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ABSTRACT: The work aims to improve the wet ability of carbon fiber applied in copper-water flat loop heat pipes and com-
pare the advantages of different modified methods. The electroplate copper and flame spraying process metal powder were re-
spectively used to form uniform copper plate and metal coating on the carbon fiber to modify the surface of carbon fiber. The
treated surface morphology, improved wet ability and pumping of capillary wicks were characterized by high-speed camera,
SEM and IR camera. The suction range was measured by IR image and mathematical model was established to quantitatively
calculate the capillary pumping properties of carbon fiber after modification by two methods. As for the modified carbon fiber

wicks by two methods, the internal porous structure was not damaged and the wet ability was improved significantly. The liquid
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drop could be absorbed into the fiber quickly after falling on the carbon fiber. The electroless plating was dense and flat and the

flame spraying coating was free from crack and peeling off. The capillary pressures and permeability of the electroless plated

carbon fiber capillary wicks were 3.2 kPa and 3x10™"" m? while those for flame spraying metal coated carbon fiber were 2.94

1.2

kPa and 8.16x10"" m“respectively. These two methods both made the carbon fiber meet the requirements of flat loop heat pipe

capillary wicks by modification. The treatment to the surface of carbon fiber by electro plating and flame spraying can improve

the wettability of carbon fiber and then make the internal porous structure exhibit the capillary pumping ability for water. Car-

bon fiber can be used to replace the traditional sintering and metal mesh capillary wicks due to the flexible thickness not being

limited by the evaporator size.

KEY WORDS: loop heat pipe; carbon fiber; chemical-plating; flame spraying; capillary force; wet ability
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Tab.1 Solutions and conditions used for electro plating

Process Time/min  Temperature/C Solution
Dissolving 10 80 30 g/L Na,CO;+50 g/L NaOH
Coarsening 20 25 50 g/L (NHy),S,05+(1.84 g/cm®, 200 mL/L) H,SO4
Neutralizing 10 25 240 g/L NaOH
Sensitization 20 40 50 g/L SnCl,+50 mL/L HCl
Activation 20 25 0.1 g/L PdCl,
Copper-plating solution 20 40~50 20 g/ CuSO,4+20 g/L. Anhydrous sodium carbonate+40 mL/L. HCHO+

10 g NaOH+45 g/L NaKC4H406'4H20
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Tab.2 Parameters of flame spraying metal powder

Items Cu-Al coating
Fuel flow rates (Oxygen)/(L-min™") 28
Fuel flow rates (Hydrogen)/(L-min™") 56
Gas pressure/Pa 344737.9
Cu feed rate/(kg's™") 2.3x107*
Al feed rate/(kg-s™") 1.6x10™*
Spray distance/mm 100
Number of passes 10
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Fig.1 Schematic diagram of experiment platform to quantify
the capillary pumping rate of the modified capillary wick
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Fig.2 SEM micrographs of original and modified carbon
fiber: (a) original carbon fiber; (b) carbon fiber modified
by copper chemical-plating; (c) carbon fiber modified by

flame spraying Al-Cu mixed powder
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Fig.3 Pictures of wettability of water drop on the carbon fiber surface by high-speed camera:
(a) Non-modified wick; (b) Wicks modified by copper chemical-plating; (c) Wicks modified by flame spraying
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Tab.3 Fitting results of the linear regression analysis for carbon fiber modified
by copper chemical-plating and flame spraying

-k -
Item —= — /(m*s ") pek /(m-s™") AP, -k [(x107°N) AP, /kPa K107 m?)
He He
Chemical 0.000 12 0.000 37 9.6 3.2 3
Sparying 0.0003 0.001 24 2.94 8.16
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