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Experimental Study on Dust-Holding Performance of Fiber-
Layer Composite N95 Dust Masks in High-Humidity
Environments
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Abstract: To address the issues of high initial resistance and short service life of N95 dust masks
in high-humidity and high-dust environments, the synergistic enhancement mechanism of relative
humidity (RH) and fiber-layer structure on the dust-holding performance of masks was
investigated by combining fiber-layer filter materials with N95 masks. The results indicate that an
increase in RH promotes the formation of a loose structure in the dust layer through the liquid bridge
effect, significantly extending the time for the material to reach the final resistance (100 Pa) ; the
composite material significantly enhances the dust-holding capacity by optimizing the dust storage
space and interception paths; specifically, compared with that of the single N95 mask, the dust-
holding capacity of N95+G3 is increased by 105% at 50% RH and by 63% at 90% RH, reaching
7 663.2 g-m>. Furthermore, a quantitative relationship between the dust-holding capacity
increment of the composite material and areal density, thickness, fiber diameter, and
environmental RH was established, revealing the synergistic effect of the structural parameters of
the fiber layer and RH. This study provides a reference for the optimal design and dust-holding
performance enhancement of N95 masks in high-humidity environments and has practical
application value for occupational health protection in scenarios such as mines and textile mills.
Key words: dust mask; high-humidity environment; high-dust environment; dust-holding
performance; filtration resistance
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Table 1 Basic performance parameters of three
fiber-layer filter materials
U ER
THIRE T o
i o TGP
mm g-cm” pm
N95 1.373 0. 020 77 > 022,61
' ' (HrEZ O g )
Gl 2.170 0.01598 59.36+2. 05
G2 2. 845 0.020 19 38.67+3. 12
G3 4. 475 0.03093 28.26+3. 32
1.2 REEESHE
1201 ke

Wk EME 2 s, FEH kELEHEA
il ) AU A e i R 2R YRR AR AR (220V-
3000W , {3 L 7 B R FL 3R A BRA R (HREUA
A R i (JY-RS=50, YT 95 HEJRAL S 47 FR 2
A Hi XL (2RB810H17, | 7 & 5 L 25 A PR 2
A SEL L KBRS A S T A5 TE N, R R e
KA R R 85 S A TR EAS T T B AR

s
o @

@
&
D

wi fo

o

4
A
50I_|le

N95 O &5 3F ==L ig# £ H) SEM E 5
SEM images of N95 masks and three air filtration materials
(a)—N955}ZE; (b)—NO5 1] 2 ; (¢)—N95 25 (d)—G1; (d)—G2; (d)—G3.

S WeAkE e R A RN AL S e 2E 1t
(Testo 512, P48 ) A 42 , A 0 RF A o a
BEL T3 . 1CRE T B e B b 22 AT e AR DB R, T4
SEAR BN AR A by 24 AR B i
TR AU B 38 a8 B ) 4% (CDI-E 180,
P&V (HUIN ) 2R A As AT IR 2> ) 42 3 PGS
P BIREAUA [6) XU T 032852 12506 ek o i 1 g
T H .

o A JRE T A P e L oo T 2R VR AR AR AT

RE NS R B R, K A R s S T A B2

FBROKT , AR AR B R HEEAN.
A A SR TS A B UL, DR R B i
T I R R VR R AR A U R A T ke N R R
BE 4 ) B B 7R 2 1 50%, 60%, 70%, 80%,
90% , {ff F I B i1 (GSP-8A , VL. I8 44 45 A1 it < %
O BIRZN ) S W et B, R B R i
k.
1.2.2 il

it e by 20 Ay i o, HORAR 231 (1]
BT-9300LD #OCRLEE 0AAY , FHAR E ReA 2 A BR
oy wIINE) AN 3 s I 2R 1 10% SRRk AR
D, }2.304 pm, PALRLAR (50% BREURIAR ) Dy, N
8.523 wm, 90% R FUKI 12 Dy, 26.410 um, 7] 1L
BEI T2 3 7 FE S (SR E DO S S P U Al =
SRAREFE 5343180, TS B T R BT IR 2R
LR (FD240, 78 & = THLWA BR A /) b+
i BCE IR R 105 °CHf- T8 4 h DABR Z5K 43

FED I (BRI T AL 37 r B 2 vk
JEE RS R AR , B ok B T BB v T I RO
(R HPD 422 fk BRAEL . R T RS2 00 = 25 T = 30T
Al 1 EE R 25 20 1 B I T AL i by 20 47 o7 T 00, A S
KT IR i IR e R A R K R R
R, S BT B A 17.41 g-m”.



% 5 TIERE HIRRE T AU EL AN Lo B R Lty 113
1.2.3 GRS B R i 30%RH ) [ BH 77 45 , 3l XUsE 43531 4 20,40, 53,

o XF AN TR B R R GRS R L B S
RH ) 2 2R, IR 4 Fh A4 (NS, N95S+G 1, N95+
G2 Je N95+G3) 7E IS R & F (£ INIRE 20 °C,

XEBRE

Gile Sl Testo
iv=37 512

1B B W fr &

BB L

E2

PR
FERET

60,80 }2 100 mm-s™" {50 5 & UE 17 3 IR AR L
P a] SR, I B B 3 Y e 45 R ) S Y {E A
popiesg i C

o RERERHCRL

ZEAg I A

—
RiT7

R EE

Fig.2 Diagram of test device
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Table 2 Dust-holding capacities of four filter
materials under different RHs

X #HApE/(gem™)

/% N95 N95+Gl  N95+G2  N95+G3
50 1130.40 1714.15 2155.28 2267.00
60 1890.10 2845.49 3480.25 3874.30
70 2630.35 3765.83 4575.55 5063.60
80 3655.88 4986.60 5765.98 6261.95
90 4709.20 5867.05 6861.55 7663.20
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