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Preparation and performance of cesium iodide/natural leather wearable
X-ray shielding composites

LI Hao"?, WANG Yaping"?, YAN Linping"?, ZHONG Rui®, LIAO Xuepin™?*, SHI Bi"?
(1. College of Biomass Science and Engineering, Sichuan University, Chengdu 610065, China; 2. National Engineering
Research Center of Clean Technology in Leather Industry, Sichuan University, Chengdu 610065, China; 3. Institute of
Atomic Energy Science, Sichuan University, Chengdu 610065, China)

Abstract: With the rapid development of nuclear science and technology, there has been an increasing application
of high-energy rays in medicine, industry and other fields, which puts forward higher requirements on the perform-
ance of shielding materials, and developing new protective materials to effectively reduce radiation harm has thus
become an important goal in the field of radiation protection. Here, an advanced wearable protective composites
with excellent shielding performance for low- and medium-energy X-rays which using natural leather (NL) as the
substrate and CsI as the high Z elements (Z elements refer to the elements with the plateau subral number) source
was constructed via “impregnation-desolvation” strategy. The results indicate that the Csl is stably loaded and
well dispersed into the hierarchical structure of NL. A 4.5 mm thickness Csl, o/NL displays excellent attenuation effi-
ciency of higher than 95% for the low-energy X-ray (16-48 keV) and higher than 85% for the medium-energy X-ray
(65 keV), which is comparative or superior than that of 0.25 mm Pb plate, and its density is only 8.6% of Pb plate. In
addition, the mechanical strength and water vapor permeability of the prepared material not only meet the require-
ments of national standard for protective clothing but also exceed those of the commercial lead apron. This work

shows promising potential of CsI,/NL to be an ideal wearable X-ray shielding composites which features light
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weight, convenient and high X-rays shielding capabilities.

Keywords: X-ray; cesium iodide; natural leather; wearable; shielding composites

AR, MERRIESERMAR LR, X
S AE B 2E 2 W TR B R g
B 25 e K U8 A 4R AS B T T R . AR,
M XHEETRER S . FiEmESml, Ll
N5 e R N E 7 = N N AR S e N E R ]
Hid & mss, Dot A DALY 1255
R R, e X X SR A SR T T AR
PN AR R S A B %4 B L L,

FE X GFE PRt FE OB A RO ST S
X 38k & AR AN S G 5
T XN R R R i, H5R AR ) B T M R
W TSR RS, Wik, X SRR
WAL — B R EL A v % B RN (5K & R B
JLE (RiFRm 2o ER), W R HAhY . R,
A RO B R R E, NEH T # )
H bR B, SOGE 55 5 Z 0 K 7 8O 2P 56
il B A R RE R R B SR 6 ) A R ARG
Ak I DA B W R 0T SRR . H R LY
I M AT 2 B Wb et R R A A SR RO,
WAL /AR IS A AR Bk /A R B A b R A D
S5, HREE SRR, BA BRI
ALEEERME . SR, BLZEE Wi o0 1 MRS DR
SR A AR 2=, 3 — Ty TR 2 T BRI 2 (8]
BYY) SR (ILSS), X & & 4 kLY 1 22 R RE A 15
J3— T, T ZIGER IR E DL A 5] HL AR E Hh
o N e o = N NS > O G I E AR B N )
X SR PRk PERE = A AN R . AN, REHE
By TR S KRR 25, MB G Ak, K
F R G 1A R BRI, RS, BUA
M T SRR X S ZR B b R ok A A ) 2 M R
S5 i T BE 5 HL At M B M L S gt 45 ) el FR R T
Hir—Lry . EER, PRI, HiE. B
WP 8 4 HLAE 08 e it g 2% 1 g Y i U AT 2 B X4
2 R WO BT B TR G B B AT Y R R
Tl o KER Bz R p e IR A1 2 AR L g 2 R B —
Bl B AL 5 77 24 PR B8 RN 3% ZK 93 M 19 R 28 B R S
— 70, S I LT A 1 I AR &5 4 PR OT R S R 4 T
THEERIEERA, 1 —COOH Ml —NH, 55,
CINVEC R =W Ive - o R o WIASN W R (I
PA] Ib Jsg Jist 2 4 W LAAE Sy 2844 35 5 H ARE b 1 48005
ZIn RN H—J5 i, R R AR 4k R R A i
i A AT R £ 2 H =Yk R 4% 458 (K] 1(a)),

X 22 J2 G 2 R AT Sk 3 R O Y O AR R R A
oA Rt PN R 1 A% A B B OV, il XU R I R AN T
U, DT B = AR BRICROCR o BLAh, IR AT 4
EA S m i e e e, Hpe i 2 2 0451
FIEE R A L 2% 1 R A A R WS A i (% 25 i
T 5 B B PR A v, DA 2 B R ) S £k
IR 7 PR e, RAR B (NL) 76 S 2R 4R
M WA R 2 fetk ge A R e A, 22—
Pl ml 10 380055 Z o0 2R M i X5 28 B il A LY
PRALE M o pbAb, 8k A i) 58 I E AR iE S R
WF 5% Bé (National Institute of Standards and
Technology, NIST) %(#i /% n] 51, 4 (Cs, Z=55) &
Bl (1, Z=53) JGZ ¥ 40~80 keV (1 X 5 £& At 1t 1 Fl
N R I R B (4, cm®/g) 5 T4 (Pb, Z=82),
HCAT LA Cs 8% 120 55 Z 70 28 5 R il 28 X5 IR BE £ 1)
X SR HA B EPERERE P 2 &Mk, CsI 2
— PP LA A R AR, AT LA A MR -
UGB 3 s W L I 4 WUEE R 4R Je 5 vp 7
AN, 5 CsNO;, KIS Z LR A, Csl
hE B S PR R Z oo R, Bk, BERT LLE A
FHPI P T2 0 B[R A FH v 2058 i AR B £ 1) X5
LML AXT X PR A KIIR Z TR,
e PR BE A L B7 41 R 1 [R] B AT LA RE RIS
BAEMBIRERE, XA 8T E R
FEF UL LM, ARSCUARR R EM, R
VW - IR SR M CsI 1 4 3 R AR
JeE I Z )RR A, filS T U /R AR B R
G X SRR Bl (CsL/NL, x A CsI 78 K 4R i &
g fE s, B2 8 mmol/cm®), JFXFE A AR
Y X 4 R i 1 e S L B ) 2 R AT TR ST o

1 XEMBREFE
1.1 FE##R

WAL 4 (CsD), B4 T3R50 (i) B R
PR, SCERREH A BRA A i (C3HgO),
AR AL 2= A BRA
1.2 CsL/NLEAMENH&E

20 TR M e B R T S T A T AR . M
WY WK AR B, 9 A 3 S Y R SR B R B
A 10 cmx10 cmx0.15 cm Y5 FEAE &, R B AR BUGE
17 CsI J i F 15 mL /K H 75 31 3 51 1 B8 46 B2 1 Csl
W E 1(a)~1(c) Fias, KRR ER A Lk
CSI W, IFAE 35°C T A IR 17 filf 5 T 1k Bz



EEMRER

- 3854 -
@ (b) P ©
Impregnation @ = = = | Desolvation
| ——1 )
()
Collagen fiber bundles
Collagen fiber 1.50 nm

Collagen fibril

S, Cslsolution

Collagen molecule (Triple helix) I'\

®

B (a) REREZEE (NL) Z RS (b) 12T CsLIFHUR IIRIREZEE; () CsI/NL 54K (d) CsI/NL S RHIET 4EShH4

Fig.1 (a)Hierarchical structure of natural leather (NL); (b) NL after impregnation with CsI solution; (c) CsI/NL composites;

(d) Fibrous structure of CsI/NL composites

TRWWOF HIEKED R BE. RES ARG,
fift A AL IR B 7K, CsT PR BT Hh I 43k
TERIRE FW£rdirh, AR TR 5 R 153] CsI/NL
B X WEBRRA R, FHod x 435078 0.5 mmol/cm®,
1.0 mmol/cm?® il 2.0 mmol/cm® (3% 1),

#1 CsL/NL £& X H&REilt R
Table1 List of prepared Csl,/NL X-ray shielding composites

Sample label Csl concentration/(mmol-cm™)
Csly5/NL 0.5
CsI, o/NL 1.0
Csl, o/NL 2.0

1.3 CsL,/NL E ¥R R

B CsL, o/ NL F i TR A& Melhr , B DT 1
155 4 J5 {8 Fl Nova NanoSEMA450 %Y 17 %& SF 43 4 i
T 4% (HESEM, 35 EFEER CA R W E & M
LI 2T 45 T8 30T 53 930 6T JE it 2 4 B g D 47 Ak o3k
1TIC % Mapping 7387, W% Cs F1 10 F 7F I
B 2R 2 1 22 2 A R R A IR A . A A
ESCALAB Xi+X %I 1 26 5% i T RE X (XPS, 25 [ %%
2R &\ Al ) K Philips X'Pert X 5 28 i1 51 (XRD,
H A J 22 ) X Csly o/ NL #4711 43 A, Hirf XRD
{8 ] Cu K, 52k (1=0.15419 nm), 44 78 Bl 2y 20°~
80°(26), 14 ¥ & 5°/min; XPS i & J5 K H Al
Ko 5f 4k (hv=1 486.6 eV), 43H7 % E %5 [F 8x107° Pa,
T R O 15KV, B 10 mA, 4 iR EE &
VG N 0~1000eV, £KH1.0eV,
1.4 #AFEHE
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B3 A T E B REE AL (AG, KJ/mol) 23 BT A ZR i #k
JicERaEt, Hd, ¢ H. O, Nffi A 6-31g(d)
FLA, Cs. I A $# K4 LanL2 DZ®, B 44k
R E AT A A T 2
AG = G(A+B)-G(A)-G(B) 1)
Horr: A+B W E IR 5 & Z 0 F B T8 W =
WiIkZR; ARKRIEEARYY; BHCs L,
1.5 CsI,/NL £ &+ #1952 i i s K

AR LHIE T CsL/NL XF AN [A] BE &2 X 5 28 11 ¢
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FEG S X BT TREE 2 80 cm, X SR 4RI 2% 5 KL 5
1 BE B9 R 20 e, B 37 04 R X5 £ B i 1 g
43 3 98 (AE) AT & 5 8 &R A (Mass
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(a) XRD patterns
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€ 2 A NL Fl Csl,o/NL & & #1819 XRD & 3%
FXPS E4% . anl&l 2(a) 7R, dE 4% NL & Csl, o/
NL & & # KBl 17 XRD 4381 & L, NL{LFE 26=25°
LR — D TE AT S0, o2 I IR A 4k i AR
b ARG YA RRIEAT RS NL 2k T Csl A,
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o 33nm, H T RRARRLARE /N, FLAT S e B A
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(b) XPS survey

Cs3d
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2 (a) NL I CsL,,o/NL 9 XRD [#i#; (b) Cslyo/NL Y XPS 43 [l; (c) Cslyo/NL & CsI H1H Cs3d Hi2NKL#E; (d) CsLyo/NL & CsI HHAY 13d K201 3%

Fig.2 (a) Typical XRD patterns of NL and Csl, o/NL; (b) XPS survey of Csl, o/NL; (c) Cs3d high resolution XPS spectra of CsI and Csl, ;/NL;
(d) 13d high resolution XPS spectra of CsI and Csl, o/NL
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© i IR (@
1
Pty
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T
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AR
/
@ 2
d &
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Glu-Cs*

PESE A A AR 720, DABH C o AN i 1
JEE R R &R R (Asp). A AR (Glu) WA iR
P R MRS R (Arg) . HUE R (Lys) P A el 7
QAL AE N B, o 4 Fh & L R A L)
Cs*Fll I S Ho F= i F Gaussian 09 A.02 & {F#E47 L
kg RO AL, B I DR AR A TR M R 5 Z 0T
RETIEMT A, IR 2280158 O
1) AG, TRIERNARZR AT 2 FaE v

i 1 Visual MINTEQ 3.1 3% 4 4+ %3+ 8 T Cs*
N T#E pH=3.8~42 U [l W A AEIR A, W 3 F
N GEREW, FE CSLEW T, Cs M I'¥EA K
BE TS, ML Cs M TR AEAE, B3
HHFREMIH . E 3(a) MIE 3(b) 55K
2t AL Asp-Cs* . Glu™-Cs*A & 1 J LA 44 5 Kz
HEMM A e b, @airs, MESRrL
BFH, AGry 5 A Gay ceI/MF 0, BB CsH
DL A KI5 KA R A SRR BE R 3L & Ak
HUFH ELVE T, DTS 350 AR & Y e it R A, A

’ d=0.290 nm ‘ o
/3 ,

JH
‘o
‘.N
‘.@

Lys™I"
AG=-7.81 kJ/mol

5

d—Bond length (nm); AG—Gibbs free energy change (kJ/mol)
3 (a) RXEM (Asp) 5 Cs'MHAEAE; (b) HER (Glu) 5 CsIMEAEM; (o) WM (Arg) 5 TMEAER; (d) #i%/R (Lys) 5 THMIEAEH

Fig.3 (a) Interactions between aspartic acid (Asp~) and Cs; (b) Interactions between glutamic acid (Glu™) and Cs; (c) Interactions between arginine

(Arg') and I'; (d) Interactions between lysine (Lys*) and I
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2.3 CsLo/NLHIWMERRTES
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\

T B A4 R B v e A R 0T N
i F§ SEM & J€ % Mapping 43 #1 T Cs J I 7£ NL i
ZIZREEMW GO, Kl 4(a) A Csl,o/NL & &
BB\ # I SEM ) Cs. 170 % Mapping &, 7] A
FE Cs MITRHLI M MAERR L Frh, i —
X} Cs 1 1 JC K AF £F 4 o S 27 4 b 1 o3 A RS 4T
AT, aniE a(b) X IE a(c) i, i Csl)E, R
Ji 21 A S i 41 2 R A 30 B A A W i AR Ak
H Cs B 1 U R AF 5 U & R 4 (R 228l ) B
BSI A, ULBH Cs AN T J0 5 76 £F 4 R S 2 4
b RAFR A HOIRAS I Fh S BE 3450 5 4 BORE 3
X SR AR R RL 018 S B, i X RS Z
JCE MR O BCR LA, T4 5 1T & G MR
X W& T aE 0 R R Yk, MR T R A AR

B X BT BRakIERE . BeAh, 34 TRV FRIER

Kl 4 (a) Csl,o/NL Z\EIfi SEM & Mapping [&l; (b) Csl,o/NL £F4E5 SEM & Mapping l; (c) Csl, o/NL £-4k SEM % Mapping &l

Fig. 4 (a)Longitudinal section SEM and Mapping images of Csl, ,/NL; (b) SEM and Mapping images of CsI, ,/NL fiber bundles;

(c) SEM and Mapping images of Csl, o/NL collagen fibrils
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o, EREGMEIA GRS ZRE T, BRENR
A CsT fR IR HERI I G, S — L1000 T Csl
REAE T R IR J s 34 51 1 431
2.4 Csl/NL B X 52k R i 4 6

R I8 A5 M GB/T 16757—2016%", 1 3 B
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LB REHEAT IR, WA 5 iR, HEHET
AN [R] CsI f 4% 2 1) 52 & M BHE O 7 BE & O 16~
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