
使用Spectrum Two 
FT-IR光谱仪

分析生物乙醇中

的杂质

引言

伴随着可持续能源的全球性需求的增长，生物能源的应用

不断增加。目前最主要的生物能源是生物柴油（通过植物与

动物油和脂肪的酯基交换反应获得）和生物乙醇。生物乙醇

一般通过糖、淀粉以及纤维素的发酵获得，这些原料来自于

玉米、甘蔗、小麦和甜菜等各种农作物。

发酵产物是包含乙醇和其他副产品的复杂混合物，需经过

蒸馏将乙醇分离出来。乙醇的燃烧性能取决于其纯度。因

此ASTM® D4806和EN 15376等国际标准对燃料乙醇中杂

质的含量作出限制，并且规定了检测方法。目前规定使用的

检测方法色谱和滴定方法，试验非常耗时， FT-IR等光谱技

术所能提供的快速检测方法将是很有吸引力的替代方法。

本报告的研究结果表明，Spectrum Two™ FT-IR光谱仪（图

1）可以用于建立定量分析方法，其灵敏度完全可以满足甲

醇、水、C3-C5醇和汽油变性剂的检测限要求，而且每个样

品所需要的分析时间不到两分钟。
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Introduction

The intensifying global emphasis on developing sustainable  
fuel supplies has led to increasing use of fuels derived from 
biological sources. The most important of these are biodiesel 
(produced by transesterification of plant and animal oils and  
fats) and bioethanol, which is produced by fermentation of 
sugars, starches and, increasingly, cellulose from a range of  
crops including corn, sugarcane, wheat and sugarbeet. 

The fermentation produces a complex mixture of ethanol and 
byproducts, from which the ethanol is isolated by distillation.  
The performance of the ethanol as a fuel is dependent on its 
purity, and international standards such as ASTM® D4806 and  
EN 15376 limit the allowable concentrations of impurities in fuel 
ethanol and specify the test methods to be used. At present, 
the specified tests are time-consuming chromatographic and 
titrimetric methods, so a rapid spectroscopic method such as  
FT-IR could provide an attractive alternative.

In this note we show that the Spectrum Two™ FT-IR spectrometer 
(Figure 1) can be used to develop a quantitative method with 
sufficient sensitivity to meet the required detection limits for 
methanol, water, C3–C5 alcohols and gasoline denaturant, while 
requiring less than two minutes of analysis time per sample.
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Analysis of Bioethanol 
Impurities with the 
Spectrum Two FT-IR 
Spectrometer

Figure 1.  The Spectrum Two FT-IR Spectrometer.
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图1 Spectrum Two FT-IR光谱仪
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Experimental

A feasibility study was conducted by preparing 60 mixtures 
of ethanol with water (0–1% m), methanol (0–1% m), 
1-propanol (0–1.7% m), 1-butanol (0–1.7% m), 1-pentanol 
(0–1.7% m) and petroleum spirit (0–7% m). The experiment 
was designed to cover a large number of levels of each 
analyte and to account for 2-factor interactions; higher- 
order interactions were not considered.

The spectra were measured on a PerkinElmer Spectrum  
Two™ FT-IR spectrometer, using a 0.1 mm liquid flow cell  
with BaF2 windows. The flow cell allowed samples to be 
injected and drained to waste rapidly, for a total analysis  
time of ~2 minutes per sample, with negligible carryover.

Results and Discussion

Some of the measured spectra are shown in Figure 2. Due 
to the long pathlength, the strong bands of ethanol are 
saturated. Small absorption features due to the impurities are 
evident throughout the spectrum. Due to the large number 
of species present, the bands are overlapped and it is not 
reasonable to build calibrations based on single wavelengths.

Spectrum Quant+ software was used to build and cross-
validate full-spectrum PCR models for all of the analytes. 
The default software settings were used, and good results 
were obtained without any manual adjustment of the model 
parameters. The results of the cross-validation are shown in 
Figure 3 below.

Figure 2.  Some typical spectra of contaminated ethanol samples.

Figure 3.  Cross-validation plots for quantitation of impurities in ethanol.
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实验部分

使用乙醇和水(0–1% m)、甲醇(0–1% m)、正丙醇(0–1.7% 

m)、正丁醇(0–1.7% m)、正戊醇(0–1.7% m)和汽油(0–7% 

m)组成的60个混合物样本进行方法可行性研究。实验设计

考虑了各种成分的不同含量水平，以及两因子相互作用；更

复杂的相互作用没有考虑在内。

红外光谱测量使用PerkinElmer Spectrum Two™ FT-IR光谱

仪，氟化钡窗口的0.1 mm液体流动池。流动池可以快速注入

样品并排除废弃物，每个样品的分析时间约两分钟。

结果和讨论

图2所示为一些典型的样本红外光谱。由于光程比较长，乙

醇的强吸收峰达到了饱和。在整个光谱区域都可以看到明显

的杂质弱吸收峰。由于存在多种杂质，吸收峰发生重叠，难

以使用单个吸收峰建立定量校正模型。

使用Spectrum Quant+软件建立各种成分的交叉验证全光

谱主成分回归（PCR）模型。使用软件的默认参数设置，不

需要任何手动更改，即可获得很好的结果。图3所示为交

叉验证的结果。

Experimental

A feasibility study was conducted by preparing 60 mixtures 
of ethanol with water (0–1% m), methanol (0–1% m), 
1-propanol (0–1.7% m), 1-butanol (0–1.7% m), 1-pentanol 
(0–1.7% m) and petroleum spirit (0–7% m). The experiment 
was designed to cover a large number of levels of each 
analyte and to account for 2-factor interactions; higher- 
order interactions were not considered.

The spectra were measured on a PerkinElmer Spectrum  
Two™ FT-IR spectrometer, using a 0.1 mm liquid flow cell  
with BaF2 windows. The flow cell allowed samples to be 
injected and drained to waste rapidly, for a total analysis  
time of ~2 minutes per sample, with negligible carryover.

Results and Discussion

Some of the measured spectra are shown in Figure 2. Due 
to the long pathlength, the strong bands of ethanol are 
saturated. Small absorption features due to the impurities are 
evident throughout the spectrum. Due to the large number 
of species present, the bands are overlapped and it is not 
reasonable to build calibrations based on single wavelengths.

Spectrum Quant+ software was used to build and cross-
validate full-spectrum PCR models for all of the analytes. 
The default software settings were used, and good results 
were obtained without any manual adjustment of the model 
parameters. The results of the cross-validation are shown in 
Figure 3 below.

Figure 2.  Some typical spectra of contaminated ethanol samples.

Figure 3.  Cross-validation plots for quantitation of impurities in ethanol.

2

图2 含有杂质的乙醇样本的典型红外光谱

图3 乙醇中杂质定量分析模型的交叉验证图



Conclusions

Defining the detection limit conservatively as 5× the SEP 
and comparing it with the maximum allowable impurity 
concentrations (see Table 1), it can be seen that the FT-IR 
method has promise. All of the impurities are detectable at 
levels well below the specified limits for both ASTM® D4806 
and EN 15376. Furthermore, all of these impurities are 
detected simultaneously within a two-minute measurement.

The Spectrum Two instrument was designed with demanding 
quantitative applications like this in mind, and combines 
excellent sensitivity with a compact and robust chassis 
together with a full-featured software suite. The patented 
AVI™ technology standardizes the abscissa and lineshape of 

each instrument against a “virtual” reference, vastly reducing 
variation between instruments and in many cases permitting 
the application of a single calibration model across many 
instruments without the need for complicated calibration 
transfer procedures.

While the feasibility of this method has been demonstrated, 
it must be emphasized that, in a realistic application, 
greater variability among the samples may be encountered. 
For example, additional C3–C5 alcohols may be present. 
Gasoline, which may be present as a denaturant, is itself a 
highly variable mixture. Accordingly, implementation of the 
method will require careful development and maintenance 
of calibration models built on realistic, representative sets of 
accurately characterized samples.
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Table 1.  Ethanol impurities: maximum levels compared with FT-IR detection limits.

Parameter ASTM® D4806 EN 15376 FT-IR LOD (5xSEP)

Water 1.0% v (1.3% m) 0.3% m 0.15% m

Methanol 0.5% v (0.5% m) 1.0% m 0.12% m

C3–C5 alcohols N/A 2.0% m 0.48% m

Gasoline (denaturant) 1.96–5.0% v (~2-5% m) N/A 0.7% m

结论

以5倍的预测标准差（SEP）做为检测限，与杂质的最高

允许含量比较（表1），FT-IR分析方法可行。所有杂质的

检测限都远低于ASTM® D4806和EN 15376标准所规

定的含量限制。而且可以在两分钟时间的测试内同时检

测所有的杂质。

Spectrum Two仪器的设计理念中包含了高要求的定

量分析应用，并且集合了优异的灵敏度、紧凑耐用的仪

器构造与功能齐全的软件。专利的AVI™技术可以使

用“Virtual”的参考标准对各台仪器的波数和线形进行

标准化，极大降低了不同仪器之间的数据差异。在很多

情况下，单一的校正模型可以共用于多台仪器，无需复杂的

校正模型转移过程。

该方法的可行性已经得到了验证，需要说明的是，在实际应

用过程中，样本间的变动可能更大。例如，其他的C3-C5醇

可能存在，可能用作改性剂的汽油本身就是高度变动的混

合物。因此，该方法的实际应用需要细心建立和维护基于

经过准确表征的有代表性的实际样本的校正模型。
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表1 乙醇中的杂质：最高含量限制与FT-IR检测限的比较


