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W E: RH sol-gel LM NagO-B203-Si0; RAHBAEE, RARFREMIRIEE N
CuCl # 5 IR K], 7E 500~600°C IR B AP T B4 CuCl SV REDLTE, WA
R T AL 69 B RS TR 7 0 v I - B R BB A, 118 T CuCl ZESN Ik
TREOERIE, FRTREFRAT TREERBEBEROEW, IR T XL
FHR, HRMET B4 CuCl ) Nay;0-B203-S5i02 RAFBIE 1.33um L@ Z R &35t
, n2=3.3x10"*"m?*/W.
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B3 CuCl RMWE TR RIS RANEYRIELE L2 E MM —. 7
1 B 4 TG T B SR BT 30 X SO R S 2 1 R 0L AT SR D R 58 0 S0 R 46 o) o ) %
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2.1 REBHHE
RAEERZE. B, 2B AWK, 2HRFZEE, Z2HPE. 2B LR
AR IR, R SR BRI W AL, R

Si(OC;Hy), | AR EH BB R CuCl Y 5EIEE
HOC.H; B, I 4 R 22 R B B R L
H,O/HCI by Si(OET),:HOET:H,0:HCl :H3BO3:NaOET:
Hydrolysis CuCl1=1:2:2:0.0027:0.69:0.18: X, X=0.005~
0.05. #%¢ CuCl YAM EEBL MM B & T L
B(OH), & K 1.
Hydrolysis 2.2 WIS
¥HR CuCl MO EERRASE
Na(OGHy) Hd?i PR T ETRATERE, URAMNT
yorowse THG AR TR, ORI &
CuCl Ml Py BUEHERE BRIy H A
Hydrolysis 2.3 il
+ B R KR BRI NdYAG
Pl | X 35 0 = F I B 355nm BB & 6 IR 72 1
Glass Sintering Drying 1, BBk 10ns, HE & 10Hz, f§ SPEX-
1430 XUEAE WAL AT 4306, D6 43 3%
B 1 AR - BERES &4 CuCl MM BN 0.15 B, B CuCl B BEEES
REBWL LI SCGE A 60 B 88 o, 2508 75 B 20~300K.
Fig. 1 sol-gel process for CuCl-doped Na,O- RF Z-scan HEEMIE T CuCl B 4egr sp =

B209-510, glass BraE RS R, MR KN 1.33um.
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3.1 CuCl S YR i o 2R R BE 3 B 4 1k o 1) RS )

FEH & B 4% CuCl TN RE R A FEBIRT, ML B 5B & i RBGE M TR, MR TR H
. B, REUEHNRARGFER. FnTREREMERRRESH, mAREMN ¥4
M, AN HERFERGESEER, R 1E CuCl REREFWRERAKER CuCl 725
JBE o A B BRI R BB SR R

AFLIAUEFSL, 5IA CuCl WHEMBRMBEAMEREFEENE M. YESFH 5.2
CuCl fj 100mL 6N Z:EE W F TN 1mL ZEW A 3.1g W E REBER AT, BB TR
B 5oL T XE LA BERLBEE, XAF, CuCl ZEX BB AR BN 1.66wt%. %5\ CuCl ¥
K 0.669wt% BF, LB AL BH, EFEHPFEFSILREN, ARNTER, RAK
B LS o A HERR X K FL. 2451\ CuCl f9¥K BEDY 0.236wt% B, % T PR AL 8 Be3 5L 6
KT MEKEBEREGE. XRAIREAMEERDFIA CuCl SEIRA R AR E
>1.66wt% B, AR &8 TR S0k,  CuCl BIR kB H E B M B 2 3 5K
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FRBUG S —TRE, RERSHRBREEERNT CuCl WM. BT EEX R,
AR A 100mL 3N p IR EWELH T & A MFA EEHE CuCl W, SRY CuCl fyIkEH
0.669wt% B, MM THRERKSEHEN, RUONHERAAHRMSE, FERTEAE,
TRFRAFE. XS I X TR RE EER W, RSN KESH /B,
FRTWEE, HYMHHEERE ZAREN, MENIHEHL.

&1 CuCl EEHRERHKENIN Na;0-B203-Si0: FRIOE MM T
Table 1 Effects of CuCl concentration on the properties of Na;(0-B203-5i0; gel and glass

No CuCl/wt% Sol Wet gel Dry gel Glass
1 1.655 Clear Light Transparent Light green Hardly possible to
6NHCI yellow green Light yellow  Loosen porous be sintered into glass
green Easy pulverization block
2 0.669 Clear Light Transparent Light green Light green
6NHCI vellow green Light yellow  Porous gel block Transparent
green Porous glass
3 0.336 Clear Light Transparent Light green A little  Light yellow green
6NHCl yellow green Light yellow  pore in gel block a little pore in glass
green body
4 0.236 Clear Light Transparent Light yellow green Light yellow green
6NHCI yellow green Light yellow  Transparent Glass block
green Gel block
5 0.669 Clear Light Transparent Light yellow green Light yellow green
3NHCI yellow green Light yellow  Transparent Gel Glass block
green block
6 0.188 Clear Light Transparent  Light yellow green Light yellow green
3NHCI yellow green Light yellow  Transparent Gel Glass block
green block

3.2 CuCl £ Na;0-B;0;-Si0, T & o & s #1 5

R A sol-gel &l & #7% CuCl BR A — T X B LR B R AERE CuCl #95E K
¥, M.Nagami %R ] CHCN # B 5e 45 B 34 U AFE 2 CuCl #9 58 3R 44 ¥ 57 © AL Zh b ]
# T B3A CuCl iy SiO, J(HY. HE, T CH;CN BRIE &S, XHBRXKHBE T X
IIEN A REE.  CuCl B 5 EALEHER TROWIR, 25°C Bt lgks, H —4.49, ERESH:
BASROABETERESYETMRMEERE, FRNT EAELBES REay
) EEIE X4 HCuCly, HCuCl; fl HaCuCly . MK EWHEWIABEH —E R KD B
Na;0-By03-5i0; B+, W MR MM HEA LR, MEBENI, BANLE
R #ET, A HABKEBPEENKERE S BER, FELMATELSSY
5B CuCl B, RIEE CuCl BB MERR TR EY B, & ALK #T,
T35 3 il % CuCl & B /9.
ERREA:
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H,.CuCl; 1 —)CuCl(gE ) +zHCI
CuCl; ¥, —)CuCl(%ﬁ)ﬁtCl‘
z=1, 2, 3.
EREMETRMESEBPNEE. HERETRP LR CuCl B Pt 255
JBE % A A B 3 Y R I T 48 CuCl R TE BE I S 3 TR EE AR E R .
3.3 MERHNTRATREHEERIIR W
Pt kAN & A CuCl iy Nap0-B20;-810; ZAETRKARMMWEERARENE MR, X
2RBERMGEBARREBERZAMRXR. EAaREA PP REEWIERL TRERAR
BN HREEEESHFERLT XS ERALRAEMTE Cut!t 1) Cu®t W-FHAMEA
AEHE CuCl B REHWEN. MESHPPULEEFRRRIFEERHIIE. X
ERESEYHERMAT, EEAW TR G, BT &% CuCl # Nay0-B,0;-5i0; F
JBE e A WLV AR B Bt K B 6 R M 8 R BB AL S B A 25 AL BT K bR IR B T B A R E B
EXXREERRTAHARER, RENBIREEFRESHE, mRAABIERE, WFBIERH
FUYERARERMEREERBENTEREEE —BTOE, YFHERFEEK >30°C/h
B, BB ERASREMBEEREY T ERNER, FAFLILE 2

&2 ALEHRHEIE CuCl/Na;0-B,03-Si0; T B Al 35 3k i 89 % )
Table 2 Effects of heat-treatment on the properties of CuCl doped Na,0-B,03-Si0; glass

No CuCl/wt% Heat-treatment MufHle Tube furnace

S1  0.336 20~200°C 5°C/h Pistachio glass Pistachio glass
(6N HCI) 600°C 10°C/h 24h  Transparent A little pore Bad transparency

S2  0.336 350°C 33h 10°C/h  Pistachio glass Black Glass Opacity
(3N HCI) 550°C 36h Transparent

S3  0.669 600°C 15°C/h Pistachio glass Black Glass Opacity
(6N HCH) 600°C 24h Transparent

S4 0.236 600°C 30°C/h Blue grey Black Glass Opacity
(6N HCI) 600°C 24h A little pore

S5  0.669 600°C 15°C/h Pistachio glass Black Glass Opacity
(3N HCl)  600°C 24h Transparent

S6  0.669 600°C 30°C/h Blue grey Grey Black Glass Opacity
(6N HCI) 600°C 24h Porous glass

3.4 8% CuCl B REHMEIAF MR

& 2 B4 0.669wt% CuCl (6NHCI) Nap0-B,03-Si0, T B 7 600°Cx24hx15°C/h 4T
Po L BE WS 7E 70K T8 6 R bN. RER M CuCl MFERNMLE 9, AT
26125cm™! W K I ETTIAE T Zo WTF QR M, HA CuCl T Nay0-B05-810; &
Sgmd. BARXAHERERY T AEY CuCl RAMEERMFE, HR, XM
FRABWEB GBI ERS, MEERYEBREFEARTRGI, XEBHHA
RS ELRSERZRT W, EHEREEBA, EXERMHARETEA-

& 3 B4 0.336wt% CuCl #§ Nay0-B,03-Si0; F B LA 10°C/h fy FHRHE FR 7 350°C 1R I8
33h J§ X L4 10°C/h By FHB # K A 550°C 1R1R 36h J5 PeAl B9 B € T0K TWB 8 & X6 #. X
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R AL CuCl SR A IRIR & 606, A2 T 26200cm " B R HE T Zs T80 K
. R R A Spex-1403 SUBHE R M BH), (XEHay 2 FFE N 0.15 JL¥ KA Nd/YAG
1.06um B H =506 355nm WAL A HMA. RBEAKEE WA AR, EH~ETF
CuCl R A P B IEPUE LM # BT 2006, B 3 3RE CuCl B3 LTF1E T Nap0-B203-510,
AGEHH.
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1 28000. 00 25000. 90 22000. 00
28000. 00 25000. 00 22000. 00 Wavenumber/cm™!
Wavenumber/cm™?
B 3 & 0.336wt% CuCl (3NHCI) Na,0-B,0;-
E 2 é‘? 0669Wt% CuCl (GNHCI) Na20-B203‘ SIO2 :F}BEE 350007 33h, 1000/}1’ 55000’ 36}1,
Si0, FBEAE 600°C/24h/15°C/h % T el 8 10°C/h % F oo BB IS 7 70K T8 4 &
BJETE 0K TIEm &6t Yot
Fig. 2 Photoluminescence spectra of 0.669wt% Fig. 3 Photoluminescence spectra of 0.336wt%
CuCl-doped Na20-B203-Si02 glass CUCLdOped Nazo-BzO;’,-SiOz glass

F A Ekimovl*~S! 42 H G B R B MM TFRBMEMULR, S&E0NH, TUER
HGE PR Zs BT RERAAE, SEAIT T E CuCl R EYFHEE, AaX.
Eu= Eounx + h2/8MR2 (1)
AT Eqa 2 CuCl W8 Z; BT RER.  Boux BRRT CuCl @ikl Z; BT aEH.
M BFBRE, M=19M(M. &8 FRE), &£ CoCl &8 FH¥E, JRAA LKL
& CuCl @ T %42 R, B CuCl RaER N ERE, W EXmkn @
R =0.1263(A{ — Aguy) "*/? (2)
LR RGN A, X WEALH nm, KR F CuCl Rk Zs BT REBMIEEMLE
Aou=384.7Tnm. RGP Zs MTREBMAE, ELITH L CuCl RSP E2 0
& 3 PriR-

%3 CuClWRMFEHER

Table 3 Average radius of CuCl microcrystalline

No. Concentration Z3 Peak position/nm Average radius of CuCl/nm
1(S2) 0.336%wt CuCL (Fig.3) 381.67 2.8
2(S3) 0.669%wt CuCL (Fig.2) 382.77 3.5

BRI TWLUFL : & S3 gl CuCl WKk EELLAR G S2 B —2, MM AEMA CuCl i
PR WK%, REXMMHERN TERAFMELHREZFER T2 —H.
3.5 &8 CuCl R EHRBH=MEXKUXEHER
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X H4H 0.336wt% CuCl 9 NagO-B203-Si02 R 4B B FE T (S2) 7 1.33um £b#4T Z-scan
S, HBREVZRESEAT ZMERMENREHN, £ 1.33um o WEH =R ELRXEHH
H, n2=3.3x10"2m?/W. B 8T ¥ K WA KR sol-gel i ¥:Hl & 8B4 CuCl # & NazO-
B03-5i0; REEF M 1.33um R = XU FROME. SHEHBMBAEL, n E
ERWERY, HEHEERMT: (DCuCl BAMKRERM; (2)CuCl FRLH B BIER
REFHEBMISARE: QEHEPUESFLEREVRAIHYTYMPISILE, XBELRYS
YA SR IR WAE R, 3B A = Hr IR R AT R S SR

4 ik

% H sol-gel 77| HEERBE W A FIA CuCl B GIRKRE il L bl & T B 44 CuCl
AR Napy0-B203-S10, ALEBHY. LRFAWE <3N WM A CuCl LI E MBS, 7T
FEHRMREEFENBE CuCl R E Naz0-B20,;-510; ZRHH, HRMET B % CuCl iy
Nay0-B,03-5i0, ZRAFHAE 1.33um DM =M EREFHF R, ny=3.3x10"2m?/W.
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Non-linear Optical Property and Sol-gel Preparation of CuCl-doped
Sodium Borosilicate Glasses

XIANG-Wei-Dong!-?2

(1. College of Applied Technology Wenzhou University, Wenzhou 325027, China; 2. Department of
Materials Dalian Institute of Light Industry, Dalian 116001, China)

Abstract: The transparent stiff sodium borosilicate gels containing CuCl were synthesized by
using tetraethyl orthosilicate/ethanol, boric acid/ethanol, sodium ethoxide/ethanol, CuCl/HCI as
precursors. The CuCl-doped glasses were prepared by densification of the stiff gels at 500~600°C.
The effects of the concentration of CuCl and the chlorhydric acid on the sol, gel and glass were inves-
tigated, and the preparation mechanism of CuCl-doped sodium borosilicate glasses were discussed
also. The photoluminescence properties of the glasses were studied. The third order nonlinear
refractive index of such glasses were characterized by Z-scan method at 1.33um, and ny measured
was 3.3x107?°m?/W.

Key words CuCl; sol-gel; Nay; O-B203-Si0; glass; third order nonlinear refractive index



