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Preparation and performance research of fiber-based lightweight and
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Abstract; Carbon fibers, pulp fibers and bismuth oxide nanoparticles were dispersed and mixed by
mechanical stirring method, and then the mixture was placed in waterborne polyurethane by
immersion method to prepare fiber-based lightweight and efficient X-ray protection materials. The
effects of dispersing the bismuth oxide nanoparticles into fiber network structure on the micro-
morphology, air permeability and X-ray protection properties of the materials were investigated. The
results showed that the materials combining carbon fibers and pulp fibers had better X-ray protection
property and certain air permeability than the traditional bismuth oxide nanoparticles/waterborne
polyurethane materials without fiber web structure at the same amount of bismuth oxide

nanoparticles. Under the condition of 100 kV tube voltage, the fiber-based lightweight high-
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efficiency X-ray protection material with the mass of 26. 00 g and thickness of 1. 2 mm could achieve

the protective effect of lead equivalent of 0. 35 mmPb, while the mass of the same lead equivalent

and thickness of commercially available lead rubber material under the same surface area was

32.46 g, which indicated that the fiber-based lightweight high-efficiency X-ray protection materials

could achieve a mass reduction of 20%. The research provides a new idea for the development of

lightweight and efficient X-ray protection materials.

Keywords: X-ray; fiber-based; bismuth oxide; protective material; air permeability; protective

property ; lead equivalent

X Bk —Fh B me e A T JE A
b B RN B B RE D . X BT R AR EEYTI2 M, Tl
o U RN B it 28 A S U i R G B M,
T B2 W, 7™ 5k 5 & B DA I
SEUL BRI, X SR T A X AR AR T B fE
F FEERIXT S A 7T AR S A i R AR
FYe RS ) 58 58 4 AT RES i A4 FBUJ8 i 1Y)
REES . HAT, i b2 R X S B iR
OB Z R AR —Fh oA # 4 | Kl
G 22 0 W N (295 22 el o7 S O B 1 N )
X BB S (A2 58 0. 35 mmPh) AR 2
3.5 kg, AR FEUET AN 2 MERIAE, BT
I, R TOgT BRI X SBT3 AR, X T T A
PN RSN VTR TR & D < S AL

TR X SR e A T BORSIA
MR TR Z) R TR N R TR
frik 83 HXF AR TCHE 1 i AR A A T 2R BT
. GLRBNS SR S AR L B B T s sk T
AR G N A S | D K/ % ST =10 e ol s 2 G
FORR MR AL AR R S BT T A s
WA O R R 25 2 BRI 4 R A
(Bi,0,)/RNMENEE & MK YRR, &Y Bi,0,
R ATECN 61. 5% L 4ERSAE 100 kV B HLE T Y
X B TERCRIE 60% , £IH —E B X GHLBT
PERE, 27 IR IE UK BT, I 38 2o # i 97 22 4
ARSI T PORLLE AL B 1 385 4 B, A A I T
H P FARE 55, DT 412 78 17 &7 4 5 1 X S R B 4 3%
J. Cheraghi 281" DIB — HIJL L% b (PDMS)
LR, 1 45 HH— R FIATE Bi,0, i35 PDMS/
Bi,0, Z A&k, £ 100 kV & HLE T, 24 Bi,0, i
RN 30% B 1% 2 A MR R IRCR N 50%,
HAR M EREBES Bi, O, J 435 i 48 o iy 44

S, SCHR[ 11-12] FIBFGER R I, @ R IR BOT R I
TN A IS XS B RO Y S R T 2 A
FE AR I . Verma 2510 0 5 5o £l 0% 4 B B R
TEZBEMRAKAT (MWCNT) EJEA AT Bi,0, 44
RATURE , K ] 4 B B J5 TR 40 K A et v 7 T i 41
Wb, BT AR AR ELAT R0 40 ok BURL A BLOME , 7E
100 kV B HE T, KPRk 70%, Fidwsey
A Bi, 0, 1E A% 0 2 YR IR, 38 a3 AS [F] 3 R il % X
SRR AL, SR, 33X 28y TS T I o] £ 2o A A
Z= B RCRA S E Bk, LR TE Bi,0, i 5K
v B B DR AN K UKL (1 35 50 3 B — RO
I, SR AT 5K 2 1 R A 40 K v DL 1 e B ik, -
SR AR R AT R S B A R — L
R TR X SR B AR e

AR S A AU FE 8K Bi, 0, Uk B 5 7E 4K
WY I IR R AT A L 4R 25 it (R R AE
LR Yk B] B3 5138, I HE— 20 MR T B IR A
YIE TSR E G (WPU) Y i 4K Bi,0, Bikifa
S FE 6 A6 7 A 2 1, ) 6 £F 4 3L 50 T s /0 X Sk B
PR, IRITIE AR BiL,0, UL I ZE 2T 4 M 45 4
XA RMIOIE 30 B S E B X TR B 9 PR (5
M, BFSY S AR N ICET R AL X ST BE A A Y
RS,

1 R

L1 REERR S

YK Bi,0, Fokr, I i F R A AL R A R
A, WPU ([ &0 38%) , IRIITE A1 E B b RLA TR
TR 4E (K 2. 24~4.86 mm) , FHFASIE &R
AR F] AR A E (K 2. 14~4.15 mm) , filIBkTH
WERRIAABRA A, T8 X SHLB kL, Bl 2



) EUHMAANE Vol. 42
ST 4 e gbopon O a3
[ FEMIES PSR W Technical Textiles Dec. 2024

ALY AR AT,

WER TRV, DIEAERABRA A LA, 1
—fERFE AR A PR ] PO S ) M i
v A R F) s AL A (5% 3 18 000 r/min) , 5
(Y HE PR A BR 28 W) 5 XL 41 4 J A7 P o S R, &=
ARFEALES () A7 PR A TGA-4000 714 8 43
MY, 221 PerkinElmer A ] ; YG461E #1375 S
AL, TG EUNER) T, X BBy RERG I R L
T MR AR BB, R MGC-41 #Y X 2k
HLAN 1CS-321 AUHL 25 % 470
1.2 REHE
1.2.1  BREFH/ U A4/ 90K BiLO, BAKEH &

TEHUE RS R 0. 6 g S YIRRET4E 0.2 g 4%
WAYE S 50 g KB FK,H IR T HUEEE 20 s, 4%
KAYE SRR VIR G . WS, PRI —E BT i
(73919 12,16 .20 .24 H128 g) HIZNK Bi, 0, BORLINA
Hodr  FRR UL 20 s, 15 2005 45 4/ 40K 25 4/ )
K Bi,O, IRG, REF4l 4K A4t/ 90K Bi, 0, IR G
il AR AN 1 s,

HHRA%E  GKBLO UK
l%f-,:l f &\)

BrAy

== RIS

o I—
- AR

=L |-

RET 4t

BB B

B 1 AR/ M e R BI,0, AR 8 B i A2
Fig. 1 Preparation process of carbon fiber/pulp fiber/
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