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Par tial oxidation reaction character istics of oil sludge (¢¹)
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°õ¦ǽÁ­­¡G87¦~8¤ë1¤é¦Ü88¦~7¤ë31¤é

¥D«ù¤H¡G±i¼y·½ ±Ð±Â    ¥xÆW¤j¾ÇÀô¹Ò¤uµ{¾Ç¬ã̈s©Ò
           ¦@¦P¥D«ù¤H¡GªL­P¥­ °Æ±Ð±Â  ´_¿³¤u°Ó±M¬ì¾Ç®ÕÀô¹Ò¤uµ{¬ì
           ¬ã̈s¤H­û¡GÁÂ­õ¶©   ¥xÆW¤j¾ÇÀô¹Ò¤uµ{¾Ç¬ã̈s©Ò

¤@¡B¤¤¤åºK­n
     
    ¥»¬ã̈s¶i¦æ¦³®ñÀô¹Ò¤U¡Aªo¦Ãªd¼öµõ̧Ñ¤ÏÀ³
°Ê¤O¦¡»P¼Ò¦¡ªº±°́Q¤Î²£ª«¤ÀªR¡C¦b¦³®ñÀô¹Ò
¤U¡Ä ä¤ÏÀ³¼Ò¦¡¥i¤À¤T¤ÏÀ³¡A²Ä¤@­Ó¤ÏÀ³¬°®ñ®ð
¤£°Ñ»P¤ÏÀ³¤§̄Ấá¼öµõ̧Ñ¤ÏÀ³¡A²Ä¤G»P²Ä¤T«h¬°
®ñ¦³°Ñ»P¤ÏÀ³¤§¼öµõ̧Ñ¤ÏÀ³¡C¦¹¤ÏÀ³¼Ò¦¡¥i¾A¥Î
©ó§C©óªÅ®ð®ñ¿@«×¤§®ñ¤Æ¼öµõ̧Ñ¤§¤ÏÀ³¡CÁ®̀ðÅé
²£ª«¤ÀªR¤è­±¡A¥HCO2¥Í¦¿̈@«×¬°³Ì°ª¡A¥B®ñ¿@
«×¶V°ªCO2¿@«×¶V°ª¡A¦ýÁ H̀Cs (hydrocarbons)
«o¶V§C¡C¦bHCs ­±¡A¥HCH4²£¶q³Ì°ª¡C¦bÀþ¶¡®ð
Åé²£ª«¤è­±¡ACO¡B HCs ©MH2¿@«×³Ì¤j¤§·Å«×½d
³ò§¡¬ù¬° 713 ~ 738 K; ¦ÓCO2¿@«×³Ì¤j¤§·Å«×
½d³ò«h¬ù¬° 788 ~ 813 K¡C¦b20.95 vol. % O2

Àô¹Ò¤U¡A¼öµõ̧Ñ·Å«×̈ì873 K ®É©Ò¦¬¶°̈ì¤§¤U¼h
²GÅéªo»P¼ö̧Ñ·Å«×̈ì763 K ®É©Ò¦¬¶°̈ì¤§²GÅé
ªo¡A¦¹̈âºØ²GÅé²£ª«¥H¼ÒÀÀ»]ÃH¤ÀªR«á¡A§¡»P°Ó
·~¥Î̈Tªo¬Û¦ü¡C¦Ó20.95 vol. % O2Àô¹Ò¤U¡A¼ö
µõ̧Ñ·Å«×̈ì873 K ®É©Ò¦¬¶°̈ì¤§¤W¼h²GÅéªo»P
8.62 vol. % O2¤U¼öµõ̧Ñ·Å«×̈ì873 K ®É©Ò¦¬¶°
¨ìªº²GÅéªo¡A¦¹̈âºØ²GÅé¼ÒÀÀ»]ÃHµ²ªG«h»P®ãªo
¬Û¦ü¡C²GÅéªo²£²v«h¦b27.83 ~ 36.68 wt. % ¤§
¶¡¡C

ÃöÁä¦r¡Gªo¦Ãªd¡B³¡¤À®ñ¤Æ¡B¼öµõ̧Ñ¡B̧ ê·½¦¦̂¬¡B
¼ö­«¤ÀªR

Abstract
    In order to provide useful  information for
the resource utilization of oil sludge by oxidative
thermal decomposition, the reaction kinetics and
products analysis of pyrolysis in the presence of
oxygen are studied. A three-reaction model is
proposed for the oxidative thermal decomposition
of oil sludge. The first reaction is pyrolysis
reaction without oxygen, while the second and
third reactions are oxidative reactions. This model

can be used for the situation with concentration of
oxygen below that of air. In the accumulate
gaseous product, CO2 has the highest concentration.
The temperature ranges corresponding to the
maximum production rates of CO2 and of CO, HCs
(hydrocarbons) and H 2 are 788 ~ 813 K and 713 ~
738 K, respectively. The distillation characteristics
of liquids from the oxidative thermal
decomposition of oil sludge are closed to the
commercial gasoline and diesel oil.
   
keywords: oil sludge, partial oxidation,
pyrolysis, resource utilization, thermogravimetric
analysis
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¤T¡B¬ã̈s¤èªk

1.¼Ë«~¡G
¥»¹êÅçªo¦Ãªd¼Ë«~¬O©ó1997 ¦~9 ¤ë22 ¤é

±q¥_³¡¬Y·Òªo¼tÀx¦s³õªo¼Ñ ( S611 )¤¤¡A©Ò̈ú±o
ªº¼Ñ©³©³ªd¡C­ì¼Ë«~«e³B²z¤èªk«Ÿ Ï¥Î́À̀ô°e­·
°®Àê̄M½c̄ M°®24 ¤p®É¡A§Y±o¼öµõ̧Ñ¹êÅç¼Ë«~¡C
3. ¼ö­«¤ÀªR¹êÅç¡G
    ¨úªo¦Ãªd¼Ë«~5 ~ 10 mg ©ñ©ó¥Û­½̂L¤¤¡A®ð
Åé¬y¶qºû«ù50 mL/min¡C¥H·Å«×±±̈îÄlÅý¥Û­º̂Þ
ºû«ù378 K (105 ¢J) 16 ¤p®É (overnight)¡A½T©w½è
¶q¤£¦AÅÜ¤Æ«á¡A¶}©l¼öµõ̧Ñ¹êÅç¡C¦¹¹êÅç±Ä¥Îµ¥
³t²v¥[¼ö¤è¦¡¡A¥[¼ö³t²v¤À§O¬°5.2¡B12.8 ©M
21.8 K/min¡C̈ Ï¥Î¤§®ðÅé¥HªÅ®ð»Ṕ á®ð°t¦¡̈Ä ä
¤¤®ñ§t¶q¤À§O¬°4.83, 8.62 ©M20.95 vol. % (ªÅ
®ð)¡C
4. ¼öµõ̧Ñ¤ÏÀ³°Ê¤O°Ñ¼Æ¤§̈D̈ ú¡G
    ¥»¬ã̈s§Q¥Î½è¶q®ø¥¢³t²v̈ Ó°µ¤ÏÀ³°Ê¤O¬ã
¨s¡C·Å«×®ÄÀ³̈ç¼Æ¥i¥ÎArrhenius ¤èµ{¦¡ªí¥Ü¡A
¿@«×®ÄÀ³̈ç¼Æ¥i¥HÂ²³æ¤§n¡Bm ¦¤̧ÏÀ³ªí¥Ü¡C¤Ï
À³³t²v¤èµ{¦¡¦p¤U©Ò¥Ü¡G

n)X1)(
RT
E

exp(A
dt
dX

r −−== [O2]m

       n)X1(k −= [O2]m

r ¡G¼öµõ̧Ñ¤ÏÀ³³t²v¡]1/min¡¡̂A
X ¡GÂà¤Æ²v (-)¡A1- M¡A
M ¡G¤ÏÀ³ª«³Ñ¾l½è¶q¤ñ(-)¡A(W-
    Wf)/(Wo-Wf)¡A
W¡G¤ÏÀ³ª«©ó·Å«×T¡]©Î®É¶¡t¡®̂É
    ³Ñ¾l½è¶q (mg) ¡A
WO¡G¤ÏÀ³ª«³Ìªì½è¶q¡]mg¡¡̂A
Wf¡G¤ÏÀ³ª«³Ì²×³Ñ¾l½è¶q¡]mg¡¡̂A
A ¡GÀW²v¦]¤l¡]frequency factor,
   1/min¡¡̂A
E ¡G¬¡¤Ǣà¡]activation energy,
   kJ/mole¡¡̂A

R ¡G®ðÅé±¼̀Æ (8.314 310−×
    kJ/mol K)¡A
T ¡Gµ¹́ï·Å«×¡]K¡¡̂A
n, m ¡G¤ÏÀ³̄Å¼Æ (reaction orders)¡A
k ¡GArrhenius ³t²v±¼̀Æ (1/min)¡A
[O2] : ®ñ®ð¿@«× (-)¡C
5. ªo¦Ãªd¼öµõ̧Ñ²£ª«¤ÀªR¡G
    ¨ú¦¹ªo¦Ãªd¼Ë«~300 mg ©ñ©ó¥Û­½̂L¤¤¡A®ð
Åé¬y¶qºû«ù50 mL/min¡C¥H·Å«×±±̈îÄlÅý¥Û­º̂Þ
ºû«ù378 K (105 ¢J)¡A½T©w½è¶q̈ C¤p®É¬Û¹ïÅÜ¤Æ
¶q¤p©ó5 %«á¡A¶}©l¼öµõ̧Ñ¹êÅç¡C®ðÅé²£ª«¦¬¶°

¤À¬°Á®̀ðÅé²£ª«»PÀþ¶¡®ðÅé²£ª«̈âºØ¡C¥[¼ö³t²v
¬°5.2 K/min¡C®ñ®ð§t¶q¤À§O¬°4.83¡A8.62 ©M20.95
vol. %¡C¤ÏÀ³·Å«×̈ì425 K«á¡A¥H±Ä¼Ë³U¦¬¶°®ð
Åé²£ª«̈ì873 K¡A¦¹§YÁ®̀ðÅé²£ª«¡C¦Ó¥Ḧ C25 K
¶¡¹j¬°¤@³æ¦ì¡A®ñ®ð§t¶q¬°20.95 vol. %¡A¥H±Ä
¼Ë³U¦¬¶°Àþ¶¡²£®ð¡A§Y¬°¦¹25 K¶¡¹j·Å«×½d³ò
¤¤¤ßÂI·Å«×¤§®ðÅé²£ª«¼Ë«~¡C¦Ó¼ö̧Ñ²GÅé²£ª«¼Ë
«~«h¦¬¶°±q378 ~ 873 K ¼öµõ̧Ñ¤ÏÀ³·Å«×½d³ò
¤º¡A©ó¤ô·Å298 K¡A§N¾®©ó¤ô̄D¼Ñ§N¾®ºÞ¤§²G
Åé¡C®ðÅé²£ª«¤ÀªR¶µ¥Ø¬°: HCs (hydrocarbons)¡A
CO¡ACO2¡AH2¡C¤ÀªR»ö¾¹¤À§O¬°®ð¬Û¼hªR»ö-¤õ
¿VÂ÷¤l°»́ú¾¹ (GC-FID, GC¡GHewlett Packard Inc,
HP 5890 Series ¢º¡FFID¡Gflame ionization detector)
¤Î®ð¬Û¼hªR»ö-¼ö¾É°»́ú¾¹ (GC-TCD, GC¡GChina
Chromatography 8900¡FTCD¡Gthermal conductivity
detector)¡C²GÅé²£ª«¤ÀªR¶µ¥Ø¬°ªo«~¼ÒÀÀ»]ÃH¡A
ªo«~ BTEX (benzene,  toluene, ethylbenzene,
xylene) §t¶q¤ÀªR¡C¤ÀªR»ö¾¹¬°®ð¬Û¼hªR»ö-¤õ¿V
Â÷¤l°»́ú¾¹ (GC-FID)¡C

¥|¡Bµ²ªG»P°Q½×

1. ¤ÏÀ³°Ê¤O
     
    ¦b®ñ§t¶q¤À§O¬°20.95, 8.62©M4.83 vol. %
¤U¤§¼ö­«®ø¥¢¦±½u¦pFigures 1¡B2 ©M 3 ©Ò¥Ü¡C
¹ï·Ó¦b̄ Ấá¼öµõ̧Ñ¤U¤§¼ö­«®ø¥¢¦±½u(±i,1999)
¥i¥Hµo²{¡A¦b¤TºØ¤£¦P®ñ§t¶q¤§Âà¤Æ²v (X = 1-M)
¹F0.5 ¤§«e¡A¼ö­«®ø¥¢¦±½ú X¥G»P̄ Ấá¼öµõ̧Ñ¬O
¤@­Pªº¡C¦]¦¹¥i°²³]¦b¤£¦P®ñ§t¶q¤§¼öµõ̧ÑÂà¤Æ
²v¹F0.5 ¤§«e¥D­n«Y³ǣÂªº̄Ấá¼öµõ̧Ñ¡A®ñ®ð¥¼
°Ñ»P¤ÏÀ³¡C¬G¦bX ¹F0.5 ¤§«e¡A¥i¥Ḧ Ï¥Î̄Ấá¼ö
µõ̧Ñ¤§¤ÏÀ³°Ê¤O¤èµ{¦¡(±i, 1999)¡C¦bX ¬°0.5
¦Ü1 ¤§¶¡¡A¥Ñ¬¡¤Ǣàªº¤À§G¦±½u¡AÅã¥Ü¦³̈â­Ó¤£
¦Pªº¤ÏÀ³°Ï¡C̈ äX ½d³ò¤À§O¬°0.51~0.72 ©M
0.73~1¡C¦¹̈â¤ÏÀ³°Ï®ñ®ð¦³°Ñ»P¤ÏÀ³¡C¬G¦b¤£¦P
®ñ§t¶q¤U¤§¼öµõ̧Ñ¡Ä ä¤T­Ó¥D­n¤ÏÀ³³t²v (r1,
r2, r3)¤èµ{¦¡¥i¤À§Oªí¥Ü¦p¤U¡G

reaction 1, ¥Ñ X = 0 ¿n̈ ìX = 1¡A
94.25

1 )1)(
93.69

exp(1069.7 X
RT

r −−×=  ¡A

reaction 2, ¥Ñ X = 0 ¿n̈ ìX = 1¡A

[ ]2
2

91.217
2 )1)(

67.208
exp(1066.1 OX

RT
r −−×= ¡A

reaction 3, ¥Ñ X = 0 ¿n̈ ìX = 1¡A

[ ] 32.0
2

36.17
3 )1)(

87.120
exp(1045.9 OX

RT
r −−×= ¡C

2. ¼Ò¦¡­È»P¹êÅç­È¤§¤ņ̃û
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    ¸g¥Ñ¤W­z¤§¤ÏÀ³°Ê¤O¤èµ{¦¡¤§­pºâ¥iÅçÃÒ
¼Ò¦¡»P¹êÅçªº§k¦Xµ{«×¡C¼Ò¦¡¿n¤À«á©Ò±oªº¤ÏÀ³
ª«³Ñ¾l½è¶q¤ñ ( M )»P¹êÅç­È¤ņ̃û¡Ä äµ²ªG¦p
Figures 1¡B2 ©M3 ©Ò¥Ü¡Cª@·Å³t²v¤À§O¬°5.2¡B
12.8©M21.8 K/min¤§¤U¡A¦b®ñ§t¶q¬°20.95 vol. %
®É¡Ä MÂ_«Y¼Æ ( R2 ) ¤À§O¬° 0.9909¡B0.9933 ©M
0.9970¡C®ñ§t¶q¬°8.62 vol. %®É¡Ä ä R2 ¤À§O¬°
0.9905¡B0.9961 ©M0.9915¡C¦Ó®ñ§t¶q¬°4.83 vol. %
®É¡Ä ä R2  ¤À§O¬°0.9823¡B0.9931 ©M0.9804¡CÅã
¥Ü¦b¤TºØ®ñ¿@«×¤U¡Ä âªÌ§¡¬Û·í§k¦X¡C¦]¦¹¡A°²
³]X¦b0.5 ¤§«e¥D­n¬°̄Ấá¼öµõ̧Ñ¡AX¦b0.5 ¤§
«á¥D­n¬°¦³®ñ®ð°Ñ»P¤§̈â­Ó¤ÏÀ³©Ò²Õ¦¤̈§¤ÏÀ³
¼Ò¦¡¬O¥¿½Tªº¡C¤ÏÀ³¼Ò¦¡¥iªí¥Ü¦p¤U¡G

             k1
             → volatiles V1 + residues M1,
             k2
oil sludge +O2  → volatiles V2 + residues M2,
             k3
             → volatiles V3 + residues M3.

3. Á®̀ðÅé²£ª«¤ÀªR
  

    ªo¦Ãªd¦b¤£¦P®ñ§t¶q¤U¤§¼öµõ̧ÑÁ®̀ðÅé²£
ª«²Õ¦¦̈pTable 1 ©Ò¥Ü¡C¦b¤TºØ¤£¦P®ñ§t¶q¤U¡A
§¡¥HCO2²£¶q¬°³Ì¦h¡C¦b20.95¡B8.62©M4.83 vol.
% O2¤U¡ACO2¦U¤À§O¬°Á²̀£®ð(¤£¥]§tO2©MN2)¤§
88.37¡A86.73 ©M81.3 wt. %¡CÁ H̀Cs ¦b20.95¡B
8.62 ©M4.83 vol. % O2®É¡Ä ä­«¶q¤ñ«h¦U¤À§O
¬°3.39¡A5.79 ©M10.51 wt. %¡C¦]¦¹Åã¥Ü¡A®ñ¿@
«×¶V°ª¡ACO2­«¶q¤ñ¶V°ª¡A¦ÓÁ H̀Cs ­«¶q¤ñ¶V§C¡A
HCs ¤§¿U¿N¶V§¹¥þ¡C¦ýµI¤Æ¿U¿N®Ä²v
(incineration efficiency¡ACO2 / (CO+CO2) ) ¦b
20.95¡A8.62 ©M4.83 vol. % O2®É¡A«h¤À§O¬°
0.9149¡A0.9207 ©M0.9118 (¿@«×¤ñ)¡Á X¥G¬O¬Û
µ¥ªº¡C¦b³Ì§C®ñ¿@«×4.63 vol. %®É¡A¦³³Ì¤jªº
H2¿@«×¡Ä ä­«¶q¤ñ¬ù¬°0.33 wt. %¡C¦bÁ H̀Cs
(C1~C9)¤¤¡A§¡¥HCH4¿@«×¬°³Ì°ª; CH4¤§¿@«×ÀH
µÛ®ñ¿@«×ªº¼W¥[¦Ó¼W¥[¡A¦ý©Ò¦û­«¶q¤ñ̈Ò«hÀHµÛ
®ñ¿@«×ªº¼W¥[¦Ó­°§C¡C¦¹¥ī à¦]¬°®ñ¿@«×¶V°ª¡A
ªo¦Ãªd¤ÏÀ³¶V¿Ē P¡A¥Í¦ª̈«¿@«×¶V°ª¡C¦ý¬OCO
©MCO2¥Í¦¶̈q¥ç¬Û¹ïªº¼W°ª¡A©Ò¥HCH4©Ò¦ûÁ²̀£
®ð¤ñ̈Ò(¤£¥]§tO2©MN2)·|ÀH®ñ¿@«×¼W°ª¦Ó­°
§C¡C

4. Àþ¶¡®ðÅé²£ª«

    ¦b®ñ¿@«×¬°20.95 vol. % ®É¡Ä äÀþ¶¡®ðÅé
²£ª«¤§¿@«×ÀH·Å«×ªºÅÜ¤Æ¦pFigure 4 ©Ò¥Ü¡C¦b
¤£­ṕ á®ð»P®ñ®ð®É¡ACO2¦ûÁ²̀£®ð88.19 wt. %¡C

¨ä¦¬̧OCO ¦û9.62 wt. %¡BHCs ¦û2.18 wt. %¡B
H2¦û0.02 wt. %¡C¦ÓHCs¤¤¥D­n¬°§CºÒ¼ÆªºÖJ
Ãþ©M²mÃþ¬°¥D¡A¥B¤S¥H¥ÒÖJ (C1 ;¬ù 0.52 wt. %)
¬°³Ì¦h¡CHCs¥Í¦¶̈q³Ì¤j·Å«×½d³ò¦b713 ~ 738 K
¶¡¡A¦°̧ª¦b633 ~ 688 K¶¡ (¦pFigure 5 ©Ò¥Ü)¡C
H2¥u¦b663 ~ 763 K¶¡¦³¥Í¦¡̈A¦Ó¥Í¦¶̈q³Ì¤j·Å
«×½d³ò«h¦b713 ~ 738 K¶¡¡CCO2¥Í¦¶̈q³Ì¤j·Å
«×½d³ò¦b788 ~ 813 K¶¡; ¥B¬O¦b788 K®ÉÀþ¶¡
¤j¶qªº²£¥Í¡A¦b813 K«á«hÀþ¶¡¤j¶qªº¤U­°¡C
CO¥Í¦¶̈q³Ì¤j·Å«×½d³ò¦b713 K ~ 738 K¤§¶¡¡C
¥Ñ¥H¤W¥iµo²{¡A°£¤FCO2¤§¥~¡AHCs¡BH2©MCO
¥Í¦¶̈q³Ì¤j·Å«×½d³ò§¡¦b713 ~ 738 K¤§¶¡¡CÀþ
¶¡®ðÅéªºµI¤Æ¿U¿N®Ä²v¥H733 K®É³Ì§C¡A¬°
0.7779¡A¦§̧C¬°663 Kªº0.7944¡A³Ì°ª¬°438 K
ªº0.9889¡C¥t¥ÑFigure 4 ¤¤¹ếú¤§®ñ¿@«×ªºÅÜ¤Æ
¥i¥Hµo²{¡A®ñ¿@«×¦b 613 K¤§«é X¥Gºû«ù¤£ÅÜ¡A
¦Ó¦b613 K¤§«á«h§Ö³tªº­°§C¡C¦¹²{¶H»P§t®ñ¼ö
µõ̧Ñ°Ê¤O¾Ç¼Ò¦¡¤§°²³]·¥¬°¤@­P¡A§Y¦b¤ÏÀ³·Å«×
613 K¤§«e¡Aªo¦Ãªd¥D­n¬O¶i¦æ³ǣÂªº̄Ấá¼öµõ
¸Ñ¤ÏÀ³¡A¦Ó¦b613 K¤§«á¡A®ñ®ð«h¶}©l°Ñ»P¤Ï
À³¡C

5. ®ðÅé²£ª«¤¤BTEX§t¶q¤ÀªR

Á ®̀ðÅé²£ª«¤¤BTEX (benzene, toluene,
ethylbenzene, iso-xylene)§t¶q¥D­n¬°benzene ©M
toluene¡C¦bO2¿@«×¬°20.95¡A8.62 ©M4.83 vol.
% ®É¡Ä äbenzene ©Mtoluene ¿@«×¤À§O¬°13.34¡B
38.59 ¡B197.74 £gg/L ©M2.17¡B35.19¡B47.6 £g
g/L¡CÅã¥Ü®ñ¿@«×¶V°ª¡Abenzene ©Mtoluene ¿@«×
¶V§C¡C¦b20.95 vol. % O2¿@«×¤U¼öµõ̧Ñ¤§Àþ¶¡
®ðÅé²£ª«¡Ä ä½è¶qÅé¿n¿@«×ÀH·Å«×ªºÅÜ¤Æ«h¦p
Figure 6 ©Ò¥Ü¡CBenzene ¥Í¦¶̈q³Ì¤j·Å«×½d³ò¦b
738 ~ 763 K¶¡¡CToluene¥Í¦¶̈q³Ì¤j·Å«×½d³ò«h
¦b788 ~ 813 K¤§¶¡¡CEthylbenzene ©M iso-xylene
¥Í¦¶̈q¤£¦h¡AµL©úÅãªº³Ì¤j¥Í¦¶̈q·Å«×½d³ò¡C̈ ä
¤¤¤S¥Hbenzene¥Í¦¶̈q¬°³Ì¤j¡C

6. ²GÅé²£ª«¼ÒÀÀ»]ÃH¤ÀªR

    ¬°§PÂ_¥»¹êÅç©Ò±oªo«~ (®ðÅé©ó298 K ¾®µ²
©Ò±o¤§²GÅé)¯S©Ê»PÀ³¥Î©ó°Ó·~¤Wªº¼ç¤O¡A¦]¦¹
±Ä¥ÎASTM-D2887 ¤§¤èªk¡A¥HGC ¼ÒÀÀ»]ÃHªo
«~¡C±N¤wª¾ªmÂIªºC6 ~ C44 ¥¿ÖJÃþ¼Ð·Ç«~̧ g¥Ñ
GC ª@·Å¤ÀªR¡A¥i±ö ì¤£¦PÖJÃþªmÂI»P°±̄d®É¶¡
ªºÃö«Y¦¡¡C¦A±N¼öµõ̧Ñ©Ò±oªo«~̧ g¥Ñ¦P¼Ë±ø¥ó¤À
ªR¡A¹ï·Ó¤£¦PÖJÃþªmÂI»P°±̄d®É¶¡ªºÃö«Y¦¡«á¡A
§Y¥i±ö ìªo«~ªº¼ÒÀÀ»]ÃH²Õ¦¤̈À§G¡C
    ¦b¤£¦P®ñ§t¶q¤U¼öµõ̧Ñªo¦Ãªd©Ò±oªo«~¤j
­P¥i¤À¬°¥|Ãþ¡Cªo¦Ãªd¦b20.95 vol. % O2¿@«×¤U
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¼öµõ̧Ñ¦Ü873 K©Ò±oÁ²̀GÅéªo¤À¬°¤W¤Ü â¼h¡C¤W
¼h¬°§e¶Â¦â¤§²GÅéªo (20.95 TL - 873 – U)¡A¤U¼h
¬°²¶̀À¦â¼á²Mªº²GÅéªo (20.95 TL - 873 – L)¡C¦]
©úÅãªº¤£¦P¡A¬G¤W¤U¼h²GÅé¤À¶}°µ¼ÒÀÀ»]ÃH¡Cªo
¦Ãªd¦b20.95 vol. % O2¿@«×¤U¼öµõ̧Ñ¦Ü763 K©Ò
±oÁ²̀GÅéªo«hµL©úÅã¤À¼h²{¶H¡A¬°¼á²M²H¶À¦âªº
²GÅéªo (20.95 TL – 763)¡C¦Óªo¦Ãªd¦b8.62 vol. %
O2 ¿@«×¤U¼öµõ̧Ñ¦Ü873 K ©Ò±o¤§Á²̀GÅéªo«h¬°
¶Â¦ấý¿Bªº²GÅéªo (8.62 TL – 873 )¡C±N¦U²GÅéªo
¼ÒÀÀ»]ÃHªºµ²ªG¡Ä ÌªmÂIªº°ª§C¡A¥Ñ§C¦Ü°ª¥i¤À
Ãþ¬°»·́Ò»sªo (light naphtha)¡B­«·Ò»sªo (heavy
naphtha)¡B»®́ðªo (light gas oil)¡B©M­«®ðªo (heavy
gas oil )¡C©M̈ ä¥L°Ó·~¥Îªo¼ÒÀÀ»]ÃHªºµ²ªG¤ñ
¸û¡A¦p Table 2 ©Ò¥Ü¡C¥Ñ Table 2 ¤¤¥i¬Ý¥X¡Aªo
¦Ãªd¦b20.95 vol. % O2 ¿@«×¤U¼öµõ̧Ñ¦Ü873 K¤§
¤U¼hªo (20.95 TL - 873 – L)  ©M¼öµõ̧Ñ¦Ü 763 K
¤§²GÅéªo (20.95 TL – 763) ¦³¬Û¦üªº¼ÒÀÀ»]ÃHµ²
ªG¡A¥B»P98 µL¹]̈ Tªo (GL – 98) ªº¼ÒÀÀ»]ÃH²Õ
¦«̈D±¬̀Û¦ü¡C¥t¥~¥ç»P°ª̄Å̈Tªo (GL)¡B92 µL¹]
¨Tªo (GL – 92)¤Î95 µL¹]̈ Tªo (GL – 95)¤§¼ÒÀÀ
»]ÃH²Õ¦¤̈]«Ü±µªñ¡C¦Óªo¦Ãªd¦b8.62 vol. % O2

¿@«×¤U¼öµõ̧Ñ¦Ü873 K ¤§Á²̀GÅéªo (8.62 TL –
873 )¡Ä ä¼ÒÀÀ»]ÃHªº²Õ¦«̈h»P°ª̄Å®ãªo (DL) ªº
¼ÒÀÀ»]ÃH²Õ¦µ̈²ªG¬Ûªñ¡C¦ý̈ä¦b­«·Ò»sªo
(heavy  naphtha) ªº§t¶q¤ñ°ª̄Å®ãªo (DL) ÁÙ°ª
¬ù6.69 wt. %¡A»®́ðªo(light gas oil) ªº§t¶q²Õ¦¨
«h¬ù§C 6.33  wt. %¡CÅã¥Ü̈ä«~½è¤ñ°ª̄Å®ãªo
(DL) ÁÙ¦n¡C20.95 vol. % O2¿@«×¤U¡Aªo¦Ãªd¼öµõ
¸Ñ¦Ü873 K ©Ò±oÁ²̀GÅéªo¤§¤W¼h¶Â¦â²GÅéªo
(20.95 TL - 873 – U) ¨ä¼ÒÀÀ»]ÃH²Õ¦Á̈ö»P°ª̄Å®ã
ªo (DL) ¬Û¦ü¡A¦ý̈ä­«®ðªo (heavy gas oil) ²Õ¦¨
¬ù¤ñ°ª̄Å®ãªo (DL) °ª¬ù16.22 wt. %¡A¦Ó»®́ðªo
(light gas oil) ²Õ¦¤̈ñ°ª̄Å®ãªo (DL) ¬ù§C 21.57
wt. %¡C¦]¦¹Åã¥Ü̈ä«~½ȩ̀û°ª̄Å®ãªo (DL) ®t¡C
    ¥Ñ¥H¤Wµ²ªG¥iª¾¡A®ñ®ð§t¶q¶V°ª¡Aªo¦Ãªd¼ö
µõ̧Ñ©Ò±o²GÅéªo«~½è¶V¦n¡C¦b20.95 vol. % O2

®É¡Aªo¦Ãªd¼öµõ̧Ñ·Å«×̈ì763 K¤ñ̈ì873 K©Ò±o
²GÅéªo¡A¦]¥¼¤À¦¤̈W¤Ü â¼h¡A¬G«~½ȩ̀û¦n¡C¦ý¬O
¼öµõ̧Ñ̈ì763 K¤§²GÅéªo»P¼öµõ̧Ñ̈ì873 K¤§¤U
¼h²GÅéªo¡Ä âªÌ«~½è§¡¬Û¦ü¡C¦]¦¹¬O§_·|¦]¼öµõ
¸Ñ·Å«×¤É°ª¦ÓÅý²GÅéªo«~½èÅÜ®t¡A­È±oÄ~Äò±´
°Q¡C¦ý¦¹̈âªÌ¼ÒÀÀ»]ÃH²Õ¦»̈P°Ó¥Î̈Tªo²Õ¦¬̈Û
¦ü¡A¥iÃÒ©ú¦¹ªk¼öµõ̧Ñ©Ò±o²GÅéªo¦³°Ó·~À³¥Î¤W
ªº»ù­È¡C

7. ²GÅé²£ª«¤¤BTEX§t¶q¤ÀªR

    BTEX ¬°§PÂ_ªo«~«~½èªº­«­n«ü¼Ð¤§¤@ ; ³q
±`BTEX §t¶q¦h¤§ªo«~¡Aªí¥Ü̈ä©Ò§tªÚ­»±Ú¦¨
¤À¤ņ̃û¦h¡C¥|Ãþ¼öµõ̧Ñªo«~»P°Ó·~¥Îªo«~¤§

BTEXªº½è¶q¤À²v ¦p Table 3 ©Ò¥Ü¡C¥Ñ Table 3
¤¤¥iÅã¥Ü¡A98 µL¹]̈ Tªo (GL – 98) ¡B95 µL¹]̈ T
ªo (GL – 95)¡B92 µL¹]̈ Tªo (GL – 92)»P°ª̄Å̈Tªo
(GL)¨äBTEX §t¶q§¡«D±°̀ª¡C¥B¥Ñ̈äBTEX ²Õ
¦¥̈iµo²{¡A98 µL¹]̈ Tªo»P95 µL¹]̈ Tªo¬Û¦ü¡A¦Ó
92 µL̈ Tªo«h»P°ª̄Å̈Tªo¬Û¦ü¡C¦b20.95 vol. % O2

¤U¡Aªo¦Ãªd¼öµõ̧Ñ̈ì763 K¤§²GÅéªo (20.95 TL –
763) »P¼öµõ̧Ñ̈ì873 K¤§¤U¼h²GÅéªo (20.95 TL
- 873 – L)¡Ä âªÌBTEXÁ§̀t¶q¬Ûªñ(86302.3 vs.
82988.2 mg/kg)¡C¦ýªo¦Ãªd¼öµõ̧Ñ̈ì763 K¤§²G
Åéªö ätoluene §t¶q¬O¼öµõ̧Ñ̈ì873 K¤§¤U¼h²G
Åéªoªº2.3 ­¿¡Aiso-xylene¬O4.62 ­¿¡A¦ýbenzene
«h¬°0.74 ­¿¡Aethylbenzene¬°0.75 ­¿¡C¦¹̈âªÌ°£
¤Fbenzene²Õ¦¤̈ñ98µL¹]̈ Tªo»P95µL¹]̈ Tªo°ª
¤§¥~¡Ä ä¾lBTEX²Õ¦§̈¡¤ñ¦¹¥|ºØ°Ó¥Î̈Tªo§C¡C
¦¹¥ī à¬O¦]¼öµõ̧Ñ±N¤j³¡¤ÀÀôª¬¦³¾÷¤Æ¦Xª«¥´
Â_¤§¬G¡A¦]¦¹BTEX Á§̀t¶q̧ û°Ó¥Î̈Tªo§C¡Cªo
¦Ãªd¦b8.62 vol. % O2¿@«×¤U¼öµõ̧Ñ¦Ü873 K¤§
Á²̀GÅéªo (8.62 TL – 873 )»P20.95 vol. % O2¿@«×
¤U¡A¼öµõ̧Ñ¦Ü873 K©Ò±o¤W¼h¶Â¦â²GÅéªo (20.95
TL - 873 – U)¨âªÌBTEX²Õ¦§̈¡»P°ª̄Å®ãªo (DL)
¸û¬Û¦ü; ¦ý«o»·§C©ó¥|ºØ°Ó·~¥Î̈Tªo¤Î¥ẗ âÃþ
¼öµõ̧Ñ©Ò±o²GÅéªo¡C¥|ºØ¼öµõ̧Ñ©Ò±o²GÅéªo¤§
ethylbenzene »Piso-xylene ªº§t¶q§¡¤£°ª¡AÅã¥Ü
¦bÁ®̀ðÅé²£ª«¤¤́ú¤£̈ìethylbenzene »P iso-
xylene ¡A¥B¦bÀþ¶¡®ðÅé²£ª«¤¤°¼̈ ìªº
ethylbenzene »Piso-xylene ¿@«×°¾§C¡A§¡¬O¥i¥H
²z̧ Ñªº¡C¦¹¥ī à¬O¦]¦¹ÃþÀôª¬¤Æ¦Xª«¦b°ª·Å¡A¦³
®ñÀô¹Ò¤U©ö³Q¤À̧ÑÂ_Áä¦³Ãö¡C

8. ²£ª«ªº½è¶q¥­¿Å

    ¥»¹êÅç¦b¦³®ñÀô¹Ò¤U¼öµõ̧Ñªo¦Ãªd¡Ä ä²£ª«
¦¬¶°¥i¤À¦¥̈¼¾®µ² (298 K)¤§®ðÅé¡B®ðÅé¾®µ²¤§
²GÅé©M¼öµõ̧Ñ¤§³Ñ¾lª«½è¡C¦b20.95 vol. % O2

¿@«×¤U¡A¥[¼ö³t«×¤À§O¬°5.2¡B12.8©M21.8 K/min
®É¡Aªo¦Ãªd¼öµõ̧Ñ·Å«×̈ì 1123 K®Éªº³Ñ¾lª«§¡
§e²{¬õ¦â̄»¥½ª¬¤§©TÅé¡C̈ ä§t¶q¦û­ì¼öµõ̧Ñ¼Ë«~
ªº½è¶q¦Ê¤À¤ñ¤À§O¬°2 ¡B2.14 »P1.41 wt. %¡C¦Ó
¦b8.62 vol. % O2®É«h¬°0.98¡B1.75»P2.64 wt. %¡C
¦b4.83 vol. % O2®É«h¬°0.97¡B4.23»P6.28 wt. %¡C
¥Ñ¥H¤Wµ²ªG¥i¥HÅã¥Ü¡A¥[¼ö³t²v¶V°ª¡A¤ÏÀ³¶V¤£
§¹¥þ¡A¦]¦¹³Ñ¾l¶q¶V°ª¡C¦ý¤£¦P®ñ§t¶q¹ï³Ì«á³Ñ
¾lª«§t¶qªº¼vÅT«h¤£©úÅã¡C¦b20.95 vol. % O2

Àô¹Ò®É¡Aªo¦Ãªd¼öµõ̧Ñ·Å«×̈ì873 Kªº³Ñ¾lª«§t
¶q¦ûÁ¼̀öµõ̧Ñªo¦Ãªd¶qªº 4.13 wt. %¡A¦Ó²GÅé¦¬
¶°¶q©Ò¦û¤ñ²v¬°31.96 wt. %¡A¥HÀþ¶¡®ðÅé¿@«×
Á©̀M̈ Ó́«ºâ®ðÅé¦¦̂¬©Ò¦û¤ñ²v ( ¥]¬AH2, CO,
CO2¤ÎHCs, ¦ý¤£¥]§tCO »PCO2¤¤¤§®ñ§t¶q)¡A
¨ä©Ò¦û¤ñ²v¬°57.18 wt. %¡Cºî¦X³Ñ¾lª«§t¶q¡B
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²GÅé¦¬¶°¶q»P®ðÅé¦¬¶°¶q¡Ä äÁ¦̀¦̂¬¶q¦³93.27
wt. %¡CµLªk¹F̈ ì100 wt. %¥ī à¬O¦]²£®ð¤¤¦³
H2O ©|¥¼¶q́ ú¤Î¥ī à¦³²GÅé§N¾®©ó¼öµõ̧Ñ²GÅé
¦¬¶°²~¤§¥~ªººÞ½u¤¤©Ò­P¡C­Y¦b20.95 vol. % O2

Àô¹Ò¤U¡Aªo¦Ãªd¼öµõ̧Ñ·Å«×¥ü ì763 K®É¡Ä ä³Ñ
¾lª««h¬°¶Â¦â¤ùª¬©TÅé¡A¥B̈ ä³Ñ¾lª«§t¶q¦ûÁ¼̀ö
µõ̧Ñªo¦Ãªd¶qªº 8.77 wt. %¡A¦Ó²GÅé¦¬¶°¶q©Ò¦û
¤ñ²v«h¬°36.68 wt. %¡C¦]³Ì²×¼öµõ̧Ñ·Å«×̧û§C
( 763 K¡Õ 873 K)¡A¦]¦¹³Ñ¾lª«§t¶q̧ û°ª ( 8.77 wt.
% ¡Ö 4.13  wt. %) ¬O¦X²zªº¡C¦ý²GÅé¦¬¶°¶q¦b
¼öµõ̧Ñ·Å«×©ó763 K®É¥ç̧û°ª¡A¥ī à¦]¦¹®É¼öµõ
¸Ñ©Ò±o¤§®ðÅȩ́û¤£·|§N¾®©ó¦¬¶°²~¤§¥~ªººÞ½u
¤¤©Ò­P¡C¦b8.62 vol. % O2¿@«×¤U¡Aªo¦Ãªd¼öµõ
¸Ñ·Å«×̈ì873 K®É¡A³Ñ¾lª«§e²{¬õ¦â̄»¥½ª¬¤§©T
Åé¡Ä ä§t¶q¦ûÁ¼̀öµõ̧Ñªo¦Ãªd¶qªº 3.27 wt. %¡A
¦Ó²GÅé¦¬¶°¶q©Ò¦û¤§¤ñ²v«h¬°27.83 wt. %¡C̈ ä
²GÅé¦¬¶°¶q§t¶q¤ñ20.95 vol. % O2Àô¹Ò®ÉÁÙ§C¡A
¥ī à̈ä¦]¬O²£¥Í̧û¤j¤À¤lªº®ðÅé¡A¦b̈ ì¦¬¶°²~¤§
«é N§N¾®©ó¦¬¶°ºÞ½uºÞ¾À¤¤¡C¥Ñ½è¶q¥­¿Åªºµ²ªG
¥i¥HÅã¥Ü¡A¦b¦³®ñÀô¹Ò¤U©Ò¦¬¶°ªº²GÅé¡Ä ä²£²v
¤ñ̄Ấá¼öµõ̧Ñ¤U¤§²£²v (69.63 wt. % (±i, 1999))
ÁÙ§C¡C¥ī à¬O¦]¦³¤j³¡¤Àªº¦³¾÷ºÒ»P®ñ¤ÏÀ³¦¨
CO»PCO2©Ò¾É­P¡C¬G­Y¤£̈Ï¥Î®ñ®ð¡A²K¥[²K¥[
ª«©ó̄Ấá¼öµõ̧Ñ¤§¤¤¦Ó̄àÀ°§U¼öµõ̧Ñ¤ÏÀ³§ó§¹
¥þ¡A¥B¥i¥H́ £¤Éªo«~«~½è¡A¼W¥[²GÅéªo²£²vªº
¸Ü¡A¥ç¬O¥t¥~¤@­Ó¥i¥H¬ã̈sªº¤è¦V¡C

¤­¡B°Ñ¦Ò¤åÄm

1. ±i¼y·½¡A”ªo¦Ãªḑ ê·½¤Æ¬ã̈s”¡A¦æ¬F°|°ê®a
¬ì¾Ç©e­û·|±MÃD¬ã̈s­pµe¦ª̈G³ø§i¡A­pµe½s
¸¹¡GNSC86-CPC-E-002-002¡A1999¡C

2. ¤ý¥H¾Ë¡A”¼o±óª«³B²z”¡A¤å̈Ê¹Ï®Ñ
   ¦³­­¤½¥q¡A¥xÆW¥x¥_¡A1995¡C
3. ´¿¼y¼w¡A” ´î¼o¦¥̈\®×̈Ò – ¼oªoªd¦A§Q

¥Î”¡A²Ä¤T©¡¤u·~́ î¼o§Þ³N»Pµ¦²¤¬ã°Q·|½×
¤å¶°¡App. 38-1 ~8¡A¥xÆW¥x¥_¡A1993¡C

¤»¡B¹Ïªí»¡©ú

Table 1. Total gaseous product concentration (£g
g/L) for oxidative thermal decomposition of oil
sludge. Heating rate (HR) = 5.2 K/min.
Table 2. Distillation characteristics of liquid

products from oxidative thermal decomposition of
oil sludge in this study and of some commercial
oils. TL, GL, DL, FL, HL : total liquid from
oxidative thermal decomposition of oil sludge,
gasoline, diesel oil, fuel oil and heavy oil. 20.95,
8.62: denote vol. concentrations of O2 in carrier
gas. 873, 763: denote temperatures of thermal
treatment. U, L = upper, lower layers. 98, 95, 92 =
trade names of unlead gasolines.
Table 3. BTEX concentrations in liquid products
from oxidative thermal decomposition of oil
sludge and of some commercial oils. HR = 5.2
K/min. Other notations are the same as in Table 2.

Figure 1. Comparison of residual mass ratio (M)
predicted by proposed three-reaction model with
experimental data at different heating rates (HR)
for oxidative thermal decomposition of oil sludge
in 20.95 vol. % O2. 1(∆), 2(0), 3(×)¡GHR = 5.2, 12.8,
21.8 K/min. Line ¡Gcomputed ¡Fsymbol ¡G
experimental¡FR1

2, R2
2, R3

2 = 0.9909, 0.9933,
0.9970. T = temperature.
Figure 2. Comparison of M predicted by proposed
three-reaction model with experimental data at
different HR for oxidative thermal decomposition
of oil sludge in 8.62 vol. % O2. The notations are
the same as in Figure 1. R1

2, R2
2, R3

2 = 0.9905,
0.9961, 0.9915.
Figure 3. Comparison of M predicted by proposed
three-reaction model with experimental data at
different HR for oxidative thermal decomposition
of oil sludge in 4.83 vol. % O2. The notations are
the same as in Figure 1. R1

2, R2
2, R3

2 = 0.9823,
0.9931, 0.9804.
Figure 4. Instantaneous gaseous product and
residue oxygen concentrations for oxidative
thermal decomposition of oil sludge in 20.95 vol.
% O2. HR = 5.2 K/min. 1, 2, 3, 4, 5 : CO2, CO,
HCs, H2, O2.
Figure 5. Instantaneous gaseous product
concentrations for oxidative thermal
decomposition of oil sludge in 20.95 vol. % O2.
HR = 5.2 K/min. 1, 2, 3, 4, 5, 6, 7 : C1~C2, C3, C4,
C5, C6, C7 and C8.
Figure 6. Instantaneous gaseous product
concentrations of BTEX for oxidative thermal
decomposition of oil sludge in 20.95 vol. % O2.
HR = 5.2 K/min. 1, 2, 3, 4 : benzene (B), toluene
(T), ethylbenzene (E), iso-xylene (X).

Table 1.
H2 CO CO2 C1 C2 C3 C4 C5 C6 C7 C8 C9 HCsa O2 N2

4.83 202.89b 4769.34 49318.45 1826.33 732.57 409.36 753.21 868.64 876.78 461.53 275.27 171.13 6374.82 27415.56 958918.7
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vol. %
O2

(25.13)c (145.13) (863.36) (119.26) (49.48) (58.27) (97.31) (106.49) (56.15) (8.08) (147.21) (52.44) (400.41) (4294.7)

Wt. %d 0.33 7.86 81.30 3.01 1.21 0.67 1.24 1.43 1.45 0.76 0.45 0.28 10.51

8.62
vol. %
O2

  7505.66
(3.60)

87104.98
(74.21)

1882.79
(39.00)

687.30
(17.22)

511.70
(56.25)

506.18
(171.18)

830.74
(71.86)

838.44
(2.39)

389.33
(10.08)

134.65
(15.94)

33.83
(13.02)

5814.96 55088.64
(141.92)

927746.9
(134.7)

Wt. % 0 7.47 86.73 1.87 0.68 0.51 0.50 0.83 0.83 0.39 0.13 0.03 5.79

20.95
vol. %
O2

  41.23  14817.85
(396.45)

159367.06
(8917.51)

2374.83
(13.69)

0.00 779.72
(7.03)

879.30
(18.94)

831.26
(25.83)

748.47
(29.31)

324.40
(9.47)

116.95
(5.78)

53.09
(22.27)

6108.3 198192.6
(3114.3)

922880.5
(8252.4)

Wt. % 0.02 8.22 88.37 1.32 0.00 0.43 0.49 0.46 0.42 0.18 0.06 0.03 3.39

a: HCs = sum of C1, C2, C3, C4, C5, C6, C7 ,C8 , C9.   b: unit in £gg/L.
c : numbers in parentheses are standard deviations (£mn) .   d: based on sum of H2, CO, CO2 and HCs.

Table 2.
20.95
TL–

873-U

20.95
TL-

873-L

20.95
TL-763

8.62
TL-873

GL-98 GL-95 GL-92 GL DL FL HL

Light naphtha
343 ~ 366 K

0.19a

(0.04)b
9.98

(0.81)
9.67

(0.50)
0.16

(0.06)
8.49

(2.67)
5.36

(0.32)
6.7

(1.90)
10.07
(1.91)

0.04
(0)

0 0

Heavy naphtha
366 ~ 477 K

13.11
(1.75)

65.52
(2.96)

63.77
(1.09)

14.53
(1.47)

64.37
(2.21)

70.95
(4.28)

67.9
(5.16)

62.93
(0.24)

7.84
(2.34)

4.03 0.29

Light gas oil
477 ~ 616 K

65.70
(1.1)

23.49
(3.66)

24.58
(1.03)

80.94
(1.34)

26.59
(3.4)

23.31
(4.40)

24.88
(5.22)

26.15
(2.65)

87.27
(1.42)

46.01 23.88

Heavy gas oil
616 ~ 811 K

21.00
(4.00)

1.01
(0.22)

1.98
(0.23)

4.37
(0.19)

0.54
(0.51)

0.38
(0.19)

0.52
(0.39)

00.85
(0.25)

4.78
(0.99)

49.59 75.19

Vacuum residue
¡Ö811 K

0 0 0 0 0 0 0 0 0 0.38 0.64

a : unit in wt. % (excluding H2O).
b : numbers in parentheses are standard deviations (£mn) .

Table 3.
20.95

TL– 873-
U

20.95
TL-873-

L

20.95
TL-763

8.62 TL-
873

GL-98 GL-95 GL-92 GL DL

Benzene
(mg/kg)

752.45
(264.76)a

67863.86
(2513.55)

50277.83
(3054.74)

215.23
(21.58)

19477.11
(1424.07)

20539.5
(1866.42)

80695.64
(5112.16)

87934.59
(2089.98)

348.64
(12.05)

Toluene
(mg/kg)

3271.57
(497.41)

10242.45
(2100.85)

23576.38
(1443.27)

2174.42
(1024.3)

68623.31
(6546.22)

70556.06
(18200.94)

56262.62
(2180.78)

64980.5
(6612.01)

1740.11
(210.86)

Ethylbenzene
(mg/kg)

3467.6
(241.46)

2611.07
(471.62)

1958.42
(46.18)

1485.09
(514.8)

26681.42
(3256.5)

28518.36
(3893.52)

66046.73
(3364.8)

56523.15
(24912.93)

801.70
(296.6)

Iso-xylene
(mg/kg)

673.99
(28.21)

2270.74
(488.48)

10489.72
(713.3)

1013.22
(288.98)

50318.16
(3229.71)

48812.97
(13016.27)

32586.1
(376.17)

34913.2
(336.57)

1829.1
(706.53)

a : unit in mg/kg (excluding H2O).
b : numbers in parentheses are standard deviations (£mn) .

Figure 1.



7

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

0

0.2

0.4

0.6

0.8

1

1.2

350 450 550 650 750 850 950
T (K)

M
 (-

)

1
2

3

0

0.2

0.4

0.6

0.8

1

1.2

350 450 550 650 750 850 950

T (K)

M
 (-

)

1 2
3

0

0.2

0.4

0.6

0.8

1

1.2

350 450 550 650 750 850 950

T (K)

M
 (

-)

1

2

3

0

100000

200000

300000

400000

500000

600000

400 500 600 700 800 900 1000
T (K)

C
on

c.
 (u

g/
L)

1: CO2
2 : CO
3 : HCs
4 : H2
5 : O2

0

500

1000

1500

2000

2500

3000

3500

400 500 600 700 800 900 1000

T (K)

C
on

c.
 (u

g/
L

)
1: C1-C2

2 : C3

3 : C4

4 : C5

5 : C6

6 : C7

7 : C8

0

10

20

30

40

50

60

70

80

90

100

400 500 600 700 800 900 1000

T (K)

Co
nc

. (
ug

/L
)

1 : benzene

2 : toluene

3 : ethylbenzene

4 : iso-xylene


	page1
	page2
	page3
	page4
	page5
	page6
	page7

