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Fig. 1. Distillation with secondary reflux and vaporization
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COLE NATIONALE SUPERIEURE DES
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INSTITUT NATIONAL POLYTECHNIQUE DE LORRAINE
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The National Engineering School
The School in figures
Admissions and course design

INANCY: The foremost centre in France for Process Engineering

Focussing on the future
International relations and intensive exchange visits

Research at ENSIC

Life in the School, Career prospects

« “Diabatic” distillation
P.LE GOFF,_T. CACHOT
o Experimentation, modelization and optimization of a distillation column with two

integrated heat exchangers, operating in place of the boiler and of the condenser.

« absorption Heat transformers, “Frigo—pumps” and “thermo—frigo—pumps ”
P. LE GOFF, JM. HORNUT, T. CACHOT, V. RENAUDIN .
o Modelisation and design of multi-effect high-performance “frigo-pumps

http://www.ensic.u-nancy.fr/ENSIC/ENSIC/ENSICgb.html
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Environmental research for a sustainable future - CECS, University of Edinburgh

Centre for the study of
Environmental Change and

Sustainability (CECS)

The Centre for the study of Environmental
Change and Sustainability promotes
interdisciplinary environmental research at the
University of Edinburgh, and provides a single
contact point for external users of environmental

research. Active research areas include the causes
and impacts of global environmental change and the
technologies and policies needed to achieve
sustainable development. The Centre also offers an
MSc degree in Environmental Sustainability.

« Introduction
» What's New?

« MSc in Environmental Sustainability
« Seminar Programme

« Staff and Contact Information

« Waddington Environment Library

« Location Information

Heat-integrated_distillation

The distillative separation of close=boiling mixtures and azeotropes is very incfficient in exergy

terms. A variety of methods have been proposed for transferring energy internally within

columns. Current work, in collaboration with the National Institute of Materials and Chemical
e LT WO LN0 e 0N Nstitute of Vatenats ang Chemical

Research, Japan, is investigating the implications of plate—to-plate heat transfer in columns
operating at different pressures. These include energy savings, tray efficiencies and the
placement of heat-transfer surfaces.

hitp:/fwww.cecs.ed.ac.uk/

KZFDWebH A+ (ZHF)
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16 m in height
0.25 m in diameter

Rectifying section
(structured packing)

——heat transfer
&2 area

Stripping section
(structured packing)

Shell

Benzene/Toluene

300kg/h feed
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Advantages:

- applicable in tray and packed
columns

- flexible heat transfer area

- relatively simple column design

Research Objectives:
- Heat transfer coefficient in froth regime

-influence heat panels on tray hydraulics and
tray separation efficiency

o
SULZER —

bp GCourtesy of Dr. Z. Olujic, T.U. Delft

CE {:} DSM (B
H16.475>4 OHIDICTAY ok EE17.TILIIFIHKXKZOHER
Dr.Olujic K& $# &LV EBFLEPLDOIjicK

7o, BETIEHEN TEEIRUZERE (ITRI) NHIDICOALFEEZFE ~ D@ H O iF %8 & #E D
TW, FFTH O NI SN o T2, BB CIIY L EEN K DCO2EPEH T 5 EE
ELTZz0E b, CO2BEH EAIAMBEOFRBE LB I Tz (5FHE18, 19)

= s

lnfnsenﬁ.\ili—i&ﬁftl)i%%ﬁiitf LEIR3

BEEL223  ABHEFTTHORAEA  £3r8A%E %

BAARAZHAZL R LISHARANTIEL ARFASHE - Fran
Industrial Park

e
* SERDEENLRB LI THRIT
A ettt ot ot e e T

BFEE18 ITRHILEXBMARR) ORABREE FE19 COHIBEIVERIDILA
NEDOZ' m ¥ =7 P THIZIE., ERFE Lol - bFFEESHIL, ROHZIC =
EALFE R L HEZ =T U 7 (B otEn b o et ikl o LFEHE (2 Y v

20



T L) NS, AR ERLE T EKERIZOWTHRFNEZITo, RESEESIC X
HarYThHD, BMIFESITHERAINL TR Y, BT tticEBIRONT-, Mok
XITZEo®kMEICIV ZNENMAERBEEZED 2,
10. ¥ l~DN—FK)

T VEBEFIHZE LT, ETAMNETHE (K 2MHAEO S EESH 2B, Ll

RN D AR
A9 M,
&z TWnWb,

&

IZHIDiC-2%& N — =
REL FaR M EHMEDOEM S,
T AR %A Gy B
B HIHZ L LTH, BT TORE DK
WEEhd, AT AHELED T
R olcbDtBbhd, 7ry=2 bhOZOH%OKEKEE SO T-HIDICH

Wi e LTMAT S

Al BT
ZORZE =Y —

AT T A

WIEEDL R o BEITW S D70
CHHS>T=D TR EES
NAFTZ ) —=LIZOVWTHRKTH D, A= MBI
X A BB RNUAF L — IV &
R WEELS Z EiZmn N —

7% B 3 O JiE B

217, 18ITmT,
;[ 1993 2000 2002 2006 2006 2008 2009 2011
[ ) £ 9]
1977~ 1993 - 2000
1993 <T1-YVSrA VEIED> 2006 — 2008
BERE T —RBryho—psy 200222006 ALST (EEASH)
AR 7 LBIETOSTI <METI/NEDO Hebimi{thiit PR }ﬁw& BiZ(HIDIC)
a BBFARTHAIC R BB Sy i 7o
ERIUE 903 mammmarbs CESIEIS AT DA,
N —< EA TN
o e _ ————p _———— SR B R T
gy 2002  HEBEERETSS> MEIRE HE B ARG THS B
2000 HIDIC-1 &% Stbhe S60% TGS 355 B Tileed —
2005 - 2008 HIDIC-2 i&#x ==
AETE/ARHET /BT TP (TEC) 2009 = 2014,
EitF—h AIST (EE#ARR) / TEC
BB/ AR/ B PR s R BB OB
ET T OSBRI I
PN B T

17 HIDICHFZEBI R DOER 1 K18 HIDICHIEBREDER2

11. &3 FFa—=rTrEAL~

a» United States Patent

Nakaiwa et al.

18R LIELYIC,. Tuy=y FETH

(10) Patent No.:
(45) Date of Patent:

US 8,440,056 B2
May 14, 2013

TEDORMRERE 2 T, EERINKR AR
(54) HEAT INTEGRATED DISTILLATION (58) Fie““fClaf);l:fﬁ;;;i:l;;'f;;hﬁ;ylgafg;5293;(1’,‘
APPARATUS 159/43.1: 2 , 155, 158, 172, 182, 262; 203/26, . e N
(75) Inventors: Masaru Nakaiwa, Tsukuba (JP); 203771, 98, DIG. 8;26”“4‘1‘12?{;')]1(1;?;’52' & ﬁ YEF X \/ :/ = 7 U \/ 7 (*fk) (TEC) 0) :/H;A‘

Toskinlro Waliabayasi, Narushing See application file for complete search history.

(73)

(JP); Akihiko Tamakoshi, Narashino

€]

(56)

Assignees: National Institute of Advanced

ndustrial Science and Technology,

References Cited

U.S. PATENT DOCUMENTS

[ BJF ZE 23

e BT, e fF R T E R 2

T OV} B DAL e S B&L (1 9) . FAIXSUPERHIDICE W 5
o 4277268 A * 71981 Span

» o o 5 ieclaimer, the term of this 737,177 A *  4/1988 Erickson . . e PR

(%) e 2:‘3:(& Adaihroipn ad}l?s’le:l kit ) ' (Continued) ?éﬁ T Z‘ THIDi C})‘IZ T/h 7'5_’ 1—{_;}: ﬁ < *)J » Péﬁ HEJ ik
U.5.C. 154(b) by 0 days. FOREIGN PATENT DOCUMENTS

(21) Appl. No.: 13/386,624 ﬁg’ m{g’ggz&: il %SZ :/ }\ & L T % }EH 'ﬂﬁ L f:

(22) PCTFiled:  Sep.24,2010 (Continued) ©

B e (1) rny e, or Ko Mo Oha HIDiC-1,2& [\ U < . 2014412 3% F Mk

@), (9 Date:  Jan. 23,2012 ear LLE .
(87) PCTPub.No: WO2011/043199 ) ABSTRACT Zo(BR) TETHEOMEK (X FLrx=F L4 b
K19 HIDICHKHMICEETAHI=L4EHTF ») I MCBEAIN, 201640 5 HiE %

21



Blth L7z, BBEEZE L., (506 EO= F VX —HIJ) 2FER L, BEHEY AJHE
ERWICRB T 20RBERI LT VD, BERBICEBEOY A NEAZHIE 2R E L. R
BN Z Mo E L., N TAZHEBEIELIZLETCIRASA T —, a7 oih—
DEEAN, BREZKEHBL TS, REICIEIERBEOEREELZZOETEHA DA
BE C. HIDIC2 Tl L oo/ a A MNERA VT F U AOMBE MR T 5 2FEBL T
D, TOEKIFE, WICE ZFHIDIC22 6T Fa—=r2701L, HBEEZ 7L
2 &lilH D, HIDIC-2TITHE IR Z IMEER 73 L i A 3 123 THRE & &

[43e) -
. 20144E1130E BRIE)F(C
ff;gP;‘?flgﬁﬁiﬁj?}zéfﬁm SWE%MD?%@E’EE%%%%;HEDO
s AeimEmean) . JOSTINEE
= ,?{F%&Q%}E%%%EEQETEO@EQ(%E&) . F591 MEK
[[l 3 C BT ~
i = ARSI ACTES CFALFNTT2)
. ’ - O REATREAA B e BN T + EPCOY 509
5 z &5 BT UL UTPS
i [yt } u EEORBEAEE (I 70STIN —ER)
aFr | EH > - BASREEREO A -FTE o 7D FEBmED
n E L] T .
. . - ENVERERGANLD RS 1;.12:@_. hs50% | .
HHEIFER: 2016845
- , L . RS AT BAME
PRIErab SIS s - EEERS] TR AT
g s e ExEXIRWEIEIZER
» T AR EERBIE S °
L BRI S A A j '
L BELYA MR IRR BB TES AEERLE () FETHRIZT
PRt SUPERHIDIC
K20 SUPERHIDICO# &K M21 HRMHOBEBRAISUH

HTW/2y, SUPERHIDICTIEH &R TE A< HIMICH A S E THEEZHEICL TWD,
IHRICE VA RERIITRLN, TR THRRICHEKETIZ 0728 = cERIHER S
N2 txzvIalb—varyTHERBALEZOTHS (K20, 21) ,

RAOOWEH 7Y x7 b ThodMNEAMIT (BK) OMEK (AF L= F b k) i
AEETIIENT — 2 TRET% O = 3L ¥ —HIE & FMA4, 700 b > b DCOHE A &
L TW D, MEKIZ A MR R bmn s =T 2F - TRy, AttoE H#RGT
&%, SUPERHIDICE (T ZOH bER L, Kz Y =7V 7 (&%) FEEFETT b~

BWHERG T 2W#ER e — PR T IROBBEEC., BERAREZHAA T 2 HRHF
EAEMN L, EEEORREEGEEZ2EEL-ENGBELED TWWDH, E/HERO (Hybrid
Energy system Re-Optimization) EFEIENDZRIMEMA D YT 4 v 7Y — L EMBA
bELZZET.TI7 0 MNeRDa—T 0 VT o mEALNSARE L 2D | BIIAYIZKI40%D = x
LF—HIEEKbBRESN TV D,

FToERBERETOT e Y =7 FbRRITEMMBICEL R o 7o, 1980FE R D KEH
RYVEMR DKM TOIETIE, WA L BT ORBEE 2 Wil KEL T 20D E
IRREPN FERE L THWEEH T ROLEAEER~OBERARAEL TWVWELEEZLND,
Bl 21X SBITHRAT L 721980 12 H S V72 K IE Rp 7 Cld, IR0 & (B 00 [ o0 B8 8 12 2 4K
D=L T2HVTWVWS, TRNICXIVBABHETIFDICHERTEDITHA I DB, & —

22



FARA TR DENTNORF L OCEBEGAELOMBENS EBRITIMD THRETHDL, 21
R LTORETIE, YIa2b—2a UM EARREL TREKROARZE &I L TR MR
DIKT B E oo, BABEHERICAENDIVIEE S FRICE ZMIET 2 & CREVH R % 1
RLTHIY FmTHmitL, BMAR-@mEEMEEZRAL T [E 7 205 IZHEOD T
oo Z00TH (PRI TSGR T Fa—=V I BRUEBEESTZDOTHDH,

5 HIDiCHFZEBAZ 1B L CIXE N O K

FLooAR¥E. WA OKRFE B
EZ L DR AE I Lo, SEICE
L7 m Y= T34 DAKREE

O E N LS A RS Lz, S0
KRENPLELZ VU RTRE, /LT x
—TLHRK%., T 7 FLEKFOME L
AR O RADE A ~1EM S IFI

WAE LHIDICIZBE 7 2 1 L5 & HUfs L

TWwWs (BH20) , WIETHRL

Woe 7 v —713 b & L0 LHEP/FER
BEHE20 £EHARZEZERLI-/ILDI— IcE o CHIEFICHBRRRHR TS o 72,
ITHREDSigneBAREBLREFZED

Rosjorde&As, TR [E1E E DKIKXITHEE LT,

12. BbhiZ

AT, BERE D [FFa—=v7] LI HBET, BFE rEA0HE =3V
XF—bEWHFEO T T —FiEE R L, EHELNED TE L NMALZ A K EE (HIDIC)
EEDABE T o ACHET I ERNZBRFICOWTHMN L, 22 CrLULEFERTIE,
a)¥—F vy NeRD T 20BN (Biamn) BEREALHOICT 5 —b) BANKE
MBEBAIRRFMHMIC T Fa—=v2) $5-00) [FFa—=v7] OB XM - =
AN AEEMBEOFEBRMEELZFMT 5o MENRME TERITNVIELD THIZREY B OIT
Fa—=v7] OEMHERBET D, LWVWIHOFIHER> TS, b)—c)>d)IE N — T Z Bk
L, ZOUMHPIEBRDO —DOERH TIERWNLEEZEZ LD, EEE, HIDICT vt 21T Z o &
ZATEI2NE D Z LI LD EMILETITESTLLEEZ LTS,

A, Yot 2o e LT ITE{EEWH S A7 & (Enhanced Heat Integration
Systems) | EDOWANLFE T T R T e B RAEEICBWT, P et ANTHAET LZE
AN X— R RBICE - HRIHT 52 & T, REHZRE = 3L X—1b & CO: Pk HI % %
BT 2HMELTHERBENTND 2, fEROBEREMTH HEMSE (Heat

Integration) I%. RIG&H KB E, BARHBGH CORRI R v FU =7 ZikELT D H O
23



R, BRI I e B, T R EELZOL DOICEAEEZ N L, Rt ERE
MOBOBAHEZRARE LB EE T 20088 ERs TV AFENLR T AT ANHIDIC
ToH Y SUPERHIDICIFEHB EZEZ LN TWVWD, 2O X IRV AT AT, BB IT TR
RIS « 0B - R lh b0 38R TRICSHAETH D, Bl IR KN &g ikmn s
—fb L7z TRHEAMEEY 727 2 — ) X, REHFAZHENHT 22— MRV T7HARDE
Fhd, SHICATCHEM T EHICK 2Ry NU—7 Ofgdiikat, ~A 27w )7 72—
EOMBEDEIC LD R REAGEOEERBEAL TV DY, BB G IE, R D
TRAXF—WROLFEICLEELT, LB/, Y 2 — (b, EHEEOFZRMER LI
bEBKL, BT 7 bop g LT SR T0nd, SO —ARr=a— b
TNHEORBIIZAIT T, HDOLPLHEXT e ADOBHRFICAAIRREFHEKE 0D 2L
PEIREES D,

KL FERBF 31T O Synthesiology, Vol.2 No.1 pp51-59 (2009) ® N % % K g 1 N4 (&
EFELBHERLEZLDODTH B,

T

AR T20054F (ICHEER IR BE AL B I BT BT 7' 2 70 T b/ N BA A ¥R 12 K 5 48 = 1 ZK B Bl
BT Y PRKTLTH L) E208E 120 £, (LEHEFERLLOM IV —T A
YN —IE b L RV EPEREES / LERINET., R EEE . EMRI, NEDO, Y r Y =7 B
®¥E, WADOKRE, MMEKRBEZIILD L LEBEREICKD THELZRLET, £74H,
HIDIiCHFZEBA R ICRA T 2 A BH T IS L 5 A TWVWELEE ARRFEELH Y S oM A
EATR, MBETRERICEHFEBILERL LT ET,

L E DY

1. Sholl, D. S., & Lively, R. P. (2016). Seven chemical separations to change the
world. Nature, 532(7600), 435-437. https://doi.org/10.1038/532435a

2. The Chemical Engineer. (2023). Distillation distilled: Is industry adapting
fast enough? The Chemical Fngineer.

https://www. thechemicalengineer. com/features/distillation-distilled-is—ind

ustry-adapting—fast—enough/

3. Jiménez—-Gonzalez, C., Poechlauer, P., Broxterman, Q. B., Yang, B. S., am Ende,
D., Baird, J., ... & Manley, J. (2011). Key green engineering research areas

for sustainable manufacturing: A perspective from pharmaceutical and fine

24



10.

11.

12.

13.

14.
15.
16.
17.

chemicals manufacturers. Organic Process Kesearch & Development, 15(4),

900-911. https://doi.org/10.1021/0p200097d

Binnemans, K., Jones, P. T., Blanpain, B., Van Gerven, T., Yang, Y., Walton,
A., & Buchert, M. (2013). Recycling of rare earths: A critical review. Journal
of Cleaner Production, 51, 1-22.
https://doi.org/10.1016/j. jelepro.2012.12.037

U.S. Department of Energy, Office of Scientific and Technical Information.
(2000). Energy use and energy intensity of the U.S. chemical industry.

https://www. osti. gov/servlets/purl/773773

Ng, D. K. S., Chew, I. M. L., Tan, R. R., & Foo, D. C. Y. (2019). Energy and
CO: management for the chemical and related industries. BMC Chemical
Engineering, 1(1), 1-9.
https://bmcchemeng. biomedcentral. com/articles/10.1186/s42480-019-0008-6

Wikipedia contributors. (2023). Distillation. Wikipedia.
https://en.wikipedia. org/wiki/Distillation

FHBEE (2005) @ T m b ABAFE O — PEREdE NS Ve v Xk ~—1, [k
2T ], 69(3), 144-147

HE TR, MAFFT (2008) : [ 7 ) —> 7 vt 2T % (GPE) & 7 vt &1k (PI) |,
MMz T%] , 72(4), 180-183.

Stankiewicz, A., & Moulijn, J. A. (2000). Process intensification:
Transforming chemical engineering. Chemical Engineering Progress, 96(1),

22-34.

Stankiewicz, A. (2005) : [ Serving the Triple Bottom Line: Process
Intensification Role in Sustainable Manufacturing] , [ bF L], 69(3),
148-150.

Moulijn, J. A., Stankiewicz, A., Grievink, J., & Gorak, A. (2008). Process
intensification and process systems engineering: A friendly symbiosis
Computers & Chemical FEngineering, 32(1-2), 3-11.

TR (2004) o TRARE - BOE ST OB 22 M # A ), [AIST Todayl], 4(9),
4-5.

FEIEIESL (1966) @ [AELEAN N7y 2], A EE.

IR EL (1978) : [Mb MR LB OREL] , EERM L ¥ —.

King, C. J. (1980). Separation processes (2nd ed.). McGraw-Hill.

Fonyo, Z. (1974). Thermodynamic analysis of rectification I. Reversible model

of rectification. /nternational Chemical Engineering, 14(1), 18-27.

25



18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Petyluk, F. B., Platonov, V. M., & Girsanov, I. V. (1965). The design of optimal
rectification cascades. [International Chemical Engineering, 5(2), 309-317.

b TFaMm (2003) @ [MeETZodEd H31HE] , HEE.

B (2008) @ THEBBES AT LA HIIFEBCBABICL2AZE T n 2 0E = x
By, TEARBBEFREE] , 50, 235-241.

Nakaiwa, M., Huang, K., Endo, A., Ohmori, T., Akiya, T., & Takamatsu, T. (2003).
Internally heat-integrated distillation columns: A review. Chemical
Engineering Research and Design, 81(1), 162-177.

Mah, R. S. H., Nicholas, J. J. Jr., & Wodnik, R. B. (1977). Distillation with
secondary reflux and vaporization: A comparative evaluation. AIChE Journal
23(5), 651-658.

hE s (2006) o TR EA A AT 2K R 85 (HIDIC) £ BB D A4 % O B 1, [ 47
Al , 36(4), 202-204.

Seader, D. J. (1980). Continuous distillation and method. U.S. Patent No.
4,234, 391.

Chen, Q., Wang, R., Zhao, W., & Li, Z. (2022). Integrated heat pump—assisted
distillation: A review. Renewable and Sustainable Energy Reviews, 160, 112270.
https://doi.org/10.1016/j.rser.2022. 112270

Stankiewicz, A., & van Gerven, T. (2021). Process intensification:
Engineering for efficiency, sustainability and flexibility (2nd ed.).
Wiley—-VCH.

Gorak, A., & Stankiewicz, A. (Eds.). (2018). [Intensified reaction and

separation systems. De Gruyter. https://doi.org/10.1515/9783110345879

European Federation of Chemical Engineering. (2023). [2th Furopean Process
Intensification Conference (EPIC-12) Proceedings.
https://efce. info/WP_PI.html

Toyo Engineering Corporation. (2024). SUPERHIDIC® £ #f & #F
https://www. toyo—eng. com/jp/ja/solution/superhidic/

— AR AN REEILAI A = 7 F 7 (SID). (2023). THREMEZIALXF—KE
' # = 8 F X | AN ( R4Hsen-163 )
https://sii.or. jp/file/senshin_system_search_04r/R4Hsen-163. pdf

Aspen Technology, Inc. (2023). Heat integration using Aspen Energy Analyzer.

https://www. aspentech. com

MACBETH Project Consortium. (2024). Membranes and catalysts beyond economic

and technological hurdles (MACBETH). https://www.machbeth-project.cu

26



33. b T%E PIA RS (2021-2024)

HEmER) . https://www. scej.org/division/pi/
34. AIChE RAPID Manufacturing Institute. (2024). Modular chemical process

intensification program overview.

* A W
FE B
19804F 4
199143 A
200144 A

200847 H
201744 A
202144 H
202344 H
2025423 H
202544 H

https://www. aiche. org/rapid

Masaru Nakaiwa

TEHEWPL BT 7 v ABRHE IR LA
TEHMPERBE L — 2 T A b & = 0T

PE SR AN He & B JE A BR BT AR R0 B Al AF 52 AR Y
BRRAFEV AT LI N—T I —TF

PE BT i B WFJE AT BR BEAL A B AN OF JEER M A JE E P R
PEXRDAN MG ER EHETET XV X =5 Mk
W R PE 52 2%

[5302

5

c[TekvxmibicET 2 RNY Y sy -

A& 4AIST-Solutions 7o Fa—RAHFHEREE ns5a—H—

[ERLEY

P2t iR BUEE A AP JE 8k & B R P RZEL WA 28R

AEICET 2 EE
oy BB A & B AlvE (2000)

(A=

2

B (2001)
SCE (2009)

b5 - XA A2 IEE (2009)
H % BR BR 5L HilF B (2014)
b T E (2018)

/7 8 12

27

w B


tsuts
長方形

tsuts
タイプライター
受理日：令和7年8月12日


