Nanodiamonds open up new prospects

in slow neutron optics

Nanodiamonds have been studied for more
than 60 years as a promising material for a wide
range of applications: fine abrasives, modifiers of
polymers and other materials, agents for targeted
drug delivery, etc. Detonation nanodiamond (DND)
powders have also proved to be extremely useful
for increasing the fluxes of cold and very cold neu-
trons (CN and VCN) on the beamlines of neutron
sources. Most research facilities use thermal neu-
trons or CN, while scientists are interested in using
the entire spectrum of CN and VCN with wave-
lengths in the range of 0.5-20 nm. Until recently,

there were no effective VCN reflectors, which is why
the number of neutrons in the beam is small. At
FLNP, scientists are developing unique CN and VCN
reflectors based on nanodiamonds that have no
analogues in the world [1]. These studies allow us
to look at nanodiamonds from a new perspective.
The principle of CN and VCN reflectors is based
on the multiple scattering of neutrons inside a
medium consisting of individual particles. The most
efficient neutron reflection is achieved when the
particle sizes are comparable to the neutron wave-
length. We found that detonation nanodiamonds

Fig. 1. SEM and TEM images of DND agglomeration at different scale levels, and the distribution of DND diameters.
The black solid line corresponds to the lognormal distribution.
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Puc. 1. V3o6paxeHus arnomepauuu JHA Ha pasnnyHbIX YPOBHAX MacluTaba, MonyyeHHble C MOMOLLbIO CKaHUpPYIoLLeit
1 NpoCBeUmnBatoLLel SNeKTPOHHOI MKpockonun. CooTBeTCTBYoOLLee pacnpefeneHve anametpos [IHA. YepHas
CMNNOLWHasA IMHUA COOTBETCTBYET JIOTHOPMasibHOMY pacrnpefeneHuto.

HaHoa/iMa3bl OTKpbIBAIOT NepCcneKTUBbI
B ONTUKEe MeaOJieHHbIX HeP’ITpOHOB

HaHoanmasbl uccnepytotrca 6onee 60 net Kak
NepCcneKkTUBHbLIN MaTepuran onsa WUpPoKoro CnekTpa
NPVYMeHEHUI: TOHKNE abpasnebl, MoguduUKaTopbl
NoNIMMEPOB 1 APYIMX MaTepuanos, areHTbl AA aj-
pecHom AocTaBKM nekapcTts 1 gp. OkasbiBaeTca, UTo
MOPOLLKN AETOHALUMOHHbIX HaHoanmaszoB (OHA)
MOTYT ObITb TaKXKe Ype3BblYaliHO NOMIE3HbI AN1A yBe-
NINYEHNA MOTOKOB XOJIOAHbIX M OYEHb XONOAHbIX
HenTpoHoB (XH n OXH) Ha BbiBeAEHHbIX MyuKax
HENTPOHHbIX MCTOYHNKOB. bonbluMHCTBO nccnepo-
BaTe/IbCKMX YCTAaHOBOK MCMOJb3YIOT TEMOBbIE Hell-
TPpOHbI 1 XH, KOorga yueHble 3auHTepecoBaHbl B TOM,
yTo6bI NCNONIb30BaTb Becb cnekTp XH 1 OXH c anu-
Hamu BONH 0,5-20 Hm. [lo HeflaBHMX NOP He cyLue-
cTBOBano 3pdeKTMBHbIX oTpaxxaTenen OXH ns-3a

yero KONMYeCTBO HEMTPOHOB B NMyyKax mMasno. Yue-
Hble JIHO pa3pabaTbiBaloT YHUKaNbHble OTpaXka-
Tenu XH n OXH, Ha 0oCHOBe HaHOa/IMA30B, He MMEto-
e aHanoros B Mupe [1]. 3T1 nccnegoBaHuA nos-
BOJIAIOT MOCMOTPETb Ha HaHOanIMa3bl C HOBOW CTO-
POHbI.

Pa6ota oTtpaxaTtenss XH n OXH ocHoBaHa Ha
MHOTFOKPaTHOM pacCceAHNN HEWTPOHOB BHYTPU
cpepnbl, COCTOsAILLEN M3 OTAENbHbIX YacTul. Hanbo-
nee 3pPpeKTNBHOE OTParKeHNE HENTPOHOB AOCTUIa-
eTcA, Korga pasmepbl YacTul COMOCTaBUMbI C
ONVIHOW BOJTHbI HEMTPOHOB. Mbl OGHAPYXKAK, YTO
pekopaHbiM Ko3ddpuumeHTom oTpakeHna OXH
0o651afaloT HaHOA/IMa3bl AETOHALMOHHOIO CUHTE3a
(OHA). Anma3 rmeeT MaKCUManbHY OObEMHYIO
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have a record VCN reflection coefficient. Diamond
has the highest bulk density compared to other
forms of carbon. At the same time, the absorption
of neutrons by carbon atoms is low, and the scatter-
ing intensity is high. The average DND size is ~5 nm
(Fig. 1). It is optimal for diffuse reflection of VCN at
any angles of incidence on the reflector (Fig. 2) and
close to the optimum for CN reflection at small graz-
ing angles of incidence.

DNDs are almost ideal for the reflector mate-
rial, but there are a number of problems, the solu-
tion of which will improve the properties of the
reflector. Real DND powders contain nanoparticles
and clusters of different sizes (Fig. 1), which affects
their reflection properties, as was shown in small-
angle neutron scattering studies [2]. In addition,

DND powders contain a large amount of impurities.
Unlike carbon, these impurities capture neutrons
more readily and are activated in intense radiation
fields, which has a negative impact on the proper-
ties of the reflector. Using neutron activation analy-
sis (NAA) methods, we conducted an elemental
analysis of DND powders and studied the effective-
ness of powder purification technologies [3].

DND powders with optimized properties have
recently been used as a reflector material in the con-
struction of the prototype of the VCN source [4]. We
have demonstrated that due to the reflector, the in-
tensity of VCN delivered from the source to the in-
strument can be increased by a factor of ~10 (Fig.
2). This is equivalent to a multiple increase in the
power of a research nuclear reactor.

Fig. 2. Left: optimal DND diameters and the corresponding probability of VCN reflection (albedo) from a semi-infinite
monodisperse DND layer as a function of VCN wavelength. Right: radial dependence of the specific probability of
VCN detection with (left axis and dots) and without (right axis and solid line) a DND reflector.
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Puc. 2. CneBa: onTumanbHble arameTpbl IHA 1 cooTBeTcTBYOLWan BepoATHOCTb oTpakeHns OXH (anbbepo) ot nonybec-
KOHeYHoro moHogmcnepcHoro cnos [IHA B 3aBMCMOCTU OT CKOPOCTU/AnHbI BonHbl OXH. CnpaBsa: pagnanbHas
3aBUCUMOCTb YAENbHOWN BEPOATHOCTU 06HapyxeHna OXH ¢ (neBas ocb 1 TOUKM) 1 6e3 (NpaBas OCb 1 CNOLWHas

NMHKNA) oTpaxkatena us [IHA.

NIOTHOCTb MO CPABHEHMIO C APYTUMU pOpMamMK yr-
nepopga. Npu 3TOM nornoweHne HeNTPOHOB aTo-
MaMu yrnepoga Masno, a UHTEHCMBHOCTb paccesHnA
Bbicokas. CpegHue pasmepbl IHA ~5 Hm (puc. 1),
YTO ONTUMANbHO ANa auddysHoro otpaxkeHuns OXH
npwu NooObIX Yriax NageHna Ha oTpakaTesb (puc. 2)
n 6nM3Ko K onTuMymy Ansa oTpaxeHusa XH npu
ManbIX CKOMIb3ALLMX YrIax.

OHA noutn ngeanbHO NOOXOAAT Ha POJib Ma-
Tepurana oTpaxarens, Ho eCTb paj npobnem, pelue-
HMe KOTOPbIX MO3BONNUT €ro ynyylmnTb. PeanbHble
nopowwkn [IHA cogep»aT HaHOYACTULbI U KnacTepbl
pa3HbIX pa3mepoB (puc.1), 4To BAUSET Ha UX OTpa-
aTenbHY CNOCOOHOCTL, Kak OblIo NoKasaHo uc-
cnefoBaHUAMM ManoyrioBoro pacceaHms [2]. Kpo-
Me 3Toro, B nopoukax HA copgepxutca 6onblioe
KonnuecTBo npumecei. B otnnune ot yrnepopa, atn

NprMecK akTMBHee 3aXBaTblBalOT HENTPOHbI U aK-
TVBUPYIOTCA B MHTEHCMBHbIX PagunaLMIOHHbIX NONAX,
YTO HEraTMBHO BNMAET Ha CBOMCTBa oTpaxaTens. C
NMOMOLLbIO METOOB HENTPOHHOIO aKTMBaLMIOHHOIO
aHanu3a (HAA) mbl npoBenn 3neMeHTHbI aHann3
nopowwkos JHA v nsyumnu s¢peKTMBHOCTb TEXHO-
NIOTUIN OYMCTKM MOPOLLKOB [3].

Mopowkun JHA ¢ onTMN3NpPOBaHHbIMK CBOM-
cTBaMu 6GbIIM HEJABHO MCMONb30BaHbl Kak MaTe-
pvian oTpakaTtens B KOHCTPYKLMM NPOTOTMMNa NCTOY-
Huka OXH [4]. Mbl npogeMoHCTpupoBanu, 4YTo bna-
rogapsa oTpaxaTesto nHTeHcnsHocTb OXH, goctas-
nAeMbIX OT UCTOYHMKA K YCTaHOBKE, MOXET yBenn-
untbcA B ~10 pas (puc. 2), UTo 3KBUBASIEHTHO MHO-
rOKPaTHOMY YyBEIMYEHMIO MOLLHOCTM NCCeoBa-
TeNbCKOro AAEPHOro peakTopa.
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