
滴眼剂可分为成分溶解在水（油）里的水性（非水性）滴
眼剂与成分不溶解但颗粒呈悬浮状态的水性（非水性）混悬型
滴眼液。日本药典规定，悬浮滴眼剂中颗粒的最大粒径一般为
75μm或更小。

由于激光衍射法具有测量时间短和测量范围宽等优点，被
广泛应用于颗粒尺寸分布的测量。然而，在需要获得最大长度
的情况下，这项技术也存在一些问题，因为很难检测出相对于
颗粒总量而言数量很小的粗颗粒；由于非球面颗粒的粒径是以
球体的等效直径计算的，因此无法测量非球面颗粒的最大长度。
本文介绍了通过使用动态颗粒图像分析系统 iSpectTM DIA-10（图
1）获取颗粒图像并分析颗粒形状、粒径分布和浓度来表征悬
浮滴眼剂产品和含有球形和针状颗粒的混合样品中颗粒最大长
度的实例。
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■样品
分析样品包括两种类型，第 1种是已上市的混悬型滴眼剂，

第 2种是含有聚苯乙烯颗粒与玻璃纤维的混合试样分散液作为
混有非球形粗大颗粒情况的例子。两种类型样品的分散剂均为
水。

■测定结果
图 2所示为混悬型滴眼剂的测定结果。从缩略图来看，颗

粒形状接近圆形，但每个颗粒形状各不相同。从粒径分布还可
以发现，未检测到粒径在 15μm左右及以上的颗粒。粒径大于

等于 5μm的颗粒浓度为 2652个 /mL。

 

一些粒径分布分析系统可以得到相同体积的球体（基于体
积的直径）或相同面积的圆（基于面积的直径）的当量直径的
粒径测量结果。当考虑最大直径时，如果颗粒形状是球体，最
大直径接近等于面积当量直径的值。但如果是针状颗粒及其它
非球形颗粒时，其最大直径一般比面积当量直径大。图 3所示
为粒径的定义。

作为一个具体的例子，聚苯乙烯颗粒与玻璃纤维的混合试
样测定结果如图 4所示。从缩略图可以发现是球形颗粒与针状
颗粒的混合物。
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混悬型滴眼剂中颗粒表征
无定形颗粒最大直径的测量
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Precision Universal Testing Machine 
 
 

Axial Compression Test of Hat-Shaped Specimens 
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In the automotive industry, improvement of automobile fuel 
economy as a countermeasure for global warming has become 
a critical issue in recent years. Although various measures such 
as reducing the air resistance of the auto body and reducing the 
rolling resistance of the tires are conceivable, one of the most 
effective measures is reduction of auto body weight. Reducing 
the thickness of members can be considered as an approach for 
reducing auto body weight, but on the other hand, safety 
requirements must also be satisfied. High-strength materials are 
being developed from this viewpoint. As examples, CFRP 
(carbon fiber reinforced plastic) and high tensile strength steel 
may be mentioned.  
CFRP is a resin material which is reinforced with carbon fiber, and 
has particularly high specific strength and specific rigidity, even 
among composite materials. CFRP in which thermosetting resin 
is used as the matrix resin is already used in racecars and luxury 
vehicles, and in recent years, CFRTP (carbon fiber reinforced 
thermoplastic composite) has also been developed by using a 
high formability thermoplastic resin as the matrix resin. On the 
other hand, high tensile strength steel is a class of materials with 
higher strength than general structural steel, and materials with 
strength of 1,000 MPa or more have also been developed. 
In this research, hat-shaped specimens of CFRTP and high tensile 
strength steel were prepared as hollow frames, which are used 
in large numbers in automobile bodies, and were subjected to 
an axial compression test. In addition to measuring the 
compressive strength of the respective materials, video 
recording synchronized to the test results was also performed in 
order to identify the fracture point. 
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Measurement System 
A Shimadzu AGX™-V Series precision universal testing machine 
was used in these tests. Because analog input equivalent to 20 
channels is possible with the AGX-V Series, the hat-shaped 
specimens were divided into 10 sections in the height direction, 
a total of 20 strain gauges were attached to the front and back 
sides, and their signals were captured. Video recording was also 
performed using a USB camera, and the results were compared 
with the output from the strain gauges. Table 1 shows the 
specification of the test system used here. Fig. 1 shows the 
condition of the test, and Fig. 2 shows a test specimen after the 
strain gauges were attached. 
 

Table 1  Specification of Test System 
Instrument : AGX-300 kNV 
Test jig : Fixed compression plate 
Software : TRAPEZIUM X-V 
USB camera : LifeCam Studio® 
Dynamic strain gauge : DPM-952A 

Measurement Results 
The compression tests were conducted with the test speed set 
to 20 mm/min. Table 2 shows the test conditions. Fig. 3 shows 
the test force-displacement curves. The maximum test force of 
the hat-shaped specimens was 58.3 kN for the CFRTP and 
132.6 kN for the high tensile strength steel. The earliest damage 
of the CFRTP occurred at approximately 50 kN, and after that 
point, the test force trended at around 40 kN in spite of increases 
and decreases. On the other hand, with the high tensile strength 
steel, the test force decreased greatly after achieving the 
maximum test force. However, as in the case of the CFRTP, the 
behavior of the test force after this point trended at around 
40 kN with some variations. 

 
Fig. 1  Condition of Test (High Tensile Strength Steel) 

 

 
Fig. 2  Test Specimen after Attaching Strain Gauges 

(High Tensile Strength Steel) 

 
Table 2  Test Conditions 

Test speed : 20 mm/min 
Specimen height : 400 mm 
Specimen materials : CFRTP, high tensile strength 

steel 
Number of tests : n = 1 
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图 1 标准溶液的色谱图

图 1 动态颗粒图像解析系统 iSpectTM DIA-10

图 2 混悬型滴眼液的测定结果

图 3 粒径的定义
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a) 缩略图

b) 粒径分布
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图 5 颗粒分类示例

 

 

岛津企业管理（中国）有限公司 
岛津（香港）有限公司 

http://www.shimadzu.com.cn 

用户服务热线电话: 800-810-0439 
                  400-650-0439 

免责声明: 
＊本资料未经许可不得擅自修改、转载、销售； 
＊本资料中的所有信息仅供参考，不予任何保证。 
如有变动，恕不另行通知。 

第一版发行日：2017 年 月99

No. Q122

a) 缩略图 b) 散点图
（横轴：面积等效直径）

c) 散点图
（横轴：最大直径）

图 4 聚苯乙烯颗粒与玻璃纤维的混合试样测定结果

例如，图 4b、c 散点图右侧阴影部分是粒径大于等于
75μm的区域。当按照面积等效直径（图 4b）来计算时，该区
域的颗粒浓度为 47个 /mL，但按照最大直径（图 4c）计算颗
粒浓度为则变为 420个 /mL。因此，与最大直径法相比，当采
用面积等效直径法计算时，大于等于 75微米的颗粒数量较小。
由此可知，当需要评估最大直径时，有效的方法是通过颗粒图
像求出最大直径而并非面积等效直径。

如图 5所示，使用不同的参数计算方法可以对具有不同形
状参数的颗粒（图 5中，长宽比 =最大垂长度÷最大长度）
进行分类，还可以进一步求出各颗粒的比例（此处球形颗粒相
对比例为 69.4%，针状颗粒为 30.6%）。

■结论
使用 iSpect DIA-10测定了混悬型滴眼剂，检出的颗粒均

小于 75μm（本次样品测试结果＜ 15μm）。在测定形状参数
各异的聚苯乙烯颗粒与玻璃纤维颗粒混合试样时，也可以根据
不同形状参数进行分类，求出相应颗粒的比例。实验结果表明，
使用 iSpect DIA-10可以对激光衍射、散射法较难做到的颗粒
群最大直径进行评估，并对颗粒进行分类。
iSpect是岛津制作所株式会社在日本及其他国家的商标。
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