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บทคĆด÷ŠĂ 
งćîüĉจĆ÷îĊĚđðŨîกćøýċกþćøą÷ąóŠîìĊęöĊñúตŠĂÿöïĆตĉ đชĉงกúดšćîคüćöĒขĘงขĂงñĉüđคúČĂïǰจćกกøąïüîกćøóŠîดšü÷đðúüđóúĉง
คüćöđøĘüÿĎงǰ(High Velocity Oxy-Fuel)ǰñงóŠîìĊę Ĕชšǰ420S 20-53ǰµM 13%ǰCr ซċęงöĊÿŠüîñÿöดĆงîĊĚǰíćตčēคøđöĊ÷öǰ13%ǰǰ
ซĉúĉคĂîǰ0.6%ǰĒúąǰĒöงกćîĊÿǰ1.4%ǰøą÷ąóŠîĔชšǰ3ǰøą÷ąǰĕดšĒกŠǰ10ǰîĉĚüǰ14ǰîĉĚüǰĒúąǰ18ǰîĉĚüǰตćöúĞćดĆïǰĀúĆงจćกกćøóŠî
ตøüจÿĂïēคøงÿøšćงจčúõćคขĂงñĉüđคúČĂïìĆĚงǰ3ǰøą÷ąกćøóŠîǰóïüŠćǰñĉüđคúČĂïöĊēคøงÿøšćงจčúõćคĕöŠ ĒตกตŠćงกĆîǰจą
ðøąกĂïดšü÷ĒñŠîĒïîซšĂîìĆïกĆîđðŨîǰชĆĚîǰėǰซċęงđðŨîǰđôÿขĂงđĀúĘกĂĂกĕซดŤǰĒúąēคøđöĊ÷öĂĂกĕซดŤǰöĊøĎóøčîǰĒúąĂîčõćคìĊęĕöŠ
ĀúĂöǰðøĉöćณøĎóøčîĒúąคüćöĒขĘงขĂงกćøóŠîìĆĚงǰ3ǰøą÷ąĕöŠĒตกตŠćงกĆîǰกúŠćüคČĂǰðøĉöćณøĎóøčîøą÷ąóŠîìĆĚงǰ3ǰǰöĊคŠćđฉúĊę÷
đìŠćกĆïǰ1.9%ǰคüćöĒขĘงขĂงñĉüđคúČĂïǰìĆĚงǰ3ǰøą÷ąกćøóŠîǰöĊคŠćđฉúĊę÷ǰ474ǰHV จąđĀĘîĕดšüŠćøą÷ąóŠîĔîชŠüงǰ10ǰıǰ18ǰîĉĚüǰĕöŠöĊ
ñúตŠĂÿöïĆตĉđชĉงกúดšćîคüćöĒขĘงขĂงñĉüđคúČĂï 

คĞćÿĞćคĆญ:  đðúüđóúĉงคüćöđøĘüÿĎงǰñĉüđคúČĂïǰēคøđöĊ÷öĂĂกĕซดŤ 
 

Abstract 
This research is a study of spray distance that affects the mechanical properties of the hardness of the 

coating. From the High Velocity Oxy-Fuel spray, the powder used 420S 20-53 µM 13% Cr, with the 

following ingredients: 13% Chromium, 0.6% Silicon And 1.4% manganese. Spraying distance is used in 3 

stages which are 10 inches 14 inches and 18 inches. After spraying the microstructure of all 3 coating 

phases. The coating was found has not different microstructure. The coating was found to consist of flat, 

overlapping layers of iron oxide and chromium oxide is porous and non-melting particles. The porosity 

and the hardness of the spray in all 3 phases were not different. The porosity average of 1.9%. The 

hardness of the coating of all 3 spray phases had an average of 474 HV. It can be seen that 10 - 18 inches 

range does not affect the hardness of the coating. 

Keywords:  High Velocity Oxy-Fuel, the coating, Chromium oxideǰǰǰ 
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1. บทนĞć 
 กøąïüîกćøóŠîđคúČĂïดšü÷đðúüđóúĉงคüćöđøĘüÿĎงđðŨî
đìคēîēú÷ĊìĊęĔชšซŠĂöĒซöÿŠüîìĊęöĊกćøÿċกĀøĂöĊกćøĔชšงćîกĆî
Ă÷ŠćงĒóøŠĀúć÷ìĆęüēúกǰđîČęĂงจćกöĊคüćöÿąดüกǰกćøóŠî
đคúČĂïดšü÷đðúüđóúĉงคüćöđøĘüÿĎงǰ(high velocity oxy fuel, 

HVOF)ǰđðŨîđìคîĉคĔชšóŠîüĆÿดčตŠćงėǰìĊęĂ÷ĎŠĔîøĎðñงǰĔĀšđคúČęĂîìĊę
ดšü÷คüćöđøĘüÿĎงǰĂ÷ĎŠ ĔîÿõćóĀúĂöĀøČĂกċęงĀúĂöĕðตก
กøąìïïîชĉĚîงćîǰคüćöøšĂîขĂงกøąïüîกćøĕดšจćกกćøđñć
ĕĀöšขĂงกŢćซđชČĚĂđóúĉงĒúąกŢćซĂĂกซĉđจîǰชĉĚîÿŠüîขĂง
đคøČęĂงจĆกøìĊęóŠîดšü÷กøąïüîกćøǰHVOF ĕดšĒกŠǰชĉĚîÿŠüîðŦūöǰ
úĎกÿĎïĕăดøĂúĉคǰüćúŤüðŗēตøđคöĊǰĂčตÿćĀกøøöกćøïĉîĒúą
ĂČęîėǰñĉüđคúČĂïìĊęĕดšöĊúĆกþณąđðŨîชĆĚîėǰìĆïซšĂîกĆîǰöĊøĎóøčîǰ
ĂĂกĕซดŤǰĂîčõćคìĊęĀúĂöĒúąĕöŠĀúĂöǰคčณõćóขĂงกćø
đคúČĂïจąขċĚîĂ÷ĎŠกĆïðŦจจĆ÷Āúć÷Ă÷ŠćงǰđชŠîǰคüćöดĆîĂćกćýǰ
øą÷ąóŠîǰĂĆตøćกćøðŜĂîñงǰคüćöđøĘüĒúąคüćöĀîČดขĂง
ĂîčõćคǰđðŨîตšîǰøą÷ąóŠîđðŨîðŦจจĆ÷ĀúĆกìĊęöĊñúตŠĂคčณõćó
ขĂงกćøđคúČĂïñĉüดšü÷กøąïüîกćøǰ(HVOF)ǰ[1]ǰñงóŠîǰ420sǰ
13%CrǰđðŨîñงóŠîìĊęĔชšĔîĂčตÿćĀกøøöตŠćงėĂ÷Šćงกüšćงขüćงǰ
ĔîกćøซŠĂöĒซöชĉĚîÿŠüîìĊęÿċกĀøĂกćøýċกþćøą÷ąóŠîìĊęöĊñúตŠĂ
ÿöïĆตĉđชĉงกúจċงöĊคüćöÿĞćคĆญđóČęĂĔชšđðŨîขšĂöĎúóČĚîฐćîĔîกćø
óŠîđคúČĂï 
 

2. ทùþฎĊĒúąงćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 
 กćøóŠîđคúČĂïđðúüđóúĉงคüćöđøĘüÿĎงđðŨîกćøĔชšคüćö
øšĂîจćกกćøđñćĕĀöšขĂงđชČĚĂđóúĉงกĆïĂĂกซĉđจîĔîชčดðŚîóŠî
đคúČĂïĒúšüðúŠĂ÷ĔĀšกŢćซข÷ć÷ตĆüĂĂกöćจćกðćกกøąïĂกðŚîǰ
óøšĂöกĆïĂîčõćคüĆÿดčđคúČĂïĂ÷ĎŠĔîÿõćüąĀúĂöđĀúüĒúąกċęง
ĀúĂöđĀúüǰüĆÿดčđคúČĂïจąöĊขîćดขĂงĂîčõćคǰðøąöćณǰ5-
50ǰĕöคøĂîซċę งëĎกðŜĂîđขšćìćงดšćîĀúĆงขĂงชčดðŘîóŠîǰ
จćกîĆĚîกŢćซìĊęđกĉดจćกกćøđñćĕĀöšจąöĊคüćöđøĘüÿĎงöćกซċęง
ÿĎงÿčดëċงǰ4ǰđìŠćขĂงคüćöđøĘüđÿĊ÷งǰดĆงîĆĚîđöČęĂĂîčõćคđúĘกǰėǰ
ขĂงüĆÿดčđคúČĂïđคúČęĂîìĊęดšü÷คüćöđøĘüÿĎงĕðตกกøąìïìĊę
ñĉüชĉĚîงćîกĘจąĒñŠกøąจć÷đðŨîĒñŠîïćงǰėǰซšĂîìĆïกĆîìĞćĔĀš
ñĉüđคúČĂïöĊคüćöĀîćĒîŠîÿĎงĒúąöĊĒøง÷ċดđกćąÿĎงöćกกüŠćǰ
10,000ǰðĂîดŤ/ตćøćงîĉĚüǰคüćöøšĂîìĊęĕดšจćกกćøđñćĕĀöšöĊ
ĂčณĀõĎöĉĂ÷ĎŠìĊęðøąöćณǰ3,000ǰĂงýćđซúđซĊ÷ÿǰดĆงîĆĚîจċงตšĂง
đúČĂกĔชšüĆÿดč đคúČĂïìĊęöĊĂčณĀõĎöĉกćøĀúĂöđĀúüĕöŠ đกĉî
ĂčณĀõĎöĉขĂงกćøđñćĕĀöšǰ[2] 
 

 
øĎðìĊęǰ1ǰกøąïüîกćøóŠîǰHVOFǰ[2] 

 

 ðøąóîíŤǰđúĉýúĂ÷ðŦญญćชĆ÷ǰ2552ǰöĀćüĉì÷ćúĆ÷
đìคēîēú÷ĊóøąจĂöđกúšćíîïčøĊǰĕดšìĞćกćøýċกþćǰĂĉìíĉóúขĂง
óćøćöĉđตĂøŤกćøóŠîตŠĂēคøงÿøšćงĒúąÿöïĆตĉขĂงñĉüđคúČĂïǰ
ēด÷ĔชšกćøóŠîĒïïǰHVOF øą÷ąìćงìĊęĔชšĔîกćøóŠîđคúČĂï
ชĉĚîงćîǰ305 , 230 , 381 mm. ĔชšĂĆตøćกćøðŜĂîñงǰ38ǰ
กøĆö/îćìĊǰĒúąǰ42ǰกøĆö/îćìĊǰตĆüĒðøìĊęöĊĂĉìíĉóúตŠĂÿöïĆตĉ
đชĉงกúขĂงñĉüđคúČĂïöćกìĊęÿčดǰคČĂǰøą÷ąóŠîǰซċęงöĊñúตŠĂ
ðøĉöćณøĎóøčîĔîñĉüǰđîČęĂงจćกøą÷ąóŠîìĊęĕกúđกĉîĕðìĞćĔĀšกćø
ÿŠงñŠćîคüćöøšĂîขĂงđðúüđóúĉงǰĕöŠÿćöćøëĒóøŠđขšćĕðÿĎŠ
õć÷ĔîĒกîกúćงขĂงĂîčõćคñงĕดšǰìĞćĔĀšคüćöÿćöćøëĔîกćø
ĀúĂöđĀúüúดตęĞćǰúงǰĒúąÿŠงñúตŠĂñĉüđคúČĂïǰ[1] 

 Ĕî ðŘ ǰค .ý .2018ǰงćî üĉ จĆ ÷ ขĂ ง ǰThomas Lindner 

ตĊóĉöóŤ ĔîüćøÿćøǰInstitute of Materials Science and 

Engineering ĕดšóŠîñงĂĂÿđตîîĉตĉกēด÷กøąïüîกćøǰHVOF 

Ĕชšøą÷ąóŠîǰ350 mm. ĂĆตøćกćøðŜĂîñง70ǰกøĆö/îćìĊǰ
ĂîčõćคขĂงñงóŠîจąöĊคüćöđøĘüúดúงđöČęĂøąóŠîöćกขċĚîǰìĞćĔĀš
óúĆงงćîจúîŤขĂงñงóŠîúดúงǰđöČęĂตกกøąìïกĆïชĉĚîงćîǰ
óúĆงงćîจúîŤขĂงñงóŠîìĊęตกกøąìïจąúดúงดšü÷ǰîĂกจćกîĊĚ
ìĊęøąóŠîöćกขċĚîǰĂčณĀõĎöĉขĂงñงóŠîจąúดúงǰđðŨîÿćđĀตčขĂง
กćøđกĉดøĎóøčîǰ[3] 

 ĔîðŘǰค.ý.2001ǰงćîüĉจĆ÷ขĂงǰR. LAKHDARI ตĊóĉöóŤĔî
üćøÿćøǰCentre de Development des Technologies 

Advances (CDTA) Alger- Algeria ĕดšìĞćกćøýċกþćกćøóŠîǰ
13%Cr Ĕชšøą÷ąóŠîǰ100 mm. óïüŠćēคøงÿøšćงจčúõćคขĂง
ñĉüđคúČĂïöĊøĎðĒïïđðŨîĒëï÷ćüǰöĊĂĂกĕซดŤǰøĎóøčîǰĂîčõćคìĊę
ĀúĂöĒúąĕöŠĀúĂöǰĂĂกĕซดŤìĞćĔĀšĒøง÷ċดđกćąúดúงǰøĎóøčî
ìĞćĔĀšคüćöตšćîìćîกćøÿċกĀøĂúดúงǰ[4] 

 

 

 

3. üĉธĊกćøดĞćđนĉนกćøüĉจĆ÷ 
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 กćøดĞćđîĉîกćøüĉจĆ÷ǰĂĉìíĉóúขĂงøą÷ąóŠîตŠĂēคøงÿøšćง
จčúõćคĒúąÿöïĆตĉđชĉงกúขĂงñĉüđคúČĂïǰ13%Cr ดšü÷đðúü
đóúĉงคüćöđøĘüÿĎงǰĕดšìĞćตćöขĆĚîตĂîǰดĆงøĎðìĊęǰ2 
 

 
øĎðìĊęǰ2ǰüĉíĊกćøดĞćđîĉîงćîüĉจĆ÷ 

กćøđตøĊ÷öชĉĚîงćîÿĞćĀøĆïกćøóŠîđคúČĂïดšü÷đðúüđóúĉง
คüćöđøĘüÿĎงǰ(High Velocity Oxy-Fuel)ǰ(HVOF)ǰชĉĚîงćî
ตćöขîćดǰöćตøฐćîǰēด÷ìĞćกćøตĆดĔĀšöĊúĆกþณąđðŨîøĎð
ìøงกøąïĂกขîćดǰ50ǰöĉúúĉđöตøĒúą÷ćüǰ30ǰöĉúúĉđöตøǰ
จĞćîüîǰ15ǰชĉĚîđตøĊ÷öñĉüงćîดšü÷กćøóŠîìøć÷đóČęĂìĞćคüćö
ÿąĂćดĒúąđóĉęöóČĚîìĊęĔîกćø÷ċดđกćąøąĀüŠćงñĉüđคúČĂï 

 

3.1ǰกćøพŠนđคúČĂบดšü÷đปúüđพúĉงคüćมđøĘüÿĎงǰ(HVOF) 
 

 
øĎðìĊęǰ3ǰกćøóŠîđคúČĂïดšü÷đðúüđóúĉงคüćöđøĘüÿĎง 

 

 
øĎðìĊęǰ4ǰđคøČęĂงóŠîđคúČĂïTAFAǰøčŠîJP-5000 HP/HVOF 

พćøćมĉđตĂøŤทĊęĔชšĔนกćøทดúĂง 

óŠîดšü÷กøąïüîกćøǰHVOF ĂĆตøćกćøĕĀúขĂงñงóŠîǰ
75ǰกøĆö/îćìĊǰǰĒøงดĆîĂĂกซĉđจîǰ140ǰïćøŤǰǰđชČĚĂđóúĉงǰ121ǰ
ïćøŤǰǰกćøđñćĕĀöšǰ103ǰïćøŤǰǰĂĆตøćกćøóŠîǰ200ǰøĂï/îćìĊǰǰ
øą÷ąĀŠćงǰǰ10ǰîĉĚü  14 îĉĚü  18 îĉĚü 

 
3.2ǰกćøตøüจÿĂบēคøงÿøšćงจčúภćคǰ(Micro Structure) 

ĔîกćøýċกþćüĉđคøćąĀŤēคøงÿøšćงขĂงñĉüđคúČĂïǰĔชšกúšĂง
จčúìøøýîŤชîĉดĒÿงǰĒúąǰSEMǰĒúąǰEDS จćกđคøČęĂงǰHitachi 

Tabletop SEM øčŠîǰTM3030plus 
 

3.3ǰกćøทดÿĂบคüćมĒขĘงǰ 
กćøüĆดคüćöĒขĘงĔชšđคøČęĂงǰSTRUERS DURAMIN A/S 

DK-2750 micro hardness testing machineîĚĞćĀîĆกกดǰ
300g üĆดìĆĚงĀöดǰ6ǰจčดǰĒúšüĀćคŠćđฉúĊę÷ 

 
3.4ǰกćøตøüจÿĂบปøĉมćณøĎพøčนǰ(Porosity Test) 

กćøìดÿĂïðøĉöćณøĎóøčîìĞćēด÷กćøëŠć÷õćóóČĚîñĉü
ดšü÷กúšĂงจčúìøøýîŤĒïïĒÿงǰĀúĆงจćกîĆĚîîĞćöćüĉđคøćąĀŤ
ÿĆดÿŠüîóČĚîìĊęøĎóøčîดšü÷ǰComputer ĒúąēðøĒกøöǰimage 

analysis ĔîกćøĀćคŠćđฉúĊę÷óČĚîìĊęøĎóøčîขĂงĒตŠúąชĉĚîงćî 
 

4. ผúกćøทดÿĂบ 
 ชĉĚîงćîกŠĂîóŠîđคúČĂïđðŨîđĀúĘกǰAISI S45CǰöĊÿŠüîñÿö
ขĂงǰíćตčǰคćøŤïĂîǰ0.48 % , íćตčǰซĉúĉกĂîǰ0.35% Ēúąíćตč
ĒöงกćîĊÿǰ0.90 %ǰ 
 จćกøĎðìĊę ǰ4ǰñĉüđคúČĂïìĆĚ งǰ3ǰøą÷ąóŠîöĊúĆกþณą
ēคøงÿøšćงĒïïǰLamella ÿĊดĞćđðŨîøĎóøčîǰ(porosity) Ēúą
đôÿǰÿĊđìćđขšöđðŨîđôÿขĂงǰēคøđöĊ÷öĂĂกĕซดŤǰĒúąđĀúĘก
ĂĂกĕซดŤǰēคøงÿøšćงจčúõćคขĂงñĉüđคúČĂïöĊúĆกþณąđðŨîĒëï
÷ćüǰöĊÿŠüîñÿöìćงđคöĊìĊęĒตกตŠćงกĆîǰĒúąöĊĂĂกĕซดŤǰøĎóøčîǰ
ĂîčõćคìĊęĕöŠĀúĂöǰøüöìĆĚงĂîčõćคìĊęĀúĂöĔĀöŠǰĂ÷ĎŠøüöกĆîǰซċęง
ÿĂดคúšĂงกĆïñúกćøตøüจÿĂïēðøĒกøöǰEDS óïüŠćøą÷ą
กćøóŠîìĊęǰ10ǰîĉĚüǰöĊคŠćđĀúĘกǰ(Fe) ÿĎง 
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ก)ǰøą÷ąกćøóŠîǰ10 îĉĚü 

 

 
ข)ǰøą÷ąกćøóŠîǰ14 îĉĚü 

 

 
ค)ǰøą÷ąกćøóŠîǰ18 îĉĚü 

øĎðìĊęǰ4ǰēคøงÿøšćงจčúõćคขĂงñĉüđคúČĂï 

 

 

 

 

 

 

 

 

 

4.1 ÿŠüนปøąกĂบทćงđคมĊ 

 

 
ก) 
 

 
ข) 

øĎðìĊęǰ5ǰøą÷ąกćøóŠîǰ10 îĉĚü 

 

ดĆงøĎðìĊęǰ5 จćกēคøงÿøšćงจčúõćคจąđĀĘîชĆĚîñĉüđคúČĂï
đðŨîǰlayer ซċęงจąðøąกĂïĕðดšü÷øĎóøčîǰ, ĂĂกĕซดŤǰøĂ÷Ēตกǰ
ĒúąĂîčõćคìĊęĕöŠĀúĂöǰøüöกĆîǰซċęงตćöõćóđðŨîกćøüĉđคøćąĀŤ
íćตčđชĉงðøĉöćณซċęงðøąกĂïĕðดšü÷ǰCr ēคøđöĊ÷öǰ11.51% , 

Fe đĀúĘกǰ78.81% , Si  ซĉúĉกĂîǰ0.90%  ĒúąǰC คćøŤïĂîǰ
8.78% 

 

 
ก) 
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ข) 

øĎðìĊęǰ6ǰøą÷ąกćøóŠîǰ14ǰîĉĚü 
 

ดĆงøĎðìĊęǰ6ǰจćกēคøงÿøšćงจčúõćคจąđĀĘîชĆĚîñĉüđคúČĂï
đðŨî layerǰซċęงจąðøąกĂïĕðดšü÷øĎóøčî , ĂĂกĕซดŤǰøĂ÷Ēตกǰ
ĒúąĂîčõćคìĊęĕöŠĀúĂöǰøüöกĆîǰซċęงตćöõćóดšćîïîđðŨîกćø
üĉđคøćąĀŤíćตčđชĉงðøĉöćณซċęงðøąกĂïĕðดšü÷ǰCr ǰēคøđöĊ÷öǰǰ
22.38%ǰ, Fe đĀúĘกǰ63.44%ǰ, ĒúąǰCǰคćøŤïĂîǰ14.18% 

 

 
ก) 

 

 
ข) 

øĎðìĊęǰ7 øą÷ąกćøóŠîǰ18 îĉĚü 
 

ดĆงøĎðìĊęǰ7 จćกēคøงÿøšćงจčúõćคจąđĀĘîชĆĚîñĉüđคúČĂï
đðŨî layerǰซċęงจąðøąกĂïĕðดšü÷øĎóøčî , ĂĂกĕซดŤǰøĂ÷Ēตกǰ
ĒúąĂîčõćคìĊęĕöŠĀúĂöǰøüöกĆîǰซċęงตćöõćóดšćîïîđðŨîกćø
üĉđคøćąĀŤíćตčđชĉงðøĉöćณซċęงðøąกĂïĕðดšü÷ǰCr ēคøđöĊ÷öǰ

20.28%ǰ, Fe đĀúĘกǰ67.02%ǰ,ǰSiǰซĉúĉกĂî 0.81%ǰ, ĒúąǰC 

คćøŤïĂîǰ11.89% 

 

4.2 ผúกćøทดúĂงคŠćคüćมĒขĘงจćกกćøทดúĂง 
 

 
øĎðìĊęǰ8ǰคüćöĒขĘงขĂงñĉüชĉĚîงćîìĆĚง 3 øą÷ąกćøóŠî 

 

จćกกćøóŠîđคúČĂïดšü÷đðúüđóúĉงคüćöđøĘüÿĎงóïüŠć
คüćöĒขĘงïøĉđüณñĉüชĉĚîงćîìĆĚง 3ǰøą÷ąöĊกćøĒÿดงñúǰøą÷ąǰ
10ǰîĉĚüöĊคŠćคüćöĒขĘงǰ457.35 HV  ìĊęøą÷ąǰ14ǰîĉĚüöĊคŠćคüćö
ĒขĘงǰ486.25 HV  ìĊęøą÷ąǰ18ǰîĉĚüöĊคŠćคüćöĒขĘง479.73 HV 

จćกñúกćøüĆดคüćöĒขĘงĒúąđðøĊ÷ïđìĊ÷ïĒÿดงëċงคŠćìĊęøą÷ąǰ
14ǰîĉĚüöĊคŠćคüćöĒขĘงÿĎงÿčดǰđöČęĂđìĊ÷ïกĆïĂĊก 2ǰøą÷ą 

 

4.3 ปøĉมćณøĎพøčน 
ðøĉöćณøĎóøčîìĊęøą÷ąตŠćงǰėǰöĊดĆงîĊĚǰøą÷ąกćøóŠîǰ10ǰ

îĉĚüöĊðøĉöćณǰ2.4ǰ%ǰøą÷ąกćøóŠîǰ14ǰîĉĚüöĊðøĉöćณǰ1.7ǰ%ǰ
Ēúąǰøą÷ąกćøóŠîǰ18ǰîĉĚüöĊðøĉöćณǰ1.5ǰ%ǰซċęงกćøìดÿĂï
ดĆงกúŠćüóïชŠüงøą÷ąกćøóŠîìĊęǰ10ǰîĉĚüǰĂ÷ĎŠĔîøą÷ąìĊęÿĆĚîǰ
ĂîčõćคĀúĂööĊขîćดēตǰøą÷ąกćøóŠîìĊęǰ14ǰîĉĚüǰĂ÷ĎŠĔîøą÷ą
đĀöćąÿöìĊęìĞćĔĀšĂîčõćคìĊęĕöŠĀúĂöĒúąĂîčõćคĒñŠǰ(Splat)ǰ
đกĉดกćøìĆïëöกĆîìĞćĔĀšđกĉดชŠĂงüŠćงĀøČĂøĎóøčîจĞćîüîöćกǰ
Ēúąøą÷ąǰ18ǰîĉĚüĂ÷ĎŠĔîøą÷ąìĊęĕกúǰĂîčõćคìĊęĕöŠĀúĂööĊขîćด
đúĘกìĞćĔĀšđกĉดชŠĂงüŠćงîšĂ÷ĀøČĂðøĉöćณøĎóøčîîšĂ÷ǰđìŠćกĆïǰ
1.5%ǰđöČęĂđìĊ÷ïกĆïĂĊกǰ2 øą÷ąǰดĆงîĆĚîกćøđðúĊę÷îĒðúงøą÷ą
กćøóŠîìĊęĕกúขċĚîจąöĊðøĉöćณøĎóøčîìĊęúดúงǰซċęงÿĂดคúšĂงกĆï
งćîüĉจĆ÷ìĊęøĎóøčîöĊคüćöÿĆöóĆîíŤกĆïคüćöĀîćขĂงǰSplat ซċęง
đñ÷ĔĀšđĀĘîúĆกþณąขĂงกćøกøąĒìกซċęงđกĊę÷üขšĂงกĆï
óćøćöĉđตĂøŤìĊęĔชšĔîกćøóŠîìĊęคüïคčöĂîčõćคúŠĂงĔîĂćกćýǰ[4] 
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øĎðìĊęǰ9ǰðøĉöćณøĎóøčîĔîชĆĚîñĉüđคúČĂïìĆĚง 3 øą÷ąกćøóŠî 

 

5.ǰÿøčปผúกćøทดÿĂบ 
Ļ ēคøงÿøšćงจčúõćคขĂงǰ3ǰøą÷ąóŠî10ǰîĉĚü, 14 îĉĚü

,18ǰîĉĚüǰĕöŠĒตกตŠćงกĆîǰðøąกĂïดšü÷ĒñŠîĒïî
ซšĂîìĆïกĆîđðŨîชĆĚîėǰซċęงđðŨîđôÿขĂงēคøđöĊ÷ö
ĂĂกĕซดŤǰ(CrO)ǰĒúąđĀúĘกĂĂกĕซดŤǰ(FeO)ǰĂîčõćค
ìĊęĕöŠĀúĂöĒñŠǰ(Splat)ǰìĆïëöกĆîìĞćĔĀšđกĉดชŠĂงüŠćงöĊ
øĎóøčîǰĒúąøĂ÷Ēตก 

Ļ ÿöïĆตĉđชĉงกúดšćîคüćöĒขĘงกĆïøą÷ąóŠîìĆĚงǰ3  öĊ
คŠćđฉúĊę÷ĔกúšđคĊ÷งกĆîǰđìŠćกĆïǰǰ474ǰHV  

Ļ ðøĉöćณøĎóøčîขĂงøą÷ąóŠîìĆĚงǰ3ǰöĊคŠćđฉúĊę÷øĎóøčî
ĔกúšđคĊ÷งกĆîǰđìŠćกĆïǰ1.9ǰ% 

Ļ ÿøčðüŠćกćøóŠîìĆĚงǰ3ǰøą÷ąǰĕöŠöĊñúตŠĂÿöïĆตĉđชĉงกú
ดšćîคüćöĒขĘงขĂงñĉüđคúČĂï 

 
กĉตตĉกøøมปøąกćý 
 กćøจĆดìĞćðøĉญญćîĉóîíŤฉïĆïîĊĚ ĕดšøĆïคüćöกøčณć
đĂČĚĂ đôŚŪ ĂจćกïøĉþĆì đüĘî đจĂøŤ ǰđĂĘîจĉ đîĊ÷øĉę งǰจĞćกĆด ǰĒúą
öĀćüĉì÷ćúĆ÷đìคēîēú÷ĊóøąจĂöđกúšćíîïčøĊ  ĔîกćøĔชš
đคøČęĂงöČĂĔîกćøìดÿĂïǰĒúąขĂขĂïคčณǰñý .ǰชćîîìŤǰ
öĎúüøøณǰĂćจćø÷ŤìĊęðøċกþćĔîกćøจĆดìĞćðøĉญญćîĉóîíŤǰชŠü÷
ĔĀšคĞćĒîąîĞćǰĔĀšคĞćðøċกþćĔîกćøจĆดìĞćēคøงงćîǰชŠü÷
đÿîĂĒîąĒîüìćงǰĒîüคĉดĒúąĒกšĕขขšĂïกóøŠĂงöćēด÷
ตúĂดจîงćîüĉจĆ÷îĊĚđÿøĘจÿöïĎøณŤ 
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