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Development of Reactor to Synthesize Nano Particles

Tetsuya Yamamoto
(Nagoya University)

Abstract :

Soap-free emulsion polymerization was carried out to prepare polymer nano particles using the
packed reactor with glass beads whose sizes were ranging from 15 to 1397 pum. The hydrogen
bonding between water molecule and glass bead surface reduced the fluidity of water solvent. As a
result, the motions of the particles by the convection during the polymerization were suppressed to
decrease their collision frequencies for their growth. The particle size was controllable with the
glass beads size. Additionally, the packed reactors was changed to be ice reactor by freezing. The
motions of water molecules were suppressed to make polymer particle nano-sized without
surfactant, which meant the present method to synthesize polymer nano particle was environmental-

friendly.

1. FL®IC

auA4 FIRREL 3 & 2 (SrEUE) 23D (Gri) 1238 L T2 REE TR L. 2 ko
IuA4 FOECRE IO A FIERETS, 2 SEELEEKO IO FEYF 2RV Y g
V. Whkoau A FEIvLY g v GLEWR) . JEOTuA FET - XSS, STEUEIC
DT, RifEAT ~ 100 nmDRFiEF 2 K. 100 ~ 1000 nmDK; Fid ki L @& h, 20
oL TauA FRTEIFENTOS, BFEDF IS A TV - F ) T 0P —OREARME
ELTHHENS XS k> CE LI NS0, FEMKT S5/ au4 FRiTFASEZT04 F
EIPRZ L EL< BTz,




auA FRTFO—BITHBE7TF /R 3FULEAIC K 2 KEAFEN IS - TUIRE, B %
HAl MEHE B EIROWETHWS NS, 512, @O T T/ K O/ REAOEAIZ XD |
e kz &, IR BEMROBEERRF RS T, Gl % RELE S SI2E < DE
TIHEND K512k 572, @A /7 RO D —F T, KA RIEIC % 8 O R HEG
PRI FEF$ 2 &0 D BREGGR IBEIZ 2 > T %, £ 2 TANIZE TIRERBIICALUE L 7= 7 TREgr
TF I RT e 5K % RISas DR¥E & ik A7z,

FULEA L E O IE TIXAEEEC R I Al 2 Z|IS6 5 0T, BREAMAKE W, Fl
WA 2 DT, BREANOAM AN WY — 7 7 ) — FACE S TG PEA 23 8 0O T AR
Kt Lo <, NrENPRE<L->TLE D,

A7 TIZY =77 ) —FALEARICEN T, RIBE T o 2 KOFEE 42 Z & &2 HIS
77 A — ARG 2] % 72130k & Bbar & UTHEM L, ARk 7 o8 = 2445 Z & ThiT
DEEZE, @bt aT /4 2§52 & zikhiz.

2. BHBLUERRYE

AW TIEE S TR FOFENZ, 2FL VT v — (FL7 4 L AADEMEERA S L) & vz
V=77 ) —FAALEAEEH W, 2F L V310 wt%NaOHaq THEIF L, @ — & ) —T/3KL —
2 —(N-1100. EYELA) TH# L 72, EHHCIIMAKBERERE (WG250. v~ P FREERASH) 12 &
DEHELL 22K AE W, EHARRRAIE LT A £V ZHiig ) v 4 (KPS, &+ 7 4 Lol
FehlisErk R 2 tt) 2 W2, KPSIZREZIZBUC K> THRL. TV D ADBERT 5, KPSDI#
YIS = 2 7L 4 F ¥ (<0SO0s) BEEN DB DT, TDA F ¥ OMHE RS & 0 Aok 1
DRHRERED MR S b, ThHDLBEMBT 2 T4+ VI3BANTH 2720, R FAEBIZEA
HERFREICHE 5 2 & THROLFERKEN #EA T,

RIGe Il D H I AEL Z I H I AL =X 2 RBL -8 DEH W2, 3], #TFAE—X
AU 200F, KEFEIREZROEMIGREAMEM L. Koy o)z 5 2 L% LT
%, b BIHIC & B ERMR T OEE) 22 BHEIC L AR EEMET S ZEAHNTH S,

T BH T A —=ZXDH A4 XE/NXL$EHZEI2ED, KEHT A Y — KOl i 2 84
mu. EE2 & NS KOEIE T 5 Z & T KO@EIMEE X 5IZHIRL 72,

KBS TOBHEITBNT, BT 34 7 A — XEOELIERAE Y 25 L v kD% 4
25 2 5 BIZOWT EME L 7=,

FERFNAOMIE AKX L D72, 6 mLAZ Y 2 —FIZKEZF L V(64 mM) %Il Z 38 kHzD
G R (MCS-2, 7T2AIV)IZk>TIZwLy g Y EFHBL, Z20#%. KPS (2 mM) % &R
EE(KMla)e ZOZVILY 3 V1.0 g WHHICHELTA 2V T2 8- L, Ki¥f-72C
AR L 728, BN TR 365 nmDUV T 4 + (UVI43H, TV T v 2) & KIS 5 40
BRRHAG U 72[4), EANRIBHK. 74 2V 72 8 — 2 mdEICERET 5 2 & THREL., Ak Eh:
R ZF VL URFEBIRL 72, 9 28— IRBEHNTRIB X 555136 mL2 27 2 —&IC
HIAE =X &L, ZDHF AL - ALY 3 V1.0 g A THEFIZERE S %
ZETTARA) T2 =L L7 (X1b),

/o, KORETRIBEELGLDOKETS 720, KPSEBM I E/2T 3Ly 3 ¥ & Wil



EEFICFM FTORETUVIA P2 4T, HERILE S/DLHBETERY 2F L ki1 % 3l
[./7}: (1C)o

(a)
2FL v i \ KPS
(64 mM) Bl |8 ‘ E (2 mM)
* R I A O

(b)

(i) (ot
I'.‘-1
i
! r"‘i

N

U UV 4 b
(-18°C) (365 nm)

1. ZBTIEOBMEX : (a) TN YavOMB; (b) PARAVT 22—V -HE; () FIM FTOEA

3. ERFERLEE

3.1 BEOREMICEBLLEVT Y 42—
BRMTRIGEELGEETA AN T2 4 —TCRIEEELEDOFERIZONT, ThfhGohi:
R ZF L K OSEMIE % X218 F, Eilw TORISDGEZ R 1£27159 nmTdh - 7=
DIZH L. 742 T2 4 —%HOS LR E244 nmé 50, EEEELT 2 Z & TRiTO

B EEIE, K) Z2F VL VRO F 2 $ 4 DI L 7=,

D B i,
™0 fim ool : 100 nm
2. HohZ=FKIYZAF VIR -OSEMS : (a) FEL TINS5 (b) WM TS



H T A — ZFEHE & BRI U 72RO W, BHICHHLAZT 7 A - XD kE X L
JBonszR ) 2F L VRO IR FREOBGREZXZITIRT, BiRTRIL X E 5581370 T 5
HTAE=ZDENPKELS LBIEEROLNEA) ZF L VKOS KRELS KD &2y
Motz THUEH T AL = ZOEPKEWNZEERIBEA/NE < KROFWEINE A PN 2 K 2315
S 5727280 TdhH 5[5, HENTI0 yumPL FTOH T A — X & LBHRICHHT 2 &, K 2
FLYWRITOF 2 A ZUCHEITH D Z D550 57z,

WHEZFH L7274 2) 727 8 —TRIBEIT > 725613, BEREICHERALZT 7 28— X304
A ZBTRLENIZR ) ZF L kT O RO ZENE 5 7z WEDBEILL THWEDT, #
T A Y — ZOEEFIC K B EHEOWBIHNHEIEIR K 0 & EEAE T 5 2 &1 K 2 Wm0 5 2
KEWZDHTHIEEZONDS, BiEEBILTEZ LK) Z2F L VIR FOF 7 4 ISR
MThdIZENHSENTE ST,

— 160

E 140 | EReact at room temperature

.E 120 - OReact in freezer

2 100 |

E I I
g 60| I 1 I
g 40 | ! I

s 20 j

Z 0

15-90 106-150 500-710 991-1397

Glass beads size [um]
R3. ABOGMEM L H FAE—ZDREILRYAF VYN T80 BR

3.2 EHE/ Y—OREBMMICEBLEV TV 2—

R CIREIETH 2 KIZHEZ DD, JFERE /v —DZ2F L v (A - -30.6 C) IEFEL L 250
B Ch 2mBEN (-18 C) THAKIB AT 72, KEITIIAKE 25 L v 2EIET 2 IE THEA K
IBEATO. T~ — OREL DR - OPEIZ G- 2 2 BT D W TN,

KBEMEOEABMGAIKPS # W T-18 T L-40 CTRIB X B 72HADRY) v —DOYEIE, The
N25.7%&17.4%CThH 572, T/ v —=»ELT5-40 COYA. T/ v —DIEGEE MK T T 5D
T, KHUAFHET KPS 7 Y AN EDHEGRIEHEZ DIZ K A2 EMEKTH 5.

KPSZH-18 C&-40 CTHRIB R THONLZERY 2F L Vi F-OSEMIE & X41274, Of
T, WIEPERER 7 ¥ 24 v 7Fa = b YL (AIBN) THELL 728D 2L v i#ki +-DSEM{%:
&NY . SEMBISHOY v 7 VBN Z S ERE & F W72, 2 Eh Ok O F¥1%4153 nm
A PHS>TWBZERG, WHABLL TAK L ZHAW 42 MRS L ARKIGE ) v — 2B 5T 5
EFIRNTHRHUTE DL Z LW h o7z,



100 nm

100 On
00 nm 100 nm

4. HohRYZF VB DSEMI : (a) KPS -18T; (b) KPS -40C ;5 (¢) AIBN -18C; (d) AIBN -18C

KPSZEHWZ2Y =77 ) —FULEFHEICE T, RELZT VNNV EBKICERLI-E v —&
RIS 5720, £/ v—ChbAFL VHEEL TR TFOEBGRRIZIIAE 5B 51§, 19
SNBMKLT DY A4 XNENEC o bBEAOND, —Ji, -40 COBBE T TIZE /) v — 25t
L. RIS K o2 Z e TRIBHICHHG N5 T/ v — 2o 72720, -40 CTRIBE ¢
2B OPENMD L7z EZ NS,

25

25

—_ (a)-18 °C —_ (b) -40 °C
§20 - §20 -
gb Bl
210 r £ 10
2 2
= 51 A=

0 /\ 1 1 0 1

0 500 1000 150 500 1000 1500
Size [nm] Size [nm]

5. BROEBELIEIC KM O AR 2TV VPR T O RE 73 4 WERTR < (a) AIBN -18C 5 (b) AIBN -40°C

ToNAR ) Z2F L VKT & BIRDEEGELE THDE L 72K 780 2 X5 1R § . KIETEHEAH
WEAITC &b 2 KPS & W 7258 3 HUEYED /34l & 7 > 72— 05 C s A FIAHIT & 5 AIBN % H
WAl IO L 2 D L XSRS RR T & HR U TR IS K Z Aok 1 O R IR
SNz, Kde, dTBIE SNk DK 118 L DLS THIE LU 72K PR IciZEARoh 3, Z

TUSBNRPDERGELE D MIRERIEZ & R0E L 22K - Otk 2 5 L Tl 0. K ORI & ks

P EDWEEZEEREL TOEVIST A —=F =NHEETED T, SEMIE2 5L 72K 21220
HC7,



IZIOLY g VEABIZEWT, NEVE vl REWE ) v &L BRI R
T, AZPILFRHKAEZTEZEROE v —TlAEBER - A 322 LIk TRET 5.
ZD7®, I=ZTVLY 3 VERETENFENRL DR PR S, R0 g AR
6] AFERAE R TIMVAMEEABEH 2 W56, H6ITRT &I ICA P EBE L2 12k 5
TE/ 72— OIEAHHI S h, S SICHBAISE Y, 3 —HANICFEL TNWEZ LT, I=1vL
Va VEREOLIIZE ) vl DB R) ZF L VR TIC Rl E L 6N D,

6. -40CTHMIHEERSHBAZINO2HAOELTERT 2B

AEEPEEA B A & - O 22356 RIBRE 22 ST/ oA ) 2F L v ik Ok
TF1EH49 nm& —E TH - 7z, MEHEAFHGEAZ W56 TE, -40 CTRIL S H 724255
NBRY ZF L VRO TREAVNE L & 572, ZHITIMAEREABGAZ V254, €
)=l OB KRY) ZAF L VR TIC A 522 8k, WHEEME TS5 LS5
Ly g VOREWMMET L, T/ V=l A - LR T a3 PRI ZL[TEHET S L.
-40 CTHHM L ZGA DL EIE OMEFENKE . WHIOIRE) 1K & < WmHEE S BT %
DT, -18 CTHH LA LB LTIy 3 VORENIEL . T/ 7 —HHAE—H I/
XWREAMERF L2 ML L, Boh b9 4 XN &L kB i16h5,

4. BBHVIC

F YA ZOES TR E AR ORI & > TUGHMZESEA TS, BROBEIZZ RO
RETEVEAZFH L TH D, BEAOBARMOARZ NI LML &> Tnb, KIFETIE7 4 2
T2 =m0 Z Ik, BB O TR 743100 nmBUF O& 53 70k 1 2 A5
FTEZ LRI L 72, HHIENTAERS B THh SEMEEHOCTEALZITS &, AR L 720k 1
OB E IR X4, ok O - BEELIH S N2 Z L P EELBERTH 5,

E/)V—THBAFVLYORERBEIGLITORE TES TS Z LIC& > T, £/ 7 —OEH AR
i OYMEIZ G- 2 2 EIZ OV T EMET L7z, KIEMERESHMGH Z W 72586. KO AL S IRE
TH3-18 CEAREE /v —LWAMETH 5-40 CTTIE, MEPSH/OENBEERY ZF L vk 1
DA ZIZKEBERMRIN AN 572, L L, -40 CTHEHAMIS X B 725 BPERIREL & >
720 MUAVEESBIEHI A WSS, 32T vy g VESHPKRI D, HHBEOENH)5-18 C
TRIBE /TS Nk X 0-40 TTRIL L TR S Nk O R 3VNE < - 7z,

TA RN T A =12 KB ES TR OABITREEEA A b Ao, BREAM O
AT, RAVBRINTOENWT ) =V BRI T2 2808 TES, ITNH6DTENE, T4 R



V728 —12Xk> THRBXNZWMATIZR T v 7T )N =2 257 A0k TORGBAIZIGHT S
ZENHEETH DS, 5th. Eo6kdF IRNTOMEPEAR, £ DFETEDTFF /2 K23t
Eh3Z EnifFahs,

SE

[1]

(2]

(3]

[4]

(5]

(6]

[7]

L. Mei, H. Kanda, L. Zhu, T. Wang, T. Yamamoto “Nanoparticle formation of S-carotene
by mixing supercritical carbon dioxide antisolvent with liquefied dimethyl ether feed
solution using swirl mixer” Advanced Powder Technology, 36, 104871 (2025)

IR, SREE, HEHOA, RITRE, MHIH 77 28 - XR/H) 727 4 -2k
BT T/ RTFORK BHATLFZ08, 62, 91-94 (2025)

T. Yamamoto, A. Morino, H. Kanda, A. Seki, T. Ishigami “Environmental-friendly synthesis
of polymer nanoparticles in packed reactor using glass beads” Macromolecular Reaction
Engineering, 19, 2400009 (2025)

T. Yamamoto, H. Morikawa “High-efficiency polymerization for synthesizing polymer
nanoparticles in melamine foam using UV irradiation” ACS Omega, 9, 5, 5273-5277 (2024)
S. Ouchi, H. Morikawa, M. Hara, and T. Yamamoto “Nanosizing of Polymeric Particles by
Suppressing Growth via Heterocoagulation using a 3D Micro-Network Reactor” Powder
Technology, 405, 117530 (2022)

K. Landfester “Polyreactions in Miniemulsions” Macromolecular Rapid Communications, 22,
896-936 (2001)

B. M. Degner, K. M. Olson, D. Rose, V. Schlegel, R. Hutkins, D. J. McClements “Influence
of freezing rate variation on the microstructure and physicochemical properties of food

emulsions” Journal of Food Engineering, 119, 244-253 (2013)





