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 ɾċˍ˒XƟɶċŕÔ�ɓɛ,��ȗ��ȟ�[S˭ȟ��X

˘ɓɛĐȗ��X˟ɓɛ˭ʔ"/��ƏȂ�ŕÔÊ_˰sĢn*¢

rȗ�X˟ɓɛ˭ɑ> Mo(CO)6 z�ɾċʪ˰/mDȶƼ#ɶċ˚

(TBHP)z�ɶċʪ˭mDȶƼʬ(TBA)z�ˀʪ˭r]ǅŕÔǀ«h

ƟɶċŕÔ˰,�ɜǃˀʪSƸ˱ŕÔɅ¾˱ŕÔŚ¾˱ŕÔ�q˱

ɓɛɽ�Ãi�ǎ˭ ƚ«hPcL�Rċ�Xɜǃ˰ Ś¾˱ ˍ˒Ʌ¾˱

ɓɛÃ5âŕÔ�Ʈ*ðǟ˭6Hơţ��¤�Ś¾ȷƯ� 110 Į

120°C˭ɓɛÃȷƯ� 200Į 500ppm˭ˍ˒/ɶċʪȓȉ��r 15˰

�.ȂȘzÌ±�˭"�Ɵɶˍ˝XŊȋ� 91.6%˭TBHPÐċȋ�

99.09%˭PO Þƕȋ� 92.43%˭ŕÔPcLʡÎ TBHP ǩɢX Eley-

Rideal mechanism˭Rċ�� 133kJ/mole˭ǩɢ´�-33kJ/mole˰ 

 
 
 



Abstract 

This thesis is to study the epoxidation kinetics of propylene to 
propylene oxide using tert-butyl hydroperoxide (TBHP) as the oxidant. 
 

There are two different catalyst for in the epoxidation of propylene; 
homogeneous molybdenum and heterogeneous titanium. Both are able to 
obtain excellent reaction results. This study focus on the homogeneous  
molybdenum catalyst, Mo(CO)6. Tert-butyl hydroperoxide (TBHP) as the 
oxidant, tert-butyl alcohol (TBA) as the solvent, and the epoxidation 
reaction is carried out in a high pressure reactor. By changing solvent 
species, reactant concentration, reaction temperature, reaction time, 
catalyst amount, we obtain the kinetics and activation energy. Temperature, 
propylene concentration of propylene, and the quantity of the catalyst have 
significant effects on this reaction, and is the appropriate temperature range 
is about 110 and 120°C, catalyst concentration range is between 200 and 
500 ppm, the ratio of propylene to oxidant is greater than 15. Under the 
optimum reaction condition, we obtained a propylene oxide yield of 91.6% 
at TBHP conversion of 99.09% (PO selectivity is 92.43%), Based on the 
Rley-Rideal mechanism, a formal kinetic model is used to fit the 
experience data. The activation energy is 133kJ/mole and the heat of 
adsorption is -33kJ/mole. 
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1.1 I`3* 

ƟɶċÒ(epoxide)�Ĭå¢��ċÄ¼Ɲ˭ñ ��˒ˢƸ�Ɵ

ɶċŕÔ˭Y˒ˢW�ǲŃċL��¢�ŊÒ˯ƟɶċÒċL�ğR

ʧ˭ŕÔÌ±ơ�Ś4˭">rǊŗŁ�Ô>Ņʨ�ċLǰ�˰�Ÿ

�Đˆ�ɾċʪz>�˭ ſɱĄ�ƟɶċÒ˭ ZƟɶˍ˝�Ɵɶʱ˝˭

�Ƹ�ƟɶċÒ÷đ7Ɵ˭�p˱Ÿ˱ʬ˱ː˱ˊ˱ˋ˭i6$�9

ŕÔ˭"$ŊZ glycols˱glycol esters Đ alkanolaminesi˭w��Ł

�ȮÎŊ�Z polyesters� polyurethanes�¼Ɲ˰ 

 

ƟɶċÒ�/Ɵɶʱ˝(EO)XÎ9aņơ�ŮĲ˭"ġđ�ĵ>

��ƟɶċŕÔ˭ �ʱ˒�ç�Đɶf#ȟ�ȎǾɓɛXɾċŕÔA

Î9˯�ơX�˭àÖɶċ5rÎ9Ɵɶˍ˝ŉ_��˭àÖɶċŕ

Ô�ǒŮè˭���w�ŕÔƟǂ�Ì±�˭ˍ˒���˝Ƽ�ɱ˚

ɔ�ˍ˒ʒǜƟɶċŕÔ˭YŦ9ȰŊÒŊ$˭ƪǏÐċȋ4Þƕȋ

#ſiǸB˭ĮI%Ʃīá�Îţ�ɓɛ˭ì�Þƕ¤@ơȹȁXǊ

ƈĐɾċʪ�l�Ŋȋ˭���âĉȨ��Ƃ^rƟɶˍ˝XÎ9˰

àÖɶċaƈņZ�ˮ 
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!"# − !" = !"& '+')& '
*+,+-./,

 2!"&!"())!"# 

�ˍ˒ƟɶċŕÔ�ɓɛɾċ�ɑ>qÖɶċ˭ÞƕȋŴÐċȋ

.]˱ ŉ_.�˭ âaņ�ĵ>ɶċʪ�ɶ²ª˒ˢƸ���ȴ4ɔ˰  

 

�ǹYŭ˭ƟɶċŕÔì�]Ĉ#ʯîĊz�ɓɛZ˭ŕÔÒ�

ɓɛƨ9ȹÎ§�ĉ]Ŋȋ˭ ɓɛXg�Ĩ��ưſŕÔ�#ɶċÒ

Xt-ǽ¾˭ ă�#ɶċÒ�ɶ¼-Kđ°˒Ƹ��ȴ4ɔXīƙ>

t-5ɭĻYƨ9ƟɶċÒ˭�â"�îĊɾċʪê�¯đƓŸ˭Y

#ʯîĊXɶċő¸]~Ē�X¯đƓŸÜ¾(Ö°t-)¸Ü˰ˍ˒

Đ¤@˒Ƹ˭ƚ��Zwʱ˒àÖ/ç�ɶċAàÖ$9ƟɶċÒ˭

Ɉì�r˟˱˥ĐˡiîĊXɾċ�b�hƟɶċz>˭"VîĊɾ

ċʪʊƁ*Ɵɶċ#ƈ��"ĐǸXƟĚ˭ /îĊȹÎÒɾċƚ�˝

Ƽ#ɶċ˚hƟɶċŕÔXö®Z�ˮ 

1.! Ŏ�ſɶċ�cĐr.]ɶċőX¯đƓŸ�ơÜXîĊơţ

z�ŕÔXɾċʪ˭Z˟˱˥˱ˡ�ʺiîĊƧŕÔ�]ſąƄ

Ʒ˟>ˡ>˥>ʺ˭ŕÔ�¸]ɾċ�c¸�˰ 

2.! ŕÔ�ơ]XîĊʔòr.]ɶċȅő˭b�ɾċŉ_˰ 

3.! İrˀʪ��p,-�ʒǜ�ɾċʪ~ȎîĊ�ƊÈƼz>Y

ɚɕŕÔ˭Đ�ŕÔXȰŊÒ�Ŋ$p���Ŋ$wT�HƜ˭

ɚɕŕÔX�q/Ȏ˥Xɾċʪ.]˭Ƨǫ�˥>ʺ>˟>ˡ˭|



 3 

ȎˡXɾċʪ°ɚɕðǟ.'˰�âŕÔ�~ÞƕXˀʪ��ɱ

˚ċÎÒ˭Ƿ/Ȏ˕Xɱ˚ċÎÒ�ˀʪƷŕÔŐȋ�K8˰ 

4.! �ǹŕÔŚ¾� 100-130°CȷƯË˭Ƿ�N]ŕÔŚ¾�ăɓɛ

ɾċR�ǵſ˰ 

5.! ŕÔŐȋ°Ét-�Ɵɶ¨ʪðǟ˭/˝Ƽ~ĉȨXīƙ>t-

5l�×ɔ�¦ĒŕÔŐȋ¸�˭ƟɶċŕÔŐȋ�¸8˰ 

6.! ƟɶċŕÔ�Ŷ§öȟ�ŕÔ(stereospecific)˭ ɫZ cis-olefinǑ�

$9 cis-epoxide˰ 

7.! ŕÔ#ƈ�XȰŊÒ��� RO2H �îĊɾċʪʒǜȗɹ,ù

(hemolytic decomposition) X#ƈY�˭ɫZèt-XÐȣ#ƈ 

(ņ.1�ņ.2)˰ ¤�ņ.1�Őȋœ�ľʼ˭�Y�ǔÔ>�˭åĉ

] RO2H/olefin X�ɫ�ʅôȰŊÒ~ìXɱ˚ȫùĖ˭WĐ�

�ȣƵ�ɒp,l�ŊÒ�Þƕȋ˰ 

 
 Mn(ROOH) → Mn-1 + ROO⋅ + H+ (1) 
 

Mn-1 + ROOH → Mn + RO⋅ + HO- (2) 
 

Mn(ROOH) + C3H6 → Mn(ROH) + PO (3) 
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1.2 I`jm�JTda 

�Ɵɶˍ˝�ǊŗÂ�˭HI��ùœZúư·ȰŊÒ˱ư·Ⱦ

ǢÒ/ŴÄƈ�e­Ç˭��ĉ]fȦŉɄ˭ûƥ	é�$ł˱ƒƦ

4Ɵǂ˭��øƗ�ǊƈaņȻȻư·˰øƗ�Ɵɶˍ˝�ă>˕ʬ

Â˭�Ó�ȖūƟǂŴŦ9ǅc�ěXǸB˭©� 1930 < Milas Ĵ

Ŀ6�/îĊȹÎÒ�ɾċʪ� olefins� H2O2f dihydroxylationŕ

ÔÎ9 glycol˰ 

țȄĽ1Ɵɶċ�q§�Ł�Ô>�"�ˆ�Đ��XƟǂ�

9�g�ŊÒ˰ 

 
Base catalyzed reaction 

 
 
 Acid catalyzed reaction 

 
 

¤� Hawinkins ĴĿ6�ʱ˝ƼƟɶċÒ(cumene hydroperoxide)

fîĊɾċXƟɶċŕÔÎ9Ɵɶʱ˝(ŊȋƲ 30%)˭ ÖČ Brillĉ1
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/ TBHPz�ɶċʪıǞƟɶċŕÔXŉ_˭�Ǚ�w� H˭alcon�

Atlantic Richfield [2�ŖĎ�ĉ1/ȗ�ɓɛaņıǞƟɶċŕÔ

XǊƈ˭Ê_Ʈň˟ɓɛŎ�.]XŕÔŐȋ�Þƕȋ˭  1960 <

/AƟɶˍ˝7äŅʨÔ>rƂßċ>ɀ˭Ŋȋ�ɺ<l�˰Į 1971

<Ʒƍ�SǊƈdŅʨ3>r�ƌǇǴĶXÎ9ƿ� PrilezhaevŕÔ˭

MY�SÎ9aņÓì�ă>�^#Ÿ(peracid)˭���^#Ÿ��

ĈĶʲǭǋƏ�ȿ�˭��âl�Î9X9s��e�"Ã˰ 
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1.3I`jmAY 

 Ɵɶˍ˝(Propylene oxide, methyloxirane, 1,2-epoxypropane)˭Ůƿ

PO˭�¢���^Î9¼Ɲ˭Ċr�^�q§˭R��˭Ƒ�ˤƸ�

ĕ˭ đʞ˱ đɳ6˱ �ȖǓ�˯ ,-ņ� C3H6O˭ ,-Ã 58.08 g/mole˭

ʮB 34.24°C˭ʩɞB -112.13°C˭ȩB -37.2°C˭ǽ¾ 0.859 g/ml˭

�Ŝ��ÙĜ�^ˀʪȃˀ˭ƚ��˕ɍ˝˱ˠ˝˱ˠ˒˱Ɵˠ˝˱

Ɵˠ˒iƨ9ƙʮÒ˰ 

  

 Ɵɶˍ˝Ċr�q§˭Î9A�Ô>r$ŊãĘS��³Ŋ�˭

�ïƛċÄ�¢�¼Ɲǋɢ�ĈŪ]˭ŌƂß{Ƙ��˰Ɵɶˍ˝Ǒ

UrȮˍ˒4ˍ˒ˣ�mD�˂$Ò˰¤Ô>ZÁ 1.1~ň˭g�>

r$ŊȮˤ�Ïʬ˭Ȯˊ˜˱ˍ�ʬ˱ˍ�ʬˤi˭ƵâXÀ˭%"

Ǌ9ʕċʪ˱ɪƝ˱Î9ȝɲ˱½vR�ʪ˱Ȭǰʃċʪ˰ 
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Á 1.1 �Ɵɶˍ˝XÔ> 
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1.4I`jm�N>% 

Äß½Ɵɶˍ˝�g£ǊŗaÂ",�/�DSˮ 

1.! ˕ʬċÂ (Chlorohydrin Process CHPO) 

˕ʬċÂ�ǮƖ� POǊŗaÂ˭ˍ˒˱˕�Ŵ#Ã�pr 40°C

Ǧȇ��ļņŕÔǀ(PFR)�«h˭#Ã�p"ȒôŕÔŐ¾ŴȰŊ

Ò�ƨ9˰¤ċLŕÔņZ�ˮ 

 
C#H4 '+ 'H&O' +'Cl& '→ 'CH#CH OH CH&Cl' + 'HCl 

 

˕ʬċŕÔ$9�˕ˍ˝�˄ċɮË�ǲə6$˄ċŕÔ˭$9

Ɵɶˍ˝˰¤ċLŕÔņZ�ˮ 

 
CH#CH OH CH&Cl' + 'Ca(OH)& '→ '2CH#CH O CH& '+'CaCl& '+ '2H&O 
 

İr˕ʬċÂǊƈ�˭�Ł�­Ç˭Zřŗ÷đdɠˈ˱Ŋ$�

ÃˆȾp/Ŵă>�ȭ˕�˭÷đʛɡƟǂ˭��­Çȗǿùœ˭�

â˕ʬċÂ�ī�(�ũĭă>˰ 
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Á 1.2 e�½$Ŋ POă>aņ�ɫ 

 

2.! ×ɶpÂ (Hydrogen Peroxide HPPO) 

×ɶpz�ɶċʪhƟɶċŕÔĬå1®˭��ëŕÔ�5Ůè˭

�Ǚ)�ȰŊÒ�Ŋ$˰��˭ëaÂȈ�ì�ȀȜʲǭ�"&)&˰¤

ċLŕÔņZ�ˮ 

 
C3H6 + H2O2 → CH3CH(O)CH2 + H2O 

 

3.! #ɵŸɶċÂ(Miscellaneous Process) 

#ɵŸÂ� 1970 <:s Daicel �ŖÅĵ˭<ŊÃ�ŋ[ƐʻƟ

ɶˍ˝˰g��/×ɶp4ɵŸĿŕÔ$9#ɵŸ(peracetic acid)˭ #

ɵŸ��ˍ˒ŕÔ$9Ɵɶˍ˝/ŴɵŸ˭ɵŸ�\Í\�«Ɲ˭â

aÂ�ì�ă>ʲǭ�×ɶp/Ŵ�ÃɵŸ˭ɵŸă�řŗɠˈ˭ƪ

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1970 1980 1990 1995 2000 2002 2003

CHPO PO/TBA PO/SM CHP
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Ǐ$Ŋ9sĉ]˭ķ{|fdǺʾ˰#ɵŸÂŕÔņZ�ˮ 

 
H2O2 + CH3CH2COOH → CH3CH2COOOH + H2O 

 
CH3CH2COOOH + CH2=CHCH3 → CH3CH(O)CH2 + CH3CH2COOH 
 

4.! ˚#ɶċÒÂ (Hydroperoxidation Processes) 

Äß�$Ŋ PO ��/˚#ɶċÒÂ˭/qÖɶċ�aņƟɶċ

ˍ˒$9Ɵɶˍ˝˭ķ{g£ɶċʪ�ȟȶƼ˚#ɶċÒ(TBHP)/

Ŵȟˍˑ˚#ɶċÒ(EBHP)˭ ¤� EBHP(÷đİ EBfİç�àÖ

ɶċY�˭ǋȰŊÒ 1-Phenylethanolȥp�ˑʱ˒(Styrene)�"/¤

ĵ>˭âaÂ���C0ì��ÃǊŦˑʱ˒�aÂ˭w���Ǆ0

$Ŋ acetophenone�aÂ[]˯ƍ�
ɶċʪ TBHPK�1®˭ZÁ 1.3

~ň˭TBHPİȟȶ˝(iso-butane)fç�ĐǠɶ�ɶċŕÔŊ$˭Ŋ

Ò�TBHP/ŴTBA˭ ¤�ˍ˒dTBHPƟɶċA¥9PO/ŴTBA˭

ă�Eìy��F,Ėƈǫ,ĖȰŊÒ˰ âǊƈaÂ)�N�Ɵǂʛ

ɡŴřŗɠˈ­Ç˭ƑƂßċ�fȦŔį˭âțȄ*¢rĵ> TBHP

ǊŗƟɶˍ˝˰TBHPƟɶċŕÔgŕÔņZ�ˮ 

 
CH3CHCH2 + (CH3)3COOH → CH3CHCH2O + (CH3)3COH 
 

 Äß��ˍ˒Ɵɶċ~ă>Xɓɛ",�[S˭m�S�/˟

(Molybdenum)îĊ��!�ȗ� Mo(IV)ɓɛ˭ŕÔȘzÌ±Ʒ�
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100-130°C˱100-500ppm Mo˯ƍ�S� Shell �Ŗ~ă>ȟ�ɓɛ

Ti(IV)/SiO2˰ 

 
 
 
 

 

 

 

Á 1.3 Äß�/ PO/TBAĥĭǊƈ$Ŋ POX£ƈÁ 
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1.6I`3=+�=+�]�[\/H 

��ĉěǲċŊß]Ūċ˭˒ˢ�˚#ɶċÒfîĊɾċ«hƟ

ɶċŕÔ|7ä°�]¾¢ê˭ Ł��w�ȗ��ȟ�ŕÔ�dÔ>

râ˭Ł�nɬ�Ʈň˭.Ȃ�ɓɛ�ȗ�˟ɓɛ˭� "/İŕÔ

^ɣ¼�ɜǃX˰ 

 

R.A Sheldoni	r 1973<nɬśƝĉ1˭ſɶċő�îĊȹÎ

Ò˧ZˮMo(CO)6˱ W(CO)6˨�d˚#ɶċÒ8Őɶċ�.]ɶċő

˧Mo(VI), W(VI)˨˭ "šř.]ɶċő�îĊċÎÒ�ɾċƟɶċŕ

Ô�;�ɓɛ˰ îĊɓɛ�˚#ɶċÒqƨ9�ȹÎÒă#ɶċ�ɶ

¼-KƑÉt-�˭��âKđrɭĻ˒ˢ���ȴ4ɔ˰�ơ˦Ƽ

(carbonyl)��Żt-ŉÔ˭�V#ɶċŸ�#ɶċ�ɶ¼-ơ�5

Ô�˝Ƽ˚#ɶċÒKƑÉt-�˰ 

 

�ƟɶċŕÔ�˭ƙŠɏ�[S"��ŕÔ^ɣ˭m�SŕÔ^

AȺʜ��ʆƟ#ʯő˭¤�˭ɓɛ�˫˪ˬƼ��r�^#ɶŸ�

carbonylƼ˯M=OƼ"��"ˀ�ˀʪîĊȹÎÒ��Ù,˭Đ�Ǝ

�rȟ�ɓɛ�v˭âŕÔ^ɣţ>rȎ�˫˪ˬƼ�ȹÎÒ˧Zˮ

Mo, Ti, V˨˰  
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[SŕÔ^ɣZ�~ňˮ 

 
Mechanism 1 

 
Mechanism 2 

 
 

Ƶ� M=O ƼÀ˭M-OX Ƽ�"�z��ğ-°§˭�"İm�


ŕÔ^ɣŠɏY�˭â�ǒXŕÔ^ɣƷţ>r/˛(B) �ɾċʪ

«h�˒ˢƟɶċŕÔ˰ 
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 [SŕÔ^ɣ�˭ɓɛ�g�ń�Ƽȗ�İ˚#ɶċÒ��#ɶ

¼-Ż�t-˭�â˭ɓɛ"ê�¯đƓŸ˧Lewis acid˨˰ îĊȹÎ

Ò�Ÿ��ĝîĊɶċől�Yl�˭~/˭R�Ɵɶċɓɛ"İ]

ɶċő�îĊċÎÒȑ�˯�MoĔɓɛ�˭|dƞ��R�Ɵɶċ

ɓɛ�Mo(IV)ȹÎÒ˰ 

 

 #ʯîĊ�¯đƓŸÜ¾ƧǫZ�ˮCrO3, MoO3>>WO3>TiO2, 

V2O5, UO3˭ �â˭ƮYđ�3˭Mo(IV)�.�ŉ�Ɵɶċɓɛ˰ǷŨ

ɇ¯đƓŸÜ¾˭Cr(VI)ɖ"���Sǻ���ɶċŕÔɓɛ˭MY

�� Cr(VI)��
Üɶċʪ˭�Ŧ9˚#ɶċÒ8Ő,ùăÞƕȋ�

ǵ˭Yǋ Cr�Ǎȭ˭ƚ�ţ>rƟɶċŕÔ˰ 

 

 ¯đƓŸ���°�îĊþƯƊÈƼSƸ�ðǟ˭MY�ǔ�˭

ǑrŕÔXǉ˭ɶċő�ƊÈƼdʐŐǨƽ�˭b"Šɏ�ƊÈƼ5

ŕÔ�ðǟ˰�â˭țȄ˟ĔɾċʪrƟɶċŕÔ�Ô>˭"6Hŕ

ÔŐȋ�˟ȹÎÒ�ÊɣE¡Ƈ�˰ 

 

 Sheng. M. Ni	r 1968<ĉ1��ĢZ�ŕÔņ~ň˰šřî

ĊɾċƟɶċŕÔ�˭ɓɛ��ɶċʪƨ9ɓɛ˩˚#ɶċÒȹÎÒ˭

âȹÎÒ��˒ˢ6$ƟɶċŕÔ˯ w�âȹÎÒ��h,ùŕÔƨ

9�İƼ�Ŧ9ȰŊÒ$9˭ [
ŕÔȃ�ʒǜ˰ �ƊÈˀʪ˧ Zʬ˱
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ˤ˨�˭ɓɛ��ˀʪƨ9ȹÎÒ˧SH˨Yʏʥɓɛ˩˚#ɶċÒȹ

ÎÒ�$9˭ ƪǏƟɶċŕÔŐȋǵſ˭ ~/ˀʪ�ðǟƟɶċŕÔ˰

�ˍ˒/TBHP�ɫ]���ƟɶċŕÔ�ŕÔŐȋ��r,ùŕÔ˭

~/�ˍ˒�ɫ]��ʅôȰŊÒ�Ŋ$˰Zúl�ƟɶċŐȋ˱ǵ

ſ,ùŐȋ k1 » k2˱ĉ]Þƕȋ˭�âțȄ�.�ŽÇ˰  
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1.7WU
� 

��ĉěǲċŊß�]Ūċ˭ˍ˒ƟɶċŕÔ$9Ɵɶˍ˝�¤

��
���aÂ˭ōȢ¼$ŊƟɶˍ˝�ƻʝ�Ŗ˭ɑ>˕ˍʬǊ

ƈ˭dC0 Arco �Ŗµ�AW�ʛɡ­ÇŹǕ$Ŋ˭˕ˍʬǊƈ/

À�ǝƺ%�Ł�ƚ��ed�7˭ �ōȢ`<ɈĪǿĹʓ�Ã�Ɵ

ɶˍ˝˭2014 <ìíÃƲ� 242 ŋʻ˭ȨÔÃ�Ŝ�ì��0Àƴ

µ˭ �âÞƕƟɶˍ˝�sĢnțȄgÇ˭ ¨ÁŇ�ź/ƂßċÊ_˰  
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��, �G 

2.1 �G1O 

 Á 2.1 �«hƟɶċŕÔ��ŕÔõǖÁ˰�ˀʪŴɓɛǖªŕ

ÔǀA˭u7ˍ˒ɿųŴÆ�˗/ďªˍ˒˭�ÆªXˍ˒ÃŇ�ì

í�˭ɐPȒôǀ˭İȒôǀw�Ȓô�´üX�´Ś¾ŴʙʁǀX

ʙʁŐȋ˭ŇŕÔŚ¾A˭�ɶċʪǖr«Ɲ˗/Ŵ˞�ɿųq�ļ

±�˭Ö*u7«Ɲ˗˭ʋİ˞��ɶċʪďªŕÔǀ�˰ 

 �ŊÒȎɟ�˱��˭����Ȏ�Ɵɶˍ˝˭ǷàÖ�T�¦

1˭����Ɵɶˍ˝�d����ˍ˒�+d²kY�~ɋʓ˭�

â"ĵ>Ƴ�ų˭ÍƳ����Ɵɶˍ˝˭ZâĲ"ǵſƟɶˍ˝ɋ

ʓX^ȋ˰ 
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1.!ˍ˒ɿų 

2.!˞�ɿų 

3.!ʇǕ˗ 

4.!ʙʁǀ 

5.!Ś¾Ȓôǀ 

6.!Ƴ�ų 

7.!�§1Ú 

8.!¦Tų 

9.!�´ü 

Á 2.1 ƟɶċŕÔ�ƌõǖÁ 
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Á 2.2 �«h˖ǧ�XõǖÁ˭sțȄ��Ãɶċ#˚ċÎÒX

aņȗĵ>˖ǧ�Â˰ĿƊǖţÃɅ¾ KIpˀɟA˭� 10mlˍʬ˱

5ml ǶɵŸ˭/ŴħƆˀɟ�+�ª˓ƨų�˭ƚ/pʚɎp�´˭

Ś¾Ȓôr 80℃˭ĦāŚ¾ŕÔ 20,Ť˰��ƤǕ�´�Ù,ˀɟ

ʢ6˭�˓ƨųĥÖůʩļ˭ůʩļůpªÚ/ʿŘļĥÖpƾ�˰

�´�A˭ĵ>&Ė-pĄǧȽŝůʩļ�ȼƎ�ˀɟ˭ƚ�˓ƨų

růppʚůÓĮǇŚ˭ůÓ�9AĲ"ǧ�˰ 
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1.!Ś¾ý 

2.!pʚ 

3.!ʽǲʙʁ�´ǀ 

4.!ůʩļ 

5.!ůɛªÚ 

6.!ůɛ1Ú 

7.!pƾ� 

Á 2.2 ˖ǧ�õǖÁ 
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2.2 jkI`3 

2.2.1 I`3=+�G;f 

(1) ¦ţÃɓɛ/Ŵ TBA 31g˭�ªŕÔǀ�˰ 

(2) ŕÔǀŚ¾� 0°C�˭Æªˍ˒˭ƚɐPʙʁǀ˰ 

(3) �]ǅŕÔǀěŚĮŕÔŚ¾˰ 

(4) ¦ţÃ TBHPǖrļĸ�˭ ĵ> N2� TBHPďª]ǅŕÔǀ�˭

7äŕÔý�˰ 

(5) �ʳǅ˗1ÚÖ�Ƴ�ų˭ÍƳ��� PO˭/ư· PO�¦T�

�ư·˰ 

(6) ŕÔÊȊA˭,�«h˖ǧ�,ɯ/Ŵ GCŊÒ,ɯ˰ 
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2.3  <*�_ 

ŊÒ,ɯ,9[Ù,˭�˖ǧ�,ɯ/Ŵ��ǡɯʂ,ɯ˰˖ǧ

�"qÖí�ɶċʪ TBHPXÐċȋ˯Y��ǡɯʂ"àÖí� PO

XŊȋ˭POÞƕȋ� POŊȋƵ/ɶċʪÐċȋ˰ 

 

2.3.1 lR��_ 

 ˖ǧ�Â��ƌľʼZ�ˮ 

(1)! ȯ¦ţÃ KIrǬƬ�˭�ª&Ė-pƚʙʁˀù˰ 

(2)! �ţÃ KI˱ 10mlˍʬ(n-propyl alcohol)˱ 5mlǶɵŸ(acetic acid)˭

/ŴħƆˀɟ�+�ª˓ƨų�˰ 

(3)! �˓ƨųĥÖůʩļ˭ǋǖªpʚ�Ɏp�´Į 80ºC˭ă¤�´

\£ 20,Ť˭iħ�eŕÔ˰ 

(4)! �˓ƨųǖrůp�ůÓĮǇŚ˭¦Ąǧ&Ė-pȽŝůʩļ�

ȼŧ�˖ˀɟ˰ 

(5)! / 0.1MˌĒˌŸ˔(;<&=&)#)ˀɟǧ�~�ˀɟ˰ 
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2.3.2 ��Q_b�_ 

 sțȄ,ɯŊÒ�ɑ> SHIMADZU��ǡɯʂ˭ ZÁ 2.3~ň˰

GC ˁƆ��ȪĂøȧĮtŒ˭ĵ> SHIMADZU �ĳ,Ǽ§˭��

Ď
ŊÒ peak vĳ˰ʂǀř�ĝ,ɯÒXı¥Y�~�w˭sțȄ

ă> GC ,ɯČ�Ɵɶċ�ŊÒ PO˰,ɯ PO �ʂǀõǖ�ř�Z

�ˮ 

 

Injector temperatureˮ210 ºC 

FID detector temperatureˮ220 ºC 

Oven initial temperatureˮ70 ºC 

Time for initial temperatureˮ7 min 

Heating rateˮ30 ºC/min 

Final temperatureˮ160 ºC 

Time for final temperatureˮ2 min 

ColumnˮDB-WAXETER(60mx0.53mm, 1.00micron) 

Carrier gasˮNitrogen 

  

��ǡɯʂ"«h��,ɯ4�Ã,ɯ˰��,ɯÿĵ>ˇŧ

�qX�wʉ��úSċÎÒ˯�Ã,ɯƷ�Ŀă>ŊÒƃű�z

1ëŊÒŞ�ĸ˭ǐA`UŕÔAďƹªT�~��vĳ�˭²ª
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âŞ�ĸ˭ÿ"��ëŊÒ�¢Ã˰��ưſ GC ,ɯXȞƱ˭/

�ȶʬ(n-Butanol)�Ëƃ�˭ʋİ�ȶʬ�ŊÒvĳ��¢Ã�X

¡ǯQ1ƃűǌĸ˭ÿ"«�ľí��ƌAŊÒXŊȋ˰ 

 
 

 
 
  
 
 

Á 2.3 ��ǡɯʂňoÁ 

 
 
 
 
 
 
 
 
 
 

H2

N2
Air

column

Syringe

injector Detector

Oven

Carrier gas

Flow controller

Data system

H2

N2
Air

column

Syringe

injector Detector

Oven

Carrier gas

Flow controller

Data system
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2.3.35i4�hFL (FID) 

FID ňoÁZÁ 2.4 ~ň˭FID ¼�Ƽs���£1ļʴ�T�

Æª�ʞǬǇ˭ �ÆªâĞ˃�/��^,-ɶċƚ$ŊƑtĈ�ɴ

- (Ė-)˭ Ĳ"ĵ>�ȀĖ-"ƪt�ö�˭ˁƆ�t-ȪĂ˭¤Ŕ

B�Ƣɨ¾]˰ 

 

Zw�¤@ GC ǝƺ�~å�ȅȕ˭ ��p�ɶ��ɞ��ĩȃ

z>ƚŦ9Ȑ¢�­Ç˭Ō�ſp�ɶȁğ�ì�¬§�§˭ɫZ�

ȧ1���ǡɯÁ��]ƼĸȁȪ�ļʴǨƽ˭ ÿ�w�ǵſ,ɯʂ

�Ƣɨ¾ƚư·ļʴʍł˰ âÀ FID5rĞ˃>X˚��ç�ȨÔ�

�ɱ˚ċÎÒȁğɖƏ�ɨO˰ 

 

 

Á 2.4  FIDõǖňoÁ 
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2.3.4���_ 

�T�ďª��ǡɯʂ�˭ĵ>T�ĮˁƆǀ��q��w˭

,ʹ1T�X�ğ˰Á 2.5 Ŵ� 2.1 �ˍ˒ƟɶċŕÔAŊÒ��

,ɯXÊ_˰ 

 

 

Á 2.5��ǡɯʂˇŧ�qÁ 
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� 2.1��ǡɯʂˇŧ�q 

T�9Ĝ ˇŧ�q(min) 

C3H6 1.107 
Propylene oxide 1.118 

Tert-butanol 1.406 
Decane 1.671 
Butanol 2.716 
TBHP 6.055 

propylene glycol 7.970 
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2.4�&�_((-DB�%) 

�|VÃ�T�ŴËÙƃű�ďªǡɯʂ˭Ãý[Č�Ƞʖv

ĳ˭MA>[Č¢Ã�Ū�ɤxƃ˭[Čvĳ��ʀxƃ˭Ĳ"�

�Ş�ƃűǌĸ˭Á 2.6�ƟɶċŕÔXŊÒ PO�Ş�ǌĸÁ˰ 

 

ŕÔAȤ,ɯT��9,XȎÃ�˭�|VÃ�ƃű��ª,

ɯT��˭"�9,�ƃű�ǡɯÁɆ�Ƞɩvĳ˭ýĠ1�5v

ĳ�˭yĵ>âvĳ�˭�Ş�ǌĸ�á15Ô�¢Ã�˭İr|

Vƃű�X¢Ã˭Ĳ"/ýĠ1ȤV9,�ȎÃ˰ 

 

sÂŔB�ďªÃ�Ī¿,ïǣ˭ɉƆǀ�\Ô�ĪǘVĐû

ā��˭��ėú\Ôǁȏ�ı¥˭�¤vĳ���ɞ��˭Yǋ

ËÙƃű�ƧT��Ì±ÞƕÎţXA˭"/}ęă>˰ǸB�Ë

Ùƃű��ơ�á�˭ĪǿʡÎ/�Ì±ˮ 
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(1)! Ëƃ�ȠɩĪǿ�¤@T�,7˰ 

(2)! ˇŧ�q�T�Öã˰ 

(3)! ���¤@T�ŕÔ˰ 

(4)! �T�9,�ɣŦƸǒ˰ 

(5)! �T�9,XɅ¾Öã˰˱ 
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Á 2.6 ŊÒ POr TBA�XŞ�ǌĸ 
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2.5 �GS�CbL 

 ă>Xǰ�˭�§ŴʂǀZ� 2.5.1˭2.5.2Ŵ 2.5.3~ň 

 

� 2.2 ǰ� 

ǰ��ƿ ċL� Ǡ¾ ǊŦɻƂ 

ȟȶƼ˚#ɶċÒ !>"?@)& 5.5M in decane SIGMA 

ȟȶƼ˚#ɶċÒ !>"?@)& 70% in water SIGMA 

mDȶʬ !>"?@) 99.5% Tedia 

Molybdenum 
hexacarbonyl AB(!))4 98.0% Arcos 

˖ċˏ KI 99.5% Showa 

ˌĒˌŸ˔ ;<&=&)# 97.0% Showa 

�ˍʬ !"#(!"&)&)" 99.9% Tedia 

ɵŸ !"#!))" 99.9% Scharlau 

 
 
 
 
 
 
 



 32 

� 2.3 �§ 

�§�ƿ ċLņ Ǡ¾ ƴµɻƂ 

ˍ˒ !#"4 99.9% jɦ�§ 

˞� ;& 99.99% ¹ȍ�§ 

ç� * 21%O2 + 79%N2 ¹ȍ�§ 

ɶ� )& 99.99% ¹ȍ�§ 

 
 
 

� 2.4 ʂǀ�ƿ 

ʂǀ�ƿ ƖĂ ǊŦƂ 

��ǡɯʂ GC-2010 SHIMADZU 

ļ± * Swagelok 

]ǅŕÔǀ Parr4842 Parr 

�´ü MNS NEWlab 
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��, '��M7 

3.1 ̀ 3eZ#26% 

 ��ɶċʪ TBHPť]ŚĐÖɓ�Ɖ�ö�îĊ�ȗ�,ù˭�

â˭Ƿă> GC «h�Ã,ɯ˭�ďƹ�˭ďƹÚŚ¾(Injector 

temperature)� 210 ºC˭TBHP��]Ś,ù9 TBAĐ¤@�đʹ�

�Ƞɩ˭ƪǏEÂ�Ã˰~/ TBHPɅ¾��Ãǿʋİ˖ǧ�ÂqÖ

í�˰ƟɶċŕÔA¦T 5ml«h˖ǧ�,ɯ˰ 

  

˖ǧ�,ɯÂ"fİċLýÃqÖ�Vˀɟ�ɶċʪ TBHP�ȓ

ȉĄ˭¤ċLŕÔņZ�ˮ 

 
2CD + EF"G' → '!>"H)C +'D& + C)" 

 
D& '+ ';<&=&)# '→ 2;<D +';<&=>)4 

 

 ŕÔȓȉĄ�� TBHPˮI2ˮNa2S2O3  = 1ˮ1ˮ2˭�âˀɟ�~

ȎɶċʪXȓȉĄirǧ��~ă>XˌĒˌŸ˔ˀɟ�ȓȉĄX

�č˰ 
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3.1.1 �K<Vn)3VC/HV 

 ��ơ�wȘzÌ±�«hˍ˒ƟɶċŕÔAÊ_XŔʶ˭�â

�ƶŕÔXŊȋ˱ÐċȋŴÞƕȋ˰ƟɶċXŕÔÒ�ˍ˒�˚#ɶ

ċÒ[S˭¤� TBHP�âŕÔ�ƔÃ¨ʪ˭�âŕÔXÐċȋ/˚

#ɶċÒ�Ƽű(basis)˰ˎ�Ŋȋ˱ÐċȋŴÞƕȋ�ƶZ�ˮ 

 

Ŋȋ˪
$9X PO�ȓȉĄ

�ª TBHP�ȓȉĄ
×100% 

Ðċȋ˪
ŕÔŢ TBHP�ȓȉĄ

�ª TBHP�ȓȉĄ
×100% 

Þƕȋ˪
$9X PO�ȓȉĄ

ŕÔŢ TBHP�ȓȉĄ
×100% 
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3.2jk�I`3=+ 

˚#ɶċÒ�.ţÎ>rƟɶċŕÔXɶċʪX�˭� EBHP4

TBHP˭ sĢn/ TBHPz�țȄ5Ɯ T˭BHPØ SIGMA�Ŗƴ�˭

�[SǴĶ˭ m�S� 70wt%TBHPˀ�pJ˯ m�SɅ¾� 5M~6M 

TBHP ˀr decane�˭TBHP�Üɶċʪ˭Ə�ȿ�˭ŌĪǿʡÎÂ

�Āó�eƃű˭EÂ¦�Ǡ� TBHP˰ 

 

ˍ˒ƟɶċŕÔ°�/��ǎðǟ˭ZˀʪSƸ˱ŕÔɅ¾˱ŕ

ÔŚ¾˱ŕÔ�q˱ɓɛɽ�Ãi˰ĴĿáȑ.ȂȘzÌ±ŴŕÔĔ

Ɨ˭/ĉěŊȋŴÞƕȋ˯Ö*ı¥�S¥�˭țȄ��¥�5ŕÔ

Ê_�ðǟ˰ 

 

3.2.1��ge
I`3=+�0P 

 �ƟɶċŕÔ�˭�w�ŕÔ��ǵſŕÔÒqğøʏc˭ăŕ

Ô���ơȂ�ŉ_˭ ˀʪ�SƸ�ðǟˍ˒�ˀù¾/Ŵ�ŕÔÒ

Xq�z>c˭~/ˀʪ5rƟɶċŕÔ¿,¢�˰Ł�nɬĽ1˭

ɑ>ĬƏ�ˀʪZˑ˱ɍˑ˭5râŕÔŔrƏ�ˀʪ˭�Ũɇ�ȭ
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�/Ŵ5rƟǂʛɡŨÃ˭ǋ¼Ɲ� peroxidation �ŊÒ(PO/TBA)˭

ˀʪ�TBA˭ ~/=ɜǃĬƏ�ˀʪ�TBA5rƟɶċŕÔXðǟ˭

ĬƏ�ˀʪÞƕ�ȭ�ơſ�ɍˑ Toluene˰ 

  

� 3.1ă>�wˀʪ«hƟɶċŕÔ 

ˀʪ 
Mo(CO)6 

(mmole) 
TBHP 

(mmole) 
Ŋȋ(%) Ðċȋ (%) Þƕȋ (%) 

Toluene 0.1 20 92.3 99.5 92.8 
TBA 0.1 20 91.6 99.1 92.4 
 

20mmole TBHP�ªˀʪA˭r 120°C��ˍ˒ŕÔ 2'�˭�

ƌÊ_Ʈňr� 3.1˭ă> Toluene z�ˀʪ��ơ��Ê_˭İr

Mo(CO)6�ĬƏ�ˀʪÊÎ�c�ơ�˭/ǏrŊȋ˱Ðċȋȗ]r

/ TBA z�ˀʪ˭ĐŁ�Ŝùȵğøʏc5râƟɶċŕÔXðǟ

/ŴùȵŁ�nɬĽ1ȗ�ɓɛŔrĬȗ�ɓɛ˰sĢn/ PO/TBA

Ǌƈz�țȄ˭Avʔ/ TBAz�ˀʪ˰ 
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3.2.28!=+?#
�I`3=+�0P 

 ƟɶċŕÔXŚ¾Ȓô¿,¢�˰İrƟɶċŕÔ�,ùŕÔw

�ʒǜ˚#ɶċÒ�ɓɛ�ȹÎÒ˭�� TBHP�MoîĊ��Ċr

R�ơ�ǋ����Ò�˭Mo(÷đ¥9Mo(IV)˭TBHP�]Ś÷

đ(d,ù˭�ňŕÔŐȋ8˭~/Z_ŕÔÒɅ¾(]�Ŧ9�´

Ã(�˯�ĔƗŚ¾8Ő�ě˭àÖ�ðǟ
��e­Ç˭ƍ�
(

��ðǟ
�Ŧ9 TBHPàÖh,ùŕÔ˰âÀ˭Ś¾ðǟ�§ŕÔ

Òrɟ§ŕÔÒ��ˀù¾/ŴŕÔŐȋåĄ˭ �Ś¾¸]Ʒˍ˒r

ˀʪ�ˀù¾¸ſ˭ö��ŕÔŐȋåĄ˭ŕÔŐȋåĄ�ı¥�w

�ðǟ*˚#ɶċÒ�ɓɛ�ȹÎÒkØƟɶċŕÔŊ$ PO˭ɖĐ

�,ùŕÔŊ$�İƼ˰�Ģ�ŕÔŚ¾¸]ƷŕÔŐȋ¸8˯ŕÔ

Ś¾ðǟ*ˍ˒rˀʪ��ˀù¾˭ ˀɟ��ˍ˒Ã¸]Ʋ�ĵrƟ

ɶċŕÔ«h˭�ĵrȰŊÒ�ư·˭� Ŀ/#Ã�ˍ˒&Ƶˀù

¾­Ç&ǃĢ˭Ś¾¸]ă�ɶċʪ TBHP÷đ,ùŊ$�İƼ˭ƪ

ǏȰŊÒl�˯N]�Ś¾��ăɓɛʭæɾċŉ_˰� rĆS�

w�ŕÔŚ¾��ª 0.05mmole Mo(CO)6«hŕÔ['�˭�ơŚ¾

5ƟɶċŕÔXðǟ˰ 
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� 3.2ı¥Ś¾«hƟɶċŕÔ 

ŕÔŚ¾(�) 
TBHP 

(mmole) 
Ŋȋ(%) Ðċȋ(%) Þƕȋ(%) 

95 20 19.0  21.7 87.4  
100 20 49.2  53.2 92.5  
105 20 64.2  69.8 92.0  
110 20 65.3  77.7 84.0  
120 20 73.3  94.9 74.3  

ŕÔÌ±ˮ0.05mmoleMo(CO)6 C3H6/TBHP molar ratio = 30 

İ� 3.2 �V˭ŕÔŚ¾Ȓô5rƟɶċŕÔ¿,¢�˭�Ś¾

�ě˭Ŋȋ˱Ðċȋʔ�ě˭�Ŋȋ�� 105°C�˭7äȻȻ�ěɥ

4˭ÐċȋɈāĭ�ě˭ƪǏÞƕȋ8Ő�ǵ˭��ň[S"�˭m

�˭TBHP�ɓɛ�ȹÎÒƚ�ţÎŕÔŚ¾]r 105°C˭�ɷ]r

âŚ¾,ùŕÔ��8rƟɶċŕÔ˯ m�˭ ɓɛÃ�Ŝ˭ İr TBHP

� 95°C���h,ù9 TBA˭ Z_ɓɛÃ�Ŝă� TBHP%)�ɓ

ɛÊÎ9ȹÎÒ
|fdɼ�h,ù˭ƪǏÞƕȋ�ǵ˰�Á 3.1�

TBHPàÖďƹr GC,ɯ˭GCďƹÚŚ¾� 220°C˭TBHP�ďƹ

Ú]Ś,ù9 TBA˭ Á��[
ɩ˭ƞjZ_ŊÒ,ɯ�Ʃī6H�
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ÃȰŊÒŊ$˭�ň(�"� TBHP �h,ù9 TBA˯�ňƪǏÞ

ƕȋ�ǵ�¼����ɓɛÃ�Ŝ˰ 

 �� 3.2.2ĄƫǊ9Á 3.2.1˭İŊȋŴÞƕȋÁ� 105°CXAŊ

ȋžÛɥ˭ÐċȋɈ�ě˭Þƕȋ�ǵ˭K"�1Ś¾5ŕÔÊ_�

ðǟ˰ 

 
 

Á 3.1 TBHPàÖďƹr��ǡɯʂʂÁɆ 
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 (a) 

(b) 

(c) 

 

Á 3.2Ś¾ı¥5ˍ˒ƟɶċŕÔ�ðǟ(a)5Ŋȋ�ðǟ(b)5Ðċȋ�ðǟ(c)
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3.2.3 8![\Z#
I`3=+�0P 

 ɾċŕÔĔƗ�áȑţ��ɓɛÃ�¢�ǋĪ�˭�â� Šɏ

ɓɛÃ«hƟɶċŕÔƚǃĢ¤ðǟ˰ŕÔr 120°CŕÔ 2'�˭ī

ɽ�ɓɛŕÔ�˭TBHPÐċȋ� 1.9%˭Y POŊȋ� 0%˭"�Ɔ

TBHP��]ŚY,ùƪǏ˭ƚ�ĺ�ƟɶċŕÔ˰Ŋȋĝ*ɓɛÃ

l�Yl�˭�{�
Ś¾ǃĢ˭�Ɔ�ɓɛÃ(0.05mmole)�źƪǏ

Þƕȋ�ǵ˭��J"jƮ�1Ê_˭� 0.1mmole X{ĝ*ɓɛÃ

l�ÞƕȋĝX�ě˭yl��ɘĮ 0.2mmole ŊȋŵM�ǵ˭�İ

r#Ã�ɓɛă TBHP,ù/ǏrÞƕȋ�ǵ˭ ɓɛÃ#��ĵrƟ

ɶċŕÔ˰ 

� 3.3ı¥ɓɛÃ«hƟɶċŕÔ 

Mo(CO)6 (mmole) Ŋȋ(%) Ðċȋ(%) Þƕȋ(%) 

0 (0ppm) 0 1.9 0 
0.025 (75ppm) 48.1 92.4 52.0  
0.05 (150ppm) 73.3 94.9 74.3  
0.1 (300ppm) 91.6 99.1 92.4  
0.2 (600ppm) 42.2 99.4 42.5 
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�� 3.3ʦǊ9Á 3.3˭ ơŮYđVɓɛÃ�Ŋȋ˱Ðċȋ/ŴÞ

ƕȋ¡ǯ˭.ȂɓɛÃƲ� 200-500ppm˰ 
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            (a) 

(b) 

(c) 

 
 

Á 3.3Ś¾ı¥5ˍ˒ƟɶċŕÔ�ðǟ(a)5Ŋȋ�ðǟ(b)5Ðċ

ȋ�ðǟ(c)5Þƕȋ�ðǟ 
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3.2.4 8!jk&
I`3=+�0P 

 �ƟɶċŕÔ� C3H6/TBHP ȓȉ�¿,¢�˭�ċLʪÃ�V

TBHPˮC3H6 = 1ˮ1Ĳź|$9 PO˭�İrˍ˒rˀʪ��ˀù¾

ĝ*Ś¾�ěY�ǵ˭ �Ś¾�ěˀù¾�ǵ¼ˀrɟ���ˍ˒ş

Į��˭��ɟğøʏc�/ĺ�ƟɶċŕÔ˭~/«hŕÔĪǿK

��ˍ˒˰ƧʘȆöƄ¼�(Le Chatelier's principle)˭ ċLÛʎ�Pő

Ûʎ˭Z_ı¥ðǟÛʎ��
�ǎ˭Ûʎ
Ø�Ŝưș�Sı¥�

aØȣP˭ /Ȍʎëı¥˰ ~/ˍ˒Ãl����ŐƟɶċŕÔŐȋ˭

�#��ˍ˒�Ǌƈ��ă9s�ě˭���Ä�­Ç˭~/Īǿá

1.ţ�� C3H6/TBHPȓȉ�˰ 

 

� 3.4 C3H6/TBHP ȓȉ�5ˍ˒ƟɶċŕÔ�ðǟ 

C3H6/TBHP ȓȉ� Ŋȋ(%)  Ðċȋ(%) Þƕȋ(%) 

6 41.00 74.20 55.26 
12 70.50 83.23 84.71 
18 79.20 91.19 86.85 
24 86.28 96.43 89.47 
30 86.30 99.36 86.86 
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 İ� 3.4 Ǌ9Á 3.4 jƮ6H˭�wTÌ±�ĝ*ˍ˒Ãl�Ð

ċȋĝ*�ě˭�ňŕÔŐȋ�ě˭ʡÎʘȆöƄ¼�˯ˍ˒Ã�Þ

ƕȋ�¡ǯ6H˭ĝ*ˍ˒Ãl�˭Þƕȋ�l�˭�ˍ˒� TBHP

ȓȉ�¶# 12�˭Þƕȋžį7äÛɥ˭�ň�ˍ˒� TBHPȓȉ

�¶# 12 ˍ˒ĲźŜ«hŕÔ˭�ňˍ˒Ʌ¾5ƟɶċŕÔ�Ɋć

ŕÔ˰Þƕȋ�ě�ňȰŊÒư·˭�İr�[
ȰŊÒ 1-tert-

Butoxy-2-methoxyethane˱ Di-sec-butyl ether˭ EÂƴ�ƃű�˭EÂï

ű�Ã˭ �"/ĵ>��ǡɯʂˁƆ1��ȰŊÒvĳ�Ëƃvĳ�

1ȸâ¡ǯžį˭�âțȄ�D
g��ȰŊÒ˭m�
� TBA˱m

�
� 1-tert-Butoxy-2-methoxyethane˭�Á 3.5�ƃň� A˱mD


� Di-sec-butyl ether �Á 3.5�ƃň� B˭ Á 3.5�1ȰŊÒ�Ãĝ*

ˍ˒Ãl�Yư·˭�ˍ˒/TBHP ȓȉ��r 12˭ȰŊÒ�ư·ž

į7äŬŬưɥ˰ 
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 (a) 

 
(b) 

 
(c) 

 
 

Á 3.4ˍ˒Ãı¥5ˍ˒ƟɶċŕÔ�ðǟ(a)5Ŋȋ�ðǟ(b)5Ð

ċȋ�ðǟ(c)5Þƕȋ�ðǟ 
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Á 3.5ȰŊÒ�ˍ˒Ã�¡ǯÁ 
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3.2.5"�
���_ 

 «hƟɶċŕÔ�˭ŕÔÒȗǖrŕÔǀ�«h˭�ŕÔeÙ¦

1y«h,ɯ˭�âsŕÔĔƗĊrȳUŕÔ(batch reactor)˰��û

āĔƗʌŚ˭� ă>'Ã� TBHP(10wt% in TBA)˭ă>#Ã�ˍ

˒˭ĵ>ɓɛ�ǩɢh��ƪ1ŐȋaƈņZ�~ň˰ 

 
A + S ⇌ AS……….(1) 
 
AS + B ⇌ CS……..(2) 
 
CS ⇌ C + S……….(3) 
 

¤� A : TBHP  B : C3H6  C : PO 

 
� Step(2) is rate limiting step � −r& = ' k&θTCU…………(4) 

�  Step (1) � K? = '
WX(?Y Z)

ZX
 � θT = 'K?CT(1 − θ)……….(5) 

�  Step (3) � K# = '
W[(?Y Z)

Z[
 � θW = '

W[(?Y Z)
\]

……………..(6) 

θT +'θW = ' θ = 'K?CT(1 − θ) '+ 'W[(?Y Z)
\]

  

� (1 − θ) = ' ?

?^'\_WX^'
[[
`]

 …………………………………(7) 

�(7)²ª(5), �(5)²ª(4) 

� −r& = '
ab\_WXWc
?^\_WX^

[[
`]

 , Let k2K1 = k 
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� −r& = '
aWXWc

?^\_WX^
[[
`]

 

�θT ≫ 'θW � 1 + K?CT +
W[
\]
'≈ '1 + K?CT 

� −r& = '
aWXWc
?^\_WX

 

 

Őȋaƈņ˱ƟɶċŕÔgŕÔņZ�ˮ 

 
TBHP + Propylene → Propylene Oxide + TBA 

 

Rate'equation ∶ '−rT =
kCTCU
1 + KCT

' 

¤� AˮTBHP 

BˮPropylene 

�sŕÔĔƗ� Batch system 

�Design equation� 

−rT = '−
dCT
dt  

� design equation²ª rate equation 

⇒'−
dCT
dt =

kCTCU
1 + KCT

' 

⇒ −
dt
dCT

=
1

kCTCU
+

KCT
kCTCU

 

 
Let kCB = k’ 
 

⇒ −dt =
1

kqCT
+
KCT
kqCT

dCT 
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⇒ dt
r

@
=

1
kqCT

+
KCT
kqCT

dCT
WX

WXs
 

⇒ t =
1
kq ln

CT@
CT

+
K
kq (CT@ − CT) 

∵ 'CT = CT@(1 − X) 

⇒ t =
1
kq ln

1
1 − X +

K
kq (CT@X) 

⇒
1
t ln

1
1 − X = kq − KCT@

X
t  

 

 � ?
r
ln ?

?Yv
 5 v

r
 zÁ��ʰȋ/Ŵʈȡ,�"í� K /Ŵ k’˭

Z� 3.5 Ŵ 3.6˰y/ǈʟǥǗ(Arrhenius)aƈņí�Rċ�˭� lnk

� 1/TzÁí�Rċ� Ea˰ǈʟǥǗaƈņZ�ˮ 

 
k' = 'Ae(Yxy/{|)'

⇒ 'lnk' = 'lnA'–'
Ea
R (

1
T) 

 

¤� kˮŕÔŐȋåĄ  Aˮƀȋ�- 

EaˮRċ� (J/mole) Tˮŷ5Ś¾ (K) 

Rˮ���§åĄ 8.314 (J/mole�K) 

 

Á 3.7�àĸ�ʰȋĒ�-Ea/R˭ʈȡ� lnA˭«YýĠŕÔXR

ċ� Ea˰ 
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 ĵ>Ȳöʷǳaƈņ(Van 't Hoff equation)˭lnK5 1/TzÁ˭"

Vǩɢ´∆H˰ȲöʷǳaƈņZ�ˮ 

�ÄÅC
�E '= '

Δ"
ÉE& 

¤� KˮǩɢÛʎåĄ ∆HˮċLǩɢ´(J/mole.K) 

  Tˮŷ5Ś¾(K) Rˮ���§åĄ 8.314 (J/mole�K) 

Á 3.8�àĸ�ʰȋĒ�-∆H /R˭ «YýĠŕÔXǩɢ´∆H = -33 

kJ/mole˭Z� 3.6~ň˰ 
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� 3.5/ 20mmoleTBHPɅ¾ 0.05mmole Mo(CO)6ɓɛɅ¾�ı¥Ś

¾«hPcL,ɯ 

ŕÔŚ¾(�) t(hr) X(%) 1/x*ln(1/(1-x)) x/t 

105 
0.5 23.95  0.5476  0.4790  
1.5 47.08  0.4243  0.3139  
2 50.34  0.3500  0.2517  

110 
0.5 31.70  0.7625  0.6340  
1 47.50  0.6444  0.4750  

1.5 59.60  0.6042  0.3973  

115 
0.5 39.00  0.9886  0.7800  
1 60.00  0.9163  0.6000  

1.5 70.0  0.8026  0.4667  

120 
0.5 47.32  1.2819  0.9464  
1 68.08  1.1419  0.6808  

1.5 79.00  1.0404  0.5267  
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Á 3.6/ TBHPı¥ŕÔŚ¾«hPcL,ɯ 
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� 3.6�wŚ¾�ŕÔŐȋåĄ˱ÛʎåĄ˱Rċ�/Ŵǩɢ´ 

ŕÔŚ¾(°C) k(1/hr) K(1/M) Ea(kJ/mole.K) ∆H(kJ/mole.K) 

105 0.00149 0.449 

133 -33.0 
110 0.00333 0.362 
115 0.00551 0.310 
120 0.00755 0.303 

 
 

 
 

Á 3.7 / lnk5 1/TzÁí�Rċ� 

 
 
 
 
 
 
 

y = -16021x + 35.992

-7

-6

-5

-4

-3

-2

-1

0
0.00252 0.00254 0.00256 0.00258 0.0026 0.00262 0.00264 0.00266

ln
k

1/T (1/K)
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Á 3.8 / lnK5 1/TzÁí�ǩɢ´ 

 
 
 
 
 
 
 
 
 

y = 3974.6x - 11.358
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3.3	 70wt%TBHP in water�`3e"�jkI`

3=+ 

 ��Ǡ� TBHPƏ��ȿ�˭���ĀóĐɌǛ��e˭ǰ�Ƃ

Īǿ��ˀʪɧȵă� TBHP ��˭�ǹ�[
ǴĶ˭�
� 5.5M 

TBHP in decane ˭ƍ�
� 70wt% TBHP in water˰{v�ǃĢ~ă

>�ɶċʪǴĶȗ� 5.5M TBHP in decane (Ep)˭�ơÖãÄß½

~ă>X TBHP˭Ōă>X˰İr POťp�7Ɵƨ9ˍ�ʬ(PG)˭

~/�Äß½$Ŋ PO�«Ɲ�ĪǿɃŏp«ªĔƗ˰�� Ɉʗ�

ǃĢȎp TBHPz�ɶċʪ5rˍ˒ƟɶċŕÔXðǟ˰ 

 

3.3.1 8!=+?#"�I`3=+ 

 � 3.2.2 ���ǃĢ�Ś¾5ƟɶċŕÔ�ðǟ˭{v�VŚ¾

�Ȓô�ƟɶċŕÔ���ŽÇ˰İrp�âŕÔ��Ŧ9 POÞƕ

ȋ�ǵ.g��¼�˭p,-��īƙ>t-5�Ŧ9 PO7Ɵ˭ă

7Ɵ� PO ¥9ˍ�ʬ(PG)˰� ɝ¨ă>âǴĶ�Ȏpɶċʪ

TBHP˭��wÌ±�˭0.1Mo(CO)6˱20mmole TBHP ŕÔ['�˭

ŠɏƟɶċŕÔ�ŊÒ,ǆ 
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� 3.7/Ȏp TBHPı¥Ś¾«hƟɶċŕÔ 

ŕÔŚ¾(�) POŊȋ(%) PGŊȋ(%) Ðċȋ(%) POÞƕȋ(%) 

100 15.9 33.4 55.4 28.7 
110 21.2 50.8 93.8 22.6 
120 32.7 55.8 95.4 34.3 

 
 

 İ� 3.7�� 3.2X�ơ"Vă>Ȏp TBHP� POÞƕȋ"/

(jƮ�1�ǵ�Ĭå�˭�İr PO�pÐ¥9 PG~Ǐ˰Á 3.9

�ĵ>ɶċʪ� 5.5M TBHP in decane(Ep)«hƟɶċŕÔ GC,

ɯXÊ_˯Á 3.8�ĵ>ɶċʪ� 70wt% TBHP in water(�p)«h

ƟɶċŕÔ GC,ɯXÊ_˰Ê_Ʈň˭�wTÌ±�˭Ȉɶċʪ

�w˭Ep TBHPȰŊÒ(1-tert-Butoxy-2-methoxyethane ( 3.3min )˱

Di-sec-butyl ether(5.1min ))vĳơſ/Ŵ PGvĳơ'˯Ȏp TBHP

ȰŊÒvĳjƮơ�˭/Ŵ PGɩŪ�jƮơ�˰�ňĔƗ�Z_

ȎpÃ�˭ȰŊÒ���˭ƍ�

��ǵſ POÞƕȋ˰ 
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Á 3.9ɶċʪ� 5.5M TBHP in decane(Ep)«hƟɶċŕÔ GC,ɯ

XÊ_ 

 

Á 3.10ɶċʪ� 70wt% TBHP in water(�p)«hƟɶċŕÔ GC,

ɯXÊ_ 
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3.3.2 8!=+��"�I`3=+ 

 l�ŕÔ�q˭Šɏˍ˒ƟɶċŕÔŊÒ¡ǯ˭ȘzÌ±�ɓ

ɛÃ 0.1mmole�ŕÔŚ¾ 120��ŕÔ˰ 

 

� 3.8Ȏp TBHP�ɶċʪı¥ŕÔ�q«hƟɶċŕÔ 

ŕÔ�q(hr) POŊȋ(%) PGŊȋ(%) Ðċȋ (%) POÞƕȋ (%) 

2 32.7 55.8 95.4 34.3 
4 10.4 69.5 99.8 10.4 
6 1.2 81.7 99.8 1.2 

 

İ� 3.8�V�ŕÔ�ql��˭POŊȋȻȻư·˭PGŊȋȻȻ

l�˭ǋ TBHP�Ý'�|f�Ǚ�eÐċ˭Y��Ƌ'�˭�ơ

rŕÔÝ'�˭ŕÔƋ'�� POư· PGl�˭�ňŕÔǀ��

PO�� TBHP��pÐ¥9 PG˭ƪǏÞƕȋ�ǵ˰��J� "

/(jƮ��˭İr���� POŊÒ˭šZĔƗ��(�p˭�

�ă$9� POÐ¥9 PG˰~/�"�yă>Ȏp TBHPz�Ɵɶ

ċŕÔXɶċʪ˰ 
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�., '7 

 

sĢng�ɜǃƟɶˍ˝/mDȶʬ(PO/TBA)˭Ŵă> Mo(CO)6

z�ɓɛ«hˍ˒ƟɶċŕÔ˭¢�XțȄÊ_˅ǪZ�ˮ 

 

1.! ˍ˒ƟɶċŕÔ.ȂȘzÌ±� 120°CŕÔ['��ª

0.1mmoleMo(CO)6�ŕÔ˭���POŊȋ�91.6%˭TBHPÐċ

ȋ�99.09%˭POÞƕȋ�92.43%˰ 

2.! Mo(CO)6ɓɛì�Gɰ���ÃA˭TBHP�ɓɛƨ9ȹÎÒÊ

ɣı¥b�hɾċ˭ �Ɔ�İrMo(CO)6�ĬƏ�,-˭ TBA�

Ə�,-˭~/ƪǏƨ9ȹÎÒ��qìơ]�Ã˰ŌơſŚ

ŕÔ�qŰ˭ ÐċȋŴŊȋȗ�H��˰ żǤŕÔŚ¾]Ʋ110-

120�˭ŕÔ�qȒôr['�Ë˰ 

3.! ɓɛɅ¾/Ŵˍ˒Ʌ¾¿,¢�˭İrTBHP decomposition 4

Epoxidation ȃ�ʒǜ˭Z_ɓɛɅ¾NſĐˍ˒ÃN·˭��

ƪǏPOÞƕȋ�ǵ 

4.! ɓɛÃƲ�200ppm-500ppm.�ţ�˰ 
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5.! ˍ˒Ã/TBHPȓȉ��r15��ŉʅôȰŊÒŊ$˰ 

6.! ˍ˒�TBHPXƟɶċŕÔ˭¤Rċ�� 133 (kJ/mole)˰ 

7.! ˍ˒�TBHPXƟɶċŕÔ˭¤ǩɢ´� -33 (kJ/mole)˰ 
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