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Preparation of transparent glass-ceramics from concentrated 3d transition metal
system
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Glasses including transition metal ions generally lose their transparency
due to strong absorption of light. We have found a crystallized glass that is transparent in the
visible region despite the high concentration of transition metal ions. In this study, we clarified
the crystallization, optical and electrical properties of glasses containing high concentrations of
iron and manganese ions, which exhibit unique properties, and the relationship between the unique
light transmittance and the microstructure. In addition, we found that these glasses have strong
optical absorption in the infrared region and can be easily processed by infrared laser. We applied
these glasses to phosphate glasses, which serve as active materials for sodium ion batteries, and
found that they crystallize at a lower threshold than conventional glasses. These results will
contribute to the creation of all-solid-state batteries.



¥ X C—19,. F—19—1, 2—19 (58

. WFTEBHAA S W DO =

KD HREED FESH TR —% 100%E T 5 EBEZ 46% 1A FICRIET S, AHGITE
ENL AR BEITEEE LTHEAL WAL, V) aryZREEmOMEAs -2zl L
HbdHoT, TEN 1 w4278 A — MULTOERIMMUTER = RV X —~OEHZ L D H G
AOERRZTCEE, —F T, HEN1~A 70X — ML 2B25EBITVbYD 8 L
SNBHHEIL T, KIGEABEIRE L Vo TZRONTZGATICE W TIIEFNR H 503, BUIR T
BRI BHEA TR,

EAFINETTF NI AL VERMIEBHA Y VBREBEBRER T 7 AZAIR L T 5, BIRD
\ZIE Y — XK, EBERERLY & T AR I DR S N DT T A Th 5D, ELO
FE TR BRI I LT E SR WR ELS Z LIcgk, ~ o T U Bb i 2% & (5 20 mol%)
WCEALTWAIZHEbL LT AREENEEZ RTOTH D, @ THREcOBEHIMEICERT S
L BBEBA A IHERORMNRE R D Z G EBSRESEICEAT DRI T A DH]
RICBERAMEICBE T 28I R TH 5,

2. WHEOE

AR O@Y . F b U U AL A U EMEMARESEET 7 AOWIEEHiE S 5 T, BT T
ADRIBUZ R UTe, B @& IR EHBR ML E SR, B Z Lk, ~>
VEEMN R (5920 mol%) IZEA L TCWAIZHLEb LT REERME A T O TH S (1],
B FHNHER E BN U, BHMELINC S TV b U A A AR E M2 B BRI P PE
%%ﬂK&DOOkéO%:T$ﬁ%fﬁ%@é@&m%%ﬁﬁffaﬁ?é%#ﬁ&m%ﬁ
T AR L O 7 A ORI L Z O (FiE) & ERARHEO TN 21T 72 72 RE
FFON T AMEIOBBZEEZFH 1 OB ET 5, AT L —V =3I iéﬁ7%@%%m
B FERE OB 2 HEE L T D, IERIZIERIE M EI~DEANR ETH o723, L—P—0D
FKIBRETHA 1 u mOKERINIHRD TEWFe? A Ao 2 &84T 5 NFPICHEMAT 5 = & T, i

DFESINC LD BILPLCIRER T 2200, %mme%%%t TILENTED, T CTEBER
A A OIERIN & WAEFHREAC X D5, W, VT 2bE, EEEREROEME L L THYE
&UV@ﬁmomf%n%®*®%M%¢é LEE20HET A,

3. WrFED kL

AR THEETHHTARIL 2 2V, 1 2BE#HA T b~ HoAF v 2E5H/T 574
e, 2 0B FHRA DN INETHEA L TE 7 NaFeP0r 1IZHADNWT, Fe? A FafEx DEBRS
BAA L TEBELIZREZRATL, BAMIC iMMﬁmkmﬁw&k®2W TR TH D2, 3],

H T ANERNIFE 2« ORRLIEE 2 B EUR & LT, il O AamiE TiRE 2 ST, oz
T AREMET D2 & CRMEA OB AER L7z, V—W—EIZ X D5 7 2D RarnEix
HEHRRIER ORI L — P — (Yb:YVO, L—H—D 1=1080 nm) ZF|H L. EICHEMNLT7ZE
BERAA D d-d BRICEID L—F -3 VX —2WIL L, FEEEFHE & L TBUIAHR X
N5z L ZRBBAICFIA L CTRFTMEAT 2 W I FETHDH, AT v VT —4—BEHDH
AT —2 FIZRB28E T, E—2F 0umD L —Y =%, AT —0EME#ERE L L—3
— ) 2l L CHRET Lz,

TR

(1) NaMSi0, 77 A Db & ERARE M
X 1T BV iofﬁ%ﬂt
33. 3Na»0—-16. 6Mn0-16. 6Fe0-33. 3510,
FERIET Z A4 L X ﬂ'*z'?@jﬁ/\57

15min, powder
| || Na,MnSiO, (#00-055-0638)

670°C, 3h

%/%TT O AT T A FE O ﬁ%h . |
ZH P %j—‘l"taafﬁﬁ@@jﬁ/\&_ i JL 635C, 3h

/%/Tﬁ” LB ERTE S TR - e *

fELTWDDNRG0D, < L oo

e 2 1 3G & BB EME IO
THAER &R, # L CEVLERFE o
KA A R m L. BL T Ofs i & 1572,
UEZZTEAR T DTN D L
% AE T FeO D& A BT 13.3~
16. 6mol% Tl K DIRFE /K & 7”7,

" 550 C, 3h
493°C, 3h
A A

glass

Intensity / arb.units

cubic phase (a=0.74511nm)

= 8§ T
o =
o) g 5

(220)
(311)
(222,
(400

| (111)

Z LT, FeO OB RIX @R O kLM % 1 i ) 20 ' 40 ' 60
MERSD, A v E—F o ZEIT 20 / degree

O FHIE U7z, RS AT X1 33.3Na,0-16. 6Mn0-16. 6Fe0-33. 3510, #f ik
DRI L TR Y . BN bH T ZADHNEL L X RRIEHT S 2 —

07 bR A S AR RIS LD b ER



TWD Z &gl

(2) VoB$F M) U LBIR) Ui~ T T M UL 2R T ADNFREE L —

W b

NayP207 D ML 2 DA A &7 B0, =
Nx—~ o H 2 TE# L7z NaMnP:0; 7 A OfE Sy
fBIcBWTIL, B D 2 SOREELA N BRLEL
TR IR U CEIREICIERLT D Z L 2 &
IZLTWD, BATHFZEICEB W T 7 AR
DL ECTEALBE L 723 R B v T R
NaMnP:0; L L. & 512 EIR T NagFePy0; & [A]
HEIE DB-NaMnP,0; (A LT 5, FOHICEkZ
& L7~ NaFeMn,P:0; ICEB W TIE x=0. 25 £ T
VIR RS di 23T k3 2 BB IR JE REU S A7
T 5D, —HT,.ZNHDOH T AFOFHIL LV~
H oA F o OMMEIREE X 2 KA T, FRok
TEIRI SRV RN A A L, L—Y—I2 kB /AT
IMEATHESR LA IR CTE B, R DHEESAN
BT D 0T AR TOEME, 2mANC X D
S IR FE R I BRIV, Z 2 C NagFe,Mn, P07 4
T AND L—H =M AT 5 72,

%] 2 121 Naghn, - FeP.0; 1 7 A D WU A~
MVZERT, B8RO EH EOHEKIZH-> TR
MR 2 DOT v — RARWRIE 2 ERT 5 2 &
MTED, Wb 2 fliDgkA A IHkT 2
JERI T, R 1 p mITHET 2RI 8wk
YA b 6EN) DFFA AT, 2umildhd
WX 4 AR A~ (4 Br) O Fe¥' A A0
B s [4],

X 3 IZIEAHITEBT D L —Y— RO
BRI SE BB A =T, 0. 73W DL Ol sk & TR
L7230 7T6W A ETIXEBIZEL T 1 U—D
HIpDREEDTER LTz, X 4 121X RIERAL O BAK
T UBHART NVEIRT, T~ O
Briz Lo CTHiE IR AE 2 L THE IR D X
N7 MV EHEP LTV EnD, L—Y—&
FCRAT 2UEITEREEE THY . mi )
WX DIEE LR TR T A EEHLN
L7, LI > T, L——REOMEIZE T
THEZBINTEZL2Z A2 RBLTWDS, Fxld
S5, L= —HDEEIC X > CEEAITH
AR ER T, 1RO~ A 7 a g — %
L7, S5 VIEERHE 5um/s TEMK LT
TAVNRE =2 FRmT, RV AT —a s
TR OEmZRETHHEDOTHS, TNET
LiNbO; 72 & OIEIE N FRE R D~ A 7 a4 —
YORITIE L TCWH N, CREMOEDE
THELFIZ RN LT DIEARMFZE R0 TH D, 1EW
BIZIZT AT A F o DIRE BN B Bk
Brebbv, hmo =7 o SIS %ER
W25 B TNWD, BTN ZF T
TLFEE LTHEMET 7 AL L—Y =i
FrnEI AN FIETH 5D

AWFZEORIFIL, EBEBEZEATDHH T A
DOFERILIZ L o> THE SN DHEREMEN HT =72 7
L—J AN—% b b TaRenH 5 2 & &1
IZTHHLDOTHDH, FRZL—F—IC X A5
LIk, BBMECOMINES THDHZ ENnD,
Fox DED TV A eBEREmOARIZET 5T
2ERATHDH I & HBEES 5% ORMHNIER
R LATH D,

200
Fe2+ oc‘?hEdfal Fe?+ tetrahedral

Na,;Mng Feq oP,07

Absorption coeffcient (cm‘l)
o
o

) Na,Mng sFeq ;P05
200 1000 2000
Wavelength (nm)

NaoMn,—Fe,P:0; 77 Z A D JEWUL A AL

3000

X 2

0.66 W, 20s

K 3 L—W—REINCL > TS
ERL O S BRTR BE

086W,20s
083W,20s

w [079W.20s 0.73WELET

‘S 076 W,20s BRIAH AL

:! I A

g 0.73W,20s

~ |070W,20s

Z — /]

G |066W,20s

C

}L:’ 0.63W,20s

~ losow, 205
B-Na,MnP,0;
Layered-Na,MnP,0; M
EE ]

: T
300 400 500 600 700 800 900 1000 1100 1200 1300
Raman Shift (cm'l)

4 L—HP RSO 7 ~ > HEL A
~N7 b

5 L—¥—MEckoTERLETA
INK —



235 3Lk

[1]

[2]

[3]

[4]

M. TERASAWA, T. HONMA, T. KOMATSU, Formation of transparent glass—ceramics
including thermodynamically metastable cubic phase in Na2MnO. 5Fe0. 5Si04 glass,
J. Ceram. Soc. Japan. 126 (2018) 421-423.

https://doi. org/10. 2109/ jcersj2. 18050.

M. Tanabe, T. Honma, T. Komatsu, Unique crystallization behavior of sodium
manganese pyrophosphate Na-MnP.0; glass and its electrochemical properties, J.
Asian Ceram. Soc. 5 (2017) 209-215.

https://doi. org/10. 1016/ j. jascer. 2017. 04. 009.

C. Akatsuka, T. Honma, T. Komatsu, Surface crystallization tendency of
NasFeP;0; glass, J. Ceram. Soc. Japan. 126 (2018) 563-567.

https://doi. org/10. 2109/ jcersj2. 18040.

T. Honma, Y. Kumagai, T. Komatsu, Phase selective crystallization of

NasMno oFeo.1P:07 glass by laser irradiation, Int. J. Appl. Glass Sci. 11 (2020)
112-119. https://doi.org/10.1111/1ijag. 14102.



3 3 0 1

Kenji Shinozaki, Hiroki Tsuchiya, Tsuyoshi Honma, Koji Ohara, Hirokazu Masai,Toshiaki Ina, 32
Takayuki Komatsu

Structural origin of high-density Gd203-Mo03-B203 glass and low-density B "-Gd2(Mo04)3 crystal: 2020
a study conducted using high-energy x-ray diffraction and EXAFS at high temperatures

Journal of Physics: Condensed Matter 55705

DOl
10.1088/1361-648X/ab4e64

Tsuyoshi Honma, Yu Kumagai, Takayuki Komatsu 11

Phase selective crystallization of Na2Mn0.9Fe0.1P207 glass by laser irradiation 2020

International Journal of Applied Glass Science 112-119
DOI

10.1111/ijag.14102

Hiratsuka Masafumi Honma Tsuyoshi Komatsu Takayuki 2

Laser- induced modification and external pressureless joining Na2FeP207 on solid electrolyte 2020

International Journal of Ceramic Engineering & Science 332 341
DOI

10.1002/ces2.10072

25 3 9

2020

2020




2020

2020

(MC) 6d203-Mo03

2020

2020

Na2FexNi1-xP207 NaP03

67

2020

Na2FeP207

67

2020




Na2MgP207-Na2FeP207

67

2020

Yongzheng Ji, Tsuyoshi Honma, Takayuki Komatsu

Crystallization of the Na2FexNil-xP207 glass and ability of cathode for sodium ion batteries

44th International Conference and Exposition on Advanced Ceramics and Composites(1CACC2020)

2020

Masafumi Hiratsuka, Tsuyoshi Honma, Takayuki Komatsu

Laser-induced structural modification of Na2FeP207 glass-ceramics for all-solid-state sodium ion battery

44th International Conference and Exposition on Advanced Ceramics and Composites(1CACC2020)

2020

Tsuyoshi Honma, Hideo Yamauchi, Junichi lkejiri, Fumio Sato, Takayuki Komatsu

Electrochemical properties of Na2FeP207 glass-ceramic cathode in all-solid-state battery

44th International Conference and Exposition on Advanced Ceramics and Composites(1CACC2020)

2020




Na2MSi04

60

2019

Na2FeP207

60

2019

Na

60

2019

Na2FeP207

60

2019




2019

Na2MgP207~Na2FeP207 2

2019

Na20-Mg0-Si02

2019

Tsuyoshi Honma, Miyuri Terasawa, Tatsuto Furukawa, Takayuki Komatsu

Crystallization behavior of Na2MSi04 (M=Mn, Fe) glass

The 13th Pacific Rim Conference Societies

2019




Masafumi Hiratsuka, Tsuyoshi Honma, Takayuki Komatsu

Preparation of oxide glass-ceramic derived all-solid-state battery by laser irradiation

The 13th Pacific Rim Conference Societies

2019

Na2MSi04

80

2019

108

2019

Tsuyoshi Honma, Takayuki Komatsu

Oxide glass-ceramics for all-solid state Na ion batteries

2nd Global Forum on Advanced Materials and Technologies for Sustainable Development (GFMAT-2)

2019




Na

14

2019

Tsuyoshi Honma, Miyuri Terasawa, Takayuki Komatsu

Opticalliy Transparent glass-ceramics in the system Na20-Fe0O-MnO-Si02

25th International Congress on Glass (1CG2019)

2019

Miyuri Terasawa, Tsuyoshi Honma, Takayuki Komatsu

Crystallization mechanism and electrical properties of Na20-FeO-MnO-Si02 glass

25th International Congress on Glass (1CG2019)

2019

Masafumi Hiratsuka, Tsuyoshi Honma, Takayuki Komatsu

Laser-induced structural modification in Na2FeP207 glass-ceramics

25th International Congress on Glass (1CG2019)

2019




https://mst.nagaokaut.ac.jp/amorph
Google scholar
https://scholar.google.com/citations?user=vx1FKKEAAAAJ




