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Effect of Trace-Oxide on H-Se Impurity in Se-Based Chalcogenide Glasses
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Abstract: Chalcogenide glasses can be melted in a completely oxygen-free environment, but the effect of trace amount of oxygen
on the specific properties of chalcogenide glasses is still a challenge. To investigate the effect of trace-oxide components of Se-H
impurities in As—Se glass system, SeO, and Ge were introduced for H and O impurities in the multi-processes of dynamic-vacuum
distillation. The results indicate that the co-doping of SeO, (i.e., 2x10™) can lead to the decrease of Se—H content in As,Se; bulk
glasses, although As—O and Se—O impurities increase. When the content of SeQ, increases to 107, the absorbing intensities of
As—O and Se—O impurities increase. For the preparation of Ge—As—Se glass with low Se—H impurities, the more content of SeO; is
needed. The introduction of Ge can weaken the efficiency of SeO, for eliminating Se—H impurities. If the Se-H impurities
decrease to beyond a detecting limit of the FTIR in Ge—As—Se glasses, the more content of SeO, is needed for the compensation.
This work provides a method for further clarifying the sources of impurities in chalcogenide glasses and the preparation of
low-hydroxy chalcogenide glass fibers.

Keywords: chalcogenide glass; impurity; selenium dioxide; optical transmission spectrum

WA B 2021-11-30. BT H#: 2021-12-18. Received date: date: 2021-11-30.  Revised date: 2021-12—18.
FEH: ERERRAFESE(61875097, 61627815, 61705091); HHTAZ First author: WANG Yuze (1997—), male, Master candidate.

H EARRH ARG (LRI8F050002) WA 5 AR 254 Ttk & E-mail: 1692437099@qq.com

RSy = It 42 (6142107200316) 5 7 T H AR B & 4 Correspondent author: WANG Xunsi (1979—), male, Ph.D., Professor.

(202003N4101); I TTAZERBRIAA 1S3 TR RN 35 E-mail: wangxunsi@nbu.edu.cn
MR R E (2017AY13010); T S8 WCEARSE SRR ).

EEH: TRE1997—), B, WLHRAe.

BEEE: TIA979—), B, WA,



. 944 - CRERR Eh2230)

J Chin Ceram Soc, 2022, 50(4): 943-949

2022 4

i R F e — P LT R AR B VIA KT
fis i, WEICE (S, Se. Te) N, s —seHAhk
SRR B, Bi(Ge. As. Sb Z)HIMIEEAL
YaEEt . B R B S S AL R R AL B T R L,
BAMRA TREE. SR, washdid s s,
XA A 2 R AE A L5 2 0 R B R SR
PR, BARE S PR, RSOk A
SR 0T, R A 15 4 R B KO AT R
CLANBOGR B Rl 2 — o Ak, TR R
A AR KA AR 2R 1 i R R B In=(2~20)x
10" m¥W, RAEILIEM 100~1 000 %], BFHE
2t R A T — S23 3~16 pum Z04ME B IE
St 1 m AR B LA . (HE, TR RBINT
H. O 4 FURE A BURE, Wideik B (AR Se JEA%
RPIEE P LA N 4.5 um)AbAFAESR 21
Se—H 24 JF LU, LRI 5 (1) 17 76 2 38 s - RE 1)
SR EINE Su e I INTT] 27 s S IS S e 1§
Wi 7 T 2R B B SR 7 P v 1 e M RE R SO BRI S
P, R T RSB B AR . A
AT, Se—H Z4 i 143 7E 8 7% R 1l vh =R IR UL, 2
SN S T I R R U

7E Se H A RBLFEA A, Se—H 45 fkJ5 5
FPHM A S A A 0% A R R B (1A 5
2 O-H & —7Ex10 ° JE [ ¥, M.F. Churbanov
SECRE R R, E& R AR ES, BT
2 TP T ) P v R P A R e A ) ) AR XU U, H
Z JRRT LA D M 25 38 1 P R R S BB AR BT
A, PR TR 2R B AR () 4l 3 B ke T DA AR
Se JFEHMEZ Se-H Z4Jli I EZERIFEZ —, AP
Velmuzhov Z5U 5@ 1 46 B0 B 3 1) Se BRI AIZL
ANRISCRE R, Se JFURHE BRI K AR (0 4.5 pm) A7
FERES Se—H 24 Rl ANk, Mg, Al %54
JEUWE R A FITE IR AL Se FEBE R,
EARBENS AT LM 254 Se FEFEIEM O J4 5, 1H /& O-H
M H0 &M H GRSHERHR, a5
Se-H Z= 5 & &= 136 .

KT UM Se S50 RILFHN Se-H 4R &
A7 KEME AR, wgagmy N, Hep
WIE 2 R LA T AR &R 4L 4 >
Se FEHi RPLFEHEAN % . 2010 4F, J. Troles ZFiE it
$eal Se JR BRI 2 AR E IR 5N Mg &8,
LT GeSeq BEFSMIFEAL, FLILHEI 245 Se-H WK
FEARZE 3x10°°; 2019 4F, AP Velmuzhov 25 i B
GeSe AT NIHEH &8 Al T A HA, Z%

GeSeq BFEH Se—H 44k E A 2.8x107° 2019 4E,
Marcello Meneghetti 5, 8 7048 FH A [ 4@ A
FALWH A IR AT &, F O &
GejoAsySess BEFY, 1ZBEHI T Se-H 24Kk E N
1.2x10°% {E@ IR INBEA I R Se Fabi R
BAMY) Se-H &5 5T /7T, 1975 4F, Moynihan, C. T.
G221 @I R R L ) As,O5 X AsySes 37
T2, TTULWELE] Se-H 425 M3 W BUR,
{E AP 5] N K KA T 4 Akt 2018
4, AP Velmuzhov 255V FH7E & 6 = R A EE T,
i GeO, GeO LHUGEBIEMN Se-H Z5, %1
GeSeq BFEH Se-H 44 &8~ 2.8x107° 2019 4E,
A.P. Velmuzhov £ SeO, Tif4l Se JFURHI 7
s Bl GeSey BEHET Se-H 24 & & AN
2.8x10°°, H A IR-Flex 1 CoreActive 2 &I F] As,Ses
LI Se-H 445 & B BN 1.2x107° f1 0.5%10°°,
DR, Bl R 2T AN A () AsySes BRFHEAT DL 5
PRAE T 2R ERABE Se-H 22 ISLIGHTF 7T . it
N SeO, #24t Se JRL, A FH A IE [ 2 B iy 4
Se—H i, 38 o 474 R v VA1 0 25 50 A 1) 45 B R
i, ARG Se—H 4%J5i 7 & 4K 2 Fourier ZL MGG X
ARSI R BR,  FRGEHT 1 B A% 5 1 25 B L 3 A

MR

1.1 fRFEISFL—F 25T & As,Ses

I AsySes 1E B FE R R AL KL, RAME S
s R A T 4 Y o T S0 0 B AR K
LA LN 3:1 (P9 EL IR FI I A R 1RV & )12 D
15h, LEBRENEEMES )RR RMEETYE, 5
FZ8 08K 2 e, TONIREE 9 500 CIBET44,
FIHESHE LR AEERER A NI E K. &
As(99.999 9%)F1 Se(99.999 9%)$% HE JiH ¥ Lk 2:3 it
ITHEERL L, RS HERR & e 1 R RS N A A S
BT E AR . MENSEREKT 10*Pa i),
i A AGI AT o B e R B A e AR R 4R
F1N 650 CIRFEMEEHIEH] 12 h, 75 K 2
450 CJa iy, RHKE B EIAT IR bUEE, 18
B KIPLL 180 CARIR 3 h SR HILIE I /7, Byl
PEIEFE SR
1.2 SeO, IREAEHI & AsSe;

HI AT FI I Se RIAT Se HRPLIICER As #BE
TR BINFEREN, BRI RN:

1) @ Se R IIAAE & &) SeO,. 4



25055 4

FREEE S RN Se FE R B T H-Se 245 R 5E 1 < 945

SKAGHAT Se F SeO, A HE LI ZE H A 107 Pa J5E)
Wi 9E, 78 550 CIIRIE HIEH] S h, LABRZ: Se
HETE A Se-H 247

2) ¥ Se JUEM As JTLRIBMAA LN 1+,
0.5 h WFHHEZR] 250 CIHLriE 1.5 h, [FIRRE 22
2 FHRZE 250 °C, LAZBRIERIR T AT ¥ A M %5
AR L PR R B (U 5K

3) JEURl Se FERE As 7EBIZEH AT 10 Pa bL
R R IR MR LR RS E KRB Se0, Z i,
We B KSR AR, 228 1 Bk B A AR R MR
AT . 28 1 A n#gr L 60 C/h FRURTHE, %
2 IR R E N 250 °C, 2 1 JFE R R %
TRE) 2 2 o

4) T AR E ISR 490 CHY, 2 1 1
BIC 243 288 B) 2 2 b, W20 2 WA ER:
B HEAAEAT .

5) KA JER AT RN 650 CIE
#l 12 h, FEIRFEFES] 500 CJg i, KA XA A
(177 AT PR i, 7ESB KL 180 CHRIE 3 h
KBTI ST o
1.3 SINE[E Ge #%& Ge-As—Se

TER % As,Ses PEHEM T2 AL b, 7R A S22
2 RN — Mg R RS L& E Ge, LI REH &
Ge-As—Se B3, 7571 E R b Cr-F hb mi A [R] fr 251
TE . WL 2 WA TR S BRI 1R
M2k Hm 720, 1B KP(LF 120/14 B, Nabertherm,
GER) B H 28 5 i % As,Ses I L 2R FF— 3.

2 EREH®

2.1 ZRBEXMBEIEAIN

H Tl % As,Ses BIFHTEA Se kA T
SR, AL G A R TR S T AsySes BE
WMARREZES. REE 1 PR, R Se bl #1
Per i BAA SR IR IR, 200 e 2 0 B vy 1

-

Se shots Se bulks ,
@) B |
(a) As,Se; glass rods; (b),(c)images through a NIR camera
Bl IR AR % 1Y As,Se; B3
Fig. 1 As,Se; glass prepared by traditional melt—quenching
method

2 )5, TELAMHL(AMA113 %Y, Dino-Lite, CHN)
ORI N BT IR o SRS Se Hedfil £ 1)
PISRMDGFE, FELLAMENL FIE e RE R 4F. 18w
FHZ AR I, K Se Bl As,Se; B L
Se KIRMEEE LT, H Se KINEAE 21 H0 8.
N T IRAFRE S R, 7 R B
13 mm JEPURFES, JEF 2 FAT R IHOB AL B,
KA Fourier ZL4MEHEAY (Nicolet 380 %Y, Thermo
Electron Corporation, USA)REAT 33 1563 ik,
SERINIEN 2 FroR. HI Se TR H) As,Ses BIHBA
B As—O. Se—O &% R i Wi, X T
BHEFEMNGE] 7 Pbges A ER, HBAE
4.5 um KA B Se—H 4RI Ig ), st A
THEAF 96.78 o I Fg W AR it H & B AT DL
Buger—Lambert—Beer 77 1225+ 545 1 :

_le(T/Ty)
a== (1)
a=¢&x 2)
ATe

K T AANGHEER; T &S Z, AT K
BIRE: o WIRRE: o WARFUHBAER: «
2% oS B (AT A (R I B 2% A AN TR BT H
FH0) - THHUREUE PR A BN B OG- AR I 2
PRt

50 | —— As,Se, with impurities
40F
N
3 D
£ 30 - Se—H:96.78x10°¢
g L Thickness:13 mm
£}
H b
10
O n 1 n 1 n 1 n 1 n n 1 n 1 n 1

1
4 6 8 100 12 14 16 18
Wavelength/um

2 RARAE As,Sey eI (Se Ho)FE M Iz LG 1Y
Fig. 2 Transmission spectra of unpurified As,Se; glass
samples (Se bulks)

2.2 A SeO, = Xf Se-H ZRRIETLIFR

TEMEH — R E B 2T £ As,Ses BIE 1,
Se BLZH SIS AN Se ki dHSLEG A H 1 A E S &= SeO,
HEAT T Piidditk, 348 F Fourier ZLAMGIEACHEAT T
I



© 946 CRERR Eh2230)

J Chin Ceram Soc, 2022, 50(4): 943-949

2022 4

Kl 3a fiizn, FEANSIN SeO, [HTHHL K, H Se Bt
JERhiEIS — 2 Bh AR 1Y AST AR RTE 4.5 um
A TSI Se—H 245 o B AW I SeO, I &,
Se-H Z4FUZ#i /b, Hi& O-H 24J5(2.9 um) A H,0
2J5(6.3 pm)iZ I, 24 SeO, IR INE N 2x10°7°
B} Se—H %5 7F 4T 4Mg ik S i Hh 8 B S (R IR e
PRI B T S5 As—O. Se—O “EIMR AL 2% i v
H2Y SeO, (IFRINE L 1x107, LL Se-O. As-O N

F AR ISR S R SR, TR R AR
JIFEAR, P35It 2N 55.00% 4K 2 47.25%.

7E Se FIAHMLIAFH] 7 RBIMEE R . REE
3b A7, HH Se Kiffill &1 ASS FES—H M S H
O-H(2.9 um)Z% il H,0(6.3 um)Z4 i, X2~ Se
PR Bk S A R 2 1) Ho0 2200, X CU7ERTTH Y
SEERARENER . R 1 AT 2 ML Se-H
FFREEA As—O. Se-O NEMALF&&E.

60 _,M /_4‘-“ k ‘a o N Thickness: ~13 mm 60 & Thickness: ~13 mm
[ Y] | \r
: . fy oo e
50 - v 50 | : g
g 40 AN S40k \
g L . \ =1 N \j‘ \ .
b= ‘ " N b= - \
Z30M- Mh\-(* N P N g30r ST '
g (RS R TN\ = 1 b
= . 6 U] \ ‘A = . . | | \ BN
20 F——ASL: 0x10¢SeO, [ - | - 20 ——AS5: 0x1076 SeO, | - T
-4'——AS2:200XHT“Sé?Z ! A AS6:200x10 SeO) \ BRI
10 L - - AS3:2000x10° SeO, | \! 10 | - AS7:2000x10° SgO, ! |
| — --AS4: 10 000x10-'SeO, \ \ - ~AS8: 10 000x10° SeO, | o
0 | I I 1 r ~ 1/' .\\ 0 1 1 1 I | l/' \}
4 6 8§ 10 12 14 16 18 4 6 8§ 10 12 14 16 18

Wavelength/um

(a) Se shots

Wavelength/um

(b) Se bulks

K3 13 mm B 440 As,Se; BEIRRE H 105 LGt
Fig. 3 Transmission spectra of 13 mm-thick purified As,Se; glass samples

F1 BFEEFRNELDRIMERREREREE

Table 1 Addtion of Oxides and Content of absorbing impurities in glass samples
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Fig. 4 Transmission spectra of 13 mm-thick purified Ge—-As—Se glass samples
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Table 2 Compositions of glasses and content of absorbing impurities

[O] in the form of As—O. Se—O groups/10~°

Samples Content of Se0,/10° Glass composition/% [H] in the form of Se—H groups/ 10°¢

As-O Se-O
GASel 200 Ge;As3oSes) 31.32 0.98 0.00
GASe2 2 000 Ge;As3oSes) 1.95 3.68 19.18
GASe3 4000 GeAs3oSes) 0.00 427 60.29
GASe4 10 000 Ge;As3oSeq 0.00 27.8.0 71.22
GASe5 10 000 GejpAsnSees 11.85 17.00 54.39
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