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Abstract

This study investigates the removal efficiency of PM2.5, PM10 and Total Volatile Organic Compounds
(TVOQ) using a Low-cost Air Purifier (LCAP). The filtration efficiency and Clean Air Delivery Rate (CADR)
of both standard and reusable filters in the LCAP were compared with those of two popular air purifier
models (AP_1 and AP_2) in a 126 m? test chamber. The test results indicate that the LCAP equipped with
a standard antibacterial filter (LCAP_B) removes PM2.5 and PM10 at a level comparable to AP_2, while the
LCAP equipped with a formaldehyde filter (LCAP_F) exhibits superior TVOC removal efficiency compared
to AP_2. Specifically, LCAP_B reduces PM2.5 and PM10 from hazardous levels (approximately 700 pg/m?)
to an excellent air quality level within 82 and 62 minutes, respectively. For reusable filters, the results
show that LCAP outperforms AP_2 in removing PM2.5, PM10, and TVOC. The filter cleaned with a vacuum
cleaner and blower (LCAP_BCV) demonstrates a slight improvement in removal efficiency over the dirty
filter (LCAP_BD), with increases of approximately 0.38%, 0.34%, and 1.79% for PM2.5, PM10, and TVOC,
respectively. The filter cleaned with detergent (LCAP_BCD) improves TVOC removal by approximately
26.44% and 21.01% compared to LCAP_BD and LCAP_B, respectively. However, LCAP_BCD is less effective
in removing PM2.5 and PM10 than LCAP BD, with reductions of approximately 5.96% and 5.73%,
respectively. Furthermore, the combined operation of three LCAP units (LCAP_T) achieves excellent air
quality levels, reducing PM2.5 and PM10 within 36 and 28 minutes, respectively.The advantages of LCAP
over AP_1 and AP_2 include an internal battery and a Master-Slave operation, where LCAP-Slave units

do not require pollution sensors.
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v A

FannanuLaluiive 2.4 lonadnsasnalull

3.1 msvdnlagldununsasuuuuni
NINAFRULNUNTBILUUUNAd MU AP 1 Taunu
NSBIWUU HEPA Carbon @u LCAP, AP 2 uag DIY AP
TgunuNsBIRUU Anti-bacteria (_B) waz Formaldehyde
(_F) wan1sveaeu E, waz CADR 29nn153nUsuna
PM2.5 PM10 Wag TVOC uanssisgudl 9 (n)-@) uae
A15197 3 dUSULA3RINTOd LCAP_BiiF1 E, = 89.34%,
CADR = 279.36 aU.4U./94U. ¢ E. = 89.42%, CADR
= 278.40 AU.L./%. U989 PM2.5 g PM10 aud1auy
Adnailunsedn 1 v uazanuanisnageu LCAP_ B
Tnalumsvdaduazessansziuganmeniaiiiu
duns1e (Uszanu 700 lulasniu/av.a) Tianasun
fasgauRundmiu PM2.5 (24 lulasniu/ava.) A
82 w1l wazdmiu PM10 (49 lulasniu/aua.) Ao
62 1171 uansdaguil 9 (@) wat (v) muaiu dmsuiedes

LCAP_F i/ E, = 25.73% waz CADR = 17.13 auUal/%..
991 TVOC #ldnalunisasn 3 v

A15°97 3 HANITVAFDULNUNTOILUUUNG

3 gl 1 4alus
i . TVOC PM2.5 PM10
13090

E. |CADR| E. |CADR| E, |CADR

(%) [(m’/h)| (%) [(m’/h)| (%) [(m’/h)
AP 1 21.00 | 13.34 | 44.15 | 70.63 | 42.55 | 65.21
AP 2 B |21.14| 957 | 91.62 |309.65| 91.23 |302.05
DIY AP B| 19.78 | 7.42 | 35.75 | 52.99 | 33.61 | 46.98
LCAP B | 23.67 | 13.68 | 89.34 |279.36| 89.42 |278.40
AP 2 F 24.02 | 14.25 | 91.52 |308.08| 91.06 |299.64
DIY AP F| 20.66 | 8.81 | 27.88 | 38.43 | 27.28 | 35.51
LCAP F | 2573 | 17.13 | 89.03 |275.65| 89.01 |273.62

e LCAP sniUFeuiiiouiiu AP wuusing 4 nudi
LCAP @1313509490 PM2.5 uay PM10 1afni1 AP_1 uag
DIY AP usitioendn AP 2 Uszannl 2.28% way 1.81%
puaiu (AP 2 THaalunisvdnduasestanseeiu
aaunmomandudunselianasundsszduinn
dw¥u PM2.5 e 81 unil uay PM10 A 61 unit dadl
NAN5YIARN991N LCAP Lies 1 1) ilesanniin-auga
91MAes AP 2 AseUARMTEIesLnTaseNAlsvaRe
ninaLgAeIN1ATes LCAP Tngiduruaudnanstes
ANBINIAYBY AP_2 Uaw LCAP 817 14.5 43, Wag 12 9.
AINEIAU waznud LCAP @1313093@ TVOC adni
AP 1,DIY AP uaefinin AP 2 Uszanas 2.53% Lila1a1n
Lcap Isgnesnuuulvinseushduuendusiunseseniveu
Anagvtlstanunsauda TVOC 1dRnth AP_2 uaw AP 1
Lifiduwesnsindu TVOC fneg wiswa1avinlisiumu
nsuAaLiiunnTy e TVOC Sennnus PM fentes
TulvuednluiRiniosnsesazliivihanm

PNNANINAFOUNUT UseANTA1nvetununses
Anti-bacteria @13150939n PM2.5 wag PM10 16dndn
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—AP_2 B
25 4
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Filtration Efficiency of TVOC (%)

Filtration Efficiency of PM2.5 (%)

100 q
90 A
80 A
70 A
60 A
50 4

Filtration Efficiency of PM10 (%)

AP_1 AP_L
40 4 ——AP 2B 40 4 ——AP 2.8
10 4 30 4 —AP2F 30 4 —AP 2T
——CAP_B ——LCAP_B
5 20 1 ——LCAP_F 20 A ——ICAP_F
10 4 DIV_AP_B 10 4 DIY_AP_B
——DN_AP_F ——DIY_AP_F
0 v . . . v . . . 0 ————————————————— 0 ————
1 23 45 67 89 111 133 155 177 1 23 45 67 89 111 133 155 177 123 45 67 89 111 133 155 177
Time (Minute) Time (Minute) Time (Minute)
(n) (@)
18 - 800 - 700 -
16 1 700 4 600 4
= 14 = | =
£ £ 600 £ 500 4
E £ 500 | £
S 10 4 “ S 400
g g 400 { s
F o8 a = 300 4
o G 300 o k3]
£ 61 = = L0 DIY_AP_B
< 4 AP_L —e—AP 2 B 2 200 ——DIV_AP_F < ——DI_AP_F
< —6—AP 2 F —E—LCAP B S S
2 —e—LCAP_F DN_AP_B 100 4 100 4
—a—DIY_AP_F —_— —
0 0 0
1 2 3 1 2 3 1 2 3
Time (Hour) Time (Hour) Time (Hour)
(1) (@)
700 - AP_L  ——AP2B 700
——AP2_F ——LCAP_B
——LCAP_F DN_AP_B
600 - ON_AP_F 600
. 500 4 500
- —
E £
& 400 4 S 400
= =
o 300 - S 300
= 2
2 200 4 200 4 AP_2_F
——LcAP_B
——LCAP_F
100 100 DY AP
0 o == ARF,

1 10 19 28 37 46 55 64 73 82 91 100
Time (Minute)

(%)

1 & 15 22 29 36 43 50 57 64 71 78
Time (Minute)

C)

gﬂﬁ 9 WANISVINUDY LCAP Lag AP LUUANN 9 Teeziian 3 vl PldununsasemawuuUng (n) E, 993 TVOC
(V) E, 89 PM2.5 (@) E, 9899 PM10 (3) CADR v84 TVOC (3) CADR %94 PM2.5 wag (2) CADR 494 PM10
warszeznansensoslilunisudn () PM2.5 was (1) PM10

WHUNTD9 Formaldehyde WailiuNT®9 Formaldehyde
a1115099n TVOC laAn3niaunges Anti-bacteria

3.2 msvdnlagldununsasuuuidinauun gl
AINAEBULKUN DAL UUTINdUN Il d1us U
LCAP uaz AP 2 1durunsesuy Anti-bacteria (_B)
way Hospital Grade (_H) Tagi uHUNTBeTanysn (_BD
way HD) wiAwEzeIn 2 35 As YA INAYeIn

serdosgaduuaziesesiUian ( BV waz HCV) way
ManuageIamensdnen ( BCD way HCD) nan1s
nAadU E, kaz CADR 31nn53aUsunas PM2.5 PM10
uaz TVOC #ldanlunisuda 3 vy uansdssud 10
war 11 uagn1319il 4 dwiuiadesnses LCAP BCV
§# E,. = 98.44 %, CADR = 396.88 aU.AL/%3. Lay
E, =98.30%, CADR = 352.23 aU.4./%4. U8Y PM2.5
waz PM10 audsu dimuieednses LCAP_HCD 4

323N T1veIse uazealy, “nisanwiUssansnimeeunseseneiniasimyseneaiildlulasaoulnsaaesuazusiunsesldylunis
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o
o
=
~
=1

AP_2_BD

——AP_2_BCV
100 4

40 ——AP_2_BCD

LCAP_BD
35 !

LCAP_BCV 80
30 LCAP_BCD

60 4

40 4

Filtration Efficiency of TVOC (%)

20 4

Filtration Efficiency of PM2.5 (%)

i
™~
S

100 4

60 4
AP_2_BD
——AP_2_BCV
——AP_2_BCD
LCAP_BD

AP_2_BD
——AP_2 BCV
——AP_2_BCD
LCAP_BD

40 4

Filtration Efficiency of PM10 (%)

20 4

== 7 LCAP_BCY / LCAP_BCV
== f LCAP_BCD P/ LCAP_BCD
o= 0 ———— 0 ———
123 45 67 89 111 133 155 177 123 45 67 89 111 133 155 177 123 45 67 89 111 133 155 177
Time (Minute) Time (Minute) Time (Minute)
(n) () (@)
60 - 400 AP_2_BD 200 AP_2_BD
AP_2_BD —e—apP_2_BCV —e—AP_2_BCV
o | —e—AP_2_BCV 350 1—e—AP_2 BCD 350 1 —e—AP_2 BCD
—&—AP_2_BCD LCAP_BD —&—LCAP_BD )
300 300 -
w0 | LCAP_BD LCAP_BCV LCAP_BCV -
LCAP_BCV 250 LCAP_BCD

LCAP_BCD i
200

CADR of TVOC (m3/hr)
5 B8 8
CADR of PM2.5 {m3/hr)

e 50

150
100

250 LCAP_BCD
200

150

CADR of PM10 (m?/hr)

100

50

Time (Hour)

()

Time (Hour)

2

w
-
~
w

Time (Hour)

(@)

Ul 10 wansudaves LCAP wag AP_2 91nuunsesemaiithnduanldlyaiuuy Anti-bacteria (_B) szoznan
3 9. (n) E, 999 TVOC (3) £, ¥84 PM2.5 (A) £, ¥84 PM10 (9) CADR 984 TVOC (3) CADR 983 PM2.5

e () CADR w93 PM10

A E; = 46.55% ey CADR = 58.58 aU.4./94. U84
TVOC uwarannwan1suiaunseseinianduunleling
994 LCAP Wuin LCAP BCV uag LCAP_ HCV @15
Ydm PM2.5 PM10 wag TVOC l@fna1 LCAP_BD
ey LCAP _HD Yzl 0.30% 0.27% uay 1.22%
U MnranRgeuTiule v LCAP way AP 2
ﬁ‘L%LLm'uﬂiaqﬁﬁwmmazmmﬁqam%‘laq@mﬁguuax
wisathauldlggaelilszansamlunisudn PM2.5
PM10 waz TVOC tudtusnnwiniians danwuin ananse
3nlaRnITuiunseaLuLanUsnLleadntos way
LCAP_BCD waz LCAP_HCD a@snsavdn TVOC ladnd
LCAP_BD way LCAP_HD Useund 26.44% Lay 24.78%
AIUAAU We LCAP_BCD wag LCAP_HCD @1a15a9399
PM2.5 waz PM10 1##1n1 LCAP_BD wag LCAP_HD
Uszan 6.02% waz 5.84% mua1ny {Jmmﬁmmsa
wiluldlaenisihnges PM aflauufnlifldnsendivay

ausniinUsEansnmnnsuda PM2.5 uay PM10 19
fulduazdaheltannsadaeynstdnuveddnses
TidunnTudnae lumsvharuaveauiunsesie
wednrlondumng duisilivinanuarenn iesan
Sihheandelsn Wouuniiss wavdsenusninndnesne g
Tuununsaseanlen

et LCAP Wisuiiauffu AP 2 wudn LCAP. BCV
aunsaudn PM2.5 waz PM10 leRnd1 AP 2 BCV
Ussaad 3.37% Wag 3.28% ANUEIAU WATNUIN
LCAP_HCD a1w1savdn TVOC 1adnan AP_2 HCD
Useanal 9.73% awvigdl LCAP tuainsnuda PM2.5
PM10 uaz TVOC 1éfini1 AP 2 iflesninaruidaves
fianunAa NIAYEd LCAP tui§ani1 AP_2 Javidls LcAp
aunsagerluazosiinzAnogiusiunseslénii AP 2
ugidlUaLde Ao 1@uinaNUes LCAP 92AInI1 AP_2 LA
WU WHUNTBILUY Anti-bacteria @13150U30 PM2.5
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509 __ap 2D 100 I 100 - —
T a5 ——aAP2 Mo g 90 - & o0 4
g 40 T AP2HCD 9 80 S 804
£ 35 Z 70 Z 70
o -
S 30 T 60 S 60 A
g z [ /
£ 25 4 2 50 S 504 / — AP 2 HD
2 3 AP_2_fiD e / —— AP _2_HCV
£ 20 1 £ 40 ——AP_2_HCV £ 901 y T
g £ (] Z, ——AP_2_HCD
= 15 4 = 30 ——AP_2_HCD = 304
H < AP HD 8 LCAP_HD
T 10 4 = 20 - ® 204/, ——LCAP_HCV
: = oo - 7 LCAP_HCD
= 5 Z 10 LCAP_HCD I 104 - -
0 ———— 0 ——— 0 ————————————
1 23 45 67 89 111 133 155 177 1 23 45 67 89 111 133 155 177 1 23 45 67 89 111 133 155 177
Time (Minute) Time (Minute) Time (Minute)
(n) () (@)
—8—AP_2_HD
60 1 —=—pp 2 D 400 4 —8—AP_2_HD 350 - ey
—=—AP_2_HCV 350 S—AP_2_HCV o . 8
—8—AP 2 HCD - 300 { === AP_2_HCD

50 1 —a—aP_2_HCD
LCAP_HD
1 —s—LCAP_HCY

—e—LCAP_HCD

LCAP_HD
1 —o—LCAP_HCY
S 200 | —o—Lcap_Hep /S

. %

300 LCAP_HD
5 —&— LCAP_HCV
—6— LCAP_HCD

250

S
S

@

=1

s &
(=] (=]
\
CADR of PM10{m>/hr)

CADR of TVOC {m?/hr)
[ w
s &

>—~
1S3

&-——/'7 7\:__-—?' 50 50
0 o} 0
1 2 3 1 2 3 1 2 3
Time (Hour) Time (Hour) Time (Hour)
(1) Q) ()

Ul 11 wansudaves LCAP uag AP_2 mnurunsasenaithndusldluiuun Hospital Grade (_H) szoznan
3 9. (n) E, 9939 TVOC (%) E ¥89 PM2.5 (A) E 189 PM10 (§) CADR 484 TVOC (3) CADR %94 PM2.5
wae (8) CADR w89 PM10

waz PM10 laAnIuaunsouy Hospital Grade W A15°9% 4 nansvnadouiunsasuuiindulyll

WNUNTBILUU Hospital Grade @wnsavdn TVOC 16id TvoC PM2.5 PM10
NTUNUNTBILUU Anti-bacteria w3asin | E. |CADR| E. [CADR| E. | CADR
Wou LCAP w3suiiteuiu AP 2 wui1 LCAP (%) |(m*/h)| (%) [(m’/h)| (%) |(m’/h)

BCV @u15a94dm PM2.5 waz PM10 16Ana1 AP 2 BCV | AP_2.BD | 17.97] 4.61 | 93.97 |235.45| 93.80 | 199.00
Usgannd 3.37% Uag 3.28% AUa10U kagwuIn LCAP_ [ AP 2 BCY | 19.53| 7.03 | 95.07 |252.03| 95.02 | 216.92
HCD anansavsa TVOC 16891 AP 2 HCD Uszangy | AP_2.BCD | 31.76] 27.81 | 90.30 |166.84| 90.23 | 132.08
9.73% aivinTl LCAP tuaninsnudn PM2.5 PM10 wpy | =P80 [ 18.24] 605 | 9806 |369.71) 97.96 | 329.41

va < < o LCAP BCV | 20.03| 7.77 |98.44|396.88| 98.30 | 352.23
TvOoC ladnan AP 2 PUBRIINAIULIIVDINAGUAABINFA =
LCAP BCD |44.68 | 54.25|92.10 (192.67| 92.23 | 160.93

09 LCAP fuiand AP 2 Syl LCAP anunsage

AP 2 HD 19.10| 6.35 [92.03191.62| 92.31 | 162.22
AP_ 2 HCV |20.83 | 9.09 |94.14 |230.22| 94.26 | 199.05
AP_ 2 HCD | 36.82 | 37.51 | 89.86 |161.23| 89.66 | 124.89
LCAP_HD 21.77]10.58 | 97.56 |340.77| 97.49 | 303.55
LCAP _HCV | 2241 |11.62|97.78 |352.50| 97.69 | 313.57
LCAP_HCD |46.55 | 58.58 | 91.49 |183.27| 91.52 | 149.93

HuaveoafiinizinegNununseslafinin AP_2 udl

Joude Ao L@uINnaNUd LCAP 69nd1 AP 2 wudn

WHUNTOILUU Anti-bacteria @11150U390 PM2.5 wag

PM10 leiRninuiunsesuwuy Hospital Grade Wslunsos

WU Hospital Grade a1u1350v49 TVOC lafinnueaunses

WUU Anti-bacteria

323N T1veIse uazealy, “nisanwiUssansnimeeunseseneiniasimyseneaiildlulasaoulnsaaesuazusiunsesldylunis
UsudgenainineInia.”



12

MIFANFIVINTNTLIVUNAMTETUATIHTD TN 35 aUUN 4 n.A.—5.A. 2568
The Journal of KMUTNB., Vol. 35, No. 4, Oct.-Dec. 2025

100 100 -

700 4

F 90 J— £ 90 4
e LCAP_S E, 600 -
g 80 ——LCAP_D o 801
= j 500 |
g 70 ——1caPT =z 70 T
B g T 60 | £
> > = 400 o
2 2 =
g 50 5 591 3 ——LCAP_S
£ 40 2 40 4 o 390 1
£ £ s ——1CAP_D
g 30 = 30 A = 200 AP T
= o —
& 20 —— = 20 -
g g £ 100 A
T 10 ey = 10 4f
0 ————————————— 0 T T T . T T . 0 A
1 23 45 67 89 111 133 155 177 19 17 25 33 41 49 57 1 21 41 61 81 101 121 141 16l
Time (Minute) Time (Minute) Time (Minute)
(n) (m)
300 - 700 A
< 600 -
250 A =t
- —
= 200 Z . 500 1
£ 5 E
o = > 400
<] 2 =
E 2 = LCAP_S
= S S 300
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gﬂﬁ 12 NaN1TYINIINATYINIUTINAUYDY LCAP (n) E, wag (¥) CADR v94 TVOC 528181 3 9. (A) E, 194

PM2.5 way (1) £, 9899 PM10 ¥ee3a1 1 3. warsrarnaldlunisvdn () PM2.5 uae (@) PM10

3.3 MIVIANANHANNNITVINNIUTINAUYDS LCAP
MIMAERUNNSaLTINAUYeY LCAP 1 1A30q
(S),2 13 (D) uag 3 \3eq (T) Wan1Ivadeu Ej
waz CADR 2nN1539 PM2.5 PM10 Uag TVOC Uans
FagUTl 12 (N)~(9) uazas1sil 5 uazanHanIsuinves
LCAP S, LCAP_D uaz LCAP_T ldhnailunisadnnu
azoaanIziuAnNweIMAndusunselvianawnia

v

AU

v
o

5 1NEMSU PM2.5 Ag 92, 50 way 36 W Ay
191U wazdInsu PM10 @9 72, 41 Lay 28 W17l muasu
uaneaguTl 12 (1) wae (@) MNHaNISYUS AR
LCAP 1171 3 LA0e WU Besnunumes LCAP 1iinsnn Ty
Seanunsadelsiuda PM2.5 PM10 was TVOC thudeiity
s wazdefivas LCAP fifind1 AP wuusing 9 Ao N3
YUTINAULUU Master-Slave Tag LCAP Master 18u
insesinquinanauazdsdoyaluds LCAP Slave lag

LCAP Slave tulysndudssiidumasnsiadu PM2.5

PM10 wag TVOC Fwiliusendnsuldd (adodld
\A3DInTeIeINAd U uTIAe Tudideunalng
Tae AP Tuunsgutiuansnsavhausufuld uwinely
wisosnsosiufifuwesnsadu PM2.5 Anoeniedos 3
nsldnuedesnseduiiuiifiertuiuentlisniuges
fnsfasadumesinnedos insgllldraelisendn
sUUsEINUYNTIAS

A1519% 5 NANITNAADUNITYINIUTINAUTDY LCAP

3 dalai 1 d2lug
I TVOC PM2.5 PM10
LAIBIIN

E. |CADR| E. |CADR| E, |CADR

(%) |(Mm*/h)| (%) [(m*/h)| (%) |(m’/h)
LCAP S 25.73 | 17.13 | 89.03 | 275.7 | 89.01 | 273.6
LCAP D | 69.39 | 128.8 | 98.06 | 494 | 97.96 | 485.7
LCAP T 92.01 | 2979 | 99.18 | 602.7 | 99.12 | 591.1

Fadn s1valsee uazpaly, “nisanwiussansnmyeansesenenasimUseeaiidlulaseoulnsaaosuasusiunsesldylunis

UsuugenainIneInia.”



MIANFIVINTNTTIVUNAMTETUATIATD TN 35 aUUN 4 f.A.—5.A. 2568

13

The Journal of KMUTNB., Vol. 35, No. 4, Oct.-Dec. 2025

4. a3y

MsAnEUsYANSA MBS LCAP fiannaiuiu AP
wuusng 9 Tufemeaeufilanimundeudentu 7ild
UWHUNTBIUUUNR HAN1SAERUNUI LCAP @13113030
PM2.5 PM10 waz TVOC 19iAna1 AP_1 Laza1snsnvin
PM2.5 uaz PM10 Iglndiestu AP 2 us LCAP 1y
anansawdna TVOC l¢fndn AP 2 iflesann LCAP léign
aaﬂLL‘U‘UWniaUNw%uuaﬂﬁLwiuﬂiaqmi‘uauamagjuaz
Tduwesn5I93U TVOC HaN1SNARBULHUNTBLUULN
naulltlndvos LCAP @1115a99m PM2.5 PM10 uag
TVOC l¢ifinin AP 2 Lﬁaqmﬂmm%maaﬁmau@mmmﬂ
fhugani Tnenwudn i1a LCAP uay AP_2 Widukunses
famazoinmeiniesgaduuaziaiesaslalldoe
TUsEAvENMNNSYIRNaTEATLINNWINTRAS LasLHy
nsasiivuazansensdnlonaunsavda TVOC 1e
ANIMLHUNTDILUUANUSNLAZLUUUNR WAALN50UTR
PM2.5 uaz PM10 ésniudunsasauudnd a1unse
wilulflagtinnsesiuazeosslauiufniildnsoaiiy
vilanunsodn PM IATule wazsanisyiausauiu
989 LCAP WU 8980w LCAP tinduBeanunsntae
4¥n PM2.5 PM10 waz TVOC leidetu
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