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plated TN, Ti(Ce)N, (Ti,Cr)N, (Ti,Cr,Ce)N, and CIN coatingswere
prepared by introduction of 0. 5% (mass fraction) cerium in the cathodic
target The momphologiesof the coatingswere observed using a scanning e-
lectron microscope and the action of the rare earth cerium in improving
the particle conformation and compactnessof the coatingswas explored It
was found that the coatingswere mainly composed of cobblestone- like and
circular particulates and a little anount of ash inclusions originated from
the electric-arc fumace alo existed as mpurities in the coatings which
wasmuch hamful o the quality of the coatings Moreover, the introduc-
tion of the rare earth contributed to greatly decrease the amount of liquid-
dripping particles and increase the compactnessof the coatings and hence
led 1o increased campactnessof the coatings

Keywords arc ion plating alloy coating, particle; Ce

Influence of Heat-Treatment in Vacuum on theOxidative and Elec-
trochem ical Corrosion Resistance of Uran ium SurfaceOverlaid with
Graphite

ZHANG Guang-feng, YANGW ei - cai, WANG Xiao - lin, LUO Wen-hua
(China A cademy of Engineering Physics M ianyang 621900, China) Cail-
iao Baohu 2005, 38(12) ,20 22(Ch). The corrson resistance of ura
niun surface overlaid with graphite after vacuum heat- treaimentwas stud-
ied making use of weight gain method and electrochemical method The
oxidation Kinetics curves (A m~-t) of the treated sample were recorded at
100 and 150 . Thusthe themal-oxidation behavior of the heat-trear
ted samples in amogphere containing certain anounts of O, and H,O
(gas) and their resistance o chanical corrosion in 50p g/gCl™ lution
were investigated Itwas found that heat- treaiment of the grephite coated
uranium surface contributed o greatly increase its resistance o themal
and chemical corrosion Nanely, at a congtant heat- treaiment duration of 5
h, the graphite coated uranium surface after heat- treament at 600 in
vacuum had better corrosion resistance than the one heated at 500 . At
the sme time, the electrochemical corrosion resistance of the heat-treated
uranium depended on the heating duration (2 5 10. 0 h) and tanpera
ture (500 650 ), and theone heated at600  in vacuum for5 h had
better corrosion resistance to chemical attack

Key words vacuum heat-treament, oxidation corrosion behavior; graph-
ite coating, uranium

Electroplating Technology for AmorphousNi-P/Nano-SIC Cam pos
ite Coating

WANG YU, QJO Jin-biao®, HE Jian-ying°, L ILei®, L I Hui-qin®, UN
Dong-bai*” (a Corosion and Protection Center; b Engineering-Research
Center for Surface Nano-Technology, University of Science and Technolo-
ay Beijing, Beijing 100083, China) Cailiao Baohu 2005, 38(12) ,23 25
(Ch). Hard and wear - resigtant nanoparticles of SiC were introduced in
the electroplating bath for anomphousNi-P coating 9 as 1o prepareNi-P/
nano-SiC composite coating The influences of the technological parame-
ters such as bath temperature, current density, and SIC concentration in
the plating bath on the P content and distribution of nano-SiC in the com-
posite coatingwere investigated The momphologies of the composite coat-
ingswere observed using a scanning electron microscope, while the hard-
nessof the coatingswas detemined using a nano -micmhardness instru-
ment Itwas found that the content of nano-SiC in the camposite coating
increased with increasing electric current and the concentration of SIC in
the plating bath Moreover, the incomporation of nano - SIC contributed o
greatly increase the hardness of the Ni-P coating prepared at a bath tem-
perature of 60 ,with themaximum hardnessof theNi-P-SiC camposite
ocoating o be asmuch as7. 4 GPa, which ismuch larger than that of the
anomphousNi-P coating

Key words electroplating Ni-P anomphous coating nano-SiC camposite
coating  technology

Effects of Technological Parameters on Camposition and Corrosion
Resigtance of Electroplated Fe-Ni-Cr Alloy Coatng

XU Li-jian', GONG Zhu-qing', HE Xin-kuai®, SHEN Neng-bin', DU
jing- jing® (1 School of Metallurgical Science and Engineering, Central
South University, Changsha 410083; 2 School of Packaging & Printing,
Zhuzhou Ingtitute of Technology, Zhuzhou 412008, China) Cailiao Bachu
2005,38(12) ,26 28(Ch). The optimization of the technology for elec
troplating Fe-Ni-Cr alloy coating based on fluoride- sulphate electrolyte

was investigated, and the optimized plating paraneterswere detemined $
as o prepare bright and compact Fe-Ni-Cr alloy coating of excellent cor-
rosion resistance A s the reaults, it was suggested to prepare the desired
alloy coating at optimized plating conditions, i e , cathode current of 14
A/dn’®, bath tamperature of 30, bath pH of 2, and concentration of
CrCl;- 6H,0 of 25 g/L. The target Fe-Ni-Cr alloy coating was bright
and compact and had excellent corrosion resistance Moreover, the corro-
son resistance of the alloy coating increased with increasing chromium
content, and the Cr and Fe contents of the target alloy coating were 6%
(mass fraction) and 54%, repectively.

Key words electroplating Fe-Ni-Cr alloy coating, corrosion resistance;
technological parameter;

Effect of Technological Parameter son Camposition and Structure of
Electrodeposited Calciun Phogphate Coatings
XAO Xiu-feng, TANG Xiao-lian, GAO Yan-jiao, XU Yi-zhan,L U Rong
-fang(College of Chemistry and M aterials Science, Fujian Nomal U niver-
sity, Fuzhou 350007, China) Cailiao Bachu 2005, 38 (12),29 32
(Ch). The effectsof cation to anion concentration ratio n(Ca) /n(P) in
the electrolyte lution, the current density, and the temperature and pH
value of the electrolyte lution on the camposition and structure of elec-
trodeposited calcium phoghate coatingswere investigated by meansof X -
ray diffraction, Fourier transfomation infrared ectroscopy, and scanning
electron microscopy: The reqults showved that the compositions and struc-
tures of the electrodeposited calcium phogphate coatingswere highly de-
pendent on the plating paraneters The electrodeposited calciun phos
phate coatings deposited at Ca(NO;) , concentration of 0. 042 mol/L,
NH,H, RO, concentration of 0. 008 4 Q 042 0 mol/L, pH value of 4 0
6 0, current density of @ 4 20 O0mA /an’, and temperatureof 0 90
consisted of CaHFO, - 2H, 0 (DCPD), Ca; H, (FO,)¢ - 5H, 0
(OCP) , and Cay, (FO,) ¢ (OH) , (HA). The themodynamically unsta-
ble DCPD tranfomed t more stable OCP and HA with increasing tem-
perature, current density, pH value, and n(Ca) /n(P) in the electrolyte,
which led © an increase of n(Ca) /n(P) in the coatings Moreover, the
crystalline HA coating preferentially oriented along the (002) plane
Key words electrodeposition; calcium phogphate  hydroxyapatite;, tech-
nological paraneters camposition and structure

Current State and Trend in Study of Electrochem ically D eposited
Copper for Interconnects of Ultra-L arge-Scale Integrate Circuits
ZHANGW ei", CHENG Dan-hong’,WANG Jian-yong'®, YU Zu-zhan®
(1a Depament of Chamistry, 1b School of Envitormental and Chemical
Engineering, Shanghai University, Shanghai 200044; 2 Deparment of
Training, China Executive Leadership Academy Pudong, Shanghai
201204; 3 Department of Chamistry, Fudan U niversity, Shanghai 200433,
China) Cailiao Bachu 2005, 38 (12) ,33 38 (Ch). A review, with re-
ect © the plating bath camposition, the goplication of pulsed electric
current, the electrodeposition device, and the properties of the electrode-
posited copper coating, was given on the current state and trend in the re-
sarch of electrochemically deposited copper used for interconnects of ul-
tra- large- scale integrate circuits(UL SI). Itwaspointed out that the con-
ventional interconnects made of aluminum in UL SI manufacturing have
been replaced by that made of copper at a fast pace, which could be at-
tributed  the lower resistivity and better electramigration resistance of
copper than aluminum At the same time, itwould beworth noting that the
replacement of conventional A | interconnects is greatly contributing o re-
duce the RC delays and improve the reliability of the UL SI, which isal®
beneficial to drive the development of various novel technologies and ma-
terials conceming copper interconnection ecifically, electrochemical
deposition of copper can be thought of as one of the representative novel
key technologies for copper-interconnect fabrication

Key words electrochemically deposited copper coating pulsed electrodepo-
sition; ultra- large- scale integrate circuits interconnects

Current State and Progect of the Application of Phytic Acid n
M etal Protection

HU Hui-1i**, CHENG Jin-ning’, L INing"? WANG Ya-fer” (1 Depart-
ment of Chemistry, Harbin Ingtitute of Technology, Harbin 150001; 2
Deparment of Oceanology, Harbin Institute of Technology-W eihai, W eihai
264209, China) Cailiao Bachu 2005, 38(12) ,39 43 (Ch). The molec-



ular structure, production method, and 9ecial properties of phytic acid
were briefed Then a reviev was given on the current state of research and
gpplication of phytic acidwith regect to its goplication as cathodic inhib-
itor for metal and alloy, complexing agent of electric and chemical plating,
film -foming passivant for metal, multifunctional additive in phoghorizing
bath and water-based paint, and other metal protection field Moreover, the
isales 1o be reolved conceming the gop lication of phytic acid were smmar
rized, and the directions for future research and development of phytic acid
goplication were suggested

Keywords metal protection; phytic acid; chromate-free passivation

Role of Canplexant in Trivalent Chram ium Plating Baths

L1 Guo-hua', LA | Huan-wen’, HUANG Qing-an’ (1 W annuo Electron-
icsCa Ltd of Guangzhou City, Guangzhou 510630; 2 Guangzhou U Itra
Union ChemicalsCa L td of Guangzhou City, Guangzhou 510250, China)

Cailiao Baohu 2005, 38(12) ,44 46 (Ch). With a view o the signifi-
cant effect of the camplexant in trivalent chromium plating bath on the
stability of the bath and plating rate, the lesof the complexants (e g ,

carboxylic acid, hydroxyl substituted carboxylic acid, anino substituted
carboxylic acid and their salts) in the trivalent chramium bath were sm-
marized Itwas pointed out the wles of the complexing agents could be
briefed as the follows Firgt, they were capable of increasing the electrode-
positing rate by way of foming active complexing ions Secondly, they
were able © retard the hydroxo - bridge polymerization reaction Thirdly,

they were able 0 shelter metallic impurities and hence decrease the
effectsof the metallic impurities on the quality of the electroplating and
maintain snooth ongoing of the electroplating process Finally, they were
cgpable of increasing the stabilitiesof the electroplating lution Jecific-
ally, itwas imperative to select proper complexing agent cgpable of fom-
ing active camplexed ions © as to ensure snooth chromium electroplating
and obtain quality and thick chromium electroplating

Key words chramium electroplating; trivalent chramium plating bath;

complexant role

Study on Corrosion Resistance of BTESPT Coatings on Alum hum
Alloy Substrate

QJO Zeng- chang, WANG Yun - fang, WANG ru -min (Depariment of
Chemical Engineering, Northwestem Polytechnical University, Xi' an
710072, China) Cailiao Bachu 2005, 38(12) ,47 50(Ch). The surface
treatment of aluminum alloy by chromate is hamful to enviorment and
toxic © human being, therefore it is imperative o develop novel and feas-
ble* green” surface treament technique 9 as o replace the conventional
chromate-based surface-modification technique Thus bis-[ 3 - ( triethox-
ysilyl) propy!] tetra- sulfide (BTESPT) was hydrolyzed in the presence of
acid catalyst to generate the hydrol asa urface treament liquid for the
aluninum alloy. The BTESPT hydrol was then dip -coated on the alumi-
num alloy surface to fom an envirormentally benign coating as the poten-
tial replacement of oconventional chromate oconverson ooating The
BTESPT dip -coatingwas cured at 100 for 12 h and then subjected o
slt-pray test in 3% 5% (mass fraction) NaCl @lution The corrosion
behavior of the cured coatingwas evaluated making use of potentiodynam-
ic polarization and electrocheanical impedance ectrosopy techniques
and compared with that of the conventional chramate conversion coating
As the reaults, theBTESPT coating had good anti-corrosion poperties and
oould be used o replace chromate conversion coating

Key words  bis-[ 3- ( triethoxysilyl) propyl] tetra- sulfide; coating corro-
son resistance; aluminum alloy

Development of Novel Bigphenol A - Phenolic Resin M odified with
Epoxy Resh

ZHENG Yi-an, YANG Ying, L | Ke(College of Chamistry and Chenical
Engineering, L anzhou University, L anzhou 730000, China) Cailiao Baohu
2005,38(12) ,51 53(Ch). Traditional phenolic resin synthesized fram
phenol and methanal contains a great anount of free phenol, which limits
its goplication as the material for food packaging Thus a novel bigphenol
A -based (BPA) phenolic resinwas gynthesized via the condensation pol-
ymerization of bigphenol A as the major rav material, aming at replacing
the conventional phenolic resin The target resin of 3 - dmensional net
structure and excellent properties of both the phenolic resin and epoxy
resin was thus prepared via the etherifying of n - butanol, modifying with
epoxy, and themosetting The structural features and curing temperature

of themodified phenolic resinwere studied by meansof infrared ectros
oopy and themogravimetry and differential themal analysis The content
of free phenol and aldehyde in the immersion lution of the resin coating
wasmeasured Itwasfound that all the epoxy resin had participated in the
curing process and the final target resin coating had excellent themal sta-
bility (with the themal decomposition temperature t be as high as 386
) and resistance to acid and sulfur At the same time, the newly devel-
oped phenolic resin coating had a free phenol content as lov as0. 047 2
mg/L ,which ismuch snaller than the limit (0 100 0mg/L) secified in
CB 4805 - 94 and (B /T 5009 69 - 2003
Key words epoxy resin; phenolic resin; food cans bigphenol A; inner-
wall material

Resarch on Structure and Properties of M icro-Arc Anodic Oxida-
tion Film on TC4 Titanium Alloy

XNG Ze- kuan*, TANG En-jun’, DUAN Rui*, YAN Ming- hua', XU
Tao’ (1 Ingtitute of A erengine Overhaul, Airforce of People’ sL iberation
Amy, Chengdu 611937; 2 Lanzhou Ingtitute of Chemical Physics, Chi-
nese A cadamy of Sciences, L anzhou 730000, China) Cailiao B achu 2005,
38(12) ,54 57(Ch). The relationship anong the thicknessof micro-arc
anodic oxidation coating on TC4 titanium alloy and the woltage, electric
current density, and processing duration in a sulfuric acid bath was inves:
tigated with regpect o the excellent wear-and corrosion- resistance of the
ocoating The process 1o reamove the anodic oxidation coatingwas exp lored
The momphology, structure, and composition of the oxidation coating were
analyzed by meansof scanning electron microscopy and X - ray diffraction
The hardness, corrosion - resistance, friction and wear properties of the
coatingswere evaluated Itwas found that the micro-arc anodic oxidation
coating on the Ti alloy substratewas unifom, compact, and stable The re-
alts showed that the coatingwas3 5 11 O m thick andwas composed
of anatase TiO, as themajor phase and a snall anount of rutile TO,. Mo-
reover, the micro - hardness, corrosion - resistance o ulphuric acid (30%
olution) , and friction coefficient of the anodic oxidation coating was
higher than that of the Ti alloy substrate by 70%, 50%, and 100%, re-
Pectively, but itswear rate was only 10% of that of the substrate Be-
sides, the coating-removing liquid had a hydrogen-pemeation of about 80
mg/L for the Ti alloy substrate coated with themicro-arc anodic oxidation
coating Therefore the micro-arc anodic oxidation coating on the Ti alloy
bstrate had excellent wear-and corrosion - resistance

Key words micro-arc oxidation coating; titanium alloy; technology

Development of Copper -Based H ighly Conductive Caomposite Coat-
ng

L I Zheng-li, WANG Xuan-jun,L U Xiang-xuan, ZHANG You- zhi ( Sec-
tion 503, the Second A rtillery Engineering Ingtitute, Xi’' an 710025, Chi-
na) CailiaoBachu 2005, 38(12) ,58 61(Ch). The copper pavderspre-
treated using complexant A were used as the rav material t prepare cop-
per-based highly electric conductive composite coating The effectsof cu-
ring agent, the content and perfomance of the copper powders and the
processing technicson the perfomance of the copper - gpoxy conductive
composite coating were investigated It was found that the introduction of
antioxidants contributed 1 effectively prevent the copper povders from ox-
idation during the fomation of the conductive coating The optimized for-
mulation for the conductive composite coating was suggested o be ocom-
posed of E51 epoxy resin 50 (mass) , polyamide 50, copper pavders(400
mesh) 300, titanate coupling agent 2 3, antioxidant 20 40, and sedimen-
tation-inhibiting agent2 3 Moreover, the target copper-gpoxy conductive
ocamposite coating had good camprehensive properties Namely, it had an
average surface resistivity of 2 0 x10°Q /an” and the appearance and re-
Sistivity kept aimost unchanged after being stored in amogphere for 30
days

Key words conductive composite coating, copper povders epoxy resin;

oconductance

Development of Polyester AcrylateL um nous Paint and Its Proper-
ties

CAO You-ming, ZHENG Shi -yuan (Depariment of Chamistry and Envi-
ormental Science, Chongging University of A rts and Sciences, Chongaing
402168, China) Cailiao Bachu 2005, 38 (12) ,62 64 (Ch). The meth-
ods 1o prepare polyester actylate resin and SA 1,0,: EU** luminousmate-



