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ALUMINUM ANODIZING 

Considerations 
The purpose of this article is to familiarize the reader 
with the process of anodizing as it relates to the many 
medical devices and instruments made from 
aluminum alloys and commonly found in the doctor's 
office, medical suites and hospital operating rooms. 
General considerations regarding material selection, 
properties, finishing and processing pitfalls are 
discussed. It is hoped this treatise will further the 
understanding of this process which provides such 
benefits as corrosion protection, durability, cosmetic 
appeal, functionality and versatility. Aluminum is 
selected because of its availability, inexpensive cost and 
ease of manufacturing. 

What is Anodizing? 
Anodizing is the creation of an oxide layer at the 
surface of the material through an electrochemical 
conversion of the base material. An electrolyte, typically 
a sulfuric acid bath, is used in conjunction with applied 
voltage to the parts as the "anode". When electricity is 
passed through the anodizing solution via the parts in 
process, water is hydrolyzed (broken down into its basic 
components of hydrogen and oxygen). 

The hydrogen migrates to the tank wall, the cathode, or 
negative terminal, where it is released to the 
atmosphere. Oxygen travels to the aluminum part (the 
"anode", or positive terminal). The oxygen combines 
with the aluminum creating aluminum oxide. The 
millions of anodic cells created in the process form the 
coating that is hard, corrosion resistant and accepting 
of dyes that can be applied overall or selectively to 
create the desired "look" of the end product. 

Anodizing may be simply classified as type II or sulfuric 
anodize, or type Ill, commonly called hard anodize. The 
particular process selected will be determined in the 
design of the part and its end use. 

Typically, the parts show up for anodizing as a handle, a 
collar, a sleeve, a housing, a shaft, a retractor, an array, 
and a myriad of other descriptions detailed on a 
blueprint. The anodizer utilizes the information on the 
print or other instructions to determine what is 
required to do the job. As much information as possible 
should be provided on the prints and in supporting 
documentation to allow the anodizer to be successful 
in providing the desired end result. Some important 
considerations include: 

 Information on alloy and temper (such as 6061-T6). 
 The finish as received and as desired in the 

anodized product. 
 Establishment of the sample finishes and colors to 

match if available. 
 Relevant processing details not otherwise 

documented. 
 Development of a technical process sheet to detail 

the finishing process. 

Some Notes on Specific Alloy Considerations 

2011 
Selected for machinability and cost.  High lead content 
in this alloy causes difficulties in the anodize process.  
Generally OK with type II finishes. Type III is very 
susceptible to burning. The savings in material cost in 
selection of 2011 may be offset by a noticeably inferior 
looking part when anodized. 

2024 
Easy to work with, susceptible to corrosion.  Must not 
be left wet when in process. Anodizes well with type II 
finishes. Type Ill is very susceptible to burning. Must be 
concerned with sharp edges. 

6061 
One of the easiest of materials to anodize. Some of the 
problems encountered with parts include: 

 Not enough material removed in machining to fully 
remove the mill scale or surface contaminants 
imbedded during cold working or extrusion. Can 
result in a pitted anodized finish...usually caused by 
corrosion. 

 Apparent differences in the cooling rate of 
extruded stock may cause variation in the 
microstructure. This is evident as an "alloy pattern" 
or mosaic, "splotchy look" after anodize. 

 Inconsistent temper, even within the same 
designation may show up in anodized parts as a 
variation in color due to the range of tensile 
properties for a given temper...noted most often 
with clear anodize 

  

注意事项
钛阳极氧化

什么是阳极氧化？
阳极氧化是通过电化学转化在基材表面生成氧化层的过程。
通常使用硫酸作为电解质，并将电压施加于部件，使其成为

“阳极”。当电流通过阳极氧化溶液并流经正在处理的部件时，
水被电解成氢和氧。
氢迁移到槽壁，即阴极或负极，并释放到空气中。氧则迁移到
铝部件，即阳极或正极，并与铝结合形成氧化铝。在此过程中
形成的数百万个阳极单元形成了坚硬、耐腐蚀的涂层，并且
可以接受全面或选择性地应用染料，从而产生产品所需的最
终外观。
阳极氧化通常可以简单分为Ⅱ型阳极氧化（或硫酸阳极氧
化）和Ⅲ型（常称为硬质阳极氧化）。所选择的具体工艺将根
据部件的设计及其最终用途来决定。
通常，待处理工件会以手柄、套圈、套筒、外壳、轴、牵开器、
阵列以及其他在图纸上详细描述的众多形态。操作工根据
图纸信息或其他指示工作。为了成功实现预期效果，图纸和
相关支持性文件中应提供尽可能详尽的信息。一些关键的
考虑因素包括：

特定合金注意事项
2011
因其易加工性能和成本效益而被选用。这种合金含铅量较
高，这在阳极氧化过程中会引起一些问题。

通常，该合金可以进行II型表面处理。但III型阳极氧化则非常
容易烧蚀。选择2011合金在材料成本上的节省可能会因为阳
极氧化后部件的外观明显变差而被抵消。

2024
易于加工，但易受腐蚀。加工过程中必须避免潮湿。Ⅱ型阳极
氧化效果良好。Ⅲ型阳极氧化则非常容易烧蚀。同时，必须特
别注意尖锐边缘的处理。

6061
这是最容易进行阳极氧化的材料之一。部件在处理过程中
可能遇到的问题包括：

7075
许多与6061相同的关注点也适用于7000系列合金。此外，操
作工必须比处理6061时更关注涂层厚度。7075极易受腐蚀。
如果在硬质阳极氧化时在染料中停留过久，会出现起泡现象。
同时，如果在从冷阳极氧化槽转移到热染料槽时，没有适当
地经过室温漂洗槽以稳定和释放部件内的气体，就会出现

“橘皮”现象。另一种工艺缺陷可能表现为开裂或裂纹。

压铸件
由于材料中硅含量高，压铸件通常不易进行阳极氧化。最
佳的外观效果是通过轻微的喷砂处理，然后进行II型1类

（透明）或2类染色黑色阳极氧化来实现。

其他注意事项
因其易加工性能和成本效益而被选用。这种合金含铅量较
高，这在阳极氧化过程中会引起一些问题。

本文旨在方便读者了解阳极氧化工艺，这种工艺与许多由
铝合金制成的医疗设备和仪器相关，这些设备和仪器通常出
现在医生办公室、医院手术室等场景。文中讨论了材料选择、
性能、表面处理和加工中的常见问题等一般性注意事项。
希望这篇文章能进一步加深对这一工艺的理解，它提供了
诸如防腐保护、耐用性、美观性、功能性和多样性等诸多优
势。选择铝的原因在于其供应充足、成本低廉且制造便利。

关于合金和回火状态的信息（例如6061-T6）
阳极氧化产品收到时的表面状态和期望达到的表面效果
如有，建立样品的表面处理和颜色以供匹配
未在其他文件中记录的相关加工细节
制定技术工艺单，详细说明表面处理过程

阳极氧化后，原本的表面处理可能会看起来更糟。
锐利边缘可能引起问题（烧蚀）。
钝工具留下的机加痕迹在阳极氧化后更加明显。

机加过程中未能充分去除轧制氧化皮或在冷加工或挤压
过程中嵌入的表面污染物。这可能导致阳极氧化后的表面
出现凹坑，这通常是由腐蚀引起的。

挤压材料的冷却速率差异可能导致微观结构的变化。这在
阳极氧化后表现为“合金图案”或马赛克状的斑驳外观。

不同的回火状态，甚至在相同的指定回火状态下，阳极氧
化零件也可能表现出颜色的变化，这是由于给定回火状态
的拉伸性能范围不同��这种情况在透明阳极氧化中最
为明显。



7075 
Many of the same concerns as with 6061 as detailed 
above are applicable to 7000 series alloys. In addition, 
the anodizer must be more concerned about coating 
thickness than with 6061. 7075 is highly susceptible to 
corrosion. It will blister if left in the dye too long when 
hard anodized. Also, an “orange peel” phenomenon 
occurs when you go from the cold anodize tank to the 
hot dye tank without a proper cycle through the room 
temp rinse tank to stabilize and outgas the parts. 
Another process defect can be seen as crazing or 
cracking. 

Die-Cast Parts 
Die-castings do not generally anodize well because of 
the high silicon content of the material. Best results 
(cosmetically) are attained by light bead blasting then 
type II, class 1 (clear) or class 2, dyed black. 

Other Concerns 
 Surface finish incoming may look worse after 

anodizing. 
 Sharp edges can cause problems (burning). 
 Machine marks left by dull tooling are more 

noticeable after anodizing. 
 Uneven finishing from bead blasting or graining 

becomes more apparent after anodizing. 
 Poor tumbling or vibratory deburring techniques 

can leave soap residue or other contaminants on 
parts. Parts packed or left wet may cause corrosion. 

 Parts on part impingement may result in nicks and 
dings. 

 Polished, grained, or blasted parts from the 
customer often exhibit damage in transit from 
normal handling. 

 Metal chips in blind holes from machining 
operation. 

 Oil residue in deep, blind holes. 
 Parts washers contaminated or inadequate, 

incomplete drying of parts. 
 Parts shipped in newspaper packing can “etch” 

material. 

Corrosion and Anodizing 
It may be to your amazement, but not all corrosion is 
caused during the anodizing process. Although the 
chemicals used during anodizing can cause corrosion, 
it is not the only source of this problem. 

The aluminum used in sheet metal forming and/or 
machining is alloyed with metals such as iron, copper, 
magnesium, manganese, zinc, chromium, and other 
trace elements. Aluminum alloys, in the presence of 
water, set up galvanic cells where electrical currents 
cause pitting of the surface. Some of these elements 
are very active in the presence of moisture. 

Some of the problems which surface during anodizing 
are directly related to corrosion related issues. Most are 
entirely preventable during the storage and handling of 
aluminum prior to and during fabrication/machining. 

Problem 1: Water, any time it is allowed to remain in 
contact with bare aluminum, sets up the conditions for 
corrosion. Discoloration, white chalky residue or even 
pitting may show up in close examination. 

Solution: Keep it dry. 

Problem 2: Water soluble coolants used during 
machining may also carry contaminants from other 
jobs. 

Solution: Change coolant frequently, dry the parts, and 
at a minimum do not allow parts to lie together wet or 
hold the coolant in pools. Corrosion can begin very 
quickly, especially on die-casting or 7075 (high zinc 
alloys). Again, do not allow parts to remain wet. 

Problem 3: Mass de-burring equipment is usually a 
“wet” operation that holds the material removed from 
the parts in suspension, then by nature a mix of many 
different metallic elements. 

Solution: DO NOT allow parts to sit in a wet tumbling or 
vibrating tub. Remove immediately, rinse, blow out any 
blind/deep holes and joints, and make sure the parts 
are not touching each other while drying. Parts can be 
packed when totally dry. 

Conclusion 
Finishing operations such as polishing, graining, or 
blasting will not necessarily remove existing corrosion 
and may hide it until the anodizing process. Since the 
anodize coating combines with the base aluminum, it 
will expose these flaws in the material if the pre-
processing steps do not cut deep enough to remove 
them. 

 

Exhibit 1. A polished aluminum part, anodized and dyed red, shows 
corrosion that was hidden by the smearing action of the polishing 
only to appear after anodizing. 

喷砂或纹理处理的不均匀，在阳极氧化后变得更加明显。
不当的滚筒或振动去毛刺技术可能在零件上留下肥皂
残留物或其他污染物。零件包装潮湿或保存在潮湿环境
中可能导致腐蚀。
部件相互碰撞可能导致凹痕和划痕。
客户提供的抛光、纹理或喷砂处理的部件在运输过程中
经常因正常搬运而受损。
机加过程中残留于盲孔内的金属屑。
深盲孔中的油渍残留。
部件清洗不彻底或清洗剂污染，部件不完全干燥。
用报纸包装的部件可能会“腐蚀”材料

腐蚀与阳极氧化
或许令人惊讶，但并非所有腐蚀都是在阳极氧化过程中
引起的。尽管阳极氧化过程中使用的化学物质可能导致
腐蚀，但它并不是这个问题的唯一来源。
在金属板材成型和/或机械加工中使用的铝，会与铁、铜、
镁、锰、锌、铬等金属以及其它微量元素形成合金。在水的
存在下，铝合金会形成电化学腐蚀电池，其中电流导致表
面产生腐蚀坑洞。这些元素中的一些在潮湿环境中非常
活跃。
在阳极氧化过程中出现的一些问题直接与腐蚀相关。然
而，大多数问题完全可以在铝的储存和处理过程中，以及
在制造/机械加工之前和期间得到预防。
问题一：水，只要与裸露的铝接触，就会引发腐蚀。仔细
检查时可能会发现变色、白色粉状残留甚至出现坑洞。
解决方案：保持干燥。
问题二：机加过程中使用的水溶性冷却液也可能携带其
他工件的污染物。
解决方案：经常更换冷却液，干燥部件，并且至少不要让
部件湿着堆放在一起或让冷却液积聚成池。腐蚀可以非
常迅速地开始，特别是在压铸件或7075（高锌合金）上。
再次强调，不要让部件保持湿润。
问题三：大量去毛刺设备通常是“湿法”操作，它将从部件
上去除的材料保持在悬浮状态，本质上是混合了许多不
同的金属元素。
解决方案：绝不能让部件浸泡在湿的滚磨或振动筒中。必
须立即取出，冲洗干净，吹干任何盲孔/深孔和接头，并确
保在干燥过程中部件不相互接触。待部件完全干燥后方
可进行包装。

结论
诸如抛光、纹理处理或喷砂等表面处理工序，并不一定能去
除已有的腐蚀，而且可能会将其隐藏起来，直到阳极氧化过
程才显现。由于阳极氧化涂层与铝质基材结合，如果预处理
步骤未能深入足够以去除这些缺陷，它将暴露材料中的这些
缺陷。

例1一个经过抛光的铝部件，在阳极氧化并染成红色后，显示
出了之前被抛光时的涂抹作用所隐藏的腐蚀，而这些腐蚀在
阳极氧化后才显现出来。

阳极氧化中的去毛刺考虑
在进行阳极氧化之前，部件通常会经过多种去毛刺工艺。然
而，一个常见的问题是，由于加工过程过于剧烈，去毛刺轮上
的材料可能会残留在部件表面。这些残留物在部件上形成一
层熔化或粘附的膜，在阳极氧化过程中，它们会局部阻挡表面，
造成不分表面未能被涂层完全覆盖，从而留下未被涂层覆盖
的裸露斑点。

两个最常见的品牌包括“Bear-Tex”和“3M”或“Scotch-Bright™”
轮，产品形式多样。其通用成分是基于尼龙的磨料介质。

卷绕轮由非织造尼龙构成，内含磨料颗粒，并围绕核心层叠
包裹，然后粘合在一起以形成均匀的轮子。卷绕轮有多种直
径，主要分为清洁和精加工轮以及去毛刺/混合/抛光轮。

单元化轮是通过将压缩的非织造坚韧磨料纤维，在热力作用
下与粘合剂结合而成的。在生产过程中，可以调整多个变量，
如硬度、磨料材料（碳化硅或氧化铝）以及粒度大小（中、细或
超细）。这些变量的选择，取决于预期的用途和具体的去毛刺
或抛光需求，以确保生产出最适合的单元化轮。

当研磨接口温度超过200摄氏度时，轮子材料可能会沉积到
工件上。如果轮子选择不当、施加压力过大或操作速度过快，
这些材料可能会熔化并附着在部件上，形成所谓的"污迹"。
这种污迹通常来源于制造尼龙基轮子的材料成分。钛部件对
污迹特别敏感，因为若去毛刺过程中的高温未得到恰当控制，
轮子的基体可能会迅速熔化。
这个问题的难点在于，操作者往往难以察觉到材料的污迹。
尼龙和磨料纤维在常规清洁和阳极氧化过程中可能不显现，
但在加工完成后，它们却变得非常明显。



 

There are other factors which may affect the application of anodized coatings or the base product after anodizing.  
Please consult with our technical support staff. 
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Deburring Considerations in Anodizing 
Many parts are subjected to various deburring 
treatments prior to anodizing. One problem 
encountered is caused by material from the de-burring 
wheel being left on the part as a result of aggressive 
finishing. The result is a deposit that has been melted 
or smeared onto the part and acts as a masking agent 
during anodizing, leaving a bare spot or uncoated area. 

Two of the most common brand names include “Bear-
Tex” and “3M” or “Scotch-BrightTM” wheels and include 
product in many forms. The generic makeup is nylon 
based abrasive media. 

Convolute Wheels are constructed of non-woven 
nylon, impregnated with abrasive grain and wrapped in 
layers around a core and bonded together to produce a 
uniform wheel. Convolute wheels are available in a 
wide range of diameters and can be broadly classified 
into cleaning and finishing wheels and 
deburring/blending/polishing wheels. 

Unitized Wheels are constructed of compressed, non-
woven, tough abrasive fibers bonded together with an 
adhesive system under heat. The hardness, abrasive 
material (silicon carbide or aluminum oxide), and grit 
size (medium, fine, or very fine) are variables in the 
manufacturing process. The intended purpose and 
specific deburring or polishing need will dictate the 
optimum choice. 

Materials from the wheel can be deposited on the work 
piece because temperatures at the grinding interface 
may exceed 400ºF. If the wheel is wrong for the 
application, too much pressure is applied, or the speed 
of the operation is excessive, material from the wheel 
can be melted onto the part. Commonly referred to as a 
“smear,” the deposit is typically one or more of the 
components of the material used to manufacture 
nylon-based wheels. Titanium parts are particularly 
susceptible to smears because the high heat generated 
in the deburring process can quickly melt the matrix of 
the wheel if not properly controlled. 

Compounding this problem is the fact that the material 
smear may not be visible to the operator. Nylon and/or 
fibers along with the abrasive can withstand normal 
cleaning and anodizing, then become easily visible 
after the processing is complete. 

 

Exhibit 2. Residue "melted" onto part 

In conclusion, it is extremely important to choose the 
correct deburring wheel for the job and then use it 
according to manufacturer’s recommendations. The 
Internet provides a wealth of technical information on 
these products through the manufacturer’s websites, 
and will direct you to technical service representatives. 
These specialists will have the knowledge and 
experience with your materials or products to guide 
you in determining the appropriate deburring solution 

Parts that have knurls 
Improper knurling of parts can result in a poor 
appearance and may create bare areas after anodize. 

 If the knurl is not cut cleanly, the result can be 
mashed or rolled over metal. This metal may come 
loose and flake off of the knurls thus creating bare 
spots. 

 When knurled parts are processed at Danco 
Medical, a small sample run is anodized to confirm 
the quality of the knurls before processing the 
entire order. 

 If there is an issue, the customer is contacted and 
the possibility of additional cleaning and 
mechanical preparation methods are discussed to 
help produce an acceptable anodized finish in the 
knurled area. 

 

在阳极氧化涂层的应用或阳极氧化后的基材产品中，可能存在其他影响因素。如需了解详细信息，请咨询我们的技术支持团队。

丹柯（常州）金属表面处理有限公司  丨 麟科泰集团公司
江苏省常州市新北区天山路16号 丨0519 69893116 丨 medical.APAC@lincotek.com 丨dancomed.cn

如果滚花切割不干净，可能导致金属被压扁或卷起。这些金
属可能会松动并从滚花处剥落，从而形成裸露点。
当丹柯医疗处理滚花部件时，会先对一小部分样品进行阳
极氧化，以确认滚花的质量，然后再处理整个订单。
如果出现问题，会联系客户，并讨论额外的清洁和机械制备
方法的可能性，以帮助在滚花区域产生可接受的阳极氧化
效果。总之，选择合适的去毛刺轮，并按照制造商的建议使用极为

例2残留物“熔化”在部件上

重要。制造商的网站提供的大量产品技术信息，也可以跟技
服务代表联系。这些专家将凭借对您的材料或产品的了解
和经验，指导您选用合适的去毛刺解决方案。。

有滚花的部件
部件滚花不当可能导致外观不佳，并在阳极氧化后形成裸露
区域。


