.3% Tween-80, HHZEFRZSML, (HEER LMK T — 1.0%KE K Tween-20 WO IR IR .

3.4. BEARBUORIRFIR AL 5347
XF LS IR SRR RICE 50 L ORI & e i, Bk an e 1 fos.

Table 1. The price required for each absorption liquid system configuration 50 L absorption liquid
= 1. ZFRPLRIFRELE 50 L IRBORFTE N 1§

Tween-20 Tween-80 R EN T ISR
2R Tween-20 IET &  Tween-80 FFiFEREN FTiEER  TREREN FEEREN HERYY R B
HANOE/S500 ZFEE)  290.89 87 527.15 105 63 187 65 169 47
EE%) 1 1 0.3 5 1 0.1 0.1 0.05 0.1
o) 449.04 245.15 626.35
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BLE 50 L WIS, AT BRI RGN A% B = T Tween 2%, HIRICSCRAHET Tween R7%1IF
TeARH,  RETE SERR B A AT BR AN AE R SO I EC 1 24575 Tween-20 AHELT Tween-80 WS I
K, ECE A FERFR RSO A =4 83.17%, 10 min PRI R EL 4.17% (Tween-20 N 95.47%,
Tween-80 4 91.30%), P b A2 X HE S SR 35 9 7 A% i B4 Tween-20 B BRI, T 2475 G WDIRFERN,
FE AR S HE AR HERTHE T, R Tween-80 1 MWL B A — 52 B T AR AR #5

4. g

1) XFEE %40 Tween-20 KIS, Tween-80 7K ST BREN K FE O T H 2R S AR O &R, 1.0%
Tween-20 A1 1.0%1E T FAE 9 B2 mvd 1 R W e R et el 2eak 1) 98% A 1, H 10 min °F
PR cR AR 95%LA L.

2) B EAH R A B ORI, B AR Tween-80 /KAWL, % Tween-20 1% 83.17%, WRUSCHRAK
4.17%, EEHER AT T, KA Tween-80 VE W ISGR 2577, oAl A A B .

E&WE

% B p BRI H - R B R Bl 4 8 1 4% R S5 o0 @ 1R B 2 4R AE o 3% BOR K # (No.
2018YFC1902303).
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