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Abstract

This review summarizes the preparation methods for enriched boron product series, including en-
riched boricacid, enriched boron carbide, enriched boron nitride, BNCT targeting drugs, and Mg!1B:
superconducting wires, with particular emphasis on the reaction principles, process characteristics,
yield and purity control, and industrialization prospects. Future development of enriched boron
preparation technology should focus on high-yield, low-cost, and environmentally friendly synthe-
sis routes to break through domestic production bottlenecks in high-end enriched boron materials
and achieve an independent and controllable industrial chain spanning from separation and puri-
fication to terminal applications.
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MR E FIALZN 1°B (19.8%)5 "B (80.2%). "B M i [ #4 I ick i (3837 #E), L E MM
TR N . BRBAE B TEIRBNCT)EE . R "B IR I A AR, AT 3k G 2R AR HE
WA RHEE FRAK , S B S b R R A5 1 1 BB B G N, EAZ IR AR 590 2 SR Fp AR el sl 1]

B AR 55 20 B AMORECL R S PR, SRESME E K. H TR E A L B AT O S
ARE. ZRERANFELZHREER AR, F=mFERE > 99%;: R T REF TR LR
T8, FAMEZIE ORI, W i R A IR R B R 4 B B[ 2] -

SR, R0 & 7= Al AN B, OCHE = S o 1, A p= R AR Mok e . 78
PR SN, ARSCLER E R RIS &R AR R, DU R ERZ R ) B R TR R R A 1)
HAS%,

WIRIBL R 0 B 7% s B A AE 1 IIRIERE T . IR 5 B0 3. Ay s B % . M
TSR R, H AR S AR BR T4k 22 2 ek T AR TR A 2881, —H B2
BF; [3]. Klith, ZEARRIGIHAb I & LM BB AN BFs thk . T4 1 FIH T H Al RIS L= 5.

Table 1. Mainstream enriched boron products
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2. BEEMIERERSE
2.1. EEM-10 BR(EBA)

EBA BT RER NI E LM . NS, EBA W EKHESHdr: FRAE NS Raiik,
A A & SIS e 24T S B SR MBI TEHU SR A B 43 B
2.1.1. BHE

HHLERLRIE L FRAL - KRR 2o S i 4 B EBA 1) 4%« HoF ] = bl 5 F 25 A MU TR 1 4%
AW, ERCEFUER R A R = G, /KRG EBA. DAREEANE B, SONIEAEHE— %8 115,
W, 65°C T RAEEHH k=0.022min"!, Ea=65kJ/mol, BeftidFs 6~7h 5ehk[4]. BARKI TR

IR @)
3CH,ONa +BF, - 2CH,0H —2-— B(OCHj ), +3NaF  + 2CH,OH (1)
B(OCH,), + H,0—"% B(OH), + 3CH,0H )

GGV ER, B KA E] R .
3CH,ONa +4BF, - 2CH,0H — B(OCH, ), +3NaBE, ¥ + 8CH,0H ?3)

VFHE 2R BRGSO e T TIE AR, P R B A B b i . (AZR G
FERANL] 70%,  JERHR AR

5707 26 0] A 92%, HLRIF=#) 8 — K CaF,, (HHEEES L F M TEIR, fEisfapatR, BRI
TolAk . SALESI S F AN IE TR S SN (B A6 R0 2 4 h, (HP2RATE) 70%, HLFE AR NAE. 25, AL
FEALiE T IR =4l EBA, HEEAN A Tl =i ), AR 78 8 e T4 =2 5]

2.1.2. ALk

TENVTEEET = AT AE L, IO BTGS2 T I UTHE , el T e . KA 2 D%
HRONL, AR R R I, 2 N IR . X BE LRI RMA R AR, FRBEACUT, H7= Sh Al Il
RTAYE, Fik D PRai e e R

SIACH AR I AR P e R, TR 4 I 2 0P A SO AR AR B SR R 1A K (HBF;OH
HBE, (OH), 55), RN, [N IFEaI4) 2 O)FIR[6].

4BF, +3H,0 & 3HBF, + B(OH), “
BE, + H,0 =2 HBF,OH ®)
HBF,OH +H,0 =2 HBF, (OH), + HF (6)
HBF, (OH), + H,0 = HBF(OH), + HF (7
HBF(OH), =2 B(OH), + HF ®)
HBF,OH + HF = HBF, + H,0 ©)

2PN 2RI YE, FEAF(E BF, . HBF;OH #1 H3BOs, ~F#ii# %1 161.6 L-mol™'. 3% N "%
N, 20°C FEZE %L 0.0177~0.0217 L'mol "min~!, 0.1 M /&R = E-FH 215 10 h.

TINBEGRGR, 7T CAHEE s B (I EAT, IR, UGRFE R T T, IR VAR R Tk, U]
15 98%, BARMI RN R
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2BF, +3CaCO, +3H,0—2E8C 501, BO, +3CO, T+ 3CaF, ¢ (10)
AN, H=m il &, e RAERISS, BB R
2HBF, +CaCO, — Ca(BF,), +CO, T+ H,0 (1)

{HIL CaF, M LM B%, 72 a4 2 95%, 1L & CaCO; ATl #ll =4 HBFs. S AMNATEYID =)
4 96.77%, &8 T ARHRAINTIE 99%, SMHFIEZ) 15h, TESMF=E, HERVSA & . RS
AN 93.4%, A& ETR[5]. &L, THLE R EAE R, EH T FEEZRS . g EZRA S0
Yist, RRHEERS M.

2.1.3. MBSk

W B 73 289 R FE VR B SR B [ 67 2R IR BRI B, BB R IR IR & 43K 19 EBA, REFEMC. MAEEK
Uf. FETFFAREE PO, MOFs AT L A [F IR B 2 25 75 Lean R 1 Bs[3]. M
Kl af LU H MOFs MRV Bttt e, 28000 5 REUR S THURHE T HETE K FesO4 IR T5
BT AT A5 P AN 5d T LR B 7 23 B8 R A e 25 SRR PR RS AAAE PR A IR A DB FR ) FH 6 0 22 1) i)
FEE L) Tk . H AT SRR B & 7 (13 Amberlite IRA-410 &4 H A TR = HFEEE .
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Figure 1. Comparison of separation factors for adsorption separation methods
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A HUERAG L AL A FE A3 5 4% Tl Ak 3 S HA,  H AT UL BN R, HIRRRSHA T E
4 B MEFAPTIE. AL UBRIRES 5 MR, URE Sik 98% HSAMK B, [H CaF, MEMIK 2Pk T 8l
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Table 2. Comparison of main preparation methods for enriched boric acid-10 (EBA)

%% 2. EBA £ EHIZ T EXIEE

BEBE KRR e EEH
G 0% 399.9% (Bl WERERRE, ST, RS R AR
B ~os% ~95% R, ERMIGHE, (MAUREIR, TAAMRLLA i Rk
N . BEREIG. FRMIACHT, (4 BRI EL U ) A TR
eI B : R A B LI T 24 2%

2.2. EEBKKHR-10

BRI 1OB4C AL S NLHERE B R AT DR IR B OB RL . fEPRAPFHERT R, MESA MO
PR, AR BoC 75 IR BRlE A REIL B [FISER SRR, T 1OBaC R FEAR /M A ARAR T SR {52 HE S W A
PEdl o e HOR T SONLEE AT 73y i i AR R % TR LR A G AMIRI AT 3R AR R AR = 2K (7]

2.2.1. EimERER
et [P AHE SRR B & ARG SR S B IE TR A T 2. BRPGETRLL EBA A BN ERL, 42 Bi(12)7E

4H,BO; +7C — =255 B,C+6CO +6H,0 (12)

IR L, PP g, (RARAE ™ BB R A R I BR 28 K 40 i 3 B 2R 2 29%~33%, H R E+#
Bl 1.4~1.5 it B DAMERIR, X0 T M ERESE B FERMCA AR [F & i S0 RO R
(20~40 pm), JEEETE REMIERRA . BERGE IR N & B (13)

2B,0, +6Mg + C W E0E B C+6MgO (13)

£ 1000°C~1200°C IR L N HEAT, A 85 A AL B R N SE B A S AE A R, REREMRE ™)
KIARAH/N0.1~5 pm); H N 55 2E B MgBa MgB4C S5 HERRIIER AL 57, 7= i LA LLIRAY 92%,  HLALAK
B FE T RE ST N BRZR T

222, TEREESMR
TG B 2R = ah s SRR B A ) I B (14)

>1500°C
4B+C {5100 DAL ? B4C (14)

GINERK AT R At R 5%, TR A0k, Pl mT ik 9% E,  H M
TR EARX AR SR, e EHA & AR B AR IO, R IE R Mo R . S0 IR = o ) =00 2 P AP 55
RIRTZPAT, BRAETAERZ IR, HEAH SN AR SRR G SO P, SXBR ] 7 N

2.2.3. BISRGARARE

AR ZRAE R AN - AL S IEIRERZE, B AV - BER A GA B s . AV -
B ZER IR 5 R CIREE . RS TRIFTE B, SEIL o TG, LA PGE R IR1S 7
ZITE R 500°C~700°C 3% b AR T VAR FEBUAIK, ATl & 204, MBS IRIEAS, (HIRIR™ AL
60%, HPRIFAAEIRL, SR 2RI 40%~60%, T2 AMK.

FLERAE DN = W R . = el el SOGe A R AR i o = e 0 2 = 2 FE A 1 = S A0 p) kS
RGPl A% 2R S (15) 1) 4%

3(CH,CH, ), I+3Mg+ BF, - OEt, —"=—(CH,CH, ), B+3FMgl + Et,0 (15)

1~2h
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RAF =R RS 75 1400°C 24AR 0 T DURTFRRALIN, FTA=H & BaC N 94.0%. B,03 A 2.2%F!
WiEE C N 3.8%.

CHNFE(BHe)ilIT R BA(16) (17) (18)IBJF IR, 5 Lt N (13)EE R SAHF R, 7]A BTk
AL, 75 90%~100% HL41 % & .

6LiH + 2BF, — B,H, + 6LiF (16)

6NaH +2BF, — B,H, + 6NaF (17)

3LiAIH, +4BF, — 2B,H, +3LiF + 3AIF, (18)

LR ] T A S S IR R R B B S B A 70%, PR A A S AR AR G TR R, ok E R

TR HELS

2.24. BRPBERTRRE

Feiri AR SRR B AT DA OBJC MB35, ek ] B LR e, (E ™ B AR A AR SRnT
IMEE SRR AR, Hid BH0R 5 5 SERE N 1 lAs . TR B A BaE ™ At aTiE 9%l b, 2%
Az AR I BRARGE R, (H 52 PR 20 BIDR (1 I B o A o AT SRR RAREAE ORIk R S R R 45 1 %
JTTH RS, SRR AL 40%~60%, B HUSAL R A 2200, BARIS LN 42 3 s

Table 3. Comparison of main preparation methods for enriched boron carbide-10

5% 3. 'B4C EEHIZHEXTEE

WL IR/ OB FIFER Al FEAB S
et [ A 3 SR 67%~71% 95%~98% HARB. Fo&E, (2B #HRIK 29%~33%, HARRAHK
TCEREES MK >95% >99% diffim . PRI G T, EEAT SRR A &
i IR AR AR 40%~60% 95%  CREAR. KRR/, ArHlEREROEA, (R, TZERMK

2.3. EERLHR-10

B AR EAIN-10 (H-""BN) il 1 ) [ 25 2= S A4 o PRI 25 AH LE SHe PRI ES ELAG 25038 151 ARG i R AR
PRAR/IN R BT ARSI . R EE 59%, QIFESRNE &Eask, EMEHE T H Tt e e
. BETFRESE. IREREIEENARH, #l#% BN 17750 A SHTTREA(CVD). &8 Bhia .
T 7R F9% BA K il i R 25 (HPHT)

2.3.1. ESHEARZE

CVD Sl % "OBN YK 45 KR IR 1 B85 3% . Ahmad %5 [8 1SR &4 B CVD %, DL 1°B 4K ik .
y-Fe,03 Fil MgO ARTURAA, 7E 1200°C R4 7 4ifFik 91%[#) °BN 1%&% Doan %5[9]F|H4& /@A AL CVD
HFAREEFEAFE EAKH 2.5 pm B h'°BN #K. Novikov 4¢[10]i# i HT-MBE H ARSI T h'°BN 7
h''BN H#ig B EAMEAER, R ZRAEIA 94.3%.

2.3.2. &RENEFIE

& B IFEFE R A K OBN R BB I 3 T 5. Edgar 281178 Ni-Cr ABIEFIZE 1550° C FAEKT
MAEE h-BN L ih, RGWETL T AIRAL R A AR S F IR BOT R R . 3 R B e B )i
YR, RELFEAL AL T 75 AT B K 5 5 Al THE) 8 fi5F0 4 5, AFHIREL 50%,
[ B PR A 1 e 2 B ARG S 2 6 2 O R B AR IR R BIEE . Li S5 [ 12K I Fe-Cr 1R RAEKM diid#h G4
HrE, AR T Fe BBIAFITE A R &R i L brae
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2.3.3. BHIARE

VB RGE U S5 IR AR BRIORS 50, 7E BN GKA BRI 26 15 A — 5 2 3. Ahmad %5[13]
CARIR IR . KRG, JE VAR % 1 SRDRST4) 17 nm [ BN 40K ), 3& T BNCT iR
TTR o BT TR B AL B AT SRAS B IR GK S A, SR RIS BRAEAE T 7 W it FE AR B

2.34. BIRBEE

HPHT A /R #4722 564 T & = f & 1'BN . Wang S5[14]K & T BA SrsBoNy A I A
HPHT T2, ESEARER A& B2 S B~ R o . HPHT AR AE T ol &6 2 a1 1°BN
M, AR

235 BERBRESTIRRE

25 ERHA, BN [ £ 5755 B4 CVD VRIS AR eK M AT il 4 & mBE AT £
K A L, R TR T IR RSB, IE A YUK E 4 HPHT YA R 3k 73
SR HEANF BN [ARE,  RARYE T RGN R % . ARRJFIERIR I 2 4 FR.

:[n

Table 4. Comparison of main preparation methods for enriched boron nitride-10

= 4. 'BN EEH & 73EXEE

] 5 2 PR GRS R T AR AT
CVD R/ 91% GRS PR T Pt 5, (A2 5 45 0 A R R T
&R IS AL e 4G HRTAE R A S iR SE T 7 i, (B A RS 38 A 4 mm
TTGE K 2 i IR BRAARRE S HEA, S ALES%, ([HE AR

AL SRR RECERE AERFE A, B2 AR P RESZ IR

2.4. BNCT Z¥951&

Hul, REPRSHS T L-B2E N Z R (L-BPA B EREN(BSH)3kS T FDA #trERTIRK#TTE, I
H XA L-BPA 1F 2020 F3K18 T HAHEAESE 4Bk 154~ LT BNCT 254 H BAR Kb %00 R K 2 Fiows

1 2.

OH
Hz
(OH);B

Figure 2. Chemical structures of L-BPA (left) and BSH (right)
[ 2. L-BPA () BSH (A)(LFR
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2.4.1. 4-Hi-L-FA TR (L-BPA)

L-BPA ;y BNCT FZ# a2y, £ LAT1 &£ T M WFTE&EFE B (295%) B 451042 F 12 1R
SR A, A R IE 2 F- AL S8 (Chirality First) 5848 56 (Boron First) 5[ 15].

TEFPER e RmE b, LB A LR N R A2 f s PR a6 Bkt DA LB 20 SR (1 % 4R B v L
M K HEy R = R EREOL R T RS, PRI A 5 NI A . Bk e R
PR R E 3 [16].

DCM
TfF [¢]
EtN 1,4-Dioxane,Pd(dppf)Clz,B:pinz, Et:N, quant.
—_— OBn.
Quantitative HCbz (OR)1,4Dioxane,Pd(dppf)Cl l
oTf HBpin, Et:N <5% [¢]
%] oBn (i) AcMe, NalOs, ©
o H:0, NH:OAc¢
o e - ii) NaOH 84% o
HCbz J) ) Na (o;)zB Hobz
(OH).B 6]
Cbz-Tyr-OBn 99.8% Pd(OH)-/C, o
Y — 08n 4 EOH, HCLH, | 937
DCM HCbz 1,4Dioxane,Pd(dppf)CL:,HBpi
NfF MO n, EtN <5% L-BPA
Et:N

Figure 3. Reaction process of L-Tyrosine
3. L-BR R R332

FL1 HBpin & R01L 7= AL 58%; M Boping B AT € mFLA(E 40 35 R 3E H 7 S AL AR Y. 2023 4F
Kamekawa 25418 B(OEt)s {477k BRI &It Sy, S, Wi, BRIy IUS1E L-BPA, &77
R 65%, L. BEE, WETWE . BARK NS RE 4[15].

o)
1,4-Dioxane,
conc. HCl
OH . L-BPA
H, 98%
HO
THF, Et;B MeCN, B:pinz,
92% Pd(dppf)CLCH:Cl.

98%

MeCN, T£.0 72%

TfO

Figure 4. Reaction process of L-Tyrosine with B(OEt)s protection
[ 4. L-BREEL B(OEt): RIFER RiZT2

P L-ZR A 2R JEORHNE, 3 SE 0 AR AT IIARAS 21 4-BIUOR N =R, S8 e il i A8 4EE A B Grignard
AT . BARM R BT R E 5 [17].

AR 26 Pd(dppfH)Cl 5 Bopina, FiS/Boc fRAIEMIFIL 7= T1%; HARFIRMNUTRE 6
[18]. “FHE/Cbz {R4 BN 208 80%, (HMMLRY G S /=3 ARId 48%, ks, (HFR R4 5
1E 10 ug/H o
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H-Phe-OH

O

OH
H2

l HISOA, AcOH 0

NalO;, lz, 75-100%
o) pdcd CLCH ° OH AcMe/H:O (i) NaOH (ii)
(dppf)Cl.*CH: DCM, BBrs o HBOC conc. HCI1 72-81%
oH Cl . oH > B
| H, Bapin neoc  53% 2 steps (4 L-BPA

Dry
80-94% | MeOH, N
j/ SOClL: [¢] 85-87% DMSO, KOAc, B:pinz,
Pd(d Cl.: CH:Cl.
i Boc:0, Et:N © ngo, KOAc, one (dppf)CL-CH:Cl:
oMe — > zpmz, HBOC
H, 92-93% HBOC Pd(dppf)(jb c/,
! ! 85-87%

Figure 5. Palladium-catalyzed reaction process

& 5. BERREEE

(i) THF, B(OMe): i-PrMgCl o

O o .o
(Me:NCH:CH:):0 (i) THF,
gy DM NaHCO: og, B(OE®):s i-PrMgCULiCl 79% oBn
_
. oNHEn,Clo | Bn, (ili) THF, B(OEt)s, i-PrMgCl, o8 B
(Me:N(CH:CH2)):0 50% Ethanol/water conc.
HCI Pd/C, H:
L-BPA

Figure 6. Reaction process of Pd(dppf)Cl2 with Bapina
& 6. Pd(dppf)Cl. 5 Bopin: & i 12

Grignard VAW R E )8, SOOI RN N BIFTRE 7 [19]. A i-PrMgCl Sl F IS B4 7™ 2 83%.
W20 B PP 78%; i-PrMgCl/LiCl (Turbo Grignard)ak t-BuMgCl/NaH & ZT1L =3 80%~85% W0 E 2%
67%~78%.

o} 0
. RBIZMRTFE on
HBOC HBOC L-BPA
I (OH).B

Figure 7. Grignard reaction process

[&] 7. Grignard 3% & N 32

AR I ERAL ISR 4R 22 5 FioR, [ 'B(OBu)s 772 250 BE 14 25 58%~87%. {EARER AP (FERELA T
BE) AT HE— B ARTH R, I R 4-BUROR T ERAE i-PrMgCl/B(OMe)s 21 FIIIE 114 91%.
Grignard F2EIEE G 1 AEHEAL ), ELIME D B R AR, AR5 E & A0 P 5 51 10 OB JRk .
Table 5. Comparison of different Grignard methods
%< 5. NG Grignard J&R RixtEE

M5 B Az 71 TR Ab. = R IKFRF= 2 [
1 n-BuLi, B(O-n-Bu);, THF - - 53%~58%
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2 n-BuLi, '°B(OBu)s3, THF 65% 95% 62%

3 i-PrMgCl, B(OBu)3, THF 83% 95% 78%

4 i-PrMgCl/LiCl, B(OBu)s, THF 80%~85% 85%~88% 68%~75%
5 i-PrMgCl/LiCl, '°B(OBu)3, THF 87% 93% 81%

6 i-PrMgCl/LiCl, B(OBu)3, THF 74%~85% 90% 67%~76%
7 i-PrMgCI/LiCl, '°B(OBu)3, THF 58% - -

8 t-BuMgCl, NaH, B(OBu);, THF 83%~85% - 67%

9 t-BuMgCl, NaH, B(OBu)3, (Mez2NCH2CH>),0, THF 63%~76% - -

10 t-BuMgCl, NaH, °B(OBu)s, (Mea2NCH2CH2)20, THF 47% - -

11 t-Pentyl-MgCl, NaH, B(OBu)3, (Me2NCH2CH2):0, THF 46% - -

12 c-Hexyl-MgCl, NaH, B(OBu)3, (Me2NCH2CH2):0, THF 15% - -

THOL S0 S ms T A M 2 ST 05 28, B Sl NEIRER 5% . Snyder T 1958 FEHIE T 4ME e BPA &, X
MR T 8 [20]. MGHREFH &, 28R = WIS 2% LRI, FE e sE AR,
5 BRI R OB G KEIR, SAIRSINEE BPA, B2 F Y] 61%.

THF, Mg . cogr
/O/ Brz, CCls, hv sEtOH, EtONa 68% /mCOQET —> (¥)-BPA, rac-1
Br B(OMe): (OH).B (OH)B AcHN-CH(CO:Et): OHyB NHac
50%-70%

Figure 8. Snyder method reaction process
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Figure 9. Nakajima method reaction process
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Figure 10. Hattori method reaction process
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Figure 11. Schematic of different diboron reagents
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Table 6. Comparison of main synthetic methods for L-BPA and BSH
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Table 7. Comparison of main preparation methods for Mg!' Bz superconducting wires
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