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e-beam irradiationo] ¢] 3} gibbsite(v-Al(OH)3)2] UXx=Z2A ZHo|AF
Nano-crystallized transition of gibbsite (Y-Al(OH);) by e-beam irradiation

799, 247 A8F
)z dd 7 d4ErFE

1. &

Gibbsite(V-Al(OH);) ¢} a-aluminaZ o} o] 3 Fo FAHHE Ho|¥dEL 2 7=
BE7} %5’*“5'3}—7 ozl 1 A ylFel i AxAWAF AF7L viwlE. o] §
olFEL gdddtdoz <RI Aro] ofy] W 7t HQ AwE A2
Govl oo Wol4Ee FEL LETRY oz LAY, AL27, YA, 4
9 BLEE §3 5o &t 2 FR83F o]f+= gibbsite] X FE hydroxyl ion(OH)
9] dehydroxylation#} Al-O A}BA] R A FZo Aud ALyl g2x7] gioz
AN o]z}dt FWEle) izl EAe 2 XRD, NMR, Raman spectroscopy S|
)8l ex-situ Ao s o]FojF WA, insitu 71E AFPe| 3 o] AF £40]
TEMOZ b5l 1 FZo g AHAA TEM I} 4L AY o|FoAx
QA @t 2 FH ol F sty TEMYA #F Fdoz #83le dAxPlol o3
M= gibbsite7} ol AFE Yo7 wioelnh wetr AR ZAte] e FFH 1
Fo] glom gibbsited] “FAo] AFS WIs A EAHT & vk Kogure[l]= TEMS A
2] ZAbol] thEl gibbsited] AMo] HF-& gibbsite — X-alumina — v-alumina®] FZE
w2ty Budtgoyt Az ZAMAFC d AFH £48 FRAT @Ak A
F7HA] gibbsite®] o]l AFol Wit TEM 4L F2 HAloby ¢ 3HAJ =%
Hoj gt3 nRT B4 A Fol B 4 gk 1 ojf = &P AANE A
2.9 dojve ARY 7] FHT W3 AE FF ¥ FH chargingdl] 93 AE
Fao] AsHA EiA 7] W&ot}

234 FHRAAEAZHVEM)S 125 MeVY 171E524-E& ALE3ith oleid z
7hEAge] AAHIE AYA AFEY HS L3518 electrostatic chargingo] A3} o
electron current density”} %}t field emission TEM Xt} 7] wj&ol radiolysis damage)
FEFE Foj=Ex Aol AvH2L wetA gibbsited] Aol AFol dE nEaFT B4
HVEMS &&3l= Zo] fFEslta & 4 3tk £ dFdA= HVEMS &831d
ZHl ZAYel]) &)3t gibbsite?] AFAHo] HAHANA EAF= o] alumina Ao TEHE
A& 4831 gibbsitee] FHo] 7)ol ofs] n@stnAL ok
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2. 49 Wy

Gibbsite A]EE= Alcoar}e] NOC-30 44 AgE Al4dgon ETAge BEA 24
& 53] A9 agglomerationg I F TEM A|H-S A ZetH 3] ¥ 2AF Al @2
g Alg o] Wreke [001] WEka [hk0] WaFo|ich Algo) tid AR AL 24L& £

AF Alall 1.13 x 10° e/nm’ - sec (HVEM current density24] 510 pA/cm®)2] dose rateZ A
ol ZAIA A89 FHo] AFS TEIHAIT W ZAF G wlAIS Z 7] gibbsite
o] Bate v ¥FPrmy A7tz "WH F 4 x 10° ¢/nm’ - sec (HVEM current
density 24} 10 pA/em?) o}3}9] dose rate@ A]FE o] Wo] ZAIEE ZANA BEIYT
Gibbsite?] A3 o)7L dolil= A dose rater= °F 1 x 10° e/nm’ - secEA] A Ho] AZ
& Algo| FALP total doseZol A B}7] wWFo] A dose rateHt} A e zA
Al BAIH FAITLY W Zo T gibbsites ¥3E YO0IA Y=

Alge IRINF BAL 2uAY EAAAHY ZAHVEM, JEM-ARMI300S, JEOL)-&
o] &3l 27 A8 #F5 T electrostatic charging®] @3Fo] A wW7tx] of 40
b A& A dose rate 8ol A beam showeringS HAIF H W EAMAT wE v]AF
Z ¥sE BEIAn AR dg W 2A AP B ZAF T YERUE oxygen9)
EELS #&, 28|31 ¥ ZAl & A]Fd] g thickness mapping & elemental mapping-&
HVEMol| #2FE post-column imaging filter(HV-GIF, Gatan)Z 83} B A5ttt

3. 43 9 23

A7 dose rate(1 x 10° e/nm’ - sec) ©]’F 0.2 gibbsiteo] HAz}H)-S ZA}3IH gibbsite
x719 4% 7= T3 P/ x-aluminaz o] Holrt £ el o]Fojx1 o]F v
-alumina’} A HT FAzre] ¥l & 9]3] g-alumina2 o] TF Aol ARHo=Z
dojdrt. o]E9 Fxuste T& o2 WgEe Aol oy MR FRE T L3
HA R B i o= Ax +&HAE Zix wWstErh Figo 1] ¥ ARz
OE 33 A #HIe 4 v 29 E4E HoldES vetdii olv] A5 o
2 27 oY FAS 7= W3 o]F HAAHQ Ho|7Z WUl doju=d o
90E7 =] AAWE ZAME Z$ x- @ v-aluminaZ} F8 FAAAoE &)l 130min
olAe] ZAL AlZtoll A v-aluminao] Al g-aluminag2 o] 72 Hojr} dojuxm glon o=
o] common planar spacing®. 2] 1449 (440)HE =Aog Tz7} uiyes AL o
Atk v-aluminag] (440)He M Al-O AMHA] Fxo| 93 Hgto] o]Fojzm gle
Al-O FHAZ o]F ozl WY ASEG A0 A% dx7t ©r] gf&d ol #L
TZ Aufgoel &olste] o]E WS common planeo. & 3t Holpxyl WalEHE
2 A EY olAL g vEd nEsT £ AT F5FE HAFY. 4z
o] B FA o5 WHFTHAET [001]gw / [0011//[111],~[110], Q) BAE Jepdot.
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X-alumina’}-& hexagonal FZoju} TEMe 2 #AE e 1 AFAFo] wj¢ ol nf
2} BAAAMY BN FL& F4S 4717 =4 O]Zi—f_’: TEHE #EFS Y3 WS
A&aA 2 o olm wWME FX o] RAHE FL Y= AHHol7] WEolrh v-alumina
= cubic F+ZE [111] wrekel AY T2y B2EE=d o2 Fig. 20) YelYL. ¥ =
At A R8P &= dehydroxylationd} o] o] w}E mass lossol] 2] 3| 1\]301]—‘1 void7} &
A 5™ common planes FAoE ZAAo wmokul oy} voide] T T3l hexagone
FHE oJFL USE £ F U olEY W2 FE AFY FHFAA o|FoH}
2 #7149 HREM ¥4€ 53] & + AnEd oo g Az} A7} 57
gibbsite sheet layerS &) H&47k WobA7] o] Yro] 42H layerS e Aol
o duA FAEz FAL A8 o] wrEo] AAdHE oJFE & F AU
gibbste sheet layero] 423t wW3F = [hk0] WA W& FASH o3 AFS
I 9J & intra-layer hydroxyl ione] F 23l dehydroxylation® 2 R 0] W& X Ho|
7 dojuA B} =3 a7t Ao 93 e-beam sputtering A EF Al g9 FH
A dojyez Helwhg WYL BEdte AR 4 13 5 Ak

v-aluminay 1308 °]49 Al&EH s AR FAM 98] (440) common planed g
2 3jA] cubic 72 v-aluminaZ o] FX A FX WSt dojuved o5 WEFHEA
v oA dFF diZ [111] v-aluminag 7)F 02 [110] o-alumina?} R E3}A 38 3}=
2 2o FE UehdTh o]RAE A0 AMHEA 2 FHA Fxo A E HAHo
Z27) GAREE olg9 &80l FrEA & W FAag AYART o}
He HYF YR E SEsfol 7] gjE o2 Al ¥}l Fig. 39 c-aluminaz} ¥
& JYeEhiAEY v-alumina®] (440)H-E Hol MER &t o-aluminaz} ¥4
dode RAE ‘—-l’ T Atk WEA AlY 718 AR sde F JEA @
L} in-situ heating 23 A} v-alumina — c-alumina®] v ZAA 3} FHE FAHAAE
1.4

=1}

o 2 T wp
S B o

A3} 28A9A diffuse hexagon scattering HH-S #F & F Jed olv Z3HF
°J 1z Aeote g2 WAHA AR 7H92 Qs AR WG] ZH hexagon Fef
o] AR void7} FAHT |F WS common planel g ThE Hojio e T2 W3
7b Y=y g0 2 ALEETh old] tldt in-situ heatingA] 2] 3153
oz £34 GﬂHO]C}
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2 Nz oA Jolurix JFHRAEH wek Bz
13 A9 AR edge BES FYF RAATLEY U WE
£ dehydroxylationo] 4 ©] Zo] N =o] g

o = g

Fm>>£ém

oA oxygene] %57} = o2 4% & Utk " EELSS) oxygen K edge®
elemental mappingg 3l A18¢] F7E normalizationd}e] wWjE T} edge R B ¥
2 o brightness7t A oA 8 Aoz 7/IHE 4 Utk = elemental mappingd} 37
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Wgol AR oxygens) BEE HjHoz yehd 4 AL Aolth Fig 4o olo] o
3 295 Jelg=d (a)= oxygenol] thal elemental mappingZ o] (b)E elemental
mapping ZAI}tol] A]E 2] thickness map (VA=-In(1+l/1,))¢] signal intensityZ normalization
AMAX 2 & wE Aot webA Fig 4b)ye T4 FFS AT oxygend]
E Uepdotn A7 5 AL edge FE A dehydroxylationo] #4 ©] Bo] WP
& Zddez Yedga B F ot Fig 49 () 3 (d) ZF= aluminumo] g
Ay 24 aluminum $A] hydroxylationo] X3 gd] wle}l Yxrt ZF71317] wjEo oxygen
o A9 #AE F4E Uehac

B Aqe AFAZEE Axp 2t o3t gibbsite] Ardo] HZE& gibbsite — X
-alumina — v-alumina — ¢-aluminag] #A L A APHH o5 WekHAA = [001 ]y
1 1001) /7 [1HT ]y ~ [110) %1 #AE VepdT. Holwhg2 HAdHo=z %79 FEHT
dehydroxylation 3} A = Az 7 9] dehydroxylation A o o] o] o] Ako
nano-crystallizationo] o] FojAtli EHE 4= QI v-alumina o]F 2] HojArte] Ho] F
Z ¥W3dE 1.4A9 (440) common planeo] o] gz BA3tH o]z HMo] UL
F2 A59 EHAMN dojdte S ¢ 5 AdUTH
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Fig. 1. SADPs with respect to e-beam irradiation time (Omin, 90min, and 130min) and the
radial intensity distribution profile corresponding to rotational average of the SADP,
respectively. Major transition phases are consist of X-, V-, and 0-alumina during overall

irradiation.
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Fig. 3. HVEM image of [110] g-alumina phase in the irradia
spacing



-------------------------------------------------------- (Y24 4% 8]

Aluminum Map

Fig. 4. Elemental maps (a, c) of the irradiated specimen area using GIF-EELS and relative elemental
distribution (b, d) after elimination of thickness effect. In the thin specimen area, the oxygen
intensity is strong as shown in (b), which means the extent of dehydroxylation is larger than that of
the thick area. The aluminum intensity in (d) shows the similar trend to the oxygen intensity

probably due to its density increase by mass-loss of hydroxyl ions in the thin area.
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