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* Air pollution control law
@ USA
- 19574 Clean Air Act |7
-1962 w7l o WS HxE AHA
CAMP (Continuous Air Monitoring Program) --- SOy, NOyx, CO, HC, Oxidant,
=3 (670 &)
- 1966 AbEAF <lxlel ofg 1o WA, FAlEE
- 1970 Clean Air Act Amendments
— National Environmental Policy Act
- 1971 EPA (Environmental Protection Agency)
- 198018 ¥-dF .- global air pollution <14
i) acid rain
i1) destruction of the ozone layer by chlorofluoro carbon(CFC)

iii) global warming by COs

@ BAR
<1960 W7l 2 WA AA
<1966 o7l o AAE
NASN (National Air Sampling Network)
<1970 BHAH T

@ v

<1963 & WA

<1971 Fa A gt
<1978 A REH

<1980 #AH W=

<1990 A A A

-1990 w78 By



* Air Pollutant Source

5% s
Fixed Emission
919l & Source N B3 =
Transportation : At= &, & D[, A&
A& & Emission Source : E2, SA 2, it
« 7] & 249 HEEM (auto-purification)® mechanism
i) 84 - ks A 5x107g

ii) A7 28 (rain out) -+ "ol oJ3] 7] T &) 7k 3

ex) lmm/hr x 15min 7% @ 10p Y AHA 28% A A

=4

i) Abs2rE - ) 71F Oy, O3, HoO25 ol ol 4ks)
iv) At ag - ZFe]de] o) gk At (UV 200~290nm)
v) wBAE - A Ee] BAEsAgoR CO29 029 ] 3
!
7129 W&ol t7]9 Auto purifications
dozint

- industry
power platnt

solid waste disposal
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* Air Pollution =& 9] classification

@ physical Mkl bk

- gas Ik

- particulate Ik

@ formation processell ™z}

- primary pollutant --- A ¢l (stack plume, motor vehicle) 2258 2% #]&
ex) CO, HC, HCl, NHs, NaCl, SiO;, Pb, CN, Cd, Zn, Hg &

[e)
- Secondary pollutant -+ 1&X <2 9&E9°| atmosphereo|*] physical chemical
conversion (3}8+4 2F3} & photochemical reaction®] 23k &A1 2 E3))o] 2]
Ag /\é

ex) NOCI, O3, H,0s, PAN(peroxy acetyl nitrate), PBN(peroxy benzoyl nitrate)



Primary pollutant
1-1 Particulate

- 4™ aerosol, TA 3} colloid YAH7F LA,

s HEE 0.1~10mm
<A W mE B>
@ Smoke(FERE) --- 7] A

© mist -+ ¥i(nuclear) & FAo 2 F7|7}

© fume (Z7] 0.03~0.3um)

Ao wel

i

i) B840 A&, 53}, 4T u a2 eolA 7Ast | A
i) 7)1 dztE o] colloidft — =g]3}sts w3314

ex) metal refine (Pb, Zn)
@ 7 (Particulate)

LS - wAge] B, fume, A4
Z

- Z3hEZ(dust fall) - ©E EE
- H-f-& % (suspended particulate)

mist® ¥+

14 A= A%

h=]

S, 712 73t =F [ton/kn/month]

ZH Aol M Eow NO,, SO, & Wskel #A}

=4



1-2 Gas
ex) NHs, SOy, NOy, Hydrocarbon(HC), CO, F & =1 3}3t&

Cl "
S ”
FAH 2dELD — CO,
@ NH3(ammonia) -+ WYull, 38u] 5 (F<F 24), AAAZE 3dgFALE etc
© CO - &g Eobd dAAi
2C + O, — 2CO
i) Fo =g
- 91914 &% - fuel combustion industry, incineration
AAZ o2 304 x 10° ton/year
- Apd A Al - shak aFE 30~80 x 10° ton/tyear
ii) Aw= 2ka kel gk CO A4
—10
BHOIDIAS
CO (mol%)
0 | |
10 15 20

A/F (air/fuel) [g/g]

i) =AIA A o] AlZEE CO FEot e

30 | 13000
20 —— 2000
cO Traffic count
(oom) o | 11000 h
0 |

A/F (air/fuel) [g/g]



iv) & 4~13%
A8k 7~10%
il 05~1%
v) AWF7] 0.05~01% W 5
vi) ¢t $A 50ppm
© Sulfur oxide (SOx)
i) 7] & HeS 80%, SO: + SO1 20%
i
HeS, SO2 — - —*»S0s — == > HeSO02 —> (NH4)2S04

oxidation =3 i
ammonium sulfate

HsS. SO» SOz rainwater /
S T T i into leaves  ramnwater
2 _ volcanic l
industry S0z

H2S04, (NH4)2S04

decaying
plant

iii) SOy (o}34F7k2~ ) sulfur dioxide)
« Eo &34 - solubility 10.5g/100 ¢
- F7F A 01~02% A Abst
SOz + 1/2 02 — SOs
< SO FH H7] vhmo] HEA o R S
— oA % A& & yéf(acid rain), A4
R EAT SO, + HO = HSO; @ Zh A ®4)
iv) SOs (sulfur trioxides)
- AAT7IZEe] AL S029 1/40~1/802 A



® Nitrogen oxide (NOy)

i) AxitstEel 4 ¢

NO, NO;, NOs, N203, N204, N2Os

o ukA NO, -+ Air pollution®l] <3 3F
i1) Emission Source

+ A} bacterial action -+ NO(43%), 5.7%)
- 1914 - NO(11.3%)

T aFolA Naok O Hhe-&
pollutant® FAE o AA &S
iii) NO - FA5F3

b
N airs Ns
R

+ O — 2NO — NOy
A=A pel N j

CFNF 08 AE

03 + hv (photochemical)

iv) NOZ - 274
71Zvo 2Ry AH =7 ofHT} (condition ; NO 1000ppm ]/
0, T8, 2% 1100Ceo]%)
Uvel hv
- FAks  NO + O — NO2 + Oq

-7l T A or Aol AH AA

; 2NO + Oz —  2NO2
v) @4 F Hemoglobin (Hb)¥} %138}= o] 73}t
02 -+ HbO2 (oxihemoglobin)
L Azt e] 200~3000H
CO -+ HbCO (carboxy-hemoglobin)
Lo ow) it - Ak 9 5 7HE

NOx -+ X Hb (nitroso-hemoglobin)



Secondary pollutant
@ Smog
i) smoke (917], W) + Fog
i1) visibility A4t 7] &4
@ photochemical Smog (ex, Los Angels 19544F LL#%)
i) 7191 291 : NOx (A-&=F v 7] 7}22)
OlefinAl hydrocarbon smog
UV & 7HA134
i) YA
- ALl & o
-7 ES] wiEFol B
- 719 mixing & diffusion®] S |

iii) 12k photon Ot T) &4 & Wr=A] 2%} photochemical reaction

. hv, Os e - hv - PAN (peroxy acetyl nitrate)
eX) HC(O'efln) > 1X|’ gé}'g —_———> CH3COOONO:2
- HCHO (formaldehyde)
- ketone
- acrolein CH2CH-CHO
- etc
L 1 Xt photochemical 0 2t
I reaction T Smog
ex) PAN &4 process
/O
Step 1.  R-CH=CH-R + 03— R—C< + RO + HCO
unsaturated HC H free radical
aldehyde
Step2. R-C_. + O + hv > R-C + OH
H free radical
@) ¢)
. %
Step3. R-C~  + 02 ——* R-CZ0-0
free radical
¢ @)
- ~
Step 4. R-CZ0-0 + NOz — > R-C-0-0-NO2

<PAN>



* Air pollution classification

o &5 T T example
S =it CO, CO,

. . A2 sHE(NOy) NO, NO,

IOTBAME B35 g dstm (500 SO, HSO;

7] €} inorganics

NH;s, Cl;, HCI, HF, HsS, O3

Organic gas

hydrocarbon

Aldehydes & Ketones

71 €} organics

benzene(CgHs), Toluene, phenol+F
n-hexane[ CH3(CHz)4,CHs]
ethylene(CoHy), CHy
butane(CsHio), butene(C4Hs)

formaldehyde
Acrolein

aceton

@ chlorinated hydrocarbon
chloroform (CHCl;)

dichloro ethane (CICH2CH:Cl)
dichloro ethylene CICH=CHCI
trichloro ethylene C.HCl3
dichloro methane

= methylene chloride

Tetra chloroethylene

carbon tetrachloride

© Sulfur compound

methyl mercaptan

ethyl mercaptan

H2S

methyl sulfide = dimethyl sulfide
dimethyl disulfide

aerosol

particulate

Solid 7] =}

liquid "] A}

dust, 7§43 (smoke), fly ash

mist(BEE) -+ nucleusS FAOR =77 &=
l st wugY o R i
3 22 TA ] HAE, AA ] H AL, jon




problem 1-1 Example 1-19] A4

Q = 747 * 10" m'/s

D =2791 m

L = 50 mile [1609m/mile] = 80467 m

v = 40 ft/s [0.30218 m/ft] = 12.2 m/s

air®] i 9 p & 7t7H 1.8 * 10° ke/m - sec, 1.21 kg/m' o]t}

(a) pressure drop< K?

Dop _ (2791m)(12.2m/s)(1.21ke/m’
1.8x10 °kg/m - sec

=229 x 10° (turbulent)
if Nre < 2100 --- limira flow
" Hogen-Poiseuille law”

32vln
Dg,

<sol> N, =

AP=

experimental equation at turbulent flow

AP =h.-p-g (h : head loss) —————- @)
L\ v’ .
h,=2f F(j)? (fp : fraction factor) —————- @

ﬁ4.010g(1€e\/7p)—0.4

by trial & enormethod fr = 0.0015

2
from @ A, =(2)(0.0015)(-5A0T) (gzézlgjéf) —1.319m

from @ AP=h.p'g
= (1.319m)(1.21kg/m’)(9.8m/s%) = 15.66 N/m*
= 15.66 Pa



(b) pumping power
<sol> Bernoulli eq

AP .
BTRRE  a Ell

<7FA4> incompressible fluid

Ar? aw _

i) fraction loss = 0
1) horizontal flow

i) velocity difference = 0

dW AP_ 15.7Mm2 21297ﬂkg

dn 1.21ke/m'
m= pQ = (1.21ke/m')(7.47x10'm'/s)=9.04x10" kg/s
power = w - m=(12.97]/ke)(9.04%10" kg/s)
= 1.17 = 10" w
= 1.17 = 10 Mw

2% 10" Seldel Ho A Ak



Table 1-1 Pollutant source & Emission type
@ Table ] 670 & (PMo : Particulate matter, SOy, CO, NOx,
VOC;s : volatile organic compound, Pb)
— primary pollutant
@ transportationi Industry process®] 299 %21 (53] motor vehicle)
@ VOCs (or HC)= 217to 2 A dHFEA = &AW secondary O32] pre sor
@ SO, NOy -+ fuel combustion o &3] %t}
® Pb - gasolin SE7IE =o]7] 3] gasolin ¥ Ao zE= G397 4 olEyd
A7t
st o2 Bl
5  PbOy PbsOy (AF3}H)
heat, O2
4 olgs : - 110C B EollA] 3]
-320C DA RolA Zax oz E3] — air pollution
- fiE§y gasolin 0.033~0.132 wt%

1.5 Emission, Transport, Receptors

Emission Air pollution0l 2|8t
Bt A 2 » Atmosphere ——» Effepct
- transport
- dilution

- physicochemical modification

i

natural mechanism=2
S8 BFEH



2215l 24 Jiution
0.5 [mlxmg 50—~ CO [ppm]
NO chemical reaction

NO
NO2
Os

[ppm] wind speed %

atmospheric mixing Ol
Ot ECH AT

l

rapid dilution

24 3 6 9 12 15 18 21
Los Angeles(1965.7.19)2] H air pollutant &%= 3}

@ CO, HC, NO (primary pollutant) % #2] F72 o}z o peak
@ NO — NO;, — 032 ®H3e=2Z NOT CORtY 3§23 chemical reactiong 3+c}
2nd pollutant
@ summarized atmospheric reaction
hv
NO + HC + 0Oy — NO2 + O3
= ,VOC (volatile organic compound)
ROG (reactive organic gas)
NMHC (non-methane hychrocarbone)\ CHy9l vt dkg-A
NMOG (non-methane organic gas) /
@ VOC7t =AstA e

NO, + h — O + NO e @D
O+ O+ M — O3 + M (M; usualy N2 or O2) —————- @)
NO + O; — NO», + O, 3

photolytic NO: cycle
steady state
from OO — [Os] = [hv][NO:J/KINO]



ki
NO; + hv. - O + NO
ko
O+ 0 + M — 03 + M
ks
NO + O3 — NO; + O

d[dO;’] — k[OLO I M — k[ NOILO;]
A0 _ i [NO, I~ kL OLO M - 2
intermediate ¥ %= = zero
ki [NO, ][ Av]
from @ [O]=W 777777 3
from D@
d[a?tB] Zklkz[]V02][bv]—k3[]\D][03]
steady state
A0, _ _ IO,k
i —0 lol="Tor o gk



NO2

product O2 i ’\

NO o
J ﬁ air Oz
Os
NO
NO » NO2 > [
- 2AZ AR O| GIAAA T 0+02 — Os
- XS HHOI

® VOC7} &A1& EO -+ VOCE= NO — NO»9ol 9a2 3l t}E 2nd pollutant Bl &
OH + VOC - RO, + H:0O
RO, + NO - NO; + RO
RO + 02 — RCHO + HO: (R : any CH)
ex) formaldehyde (HCHO), acrolein (CH.CH-CHO)
+] M0, + NO — NO, + OH
VvOoC + 2NO + O — HO + RCHO + 2NOg

* morning®] NO, VOCZHF-E Al4td 299 03 5%

0.3— VOC/NOx = 4
03=0.08
VOC/NOx = 8
NOx 0.4
(ppm)ovsz
03=0.3
0.1 VOC/NOx = 15
" VOC limiting region"
sEIH B EEsE
NOx l t —— " NOx limited region"
|
I I
Os 0.5 w5
VOC (ppm)

1) US tiFEE 9 cities VOC/NOy : 8 - 15
i1) 38 O3 5% : 0.12ppm (NAAQS : National Ambient Air Quality Standard)



* A/F (air/fuel) ratio

7CO; + 6.5H0 + 38.5N:

]

- gasolin C/His 10.250, + 3854N, —
. . 0,9+t N,(2  398+1080 _
stoichiometric A/F= fuel(2) = 97 =14.5
CO2
NO ] 300 ppm
HH = I Db A
= = (%)
NO
HC
5.2
co
10 14.5 2.2
A/F
i) stoichiometric A/F o] =& CO, HC |
ii) stoichiometric A/F o] H<&43 NO & maximum point
iii) stoichiometric A/F o] ZZ&4+2 CO,, H.O 1
iv) excess air’/} €45 CO, HC, NOy, CO;, 5+ Zasi) d4d & dasa



1-7 Summary
1. Air pollution °©]#
i) man-maid harmful materials®] t 7]l presence
ii) quantities© 2 harmful effects® do7)7] =&
2. Public interest in air pollution< 1969 - 1970°] &7]3
3. blowing the polluted air away®ll 9|3 air pollutiong s2% < itk
— reducing pollutant emissions 2% 3] 2
4. one air pollution problem << a family of related problem
- cheap and easy way:s {Ith
- air quality goals® 93] many samall steps= o 3t}
- wa}A] there will probably he more expensive than the steps we have taken
so far
5. Overall Air pollution problem
emission — transport, dilution, and modificatio in the atmosphere
— effect on people, property and the environment

6. Some of most important air pollutants are "secondary pollutant”

primary pollution precursors
7. ppm

8. unless stated otherwise, =72 latm, 20T



