Air Pollution Control Technology
(Class #: 3008)

Final exam (Open Books, Notes and Handouts)

Hour: 10:00 ~ 12:00 am
Date: 19 December 2001

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | cannot do give any credit if you do not write anything that should be
concerned with this class. Be careful with mathematics and units!

(10 pt) 1. Evaporation rates of hydrocarbon liquids from horizontal homogeneous surfaces
are estimated to be approximately
0.5{2) mol
P/m”.s

in which p is the vapor pressure of the liquid and P is the atmospheric pressure.

(@ A 0.53-mm layer of lubricating oil on a metal drip pan has been spilled on a metal
drip pan, and its density and molecular weight are 1.12 g/cm® and 415 g/mol,
respectively. Its vapor pressure is ca. 1.2 x 107 Torr at 20°C. How long does it take
all of this lubricant to completely evaporate at the temperature. (Hint: Use Raoult’s
law.)

(b) Repeat the calculation for a 0.53-mm layer of gasoline whose density, molecular
weight and vapor pressure at the temperature are 0.75 g/cm?®, 60 g/mol and 6 psia,
respectively.

(10 pt) 2. Selective catalytic reduction (SCR) technology has been widely accepted to be the
most promise approach for removing NOx using reductants, representatively NHs and
hydrocarbons, over appropriate catalysts. Write a typical catalyst and reactor type being used
for this technology.



(30 pt) 3. A flue gas stream contains dust that consists of particles with a diameter (dp) of 0.1,
0.5, 2, 7, 10, 20 and 30 um. Its average density (op) and loading (Lq) in the gas stream at a
temperature of 80°C are around 1.70 g/cm® and 31.64 pg/cm®. The gas stream is first
introduced into a pencil cyclone, that has the width of W; = 12.0 cm, the circular gas flow
velocity of V¢ = 15.0 m/s and the spiral number of N = 4, to be processed. That gas flow
would be assumed to be air with its viscosity of s = 2.14 poise at the temperature.

(@) Calculate the collection efficiency for the 2-um particle using a mixed flow model.
(b) Which one is the cut diameter for the cyclone, applying the same model.

(c) After processing the gas stream in the high performance cyclone with a collecting
efficiency of 87%, it flows through a shake-deflate bag filter system to collect smaller
particles still remained. The system with 4 units is operated to further clean the flue
gas with a flow rate of 1860 m®min at 80°C. Each unit has 100 bag filters whose
dimension is a 70-cm diameter and 7.0-m length. Compute an air-to-cloth ratio for
this baghouse system.

(d) Calculate the total amount of dust removed in the system, assuming a 99.95-%
collection and 5.4-h operating and then cleaning for a short period.

(e) The difference in pressure between the contaminated gas stream and the clean one is
about 13.75 cm H>O after operating the baghouse for 5.4 h. Estimate the
permeability of the dust layer on the filter surface as expressed in Darcy. The bulk
density of the dust cake formed is measured to be 1.28 g/cm?®, and the pressure drop
through a fresh baghouse system is shown to be approximately 1.55 cm H-O.

(10 pt) 4. Give the state-of-the-art technology that is currently the most plausible one for
reducing SOx and NOx from stationary sources, i.e., power plants and industrial boilers.

(10 pt) 5. There are various fundamental ways of lowering the formation of NOx in boilers,
heaters, and waste combustors: (i) regulating the overall fuel/air ratio supplied - Low Excess
Air (LEA), (ii) gross staging of combustion - Low NOx Burners (LNB), Overfire Air (OFA),
Burners Out of Service, Derating, Reburning, (iii) introduction of heat absorbing inerts — Flue
Gas Recirculation (FGR), and others —Low Air Preheating, Fluidized-Bed Combustion (FBC),
etc. What are the ultimate strategies to accomplish using the above combustion controls?

(10 pt) 6. Describe possible approaches to remove sulfur compounds from: (a) petroleums
and natural gases; (b) smelting processes of metal sulfide ores.

(20 pt) 7. A contaminated gas stream from a coal-fired power plant is treated through an
electrostatic precipitator (ESP) consisting of 67 parallel plates. The gas with a volumetric
flow rate (Q) of 1,800 m3min at 160°C passes between the plates whose interval is 23 cm.
The ESP uses a voltage difference of 45 kV and the average velocity of the gas passing
through the ESP is about 0.33 m/s.



(@) Compute the drifting velocity for a 0.3-um average diameter of particles. The gas
viscosity (ug) is 2.48 x 10° kg/m-s at 160°C, the dielectric constant (&) is 4 for the
particle, and the permittivity (&) of free space is 8.85 x 102 C/V-m. (1V-C=1
N-m = 1 kg-m?/s)

(b) Determine the length of collecting plates to obtain a 99.9-% efficiency for the particle
in the ESP, assuming a mixed flow model. What is your comment(s) on this
calculation? (Hint: Calculate first the collecting area (A) equal to Lh, and the total
number of unit plate surface is given by 2 (n — 1) in which n is the number of total
plates.)

Good luck on all your works to answer the questions.



Air Pollution Control Technology
(Class #: 3274)

Final exam.

Hour: 1:00 ~ 3:00 pm
Date: 18 December 2002

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you learned in this class, if you do want to get a partial credit although it is just
one point. Be careful with mathematics and units!

(20 pt) 1. ™ MEFHLUM A (coal-fired power plant)HlA 23% WUABI|2
S & Et(bituminous coal)2 EHR L] UCH 0 BLHUA LMY= CHES NO 2
S Xl elJl=(aftertreatment technology)2 HIHGIII0 MM, H&dtNE HEE
Ol 2 Ml O (precombustion control) JIEHE MEEC=M HIEE =+

SMNol EE £+ U2 N2=Z ISt UL 0lH 8 H=2 8= BE5HI| <
otLtel REst E2gge U380 =& NO M4830 st & S
NHAECZ M MHAE AALBEE SO0 NO MA0 EUEQl gak= 0l
OIS0l AKX E TASH= 24 0ICH:

[l

-

No + O2 < 2NO. (1)

ol BIE2T0AM Bt (1)0l tist H&E Atg=(equilibrium constant)= 4! (2)2F
X HZ= Gibbs IS OlHX GIOIHEZ 0I26H0] HAE 2= UL},

AG®
K =exp(— 2
p( RT) (2)
OHIIM, K = 1 atm OIAM OlAJIXZ 2ot s&EE F2¢e=E HHEE e
WM AG°= HE & Gibbs At= UKl Hat, RE2 JIMas, T= 2UH2S0ICH
(1) Bt= (1)0ll CHSt TE A4 ESO0! OfehHel Eoll =0 M QULCH Bt2=25 I 500,
2,000 & 3,000 K [, Bt (1) BEA= g2 HAGIH =0HA HEE



2tdotAl2. E, 500, 2,000 & 3,000K OIA NO &S e HE Gibbs
A= Ol X Hat= 2h2F 20.095, 15.548 2 12.589 kcal/mol Ol Ct.

Temperature (K) Equilibrium constant

300 7x107%

500

1000 7.5%x107°

1500 1.1 x107°

2000

2500 0.0035

3000

4000 0.0888

(2) O L&EAUA BIEZ = HIJIDIAE S4s 21, Ofeliet 22 =88 22
2= UAALCEH
Constituent Concentration (%)

CO2 13.9

H20 7.6

No 74.7

O2 3.7

SO2

NO
B2Ho 2H=TIF 2,000 &€ 3,000 K &€ [, MdE = U= NO 2
ZN=sTE HAGHAIL.

(3) 2el LY 2D SFSEQ! 3,000 K OlA BHIIDtADE 0.0001 s S0
HRE M, ¥4 JIsd NO 2 s£5 HAGHAIZ. &, 222 WA
BHOIDOFAS] IS AIZHO [HE NO &2 Bale Us A2 HE &,

9L _ (o, ~von(nol, + oD},
OIIIA k =224x10"/s OICH.

(4) 2D SHASEOl 3,000 K 0IA &= NO o SEI BHE=Co <
95% 01l TLBH= O Z2ls AlZHS HAGHAIL.

(20 pt) 2. LIS 2 &= 2+ J|=0HAI2.
(1) €= NO (Thermal NO)- &2 NO (Fuel NO)

(2) FGR (Flue Gas Recirculation)



(3) 2J104 M HI (Air-to—cloth)

(4) RVP (Reid vapor pressure)

(20 pt) 3. HH HISAIZE0AN ZMot= BIOIOA WO &RE 28 X
A XA0| 3.2 ul AXA SE O sE It 50 g/m®, HHIIJtA S 20| 4,320 m/h,
BHOIDtASl BAES (u)Ih 1.74 x 107° kg/m.s 2 [, 20[Jt 5 m 0l =0[J} 4.6
m oI F&EOl 24 cm 20H2Z AXE ™I &I (Electrostatic Precipitator,
ESP)E AtE5tH BHEA ZJ|= 0lat2 NI & k2 A+ StCF.

(1)

3

A Diffusion
=

PO =0 Gha 222 22 H SHOl V= M, = (
H- otA

charging)t &J|& &t& (Electric field charging)
HI2tLISOl Xt E ez &Z6t=XE M=0tAlI2.

tS
|

o
Y

T

(1) 2ECZFH, INEH StME Motz UsSAC2 HSEE

OIIM, q= X2 NEHE, = Rt
(8.854 x 107'# C/V.m), d, = LX&EH, E = LIS HIIZ MIIOICH
X Ao HE8ote FEIE ( o

HMIIE MDIOICEH OlH, Olefst ®MIIA LHOIA X
velocity), wE& S E6HAI2.

= o ®IIF M=
SEALS 40/CH D2, 1

Ol ESP o E&ls
6.0 x 10° V/m 2

=2 METY A= 2XRO SHIOF ZSItots BHD|IbA

I #RA =0 EHXEZ, 0|2 & Xlot)| fIotH

&= HIXE MAHSHHOF etCt. 0] ESP 2

F1.25cm & M 2HIH (Rapper)2 MHSHCHA,

E AIZIOLCH HIHZ HIHGHOOF ot=XIE HbtotAl2. &, 2829 L=
2.2 g/cm®0|Ct.



(10 pt) 4. sEd=IIs =S HEMZ )=

CHotOY 2Hefal M=0tAIL.

(15 pt) 5. OteHel Dg¥eE MEtstELE A

Sakelie! HHOE| e 802 JtE gl Y
O

i

Flue gas from

which most Scrubber

particles have Vaas = 10 ft/s
1 op gas N
400°F 125° F, 4 s gas

been removed,

\ residence time

Ground limestone slurry:

= SHAM S+ £ SHANII=0
A BISE= EAMsE2S MHGH
HXl= &34 HIEZ2F (Limestone

Clean flue gas to stack, 175°F

Mist eliminator:
washwater

Scrubbing liquid:
10% solids

50 gal/1000 acf
(inlet conditions)

Clear liquid return, 50 ppm solids

60% solids, 1.2-stoichio-
metric requirement i Bleed stream:
— 10% solids
Eftluent hold = U
tank: 10-minute
Oxidation air: psiderice time Bg N:fl:lilrlp
twice amount 1% solids
needed to convert all sulfite
to sulfate =
pd Thickener /74l
FIyash  Eitter cake: = —
\ 60% solids 4
. - .
l| disposal gl Thickener gﬂ:; ?@
Mixer Vacuum filter :Tth:“]‘;:\l}\ Thickener
N overflow
tank
(1) & Do SHEE 422 0l )&= WMoz H8YoAIL
(2) NIZDI LA HEMOR 22s M3l Z42le HIIDIA Lol & e
SO2 2H0ll Z0iLi= BtE== MAIL2. B AEI WUA 2EHIZ B8HE0I
2oLy, MEXO0 TEot=s =JI0 D& RBA=s CaS0sz = H:O0 2

(3) Ol SEHSIHLMAUMN HIES = HIDI0IAC R 1,699,000 Nm3/h 0] 12
eetE22 s== 2,720 ppm OICH O AFEE2 BIZ0IEJI=0] 6% Oo
Jl=2=x 150 ppm SO & M, &&tst== Mokl @lote AlE
NEAENA 2Ret A342 2= kg SRIZ AHAGHAIZ. &, BiJIJtA
Lo == EdtetE2 25 SO0 2 &MMettt) Jt8otl, Call E2AE=2

40.08 OICt.

Good luck on all your works.



Air Pollution Control Technology
(Class #: 3265)

Final exam.

Hour: 11:00 ~ 1:00 pm
Date: 9 December 2003

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you learned in this class, if you do want to get a partial credit although it is just
one point. Be careful with mathematics and units!

(30 pt) 1. OEH AIHE HNEXBES AIHE LECIRH HIEHEsE =232
HIIYEIIZ2 MHoHo HESIEIIEES HEAIIIDX SHCH 5,000 mg/Sm® 2
AHE 2X0| S8R HIEIIAS K2 480,000 Sm’/h 011, EEZH0A
MASE 183% JIEC2 0| A BIESEIIES 50 mg/Sm*O0ICH O AIHE
2Xo MIMEE(R, )= 1.0x10" Q.cm 0l0, 0l 289 HIMESZ} K&
IT

S =T (effective drift velocity, m)2t2 2tH = CsS D822 LIEHHCE.

i |

7

o (m/min)
4

Log,,R.



g

AHII=s BSAIIII ?IotH FEH=s ZAES
HAGHAIZ. Ol EAHEEHALZE O

o o T —

(7) 2Rt W0H29 2 mm SHE s TIEE 25 cm AHOR
AXotEES M, MIIEEDN SUE = BHI|IIJIALS £=EE HASHAIL

(30 pt) 2. OFcHe DNEHS AHESIEUMANAN BHIEC= 2MII=S HMHGHI
FIot HHHEE AZ2)|=2 JIE Y2 AI2EH 0 X= 2H Astal SAg4 JNEE2dE
(Forced—Oxidation Limestone Wet Scrubbing Process)S 20 F10 UL},

Reheater }—* Clean flue gas to stack, 175°F
;

Zas Mist eliminator:
washwater

Flue gas from
which most

Scrubber
particles have Rt Voas = 10 fifs; Scrubbing liquid:
been removed, 400°F 125° F, 4 s gas 10% solids
_— = =

— ] residence time 50 gal/1000 acf
\ (inlet conditions)

Ground limestone slurry: Clear liquid return, 50 ppm solids

60% solids, 1.2-stoichio--
metric requirement l l Bleed stream:

10% solids
Effluent hold
tank: 10-minute =)
Oxidatiohaie residence time Makeup
xidation air: I ljymeE water
twice amount 1% solids
needed to convert all sulfite
to sulfate e =}
> Thickener /,/Y
Fly ash " —(»3 L
’ Filter cake: —
\ 60% solids
To disposal ST R 1 D e
= [ I I | Thickener 7@
= = underflow: At
Mixer Vacuum filter - . Thickener
35% solids

overflow
tank

(4) NI LOIN ROz 225 M3l 229 HIIotA ol e Re
SO; 2Hl LOiLE= BF2 2 MAIQ. S, MEI| WoM 2L2HI2 920

UOLID, HEBEN Sosls ZJ|0 DA 2A2S CaSOs = HO 2

MESIRAIBTM AN M BIS ST = DDA 222 1,699,000 Nm3/h 0] 2
=S = 2,720 ppm OICH. Ol AFHZEOl HIESEEII=0] 6% 0o



JIE2C=Z 150 ppm SO & [, 3= =2
HIBAIEHAN 2R HA3A9 25 kg HRAZ

MAGH)l 2lot0d Al
3

HABIAI. S, HIDIJFA
LHOl RS SASI22 2% SO0, 2 ZMEHCHD JHXGHD, Cal 2
40.08 0| C}.
(20 pt) 3. B&=E 10 g/m3Q! HIDIDIAE #Ix2] ATHZ MDA BHC
UBIXOZ O|HMY HIFz2l ATJHHE 025t= Z0= LAL5H00F IA
2O{LIZ22 0l0fl CHEt CHHIS SHOJOF BHCH WRHI-JEAHI (Q,/Qg)2F 1 L/m®0l1,
SZRL20= &It 76°C, LTIt 1.2 kg/m® @ X HHIIJIADL 125 m/s 2
XL QUCH.

(1) 2229 HHAS |1 m?, 23UE= 1.5x10% kg/m®, &9 XA
umetD & [, SR20A LMsHE L2AAGE HASIAI. S, 0TS
Ot (AP )= Olele A2 U XIMH, NHEH2 22 JHE &L,

Q
AP =V *p =Lt
G LQG

(2) 0] HiFE2l AJHHE LY 10 AI2F 2FE O, (1)HA ZLAMes=
ot AUGIR Q15 It SEZAH|IQ LU 2FHIRES HAGHAILR. &, Jtet
SEZN E= MIIZ= 1 kWwh & 135 20|10, SZ4H|9 82 100%=2
JI™GID, AHIE2E2 oo A2 = &ICH (1kWh=3.6x10°N-m)

(1) dIOIESIIE (RVP) 2} S a2t 2
(2) HABSOHA 22 Y 3oHlY FR0, H=22 It SHHE =80
LOHHCHH TJIHS BHOIDA BHESEHMAM S 2 E 0 ¢HE

Good luck on all your works.



Air Pollution Control Technology
(Class #: 3276)

Final exam.

Hour: 10:00 ~ 12:00 pm
Date: 21 December 2004

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you learned in this class, if you do want to get a partial credit although it is just
one point. Be careful with mathematics and units!

(40 pt) 1. Ct2 2 S S0l UHGHH 2tekd] M=3HAI2.

(1) OfehH JHOA AFR 201 15 20 2 (S0 1 20 & 2) SA 0 A HC <
J

CO tHEskot Mot 20Es 0I7

<— Air-Fuel Ratio, A/F

20 17 15 14 13 12
S L | S I I I
Lean Stoichiometric Rich
E
e
g
£
8
3]
&
o
g
(o]
S
i
4
e 1
0.7 0.8 0.9 1.0 1.1 1.2 = 8

Equivalence ratio, ¢, = 1/A



(2) MOIZ2ENM EASE (U 8 (1)

f

(3) PelMEZE0AM BHELI= SO € M Hots &Y

=

(4) 27 4

—

IS

Ao
0o

o

CO MAUBL R =2 O T et (3 JHKI)

(20 pt) 2. Oleel OS2 MEFEUAMANA HISZ=E SASIES HMIHGH
FIot] BHHEE MAs)i=2 I Yl MASDUHAIsE Z2H &SA A8 HJEZ2A
(Forced—Oxidation Limestone Wet Scrubbing Process)S 20 =10 ULC}.

Reheater Clean flue gas to stack, 175°F

125°F

¢ Mist eliminator:

washwater

Flue gas from

which most

Scrubber
particles have Vias = 10 ft/s, Scrubbing liquid:
been removed, 400°F 125°F, 45 gas 10% solids
——\ residence time 50 gal/1000 acf

(inlet conditions)

Ground limestone slurry:
60% solids, 1.2-stoichio-
metric requirement i Bleed stream:

— 10% solids
Eftluent hold T R SR

tank: 10-minute &

residence time Makeup

Clear liquid return, 50 ppm solids

Oxidation air: water

3 o :
twice amount 1% solids

needed to convert all sulfite

to sulfate =
ﬁ Thickener 74l ‘
Al = ~
Fly "L\h Filter cake: t? e
\ 60% solids N
i 7 -~
s LR L Thickener (=—— e

underflow: Thick
e hickener
35% solids
overflow
tank

Mixer Vacuum filter

(1) MIZI1 LHOLA Al

ZUOZ Zg5e= Al =222 BHIIotA ol &=
SOz 2H0ll €0iLti= BrES MAI2. &, MEI WM 2EHIZ BHZ0

2oL, MEXZ0 Z€ote =JI0l D& 24== CaSOs-= H.O 2

(2) Ol SEHSIHLMAUMN HIES = HIDI10IAC R 1,699,000 Nm3/h 0] 12

Sk== 2,720 ppm OICH. Ol AtE &S| BHEEIIZ0l 6% O2

JEL=Z 150 _ppm 802 2 [, gu&st== HAHGH| fAStH  AltE

? SHOHAI2. B, BHOIJEA

Lol & == %&?EPDS E‘.E SO 2 &Mttt JtEGH], Ca ol 2NE2
40.08 OICt.



(40 pt) 3. HH HISAIZE0AN ZMot= BIOIOA WO &RE 28 X
HZXZH0] 3.2 u@l AXA SE O sE It 50 g/mS, HHIIJtA S 20| 4,320 m/h,
BHOIDtASl BAES (u)IF 1.74 x 107° kg/m.s 2 [, 20[Jt 5 m 0l =0[J} 4.6
m oI F&EOl 24 cm 20H2Z AXE ™I &I (Electrostatic Precipitator,
ESP)E AtE5tH BHEA ZJ|= 0lat2 NI & Sk 2 At StCF.

(1) |0l =& XA S 2O 22Xl EHl JIZE M, &4totA (Diffusion
charging)t &J|& &t&  (Electric field charging) &0 - &t

HI2tLISO0l Xt E 2= 2 E6t=XE M=0tAlL.

OIIM, q= X2 NEHE, = X2
(8.854 x 1072 C/V.m), d, = LREZ,
X Ao HEBote FEIE ( o

HMIIE MDIOICEH OlH, Oleist ®MIIA UM Xt
velocity), wE& S EGHAI2.

(3) Ol ESP 2 H&A

=1 | &IOS M=
6.0 x 10° V/m 2

=) o
&= 4010 102, 1

22 MXEY HRE 2RO SEHI SIHeHH BHIIDIA
| HAM &S0l THXESZ, 012 &XI5H)| 2I6HH
XS HAXIE HMHGHOE StCH 0] ESP <
1.25cm e M HH (Rapper)& M AHSHCHHA,

|

otAl 2. &, 282 2=

g 0

2220 &IOS HI=S EN
& AIZ2H0ICH HIHZ NI H G}
2.2 g/cm30|C}.

>

Good luck on all your works.



Final Exam.

Air Pollution Control Technology
(Class #: 2793)

Open Books, Notes, and all Materials

If someone or you all want to use an internet search, that is okay.

Hour: 3:00 ~ 4:50 pm
Date: 19 December 2005

Student Name:
Student’s SIGNATURE:

Student 1.D. Number:

Directions: Please enter your name on this page. Then put your John Hancock on this

examination and enter your student identification number above.

Time allowed for this

examination is ca. 2 hours. Answer all questions on a separate sheet provided. Be precise,
logical, and ordered in your responses. Show all your work! | can not do give any credit if
you do not write anything — put something you learned in this class, if you do want to get a
partial credit although it is just one point. Be careful with mathematics and units!

M
<

(30 pt) 1. ofgel Qe

L5t HHHAE &

Flue gas from
which most
particles have

been removed, 100°F

Ground limestone slurry:

Et I- q A

—

ot g

A2) =2 JHE Yel MREIOMI
(Forced—Oxidation Limestone Wet Scrubbing Process)s &0

m}—* Clean flue gas to stack, 175°F

SN

o

*n

20AM HiEE =
ZHl &tst

0

;O tol
a

Al M
= =
=1

=0
=

Scrubber

Vs = 10 fifs,
125°F, 4 s gas
‘L residence time

e

Mist eliminator:
washwater

Scrubbing liquid:
10% solids

50 gal/1000 acf
(inlet conditions)

Clear liquid return, 50 ppm solids

p

60% solids, 1.2-stoichio- T

metric requirement % Bleed stream:

10% solids
Effluent hold T U
tank: 10-minute [

T residence time | Makeup
Oxidation air: e water
twice amount ’ 1% solids
needed to convert all sulfite —
to sulfate = -

~~_ Thickener = $
= "’\) = P
Fly ash o —— _~
? Filter cake: tx =
\ 60% solids ‘
x N
To disposal L { e ——\ \
= f = FaE [u—k‘—ﬁ Thickener (=——— | )
; = underflow: Al =
Mixer Vacuum filter Thickener

35% solids

overflow
tank

NIH G|
1 MESE



SOz 2H0| °'O1LP HIS S MAI. &, HAI WA 2EHIZ
20LtD, A& fluent hold tank)Oll £&ot= =D|0 DA S4At

CaSOg-%HzOE IR BHCY,

(1) AIEI LHOIA MEB RS2 S25= Azl sl HI10tA Lo
= d
= (ef

2
1o 00 40
o = rin

(2) 0| MEISRAUNMANAM IS T = BIDIDIA Ll S22 1,699,000 Nm®/h 012
SIAMSIES == 2,720 ppm OICH O AFZ & HIESZII=0] 6% Oz
JIE2ez2 150 ppm SO & M, E&tst== HMHOH| ot Al2HE

At

NEAZ0AM 228 H3l42 &= kg S?z A
Lol &=& &dtal=2 25 SO=2 &Metthl) Jt&o
40.08 Ol Ct.

AL, &, BiDJIJtA
4, Call X2

(10 pt) 2. OI20 =& OEe HIDIDtA M=% (Exhaust Gas Recirculation,
EGR) D=2 HE& Z=20 WAHIIZ TISKe A2 A2 (fuel consumption) 2l
HCiet B13IRI0I NOx HiEE2 22 £ UASS B0 =10 UL EGR % SIt2 M
NOx BHE S 240t HC 2 tHE 2 EIiot= 0IRE EYGHAI2.

Fuel consumption

Temperature (°F)

Ratio of temperature, fuel consumption, and HC and
NO, emissions to their values at zero EGR

0 10 20

(20 pt) 3. GHWEZE XD (£35| Bagfilter 2t &8hHo HEH=T (superficial

Ae dEHel DADIER AP (RAVND ¢ (RTADE o2



—-P

|n|et outlet

WERGA

(30 pt) 4. O™ AHE HIIES AHE ZLELZRH Hisdes =2Is
HIIFEI2 MHGHH HESEIIES SFAIIIAX St 5,000 mg/Sm® <
AIHE 280l gx& HEItAL RS 480,000 Sm*/h 0112, EEZAH0UA
MAsE 13% JIE2Z 0 AHHC BHESEIIES 50 mg/Sm®OICt O AIME
22X HIMEE(R, )= 1.0x10"° Q.em 0|0, 0l BX MIINSEQ |5
=24

e

S =T (effective drift velocity, ®)2+2] 2tH= OIS Q&8 22 LIEHHCE.

8

7

6 T

- j 2 o;\\\‘
5 !
3 ] \"

o (m/min)

9 10 1 12 13
Log,,R,

(1) €AHIIES HFAIII| |otH 27 &= A & HES m
HAGHAIZ. Ol EHEEHACZ = Ot 22 A2 LEHHOZ AFESHL

A
—1—exp(- 22
1 exp( 0 )

(10 pt) 5. 24 E2O MHS XA5E = Us HATH MHYES dHGHAIL.

Good luck on all your works.



Air Pollution Control Technology
(Class #: 2821)

Final Exam. Open Books, Notes, and all Materials

Hour: 3:00 ~ 4:50 pm
Date: 14 December 2006

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then put your John Hancock on this
examination and enter your student identification number above. Time allowed for this
examination is ca. 2 hours. Answer all questions on a separate sheet provided. Be precise,
logical, and ordered in your responses. Show all your work! | can not do give any credit if
you do not write anything — put something you learned in this class, if you do want to get a
partial credit although it is just one point. Be careful with mathematics and units!

(30 pt) 1. O™ HHESAEUA ZLMSt= BIJIJIA WOl &RE 28 X
HAAZO0| 3.2 uol Xta 222 LCD } 50 g/m?, BHIIDtA Sl R2F0] 4,320 m®/h,
BHOIDIAS BAES (w)IF 1.74 x 107 kg/m.s 2 [, 21019t 5 mO0l12 &=0[J} 4.6
m oI &0 24 cm 2tHALZ /é Xl=l &I H&D| (Electrostatic Precipitator,
ESP)E AtE5t0 HHEd ZJ|= 0l6t2 M &l ot 2 AF StCF.

_HO"

iffusion

(1) 210l =HA LTa 2 E SclH SH0l JI=E O, (D
He ofd

charging) 1t JEDI’q ot&  (Electric field charging)
HI2ILISO| KNI E O 2 &Z5t=KE ASoHAIL.

s
|

Fage)
=0

(2) (1)2 Z2E2o22H, YANEHN ol HMotEH2 UhsAaloz ES =
& 2
=3 d“E
SR
HIIM, q= X2 HMote, e= A2 RHYS ¢ = SA3UHMH REE
(8.854 x 1072 C/V.m), d, = LRXAH, E, = LA=2 HIIF MIDI0ICH
(

AX 20 2ol HAED|H A
&MII& HI2IOICEH O, Oledst ®II& LHOIA A+
velocity), wE S EolAl2.



(Ans.: w=
MU
(3) 0] ESP 2 &XSES HLGIAIL. &, X2 8tXM 20| MI|Z NDI|I=
6.0 x 10° V/m 2 2010 JHEGHD, 2X9 SEAMxE=E 400 2DZ2, 1
N.m =1 V.C O|C}.
(30 pt) 2. TS 2 &H0ll ot A=0lAl2.
() AKX HBIHEZIIHR 2 2R0 ESP o 2&HM A & 22X Bt

(2) ISkt S 22 0|S/AOZ2ZEH HIET = SO9 ¢S HZUAZY &= Us
Sast 8tH

(3) HHHE & Ag)|=2 JIE g2l AI2DH0Xs 2H Agal A58 JAEZ2H
(Forced—Oxidation Limestone Wet Scrubbing Process)0llAd MAZ0I
SHAZS 0 Qs 2o AYE SEHAU S22 2StAII= JI=H0 2

(40 pt) 3. 0™ Metgteaet™M A (Coal-fired power plant) A 23% 1t

S HE (Bituminous coal)S EHRD QUCH O BLHOA &M= C
SHeldlz (Aftertreatment technology)2 HMO{oHII0l LA A, =& 8}
B MO (Precombustion control) J|.=.E ANZESOC2M HHEE
S5 ¥= 2 US A2 2 I3t AL 0l24s =2 EP%*O*%
otLiel s&st g2ddge sl TOP&' NO MA&BS0l Cist &
DAz M A8 HABEE Sotil NO MA0 ZEUEC a2
OIXt=S0] AKX E Wetot= H0ICH

S

;9|:|0£“,k_

|rm1_o*
ﬁZOH
ﬁO

Je []U
(_)'E
Ao I

Hm

q

m=z

s 0x 40 ©
KO M0 rot M ot Hu

a [0
=0
ﬂ
rr

_|9_|-

N2 + Oz < 2NO. (1)

M0 {0
o o

BIS2C0lA Bt (1)0 CHet EE AN (Equilibrium constant)= Al (2)2F
21247 HZ Gibbs X2 4K HIOIEIS 0I2510) HArE 2 ACH

21
o

AG°

AT ) (2)

=exp(-

= 1 atm OlA Ol&JIX=Z 2t==ot
Ha &=, AG°= HZ= Gibbs At= GIU Xl Hat,

- B

(1) 8t (1)0ll CHeh &&= S0l Oteiel HOoll =H M UL ¢S
2,000 ¥ 3,000 K& M, e+& (1)2 BEa g2 HeotH =



2tdotAl2. E, 500, 2,000 & 3,000K OIA NO &S e HE Gibbs
A= Ol X Hat= 2h2F 20.095, 15.548 2 12.589 kcal/mol Ol Ct.

Temperature (K) Equilibrium constant

300 7x107%

500

1000 7.5%x107°

1500 1.1 x107°

2000

2500 0.0035

3000

4000 0.0888

(2) O L&EAUA BIEZ = HIJIDIAE S4s 21, Ofeliet 22 =88 22
2= UAALCEH
Constituent Concentration (%)

CO2 13.9

H20 7.6

No 74.7

O2 3.7

SO2

NO
B2Ho 2H=TIF 2,000 &€ 3,000 K &€ [, MdE = U= NO 2
ZN=sTE HAGHAIL.

(3) 2el LY 2D SFSEQ! 3,000 K OlA BHIIDtADE 0.0001 s S0
HRE M, ¥4 JIsd NO 2 s£5 HAGHAIZ. &, 222 WA
BHOIDOFAS] IS AIZHO [HE NO &2 Bale Us A2 HE &,

d[NO] _

o~ K{INOL. ~[NOD(INO], +[NOD)}.

HIIM k=224x10"/s O|Ct.

(4) 2D SHASEOl 3,000 K 0IA &= NO o SEI BHE=Co <
95% 01l TLBH= O Z2ls AlZHS HAGHAIL.

Good luck on all your works.



Air Pollution Control Technology
(Class #: 2810)

Final Exam.

Hour: 2:00 ~ 3:50 pm
Date: 13 December 2007

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then put your John Hancock on this
examination and enter your student identification number above. Time allowed for this
examination is ca. 2 hours. Answer all questions on a separate sheet provided. Be precise,
logical, and ordered in your responses. Show all your work! | can not do give any credit if
you do not write anything — put something you learned in this class, if you do want to get a
partial credit although it is just one point. Be careful with mathematics and units!

(10 pt) OUZXZXD| (23| Bagfiter 2t &&Hol EH=T (superficial
H

1.
velocity) Vs 2t OF2 3, 0| AMOZ2EH HUEZTEKIIE 285D
et MEAQI TICI0IEHZ AP (2282 t (BAEAIZHE HEH 2s =%

P

outlet

_ inlet
V, =

A5 (),

=z
<
|0
2
0x
fjo
B
-
ol
W
4
30
rr
e
-

KO (BEES Al 50 Xt Of LK)

(2) FGR (Flue Gas Recirculation) (8tE Al 50 X+ O|LH)

(3)viZzel A3eiel T2l (8= Al 50 Xt OIU)

(4)NOx EXell)l=2 M e X =022 (SCR) (BHEAl 50 Xt Ol LH)

(5) FEIMSSHUA BHEEl= SO E Mot &8 (EHE Al 50 A+ O[ LK)



X X DF

M HIMEEIE HE3Y
(BFE Al 50 Xt OIULH)

(6)

= X
—

(30 pt) 3. Otele NEe2 AMEtgsd
FIoHH HHHEE MA=E)|=2 JIE de
scrubbing process)S B0 F=1 QUL

20 e == Mo et (3 ItKI)

HEAHMN HI= SASI2 2 MIHOHD|
20 Xs /ﬁ.il/%* N&E 33 (Limestone

A

125°F

Reheater Clean flue gas to stack, 175°F

Mist eliminator:

i

washwater

Flue gas from

which most Scrubber

particles have Vaas = 10 fifs, Scrubbing liquid:
100°F <

been removed, ~ 400°F 125° F, 4 s gas 10% solids

\ residence time

Ground limestone slurry:
60% solids, 1.2-stoichio-

metric requirement

Effluent

Oxidation air:

hold

tank: 10-minute
residence time

50 gal/1000 acf
(inlet conditions)

Clear liquid return, 50 ppm solids

Bleed stream:
10% solids

'

=

Makeup
water

twice amount 1% solids
needed to convert all sulfite ‘
to sulfate =
Thickener 74l
7 ~
Rl ‘”‘\'h Filter cake: t? Lo
60% solids
To disposal gl w Thick =
- hickener ,@
Mixer Vacuum filter Ve Elow) Thickener
i WP overflow
tank
(1) /2 Melsd2 HEoHI0 JHE NEs HE|2 ME SAI2L.

(2) HEII WA MZoR B2es A3l 222l9 toIotA Wl &2
SO, 2001 LOiLt= BI22 MAIQ. ©, Ml WM LEHIR #=20|
AGLID, HBEZN EEots ZJI0 D& SASZS CasOs-- H0 2
IHE BT

(3) Ol MErsl2 LM AN BIEE = BIDIDFASl S22 1,699,000 Nm¥/h 012
SA5I20 ST= 2,720 ppm OICH O ALES| HIZ3IRIIZ0] 6% O
JIESE 150 pom SO> @ M, SUSES MG ASIG A2

HEASEA Lo M3Ao %2 kg B2 H Al
22 BF SO0 2 EMMettt

SO &

Lol & ==
40.08 OICt.

=N

[ W

Good luck on all your works.

OII

AL, &, BiDJIJFA

tof
b, Call =XE=2

OII

HE



Air Pollution Control Technology
(Class #: 3479)

Final examination (Closed BOOKS, NOTES and MATERIALS)

Hour: 11:00 ~ 12:50 pm
Date: 19 December 2008

Student Name:
Student’s SIGNATURE: (1t will not be graded for no your own signature.)

Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something. Be careful with mathematics and units!

(30 pt) 1. Otch &S AESALYMANAN HHSE = SASES MIAGH| RIGHH
BHHEE AEJI=2 It Zel AM8EHLD JUs ZHEeA A4 NE33SE
O

(Forced—oxidation limestone scrubbing process)S &

Reheater }—* Clean flue gas to stack, 175°F
;
B8

2
44
I
30
[w)

Mist eliminator:
AV ¢ washwater
Flue gas from R =
which most Scrubber
particles have Voas. = 10 fifs; Scrubbing liquid:
been removed, 400°F 125°F, 4 s gas 10% solids

—1 residence time 50 gal/1000 acf
\ (inlet conditions)

Ground limestone slurry: Clear liquid return, 50 ppm solids

60% solids, 1.2-stoichio- ’

metric requirement l ¥ Bleed stream:
10% solids

Effluent hold

tank: 10-minute H)

s i residence time Makeup
Oxidation air: G
i 1% solids

twice amount
needed to convert all sulfite -
[ — =}
Thickener _~
- ~
Fly ash o ———( 5o Al (A L]
¥ Filter cake: t l_) ~

60% solids

to sulfate

T'o disposal

10 i
i |‘ o ~Ix‘/C /I Thickener @ﬂm ’ =
underflow: =

Mixer Vacuum filter i . Thickener
35% solids

-

overflow
tank



(1)
(2)

(3)

2 Z2H 0 A “Effluent hold tank” 2l &S AEHGIAIL.

MIEDI UM MIE?C = A3 =22 HiD1JtA ol &8
SO. 2Hl L oiLt= J%% MAIQ., G HIEI| UM L2H| 2 B2
AOLID, MEXN TEole =J(0 D4 2asSsS CaSOy%HzO 2

Jt

0
o
[m)

>.

0] MEHGI L *Oil/d HHE 2= dHoI1JtA S K22 1,699,000 Nm3/h 0] 2
EHASI29 =S = 2,720 ppm OICH Ol AFYEO| HIEE&IIE0] 6% O
JIZ22 150 ppm SO, 2 [, EAEE2E2 MAGH AGH A2
HEASNA 28 A3|A0 A2 kg SHAR2 HASGHAIR. S HHDIJEA
Lol 8t RS SASIES 2% SO 2 EMECD IS, Ca o 2z

40.08 OICt.

_'j
M

OII

Otell U A AFR 2840l 15 C'CP 2(SIHHIOH 1 20 &2) S UA NOx 2
BHEsE0F S X6HH E0 &= 01R (Equivalence ratio = SJHHI)
=— Air-Fuel Ratio, A/F
20 17 15 14 13 12
) SEaE | U T T T
Lean Stoichiometric Rich
g
Bettersi i TR #in J
0.7 0.8 0.9 1.0 1.1 122 : {8
Equivalence ratio, ¢, = 1/A
CtAISl B & (Dacy’s )2 2R H HUEHXIDI| (£3| Badfilter et &)<
FHHS-E 2= 2



-P

(EI‘/\lgl té,'z! V. = inlet outlet )
()]
k cake k filter

(3) BHOFA LHOI SO st IR =2 T tHHEEY

(4) 3T 2 = NOx(Thermal NOx)2t2| 2t H|

(30 pt) 3. (™ MEtGELM A (Coal-fired power plant)0ilAl 23% HABI|I=2
S HE (Bituminous coal)2 B RUCH 0 BELHUA 2= CHS NO 2
S He2lJl= (Aftertreatment technology) 2 KMIHGHII0 LA A, HEStDE HESH
HAMO (Precombustion control) JIEH S AIEECZMN HIEE 4= U= NO S
Mol E&E & U2 A2Z J|UGt] JUCH 0lHE ds2 B82S HESGH| /st
otLiSl REst d2Yde UOsH =0& NO MAEtSH st 298 42
DA OZ M AE HABIE SoH)l NO MAN Z2UEC da2 0Ixes F=2

IS0l XX E I ot= AOICH
No + O2 < 2NO. (1)

(1)0fl CHEF W&E AL (Equilibrium constant)= Al (2)2F
Z Gibbs AF= U X GIOIEHE 0l&Z0t0 Hater &= QULCH.

0
o
2
I
o

AG°
K =exp(- 2
n( RT) (2)
HIIAM, K= 1 atm OlA OIADIXMZ 2tF0otD] sE8 2= HSE Mo
HIEME AG°= EZE Gibbs XIS UKl B3l RE2 JIdM&s, T= 2UH2Z0ICH

(1) B2 (1)0ll CHEH BE &=~ gtS0l OfchHel HOl
m}

2,000 & 3,000 K& M, &3 e |
S2EHGHAI2. ©, 500, 2,000 & 3,000K IM NO MAHZ st EF Gibbs
s WX Hale 262 20.095, 15.548 & 12.589 kcal/mol OICt.
Temperature (K) Equilibrium constant

300 7x107%

500

1000 7.5x107°

1500 1.1 x107°

2000

2500 0.0035

3000

4000 0.0888




(2) O] EANAM BHESE= BHDIDIAS 248 21, Ofei et & o
o= UL
Constituent Concentration (%)
CO2 13.9
H20 7.6
(\P) 4.7
O2 3.7
SOz
NO
2o 2H2%IF 2,000 & 3,000 K & M, MHdE = U= NO 2
ZNsTE HAGHAIR.
(3) 22 e z1D SFHE2E021 3,000 K A HH2I9FADE 0.0001 s SOt
HRE M, M4 JiIss NO 2 s&E HAGIAI2. ©, 5%1 LH Ol A
BIOIDEA Sl MIFAIZHN 2 NO sE2 Bigt=E OIS A2 HEl Tl 1,

_d[('j“tol =k{(INO], ~[NOJ)([NO], +[NOD)}.

O IJIM k=224x10"/s OIC}.

Good luck on all your work.



Air Pollution Control Technology
(Class #: 7344)

Final examination (Closed BOOKS, NOTES and MATERIALS)

Hour: 1:00 ~ 2:50 pm
Date: 17 December 2009

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | cannot do give any credit if you do not write anything — put
something. Be careful with mathematics and units!

(10 pt) 1. D20A HEE ALAZ [, NOE =2 0t BISOZ2H MAL =
Joz LM ULH

N2 + Op < 2NO. (1)
2ot HE2°Z0AM B2 (1)l tist BE A (Equilibrium constant)e & (2)2F
S50 LA HE Gibbs A5 04X GIOIEIS 0125104 H &S & ACH

AG°
K =exp(— )
n( RT) (2)

HIIM, K= 1 atm OlA OIYIIMZ 2t=Fotl) sEE FB=
Boale, AG°= HZE Gibbs At HIUHXI BHal, A2 Il &=,
B (1)01l CHEt *Z*i of == gt =0l OtchHel Z0l =01 ULH. EF%
BHS (1)2 B &t g2 HAGHAIR. &, 3,000K 0l NO 444
INESUIIEDN E‘RPE 2121 12.589 kcal/mol OICt.

Temperature (K) Equilibrium constant
1500 1.1x10°°
2500 0.0035
3000
4000 0.0888




(4) 3T gl' Oad& NOx (Thermal NOx)al'Q—l ‘T‘L"]:”

(5) A EHIGCC

HIHEE Mgz JHE 4l M%Elﬂ U= %*HI&?&VA! axg=ia!
(Forced—oxidation limestone scrubbing process)S B0 31 UL},

===
Krererorer
2 z A Mist eliminator:
7 * washwater
Flue gas from AT AT AT,
which most Scrubber
particles have : Voas = 10 fifs; Scrubbing liquid
been removed,  400° —— 125°F4sges 10% solids
ety e e 1 e (g ] S
’ L residence time 50 gal/1000 acf
(inlet conditions)

XL

Ground limestone slurry ? Clear liquid return, 50 ppm solids
60% solids, 1.2-stoichio-
metric requirement l Bleed stream

1 10% solids

Effluent hold

tank: 10-minute [
residence time Makeup

Oxidation air: water

twice amount 1% solids
needed to convert all sulfite
to sulfate /}
\['hickcncr = L
= 7 T
t \r/) [t [

Fly ash

Filter cake:
60% solids
To diqunl‘ - ”ﬁ ™ Thickener - o)
- i — P4
v = t"l underflow: o =
Mixer acuum filter 359% solids Thickener
overflow
tank

(1) ®f SEZ0 Met OIR0X=
sciclg’0lctd Eote 017E 238otAI2.

(2) SAER L0 SMZES ANBEQ A= 2 ALEoH AN & F=2,
SEEUNAE SERe HRBES £36HA2

(3) 0| ~ E@EUWAOHM BHECl= iDI1JtA S S22 1,699,000 Nm3/h 0] 2
(@]

2ustE2 == 2,720 ppm OICH Ol AFE &S| BHEAEJIE0|

l=ez 150 ppm SO, & [, EAS=SS

NoAotdl 2?5t Al2HE

NEANENA ER8 A3 &= kg &R Z HAGHAIL. &, BIDIJtA

OII

ol == Edtst=2 25 SO 2 &Metttl Jtd

b1, Caol =g



1o 2
2

CaSOs-

40.08 OICt.

o)
RO

ok

_

uJ
)
ol

U
7o)
20

-

ol

IF

Ol
RO
[0
@.___

O
<
o

—_

<]

Good luck on all your works.



Air Pollution Control Technology
(Class #: 3658)

Final Examination (Closed BOOKSs, NOTEs and MATERIALS)

Hour: 10:00 ~ 11:50 pm
Date: 16 December 2010

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is approximately 2
hours. Answer all questions on a separate paper provided. Be precise, logical, and ordered in
your responses. Show all your work! | will not do give any credit if you do not write
anything — put something you have learned in this class, if you do want to get a partial credit
although it is just one point. Be careful with mathematics and units!

(40 pt) 1. CI2 2 &2 2t2t5] J|=6HAI2. (2 28 25 50 &t O|WHZ J|=)

(3)0I=& = McHal JiEel NSX oA ZoE AJAZSUHEXNA S0
= =

(4) 22 DEJACZRH LME = =529 SOx € MIHotE (BhHAHAY

(20 pt) 2. 0| ANESIEAL A A (Coal-fired power plant)OlM 23% A=D1 2
A ™EH (Bituminous coal)2 EHR 1D UL HABIS SOor) OfeHol =& B0
OloH CH&fel NO JF M= 4= QULH:

No + O» <« 2NO. (1)
2ole SES2C0A BF2 (1)0l g BB A2 (Equilibrium constant)= 4! (2)2F
S8 AR E= Gibbs XS HUWHX GIOIEHE OlE23tH AHater 2= QUCH.

AG°
K =exp(— ) (2)

RT



HIIM, K= 1 atm OlA OlADIMZ 2t=0otd] sE8 2o g Mo
HIEAME AG°= EZE Gibbs A& HUAXl B3t RE2 JId&s, T= 2UHSZ0ICH
(1) 2,000 K OflAl NO MAHE Qe EZ= Gibbs XS UK Hst= 15.548
kcal/mol & M, BF2 (1)2 BE AL gtS HAGIAIL
(2) O] LAEA0A BHIESZ= IDIJIASE S48 21 Ol 22 X488 2=
= UL,
Constituent | Concentration
CO2 13.9%
H2O 7.6%
N2 74.7%
O2 3.7%
SO2 1,130 ppm
NO
2o 24 Jb 2,000 KL [MH, NO & = E HIASHAI L
(10 pt) 3. OteHel O MEEQI MOI2E22 & E B0x=10 ULCH 0l st
MOIZ2E2 CIACI IHellees detdoz Q8 =HE D, OICH IS
HAHs2 dH S HAN LIEILI= O H==0 et €et&IC
S92 It 0] MOI2E2 AH 2EA2 O30l =& A 210 0] &
SEAN LIEIH JIS=2 2 Ol 8" QUL



NV, (p, - py)d,?

=1-exp| —
7 p Wiz
OIIA, N=2F &2lA (outer helix)2l 3l &%
V, = 2% & A (outer helix)2 8%
p,= =8 YNLE
p,=HIJtA 2 &
i, = =& AAF
u,=HHOtA BEE0IC
(1) Cut diameter (d,,)E Z2&35J| /I8 Al K& 5tet
Wi
o In 2

Ans.. d_ . =
o ﬂNVC(pp_pg)

(2)Wi = 05 m, N =5, p, = 2.0 g/cm®, u, = 1.8 x 107 g/cm-s, p,
_ars Pt

0.0016 g/cm?®, vV, =23 m/s 2, d

(30 pt) 4. Ot D82 Un2 NIFAZRH HIE-= ASESS MAHGH
SAEII=Z JHE 22l AIZED /A= ZHetstA AoM HMESE
F=0 A

Fot] HHHE S A=
(Forced—-oxidation limestone scrubbing process)S &0




(2) O] DHEIASCZEH HIEZ= HIDIJIA S
SHASI S 9 % E 2,720 ppm O|C}.
JIE2zx 150 ppm SOz 2 [,

40.08 OICt
JrE ettt

(3) 0 EHITIZ2RH ZLMd=
HI&FHGHA

Good luck on all your works.

A3l Aol 2= kg HRAZ AL

LHoll == E&atE22 25 SO0.2 EMetthll It
=
.

S22 1,699,000 Nmé/h 0/

0l AFZOl HIESEEIIZF0l 6% Oz
saglE2s 1ID1oD| 5t A2t
FSEAIQ. CF, HHDIJEA
tD, Cao EXuS

CaSOs-% 0 2

0z F
Ol

N

—

FIO



Air Pollution Control Technology
(Class #: 3339)

(Total 90 pt)
Final exam.

Hour: 11:00 ~ 12:50 am
Date: 15 December 2011

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | cannot do give any credit if you do not write anything that should be
concerned with this class. Be careful with mathematics and units!

(1) HABIS0A EAAMSS(NOYS MAZ2 X AF6H)| Qs AAMUY
(BFE Al 200 Xt OILH)

(3 JHXI)

(3) U XX D|C EH=G (superficial velocity) Vs JF Ot2iel Aloz =&
M, IUZEXDIE 2ol fe MEAQ IOI2I0IEHZ AP (& 2062t t
(82X AIZH2HS HHE S £ Y= B (BFE Al 60 A+ Ol LK)

V. = I:)inlet_Poutlet

) ().
+ -
cake k filter

(4) 72l MeE3¥l 22 D52 OLAIIA(SO2)E tiEdts DE A0 e
o GD) ( 6

m
s
—
A/~

Ao HHHEHII=(F BHE Al 60 Xt OILH)
B) LA, MEL AZSE, ANUE AH2 S 20| H4UHECZ U222
DEHACEZRH LME = NOxE HAHGH| fIoi JHE €2l AES = 2

(Bt= Al 100 Xt OILH)



(20 pt) 2. Otz DEe URE DEIFACIZEH HIEZ= 2itet
ot HIGESE AZI|IE2 JIE 92| M2E D A= 22X ASHA A
(Forced—oxidation limestone scrubbing process)S EWF=1 UL},

= HNIAGH
/;I

_” S _|_I-|

(1) 0l DHIACZEH HIEHE BIDIJtAS RF2 1,699,000 Nm®/h 0|12
gutstE9 s&= 2,720 ppm OICH | A &2 BiESIEII=0] 6% O
JI=22 150 ppm SO & M, &d&tst== HMHobJl 2otk Al2tE
NEAZNAN 22t AalAe 25 kg SRAZ HAGHAIL. B, BIDIJA
LHol e &as22 25 SO 2 EMEtChD Jt&86t), Ca 2l N2

=

40.08 OICH MEX0 Soste =J|o DA SazZe CaSOg-%HQO =

(20 pt) 3. 0™ MetgtaAe8t™M A (Coal-fired power plant) A 23% WA Z2I|2
AXFE (Bituminous coal)S EHSR1D UCH HABIES SOHY OFeHUl =& BHE0
Olol CH&O| NO JF MMM = &= QL)

N2 + O2 < 2NO. (1)

(1)0ll CHer BE A4 (Equilibrium constant)= Al (2) 2t
= Gibbs Xt OILAXI CIOIEIZ OI25H0] HAHE & QUCH

AG®

AT ) (2)

= exp(—



LK = 1 atm A OlADIHZ 23
%, AG°= EZ Gibbs XS HIL4Xl 213},

e 2
A
0z >

¢l

(1) 2,000 K OIAl NO M&s <&

Ir
kcal/mol & M, B+ (1) &&= gt

AHOEAI 2
Constituent | Concentration

CO2 13.9%

H20 7.6%

N2 74.7%

O2 3.7%

SO2 1,130 ppm

NO

Good luck on all your works.



Air Pollution Control Technology
(Class #: 3479)

% 7 TA|(SEA X3 WEE 7] FHAEA  Total point =

Final examination

Hour: 10:00 ~ 11:50 am
Date: 17 December 2012

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

105

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is ~2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you have learned in this class, if you do want to get a partial credit although it is

just a single point. Be careful with mathematics and units!

(1)-a) HA2%% 272 DA Ha&s €&80|l= (5 pt)
(1)-b) OIS & S0AM JtEe skl HE-= E&II= (5 pt)

T
=]
<
00
Iz
|0
Hu
=
x
iz
02



(3)-c) HEHIGCC & (MA 23S 0822 1Jd £9) (10 pt)
(3)-d) 12 (3)-c) SES AISE e Z&F (3 JHXl 01 &) (5 pt)

(4)OfcHoil ==& gt 20| 2Iteld 244 Ex=MZ 22 CaCOzE AT
ACHHRU HAD| S EHU S26H0 ZAStE2S MHGHD X S (10 pt)

of particles and = 90%
of SO, removed

- *jﬂi [ Flue 74—‘:

Ay — -—} Furnace e " Particle control device,
= \ o | filter or ESP
Fuel — N

L/ \ 1

_/ e .

Material being heated Adhi 4 dibnline

&
|
&
[ fJ

22 AAIJIA WOIM CaCOs & CaCOs2t SO2tHl 20Li=
S(8) (5 pt)

a
oL

=
=

(4)-b) <12 (4)-a)2t €2 H g€2l==s &HSET0 2N HE
Hattl=s 28 S (

(10 pt) 2. 0{H ANESIELU N A (Coal-fired power plant) Ol 23% AR |2
HAFHE (Bituminous coal)S EHSR D UCH HABIES SOHY| OfcHol =0 & B0
AL

OloH CH&fol NOJF M= 4= QL}:

No + O <« 2NO. (1)
2ote BIS2T0A Bt2 (1)0l CHe WE A4 (Equilibrium constant)= & (2)2F
2510 LHE ZT= Gibbs XS MUK CIOIEHZ 0|25t HAtE 2= UL,

AG°

K =exp(— 2
p( RT) (2)
OHIIM, K= 1 atmOlA OlAMJIMZ 2tFotd) =58 BE=2¢do=z TdE [
BHAMSE AG’°= EZE Gibbs XIS HIUKXI B3, A2 JIM&s, 7= 2 X0|CF.

(1) 2,000 KHIA NO M85 <&

1T
kcal/molg [, B+2 (1)2 B AL gt

Gibbs IP GILXl Blgl= 15.548



(2) O] LAEA0A BHESZ= IDIJIAE S48 21 Ol 22 X488 2=
= UALE.
Constituent | Concentration
CO2 13.9%
H20 7.6%
N2 74.7%
O2 3.7%
SO2 1,130 ppm
NO
Bagio 22T I 2,000 KL [, NOo| 2l D=sTE HAGHAIR
(20 pt) 3. Ot DEHES P2 LDIACZEH HIEZ=E SHASIESS MIH6H)]
ot G EE A2) =2 IS Y2l AI2E 1D JAs 2HAGA SAeA JE2E
(Forced—oxidation limestone scrubbing process)S 20 =1 ULH.
|T~11x}—>:| n flue gas to stack, 175°F
‘J,J
(1) 0| DEFACREH HISE= HIJIDIAS 2 1,699,000 Nm3/h0l 2
EMSIEO sE= 2,720 ppmOICH O] AFE &2 HBHIEA&2I1F0] 6% O2
JIE22 150 ppm SO M, Zatst=2=2 MHGH| fI6tH Al2HE
MHIEAIENAMN Z2RF H3A0 A3 kg HRAZ HAGIAIL. &, HIDI DA
LHO &8% EMsl22 25 S0.2 ZMEtChD JH86td, Call 2xge
40.080ICH MEX0l Sosts XJ|o DA 2ase CaSOs-% H,02
PIFSEIIN
(2) O &E22HOZ2EH Mol LY QIASEA HISEHSE & HR=2
HAGEAI L.



(20 pt) 4. O™ HISAIE0A M= BHOIDIA WO &8RE 2E X9
HZXZH0] 0.1 pol LXAa SE O sE It 50 g/mS, HHIIJtA S 20| 4,320 m/h,
BHOIDtASl BAES (u)IF 1.74 x 107° kg/m.s 2 [, 20[Jt 5 m 0l =0IJ} 4.6
m oI H&EOl 24 cm 20H2Z AXE ™I &I (Electrostatic Precipitator,
ESP)E AtE5tH BHEA ZJ|= 0lat2 NI & k2 A+ StCF.

(1) YXNEHY Sl E NMotEH2 CIsSaoz B0
& 2
=3 ed “E
oo e
HIIM, q= X2 MG, e= AR FHax ¢ = MA3UHNH FHEE
(8.854 x 1072 C/V.m), d, = &4&8d8, E,= gd=2 &IIE AII0IT
(

AR 20 &2l HAED|H )
HIIE NDJIOICEH Ol, Olefst ®II& LHOIA X+
velocity), wS S TolAl2.

godp( gszoEp
(Ans.. w= &€t )
MU
(2) O] ESP 2 &XSES HLGIAIL. &, X2 8tXM 20 MI|IZE NII=
6.0 x 10° V/m & ZCtD JIAGHLD, YKo SEAL= 40|CH &0, 1

N.m =1 V.C O|Ct.

Good luck on all your work to answer the questions.



Air Pollution Control Technology
(Class #: 3521)

Final exam.

Hour: 1:00 ~ 2:50 pm
Date: 17 December 2014

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put

something. Be careful with mathematics and units!

(50 pt) 1. CtS 2 =S0ll CHoH 23| JI=GHAIL.

(1) ZASH2(SOx) 2 IS NE At 2oz, (Total 15 pt)
(1)-a) 92 ZEDF DDA 2EUAS E2I|= (60X OILHZ JI=)
(1)-b) BHDIDIA LHSl SOy MAII=ES A2 202 REE
Ol2 CHAl 242 s T2 DsTO A2 2 [ 242 Hast €8)|=
CHEXOQ == o (Z 200X+ OILHZ D)

P)HAR DEAGIRLHA S)OZ2EFH M S EAAMTZ(NOYE I}
SHEOR HAHE 2 Y= g (100X OlLH2 D|2)
(2)—a) HMIHEBt=29 || (5 pt)
(2)-b) AI2El= =012t B2 Al (5 pt)

() A2 DHIALZRH SOE MAHE = A= =2 JI=(10 pt)
(100Xt OlLHZ2 JI=)

(4) 282Dt MEAEDS 2HAACIAS 2SE (5 pt)

(50X ol Z JI=)

1
.I

(B)INOK2 HIEMZS RIS AAMAHS L HEMAHE2 X0l EE (10 pt)
(100Xt OlLHZ2 JI=)

B Ao

0z



(30 pt) 2. Otef 82 MEsAUMANAM BHEE
HHGEE &4SJ)l==2 IHE Ec MEEHL U=

(Forced—oxidation limestone scrubbing process)S EWF=10 UL},

25°F

‘——[m—— Clean flue gas to stack, 175°F
1

f —1
oy 7oy
A Mist eliminator:
NN Y washwater
AYevavay;
Flue gas from Z LA
which most Scrubber
particles have s = 10 fUs, Scrubbing liquid
been removed,  400°F 125° F, 4 s gas 10% solids
L residence time 50 gal/1000 acf
(inlet conditions)
Ground limestone slurry: e Clear liquid return, 50 ppm solids
60% solids, 1.2-stoichio-—
metric requirement i L ‘ Bleed stream:
L N I N 10% solids
Effluent hold
tank: 10-minute
Oxidation air residence time

water

TS Al
twice amount 1% solids

needed to convert all sulfite 7J
to sulfate [ [;;L u
3 \\[ hickener = i
™~

= }
i Makeup

H'\"(‘\h Filter cake: ‘4&; SR
\ 60% \nm;/(l l
To disposal o 2.5t e i
= I ‘ | Thickener S acs @
Mixer Vacuum filter :‘jm:‘fm\ Thickener
) overflow
tank
(1) 9 BFTE JI=0=2 & [,
(1)-a) ‘ZHA&EE SELASIE BHW D 0IRE &Y (5 pt)
(2)-b) 0 S MHEFALMAQ} 22 R0 25t D & &8
S8 =S HBOIKWOF ot=0l oY SE S HAlot] B8 &ots 49

M2 s&= 2,720 ppm OICh.
JIE22 150 ppm SOz &€ M, AsE2=
NEAEUHMN 226t 83482 L2 kg HRAZ
LHOl &7 & &322 25 SO 2 EMStCt

=

40.08 OICt. MJEX0 E=Yoles =012 L4

JtE etit. (20 pt)

= S&st== MG ?I6tH

NESE

ol

o =
-, 2T

(5 pt)

JI fIote Al2tE
OtAI2. &, BHIIDtA
t10, Cal =X

N oasoa-%Hgo =

(20 pt) 3. (20 pt) 2. HH AMELS2E N AM(coal-fired power plant)lAl 23%
WA 2I|2 AHEH bituminous coal)S ENRD UCH HABLES Sotofl OfeHoll
FHE Bts0 2o CHEFel NO JF MAHE = QAUCH:

No + O <« 2NO. (1)
2ol BE2T0A BF=2 (1) T8 B A2 (equilibrium constant)= 4! (2)2F
2a0 L& E= Gibbs XIS UK GIOIEHEZE 0|20t HAHE £~ L.



AG°

A7) (2)

K =exp(—

08 2
o
0z 2

, K= 1 atm 0IA OI&JINZ 2t=otd s F=Y
&=, AG° = H= Gibbs Xt= OIL X B3, A2 JIX

(1) 2,000 K OIAl NO &5 <&

i
kcal/mol & M, BF= (1)2 TE AN gt

(2) Ol £EAUAMN HIES = BIDOIJIAE S48 21, Ol 22 =428 92
= UULL
Constituent | Concentration
CO2 13.9%
H20 7.6%
N2 74.7%
O2 3.7%
SO2 1,130 ppm
NO
BaHO 222,000 KLY [, NO & 21T E HAGHAI 2.

Good luck on all your work.



Air Pollution Control Technology
(Class #: 3590)

Final exam.

Hour: 11:00 ~ 12:50 pm
Date: 19 December 2016

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something. Be careful with mathematics and units!

(40 pt) 1. Gt Zf =300 Cisll ZH&o| 7|=dtA| 2.

(M U2 1EAEREEHL )22 YEE= FAMUSENOYE 7
AN E MAY = U= W (FtEA] 80X} O|LHE 7|=)
2) OO E 7|9 H M=% T (superficial velocity) Vs 7t OF2ie] Ao 2 F=O{ZE [,
OUZXRTIE 2FSH7| fot TEEQl LiZtO|HE AP (YEHZASHet t
(2TA|Zh 7] A E g2 = U WE  (HHEA] 60 X} O[LY)

V — I:)inlet

RGN

(3) #IZ=2| 23 2{H 9| AT (HHEA| 50X} O|LH)

-P

outlet

(4) orzfof F=OofTl a7t 20| HIteld HY SFME =2 CaCOsE 7|
ST WL gaT] 2EO| sty gitetaS MASHLAL SHCt



Alkaline reagent Exhaust gas with 99+%
delivered to furnace of particles and = 90%

or to flue or both of SO, removed

T

\ \ ‘
—— —— ¢ Flue ———m
Air —»| Furnace e " Particle control device,
il e | filter or ESP
uel — / |
L/ \ |
. — - ek
/ \
\
r |

* ;

Material being heated Ash + alkaline

reagent and
captured SO,

4-a) D29 HATIA UM CaCO; WU CaCOs2t SO,7t0| YOojLts
H

S (E)

4)-b) ?lel @#-at &2 HIFHV|eS AT =2H HEZ

Ol& == 2MES B7HXA 0ld)

(40 pt) 2. O MEtSIZE A (coal-fired power plant)OilA 23% DHUAZ7|Z
o

oA M EF(bituminous coal)2 ENRD QUCH O] HUZO|AM ML= Ci2Ol NO &
S X 2|7|&(aftertreatment technology)2 HA3st7|0f AAMA, Hetstnz MHs
Ol 2 A Of (precombustion control) 7|32 AIER2EMN HiEE = U= NO 2
HXNY| BE = UAS AC=E J|Cista QULCE o3t o F2| EtF 2 HESH| 2%t
StLtol faet MRS O30 FO{Z NO MgEtSo| CHeh gYaty EM2
e EN MEF HAHE FZOH0| NO ddo EoiAel FgE OXl= FR

N, + O, < 2NO. (A)
Hote BE=2E0AM BE (A0 CHSE A& =(equilibrium constant)&= A (B)2t
=210 YHE EF Gibbs At O X| LIO|E & O| 830 AHAtgt o= QUL

AG°

K =exp(—
p( RT

) (B)

OI7|M, K £ 1 atm O|A O|M7|HE 256D SES £2Y02 EHY [fo
RS s

e, AG°= ET Gibbs A7 0|4 X| H3},



A THE

(1) HHS (A)Of CHSF WHEAS ZHE
2,000 & 3000 K & mof, gt
QFMSEA| 2. EF 500, 2,000 &

o
O

| '3 000K O A NO 4

of otehel Eof F0fH it
(A)OI JJE‘O:IAFA 7t=2 7_—”AI_|--6|_0:| _7IQ_O_IXI_| E%

HA =
Mg 23t E& Gibbs A+

o=

O HX| H=zt= Zt2F 20.095, 15.548 S 12.589 kcal/mol O|LCt.
Temperature (K) Equilibrium constant

300 7 x 1073

500

1000 7.5 x 107

1500 1.1 x 107

2000

2500 0.0035

3000

4000 0.0888

2 O ETAMM HiZEEl= Bi7|7IAE 4ot A1}, ofefjet 22 =d8E ¥
& UAALE.
Constituent Concentration (%)

CO, 13.9

H,O 7.6

N> 74.7

O 3.7

SO,

NO
2ol F2L7 2,000 H 3,000 K & I, MMHE = A= NO 2
EHAsEE A LS L

() 22 Lho| X2 Y

M JAIZHO] [HE

25021 3,000 K Of| A HH7|7}A7} 00001 s = &
[, MM 7t538F NO 2 SEE AHASIA|Q. €
NO &L O] Hat= T}

oF 2 LHO A HYZ|7tA Q]
oz F3EN

o AlO
O 11—



% = k{([NO], —[NO])([NO], +[NOD)},

07| M k =2.24x10"/s O|Ct.

| 3,000 K 0|A] MHEE=

NO 9|
= A|ZHS AASHA| 2.

SE7t WA 529 QF 95%0f

(20 pt) 2. Oftef D22 MESIHUTA N HiEEl= 2tz
HiGIEte 487|122 7t E2| AMEELD Us

S M S| A N gl
dHtetA Aol MEs
(forced-oxidation limestone scrubbing process)= 20 F1 QUC
Reheater }—’ Clean flue gas to stack, 175°F
125°F
—
Arrerrrn A Mist eliminator
EEVAVAVAVAVAVAVAR * washwater
Scrubber
: Vaas = 10 fi/s, Scrubbing liquid
400°F | 125°F, 4 5gas 10% solids
i | residence time 50 gal/1000 acf
S (inlet conditions)
Ground limestone slurry: g Clear liquid return, 50 ppm solids
60% solids, 1.2-stoichio- 1
metric requirement —l | l ml‘("“l \”rt“l'“'
_ — % solids
Effluent hold —
tank: 10-minute (=) ]
s residence time = Makeup
Oxidation air water
) 1% solids
twice amount
] ]
needed to convert all sulfite
to sulfate J ;} £
\\ Thickener - ¢
Fly &b Eilter cak ', s [
\ 60% solid: l
o disposal i . I'lnckcncri(ﬁ:\#*g 4o
G —J \;J underflow: = e =
Mixer Vacuum filter 35% solids Thickener
: overflow
tank
M ? SEEE 7152z & O,
' 12 odb L OX O= M HfC
(h-a) ‘EHL2tE FEAZ7l= 38 1 0|RE 2 (BEEA| 50 X} O[LH)
s E=i Sleddr g A t i
(1)-b) O 8= HEHHLUPAL}L &2 X0

A
S™E HASGOOF sl=0| o
50 X} O|LH)

HATL0AM BiEERl= Bi7|7t2e RE2

2 1,699,000 Nm3/h 0| 1,
=2l s&+& 2,720 ppm O|CL O] MEFL| HIEHEZ|EO| 6% O



721222 150 ppm SO, & [,

M A2 0| A

A2, Bi7| 7k

kg EHel2 AL

H,O =

1
2

-

B

A
o

HFEZO =

40.08 O]|LC},

Good luck on all your work.



Air Pollution Control Technology
(Class #: 3486)

Total point =75
Final exam.

Hour: 10:30 ~ 11:45 am (75 min)
Date: 21 December 2017

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something. Be careful with mathematics and units!

(40 pt) 1. Ct5 Zf =50 O3l 2t&3| 7|=o5tAl2. (242 =T 100%} O|LHZ 7|&)

(1) EsPo| HTld=nt e 2 F0| /s HAHNE =7 HFE &2 B2

4R 2 ZeE PRSI 220N B ofze ol]

r

rE

(3) Eattet=(NOy)  HMoZle &  dEYFOjRHE

reduction, SCR)2| & 2|

(selective  catalytic

Al

(4) Ot &I 7|9 ™A

71 )

oz
mjo

EE57| 2/t 3™ (Hint: 570 2tHez &2

(15 pt) 2. L AOAM HiE == git=tES MAsH| e HAEE 7 |s2 2Es

ChE =50 EotAl2.

(1) 1s=o| 2i=t=0| izt Wol =2 o 748 Hetet E&riso 2
)H%:I

(5 pt) (2F=A| 100 Xt O LH)



@ Him2 2 HIAEE JtE g2l ARBEHE ZAMsEHY A4

N8 & d(forced-oxidation  limestone scrubbing process)& X-E3}0]
2itelEo| HiESE7[&8 TFEAIZ|AX otch O 1Sl HYZ|ItA
FES 1,699,000 Nm3/h 0|1, &EHM3tE0| s== 2,720 ppm O|Ct O]
At E S| BIESE7|E0] 6% 0, 7IZ2Z 150 ppm SO, € Iff, &A=
HASEZ| ot Al2tE MEAIE0A ERot Ma[Mol S kg EHRIE
AASIA| 2, B BIZ|7FA L0 StRE 2itetE2 25 SO, 2 EXetCt
785k, Ca 2o ZArE2 4008 O|Ct MFZO| ZEdt= =7(o] 1y
HAZe CaSOs-%HZO 2 JHEsit (10 py

(20 pt) 3. O MEtSIZE A (coal-fired power plant)dilA 23% DHUAZ7|Z
oA M Eb(bituminous coal)2 EfR1 QUCE O] EUBOoA wMEl= CI2FO| NOE
S X 2|7|&(aftertreatment technology)2 HA3st7|0f AMA, Hetstnz MH
Of| A K| Of(precombustion control) 7|HE A2 =2ZMN HIEE += U= NOE
AN RE = UAS AC=E J|Cista QULCE o2t o 52| EtF 2 HESH| @[3t
StLtol faet MOHWRHE2 O30 FO{Z NO MgEtSo CHPE gYaty EMS
N EN MEF HAHE FZOH0| NO ddo EoiXel FgE OXl= FR

N2 + 02 « 2NO. (A)
Aot HE2E0M BES (A0 CHet & =(equilibrium constant)= 4 (B)2t
=20 €2 BEFE Gibbs At OHX| HO[EE 0| 85t0f Athet = ULt

AG°

K =exp(— o

) (B)

Of7|M, k= 1 atmO|A O|¢7[M=zZ ZtFotl =S BEZYUL=R
1=}

(1) &8 (A0 Chet B &

H.
500, 2,000 & 3,000 K [, gt



o4 x| H3t= ZH2ZF 20.095, 15.548 X 12.589 kcal/molO|C}.

Temperature (K) Equilibrium constant
300 7 x 1073
500
1000 7.5 x 107
1500 1.1 x 107
2000
2500 0.0035
3000
4000 0.0888
2) O M HiEEl= Bi7|7IAE 24t 21, ofafjet 22 =8 ¥
T ARALE.
Constituent Concentration (%)
CO, 13.9
H,O 7.6
N> 747
O, 3.7
SO,
NO
229l 2HRET7L 2,000 X 3000 KY M, HdE = A= NO2Q

=
AsEE AL L.

(3) 22 LHo| x| StH2E Q1 3,000 KOIA HYZ|7EAZF 0.0001 s SQF HEE
M, 44 7t NOQ| =5 AMSIAIR. T 222 LHOA HiZ[7tAQ|
X FAIZH0 [HE NO &9 Blat= ChF AlC 2 Bk,
d[NO] i

=4 =kl(inol, ~[Nop(NO], +[NoD)},



07| M k=224x10"/s O|LC},

(4) 2|1 Y200 3,000 KM HGEl= NOS| =7t BHEE=2| of 95%0
EEhe O Z2le Azt AMSHAIL.

Good luck on all your work.



Air Pollution Control Technology
(Class #: 3340)

Total point = 80
Final examination

Hour: 9:00 ~ 10:15 am
Date: December 20, 2018

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something. Be careful with mathematics and units!

glo

(40 pt) 1. L2 2 =50 Tl 2H=Fs| 7[sstA 2. (42 =T 200%} O|LH 2 7|&)

(1) ™M7| & X1 7| (electrostatic  precipitator, ESP)2 X ZStIXt = HX|9|

Mg S8 HTds 7o 24

i

(2) BAMBIE(NOY  HMOoZ7|ls8 F MEHNZOiSR Y (selective  catalytic

reduction, SCR)2| & 2|

J

(3) Btet=(SO 2 5=t 7k REO0)| mat Jehgo| =2 HdEE s

(20 pt) 2. tHtE OIHRALEERH HiEE|= SOE HMAHSH7| ISt Z A LtztA
M3l M™E3(Forced-oxidation limestone scrubbing process)s X &3t X}
tCh O] PR ZRH HiEER = HIZ[7I22] FE2 1,699,000 Nm3/hO|i,
HAetE 9| &&= & 2,720 ppmO|Lt,

rot

olot



gge| HIEAE7IE0 6% 0, 7IE22 150 ppm SO,€ M,
gitst=S MASH| oty AlZte MEAIE0|A 22 4249 &= kg
T2 AlLtStAlR. T Bi7|7tA Lo & REl SO 25 SO.2 EASHY,

Call =AtE2 40080|Ct. MFEZO LEZot= =7[Q Iy FUHE2

(20 pt) 3. 22 L WHOIM Ny= 78%0|1, Or= 6%O|CL Ol #5t= 2&=0fA
o

No2t 0, 79| Bt80f Chet B A 4=(equilibrium constant)= Otz A1 (1)at 230

O7|M, k= 1 atmOlA O|&7|HZ ZtFStD sEE E2YUS=E
1=}
(1) 2,000 KOIA NO MMHES Tt H=E Gibbs AtF O|HX| B3I7F 15548
kcal/mole [, BAE A kE HASIA| L.

(2) 2|21 NO 8= & AlAHSHA L.

Good luck on all your work.



Air Pollution Control Technology
(Class #: 3230)

Total point = 80
Final exam. (26)

Hour: 9:00 ~ 10:15 am
Date: December 19, 2019

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something. Be careful with mathematics and units!

(30 pt) 1. Ct5 Zf =301 Choll Zt&f5| 7|=dtAl . (42 =t 150Xt O|LH2 7| &)

(1) BUet=(S0 2 5=t Hi7tA RE0)| mat Jetgo| =2 a7 |s

(20 pt) 2. 220 M HE|l= NOE CH3 2| B8 22 LIEHE 4= ULk

NZ + OZ « 2NO. (A)
Ast= HLS 2 0fA ERS (A)Of CHEH WA (equilibrium constant)= A1 (B)2t
=20 LHT HFE Gibbs At O|LHX| T|O|EE 0|85t Albte == ULt

AG°
RT

= exp(—-——) (B)



Gi7IM, k= 1 atmOIM O[A7[HZ 7tFstn sEE2 Hegoz =
HE A% AG°E EE Gibbs AR 04| W3}, RS 7K A%, 7= HOj2Eo|Ct

(1) £HS (A)0f CHEH B A 245 0] Of2Hol EO| 0K QUL HIZHo| HE A4

ZtS AMBEAI2. EF 500, 2,000 & 3,000 KHIA NO MAS 28t EX Gibbs

= 22} 20.095, 15.548 & 12.589 kcal/molO

ISR [ PNike), |Ct.
Temperature (K) Equilibrium constant
300 7 x 10731
500
1000 7.5 x 107
1500 1.1 x 107
2000
2500 0.0035
3000
4000 0.0888
2) O ETAM HiZEEl= Bi7|7IAE E4ct A1), ofefjet 22 =8E ¥
T AL

Constituent Concentration (%)
CO, 13.9
H,O 7.6
N> 74.7
O 3.7
SO,
NO

H2ayo 2M2E7F 2000 L 3,000 KY O, MMEZE £ 9= NOQ2

!

(20 pt) 3. O HiEA[EONM ZUSt= HYZ|7tA Lo gtaeEl 7 f§Xte
B XF0] 3.2 u2l eRte =2EL =7t 50 g/m3, B 7| 7t20] RO 4,320 mi/h,

HiZ|7tA 0] MMEE (4)7F 1.74 x 105 kg/m-s [, Z0[7t 5 mO|11 =0|7t 46 m¢!



ELIEOl 24 cm A2 = dX|E ©7| EZI7|(electrostatic precipitator, ESP)S
AHESHO HIES&7|& O|St= M| TSt X} ShCf

(1) YXrEEHO| opd =2 HohE

rlo

CI2Alo2 FHEIC

-1 — —

™
+
N

q=37z( d jgodszo

Ol7IM, q= "Xt TotE, o= @At RHYF ¢ = USOHAM wTE
(8.854 x 102 C/V'm), d, = RAXE, E, = YH=2 F7|T M7[0|Ct. &AL
flof 2&st= 7™ (F)2 o€, 012, 97IM E, = I T7|F

MlZ|O|C}. o|uf, ofz{et H7|& LHOAM RLAte| EF XL (drifting velocity),
wWE SESIAQ,

=0 I M7IE

S al
Xto| fMat= 40|CH 12, 1 Nm = 1

(10 pt) 4. ZXASA Mz|M NE S (forced-oxidation limestone scrubbing
process)2 HME3t0 2itE0| HIESHE7|sS SFAIZ|2X SHC} O] 1A
HY 7| 7tA RE2 1,699,000 Nm3/h0|X, 2iM3t=0| &+ 2,720 ppmO|LCt. O]
ArREO| HIEHEZ|EO 6% O, 7I&E2E 150 ppm 502 [, rSIES
MASEZ| 5t AlZHE MITEAE0M ERot H3|Ao| AZ kg = AASHA|2.
O HEZ|7tA Lo BRE ZietEE2 25 SO.E -,-_-XH?_H:L._ 71851, Cagl

=AME2 40.080|Ct X F{F X0

POP

n
Ot
rir
bt

Jlo| DA HALZS CaSOg-%HZOE

Jhstet,

—

Good luck on all your work.



Air Pollution Control Technology
(Class #: 3184)

Total point =90
Final exam. (31)

Hour: 10:30 ~ 11:45 am
Date: December 15, 2020

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something. Be careful with mathematics and units!

(35 pt) 1. L2 2 =50 Tl 2t=Fs| 7IsstA 2. (42 =t 100%} O|LHZ 7|&)

(1) B Et= 7| =0 2Ha1stof (10 pt)
A A

(1)-a) HIZkA W BMBIB(S0)9 SETt % +EY Het ppm +FY 0f
N8 4 Ut T
(1)-b) d o g0}

ATD HOISIET|SE Hs AAMIHA Zeh S
I
(2) BAMBIE(NO) HIEMZZ fIet ALK 0 (combustion control) 7|=29]
= 0| of 0

S)OZHE LMElE FAMSENOY)S 7HE

SHeRol S5

(20 pt) 2. 120N dd5[= NO= Ct22| BFs2 = LIEtE 4 QIC}:

N> + O; < 2NO. (A)



ot PHE=2E0AM BHE (A0 CHet B (equilibrium constant)= A (B)2F
=210 AT BEE Gibbs AH7 O HX| H|O|E{E O| &350 Alitgt o= UL
AG°
K =exp(- B
n( AT ) (B)
7|M, k= 1 atmO|A O|&7|HZE ZtFoD =5 FEYLE HY
YT, AG°= BT Gibbs At O|HX| B3} R 7|X| &, 7= BO=2%Z0|C}
(1) 2t& (A0 Cioh W& 24=0| of2ie| &Ofl 0{A QUCH BIZte|
2 AASEAIL. T 500, 2,000 2 3,000 KOA NO Md=S ?Ist &
Xt o4 X| Bish= 2t2t 20.095, 15.548 % 12.589 kcal/molO|Ct.
Temperature (K) Equilibrium constant
300 7 x 1031
1000 7.5 x107?
1500 1.1 x 107
2000
2500 0.0035
3000
4000 0.0888
(2) O] XA HiEEl= Hi7|7tAe] 2E 2 Chant ZCt
Constituent Concentration (%)
CO; 13.9
H,O 7.6
N> 74.7
O, 37
SO,
NO
Baeo AL 2000 S 3,000 KY O, MMdE = = NOQ
IDsEE AUUSIAIL.




(15 pt) 3. ZHLSA MM AMH S (forced-oxidation limestone scrubbing
process)2 H&3l0] SOL| HIESHEZ|EE IFAIZ|2A} oiCh O] nFERAQ
Hi 7| 7tA 22 1,699,000 Nm3/h0|11, SO, == 2,720 ppmO|Ct. O] AtEE O
HIZ327|=0] 6% 0, 7IZ2Z 150 ppm SO,¥ M, SOE HMAH3st7| Istd]
ANZHE MEAIHoM Eoot Mo|Mo| A3 kg THRIZE AHASHA|R. T HiZ|7tA
Lol BRE SO ZF SO2 EXMsctn 7Pk, Ccall 2XHE2 40.080|Ct

NEzZO =E25t= 7|9 1Y B4UE2 CaS0Os- EHzOOIEf

(20 pt) 4. OffH H{ZA|MO| HIZIA S2HQ)2 4,320 mi/h, X sEE 50 g/md,
HX| S| B HE(dp)2 3.2 p, HIZt2S MEE(u)E 1.74 x 10° kg/m-sO|Ct. ZO[7}
5 mO|1 =O0|7t 46 m@l HTIEO| 24 cm ZtHASZ MX|E MI|E T 7] (electrostatic
precipitator, ESP)E AME3St0] HiE5{&7|E O|StE M TStOA & If CHE =30
HotAlR. t, TFo HH IOl M7|F M7|= 6.0 x 10° V/mE ZLCHa 7P3HC}

(1) MTSIAX} Stz HA|PAS| BREZE AMSHA|R. T AXte T
(e)= 4, DSZHOM SFHE(s,)2 8854 x 102 C/V'm), T Nm & 1
V-C O|Ct

2) O] ESPe| HTZEE A LISHAI2

Good luck on all your work.



Air Pollution Control Technology
(Class #: 3247)

Total point = 100
Final exam. (24)

Hour: 10:30 ~ 11:45 am
Date: December 21, 2021

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something. Be careful with mathematics and units!

(50 pt) 1. L2 2 =50 Tl 2H=Fs| 7IsstA 2. (242 =T 100%} O|LHZ 7|&)

3) LERAUMAM EAMSZF(NOYS HMAHSH| fot MEAHZDf2HR (selective

catalytic reduction, SCR) 7|& (10 pt)

4) ®2|HTI7|(ESP)Qt &S0, (20 pt)
(4)-a) HX|Q| SIHRO| q =31 —5dfE, Y I, EREEE & 5= Us A

(LAY WSS BE Holsin 42 |E)

(4) ) BX| HM =7t R =2 I ESP T d&50| ®2 0|&7
4)-c) HIZt20f SOZF EXE [ ESP XY 50| & kl= Ol

(4)- ) 7IEMZIEBE S7tAE 89 S8 B

(20 pt) 2. 120 HHE[= NO= Ct22| Ers2 =2 LIEtE 4 QU

N> + O; < 2NO. (A)



H

K =exp(- AR

O7|M, k= 1 atmO|A O|M7|HZE ZtFS
HE M AG’E= HFE Gibbs AH2 Of

S S AN

S (Ao e
T Gibbs At O X| HIOIEHE

1 3,000 KM NO dd= ¢
Z} 20.095, 15.548 A 12.589 kcal/molO

(equilibrium constant)= 4 (B)2t
O| &5t A& += UL}

(B)

(A0 CHot B g gLS0] oteiof &Of F0iH RATH @lZto|
74It+6M|9. TF, 500, 2,000
O AX| Bzt 44

19

o
_I_

Temperature (K)

Equilibrium constant

300
1000
1500
2000
2500
3000
4000

7 x 10731
7.5 x 10°
1.1 x 10

0.0035

0.0888

1201 Bl ZE = Hi7[7t20] =g 2 Chgat ZLC

Constituent

Concentration (%)

A LHSHA 2.

CO; 13.9
H,O 7.6
N> 14.7
O 37
SO,
NO
AA2EJF 2,000 H M, 442 = U




(20 pt) 3. ZH LA MM AH S (forced-oxidation limestone scrubbing
process)& XEdtH SO2| HIZEHEZ|EES FFAIZ|2X Lk O] 1HRQ
Hi 7| 7tA 22 1,699,000 Nm3/h0|11, SO, == 2,720 ppmO|Ct. O] AtEE O
HIZ5 27|12 6% 0, 7|I=22 150 ppm SO,0|Ct Eh BiZ|7tA L{O| ERE
SO= 25 SO.2 ZEXetCt J7hESHD, Call 2XHE2 40.080|C X FZ=Of

Corsl x7|0 MA BAIRS CasogéHZOOIEr.

(1) Ol MEEs "ZHLatAl"0|2t2 HSt= O|/FE HHSIA R, (10 pt)

(2) 23 oM East 4249 H(kg/h)E ALSHAIL. (10 pt)
(10 pt) 4. O BiEA|HO| HIZIA RI(Q2 4,320 mi/h, ETSZ=E 50 g/m?,
MX|o| BZEEZA(dp)2 3.2 p, HIZ7tAS] BHE(u)E 1.74 x 105 kg/m-sO|Ct. Z 0|7}
5 mO| =0|7t 46 m@l TIXIWO| 24 cm HHASZ HX|El ESPE AHESHO
HIEH&7|F O|5t2 MAStAAL & I ChZ E30 EotA2. B FIIE M2IE)=

6.0 x 10° V/mZ SYotL, YK REUYR(s)= 4, YSZUAHM RTE(s,)2

8.854 x 10712 C/V:m), 1 N-m= 1 V-CO|LC},
(1) MTSIAX} Stz HX| YA EREZE AHASIAI2. (5 pt)

(2) O| ESPL| TR EE AASIAIR2. (5 pt)

Good luck on all your work.



Air Pollution Control Technology
(Class #: 2611)

Total pt: 90

Mid-term examination (48)

Hour: 12:00 ~ 13:15 pm
Date: 4 December 2023

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 75 min. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything — put
something you learned in this class, if you do want to get a partial credit although it is just
one point. Be careful with mathematics and units!

(50 pt) 1. Ct2 =30|| CHSHO] 2285 M=5tAlR2. (Z & 300Xt O|L=2)

(1) 7| T 7|(electrostatic  precipitator, ~ ESP)O|A  ®X|Q] S} EO
q=3n——¢gdE,d I, EREZE LIEILYE 4 (10 pt)

Al
(% Ef._ ‘%'B&F HE Barss BF d20tl & 7k

(2) ESP2| M| Xl dS1F 2SN, (10 pt)

(2)-a) HX| HIH3*EQP HME8s 7o 2tA

2)-b) 7IEMZI(E)E S7HAME 87 S8t BHE

(3) AAAMBIEZ(NO, = NO + NO,) HOE 3 AKX O & (combustion
control)2} HY = X| 0] & (emission control) (10 pt)

Eo| 2AL Y oo E AFoAe 2HLE (10 pt)
2 59 8T 1P E NO HIZEHO{=E 2EBH, (10 pt)

¥ nHE
Jus
>



(5)-a) SCR(selective catalytic reduction) & 7|&
(5)-b) BHIX| 2 =0}

(20 pt) 2. 120 dE5[= NO= Ct=22l Ehs2 =2 LtEtd 4 QT

N, + O, « 2NO. (A)
Yot= RS2 E0AM 8BS (A0 CHSH B & ==(equilibrium constant)= 2| (B)2t
2210 YT EE Gibbs AtF O HX| HIO|HE O|835t0] Abitg o= QUL

AG°
RT

K =exp(-—=) (B)

A9 04X
Temperature (K) Equilibrium constant

300 7 x 10731

1000 7.5 x 107
1500 1.1 x 107
2000

2500 0.0035

3000

4000 0.0888

(2) HIZEE|= Hi7|7}A9] =MHE CO, 13.9%, H.0 7.6%, Ny 74.7%, O, 3.7%, SO,
430 ppm O|Ct E2{o] GIAR2E7F 2,000 % 3,000 K Y ff, MME = Ae
NO Q| Z| ==& ppm Tt Z A LSHA| 2,

(20 pt) 3. XA Mz|M M3 d(forced-oxidation limestone scrubbing
g5t SOl HIEH&Z|IES FFAIZIAX BiCh O] IHRQ
o

1,699,000 Nm3/h0|22, SO, =& 2,720 ppmO|Ct. O] AFRIEQ|

process)= &
HiZ|7tA &



HIZ5 87|82 6% O, 7|[&22 150 ppm SO.O|Ct. T, HiZ[ZtA L{Of

st e
SO,= B%F SO,2 =Mt 7H-StD, Calfl 2AME2 40.080|CF MEXQ
CEHSI= x7|o| DAt

A HALZS CaSog-%HgOOIEh

(1) M2|M =2{2|2 SO, 7H0l| ZojLt= B3 S 40 HEHSIA[L. (10 pt)
(2) 232 HOAN ERE St= MM Akg/h)= AILSHAIR. (10 pt)

Good luck on all your work to be answered to the questions.



