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Abstract: The purpose of this article is to examine the methods and equipment for abating waste gases and water produced during the
manufacture of semiconductor materials and devices. Three separating methods and equipment are used te control three different groups of
electronic wastes. The first group includes arsine and phosphine emitted during the processes of semicenductor materials manufacture, The
abatement pracedure for this group of pollutanis consists of adding iodales, cupric and manganese sulls to a multiple shower tower ( MST)
structure. The second group includes pollutants conlaining arsenic, phosphorus, 1IF, HCGL, NO,, and St); emitted during the manufacture of
semiconducior materials and devices. The abatement procedure involves mixing oxidants and bases in an oval column with a separator in the
middle. The third group consists of the ions of As, P and heavy metals contained in the waste water. The abatement procedure includes adding
CaC0y and ferrie salts in a flocculation-sedimentation compact device equipment. Test results showed that all waste gases and water after the
abalement procedures presented in this article passed the discharge standards sel by the State Environmental Prolection Administration of China.
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Introduction

The rapid development of the electronic industry has brought about new pollution. Numerous
laboratories and factories emit increasing amount of untreated wastes to the environment. Typiecal air-bome
pollutants include such as arsine, phosphine, hydmogen chloride, sulfur dioxide, sulfur trioxide, nitric
oxide, nitrogen oxide, fluchydric acid, sulfuric acid, nitric acid and other pollutants containing arsenic or
phosphorus and so on. Waler-borne pollutants include poisonous substances containing arsine, phosphorus
and their compounds, ammonia nitrogen, detergents, Cu, Cr, or Cd containing pollutants. These toxic
emissions present serious threals to the atmosphere and water resources.

Metallorganic vapor phase epilaxy( MOVPE) is the mosl important epitaxy production technique. Tt
has been commonly utilized 10 grow malerials for the device fabrication, such as laser diodes, light emilling
diodes, heterojunction bipolar transistors ( HBT) and heterojunction field effcet transistors ( HFETs ) .
MOVPE is attractive because il can produce high quality superlattices and quantum wells, and the
technique can be relatively easily put inlo production. However, poisonous gases, particles, and wasle
solutions are discharged during the MOVPE process.

1  Abatement of arsine and phosphine during the manufacture of

semiconductor materials
1.1 Equipment and procedure

A multiple shower tower( MST) was connected to the exhaust pipe of MOVPE 1o transform various
species of arsenic into AsO] ™ , and phosphorous into PO;  through chemical reactions in three stages. The
flowchart and MST structure for arsenic and phosphorus abalement are shown in Fig. 1 (a) and (b},
respectively .

Tail gas containing AsH, , PH; and their compounds are let inlo the oil separator (1) to remove oil
and increase abatement efficiency . I pressure in | exceeds allowable limit for any reason, the gas would go

lirstly into the pressure protection tank (2), then into the activated carbon absorbing device (3), and
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trigger the high pressure alarm (4) . Under normal pressure, the tail gas will be pumped into the KIO), , KI
and H,80, soluticn in the 1st stage treatment 1ank (5}, where the majority of AsH, and PH, is absorbed .
The tail gas, with much of its AsH, and PH, stripped, moving upward inte the lst stage reverse spray

column 5, is showered by the solution drawn (rom the same tank (5) .

This technology has been used in a
praciice for the trealment of 1ail gases during 131 slage absorbing
. . Bubble tower
MOVPE, MBE, CBE and ather processing of ’—‘TI_) KIO:+KHH:50,+H,0

CGaAs and InP. ¥

1.2 Results and discussion Ofl separaior| | 2nd stage absorbing
- . :\ CuSQ+H;38041 Hs

1.2.1  Abatement solutions choice
A thermodynamic study { Yang, 1992;

et 1 . s de ’ Tail gas 3rd stage absorbing
Barin, 1991; Dean, 1985) has demonstrated KM NaDHAH.0

thal the main lorms for arsenic in MOVPE tail
gases are As;, AsH,, As, and As, and for b
phosphotus are P,, PH,, P, and P.

According to this study, the most effective

chemicals and concentrations were determined
to abate As and P in lail gases through a
series of tesis and simulations. For this
purpose gas samples prepared by adding
AsH; (99.99% ) and PH, (99.99% ) into
high purily hydrogen, were analyzed by high

temperature hydmgen reduction gas Fig.1 Multiple shower tower for arsenic and phosphorus abatement :
P {a) Now chart; (b} schematic diagram of equipment

chromatography to determine As and
1.0il separator: 2.pressure: protection lank; 3.activated carbon

centrations  before  and  after  spray- . .
cone pray shsorhing device; 4. high pressure alarm; 5.1st stage Lreatment
absorption.  The  experimental  for high lunk; 6.1t slage counter-currenl-spray columns  7.2nd  slage
temperalure hydrogcn reduction £as trealment tank; 8.2nd stage counter-current-spray column; 9. 3rd

chmmatography conditions were as follows : stage treatment tank; 10.3rd stage counter-cument-spray column;

(1) Reduction system: reducing H, flow = 11. monitor/alarm device
158 ml/min, carrying H, flow = 4.0 ml/min mixing chamber temperature = 760°C. (2) Cas
chromatography system: canying air flow = 57 ml/min, flame H, flow = 238 ml/min, air flow 1 = 92
mi/min, air flow 2 = 182 ml/min , detector lemperature = 100°C . The results are shown in Table 1.
Table 1 shows that the most effective treatment outcome oceurred when iodate, copperale, and

manganate were used in various acid and alkaline medium. Major chemical reaction equations for As and P
are as follows:

5AsH, + BIO; =5As0;" + 4L + 44,0 + 7H",

AsIL, + 8Cu® +4H,0 = AsOQ] + 8Cu” + 11H",

5PH, + 810 = 5P0;” + 41, + 4H,0 + 7H",

PH, + 8CuS0, + 4H,0 = H;P0O, + 4H,50, + 4Cu, 80, ,

3AsH, + 8MnO; + OH = 3As0]” + 8$Mn0, + 5H,0,

3PH, + 8Mn0O, + OH™ = 3P0} + 8Mn0, + 5H,0.
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Table 1 Comparison of different solutions for As and P abatement *

. 1
As and P concenlration, mg/m’

Abatement effecliveness, %

No. Solution Before ireatment After treaiment

As p As P As P
| SalKIO, + Sal.KI 0.61 0.052 o0 0.003 93.4 94.7
2 4%KIO + 0.4% K1 + 1% 1,50, 0.91 0.135 0.05 0.005 94.5 9.2
3 S HIG 0.11 .04 0.01 0.003 90.9 92.5
4 0.5%CuS0y + 1% Hy50, 0.93 0.08 0.06 0.004 93.5 95.0
5 2and 4 in series 0.94 o.19 .04 0.006 95.7 96.8
6 L% KMnO, + 1% NaOH 0.69 0.06 0.05 0.004 92.8% 933

* As and P concentrations were determined by gas chromatography and colorimetry both metheds agree well with cach other: the experimental
conditions for high temperature hydrogen reduction gas chromatography were as follows: (a) reduction system: reducing Hy flow = 158 ml/
min, carrying H, flow = 4.0 ml/min mixing chamber lemperature = 760°C ; (b) gas chromatography system: carrying air flow = 57 ml/min,

flame H, flow = 238 mlfmin, air flow | = 92 mi/min, air flow 2 = 182 ml/min, detector lemperature = 100°C .

As and P concentrations were determined by gas chromatography and colorimetry both methods agree
well with each other.

Judging from the effectiveness and cost, we use 4% KIO, + 0.4% KI + 1% H,80 + H,O0,
0.5% CuS0, + 1% H,S0,, and 1% KMnO, + 1% NaOH + H,0 as the first, the second and the third
stage absarbing solution, respectively.

1.2.2 Abatement methods

Various abatement methods for 1ail gases containing arsenic and phosphorus during MOVPE process
were evaluated. The arsenic and phosphorus concentration were determined by high-temperature hydrogen
reduction gas chromatograph (Wen, 1997) . Table 2 shows the arsenic and phesphorus concentration in tail
gases treated by single bubbling, single absorption and bubbling plus spray absorptions. The arsenic and

phosphorus abatement effects before and alter Lreatment arc listed in Table 3 and 4, respectively .

The results showed that after Table 2 Comparison of various tail gas absorption methods”
abatement P and As concenlration in o After
. After single bubhli
tail gas are well below the National Untreated -’\::";l;‘_"gle apray l’” ng
. q ubblin, . us spray
Discharge  Standard  and  the £ absorption Lo oF

absorplions

abatement efficiency is high. The

As cone. in tail gas, mg/e’ 0.91 .15 0.12 0.05
high efficiency of abatements is due 0 ctrectiveness, % 83.6 86.8 94.5
to the multiple shower tower b il il ges, g 0.135 0.05 0.03 0.005
structure and the use of iodate, P abatemenl effectiveness, % 63.0 77.8 96.3

copperale and manganate in various . . petermined hy gas chromatography as in Table |
acid and  alkaline  medium,
Table 3  Arsenic abatement effectiveness determined by colorimetry and gas

Conventional abatement technology chromatography

for tail gases involves chemical

. Abatement
solution o absorb AsH; and PH; gl Before treatment, mg/m®  After treatment, mg/m’ .
mAmpe effecliveness, %

( Brockman, 1988 ). A typical Ne.

A" B A B A R**

method is simply to pass the gas
. 1 0.61 0.69 0.041 0.040 93.2 94.2

through the solution.  Another
hod i b d 2 .49 0.5} 0.030 0.040 93.9 92.2
method 1s to pump lo the gas upwar 3 0.91 0.93 0.046 0.042 94.9 97.5
through a column and spray it into 4 0.26 0.11 0. 033 0.038 273 87.7
the solution. In our MST, a 5 0.32 0.313 0.04 0.048 87.5 88.1

technology  combining the iwo A" . colorimetry B*" . gas chromatography
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methods is used to effectively remove AsH,, PH,, and other pollutants. Moreover, the oil separator
located in fioni of the bubble tower separates gas from oil resulting in more effective abatement during the
next step.

The MST is able 1o treal tail gas containing AsH, and PH, of concentration below 1 mg/m’

Tabie 4 Fhosphorus abatement cifectiveness

Sample No. 1 2 3 4 5
Before treatment, mg,’m3 0.052 0.091 0.048 0.047 0.130
After treatment, my/m’ <0.003 0.004 < 0.003 0.004 0.004
Abatement affectiveness, % >494.2 95.6 >493.8 91.5 96.9

2 Abatement of waste gases containing As, P, HF, HCl, NO, and SO,

during semiconductor processes
2.1 Equipment

Wasle guses containing As, P, HF, HCl, NO, and S0, are treated by basic solution containing
KMnO, or H,0, . After that, arsenic, phosphorus and other acid radical ions are abaled through the oxido-
reduction .

An oval spray-absoerplion tower with a mid-separator was used for above mentioned purpose. This
makes a concurrent flow on one side und a counter-current flow on another side for gas and solution.
Because of this, the contact area and the time between gas and solution could be aggrandized and
prolonged .

The construction of the equipment is shown in Fig.2.

According to the results conceming the selection of

absorbers and considering the variety of effluemts from
laboratories and factors concerning cost and performance, three
kinds of absorbers for treating As. P and other kinds of acid
gases have been chosen. They are 0.2% —0.5% KMnOQ, +
0.5%—19% NaOH, 0.5%—1% NaOH and 0.2%—0.5%
H,0, + 0.5%—1% NaOH. Afier treatment the quality of the
discharged gases have meet National Discharge Standards.

2.2 Results and discussion

After treatment ihe pollutant concenirations were analyzed.
The arsenic and phosphorus were determined by  gas
chromatography and the other anions by ion chromatography
(Wen, 1998) .

The experimental conditiens for ion chromatography are as

follows: separation column, IonPac-AS4A;  sensitivity of

conductometer, 1 ps; volume of sample, 100—480 pl; eluent

Fig.2  Equipment of aval spray-ahsorption

solution flow rate, 3 ml/min; regenerating solution flow rate,
plate tower

2.8 ml/min. 1. reciangular flange; 2. spray-absorber; 3,
The experimental conditions for As and P determination by~ vent; 4. inlet; 5. ventilator; 6. water level

gas chromalography were the same as in paragraph 1.2, The  indicators 7. pump for chemicals; 8. 90°
ana]yzed results are shown in Table 5 connector; 9. connector; 10. valve; 11.
- ’ T pipe for chemicals

The representative chemical reactions are as lollows:
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3As + SMnO; + 40H = 3As0) + 5Mn0Q, + 2H,0 ,
3P + 5MnQO, + 40H™ = 3P0} + SMn0, + 2H,0 ,
2As + 5H,0, + 601 = 2As0;” + 81,0,
2P + 5H,0,+ 60H = 2P0; + 8H,0.
HF, HCl, H,S0,, HNO, and H,PQ, are neutralized with alkali in spraying liquid to [orm Nalk,
NaCl, Na,S80,, NaNQ, and Na, PO, , respectively.
Table 5 shows that the pollutant concentrations after
treatment meet the National Discharge Standards GB16297—

Table 5

before and after treatment "

Comparison of Pollutant conceatration

96. The oval spray-ubsorption tower with a mid-separalion Pollutant  Before trealment, After treatment ,
conjunction with basic solution containing KMnQ, and H,0, concentration mg/m’ mg/m’
proved to be effective for abatement of waste gases during cr 0.23—2.4 0.037
gemiconductor processes. P 0.56—0.91 ¢.010
The high cfficiency of abatement is parly due lo the Sf)ij 0.273.1 0-082
Oy 0.88 0.7
construction of the oval spray-absorption tower. The Arsenic 0.3 0.04
construction makes a concurrent flow on one side and a Phospharus 0.13 0.09
counter-current flow on another side for gas and solution. . e experimental canditians for €1~ , ¥~ , S01°
Because of this, contact area and time between gas and g NO; by ion cluomatography are s follows:

solution could be aggrandized and prolonged. Moreover,
within this oval spray-absorption tower gas can flow smoothly

beneath Lhe mid-separator. The resislance is very low, only

lonPac—AS4A

conductometer = 1 ps, volume of sample = 100—480

separation  column: sensitivity  of

pul, eluent sobution flow rate = 3 ml/min, regencraling

solution flow rate = 2.8 ml/min

3.72 Pa, being about 1/5 of the resistance of the linking

The experimental conditions for As and P determination
pipe between iwo lowers in series. Thus, the lower can Lrcal

by gas chromatography are the same as Table 1.

waste gas very well even though the Lower is nol too high and

the lower velocity blast can work well. Tn the oval spray-absorplion tower there are many nozzles spraying
water crosswise, so there is no dead corner in this lower. The water velocity is less than 2 m/s in an empty
tower. The pressure drop is 400 Pa per meter of fillings. The selected blast has a rotation speed of 2900 1/
min, and slands temperalure as high as 120°C. Tis pressure fits the resistance of the tower well. In
contrast with it, the usual motors have a rotation specd of 1450 r/min and stands temperature < 50°C, and
its pressure does not fit the resistance of the tower. The parameters of selecled corrosion-resistant fiberglass
pump are as follows: flux of 12.5—18.0 m'/h, lift of 18—14.3 (m}, 2900 r/min, power of 2.2 kW.

The pump can transport all kinds of corrosive liquids with temperaturc of 120°C .

3 Waste water treatment
3.1 Principle
Coprecipitation lakes place by the action of neutralization in conjunction with floceulation. According
to this principle, Fe(OH), precipitates by adjusting pH value 10 8—10 and adding Fe'* flocculent. At the
same time ions of As, P and heavy melals should be absorbed on the surface of precipitated solid. Small
particles in tum agglomerate becoming large precipitates .
The chemical reactions take place according to following equations:
3Na, HAsOQ, + 3H,0 + 2FeCl; = Fe(OH),(s) + Fe(H,As0,),(s) + 6NaCl,
3Na, HPQ, + 3H,0 + 2FeCl, = Fe{OH),(s) + Fe(H,PO, ), (s) + 6NaCl.
3.2 Equipment
Specially designed flocculation-sedimentation compact device is made of eresion-resistant steel. In this

device there is a slant-pipe settlement device, in which the slant pipes are installed with an angle 60"
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Water flows upward with a velocity of 0.5 mm/s while sludge falls down the slant pipes. [ts sedimentation

efficiency is 5—%6 times higher than that of conveniicnal methods.

The flocculation-sedimentation {lowchart and the compact device is shown in Fig.3.

3.3 Results and discussion

The concentrations of heavy melals
incloding Cu, Bz, Cd,
P, chemical oxygen demand (COD}) by
K,Cr, O
demand (BOD ) hy cullivation for five
days, suspended solid (SS),
( LAS),
nitrogen {NH, — N} and pH values before

Cr, lotal As and
oxidation, biochemical oxygen

linear alkyl

benzene suMonate ammonia
and after waste waler treatment are shown
in Tahle 6. The National Waste Water
Discharge Standard GB 8978—96 is also
which

shows that the pollutant concentrations in

listed for comparizson in Table 6,

wasle water after the treatment meet the
National Water
Standard .

According to our experiment, the

Wasle Discharge

methed can be applied to waste water
containing COD < 500 mg/l., BOD <
300 mg/l, S8 < 100 mg/l.,, LAS < 20
mg/l, As <30 mg/L, P <10 mg/L, F
<5 mg/l., and heavy metal < 15 mg/L.
The enhancement of abalement efficiency
by uwsing the ({lecculalion-sedimentation
device with a slant settlement pipe is due
to the following factors. Fimstly, the
flocculation-sedimentation device with a
slant settlement pipe has a larger surface
than that of a conventional one.
Secondly, 1he height  of

sedimentation for this device is higher

effective
than that for a convenlional one.
Calculation results showed that the surface
and effective height is increased hy a
factor of 1. 75 and 2. 9—3. 5,
respeciively, for wasie water raie of 10
m'/h.  The resultant sedimentation
efficiency is 1.75x (2.9-3.5)=5-6
times higher than that of conventional

sedimentalion device.

Pump J———)Iianc mixer }-(—&culcnt feederJ

Neutrahzatwn tower Flocculanon
Pump Sedlmentatlon
compact device

l Water-storage tank | Dram Dried sludge
*
l ‘Waste water ISludge storage pool Sludge dryer
5 s 7 $1012 13 1445
f/ / !

i
|
)
_—

>
&2
) e
I

Fig.3  Floceulalion-sedimentation compact device

& 3
i
e

(u) flow chart; (b) schematic diagram of device

1. static mixer; 2. inlet for chemicals: 3, inlet pipe; 4. submerged
pump; 5. reaction pool; 6, agitator; 7. inlet port; §. regulating pool;
9. slant-pipe sedimentation pool; 10. fiber glass slant pipes with
hexagonal cross section; 11. water distributor; 12, pipes with holes for

remaving sludge; 13. triangle weir plate; 14. outlet pipe; 15. waler pool

Table 6 Comparison of pollutant concentration before and after
waste water treatment

Nationul Waste
Water Discharge

Concentratian , mg/L

Ro. Impurity Before After Standard, mg/L.
abhatement  abatement First class

1 Cu 0.0214 0.018 0.5

2 Ba 0.254 0.09 !

3 Cd 0.00050  0.000072 0.1

4 Cr 0.0069 0.0017 1.5

5 Total As 5.42 0.103 0.3

6 Total P 1.2 0.4 /

7 CODy, 45,7 20.0 60

8 BOD, 29.7 10.2 20

9 k- 0.58 0.31 10

10 55 28.3 9.3 20

11 LAS 0.032 0.023 5

12 NH; - N 2.84 0.53 13

13 pH 6.8 7.1 6—5
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