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(57) Abstract: A neutron moderation material for use in a BNCT beam-shaping body. The neutron moderation material comprises
three elements, i.e., Mg, Al, and F, wherein the mass fraction of the Mg element is 3.5%-37.1%, the mass fraction of the Al element
is 5%-90.4%, and the mass fraction of the F element is 5.8%-67.2%; the sum of the weights of the Mg, Al, and F elements is 100%
of the total weight of the neutron moderation material. The neutron moderation material may be doped with a small amount of °Li-
containing substances, and the addition of the °Li-containing substances effectively decreases the content of y-rays in epithermal
neutron beams.
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BHESET AN 3.5%=Mg=37.1%. 5.0%=A1=904%. 5.8%=F=67.2%, Mg. Al. F
SATTR I E B G T o 2 R S R 100%.

AL, Prid S ds B, Bk i1 S8 A BRI & Li R ot LAy S B B,
Herbr S SLiRI P T s I 88 v idk vh 1 A B B B 0.1%~10%.  DLIEHI A, Pk b+
DR BN IN R AR LI LABEAIS v ST 2i5 4y, HrPLIFRMS IS N A th 2l MR S
(%50 1%~10%.

AL, Pk i g2idba by, Bk G2 is b B 25 B2 D9 FRAR 2 BE f60%~100%
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Al Il MgF2; 2. AIF; fll MgFa; 3. Al. AIFs fil MgF2; 4. &°F Al. Mg, F =Fion&R R4
o XEEEH AlL Mg Al F =FRTs Bl DU IR G A MR EGY), W] BL2& HAFE R
HEZ M), LAURNSEREG] 1. 2. 3. 6 RAEPFEHa R E A 72.5em [WAEAE T 58 1,
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<SEJtEf1>

VBN R &4y I ALRIMgF, 24 HLR Gk AR H I 1) 5 S 30 2 BE 1K 60% ), el
MOCNPEEAY TG A A 75 SRR SORBE-Gy T /E AR &, 45 R 1R

F1: AURIMgF2 IR £k AR e ) 1) 5 Sy 28 40 2 B2 TR 6 0% ) [0 A4 5 o it 52

Al. Mg. F=Fm& JH1J8330RBE-Gy T 7E 14
AlFIMgF [ H & L HROBITERE (em)
&= J&(cm)
3:95 5.0% 37.1% 57.9% 12.13 5.61
10:90 10.0% 35.1% 54.9% 12.35 6.17
15:85 15.0% 33.2% 51.8% 12.50 6.30
20:80 20.0% 31.2% 48.8% 12.57 6.60
25:75 25.0% 29.3% 45.7% 12.66 6.79
30:70 30.0% 27.3% 42.7% 12.72 6.94
35:65 35.0% 25.4% 39.6% 12.61 7.17
40:60 40.0% 23.4% 36.6% 12.85 7.16
45:55 45.0% 21.5% 33.5% 12.98 7.20
50:30 50.0% 19.5% 30.5% 12.82 7.15
55:45 55.0% 17.6% 27.4% 12.96 7.34
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oU.4y 60.0% 15.6% 24.4% 13.05 7.23
65:35 65.0% 13.7% 21.3% 12.86 7.24
70:30 70.0% 11.7% 18.3% 13.05 7.05
75:25 75.0% 9.8% 15.2% 13.09 6.88
80:20 80.0% 7.8% 12.2% 13.11 6.31
85:15 85.0% 5.9% 9.1% 12.83 5.73
90:10 90.0% 3.9% 6.1% 12.78 4.95
<sLjit 2>

e BUAS [F] F 247 I AURTIMgF2, I MCONP 43 RS FUL V530 HA 25 182 D8 0% 22 i 2% 82 (1 AL
MgF 238 A1 B8 (1) b LR 25 1 8 0% 148 25 ¥ ALATMgF o 8 485 1 5 ) v —F 2 b4
BHOA ORI T AR 30RBE-Gy BT FEVR B, 25 SLIE B 7E VR &) 2H R S e LU AH F) (% 900
TR S e 25 M RIR B 1 S I R IR AR AR St Rt B AT 22 5, AT 00R 9 IR TEAN30.0
RBE-Gy I EIR K 45 R R 2 s

2. AINIMgF R &M FE B0 5 (1) 80% I (1B A i o it Joa

Al. Mg. F=Fm& JH1J8330RBE-Gy T 7E 14
AUFTMgF [ & Lk A BRITIRE (cm)
&= J&(cm)
3:95 5.0% 37.1% 57.9% 11.90 4.00
10:90 10.0% 35.1% 54.9% 11.72 4.28
15:85 15.0% 33.2% 51.8% 11.72 4.95
20:80 20.0% 31.2% 48.8% 12.05 5.23
25:75 25.0% 29.3% 45.7% 12.17 5.54
30:70 30.0% 27.3% 42.7% 12.23 5.75
35:65 35.0% 25.4% 39.6% 12.42 6.17
40:60 40.0% 23.4% 36.6% 12.34 6.55
45:55 45.0% 21.5% 33.5% 12.50 6.85
50:50 50.0% 19.5% 30.5% 12.78 7.24
55:45 55.0% 17.6% 27.4% 12.78 7.20
60:40 60.0% 15.6% 24.4% 12.76 7.33
65:35 65.0% 13.7% 21.3% 12.94 7.53
70:30 70.0% 11.7% 18.3% 12.96 7.44
75:25 75.0% 9.8% 15.2% 12.97 7.34
80:20 80.0% 7.8% 12.2% 13.25 7.34
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8.1 85.0% 5.9% 9.1% 13.17 6.92
90:10 90.0% 3.9% 6.1% 13.26 6.67
<SLJit 3>
LA TR M AURIMgE2, IR B AR B V) 1 B0 % T, T8 MCNPH

P EAS A BRI T IR IR 30RBE-Gy T /IR 5, 45 RUnR3FoR:
K3: AINIMgF e 45 VR A1) 5 2 30 i I (B A 55 3R vt o

Al. Mg. F=Fft% i 30RBE-Gy FIT £
AUFTMgF [ & Lk A BRITIRE (cm)

ifEns s J&(cm)
3:95 5.0% 37.1% 57.9% 10.93 2.34
10:90 10.0% 35.1% 54.9% 10.83 2.78
15:85 15.0% 33.2% 51.8% 11.31 3.38
20:80 20.0% 31.2% 48.8% 11.43 3.88
25:75 25.0% 29.3% 45.7% 11.60 4.19
30:70 30.0% 27.3% 42.7% 11.92 4.47
35:65 35.0% 25.4% 39.6% 11.97 5.33
40:60 40.0% 23.4% 36.6% 12.19 5.63
45:55 45.0% 21.5% 33.5% 12.08 5.94
50:50 50.0% 19.5% 30.5% 12.52 6.40
55:45 55.0% 17.6% 27.4% 12.58 6.96
60:40 60.0% 15.6% 24.4% 12.49 6.89
65:35 65.0% 13.7% 21.3% 12.64 7.29
70:30 70.0% 11.7% 18.3% 12.84 7.26
75:25 75.0% 9.8% 15.2% 12.99 7.45
80:20 80.0% 7.8% 12.2% 13.06 7.93
85:15 85.0% 5.9% 9.1% 13.09 7.45
90:10 90.0% 3.9% 6.1% 13.10 726

<SLjta s 4>

B F E B4 1 AL MgF2, 8 Al fl MgF» PLZ S RA b 2R, 24Pk

G R TN B LY

PR, 45 R WIER 4 FoR:

1L MCNP #5459 B A 80697 R EEA % 30RBE-Gy
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K 4: Al M MgF) Pz & 0 2QA ) 2 5 BR VR 3 B i P - S T RIS B S oA Jo

AL Mg, FEREEMAE | Adnr | e YA

(em)

7.2% 36.2% 56.6% 10.82 2.74
14.6% 33.3% 52.1% 11.58 3.42
22.2% 37.3% 47.4% 11.59 3.67
30.0% 27.3% 42.7% 12.15 4.35
38.0% 24.2% 37.8% 12.01 5.04
46.2% 21.0% 32.8% 12.40 5.50
54.6% 17.7% 27.7% 12.97 6.17
63.2% 14.4% 22.5% 12.71 6.87
72.0% 10.9% 17.1% 13.12 7.11
81.1% 7.4% 11.5% 13.13 7.18
90.4% 3.7% 5.8% 13.11 6.83

<sEjifs 5>

HWEUASF E B A1 ALFs fl MgFa, {§ AIFs il MgF2 MUZ SR RAL b a2 d bR, 24
Bk o S e A R 25 B R B0 B E R, B MCNP BESUL T SAF H A A6 7 % 5 R i R
30RBE-Gy JJI{EVRE, S5RN%K 5 k.

52 AIFs Il MgF2 LU 5 sUAL I 555905 10 0 0830 B O A

Al Mg, FEROERIER | R o | oo YR

(em)
2.5% 36.0% 61.5% 10.84 2.58
5.0% 33.0% 62.0% 10.86 231
7.5% 29.9% 62.6% 11.06 2.56
10.1% 26.8% 63.1% 10.99 2.77
12.7% 23.6% 63.7% 11.07 2.88
15.4% 20.4% 64.3% 11.05 2.97
18.0% 17.1% 64.9% 11.22 3.11
20.8% 13.8% 65.4% 11.49 3.16
23.5% 10.4% 66.0% 11.42 3.61
26.4% 7.0% 66.6% 11.73 3.72
29.2% 3.5% 67.2% 11.61 3.84
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Y BEERTS eE SO D S ERER v BTERAIE, SAACA Gy-em’/n. WA
R, & Li MWL AS BB S o5 5T A B4R B AT S8 BG5S rh A S S 2
SR, &L MYWRASEART SLi ¥, LiF. Li2COs. Li2O Ml LiaCa, ASEIG LRI
LiF AU I L BB S o i B A y S8 S i . ARGUEE AR N 52 BN
K NAEI H IS BLR AR LiF B FFAEIRE LiF 4 SLi l9& 8, BT KRR LIF 24, SLi &
ERNHEMETIT. R 6 NIE<SZHIER] 2> 80%IE % LI Al Fl MgF2 VR A R HE HR 4 i) 5
fifh b 53 A0 R A Th AR R B 0.1%. 5% 10%[1) LiF J& X B 56 o 5 B B Al
Ly 27 Gt DL R I

 6: WNINANIFIE LiF 0BRSS RS BT K y Sk & SR

MR E NP FEE | NIREND TR | IR E NP FERE
EUFR & 0.1%0 LiF | #ERE 5%H LiIF | MEFiE 10%H) LiF

st \ sz \ st \
Al Mg, F=MIERM | 473 | 3 0pp Y EER | B 30RB Y ETER | R 30RB Y HF 4k

B T |Eay | TSR | T | EGy | TSR | WF | By | TR
BRI | T | (Gyen | g | TR | Gymen’ | g | PTEE | (Gy-en

em) | L my | em) | Ry em) | R )
(cm) (cm) (cm)

5% 36.77% 58.23% 11.85 | 498 | 747E-13 | 13.16 | 8.66 | 7.85E-14 | 1339 | 9.24 | 5.69E-14

10% 34.84% 55.16% | 12.14 | 523 | 8.03E-13 | 12.85 | 8.58 | 145E-13 | 1343 | 9.23 | 9.71E-14

15% 32.90% 52.01% | 12.11 | 5.71 | 7.85E-13 | 13.05 | 9.30 | 9.73E-14 | 13.60 | 9.67 | 1.67E-13

20% 30.97% 49.03% | 12.08 | 591 | 7.08E-13 | 13.29 | 8.75 | 1.17E-13 | 1341 | 9.63 | 9.83E-14

25% 29.03% 45.97% | 1230 | 6.05 | 5.76E-13 | 13.03 | 898 | 1.51E-13 | 13.23 | 9.29 | 1.32E-13

30% 27.10% 42.90% | 12.77 | 635 | 6.07E-13 | 13.13 | 897 | 998E-14 | 1345 | 940 | 1.05E-13

35% 25.16% 39.84% | 12.60 | 6.63 | 5.76E-13 | 13.24 | 9.27 | 8.44E-14 | 13.48 | 9.29 | 891E-14

40% 23.23% 36.77% | 12.55 | 7.17 | 5.34E-13 | 13.33 | 9.25 | 1.07E-13 | 1331 | 922 | 1.1E-13

45% 21.29% 33.71% | 12.57 | 7.10 | 430E-13 | 13.07 | 9.24 | 1.06E-13 | 13.56 | 9.37 | 1.15E-13

50% 19.35% 30.65% | 12.84 | 7.37 | 3.54E-13 | 13.32 | 9.14 | 999E-14 | 1340 | 9.50 | 7.37E-14

55% 17.42% 27.58% | 12.83 | 7.42 | 3.57E-13 | 13.10 | 9.05 | 1.67E-13 | 1343 | 9.38 | 6.03E-14

60% 15.48% 24.52% | 1295 | 7.68 | 3.62E-13 | 13.46 | 8.76 | 7.89E-14 | 13.44 | 934 | 6.04E-14




WO 2017/063407 PCT/CN2016/089734
10

65% 13.55% 21.45% | 1299 | 7.72 | 2.98E-13 | 1333 | 888 | 1.09E-13 | 13.44 | 8.87 | 8.48E-14

70% 11.61% 18.39% | 13.08 | 7.58 | 3.23E-13 | 13.38 | 8.89 | 9.39E-14 | 1330 | 891 | 7.33E-14

75% 9.68% 15.32% 13.00 | 7.68 | 3.53E-13 | 13.22 | 854 | 7.72E-14 | 13.55 | 8.56 | 8.29E-14

80% 7.74% 12.26% 1319 | 748 | 2.69E-13 | 13.40 | 825 | 79E-14 | 1346 | 847 | 9.04E-14

85% 5.81% 9.19% 1321 | 7.15 | 2.60E-13 | 1338 | 793 | 9.12E-14 | 1349 | 838 | 8.26E-14

90% 3.87% 6.13% 13.18 | 6.77 | 295E-13 | 1338 | 7.56 | 855E-14 | 13.50 | 791 | 8.82E-14

AT VAR BIRRCR, RSB ASR IR .

<K EE 1>

FE<SEHERE] 1>, B Ry 60%IRR % LR IR b NG Al st m i E o4
N 0%, HRUEITIRE N 12.24cm, 98 30RBE-Gy FT{EIR N 5.39¢cm.

<k EE A 2>

FE<SEHERE] 2>, B Ry 80%IRE L LMY b NS IN Al st T R E
N 0%, HRERITIRE N 11.39cm, i 30RBE-Gy FI7EiRE AN 3.73cm.

<hfEE A 3>

FE<SENEMG 3>, % B2 NIR B2 PR A M Th AN N AL W28 R IR = 5408 0%
N, AREITIREE N 10.62em, i 30RBE-Gy FIrfEIRIE A 1.96cm.

<hfEE A 4>

TE<SEHtf] 5>, 2 BN ER R 2 T 2 S YR AN AlFs, IGIR Mg o2 & Lt 39%,
HARIGITHREN 11.1em, 8 30RBE-Gy FT7EVARIE A 2.59cm.

<kfEE A 5>

FE<SZHER] 2> SER 260 P BCH NI LiF B, @ik b Al Rk b Ao i y
G 5 Yt L AR 7

KT 80%IHILE ELHT Al F MgF2 1R & W) AESIN LiF I 52w v G126 75 Gt i

Al. Mg, F =M ITHENE=E v W45 44(Gy-cm2/n)
5% 36.77% 58.23% 1.17E-12
10% 34.84% 55.16% 1.13E-12
15% 32.90% 52.01% 1.08E-12
20% 30.97% 49.03% 1.01E-12
25% 29.03% 45.97% 8.71E-13
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30% 27.10% 42.90% 8E-13
35% 25.16% 39.84% 7.56E-13
40% 23.23% 36.77% 6.15E-13
45% 21.29% 33.71% 6.38E-13
50% 19.35% 30.65% 5.3E-13
55% 17.42% 27.58% 4.55E-13
60% 15.48% 24.52% 4.26E-13
65% 13.55% 21.45% 4.09E-13
70% 11.61% 18.39% 4.05E-13
75% 9.68% 15.32% 3.48E-13
80% 7.74% 12.26% 3.24E-13

85% 5.81% 9.19% 3.12E-13

90% 3.87% 6.13% 2.93E-13

MRS SRS B 1~4 BEfSH H, oo BEINR] DA oo A S A T,
WRBNA R & 7 A SOBTT R BRI 30RBE-Gy FT{EIR R, JF H &R & 2 rm,
AR 2 A, MR 30RBE-Gy i fEiE 25 B R TR

ML) 1> <sEftit] 2>M<skiit] 3> n] LA R o o B FE RO, A R
BN BAR B A AN, IF HASFIE T BOBYE 30RBE-Gy Jir £S5 5 (¥ e RARL T X RLI
BT ER S EAR, EI Gl w2 R AR S A T

M<SEHER] 2>FI<SEftit] 3> n] LA AR 4L A [ i v -1 Sl AR AR ZE A AN R R 1
OUN, BEERTTR SR, BUESRARCE G 2, RIIEA R RSOE iR E
PSR JREANRRES ) RARSEIR AT i ROR AT R

XFLE<SERtE] 4>FI<sgitif] 5>nl A, T gad MR BEE TR 1N, BUAS R
AR BB S, b R AR R AR, RESH Mg, Al F =RMooR i)
JRALRI) P 5 Sl R BE AT RS B S A T

<SEftif] 6> AE<SKEB] 2>l E g i, xS SEREY R BLE . #SInASFE R
LiF J&, PSR N BA S A S AT 1R R, JF HEEHE LiF ISR, B o) b
P R S o

ERER LE<SEREH] 6>AI<xf L] 5>R AR A th, LiF [N GEW% A 2 FEAK 1 #erh 5
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ey BrERRI A E . SKIRUER LiF REfg/r e MBS SR i S U AT iR A 2P MIG v Sk &=
e BN OLi TR INAF AL, BRI OLi B0 5 R T RE % A0 (B A B o it J5 1 B AR 8 o A £
HE) oy S T Gt

REAR I SEit T s e b, AHHIFAUR T3 WA se i s X i glia A
B EA A BUROE A T3 Mg S AR B UK. T AEARGURM A R s, rF Sy
AEEEC. PRIAE AT BN ZE R B 55 RIS T R S 1 — e T, A IR AR T4 2 I
Y RTIX B R H S AR
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W FE R B

1. —Fhp i el HAFEAE T Fridh Famb k& Mg ot AL TR UK F TR,

Hp, Mg, AlL F =M EESH SR b FEEM BRI ESE TN 35%=Mg=
37.1% 5.0%=A1=904%. 58%=F=672%, Mg. Al. F =FnZ& i EE N5k s 1
A EHE)E R 100%.

2. WIBRCRIER 1 R iR Fagisbt b, HASIEAE T, Frd v Foad M BRI & SLi f94)5 LA
FEAI% v S8 4y, Horh & °Li MBI & il b+ 8l ARH )L B =1 0.1%~10%.

3. IR SR 1 Rk i P i e, HASEE T, Bk rh oMb % N ER IR S E
60%~100%.

4, WIRRIESR 1 BRI F28dbtkl, HAREIE T, Brdk 88 Bl R 4l e 20k
MgF2 1 Al

Sy IAURIESR 1 AP Pk, HEHEAE T, Bk Foadm R 2 S SEIBE L
F Al TR ER TR T B EE T 5 L MRS RN A7) Pk Pk d
FHEMBIE LR 60%IE % R, Al JuE M E S N R MR E =M E 4t A
35%=AI=70%; SR FEEM R E N 0% IRE ER, Al TRNEERSAPF
MBI EERE SN 50%=A1=80%; Tk FoEEM B A NE IR AR, Al T
EMES SR FOEEMEEERNE SN 65%=A1=90,

6« MIRURIEE R 4 iR i b P bR, HASIEE T, Fridrh Fadd bl )8 5% Z LA
Je Al Fil MgF 2 [8) i 8 5 L 2 TR o RAE W N AL ik Pk vh 722 bR 235 A 60%
3R R, AL FT MgF2 (I HE S LA 11:9; FTR T F o0 BLE BN 80% 13RIt % FE R,

Al Al MgF2 R S LY 13:7; UPTR 22 d B 5 BRI B R, AL A MgF: [WE &L
N 41,

7. WIBCFIZER 1-6 FAE— TR K F2id bR, HAHEFE T, Bk o221 Bl DA 2 B 5k
TRA K R IR A AR R4 (1T U B AE S SR B A P AR 9 B i S o B T AR (1) A

8. WIAUFIER 7 FA R Pk, HAEFEAE T, ik S OB (0 G 15 0. T BTk 22 1
(RS 5 P 2 T A A 42 1) # mh - W WSCAA AT 6 A I I S SR TR A P [ 8 5 3 o

Oy MIALRIE R 8 Ak i Fd i), HAFMEAET, Ak ot RO f H T s 2% v F R 3k in
JTREE, Frd N as s A T B AR IE 2. M TR N A A kR . T
I prd T R R RN T &5 Bl U 3R R AR A2 R B M T 7 A - ST
WA AL, TV BTk 7= A 3 A 1 R S B R S T S R R AR A AR B T
Bk S B AR A 1, o, BTk o7 A S A A il S5 R B TR 1A o

10, WIBCRIZEER 2 Bk b Fasdpbkl, HAFEAET, Bk b PO bR LiF DAREAK ¢
WP ekis g, Hodb LiF BIES I &8 Frd 228k S & 1 0.1%~10%.
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