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RTS2-P 系列
特种探头拉曼光谱检测系统
拉曼光谱是物质的指纹谱，通过拉曼光谱可以获取物质的声子谱、电 - 声相互作用、晶格振动非简谐信息，测量物质融化
曲线及固 / 液相变、结构、组成、状态等。常规的显微拉曼只能用于实验室测试，无法满足在线测试需求。北京卓立汉光
仪器有限公司结合多年的拉曼光谱仪研制经验开发出特种光纤探头拉曼解决方案，可以用于特殊场景的在线分析。

性能优势

系统方案与配置

系统技术参数

1. 可满足高温高压实验环
境下测试需求

2. 可满足固、液、气等多种类型
的样品浸入式测试需求

3. 光纤结构，
系统稳定耐用

激光器 532nm，100mw 785nm，350mw

光谱仪
VPH 透射光栅光谱仪

拉曼频移：200-4000cm-1；
光谱分辨率：优于 10cm-1

VPH 透射光栅光谱仪
拉曼频移：350-2400cm-1

光谱分辨率：优于 10cm-1

CCD 探测器
具有高像元分辨率的 CCD 芯片，分辨率 2000*256

可见近红外拉曼专用 CCD，深制冷温度至 -60℃，读出噪声 <5 电子 / 像元

特种探头
工作距离：3 mm 和 7 mm 可选，其他可定制

工作温度：0-325℃，可定制
最大压力：6000psi

原位反应池

过程在线检测

液/气反应池

进样口
出样口

样品区

探头

激光器

光谱仪

PC

入射光纤

CCD
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探头

激发波长 405, 514, 532, 633, 670, 671, 785, 808 nm. 其他可选
光谱范围 100-4000 cm-1 @ 标准 ( 不同激光器范围不同 )

样品端光斑大
小

~100 µm @ 100 µm 芯径激发光纤

工作距离 9mm/3mm@ 标准；12,15,18mm 可选 
数值孔径 0.22 @ 标准
探头尺寸 2.25” 长 x 0.96”宽 x 0.58”高 1.3” 直径 x 4.5”长
探头材质 超硬氧化铝，316 不锈钢；可根据需求定制

探头柄尺寸 3/8” 直径 x 3” 长度 3/8” 直径 x 2” 长度
可根据需求定制

探头密封阀 探头柄材质：316 不锈钢，其他可定制
探头密封材质 石英或者蓝宝石，可根据需求定制
滤光片效率 O.D >6 
操作温度 0-325 ⁰C

最大操作压力 6000 psi
光纤配置 100/100 um 标准配置，其他可选
光纤长度 5m@ 标准；可根据需求定制
接口类型 FC 或者 SMA 
其他 可定制

特种探头 探测器

光谱仪

类型 CCD
有效像素 2000 x 256
像元尺寸 15 x 15 µm

最短光学门宽 30 x 3.8 mm
读出噪声 4.5 e-
响应范围 200-1100nm

型号 Omni-iSpecT532A1 Omni-iSpecT785A1
拉曼频移波长宽度 0-4100cm-1 /532-680nm -200-2400cm-1/770-965nm

F/# F/1.8 F/2.3
焦距（入射 / 出射） 85/85mm 100/100mm

光栅 1800l/mm VPH 1200l/mm VPH

CCD 相机

背感光深耗尽 CCD
有效像素 2000×256 

像素尺寸 15um
探测面尺寸 30×3.8mm

背感光深耗尽 CCD
有效像素 2000×256 

像素尺寸 15um
探测面尺寸 30×3.8mm

可调入射狭缝 10um-6mm 10um-6mm
分辨率（典型值）

@50um 狭缝
0.17nm

5cm-1@585nm，7cm-1 保证值
0.25nm

3cm-1@912nm，5cm-1 保证值

光纤适配器
XY 可调光纤适配器

光纤接口：SMA，10mm 圆柱
XY 可调光纤适配器

光纤接口：SMA/ MPO/10mm 圆柱
快门 选配 选配

内置长波通滤光片
选配

直径 50mm，
最低波数 186cm-1

选配
直径 50mm，

最低波数 309cm-1

重量 5kg 5.8kg

配置信息
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气体在线分析

化学蚀变过程监控

应用分享

Casella A [1] 采用特种探头拉曼技术对二氧化钚废气流动进行在线监测，用于评估制备铀、钚等高纯金属时的氟化反应进程。目
前公认的氟化反应使用具有毒性和腐蚀性的 HF，很大程度限制了探针和接口材料的选择。下图为实时监测氟化反应废气装置示
意图，采用光纤探头拉曼，激光通过阻挡HF气体的透明窗口聚焦监测。此外该系统可以用于监测其它反应产物和环境中的气体等。

图 光纤拉曼在线监测结构图 图 不同参数下的拉曼光谱图 图 反应气体的拉曼光谱强度 - 时间关系图和热刨面图

Parruzot B[2] 等人采用光纤探头拉曼光谱技术原位监
测玻璃蚀变过程，实验时不锈钢密封的光纤拉曼探头
需浸泡在恒温硼酸 / 硼酸盐溶液中，拉曼光谱监测溶
液的 pH 值和硼酸浓度变化，构建预测模型。通过光纤
拉曼原位在线检测，可以实现近实时定量分析，也避
免了环境实验干扰，如蒸发、SA/V 变化、污染物、温
度等因素。

图 实验装置（中）和溶液 pH 值、硼酸浓度的拉曼光谱图（左、右）
图 拉曼光谱模型图，DI（超纯水溶剂，A-D）SB（加硼酸盐溶剂 ,E-H），A,B,E,F

是拉曼光谱与时间三维图；C,G 是硼酸浓度模型图；D,H 是 PH 值模型图
elemental concentrations measured by ICP-OES (Table 1D)
and NL values (Table 1E). Concentration from DIBlank
containing solution onlyis used as the background
concentration [i]initial for the experiments containing glass.
The altered solids retrieved from experiment DIControl were
analyzed by powder X-ray diffraction: no crystalline alteration
products were observed.
As usually observed during silicate glass alteration, the

pH90°C increases from slightly acidic, due to carbonation of the
water used to start the experiment, to about 9.5 over the course
of the 7-day experiment. The measured pH value at room
temperature after 7 days of alteration of about 11.9 ± 0.1 is
within the uncertainty of the value of 11.85 ± 0.2 previously
reported for EA glass in the same experimental conditions.27

The NL values for all elements showing significant release in
solution (B, Li, Na, and Si) are within uncertainty of each
other for experiments DIControl and DIRaman, thus showing no
effect on glass alteration of the addition of the Raman
monitoring setup. The absolute NL values for these four
elements from experiment DIControl are all within uncertainty,
although all higher than the ones from previous measurements
on EA glass reported by Jantzen et al.27 (recalculated from
reported normalized concentrations using a SA/Vgeometric of
1955 m−1, with a 2σ error: NL(B) = 8.54 ± 1.25 g·m−2;
NL(Li) = 4.89 ± 0.75 g·m−2; NL(Na) = 6.83 ± 0.92 g·m−2;
and NL(Si) = 2.01 ± 0.38 g·m−2). The same observation can
be made for experiment DIRaman although in this case NL(B)
and NL(Na) are larger but not within uncertainty of the
previous measurements on EA glass reported by Jantzen et al.27

This could however be explained by the SA/Vgeometric of
DIRaman being the highest of all four experiments, thus
increasing the surface area of glass initially exposed to solution
and the initial release of these low to nonretained elements.

The 650 to 900 cm−1 range of the Raman spectra recorded
as a function of time for experiment DIRaman are shown in
Figure 2A (Figure 2B shows the same data, from an “overhead”
view). At initial times prior to EA glass addition (0 to 23 h)
there is no signature in this region observed. At the point of EA
glass addition (23 h), the borate band at 745 cm−1 (symmetric
stretching) associated with the dissolution of the glass is
apparent and increases with time for the remainder of the
experiment. A band identified as silicate at 770 cm−1 (νsym(Si−
O)) appears along with the borate band.28,29

The model results for boron concentration and pH values
for DIRaman are shown in Figure 2C,D, respectively, together
with ICP-OES and pH electrode measured values. For the
boron measurement (Figure 2C), the boron value predicted by
the model is approximately zero for the first 23 h of the
experiment. At the time of EA glass addition (at 23 h), the
increase in boron concentration is immediate and continues
throughout the experiment. The boron values determined by
ICP during the experiment are shown in Figure 2C and match
the values predicted by the model.
The initial and final concentrations in the DIRaman experi-

ment were also determined from the modeled boron
concentration presented on Figure 2C. The initial concen-
tration was determined from the data acquired before adding
the glass into the alteration vessel: it was determined to be 11.9
± 87.3 ppm (0 to 22.3 h, 39 points, 2σ = 18.8 ppm). The final
concentration was determined using all data points within 7.00
± 0.14 days:11 it was determined to be 815.5 ± 82.8 ppm
(188.3 to 191.3 h, 6 points, 2σ = 13.6 ppm). These errors
include both the dispersion of the averaged values (2σ) and the
modeling error (RMSEC equal to 68.5 ppm).
The measured pH (Figure 2D) follows the trend of the

amount of boron released: from a value predicted by the

Figure 2. In situ Raman monitoring results for experiments DIRaman (A−D) and SBRaman (E−H). Raman spectra recorded as a function of time for
DIRaman 3D view (A) and “overhead” view (B); and for SBRaman 3D view (E) and “overhead” view (F). Model results for the prediction of boron
concentration for DIRaman (C) and for SBRaman (G). Model results for the prediction of pH values for DIRaman (D) and for SBRaman (H).
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Lu W [3] 等人应用光纤拉曼原位监测微芯片反应器中
金属 - 有机物 Co-MOF-74 生长过程，实验时 FIR 和
WAVS 提供物质的原子坐标和晶格信息，拉曼和 MIR

提供分子结构信息并获得成核生长曲线。

图 MOF 拉曼光谱随时间变化曲线，采用平

面波密度泛函理论计算
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