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Research and Development of Water-borne Paints by

Radiation-induced Emulsion Polymerization(l)

Design and Construction of the Pilot Plant

Keizo MAKUUCHI, Hiroshi ITO, Yuko KASAHARA
Akio KATAKAI, Miyuki HAGIWARA and Kunio ARAKI

Pilot Scale Research Station
Takasaki Radiation Chemistry Research Establishment, JAERI

(Received Februarv 22, 1979)

To study feasibility of the radiation-induced emulsion
polymerization process for preparation of water-borne paints,

a pilot plant for the purpose has been designed and constructed.
Described are basic ideas of the plant and its construction
and operation.

The pilot plant is for chemical engineering study of the
process and properties acertainment of the paints prepared with
radiation polymerized emulsion. The plant consists of a
reactor of capacity 70 dm3 and three systems respectively of
monomer feed, temperature control and emulsion sampling.
Stainless steel 316 is used where in contact with the monomer.
Irradiation with C0-60 socurces can be in two alternative ways;
i.e. inside and ocutside of the reactor. The polymerization

temperature is between 20°C and 80°C.

Keywords: Water-borne Paints, Radiation Effects, Emulsion
Polymerization, Pilot Plant, Design, Construction, Chemical

Engineering
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Commercial Reference By Radiation Catalysis

Viscosity —Initial KU 99 96
1 week @120 °F 112 100
Freeze Thaw 5 cycles 115 98
Tumbled 24 hours 104
Application—Score—Rolled
Spattering 6 4
Cratering 9 9
Leveling | 6 '8
Reflectance % 935 94
Opacity % 975 975
Enamel Holdout |
Gloss Sealed 32 37
Gloss unsealed 22 27
Change i0 10
Water spotting Score
Blistering 10 10
Hardne ss
Discoloration
Recovery 10 10
Serubbability
Erosion-Secore 7 8
Burnishing—Score 8 8
ASTM Cycles 150 125
Stain Removal Score
Pencil 35 40
Crayon 55 50
Grease 75 ' 70
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Test Data By g:(g;zf)&;g];_ Cmg;:égé
Vigcosity KU
Initial 85 85
Tumbled 24 hrs Coagulated 84
Freeze Thaw~ 5 cycles Coag—1 cycle 92
2 Wks@120 °F 91 90
Package Stability—2 Weeks @ 120 F
Syneresis Score* g 10
Settling p 10 10
Ease of redispersion # 9 10
Spatter—Rolled Score ' 8 9
Leveling—Rolled Score 7 7
Reflectance Brightness % 920 925
Omeity
We t Score 6 _ 8
Dry % 965 975
Enamel holdout
(Gloss—sealed 39 32
# —unscaled 24 22
Change 15 10
Stain Removal cycles
Pencil 37 20
Crayon 45 40
Grease 37 55
Scrubbability ASTMD2486~66TD
Film break
1st test 225 150
2nd test 240 145

* Score on the basis of 10 being the highest possible
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Plant Capacity (Wet pounds/¥ea?d 15 % 10° 25 x 10° 50 108 100 10°

Estimated Capital Cost—~US §
Radiation 815000 995000 1443000 2680000

Conventional 800,600 975000 1520000 2800000
Estimated Annual Operating Costs —~US §

Radiation 1,510,000 2425000 4575000 B935000
1525000 2450000 4640000 9070000

Conventional
Estimated Recovery of Capital .
on Cash Flow Discounted at 13%%r

Radiation ) 156 139 79 6.6
Conventional 174 148 89 75
40r
$ L4
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¥ 20 O
B
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31 EhEH

Bt &AL TICRT,

(1) EARR  HUHRALRES

2 RGH TrYLERE S 7 —

(3] RIGERE  20~80C

4 #rEEX  ESR

(5) RIGE D AKUE

6) #V=—-HkE 10~20 kg

7 BEFR  Co—60itk 2ABELUATRSE

8 ¥ B /v —EREHizSUS3IEE@LYF I oo FLY, HOFEE
iz SUS304

32 REBEALFELARAOEN

ABBR MBI ESCL 2 AEBHBEEOFEY X P~V 3 VRBERNO—DHH0,
T O CEEL R ERC A LPERIRDONEL, LD, BEOBELEOLOBOEKEN
2 LINENZ D, —BICEBEROCAAESAR, RRRERESEEACTEY, B RMAES
FHAED T B, MEELAEACEOT L EHRGHIC & 5 $HRIFOERA LT, —
F, BEBRAAESTER, DERTELLINIARES, My bS5 PELTaa— k0
v FafsvREBEEBREOHANSIOAETHESE, CON4ay b7y FROTREER
BETHEES LS, KERRCLELR) v - RENSLLTOERR, BFE/ 7 -BXU
B v —FHE EOMENH D, pRDREEBHN 5,

AEBEORGENIOBRTICELTE, ChonSsEEL, RERRREEE 0T,
CORBEBRA NI TORBARTHOTEALFNFAR? I 23 LERTHO, EEBIU
BIFEBLBR L0 HEHHBH 5, .

BIEBRE L TRASRRMEL L, CORBREBRL RERRIEZRIT S LTI,

ASRbE/ v—OHAFRICE - T, —=HFHAFR LT/ = —S8HA, ERFTFTADI
BEESHO, B—e/ v -2 ThbeE/ v -HAFRCL > TORDRUEBI T VY 3 /B
Bohzodid, TTIRNAY—VOERTHOOLENL TS, CNETOERERICL S L,
BEMEOT Chitzery s ViE, /- BHRETEAFRTHRONLY, ZOEHBR
B , Oy, ABBETREEOE /- HAFRANATESRBREREL, £h
FNOBEETHABCT ST &L L,
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33 BHAFRorH

INETTOEBARRBTRTAPBRBECIZ2MH IR L - T, TENRRTOEECS
WTH, BEARSGERO AL S ATRBEREFRABEREILONS, Lo, BREANRSGED S
ZBRTZE, RIGBERCET3RBERODIN, TRHOBBASIURMBORMKLLD,

SOE—ICEESE T 5 EEL NG, LItB-T, RBBORH B IUBHFRORE
iz, HRoH—-HICHLTHEREINIEARBEMANRINBINELS L0, REBIRLC
DBOLET -4 2BEHDEBETEOTH 00, RIBEAOBRERIHITAL 5 EERR
RKELLUTRENTHS, LaL, RESARERDAERICT 2112, IBBARERICLIE
FHhEReT, ZhRK > TUHRNERD LR EREFEMROBETESGLSZNE, 201
HEEARSL, AEBRIASREIUABERCI IR FIROCTHLRATE 5 KIGEE 8IE
THLERL,

3.4 REROBRICOOLTORY

FhEERKR, REEABOHROBE SPABRROBELRX, REENROREBRSHEE
EZEL, AL cm, #E260cm, ABEETE L L, BEX60lcmiz, BEHEEFEE L TCo ~608HE
AIBRIEALEBIIRE B,

CORGENORBREERSAIL, ZCRLAELEIELOEEZEL o, RIEEEXHMA cm
TORNELIUBRABBERLIS, ASHBRKFLIBETI /100, 2872207100, ASRRBET
55100 LHHE X B,

3.5 RREBAROEN

KEDHABATE, KPKFERELTOLIEEBAF Y LE-TESEESKE(ELRTIID,
BISEREOBRIBEETH S, LIHRCERAF VL ARBBEODNI T EBBON, RF /LR
ST IR ORI GEEBELH 5, —MICITSUS304 £SUSI L6 DOFRLNRING, £
LT, LO2BEDRT VL ABMICOOTHRE L. TO/KR, 47 vBAFLODES BT
ZATFnBE /2 —ORFRAALEATHE, EAEEIHTIRGEMEOZEBRBD otid »
oo LTBN, A8/ )V ABOESRNME /) - LOREATI, REBHAOLENS bbh,
SUS3 04 BREHDPTIIEA LLOBANS -~ CHIEHLTSUSS 16 WEHEHTI,
H7ABNGREBIRA LA TEGLES, EGEROBETRED LNEL -7,

—F, H#7RACD20TR, AERGHE L TORERAELS 5 EPRHEBRHICLIER
15 EOD—RH RN D 5 DHEST, T Y VBE—RS ET 5 HERANMKESTH, #7152
D AFRET 2 I vBBREL, BREEXAROETELOT ARy A RILEBVBERT S L
O D BB REEND B .

UEOBBERE» S, REEHES LTRSUSI 16 IKREL T,
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36 FEOEHMRPBORERHONN

AFUSEREAPOR ) v —BEEH LT B0, BRKE LTRSS LUl BREK
S LOREEFER A, 2 KPROBAKOKR bORTHETE 3,

Peg, A 10°+1.2R, 066
= = — B ( 3
on®d®  Re 10*+32R, 066

4

% (%) (035+b/D) sin(6) 12

2L A=+ b/D{670 (d/D-067+185}

s (13-4 (b/D=05) 114 @D

p=11+4 (b/D —25 (d/D-05°~7 b/ /D*

Ne @ BN

P #EEAFEH ) (kgemsec)

g . BEHBEZH kem kgese)
D HEE (kgD

g KGR (kgesec)

D ORPE AR

. BiFEm)

T BEm)

. HEZEm)

z . WEESm)

f . BoRMTAE (deg)
CLTRIBER L URGEOTEAROLICEET 5.
D=04m z=0464m, d=036m,

5 005m D 4 TR TIzb=005x2=01m,
sin =1 (RIZEMHIL) .
A=14+ G040 ) {670 (6740 —0.6)°+185 }

=7533
B =10 (13-4 Q0A0-0.5%—1.14 G6/40)} ;0024

=]

0 o -

=106
p=11+4 10740 —25 (36740—05Y*—17 (10/40)*
=167
WICEIGEREICONT, EXELEEL, #=30484 X=30kgMmesec, p=1000 kg/m®) &
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T 5o

103><~2é]—00 x (036)° =144

3

Re =

10° + 1.2x144 066
Np= 1233 06w ¢

167
144 10° +32x144 066
x (4845 (0.35+10740)
40
=(0523+106%x09195%x1093x1
=1588
158x1000x €208 x036°
po _Nepn®e® - 60 :
ge

9.8
= 36.1 (kg*m Sec)

1kW=102 kg*m “sec WZ, P=035 kW

Wi by TukRD B,

P=27EnTM
p 361
TM= - =
2mn 200
2 Tx 50
=172 (kg*'m)

PLEDHEREEL S, ROMELE3000cP LS SHELEELES, MBBE < - 42—
DEI /712035 kKWHRETHO, MBE8HO 73 172kgemERLB L E0HE, EBOEIIE
BMET1000cPLLFTH B, LIt T, COBEODE—4-LrvsaddBthid e
iZ18%,

37 RIEMOBRRAIEDHN

PUGE ORI SH 12 - TR, UTORT BARMEBERE L.
RIS %R 77 YEs Frdke KIkg
EAHE D 100 %7304

TI2Y)NLEAFAE, TZ7YVLRE/ T —RNBEAKOELS#0Ka,/mol 28L, HFEHB609T
Hb, LIc-T, BAIBHALHORBEQIZ

_20x103x20 N
Q———-———Sao9 X2+ 7000 keal /hr

EED, B T000kcal DRRBEENENELT B,
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Wi, GRS EREREORERETSH 5200~ L254A, 7000kcal hr B B0t
BV p o PABREERRD 5K B, '

Q I UAAt

U : RISEHFH (keal Ar em?= 0)

A EBREOE @)

At D FIGHANE Y o FBNKOBREZE (O)
REERFSUCONTIE, FRERICEDEBOBERDI, TOMR, 060 v 4 5 M
BUGE (SUSB 048D T, Y44y FUIRKIKDBE, RIERAKEKEKS X U0BE
I2nws YT, URENZTNB00~10008KF300~T00kcal hrem?®+sCTHh 72, O
RSB TRERS 25 BLRD, MRYENETT2 5B/ TEE, At ORBTRUDIES
LTHIVOEBESEULELONE, S/, CRERKAR, KIBEAKEHE LD 061Im? &
135, LIcEaT, At

7000
300x061

=383 (O
LE D, LMD, JUBRESWCOEE, BHEKDOY » 7 v PAL, HODELEE 2183
CTHAILEBHELEZEERLTUL B,
PDIEDORRIEETE, IBEEY v/ v V7534 YHCABREERT A 210 L, QM2
RIYNOBRBHRAALLELLBEE LSO EBRE L, ROBELBEL 2,

At =

TR 2.2 kW
& 1°8 70wl
KRrEE —30~—-101C

BEEssEr 1.26 b :
CONEBRBOR AN 3500keal hr THD, BAKGHT000kcal hr HRMTE 13
o EikiLB, DY, 3500kcal DBRHBERTE 7574 v BEXBBTAZ IR LI, 7
74 YRBBERRIRSh KD, '

—9

Cee oAt

ZZT, Q=3500kcal, GBXUpRT 54 (zFLv i a—n) ORBELETSHD,
TNEN085cal g UBLU 105 cm , At BRFBRECIEZT 54 VBORE IR TS
D, CLTRSCEBEELL, TORKE

3500
085X 10 5%5

ERY, 754 YRIBBR&EBEATImPE LY,

V=

V= =784¢

L8 MERGORSMELNE

AMAEARBKEAKPTOESTH L0, AREoFmBREIDLOY, BERBICE > TEK

»
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BREEA100CH IS S, RIGKRNEE LYY - 7H~NRET 2B3N08H 5, C OO iR
m%%éamu754Vﬁﬁﬂyi@ﬁ%ﬁiqfv*#wbﬁmmwﬁﬁﬁﬁmbt%émﬂ
BLEMHE, TOBPTHTLEIERELTH,

(a) HFDOKEM

(b) ELSEFORIEENOERA
BB, T4, (aNCONT, BEEITFHICE - TREE 7 — v HNEBMT 5, IRIT, blidald
5 OBRBICE D LTI - HBORETSH 5, CHOOWROHMERMIISFTH 2,
—%, PTFRRT &5 EIGEMST0CH 500K LR 750k EILOWINETHD, +
DB RG B D 5,

HER
mwe,xﬁyuwmx%wme,Emﬁﬁmbf%ﬁ¢wjﬁ4v@%ﬂvfﬁﬁmbt&

42, REERNEENNCETLERTA0CET AR, TLOoX K LTRDON L,
AR 7Y NVBAFLOWE

HAO# 17.1 kcal/mol
H # 0.45 kcal kg*C
w B 094 kg%
o1& 0.1 kg/mol
HEERE 100 % ,7305%
20x0.94

RMBQ=171X o x1
= 32148kcal /307

L7-08- T, BESREH 7 D ORMEB 10T2kecal /&L D, —H, RIBRVBTNCTHHHC
FCLRTAIOBELSREqR, RBAEERT S LRALE L, '
g =q:T gz tQqs
zLZT, q i, RIEEANEEENCHLNCETLERTACETLIRETHY,
G = (B0x1+20X094) X (1X06+045%04) x20
=7613 kcal
@i, RIS SENNCERATHACESTLIHMET,
q: =10 kg)x011 kealkg) X20 (8)]
=22 kcal
Qs 3, Jriry PR (13€) BNOLRT BIKETHRAET
as =13%20% 1
=260kcal
LT, q=a+qe+qs =10433kcal L7210, 531072 kcal DRMT q KET 55

Bt (41 iz

10433
t= —g7p —oT4

PO ERDON S,
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3.9 BmBomEit

ARBRrSFACALESRDONMIEEREETH D, (EBEARK, 2/ v -1
%,@ﬁﬁﬁﬁ%ﬁ%.mﬁ@%,@&yfuyfﬁ,m%%&m@i%mém&§n§oim
BEEAKAABEEFR L LD OBEARDO2EBEE L, 4 EHSIRT a0 PERE L —
T (UTFr—7,87) ARZEBRNS, 20OMORITr - 7ARABRMTICEET %,

RIGHEAKREBEIAEETYy - 7A~OBTEBRCT 210, BE, BEHRIBRBICERNT
&, DOBBNAELBEET 5,

Th, KBBOBRHICHI > TRIRDAKGFAET 2HEDD 5,

(1) HREOHEIZRHSCLDENTEOT, ¥~ 7TROBEBY — 73 BB BBk

TH DT &, |
2) =/ —ZHNABAOMERTATSUSILIE (5 —7ART7ava) &45, BE
OEESFRR-—MELERT 5,

3.9.1 RIGgFEE
REBREBORBICL - T, ABBRERHE TR EPLRERHARXD 2 20RE 5 BHFR
mAkEE b O ET 5, '
() A BRI R AR
G RRGE 78000Ci) 2o rBERH LRGSR FRAORIETHE, O
RIGEOHREEFIIr - 7HATHD, ERET R — 7TNCGET T - OBHIEEIH
HICT B,
RIGBICIEAOBRESY 3 o -t 0058 ARNED DWWV vy b, R
MR, REHELCa v Fra-0iflE, EoRABEICIREE - F vy 30, P
2/ v —-DSEIGL7BE% | ~10 Pois . B A30Pois ORECB L (H6BK, HE
LElEDBR) T AEEL, EABOEENN0~ 200romBEATRETEIHNICT 5,
Mo v b o -3 SIERTITLY. 2 YTy —ARIGERAKEELSAOLDD
KRBk - TAB R T B, BEFRREEORERLPLEORELHERTERR,
RELY+ 4y PKOBBREDZDPLBOREERALTTE S, RPHIOE - Fvodt
THRTRTNZMBICL, T2, RARGREPBHLONORITLETEE6DILT 5, O
o by HORRERE, DEXHN~ 200rpn F v X T CRTBERBENEEHER TE
W1 ~10Pois BA3NPois DEARELIED :'Vﬁﬁﬁ’i‘ﬁ/\*‘*'@é'éc&o Ihom
g e P sit BET -7 -RESBOEOBEICT S, BEE -2 -5LUEK b
7 T R T 5,
FIHRORY, REHERY + &7 » FOBORBICRO T, iR 20 2] oM
35, HERSUS 316 &4 5,
20 hOBERBRHAR
SO B o — AL AR £ S BARE LRSS €2 b0 TH5, X
BILTFTRIUBETH O RICAXARATBERN RO OXILMAL, RABRALEDT
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ﬁ%ﬁﬁf%o%wmumtﬁﬁfééﬁ@ﬁ-bwaﬁux%?ééuﬁﬁﬁu&—fﬂ
MmOy o - BTE, BEYr — R IMERO P REFICANL S,

AR EE TR ECETEL, MEHOEEKINERRCT 5, RFHZEL R
DIRFLMNTEEL Thi, THAERLMBICRT bOTREHICAET L, HE
S U S 316 &7 5,

362 =/v-—-BSHE
%/7~ﬁé§®%ﬁ%ﬁﬁ®4.@5%%?%%?559i®$ﬁmu1¢*§&ﬂw7

- (V—1) oo icbAOE M gl (-2 —60W, ¥y —fF, 150rpm) , LAYy
“9,$§§ﬁﬁﬁﬁéﬂﬁf6oﬁﬁw€,W%ﬁ20%m,ﬁ#mmﬂﬁSUSMﬁ(ﬂ9
. _ &R

3.9.3 RUGRBERGHR
(1) EKkE Bk, TNK-2)
RGMoEED Y o —ViCERT 260 TH OVRILCRTETSH O, MBODHOE -
42—, MEINREHON O/ BETD S,
(2) BKkHE (BK, TNK-3)
AERNMERLTETSH D, BHRAKRE, RENERBET 5
(3) EAEEREROEE
ARBRBREETH S 1%, KGOEFEZCKGENOEL CEE LRBTRI NS,
btﬁot,EMEﬁéﬁﬁféﬁﬁﬁ&D,$EEM;@EWKE%T%§®T560
EAKEOK (100~1508) 2MET 27p0e -4 — LRGENORGRIZL S &
AKED ERASERNT BHORMAIA VHO6KD, £ —F —ORBI45kW (3kW+
L5kW ) KT 3, AHAaA VO TO00kcal hr ZRETES DT 5,
b—% —ERHEaA vOBBICIERE FHO VBRI AL » FEHET 5o
S L BAICRFEORTEY GRERFORERNIKICHEHPLE) tTHrOoE3
‘UQﬁETEEQWQﬁEEﬁMTééﬂﬁKTéu
FHir T o ECRETAEORERDRY v/ v FOADRETIING, AAIEORERE
tCiIcElioe —#—i@gh, (t—-1) CTAS,

3.94 Y7 rIEERE
ﬁﬂﬁm¢mﬁmﬁ®6#779Vf%ﬁ@ﬁhbwﬁﬁﬁbénﬁ%%ﬂmwﬁfoaﬁw
HD&LME@%V?%%wénﬁixﬁ%ﬂ%b&mfh%b@fﬁﬁ&Mmamm(ﬁEﬁ
525 kg/eml) , 775 A BREBICE HEtEDY 5, WEI—~ 760mmHg ~ 3keg/om’,

3905 BaKGELR
AEBIEARCEAREAEGMICRAL, KEEFLEE500O60TH L,
ASEiT] LRE (FHSUS 304, AKREN 5 2 5 kg/ont) B3y ¥ 7Y Y774 7R
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BoTEY, BERNOESBILAKBEY - VHERSN A TEBERICELT 5,

310 RfEOWME

ARBOBEOHERROE) THS, 7, £/ v—BAM (TNK—1) CHERDL +
Rk EBEIUCREFEAELALE /7 2 -RAK (MIX-1) 2H0 REBEEFEKICTIER
T2, RGEERORICL - THREEECRNLRIGE (R— 1) 122 O REEH KB %
BEAYy7 (P-2) CEOKRRAT 2, EEAICE - - REBEEFABBEIELET 2 CRIGHIC
BET 5,

wic, e/7—-BASH (TNK-1) CFHEBD=/v—A (T2 ) VBT XF1LDBAY)
 EEABBEUNER, EBR VT (P 1) 2RAVCTRIGERERT 5. EEACE o/ <
—HERFRATHIOECERXT 2, CCTRIGHICAHBT 2RIGHERBHE (MIX-2) KXhR
EESAKBREE, v~ ADBAETR D, RMBICECERICEEZN 2R L ERBRT 2,
AT -ANOKEKRO B OYT 5, Zhh o303 #IREEBT 5,

~%, E/%-B (T7 ) vBIXFLVvOREY) %€ /7 —~BAW (TNK-1) ~g4iAs,
FRNT Y FERIKEBEET 5, RAME | l#kice/~—BEEER7 (P-1) A0
THERBTHIGE~HIBET 2, RTHR, ERTERENE -V T3, Kice/v-BA#c=e
/7—-C (77 9VnEeE/7T-DREAY AL, T/ v—-BrlRABKKDBE~EBT S, KT
RERICEERNE/ *~ VT 5, O oA RICHBEERT T 5,

BOnMmps (MIX-2) OBEKEPIEGEHE Hv s ERRICEFT 5.
 REHRTER, ¥ —THNTRGHTROAAVTV -8, V9% THET 0 EABICIIT
Ha

/7 -RAM, Kibl, EREY 7 (P-1) BIURBALEET 2, SEHICIIKEKE
And, KIGHERKNELLRIERT v b Y THERT 5, EFRKEKRY - 7AOKEL D=/
7 - BAMICHBT 5, BREERIEBEESE Y7 (P—4) itk - TREREEE~HKT 5, %A
Teb @372t /EFEEORYT (P-4) ZAOTROHICHBT 6, BROBELT ¢
YORBICRRA—OR 7 (P—4) 2FAT 28, chid7o -y~ MNORTEEL VTR
ﬁm;Qfﬂ%mabbéu
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polymerization Temp-

AI0TC
B : 10°C
C: 0°C
D : 50°C

10}

7 (poise )

0 100 200 300

rpm

| ' | M6 ITvayay OKEEHSEHEEROBR
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