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Abstract  Samarium oxide (Sm,0,)/boron carbide (B,C)/high-density polyethylene (HDPE) composites are
respectively prepared by using synthesized Sm,0, fillers (Sm,0,-1) and commercial Sm,0, fillers (Sm,0,-11) for

neutron and gamma radiation shielding. The X-ray diffraction (XRD) patterns reveal that the phase of Sm,0,-I fillers
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is a cubic crystal system, body-centered cubic lattices, and its space group is a3 (206). However, Sm,0,-II

fillers have two phases. One is a monoclinic crystal system, simple monoclinic lattices, and its space is C2/m (12).
The other one is a cubic crystal system, body-centered cubic lattices, and the space group is la3 (206). Field
emission scanning electron microscopy (FESEM) and specific surface area analyses reveal that the micromorphology
of Sm,0,-1 fillers is micron plate with silt and its Brunauer-Emmett-Teller (BET) specific surface area (S,) is
5.15 m*/g, while irregularly shaped Sm,0,-II fillers have two kinds of micromorphology caused by the two phases of
Sm,0,-11 fillers, which are plate-like agglomeration and agglomeration without specific shape, and the Sy, of
Sm,0,-11 fillers is 2.47 m*/g. The melting temperature (T) and yield strength (o,) of the synthesized Sm,0,-1/B,C/
HDPE composites are respectively 140.6 °C and 22.6 MPa, which are better than the commercial Sm,0,-11/B,C/
HDPE composites. The neutron and gamma radiation shielding tests reveal that the synthesized Sm,0, fillers with
even size and high BET-specific surface area can improve the neutron and gamma radiation shielding performance of
composites. 10%Sm,0,-1/20%B,C/70%HDPE (mass fraction) with a thickness of 15 c¢m has a neutron radiation
shielding rate of 98.4% under the *’Cf neutron source and a gamma radiation shielding rate of 71.7% under *'Cs
gamma source.

Keywords Sm,0,; Composite material ; Neutron; Gamma; Radiation shielding
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1 SEIGERS

1.1 RXFI 5

HDPE (%! 5 25 HHW5502LW) , H [ A k% 2 A i dk A R Rl 5 B,C, Kifeh 2~3 um, JRE
(Urea) . 7NK G IR 42 [Sm(NO,) 4 6H0 I FIFT &AL S, L2 se AR IR A IR A Rl 5
(C,H,OH), EZERbARRABR A . B AR . JAiK i YK-RO-B BUETIE S 2lizk
Bl 2% .

MSK-SFM-3-T1 B XU 5y 18— AEFRFREREE AL, A MR R AR R F] 5 QE-70E BRUHORL 3 ML AN
R32212017 BUAENL, DS BB A JRA IR TTE 2 Al 5 PC-180 B HAAL, 75 JHITE04% B AE A 3l ik
BHEABRA A TTR-TH X SR ATSH U (XRD) , H AR P22 R 24t SICGMA B35 % S 4745 fi 7 S 5k
55 (FESEM) , 7 [ % JR 2% w] R 23 1) 3 AZtecOne&X-act B X 5 2R GBI (EDS) , 3 [ 4 HEL 2843 7]
Tristarl[3020 %Y [t & T AR F1FLAR 20 A A%, 36 [ 22 w40 20 | 5 Q2000 Y 22 78 4 4 1 4L (DSC)
Q50001R I #H 3 1 (TGA) , £ TA A W] ; LX-D-2 BIBBECAE 1, R2e =Bk S R UCE R A A ;
MDJ-1200T BU[E A% BT, BRSSP ] 5 Instron3367 B HLF 7 R BHAIGAL, Sl sl
BRI ] TR R B SR R UE B . 22O U SmartREM 525 R 0rh 300 2 (55 [ 4%
KA, PO IR h TR RN 2. 35 MeV, W76 B 6x107 B, 15 2 5% - HR I 2%
(¥ L 10 nSv/h~100 mSv/h, RABHE 0. 74 eps/(wSv -h) A1 TH 5 #CHe & e EL BRI R L Cs
ANEL JE R FHZ672E-10 TUE 4 2R PRI 25 (36 EFEER /R A B AL, WCs A P50~ F- 25 4 o'+
BT R 0. 662 MeV, 56T 15 B R 3. 7x10* Bq, fH 485 = S0 25 00 5 Y5 A 1 nSv/h~100 pSv/h,
R H2000 s/ (pSv-h™).

1.2 Sm,0ERIBAE K

SR FH YA DT 3 s A K Sm,0, 30RE, A B Bz 4 X (1) ~28 (3) fifzs . FRH0. 4445 ¢ (0. 01 mol)
Sm(NO,),-6H,0 F13. 0030 g(0. 05 mol) JRZE , BT 1000 mL A, /i A 800 mL B4l /K J5 i AE A
TRV INARE I fiPEas 185 “CHEIEIMIA N 3 h, 53] [ N =k ph il ; Rl 2 =05, B
HAEB R 08T, L8000 r/min A A B0 4 min, B0 3~5 W, FEKES L5 285 i F i 4l 7k 1 2, 1
HURUIEY), EEOE R FZRBEEY; KO T 60 CHEIR T 6 h, SRIGHR E A 911K
ANEHH, 76800 CHIZ A P2 h, 152 Sm,0,3HE}, 128 Sm,04-1.

CO(NH,), + 2H,0 == CO? + 2NH,* (1)
Sm™ + CO> + OH == Sm(OH)CO, 2)
28m(OH)C0, =2= Sm,0, + 20, + H,0 3)

1.3 Sm,0/B,C/HDPE £ &1R#1 8% &

AR R £ 22 A BB Gd,0,, B,C ATHDPE WAL & H R 1:2:7, 1 Gd,0,5 Sm,0,
¥IoaH ALY AR O R R R BT, 3 EAA R R R A S el RE, PRI, AR S
#19 Sm,0,/B,C/HDPE & & ##1 H Sm,0,, B,C FI HDPE [ it & bk 1:2:7, B,C/HDPE & & 41 B,C
5 HDPE it &t e R 3:7 . FHEREEALGT T F 2 E 1 Sm, 0,308} . B,C FITHDPE LA 800 r/min 3 F IR A
BRES 10 min, {350 (S 2F0) MBI R MR G . MR G20 AR LR 2R HILY, T 190 O
AR A 10 min, A HE B YIS ZEBCE 3 mm FLARTH N AR RENL AR PR TRERE . e, BRmine
Wk e A EREAUSE A A SUENL R TR . SURTRE S LA 33 (1) KA i s
BRI ELAE 200 ‘CHI0 MPa FAREF 15 min; (2) B EE4R R £ 220 °C, JE 735 2 30 MPa, {3
PR1E 30 ming (3) FFBEHE— 2088 5 28 240 °C, H 745 2 50 MPa, PR R 80 min. i), iHLRH]
VR A AR S R A AR B 52 A L, 0 e R 10%Sm,0,-1/20%B,C/70%HDPE, 10%Sm,0,-11/20%B,C/
709%HDPE #130%B,C/70%HDPE.
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1.4 Sm,O,}E#}F1 Sm,0/B,C/HDPE £ & RISz

K X FHAT ML (Cu Ko, A=0. 154056 nm) , £ 26=10°~70° T MK 75 2] Sm,0, 41 KL XRD 3% £,
W2 T Sm, 05 MBI PI AR AL . SR FH FESEM 7E i HE 28 20 kV IR RS EOR 1x10°~8x10° T, g%
Sm, O, BE S ROUTE S S5 450 . SR X SR AREIE I (Mn Ka) BEAT 000 R, 20BN 127 eV, JCE T
JEEH ‘Be~"Pu. #50T 300 ‘CHZTHE 12 hm, R HERTEAFALR 3L, 7ER ST RSk
A7 W - J58 B3R BET L 2R AR 434 . A 20 B ALO, I, TR T I, iR
20~700 C, ik # 2K 10 ‘C/min. DSC 20 Hr i I ALAE & 8, 78 ZCA T I, I3 o
30~250 °C, FHil#EH 2N 10 C/min. AR FAEEEMART , F44E 0 & TR KPR S & B 8 Sk Abr i
EFaEEEARE L, SRR R EIEA, 10 SR B AR HEAT SURCEAT SRS, 45 SR BCE Y
A, 12RO B ECRE FEAE . SR A 77 RE A RN IS MLIEA T s AR ik, i 2 i hor A i A Sy
GBT1040. 2-20061BA %Y, 41345 5 mm/min.
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BRI E Sy A an B 1L (A FN(C) s . HRFBEmcal i B2 an R (1) (R v R - R )
AN, CE-252 HF- Y5 FNFE I B A Ak ) PR o 0 v R R R, 1D N Ly (2) KSR I BRI
R A UET R BT FLAL , SE AN ZR CE-252 75 LA R 28k 735 0 5 e o A sl g v 5] R SR S
WCH L,; (3) HERER 20 v B W HE S FLAR A B e A sk, R4 CE-252 Hh 1 U5 A SR 2 0 o LB
R TE) P A 1T 30 em Ak, TSR R R R TR 2 ) PR R R, RO 1, A B
A, 0N s (4) TERNG IR LU 5 a7 1 S LA il B B bR, 10 s fin 28 CE-252 -
A5 DU S5 R R s o~ R0 2 7 o 700 SR, BN 2L 1, A B 83 RO R S U ) R
R OCH L. FAHMER 107K, 45 FRECEE (AN mSv/h).
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Fig.1 Schematic diagrams(A, B) and the photos(C, D) of neutron(A, C) and gamma(B, D) radiation
shielding test devices
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107, GEABCFEIE (BN mSv/h).
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Fig.2 XRD patterns of Sm,0;-I and Sm,O,-II fillers
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0. 5~1. 0 pm; 1M Sm,O,-11 R 2 PRI GOWIE S, —F ORI R A4, 55— R b Jo ke e 51 A
BIK, RoFR3~5 wm, HAETERTRRFE.

Fig. 3 SEM images of Sm,0;-I (A, C) and Sm,O;,-1I (B, D) fillers

IEI 4 ﬂg szos'I Wr‘ﬂ Sm203'H i/E\*"I‘ E/:J EDS 135‘%151 . Eh lzl 4 Efﬂl ’ Sm203'1 %ﬂ szos‘H iﬁ*"l‘ E':‘iéj/ﬁ\ﬁ Sm %ﬂ 0]
JLE, HSm A0 MJEF IR 41:59, F54 Sm,0,50FH Sm Fl O FIFRUHEIFE T EL 4: 6, FHHPFH Sm,0,3H
B = HICARR

(A) (B)
6} (0]
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Sm Sm
smp S s, Smj Sm o
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Fig. 4 EDS spectra of Sm,0,-1(A) and Sm,O,-1I(B) fillers

1 5 247 Sm,0,-1 F1 Sm,O,-11 SR} N, W BT - 158 B 4 L 2 RN FLAR o0 A Tl . MR ke sl s ke 5 v FH Ak 22 Bk
BT A, Smy05-1F1 Sm,05-11 (14 N, W BFF-JIE B 45 i 2k 34 J T IV 24, (Bl 2134 0 H, 5 H, 7Y [
Ui P HE UL 2R M 2 1 D A TR AR B LA N, I B - T B S 2 . e e T BRI A2 S 5
SEM 8 5 WG, 2R W] Sm,O,-1 IR Ay it e 5% A AWOK MR 25 A B4 L, Sm,O5-11 SEUR} A JE S5 AS K1) £ R LA
L. Sm, 051 F1 Sm,0,- TR Sy 73514 5.15 F12.47 m*g, BIH i FALAAFR 35124 0.036 F10.021 em’/g,
BJH JBLFFLAE 53514 20. 69 F134. 21 nm. SEHGE5IRFH , A 8L Sm,0,-1 b B A Sm,04- 11 HURLELA BT 15
B EL e TR IR Z AL
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Fig. 5 N, adsorption-desorption isotherms(A) and pore size distributions(B) of Sm,0,-I(a)
and Sm,0,-11(d) fillers
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& 6 (A) F1(B) 23 5 & Sm,04-1/B,C/HDPE F1 Sm,0,-11/B,C/HDPE & £ #4 K} 5 W7 17 SEM B& [+ . A I,
Sm,0,-1/B,C/HDPE & A5 M8 (1) Sm,0,-LIERE 3 1 ¥ 5], OWTESUATS A RCKARCR 5 17 Sm,0,-11/B,C/HDPE
AR B Sm,05- TR A S], OIS AN SRAE(R . BT 6 AT A1, 555 AL 4
() Sm,0,-ITAH Eb , HATREE TEA H RT3 — SR AR Sm, 0,1 SEURHE 52 G AR AR P HLAT 547 1) 43
Pk, ARSFHEA).

Fig. 6 SEM images of fracture surface of Sm,0,-I/B,C/HDPE(A) and Sm,0,-11 /B,C/HDPE composites(B)

22 AR@EMH

& 7 (A) y HDPE, 30%B,C/70%HDPE, 10%Sm,0,-1/20%B,C/70%HDPE 1 10%Sm,0,-11/20%B,C/
70%HDPE (1) TGA i £ &l . & 15 1 4 5 o b B 940 4y 43 Wt B2 (T, ) 0242 20 it Ui B2 (T, ). HH
B 7(A) AT UL, 4 B Be i b ki 4 0 fif od BR Y R TR 8 ol #2 . B3R 1 9] UL, HDPE, 30%B,C/
70%HDPE, 10%Sm,0,-1/20%B,C/70%HDPE #l 10%Sm,0,-11/20%B,C/70%HDPE [ T, 4 %] Jy 449. 1,
444.1, 447.5f1444.7 °C, S HDPE ML, A MORHR T, B AR, X% B T8 = REER S HLXT B,C,
Sm,0, Fl HDPE #3 R4 TR A5 BREE (i HDPE JEIAR R R4 FHE WAL, 52 5 MBI 3 fa s/, AT 30H:
Ty, BT, 440 CTHELZE 500 “CHY, ARHK RS s RIS K, 10 B T HDPE SR i (1) K 53 fis
AL, [a] I o3 il 2 TSGR 017 ) R ik, DT S B il i R K

% 7 (B) iy HDPE, 30%B,C/70%HDPE, 10%Sm,0,-1/20%B,C/70%HDPE Fl 10%Sm,0,-11/20%B,C/
70%HDPE [ DSC #hZE &, WIURIamiR e (T,,...) 4 DSC 2R I s 5 KRR AR U] 28 5 B4R SE K 2R 38
Ab BRI, T oA DSC 2R W HAE I 3 S A AR EE . 32 1800 T 3R 5 MORLRI HDPE SR KL T A1
T,.14 . HDPE, 30%B,C/70%HDPE, 10%Sm,0,-1/20%B,C/70%HDPE # 10%Sm,0,-11/20%B,C/70%HDPE
)T, fE5 00 119.3, 120. 4, 123.8 1123.1 °C, T {H437°0 131. 3, 136. 5, 140. 6 f1139.7 °C. Thfig
BRI R E G AR T AN T, 3515 T2 HDPE SRR R}, X2 i T 30E(Sm,0, 1 B,C) A] 7 HDPE JE{A
Hp e A R BRI A5, AT B ARR T A Hp 4015 1 3T B8 6 C—C AR I R 800 b4, 5 30%8B,C/
70%HDPE &4 B HE, 10%Sm,04/20%B,C/70%HDPE & &R T AT, F 5 , X2 i T Sm,0, 34
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Fig.7 TGA(A) and DSC(B) curves of composite materials and pure HDPE material

T owir Twor Tz and T, represent the initial melting temperatures of HDPE, 30%B,C/70%HDPE, 10%Sm,0,-1/20%B,C/
70%HDPE and 10%Sm,0,-11/20%B,C/70%HDPE composites, respectively; T, T ,, T ; and T ,represent the peak temperature
3 p p ik P

of the endothermic peaks of HDPE, 30%B,C/70%HDPE, 10%Sm,0,-1/20%8B,C/70%HDPE and 10%Sm,0,-11/20%B,C/70%HDPE

composites, respectively.

Table 1 Thermal stability parameters of composite materials and pure HDPE material

Material T,,/°C s/ C T, JC T/C
HDPE 449.1 477.1 119.3 1313
30%B,C/70%HDPE 444.1 478.5 120.4 136.5
10%Sm,0,-1/20%B,C/70%HDPE 447.5 482.5 123.8 140.6
10%Sm,0,-11/20%B,C/70%HDPE 444.7 479.3 123.1 139.7

R S A RIE ) 5 HDPE SR FAI 2 o (S EERE, SRAEMAE (Smo DM, &
B AEALEZ (Sm,0,-1) HURLEAG R TES . TR 3 — i ROT RN s i L 3R TR, W15 HDPE SRR
Z a7 A 2 W BRI s, AN TAT R IR HDPE &4 b 43 -8 1 3E #5058, I, 10%Sm,04-1/20%B,C/
70%HDPE & A BRI il B A Rl B 2475 T 10%Sm,0,-11/20%B,C/70%HDPE & G 41K} .
2.3 HlgtERE

K 8(A) A HDPE FIAZ A MK AR FCRE FE ] . ph & 8 (A) e 2 i] L, 30 AL A5 M4 ek (1R sk i 349 v 144
HDPE #18}, 3 & i T MIPEEE(Sm,0, #1 B,C) 5 HDPE SE44 22 (8] 7775 (1 5 AH B A v 4% 55 52 A b R HK

R TG SR T S S AR R AR ECRE B . kA , fEFTE REA R, B,C/HDPE R A GRS 2 Bt
i, XJEE R B,C HE Sm, O, REEE K . SEEGaE I, R Sm, 0, 1 B,C AN AT #  HDPE SR AR S

25
== HDPE (A) (B)
75 . 30%B.,C/70%HDPE ou
m 10%Sm,05-1/20%B,C/70%HDPE 20
é  10%Sm,05-11/20%B.C/70%HDPE n«:
= 70
8 % 15
s Or 2 10
= 7
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Fig. 8 Shore hardness(A) and stress-strain(B) curves of composite materials and pure HDPE material
0, 0, 05 and o, represent the yield stress of HDPE, 30%B,C/70%HDPE, 10%Sm,0,-1/20%B,C/70%HDPE and 10%Sm,0,-
11/20%8,,C/70%HDPE composites, respectively; o, 0,,, 0,; and o, represent the tensile stress of HDPE, 30%B,C/70%HDPE,
10%Sm,0,-1/20%B,C/70%HDPE and 10%Sm,0,-11/20%B,C/70%HDPE composites, respectively.
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Table 2 Mechanical parameters of composite materials and pure HDPE material

Material Shore Young’s Yield Tensile Elongation at
hardness/HD modulus/MPa stress , U')V/MPa stress, 0,/MPa break (%)
HDPE 60.9 +0.74 747.9 18.1 21.1 249.8
30%8B,C/70%HDPE 69.4 £ 1.51 1026.6 20.7 18.6 36.9
10%8Sm,0,-1/20%8,C/70%HDPE 66.6 + 1.31 1109.1 22.6 21.5 27.9
10%Sm,0,-11/20%B,C/70%HDPE 64.0 +0.76 1232.5 21.6 20.9 16.2

i, Sm,0,-1/B,C/HDPE & & B RHG AR FCfl B2 5 T Sm,0,-11/B,C/HDPE &Z A ¥k, iX & T Sm,0,-1 A Lt
FHAEE Sm,0,-11 K, Sm,0,-1 5 HDPE FeAARSE A Al 77 A K A e i i s 2.
[ 8(B) & HDPE, B,C/HDPE, Sm,0,-1/B,C/HDPE F1 Sm,0,-11/B,C/HDPE B’Jr”jj SN AR R AL AR

N3 (o) MR K ATEAE B T 05, AT IRA MR SB RN . BRI 8 (B) AR 2 AT UL, , SECRLIE %
HDPE & 4 bR it Bk 7 1 Fi A% FC 5 241155 T HDPE. 33X & i T Sm,0, #1 B,C AT ## HDPE 434 41T
2, IiPem S G 122 ERE . HDPE 2 —Fh Rl fy v bA b}, HAA U0 R A RIPEFsr AR
K MEORRYG R A G A A IEORH(Sm,0, 11 B,C) BRI T HDPE JE{A ST 5512 3l , IMiREAIR T 2 G644
BHAFIPE W 2R | AT RS, ZETA R, Sm,0,-1/B,C/HDPE &2 544k A 11 (22. 6
MPa)fiz i, X2 R R Sm,0,-T IR A 42 5 ) BET Fe R R BRI A1 /0RiA% , 6 HDPE S A2t T £
) BRI 57 A5
24 TS iEHFikiEse

B 9(A)FI(B) 43 /R i TJEEE N 1.5 em A HDPE, B,C/HDPE, Sm,0,-1/B,C/HDPE F1 Sm,0,-11/B,C/

HDPE X 22Cf Hr 7 I 5 i v 37 2 R 7 Cs (05 P55 S A A 3 1k 2% . plF Sm, O, 3R HA 30
(1) He 2 AR P , K9 (A) HR A Sm,0./B,C/HDPE & A4 RHK) Fh 115 Bt R 241K F B,C/HDPE
A FRFIHDPE. 1EAL, BT8R R 500 Sm e 2 BT KA S SR Wl se 71, o (B) R Ty
Sm,0,/B,C/HDPE &2 & 4RI 5 5287 1 R (% F B,C/HDPE & & A FL AT HDPE. 164h, 55 FH Sm,0.-
IHEEHH FE , 5 B PR I AOR AR Sm,0,-TIEDRHEAR BT iy 1y LU R AR, R RS B —, TR SR
%%W%%A%ﬁﬁﬁ R, H 5 A b7 5 5 2R & AR A BAE FH LR K, A At m =
bR B S o i . AE A TR SRR B, Sm,0,-1/B,C/HDPE & &4 BH AT S A3 6 v 7 Al =
%%Eﬁi ,LMmrFMEAHHTﬁﬁ%X%m*?EﬁﬁﬁBA%MW%%WE@K.%?
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Fig. 9 Neutron transmittances of different composites with a thickness of 1. 5 cm under

the **Cf neutron source(A) and the *’Cs gamma source(B)

1 10 23 4 Fh 5B b 7RI S S5 2 et £, ASH rh 7 A4 25 1 24 DR b ek 4 RE D
AT HOR-BIAE . 10 AR, SR TRA g LR TR RORARIE A Sm, O,- TR S 5 4 LA
AR RV EL R R PR . R AR B 0y 4 R L R S RS RS B TR 3, thT
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Fig. 10 Neutron flux attenuations(A) and gamma flux attenuations(B) curves for different materials

Table 3 Neutron and gamma radiation shielding parameters of different materials

Material pl(gem™) Sosp./om Sem™ S0, /cm ulem™ u,/(em>g™) HVL/em
HDPE 0.941 15.4 0.181 17.5 0.065 0.069 10.6
30%B,C/70%HDPE 1.164 13.1 0.212 15.4 0.076 0.065 9.1
10%Sm,0,-1/20%8B,C/70%HDPE 1.217 11.2 0.246 13.7 0.086 0.071 8.0
10%Sm,0,-11/20%8B,C/70%HDPE 1.201 12.3 0.222 14.3 0.084 0.070 8.3

AR () B (7S] . I 10(A) FIZE 3 RIHL, 78 22CH R TR S 40 R, SN 15 em (1)
10%Sm,04-1/20%B,C/70%HDPE & & # BEE Bk % 4 98. 4%, S{ER0.25 em™. RPN R - 2K
() . AR EE R B () FREEZ (HVL) 23 9 i 2 (8) ~(10) 313453 . fi& 10(B) AL 3 Al 41, 7E Cs
AN PEEE ST, JEEE N 15 em 8 10%Sm,0,-1/20%B,C/70%HDPE &4 #4814 B 48 5 B8k 71. 7%,
Hou, w, FTHVLAES 5] 0. 086 cm™, 0. 071 cm”g F18. 0 cm.

3 & it

BT — b EAG ) R T BRI A8 SR AR 45 44 1) Sm, O, UKL, -5 75 FHAS KLU TEZ 35 () S, O, R} 1E
3T X EG, BFE T SURHEOWTE S 2 506 vh 115 52 4 B e i e e v L AU R DL R b7
TR R BE R . 25 SRR, A R R R BRI ORI S Y Sm, O, 3R A ) T4 e A
AR T R SRS BRI BE . A B SmO,-THDEHE T3 7 b B L RO ST T Bk | 1a3(206) 25 ]
e, 2 A A R AR ZE A A LR s B SmuO,-TTHDRHE T A IR SR 2R, AR S
B R FLEURE . 5 7 Sm,0,-TNEURERE e, & 80 AY Sm,04-1 BURAY L 26 1 AU /5 B R Py —, H 5
HDPE JL{& %5 & )5 , HDPE 20 T-55 B BRI 55 5 2, DI 52 A AR} i 280 0 FIPILB 1k B 29 15 31 42
L TR R BRI R 2 R B, 5 R Sm,O,- TR, A B K AR Sm,0,-T HDRHE S &
PERMEAR NS B AT, 320 T 2 AR T AN S 5 B CR . RN 15 em 19 Sm,0,-1/B,C/
HDPE &4 BHRE 22Cf th 75 0 75 560 BR 380k 98. 4%, X ™Cs A5 A Th 5 R i3k 71, 7%.
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