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Twin-screw extruder

RIviLEL
Z#27U1—T IR NL—5— &R U ERaRE R

ZE& Dirk Hauch

FUSIC

KEBMRBRHEYEN SEMIGD TEBEIZOLRF ALZOERTH Y, ERGR. BE, RUN— FHR 2 RICEBLIGET
NTWETD, EE. BEEGHIE/N\Y FRIGEBTERINTH Y, BHORT v RUKIGEE. BLUOKEDIRIVF—EENNET
Uleo INEDBFELEDFEEIC LY. BESHKIGDIZHDES. NH A LZERZ1DDER S OEAEUTHEAEGDER 8RR T
Ja—TIZAND—5— (CEHBEE) ZERUEHUVWF AN R INE U,

{18

Thermo Scientific™ Process 11127 J1—TIANL—F—(d. €T A FRRT U 1—585TD2ARDEABELOE )L T DA LA
JUa—THEBIN. BHOMIER— b ERIR—NZEER e ER2 B /NN UILICEIIESNTWVE T, BASNIEMEID NN UL ZR
LA SES TN SN B ARENIBE—I—(CK>TERAONEBMEZRILZRIB L. #iFT2RE|ZRcLET, ATU1—
WEITAY SHEEZRAL TV, BBETDHRYI VA XD TRETH Y FEDRILY — DIER. JBEREDHIE. HEIFEOE
EHATEFT (1 B88) . CNCEY, RIGHRRCDFEZFEICHETEE T, EEREOETDE. RINERYIESRENICER S
N, IBHEOE O TOUN TESI=8. BFEEN TJAEICRUE T,

s NI DI MEIDIA

| \ 3
| N\

UL aAVINDITFaT et

Bt Z8RIUa—NLILEZDOTOER Y-V DO

thermo scientific



—HREEICHII R ERRINDE
H 2 <DIEZRINDERRINIBEE 7O ERICK O THRESNT
AES:A

g5
MURFLUVPIRUIFUYIREDRUN—DEIEICKLEAS
NBRUTRATIVPIRUTZ I RDEGM. KIS I HIVEGRED
BiEGRITIE. —HBEE T —REICKRESNTVE I, B
DRI 1—sFTEIEEIRERIEICKY . ARG ILZ
RITERRINZEETSEONE F2045,

IZFIEETRFIVER

NS NAFFA—BILSEUHHR I AT ILOEHOEREE
BREBBRIG T,

BB ERETTRIG

IPA VTN PEEBOREIC SV TEERINSORG
I3, BHBOEHOY— COREHECHRREORE
HiRBHSNETE,

IRFR-IR TG S AR It

AR BEHYTS UV T PHeck ISD K DRI OX YUY T

Rt Ny FRtEs TOERBIEE T, —#iBH T, -
NSDRINVEEFHREG FCHEN(ICRITCTE Do, INFREE
REDE_ELET O,

ZEPHEICH T IBRESHOFRERE
BROMICSV T HBHLREERTSTBFRDIDE. /\y
FUED SEFIMEICEATCED LTI, Ny FRIGE T
%< DBE EHORIGAT v RVIMEERRE. BROEAIC
MR, TRBCSF2HBENNMEEEZNEE LT, R
BIIC, TIPS SEFRR RO G S RBOEEZT]
BEICUE T TNICKRY EDIRRIENTE LU, REEN DGR
MERLE T,

EiR Y AT LCIRRIDDEREHHNRE RGN B R,
RIBDE TR ZER T DIeHICIFTIFBRRR T ILE
BRI CTEDNYTFRIVSLERRY, —HiIPHE Tl RED
REBEL—BUZHRT BIHIC NRPSY U HHETIREDRE
BAVSAVERY—IVEERATEEXD,

—BRDOBERARETCIRIBPEEE. ATV VAR E, B
BTERATNAHMBICHUCBBMEE RN ZRT T8
MRHD RS, FICRINERCFRRIEDCZYEZRSHBE
(& HRDBIRICFRIRERZEIL S EN HUE T,

T—RARIT4 - =T F—TILRIG

Process 11”812 TUa1—T I ANU—F—ICLDRIGHEIRL
HLDElELT, NZUENILEY—)VEBDB DI %—J T
FT=TIRINERBNUE T ZDFIFHR—)LZ IV 0D E
HRH TH ., ZLDRIICHBEINTWVEY, Deborah
Crawford?h"SR W\ 2T IL—13. ZDfIZ —eifHi ¢
Mg ECRIILE Uz, NZUVENILEY—)LEED T
SwIR% HERMINTwin T+ —5—7%Z#FRLTProcess 1=
RIJI—TIAN—F—IT&ELFE U, TUZwIAD
FILEF1AICEREL. ZE#iPEMENDOEIEEEIF0.5 kg/h& U
FUlc. 2DDEBEY — TR SN AT U 1—&fRA e —
BEEE. 2RICNIZ>T160 CITIIFSI N, AT U1—RE(F
50 romC—REITfRIeNZE U,

2. &Rk v MR EFEUTProcess 1”"8#RXIU1—TIIANL—
§—

I ORIKIF. SAZIRUMIT S ISEREE L TERL
FUle (H228R) . CO|ETRLZBOICKY, iRz RRE
UCTEBE#EN SO CEX U, 2DDHEFEYEIFBHEBD
BMRTIH BUISNIZERYORD VBRI RIGHAEI
[elEZRUTVETY,

B3. 7%x—T7xF—YILRHT

R4. BLWMERDRIHZE(L
IGEICBED VL EEBDERYICIEIE T,



RILDERIF. 2DDERBRDIFETHMUE L, £\
Thermo Scientific™ MargMetrix™ All-In-OneZ’ Ot A5 7
FIAP—ZRAWNT BEYEEERYP DRI NUZEHE UF
UTzo RIZ, Thermo Scientific™ ARL™ EQUINOX 100 X#&ElHT
FE (XRD) ZEALTHRIZHELE U,

oYYV

NZUENILEY—=ILEED2DDERYE. ERMY~=.
MargMetrix All-In-One’OtE RSV 754 P—CRIEULE
Uiz,

IRYVARI MU=V 2B U g, RIGATICEELTL
JEHBFEMERRDOE—T(E, RINEICIFHER L. ERYICHEK
IRHUWVE—I NSRS NE LI,

5. MargMetrix All-In-One7OEASY V7S H—

BI6. &p# () SHREMENZUY (B) ENIVEY—IVEE (FR) DSV ART MULINT—Y

XRD

ERPDXRD/INNY —V EHBHEYPEDZEN LR T D E, mHD
HFEYPEICHIH T HE—THERL VBT EN DN UET, &
YD =& HEBEEK T —LD—7 (COF) &I
HAIMERAE (d1 = 13.5 A, d2 = 9.3 A) TORSIE/HSH
ULBICEELILTWE UTE, 122U COFIERDIEREIR T A
FFECEFEATUI,

S 1

XIRHARLOITAIEIC(EThermo Scientific™ ARL™ X' TRA
Companion Diffractometer N> F M XIG OB & F A
L. CuKa & (Ni 74)L5—) ZRW., 72w I Ty —/
RTRITUEUE R T Y IL ONZU 2 NILEY—)UEE,
BRUOBEERDOERY) ZhvXO—Fw I CONvITSOY
ROV THREEL. AIERBEFE109BE UE U, 8O,
Profex13&CODIBIE T —IN—RAZERLE LI,

7. ARL EQUINOX 100 XRD



E8. £RDXRD/NT— (1043)
AVIT—I—S54 (V7 N)VEY—) VBRI, Ze: N ZUY) ZEemLE Ui,

E Yt

BARGRICEIBERZERT S L ERZLECH T EMPVRHERZRUCH Y, RME, IR, R DR TREGRX
Dy hZBHE5UE T, BB (EZ2RINEMERIRZ &Y AT AICRETEDH. BERY T 74 VT I AL SRR
N—ICEDF T EMITERKD FOEMICHIROREZ Db LER T,

—J3 . HBEREOHKPRARZEDORVRIDNDHINRE, WKODDFEHHKAREUTHFELE T, UL, ATU1—85H EZY
U2 T $dfr. MEBEIRICH T DM RIR ERBEEIC K. Z#BE O AEEFERCIAL, HREDE LRI TVET, E
ERNEREIEET T AMN—ORBEZBRENICIRAL VP T, ZBHBEREICI2ERERE. SBREITRIBERR
E7zB BILAWVWDFICHITDEFZNEBEDOEMZHET DREBNHERIE T,



ThermoFisher

SCIENTIFIC

SEW

1. Mechanochemistry and Emerging Technologies for Sustainable Chemical Manufacturing, Edited by Evelina Colacino, Felipe Garcia, Edition1st Edition, First Published 2023,
eBook Published6 July 2023, Pub. Location Boca Raton, Imprint CRC Press, https://doi.org/10.1201/9781003178187

2. Hui-Ju Shao, Bin Wu, Jian-Bing Guo, Shu-Hao Qin, Sheng-Jun Lu, High performance polyamide 6 composites prepared by reactive extrusion, First published: 29 October 2013
https://doi.org/10.1002/pc.22744

3. P.R.Hornsby, J. F. Tung, K. Tarverdi, Characterization of polyamide 6 made by reactive extrusion. I. Synthesis and characterization of properties, First published: 15 August
1994 https://doi.org/10.1002/app.1994.070530705

4. Jianan Cai, Zhipeng Liu, Bo Cao, Xiaoxiao Guan, Shumei Liu, and Jianging Zhao, Simultaneous Improvement of the Processability and Mechanical Properties of Polyamide-6 by
Chain Extension in Extrusion, Industrial & Engineering Chemistry Research 2020 59 (32), 14334-14343, DOI: 10.1021/acs.iecr.0c02022

5. Bastien Turlier, Jéréme Gimenez, Laurent Goujard, Alain Rousseau, Noéllie Ylla, Véronique Bounor-Legaré, Francoise Fenouillot, Synthesis of potentially biobased
poly(hexamethylene sebacate) via reactive extrusion, Polymer, Volume 226, 2021, 123644, ISSN 0032-3861, https://doi.org/10.1016/j.polymer.2021.123644

6.  Makoure, D., Arhaliass, A., Echchelh, A. et al. Valorization of Fish By-Products Using Reactive Extrusion for Biodiesel Production and Optimization. Waste Biomass Valor 11,
6285-6293 (2020). https://doi.org/10.1007/s12649-019-00840-5

7. Graeme Moad, Chemical modification of starch by reactive extrusion, Progress in Polymer Science, Volume 36, Issue 2, 2011, Pages 218-237, ISSN 0079-6700, https://doi.
0rg/10.1016/j.progpolymsci.2010.11.002

8. Vogt, Henning, Madsen, Robert, Nordstrem, Lars Ulrik, Amide Synthesis from Alcohols and Amines by the Extrusion of Dihydrogen, Journal of the American Chemical Society,
2008/12/31, doi: 10.1021/ja808129p

9. Brenno A. DaSilveira Neto, Aline S. Lopes, Martina Wiist, Valentim E.U. Costa, Glnter Ebeling, Jairton Dupont, Reductive sulfur extrusion reaction of 2,1,3-benzothiadiazole
compounds: a new methodology using NaBH4/CoCl2-6H20(cat) as the reducing system, Tetrahedron Letters, Volume 46, Issue 40, 2005, Pages 6843-6846, ISSN 0040-
4039, https://doi.org/10.1016/j.tetlet.2005.08.017

10.  RobertR. A. Bolt, Sarah E. Raby-Buck, Dr. Katharine Ingram, Dr. Jamie A. Leitch, Dr. Duncan L. Browne, Temperature-Controlled Mechanochemistry for the Nickel-Catalyzed
Suzuki—Miyaura-Type Coupling of Aryl Sulfamates via Ball Milling and Twin-Screw Extrusion. First published: 09 September 2022 https://doi.org/10.1002/anie.202210508

11, Frank S. Guziec, Lynn James Sanfilippo, Synthetically useful extrusion reactions of organic sulfur, selenium and tellurium compounds, Tetrahedron, Volume 44, Issue 20, 1988,
Pages 6241-6285, ISSN 0040-4020, https://doi.org/10.1016/50040-4020(01)89815-X

12, Crawford, D. E., Miskimmin, C. K. G., Albadarin, A. B., Walker, G., & James, S. L. (2017). Organic synthesis by Twin Screw Extrusion (TSE): continuous, scalable and solvent-
free. Green Chemistry, (6), 1507-1518. https://doi.org/10.1039/C6GC03413F

13, N. Débelin, R. Kleeberg, J. Appl. Crystallogr. 2015, 48, 1573-1580.

BN HH3THE57TEB<AELY  thermofisher.com/extruders

MRAICOHMERTETET . ZRIAICIERVETEEA.

© 2025 Thermo Fisher Scientific Inc. All rights reserved.

All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified.
EROMISEE, EHRFAEREEF THRLEHELZE L,

s, HEDOMLER. HER. CHENTEFELRUICEETDEEGHHBIFEITDTHSNUHT TEEE L,
IFEIRTFRMF T 5572 TBLEE W, thermofisher.com/jp-tc MC512-A25120B

Y—FE T4V r—Y A IYF1 Tov IR a4 thermo scientific

BREVEDHEEIES thermofisher.com/contact


http://thermofisher.com/extruders

