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Preparation and Properties of Ni-P Coating on Quartz Fiber Surface
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(1. National Innovation Institute of Defense Technology, Academy of Military Sciences, Beijing 100071, China; 2. School of
Materials Science and Chemical Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In view of the complex and immature preparation process of metal coating fiber, the preparation technology of the
metal coating on quartz fiber surface was optimized, and the properties of the optimized coating were studied. The
pretreatment without coarsening was used in the experiment. SEM and EDS were used to characterize the microstructure of the
coating. The bonding strength and tensile strength of the coated fiber were analyzed by thermal shock test and tensile test, and
the thermal management capability of the metal coating fiber after passing light was tested by infrared thermal imager. The
results show that: the optimized pretreatment process is as follows when removing the protective layer, the acetone will soak
for more than 15 min; when removing oil, the concentration of NaOH solution will be 30 g/L; the soaking time should be more
than 15 min. The sensitization and activation temperatures are 35 °C and 10 min. The coating grain on the surface of the
optical fiber is evenly distributed and uniform in size, and it is well combined with the substrate. The maximum tensile
strength is 2783 MPa on average, which is 52.93% higher than that of the bare optical fiber. After light transmission, the
passing power reaches 5.74 W, when the tolerable temperature of the surface of the metal coating fiber reaches 100 “C. The
power and temperature can continue to increase, which can overcome the weakness of being easy to burn caused by the fiber
surface temperature rising.
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Fig.1 Experimental process flow chart of metal coated optical fiber
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Fig.2 SEM images of bare fiber after immersing in acetone at different time
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Table 1 Effects of acetone treatment time on coating quality

No. Time/min Coating

1 5 Uneven coating, plating leakage
2 10 The plating is rough

3 15 Uniform coating, excellent quality
4 20 Uniform coating, excellent quality
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Table 3  Effects of temperature and time of sensitization and

activation on coating quality
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Table 2  Effects of time and NaOH concentration on the coating

No. Temperature / ‘C Time/min  Plating Ni-P optical fiber

14 15 5 No metal coating

15 15 10 No metal coating

16 15 15 No metal coating

17 25 5 Blackened

18 25 10 Uneven coating, dark color
19 25 15 Uniform coating, dark color
20 35 5 Uniform coating, light color
21 35 10 Uniform coating, bright color
22 35 15 Uniform coating, bright color
23 45 5 Uneven coating, dark color
24 45 10 Uneven coating, dark color
25 45 15 Uneven coating, dark color

quality
No. NaOH concintratlon/ Tll’l’.le/ Coating
(gL™hH min
5 20 10 Obvious plating l.eakage,
uneven coating
6 20 15 Slight plating l.eakage,
loose coating
7 20 20  Dull color, no plating leakage
3 25 10 Slight plating l.eakage,
loose coating
9 25 15 Dull color, no plating leakage
10 25 20 Coating }mlform, dense,
bright color
11 30 10 Dull color, no plating leakage
12 30 15 Coating }1n1form, dense,
bright color
13 30 20 Coating }mlform, dense,
bright color
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Fig.3 Metallographic picture of the optical fiber Ni-P coating
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Table 4 Maximum tensile strength of Ni-P coated fiber

Serial number Bare fiber / MPa Plating Ni-P optical fiber / MPa

1 1810 2800
2 1850 2730
3 1800 2820
Average value 1820 2783
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Fig.6 Strength-time curves of fiber tensile
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Table 5 Optical conductivity of Ni-P coated fiber

No. Electricity / A Input power / W Through the power / W Proportion / % Note
1 14.0 69.5 69.0 99.28
2 0.88 1.692 1.363 80.57 Ni-0.5h
3 1.55 5.74 5.3 92.58 Ni-1.5h
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Fig.8 Infrared heat images of Ni-P coated optical fiber
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