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2.1 HRMFEFMLE

AL TR R 3L I 1Y 4 A 54ZrF, 14BaF, 4AlF; -
8LaF,20NaF ( ZBLAN ), il £ JUr {5 I i Ik} 35 o
afifbR 7 Hp ZeF, 2RV NH), ZeFs B R 5]
Ao FREBUSCET S IR & ¥ 51 E i A B4 i,
K A P AR 56 JF 7650 4 313 1 i i 55 DA
WA B K . AE 1000~ 1050 °C B Rk 5 i H 4
HE il 40~60 min, B IR EEHLE . K
e bs e TR 1 A SR A L 1L SR 5 ARG RS A B 5
P ATiR k. IR KGR E S 310~330 °C, R B
[ 3 hy FELLS5 °C/h W3R IR = = . KR
KJE B B SRR S A L B, i T 10 mm X
10 mm X5 mm E’\Jiﬁﬁ%ﬂ‘b\l&@lo mm X 100 mm
{14 ' £F i 1] A2 9 o TR R DAAE O S B0 B

Vs FEURS T2 £ 3 3 1) R DRORI AR DR A i 43 i) P 7 e
217 A 3 7y AT A 3, R Rl 2 RN T R R
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FUE . KR R E AL B AL B S A RE S IE 1,
AEAK A HLIE W T A B AL B S AR e 2 5
TR ol 2 1T A 3R R 2R TN R 1 PR .

1 AR T A B Y ARk

Table 1

Compositions and proportions of two surface treating agents

Surface treatment agent Solvent

Acid Additive

Ethyl alcohol with  mass
fraction of 70% -+ amyl alcohol
with mass fraction of 15%

Non-aqueous organic
solution

Deionized water with mass
fraction of 86 %

Aqueous containing
solution

Hydrochloric acid with mass
fraction of 4% —+ oxalic acid

with mass fraction of 6%

Hydrochloric acid with mass
fraction of 4%

Zirconyl chloride with mass
fraction of 3% + ethylene
diamine tetraacetic acid with
mass fraction of 2%

Zirconyl chloride with mass
fraction of 10%

2.2 EIAMHK
2.2.1 R ARER R R R S0 ]
it X B4kt B F g% (X-ray photoelectron
spectroscopy, XPS) X} 1 # Hl 2 # FotR 564 iR 18 B 35
FER R AT TR & W R E SR AIK TR
R, MR R E N AR 5 X107 Pa
Fr A B A
2.2.2  RAEBR I A @ e R
KRR 8538 (Atom Force Microscopys
AFM IS Fe 15 F1 2 2 R bR J0CRS R #h B0 i %
T REL RS ¥
2.2.3 R ARER R0 AT AR 0 ] K
K A BL AR e 21 A0 O 35 A Y 2141t E i

SRy it e sl ) 2 W N | 2 T N S AR Y
PR % 3 47 A6 W, 8 O B i ) 2 B s 09 O 5
IR B KAE . D3 5 v SR 0BT 5 O £F 0
KR 2 m, 42 H 200 pm, 542 K 80 pm,
WK T 15 A2 = B IR A IR #h B B A b o
JCEF AL .
2.2.4  BAEBR R A A5 0R 6 K

P ETAAI =8 W o vl R 7o 2 SO o YA
W T 18 A2 2 4 0K 85 R h 3 38 A 5 P Y R
YL, P E R 2 mm/min, YL H AR N 200 pm,
HAFKER 1 m.1# 824 6 AOELF &ML T
100 4R .
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Fig. 1 Structure model of glass surface™
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Fig. 2 Surface compositions of fluorozirconate glass

treated by different surface treatments
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Fig. 3 Surface roughness of sample after treatment by

method a
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Fig. 4 Surface roughness of sample after treatment by

method ¢
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Fig. 5 Surface roughness of sample after treatment by

method b
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Fig. 6 Optical loss of fluorozirconate glass fibres drawn
from preforms after surface treatments with

different solutions
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Fig. 7 Fracture probabilities of fluorozirconate glass

fibres drawn from preforms after surface

treatments with different solutions
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Abstract

Objective Fluorozirconate optical glasses are widely used as fibers because of their excellent optical properties,
such as their transparency in the mid-infrared wavelength range around 8 pm. These glass fibers show a wide range
of military and industrial applications, such as in the ultra-low loss, long, and repeaterless optical communication
links. They are typically fabricated from the fluorozirconate glass preform by the rod-in-tube method that allows for
precise control of fiber dimension and geometry. To a large degree, the fiber quality depends on the quality of the
preform. Before fabrication of the fluorozirconate glass fiber, the preform must undergo optical cold processing,
including grinding and polishing. After shown in the structure model of the glass surface in Fig.1, defects, such as
impurities, scratches and microcracks, are introduced on the surface and subsurface of the fiber preform during this
processing. During the fiber fabrication process, the defects end up at the core/cladding interface, decrease the
strength of the fiber, and increase the optical losses. An acid treatment is an effective method to enhance the
mechanical strength of the optical glass surface and eliminate the surface and subsurface defects. In general, the
preform surface of the fluorozirconate glass fiber is treated with an aqueous acid solution, such as hydrochloric acid or
boracic acid. However, the fluorozirconate glass surface degrades rapidly upon exposure to aqueous media or humid
atmospheric environments because of its poor chemical stability. Therefore, the conventional surface treatment of
fluorozirconate glass fiber preform by etching with an aqueous acid solution increases the surface roughness and
creates a hydrated surface layer. It also causes precipitation of crystalline dissolution products on the surface, which
increases the optical losses, decreases the tensile strength of the fiber, and increases the risk of devitrification during
fabrication of the fiber. Therefore, it is more optimal to treat the fluorozirconate glass surface using an nonaqueous
solution.

Methods An nonaqueous organic solution composed of organic solvent, mixed acid, and additives (Table 1) was
formulated to treat the surface of an fluorozirconate glass fiber preform. The organic solvent was composed of ethyl
alcohol and amyl alcohol, which cannot corrode the fluorozirconate glass surface. Therefore, a corrosion layer cannot
be created. The mixed acid component was a mixture of hydrochloric acid and oxalic acid with a small amount of
water, which was further diluted with an organic solvent. The amount of water used did not cause chemical etching
of the surface. The additives used were zirconyl chloride and ethylene diamine tetraacetic acid, which are metal
complexing agents that increase the solubility of the etching products and prevent their precipitation on the surface.
The nonaqueous organic solution could more effectively remove the surface and subsurface defects caused by optical
cold processing, without creating a corrosion layer.

Results and Discussions To compare the two different surface treatments (using an aqueous acid solution and an
nonaqueous organic solution, respectively), we have studied the surface compositions of the fluorozirconate glass
using X-ray photoelectron spectroscopy (XPS). The composition variation of the fluorozirconate glass surfaces
treated by these two surface treatments is shown in Fig. 2. It is evident that the compositions of the fluorozirconate
glass surface etched by the nonaqueous organic solution were closer to those of bulk glass for the elements, Zr, Na,
and Ba. Furthermore, it is clear that dissolution of the surface compositions etched by the aqueous acid solution was
quicker than that by the nonaqueous organic solution, and the chemical etching by the nonaqueous organic solution
was more uniform and did not create a corrosion layer or precipitation leading to opaque crystalline surface deposits.
By using atomic force microscopy (AFM), we have studied the surface morphology of the fluorozirconate glass
surface treated with these two methods. The surface root-mean-square (RMS) roughness of the fluorozirconate glass
surfaces was 0.925 nm after polishing with nano-CeOQ, (Fig.3), 8.971 nm after etching with the aqueous acid solution
(Fig.4), and 2.152 nm after etching with the nonaqueous organic solution. The surface roughness after etching with
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the nonaqueous organic solution was lower than that after etching with the aqueous acid solution. Furthermore, the
morphology of the surface etched by the nonaqueous organic solution was better than that etched by the aqueous acid
solution. This means that the chemical reaction between the nonaqueous organic solution and the fluorozirconate
glass surface was more stable, and with the lack of precipitation of the reaction products on the surface to affect the
etching, the surface was smoother. Etching of the fluorozirconate glass fiber preform surface with the nonaqueous
organic solution results in a higher surface quality, which is useful for subsequent fiber fabrication. Figure 6 shows
the optical losses of the fluorozirconate optical glass fibers fabricated from preforms with the different surface
treatments. The optical losses of the fluorozirconate optical glass fiber fabricated from the preform etched by the
nonaqueous organic solution were lower at different wavelengths than those fabricated from the preform etched by
the aqueous acid solution. It is evident that the fluorozirconate glass surface treatment with the nonaqueous organic
solution was more effective at eliminating surface and subsurface defects and removing impurities, which increases
the scattering and absorption losses compared to the traditional surface treatment using aqueous acid solution. The
weibull failure probabilities of the fluorozirconate glass fibers fabricated from preforms with the two surface
treatments are displayed in Fig.7. The median tensile stress at failure is about 300 MPa for the fiber fabricated from
the preform etched by aqueous acid solution and about 450 MPa for the fiber fabricated from the preform etched by
nonaqueous organic solution. Therefore, it is shown that fluorozirconate glass preform surface treatment with
nonaqueous organic solution was more effective in removing failure-producing defects than that with aqueous acid
solution.

Conclusions In order to decrease optical losses at the fluorozirconate glass fiber core/cladding interface, the
method to treat the preform surface using nonaqueous organic solvents is investigated. When comparing the surface
quality of the preform and the performance of the resulted fiber after treatment with nonaqueous organic solvents or
traditional aqueous acid solution, it is evident that the treatment with the former allows for the fabrication of an
fluorozirconate glass fiber with lower optical losses and higher strengths than that with the latter.

Key words materials; surface treatment; fibre preform; fluorozirconate glass; non-aqueous system; optical loss
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