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不同加热方式对 Ni2P 2SiC化学复合镀层性能的影响

王　兰 , 邵红红 , 蒋小燕

(江苏大学材料科学与工程学院 , 江苏 镇江 212013)

[摘　要 ]　采用炉内加热处理和激光加热处理两种方式对 N i2P 2SiC化学复合镀层进行了晶化

处理。运用显微硬度计、M 22000磨损试验机等对采用两种加热方式处理后的 N i2P 2SiC复合镀层进

行了性能测定。结果表明 ,采用激光加热处理后 ,复合镀层的硬度和耐磨性均高于经炉内加热处理的

镀层。
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0　前　言

化学镀 N i2P合金以其工艺简便、镀层厚度均

匀、性能优良等特点而日益受到重视。在化学镀液

中加入适量 SiC粒子制取的 N i2P 2SiC复合镀层 ,

不仅具有化学镀 N i2P层的优良性能 ,而且当第二

相不溶性硬质微粒 SiC复合在化学镀镍层中时 ,将

获得更高的硬度和耐磨性 [ 1 ]。但 N i2P2SiC镀态时

多为非晶态 ,这是一种热力学亚稳定态 ,经过适当

的加热处理可发生晶化转变 ,晶化后 N i 2P 2SiC镀

层的硬度和耐磨性比镀态时又有进一步提高。因

此实际使用的镀件多是经过适当加热处理的。目

前对化学镀层的晶化处理都采用炉中加热 ,但要获

得高硬度、高耐磨的镀层 ,加热温度通常要在 400

℃左右 ,这一温度范围对很多要求淬火 +低温回火

的工具和模具钢来说偏高 ,会导致基体硬度降低 ,

从而使镀层应用受到一定的限制。激光作为一种

高密度能量源 ,已广泛应用于钢的表面淬火领域 ,

与炉中加热相比 ,激光加热可以只对镀层进行处

理 ,避免了对基体的影响。但国内对复合镀层激光

处理的研究报道较少 ,为此 ,研究了 N i2P 2SiC复合

镀层经炉内加热和激光加热两种不同的加热方式

处理后镀层硬度和耐磨性的变化 ,以选择出更适合

镀层镀后热处理的方式 ,扩大镀层的应用领域。

1　试　验

1. 1　试验材料

试验材料为退火态 45钢 ,尺寸为 19. 5 mm ×

10. 0 mm ×8. 0 mm。

1. 2　镀液配方

硫酸镍 25～30 g/L

次磷酸钠 20～25 g/L

柠檬酸三钠 10～15 g/L

乙酸钠 10～15 g/L

乳酸 30 g/L

碳化硅 6 g/L

醋酸铅 3 mg/L

pH值 4. 4～4. 6

温度 88～90 ℃

机械搅拌 420 r/m in

本试验在镀液中加入了具有催化活性的 SiC

固体颗粒 ,其在镀液中易成为结晶核心 ,从而使镀

液发生自分解 ,生成金属镍的颗粒 ,导致镀液很快

失效。为了避免这种现象的发生 ,在镀液中加入了

适量的醋酸铅 , Pb
2 +对镀液中次磷酸钠的氧化反应

具有明显的阻化作用 ,它的加入可以在很大程度上

推迟镀液的自分解 ,从而能够稳定镀液。

1. 3　试验方法

镀层 :将经过预处理的样品放入上述镀液中镀

覆 2 h,用金相显微镜测量镀层厚度 ,约为 25μm。

加热处理 :将所镀样品分别进行炉内加热处理

和激光加热处理。炉内处理样品的加热温度分别

为 200, 250, 300, 350, 400, 450, 500, 550 ℃,其中除

200 ℃保温 6 h外 ,其他均为 1 h。样品激光处理采

用 CO2连续轴流激光器进行 ,试样表面涂黑色吸收

涂料 ,本次试验在光斑直径为 3 mm,扫描速度为
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0. 5 m /m in的条件下 ,通过改变激光输出功率来研

究对复合镀层的影响 ,其功率分别为 150, 200,

250, 300, 350, 400, 450, 500, 550, 600 W。试验中为

防止样品发生氧化 ,辐射区域采用氩气保护。

表面形貌及成分 :采用扫描电镜、能谱仪和 X

射线衍射仪对镀态和处理后的镀层进行表面形貌、

成分及物相分析。硬度 :在 HXD 21000T型数字显

微硬度计上测定镀层的硬度 ,载荷 1 N,加载时间

15 s。磨损试验在 M 22000型磨损试验机上进行。

2　试验结果与讨论

2. 1　不同加热方式对镀层硬度的影响

N i2P 2SiC复合镀层镀态下的平均硬度为 685

HV1 N。为了进一步提高镀层的硬度 ,按试验方法

对镀层进行加热处理 ,表 1和表 2分别是炉内加热

处理和激光加热处理后镀层的硬度值。

表 1　炉内加热处理后镀层的硬度值

加热温
度 /℃

200 250 300 350 400 450 500 550

硬度值 /
HV1 N

714 798 1 032 1 343 1 247 1 148 984 753

表 2　激光加热处理后镀层的硬度值

功率 /
W

150 200 250 300 350 400 450 500 550 600

硬度 /
HV

676 743 827 1 012 1 128 1 359 1 436 1 185 967 818

从表 1和表 2可以看出 ,镀层经过两种方式加

热后 ,镀层硬度都呈先上升后下降的趋势 ,其原因

是在加热晶化转变过程中 , N i3 P的析出和 SiC粒子

弥散硬化的共同作用导致镀层硬度逐渐升高 ,当

N i3 P析出量达到最大后 ,继续升温或提高激光输出

功率 ,均会使 N i3 P聚集粗化 ,从而镀层使硬度又逐

渐下降。而激光处理后镀层的最高硬度高于炉内

处理的最高硬度 ,其原因是采用激光热处理后 ,析

出 N i3 P的数量比炉内加热处理的多 [ 2 ]
,并且还析

出了稳定的 N i2 Si化合物 ,这一点可以从图 1的 X

射线衍射图谱上得到证实。析出的 N i2 Si会对晶

界起到钉扎作用 ,抑制晶粒的长大 ,并且这种化合

物在镀层晶化的过程中容易发生沉淀 ,从而硬化了

镀层 [ 3 ]。

2. 2　不同加热方式对镀层耐磨性的影响

镀层耐磨性采用 M 22000型磨损试验机测量。

图 1　镀层经不同功率激光处理后的 XRD图谱

采用平板与圆环滑动摩擦 ,平板即为被磨件 (镀

件 ) ,将其固定 ,圆环为对磨件 ,材料为 GCr15钢 ,

淬火 +低温回火 ,硬度为 62 HRC,对磨件转速为

400 r/m in,载荷为 196 N,间歇滴油 ,试验时先将对

磨件与被磨件在不加载荷的情况下跑合 20 m in,然

后在加载的情况下磨损 7 h,试验中每隔 1 h称重

一次。试样磨损前后用 BP211D型万分之一的电

子天平称量磨损量 ,摩擦系数μ按下列公式计算得

出 :μ= T / (R ×P) , T为摩擦力矩 ,可在试验机上直

接读得 , P为试样所承受的垂直载荷 ,即为 196 N,

R为下试样的半径 ,本试验中 R为 20 mm。表 3是

炉内加热处理及激光加热处理后镀层的磨损性能。

表 3　镀层的磨损性能

镀层处理方式 磨损量 / (mg·h - 1 ) 摩擦系数

350 ℃炉内热处理 0. 120 0 0. 089

400 ℃炉内热处理 0. 147 1 0. 102

400 W激光热处理 0. 144 3 0. 098

450 W激光热处理 0. 104 3 0. 077

由表 1和表 2已知 ,复合镀层在炉内 350 ℃热

处理时硬度值达到最大 ,而激光热处理时在 450 W

时硬度值达到最大 ,且 450 W激光处理后硬度值

高于炉内 350 ℃处理的硬度值。结合表 3可知 ,镀

层 450 W激光热处理后 ,其磨损失重小于炉内 350

℃加热处理 ,并且 450 W时硬度值最高时 ,其摩擦

系数最小 ,磨损失重也最小 ,这一现象符合摩擦学

原理 ,即材料的高硬度能有效地提高材料抗黏着磨

损和磨粒磨损的能力。镀层经激光处理后 ,复合镀

层中 SiC体积分数增大 , SiC微粒间间距减小 ,有利

于润滑油膜的形成 ,在具有良好强化效果和耐磨性

能的 N i 2P合金基质的支撑下 ,硬质相 SiC的弥散

分布起着抗磨作用 ,并且析出的较炉内处理更多的

N i3 P以及新形成的 N i2 Si也对复合镀层的高耐磨

性起着积极的作用 ,从而使镀层的磨损量减小。

图 2a和 2b分别为经过两种方式加热的镀层
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磨损试验后的表面形貌。从图中可以看出 , SiC粒

子都均匀地分布在 N i2P合金基质上 ,但炉内加热

处理的复合镀层表面有很多大的犁沟 ,而激光处理

的复合镀层表面仅有少数小的轻微的犁沟 ,而且磨

损试验后磨痕基本上还未到基体 ,这表明复合镀层

激光处理后具有更高的耐磨性。

图 2　不同热处理后镀层的磨损形貌

两种处理方式加热后镀层磨损后的表面成分

能谱图见图 3。由图 3可以看出 ,复合镀层经炉内

350 ℃和激光 450 W处理后磨损表面均出现了微

量的铁元素 ,表明在磨损过程中发生了黏着磨损现

象 ,铁为对磨件 GCr15钢的转移产物。复合镀层

激光 450 W处理后的硬度值高于炉内 350 ℃处理

的 ,由于高硬度可以有效地提高材料的抗黏着磨损

能力 ,所以前者的抗黏着磨损能力较后者强 ,因而

转移产物的数量也有所不同。

图 3　镀层磨损后的表面成分能谱图

3　结　论

(1) N i2P 2SiC化学复合镀层激光加热处理

后 ,会形成金属间化合物 N i2 Si。

(2) N i2P 2SiC复合镀层激光加热处理后在析

出 N i3 P的同时 ,还会析出部分 N i2 Si化合物 , N i3 P、

N i2 Si弥散析出以及 SiC的共同作用 ,有利于提高

镀层的硬度和耐磨性。

(3) N i 2P 2SiC复合镀层激光加热处理后 ,硬

度和耐磨性都优于炉内加热处理。
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detailed, while the op tim ized parameters for the m icroΟarc oxida2
tion of Mg alloy p ieces with large area were established. It was
anticipated that the relevant experimental results could be used to
guide the design of the craft and power source for the m icroΟarc
oxidation of largeΟarea Mg alloy p ieces.
Key words: magnesium alloy; m icroΟarc oxidation; p rocess craft

Applica tion of T iΟD oped Nanom eter Polym er Pa in t in Corro2
sion Protection of In sideΟW a ll of Electr ic Fan for Ca ta lyz ing
and Reform ing Fac ility
WANG W ei (O il Refining Factory, Daqing Petroleum Company,
Daqing 163711, China). Cailiao B aohu 2006, 39 ( 10) , 71～73
(Ch). The causes leading to the corrosion of the insideΟwall of
the electric fan in the heating stove for catalyzing and reform ing
facility were detailed. Then TiΟdoped nanometer polymer anticor2
rosion paint was used to p revent such a type of corrosion. The
p rimary field test results indicated that it was feasible to p revent
the insideΟwall of the electric fan from corrosion by coating with
the TiΟdoped nanometer polymer paint, and the titled paint was
advantageous in term s of the costΟeffectiveness.
Key words: electric fan shell; Ti Οdoped nanometer polymer
paint; corrosion p rotection

Env ironm en ta lly Acceptable Chem ica l Conversion F ilm for
A lum inum and Its A lloys
LUO KunΟying, YU GuoΟqiang, L I DaΟxu ( Guangzhou Electric
Apparatus Research Institute, Guangzhou 510302, China). Cail2
iao B aohu 2006, 39 (10) , 74～75 (Ch). An environmentally ac2
cep table chem ical conversion agent CFΟ5 was formulated from non
Οtoxic titanium salt, zirconium slat, and organic polymer so as to
rep lace the conventional toxic chrom ium (Ⅵ) passivation agent
used for alum inum and its alloys. The corrosion resistance of the
conversion film was p rimarily investigated. A s the results, the fi2
nal chem ical conversion fluid was suggested to be composed of
0. 10～2. 00 g/L PO3 -

4 , 0. 05～1. 00 g/L Ti4 + , 0. 05～1. 50
g/L Zr4 + , 0. 30～1. 50 g/L F - , 0. 50～2. 00 g/L oxidizing a2
gent, 0. 05～3. 00 g/L organic polymer (waterΟsoluble epoxy
resin or acrylic acid polymer). It was feasible to p repare desired
chem ical conversion film of good adhesion to organic coatings and
good corrosion resistance using the established conversion fluid.
Key words: chem ical conversion film; alum inum and its alloys; ti2
tanium; zirconium; organic polymer; nonΟtoxic; corrosion resist2
ance; adhesion

Effect of Hea t Trea tm en t on Hardness and W ear Resistance
of Electroless N iΟPΟS iC Com posite Coa ting
WANG Lan, SHAO HongΟhong, J IANG Xiao Οyan ( School of
Material Science and Technology, J iangsu University, Zhenjiang
212013, China). Cailiao B aohu 2006, 39 ( 10) , 76～78 ( Ch).
Electroless N iΟP ΟSiC composite coatings were crystallized via
heating in furnace and heating with laser, respectively. The effect
of the heatΟtreatment on the hardness and wear resistance of the
N iΟPΟSiC composite coating was investigated based on measure2
ment of the hardness and evaluation of the wear resistance on an
M Ο2000 type test rig. It was found that the electroless N iΟPΟSiC
composite coating subject to laser heatΟtreatment had high hard2
ness and better wear resistance than that heated in furnace. This
could be attributed to the differences in the m icrostructures of the
composite coatings after being heatΟtreated in different modes.
Key words: electroless composite coating; N iΟPΟSiC; heat treat2
ment; hardness; wear resistance

Character istics and Applica tion of W a terΟRetr iev ing Pa in t2
ing Booth w ith M ovable Gan try
FANG J in, L IU Yong, WANGW enΟpeng (No. 6 Institute of Pro2
ject Planning & Research, M inistry of Machinery Industry,
Zhengzhou 450007, China). Cailiao B aohu 2006, 39 ( 10) , 79～
81 (Ch). The buildup, action, and structural design of waterΟre2
trieving painting booth with movable gantry were elucidated,
while the design characteristics, cost, and app lication of the
painting booth were introduced aswell. The field test results indi2
cated that the developed waterΟretrieving painting booth with mov2
able gantry was characterized by structure refinement, convenient
operation, and low cost. The painting booth could be well used to
imp rove the sp ray coating quality of workp iece and the operation
conditions as well, and in particular, it was app licable to the
sp ray coating of hardΟtoΟmove large scale workp iece.
Key words: coating; movable gantry; waterΟretrieving painting
booth; design; characteristics; app lication

Applica tion of Arc Spray ing Technology in Protection of
M em brane W a ter W a ll of Ga s Hood for Converter
WANG YinΟjun1 , LUO J iaΟzhi2 , ZHANG CaiΟgui2 , WANG Xi2
aoΟjian1 (1. Technology Center, Meishan Steel Co. L td, Nanjing
210039; 2. Meishan Steelmaking M ill, Nanjing 210039, Chi2
na). Cailiao B aohu 2006, 39 ( 10) , 82～83 ( Ch). The working
conditions and the causes leading to leakage of membrane water
wall of gas hood for converter were analyzed. In connection with
the common faults such as wear, corrosion, and crack of the
membrane water wall, it was determ ined to app ly suitable sp ra2
ying materials and technology to get rid of the faults. Thus the
membrane water wall was p retreated by sand blasting. Then an
intermediate A l5N i95 coating and working coating KBF3 were
sp rayed. Finally, the sp rayed coatings were subject to airp roof
treatment. The membrane water walls after the aboveΟmentioned
surface modificationswere used to the converter gas hood inMeis2
han SteelmakingM ill. Encouragingly, the crack and leakage phe2
nomena of the membrane water wall in field test were significantly
restrained, which could be critical to extending the service lifes2
pan of the converter gas hood.
Keywords: arc sp raying; converter gas hood; membrane waterwall

D eterm ina tion of Trace Chrom ium ( Ⅵ ) in Electropla ting
W a stewa ter by Spectrophotom etry w ith P iperona l Fluores2
cence Ketone
PENG RongΟhua, L I XiaoΟxiang ( School of Chem istry and Chem2
ical Engineering, Hunan University of Science and Technology,
Xiangtan 411201, China). Cailiao B aohu 2006, 39 (10) , 84～85
(Ch). In the buffer solution of NH4 ClΟammonia with a pH value
of 9. 5, Cr(Ⅵ) reacts with p iperonal fluorescence ketone to form
a blue comp lex in the p resence of surface active agent CTMAB.
Thus a method to determ ine trace Cr (Ⅵ ) in electrop lating
wastewater was established accordingly. Itwas found that the blue
comp lex had a maximum absorp tion at 600 nm and an apparent
molar absorp tivity of 1. 31 ×105 L / (mol·cm ). The molar ratio
of Cr(Ⅵ) to p iperonal fluorescence ketone in the comp lex was
1ζ 2. Moreover, Beer’s law was obeyed for Cr(Ⅵ) in the range
of 0～42μg/L, and the recovery of the standard addition of Cr
(Ⅵ) was as much as 95. 5%～106. 1%. In general, the trace
Cr (Ⅵ) in electrop lating wastewater could be readily and accu2
rately determ ined using the established method.
Key words: Cr (Ⅵ) ; electrop lating wastewater; p iperonal fluo2
rescence ketone; spectrophotometry; determ ination
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