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biosphere: 4£#F#, thermodynamic: ZASJ22H)7%,
crystallite: #ftdl, #bdh 1, stoichiometry: L7 &,
catalysis: fli:/EH, decomposition: 43f#, pollutant:

5YLY)E, manipulate: E&@?&O, colhslon &2
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crystallite: Ut i, Faa%, st01ch1ometry 45?%&%,
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EARMEDER A IZ LY ABLER A,

[ : T. L. Brown, H. E. LeMay, Jr., B. E. Bursten, C. J. Murphy, P. M. Woodward, M. W.
Stoltzfus. Chemistry: The Central Science, 13™ Edition, Pearson Education, Inc. 2015. i ¢f
I D. W. Ball. Physical Chemistry, 2™ Edition, Cengage Learning. 2015. if: *1c B. Wilk, R.
Pelka, W. Arabczyk. J. Phys. Chem. C 2017, 121, 8548. ilfi U* i M. Kitano, et al., Angew.
Chem. Int. Ed. 2018, 57, 2648. —iqZ ]

(7£) Dbiosphere: = #) P&, thermodynamic: 2 J) %% 1) 75, crystallite: #4555 &, &5 &% 1

stoichiometry: {b2F &M, catalysis: fittliEfEH, decomposition: 43fi#, pollutant: 754
YVE, manipulate: HUD 5, collision: {7
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M1 ERANT, 7Y E=THTOBRFREMCHE S - Cidt, $72, HTORBE LTl
D%, ROBERFEOHH,H S ZNETNED, L5 %L,
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() FrgE b EEE © ENERE @ =ME @ EARRE

12 TEEOII>VT, I A B ) 2 b ORI 2R,
13 FEEH@ic>o0wT, UFoMuiliicE R Lo
(i) iron-based catalysts ® F%45 CTdb 2 L&Y O AL E,

(i) AlLO; & CaO, BT K,0 OHEENTDWTENZTNA0FLIND HAGE TRERICHIAE
Xo

fl4 N, H, NH; O&5NE% Py, Py, Pyu, &350 X [1] OURICE T 2 F#E
% Py, Pu, Pyg, ®HOTRYE, &7, MREO@ O & T O Blmr oSt
Lo KL, RISHFIREREMLLZVWLD LT 5,

16 FREB@Z HAGEICHRE,

16 FHER®IC DWW T, homogeneous catalysis & heterogeneous catalysis & 13 E D XK 5
BHDD, KXDONEITH > TENETN20FLINO HAGE TR IS X,
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Consider a series of reactions (7, A, ) having the following energy profiles.

Rank the reaction rates from slowest to fastest assuming that they have nearly the

same value for the frequency factor A.

-

Energy

15 kJ/mol

10 kJ/mol
2

“®

Energy

U

25 kJ/mol

l

15 kJ/mol

Energy

20 kJ/mol

|

5 kJ/mol

Reaction progress

Reaction progress

Reaction progress
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[Hi#1 : Wilson’s chemistry. https://issr.edu.kh/science/Webpage/Lab_Techniques/
Edexcel%20Practical%20Chemistry%20-%20Halesowen/Edexcel2009/buffer_solutions.
htm, iIfi ¥i2 K. Watanabe, M. Miyamoto, Y. Imai. Jpn. J. Physiol. 2001, 51, 671. —&iiZ ]

(7£) acetic acid: FEfR, equilibrium: “Ff7, tissue: #Hf%, adequately: # )i
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Ko
(7)  Raoult’s law () van’t Hoff’s law (%) Le Chatelier’s principle
(¥ Henry's law ) Gay-Lussac’s law () Avogadro’s law

fl2 RO, @Z2KIT 1+ v RIGKXZGLE,

13 MO, @Z2XRI A+ v RILKZFLE,

fild  THEO®Z HAGE ISR

5 FHREBOTERSN TV BREEEHZ A 4 v IEE W THARE THIHE X,
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RO ZHFAT, 1 ~MTICEZ L, BB, HhoHIHEDH L WE () oxfR%
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Cumene (isopropylbenzene) is the precursor of phenol and acetone. It results

from the acid-catalyzed alkylation of benzene with propylene (Step 1 in Scheme 1). Both
liquid and gas phase alkylations are possible. Various acid catalysts can be used. The
conventional process, gas phase alkylation, is still the most popular, with AICl; or H,PO,
catalyst at 200-350 C and 1-1.5X10° Pa. The molar ratio of benzene to propylene is

©)
10:1. Selectivity to cumene is 92—94% based on propylene, and an excess of benzene is used

to depress the formation of di- and tri-isopropylbenzenes.

H O—OH
CHy=CH-CH; ¢, o- CH;, CH,y— - CH, OH
[l #FH,S0,

© —— + CHa_ﬁ_CHa
Step 1 Step 2 Step 3 ©

Scheme 1.

Solid acid catalysts, such as zeolite catalysts, were introduced in the early 1990s and
7

their use has grown rapidly. They offer several advantages over AICl; or H;PO,. They are
able to bring about the alkylation at lower temperatures and pressures, and reduce the
formation of polyalkylbenzenes. In addition, the higher selectivity allows the ratio of benzene
to propylene to be reduced from 10:1 to 5:1. This doubles the capacity of an existing cumene
reactor with virtually no additional capital expenditure, although downstream separation
capacity inevitably must be increased. In addition to the savings on operating and capital
costs, zeolite catalysts can be regenerated by the burning off of deposits of high molecular
weight hydrocarbons. This eliminates the disposal problems associated with AICl; and

H,PO.,. OThe cumene processes may also incorporate a transalkylation reactor to convert any
5

di- and tri-isopropylbenzene to cumene by the reaction with benzene.

Virtually all cumene is converted to phenol and acetone. This is the classic two-for-
one reaction in which two products are manufactured in one plant. Cumene reacts with
oxygen from the air in the presence of aqueous alkali at 130 °C and a pH of 6-8 to give
cumene hydroperoxide at about 25 mass percent concentration (Step 2 in Scheme 1). An
emulsifying agent is often added to facilitate contact between the cumene and aqueous

phases. Sodium carbonate is added to maintain the pH.



Surplus cumene is distilled off for recycle. The concentrated cumene hydroperoxide
(75—-85 mass percent concentration) is cleaved to phenol and acetone without further
purification by treatment with 10% sulfuric acid at about 50 °C in the liquid phase (Step 3
in Scheme 1).

The cumene/phenol process is the major source of acetone. This two-for-one reaction
suffers from the same problem as all such reactions in that it is seldom that the marketplace
requires both products in the ratio in which they are produced. Historically, there has been
a shortfall of acetone, and it would have been uneconomic to satisfy acetone demand by the
accumulation of unsaleable phenol. Hence an alternative route to acetone was required.

The alternative route already existed. Propylene was hydrated to isopropanol. This had
a number of uses, primarily as a solvent, but some of it was dehydrogenated or air-oxidized

to acetone (Scheme 2).

H ! CHs
I ! HOOC—@OH
CHy—C—CH; CHs—C—CHs + H, ! .
| Il ' CH;
OH © ! E271/—)b A
1
1
|—\| | CH; ﬁ
2 CHy=G—CHy + O ——= 2 CHy=G—CHy *+ 2 H0 O@COO_C
OH 0 CH n
: RUB—Rz— Mg D
Scheme 2. Figure 1.

During the 1980s, acetone from isopropanol accounted on average for about 8% of acetone
production in the United States. By 1990 this had fallen to 4.5%. It disappeared completely
in the late 1990s because more phenol was needed for bisphenol A and polycarbonate

resins, and less acetone for solvent use. A Japanese chemical company has developed a

process in which what is now a surplus Oacetone is hydrogenated to isopropanol. This in
6
turn is dehydrated to propylene for recycle to the cumene alkylation unit. The company

has the ability to turn this unit on or off depending on the market conditions for acetone.

[Hi81 : H. A. Wittcoff, B. G. Reuben, J. S. Plotkin. Industrial Organic Chemicals, Third
Edition. John Wiley & Sons Inc., 2012. —&#e8Z]

(7£) precursor: Hi%X{A, molar ratio: ¥/'E &lt, depress: 598 %, zeolite: €4 54 + (Z AL
VeofEEME T Vv 3 2 7 A1 BB15), capital expenditure: & fH% &, operating and capital
costs: JHELE X UE AR 3 2 I, transalkylation: b 5 ¥ 2 7V F (b (7 v F VEE
B J5), downstream separation capacity: (Bli& TFE®D) TR TO /) EEGET], mass
percent concentration: H&/¥— & » A, emulsifying agent: FLIL#, surplus: 5
$ D, bisphenol A: £ 2 7 = / — VA (Figure 1 ), polycarbonate resins: £ ) 77 —
Rt — MEE (Figure 1 1)
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