
确保高效合规的九种方法
打造质量出色的制药过程

制药称重解决方案
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• 确保每个批次的产品质量
• 符合严格的 GMP 法规要求
• 确保数据可靠性
• 减少合规成本
 
梅特勒-托利多提供齐全的称重解决方案与可靠的服务，可帮
助您在解决这些难题的同时提高生产效率与盈利能力。

 www.mt.com/pharma

制药商与生物制药商面临着诸多挑战，例如：

建立质量出色的制药过程

简介
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在生产过程的关键点确保质量、改进合规性与提高生产效率。了解梅特勒-托利多为满足制药与生
物制药需求而设计的解决方案。
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确保复杂生产环境中的过程效率

创建生产订单、计划工作流程和指导操作人员

非常耗时。如果能够高效地完成这些工作，操

作人员将能够腾出时间执行增值任务。

自动与可追溯的文件记录

为确保高质量的关键过程，需要对批次进行全

面文件记录。自动创建这种文件记录的解决方

案可帮助您更轻松地符合 GMP 要求。

通过严格的过程控制确保一致性

保持多个工作站高效与合规的工作流程极具挑

战性。通过严格的过程控制进行配方管理可确

保一致的批次质量。

如何确保精确的配方控制和完全可追溯性？

41. 手工配料
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一致的配方质量

免费下载：

www.mt.com/ind-dispensing-station

实现全面控制的联网软件

我们的配方软件可帮助简化加样间内的工作流

程，并且可消除造成超差批次的若干因素。按照 
21 CFR Part 11 或 EU Annex 11 简化软件
验证。

 www.mt.com/Formweigh

高精度电子秤

我们的平台秤和台秤能够以极高精度测量微量

的物料，即使预加载量很高也是如此。电子秤集

成有助于建立高效的工作流程。

 www.mt.com/PBK-PFK

您的解决方案将取决于配方的复杂性与批次规模。为手动工作流程提供分步指导有
助于防止出错。我们的联网软件解决方案可向多个工作站部署指示以及自动采集数
据，以确保高效管理配方。

 www.mt.com/ind-formulation

控制过程复杂性、避免操作错误和保持合规

51. 手动配方
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Consistent Formulation Quality
Preventing Errors in the Dispensing Room

Wrong measurements caused by unsuitable scales, incorrect selection of 
raw materials, false labeling of materials and incorrect documentation. 
What do these problems have in common? 

They are top reasons for quality problems and inef-
ficiencies during the dispensing process. However, the 
correct design and set-up of a dispensing station can 
reduce those error sources significantly, while and at 
the same time, improving the workflow efficiency of 
the weighing tasks.

This Application Note describes two weighing systems 
designed to ensure the highest formulation accuracy 
in the dispensing room. Both systems address the 
challenges of ensuring accurate measurements, of 
preventing operating errors and of fulfilling documenta-
tion requirements. 

However, the approach taken with the two systems 
differs: 
•  The first application example shows how a tradi-

tional recipe-weighing process can be enhanced to 
improve the quality of dispensing and facilitate docu-
mentation requirements. 

•  The second application example examines a weigh-
ing system based on formulation software, which 
is integrated to the company's production and 
resource-management systems providing improve-
ments in process automation.

Contents

1  Selecting the right scales

2  Application 1: Recipe Weighing

3  Application 2: Formulation Solution

4  Summary



62. 生产与库存管理

确保准确与可重复结果

许多料位测量技术会受到温度或物理状态的影

响，会对准确性产生不利影响。当精度至关重要

时，称重是确保可重复结果的最佳方法，无论材

料类型如何。

通过状态监控减少停机时间

储罐内的传感器可能会难以触及和检测。远程

监控可确保高效维护和明显延长运行时间。

消除污染风险

生产环境已变得越来越复杂，因此确保无污染

的生产过程具有着一定挑战性。采用卫生设计

的设备可加快速度和简化清洁。

如何准确测量物料和避免异物？



带有卫生型金属键盘的指示器

我们的金属键盘由一块坚固的不锈钢板构成，

无任何人体可接触的按钮。这可以消除表面存

在残留物或积水的风险。

 www.mt.com/ind-metal-keypad

符合卫生设计的称重模块

SWB805 卫生型 MultiMount™ 具有经过高度
抛光的自行排水表面，可降低污染风险，并且可

缩短清洁时间。可实现轻松集成。

 www.mt.com/ind-SWB805

确保高效合规的物料处理

我们的解决方案

72. 生产与库存管理

符合卫生设计的称重模块

www.mt.com/ind-video-sanitary-wm

称重是一种不受料罐形状限制的准确库存与生产管理方法，是非自流平物料的理想
之选。准确的库存管理可优化物料成本、确保安全物料存储以及确保一致的产品
质量。

 www.mt.com/ind-tank-weighing



83. 自动批次配料与加样

如何优化批次配料与加样过程？

节省生产成本和减少停机时间

漫长的批次配料过程可成为生产中的瓶颈。

优化加样步骤的速度和时间可提高操作效率

和车间利用率。

优化准确性、速度与质量

自动加样取决于电子秤、阀门和物料流特性之

间的相互作用。采用正确的解决方案工作可帮

助您更容易地实现目标。

实现灵活与方便的系统集成

加样系统通常是整个工厂范围内自动化系统

的一部分。标准化接口与协议加快了集成速

度，减少了培训工作量。



93. 自动批次配料与加样

PowerMount™ 称重模块

在防爆与非防爆区域内提供可重复的准确性

和业界最高可靠性。可对 POWERCELL 称重
传感器的性能进行监控，并且在发生严重故障

之前发出警报。

 www.mt.com/ind-powermount

利用智能称重系统确保精确剂量

我们的解决方案

自动化终端

为了对物料进行快速和高效的自动批次配料

与加样，我们的一系列自动化终端具有出色的

性能与多功能性，适合于多种应用。

 www.mt.com/ind-tank-silo-hopper

全自动系统可对昂贵的物料进行快速和准确的测序与加样，从而确保可靠和稳健的
生产过程。在此类系统中，为了确保连续运行时间、最大限度减少浪费和提高准确
性，需要使用诊断工具。

 www.mt.com/batching

PowerMount 称重模块 

免费下载：

www.mt.com/ind-powermount-wp
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™ Comparing PowerMount™

with Analog Weigh Modules

Contents

1  Types of Weigh Module

2  Performance Differences

3 Calibration Differences

4 Diagnostics and Maintenance Differences

5 Conclusions

METTLER TOLEDO’s new PowerMount™ weigh modules continuously monitor load cell per-
formance, discovering variances  before they impact productivity. This allows manufactur-
ers to stay in control of processes and avoid mistakes before they cost money. 

Without the kind of continuous monitoring offered by 
POWERCELL®, errors such as load cell overload, poor 
communication between modules, out-of-symmetry 
errors, and out-of-range temperatures can go unnoticed 
for long periods. When they do, out-of-specification 
batches and poor quality product are the result. Signifi-
cant costs and damage to company reputation can 
occur. 

PowerMountTM POWERCELL®- equipped load cells with 
on-board microprocessors not only alert operators to 
performance degradation — they also adjust the 
weighing signal to compensate for environmental 
changes. This allows PowerMount™ weigh modules to 
provide accurate weighing regardless of the effects of 
temperature, linearity, hysteresis, and creep. In the 
unlikely event of load cell failure, PowerMount’s design 
also makes individual load cells easy to replace.

Global approvals are standard on PowerMount™ load 
cells, including OIML,  C3, NTEP 5K , OIML C6, and 
NTEP 10K . 



104. 过程中称重

避免交叉污染

多功能车间会在不同的工作站处理各种物料。

采用卫生设计的高性能设备不仅可防止交叉

污染，而且可提高过程效率。

确保无误生产

操作人员需要在不同工作站执行复杂的标准

操作程序。智能设备可引导操作人员作业，确

保严格按照预期要求执行每一步骤，以防出现

严重影响质量的错误。

建立移动和可调的工作流程

一次性移动设备有助于提高生产效率，并且使

您更轻松地满足不断变化的需求。采用低台面

设计的移动设备顺应提高生产灵活性的潮流，

并且可消除生产流程中的障碍。

如何优化生产工作流程？



114. 过程中称重

PowerDeck™ 平台秤

POWERCELL® 技术通过清晰的操作人员指导
消除错误和帮助提高产量，以确保正确放置。

称重传感器性能监控功能可确保过程受控和

避免出现问题批次。  

 www.mt.com/powerdeck

采用卫生设计的高精度平台秤

污染会造成经济损失甚至是致命后果。采用卫

生设计的低台面平台秤配有电解抛光表面，采用

通过认证的钢号并且带有可升降秤盘，可防止

交叉污染。

 www.mt.com/ind-ss-floorscales

高效适应工作流程

我们的解决方案

准确称重可帮助您记录每一个生产环节、确保符合法规要求和改进产品质量。我们
的高精度称重解决方案提供业界领先的计量性能，在允差很小的情况下可以确保一
致的称重结果。

 www.mt.com/ind-precision-weighing

准确称重

观看视频：

www.mt.com/PBK9



125. 容器灌装

如何确保准确和高效的灌装过程？

优化成本

药物成分费用高，即使少量过量灌装累积起

来也会造成巨大损失。利用称重设备的全部

功能可确保准确性、帮助避免产品浪费和始

终轻松符合净含量法规要求。

自动化数据采集

当出现质量问题时，通过轻松跟踪与追溯产品

与容器数据可确保快速发现问题批次。将数

据自动传送至中央数据库可帮助改进过程和

确保更高效地进行召回管理。

延长正常运行时间

许多灌装过程精度要求高且需要快速处理。

过程控制技术可帮助您避免会对生产质量产

生不利影响的此类无法察觉的设备故障或者

不当处理。



135. 容器灌装

简化对每一种容器的灌装过程

多功能平台秤

可为您的应用量身定制一系列可靠、精确与稳

健的平台秤。无论是需要防爆区域准确性、特

定尺寸或者某种诊断功能，我们均可提供一种

解决方案。

 www.mt.com/floor_scales

IND570：自动化灌装

IND570 提供易于配置的软件程序、离散输入/
输出、物料储存表等，可准确控制灌装操作。可

将所有数据轻松传送至 MES 或 PLC。

 www.mt.com/ind570

当对中间体散装容器、箱子、圆桶或大袋进行灌装时，需要快速、精确且重复性结果。
我们的称重平台与平台秤具有预测性维护功能，可延长运行时间和确保最高操作
效率。

 www.mt.com/filling

灌装中等和大尺寸容器

免费下载

www.mt.com/
ind-large-volume-filling-guideline



146. 小容量罐装

实现全面过程中灌装控制

在药瓶灌装过程中设备发生故障不是人们期

待的结果。测量设备必须稳健、可靠并且能够

快速准确地记录最小重量，以实现过程中全面

控制。

确保完全无菌

许多灌装机位于需要最高无菌性的无尘室。原

位清洁解决方案可高效清洁，不仅可避免污

染，而且可延长运行时间。

实现高处理量和可变灌装

制药行业灌装不仅速度快，而且必须适合于不

同尺寸的容器。随着药品越来越个性化，适应

能力与机器速度对于确保满足处理量需求至

关重要。

如何确保精确灌装小容器？



156. 小容量罐装

WMF 高精度称重模块

WMF 模块设计紧凑、内置有齐全的电子元件
并且配有 Ethernet 接口，因此可在具有挑战性
的应用中与狭小的空间内可靠运行。可快速实

时地向 PLC 传输数据。

 www.mt.com/WMF

自动化称重传感器

我们的高精度称重模块可以最快速度和最高

精度进行测量。由于其设计坚固且集成有电子

元件，因此可满足机器制造商的最高要求。

 www.mt.com/APW

准确与快速灌装小容器

我们的解决方案

自动称重

免费下载

www.mt.com/
ind-case-studies-pharma-machines

称重是灌装注射器、药瓶、安瓿瓶和试管最简单、最准确和卫生的方法。我们的一系
列称重解决方案可在速度、准确性、可变性与自动化方面满足最具挑战性的少量灌装
要求。

 www.mt.com/ind-small-volume-filling

Solutions for Improved 
Weighing Automation7

Filling & Dispensing

Increasing Efficiency and Safety
Process and Quality Control

1

2

3

4

5

Statistical Process Control
Improve Machine Performance

Filling of Pharmaceuticals
Big and Small on One Machine

High Precision Weighing
Assuring Top Performance

Performance in Quality Control
Fully Automated Preparation



167. 统计质量控制

监控灌装控制

SQC 解决方案具有自动化报告功能，并且可快
速识别趋势。可高效监控质量参数，并在过程

出现偏差时向管理人员发出警报。

符合净含量法规要求

净含量法律规定，每一个包装的含量必须与标

签上的标示量完全一致。SQC 解决方案可确
保符合全面文件记录的法规要求。

高效确保数据可靠性

必须为每一个批次记录关键质量特性。具有用

户管理、电子签名、审查溯源等功能的软件可

更高效地确保数据可靠性。

如何确保精确灌装和向审核人员证明？

ACCEPTED



177. 统计质量控制

联网解决方案

Freeweigh.Net 是一种功能强大的联网 SQC 
软件解决方案，可采集整个工厂的数据，方便

进行严格与合规的生产管理。自动批次放行与

报告功能可确保质量。

 www.mt.com/FreeWeighnet

独立解决方案

FreeWeigh Compact 是我们使用方便的基于 
PC 的独立 SQC 解决方案，可使您控制和微调
灌装过程。当扩大生产时，可轻松设置、操作与

升级。

 www.mt.com/FreeWeighnet-compact

保持合规的同时优化成本

我们的解决方案

SQC 解决方案

免费下载

www.mt.com/ind-sqc-guide

为了符合净含量法规要求，在灌装上百个容器时需要严格控制过程。我们的 SQC 解
决方案可帮助您确保精确灌装、改进过程控制、提供完整的文件记录以及节省成本。

 www.mt.com/sqc
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For Filling Processes

Statistical quality control (SQC) is a legal necessity for the filling of pre-packed goods. 
It also helps ensure economical filling and consistent high quality. This guide introduces 
the most important SQC concepts and provides relevant information for choosing the 
best possible control system.

Day after day, millions of packages of all kinds are 
filled. A package could be a bottle, tube, box, can, 
etc. However, there is one characteristic common to 
all packages: the display of the net weight or volume, 
or the number of pieces.

Every filling process is subject to a large number of 
uncontrollable influences, which collectively cause the 
weight of the packaged goods to fluctuate so that the 
quantity actually filled does not match the specified 
nominal fill quantity exactly. However, those unavoid-
able weight fluctuations occurring during the filling 
process must not cause the net weight of even a 
single package to fall appreciably below the stated net 
weight. The permissible extent of a possible underfill-
ing is generally specified by government regulations.

How does a manufacturer act in such a situation? 
Certainly, it will monitor production to ensure that it 
complies with the minimum statutory regulations. The 
risk of underfilling can be eliminated by overfilling to a 
safety margin. However, such unquantified overfills are 
extremely costly. Even with the modest output rate of 
relatively small companies, the corresponding figures 
are striking.

Contents

1  Filling-Process Control

2  Statistics in Filling-Process Control

3 The Decision-Making Routes

4 The Legal Requirements

5 Filling-Process Control Glossary



188. 电子秤性能验证

如何保持合规和延长运行时间？

通过最佳的维护效率实现长时间正常运行

为了避免制药生产停产，必须采取所有的预防

措施。按照建议的流程定期进行设备检查，可

以最少的成本确保最长的正常运行时间。

通过预防性维护优化维护间隔

根据制造商的流程执行预防性和预测性维护，

在称量设备的整个使用寿命内确保高效且稳定

的性能。

保持合规并准备好接受审核

ISO9001 标准和 GMP 法规需要定期校准和
控制测量和监测设备。利用世界级服务完全

有把握地通过未来审核。



198. 电子秤性能验证

定期校准

校准决定工业称重设备的性能。我们的综合性

校准服务有助于实现合规性、节省成本和提高

质量。

 www.mt.com/calibration-competence

GWP® Verification

GWP® Verification 基于在实际操作条件下记录
称重设备测量不确定度的校准服务。了解此服务

如何确保过程准确性。

 www.mt.com/gwp-verification

确保设备适用

性能验证检查清单

免费下载

www.mt.com/
ind-performance-verification-checklist

确保设备的坚固性与适用性、记录数据的可靠性以及标准化性能验证，这些是制药的
必要条件。定期进行电子秤校准和日常测试可延长秤的使用寿命，并且有助于简化符
合制药法规标准要求。

 www.mt.com/service
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t Performance Verification Tips 
Improve Compliance and Efficiency

The performance of a weighing instrument will change over time due to environment, 
wear and tear, or non-apparent damage. To ensure the instrument continues fulfilling 
the requirements for process tolerance, a monitoring strategy is needed and required 
by GMP. A performance verification plan will ensure accurate and compliant measure-
ments while optimizing testing frequencies to improve cost efficiency.

Checklist: Performance Verification 
1 Regulatory Requirements

2 A Risk-Based Approach

3 Setting Up A Performance Verification Plan

4 Implementing Performance Verification

5 Performance Verification Solutions

6 Checklist

Standards and regulations leave much to interpretation 
when it comes to performance verification of measur-
ing equipment. This is why pharmaceutical companies 
often test their weighing devices more frequently than 
necessary.

This checklist addresses key aspects of a weighing 
performance verification plan that includes testing fre-
quency and procedures, as well as traceability and 
documentation of the process. 

Review your performance verification process to opti-
mize valuable resources and reduce costs while fulfill-
ing standards and regulations
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209. 防爆区域安全性

如何在不影响功能的情况下确保安全性？

建立无事故工作场所

制药企业跟踪事故，因此实现零事故率是其

首要任务。采用安全设计的设备是实现此目

标的第一步。

获得强大功能

设计防爆区域内的过程需要专用设备、专业知

识与保养。我们的防爆产品可为您提供不会降

低准确性或效率的通过认证的解决方案。

符合全球安全标准

每个国家的安全准则和法规各不相同。选择

具有全球影响力的经认可的设备供应商可确

保更容易合规。



219. 防爆区域安全性

防爆区域服务

我们经过工厂培训的经验丰富的服务专家可确

保安全地安装、检测、维护、校准和维修防爆区

域称重设备。

 www.mt.com/ind-ex-service

以安全为中心进行设计

防爆区域海报

轻松、快速地识别标志和保护方法可帮助工

程师确保设备符合相应的防爆区域标准。

 www.mt.com/ind-haz-poster

处理易爆材料时，称重设备必须符合各种相关法规，且正确安装和维护以确保安全操
作。选择可帮助符合安全标准而不影响功能的解决方案。

 www.mt.com/hazardous

防爆区域目录

了解满足您防爆区域所有需求

的解决方案

免费下载：

www.mt.com/ind-hazcat

Equipment Group, Category & Protection Level
Group Category Atmosphere EPL1) Required Protection

I Mines
M1 Methane Ma Operable in Ex-atmosphere

M2 (Firedamp) Mb De-energized in Ex-atmosphere

II
All other
areas

1
G (Gas) Ga

In normal operation
D (Dust) Da

2
G (Gas) Gb

During expected malfunction
D (Dust) Db

3
G (Gas) Gc

During rare malfunction
D (Dust) Dc

Material Group / Equipment Group (excluding Mines)
ATEX / IECEx North America  (NEC / CEC)

Substance Group Class Group  
(Division) Group (Zone)

Propane IIA I D IIA

Ethylene IIB C IIB

Hydrogen IIC B IIC

Acetylene A

Fibers/Flyings IIIA III - IIIA

Grain dusts IIIB II G IIIB

Coal dusts F

Metal dusts IIIC E IIIC

Zone and Division Classification
Explosive Atmosphere Zones

Gas / Dust Divisions

Continually present Zone 0 / Zone 20 Division 1

Likely to occur during normal 
operations

Zone 1 / Zone 21 Division 1

Not likely to occur during 
normal operations, but may 
occur for short periods

Zone 2 / Zone 22 Division 2

Gas Temperature Classes

Max. Surface
Temperature

IEC / 
NEC505
CEC Sec. 

18

NEC 500
CEC 

Annex J

Max. Surface
Temperature

IEC / NEC505
CEC Sec. 18

NEC 500
CEC Annex J

450°C / 852°F T1 T1 200°C / 392°F T3 T3

300°C / 572°F T2 T2 180°C / 356°F T3A

280°C / 536°F T2A 165°C / 329°F T3B

260°C / 500°F T2B 160°C / 320°F T3C

230°C / 446°F T2C 135°C / 275°F T4 T4

215°C / 419°F T2D 120°C / 248°F T4A

100°C / 212°F T5 T5

85°C / 185°F T6 T6

For Dust: indication of the maximum surface temperature in °C.

Non-Electrical Equipment
Type of  
Protection Symbol Concept Ex Code Zone Standards  

(ATEX / IECEx)

General  
Requirement 

– Basic methods and requirements
h
–

All
EN ISO 80079-36
EN 13463-12)

Flowrestricted  
Enclosure

Restrict breathing of the enclosure

–
fr

2, 22
- 
EN 13463-2

Flameproof  
Enclosure

–
d

1, 21
-
EN 13463-3

Constructional  
Safety

Ignition hazards are mitigated  
by engineering

ch
c

All
EN ISO 80079-37
EN 13463-52)

Control of  
Ignition Sources

Control equipment to detect 
malfunctions

bh
b

All
EN ISO 80079-37
EN13463-62)

Liquid  
Immersion

Prevent contact with explosive 
atmosphere

kh
k

All
EN ISO 80079-37
EN 13463-82)

Purge and  
Pressurization

Prevent ingress of explosive 
atmosphere

p
1, 21
2, 22

IEC 600792
EN 60079-2

Ignition  
Hazards/  
Risk Assess-
ment

–
Basic concepts and methodology 
and ignition hazard assessment

– All
EN ISO 80079-36
EN 1127-1

Types of Protection (IECEx and EX)
Electrical Equipment
Type of  
Protection Symbol Concept Ex Code Zone Standards

(ATEX/IECEx)

General  
Requirement

–
General requirements for all  
Ex equipment

– – EN/IEC 60079-0

Flame- 
proof

Contain explosion;  
extinguish the flame

da 0

EN/IEC 60079-1db 1

dc 2

Purge and  
Pressurization

Prevent ingress of explosive 
atmosphere; limit surface tem-
perature

pxb 1, 21

EN/IEC 60079-2pyc 1, 21

pzc 2

Powder
Filled

Contain explosion;  
extinguish the flame

q 1 EN/IEC 60079-5

Liquid  
Immersion

Prevent ingress of explosive 
atmosphere; limit surface tem-
perature

ob 1
EN/IEC 60079-6

oc 2

Increased  
Safety

No arcs, sparks or hot surfaces
eb 1

EN/IEC 60079-7
ec 2

Intrinsic  
Safety

Limit energy of sparks and surface 
temperature

ia 0. 20

EN/IEC 60079-11ib 1, 21

ic 2, 22

Type of  
Protection "n"

Non-sparking devices
Sparking devices 
Restricted breathing

nA 2

EN/IEC 60079-15nC 2

nR 2

Encapsulation
Prevent ingress of explosive 
atmosphere; limit surface tem-
perature

ma 0, 20

EN/IEC 60079-18mb 1, 21

mc 2, 22

Optical  
Radiation

Protected by shutdown, enclosure 
or inherently safe

op pr 1, 21

EN/IEC 60079-28op is 0, 20

op sh 0, 20

Protection by  
Enclosure

Prevent ingress of explosive 
atmosphere; limit surface tem-
perature

ta 20

60079-31tb 21

tc 22

Types of Protection (NEC and CEC)
Electrical Equipment for Flammable Gases, Vapors and Mists
Type of  
Protection Symbol Concept Ex 

Code
Class I 
Division

Class I 
Zone Standards

General  
Requirement

–
General requirements for 
all Ex equipment

– – – 60079-0

Flame- 
proof

Contain explosion and 
extinguish the flame

da – 0 ISA 60079-1
C22.2 No. 
60079-1

db – 1

dc – 2

Explosion- 
proof

– 1 – C22.2 No. 30 
UL 1203
FM 36152 –

Powder 
Filled

q – 1
ISA 60079-5
C22.2 No. 

Purge and  
Pressurization

Keep the explosive  
atmosphere out

pxb 1, 2 1, 2 ISA 60079-2
C22.2 No.  
60079-2 NFPA 
496 (FM 3620)

pyc 1, 2 1, 2

pzc 2 2

Oil  
Immersion

o – 1, 2
ISA 60079-6
C22.2 No. 
60079-6

Increased  
Safety

No arcs, sparks or hot 
surfaces

eb – 1 ISA 60079-7
C22.2 No.  
60079-7ec – 2

Intrinsic  
Safety

Limit energy of sparks and 
surface temperature

– 1, 2 –
FM 3610 
UL 913

ia – 0 ISA 60079-11
C22.2 No. 
60079-11

ib – 1

ic – 2

Non-incendive – 2 –
ISA 12.12.01
C22.2 No. 213
FM 3611 

Type of  
Protection "n"

Non-Sparking devices nA2) 2 2 ISA 60079-15
C22.2 No. 
60079-15

Sparking devices nC – 2

Restricted breathing nR – 2

Encapsulation
Prevent ingress of explo-
sive atmosphere; limit 
surface temperature

ma – 0 ISA 60079-18
C22.2 No. 
60079-18

mb – 1

mc – 2

1) EPL = Equipment Protection Level; 2) Date of withdrawal: 31.10.2019

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Electrical Equipment for Combustible Dusts

Type of  
Protection Symbol Concept Ex 

Code
Class II  
Division

ClassIII 
Division

Class 
II Zone Standards

Dust Ignition
Protection

Keep combustible 
dust out

– 1, 2 1, 2 – C22.2 No. 25 
FM 3616
UL 1203

Protection by
Enclosure

ta – – 20 ISA 60079-31
C22.2 No. 
60079-31

tb – – 21

tc – – 22

Fiber and 
Flying
Protection

– – 1, 2 – C22.2 No. 25
FM 3616
UL 1203

Non-Incendive

Limit energy of 
sparks and sur-
face temperature

(NI) 2 1, 2 – ISA 12.12.01 
C22.2 No. 213
FM 3611

Intrinsic Safety

– 1, 2 1, 2 – ISA 60079-11 
C22.2 No. 
60079-11
FM 3610
UL 913

ia – – 20

ib – – 21

ic – – 22

Encapsulation

Prevent ingress 
of explosive 
atmosphere; 
limit surface 
temperature

ma – – 20

ISA 60079-18
mb – – 21

mc – – 22

Pressurization
Keep the explo-
sive atmosphere 
out

(PX) 1, 2 1, 2 – ISA 61241-2 
NFPA 496 
(FM3620)

(PY) 1, 2 1, 2 –

(PZ) 2 1, 2 –

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Hazardous Area Regulations

ATEX
European directive 2014/34/EU covers equipment and protective 
systems for use in hazardous areas. Directive 99/92/EC (ATEX137) 
defines employers’ responsibilities to hazardous area safety.

IECEx
International Standards on equipment and installations in potentially 
explosive areas published by IEC (International Electrotechnical 
Commission).

NEC / CEC
National Electric Code (USA) and Canadian Electric Code define 
the standards by which all electrical wiring and equipment must be 
installed.

Zone System (Gas) - NFPA 70 (US); Canada: same mark as IECEx
Class l Division 2 AEx ic lllC T5

Substance 
Class

Zone Explostion 
Protected

Type of 
Protection

Material 
Group

Temperature 
Class

NEC / CEC Marking (North America) 
Division System - NFPA 70 (US) / CSA 22.1-15 (Canada)

Class l Division 2 Group C, D T5

Substance Class Division Material Group Temperature Class

IECEx Marking (Global) – IEC60079-0 6th edition
EX ic IIB T5 Gc

Explosion 
Protected

Type of  
Protection

Material 
 Group

Temperature 
Class

Equipment  
Protection Level

ATEX Marking (Europe) – 2014/34/EU
0344 ll 3 G Ex ic llB T5 Gc

European
Conformity
Marking

European
Comission 
Mark for 

Explosion 
Protection

Equipment 
Category

Explosion
Protected

Material 
Group

Equipment
Protection 

Level

Notified Body
Identification

Equipment 
Group

Surrounding 
Atmosphere

Protection
Type

Temperature 
Class

Hazardous-Area Equipment Marking

 www.mt.com/hazardous-area

Zone System (Dust) - NFPA 70 (US); Canada: same mark as IECEx
Zone 22 AEx ic llB T91°C

Zone Explosion 
Protected

Protection Type Material 
Group

Max. Surface 
Temperature
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唾手可得的知识

探索我们的知识中心，了解合规制药称重，并且查看有用的白
皮书、视频与网上技术交流讲座等内容。

网上技术交流讲座：
了解最新的合规、安全要求与技术趋势。

指南：
下载旨在帮助您更加轻松、高效地符合法规的最新信息。

视频：
快速了解如何在所有的称重应用中提高效率与准确性。

立即访问知识中心！

 www.mt.com/ind-pharma-compliance

METTLER TOLEDO Group
Industrial Division
本地联系方式：www.mt.com/contacts

如遇技术更改，恕不另行通知
© 03/2019 梅特勒-托利多，保留所有权利
文档编号 30454294
工业市场部


