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 I.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

P 2

0.53(£j mol
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 NOy using reductants, representatively NH;3; 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 (p,) and loading (Lg) 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 x4, = 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 NOy from stationary sources, i.e., power plants and industrial boilers.

(10 pt) 5. There are various fundamental ways of lowering the formation of NOy in boilers,
heaters, and waste combustors: (i) regulating the overall fuel/air ratio supplied - Low Excess
Air (LEA), (ii) gross staging of combustion - Low NOy Burners (LNB), Overfire Air (OFA),
Burners Out of Service, Derating, Reburning, (iii) introduction of heat absorbing inerts — Flue
Gas Recirculation (FGR), and others —Low Aiir 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 m*/min 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 () 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 10? C/V-m. (1 V-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. O™ MEFIAEM A (coal-fired power plant)HlA 23% UABI|2
S & EH(bituminous coal)2 EfRL UCH 0 BELHOA M= CHE2 NO E
S xlelJl=(aftertreatment technology)2 HMIAHGIII0 LAM, HESIDE HEEH
Ol A M (orecombustion control) JIEHS AIS&22ZM HIZE 4+ A= NO E
SXNol & £ UAS AN2Z J|UhctD JUCH 018 W=2l EtEY
otLtCel REst E2gge O30 =& NO M488ts0 st
DAz M A8 HABES SoH)l NO MA0 ZoHel Jsk=2 0Kl
OITIE0| AKX E T SH= A 0|CH:

N

No + O, < 2NO. (1)
2ol BtE2T A B2 (1)0l et BE A2 (equilibrium constant)= 4! (2)2t
S50 A& E= Gibbs XS UK GIOIEHE OlEotH AH ater &= QUCH
AG°
K =exp(— 2
p( RT) (2)
HIIM, K= 1 atm A OIAMJIMZ 2tFolld sE2 =240z E8s Y
HHAS AG’°= EZE Gibbs X HIUHKXl B3, A2 JIM&As, T EUHSZ0|CH
(1) Bt=2 (1)0] CHSH BE A4 g8HE0| OFele Zol =01 -H QUL B S22 % JF 500,
2,000 & 3,000 KL [, Bt (1)2 B AL 23 HAMGIH =08 HE



2tdotAl2. &, 500, 2,000 & 3,000K GIA NO dd= ?gt H&E Gibbs
A= Ol X Hat= 22F 20.095, 15.548 & 12.589 kecal/mol 0l Ch,

Temperature (K) Equilibrium constant

300 7x 107

500

1000 7.5x107°

1500 1.1x107

2000

2500 0.0035

3000

4000 0.0888

(2) Ol LEAUAN BIES = BIDIHAE S48 20, Ol 22 =48 22
o= UALH.
Constituent Concentration (%)

CO» 13.9

H-O 7.6

N> 4.7

Oy 3.7

SO»

NO
B2Ho 2H=2TIF 2,000 &€ 3,000 K & [, MdE = U= NO 2
ZNsTE HAGHAIRL.

(3) E2d WY =1 stE2EQl 3,000 K 0IA HiJIOFADE 0.0001 s S©F
HERE M, 84 Jisg NO 2f =5 HAGHAIL. & F.’_%1 LH Ol A
I:IHDIDV\OI HSFAIZHH HE NO s&2 Bete Us A2 E HE &,

d[NO] _

~ = klINO1. ~[NOD([NO], +[NOD)},

I Al k =2.24x10% /s O| C}.

™

(4) 2l SFHE2EQ 3,000 K A MAEZ= NO 9 s&EJF B9 <
95%0| E&ol= O Zele AlZ2HE HASHAI 2.
(20 pt) 2. OIS 2 &= 2teo] JI=0tA 2.
(1) €= NO (Thermal NO)- &2 NO (Fuel NO)

(2) FGR (Flue Gas Recirculation)



(3) Z2J104XHHI (Air-to—cloth)

(4) RVP (Reid vapor pressure)

(20 pt) 3. O™ HHSAEUAM ZM3= HHOIOtA WO &sE 28 X2
HRXA0 3.2 uol XA SA O =S It 50 g/m®, HIJIJIA S R2F0] 4,320 m/h,
HROIDEAS] BAS (u)Ib 1.74 x 107° kg/m.s & @, 20/t 5 m 0l =0IJt 4.6
m o HAEO| 24 cm 2tHA2=z &XIE &I HAI| (Electrostatic Precipitator,
ESP)E ME5I0 BIEdEJ|= 0lotZ M &St A XF §HCt.

(1)

A0 =HE AXA SEO| Sel&e EH0 JIx& M, &AtotE (Diffusion
charging) 1t 7HDI" ot&  (Electric field charging) =0 - otd
HIZILISO| XIBHE 2 &Z25l=XE M=0tA2.
(1) ZEOZEH, UXNEH otNd= Mot UhsSAoe2 TS
& 2

=3 cd ‘E

s g
OHIIM, g= X2 MG, = X2 KREA=, ¢ = S0HMH REE
(8.854 x 107'% C/V.m), d, = YX=A, E, = &HI HIIZ A II0IC
gx 0 ASots 818 (F)2 gg, 0112, OJIA EPE Q&EQ

1 9]

SIIE MI2I0ICH Oy, oledst &
velocity), W& | E6HAI2.

& WOoIA & Xt

22 BEA29 M| MDE=
SEALE=E 40|CH 2D, 1

<5
6.0 x 1 O5V/m§

of IS 22X SHIH SIH5HHE HIDIDtA
A HOXE22, 012 YX5H| 215+
AN A2t SOt AEE 0 XS HXE MHGOOF BtC+. 0l ESP 2

XE SHIF1.25cm 2 M 2HIH (Rapper)2 M HSHCHH,
= AIZ2HOICH 2HIHE MIHGHOIOF GH=XIE HASHAIQ. &, 2R U=
2.2 g/cm30ILCt,



(10 pt) 4. BLE=
CHotOd 2t=tal A
= HMIJAHGHI

(15 pt) 5. OteHe
2l Al Xs A3l4 NAEZ2F (Limestone

FIotH HIHE S AZ
scrubbing process)S 20 =1 QUL

—
/
%
e e 7}'"“. A Mist eliminator:

= 2=t r Lo ] L
Y washwater

(EEVIVEVEVEVEVEVI

T A i o e
1
Flue gas from i3 A_".(i
which most Serubber
particles have Vs = 10 fis, Scrubbing liquid:
been removed, 1007 | 125°F.4s gas 10% solids
| residence time 50 gal/1000 acf
“ - (inlet conditions)
" o
Ground limestone slurry: I Clear liquid return, 50 ppm solids
6% solids, 1.2-stoichio-—— | petihiil — )
metric requirement i | Bleed stream: |
e 10% solids |
Efflenthold | | 1
tank: 10-minute Hom
.}_J A
Chcidation s residence time Makeup
xidation air: g WalEr
twice amaount 19 solids
* I 1
needed to convert all sulfite — | ¥ |
to sulfate | ey
*~.  Thickener -~ l
Fly ash : —&) k= ke Li
I\ Filter cake: A =y =
2 |
60% solids 1 |
To di I | "j"’"r D= 7 7
0 disposa === N E ST LAY,
o=t i | | Thickener ':‘_':! o -—(r\,
! ! — o
: = underflow: e gidr o
Mixer Vacuum filter e . Thickener
35% solids >
overflow

tank

i
OfH
0z
|0
HU
o

(1) =& 089 B2EE

(2) HIEI] LIOIA HE®OZ 23g= &3 22219 HIIJIA Lol &S
SO, 20l 2OILF= BHS2 MAIQ. S AIET] LA L2HIZ BH20)
o 2J/01 DA 2A22 CaSOs -t HO 2

20U, MEXZU =Eol=

(3) Ol AEHSFAUMANAM HEE= HHIIIIAS REE 1,
EMeEC s&= 2,720 ppm OICH O AFEE2 HIEAEIIE0l 6% Oo
=22 150 ppm SO, & M, &&tst== MG ot AlZtE

=
NEAEUA ERet A4 2= kg HRZ

LHoll & == E&talE22 25 SO0, 2 &M ettt

40.08 OICt.

AHGHAI2. B, BHDIDJEA
P

4, Call =2

J

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. Ol AIME MEBH ANE LEO2RH HiEzs =2XS
HIIZEI2 MAHGHH HIESEIIES 2HFAINIDX SCE 5,000 mg/Sm® 2
AHE 20| 82 18142 S22 480,000 Sm*/h 011, EEZAH0A
MASE 13% JIEC2 0l AAMC WHESISIIEES 50 mg/Sm*0ICH O AIHE
ol MIMEZ(R, )= 1.0x10"° Q.cm0I04, 0 2&9 MY RE
=

S =T (effective drift velocity, ®)2+2 2Hl= CIS D822 LIEFLCE.

AL T
1090

bl

8
|

7

571 \

N :

S 3] '\,:'

8 2 [ . \._____‘ ®

LOg 10 Re



(5) AAHDIES 2UFAIIII| SISt RFAEE=E B & HE =
HASHAIL. Ol EAHSEA 2= OrchHet 2

m
ddA2 22 As ZEN2Z AtEetlh

1 exp(- A
n exp( Q)

(7) 28 U032 2 mm SHE H= ZIES 25 cm 22HALR
AXlotAs M, MIIEEI0 FLE= BHII1ItAS] £EE HAHGHAIL

(30 pt) 2. OFtcHe IS AMHEFELNANA BIESH= ENMNFTF=22 HHGH
LIt HHIHES AZI|=2 JIE 2l A2 A= 2H AtgtAal AgA NESEHE
(Forced—-Oxidation Limestone Wet Scrubbing Process)s EWHZ=1 UL,

Reheater —= Clean flue gas to stack, 175°F
| il

"
r"—\ AL Mist eliminator:
TTT.,‘(T‘J A washwater
:K.T\.'.'r\—m
Flue gas from LTATITN AT LT R
which most Scrubber
particles have ons = 10 ftis, Scrubbing liguid:
been removed, 100°F F, 45 gas 10% solids
| residence time 50 gal/1000 acf
.. (inlet conditions)
\\_‘ './','
Ground limestone slurry: | Clear liquid return, 50 ppm solids
60% solids, 1.2-sto: Il.| ig=— | i s '\
metric requirement 'l, | Bleed stream: 1

— 10% solids
Effluent hold |

tank: 10-minute \(b—

Chcidation s residence time Makeup
xidation air: I YT i
twice amount 19 solids
needed to convert all sulfite — |
; P L S
1o sulfate | e -
~.  Thickener _— l
Fly ash y = = "‘\_\_\‘_\ ‘ ¥
I\ Filter cake: A =y =
\ g |
609 solids | |
ot \ e |
I'o disposal L T e — —. :
- [~ I | Thickener ':‘_':"_— > 'J(_"“\a
L ! o
= A underflow: e ==
Mixer Vacuum filter e g Thickener
35% solids

overflow
tank

(4) AIEI] LHOIA MEBHSZ Sg5s Al sl HIIJtA ol &
SO, 2H0ll Z0iLl= BFE2S MAI2. &, MEIl WOAM 2ELIZ B

’

AOLID, HEXN Tgsts ZJI0 D& 24

MEHSIRIS M ANA BIEE S HIDIJIA S S22 1,699,000 Nme/h 0] 2
ST = 2720 ppm OICt Ol AFYZEC HIESEHEIIZ0l 6% O



Jl=2= 150 ppm SO, & M, E&tst== HMHoH)| Plott Al2HE
NEAZ0A 22 AalAe 2= kg SR=Z HAGtAIL. B, BiDIJA
LHOI &= Edtst=E22 25 SO, 2 &Metltty Ji8otl, Cal =XE=2
40.08 Ol Ct.

OF

(20 pt) 3. E&=E 10 g/m*Ql HHOIDIAE #iFe| AJeiHZ MG DX SHCE
ZEHHOZ IJHE.:,* =2l AdBE 0OlE8ols E=R0= g=Zobot AU
doLtE=2 Olofl CHet CHHIS GHOIOF SHCH HAI-JEAHI (Q,/Qg)2 L/m*0l1,
EXR20= &It 76°C, LIt 1.2 kg/m® 2l & HHJIJIADL 125 m/s 2
XILHELD QUL

—

b1
P

(1) 2229 N2 | M2, 2RUET= 1.5x10% kg/m®, 22X =HS |
umctD & [, SR 20A LMGH= ASAGFIE HASGIAIR. S, 02
ot A5l (AP )= Of2He Al 2 = XIM, MBS 22 AT

AP =V p
Qs

(2) 0] HiFEgl AJHHE LY 10 A2 2Fs O, (1)UHA ZMes=
oraAA5t2 Qs JM g%A*HlOl U 2FHI2S HASGIAILR. S, It
SEZ) S= ™2 kwh & 135 20|71, g%*E*HlEl S22 100%=2
JIRGHD, ﬁul%iﬂg OPEHEI Aoz ZEICH (1kWh=3.6x10°N-m)

P, = QAP

tO 2H=Fol Al=0tAl L.

Ol

(20pt) 4. Tt 2 230l T

(1) dI0IESI1e (RVP)2F 2lgtd2te %ﬁl

(2) HABSOHAN 22 Y 3oHY =0, H=2 312t 2
SOHCHE e BiOIJtA BIEFTHNAS EE 0 &5

(3) HDS 2 &S| 242021 HoS Lt SHIIAN &R E H.S E MAHGle B&II=

i
i

0l

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!

-

FAIL.

Ol

(40 pt) 1. THS 2 S S0l CHGHK 25 A=

(4) Ot D OIA AFR g0l 15 2CH 2 (S0t 1 20 A 2) S 0AM HC 2

d s
CO BB =SS0t #MGHH E0EE 0IR

=— Air-Fuel Ratio, A/F
20 17 15 14 13 12
Bl LI | 1 T ]
Lean Stoichiometrie Rich

NO,, CO, and HC concentrations (not to scale)

|
LT 0.8 0.9 1.0 11 1.2 1.

Equivalence ratio, ¢, = 1/A



(6) PSS EUAM BHE&l= SO, E Mot &

(20 pt) 2. Otefel Oge MESEALMANA HHES

%ot (]

| =S Kok
BHEEE AZE)I=2 ItE 9l AI2D 0 K= 2H &5tA 314 JEESS

(Forced—Oxidation Limestone Wet Scrubbing Process)s B0 =1 QUL

(6)

[ Reheater L"‘ Clean flue gas to stack, 175°F

P —

- N
r% A Mist eliminator:
[
EYEVAVIVAVIVAVER Y washwater

:r".‘o—\.':r\—mﬁ»ﬁ\—zws,i—
Flue gas from LTATIEAT AT T R
which most Serubber
]\lrtuln_ have Vo = 10 fts, Scrubbing liguid:
been removed, 100°F 135° F. 4 5 s g 10% solids
| residence :imr 50 gal/1000 acf
ko = (inlet conditions)
\\\_ b './."
Ground limestone slurry: Al Clear liquid return, 50 ppm solids
60% solids, 1.2-stol Il.l 1ig-—— | — — i
metric requirement i | Bleed stream: |

e 10% solids
Efflenthold | |
tank: 10-minute Hom

[Y=

it residence time VL Kag
xidation air: T AT water
twice amount 1% solids
. [ 1
needed to convert all sulfite — | ¥ |
1o sulfate ——
O 1 T l
Fly ast —G) Y

& 5 " Filter cake: b = e S
\ 6019 solids L. i
I'o disposal A '-j"'"{_ o = ' -
i R 9 Thickener (=9—— o)

) T underflow: i
Mixer Vacuum filter SR, i Thickener
35% solids

overflow
tank

HIEDI WOIA HIEMO2 22es A3 224219 HIIDA Wol etRE
SO, 2l LOILIE BF2 S MAIQ. &, HEI|l UK 2E2HIZ 220l

UOILID, MEBEEN SYls EI0 DA SA2S CaSOs -~ H0 2

| MEHSIASUMANA IS E BHDI0IAS R 1,699,000 Nm®/h 0l 2
eotE22 sT= 2,720 ppm OICH O AFEE2 BIE3IEJI=0] 6% Op
Jl=2=x 150 ppm SO, & M, E&tst== HHGH| Pot0 AlZHE
NEAENA 2Rt /\49|/\40| &= kg SRIZ HAGHAIL. B, BHDIJFA
LHOI & =E SdtetE2 25 SO, 2 EMEtt Jt8otl, Caol 22
40.08 OICt.

Qﬂ

OII



Ol

(40 pt) 3. O HHSAIEONA ZM3= HHIJIDIA WOl &= 28 AXol
HEZXAH0| 3.2 pQl XA 2F O st 50 g/m®, BIDIJEALl 201 4,320 m¥/h,
HROIDbAS] BAS (u)Ib 1.74 x 107° kg/m.s 2 M, 20/t 5 m 0l =0IJt 4.6
m o HXEO| 24 cm 22202 Axl=E &I &&DI| (Electrostatic Precipitator,
ESP)E AI25I0 IS5 2= 0I5t2 M A Gt DXt 8L

g

(1) |0l =& XA S 2O SelXQl SHl JIx=E M, atold (Diffusion
charging)dt &J|Z& o™  (Electric field charging) =0 - ot&
HI2ILISO0| NIBHE S Z &A=dt=AE M=0tAlI2.

(2) (1)e 22022 H, UXNEH ot MotH2 (ISAlI02 EAEEICH:

&g 2
=3r cd ‘E
oo £ e
HIIM, g= XS HGHE, ¢= X2 KR ¢ = ASUHNH FEE
ES E = 2$&=29 MII&E MIIOICH

p
2AdX R0 Hscte A= )
HIIE MIDIOICEH OlMH, Oledst MIIE WHAM A
velocity), W& |RE6HAI2.

e}
(8.854 x 107" C/V.m), d_= XA,
(

(3) OI ESP 2 H&A

=3 o gE=20 MIIE MII=
6.0 x 10° V/m 2 ZCt1

=1 °
RAMr= 4010 EFAZ2, 1

2 AT HAE A2 FHIH SOtotH BiIIotA
A S0XNE2=Z, 012 EXlotJl ?lotH

SEEZLZ X 0l
2 At s H&let =0 &= HIE MHGHHOF 8tCh. Ol ESP 2
R0 HE HIS FHI 1.25cm & [ HH (Rapper)= MAHSHCHA,

S AIZHOICH SHIHE MIHGHOF ot=XKIE AHbGHAI2. &, & A=
2.2 g/cm®0l|C}.

Good luck on all your works.



Air Pollution Control Technology
(Class #: 2793)

Final Exam. 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 I.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. Oteiel N2 AMEJHUMANAN HIEH= SASF2Z2 MG
PIotH BHHES AZD=2 IS 2l A 2D 0= 2H &tstal H348 eSS
(Forced—-Oxidation Limestone Wet Scrubbing Process)s EWHZ=1 UL,

Mist eliminator
washwater

Flu

whi T I

particles have | Vose = 10 fifs, Scrubbing liquid

n T o AN 15 1
been removed | 125° F, 4 5 ¢as 10% solids
—— ] L
: 1 residence time 50 gal/ 1000 acf

(inlet conditions)

Ground limestone slurry g Clear liguid return, 50 ppm solids
60% solids, 1.2-stoichio- - t +
metric requirement v Bleed stream: !
— L o | 10% solids [
Effluent hold | |
tank: 10-minute [£e) |
A : residence time — Makeup
Oxidation air: e | water |
3 BT E
twice amount v solids
r —
needed to convert all sulfile |
Yy
to sulfate 2 =
I'hickener
Fly ash ; = )
Filter cake ] | =1
60% solids |
To dispos 1 O e WL 7N Y
e I ' J" l" = I'hickener \ =} o)
= T e underflow: .3 | =
Mixer Vacuum filter s Thickener
35% solids



(1) M&ED| LHOIA MAMCZ Z2Lle A5 &2 HIIJtA ol g5
SO, 2HHl U eE BtsSsS MAI. ©, HEI WHUHA ZLE-HI2 BtsS
ALY, MEX (effluent hold tank)0l EZadl= =JI0 D& SA2

08803-%H20 = J}E B

(2) O] AEtataA ey 1/\Oﬂ/\-l BHE e HIDI0tA 2l S22 1,699,000 Nm®/h 01
S22 s&= 2,720 ppm OICH O AHEE S HIEAEJI=01 6% Og
=22 150 ppm SO, & M, &&st== MG <ot AlZtE
NEAENA et A4 2= kg HRZ HAGHAI2. &, HiJIJtA
LHOI & =E SdtetE2 25 SO, 2 EMEtt Jt8otl, Caol 22
40.08 OICt.

owh

(3) A0 =&l 3%‘9

'?r —/ o
20U= =] D& P2 HetE 2oL,

z

o

N 2 A []|o
=0 <

FOHE OS2 BHJIJIAM =8 (Exhaust Gas Recirculation,

Ol LHAD| & =S Xte A2 A2 (fuel consumption)2l
= AS2 BHF=10 UCH EGR % St M
= 0IRE

E oA,

(10 pt)
EGR) DI
JHCtet Hatsl
NO BH=&f

o

M ™

=2
=

o
o—

at zero EGR

o their values

of temperature, fuel consumption, and HC and
emissions t

NO,

Ratio

1
0 10 20
EGR, %

(20 pt)

velocity
gt Mz

Aq=XE 230N 2.

HAERZXI| (23] filter cto J"'%‘)EI EHET  (superficial
H |

wzw
R



P

inlet

-P

outlet

V, =
ERE
k cake k filter

(30 pt) 4. O{® AIME MEBHO AHNE LE2Oo2LH HiEzes =2XES
HIIZEINI2 MAHoI0 HIZEHEIIEES HSAIIIDX StC 5,000 mg/Sm® 2
ANHE 2201 &R BIEIAS K2 480,000 Sm*/h 011, EEZAH0A
MASE 13% JIEC2 0l AAMC WHESISIIEE 50 mg/Sm*0ICH O AIHE
ol MIMEZ(R, )= 1.0x10"° Q.cm0I04, 0 29 MY RE
=

S =T (effective drift velocity, ®)2t2 2tH= OIS Q822 LIEHHCE.

Il

AL T.

H

8

7 \
2 |- ®

o (m/min)
.//

2 —
@
1 |
§ )
9 10 11 12 13
Log,,R,
(1) &HIIZES FAIIID] 6t 2REe FATO & HEZS m? o2
HAGIAIQ. Ol EHYUFHAOCRE= Ol 22 AlZ UBINMOZ AIZEHT}

“1-exp(-2
1 =1-exp( Q)

(10 pt) 5. 2AMSIS O MHS FAstg = Us HAXZH MAHEHS ZHGHAIL.

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 I.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. HHE HISAIE0AN ZHot= BIJIJtA WO gRE 28 X
EREA0 3.2 uol XA SE | STIt 50 g/m®, HIIIJtA Sl K201 4,320 m/h,
HHOIDA Sl BHAS (u)Ib 1.74 x 107° kg/m.s 2 M, 20/t 5 m 0l =0IJt 4.6
m o HXIEO| 24 cm 2222 AXE &I &&DI| (Electrostatic Precipitator,
ESP)E AtE5t0 BHEA EJ|1= 0lat2 M &Sk 2 A+ StC.

(1) |0l =HA XA S22 22lH EHU I M, &AaaHM (Diffusion
charging)t &J|& &S (Electric field charging) &0 - o~

BIZILISO0l XL 2 A Z6t=XE M=06HAIL.

(2) (12 ZELZRH, YNHEHN oM E Motzge sSaez HS8Elh

OOIM, g= YRS HoIE, e= X2 RTMS, g = VBN REE
(8.854 x 107'* C/V.m), d, = YX=A, E, = &HI FIIZ A II0IC

AX R0 &2l HED|H 2
MII& HIDJIOICEH Olm, Oledst EIIE LHOIA Xt
velocity), wE SEolAI2.



o &=

(3) 0| ESP 9 &XE
6.0 x 10° V/m 2 Z2Ct1

(30 pt) 2. T+ 2 &0ll CHGHO! M=3HAIR.

Ol

S

—

a
a

0

b

(1) BX HMEEI S 2 20 ESP 2 S8 A « =

H0

S

30 -

CZRH HIEE= SO2 &= NEAIZ

12 0fn
o >4
17
M
o
=
Om
0

0 oI

@
o = =

Ot

e
I

)

9 e
oy &

l

FAZII=2 JHE el AISE K= Z2H ASHA AGA A
—Oxidation Limestone Wet Scrubbing Process)0lA A4
Ol 2lst 22| AHLEY, 24 S22 23tAII|= JI=sH &

0

: = of MIIE MII=e
P86, SIS REd+== 401U E1=2, 1

12

(40 pt) 3. 0™ AMESIHALUN A (Coal-fired power plant)OIAd 23% WAZBI|2
HAX™E (Bituminous coal)S EHSRD QUCH O SLHA LM = OIS NO 2
S Xcldl= (Aftertreatment technology)Z2 HMHGHI0 ZMA, Bt HESH
OIAH O (Precombustion control) JIE S AMZ2ECZM HIZEE %= U= NO 2
SN0l ZE 3 US A0 J|UHGtD UL OlHE H=9 Bt S HEGH)| st
otLISl S a8t 8282 USH =HEA NO MAESSH s 298 EM432
NASoZ N AHEH HAABLE SOl NO A0 Z2UHC de=2 DIXle =2
»,

IS0l SRR E Wetot= A 0ICH

No + O, < 2NO. (1)

2ol= B2 0A BtS ()0l e BE A4 (Equilibrium constant)=
S0 LAHAE E= Gibbs A AKX GIOIEHE 0|20 HAE &= QUL
AG°
K = exp(— (2)
p( RT)
GIJIM, K= 1 atm OlA OIADIHZ 255l 552 220z B
HHEAME AG°= E= Gibbs XS UK BHEH A2 JIH&sx, T2 E2U&

Al (2)2F
s el
<oICH

ob 500,
X HE



2tdotAl2. &, 500, 2,000 & 3,000K GIA NO dd= ?gt H&E Gibbs
A= Ol X Hat= 22F 20.095, 15.548 & 12.589 kecal/mol 0l Ch,

Temperature (K) Equilibrium constant

300 7x 107

500

1000 7.5x107°

1500 1.1x107

2000

2500 0.0035

3000

4000 0.0888

(2) Ol LEAUAN BIES = BIDIHAE S48 20, Ol 22 =48 22
o= UALH.
Constituent Concentration (%)

CO» 13.9

H-O 7.6

No 4.7

Oy 3.7

SO»

NO
B2Ho 2H=2TIF 2,000 &€ 3,000 K & [, MdE = U= NO 2
ZNsTE HAGHAIRL.

(3) E2d WY =1 stE2EQl 3,000 K 0IA HiJIOFADE 0.0001 s S©F
HERE M, 84 Jisg NO 2f =5 HAGHAIL. & F.’_%1 LH Ol A
I:IHDIDV\OI HSFAIZHH HE NO s&2 Bete Us A2 E HE &,

d[NO] _

~ = klINO1. ~[NOD([NO], +[NOD)},

I Al k =2.24x10% /s O| C}.

™

(4) 2110 stE25Q 3,000 K OlA MALZ= NO 2 s&JF Ees5E2 o
95%0l SEot= O Zel= Al2HS 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 I.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)

=
\_—'__J
& 1y
I
i
S
o
ol
@
QO
Q
®
o
Ny
o
0ot
o
HEl
['EI
I
i
@
[
©
@
o
QO

c
flgt dEXQl IietOIEH=Z AP (¥EZoh)2t t (2EAZNE HEMN

P — P

V. = inlet — " outlet
s =

). (%) ]

(60 pt) 2. Tt 2 &S 2t&5| JI=GHAIRL.,

(1)NOL 2l MHES ZASIE == U= ALMA (BHE Al 50 X+ OILH)

(2) FGR (Flue Gas Recirculation) (BtE Al 50 Xt Ol LK)

(3) izl A2 &AL (EHE Al 50 X+ Ol LK)

(4)NOy EXHelII=2 X XS0 &R (SCR) (BHE Al 50 X+ O[ LK)

(5) FelMESHUAN tHE= SO, E MHot= &E (BHEAl 50 A OfLH)



(6) 2& BIME =t

F-I[[

XN IH
/] O BA

S e == M2 CH™ZC (3IHK)

(BF= Al 50 X+ OILH)

(30 pt) 3. OtcHel 2 AMAEHSALHMANM HHEZ= 4322 HAHGHI
LI5H BHHEE AE)|I=2 JtE del AI2D0 Xl H3l4 MAE3E (Limestone
scrubbing process)2 E0 =10 UL

[ Reheate IL"‘ Clean flue gas to stack, 175°F
A Mist eliminator:
EYEVAVIVAVIVAVER | washwater
:r".‘o—\.':r\—mﬁ»ﬁ\—zws,i—
Flue gas from LTATIEAT AT T R
which most Serubber
]\lrtuln_ have Vo = 10 fts, Scrubbing liguid:
been removed,  400°F 125° F, 4 5 ga 10% solids
| residence :imr 50 gal/1000 acf
“ = (inlet conditions)
Ground limestone slurry: Clear liquid return, 50 ppm solids
60% solids, 1.2-stoichio-—— | S A
metric requirement y i | Bleed stream: ‘
e 10% solids |
Effluent hold |(_‘;'
tank: 10-minute H»
Oxidation air: residence time I}J M:I.ku.“!)
twice amount A 19 solids | o
needed to convert all sulfite — i ! |
1o sulfate i _!_’—l__ :
4} ~~._ Thickener ."_,_.f' l
H'\__'m': Filter cake: 'y __(3'_-4' ~" .
\ 60% solids el I
Jodisposal 1 i e Thickener & | |
Mixer Vacuum filter I,”lfj.ur_ﬂn.“' Thickener
A el overflow
tank
(1) /2 Mel3d2 HESHI0 IS HNes tHER2 Mg SAIL
(2) HIED| WOIA HME%OR Z3es A3 22212 A Lol BSe
SO, 2t 20Lt= BtE= MAL. &, AEI WA LEHZ 2+30|
= = 1
2oL, HFEX0 TEote =JI0 L& RBa=ES Ca803-§ H.O =

U

04

t& StCt.

L

Et

—

M
4
F

Segm A
== =
o

st=

=o=z

N

9l

s oo ©

OlA BHEE =
T= 2,720 ppm OICH. Ol
150 ppm SO

ol
=

A_”I-I }\l/\—i 0.”/\_| _\TLI O%|~ M §| M Ol

SO &

LHoll & ==
40.08 OICt.

Good luck on all your works.

= BHDIJtA S =

I,

A

II-O|
S =

BME2S R
US kg SRIZ A
BAE22 DF SO, 2 EMETID IE

otJ|

o]

gu

22 1,699,000 Nm®/h 0l 2
ESGE=PIE]
Q50 A2t
A, S HIDIDtA
1, Cal =xze

6% Oz



Air Pollution Control Technology
(Class #: 3479)

Final examination (Closed BOOKS, NOTES and MATERIALYS)

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. OlcH D2 MESALMANM HEE = S4st=S MAHGH| ?IoH

Er = X 5] Ol = 2 o) | d S| A N2 XK
I:IHCﬁa%* S4EJ=2 IOt gl ME-HD U= JHI&EVA. Aald NE3FE
(Forced—oxidation limestone scrubbing process)s 20310 UC}.
| Reheater L" Clean flue gas to stack, 175°F
.‘% i Mist eliminator:
[ !
““_T‘\,_I Y  washwater
Flue gas from E EAT R K_'“;'_ =
which most Serubber |
particles have i |
If\l e :‘.".III'\I!ﬂi. 100" J - | |
o ] e C ; J 50 gal/1000 acf
- (inlet conditions)
T, - |
Ground limestone slurry: T Clear liquid return, 50 ppm solids
60% solids, 1.2-stoichio-- | |+—"—— )
metric requirement ¥ Bleed stream:
h SHCN i r 10% solids
Effluent hold
tank: 10-minute ('—_g
i residence time Makeup
Oxidation air: e waler
twice amount b - 19 solids
needed to convert all sulfite = I
— W F .
1o sulfate I ==
- Thickener —
Ay Filter cake: A f):'::’ T [
6015 solids ik
I TR S ETL D e = Y =
- _} ,_ i i‘ = : * Thickener (F— "'Q"“\-
- T underflow: A £=3
Mixer Vacuum filter 35% solid Thickener
e bu b - 9 3
overflow

tank



(1) ¥ 2R Z WA “ Effluent hold tank” 2] 9&2 HHGIAIL.

o Jx
tol
ﬂll>
$

= |9 BHDIDEA LHOI Bt
SO, 2H0l YLOILLE BISZ MAIQ. _r, Hl’é* | LHOIN 2EHIZ 92

= J
20U, NEX0 E€ote =JI0 o F&4== CaSO3-= HO0 2

Jt

0
o
o

(3) O] MEIHSAUFMANA HHSE = HHIIDIAS S22 1,699,000 Nm3/h 01
ESMSI2O sE= 2,720 ppm OICEH. O] AFE &S HIEZ3IEII1Z=0] 6% Og
JIZ22 150 ppm SO, 2 [, EASE2E2 MASH AGH A2
HEASUAM ZRs A5lMo %2 kg HHRI2 HAGHAIR. &, HiDIJtA
LHojl 89 % A2 25 SO, 2 ZMECD JIE6ID, Call 2

40.08 Ol Ct.

40 pt) 2. C+E 2t =30l ot 20l M=6HAI2.

t 15 ECF 2(S2H81H 1 B0 &#2) 90l M NOx 2
BHEsTJt &X oUﬂ ZMHE = 0IR (Equivalence ratio = S2JtHI)

U
0
o
=
>
>
M
:D
U
9

=— Air-Fuel Ratio, A/F
20 17 15 14 13 12
Bl 'l LI | 1 [ ]
Lean Stoichiometrie Rich

NO,, CO, and HC concentrations (not to scale)

HessssetHiE HREED B ]
LT 0.8 0.9 1.0 11 1.2
Equivalence ratio, ¢, = 1/A

—

(2) CHAIS H = (Dacy’ s la)222H HUEE XD (23| Bagfilter 2t0 & &H 2
SHHLE 2 YUY



(CHAISl &2 v, = Pt =

BRCH

(3) BHOFA LHOI SO, &0 IS =3 el BHHE Y

P

outlet

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

(30 pt) 3. ™ AMESIHAUN A (Coal-fired power plant)OIAd 23% WAZBI|2
AX™ME (Bituminous coal)S EHSRD QUL O SLHUA LM = OIS NO 2
S XclJl= (Aftertreatment technology)Z2 HMHGHI0 2MA, Bt HESH
OIAH O (Precombustion control) JIES AMZ2ECZM HIZEE %= U= NO 2
SN0l ZE 2 US A2 J|UHGtD UL OlHE H=9 Bt S HEGH)| st
otLISl S a8t 82YUEE2 UsS0H =UHEA NO MAESH Ui 298t EM432
NASoZ N AHEH HAABLE SOt NO A0 Z2UHC de=2 DIXle =2
»,

ITtES0| NN E Iot= Zd0ILH:
No + O, < 2NO. (1)

(10l st BE A4 (Equilibrium constant)= 4! (2)2F
Z Gibbs AN X HIOIEHE 01260 HAE = QUL

gl
o
2
ne
o

AG°
K =exp(- 2
p( RT) (2)
HIIM, K= 1 atm M OIAJIMEZ 2tF0old sE2 FE=2¢o=z Hag e
HY A AG°= EZE Gibbs XHF HIUWKX B, A2 JIM&As, T Z2UHSZ0|CH
(1) BFS (1)0ll CHEr & A 2H=0] Ofele ol =0 ™ UCH BFS2 %I 500,
2,000 ¥ 3,000 K& @M, BtS (1)2 WAL g2 HAMGIH =X HE
2FHGIAIL2. &, 500, 2,000 & 3,000K OlAl NO MHHdZ2 fst =& Gibbs
2

A= Ol X Hat= 228 20.095, 15.548 & 12.589 kcal/mol 0l Ch,

Temperature (K) Equilibrium constant

300 7x107%

500

1000 7.5%x107°
1500 1.1 x107°
2000

2500 0.0035

3000

4000 0.0888




nio

(2) O] LEA0A BIESZ= HIDIDIAE S48 21, Ofchio 22 =48 ¢
= UL
Constituent Concentration (%)

CO» 13.9

H-O 7.6

No 74.7

O» 3.7

SO»

NO
B2HO 2H=2EIF 2,000 & 3,000 K & M, M= = /A= NO <
ZHIN=sTE HAEGHAIL.

(3) ELd WY =1 sE2EQl 3,000 K OIA HiJIJFADE 0.0001 s SO
HEE M, 84 Jitset NO 2 s&EE AHdotAl2. &, 222 WUHA
BHOIDFAS] MIEAIZHO [HE NO &2 Bale UsS /%'QE HEE W,

% = k{(INO], ~[NO])(INO], +[NO)}.

OIIM k=2.24x10"/s O|Ct.

Good luck on all your work.



Air Pollution Control Technology
(Class #: 7344)

Final examination (Closed BOOKS, NOTES and MATERIALYS)

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!

—~

10pt) 1. D208 A
N2 LM ULH:

ﬂlIIlJ

HAAANZE M, NO= =2 0t BHESCZ2RH Md

rr

=i

N, + O, < 2NO. (1)
KUol= BIES2T0A BFS (1)0l CH8 B&E A= (Equilibrium constant)= 4! (2)2F
2510 LHE& T= Gibbs XS X GIOIEHE 0|25t HAE 4= QLY.
AG°
K =exp(— 2
p( RT) (2)

HIIM, K= 1 atm OlA Ol&JIMZ 2t=otd sk =
Bdas, AG°= H= Gibbs A= OIUHXI BHet, A2 JlIMal=,
S (1)0l CHeh & &k gtS0l Ofehel Holl =M UL BtS
BS (1)2 B &= g2 HAGHAIR. &, 3,000K Bl NO 444
A= 0lEH X Hete 2828 12.589 kcal/mol OICt.

i

Temperature (K) Equilibrium constant
1500 1.1x107
2500 0.0035
3000
4000 0.0888




(4) 3T 2F €& NOy (Thermal NOy)2tel 2 A

(5) A& IGCC

(40 pt) 3. Otch DS HESIHLYNMANWM HISE = 46322 HHGH| 6K
HHOEE AZ2)|=2 JIE g2l AI2DD Ys LHitsas M3A HJEZ2A
(Forced—oxidation limestone scrubbing process)s 20310 QUCH
(-- Reheater —— Clean flue gas to stack, 1751
I[_o/" o -_,'- : : I\.Il liminator
ppm sol ‘
sh 3 l L
‘l-. "‘ ‘ i b R ‘- Y —
(1) ?f SEZ0l et OlIRUHA = HHHEEZBEHE S6| ° 2H&EA AN
=scl¥’ 0let) &ol= 0|/ E YoM
(2) A2 2 LA SAASESS ANEEQ /A22 AIZ0tDA & 22, 29
SHATMNN=E S ERe HABSEHS E&YHGHAIL.

(3) O] MEHSISLTANA BIESS = BIDIDIA2 S22 1,699,000 Nm®/h 011
gutstEe == 2,720 ppm OICH Ol /\}%*o_l BHEAEJ1E0l 6% Og
Jl=2=x 150 ppm SO, & M, &&tet== HJ1ot)l 2ot AltE
NEAL0A 26 /\*il/\*ol &= kg SRIZ HLGIAIL. S, BHIIJtA

LHOI &zl EdtetEe 25 SO, 2 EMetCh &6, Ca o 24EE



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. Ct3 24 &S 2t25] JI=0HA2. (X 28 25 50 X OIHZ J|=)

(3)0I=& = MHeHA! IOtEel ISt tiots 32 4|JFHEINA S0
FR d=210 LE=E MAH Y

(4) 22 DEJACZRH LM = M=s52 SOx E MIAHGH= (BHHAY

(20 pt) 2. 0™ AMESIALUN A (Coal-fired power plant)OIAd 23% WAZBI|2
S EH (Bituminous coal)S B0 QUL HAABES S0t OfcHol =& Bt
A

Ol Cratel NO It AL 2 QL

No + O, < 2NO. (1)
2ol= B2 0A BFS (1)0l e & A4 (Equilibrium constant)= 4! (2) 2t
S0 LHAE EZE Gibbs A3 UK QIOIEHZ 0|2560 HAHE 2= QULCH,

AG°
RT

=exp(-—-) (2)



HIIM, K= 1 atm OlA Ol&JIXNZ 2tFot) s&EE ez Z8eE e
HIAM AG’= EZ Gibbs A= UKl B3, A2 JIX , T= ZUH=2%0|Ct.
(1) 2,000 K Ol NO MAE=S <8t = Gibbs XIE UK BH3l= 15.548
kcal/mol & [, BtS (1)2 BE A= S HAGHAIL.
(2) Ol LHAUAN BIEE = BIIINHAE S48 20, Ol 22 =488 22
o= UL
Constituent | Concentration
CO» 13.9%
H-O 7.6%
No 74.7%
Oo 3.7%
SO, 1,130 ppm
NO
2LHo 2H Jb 2,000 KL M, NO & 2= E HAGHAI L.
(10 pt) 3. Ofellel D2 MEXQ WOIEE22 & WE 20310 ULCH 0ledst
MOIZ2E2 CIXC Tet0leHsE detdo=z JEH =UHE D, OICH. MOIZE9
dEds2 dH SEAN LELIE e eH==0 et et&lC.
: = Cleaned gas outlet
“{} Dirty
=3 inle
—Glas‘ﬂ
Collected
= solids
S22 =S Jt8st 0l MOIZ2E22 £ SEAZ O3S0 =0& Al 210 0f &
HEHAMN LIEtE DS =2 1 OfcHol &2 & UL



NV, (p, —pg)dpz]

=1-ex
7 P Wiy,

VR

outer helix)2| &l & %=

OOIM, N=2=2 g3A (
V, = 2% g2 A (outer helix)2l A==
p,= =8 B2 E
p,=HHItA 2 &
i, = =& XA F
py= HHIOtA BEE0IC

(2)Wi = 0.5 m, N =5, p, = 2.0 g/em®, y, = 1.8 x 107 g/cm's, p,

0.0016 g/cm®, V. =23 m/s 2, d, 2S F5tet.

(30 pt) 4. Oteff DE2 AR DIIACZRH HiEsZe= Z&ts
Flot0d BIHE S ASJI=2 JHE 82 AISEH LD e HHbtats A

(Forced—oxidation limestone scrubbing process)S

HI
44
J
$0
Q




(2) 0] DHACZLH IS = HIJIJtAS |22 1,699,000 Nm®/h 01,
A2 ST = 2,720 ppm OICH O AFHZEC| BIESSIEIIZ=0] 6% O,
J|Z22 150 ppm SO, ¥ M, EAS22 HMHGH| ASHH Al2te
HEASUM 2o A5|Mo| %2 kg HAZ HAGIAI. S, HHIIJIA
LHojl 8toE EABI22 2% SO, 2 EXSICID JIAGID, Call 2R

A22 CaSOs % H.0 2

-

40.08 OICt. M0l =E€ot= =712 &

Jr8 ettt

Good luck on all your works.



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!

t2(NOy el MAES x4t I8 ALMHEY

tol

(1) AAELSOA A
(BFE Al 200 Xt OILH)

(3 JtXI)

(B) HWMEZ XX D|C EH=T(superficial velocity) Vs JF Ofehel Aoz =&
M, HUAZEXINE SHSHI)| At BHAHO OtDIEEZ AP (2320602t
(ST AIZH2He 2HE 22 = Ues Y (BtE= Al 60 A+ Ol LH)

|nlet outlet

ERCA

(4) 72l M3 22 D=5 OtZAIIA(SO)E HESt= DE A0 HE
EXO| BHAHEEII=(FGD) (BH=AI 60 Xt OILH)

(.J_AI 100 IP OILH)



Ml H ot |

=
=
|4 MEsE

(20 pt) 2. Ot DE2 UAR LIACZRH HIEEHe= &g
POt BHHESE &SI |=2 JHE E2l AISEH LD U= FHAEA A

| DHACRPH HHEEE BiJIDtAS R 1,699,000 Nm®/h 011,

st=22 s&= 2,720 ppm OICt O] AtEQ BIEAEII=0l 6% O
Jl=22 150 ppm SO, & M, &&tat== MHotJl Pot AlE
NEAEUA 2Ret A48 2= kg SHRIZ HAGHAIZ. ©, BiJIJtA
LHOll == 2atal= & SO, & EMettt) JtEstl, Call =24E2

A22 CaSOs % H,0 2

—

o |
0

(2) O EE2Z3Zo2RH Zdot= 2L OM3EHA HISEEES & HIAR

HAHGHAI 2.

(20 pt) 3. | AEtgIEAY N A (Coal-fired power plant)OlA 23% 1t =
S XHEF (Bituminous coal)2 B0 QUL HABIZS SOt Ot =&l Bt
OloH CHOl NO It MM E 24

No + O < 2NO. (1)

= 00

HlA Bt (1)0ll CHet EE A4 (Equilibrium constant)= 4l (2)2t
Z= Gibbs A O Xl GIOIEIE OlEZ0td Hater &= QUL

D o
[ o

==
—

PN
—

ne ro
ke HD

21

AG°
RT

K = exp(——) (2)



, K= 1 atm OlA OladIdz 2+ 2 =il
f==, AG°= HZ= Gibbs It= GIUAXl B3, A2 JIX& s, T= E2UH2%0IC}.

>.

0 2
S~
x

o
0

(1) 2,000 K IA NO 4= <lst
kcal/mol & [, BtS (1) &

(2) O ™A

0N BHE& = BHIIJIAE 46t Oteliet &2 4= AL
BUHO 2HEE2TIH2,000 KL @, NO & XID=sTE HAGHAIL
Constituent | Concentration

CO» 13.9%

H-O 7.6%

N2 74.7%

Oo 3.7%

SO, 1,130 ppm

NO

Good luck on all your works.



Air Pollution Control Technology
(Class #: 3479)

% 7 BA(AEA £3) W3S 97 $§XA44  Total point = 105

Final examination

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

Student Name:
Student’s SIGNATURE:
Student I.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 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!

R)HVEZEXD|IO 2HMLFA (10 pt)
(3) A EF|GCC (25 pt)
(3)-a) MEHIASIBESI 0|22 H MAZ = IHA(S) (5 pt)

Hint: BISA22 WA &9



(3)—c) AEHGCC 2& (A 22 0o O &) (10 pt)

XA (3 I 0] AN (5 pt)

@
|
40
1o
T
o
0K
0
nio
>
0R
o
=
1o

(4) OF H01| =& 80 20| &3teld 4 Mz 22 CaCOz;E A4
S MGt DX+ &tCt. (10 pt)

20| HAIA LHHMIA CaCO; 2L CaCOs2t SO.2t0l L0 Lt=
S(8) (5 pt)

gado axd d=g O
)

o
o
-
)
o
(o
o
=
@
j<3
o
35
=
2
x
N
W
o\°

(10 pt) 2. HH Metzteagd™d A (C HAZ2I|=2
HAFHE (Bituminous coal)S EHSR D UCH HABLES =0t OfcHol =& BHE0
OloH Chafol NOJF M= 2= ULCH:

No + O, < 2NO. (1)
2ol BE2T0A Bt (1)0l g BB A2 (Equilibrium constant)= 4! (2)2F
2o AN EZ= Gibbs A AKXl GIOIE{E OlZ0otH] HAHS &= AULY.

AG®
o) (2)

= exp(-

HIIM, A= 1 atmOlA Ol&aDJINZ 2t=Fot) s=8 RE22=x2 HIE Mo
Bed=, AG°= HZE Gibbs At5= Ol Xl Bt A2 JIX Z 0

(1) 2,000 KM NO MAS <& H&E Gibbs At UK Bist= 15.548
kcal/mol2 M, BtS (1)2] BE & gtS HASIAIR.

o
njo

HA0NA BiEEl= BHIINASE 24t 210, Ot &2 2ds &
AULCE.

(2) Ol

A
T

Oy



Constituent | Concentration
CO» 13.9%
H.O 7.6%

3 74.7%
02 3.7%
SO. 1,130 ppm
NO

22He 2250 2,000 K [H, NO2 = D=sEE HAGHAIL.

(20 pt) 3. Otch D82 UnE DNEIACZRH HiIE=H= A2 HMAGHI
PN BHAEE 4EII=2 JHE el MEELD U= ZHLtstAl A8 NEZ2E

Ol DHRACR22H HIEZE= HIJIJIAS] K2 1,699,000 Nm®/h0l1,
EutstE2 sE= 2,720 pomOICH O AFEEC HIEdIEIIE01 6% O3
=2z 150 ppm SO, M, &&tst== KMAHoH| 2ottt Al2tE
NEAEZ0A 228t Al 2= kg &2 HAGHAIL., &, BiJIJtA
LHOI g =E EdtstE2 25 SO2 EMetth] JHEG6t, Call 2XAE2

40.080ICH ME2X0 Sosle xJ|9 DA a2 CaSOg-% H,02

= =

HE

0

Ct.

olol (| At

== Ab oL E

—

N

BiEgds & H2I=2

fio

ton

Ol E2ZHCZRH ZMG

HAHGHAI 2.

rr



Ol

(20 pt) 4. I HHISAIEOAN ZMsH= HIDIDIA LHOI &8E RE X9
HEZXZH0| 0.1 pQl XA 2E O STt 50 g/m®, BIDIJIALl 201 4,320 m¥/h,
HROIDbAS] BAS (u)Ib 1.74 x 107° kg/m.s 2 M, 20/t 5 m 0l =0IJt 4.6
m o HXEO| 24 cm 22202 Axl=E &I &&DI| (Electrostatic Precipitator,
ESP)E AI25I0 IS5 2= 0I5t2 M A Gt DXt 8L

g

(1) X

H

SSEEPS

— —

Ei

(e

ro

sz HEELCH

Ol
Ol

& Ol

OIJIA, q= YK Hote, g=©
(8.854 x 1072 C/V.m), d_ = UX=A,
Ut Qo H2st= HEII ( )
MIIZ MIDIOICH OIM, Oladsh ®MIIZ LHOIA Xt
velocity), W& |RE6HAI2.

(Ans.: W= )
MU
(2) O] ESP 9 ZXEES HASGIAIQ. C, A= gtXM2 ol MI|E M=
6.0 x 10° V/m 2 ZCtD JIAEGID, UXo SEAAS 40|CH &D2, 1
N.m =1 V.C O|C}.

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. Gt 2 ES0ll THoHl 2t23] JI=3HAIRL.

(1) 2432 (SO HHEANE |IE L=, (Total 15 pt)
(1)-a) 2= 2tF L HHDIDIA 2FUAMS E801= (604 OILHZ J|=)
(1)-b) BHOIDA LHSl SO M2JI=SS A2 HEEdez FAEE
Ol ThAl 22t st Usko M2 =8 [ 212 Hgst €80=
CHEXNQ =& Ol (3 200Xt OlLHZ JI=)

(2) e DNEJAGELNEL S)C2RH LMEE=E HAASF2(NOYS It
SUHOZ MAHE = U= - (100Xt OIHZ J|=)
(2)-a) MAErS2 &cl (5 pt)
(2)-b) MEEI= S0H2 BtE A (5 pt)

() A2 DHEIACZRH SOE MAY = /A= =2 JI=(10 pt)

O

(100Xt OILHZ DI=)

R4

(4) 2HSEEAI| NEEEDS 2|4 SSE (5 pt)

(50X oL J|&)

(BINOLI HHEXMZS st HAMUYE N BHISHAE S Xtol2 EE
(100Xt OILHZ DI=)

(10 pt)

B o



>
ol
0
o
>
N
ol

(30 pt) 2. Otch IS MAESFADMANA HEE=
BHAEE &EIJI==2 IHE Ecl AEEHD Us ZHatstal Ao A

(Forced—oxidation limestone scrubbing process)S &

=
M
IJ
$0
a

(1)-a) * ZHAE S RLAIE B D 0IKE 848 (5
(2)-b) 0l BHES MEIFAAFAY 22 20| M2t &
THS HAGH0I0 OH=Dl HY BHS MAIGHD B Yolg &Y

tI1 %ok

NEEE

(2) O] SEHERALEANA HEEE BIJIDtAS R 1,699,000 Nm®/h 0| 2
2st=2 s&= 2,720 ppm OICH O AtE &2 HIE0lEJI1=01 6% Og
Jl=2=x 150 ppm SO, &€ M, &&tst== KMo ot Al2tE
NEAZ0AN 2Rt A3lA2 25 kg &HAZ HAGHAIL. &, BHIIDEA
LHOI ef=el edtatE2 25 SO, =2 &Mettty) JtEotl, Ca 2 ’:’IPEkO

40.08 OICH. MSE X0 E=Eol= =12 LJaf R4=E

JI A &Lt (20 pt)

FIO

o

08803 —HQO =z

(20 pt) 3. (20 pt) 2. HHHE ANESIHELA A (coal-fired power plant)HlA 23%
DHUBIIZ2 HAHEHbituminous coal)E EHRD QUCH HABLES SO0 OfeH ol
FO & BtS0ll 2o CHel NO JF M- E %= ULH:
No + O, < 2NO. (1)
Al (2)2F

1)0ll CHst & A2~ (equilibrium constant)= Al
9 HIU Xl GIOIEHE Ol=otd HAtE == UL

==
e
®



AG°

K =exp(- 2
p( RT) (2)
HIIAM, K= 1 atm OA OlAJIXMZ 20t sE8 U= TSE e
HIME AG’ = EZF Gibbs A2 MUK BHal, A2 JIMasr, T= Z2UH20|CH
(1) 2,000 K OlAl NO MMHdES st E= Gibbs A UK BHals 15.548
kcal/mol & M, BtS (1)2 BEHAS gt2 HAGBIAIL
(2) O] LAEA0A BISZ= BHDIJIAE S48 21 Ofeliet 22 X488 2=
= UALH.

Constituent | Concentration
CO» 13.9%
H-0 7.6%

N2 74.7%
Oo 3.7%
SO2 1,130 ppm
NO

22He 22501 2,000 KE [, NO & 2 1=sEE HAGHAIL.

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!

M U2 DYAEHETE: 5)22RH ZEEs E2UsE(NOYE 7t
gitqoz NAHY = A= Y (RH=A] 80Xt O|LHZ 7| =)

2) ME T EIT| 9] EMHA L (superficial velocity) Vs 7t Of2fio] Ao 2 FO{ & f,
OMZYZXITIE 2FSH| fpr MAXQl mEt0|HE AP (FHESHRF t
(2TAIZHZES| HAE P2 = U= YH  (MHEA| 60 X} O|LY)

PP

\V; outlet
EHRGN
k cake k filter

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

inlet




4)-a) 29| AHATJIA LA CaCO; H CaCOs2f SO 7to| YOolLt=
H

HS(S)
4)-b) ?le @-a2t €2 HIFFI S UHEATH M HEL O

O&=l= 2MES 371X 0ld)

(40 pt) 2. OfH MEIS UM A (coal-fired power plant)OflA 23% 1tAFZ 7|2
o

A Y bituminous coal)2 EfR RUCH O] HYUZ M LEE= CHES| NO £

=
S X 2|7| & (aftertreatment technology)2 HM|AH3I7|0| MA, Metstn: MHED
Of| 21X O] (precombustion control) 7|E2 AIEE=EMN HiEZEE = U= NO £
HAXS| FE = UAZ AR J|ChstD UL o3t o F2| EtF S HESH|
StLbO] =t AEWH2 CHSo| FO{E NO MEEHSo| Cist gostd E82
Nt 2N MEF HAHEE FOHo] NO Mdo| HOjMQl FgE O/Xl= F8

N, + O, « 2NO (A)
st BFSR2E0AM BHE (A0 CHEH HE &=~ (equilibrium constant)= A (B)2t
230 LT EF Gibbs AH7 O|LHX| 0| S 0|238}0] AAtgt 4= QULCE,

AG°
RT

K = exp(-—) (B)

Ol7IM, K = 1 atm O|M O|&7|M=Z ZtF5tn =5 BHEYPoz mwg e
Hdd=, AG° = HF Gibbs At Of|HX| 3} £2 z



(1) 2 (A0l CHet BAY== g450] of2fo Ol 301X ULt ES=2 =7t 500,
2,000 X 3,000 K & M, BS (A2 BEI= s Aol o #S
2Hg3tAl2. B 500, 2,000 S 3,000K 0| NO 482 fIet EF Gibbs At

o4 x| H3t= Z+ZF 20.095, 15.548 2 12.589 kcal/mol O|C}.

Temperature (K) Equilibrium constant
300 7 x 10731
500
1000 7.5 x 107
1500 1.1 x 10
2000
2500 0.0035
3000
4000 0.0888
2) O] AHAOM HiEEl= Hi7|7tAE 240 AL, ot 22 =82 25
T ARULEL
Constituent Concentration (%)
CO; 13.9
H,O 7.6
N, 747
0, 3.7
SO,
NO

2ego] 2H2E7F 2000 R 3,000 K & M, ddE = U= NO 2

3) 22 Lol x| tH2= Q1 3,000 K Ol A HYZ|Z7kA7F 0.0001 s 52 HEE
M, 844 7tse NO o =5 Aot L. &, &3 oM Bi7|7t29
MJAIZHO 2 NO S92 Higt= ChE 2= HAE(L,



d[NO]

k{(INO], -~ [NO])(INO], +[NO])},

dt

2.24x10% /s O|C},

7| M k

NO 9| 57t BEE =2l of 95%0

=
—

I 3E2E 01 3000 K Of| A MM

(4) %

NI

-
o

¥

= A

O Z2|= AlZE

=
—

=SS}

(20 pt) 2. Otz O

UALE.

HoF1

=3
=

(forced-oxidation limestone scrubbing process)

1 filter

Mixer

1 Oo|lfE A9 (BHEA| 50 X} O|LH)

n

IF
oll

o

RO

ol

=)
BN
0l

50 X} O|LH)

HY 7| 7kA 0] S22 1,699,000 Nm3/h O] 11,

=
—

Ha0|M HiE K|

giet=0 sk

!

o

4

2,720 ppm O|Ct O] ArAE2| HIZEHE7[E0| 6% O

=
—



=
MEAOIM st M3|A0| %S kg THYIZ HASIAIR. T Hj7|7tA
LHofl SrOE HASIEL RE SO,2 EXSICID JPESIT Ca o BXIES
4008 O[T} HEX0| TEs= %x7|o] DA HAZS CaSOa-%Hzo z
JFR ST}

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 I.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. Ct2 2 230 O 7+ES| 7[=5tA| 2. (2442 Z|Cf 100X} O|LHE 7|=)

(1) EsPo| HTld=nt S 2AF0| JAes HAHME =7t HE &2 22
L7 2 892 Faotd 440 Tl o2 OlR

@ B4 35 B

I

(3) Eattet=E(NO,)  AMOZle & dEHYFOjHE

reduction, SCR)2| &2

(selective  catalytic

4) A ZZHT7(o] 2HLFEME EE5H7] fIeh IPY (Hint: 57 3P4 = 2
7| 7H)
(15 pt) 2. DERAON HiZEl= Bit=laS HASH| fleh B EE7|sa 2tEsh

CtE =S50 EotAl 2.

\J

ol gitel=0| HiZtA WO =X o 7he Mo 2@

& o | =0
2% (Gpy (2H=A] 100 X} O[LY)

2
o



@ w2 O™ HiHEZ JtE g2l AMERls ZHittA Ma|M
MI™8-& 7 (forced-oxidation limestone scrubbing process)g2 H&3}0]
2itelEol HIEHE7|e2 THAIZ|AX ot O 1R HYT|TtA
F2 1,699,000 Nm3/h 0|1, EASLES| &EZ& 2,720 ppm O|C} O
AFAELO| HIES|R7|F0| 6% 0, 7|Z2 2 150 ppm SO, ¥ i, FASIES
HASHZ] /5t Al2tE MEAIE0M Rt MMl S kg THRIE

F =
ALtStAl. B BiZ|7kA Uo 2R gitele2 25 SO, 2 EXfettin
F

ok, Ca of ZAtE2 4008 O[Lf. XMF=O E=EHSs =7|o 14
A

HAES CaSOa-%Hgo 2 J}EBITL (10 py)

(20 pt) 3. OfH MEIS UM A (coal-fired power plant)OflA 23% 1tAFZ 7|2
A X Ebbituminous coal)2 ENR 1 RUCH O] EZ{0|AN ML= CHEFo| NOE
S X 2|7| & (aftertreatment technology)2 HM|AH3I7|0 MA, Metstn: MAED
O 21X O] (precombustion control) 7|B2 AIEY2EMN HIEE += U= NOE
SIMS| 2E = UE A= 7|05t QUCt o2t o|52| EfFdE HAESHZ| {lgt
StLte| =t MaEH2 CHE0| FO{Z NO Mdutg0| gt E9std EMS
nHPoEN MEF AAELE S0 NO Mdo| EOEQ F¥E O0X|= F2

N, + O, « 2NO (A)
YstE HFSR2E0AM BRE (A0 CHEH WE &=~ (equilibrium constant)= A (B)2t
230 L2 EF Gibbs AHR 0|4 X| 0| S 0|238}0] AAtgt 4= QULCE,

Ol7IM, k= 1 atmO|A O|7[H=z2 ZIFdtD 55 RS2
A=l

Of ofaiel &O| =O{N ULt FS2E7F

(1) 28 (Ao Ciet B+ Us
FS (A2 By

500, 2,000 & 3,000 K& [, &t
QLM SHA| 2. Bt 500, 2,000 3,000K0| A N

0
oz
£
mjo
2
rx
of
2
gl
2
A
H



o 4 x| H3t= 2H2F 20.095, 15.548 3! 12.589 kcal/molO|C}.

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) Of LHAOM HiEE|= Hi7|7tAE 240 AL, ofefet 22 =82 22
T AALE.
Constituent Concentration (%)
CO; 13.9
H,O 7.6
N> 74.7
0, 3.7
SO;
NO
Hgo] 2™=2E7F 2000 % 3,000 K o, MHE = As NOQ

(3) 22 LHo| x| StH2E Q1 3,000 KO|A| HYZ|7FAZF 0.0001 s SO HEE
[, Md 753t NOQ| 55 AMSIA|R. T 22| LHO|A HYZ|7tAQ
HZA|ZH0 [HE NO a9 Hgte CHS Alo2 HHE|D,

ANOL_ k{anor, - tvonnol, + inop),



O 7| M k =2.24x10" /s O|C},

(4) 1 F222l 3,000 KHM EdEl= NO2| 527t BHsZ2| o 95%0f
ZEHSHE O ZElE AlZHE ALSHAIR.

Good luck on all your work.
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