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∫∑§—¥¬àÕ
·∫∫æ‘¡æåªŸπª≈“ ‡µÕ√å∑’Ë„™â·≈â«®“°Õÿµ “À°√√¡‡´√“¡‘°¡’‡ªìπª√‘¡“≥ Ÿß ¡’°“√π”¡“∂¡∑‘Èß ́ ÷Ëßπ”¡“ Ÿàªí≠À“

 ‘Ëß·«¥≈âÕ¡‰¥â ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“°“√Õ∫ªŸπª≈“ ‡µÕ√å∑’Ë„™â·≈â«®“°Õÿµ “À°√√¡‡´√“¡‘°∑’ËÕÿ≥À¿Ÿ¡‘ 120-200
Õß»“‡´≈‡´’¬  µàÕ ¡∫—µ‘°“¬¿“æ§◊Õ §«“¡¢âπ‡À≈«¡“µ√∞“π ‡«≈“°“√°àÕµ—« Õÿ≥À¿Ÿ¡‘°“√°àÕµ—« ·≈–§«“¡µâ“π·√ßÕ—¥
º≈°“√∑¥≈Õßæ∫«à“ªŸπª≈“ ‡µÕ√å„™â·≈â«®“°ß“πªíôπ·≈–ß“πÀ≈àÕÀ≈—ßÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 140-160 Õß»“‡´≈‡´’¬ 
ª√“°Øº≈÷°¢Õß Calcium Sulfate Hemihydrate  ¡∫—µ‘§«“¡¢âπ‡À≈«¡“µ√∞“π ”À√—∫°“√∑¥ Õ∫À“‡«≈“°“√°àÕµ—«
√–¬–ª≈“¬ ·≈–‡«≈“°“√°àÕµ—«√–¬–ª≈“¬¢ÕßªŸπª≈“ ‡µÕ√å®“°ß“πªíôπ¡’§à“ 75-80 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√/ªŸπ 100 °√—¡
·≈– 15-35 π“∑’ µ“¡≈”¥—∫  à«π¢ÕßªŸπª≈“ ‡µÕ√å®“°ß“πÀ≈àÕ¡’§à“ 55 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√/ªŸπ 100 °√—¡ ·≈–
30-40 π“∑’ µ“¡≈”¥—∫ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫∑’Ëª√‘¡“≥πÈ”µàÕªŸπ‡∑à“°—π¢Õßµ—«Õ¬à“ßÀ≈—ßÕ∫∑’Ë 160 Õß»“‡´≈‡´’¬  æ∫«à“
ªŸπª≈“ ‡µÕ√å®“°ß“πªíôπ¡’Õÿ≥À¿Ÿ¡‘°“√°àÕµ—«µË”°«à“ ·≈–‡«≈“°“√°àÕµ—«·≈–§«“¡µâ“π·√ßÕ—¥ Ÿß°«à“¢ÕßªŸπª≈“ ‡µÕ√å
®“°ß“πÀ≈àÕ §◊Õ∑’Ëª√‘¡“≥πÈ”µàÕªŸπ 100 °√—¡ ∑’Ë 65-80 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ ªŸπª≈“ ‡µÕ√å®“°ß“πªíôπ¡’‡«≈“°“√°àÕµ—«
55-63 π“∑’ Õÿ≥À¿Ÿ¡‘°“√°àÕµ—« 42.5-44.3 Õß»“‡´≈‡´’¬  §à“§«“¡µâ“π·√ßÕ—¥ 6.2 ± 0.6 - 9.1 ± 0.4 π‘«µ—π/µ“√“ß¡‘≈≈‘‡¡µ√
·≈–ªŸπª≈“ ‡µÕ√å®“°ß“πÀ≈àÕ¡’‡«≈“°“√°àÕµ—« 43-46 π“∑’ Õÿ≥À¿Ÿ¡‘°“√°àÕµ—« 42.1 - 46.2 Õß»“‡´≈‡´’¬  §à“
§«“¡µâ“π·√ßÕ—¥ 4.4 ± 0.4 - 8.4 ± 0.7 π‘«µ—π/µ“√“ß¡‘≈≈‘‡¡µ√

Abstract 
Used plaster molds from ceramic industries are abundant every year. They were landfilled and may

create global warming in the future. This paper studied the effect of calcining temperatures, 120 - 200 C,
on the properties of the used ceramic plaster mold, slip casting mold and jiggering mold. It was found that after
calcined the used plaster at 140-160C, the Calcium Sulfate Hemihydrate was formed. The normal consistency
and setting time of the calcined used jiggering mold were 75-80 cm3 /100 g plaster and 15-35 minutes consecutively.
While the normal consistency and setting time of the calcined used slip casting mold were 55 cm3 /100g plaster
and 30 - 40 minutes consecutively. At the same consistency of the samples calcined at 160C, the used
jiggering mold had lower setting temperature, higher setting time and higher compressive strength than the used
slip casting mold.  At the consistency of 65-80 cm3, the used jiggering mold had setting temperature of
42.5-44.3C, setting time of 55-63 minutes, and compressive strength of 6.2 ± 0.6-9.1 ± 0.4 N/mm2.  The used
slip casting mold had setting temperature of 42.1 - 46.2C, setting time of 43-46 minutes, and compressive
strength of 4.4 ± 0.4 - 8.4 ± 0.7 N/mm2. 

°“√»÷°…“º≈°“√Õ∫ªŸπª≈“ ‡µÕ√å∑’Ë„™â·≈â«
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Effect of Calcining Temperatures on the Properties
of Used Ceramic Plaster Molds
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∫∑π”
¬‘ª´—¡ §◊Õ ·§≈‡´’¬¡´—≈‡øµ´÷Ëß¡’πÈ”Õ¬Ÿà 2 ‚¡‡≈°ÿ≈

(Dihydrate)  Ÿµ√‡§¡’§◊Õ CaSO4.2H2O ª√–°Õ∫¥â«¬
´—≈‡øÕ√å‰µ√ÕÕ°‰´¥å (SO3) √âÕ¬≈– 46.5 ·§≈‡´’¬¡ÕÕ°‰´¥å
(CaO) √âÕ¬≈– 32.6 πÈ” (H2O) √âÕ¬≈– 20.9

‡¡◊ËÕÕ∫¬‘ª´—¡¿“¬„µâ∫√√¬“°“»ª°µ‘‰¥â Beta
Hemihydrate ·≈–¿“¬„µâ·√ßÕ—¥‰ÕπÈ”‰¥â Alpha Hemihydrate

„π°“√º≈‘µª≈“ ‡µÕ√å ”À√—∫„™â∑”·∫∫æ‘¡æå¡’°“√
„™â Beta Hemihydrate ·≈– Alpha Hemihydrate ‚¥¬
ª≈“ ‡µÕ√å∑’Ë¡’ à«πº ¡¢Õß Beta Hemihydrate ¡’ ¡∫—µ‘
„™âπÈ”µË” §«“¡·¢Áß·√ßµË” §«“¡æ√ÿπ Ÿß °“√¢¬“¬µ—«µË”
·≈–ª≈“ ‡µÕ√å∑’Ë¡’ à«πº ¡¢Õß Alpha ·≈– Beta
Hemihydrate ¡’ ¡∫—µ‘„™âπÈ” Ÿß §«“¡·¢Áß·√ß Ÿß §«“¡
æ√ÿπµË” °“√¢¬“¬µ—« Ÿß ∑”„Àâª≈“ ‡µÕ√å¡’ ¡∫—µ‘‡À¡“– ¡
°—∫°“√¢÷Èπ¥â«¬«‘∏’µà“ßÊ ‡™àπ °“√ªíôπ®‘°‡°Õ√å·∫∫æ‘¡æå
µâÕß¡’§«“¡·¢Áß·√ß Ÿß ·≈–„π°“√¢÷Èπ√Ÿª¥â«¬°“√À≈àÕ
·∫∫æ‘¡æåµâÕß “¡“√∂¥Ÿ¥´÷¡πÈ” (G. Seng, 2001) ‡¡◊ËÕ
„™âß“π Hemihydrate ®–∑”ªØ‘°‘√‘¬“°—∫πÈ”‡ª≈’Ë¬π‡ªìπ
Dihydrate (A.J.Lewry et al., 1994)

CaSO4.1/2H2O + 3/2H2O ➔ CaSO4.2H2O

„πªí®®ÿ∫—πæ∫«à“ª√‘¡“≥ªŸπª≈“ ‡µÕ√å∑’Ë‡ªìπ
«— ¥ÿ‡À≈◊Õ∑‘Èß®“°Õÿµ “À°√√¡‡´√“¡‘°¡’ª√‘¡“≥ Ÿß∂÷ß
38,000 µ—πµàÕªï (°√¡‚√ßß“πÕÿµ “À°√√¡, 25 °§. 2551)
Õ’°∑—È ß§«“¡µ√–Àπ—°∂÷ ß ‘Ë ß·«¥≈âÕ¡‡æ‘Ë¡¡“°¢÷Èπ
(H.L. Nielsen, 2008) æ∫¡’°“√»÷°…“‡°’Ë¬«°—∫·∫∫æ‘¡æå

ªŸπª≈“ ‡µÕ√å„™â·≈â« ‡™àπ °“√»÷°…“„™â·∫∫æ‘¡æå∑’Ë
À¡¥Õ“¬ÿ°“√„™âß“πº ¡°—∫∑√“¬ ´‘≈‘°“ ·≈–´’‡¡πµå
ªÕ√åµ·≈π¥å ‡æ◊ËÕº≈‘µ‡ªìπÕ‘∞ª√– “π ºπ—ß ”‡√Á®√Ÿª
À√◊Õº≈‘µ¿—≥±åª√–¥—∫µ°·µàßÕ“§“√ (‡°√’¬ß»—°¥‘Ï ‡¢’¬«¡—Ëπ,
2549) °“√»÷°…“º≈¢Õß°“√Õ∫·∫∫æ‘¡æå„™â·≈â«®“°
ß“πÀ≈àÕ·∫∫Õ—≠¡≥’µàÕ ¡∫—µ‘°“√‰À≈µ—«·≈–°“√°àÕµ—«
( ÿ∑‘π §ŸÀ“‡√◊Õß√Õß ·≈–§≥–, 2549) ·µà°“√»÷°…“ ¡∫—µ‘
¢Õß·∫∫æ‘¡æåªŸπª≈“ ‡µÕ√å„™â·≈â«®“°Õÿµ “À°√√¡
‡´√“¡‘°¬—ß‰¡à‡ªìπ∑’Ë·æ√àÀ≈“¬π—° ®÷ß‡ªìπ∑’Ë¡“¢Õß°“√»÷°…“
º≈¢Õß°“√Õ∫µàÕ ¡∫—µ‘°“¬¿“æ¢ÕßªŸπª≈“ ‡µÕ√å„™â·≈â«
®“°Õÿµ “À°√√¡‡´√“¡‘° ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈ ”À√—∫π”
ªŸπª≈“ ‡µÕ√å„™â·≈â«®“°Õÿµ “À°√√¡‡´√“¡‘°°≈—∫¡“„™â
„Àâ‡°‘¥ª√–‚¬™πåÕ’°

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
«—µ∂ÿ¥‘∫∑’Ë„™â‡ªìπ·∫∫æ‘¡æåªŸπª≈“ ‡µÕ√å„™â·≈â«

®“° ∫√‘…—∑ √Õ¬—≈ ªÕ√å´‡≈π ®”°—¥ (¡À“™π) π”¡“
§—¥·¬°‡ªìπªŸπª≈“ ‡µÕ√å„™â·≈â«®“°°“√ªíôπ (RPJ)
·≈–®“°°“√À≈àÕ (RPC) π”¡“∫¥¥â«¬‚°√àß·≈–§—¥
¢π“¥¥â«¬µ–·°√ß 100 ‡¡™ ∑¥ Õ∫ªØ‘°‘√‘¬“∑“ß§«“¡
√âÕπ¢Õßµ—«Õ¬à“ß¥â«¬ Differential Thermal Analysis
(Perkin Elmer DSC 7) ·≈â«®÷ßπ”¡“Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 120-
200 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 5 ™—Ë«‚¡ß π”µ—«Õ¬à“ß∑’Ë
ºà“π°“√Õ∫¡“∑¥ Õ∫À“‡ø ¥â«¬ X-ray Diffractometer
(Bruker D8 Advance) ∑¥ Õ∫§«“¡¢âπ‡À≈«¡“µ√∞“π
 ”À√—∫°“√∑¥ Õ∫À“‡«≈“°“√°àÕµ—«√–¬–ª≈“¬·≈–
‡«≈“°“√°àÕµ—«√–¬–ª≈“¬ µ“¡ ¡Õ°.188-2547 ·≈–
§«“¡¢âπ‡À≈«¡“µ√∞“π ”À√—∫À“‡«≈“°“√°àÕµ—«√–¬–
µâπ·≈–§«“¡µâ“π·√ßÕ—¥ µ“¡ ¡Õ°.188-2547

À≈—ß®“°π—Èππ”µ—«Õ¬à“ß∑’Ëºà“π°“√Õ∫∑’Ë 160
Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 5 ™—Ë«‚¡ß ¡“∑¥ Õ∫‡«≈“°“√
°àÕµ—«‚¥¬°“√«—¥Õÿ≥À¿Ÿ¡‘ ´÷Ëß„™â«‘∏’°“√∑¥ Õ∫µ“¡
ASTM C 472-99 ∑¥ Õ∫§«“¡Àπ“·πàπ®“°Õ—µ√“ à«π
¢Õß¡«≈µàÕª√‘¡“µ√´÷Ëß√«¡√Ÿæ√ÿπ¥â«¬ ·≈–§«“¡µâ“π
·√ßÕ—¥∑’Ëª√‘¡“≥πÈ”µàÕªŸπ 100 °√—¡ ∑’Ë 65-80 ≈Ÿ°∫“»°å
‡´πµ‘‡¡µ√ µ“¡ ¡Õ°.188-2547

¿“æ®“° G.Seng, 2001



46 « “ √   “ √ ° √ ¡ «‘ ∑ ¬ “ » “   µ √å ∫ √‘ ° “ √

º≈°“√∑¥≈Õß
º≈°“√∑¥ Õ∫ªØ‘°‘√‘¬“∑“ß§«“¡√âÕπ¢Õßµ—«Õ¬à“ß

¥â«¬ Differential Thermal Analysis · ¥ß¥—ß¿“æ∑’Ë 1 æ∫
«à“µ—«Õ¬à“ß RPJ ·≈– RPC ‡√‘Ë¡‡°‘¥ªØ‘°‘√‘¬“¥Ÿ¥§«“¡
√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥ 117 - 127 Õß»“‡´≈‡´’¬  ‚¥¬
¡’®ÿ¥ Ÿß ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥ 160 Õß»“‡´≈‡´’¬  ·µà
RPC ‡°‘¥ªØ‘°‘√‘¬“¥Ÿ¥§«“¡√âÕπ∑’Ë¡’®ÿ¥ Ÿß ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘
ª√–¡“≥ 140 Õß»“‡´≈‡´’¬  ¥â«¬

º≈°“√∑¥ Õ∫‡ø ¢Õßµ—«Õ¬à“ß RPJ ·≈– RPC
∑’Ë‰¡àºà“π°“√Õ∫·≈–ºà“π°“√Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 140 - 160
Õß»“‡´≈‡´’¬  · ¥ß¥—ßµ“√“ß∑’Ë 1 º≈°“√∑¥ Õ∫§«“¡
¢âπ‡À≈«¡“µ√∞“π ”À√—∫°“√∑¥ Õ∫À“‡«≈“°“√°àÕµ—«
√–¬–ª≈“¬·≈–‡«≈“°“√°àÕµ—«√–¬–ª≈“¬¢Õßµ—«Õ¬à“ß
RPJ ·≈– RPC ∑’Ëºà“π°“√Õ∫∑’Ë 120-200 Õß»“‡´≈‡´’¬ 
· ¥ß¥—ßµ“√“ß∑’Ë 2 º≈∑¥ Õ∫§«“¡¢âπ‡À≈«¡“µ√∞“π
 ”À√—∫À“‡«≈“°“√°àÕµ—«√–¬–µâπ·≈–§«“¡µâ“π·√ßÕ—¥

¢Õßµ—«Õ¬à“ß RPJ ·≈– RPC ∑’Ëºà“π°“√Õ∫∑’Ë 120 - 200
Õß»“‡´≈‡´’¬  · ¥ß¥—ßµ“√“ß∑’Ë 3 ·≈–º≈°“√∑¥ Õ∫
‡«≈“°“√°àÕµ—«‚¥¬°“√«—¥Õÿ≥À¿Ÿ¡‘ §«“¡Àπ“·πàπ ·≈–
§«“¡µâ“π·√ßÕ—¥ ¢Õßµ—«Õ¬à“ß RPJ ·≈– RPC ∑’Ëºà“π
°“√Õ∫∑’Ë 160 Õß»“‡´≈‡´’¬  ·≈–ª√‘¡“≥πÈ”µàÕªŸπ 100
°√—¡ ∑’Ë 65-80 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ · ¥ß¥—ß¿“æ∑’Ë 2-3

- Gypsum (CaSO4 2H2O) Gypsum (CaSO4 2H2O)

140 Calcium sulfate hydrate Calcium Sulfate Hydrate
(CaSO4 0.5H2O) (CaSO4 0.5H2O)

160 Calcium sulfate hydrate Calcium Sulfate Hydrate
(CaSO4 0.5H2O) (CaSO4 0.5H2O)

Õÿ≥À¿Ÿ¡‘
(Õß»“ RPJ RPC

‡´≈‡´’¬ )

120 75 35 55 ‰¡à°àÕµ—«
140 80 15 55 35
160 75 30 55 30
180 80 40 55 >50
200 80 >60 - -

Õÿ≥À¿Ÿ¡‘
(Õß»“

‡´≈‡´’¬ )

RPJ RPC

§«“¡¢âπ‡À≈«œ ‡«≈“ §«“¡¢âπ‡À≈«œ ‡«≈“
(≈Ÿ°∫“»°å °“√°àÕµ—« (≈Ÿ°∫“»°å °“√°àÕµ—«

‡´πµ‘‡¡µ√/ √–¬–ª≈“¬ ‡´πµ‘‡¡µ√/ √–¬–ª≈“¬
ªŸπ 100 °√—¡) (π“∑’) ªŸπ 100 °√—¡) (π“∑’)

120 115 2.2±0.0 95 5.1±0.4
140 115 3.7±0.2 88 5.4±0.1
160 110 4.4±0.2 93 4.4±0.1
180 110 2.7±0.1 - -
200 110 2.5±0.1 - -

Õÿ≥À¿Ÿ¡‘
(Õß»“

‡´≈‡´’¬ )

§«“¡¢âπ‡À≈«œ §«“¡µâ“π·√ßÕ—¥ §«“¡¢âπ‡À≈«œ §«“¡µâ“π·√ßÕ—¥
(≈Ÿ°∫“»°å (π‘«µ—π/ (≈Ÿ°∫“»°å (π‘«µ—π/

‡´πµ‘‡¡µ√/ µ“√“ß ‡´πµ‘‡¡µ√/ µ“√“ß
ªŸπ 100 °√—¡) ¡‘≈≈‘‡¡µ√) ªŸπ 100 °√—¡) ¡‘≈≈‘‡¡µ√)

¿“æ∑’Ë 1 º≈°“√∑¥ Õ∫ªØ‘°‘√‘¬“∑“ß§«“¡√âÕπ¥â«¬ Differential

Thermal Analysis (A) RPJ (B) RPC
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Perkin-Elmer Thermal Analysis

Area = 1208.044 mJ
Delth H = 156.889 J/g

Peak = 158.700 ?C

Temperature (?C)
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Onset = 127.505 ?C

Perkin-Elmer Thermal Analysis

Area = 2697.228 mJ
Delth H = 278.065 J/g

Peak = 142.366 ?C

Peak = 162.700 ?C

Temperature (?C)

Onset = 151.185 ?C
Area = 601.944 mJ
Delth H = 62.056 J/g

µ“√“ß∑’Ë 1 · ¥ß‡ø ¢Õßµ—«Õ¬à“ß RPJ ·≈– RPC ∑’Ë‰¡àºà“π°“√
Õ∫·≈–ºà“π°“√Õ∫∑’Ë 140 ·≈– 160 Õß»“‡´≈‡´’¬ 

µ“√“ß∑’Ë 2 · ¥ß§«“¡¢âπ‡À≈«¡“µ√∞“π ”À√—∫°“√∑¥ Õ∫À“‡«≈“
°“√°àÕµ—«√–¬–ª≈“¬·≈–‡«≈“°“√°àÕµ—«√–¬–ª≈“¬
¢Õßµ—«Õ¬à“ß RPJ ·≈– RPC ∑’Ëºà“π°“√Õ∫∑’Ë 120-200
Õß»“‡´≈‡´’¬ 

µ“√“ß∑’Ë 3 · ¥ßº≈∑¥ Õ∫§«“¡¢âπ‡À≈«¡“µ√∞“π ”À√—∫À“
‡«≈“°“√°àÕµ—«√–¬–µâπ·≈–§«“¡µâ“π·√ßÕ—¥¢Õß
µ—«Õ¬à“ß RPJ ·≈– RPC ∑’Ëºà“π°“√Õ∫∑’Ë 120-200
Õß»“‡´≈‡´’¬ 
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¿“æ∑’Ë 3 · ¥ß§«“¡Àπ“·πàπ·≈–§«“¡µâ“π·√ßÕ—¥¢Õßµ—«Õ¬à“ß RPJ
·≈– RPC ∑’Ëºà“π°“√Õ∫∑’Ë 160Õß»“‡´≈‡´’¬  ·≈–¡’ª√‘¡“≥
πÈ”µàÕªŸπ 100 °√—¡ ∑’Ë 65-80 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√

§«“¡µâ“π
·√ßÕ—¥, π

‘«µ—π
/µ“√“ß¡‘≈≈‘‡¡µ√

RPJ ‡«≈“

RPC ‡«≈“

RPJ Õÿ≥À¿Ÿ¡‘

RPC Õÿ≥À¿Ÿ¡‘

RPJ §«“¡Àπ“·πàπ
RPC §«“¡Àπ“·πàπ
RPJ §«“¡µâ“π·√ßÕ—¥
RPC §«“¡µâ“π·√ßÕ—¥

¿“æ∑’Ë 2 · ¥ß‡«≈“°“√°àÕµ—«‚¥¬°“√«—¥Õÿ≥À¿Ÿ¡‘¢Õßµ—«Õ¬à“ß RPJ
·≈– RPC ∑’Ëºà“π°“√Õ∫∑’Ë 160 Õß»“‡´≈‡´’¬  ·≈–¡’ª√‘¡“≥
πÈ”µàÕªŸπ 100 °√—¡ ∑’Ë 65-80 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√
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Õ¿‘ª√“¬·≈– √ÿªº≈°“√∑¥≈Õß
º≈°“√∑¥ Õ∫ Differential Thermal Analysis

¥—ß¿“æ∑’Ë 1 ·≈–º≈°“√∑¥ Õ∫À“‡ø ¥â«¬ X-ray
Diffratometer ®“°µ“√“ß∑’Ë 1 · ¥ß„Àâ‡ÀÁπ«à“ªØ‘°‘√‘¬“∑’Ë¥Ÿ¥
§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥ 160 Õß»“‡´≈‡´’¬ π—Èπ
‡°‘¥®“°‡ø  Calcium Sulfate Hemihydrate (CaSO4 0.5H2O)

º≈°“√∑¥ Õ∫§«“¡¢âπ‡À≈«¡“µ√∞“π ”À√—∫
°“√∑¥ Õ∫À“‡«≈“°“√°àÕµ—«√–¬–ª≈“¬·≈–‡«≈“
°“√°àÕµ—«√–¬–ª≈“¬ ®“°µ“√“ß∑’Ë 2 · ¥ß„Àâ‡ÀÁπ«à“
µ—«Õ¬à“ß RPJ À≈—ßÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 120-200 Õß»“‡´≈‡´’¬ 
¡’§«“¡¢âπ‡À≈«¡“µ√∞“πœ Ÿß°«à“µ—«Õ¬à“ß RPC ·≈–

°“√Õ∫ ≥ Õÿ≥À¿Ÿ¡‘∑’Ë 140-160 Õß»“‡´≈‡´’¬  ¡’º≈
∑”„Àâ RPJ ·≈– RPC¡’‡«≈“°“√°àÕµ—«√–¬–ª≈“¬πâÕ¬°«à“
Õÿ≥À¿Ÿ¡‘Õ◊Ëπ  Õ¥§≈âÕß°—∫º≈°“√∑¥ Õ∫§«“¡¢âπ‡À≈«
¡“µ√∞“π ”À√—∫À“‡«≈“°“√°àÕµ—«√–¬–µâπ·≈–§«“¡µâ“π
·√ßÕ—¥ ®“°µ“√“ß∑’Ë 3 µ—«Õ¬à“ß RPJ À≈—ßÕ∫∑’ËÕÿ≥À¿Ÿ¡‘
120-200 Õß»“‡´≈‡´’¬  ¡’§«“¡¢âπ‡À≈«¡“µ√∞“πœ  Ÿß
°«à“µ—«Õ¬à“ß RPC ·≈–Õÿ≥À¿Ÿ¡‘Õ∫∑’Ë 160 Õß»“‡´≈‡´’¬ 
µ—«Õ¬à“ß RPJ ¡’§«“¡µâ“π·√ßÕ—¥ Ÿß°«à“Õÿ≥À¿Ÿ¡‘Õ◊Ëπ  ”À√—∫
µ—«Õ¬à“ß RPC Õÿ≥À¿Ÿ¡‘Õ∫∑’Ë 140 Õß»“‡´≈‡´’¬  ¡’
§«“¡µâ“π·√ßÕ—¥ Ÿß°«à“Õÿ≥À¿Ÿ¡‘Õ◊Ëπ ·≈–µ—«Õ¬à“ß RPC
‰¡à°àÕµ—«‡¡◊ËÕÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 120 ·≈– 200 Õß»“‡´≈‡´’¬ 
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°“√∑¥ Õ∫∑’Ëª√‘¡“≥πÈ”§ß∑’Ë∑’Ëª√‘¡“≥πÈ”µàÕªŸπ
100 °√—¡ ∑’Ë 65-80 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ ¢Õßµ—«Õ¬à“ß
RPJ ·≈– RPC À≈—ßÕ∫∑’Ë 160 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“
5 ™—Ë«‚¡ß ®“°¿“æ∑’Ë 2-3 æ∫«à“ µ—«Õ¬à“ß RPJ ¡’‡«≈“°“√
°àÕµ—«µË”°«à“·µàÕÿ≥À¿Ÿ¡‘°“√°àÕµ—« Ÿß°«à“µ—«Õ¬à“ß RPC §◊Õ
RPJ ¡’‡«≈“°“√°àÕµ—« 55-63 π“∑’ Õÿ≥À¿Ÿ¡‘°“√°àÕµ—«
42.5-44.3 Õß»“‡´≈‡´’¬   à«π RPC ¡’‡«≈“°“√°àÕµ—«
43-46 π“∑’ Õÿ≥À¿Ÿ¡‘°“√°àÕµ—« 42.1-46.2 Õß»“‡´≈‡´’¬ 
·≈–‡¡◊ËÕª√‘¡“≥πÈ”‡æ‘Ë¡¢÷Èπ∑—Èß Õßµ—«Õ¬à“ß¡’§à“§«“¡
µâ“π·√ßÕ—¥≈¥≈ß ‚¥¬µ—«Õ¬à“ß RPJ ¡’§«“¡µâ“π·√ßÕ—¥
 Ÿß°«à“µ—«Õ¬à“ß RPC §◊Õ RPJ ¡’§à“§«“¡µâ“π·√ßÕ—¥ 6.2
± 0.6 - 9.1 ± 0.4 π‘«µ—π/µ“√“ß¡‘≈≈‘‡¡µ√ ·≈– RPC ¡’
§à“§«“¡µâ“π·√ßÕ—¥ 4.4 ± 0.4 - 8.4 ± 0.7 π‘«µ—π/µ“√“ß
¡‘≈≈‘‡¡µ√

°“√π”µ—«Õ¬à“ßÀ≈—ßÕ∫¡“º ¡πÈ”®–‡°‘¥ªØ‘°‘√‘¬“
(Hydration) √–À«à“ß Calcium Sulfate Hemihydrate °—∫πÈ”
‡ª≈’Ë¬π‡ªìπ Calcium Sulfate Dihydrate ª√‘¡“≥πÈ”∑’Ë„™â
„π°“√‡°‘¥ªØ‘°‘√‘¬“®– —¡æ—π∏å°—∫‡ø „πµ—«Õ¬à“ß °“√‡°‘¥
ªØ‘°‘√‘¬“®–∑”„ÀâÕÿ≥À¿Ÿ¡‘¢Õßµ—«Õ¬à“ß‡æ‘Ë¡¢÷Èπ ´÷Ëß ≥
Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥· ¥ß«à“ªØ‘°‘√‘¬“ ‘Èπ ÿ¥ ‡°‘¥‡ªìπº≈÷°√Ÿª‡¢Á¡
(Needle-like Dihydrate Crystal) ∑”„Àâ “¡“√∂‡°‘¥°“√°àÕµ—«
·≈–§à“§«“¡µâ“π·√ßÕ—¥‡æ‘Ë¡¢÷Èπ º≈°“√∑¥≈Õß· ¥ß„Àâ
‡ÀÁπ«à“µ—«Õ¬à“ß RPC ´÷Ëß‡ªìπªŸπ„™â·≈â«®“°ß“πÀ≈àÕ ¡’

·π«‚πâ¡¢Õß°“√„™âπÈ”„π°“√‡°‘¥ªØ‘°‘√‘¬“πâÕ¬°«à“
µ—«Õ¬à“ß RPJ √«¡∂÷ß¡’ ¡∫—µ‘§«“¡µâ“π·√ßÕ—¥¥âÕ¬°«à“
RPJ ´÷Ëß‡ªìπªŸπ„™â·≈â«®“°ß“πªíôπ ∑—Èßπ’È‡π◊ËÕß®“°
‡¡◊ËÕæ‘®“√≥“°√–∫«π°“√¢÷Èπ√Ÿª „π°“√¢÷Èπ√Ÿª¥â«¬¥‘π
‡Àπ’¬«¡—°‰¡à¡’ à«πº ¡¢Õß “√‡µ‘¡  à«π°“√¢÷Èπ√Ÿª¥â«¬
°“√À≈àÕ „π°“√‡µ√’¬¡πÈ”¥‘π®–¡’°“√‡µ‘¡ “√™à«¬≈Õ¬
°√–®“¬µ—« ‡¡◊ËÕ„™âß“π “√™à«¬≈Õ¬°√–®“¬µ—«π’È®–‡¢â“
¡“ªπ‡ªóôÕπ‡ªìπº≈„ÀâªŸπ„™â·≈â«®“°ß“πÀ≈àÕ¡’¡≈∑‘π
 Ÿß°«à“ªŸπ„™â·≈â«®“°ß“πªíôπ ´÷Ëßº≈®“° Differential
Thermal Analysis ¢Õß RPC ∑’Ëª√“°ØªØ‘°‘√‘¬“¥Ÿ¥§«“¡
√âÕπ∑’Ë¡’®ÿ¥ Ÿß ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘ 140 Õß»“‡´≈‡´’¬  · ¥ß
„Àâ‡ÀÁπªØ‘°‘√‘¬“§«“¡√âÕπ∑’Ë‡æ‘Ë¡¡“°¢÷Èπ°«à“∑’Ëæ∫„π
µ—«Õ¬à“ß RPJ

º≈ß“π«‘®—¬π’È· ¥ß„Àâ‡ÀÁπ«à“ªŸπ„™â·≈â«®“°
Õÿµ “À°√√¡‡´√“¡‘°¡’ ¡∫—µ‘·µ°µà“ß°—π¢÷Èπ°—∫¡≈∑‘π∑’Ë
‡°‘¥®“°°“√¢÷Èπ√Ÿª ´÷Ëß‡¡◊ËÕºà“π°“√Õ∫∑’Ë 140-160 Õß»“
‡´≈‡´’¬   “¡“√∂‡°‘¥°“√°àÕµ—«·≈–¡’§«“¡·¢Áß·√ß‰¥â

°‘µµ‘°√√¡ª√–°“» ¢Õ¢Õ∫§ÿ≥‚§√ß°“√øî ‘° å
·≈–«‘»«°√√¡ °√¡«‘∑¬“»“ µ√å∫√‘°“√∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå
∑¥ Õ∫ªØ‘°‘√‘¬“∑“ß§«“¡√âÕπ¥â«¬ Differential Thermal
Analysis ·≈–∑¥ Õ∫ ¡∫—µ‘§«“¡µâ“π·√ßÕ—¥ √«¡∑—Èß
„Àâ§”·π–π”¥â“π°“√∑¥ Õ∫ ¡∫—µ‘°“¬¿“æ¢Õß
ªŸπª≈“ ‡µÕ√å
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