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石油化学プラントの実機課題解決への 
Ｘ線・中性子技術の魅力 

平成２７年度 中性子イメージング専門研究会 
＠京都大学原子炉実験所 



▼第１次 
オイルショック 

▼第２次 
オイルショック 

▼多年 
連続操業 

▼湾岸戦争、バブル崩壊 

▼構造改革特区 

▼東日本大震災 

エチレン生産量 
５００万トン／年 

施工検査 
RT,PT,MT,UT 

保守検査（新技術登場） 
ET,赤外線,ﾃﾞｼﾞﾀﾙRT,AE 
ｶﾞｲﾄﾞ波 

ｽｸﾗｯﾌﾟ& 
 ﾋﾞﾙﾄﾞ脱却 
保守検査 
RT,PT,MT,UT 

▼鹿島・京葉新設 

保守検査 
（合理化開発、ﾆｯﾁﾄｯﾌﾟ技術開発） 
TOFD,ﾌｪｰｽﾞﾄﾞｱﾚｲUT，中性子 
高ｴﾈﾙｷﾞX線、ﾊｲﾊﾟﾜｰｶﾞｲﾄﾞ波 

▼産業競争力懇談会 
ｲﾝﾌﾗ長寿命化PJ政策答申 

▼COI，NEDO，SIP始動 

石油化学業界の環境と非破壊検査技術の推移 

設備管理ﾏﾈｰｼﾞﾒﾝﾄ深化 
ＴＰＭ活動、故障物理 

現行主力 
施設建設 

▼産構法施行 

▼リーマンショック 
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【20 years  old】 
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Full  Length  Temporary  stage 
⇒ Large  amount  of 
           appurtenant  work  cost 

Neutron Moisture Meter 
Compact  X-ray  System 

Robot  Set Desorption Remove Robot 

【Appurtenant work】 
Full Length  ⇒ Partial 
【Inspection】 
Screening:Neutron Moisture  
                          Meter(on-Robot) 
Thickness Measurement 
Compact X-ray System(on-Robot) 

【Appurtenant work】 
Full Length 
【Inspection】 
VT & UT (by Inspecter) 

Temporary Stage Insulation Inspection 
【Comparison of the total cost】 

Background & Purpose 
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Low  Noise  Neutron  Moisture  Meter 

Prototype(Portable) 
Sponsor:METI-Kanto 

Mobile  Robot 

Small  X-ray  System 

January 2011 
Commercialization 

Portable Model 
Type For Robot 

Sponsor: JST 

1st  Model for  Neutron 
Sponsor:METI-Kanto 

2nd  Model for  Neutron 
Sponsor:METI-SME 

Sponsor: NEDO 

Robot 
3rd  Model for  Neutron 

X-ray(100keV,150keV) CdTe  Detector 
Sponsor: JST 

X-ray(200keV) CdTe Detector 
For  Robot 

Robot 
for  X-ray  system 

Hybrid 
-Operation 

HYBRID  OPERATION  SYSTEM 
Neutron  Moisture  Meter  Robot 

&  X-ray  System  Robot 

History of Development 



Concept of Neutron Moisture Meter 



Portable Low Noise Neutron Moisture Meter 

2010.12.16-17 日本機械学会  
第９回 評価・診断に関するシンポジウム 



Neutron Moisture Meter Robot System 



On Site Test  Neutron Moisture Meter Robot   

Traveling  (15cm/s) 

Robot 
set 

Robot and Sensor Console 

Sensor Rotation  
            and Passing Piping Support 

Loading and Unloading 

Sensor (Down-side) Sensor (Up-side) 



Robot  System  Up-side 

Robot  System  Down-side 

Portable  System  Up-side 

Portable  System  Down-side 
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Location of Measurement 

Location of Measurement 

Location of Measurement 

Location of Measurement 

Robot System Portable System 

Robot and Portable measurement quality 



X-ray Robot System 

Choice of the technique to measure thickness of piping 



１５０Ａ 
t=7.1mm 

７０ｍｍ 

Thickness 

Edge Imaging Method 
X-ray Source Detector 

Insulation(t=50mm) 

X-ray Image 
(An example) 

Rotation 

Rotation Rotation 

【Main Technical Problem】 
・The compact  X-ray  source  which can penetrate 70mm(Fe) 
・High sensitivity, high resolution detector 
・Technique to recognize exactly out-side edge and in-side edge 
・Technique to turn X-ray system  exactly 

X-ray Robot System 



Out-Side Edge 

Location of CdTe pixel (×100μm) 
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X-ray   
source 

CdTe Detector array 

In-Side Edge(-0.3mm) 

In-Side Edge(-3mm) 

In-Side Edge 

X-ray Robot System 

Result of simulation Edge imaging method 
 (Calculation code EGS-5) 



150keV 
Compact X-ray source 

Coniferous carbon  
nano-structure (CCNS) 

200keV (for  Robot) 
Compact X-ray source 

CdTe Device High resolution 
X-ray Detector  

High resolution   
and  High sensitivity 

X-ray Detector  (for  Robot) 

Developed  by  AIST  (Advanced Industrial Science and Technology) 

Developed  by  Shizuoka  University  and  ANSeeN 

X-ray Robot System 



２００６ ２００７ ２００８ ２００９ ２０１０ ２０１１ ２０１２ ２０１３ ２０１４ ２０１５ ２０１６ ２０１７ ２０１８ 

９５０ｋｅＶ for  Industrial  Infrastructures  
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Public Works Research Ins. 
Accuthera Inc.  
Tokyo University 
National Ins. of  Advanced  
Industrial Science and Technology 
 

３．９５ＭｅＶ for  Ｓｏｃｉａｌ  Infrastructures  

現場用Ｘ線技術の高度化開発 



 ９５０ｋｅＶ高エネルギＸ線源（開発機） 



 ９５０ｋｅＶ高エネルギＸ線源（開発機） 

← X-band 950keV linac X-ray source  
         (The first model) 

Upgraded 950keV linac X-ray source →  
          (The second model) 



XRD 0822 AO14 IND XRD 1622 AO19 IMG 

Detector Size 8”×8” (20cm×20cm) 16”×16” (41cm×41cm) 

Energy Range 20keV-15MeV 20keV-15MeV 

Scintillator Type Gd2O2S:Tb 
DRZ Plus (Mitsubishi Chemical) 

Gd2O2S:Tb   &  Cu Filter 
PI-200 (Mitsubishi Chemical) 

Resolution 200μm Pixel Size 200μm Pixel Size 

Phosphor Layer 208μm, 100mg/cm2 436μm, 200mg/cm2 

Frame Rate 15 fps 1 fps 

Electronics 14bit ADC & 2Gain Settings 14bit ADC & 2Gain Settings 

Interface Gigabit Ether Net (GigE) Gigabit Ether Net (GigE) 

Weight 3.7kg 8.8kg 

XRD-0822 
XRD-1622 

半導体シンチレーター式Ｘ線検出器 

Ｐｅｒｋｉｎ Ｅｌｍｅｒ 社製 
ＧＯＳシンチレーター式 
フラットパネル検出器 



９５０ｋｅＶ高エネルギＸ線現場展開例 



９５０ｋｅＶ高エネルギＸ線現場展開例 



化学プラント蒸留塔内部流体の可視化 

Gas-Flow 

Gas-Flow 

Liquid-Flow 
Tray-Deck 

Tray-Deck 

Tray-Deck 



化学プラント蒸留塔内部流体の可視化 



Gas-Flow 

Gas-Flow 

Liquid-Flow 

Tray-Deck 

Tray-Deck 

Tray-Deck 

The X-rays image using 950keV,300keV 

The X-rays image Normal-condition and Abnormal- condition 
                                                                          using 300keV X-ray source 

化学プラント蒸留塔内部流体の可視化 



配管内部気液二相流のﾌﾛｰﾊﾟﾀｰﾝ可視化 

１ 
Flow 



ご清聴ありがとうございます。 

以 上 
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