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Solution blow spinning hierarchically structured boron nitride

nanosheets/polyacrylonitrile nanofiber membranes for efficient air filtration

LIN Xin , ZHANG Liangliang , WANG Yun , LI Ruitao’
(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Particulate matter (PM) pollution in the air has become a serious environmental problem, and therefore
highly efficient air filters need to be developed to cope with these. In this work, we used solution blow spinning
(SBS) and mist spraying to modify the surface of polyacrylonitrile (PAN) nanofiber membranes with high aspect ra-
tio of boron nitride nanosheets (BNNSs) to build a hierarchical structure, thus enhancing the specific surface area of
nanofiber membranes and effectively capturing PM pollutants. The results show that the 4-BNNSs/PAN air filtra-
tion membranes with graded structure have 95.13% filtration efficiency and 34 Pa pressure drop for PM2.5, which is
9.46% higher filtration efficiency and only 13 Pa higher pressure drop compared with PAN filtration membranes
with the same spinning time, resulting in better overall filtration performance. This work reveals that the construc-
tion of hierarchically structured BNNSs/PAN composite membranes by mist spraying BNNSs onto the surface of
PAN nanofiber membranes is a practical modification technique for the development of new air filtration mem-
branes.

Keywords: solution blow spinning (SBS); nanofiber; hierarchical structure; air filtration; boron nitride

nanosheets; polyacrylonitrile
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15 Y W UREPF Bl S A A g OK SR R, Xk yE
Y 025 T UURAE 21 4 (9 e 1T, DT S8R i 3
SR MIG AT 8 i R 1 3 RS Y, N, Tan 250
MR G5 H AR, Bl 5 R 46 i (PAN) 44
KT 4kt 0k 2%, X PM2.5 it U8 850K 5k F] 92%,
ot & FEREAIK T 50 Pa.

P& 15 20 K £ 4 B %) A AR L 3R TR B T4 0K
2T 2 5 3k U R e A A K 3 i B 2R gl
K RTURE X 44 K £ 4 B 1% 2 1 E AT O, RT DA
RN SO L= S QA TR AN O R O S A
FREUE i, Su %P0 3 3 L 25 PAN 40K £F 4
I v, 25 58— AR AL B (TIO,) 20 B, 3 M 1 %
TR PR G, HXF PM2.5 11
U8 B R IR 98%, JEFEARE 55Pa. AL AN K A
(BNNSs) 11 A L 70 (g — 2 4 K 4 R 2 A 1 S5 1 R
JEME LR R R R N PR A2 B T 0 Ok P
[, BNNSs i E A 3 E A LR M AR, Sk H
WEETEDOR LT LT, ] DAtk — 2 3 n gl K 45 4k
JE HE R TRIAR, A SRS BN Yy WOk 0 i RS vk

ARICH KT —Fhil T 25 A i 38 1Y B BNNSs
B4 PAN 4 K £F 4 F 10 i R a5 B A, RA
B Y7 (SBS) $2 A il # PAN 44 K £F i/ A 41,
JF PRl SBS 1% & K 34 5] 4y BUAE WK Y
BNNSs % 1 | PAN 41 K+ 8 7 B 4 PP,
FEE R b, BESE T 40245+ BNNSs/PAN 4K 2F
AERL R OWIE S . 2540 284k St D g, JF BAE
At i R T B R R T .

1 XWMBEFE
1.1 E#E

RN NE (PAN, X 4> F it & M,,=149 000~
151 000, i pyHr T A R/A Al ); N, N-—
S EE: (DMF), Jo/K B (ordral, E254 7k
FIAABRAT]); SR (h-BN, Kifs 10 pm,
At 2SI F A PR A ),

1.2 #RIRAE

i 2 AT AR LA A 22 1 A e B fUBE (FE-SEM,
S-3400N, H 7 H 3720 7)) Xf JE 25 MO0 25 44 3k 47
FAE; I E AR e 21 AR 6% (FTIR, 1S50, 38
[ 7% 28 K) 7F 4000~400 e A I BE 3 ] P9 6FRE
F B REA HEA TR s A i X S 4AT HHY (XRD,
D/max-11B, & [ P %) 7F 26=10°~80°1 49 i 75 [l
VAR R i B 0 R R AT B o, R % O 5°/min;
i 5[] 4 #453  (TG-DSC, TAQ600, 3¢ [E TA) Xf
e AR RE AT 2, W B AR L 10°C/min
HY 3 2 M 30°C Jin#AE] 900°C .

1.3 BNNSs/PAN %3 2% 25 #4 5 i 1 &
1.3.1 PAN 9K £F 4 i () il 4%

l 1(a) R il & PAN 99 K £F 4k I i s i /. 4%
PAN ¥3 oK & T DMF il f I Z 4k 12h, 4%
AT 11wt% (ST W . S8R5, B PAN &
WG B 1) 20 mL 1 7 A8 (M AR 20 mm) % 2
FNF SR Lo T A A SBS 2B #1145 42,
BEE T A W11 25 22 B A 12 min SF6 A £ 5 T2 138 1
— k. ERRGI S TS E 0.125 mL/min;
K 0.15 MPa; 4143k 942 0.5 mm,

1.3.2 BNNSs il BNNSs 25 If 4384 1 11 1 5

FIHTEK CBEAE R A 8RS ER 55 h-BN K}
KT R 40 1, BTk LB WFESER A h-
BN By A 4 &R & T EREEHE 17 EKES , 7E 350 r/min
Y 7 T AF S 80 min, BRSS9 2 A9 TR A W
FEALFE 2 h, SRIGHEE 24h, R RSB 80°C
T 14 24h, 5478 Kk K & 25 15 F] BNNSs
) N

PR BUAS ) o B2 1) BNINSs #9333 HL B 1
FIVHR 75 Ab BERE HL AR 87 oK s, & Ak B
A1, 2. 3, 4. 5, 6mg/mL RS/ HUK .
1.3.3 BNNSs/PAN 432 45 ko 5 i 11 4%

& 1(b) Jy il £ BNNSs/PAN 43 2% 45 44 5 () 735 72
o ¥ PAN 409 K 2F 4 i [ i AE WA b, R TRk
J () BNNSs 43 508 7 B 5% %% 31 20 mL i 55 4% (M
% 20 mm) H, i A [F] A9 SBS 1% 75 % BNNSs 43
TR 55 W5 7F 20 K £ 4 B A e T o 25 W A ) 9 S
4y 0.1 mL/min, £F 2 J5 %) 0 1 4% 5% 50 min, i#
3ot 55 WA [) vk 3 1Y BNNSs 2 BB R 2 2 A T 3
Tl BNNSs [ 4 & . %5 Wi 1) BNNSs 43 #0132
M1, 2, 3, 4, 5, 6mg/mL, X550
{F 1-BNNSs/PAN. 2-BNNSs/PAN. 3-BNNSs/PAN.
4-BNNSs/PAN ., 5-BNNSs/PAN ., 6-BNNSs/PAN(#1).
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Fig.1 Schematic illustration of solution blow spinning polyacrylonitrile (PAN) nanofibers (a) and fog spraying boron nitride nanosheets (BNNSs)/PAN

hierarchical structural membrane (b)
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Table1l Naming of BNNSs/PAN hierarchical structural
membrane

Sample Concentration of BNNSs/(mg-mL™")

1-BNNSs/PAN
2-BNNSs/PAN
3-BNNSs/PAN
4-BNNSs/PAN
5-BNNSs/PAN
6-BNNSs/PAN
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(a) Air filtration membrane
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A A P T Y P ORI TR B
1.4.2 JERENR

i FH &L 2(b) T 718 4 285 8 X6 38 B 0E 17 7R % (AP)
R o 8 [ S AR R R R, PR A O,
B — 0 5 AR 1 E AR A, 55—
H5RAME, MU A 2 KT (XIMA, AS-510,
rp ) X a0 S 0 ) e 2 R AT O R S 58
g SR &4 20 L/min,

Air filtration membrane
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Fig.2 Schematic illustration of filtration detection device (a) and pressure drop detection device (b)

1.4.3 &JEHE IR

WHCRE LT, B i R AR A 2k
I 2540 %6 11 [) sf A, PRAIE 5 5 AIG A R R, o 108 ) o
P F (Qp) & — AN L5 A 5 FE ol B JIE 114 3+ 8 358 % A
R S8, BUE B = 10 2R 25 2o 0 1) & e 4y,
Qe FILAF 2 2Ntk A7 31432,

~In(1-E/100)

Or = AP (2)
Horr, AP 2 U8 E ) TR R
2 ER51F8
2.1 BNNSs/PAN % £} &5 ﬂﬁ%ﬁ&ﬁ
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PAN J3 24540 52 4 5 SEM [BI44 . b T BR B ) 5
) BNNSs (&1 3(a)), HE2IE T NN R
ARG, BEE ROFAE 10 pum 7oy, Tk RF A
20~50 nm, JEILH TIFERLIEMNE . X T BNNSs/
PAN 73 2% 25 44 JiE (1 3(b)~3(h)), B 5-BNNSs/PAN
1 6-BNNSs/PAN & 4 i (K] 3(g). ¥l 3(h)) #F, H
il 1) o 2% 45 ¥ SR e B A B ) 2 AL A5 A .
1E 55 15 BNNSs Z ij, PAN 44K £F 4k 55 (1€ 3(b)) #Y
PO IE S0 2 30 Hh O 1 HLI S ke, SR, A%
WIS, PAN 44 K £F 4 il 9 1w 8 T K
BNNSs, X #U7E PAN B9 &1 2 2 s D Ay e 17
Ay Y451 i) BNNSs/PAN 5T, 5 A RAE M
WL 3 P RR 25 R4 0 . 3 4% 2 600 nm (1)
— 4k PAN 9K £F 4E 454 ; — 4E ) BNNSs 22 fil. &
T E TR — R POR T . LAk, B BNNSs
FWEH BN, 2 A Sb L A TRKW
Ak, LFAERE AN R, - BNSSs A&
B (R b BT R, A K 2T 2 ) % T AR A5 S kL
Be, RSP E . SR, BEE S Wk
() i — A 380, BNSSs 7 44 >k £F 4 15 (1% 2 1 ) 2
THIRRE, 15BN 5 mg/mL I (& 3(g)),
Y K 2T i % Th1 1) BNNSs 30 TR M B 4,
H A5 A 0 BUAE 21 4 28 ST i Ab o T A 55 vk
&b 6 mg/mL B (& 3(h)), IR —L Ik,
BNNSs £ 2 6 | 2P e [ A FL B . 55 Wt e VR
Ji BNNSs 4 B0 5 991 2K 21 24 114 35 T 2> 1 90 1A 3R 90
%, —HH, XEH TESBE, FE SR
BNNSs ¢ B (0 38 i, 8 75 43 1500 200 R 340 0 55
Y BNNSs 23 U 9 10 R R AT SR, X B A R Y

413 BNNSs(a). PAN(b). 1-BNNSs/PAN (c). 2-BNNSs/PAN (d). 3-BNNSs/PAN (e). 4-BNNSs/PAN (f). 5-BNNSs/PAN (g) 11 6-BNNSs/PAN (h)

BNNSs 2> P % 55 Wi S AF HE i R i 5 9 — 7 1A,
FE 25 W B, T 55 T 1Y BNNSs 43 U A B (1
WeBE by, TEYRR AR SR 1w 2t 3™ E A HEAR
AR BT AR G AR T B R B . AR5
K FH SBS 5 £ Xt 40 K £F 2 i 3 i 0k A DR S 1 5 it
FEcrE, 5 AR S WA AR, S WAL
R, JF HvT DA i AR 55 iE BNNSs 9 v B ok
HE— 25 Fa il B2 IS 1) J22 R 25 4 0
2.2 BNNSs/PAN 4 R &5 FE R 4544

R TSR R AR SR ARk, 6
77 FTIR L 1E . & 4(a) .78 T PAN JE | BNNSs
Fl 4-BNNSs/PAN 43 2% 25 ¥4 5 i) FTIR &% . X F
PAN Il 5 , 2244 cm™ J& PAN [ 45 AF W e g, J&
H—CN B 4E 4R a5, #F 1454cm™ HEL T
I SR, g —CH, & i iR sh 5l &, 78
1625cm™ A T — AN B B A0 f, aX 2 iR
F C=C Wy 4 95 oh it A, Al 7E 2 933 cm™ 4b
A W, X —CH, 19 Al R 3h 51k g
X} F BNNSs #3 KT & , 7E 1373 cm™ 1 820 cm™
Ab BT PIASREAE DS, i X W BNNSs HY B—N
e T N4 PR 2, J5 & X BNNSs H B—N £
[ T8 A0 5 i % 27 ®7 . 7£ 55 5 BNNSs J, 4-BNNSs/
PAN 432 45 #4 I i) FTIR &1 3% I BEAT PAN F SR AiE
U .45 BNNSs B FEAFE U6, T BNNSs J& 25 Wi 7F
PAN AR, PAN ETEJE)Z, £ 5C PAN HYFFE
U B T B 0 55, T BNINSs 6 {8 - H PR B
W AE Ak, B, 4-BNNSs/PAN 4325 25 H4 B 1 45
HEWEFE 1373 cm™ 1 820 con™ 40 SE A 2 LA,
4-BNNSs/PAN & 4 % T PAN 1 BNNSs [ 4 1iE

Em

SRR SEM IR
Fig.3 SEM images of the BNNSs (a), PAN (b), 1-BNNSs/PAN (c), 2-BNNSs/PAN (d), 3-BNNSs/PAN (e), 4-BNNSs/PAN (f), 5-BNNSs/PAN (g) and
6-BNNSs/PAN (h) hierarchical structural membrane
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Fig.4 FTIR spectra (a) and XRD patterns (b) of the PAN, BNNSs and 4-BNNSs/PAN hierarchically structural membrane; (c) TG curves of the PAN and

4-BNNSs/PAN hierarchically structural membrane

WA 1 I R H BB B U, X SR I P 22 (DA T Y
YA, HOR MR SR A A A

R T B A RS AL, X
PAN. BNNSs Fl 4-BNNSs/PAN ¥ XRD [&li¥ #4743
Mro anf& 4(b) BiR, Xt PAN 94K £ 4k 5, 7
20=17°4b F — B & H 2 BL 19 45 §h 1% (100), X J&
PAN 2 &5 f 19 4% 1E 9, X%F F BNNSs i 7 , 7
20=26.4°4b A — 4~ 5k ZU 0 A7 5 % (002), X 3 B
BNNSs 1 45 ¥4 H A = BE 45 bt IRl 7E 41.5°,
55.1°F1 76.0°5 7 T /N B R AR 06, A O X6 N 2
BNNSs /4 (100). (004) F1 (110) & 1 %7, 7F 55 W%
BNNSs J&, 4-BNNSs/PAN 43 2 45 ¥ i ) [ 33 v [)
mh Bl PAN FIl BNNSs A 3¢ A9 4% fiF %, B T
BNNSs 25 Wi 7E PAN [ i, PAN fE&Z A ERIEZ,
4-BNNSs/PAN & £ [ b 5 PAN A ¢ 1 R 1iE i . 9
W55, Ak, BR T PAN il BNNSs [ 45 fiF i 4h 3
A B AR e, XRUIFEWIZ G, WEZH
FEBA BT 53 2B B o

R TR E SRR, K 4(c) b T
PAN Fil 4-BNNSs/PAN ) TG #hk . *IF PAN 1fi 5,
HREH TR RECN 3B, H—B Bl 30~
297°C, REHELZE, 7EiXi) R FE 2 E PAN |
W AR o3 s ) 256 58 — BBk 297~478°C
RE BRI, IR PAN 195 15 32 4
KA B 5 =B 478~900C, A HE
TV, %l e £ 802 PAN 58 &40 K fb
S, EEAMARELE Y, PANWEREFTE
61.33%. M %} 4-BNNSs/PAN Il 5 , H 2k & Ayt 2
5 PAN AR, PAN R (0 7 4~ PRk 2 o3
&y 297°C H1 478°C, i 4-BNNSs/PAN 4 P /> 1t 3
JeF IR K 294°C F1483°C, TERAKEAY SRR,
4-BNNSs/PAN ) 2k B 5 7F 39.66%. [AIHT, BH Y

F i, 7F 300~500C Z[H], 4-BNNSs/PAN & 4 i
B R R W] I B8 T PAN, MU, 7E 55 W
BNNSs " PANI KM 5, —EBE Figm T
PAN [y #Fa €, BNNSs E Wil i, b 22 Pk i
ROE ML, TEmE FAS K ESf#, 4-BNNSs/
PAN Fl PAN fe 4 W R BRI 220 21.67%, X F
L% BNNSs I fFEG R, Bk, 4-BNNSs/PAN
524 Y BNNSs 125 15 & i 7F 21.67%.
2.3 BNNSs/PAN 43 £ 45 # FR B9 3 FR ME BB 1E

it I 9 2o 8 X 55 % 5 X BNNSs/PAN 43 4%
SRR L DR MR BE EAT ARSI . B % 7E PAN 44K 21
4 3% 11 ) BNNSs JE 11 58 A fig 08 52 B 5 Y )
R, I B IS Y R R A i, X
UL BE 8% U] 38 2k, R T A R 43 T Y R
VM DA 5 4 R A5 AR, gl 5(a). [ 5(b) Fir
7, Bfi%E BNNSs 11925 it it )\ PAN 34 11 5] 6-BNNSs/
PAN, & A BEXT PM2.5 11 8850 MR 0T 1) 85.67%
B N E) 98.87%. [FEF, 8 & B SR 6-BNNSs/
PAN JEAE T A 1 52 5 68 v 22 90 1 S 0 1Y) 3 DB o3
(~98.87%), HAHN (M EREE B E R, M2
T, 4-BNNSs/PAN Jii 1 i UE 250 % )y 95.13%, 1H %
K4 34 Pa, ZEHIW AL T 6-BNNSs/PAN & A i,

Kl 5(c) W HASH R Qe HES R, /-9
P S I Qp % A 52 B S I )5 TH PR Y i 9 B
# BNNSs % i 7 & M PAN 14 /il ¥ 4-BNNSs/PAN,
Qg fE M 0.0925 Pa™' N[ %] 0.079 Pa™, I PR3 N
£ 0.0889 Pa', #A 1M, 4 BNNSs 55 Wi &t 4k 22 34 Ml
#| 6-BNNSs/PAN Hf , Qg {H M 0.0889 Pa™ BE [% |
0.054 Pa™', X /&% Wittt i BNNSs ¥ %€ | £F 48 2
[ AL, A U8 9 PR B SR IS T 230 . 5 PAN
FHEL, 4-BNNSs/PAN f5 (1) Qp B W& T4 {IK T PAN i,
{H 4-BNNSs/PAN 43 9% 25 ¥4 5 (1) 1 38 30 % AH %+
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Fig.6 Photographs of windward surface of 4-BNNSs/PAN hierarchically structured membranes after different filtration time
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