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(57) Abstract: The present disclosure
relates to a single shell open interstage
reactor ("SSOI"). The SSOI comprises
a first reaction stage, an interstage heat
exchanger, an open interstage region,
and a second reaction stage. The SSOI
may be configured for upflow or down-
flow operation. Further, the open inter-
stage region of the SSOI may comprise
a supplemental oxidant feed. When the
open interstage region comprises a sup-
plemental oxidant feed, the SSOI may
further comprise a supplemental oxid-
ant mixing assembly. Processes for pro-
ducing acrylic acid through the oxida-
aast 08! tion of propylene are also disclosed.
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C. DOCUMENTS CONSIDERED TO BE RELEVANT
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Y US 2008/0021242 A1 (TANIMOTO, M et al.) 24 January 2008; figures 5-6; paragraphs [0011], 1-117
[0014), [0026]-[0030}, (0037)-[0038], [0046])-[0057], [0067], [0070], [0084], [0094]
Y US 4,518,574 A (OSMAN, RM et al.) 21 May 1985; figure 5; column 8, lines 4-51; column 9, 1-54, 74-117
lines 21-64; column 18, lines 17-37; column 19, lines 9-31; column 24, lines 25-42
Y US 4,873,368 A (KADOWAKI, K et al.) 10 October 1989; column 9, lines 20-23; column 10, 16-17, 41, 48-50, 55-73,
lines 49-56; column 12, lines 40-52 80
Y US 6,384,274 B1 (ELDER, JE et al.) 07 May 2002; figures 2-3; column 7, lines 28-39; column 9, | 3
lines 1-10
Y US 2006/0099131 A1 (SINGH, SP et al.) 11 May 2006; figure 1; paragraph {0039], [0047] 23-24, 51-52, 67
Y US 2010/0015017 A1 (HA, KS et al.) 21 January 2010; paragraph [0069) 27-28
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[0017)-[0019], [0021], [0032], (0047}, [0051]-[0052], [0063], {0073), [0076]
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-33 are directed toward an upflow single shell open interstage reactor.

Group II: Claims 34-54 are directed toward a single shell open interstage stage reactor.

Group lil: Claims 55-73 are directed toward another single shell open interstage stage reactor.
Group |V: Claims 74-90 are directed toward an additional single shel! open interstage stage reactor.

-***-Please See Supplemental Page-***-

N
1. }A As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

<
M No protest accompanied the payment of additional search fees.
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-**.Continued from Box Il Observations where unity of invention is lacking
Group V: Claims 91-117 are directed toward a method of producing acrylic acid from propylene.

The inventions listed as Groups |-V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include wherein said interstage heat exchanger is positioned between said first reaction stage and said open interstage region, and
wherein said reactor is configured for upflow operation, which is not present in Groups II-V; the special technical features of Group Il
include an integrated interstage heat exchanger comprising a plurality of tubes coaxially continuous with the plurality of reaction tubes of
the first reaction stage, which are not present in Groups | and Ili-V; the special technical features of Group Il include wherein the
reaction tubes of the second reaction stage have a diameter greater than a diameter of the reaction tubes of said first reaction stage,
which are not present in Groups I-1l and IV-V; the special technical features of Group IV wherein the reaction tubes of the second
reaction stage have a diameter greater than 22.3 mm (0.878 in), which are not present in Groups I-lli and V; the special technical
features of Group V include a mixed metal oxide catalyst, which is not present in Groups I-IV.

The common technical features of Groups |-V are a single shell open interstage reactor; a first reaction stage; an integrated interstage
heat exchanger; an open interstage region; a second reaction stage; a first shell-and-tube reaction stage comprising a plurality of
reaction tubes; a second shell-and-tube reaction stage comprising a plurality of reaction tubes; a first and second catalyst; oxidizing
propylene to produce acrolein; oxidizing acrolein to produce acrylic acid; and an upflow through a reactor.

These common technical features are disclosed by US 2008/0021242 A1 to Tanimoto, et al. (hereinafter ‘Tanimoto’). Tanimoto discloses
a single shell open interstage reactor (a fixed bed shell-and-tube reaction apparatus comprising a single reactor; figure 6; paragraph
[0011)); a first reaction stage (in figures, 1 is a reaction tube, wherein reaction tubes in the first reaction zone are filled with a suitable
catalyst; paragraphs [0026], {0029)); an integrated interstage heat exchanger (gas temperature control section; figure 6; paragraph
[0026)); an open interstage region (between the two reaction zones a space is provided; figure 6; paragraph [0014]); a second reaction
stage (in figures, 1 is a reaction tube, wherein reaction tubes in the second reaction zone are filled with a suitable catalyst; paragraphs
[0026], [0029]); a first shell-and-tube reaction stage comprising a plurality of reaction tubes (in figures, 1 is a reaction tube, wherein
reaction tubes in the first reaction zone are filled with a suitable catalyst; paragraphs [0026], (0029]); a second shell-and-tube reaction
stage comprising a plurality of reaction tubes (in figures, 1 is a reaction tube, wherein reaction tubes in the second reaction zone are
filled with a suitable catalyst; paragraphs [0026], [0029]); a first and second catalyst (in figures, 1 is a reaction tube, wherein reaction
tubes in the reaction zones are filled with a suitable catalysts; paragraphs [0026], (0029)); oxidizing propylene to produce acrolein
(reaction tubes in the first reaction zone are filled with a suitable catalyst to convert propylene into acrolein; paragraph [0029)); oxidizing
acrolein to produce acrylic acid (second reaction zone are filled with a suitable catalyst to convert acrolein into acrylic acid; paragraph
[0029)); and an upflow through a reactor (the starting gas for the reaction is fed from above the reactor, but the flowing direction of the
starting gas is not particularly limited, but can be suitably selected depending on the circumstances; paragraph [0028]).

Since the common technical features are previously disclosed by Tanimoto, these common features are not special and so Groups |-V
lack unity.
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