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Abstract

HVAC (Heating, ventilating air conditioning) system is used to keep indoor air quality. The
purpose of the traditional HAVC system is providing a comfortable environment and
ventilating the indoor air pollutants. Recently, with the quality of life increasing, people have
more requests for indoor air quality. Especially, after SARS infecting, the indoor-cleaning
technology are paid much attention. But, we found that the HVAC system still stress indoor
ventilation, and temperature and humidity adjusting. Therefore, this work tries to apply the

feasible air-cleaning technologies to remove the indoor VOCs.

Potassium permanganate is aways used to removal organic pollutants in water or
underground water, but this technology is very few applied in indoor environment to reduce
VOCs. However, potassium permanganate is a strong oxidizer. Therefore, we attempt to
removal indoor formaldehyde by using potassium permanganate filter in HVAC system.
Therefore, the purpose of this work is to apply potassium permanganate to remove indoor

formaldehyde.

Experimental Results implied that the decay constant (ka) of 0.5-ppm formaldehyde with
using 0.05 M potassium permanganate filter in HVAC system is about 0.385 (1/hr).
Comparing with the nature decay constant (kn) of 0.5-ppm formaldehyde (0.234 hr'%), when
using the potassium permanganate filter in HVAC system, the decay constant is obviouly
incresing. It is finding that the potassium permanganate filter could remove the formaldehyde
significiently. The results also indicated that the decay constant of formaldehyde increased
with formaldehyde concentration. And the removal efficiency of the formaldehyde raised with
the pretreaed concentration of potassium permanganate filter. Moreover, the decay constant of

formal dehyde increased with operating temperature and relative humidity.
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2op % 5 350-1654% : ° i f % 5 1.77-34.38% -

=

Niu et al.(1998)f1% 27 [iEHats f 3+ 74 F &4 =544 PM10 2 ° §2
VA FHRNERPFEAMNET FHRFR L2 ) AREFARPBT R BFBY
5% ~VOCs £ f 81385 » 7 FAsdsE & 5 20-50 ppm > i ~ jBA A 5] 5 23°C ~ 60% -
Sk BA % F P ESET PMI0 4 % % ik CADR i 342-3914 L/min s ® ¥ i
CADR it 11-330 L/min - o iy 218 ~ B A %0k 715 5080 $oed 2 LR > &
#Higz oz £ 4 VOCs kg it o

Zhang et al. (2003) 11 £ fR¥e% F FE P 2% 7 A T F L0 o P A F 5
N F o ARTREAN BT R RE S TR RET LS T A
beER L 1.8ppms B s BAA YL 25+1°C ~40+5% . T ¥ 2 PR L A g P
FAzdo kR S 7.6ppm o iE s RAE A B L 25+ 1°C ~50% - LR T 0 U fE2 4 hok
%5 T0~80%; 7 ¥4 ock i 35~ 40% - Esowein et al.(1994) 1% £§ % f % 3=
fod '5 7 MEZ 2 ki FARNRARGEAPM L FHRFF L LS R SuEE AR
WA B F sk TEFAR AR L 25ppm e B A L 21C - PR T 0 LF T F
FERE T pE2 2 K,% i JE
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2-6 BLEMTNIRE L AL BT

ML E R FARMA KA NEY KBRS > FARRA S - 5 B T
PSR P ()R - B A2 BB (T R) VN MR E
ook 8 Lfomt FAE (R 4T 0 2003) o F BARMAARPEE AR S H G KE £
@‘? FUGAS ERBRIMEI Rilrd c CRAEMPF LS EA X PAS G =

RSk

‘Mnadu%mg@wsﬁ&@ RSB T RSP 2§ T BT H R R AR
B OBGERASEHF D FCFRTC§ R RS OF ki S - Yan et al.(2000)7 45
ﬁﬂ*%ﬁ&@iﬂiibﬁﬂCBmﬁ4§ﬁﬁ$rﬁﬁ%TﬂEﬁiﬂ@ﬁé:?F
B HE RE S ¥k 95 067+003MISTe %% £ (2002)1 * % 4pfisn s (E
2 TCE 54231 252 m 7f % 500 m? K E R R SR BARME SR
TCE (5 %2 b M AEend ko o p % 4 (2002717 F 4pfkdo AL £ ¥ i3 42 44 7
ko Frmie kR R 1x10°M ER T FhAEfAF RER 5 32%x10-3M pF o F 2
Lk F0F P - AR T L] 0% A5 ¢ 4 22 G4 (AlOs ~ AI(OH)3
SO, kip| T LA B F IRz a4 0 FREFF IR G E A BWUPN o @
GEfkdn § 1 FvRen kP 5 4o x 500/l 2 AlOz~ AI(OH)s 2 SiOy» & 7 B 553 4Rk 4o
F - Fecniv® g4 oLuetd,, (2003) 4p &1 TCE/KMNO, & f - (molar ratio) < 2 ] 10-
ERE E,A&EL“ﬂﬁ4cmﬁ‘c°F”WTCHHKMHOA~;:»W .05 42>
fATCE e 9% 2% $ M E &1 e B FE - KMnOs2 A f2 TCE-Huang et a. (2002)
¥ it KMNOs§ it TCE 2 3 41385 » S % A » & 4+ chw e v 2 9 100% > & 4%
3 H' 2 MnO, $i5 4 % B chibrff o B 4R7E47 4% 75 f34p TCE 2-k4p i i » TCE $ P
B L s m e ® pH TH(p 6.7 M1 2002 A4 % £ MNnO, Uik -

RPGREBEORRY DEP PP AP LLE F BTN RERS - B
B> BHNITH T A RN B L ARt P T AR EE B AT
BRI G F Fl A E TR - R T ERF GRS P R

o

Y

g

14






I
L
gt
ot 2
Jd

N

31> i

3-1-1 Bl k%

N

Bl 4 53M HVAC 2 38 h 30 @ 53 RIEREE ~ L 4A0E ~ » #R aH A
WH A 2R BRI o KR EE TR ASLE A gL AR E A
BoH2FE Ry v -k AR TR R G S A%

:!;3'. /} v o R
FHIESE QoA A e 75 VAR F RN (recirculation airflow rate for, Qi) 14 2 §2i% F F

% (makeup airflowrate, Q) » 2 # Azt d 5 7 RARIFEERLGHE

—

L F
Bz F LERRS R ORE T FRERGE AR RY T TR F WIS S A
RURRFHMEGTETF 2 REER ALY g - T RN
72 % ACH (Q/V, tota air change per hour, total ACH) 2 2 5272 2 § ACH (QJ/V, fresh

ACH) % it 74731 °

Q2
Q Excess air
Pump
Testing Q1
Pollutants .
Chamber Clean Air
Fan
Qt
Q2
Potassium
Permanganate Unit Pump Excess air

B 2~ HVAC 4 3 [8)
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LR SKIEE L APERS B3 RIRAE(RH=30%E 70%) 0 M E =7 iR F S
(total ACH=05, 1, and 2 hr)i& 74 3¢ = 12 2 iF B~ % Fresh ACH (0.18 and0.36 hr)i& {7
e BAPERRER D  ARB AT TR RY o d WL SR ERPHIBR
BRI TPy SRR G R R oM ALY B E e RH=30%% 70% - @ ik § X
ERCEFRBREAI R G SR - BPENE AL G 5 125U FRA 4 F
# 1% ¢ (AHSRAE Standard 62-2001)7 = i 7% P & M3k § 5 5 0.35 (Uhr) - FIRIP & &
MR o F A B P EREEEREE S F X E AT R o

3-1-2 -] A BERRIF

B 3 5 Atd k2 ) 3 HVAC #5ipl 28923 » 2 4 [ % 80x80x80 cm’ > M@ ¥
AP L HVAC G b # 4 B8 5 92 6x60m°e 58— % 7 R AT X
%‘L é"\"&?’ ’ ‘/1\“ fra;fj * ILE!‘,"‘\ ﬂ;‘/’:‘g(‘i"}' j\i—%'r,\ % ./I_‘/Ph 1('_’ f’f /? Fé‘ -P /ya ff’_f: = ’J\ 80%

EIJ'—I—w "U — }J'ﬂ?i ES /w’ff'i—jg \/?Jpé/, “f; o

W3- 2 HVAC tiokere 3
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PIREvE2 R I i LAY G MR R R 2 AR R S F P E S e
[1]5*

Mx = 11— x100% [15]

Y mmx s ERE (%) 5655 0 BHREFFC(t) SEHFHICER
C(t) PIE= 2R EMAT » HHFMER > A C(4) 7 *[2]54 &7 ¢

C(t)=Cge ™" 2]

He Cois at=0prenig g MER s n: ks 5 -

313 AL E A

ENREY TARIEIE M RS ARS  AF Y RER TP RE Y NI F
RRIPIPRADIEIELIFHRFA - VOC FRTHREREL L ZTHEE
(ASHRAE - American Society of Heating, Refrigerating, and Air-Conditioning Engineers):%
3P > % VOC i3 4 4 (aromatic, aldehyde, alkane, ketone, alcohol, chlorocarbon) % ip] &
FFRFEFL AL 2 (VanOsdell, 1994) - @ pr i L2 g P g5 5 > 4
PHEFET BB AER DT BERE T (2025mgm’) § & A R J T s s £

PIflgre s r PREE @A RERE PR A A o TS Vi Ry AN AR
T S FRERBI - "L A e AHRAS AP LA EXTE BFL
fRa -3 PRZRCTEEEERATIRE ¢ A AAFRELRFE Y EFETF (Ulsamer
1982) » i & > ¢ 4= DNA H %74 - DNA-protein 4 4% 4 4 § B % % o

TEEF M AL 2 fIr R EEE AU 4 g2 T EEs o~ 150 mlo2 FApoke o
WHEER A= 23/% 5> 200ml &5 > 4> FARKD 200ml > feflrg 2 @ BF
Bt o LAgd pump 284 o 3 o KT EER BT AR F I fofr iy Wi 2



foi » plEf P ﬁ‘ﬁ%gﬁﬁnﬁ% é\'il’l‘/';"]]}?”%ﬁﬁéi k&2 " pEAf
oo FRGERAN RS MERFETL0-20 A a1t 0 TV EGFF %K -

=

314 54 ER 0

TR L A GE Y ER OPPM R E S P st g A4 &
"FORMALDEMETER 4, £ # 5% 1l 2 it (7 fhipl « A B R BT A &

1 B kst D e P o ard e B &7 sample g FIF B2 T g > & =
AP 10ml F HEd HECEXFIPINTEE o

2. ot (fuel cell) (Rl ¢ F MR FHE Y > 2 @I Ay £ F A
AL TR RN FIF b A RS B LI FapERY T-11 4 o FIRALH
TR EREEF 10 > TR AW ARD > L F R R Y BT E o

3 RHBHEIHIAR VMR CALZ2T05d - RERD KT I A (S
P e Alnsd ot RIFH T o

MR BRI F & 00550 ppm s = ek LA B EH FAH B o 1 ¥
FRPEm - Mg o Bcdp P @ o R % - B O RPBTH 7 LRI F| 1250 B 4% 5
AFDEHRS L o FZEARY TEERERRE ATV EE - FHBADIRE - RER
i*@ﬁiéﬁﬁﬁ’iﬁ%%$ﬁ~ﬁ&%£%ﬁ§ﬁﬁ%ﬁﬁ%%—+ﬁu;,
ET G FRAEEF M TR RE R BERE

315 3 Gk kT E

MR R L RRRART R AL LM B B R RE N &
fasmiaind > A g 2 A ﬁ&#,}@ﬁ;@;‘fi Smm 2z Ep TW?},’H ’ ljfrﬁ%ﬁ’iﬁmi\‘
A é’kﬁfq&z\mlg’ﬁz‘ﬁg"na;b‘)}‘-ﬁb’gpé' ﬁ%“’""l‘l%“irﬁﬁﬁ’i@/@*i I P

P EY 2463 kR (00LM-~005M 2 0.1M) 2 B &Bfesnia i ki EH » &

19



AR PR RS IRTHT FELAFR Y o FEREIRM I 2977

2 BhRPe R EE

& A (mm) ¥i=¢ £ (gem2)
* RIL g M 5.0 0.0152
0.01 M B & pk 47 g 11 5.0 0.0163
0.05M B 4&fis 47 11 5.0 0.0177
0.1M 3 &4 R 5.0 0.0190

3-1-6 AP ¥HRR ] % 5

- BEE 4 ) HEPA @R @i 2 10 0 - REMRF AR 2 8
FrRpsBRZ > A g ey - g HEPA Wijg2 ic3 § 7R &
(Q-Trak Plus, Model 8554, TSI, USA)Z Bl ™ » — B A D F 27 F Tip ¥R AE 5 0k o

317 3 %% 7
P B RAT R T THT ﬁ*é’_i ulzrjzsg;ﬁ:iggfgg , vujé%giﬁff%iﬁ}\iﬁfr%fi .
1. total ACH: (%5 &)
A F AT 2 total ACH B 7 o B 2 A% 2 total ACH ™ ¥53 4+ % &
S AP EP 05102 20(Uhr) = B 7 F 2 total ACH it (7 v g -
2. freshACH: (§ci25 % %45 %)
A3+ HH A 2 fresh ACH i (71 i+ 1B 3 27 I 2 fresh ACH ™ $75 % 4 %
2B 39‘3,J,)i}7~k7rﬂ?' Jﬁ‘ﬁi;‘_;}, 36/*?;:?“" S R S ggg ;b g

0.18 ¥# 0.36 (1/hr) = B # I 2. total ACH i {71t $iz o

20



3. LM By

FREB? VARRIEEE N SR AER S AT RER TR RE Y NS
BBEAETPRANTBELIFHRSE PR A7 FIEA(0.05ppm-~ 0.1 ppm £ 0.2
ppm)T > g 2 A

4. BB
A R REE AR T (25°C ¥ 40°C)  Ht B AR M 2 TR R

5. MHIRA
VR AR IR R (30%% T0%) T 30 T pEd ok RAE

32 9 %N &
B S BT

R B AE AR o RAERET - TRATE o
%+ﬂﬁﬁ&ﬁﬁ@,m%@ﬁ%&z§\ﬁ*%wﬁ4;$£é»%
Bk SLERE s 0 B A T ERAAPORARR
FHREFTAZF AL IRE A2 A2 H L ER 5% o

G L R RG  MP

ERER BT S N AL B e

‘*‘"T

o o ~ w D P
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4-1 R AfeF RlzH

BAEER BT AP LR R & AR L F LTS R 8k A
FREARD KPR F KRR S AFHEAP VR L LREET R § G R
Bk R AR o @ pE S 2 Y B WA R AR R E SR
4o[1]5¢ ¢

> le.t)-cft ) x(t ~t..)]
Mix = 91— . x 100% [1]
Z[C(ti)x(tl _tl 1)]
i=1

R mix s @ EALA (%) S6EF T BREFE Ca(t) B WA kA

C(t) pME=2REHFAT ’15&1/*\’2!“ BER > @ C(t) 7% [25 &

C(t)=C.,e ™ [2]
B¢ Cos t=0m By WMER n: iR F 5 o
F 3~ RIFEE 2 R ok
Beginning
Concentration Mixing Level

CO2 test (ppm) Temp (°C) RH (%) ACH (1/hr) (%)

1 3392 254 66.3 1.0 96.4

2 4438 25.9 67.4 1.0 96.6

A3t h 0 COy # R E (FiE Bk > £ % CO, 0PItk Q-TRAK i F i) » & 304
Bpl- N e RGP COER R [LAE[UNEFFE R EFRREE R4k 3977 o
S F RURE 4N R 96.4% 96.6% R iFHe 2 R frd 1 £.85.6% ¥ § if 3] ASTM

D5116'97‘§ - IB;/ ‘fr’ﬁ iﬁ—m,?]g}n%ﬁ».@ ‘]\/ Tr (80%|1 p) ﬂ%ﬁ-%ﬁlﬁjpég 7fﬁaF)‘
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i\4
=
PR
dk
4
E:
W
[e=2

4-2 ? gEf [ 3 HVAC s 3up R % R4FE

AP AR TR RMA AR A SR LR R AT LR L
1A HVAC 5% 2 g B R AP T35 882 f AR5 ba e ETimd
PRSI E S E SR SRR SRS SR & T 1 LA R A
A2 - FERR B BAFLY P ARFELR kPR ARG SR S -

Bl 45 05ppm ¥ FFtiplzR4gh AR * BARM4 P ER A% (TACH=05hr >
fresh ACH=0.18 hr') > A #A % ;& ¥ #ic (Kn)£.0.234 (hr'h); B 5 % & 1.0ppm 7 5 fiplzk
AN A BAEMPEER RA% T (TACH=05 hr' s fresh ACH=0.18 hr') » f %A %
¥ (KN)E_0.245(hr); Bl 6 5 4. 20ppm ¥ Ff ipl2ddgp AR * B4EMMPEER %
B (TACH=05hr' > fresh ACH=0.18 hr') - A #A % & % #ic (Kn)£_0.251 (hrY) - d
FoHEEVIo LAE- HRY FHARGBRHEF = BEAZ T RAFRTEI R
0.234-0.25L () » 2 bk R FEA A B R ¥ LB+ > 72 EEARARG FERRT R
BZWG o ABRFANEERSF > AREEZ HVAC hit? o3k b > 79t p &
Fop AR 0 BEG R2 IR G BP AE

Fig- v e HVAC bz 3k § T A AR R 2 B 77 405ppm
TR RRAGN AR Y BARMAY 0 P RER{ S 3 F 33 ACH=10 hrl prik A % R w1
(TACH=1.0 hr* > fresh ACH=0.18 hr'*) » # A X% & ¥ #& (Kn)E_ 0371 (hr!) - & %+
Foo B ERF FET T EER R ER G PR o 2t - IV A R B e HIRRE
REG 3 b2 IR G B BE o
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Concentration (ppm)

B 4~ 05ppb " fF & HAVC & sz

Concentration (ppm)

B 5-~10ppb ? fz & HAVC x 3Lz

1.0

0.9

0.8

0.7 -

0.5

0.4

03

0.2

0.1r

0.0

0.5 ppm nature decay

Ka=0.234

0.0

1.0

0.5 1.0 15 2.0

Time (hour)

25

B 2R % R M (TACH=05hr'

3.0

» fresh ACH=0.18 hr'?)

0.9 r

0.6 -

0.5

0.4

0.3 r

0.2 -

1.0 ppm nature decay

Ka=0.245

0.0
0.0

0.5 1.0 15 2.0

Time (hour)

24

25

B 2R % R M (TACH=05hr'

3.0

» fresh ACH=0.18 hr'?)



1.0

09 L B 2.0 ppm nature decay

0.8

0.6 -

0.5

0.4

Ka=0.251
0.3 F

Concentration (ppm)

00 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0

Time (hour)

B 6~ 2.0ppb ¥ @ & HAVC & 222 p X % ;R 444 (TACH=05hr' > fresh ACH=0.18 hr™)

1.0

0.0 - ¢ 0.5 ppm nature decay
' TACH=1 (1/hr)
Fresh ACH=0.18 (1/hr)

0.8 -

0.7 -

0.6 -

0.5¢

0.4

Concentration (ppm)

0.3
Ka=0.371
0.2 [
0.1
00 1 1 1 1 1
0.0 0.5 1.0 1.5 20 2.5 3.0

Time (hour)

B 7-~05ppb ” fiE & HAVC s 52 f #% % % 4 #+(TACH=1.0 hr" » fresh ACH=0.18 hr™)
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4-3 FEROBHET B HVAC f i ifdps 35

AP TV HEIRY REMREpHSEE N T BEFY > B8 A 05ppm T fE
At * 0.05M B 4Efkdm P (TACH =0.5hrh > fresh ACH=0.18 hr')2 % 342 » H %
¥ (Ka) 5 0.385 (Lhr) - i&— # 22 0.5ppb  pEz f #4 % e (0.234hrt) v g > 7
BB F R FAMARME "L FRTRTPETE AR A8 RF AN S
747 (KMNOy) 3 35 § 14 A » 7 -9 fiFie (74 f# > ¥t & HVAC Jsu? > 7 fiE 7 87787k
GG Epep o BRF o FlUV P REDI R T 2ok o ifd BpET 0 8
SRR T T G PR it o R RIS R F TS 2
L §AN MNO* & L M 84 > @ TS AT T k- AR AEL kg § 0
B A B - I S e EAR 0 A TR ET AL T A REART
FAHSARE BEFREAN  AAKRFE-H U GCMS A7 BT = 2 fETHEF R
]

B- BB B85 05ppM T A p RERFRES o VPR AR
R TEL RN R RBE T RMFR AL RFI AN FEMST I RS2
TR R AR SR A R G s kA 0k T pE

FoFRNPWERTFSFREZ T RRT g 20 P ERAZRES 0.1ppm
AR BTk T2 0.5ppm T FEA ek R BT 0 FRETERATERLFTIRR
B 005M B &R p > 7 23 ] P2 Rd2 TV LT BB R £ ER 2
EMTRERR

26



1.0

09 m 0.05M potassium permanganate filter

0.8 -
0.7
0.6 [
0.5

0.4

0.3 Ka=0.385

Concentration (ppm)

0.2

0.1

0.0 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25 3.0

Time (hour)
B 8-05ppb " pEtit * 0.05M B4R ™ 2 %R (TACH=05hr" > fresh
ACH=0.18 hr'})
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44 BEBIRBRHHT FIEARY BEHVAC § 5t% B B 5P

B-H o ATV EVRBERIBHH IR ERZ " BEAEFEZEE B9 E
1.0ppm ¥ FE A ¢ * 0.05M B 4k 47k + P (TACH = 0.5 hr' » fresh ACH=0.18 hr'')2_ %
A 2R F #(Ka) s 0412 (Uhr) - B 10 5 20 ppm " @@ * 0.05 M # 4gfi4e
&+ P (TACH = 05 hr' > fresh ACH=0.18 hr')z # 4 1 » H % & ¥ #(Ka) %
0.441(1hr) - & & 4w § 7 BERARARG P BAEMEIRM L Foni s R > A&
BoF et FERARE 27 pE e HVAC AL ifmhps o 5 2 " A 5 B B AR
PV e FRELZFRFRRE - 2BEFTEL O "HAETMER S GEO0SpPM T &
FREY P 3EMopt 2 2 T2 kR T IERchdE 58 3P 2507
AP RILR R S G TRl 8 k& FIEE -

J

1.0

09 m 0.05M potassium permanganate filter
1.0 ppm Formaldehyde

0.7 -

0.6 -

0.5

0.4

0.3

Concentration (ppm)

Ka=0.412

0.2 -

0.1

0.0 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0

Time (hour)

B 9-10ppm ¥ fE A it * 0.05M % 4 att ™ 2 F B2 (TACH=05hr > fresh
ACH=0.18 hr'}
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1.0

09 m 0.05M potassium permanganate filter
2.0 ppm Formaldehyde

0.8 -

05m

0.4

0.3

Concentration (ppm)

Ka=0.441
0.2 -

0.1 r

0.0 | | | | |
0.0 0.5 1.0 1.5 2.0 25 3.0

Time (hour)

B 10~ 2.0ppm ” @A * 0.05M # 4Efe4mihH T 2 R (TACH=05hr s fresh
ACH=0.18 hr'})
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45 2 FERZ BEBIAHE  BR AL B

AFEL Rl 005M B 4Efadr 2 %7 i o T {17 0.01M 22 0.1 M &k dv i
%9 B 115 05ppm 7 i fie * 0.0LM B &kt H P+(TACH = 0.5 hr' > fresh
ACH=0.18 hrl)z % 4 1 2 % 8 % #(Ka) & 0.351(1/hr) - B 12 % 0.5ppm * fg teié *
0.1M % 454 47 PF(TACH = 0.5 hr' fresh ACH=0.18 hr') 2. 3 ji 45 4 B & # #i(Ka)
5 0412(Uhr) e ie- H B E 44 5° 2 B% > Vi ARFIERZ FARS BT A
TP LR HARE ¢ AR RR L B RM IR T H T P BB L g0k
oA RRFANRFERL FEREAN Y FRIZIEMREAS S AN T EL
HVAC i si? HIRpF > €5 { B 6 S RERMMA TR > Fla A S22 - 2 5@ *
AR ER L FEMPRY R AL R B ARFAARFL Y o d SR F T
M- B L2 EITRR o

1.0
0.9 L B 0.01 M potassium permanganate filter
0.8
0.7 +
0.6

0.5

0.4
Ka=0.351

Concentration (ppm)

0.3 r

0.2 -

0.0 | | | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Time (hour)

B 11-05ppm 7 i * 0.01M % 4Efa47hH ™ 2 % 8 45 {4 (total ACH = 0.5 hr'» fresh
ACH=0.18 hr'}
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1.0

09 m 0.1Mpotassium permanganate filter

0.8 1

0.5

0.4

Concentration (ppm)

0.3 Ka=0.412
02 F
0.1
0.0 ! ! ! ! !
0.0 0.5 1.0 15 2.0 2.5 3.0

Time (hour)

B 12-0mppb " fEd i * 0.1M % 4kfesn ot ™ 2 % 4% 4% (totd ACH=05hr" > fresh
ACH=0.18 hr'})
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46 BB RH AT FHF FTHY BRFFELET

AFTVRE-HVREBFIEFTEIFERFIE ERFPE B35 05
ppm ? pE it ¥ 005 M F4Rf4vimH o i F ¥ 1.0 hr' pR(TACH = 1.0 hr' > fresh
ACH=0.18 hr')z_ % 414> # % % ¥ #(Ka) & 0.598(1/hr)e 3 % 21 s 3% & & i §_0.5hr
2R HEER  TAELR R RS 1R R RHEF S £ 1
B4 U PEL R AR R MR 2 Sl R F S e TR § A IEH{ 4 A

CESCAE R T BRI S S SRR L

¥R 14 5 05ppm 7 pE it * OLM B4ER4v Rt 0 R T F 44 F 036hrt pE
(TACH = 05 hr > fresh ACH=0.36 hrl)z_ & #5412 » # 3 % % #c(Ka) & 0.689(Vhr) « &
A4 G 5Ap o VIAF R F I M TR RV s AP R A 7@
SRR REF IR H T A2 BHE IR M R T T AR R
fadm 2 JEfHH8 € l‘fi‘éﬁtzp HEFHFI MNARGFEZFE RO BEASLAFIRY
dRFaB o mv o FAMGETFLEF T AHALPF 2 g
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1.0

09 m 0.05M potassium permanganate filter
TACH=1.0 (L/hr)

0.8 Fresh ACH=0.18 (1/hr)

0.7

0.6

0.5m

0.4

Concentration (ppm)

0.3

Ka=0.598

0.2
]
0.1 r
00 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0

Time (hour)

B 13-0.5ppm ¥ FE it * 0.056M % 4&fe47 ja bt ™ 2 % 8 4% 1 (total ACH = 1.0 hr''»fresh
ACH=0.18 hr'})

1.0

09 m 0.05M potassium permanganate filter
TACH=0.5 (1/hr)
0.8 Fresh ACH=0.36 (1/hr)

0.7 +
0.6
o5m

0.4

Concentration (ppm)

0.3

02 Ka=0.689

0.1

0.0 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0

Time (hour)

B 14-05ppm 7 fEtid * 0.05M % 4afii 4t ™ 2 % & #+2(total ACH = 0.5 hr'"s fresh
ACH=0.36 hr')
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47 RERSRH A FPERTH BERFFELDE

AT EE- AU REASFHI BRI RZPE R 1I5 5 05ppm T pr i * 0.05
M B 4Efi47 i+ 0 B B % 45°C BF(TACH =05hr' > fresh ACH=0.18 hr')2. % 442 » A
FRA Y H(Ka): 0475(1/hr) o e 4-4 &9 > — B2 FH R iR R HER 4 20°C ) 2 F
FHch 0.385(1/hr) » #-d BEART i PAE R RARB P Y OBEZ ROR Y By ARF
AR R LABGERMEIREEFRF ORBZEREHMBEF LFE RO HMAEF RER 0 F
PR T L S S

FEEFEHRE - REPERE A AT IS B R A BRI E  f S

RARZFE FIPLAFTERFY DI NTEIEAEIRITER -

o

1.0

09 m 0.05M potassium permanganate filter
Tempature 45°C
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0.7 -
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0.3 Ka=0.475

Concentration (ppm)

0.2 -

0.1

0.0 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0

Time (hour)

B 15-05ppm ¥ mEtie * 0.05M % 4fkdm it 228 & 45°C ™ 2. % ¢ 442 (total ACH =
0.5 hrt > fresh ACH=0.18 hr™)
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ARV EE- SR RS HT ERFLRF o W16 5 05 pom T AE L
0.05M % 4&f4mihtt - 4p$HRA 5 70%PH (TACH =05 hr? » fresh ACH=0.18 hr') 2 %
o A F R ¥ B(Ka) 3 0501(/hr) e e 4-4 & ¢ > - 2 gl sk R 35K B 30%
B % ¥ Bch 0385(1hr) » #-a B ART v g T avg ApSHB A ARR P T L R R
Wi ARF 0 AR R MHBARARE P KF LA A G A - K oA T
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- R P B FPGAN T fE2 i 4 A e B A et B AR R
TooRF R E ARG R - R F A BRI o S
- BAPEBARRE > RSN ML AR IBRARRRT R Y 0 Fl ok § X3
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09 m 0.05M potassium permanganate filter
RH 70%
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Concentration (ppm)

0.3 Ka=0.501
0.2
[ |
0.1
00 | | | | |
0.0 0.5 1.0 15 2.0 25 3.0

Time (hour)

Bl 16~ 05ppm ? pE it * 0.05M % 4Efe47 m H 2 AP $HR B 70%T 2 % % 4% |4 (total
ACH=05hr'» fresh ACH=0.18 hr'%)
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PRI BN L ST IREORTS AR e f W W R -
FE B H e B2 AR 5575 100 ppb (£ BRI 200-500ppb) o ¥ IR R R
FRLEFAFRET S U IELRARP S 100 ppbo G M e 2R 0 F 7 R
Rt 50ppb 1T A AR A X marae s @ 50 1 1500 ppb § F P ATerel A 2 A g
72 ¢ i j& (Neurophysiologic effects) ;» 7 48 % 45 &1 » ¥4 10 ppb 2 2000 ppb 7 fF ik
RPF RGPkt G o v i TESFE LB RN GRS EFE L Ak
FhEFARM o X JoFRAE DR Y F A g AR DB T o

ﬁ%ipfﬁéﬁﬁiJFNM:iﬂ}ﬁiﬁﬁﬁa(ég%&ﬁﬁgéﬁ)x
FOREREAY SR EIR YRR Y & 50-650 ppb 0 & Bz T Ak & 42 100 ppb
ZARXFFE FPIFELRERRLEPEFLEY GERIE BRI F R
ER R TEERRALES AFPRFZEH  GESRL B FER g S

R AT EHHELF HVAC 2 A SN2 RFIZBEF? BHEES1T 558
T ? BEE R X 1 10-600 ppb Y bR n 10 B Hc ¢ 2 B 7 Bk & A2 100 ppb
LR RRCRE TR KEEPOMIRRRL IR KR S E

’fﬁﬁA EEPE AT A o

BTl R E EERAEN T ERA S J RS RRTRE Y R
EEPCOR S e R T R 2

37



5-1

=

5 T =2 2L > kg 23 =
IE SwmBER
2L >
]
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ppb > A- %z ? > 7 Ak &R & 10-600 ppb 2. & -
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Using the potassium permanganate to remove indoor VOCs

Shinhao Yang'’, Hsiao-Lin Huang?, and Yi-Chin Huang®
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Science
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On an average, people spend as much as 90% of their time in indoor environment.
Hence indoor air quality has become an increasing important problem. Indoor volatile
organic compounds (VOCs) play an important role in indoor air quality because it
causes many respiratory diseases. Therefore, more and more air-cleaning
technologies have been used to remove the indoor VOCs.

HVAC (Heating, ventilating air conditioning) system is used to keep indoor air quality.
The purpose of the traditional HAVC system is providing a comfortable environment
and ventilating the indoor air pollutants. Recently, with the quality of life increasing,
people have more requests for indoor air quality. Especially, after SARS infecting, the
indoor-cleaning technology are paid much attention. But, we found that the HVAC
system still stress indoor ventilation, and temperature and humidity adjusting.
Therefore, this work tries to apply the feasible air-cleaning technologies to remove the
indoor volatile organic compounds (VOCs) and suspended particulates
simultaneously.

Potassium permanganate is always used to removal organic pollutants in water or
underground water, but this technology is very few applied in indoor environment to
reduce VOCs. However, potassium permanganate is a strong oxidizer. Therefore, we
attempt to removal indoor formaldehyde by using potassium permanganate filter in
HVAC system. Therefore, the purpose of this work is to apply potassium
permanganate to remove indoor formaldehyde.
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