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P,, RAFAN PO, FHBBBRK, WTARET
TEERA-F. “RB=RAHE, MK, BRE
WHEPHEERN:

B—FaE

5AsH; + 8105~ =5As0,*” + 41, + 4H,0+ 7H"

5PH; + 810; " =5P0O,*” +41,+4H,0+7H"

B _Rub

AsH; + 8Cu?* + 4H,0=As0,* " +

8Cu® +11H"

PH; + 8CuSO, + 4H,0 = H;PO, + 4H,S0, +

4Cu, SO,

E=HAE

3AsH; + 8MnO,~ + OH™ =3As0,> ™ +

8MnO, + 5SH,0

3PH; + 8MnO,~ + OH™ = 3PO,*" + 8MnO, +

5H,0
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Fig. 1 Equipment for tail gases abatment
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Table 1 Comparison of various tail gas abatment

treatment methods

*%3 EdH— EdH— BEIEER
b BRAE RELE ZRERLE

o(As) /mg'm™* 0.91 0.15 0.12 0.05

o(P) /mg'm™% 0.135 0.05 0.04 0.005
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Table 2 Arsenic abatment effectiveness

b ¥ Ay il LS
p(As) /mg*m~3 p(As) /mgem ™3 MR/ %

&S A" B* A’ B* A" B
1 0.61 0.69 0.041 0.040 93.2 94.2
0.49  0.51 0.030 0.040 93.9 92.2
0.91 0.93 0.046 0.042 94.9 97.5
0.26 0.31 0.033 0.038 87.3 87.7
0.32 0.33 0.04 0.048 87.5 88.1

* AWKARKEE BRITHAMNED
£3 LBIRBMOPR"

Table 3 Phosphorus abatment effectivenss

wm A WwWN

HRg 1 2 3 4 5

AT _, 0.052 0.091 0.048 0.047 0.130
o(P) /mg'm

B _, <0.003 0.004 <0.003 0.004 0.004
p(P) /mg'm

EBRE/% 94.2 95.6 93.7 91.4 96.2
* DL LS A GHENE

3 ¥FRTZEATHH, BRALL
Syt

3.1 [RE

FALER W, ERMERA R E R ERA N
SUKAES BT B, F A E AL & J7A o R R,
EZRESTHHM. BEAHASY, BEBHESE
B B K HEBARAE

RBEEWFERNINT

3As+5MnO,” +40H™ =3As0,% +

5MnO, + 2H,0

3P+5MnO,” +40H™ =3PO,*” +

5MnO, + 2H,0

As+2H,0, +20H™ = AsO,*~ +2H,0

P+2H,0, +20H™ =PO,*” +2H,0
S M8 HF. HCl. H,SO,. HNO,. H;PO, 5B ¥

W BB P AR NaF., NaCl, Na,SO,. NaNO;.
Na,PO, HZE KM, G—4H,
3.2 FERHURWRES IS8
PL P2 — 4 1% B 2R AR X R OB & P1 -6 B
BXUE B, RiTSHAEK 4,
3.3 itH
DA 466 [0 2 3208} R WA 3% )
SERE v=Q/A RP: Q— KK E; A—
BEH;
A : OBEERBES: py=ih, RH: i—
BRI S, h—ENRE;
QREHEN: po=p (?2g) r R
F: p—RBENRER, W&, e—EHME
B, —8HKEE; ‘
QOEBMESN: p=iL, RX¥:. i—#H
NKEREHR S, L—REKE;
WEMRERRX (P2-4):
BENHEE (1x2), PEBERKER, FTOE
EE 0.8 m, BE A=n/ (4a*b) =1.571 m?,

%A = 0.785 ml, Q = 5340 m’/h, v =
5340/ (0.785%3600) =1.89 m/s,
BH A1t 5 .

HEMES: p=iL=2.94 Pa:m ! X34 m=
99.96 Pa;
AREORB S : p, =200 Parm™! X3 m=600 Pa;
st AP A #HEOEM A=0.32X0.59=
0.189 m*, »=5340/ (0.189%3600) =7.86 m/s,
p,=1.06% (7.86%/2) x1.2=39.29 Pa;
BESHEN: A=0.4%X1.0=0.4m> v=
5340/ (0.4%x3600) =3.71 m/s
$3=0.45% (3.712/2) x1.2=3.72 Pa
B puy=99.96 + 600 +39.29 + 3.72 =
742.97 Pa,
3.4 8%
¥ T 722 B e =t e PR b B B AN ) 2
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Table 4 Design parameters of the absorption-packed
witk g BER ®RE : W E K
AR AR HR AN A B R RALE S n

/m3<h”! /m /m?  /mes”! /m*+h™!

®E KNS

WHEBM P2-4 5340 1x2 0.785 1.89 MR, HhE, AW, WK BF-72-4-64# 6346
MR P1-6 7440 1.3 1.33  1.56 by, W, WM, M, MM, WM, EK RBF4-72-5A 8332
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Fig. 2 Oval spray-abatment tower

with mid-separator

FAE R R A X 1 B, B T EOE M
BRXAWE, FEmMER, —H_SKREE, —ik
REKBR, SBEMERK, BMetEk, 48
BRI, MR TRERENRIE, t@kT KL
HK EMAKEHPSEAESER, LEBREENR
M, STESERTHMEERTG, A, R
A 3.72 Pa, ARUEBEKEE P RIBREEHR M 1/
5, HEWERE, 438, [FAE KX E AT %3 X
B, T #ERAR K BB BOERENE 242k
REBW, REHRMA, REBNESLHEEE,
HHEAN, FRENEBSR, AHEEHL, &
W&, BTRAMK, BAERNE, STRE.

BAEHN2.78 m, MENBEHEMN, BE 10
cmo &P A BR IF 1 £ 0 BRIEURE I 28 VB0 O 2R
4%,

e B B T b R 40FS - 20, W E 12.5~
18.0 m*/h, #H R 18 ~14.30 m, ¥ & 2900 %%/
min, BHLIIE 2.2 kW, EE 5 K& £ i 50345
URKEZBmA REMOTHME, HRARER
EFHBAREHKBBRH R, BBEBEEN 0~120
CTHEMBmERE, BAERER. ). ER
2. RER. MEMEERERSEERA.

3.5 HFERUENIERE

AR BRI 4 AsH, #1 PH; B9 X} H 21

2R, WkS5, 6,

x5 AEBEFI AsH; B9 RBBR

Table 5 Absorbing ability of alternative solution for AsHj;

BFRAS R i TR

AR p(AsH;) /mgm™>  LHEJFp(AsH;) /mg'm™>  ERBRR/%

1, w(KMnO,) =1%, w(NaOH) =1%~2% 0.76 0.03 96.1
2, w(H0;) =1%, w(NaOH) =1%~2% 0.52 0.03 94.2
AsH; 3, w (NaOH) =1%~2% 0.49 0.022 . 95.4
4, WHYERF KMnO, 0.172 0.01 94.7
5, TEHERRK 0.018 0.01 44
F6 AREMYH PH, KR H R
Table 6 Absorbing ability of alternative solution for PH;
ARBL % W v W 4B AT p(PH;) /mgom™3 W5 p(PH;) /mgm™®  EBRFE/%
1. w(KMnO,) =1%, w(NaOH) =2% 0.10 0.003 97
2. w(H0;,) =1%, w(NaOH) =2% 0.047 0.003 93.6
PH; 3. w(NaOH) =1%~2% 0.13 0.005 96.1
4. FHHEHRM KM, 0, 0.04 0.003 92.5
5. EHERBRK 0.015 0.004 73.3

HREH, BFREERERBREARERE HRSWEKRE, HEXRRFS, HeEts
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BB ARE, BRERMELRERNERES
h, ZETHEBNMBEHEESEN w(KMnO,) =
1 0.2%~0.5%, w(NaOH) =0.5% ~ 1% f % %,
w(NaOH) 5 0.5% ~1% BB B KX w (H,0,) =
0.2%~0.5%, w(NaOH) =0.5% ~ 15 KB,
XN, BRKEF, YEHFRISKPOBRBEU w
(NaOH) =0.5% ~1% KB BB R BIF,

F7 WHBOKIEREGELEBR (LR HTHRRBFRERN PO ML)

3.6 MMKAHER

A% [ 254 % 9k S0 M 52 S 3% 0 L 325 [ A 28U W W 3% 4k
YR ERE T,

B GB16297 — 96 1 TJ36 — 79 #n#E, R 7.
& 8 EHAABU BN RBUE A B EHEBER
HEBURRHE, A TEEARRKRETHRREZR, M
ETIREMNEERYKERBRERE, REI.

Table 7 Effectiveness of two kinds of spray-absorption-packed towers

HEHMER  p(HC) /mg'm™® p(F) /mg'm™® p(NO,) /mg'm~? p(H,;SO,) /mg'm~® p (As) /mg:m™* p(P) /mg:m>
1 R 0.037 0.010 0.045 0.082 / /
X% B A R 0.041 0.014 0.540 0.098 0.090 0.006
GB16297 - 96" 150 11 420 70 0.3"" 0.3""

* GB16297 - 96 A K SIS { M & HB R P —RinHE

* » B GBI6297 - 96 SRR, MMM, MK TU36- 79 W Tl W i DARBHERT A FNRREAIIRE, HEBHRRE.
R HELEWEREREL

Table 8 Comparison of pollutant concentrations before and aftertreatment mg'm”3* "
ol p(P) p(CI™) p(F™) p(SO2™) p(NO,)
#HRA AR AEE AEN A4EE AHN 4HE LAHNW 4HE LHEW 4HEF 4HN L4HE
P1-6 0.230 0.006 0.052 0.030 0.23 0.04 0.56 0.016 0.20 0.098 1.80 0.54
P2-4" / / / / 0.24 0.037 0.044 0.020 0.23 0.082 0.88 0.045
P5-5 0.310 0.021 0.015 0.011 0.50 0.13 0.026 0.015 0.91 0.12 0.70 0.031
P4-5 0.460 0.016 0.022 0.010 0.45 0.12 0.65 0.021 0.32 0.11 0.56 0.042

*P2- 4 BHRRERLER, B, B P2-4 BB SR H0TUE
B, RASHCHEE, HEARTOMENE"

R REWNENSRWRERBRGE (BESHRPORE)

Table 9 Pollutant concentrations before and after abatment

#REK  HANS ppan/mg-m”>3 pwag /mg m”? BLER /% 33

P P1-6 64.0 7.80 87.8
NO, P1-6 30.8 1.22 96.0
P1-6 13.9 0.21 98.4

SO2" P5-5 24.58 2.50 89.8

(o P2-4 0.22 0.06 72.7 6 B R

' 0. 24 0. 037 84. 9

As P1-6 0.052 0.039 *
0. 230 0. 006 97. 39

F- P2-4 0.04 0.03 * *
P1-6 0. 56 0. 016 97. 14

» HWANERENELTERERNR, Tk BEE
»» (UHHF BN 356, MEARNEHRENEETERERME, TkgitBRERE

C HRIEH, FEREMNEERYERERR
K WEF2RLAIARTERERFE
(GB16297 — 1996), 1 (TJ36 —79), ALERRIIT§
YIWE KK, BERREYE 87.9% ~98.4%, HH

BRRF .

4 BKEE

4.1 BXKEBRERRAE
MATMEMBRGERE R E VIR RE, &
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iR PH=8~9, BRMEHLEN, ELKRE
SRMFER, X 9S% LU KB, B, HEFAH
P B F 8K B UTTE B A B B, RV T B BRI B K
BUIEBEGERNMAE, WEESIERIFEE
FKHBORHE (GB8978 — 1996) KAt ik T 7k
H A RHES .

LBEBP W (M) X p(OH ) K FM(OH),
REERE, SRETFHRETRE, ERMEER
f, PHE>I B, #ZLRBRHBRBAHB/AN, &
G HEUINE . Bl Ef1eE ER 3R

Cd(OH), } 5.5% 107 Cr (OH), H 2 x
10~ '%;Cr(OH); K 6.3 %10 8 ;Cu(OH), 4 25.0 X
10 2°;Fe(OH); 4 3.2 %10 *¥;Fe(OH), N 1.0 X
1071, Hg(OH), ¥ 4.8 X 10 2;Mn(OH), } 1.1X
10" 3;Ni(OH), =2.0 X 10 '*; Pb(OH), H 1.5 X

ek E

10™";Sn(OH), 4 6.3% 1077,
X R TR PR X, KRN
AU TFEAERERR:
M"" +n (OH) =M (OH), ¥
B, BEMFERMNIT:
3Na,HAsO, + H,O + 2FeCl; =
Fe(OH);(S) + Fe(H,As0),)5(S) + 6NaCl
3Na,HPO, + H,O + 2FeCl; =
Fe(OH);(S) + Fe(H,PO),);(S) + 6NaCl
3Na,HAsO, + NaHCO; + Ca(OH); =
CaCO;(S) + Ca3(AsQ,),(S) + 3H,0 + 5SNaOH
3Na,HPO, + NaHCO; + Ca(OH); =
CaCO;(S) + Ca3(PO),),(S) +3H,0 + SNaOH
BAKEHEIZRERE LA 3,

FEAK KR E-F TR -BESREH BRI AL —~HATKE

R~ G~ TR SRR B A

3 BEXKGEIZERETEE

Fig. 3 Flow chart of wastc water treatment

4.2 FEMHRMWEGE

A. M. RARER K, V=2x7x3=
42 m®, ALY 4 /M

B.WKE: 1 &, REERATHA,

Q=15 m*h, H=10 m, P = 1.5 kW,
G=35 kg,aﬁﬁs, mil, BEAXBEMAEH

! /Q/l/‘)_/mn 13 14 15
g o
n::/h N
CINAL

/TTTT ] [T 7

= \ =

v/

1

)&
=
L

M4 ERNRE—GFUKERER
Fig. 4 Flocculation-sedimentation compact device
1—BSBEEH; 2—HEHO; 3—FHKE; —BKE; 5—
REif; 6—WHEH; T—HAKH; S—ATH; I—HEIHE
M 10— FBMNEEAE; N—HAHER; 2—FAHERYE;
B—Z=fMR; 14—HKE; 15—kt

Fx,

C.#HERAEH: 16,
faiEBER/NMRA

D. BBV KE (WREE4), HB
M &, AAETIE, EFENELARERO0.5
mm/s, REAERN60°, XHEAKBETmML, AL
mT, S8 EARED, TIRESRTF, B—RUE
THEREHEES~6 fF, ®#ELD, HEHB, #
EHEE, RBEED, ETLE, RAEGHEE, &
1 8 K

BRI t =20 min, BEMBEHRER V=4

D =150 mm, Fit&

m’,

FHEVIEMRE AR ¢=1.5m-h™", Ui
FHER+T LxB=4x2m?, VIiEMER H=3.8
m;

— KBRS LXB=5%X2m;

“BEHYL—6 P=0.1 kW;

‘B HENERAME © 50 mm, A=16 m’;

E.m#&AXE (BEFAHE, SRS, #0
HEE),

F. Rt V=3 m’ (FBIKHh) D=1.4m
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H=2.5m,. 5RE—&
m, P=12 kW, G =33 kg,

G. T~ A=10 m%,
4.3 BEAURER

JE K AL B O & d6 5 IR AR R PR B A
ORI R, ERRE 10, STHRYEFILE
TMH T KE AbrdE. SBRAHRFE, EK
b FE AT JE X H LR 11,

Bi. #®. . A AETFEISTEEN, AR
FRKKENELRE, HEAKAEMNE. U L&

Q=0.5m’/h, H=38

TMiERBEBER K RYHRRE (Z%)
GB8978 — 1996, Rt ik i T /K& K5 4 ¥ H
BARE (A HEBObRME) . REL WKL R, AR
By AL R T
4.7 ELFER WA

Wik TRIKFEE 6 &, £ 7 T P, As,
SO,. NO,. F, ClI", SO>", & —mW @ i&X 36
W, LB 252 NEHE, B 7 NIRE 36 IFY
BEILETE 12,

®10 BEALBGHEHAMKER"

Table 10 Analysis results after abatement mg/L
wmS R A W g5 R
PH Poop P1OD pss PLAS PAs PF” op
1 AbFE L 0 10.00 7.22 22 9 12 0.18 0.096 1.19 0.58
2 RIS A 11.00 6.95 24 13 9 0.19 0.096 1.19 " 0.58
W KE A bRE 6~9 150 100 160 10 0.5 5 /
* DL E 34 B AL BT AR R 4R it

® 11 BEKAEAIEXEE

Table 11  Comparison of pollutant concentration
before and after waste water treatment mg/L
R®E WH 4 PR A LEE
1 p(Cu) 0.0214 0.018
2 p(Ba) 0.254 0.096
3 p(Cd) 0.00050 0.000072
4 p(Cr) 0.0069 0.0017
5 p(AsO, %) 27.9 0.14
6 p(HPO,?™) 1.5 0.04
7 p(Cl7) 22 1.2
8 p(NO; ™) 1.5 0.5
9 p (F) 1.20 0.44
10 0(S027) 58.8 0.82
11 Pcop 45.7 20.0
12 - 29.7 10.2
13 (2.7 2.84 0.53
14 Pss 28.3 9.3
15 PH 6.8 7.1
16 A B F e o W 0.032 0.023

R12 XSHHRRTRORE

(HESHERORE)
Table 12

By SRYFRRWE RRKETHE  REATE
& W p/mgm ™’ py/mgem’  py/mgrm’

P 0.003-0.123 0.024 0.15"*

As 0.001-0.018 0.032 0.167" " "
SO, 0.015-0.217 0.047 0.15°
NO, 0.015-0.105 0.035 0.1"

F~ 0.014-0.04 0.020 7"

Cl- 0.018-0.20 0.064 X E R
S0,%" 0.037-0.83 0.135 X B

* ERFES S HRIFME GB3059 — 1996, ZEK (KSHFHEHE R
R PRENE, KEXFRRAERT, « ~BE (Tlhkdl
W DAERAE), * « « TER, S5 RE¥RETURE,

MNEREH, ZBBEEXAAFERSE RS
o, FOMRBE R K F B R HEHObR R A E

6 A&

1. ASEMBRBMRBBELS S, WEEIE
PR & TZRS PG, BT ERNER, RK
A, WMIEMEEL, R\, BRNOBRE,
SRR E . WREB =R BT %,
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Methods and equipment for Waste Gases and Water Abatement
During Semiconductor Materials and Devices Fabrication

Wen Ruimei, Du Guodong
( Tongji University, Shanghai 200092, China)

[Abstract]  The purpose of this article is to examine the methods and equipments for abating waste gases and
water produced during the manufacture of semiconductor materials and devices. Three methods and equipments
are presented in this article to control three different groups of electronic wastes. The first group includes arsine
and phosphine emitted during the manufacture in semiconductor materials. The abatement procedure for this
group of pollutants consists in adding iodates, cupric and manganese salts to a multiple shower tower (MST)
structure. The second group includes pollutants containing arsenic, phosphorus, HF, HCl, NO, and SO,
emgjtted during the manufacture of semiconductor materials and devices. The abatement procedure involves mix-
ing oxidants and alkali liquor in an oval column with a separator in the middle. The third group consists of the
jons of As, P and heavy metals contained in the waste water. The abatement procedure includes adding CaCO;
and ferric salts into the waste water in a flocculation-sedimentation compact device. Test results showed that all
waste gases and water after the abatement presented in this article passed the effluent standards set by the Na-
tional Environmental Protection Bureau. !

[Key words]  waste gases; waste water; abatement; pollutant; semiconductor
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