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Study on Saccharification of Cellulosic Wastes with

Bench Scale Test Plant (1)

— Characteristics of Pulverlzer and Pulverizing of Chaff —

Noboru KASAI, Masao TAMADA, Minoru KUMAKURA and Isao KAETSU

Department of Development, Takasaki Radiation Chemistry
Research Establishment,
Japan Atomic Energy Research Institute
Watanuki-cho, Takasaki-shi, Gunma-ken

(Received January 31, 1986)

Characteristics of pulverizer and the pulverizing effects were studied

with bench scale test equipment which was purchased on March 1982, The
pulverizer is one unit process of the test plant settled in order to
investigate the saccharification of cellulosic wastes by radiation
utilization technique and can pulverize cellulosic wastes such as chaff,
bagasse and saw dust into fine powder continucusly., This equipment was
the impact type pulverizer called "New Microcyclemat", which could treat
the large amount of samples continuously in a relatively short period.
The effects of foreign substance collecting, sample feeding, powder
classification, dust collecting and N, gas supplying on the continuous
pulverizing were examined by using chaff. It was found that chaff was
effectively pulverized into a fine powder of 250 mesh under by choosing
suitable conditions. Especially, electron beam irradiatien of chaff with
a dose of 10 Mrad made the pulverizing easier and glucosé solution of
higher concentration was obtained by the following enzymatic sacchar-—

ification in comparison with the non-irradiated chaff.

Keywords: Saccharification, Cellulosic Wastes, Chaff, Pulverizer,

Irradiation
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Table 1 Specification of instrument

air separator

type YASF-10 (YAKUSHIN MACHINE MFG. CO., LTD)
capacity 200 kg/hr

size 1600" x 490" » 1500"

power 0.2 kW

Magnet separator

type KGM-2020
capacity 0.6 m®/hr
intensity seven sticks/two steps x 2200 gauss/gap 100 mm
size 200 x 200 x lOOH

hopper
size 600 x 750 % SSOH ® two pieces
volume 120 &

screw feeder
type close type single screw
capacity 30 kg/hr
screw size 7'5(]‘J pitch 50
power 0.4 kW

pulverizer
type NEW MICROCYCLOMAT KV-5-5

(YAKUSHIN MACHTNE MFG. CO., LTD)

power 15 kW
(for details, turn to table 2)

classifier
type MS-400 screen cleaning type
screen 250 mesh {(made of stainless steel)
screen area 0.13 m*
cleaning N» gas
power 0.1 kw
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G.) dust and mist collector

type FB-2200G (NIHON SEIMITSU KOGYO CO., LTD)
size 620 x 865 x 1660°
filter area 12 m?

filter medium Tetron

power 0.1 kW (automatic vibrator)

H.) vaporizer

type CAV-240 (DAIHO SANGYO CO., LID)
capacity 80 m®/hr
size 872 x 1172 x 2343H

I.) densitometer

type ZIRCONIA OXGEN ANALYZER (FUJI ELECTRIC CC., LTD)

J.) LN, cylinder
volume 175 &
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Fig. 5 Relationship between rotation speed and feed rate in
screw feeder
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Photo. 1 Pulverizer

Table 2 Specification of pulverizer

type NEW MICROCYCLOMAT KV-5-5
capacity max 30 kg/hr (chaff)
rough size 500" x 1215" x 1010 mm

rotor diameter 267 mm¢

rotor step five steps {twelve plates/step)
rotation speed 7900 rpm (peripheral speed 110 m/s)
air volume 6 m®/min

inhalation gas air, N, gas

material stainless steel

power 15 kW, 2P, 200V



Temperature (°C)

Temperature (°C)

100

80

60

40

20

100

JAERT —M 86040

22.1 keg/hr

13.2 kg/hr 3.4 kg/hr non-pulverizing

| | | ] . | I ]

5 10 15 20 25 30 35

Cperaticn time (min)

Fig. 7 Relationship between operation time and temperature

5 mm 10 mm

1 | !

5 10 13

Pulverizing time (min)

Fig. 8 Relationship between clearance of damper and temperature



JAERI —M 86040

80 -
0 250% undersize
e
g Q
E s0 |
S @)
ol
4]
o
[
Ei 50 |
A /I/ 350# undersize
oo
8 :
< o
: | -
40 -
g ®
30

T ] | | ] |

0 5 10 15 20 25
Feed rate (kg/hr)

Fig. 9 Relationship between feed rate and screening undersize in
non—-irradiated chaff

# .
g0 | / 250% undersize
70
)
5
60 -
350% undersi
9 . o undersize
o
[)]
H
@
® 50
=]
o0
o
-
3]
a
L)
.40
w2
30 [~
-
] { | i ]
9 o] 5 10 15 20 25

Feed rate (kg/hr}

Fig. 10 Relationship between feed rate and screening undersize in
irradiated chaff



JAERT —M 86040

70

50

/ 250# undersize

40 -

‘Sereening undersize (wt %)

20

350% undersize

10

0 | ! | |
0 5 10 15 20

Clearance {mm)

Fig. 11 Relationship between clearance of damper and screening
undersize in non-irradiated chaff

70
// 250# undersize
60
T
u
2
L
L]
Bl
40 [
L
3 AN
=]
b=l
® 350% undersize
Bl
50030
U
E=]
w
wr
20 |
10
0 \ \ ! 1
0 5 10 15 20

Clearance (mm)

Fig. 12 Relationship between clearance of damper and screening
undersize in irradiated chaff



1000 |- JAERI —M 86040
900 [

800 -

700 +

600

Glucose concentration (mg/dl)

500 -

0 5 10 15 20 25
Feed rate (kg/hr)

Fig. 13 Relationship between feed rate and glucose concentration in
non-irradiated chaff

O non-gcreening

O 250% undersize

® 350% undersize

1100t

1000}

~ 900~
a
o
zZ
=1}
£
[

S s8oof
=
)
H
+
=]
U
g

g 700
(5}
U
w
o
3l
a
3

@ 001

500

b

e

e

0 1 1 | I i
0 5 10 15 20 25

Feed rate (kg/hr)
Fig. 14 Relationship between feed rate and glucose concentration
in irradiated chaff

() nen-screening

O 250% undersize

@ 350" undersize



JAERI —M 86—040

1000

900 |-

700 |-

. Glucose concentration (mg/dl)

500 |~

Y

a | ] 1 I
0 5 10 15 20

Clearance {mm)
Fig. 15 Relationship between clearance of damper and glucose
concentration in non-irradiated chaff

(O non-screening
‘) 250% undersize
. 350# undersize

1toof
10003
500} 0\0/
800l

700

Glucese concentration {mg/d1)

600

500+

y
N

A

L [ L
0 5 10 15 20

clearance (mm)

Fig. 16 Relationship between clearance of damper and glucose
concentration in irradiated chaff

O non-screening

@ 2507 undersize
. 350% undersize



JAERI —M 86040

3.4 SERER

BRETER SN AP SBBOtICI ERE VRS LSS FRRAL TV S, 33T
Lo E 2L, LB ARSI ANEVERELSLCLMNTERANTH L7120, HORF&
W WRFASBBTHE T, HOLORBM» BT THRYT 5,

SEES (3 7aV ey bR V) OBEAR 1T KR, BT THREShoBRBR L ER s
AP LT & D BB A Bo MIDVIRFMIEESE, 22 ) — v (250707 1) 2E#L
T7 A TEOT R D RY Btk ond, —F4, 27 ) —vE@A LTV, 704
FHEHOX 0 2k v s — T ShBUBREREE NS,

AN~y ETITHD., ERCHBYSEHE SN LET R0, LMLV L TE
o704 FHHCEDHLTLED, O TENRNE-TLE S, ENEWIET 277 —7 75
VIBSERTTHL, N WMADLD N FRZAN, BELTHWS LT -7 7 YicX D& ELD
EOEHDEED S, AZY —VIERP->THOI (N, FRERSHIL TR, FE T HHT%
LoTRELDTHb, Chitky, EFMICHIISAERBCELRTLASEVRECT LS
DB TE Do HBEICHERINCORBCRIMEERE LB, =7 -7 5 V5 N, ZREES
HRVIHCHE S FRETR Y ) - YHEE 0, 704 LR O LD EQEKICHRESH L CIREH
Lichiy 27 - 75 vpo N FREREMSELRIKE 30 SR L > THHBL 0RO TIE
FEICTRMBITH I,

ABBONBLTL 20, [0 UL THTE L R 20 RB TR L EE (2508201 v
AEELIZED) &, DHEBABIHOTEDIREY HOLDOEHLVLEDOWE->THS D)
7 A Gy e b DORIE TR Ltee MERIED s —ho 25— ) TEABROHF
LR ELTEA, HTFROSHERDELDTH L, BRETICHET 280450 S H, HBFLE
BRSO BRIRIOEC LD, & 5EHAOFRREER -~ b OH S 2 htH~<, ThE
HREENERTTay P LTAHERD S, K18, 19 ERKELTT, X 18 ORBREEEYT
B4k oAb ESEGTHR L0, NEBRFOOPETE L
ILRFIHE ->T0D, 19D 10 Mrad BHEBBRY TREKSEETHRLLEODHRT VA
KLY T4 G531 b6DXDBETNIENFOEDPEEZ LI ARFHIKE >Td, L L., REH
BT 10Mrad BRHEBYHTE., 74450 ENMBTHELILDEHE D DHIEDL T
WAL e, AUBBY TR YT v IO NHEBL LR T A EEEZ NG, R UKE
MTATHLEVASLE, TOTENPG, KOWEB TR, 704 50 EF UHEMAITHIEMITA, L,
LRI R TE 5 T &b o7z,



JAERI —M 86040

SUWEN 3JEd T ON
Iopmod peInpII Jo ID[UE 1
T i 12400 Juoajy Z I2TJTSSBT2 242 JOo 2UuIi[3Ing /(] *314
- T guTseo ¢
9zTs19A0 JuTuaS105 JOo 18T3N0 b
- @Ield| ¢
N ' 1391908 g
‘ " ysnaq ite | ¢
9ZTS Jopun JUTUa8IDS JO 13TIN0 3
) C T 3030w 6 €3 0Z1
puels’| QT - -
ZN JOo I9TuT | 1T |
N JO JoTUuT 1T i m.||ll.m
4~
_ <
! P
i _ lllllll
(S
o (00 I
= ™M
¢ w i
- o ® |
F 3 I
1T il
I \/W_
!
N
|
I
] N AHV\\A
1& £ I
3 5 !
_
L @ llllllll

G0s



Volume percentage (%)

JAERT —M 86—040

20
~ "J ——— screening
b I —
- ——— ¢lasgification with screening

10

sp_

0 ] : ! ) ! L ! I ]

- o =} — o4 o4 ~ n - - o

o ~ =2} o~ v =2 ~T o) w [oo] o

— — — [ ™M ™ ~F D

Particle size (u)

Fig. 18 Particle size distribution in the product in non-irradiated chaff

Volume percentage (%)

20
—
— screenin
ol 1 g
i ——— classification with screening
10 - ]
e — —‘ —_
5 —
! ] | I : ] L ! |
O — Nl [¥a} — [N} o C\f L"l = ~T o
o — o ~ n o] = =4 ® et 2
—_ —_ — o ™ 38} ~T o
Particle size (u)
Fig. 19 Particle size distribution in the product in irradiated chaff



JAERI —M 86—040

20
15 ""J —  screening
I —
g - ——— classification with screening
a
[=14)
o =
&
5 10
g -
Lo ——
w
A b e —
) S
£
O e
2 _I
se_ [
0 | | 1 L H | 1
-t o \.Q. — [} o C'\i [l ~F -1 N
pt=l ~ =21 o~ Ul o ~T o o 0w [e
— — — o~ i) (3] ~r At=]
Particle size ()
Fig. 18 Particle size distribution in the product in non-irradiated chaff
20
——
= ——— screenin
—~ 15 _I___ &
s
v 7 —== classification with screening
o ]
-
=1
)
o
5] - — ———
g 10
a p—_—
E
= ———
o
- — — =
5 —
{ | x i \ t ; 1
O.—e ¥e) [¥e] —_ (] (343 Y T -~ o
o r~ o o« n o S w < =)
— — — o~ 28} [3e} -t (o)
Particle size {)
Fig. 19 Particle size distribution in the product in irradiated chaff



JAERI —M 86—-040

35 HBUUER

DEBE L O SRENIHDE (250F 7 I ABBLLLD) LAMLRRMIE, HRE N, HX
CHECEY VEBICESNRL, BY VBEBTETER. N FRAESB T HHDTH S, EX. N:
HRET » ViC LD BB SHBEA (7408 ) 288 LB S n 20, BfiusRe Ik
WA HNG, EEEMRTS L RS CEEAEICHIEIAE L CEET VAR LS| AME R4
B, HEHAVELER (B L TRBFZ5ATOOAEL TV L0A2ET) SR LTS
b, —EEEECNEN4FELELLDICE 2T 5,

AR L TEHN SN BTSN » TO B E S DB, HHH D0 27k
CAKVKDSEE B &5 pdltons, 10 ZMREIE LT HKRD L &8 51 - F,

3.6 N, H REHEER

BRI BTN, #REOH Y VIBREMILT A 0BRREE T F5008EBR 7 VD
Eftd0oailbd a0l INn5,

B AREIREE D TR ARBEROBARTORIAZZ LN S, UL, E520 28K (&
ME) TEABEHTEREZRITHLE-EZD LTV ROLDOTELEZEI L, TEXHHHREREE
CHEREAROROTE BES 50 D kg@ETELASCPORYRE (3188 KD
BEREESBKIEWNLETACEEBKLIE VLI CBREEE TS L0 LLREERT T,

BEEAOTERRARIL S ¥~ O s mOBHZ 36/ 10mOBz 6™ . FERO
FHBEREL T L2DIKEBON, FABKREELL, COLDEARETEREZEREZRILIE, N,
HRELTHERTS, M1O7n—v— MoRlickde, MEAERRSLBICESN N, #REX
DIMERTHIT St a2, B, HRBEREY YV THALENTE D, BREIZE SIS
ELRNOBKEBEE O, BEALH TRINS M., BFRBEL ETERSER LT N H 0HHE S
N, BT 2 SaspEsn s,

Nz # RO —#HREG B GERNICECR LY -7 7 v oR&Ehasd, A7) —rDOH
EE DA CHDICHESNELOER N F¥2ATHEHE0EL TR (FAXadEsL 27
) — VABIET ABNAH D) o RIRESIEN gL 5o BIOE S mOSHETEAN D ERBL
o, MRS A 10 FE TR B EATE: (BRI 20 BOBESEELTVS) |



JAERI —M 86—040

§, F & ®

ABBEEOREB LI UGSV CONBHRET L LD B LROL SIS,

(1) AEOLADBLOHITRT » 1F « 8748 SO RMAEA LTV 25 EERDREERT & O
B O TERICRET LI LENTE S,

2 HALOOERMBIEAZ ) =~ 74 —F—REDBEDTOOHEL BELTITFA S,

B3 FEAMPRE (m.—317ovr7o07y b)) REOWTEBRABEEBEEOHEINS & SicBoRE
WRE LI D, KEOHRABRINCITS f2bicid, BT H0EHSH B,

1) LEPOEBRTECEL0ADTOBENKELBVENRS | —BETELHIITASL
ST, BBRHTHBEHbh-k,

(5) B OIS I B ERE 4 o — OB IC L D K E BT A5, 10Mrad B L
b BN SRS b B SIS, BORBEUNED »Th 2507 LT OMA RBEIHE
L, KBOMALERIEDERE BN,

6) BMOBEEEI T LA HE D) LI LOEEDLANEL LD, bHNLOR
BAITRE A ED B S BERELED A, 10Mrad BEH L &&0 5 KB O & DT,
HOMBSEET T AHOEREAR L, ¥y —BOENAE O LB OEEEIE T 505,
7oA St B & OMEE R L,

(T) M8 (370T 29 b2 -2) E22 ) —yOEREEDABIEUEENICSRTE, 7
WAt EE LS TOHRTE T,

8) WY VBROERLBIHEKHEORLELBREELESTO Lt s TR,

z2 £ X #

1) #E R ¢ EEFEF T 53, 74 (1981)

2) %@ fomE. KB IR 1 NAATR—HELIERC FoHREyY -, BHE 1981)
3) M, KUMAKURA. [, KAETSU : “ Biotechnol, Bicengng ” 20, 1309 (1978)
4) M. KUMAKURA ., L KAETSU : * Radiat. Phys.Chem " 23. 523 (1984)

5) WBELFHHSE @0 ¢ AEAIERMR " HTITEREA, =1l (19756)

6) MEE ERK ¢ CFEERE T 18, 66 (1976

) EE S 0 BEIE T T, 47 (1970)

| fi2

AEBLHERICETMEEOMBC YL THEL VL O THR « BE EIR, AP ORI
BAL T e 20 e JREHERGE » 1. 2 BIESEERO £ TR CRERS VI LE T,



JAERT —M 86—040
4, = E O

ERABEDBEB L ULADVLOBHERAF LBELRDEITE S,

1) KEO&AEMLOHICEA 15 « NS EORYHPRA LTS P EERCHESR L L O
HELOTERICKRETSLEBTES,

) LAEDOOFBRMEMBIEALZ ) a7 4 —F—REVDZOOCOHUL, BELTITA 50

(3) HEIIHME (ma-3I70vyovy b)) KBLTHRMUBEROBME & SITROZRE
WREL IS, KEOBHAZERICTI odicid, WMElT 28805 5,

4) AP EBBTELEICIDAPHOBESAESLDSVRT Y ~BRETRSITAD L
Sy, ENTHE LD,

(5) ¥EREOPERBBOEEE LS v —BOER RO REE-TL 5, 10Mrad B L
P b Hh 5 LA b A SICH A, EDBBEENED - T b 2507 T OB ISHEBYINE
(B, KEOH»IRBRYEZHEL (B oNT.

6) OB EEE 7 A 5F O KROAPIEEDEENLAPE (LS, bAPLOR
PAEEENE O S SEEE L L LD, 10Mrad B LA RKREBEHEO DL,
EOMBEETLESVEEELR L. ¥y o —HOENAS O SRR OBEBEIET 4505
FA G d A L FEOMEE AR LT,

7)) DMEE (37aVzyb22)—v) BR7YV—-vOHEE Y EIE LEEMICARTE, 7
A i LR UL S THRTE 7,

Q) BV BROTREGEEKEOREEBRRE LRI S5 LnTE,

z & X W

1) HE om v fbEEE o 53, 74 (1981)

2) LW RO, AR R 2 oA AT RA-AREEAE T EaliRer s -, B (198D
3) M. KUMAKURA. L KAETSU : *“ Biotechnol. Bicengng * 20, 1309 (1978)
4) M. KUMAKURA, L. KAETSU ¢ * Radiat. Phys,Chem " 23, 523 (1684)

5)  BMATEURSE ¢ RERESN C BTITEHEA, s (1975)

6) VB Ek ¢ fLFEE T 18, 66 (1976)

7)Y EE F- ¢ RETE 7, 47 (1970)

E 33

AEBLERCBESEFOMBEC DL THEAO AR VWATHER - RKEF ER, AP LDRHT
B L THA OO BHERR . 1, 28IERERRO L4 IR CERVIZ LTS,



