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植酸在金属防护中的应用现状及展望
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[摘 　要 ]　介绍了植酸的分子结构、生产方法和特殊性质。阐述了目前植酸的主要研究和应用

现状 ,如在金属防护中充当阴极型缓蚀剂、用于电镀或化学镀的配位体、用作成膜型的金属钝化剂、在

磷化及水性涂料中用作多功能助剂以及其他金属防护领域中的应用 ,并指出了目前存在的主要问题

和今后发展和研究的方向。
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0　前 　言

传统的金属钝化多采用物美价廉的铬酐或铬

酸盐 [ 1 ]等六价铬化合物 ,其对基体金属具有良好

的保护作用。但铬类化合物毒性较大且又具有强

烈的致癌作用 [ 2 ]
,目前世界各国对其使用和废水

排放都做出了严格的限制 ,禁止使用铬类化合物已

成必然趋势。因此 ,采用环境友好的有机或无机物

来取代铬类化合物已迫在眉睫 [ 3～5 ]。目前 ,国内外

关于无铬钝化的研究已取得一定的进展 ,并提出了

一些可能作为铬类化合物的安全环保的替代物 ,如

有硅酸盐或聚硅酸盐 [ 6 ]、稀土元素 [ 7～9 ]、钼酸盐 [ 10 ]

或钨酸盐 [ 11 ]、纳米硅溶胶 [ 12 ]及其他有机物 [ 13, 14 ]

等。这些替代物对金属材料都具有一定的钝化作

用 ,但大部分研究仍停留在试验阶段 ,存在着种种

难以解决的困难而无法工业化应用。植酸具有特

殊的分子结构和很强的螯合作用及一定的成膜性 ,

且无毒无污染 ,因而引起了关注。国内在 20世纪

90年代开始植酸应用于金属防护技术的研

究 [ 15, 16 ] ,至今已经获得了一定的研究成果 [ 17～19 ]。

1　植酸分子结构

1872年 Preffer发现植酸 ,直到 1969 年才由

Graf E等确定其分子结构 [ 20～22 ]。植酸学名为环己

六醇六磷酸酯 ,全称为 1, 2, 3, 4, 5, 6 2二氢磷酸肌

醇 ( IUPAC ) , 分子式为 C6 H18 O24 P6 , 分子量为

660108,室温下为无色或淡黄色液体 ,其结构式见

图 1。植酸分子中含有 12个未反应磷羟基 ,故易

溶于水 ,且水溶液具有较强的酸性。此外 ,它能同

金属配位的 24个氧原子 , 12个羟基和 6个磷酸酯

基。因此 ,植酸可以在较宽的 pH值范围内与金属

离子形成多个螯合环 ,得到化学性质很稳定的配合

物。对各金属离子的具体配位常数见表 1[ 19 ]。因

为植酸分子中的 6个碳原子的空间构型为椅型 , 6

个磷酸基只有一个处在 a位 ,即与对称轴平行 ,其

他 5个均在 e位上 ,与对称轴成 10915°,呈平伏状

(见图 1) ,为了便于描述 ,对植酸中的 6个磷酸基

进行了编号 , P1 即是处于 a位的磷酸基 ,这样一

来 ,就有 P1 , P2 , P4 以及 P6 所代表的 4个磷酸基处

于同一平面上 ,所以 ,植酸在金属表面与金属发生

配位反应时 ,易在金属表面形成一层致密的单分子

保护膜 ,能有效地阻止腐蚀介质渗入金属表面 ,从

而起到防护作用。同时 ,经植酸处理后的金属表面

形成的单分子有机膜层同有机涂料具有相近的化

学性质 ,而且 ,膜层中含有的磷羟基和酯基等活性

团可与有机涂料中的极性基团形成氢键或发生化

学反应 ,故植酸处理过的金属表面与有机涂层黏接

图 1　植酸结构图
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性更好。
表 1　不同 pH值下植酸对金属离子配位常数 　lgk

pH值
金属离子

Mg2 + Ca2 + Fe3 + Co2 + N i2 + Cu2 + Zn2 +

1 8147 8163 16145 1138 2159 9121 15150

2 10128 8123 16130 2166 2198 9183 15143

3 9156 9173 16184 2112 2105 10141 15150

4 10185 10102 17121 7117 3189 10143 15185

5 10177 10105 17135 15154 13149 10185 14196

6 10155 10187 17163 15127 14192 10191 15105

　　植酸广泛存在于各种动植物体中 ,以脱脂米糠

中含量较高 [ 20, 21 ] ,一般为 10% ～11% (质量分

数 )。日本于 1979年公开的昭 54 281309提出的米

糠法实现了植酸的工业化生产 ,随后国内杜志

政 [ 22 ]和李艺等 [ 23 ]分别采用不同的方法制备植酸 ,

但仅能提取其中含量的 1 /4 ～1 /2,且浓度仅为

40%左右。由于国内米糠来源较少 ,吕广宇 [ 24 ]研

究了以棉籽为原料生产植酸的方法 ,并已初见成

效。植酸毒性极低 ,小白鼠口服半致死量 (LD50 )为

4 192 mg/kg,高于食盐的半致死量 (LD50 = 4 000

mg/kg) [ 25 ]
,使用不会造成任何环境污染。

2　应用及研究现状

211　缓蚀剂

植酸易溶于水且对金属离子有极强的螯合性 ,

因而国外很早将其应用于热交换器冷凝水的缓蚀

剂 [ 26 ] , Notoya等 [ 27 ]还研究了植酸盐对铜管的缓蚀

机理。早在 1985年就表明 [ 28 ] ,热交换器的冷凝水

中加入 5 ×10 - 6 (质量分数 )的植酸可以有效地延

缓铜质换热管的腐蚀。对于钢质材料的换热器 ,植

酸盐与苯甲酸盐适当复配的缓蚀作用也非常

好 [ 29 ]。在国内 ,雷学军等 [ 30 ]研究发现 ,在冷凝水

中加入植酸 ,不但可以延缓设备的腐蚀 ,而且可有

效地“软化 ”硬水。王林等 [ 31 ]采用 XPS研究了植

酸钙和植酸镁对铜在饮用水中的缓蚀行为 ,其缓蚀

效率分别达到 9317%和 9212%。熊金平等 [ 32 ]研

究发现 ,植酸对碳钢材料而言是一种阴极型缓蚀

剂 ,它在碳钢表面的吸附层抑制了氧气在界面上的

传质。张洪生 [ 33 ]和齐勇 [ 34 ]采用植酸作为气相缓

蚀剂 ,缓蚀效果已优于目前广泛采用的亚硝酸二环

己胺 ,但使用量一定要恰当 ,过量的植酸反而会加

速腐蚀。植酸很有可能作为新一代的性能优异且

环境友好的缓蚀剂。

212　配位体

植酸可以在较宽的 pH值范围内与各种金属

离子形成稳定的配合物。日本专利昭 55 2164067

报道了将植酸应用于电镀锌的配位体以替代氰化

物的研究成果。国内陈自然等人 [ 35, 36 ]研究了植酸

在电镀锌和铁镍合金中的应用 ,发现植酸不但可以

代替氰化物作为配位体 ,而且将其用于镀前处理还

可以提高镀层的结合力。在镀锌液中加入植酸 ,可

以获得具有宽广的光亮电流密度范围和工作温度

范围及极强的走位能力 (深镀能力 )的镀液 [ 37 ]。同

样 ,植酸也可以应用于各种化学镀。侯新初 [ 38 ]采

用植酸与柠檬酸的复配作为化学镀镍的配位体 ,获

得了稳定的化学镀镍液。徐瑞东 [ 39 ]等人研究了植

酸作为镍磷合金抗蚀防变色剂 ,其抗变色能力优于

苯甲酸钠、钼酸钠和 EDTA。但不同的 pH值和温

度对植酸的配位能力有一定的影响 [ 40 ]
,应该根据

镀液情况调节合适的 pH值 ,尽可能提高植酸的使

用效率。

213　成膜型金属钝化剂

植酸分子可以同时与多个金属离子配位 ,未反

应磷羟基之间可通过氢键或脱水反应而连接 ,进而

形成高交联密度的空间网状植酸 (盐 )钝化膜 ,有

效地阻止腐蚀介质渗入金属表面 ,从而减缓金属的

腐蚀。Shimakura等 [ 41, 42 ]
,采用植酸盐复配作钝化

剂和硅烷偶联剂作附着力促进剂 ,研究了无铬钝化

得到的植酸钝化膜的耐蚀性接近于低铬钝化。

W ippermann[ 43 ]和 Manov[ 44 ]等采用电化学测量的方

法 ,研究了植酸对镀锌层的钝化作用和机理。国内

对植酸应用于金属钝化剂的研究也比较多 ,朱传

方 [ 45, 46 ]等研究发现 :对于镀锌层表面的钝化 ,植酸

钝化效果抗腐蚀能力优于其他羟基膦酸 ;植酸是替

代无铬钝化比较有实际应用意义的途径之一。采

用植酸对钢质传热管进行表面处理 ,同样可以在金

属表面形成致密的钝化层 ,获得良好的防蚀性

能 [ 47 ]。经过植酸处理的铁片腐蚀率为 01031

mm /a,远小于磷酸盐和亚硝酸盐钝化处理的铁片

(腐蚀率 01473 mm /a) [ 48 ]。最近 ,田冰 [ 49 ]研究的

植酸钝化技术已应用于钢轨的防腐蚀 ,赵家文 [ 50 ]

研究的植酸盐转化膜技术以及肖国华 [ 51 ]和李金

泉 [ 52 ]分别研制的植酸作为金属防锈处理剂也先后

获得了国家专利 ,这些会为我国植酸钝化技术的推
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广应用和工业化进程奠定基础。随着更多的研究 ,

植酸钝化将会成为替代铬酸盐钝化的最主要方法

之一。

214　金属磷化多功能助剂

由于植酸及植酸盐特殊的空间网状结构及配

位物的高稳定性 ,其在金属磷化中也得到了推广和

应用。Seidel
[ 53 ]在磷化液中加入植酸 ,提高了磷化

膜的耐蚀性和成膜性。陈洪希 [ 54 ]亦发现 ,在低温

磷化液中加入植酸 ,不但可提高磷化膜的耐蚀性和

成膜性 ,而且还能克服低温磷化液所需添加剂多、

工艺复杂的缺点。余取民专利 [ 55 ]提到 ,在磷化液

中加入适量的植酸可以提高磷化膜的耐蚀性和机

械强度。一直以来 ,金属磷化因为能耗大、工艺复

杂和环境污染较严重而受到限制 ,适当引入植酸及

植酸盐 ,可较好解决上述问题。

215　水性涂料多功能助剂

植酸具有水溶性 ,且具有成膜性和缓蚀作用 ,

所以在水性防腐蚀涂料研发中备受“青睐 ”。Ya2
suhike

[ 56 ]以钛酸酯和钛酸盐作成膜剂 ,植酸作缓蚀

剂 ,有效地解决了水性涂料孔隙高的问题。采用反

应性乳化剂 ,并在水性涂料中加入植酸 ,不但可以

提高涂料的钙离子稳定性和涂层的耐蚀性 ,还可以

有效抑制水性涂料施工时对金属底材的“闪

蚀”[ 57 ]。杨昌柱等 [ 58 ]在水性涂料中加入植酸 ,不

但可以与金属表面的氧化层配位 ,与底层金属形成

配位物薄膜 ,同时还可使得 K4 Fe ( CN ) 6转化形成

的多孔疏松的膜层更加致密 ,从而更增强了整个膜

层在钢铁表面的附着力以及防锈防蚀的能力。在

目前的防腐蚀领域 ,水性涂料的防护能力与油性涂

料相比 ,差距还比较大 ,作为多功能助剂的植酸有

望缩小差距。

216　其他方面

植酸在其他金属防护领域中的应用也十分广

泛 ,如作为金属表面清洗剂中的多功能助剂 [ 59 ] ,不

但起缓蚀作用 ,还可以形成含磷羟基钝化膜提高与

环氧底漆的结合力 [ 60 ]。王有林等 [ 61 ]将植酸应用

于金属表面抗氧化剂也取得很好的效果。

3　存在问题及展望

目前 ,国内对植酸应用于金属防护的研究并不

多 ,特别是关于机理方面的研究 ,如植酸配位金属

的作用过程及机理等 ,而且绝大部分的观点和机理

还只是推测 ,缺乏明确的试验数据。研究植酸钝化

镀锌层的过程发现 ,植酸钝化膜很薄 ,估计只有几

百纳米左右 ,机械强度较差。虽然植酸钝化膜的耐

蚀性已经接近于低铬钝化 ,但由于植酸钝化膜不具

备自修复性能 ,钝化膜一旦被破坏 ,其防护性能将

会大幅减弱。目前这方面的问题主要有 : ( 1)植酸

的生产成本比较高 ,市场价高达 96 000 元 / t; ( 2 )

植酸钝化膜的厚度和机械强度的提高 ; (3)植酸配

位和钝化过程及机理的研究 ; (4)植酸钝化膜组成

结构的研究 ; ( 5)与钼酸盐、钨酸盐和硅溶胶等钝

化剂的复配 ,提高使用效果 ; ( 6)植酸与有机涂层

的兼容性研究。

综上所述 ,植酸可以应用于阴极型缓蚀剂、宽

适用范围金属离子的配位体、成膜型的金属钝化

剂、磷化及水性涂料的多功能助剂等 ,而且其环境

友好性在金属防护领域中具有广阔的应用前景 ,值

得大力推广和应用。希望科学工作者能够投入更

多的热情和精力 ,解决上述问题 ,为环境友好的金

属防护技术的研究贡献一份力量。
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传统低铬钝化的改进

　　低铬钝化以其节能、环保等诸多优点 ,已成为

当今主流的钝化工艺。但和传统的高铬钝化相比 ,

还存在着钝化膜结合力不好 ,钝化液调整频繁以及

钝化膜颜色不够鲜艳的缺点。

为此 ,我厂研制出了 KH 2CD彩钝稳定剂 ,改

善了低铬钝化的不足。本产品外观为棕红色 ,由硫

酸盐、冰乙酸和高锰酸钾等组成 ,工艺配方如下 :铬

酐 5 mL /L , KH 2CD 5 mL /L,硝酸 3 mL /L , pH值

0. 8～1. 3,室温 ,时间 5～8 s。

各成分及参数作用 :

(1) pH值 　pH值低 ,成膜速度快 ,膜层结合

力好 ,但易发雾 ,膜层表面好象罩着一层塑料布 ,感

觉不清亮 ; pH值高 ,成膜速度慢 ,膜层光亮 ,但结合

力不好。

(2)铬酐 　含量高、成膜速度快 ,但膜层结合

力不好 ,钝化膜容易呈现暗黄色 ;含量低、成膜速度

慢且钝化膜色彩偏浅 ,不鲜艳。

(3)硝酸 　在钝化液中有两个作用 ,第一起化

学抛光作用 ,可提高膜层光亮度 ;第二可调整并稳

定钝化液 pH值。

(4) KH 2CD彩钝稳定剂 　①硫酸盐在钝化液

中会解析出硫酸根离子 ,促进钝化膜的生成和提高

钝化膜的结合力。由于它是一种中性盐 ,因此它的

加入不会对钝化液的 pH值产生影响 ; ②冰乙酸在

钝化液中起缓冲 pH值的作用 ,有利于保持钝化液

pH值的稳定 ,减少钝化液的调整频度 ; ③高锰酸钾

能将钝化液中的三价铬氧化成六价铬 ,在钝化液中

三价铬呈绿色 ,六价铬呈红色 ,加入高锰酸钾能使

钝化膜外观偏红 ,色彩更鲜艳 ; ④钝化液中的硫酸

含量高 ,钝化膜结合力好。因为硫酸根能促进钝化

膜中三价铬化合物的生成 ,从而在钝化膜中生成

“骨架 ”效应 ,增强了膜层的结合力。相应的钝化

膜中三价铬含量高 ,膜层呈绿色。而硝酸能较好地

结合钝化液中的六价铬 ,相应地提高硝酸的含量 ,

钝化膜较多地呈红色。

基于以上的理论 ,在给出的配方中以中性的硫

酸盐取代了硫酸 ,在保持低铬钝化工艺正常 pH值

的前提下 ,较大限度地提高了硝酸的含量 ,同时与

配方中的高锰酸钾作用相协同 ,提高了钝化膜中六

价铬化合物的含量 ,使钝化膜突出鲜艳的红色。

(邯郸市永年科华表面处理厂 ,河北 邯郸

057150　郭志广 )
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p lated TiN, Ti(Ce) N, ( Ti, Cr) N, ( Ti, Cr, Ce) N, and CrN coatings were
p repared by introduction of 0. 5% (mass fraction) cerium in the cathodic
target. The morphologies of the coatingswere observed using a scanning e2
lectron m icroscope and the action of the rare earth cerium in imp roving
the particle conformation and compactness of the coatings was exp lored. It
was found that the coatingswere mainly composed of cobblestone2like and
circular particulates, and a little amount of ash inclusions originated from
the electric 2arc furnace also existed as impurities in the coatings, which
was much harmful to the quality of the coatings. Moreover, the introduc2
tion of the rare earth contributed to greatly decrease the amount of liquid2
dripp ing particles and increase the compactness of the coatings and hence
led to increased compactness of the coatings.
Key words: arc ion p lating; alloy coating; particle; Ce

Influence of Hea t2Trea tmen t in Vacuum on the O x ida tive and Elec2
trochem ica l Corrosion Resistance of Uran ium Surface O verla id w ith
Graph ite
ZHANG Guang2feng, YANG W ei2cai, WANG Xiao 2lin, LUO W en 2hua
(China Academy of Engineering Physics,M ianyang 621900, China) Cail2
iao B aohu 2005, 38 (12) , 20～22 (Ch). The corrosion resistance of ura2
nium surface overlaid with graphite after vacuum heat2treatmentwas stud2
ied making use of weight gain method and electrochem ical method. The
oxidation kinetics curves (Δm 2t) of the treated samp le were recorded at
100 ℃ and 150 ℃. Thus the thermal2oxidation behavior of the heat2trea2
ted samp les in atmosphere containing certain amounts of O2 and H2 O
( gas) and their resistance to chem ical corrosion in 50μg/g Cl - solution

were investigated. It was found that heat2treatment of the graphite coated
uranium surface contributed to greatly increase its resistance to thermal
and chem ical corrosion. Namely, at a constant heat2treatment duration of 5
h, the graphite coated uranium surface after heat2treatment at 600 ℃ in
vacuum had better corrosion resistance than the one heated at 500 ℃. A t
the same time, the electrochemical corrosion resistance of the heat2treated
uranium depended on the heating duration (2. 5～10. 0 h) and tempera2
ture (500～650 ℃) , and the one heated at 600 ℃ in vacuum for 5 h had
better corrosion resistance to chem ical attack.
Key words: vacuum heat2treatment; oxidation corrosion behavior; graph2
ite coating; uranium

Electropla ting Technology for Am orphous N i2P /Nano2S iC Com pos2
ite Coa ting

WANG Yua , GUO J in2biaoa , HE J ian2yinga, b , L ILeia , L IHui2qina , SUN
Dong2baia, b ( a. Corrosion and Protection Center; b. Engineering2Research
Center for Surface Nano2Technology, University of Science and Technolo2
gy Beijing, Beijing 100083, China) Cailiao B aohu 2005, 38 (12) , 23～25
(Ch). Hard and wear 2resistant nanoparticles of SiC were introduced in
the electrop lating bath for amorphousN i2P coating so as to p repare N i2P /
nano 2SiC composite coating. The influences of the technological parame2
ters such as bath temperature, current density, and SiC concentration in
the p lating bath on the P content and distribution of nano2SiC in the com2
posite coating were investigated. The morphologies of the composite coat2
ings were observed using a scanning electron m icroscope, while the hard2
ness of the coatings was determined using a nano 2m icrohardness instru2
ment. It was found that the content of nano 2SiC in the composite coating
increased with increasing electric current and the concentration of SiC in
the p lating bath. Moreover, the incorporation of nano 2SiC contributed to
greatly increase the hardness of the N i2P coating p repared at a bath tem2
perature of 60 ℃, with the maximum hardness of the N i2P2SiC composite
coating to be as much as 7. 4 GPa, which is much larger than that of the
amorphous N i2P coating.
Key words: electrop lating; N i2P amorphous coating; nano2SiC composite
coating; technology

Effects of Technolog ica l Parameters on Composition and Corrosion
Resistance of Electropla ted Fe 2Ni2Cr Alloy Coating
XU L i2jian1 , GONG Zhu 2qing1 , HE Xin 2kuai2 , SHEN Neng 2bin1 , DU
jing2 jing2 ( 1. School of Metallurgical Science and Engineering, Central
South University, Changsha 410083; 2. School of Packaging & Printing,
Zhuzhou Institute of Technology, Zhuzhou 412008, China) Cailiao B aohu
2005, 38 (12) , 26～28 (Ch). The op tim ization of the technology for elec2
trop lating Fe 2N i2Cr alloy coating based on fluoride 2sulphate electrolyte

was investigated, and the op timized p lating parameterswere determined so
as to p repare bright and compact Fe2N i2Cr alloy coating of excellent cor2
rosion resistance. A s the results, it was suggested to p repare the desired
alloy coating at op tim ized p lating conditions, i. e. , cathode current of 14
A /dm2 , bath temperature of 30 ℃, bath pH of 2, and concentration of
CrCl3 ·6H2O of 25 g/L. The target Fe 2N i 2Cr alloy coating was bright
and compact and had excellent corrosion resistance. Moreover, the corro2
sion resistance of the alloy coating increased with increasing chrom ium
content, and the Cr and Fe contents of the target alloy coating were 6%
(mass fraction) and 54% , respectively.
Key words: electrop lating; Fe2N i2Cr alloy coating; corrosion resistance;
technological parameter;

Effect of Technolog ica l Param eters on Composition and Structure of
Electrodeposited Ca lc ium Phospha te Coa tings
X IAO Xiu2feng, TANG Xiao2lian, GAO Yan2jiao, XU Yi2zhan, L IU Rong
2fang(College of Chem istry and Materials Science, Fujian Normal Univer2
sity, Fuzhou 350007, China ) Cailiao B aohu 2005, 38 ( 12 ) , 29 ～ 32
(Ch). The effects of cation to anion concentration ratio n (Ca) /n ( P) in
the electrolyte solution, the current density, and the temperature and pH
value of the electrolyte solution on the composition and structure of elec2
trodeposited calcium phosphate coatings were investigated by means of X 2
ray diffraction, Fourier transformation infrared spectroscopy, and scanning
electron m icroscopy. The results showed that the compositions and struc2
tures of the electrodeposited calcium phosphate coatings were highly de2
pendent on the p lating parameters. The electrodeposited calcium phos2
phate coatings deposited at Ca (NO3 ) 2 concentration of 0. 042 mol/L,
NH4 H2 PO4 concentration of 0. 008 4～0. 042 0 mol/L, pH value of 4. 0
～6. 0, current density of 0. 4～20. 0 mA /cm2 , and temperature of 0～90
℃ consisted of CaHPO4 ·2H2 O ( DCPD ) , Ca8 H2 ( PO4 ) 6 ·5H2 O
(OCP) , and Ca10 ( PO4 ) 6 (OH ) 2 ( HA ). The thermodynam ically unsta2
ble DCPD transformed to more stable OCP and HA with increasing tem2
perature, current density, pH value, and n (Ca) / n ( P) in the electrolyte,
which led to an increase of n (Ca) /n ( P) in the coatings. Moreover, the
crystalline HA coating p referentially oriented along the (002) p lane.
Key words: electrodeposition; calcium phosphate; hydroxyapatite; tech2
nological parameters; composition and structure

Curren t Sta te and Trend in Study of Electrochem ica lly D eposited
Copper for In terconnects of Ultra 2Large 2Sca le In tegra te C ircu its
ZHANG W ei1a , CHENG Dan 2hong2 ,WANG Jian 2yong1b , YU Zu 2zhan3

(1a. Deparment of Chem istry, 1b. School of Environmental and Chem ical
Engineering, Shanghai University, Shanghai 200044; 2. Department of
Training, China Executive Leadership Academy Pudong, Shanghai
201204; 3. Department of Chem istry, Fudan University, Shanghai 200433,
China) Cailiao B aohu 2005, 38 ( 12 ) , 33～38 ( Ch). A review, with re2
spect to the p lating bath composition, the app lication of pulsed electric
current, the electrodeposition device, and the p roperties of the electrode2
posited copper coating, was given on the current state and trend in the re2
search of electrochemically deposited copper used for interconnects of ul2
tra 2large 2scale integrate circuits(ULSI) . It was pointed out that the con2
ventional interconnects made of aluminum in ULSI manufacturing have
been rep laced by that made of copper at a fast pace, which could be at2
tributed to the lower resistivity and better electrom igration resistance of
copper than aluminum. A t the same time, itwould be worth noting that the
rep lacement of conventional A l interconnects is greatly contributing to re2
duce the RC delays and imp rove the reliability of the ULSI, which is also
beneficial to drive the development of various novel technologies and ma2
terials concerning copper interconnection. Specifically, electrochem ical
deposition of copper can be thought of as one of the rep resentative novel
key technologies for copper2interconnect fabrication.
Key words: electrochemically deposited copper coating; pulsed electrodepo2
sition; ultra 2large 2scale integrate circuits; interconnects

Curren t Sta te and Prospect of the Applica tion of Phytic Ac id in
M eta l Protection
HU Hui2li1, 2 , CHENG Jin2ning2 , L IN ing1, 2 ,WANG Ya2fen2 (1. Depart2
ment of Chem istry, Harbin Institute of Technology, Harbin 150001; 2.
Department ofOceanology, Harbin Institute of Technology2W eihai,W eihai
264209, China) Cailiao B aohu 2005, 38 (12) , 39～43 (Ch). The molec2
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ular structure, p roduction method, and special p roperties of phytic acid
were briefed. Then a review was given on the current state of research and
app lication of phytic acid with respect to its app lication as cathodic inhib2
itor for metal and alloy, comp lexing agent of electric and chemical p lating,
film 2forming passivant for metal, multifunctional additive in phosphorizing
bath and water2based paint, and other metal p rotection field. Moreover, the
issues to be resolved concerning the app lication of phytic acid were summa2
rized, and the directions for future research and development of phytic acid
app lication were suggested.
Key words: metal p rotection; phytic acid; chromate 2free passivation

Role of Com plexant in Tr iva len t Chrom ium Pla ting Ba ths
L I Guo 2hua1 , LA I Huan 2wen2 , HUANG Q ing2an2 (1. W annuo Electron2
ics Co. L td. of Guangzhou City, Guangzhou 510630; 2. Guangzhou U ltra
Union Chem icals Co. L td. of Guangzhou City, Guangzhou 510250, China)
Cailiao B aohu 2005, 38 (12) , 44～46 (Ch). W ith a view to the signifi2
cant effect of the comp lexant in trivalent chrom ium p lating bath on the
stability of the bath and p lating rate, the roles of the comp lexants ( e. g. ,
carboxylic acid, hydroxyl substituted carboxylic acid, am ino substituted
carboxylic acid and their salts) in the trivalent chrom ium bath were sum2
marized. It was pointed out the roles of the comp lexing agents could be
briefed as the follows. First, they were capable of increasing the electrode2
positing rate by way of form ing active comp lexing ions. Secondly, they
were able to retard the hydroxo 2bridge polymerization reaction. Thirdly,
they were able to shelter metallic impurities and hence decrease the
effects of the metallic impurities on the quality of the electrop lating and
maintain smooth ongoing of the electrop lating p rocess. Finally, they were
capable of increasing the stabilities of the electrop lating solution. Specific2
ally, it was imperative to select p roper comp lexing agent capable of form2
ing active comp lexed ions so as to ensure smooth chrom ium electrop lating
and obtain quality and thick chrom ium electrop lating.
Key words: chrom ium electrop lating; trivalem t chrom ium p lating bath;
comp lexant; role

Study on Corrosion Resistance of BTESPT Coa tings on A lum inum
A lloy Substra te
GUO Zeng2chang, WANG Yun 2 fang, WANG ru 2m in (Department of
Chemical Engineering, Northwestern Polytechnical University, Xi′an
710072, China) Cailiao B aohu 2005, 38 (12) , 47～50 (Ch). The surface
treatment of alum inum alloy by chromate is harmful to environment and
toxic to human being, therefore it is imperative to develop novel and feasi2
ble“green”surface treatment technique so as to rep lace the conventional
chromate 2based surface 2modification technique. Thus bis2[ 3 2 ( triethox2
ysilyl) p ropyl] tetra 2sulfide (BTESPT) was hydrolyzed in the p resence of
acid catalyst to generate the hydrosol as a surface treatment liquid for the
alum inum alloy. The BTESPT hydrosol was then dip 2coated on the alum i2
num alloy surface to form an environmentally benign coating as the poten2
tial rep lacement of conventional chromate conversion coating. The
BTESPT dip 2coating was cured at 100 ℃ for 12 h and then subjected to
salt2sp ray test in 3% ～5% (mass fraction) NaCl solution. The corrosion
behavior of the cured coating was evaluated making use of potentiodynam2
ic polarization and electrochem ical impedance spectroscopy techniques
and compared with that of the conventional chromate conversion coating.
A s the results, the BTESPT coating had good anti2corrosion p roperties and
could be used to rep lace chromate conversion coating.
Key words: bis2[ 3 2( triethoxysilyl) p ropyl] tetra2sulfide; coating; corro2
sion resistance; alum inum alloy

D evelopm ent of Novel B isphenol A 2Phenolic Resin M odif ied w ith
Epoxy Resin
ZHENG Yi2an, YANG Ying, L I Ke ( College of Chem istry and Chem ical
Engineering, Lanzhou University, Lanzhou 730000, China) Cailiao B aohu
2005, 38 (12) , 51～53 (Ch). Traditional phenolic resin synthesized from
phenol and methanal contains a great amount of free phenol, which lim its
its app lication as the material for food packaging. Thus a novel bisphenol
A 2based (BPA) phenolic resin was synthesized via the condensation pol2
ymerization of bisphenol A as the major raw material, aim ing at rep lacing
the conventional phenolic resin. The target resin of 3 2dimensional net
structure and excellent p roperties of both the phenolic resin and epoxy
resin was thus p repared via the etherifying of n 2butanol, modifying with
epoxy, and thermosetting. The structural features and curing temperature

of the modified phenolic resin were studied by means of infrared spectros2
copy and thermogravimetry and differential thermal analysis. The content
of free phenol and aldehyde in the immersion solution of the resin coating
was measured. Itwas found that all the epoxy resin had participated in the
curing p rocess and the final target resin coating had excellent thermal sta2
bility (with the thermal decomposition temperature to be as high as 386
℃) and resistance to acid and sulfur. A t the same time, the newly devel2
oped phenolic resin coating had a free phenol content as low as 0. 047 2
mg/L, which ismuch smaller than the lim it (0. 100 0 mg/L) specified in
GB 4805 - 94 and GB /T 5009. 69 - 2003.
Key words: epoxy resin; phenolic resin; food cans; bisphenol A; inner2
wall material

Research on Structure and Properties of M icro 2Arc Anod ic O x ida2
tion F ilm on TC4 T itan ium A lloy
X ING Ze 2kuan1 , TANG En 2 jun1 , DUAN Rui1 , YAN M ing 2hua1 , XU
Tao2 (1. Institute of Aeroengine Overhaul, A irforce of Peop le’s L iberation
A rmy, Chengdu 611937; 2. Lanzhou Institute of Chem ical Physics, Chi2
nese Academy of Sciences, Lanzhou 730000, China) Cailiao B aohu 2005,
38 (12) , 54～57 (Ch). The relationship among the thickness ofm icro2arc
anodic oxidation coating on TC4 titanium alloy and the voltage, electric
current density, and p rocessing duration in a sulfuric acid bath was inves2
tigated with respect to the excellent wear2and corrosion 2resistance of the
coating. The p rocess to remove the anodic oxidation coating was exp lored.
The morphology, structure, and composition of the oxidation coating were
analyzed bymeans of scanning electron m icroscopy and X2ray diffraction.
The hardness, corrosion 2 resistance, friction and wear p roperties of the
coatings were evaluated. It was found that the m icro 2arc anodic oxidation
coating on the Ti alloy substrate was uniform, compact, and stable. The re2
sults showed that the coatingwas 3. 5～11. 0μm thick and was composed
of anatase TiO2 as the major phase and a small amount of rutile TiO2. Mo2
reover, the m icro 2hardness, corrosion 2resistance to sulphuric acid (30%
solution) , and friction coefficient of the anodic oxidation coating was
higher than that of the Ti alloy substrate by 70% , 50% , and 100% , re2
spectively, but its wear rate was only 10% of that of the substrate. Be2
sides, the coating2removing liquid had a hydrogen2permeation of about 80
mg/L for the Ti alloy substrate coated with the micro2arc anodic oxidation
coating. Therefore the m icro 2arc anodic oxidation coating on the Ti alloy
substrate had excellent wear2and corrosion 2resistance.
Key words: m icro 2arc oxidation coating; titanium alloy; technology

D evelopm en t of Copper 2Ba sed H ighly Conductive Composite Coa t2
ing
L I Zheng2li,WANG Xuan 2jun, L IU Xiang2xuan, ZHANG You 2zhi( Sec2
tion 503, the Second A rtillery Engineering Institute, Xi’an 710025, Chi2
na) Cailiao B aohu 2005, 38 (12) , 58～61 (Ch). The copper powders p re2
treated using comp lexant A were used as the raw material to p repare cop2
per2based highly electric conductive composite coating. The effects of cu2
ring agent, the content and performance of the copper powders, and the
p rocessing technics on the performance of the copper 2epoxy conductive
composite coating were investigated. It was found that the introduction of
antioxidants contributed to effectively p revent the copper powders from ox2
idation during the formation of the conductive coating. The op timized for2
mulation for the conductive composite coating was suggested to be com2
posed of E51 epoxy resin 50 (mass) , polyamide 50, copper powders ( 400
mesh) 300, titanate coupling agent 2～3, antioxidant 20～40, and sedimen2
tation 2inhibiting agent 2～3. Moreover, the target copper2epoxy conductive
composite coating had good comp rehensive p roperties. Namely, it had an
average surface resistivity of 2. 0 ×102Ω / cm2 and the appearance and re2
sistivity kep t almost unchanged after being stored in atmosphere for 30
days.
Key words: conductive composite coating; copper powders; epoxy resin;
conductance

D evelopm en t of Polyester Acryla te L um inous Pa in t and Its Proper2
ties
CAO You 2m ing, ZHENG Shi 2yuan (Department of Chem istry and Envi2
ronmental Science, Chongqing University of A rts and Sciences, Chongqing
402168, China) Cailiao B aohu 2005, 38 (12) , 62～64 (Ch). The meth2
ods to p repare polyester acrylate resin and SrA l2O4 : Eu2 + lum inousmate2
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