Mechanical Engineering and Technology HLIR T2 5H:K, 2025, 14(6), 728-737 Hans Y
Published Online December 2025 in Hans. https://www.hanspub.org/journal/met
https://doi.org/10.12677/met.2025.146076

D SEMIR PM: s/PMo BRI ) El 28y 11 El
T4 g€

HFEK, RN, B *%, T8, FEHE
R RRER UL, SR TN

Wehs HiA: 2025411190 FHER: 20254F12 H12H; KA HBA: 2025412 H22H

H E

AICEF 4 RENAPM s FIPM1o ) 8128, £ R B/RPMosTI RIS TIE1ERE: Daso = 2.54, 016 = 1.16,
084 = 1.26; PM1ot)EI S IVIEIMERE: Daso = 10.20, o016 = 1.59, 034 = 1.46. ¥ EMHAFFERERE
Ko AR RIBEEE T PMost)E13350% V) ERAZ (Daso) N EAFHEE: U=0.12um, k=2, HETE
WEMMEIE N X, MRS REIEEAHFHMERTT R, S0 58865 ARy i I I s iR g v
FEREAGRRE.

XA
PM2s/PM1oYIEI48, 50%TIERARE, MHEMRNUTIFERE, 2k, KEREE

The Cutting Characteristics of PM2.5/PM1o
Particulate Impactors Were Evaluated
Utilizing the Divide Flow Method

Xiubing Hua, Jinyan Zhou’, Ling Chen, Shichao Wang, Mingjin Su

Guangdong Provincial Institute of Metrology, Guangzhou Guangdong

Received: November 19, 2025; accepted: December 12, 2025; published: December 22, 2025

Abstract

The divide flow method was employed to evaluate the cutting characteristics of PMz.5s and PM1o
particulate impactors. The results showed that the cutting performance of the PMz.s cutter was
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characterized by Daso = 2.54 pm, 016 = 1.16, 034 = 1.26; for the PM1o impactors: Daso = 10.20 pm, 016 =
1.59, 084 = 1.46. All values comply with the technical requirements specified in the relevant standards.
The measurement uncertainty of the 50% cut point diameter (Daso) for the PMzs impactors was eval-
uated using the Monte Carlo Method, yielding U = 0.12 pm with a coverage factor k = 2. The accuracy
and reliability of the test results were further verified through inter-laboratory and intra-laboratory
comparisons. These findings provide a robust technical foundation for the monitoring and calibra-
tion of particulate matter.
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1. 5|

PMas s fE B 5 S p S R I EANTET 2.5 um R EFPRY, BHRON RN 50k 47 ok 410 5
bin. HRNLRNANFSREHRZEN 02—, KN EEZRESSTH, SiEWA SR, o Ak
FERIR AR5 255 . PMao tHFR TR SIURIY , AT PMos AR, HoR 4238 FEITE (2.5~10) pm
ZIA), P NARIE N FEGURAE IR i, 0 e FIER B8 1 B MR [ 1] -

PMas/PMuo V1548 2 KSR R AE 5 W AZ O3, H TR 2 BT S 8h 2 8 o 5
JREE, SE SR AN R R R R 2 S S B B . RIS DI RIS A SRR B, R R4y bl
v I, AR =2, B AR LA o 21128 (Inertial Impactors) v, @n3E[E BGI A A1
VSCC VIEI2§[2]; el o U)E| 8% (Virtual Impactors)iiid — kS o> & HAR WD Bk, w TSI A
] R READL A RORE ) D) B 28 1E 16.7 Limin it & H 75 BEORHF PMao VI 35 1) Daso £ 7€ 14 [3] s Jig W P11 25 (Cyclone
Impactors)F| F B0 /17> B BRI, SIS e ARE shiny, KBRS, T/ NBURE B < R L [4]

50% V) FIHLAE (Daso) FHH G2 R0 1) AT B R HE i 22 (016 A1 08a) S2 PEAN PM2.s/PMao FURLA7) 1) 1] 45 1) B B4
i o H AR 22 B K #HE 7AH bR AE, b [ AR AP EE R A0AT 1Y) HI93-2013¢ A5 = SRR ) (PM1o £ PM2.5)
DIRIZRBORER S 77920 [5]: AL i i 3 W B8 B R R A (1) JIF(3X) 78-2021 {PMio Al PM2s ) #8152
HERRYE) [6]; & A {RZ (EPA)MIATG ] US EPA 40 CFR Part 53 [7]; WR#HARAEZS 51 2047 1) EN12341:2014
(8145 o MR L3 FRIARHE R AR S (R AIF 78 AL, B0k A D) 1 2% (A D) 1k e T R F PR Bi v . B S ARV E A 3 imids o
R RO S A B E BB IR S BRI R AR A, AHEFEAE R H R T i s ARk
[O1FIAR R XA FIRUAE B 5 (D) RIS & RPELF, AR EE ML, &S/ MRS, HENERREDH
8 KR A2 SR 40 s 1 A3 5 R0 K R SR R P 1) S P AN R R 1k o 0 I Y [ L0900k Py Jor B 70 9 W
AT, KRR RS BUSIEBRENR V) 3SR S LS, 25 B0 N B8 0 S I R IR
FEBUR IR, N THEDIRIBEANRRAR N RIYVIBI8EE, Fild SR A S E A 2 DRI 2R 50%
IRIRLAZ (Daso) FHRHE R I T LA bR HE R 22 (016 1 06a), FHEC T BEMUEFIER S, i Efmi#, &H
AR D) B ZS A[11], 15 29M 6] (2 /NE P 5E ) [12] 0 BRI AR SR A6 7E 2 Fi (R 98 [13] [14] 264t |
K 432003 PM.s/PMuo V)25 (1 U1 BIPE 8 K 524 RIS VEVERE Daso HIMI AT 2
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2. SCIGERSy
2.1 FENBS5RT

B BURIE I R AL E (NIM-D2, 1 EHERFEIT 7B, BOGk42 {1 (SERIE LAP, TOPAS), PMys
PIEI 28 (VSSC-A, BGI), PMio ¥]#]2%(PM-10 INLET, Thermo Scientific), 5 &k 15 254 bR A (187 % 8040,
H G R R A IR A ), 4 HBIE IRA(BL11A, bRl BN R R R AR A ), ik R
4t (Milli-Q Advantage A10, Millipore), PMzs W IR & FH bR #EP 5T (1.5 pm~4.0 pm, A6 50 R I8 5 bR
HEVI R B ARG R AT, PMuo i IR & F VAR HEYD 5 (3.0 pm~17.0 pm, A6 52 i 575 SE AR EY o 1
RARTAEA ), AW R ~HhrHEY 5 (4016 A~4204A, Thermo Scientific), FriENINR iR B AR AIA
B FE L 1o

Table 1. Characteristic values and uncertainties of certified reference material
%=1 iEMREFHEERIHREE

i GBW13647 BWO031150 BWO031170 BW031190 BW031210  BW031230
Y H A% (um) 2.93 4.90 6.87 9.09 10.09 12.96
TR 1% HAR(um) 3.09 5.06 7.10 9.33 10.32 13.26
THEE, k=2 (um) 0.07 0.12 0.17 0.22 0.30 0.35
s BW031250 BWO031270 GBW13642 GBW13643 GBW13644 GBW13645
VI B A% (um) 14.94 16.55 1.477 2.007 2.290 2.491
TRENJIF HAA(um) 15.25 16.93 1.536 2.079 2.349 2.555
Y RAHEE, k=2 (um) 0.36 0.41 0.038 0.046 0.045 0.049
R GBW13646 GBW13647 GBW13648 GBW13649 / /
VI B A% (um) 2.741 3.022 3.524 3.898 / /
R BN )15 HAR (pm) 2.811 3.099 3.613 3.996 / /
P RAHERE, k=2 ([um) 0.052 0.057 0.064 0.071 / /
T 4016A 4018A 4202A 4025A 4203A 4204A
Yy HE B4 (um) 1.587 1.745 1.999 2.504 3.002 4,013
TR IFEAET (um) 1.626 1.788 2.048 2.566 3.076 4.112
P IEAHEE, k=2 (um) 0.018 0.022 0.020 0.027 0.019 0.043

** R R B G W ORL ST bR HE 4 5 (4016A~4204A) A W) i E Pt M B E W AV EZ, R\ LA X%
4016A~4204A ZFHRIARAEY T RS N EE BLAR B 3o S S 3 1 BAILE 1).

D, =Dx | £ 1)
PoX

R DRI SE I EAR, um; D——FRi U BEAR, um; pe—— BRI E, kg/m3; p——

1000 kg/m?; y——RLI AR R 8L, ST ERIEEURL = 1.00. ARFE R AW R ST AR vV R UEH AT %0 pp =

1050 kg/m3.
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22. SERBTR
22.1. DREVRIMEEIENRE

BT AR B RS M DI EEREEAN R G, S 1, 12 B R i R IR
KA EHRARAMNGE. AT EARE . IRAPRE. SFHORFE R B AEOCRAR I SO R

WOLRAEREAL

Figure 1. Structural diagram of divide flow method impactors testing device
B 1 oA R ESNE

2.2.2. FRENRR LR

1) MRAAES TAE, AT SRR G 1t . RGEESE VIHIS R E A ST HI 3 AR &3 16.67
L/min). R&gifaE e,

2) KHARER AR, AR NIF M EER(L1.534 +0.038) um 17 B BRI -

3) RHAHBOCRAR Ao A I TE V) B 2802 LA BR 1K) U IR BRI

4) ARIKAE BRI A 7 MOREAS () B B S SR R . R DL | 2~3 [)#AE, B & 8 kiR Ak s
3 BRI 2SS IR ORI 52 B

5) BEHE 4 AR 3K, THEFE] 8 4 24 MRS .

6) 73t EATH] 8 ARAE SR AR RCR 1 IE A X bR 22, a0 bR e w22 885 10%, MRz
RN R TR, 2 E RN S AR R

7) K TableCurve 2D #3570 #r #2F 8092 p&H (S [ AEX xS 7Y bF % (A Reverse Asymmetric Sigmoid
Equation, &5 i AsymSigR))* & KAt B AR A AN S 1 RiAR AT G, BT R A K (2),
T EHIE 2155 Dase Daso Dasso

{ { {x+d|n(2”el)cﬂe}
y=a+b<l-|1+exp 5 2

A y——VIEIRCERE1E
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x—— Rk [ S EAR, um;

a. by c. dv e——UIRIHCERH TGS

exp—— L AR EHCH R IR EUE A

8) it A E)VAIA R (4) tH HAR 2R A R UThR HE (i 25 016 A1 0sa.

O = 3
* Da50 ( )
DaSO
Oy = (@)
¥ Da84

3. GR51TR
3.1. PM2s P EIZR U1 B RER

T IR 1.2.2 M2 A% 2 AR 25,80 712 ELAR N (1.534~3.996) um ¥ 5L/ BUS I IS UKL IO DT8R, 45
R 2. %8 HI93-2013 F1 GB/T45322.2-2025 [15]1%sK, )E ke 5 52 I AR AR G A v 25 A8 KT
10%, AU IR AT W28 SR (A BR v Al 22 350/ T 10%, - DRLIEG BT A s 320 S A 8088
Table 2. Test results of cutting efficiency of PM2s particulate impactors
= 2. PM2s VI BIBR VI BRI 5

TR 1F HR(um) 1.534 2.042 2.349 2.555 2.811 3.099 3613  3.996
91.616 90.825 61.053 53.698 20.344 12836  6.624  3.052

LB (%) 84332 82223  61.365  54.821 21322 11824 598  3.087
94812 80554  67.224 58343 19306  12.315  6.361  3.325
SEHME 90.253 84534  63.214 55621 20324 12325  6.324  3.155

AR AR AE R 22 (%) 6.0 6.5 55 4.4 5.0 4.1 5.1 4.7

F Table Curve 2D 4 7 Hr #A 8092 BRI U &5 KA B AR B AN S B3 J1 3 RAR AT A, G it
LAMAESHIIE 2, HIE IS Duso=2.54, Dag=2.94, Daga=2.01. HAREG)AIANX(4)ITHHST
016 = 1.16, o8a = 1.26. LA EIARSE T /& HI93-2013 (3R584S BRI (PMuo Al PMa.s) U1 &1 28 3 AR B R I
R T2 o PMos BI85 H R E R : Daso = (25+£0.2) pm, gg=1.2%0.1,

100

_ Eqn 8092 AsymSigR(a,b.c,de)

[
\ ; ?=0.9995,a=92.59,b=-89.23,
80 i

\ ©=2:40,d=023;6=0.63
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Figure 2. Fitting curve of PM2s particulate impactors test results

2. PM2s 1B SR MRS RIS HLk
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3.2. PMyo LI EIBE LI EI 14 gE MK

Pl 1.2.2 ISR 23 BIIAR 25 < 3h 72 B4R J9(3.09~16.93) pm (1) B0 Bl I8 JI S0hE (1 1) B R0, 45 51
L% 3. %8 HJ93-2013 1 GB/T45322.2-2025 A E3R, %503 5 & MR A AR X AR Al 25 A8 KT 10%,
FT A AR 45 SR AR S R 22 250 /N T 10%, BRI T A AR B 340 A 258

Table 3. Test results of cutting efficiency of PMuo particulate impactors

% 3. PMu B IEIM R IR E R

2R BN 15 E AR (um) 3.09 5.06 7.10 9.33 10.32 13.26 1525  16.93
96.552 93778  83.056  61.289 44283 27521 12125 4503

VIERESCD) 97.502 91.564  83.485  62.385 45122 26.334 12014  4.065
97.179  94.621 83554  63.123  40.322 25.123 10521  4.112

P¥ME 97.078 93.321 83.365 62.266 43.242 26.326 11.553  4.227

AETH 1 AR 22 (%) 0.5 1.7 0.4 15 5.9 4.6 7.8 5.7

F Table Curve 2D #4473 Hr 1 11 8092 BRI #- R4z I AR R A 23 R B8 Ty b Ak T i 6 FOE il
LA ESHOLIE 3, A 2875 8] Daso=10.20, Dae=14.85, Daga=6.40. HIAREB) AR (@) HE
F 016 =1.59, 0gs=1.46. LIRSS FL L HI93-2013 (FALE 4 S R4 (PMao AT PMys) 1 #1845 R Bk
KA TTED 1 PMo VIBIZR AR ER : Daso = (10 £0.5) um, og=1.5+0.1.

100 - - - - - -
% \\'\ ‘ Eqn 809;2 AsygﬁSigR(gr‘Vb,c,d,e)
. 12=0.9952,a=97.13,b=-118.38,

80

70
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40 4
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Figure 3. Fitting curve of PMuo particulate impactors test results
[ 3. PMuo 1 EIS MR 5 RN A #hLk
3.3. Daso KU B FAE EITEE
MR 22 3(2) 73 21| Daso M B A1 :

: b V"
D,s =C—d In(2 —1)+d|n[(a+b_y] - ] (5)

HRAE Daso R EAR TR A7 MR B S5 SRANHA € BE (0 B ZAT LU M A AR GRS AN
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SERL; RN - FHARRCR A MRS NIIANTAERE . K9 Daso FINIEARU AR, R
SRR IEIEAT AN E FL VP E »
3.3.1. HHEBENE S| N HRERE (uy)

LMVCTHE 3 &I WE 2 L EiEPSR

5 = oo 100 (6)

Cup

W p—— BRI R TIRI

Coonn—— VI EIEE TR B EIREE, AM/Ls

co—— VI EI#R UHRR B IREE, L.

R A4 A2 R M A B A2 T R 4l S 2803 (P I AN R B pH DA =0 AL ROk B
HEEE NI E FE (ur) BN SIN AN 2 B (u2) RBR I TR 51 N B A 2 FE (us) -

FESZBRIR R GBW13645 114353 /12 H.42(Da = 2.555 pm)5 PMas V) E| 3 K) Daso LRI, KA
Z R PR3t R R M T SR B S8R () B AN

IRAEFERLARTE SGIE T AT AL B A E E : U =8%, k=2, FIFFIT e AR — R, Rk
PR JE I B B NI EE N Uy =~2U,, =~/2x4% =5.66% . A i S B v 4k 42 2802 10 57 By
55.621%, WIFURLIHR 5 W 2% B 5| N AN 5 23 Uy = 5.66% x 55.621% = 3.15%.

16 EEPEM RAE RS DI ECR BRI 3 K, WERE R, RAWZEETEES S
NIANH 58 J (U2) -

R
_ 7
u, c/n (7)
AN T R NRE; CHHNERE, MERECHN 3K C=1.69; n AMEIRE, AKRLFKEn=3.
58.343% —53.698%
- —1.59%
2 1.69x/3 °
R4 GBW13645 An#fEd) i iE 15 Da = 2.555 um [ EAHIEE: U=0.049 um, k=2, #3510
SR, BRI A BRI U, =2 (%] _136%.
X Z.

TRRRME G NI E LS 'L 4.

Table 4. Summary table of uncertainties introduced by the measurement of cutting efficiency

4 HEMENESINNTHERLDE

AN 7 FEE SRR PRUEANH E P (Uc)
WOCRARREAX 3.15%
e EE M 1.59%
BRAED 5T 51 N PRI B ANAA E 1.36%
B bR HEANf E 3.78%

3.3.2. ESFHAFHR - HEHRLSHLSINNTHEE
N T 3G Daso ME L, EHUS AT REZ FIBENLA S8R HEAT 35, 453 as by c. d. e A1 Daso fI1H,
TR IR PR 1 OR G245 2R 51 T35 5.
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Table 5. Average and standard deviation of a, b, ¢, d, e, and Daso
i 5. a. b\ C\ d\ e i‘u Da50 E"qui'ﬂ{Eﬂ-‘uﬁ?;Eﬁ%

a b c d e Daso
FEME 94.83 -91.58 2.54 0.24 5246.24 2.54
PR 22 5.71 5.14 0.02 0.03 2004.96 0.02

K5 as by v dv e Fl xso HI20 A, 5 7B EEA L (E T BSmES L. Q-Q B, P-P &)
MG B IIE(WE . WA R %) . AR SPSS 224 P-P EI(LIE 4)KK 5 aw by c. dv e Fl Daso 2275
AR IEZ 734G, ME 4 TTBAEH av by ey d. e Fl Daso 2EASTH R IEZ 20 . 1 MATLAB TH 58wt
XTHUA TR] Daso AN € BEREAT VEAE [16], £ AT B Daso FIFIMEN 2.54 pm, Pl Z4 0.06 um. C.56
IE Daso 173 A IR IEZS 204, B k=2, KUt Daso I3 EABIEEN: U=0.12pum, k=2,

1.0

1.0 4
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dfyP-PiE effip-PH

Figure 4. P-P plots of a, b, ¢, d, e, and Daso by SPSS
E 4, SPSS 2%%” ay b\ C\ d\ e *u DaSOEl‘] P-P E

3.4. GERIGE

T
0.8

0.0

T
02

T T T 1
0.4 0.6 08 1.0

IOAIE 1. FASSZEG == A Uk U B R R 2 B AR [F) — B 28 v [ v B A 7T B 5 1Y PMos T
FN3%, AR AR A5 P %0 Daso = (2.51 + 0.08) um. A5G % M15 Daso = (2.54 + 0.12) um, KA En fH%H
Wrek —FE. En< 1, IFEAARSZIE = MRS R 5 b E T EREF 7T e IR S 3 — 2
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_ |Xlab_xref _ |254—251I
JU& +U%  0.12% +0.082

ref

En =0.21 ®)

UGAF 2: & — B G IEAREY) L (GBW13642~13649, b it /718 S2FrUEMI i 5 R A R 3T4E A 7))
Al—EHE 0 DUKE &Yk bR #EY) 5 (4016 A~4204A, Thermo Scientific) iR 2 PMys D128 . 1%
1.2.2 (77T UI B RE A, Al R N2 6.

Table 6. Test results of cutting efficiency of DUKE particulate matter
% 6. DUKE Wt I EIS Mk 5

R8I EAE(um) 1.626 1.788 2.048 2.566 3.076 4.112
95.224 92.578 83.646 51.356 5.993 0.000
VIEI30% (%) 94.862 90.562 84.213 44.323 6.821 0.000
95.622 88.213 87.556 48.422 6.782 0.000
S 95.236 90.451 85.138 48.034 6.532 0.000

FHX AR HE I 22 (%) 0.40 2.42 2.48 7.35 7.15 /

P 6 HIBERIEAT LA (ILIE 5), Bl A 12815 2 Daso = 2.55, Das = 2.91, Dags=2.01. HAF(3)
FAR@) I HSE 016=1.14, 08a=1.27. KH En{HiLHIW R —8ME. En<l, 45RRPEFHUERE
WAL S5 3 1 5 W AORL bR AEAD o PR 4 2R — 3K

£ P~ Xez| __[254-255 o, o
\/U i Ui V0.12% +0.12°

100

1 . Eqn 8092 AsymSigR(a,b,c,d,e)
90 y 2=0.9996,2=98.16,b=-98.14,
80 \ ¢=2.56,d=0.32,e=3.87
70 \
60
S
& 50
\
40
=

10 .

5 3.0 3.5 4.0 4.5

1.5 2.0 2.
B S AR (um)

Figure 5. Fitting curve of DUKE particulate matter test results
[ 5. DUKE it 45 SRV & Bk

4. &EiE

A2 HI93-2013 Fl GB/T45322.2-2025 1) SE56 /7R ER, SR 434 AR T PM2s A1 PMyg

N
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L &%

DD FINERE IR 5245 RIBIEIEAT 0% I BPRLAR I B AN € FEVF A2, 15 B R4 R AR BORER

FE VLR J7 T 75 2P E: 1) 3T 3D FTENRIH AR PMos M1 PMao DI SSUIEITERERT 7T ; 2) im¥A
B A% PMos Il PMyo I EIVERERIEZI: 3) MATLAB S5 AF VP52 50% Y EIRLAR I S A 22 I8 47 I
6] i) J, B AERL A 24 e > 1 x 10101, WKy 8092 A kAT AL AL ], BB E3E 174 MATLAB f8/7 1817

T
E&InE

W oe B SR T RI(2024HK274), T 2548 T 3 W B4 1L BHEL 51 H (20252303) .
&E ik
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