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INTRODUCTION

Application Note AN-PAN-1011

Caprolactam,  a  vital  precursor  to  Nylon  6,  is

widely  used  in  the  production  of  various

industr ia l  f ibers ,  text i les ,  and  plast ics .

Maintaining  consistent  caprolactam  purity  is

essential  for  ensuring  the  quality  of  these

f i n i s h e d  p r o d u c t s .  T h e  p e r m a n g a n a t e

absorption number (PAN) analysis serves as a key

indicator  of  caprolactam  purity  within  the

production  process,  adhering  to  ISO  8660

standards.

This  Process  Application  Note  describes  the

straightforward  24/7  monitoring  of  the

permanganate absorption number (PAN) as  a

measure  of  the  caprolactam  purity  in  the

corresponding process.

In 2023, global caprolactam production capacity

was  approximately  9  million  tons  [1],  the

majority of which went on to produce Nylon 6.

Nylon 6 is mainly used to manufacture fibers for

clothing, carpets, and industrial purposes. About

30%  of  produced  Nylon  6  is  used  for  resin

production [1].

Caprolactam  is  primarily  manufactured  from

cyclohexanone,  cyclohexane,  or  toluene.  The

dominant industrial process involves converting

cyclohexanone  to  cyclohexanone  oxime,

followed by Beckmann rearrangement to yield

caprolactam with nearly 98% efficiency [2].

The industry standard Beckmann rearrangement
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process  employs  sulfuric  acid  (or  oleum)  as  a

catalyst to transform cyclohexanone oxime into

caprolactam (Reaction 1). However, this method

generates  ammonium sulfate  as  a  byproduct.

While  valuable  for  fertilizer  production,  its

environmental impact has led to restrictions in

certain regions.

Reaction 1. Reaction mechanism from cyclohexanone to form Nylon 6.

Maintaining caprolactam quality is crucial for its

downstream  appl icat ions  l ike  Nylon  6

production. This can be achieved by employing a

specific test – permanganate absorption number

(PAN) analysis.

This  standardized  procedure,  detailed  in

international references like ISO 8660, measures

the presence of oxidizable impurities within the

caprolactam sample.

Essentially, PAN analysis measures the stability of

caprolactam  by  evaluating  its  reaction  with

potassium  permanganate.  Lower  PAN  values

indicate a purer caprolactam sample, leading to

the production of better-quality Nylon 6.

Traditional  laboratory  analysis  employing

manual  sampling  is  a  viable  option,  but  it

presents  certa in  drawbacks .  The  t ime-

consuming nature of this approach misses real-

time  process  variations.  Analyzing  multiple

process  streams  concurrently  becomes  labor-

intensive, and the use of sulfuric acid introduces

safety  concerns  with in  the  laboratory

environment.

In  light  of  these  limitations,  online  process

analyzers such as the 2060 TI Process Analyzer

(Figure  2)  have  emerged  as  the  preferred

solution. This process analyzer exhibits cutting-

edge technology and offers continuous,  high-

precision  analysis  of  caprolactam  impurities,

ensuring  the  consistent  production  of  top-

quality Nylon 6.

APPLICATION

Oxidizable  impurit ies  are  monitored  in

caprolactam according to ISO 8660 for online

purposes, with precise time- and temperature-

control led  color imetr ic  measurements .

M e t r o h m  P r o c e s s  A n a l y t i c s  o f f e r s  a

multiparameter  process  analyzer  solution for

precisely  measuring PAN online  according to

ISO 8660: the 2060 TI Process Analyzer (Figure

2).

Figure 2. The 2060 TI Process Analyzer is suitable for

monitoring  PAN during caprolactam production.
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REMARKS

CONCLUSION

Table 1. Typical range found for the permanganate absorption number in the caprolactam production process.

Parameter Range

PAN 0–35

Since caprolactam absorbs moisture, employing

a  rel iable  technique  for  water  content

determination is also crucial. The 2060 The NIR

Analyzer from Metrohm Process Analytics stands

out  as  an  excellent  solution  in  this  regard.  It

delivers accurate water content measurements

within seconds, eliminates the need for sample

preparation, and generates no chemical waste.

Other  onl ine  appl icat ions  are  poss ible

depending on the production process, including

NH4OH, NH4NO2, SO3
2-, alkalinity, moisture, iron,

high/low  acidity  in  cyclohexanone  (Anolon),

( N H 4 ) 2 S O 3 ,  H 3 P O 4 ,  a n d  o t h e r  r e l a t e d

components.

Continuous  online  monitoring  of  PAN  in

caprolactam  is  essential  for  optimizing

downstream Nylon 6 production. The Metrohm

Process  Analyzer  2060  TI  Process  Analyzer

delivers  precise,  real-time  PAN  analysis.  This

enhances efficiency, reduces costs, and improves

product  qual i ty .  I t s  versat i l i ty  enables

simultaneous  monitoring  of  multiple  process

parameters for comprehensive process control.
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BENEFITS FOR ONLINE PROCESS ANALYSIS

Fully automated diagnostics – automatic

alarms for when samples are out of

specification parameters.

-

Guarantee compliance with global

standards.

-

Avoid unnecessary costs by measuring

multiple parameters simultaneously in the

process stream.

-

Enhanced control over the caprolactam

production process, enabling fine-tuning

for optimal purity and efficiency.

-

Safer working environment for employees

(no handling of H2SO4).

-

CONTACT

Metrohm Taiwan Ltd.
開封街二段 46 號 5 樓
108 台北市 info@metrohm.com.tw
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CONFIGURATION

2060 Process Analyzer

2060 Process Analyzer 是一种在线湿化学分析仪,适

用于无数应用。此过程分析仪提供了一个新的模块化

概念,由一个称为«主机柜»的中心平台组成。

主机柜由两部分组成。上部包含触摸屏和工业计算机

。下部含有柔性取样部,其中放有用于实际分析的硬件

。如果主取样部容量不足以应对分析挑战,那么主机柜

可以扩展为多达四个额外的取样部机柜,以确保有足够

的空间来应对具挑战性的应用。附加机柜的配置方式

使每个取样部机柜可以与具有集成(非接触式)液位检

测的试剂柜组合使用,以增加分析仪的正常运行时间。

2060 Process Analyzer 提供不同的湿化学技术:滴定

法、卡尔费舍尔滴定法、光度测定、直接测量和标准

添加入法。

为满足所有项目要求(或满足您的所有需求),可提供样

品预处理系统,以确保分析解决方案可靠。我们可以提

供任何样品预处理系统,如冷却或加热、减压和脱气、

过滤等。
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